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1. Henu u 3axa4n padoThI:

CamocTosTenpHas paboTa HampaBjieHa Ha (OPMHUPOBAHHE YMEHUM, HABBIKOB,
KOMIIETCHIIMM, B TOM YHUCIIC:

- CTpEMJICHHUS K CaMOPa3BUTHIO, MOBBIIICHUIO CBOSH KBaTU(UKALIMK U MacTep-
CTBa;

- OCO3HAHHME CYIIHOCTH M 3HAa4eHUs WH(OpMAIMU B Pa3BUTHUH COBPEMEHHOTO
o0I1IeCTBa; OBJIaJICHHE OCHOBHBIMU METOJaMH, CIIOCOOaAMU M CPEACTBAMH TTOTYUYCHHUS,
XpaHeHUsl, nepepadoTKu HHPOPMALINH;

- (hopMHpOBaHUIO CIIOCOOHOCTH CHHTE3UPOBATh HAOOP BO3MOXKHBIX PeIlCHHI
3a/1aud WIK TMOJXOJO0B K BBIMOJHEHHUIO JTU3aNH-TIPOEKTA; HAYyYHO OOOCHOBAaTh CBOMU
MPEIOKEHHUS;

- pa3pabaThIBaTh MIPOCKTHYIO U0, OCHOBAHHYIO Ha KOHIICTITYaJIbHOM, T0JIX0-
JIe K PEUICHUIO TU3alHEPCKON 3a/1auu,

- CMOCOOHOCTH K KOHCTPYMPOBAHHIO IPEIMETOB, TOBAPOB, IPOMBIILICHHBIX
00pa3IoB, KOJJIEKIUH, KOMILJICKCOB, COOPYKEHUM, 00BEKTOB, CIIOCOOHOCTEH MOJTro-
TOBUTh TOJIHBIA HAOOp JOKYMEHTAIMU MO JU3ANH-TIPOEKTY ISl €ro pealiu3allvi,

OCYHICCTBIIAATE OCHOBHBIC SKOHOMUYCCKUC PACUCTLI ITIPOCKTA.

2. O0mme Mo10KeHUs

OnHa 3 ocoO0eHHOCTEN MOJArOTOBKHU B BBICIIEH IIKOJIE - €€ CBSA3b C XKU3HBIO, C
KOHKPETHBIMU 3a/layaMu Oynylie mpakTudeckoil nesrenbHocTu. Ilepen xadenpoii
CTOUT 3a/laya MOJTOTOBKHU BBICOKOKBAJTU(UIIMPOBAHHBIX KaJpOB, 00JalaloluX TIy-
OOKMMH TEOPETUYECKUMH 3HAHUSMU U MPAKTUYECKUMHU HaBbIKAMU [0 HAIPaBJICHUIO
«/In3aitny, cmocoOHBIX HA MPAKTUKE HCIOJIb30BATh HOBEWIINE TOCTHXKEHHS ISl CO-

BCPHICHCTBOBAHUA CYIICCTBYIOIINX U p33pa6OTKI/I HOBBIX I/I3I[eJ'II/II71 N KOMIIJICKCOB.



B cBete ykazaHHBIX TpeOOBaHUUN TpH H3ydYeHUH MPOGECCUOHATBHBIX JIUCIIH-
IMH Kadeapsl I 3aKpeIICHUs TECOPETUYCCKUX 3HAHWUN M TPUBUTHS CTYACHTAM
HABBIKOB B pa0oTe MO HampapieHUIo «Jlu3aiiH» MpelyCMOTpPEHBI pa3iMyHbIE BUbI
CaMOCTOSITENIbHBIX 3aHATHI. CaMOCTOSITEIbHBIC U MPAKTUYECKUE 3aHITHUS CBA3BIBAIOT
TEOPUIO C MPAKTUKON M 00ECIeYnBalOT BRIPAOOTKY YMEHHUS U HaBBIKOB B IPUMEHEHHUH
MOJIYYCHHBIX CTYJEHTaMU 3HAHHI B Tpolecce Oyayiied MnpopecCuoHaIbHOU mesi-
TEJIbHOCTH.

[IpumMeHuTeNBHO K 3a7a4aM IMOATOTOBKU OakallaBpOB IO HampaslieHUIo «Jlu-
3aifH» CaMOCTOSITENIbHAs padoTa CTYAEHTOB BKIIFOUAET CUCTEMAaTUYECKYIO TPOPAOOTKY
PEKOMEHIOBAaHHOMW JINTEPATYPhI; MOATOTOBKY K MPAKTUYECKUM 3aHITUAM, 3a4€TaM U
9K3aMEHaM; BBIMOJHEHUE TEKYIIUX JIOMAIIHUX 3aJaHui; y4yacTue B Yy4eOHO-
UCCJIEI0BATENCKUX U HAYYHO-UCCIIEI0BATENbCKUX paboTax.

Ha mpakTrueckux 3aHATHSIX MPENoAaBaTeslb OCYLIECTBISET KOHTPOJIb 32 CaMo-
CTOSITEJIbHOM pabOTOM CTYZCHTOB.

CaMoCTOSITEIbHOE BBINOJHEHUE CTYACHTAMHU Pa3HOOOPA3HBIX MPAKTUYECKUX
y4eOHBIX 3aJ]aHUI CTUMYJIUPYET UX TBOPUECKYIO JCSITEIbHOCTD, 3aKPEIUISIET Teope-
TUYECKHUE TIOJIOKEHUS U3y4aeMOUW MUCIUIUIMHBI U BhIpA0aThIBAET Y CTYACHTOB HABBI-

KU MPAKTUUECKOU paboThl o poduiito «[IpoMbIIIeHHBINA JU3aHH).

3. O0bem padoThI

CamocTosTenbHast paboTa CTyACHTOB IPeyCMaTPUBAET:
Ounas ¢popma o0yueHus

Ne

/i Buasbl u popmbl caMocTOATENBHOM PadOTHI

5 cemecmp

1 |TemaTwHueckoe AOMAIIIHEE YTCHHE

2 |[TogrotoBka pedepara.

Tewma: IIpuBoa (1o Bugam)

3 |[ToaroroBka K MPOMEXYTOYHOW aTTECTAIIMU U €€ IPOXO0XKICHHE
6 cemecmp

1 \TeMamquKoe JIOMAIIIHEE YTEHUE




Ne

n/n
2 |Hamucanue pedepara.

Tema: TurnoBbsie KOHCTPYKTOPCKHUE pelieHUs (Ha MpuMepe MeOeIn, TPaHCIIOPTHBIX CPECTB,

OBITOBBIX MPUOOPOB). DBOJIOLIHS POPMBI.

3 |[ToaroroBka K MPOMEKYTOYHOM aTTECTAIIMU U €€ MTPOXOKICHUEC

1 cemecmp

Buasbl u popmbl caMocTOATENBbHOI PadoThI

1 |Hanucanue pedepara.
Tema: « IHHOBaLMOHHBIE KOHCTPYKTOPCKUE PELLICHU.
IIpe3enTanus o Teme.
Tematnueckoe gomainee yrenue; uzyuenue 'OCTos.

3 |[ToaroroBka K MPOMEKYTOYHOMN aTTECTAIIMU M €€ MTPOXOKICHUES

N

4. Opranu3anusi 1 pyKOBOJACTBO CAMOCTOSITe/ILHOI pa0oToil CTYyIeHTOB
CamocrosTenbHas padoTa CTYJEHTOB HaJl YYEOHBIM MaTepHalIoOM Ha Kadeape

IPOBOAUTCA CUCTEMATUYECKH, IIIAHOMEPHO. DTOr0 JIOCTUraeTcsl palMoHaIbHOU Op-
raHu3alyei U MpaBWIBHBIM PYKOBOJCTBOM MPENOAaBaTEIBCKOTO cocTaBa Kadeapsl
CaMOCTOATENbHON pabOTON CTY/IEHTOB.

[lepen HayanoM caMOCTOATEIBHONM pabOThl MPENOAABATENN IMPOBOASAT KOH-
CYJIbTaTUBHBIC 3aHATUSA CO CTYJCHTaMH, Ha KOTOPBIX JAIOTCS CICIUATbHBIE TOSCHE-
HUS; XapakTepu3yeTcs: HauboJee palroHadbHas METOJMKA €€ BBITIOJIHEHUS; OTpee-
JSI0TCST TPEOOBAHUS; YKA3bIBAIOTCS UCTOYHUKU U y4eOHBIE TIOCOOUS; IEMOHCTPHUPY-
IOTCSI paHee BHITIOJTHEHHBIE CTYJACHTaMH PaOOTHI.

KoHTponb Teky1eit ycreBaeMocTi 00eCIeUnBaeTCs:

- IPUMEHEHUEM TECTOBBIX 3a/IaHUM;

- IPOCMOTPOM KOHCIIEKTOB;

- OIPOCOM CTYJICHTOB Ha 3aHSTHSIX.

[IpenonaBarenu 00s3aHbI:

- MIOCTOSIHHO COBEPILIEHCTBOBATh OPTraHU3ALMIO U PYKOBOJICTBO CAMOCTOSTENb-
HOM paboTOM CTY/IEHTOB;

- BECTH CUCTEMATUUYECKUI KOHTPOJIb 32 CAMOCTOSATENBHON pabOTO CTy/I€HTOB;



- pa3pabarpiBaTh Hanbomee 3HPEeKTUBHBIC CPECTBA, CTUMYIIHPYIONIUE U 0bec-
MEYMBAIOIINE CUCTEMAaTHUECKYI0 CaMOCTOATEILHYIO PabOTy CTYIEHTOB Ha MPOTSHKe-

HHH BCCT'O IICPpHUOaa 06y‘ICHI/ISI.

5. Temsbl AJIA TIOATOTOBKHU K MPAKTHYCCKUM 3aHATUAM
H AaTTECTAIMOHHBIM MEPOIIPUATUAM

S cemecTtp

1. 3BAJAYN U METO/1bl KOHCTPYNPOBAHNA

1.1. 3apaun koHCTpyupoBaHus. JlOCTHKEHNS HayYHO-TEXHUYECKOI0 IIPOrpecca U NMEePCHEeKTUBBI €r0
pa3BuTHs. MecTo KOHCTpYUpOBaHUs B qu3aiiH-niporecce. TepMUHOIOTUS.

1.2. O61mas MeTouKa KOHCTPYHUpOBaHus. JTanbl KOHCTpyupoBaHus. Ctaauu pazpadotku K]

1.3. dynxnus u koHcTpyKuusa. Popma U KOHCTPYKLHUS.

1.4. TunoBble KOHCTPYKTOPCKUE PELICHMUSI.

1.5. ECK/I. Busibl 1 KOMIIEKTHOCTh KOHCTPYKTOPCKOM T0KyMeHTauuu. OCHOBBI HCIIOJIb30BaHMS
HOPMAaTUBHOT'O U CIIPAaBOYHOI'0 MaTEpPHAJIOB.

2. OCHOBBI TEOPUN MEXAHN3MOB

2.1. Mammna. Mexanusm.

2.2. CTpyKTypa MEXaHU3MOB. 3BEHbsI MEXaHU3MOB. CTeTeH! CBOOOIBI

2.3. Kunemaruueckas napa. Kunemaruueckas nemns

2.4. KoHcTpyKTHBHAS cXema. PalmoHamIbsHOCTH 00IIEH KOMITOHOBKA

2.5. OyHKIIMOHATBHBIN aHAIIN3, KOMITIOHOBKA (aHATMTUYECKOE KOMOMHUPOBAHUE).

3. TIPMHIIUII JEVCTBUA MAIIIMH 1 MEXAHU3MOB

3.1. [IpuBox. McTouHuK 2HEPTHH.

3.2. [IpuHun neficTBUS MalllMH U MEXaHU3MOB (MEXaHUUECKUH, TMIpaBIMYECKUIl, MTHEBMaTHYe-
CKHH, DJIEKTPUUECKHM, FIEKTPOHHBIE (paano) U (POTOIIEKTPOHHBIE allapaThl; MAarHUTHBIN
HPHUHIMI ICHCTBHS, TCPMUICCKHMA, ONTHYCCKUH, aKyCTHYCCKHIA).

3.3. Cunbl B MalmHax.

3.4. KIIA.

3.5. YpaBHOBemBaHue U OaTaHCHPOBKA

3.6. OkcryaTtanus (pydyHoe oOCITy)KMBaHUE; MEXaHU3ALUs; aBTOMATHU3aLIusA ).

6 cemectp
1. BUJAbI MEXAHM3MOB.
1.1. PeuaxxHbple MEXaHU3MBI.
1.2. KynaukoBble MEXaHU3MBI.
1.3. ®pUKIMOHHBIE MEXAHU3MBI.
1.4. 3y6uarpie (IIMIMHAPUIECKHUE, BUHTOBBIC, KOHUYECKUE) MEXaHU3MBI.
1.5. YepBsiuHble MEXAaHU3MBI.
1.6. [ImanerapHble MEXaHU3MBI.
1.7. MexaHU3MbI ¢ THOKUMU 3BEHbSIMH (PEMEHHBIC, IICTHBIC) MEXaHU3MBbI.
1.8. MexaHHU3MBbI IBUKEHHUS C OCTAHOBKaMHM (XparoBble; MaIbTHICKHE; 3BE314aThIe) MEXaHHU3MBI.



2. OCHOBBGI COITPOTUBJIEHN A MATEPUAJIOB

2.1. Ilpounocts. KecTKOCTh. Y CTOWYHBOCTbD.

2.2. Bunsl nedopmaruii.

2.3. Kpurepuu npounoctu. Pacdyer Ha MPOYHOCTD U JKECTKOCTh
2.4. PactshxeHue u cxaTHe.

2.5. CnBwr.

2.6. Kpyuenue.

2.7. N3rub crepxueit

2.8. OCHOBBI MEXaHUKH Pa3pYIICHUSI.

3. PACYET JIETAJIEM MAIIIMH U1 ITPUEOPOB
3.1. HexoTopbie BUbI I€TaJICH U Y3II0B.
3.2. Hepa3zbeMHbIE COCTUHECHHS.
CoenvHeHne 3aKJICIKAMU.
Coenunenue THOKOM.
CBapHbie COCTMHEHUSI.
CoennHeHUs ¢ IPEIBAPUTEIBHBIM HATATOM.
ITaiika.
KneeBbie coennHeHus.
CoenuHeHue 3aMa3Koi.
3adopmoBka.
3.3. Pa3bemHbBIE COCAMHCHHS.
Pe3n0OoBbIe coemuHEHUS
[ImoHOYHBIC U IITUICBBIC COCTUHEHUS.
3y0Ouarsie (LIUTUIEBbIE COSTUHEHNS)
HITrdToBEIE COCAMHEHUS.
Kpenexxnsie uzaenus ( OONTHI, UIYPYIbI, IIMHIBEKH).
3.4. Baiytel u ocu. PacueT Ha MpOYHOCTH, )KECTKOCTD.
3.5. Onops! .
[ToAMUITHUKY CKOJTBLKEHHS
Ornops! Ha IIEHTpax
[ToAMMITHUKY KaYCHHUS.
Harmpasmnsromue.
Cwmaska o1rop 1 HanpapJSIOLIUX
YmiotHenus
3.6. My®ThI
3.7. Yrpyrue 31eMeHTHI (IPYKHUHBI).
3.8. PexgykTopsl
3.9. CranmapTHbIE A€TAH.
3.10. KHomkH, pyKOSITKH, TAOJIWYKH TSI TPHOOPOB.
3.11. YcnoBHbIe 3HaKU Ha Tpubopax.

7 cemecTp

1. TUITOJIOT U1 KOHCTPYKIIUIA
1.1. Knaccudukanus MeXaHu3MOB U KOHCTPYKIUHA. OCHOBHBIE TUIbI KOHCTPYKLIUN
1.1.1. OcHOBHBIE THIIBI TPOCTPAHCTBEHHOM CTPYKTYPhI KOHCTPYKIIHUA.

- C IPOCTPAHCTBEHHOM cxeMol (MOHOJIUTHBIE U PELIETUATHIC)



- ¢ 000c00IeHHBIM 00BEMOM (KapKacHbIe, KOXKYX, KOPIYC, QyTisip)
- CMEIIaHHOTO THIIA

1.1.2. Cnenuduueckue TUIBI KOHCTPYKIHH - KOHCOJIbHBIE, TpaHChHOpMuUpyromuecs: (KHHETHIe-
CKH€), MOIYJbHBIC (arperaTHo-0JI0YHbIC, BAPHAHTHO-KOMOMHATOPHBIE), MOOMIIBHBIC U JIP.

1.2. Tunel KOHCTPYKUMH W COCAMHEHUIA.

1.2.1. Pazpemubie (cOOpHO-pa3OOpHBIC) U HEPA3bEMHEIE.

1.2.2. CocraBHbIe (HaOOpHBIE, CBApHBIE, KIEEBbIC, KJICTIAHHBIE) © MOHOJIIUTHBIE (JTUTHIC);

1.2.3. CratuuHble ¥ KHHETUYHBIC (TPAaHCHOPMHUPYEMBIE);

1.2.4. KapkacHsble (B T.4. paMHEIE);

1.2.5. O6on0uKOBbI€ (B T.4. IUTOBBIE, TAHEJIbHbIE, CBOAYAThIC U 3aMIOJIHEHHBIE CUIIOBBIMH MPO-
CTPaHCTBEHHBIMH PEIIETKAMHU C 3JIEMEHTAMH IMONEPEYHBIMU - HEPBIOPAMU, IITAHTOYTAMH U
MIPOIOJIEHBIMU JIOH)KEPOHAMHU, CTPHHTEPAMH );

1.2.6. 3akpbIThle, OTKPBITHIE U TIOTYOTKPHITHIE,

1.2.7. ABTOoHOMHBIC, OJIOKHPOBAHHEIC,

1.2.8. CranuonapHbie, MOOUIIBHBIC U TIOPTATHBHEIE,

1.2.9. Tsxenble (MaTepuanoeMKHe) U 00JIeTYeHHbIE, MaJlo-, CPEeHE- U KPYITHOTa0apUTHEIE.

2. BA3OBBIE ITPUHIUIIEI KOHCTPYNPOBAHUA

2.1. PanimoHasibHBIE IPUEMBI KOHCTPYHPOBAHUSI.

2.2. O6mmue mpaBuiia KOHCTPYHPOBAHUS

2.3. DKOHOMHUYECKUE OCHOBBI KOHCTPYHPOBAHUSI.

2.4. JIoIroBeYHOCTb.

2.5. HanexxHoCTh

2.6. CranmapTusanus U B3aMO3aMEHSIEMOCTb.

2.7. Yaudukanusi.

2.8. ArperatupoBaHue.

2.9. MoHOOJIOYHOE ¥ MOAYJIPHOE KOHCTPYHPOBAHHE.

2.10. YHuBepcanuzauus.

2.11. Paapl mpe oY TUTEIIBHBIX YHCEIT.

2.12. IlpuHuun pyHKIMOHAIBHOM 11€1ec000pa3HOCTH.

2.13. MopaiibHO€ CTapeHHe.

2.14. Kputepun kauecTBa. ATTecTanus U3AeIuii.

2.15. Hopmanm3anusi.

2.16. Matepuaibl U TEXHOJIOTHUA. TeXHOIOrMYHOCTh KOHCTpYKLUH. OO0Iuye npaBuiia TEXHOJIOTHYe-
ckoro (opmooOpazoBanus. Parmonanbubiii BeIOOp 0a3. [IpaBuibHas MPOCTaHOBKA Pa3MEPOB.
Honycku u nocanku. lllepoxoBarocts. Manast MaTepHalOEMKOCTb.

2.17. KoMIakTHOCTb.

2.18. Ilouck popmel. Popma. Texnonornyeckast popma. ABTOHOMHOCTH (popMbI. CTPYKTYpHOCTh
(bopMBI.

2. 19. TexTOHUKA.

2.20. IIpounocTs, [IpocTparcTBeHHAst KECTKOCTh. CITOCOOBI MOBBIIICHHUS )KECTKOCTH.

2.21. PEeMOHTONPUTOIHOCTH, YA0OCTBO MOHTAXa.

2.22. be3onacHOCTh, OXpaHa Tpyaa ( B T.4. 3a3eMJICHHEC U T.JI.).

2.23. CAIIP.

3. TIPOEKTHBIN AHAJIN3. U30OBPETATEJILCTBO. METO/IbI IIOUCKA WUJIEM
3.1. TpaAWIIMOHHBII pacYeTHBIA METO/.

3.2. YpOBHHM KOHCTPYKTOPCKOI'O MBIIIIJICHHUS.

3.3. [Icuxomorust KOHCTPYKTOPCKOM e TETEHOCTH.



3.4. Meronbl mouCKa UICH.
3.5. HekoTopbie MeTO1pl KOHCTPYUPOBAHUS:
- METO]I CEKIIMOHUPOBAHHUS;
- METOJ1 UBMEHEHUS JTMHEUHBIX Pa3MEpPOB;
- MeTo]1 6a30BOTO arperara;
- METOJl UHBEPCHH;
- METOJ KOMIUIEKCHOM pa3pabOTKU U HepapXU3aIlluu
- METO/Ibl BAPUAHTHOTO MMOMCKA KOHCTPYKTUBHBIX PEUICHUIM U UX HArJIsSAHOIO MOJIETUPOBAHUS;
- YHOPSI0YCHHBIN ITOUCK.

6. MaTepuaJbl AJsl 1ONOJHUTEIbHOT0 YTEHHUS
MAIIMNHBI 1 MEXAHW3MbI

MarmuHbl 1 MEXaHU3MBI - 3TO MEXaHUYECKUE YCTPOMCTBA, 0OJEryarouiie Tpya U MOBBIIIA-
IOIUE €T0 MPOU3BOIUTENLHOCTh. MalllMHBI MOTYT OBITh Pa3HOW CTEMEHH CIOKHOCTH - OT MPOCTOM
OJTHOKOJIECHOW TayKu 110 JIM(TOB, aBTOMOOMIICH, TIEYaTHBIX, TEKCTHIILHBIX, BEIYUCIUTEILHBIX Ma-
HIMH. DHEpreTU4ecKre MalllvHbI IPeo0pa3yroT OJuH BUJ 3HEepruu B Ipyroi. Hampumep, reneparo-
PBI THAPOIIEKTPOCTAHIIUN TIPEOOPA3YIOT MEXaHHUECKYIO SHEPTUIO MAaJaronieil BOAbI B dJEKTpHUe-
CKYIO 3HEpruio. J[BUrarenb BHYTPEHHEIO CropaHusi npeoOpa3yeT XMMHUECKYI0 SHEPTUI0 OCH3MHA B
TEIUIOBYIO, a 3aT€M B MEXaHHYECKYIO YHEPTHUIO JBUKCHUSI aBTOMOOKIIS.

Tax HazbIBaeMble paboyue mawiunsl NPeoOpa3yrOT CBOMCTBA MM COCTOSHUE MaTepUasoB
(MeTaIopexylue CTaHKU, TPAHCIOPTHBIE MAIIMHBI) JTUOO MH(OPMALMIO (BBIYUCIUTENbHBIE Ma-
HIMHBI). MaluHBl COCTOAT U3 MEXaHU3MOB (JIBUTaTEJIbHOTO, IEPEJATOYHOTO U UCIIOJHUTEIBHOIO) -
MHOT0O3BEHHBIX YCTPOWCTB, MEPENAIONINX U MpeoOpasyroumx cuily u ABrkeHue. IIpoctoit mexa-
HU3M, Ha3bIBAEMBIH ITOJIUCIIACTOM, YBEIMYMBAECT CUILY, IPUIIOKEHHYIO K TPYy3Y, U 3a CYET ITOrO MO3-
BOJISIET BPYYHYIO MIOJIHUMATh TSDKENbIe MpeaAMeThl. [lpyrue Mmexanu3mbl obsierdaror paboTy, yBenu-
YyuBasi CKOpOCThb. Tak, BeJlocuIe Has Lenb, BXOsIas B 3alelJIeHue co 3BE3J04YKOl, mpeoldpa3yer
MeJIJIEHHOE BpallleHue Tesjaneil B ObICTpoe BpallleHue 3aHero koneca. OJTHaKO MEXaHU3MBI, yBEIH-
YUBAIOIIME CKOPOCTh, JEIAKOT 3TO 33 CUET YMEHBIIEHUS CHWJIbI, a YBEJIMYMBAIOLINE CHITYy - 33 CUET
YMEHBIIEHUSI CKOPOCTHU. ¥YBEIUYUTh OJHOBPEMEHHO U CKOPOCTb M CHIIy HEBO3MOXHO. MexaHU3Mbl
MOTYT TakkKe IMPOCTO M3MEHSTh HalpaBieHue cuibl. [Ipumep - 610k Ha KoHIIE (hiarmToka: yToObI
NOMHATH (iar, TSHYT 3a MHYp BHU3. MI3MeHeHNe HalpaBlIeHUs MOXKET COYETaThCs C YBEIUYCHHEM
CHUJIBI UJI CKOPOCTH. Tak, TS¥KEbIA IPY3 MOXKHO MPUIIOJHATE, HAXKUMAasl HA pblUar BHU3.

OCHOBHBIE IMTPUHIUITBI PABOTHI MAILIMH 1 MEXAHN3MOB

OcHOBHOI1 3aK0H. XOTsI MEXaHU3MBI U MO3BOJIAIOT MOJTYYUTh BBIUTPHILI B CUJIE I CKOPO-
CTH, BOSMOXHOCTH TaKOIo BI)II/IFpI)IIHa Ol“paHI/ILII/IBaIOTCSI 3aKOHOM COXpaHGHI/Ifl BHCpFI/II/I. B anMe-
HEHUU K MallMHaM M MEXaHW3MaM OH TJIACHUT: SHEPrUs HE MOKET HU BO3HUKAaTh, HU MCUYE3aTh, OHA
MO’KET OBbITh JIMIIb MpeoOpa3oBaHa B JAPYrue BHUJbI SHEPTUU WM B pabotry. [loaromy Ha BbIxoze
MAaIIMHBI WK MEXaHW3Ma He MOXKET OKa3aThcs OOJbIIE PHEpPruH, yeM Ha Bxonae. K Tomy ke B pe-
aJTBHBIX MaIIMHAX YacTh SHEPTHH TepsieTcs u3-3a TpeHus. [lockonbky paboTa MOXET ObITh MpeBpa-
[IeHa B DHEPTHIO U HA00OPOT, 3aKOH COXPAHEHUS SHEPTUU I MAITUH U MEXaHU3MOB MOKHO 3aIlH-
cath B Buje Pabora Ha Bxozge = Pabora Ha Beixone + [loTepu Ha Tpenue. OTcro1a BUAHO, B YACTHO-
CTH, TIOYEMY HEBO3MOXKHA MaIllMHA THUIMA BEYHOTO ABUTATENS: M3-3a HEU30EKHBIX MOTEPh YHEPTHH
Ha TPEHHUE OHA PaHO WJIM TTO3THO OCTAHOBUTCS.

Beinrpeim B cuile WJIM CKOPOCTH. MeXaHU3Mbl, KaK YKa3bIBaJIOCh BBIIIE, MOTYT IIpUMeE-
HSTBCS JIA YBCJ'II/I‘IGHI/ISI CUJIbI UJIN CKOpOCTI/I. H}IG&J’IBHBI?I, NN TGOpeTquCKHﬁ, BI)II/II"pI)IIH B CHUJIC
WJIH CKOPOCTH - 3TO KOI(DPHUIIMEHT YBEIUUYEHUS CUIIBI WIIH CKOPOCTH, KOTOPBIH ObLT ObI BO3MOKEH B



OTCYTCTBHUE TIOTEPb SHEPTUH, 0O0YCIOBICHHBIX TpeHUEM. M 1eanbHbli BBIMTPHINT HA MIPAKTUKE HEJO0-
CTH)KUM. PeanbHBIN BBHIUTPHILI, HAIPUMEDP B CHJIE, PABEH OTHOILIEHUIO CHIIbI (Ha3bIBaeMOW Harpys-
KOM), KOTOPYIO pa3BUBAET MEXaHU3M, K CUJie (Ha3bIBaEMOM yCHIIMEM), KOTOpasi MPUKJIAJAbIBACTCS K
MEXaHU3MY.

[IPOCTEUILIME MEXAHW3MbI

[Ipocreiimume MexaHU3Mbl MOXXHO HAWTH MOYTH B JIOOBIX 0OJIee CIIOKHBIX MAllIMHAX U MeXa-
HU3Max. MX Bcero mecTs: peryar, 670K, 1uddepeHuanbHbplii BOPOT, HAKIOHHAS II0CKOCTh, KIIMH U
BUHT.

Poruar. D10 jxecTKU CTEPKEHB, KOTOPBIN MOKET CBOOOIHO IOBOPAYUBATHCS OTHOCUTEIBHO
HEIMOABUKHOM TOYKH, Ha3bIBAEMOW TOUKOW onopsl. [IpumMepoM peryara MOryT CiayXUTh JIOM, MOJIO-
TOK C pacuiernoMm, Tauka, MeTia. Peraaru OBIBAIOT TpeX POJOB, PAa3IUYAIONIMXCS B3aUMHBIM Pacro-
JIO’)KEHUEM TOUYEK MPUIIOKEHHS HATPY3KU U YCHIIUS M TOYKU onopsl (puc. 1). MaeanbHbIi BEIMTPHILIT
B CWJIE pblYyara paBeH OTHOLIEHUIO paccTossHUA DE OT TOUKM IIPUIIOKEHUS YCUIIUA 10 TOYKU ONOPbI
K pacctossHui0 DL 0T TOYKM pHIIOKEHUs Harpy3ku 10 TOYkH onopsl. i peryara I poga paccros-
Hue DE o6pryno Oonbiie DL, a mosTOoMy maeanbHbIi BeIMTphI B cuiie Oonbire 1. st peraara 11
poJia ueanbHBIA BRIUTPHIII B CUJIE TOXKE Oosblle eauHulbl. Uto ke kacaercs peruara Il pona, To
BennunHa DE niis nero mensiie DL, a cTano ObITh, 00JIbIIe €UHUIIBI BRIUTPHIII B CKOPOCTH.
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PBIHAT 1l PCOA (yCunne mexiy TONKOn AN0R6 U HArpY3Koii)
Puc.l PBIYAT'U I, II H IIT POJIA



Baok. 310 xoseco ¢ xKernoboM 1Mo OKPYKHOCTH JUTsl KaHaTa UM [eNu. BIOKH MpUMEHSIIOTCS
B IPY30IOJIbEMHBIX ycTpoiicTBax. CucreMa GJIOKOB U TPOCOB, MpeIHAa3HAYEHHAs Ui MOBBILICHUS
Ipy30II0IbEMHOCTH, Ha3bIBaeTCs mosmcnactoM. OIMHOYHBINA OJIOK MOXKET OBITh THOO € 3aKperuieH-
HOHM OCBIO (YpaBHUTEIBHBIM), TUOO TOJIBIKHBIM (pHUC. 2). BIIOK C 3aKperieHHOW OChIO JEHCTBYET
Kak pbryar [ poga ¢ Toukoi onopsl Ha €ro ocu. [I0CKOJIbKY IJIEYO YCHIIUSI PaBHO IJIEYy Harpy3kKu
(paaunyc 6510Ka), U1eaTbHBIA BHIMTPHIII B CUJIe U CKOpocTH paBeH 1. [1oaBHKHBII ke OJI0K JIeHCTBY-
eT Kak peryar Il pona, MOCKOIbKY Harpy3ka pacroyioKeHa Mex Ay TOYKON onopsl U ycuinueM. 1lneqo
Harpy3ku (paauyc 0J10Ka) BIBOE MEHbINE Iieda ycuiaus (quametp Omoka). [loatomy st moaBuk-

HOTro OJI0Ka WeaJIbHBIM BBIMTPHIIL B CHIIE PABEH 2.
HEMOABWXHbIA NOABUXHBIA
BNOK BAOK
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Puc. 2. BJIOK moorcem 6vimov 3aKpenieHHbiM (YPAGHUMENbHbIM) UIU NOOBUNCHLIM. YpaeHu-
menvHblll 010K Oeticmeyem Kak pviuae I pooa, a noosudcuwli - kak pwvivae Il pooa.

Bonee npocToii crioco0 ornpesenenus uaeaibHOTO BBIUTPHIIA B CUJIE JIJIst OJIOKA WIIA CUCTe-
MBI OJIOKOB - TIO YMCITY MapauIebHBIX KOHIIOB KaHAaTa, yIEePKUBAIOIINX HArPy3Ky, Kak 3TO HETPY-
HO c000pa3uTh, B3TJSSHYB HA PHC. 3. YpaBHUTEIbHBIC U MOJBMKHBIE OJIOKHM MOKHO COUYETaTh I10-
pasHOMY JJis YBEIMUYEHHUs BHIMTPHIIIA B cuie. B ogHON 000iiMe MOXHO YCTaHOBUTH 1B, TPU WIIH
OoJpiiee YuciIo OJIOKOB, a KOHEI] TPOCa MOXKHO MPHUKPENUThH JHMO0 K HEMOABUKHOM, JTU00 K TIO-
JIIBIDKHOM 000IMe.
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Puc.3. ITPUHIUII JEHCTBHA bJIOKA U ITIOJIUCITACTA. a - 00unounwlii 610K (¢
OOHUM MPOCOM, NPOMAHYMBIM NO HCEN00Y eOUHCMBEHHO20 WKUBA), 6 - KOMOUHAYUSL U3 08YX
OOUHOUHBIX DJIOKOB C €OUHBIM MPOCOM, OXBAMBIEAIOWUM 00a WKUBA, 8 - NAPA 08YHCENOOKO-

8bIX OJIOK08, NO YemblpeM CHAPEHHbIM JHCeN00aM KOMOPLIX NPOXOOUM eOUHbLL Mpoc.
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Puc. 4. IIOJIUCIIACTBHI ¢ pasnuunbimu KomouHayuamu 6J10K08 mpex munos: ciesa - napa
0BOUHBIX OI0K08, 6 YeHmpe - MpPOUHOU OJIOK ¢ O8OUHBIM, CNPABA - NAPa MPOUHbLIX 610K08. B mpoii-
HOM OJl0Ke KOHeYy mpocd, K KOMOpOMY NPULA2Aencs msa208oe YCuue, npoxooum yepes YyeHmpaib-

HbLLL Jceo0, npu SMOM HUNCHUL - NOOBUNCHDILL - OJIOK KPERUMCs KOyuleM mak, 4mo e20 ocb nep-
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NEHOUKYIAPHA OCU BEPXHE2O - HENOOBUNCHO2O0 - OJIOKA.

Juddepenunanbublii BOpOT. ITO, B CYLIHOCTH, JIBa KOJIeca, COEMHEHHbIE BMECTE U Bpa-

HIAIOIIHECs BOKPYT OJHOM ocH (pHcC. 5), HampuMep, KOJIOE3HbII BOPOT C PyUKOH.
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Puc 5. BOPOT, oeiicmeytowuil kak pviuaz I pooa, npedcmagnsem cobol,  cywyHocmu, 08a
CKPEeNnIeHHbIX Mecme Kolecd, 8paujaruuxcsi 6oKpy2 ooujetl ocu.

JuddepeHnnanbHbIif BOPOT MOXKET AaBaTh BHIMTPHIII KaK B CHJIE, TaK U B CKOPOCTH. JTO 3a-
BUCHUT OT TOTO, TJ€ MpUJIaraeTcs yCuiue, a I/ie - Harpy3Kka, IOCKOJbKY OH JIeHCTByeT Kak pbyar I
pona. Touka onopsl pacmoiokeHa Ha 3aKpeTIeHHON ((PUKCHPOBAHHOM) OCH, a TIO3TOMY IUICYH YCH-
JMsI U Harpy3KH paBHBI paJycaM COOTBETCTBYIOUIMX Koiiec. [Ipumep Takoro ycTpoicTBa Jisl BBIUI-
phIllIa B CUJIE - OTBEPTKA, a JAJIs BBIMTPHILIA B CKOPOCTHU - IITU(OBAIBHBIN KPYT.

3y0uartblie koJsieca. CucteMa JIByX HaXOJIIMXCS B 3allCIVICHUU 3yOuaThIX KOJIEC, CUASIIUX
Ha BajlaX OJJMHAKOBOTO AmameTrpa (puc. 6), B KaKOW-TO Mepe aHaJIoTHIHa AU PEepeHIINaTLHOMY BO-
poty. CKopocTh BpallleHusi Kojec 00paTHO MpoNopLUuoHaibHa UX nuamerpy. Eciu manas Bemymas
niectepHst A (K KOTOpOW MPUIIOKEHO YCHIIKE) MO AMAMETPy BABOE MEHbIIE OOJbLIOro 3y04yaTtoro
Kosieca B, To oHa nomkHA Bpamatkces BIBOe ObicTpee. TakuM 0Opa3oM, BBIMTPHIII B CHJIE TAKOM
3yOuaroil nepenaun paBeH 2. Ho eciu TOUKM NPUITIOKEHUST YCHIINS U HArpy3KU MMOMEHSATh MECTaMH,
TaK 4To Kojieco B craHeT BeaymuM, TO BBIMIPHINI B cujie OyaeT paBeH 1/2, a BRIMTPBIII B CKOPOCTH -
2.



Yeunue

Harpyska
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Puc. 6. 3VBYATHIE KOJIECA, oeticmgytowue 8 npunyune max dice, Kak u 0pom, mo2ym
0aseamu KaK 8blucpblud 8 Cuile, MakK U 8blucpulil 8 CKOPOCU.

HaxkJionHas miockoctb. HakiioHHAS TIIOCKOCTDh MPUMEHSIETCS IS TIEPEMEIICHHS TSDKEIBIX
IpeaMETOB Ha 0oJiee BBICOKUN ypOBEHb 0€3 MX HENOCPEeACTBEHHOro nmoaHsATHs. K Takum ycTpoii-
CTBaM OTHOCSATCS MaHAYCHl, ICKAIATOPBI, OOBIYHBIC JICCTHUIIBI, a TaK)Ke KOHBEHEPHI (C POJIMKAMH
JUI YMEHbILIEHHs TpeHus). VneanbHblil BBIMIPBILI B CHIle, 00ecreynBacMblii HAKJIOHHOW IJIOCKO-
CTBIO (puC. 7), paBeH OTHOIICHUIO PACCTOSIHHSA, Ha KOTOPOE MEpPEeMEIIaeTcsl Harpy3ka, K paccTos-
HUIO0, IPOXOJIMMOMY TOYKOW MpHiiokeHus: ycuius. IlepBoe ecTh UIMHA HAKJIOHHOW INJIOCKOCTH, a
BTOPOE - BBICOTA, HA KOTOPYIO MOoJHUMAETCs Tpy3. [IocKoIbKy runmoTeHy3a 0oJblie KaTeTa, HaKIOH-
Hasl TUIOCKOCTh BCET/Ia JaeT BBIUTPHILI B cHjie. BBIMIphIl TeM 0oJiblile, YeM MEHbIIE HAKJIOH IUIOC-
KOCTH. DTHUM OOBSCHSETCS TO, YTO TOPHBIE aBTOMOOMIIBHBIC U JKEJIE3HBIE IOPOTH MMEIOT BU Cep-
NaHTHHA: YeM MEHbIIIe KPYTHU3HA JIOPOTH, TEM JIerdye Mo Hell MOAHUMAThCS.

e

Bricora
Puc.7. HAKJIIOHHAA TIVJIOCKOCTH 0aem 6vlucpvius 6 cune, pasHulii (8 udeane) omuouie-
HUIO ONIUHbL K 8blCOMe.

N
Harpyaka

Kuaun. 910, B CyIIHOCTH, CIBOCHHAsI HAKJIOHHAS MJIOCKOCTH (puc. 8). I'maBHOE ero oTinumne
OT HAKJIOHHOHM TUIOCKOCTH B TOM, YTO OHA OOBIYHO HETOJBMXKHA, W TPY3 TMOJ JEHCTBUEM YCHUIIHUS
JBUKETCA 110 HEM, a KJIMH BrOHSIOT MO HArpy3Ky WM B Harpy3ky. [IpuHIun kivHa UCHob3yeTcs B
TaKUX MHCTPYMEHTAX U OPYIUIX, KaK TOMOP, 3yOMII0, HOX, TBO3/Ib, IITBEHHAS UTJIa.
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Puc.8. KJIUH - kax 6b1 cO80enHas HAKIOHHASA NAOCKOCIb. HOeanvHblll 8biucpoblul 8 cule pa-
6eH OMHOUEHUIO ONIUHBL KIUHA K MOJWUHE HA MYNOM KOHYe.

WneanbHbI BBIUTPHINI B CHJIC, JABAEMbId KJIMHOM, PaBEH OTHOIICHUIO €ro JTUHBI K TOJI-
[IMHE HA TYNOM KOHIE. PeanbHblil BEIMTPBINI KIMHA, B OTJIIMYUE OT APYTUX MPOCTEHIINX MEXaHH3-
MOB, TPYIHO ompeneuTb. COnpoTHRICHHE, BCTPEYaeMOe UM, HETIPEIACKa3yeMO MEHSETCS JJIs pas-
HBIX y4acTKoB ero "miek". M3-3a 6onpinoro Tpenus ero KIIJ] cronp man, 4To uieanbHbIi BBIUTPHILIT
HE UMEET 0COO0r0 3HAUYCHUSI.

Bunr. Pe3nba BunTa (puc. 9) - 9T0, B CYIIHOCTH, HAaKJIOHHAS IUIOCKOCTb, MHOTOKPATHO
oOepHyTast BOKPYT MIJIWHApPA. B 3aBHCHMOCTH OT HAmpaBlIeHUS MOIbEMa HAKIOHHOW IUIOCKOCTH
BUHTOBAas pe3bOa MoxkeT ObITh J1eBoil (A) miu npaBoit (B). Compsraromasics Aetainb, €CTeCTBEHHO,
JOJKHA UMETh Pe3b0y Takoro ke HarparicHus. [I[puMepbl MPOCTHIX YCTPONUCTB C BUHTOBOH PE3b-
00if - TOMKpaT, OOJIT ¢ TallKOH, MUKPOMETP, TUCKH.
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Puc.9. BUHT ¢ npsamoyzonbHoll pe3bboil - no cyujecmey, HAKIOHHASL NJIOCKOCMb, MHO20-
KpamHo obepHymas 6okpye yununopa. A - neeas, B - npasas pesvoa.

ITockonbky pe3pda - HaKJIOHHAs TUIOCKOCTh, OHA BCErJa AAaeT BBIMIPHINI B cuiie. MeanbHblii
BBIMTPBILI PABEH OTHOIIEHUIO PACCTOSIHMS, MPOXOAWMOIO TOUKOW MPHJIOKEHUS YCWIMS 3a OAMH
000pOT BHHTA (JUTMHBI OKPYXHOCTH), K PACCTOSIHHIO, MMPOXOJUMOMY IIPU 3TOM Harpy3koil mo ocu
BUHTA. 32 0JIMH 000POT Harpy3Ka IMepeMeIIaeTcsi Ha pacCTOSIHUE MEXAY ABYMs COCEIHUMH BUTKaMH


http://dic.academic.ru/pictures/enc_colier/6524_006.jpg

pe3bObl (a u b nnm b u ¢ Ha puc. 9), KoTopoe HazbIBaeTcs 1maroM pe3bosl. Iar pe3pobpl 00BIYHO 3HA-
YUTEIIFHO MEHBIIIE €€ INaMeTpa, TaK KaK MHAYe CIHMIIKOM BEJIMKO TPEHHE.

KOMBMHMPOBAHHBIE MEXAHM3MbI

KomMOuHUpOBaHHBII MEXaHHW3M COCTOMT U3 ABYX WMJIM OOJBIIErO YHCIa MPOCTBHIX. DTO HE
0053aTeNIbHO CJI0XKHOE YCTPOMCTBO; MHOTHE JTIOBOJBHO MPOCTHIE MEXAHU3MbI TOXKE MOMXHO CUUTAThH
KoMOuHUpoBaHHbIMH. Hampumep, B MsicopyOke UMEIOTCSI BOPOT (pydka), BUHT (IIPOTATKHBAIOIIUI
MSICO) U KJIMH (HOX-pe3ak). CTpelKkyu Hapy4dHbIX 4acOB MOBOPAUYMBAIOTCSI CUCTEMOM 3y0UaThIX KOJec
pa3HOro AMaMeTpa, HaXOJAUIMXCS B 3alEIUIEHUH APYyT ¢ ApyroM. OauH U3 HauboJiee N3BECTHHIX He-
CIIOHBIX KOMOMHHMPOBAHHBIX MEXaHU3MOB - JnoMmkpat. JJomkpar (puc. 10) mpencrasisier coOoii
KOMOMHAIIMIO BUHTA U BOpOTa. '010BKa BUHTA MOANUPAET HArpy3Ky, a APyroil ero KOHel BXOAUT B
pe3b00BYIO Onopy. YcuiKe MpuiaraeTcs K pyKosiTke, 3aKpeIuieHHOH B TOJIOBKe BUHTA. TakuM oOpa-
30M, PacCTOSIHUE YCWJIMSI PABHO JJIMHE OKPYXHOCTH, ONIMCHIBAEMOIN KOHLIOM PYYKHU. [[n1Ha okpyx-
HOCTHU JaeTcs BhIpakeHueM 2pr, rae p = 3,14159, a r - paguyc oKpy>KHOCTH, T.€. B JAHHOM Clly4ae
JUIMHA pyyky. OYeBUAHO, YTO YEM JJIMHHEE pydKa, TeM OOJIblle UACaIbHbIM BRIUIPHILI B cuiie. Pac-
CTOSIHHE, MIPOXOJIMMOE HArpy3KOW 3a OJMH 00OPOT PYYKH, PaBHO LIAry pe3bObl. B mpeane MoKHO
MOJIyYUTh OYEHb OOJIBIIOW BBIUIPHIII B CHJIE, €CIIM JUIMHHYIO PY4YKY COUY€TaThb C MaJbIM IIarom
pe3b0b1. [losTomy HecmoTpst Ha manblii KITJ[ nomkpara (okono 25%) oH naet OoJbIIoi peanbHBbIii
BBIUTPHIII B CHIIE.

Harpyska

Puc.10. JJOMKPAT - npumep HeCNONCHO20 KOMOUHUPOBAHHO20 MEXAHU3MA (couemanue
BUHMA U 80POMA).

Boiurpein B cuiie, co3aBaeMblii KOMOMHUPOBAHHBIM MEXaHHU3MOM, PaBeH MPOU3BEICHUIO
BBIMTPBILIEH OTAEIbHBIX MEXaHU3MOB, BXOAAIIUX B €r0 COCTaB. Tak, MeadbHbI BBIUTPBILI B CUJIE
(UBC) ans noMkparta paBeH OTHOIICHHUIO JUTMHBI OKPYKHOCTH, OTIMCHIBAEMON PYUYKOH, K 1Iary pesb-
651 [{ns Bxonsmiero B cocrtaB goMkpara Bopora IBC paBeH OTHOIICHUIO JJTUHBI OKPY>KHOCTH, OIH-
ChIBa€MOM PYUKOil (paccTosiHME YCHIIHS), K JJIMHE OKPYKHOCTH BUHTA (paccTostHue Harpys3ku). s
BHuHTa JoMkpara UBC paBeH OTHOLIEHMIO JUIMHBI OKPY>KHOCTH BUHTA (PAacCTOSIHUS YCWJINS) K IIary
pe3b0bI BUHTA (paccTosiHUIO Harpy3ku). [lepemaoskas UBC oTaenbHBIX MEXaHU3MOB JJOMKpaTa, Io-
dydaeM Juist komOuHUpoBaHHOro mexanuzma MBC = (OxkpyxHOCTh pydku/OKpyXHOCTh BUHTa) *
(Oxpyxnocts Bunta/lllar pe3rdn) = (OxpyxknocTh pyukw/Illar pe3sOsr). s Gosiee CIOXKHBIX



KOMOWHUPOBAHHBIX MeXaHu3MoB BeuucIuTh IBC Tpynnee. [ToaTomMy /Uit HUX OOBIYHO yKa3bIBAIOT
JIMILB PEAIBHBIN BBIUTPHILIL.

3aganue

1. Ha konnax HeBecomoro pbryara aeictByroT cuibl 40 u 240 H. PaccrostHue ot Touku omo-
pBl 10 MeHbIleH cuiibl paBHO 6 cM. OnpeaenuTe JUIMHY pblyara, €Ciid pblyar HaXOJIUTCs B PaBHOBeE-
CuHu.

2. Ha xonnax peruara aeictByroT cuiibl 2 1 18 H. Jlnmuna peruara pasna 1 M. ['ne Haxoaurtcs
TOYKa OIIOpPBI, ECJIM pblYar B paBHoBecuu? (BecoMm peiuara npeHedpeus.)

3. IlomoOpare peanbHble MEXaHU3Mbl C MEXAHMYECKMM IpHUBOJOM. PazoOparbcs ¢
OpUHIUIIOM paboTsl. COCTaBUTh PACUETHYIO CXeMY. BBIMOIHUTE TEXHUUECKUI PUCYHOK.

Bomnpocsl 111 caMOKOHTPOJIsE

1. Kakoii MexaHu3M Ha3bIBaeTCSI KOMOMHUPOBAHHBIM?

2. late omnpenenenue «auddepeHnnanbHbIi BOPOT»

3. Kako#i mpuBOJ Ha3bIBAETCSI MEXAHUUECKUM?

4. Kakoil mpuBOJ Ha3bIBAE€TCS TMIPABINYECKUM?

5. Kakoli mpuBOJI Ha3bIBAETCSI THEBMATUYECKUM?

6. Kakoli mpuBOJ Ha3bIBa€TCS THIPO-MEXAHUYECKUM?
7. YTto Ha3bIBAIOT pbryaromM 1-ro poaa?

8. [1o xakuM mpu3HaKaM KJIacCU(UIMPYIOT POJ pbryara?

du3nyeckue TEPMUHBI
Maccam
Macca co3naet Ha 3emJie 3a CUeT TPABUTALIMH CHITY TSDKECTH.
Cuna F
B cootBercTBHU ¢ 3akoHOM HBIOTOHA:!
Cuna = macca * yCKOpeHHe
F=mea
1)
Ecim o0Imee ycKOpeHHe 3aMEHNTh Ha 3eMHOe ycKopeHnue a = 9,81 m/c?, To B pe3ynbTaTe mo-
JTy4aeTcs:
Cuiia Beca = Macca * 3eMHOE YCKOpEHHe
FG = m L[]
g 2)
Takum o6pazom, st Macceel 1 kr cuia Beca coctaBisieT Fg = 1 kr ¢ 9,81 m/c? = 9,81 (xr *
M/c?)

Ennauna CU nns cunel HaseiBaetcs Heroton (H).

1 H=1 kr » M/c?

Macca B 1 kr co3naet Ha 3emie cuiy 9,81 H.

JInsi IpakTUKU B TPHUHIMIIE MOKHO CUUTAaTh, YTO 3HAUEHUE CUIIbI TSHKECTH, CO3/1aBacMoi

Maccoii B 1 kr, paBHo He 9,81 H, a 10 H wnm 1 naH.
Jasaenue p



Jl1st onucaHusi MPOIECCOB, MPOUCXOASIINUX B )KUAKOCTSIX, 1aBJIICHUE SIBJISIETCS BAXKHOU BEJU-
YUHOM.

Ecmu pacnpeaciC€HHas 1o INUIOCKOCTH Culla F BOSﬂCﬁCTByeT BCPTHUKAJIBHO Ha IIJIIOCKOCTH
IJIomaabro A, TO OTHOIICHHWEC CHUJIBI K IUIOIIAAN JACT AABJICHUC p.

F |

P=a 3)

[TpousBoanas ot enunauibl CU ns naBnenus HaspiBaercs [lackans (I1a)
H 1na
|

Ha npaktuke ucronb3yoT NPEeMMyYIIECTBEHHO €AUHHULLY 0ap.

1 6ap = 10° I1a = 0,1 MITa.

Pabora

Ecnu teno mepemeraercs cuiioii F Ha ompenereHHOe paccTosHUE S, TO CHJIA MPOU3BOJAUT
pabotry W. PaGoTa - 3T0 mpousBeAeHHE pacCcTOsSHUA S Ha cuity F, koTopast AeiCTByeT B Hampasiie-
HUU TIepEMEIICHUS

W=F s 4)

Enununa pabotsl B cucreme CU - mxoynb ([1x)

1Jbxk=1H -m=1BrT.

JHeprus

Ecnu 06bekT criocoOeH BBIMOIHATE Pa0OTy, OH HMEET «3alaceHHYIO0 paboTy».

DTOT THN «3armaceHHON padoThI» M3BECTeH Kak 3Heprusi. CienoBarenbHo, padoTa M SHEPTH
UMEIOT OJTHU U T€ K€ STUHUIIBL.

B 3aBrCHMOCTH OT THTIA «3aTIaCEHHOU PabOTHI» pa3IHyaloT:

- NOTEeHIHAILHYIO0 YHEPruI0 (3Hepruio noJio:xenuns Ep)

Teno MOXKeT OMyCTHTBCS Ha ONpEICNICHHBIN YPOBEHb M3 CBOETO HAYaJIHHOT'O BBICOKOTO TO-
JIOXKEHHUS U, CIeI0BATEIbHO, IPOU3BECTH paldoTy.

KonndecTBo BBITIOTHEHHOW TIPU 3TOM pabOTHI 3aBHCUT OT CHJIBI BECa M * € U BHICOTHI h.

Ep=(m-g)+h 5

- KHHETHYECKYI0 YHepruro (FHepruio asmxenns Ei).

Ecnu nBukyieecs: Te0 BCTpeUaeTcsl ¢ HEMOABUKHBIM, OHO COBEpIIAET paboTy Ha KOpITyce
HEMOABIKHOTO Tena (T.e. paboty nedopmaiun). B atom ciyuae HakomieHHe paboThl 3aKIH0YaeTCs
B JIBIDKCHHH TeJIa.

KonnuecTBo sHEpruu 3aBUCUT OT Macchl M U CKOPOCTH V TeNa:

_m-v?
Ex=""2 6)

MomnocTh
MomHoCTh - YacTHOE OT JIeJIeHUs pabOoThl Ha BpeMsi:

W |

1 7)

Enununeit momuaoctu B cuctreme CU siBnsiercst Batt (BT)



1Br=1/x/c.
. Cropoctb
CkopocTh - 3TO pacCTOsIHUE S, JIEJICHHOE Ha BpeMs t, 32 KOTOPOE 3TO PACCTOSTHUE MPEOoI0JIe-

HO.
S
V=T 8)
B cucreme CU ckopocTh u3MepsieTcs B MeTpax B CEKYHIY (M/C).
Yckopenne

Ecnu Teno He IBUkKETCS ¢ MOCTOSIHHOM CKOPOCTHIO, 3TO KBAU(UIUPYETCS KaK YCKOpPeHHe.

H3MeHeHrne CKOPOCTH MOXKET OBITh MOJIOKHUTEIHHBIM (YBEIHUEHUE CKOPOCTH / YCKOPECHHE)
WM OTPULIATENBHBIM (YMEHBIIEHUE CKOPOCTH/ 3aMeIJICHHE).

JIunelHOe yCKOpEHHE ONPEEIAeTCsl KaK U3MEHEHHE CKOPOCTHU V 3a BpeM t:

-V '
=3 9)

B cucreme CH enunHuneil yckopeHus (3aMeIeHuUs) SBIIETCS METP Ha CEKYHIY B KBajpare
(m/c?).

I'mppomexanuka

['mapomexanuka uMeeT A€o ¢ PU3NYECKUMH XapaKTePUCTUKAMU U MOBEICHUEM >KHUJIKOCTEH
B HETIOJBMYKHOM (THIPOCTATHUKA) U ITOABHUKHOM (FI/II[pOKI/IHeTI/IKal)) COCTOSIHUSX.

Paznuune Mexay >KMAKUMHU U TBEPJBIMH TE€JIAMU COCTOUT B TOM, YTO YaCTHIIbI, U3 KOTOPBIX
COCTOSIT KMJIKOCTH, MOTYT CBOOOJHO IepeMenaThCcsl BHYTPH 3aHUMaeMoro oobema. CremoBaTeb-
HO, JKUJKOCTH HE UMEIOT CIIEIU(PUICCKON (POPMBI, OHU MTPUHUMAIOT (POPMY COIEPIKAIIETO UX COCY-
na.

[To KoHTpacTy ¢ razaMu KUJKOCTH MPAKTUUECKUA HE CKUMAIOTCS.

I'mapocraruka

Ctporo roBopsi, 3aKOHBI THJIPOCTATHKNA OTHOCSATCS TOJBKO K HUICATHHBIM XKHUIKOCTSM, KOTO-
pBIe paccMaTpUBAIOTCS 0€3 MacChl, TPEHHS U CKUMAEMOCTH.

B 3T0i1 CBsI3M BO3MOIKHO CENIaTh 3aKIIFOYCHUE O MTOBEICHUHN HICAIbHBIX, T.€. CBOOOJHBIX OT
TPEHUsI CUCTEM IUPKYISIIUU. TeM He MeHee, TOTepU B TON WM MHOU (HOpMe MPUCYIIHA BCEM KOM-
MOHEHTaM HUJIKOCTHBIX CHCTeM. B KOMIIOHEHTax, paboTaroIluX MO APOCCETbHOMY MPHUHIIUITY, MO-
TEPU JCUCTBUTEIHHO OMPENCISIOT NX (DYHKIIMOHUPOBAHHUE.

JaBieHue (MpMMeHUTENBbHO K I'mapomexannke)

Ecnu cocysl pa3nndaHoit popMbI ¢ OAMHAKOBOM IUIOIIa b0 AHUIIA (A1 = A2 = A3) 3amosHe-
HBI JKUJIKOCTBIO IO OJTHOTO M TOTO K€ YPOBHS h, TO JaBieHus Ha AHO OyIyT paBHHI (p1 = p2 = p3) U
JercTByIoIMe cuitbl OyayT paBHbl Takke (F1 = F2 = F3).



h

S

Puc 1. I'vopocmamuueckuii napadokc

JlaByieHune moja Bo3aecTBHEM BHEITHUX CHJT

Puc.2. 3axon Ilackans

OcHOBOM 11 TUAPOCTATUKH siBisieTcs 3aKkoH [lackass:

8030eticmaue CUlbl Ha HeNOOBUNCHYIO HCUOKOCb PACNPOCMPAHAEMCS N0 6CeM HANPAGIeHU-
AM 6HYmMpu dcuokocmu. Benuyuna oasnenus 6 scuokocmu pagHa Hazpyske, COOMHECeHHOU ¢ Nio-
waovio, Ha KOMopyro oHa deticmayem. /lasleHue oKkasvleéaem ceoe 8030elcmaue 6ce20d 8epmuKaib-
HO HA 02PAHUYUBAIOULYIO NOBEPXHOCHb Pe3ep8yapd.

Kpome Toro, naBieHue pacrnpocTpaHseTcs paBHOMEPHO BO BCE CTOPOHBI. Eci He mpuHHU-
MaTh BO BHUMaHHE JIaBIICHUE CHIIbI TSDKECTH, TO JaBJICHHE OJMHAKOBO IO BEJIMYMHE BO BCEX TOUYKAX
(Puc 3).

VuuteiBas HAABJICHUSA, KOTOPBIC HUCIIOJB3YIOTCA B COBPEMCHHBIX THAPOIIPUBOJAX, BIIMAHHUEM
JaBJICHHUA CUJIBI TAXKECTHU MOXHO npeHe6peqL.

[Tpumep: 10 m BoasHOTrO cTos0a = 1 Gap.
IHepenaya cuiinl

Tak kak naBJeHHE PAaCIpOCTpaHSIETCS PAaBHOMEPHO BO BCEX HampaBlIeHUsX, Gpopma cocyna
HE UMEET HUKAKOTO 3HAUCHHUSI.

[Ipumep ucnonap30BaHus THIPOCTATHUECKOTO AABJICHUS WILTIOCTPUPYET



Puc. 3. Ilpumep nepedauu cunvt
Ecnu cuna F1 Bo3zaelicTByeT Ha 1uiomaas A1, BOSHUKAET JaBJICHUE

D—;zq 10)

JlaBiieHue p OKa3bIBaeT BO3/ACUCTBHE HA KXY TOYKY CUCTEMBI, B TOM YHCIIE HA MOBEPX-
HOCTh Az. Jlocturaemas cuia F» (cuna, mogHuMaroiias Harpy3Ky) paBHa

Fo=p- Ao 11)
Taxum o6pazom

f1_le

A1 A2 12)
WK

f2_%

Fi A 13)

OTHOIIEHNE CHJI paBHO OTHOIICHUIO TIIOIAIEH.

JlaBneHue p B MoA0OHOI crcTeMe Bcerja COOTBETCTBYET BennuuHe cuibl F u addexTuBHOM
wiomaan 4. To 3HAYUT, YTO JIABJICHUE BO3PACTAET J0 TEX IMOp, MOKa OHO HE CMOXKET MPEO0IeTh
COIPOTHUBIIEHUE JIBUKEHUIO )KUIKOCTH.

Ecnu ¢ momomipro cwitel F1 1 tutomanym A1 BO3SMOXKHO JOCTHYb BEJTMYMHBI JTABJICHUS, JOCTa-
TOYHOU JUIsl TIPeosiosieHust Harpy3ku F2 (uepe3 rutomans A2), Harpy3ka F2 MoxxeT ObITh MmojaHsATa
(cuytamMu TpeHUs TIpeHedperaem).

[Tepemernenust S1 ¥ S2 000X MOPIIHEH 0OPATHO MPOMOPLIUOHAIBHBI X TUIOMIAIIM

51_%

) = A—1 14)
Pa6ota cunoBoro nopmras (1) W1 paBHa pabote Harpy3ounoro nopiss (2) W-
Wi=F1es1

15.1)

Wo=Fzes



Ilepenaua naBiaenust

Py

h |-a—

Puc. 4 Ilepeoaua oasnenus

Ha Puc 4 nBa paznuunbix 1o pazmepy nopuiss (1) u (2) xecTko COeAMHEHBI MEXIY
co0oii ¢ momouiplo mToKa. Ecinu Ha momanb 41 AEWCTBYET AaBlieHUE P1, TO Ha nopiuHe (1)
nosBisieTcs cuia F1 kotopas uepes ITOK NepefaeTcs Ha miomaap A2 nopiHs (2) u co3naet
TaM JIaBJICHUE p2.

Ecny He yuuTBIBaTh CUIIBI TPEHUS, IEHCTBUTENBHBI CIEAYIOIUE COOTHOUICHMS:

Fi=Foupi*Ai=p2°* Az

ITockonbky p1 * A1 = F1u p2 * A2 = F2, monyyaem:

pj_Ag

B 16
Pg A1 )
Jlnst TOAOOHBIX YCTPOICTB JaBiieHUs] 0OpaTHO MPOIMOPLUOHATBHBI IIIOIIA/SM.
IIpoexTHpoBaHHne MpocTelIero rHAPONpPHUBOIA

i\

Puc 5. Ilpunyun pabomer cuoponpugooa

Ha mopmens pyunoro nHacoca Bo3zaeiictByet cuia (Puc 5). B pesynpraTe neiictBus 3Toi cH-
JIBI HA TUIOIIAs TIOPIIHS BO3HUKAeET fAaBienue (p = F/A).
UeMm cuibHEE JIABAT Ha MOPIIECHB, TEM BBIIIIC CTAHOBUTCS JIABJICHHE.



OnHako JaBJIeHUE MOBBIIIAETCS TOJIBKO JI0 TOTO YPOBHS, IPU KOTOPOM OHO CIOCOOHO Tpe-
0JI0JIETh COMPOTUBIICHUE HATPY3KH C YUETOM padbouel miomany ruapouuiaunapa (F=p -« A).

[Tocne sToro gaBneHue 6ojee HEe MOBBIIACTCS IPU OCTAIOMICHCS TTOCTOSAHHOM Harpy3ke. OHO
CTaHOBUTCS PaBHBIM B KOHIIE KOHIIOB COIPOTUBIICHHUIO, KOTOPOE MPOTHBOICHCTBYET T€UEHHUIO KU /I-
KOCTH.

YcTaHOBNEHHBIA HA MOPILEHb IPy3 HAYHET MOJHUMATHCS, €CJIM CYMETh IMOJBECTH HEO00XO-
JUMOE ISt 3TOro AaBiieHre. CKOpOCTh MObEMa MIPU 3TOM 3aBHCUT OT BETMYMHBI 0OBEMHOTO MOTO-
Ka, TOJBOJAMMOTO K ruaApouuJnHaApy. Bosppamascs k Puc, MOXHO 3aMeTuTh, YTO 4eM ObICTpeil
MOPIICHh PYYHOTO HACOCA IBUKETCS BHHU3, TEM OOJBIIE XKUIAKOCTH TOJBOAUTCS K THAPOIMINHIPY
3a eMHUILY BPEMEHHU, U TeM ObIcTpee OyIeT MOJHUMAThCS IPY3.

B kauecTBe BTOpOro nmpuMepa pacCMOTPHUM €I OJMH MPOCTEHIIHI IHIPONPHUBO/IL.

[Ipu 5TOM 1Iar 3a maromM BBOASTCS JOMOJTHUTEIbHBIE YCTPOMCTBA, KOTOPHIE:

- YOPaBISIOT U3MEHEHUEM HANPaBIICHUS ABMKCHUS (TUIPOPACTIPECIIUTEND ),

- BO3JICHCTBYIOT Ha CKOPOCTh JABMXKEHUS THIPOLIMINHIPA (JPOCCENb),

- OTPAaHUYHMBAIOT HATPY3KY HA THAPOIMIHHIPE (IPEeIOXPAHUTEIILHBIN KITalaH ),

- IPEAOTBPAILAIOT JBUKEHHUE HArPYKEHHOTO TUIPOIMIMHIPA B 00OpaTHOM HaIPaBJICHUU TTPU
OTKJIIOUEHUHU Hacoca (0OpaTHBIN KIlalaH).

I'mapounaunap (5) HarpyxeH cumnoit F u nomxeH o0ecrieunTs JBUKEHHE B 00€ CTOPOHEI. B
otiinune oT Puc nacoc (1) mpuBoauTcs 37€Ch BO BpalleHUE C TOMOIIBI0 MOTOpa (JIEKTPOABUTATE-
JIS1 WIIK JIBUTATENs] BHYTPEHHETO CTOPaHHUS).

OcCHOBBI KOHCTPYKLIMH, MOKa3aHHOM Ha Puc 5, oToOpa’keHbl Ha NMPUHLMUIIMAIBHON CXEMe
Puc. 6

2
I |

Puc 6

I'mapaBnnueckuit Hacoc (1), MPUBOIMMBIN BO BpallleHHe MOTOPOM M, BCachIBAaeT KHUJIKOCTb
u3 Oaka (2) u nmogaet ee B TpyOOmpoBo s (3) ruAPONPUBOAA BIUIOTH 0 ruapounauHapa (5). Ilo-
Ka )KHJIKOCTh HE BCTPEYAeT COMPOTHBIIEHUS, OHA TOJIBKO MPOTAIKUBAETCS Yepe3 TPyOOIpoBO.

Harpyxennsiii cunoit F rugpoummmuap (5), ycTaHOBIGHHBIH Ha KOHIIE TPYOONpOBOJA,
MPEJICTaBIsIeT Ul KUAKOCTU NIPENATCTBHE, KOTOPOE OKa3bIBaeT COMpOTHBIEHUE. B pesynbrare
JIaBJIEHUE BO3PACTaeT /10 TeX MOp, MOKa MPEmnsITCTBUE HE OyAeT MPeoJoJIeHO, T.e. IMOKa MOpIIeHb
TUAPOLMIIMHAPA HE HAYHET IBUTAThCSI.

OnHako, eciy BBIKJIIOYUTH MOTOD, cuiia F OyneTr BABUraTh MOpLIICHh THAPOUMINHAPA B UC-
XOJTHOE TIOJIOKEHUE (IITOK BTSATUBAETCs ), a Hacoc (1) OyaeT paboTaTh B pekuMe THAPOMOTOPA.




f

Puc7

[lyrem ycTtaHoBKM 0OpaTHOro Kiarnasa (3) B HanmopHoM JMHUM Hacoca (1) uckiatoyaercs Bo3-
MOYKHOCTb CJIMBA >KUKOCTH M3 TMAPOUMIMHAPA (5) U, clenoBaTeabHO, NpeaoTBpallaeTcs oopart-
HOE JIBIKeHHE 1ToKa (cM. Puc. 7).

Ilocne BHeceHMs MONOJIHEHUH B KOHCTPYKLHIO THAPONPHBOAA MBI MOXEM YJEpXKHUBaTb
THAPOUMIUHAP (5) B 11000M HYKHOM I10JIOKEHHUH 3a CUET BBIKIIIOUEHHUSI MOTOPA.

Ecnu nopiieHpb MoJIHOCTBIO BBIABUIAETCS, T.€. YIIUPAETCS B KPBILKY MMAPOUMIMHAPA, J1aB-
JIEHUE BO3pacTaeT JI0 TeX M0p, I0Ka HE IPOU30MIET pa3pylieHHe THAPONPHUBOIA.

OTa 0NacHOCTb UCKIIIOYACTCS NPEJOXPaHUTEIbHBIM KilanlaHoM (4), moka3aHHbeIM Ha Puc. 8.

F
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Puc 8

YroObl 3alIUTUTH THAPONPHBOA OT YPE3MEPHOIO HapacTaHWs AaBlieHHs (OT MEperpysku),
HEOOXO/IMMO OTPAHWYHUTh MaKCHUMAaJIbHO JOMYCTHMOE JIaBJICHHUE C IMOMOMIBIO MPEIOXPAHUTEIHEHOTO
KJIaraHa.

B mpenoxpaHuTeNbHOM KiIallaHe MEXaHHUYECKas CHJIa MPYKWHBI BO3JIEHCTBYeT Ha KOHYC,
npuxatblii K ceuty. Mmeromeecs B Tpy6orpoBosie nasienue F = p ¢ A nelicTByeT Ha KOHYC, CTpe-
MSICh OTOPBATh €ro OT celia. Ecim cuiia OT IaBJIeHUs MPEBBINIACT YCHIIUE MPYKUHBI, KOHYC OTXO-
JIUT OT IOBEPXHOCTH CeJLIa.

Jlanee naBiieHHe yXe HE BO3pacTaeT, a 00bEMHBIN pacxoj, mojaBaeMblii HacocoM (7), ciiBa-
eTcs B pe3epByap (2) uepe3 npeaoXpaHUTEeNbHbIN KianaH (4).

Takum 006pa3zom, HaIll THAPONPHUBO/ YK€ CIIOCOOEH TOTHOCTHIO BBIABUTATh MITOK THAPOLH-
JIMH/PA. 32 CYEeT YCTaHOBKH T'Hapopacnpeaenurens (6) MOXKHO 00ecTiednTh peBepc ABMIKEHUS THA-
POLMJIMH/IPA, T.€. BO3MOXKHOCTh OOPATHOTO BTSTUBAHHS IITOKA.
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Puc9

Ha Puc. 9 nokasan ruapopacnpenenuteins (6) B mo3uuuu b. B 3ToM monoxxeHnn He NOIydH-
JIOCh HOBOT'O KauecTBa 110 cpaBHEHUIO ¢ Puc. MbICIEHHO NEepeKIounM ruipopacipeaenurens (6) B
Ka)XJJ0€ M3 €ro TPeX BO3MOKHBIX MOJOKEHHH (1o3uuii). /Iy 5TOro cMecTuM BIPaBO B 30HY T'HI-
ponuHMI oaBoaa kBaapatuku 0 nim a:

- IO3HMIUS ¢ ITOK THAPOIMINHAPA BTATHBACTCS

- IIO3UNUA 0: BCC JIMHWHU 3aIlICPThI, U LITOK TUAPOIUINHAPA HCTIOABMIKCH

- 03Uy b: MTOK THAPOLMINHIPA BbIIBUIACTCS.

UTo0bl UMETh BO3MOXKHOCTh U3MEHEHUSI CKOPOCTH MEPEMELICHHS TOPIIHS B THAPOLMINH-
ape (5), HEOOXOOMMO M3MEHSATh BEJIMYMHY I10JIaBAEMOr0 B THAPOUMJIMHAP OOBEMHOTO IOTOKA
(pacxoma) xuakocty. J{7s 3To# menu yctaHaBiuBaeTcs qpoccelb (7), Kak 3To rmoka3aHo Ha Puc.10
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Puc 10
C nmomormpio apoccens (7) MOXHO M3MEHATh MPOXOJHOE CeYeHUE TPyOOIpoBOaa, Yepe3 Ko-
TOPBIN paboyast >KUIKOCTh MOJBOAUTCS B IUAPOUMIMHAP. [Ipr yMeHbIIeHHH TPOXOAHOTO CEUSHUS
MEHBIIIE KUAKOCTH MOCTYMaeT B MAPOUMIMHAP (5) B equHuUIly BpeMeHH. B pesynbrare,mopiieHb
THAPOUMJIMHPA HAYMHAST TepeMeniaTbcs MeieHHee. [Ipu 3ToM ocTaBmIascs 4acTh MOJaBAEMOM
HaCOCOM >KHUJIKOCTH CIIMBaeTCs B 0ak (2) uepes npeaoxXpaHuTeIbHbIN Ki1amnaH (4).




[Ipu BBIABMKEHHH MITOKA THAPOUMIHHAPA B THAPONPHUBOAE ICHCTBYIOT CIEAYIONIUE J1aB-
JICHUS

- Mexy HacocoM (1) u npoccenem (7) - naBieHue, Ha KOTOPOE HACTPOCH MPEIOXPAHUTENb-
HBII K1anaH (4);

- Mexy apoccesiem (7) u ruapouuauHapom (5) - naBiaeHue, COOTBETCTBYIOIICE HArpy3ke F.

Ha runpaBnnueckoil cxeme ruponpuBoAa TUAPOPACIPENSIUTEIN BCErla MOKa3bIBAIOTCS B
WX UCXOJTHOM ITOJIOKCHHUHU.

3aKkOoHUEHHAs! KOHCTPYKIMSI THAPONPHBOJA, OCYIIECTBISIONIEIO JIBUKEHUE HArPYKEHHOTO
cwioit F ruapounaunapa (5) B 00e CTOpOHBI, CXeMaTUYeCKH oka3zana Ha Puc 11
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Puc. 11 Cxemamuueckoe u3zobpasiceHue
2UOPONPUBOOA 8 COOMBEMCMBUL CO CIAHOAPIOM

DIN ISO 12109.

1. 3apanue
1. Pewmurs 3agaun:

Kaxoii BHIUTPBILI B CHJIE MOKHO MOJIYYUTh Ha THIPABINYECKUX MAIIMHAX, Y KOTOPBIX IUIO-
111a/T1 TIOTIEPEYHBIX CEYEHUH MOPUIHEN OTHOCATCS KaK:

a) 1:10;

0) 2:50;

B) 1:100;

Tno1a/1s MeHbIIEro MOPIIHS rHApaBIMueckoro mpecca 10 cm?. Ha Hero aelicTByer cuia
200 H. Tnomans 6ompurero nopmss 200 cm?, Kakas cunma neiicTByeT Ha G0JIBbIIHIA TTOPIIEHD?

[Topiienb ruipaBIUyuecKoro npecca miomnaaso 180 cM? nerctByet cuioi 18 kH. Ilnomans
Mastoro mopmHs 4 cm?. C Kakoii cuioii 1efiCTByeT MeHbIIHii MOpIIeHh Ha MAcIo B mpecce?

Kaxoii BBIUTPBIII B CHJIE 1a€T THIPABINYECKUI NIPECC, UMEIOLIMI MOPIIHHU IUIONIAIBIO MTOTIe-
peunoro ceuenns 2 u 400 cmM?? Macio HaTHETAETCs ¢ MOMOIIBIO PhIYara, IIedr KOTOPOro paBHbI 10
u 50 cm. (Tpenuem, BecoM MOPIIHEH U pbluara npeHeopeys. )

2. TlomoOpath peanbHBIE MEXaHH3MBl C THIPABIMYECKUM TNpUBOJOM. PazolOparbes ¢
NPUHLIUIIOM paboThl. COCTaBUTh PACUETHYIO CXEMY. BBIMOTHUTD TEXHUUECKUN PUCYHOK.

KoHTpoJibHBbIE BONIPOCHI
1. Kakue nmapaMmeTpbl BIUSIOT Ha BEIOOp MpuBOIa?



['maBHBIC 37IEMEHTHI TUAPONPUBOIA?

Buasl runpoasurareneii?

Tunsl rUAPONIPUBOIOB?

Kaxk mpeoOpa3zyeTcst 3HEpTUs B THAPONPUBOIAX ?

Kak ompenenuTs cuity pa3BUBaeMyrO THAPOIIIMHIPOM, €CIIM U3BECTHO pabodee naBie-
HUE U JUAMETP MOPIIHS?

o UTA WM



ITHeBMaTHUYecKM NPUHIUI PadOTHI MalIMH

[To npuHIMIY AEHCTBUS MTHEBMOLUMIMHAPHI Pa3AeIAIOT Ha JIBE TPYIIIIbL:

- O/IHOCTOPOHHETO0 AelCTBHS -, - IBYXCTOPOHHErO JAelicTBHUS -

HuauHAPBI 0THOCTOPOHHEI0 JeCTBUS UCIOJIB3YIOT OJHO CPEIWHEHHUE IS MOJa4M JaB-
JICHUS U BO3BPATHYIO MPY)KUHY. Pa3nuyaroT MUIMHAPBI OHOCTOPOHHETO ACUCTBUS ¢ (PPOHTATBHOM
BO3BpATHOM MPYKUHOM U 3aHEN BO3BPATHOW MPYKHUHOM.

OnHOCTOPOHHUHN LUIUHIAP ¢ (PPOHTAIBHON MPYKUHOM B COCTOSIHMU | MPH OTCYTCTBUHU TO-
naun aasineHus.IIpu nonaye naBineHus BO3AyX IaBUT HA OBEPXHOCTH MOPIIHA U MPEOAOJIEBAs CHITY
COIIPOTHUBIICHUS MPYKUHBI IEPEBOUT LMUIMHIP B COCTOSTHHE 2. TIpU cOpoce AaBICHUS C LIJIMHAPA
OH MEePEXOAUT B cOCTOsIHUE 1 Orarojaps yCUIIUIO BO3BPATHON MPYKUHBI

[ToBeneHne OAHOCTOPOHHETO UWJIMHIApPA € 3aJHEN NPYKUHOM aHAJIOTMYHO UMIMHIPY C
(GpOHTAILHOM, TOJILKO COCTOSIHUS | M 2 MEHSIOTCSI MECTaMH.

:-.

Huanuapbl ABYXCTOPOHHEr0 AeliCBUSl MCIOJB3YIOT J1Ba COCAUHEHMs Ul MOJauM JaBiie-
HUSL.

Hunuaap apyXcTopoHHETo AeMcTBUs OyAeT HaXOAUTCA B COCTOSIHUM 1, KOrja JaBieHUE IO0-
JTaHO Ha BEpPXHEe COeMHEE, a HIDKHEE COeIMHEHHE CBA3aHHO ¢ aTMoc(hepoi.

Jly1g nepeBoJia HUWIMHJIpa B COCTOSIHUE 2 HEOOXOMMO MOAATh JaBJICHHE B HYDKHUN MOPT MPHU
9TOM BEPXHMI NOPT HYKHO COEAECHUTh C aTMOC(HEPOii.

[IpenmyIiecTBOM IMJIMHIPOB JBYXCTOPOHHETO JIEHCTBUS SABISETCS TO, YTO OHU MMEIOT 0o-
Jie€ BBICOKOE 3HAYEHHE MAKCUMAJIBHOM Harpy3KH Ha INTOK IPH MPSIMOM XOZ€E, YeEM OJHOCTOPOHHHUE
LWIMHJIPBI aHAJIOTUYHOTO pa3Mepa BBUY OTCYTCTBHSI COPOTUBIICHUSI IPYKUHBI.

IToTpedienue Bo3ayxa

[loTpebnenne Bo3ayxa, JI/MHH. MHEBMAaTHYECKUM LUJIMHAPOM JBYXCTOPOHHETO IEHCTBUS
JIOJDKHO PacCUMTHIBATHCA MO cieayroulei hopmyie:

Q- @* T PCN
2

([Ins munuHApoB ogHOCTOpOHHETO nekcTBust Q=Q/2)

. Q —IloTpebnenne Bo3ayxa, JI/MUH;

. O — JluameTp HUIUH]IPA, IM;

o P — AGcomoTHOE pabouee 1aBiIeHHE BO3AyXa M01aBaeMOro B IIMJIHH/P, Kre/cm?:
. C — Xoa mToka HUIUHAPA, IM;

. N — Ywucno u3mMeHeHnH COCTOSIHUS IIIIMH]IPA B MUHYTY.



IIpyMeHeHne MHEBMATHYECKOI'0 IPUBO/Ia B TEXHUKE

MexaHu3M TOPMOKEHHS IOKOMOTHBA

Kommnpeccop 1HarHeTaeT B ri1aBHbINA pe3epByap 2 CxKaTblid BO3AYX, KOTOPBIH MO MUTATEIbHON
MarucTpaiu 3 moctynaet K kpany mamunaucta 4. Kpan MammHucTa yCciIoBHO U300pakeH B BUJIEC Tie-
PEeKIII0YaTeIbHOM MPOOKU, B KOTOPOM BBICBEPIICH MPSIMOYTONbHBIN KaHal. [Ipu mocTaHoBKe pydku
KpaHa MAallMHHUCTA B NOJIOKeHHE oTmycka IlItopmMo3Has maructpans 5 ¢ COEAMHUTENBHBIMA PyKa-
BaMU, KOHIIEBBIMH KpaHaMH ¥ TOPMO3HBIE LIUIUHAPKI 6 cooOlIaroTes ¢ atMmocdepoit AT. Peruaxknas
nepeaayda 9 mpu 3TOM yAepKuBaeT OamMaku ¢ kKooakamu 10 Ha onpeneIeHHOM PacCTOSIHUU OT T10-
BEPXHOCTH KaTaHUs KOJIEC.

Topmomenue fNepenporwa  Omaoyck

o /‘]—7
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IIpamooeiicmsyrowuii HeagmomamuyuecKuti mopmo3

[Ipu mepeBoae pydykH KpaHa B MOJIOKEHUE TOPMOKEHUS | CxaThlil BO3AyX W3 TJIABHOTO pe-
3epByapa 2 M0 NUTATEJIbHOM MarucTpainu 3 4epe3 KpaH MallMHUCTAa 4, TOPMO3HYKO MarucTpaib 5
NOCTyNaeT B HWIMHJP 6, epeABUras MopiieHb 7 co MITOKOM 8 U CBSI3aHHYIO C HUM PBIYAXKHYIO T1e-
penauy 9 u npm>kuMast KOJIOJKH K KOJIECAM.

[Iepemenienne pydku KpaHa B MOJIOKEHHE NEpeKpbli [I prUBOANUT K OTKIIOYEHUIO TJIABHO-
ro pe3epByapa OT MarucTpaiu 5 u nuimHApa 6. Bes cucrema ocraercst B 3aTOPMOKEHHOM COCTOSI-
HUH, IPUYEM YTEUKH BO3/1yXa U3 TOPMO3HOI'O HUIUHAPA HE BOCITOIHSIOTCA.

OTOT TOPMO3 Ha3bIBAETCSl HEABTOMATUYECKUM IOTOMY, YTO NPHU pa3pbiBe Moe3na (pa3benu-
HEHUM PYKaBOB) TOPMOXKEHUSI HE IPOUCXOAMT, CKATHIM BO3AYyX YXOJIUT U3 CUCTEMBI B aTMoOchepy.
TopMo3 siBIsieTCA NPAMOJAEHCTBYIOIUM W HEUCTOINMMBIM, TaK KaK TOPMOKEHHE IPOUCXOIUT 3a
CYET MOJIaYy CXKATOTO BO3/lyXa HEIIOCPEACTBEHHO U3 INIABHOTO PE3EpByapa U UMEETCS] BOZMOXKHOCTh
BOCIIOJIHUTH YTE€YKH BO3/1yXa U3 LUIUHAPOB.


http://www.pomogala.ru/2tormoza_images/page_2_pramod.JPG

ITHeBMaTHYECKasI MOABECKA ABTOMOOUJIS

IMueBMaTHYeCKast MOABecKa (OOMXOJHOE Ha3BaHWE — MHEBMOMOABECKA) — BHJI TIOIBECKH,
00eCIIeUnBAONINI PEryIMPOBAaHUE YPOBHS Ky30Ba OTHOCHTEIILHO JIOPOTH 3a CUCT HMPUMEHEHHS
[THEBMATHYECKUX YIIPYTHX 3JIEMEHTOB. B HacTosiee BpeMst HEeBMATHIECKast TOIBECKA yCTaHABIIH-
BACTCS B KAYECTBE OMIMU HAa HEKOTOPBIX MOJE/SX aBTOMOOMIIEH OM3HEC-Kiiacca U OOJIBIINX BHEIO-
poxuukax (aHampumep, Volkswagen Touareg, Audi Q7). ITo cBoeit cyTn MHEBMOIIOBECKA HE SIB-
JSIETCS OT/ICIbHBIM BHIOM ITOJIBECKH aBTOMOOWIISA, T.K. MOXET OBITh peajr30BaHa CO MHOTHMHU KOH-
CTpYKIHAMHE 110/1BeCOK (Mak®DepcoH, MHOTOPBIYaKHAs TTOIBECKA H JIP. ).

OCHOBHBIMHU TPEUMYILECTBAMH ITHEBMATHIECKOW MMOIBECKH SBIISIOTCS KOM(POPTAOETBHOCTD,
reoMeTpuyecKkas MPOXOJAUMOCTh W 0E30MacHOCTh aBTOMOOWIs. ITHEBMOMOABECKA, KaK IPaBHIIO,
INPUMEHSETCS B KOMOWHAIIMK C aBTOMATHYECKH PETYJIHPYyEMBIMH amMopTu3aTopamu. Takas KOH-
CTPYKIIMS HA3bIBACTCS AANTHBHAS ITHEBMOIOIBECKA.

[THeBMaTHUYECKas [TOJIBECKA UMEET CIIE/yIolIee 00IIee YCTPOCTBO:

ITHEBMATHUYECKHUE YIIPYTHE 3JIEMEHTHI Ha KaX10€ KOJIECO;
MOJTyJIb TIOa4X BO3/yXa,

pecusep;

perynupyemble aMOPTH3aTOPHI (B aallTUBHOM OJIBECKE);
CUCTEMA YIPAaBJICHUS.

IIHeBMaTH4YeckMii YNPyruii 3JieMeHT BBITIOJIHIET OCHOBHYIO (DYHKIIMIO TIOABECKH — TOJI-
JiepKaHue OINPeIe]IEeHHOrO YPOBHsI Ky30Ba aBTOMOOWIISL. DTO IOCTUTAETCs IIyTEeM U3MEHEHUs J1aBiie-
HUS ¥ COOTBETCTBYIOLIETO €My 00beMa BO3/1yXa B YIPYTUX 3JIEMEHTaX.

(Cxema MHEBMAaTUYECKOT0 YIPYroro 2JIEMEHTa
[IHeBMaTHYECKU YIIPYTHHA 3JIEMEHT COCTOMT M3 KOpIyca C HaIpaBISAIOLIECH, MaHXETbl W
nopuiHs. KOHCTpYKTMBHO MHEBMATUYECKUN YIPYTHM 3JIEMEHT MOKET M3TOTaBIMBATHCA CO BCTPO-

€HHbIM aMOPTH3aTOPOM WJIM YCTaHABIIMBATBHCS OTHENIBbHO. YIPYTHH diie-
MEHT, O0ObEJMHEHHBI C aMOPTU3aTOPOM, UMEET Ha3BaHHE NMHeBMaTHYe-
cKasl cToiika ([0 aHAJIOTMHM C AaMOPTU3aTOPHOW CTONKON MOJBECKU
Max®depcoHn).

ManxeTa MHEBMAaTUYECKOT0 YIPYroro 3JeMeHTa M3rOoTaBIMBAETCS
U3 IPOYHOI0 MHOTOCJIIOMHOTO 3J1aCTOMepa. B HEKOTOPBIX KOHCTPYKIUAX
YIOPYTUX AJIEMEHTOB NPUMEHSETCS JOTOJIHUTEIbHbIE THEBMOAKKYMYJIISITO-
pbl. Jlns mojaepikaHus AaBIeHUS NIPH yTEUKe BO3JyXa B yIIPYroM 3JIEMEH-
T€ MOYKET YCTaHABJIMBATHCS KJIANAH OCTATOYHOIO 1aABJICHHS.

Monayab moagaum BO31yXa CIY)XKUT ISl MUTaHUS YOPYTUX 3JIEMEH-
TOB BO31yXoM. OH BKJIIOYAET:

. AIIEKTPOABHUTATENb;

KOMITPECCcop;
OCYLIUTENb BO3IyXa.
KOHCTpYKTHBHO B MOJyJIb BKIIFOUEH OJIOK DJIEKTPOMArHUTHBIX KJIallaHOB CHCTEMBI yIIpaBiie-
HUS TTOABECKOM.
PecuBep npesncrasnsier co0oit pe3epByap I BO3ayXa U 00€CTieunBaeT PeryIupoBaHue J0-
POXKHOTO MPOCBETA MPH ABMKCHUU HA HEOOBINON CKOPOCTH O3 BKIIFOUEHHUST KOMIIPECCOPa, a TAaKKe
KOPPEKTHUPOBKY TOJIOKEHHS Ky30Ba Ha CTOSTHKE.


http://systemsauto.ru/pendant/mcpherson.html
http://systemsauto.ru/pendant/multilink.html
http://systemsauto.ru/pendant/shema_air_tube.html

PerynupoBanue ypoBHsI Ky30Ba OTHOCUTEIBHO JOPOTU OCYIIECTBISETCS C MOMOILIBIO JJIeK-
TPOHHOH CHCTeMBbI YNPaBJeHHUsl, KOTOpas BKIIOYAET BXOIHbIC JATUYMUKU, OJIOK YIpPaBICHUSA U UC-
IIOJIHUTEIIBHBIE YCTPOMCTBA.

C nomo1ibio KJABHIIM OCYLIECTBISIETCA PyYHOE pEryJupoBaHUe YpoBHS Ky3oBa. JaTumku
o0ecreunBaroT aBTOMaTHYECKOE PETYIUPOBAHUE THEBMOIIOBECKH.

Bbuiok ynpasieHusi nmpeoOpa3yeT 3JIeKTpUUYECKHE CUTHAbl BXOJHBIX JAaTYUKOB B YIPaBIIs-
IOIIME BO3ACHUCTBUS HA UCIIOJIHUTENbHBIE YCTPOUCTBA. B cBoeii pabore OI0K yHpaBieHUs B3aHMO-
JecTBYeT ¢ OJI0KaMU CUCTEMbI YIIPABICHUS JBUTaTeNIeM, CUCTEMbI KypCOBOM yCTOMYMBOCTH.

B cucreme ynpapieHus THEBMAaTUUYECKON MOJABECKU MCIOJB3YIOTCS CIENYIOIINE HCIOJIHHU-
TeJIbHbIE YCTPOMCTBA:

. KJIalaHbl THEBMATHYECKUX YIIPYTHX 3JIEMEHTOB (co30aHue 0asneHust);
. BBIITYCKHOM KJ1amnaH (copoc oasnenus);

. KJIalaH pecuBepa (nodoepoicanue 0asnieHus);

. pelie BKIIFOUEHHSI KOMITpeccopa.

KOHCTPYKTI/IBHO BCC KJIAIlaHbl COCPEAOTOYCHBI B 0J10Ke JICEKTPOMAIrHUTHBIX KJAllaHOB,
PpacIioJIO’KCHHOM B MOAYJIC ITOAAa4YU BO3yXa.

HpI/IHIII/Il'l paﬁoTbI NHEeBMATHYECKOM MOJABECKH

B nHeBMaTHueckoi moaBecKe pCaIM30BAHO, KaK IIPABUJIO, TPHU AJITOPUTMA YIIPABJICHUSA:

. ABTOMAaTUYECKOE MOJIJICPKAHUE YPOBHS Ky30Ba;
. [IPUHYAUTEIBHOE U3MEHEHUE YPOBHS KYy30Ba;
. ABTOMAaTUYECKOE U3MEHEHNE YPOBHS Ky30Ba B 3aBUCHUMOCTH OT CKOPOCTH JBUKECHUSI.

ABTOMATHYECKOE MOJJepKAHHE ONpPeAeJeHHOI0 YPOBHSI Ky30Ba B ITHEBMaTHYECKOMN
MOJIBECKE OCYIIIECTBIISETCS HE3aBHCHMO OT CTEIICHH 3arpyKEHHOCTH aBTOMOOMIIS. JlaTuuku ypOBHS
KYy30Ba IMOCTOSTHHO M3MEPSIOT PACCTOSIHUE OT KOJEC 10 Ky30Ba. Pe3ynbTaThl U3MEpPEHUN CpaBHUBA-
I0TCS C 3aJlaHHOM BenuuuHOM. [Ipu pacxokieHnn mokazaHuil 3JIEKTPOHHBIN OJIOK yIpaBJieHUs 3a-
JeiicTByeT HeoOXO0IMMbIE MCIIONHUTEIbHBIC YCTPOMCTBA: KJIamaHbl YIIPYTUX 3JIE€MEHTOB AJIs MOAb-
€Ma, BBIIIYCKHOM KJIalaH ISl OIyCKaHMs MOJBECKH.

B pabGote mHeBMaTHYECKON MOJABECKU MPETYCMOTPEHO OOBIYHO TPU YPOBHS Ky30Ba OTHOCHU-
TEJILHO JIOPOTH:

o HOMUHAJIbHBIM;
o MMOBBINICHHBII;
o MMOHW)KEHHBIN.

YPpoBHM Ky30Ba YCTAaHABJIMBAKOTCS BOJIUTENIEM C MOMOIIBI PETYyIMPOBOYHOM KIiIaBulu. B
KOHCTPYKIIMU TTHEBMOIOJIBECKH OOJBIINX BHEIOPOKHUKOB MPEIYCMOTPEH JOMOJHUTENBHBIN ypo-
BEHb JUUIA MOCAJIKU MACCaKUPOB U MOTPY3KHU BEIIEH, KOTOPBIN PEATM3YETCS HAa HEMOJBHKHOM aBTO-
MOOMIIE.

ABTOMATHYECKOEe U3MeHEHHE YPOBHS KY30Ba B 3aBHCHUMOCTH OT CKOPOCTH o0ecreynBa-
€T YCTOWYMBOCTh aBTOMOOWIISL B JIBMXKEHHUH. [Ipu yBemu4ueHHH CKOPOCTH Mporpamma yIpaBlIeHUS
MOJIBECKOM MEPEBOUT YPOBEHB Ky30Ba MOCJIEIOBATEIBHO OT MOBBIIIEHHOTO K HOMUHAJIBHOMY U J1a-
jiee, C pOCTOM CKOPOCTH, K TOHMKEHHOMY. [Ipy CHMKEHHUH CKOPOCTH CHUCTEMA MEPEBOJMT IOJI0XKE-
HHE Ky30Ba U3 MOHM)KEHHOTO B HOMUHAJIBHOE.

[IpumeneHne peryaupyemMbiX amMOpPTU3ATOPOB 3HAYUTEIBHO PACIIMPSET XapaKTEPUCTUKHU
IMHEBMAaTUYECKOU ITOJABECKU.


http://systemsauto.ru/electric/control_engine.html
http://systemsauto.ru/active/esp.html

3ananue

Hcnonb3ys B3pbIB CXEMY M HAUMEHOBAHME JETAle YCTpPOMCTBA MEXaHU3Ma OTKPHI-
BAaHUS JIBEPH:

1. W3yunth 1 onucath NPUHINI PabOTHI;
2. N3006pa3uth cxemy OTKpBIBaHUS (B OTKPBHITOM, TPOMEKYTOUHOM H 3a-
KPBITOM IMOJIOKEHUSIX);
3. BBINOJIHUTE TEXHUYECKUI PUCYHOK JIBEPHOTO TPOEMa.
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JABepb nacca:xkupckas apycreopuarasi [1A3 4230
. Koxkyx HanpasJisiioneii poJiuka nepeaHei 1sepu

. Bunt 4x18 OCT37.001.186-81
YIutoTHUTENB TIpoeMa taccaxupckoit apepu (I1P-083)
. Ppruar mexanusMa OTKpbIBAHUS MIEPEIHEN IBEPU
. atika M 14x1,5-6H OCT37.001.124-93

. a#i6a 14.0T OCT37.001.115-75

ITnoonka

Brynka ocu

. KpoH1TeiiH ocu Hanpasisiomero pojimka

. KpoH1TeiiH ocu Hanpasisiomero pojivka

. T'atika M16x1,5-6H OCT37.001.124-93

. Ponuk Hanpasinstonuii ¢ oceio B coope

. YIIOp HaIpapJisOLIETO POJIUKA ABEPU

. lait6a 6 OCT37.001.144-96

. [Taii6a 6 OCT37.001.144-96

. [Taii6a 6 OCT37.001.144-96

. T'aiika M6-6H OCT37.001.124-93

. Buat M6-6gx35 OCT37.001.125-81

. Buat M6-6gx14 OCT37.001.130-81

. Buatr M6-6gx14 OCT37.001.130-81

. lait6a 6JI OCT37.001.115-75

. Hakilanka croiiku nepensen asepu

. lait6a 8T OCT37.001.115-75

. boar M8-6gx25 OCT37.001.123-96

. Iletns maccaxxupckoil 1Bepu HapykHas B cOope
. IleTns maccaxkxupckoii 1Bepy Hapy»KHas B cOope
. IleTns maccaxkxupckoii 1Bepy Hapy»KHas B cOoOpe
. Boar M6-6gx20 OCT37.001.123-96

. lait6a 6T OCT37.001.115-75

. CtBOpKa 3aHEH 1BEpU Beomasi B cOope

. CtBOpKa mepeaHel ABepu BeaoMas B coope

. Crexyo nepenHeln naccaKupcKou 1Bepu

. Crexyo maccaxupckoi 1sepu

HpO(I)I/IJ'IB KPCIUICHUSA YIITIOTHUTCIIA BEJIOMOIt CTBOpPKHU

TOPU30HTAJIBHBIN BEPXHUN

. YiotHuTe b BeoMoit ctBopku Bepxuuii (ITP-265)

. IIpodunb kperaeHus yIioTHUTENS
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[Tpoduib kpereHus yraoTHUTES

VYII0THUTEINb ACCAKUPCKON 1BEpH BepTuKaabHbIN (I1P-

261)

YIJIOTHUTEIb MacCaKUPCKON ABEpH BepTHKaIbHBIHN (ITP-

261)

Bunt 4x12 OCT37.001.188-81

Bunt 4x12 OCT37.001.188-81

Bunt 4x12 OCT37.001.188-81

CtBOpKa 3a7Hel aBepH BeayIias B coope

CrtBOpKa nepeaHe 1BepH Beayias B coope
YtotHuTenb Beayieit crBopku Bepxuuii (ITP-265)
[Ipodune kpemnyieHus yrnaoTHUTENS] TOPU30HTATbHBIN
[Ipodune kpemnyieHus yrnaoTHUTENS] TOPU30HTATbHBIN
[Tpoduis KperuteHus yIIOTHATESI TOPU30HTATBHBIN

YoTHUTENb Beayliel cTBOpKU BepTUKaabHbIi (I1P-
263)

[Imactuna

Bydep naccaxupckoit aepu

Omnopa naccaXxupcKoi JBepu HUKHSSA
I'arika M20x1,5-6H OCT37.001.124-93
[Ipo6Gka

Ymtorautens crekia (ITP-004)
Ymnorautens crekna (ITP-004)
3amok ymioTautens crekna (I1P-028)
3amok ymioTautens crekna (I1P-028)
[Ipoknanka nernu

ABapuiiHas pyuka JBepH

Bunt M6-6gx14 OCT37.001.126-81
HakoHneuHuk py4uku

Bunt 4x18 OCT37.001.186-81
ITopyuens miroka B cOope

[InacTuHa KpOHIITEWHA MOPYYHS
Kponumreitn nopy4Hss maroka

Bunt M6-6gx18 OCT37.001.125-81

dukcarop B coope

Bunt M6-6gx18 OCT37.001.127-81
YTop CTBOPKH MACCAKUPCKON ABEPU

BunT kperuienus ¢pukcaropa M8-6gx18 1
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56. Bryska onopsl
57. YruotHuTenb Beaymei ctBopku HiokHui ([TP-261)

58. YmunotHuTenb Begomoit ctBopku HiokHui ([TP-261)

3 e = -

BTN

\

KonTpoJbHBIE BOIPOCHI

Kakum 00pa3oM npoucxoauT nepeaaya IBUKEHUS B THEBMOIPUBOIE?
JaiiTe onpeeneHne NOHITHIO «ITHEBMOTIPUBOI»?

[Iepeuncnure OCHOBHBIE 2JIEMEHTHI THEBMAaTUUYECKUX CUCTEM?
Onummre paboTy THEBMOLMIMHAPA.

Kak knaccuuuupyroT mHEBMOLMIMHIPHI 110 IPUHLUIY AEHCTBHSL.

orwdPE

JIEKTPONPHBOJ

MexaHn4yecKHe XapaKTEePUCTHKH ABUTATe]IsI H Padouero MexaHu3ma
Haznauenue snexktponpuBoia - co3AaBaTh JABMKEHHE paOOYMX MAIIUH U YIPABJISATh dTUM
JnBxeHueM. [lepeMeHHbIMU BETMYMHAMU, XapaKTePU3YIOIIUMHU JIBH)KEHUE, SBIISIIOTCA:

H3mMeHeHnne BeTnYrH, XapaKTepU3YIOINUX ABMKEHUE Pa00YMX OPraHOB MAITUHBI, IIPOUCXO-
JUT TpU BO3JEMCTBUM HAa MX KUHEMATUYECKYIO LIeTIb (MEXaHUYEeCKYI0 yacTh) cun F. [{ns Bpamia-
TETBHOTO JABWKEHUS (DU3NUCCKUM aHAJIOTOM CHJIBI SBJISIETCSI MOMEHT M. MOMEHT co37aeTCsl CHIIOH,
MIPHJIOKEHHOM K IUIedy (IUIeYo - KpaTJyaiiinee pacCTOSTHHE OT OCH BPAISHUS JIO IMHUU JICUCTBUS
CHWJIBI), HAIIPUMeEp, K paauycy O6apabaHa rpy30moabeMHON JiedeaKu (pHcC.a); WK Mapoi CHJl, BO3HU-
KarOMIUX B DJIEKTPOABUTATEIISAX BpariaTeapbHoro npmwkennss M = FR.
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IlocTynaTe/IbHOE IBIDKEHHE BpainatenpHoe IBHKEHHE
Benu- ObosHaue- | Pasmep- Benu- Obo3Hage- | Pasmep-
YHHA HHe HOCTD YUHa HHE HOCTE
MyTs S M Yron @ paguaH

NoBOPOTA
Cxo- _dS M/c Yraoban dy paw/c;
poCThL T CXOpPOCTh o= A e

(vactoTa

BpalieHus)

Ycko- dv  d*S M/c Vrisosoe do d*p | pan/c’;
peHue =T ar yCKOpeHde | €= 7= T3 1/c?
Cuna F H MomeHT M H.m
Macca m Kr MomenT J Kr M°

HHepIHH

DNEeKTPUYECKUI IBUraTeIb BPAIlATEIbHOIO JBUKEHUS SABJISIETCSI HCTOUHUKOM MOMEHTA.

3HaKM MOMEHTOB, MTPUKJIAJABIBAEMBIX K MEXaHUYECKON YaCTH 3JIECKTPONPUBO/IA, HY)KHO COOT-
HOCHUTBH CO 3HAKOM CKOpOCTH BparieHus. OQHO U3 HallpaBJICHUN BpallleHHs Baja JBUTaTens (1o ya-
COBOM CTpPEJIKE «BIEPE» WUIU MTPOTUB YACOBOW CTPEIIKU «HA3aJ») YCIOBHO MPUHUMAIOT 32 MOJIOKHU-
TEJIbHOE HAMpPABJICHHE; MPOTUBOIOJIOKHOE HAINpaBleHUE - 3a oTpuuareabHoe. COOTBETCTBEHHO,
CKOPOCTh JBMXCHUSI B HAIPABJICHUHU «BHEpen» OyneT MMETh 3HaK (+), a CKOPOCTh IBIKCHHS B
HAIPaBICHUU «HA3a/1» - 3HaK (-). Takyke MOCTyNaroT MpH ONpeAesIeHUN 3HaKa CKOPOCTH JIMHEHHOTO
JIBIKECHUSI, HAIPUMEP JIMHEHHOTO IBUTATEIIS.

MowMmeHT, pa3BUBaeMblii 3JEKTPOJBUTATEIIEM, MOKET OBITh MOJIOKUTEIbHBIM, KOT/Ia JBUTa-
TEJIb MIPU BPAIICHUH B MOJOKUTEILHOM HAIpaBICHUH pabOTaET B JBUTATEILHOM PEKUME, Tpeodpa-
3ysl AJEKTPUUYECKYIO SHEPTUI0 B MEXaHMUYECKYIO, WM OTPHUIATeNbHBIM, TOPMO3HBIM (-M), xorma
JIBUTATENIb pab0OTaeT B TEHEPATOPHOM PEXHME, MPEoOpaszysi MEXaHUIECKYIO SHEPTHIO B AIIEKTpHYE-
ckyto. [Ipu u3MeHeHnn HarpaBieHUs BpalleHUs] 3HAKM MOMEHTOB U3MEHSIOTCS Ha POTHUBOIOIOXK-
Hble. MOMEHT qBUTATENS 3aBUCHUT OT €r0 CKOPOCTH

a) 6)
Puc. 1. JIBurateiabHbIi 1 TOPMO3HOM PEKUMBI PAOOTHI AIEKTPOIBUTATEIS

JIrobast »nekTpuyeckas MalluHa, Kak 3JIEKTPOMEXAaHMUYECKUH IpeoOpa3oBaTelb SHEPIUU
(OMC), moxer paboTaTh B IBYX pPEeKUMax: IBUTaTebHOM, IpeoOpas3ys MOJBOAUMYIO dJIEKTpHUYe-
CKYIO DHEPIHI0 B MEXaHMYECKYIO, WJIK B TOPMO3HOM (T€HEPATOPHOM) pexXHMe, IIpeodpasys MoBo-
JUMYI0 MEXaHMYECKYIO0 SHEPTHUIO B JIEKTPUUECKyt0. B nBurarensHom pexxume (cm. puc.l, a) snek-
TpUUecKas 3HepTus, norpedisemast u3 cetu P,,0Tp, 3a BBIUETOM NOTEPh AP B CHJIOBOM KaHaJe dJIeK-
TPOIPHBO/IA IIpeoOpa3yeTcs B MEXaHUUECKYIO U IiepeaaeTcs paboueMy oprany Mamussl PO.

Topmo3HBIE peXUMBI 10 CBOUM 3HEPreTUYECKUM XapaKTEPUCTUKAM MOTYT ObITh pa3IuyHbI-
MU.



Pexxum pexyrepaTHBHOTO T€HEPATOPHOTO TOPMOKEHUS; B 3TOM pexkume (prucl.0) kuneTnde-
CKasl DHEpPrus, 3allaCeHHAsl B IBUKYLIUXCS AIEMEHTaX MEXaHUUYECKONH CUCTEMBbI, MU TIOTEHI[HaIbHAas
sHeprus, oroupaemasi oT pabouero oprana (Hampumep, B peKUMe CITyCKa Ipy3a), OCTyIaeT Ha Baj
AIEKTPOABUTATENS U IPe0OpazyeTcsi UM, Kak T€HEPaTopoM, B AIEKTPUUECKYIO SHEPTHI0, KOTOpas 3a
BBIUETOM IOTEPh B AJIEKTPUUYECKON MaIlIMHE W MpeoOpa3oBareiie OTAACTCS B MHUTAMOIIYIO CETh; B
3TOM pEXHUME 3JIEKTPOBUTATEIh Pa00TAET KaK TeHepaTop MapajljiesibHO ¢ MUTaroIIel ceTbto. Takoit
PEKHUM TOPMOXKEHHS SHEPTETHUSCKHU SIBJISICTCS HAaMOO0JIee BBITOIHBIM, T.K. JHEPTHSI TOPMOKEHUS HC-
MOJIb3YETCs MOJE3HO.

PexxumM TUHAMHYECKOTO TOPMOXKCHHSI; B 3TOM PEKHUME JIBUTATENb OTKIIOYACTCS OT CETH U
paboTaeT KaKk aBTOHOMHBIM IeHEpaTop, HArpy>KEHHBI Ha CONPOTUBIIEHUE; YHEPTHsl TOPMOKEHUS
(cM. puc.2,B), TIOCTyMAOIIAasi HAa Bajl JJCKTPOIBUTATENS, MPEOOPa3yeTcsi B ANEKTPUUYECKYIO M BCS
pacxoayeTcsl Ha MOTEPU B JIEKTPUUECKON MalIMHE U (B cay4yae HEOOXOAMMOCTH) BO BKIIOYCHHBIX B
1[enu 0OMOTOK MAIIMHBI CONTPOTUBJICHHUSIX.

Pnorp Ppen A
Puex

IMC R PO IMC ‘-@
N/ AP <\ AP

8) NBUrATENLHEIR peXim 6) pexynepaTHBHOE TOPMOXEHHE

Pa N
Pu Puex
e G

vap AP

B) IUHAMUYECKOE TOPMOXKERNE  T) TOPMOXeHUE TIPOTUBOBKMOMEHNEM

Puc.2. DHepreTrueckue quarpaMMbl peKUMOB PaOOTHI AIEKTPOITPUBOIA

PexxuM mpoTHBOBKITIOUEHHUS; B 3TOM CIIy4ae JBUTATENb, BPAIIAIOIIUNACI B OJTHOM HarpasJie-
HUH, C LIETTbI0 TOPMOXKEHHS BKJIFOUAETCS B APYrOM HAIPaBJICHUU; ABUTATENb IIPU 3TOM MOTPEOIseT
ANEKTPUYECKYIO SHEPTHIO U3 CETH M MEXAaHWYECKYIO DHEPTHUIO TOPMOXKEHHUS, TTOCTYIAIOIIYI0 Ha BaJl
anekTpoaBuratens (cM. puc.2,r). CymmapHas SHEprus pacXoAyeTcs Ha IOTepHU B dJIEKTPOIABUTATENE
U B COIMPOTHUBJICHHSIX, BKIIOYEHHBIX B I[€MM OOMOTOK MAIIMHBI; ATOT PEXKHUM XapaKTEepPU3YyeTCs
OOJBIIMMHU MTOTEPSIMU YHEPTHH.

OO01Ire CBEJICHUS O HEPETYIIMPYEMOM 3JICKTPOITPUBOJIC

ITox HeperyaupyeMbIM OyeM IMMOHUMATh AJICKTPOIIPUBO/I, PAOOTAOIIHMKA C IIOCTOSHHON (WK
M3MEHSIONIEHCS B HE3HAYUTEIIBHBIX Mpe/eiax) CKOPOCThio Bpamenus. K HeperynmupyemMbIiM mpuBoO-
JaM OyaeM TakyKe OTHOCHUTD JICKTPOIPUBOIBI ¢ MHOTOCKOPOCTHBIMH aCHHXPOHHBIMH JIBUTATCISIMU
Y C aCHHXPOHHBIMH (ha3HBIMU JBUTATEISIMU C PEIIEHHO-KOHTAKTOPHBIM YIIPaBICHUEM.

Hawnbonee pacrnpocTpaHEHHBIMH THIIAMH HEPETYJIHPYEMBIX SJEKTPONPHBOJIOB SBIISIOTCS
AIEKTPOTNPUBOJIBI ¢ KOPOTKO3AMKHYTHIMU (K.3.) aCHHXPOHHBIMH JBUTATEIISIMH, C aCHHXPOHHBIMH
JBUTATENSIMU C (Pa3HBIM POTOPOM, a TAKXKE DIEKTPOIIPUBO/IBI Ha 0a3e CHHXPOHHBIX JBUTATEINEH.



JIJ1sl HeperyJIupyeMbIX 3JIEKTPOIPUBOIOB XapaKTEPHO HEIOCPEICTBCHHOE BKIIOUYCHUE DJICK-
TPOJBUTATENS B TUTAIOIILYIO CETh 0€3 MPOMEKYTOUHBIX MPeoOpa30oBaTEIICH JICKTPUUECKON dHEPTUU
(mpeoOpa3oBaTeiicii YacCTOThl M PEryJIATOPOB HampsbKeHHS ). [ HEeperyJlIMpyeMbIX aCHMHXPOHHBIX
KOPOTKO3aMKHYTBIX JJICKTPOJBHUTaTEICH OOBIYHO HMCIOJB3YIOTCS CleAyomue (yHKIUNA YIpaBJe-
HUS: BKJIIOUCHHE M OTKIIOUCHHME JIBHIaTeis, PCBEPCHUPOBAHME HANPABIICHHMS BpAIlCHHS, WHOTIA
3JICKTPUUYECKOE TOPMOKECHHE ABUTATENS. JIJIsi TPUBOAOB C CHHXPOHHBIMH JIBUTATEISIMU KPOME yKa-
3aHHBIX (PYHKIUH HEOOXOIUMO TaKKe pEryjJdpoBaHHE TOKa BO30YyKiaeHHs. IIpu mcroibp3oBaHUU
ACHHXPOHHBIX JIBUTATEICH C (pa3HBIM POTOPOM JUIsi OOECIeYEHUs IJIAaBHOCTH MYyCKa M CHIDKCHHS
ITyCKOBBIX TOKOB B II€TIb POTOpa Ha BPEMsI ITyCKa BBOJIUTCS 10OABOYHOE COMPOTUBIICHHE, BEIIMIMHA
KOTOPOTO CTYIIEHYaTO YMEHBIIIAETCS IO MEpe pa3roHa JBUTaTeIs.

DJIEKTPONPHBO/ € IATOBbIM JIBHraTe/ieM

WUcnonaurensabie OpraHbl HEKOTOPBIX pa60tmx MallvH U MEXaHU3MOB IOJDKHBI COBEPUIATH
CTPOTO JI03UPOBAHHBIE NEpEeMeEIIeHuUs ¢ HUKcaIel CBOETO MOJIOKEHHs B KOHIIE JBMKeHUs. Tunud-
HBIMHU IMPpUMEPAMHN TAKUX MEXAHHU3MOB ABJIAIOTCA MCXAHHU3MbI IMOAAYU HCKOTOPLIX MCTAJIIOPCIKY-
[IMX CTAaHKOB, COOPOUYHBIX arperatoB, MAHUIYJIATOPOB U APYTrUX MamuH. /[ nmpuBoaa momaoOHbBIX
MallH HWCIHOJIB3YIOTCA IIAaroBbIC 3JICKTPOABUTATCIIN. OCO6GHHOCTBIO TaKuX JIBI/IFaTeJIeﬁ SIBJISIETCA
TO, YTO MX JBI>KEHHUE (YroJl TOBOPOTA JAJs IBUTaTeNlel BpalaTeIbHOTO JBUKCHHS UM MepeMele-
HUE JUIsl IBUTATeNell MOCTYNaTeIbHOTO IBUKEHUSI) HOCUT HE HENPEPbIBHBIN, a JUCKPETHBIN Xapak-
Tep - MaraMu. DIEKTPONPUBO C TAKUMH JABUTATEISIMH YaCTO HA3bIBAIOT AUCKPETHBIM AJIEKTPOIPHU-
BOJIOM.

[upokoe MprUMeHEHHE TUCKPETHOTO IEKTPOIPHUBO/IA ONIPEIENIAETCS TEM, UTO 110 MPUHIMITY
CBOEH pabOTHI OH €CTECTBEHHBIM 00pa30oM coueTaeTcsi C IU(POBBIMHA CUCTEMaMH yIIPABIICHUS: MHUK-
porporeccopaMi U yCTPOHCTBaMH YHMCIIOBOIO MPOTPAMMHOTO YIIpaBIIEHUs, KOTOpbIE BCe ILUpE
NPUMEHSIOTCSI BO BCeX 00MacTsax TeXHUKH. [1laroBeie MBUTAaTENN BBITYCKAIOTCS TIPOMBIILICHHOCTHIO
MOITHOCTBIO OT HECKOJIBKUX BaTT 10 HECKOJIIbKUX KUJIOBATT. JIBUraTean XapakTepu3yloTcsl pa3BUBa-
€MbIM MOMEHTOM (YCHJIEM) U BEIMYMHOM 11ara (AUCKpeThl). YeM MeHbIle BeTUYHHA I11ara, TEM C
00JIbIIIEH TOYHOCTBIO OCYIIECTBISIETCS IepeMellieHre padouero opraHa MalliuHblI.

Ha portope pacmonaraercsi moCcTOSSHHBIN MarHuT (aKTUBHBIN poTop). [lutanue oOMOTOK oOcCy-
IIECTBIIAETCS UMITYJIbCAMU HAMPSKEHUs, OCTYMAIONIMMHU C YCTPOHCTBA YIIPaBIEHHsI, KOTOPOE Ipe-
00pa3yeT TOCIIe0BATEIIbHOCTh YIPABISIONIUX HMITYJIbCOB, PABHYIO 3aJlaHHOMY YHCIy IIIaroB, B
MHOT'OKaHAJIbHYIO TIOCJIEIOBATEIbHOCTh UMITYJIbCOB, T/JI€ YHUCIIO KaHAJIOB PAaBHO YUCIy (a3 ABUraTe-
TSl



DJIeKTPONPHUBO/ C JIUHEHHBIMH IBUTATEISAMU

[Tonapnsitoie GONBIIMHCTBO 3JEKTPOJBUTATENCH SIBISETCS AJIEKTPOABUraTENISIMU Bpalla-
TETBHOTO JIBIKEHUS. B TO ke BpeMsi MHOTHE pabodne OpraHbl MPOU3BOICTBEHHBIX MAIITHH JOJKHBI
M0 TEXHOJOTHH CBOEH pabOThl OCYIIECTBIATH MOCTYyNAaTeIbHOE (HampuMep, KOHBEHEepbl, TPaHCIOp-
TEpHI U Jp.) WIK BO3BPATHO-NIOCTYMATEIbHOE ABUKEHUE (MEXaHU3MBbI MMOJa4l CTAHKOB, MAHUITYJIsI-
TOpBI, MOPUIHEBBIE U Jipyrue MamuHbl). [IpeoOpa3oBaHue BpaliaTeabHOro ABUKEHHS B MOCTYyTa-
TEJIBbHOE OCYIIECTBIISIETCS] TTOCPEJCTBOM CIEHUATBHBIX KHUHEMAaTUYECKUX 3BEHBEB: BUHT-TAMKa, I1a-
PHUKO-BHUHTOBAs Niepeayua, ecTepHs- 3youaras peiika, KpUBOUIUITHO-IIIATyHHAs [lepeiaya v Ipyrue.

EcTecTBeHHBIM 71 KOHCTPYKTOPOB pabOYMX MAIIWH SBIISCTCS KEJIAHUE MCIIOIh30BATh IS
puBoJa pabovMX OPraHOB, COBEPIIAIOIIMX MMOCTYNATeIbHOE U BO3BPATHO-TIOCTYIATEIBHOE BUXKE-
HUE, ABUTATENIU, POTOP KOTOPBIX JABUKETCS JTUHEIHO.

Puc. 3. YopomenHas cxema maroBoro ABUraTelisi C aKTUBHBIM POTOPOM

1N
1K 4 2k 24 |1
+ 1

B HacTosiiee BpeMst osIy4aroT pa3BUTHE JIEKTPONPUBOIbI, HCTIONb3YIOIINE JINHEHHbIE
ACUHXPOHHBIE, BEHTUJIbHBIE U IIaroBble ABUraTesy. [IpuHnnnuansHo

[IpyHOMI NENCTBUSA IIArOBOIO ABUTATENsl PACCMOTPUM HA IPUMEPE MPOCTEUIIEH CXEMBI
JBYX(a3HOTro ABUraTels C aKTUBHBIM poTopoM (puc.1.6). Takoil maroBsiii ABUraTeab UMeeT Ha CTa-
TOpE JIBE€ Mapbl IBHO BBIPAXKEHHBIX MOJIOCOB, HUHEHHBIN JBUraTeNb JIF0OOr0 TUIIa MOXET OBITH 00-
pa3oBaH U3 JIBUraTelis BPAIATEIbHOTO JABM)KEHUS MMyTEM JIMHEHMHON pa3BEepTKU LMJIMHAPHYECKOTO
cTaTopa B INIOCKOCTb.

[IpencraBienue 06 ycTpoilcTBe JINHEHHOTO aCHHXPOHHOI'O JBUTATENsl MOKHO MOJIYYHUTh, €C-
JIM Pa3BEPHYTHb CTATOP ACMHXPOHHOI'O JBUTATENs B IUIOCKOCTh. IIpyM 3TOM BEKTOpP HaAMAarHM4MBAarO-
IIMX CUJI cTaTopa OyJeT JUHEHHO MmepeMelaThesl BA0JIb Pa3BEPTKH CTaTopa, T.€. IPU 3TOM 00pasy-
eTcs He Bpamatonieecs (Kak B 0ObIUHBIX JABUraTessx), a Oeryiee 3J1eKTpOMarHuTHOE MoJie CTaTopa.
B kauecTBe BTOPUYHOIO 3JIEMEHTa MOKET MCIOJIb30BaThCS (eppoOMarHuTHas 1Mojoca, pacrolarae-
Masi ¢ HeOOJIBIIMM BO3/YIIHBIM 3a30POM BJIOJIb PAa3BEPTKU CTATOpa. JTa MOJOCAa UTPAET POJb KO-
POTKO3aMKHYTOTO poTOpa. BTOpHYHBIN 371eMEHT yBJiEKaeTcsl ABIKYIIMMCS IOJIeM cTaTtopa W Ju-
HEIHO NEpEeMEIIAeTCa CO CKOPOCThIO, MEHBIIEH CKOPOCTH JIBMKEHUS IOJISI CTaTOpa Ha BEIWYUHY
JUHENHOro aOCOMIOTHOTO CKOJIbKEHUS.

JIuHelHast CKOPOCTh OETYIIETro AMEKTPOMArHuTHOro mosist Oynet Vo = 3T ¢ /], M/c, TAC T, M -
MOJIFOCHOE JIEJIEHHE - PACCTOSIHME MEXKIYy COCETHUMHU MOJI0CAaMU JIMHEHHOrO0 aCUHXPOHHOT'O JIBUTa-
TEJs.



Ckopoctb BropuuHoro aiementa V=Vo(l-Sj,), rae S, - oTHOCHTEIbHOE JTMHEHHOE CKOJIbXKE-
HUE.

[Tpu nuTanuu ABUTaTENs HAPSHKEHUEM CTAaHAAPTHOW YaCTOTHI TIOMYy4aeMbIe CKOPOCTH TIOJIS
OynyT moctaTouyHO BeNMKH (Oosee 3 M/C), UTO 3aTpPyIHSET MCIOIb30BAHUE ATUX IBUTATEICH IS
MPUBOJIA TPOMBIIIIJICHHBIX MEXaHW3MOB. Takue IBUTATENN MPUMEHSIOTCS JUISI BHICOKOCKOPOCTHBIX
TPAHCIIOPTHBIX MEXaHU3MOB. {1 monyueHus: 6ojee HU3KUX CKOPOCTEH JABMKEHHUS U PEryIupoBa-
HUSI CKOPOCTH JIMHEHHOTO aCHHXPOHHOTO JIBUTATENSI €r0 OOMOTKH IMHUTAIOT OT Mpeodpa3oBaTels ya-
CTOTBI.

[IpuMeHSAIOTCA HECKOJIBKO BAPUAHTOB KOHCTPYKLMHI JIMHEMHOI'O ACHHXPOHHOI'O JIBUTaTENsl.
Opna U3 HUX MOKa3aHa Ha puc.4. 31ech BTOPUYHBIN 3IEMEHT 2, COSTUHEHHBIN ¢ pab0YiM OpPraHoM,
nepeMeniaeTcs Mo HampaBISOMUM | Mo IeHCTBUEM OEryIero 3JIEKTPOMAarHUTHOTO TOJIS, CO3/a-
BaeMoro cratopom 3. Takas KOHCTPYKIUS yAOOHa JUisi KOMIIOHOBKHM ¢ paOoueill MallnHO#, 0/IHAaKO,
OHa CONpsDKEHA CO 3HAYMTEIbHBIMM IIOTOKAMM pacCesHHUs IIOJIsI CTaTopa, BCICACTBHE 4YEro COS<p
nBUrarens OyaeT HU3KUM

Puc. 4.

BbIBOP JJIEKTPOJABUT'ATEJIA

Pacuyer anexTponpuBo/a Mo 3aJaHHON TPY30MOABEMHOCTH B IEPBOM MPUOTUKEHUH HAYU-
HAIOT C OIpEeJIeTIeHHs CONPOTUBIICHUS Ha Baly 3JIEKTPOJIBUraTEIs.

MOMEHT COnpOTUBIIEHUS HA BTy 3JIEKTPOABUTATEII 3aBUCUT OT Beca MOJIHUMAEMOr0 Irpy3a
U OTIpE/IETISeTCS CAEAYIOIUM BbIPAKEHUEM:

r7Ie m — Irpy30I0JbEMHOCTb MEXAHU3MA,

Dy — nuametp rpy3oBoro 6apabana;

| — ofliee MepeaaToYHOe YHCIO MEXaHU3Ma;

- pabounii KITJI Mmexanusma;

MoMeHT Ha Bajly 3J1€KTPOABUTATENs IPU OIYCKAHUM Ipy3a:

WM YaCTOThI BpAIlCHUS

MoIHOCTb 31EKTPOABUTATENS IIPU MOJBbEME IPy3a:

MoIHOCTb 37EKTPOABUTATENS IPU OITyCKaHUU Ipy3a:

ITo xaranmory BeIOMpaeM aBUTATETh C HOMHHAIBHONW MOMIHOCTHIO Ha 10-20% mpeBblaromei
pacyeTHy1o, T.€. Prow= (1,11,2) Ppac

Ecnu pexxuM paboThl 351eKTpoIBUTATENsE TOBTOPHO-KPATKOBPEMEHHBIH, TO pacueTHasi MO~
HOCTb J1BUTATENs Ppac BEIOMpAETCs B 3aBUCUMOCTH OT OTHOCUTENILHON MPOIOJIKUTEIbHOCTH:

Bricota mogbema rpyza — 5 m.

Bricora onmyckanus rpyza — 5 m.

Bpewms 3acTponku u paccrponku rpyza — 90 cex.

Ckopoctb orsema padouero rpyza — 0,9 m/c.

- BpeMs [IUKJIa



100 — 100%
5— X%
X =15% ot Bcero pabouero mukia

I1B% 3 15 25 40

311ech - MOIIHOCTb JIEKTPOBUTATENS IS IPOJODKUTENILHOCTH pekuMa paboTsl (= KBT).
[To pacueTHOMY 3HaYEHHIO MOILIHOCTH BBIOUPAIOT IBUraTelb, HOMHHAJIbHAS MOUIHOCTH KOTOPOTO
npesbimaet pacyetnyro Ha 10-20%.

BriOupaem siekrpoasuraresb Tuna 4418052Y3 (¢ 001yBoM 3aKpbITOro THIA) C Mapa-

MeTpaMu:

Uwuco map mosrocoB 2

Momnocts P, kBt 22

Yacrora BpamieHus n, 2900
00/MUH

MaxcuManbHBIH MOMEHT 2,2
Myvaxe/ MHOM, HwMm

MuHuMaIbHBIA MOMEHT 1
MMHH/MHOM, Hwm

[TyckoBoit MOMEHT 14
Mnycx/ MHOM, Hwm

MowmeHT nHepu J, KT*M? 0,023

Pexwum padotsr (I1B, %) 6

Hampsxenue U, B 220B, 380B

YacroTa npoMBblIIIIEHHAs 50
/>, T

KIIIn, % 88,5

ITyckoBoii Tok nipu 380B 7,5
IHIIHOM, A

Cos ¢ 0,91

Kputnueckoe ckonbxeHue 12
SKp, %

HoMuHansHOE CKOIbXKE- 2,3

HHE Spom, %0

Yacrora BpanieHus

HOMUHAJIbHAS
Tun MoImHoCTb 00/MuH
JBUTaTEA kBT yrioBas
ACHHXPOHHAA CKOpOCTH, 1/c
(HOMUHabHAs)

4A180S2Y3 22 3000 303,5



4ucio | rabapuTHBIE pa3- YCTaHOBOYHBIE U MIPUCOEAUHUTEIbHBIE Pa3Mepbl
IIOJIFOCOB MepbI

2 I30 ha1 | dao 1 l1o 31| dp dio b1o h
624 | 430 |358| 110 178 108, 42 15 254 160

ACUHXPOHHBIN IBUTATEIH cepuu 4A TpeHa3HAYEHBI JUI1 PA0OTHI OT CETH MEPEMEHHOTO TO-
ka f= 50 I'n. JIpurarenu cepuu 4A MaJOMOIIIHBIE, CO BCTPOCHHBIMH JIEKTPOMArHUTHBIMH TOPMO-
3aMH, CO BCTPOCHHOM TEMIIEpaTypHOU 3allUTOM.

AcuHXpOHHBIN nBuratens cepun 4A180S2V3:

4A — Ha3BaHMe cepuH

180 — BBICOTa OCH BpalleHHs

S — pa3mep 1o JUIMHE CTaHIINH

2 — YHCIIO Map MOJIOCOB ACUHXPOHHOTO JIBUTATeNs

Y — 14 yMEpeHHOro Kjimmara

3 — kareropus pasmemienus mo 'OCT 15150 - 69

JIBurarenab aCUHHXPOHHBIN, 3aKPHITOr0 00,lyBA€MOI'0 UCIIOJHEHHS C KOPOTKO3AMKHYTBIM PO-
TOPOM, YyT'YHHBIMH IIUTAMU U CTAHUHOM, JIBYXIOJIIOCHBIH, KIMMAaTHY€CKOE UCTIOTHEHHE JIJIsl yMe-
PEHHOTO KJIMMaTa. J[BUraTess 1Mo croco0y 3amuThl O OKPYKArOIIeH CpeIbl 3aKphIToe 001yBaeMoe,
TO BBIOMpPaeM UCHOJTHEHHE M0 COco0y 3aIIUTHI OT COIPUKOCHOBEHUS HHCTpyMeHTa [P44.

udpa 4 3ammra OT IPUKOCHOBEHHS MAIBLEB YEIOBEK C TOKOBEIYITUMH U BPALIAIOIIUMHUCS
YacTAMHU U 3alIUTa OT MONaJAaHUs BHYTPb MAIIMHbBI TBEPIbIX HHOPOIHBIX TEIl.

Hudpa 4 Bo BTOpOI MO3UIMKU 03HAYAET 3alUTYy OT BOJASHBIX 3arps3HEHUM

KyJIa'lKOBLIe MEXaHU3MBbI
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OcHnoenbie napamempul KyJ1auKo6020 MeXAHUIMA
BonbIIMHCTBO KyIauKOBBIX MEXaHU3MOB OTHOCHUTCS K LIMKJIOBBIM MEXaHU3MaM C EPUOJOM
IIUKJIa PaBHBIM 27. B 1K€ JBYKEHUS TOJIKATENS B OOIIEM CITydae MOYKHO BBIICTHTD YeThIpe (asbl:
yJlaJIeHus, TAIbHEro CTOSIHUA (MITH BBICTOS ), COMMXKEHUS M OJIMKHETO CTOSTHHSL.
B cooTBercTBHU C 3THM, YIJIBI IOBOPOTA KyJIauka WK (a30Bble YIJIbl JENATCS Ha!

. yrOJ yIaleHHus @y

. YTOJI TJIHETO BHICTOS Qs
. yroJl CONMMMKEHUS Pc

. yToJ1 OJIFKHETO BBICTOS (6.

CymMma Tpex yriioB 00pa3yeT yroil Qpas = Opas, KOTOPbI Ha3bIBaeTCs pabOYUM YTJIOM.

Qpa6 = 6pa6 =@y + Que T Q.

Kymnauok MexaHu3ma xapakTepusyeTcs IByMs MpoUIIMU: IIEHTPOBBIM (MM T€OpeTHYe-
CKHUM) ¥ KOHCTPYKTUBHBIM. [10/1 KOHCTPYKTUBHBIM TOHUMAETCS HApYKHBIA pabounii mpoduib Ky-
nadka. TeopeTHuecKrM WU IIEHTPOBBIM HA3BIBAETCS MPOQIIIb, KOTOPBIN B CUCTEME KOOPIUHAT KY-
JIaYKa OMHCHIBACT IIEHTP POJIMKA (UK CKPYTIEHUs pabodyero mpoduiist ToIKaTess1) MpU JIBHKSHUN
pOJIMKa MO0 KOHCTPYKTUBHOMY TIpoduitio Kynauka. @a30BbIM Ha3bIBAETCS YTOJ MOBOPOTA KyJadKa.
[MpoduabHBIM yriioM 8i Ha3bIBACTCS YIIOBask KOOPAWHATA TEKYIIeH paboyueil TOUKH TEeOPETUIECKOTO
npoduJIst, COOTBETCTBYIOIIAS TEKYIEMY (a30BOMY YTy @i.

B o0mem citydae (ha3oBbIi yroil He paBeH MPOPUIBHOMY (iFoi.



Ha puc. nzobpakeHa cxema IIOCKOT0 KyJIAYKOBOTO MEXaHHU3Ma C IBYMsI BUJJaMH BBIXOJIHOTO
3BEHA: BHEOCHBIM C IIOCTYIATENIbHBIM ABMKEHHEM U KadaroIMMCs (¢ BO3BPATHO-BpAILATEIbHBIM
nBrkeHreM). Ha aToil cxeme yka3aHbl OCHOBHBIE ITapaMETPhI INIOCKUX KYJIAYKOBBIX MEXAHU3MOB.

3

Ha pucynke 1:
SAi ¥ SBi - TEKyIIME 3HAYCHUS TIEPEMELICHNS IEHTPOB POJIMKOB

P40 - Ha4aJIbHAs yTIIOBasi KOOPJMHATA KOPOMBICTIA
P4 - TEKyIIee YII0BOE MepeMeIIeHue KOPOMBICIIA

hamax - MakcHUManbHOE MEepeMENICHNE IIEHTPA POJIUKA

ro - paauyc HayalbHOM I1al0bl EHTPOBOTO MpOoUIIs Kylauka

r - paauyc HavaJIbHOM MIaii0bl KOHCTPYKTUBHOTO IPOQHIIS KyJauKa
1) - paauyc poyiuka (CKpyIrJIeHUs: padovero y4acTKa TOJKATEs)

Vi - TEKyIIee 3HAYCHNE YTIIa IaBICHUS

aw - MEXO0CEeBOE (MEXKIEHTPOBOE) PACCTOSTHUE

e - BHEOCHOCTD (3KCIIEHTPUCHUTET)

Teopernueckuii mpoduab Kynauka 0OOBIYHO MPEICTABISIECTCS B MOJMSIPHBIX KOOPJAMHATAX 3a-
BucumocTbio pi = f(di),

r7ie pi - paanyc-BEKTOp TEKYIICH TOYKU TEOPETHUECKOTO HIIM LIEHTPOBOTO NPOdHIIs Kyad-
Ka.
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Knananuelif Mexanusm: 1 — rosioBka 00ka WIMHAPOB; 2 — KJIallaH; 3 — HarpasJIsoLast
BTYJIKA KJIallaHa; 4 — CTOIOPHOE KOJIbLIO HANIPABIIAIOLIEH BTYJIKH; 5 — MacI00TpakaTeIbHbIM KOJIa-
4OK; 6 — Majas py>KMHa KjanaHa; 7 — Ooblias pykKMHa KjanaHa; 8 — Tapesika KJalaHHbIX Ipy-
KUH; 9 — cyxapb; 10 — pbruar knanasa; 11 — kopnyc NoAMMITHUKOB pacpeeIUTeNbHOr0 Baa; 12 —
pacripeieNuTeNbHbIN Bai; 13 — mo/KMMHAas IpYKUHA pblyara Kiamnasa; 14 — peryiupoBOYHbIH
601T; 15 — KOHTpraiika; 16 — BTyKa peryJupoBOYHOro 0osiaTa

@®pUKINOHHBbIE NepeIayn

I'eomerpuyeckne napaMeTpbl, KHHEMATHYECKHE U CHJIOBbIE COOTHOILIEHUS BO (ppHK-
HHOHHBIX Meperavyax

OcHosnble ceomempuyecKkue napamempul (PPUKYUOHHOU NePeoasi:

D1 u D2 — nuameTpbl BeIymiero U BEI0MOTO KaTKOB;

@ — MEXOCEBOE PaCCTOSIHHE;

b — mupuHa Katka;

di1 u d2 — nuamMeTpbl BaJIOB BEAYIIETO U BEIOMOI0 KaTkoB (puc.2). MeToauka onpese-
JICHHUS AMaMeTpoB KaTkoB D1, D2 v MX MIMPUHBI, KAK OTHOCSAIIMXCS K MapaMeTpam GpuK-
IIMOHHOW Tepenaun, pacCMOTpeHa B HacTos e riase. JJuamerpsl Basios di u 02 paccuuThI-
BAIOT 110 M3BECTHHIM (hopMyiaM Kypca «CONpOTHBICHUE MaTEPUAIOBY.

-e:i--—eatﬂ-

Puc.2. 'eomeTrpuyeckue napaMmerpsl (PPUKIHOHHBIX Nepeaay

Ilepeoamounoe uucro.
Ecnu nonyctuth, 4To BO (PpUKIIMOHHON TIepeade CKOIbKEHNE OTCYTCTBYET, TO OKPYXK-

HbIE€ CKOPOCTH KaTKOB OyAyT paBHBI, T. €. V; =V, . Jlyig nepenayn, noka3aHHOM Ha puc.:



Vi = oDy v, = 22 D,
1= 2=
2 2
D oD
[IpupaBHUBas IIPaBbIe YACTU PABEHCTB, MOIYYHM % = % wi oD, = ®,D, . Ot-
croaa
o /@, =D,/D =u,
rjae U— nepesaToqHoe YUCIIO.
B nelicTBUTENBLHOCTH CKOIBKEHUE MEXKYy KaTKaMU €CThb, T. €. V; # V, . Beauunna cKob-
T
_0 T,
Y T
KCHHS OLIEHUBACTCS KOI(PPHUIIMEHTOM CKOIBKEHUS 25 £=0,005+0,03 (3necr ®, —

TCOPCTUYICCKAA yIjioBas CKOpOCTB).
HepeHaTOLIHOC OTHOLLICHUEC q)pHKHHOHHOﬁ nepeaadyn ¢ y4€ToM CKOJIbXCHUSA
0)2 Dl (1— 8) Dl (2)

I[JI)I nepeaadyn ABMKCHUA MCKAY BaJlaMU C IICPECCKAIOIUMUCH OCSAMHU UCIIOJIB3YIOT KO-
HUYECKYIO0 (PPUKIMOHHYIO Nlepeaayy. YTod X MEeKAY OCSIMHU BaJIOB OOBIYHO COCTaBIISET 90°. B
ATOM cllydae MepeaTouHoe OTHOIIEHUE 0€3 yueTa CKOJIbKEHUS

U=a/w,~d,/d, =ctgs, =195,

I172

KILJ ¢ppukyuonusix nepedau 3asucum om ciedyiowux nomeps:

- CBSI3AHHBIX C UCIOJIb30BAaHUEM KAaTKOB, HMEIOLIUX (POPMBI, HE TIO3BOJISIFOIIIIE UM TIEpe-
KaThIBaThCS OJHMH 110 APYyromy 06e3 MpOoCKaIb3bIBAHUS; 3TO OTYETIMBO BUIHO, HAIIPUMED, B I1€-
penave ¢ KIMHOBBIMU KaTKaMHU U JT000BOM miepenaye;

- IPOCKAaJIb3bIBaHUS, 00YCIOBICHHOTO MACISHOM MJIEHKOM Ha pabo4nX MOBEPXHOCTSIX U
T. 1.;

- TPEHHS Ka4eHHUs, BEI3BAHHOTO Jehopmanieli moBepXHOCTEH KaTKOB B 30HE KOHTAKTA;

- B oAMIHUKAX. [ToTepn B MOAIIMITHAKAX 3aBUCAT OT BEJIMYMHBI HATPY3KH HA BaJIbl,
KOTOpast ONpe/eNsieTCsl IPHKUMHBIM yerieM F .

KII[I ¢ppukimoHHOM nepeaun onpeaesstoT no Gopmyie

n=1-2y,(3)

I 2. — CyMMa OTHOCHTEIIBHBIX MTOTEPb.

Jlnst 3aKkpbIThIX (PpUKIMOHHBIX nepenayd 1= 0,88 — 0,93, s otkpeiTeix 7= 0,68 — 0,86.

Mununapuyeckas ppuUKLHOHHAA Nepeaaya. Y CTPOCTBO, OCHOBHbIEC FeOMeTpHYe-
CKHe U CHJI0BbI€ COOTHOLIECHHUSA

DpukyuonHyio nepedauy ¢ NApaINIENbHbIMU OCAMU 8AN08 U C PAOOUUMU NOBEPXHOCHIAMU
YunuHopuieckoll ghopmul Hazvleaiom yurunopuyeckou. Ilpocreitmas GppuKIMOHHAS Nepeaaya ¢
[JIAIKUMU KaTKaMU ¥ TOCTOSIHHBIM IT€PEJaTOYHBIM YHCIIOM.

OnuH Ban guameTpoM Oy yCTaHABIMBAIOT Ha HETIOABM)KHBIX MTOIIUITHAKAX, TIOAIIHITHH-
KU JIpyroro Baia quameTpom d; — miaBatoniue. Katku 1 v 2 3akperisifoT Ha BajlaX ¢ MOMOIIbEO
IIMOHOK U MPMKUMAIOT OIMH K APYrOMY CHEIHAIbHBIM YCTPOUCTBOM ¢ cuiior Fr. Lununapuye-
ckue (PPUKIMOHHBIE MIepeayu C IIaJKUMH KaTKaMH MPUMEHSIOT JUIsl Tepeiadyl HeOOoIbIIoN
MOITHOCTH (B MammHOCTpoeHuu 10 10 kBT); 3Tn nepenaun HaXoA4T MUPOKOE IPUMEHEHHE B
npubopocTpoeHuH. i OTHOCTYNEHYAThIX CUIIOBBIX HUIMHIPHUUECKUX (QPUKIIMOHHBIX Iepeaayd
pexomenayercs u < 6.



B HEKOTOpBIX CITydasx MPUMEHSETCS WIHHIPHYECKAs PPUKYUOHHASA nepedayda ¢ Kam-
Kamu KIUH4amou ghopmol.

B nepenavax ¢ KIIMHYATHIMU KaTKaMH IIPU JAaHHOM cuiie Fr mpuxkaTusi 0IHOTO KaTKa K
JIPYroMy HOpMaJibHbIE CHJIbI MEXy paOOYMMHU IMOBEPXHOCTSIMH, & CJIEAOBATEIbHO, U CHIIBI Tpe-
HUS 3HAYUTEIFHO OOJIbIIIE, YeM B Mepeiadax ¢ TIaJKUMU KaTKaMu (TeM OOJbIINe, YeM MEHBIIE
YTOJI KJIMHA).

DTO NO3BOJISIET CHU3UTH B Mepeavyax ¢ KIMHYATBIMU KaTkamu cuity Fr B 2—3 pasa.

Uucno KIMHOBBIX BBICTYIOB ISl KATKOB MPUHUMAIOT paBHbIM Z =3 + 5 (puc.3). [lpu z>
5 ycroBue paBHOMEPHOTO PUJIETaHUS BCEX pa00YNX MOBEPXHOCTEH TAKUX KATKOB YXYAIIASTCS.

Lununopuueckue puxyuonHvle nepedayu MOTYT OBITh BBIIIOJIHEHBI C TJIAJKUMU, BBI-
MYKJIBIMU U BBITYKJIO-BOTHYTHIMH KaTKaMu. IMEIOTCSI U Ipyriue KOHCTPYKTHBHBIC Pa3HOBUIHO-
cTH QPUKIIHOHHBIX [IMIMHAPUIESCKUX ITepe/ay.

a) 0) 6)
Puc.4. Tunbl KaTkoB: a2 — riIaaJKme KaTKMu:
0 — BBINYKJIBIC KATKH: 6 — BBINYKJ/I0-BOTHYTbI¢ KATKH

I'eomempuueckue napamempsi nepedadu.
MesxoceBoe paccTosiHue
D, +D, Dj(l+u)

2 2 (6)
JnameTp Beayiero Karka
_ 2a
Yltu (7)
JlnameTp BE1OMOro KaTKa
1+u (8)

Pabouas mmpuna o0oa KaTKa
b=ava (9)

rae v, = 0,2 + 0,4 — kodxppuuueHT mupuHsl 00012 KaTKa Mo MeXX0CEBOMY PaccTos-

HUIO.
JIns koMneHcalum HETOYHOCTH MOHTAaKa Ha MPAKTUKE IIMPUHY MAJIOTO KaTKa IPUHU-
MaroT, MM:



b, =b+(5+10). (10)

Cunvl 6 nepedave.
Jlst oGecniedeHust paboTOCTIOCOOHOCTH (PPHUKITMOHHBIX TIepeaad He0OOXOAUMO MPUKATh

KaTK# (CM. puc.5) cusoit Haxatust F, Takum o6pas3om, 4To0sl cobronanocs yciosue (1), T. e.
Fi =Ff>FK(11)
rae F; — MakcumanbHas cuina TpeHus; F— nepenaBaemasi okpyxHas cuna; f — kxo-
s¢bdurment Tpenus (Bsidupaercs o tabi.1). Orcrona cuna Haxarust F > F/ f nim
K.F

F 12
rie KC — K03 GUIIUEHT 3amaca CIECTUICHHS; BBOJUTCS JJIS MPEIYNPEKACHUS TPOOYK-

F =

COBKH OT TI€perpy30K B IepUo Mycka nepeaadu (s cuinoBelx nepegay K, = 1,25+ 1,5; s
nepenau npudopos K,=3 +5).

ITo cxeme, moka3zaHHOM Ha puc.3,
F_ ﬂ _ T,(L+u)

D a3
[ToncraBus popmymy (13) B hopmyny (12), onpenenum cuity HaKaTHS
F_ KT, (1+u)
R

Ha npaxTuke NpuMEeHsIOT /1Ba crioco0a NMpHKaTHs KaTKOB: NOCMOAHHOU CUNOU U A8MO-
Mmamuyeckoe. 110CTOSIHHAS 110 3HAYEHUIO NIPY>KUMHAs CUJIa KaTKOB JIOIYCTUMa IIpU Iepeaye
HOCTOSIHHOM Harpy3ku. [Ipu nepemeHHON Harpy3Ke NpukaTue KaTKoB JOJDKHO U3MEHSThCS aB-
TOMaTUYECKH — IMPONOPLUUOHAILHO U3MEHEHHUIO [1€PEIaBAEMOTI0 Bpalllalollero MoMeHnra. B
3TOM Ciy4ae CHIDKAIOTCS MOTEPH Ha TPEHHE, NOBBIIACTCS JOITOBEYHOCTh MEepelauu.

B nepBoMm ciyuae cuia npukatus, OCyIecTBIsieMasi OOBIYHO C TTOMOIIBIO MPYKUH, B
npoiiecce PadboThl H3MEHEHA ObITh HE MOXKET; BO BTOPOM CJIydae cujla MpUKaTHs U3MEHsSeTCs C
M3MEHEHUEM Harpy3KH, 4TO MOJIOKHUTEIbHO, CKa3bIBAETCSl HA KAUECTBEHHBIX XapaKTePUCTHKAX
nepeaay. OHaKO MPUMEHEHHUE CIIeLUATbHBIX HAKUMHBIX YCTPOMCTB (HallpuMep, HIapuKOBOE
€aMo3aTsrMBaOIEe YCTPOUCTBO) YCIOXKHIET KOHCTPYKIIHUIO.

OnMH KaToOK K IpyroMy MOKeT OBITh IPHIKaT:

- IpeIBapUTENBHO 3aTSAHYTHIMU NPYKUHAMU (B Iepeaayax, NpeIHa3HauYeHHbIX IS pabo-
ThI IPU HEOOJIBIINX HArPy3Kax);

- TUAPOIIMIIMHApPaMH (TIpU niepeade O0IbIINX Harpy30K);

- COOCTBEHHOI Maccoif MalllMHbI WK Y3714,

- Yepe3 CUCTEMY PhIYaroB ¢ MOMOIIBIO MEPEUHUCICHHBIX BBIILIE CPE/ICTB;

- HEHTPOOEKHOM CHIIOH (B Cllyyae CI0KHOTO IBUKEHHS KaTKOB B IJIAHETAPHBIX CUCTE-
Max).

Ipumep 1. Onpeaenuts HEOOXOAUMYIO CHITY NIPHKATHSI KATKOB 3aKPBHITON (PPUKIIMOH-
HOH IWIMHIPUYECKON niepenaun. Bpanjaronmue MomMeHT Ha BeaymeM karke 71 = 135 H-m. Ma-
Tepuan 000ux KaTKkoi — cranb. J(uamerp Benymiero katka D1=270 mm.

Pewenue. 1. OxpyxHas cuia.

Fi=2-10°T1/D1= 2-10*135/270 =1000 H.

[Mpwxumuas cuna. J{ist 3akpeIToit nepepaun (npu padote B MacisHoi Banue) f=0,05. ITo
dopmyne (12) npuxumHas cuia npu kospuimenTe 3amnaca cueruienus K=1,4



Fr=KF¢/f=1,4-1000/0,05=28000 H.
B nannoM mpumepe npwkuMHas cuiia Fr 6ombIe okpyxHOU critbl Ft B 28 pa3. bonbiioe
3HAYCHUC HpI/I)KI/IMHOfI CHUJIBI SABJISACTCA CYHICCTBCHHBIM HECAOCTATKOM (1)pI/IKLII/IOHHBIX nepeaay.

Bapuaropsl

BoNbIIMHCTBO COBPEMEHHBIX pab04HX MAIIUH TPeOyeT peryaIupoBaHus CKOPOCTH
pabouyux OpraHoB B 3aBUCHUMOCTH OT YCJIOBUMN OCYIIECTBICHUS TEXHOJIOTMYECKOT0 MpoIecca.
J1st 3TOr0 MalIMHBI CHAOKAIOT CTYNEHYAThIMU KOpOOKaMU mepeaay ¢ OOJIbIINM YUCIIOM 3yOua-
TBIX T1ap, HATIpUMeEP, B KOPOOKe nepenad aBTomoOmien ux 4 - 6 map, ctankoB 5 - 16 auib B Me-
XaHU3Me TJaBHOro JBKeHus. [I[pumeHeHe B MalHax BapuaTopoB (OeccTyneHyaTsIX nepe-
Jla4) 3HAYUTEJIbHO YIPOIIAeT KOHCTPYKIIHIO, TO3BOJISIET YCTAHOBUTH ONTUMAIbHBINA CKOPOCTHOM
PEXUM U pEryJInpoBaTh CKOPOCTh HAa X0AY. Bce 3TO CyleCTBEHHO MOBBIIIAET TPOU3BOAUTEIIb-
HOCTh MallIMHbBI, KAYECTBO MPOAYKIIMH U, KPOME TOTO, BBI3bIBACT YMEHBIIICHNE IITyMa 1 BHOpa-
uU. OTH JOCTOMHCTBA BapUaTOPOB O0YCIOBHIN UX MIUPOKOE PACIIPOCTPAHEHUE B PA3IUYHBIX
00J1aCTSAX MAIMHOCTPOEHUS (B CTAaHKAX, B MAlTMHAX MMHIIEBOU U JIETKOW MPOMBIIIJIEHHOCTH, B
CEJIbCKOXO3SUCTBEHHOM U IOPOKHOM MAIIMHOCTPOEHUH U T.J.).

DPuKYUOHHBII MEXAHUIM, NPEOHAZHAYEHHDIL OJis1 DECCMYNeHYamo2o pe2yiupoeanus ne-
PEeOamoyH020 Yucida, Hasvléarom QPUKYUOHHBIM 8aPUAMOPOM UL NPOCHIO 8aAPUAMOPOM.

Bapuaropsl MOKHO pa3/ieTuTh Ha CIEAYIOUIUE TPYIIbL: KIUHOpEMEHHble, YenHble U
¢puxyuonnoie.

B nannom pasznene paccMOTPHUM TOJIBKO (DPUKIITMOHHBIE BAPUATOPHI.

OpUKIMOHHBIE BApHATOPHI HAIILTU MPUMEHEHHUE B MPUBOAAX C MaJbIMU rabapuTaMu — B
CTaHKaX M TPAHCHOPTHBIX MamnHax. [Ipu panmoHaibHOM KOHCTPYUPOBAHUH U TIIATEILHOM H3-
FOTOBJICHUM OHH UMEIOT HanOoiee Beicokuid KIT/] — mo 0,95. OnHako HajuiexkaIiee KauecTBO
MCIIOJTHEHHS X BO3MOKHO TOJIBKO Ha CIEIMAIM3UPOBAHHBIX 3aBOJIAX.

Bapuarops! pazaensitorcs Ha 1Ba OCHOBHBIX THIIA!

a) MPOCTHIE, B KOTOPBIX U3MEHSETCS TOJIBKO OJMH PaanuyC KOHTAKTa, a IPYrOr OCTaeTCst
MOCTOSTHHBIM (JTIOOOBOM, KOHYCHBI, JUCKOBBIN);

0) CII0XKHbBIE, B KOTOPBIX U3MEHSIOTCS 00a pajuyca (TOpOBBIi, IIIapOBOA).

Bapuartops! BEINOIHSIOT B BUJI€ OTAEIBHBIX OJJHOCTYIIEHYAThIX MEXaHU3MOB C HETIO-
CPEJICTBEHHBIM KaCaHWEM KaTKOB 0€3 IPOMEXKYTOUHOT0 IUCKA (CM. PUC.D) WM € IPOMEXKYTOU-
HBIM JUCKOM (cM. puc.11 u 12).

[IpenenbHbIe IEpeaTOYHBIC OTHOIICHHS BapruaTopa, OyayT

o _ D a)l_dZ

max min
@Dy min dl(l_g) " @ max Dl(l_g)

rae D1, d1 u D2, d2 — HauOOJIBIINN U HANMEHB NN AUaMETPBI BEAYIIETO U BEAOMOTO
KoJsieca; € — KO3(DPUIMEHT CKOIbKEHNUSI, KOTOPBIM 3aBUCUT OT TUIA U KOHCTPYKLUHU NEpeJayu.

OCHOBHOU KMHEMATHUYECKOMI XapaKTepPICTI/IKOﬁ BapuaTopa ABJIACTCA OUana3ox peaynu-
poeanusi yFJIOBOP'I CKOpPOCTH (nepeﬂaTquoro chna) BEJIOMOTO Bajia IIpu HOCTOSIHHOU yl"J'IOBOI?’I
CKOpPOCTH BEAYLICTO Bajia:

,ﬂ — @) max — umax — D1D2

@2 min u min dld 2

CKOIBbXEHHE CHIKAET YIJI0BYIO CKOPOCTH BEAOMOI'O Bajla, HO Ha AUAIla30H PEryjaIrnpoBa-
HUA HE BIIUACT.
B IIPOCTBIX BapraTopax nNepeaaTo9YHoC OTHOUICHHUE!
_ Rmax ‘U Rmin
max — * Y“min
RO RO




B ci0xHBIX BapraTopax MepeaaTouHoe OTHOLIEHUE!

u — I:zmax. = Rmin
max v Ymin .
Rmin Rmax
Jnamna3oH peryaupoBaHus:
Rmax 2
= Umax _ Rmin__ Rinax —u?
R .
min min Rmin

Rmax

B ci0xHBIX BapHaTropax nepeaaTroyHoe OTHOIIEHNUE MOKET IPUHUMATh 3HAUYEHUs, PaB-
HBIE:

i>1i<1;i=1.

JIlnanazoH peryJInpoBaHUs paBeH KBaapaTy MaKCUMaJIbHOTO IIEPEIaTOYHOTO OTHOIICHHUS.
OTO0 3HAYUTEIBHO paclIupsieT 00JacTb IPUMEHEHUS CJIOKHBIX BapHaTOPOB.

Cy1ecTBYIOT BapUaTOPHI 10006ble, KOHYCHblIE, MOposble, OUCKOos8ble U Ap. PaccMoTpum
HEKOTOPBIE U3 HUX.

Jloboevie sapuamopwt (cM. puc.10). Hanbosee npocTsl, HO W3-3a 3HAYUTEIHBHOM BEIIMYH-
HbI TEOMETPUYECKOr0 CKOJIBKEHHS YCTYyNal0T Bapuaropam Apyrux KoHcrpykuui no KIT u us-
HococTolikocTH. [Inanaszon peryiaupoBanus JJ=D2/d2<3. D10 00BsICHACTCS TEM, YTO HPH, MAJIBIX
d2 3HaYKMTENBEHO BO3pACTalOT CKOJIbKeHHe, n3HoC U naaaet KI1/1. JloboBbie BapuaTopsl HAIILTH
MPUMEHEHHE B MAJIOMOIIHBIX TIepeaadax mpudopoB.

Benymuit karok moboBoro Bapuaropa 1 panuyca Ri, yctaHaBnuBaeTcs Ha Bally Ha
CKOJIB3SIIIEH MIMOHKE U MOXKET IIepeMeliaThCs BA0JIb ocu. Benomblii kaTok 2 paauyca Rz 3a-
KpEIUIEH Ha BaJly HEMOABM)KHO. 3a CUET HAXKMMHOI'O YCTPONCTBA CO3AAETCS CUIIa TPEHMSI, HE00-
xonumasi sl paboThl Bapuaropa. beccTynenyaroe n3MeHEeHUe YriI0OBOM CKOPOCTH B 3TOM BapH-

aTope JoCTHraeTcs IepeMenieHreM BI0JIb Bajla BeIyliero katka 1; npu astom R, =const;
R, # const . Otcrona nepegaTouHOE YUCIIO

R
U~ —2 # const
1

3A€Ch HEC YUUTBIBACTCA IMPOCKAIL3bIBAHUEC KATKOB, ITIO3TOMY PABCHCTBO HpI/I6J'II/I)KCHHOe.

Fh 1

B fea=n
=it - [ So==
[ NN B ¥
8 I J\ 02
[ % |
=+ R

Puc.5. JIo6oBoii BapuaTop: 1 — Beayumii KaTok; 2 — BeIOMbIii KATOK

JIo6oBO# BapuaTOp MO3BOJISIET U3MEHATH HAlpaBJICHHUE U YAaCTOTY BpalllEHUS BEIOMOTO
BaTa, OCTAHABJIMBATh €r0 Ha X0y 0€3 BBIKIIFOUCHHUS MTPUBO/IA.

Toposvie sapuamopwi (cM. puc.11). Ha KOHIIBI BalOB HaCaXKECHBI ABE TOPOBBIE YAk 1
u 2, BBITIOJIHEHHBIE IO OopMe KpyTiioro Topa. Bpamienue ot Beayiei yalky K BeIOMOU nepe-
JlaeTcsl MPOMEXKYTOYHBIMH TUCKaMU 3, CBOOOIHO BpallaloluMKCs Ha ocsax 4. YrioBas cko-
pPOCTh BEJOMOM YAIIKW W3MEHSIETCS P OJJTHOBPEMEHHOM ITOBOPOTE Ocell 4 BOKPYT IMIapHHU-
pa 5.



ITpu 3TOM M3Mensttorest paguycel R1 1 R wamex 1 u 2, 1. e. Ry #const; R, # const . Or-
croza

R
U~ —2 = const
1

J171s1 TOpOBBIX BApUATOPOB JUAIA30H PETYJIUPOBAHUS
I:\)min

Takas cxema BapuaTopa XapakTepu3yeTcsi MajblM F'€OMETPUUECKUM CKOJIbXEHUEM, YTO
SBJISIETCSI OCHOBHBIM ITPEUMYILIECTBOM TOPOBOT'O BapHaTropa, mo3posisitonum nossicuth KI1/] 10
0,95. Jlns mprokaThs TNl KaueHUs MPUMEHSIOT OOBIYHO MIAPUKOBOE HAKMMHOE YCTPOHCTBO, IIPH
KOTOpOM yaiika 1 cBsizaHa ¢ BajioM IIpH MOMOIIIH JIBYX WJIM TPEX IIAPUKOB, TOMEUIEHHBIX B
rHe37aX KIMHOBUIHOM GopMmbl. Eciiu Ban mpuBecTH BO BpallleHUE, TO OH CMECTHUTCS 10 OTHOIIIe-
HUIO K YaIllKe Ha HEKOTOPBIN yroJl, BBDKMET MAPHUKH, CO3/IACT HEOOXOAUMYIO CHITY HAXKATHSI.
Takoe ycTpoiicTBO 0OecriedyrBaeT BEIMYMHY CHIIBI HAYKATUSI B COOTBETCTBUH C M3MEHEHUEM
Harpy3ku. B CHI' TopoBbie BapuaTopbl HOpMaau30BaHbl st MoitHOCTeH ot 1,5 mo 20 kBt npu
/I ot 6,25 no 3. Marepuan Ten KaueHus — 3aKaJICHHAs CTajlb 110 3aKAJICHHOM CTaJIM B Maclie Uiu
CTaJIb 110 TEKCTOJIUTY 0€3 CMa3Ku.

Rotation
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Puc.6. TopoBrblii BapuaTop: 1 — Beaymasi TOpoBasi Yallka;
2 — BejoMasi TOPOBas YalIKa; 3 — JIUCK; 4 — OCH IMCKOB; 5 — mapHUpHI oceit

IIpumep 2. Onpenenuts MakCHMaabHYIO U MUHUMAJIbHYIO YaCTOTHI BpallleHUs Baja
BEJIOMOTI'0 KaTKa, a TAK)Ke CUITy IPHUKAaTUS KaTKOB K POJIMKaM TOPOBOIO BapHaropa, paboTarolie-
ro B MacisiHOM BaHHe. /luana3on perynupoBanus /[ = 4. MUHMMaNbHbIA paguyc KaTka Rimin =
45 MM, yncio posMKoB Z = 2. Bexgymuii Baim Bapuaropa nepegaet momHocTs P1 = 0,8 kBT npu
yacToTe Bpalienus N1 = 927 mun". MaTepuan KaTkoB — CTallb, 3aKaliBaHHs 10 TBEPHOCTHU
H=61HRC,

Pewenue. 1. 3 popmynsr (32) cnenyet

Upay = A =4 =2, u,. =1/[]7 =1/\4 =05.

MaxkcumanbHas ¥ MUHMMaJIbHas 4acToTa BpalCHUA BEAOMOI'0 Bajia KaTKa:



N2max=N1Umax=927-2=1854 MI/IH'l;
N2min=N1Umin= 927-0,5=463 muna*
2. Bpamaromuii MOMEHT Ha BEAyIIeM KaTKe
T1 =9550P1/n1=9550 -0,8/927 = 8,24 H-m.
3. OkpyxHasi cujia Ha BEAYIIEM KaTKe
F=103T1/(zR1min)=10° -8.24/(2 -45)=92 H.
4. IMpunumaem: K =1,5; nna 3akpeitoit nepenaun f=0,05.
5. Cuna npuatusi KaTKOB K pOJMKam
Fr=KF/f=1,5-92/0.05 = 2760 H.

3y0uaTbie nepenaun

Hununopuueckue npsamo3yodvie nepedauu. Ycmpoiicmeo u 0CHOGHbIE 2e0MempuyiecKue
cOOmHowenus

3ybuamyro nepedauy ¢ napaneIbHbIMU 0CAMU, Y KOJleC KOMOpPOU NOBEPXHOCMU NO OUamMempy
8bICIYNO8 YUTUHOpUYECKUe, HA3bI8AIOM YUIUHOPUUECKO.

Hunmuuapudeckas mpsMo3yoast 3youaTas nepeaada COCTOUT U3 JBYX MM HECKOJBKUX Tap
WIMHIPUYECKUX 3y0UaThIX KOJIEC C MPSAMBIMU 3yObsiIMHU. DTa nepenaya Haubolee mpocTa B U3To-
ToBieHNH. [IpuMeHsieTcst Kak B OTKPBITOM, TaK U B 3aKPHITOM UCIIOJTHEHUH.

[lepenaToyHoe 4nCIO U OTpAaHUYMBACTCS rabapUTHBIMU pa3Mepamu nepenadu. Jis onHoiM

Taphl HIHHIPHYECKUX 3y0UaThIX Kojec 22 /Z,=u<125

T'eomempuueckue coomnouleHus: pazmepos NPAMo3y00u YUIUHOPULECKOU nepeoay ¢ 260.1b-
8eHmMHbIM npoghunem 3y6a. OnpeneuM reoMeTpuieckie mapaMeTphl IpsAMo3y0oil UIHHApHUYe-
CKOI1 mepeiauu B 3aBUCUMOCTH OT MOAYJISI M YUClia 3yObeB (m U Z).

I[I/IaMeTp BEPIIMH 3Y6BGB da =d+ Zha :
d, =d—2h,

AUaMETPp BIIaAWH

. Puc.l. Innunapuyeckasi npsimo3ydasi mepesaya

md = p,z

N3 paBencrtaa JEIUTENbHBIN THAMETP:

O
T ) ymm d=mMZpgelM .CormnacHo cTaHaapTy BbI-

COTa I'OJIOBKH 3}’63 ; BBICOTA HOKKH 3y6a , BBICOTa

h=h, +h; =m+125m=2,25m
3yba a

d,=mz+2m=m(z +2) : TMAMETp BIIAHH

di =mz-25m=m(z-2,5)

Pa3Huiia B BEICOTE HOXKKHU OJHOTO KOJieca U BBICOTE TOJOBKH JIPYTrOro o0pa3yeT paauaib-
HBIN 3a30p

c=h; —h, =1,25m—-m=0,25m

. OTcroma quameTp BepIIMH 3yObeB




A I NS

Puc.2. OcHOBHbBIE reoMeTPpHYECKHE TapaMeTphbl
nepeaay ¢ 3B0JIbBEHTHBIM NpoguieM 3yobeB

a=a

o (eM. puc. 31) & = (d; +d,)/2 a, =(mz+mz,)/2

Hin ~@

=(mz;)/2

Me:xoceBoe pacCTOSHHAE IIPH
[IpunsB cymMMapHOE YHCIIO 3yObeB 4+ 23 = Zs yajinem A

B npsamo3y06oit nepenaye mupruHa BeHIIa b,, paBHa JuIHHE 3y0a: b, =m Ym, roe ¥m— K02 (-
¢uIMeHT IIMHBI 3y0a (IUPUHBI BEHIIA) TI0 MOIYJTIO (VIS IMUIMHAPHYECKUX IPAMO3yOBIX Iepenay);
BBIOMpaeTcs 1mo Taour. 1.

Ta6muua 1. 3Hauenne koadummenrta ¥m

W, =b,/m HB XapakTepucTuka KOHCTPYKIIUU
He Oonee
45-30 o BeicokoHarpy:xeHHbIE TOYHBIC TIEPEaaYH.
30-20 350 Banbl, onopsl 1 Kopryca MOBBIIEHHON KECTKOCTH
(@):33
e 350
30-25 o OObIYHBIC TIEpEIaY PEAYKTOPHOTO TUTIA B OTACITHHOM
20-15 350 KopIyce
15-10 Cshl C I0CTaTOYHO KECTKUMH BAJIAMU U OITIOPAMH.
re 350 Ilepegaun HU3KOM TOYHOCTH C KOHCOJBHBIMHU BaJlaMH

Tabmuna 2. 'eomeTpudeckne napameTpsl NpsSMO3yO0OH IHITMHIPHIECKON TIepeadun

[Tapametp, o603HaueHUE Pacuetnbie popmyisl
Monyns m mzﬁ;ng;mzi;mzzﬂ
T z z2+2 z,

Jnametp BepiinH 3yobeB da d,=m(z+2)

JlenutenbHbId nuamerp d d=mz
Jlnametp BraauH 3yObeB O d; =m(z—-2,5)

BricoTa 3y0a h h=2,25m
BricoTa rosioBku 3y6a ha h,=m




BricoTa HOKKH 3y0a hy h; =1,25m
OKpy>KHAsI TOJNIIMHA 3y6a 5, = zm
2
Oxpy>kHas TOJIIMHA BIAJAUH m
g =—
3yObeB & 2
PanuaneHbIi 3a30p ¢ c=0,25m
MeKOCEBOE PACCTOSIHIE oo _ Iz,
2
OKpy>XHOM Iar py p, = zm
Jlnuna 3y6a (mmpuHa BeHIa) b, =b=my,,
b,=b

OnpedeﬂeHue qucia 3y6b€6 uwecmepHu u Kojieca no CyMmapHomy 4uciy 3y6b€6 nepedatm u

uzsecmmuomy nepedamouromy uucny. Eciu m3sectro Un 25, To uncro 3y6beB mecTepHH U Kojleca
MOYKHO OIIPENIENIUTH 10 (POpMyIIam:

=2, /1+u). z,=2, -7

riae 21— umcio 3yGbeB IIECTEPHHU; 22— 4uciio 3yObeB KOJIEeca; 2X — CyMMAapHOE YHCIIO
3y0ObeB; u — MepeaaToOuHOe YHUCIIO.

M 1:1

Puc. 3

Pacuem 3yovee yuaunopuueckol npamo3yooil nepeoavu Ha u3euo

[To mexxaynapognomy crannapty ISO / DIS 6336: (Ausgabe 1986) o pacuery 3y0uaThix
nepeay npeaycMOTPEHBI YEThIPE METO/1a pacyeTa 3y0uaThIX mepenad.

Memoo A — 3KCTIepUMEHTAIBHO — UCCIIEeI0BATENLCKUM TPeOyeT TOUHBIX U3MEPEHH, 00-
IIUPHOTO U TPYAOEMKOTO MaTEMAaTHYECKOTO aHAJIM3a WJIH 00OCHOBAHMS HA OCHOBE HAJICKHOTO
IKCIUTYaTaI[MOHHOTO DKCIIEpUMEHTA Ha MOA0OHBIX MpuBoAax. [Ipu 3ToM mpesen BEIHOCIUBOCTH
Y DKBUBAJICHTHOE OKPY)KHOE YCHIINE WK KOA(DPUITUEHT BHEITHEN TUHAMUKH — KA OTIpeiesieT-
Csl U3 MIOJTYYEHHOT'O U3MEPEHUEM KOJJIEKTHBA HArpy30K C UCIOJIb30BAHUEM TUIIOTE3 HAKOIUICHUS
noBpexaeHnii. [lockonpky BenmuunHa KA MOXKET MIPUHATH BechMa OoJbIHe 3HaYeHUs oT 1 10 2
u OoJee, TO MPUMEHSIEMBIN METOJ pacueTa U BeInunHa KA JOKHBI COTJIACOBBIBATHCS MEXKIY

HU3TOTOBUTECIIEM U IMOKYHATCJIEM PEAYKTOpPA. Kax BUJIUM, METOZ OUCHBb JOPOI' U IIPUMCHACTCA
KpalHe peaKo.



Memoo B - 3KCTIepUMEHTAIbHO- TEOPETUYECKUH U MTPOU3BOANUTCS HA OCHOBE UCCIIE/I0BA-
HUS TIpeJieNia BBIHOCIMBOCTH 3y0UaTOro Kojeca — IpeaCcTaBUTeNsl, CYUTAETCS 11eJ1IeCO00pa3HbIM
JUIst 3yO4UaThIX Iepeiad MaccoBOro IIPOU3BOJICTBA.

Memoo C - npubInMKEHHBIHN, IPU 3TOM aHATTUTUUYECKUI pacueT MPOU3BOAUTCS HA OCHOBE
KOMIUIEKCHBIX JIaHHBIX CTaHJIapTa WM CIIPAaBOYHOM TEXHUUECKOH JINTEPATYPHI.

Memoo D — ynpolieHHbId, IPUMEPHO COOTBETCTBYET IPUBOJUMOMY PacUeTy JaHHOTO
pasnena.

Heo6xoaumo 3aMeTuTh, 4TO MeTO1 pacyeTa 3youatsix nepenayd mo 'OCTy 21354-87 3a-
HUMAET MPOMEKYTOUHOE ToJioxkeHue Mexkay Merogamu C u D. B metoae C koaddunuent dop-
MBI 3y0a Mpu pacyeTe Ha U3rud paccMaTpUBAETCs KakK MIPOU3BEICHUE ABYX MEPEMEHHBIX
Ves =V - Vs).

Hwxe uznaraercst ynpoujennsiti Memoo paciema 3yoa na uzeud, OCHOBAaHHBIM Ha MOJI0-
JKEHUSAX CONPOTUBIICHUS MATEPUAJIOB.

Ha puc. moxa3aHbl cxeMa 3alleIUIeHuUs IBYX 3yObEB B IOJIIOCE U CHJIBL, JICHCTBYIONINE
Ha 3yObsl KOJIEC CO CTOPOHBI IIECTePHH; TPEHHE He yuuThiBaeTcs. HopmanbHas cuna Fn pac-

KJIaJIbIBA€TCS Ha JIBE COCTABIIAIONINE: OKPYKHYIO culy Ft M paguanbHyro niM pacliopHyo —
Fr.

A

Puc. 5. Yenaus B 3auenjieHud NpsiMo3y00il HUJIMHAPHYECKOI Nepeaayn

[Tpu BBIBOZE hOpMYIT npunumaiom ciedyrowue ynpoujeHus u 0onyujerus: 3y0 paccmar-
PHUBAIOT KaK KOHCOJIbHYIO OAJIKy MPSIMOYTOJIbHOTO CEUEHUs, paOOTAIOIIYI0 Ha U3THO U CKa-
THE; BCS Harpy3ka, IEHCTBYIOIIAs B 3aI[CTUICHUH, TIepEAacTCs OHON Mapoil 3yObeB U MPUIIO-

b

KEeHa K X BepIIMHAM; Harpy3ka paBHOMEpPHO paclpesienieHa o JuiHe 3yba o .



Ha puc. 6 mokazan npodwib Oanku paBHOTO CONpPOTHBICHUs (S — TonmuHa 3y0a B

b

OMacHOM cedyeHuH; | — 1uieuo m3rudarIe cuibl; @ — uiMHa 3y06a; Fn — HOpManbHas cu-

Ja, AehcTBYyOMIas Ha 3y0).

Puc. 6. Cxema pacuera 3y0beB Ha U3ru0

OnpenenuM cuiibl B OIACHOM CE€YEeHUH KOpH4 3y0a. Pasnoxum cuny Fn B Touke 4 Ha
nBe cocrapisoomue: Ft' u F'r, ycnoBHo npunnMaem, uto cuia Fn mpuioskeHa ToapKo K OJHOMY
3y0y (mepekpbITHEM MpeHeOperaem), a cuia Ft paBHa OKpYKHOM Cujie Ha HaYalbHOW OKPYX-
HOCTH.

Cuua F' m3rubaer 3y0, a cuna F'y cxxumaer ero. U3 puc. 35 Haxoaum

R =F,cosa'. F =F,sina'

rae @ — yroJs HarpaBJeHUs] HOPMaJIbHON CUIIbl Fn, IPUIIOKEHHON y BEPIIMHBI, KOTO-
PBIii HeCKONBKO GOIbIIe yria 3anemienus %o | Fo—F/cosa, HOpMaJIbHasl CUJIA.

Hcxo/s n3 U3710/KEHHOT 0 BBIIIIE, 32 PACUETHOE HAIIPSHKEHUE IPUHUMAIOT HANPSDKEHUS Ha
pacTsHyTOM cTOpoHE 3y0a:

O =0, e (o™ (1)

Jnst onacHoro ceuenus BC ycioBue NpoYHOCTH
Ftll F/

Or = W '& S[O']F,

)
rac OF — HaIIpAKCHUC n3ruba B OIIAaCHOM CEYCHHUU KOpHA 3y6a; W — oceBoli MOMEHT

CONIPOTHUBJICHUS, A=Db,s__ MJIOMIAh CEYCHHS HOXKKH 3y0a.
Beipasum | 1 S B qosix moyiist 3yobeB: |= km; s = cm, rae k u ¢ — k03 dunrenTsl, 3a-

BHCAIIIE OT (POPMEI 3y0a, T.e. oT yrina %o u uncna 3y6nes Z.
Torma u3rudOaronii MOMEHT B OIIACHOM CEUYEHUU

M. =Fl=Fkm;
OCEBOIf MOMEHT COINPOTUBIIEHUS MPSIMOYTOIBLHOTO CeYeHH 3y0a
2 2n2
_ b,s _ b,c'm
6 6 (3)
[ToacraBuMm B popmyiy (2) Bxoasimue B Hero napametrpsl My u W, BBeaem kosddurmen-

W

TBI pPaCYETHON HArpy3Ku Keg (Tabm. 6), Kev (Tabn. 7) u TeopeTrueckuil KO3HUIUEHT KOHIIEH-
Tpauuu HanpspkeHui Kr.

B pe3ynbrare nosyduM OKOHYATENIbHYIO (POPMYITy IPOBEPOUHOrO pacyeTa mpsMo3yooi
nepeaay Ha yCTaJloCTh IPU U3rude



— YF F'[KFﬂKFV < [O_]
bwm - F (4)

rre Y — k03 HUIMeHT yuuThIBaromui popmy 3y0a 1 KOHIICHTPALUIO HANpsHKEHUH
(tabm. 3).

O¢

Tabnuna 3. 3nauenne Kodh(HUIMEHTOB KFﬁ 5 KHﬁ
fa;wﬂ%mgge fe- ) Ill;fpiong Kes ripu Woa =D,/ Kip apu Yoa =0,/ 01
TEPHU OTHOCHUTEILH IIOBEPX-
oTIop HOCTEH 3yGb- 02|04|06|08(1,2|16(0,2(04|06(08(1,2|1,6
€B KoJieca
Konconbsnoe (onmopsr  |/[o 350 1,16|1,37|1,64 1,081,17|1,28
— mapukonoammi- |C.. 350 1,33(1,70 1,22|1,44
HUKH)
Koncoawsnoe (omopsr  |/{o 350 1,10(1,22|1,38(1,57 1,06(1,12|1,19|1,27| -
— pomukonommmwi-  |CB. 350 1,20(1,44|1,71 1,1111,25(1,45
HUKH )
CuMMeTpuIHOE Jlo 350 1,01(1,03(1,05(1,07(1,14{1,26{1,01{1,02(1,03|1,04|1,07|1,10
Cs. 350 1,02{1,04(1,08(1,14(1,30 1,01{1,02(1,04|1,07(1,16|1,26
Hecummerpruunoe o 350 1,05/1,10(1,17|1,25(1,42|1,61(1,03|1,05(1,07{1,12(1,19|1,28
Cs. 350 1,09(1,18(1,30(1,43(1,73 1,06(1,12(1,20(1,29(1,48| -
Ta6ymma 4. 3nauenue kodhPUImeHToB Key u Ky
T((j)z{r:)e;;; ;;?(ic;?; Key (@7 fp) IIPHU OKPYXKHOM CKOPOCTH, M/C
1 2 3 6 8 10
nepeaaun| HOCTH 3yOb-
€B KoJieca
o 350 1,08/1,03| 1,16/1,06 | 1,33/1,11 | 1,50/1,16 | 1,62/1,22 | 1,80/1,27
7 (1,04/1,02)((1,07/1,03)|(1,14/1,05)|(1,21/1,06)|(1,29/1,07) |(1,36/1,08)
Cs. 350 1,03/1,01 | 1,05/1,02 | 1,09/1,03 | 1,13/1,05 | 1,17/1,07 | 1,22/1,08
(1,03/1,00)((1,05/1,01){(1,09/1,02)|(1,14/1,03)|(1,19/1,03) |(1,24/1,04)
o 350 1,10/1,03 | 1,20/1,06 | 1,38/1,11 | 1,58/1,17 | 1,78/1,23 | 1,96/1,29
8 (1,04/1,01)((1,08/1,02)|(1,61/1,04)|(1,24/1,06)|(1,32/1,07) |(1,40/1,08)
Cs. 350 1,04/1,01 | 1,06/1,02 | 1,12/1,03 | 1,16/1,05 | 1,21/1,05 | 1,26/1,08
(1,03/1,01){(1,06/1,01){(1,10/1,02)|(1,16/1,03)|(1,22/1,04) |(1,26/1,05)
o 350 1,13/1,04 | 1,28/1,07 | 1,50/1,14 | 1,72/1,21 | 1,98/1,28 | 2,25/1,35
9 (1,05/1,01)((1,10/1,03){(1,20/1,05)|(1,30/1,07)|(1,40/1,09) |(1,50/1,12)
Cs. 350 1,04/1,01 | 1,07/1,02 | 1,14/1,04 | 1,21/1,06 | 1,27/1,08 | 1,34/1,09
(1,04/1,01){(2,07/1,01)|(1,13/1,02)|(1,20/1,03)|(1,26/1,04)|(1,32/1,05)

Ipumeuanue. B uncnurene — 3Ha4eHUS Ul IPSIMO3YObIX KOJIEC, B 3HAMEHATENE — JIJIS
KOCO3YyOBIX.

Ta6muma 5. Koadumment Ve -JIJ1s1 YBOJTBBEHTHOTO HAPY)KHOTO 3aICTUICHUSI IPU 8w =
20° (mpu x = O)
Ywucno Ye Yucino Ye Yucino Ye
3yObeB 3yObheB 3yObheB




17 4,26 28 3,81 65 3,62
20 4,07 30 3,79 80 3,60
22 3,98 35 3,75 100 3,60
24 3,92 40 3,70 150 3,60
26 3,88 45 3,66 300 3,60

50 3,65 Peiika 3,63

Ipumeuanue. Beibop ko3¢ dunmenta YE MoHO MIPOU3BOIUTH 10 TpaduKy.

Buviseoem ghopmyny nposepounozo pacuema npsamosyovlx nepeoay Ha ycmaiocms npu us-
eube uepes epawarowuii momenm 1>..

pouHoOro pacuera (4) mpuMeT BHU]I

dM% hopmyna mpose-

2T,
op =Yr — <2 —K K, <(0),,
Uz, My (5)
rae OF, [1F | MITa; m, mv; T2 — Bpamarommit Moment Ha koece, Hum; Z1 — wmeio

3y0beB mecTepur; ¥bd — k03 PULHEHT JIMHBI 3y6a (IIMPHHEI BEHIA) MO AeIUTEIbHOMY J1a-
metpy (tabm. 6).

Tabnuma 6. Pexomennyembie 3HadeHus K03 durmenrta Wpa =b,/d;
B 3aBUCUMOCTH OT TBEPJIOCTH pabOYMX IMOBEPXHOCTEH 3yOheB

Pacnonoxenue xo- HB, <350 an | HB, >350
J1ec u

OTHOCHUTEIILHO OTIOp HB, <350

CHMMeTpHYHOE 0,8-1,4 0,4-0,9
Hecummerpruunoe 0,6-1,2 0,3-0,6
KoHconbHOE 0,3-0,4 0,2-0,25

N3 popmyan (5) u (6) nonydaem Gpopmysibl IPOEKTUPOBOYHOTO pacueTa Ha U3TU0

R =Ta; (6)
6
S (1 Y
“ (7)
N
Uz yy [O_]F (8)

rae Km = 1,4 myist npsiMmo3yObIX KoJiec.

B ¢popmyny (8) moacTaBisioT MEHbIIEE U3 IBYX OTHOLICHUH [o]e /Ye , BBIYMCIICHHBIX
JUIs IIECTEPHU U KoJleca.

Buwibop donyckaemvix HanpsidiceHull uzeuba. Beile 0TMe4anock, 9To MPUIHMHOHN ITOJIOMKH
3yObeB, KaK MPAaBUIIO, SBJISETCS YCTAJIOCTh MaTepuana moja JeHCTBHEM MOBTOPHBIX IEPEMEHHBIX
u3rubarmux HanpsokeHui. [loaTomy 3HaUeHUS ToIyCcKaeMbIX HAMPSKEHUH JOJIKHBI ObITh
oTpefieNieHbl UCXO/IS U3 TIPe/ieNia BRIHOCTUBOCTH 3yOheB. JlomyckaeMoe HampshDKeHUe U3ruda
OTIPENIETISIOT 1Mo (hopmyIie



0
_ Ik limb R Kec KL

[o]e S, e

0

re CFlimb— Ga30BBIii IIpeieN BEIHOCITHBOCTH 3yObEB IIPH OTHYJICBOM LIMKJIE H3MECHEHHUS
HanpspkeHui (tadi. 7); Sf — kosdunment 6e3omacuoctu (Sg = 1,7 + 2,2; Sp> 2,2 — uist Ju-
TBIX 3arOTOBOK); YR — K03()(DUIIMEHT, y4UTHIBAIOIINI IEPOXOBATOCTh MOBEPXHOCTH 3y0a (YR=
1,05 + 1,2 — npu mosupoBaHuH, B OCTaIbHBIX ciaydasx YrR= 1); Krc — ko3 umueHT, yauToi-
BAIOIIMI BJIMSIHUE IBYCTOpOHHET0 npuiioxenus Harpy3ku (Kec= 1,0 — npu oiHOCTOpOHHEM
MIPUJIOKEHUHU HArpy3ku, uzruodaronieit 3yo; Krc= 0,65 — 111 HOpMaM30BaHHBIX CTaJICH,
Krc=0,75 — nns 3akaneHHbIx craneit ¢ TBepaoctbio ceimie HRCA5; Kre = 0,9 — ans azotupo-
BaHHBIX cTasiel); KrL — K03 (UIIMEHT JOJITOBEYHOCTH.

Tabmuma 7. [TpubnnxeHHbIe 3HAYCHUS TTPEIEIIOB BEHIHOCIUBOCTH MPH U3THOE 3yObeB

o g limb
Gg iimb. MIa Teepmocts 3yoreB HRC Cranp Cnoco6 TepMH-
’ IMoeepxuocTs| CepaleBrHa ICCKOH WM
XHUMHKO-
TEPMUYECKON
00paboTku
1,8HBcp HB 180-300 VYraeponucrasi| OTxuUr, HOpMa-
WM JIer THPO- | JTH3AIHS WU
BaHHAsI VIy4IICHUE
550-600 HRC 45-55 JlerupoBannas| OObeMHas 3a-
KaJIKa
750-850 48-58 30-45 [ToBepxHOCTHAs
3aKaJika
750-850 56-62 32-45 LemenTauus u
HUT-
polleMeHTaIus
300 + 1,2HRC (cepare- 50-60 24-40 A3zoTHpoBaHHe
BUHBI 3y0a)

B 3aBHCHUMOCTH OT TBEP/IOCTH aKTHUBHBIX IOBEPXHOCTEH 3yObeB K0ddpuyuenm doneo-
geynocmu YN OIpeaensieTcs Mo caeayoumm GopMynam:

KrL = UNeo /Ne npu HB< 350, (10)
Kee =3 Neo ! Ne ou 1B > 350, (1)

_ 6
riae Neo=4-10"__ qyeno IIMKJIOB COOTBETCTBYIOIIEE TOUKE MEepeoMa KpUBOH ycTaso-
ctu; NF — pacueTHas MUKJIMYecKas JOJATOBEUYHOCTh;

rac n(a)) — YaCTOTa BpallCHUA (yrHOBaﬂ CKOpOCTB) MECTCPpHU UJIN KOJICCa, 00/MUH

(pan/c); ¢ — YHCIIO KOJeC, HAXOSIINXCS B 3AIETVICHUHU C PACCUYUTHIBAEMBIM KOJIECOM; t
MPOJOHKUTELHOCTh PabOTHI 3y0UaToi epeaun 3a pacueTHBIN CPOK CITYKOBI, U,



rae Lr— cpok ciayx0bl iepenaun, rof; C — 4ucio cMeH; ¢ — MpoJI0KUTENBHOCTh
CMeHBI, 4; Kr — k03 HUIIHEHT TOA0BOT0 UCIOIB30BAHMUS MPUBOIA; K. — KOA(PGHUIIMEHT HCITOIb-
30BaHUs IPUBOJA B CMEHE.

®dopmymna (12) mpuemiema i onpeaeaeHrs pacuYeTHOW MUKIMYECKOU TOJITOBEYHOCTH
TOJIBKO MPU IMOCTOSTHHOM PEXHUME Harpy3KHu.

[Ipu BeIOOpE MaTepuaa AJis 3y0uaToii maphl C LEJbI0 COKpAIlleHUs HOMEHKIIATyphl, KaKk
MPaBUJIO, HA3HAYAKOT OJIMHAKOBBIE MaTepHrabl. PA3HOCTh 3HaYECHHI TBEPAOCTEN IS LIECTEPHU
U KoJieca JIOCTUTaeTcsl UX TepMHUUYecKoil 00paboTkoii. [lomyueHne HyKHBIX MEXaHUYECKUX Xa-
PaKTEPHUCTUK 3aBUCUT HE TOJIBKO OT TEMIIEPATypHOTO pekruMa 00paboTKH, HO U OT pa3MepoB 3a-
TOTOBKH.

Ilpu nepemennom pedxcume Hazpy3xku pacueTHasi IIUKINYECKas JOJITOBEYHOCTb OMPEaes-
eTcs 1o popmyre:

NF = 60nct2 KFE ’ (14)

rne Kre — KoapuuueHT npuBeeHus IEPeMEHHOT0 peXUMa Harpy3Ku K MOCTOSTHHOMY
OKBHUBAJICHTHOMY PCIKHUMY:
T )" (t,
2] (1)
max > (15)
rac Tmax, Ti — MAKCHUMAJIbHBIC U TPOMCIKYTOYHBIC 3HAYCHHUA MOMCHTOB; K03(1)C1)I/IHH6HT
MF = 6 — Npu HOPMAIHM3AKU U YIy4IIeHuH; MF=9 — npu 3aKanke; {i — MpoI0KUTEIBHOCTD

t

(B yacax) geiictBusi MOMeHTa Tj; 'L — CyMMapHas IPOAOJDKUTEILHOCTh paboThl 3y0UaToii mepe-

Jayu.

Pacuem yununopuueckoit npamo3yooit nepedauu Ha KOHMAKMHYIO RPOYHOCHLD

Pacuer npoyHOCTH KOHTaKTUPYIOLIMX [TOBEPXHOCTEN 3yObE€B OCHOBAH HA OrPAHUYEHUU
HauOOJIBIINX HOPMAJIBHBIX HANPSHKEHUH.

[Ipu BeIBOAE (hOpPMYIT IPUHSATHI CIENYIOIINE JOMYIIEHUS: 3y0bsl pacCMaTpUBAIOT KaK JBa
HaXOJALIMXCS B KOHTAKTe WINHAPA ¢ NapajielIbHbIMU 00pa3yroIUMU (pajinychl THX ILHIUH-
JpOB IPUHUMAIOT PaBHBIMU pajiniycaM KpUBHU3HBI ITpoduiieit 3yObeB B MOJIIOCE 3alleTICHuUs );
Harpy3Ky CUMTAIOT PaBHOMEPHO pacIpeesIeHHON Mo ATUHE 3y0a; KOHTaKTUPYIOLIHe Tpoduiin
MIPEANOJIAratoT HEpa3AeICHHbIMA MACIISTHOMN IIJIEHKOM.

Ha ocHOBaHUM 3THX AOMyIIEHUH K pacueTy 3y04aThIX KOJIEC MOKHO IPUMEHUTH pe3yJb-
TaThl I/ICCJ'IGI[OBaHI/Iﬁ Ha KOHTAaKTHYIO ITPOYHOCTb HUJIMHAPUICCKHUX POJIMKOB. Haunbonbiiue HOp-
MaJIbHble KOHTAKTHBIE HANpPSHKEHUS BO3HUKAIOT B TOUYKAX, JIEXKAIUX HA OYE€Hb MaJION TIyOuHe
Mo/ TIMHUEN KoHTakTa o popmyne ['epria—bensena:

qE'l'é
27[:01'6 (1_/'!)2 (16)

E .
rae 49— pacuernas ynensHas HopManbHas Harpyska; " — IIPHBEICHHBIH MOTYITh

YIIPYTOCTH MaTEepPHAIIOB 3yObEB; Pnp MIPUBEICHHBIN paJinyCc KpUBU3HBI Mpoduiieii 3yObeB Ie-
crepuu u koneca; 4 — koddpunuent Iyaccona. s npamMo3y0Osix Koiec 0e3 yuera koddpdu-
LIUEHTOB Harpy3Ku

q=F/ls (17)
e Fo=FR/cosa, HOpMaJIbHAsI CHJIa, ACHCTBYIOIIas Ha 3y0 (cM. puc. 35); R

IZ = b(u Kgga

OKpY’KHasl CHJIA; — CyMMapHas JJIMHA KOHTaKTHOW JTMHUU (AJ1 IPSIMO3YObIX mepe-



maq l;=b, IIMPUHA BEHIIA, TaK KaK Ky = 1’0; 371eCh K,=095__ KOd(DPUITUEHT, yIUTHI-

BAIOIIMI HEMOCTOAHCTBO CYMMApHOM IMHBI KOHTAKTHOM MuHuK); €a— xoadduuuentT nepe-

KPBITHSL.
Jl1g ydera HEpaBHOMEPHOCTH PaCIpeeIICHUs HaIPy3KHU 110 JUIMHE KOHTAaKTHBIX JIMHUH, a
TaKXKe Ui yyeTa JMHAMUYECKUX Harpy30K BCIEICTBHE MOTPEIIHOCTH N3TOTOBIICHUS U Aedop-

MAaIUH JIeTalIeH repeiadn BBOIAT KOAPDUIIUEHT HArpy3KH K =KisKny (cMm. Tabum. 6-7).

Orcrona
_ FtKHﬁKHV
q - F 7
b, K., cosa, (18)

[IpuBeneHHbII MOAYNb YIPYTOCTH E, =2EE (E +E,)

TOCTH MaT€prajIoB MICCTCPHU 1 KOJIECA.

, TOC ElI/I E, MOOYJIH YIPY-

3yObs paccMaTpUBAIOTCS KaK LUIMHIPHI JUTMHOM b, (mmpuHa 3y6uaToro Koseca) u pa-
nuycos Piu P2, rue
d, . . d, .
o= Esm a,, p,= ?sm a,.
[IpuBeneHHbIN pagryc KpUBU3HBI 3yObEB B MOJIIOCE
o= pp, dd;sing, dsing, u
" p+p, 2(d+d,) 2 uxl

3,[[60]: 3HAK «TUIOC» IJIA BHCIIHETO 3alCIVICHUSA, 3HAK «KMUHYC» — JIS1 BHYTPCHHETO 34a-
OCIIJICHU .

Ioxcrassist 3Havenns P u 9 dopmymy (17), mocne npeodpazoBaHMiA TOTYIUM
2 E:s 2F K, Ky (u+1)
sin2e, 27 (l— yz) bdKeu

oy =

(19)

O6o03HaunM B Gpopmyiie (19) BeiparkeHue V2sin2a,, qyepes Zy KO3 PULIMEHT, yuH-
THIBAIOIIHNM (OPMY CONPSKEHHBIX TOBEPXHOCTEN 3yObEB;

E
np :ZM

2
z(l-p) — K03 PULIMEHT, yUUTHIBAIOIINN MEXaHUYECKUE CBOICTBA

MaTepHUaloB CONPSKEHHBIX KOJIEC (ZM =275 MIIa? — nna cTansHEIX KOTEC);

e%a — K03()(PUIIMEHT, YIUTHIBAIOLIUN CYMMapHYIO JUINHY KOHTAaKTHBIX JIMHUU

K¢
JUIst &ra MPSIMO3YOBIX TIEpeiay.

[Tonmyunm pacueTHyr0 GOpMYITy, pEKOMEHIYEMYIO JJIs IPOBEPOYHOI0 pacuera:

F (uxl
GH:ZHZMZS\/ﬁ( )KHﬂKHV
a, u (20)
Tocne noxcranoskn 3nauenmii & = 212/ =28, (u£1), b, =yia3, bopmyy
(20) 1 HEKOTOPBIX TTPeoOPaA30BAHMI MOTYUYUM YIOOHYIO I pacdeTa GopMyty




3,2

0,5T, (u+1)
Oy =ZHZMZe WKH,BKHV S[O_]H
ba“w (21)

3navernme ¥ba onpenensior o hopmye Voa = 2Vha U+ (Wog _ cu. tacm. 9).
[Tocne HekoTOpBIX NTpeoOpazoBanmii Gopmytbl (21) momydaum GopMyiry IpoeKTHPOBOY-
HOTO pacyera JJIsl OIpeAeTICHUS MEKOCEBOTI'0 PACCTOSHUS MPSAMO3YyObIX 3y0O4aThIX Hepeaay:

a, = (u£1)30,5(2,2,Z,) Ky 3

305(2,2,2,) K

O603HaunM RV gepe3 BcioMoraTeabHbIH KO3 UITHEHT

Ka (1 IpsAMO3YOBIX TIEpeaad mpu Kiv = 1,25, Ka= 49,5 MIIa*?3).
Torna ¢popmyiia npoeKTHOTO pacueTa I ONPEIEICHUS MEKOCEBOTO PACCTOSHHS 3aKpbI-
TBHIX [IWJIHHIPUYCCKHX TIepenad

a, =K, (utl)s;

(22)
Jlonyckaemble KOHTaKTHbIe HanpspbkeHus (MIIa) npu pacuere pabounx MoBepxHOCTEN Ha
YCTaJIOCTHOE BBIKpAIIMBAaHHE PACCUUTHIBAIOTCA 1O (hopMyIie

[o]h = (OHiimb / Sk )ZRKHL,
rae CHlimb— mpenen BHIHOCIMBOCTU paboUuX MoBepXHOCTell 3yObeB (Tabm. 11), coot-
BETCTBYIOIIUN 0a30BOMY YHCITY IIUKIIOB MIEPEMEHBI HANPSXKEHU N N lim , MIla (6a3a ucneiranuit

Nio ompenenseTcs mo tadi. 12);

SH— K03 ureHT 6e30MacHOCTH (SH = 1,1 npu HOpMaNTU3aNH, YIYUIICHIH WIH
00BbEMHOM 3aKajKe; MPU MOBEPXHOCTHOM 3aKaJIKEe U [IEMEHTAIIUN Sh =1,2);

Zgp__ K03 (OUIMEHT, YIUTHIBAIOIINIT IIEPOXOBATOCTh CONMPSIKEHHBIX MTOBEPXHOCTEH
3y6B€B ( ZR =1+ 0,9);

K — KO3((HULIUEHT 10JITOBEYHOCTH, KOTOPBIA YUUTHIBAET BIUSHUE CPOKA CITYKOBI,
peXuMa Harpy3KH Iepeadyd U BO3MOXKHOCTb ITOBBIIIEHUS JOIYCKAEMBIX HANIPSKECHUN IS
KpPaTKOBPEMEHHO padOTaIONIMX Mepeiay.

Tabnuma 8. [Ipeaens KOHTAKTHON BBIHOCIUBOCTH O Hlimb

CHlimb Marepuan TBelzz[ocn, noBepx- | Tepmuueckas 00padboTka 3yObeB
MIla [ocTeil 3yOneB (cpea-
HSIST)
HB +70 | Crans yraepo- HB < 350 HopMmanuszanus, ynydiieHue
18 UCTas U JIETHPO- HRC 38-50 OOBemMHas 3aKamka
HRC+150 BaHHas HRC 40-50 IloBepxHOCTHas 3aKanka

17 HRC

+200

23HRC | Craib nerupo- HRC> 56 LlemeHTaIMs 1 HUTPOIIEMEHTA-

1050 BaHHas HV 550-750 s
A30THpOBaHHE




Taonuua 9. bazoBoe unciio HUKIOB Nio

TBepaocTs mo- Ho | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600

BEPXHOCTEH 200

3yoneB HB

No 10 | 17,0| 26,4| 38,3| 52,7 70 | 90 | 113| 140
, MJTH. IIHUK-

JIOB

IIpu MOCTOSIHHOM HAarpyske K =3/Nuo/ Ny . Ny =60ncty gy Ny =573ty
IUKJIMYIECKast I0JITOBEYHOCTD.

IIpu nepeMeHHOl Harpy3Ke pacueTHas IUKIMYecKas J10JIrOBEYHOCTh OIpeeNseTcs 1o
dbopmyre:

Npe =60nctsKye

rac Krue — K03(1)(1)I/II_II/ICHT MMPpUBCACHUSA IICPEMCHHOI'O PCKUMA HATPYKCHUS K ITOCTOSAH-
HOMY 5KBUBAJICHTHOMY

3
K=/ |k
Tmax tZ

B pacuernsie popmyns (21) 1 (22) BXOOUT MEHBIIIEE U3 IOITYCKAaeMbIX HAIpsKSHUH,
YCTAHOBJICHHBIX IS IIECTEPHH U KoJieca. Tak Kak Marepuai Kojeca MMeeT OObIYHO MEHBIIYIO

TBEPAOCTb, UEM MATCpUa ICCTCPHU, TO B OOJILIINHCTBE CJIy4dacB [O-]H JJIA KOJICCAa MCHBIIIC.

B T1a611. 10 naHsl 3HaYeHHUs Mpejena BhIHOCIUBoCTH © Hlimb (6a3a ucmbITanuil) 1ms pas-
JMYHBIX MaTEPUAaJIOB 3y0UaThIX KOJIEC.

Ilocneoosamenvnocms npoeKmMupo6oOUHO20 paciema YUIAUHOPUUECKOll RPAMO3Y00il
nepeoauu

HcxomapiMu JaHHBIMY 7151 pacyeTa nepenadi 00bIYHO SBISIOTCS MOIIHOCTD (MM Bpa-
IO MOMEHT), YIJIOBBIE CKOPOCTH (MJIM CKOPOCTH OJTHOTO BaJla M MIEPEJATOYHOE YHCIIO),
yCIIOBUS pabOTHI (XapaKTep Harpy3Ku) U CPOK CIYKOBI ITepeIayn.

Pacuem 3axpvimoti yununopuueckoii npsamo3yooti nepedayu.

1. OnpenenuTh nMepeaaTouHOe YUCIO U.

2. B 3aBHCHMOCTH OT yCJIOBHI pabOTHI MTepeIadr BHIOPATh MaTepHAITBI KOJIEC, HA3HAYHUTh
TEPMHUYECKYIO 00pabOTKY M 3HAYCHHUS TBEPIOCTH PabOUMX MOBEPXHOCTEH 3yObeB (Tabs. 10).

Ta6muma 10. [IpeanoyTuTenpHble MApKU CTANIEH JUIS U3TOTOBJICHHS 3y0UaThIX KOJIEC
Tepmmuueckas oopa- TBepaocTh d, MM
60TKa HB |JhoGoii| 315 | 200 | 125 | 80
(HRC) b, Mmm
JIroGast| 200 125 80 50
Hopmanu3zanus, ynyu- | 179-207 45 45 45 45 45
ICHHE 235-262 35X 40X 45 45
269-302 M 35XM 40X 45
[MoBepxHocTHas 3akan- | (45-50) — — 35XM 35XM 35XM
ka TBU (50-56) 50XM 50XM 50XM




LlemenTarust (56-63) — — | 20XH2M | 20XH2M | 20XH2M

HutpouemenTarnus (56-63) 25XT'T 25XT'T 25XT'T

A3OTHpOBaHHE (50-56) 40XH2M | 40XH2M | 40XH2M
A A A

3. Onpenenuts 6a3y ucnbiTanuii NHo, pac4eTHYIO HUKIMYECKYIO JOITOBEYHOCTh NH,
BBIYUCIUTH KOA(PPUIIMCHTHI U IOTYCKAaeMbIe HAIIPSDKEHHS U3ruoa.

4. BoIOpaTh K0d()(GUIMEHT AIUHBI 3y0a (IIMPHUHBI BEHIIA KOJECa) U pacCyuTaTh ¥ ba,

5. OnpenenuTh MEKOCEBOE PACCTOSIHUE U3 YCIOBUS KOHTAKTHOW MPOYHOCTH 110 (hopmyIie
(22) v OKPYTIHTH €ro 3HaUCHKE J0 CTAaHIAPTHOTO.

JJis cTaHAapTHBIX PEAYKTOPOB PACUETHOE 3HAYCHUE dy, OKPYTIISIOT 10 OJMKAMIIEro
6oubiirero 3unavenus: 40, 50, 63, 80, 100, 125, (140), 160, (180), 200, (225), 250, (280), 315,
(335), 400, (450), 500, (560), 630, (710), 800, (900), 1000 u 1. 1. 10 25 000 (B cKOOKaxX 3HAYE-

HUS 10 2-MY psy cTaHAapTa Jjs 0 )-

6. 3a,Z[aTB MOAYJIb N3 COOTHOUICHUA m= (0’01_ 0’Oz)aa’l/l OKPYTJIUTB €TI0 3HAYCHUEC 1O

Oymkaiirero ctanaapTHOro (cM. Tadi. 3). [Ipu 3TOM B CHIIOBBIX Tiepeiavyax )KeJIaTeIbHO, YTOOBI
MOyl ObLT HE MeHee 1,5—2 MM.

7. OnpenenuTh CyMMapHOE YHCII0 3y0beB %, Iepeaun, 4rcia 3yObeB MEeCTepHH H KO-
jeca.

8. Ilo Tab1n. 8 BeIOpaTh KO3 PuIHeHTH! PopMbl 3yObeB YFi U YF2 IUIsl IIECTEPHU U KOJIECa.

9. IIpoBepuTh NPOYHOCTH 3yObEB IO HAPSLKEHUAM u3ruoda. [Ipu Hey1oBIEeTBOPUTEIND-

HBIX pe3ynbrarax (OF S [o)F ym OF 2 [G]F) HE0OXO0MMO IIYTEM COOTBETCTBYIOLIETO U3MEHE-
HUS 4Kcia 3yObeB U MOJYJIS; IPH TOM K€ MEKOCEBOM PACCTOSIHUU JOOUTHCS YMEHbIICHUS
HaNpsHKCHUH U3rnda, He HapyIas 1p; 3TOM YCIOBHUS KOHTAKTHON MPOYHOCTH.

10. [IpousBecT reOMETPUUECKUM pacueT MepeIayu.

11. Onpenenuth OKPYKHYIO CKOPOCTh KoJjieca V 1 1o Tadu. 11 Ha3HAaYuTh COOTBETCTBY-
IOLIYIO CTENIeHb TOUHOCTH 3alleTJICHHS.

Tabnuua 11. 3HaueHns OKpyKHOM CKOPOCTHU KOJIEC

Bun nepenaun dopma TBepnocts 1o- Oxpy»xHasi CKOpOCTb V
3yObeB BEPXHOCTEM (Mm/c, He 6onee) mpu cre-
3yObeB KoJjieca TI€HU TOYHOCTHU
(OoupIIIETO) 6 7 8 9
HB

[Mununanpuueckas| IIpsmele Mo 350 18 12 6 4

Cg. 350 15 10 5 3

He npsamsle Mo 350 36 25 12 8

Cg. 350 30 20 9 6

Konunyeckas [Ipsmbie o 350 10 7 4 3
Ca. 350 9 6 3 2,5

Ipumeuanue. Bo nzbexxanue moyryueHus: Ype3MepHO BHICOKMX 3HaYeHUH kKoddduimen-
TOB Harpy3Ku peKOMEHAYETCs CTETIEHb TOYHOCTH Ha3HAauaTh HA €UHUILY BBIILIE, YEM yKa3aHO B
TabuLe.

Pacuem OMKpblmMblX nepedaq. I/IHOl"}Ia OTKPBITBIC IIEPCAAYN PACCUUTBIBAIOT TAK XK€, KaK
3aKPbITHIC. PCKOMCHI[yCTCH cireayromas nmocjaeaoBaTCJIbHOCTb pacucTa.



1. OnpenenuTh NepesaTouHoe YUCIIO U.

2. B 3aBucuMOCTH OT yCcI0BU pabOThI epeiayl BEIOpaTh MaTEpHAIbl KOJIeC, HA3HAYUTh
UX TEPMUYECKYIO 00pabOTKy U 3HaUCHHs TBEPIOCTU PabOYHX MOBEPXHOCTEH 3yObeB.

3. OnpenenuTs pacyeTHYO JOJATOBEUHOCTh, BBIYUCIUTE KO3 PULIMEHTHI pexuma paboThl
U ONIPEJCNTUTh JOMyCKaeMble HAapsHKeHUs U3ruoa.

Zl 217 " 110 ICPCAATOYHOMY YUCITY OIT': ACIIUTh YUC-

4. 3amaTh 4ncio 3yObeB MIECTEPHU
710 3yObEB KoJIeca Z2.

5. Onpenenuts no Taba. 8 koapunmrents! popmsl 3yda Yr.

6. Bei6paTh ko3 duImenT AIuHb 3y0a (IIMpHHEI BeHIa Koneca ¥bd ).

7. U3 ycrnoBusi IPOYHOCTH HA U3TUO ONPENEIUTh MOIYJIb MIEpelaul 71 U OKPYIJIUTh €ro
10 OyKaiiero OOJBIIEro CTaHJAPTHOTO 3HAYCHUS (CM. Tal. 3)

8. [Ipon3BecT reOMETPUUYECKHI pacyeT nepenadu (cMm. Tadm. 5).

9. OnpenenuTh OKPYKHYIO CKOPOCTb KoJieC U 1o Tabi. 11 cooTBETCTBYIOIIYIO €€ CTe-
MeHb TOYHOCTH 3alCIUICHUS.

Konuueckue 3y6uamb1e nepeoalm. chpoﬁcmao U OCHOGBGHblE ceomempuvdecKue u cuio-
68blé COOMHOUIEeHUA

3y6uamyi0 nepedaqy C nepecekarnyumucs ocimu, y KOI’I’lOpOZZ HauanbHble U OelumesibHble
noeepxHocmu KojlieCc KOHuvecKue, Hasolearom KOHUYECKO.

Konunueckas rnepeada COCTOUT U3 IBYX KOHHUYCCKUX SY6‘{aTBIX KOJIEC (pI/IC 7) U CIIYXKUT AJIsL
Nnepeaadyun Bpalaromero MOMCHTa MEKAy BajlaMHU C IIEPCCCKAIOIMIMMHUCA OCAMHU 110/ YI'JIOM

01+, =% Haubonee pacnpocTpaHeHa B MAlIMHOCTPOECHUH KOHUYECKas Mepeaaya ¢ yriom

0
mexay ocamu Z=90° (puc. 7), Ho MoryT 6biTh Iepenaun 1 ¢ == 90" Koneca konuueckux e-
peaad. BBIMOJHSIOT ¢ IpSIMbIMH (puc. 8, a), kocbiMH (puC. 8, 6), KPYTOBBIMU 3yObsAMH (pHC.

8, 8).

Puc. 8. Konnueckue 3y0uaTbie KoJieca: a — K0JiecO ¢ MPSIMBIMU 3y0bsIMH;
0 — K0J1eCO ¢ KOCBIMH 3y0bSIMH; 6 — K0J1€CO C KPYTOBbIMH 3y0ObSIMH
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Puc. 10. T'unmonanasisi nepexaya

Ilepenauy ¢ KOHHYECKMMHU KOJIECAMHU IS TIEpeiady BPAIIAIOLIEro MOMEHTA MEX/ly BaJlaMU
CO CKPEIIMBAIOLIUMHUCS OCSMU Ha3bIBatoT runongHoi (puc. 10). Dta mepegada HaXOqUT IPUMEHE-
HUE B aBTOMOOWIISIX.

[To cToumMocT KOHMYECKHE MTepeadt 10POKe HUIMHIPUUECKUX ITPU PABHBIX CUIOBBIX
napameTpax. VX mpuMeHeHne TUKTYeTCsl TOJIbKO HE0OXO0AMMOCThIO IIepe/laBaTh MOMEHT IPH T1e-

peceKaromuxcs ocax Banos. Ilepenaroynoe 4ucao oaHoit mapsr Y <63,

Bepuwiunvl nauanvbuvix u oenumenvhvlx KOHYCO8 KOHUYECKOU nepeoayu Haxo0samcs 8 mouke ne-
peceuenus oceti sanog O (puc. 50). BeicoTa u TonmuHa 3y0ObeB YMEHBIIIAIOTCS 110 HAITPaBJIECHUIO K
BEpIIMHAM KOHYCOB. ['eoMeTprueckue napameTpsl KOHUUECKON Mepeiadun:

AOB — nenutenbHbIN KOHYC LIECTEPHHU;

BOC — penurtenpHbI KOHYC KOJIECa;

AO1B — nenutenbHBIA 10MOTHUTEIbHBIN KOHYC HIECTEPHU;

BO>C — pennrenpHbIN TONOJHUTEIBHBIN KOHYC KOJIECa;

51— YroJj ACJIUTCIbHOIO KOHYyCa HNICCTCPHU,

- yroJl AEIUTENBHOIO KOHYCa KOJIECa;

de[ — BHEIIHUH IENUTENBHBIN THAMET] IIECTePHH;

de2 — TO XKe, Koaeca;

di — cpenHuit JeTUTENbHBIN THaMeTp MIECTEPHU;

d2 — 10 ke, KoJTeca;

b — mmpuna 3yduaToro BeHia (quHa 3y0a);

Re — BHemIHee fAenUTeIbHOE KOHYCHOE pacCTOsIHUE (MJIM JUIMHA JUCTAHIUN).



Puc. 11. Konnueckasi npsimo3yoasi mepejaayda

HepeﬂaTquoe YUCTIO KOHUYECKOU nepedaqu onpe()eﬂ}zemm mak.

u :ﬁ:izhzé:i:tgé}
@, n, dy, z, tgo

B xonuueckoii nepedaue mooicem dblmsb OecuucieHHOe MHOMCECNE0 OeIUMebHbIX OKPYIHC-
Hocmet. JJist pacueTa B MAIMHOCTPOCHUH MTPUHUMAIOT BHEUTHIOIO M CPEAHION0 JICIUTEIbHBIC
OKpYXHOCTH (cM. puc. 47).

N3 ycnoBusi, 4TO B KOHUYECKOU TMepeaue MOAYIb U JICTUTEIbHBIN CBSI3aHbI TEMH K€ CO-
OTHOIIEHUSMHM, YTO M B IHIHHIPHIECKUX Tepenadax, 1.e. d=mz (puc.51), onpeaensroT BHEII-
HUll de U cpenHuil dm JENUTENBHBIC METPBI:

d,=mz; d,=m,z,

/1€ M. — BHEIIHUI OKPYKHOU MOAYJIb; My — CPEAHUN OKPYKHOU MOJYJIb.

Puc. 12. 3y06 konnyeckoro kojaeca

Brenrnuii okpy)HON MOYJIb OOBIYHO BRIOUPAIOT U3 CTaHAAPTHOTO psna (cMm. Tadm. 3).
Oxpyanenue gHeuHe20 MOOYisi 00 CMAHOAPMHO20 3HAYEHUS He A8NAemcsl 00a3amenbHbIM mpebo-
6aHuem. ITOT MOAYIIb Ha3bIBAIOT MMPOU3BOJICTBEHHBIM H I10 €T0 3HAYCHHIO ONPEIEISIOT BCE I'e0-
METPUYECKHE MapaMeTphl 3y0UaThIX KoJiec (3aa0T pa3Mephl 3yObeB Ha BHEIIIHEM TOpIIe, Ha KOTO-

POM y100HO MPOU3BOAUTH U3MEPEHUS).
CpenHuii OKpY>KHOM MOIYJb /M PACCUYUTHIBAIOT B 3aBUCUMOCTH OT BHEIIHET0 OKPY>KHOTO

MOTyIIs M. [10 cpeiHeEMy OKPY)KHOMY MOJIYITEO TIPOU3BOISAT pacueT mepeadd Ha MPOYHOCTh MPH
u3ruoe.
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Pnc.' 13

3asucumocmsb medxHcoy me u My 8 KOHUUECKOU nepeoaue.

r—r+AB ABzgsin5 re:r+Esin5
U3 puc. 3.51 e — + , e 2 (u3 AABC ). Orcrona 2 .

YMHOKHB JIEBYIO U MPaBYIO YACTH PABEHCTBA Ha JBa, MOJIYYUM de =d +Dbsing, Paznenus

JIEBYIO M MPaBYIO YaCTU PABEHCTBA HAa Z , MOJIYYUM

d, d : b .
—=—+-=sIng m, =m,, +—sind
Z 7 1z WITH z
T'eomempuueckue coomuoweHus pasmepos npamo3y00i KOHUYecKol nepeoadu ¢ 360.J1b-

senmubim npogunem 3y6a. CoriiacHO pUC. BHEITHUHN TUaMETpP BEPIIHH 3yObeB
d, =d. +2AB =m,z+2m,coso = m,(z + 2c0s 5);
BHEUIHUI TuaMeTp BIIaJuH 3yOheB
dy =d, —2AC =m,z —2,4m, cos S = m,(Z — 2,4C0S S).

Jlnuna 3y0a (IMprHA BEHIIA) b=ypady [Vbd = 0,3+0,6 npu yenosuu ¥bre = b/R, <03,

b <10m, d,

e, rJie “1— CPeHUI ACIUTEIbHBIN JUaMETP IIECTEPHHU].

hge=m,

d(l?

e
Puc.14. I'eomeTpusi npsAMo3y00ii KOHUYECKO# Nepegaun
OpueHTHPOBOYHO JUTHHA 3y0a MOKET ObITh BEIOpaHa TaK)Ke B 3aBUCUMOCTH OT BHEIIIHETO

ACIIUTCIIBHOIO KOHYCHOI'O paCCTOSAHUSA Re:
R, /4<b<R./3

Tabmuua 12. 'eomerprueckue mapaMeTpsl MPsiIMO3y00il KOHMYECKOW Tepeaadn

[Tapametp, 0603HaUCHHE PacuetHbie popMyJbl
BHerniHui okpyx)HOH MO- d, . 2R, sino
m me =— g =——
Iylb € Z z

Cpennuii ok HOM MOJIYITh b .
P mpy)K Y m=m,——sino
Z




Bremnuii nuameTp BepuIMH d,. =m.(z+2cos o)
3yObeB Oac
BHemHuit 1eauTeabpHbIN d, =m,z
JIaMETp de
Buemnuii nuameTp BIaiuH dg =M, (z2—2,4c086)
3yObeB de
BricoTa 3y6a he he =2,2m,
BricoTa rojoBku 3yba Nee Noe =M
BeicoTa HOKKH 3y0a e he =1.2m,
OxkpysxHoii mar Pie Pie = 72M,
OKpy»KHasi ToNmMHa 3y0a St . = M,
2
Okpy>KHast IIUPUHA BITHHBI L
€ )
PamanbHblii 3a30p Ce ¢, =0,25m,
IIupuna 3y6uaroro Bexma P b=y,d;
Buelnee aeauTenbHOE KO- m, z
HYCHOE PAacCTOSTHHE R, ° 2sing
0
YToI IeTUTEIHHOTO KOHYCa 5, =90° -3,
HIECTEPHU Sy
xoneca 92 9J, =u
YEPBAYHBIE IIEPEJAYHA

Jla4y CTaHIapTU3UPOBaHbI (Tabu. 1).

TI'eomempuueckoe coomnouienue pazmepos 4epeauHoll HEKOPPULUPOBGAHHOIL hepedadu ¢
apxumeo06vimM 4epeaKkom
B uepessaunoii nepedaue 6 kauecmse pacuemno2o MoOyisi RPUHUMAIOM 0CEBOU MOOYlb Yep6si-

Ka M, pagHbvlil OKPYICHOMY MOOYIIO YepeAuH020 Koieca My . 3HaueHUs] MOAYJIS /1 YEPBSIUHBIX Iepe-

Tabnuua 1. 3naueHust Moayis m v KodppUIMeHTa TMaMeTpa 4epBsika g

m, mm|1-i1 psin|2,0] 2,5 13,15/ 4,0 (5,0 | 6,3 |8,0{10,0{12,5{16,0
2-ipsn|3,0035(60]|75] 12
q |1-i psn|8,0/10,0{12,5|16,0/20,0{25,0
2-ii psan|7,1( 9,0 |11,2{14,0{18,0(22,4

B mumHapudecknx 4epBAYHBIX Mepeadax ¢ apXUMETOBBIMU YEPBSIKAMHU IIar YepBsika p U
miar 3yObeB YepBSYHOTO KoJieca paBHBI MEX Ty co00it (puc. 1):

(1)
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Puc. 1. I'eomeTpnueckne napaMeTpbl YepBIYHOM Nepexaun

Veon y (puc. 2), 06pazosannwlii GUHMOBOU AUHUECH NO OCTUMELLHOMY YUIUHOPY YEPBIKA C
NIOCKOCMbIO, NEPREHOUKVIAPHOU K €20 0CU, HA3bI8AIOM Y2l0M NOObEMA BUMKA YePEIKa Ha Oelu-

mejlbHOM L;uﬂum)pe:

S Y4 Z
m;  zgm g )
581041
Zy
y =arctg —,
R )

rae 41— uncno BuTKOB 4epBsKa; S=py__ X0/l BUHTOBOM JINHUU YEpBsKa.
B 4epBsuHBIX nIepegadax BBOIAT (| — K0appuyuenm ouamempa uepeaxa (OmHoueHue oe-
JUmMenbHo20 ouamempa yepesika A1 Kk e2o pacuemnomy mMooyo m).

[IpuHuMaroT
gq= ﬁ =71+25.
m (4)

N7 \/ \v
7
7 \/
I\ 7
¥ ’
=S =pz,

Puc.2. Cxema o06pa3oBaHusi BUHTOBOI JIMHUHU YepPBsIKa

JUist cokpaltlieHus 9ruciia pasmepoB (pes, TpeOyeMbIxX Al Hape3aHUs 4ep BAYHBIX KOJec,
PEKOMEHAYETCS MPUAEPKUBATHCS 3HAYEHUN (|, TPETYCMOTPEHHBIX CTAaHIAPTOM Ha YEepBSYHBIE

nepenayu (cM. Tabi. 1).
HexoTopeie 3HaueHus yria noabeMa BUTKa dyepBska: 3°34'35"; 4°05'08";4°45'49";

5°42'38"; 6°2025"; 7°0730"; 11°18'36"; 12°31'44"; 14°02'10"; 14°55'53"; 15°56'43"; 18°25'06";
21°48'05"; 23°57'45"; 26°33'54"; 28°04°21".



Teomempuueckue napamempul uepesKa u 4epesauHo2o koneca (CM. puc.5) Hexoppueuposantotl
UepBAYHOIL nepeoayu.

h=22m.

Bricora BuTKa , BBICOTa 3y6a YECPBAYHOI'O KOJIeCa

hal:m

! , BBICOTA I'OJIOBKHU

, BBICOTA HOXXKH

c=02m_

h., =m
BHHTA , BbICOTAa I'OJIOBKH 3y6a a2 , BBICOTA HOXXKH BHUTKa

h = 1, 2m = vy
3yba Kojeca |2 ; pacueTHas TOJIIMHA BUTKA p=0,57m ; paauaIbHBIN 3a30P

HCJ'II/ITCJ'IBHBIG AUaMCTPbI:

YCpBAKa

YEPBAYHOIO Kojeca d, =mz,

JlnaMeTpsl BEpILIUH:

BUTKOB YCpPBAKa

3yObEB YEPBIYHOTO KOjeca
JlnameTpsl BIIAJIUH:

df1=d1_2hf1;
dfz =d2_2hf2_

MesoCeBoe paccTosHue &~ (dy +d3)/2=05(q +2;)m
VYcnoBHBIM yron o0xBara 4epBsika BEHIIOM 25 (CM. puc. 5) omnpeensieTcs ToOuKaMu nepece-

d,; —0,5m

YyepBsKa

4epBsAYHOr0 Kojeca

YEHUS AYTH OKPYKHOCTH TUAaMETPOM
sino =b/(d, —0,5m).

KOHCTp}/KTI/IBHLIe QJICMCHTBI I€peaavun: JJINHY Hap€3HOI71 YaCTH 4YCPBAKa bl' IIMPUHY BCHIA

C KOHTYpOM BEHIIA;

. d
Kosteca b, u HapyxHbII 1uamerp Koseca @M 2 onpeensoT B 3aBUCUMOCTH OT YUCJIa BUTKOB YepPBsi-

Ka Z;, MOZYJsl m W YUCJIa 3y6},eB Koieca Z,10 COOTHOLICHUAM, IPUBCIACHHBIM B Tabun. 4.

Tabnuma 2. opMynsl 715 pacdyeTa KOHCTPYKTHBHBIX DJIEMEHTOB YEPBSIYHON TIepeIadun

Uucno 3axo- | JuuHa Hape3anHou | Illupuna BeH- | HapyxHbiil nua-
OB 4acTU YepBsKa b, fa MeTp
YyepBsKa 2 Koseca b, KoJseca Gam
1 b, > (11+0,06z,)m | b, <0,75d,, | da, <d,, +2m
2 dav, <d,, +1,5m
4 b, > (12,5+0,09z,)m b, <0,67d, | dyy,=d,, +m

PemenHble nepenayu

IInockopemennas nepenaya. Koncrpykuusi 1 o0CHOBHbIE reOMeTpHYeCKHE COOTHOILIe-
HUA

Pemennyio nepedauy ¢ napannenbnvimu, nepecekanuuMucs Uil CKpeuusarowuMucs ocamu
¢ NIOCKUM NpUBOOHLIM peMHeM Hazvléalom niockopemennou. Ha puc. 1 (cM. MeToaudeckue ykasa-
HUS JJI IPaKTHYECKUX padoT) MoKa3aHbl BAPUAHTHI TNIOCKOPEMEHHOM nepenayn. JTa rnepenadya
IpoCTa MO KOHCTPYKLIMHU, MOKET paboTaTh MpU BECbMa BHICOKUX cKopocTax (10 100 m/c) u 60ib-



IIMX MEXOCEBBIX paccTostHUAX (10 15 m). BenencTBre 60mbIIoi 21aCTUMHOCTH PEMHS OHA 00J1aia-
€T CPAaBHUTEJIBHO BBICOKOH JI0JITOBEYHOCTHIO. J[J1s1 ITIOCKOpEMEHHBIX Mepeaay peKOMEHAYeTCs pu-
HUMATh U < 6 (C HATSHKHBIM POoJUKOM — 110 10). [0 mosiBiIeHUs! KITMHOPEMEHHOMU Mepeaadn mIoCcKo-
pEeMeHHas UMeJia IPEUMYIIECTBEHHOE PaclpoCTpaHeHHeE.

Ha npakTuke BCTpedaroTcsi caMble pa3Iu4Hble KOHCTPYKIMHU II€peiay, ¢ IIIOCKUM PEMHEM.
Paccmotpum Hanbosiee TUITMYHBIE:

- omkpwuimas (cM. puc. 1, a) — camas mpocTasi, HaJeKHas U ynoOHas B paboTe repenaya; ee
MPUMEHSIIOT NP MapaieIbHbIX OCAX;

- nepexpecmuasi (cM. puc.l, 6) — HCIoab3yeTcs TP HEOOXOIUMOCTH BpAIIICHHS ITKUBOB B
MPOTUBOMNOJIOKHBIX HAMpPaBICHUIX U NapalieIbHbIX 0csiX. MIMeeT MOBBIIIIEHHOE N3HAIIMBAHHE
KPOMKH peMHs. JTa nepefada He HaXOAUT IHUPOKOro IPUMEHEHHUS;

- nonynepexkpecmuas (cM. puc.l, ) — nepenaya s IepeKpeIIMBAIOIINXCS OCEH;

- yenogas (puc.l, 2¢) — peKOMEHIyeTCsl MPU MEePECEKAIOIINXCS 0CAX (PEUMYIIECTBEHHO 0]1
yriiom 90°).

Mamepuanvi niockopemennvix nepeday. O01Me TpeOOBAHUS K MaTepragaM MPUBOJIHBIX
pPEMHE: U3HOCOCTOMKOCTh M MMPOYHOCTD MPH LUKINYECKUX HArpy3Kax; BEICOKHM KO3 UiireHT
TPEHMSI CO IIKMBAMH; MaJIbIii MOAYJb YIPYTOCTH U U3TUOHYIO KECTKOCTb.

OTUM YCIOBHSIM YAOBIETBOPSIOT BHICOKOKAUECTBEHHAS KOXKAa U CUHTETUYECKUE MaTePUAIIbI
(pe3uHa), apmupoBaHHble 0enTUHroBbIM TKaHEBBIM (I'OCT 6982-54), noaumepHbIM (KanpoH, moJiu-
amuz C-6, kayuyk CKH-40, narekc) nin MetamindeckuM KopaoMm. [IpuMeHsroTces mpope3nHeHHbIE
tkaHeBble peMHU ('OCT 101-54), cionctble Hape3HbIE PEMHU C PE3UHOBBIMU MTPOCIOWKAMHU, MO-
CJIOHO U CIIUPATLHO 3aBEPHYTHIE pEMHU. B CHIPBIX MOMEIICHUSIX M arPeCCUBHBIX Cpeliax MpHuMe-
HSIOT PEMHU C PE3UHOBBIMH MPOKIAIKAMH.

[IxuBbI M3roToBIAOT U3 uyryHa mapku CU10, CH15, CY25 u ap. IlIkuB cBapHBIX KOH-
CTPYKUUH U3roToBJSIIOT U3 cTanu Mapok Ctl, Ct2 u ap. /[ IkMBOB 00J€rYeHHBIX KOHCTPYKIUN
UCIOJIB3YIOT AIFOMUHHUEBBIE CIIIABbI, TEKCTOJIUTHI.

Jlj1 yMeHbIlIEHUs] TPOCKAIb3bIBAHUS PEMHS U1 U3TOTOBJIEHUS IIKMBOB PEMEHHOM Niepeaun
JKeNaTeJIbHO BBIOpaTh TEKCTONMUT. [0 cpaBHEHUIO ¢ epeYHCIeHHBIMUA MaTepHalaMH B 3TOM Cllyyae
nepenava OyaeT UMeTh OOJIBIIYIO HAJEKHOCTh paObOThl €3 MPOOYKCOBKH.

Koncmpyxkyuu pemnetl 01 niockopemenusix nepeday. B MallimHOCTPOCHUN TPUMEHSETCS B
OCHOBHOM Y€ThIpE BU/IA MJIOCKUX MPUBOJHBIX peMHel. Pazmepbl 1 XxapaKTepUCTHUKN KOKAaHbIX, IPO-
PE3MHEHHBIX U XJIOMYaTOOYMa)KHBIX pEMHEN CTaHAapTH30BaHkI (Talm. 1).

Koowcanvie pemnu U3roTOBISIOT U3 KOYKH )KUBOTHBIX (KOXY MO/IBEPratOT CIIEUAaIbHOMY
nyOsieHut0). OTH peMHH 00J1aJat0T BEICOKOH TATOBOM CITOCOOHOCTBIO, STACTUYHOCTBIO U U3HOCO-
CTOWKOCTBIO, JIONYCKAIOT MEHbIINE AUaMETPhl IKUBOB. OHAKO M3-3a JEPUIUTHOCTH U BHICOKOU
CTOMMOCTH B HaCTOsIIEE BpeMsl UX IPUMEHSIOT PENIKO, TOJIBKO JUIsl 0COO0 OTBETCTBEHHBIX KOH-
cTpykuuii. OCHOBa npope3urnenHo2o pemus — MPOYHas KOpA0Basi IPOBYJIKaHU30BaHHASI TEXHUYE-
cKas XJomyaroOyMa)xcHas TKaHb B 2-9 ClI0eB CBA3aHHBIX MEXAY CO00H BYIKaHU3MPOBAHHOM pe3u-
HOM. TkaHb, UMeroIIast OOJBIINI MOAYIb YIPYTOCTH, YEM PE3UHA, IEPEJAET OCHOBHYIO 4acTb
Harpy3ku. Pe3nna nossiaer ko3hGUiueHT TpeHus, odecreuynBaeT paboTy peMHs Kak €HHOTO lie-
JIOTO Y 3alUIIAET TKaHb OT MOBPEXACHUN U UCTUPAHUS BO BpeMs paboThl nepeaauu. Benencreue
POYHOCTH, 3JTACTUYHOCTH, MAJIOH YyBCTBUTEIBHOCTH K BJare U KoJIeOaHUSIM TeMIIepaTyphl pope-
3MHEHHbIE PEMHH IIMPOKO PacIpoCTpaHEeHbl. B 3aBUCcHMOCTH OT BapuaHTa yKJIaJKU TKAHEBOM OCHO-
BBI TIEpe]l BYJIKAHU3AIMEH pEMHU JIeNAT Ha Tpu THna (puc.l): 4 — Hape3Hble (TKaHb Hape3aeTcs 10
HIMPUHE PEMHS ), IPUMEHSIOTCS HanboJjiee yacTo, CKOpocTh peMHs 10 30 M/c; b — mocioitHo-
3aBEPHYTHIE, UCIIOJB3YIOTCS JUIS TSXKEINBIX YCIOBUMA paboThI pH cKopocTsax 1o 20 m/c; B — cru-
paJIbHO-3aBEPHYTHIE, IPUMEHSIOTCS IIPU MaJbIX Harpy3kax U ckopocTsax 1o 15 m/c, obecneunBa-
€T MOBBIILIEHHYIO H3HOCOCTOMKOCTh KpoMok. Hanbosee rubkue pemMuu THna 4, OHU MOTYUHIIN
MPEUMYIIECTBEHHOE PaclpOCTPaHEHHUE.



Texcmunvhvie pemuu (XJIOMIaTOOYMaKHBIE U IIEPCTSAHBIC) TPUTOIHBI IS pa0OTHI B aTMO-
chepe 3anpUICHHOM, HACHIIIICHHOW IMapaMu Ieno4ei, OeH3uHa, P PE3KUX KOJICOaHUIX HArpy3KH,
HO TSITOBasi CIIOCOOHOCTb UX CPABHUTEIHHO HU3KAS.

Iupokoe pacrpocTpaHeHHE MOYYal0T MJICHOYHbIE PEMHU U3 KallPOHOBOM TKaHU UITN
capKu ¢ PPUKIIMOHHBIM MTOKPBITHEM (TIJICHKOH). BhICOKast craTudeckasi U yCTaloCTHAsI TPOYHOCTh
CUHTETHYECKUX MATEPUAIIOB Jajia BO3MOXKHOCTh CHU3HUTH TOMIIHHY peMHs ( 0 = 0,4+1,2 mm), ero
Maccy U JAeWCTBUE HEHTPOOEKHBIX CHII. DTO TO3BOJIMIIO MOBBICHTH CKOPOCTh peMHS OT 25+30 (st
0OBIYHBIX peMHel) 10 75+150 M/c 1 OTHOBPEMEHHO 00€CIIeUnTh OOJIBIIYIO TIJIABHOCTH PAOOTHI, UTO
0COOEHHO BaXHO JJI1 COBPEMEHHOI'0 MAIIMHOCTPOEHHUS.

Tin A TkaHe

Pesuna

TkaHb

Puc.1l. KoHcTpyKnMu n10ocKuX peMHem

Koncempyrkyuu wixusos. lkus (puc.2, a) cocrout u3 obona 1, cnun (unu aucka) 2 u cTy-
nunbl 3. [ImockopeMeHHbIe IKUBBI HMEIOT TJIAJIKYI0 pab0o4dyro MOBEPXHOCTh 00042 U IO CTaH-
JIapTy BBIMOJHAIOTCS TPEX MCIONHEHUM (puc.2, 0).

JUis mpeaynpexaeHusl CaJaHus INIOCKOTO PEMHS CO IIKUBOB OJUH U3 HUX (4aie 00Jb-
IIHi1) BBITIOJIHSIOT C BBIMTYKJIBIM 000/I0M, OTUCAHHBIM 10 yre, WIH [HIHHAPUICCKUMH C IBYCTO-
POHHE# KOHYCHOCTBIO (pHc.2, 6). CTpeny BITYKJIOCTH 000/1a IKKBa h mpUHUMAIOT B 3aBHCHMO-
CTH OT AuamMetpa mkuBa D u mupunbl pemus b. Benyruii mKuB NpUMEHSIIOT BTOPOT'O HCIIOJ-
HEeHUsI, BeJOMbII — 1iepBoro u Broporo. [llepoxoBarocts R, <10MmMKwMm.

HIkuBBI 0OBIYHO M3rOTABIMBAIOT YYTYHHBIMU JIUTHIMHU, CTATbHBIMH, CBAPHBIMU HJIU COOp-
HBIMHU, JIUTHIMU U3 JIETKUX CILJIaBOB U IJIacTMacc. J[MaMeTpsl IIKUBOB ONPENENSIOT U3 pacuéra pe-
MEHHOM nepeiauu, a MOTOM OKPYTJISIOT 10 Onmkaiiiiero 3HadeHus u3 psaga R40 (TOCT 17383-
73*). UyryHHbIE IIKUBBI IPUMEHSIOT NPpU cKopocTsx A0 30+45 M/c. IIkuBbI MalbIX AUaMETPOB J10
350 MM MMEIOT CIIJIOUIHBIE JUCKH, IIKUBBI OOJIBLINX AUAMETPOB — CTYMHUILIBI AJTUIITHYECKOTO Tepe-
MeHHOro cedeHusl. CTalbHble CBapHbIE MIKUBBI MPUMEHSIOT Ipu ckopocTsax 60+80 m/c. LIIkuBel u3
JETKUX CIUTABOB MEPCIEKTUBHBI JUIs OBICTPOXOIHBIX nepenad g0 100 m/c.

UcnonHenne 1 UcnonHexnue 2 Vicnondexue 3
B
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Puc.2. KoHcTpyKIMH HIKHBOB II0CKOPEMEHHBIX Nepeaay

T'eomempusa nepedauu, kunemamuuecxkue coomuouwienus u KI[ naockopemennoii ne-
peoauu



OcHoBHbIe TeoMeTpHrueckue napamerpsl D, u D, — nuameTpsl Benyero u BegoMoro

IIKMBOB; @ — MEXXOCEBOE pacCTOsIHUE; B — mupuHa mKUBa; L — niuHa peMHs; o — yroJa
obxBaTa; f— yroy Mexay BeTBSIMH peMHs (puc.6).

I
Puc.3. OcHOBHBbIE reoMeTpHYecKHe MapaMeTpbl peMEeHHbIX Nepeaay

VYruel a4 1 @, , COOTBETCTBYIOLIME AyraM, 10 KOTOPbIM IPOUCXOAUT KacaHHe PeMHs U 00012
IIKWBA, HA3BIBAIOT yriiaMu 0o0xBaTa. [lepeuncienHble reoMeTpUUEeCKUE TapaMETPhI SBIISIIOTCS
O0IIKMMHU IS BCEX TUMOB PEMEHHBIX Iepesad.

Pacuem ceomempuueckux napamempos.

1. MexoceBoe paccTosiHUE

a =1/8{2L—7z(02 +D,) ++/[2L - 7(D, + D,)]-8(D, — D,)? } 1)

rae L— pacucTHasa AJIMHA PEMHA, Dl u D2 — AUaMETPhI BEAYIICTO U BEIOMOT'O IIKKUBOB.
I[JI?[ HOpMaJ’IBHOfI pa6OTI)I HHOCKOpeMeHHOﬁ nepeaadyn JO0JIKHO CO6JHOI[3.TI) CA yCJIIOBHC!
@min = Dy + Dy;

amax = 2’5(Dl + Dz), (2)

IIPU 3TOM @ JI0JIKHO OBITh He Oosee 15 M.
2. PacueTrHas AJIMHA peMHS
2
L= 2a+£(Dl + D2)+M;
2 4a ©)
Ha cIIuBKY Ao06asisoT eme 100—300 mm.
3. IuameTp BeAylIero HIKKMBa (MaJioro), MM

D, =(520+610)3/P, / e, 4

rne P,— momHocTs Ha Bepymiem Bany, KBT; @, — yrioBas CKOpOCTh BeIyIIETo Baa,
pan/c.

4. JlnameTp BEIOMOTO IIKMBa

D, =uD,;(1-¢) =ubDy, 5)

rJie U — TePEeIaTOIHOE YUCTIO; & — KOAIDPHUIIMEHT CKOIBKECHHS.

[Tpu muametpe D > 300 MM MIKUBBI U3TOTOBIISIFOT C YETHIPhMSI—IIIECThIO ciuiiaMu. J{ist
IITKWUBOB, UMEIOIITUX OTKJIOHEHHS OT CTaH/IaPTHBIX Pa3MEPOB, MPOU3BOIAT PacyeT Ha MPOYHOCTb.
000/ pacCUUTHIBAIOT HA MPOYHOCTH KaK CBOOOIHO BPAIIAIOIIEECS KOBIIO MO IEHCTBUEM CHII
WHEPIUH; CIIUIIBI PACCUYNTHIBAIOT HA U3THO.

Honyckaemvie yenvi obxeama pemennvix nepeoay. BenencTBue BHITSHKKE U IPOBUCAHUS
PEMHS TIPH IKCIUTYaTalluK YTkl 00XBaTa @ U3MEPSIOTCS MPUOTHKEHHO:



a =180° —Msﬂ

a (6)
B dopmyne (6) Beipaxenue
D2 B Dl 570 — /B,
a ()

rae [ — yroi Mexay BEeTBSMU peMHs (A1 IiockopeMenHoil nepeaauu ( f < 30°)). Yron
[ MeXIy BETBSIMH PEMHS BIIUSET HAa BEJIMUMHY YIIIOB 00XBaTa (¢ U &, ). Pekomenayercs npuHu-
MaTh TaKXKe 3HaueHHe auamerpoB mKuBoB ( Dy u D, ), uTo6s! cobmoanocs ycaoBue

o = (180-f) 2[a], (8)

rIie s IIocKopeMeHHou nepenaun [a]= 150°, s kmuHOpemenHoi — [a]= 120°.

llepeoamounoe yucno. B peMeHHOIl nepeaye, Kak U BO PPUKIMOHHOM, B pe3yJIbTaTe ynpy-
TOr0 CKOJILKEHUS pEMHSI OKPY)KHbIE CKOPOCTH He 0inHAKOBBIE. OTCIOAa EPEAATOUHOE YHCIIO

g2 Mo D,

@, n, Dyl-¢) 9)

rae @;, N;— YriaoBas CKOPOCTb M YaCTOTa BPALICHUS BEIYILEro LIKUBA; @,, N,— TO XK€,
Bepomoro mkuBa; D;, D,— nuamerpsl Beayiero 1 BEIOMOro KUBOB; & — KOAIPPUIUEHT
CKOJIb)KEHUS.

OTHOCHTENbHAS IOTEPS CKOPOCTH HA MIKMBAX XapaKTEPH3yeTcsl KOA(P(PUIIMEHTOM CKOJIbXKE-
HUSI, IPY HE3HAYUTEIIbHOM 3HaUeHHUHU 3Toro Koddpdunuenta (& < 0,02) npudiamKeHHO UMeeM

u= D2 / Dl' (10)

KILJ pemennwvix nepedau. YuutsiBas notepu npu padote, KI1J] nepenauu onpenenstoT u3
BBIPAXKCHUS

n=1-(y, +¥,, +V..) (11)

I/ie Y/, — OTHOCHTEJIbHbIC IOTEPH, CBA3AHHBIC CO CKOJIbKEHUEM Ha IIKUBAX U BCIICACTBHE

YIIPYTOCTH PEMHS; ¥/, ,— OTHOCHUTEIIbHBIE IIOTEPU B ONIOPAX; /.. ,— OTHOCUTEIILHBIE IIOTEPU OT
COITPOTHUBIIEHUS BO3]lyXa (YUYUTHIBAIOTCS JIUILb IPU OOJIBIIMX IIKUBAX CO CIIULIAMM).

Ecnu n3BectHas MomHOCTh P, Ha BexylieM KKUBE U MOIIHOCTH P, Ha BeJoMOM (yMEHbIICH-
Has 3a cueT noteps), To KIIJI nepenaumn

n="PR,/PR, (12)

JUIS IIJIOCKOPEMEHHOM OTKpBITOM nepenaun cpennee 3Hauenue KI1J1 0,96—0,98; nis knuHo-
pemenHoi nepenauu 0,95—0,96; nist nepenayn ¢ HaTSKHBIM poaukom 0,95.

Knunopemennas nepegaya. OCHOBHbIE TreOMeTPHYECKHE COOTHOIIEHUSI M KOHCTPY K-
110701

Pemennyro nepedauy c napannenvrvimu ocsamu, npUBOOHON peMeHb KOMOPOU umeem KIuHOBYIO
@opmy nonepeurozo ceuenus, Hazviearom KiuHopemenHou (cM. puc.3, 6 u 7). KnuHopeMeHHyo mne-
pellauy BBIMOJIHAIOT TOJIBKO OTKPBITON. KIMHOBBIE peMHU CTaHAAPTU30BAHBI 110 CEYEHUIO U JUIMHE.



il
Puc.4. MexaHu3M ¢ KJIMHOPEMEHHOI nepeaavei

KiinHOBBIE pEMHU TPUMEHSIIOT 110 HECKOJIBKO IITYK, YTOObI BAPbUPOBATh HAIPY30UHYIO CIIO-
COOHOCTb M HECKOJIBKO MOBBICUTH HAAEXKHOCTh Nepesadn. Kpome Toro, o1uH TOJICTBIN peMeHb, M0-
CTaBJICHHBII BMECTO HECKOJIBKUX TOHKHX OyJIeT UMETh ropas3ao OoJbIINe HANpsHKeHUs U3ruda rnpu
orubaHuy WKUBa. YUCI0 KIMHOBBIX PEMHEH 4acTO MPUHUMAIOT OT TPEX A0 IATH (MAKCHMAaJIbHO
BOCEMb PEMHEN ), HO IIepeaadya MOKET ObITh U ¢ OJHUM peMHeM. PopMy KaHABKHM ILIKMBA MPOEK-
TUPYIOT TaK, 4YTOOBI MEXAY HIKUBOM U PEMHEM IOCTOSHHO ObUI rapaHTUPOBAHHBINA pagrabHbIN
3a30p 8 (puc.8, I). Pabourie moOBEpXHOCTH — 3TO OOKOBBIC CTOPOHBI PEMHS, TOATOMY KJIUHOBBIH
peMeHb He JI0JDKEH BBICTYNATh 3a MpeZelibl HapyKHOTO [raMeTpa KuBa. KimHopeMeHHbIe nepe-
Jla4i B MALIMHOCTPOEHUHU NIPUMEHSIOT Yallle, YeM IIIocKkopeMeHHble. OJIHaKO CKOPOCTh 3TOH me-
penauu He 1oJKHA npeBblmath 30 M/c, Tak Kak mpu V > 30 M/c KIIMHOBbIE pEMHHU HaUMHAIOT BUO-
pupoBaTh. OnTUMaIbHASI OKPYXHasi CKOPOCTh, IIPU KOTOPOH nepeaada paboTaeT yCTOMUUBO, V =

5-25 m/c.
I 1t 1

| P2y 2
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Puc.5. YeraHoBka KJIMHOBOIO PeMHS HA LIKMBe

[TepenaTounoe Ynco At OJHOCTYIIEHYATON KIMHOpEeMeHHOH nepegadyun U <8.

Locmouncmea kiunopemenHol nepedayu O CPABHEHUIO C TNIOCKOPEMEHHOM:

- BO3MOXHOCTh TIepejaun OOJIbIIeH MOITHOCTH;

- IOITyCTUMOCTbh MEHBIIETO MEKOCEBOI'0 PACCTOSTHUS d;

- BO3MOKHOCTh MEHBUIETO yTiia 00XBaTa « , Ha MaJloM IIKHBe (cM. puc.l).

Heoocmamxku:

- OOJIBbIIAs )KECTKOCTH M, KaK CIIEJICTBHE, — MEHBIINN CPOK CITYKObI peMHS;

- He00XOAUMOCTb OCOOBIX MPUEMOB PU HAJICBAaHUU PEMHS;

- 3aBUCHMOCTb Pa3MepOB MPOCKTUPYEMOH TIepeaun OT Mo 100paHHoro (110 TalIuIe peria-
MEHTUPOBAHHBIX JJIUH) PEMHS;

- 0OJIBIIAst CTOMMOCTb IKCIUTYaTaIluH Iepeau P BBITSHKKE (PEMHU HE PEMOHTHPYIOTCS);

- 00JIbIIIAs TPYJOEMKOCTh N3TOTOBJICHHS IIIKUBOB,

- HecKoJIbkO oHmxkeHHbId KIT/I.

Pemuu onsa knunopemenuvix nepeoad.

OCHOBHOE pactpoCTpaHEeHUE TMOIYUMIA PEMHH TPareueBUIHOTO ceueHus (puc.6, a, 6) ¢
yriom npoduis ¢ = 40+ 1°,



Puc.6. KoHCTpYKIMH KJIHMHOBBIX PeMHeE: @ — KOPAIIHYPOBOii; 6 — KOPATKAHEBBIN; 6
— MOJIMKJIMHOBOM

3aMKHYTBIE OECIIOBHBIE PEMHH U3TOTOBIISIOT METOJIOM BYJIKAHU3AIIUH B Ipecc-Ppopmax.
TpaneuueBuaHas (KJIMHOBas) popma peMHS YBETUUYHUBAET €0 CLEIUIEHNE CO IIKUBOM MPUMEPHO B 3
pasa 1o CpaBHEHUIO C IJIOCKUM peMHEM, HO BCIIEACTBHUE OOJIBIION BBICOTHI peMHSA 3Ta (hopma He-
omaronpusTHa. [lepenadya umeet 6onee au3kuii KIT/[. DT HemocTaTK 0TYACTH KOMITEHCHPYIOTCS
TEM, UTO PEMEHb MU3TOTOBJIAIOT U3 MaTepHalla C MaJIbIM MOAYJIEM YIPYTOCTH (U3 pE3UHBI), a HECY-
1€ KOPJOBbIE CJIOU UMEIOT HAaUOOJIBIIYIO TONIIMHY U PACIIONAraloTCs OKOJIO HEUTPAIbHOM I10C-
KOCTH peMHs1. [I[pOMBIIIUIEHHOCTH BBITYCKAET KIMHOBBIE PEMHH JIBYX THUIIOB: KOPAUIHYPOBBIE (pHC.6,
@) v xopaTKaHeBble (puc.6, 6). PazauyaroTcss OHM TEM, YTO OCHOBHOM HECYIIUH CJI0# y IIepBOTro CO-
CTOUT U3 OJIHOTO PsAJIa TOJCTHIX KOPAOBBIX IIHYPOB 1, a y BTOPOro — U3 HECKOJIBKUX PSAA0B KOPJIO-
Boil TkaHu 1. B BepxHell 1 HIKHEHN YacTsaX cedeHus (B 30HaX PaCcTsDKEHUS U CHKAaTHs) peMeHb 3a-
MIOJTHEH PE3MHOM 2, a CHAPYKH B HECKOJIBKO CI0EB OOMOTaH IMPOPE3MHEHHON TKaHbIO — 00epTKa 3.
Bonbiyto ruOKoCTh ¥ Harpy304HYIO CIIOCOOHOCTh UMEIOT KOPAOIIHYPOBBIE PEMHHU, Y KOTOPBIX
BEPXHUI pacTITUBAeMbIil CIIOM COCTOMT U3 OJIHOTO psifia aHUIAHBIX UIHYPOB (HAMOTaHHbIX 110 BUHTO-
BOI1 JINHUN), 3aKITIOYEHHBIX B CJIION MSTKOMN pEe3UHBI.

B CHI" xnuHOBBIE pe3MHO-TKaHEBbIE IPUBOJIHBIE PEMHH BhINTyCKaloT ceMu TUIoB: Z(0), A,
B(b), C(B), A(I"), U(A), EO(E). ns xaxnoro tumna (ceueHus: peMHs) B TaOIUIaX YKa3bIBAIOTCS:
pa3Mepsbl CeUeHHUs, IUIOLIA/lb CEYEeHHUS, JJIMHA, MUHUMAJIbHBIA JUaMeTp IIKUBA, TOIyCKaeMas
Harpyska u Bec. Kpome 'OCTa cymiecTByer erie, OTIHYarouiicsa OT HEro, COpTaMEeHT PEMHEH ISt
AaBTOTPAKTOPHOMN MPOMBILIUIEHHOCTH.

Pa3mepst pemHst (cM. puc.6, a): mmpruHa OOIBIIOr0 OCHOBAHUS PeMHsI D,; pacueTHas IIUpHHA
pemHs by, BeicoTa pemHs h; mmHa pemus L — crangaptuzoBansl (Ta0i1.3).

Taonuya 3. KiinHoBble peMHH

Ceuenue Pa3mepsl ceuenus, mm | A, mMMm? | HaTspxeHue Pexkomennye-
peMHs (cm. puc. 9, a) 2Fo, H Masi JyTHHA
b, bp h pemHs L, MM
Z(0) 10 8,5 6 47 11 400-2500
A 13 )41 8 81 20 560-4000
B(b) 17 14 105 138 30 800-6300
C(B) 22 19 135 230 75 1800-10 600
J(I) 32 27 19 476 140 3150-15 000
15(019) 38 32 23,5 692 180 4500-18 000
EO(E) 50 42 30 1170 290 6300-18 000
CranmapTHBIN psij MPEANMOYTUTEIBHBIX PACUETHHIX NaHHBIX JUH L, MM 400; 450;
500; 560; 630; 710; 800; 900; 1000; 1200; 1250; 1600; 1800; 2000; 2240; 2500;
3150; 3550; 4000; 4500; 5000; 5600; 6300; 7100; 8000; 9000; 10000.




Pasnosuonocmu knunopemennuix nepedau. Ha puc.10 nokaszana pa3sHOBUIHOCTb KJIMHOBU/I-
HOTo peMHs. Marepuaisl KJIMHOBBIX PEMHEN B OCHOBHOM T€ K€, YTO U JUIS IUIOCKUX. BeInonHstoTCA
MPOPE3NHEHHBIC PEMHHU C TKAHEBOUW 0O0EPTKOI 117151 OOJIBIIETO TPEHUS, KOPJOTKAHEBBIE (MHOTOCIION-
HBII KOP/) U KOPAOUIHYPOBbIE peMHU (IIHYp, HAMOTAHHBIH 110 BUHTOBOI JINHUM), PEMHHU C HECY-
IIMM CJIOEM U3 JIBYX KaHAaTUKOB. MIHOIr/1a /U1 yMEeHbIIEHUS U3TMOHBIX HAPSPKEHUN IIPUMEHSIOT
ropsl Ha BHYTpEHHEH 1 HapYHBIX MOBEPXHOCTIX peMHs. KiIlmHOBbIE peMHH BBITyCKaOT 0ecKo-
HEYHBIMH (KOJIBLIA).

PacyeT 0CHOBHBIX reOMeTPHYECKUX APAMETPOB Nepeaavu.

1. MexoceBoe paccrosiHue a (CM. puc.6) sl KITMHOPEMEHHBIX IIepeiay ONpeesioT Mo
aHaJIOTHH C TUIOCKOpEeMEHHOH nepenaueit [cMm. popmymny (1)]. s HopMaiibHOM pabOTHI KJIMHOPE-
MEHHOM Iepeiayll pEKOMEHIYETCS IPUHUMATD:

Amin = O!B(Dl + DZ);

Amax :1'5(D1 + DZ); (13)

rae D1 u D2 — auamerpsl Beayniero v Be1OMOIro UIKHBOB.

OnTuMalibHOE MEKOCEBOE PACCTOSTHUE dom B 3aBUCUMOCTH OT IEPEJATOYHOIO YKUCIA U U
nuameTtpa 6onbinoro mkuBa D2 cienyromee:

aom/Da....... 1,51,2210,950,90,85

Ueioreaaenanen 123456 u0bonee

2. Pacuetnyto niuHy peMHs L onpenenstor o ¢popmyiie (3), mocie 4ero OKpyristoT 10
Onvkaiiiiel 60JbIIel CTaHIAPTHON JJTMHBI KIIMHOBOT'O PEMHSI BBIOpaHHOTO THMa. J[JTuHY peMHs
ONPENEIAIOT 10 JIMHUH, IPOXOJALIEN Yepe3 HEUTPAIbHBIN CJION IONEPEYHOT0 CEUEHMS PEMHSL.

3. Auametpsl mkuBoB D1 u D2. B kinuHOpeMeHHOU nepeaayue pacyeTHBIMU AUAMETPaMHU
IIKMBOB SIBJISIIOTCS IMAMETPbI, COOTBETCTBYIOLIUE OKPY>KHOCTH PACIOJI0KEHUS HEUTPAIbHOIO CII0s
(cMm. puc.8 — guametp D).

B oTin4ume oT mIIoCKOpeMeHHOM Niepeiauu TuaMeTp Majoro mKuBa (B JaHHOM ciydae Di)
HE pPacCUMTHIBAIOT, a MPUHUMAIOT 1O cTaHAapTy. JuameTp 6ompinoro mkuBa Dy onpenenstor, yuu-
THIBas MepeAaToyHOe uncio mo popmyie (5).

4. Hapy)XHbIi THAMETp IIKUBA ONpeAeistoT mo Gopmysie (cMm. puc.l1, a)

D, =D+ 2h,, (14)

rae D — pacuernbiit anamerp mkuBa; N,— BpICOTA KAHABKU HaJ| PACUCTHON IIMPUHON peM-

H.

5. [upuna mkusa (cM. puc.11, a)

B=(z-Dt+2b, (15)

rJie Z — YUCII0 pEeMHel B mepenaue; t — paccTOsHUE MEKTY OCSIMU KIMHOBBIX KaHABOK; D1
— paccTosiHuEe MEXy OChIO KpaliHell KaHaBKU U OIM>KaWIIUM TOPLIOM IIKUBA.

OctanbHble pa3Mepsl MIKMBOB KJIMHOPEMEHHBIX II€pe1ad PACCUUTHIBAIOT KaK U JUIsS IKUBOB
IJIOCKOPEMEHHBIX Iepeiay.

YerpoiicTBa VI HATSIZKEHU S peMHS

HatskeHne peMHs CYIIECTBEHHO BIMSIET Ha JI0JTOBEYHOCTb, TATOBYIO CIOCOOHOCTH M K.I1.1I.
nepeaaud. Yem BhIle IpeIBApUTEILHOE HATSKEHUE PeMHS Fo, TeM OoJibIle TATOBasi CIOCOOHOCTH U
K.II.J1., HO MEHBIIIE JOJrOBEYHOCTh peMHs. HaTskeHue peMHs B iepegadyax OCyLIECTBIISETCA:

- YCcTpoicTBaMHU NEPUOANYECKOTO IEUCTBHUS, IJI€ PEMEHb HATATUBAETCA BUHTaMU. PeMeHb
MEPUOANYECKH MOATATUBACTCS 110 Mepe BHITSHKKH. TpedyeTcs cucteMaTnueckoe HaOIIoAeHHE 3a
nepegaveil, ”Haue BO3MOXKHO OYKCOBaHUE U ObICTPBIA N3HOC PEMHSI.



- YCTpONCTBaMHU ITOCTOSIHHOTO ACUCTBUS, I'/I€ HATS)KEHUE CO31aETCsl IPY30M, BECOM J[BUTa-
TeJs WU NPYKUHOM. YacTo HAaTsyKeHUe IPOUCXOANT 3a CYET MACChI JBUTATEN HA Ka4arOIEnCs
mmte. K TakuM yCcTpolicTBaM OTHOCATCS HaTsKHbIE pOIUKUA. HaTsykeHne peMHsT aBTOMaTHYECKH
MOJEP/KUBAETCS TIOCTOSTHHBIM.

AN

- YcTpoiicTBaMH, aBTOMAaTHUECKU PEryJIMPYIOIIMMHU HaTS)KEHUE B 3aBUCUMOCTH OT Harpy3KH
C UCIOJIb30BAaHUEM CUJI 1 MOMEHTOB, AeiicTByromux B nepenaye. Lllkus 1 yctanoBneH Ha kaydato-
IIeMCS phluare, KOTOPBIN TaKkKe SBJISIETCS OChIO BEAOMOI0 KoJieca 3youaToit nepenaun. Harsokenue
pemus 2Fo paBHO OKPYKHOM CHIIe Ha IECTEPHE M MPOMOPIIHOHAIBEHO MEPEAaBaEMOMY MOMEHTY.

Ilepeoauu 3youamoim pemmuem

3yOuaTble pEMHHM BBINOJIHAIOT INIOCKUMH C TIONEPEUYHBIMU 3yObsIMU Ha BHYTPEHHEH MOBEPX-
HOCTH, KOTOpBIE BXOJAT B 3alleIUICHUE C 3yObsiMHU Ha 1mkuBax. [lepenaua 3y6uaTeiM pemHeM paboTa-
eT [0 MPUHLUITY 3alerieHus . 3youaToe 3alenjieHne peMHs cO IIKUBOM YCTPaHsET CKOJIbKEHUE U
HE0OXOUMOCTb B OOJIBIIIOM IPEBAPUTEILHOM HATSKEHUHU. Y MEHBIIAETCS BIUSHUE YIila o0XBaTa
(MEXO0CEeBOr0 PACCTOSHUS) HA TATOBYIO CIIOCOOHOCTb, YTO MO3BOJIIET YMEHBIIUTH rabapuThI Iepe-
Jlauy ¥ peajM30BbIBaTh OOJIBIINE MTEPEIaTOUHbIE YUCIIA.

Hocmouncmea nepeoau 3youameim pemnem. 1. IloctosHHOE nepeaaTouHoe yucio. 2. Manoe
MexoceBoe paccTosHue. 3. HeGonbiine Harpy3Kku Ha Bajibl U NOAIIMIHUKY. 4. Borbiioe nepena-
ToyHOe yncno (U < 12). 5. Hu3kuii ypoBeHb 1IymMa U OTCYTCTBHE JUHAMUYECKHUX HAarpy30K BCIEI-
CTBUE JJACTUYHOCTH PEMHS U YIPYTOCTH 3yObeEB.

Heoocmamxku. 1. CpaBHUTEIBHO BBICOKAst CTOUMOCTB. 2. UyBCTBUTEIBHOCTD K OTKJIIOHEHUIO
OT MapaJuIeIbHOCTH OCEHN BaJIOB.

Ilpumenenue. Tlepenauy 3y04aTbiM peMHEM NIPUMEHSIOT KaK B BHICOKOHAIPYKEHHBIX Tepe-
Jadax (Harpumep, Ky3HEUHO-TIpeccoBoe 000pyAOBaHUE), UCTIONb3Ys €€ BHICOKYIO TATOBYIO CIIOCO0-
HOCTb, TaK U B Ilepejauax TOUHBIX NepeMeIIeHu (B CBA3U C IOCTOSHCTBOM IE€PEeIaTOYHOTO YU CIIA):
MPUBOJIBI TTeYaTAIONUX ycTpoiicTB OBM, kmHOCheMOYHAas amnmapaTypa, poOOTOTEXHHUKA H JIp.



MortHocTh, iepenaBaemas 3youatsiM pemuem, 10 200 kBT, ckopocts pemus 1o 60 m/c,
KITJI nepenaun 0,94...0,98.

B 3aBucumocTu ot crioco6a u3roToBIeHUs 3y0UaThie pEMHU BBIITYCKAIOT ABYX BUAOB: COO-
pOYHBIE U JIUTHEBHIE.

COopouHbIe peMHH COCTOAT U3 HECYILETO CJI0S — METAIOKOP/Aa CTEKIOKOPAA, PE3UHBI U
TKaHEBOTO MOKPBITHS Ha 3y0UaTOM MOBEPXHOCTH, CBYJIKAHU3UPOBAHHBIX B OJHO 1iesoe. OTan4aroT-
Csl OT JIUTHEBBIX O0JIee BEICOKUM KauecTBOM. JINTbEBbIE pEMHU COCTOSIT U3 METAJUIOKOP/Ia, PE3UHBI
WJIU TIOJIMYpETaHa U HE UMEIOT TKAHEBOTO MOKPHITHS. MeTasIOKOp/T TPEACTABIISIET COOO0M CTalIbHbBIE
Tpochl AuameTpoM 0,36 wnu 0,75 MM, cTeKIIOKOpA — KpydyeHble HUTH quamerpom 0,35...1,1 MM u3
CTEKJIOBOJIOKHA.

3y0bs peMHS HMEIOT TpanelenaatbHyio GhopMy ¢ yriom npoduis y = 500 u 40° (puc. 16, 6).

Pa3mepsl peMHs 1 mapaMeTpbl Iepeaadyu 3aBUCAT OT MOZYJISI M — OCHOBHOM pacyeTHOM Xa-
pakTepHCTHKHU mepeaauu (Tadmn. 1 u 2).

Tabauya 1 3yduaTsie pemun (Bbi0opka). Pazmepsl B MM
Momyas m p s | h| H |t

6,28 (18|15 3,0 |06
9,42 |3,2|20]| 40 |06
1257 |44 |25| 50 |08
15,71 |50 35| 6,5 | 0,8
21,99 18,0(6,0|11,0|0,8

~Norbh wN

Taonuya 2 OcHOBHBIE MapaMeTPhbl Nepeaay ¢ 3y0uaTbiM peMHeM (BbIOOpKa)
Moayns m 2 3 4 5 7

Yucno 3yObeB IIKHBa
Zmin 10 10 14 14 17
Zmax 115 120 120 120 120

Yucno 3y0beB peMHs
Zpmin 40 40 48 48 56
Zpmin 160 160 250 200 140




[upuna pemus b, 5. 1125..5| 20- | 25..10| 40...12
MM 20 0 100 0 5

Ipumeyanus. 1. Inuny Lp peMHs B 11arax Win 4YUCIIO Zp 3yObEB PEMHS BHIOMPAIOT U3 psija:
45, 48, 50, 53, 56. 60, 63, 67, 71, 75. 80, 85, 90, 100,105, 112, 115, 125, 130,140, 150, 160, 170,
180, 190,200, 210, 220, 235.

2. PacuerHas niuHa pemMHst B MM: Lp= Zpp.

3. lIupuny b pemus BeiOuparot u3 psaaa: 5, 8, 10, 12,5, 16, 20, 25, 32, 40, 50, 63, 80, 100.
125, 160, 200 mmM.

Pemennvie éapuamopul
PemenHbIe BapuaTophl IPOCTHI 110 KOHCTPYKIIMH, HAJEKHBI B OKCILTyaTallliu, MOTYT pado-
TaTh B JIFOOBIX YCIOBUSX, IPOCTHI B YXOJIE.

. i\.‘i,_élm-i_

i

B kauecTBe TATOBOro oprana B peMEHHBIX BapuaTOpax MPUMEHSIOT KaK CraHOapmHule Kiu-
nogvle pemuu 110 'OCT 1284 — 68, Tak u cneyuanvrwvle wiupokue sapuamophsie pemuu. CKOpOCTh
PETyIUPYIOT U3MEHEHHEM JHaMeTpa OJJHOTO UM OJHOBPEMEHHO 000MX IMIKUBOB MIOCPEICTBOM OCe-
BOTO TIepEMENICHUSI KOHNYECKUX JUCKOB, 00pa3yIOIINX IIKHB.

B nepenavyax ¢ oiHUM peryaupyeMbIM IIKUBOM IIKUB MOANPYKUHEH U, KaK MPaBUIIO, Haca-
KEH Ha BaJl SJIEKTPOABUTATEIIS, BEIOMBIN IIKUB MTOCTOSTHHOTO TMaMeTpa — Ha BaJl paboueit Marm-
Hbl. [lepeMenienreM qBUTATENS] U3MEHSIETCS HATSKEHUE PEMHSI, 3aCTaBIISAIOIIEE TePEMEIAThCS TUC-
KU TIOJITPYKUHEHHOTO IIIKUBA ¥ H3MEHSIOIIEE er0 pabounii TuaMeTp.

[lepengaun ¢ IByMsl peryaupyeMbIMU IIKUBAaMHU TPEUMYIIECTBEHHO BBIMIOJIHSIOT MO CXEME C
OJTHUM TIOJIITPY>KWHEHHBIM IIIKWUBOM U C APYTHM — PETYIHPYEMbIM NIPUHYIUTENHHO. VI3MeHeHue



JUTMHBI PEMHS B MPOIIECCE PETYIUPOBAHUS KOMIICHCUPYETCSI aBTOMATUUYECKU MPYKUHOM, YTO YIIPO-
11aeT KOHCTPYKIIHIO.

JlnanazoH peryiupoBaHus MpU CTaHIAPTHBIX PEMHSX BCJIEICTBHE UX MaJIOW IIMPUHBI HE-
Oonpmoit: /[=1,2+1,7, u 3aBUCUT OT THIIAa PEMHSI M YUCJIa PEryJupyeMbIx MKUBOB. [lepenaBaemas
MoIIHOCTb 10 60 kBT. /[nana3zoH perynupoBaHus 3HAUUTEIBHO PACILIUPSIETCA B CIydae IPUMEHEHUS
BapHATOPHBIX PEMHEH, KOTOPbIE OTJIMYAIOTCS OT CTAHAAPTHBIX OOJIBIICH OTHOCUTENBHOMN IUPUHON
¥ MCHBIIIUM yTJIOM KIuHA. /)t MOBBIIEHUSI THOKOCTH PEMHU M3TOTOBIISIOT 3y0uarsiMu (puc. 17).
Hwuana3on perynupoBanus /[ = 2,5+ 3. [Ipu oqHoM peMHe B niepeadye BapuaTopbl MOTYT IIEpEaBaTh
10 25 kBT, npu HECKOIBKUX peMHAX — 110 55 kBT. O1HaKo NpUMEHEHNE HECKOJIBKUX PEMHEN
YCIIOKHSAET KOHCTPYKLHUIO U MOBBIIAET TPEOOBAHUS K TOUHOCTU U3TOTOBJICHHUS.

Pacuer pemeHHBIX BapraTOpOB MPOU3BOAST 10 AHAJIOTUU C paCu€TOM KIMHOPEMEHHOM nepe-
Jla4yM, C y4ETOM YHUCIIa PEryJIUPYEMbIX IIKUBOB.

Ilennvie nepeoauu

Koncmpykuyuu npueoonvix yeneit u 36e3004eK

Llenu, npuMeHsieMble B MAILIMHOCTPOEHUH, 110 XapaKTEPy BBIITOJIHAEMON MU pabOThI 1OA-
pa3zensAoT Ha IBE TPYIIIbL: IPUBOIHbBIE U TATOBbIE. Llenu cTanaapTU30BaHbl, UX IPOU3BOASAT HA
CHeralIn3upOBaHHbIX 3aB01aX. BeIyck TONbKO NpuBOAHBIX Lienel B Poccuu npessiiaet 80 MIIH.
M B roa. iMu ocHaraetcst exxeroaHo 6osee 8§ MIIH. MalllvH.

[IpuBoHbIE LIEIH OCYIIECTBIISAIOT NIepeiauy JBUKEHUS HEMOCPEACTBEHHO OT UCTOYHUKA
SHEpPTruM K paboueMy opraHy WM yepe3 MPOMEXKYTOUHbIE YCTpoiicTBa. KOHCTPYKTUBHO OHU Jie-
JSATCS Ha PouKoguvle, 6myioyHvle v 3youamote (1abn.1). B CHI' mpuBoaHbBIC 1NN CTaHAApPTU30Ba-
HbI 1 U3TOTOBJISIOTCS Ha CIIENMATIM3UPOBAHHBIX 3aBoAax. [[1si HUX XapakTepHbI Malible mard (ass
YMEHbILIEHUS JUHAMUUYECKUX HArpy30K) U U3HOCOYCTOMUMBBIE MIAPHUPHI (111 00ecriedeH s 10JIro-
BEYHOCTH).

OCHOBHBIMU T€OMETPUUYECKUMU XaPAKTEPUCTUKAMU LIENEH SIBJISIFOTCS 1IAr U HIMPUHA, OC-
HOBHOMW CHJIOBOM XapaKTEpUCTUKON — pa3pyluaroniasi Harpy3ka, yCTaHaBJINBAaeMasl ONBITHBIM ITy-
TeM. B COOTBETCTBHM ¢ MEXAyHAPOAHBIMU CTAHJAPTAMU IPUMEHSIIOT LIETIH C I1aroM, KpaTHeIM 25,4
MM (T. €. ~ 1 mroiimy)

B Poccun u3roToBIiSIOT Clieyrone MPUBOIHBIE POJIUKOBBIE U BTya0uHbIe Lenu o [OCT
13568—75*:

[TPJI — posinkoBBIE OAHOPSAAHBIE HOPMAIBHON TOYHOCTH;

IIP — ponuKOBBIE MOBBILIEHHON TOYHOCTH;

[IPJ] — poJIMKOBBIE ITIMHHO3BEHHBIC,

IIB — BTys04HBIE;

TP — ponukoBbIE C U30THYTHIMH IUIACTHHAMM,

a taxke poaukosble nenu no 'OCT 21834—76* nns OypoBbIX YyCTaHOBOK (B OBICTPOXO/-
HBIX Tlepeaydax).

Ponuxosas yens (puc.1l) cocrout u3 HapyXHbIX / U BHYTpEHHUX BH 3BeHBbEB (Kax10€ U3
KOTOPBIX COCTOUT M3 ABYX IJIACTHH), IIAPHUPHO COETMHEHHBIX C MOMOIIbIO BaJIUKOB U BTYJIOK.
Hapy»xHble u BHyTpEeHHHE 3B€HBS B LIENH uepeytoTcs. CLenIeHne co 3B€3/109KOM OCYIIECTBIAET-
cs1 potikoM 1, cBOOOJTHO CHJISITIIM Ha BTYJIKE 2, 3alIPECCOBAHHOM B TUIACTHHBI 3 BHYTPEHHETO
3BeHa. Banuk 4 3anpeccoBaH B INIACTUHBI 5 HApY>KHOTO 3BeHa. Banuku (ocn) neneil BHIIOIHSIOT
CTYINEHYaThIMHU WU TTIaAKUMU. KOHIIBI BAJIMKOB PacKIJIENbIBAIOT, IO3TOMY 3BEHbS LIETIH HEPA3beM-
Hbl. KOHIIBI L1eNN COEAUHSIOT COEANHUTEIbHBIMU 3BEHBSIMU C 3aKPEINIEHUEM BAJIMKOB IITUIMHTAMHU
WM packienbiBaHueM. B ciyyae He0OX0AMMOCTH HCTIOIb30BAHUS LIETIH ¢ HEUETHBIM YHCIIOM 3BEHb-
€B MPUMEHSIOT CIEeIMaIbHbIE IEPEXOHbIC 3BEHbs, KOTOPbIE, O/IHAKO, ci1abee, yeM ocHOBHEIE. [1o-
TOMY OOBIYHO CTPEMATCS MPUMEHSTH LIETIN C YETHBIM YHCIIOM 3BeHbeB. CoennuuTenbHoe 38eH0 C



CIY>KUT NI COSTUHEHHS ABYX KOHI[OB IIETH C YeTHHIM YUCJIOM IIaroB, a MepexoaHoe 3BeHO [
— C HEYeTHBIM. biaromaps poiukaM TpeHUE CKOIBKEHHS MEXKTY IIETbIO M 3BE3/I09YKOH 3aMEHSETCS
TPEHHEM KaueHUsl, YTO YMEHBIIIAET U3HOC 3yOheB 3Be3704eK. [11acTHHBI 04epUUBAIOT KOHTYPOM,
HAMIOMUHAOIIUM IHUGPY 8 U MPUOIMIKAIONIMM TUIACTHHBI K T€IaM PaBHOTO CONPOTUBJICHUS PACTsI-
KEHHUIO.

Marepuan miacTuH poauKoBbIX neneid — crainb 50 (¢ 3akankoit 1o HRC 38—45); Banu-
KOB, BTYJIOK, pOJIUKOB — cTtanu 15, 20, 25 (¢ mocieayromiei nemeHTanuen u 3akankoi 1o HRC

52—60). %2 @%
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Puc. 1. PosiukoBasi uenb: 1 — poJnk; 2 — BTY/IKa; 3 — IMJIACTHHBI BHYTPEHHET 0 3Be-

Ha;
4 — BaJIMK; 5 — MJIACTHUHBI HAPYKHOTO 3BeHA

B MammHOCTpOeHHH Yallle MPUMEHSIOT OIHOPSAHBIC POJMKOBBIC menu (cM. puc.l, a u 2).
[Tpu GonbIIMX HArpy3Kax W CKOPOCTAX BO M30ekaHWE NMPUMEHEHUS Iereld ¢ OONBIIMMHU IaraMu,
HEONAronpHUsATHBIX B OTHOLICHUH JUHAMUYECKUX HArpy30K, IPUMEHSIOT MHOTOPSIHbIE Ilend. MHO-
TOpSAJIHBIE 1IENU (IBYXPSIAHBIC U Jp.) COAEPKAT HECKOJIBKO BETBEU OAHOPSIHBIX LIETIEeH, COCTUHCH-
HbIX yJUIMHEHHbIMU BaJluKaMu. [lepenaBaemble MOILIHOCTH U pa3pylIarolde Harpy3ku MHOTOPSI-
HBIX LIETIEeH MOYTH MPONOPIUOHATIBHBI YUCITY PSIIOB.

Ponuxosvie yenu nopmanvrnoti mounocmu IIPJI cranmapTu3upoBaHbl B JMANa30HE I1aroB
15,875...50,8 u paccuuTtansl Ha pazpymaronryro Harpy3ky Ha 10...30% menbIe, yeM y 1ienei mo-
BBIIIIEHHOW TOYHOCTH.

Jlnunnozeennvie ponuxosvie yenu 11P]] BBIOTHAIOT B yIBOCHHBIM IIAroM IO CPAaBHEHUIO C
OOBIYHBIMH POJHKOBBIMU. [IoATOMY OHM Jerde U AemieBie OObIYHBIX. VX menecoobpazHo mpume-
HATH MPU MAJIBIX CKOPOCTAX, B YACTHOCTHU, B CEITLCKOX035MCTBEHHOM MAIIMHOCTPOCHHH.

Bmynounvie yenu (puc.2) mo KOHCTPYKIIUU aHATOTMYHBI MPEABIYIIIM. JTH [ENU OTINYa-
IOTCSI OT POJIMKOBBIX OTCYTCTBHEM POJIMKA, YTO YJACHICBIIAET IIENb U YMEHBIIAET rabapuThl U Maccy
IpU yBETUYCHHOHN IJIOIMAAM MPOEKIMU MapHupa. B 3arerienne ¢ 3yObsiMH 3BE3JOYKHM BXOAUT
HETMOCPEICTBEHHO BTYJIKA; M3HAIIMBAHUE 3BE3/I0YKH 3HAYUTEIHLHO OOJIbINIEe, YeM MPHU UCIOIH30Ba-
HUU POJIMKOBOM LIETMH. DTU €N U3TOTOBIISIIOT € IIArOM TOJBKO 9,525 MM M IPUMEHSIOT, B YaCTHO-
CTH, B MOTOIIMKJIaX U B aBTOMOOWJIAX (MIPUBOJ K pacrmpeaenuTeasHomMy Baiy). Llenu mokaspiBaroT
JIOCTaTOYHYIO pabOTOCTIOCOOHOCTD.

Ponuxosvie yenu ¢ uzoenymoimu nracmunamu IPU HabuparoT U3 0JIMHAKOBBIX 3BEHBEB, T10-
TOOHBIX TIEPEXOJHOMY 3BEHY. B CBsI3M ¢ TeéM, UTO MIACTUHBI pabOTaIOT HAa U3rHO U MOATOMY 00ma-
JIAOT TTOBBIIICHHOW MOIATIIMBOCTHIO, ITH IIEMH MPUMEHSIOT MPU TUHAMUYECKUX Harpyskax (yaapax,
4acThIX peBepcax u T. 11.).

B o6o03HaueHun POIMKOBOW WM BTYJOYHOW IEMH YKa3bIBAIOT: THII, Iar, pa3pylialonlyio
Harpy3ky U Homep ['OCTa (wanpumep, Llens [1P-25,4-5670 I'OCT 13568 -75*}. Y MHOTOpSAHBIX
1ernel B Hauaie 0003HaYEHUST YKA3bIBAIOT YHCIIO PSJIOB.



Puc. 2. BryjouHasi uenb: 1 — miacTHHbI BHYTPEeHHEro 3BeHa; 2 — IMJIACTHHBI HAPY:K-
HOI0 3B€Ha

Tabnuya 1. OcHOBHbBIE TEXHUYECKHE XaPAKTEPUCTUKHN NMPUBOJHBIX Lenei
PonukoBble W BTYJIOYHBIE OJHOPSAHBIE HOPMAJlb-

[TapameTp weie o ['OCT 13568-75 (3Besmouku mo I'OCT
591-69)
15,8
lar, mm 12,7 7 19,05 (25,4 31,75 (50,8
Eﬁfpyma‘oma’[ marpysia By o 1178122,1(31,0 (551|862 |223.1
[lluprHa BHYTpEHHETO 3BE-
Ha B, 30 1|54 (6,48|12,70 |15,68 |19,05 |31,75

WJIY [IMPUHA Lenu B, MM

JuameTp Banuka d, Mm 2,31 14,4515,08 (5,96 |7,95 9,55 (14,29

Macca 1 m neru g, Kr 0,20 (0,651]0.8019 3,8 9,70
'gg A A A 7 -7
Homyckaembiii k03¢-400 |- 85 [85 (9,3 [9,3 [10,2 [11,7
buument [S]”Haca 800 |- 1021102117 (11,7 [148 [16,3
EESES;ZCTHB - e;pff 1000/- 11,0/11,0[12,9 [129 [163 |-
o6 v PAMCHI, 11500 - 11711714 |14 |195 |-
1600]- 13,2]13,2 |- - - -
2800]- 18,0 18,0 |- - - -
é[g - 343(343(343 (343 (343 (343
400 |- 28,1128,1125,7 (25,7 [237 (206

Jonyckaemoe JnaBiie- 800
HUEe* B IIApPHUpPAX

23,7|23,7]20,6 |20,6 |28,1 14,7

enteii /p], MITa, mpn 1000|- 22,0122,0(18,6 |18,6 |16,3 -
1 Pl - "PMI9o00]- (20,6 (20,6 (17,2 |17.2 147 |-
YacTOTe  BpAICHHS,
00/ 600 81 |81 47 |47 -

800 34 |34 i

Haubonpuue 1 6

JOMYCTUMBIE YaCTOTHI |O 300 [900 |350 |150 000 |00
BpalleHusi - Majou 1 {
3BE3M0YKH,  00/MHH|3 500 (100 {500 |250 (100 50

IIpU Yucie 3yObeB Z 1




0 600 [200 [550 [300 [100 |00
7-35 ) ]
[I[Lj’]“zfl“é‘me HMCHO YAAPOB| 16y |50 |35 |30 25 |15
Pexomennyemas, JIJ1s1 pOMKOBBIX IIETIEH
HaI/I6OJ'IBI_Ha${ CKOpPOCTb V, I[OHI 5p a JJIA BTYJIOYHBIX 10 1
M/c
1-2 30-27 \ \
. 2-3 27-25
eKOMeHI[6yeeMLIe - 34 2503
et swenonn 2 mpu| -2 23-21
A P56 21-16
nepeaaToOYHOM 4YHCIIC
-6 17-
15

*I1Ipu BTY104HO-pOIMKOBOM nenu Z;= 15 + 30; npu 3y6uatoit z; =17 + 35.

3ybuamote yenu (puc. 3) COCTOAT U3 Habopa 3y0UaThIX IJIACTHH 1, MAPHUPHO COCTUHEHHBIX
MeX1y co00ii ¢ moMoIbio BaaukoB 2 (puc. 3, a). Kaxaas ninactuHa uMeeT 1o ABa 3y0a co BIaiu-
HOW MEXy HUMH JJIs1 pa3MeIIeHus 3y0a 3Be3109ku. Paboune (BHEIIHIE) TOBEPXHOCTH 3yObEB ITHX
IUTACTUH (TTOBEPXHOCTH KOHTAKTa CO 3BE3[J0YKAMHU, OTPAHUYEHBI TUIOCKOCTSIMHU U HaKJIOHEHBI OJTHA K
JIPYTO# TOJ YIJIOM BKJIMHUBAHUS ¢ , paBHBIM 60°). DTHUMH MOBEPXHOCTSIMH KaXK10€ 3B€HO CAAUTCS
Ha J1Ba 3y0a 3Be3/10uKH. 3yObs 3B€3/104EK UMEIOT TpanelueBUAHbIN npoduib. [ npeqoxpaHeHus
[[EMU OT CXOJa CO 3BE370UYCK MPEIYyCMOTPECHBI BHYTPEHHUE HAMPABIISIONINE TUIacTHHBI 3. Kom-
YeCTBO IUIACTHH 1 3aBUCHUT OT mepeaaBaeMoil MOITHOCTH. [11acTUHBI B 3B€HBSAX pa3IBUHYTHI HA
TOJIITUHY OJTHOM HMJTU JIBYX IUIACTHH COTPSDKEHHBIX 3BEHBEB. DTH IUIACTUHBI U3TOTOBIISIIOT U3 CTAIH
50 ¢ 3akanxoi 1o HRC 38—45.

2 1

AV/AN/AV/ANTRI1

a)
Puc. 3. 3y6uaras nenb: 1 — mJIacTuHbl; 2 — BaJUKH; 3 — HaNpPaBJIsAOIIHeE MJIACTHHDI;
4 — mapHup; 5 — npu3Msl

3yOuaTrplie LENU MOCTaBISIIOT C MApHUPOM 4 (TpeHUs CKOJbXKEHUS, CM. puc. 4, 6) unu
HIApHUPOM S (IIPU3MBI, 3aKpeIIEHHbIE B IJIACTUHAX ) (TpeHUsl KaueHus, cM. puc.4, ). B Hactos-
1Iee BpeMsi B OCHOBHOM M3TOTOBJISIOT IETH C MAPHUPAMHU Ka4eHUsI, KOTOPBIE CTaHAapTH30BaHBI
(T'OCT 13552—81%*). lns o6pazoBaHMs MIAPHUPOB B OTBEPCTHUS 3BE€HBEB BCTABISAIOT MPU3MBI C IIH-
JVHIPUYECKIMH PaboYrMHK ToBepXHOCTIMU. [Ipr3mbl onupatorcst Ha JbIckH. [Ipu cnenmaibHOM
npoGMIMPOBAHUH OTBEPCTUH TUIACTHH U COOTBETCTBYIOIIMUX IMOBEPXHOCTEH MPU3M MOKHO MOJTY-
YHUThH B MIAPHHUPE NMPAKTHUYECKH YHCTOE KaueHne. IMeroTcst AKCIepuMEeHTaIbHbIE U OKCILTyaTallnoOH-
HbIE JIaHHBIE O TOM, YTO pecypc 3yOuaThIX LENel ¢ mapHupaMu KaueHusi BO MHOTO Pa3 BBIIIE, YEM
LETEH C MapHUPaMU CKOJIbKEHUS.

Bo n3bexanne O0KOBOTO CIIOJI3aHHUS 1IETIH CO 3BE3/I0YEK MPEAYyCMAaTPUBAIOT HAIIPABIISIOIINE
TUTACTHHBI, IPEJICTABIISIONIIE COOOH OOBIYHBIE IIIACTUHBI, HO 0€3 BEIEMOK JIJISl 3yOhEB 3BE30YECK.
[TpuMeHSIOT BHYTpEHHHME WIIM OOKOBBIE HAIIPABISAIOIINE TUIACTUHBI. BHyTpeHHNE HanpaBIIsionue
TUTACTHHBI TPEOYIOT MPOTOYKH COOTBETCTBYIOIICH KaHABKM Ha 3Be3109kax. OHU 00ecreunBaoT



Jyd4lllee HAalPaBJIEHUE MPU BBICOKMX CKOPOCTSIX U UMEIOT OCHOBHOE IpUMeHeHue. Bxuaapiu 4 u
MIPU3MBI 5 U3TOTOBIISIOT U3 IleMeHTYeMbIX ctanei 15 u 20 ¢ 3akankoit o HRC 52—60. B 3aBucu-
MOCTH OT PACIOJIOKEHUS 3yObeB 1enH ObIBAIOT OJHOCTOPOHHUMH U JIBYCTOPOHHUMH.

JloCTOMHCTBaMHM 3y04aThIX IETeH 0 CPABHEHUIO ¢ POJTMKOBBIMHU SBIISIOTCS MEHBIITHH IITyM,
ITIOBBIIIICHHAA KUHEMATHUYCCKAsd TOYHOCTh U I[OHYCKaeMaSI CKOpOCTB, a TAKXXEC IMOBBIIIICHHAA HAOCXK-
HOCTb, CBS3aHHAS C MHOTOIUIACTHHYATON KOHCTpYKIHeH. OIHAKO OHM TsDKENee, CII0KHEE B U3r0-
TOBJICHUHU U I[OpO)Ke. HOE)TOMy OHHU UMCHOT OFpaHI/I'-IeHHOG HpI/IMeHeHI/Ie " BBITCCHAIOTCA pOJII/IKO-
BBIMH IIETISIMH.

Puc. 4. 3Be3104Kka BTYJIOYHOM M POJIUKOBON Hene

3se300uxu 0nsa npugooHvlx yeneu. 110 KOHCTPYKIIMY 3BE3JOUYKH HAIIOMUHAIOT 3y0UYaThie KO-
neca. [Ipodunp ux 3yObeB 3aBUCUT OT THUIIA MU, 3BE3I0YKH POJTMKOBOM M BTYJIOUYHOM IeTen
(puc. 4) umerot pabouuii npoduias 3yda, OUepUCHHBIIN Tyroil OKPY>KHOCTH; 3BE3JOUYKU 3y0UaThIX
nernei (puc.5) — npsmonauHeHbIi padounii npoduis. B cBsi3u ¢ TeM, YTO 3yObsi 3B€37104€K B PO-
JIMKOBBIX Tepefjauax UMEIOT OTHOCUTEIBHO HEOOBIIYIO IIUPHUHY, 3BE3/I0UEK B POJUKOBBIX Iepeia-
Yax UMEIOT OTHOCUTENIBHO HEOOIBIIYIO IUPHHY, 3BE3109KH HEPEKO U3TOTOBIISIOT U3 IUCKA U CTY-
MUIBI, COETUHSAEMBIX O0ITaMU, 3aKJICIKAMU WM CBAPKOi.

Jliig obneryeHus 3aMeHsbl ociie U3HOCA, 3BE30YKH, YCTaHABIMBAEMbIE HA BaJlaX MEXAY
OIopaMy, B MalllMHaX ¢ TPYAHOH pa300pKoi AeNat0T pa3beMHBIMU MO JMaMETPaIbHOM MI0CKOCTH.
[T1nockoCTh pa3beMa IPOXOJUT Yepe3 BHaANHbI 3yObeB, 171 UEro YHCIU 3yObEB 3BE€3/I0UKH NIPUXO-
JUTCS BEIOUPATh YETHBIM. JlOITOBEYHOCTh U HAA€KHOCTH 1eNel nepeayi BO MHOTOM 3aBUCHUT OT
NpaBUJILHOTO BbIOOpa nMpoduiis 3yObeB 3BE3/J0UKH, €€ MapaMeTPOB, MaTepuajga U TEPMUUECKOI
00paboTKH.

Puc.5. 3Be3n0uka 3y0uaToii nenu

BaxHbIM (pakTopoMm U1 yBETMUEHUS T0JITOBEYHOCTH LEMHOM Mepeauu sBIsSeTCs PaBUIlb-
HBII BEIOOD yHMCIIa 3yObeB MeHbIleH 3Be3104KH. [Ipu Maiom uunciie 3y0peB IIaBHOCTh Hepeadn
CHIDKaeTcs, HaOJIr01aeTcsl MOBBIIIEHHOE N3HAIIMBAHUE LIENH U3-3a OOJIBILIOro yriia IOBOPOTa IIap-
HUPA U 3HAYUTENbHBIX JUHaMUYecKuX ycuinuid. [Ipu n3Hoce mapHUpOB U YBETHUEHUH B CBS3H C
ATHUM IIara Henb CTPEMUTCS MTOAHATHCS 10 NPO(UITIo 3yObeB, IPUYEM TEM BbIIIIE, YeM OOJIbIIIE YHC-



710 3yObeB 3Be310uKu. [Ipu OonbIIoM ymcie 3yOheB axke y MaJlo U3HOIICHHO! IIeTH B Pe3ylibTaTe
paznaIbHOTO CIIOJI3aHMS [0 MPOQIITIO 3y0 1IETIh COCKAKUBAET C BEAOMOM 3BE3I0UKH.
PexomMenyemsle unicia 3yObeB MEHbBILEH 3BE3/I0UKH Z; B 3aBUCUMOCTH OT IIEPEJATOUHOTIO

qucia IpUuBEACHBI B Taby1. MakcHMaabHOE YUCIIO 3Y6BCB OoJbIIEH 3BE3I0YKH Z, TAKXKEC OTpaHHAYC-

HO: 711 BTYJIOUHOU 1enu Z,< 90; nist ponukoBoit z,< 120; aus 3youaroit z,< 140. IIpeanouru-

TEJIbHO MPUHUMAThH HEUETHBIE YHCIIa 3yObeB 3BE3/104€K, YTO B COUCTAHUH C YETHBIM YHCIOM 3BEHb-
€B IIEH CIIOCOOCTBYET OoJiee paBHOMEPHOMY €€ W3HAITMBAHUIO.

Martepuai 3Be3/104€K BHIOMPAIOT B 3aBUCUMOCTH OT Ha3HAYEHUS U KOHCTPYKIMH Iepeaayu.
3Be3/104KH ¢ OOJIBIIMM YHCIIO 3yOheB TUXOXOJHBIX Nepeaay (10 3 M/C) MpH OTCYTCTBUU YAAPHBIX
Harpy3oK JIOyCTHMO U3TOTOBIATH U3 uyryHa mapku CY 20, CY 30 c 3akankoii. B HeOmaronpusr-
HBIX YCIIOBHSX C TOYKHU 3PEHHUS U3HOCA, HAIIPUMED B CENIbCKOXO3SHCTBEHHBIX MAIIMHAX, TPUMEHSIOT
AHTU(PUKIIMOHHBIN U BHICOKOIIPOYHBINA YYT'YH C 3aKajKoi. J[1s M3roToBIeHUs BEAYIIHNX 3BE3I0UYECK
C MaJIBIM 4UCJIOM 3y0ObeB ( Z, < 30) HEOTBETCTBEHHOI0 Ha3HAYCHUS IPUMEHSIOT cTajb 20 (eMeHTa-

1M, 3aKaJKa, OTITYCK); OTBETCTBEHHOr0 HazHaueHuss — ctaib 40, 50 (3akanka, OTmycK); mpu Mo-
BBIIIEHHBIX MIepeaBaeMbIX Harpyskax craib 40X, 45X, 45XH (3akanka, oTmyck). s BeJOMbIX
3BE3/I04YEK OOJBIINX TUAMETPOB C OOIBIINM YUCIIOM 3y0beB ( Z, > 50), KpoMe mepednciIeHHbIX Ma-
TEpUAJIOB, MOKET OBITh IpUMEHEH cepblil uyryH CH15, CU20, CY35 u np. IIpu HeoOxoaumocTu
OeclryMHOM U MJIaBHOM paboTHI repenad MOITHOCTRI0 P < 5 kBT u V< 8 M/C MOXHO U3rOTOBISThH
BEHIIbI 3B€3/I0UEK U3 [JIACTMACC — TEKCTOJUTA, MONU(OpMabIETUIa, MOIUAMUIOB, YTO IPUBOIUT
K CHUIKEHMIO 1IyMa U K [OBBIILIEHUIO JOJITOBEYHOCTH 1IeTel (B CBA3H CO CHUKEHUEM IMHAMUYECKUX
Harpy3o0K).

BcnenctBrue HEBBICOKON IPOYHOCTH IJIACTMACC IPUMEHSIOT TaKKe METaJIONIaCTMACCOBbIE
3BE3/I0UKHU.

Tazoevie uenu

TsroBble Lenyu MOAPa3AENAIOT Ha TPU OCHOBHBIX THMA: TutactuH4Yateie HO [OCT 588—81%,
paz6opubie o 'OCT 589 85; kpyrio3BeHHbIe (HOPMaIbHOM U MOBBIIIEHHON MPOYHOCTH) COOTBET-
crBerHo o 'OCT 2319—381.

IInacmunuamele yenu cIryxat JUis IepeMelleHHs TPy30B M0/ JIIOObIM yTJIOM K TOPU30H-
TaJbHOW IUVIOCKOCTH B TPAHCIIOPTUPYIOIIMX MallIMHaxX (KOHBeWepax, HOIbeMHHUKAX, ICKanaTtopax u
ap.). OHM 0OBIYHO COCTOST U3 IUIACTHH MPOCTOH (OpMBI U Ocelt co BTYJIKaMU WK O€3 BTYJIOK; JUIs
HUX XapaKTEepHbI OOJIBIINE IIaru, TaK Kak OOKOBbIE MJIACTUHBI YaCTO MCITIONb3YIOT [T 3aKpEIICHUS
NoJI0THA TpaHcnopTepa. CKOPOCTH IBUKEHUS 1ieTiell 3TOro Tuna o0buHO He npeBsimaot 2...3 M/C.

Kpyano3zeennvie uenu ncnonb3yroT B OCHOBHOM JUIs IIOJIBECA U IObEMA TPY30B.

Cyl1ecTBYIOT CIELIMANIBHBIE LIENH, IEPEAAIOIINE JBUKECHUE MEX Y 3B€3/104KaMH C B3aUMHO
NEePIEeHIUKYIIPHBIMU OCcsiIMU. Banuku (ocn) AByX COCETHUX 3BEHbEB TaKOM II€MH B3aUMHO MEPIEeH-
JUKYJISIPHBI.

Bce nenu crangaptr3oBanbl B MUpOBOM MaciiTabe. OCHOBHBIM ITapaMEeTPOM SIBIISIETCS I1ar
[enH t, KOTOPBIN BhIpa)kaeTcs B MIJUTUMETpax uiH Joiimax. B tabnunax 'OCTa npuBoasTces Tax-
K€ CTaHJapTHBIE IIUPUHBI LIeTlel, MUHUMAJIbHOE YHCIIO 3yObeB 3BE370YKHU, IPEAEIbHOE YnciIo 000-
POTOB, I0IIyCKAaeMbIE HArPY3KH U BEC.

Pacuem nepeoauu 3youamoit yenvio
[Iar menu t BEIOMPAIOT B 3aBUCUMOCTH OT MAaKCUMAIBHO JOMYCTUMOM YaCTOTHI BpaI[CHHS
N1max MEHBIIIEH 3BE3OYKU.



Uwcno 3yObeB Z1 MEHbIIICH 3BE30YKH IPUHUMAIOT TI0 PopMyJie, MPU 3TOM YUUTHIBAIOT, YTO
C YBEIIMUEHHEM YHcIia 3yObeB Z1 TaBJeHHE B MIAPHUPE, IIar U IHPUHA LIeTIH YMEHbIIAIOTCS, a 0JI-
TOBEYHOCTD LIEIIM COOTBETCTBEHHO YBEJIUYMBACTCS.

Hcxomast u3 kpuTepusi K3HOCOCTOMKOCTH IIapHUpPa 3y0UaTou 1menu no u3BecTHbIM P1 (kBT),
t (MM) 1 V (M/C) BBIYUCIISIOT TPEOYyEeMyIo IUPUHY B (MM) 1ienu:

B 250K, P,

Hl
K, pYv?
rae K, = Ko — ko3 puiuent sxcrutyaTauu s 3y04arbiX Lemnei;
Kv — cKopocTHO# KO3 PUIMEHT, YUUTHIBAIOIINNA CHIKEHHE HECYIIeH CIIOCOOHOCTH LIETTH

U3-3a [IEHTPOOEIKHBIX CHUIL.
K,=1...1,1-103v?

Ilomepu na mpenue. Koncmpyupoeanue nepeoau

ITorepu Ha TpeHHE B LIETIHBIX ME€peladyax CKJIaAbIBAIOTCS U3 OTEPh: a) HAa TPEHHE B IIApHU-
pax; 0) Ha TpeHHE MEX/1y IJIACTUHAMM; B) HA TPEHUE MEXKY 3BE30UKON U 3BEHBSIMU IIEIH, a B PO-
JIMKOBBIX LIETISIX TAK)Ke MEX/1y POJIMKOM U BTYJIKOH, IPH BXOJI€ 3B€HBEB B 3aLIEIUIEHUE U BBIXOJIE U3
3alleTUICHUS; T) Ha TPEHHUE B OMOpax; 1) MOTEePh Ha pa3OpbI3TMBaHUE MACIA.

OCHOBHBIMU SIBJIAIOTCS IOTEPU HA TPEHUE B LIAPHUPAX U OIMOpax.

[Torepu Ha pa3OpbI3TUBaHNE Maclla CYIIECTBEHHBI TOJIBKO MPU CMa3bIBAaHUU ST OKYHAHH-
€M Ha IpeAeTbHON IS 9TOro BUAa cMa3ku ckopoctu V= 10...15 m/c.

LlenHble nepenaun pacnojaratoT Tak, 4ToObl HEeb JBUTalach B BEPTUKAIBHOM MI0CKOCTH,
pUYeM B3aMHOE TIOJIOKEHHUE 110 BBICOTE BEAYILEH U BEOMOI 3BE3/109€K MOXKET OBITh MPOU3BOIIb-
HbIM. ONITUMAJIBHBIMU PACIOI0KEHUAMH LIETTHON Tepeiaut sBISIOTCS FTOPU30HTAIBHOE U HAKJIOH-
HOE TI0J] YTJIOM /10 45° K TOpU30HTY. BepTHKanbHO pacnoioKeHHbIe epeaay TpeOyroT Ooee Tia-
TEJIbHOM PeryIMpOBKY HATSHKEHUS 1IETIH, TaK KaK ee POBUCAHUE He 00ecleunBaeT CaMOHATKECHUS;
MI03TOMY 11€J1€CO00Pa3HO XOTs Obl HEOOIBIIIOE B3aUMHOE CMEIIEHHUE 3BE37J0YEK B TOPU3OHTAIIBHOM
HalpaBJICHUH.

Bemymieli B IeHBIX Tiepeiayax MOXKET ObITh KaK BEPXHsIs, TaK U HIDKHSS BETBU. Bemymas
BETBb JIOJIKHA OBITh BEpXHEH B CIEIYIOIUX CIIydasx:

a) B mepelayax ¢ MajibiM MeX0oceBbIM paccTosiHueM (a<30P mpu u> 2) u B nepenayax, 0au3-
KHX K BEpTHKaJIbHBIM, BO H30€KaHHe 3aXxBaTa MPOBHCAIOLIEH BepXHell BeJOMOI BETBBIO JOMOJIHU-
TEJIbHBIX 3yObEB;

0) B TOpU30HTAJIBHBIX IIepeiadax ¢ OOIBIIUM MEXOCEBBIM paccTossHueM (a> 60P) u mansiMu
YyHcllaMu 3yObeB 3B€3/104€K BO N30€KaHNE CONPUKOCHOBEHHUS BETBEH.

Hamasaosicenue ueneii

Ilo MEpPC N3HAIMBAHWA U KOHTAKTHBIX 06M$ITI/II\/JI apHUPOB LECTIb BBITATUBACTCSA, CTPEIa
npoBucanus f BeToMoli BETBH YBETHUHUBACTCS, YTO BBI3BIBACT 3aXJIECTHIBAHHE 3BE30UKH IIETIBIO.
Jlns mepenad ¢ yriiom HakioHa @ < 45° makiona k ropu3onTty [f]<0,02a; mpu 0 > 45° [f] < 0,015,
IJIe a — MEX0ceBoe paccTosiaue. [103ToMy IemHbIe Tepeaadu, Kak MpaBuiio, J0HKHBI UMETh BO3-
MOXXHOCTB PEryJIMPOBaHUA €€ HATAKCHUSA. Hpe)IBapI/ITeJ'H)HOG HaTAXKCHUC CYHICCTBCHHO B BEPTU-
KaJbHBIX Mlepeiavyax. B ropu30HTAIBHBIX U HAKIOHHBIX MIepeiadax 3aleryIeHue [EeMn CO 3BE3109-
KaMu O6eCHe‘II/IBaeTC5I HATSIAXKCHUEM OT CO6CTBCHHOI71 CHUJIBI TSKECTH LECIIU, HO CTPCIIa IPOBUCAHUA
IeNH JTOJDKHA OBITh ONTUMAJIBHOM B YKa3aHHBIX BBIIIE TIPE/Ieiax.

Pel"y.]'II/IpOBaHHe HATsHKCHUSA OCTIHA OCYIIECTBIISIOT YCTpOﬁCTBaMH, AHAJIOTUYHBIMU ITPUMCHS -
€MBIM JIJIS1 HATSDKEHHST PEMHS, T.€. IepEMEIIeHHEM BaJla OTHOW U3 3BE3/I0YCK, HAKUMHBIMH POJIUKA-
MU UJIN OTTSKHBIMHU 3BE3I0YKaAMMU.



HatsxHble ycTpoiCTBa JOJKHBI KOMIIEHCUPOBATh YUIMHEHUE LN B IIPEIEIIax ABYX 3BCHb-
€B, NIpH OOJIbILEH BBITSDKKE — JIBA 3BEHA LIENH YIAIAIOT. Y BEJIMUEHHE 111ara ey BCIIeICTBUE U3HO-
ca B LIapHHUPAxX HE KOMIIEHCHUPYETCs €€ HaTsbkeHueM. 11o Mepe n3HalmmBaHus Henu mapHUphI pac-
H0JIararoTCs Bee OJIMKE K BEpLIMHAM 3yObeB M BOZHUKAET OIACHOCTh COCKAKMBAHUS LIETIN CO 3BE3-
JOYEK.

Perynupyroniye 38€3404KH U POJIMKY CIIEAYET 110 BO3MOKHOCTH YCTaHABJIMBATH HA BEAOMOM
BETBH LICTIM B MECTaxX ee HauOoJbIIero MpoBUcaHus. [Ipu HEBO3ZMOKHOCTH YCTaHOBKHM HA BEOMOMU
BETBH MX CTaBAT HA BEAyIIEH, HO JUIsl yMEHbLIEHUs] BUOpALMii - C BHYTPEHHEH CTOPOHBI, I1€ OHU
paboTaioT Kak oTTsDKHbIE. B mepenayax ¢ 3youatoii nensto [13-1 perynupyrommue 3Be3109Kd MOTYT
paboTaTh TOJIBKO KaK OTTSDKHBIE, @ POJIMKH KakK HAaTsOKHbIE. YNCI0 3yObeB peryaupyrolux 3Be3/0-
YeK BHIOMPAIOT PaBHBIM YUCITy Mol paboueil 3Be3/109KH 1k 0oabiuM. [Ipu 3TOM B 3anienyieH|H ¢
peryaupyromeii 38e3104K0i JOIKHO ObITh HE MEHbIIIE TpeX 3BeHbeB Lienu. Ilepemerienue perynu-
PYIOLIMX 3BE3/104YEK U POJIMKOB B LIETHBIX IIEpe1adax aHAJIOTMYHO TAKOBOMY B PEMEHHBIX IIepea-
Yax ¥ OCYIIECTBIIAETCS IPY30M, IPYKUHOM niy BuHTOM. Hanbosnbiee pacnpocTpaHeHre UMEET
KOHCTPYKLUS 3B€3/I04KHU C SKCHEHTPUUIECKOHN OChIO, IIOJKUMAEMOM CIIUPAIIbHOU NPYKUHOM.

W3BecTHO ycnenHoe NpUMEHEHHUE LENHbIX N1€peayd POJIMKOBBIMY LEMNSMU OBBIIIEHHOTO
KAau4eCTBA B 3aKPBITBIX KApTEpax MPU XOPOILIEM CMa3bIBAHUU C HETIOJABHKHBIMHU OCSIMU 3BE3J104€K
0e3 creraabHbIX HATSDKHBIX YCTPOUCTB.

Cmazviganue

Cwma3blBaHUE LIENH OKa3bIBAET PELIAIOIIEE BIUSHUE HA €€ JOJITOBEYHOCTD.

JU1sl OTBETCTBEHHBIX CUJIOBBIX Iepesiad CIeyeT 0 BO3MOXKHOCTH IPUMEHSTh HEIPEPbIBHOE
KapTepHOE CMa3bIBAHNUE BUJIOB:

a) OKyHaHHEM LIeNH B MaclIsiHYIO0 BaHHY, IPUYEM IOIPY>KEHHE LIEeNH B Maciio B caMOi ri1y0o-
KOH TOUKE HE TOJHKHO MPEBBIIIATh UPUHBI TUTACTHHBI; MPUMEHSIOT 10 cKopocTH nenu 10 m/c Bo
n30exaHue HeJ0IYCTUMOT0 B30aNThIBAaHUS MacIa;

0) pa3OpbI3ruBaHNe C MOMOIIBIO CIIEIUATBHBIX Pa30PBI3TMBAIONINX BBICTYIIOB HITH KOJIEIl U
OTpaKaIOIIMX IUTKOB, IO KOTOPBIM MAacll0 CTEKAeT Ha IIeTlb, MPUMEHSIOT IPU CKopocTH 6...12 M/c B
ClIy4asiX, KOTJla YpOBEHb Macja B BAHHE HE MOKET ObITh MOJHAT JI0 PAaCIOJIOKEHUS LEIH;

B) IMPKYJSAILMOHHOE CTPYHHOE CMa3bIBaHUE OT HAacoca, HauboJee COBEPLICHHBIH cr1oco0,
MPUMEHSIIOT JUIsl MOLTHBIX OBICTPOXOJIHBIX Iepe/ay;

I') HUPKYJISLHUOHHOE EHTPOOESIKHOE C MMoAayYei Maciia uepe3 KaHajbl B BajlaX U 3BE3/J0YKaxX
HENOCPEICTBEHHO Ha LIEMb; MPUMEHSIOT IIPU CTECHEHHBIX rabapuTax rnepeaayu, Hapumep, B
TPAHCIIOPTHBIX MalINHAX;

1) UMPKYJISLHOHHOE CMa3bIBaHUE paclblJICHUEM Kallellb Maciia B CTpye BO3AyXa M0/ JaBJie-
HUEM; IPUMEHSIOT MPH cKopocTH 6ozee 12 m/c.

B cpenHeckopocTHBIX niepeaayax, He UMEIOIINX FepMETHYHBIX KapTEPOB, MOYKHO IPUMEHSTh
IUIACTUYHOE BHYTPUIIAPHUPHOE WIN KalleJIbHOE cMa3biBaHue. [ImacTuuHOE BHYTpHUIIADHUPHOE CMa-
3bIBaHUE OCYILECTBISAIOT Nepuoanueckum, yepes 120...180 4, morpyxeHrueM 1enu B Macio, Harpe-
TO€ JI0 TEMIIEpaTyphl, 0OecreunBarolei ero pa3xmxenue. [ImacTuynbiil cMa30uHBINA MaTeprai
MPUMEHHUM IIPU CKOPOCTH LIENH 110 4 M/c, a KareabHOe cMa3bIBaHHe - 70 6 M/c.

B nepenauax ¢ nensMu KpymnHbIX IIaroB OpeeabHble CKOPOCTH [T KaX10To crocoda cMma-
3bIBaHUSI HECKOJIBKO HIKE.

ITpu nepuonuveckoii paboTe M HU3KMX CKOPOCTSAX ABMIKEHUS LIEMH JIOYCTUMO MEpUOInde-
CKO€ CMa3bIBaHHUE C MIOMOIIBIO0 PYYHON MaCIeHKH (depe3 Kaxapie 6...8 1). Macio mogaercst Ha HIK-
HIOIO BETBb Y BXOJIa B 3aLIETUIEHUE CO 3BE30UYKOM.

3a py0OeKoM Havajiu BBITYCKATh JAJIsl pa0OThI MPH JIETKUX peXUMax Lenu, He TpeOyrolne
CMa3bIBaHUs, TPYIIHECS MOBEPXHOCTH KOTOPBIX MOKPHITHI CAMOCMA3bIBAIOIIUMHUCS aHTU(PPUKLIMOH-
HBIMH MaTepHaiaMu.



Pacmascenue u coicamue

Yuem co6cmeennozo eeca npu pacmasxcenuu u corcamuu

Il0060p ceuenuil c yuemom codcmeenno2o eeca (Rpu pacmaiCeHUU U CHcamuu)

[Ipu ycTaHOBJIEHUH BHEIIHUX CHJI, PACTSATUBAIOIIUX WM C)KMMAIOIIUX AJIEMEHTHI KOHCTPYK-
Ui, MBI 10 CHX IOp MUTHOPUPOBAIM COOCTBEHHBIH BEC ATHUX 3JEMEHTOB. Bo3HHMKaeT Bompoc, He
BHOCHTCSI JIM 3TUM YIIPOILIEHUEM pacuera CIMIIKOM Oosblas morpemHocts? B cBsi3u ¢ 3TuM noj-
CUMTaeM BEJIMYMHBI HANPSHKEHUH U edopManuii pyu y4yeTe BIUSHUS COOCTBEHHOTO Beca PaCTsIHY-
TBHIX WM CKATBIX CTEP)KHEH.

[TycTs BepTUKAIbHBIN CTEpKEHB (pUC.6, @) 3aKpeIyIeH CBOUM BEPXHHM KOHIIOM; K HIDKHEMY
€ro KOHIly mojserieH rpy3 P. Jlnuna crepxkus |, momans momnepedHoro ceueHus F, ynenbHbIN Bec
MaTepuaia y 1 MoAyib yrnpyroctu E. [logcuntaem HanpsbKEeHUs IO CEYEHUIO A B, pacmnonokeHHOMY

Ha pacCTOSIHUM X OT CBO6OI[HOFO KOHIIAa CTCPIKHA.
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Pacceuem crepxeHb ceueHUEeM AB U BbIIEINM HUXKHIOIO YacTh JUIMHOM X C MPUIIOKEHHBIMU
K Hell BHeIHUMHU cuiamu (puc.6, 6) — rpy3oM P u ee COOCTBEHHBIM BECOM JFX. DTH JIBE CHIIBI

YPaBHOBEUIMBAIOTCS HAIPSHKEHUSIMH, JEHCTBYIOIIMMU Ha Iulomaib AB OT OTOpOIIEHHOM dYacTu.
OTU HanpsoKeHUs: OyAyT HOPMaJbHBIMH, PABHOMEPHO PacHpee/IeHHBIMH MO0 CEUEHHUIO0 M Harpas-
JICHHBIMU HapyXy OT paccMaTpHUBAEMOM YacTH CTEpPXHS, T. €. pacTAruparomuMu. Benuunna ux Oy-
JIeT paBHa:
FP+yFx F
F F
Takum obOpa3oM, mpu yueTe cOOCTBEHHOI'O Beca HOPMaJbHbIE HAINPSDKEHUS OKa3bIBAIOTCS
HEOJIMHAKOBBIMH BO BceX ceueHusax. Hanbomnee HanpsKeHHBIM, onachbiM, OyleT BEpXHEEe CeueHue,

JUTSE KOTOPOT'O X TOCTUTAeT HauOOJIbIIEro 3HaYeHUs |; HanpsykeHne B HEM paBHO:
P
Jm = E + }i‘
YcnoBre NPOYHOCTH IOJDKHO OBITH BBITIOTHEHO UMEHHO JUISI 9TOTO CEYCHHUS:
F
T = [F+ W= [J]

OTCIOI[E[ HCO6XOI[I/IMa$I rIonraab CTCPXKHA paBHA:

Fa 2

lo]-¥



Ot ¢opmynbl, onpenensonei miomanb pacTIHyTOr0 CTEpPXKHs 0e3 ydera BIMSHUSA COO-
CTBEHHOT'O Beca, 3Ta (opMyJia OTIMYAETCS JIMIIb TEM, YTO M3 JOIYCKaeMOTro HAaNpsDKEHUS BBIYUTA-
eTcs BenmnunHa A .

UToOBI OLICHUTH 3HAUYEHHUE ATOW TOIMpPaBKH, MOJCYUTAEM €€ I JBYX ciydaeB. Bo3pMem

- V7T, _ 2
CTEpXEHb U3 MATKOHN cranu miuHo 10 Mm; mmg Hero [J] = 140 = , 4 BEJIWYMHA ¥ =850 | e .
TakuMm oOpa3zoM, JUIsl CTEp>KHS M3 MSTKOW cTaiu mompaBka coctaBut 78,5/140T. e. okoino 0,6%.

[o] = 12MTTa

Tenepp BO3bMEM KHUPIUYHBINA €TOJO BbicOTOM TOXe 10 Mm; 1u1st Hero , 4 BEJIIMYMHA

¥ =18H / od’ Taxum oOpazom, i1 KUPIUYHOTO CTOJI0a nonpaBka coctaBut 18/1,2, T.e. yxe 15%.

BrnionHe noHSTHO, YTO BIMSHUEM COOCTBEHHOIO Beca MPH PACTSKEHUU M CKATUU CTEep KHEH
MOYKHO TIpeHeOperaTh, €CIi Mbl HE HIMEEM JIeJia C [UIMHHBIMU CTEPKHSAMH MU CO CTEP)KHSAMH U3 Ma-
Tepuasna, 00JaJarolIero CPaBHUTENIbHO HEOOIbIION TPOYHOCTHIO (KaMEeHb, KUPIIUY) IPU JOCTATOY-
HOM Bece. [Ipu pacuere ITMHHBIX KaHATOB MOJBEMHUKOB, PA3JIMYHOTO PO/IA JUJIMHHBIX IITAHT U BbI-
COKHX KaMEHHBIX COOpYXEeHHil (OalrHi MasKoB, OMOPbI MOCTOBBIX (pepM) MPHUXOAUTCS BBOJUTH B
pacyder ¥ COOCTBEHHBIN BeC KOHCTPYKIMH.

B Takux ciydasx BO3HUKaeT BOMPOC O IenecoodpasHoii hopme crepkHs. Ecnu Mbl moade-
pEM ceueHue CTEepXKHsS TaK, YTO JaJuM OJHY U Ty K€ IUIOIIAJb NOMEpPEYHOIr0 CEUYEHHUs IO BCEH
JUTMHE, TO MaTepuall CTepHs OyJeT II0XO0 KCIOJIb30BaH; HOPMAIbHOE HAIMPSKEHHE B HEM J0ilIeT
JI0 JIOIYCKAaeMOT'0 JIUIIb B OJHOM BEPXHEM CEUYEHMH; BO BCEX IPOYMUX CEUEHHUSAX Mbl OyJeM HUMETb
3anac B HANPSDKEHUSX, T. €. M3NUIIHMKA Marepual. [1o3Tomy ’kelmaTenpHO TaK 3alpOEeKTHPOBATH
pa3Mephbl CTEPIKHS, Umoobbl 80 8CEX €20 NONEPEUNBIX CEYeHUSX (NePNneHOUKYIAPHBIX K OCU) HOPMATb-
Hble Hanpsaxcenust ObLIU NOCMOAHHYL,

Taxoil crep:keHb HA3bIBAETCSI CTEPKHEM PABHO20 CONPOMUBLEHUS PACTSKEHUIO WIM CXKa-
tuto. Ecnu mpu 3TOM HampsbKeHUs paBHBI JOMYCKaeMbIM, TO TaKOiMl CTepKeHb OyJeT UMeTh
HaWMEHBIINI BEC.

Bo3sbMmeM NIUHHBINA CTEp:KEHb, MOABEPKEHHBIA CKATHIO CHJIOW P U COOCTBEHHBIM BECOM
(puc.7). YeM Onmrke K OCHOBAHHIO CTEPXHS Mbl OyaeMm OpaTh cedeHue, TeM Oouiblie OyAeT cuia,
BBI3BIBAIOIIAS] HATIPSDKEHUSI B 9TOM CEUEHHUH, TeM OONBIIMMH MPHUIETCS OpaTh pa3Mepbl IIOMAIH
ceuenusi. CtepkeHb OyduT popmy, pactmupsitonryrocss kauzy. [nomans ceuenust F Oyaer u3me-
HATHCS TI0 BBICOTE B 3aBHCUMOCTH OT X, T. ¢. F = f(X).

VYCcTaHOBMM 3TOT 3aKOH M3MEHEHMS IUIOIIAAU B 3aBUCUMOCTH OT PAcCTOSIHUS CEYEHHUs X OT
BEpXa CTEPXKHS.

I“f’@“a‘ﬂm}
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Hnomam, BEPXHETO CCUCHUSA CTCPIKHA FO OMMpECACIINTCA U3 YCIIOBUA IIPOYHOCTHU!

F
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rne [o]— nomyckaeMoe HalpsDKEHHE Ha CKAaThe; HANPSHKEHUS BO BCEX MPOYUX CCUCHHSIX
CTEPIKHS TAKXKE JTOJIKHBI PABHSITHCS BETUUMHE

YroObl BBIACHUTH 3aKOH M3MEHEHUS TUIOMIA/ICH MO BHICOTE CTEPIKHS, BO3bMEM J[BA CMEKHBIX
OECKOHEYHO OJIM3KHMX CEYCHHUS Ha PACCTOSHHM X OT BEpXa CTEPIKHS; PACCTOSHHE MEKIY CCUCHUAMHU
dx ; mromanp Bepxuero HazoBeM F(X), mromans sxe cmesxkuaoro F(X) +dF(x).

[Mpupamenne miomamy dF (X) Ipu nepexoae OT OAHOTO CEYSHHsS K JAPYroMy JIOJKHO BOC-
npuHATh Bec F (X)dXamemMeHTa crepkHS Mexay cedeHusMu. Tak kak Ha miomaau dF(X) o mon-
JKCH BBI3BaTh HaIpsDKEHHE, paBHOE gonyckaemMoMy [o], To dF (X) onpeaenutcs u3 ycioBus:

W (x)dx _ o]

dF (x)
Otcrona:
dF(x) ¥
=dx
Flx) «
[Tocne nHTErpUpPOBaHUS TTOTyYaAEM:

n Flx)+C = Lx

o]

Ipu X =O0mnomane F(X) = Fy; moacTasisist 3TH 3HAYCHHSI, HMEEM:
hF+C=0 C=-hF

Otcrona

! retn Fla)—n B, =t T8 T _ LT

] R R

Y x

F I':x:l = Fuem

Ecnu MeHATH ce4eHHst TOYHO MO STOMY 3aKOHY, TO OOKOBBIE TPaHU CTEPIKHSI MOTydaT KPUBO-
TuHEeHHoe ovyepTanue (puc./), 4TO YCIOKHSAET U yaopoxkaeT padory. [loaTomy 0OBIYHO TaKOMY CO-
OPYKEHUIO MPUAAIOT JIUIITh TPUOIIKEHHYIO (OPMY CTEPIKHSI PABHOTO COMPOTHUBIICHHSI, HAIPUMED B
BHJIC YCEUEHHOW MUpaMHUIbl C TUIOCKHUMH TpaHsMu. [IpuBeneHHBIN pacueT sSBIsETCS MPUOIMKEH-
HbIM. MBI mipeanonaraiy, 4YTo MO0 BCEMY CEUEHHUIO CTEPKHSA PABHOTO CONPOTUBIICHMS MEPENAIOTCS
TOJIbKO HOpMaJIbHBIC HANPSKEHUSI; HA CAaMOM JIeJie Y KpaeB CEUCHUS HAMPsHKEHUs Oy IyT HarpaBJie-
HBI 110 KacaTeNbHON K OOKOBOI MOBEPXHOCTH.

B ciyyae niuHHBIX KaHATOB WJIM PACTSHYTHIX IMITAHT (JOPMY CTEPXKHS PAaBHOTO COMPOTHUBIIC-
HUS OCYILIECTBIISIIOT TOXe MPUOTMKEHHO, pa3esisi CTep>KeHb O JJIMHE Ha Psiji Y4acTKOB; Ha MPO-
TSOKEHHU KaKIOT0 ydacTKa CCUEHHE OCTAeTCs MOCTOSHHBIM (puc.8) — mosrydaeTcs Tak Ha3bIBae-
MBI/ SKBUBAJICHTHBIN CTYIIEHYAThI CTEPKEHbD.



Puc.8.

Omnpenenenue miomanei F,, F,... npu BEIOpaHHBIX AIMHAX MPOU3BOIAUTCS CIEAYIOUIMM 00-
pazomM. ITnomaas monepeyHoro ceYeHus IEPBOro HMHKHETO ydacTka OyaeT mo Gopmysie paBHa:
F
g
UToObl MOMYYUTH IUIOMIAAb MONEPEYHOTO CEYEHHsI BTOPOTO y4yacTKa, HaJl0 Harpy3uTh €ro
BHEIIHEH cuiI0ii P 1 BecoM nepBoro yyactka yHl; :
_ PR
: |C" - M,
Jlyis TpeThero ydacTka K BHELIHEH cuiie 00aBIsIOTCS Beca MEPBOrO U BTOPOTO yYACTKOB.
[TomoOHBIM k€ 00pa30M MOCTYIAIOT U JJIS JPYTUX YIaCTKOB.

Jleghopmayuu npu oeiicmeuu coocmeennozo éeca

[Ipu ompeneneHuu BIMSIHUS COOCTBEHHOTO Beca Ha AeGOpMaIUIO MPH PACTSHKCHUH U CXKa-
TAU CTEPKHEH MPUJETCS y4eCTb, YTO OTHOCHUTEIILHOE YIJIMHEHUE PAa3IUYHBIX YYACTKOB CTEPIKHS
OyZIeT mepeMeHHBIM, KaK U HanpspkeHue o (X) . J[1s BEIYMCICHHS TIOTHOTO YJIMHEHUS CTEPKHS I10-
CTOSTHHOTO CE€UEHUS OTIPE/IeTTUM CHavasa yaJuHeHne 0ECKOHEUHO MaJIOr0 y4acTKa CTEPKHS IJTUHOMN
dXx, HaxoasIIErocs Ha PaCCTOSIHUU X OT KOHIIA cTepskHs (puc.9).
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Puc.9.

AGCOIIIOTHOE YJUIMHEHUE ITOTO Y4acTKa PaBHO
(P +pFdx _ E[P+H}
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Bennmuuna yMF npeacrasisier co0oii MOMHBIA Bec cTepkHS. Takum oOpa3oM, sl BBIYHCIIC-
HUS Y/UIMHEHUS OT JACWCTBHS Irpy3a U COOCTBEHHOT'O BECa MOXHO BOCIIOJIB30BaThLCS MpexHEH (op-
MYJIOM:
A

EF

Mo/ipa3yMeBasi o] S BHEUIHIOIO CHITY U IOJIOBUHY COOCTBEHHOT'O BECa CTEPIKHSL.

Uro ke kacaercs AeopMaiuii CTepKHE paBHOTO COMPOTUBIICHHSI, TO, TAK KaK HOpMaJbHbIC
HANPSDKEHUST BO BCEX CEUCHHSIX OJMHAKOBHI M PaBHBI JIOMYCKaeMbIM [o], OTHOCUTEILHOE YJINHE-

Yy

HHE 110 BCeH AJIMHE CTCPIKHA OJUHAKOBO U PaBHO

;L]
E
AOCOIIOTHOE K€ YAJTMHEHHE TP UTHHE CTepKHs | paBHO:
AM=g= M = Kicl
E ER

Jledopmariiio CTyneHYaThIX CTEPKHEH CIeMyeT OMPECNATh 10 YacTsM, BBITIOJHSS TOJCYe-
ThI 110 OTACJBHBIM MPU3MaTHYECKUM ydacTkam. [Ipu ompenenenun gegopmaiiu Kaxaoro ydactka
YYUTHIBACTCSI HE TOJIBKO €ro COOCTBEHHBIM BEC, HO M BEC T€X YYaCTKOB, KOTOPHIC BIHUSIOT HA €0
nedopmaruio, 1o0aBmssACH K BHelIHeH cuiie. [lomHas nedopmaius moiyduTcss CyMMUPOBAHUEM Jie-
dbopmaruii OTIEIbHBIX YU4aCTKOB.

HEPA3BEMHBIE COEAJUHEHUSA

Pacuem npounocmu 3aknenounvix ueoe
Meroauky onpeneseHusi OCHOBHBIX COOTHOIIEHUM pa3MepPOB IIPOYHBIX IBOB PACCMOTPHUM
Ha [IpUMEepe OJHOPSAIHOrO 1IBA BHAXJIECTKY, HArpy>KeHHOTro nonepeyHoi cuioit Fr (puc. 8).
2
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Puc. 1. K pacuery coeqnHeHuUii 3aKj1eNKaMu

BBenem ob6o3Hadenns: 03 — quameTp 3aKienku; &;u J, - TOJNIINHA CKIICTIBIBAEMBIX JieTaleit

(yTucTOB); t — paccTOSTHHE MEXTY 3aKJICTIKaMU B sy (MJTH IIIar 3aKJIETOK); € — PacCTOSTHUE OT
[EHTPa 3aKJICTIKH JI0 Kpas AeTalu (JIUCTA); Z — YHCIIO 3aKJIETOK B PSAY.



IIpu pacueme na npounocms cuibl mpeHus Ha cmvike oemaleti e yuumoieéaiom (IPUHUMA-
0T, YTO Harpy3Kka IepeaaeTcs TOJIbKO 3aKJICTIKAMK); CYUMAIOM, YO HAZPY3KA MeHCOy 3aKIenKamu
pacnpeoensemcs pagHOMEPHO, A OUaMemp 3aKienku pager ouamempy omeepcmusi (ds = dotp).

[Mapametp d3 onpesenseTcs U3 pacueTa Ha IPOYHOCTb.

Ipununamu pa3pyuienus 3aKJICNOYHOTO COSAMHEHHS MOTYT OBITh CIEIYIOIIUE: cpe3 3aKie-
MOK B IUTOCKOCTH COCIMHEHHUs eTajeit (cMm. puc. 1, 6); cusamue 3akienok u JUCToB (CM. puc. 25, 8);
Ppaspulé 1ucmog B CEYCHUH, OCIA0IEHHOM OTBEPCTUSAMH (CM. pHC. 25, 2); cpe3 kpomku aucma (B ce-
yennu ab u cd) y oTBepcTHs MO 3aKIenKy (cM. puc. 25, 0).

Pacuer 3akienoyHoro miBa 3akirouaercs B onpeneieHnu dz, t u e. Pacuer Begercs mo ammu-
PHYECKUM COOTHOUICHHUSIM, ITOJIYYSHHBIM M3 YCIOBHSI PAaBHOIIPOYHOCTH 3aKJICTIOK U COSTUHSIEMbBIX

JMCTOB, C TIOCJIEAYIONIEH MPOBEPKOH JINCTOB HA MIPOYHOCTh U YTOYHEHHEM KOA((UIIMEHTA TIPOYHO-
CTH LIBA.

Pacuem napamempos 3axnenku.
JlnameTp 3aKJIeNKu ONMPENENIOT U3 YCIOBUS IIPOYHOCTH Ha cpes (7., <[7],,) mo popmyne
IIPOEKTUPOBOYHOTO pacueTa

d3 = 4FI’ [T]cp.s
V iz (1)

rae Fr — monepeunas cuia, neiicTByromIas Ha 3akienku, H; | — 4ucio miockocTei cpesa
OJTHOM 3aKJICTIKH; [ 3aKJICTIKH, TOKa3aHHOM Ha puc. 25 i= 1; Z — 4uciio 3akienok (3a1aercsi KOH-

cTpykuued mBa); [z]., - n0Myckaemoe HanpskeHUE Ha CPe3 Ui 3aknenok, MIla (tabu. 1).

Tabmuna 1. Jlomyckaemble HaPSHKEHUS! U TPOYHBIX CTAIbHBIX
3aKJICNIOYHBIX LIBOB IIPU CTATUYECKOM HArpy3Ke

Bun nedpopmanuu,|Crioco0 uzrorosnenus|lomnyckaempie HapsHKEHUS,
DJIeMEHT 11Ba HAIPsKEHUE OTBEPCTHUS MIla
Crt2 C13
CkJteripIBacMbIe [o] - 140 160
Pactsoxenne™ -7
JIeTanu - 90 100
Cpes []., [MponasnuBanue 100 100
3aKienku [7]., Caepiienue 140 140
Cpes [IponaBnuBaHue 240 280
CMsTHE [o].., CaepiieHue 280 320

IIpumeuanue. I1pu epeMEeHHBIX Harpy3Kax JOIyCKaeMble HaPsHKEHUS! PEKOMEHIYIOT I10-
HIKaTh B cpenHeM Ha 10 — 20%.

[Monyuennsiit mo popmyiie (1) pasmep d3 OKpyIIAIOT 10 OrKaifiiero 60JbIIero CTaHaapT-
HOTO 3Ha4YeHus (tabm.1).

Pacder Ha cpe3 obecnieunBaeT MPOYHOCTD — 3aKJICTIOK, HO HE TaPaHTHUPYET HAJIe)KHOCTh CO-
€MHEHHUS B 11eJIoM. Ecniu ToNIIKMHA COeTUHAEMBIX 3JIEMEHTOB (JINCTOB) HEJJOCTATOYHA, TO IaBIICHUS,
BO3HUKAOIIHE MEXTy CTCHKAMH UX OTBEPCTHH M 3aKJICTTKAMH, TTOJTYJaIOTCS HEAOMYCTHMO 00JTb-
muMH. B pe3ynbTaTe CTEeHKH OTBEPCTU OOMUHAIOTCS U COSMHEHNE CTAHOBUTCS HEHAIC)KHBIM.
JlaBiieHHs, BO3HUKAIOIIAE MKy IIOBEPXHOCTSIMH OTBEPCTHIA U COCTUHUTEIIBHBIX JeTalIeH, IPUHSI-
TO YCJIOBHO HAa3bIBaTh HANPANCEHUAMU CMAMU 1 0003HAYATh O

cm 't
33KHCHO‘-IHOC COCANHCHUC HpOBep}IIOT Ha CMTHUEC 110 (I)OpMyJ'IC
FI’ .
J = —
cM ’
Z
&, ®)



o. <|lo

cm [ ]C.M , (3)

rine o. u |o - paCUYC€THOC U OOIIYCKAEMOEC HAIIPAXKCHUSA HAa CMATUC IJI 3aKJICIIOYHOI'O CO-
CcM cM

enunenusi, MITa (cm. Tab:. 1): 0 — ToJmuHa caMoi TOHKO#M CKIICIIBIBACMOM JIE€TAIIH, MM.

Ta6mmma 2. Pazmepsl (MM) 3aKJICTIOK €
IIOJIYKPYIJIOH rojIoBKOH (cM. puc. 7, a)

d, D H R |r, max |

6 11 3,6 6 0,4 10-42
7 12,8 4,2 7 0,4 14-50
8 14 4,8 7,5 0,4 16-60
10 16 6 9 0,5 16-85
13 21 8 11 0,5 22-100
16 25 9,5 13 1 26-110
19 30 11 16 1 32-150
22 35 13 18 1 38-180
25 40 15 21 1 52-180
28 45 17 235 | 15 55-180

B dopmyrne (3) o, mpEHUMAIOT A7t MEHEE IIPOYHOTO M3 KOHTAKTUPYIOIINX MAaTEPHAIIOB

(3aKJIETIOK MJIM COEAUHSIEMBIX JIUCTOB).

Buv1600 popmynvl ouamempa 3axnenxu.

VYcnoBre NpoYHOCTH Ha CPE3 OJJHOM 3aKJIENKH JJIsl pacCMaTpHUBAEMOM pacyeTHON CXEMBI (CM.
puc. 25):

— r
z-cp.s - AlZ = [T]cp.s* .
31ech A — MIIOMIAb OMACHOTO CeYeHHs 3aKiIenku, Mm?. OTcroaa
4F
Z'Cp_3 = zl: < [T]cp.s"
iz

nonyuuM (cm. 11)

d = | 4R
nz[z],,,

3
Pacuem napamempog 3axnenounozo wiea u npogepxa npouHocmu coeounsiemMvlx oemaneu
(nucmos).
1. 'eomeTpuyeckue napaMeTpsl 3aKJICMOYHOIO 111Ba (CM. pUC. 8) ONPEAEsIOT 110 SMIUpUYE-
CKUM (hopMyIiaM.
[lar 3akaeno4YHoro 1mBa B 3aBUCUMOCTHU OT YHCIIA PSJIOB

t=(3+6)d, @

JUTS. OJTHOPSITHOTO 1IBa BHaxJecTKy t=3d3 (s aByxpsaHoro (t=4dz)); 1ist OTHOPSIHOTO
1IBa ¢ AByms Haknaakamu t= 3,5d3 (s aByxpsanoro (t= 6d3).

PaccrosiHue OT 11eHTpa 3aKIenKu 10 Kpas AeTaiu (JICTa):

JUTSL OTBEPCTUH, TIOJTYYSHHBIX CBEPICHHUEM,

e=1,65ds;

JUISL IPOJIABJICHHBIX OTBEPCTUH

e = 2ds. (5)

Tonmuna HakIaa0K (cM. puc. 23)
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TonmHa cKenbIBaeMbIX AeTaneid (JIUCTOB) (M. puc. 6)

51 ~ SZ ~ 0,85 (17)
Paccrosinue Mexxay psiiaMu 3aKIenokK (CM. puc. 5)
a > 0,6t . (8)

2. [IpouHOCTb COEIMHSAEMBIX A€Tajell (JIMCTOB) IPOBEPSIIOT: HA pacTsLKeHUE B ceueHuu -1
(cm. puc. 8, ) mo dhopmyiie

% T s-dyr -

re 7P u o], pacueTHOE U AOMYCKAeMOe HANPSDKEHUS Ha PACTSHKCHHE TSI COSTHHSICMBIX
nerajei (JiuctoB) (cM. Tabi. 1).

Kosgpguyuenm npounocmu wisa

OTBepCTHS MO 3aKJICTIKH CHIKAIOT MTPOYHOCTh COSAUHSICMBIX JIETAlIC Ha PacTsKCHUE.
Yucio, MoKas3bpIBaIoOIIee, BO CKOJILKO pa3 MPOYHOCTh HA PACTSKEHUE JACTAlIA C OTBEPCTUSIMH
10/ 3aKJICTIKK MEHBIIIC MPOYHOCTH HA PACTSHKEHUE TOM Ke JIeTan 0e3 OTBEPCTHI, HA3bIBAIOT
K02(G(PULIHEHTOM TPOYHOCTH IIBA U 0003HAYAIOT OYKBOU ¢ .

t—d,

H
t (10
@ BCCraa MCHbIIC CAVMHUIBI. Yem OoJiblile 3HAYCHHC @ , TCM JIy4lIC UCIIO0JIb30BaH MaTec-

pHUal CKIIeNbIBaEMBbIX JeTalieil. 3HaueHHs: Ko PUIIMEHTA ¢ 3aBUCIT OT KOHCTPYKIIUH I11BA.
JlJiss OTHOPSITHOTO 111Ba BHaxyecTky ¢ = 0,65;
Jliis nByxpsiiHOTO 11Ba BHaxjiecTky ¢ = 0,75;
Jln1st OTHOPSITHOTO HIBa ¢ ABYMsI Haknankamu ¢ = 0,71;
Jlna nByXpsiiHOTO C NByMs Hakiaakamu ¢ = 0,84.
J171s1 TIOBBINICHHSI 3HAYCHUST (@ YMEHBINAIOT d; M YBEIIMYMBAIOT t, T.€. MPUMEHSIOT MHOTOPSII-
HBIC JIBYXCPE3HBIC IBHI.

Ilpoexkmuposounwlit pacuem nPouUHbIX 3AK1ENOYHBIX UIB06 NPU 3A0AHHOI HAZPY3Ke U 3a-
OaHHOM mune uiea

C yueToMm Martepuala, H3JIO)KCHHOTO B TIPEIBIIYIIEM TyHKTE, IPH U3BECTHBIX Mmapamerpax Fr
1 @ (@ XapakTepu3yeT THII IIBa) pacueT MPOYHBIX 3aKJICTOYHBIX IIIBOB BBIMTOJIHSIOT B CJIEIYIOIIEH
MIOCJIEIOBATEIHHOCTH.

1. ITo 3agaHHOMY THUTTY IITBA BRIOUPAIOT K03 dumment npounoctu msa ([¢] = 0,65...0,84,
CM. BBIIIIE).

2. OnpenenstoT He0OXOAUMYIO TIJIOMIAAb CeYeHHs A CKpPEIUISIeMbIX JieTaneil (JINCTOB) U3
YCIIOBUS TIPOYHOCTH HA PACTSDKEHUE C YIETOM €€ OCJIA0JICHUS OTBEPCTUSAMU 1101 3aKJICTTKH 110 (hop-
MyIe

F

>
[ello], w

rne Fr — Harpyska, neiicTByromas Ha 3aKJIENOYHOE COeIMHEHNE; [¢] - MpUHUMAaeMBbIid KO-

A

3¢ GHUIMEHT MPOYHOCTH I11Ba; [o] p - AOIyCKAaEMOE HAMPSDKCHHUE HA PACTSDKCHHUE MaTepHala AeTaiei

(cm. Tabmn.2).



3. ITo dpopmymnam (4)—(8) ompenenstor quamertp 3axienku (d, ~ 25) u mapamerps! mBa t, €,

4. Ypcno 3aKIICNOK B LIBE OIPEACISIOT U3 YCIOBHIA IIPOYHOCTH HA CPE3
___ AR
2.
ﬂd3 I[T]cp.3

1 Ha CMATUC

FI’

&, [o]

[TpuaumaroT Oosblee U3 IBYX MOJYYEHHBIX 3HAYCHUH Z. J{71s1 HCKIIIOUeHUsI BO3MOKHOCTH
[IOBOPOTA COEIMHAEMBIX J€TajIeH YUCIIO 3aKIENOK IPUHUMAIOT Z > 2.

5. Pa3pabatbIBatoT KOHCTPYKIMIO 3aKJICTIOYHOTO 1IBA (TIPU ATOM YTOUHSIIOT TapaMeTPhI 11Ba
t,e a,s).

6. CipOeKTHUPOBAaHHBIN 3aKJICTIOYHBIH II0OB MPOBEPSIOT 10 hopmyiie (9) Ha pa3pbIB AeTaNCH
(JucToB).

7. I1o popmyie (10) onpenensitoT AEUCTBUTEIBLHOE 3HAUEHUE (@ U CPABHUBAIOT €T0 C MPEJ-

(&7

BapUTENbHO NPUHATEIM [@]. Ecniu ¢ <[], mapaMeTpsl 1Ba yTOYHSIOT.

Ceapnvle coedunenus

Pacuem ceapnuvix coeounenuil

Pacuem cmuixoswix coeounenuii.

[IBBI 3TUX cOeAMHEHUI PaOOTAIOT HA PACTSXKEHUE WIIM C)KATHE B 3aBUCUMOCTH OT Harpas-
JICHUS TeHCTBYIOIIeH Harpy3ku (puc.l, a u 6). OchosHbiM Kpumepuem pabomocnocooHocmu CThi-
KOBBIX IIIBOB SIBJIIETCS UX npounocmsy. CoeAMHEHNE Pa3pylIaeTcsl B 30HE TEPMUYECKOTO BIUSHUS U
paccUMTHIBACTCS 110 pa3MepaM CEUCHUs ACTATH 110 HAPsHKEHUSM, BOSHUKAIOIUM B MaTepualie Je-
TaJH.

In (03 [ .’m
e ) ] \ _.;F
LA ) L]

)
a)
Puc. 1. K pacyery CTBIKOBBIX COeIMHEHHU I

IIposepounulii pacuem IPOYHOCTH LIBA HA PACTSKEHHE.
YcnoBue npoOYHOCTH:

F
op = 5 <[o'],
u ; 1)
rie oy, [0'],— pacuerHoe u jjonyckaemoe HaNpPsKEHUS Ha pacTsHKeHUe Ul 1iBa (Tabm. 1);

F — marpyska, neiicTByroIias Ha I0B; 0 — TOJIIIMHA JeTalu (TOJIIIMHY IITBA TPUHUMAIOT PaBHOU
TOJIIIUHE eTaln); |, — /uinHa mBa.
Ilpoexmupogounwiii pacuem. 11enbro 3TOro pacuera siBISETCS ONPEACIICHUE JUIMHBI I1IBA.
Hcxonast 3 0CHOBHOTO YCIOBUS TPOUYHOCTH (1), ITMHY CTHIKOBOIO LIBA MPU JACHCTBUU pacTsi-
TUBAIOLIEH CUJIBI OMPEEIAIOT 10 popMyie



F

| =~
“oolo], @)

Tabnuua 1. JlonmyckaeMble HaNpsKEHUs 111 CBApPHBIX COEIMHEHUN JIeTanel u3 HU3KOo- U
CPEIHEYTIIEPOIUCTBIX
CTaJIeil PU CTaTUYECKON Harpy3Ke
Bung nepopma- | ABromMaTuueckas u nosyas- | PydHas gyrosas siek-

[[UU, HATIPSDKCHHE | TOMAaTHYeCKasi CBapKa Mol TpOJaMH
bmrocom D50A, 250, 542
D42A
Pactskenne [6'] . [6'] 0 0,9[c]p

[,
Cocarme [0 T [, 1, | [,

[']., 0,65[c], 0,65[c'], | 06[c"],

Cpe3

Pacuem Y2l106blX ULB06 HAXTIECMOYHbLX coeouHeHull.

[Ipu neiicTBUM 0ceBOI pacTsAruBarolien (Wi CKMMAIOILEN) CUITbl CYMTAIOT, YTO CPE3 YIJIO0-

BBIX ILIBOB MPOUCXOAMT 1O ceueHuo -1 (puc. 2), npoxonsuieMy yepe3 OMCCEKTPUCY MPSIMOTo yria.
K

A
.

>,
T T
L /

Puc. 2. K pacuery coennHeHusi BHaxJiecTKy. JIoGoBoii 11108

OnacHbIM HalpsKEHUEM CUMTAIOT KacaTesIbHOE HAMpPSHKEHUE U pacueT BeAyT Ha Cpe3
(HanpspKkeHUsIMU u3ruba nperedperarot). [ HopMalbHBIX YTJIOBBIX IIBOB JAJMHA OMCCEKTPUCHI

h=Kcos45° ~0,7K 3)
riae h — mrHa GUcCceKTPHUCHI (BBICOTA IIBA B OMTACHOM CeueHUH); K — KarteT 1iBa (MIpUHU-

MAaeTcsl He MeHee 3 MM).
IIposepounviii pacuem. Y cinoBre NpOYHOCTH OJJHOCTOPOHHETO JIOOOBOTO 111Ba Ha CPe3:

!
o =K, L ke
(4)

rae 7., [t'].,— pacquHoe U JIOITyCKaeMoe HampspKeHHs cpe3a Juis mBa (cM. taoi. 1); ly —
JulnHa mBa; F — Harpyska, neiicTByroas Ha 1IoB.

IIpoexmuposounwiii pacuem. JITMHY OJTHOCTOPOHHETO JJ0OOOBOTO yIIOBOTO IIBa (CM. puc. 12)
IIPYU OCEBOM HArpy>XEHHUHU OIPeNIeNIaoT o hopmyIie

F

| =— —
“ 0,7K[T']Cp; (5)

AJInHa ABYCTOPOHHETO J1000BOTO YTJIOBOT'O IIBa



| . F
‘14K, ©)

@d1aHTOBBIE YIIIOBBIC IIBHI (CM. PUC.S, 6) pAaCCYUTHIBAIOT IO ypaBHEHHIO (6), T. €. aHAJIOTuyY-
HO PaCCMOTPEHHOMY CIIy4aro pacueTa JBYCTOPOHHEro JIoOoBoro 1mBa. Bo (haaHroBeIx mBax Harpys-
Ka 110 JUTUHE [IBa PAacIpeIeNIIeTCs] HEPaBHOMEPHO (110 KOHIIAM I1BA YBEIIMYUBAETCS ), [IO3TOMY JIJTH-
HY ()JIaHTOBBIX IIBOB CTaparoTcs orpaHuduth |y < (50 + 60)K.

PA3BEMHBIE COEJIMHEHUWSA

IlInonounwvie coedunenusn

Pacuem na npounocmo coeOuHenuil ¢ NPUIMAMUYECKUMU WNOHKAMU

OCHOBHBIM KpUTEpUEM pabOTOCIOCOOHOCTH IIIMTOHOYHBIX COEUHEHUH SABISIETCS IPOYHOCTD.
HInonku BeiOuparot o tadbaunam 'OCToB B 3aBUCHMOCTH OT AMaMETpa Balla, a 3aT€M COCIHMHECHUS
IPOBEPAIOT HA MPOYHOCTh. Pa3mepsl MIMOHOK U a30B MOA0OpaHbI TaK, YTO IPOYHOCTh UX HA CPe3 U
u3ru0d o0ecreynBaeTcsi, €CIU BBIMTOJIHACTCS YCIOBHE MPOYHOCTH HA CMSTHE, TIOITOMY OCHOBHOM
pacyeT IIIOHOYHBIX COEAMHEHHUH pacdeT Ha cMmsATHe. [IpoBepKy IINOHOK Ha cpe3 B OOJBIIMHCTBE
ciy4yaeB He IpoBoIAT. [Ipu pacyeTre MHOrOMIIOHOYHOIO COSAUHEHHMS JOIyCKAIOT, YTO Harpyska
pacnpenensieTcs paBHOMEPHO MEXy BCEMU IIIOHKAMU.

Pexomenodyemas nocnedosamenvHocms npoeKmuposo4Ho20 paciema.

B 3aBucumoctu oT quamerpa Bana d mo Taba. 1 BeiOMparoT pasmepsl oHKH b x h, a ee
JUIMHY TpUHUMAIOT Ha 5-10 MM MeHbII€ JUIMHBI CTYNMIbI, OKPYIJISIsl 10 ONMKalIiero OoJbIIero
3HAYCHUSI 10 CTAHAAPTY (HEKOTOpBIe CTaHaapTHbIe 3HaueHus | mpuBenensl B Tabu. 1). [Tocne moa-
0opa LINOHKHU COEIMHEHHUE MPOBEPAIOT Ha cMsATHE. HanpspkeHns cMATHS ONpenesoT B Ipeanosio-
JKEHUH X PABHOMEPHOI'O PACIPENEICHUS 110 IOBEPXHOCTU KOHTAKTA:

F
O-CM = S [o-]C.M’
M
rne F=2T/d — cuna, nepemaBaemasi MIMOHKOW;, Acy — TMIIOM@AL cMaTus (puc. 1);
Acmz(h_tl)'lp'

Ha cmsartue pacCUUTBIBAIOT BBICTYIAIOIITYIO U3 Bajld YaCTh HIIIOHKH.
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Puc. 1. K pacuery Ha IPOYHOCTb COeIMHEHUS € MPU3MATHYECKHMHU IITOHKAMU



Ta6anna 1. Pazmepsl (MM) Npu3MaTH4YeCKUX HINOHOK

AN T S| WA 2222424
) V227223 V2222
Ucnonuernue 1 C=45° nnu r“_ Wenonxenue 2 Wenonuenue 3
/ ] /
7
—=y., =3
lp=1-bh ? lp=1-0,5b lg=1
[uamerp Pasmepsl ceuennii| [ myOuna naza  |Pamgmyc 3akpyrienus|[Ipenensusie pazmMepsl
Bana d HITIOHOK ma3oB R e | mmonox
b h Basia {1 |BTynKu; t2|min max min max
ceoite 12 no 17(5 5 3 2,3 0,16 0,25 10 56
» 17 » 22 6 6 35 2,8 14 70
» 22 » 30 8 7 4 3,3 18 90
» 30 » 38 10 8 5 0,25 0,4 22 110
» 38 » 44 12 8 28 140
» 44 » 50 14 9 55 3,8 0,25 0,4 36 160
» 50 » 58 16 10 6 4,3 45 180
» 58 » 65 18 11 7 4.4 50 200
» 65 » 75 20 12 7,5 49 0,4 0,6 56 220
» 75 » 85 22 14 9 5,4 63 250
» 85 » 95 25 14 70 280
» 95 » 110 28 16 10 6,4 0,4 0,6 80 320

Ilpumeuanue. JInunbl mmoHoOK BeiOUparT u3 paaa: 10; 12; 14; 16; 18; 20; 22; 25; 28; 32;
36; 40; 45; 50; 56; 63; 70; 80; 90; 100; 110; 125; 140; 160;180; 200.

CrnenoBarenbHO,
2T

o, ==
@ d(h-)l, M

rae T — nepeaaBaembliit Moment, Hvm; d — nuamerp Bana, mM; (h — t1) — pabouas rinyOuna
nasa, MM (cM. Tabu. 6); |, — pabouast [yIMHA MIMOHKK, MM (JIJIs IITMIOHOK ¢ IIockuM Topiom I, =1, co
CKpyrieHHeIMH Topuamu lp = I-b; [o].,,- Jdomyckaemoe HampspkeHue (IJIs1 YYTYHHBIX CTYIIHI]

[].., =60+80 MIla, niist cTanbHBIX [].,, =100+150 MlIa).

PacueTHyt0 JUIMHY IIMOHKK OKPYIJSIFOT 0 OJpKaiiiero Oosbliiero pasmepa (cMm. tadm. 1).
Jmuny crynunsl ler npuauMaror Ha §... 10 MM Oonbllle JUIMHBI IIMOHKH. Ecau OnuHa cmynuyvl
bonvwe seruyunst 1,50, TO MIMOHOYHOE COETUHEHHUE IEIECO00Pa3HO 3aMEHUTh Ha NUIAIEBOE HJIH
COEIMHEHUE C HATATOM.

B Tex cmywasix, Korja JUIMHA IIMOHKHU IMOJIY4aeTcs 3HAYUTEIbHO OOJbIIEe JUIMHBI CTYMHUIIBI
JI€Tall, YCTAaHABIMBAIOT ABE WM TpH WINOHKU nof yriaoM 180 wim 120°. IIpu pacuere MHOromro-

[o]..



HOYHOI'O0 COEJMHEHUS JIOMYCKAIOT, YTO Harpy3ka MEXIy BCEMHU IITMOHKAMU PACTIPEIEISIETCS] paBHO-
MEPHO.

Dopmyna npoexmuposouno2o pacuema 07s onpedenenust paboueil oaunvl |, npusmamuue-
cKkoul wnouky (ITOHKHU CO CKPYTTIEHHBIMU KOHIIAMHU):

l,=1-b .
JIJist OTBETCTBEHHBIX COCAUHEHUN NpUsMamu4eckyio WnoHKy npoeepsiion Ha cpe3
2T
7, = bl <[],
p

@)

/e 7,,— PacyeTHOE Hanpsvkenue Ha cpes, MIla; b — mmpnna mmnounku, my; I, — pabodas
JUIMHA WIIOHKH, MM; [7],,— nomyckaemoe HampsbKeHne Ha cpes; s craneii ¢ o, > 500 MlIla s

HEpaBHOMEPHOW (HW)KHHHM TIpeAesl) M CHOKOMHOW Harpy3ok (BEpXHHMM TIpenes) NPUHUMAIOT
[7]., =60+90MlIla.

IocneoosamenbHocmob nPOGEPOUHO20 pacHema WNOHOUHBIX COCOUHECHUL

HUcxoonwvie oaunvie:

IlepenaBaemblil Bpamaronyi MOMEHT 7.

Juametp Bayia d 1 JuyHa CTYIHLBI lem.

YcnoBus paboThI.

Tlocneoosamenvnocme pacuema:

1. 3amaroTcst BUIOM IIIIOHOYHOI'O COEAMHEHHUS B 3aBUCHMOCTH OT KjJacca MAallIHHBI, KOH-
CTPYKIIUU COSTUHSIEMBIX JICTAJICH, YIIIOBOM CKOPOCTH, BEJIMYMHBI 1 XapaKTepa Harpy3KH.

2. 3uas nquametp Baja d, mo 'OCTy npuHHUMAIOT pa3Mephl cedeHus mmonku b u h.

3. B 3aBUCHMOCTH OT JIUTMHBI CTYITUIIBI 3a1aF0TCS JUTMHOM IIIMOHKH | U3 cTaHaapTHOTO psijia
IunH. PexoMenmyercst JIMHYy MPU3MaTHYECKUX IIMOHOK MPUHUMATh Ha 5 — 10 MM MEHbIIEe JTU-
HBI CTYTIHIIBI.

4. VI3 ycnoBHsl TIPOYHOCTH HA CMSITHE, & B COSAMHEHHUSX CETMEHTHBIMH IITIOHKAMHU U Ha
cpe3, OIPEICIISIIOT PaCYSTHBIC HAMPSIKSHUS B COSIMHCHUH U CPABHUBAIOT C JOITYCKAaeMbIMHU 3Ha-
yeHussMH. Ecnu pacueTHoe HampspbKEeHUE TPEBBIIIAeT JTomyckaeMmoe 6osee yeM Ha 5%, TO yBelIn4H-
BAIOT JUTMHY IIMOHKU U COOTBETCTBEHHO CTYNHIIBI WM MPUHUMAIOT JBE IIMOHKHU. [Ipu3maru-
YeCKHe MIMOHKHU YCTaHABIMBAIOT C marom B 180°, cerMeHTHBIE — B DS 110 AJTMHE CTYIHIIBL.

IInuyeenvie coeounenusn

[TpsiMoOOYHBIEC TITUIIEBBIE COSTMHEHHS PA3INYAIOT TAKXKE MO CIOCO0Y IIEHTPUPOBAHHMS:

- 10 HapyxHOMY auameTpy D (Hambonee TouHBIN crioco0 neHTpupoBanus) (puc.l,a). Llen-
TPUPOBAHUE 110 HAPY)KHOMY JUAMETPy HanboJiee TEXHOJIOTUYHO U PEKOMEHIYETCS TIPH TBEPAOCTH
BHYTpeHHel noBepxHocTH cTynuisl HB 350. KannOpoBky HEHTpUPYIOUINX TOBEPXHOCTEN CTYIHIIBI
BBITTOJTHSIOT MTPOTATHBAHKUEM, a KaTHOPOBKY Basia — NUTH(GOBAHUEM. DTOT CIIOCOO MPUMEHSIETCS MIPH
U3TOTOBJICHUH HEMOABIKHBIX COCIMHEHUN B CEpUITHOM M MAaccOBOM Ipou3BojcTBax. CoeanHeHHe
(puc.l,a), Bo u3bexxaHue TepMUUECKUX KOpOoOIeHul, TpeOyeT YuCTOBONW MPOTSHKKU CTYIHIIBI 11OCIIE
TEPMOOOPAOOTKH, TO3TOMY TBEPAOCTb CTYIHIIBI HE MOKeT ObITh Bhillie HRC=30.

- Mo BHyTpeHHeMy auameTpy d (mpu 3akaneHHo#t crymuie) (puc.l,6). llenTpupoBanue mo
BHYTPEHHEMY JMaMETPy PEKOMEHJYeTCs IPH BBHICOKOH TBEPAOCTH MaTepualsia CTYMHIIbI, KOrja Ka-
TOpPOBKA OTBEPCTHUS MPOTHKKON HEBO3MOXKHA. B 3TOM citydae EHTpHPYIOIIHE MOBEPXHOCTH CTY-
IUIBI ¥ Bajla 10BOJAT HutudoBanueM. [IpuMensercs B MHAMBHUYaTbHOM M MEIKOCEPUHHOM MPOU3-



BojcTBax. Coenunenue (puc.l,6) TpeOyer mIIMQOBKH Baja MO MOCAJIOYHOMY TUAMETPy Ha CIIEIH-
QJIBHBIX CTAHKaX, 3aTO CTYMHUIIA MOXXET ObITh TBEPJOM, TaK KakK IOCAJAOYHBIM JuaMeTp Hutudyercs
Ha OOBIYHBIX BHYTPUILIN(OBATBHBIX CTAHKAX.

- 110 OOKOBBIM I'paHsaM (IIpU PEBEPCUBHON pabOTe COENMHEHMsI U OTCYTCTBHM KECTKUX Tpe-
0OBaHWII K TOYHOCTH IeHTpupoBaHus) (puc.l,6). lleHTpupoBaHue MO OOKOBBIM IMOBEPXHOCTSIM
obecrieunBaeT Oosiee paBHOMEPHOE paclipe/leleHue Harpy3ku o 3yobsMm. Pekomennyercs ais ne-
penaun OOJNBIINX NMEPEMEHHBIX yIapHBIX HArpy30K MPH MOHMKEHHON TOYHOCTH LIEHTPUPOBAHUS.
Coenunenue (puc.l,6) nomyckaer TBepJble HUIUIBI HA BaJdy M Ha CTYIMIE, OJHAKO Ui obecrede-
HUSL COOPKH, CUMTAsCh C BO3MOXKHBIX KOPOOJIEHHEM IIIMIIOB MPH 3aKAJIKe, 3a30pPbl B COCAMHEHUH
JIOJKHBI OBITh YBEJIMYEHHBIMU.

3a30p B KOHTAKTE MMOBEPXHOCTEH: IEHTPUPYIOIIMX MPAKTHYECKH OTCYTCTBYET, HELECHTPUPY-
IOLIMX 3HAYUTENbHBIN.

a) 6) B)
Puc. 1. llenTpupoBanue npsiMo004YHbIX 3y04UaThIX cOeJUHEHMIt

YcnoBHble 0003HaUEHHSI TPSIMOOOYHOIO IUIULIEBOTO COEAMHEHHs COCTABIIAIOT U3 0003Haye-
HUSI TOBEPXHOCTHU 1eHTpupoBanus D, d winm b, uncna 3yObeB z, HomuHanbHBIX pazmepoB d X D (a
TakXke 0003HAa4YeHUs MOJEeH JIOMYCKOB IO LEHTPUPYIOUIEMY AMAMETPy M 1O OOKOBBIM CTOpPOHAM
3yobeB). Hanpumep, D 8 X 36 H7/g6 X 40 o3HauaeT BOCHMHIILIAIIEBOE COCAMHEHUE C IEHTPUPOBA-
HHEM 110 Hapy)KHOMY quaMeTpy ¢ pasmepamu d = 36 u D = 40 MM 1 MOCaAKOH 1O HEHTPUPYIOLIEMY
nuametpy H7/g6.

ITo T'OCT 1139-80 npexycmaTpuBaeTcsi TpU CEpUU COEAUHEHHUH ¢ MPSIMOOOYHBIM MpoduiIeM
3yObeB: JIETKYIO, CPEIHIOI0 U TSDKEIYI0, KOTOPhIe OTJIMYAIOTCS BHICOTON M YHCIIOM 3yObeB Z. Jlerkas
cepusi PEeKOMEH]IyeTCs ISl HETIOABUKHBIX COCTUHEHUH, CpeiHss — JUIsl MOJABMKHBIX, IIPU Iepeme-
[ICHUH CTYIHIIBI HE MOl HAarpy3Koi. Tspkemas cepust uMeeT 0ojiee BBICOKUE 3yObsi ¢ OOJBIINM YHC-
oM. Pekomenayercst as nepenadn OOJBIIMX BpallaroIlMX MOMEHTOB, a TaKXKe ISl MOJABMYKHBIX
COEIMHEHUH NPH NTEPEMELICHUH CTYIHIIBI IO/ HATPY3KOM.

CoenuHeHUs C 2601b8eHMHbIM Npoghunem 3yObeB TOXKE CTaHIAPTU30BAHBI U UCIOJIb3YIOTCS
TakK e, Kak U MpsIMOOOYHBIE, B MOABHKHBIX M HETOABMKHBIX COEAMHEHUIX. YTOJ 3aleMIeHus o =
30°. Hoxka 3y6a ycunena. Cenunenus BoinonHstoTcess no I'OCT 6033-80 ¢ meHTpupoBaHUEM IO
OOKOBBIM TIOBEPXHOCTSIM 3yOBEB, peKe TI0 HApy>KHOMY TuameTpy. [1o cpaBHEHHIO C TPSIMOOOYHBIMH
3yObsIMH UMEIOT MOBBILICHHYIO IPOYHOCTB, JIy4llle IEHTPUPYIOT Ball B CTYIHUIIE, TO3BOJISIOT IpUMe-
HSTHh THUITOBBIE TIPOIIECCH 3yOOHape3aHus. DBOJBBEHTHBIC IUIMIBI CO3/Ia0T MEHBIIYI0 KOHIIEHTpA-
LIUI0 HAPSOKEHUH Y OCHOBAHUS LUIMIA, TTOATOMY B HACTOSAIIEE BpeMs MOTYy4atoT MPEeUMYyIIeCTBEH-
HOE pacrpocTpaHeHue. PexoMeHayercs JUisi epeaadn OONBIINX BpAIIAOIUX MOMEHTOB IPH TI0-
BBIIICHHON TOYHOCTHU IIEHTPUPOBAHUS.

CoenuHeHus ¢ mpey201bHbIM npoguiem 3yObeB HE CTAaHAAPTU30BAHBL, UX IPUMEHSIOT TJIaB-
HbIM 00pa30M Kak HEMOJBHXHbBIE COeAMHEHUs. MIMEIOT O0MbIIoe YUCIIO MEIKUX 3yObeB, MOATOMY
MaJio OCa0IISAIOT BaJl. BEIMONHSAIOTCS ¢ IEHTPUPOBAHUEM 110 OOKOBBIM ITOBEPXHOCTSIM, HE CTaHap-
TU30BaHbl. PEKOMEHYIOTCS JIsI TOHKOCTEHHBIX CTYIHII, TyCTOTEJBIX BAJIOB, a TAKXKe JUI Iepeaadn
HEOOJIBIIINX BPAIIAIONIINX MOMEHTOB.



Pe3L00BbBIE cOeTMHEHUS

Pe3p0bl MeTpuUeckas, 0IHOX00BasA, TpanelenJalibHast, TpyOHas IUIHHIpUYEecKas, TpyOHas
KOHHMUECKasi, KOHMUYeCcKas JroiiMoBas ¢ yriioM npoduis 60° UMEIT TEXHOIOTHYECKUE HIIEMEHTHI,
CBSI3aHHBIE C BBIXOJIOM Pe3bObI, K KOTOPBIM OTHOCATCS: cOer, HeJope3, MpoTouKa U (acka.

Dacku pesvbosvie. [OCT 10549-80

dacky Ha CTEPXKHAX M B OTBEPCTHAX C pe3b00i (KpoMe METPUIECKOHN pe3bObl) UMEIOT (op-
My YCEUYEHHOI'0 KOHYca C yrjioM npu BepiinHe 90° u BbicoToil Z. dacku Ha METPUUYECKON HApyKHOU
pe3b0e UMEIOT yroJi nmpu BepirHe KoHyca 90° u 3ajaHHBIA TuaMeTp MEHbBIIEr0 OCHOBaHHS KOHYCA.
dacku Ha METPUUECKOW BHYTPEHHEH pe3b0e MMEIOT YroJ mpu BepumHe KoHyca 120° u 3amaHHbIHI
JuameTp OOJIBIIET0 OCHOBAHUS YCEYEHHOro KoHyca. Dacku n300pa)aroT TOJIBKO Ha MPOEKLUH, Ma-
paJIeIbHON OCH Pe3bOBbl, WM B CEYCHHUH IJIOCKOCTBIO, MPOXO/SIIEH uepe3 ock pe3rObl. Ha mpoek-
[[UU Ha [JIOCKOCTh, MEPIEHAUKYISPHYIO K OCH pe3b0bl, (hacky He MOKa3bIBaIOT.

®opmy U pazmepsl PacoK IS HAPYKHOH METPUIECKO pe3bObl, KPENEKHBIX U3JEINN ycTa-
HaBiuBaer ['OCT 12414-66 (CT COB 215-82). OnpenenstomiuM pa3MepoM CIIYKHT Hapy>KHBIH
nuametp pe3nObl d. Dopmy U pasMepsl Gpacok JUisk BHYTPEHHEH METPUYECKOW Pe3bObl yCTaHABIMBA-
et ['OCT 10549-80. Onpenensironium pa3MepoM CIIYKUT HapyKHBIN JuameTp pe3nost D.

®opmy 1 pasmepsl (acok I TpamnernenaibHoi pe3roObl yeranaBimueaer 'OCT 10549-80.
OnpenensironmmM pa3MepoM CIIYKHUT 1Iar pe3nobl P.

®opmy u pasmepsl (acok i TPYOHOH KOHHMYECKOW pPe3bObl M KOHHYECKOW IIOWMOBOM
pe3p0bl yctanaBnuBaeT ['OCT 10549-80. OmnpepensomuM MapaMeTpoM CIY>KUT YHCIO IIIaroB
pe3p0bl Ha umHe 25,4 Mmm. @opmy U pa3zmepsl Hacok i TPYOHOH IMITMHIPHYECKON pe3bObl ycTa-
HaBiuBaeT ['OCT 10549—-80. OnpenensomuyM napaMmeTpoM CIy>KUT YHCIIO MIAroB pe3bObl HA JITTHHE
25,4 MMm.

IIpomouku pezvbosuvie. I OCT 10549-80

Brymperusg Hap ymuog
APOMouKG / npomouxa
b1
Peren
Aeysy
Puc.1

[Iporouky (puc.l) genaroT y KoHIa pe3bObl AJi BBIX0JIa HHCTPYMEHTA U MOJIYyYE€HHUS pe3bObl
MOJTHOTO MpoduiIs Ha BCeW JJIMHE CTepKHs WiIM oTBepcTus. Ha yepTexkax aeranu mpoTOUKy M300-
pa)karoT YIPOILIEHHO U JOTOIHSIIOT Y€PTEK BEIHOCHBIM 3JIEMEHTOM B YBEIMUYEHHOM MacIiTaoe.

®opMy U pa3Mepsl MPOTOUEK HApPy>KHOW Pe3bObl (MPHU BHINOIHEHUU pe3bObl Hape3aHHEM)
yctanaBnuBaeT ['OCT 10549-80 (CT C3B 214-75). OnpeaensironuM pa3MepoM CIY>KUT IIar pe3b-
Ob1 P.

®opmy U pa3Mepsl IPOTOUYEK Ui BHYTpEeHHEH MeTpuueckoi pe3bObl ycranasinupaeT ['OCT
10549-80. OnpenensomuM pa3MepoM CIYXKHT IIar pe3posl P.

®opmy U pa3Mepsl IPOTOUEK Ui TpaneuenganbHoi pe3bObl yeranasnuBaer ['OCT 10549—
80. OnpeaemnsIomuM pa3MepoM CIY>KHUT LIar pe3bOsl P.



®opmy u pazMepbl IPOTOUYEK AJIS TPYOHOW KOHHMUYECKOW Pe3bObl M KOHMYECKOH I0HMOBOM
pe3bOb1 ycranaBiauBaer ['OCT 10549-80. OmnpenenstomuM mapaMeTpoM CIYXKHUT YHUCIIO IIIaroB
pe3bObl Ha anuHE 25,4 MM.

dopMy U pazMepsl IPOTOYEK JJIs1 TPYOHOU IMIUHApUYEcKoi pe3b0nl ycranapimuBaeT ['OCT
10549-80. OnpeaensomuM napaMeTpoM CIIYKHT YUCIIO MIAroB pe3n0bl Ha ATUHE 25,4 MM.

Hucmpymenm 0ns 3a6UHYUBAHUA U OMEUHYUBAHUSA. 3AaBUHUUBAIOT U OTBUHYMBAIOT BUHTHI U
raku (KpoMe BUHTOB CO IUIHIIEM 10 OTBEPTKY) KiIro4aMu (puc. 2).

JJiss BUHTOB U TaeK C MIECTUTPAHHBIMH M KBAJPATHBIMH T'OJIOBKAMU IPH HATUYUH CBOOOIHOTO
JIOCTyTa OOBIYHO IPUMEHSFOT KITFOUH OOBIKHOBEHHBIE (PHC.2, a) WM IBYCTOpPOHHHE (pHc.2, 0).

[TocneaHue M3TOTOBISIOT C JABYMS PAacTBOpPaMH. 3aMKHYTHIH KJIIOY C yIBOCHHBIM YHCIIOM
rpaHeii (puc. 2, B) IO3BOJISIET 3aBUHYHMBATH TalKHU TPU TIOBOPOTE KITFOUA HA YMEHBIICHHBIN YTOJI.

[Tpu oTcyTcTBUM CBOOOTHOTO JOCTYIA K TOJOBKAM M TaiikaM ¢ OOKOBBIX CTOPOH MPHUMEHSFOT
TOPLEBBIC KIIFOYH C IIPSIMBIM CTEP)KHEM M 3aXBaTOM IO BCEM T'PAHSIM.

JIJist BUHTOB C BHYTPEHHUM IICCTUTPAHHUKOM MPUMEHSIIOT KIIOYH B BHJIE IIECTUTPAHHOTO
pyTKa, H30THYTOro noj yriom 90° (puc.2, r).

i—

Puc.2. I'aedynbie KJI0OYHA

Kitou u1s1 KpyTriibIX HUTMIEBBIX FaeK MOKa3aH Ha puc.2, 1.

[Ipn penkom 3aBUHYMBAHUM U OTBUHYMBAHUYU BUHTOB U IA€K PA3HBIX Pa3MEPOB IMPUMEHSIOT
pa3/BHKHBIE KIIOUU C PEryIUpyeMbIM pacTBOpoM (puc.2, €). OfHaKo 3TH KIIIOYM HE JOIYCKAaroT Ta-
KHMX OOJIBIIMX MOMEHTOB 3aTsDKKH, KaK HEpa3ABM)KHbIE, U MEHEE JI0JITOBEYHBI.

BaxxHoe 3HaueHue 11 NPOYHOCTH BUHTOB, 0COOEHHO MOABEPKEHHBIX IEPEMEHHON Harpyske,
MMEET YCTaHOBJIEHHE M KOHTPOJIb TpeOyeMol Chiibl HadalbHOU 3aTsKKU. [IpuMeHsoT ciemyroiiue
CHOCOOBI 3aTSHKKH ¢ KOHTPOJIEM CHIIBL:

Kirrouamu nipenensHoro MomenTa. [Ipu nmpeBplieHnn 3T0ro MOMEHTa IIPOUCXOINAT NPOCKAIIb-
3bIBaHUE.

JIMHaMOMETPUYECKHMHU KJII0YaMH, UMEIOIIMMU OOBIYHO YIPYTYIO PYKOSTKY, IPOrHOBI KOTO-
PO, MPOTMOPLHOHANILHBI 3aMepsIeMOMY MOMEHTY. B CBS3M ¢ mepeMeHHOCThI0 Kod(uueHTa Tpe-
HUS U TUIOTHOCTH Pe3b0bl TOUHOCTh YCTAHOBJICHHS HAYaJ IbHOM 3aTsDKKU TI0 MOMEHTY HEBETHUKA.

[ToBOpOTOM raiiky Ha pacCUMTaHHBIN 3apAHEE Yroi OT IMOJIO0KEHUS CONPUKOCHOBEHHS.

C mnoMomlpI0 TapUPOBAaHHBIX YIPYTUX MIal0, KOTOpble NpPU JOCTHKEHUHU DPACUETHOMN
Harpy3k pacupsiMIISIFOTCSI U CTAHOBSITCS )KECTKUMHU.

Pacnpeoenenue oceeoit nazpy3ku no eumkam pe3oonl

[Ipu HarpyxeHHuHM oceBasl CHJIa pacupelenseTcs Mexay BUTKaMu HepaBHOMepHO. Hepas-
HOMEPHOCTH paclpeeseHUs CHJI IO BUTKaM YyCyryOsieTcsi TeM, YTO BUTKH Ha HauboJsee pacTsHy-



TOW YaCTH BUHTA COMNPSATAIOTCA C BUTKAMHU, PACIOJIOKEHHBIMU B HanboJiee C)kaTol 4acTH TaKu.
3azada O pacupeieeHUH Harpy3ku 10 BUTKAM CTaTH4YECKH Heompeneanma. Pacnipenenenue cun
MEXIy BUTKaMH pe3bObl, moxydenHoe H.E. JKykoBckum amst raifku ¢ AecAThIO BUTKAMH, TIOKAa3aHO
Ha pucyHke . Ha mepBbIii, Hanbosee HarpyKeHHbIN, BUTOK MPUXOAUTCS OKOJI0 1/3 oOmmieid cuibl Ha
BUHT, a Ha JecaThiii BUTOK — MeHee 1/100 obmeii cwibl. Jlegopmaru B pe3n0e, CBSI3aHHBIEC C IM10-
IPELHOCTAMU NMpO¢ Ui, KOHTAKTHbIE Je(OpMalul HECKOJbKO CHI)KAIOT HAarpy3Ky Ha IEpBBIH
BUTOK pe3bObl. [Ipu Takoii 60JbIION HEPaBHOMEPHOCTH paclpeNeleHUs OCEBOM CHUJIBI MO BUTKAM
00JIbI1I0€ YBEIMUYEHUE BBICOTHI F'AKU OKa3bIBAlOTCS OECIIOJIE3HBIM B CBSI3M C OMACHOCTBIO MOCIIE-

A0BATCJIIbHOTO pa3pymICcHHUA BUTKOB.
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Puc.3. Cxema pacnpenenenusi Harpy3ku Mexay BuTkamu pe3n0bl no H.E. Kykos-
CKOMY

Buowi nospeorcoenuii pezvbosvix coeounenu

- Pa3pbIB cTepxHs M0 pe3bde WiM 1o NepexoqHOMY CEUEHHIO.

- [loBpexxneHue uiu paspyuieHue pe3bosl (CMATHE U U3HOC, Cpe3, U3ruo).
- Pa3zpyimienue y roioBkH.

7. BOITPOCHI AJ1s1 CAMOKOHTPOJIA

[ToHsiTHE «IIPOYHOCTH KOHCTPYKLIUN.

[ToHsiTHE «GKECTKOCTh KOHCTPYKIIMH.

ITonsATHE «Y CTOMYUBOCTHY.

[Tonsitue «bpychsi». OCHOBHBIE TEOMETPUUYECKUE XapaKTEPUCTUKU Opyca.
[ToHsiTHE «CTEPKEHDBY.

[TonsiTne «000IOUKaY.

CocpeaoTOUEeHHBIE CUJIBI.

Pacnipenenennpie Harpy3KH.

Craruueckue Harpy3KH.

10. /InHamu4ecKue Harpy3KH.

11. ®puKIHOHHBIE TIEpeIayn U BapUATOPBHI.

12. Pemennas nepemava.

13. JlaiiTe onpeneneHue cIeAyONUM OCHOBHBIM MTapaMeTpaM 3y0daToi nepeaadu: mpo-

b 3yObeB, HaUaNbHasI U JENIUTENbHASI OKPYKHOCTH, I11ar, MOAYJb, OKPY>KHOCTb BBICTYIIOB,
OKPY>KHOCTB BIIJIUH.

LCoNoOARWNE



14. Onummure npuHIMI PabOTHl GPUKIIMOHHBIX IEpeAay U BapUaTOPOB. YKAKUTE UX JTOCTO-
MHCTBA, HEJIOCTATKU U 00J1aCTh IPUMEHEHUS.

15. IlepenaToyHble OTHOLIEHHUS.

16. [lermnast mepenayva.

17. Yepssiunas nepenayva.

18. ManbTuiickue MexaHU3Mbl.

19. YcnoBHble 0003HaYCHHS, TPUHATHIE HA TPUHIMITAAIBHBIX CXEMaXx.

20. IloctynarensHas napa. Ilnockast napa.

21. XpanoBble MEXaHU3MBI.

22. JlaliTe onpeneneHrne Mexanuueckoi nepeaaun. I[lpusenure kinaccupukanuo MexaHuye-
CKHUX Tepeiad ¥ OCHOBHBIE TPEOOBaHMS, ONIPEIENIAIONINE BEIOOP TOTO MIJIM HHOTO BHJIA TIEPEIauH.

23. OnuumTe OpUHIKI paboThl IUTAHETAPHBIX U YEPBAYHBIX Iepeaad. Y KaXHuTe UX J10CTO-
WHCTBA, HEJIOCTATKU U 00JIaCTh MPUMEHEHUSI.

24. Onuumre OpUHIKI paboThl 3yOUaThIX nepeaay. Y KaKuTe uX JOCTOMHCTBA, HEJOCTATKU
¥ 00J1aCTh TPUMEHEHHS.

25. Onuumre npuHUKI paboThl pEMEHHON nepeaayn. YKaxuTe ee JOCTOMHCTBA, Hel0CTaT-
KU ¥ 00J1aCTh TPUMEHECHHUS.

26. IlpuBeanTe npuMepsl U ONUILUTE MPUHLUI paObOThl MEXaHU3MOB JIBUKEHHS C OCTaHO-
BaMH.

27. Onuumre OpUHIKI paboThl LEMHOH nepetadn. YKaKuTe ee JOCTOMHCTBA, HEAOCTATKU U
00JacTb NPUMEHEHMUS.

28. OnuumTe NpUHIKI PaboThl KyJIaUKOBBIX MEXaHU3MOB. Y KaKUTE UX IOCTOMHCTBA, HE-
JIOCTAaTKU U 00J1acTh IPUMEHEHHUS.

29. OnuumTe NpUHIKI paboThl KPUBOLIUITHO-IIATYHHOI'O M KPUBOILIUITHO-0a1aHCUPHOTO
MEXaHU3MOB. YKa)KUTE UX IOCTOMHCTBA, HEAOCTATKH U 00JIACTh MPUMEHEHHUS.

30. OnumuTe NpUHIUI paboThl 3y0UaTO-PEEYHOT0 U BUHTOBOTO MEXAHU3MOB. Y KaXXHUTE UX
JIOCTOWHCTBA, HEJIOCTATKU M 00JIaCTh TPUMEHECHHSI.

31. OnumuTe NpUHIUN pabOTHI YePBAYHOHN Mepeaun. YKaKUTE ee JOCTOMHCTBA, HEeJl0-
CTAaTKH W 00JIACTH IPHUMEHEHHSL.

32. Ynpyrue negopmanuu.

33. Metox ceueHuit.

34. AGcooTHOE YUIMHEHHUE CTEPIKHS.

35. OTHOCHUTENBHOE YAJTMHEHNE CTEPKHSI.

36. ConpoTuBieHrne MaTepuaIoB Kak Hayka. Llenu u 3agaun.

37. dedhopmarust KpydeHHs.

38. KneeBble coeTMHEHMUS.

39. [MonsaTus «IIpodaHocThy, «KecTKoCThY, «Y CTORYHBOCTHY.

40. PacueTsl Ha MPOYHOCTD MPU KPYUECHUH.

41. CoenuHeHMs 3aMa3Kou.

42. DnemenTsl KOHCTpYKIUi. Bpyces. CtepxxHu.

43. lehopmarmst n3ruda. [lonepednsiii n3ruo.

44. Coenunenne 3a)OpMOBKOA.

45. DnemeHThl KOHCTPYKIMA. O00mouku. [TuTHI.

46. PacnipeienieHre HOPMaJIbHBIX HANPSKEHUH MpU U3ruoe.

47. Pe3p00BBIE COEIMHEHNUS.

48. Ilonstue «Harpyska». BHeninue cuisl.

49. TumoBsie ipodru Oanok mpu u3rnde. OceBoit MOMEHT CONPOTUBIICHUS TIPH H3THOE.

50. IIInoHoYHBIE COETUHEHHUS.



o1.

Harpy3Ku.

52.
53.
54.
55.

CocpenoToueHHbIE U paclpeielieHHble Harpy3ku. CTaTH4ecKue W JUHAMUYECKHE

PacueTs! Ha MPOYHOCTH MU U3rHOE.

[IInuuessle COEAUHEHUS.

[Tonsitue «/ledopmanus». Yopyras u ractTaueckas aeopMarus.

Onpenenenue onacHoro cedeHus npu usrubde. Iloctpoenue smropbl M3ruOarOMMUX MO-

MEHTOB JIJIs1 KOHCOJIbHOM OanKu.

56.
S7.
58.
59.
60.
61.
62.
63.
KpPY4YEHHUHU.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

KiuHoBbIe U ITUTOBBIC COCTUHEHUSI.

MeTtoa ceueHHil.

[TocTpoeHue AMmopbl U3ruOAKITUX MOMEHTOB VISl IByXOTIOPHOM OaJTKH.

Heranu nepenay BpamaTeabHOro ABMKeHUsA. OCH U BaJjbl.

Hampsoxenne. HopmanbHoe U KacaTteabHOE HANPsDKCHHE.

[TpononbHBIA U3THO.

Omnopsl oceit u BanoB. [loamunuanka kayenus. [loamunanka CKOIbKEHUS.

Cxembl omnpeneneHus: BHYTPEHHUX CHJI YIIPYTOCTH TIPHU PACTSHKEHUH, TPU CXKATUU, TIPH

CrnoxHas nedopmarnus. Pactsokenue ¢ n3ruoom.

MydTel. Yripyrue s1eMeHTHI.

JleiicTBUTENBHBIE, IPEIEIBHO OMACHBIE U JJOITYCKAEMbIE€ HAIIPSKEHUS.
Crnoxnas nepopmanus. MU3rub ¢ kpydeHuem.

Cranpapruzanus. YHuGUKaus. ArperaTipoBaHue.

OcHOBHBIE TUIIOTE3bI CONPOTUBIICHUS MAaTEPUAJIOB.

IIpOEKTHBIN ¥ MPOBEPOUYHBIN pacUeT IPU PELICHUN IPAKTUYECKUN 3a1a4.
Kareropuu crannapros.

Tuns! gepopmaruii.

OcCHOBHBIE TUIIOTE3BI CONPOTUBIICHUS MAaTEPUATIOB.
B3aumo3amMeHsEMOCTB.

Hedopmarus pactskenus (cxatusi). Pactipenenenne HanpspkeHUH.
Heranu. [{etanu obmiero HazHaueHus. TpeOOBaHUS K JETAIISIM.
TouHocTs. ITorpentHocTs.

AOGCOIOTHOE U OTHOCUTENIbHOE YAJIMHEHUE cTep kHs. 3akoH ['yka.
Pa3beMHBIE 1 HEPA3BEMHBIE COETMHEHHS.

WneanpHblil 1 peanbHbIl MexaHU3M. OMMOKK MpU M3rOTOBJIEHUU M COOpPKE MEXaHU3-

MOB. Busl ommoOoK.

81.
82.
83.

Mopyns ynpyroctu niepBoro pojaa (Moayns FOHra).
3aKkJIenoYHble COCIMHEHMUS.
Comnpsiraembie aetanu. Jlonmycku W mocaaku. Pasmepbl: HOMHUHAJIBHBIN, EHCTBUTEIb-

HBIU, TPEIEIbHBIN.

84.
85.
86.

mycKa.

87.
88.
89.

Koadpunuent nonepeunoit nedopmanuu (Ilyaccona) npu pactsxeHUu (CKaTHH).
CoenuneHns ruOKoil.
OTkI0HEHUs pa3MepoB: NpelesbHbIe BepxHee U HibkHee. Jlomyck pasmepa. Ilone mo-

Cxatune. CMmatue.
CBapHble COeTMHEHUSI.
ITocanka. Buasl nocanok. 3azop. Hatar. [Ipumepsl npumenenus. Cucrema Bajia U CH-

CTEMa OTBCPCTHAL.

90.
91.

PvaeTBI Ha l'[pO"IHOCTI) HpI/I paCTfDKeHI/II/I " CKaTu".
Coennaenne mankom.



92. lllepoxoBaroctb. JIunus BbICTYNOB M BrnaguH. lllar HepoBHOcTe#. BricoTa MuKpoHE-
poBHOCTeH. CpenHee apupMeTHIECKOe OTKIOHEHUE TPODUIIS.

93. lebopmanus casura. PacyeTsl Ha MPOYHOCTH MPH CABHTE.

94. TIpeccoBble COCTUHECHHS.

95. O603HaueHNE MEePOXOBATOCTH HA YEPTEKAX.

8. BUBJIMOI PAOMYECKMIA CITUCOK
PEKOMEH/IYEMOM JINTEPATYPBI

OCHOBHOU
1. ITpoekTpoBaHHE U MOJEIUPOBAHUE MPOMBINUICHHBIX WU3AENIUN: y4el. aiis

By30B / C.A. Bacus [u ap.]. - M.: Mammnoctpoenue-1, 2004. - 692 c., un.

1. KBacoB, A.C. OCHOBBI XyJ1I0KECTBEHHOTO KOHCTPYUPOBAHHUSI IIPOMBIIII-
JICHHBIX u3zenui : yueo.mocoodue st By30B / A.C.KBacoB .— M. : I'apnapuku, 2006
—95c. : nn.

2. Hynaes, [1.®d. KonctpyrpoBaHue y370B U JieTajieil MalvH : y4eOHOe To-

cobue nis BTy30B / [1.d. [lynaes,O.I1.JlenukoB .— 11-e u3x., nepepad.u qon. — M. :
Axanemus, 2008 .— 496c¢. : ui.

JIOIOJIHUTEJIbHBIH

1. banauu, B.A. Jletanu mamvH 1 OCHOBBI KOHCTpyupoBanus.Ilepenaun :
yue0.nmocodue st By3oB / B.A.banaun,B.B.I'anesko .— M. : Akagemknura, 2006 .—
332¢. : un.

2. Ckoiibena, A.T. Jletanu MalivH 1 OCHOBbI KOHCTPYUPOBAHUS : yUEOHUK
115t By30B / A.T.Ckoitbena,A.B.Ky3emun,H.H.Makeituuk;non
obmr.pen.A. T.Ckoiibensr .— 2-¢ u3f., nepepad. — MuHCK : Bpmmiinr. k., 2006 .—
560c. : un

3. JleTanu MaiivH U OCHOBBI KOHCTpYHpoBaHus1.COOPHUK TECTOBBIX 3a]1a-
HUH JJISI CAMOCTOSITEIBHOM PabOThI CTYZEHTOB : y4eb. mocobue st By30B / B. b.
Moucees [u np.] ; [lenzenckuii I'Y .— Ilen3a : U3n-so III'Y, 2004 .— 268 c. : umn.

4, Koncrpyuposanue : Yueb.mocobue pist By3os. U.1 / C.A.Bacum,
H.H.Bboponkun, JI.A.Mopo3oBa, B.A.Penpko; Tynl'Y .— Tymna : U3n-so Tynl'Y, 2003
— 144c. : un.

S. KonctpyupoBanue : Yue0.mocoodue aiis By3oB. .2 / C.A.Bacums,
H.H.bopoaxuH, JI.A.Mopo3zosa, B.A.Penbko; Tynl'Y .— Tyna : U3a-Bo Tynl'VY, 2003
— 184c. : un.


http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=3900&TERM=%D0%9A%D0%B2%D0%B0%D1%81%D0%BE%D0%B2,%20%D0%90.%D0%A1.%5B1,1004,4,101%5D&LANG=rus
http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=3900&TERM=%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2,%20%D0%9F.%D0%A4.%5B1,1004,4,101%5D&LANG=rus
http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=3900&TERM=%D0%91%D0%B0%D0%BB%D0%B4%D0%B8%D0%BD,%20%D0%92.%D0%90.%5B1,1004,4,101%5D&LANG=rus
http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=3900&TERM=%D0%A1%D0%BA%D0%BE%D0%B9%D0%B1%D0%B5%D0%B4%D0%B0,%20%D0%90.%D0%A2.%5B1,1004,4,101%5D&LANG=rus

6. [Mapunos, B.M. KonctpyupoBaHnue u pacyeT TpaKTOpOB : Y UEOHHK IS
By30B / B.M.Illapunos .— M. : Mammnoctpoenue, 2004 .— 592c. : ui.

1. KoncrpyupoBanue npubdopos : nabopatop. npaktukyM / BHTY, Kad.
"Konctpyuposanue u npousBoactso npudopos" ; coct. C. H. Cyposoit, B. I'. Cmup-
HOB, B. JI. FOpunk .— Munck, 2008 .— 92 c. : yepT.

8. Hexaes, ['ennaauii AnekceeBud. MeTauim4eckue KOHCTPYKIIMU B MPU-
Mepax U 3aadax : yue0. mocodue / I'. A. Hexaes, 1. A. 3axaposa .— M. : ACB, 2010
— 140 c. : un —

9. AnypbeB, B.1. CipaBOYHUK KOHCTPYKTOPa-MaIIMHOCTPOUTENS : B 3-X T.
/ B.M.AnyprseB .— Tymna, 2007 .— lont.nuck.(CD ROM).

10. Yepuunesckwii, /[.B. JleTann MamvH 1 OCHOBBI KOHCTPYUPOBAHUA :
yuebHuk A By30B / J{.B.Uepuunesckuit .— M. : Mammnoctpoenue, 2006 .— 656c¢.
: WL

11. Hsanos, A.C. Konctpyupyem mamunsl.Ilar 3a marom : B 2 4. Y.2 /
A.C.BanoB .— M. : U3a-8o MI'TY um.H.D.baymana, 2003 .— 392c. : u.

12.  Kpaiines, A.®. Uneonorust kouctpyupoBanus / A.D.KpaiitneB .— M. :
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