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NPEOUCNOBMUE

B mociemHHe TOIbl BO BCEM MMpE OBICTPO pPasBUBAETCS HOBas OT-
pacb HAyKM M TEXHMKH — MEXaTpPOHMKa, KOTopas fasHpyeTcs Ha CHUC-
TeMHBIX 3HAHHSAX B 0O/MACTX MEXaHUKH, 3nex‘rpoumm H KOMIIBIOTED-
HOTO YTpaB/ICHHA (DYyHKIMOHABHBIMU ABKEHHAMHU. "OT MexaHukm X
MexaTpoHMKe" — TaKoil KpaTkoii (opMyINoil MOXeT OBITE CchopMyNIHpO-
paHa Belyllash TEHIEHIMs B COBPEMEHHOM MAIIMHOCTPOSHMH, KOTOpas
nosismiack B 80-x rogax 20 BeKa M CEerofHs ABIAETCA AOMUHMPYIOIIEH
fpi CO3JAHHH COBPEMEHHBIX MAIUIMH M CHCTEM, O0IazalomMX Kauect-
BeHHO HOBBIMH CBOHCTBaMH.

VuebHoe mocobue «MexarpoHHbie monynu. Pacuer U KoHCTpyMpo-
BaHHe» TPEAHA3HAYEHO I CTYAEHTOB, MArMCTPOB M aCIHPaHTOB 3TOH
CHEIVATBHOCTH, 2 TAKKe MOXeT OBITh MOJIE3HO CTYAEHTaM M CHelHaH-
cTaM JpYTMX TEXHHYECKMX HalpaBleHWH, 3aHWMAIOLIMXCHA TPOSKTHPO-
BaHMEM MOMNYJIeH M KOMIUIEKCOB [UI aBTOMATH3MPOBAHHOTO MAaIlMHO-
CTPOSHMSL.

B yue6bHOM noco6uu NpUBEACHHI OOLIME ITONMOXEHUS MO NMPOEKTH-
POBAaHUIO MEXAaTPOHHBIX Moflyleif, aH MX COCTaB M Kiaccu(puKalms,
NPENCTABIEHO OMMcaHue 06a3oBbIX SMEMEHTOB 3JIEKTPOMEXaHHYECKHX
monyneil ¥ TpHBENeHbl METOAMKH MX pacyera. OCHOBHOM akUEHT clie-
JIaH HAa MeToJax MHTerpaiui MeXaHMYeCKUX, SMEKTPOHHBIX H KOMITbIO-
TepHbIX 3/IEMEHTOB B COMHbLIC MOIYIH, YTO SIBNSAETCH KJIIOUEBBIM NPHH-
LMTIOM MEXaTPOHHKH.

B ocuHoBy yuebHOro mocobus ITOJI0KeHbI JIEKIMOHHbBIE KYPChI, MPO-
YUTAHHBIE aBTOpaMH B MOCKOBCKOM TroCYJapCTBEHHOM TEXHOJIOIMHYE-
ckom ynupepeutere "CTAHKWH" mis crymentoB Kadenpst «PoboTto-
TEXHHKA ¥ MEXaTPOHHKA» B TEUYEHME TOCHKEAHHX TPeX JIeT, a TakKe psl
uX y4eGHO-METOAMYECKHX PaboT ¥ HAayYHO-TEXHHYECKHUX MyOINKaLMi.

ABTOpE! BBIpaXaloT GJaroapHOCTh PELEH3EHTaM 3a TPyd MO pe-
EH3HPOBAHUIO PYKOMHMCH, KOJ/UIEKTHBY Kadeapsl «PoBoToTexHuka H
mexarponuka» MITY «CTAHKWH» 3a mone3Hbie COBETHl ¥ PEKOMEH-
[JalWN, a TAKXKE 3a MOMOIIb NIPH MOATOTOBKE PYKOMHCH K M3JaHUIO.

Bce 3zameuvannsi M TpeIOKeHMS MO YAYYIICHHIO COOCPXKaHUSA
yuyebHoro mocobus Oyayr ¢ 671arofapHOCTBIO TPHHATEL M YYTEHEL
Ilpocs6a mampapnaTh cBoM Noxedanmst mo anpecy: 101472, Mocksa,
Banxosckuit nep., 1, usnarenscreo «CTAHKHUH».

ABTOpBI



Maea 1
KOHLIENUUA NMOCTPOEHUA MEXATPOHHbIX MOHYHEFI

1.1. Or MexaHuku k MexaTpoHuke

B aHTHuHble BpemeHa Ha (bponToHe akagemuu [LiatoHa 6buTo Ha-
yepraHo "[la He BOWMIET Clofia He 3HAMOILUAN reomerpun’. Tak u cosma-
HHC MEXATDOHHBIX MOIYJIEH U CHUCTEM HOBOTO MOKOAEHHS HEBO3MOKHO
6e3 rIyboKmMX 3HaHUIT B O6NACTU MEXAHWUKH M KOHCTPYMPOBaHUA Ma-
UIHH, MOHHMMAHWA COBPEMEHHBIX TEHICHLMII B TEXHOMOTMM MAlHMHO-
CTPOEHMS.

CraHoB/ieHWe MEeXaTPOHMKH KaK HOBOI 061acTy HayK¥ ¥ TeXHUKH
Gasupyercs Ha QyHIAMEHTATBHBIX OCHOBAX MEXAaHUKU U ee HEOCHOopH-
MBIX IIPUKITaIHBIX NOCTIOKEHHAX. "Om Mexanuxu k Mexamponuxe” — ta-
KO# TIpEAEnbHO KpaTkoi (opMynoi MOXeT 6biTh chopmyIuposaHa Be-
Aywias TEHAEHUMs B COBPEMEHHOM MALIHHOCTPOSHMM, KOTOpas oS-
Bwiach B 80-x romax 20 Beka W CeromHsl SBISIETCS OBl NPH3HAHHBIM
nonoxenneM. MmeHHO oT «Mexanuku» B3sula «MexaTpoHuKa» Tepsyio
TMOJIOBUHY CBOETO MMEHH M 3TO OTHIOAB HE CIIyyaifHo.

B neiicrByioniem TocymapcTBeHHoM o6pa3oBaTeibHOM CTaHIapre
P® nauo cnemyioulee onpeneneHue MexatpoHuku [16]:

"Mexamponura - smo o6aacme rayku u MEXHUKU, OCHOBAHHAA HA CU-
Hepzemu1eckom 00se0uHeHUU MEXAHUIMOB MO4HOU MEXAHUKL C 3AeKMpPOH-
HbIMU, SAEKMPOMEXHUMECKUMU U KOMNbIOMEDPHbIMU KOMNOHEHmamu, obec-
NeHuearouas NPOEKMUPOBAaKie U nPou3cO0CMeo KaecmeerHo Hoabx Mody-
Aell, MAWUH U CUCMEM C UKMENIEKMYATbHbIM YRPAGACHUEM UX (YHIUUO-
HAAbHbIMU O8UNCEHUIMU ",

IIpenveToM MeXaTpOHMKHM SIBISIOTCS METONBI MPOESKTHPOBAHMS M
KOMIIBIOTEPHOIO VIIPABIEHMA, a TAKXKE HOBBIE TEXHOJNOTHYECKHE M MH-
(bopMalMOHHBIE MPOLECCHI, KOTOPHIE OBECIEUMBAIOT BCE STAMBI KU3-
HEHHOIO LIMKJIA TIPU CO3[aHUM KAYeCTBEHHO HOBBIX MOMYIEH M MALIMH.
I'naBHas MeTONONOTHYECKAas WIS MEXATPOHMKHA COCTOUT B CHCTEMHOM
COYETAaHUH  TAaKUX PAHEE M30JMPOBAHHBIX HAYYHO-TEXHMYECKHX HA-
NpaBIeHUH KaK TOYHAA MEXaHWKa, MUKPOINCKTPOHHKA, 3MEKTPOTEXHHU-
Ka, KOMIBIOTEPHOE YIIpaBleHKe M WH(POPMATHKA.

CyTb MEXaTPOHHOIO IIOAXOHA 3aK/IIOYaeTCsd B NIYOOKOM, B3auMO-
MPOHUKAIONIEN MHTETpalMK KOMIOHEHT pasIAIHOoi (U3NYECKOH mpu-
ponbl Ha BCEX 3Tanax XXU3HEHHOTO LMKNA H3IeINs, HAYHHASA CO CTANHM
€ro KOHLENTYAIbHOrO MPOEKTMPOBaHUSL M 3aKaHYMBAs MPOU3BOICTBOM
M 9KCIUTyaTalueH.

Bo mHormx obnactax TeXHHKM MexaTpoHHble cuctemsl (MC) npu-
XOIAT Ha CMEHY «MEXaHWYECKUM» MAllIMHAM, KOTOPbIE YK€ HE COOTBET-

CTBYIOT KayeCTBCHHBIM TpeGoBaHUAM K COBpeMEHHOMY 0BOpYNOBAHHIO.
MexaTpOHHBIN MOAXOX B MOCTPOCHMM MAUIMH HOBOTO TOKOJICHMS 3a-

cmoyaeTcss B TiepeHoce DYHKIMOHATbHOM HArpyski OT MEXaHW4ecKuX

y310B K MHTEJUIEKTYyalb-

A 06sem (%)
HBIM (271eKTPOHHBIM, 1000
KOMITBIOTEPHBIM ¥ HH- e
(OpMALIMOHHEIM) ~ KOM- 2
[[OHEHTaM, KOTOpHIE Jler- 80 e
KO TIepenporpaMMHpyloT- 7
csl TOJ HOBYIO 3amady “ 60 Mexanuxa
NpH OTOM SABIIIIOTCH OT- i 3
HOCHTEILHO  JEIIEBBIMH. 5
Taxk  GYHKIIMOHANBHEIM 40
aganm3 TPOM3BONCTBEH- 30
HBIX MallMH IIOKa3bIBaeT, b auKd 2
yTo HONII MeXaHW4yecKOu o 2 8
qyacTH COKpaTwiIach c ”"?’Op"a{"”'fa iy
70% B Hadane 90-X TONOB 4970 1980 1990 2000
mo 25-30% B HacTosLIEE B

spems. Ha puc.1.1 mpen-
cTaBJIeH XapaKTepHBIil rpaduk (MO JaHHBIM XypHana [45], BBITYIIEHHO-
ro CelHaTsHO K BeeMupHOit BeIcTaBKe "TIpOMBIIIIEHHOCTh, ABTOMATH-
sauug ¥ uHHOBammu” 2000 r.), KOTOpHIM OTpaXaeT AWHAMMWKY 3TOrO
rmpoliecca B NMPOU3BOACTBEHHBIX MamMHax 3a 30 siet, HaYMHAdA C 70-x
TOIOB. AHATM3 TOKA3bIBaeT, YTO elle B Havyane 90-X rogoB MOAABISIO-
mee GomblIMHCTBO dyHKIME MammHEl (Gonee 70%) peanu3oBBIBAIOCH
MeXaHMYECKUM MyTeM. B mocrneayiomue NeCATHIETHS MPOMCXOAATIO Mo~
CTelIeHHOE BEITECHEHHME MeXaHMYEeCKHX V3/J0B - CHavaja SIeKTPOHHBI-
MM, a 3aTeM W KOMIIbIOTepHbhIMU G1oKaMu. B HacToslee BpeMA B MEXa-
TPOHHBEIX cucTeMaxXx obGbeM (YHKUHII paclipelie/ieH MeXny MexaHude-
CKHMH, 3JIEKTPOHHBIMKH ¥ KOMITBIOTEPHEIMU KOMIIOHEHTaMU MpakTuye-
CKH TopoBHy. Ilpy 3TOM [107i1 KOMIIBIOTEPHOM 4YacTH BO3pocia 3a I10-
ciaegHee 10-7eTe BOBOE M €CTh BCE OCHOBaHWSA IMPOrHO3MPOBATH CO-
XpaHeHWe 3TON TEHIEHIIMH B TEXHUKe OYIyILEro.

IpuHIUMNRATEHO BaXHO MOAYEPKHYTH, YTO TEHIAEHIMs Iepexoma
OT MeXaHW4YeCKMX K MeXaTpOHHBIM TEXHOJIOTHAM B COBDEMEHHOM Ma-
IIMHOCTPOEHUM He "3aKpbiBaeT” MexaHuky. HaoGopor, 310 cTUMYIHpYeT
€€ pa3sBUTHe K HHTErpallMi C HHTE/UIEKTYyalbHBIMKM KOMIIOHEHTAMH B
PaMKax eNWHOW MeXaTpOHHON cucTeMbl. CHCTEMHBIH IONXON AHKTYET
HOBble TpeGOBaHUS K BCTPOSHHBIM MEXaHWMYECKMM H TMODHIHBIM KOM-
MIOHEHTaM, YTO B CBOIO OYepelb BeleT K Pa3sBUTHIO HOBBIX TEXHOMOTHH H
KOHCTPYKTOPCKHUX pellleHUil B 00IacTH MEXaHHKH.



YeM Xe BbI3BaHA PACCMATPUBAEMAS TEHIEHIIHS nepexoma "Or Me-
XaHuK# K Mexatponnke"? B mepByw odepens - pesko BO3POCIIMMHU
TpeDOBaHMAMM PBIHKA K ITOTPEOHTEILCKHUM CBOMCTBAM W KauyecTBy Ipo-
OYyKIUY MalIWHOCTPOCHHMS M NPHBOAHON TexHMKH. MMeHHO 3TOT KO-
4eBOll (aKTOp ONpEIe/SeT COBPEMEHHBIE TEHIEHIIHK MHDOBOTO HHIY-
CTPHAJIbHOTO Pa3BUTHS M CTUMYIMPYET HayJIHO-TEXHHYECKWMil IIporpecc
B obnacTi MexaTpoHUKHW. Takum 06pa3oM, cO3TaHMe HOBOTO MOKOICHYS
obopynoBaHus Ha Gase MeXaTpOHHBIX TEXHOJIOTUM, 10 CYTH, SABIISIETCH
OTBETOM IPOM3BOAUTENCH HA HOBRIC PHIHOYHLIE BEI3OBEIL.

IlepenoBoit Muposoit yposeHs B 061acTu CTAHKOCTPOEHMUA MOXHO
OLCHHTH TI0 HOBEHIUMM o6pasiaM 0GOpYyTOBaHMs, KOTODHIE BEIyIIHE
(MPMBI-NIPOM3BOUTENM TNPEACTABUIM HA MEXKIYHADONHO! BBICTABKE
JIMTOF-2002 (Snonust, Hos6ps 2002 roga). IIpuBomHBIE CHCTEMBI CO-
BPEMEHHBIX CTAHKOB I METAIUI000paboTku 00eceyuBaioT CleAyiolue
XapaKTEPUCTUKU: CKOPOCTH paboymx momgay no 15 m/MuH, ckopocTH
xonoctoro xoma no 200 M/MMH, yCKOpeHME IPHBOIOB IIPH pasroHe 10
3g, TOYHOCTh 0O6paboOTKU MopgaKa 2-3 MKM, KOJHYECTBO OJIHOBPEMEHHO
YIpaBlIAeMbIX ocel o 20 B ogHOM 06pabaThIBAIOIIEM KOMIUIEKCE.

OueBUIHO, YTO JUIA CO3NAHMA MAUIMH CO CTONb BHLIAIOMIMMUCS
TEXHHYICCKHMMH MOKA3aTe/IIMU HeOOXOOUMBl TNPHHUMUIIMATEHO HOBBIE
TTOZIXOMBEI K KOHCTPYHPOBAHHUIO M NPOM3BOJACTBY NPUBOMHBIX MOLYIEH U
CHCTEM.

PaccMOTpuM KavecTBeHHO HOBBIE TpeGOBaHMNA, NpeNbABISIEMblE K
DYHKUMOHAIBHEIM XapaKTEPUCTHKaM ITPUBOIHON TEXHMKHM [UIS TEXHO-
Jloryyeckux MawmH. K ux 9uciy B MepByio oYepelb CIEAYET OTHECTH:

® CBEPXBHICOKME CKOPOCTH JBIXEHHA PabOvMX OpPraHOB MallMH,
KOTOpbIE€ ONpPEAESA0T HOBBIN YPOBEHb IPDOU3BOAMTENBLHOCTH TEXHOJO-
IMYECKUX KOMILIEKCOB;

® CBEPXBBICOKYIO TOYHOCTH ABIKCHWH, HEOOXOMMMYIO IS peam-
Sali{  TIPCUMSHOHHBIX  TeXHONOTMH  (BIUIOTH [0 MHKPO- U
HaHOTIEPEMEIICHHMIT);

¢ MAaKCHUMAIBHYI0O KOMIIAKTHOCTb KOHCTPYKUMU M MUHHUMH3ALUIO
MaccorabapuTHBIX Mokasarteneidl Monysneit (BIUTOTH 10 MUHHATIOPH3aL WY
B MHKpOCHCTEMAax);

* HMHTEJUIEKTY&IbHOE IOBEfeHHE MALUMH, (QYHKIIHOHWDYIOLIMX B
M3MEHSIOIIMXCA ¥ HEOMNPeAeIeHHBIX BHEIIHUX Cpelax;

* pealM3anuIo OBICTPHIX M TOYHBIX MepeMelleHUi pabouyux opra-
HOB I10 CIOXHBIM KOHTYPaM M TTOBEPXHOCTAM;

® CYIIECTBEHHOE PACUIMPEHME TEXHOMOTUYECKHX M (DYHKIIMOHATE-
HBIX BO3MOXHOCTEH OOODYHOBaHMS, XeNaTeNbHO ©6e3 YBeHYeHUS ero
LEHBI;

e CIIOCOBHOCTL CHCTEMEI K peKOH(UTypallid B 3aBUCHMOCTH OT
BBITTOTHAEMOH KOHKPETHOM 3ajjayd WK OIepaiiu;
o BHICOKYIO HAIEXHOCTh M BE30MACHOCTS (PYHKIIMOHHPOBAHHS.
Jlo6uThCSL KaueCTBEHHO HOBBIX XapaKTEPUCTHK IOSBOMACT MeEXd-
TpOHHAS KOHIETIMS ¢BCTPOCHHOTO IPOEKTHPOBAHUA>, Kmopainﬁfl?ﬁ
rto1aracT KOHCTPYKTHBHOE OOBEHHEHNE SNEMEHTOB CHCTEMBI Bﬁ )
MoLy/h. VIHTerpauys B OIHOM yCTpOHCTBE PasIIIHBIX 110 CBOE ﬁ@ =
qecKOll CYLIHOCTH COCTaBJISTIOUINX SIBASETCS CITOXHOM TBOPYECKON 3all
yeit. Ee pellleHue OCHOBBIBACTCA Ha COBPEMEHHBIX HAyYHO-TEXHHHECKHMX
sHaHugaX B 00JACTH KOHCTPYMpOBaHMS, TeXHOJIDI‘I-Eﬂ WU3TOTOBNIEHUA M
yrpaB/IcHUA MaUMHAMU B COYCTAHUM € HIDKCHEPHOH HHTYHITHEH M M30-
GpeTaTeIbCTBOM, 6€3 KOTODHIX YNaiHOe M OPUIMHANBHOES pEUICHME HE-
0.
BOBM(()DE;MM, YTO Pa3BUTHE MAIUMH OT MEXaHWKH K COBPEMEHHOH ME_-
XaTpOHMKE TPOXOJUT IOC/EAOBATENBHO PSI CTAIMM. IlepBrlit atan :
370 pa3paboTKa 3MEKTPOMEXAHWYECKUX CHCTEM IyTeM OOBeIMHEHUS
[IpHBOJE DEKTPUYECKOTO [ABUTaTENS M MEXaHUYECKOrO npeaﬁpaaosam];
st (BYOKeHHs (KaK TIPaBWIO, PeayKTopa) ¢ SNEKTPOHHEIMK GIOKaMH.
cTpyKTYpHOM 6asuce me-
XaTpOHHUKH (puc.1.2) |Mpeumswonnan
3MEKTPOMEXaHMKA IIOKa- [MEXAHHKA
3aHa KaK OIHA M3 rpaHei
"TlupaMuasl MexaTpoHU-
ku". McTopuuecKu Mexa- |Jsexmpo-
TPOHHKAa pa3BHIach M3 |Mexanuka
9JIeKTPOMEXaHUKH U,
onMpasch Ha €€ IOCTH-
XKeHUsl, MAeT Jajblie, my-
TeM CUCTEMHOTO 00Benu-
HeHHMsT O3JIeKTPOMEXaHu-
YECKHMX CHCTEM C KOMIIb- SnexTponuka Puc. 1.2
IOTEPHBIMH  YCTPOMCTBA- kb
MM YIIpaB/JeHus, BCTDOCHHBIMM JaTYHKaMy ¥ WHTepdencamMu.
[MocTynaTenpHOEe PasBUTHE OT MEXaHMKH K 3JIEKTPOMEXaHUKe W 1a-
Jiee K MeXaTpoHMKe OOYCIOBJIEHO B IIEPBYIO OHepenb MOSBICHHEM HO-
BBIX MUKPOJIEKTPOHHBIX H WHGOPMAIIMOHHBIX TEXHOMOTHM.
BaxkueHImMM TeXHOJIOTHYECKMM (aKTOPOM, KOTODBIH TTOCIYXHII
TOTYKOM K BO3HHKHOBEHUIO MEXaTPOHUKH W Hajl €if BTopylo 4acTh HMe-
HU (oT TepMHHa "3NeKTpoHMKa"), ctaso B 80-x rogax GypHoe pasBUTHE
SMEKTPOHHEIX TEXHONOTHif, U B TEPBYI0 OYepelb MHKPOSJIEKTPOHMKH.
CoBpeMeHHBIE TEXHONOIMY MUKPOSJNEKTPOHUKY JIETIH B OCHOBY HOBOH
37IeMeHTHOH 6ashl BaXKHeHImMX KoMroHeHT i MC — cHIoBBIX [peod-

A Mexanka Cucmens

ASMOMAamMUINPOSANHO20
NPoEKMUpOSanUs
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pasoBatejiei, YNPaBISIOIUX ¥ AUATHOCTHYECKUX ANEKTPOHHEIX GJIOKOB,
AAaTYMKOB OOPAaTHOM CBSI3M M CEHCOPOB. DIIEKTPOHHKIE TEXHONOTUM CTa-
JI¥ OCHOBOW IUISI CO3MAHMS TEXHOJIOIMiL MUKDOBJIEKTPOMEXAHUKH, KOTO-
PLIC B HAaCTOALIEE BPEMs IOCTHIIM HOBOW CTYNEHU B CBOEM PasBUTHM —
TEXHONIOTUH MUKPOMEXATPOHUKHU,

Pewraomuit peiBox B passutuu MEXaTPOHMKM B MUpE, HaYUHAagd C
90-roznoB, obycioBieH OypHBIM mporpeccoM B obiacTu UH(pOPMALHMOH-
Hbix TexHonoruit (MT). Cospanue cospementsix MC ceronust Hemsic-
Jumo 6e3 Hoseix UT dBTOMaTH3HPOBAaHHOTO NPOEKTUPOBAHUSA, KOMIIh-
IOTCPHOro MONETMPOBAHUA M YNPABIEHUS CIOXHBIMH AUHAMIYECKUM
cucremamu. Ocodyio posb B pasBUTHH MEXaTPOHUKHU MTPAIOT MHTEJIIeK-
TYATBHBIE TEXHONOTHH M MX NPWIOXEHNUs K 3ala9aM yIIpaBieHus hyHk-
LUMOHATEHBIMU IBIKEHMAMK. OCHOBHOI OTIMYMTEIBHOMN 9epToii MH-
TEJUIEKTYILHBIX TeXHOJIOTHH SBISETCS BO3MOXHOCTD CHCTEMHOM obpa-
Gotku 3Hammit [22]. IToctpoeHue KOMIIBIOTEDHOT'O VIPABICHUS MeXa-
TPOHHBIMHU CHCTEMaMU Ha OCHOBE MHTE/UICKTYATbHBIX TEXHONOTUH MO-
SBOJIAIET C BRICOKMM Ka4€CTBOM BBINOJIHATH CJOXHBIE ABHOKCHUS B ycio-
BHAX MHTCHCHBHOTO M3MEHEHMS YIPaBIAIOUINX W BO3MYIIAIOIIMX BO3-
MEUCTBUM M HENMONHON MHDOPMALMY O BHEIIHE cpeie ¥ obbeKTax pa-
6or. :
K rraBHbIM npeumyinecrsam MEXaTPOHHBIX CHCTEM M MOIYJei OT-
HOCHT:

® HCKIIOYCHHE MHOTOCTYNICHYAaTOIO MpeoGpa3oBaHUA SHEPIHM U
MHGOpPMaIUK, YIPOIEHHe KMHEMATHIECKHX Lieei H, CJIe[OBaTeNIbHO,
BBICOKAs TOYHOCTh U YAYYIIEHHBIE IUHAMUYECKHUE XapaKTEPHCTHKH;

* KOHCTDYKTMBHAfl KOMITAKTHOCTB MOIyleH m, CJIEIOBATENBHO,
YAyqlIEHHbIE MaccorabapuTHbBIE XapaKTePUCTUKH;

* BO3MOXHOCTb OOBEIMHEHHS] MEXaTPOHHBIX MOZYJIe B CIIOXHBIE
MEXaTPOHHBIC CHCTEMBI M KOMIUIEKCEI, JOMYCKAIONIHE BRICTpyIo PEKOH-
durypaumio; .

¢ OTHOCHTCJIBHO HHM3KYIO CTOUMOCTb YCTAHOBKH, HACTPOMKH U 06-
CIYXXHBaHUA cHCTeMBI 6J1arofapsi MOLYIBHOCTH KOHCTPYKIIHH, YHU(DH-
Kalluy anrapaTHbIX U MPOrPAMMHEBIX CPENCTB;

® CHOCOOHOCTDL BBINOJNHATE CIOXHbIE NBUKCHUS Graronaps mpu-
MEHEHHIO METOZIOB a1aNTHBHOTO U HHTEJUICKTYAIBHOTO YTIPABIEHUS.

Bricokasd TOYHOCTB, NpenensHOe OBICTPONEHCTBYE, CIOXHEIE 3aKO-
HbI IICPEMEINCHUSA BEIXOJIHOTO 3BeHA B INPOCTPAHCTBE U BO BpeMEHH —
OHPEACTAIOTCSA TEXHONOTMYECKOH ITOCTAHOBKOM 3aiaud  ympasieHus.
ITpu 5TOM HEOGXOIMMO KOODAMHHDOBATH YIIpaBIcHIME TIPOCTPAHCTBEH-
HbIM mepemelienueM MC ¢ ynpasineHMeM pasmUYHBIMH BHEITHUMH
npoueccamMit. IIpuMepaMy TaKMX IIPOLIECCOB MOTYT CIIYKUTE: PETYIIMpO-
BaHUE CHIOBOrO B3aUMOJIEHCTBUA paboyero opraHa MallMHBL HA OGBEKT
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i MexaHooOpaboTke, YIpaBjieHWe NOMOTHUTEIBHBIMI TEXHOJOrHYe-
st (MM BO3[EHCTBHUSAMH (TEIUIOBBIMM, 3JIEKTPHYECKUMH, MEKTPOXHMHUYE-
e M¥) Ha OBBEKT NPH KOMOMHMPOBAHHBEIX METOMAX oﬁpaﬁorm,u yIpas-
ig:ue BCIIOMOTATeIbHBIM 000pyIoBaHKeEM KOMIUIeKca (KOHBeHepamu,
};a[pyso‘n{bmn yerpoiictBamu). Takue clnoXHble KOOPAWHHPOBaHHBIE
neroxeHus MC HashBAIOT QYHKUMOHANBHBIMY JBVKSHUSIMHU. Ve

Ha puc.1.3 mpexcraieHa o0oblieHHass CTPYKTypa MeEXaTpPOHH:

CHCTEMBI.

Yenopek- Kounistotepras

1 CETH
eparTo
T Iens

JBHIKEHHA

VYerpoitcteo

KOMIBKTEPHOTO
yIpaBieHus
"""""" Brox |

TIPHBOZIOB |

CeHcopsl

1

1

i
npeofpazoBaTeny i A

i

1

1

Hcnonuurensueie !
JBHUTaTEH | l

Mexauudeckoe
yctpolicTso P

Paboqni
oprax

D yHKUROHATEHOE Boamymaromee
JNBHAEHHE Bo3seifcTeue
Buemnsis cpena
1 obvexTH pabor

Puc. 1.3

B mpomecce mBMXeHMS MEXaHMYECKOTO YCTPOHCTBA €ro BBIXOAHOE
3BEHO HENOCpPeICTBEHHO BO3ZHEUCTBYeT HAa OOBEKT M obecrieuyBacT Ka-
YCCTBEHHBIE MOKa3aTeld BhIMOMHAEMON aBTOMATH3UPOBAHHOM orepa-
OuH. TakuM obpasoMm, MeXaHWYecKas YacTh ABNSETCA B MEXATPOHHOM
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cucteme obbeKTOM ynpasneHusi. B mpouecce Boimosnenns MC byHk-
ITHOHAIBHOTO NBHXKCHUS BHELIHHE OOBEKThI OKA3HIBAIOT BO3MYILAIOIIME
BO3ICHCTBUS MMEHHO HA BBIXOIHOE 3BEHO, KOTOPOE SIBISETCA KOHEed-
HbIM 3BCHOM MEXaHM4YeCKOM uactu. [IpuMepamMmu Takux BO3NEHCTBUil
MOTYT CHY>XXUTb CHIIBI pE3aHMA U onepauui MexaHoobpaboTku, KoH-
TAKTHBIE CHJIbI M MOMEHTBI CHJI NP COOpPKE, CUJIa PEaKUMK CTPYH XKHl-
KOCTH NpH Onepauuy ruApasauyeckoi pesku. CremoBaTesbHO, MpPOEK-
THpOBaHWe OJIOKA MPHBOMOB, KOMIBIOTEPHOIN CHUCTEMBI YIIPABIEHUST M
BBIOOD CEHCOPHBIX ycTpoicTs MC HauMHAeTCs ¢ aHANIM3a CBOWCTB Me-
XaHHYECKOH MOACHCTEMbl KaK YIpaBIsIeMOro o6beKTa M pacuera BO3-
MYLLaIOIUX BO3AEHCTBUI, 0OYCIOBIEHHKIX BhioNHseMoit MC TexHomo-
THYECKOH onepauue. )

[TpoeKTHPOBaHHE COBPEMEHHBIX MEXATPOHHBIX CHCTEM OCHOBAHO
Ha MONYJIbHBIX NPHHIHUINIAX U TEXHONOTHAX. MeXaTpoHHbIE MOMYITH
(MM) ciyxar B Ka4eCTBe KOHCTPYKTHBHBIX «<KYGHKOB» IIPH KOMITOHOB-
K€ MHOTOMEPHBIX MEXaTPOHHBIX MALIWH H KOMIUIEKCOB.

Mexamponnsidi Modyas — 3mo @ynKyuOHaIbHO U KOHCMpyKmueHo ca-
Mocmosmenshoe usdenue OAR peausauuu OGUNCEHUL ¢ G3AUMONPOHUKHOGE-
HUEM U cunepeemu4ecKold annapamHo-npozpaMmHoll unmezpayueli cocmae-
ARIOULUX €20 INEMEHIMOE, UMEIOWUX PASAUMHYIO (PUSUHECKYI0 npupody.

K snementam pasnuyHoill ¢usudeckoi MPUPOIBI OTHOCAT MeXaHu-
qeckHe (nmpeobpasoBaTesii ABIKEHUS, TPAHCMHCCHH, 3BEHBA), NEKTPO-
TEXHUYECKHE (IABUIATENH, TOPMO3a, My(DThl), NEKTPOHHBIE (anexTpon-
Hele GJIOKM M MMKPONPOLECCOPHI) M HHMOPMAILMOHHBIE (maTyuKy MH-
dopMaLny) STEMEHTSI.

BerpoenHble MHTEIEKTyaNbHbIE YCTPOICTBA, peANTU30BAHHBIE HA
HOBO# 3JIEMEHTHO# Gase, IO3BOJIAIOT MOJIYYaTh KOMMAKTHBIE M HATEX-
HbIE MEXaTPOHHBIE Y3/Ibl, M CTPOHMTh HAa MX OCHOBE MHOIOKOOPJUHATHBIE
MEXAaTPOHHBIE CHUCTEMBI C MNELEHTPATH30BAHHBIM YNpamieHueM. Ho
BXHO MOMYCPKHYTH, YTO NPUMEHEHHE MEXAaTPOHHBIX MOJIYJIEH, OCO-
BEHHO CO BCTPOEHHBIMM JNEKTPOHHEIMH M YIIPABISIOLIAMU yCTpoiicT-
BaMH, JOJDKHO OBITh TEXHOJOTMYECKH M 3KOHOMHYECKH OGOCHOBAHO
JUISL KaXI0I0 KOHKPETHOTO MPUIIOKEHH. ’

HocTiokerne BBICOKOH TEXHMKO-5KOHOMMHYECKOH 3hdeKTHBHOCTH
NPH NPOCKTHPOBAHWHM, MPOM3BOACTBE M OSKCIUTYaTALMM MEXATPOHHBIX
MOJIYJ/IEH KaK CIIOXHBIX MHOTOKOMIOHEHTHBIX CHCTEM TpebyeT peleHus
CHEAYIOIIMX OCHOBHBIX HAYYHO-TEXHHUYECKHX 3a1ay:

* KOHCTPYKTHBHOM MHTEIPALlMM 3JIEMEHTOB DPasIMYHOIl (pu3nye-
CKOii MpHpo/ibl (MEXaHMYECKMX KOMIIOHEHT — mpeobGpasoBaTesieil JBU-
JKEHUsA, NEKTPOTEXHMYECKMX M3JeaMii — IBUTaTenell M Iepeximouare-
Jieii, CeHCOPOB — JXAaTYMKOB OGPaTHOH CBSI3M M IMATHOCTMKH) B SIMHOM
KOPIIyCe MEXaTPOHHOIO MOJYJA ABIKECHUS,
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e AMMapaTHO-NPOrPAMMHON MHTEIPaLIMM  SJEKTPOMEXAHUUECKHX
[IPUBOLOB C S/CKTPOHHBIMU M KOMMBIOTEDHLIMH KOMIOHEHTAMH B HH-
re/UTeKTyaIbHBIX MEXaTPOHHBIX MOIYIISIX;

e TEXHOJIOTMYECKON MOArOTOBKH TMPOU3BOACTBA TMOPUIHLIX MOJIY-
nei; o y

o [TOCTPOEHHMSI MAaTeMaTHUECKMX MOMEJEH MEXaTPOHHBIX MOJIyIeH
J CHCTEM, OTPAXAIOIINX MX WHTETPALMOHHYIO CrieuuduKy;

e CO3/laHMsI MHOTOIIONB30BATENBCKMX MPOTPaMMHBIX  Cpell if
[oUEPXKH PEIIEHUIA MEXaTPOHHBIX 3aj1ay, ;

e MHTErPAIHOHHBIX TIONXONOB B OPraHM3alIMOHHO-3KOHOMHYECKON
nesTeIbHOCTH MPEANIPUATHH, BBIMYCKAIOIMX MEXaTPOHHYIO nPouyKumo;

e IIOJNOTOBKH CIELIMAIMCTOB, CMOCOBHLIX K CUCTEMHOM MHTerpa-
[IMA B 0DJIACTH MEXaTPOHMKM.

HanbHeifliee pa3BUTHE MEXAaTPOHMKH OYyAET OMpEeNesaThCsA TeM,
Hackonbpko 3(deKTHBHO OyAyT pelarhCs 3TH 3ajayM NpH pa3paboTke H
POM3BOJCTBE MEXAaTPOHHBIX MOAYEH, CHCTEM M MallMH HOBOTO TOKO-
nenus. Ilpu 3TOM TEeXHMKO-3KOHOMMYecKas 3(D(MEKTUBHOCTE MOMYJIb-
HBIX TEXHOJIOTHII NMPOEKTUPOBAHUSA ONMPEAENSETCA CACHYIOIIMMH OCHOB-
HbIMU (DaKTOpaMH:

e COKpallleHMEM CPOKOB M TPYAOEMKOCTH MPOEKTUPOBAHHSA MHO-
TOKOOPIMHATHBIX MEXaTPOHHBIX MAalllMH, OTHOCHUTEJBHO HHM3Kasd IeHa
6arofapsl BHICOKOMY YPOBHIO YHUMHUKALIMHK M CTAHAAPTH3ALMH EMEH-
TOB U MHTEP(ETHCOB;

e BO3MOXHOCTBIO OBICTpOl peKoH(Urypaluy CUCTEMBI B CrielHa-
JIM3MPOBAHHYIO MALIMHY IT0] KOHKPETHYIO TEXHOMOrHYecKylo 3anady 6es
(hyHKIMOHANBHON H36BITOMHOCTH;

o MOBBIILIEHHONH HalEXXHOCTBIO M PEMOHTONPHTOTHOCTRIO CIIOXKHBIX
KOMIUIEKCOB TP 3KCIUTyaTalMH, TaK KaK MOMIYJIH SBISIOTCS OOBEKTOM
CEPHITHOrO NPOM3BOACTEA.

1.2. OBuue NONOXKEHMsI NPOESKTUPOBAHNUA MEXATPOHHLIX MOAYIeN

MexaTtpoHuKa KaK HayuyHasd obiacTs TONbKO HAYMHAET Pa3BHBATLCH,
€e IpaHHIBl, CONEPXKaHHE W TEPMHMHOJIOTHS CTPOTO €Ie HE OIpPEIENEHbI
[33,43]. Bmecte ¢ TeM, CHHEpPreTMYECKask MHTErpalus Kak OCHOBOIONA-
TalOUMH TIPUHIIMII TOCTPOEHUA MEXaTPOHHBIX CHCTEM, M3HAYaAJIbHO AB-
JisieTcd obIenpH3HAHHEIM M MOCTYIHPOBaH B MEPBOI Xe CTPOKEe omnpe-
Aenenna MexatpoHuky [20,33,43].

3agavya KOHCTPYKTOPA MPHM CHHEPTeTHYECKOH MHTErpalMy COCTOUT
B TOM, 4yToOBl HE MPOCTO CBf3aTh OTAE/IBHBIE HAaCTH B CHCTEMY C MO-
MOMIBIO THITOBLIX COeAMHEHUH U mpeobpasoBaresieil, a cuenarh KOHCT-
PYKTHBHbIE CBSI3H B MEXaTPOHHOM MOjyje B3aMMOINPOHHUKAIOUIMMH H
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HEPAspLIBHBIMU. B HacTosilee BpeMst GONBIIMHCTBO yCIELIHBIX pelire-
HUH B MEXaTPOHMKE OCHOBAHBI CKOPee Ha HIDKEHEDHOM OITBITE M WH-
TYHUUWH, YyeM Ha (yHIAMEHTATBHON Hay4YHO! MeTomomoruu. JoGuUThCS
KayECTBEHHO HOBBIX XapaKTEPHMCTHK IO3BOJISIET COBPEMEHHAS KOHIeM-
LU «BCTPOCHHOIO NPOCKTUPOBAHMA», KOTOpasd IIPEAIoaraeT KOHCT-
PYKTUBHYIO HMHTETPALMIO 3JIEMEHTOB MOJYJIA B €NWHOM KOpITyce.
I[IpemiaraeMplit MOAXOA K aHATH3Yy M TPOEKTUPOBAHUIO MEXaTpPOH-
HBIX MOIYJICH OCHOBAaH HA COBMECTHOM aHAIM3E UX (DYHKIMOHANTBHOIA,
CTPYKTYPHOM M KOHCTPYKTHBHOH Moneneit. lLlensio IPOEeKTHPOBAHUSA
MCXaTpOHHOrO MOMyJIA ABIAETCA Npeobpa3oBaHME HMCXONHBIX Tpe6OBa-
HUH B KOHCTPYKTOPCKYIO pealu3auuio u COOTBETCTBYIOLLYIO MOKYMEH-
TALHMIO, MO KOTOPOH MOXET OBITh M3TOTOBJICHA 3Ta CHUCTEMA, YIOBIETBO-
psioniag  c)OpMYJIMPOBAHHBIM IIOKA3aTelsiM KadecTBa, OrpaHMYmMMcs
P4CCMOTPEHNEM TOJNBKO TEXHUYECKMX IOKasaTeseif, HO mpu BHIGOpe

WcxoaHsle TexHudeckie SRR B RKDECTIVRAN MO~
TpeGoBanus XaTPOHHBIX MOOYIeH clenyer
TaKXKE YYUTEIBATE SKOHOMHYE-
CKHE M  3KCIUTyaTALlMOHHEBIE
OLIEHKU KadecTsa.

O6muil aIropuT™ mpoex-
THPOBaHUA MEXaTPOHHOTO MO-

W“;‘Eﬂ;:ﬁg"”m IYJSL TIpeficTaBieH Ha puc. 1.4
Hauuet anropur™m mnpemy-
CMaTpUBAaeT TPU OCHOBHBIX 3Ta-
Ta MPOEKTHUPOBAHUA — 3TO MO-
CJIEAOBATE/IbHO  BBIMOJTHSIEMEIE
CrpyxrypHasi moperis ~ PYHKLMOHANLHBIH,  CIPYKTYp-
(S —mopent) HBIA W KOHCTPYKTUBHEIH aHANM3
; ° M CHHTE3 MEXaTPOHHBIX MOZY-
CTPYKTYPHO-KOHCTPYKTMBHbIi ae.  IlpuMeHas  mpouexypst
aHanus (YHKIIMOHATBHO-CTPYKTYPHOTO
- H CTPYKTYPHO-KOHCTPYKTHBHOTO
Konctpyktuenas Mogens  gHajiM3a, paspabOTYUK OLEHU-
PP NaRer) BaeT MpPHHAMAEMBle DeIICHUS,
CTPEMSICH JTOOUTECH BRICOKOTO
YPOBHA CHHEPreTHYECKOiT MHTe-
rpauuy  j1eMeHToB. JIng  mc-
A SR MOJIE3OBAHMA METONOB aBTOMa-
ROKyMeHTaLuA TH3MPOBAHHOIO  IPOEKTHPOBA-
HUA  HOpPMHPYIOT B3aUMOCBS-
3aHHBIE (yHKIHOHAIBHYIO (F-
MOJeNB),  CTPYKTYpHyIO (8-

OnpepgeneHue dyHKUMN Mexa-
TPOHHOM CUCTEMBI M MOZYNel

DYHKUMOHANBHO-CTPYKTYPHbIRA
aHanua

KoHcTpykTopckan peanusauus
MEeXaTPQHHbIX Mogynei

Puc. 1.4
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MoJIeTb) B KOHCTPYKTHBHYIO (C-momenb) MOJIENM MeXaTPOHHOTO MOJY-
— Onpenenerne Gyskimu MM spisercs npobneMoif KOHLeNnTyaib-
Horo NPOEKTHPOBAHNA M B HACTOSIIIEH PabOTe HE paccMaTpUBACTCA.
3anaya KOHCTPYMPOBAHMS MEXaTpOHHOrO MOIYJIA BKIIOYACT TpH
HBIX STama:
DCHOB. BHIOOD BAapHAHTOB CTPYKTYPHBIX pelleHMH MOIYJA [0 erg 3a-
nanHoil QYHKIMK M HX (YHKIMOHAIBHO-CTPYKTYPHEIH aHaH3. xog
woit uHGOpDMAIMeH Ui 3TOro 3Tana MPOEKTUPOBAHUS F[B.}ISICTCF[' -
volIe)b, a Ha Berxone dhopmupyerca S-Mofesib MEXaTPOHHOTO MOJIYJIS;
e CTPYKTYPHO-KOHCTPYKTUBHBI aHAIN3 KOHCTPYKTODCKMX pelle-
uuii u moctpoerne C-MOIEIN MEXaTPOHHOIO MOIYJIS;
o KOHCTPYKTODCKasi peaiu3als BEIODaHHOTO BapMaHTa MOAYIA C
i KOHC OpCKOU TOKYMEHTAIUH;
paap’?‘zmﬂog;asgﬁaﬁaqa IPOEKTUPOBAHUA MEXATPOHHOTO MOMYJIS
3aKTI0YAeTCs B HAXOXIEHWH HAWIYYLIEro COOTBETCTBHA MEXIy 3alaH-
el 1 KOHCT BHBIM HCITOJIHEHHEM.
ot Eﬂygl;t:oﬁ MeTOI[OJ];gII;,Ir‘IHE:CKGH Hlleell TAHHOTO MOAXONA ABIAETCH
npuopuTeT GYHKIMM MONYIsS Hajx ee CTPYKTYDHON Opranusaliuedt U
KOHCTPYKTMBHBIM pelieHHeM. B MeXaTpOHHOM MOJyJie 3alaHHbIC
(YHKITHOHATbHEIE TIpeoGpa3oBaHus MOTYT OHITH PealM30BaHbl HECKOMb-
kUMM HabopaMu CTPYKTYpHBIX GJIOKOB, a 9TH GJIOKH, B CBOIO oqcpgnb,
MOIYT MMeTh PasNMyHOe KOHCTpyKTopckoe mcnonHeHue. Takim obpa-
30M, TIDH MPOEKTHPOBAaHUM MOAYJISL ero CTPYKTypa U KOHCTpYKTH‘BHO;
pelieHHe SBIAIOTCS NOAYMHEHHBIMM TI0 OTHOIICHHIO K 3aaHHO
qJYHg;’{::@HOHaJIBHO-CTp}'KT}’pHHH HONXOJl, OCHOBaHHBIN Ha 3BOJIOIN-
OHHOM MeTONe CHHTe3a TeXHMYECKMX cucreM, npemioxeH akan E.IL
Banamossiv [1] ¥ paspaboran At 3afiad TPOEKTHPOBaHMS MHGOpMa-
IIMOHHO-YTPABJITIONIMX KOMIUICKCOB M BHIYMCIUTEIIBHBIX yerpoitets [2].
B xuure (YHKIMOHATBHO-CTPYKTYPHBIH MOIXON OOBEAMHEH CO CTPYK-
TYPHO-KOHCTPYKTHBHBIM aHAIM30M B OGLIYIO METOMMKY pa3paboTK Me-
XaTpoHHEIX Momyieii (puc.1.4). Cnenuduka U CIOXKHOCTE MEXaTPOHHbBIX
MOJIyJTelf 3aKmioYaeTcsl B TOM, YTO MX COCTaBISIONINE YacTH (MexaHuye-
CKast, 3NeKTPOHHAS M KOMITBIOTEPHAS) MMEIOT PasIMIHYI0 (UIHYECKYIO
NPUPOMY, a OCHOBHBIE CTPYKTYPHEIE SJIEMEHTHI (CM. pﬂc.l.B) BBITIYCKA-
IOT 3a4aCTyiO NMpeNPUATHIMHA PasTHYHbBIX OTPACHACH MPOMBIIUIEHHOCTH.

1.3. DyHKUMA U CTPYKTYPaA MEXATPOHHOTO MOAYNA

WspecTrBr nBa OCHOBHBEIX MOJXOAA K MOCTPOCHMIO MOJENEH CIOX-
HBIX TeXHWYeCKHMX cHucTeM. lIepBbil 3aKmioYaeTcsd B YHKUUOHAAbHOM
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OTpe/icieHUH paccMaTPUBAEMOM CHCTEMBI Yepe3 ee IOBeleHHe IO OT-
HOILIEHMIO K BHEUIHUM OOBEKTAM M BHEUIHe# cpene. BTopoit momxon
OCHOBaH HA CMPyKmMypHOM ONMMCAHMM COCTaBa CHCTEMBI M CBA3eil MeXIy
ee aneMeHTaMu. MccrepoBanue ¥ ONTHMU3ALINS B3aWMOCBSI3H MEXIY
(hyHKIMEH M CTPYKTYPOH CHCTEMBI NEXHT B OCHOBE (DYHKIMOHATBHO-
CTPYKTYPHOI'O INOJXONA, KOTOPhIi COOTBETCTBYET IEPBBIM ABYM 3TalaM
POEKTHPOBAHMSA MEXaTPOHHBIX CHCTEM M MoMyseit (puc. 1.4).

Ha nepBoM 3tarie NpoBOIsT (hYHKIMOHAIBHBI aHAIKU3 MEeXaTpoH-
HOM CHCTEMBI HIM MEXaTPOHHOIO MO/YJS, Pe3YIETaTOM KOTOPOTO SBIIS-
eTcsl NOCTPoeHHe PYHKIMOHANLHON MOIETH.

®ynkuuoHansHoe npeacrasneane MC wm MM ¢ onpeaeneHHbIMY
BXOAHBIMM M BBIXOAHBIMHU TEPEMEHHLIMM (MOJETb THMA <«JEpHBIi
AUMK») TIOKAa3aHo Ha pHc. 1.5.

Mporpamma LlenexanpasnenHoe
NBUKEHWA YNpasnAeMoe ABIKeHUe,
%
= e . = ma BHewHss
Wuchopmaumonkan | MexarpoHHas cpegau
ofipatHas casab cucTeMa Boamywaowme OB LeKTh

BO3AEACTBMA

pabor

[&_V

Puyc. 1.5

Taxum obpaszoM, ocHOBHas (yHKIMOHANbHAS 3a1a4a MEXaTPOHHOI
CHCTEMBI MJIM MEXaTPOHHOIO MOIYJIS 3aKJIIOYAaeTcs B IMpeobpasoBaHHH
MHpOPMALHHK O IMPOrpaMMe ABMXEHHS B IIeeHANPABICHHOE yIIpaB/se-
MOe [BMKEHME BEIXOIHOTO 3BeHa.

ITporpamMma JIBYKEHHSI MOXET OBIThH 3alaHa YIPaB/IIONUM KOMITh-
I0TEPOM KakK Habop KOMaHJ| BBICOKOIO YPOBHS MJIM, B CJIy4ae HUCTAHLIA-
OHHOrO YIpaBJleHHs, YEJIOBEKOM-ONEPATOPOM C IIOMOIUBI HEIOBEKO-
MalUMHHOrO MHTepdeiica. Ympasisemoe HNBHXEHHE OCYIIECTBIACTCS
MexaHuueckoif mojgcucreMoif MM, M ero KOHeYHOe 3BEHO B3aMMOJEH-
CTBYET C OOBEKTAMH BHEIIHEH cpeibl. BHeliHue BosjeiicTBust (Hampu-
Mep, CHJIbl pe3aHHs NpH UUMAQOBAIBHEIX M (DPE3epHBIX ONepallisXx,
KOHTaKTHBIC CHJIBI H MOMEHTHI TIPH pOoGOTH3HPOBaHHON cGopke [33,44])
DOIXHBI 9(hheKTUBHO OTpaXaThCsl MEXaTPOHHBIM MOAYJIEM B IpolLecce
nemwkernus. MudopmanuoHHas obpaTHad cBi3b HEOOXOMMMA Ui OLEH-
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<y Texyulero cocrosHuss MM kak 06beKTa YNpaBICHUS W BHEIIHEH
bl B PEXUME PEAIbHOTO BPEMEHH. 1
OGo3HaueHHasi OCHOBHas YHKIMA HE SBJSICTCH EAMHCTBCHHOM [UIA
MEXATPOHHBIX CHCTEM. Hexoropsie XOMOIHUTENbHBIE (DYHKIAH, — Ta-
xye KaK peKOH(MUIypalus cHCTEMbL, OOMEH CUTHATAMH H 141-:¢Jopmauu_-
eif ¢ APYTMM TEXHOJIOIMYECKMM OOODPYAOBAHHEM, CaMOJIMATHOCTHKA
raicKe NOJDKHE! OBITh DEamH30BaHBL JULL addekTUBHOU H Hane)ﬁﬂqu B
paGorsr MC. Ho uMeHHO BBITIOJIHEHHE tbyrixuﬁouanmoro OBWKEHMS
qB/IseTCS OCHOBHOM MEXaTpOHHO# (QYHKLHMEH, TaK KaK MEXaHMUecKas
[ofcUCTEMa B3aUMOEHCTBYeT C OOBEKTaMU pabor W TakMM obpazoMm
onpenenser nopeaenne MC Bo BHelIHEH Cpefe.

PaccMOTpeHHOE IpeCTaBleHNe MEXaTPOHHOro MOAyNd B cdopme
«IepHOTO SAIMKa» (cM. puc. 1.5), umeer nBa MHGOPMALIMOHHBIX BXOIA
(mporpaMMa JBIKEHUs. ¥ HHPOPMALMOHHAS obpatHast CBfA3b), 3HEpre-
ruueckuil BXOX (peakiusi BHeEIUHEH Cpefibl) M MEXaHMYEeCKUil BBIXOA
(1ieTeHAIIpaBIEHHOE YIpaBIsieMoe npwxenue). CrepgoparelbHO, B 00-
ueM cyyae, QYHKIMOHANbHASL MOJENb MEXATPOHHOTO MOZYJIS MOXET
6bITh OMpeNeNeHa KaK UHPOPMALUOHHO-MEXAHUHECKUU npeobpasogamens.

cpell

WHcbapma- WHpo- BnexTpu- SnexTpome- Mexari-
A Hbi anekrpy- yeckui XAHWHECKUA weckuin
= npcotie- i l—" npectpa- npeoSpa- peoSpa- [—
30saTens 30BaTENh 30BaTENE 3opaTents 3p8ATENS
3nexTpo-
MHChopMa-
LMOHHHBIR
npeodpa-
aosatens
Mexaxuko-
\ ithpopaa- f———"—"——"/
UMOHHBIA
npeobpa-
308aTENL
Puc. 1.6

JUis  u3MYeckoid PpeaTU3AlMM MEXaTPOHHOIO  HMH(OPMAalMOHHO-
MeXaHWYecKOro Npeobpa3oBaHus HeOOXOHMM BHENIHME 3HepreTHve-
CKUit mcTOYHUK. Ha COBpeMEHHOI CTATWH PasBUTHA MEXaTPOHMKH JUIA
9TOI He i B OCHOBHOM MCIIOJB3YIOT SJIEKTPUYECKHE HMCTOHHMKH SHEP-
THH. Beens cOOTBETCTBYIONIME 3JIEKTPO3HEPIETHHECKHC npeobpasona-
HUS, MOJIy4aeM CHIeAYIoNy0 QyHKIMOHANIPHYIO MOICTH (F-momens) Me-
XaTpoHHOTO MOAY/S (puc. 1.6).
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[omyuennast F-momens MM B obliieM ciydae cogepxut cempb 6a3o-
BBIX (DYHKIIMOHATBHBIX MpeobpasoBaresel, CBA3aHHBIX SHEPreTHYECKU-
MH 1 MHOOPMAIIMOHHBIMHU TTOTOKAMU.

OTMETHM, YTO 3JICKTPHYECKAS SHEPIHsl ABISETCA TONBKO MPOMEXY-
TOYHO# 3HEPreTHIecKoi GopMoit Mexny BxonHoi uHbOpMalued U BbI-
XOMHBIM MEXaHM4YeCKUM JBIKeHHeM. CleIoBaTelbHO, 3JEKTpUYecKas
[MOACHCTEMa OTHIOAb HE ABIAETCH eJIWHCTBEHHO BO3MOXHON IS BbI-
MOJTHEHNA MEXATPOHHOU (YHKUMH, KaK 3TO IOCTYIMPOBAHO B TPHUBE-
JAEHHOM OINpefieieHHH MEXaTpOHMKU. Be3ycnoBHO, M Jpyrve BUIBI
SHEPIeTUYEeCKMX IPOLECCOB MOIYT GLITH MCIIONB30BAHBl B MEXATPOHHBIX
cucTeMax it MPOMEXKYTOYHBIX NMpeobpasoBaHuit M NODKHBI paccMaTpy-
BaTbCA KakK anbTepHATHBHBIC BAPMAHTEI Ha OSTane KOHIENTYAJIBHOIO
npoekTHpoBaHus. Bribop paspaboruukom MM dusuyeckoit mpUpPOIEI
MPOMEXYTOYHOTO TIPe0Opa3oBaTeNsi ONpenensieTcss BO3MOXHOCTSIMM
TEXHHYECKON pealn3alyu, UCXONHBIMU TpeOOBaHHAMM M 0COBEHHOCTS-
MM €ro MpUMEHEeHUs. B cOBpeMeHHOH MHXeHEPHOI NpakTHKe MIHPOKO
[IPUMEHSIOT THIPABINYCCKUE, [THEBMATHYECKUE, XUMUYECKHE H APYTHE
BUBI 3HEpreTUYecKnX Tipeobpasopartereii.

Hrak, B mobOM MEXaTpPOHHOM MOIyle HeOBXOmMMO peann30BaTh
ceMb QYHKUMOHANILHBIX npeobpasoBanHuit (puc.1.6). Tp U3 HUX HA30BeM
Monoanepeemuieckumu (MHMOPMAIIMOHHEIN, 3IEKTPUYECKHN U MeXaHIYe-
cKuit npeobpasoBaTesn), Tie BXONHBIE U BHIXOMHBIE IIEPEMEHHEE UMEIOT
OOHY M TY Xe GU3UYECKYyI0 NPHPOAY. OcTaibHEIE YeTHpe ABIAITCT dy-
anshbimu (IBONCTBEHHBIMH), TaK KaK B HUX BXOJHEIE M BEIXOXHBIE Iepe-
MEeHHBIE NPUHAIIEXAT PasnuYHbIM dusndeckuM Bumam. K atoit rpymme
OTHOCAT HMH(OPMALMOHHO-3/IEKTPHYCCKMI M 3JIeKTPOMEXaHUYECKHit
npeobpa3soBarte/iy, PAacloNOXeHHbIE B TPAMONA Leny (hyHKLUMOHATHHOMN
MOHEIHM W MMapaUleibHbIe 3JIEKTPO-UH(MOPMAIIMOHHEIK H MeXaHHMKO-
UHGOPMaIMOHHEIH ITpeobpa3oBaTey B e 0BPATHON CBA3M.

CrpykTypHasi MOJieJIb MEXaTPOHHOTO MOZYJISl OMKHA OTPaXarh CO-
CTaB €ro 3JEMEHTOB ¥ CBS3U MeXIY HUMH. B TEOpMH aBTOMATHIECKOTO
YIpaBJleHHsT M 3MCKTPOMEXaHUKE TPUHATO CTPYKTYPHBIE MONENH Tpa-
(HYECKH MPENCTABIATE B BUAe 6I0K-cxeM. 3BeHbs OOLMHO 0603HAYAIOT
B BUJIE NPAMOYTONBEHHUKA C YKa3aHHEM BXOJHOM M BBIXONHOI IMepeMeH-
HBIX, 2 YPAaBHEHUS WM XapaKTEPUCTUKH 3aIMCHIBAIOT BHYTPU HETO.

B xayectBe MCXOAHOM CTPYKTYpsl MM paccMOTpHM TpamuimoHHbH
SJIEKTPONPUBON ¢ KOMITBIOTEPHBIM yripaBieHueM (S-Mozmeis - puc. 1.7).
Jna naneHeiniero aHanu3a B IIpelcTaBIeHHOMN CTPYKTYPHOH cXeMe
BBIIE/MM YIPABAAIONIYIO M SIEKTPOMEXaHMYECKYI0 MOICUcTeMEL Ilpu
KOHCTPYMPOBAaHMM MEXaTPOHHBLIX MOAYNeH OcoOBIif MHTepec MpeicTaB-
JIAET WCMOJHHUTENbHAS 4acTh, BXOMSIIAS B -COCTAB 3/IEKTpPOMEXaHHYE-
CKOM IOICUCTEMEL. '
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JNeKmpoMexaHUMECKan
nodcucmema

i 12 13

14 Mexzanu-

HECIHIA
Jlevratent "O_' £59
npeabpa-
308aTEnL

Cunoeon

’{ VKY LA (| npeospa- )

308aTENDL

YerponcTeo
obpaTHoR
CBAIN

LaTiuku
ofpaTHoR
CBAIM

Bue. %7

CTpyKTypHas Mozefis 3nekrponpupona (puc. 1.7) Briiovaer B cebs
CNenyIoUIHe OCHOBHbIE 3EMEHTBL:

e YCTPOMCTBO KOMMBIOTEPHOTO yrpasiacHius ABHXeHueM, (yHk-
LHOHANLHOM 3ajaueli KoToporo spiasiercs HHpopMaliionHoe npeobpa-
soganue (06paboTKa UMPPOBLIX CHIHATOB, WH(POBOE PEeryinpoBaHue,
pacueT YNpapisiowux BosaeiicTsuil, oOMeH JaHHBIMK C riepudepuitHel-
MW VCTPONCTBAMMU);

« uidpo-ananorosoiit npeobpasosarenb (LAIN), peaansyiotmnii
(hyHKLIIO HHDOPMALIHOHHO-3IEKTPIUECKOr0 MpeobpasoBaHna;

e CUNOBOI npeofpazoBaresib, OObIMHO COCTOSIILINT U3 YCHIHTEIS
MOIIHOCTH, WHPOTHO-HuMIYIbcHoro moaviastopa (LLIMM) u 1pexda3-
HOro MHBEpPTOpA (WISt ACHHXPOHHbBIX ABUTATENEIT);

e ynpasasieMblil 3MeKTpoABHraTelb (MEPEMEHHOrO WM MOCTOSIH-
HOTO TOKA), KOTOPbLIii ABASETCSl NEKTPOTEXHHUECKHM DIEMEHTOM MpH-
BOJA,; |

e MexaHmdecknii npeobGpazoBareib, KOTOPLIN PEAIM3YET 3aiaHHoe
VIipaBisieMoe ABIKEHHE M B3alMOAEIHCTBYET € BHEIWIHHMHU OOBEKTAMIL
B npupoaubix MOAyNAX B KauecTBe TAKHX YCTPOICTB MPHMEHSIOT pe-
IYKTOpBbI, BapHaTopbl, JM60 HEMOCPEACTBEHHO HCIOJNBL3YIOT paboYIlii
oprad (HanpuMmep, B MEXaTPOHHbBIX MOAYSIX THIIA "MOTOP-WIMTIHAENB");

s ycrpoiicTBo 06paTHOill CBA3M, KOTOPOE HCIOMB3YIOT LIl KOHTPO-
751 TEKYUIMX HaNPsKeHWil 1 TOKOB B CIUIOBOM npeoBpasosartene, a TakK-
Ke ynpasasiownx QYHKUME (HanpuMmep, s opraHiisauii KoHTypa pe-
TYTMPOBAHKS MOMEHTA, PA3BHBAENMOIO MPHBOAOM);
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® JATYMKH OOpaTHON CBSI3M 1O MOMOKEHHIO M CKOpPOCTH NBHXKE-
HUSL BBIXOIHOTO 3BEHA MEXaHMYECKOTO YCTPOICTBA, BBIMOMHSIONIME
(DYHKIMN MEXaHUKO-UH(OPMALIMOHHOIO npeobpazoBaHus;

* uHTEp(eNCHbIE YCTPOICTBA, 0603HAYEHHbBIE HA BIIOK-CXEME KaK
11-18.

B 3aBucumoct or dusMueckoi MpUpombl BXOAHBIX M BBIXOIHBIX
NEPEMEHHBIX HHTEPQEHCHBIE BI0OKH MOrYT 6bITh KAK MeXaHMueCKUMH
Peo0pa3oBaTe/sIMU ABMXEHHS, TAK M COIEPXKaTh 3NEKTPOHHLIE amna-
PaTHO-TIPOTPAMMHbIE KOMMOHEHTHI. [IpuMepamu mexanuueckux MHTEp-
(elicoB ABIAIOTCA NEperayn u TPAaHCMMCCHHU, CBS3BIBAIOIINE BBIXOIHOE
MEXaHHIECKOE YCTPOMCTBO ¢ apuratesneM (MHTepdeiic [4) u naryuxamu
obparHoit cBasu (uuTepdeiicr 17, 18).

WnrepdeiicHbie siekTponHbie YCTPOICTBa PACTIONIOXEHB! HA BXOIAX
W BBIXONAX YCTPOWCTBA KOMIIBIOTEPHOTO YIPABIeHUs (YKY) u npenua-
SHAYCHBI UL ero COMNPSDKEHHSI CO CHEAYIOUMMM CTPYKTYPHBIMU 2JIe-
MEHTaMH:

* ¢ 1nudpo-aHanoroBsIM TNpeobpasoBaTeieM (BCTpoeHHBINH WHTEP-
deiic I1) u manee ¢ cunoBbIM npeobpazoBateneM Moyia (uHTEpdEiic
12);

* C nmatuMkamu obpaTHoli casu (MHTepdeiic 17), KoTopsi B cay-
Hac MPHMEHEHHs CEHCOPOB C aHANIOrOBBIM BBIXOIHBIM CHTHAJIOM CTPO-
MTCs Ha OCHOBE aHalIOro-UM(ppoBoro npeobpasoBaress (ALLI);

* C ycTpoiicTBaMH OOPaTHOI CBS3M U KOHTpOJISt YDPOBHSI 3JIeK-
TPUYECKUX TOKOB M HANpsDKeHMH B CHIOBOM mpeobpasoBarese (s
TPalMIMOHHOTO MpUBOja MHTepdeiic I6 Take Mcmombsyer craHmapT-
Heii ALTIT).

B TpamuumoHHON NMPHBOAHOIN TeXHUKe uHTepdeiicel ABIAIOTCA Cce-
NapaTHeIMH ycTpoiicTBamMu. [lostoMy uX mpoekTMpoBaHMe, M3rOTOBJIE-
HHE W Hajlallka CTaHOBATCA CEPLE3HOM Mpobiemoil mist paspaboTymkKa
NPUBOJIA, OCOBEHHO KOTaa TPeOyeTCs HafieXXHO COEIMHSITH HECTAHAAPT-
HBIC M CHELMAIM3MPOBAHHBIE SJIEMEHTH PA3IMYHBIX TPOM3BOAUTENEHE.
MexaTpoHHbIE CTPYKTYPbI OTJIHYAIOTCSI BBICOKOMH CTEMeHBIO HMHTErpHpPO-
BAHHOCTH 3JIEMEHTOB, IIPHYEM 3TH peIUeHMs 3aKJIANbIBAIOTCS YXKe Ha
CTa/IMH TIPOEKTHPOBAHMS MOIYJIEH H MalluH,

1.4. CuHepreTnyeckas UHTErpaLmusi B MEXaTpPOHHbLIX MOAYIISX

CpaBnuBag GYHKUMOHAIBHYIO MOIETh MEXaTPOHHOTO Monyns (puc.
1.6) ¥ CTPYKTypHYIO MOJENh TPATMIMOHHOTO 3NEKTPOIPHBONA (puc.
1.7), MoXHO ceNaTh BBIBOX O TOM, YTO CyMMAPHOE KOJHMYECTBO OCHOB-
HBIX M HMHTepPQeHCHBIX BJIIOKOB B CTPYKTYpE 3NEKTPONPHBOAA 3HAUH-
TEJIGHO MPEBBIUACT YUCIO HEOOXOAUMBIX (YHKIHMOHANBHEIX Mpeobpa-
soBaresield. [IpyruMu ClIOBaMM, MOXHO TOBODHTH O CTPYKTYPHOI H36LI-
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TOUHOCTH TPAXUIMOHHOTO 3JIEKTPONPHUBOLA. Hanuuune HSﬁHTOtIHbI§
610KOB TPUBOIMT K CHIDKCHHIO HANEKHOCTH M TOUHOCTH Tcxmmec‘mu
cTeMBl, YXYNIUGHHIO e MaccorabapHTHBIX M CTOMMOCTHBIX TMOKa3aTe-
{-m“ [ToaTOMY 1leieco06pa3sHO CTPEMUTBCH K COKPAUEHHIO KOIHYECTBa
;:I:;:lpa"mmx CTPYKTYPHBIX 9JIEMEHTOB (KaK OCHOBHBIX, Tak MU :H:;E[:
(helfCHBIX 670KOB) B cucTeMe. B mjcaibHOM UL IOJIB30BATEIA BAPHAH-
re MeXaTpOHHBIM Momyib (pue. 1.4), TMpUHAB Ha Hmbopmauu(mnm{
BXOI TPOTrPaMMY MABMXEHHS, NOJDKEH BBITOMHUTE neneHanpaBnaHrIImr,
yrIpaB/iseMoe JBMXKEHUE C 3aNaHHBIMU MOKasaTe/MH KauecTsa. LlpH
SToM Bce MpOGJIeMbl MHTErpallid B MOIYJIe MEXAHMYECKHX, SJIEKTPOH-
HIX ¥ YIPABISIOLIUX YCTPOMCTB [OJDKHBL OBITH PEIUEHBI pa3paboTyu-
«OM JUISl BCEX CTalMif KM3HEHHOrO IMKIIA, HaYMHad CO CTamnu npoex:
THpOBAHUS CUCTEMBI H 3aKaHYUBad €€ SKCIUIyaTanuel y KOHEYHOro 1o
eI,
Tpeﬁgrrh CHHEPreTHYecKoM HHTErpalMi COCTOMT B OOBEAMHEHMU B
eIVHBI MOXY/IL 3JIEMEHTOB PasIM4HOMN (puzndecKoit IPHPOALI NIPU CO-
xpaHeHHMH (QYHKIMOHATBHOrO Mpeobpa3soBaHus, BBHIIOIHIEMOTO Jak-
cM.

HMMCMH?g;Ir;{[‘qucm HMHTErpanusi 3JeMEHTOB TpU l'[pOCICTFI.pf}BaHHH
MeXaTpPOHHBIX MOJIyJieit OCHOBaHa Ha TPeX 6asOBbIX NPUHIIMIAX: ;

¢ peanM3ali 3aJaHHLIX (QYHKIHOHAILHBIX npeoGpa3oBaHUil MK~
HUMATHHO BO3MOXHBIM YHCJIOM CTPYKTYDHBIX M KOHCTPYKTUBHBIX 0110-
KOB TIyTeM OOBeNMHEeHUs ABYX M Gojee IJMEMEHTOB B €MMHBIC MHOIO-
(hYHKIIMOHANBHLIE MOAYIIN;
o BhIGOpe MHTepdeiicoB B KadecTBe JIOKAIBHBIX TOUCK MHTEIPALM
1 HCKTIOYeHHEe M3BBITOYHBIX CTPYKTYPHBIX GJIOKOB M MHTEp(HEHCOB Kak
cernaparHBIX IEMEHTOB; i
« mepepaciipefesieHuy GyHKIMOHATBHOM HAarpyskKu B MeXaTpOHHOU
CHCTeMe OT ANIAPaTHBIX GJOKOB K MHTEIUIEKTYAIbHBIM (JMEKTPOHHDBIM

HBIM) KOMIIOHEHTaM.

' KOSEZ%TE{:CM; peau3auysl NPUHIMIIOB CHHEPTeTHYECKOH UHTE-
Tpalyy TIpH TIPOEKTHPOBAHUM IO3BOJAET OOECTICYUTH OCHOBHBIC MMpe-
MMYLIIECTBA MEXaTPOHHBIX CHCTEM [0 CPaBHCHMIO C TPaIMIMOHHBIMH
MalMHaM¥ M NOBUTBCS KAYeCTBEHHO HOBBIX IMOKasaTesielf, B MEPBYIO
oYepes MO KOMIAKTHOCTH Koac'rpyxuuu:"cxopocm M TOYHOCTH JBH-
®eHuit. CHsiTHe ¢ anmapaTHOM ("Xene3Hoi") YacTH CHCTEMB bynkimo-
HAJILHOH Harpysku (IIpexie BCEro, 4Yepes yNpOUIEHHE MEXaHHIECKOro
y37a) M ee MepEHOC Ha YIPaB/IOLIYIO U SIEKTPOHHYIO TOACHCTEMEL
NpHIaeT cUcTeMe CBOMCTBO TMOKOCTH, AeNaeT ee CIOCODHOM K JIerkoi
PeKOHGbUIypaliy O[] HOBbLIE TEXHOJIOIHYECKUE 3aiddi. Cnenyet BaMli-
TUTb, 4TO MHTErpalds MPEAoiaraeT He TOABKO alrapaTHoe obbeguHe-
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HJE SNEMEHTOB, HO M OPraHWU3AUMIO WHTErPUPOBAHHEIX WHMOPMALMOH-

HBIX TIPOLIECCOB B MHTEJUIEKTYATBHEIX MOMIYJISX.

CHHepreTHYECKYI0 MHTETPAIHIO B MEXaTPOHMKE OCYUIECTRIIAIOT TIPH
IIPOEKTUPOBAHUH JIBYMSI OCHOBHBIMH CTIOCOBaMH - 3TO (DYHKIHOHATb-
HO-CTPYKTYpHas  MHTerpauus (@C - uHrerpauus) U CTPYKTYpHO-
KoHcTpyKTuBHasA uHTerpanus (CK - unrerpanms), KOTOpEIE OOBEeIUHA-
0T B OOWIMH AITOPUTM MPOEKTUPOBAHUS MEXAaTPOHHBIX cUCTEM (CM.
puc. 1.4).

@ yHKIHOHAILHO-CTPYKTYPHAS HHTerpaums. 3amaveit srtana GyHK-
UHOHANTBHO-CTPYKTYPHOH WHTEIPALMM SBISAETCS TIOMCK MEXaTPOHHBIX
CTPYKTYp, Pealu3yIOUMX 3afaHHbIe QYHKIHOHANbHbIE MPeoBGpa3oBaHUs
C MOMOIIBI) MUHMMAJIBPHOTO KOJNMYECTBA CTPYKTYPHEIX 6i10K0B. ®C —
MHTErpallist HalpaBieHA Ha BHIOOD NpPOEKTHHIX PpEILCHWUH, KOTOp&Ie
ODECIIeYHBAIOT UCKITIOYEHHE HEKOTOPHIX OCHOBHAIX OJI0KOB, a 3HAYUT H
CMEXHBIX ¢ HUMH UHTePGHENCOB U3 CTPYKTYPhI CHCTEMBL.

IpuMepsl MEXaTPOHHBIX ITPOEKTHBIX PELIEHWH, OCHOBaHHBIE Ha
criocobe OC-uHTErpalliK S7MEMEHTOB, TPUBEAEHE B Tabn. 1.1. Ipen-
CTABICHHBIC DCIICHHS OCHOBAaHBI Ha COBMECTHOM aHaju3e (hYHKIHO-
HaIbHOM MOJIETH MEXaTPOHHOTO Moayis (puc. 1.6) u CTPYKTYDPBI Tpaiu-
IIHOHHOTO 3JIeKTponpuBona (puc. 1.7).

[lepBbie ABa MEXaTPOHHBIX PENIEHMA OTHOCSTCS K SJIEKTPOMEXaHU-
4ECKO¥ MOACHCTEME MOAYNS, CIEAYIOlINe BapHaHTHl MHTETPAllHA MOX-
HO pearH30BaTh B €ro yrpasistionled nojacucreme (puc. 1.7). ITpu xon-
CTPYMPOBaHNM MEXaTPOHHBIX MOAYJIeH HauboNblIee BHUMAHUE YACTSIOT
PEUICHUAM, HANMPABICHHBIM Ha YMPOIIEHUE MEXaHNIECKOH YacTH MOJIY-
Jiell M CBA3aHHBIX C Heit 6JI0KOB U HHTep(deiicoB, KOTOpHIe peanuayioT
STIEKTPOMEXaHMIECKOE M MeXaHUKO-HHPOPMALMOHHOE (BYHKIMOHATE-
Hble IIpeobpa3soBaHus.

PaccMotpum  mompoGHee  MexaTpoHHEIE pemreHus 1o @OC-
HWHTErpalyiy 3J1eMeHTOB U3 Tabm. 1.1.

[lepBblif BapuMaHT MpeycMaTPUBAeT MCIONB3OBAHME B obpaTHO#
CBASH BMCCTO IBYX OTHACJIBHBIX JaTYMKOB ITONOXEHUS M CKOPOCTH TOJb-
KO OJIHOTO 3JIeMEHTa — (OTOUMITYIECHOTO JATIMKA (PULO) (em. 11.10),
KOTOpEBIH MO3BOJIAET MONYIaTh HHOOPMALMIO U O YIile IIOBOPOTA BaJa, U
0 ero ckopocTH BpaiueHus. IIpu sroM Takke BaxHo, uto ®UJI BEimaer
BBIXOIIHOM CHTHAT B KONOBOU (hOpMe, 4TO MO3BONSET BBOIUTH uHpop-
mammio B YKV 6e3 ronmonuutensHoro aHanoro-uudpoBoro npeobpaso-
Banus (ALIIT), xotopoe 6bUI0 HeOGXOMMMO IA TPaOULIMOHHEIX HaTYH-
KOB C aHATOTOBBIM BBIXOAHBIM CHTHIOM (TaXOreHepaTOPOB, MOTEHIIHO-
METpOB H T.IL.).

PasnuyaloT IBa OCHOBHBIX Buma bOTOMMITYILCHBIX JaTYMKOB - a6-
COMIOTHBIC M MHKpEMEHTaIbHBIE. AbcomotHeie U] (encoder) maior

22

yHbopMALIMI0 O BEIUYHHE IepeMelleHus (JTMHEHHOTO WM YrIoBOTO)
[TOBVKHOTO DJIEMEHTa OTHOCHUTENHHO (DMKCHPOBAHHOIO HYIEBOTO I10-
noxenus. IlpeumymectBamu abcomornoro DU sBasiores Hamek-
HOCTh M3MepeHUs (Jaxe IMPH BPEMEHHOM OTKMIOYEHMH MHTAHHA MH-
dopmalus IaTIMKOM He OyierT morepsHa), BHICOKAs TOYHOCTh MpH
GONMBIIMX CKOPOCTHAX [BMDKEHHS, 3allOMUHAHUE HYIEBOTO MMOJOXKEHHS
(370 BXHO TPH HEOOXONMMOCTH YNPABJICHUS PEBEPCHBHBIMM U apa-
PUAHBIMU JBUXKEHHAMY MauinH). UHKpeMeHTaNbHBIA JaTYMK JaeT MH-
dopMalMIo O HAINMPABJIEHUM U BENMYMHE IEPEMEIIEHUA B NPUPAIIEHH-
X OTHOCUTEJIEHO MCXOIHOTO MOJIOXEHUA, KOTOPOe OH 3aHUMaJl O Ha-
yasa JBMKECHUS,

Taonuwma 1.1

D C-urTerpanus NeMEHTOB B MEXATPOHHOM MOIyJIe

Hcxmiouaemele cenapaTtHsle
Ne MexatpoHHoe ODyHKIIMOHATEHOE JIEMEHTBI
n/n pelIeHHe npeobpasoBaHue OcHoBHEIE Unrepetics:
OJIOKH
d)omumng,u H”‘; MexaHuKo- OnuH gaT4yMK ob- 1718
I | v ofigio uHpopMalUHoHHOE paTHOH CBA3M :
CBA3H
5 Stinic MexaHuueckoe ycr-
BeHTuibHBIA Bb; ncxrpomcxz:_{ i pocTBO, cenapar- L
2 | COKOMOMEHTHBI CKOEe ¥ MEXaHH O | mste naraux obpat- e oo
JIBUTaTeNb HHbOPMaLHOHH StcitiogiAE
Wnrennexryans- _ | WsbsitouHoe yct-
3 HEIit cHIOBOM H:I([I(}:OPM::E:;::;U poiicTBO 06paTHO# 15,16
| npeoBpa3zoBaTeib T CBA3N
VYnpaenaioume :
4 | KOHTpoJUIephl Ha Bnexrpo- Lndpo-anarorossti 1,12
Ba3e GnoKoB uHdopMalMoHHOE npeobpa3oparens
FPGA

Wnremexryamusanmio ®UJl obecneuuBaOT BCTPOSHHBIMU MUKPO-
TIpoiieccopaMi, KOTOPBIE BRIMOMHAIOT CICAYIONIME OCHOBHBIE (GYHKIIWH!
KomupopaHue MHGOOpPMAIMM HaTduka, obHapyXeHHe OIIMOOK H3Mepe-
HUf, MacmitabupoBaHMe CHTHalla M Ilepefiada TeKyllero Koga B KOH-
TpoJutep ABMXKEHHMS ITO CTaHZapTHOMY Iporokoiy. CoBpeMeHHas TeH-
AeH1ud B cosmaHuy @U] sakmoyaercsa B 00BCOIMHEHUU B eIMHOM CEH-
COPHOM MofyJie KOHCTPYKTHBHEIX 3JIEMEHTOB (BaJOB, MOTIIMITHUKOB),
KOIIMPOBOUHBIX TUCKOB, (hOTOZIEMEHTOB U MUKPOMPOLIECCOPA.
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Takum oBpaszoM, HCHOML3OBAHME DU nospomsier UCKITIOYMTD H3
CTPYKTYPEI TPaAHIIMOHHOTO MPUBOJA ONMH NATIUK ofpaTHOit CBA3M ¢
ero uxrepdeitcom (17), a Taxxke AL Ha Bxoge YKV (uHTEpeiic 18).

[TpumeHeHne BEICOKOMOMEHTHOTO IBHTATENS (BMI) (em. r1.3) mo-
3BOJAET (BTOPOE pelueHue B Tab. 1.1) sameHuTs UCTIONIHUTENBHYIO TIapy
‘muratens + TpeobpasoBaTens ABMKEHMUS" Ha OIUH TNPHUBOAHON 37e-
MEHT — «ABUTaTelb». DTOT crnocod DC-UHTErpaluy 03HAYAET UCKITIO-
1I€EHWE MEXaHHYECKOro YCTPOMCTBA M W3GLITOYHOrO uHTepdeiica 14 u3
CTPYKTYDPEI MPUBOJA.

Huxe mepeumcnenst ocHoBHbIE TIPEMMYIIIECTBA MEXaTPOHHBIX MO-
nyneir ¢ BMI:

¢ CHIDKCHME MAaTePHAIOEMKOCTH, KOMIIAKTHOCTE W MOJIYIBHOCTh
KOHCTPYKIIHY,

* TIOBBILICHHEIC TOYHOCTHBIE XapaKTEPUCTMKH MPHBOXA biaronapa
OTCYTCTBHIO  3430POB, KMHEMAaTHYECKUX [IOIPENIHOCTEH, YIPYTHX Je-
(opmanuu 3BeHBEB U T.I.;

¢ MCKTIOYCHUC TPEHUS B MEXAHHYECKOH TPAHCMHCCHH, YTO TO3BO-
JIIET UCKIIOYHTh HEJMHEHHBIE NUHAMHUUYECKHe 3¢ dexTH, 0cobeHHO Ha
ITOJI3YYUX CKOPOCTSIX. '

Hist onpenenenns NMONOXEHWS IOMIOCOB Ha poTOpe nBUraTeNis B
KOHCTPYKIHIO BEHTUIbHOrO BMJI BeTpamsator matumk momoxenus. B
MCIOJIHUTe/IbHBIX ITPUBONAX WHGOPMAIMIO ¢ 3TOro AaTYMKa MOTYT HC-
IONIB30BaTh U KAK CHTHAJ 00paTHOH cBA3M. CreosatesnsHo, nprMeHe-
HUe BeHTHWIBHBIX BMJI co BerpoenmsiMu DQUJT 1103BONAET YIPOCTHTE
HE TOJIbKO MEXaHHYECKYIO 4aCTh MONYNSA, HO M Ienb oBpaTHOl CBSI3H,
Td4K KaK pa3paboT4uKy He Tpebyercs BBOIUTH B KOHCTPYKIIMIO MORYJIS
celapaTHbie TATIUKH TIONOXEHHUS M CKOPOCTH.

BMJI moryT 65ITh Kax YIJIOBOrO, TaK H JIMHEHHOro tuna. JIo moss-
JIEHUS TUHEHHBIX JBUTaTeIedl TpanHIIMOHHbIE SNEKTPONPHBOILI TUHET -
HBIX IIEPEMELICHUA BKITIOYAIM B cebs IBUTATENs YIJIOBOrO JBHXEHUA U
MEXaHMHYECKYIO Ilepefady JUIs PeobpasoBaHUS BPALIATEIBHOTO JIBIDKE-
HUS B NIOCTYMaTeNbHOE (11apMKO-BHHTOBYIO nepesiayy, 3y6yartyio peiiky,
JICHTOMHYIO Iepefady U T.I.). OCHOBHBIE MpeUMYyIIecTBa MeXaTPOHHBIX
Mozyneil Ha Gase NMHEHHBIX JBUraTeNell 1o CPaBHEHHUIO C TpagMIIHOH-
HBIMH NPHBOJAMH OOYC/IOBIEHE MCKIIOYeHHEM MHOTOCTYIIEHYaTOro
1Ipeo0pa3oBaHus JABHXCHHS, OTCYTCTBHEM XapaKTePHBIX Hel0CTATKOB
MexaHUYecKnX npeobpasosareneit (modr, YIPYrocTb, CHIBI TpeHHS,
BBICOKaA MHEPIHs). DTO MO3BOJISAET KOGUTHCS IIOBHIICHMS B HECKOJIbKO

Pas JUHENHOH cKopocTH M YCKOpeHusl, BEICOKOI TOYHOCTH peanuzanuu
ABHKCHHSA, ITOBBIICHHOM CTaTHYeCKOH W AMHAMHYECKON XEeCTKOCTH
NPHBOJIA.
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B T1abn.1.]1 NpMBeleHH! TAaKXe [Ba NpUMepa NMPUMEHEHHA criocoba
O C-MHTETPALIMH K JIEMEHTaM YIPaBISIOLICH IIOACHCTEMBI MOIYIIS.

B cocTaB MeXaTPOHHBIX MOJyJIeii MOIYT BXOIUTb MHTE/UIEKTyalIbHbie
.ytossie rpeodpasosateay (MCII). X crpoar Ha 6ase momynpoBOaHM-
L’u, piX TIPUBOPOB HOBOTO TMOKOJEHMSA. THIHYHBIMM IPEICTABUTENSMHU
-};-f;?.{ npuOOpPOB ABIAIOTCS CHJIOBBIC MOJNEBLIC TpaHBIdCTOpb; G(‘NB{”I(‘)SFEHTH)
GuroJsipHbIe TPAH3HCTOPH! C U30NMPOBAHHEIM 3aTBOPOM ( ), 3anu-
paeMble THPUCTOPBI C TIONEBBIM YIPaBICHUEM (MCT). Hosoe nokose-
Hue TpUBOPOB OTIMYACTCS BBICOKMM BhICTpOieHCTBIEM (HATPUMED, JUTs
rpansucropoB MOSFET - 100 000 I't), BBICOKMMM 3HAYEHMSAMH KOM-
MyTHDYeMBIX TOKOB M Hampsokenuit (wis IGBT npenenbhas cuia KoM-
MyTMpPYeMOTo Toka - jio 1200 A, npegenbHOe KOMMYTUPYEMOE Hanps-
wenue - go 3500 B). Ocobennocts MCIT cOCTOMT B TOM, 4TO OHHM CO-
[epKaT BCTPOEHHEIE 6TOKM MUKPOS/ICKTPOHUKH, TPeJHaIHAUYCHHDIC LT
BRITIOJTHEHUS WHTE/UIEKTYaANbHBIX (DYHKIMHA - yIpasjieHue ,E[BI-DKCHHI;M,
3alMTa B aBapMMHBIX peXMMaX M JWArHOCTHKA HeucrpaBHocTeil. Mc-
nonssopanne MCII B cocTase MEXaTPOHHBIX MOMYJIEH MO3BOJIAET Cyllle-
CTBEHHO CHH3UTH MaccorabapMTHBIE MOKas3aTeNld CHIIOBLIX Mpeobpa3oBa-
TeNeil, TMOBHICHTh X HAJEXHOCTH IPH SKCIUTyaTallMH, YJIY4LIMTH TEX-

- YyeCKHE MOKA3aTeNH. ’
Hﬁxciflzfxgﬁ:;};am{c KoHTpoutepos nBmkeHus ¢ bmoxamu FPGA (Field
Programmable Gate Arrays) [34] no3BOAfeT MCKIIOYMTE LMGPO-
AHAOTOBOE Ipe0bpa3oBaHME CHTHAJIOB NPU KOMITBIOTEPHOM YIIpaBlie-
uuu neurarerem. Ha Beixone 6aokoB FPGA cpasy dopMupyercs uu-
POTHO-MOAYJIMPOBAHHEIA CArHAJI, KOTOPSIH UMEET LU(POBOE IPeJCcTaB-
seHye. Ilpu 9TOM OHM OGNAfAIOT YHUKANBHBIM COYCTAHMEM OYCHb Bbl:
COKOIf MPOM3BOAMTENHHOCTH (CKOPOCTh BBIYMCIICHUI COM3MEpUMa C ar[K
MapaTHBIMUA KOMIIOHEHTAMH) C BO3MOXXHOCTBIO TPOTPAMMUPOBAHMS Ka

OIpOIIECCOPHBIE YCTPOHCTRA.
Dﬁblglgé%ig:p pacﬂmomcr?fmc IIpUMepBI, HHTEPECHO OOpaTUTh BHUMA-
HUe Ha TO, YTO TouyKamu i @C-uHTerpallii SBJIAIOTCA CTPYKTYPHEBIE
6moxu, peanusyromue GYHKIUOHATBHEIC npeoﬁpa:sosuauns TOJILKO JIy-
alpHoro tuma (cM. Tpermit cronben tabm.1.1). K oroi rpyrie omgcsr
MHOOPMATIHOHHO-BNEKTPUYECKUA H 3NEKTPO-MEXaHMIECKHH NPeo p;l;
30BaTeNM, PACIOJIOXEHHBIC B NPAMOM LIETH ¢’YHKLIHOH3.}TBHGHmMOﬂC n
MexarpoHHOro Mmomyss (puc. 1.6) u 3ne1c1po-nmbopmauuoum: H M
XaHUKO-MH(OPMAIMOHHEIH Mpeobpa3oBaTe/id B LeN 0OpaTHOH CBA3M.

CtpykrypHo-KoHcTpyKTHBHas wuterpamua (CK — mHTerpanus) oc-
HOBaHa Ha aHajiW3e CTPYKTYPHOI MOJEIH MEXaTpOHHOro MOIYId, KO-
TOpast chopmupoBaHa Ha srane OC-uHTerpanuu. 3agaHHas CTPYKTYpa
MOJIyNsT MoXeT GEITh peanM3oBaHa PasIMIHBIMUA KOHCTPYKTHBHBIMM pE-
wenusimu., CK — uHTerpanus HalleMBaeT pa3paboTyHKa MEXaTPOHHBIX
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MOIYJIEH Ha BHIGOP NPOEKTHBIX PEIICHH, KOTOpsle 06eCHeunBAIOT UC-
KIMIOYEHHE MHTEPPEeHCOB Kak cenapaTHbIX 610KoB MyTEM BCTpavBaHU
UX B OTHENbHELA Kopnyc. [Tpu 4BTOMATU3HPOBAHHOM TTPOEKTHPOBAHUH

1.5. OcHOBbI MeTOAUKH KOHCTPYWPOBaHUA
MeXaTpOHHbLIX Moaynen

NPUHATBIE peleHUs
(puc. 1.4).

MeropuueckuM KITIOYOM TIpH mowcke BapuantoB CK

JIOKaNbHBEIX TOYEK, IAE MOTEHLHANBHO BO3MOXHA CK-uHTerpanus.
MoxHo pekoMeHIOBaTh npu NPOEKTHPOBAHMM OIMPATHCS CpPasy HAa He-
CKONILKO TOYEK WHTErpaliui.

ITpumeper MexaTpoHHBIX Moxyncii (cM. 111.2), ocHOBaHHbIe Ha cro-
cobe CK-uuTerpaunu SJIEMCHTOB, IpuBeAeHbI B Tabi. 1.2. IIpexcras-
JICHHBIE PENIEHHA OCHOBaHLI HA AHATHIe CTPYKTYPHBIX MOJeNeif Mexa-
TPOHHBIX MONY/NeH, pa3spaboTaHHBIX Ha MpPEBIAYIEM STame 1 TpaTMLIM-
OHHOro 9yeXTpornpusoaa (puc. 1.7).

Tabnuma 1.2

CK — uHTerpamus siemenTos B MeXaTPOHHOM MOJyjie

Ne | MexatpoHHLIE DyHKUMOHANbHEIE Berpausaemsie snemeHThl
o/m MOonyiu [1peo6pazoBaHus OcHosHble 6110KH Hurepdeiickt
7S BHraTenb, Mexa-
: BDneKTpoMexaHuyecKoe A 2
| [4) BHKEHUA e -
Mogzyns j K i MeE e e HUMECKOE YCTpOit 14

CTBO
BnekTpoMexaHye- Hsurarens, mexa-

CKOE, MeXaHHuyecKoe ec oif-
2 Mexatponuslii 2 PECERE TeTpoN

I4,17,18
H MexXaHuKO- CTBO, JaT4yuK 06- Kt
B et e HH(pOpPMaLMOHHOE DaTHOH cBA3U
Hndopmaumontoe,
Wntennexryans- uHopMaLHOHHO- Koﬁ?’zﬁ;’;mu:”ﬁo_
3 [HblT MeXaTpoHHbI MEKTPHYECKOE, Boﬁﬁ eoﬁp'a:soulila 11,12,13,15,16
© Moayih 3NMeKTpHYECKOE, peaop i

aMeKTpoMexaHuyeckoe | 1o P» JBHTaTeNs

Unrerpauust sjiemMeHTOB B MEXaTPOHHBIX MONYIAX SBISETCA BEXY-
Liel TeHgeHLHeH TIpU co3naHuu COBPEMCHHBIX MallMH W CHCTEM, TaK
KaKk IT03BOJAET NOOHUTECS KaYeCTBEHHO LOBOTO YPOBHSA MO OCHOBHEIM
TEXHMYICCKHM TOKAa3aTeAM — CKOPOCTH M TOYHOCTH ABHXEHUS, KOM-
ITAKTHOCTH KOHCTPYKIIHM H CHOCOGHOCTH MALIWHEL K OBICTPOI pekoH-
¢urypanyy. IpakTuyeckoe BOIIONIEHE 3TOl TCHACHIIHA B MalIWHaX
CCTOMHANIHErO IHS 3aBHCHT OT 3GbdeKTUBHOCTH B3aUMOAEHCTBHA KOH-
CTPYKTOpAa, KOTOPEIH BBIIBHIAET HOBEIE HMHTCIPAallHOHHEBIC WIEH, U TeX-
HOJIOra, peaIM3yIOIIETO MPEIOXEHHBIE NTPOEKTHEIE PELIEHWA B aBTOMAa-
TH3HPOBAHHBIX TEXHOJIOTHYECKUX NPOLIECCaX.
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NPEICTABISIOT B BUAE KOHCTPYKTHBHON MOMENH

— MHTerpa-
U ABJIACTCA paccMOTpeHHe MHTepdeiicHbIx 610koB I1-I8 B kavecTse

[Tog METONMKOW KOHCTPYMpOBaHUA OyImeM NOHHMATH rrc:u:nem:'Bziz-i
TebHOCTh, B3aMMOCBA3b U BBaHMODG}’CﬂCE;.gTHHOCTh 3TAroB MpoLec

5 MEXaTpPOHHOTO MOILYJIS :
KOthdpch:;ggi?i};fﬁ MO,E[}’[;[L, KOTOPBIH HAIUIEXHUT CKOHCTPYHUPOBATH, on};
peles UM Kak 4acTb HEKOTOPOH MeXaTpOHHOW uno;zcucnremm,ﬁm;oiaéxjm
cBOTIO0 O4epellh ABIETCS YacThio Dojiee KPYITHOH MEXaTpOHHO c"lc } 0;
Taxoe OeleHHe MOXET CUMUTATLCA JOCTAaTOYHO THITMYHBIM, TaK Kak yp ;
BeHb CJIOKHOCTH COBPEMEHHEIX MEXAaTPOHHBIX CUCTEM 3acTaBjiieT y;;
[IpH [POEKTUPOBAHUM pasbuBath MX Ha Goiee MEHKHG_I‘!O,E[CHCTZZ& n
Tpi 5TOM NPOEKTHPOBAHME PASHENAIOT HA JBE CTAIUK BSSH:{HOBa'
pHyTpeHHee. OCHOBHEIM COIepXaHUeM HepBoit c*raimu np?’ KT“ gmxo-
Hud gBidercd GopMyIMpoBKa 3a8ayM, ONpelesicHHe ~BXOIOB “o i
NOB”, a TAaKKe CYIIECTBEHHBIX CBS3EH JaHHOIO Mcxa'rp(JHHOII;O M éxgﬂm
JIPYrUMHU YaCTSAMU MEXaTPOHHOM CHCTEMBI M C BHEIIHUM O I}:g;;anbmﬁ
ConepXaHueM BTODPOM cTaluy sABAseTcs paspaborka I‘IpHH;_{ S
cXeMbl, BHISBJICHHUE HaubOJIee BAXKHBIX TEXHUYCCKUX XapaKT pIIO Jnee
[y, BEITEKAIOMIMX M3 €ro CXeMbl M HasHauYeHWs, U 3aTeM ITOAp

a KOHC WH.
npopf?aﬁ:;;éarbmagﬁ MEXaTPOHHBI MOIYJTb TOJDKEH OBITh nocmgoq:;
palyoHANLHEIM. KpuTepusgM# PalMOHAIBHOCTH KOHCTPYKIIMH Oyn "
HA3EIBATL T€ MPH3HAKU (OILEHKH), IO KOTOPHIM MOXHO C}’D,HT&C P ;
HMOHAILHOCTH CO3JaBagMOro MeXaTpOHHOro MONYJs B XOIE KOH Tpgﬁ_
poBaHudg. K TakuM KpHUTEpHUSM MOXHO OTHECTH TEXHOJIOI"I—I‘IH{EC'%B :Ma)
CTPYKIIMM, MHUHUMU3AIIHIO Macchl, MUHUMH3AIUIO rabapuros (005 ;
OHOMMWYHOCTE U T. 1.

l{amg{b}l{gg?’ z;mcpueB PAalMOHAIBHOCTA KOHCTPYKLIHHM 3aBHUCUT .m(:;
MHOMXECTBAa B3aMMOCBSI3aHHBIX MePEMEHHBIX M MIPEX/Ie BCEro OT HaHt
TEXHHYECKOTO 3alaHmns.

1.5.1. TexHuyeckoe 3afjaHne

[Ipu monmydeHUH TEXHWYECKOTo 3aMaHud Ha Koncrpynponau:e Hg:
BOTO MeXaTPOHHOTO MOJYJISl, KOHCTPYKTOP TPEXIE BCEro mue; ;::gq_
HIM BO3MOXHO 6ojiee ITOITHON M cTporoit (GopMyIHMpOBKH TO mxmxa-
HOil 1enn, KoTOpas mepel HUM crasurci. Ecimu c:os.mua,aeMLI:i i
TPOHHBIH MOMNYJIb SBJISIETCS YacTbio Oojee OOLIEH MexaTPOHHO 5
MBI, TO KOHEYHAas Iiejlk, KOTOpas CTaBUTCI Hepen KOHCT‘pYKTOpO;i R
DaHu|, oJpKkHa O6ITh copMYIMpPOBaHA HA OCHOBE 3HAHMA MECT ) ([)JH—
T4 Monynd B cucTeMe. B 3TOM ciydae IejieBOe HasHayeHHEe Mexarp
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HOIO MOIYJIsi OTpeJelIieTCs LeNeBEIM HasHaYeHUeM MEXaTpOHHOI CHe-
TEMBL.

HeobxommocTs  kpuTHueckoro momxoma x bopmymuposke nemu
ABISIETCA ONHOM M3 ocobeHHOCTeil HHXEHEDPHBIX, B YaCTHOCTH KOHCT-
PYKTOPCKUX 3aj1ay.

H3syyenne npuunmMnNuanIsHoi cxemsr MEXaTPOHHOTO Moaynd. B texHu-
ICCKOM 3allaHMH HA paspabaTblBaeMbIil MeXaTpOHHEI MOMYJIb MOXET
OBITh MpEeJCTaB/CHa €ro NMPUHIMMUATEHAS CXeMa X PAIl TEXHHUYECKMX
TpeboBaHuii K Hemy. CTemeHb npubamKeHus TIPAHIHITHATEHOR CXeMBI
K PEIBHOH KOHCTPYKIMH MOXeT GbITh caMmoii Pas3IMIHOM.

IMpuHuunuaneHas cxema AHAIU3UPYETCA, OLEHMBACTCH U KOPPEK-
THPYETCA KOHCTPYKTOPOM IIPEXIE BCEro ¢ TOYKH 3PEHHS BO3MOXHOCTEH
€€ KOHCTPYKTUBHOM peamusauuu. IIpu atom on CTPEMUTCH YCOBEpLIEH-
CTBOBATh CXEMY B HalpaBJiCHUM “MHTerpaluu”, T.e. obrenHeHus vac-
T€H ¥ YIUIOTHEHMSA MX DYHKIUOHATLHOMN Harpysku. OuyeHp yacTo MHO-
KCCTBO HE3aBHCHMBIX OT KOHCTPYKTOpa Mpo6iieM Kak Hay4YHOro, TaK "
TCXHHYECKOTO XapakTepa OrpaHWYMBAIOT TaKHe CTpeMieHus. UeMm co-
BEPUICHHEE CXeMa, TEM MEHbIIE BOIMOXHOCTEH y KOHCTpYKTOpa yay4-
IIUTh €€ B YKa3aHHOM HAIIPaBIICHUH,

Ilpr usyveHun npemtoXeHHOM NIPHHIMITHANIBHOK cXeMBI KOHCT-
PYKTOp IIOJDKEH MPOAHANM3UPOBATh €€ C TOYKH 3peHHs HaJleXXHOCTH.
Ouenka HaIEXHOCTH NPUHIUITUATLHOMN CXEMBI MOXET TIPOU3BOAUTCSH
KOHCTPYKTOPOM IO psnly (hakTopos: OIIcHKa BO3MOXHOCTEi pe3epBUpO-
Banms, UCIONb30BAHHE TEX WIM MHBIX TOTOBHIX 3EMEHTOB U cTaHzaap-
TH3HPOBAHHEIX [eTalieif, obecniedenue GesonacHocTH 00CIyXHBAIOIIETO
nepcoHanma u T.1. Cxema Moxer 6EITh IIPOAHAITU3UPOBAHA 110 KPUTEPH-
AM “LeHBl pealM3allUy OTHENbHEIX ee SJIEMEHTOB”, TeXHOJIOTMYHOCTH,
MHHUMH3ALUY rabapUTOB M MACCHL ¥ Jp.

Texunyeckne TpeGosanns. TexHuyeckue Tpe6OBaHus, IpUBeIeHHbIE
B 3alaHMM Ha KOHCTPYMpOBaHMe, OYIeM Ha3bIBaTh HUCXOMHBIMM TEXHU-
UeCKMMHM TpeOoBaHMAMU. B Hambonee o6mem CITy4yae IIepeYeHsb HCXOI-
HBIX TEXHUYECKUX TpebOBaHUY 3a/laHUs OXBaThIBaeT LIHPOKUHA KpYyT BO-
npocos. [Ipexne Bcero B HeMm npuBoAATca “BXOmHEIE” M “BRIXOTHBIE”
XapaKTEPHCTHKH MEXaTPOHHOIO MONYIS M OCHOBHbIE TapaMeTpsl TIPHH-
IHUIHATBEHON CXEeMBL. 3aTeM JaeTcs OmMcaHMe Tex HauGoslee Xxapakrep-
HBIX BHEIIHHX BO3ACHCTBHI Ha MeXaTpOHHBIH MOJIyJTb, KOTOPHIE MOTYT
MMETH MECTO NPH €ro SKCIUTYaTallMH, a TAKXKe BBI3BAHHBIC 3TUMHK BO3-

HDEHCTBUSAMM JOMYCTUMbIE OTKIIOHEHUS OT HOPDMaTBhHEIX pPeXXUMOB pabo-
Thl. HakoHel nepeuncnsiores MepEI, obecreynBalomue yno6cTBo pabo-
Thl OIIEpaTopa, obCIyKMBAIOLIEro [I€pcoHana, notpeburens. Btu Tpe6o-
BaHUA COCTABJITIOT JIMIID 4acTh TOTO MaTepuaia, KOTOPBIH HOMKeH YIu-
THIBATBCA  KOHCTPYKTOPOM MPH MOCIEAyIOUIeH peaTHsaiy 3aMaHus.
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[MosTOMY [O Hayaja cOBCTBEHHO KOHCTPYMPOBAHMS MEXaTPOHHOTO MO-
ryi1s1, KOHCTPYKTOP JOJDKEH AOTIONHUTE MCXOMHBIE TPeOOBAHUA 3aMaHus
|"' 3

;GBI:IMH TpEﬁOBaHHﬂMH, BBISABJIEHHBIMH HM Ha OCHOBE CaMOCTOATENb-
10

LOr0 aHanu3a B3aUMOBO3JAEHCTBUM MEXaTPOHHOIO MOAYJIA C Opr}Kel-IH:
3. @ TAKXKE MCXONS U3 COOBPAXEHUN MPOU3IBOACTBEHHOTO, TEXHD;TOFﬂ-
L{e(;KD‘l‘O U 9KOHOMMYecKoro xapaxtepa. IlomosHeHHBIH HepeveHb TexH
nueckuX TpeboBaHMil JO/DKEH [aBaTh KOHCTPYKTOPY BCECTOPOHHEE :
JIOCTAaTOYHO YeTKoe MNMpeICTABIEHNHE O Tpoliecce QYHKIHOHUPOBAHU
[OTOBOIO MEXATPOHHOTO MOAYJISL B DEalIbHBIX YCIOBUAX.

TexHOJAOTHYECKHE BO3MOKHOCTH PEaM3aliH TeXHHYECKOro 3a/aHus.
VsydeHue TeXHOMOTMYECKHX BO3MOXHOCTEH 3aiiIiouaeTcs B BO?.MO)KH::;
CTH BBIIOJMHEHUS 3aTaHudA, 4 TakKe peajM3alliy TeX MOINONHUTENbH i
TpeGOBaHMil, HAKOILUIEHHE ¥ (OPMHPOBAHHE KOTOPBIX TIPOMCXOMIHT y>K_
Ha maHHoM aTtare. KOHCTpYKTOp pelraeT BOINPOC cPaBHHUTENbHOH CJID)K_
HOCTH M3TOTOBJICHUSI TIPUMEHHUTEJIHHO HE TOJILKO KO BCEMY Mcxa';ﬂoi
HOMY MOOYJIIO B IIEJIOM, HO M K OTHCJBHBEIM Y3/aM M Jaxe n;rﬁa:bl.
[Ipy 3TOM paccCMaTPUBAIOTCH BO3MOXHOCTH ITPOM3BOACTBEHHO 8 ;
TEXHONIOTHM WM3rOTOBIEHUsA Heranei, c6OpPKM, PEryJIHpOBKH, Hacgpo 1{()}5
W T.I., TO €CTh KOHCTPYKTOP HOJ/DKEH HAIIHO NpeAcTaBuTh cebe mp
XOXIIeHUEe MEXaTPOHHOIO MO Yepes 3aBONCKHE 1Iexa.

1.5.2. AHanu3 B3aUMOCBA3eil MeXaTPOHHOro Moayns
C BHELWHUM OKpYXeHueMm

[Tox BHEINHMM OKpyXeHueM OyneM IOHUMAaTh BCIO Ty MarecpHallb-
HYIO cpejly, KOTOpasi, HaXosch BHE MEXaTPOHHOTO MOMYIIA, oxasmeae'f
Ha HEro Kakue-JU00 BO3HEeHCTBUS WIM HCIEBITEIBAET X CO CTOPOHBI Me

1S
KanOB};g;?;;:;;ngosnci&cmmun HA3BIBAIOT TAKME BO3JEHCTBUS Ha Mexz:l-
TPOHHBIA MOMYJ/Ib, KOTOpEIe HEOOXOAWMEL NI €ro ¢)YHKLIHOHHp0BaI—(I)IL ),
T.e. I HOPMUPOBAHUS TaKUX BHIXONHBIX Posneﬁcmﬂﬁ (napaucnzﬁmé
pald KOTOPBIX M CO3HaeTcss MeXaTpOHHBIH Monyis. Bcee oc:*ram6 P
B3aMMOCBA3H MEXaTPOHHOIO MOIY/A ¢ BHEIIHWUM OKDPYXEHUEM B OOJb
LIMHCTBE CIyyaeB Heobd3aTeNbHBI M HexelarenbHbl. He scerma ﬁbIBac’f
OYEeBUIHBIM, KaKue BO3NEHCTBUA TNPUHATH 32 BXOIHBIE, KaKHe 3a Bbl-
XOIOHLIE, HEe BCErja BXOAB! W BEIXOMBI MOIYT cqma'rhca_ o,lrﬂorxanpa};‘ncge
HEIMU, He BCErfa MX JIerKO OTHEeMMTh OT OCTAIbHBLIX BO3JEHCTBHIA,
BHOCTH.

BBOHEUT:pg: gfnb;:ay;ggmnm B3aUMOAEUCTBUI MEXaTPOHHOTO MOIYJIS
C BHEUIHMM OKpYXCHMEM 3aBHMCHT OT pacnojaracMod uHbopmauuu u
TIOTpaYyeHHOro Ha paﬁo'ry BpEMEHH. HOSTOMY YacTh CYIIECTBEHHBIX ,[UI;
KOHCTPYKTOpa B3aUMOCBS3€H HHOTIA MOXET OCTaThcsi HEOOHapY)XEHHO
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PUIM HEJOCTATOYHO DACKPHITOM BBHAY OrpaHUYEHHOCTH BO3MOXHOCTH
TNony4eHU MHOOPMALMK U BpeMeHN.

Ha uyro Mmoxer mnoBnusTs HE/IOCTaTOYHAA IOMHOTA paCKpPhITHA
B3aumocssaseit? Ilpexne Bcero Ha HamexHoCTS OymyILero MexaTpoHHOTo
monyinst. He ynycTuts us Bumy Hu oxxoro CYLIECTBEHHOTO BO3IeHCTBHS
— MIABHOC B pACCMOTPEHHH B3aMMOCBA3EH OKPYXKEHUS ¢ MEXaTPOHHBIM
MOJIyJIEM, €CJIH K NOCNEAHEMY TMPEABLABISIOTCS BHICOKHE TpeboBaHus MO
HANCKHOCTH. AHAIN3 B3aMMOCBA3EH NOKEH BecTHCEH HallpaBleHHO U
usbuparensho. KoHnerpyxrop nomken YMETb OTOPOCHUTH M3NUILIIHUE IO~

POBHOCTH, HEHYXHBIE CBI3H | KOHIEHTPUPOBAaTh CBOE BHMMAHWE HA
CYILECTBEHHBIX.

1.5.3. PazpaboTka TexHuyeckux TpeGoBaHui

B KoHCTpyKTOpCKMX 3amauax IIyTh OT aHaju3a B3aMMOCBM3eil 10
YETKO ChOPMYITHPOBAHHAIX TEXHUYECKUX TPEGOBaHUI K MEXaTpOHHOMY
MOJIYIIIO, HEOBXOMMMEBIX KOHCTPYKTOPY, MOXeT GbiTh 6ojce CIIOJKHBIM,
'ICM pPAacCMOTPEHHBIN BBIILE. DTOT IMyTh MOXeET NIPOXOJUTh Yepe3 Takue
CTAIHU CO3IaHUs MEXaTPOHHOTO MOIyII, KdK  Hay4qHO-
MICCIICNOBATENIBCKAS PAa3paboTKa, MOIEIMPOBAHHUE, [IPOMEKYTOUYHOE Ma-
KETHPOBaHME, a TAKXKE MOXET CONPOBOXIATHCS pPacyeTHEIMM M 3KCIe-
PUMEHTANBEHBIMA paboTtamu, Najgeko He Bcernma BBITTONHAEMBIMHU TIPH
y4acTHH KOHCTPYKTOopa. B mepeune Texmuueckux TpeboBaHuii marworca
YK€ He caMH CBSI3H, a TeXHUYecKue XapaKTepUCTHKY MEeXaTPOHHOIo
MOZYJISL M MapaMeTphl, OTPaXAIOIUe YCIOBUHS ero IKCIUTYaTALHU.

Texnunyeckire Tpe6oBaHuUS MOXHO PA3MIENNUTD Ha YeThIPE IPYIIIIEL.

ITepBag rpymnma. Tpe6osanus, comepxanmie OrpaHWYEHUA TeOMeT-
PHUYUECKOrO M KOHCTPYKTUBHOIO XapaKTepa. Ipumep dopmymuposku:
MPEAENEHOE OTKIIOHEHUE MEXOCEBOTO PACCTOSHUS +0, SMM.

Bropas rpynna. Tpe6opanus, BRIPDAXXEHHBIE TIPU TTOMOILIK TeXHUYE-
CKMX WIH (PUBHYECKHX TTOHATHI, 3aMUCaHHbE B BUJIE YMCeN C pa3Mep-
HocTamu. [Ipumep dopmynuposku: cuma COTIPOTHUBJIEHUS Ha BBIXOTHOM
3BeHe He Gomee 100H.

Tpersa rpynma. Tpebosanus, BBIDOKEHHBIE CJIOBECHO, HEe BKIIIO-
HalWe B cedd HHU NOHATHA, ONpEAeIeHHEIX KOJIHUYECTBEHHO, HHM reo-
METPUYECKUX OTPAHMYEHHH B KOHCTPYKIIHY. Ipumep dbopmynuposku:
YCTPOHCTBO JODKHO GBITH GHICTPOCHEMHBIM.

Yersepras rpynma. TpeboBanus, CHOPMYTHPOBAHHEIE IIPH ITOMOIIH
CJIOXHBIX MOHATHH MM MAaTeMATHYECKMX 3aBUCHMOCTEI. IMpumep dop-
MYJIMPOBKH: JUIsl JAHHOTO KOHCTPYHPYEMOTO YCTpOiicTBa pacripeneseHue
aTMOC(EPHOTO TaBleHHUs B paboyeM AMATIA30He BBICOT CJIELYeT HpPHHH-
Mathb cormacHO MCA (MexnyHapomHoi CTaHIapTHOH atmocdepsr) [28].
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[leppasi rpynna TpeGOBaHMEi 3HAYMTENILHO MNOIOIHICTCS B Pe3yilh-
TaTe BBHISBJICHMS OrPAHUYEHMH, CBA3AHHEIX C MECTOM YCTAHOBKH KOHCT-
pYMPYEMOTO MEXaTPOHHOIO MOJIYIIA. _

Bropas rpynmna TpeboBaHuE ABNACTCA B 3HAYUTETLHOM CTENEHM pe
3y/IbTATOM KOJMYECTBEHHOIO OTOOpaKeHHUs BBaHMDCPHSCF{ MEXaTpOHHO-
[O MOZIYJISE C BHEIIHUM OKPYXEHUEM U ocoﬁennocryeu NPUHUMTHANEHOA
cxeMbl. KOHCTPYKTHBHas pealusalusa TpeBOBaHUM, BBIPAXEHHBIX MPU
FIOMOIIY YETKUX TEXHUYECKHUX MOHATHH, ONpEAeTeHHEBIX KOMHUYECTBEHHO
(TakMX, HaIpHMeEp, KaK INEepefaTOYHOE OTHOIUEHUE), MOXKET BHITL OCy-
1[eCTBJIEHA pa3THYHBIM 0OpaszoM. [Ipemmyniecrsa Takoi d)OpMI?I HaIu-
caHusl TpeODOBaHU OYEHBb BEJIMKM, TaK KakK OHa }Ee HeceT B cebe Heor-
pene/ieHHOCTH M CIYKHT CPEJICTBOM ODBEKTUBHOMN TPOBEPKH MPABUIb-
HOCTU KOHCTPYKLIUH. :

Bce ckasaHHOE OTHOCHTENBHO BTODPOU TPYITIBI TPEOOBAHUIT MOXHO
OTHECTH K YETBEPTOU rpymiie. g

Crnenyer 0cof0 OCTaHOBUThCS Ha TPETBEH TPYMIe TpeGOBAHNMIL.
CiosecHas opMa HaMCaHUS TeXHUIECKUX Tpe6GoBaHMIt B GONBIIMHCT-
BE CiyyaeB CBMACTENBCTBYET O He3aKOHYCHHOCTH Mpouecca (opMai-
3al(U4 peallbHO¥ Qu3sudecKol xapTuHbl. FIHOINA OHa NMOpoX/IeHa OTCyT-
cTBUEM MH(POPMALUK O KONHMIECTBEHHON CTOPOHE TeX WM MHBIX B3AU-
MOCBA3eH I HE3HAaHMEM CYIIHOCTH KAKMX-JIH60 [IpOLIECCOB B MeXd-
TPOHHOY CHCTeMe “MeXaTpPOHHbIA MOAYIsb — OKpyxenue”. Hepemko
ciioBecHas (JOPMYIUPOBKA MOCPEACTBOM BEChbMa OOLIMX MOHATUIN 06BLe-
AMHIET MHOXECTBO HEpPACKpHITHIX cBiseif. IIpuMep Takoit dopmymn-
poski: “MexXaTpOHHBI MOJYJh JODKEH GBITh YIOOHBIM B 3KCIUIyaTa-
UMH, [IPH MOHTAXe U JeMOHTaxe.” j

Koncrpykrop, yrousstonmit u DOMOAHAIONIMI TeXHUYECKOe 3aja-
HUC 175 ce0d, MOJDKEH pacluu¢poBaTh TaKOM ITyHKT, PACCMOTDEB HaM-
Bortee cyirecTBEHHBIEe B3aMMOCBS3H MEXTY MEXAaTPOHHEIM MOAYJIEM M
obcyxupatomum nepcoHanoM. Ho 310 He 3HawuT, 4TO ClieqyeT CTpe-
MUTBCS K HauboJjiee IOMHON dopMamusaluu Beex 6e3 MCKIIIOYEHHS TeX-
HHYecK1X TpeboBaHmit. CreneHb HeobXonUMOI (hopMamu3alu onpeye-
JHETCS, ¢ OXHOM CTOPOHBI, TPYIXHOCTAMH €€ OCYLIECTBIEHHS, C APYroi
~ TPeboBaHMAMY MOC/EAYIONIMX 3TANOB KOHCTPYMPOBAHUS.

Iponecc peanu3aluM TpeOOBaHMIL B KOHCTPYKIIMM COIPOBOKIACT-
€A OOpaTHEIMU B3aWMONEUCTBUSAMM Ha TeXHHYECKUE TpeboBaHus, I{ng
OCYILUECTR/IEHHS PaLMOHANBHOIO IPOlleHa “pealu3aliMy TpeGOBaHMiL
KOHCTPYKTOp pO/DKeH MMeTh BO3MOXHOCTh B JIOMYCTMMBIX Mpeenax
BaPBUpPOBaTh MapaMeTpaMu TeXHWYECKHX TpeGOBaHWUiL. Baxmo TI03TOMY
B TpeboBaHUAX OTpaXaTh He TONBKO HOMHHAJIBHBIE, HO M MpelebHEEe
SHAYCHHUS 3aK/IabIBAEMBIX BEJTHYMH.

TpeGosanus x MexaTpoHHOMY MO0 He MOTYT OBITH copMmyin-
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poOBaHBl, eciiu oblliee HANpPaBJICHHE KOHCTPYMpPOBaHUs He BbIGpaHo. Bo-
Mpoc YTO [eJarh HEOTHEIMM pK KOHCTPYMpPOBAHMM OT BOINpOCa KAK
Jenartb. 3aKOHYEHHBIA IEpeYeHb TeXHMYECKUX TpeOGOBaHMM Beerna orT-
pa’kaeT CTENCHb SCHOCTH TIPEACTaBICHMI KOHCTPYKTOpPa O BBHIOpaHHOM
HampaBaeHHH paboTHL.

1.5.4. lpeaBapuTernibHoOe KOHCTPYMPOBaHKE OCHOBHLIX YacTen
MEXaTpoHHOro Mogyns

CrpemnieHHe KOHCTPYKTOPA K YIYYIUEHUIO KOMITOHOBKY MEXaTpoH-
HOTO MOMIYJISI [MOCPEACTBOM OOBEIMHEHHH OTHENBHBLIX yacTell, HeCyLINX
pasHpie (QYHKUWH, cAepXUBaeTcsd psafoM GakKTOpOB H' ABJAETCS I[MOYTH
BCerja Helerkod samavedl. B pesynerare anamusa IpMHIMITHAILHOM

CXeMBI W U3YYEHUS TeXHWYECKHX TpeGOBaHMIl BHUIS/IAIOT HECKONBKO

KPYTHEIX YacTei, BRIMOJHAIOMMUX pasmuuHbie MYHKIIUK, W IIPUCTYIAIOT
K COOGCTBEHHO KOHCTPDYMPOBAHMIO KaXIOM YacTH OyOyiluel KOHCTPYK-
uuM. Kaxnas cocTaBHasl YyacTh HOJDKHA YAOBIETBOPATH OIpeleleHHOR
rpynmne Tpebopanuii mepeyHs. Ilpu 5TOM KOHCTPYKTOpY Hapamy ¢
HMEIOUUMHCA TEXHHYECKUMU TPeGOBaHUAMH HEOBGXOMMMO yUeCTh M JI0-
TIOJIHUTENBHBIE, HE BXOAALIME B TIepBOHAYaNILHEBIA MepeueHpb, HO oTpa-
KalIKMe CBA3M pacCMaTPHBAEMOM YacTH ¢ APYTHMMH YacTIMU Mexa-
TPOHHOTO MOAYJISL.

Ecni KOHCTPYKTOP CyMeJl IS KaXIOW COCTABHOM YacTH OToGpaTh
HECKOJIbKO Haubollee YIAYHBIX 3CKM30B KOHCTPYKTHBHBIX NOJBapHAH-
TOB, TO cOoYeTad pa3sNU4HbIC IOABAPHAHTEI Pa3fIMYHBIX YacTei, MOgBIsM-
eTCA BO3MOXHOCTB OLIEHUTH BO3HHMKAOILME BAPUAHTHI KOMIIAHOBKH BCE-
IO MeXaTPOHHOIO MOAYJA I10 HEKOTOPHIM 3apaHee BHIOPAaHHBIM KPHTE-
pusM u orobpaTs Haubolee ONTUMANBHBIE BADUAHTHI, TPUOIU3UBIINCH
TEM CaMBIM K PEIEHHIO 3axa4yu. TakoBa NMpUMepHas cXeMma Iepexoja oT
‘TEXHHYeCKHX TpeGoBaHMU K MEPBOHAYATLHBIM ICKHU3HBIM pEILECHUAM
KOMITOHOBKH MEXaTpOHHOTO MOJYJIA B IIEJIOM.

HaiiienHsle MOABAPHMAHTHL KaXAOH M3 yacTedl Ha caMbIX IIEPBHIX
ropax IIOMCKa HE COIMOCTAaBIAIOT APYT C JPYTOM U HE CIIHMILKOM TIa-
TEJHO TPOBEPSAIOT HA COOTBETCTBHE TeXHHYecKUM TpeGosaHuaM. KoH-
CTPYKTOP CO3HATENLHO OTTATHUBAET CTANMIO CPaBHEHHS MOIBAPUAHTOB M
orOopa Haumy4ilMX, TaK KaK OTIaTh Cpa3y HpeArouTeHUe KaKoMy-JHb0
13 [MOXBADHAHTOB — 3TO 3HAYMT B KAKOH-TO CTEIIEHH YXE€ JHIINATE cebd
cBOGOAH JaNBHEHUIEro MOMCKA, 2 BMECTE C TEM M BO3MOXHOCTEH OTHI-
CKaTh MHBIE, TyYIIHe pelIeHHUs.

B npotiecce noucka nepBOHAYaJIBHBIX [MOJBAPHAHTOR CO3JaHUE ca-
MOCTOSITE/IbHBEIX KOMOUMHALMHA U3 OOMIEU3BECTHRIX M TPUCYLIMX TOJBKO
NaHHOH KOHCTPYKLMH JeTajied COMETAeTCs ¢ 3aMMCTBOBaHUEM He TOJb-
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KO FOTOBBIX Y3JIOB, HO M C HAXOXIAEHUEM ODJIACTH MX MOMCKa.

O6nacTh OAMXKANUIEr0 MOMCKA BapHAHTOB — 3TO T€ WM MHBIE HC-
TOYHMKM MHGOPMALIMHK, XpaHALIHEe U CHCTEMATH3MPYIOLIHE HaKOIUIEH-
Wbl OMBIT KOHCTPYWPOBAHHUA CXOMHBIX YCTPOMCTB. 31€Ch M UEPTEXKHO-
TeXHHYecKas HOKYMEHTAUMA, M IPOEKTHBIE MATepHaNbl, U DPe3yJIbTaThi
HMCIBITAHME, M HAyYHO-TEXHMYECKHE OTYEThbl, M CIEHHAIU3MPOBAHHAA
TeXHUYECKas JIMTEpATYpa.

Q6nacrty JagbHEro IOMCKA BapMaHTOB OesrpaHM4Ha W Heompeje-
nenHa. OpUrMHATbHBIE KOHCTPYKTHBHBIE DEILIEHHS MOTYT ObITh Haiine-
Hbl M BOKPYT HAc, B MUPe NMPHUBLIYHBIX BEllleH, U B 3aBOJICKMX leXax, U
B MHUpE XMBOW NMPUPOIBL

Ilpolecc npenBapUTEIbHOIO KOHCTDYMPDOBAHMS XapaKTePU3YETCH,
KaK MpaBWIO, CBOEH HE3aBepIIEHHOCTLIO, NMPHYEM CTEINEeHb 3TOH Hesa-
BEPIIIEHHOCTH MOXeT ObITh caMOil pasnMYHON JUIA OTHACJBHBIX “acTei
pa3HBIX MEXaTPOHHBIX MOJYJIEH.

PaccmarpuBaeMblif  3Tam  MPeABapUTENIBHOTO  KOHCTPYUPOBAHUSA
3HAMEHYET HAYaio HeTpPephIBHOW, HEMPEKpallaloleHcs 10 OKOHYaHWUs
KOHCTPYMpPOBaHUsI paboTel Mo 06ecneyeHnio HAIEeXHOCTH MEXaTpOHHO-
ro Monyns. Beibpas HAIEXKHOCTh B KaueCTBE BAKHEHILETO KPUTEPHS pa-
[(MOHAJBHOCTH CO31aBaéMON KOHCTPYKIIMH, MbI JOJDKHBI OLEHHUTBH IIO
5TOMY KDWUTEPHIO KaXIblii M3 SrtamnoB. [lepexon oT IPpUHUMITHAIBHOMN
cXeMBbI K IePBBIM KOHCTPYKTUBHEIM 3CKM3aM OCHOBHBIX YaCTeH o3Haya-
eT TIEpeXoj OT HIeaTU3HPOBAHHEIX 3JEMEHTOB K DEAJbHBIM AETALIM.
Haubonpliive TPYIHOCTH TAKOIO MEPEXOoAa CBA3aHBI C HEAOCTATOYHO
rybOKMM aHAIM30M M3MEHEHUH B KMHEMaTWKE M JMHAMMWKE, BO3HH-
KAIOUIUX TIpM KOHCTPYKTMBHOW peanu3allMy CXeMBbl, TIOCTPOSHHOH H3
HIeaTH3MPOBAHHEIX 3JeMeHTOB. HepacrosHaHHbIe, HENpaBWIBHO pac-
CYNMTAHHBIE WM IPOCTO HE IPHHATHIE BO BHMMaHWE CHJIBI MHEPIWH,
TpeHUsd, YNPYrOCTH B OTAENbHBIX 3BEHBSAX KMHEMaTHYECKON HEnH, a
TAKKE KMHEMATHYECKAd HEONpeejieHHOCTh COCTAaBISIIOT XapaKTepHbIH
Kiace TIpUYMH, OBYCHOBIMBAIOLIMX HENOCTATOYHYIO HAJeXHOCTh Gyay-
I1[eT0 MEXaTPOHHOTO MOIYJIA.

ITpu usydeHHHM CeMEifCTB MOJBapHUAHTOB PACKPBIBAIOTCA UX KayecT-
B4, TAK WM WHAYE OLIEHWBaeMble C TOUKW 3PEHHs HANEXHOCTH M, Ha-
ofopor, moaxol K aHAMM3y CEMEHCTB C IMO3HIHK HaleXHOCTH IOMOraeTr
HAXONUTH HOBBIE W JIYYILIME TIOABAPMAHTHl KOHCTPYKIIMHM YacTed Mexa-
TPOHHOTO MOMIYJIA.

1.5.5. PaspaboTka BapMaHTOB 3CKM3HON KOMMOHOBKH
MexaTpPOHHOro Moayns

Dcxku3Has KOMIOHOBKA MEXaTPOHHOTO MOMY/isi B HaMMEHbUIEH cre-

MEHU MOAAAETCA JIOTHYECKOMY aHanu3y. PoXaaiommecs B rojiobe KOHCT-
PYKTOpa KoMOGWHAIMHM HECyT Ha cebe MeyaTh €ro 3HaHMWi, HabmofeHuH,
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TOBCEHEBHOTO M MPO(ECCHOHANLHOrO onbiTa. [ToaTroMy paHblle BCEro
BO3HUKAIOT BAPHAHTEI, CBA3aHHEIEe ¢ OoJiee MPUBLIYHBIMY, Yallle BCTpe-
HAIOMIMHUCA KOHCTPYKTHBHLIMH pelueHUssMU. KOHCTPYKTOP MCHBITBIBA~
eT Ha cebe “noporoseiit 3ddexr” Beskuil pas, Korna clenyer oToHTH OT
MPUBBIYHBIX KOHCTPYKTOPCKHX BApHMAHTOB M JANIEKO HE Cpasy 3amedaeTr
BLITO/IHbIE BO3MOXHOCTH. Bcsi pabora cosHaTenbHOro KOHCTPYKTOPA
NpOHM3aHa HEMPEPHIBHBIM CTPEMIICHHEM OCBOOONMTECA OT MeJIEHBI
NPUBBIYHBIX MPEACTABICHMH KaK B GONBIIOM, TAK U B MaJIOM.

Ockuznposanne. [IOMCK BapuaHTOB KOMIIOHOBKM KaK OCHOBHBIX
YacTeil, TaK ¥ MEXaTPOHHOTO MOIYNS B IIEJOM COMpOBOXIAETCS 3CKH-
3UpOBaHHEM. DCKM3 COCTOMT M3 HeGONBIIOro YMcia JUHMIL, H300pa-
®KAIOIUX JNUIICHHYIO [OAPOOHOCTE KOHCTPYKTUBHYIO CXEMY M JIMIUD
MHOTJA Te €€ YacTH, KOTOphIe IOSCHSIOT M Pa3BUBAIOT OCHOBHYIO KOH-
CTPYKTHBHYIO uzeto. HecoBepineHCTBO SCKH3UPOBaHMA MCKYIAETCS
OpicTpoToii BerYepuuBaHug. OTOOpaHHBIe BAPDHUAHTEl HYXIAIOTCA B IPO-
BepKe IIOCPEJCTBOM MAaCINTabHOTO BEIMEPYMBAHMSA, KOTOpPOE TaKKe He
IOJ/DKHO OBITH MOAPOBHEBIM.

HcekyceTBo KOMIIOHOBKH 3aKITIOYAETCA B YMEHUM BHIETH Ha co3/la-
BaeMOM KOMIIOHOBOYHOM YepTexe He TONBKO TO, YTO TaM H306paxeHo,
HO TaKXe W TO, YTO OyeT HaHEeCeHO HA BTOT YepPTEXK BIIOCIEICTBHUH.

- O mecte ycranoBku MexaTponsoro moayss. ITonHora mHbopMaiu
0 MeCTe YCTAHOBKH MEXaTDOHHOTO MONYNA SBISETCS YPe3BHYAAHO
BAXHBIM YCJIOBMEM YCIIEIUIHOTO pellleHHd 3aJaud KOMIIOHOBKH. Eciu
KOHCTPYKTOPY HE CTaBAT HMKaKHX OIpaHHYeHHH O MecTe YCTaHOBKH
MEXaTPOHHOIO MOJYJIS, TO OH YYBCTBYET cebs CBODOIHEE ¥ MOXET MC-
Karh 6ojiee OoNTUMabHbIE pelueHud. Jeno 06CTOUT 3HAYUTEIBHO CIIOXK-
Hee, eclli JIaHHbBIE O MECTe YCTAaHOBKM 0€3yCIOBHO BaXKHBEI, HO KOHCT-
pPYKTOp He pacrionaraeT uMmu. ITomobHag curyaius MOXeT BO3HUKHYTH
TIpH CO3NaHHKM MEeXaTpPOHHOTO MOAYJIS [l ellle He CIIPOEKTHpPOBaHHOI!
' MEXaTPOHHOIl CUCTEMBL.

HenocrarouHast WHQODMAIMA O MECTe YCTAHOBKU MEXaTPOHHOIO
MOy TpebyerT yMeHbsl NPENCTaBiATh ero cebe 060bIIEHHO, a KOHCT-
PYKIIMM MPUXABATE KauecTBa, obecrednBalomue BOIMOXHOCTE YCTAHOB-
KM MEXaTPOHHOI'O MOAy/Id Ha JyioboMm obwekre. UHora ynaerca obecre-
4UTh MOMOOGHYIO IPHUCIIOCODIIIEMOCTh MEXaTPOHHOIO MOAYIA K pPasHbIM
MEXaTPOHHBIM CHCTeMaM 3a cueT HeGOJIBIIOro KOJTHYECTBA MEPEXOIHbIX
KpeIeXHBIX NeTallel, BHITOIHAEMBIX KaX/IbIi pas [10-HOBOMY.

IlpenBapuTeiibHAS 3CKH3HAA KOMIOHOBKA. OCHOBAa KOMIIOHOBKHM Me-
XaTPOHHOrO MOIYIS MOXeT OBITh caMoif pasnUYHO: ygauyHO HalmeH-
HBIi (H3MYECKUI NPUHIIMII, PALHOHAILHOE TEXHOJIOTHYECKOE pellicHUE
WIK Jaxe crocob yrenesieHus yerpoitcrsa. Ilpolece moaroHky uacreit
IpYyr K Jpyry HauMHaeTcd ¢ IIOMCKOB YIAaYHOTrO COYeTAHHMI KaKux-1ubo
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qByx uacreit (B OOJIEIIMHCTBE CJIy9aeB 3TO JBWTaTens M Ipeobpasosa-
tenb aBukeHNs). HeKoTopbie BapHaHThI orbpaceiBaiorcd cpasy xe. Co-
geraHpe BHIODAHHBIX BAapHAHTOB JIBYX 4YacTeif, B3ATOE 3a OCHOBY, Bbi-
JepXuBaeT MEePBOE UCTILITAHUE, ECIM YAaeTes Ha BTOEX OCHOBE YJa4HO
O[IOTHATh APYT K APYTY BCE OCTAIBHBIE YACTH YCTPOHCTBA(TOPMO3HbIE
yeTpOHCTBa, NATYMKU TMONOKEHUT 1 T.1.). lepebupath coueTaHus MO~
papuaHTOB 6€3 KaKoro-ju6o IUlaHa X METOAA HEPALNOHAILHO. Ho mna-
HOMEPHBII TIOAXOX BhIpabarkiBaetes He cpasy. Ha repsix nopax nepe-
Gop OOBIYHO HOCUT OECHOPANOYHBIA XapakKTep M JHIIb MOCTENICHHO
npuobpeTaeT HampasjieHHOCTb. Hepenko ciydaercs, 9To 10 mepe npo-
PHCOBKH MEXaTPOHHOTO MOJYJS CTAHOBUTCA BCE TpYyIHEE M TpyAHee
peanu3aliisl B KOHCTPYKLIMH TOCHEAYIONMX TpeGoBanuit. B stux ciyya-
ax CJIeIyeT CBOSBPEMEHHO OCTAHOBMTBCH, C TeM YTOOBI MpeNnpUHAThH
MIOUCKH JIPYTOH OCHOBEI €r0 KOMIIOHOBKH.

Ilo Mepe HMpOCMOTpa BAapHAHTOB, II0 MeEpe Toro Kak Geamacuirab-
HEle TIPUKMIKA YTOYHSIOTCS MaclITabHBIMM IPOPUCOBKAMM, KOHCTPYK-
TOpY OOBIYHO YAaeTcs OThICKAaTh 3aKOHOMEDHOCTH, KOTODEIE B COCTOS-
HUM UTpaTh POJb IEPBOHAYABHBIX KPUTEPUEB OLIEHKH BAPMAaHTOB KOM-
roHoBkH. K TakuMm KpUTEepHSIM MOIYT OBITh OTHECEHB! Takue (akTopsl,
KaKk “OTCyTCTBHE KPUTHYECKHX 30H”, “IpocTOTa COYJIEHEHU OCHOBHAIX
yacTeil”, “coBmelenne GyHkimit” 1 T.m. To, UTO He yIaBanoch KOHCT-
PYKTODY IIPU IIEPBOM 3HAKOMCTBE CO CXEMOM, MOXET YBEHYAThCs ycIie-
XOM Ha HACTOSHIEM 3Tale B mpoliecce Iepebopa BapHaHTOB 3CKU3UPO-
BaHHWEM W MaclUTaOHBIMHU NPHKHAIKAMH.

Jloruveckas IMocnefoBaTeNbHOCTh KOMIIOHOBKH, IPH KOTOPOH KOH-
CIPYKTOp BHavajle pacwiIeHseT MepBOHAYANBHYIO CXeMy Ha YacTu, a 3a-
TEM BCe-TaK¥ HaXONMT BO3MOXHOCTH K MX UHTETpallii, MOXET CUUTATE-
Cs XapaKTepHBIM UISI CIy4aeB MIyOOKON KOHCTPYKTOPCKOM mpopaboTku
MEXaTPOHHBIX Momymeil. i

Ilena KoHCTpykTHBHON peajM3auuM napamerpos. Peanuzanus pas-
JMYHEIX TTapaMeTPOB OCYILIECTBIAETCS MOCPEACTBOM HEOIMHAKOBBIX “3a-
TPaT” Macchl M pacioNaraeMoro INPOCTPAHCTBA, PasUYHON CTEMeHBIO
YCIIOXKHEHUA OTHENBHBIX HeTaieif W BCEro MEXATPOHHOIO MOMYS B Iie-
JIOM, IleHOW mOABNeHMS OONBIIMX MM MEHBIIMX TeXHOMOrHIeCKHUX
TpynHocrei. IlostoMy moHATHE “LEHBI KOHCTPYKTHBHOI peanusaiuu
IapamMeTpoB” NPHOGPETaeT BIOAHE OMPENETEHHBIA CMBICT H MOXET
NpHOBpecTH Ype3BEYANHYI0 MPaKTHYeCKY BaxHocTs. Tak, Hampumep,
HHOIMa ynaercsl BHIPasHTh OTHAE/IbHBIE MapaMeTphl TeXHHYECKHX Tpebo-
BaHMI{ B eMHUIAX MAcCHl CO3[aBAEMOT0 MEXaTpPOHHOro Moxyis. B atom
CIydae KOHCTPYKTOpP ITOJIyY4eT BBITOTHVIO JUIS HEro BO3MOXHOCTE KO-
JHYCCTBEHHOM! OLIeHKH Haubolee CYLIeCTBEHHBIX TapaMeTpPOB.
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B MI0THO KOMIOHYEMbIX MEXaTPOHHEIX MOAYNAX MOYTH J0OBIE JIo-
KaJIbHble M3MEHEHUS MaccorabapUTHLIX MapaMeTpoB OTHENbHBIX HeTa-
Jieil pacrpoCTPaHAIOTCS Ha BCe YCTPOMCTBO B LejioM. B 3TuX ycloBHsix
OT CTENEHM IOJHOTHL pealu3alM OZHOro Kakoro-mu6o TpeboBaHMS
MOTYT 3aBUCETH, U CYLIECTBEHHO, rabapmThl M Macca BCEr0 MeXaTPOHHO-
ro MOAYJS.

3HaHME LEHBl KOHCTPYKTMBHOM pealM3allid OCHOBHBIX TEXHHYE-
CKUX [1apaMETPOB IMO3BONSET KOHCTPYKTOPY B XOIE KOMITOHOBKH OCY-
LLeCTBIATh PAllMOHANILHOE UX IlepepacnpefiefieHHe. DTOT KPUTEpHil sB-
JIsieTcst OHMM M3 OCHOBHBIX JIBMXYIIMX (DakTOpoB 06paTHOrO BO3AeHCT-
BUS Ha TexHHYecKue TpebOBaHUSA cO CTOPOHBI GOPMUPYIOLIEHCS] KOHCT~
DYKLUH,

1.5.6. HepTex 3CKM3HOW KOMNOHOBKHU

Bcku3Hag KOMIIOHOBKA BBIPAXKAeT JIMIUL OCHOBHYI0O KOHCTPYKTHB-
HYI0 MIEI0 MEeXaTPOHHOTO MOMYJIS, YEPTEX 3CKU3HON KOMITOHOBKH pac-
KpHIBaeT 3Ty Maeio 6osiee MonHO. B 3CKM3HON KOMIIOHOBKE peald30Ba-
Ha JIALIG [IPeIBapHTEAbHO oTOOpaHHas YacTh TeXHMYeCcKHUX TpeGoBaHUN
6e3 MmMoApoOHOro paccMOTpPeHMS BO3MOXKHOCTEH Oynylleil peanusaluiu
ocTambHEIX TpeboBaHui. YepTexk 3CKU3HOM KOMITOHOBKH YYMTHIBAET TO-
pasno Gosblliee KOMMYECTBO TPEOGOBAHMI, U MMEHHO NO3TOMY OCHOBHAS
Wjiess B HEM €CITA M HEW3MCHHA 110 CPABHEHMIO C HIeei 3CKU3HOM KOM-
ITOHOBKH, TO BO BCAKOM cJIydyae yBsi3aHa CO BCeMH 3TUMU TpeboBaHUMSA-
MU. DCKHM3HAA KOMIIOHOBKA MOXET COYETaTh B cebe mepByl MacuiTab-
HYI0 KOMIIOHOBKY ¢ 6e3macmtabHeiMM HabpockaMu. YepTex 3cKH3HOM
KOMITOHOBKH, KaK MpaBWIO, BEIMOJIHEH lejlHKoM B Maciitabe. Ho, He-
CMOTpA Ha OOJBUIYIO IMOJMHOTY M MacluTabHOCTh, 3TO €lle AAIEKO He
YepTeX OKOHYATETEHON KOMITOHOBKH.

Baxmnoe ofcTodTenbcTBO, OTIMYalollee paspaboTKy 4Yeprexka 3C-
KH3HOMH KOMITOHOBKM OT CO3[aHUA MepBOHAYaNBEHOTO 3CKH3a, - HeobXo-
JHUMOCTh OIpPele/ICHHOM IOCIeI0BATEIEHOCTH B NPOYEPYMBAHUM OT-
JeNbHBIX Y370B. B mepByio ouepenh HAHOCATCA Ha YepTelX KOHTYPHI y3-
JIOB ¢ HaubONBIIMMM TabapuTamMi, (IBUTaTenbh, NpeobpasoBaTeNyd IBU-
JKEHHUS), PacIoNIOXEeHHbIE B Haubosee CTECHEHHBIX 30HAX W He Jaloniue
KOHCTPYKTOPY BO3MOXKHOCTEH IUIS BapbUpPOBAHMSA MX KoHHTrypaluei,
OpHeHTalMel W MECTOMONOXeHHeM. YauHoe pa3MellleHHe 3THX Y3IIOB
Ha YepTeXe IaeT KOHCTPYKTOPY YBEPEHHOCThL B TOM, YTO OCTAJIbHBIE y3-
7B (IaTYUKH MONOXEHUA, TOPMO3a | T.I1.), KOTOpkie OyAyT HaHeCeHBl B
JanpHeHIeEM Ha YepTeXe OKOHYATENBHOU KOMIIOHOBKH, CYILIECTBEHHO
He: YXY/IIIAT CO3MaHHYI0 KOMIOHOBKY. Kaxnsii HaHOCUMBI Ha YepTexke
y3eJl HakIaakIBaeT Ha MOCIEAYIOIUE Y311kl KOHKPETHbIe OrpaHUYeHHs, H
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[103TOMY OT OYEPEIHOCTH BBYEPYUBAHMS 3aBHCHUT HE TONBKO pallMo-
HATLHOCTH MPOLIECCA CO3JAHMST KOMITOHOBKH, HO M (opMa, B KOTOPYIO
OHA BBUIMBAaETCAH.

Ha naHHOM 3Tare KOHCTPYKTOpP HODKeH YOeHUTCS B TOM, YTO BbI-
GpaHHBIl UM BapUaHT Yeprexka 3CKU3HOH KOMITOHOBKH BJIM30K K ONTH-
vanbHOMY. KOHCTPYKIIMS MOXET 3aKjoyaTh B cebe JocTaToyHO ajte-
MEHTOB JUIsl YIOBIETBOPEHUS TPeOOBaHHAM, HO HE BCE DJIEMEHTHI MOTYT
GuITH UIA 2TOH et HeobxoauMbiMH. JUTA BEITIOJIHEHHS YCIOBHSA “He-
o6XOIUMOr0 M JIOCTRTOYHOrO” cHeHyeT I[POBEPUTh KOHCTPYKIMIO Ha
“30BITOYHOCTD”, T.€. IOMBITaThCA HAWTH U YCTPaHHUTL BCE TO, YTO fB-
naeTcs MUIIHUM. Bce nHIlHEe, He HeOOXOIUMOE B KOHCTPYKIIMM, MOX-
HO TIpeficTaBUTh cebe B BHIe “3amacoB” M MOJPA3eNMTh Ha JBE IpyI-
bl 3amackl Mo NapaMeTpaM TeXHUYECKHX TpeboBaHMi Ha MeXaTpPOHHBIH
MOIYJIb ¥ 3amachl IO IapaMeTpaM caMoi KOHCTPYKLIMM, HE CBA3aHHBIE
¢ TeXHHMYECKUMH TpeOOBaHUSAMU HEIOCPEJCTBEHHO, B IEPBYIO OUYepeis
M3MTUILIHNE 3alachkl MPOYHOCTU W XKEeCTKOCTH.

3amacel mo JoOoMy TapaMeTpy TeXHHYECKMX TpeGOBaHUM, peai-
30BaHHbIe B KOHCTPYKIMH, CBHIETELCTBYIOT 00 OTKIIOHEHUU cO3/aBae-
MOro KOHCTPYKTHMBHOIO BapHaHTa OoT MHOTO, Gonee pauuoHansHoro. [To
Mepe BBeJeHMsSI MacliTaba, 10 Mepe HeTANM3allMH 4YepTexa SCKU3HOM
KOMITOHOBKM M TIepexofia K 4YepTeXy OKOHYATENbLHOM KOMITOHOBKM
YHWYTOXEHHUE 3allacoB I1epBOM TpYMIIBl CTAaHOBHUTCA Bce Doljlee neifcr-
BEHHBIM CPEJCTBOM YIIYUIIEHWS KOMIIOHOBKH M KOHCTPYKITHH.

ITycToTel B KOHCTPYKLMH, CBHAETEILCTBYIONIME O HepallHOHAIBHO-
CTH KOMIIOHOBKHM, MOXHO DaccMaTpMBaTh B KadecTBe 3allacoB IO pac-
TI0JIaraeMOMy HPOCTPaHCTBY. Hammyue Takux 3aacoB TOBOPHT O HeNO-
UCITOJIb30BAHUM KPUTEPUS MUHMMMU3AIUY rabapuToB.

ITycToTsl BHYTPH MEXaTPOHHOTO MOAYIS MOXHO MCKIIOYHTE
NepeKOMITOHOBKOW 4acTeif. DTUM JocTHUraeTcs yMeHbIUeHHe raGapuTos.
WHorja BEITOXHO, COXPaHMB rabapUThl MEXaTPOHHOTO MOJYIIS, UCIIO/b-
30BaTh IYCTOTHI JUIA KOHCTPYKTMBHBIX KOMOWHauuif, Gosee moiHO
VIOBNETBOPAIOIIUX KaKUM-IMO0 apyruM TpeGoBaHUAM, HampHMep TOY-

'HOCTH, BUOPOYCTOMYMBOCTH, YAOGCTBY paboTHI ONepaTopa M T.IL.

3anacel Mo TapaMeTpaM TeOMETPHYECKOro Xapakrtepa (Hampumep,
10 YITIOBBIM M JIMHEHHBIM IEpPeMEeIUeHMIM ABIKYLIMXCS JacTei) Jierko
OGHapyXHTh 1O YepTexy, Yero HeMbas cKa3aTh O 3aMacax MO TAKHUM Iia-
PaMeTpaM, Kak, HalpuMep, MOLIHOCTh Ha BBIXOJE WM TOYHOCTH OTpa-
Botku yrima mosopora. Ilpu mowcke CKPHITHIX 3a[1aCOB KOHCTPYKTOP He
AOIDKEeH 3a0bIBaTh H O NPHHIMNHANBHONR CXeMe, TaK KaK MpH Mepexofe
OT HEC K KOHCTPYKIMH OCOOEHHO JIETKO JOMYCTHTH H3OBLITOUHOCTD.

CllefcTBHeM CHMXKEHHS 3amacoB MO XECTKOCTH WIH TPOYHOCTH
(sanacer Bropoit TPYIIIBEI) OTHEIbHBIX YACTeif MEXaTpOHHOIO MOIYJIA SB-
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JsieTcs CHWXKEHME MX Macchl. B peannHolt KOHCTpYKuMM, re BCe B3au-
MOCBA3aHO, YMEHbIlIeHWE rabapUTOB ¥ MAacchl OTHENLHBIX YacTell BRI3BI-
BaeT Jajieko uiyiue mociencTsus. B yacTHOCTHM, CHIDKEeHHE MAcChi,
COINPOBOXAAEMOE CHUXEHHEM JKECTKOCTHBIX XapaKTepUCTHK KaKHX-
nubo jmeraned, MOXET B TO X€ BPeMsl COMPOBOXIATHCH YJIydIICHHEM
OPYTHX KECTKOCTHBIX XapaKTEePUCTHUK, CYLIECTBEHHEBIX AT HOPMAIBHOTO
(DYyHKIHOHMPOBAHUA MEXaTPOHHOTO MOAYIsA B uemoMm. IIpH 3TOM MOXET
OBITh MONYYEH HEMAJEIH BBIMIDHII B HALEXXHOCTH.

C BelM4YMHOM pasIMYHOrO popma “samacoB” cBf3aH BHEIGOP THIIO-
PasMepoB FOTOBBIX M3[EIMI, BXOZAIIMX B KOHCTPYKIIMIO MEXaTpPOHHOTO
monyna. Tak, HampuMep, Macca ¥ pasMepsl 3NEKTPOABUIATENS ONpENe-
JIIOTCA Pa3BUBAEMOH UM MOLIHOCTBIO. YMeHbIIeHHE TTOTpeGHOMK MOII[-
HOCTH 34 CHET CHIDKEHUs KakKux-1ubo “zamacop” B MEXaTpOHHOM MOIY-
Jjie [aeT BO3MOXHOCTE ITepedTH K cOocefHeMy MO HIKaje THUIIopasMepy
MeHblIeMy aBurateqro. Ho Takoif ckaukooOpasHEIf ¢ TOYKH 3peHus
Macchl ¥ rabapuTOB HEPEXOM IOYTH BCEria OTKPHIBAET HOBHIE BO3MOX-
HOCTH I JIy4YIIMX BAPDUAHTOB KOMITOHOBKHW. Hepenko ciayuaercd, 4To
MpH peanusaliy 3TUX BO3MOXHOCTEH KOMIIOHOBKA NpHOOpeTaeT co-
BEpUICHHO MHOM BUI, CTaHOBUTCS Gojlee palMOHaNBHON. JlanbHeiilnee
' KOHCTpPyMpOBaHUe BeJeTcd Kak Obl Ha HOBOM “YpOBHE pal[HOHAIBHO-
_ CTH” KOMIIOHOBKH TIp¥ KOTOPOM BO3MOXHOCTH YIUIOTHEHMS (DYHKIMO-
HajbHON HArpy3ku 4acred, BO3MOXHOCTH MX IOATOHKM U YaCTHYHOMN
“MHTErpalMM”, a TakKe BBIFOJBI OT CHIXXKEHUS 3aracoB obeux TPy
DEJIM30BAHbL B MAKCUMAIEHOM CTEIIeHH.

YMeHbllIeHE 3a11aCOB BTOPOM IPYNITBI ABISETCS HEJErkoi 3amaveit,
TpeOylollel TIIATENBHBIX DACUYETOB W 3HAHUS TEXHOJIOIHUYECKHUX BO3-
MOXHOCTEH CErofHAIIHETO THA.

1.5.7. KoMnakTHOCTL KOHCTPYKU MY

Haubonee oyeBuIHAas BO3MOXHOCTS YIUIOTHEHUS KOHCTPYKLIUM Me-
XaTPOHHOrO MOy — CONMKEHMe €ro dJacreif, T.e. YMEHBIIEHUE pac-
CTOAHMA MEXAY YacTAMH. DTOT IIyTh CBA3aH C PANOM TPYAHOCTEil, BO3-
HUKAIOWIMX 10 Mepe YMEHBIIEHHS 3a30poB. Jlaxe onpenenreHHe BeIH-
YHH 33a30pOB MEXIY COMMKXaeMbIMU HacTAMHU IMPH CIOXHOU HMX KoHbH-
TypalMu sBisgeTcs TPYIoeMKOU paboroif. Hemsmepumo Gombiiue Tpyi-
HOCTH BO3ZHMKAIOT B IIPOM3BOJACTBE IPH H3TOTOBIICHHH JETANEH C XKecT-
KUMH JonycKaMi u uX cbopke. He ciemyer 3a6IBaTh, YTO Ype3mMepHOE
YMEHBILIEHHE 3a30pPOB MOXET I10 pAOY NPUYHH TOHU3HTH HANEKHOCTH
KOHCTPYKUMH (HaNpUMeEp, M3-3a TEMIIEPATYPHBIX JeopManuii).

YeMm TpymHee IpoTeKaeT Ipolecc cOMMKeHHUs YacTed, TeM daile
KOHCTPYKTOP BO3BpAlAeTCsl K PAacCMOTPEHHUIO TEeXHHYECKOro 3alaHusd,
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[BITASCh TIEPEOCMBICIMTE TPEOOBAHMS, IOCHYXHMBIIHE NPUYMHON TTO-
JOBHBIX 3aTPYAHEHHUH. D710 0cOGEHHO OTHOCHTCA K TEM CJIydasm, Korga
xakoe-11bo “y3Koe” MECTO TPEI{TCTBYET SHATHTENLHOMY CHATHIO Beel
KOHCTPYKIHH. CrpemiieHUe “paclIMpUTh Takoe y3Koe” MecTo cro-
coBCTBYeT YCWICHHIO M YITYO/IeHHIO OOpaTHbIX BOAEHCTBUH Ha MCXOl-
Hele TpeboBaHUA.

WHorna CTAHOBMTCS BO3MOXHBIM OCYIUECTBIATh TaKHE M3MEHEHMS
B Texuuyeckux TpeGOBaHMAX, KOTOPBIE BEAYT K CYILECTBEHHOMY Vy4-
{IEHHIO KOMITOHOBKHM, HE CKA3bBasCh CKOJNBKO-HUGYHB OTPUIATENBHO
4a meJdeBBIX (YHKUMAX M SKCIUTyaTallMOHHBIX XapaKTepUCTHKax Mexa-
TPOHHOTO MOJIYJS.

[llarossiii mpomecc ¢ Bo3spaToM. Meronuka orbopa TpeboBaHMi,
nanbosee BaXKHBIX IS KOMITOHOBKH, MpEHIIoIaraeT Heo6X0IMMOCTh TOM
WM WHOH KOPPEKTUPOBKM IIEPBOHAYalbHO CKOMITOHOBAHHOIO MeXa-
TPOHHOTO MOJYJIA, T.€. BO3BPAT OT MOCHEAYIOIINX ITAIOB, HAa KOTODBIX
peaM3yloTcsl OCTaBIIMecs TpeboBaHus, K NpeNbAylieMy. Briop xax-
J[OTO 1Iara JIPOM3BOMMUTCSA ¢ TAKHM pacdeToM, YTOOhI YepTexHas pabora,
BHI3BaHHAS KODPEKTUPOBKOM Pe3yJbTaToB, cBejlach K MHHUMYMy. Eciu
rabapUTHl MEXaTPOHHOIO MOAYNS Ha YepTeXe OKOHYATeJbHOM KOMIIO-
HOBKM YMEHBIIIWIACH IO CPABHEHUIO C rabapHTaMu, IpeNyCMOTPEHHBI-
MU 3CKH3HO}M KOMIIOHOBKOI1, 3TO CBUIETEJILCTBYIOT O TOM, YTO KOpPpeK-
THPOBKa CIIOCOOCTBOBAIA ONTUMU3AIMK KOHCTPYKTHBHOIO PELISHMA TI0
KPHUTEPUI0 MUHUMU3alUK rabapuTos.

IpencraBmeHe 0 KOMIIOHOBKE MEXAaTPOHHOIO MOJYJH, Kak O lia-
TOBOM IIpOl[ecceé ¢ BO3BPATOM, OCHOBHIBAETCH, C ONHOM CTODOHBI, Ha
TIPMPOIIE HECTPOro ITOCTAaBICHHEBIX 3aiay, HOIYCKalOmMX BapbUpOBaHUe
HMCXONHBIMU NaHHBIMHM B XOJe pellieHusI, C IPYyroi, Ha OrpaHHYeHHOCTU
BO3MOXHOCTEH YeJTOBEKa B OTHOIICHUM ONTHMAIBLHOH KOHCTPYKTHBHOM
pealn3alii MHOXEeCTBA B3aUMOCBA3aHHBIX NMepeMEHHBIX.

1.5.8. YepTex OKOHYATENbHON KOMMOHOBKM

Cpoeobpasue 3TOro 37Tama B €0 ABOUCTBEHHOCTH: C OTHOH CTOPO-
HBI, YUCTOBHIM BEIYEPUYMBAHUEM YePTeXa OKOHJATEJIBHONH KOMITOHOBKH
(obwero Buma WM cOOPOYHOTO YepTexa) MOABOAMTCSA HTOT TIPOAENaH-
HOM paHee THTENLHOM pabOTHl; ¢ APYroi CTOPOHBI, 3TO HE MPOCTO BhI-
YepuMBaHUE, 3TO KOHCTPYHPOBaHMe, MPUTOM HAYMHAIOIIEECH C caMOro
Havaja, ¢ caMoit mepBOit IMHHK W 3aKaHYUBAIOUIEECH CO3TaHMEM 4ep-
TEXa, MpakKTUYeCKH MONHOCTRIO 0BECIIEYNBAIOIIETO STAll JeTATHPOBKH.

[Ipuctynas x yucToBOMY BBIYEPYMBAHHMIO YepTeXa OKOHYATENBHOIM
KOMIIOHOBKM, KOHCTDYKTOD T€M CaMBIM pellfaeTcd HA OTKa3 OT Hajb-
HEHLINX TIOMCKOB, OT cpaBHEHHMs M 0T6opa BapuaHTOB. B TO Xe Bpems
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BCS MeTOMMKA BRIYEPYMBAHMSA UYEpTeXa [HO/DKHA OCTABJIATE KOHCTPYKTO-
Py MaKCHMAIBHYIO CBODOIY BapbUpPOBaHUA Ha TIPOTSNKEHUM BCEro Xoma
paborsl. HeoOxonMMOCTE B TEKYIUMX M3MEHEHMAX CO3/aBaeMoil KOHCT-
PYKIMY 3acTaB/sACT BeCcTH BhIYePYMBAHME B JIBa NpUeMa: B TOHKHX JIH-
HUSX ¢ mocenyolleit ux o6BOIKOM. :

Ha mepBhIX nopax BO3MOXHO MCKITIOYUTE U3 rpadpudeckoi paboTh
Hajl YepTeXOM OKOHYATE/NbHON KOMITOHOBKM 3JEMEHTHI KOHCTPYHpOBa-
HHMS.

Ecnu nepedect Ha jMcT 6e3 GONBIIMX H3MEHEHHIH YEPTEX 3CKH3-
HOM KOMIIOHOBKHM, IMOJIYYUM CBOEOOpasHbIi “KOCTAK” — OCHOBY 4epTe-
Xa Oynymiell KOHCTPYKIMHM MeXaTpoHHoro moxpynga. Kocrsax geprexa
CTPOWUTCHA B HECKONBKHX Ipoekuusax. ECiIu yepTeX 3CKU3HOM KOMIIO-
HOBKM OKa3bIBACTCA HENPMIOAHBIM [UIS TAKOrO IMOCTPOCHMSA, TO 3TO AB-
JisieTcs CBHJETENILCTBOM €ro HemopaboranHocTH. OuepenHOCTH HaHece-
HUA Ha YepreXe OKOHYATENbHOW KOMIOHOBKM 3JIEMEHTOB KOCTAKA B
OCHOBHOM COBHNAaJaeT ¢ OYEPEAHOCTHI0 HAHECEHHS TeX K€ JEMEHTOB Ha
yepTexe ICKU3HOI KoMmmoHoBKH. HeymauHblii Bb60p moc/ienoBaTebHO-
CTH BBIMEPYMBAHHA BIEMEHTOB KOCTAKA YEepPTEXa OKOHYATEhHOM KOM-
MTOHOBKK MOXKeT lath cebGd 3HATh IO3[HEE M CO3NaTh 3HAYUTENLHLIE
TPYAHOCTH TPU IOAPOOHONH KOHCTPYKTUBHOM peanusalyy TOro Wix
HHOro y37a.

CnoXHOCTb, MHOTLOIETAILHOCTE, NelCTBHE KPUTEpUER MUHUMM3A-
IIMM MaccarabapuTHEIX [TApaMeTPOB, KPHTEPHEB HANEXHOCTH — BCE 3TH
¢hakTOpel TPeOGYIOT CTPOroi MOC/IEAOBATENFHOCTH YHCTOBOIO BEIYEDPYH-
BAHHS YepTeXa OKOHYATENIbHON KOMITOHOBKH.,

ITocne BEIYEPUYMBAHMA KOCTAKA 4YepTeka KOHCTPYKTOP IIONydaeT
BO3MOXHOCTb COCPENOTOYHTH YCIIIMS HAa KOHKDETHON paspaboTKe OT-
JeNbHbIX y3loB U Aetaneii. [Ipu KoHcTpykTopekoit npopaGoTke y3nos u
JleTaneil He TOJILKO IPOBepAETCcs IPABMILHOCTE HOMYIUEHUH, MPUHATHIX
Ha NpeIbIIYIIHX CTaausaX, HO 00 HEKOTOPOR CTENeHH MCIpPaBIAIOTCH K
OUIMOKH KOMITOHOBKH.

Hetanusanuio y3ioB U AeTaneil HeoGXOAHMO BECTH OT cpeiHeil yac-
TH K nepudepuu, YTobbl H30exaTh “pHIXTOCTH” MM Ype3MepHOM CXKa-
TOCTH B pajHallbHbIX HalpaBlieHHssX. HaHOCUTE Ha JUCT 2JieMeHTHI, Ofi-
HO3HAYHO OIMpeJe/MBIINecs Mo (opMe U pacloIOXeHKI0, YTO6El BOC-
MO/IE30BaThCSl BHOCUMBIMI UMK OTPaHUYEHMAMU, a TAKKE HE OTKIIalbI-
BaTh Ha HOC/EUHIO OYepedb MpopaboTKy y3/10B W OeTaleil ¢ HEeBBIAB-
JIeHHBIMM TrabapuTamu, 4YTODBl HMeThb BO3MOXKHOCTH CBOEBPEMEHHO
CKOMIIEHCHPOBAaTh YBEJIMYCHHE MX rabapuToOB 3a CYeT YIUIOTHEHMS CO-
CelHUX.

YMeHbUICHUE YUCaa AeTalel B MeXaTPOHHOM. MOIYJie YacTO JIOCTH-
raeTca 3a CYET YCIOXHEHMs XapakrTepa ABIDKeHHS 3BeHbpeB. [IpocTeii-
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UM TIPUMEPOM MOXET CIYKHTH TnaHeTapHbld pefykrop. lleHo# ye-
JIOXHEHWST XapaKTepa JBYKCHUS [UIAHETAPHOTO KOJieca YAIAeTCs YMEHb-
{WTH YMCIO 3yDYaThIX IIap (1o cpaBHeHHIO ¢ OGBIYHBIM 3yGYaTBIM pe-
;{yK‘TOpOM).

CrefyeT OTMETHTB, YTO BONPOCHI, Kacalouuecs: Crocob0B H3roToB-
senus netaneii, ynodcrsa cOOPKH M3JENNA, PETYITUPOBKM M IOCTHPOBKH,
83aMMO3aMEHAEMOCTH, YHUDUKAIIHN, HUCTIOJIB30BAHMSA OCHACTKM M HMH-
cTpyMeHTa, Ha3HaYeHUS HIOIYCKOB, BHIOOpa MAaTEpPHANIOB, ITOKPHITUH,
TepM006pabOTKH, YHCTOTH! 0OPabOTKH TIOBEPXHOCTEH, CTocobOB cMa3Ku
1.1 TpebyioT 0OAyMBIBAHMS M pPelIeHNs MMEHHO B Mpoliecce BbIYep-
yuBaHug Habopa JeTaneil Ha Yeprexe OKOHYaTeIbHOW KOMITOHOBKH.

K uucily BONPOCOB, pellleHue KOTOPBIX NMPaKTWYECKH IIOJIHOCTHIO
OTHOCHUTCS K STANy BHYEPYUBAHUSA YepTeXka OKOHYATENBHOW KOMIIO-
HOBKHM OTHOCHTcH ofecredeHue TEeXHONOTMYHOCTH COOpPKM KakK OZHOTO
13 craraeMbix OOHIero KPUTEpUsl TEXHONOTUYHOCTH MEXATPOHHOTO MO-
LY.

W3 MHOXecTBa peKOMeHMaluil, Kacaloluxcsi cOOpKH U pa3bopku
YCTPOJCTB, BBUISMM OIHY, UMEIOIIYI0 OOLIMH XapakTep: ClepyeT CTpe-
MUTBCS TI0 BO3MOXHOCTM BBITIONHATH Habop jAetaieil TakuM oBpasoM,
yToBEl IpH cbopke U pasbopke MEXaTPOHHOIO MOMIYJISL KaXaas mocie-
JVIOIas NeTank Morna GBITh ymaleHa 4Yepe3 MPOCTPaHCTBO, OCBOOOX-
JlaeMoe TIPY YIAJICHUH NpeAbIIyie qeTany.

ITo Mepe yrodyHeHUA KOH(MUIYpPAaLMH JeTaleil BO3pacTaloT BO3MOX-
HOCTH OLIEHKM HAIEXKHOCTH MX (QYHKI[MOHMPOBAHUS PACYETHBIM ITYTEM.
Hamuyue mpopucoBaHHOro Habopa Aetalled M Y3JIOB ITO3BOJSET IO-
HOBOMY TIPOAHANIM3MPOBATh B3aUMOCBA3M C OKDYXKEHHUEM HE BCEro Me-
XaTPOHHOTO MOMYJSI B LIEJIOM, a KaXJOro y3id, KaXmoil Hetamu B OT-
JeNIEHOCTH.

ITpu orpaborke Habopa HmeTajeil Ha YepTeXe OKOHYATENBHOM KOM-
MIOHOBKY - cJlefiyeT THIATeJIbHO MPOBEPUTH, BCIOAY JIM, 1€ BO3MOXHO,
MpUMEHeHL HOPMAIU30BAHHEIE WU TUIOBLIE S/IEMEHTEL. '

OnruMansHO#R ¢ TOUKM 3peHHsA obecreyeHHsT HaleXHOCTH SBISETCH
Taxasi KOHCTPYKLMS, B KOTOPOM INPUMEHEHBI TUIIOBEIE, XOPOILIO OCBO-

'CHHbIE B IPOM3BOACTBE OJIIOKHM, MOMYJIH, V3ibl, AeTamd. CIOXHOCTH

npoliecca AeTaJM3alliM BhI3EIBaeT IIOCTOAHHOE OIACeHWE IIPEXIEBpe-
MEHHOCTH TIpopabOTKM TOrO WIHM MHOro y3na wid Jetaid. Iloatomy
CHMMETpHUYHEIE Y37l M JeTaju ObIBAaET BHITOJHO BEIYEPYMBATH JHIIL C
ONHOW CTOPOHBI OT OCH CHMMETPHM, TAK KaK B Ipoliecce NETAIH3ALMK
MOXET BOSHUKHYTh HECKONLKO pas/IMYHBIX BADHAHTOB MX KOHCTPYKLIMH.
Toit xe nocrenennocTsio, OCTOPOXHOCTBIO B HAHECEHWH HOBBIX THHHUI
XapaxTepusyercss METOJHKa BBIUEPUMBAHUA Ha YepTeXe OKOHYATENBHOI
KOMITOHOBKH KpeneXHbIX jAeraneif (6onToB, BMHTOB, raex, IIalo,
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wtudtoB U T.I.). IToka dopma cBHHYNBAEMEIX IeTajnei OKOHYATEIBEHO
HE ONpEeIeIUIack, KpEMeXHbe IeTany NpeiCcTaBIsioT Ha YepTexe JIHlh
UX OCEBBIMM JIMHUAMM. 3aTeM NPOM3BOAUTCA PaboTa Mo OOLEIMHEHUIO
KPEMEXHBIX AeTaNei C LEeNbi0 COKpallleHHs! HX TUIopa3MepoB. TonbKo
[10 OKOHYaHWH STOH PabOTHl KaXIYIO KPEMEXHYIO AETAb BbIUEPYHUBAIOT
10 CTaHmapTaMm,

ITponecc obBoIKM meraneit, a Takke X ITPUXOBKY NOKEH OBITH
HampaBneHHeIM. IlocnenoBarensHocts 06BOAKY YEepTeXa OKOHYATEIh-
HOJi KOMIIOHOBKHM B OCHOBHOM COBNAJAeT C MOC/ENOBATEbHOCTBIO Ero
BhiyepuuBanus. Mexois U3 cTpeMaenns ocTaBHTL BO3MOXHOCTS K MAK-
CUMANTBHON CBODOIE BapbUPOBaHMS M CBOEBPEMEHHO KOppEeKTHPOBKE
depTeka OKOHYATEJPHON KOMIIOHOBKE He Cile[yeT MpUGeraTh K IITPH-
XOBKE IO OKOHYaHUsI 0OBOIKHM.

IIporuece cosmanmst Yeprexa OKOHYATENHHON KOMIOHOBKH - 3TO
HE TOJILKO NajIbHeMllIee pasBUTHE, HO TPEXIe BCEro U TIpOBepKa pele-
HHS KOMIOHOBKU. YBEDEHHOCTb B PallHOHATBHOCTH NPUHATON KOMITO-
HOBKH IMPHUXOQUT HANCKO HE C MEPBBIX WIATOB CO3MAHUA YepTeka OKOH-
yaTelTbHOM KOMIOHOBKUM. OHAa BO3ZHUKAET TOJIBKO IO 3aBEPIUCHUI0 pea-
JM3aUMK OONBIIMHCTBA 3aIaHHBIX TpeGoBaHMIl B KoHcTpyknuu. Mmen-
HO B 3TOT MOMCHT 3aKaHYMBacTCs (pOPMUPOBAHNE KOHCTPYKLMH, B KO-

. TOpOH OTpaXeHa M NPUHUMUITMANBHAS CXeMa, M TpeOOBAHMA TeXHUYE-
| CKOI'O 3aiaHUsl, ¥ B3aUMOCBS3U MEXaTPOHHOIO MOJIYJISL C OKpPYXKEHHEM,
M KPUTEPUH PALIUOHATBHOCTH, ¥ MHOTOE JPYToe.

1.5.9. Tunbl u ctagum paspaborku
KOHCTPYKTOPCKOM OOKYMeHTaLuu

Koncrpykropekuit noxyment (KI) B 3aBHCUMOCTH OT ero HazHaye-
HUSA OTACBHO MIH B COBOKYITHOCTH € JIPYTMMH HOKYMEHTaMM OIIpeie-
JACT COCTAB M YCTPOMCTBO U3JENMA U COAEPXKMT HEOOXOMUMbIE NAHHBIE
IS ero paspaOOTKHM, M3TOTOBNEHMS, KOHTPOJIS, IpPUEMKH, TOCTABKH,
SKCIUIyaTalluid U PEMOHTA,

B 3aBHCHMOCTH OT cONEpKaHNsS KOHCTPYKTOPCKHE JOKYMEHTHI ITO[-
pas3lensiioT Ha JIBa TUIIA;

Ipaduyeckue KJI — moxymeHTs, comepxalnye rpaduyeckoe M30-
OpaxeHue u3flennss W (WIM) €ro COCTABHEIX YacTe#, ycTpoHcTBa M
npuHIHNa paboTel, BHYTPEHHUX M BHEIIHUX CBS3eil ero byHKIMOHAE-
HBIX YacTel;

Texcrosrie KJI — HOKYMEHTHI, cCONepXalllie B OCHOBHOM TEKCT
CIUIOLIHOM MJIM pa3buThiii Ha rpadsl. TekcroBsie KOHCTPYKTOPCKHE I0-
KYMCHTbI MOTYT B BHJE WUTIOCTPALMH CofepXaTh rpaduvecKuii MaTepu-
an.
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B 3aBUCHMOCTH OT CTAZMH pa3paboTKH KOHCTPYKTOPCKHE HOKYMEH-
75 MOAPA3IENIAIOT HA IMPOEKTHHIE (TEXHUYECKOE MPEMIOXEHUE, SCKHU3-
ypIil MPOEKT, TEXHHIECKHH IIpOeKT) U pabouue (rpaduueckue TOKYMeEH-
51 — YEPTEXHU JeTajed, cOOPOIHBIE YEPTEKU - M TEKCTOBBIE - CIELH-
uKaLmn Ha COOPOTHBIE eIIMHMUIIBI).

HoMeHKIIATypa KOHCTPYKTOPCKMX JOKYMEHTOB, anycxafzmﬂx Ha
KOHKPETHBIN OOBEKT, TpejacTapieHa B Tabn. 1.3, a cramuu paspaboTku

eHTOB — B Tabm. 1.4.
KOHCTPYKTOPCKHX JOKYM Ta6numa 1.3

HoMmeHKIaTypa AOKYMEHTOB il CTa[Ni NPOEKTHPOBAHMS
(no F'OCT 2.102-68)

’ Pabouas pokymeHTaLMs
o oekE ﬂ Hay
£z 3 5 | 3
i Biua 82 = | 2| = [%3]| 8 | E
JOKY- JOKYMCHTA sc z 2 @ % g 2 o
MEHTA 3 g < 3 o é = c L-z_f
= % < | 85| 2 S
(0] = '-8 ] = =
— | HepTex metanu S 0! +1 S B
CBb | CBopouHBIi YepTex e i = =y + At
BO | Yeprex obniero Buaa 0 0 * AT T B [ A ] s
TY | Teoperuueckuit deprex e 0 0 0 0 0 e
I'd | FaGapuTHEIA YepTex 0 0 0! 0! 02 Qi
MY | MoHTaxXHbIH YepTEXK — | = = 0 0 0
Y4 | YnakoBoYHBIH YepTEX — | — 0 0 0 0
— | Cxemn 0 0 0 — 0 0 0
— | Cnemmdmkauusa — — — — i e -
BC | Bemomocth cienuduxkaumii | — | — | — | — 0 0 0
BI | BemoMoCTE CCBITOYHBIX — | =1—=1| - 0 0 0
JIOKYMEHTOB
BI1 | BexoMocTh TTOKYTTHEIX H3- —_— 0 0 — (1] 0 0
Henuu
BU | BenoMocTs corlacoBaHus — 0 0 — 0 0 0
NPUMEHEHHUA MOKYMHBIX
M3IENUA
AIl | BenoMocTs Aepxateneit S (PSR (R = 0 0 0
TTOAIMHHUKOB
[T | BenomMocTk TeXHUYECKOTO ot - — e NS = 0
NpeLUToXKeHHI
BI1 | BemoMocTb 5CKM3HOTO T T e e R e
NpoeKTa
TII | Bemomocts Texumueckoro | — | — | + | — | — | — | —
TIDOEKTA
113 | MoscHuTensHas 3anmcKa T T i e (e T e
TY | Texnuueckue ycnopus L W AR R 0 0 0 [o
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ITponomxenue tabn. 1.3

Iponomxenue Tabn. 1.4

Jlurepa

JOKYMEHTa JloTonHHUTENBH bIE YKaszaHua

Craguy pazpaboTku

KoppeKTHPOBKa pe3y/IbTaTos 10 pe-
synbTaTaM M3rOTOBNEHHUA M MpeaBapH- 0
TeJibHBIX MCIIBITAHAI ONBITHOTO 06pas-
y1a (OMBITHON MAPTHH)

KoppeKTHPOBKA AOKYMEHTaLHH MO pe-
3yabTATAM TOBTOpPHOTO (NpH Heobxo-
AMMOCTH) M3TOTOBJIEHUA H MPHEMOY- 0,
HBIX MCTIBITAHMI OMLITHOTO oBpasua
(omBITHOH NAPTHH)

Jlutepa npucBauBaeTca no-
cJle OKOHYaHUA KOPPEeKTH-
POBKH

Jlng cepuitHOrO M MaccOBOTO NPOM3BOACTRA

Tlpoekr | Pabouast mokymeHTauus
o D
gg HA
Wnd S E e 20l 2
H £ =
- P Buxa E 38| 3 S = | Sz & C
el [AOKYMEHTA z 3| z g |z5| 2 |8
3 s Q = § @ =3 = =
BENTE | 2 SSRE NS
Y =3 o o
m = 18 ] = -~
MM | IlporpaMMa u MeTOoHKA 0 0 0 0 0 —
UCTBITAHUH
TE | Tabnuusi 0 0 0 0 0 0 0
PP | Pacyernl 03 03 03 0 0 0 0
IO | JlokyMeHTHI npoyue 0 0 0 0 0 0 0
[1® | ITaTeHTHBIA dopMmysip 0 0 0 0 0 0 —_
F'OCT 2.110-68
— | HokymeHTsl akemayataum- | — | — | — 0 0 0 0
OHHEIE
— | JOKYMEHTE pEMOHTHELIE =i =0 == 0 0 0 0
KY | Kapra TexHuueckoro 0 0 0 0 0 0 0
YPOBHS M KayecTBa Mpo-
OYKUMH
U Wnerpyxkums — — — 0 0 0 0

[Ipumeyauusa: «+» — TOKYMEHT 06513aTeNBHRIT; «0» — MOKYMEHT COCTABIAIOT B
3ABUCHMOCTH OT XapakTepa, HasHaYeHUsA WIM YCOBHIA IPOM3BONCTBA MINCIHSA, «-»
— NOKYMEHT HE COCTABJIAIOT.

HOoKYMEHTEI € ONMHAKOBRIMH MHIEKCAMM MoryT G6bITh coBmeteHbl. CoBMme-
U[EHHOMY MOKYMEHTY IDHCBAWBAETCA WWHMGMD M HaMMEHOBAHHE BRILIECTONINETO B

KoppeKTHPOBKA [[OKYMEHTALIMH OTBIT- JIutepa npucsansaercsl no-

Horo ofpasiia 1Mo pesynbTaTaM M3roTOB- A cJie OKOHYaHWA KOPPeKTH-

JleHyA W MCTBITAHKHI YCTAHOBOYHOM ce- POBKH U 0TpaboTkH (ocHa-

PHM U3JENHH HIEHHA) TEXHONOTHYECKOTO
npougcca

JIing egMHHYHOro ITPOH3BOACTBA

Pa3spaBoTka 3cKM3HOTC MPOEKTa 10

Tabnuie JoKyMeHTa,

Taonunoa 1.4

Cragun paspaboTKu KOHCTPYKTOPCKON OKYMEHTAIHM
(I'OCT 2.103-68)

Jlutepa

Cranuu pazpabortku
JOKYMEHTA

HononHuTeNbHbIe yKa3aHusa

JLns cepuitHOro ¥ MAacCoOBOrO TIPOM3BOACTBA

PaapaBoTka TCXHHYECKOTo NpeLIoKe-

Husa no TOCT 2.118-73 I Jlurepa npocrapnsercd npu
Paspa6oTka 3cKM3HOTO NpOEKTa Mo paapaboTke JOKYMEHTOB
roCT 2.119-73 ic)

PazpaGoTka TeXHHYECKOTO MpoeKTa Mo

I'OCT 2.120-73 T

Pa3paboTka JOKYMEHTALIMK JUI8 M3ro- some
TOBJIEHHS! ONBLITHOTO 06pasiia (omsiT- e e '
HOH MapTum)
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FOCT 2.119-73 3

Pa3spaboTka TEXHMYECKOTO TPOEKTa 1o Jlutepa npuceauBaercs npu
rocCT 2.120-73 j & pa3paboTKe JOKYMEHTOB
PaspaboTka JOKYMEHTALIMM [UIST M3T0-

TOBJICHUS M3ENUs E

KoppexkTHpOBKa IOKYMEHTAIIMH TO pe- JInTepa npHcBauBaeTcs Mo-
3yJbTATAM M3TOTOBJIEHMS ¥ MUCIIBITAHUSA E, CJIe OKOHYAaHHA KOPPEKTH-
H3Eenua PDBKH
IMpumeyanus: :

,[[OH}’CKaCTCH HE TNpPUCBAHBATL JIMTEDY KOHCTPYKTOPCKHUM MOKYMEHTAM, Bbl-
MONTHEHHBIM B BHAE BCKH3O0B. J'lm'epoit MOJHOr0 KOMILIEKTA Kﬂ U3AENHA CHCHYET
CYMTAThL HH3IIYIO W3 JIUTED, YKA3aHHBIX B JOKYMEHTAX, BXOAAILIHX B KOMIUIEKT. Jn-
Tepa MONHOTO KOMILUIEKTa NOKYMEHTOB M3IC/HA AO/KHA BRITE yK43aHa B OCHOBHOH

HAOMWCH ero crnelubUKALIMH.

Texuuyeckoe npemwioxenue (II) — 3TO COBOKYIHOCTE KOHCTPYK-
TOPCKUX NOKYMEHTOB, KOTODBIE HO/DKHEI COIEPKATE TEXHHYECKUE U TeX-
HUKO-3KOHOMHWYeCKHe OOOCHOBAHMA Lelecoobpa3sHOCTH pa3paboTku
IOKYMEHTAIUM HA H3[eNWe HA OCHOBAHMM TEXHHYECKOro 3amaHMd U
Pa3IMYHEIX BAPUAHTOB BO3MOXHEIX DEICHWI M3AEINA, CPABHUTENLHOM
OLEHKM pelleHuif ¢ y4eTOM KOHCTPYKTOPCKMX M 3KCIUTyaTallHOHHBIX
OcobeHHOCTel pa3pabaThiBaeMOro M CYHIECTBYIOIUUX H3NEMUH W Ta-
TEHTHEIE HCCIIeROBAHMA.

TexHuyeckoe MNpeUIOXEHHE pPa3pabaThIBAIOT € LEABIO BBHISBICHHUA
AOTIONHUTENBHLIX WIM YTOYHEHHHIX TpeOoBaHWil K U3NENHI0 (TexHHUYe-
CKHX XapaKTepHUCTHK, ITOKa3aTeNeii KagecTsa U JIp.), KOTOpble He MOIIU
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ObITh YKa3aHbl B TEXHHYECKOM 3alaHWM, U ITO LeecoobpasHO CAENATH
Ha OCHOBE IPEABAPUTENLHOM KOHCTPYKTOPCKON MpopaboTKH U AHATH3A
pasIMYHbIX BADUAHTOB H3IE/IHA.

Texuuyeckoe npeUIoKeHNHe SIBISETCS NEPBBIM 3TArIOM KOMITOHOBKH
UB[CNINSA B PE3YJIbTATE YEro BHIABJSIIOT OTHOCUTEJILHOE DACMONOXKEHUE
ero getanei M rabapuTel M3IEIH.

Texnuyeckoe TpeIoXeHUE MOCHE PACCMOTPEHMS U YTBEPXKIEHUS
SIBISIETCA OCHOBaHUEM IUTS pa3spaboTKH 3CKU3HOTO (TEXHMYECKOTrO) Mpo-
eKTa.

DekusHbIH NpoekT (D) - 3TO COBOKYIIHOCTH KOHCTPYKTOPCKHX J0-
KYMEHTOB, COMEPXAaIUMX MPUHLHUITHAIbHLIE KOHCTPYKTUBHBIE pELIEHNUS,
Jaionye obliee npejicTapieHle 06 yCTpolicTBe M NMPUHIMAIE PaBOTHI U3-
AN, a TaKXKE JaHHbIC, ONpPEIENAIOUME Ha3sHAYCHIHE, OCHOBHEIE Tapa-
MeTphI ¥ rabapuTHbIE pasMephl pa3pabaTEIBAEMOTO H3METHs.

DCKUBHBIN NPOEKT pa3pabarThiBalOT ¢ LEJbI0 YCTAHOBJIEHUS TIPUH-
LMITHATBHBIX (KOHCTPYKTHBHBIX, CXEMHBIX M Jp.) pelIeHHH M3Ienus,
AaouyX obuiee mpeicTaBleHHe O MPUHLKIE PAGOTH M YCTPONCTBE H3-
JIelu.

Heprexx u3genusa IpeacTaBisier cobolt MambHERIYIO pa3paboTKy

- [IEPBOrO 3Tana KOMIIOHOBKM M [OOJDKeH BKIIOYaTh 2-3 NIpOEKIIHH, a

TAKXKe JOIOJHUTEILHBIE BUIBI, PAa3Pe3bl U CEYCHHUS.

IToce paccMOTpeHMsI M YTBEPXICHHS SCKH3HBIA MPOEKT CIIYKUT
OCHOBaHMEM Ul pa3paboOTKH TEXHHYECKOTO MPOEKTa WIK paboueil KOH-
CTPYKTOPCKOU JOKYMEHTALIMH.

Texunueckuit 1poext (T) — 370 COBOKYNMHOCTH KOHCTPYKTOPCKHX
JOKYMEHTOB, KOTOPEIE IOJDKHBI CONEPXKATh OKOHYATENBHBIC TeXHMUe-
CKHE pelleHMs, Jaloliue npejcTapieHue ob yerpoiictse paspabaThiBae-
MOTO USHENUst, U UCXOMHEBIE NAHHBIE U pa3paboTku paboueil JOKyMeH-
TaIH,

TexHHYecKHil MPOEKT pa3pabaThIBAIOT C LE/IbI0 BBISIBACHUS OKOHYA-
TEJBHBIX TEXHUYECKUX PpEIUCHMH, HalOIMX ITOJHOE IIPEACTABIECHHE O
KOHCTpyKIny m3genud. IIpy HeOOXOMMMOCTH TeXHMYECKHMI MPOEKT MO-
KeT IpefycMaTpUBaTh pa3pabOTKy BapHAHTOB OTHENBHBIX COCTABHEBIX
qacTelf u3ienusa. BeiOop ONTHMAIBHOTO BapUaHTa B STHX CIy4asx OCy-
IECTBIAETCA HA OCHOBAHMHM MCIBITAHUIA ONBITHBIX 06PA3IOB M3NETHS.

Texnudecknit npoekT, colepXkauluit yeprexX OGLIErO B3, BEIO-
MOCTb TEXHHYECKOTO MPOeKTa, IOSCHUTEIbHYIO 3aMiCKY, AaeT IOJHoe U
OKOHYAaTeJIbHOE TIPEJCTABIEHNE O KOHCTPYKIIHM, B3aMMOICHCTBMH CO-
CTaBHBIX YacTel, SKCIUIyaTal[MOHHO-TEXHUYECKHX XapaKTePHCTHKAX M3-
JeNusd U [MOsSCHIET IIPUHLIMIT ero paGoTHL.

Ha ueprexe obiero BHIa MOJCKHE! OLITE:
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a) M300pKEHBI BUABI, PA3PE3bl M CEHYCHMs M3JETUS, HAHECCHBI
HaNIMCH ¥ TEKCTOBAs YacTs, Hcoﬁxonumz?:e IUTS TOHUMAHUS KOHCTPYK-
TMBHOIO YCTPOIHCTBA M3JENMsI, B3AUMONCHCTBUS €ro COCTABHBIX YacTeit
1 TIPMHILATI paboThL;

6) yKka3aHbl HAUMEHOBaHME (€C/IM BO3MOXHO, TO U 00O3HauCHMUE)
cOCTABHBIX YacTell M3/eNHs, VISl KOTOPLIX OOBSICHSIETCA MPUHLIMUIT pabo-
TBl, TPUBOISTCS TeXHUYECKHE XapaKTEPHCTHKH, YKA3BIBACTCA MaTepual,
KONUYECTBO TEX COCTABHBIX YacTed M3JENHs, C MOMOILBIO KOTOPEIX OIMK-
cpIBaeTCsl TIDMHIIATI €ro padoTHl, MOsCHAIOTCS H3oOpaxkeHus obuero
BHUJA M COCTaB U3MIEIHsI,

B) NpUBEJEHBE HeOOXONUMBIE pasMepsl M, eciH Tpebyercs, cxema
(HampuMep, KWHeMaTHyecKas) M3[enus, TeXHWYECKas XapaKTepucTHKa
¥ TexHU4YecKue TpeboBaHusd. :

Cxema — 5T0 rpadudecKuil KOHCTPYKTOPCKHH MOKYMEHT, Ha KOTO-
pOM TIOKA3aHBI B BUAE YCJIOBHBIX u300paxeHUit MM 0603HaYEHUI CO-
CTABHBIE YACTH M3MIEHS U CBS3H MEXIY HHMMU.

B 3aBHCHMOCTH OT BUJIOB 3JIEMEHTOB M CBSI3€il, BXOMAIINX B COCTAB
M3/IENUA, CXEMBI IOAPAsNeNsioT Ha cliefylolue BuUAbl, 0003HaYaeMbie
DyKBaMu:

aneKkTpuyeckue — D; rumpasnudeckue — I'; mHesMarnyeckue — II;
razossle (KpoMe nmHeBMaTHueckux) — X; KuHematuyeckue — K; Baky-
ymusle — B; onruueckue — JI; sHepretmyeckue — P; menenua — E;
xoMmbuHMpoBaHHBE — C.

B 3aBHCHMMOCTM OT OCHOBHOTO Ha3HadeHUSA CXEMBI ITOIPA3NENIIOT
Ha cIelyIoLie TUIThI, 0603HaYaeMBbie U(ppaMH:

cTpyKTypHBle — 1; dyHKIMOHATBEHBIE - 2; NPUHLMIKAILHBE - 3,
COeNMHEHUH - 4; TOAKMIOYEHHA - 5; obumue - 6; pacmonoxeHus - 7;
obrenuHeHHBIE — 0.

HaumeHoBanue M KOI CXEMBI OIpEleNAeTCs €€ BUIOM H THIIOM,
HanpuMep, cxeMa KMHeMaTudeckas npuHuunuaibHas — K3, cxema run-
pofiHeBMaTHyecKass ¢yHkuuoHansHas — C2, cxema 3JeKTpuyecKas
TIPUHIIHITHATLHAA ¥ coequHeHuit — 0.

IMosichurenshyio 3amucky (I13) cocraBisioT Mpu paspaboTke Tex-
HUYECKOTO MpeUIoXEeHNsI, SCKU3HOI0 X TEXHUUECKOTO MPOeKToB. B Heit
CIIe/lyeT MPHBOAUTH XapaKTEPUCTHKYU BRIOPAHHBIX TEXHHYECKHX CPEICTB
1 HecTaHAapTHOro OOOpPYHOBaHUS, PE3YJIbTaTHl PacHdeTOB MPEANOYTH-
TEJIbHO MpeACTaBisTh B TAOMMYHOM (opMe. .

B ofmeM ciydae mosicHUTENbHAA 3alMCKA K TEXHUYECKOMY MpoeK-
Ty IOJDKHA COCTOATh U3 CIICAYIONIMX Pa3NeloB:

ColepXaHWe, BBecHWe, XapaKTepHCTHKa H3MENHd, OCHOBHBIE pe-
UIEHNA, TeXHHKO-3KOHOMMYecKoe ODOCHOBAaHME M CMETHas CTOMMOCTh
KalUTaILHBIX 3aTpar, MarepualbHO-TEXHUYECKHE CpelcTBa, obecriede-
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HHUE SHEpropecypcaMM U BBINOJIHEHMe TpeGOBaHUIl, CBI3AaHHBIX C ABTO-
MaTH3allMedt ¥ MeXaHM3aUMeH, HAYYHO-UCCIENOBATEILCKUE, OMBITHO-
KOHCTPYKTOPCKHME M 3KCHEPUMEHTAIbHBIE PabOThl, YKA3aHUS IO MOJTO-
TOBKE M peanu3alliy IIPOeKTa, NPHIIOXEHNA.

K paboyeif HOKyMEHTalMH MPOEKTa OTHOCAT rpauyecKue JOKYy-
MEHTBI (JepTeXy feraneif ¥ cGOPOUHble YEPTEXH) U TeKCTOBEIE (cre-
nHpuKaiuy Ha c6opouHble exuHuLbl). Kpome Toro, MOTYT OBITH BBI-
TMOJIHEHBl TabapUTHBIA, MOHTaXKHBIA W Ipyrue YepTeXH, BeJOMOCTH
criequguKaLiif, CCBUIOYHBIX TOKYMEHTOB.

COopoyHblit YepTeX MODKeH ObITh BHIMOJHEH C HEODXOMMMEIM KO-
JTMYECTBOM M300paXeHMRt (BUIOB, pa3spe30B, CEYEHUH M BHIHOCHBIX
3JIEMEHTOB), JAIOLIMX IOJIHOE NpPEACTAaBIeHHEe O ero rabapuTax, KOHCT-
PYKIIMH, Ha3HAYCHHH, CBI3M COCTAaBHEIX YacTei U UX B3aMMOOeHCTBUM B
npouecce paboThl; cOOPKe, pa3bopke M KOHTpoie COOPOYHBIX ENXHHHIL
METOHaX CMa3KH, TEXHUYECKUX NAaHHBIX H3TEIU.

CBopoyHbIi 9eprex AOJDKEH CONepXaTh:

a) usobpaxeHue cOOPOYHOM eTUMHMIIBL;

0) pasMepsl ¢ yKa3aHUEM IpeieBHbIX OTKJIOHEHM, KOTOpEIE IpO-
BepSIOT Npu cbopke;

B) COTIPSDKEHHBIE PA3MEPhI ¢ 0B03HAYEHHEM TOCANOK,

I) OCHOBHBIE Pa3MEpBI, XapaKTePU3YIONIUe U3IEINe U €ro OCHOB-
HBIC COCTaBHBIE YacTH (HANpMMep, MEXOCEBBIE PACCTOSHUA ¢ JOMYC-
KaeMBIMH OTKJIOHEHHAMH);

/) HOMepa MOSHIMIA COCTaBHBIX YacTell, BXOAAIIMX B U3LeIIHE;

€) OCHOBHbIE TEXHUYECKUE XAPAKTEPUCTUKY U3IEITUS;

X) rabapuTHBIe, YCTAHOBOYHBIE M IIPHCOCIUHUTENBHEE Pa3MepHI,
4 TaKXe HeoOXOAUMBIE CIIPABOYHBIE Pa3Mephi;

3) TeXHUYeCKHe TPeOOBAHMA K TOTOBOMY M3NETHIO.
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Maea 2
MEXATPOHHBLIE MOOYINU

2.1. Knaceudumkauua MexaTpoHHLIX Moayneu

Lensio Jmoboit knaccudukauy sBIAETCS CHCTEMATU3aLUsd HH-
¢opMalu¥ O HEKOTOPOM OOBEKTe B BUIE YIOPANOYCHHON CTPYKTYPEI
Ui obJIeTYeHUs OPUEHTALMM YeloBeKa B OKpyxaiollel cpepe. Yaure
BCero UCIOJB3YIOT MEPapXHUECKYIO CTPYKTYDY, NMO3BOJSIONIYIO [IOJIb30-
parenio 0e3 ocolBIX 3aTpyNHeHWH KoOpaTthesd N0 UHTEepecylomei MH-
dopmaunu 06 obvekTe. D10 MO3BONIAET CO3AaTh 3P PEKTUBHbIE HHPOP-
MallMOHHO-TIOMCKOBBIE CHCTEMBI, ABIAIONINECS OCHOBOU npu paspabor-
Ke ABTOMATHU3HPOBaHHBIX OAHKOB JaHHBIX.

Krnaceudukanus xapakrepusyercs OOBEKTOM, IPU3HAKAMM Kiac-
cuUKaMH M UX TIOCTeRoBaTelbHOCTEI0. COrlacHO KiIacCH(pUKalHMK
co3naorcs 0bpasbl obsekTa. [ToaToMy IS OIHOTO M TOTO Xe 0ObeKTa,
06pa3sl KOTOPOro 00JIanaloT pasHOODPasHBLIMU NMPU3HAKAaMM, B 3aBHCH-
MOCTA OT BBIODaHHBIX NPU3HAKOB M MX MOCIENOBATEIBHOCTH, MOXKHO
MOCTPOMTH pasHble BapMaHThl MEPAapXMIECKOrO JEPEBa, T.€. HECKOJBKO
pa3nMYHbIX Kiaccuduxauuit. [Ipin 3TOM KOHKPETHBIN TO/IL30BATENb OT-
naeT IpeAroYyTeHue Toit kiaccudukamyy, KoTopas 1o3BojsieT ObICTPO U
[IPOCTO PEIIUTh €r0 HacylHbIe MPOOIeMBL. _

Ha puc. 2.1 mpeacrapineHa kiaccM@puKalldsi MEXaTPOHHBIX MOMIY-
Jieit M0 KOHCTPYKTHBHBIM IIPH3HAKAM:

B monHoit Mepe dyHIaAMEHTAILHOMY OIIpele/IeHHI0 MEXaTPOHUKH
COOTBETCTBYIOT TOJNBKO HHTEJUIEKTYyalbHbIE MEXATPOHHLIE MOIYJIH, KO-
TOpBIE COAEpXAT BCe TPH omnpexesnsiomue mopcucreMmsl. IMpuuem mo
CPaBHEHUIO ¢ MEXAaTPOHHBIMM MOIYJISMHM JBMIKEHMA OHM MMEIOT ala-
PaTHO-BCTPOEHHYIO KOMIIBIOTEPHYIO Y4acTh.

Bxomouenne B kiaccudbukanuo MOLYIeH ABUXKEHMS W MEXaTpOH-
HBIX MOMyJIel NBMOKEHUS MPEHCTABISETCd METONMYECKM M JIOTHYECKH
obocHoBaHHEIM. JIeICTBHTEIEHO, 3TH KiIacCchl MEXaTPOHHEIX OOLEKTOB,
NIOCTPOeHHLIE HA MEXaTPOHHBIX NMPUHIKIIAX MPOSKTUPOBAHUA, ABISIOT-
¢ 0a3off AN CO3MAHUA <«HMCTUHHO MEXaTPOHHBIX» MOMAYJIEH — HHTEIN-
JIEKTYaJIbHEIX MEXaTPOHHBIX MOLYIEH.

B jpanpHeiflleM MEXaTPOHHBIE MOAYJIH M CHUCTeMbl OyayT obOnhemmu-
HATH B MeXaTPOHHBIC KOMIUIEKCHI Ha 0ase eQMHBIX' MHTETPALMOHHBIX
wiatdhopm. Ilens cozmaHus TAKUX KOMIUIEKCOB — JOOMTLCS COYETaAHHA
BBICOKOM MPOM3BOAMTEIBHOCTH H OXHOBPEMEHHO TI'MOKOCTH TEXHHUKO-
TEXHOIOTUYecKOM CPEHbI 3@ CYET BO3MOXHOCTH €€ PeKOH(bUTypaluy.

PaccMoTpuM MeXaTpOHHBIE MONY/IM COIJIACHO TIPEACTABICHHOM
Kitaccudurauu.
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MexaTpoHHbIe

mMoaynu

WHrennekryansHsie
MEXaTPOHHBIE MOAYNW

Knaccudmxauua MexaTpoHHBIX MOLYIEH

[lo yposHasmM|UHmeapauuu

MexaTpoHHbie
MOAYNM ABIWKEHUA

Mo 4ucny cmeneHled nodeuxHocmu

Mogynu
ABWKEHUA
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Puc. 2.1

2.2. Mogynu ABUXKeHMA

Monyiab asikeHHS (M]II) — KOHCTPYKTUBHO H (DYHKIIMOHAIBHO
cAMOCTOSITENIbHOE M3[eNNe, BKIIOYaloliee B Ce0sl MEXaHWYECKYI0 U
57EKTPUYECKYIO  (DNEKTPOTEXHMYECKYIO) YaCTH, KOTOPOE MOXHO MC-
[10JTh30BATE MHIMBHAYAJIBHO M B PasiHYHBIX KOMOMHAUMSIX C APYTHMH
MOOVIIAMHA.

I1aBHBIM OTJIMYAIOINMAM TIPH3HAKOM MOIYJS JIBHXKEHHS OT oblie-
[POMBIIIIEHHOTO MPHUBOJA SBJISETCA MCIIONB3OBAHME Bajla JABUTATEIST B
KAUeCTBE ONHOTO M3 DJIEMEHTOB MEXaHWYecKOoro mpeobpasopaTess
nevxkenus.  IlpumepamMum  Momyieidl  ABMXKEHHMS SBASIOTCA  MOTOp-
peyKTOp, MOTOP-KOJIECO, MOTOP-0apabaH, 3/CKTPOIINHH/ICIIb.

C rnogBieHHeM 3JIEKTPOABUIraTecH M HAYATOM HOBOM 3pbl B Me-
XaHM3a1UKM TEXHOJOTHYECKHX [MPOLIECCOB BCTAN BOMPOC O HeobXoAumo-
CTH 1LMPOKOTO PEAYHHPOBAHMA YACTOT BPAUIEHUs JAEKTPOABHTATEEH U
NoJIy9eHUS HeoOXOMUMBIX KpYTAIIMX MOMEHTOB. Muorumu dupMamu
6pUTH pa3paboTaHbl pasUYHbIE KOHCTPYKUMM, HAYMHASA OT PEMEHHBIX H
LIeNHBIX Tepelay M 3aKkaH4yMBasg pa3sHooOpasHbBIMM 3YOYaTBIMH PEAYKTO-
pamu. HemocTaToK GONBINMHCTBA 3THX KOHCTPYKLUHMH COCTOST B ‘{pCS-
BHIMAMHOI MX TPOMO3IKOCTH M HEyIoOCTBE MOHTaXa.

B 1927 rony dupmoii «bayap» 6puia pazpaboTaHa NpUHUKMIMAILHO
HOBasg KOHCTPYKUMA — MOTOpP-PEAYKTOP, OOBENMHMBINAS B ONMH KOM-
ITAKTHBIA KOHCTPYKTHBHBIH MOOYJIb 2JE€KTPOIBMIaTe]b M npeobpa3oBa-
Telb ABMXKEHMS (PEOyKTOD) M IOJYYMBILASA B HACTOSLLEE BPEMA 1IMPO-
Koe pacripoctpadeHue. C Tex mop HosBUIACh OTPOMHAS raMma pasfiud-
HBIX THIIOB MOTOP-PEAYKTOPOB [UIf PasiMYHBIX YCITOBHI NPUMEHEHHS,
KOTOpBIE TIO3BOJIAIOT HAWTUH ONTUMATLHOE PEIIEHHE B KaXKIOH KOHKpET-
HOH IPHBOIHONM 3amadve.

Tak Caukr-IleTepOyprexuil HaysTHO-TEXHOIOTHUYECKMH LeHTp «Pe-
nykrop» (HTLI «Pemykrop») BBITycKaeT OJHO-, IBYX- M TPEXCTyMeHYa-
Tble MOTOP-pPEOyKTOpel: InutMHapuyeckue (ML, MII2C, MII3C,
MII2B, MII3B ¢ nepemaroursM oTHolenuem U = 1,6...12,5; yacroroi
BpallleHusl BhIXOfHOTO Bana ny = 450...3,55 o6/MUH M KpyTALIUM MO-
MeHTOM Ha BeixonHom Banmy T, = 18...8530 Hwm), mmnunapo-yeppsuHbie
(MIIY, MU24, MIIY2 ¢ U = 16...1600; n, = 98,75...0,47 o6/muu u T,
= 6..69300 Hwm), ueppsunsie (MY, MPYH, MPUIl, MY2 ¢ U =
3...4000; n, = 300...0,187 o6/Muu u T, = 4...63200 Hm), nianerapsie
(3MIT ¢ U = 4...400; ny = 280...3,55 06/mun u T, = 60...8600 Hm) u
BonHopbie (MB3 ¢ U = 80...125; ny = 18...6,3 06/muu n T = 35...4500
Hwm) na nanax, draHIeBkle W ¢ MOJBIM BhIXOAHLIM BasioM [29].

Mocxoacmi’i HayuHo-TexHonorudeckuit ueHtp «IlpuBogHas Tex-
Huka» (HTIL «IIpuBomHas TeXHHKa») BBIMYCKAeT OJHO- M ABYXCTYIEH-
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YaThle MOTOP-PENYKTOPBI: uepBsuHbie (MY u 742 ¢ U=7...10000;

n,=200...0,14 06/mun, T, = 3,9..294]1 HM M MOIIHOCTHIO 31MEKTPOLBH-
rarens Py = 0,09...15 kBr), unnuunpo-uepsaunste (7MY u 714 ¢ U
= 60...610; ny = 23,3...0,8 06/mun, T, = 24...3984 Hm u P, = 0,02...7,5
KBT) 1 uumnapuyeckue coocHsie (4MII2C ¢ n; = 28...40 o6/muH u Py
= 0,55...18,5 kBr) [25]. \

MHuorue sapybexusie (Gupmsi, Hanpumep, MOTOVARIO, VAR-
VEL, MAXON u fp. BbINYCKAIOT pasnuyHbe MOTOP-peayKTopsl. Pup-
mMa MAXON npou3BoIUT 3JIEKTPONBUraTeH, WMIHHAPHYCCKUE U IUa-
HETapHbBIE PENYKTOPhI U HA X OCHOBE MOTOP-PEAYKTOPHI, KOTOPLIE, MPH
HEoOXoAMMOCTH, CHabXaioT QoroumnynscHeiMU matdukamu (OUJI),
pesonbBepamMu U TopMosaMu. Ha puc. 2.2 nokasana 61o4Ho-Mony/IbHas
CHCTEMa NMPHUCOCIMHEHUSI K JIEKTPOABHTATENIO Pa3/IMYHbIX THIIOB IJia-
HETADHBIX M LMIMHAPHYECKHX PEIyKTOPOB, a Takke LMGBPOBBIX Mar-
HUTHBIX U NH(PPOBBIX POTOMMITYIILCHBIX NaTYNKOB.
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Puc. 2.2

ITpumenenue 610YHO-MONYALHOTO NPHHIIMNA KOHCTPYMPOBAHHSA
MOTOP-PEIYKTOPOB TO3BOJIIET KOMOMHMPOBATh B MOIYJIE ABUTATENH
npeobpasoBaTesii JIBIDKEHUS PA3TMYHLIX TUIIOB U MOIIHOCTEH, obecre-
yuBasg TaKuM 00pasoM IIMPOKHH CIIEKTP MEXaHMYECKUX XapaKTEPHUCTHK
MOy JBIDKEHHS 110 YaCTOTEe BPAIEHMST ¥ BPAIIAIOMIEMY MOMEHTY.

KoHcTpykTHBHOE OOBENMHEHUE 3MEKTPOABMTATENs U Npeobpaso-
Barejis ABIDKEHMS B €IMHBIA KOMIIAKTHBINA 3JIEKTPONPUBOL — MOTOP-
PENYKTOP MMEET DsAN NPEUMYIUECTB 10 CPAaBHEHUIO C YCTAPEBILEH CHC-
TEMOH COEJIMHEHMSI SJIEKTPOUBHUTATENSI W MNpeobpasoBareisl ABHKEHHS
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yepe3 MyQTy. DTO U 3HAYMTENBHOE COKPALICHHE rabapUTHLIX Pa3MEpoB,
CyLECTBEHHOE YMEHBIUCHHE KONMYECTBA NPUCOEAMHMTENbHLIX AcTalei
J1 3aTpaT Ha YCTaHOBKY, OTJIA[KY M 3aMycK.

TakuM 00pa3oM, MOTOP-PEIYKTOD SIBJSIETCSI B HACTOSMILEE BpeMms
onHUM M3 Haubolee pacHpOCTpaHEHHbIX BHAOB 3JeKTponpusosa. Bo
pceM MUPE BBIMYCKAIOT €XEromHO MUJUTMOHLL IITYK MOTOP-pPEAyKTODOB
pasIMYHBIX THTIOB ¥ HCIONHEHHIT, YTO MO3BOMACT YNOB/ICTBOPUTL BCE
MBICJUMBIE MOTPEOHOCTH KIIMEHTOB.

Motop-peaykrop (puc. 2.3) COCTOMT U3 JIBYX OCHOBHEBIX 2JeMEH-
ToB: snekTpoaBurarens | u npeobpasosarens ABiXeHUs (pemykropa) 2,
UMEIOIIETO CTHIKOBOYHYIO MOBEPXHOCTE 3 C OTBEPCTMSIMMU JUIA Kperie-
Husl K Hell anexTpopsuraresisi BUHTamMu win Gontamu 4. ITpu obvenu-
HEHMH SJIEKTPOJBHUIATENs] M PEOyKTOpa B €IUHLIH KOHCTPYKTHBHBIH MO-
Ay/lb BaJl 5 3NEKTPOABUIATE/IsT BCTABAAIOT BO BXOJHOW MOJILIN Baj 6 pe-
AyKTOpa M 3aKpEIUIsSioT MIMOHKOoH 7.

Ha puc. 2.4 npepcrapieHa cxeMa ONHOCTYIEHYATOTO YEpBAYHOIO
moTop-peaykropa. OH COCTOMT M3 3NeKTpoasurarena | u yeppsuyHoro
npeobpasoBaTesis IBKEHHA 2, COEMMHEHHBIX B ODIUMIT KOpNyc BUHTA-
mu 3. Ban 4 anekTpoaBura-
teass W rnpeoBpasosartesis
JBIDKEHUS eIMHBIN.

BremHmit BHA IBYX-
CTYIIEHYATOrO YEPBSIHOTO
MOTOP-peayKTopa  (QUpPMbI
MOTOVARIO mokasaH Ha
puc. 2.5 [25].

B MoTrop-penykropax
B KauecTBE 3JEKTPOIBMIA-
Tejell Hambosee yacTo Mc-
MOJIL3YIOT  ACHHXPOHHBIE
JIBUTATENM C KOPOTKO3aMK- Puc. 2.3 Puc. 2.4
HYTBIM POTOPOM M PeryJjiu-

PyeMBIM IIpeoOpa3oBaTe/ieM YacToThl BpallleHHWs Bajla, OxHO(asHbIE
TBUTaTeH M JBUTATEIM IIOCTOSHHOIO TOKa.

B kauectBe mpeoOpazoparenieil ABIKEHHA HMCHOIB3YIOT 3ybuarbie
UMTHHIPUYECKHE U KOHWYECKHE, YEepPBAYHbIE, nnchTapHme BOJTHOBBIE,
BUHTOBBIE M T.II. MepeJayu.

MoTop-penyKTopsl ABISIOTCS, MO-BUIMMOMY, HCTODHYECKH Iep-
BHIMM I10 INIPHHLMITY CBOEro IOCTPOCHMS MEXaTPOHHBIMH MOIYJISAMH,
KOTOpLIE CTajii CepMitHO BBRIMYCKATh M HALUTH [IMPOKOE NMPpHMEHEHHE B
NPUBOAAX Pa3iMYHBIX MAUIMH ¥ MEXaHU3MOB. B HHX, O CpaBHEHHIO C
TPAIUIMOHHBIM 37IEKTPOIPUBOJIOM, Y KOTOPOTO COGIMHEHME BaJla ABH-
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raTejiss W Bajia mpeobpa3oBaTelis

CPENCTBOM MydThl, MydTa OT-
CYTCTBYET, COEAWHEHHUE Bama
IBHTATENIA C [OJNLIM  BAJOM
npeobpasopares IBIDKEHUS
OCYIIECTBISIOT IPH  [TOMOLLK
LITIOHOK, JIBICOK ¥ T.II. MJIM BaJl
ABUTATENs. SIBISETCS BXONHBIM
BAJIOM PeNyKTOpa, T.. Bal eIy~
Puc. 2.5 HBIH.
Onnako orcyrctue myd-
ThL JIMIIAET MOTOP-PEAYKTOP IPEAOXPAHUTENBHEIX CBOMCTB. DTO MOXET
MPUBCCTH K BEIXOLY M3 CTPOH NPeoOpa3oBaTesis NBMXKEHUS M SIEKTPO-
asurarend.  Ilostomy B morop-
. PCOYKTOpax Ui UX 3alUTHl OT HeicT-
BHS BHE3AIHLIX IIEPEIPY30K yCTaHAB-
_ JIMBAIOT OrPaHUYUTENH BPAILAIOLIErO
y G N MomenTa. Ha pue. 2.6 npusenena xoH-
§\\‘ ;% | F'-‘?}» | 5 CTPYKUHST OTPAHMYHUTENS BPAIIAIOIIETO
\,,,,,,, ,z [z MOMEHTa YepBAYHOIO MOTOP-PEAYKTOpa
L IR [25].
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YepssiyHoe Koteco 1 ycraHapmu-
BalOT HA HEMOABWXKHBLIA KOHYC 2, BEHI-
TIOJIHEHHBI 3a0[IHO C BBIXOZHEIM Ba-
JIOM M NOABMXHEI! KOHYC 3, KOTOpBIit
MIOKUMAIOT TapeabyaToON IMpyKUHOM 4
_ : ¢  '1PC3 IOABIDKHYIO BTYJIKY 5 IIpH Io-
::Qm 4 MOIIH DPEryIMpPOBOYHOH rafikm 6 ¢

¢uxcaropom. B saBucmmocTv or TOro

Puc. 2.6 Ha CKOJIbKO 0GOpOTOB 3aBepHyTa pery-

JMPOBOYHAA raiika 6 BO3HHKAET COOT-

BETCTBYIOLIAsA OCeBast CHNA, BHISBIBAIOLIAS MOABICHHE MOMEHTA TPEHHUA

MEKIY KOHyCaMH M “EPBATHBIM KONECOM (IIPEAEBHOTO IepenaBaeMoro

Momenta). B Tabn. 2.1 mna koumyeckux OMHOCTYIIEHYAThIX MOTOp-

DEIYKTOPOB NMPUBEJEHBI 3HAYCHUS NPEJIENIBHOTO MEPEAABAEMOTO0 MOMEH-
Ta B 32BHCHMOCTH OT 3aT{KKH DeryJMpOBOYHON TAHKH.

IIp1 mpeBhlIEHUN BHELIHETO BPAaIIAIONIETO MOMEHTA Ha BBIXO[I-
HOM Bajly 2 €ro MPEENbHOrO 3HAYEHUS YepBIUHOE Koneco | HAUMHAET
MPOBOPATMBATECA M HE NEPEJACT BPAILAIOIIMA MOMEHT Ha 4epBdK 7,
TEM CaMbIM TIpeloTBpaIlas NpeoGpasoBaTelb ABIKEHUS H 3/eKTPONBH-
raTejlb OT HMOBpeXIeHHs,

NE\ | ez
& IR =
S RZR LN
§ 2@\

Y,

b
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HBHKEHMST OCYIUECTBASIOT [10-

Tun OBOpOTHI PEryTUpoBOYHOM raiiku

r_&izlif,pa 05, | 075 Do rnzs 4 S50l 1 | o
7MY40 10 20 25 30 35 40 45
7MUS0 30 40 50 55 60 65 70
7MU63 80 100 120 140 160 180 | 190

| 7Mu80 150 190 240 280 320 360 | 400

[ 7MU90 180 230 270 330 370 420 | 470
7MY100 220 280 330 390 440 490 | 550
TMY125 380 480 580 690 800 900 | 1000
TMY150 800 920 | 1050 | 1160 | 1280 | 1400 | -

Taonuma 2.1

3unauenns mpeaensbHoro nepenasaemoro momenta, H-m

JUisi HACTPOMKHK OrpaHMYuTeNss Ha TpeOyeMBlii MOMEHT HeOOXOmu-
MO: ‘

e TIOJIHOCTHIO OCHAOHUTE PEryJHPOBOYHYIO TalKy;

e 3aTAHYTH €€ BPYIHYIO JIO [MOHOIO BEIOOpPa OCEBBIX 3a30pOB. 3TO

[IOJIOXKEHHWE CUMTAIOT HYJEBEIM [UIS OTcyeTa TpebyeMoro Kojamuye-

cTBa 060POTOB raliKu;

e 3aTAHYTH TaliKy € MOMOIIBI0 KiIKOYa Ha HeoOXONMMOE YMCIO

oboporoB. Ecnu HeobOxomuMo ompenendTh 6ojee TOYHO BENUUHUHY

YCTAHOBICHHOTO MpEACIBHOIO MOMEHTa MOXHO BOCITONB30BaThCA

JTUHAMOMETPUYECKUM KIIIOYOM. I

CylecTBYIOT M Ipyrue KOHCTPYKLIMHM OTpaHUYMTENiel Bpalllawole-

ro MOMeHYa.
- Ha puc. 2.7 n3obpaxeH IUIaHeTapHbIil 3y04YaThlii MOTOP-PENYKTOP.
OH COCTOMT H3 ACHHXPOHHOro syexrpoxsuratens 1 cepun AO u
JBYXCTYIIEHYATOTO IUTAHETAPHOTO 3ybyaToro rnpeobpasoBare’is
IBUXEHHS 2, COSIMHEHHBIX IIPH MOMONIM BUHTOB 3 B €IMHBIN KOpIYC.
B npeoGpasoBareie ABIKCHHUA ILUIABAIOIMMHU JEMEHTAMH SBIS-
I0TCS BOMMJIO TEPBOM CTYNICHH M CONHEYHasl IICCTEPHA BTOPOH CTYNEHH,
KOTOpBIE CBA3aHBI MEXAy co0oii 3y0ouaThiMi Mydramu. Boguno BTopoi
CTYIIeHH BBIMOMHEHO 3a04HO C BHIXOJAHBIM BaJIOM IIpe0Opa3oBATENS
AsixkeHuss. CaTeJUIMTHI MEPBOH CTYNCHH YCTAHOBJICHBI B BOAMWIAX KOH-
CONBHO.
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Puc. 2.7

[naHeTapHO-1IEBOYHbI OXHOCTYEHYATHLI MOTOP-DPEIyKTOp, CO-

CTOSIIMA M3 BJIEKTpoaBMratens 1 u npeo6pasoBartens IBUXEHHS 2, CO-
COUHCHHBIX B €IUHbLIA KOPIYC BHHTAMH 3, MpecTaBieH Ha puc. 2.8.

2 ul ? 1

B Y
Puc. 2.8

Y miaHeTapHO-LEBOYHOrO npeobpasoBaTess ABHXXEHHA HA Beay-
IIEM BATy MMEIOTCH JIBA KPUBOIIMIIA, CMEIUEHHbIE OTHOCHTENHHO ApyT
apyra Ha 180°. Ha oKCIIeHTpHUKaX Ha PONMKOBBIX TIOMIIUITHUKAX YCTa-
HOBJICHDBI IBC 3BE3NOYKHM, B3aAHMOJCHCTBYIOIIME C 1[EBKAMM, OCH KOTO-
PBIX HEIIONBYOKHO 3aKPEIUICHBl B KOpIYyce NMpeobpasoBaTesist IBUKEHUS.
3a omuH 0BOPOT Belyllero Bama 3Be3TOYKH MOBOPa4YMBaOTCA Ha Yroji,
COOTBETCTBYIOIMH pasHUIle YHCIa eBOK U YHcia 3yObeB 3BE3OUKH.
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MoTtop-peayKTop Ha
OCHOBE BOJIHOBOIO MeXa-
HHU3Ma C SIEKTPOMarHuT-
HpIM TEHEpaTopoM BOJIH
yzobpakeH Ha puc. 2.9.
OH COCTOMT M3 Trubxoro
korneca 1, 2JIeKTpOMAarHUT-
HOTO TeHepaTropa BOMH 2,
JKecTKOT0 Kojeca 3, TuOKo-
ro MOAUIMIIHUKA 4, Kynad-
ka 5, 3ybuaroro Kojeca 6 u Puc. 2.9
BBIXOAHOrO Baja 7. ;

Ilpu pabore MoTOp-pefyKkropa rubkoe KoJeco IO BO3AEHCTBHEM
3JIEKTPOMAarHUTHOIO TeHepaTopa BOJMH BXOAWUT B 3allEIUICHHE C JXKECTKHM
xonecoM. IIpu sToM rubkoe koneco AedopMHUpyercs CHUHXPOHHO C Bpa-
IAIOIIMMCS IEKTPOMATHUTHBIM IIOJIEM M, B3aUMONEHCTBYA C KECTKUM
KOJIeCOM, BpallaeTcd OTHOCUTENILHO Kopimyca, IepelaBasd depes 3ybuartoe
KoJieco 6 BpallleHue BBIXOMHOMY Balty. Kymayku ¢ HaZeTbhIMU Ha HUX THO-
KHMHU NOTIIMITHAKaMUA TIPUXOAAT B ABWKEHUE BMECTE C FMOKHUM KOIECOM.
Kynauky MOXHO YCTaHABIMBATH HA BLIXONHON BaJl HEITOCPENCTBEHHO MIIHA
[IpH ITOMOIIM MOIIUMITHUKOB KaueHusa. Bo BropoM ciyyae obecrieuupaer-
cd pagMaTbHasg KOOpPOWHAIMS TMOKOro Kojieca OTHOCHUTENBHO JKECTKOTO,
VBETMUMBAETCS HAIEXHOCTh, JONTOBEYHOCTh U IMOBBIIAETCA Ko3(duiiu-
EHT TIOJE3HOTO ACHCTBUA MOIYJIS JBICKCHHSA.

Bo MHOrHX ciay4asx CKOpPOCTh BpallleHMs BHIXOJIHOTO Bajia MOTOD-
pefyKTopa IO/DKHA ObITh u3MeHsieMON. PeamsoBats 5T0 TpebopaHue BO3-
MOXHO TIPHUMEHEHUEM MEXaHWYECKHX BapHaTOpPOB, IO3BO/LIIOLIMX pery-
JMPOBATh CKOPOCTH BpalieHMs, JUOO MpUMEHEHUEM OJIEKTPOHHBIX YCT-
POWCTB, M3MEHSIONIMX CKOPOCTh BpAlleHUs 3JeKTponsurareiis. Kasxisiit
U3 yKas’aHHBIX CIOCOOOB HMEET CBOM IIPEUMYIECTBA M HEIOCTATKH U
NIPUMEHSAIOT MX B 3aBHCHMOCTH OT Te€X KOHCTPYKTMBHBIX M TEXHOJIOTHME-
CKHX 3ama4, KOTOphkle Heobxomumo peurats. Hampumep, ecmu Tpebyercs
IOBLICUTB TIepeaaBaeMblii MOMEHT Ha BBIXOIHOM BaJly MOTOP-peayIopa, TO
1es1ec000pa3HO TPUMEHSITh KOHCTPYKITHIO MOTOP-PEIYKTOpa ¢ MeXaHH'e-
CKMM BapuaTopoM ckopocty. Eciu e HeoBXooUMO paclIMpPUTE JHaIas’oH
PETYTMPOBAaHHA CKOPOCTH MO0 COXPAaHWTh MUHUMAJILHBIE rabapuTel U
Maccy MOTOP-PEAYKTOpa, TO IPeANoYTUTe/IbHEL YaCTOTHEIE Mpeobpasosa-
TeJn cKopocTH [29].

B Morop-peayKropax MOTYT OBITh MCITOJIL30BAHBI Pa3IUYHbIC THITL]
Bapuatopos: Jioboseie (puc. 2.10, a), xonycHeie (puc. 2.10, 6), urapo-
Bhie (puc. 2.10, B), TopoBsie (puc. 2.10, r), ¢ pasBHXHBIMH KOHYCHBI-
MU ukusame (puc. 2.10, x), mmaHetapHiie dpuknuonsie (puc. 2.10, e)
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u 1p. bonee moapo6HO O BapuaTopax MOXHO IIOCMOTpETs B CIeNHallb-
Ho# siureparype [25]. TIpu sToM m3menue TIOJIy4aeT Ha3BaHHE «MOTOD-
BApUATOP-PEAYKTODS.

2) 9) e)
Pue. 2.10

3 2 Ha puc. 211 wusobpaxena
/ e 1 KOMIIOHOBOYHass ~ cXeMa  MOTOp-
{ [ / Bapuarop-penykropa. OH COCTOUT

M3 snexTpoaBuratens 1, Bapuaropa
2 u penmykropa 3, COEIUHEHHBIX B
CIMHBIHA KOPIYCc BUHTAMU 4.

HTII «Penykrop» mnpumenser
TUTaHETapHO-DPUKIIMOHHEIE BapHa-

4 TOPEI M  HIPOMU3BOMUT MOTOp-
Puc. 2.11 BapuaTtop-peAYKTOPEL:  YepBAYHBIE,
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[[WIMHAPO-YEPBAYHLIE, YEpBAUHBIE [IBYXCTYIEHYATHIE, IUIAHETADHLIC,
IWIHHIPUYIECKHE COOCHEIE, BOMHOBEIE.

Ha puc. 2.12 moka3aHa KOMIIOHOBOYHAS CXeMa UYEPBSIYHOIO MO-
TOp-BapHaTOP-pelyKTopa, a B Tabil. 2.2 ero TeXHUUECKHE XapakTepi-
CTHKM; Ha pHe. 2.13 — maHeTapHOro MOTOpP-BapvaTop-pelyKTopa, a B
Tabi. 2.3 ero TexHHUYECKUE XapaKTePHCTHKH; Ha puc. 2.14 — BoiaHOBOro
MOTOpP-BapHaToOp-pelyKTopa, a B Tabi. 2.4 ero TeXHHYECKUE XapaKTepu-
cruku [29].

Puc. 2.12 Pue.2.13 Puc. 2.14

Tabnuwma 2.2

Texnnyeckne XapaKTEPHCTHKH YePBAYHLIX MOTOD-BapHaTOP-peayKTOpOB

Tunopasmep Nuamason | JacToTa BpalLeHMA BbI- MouitocTs

MOTOP- peryiipo- | XOZHOTO Bajia ny, o6/MuH nasuratens Py, kBt
e i BAHUA
RO PSR max 3 ) SR max min
MBY-40 6,6 45...125 7..14 0,18 ¥
MB_‘I-GB Lkt L 1,8...19 0,75 0,25
MBY-80 6,5 1,9..19 1,8 0,37
MBY-100 1,9...20,6 4,0

12,5...125 0,75
MBY-125 1,9..23,8 7.3
6,6 s

MBY-160 1,9...25 1,1
MBY-200 6,3 12,5...50 2::10 11,0 3,0
MBY-250 5.4 12,5..32 2..6 5,5
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Tabauma 2.3

TexnuueckHe XapaKTEPUCTHKH MJIAHETAPHBIX MOTOP-BAPUATOP-PENYKTOPOB

T
“:g?g;’fﬂp Huamazon | Yacrora BpallieHHs Bbl- MoHocTh
papuarop- | PETYMPO- | XoaHoro saa ny, 06/MuH apuratens P;, kBr
penymga FHLA :

max min i

MBII-25 . i

MBII-31.,5 3

MBII-35,5 ;

MBI1-40 4,0

MBT1-45

MBI1-50 5.5 i

MBII-56

SEIEES 52 4...186 1..30 43

MBII-71

MBIT-80

MBII-91 2

MBII-100 % 23

MBIT-112

MBII-125 0,37

Tabauma 2.4

TexunyeckHe XapaKTepUCTHKH BOJHOBBIX MOTOP-BAPHATOP-PEAYKTOPOB

T“ngg;‘:mp Juanason | YacToTa BpalteHus BEI-
napuatop- | PETVIMPO- | XomHoro ana ny, 06/t nmrl‘:fe’;‘:‘}f“m
pexykTopa BaHUA e o 1s KBT
MBB3-50
MBB3-63
MBB3-80
MBB3-100
MBB3-125
MBB3-160
MBB3-200
MBB>-250
MBB2-315

125 1,36...2,1 0,18...5,5

L h L
e S
o

ITpuMeHeHKHE MOTOP-PENYKTOPDOB B KOMIUIEKTE C YacTOTHBIMM
rpeobpasoBaTeAMH CKOPOCTH [103BOJIAET IIOCPEACTBOM M3MEHEHUS
CKOpOCTH BpallEHUS Bajla 3JICKTPOABHIATENA OCYILECTBISATh IUIABHOE
(beceTymeHYaTOE) PETYIMPOBaHME CKOPOCTH BBIXOJHOTO Bajia MOTOD-
peNyKTOpa ¢ COXpaHEHHeM MOMEHTa W MOIIHOCTH.
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[MopGop TUIIOpasMepa 4acTOTHOTO npeo6pasoBaTesisl MPOBOAAT MO
MOILHOCTH 3JIEKTPOABUraTeNs, INPHUMEHAEMOr0 B MOTOP-PEAYKTOPE.
HTLl «Penykrop» Np# KOMIUIEKTALUWH MOTOP-PEAYKTOPOB NIpUMEHSIET
yacTOTHbIE TIpeoBpasoBaTesy MECTH (QUPM: T-Verter, DELTA ELEC-
TRONICS Inc, LG INDUSTRIAL SYSTEMS, ADLEE, VACON,
«HTILI IpuBonHaA TEXHUKA».

Ha puc. 2.15 mpen-
cTaBlieHa KOHCTPYKLIMS

g

1OTOp-KOJieca Ha OCHOBe ."'?ﬂ«-ﬁ
N p-Kofe 8] B e
[UIAHETAPHOTO IIEBOYHOTO o T

rpeoBpasopareiid  JIBMXKe- 25
nusg tuma K-H-V.
DKcleHTpUK 9 cBii-

3
(P e 2 YT

0 o = o

3aH ¢ BAJOM 3JEKTPONBU- ) N
- 7 A
ratend 7 4Yepe3 HABOMHYIO ==l 10

sybuaryio mydty 10. s
poNUKOB 8§ 9KCIECHTPUK
umMeeT Tpu OEroBEIE HO-
poxkn. Yepes catemmur 6
BpallleHue IMepeaacTes Le-
BOYHOMY Kojecy 5 H
Hanblile Ha CTYIHMILY Kojie-
ca 4, Koropas ONMpaeTCs
Ha [Ba KOHMYECKUX pamu-
ATTPHO-YITOPHBIX TTOAIIUII-
Huka 3. MexaHuaM 1ma-
PAUTEJIFHBIX KPUBOIIUIIOB 7 YCTAHOBICH B HEMOABMXKHON cTymuue 2.
Ilepegaya ABISIETCH IBYXCATEJUIUTHOH, MDHUYEM OIMH M3 CATE/UIUTOB
pa3BOEH U PACIIONOKEH CHMMETPHYHO OTHOCUTEILHO IpYTOro, 4TO UC-
KITI0YAeT HepABHOMEPHOCTH PACTIPEfe/ieHus HArpysku 0 JIHHE HEBOK
komeca 5. DKCIEHTPUK 9 BBIMONHEH IUIABAIOIIMM M HE HMEET pajualkb-
HEIX orop. KOHCTPYKIUS KOMITAKTHA M JIOCTATOYHO NPOCTA B cOopKe U
pasbopke.

KOHCTpYKIHSL MOTOp-KOJieca CO BCTPOCHHAIM JABYXCTYNeHYaThIM
npeoOpasoBarejieM ABHXCHUA TUMA 2K-H ¥ acHHXpPOHHBIM 3JIEKTPO-
JBUraTejeM ToKazaHa Ha puc. 2.16.

JIBiKeHHEe OT 3JICKTPOJBHTaTelis 1 mepenaercs Ha CONHEYHYIO
IIECTEPHIO 2 ¥ Jajee 4epe3 Care/UIHThl 3 [pU HEMOABIDKHOM BomWIe 4
Ha 3y6yaThiil BeHell 5 U 3ybuaroe Ko/reco 6.

3yGuarhlit BEHELl 5 ABISCTCSA BEAOMBIM SICMEHTOM. Ins BLIpaBHU-
BAHIL HATPY3KU MEXIy caTesUIHTaMHu o06e HeHTPAILHBIC IIECTEPHIM 2u’l

i
47/41/////;4 ﬁ

T Ry
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BBHITIOJIHEHB! TUIABAIOUIMMM, IIPH 3TOM LIECTEPHS 7 IUIABAET
BOAWIOM 4.

R E H! ﬂumﬂfﬂlﬂtmmn;:efﬂﬁﬂﬂf[llll{ﬂlimlh ﬂ
: ~ mm‘"’“"""’”"“f"”NMIIWI!MIIHNHI

C uenbio COXpaHEHMA OCEBBIX Pa3sMepOB HapyXHbIe KOJbLA IO~
WIATHUKOB CaTeUITUTOB 3aBAILLOBAHB HEMOCPEACTBEHHO B BeHIAX
CaTe/UTHTOB, a BHYTpeHHUE YAECPXKUBAIOTCA OT CHON3AHUA KOHHYECKUMHU
TapeJIkaMM, KOTOpble OoJiee HalleXXHBI YeM CTOIOpHbLIE Kojbla. Bewen 5
C BHYTPEHHUMU 3yOBSMU BBHIONHEH 3a0RHO ¢ 00oHoM 8 koneca, SB-
JITIOIMMCS OJHOBPEMEHHO M HapyXXHO# 000IMON CHeNHalLHOro OIop-
HOI'0 pajUalbHOIO IBYXPSUIHOIO IIapHKOMONIIMIHUKA 9 Koieca.

TexnngeckHe XapaKTEPUCTHKH MOTOpP-KoJxeca:

MomHocTs ABUraTeNs, KBt 7
YacTtoTa BpallleHUsl Bajla ABUTATENS, 00/MUH 1500
[TepemaTtouHOe OTHOIIEHHE IIPe0GPA30BaTe/iA ARIDKEHUS 63
Yucrio caTeJUIUTOB 3
HauGonsuruit MOMeHT Ha Konece, H'm 5884
Hau6Gomnsuias Harpyska Ha xoinece, H 29420
Hapyxuslii fuaMeTp Koieca, MM 835
Macca, kr 190
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Koncrpykuust morop-Gapabana s HamaTthiBaHus Tpoca (Taib
MeKTpUYECKast) nokasaHa Ha puc. 2.17. Snexrponsurarens 1 BeTpoeH B
Gapaban 2. IlpeobpasoBarellb NBMXEHWS MIaHETAPHBI ABYXCTYIEHYA-
Tttt THTIA 3K ¢ NpamMo3yORIMH KONMECaMU BhIHECeH 3a npenenbl 6apaba-
Ha.

JBiokeHye poTopa anekTponsurarens 1 yepes sybuaryio mydry 3,
BXONHOH BaJI-UIECTEPHIO 4 npeobpasoBarens ABMKEHUS, INepegacTcs
Oioky 5 care/UIMTOB, KOTOPBIA NPHBOIUT B HBHXKEHHE BOIUIO 6, Ko-
pOHYATOE ABYXBCHIIOBOE KOJIeCO 7, 3ybuaToe Kojeco 8 u uepes 3yGua-
Tyio Mydty 9 coobmiaer Bpamenue Gapabany 2. Biok 5 careiutos
Bpalaercst BMecte ¢ ocklo 10 B urompyaTsix mommunuuxax 11, yera-
HOBJICHHBIX B Luekax Bomwia 6. Konuuecrso caremturoB — 1pu. Ilepe-
HaToYHOe OTHOLIeHUEe mnpeobpasosatens npwkenus 40. [pysonombem-
HocTh 2000 Kr.

B HacTosflllee BpeMsI BEIMYCKAIOT IIMPOKYIO HOMEHKIATYDy BBICO-
KOCKOPOCTHBIX MPEeNU3UOHHEIX 3JEKTPO- H IMHEBMOILIIMUHIE e C YACTO-
Toi BpauteHust oT 9000 o6/mun xo 250000 06/MuH, NpeaHA3HAYECHHEIX
M 06paboTKU PasTHYHBIX METALIOB M HEMETAUIMYECKUX MATepPHATOB
uugopaHueM, dpesepoBaHUeM, CBEPICHUEM, a TAKXe VIS CIIELMUab-
HOTO HasHaY€HUA, B TOM YHC/IE JUIS IPOMBINUICHHEIX JIA3€pPOB.

AMO 3WJI (MockBa) BBITYCKAeT SMEKTPO- M MTHEBMOIIMTMHIEIH
runos I, K, MITI, @, IKC, IIK®, OB, LI, K, AC,
COC, Al

DNeKTPOLITTHHACIN TOpH3OHTaNbHOro Tuna 111, 1K, IO, [N,
IIKC npennasHayeHsl JUISt BHYTPHIUIHDOBANLHBIX CTAHKOB, WMEIOT
yactoty BpameHus 10 150000 o6/MuH u momnocts 0,6...30 kBr. OHu
CHAOXEHDB! XHUIKOCTHBIM OxnaxnenueM. LlInuumens NpuBoxsT BO Bpa-
IIcHUE OT ACHHXPOHHOTO 3JIEKTPOABHTaTesi. CMa3Ky MOALIMITHUKOBBIX
OTIOpP OCYINECTBIIIOT MACIAHBIM TYMaHOM. DiieKpoluruuaenu tamna LII1
IIKC uMeoT ycTpoiicTBO BHYTpeHHeit TeMIIepaTypHoil 3amuTel. Ha

puc. 2.18 u3oOpakeH BHEIIHUE BHI H TeOMETPUYECKUE MapaMeTpel
anexTpomnuHaesnek tia 1M, a B Tabir. 2.5 NpUBEAEHEI UX 3HAYEHUS,

i a / %ﬁm <
= :._._._._.. = ._.]._.Q Q ) —U_J el e s w
|77 7L L7
a 1 b
3 e
Puc. 2.18

TeoMeTpiyecKHe NapaMeTphl 3NEKTPOLINKUHENeH THHA D, mm

Ta6bnunma 2.5 ‘

Tum aneTpo-

HaumeHoBaHHKe TapaMeTpa

wnuagenn | D | Dy

Ll 1lalald|d

Macca,

Kr

LI 36-48 100 | 125

207 | 110 f 11 | 20 M6

23

15

11D 60-90 80 | 110

150 | 95 12

20

4,5

1P 90-120 | 80 [ 110

M4

17

5.0

1@ 120-150 | 80 | 110

S N e |

6
150 95 | 6 8
6

150 | 95 7 M4

b
13
M5 | 10
8
8

17

5,0

DAeKTPOLITTHH-
nemu tuma KD (puc.
2.19) c aBTOMa-
TUYECKO# CMEHOH WH-
CTpyMEHTa, 4acToTOM
BpaleHms 30000
06/MUH ¥ MOIHOCTBIO
25 kBt npenHasHaYeHBI
JUIA MCIIONB30BAHUA B
CTAHKAxX i CKOpOCT-
HOTo dpesepoBaHus
OeTajiell M3 JIETKMX
CIUIABOB.

DeKTpOoIIIMH-
el BEPTHKAIBHOIO
tumna IIIPB ¢ yacToToi
spamenust 6000...96000
06/MHH W MOLIHOCTBIO
0,2..0,8 xkBr (puc.
2.20) npeaHasHaYECHBI
biui:e KOOPAHHATHO-
g OBaIbHEIX  CTAH-
KOB. Onu npea-
cTaBAgI0T cobo#l Tpex-
azHple aCUHXPOHHEIE
ITBUTATEIH,
TOKOM  perylIupyemoit
YacTOTEHL.

3HayeHus  Treo-
MeTPHYECKHUX IapaMmeT-

POB 3JIEKTPOIINUHAETIEH THITa

TTHTAeMEBIC

631

381

20 302

@200
27250

o4 1]

30TOCT 15945-82

Puc. 2.19

| 3 naza

®31,78

Puc. 2.20

[I®B npuseeHs! B Tad1. 2.6
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MOM IUTACTHYHOM CcMazKu MOAIIUITHKUKOB. Pabo
KHCIIBIN a3, TejIuii.

Ta6anuma 26
T'eomerpryeckue napamerpsr AnexTpoumuuaeneii tuna OB, mm

Tun anerpo- Haumenonatine napamerpa Maccea,
WAHHAES d d, dsy | IS T L a b c Kr
LI®B 12 2351 13 [MI10] 100 | 126 188 | 17 20 36 10
LB 24 185] 9 M8 | 100 | 115 ] 173 | 14 19 36 7,6
IPB 48 B35 T M6 | 100 | 115 ] 146 | 12 16 27 502
ILIPB 96 9 5 M4 | 100 | 115 [ 120 | 11 10 18 4,5
2 DIEeKTPOIITUHIE-

o tuma I (puc.
2.21) n IIKJ npexna-
SHAYEHBI T KOMILIeK-
TalMH  TEXHOJIOTHYEe-
L e 5 7 CKMUX Ta30BhIX JIa3€pOB.
i OHH C XMIKOCTHBIM

Puc. 2.21 OXJIaXKIeHUEM M CHCTe-
yas cpefia — asoT, yrje-

D
2115
d
2 WL
T
—
|
R
Dy
5h4
o tla 1
MI0-6H

3HaYeHHsT TeOMETPHYECKUX NapaMeTpoB SJIEKTPOINUHACNEeH THIIA

IIITIT npusenexs! B a6, 2.7.

Tabauma 2.7
Ceomerpuyeckue napamerpsi SnexTpourmaaenei tuna IITUT, mm

220

Tun snerpo- HauMenosanue napaMeTpa Macea,
LITTHH OeNs! D L Dy | a d KI
1111 9/2,2 195 - 160 353 25 25 26
HITLT 9/7,5 195 440 175 - 25 25 46
LTI 9/11,0 195 470 175 - 25 25 51
HITIT 18/11,0 195 470 175 - 25 25 51

g:g.z_ SIEKTPOLIMMHIIENY ¢ BOSAYIIHEIMH OTOPAaMH THIA

AC (puc. 2.22) u COC NpelHasHaYeHsl 19 IIpUMEHe-
HIST B KaYeCTBe IIABHOTO MPUBOIA CTAHKOB JIs cBeple-
HUS U (bpesepoBaHus IUTAT MEeYaTHOro MOHTaXa, CKaii-
OMpoBaHMA TBEPHBIX, XpymKHX MaTepHasoB, KepaMHKH,
teppuToB u mpyrux MATEPHANIOB aNIMa3HEIM MHCTPYMEH-
TOM, & TaKXe HAXOIAT NPHMEHEHHUE B POTOPHBIX CHCTe-
MaX pasiuYHOIO Ha3HAYECHUS: DACITbUIMTETH JIAKOKpa-

140
180
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COYHLIX ITIOKPHITHH B 3J€KTPOCTATHUECKOM 1ojie, Ipsi-
)

g] AWIBHBIC BEpETEHA, YCTAHOBKA JUIS MCIBITAHUS MATe-
Puc.2.22 ~ PHIOB Ha paspeiB. OHM NPeACTAaBITIOT coboil Mexa-

@16

TPOHHBIE MOMYJIM CO BCTPOEHHBIM TPEX(Pa3HBIM ACHHXPOHHLIM aneproP;
BUTATENEM C KOPOTKO3aMKHYTBIM DOTOPOM. Cmaaxy‘ MOIIIUITHUKOB :
TONMATHUKOB OCYILECTBISIOT CXATHIM BOJIYXOM. ‘Iacrooiag Bé)éémc[;u
ynextpoirmnaens 20000...100000 o6/MuH, MowsHocts  0,18...0,8 kBr.

ITHeBMOIUTIMHAEH C
BO3OYIUHBIMKA OTOpAMM TH-
ma AIl c¢ yactoroil Bpaile- QQI:H 43
HUSA 40000...100000 |~
0o6/MHH, [aBIEHUEM ITOI-
BOIMMOLO BO3IyXa -
0,4..0,6 Mlla, none3HoMR . 280
MOUIHOCTBIO Ha cpelHe#
4yacToTe Bpameﬂga (0,37 Kk //\}gt
kBt u Mmaccoit 4,8xr (puc. ===
2.23) npenHasHayeHbl A :Z/‘///// //M
KOMIUIEKTAIIUI YHUBED- 53
CalbHBIX M BHYTPUIILIH(DO- 39
BabHEIX CTAaHKOB. IIHeB- Puc. 2.23

TIPUBOIAT BO
:L?;ujir::{?ﬁpﬁﬁnoﬁnmna cerHepeBa xojeca, paboTaionielf Ha cxaToM
posnyxe. MsMeHeHue 4acTOTH BpallleHUsS IPOBOJAT peWﬂRTPPOMOHYH:
Ta ympaBieHus. CXaTblii BO3AYX HpOBOHHTO;I:;J:gMKOMEKIOp. nop
eKTOpa CMAasBIBAIOT CXATEIM B :
Wpﬁﬂgai;[:;)élzolél" :?axpm'roe akiMoHepHoe obigectBo «CamapaTou-
Manr» Beimyckaer aekrpomnubnenu tunma CII ¢ uwacroToit Bpalie-
uus 7500...120000 o6/mMun u MomHocThio 1,35...15 kBt mus mnudo-
BaJILHOTO obopyaoBaHug, PACTOYHBIX H KOOPAWHATHO-
CTAHKOB.

mnﬁ@}?::ﬁ;:lﬂx);ﬂ 3aBOJI TAXKEJIOr0 CTAHKOCTPOCHUS BBHIMYCKAET craHKg :
cynep-uentp MC630 u MC800 c ameKTpOLINUHIENEM MOIUIHOCTHIO 3
kBt u uacrortoit Bpamenus 40...12000 o6/MuH. 4

®upma Precise (I'epmaHus) ocBoHIa cegﬂmmﬁ BBIIIYCK CBep-
THIBHEIX mmEHIereit Tuna 5C1060 ¢ gactoroit BpameHus po 160000
oﬁ/Mlgl}'{pma GAMFIOR (MUranus) paspaborana s:zerg’rpoummmc;mo;égg
06paboTKH WHXKEKTOPHBIX OTBEPCTHM C YacTOTOW BpauleHus 27
OG/MHJ{;RP poiHKa nuTHdoBaTEHEIX H (pe3epHO-PacTOYHEIX 3JIEKTPO-
wmuugeneit ¢upma GMN (epmaHus) nperaraer HUMpOBaILHEIE
3EKTPOLIMHHAEN ¢ BHenrHuM auameTpom 80...170 MM, obecnieynBaio-
1Me SKOHOMWYHEE PEXUMBI paboThl B JAMala3’oHe YacToT BPAalIeHUsS OT

o
o

2

oy

\<,~
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4500 mo 180000 o6/MMH ¢ MOIE3HOH MOMHOCTHIO OT 0 2 mo 26 kB
(ppesepHEIE SMEKTPOLUNUHIETA C BHEIIHUM I[HaMCTpON; 120...300 1:;“
obecreqnBaloOINe PeXUMbI paboThl B AHanasoHe 4YacToT B @
4500 no 60000 06/MuH ¢ mone3Hoii MOIIIHOCTLIO OT 5 10 42 i%l;[ﬂms o
Ciienyer oTMETHT, YTO MIMTHHIEND BCTPOEHHBIH B poTop :;nc 0-
ABUraTesis MO3BOJACT UCKITIOYHTH NpeoOpa3oBaTelh JBUKEHUS HI;TET-
Ka3 OT HCro JIMIIAET MOMAYJIb XOPOIIEro racuTelst KonebaHuil - 'cbrmr;r a
HH3KHX YacTOT. VYIpONIEHHE KHWHEMAaTHKH, yBenuuenue K I'IIEEJ
HaneXHOCTH M T.JA. OXHOBPEMEHHO HAJNATAET OOJIBIIIME Tpeﬁosa.r'ms;r K
CHCTEME YIpaBIeHH. *
i Ha puc. 2.24 npencrasinensr cxemar 00paboTKK SMEeKTPOIITHHIE -
s c;{;;?o,uom LUTHDOBAHUSA pPa3TUYHBIX THIIOB IIOBEPXHOCTEH: a)
P AMaMeTpa TMOMIMITHUKA; 6) Xkenoba; B) IIAPUKOBOH MapkI;

T) MaJbIX OTBEPCTHH; X) OTBepCTHMit
/ ; M TOpLA 33 OXUH YCT ; -
ca; X) cdepsl; 3) HHKEKTOPOB. TSR AORE

e ZA
— 1B {mf':
7/7///%/}/////'//_///: —

3)
Pue. 2.24

2.3. MexaTpoHHble MOAYNU OBWKEHNWSA

Mexarponnbiit Monyns mpiwxennst (MMJI) — KOHCTPYKTHBHO M
(pyHKLUMOHANILHO CAMOCTOSITEIHOE HM3ETHE, BKiouaoulee B cebn me-
XAHWYECKYIO, DIIEKTPHUECKYIO (3NMEKTPOTEXHUUECKYI0) H MH(OpPMALIMOH-
HYIO YacTH, KOTOPOE MOXHO MCMO/Nb30BaTh WHAMBALYAILHO U B pas-
JIMYHBIX KOMOWHALMAX C APYTHMH MOMYJISIMHU.

B cBA3M C DA3BHTUEM HOBbIX NIEKTPOHHBIX TEXHONOTHIH, KOTOPBIC
TO3BOJIMIIM CO3[ATH MMHMATIOPHBIE JATYMKHM M S/EKTPOHHBIE ONOKH Ui
06pabOTKM MX CHTHAJIOB, B MEXaTPOHHBIX MOAYISIX ABHXEHHS MOSIBH-
JUCH SMEKTPOHHBIE U MH(DOPMAUMOHHBIE YCTPOHCTBA, UTO SBISCTCSH MX
[JIABHBIM OTJIMYAIONMM TIPU3HAKOM OT MOIYJIEH ABIXKEHUS.

JInst co3naBus COBPEMEHHBIX TEXHONOTHYECKHX MALUVH, MPeAHasHa-
YeHHBIX JUIST ABTOMATU3MPOBAHHOIO MAIlHOCTPOCHNMS, HEOOXOIMMBI pas-
HOOGpa3Hble MEXaTPOHHBIE MOMYJIH [BIKCHHSA, YAOBICTBOPSIOUIME DSy
Tpe6GOBaHMil: BHICOKOM TOYHOCTM PEATM3alU MCTIONHUTCNIBHBIX MBIDKE-
HUil, HANEXHOCTH, NOJITOBEYHOCTH, BO3MOXHOCTH paboThl TIPH HATHYHK
PATMYHBIX BHAOB BOMYIICHWH W B IIMPOKOM JHMaras’oHe TEMIEparyp
OKpyXaiouleif cpempl, a TaKKe 3HAYMTENBHO MEHBIIMM  MAacco-
raGapUTHBIM MOKA3aTelsIM 1O CPAaBHEHHIO C OBOBIYHBIM 2JIEKTPOIIPHBOIOM.
TpeGoBaHMs K Pa3sBHBAEMbIM YCHIMAM, TOYHOCTH M CKOPOCTH HCIIONHN-
Te/IbHBIX NBIDKEHMH JUKTYIOTCS 0COBEHHOCTAMM ABTOMATH3UPYEMOH TexX-
HOJIOIMYECKOit orepaLuu, a TpebopaHue MMHMMM3ALMHK Pa3MEPOB MeXa-
TPOHHOTO MOTYJisi IBYDKEHHS — HEOOXOTMMOCTBIO BCTPAMBAHMS €TI0 B TCX-
Honornyeckyio MammHy. [TombiTKa CMHTE3a MEXaTPOHHOIO MOMIYJsi JBH-
KEeHUST U3 MMEIOLIMXCS B HATHYMW CEPUIHHO BBINYCKACMBIX KOMIIOHEHTOB
MOXET TIPUBECTH K TEXHMYECKM M 3KOHOMHHECKU HeaheKTHBHLIM pe-
menusM. IlosToMy 6osee palMOHANBHBIM ABISIETCSA TPOCKTHPOBAHME
CMIEMATU3NPOBAHHOTO MEXaTPOHHOTO MOMIYJIst ABHXCHUA, Haubornee rmoi-
HO OTBEYAIOIIEro ero CIYKEOHOMY HA3HAYCHHUIO.

CIOXHOCTS W TIPOTHBOPEYMBOCTh TPEOOBAHMMH, NMPEABABIACMBIX K
MeXaTpPOHHBIM MOMYJIAM JBHXEHHs, OOYCIOBIHBACT 1enecoobpasHocTb
MEXaTPOHHOTO MOAXO/@ K HX MPOEKTHPOBAHHIO. B uacTHOCTH, CIef0oBa-
HUE TPUHIMIY CHHEPreTHYECKOH WHTCTPAlMK IJICMEHTOB CHCTCMbI
TIPHBOJIUT K 0GECIICIECHMIO XKEJIAEMOTO YDOBHST KaUeCTBa MOy 3a cver
KOHCTPYKTUBHOTO ¥ (YHKIMOHAIBLHOIO B3aWMONPOHUKHOBEHWS €ro
KOMITOHEHTOB, MHOTHE M3 KOTOPBIX SIBJISIOTCS CNEHHATH3POBAHHBIMA
M CO3JAIOTCH B XOJE NapaUiefbHOTO CHCTEMHOTO MPOCKTHPOBAHMA C
Y4eTOM MX MOCHERyIomero 3GQexTuBHoro obpeauneHus [4].

Ecim mpeo6nafaionmm ABaseTcs TpeboBaHue obecreuyeHUss KOM-
NAKTHOCTH MEXaTPOHHOTO MOMIYJA ABIDKEHMS, TO OHO MOXET OBITE pea-
JTM30BAaHO TYTEM HMCIIONB30BaHMA OECKOHTAKTHBIX SJEKTPHYCCKHX Ma-
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UHH ¥ HX MHTETPALMU C IIpeobpa3soBaTesivu ABHKEHHsI © MH(pOpMa-
[IMOHHO-HU3MEPUTEILHBIME  BIEMEHTAMU. ITpu sTOM npeobpazoBarenu
izlg)KeHHﬂ H JaTYHKK HEe SBJSIOTCS OTAETbHBIMU YCTpOHCTBaMH, a cra-
: AITCS. HCOTBEMIIEMBIMM  3JIEMEHTAMM JBUTATEINS. CHHepreTHuecKuii
(bdext nocruraercs Takxke 3a cuer BBIITOJTHCHMST HEKOTOPEIMH KOMITO-
:EHTEIMH MEXaTPOHHOIO MONYINS JBHXCHUS HeCKONbKUX dbyuxkLmit on-
i ;Jéapcmem{o. Takue pemienus nossonsior HCKHIOYHTh MHOTHE MexaHU-
HHTiﬂse:chpdmﬁCH, YIPOCTHTE M yHOElIeBHTH KOHCTPYKIIUIO, ycTpa-
XOLUMOCTE MEXaHUYECKOH MONrOHKH
uc -
S deohonn OIJIACOBAaHUSA JATYH
GHKaMI\:eianoame MOIY/T ABUKEHUS SRISIOTCS PYHKIMOHATBHBIMM «KY-
» M3 KOTOPEIX MOXHO
o D KOMIIOHOBATD CIOXHbBIC MEXaTPOHHBIE CHCTe-
o IIpumepsl MexaTpoHHEIX MOIVIECH IBUKEHI: MEX4aTPOHHBIE MO-
H;rm ABHXKEHHS HAa OCHOBE 3JIEKTPONBUTaTeIel YIJIOBOTO H JMHelHOro
CHUS M PasIMYHBIX IIpeobpasoBaTeiei ABIDKEHUS (BUHTOBBIX, Yep-
3
BAYHBIX, IUIAHETAPDHBIX, BOTHOBLIX U T.IL), Ge3peayKTopHsle MeXaTpoH-
HbIE h;({)ﬂYJIH ABKEHUS!, Oe3peayKTOpHbIe IIOBOPOTHEIE CTOJILL.
a puc. 2.25 uzobpaxena cxema MEXaTDOHHOIO MOIYJIS HBHIKE-
HHA, paspaborannoro B IIHUU ABTOMATHKMU U THAPABIUKK U B MITY
«CTAHKHH» [4].
5 10
Monyms  coctout

B0 U3 TpexctasHoro HeckoH-
TaKTHOTO 3JIEKTPOJBHUIA-

|

QPO 4 2

l?,'}',‘;g\\ flll/////,y/,.'l///,mzﬂm V//J///IJIII/Z///: Tm, ﬂlap HKO-
BHHTOBOrO Ipeobpaso-

BATENd JBMXKEHMSI, WH-
IYKTHBHOIO JaT9uKa

B 7\ i

R

o~ r——— i

#‘, i = = S |
‘g %—j;\%\\\;\\\\\\\\\\\\\\\\\\\\:%’”'m% TOJIOXKEHU T (H,HH) Hu
fé WA ‘b‘////% Fz‘f § % HalpaBASIOIHX.
’ 2 S A QWI/A'I///I/]I/]/[III//\%
?- lll /o N Potop 6 smexrpo-
% §| -12 5 ABUTATENd COEOMHEH C
g\\\\\\\ ¥ raiko 2 mapuko-

Puc?2.25 BHHTOBOTO Ipeobpaszo-
T oy BaTeNIA HBMXXCHHS, ycTa-

Ha IONIIMIHUKaX 3 B kopmyce 4. Toxu, TIPOTEKAIOLIHE I10
da3HeIM obMoTKam 7 CTaTopa 5 NPHBOMAT K HOSBICHIO SNIeKTpOMar-
HUTHOTO MOMEHTA JBHUIaTels], BHI3BIBAIOLIErO BpalleHue raiixky 2. [Ipu
3TOM BHMHT | coBepmiaer nuneitHOe IepeMellieHe BIOIb Hanpalgumfr
wux 8. JUia M3MEpeHUs! TNepeMeIleH s BHHTA 1 npumenen uHmYKTHB-
HBIH AaTyHK 1onoxenus 9. Pojs ero HNOABIXXHOTO 3JIEMEHTA BBIMOJHIET
BUHT 1. HenmogsuxHas yacts 9 3aKpeIUieHa B Kopiyce 4 Mcxanoﬁnoro
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MOIyJIsSl JBVXKEHMSI M YaCTMYHO IIOMEIIEHa BHYTPh MOJOro poropa 6
JBUraTels.

' Ha poTtope 6 anexTponsurarens pasmeiinerHo 20 BeicokoaddekTHn-
HBIX TTOCTOSHHBIX MarauToB. Ha crartope 5, umelomiem 24 masza, pasMe-
meds! ¢dasHble 0OMOTKHM 7 SKOpsS HBUTATeNsd, a Takke TpexdasHple Ta-
XOMETpHYecKHe OBMOTKH, CiyXallue Ui H3MEPEHUST CKOPOCTH Bpallle-
gUs poTOpa, ¥ OOMOTKM BO30GYXNIEHUA AATYMKa IONOXKEHUS poTopa
(IITP).

Wcnonrenue ITTP umeer oco6eHHOCTH, KOTOPBIE MMO3BOJISIOT CY-
LECTBEHHO YIIPOCTUTh KOHCTPYKIIUIO M YMEHBIIUTh OOBEM MeXaTpOH-
HOTO MOJIYJIS ABMKeHUsA. B oTiuuuu oT mpuMeHseMbIX obsruto TP na
fase JaTYMKoB XOJUIa, MCIOJB3yeMblil B fantHom mouayie HITP we spns-
eTCs CaMOCTOSTENbHBIM KOHCTPYKTUBHBIM 3JEMEHTOM, a IIpeiCTaBisgeT
coboii «HesiBHOE» ycTpoiicTBo. Ero dbyHKINK peanus3yioTcs ¢ MOMOILLIO
HECKOJIBKMX 3JIEMEHTOB: TaxOMeTpUUecKUX 0OMOTOK, OOMOTOK BO30YXK-
JeHHsA, HaXOOAIIMXCA B CITelHaIbHO M3TOTOBJIEHHBIX OTBEPCTHAX CTATO-
pa B HEIOCpPelCTBEHHOM 6IM30CTH OT TaXOMETPHYECKUX OOMOTOK, W
3JIEKTPOHHOM amnapatypbl MEXaTpOHHOIO MOIYJIS ABHKEHUS.

TIpeumyiiiecTBo paccmatpuBaemoro «HesBHoros HTIP sakmouatores
B OTCYTCTBMM HeOOXOAMMOCTU ero (asmMpoOBKM IPM HACTPOIKe MOy,
MOCKONIBKY OHa ofecrieunBaeTcs KOHCTPYKIMe# maBuratensi. Kpome Toro,
takoit JIITP momaer cUrHaIBI MOJOXEHWS POTOpa HEIPephbIBHO, YTO I10O-
spoyiger Ge3 ocobhIXx mpobieMm (OPMUPOBATH CUHYCOMIANLHBIE TOKM B
thasHeIX oOMoTKax aApurarend. Takas BO3MOXHOCTL YIIyYIIaeT CBOMCTBA
MEXaTPOHHOIO MOIYISA B pe3yjbrare CHIDKEHHS MyIhCAllIH MOMEHTA JBH-
raTes.

Henonpuxxuas 9acTh HMHAYKIITMOHHOTO JATYHMKA IOJOXEHHSA, BHYT-
pPU KOTOPOM IOCTYIMATENBHO IepeMeniaeTcs BUHT, UMeeT BUHTOBYIO Ha-
PE3KY, aHaJIOTMYHYIO CAMOMY BHHTY, W SIBJSICTCS, IO CyTH, raiikoit. Ot-
JUYHE COCTOMT B TOM, YTO BHHT MMEeT JIEBYIO pe3b0y, a raiika jpatdauka
‘— mpapyio. Kpome Ttoro, s obecreyeHus: cBOOOTHOTO MBUIKEHUST BUH-
‘ta BHyTpa MJTII, BHyTpeHHUM NUaMeTp TaikH HaTyMka HOJDKEH OBITh
HECKONBKO GOJbIlle BHEUIHEro AMamerpa BuHTA. HenoxsuwkHas yacTh
WAII cocTouT M3 OBYX IMOJIYTaeK, OJHA MX KOTOPBIX pasBepHYTa OTHO-
CHTEIBHO APYroii Ha moji-obopora. BHYTpH He€ pasMelleHbl akcualibHasn
0o6MOTKa BO3OYXIeHHMS M HAMOTAHHBIE B I1a3ax BBIXOAHBIE OOMOTKH

(cuHYCcHas M KOCHHYCHAas 0OMOTKM HaT4yMKa), KaxJasd U3 KOTOPBIX UMe-
eT MO 4YeThipe CeKIMM, BKIIOYEHHEHIE MOCHENOBATENLHO U IIONApHO
BCTpeYyHO. MarHUTHEIH MOTOK, CO3MaBaeMblil IepEMEHHBIM TOKOM, Mpo-
TEKaIOUMM 110 0OMOTKaM BO30YXHeHHS, 3aMbIKaeTcsd Yepe3 IepBYIo I10-
JyTaiiKy, BUHT M BTOpPYyl0 moiyraiiky. IIpu 5ToM OH IPOHHU3BIBAET CH-
HYCHYI0 ¥ KocuHycHyio obmorku UIIT u unnyuupyer B Hux DJIC. Bri-
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CTYIBI pe3bObl BUHTA M TaliKM JaTYMKa UrpaioT POJib MOJIIOCHBIX HaKo-
HEYHHKOB.

Tlpn M3MEHEHHHU TONIOXEHUsI BUHTA B Pe3y/ibTaTe CMEIeHUS BLICTY-
[OB BUTKOB Pe3bObl BUHTA OTHOCHTEJIBHO BBICTYIIOB BUTKOB pe3bOBl raiiku
AaT4MKa T10-pasHOMY MEHAKOTCS CONPOTHBIEHUST MAaTHUTHLIX 1iemneif, o0y-
cnoBjuBaiomux Gopmuposatue DI C, HABOAUMBIX B BBIXOJIHBIX 0GMOTKax
MIIL. B pesynbrare ammwmryast DJIC B CHHYCHO#M M KOCHHYCHOI 06MOT-
Kax HaTHMKa OKAa3hlBalOTCHA DATMYHBIMU M 3aBUCHT OT TONOXKECHWS BUHTA
OTHOCHTEJIBHO HEMOMBIKHOM railku parumka. Takum obpazoM, HaBemeH-
Hble B 0OMOTKAX rapMOHUYECKUE CUTHAIBI [IPOMO/IYTHPOBAHEL IO AMITIH-
TyAe B QYHKUMM OT NepeMellleHust BUHTA. Eciu HaNpsDKeHWsI, BO3HU-
Kalolllie B CHHYCHOM ¥ KOCHHYCHOU OBMOTKaXx, TOABEPTHYTH (ha304yBCT-
BHTCJILHOMY BBITPAMIICHUIO, TO OOpa3yloTcsi CHIHAIBI, Orubalomue KoTo-
PhIX TIDONOPIHOHANBHEL CHHYCY M KOCHHYCYy OT NepeMelleHHs BMHTA,
[IPUYIEM HX [EPHOMIBI COOTBETCTBYIOT OMHOMY 1Uary BUHTA.

Ha puc. 2.26 M300paXeH MEXaTPOHHBIA MOJY/h JIMHEHHOIO IBH-
KEHUSA BBIXOAHOTO 3BeHA. OH COCTOMT U3 aCHHXPOHHOTO 3JIEKTPONBHIA-
Tes 1 ¢ HONMBIM BAJIOM 2, IMapHKO-BUHTOBOIO NPeOGpAa3oBaTest IBIKE-
HI, BKIOYAIOIIETrO B CeOst BUHT 3, mapuku 4, cocTaBHYIO TaliKy 3, Xe-
CTKO CKpPCIUICHHYIO C BajloM 2, HaNpasJsiiouieil 6, 31eKTPOMarHUTHOTO
TOpMO3a 7, GOTOMMITYJILCHOTO HATYHKA 8 U Kopmyca 9.

B 3 21k 9
\ \ \ /

HHHIan. '..m‘r” HH
' . I“HI”““"\MIINH”“ 8

T T i 77 7 7

5

7 77 T 7 7 7 7 7 P A7 7 7 P A7

! . HH“IIJHH-uunHIHHH
7 i % ”Hllllllnr--u:HIIH”H

e R R R RS
i
Puc. 2.26

Ilpu BpamieHHM poTOpa aMeKTpoxBuratess 1 Bax 2 Bpaimaer rafky
5, KoTtopasi yepes MIADHKH 4 BBI3BIBAET MOCTYIIATELHOE TiepeMelneHHE
BiHTa 3. JUISL NPEIOTBPAIeHys NIPOBOPAYMBAHMSA M YMeHBIICHUS Tpe-
HUsL TP TIEPEMEILEHHN BUHTA 3 B HEM CHENaHBl TPH MPOLOABHBIX 1a3a,
B KOTOpBIE BXOMAT Itapuku 10 Hanpasasiouieii 6. Bemuauny nepemene-
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nus BUHTA 3 OMKCHPYET poToMMMY/IBCHBIN HaTunK 8. B.rlempmlaoa::‘ig;
i TopMo3 7, 3aKpEIUICHHBIH B KOpIyce 9, B ciyyae OTKI

HhmT O3HEPruM CpabaThiBaeT ¥ OCTAHABIMBACT BHHT. ;
i Ip(oﬂcmyxuuﬂ JIByXCTETIEHHOTO (IBYXKOOPAMHATHOTO) MEXaTPOHHO
o MOMY/Isi ABVOKEHHs M300paKeHa Ha PHC. 2.27. Monynb cocgo:;rng; é;l?}i)f
apurarenieil 1 ¥ 2, BOTHOBOTO npeobpasopateis ILBPDKBHH: HenBE
; MGKMUM KONECOM 3, TIOABIDKHBIM JKECTKMM KOJICCOM 4 M Ky
s epaTopa BOJH 3, JBYXCTYNEHYAaTOro npeobpasoBatensa ABMXEHHA,
{r;?;c;izu?ero U3 KOHHYECKO#H 3y0uaToi nepefadu 6 ¥ 7, BOJTHOBOTO Tpeob-

paTens [IBIDKEHMS] C HETIOABIDKHBIM JKECTKMM KOJICCOM 8, momBiK-
E{i?; ruoKUM KonecoM 9 s;lxyniagxomm redeparopom BonH 10, aByx ¢o-

uxos 11 u 12. "
Tomﬁgfggﬁgm aneKTpoBuraTesisi 1 reHeparop BOJIH 5 H&‘-I;IHCE:)E:
BpAILATECS ¥ XKECTKOE KOJIECO 4 pMecTe CO CBSA3AHHBIM C HUM KOPTY
JDKEHHE.
" npﬁ)?fxilgiennn 3MIEKTPOABUIaTe/lsl 2 BpallleHHe ero Banac};;pizg
napy 3yGuYaThiX Konec 6 1 7 NpUBOOUT BO BpallleHUE mHepaTopB:JI i
i rubKoe Kojeco 9 BMecTe €O CBA3aHHBIM C HUM BBIXOIAHBIM
eHHUE.

npmoéﬁioiﬂ?{?mum narauxku 11 u 12 npeaHasHaueHbl WIS onp:n;:‘;
eHus TOJOXEHMS M TepeMenieHus Kopryca 13 u BhixojaHoro sana 14
COOTBETCTBEHHO.
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MexaTpoHHBIH
Bi16. 29, P MOLYIb ABrKeHus Gpupmbl MAXON u3obpaxen Ha

OH COCTOMT U3 KOJTEKTOPHOro 3j1e
HaToOTO MpeobpasoBaTend ABUXKEHUS 2
TIOJIOJKEHUd 3.

DJIEKTPOABHTATENL BKIIOYAET B cebs 0b6MOTKY 4, MarHuT 5, KoJ-
JIEKTOP 6, werku 7, duanen 8, mommmnHuUK 9 BaJ ’10 SaKqu;{BalO-
LitHest mecrepHeit 11 (Ban-wecreprs) u KpI:IIl!K;' 12. :

QK—HIi;ax;;T—IHI {;T};?{Z}Emmaﬂmpﬂoro NpeobpasoBaTe/isl NBUKEHUS THIIA
R M U OIHMM BHYTPEHHUM 3alEIUICHUSIMK HMEET
LCHTPasIbHBIX Koneca 11 u 13 (mepsast crymens), Bomuno 14 u caten-
JTst 15. Ut yeraHOBKY nomummmyuka 9 umeercs c;rcuuanaﬂaﬂ MOHTaK-
Hast mmta 16. Mommunaux 17 sakperren o dnanue 18 npeobpasopare-
JU1 BICKEHUSA, Y€PE3 KOTOPBIA MPOXOAMT BEIXONHOM Bat 19
DOTOUMNYNBCHEI AAaTYNK HONOXEHUS npenuaa:{aﬁcﬂ I onpe-

HeTCHUS TIOJIOXKEHUS. W TiepeMet
CUIEHUS BBIXOAHOID Baja
MOJYJIS ABHXCHHS. TG Fro CRe

KTpoasuratens |, nByxcrymneH-
H (hOTOMMITYJILCHOLO HATYMKA

Puc. 2.28

BaxHeiumm aramom passuTus MEXAaTPOHHBIX MOIYNEH NBUKEHUS

Horo B TIONUIMITHUKOBBIX OIOpax 5 KavyeHHs. ['eomeTpuyecKkue mnapa-
MeTpPbl MOTOp-ILUTIMHIE/S TIPUBEICHBI B TaOJ. 2.8.

AN

3 2

/////////J!\//////’ T, ¥ (['

Puc. 2.29

Ta6numa 2.8

TeoMeTpHyYeCKHe NapaMeTphl MOTOP-NHHAENeH (hupmbl
Fortuna (I'epmanus)

Cramu pa3paboTKu Monymeit Tuia «ABHTare/ik-pabounii opran». Taxue
KOHCTPYKTHBHBIE MOAYJIH UMEIOT 0coboe 3HAYCHWE IS TGXHO}IOI'HFIE~
CKUX MEXAaTPOHHBIX CHCTEM, LENBIO JBHKEHHS KOTOPBIX SBIACTCS pea-
JIM3ALHA LCICHATIPABICHHOTO BO3AEHCTBHA paboyero opraxa Ha oﬁfcx’r
pabor. MexaTpoHHBIe MOMYTH IBIDKEHUS THIIA «IBUTATETb-pabouuit op-
Tat> IMPOKO NPUMEHAIOT B IITHOBATEHEIX U GPE3ePHBIX CTAHKAX ng
HA3BaHUEM MOTOP-IUTIMHIETH, »
Ha puc. 2.29 usobpaxeH MoTOp-mmuHmens ¢upmsr Fortuna (Iep-
MaHuA). OH COCTOUT M3 QJNICKTPOJABUraTeNIs 1, mepenaTouHOTO Bajia 2pc
MOMNICPXUBAIOIMM POIMKOM 3 M INNMHHIENBLHOTO Bana 4, yCTAHOBJICH-
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Hinus- YacroTta Mout-
Mz:?p_ Aens, | Bpamenus | HOCTh Jlnurua;mh. LI mHHACTBHBL BAM, MM | peo oo
smttne- | MM | wmmsent- | aira- s
as | a| B | Boesam premP oy by lk|s|u|lw|rR[N|]
n, 06/MUH KBt
T
355 | 3000 . 2. 47
M-32-FAV | 60 | 222 30 | 194|346 |42 | 26|32 [ 11| 22|85) 8 |30
20 | 218|366 51
770 | 300031000 | 15 | 176 | 355 | 42 37
o 22 (176316 %2 | i
355 | 3000 30 194346 | 42 36..64
M-32-FAV | 70 | 232 40 | 218|366 [ 51|28 |41 | 2e]8s| 8|35 %
ss | 258 409 | 66
370 | 300018000 | 2.2 | 176 | 380 | 42 7
270 3-8 o ;22 s 40...66
s0s| 3000 - 48..74
M-32-FAV | 80 | 02 55 | 258|409 | 66| 34| as|13|30] 1[0 &0
75 | 258 | 409 | 66
770 | 300019000 | 3,0 | 194 | 401 | 42 ]
340 9 Lilwle 61..83
s0| 3000 , 77..99
M-32-FAV [100| 370 75 | 258 | 409 |66 | a8 |6s |13 |ar| 11 fr0]
110 | 258 | 447 | 66
390 | 300012000 | 4,0 | 218 | 437 | 51 %
5.5 | 258 | 409 | 66
440 75 | 258 | 409 | 66 95..173
M-32- 740 | 3000 1o |25 | 447 125..223
FAV  |120] 940 150|310 |siof 77 |24 72] B8] ™ [aa 230
185 |30]563] 77
390 | 30003000 | 5.5 | 258 | 472 | 66 57
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Hns ocyuiecTieHuss TEXHOIOTH-
YECKOH oIlepaliid Ha IIMUHIEALHOM
Bally MOTOD-UIMUHIEAS 3aKpeIUIsioT
OTPaBKy C YCTAaHOBJIECHHBIM Ha HEH pa-
DOYHM MHCTPYMEHTOM.
= Ha pwe. 230 nokasan Morop-
wmuHgens ¢upmsl Fortuna ¢ ycraHoB-
JIEHHOM Ha ero IMHHAEILHOM BaTy OIl-
W F H paBkoit ¢ HUIMGOBANBHBIM  KPYIOM,
Puc. 2.30 OCYILECTBIIAIOIIMM BHYTPEHHEE W BHEII-
Hee uudopaHue, a Ha puc. 2.31 —
: 4 TOpLOBOE HUMDOBaHHE.

ok
2Q
QA

@F

5]

8
20,

a T'eomerpuyeckue mMapamMeTpsi OIl-
4 PaBKM M HUTMOBANTLHOrO Kpyra [uis
BHYTPEHHEr0 M BHelHero numMdobaHus

npuBefieHl B Tabn. 2.9, TopuOBOro
Pue. 2.31 nutudosanus B tabm. 2.10.

Taonuma 2.9

I'eomerpuueckne napamerpsl HUIMGOBAILHOIO KPYra H ONPaBKH
NPH BHYTPEHHEM M BHemiHeM HLTH(OBAHAK

Yacrora Bpa- InudopanbHbiil Kpyr,

ﬁﬂ;ﬁ;ﬁ IIEHMS WITTHH- MM Pnasei (onpaka), M

st A, MM ‘“’ﬁ"’ﬂ‘é%ﬁ"‘a Emax | Fox | G Q H W,
60 3000 200 32 50.8 85 26 13
70 3000 200 32 50.8 85 26 13
80 3000 200 40 50.8 85 28 13
100 3000 250 50 76.2 119 32 20
120 3000 300 63 76.2 119 32 21
100 1500 400 40 127 186 30 33 -
120 1500 450 50 127 186 30 28
120 1500 450 50 152.4 212 30 28

OTIMYMTENLHOM  KOHCTPYKTHBHOH  OCOBEHHOCTBIO  MOTOD-
IIMHHIAENEH ABISETCS MOHTaX LIMUHIENS HEMOCPeJCTBEHHO B POTOpE
asurarens. IIpy cos3naHMM BBICOKOCKOPOCTHBIX MEXaTPOHHBIX MOIYJIEiH
Ha OCHOBE MOTQD-IIITUHIEIS NPEAbSBIAIOT XKECTKUe TpeDOBaHMA K CTa-
THYECKON M NMHAMHUYECKON YCTOMYMBOCTH LUMTHHIEIS,

ITnuHaensHBIE OMOPEl KOHCTPYHPYIOT KaK Ha 0a3ze IMOMLIMITHUKOB
KayeHMd, TaK M Ha 0ase I'MAPOCTATHYECKHX, THAPOAMHAMHUYECKUX M
MEKTPOMATHHTHBIX ITONIIMITHKKOB. IIpH HCHONB30BaHMM panuaibHO-
YIOPHBIX MONIIMITHAKOB KayeHWUS MPHUMEHAIOT CHelUalIbHBIE METO/IbI
CMasKH (MMITYJIbCHBINA, MAC/ISIHO-BO3AYIIHEINA) M IIPOBOMAT KOHTPOIb
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[pe/iBapUTENEHON HATSra B COOPAHHOM MOZYJC. [TepcTieKTHBHBIM 5B~
JIETCA MCTIONb30AHME THOPUIHEIX (CO CTAIBHBIMU KOJIbLAMU U Kepa-
MUYECKUMM MapiKaMy) TOMIUMITHIKOB, & TAKKE MPUMCHEHHE B MOA-
IIANHUKAX CTANbIBIX KOMEll ¢ TBEPAOCIUIABHBIM MOKPBITHEM.

Taonuumwa 2.10

TeomeTpuuetkie HapamMeTpob 1w oBANIBHOIO KPYra M ONpaBKH
NpH TOPUOBOM HLIH(OBAHIH

Mnanel (onpas-

TluameTp 1.:.1{::11::?1! :‘:::{-_ TcoBaNBHBIR KPYT, MM Yo, i
mA e |lemsoomnlp lp |1 |M|cjo|H|W
%0 300 0T 63 [ 84 | 13 320 62 | 41 | 7
70 3000 125 63 100 13 | 508 | 74 45 12
80 3000 125 | 100 | 100 16 | 50.8 85 52 12
100 300 175 | 125 | 143 ] 20 | 762 119 | 65 | 15
120 3000 200 | 125 | 168 20 | 76.2 | 119 73 15
100 1500 225 | 125 | 193 20 | 76.2 | 119 65 15-
120 1500 250 | 125 | 218 20 | 76.2 | 119 73 15 i

Hcnons3opiHie B
Kayectse omop TNOA- !
IIAMTHUKOB Kavedud Or- R
paHuuuBaeT GyHKIHO- -
HaJIbHBIE BO3MOKHOCTH ; e 'llll”l \
LITTHHIENBHbIX y/TOB. N Y

Iins  peani3alun i
Ha CcraHkax pbICOKO-
MPOU3BOJUTENIBHIX PE-
XUMOB 06paboTd pas- : [l il
paGoraHsl  IMIHACTL- al
HBIE Y3JIEl Ha 3[EKTPO-
marHuTHBIX oropax. Ha i v
puc. 2.32 moKasaHa n

KOpOCT- Puc. 2.32
::{::;1\;3 q:];:b;::;:{);ro MOIyAS-UIuHAeNs ¢ 4acroroii spamenus 30000
06/MHH ¥ MOTIHOCTBIO KO 20 kBt. YacToTy BpallleHUs POTOPa 3MEKTPO-
IBUraTeNs ¥ COCTBETCTBEHHO NIMUHIENS PETYIMPYIOT HM3MeHEHMEM uac-
TOTEL TIMTAlOler0 Hanpsokenust. Morop-1inmiHAe/h COCTOUT 13 cTaTop;
4, poropa 3, ppAlAloIEerocs B IBYX 3/IEKTPOMArHUTHEIX palHaTbHBIX
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1 10 u ocesbix 8 omopax. JIisi cOXpaHEHUS! MOCTOAHHBIM OTOKEHUS
OCH pOTOpa €TO KOHTPONUPYIOT panuanbHbiMit 1, 11, 5 u 9 u oceBuIMU 6
n 7 maryukamu. CHTHAIBI PaccoOrNacoBAHMS YUpapsiouias BBIYUCITH-
TefbHasd MalllHa NpeodpasyeT B TOK 3J1eKTPOBO3BYKICHUS B 06GMOTKAX
4EM PEryIMpYeTCs CHJIda MarHMTHOIO MOJf, KOTOpas IIpH OTK.TIOHCHHP;
pOTOpa OT 3aJaHHOTO IIOJIOXKEHHUS BO3BPAIAET €r0 B TeYeHHUe HeCKOlb-
KMX MIJUIMCEKYHI B MCXOIHOE IOJOKEHHUE.

MexaTpoHHslit  Monynb
Awxenus (puc. 2.33), paspa-
boranusiit B HoBocuBupckoM
FOCYIAPCTBEHHOM  TeXHHYeE-
CKOM YyHHBEpCUTETE, IIpej-
cTaBisieT coboii 6Ge3peayKTop-
HBI MOTOp-IUTNMHIEHL Ha 6a-
3¢ KOHCTPDYKIIMH BbICOKOMO-

Piic: 234 : MEHTHOTO cuprOHHgm 3JIeK-

TPOABUTATENA C B -

€M OT MOCTOSTHHBIX MarHUTOB M 3JEKTPOHHOLO Kommy'ra'ropamng(:gg-

Yalolllero CeKIMOHUPOBAHHYIO OOMOTKY [IBUTATENS U oﬁccncl’mﬁammero
CTYIEHYATOe PETYIUPOBAHME B 30HE IIOCTOSHCTBA MOIIHOCTH [5].

Motop-1unuHIeNs COCTOUT U3 Kopryca (LIMUHIAETBHON 6abku) 8
BHYTPH KOTOPOIO PacHOJIOXEHBI cTaTop 2, potop 3 c !'IOCTDHHHH‘MI;
MArHuTaMp W KECTKO CKDEIUICHHBIH ¢ HUM UNTHHAEHL 4, UMeoLmit
drnaHert 5 miA 3aKperUIeHUs HAa HeM WHCTPYMEHTa 6 U KEl,HﬂJla 7 nnd
nofgoaa paboueit xuakocT. CHapyXu Kopryca pasMemeHb! THIPOYCH-
mutens 1 st 0cBOGOXACHUS MHCTPYMeHTa, NaTiuK 9 CKOpPOCTH, HaTIMK
10 monoxennsa ¥ JaT4MK 11 mONOXeHMS poTopa ABUrATeNd U :rormoro
OCTaHOBA.

Mortop-mmnumaens obnajaeT MUPOKHM AUATIA30HOM peryimposa-
HHUS1 HaCTOTHI BpalIeHKA, B TOM YMCJIE MPU TOCTOSHCTRE MOIUIHOCTY HA

HnHHAee, BBICOKOW TOYHOCTBIO U BBICOKHMH THHAMHWYECKMMU CBOMCT-
BaMH.

‘§\\\\\\\\\\_\'\\\\\\\\\\\\‘ DIRNTDONDG \‘l
- T E

A s

OcHoBHbIe TEXHHYECKHE XAPAKTEPHCTHKH MOTOP-IIMHHIC/IS:

MakcumanbHas 9acToTa BPALUEHUS Ny, , 06/MUH 5000
Homunansnas 4acTOTa BPAICHUSA Nyoy , 06/MUH 500
MmrenbHeli Bpamaromit Moment T, Hem 300
MaxciMabHBLH BpaUIAIoNnit MOMEHT Tyyay , H'M 430
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MexaTpoHHBLIH ~ MOIYJb
IBMKEHHS, [IpeACTaBIAIOILMH
coboil He3penyKTOpHBIi MOBO-
porHsiit cron (puc. 2.34), 3
rpefHasHayeH s obecrieve-
HUSL PEXHMOB TO3ULMOHUPO- 9
BaHUSL M KOHTYpHOI o6pabor-
K/ Ha (ppe3epHbIX, CBEPIHIBL- |
HBIX ¥ DACTOMHBIX CTaHKax.
OH COCTOMT M3 OCHOBaHMA 1 _
U CcOBCTBEHHO [OBOPOTHOTO B o9
crojia 2, ONMpAONIErocs Ha :

YIOpHbie MOMIIMIHAKM 3, BCTPOCHHOIO SJIEKTPOABHTATEIIS 4, portop 5
KOTOPOTO CKpervleH ¢ TUraHIIaiboi 6, AaTdnKa 7 mOJIOXeHus, HaTyuKa
8 CKOpPOCTH ¥ THIpoTopMo3a 9, obecrneYuBaiOLIETo bukcanuo mwaH-
a6l B HYXHOM [OJIOXKEHUH. bespenyKTopHOE COBMEILICHHE POTOpPA
3IeKTPONBUTATENA M IUTAHINAHOBI MO3BOJSET MOJHOCTHIO HCKIIOYHTD
ODT U COOTBETCTBEHHO YBEIMYHMTH TOYHOCTD MOZUIIMOHUPOBAHUA CTO-
Jia ¥ PACIIMPHUTH €ro TeXHONOrMyeckue Bo3MoxHocTH. I1pu stomM ynpo-
1aeTcA KOHCTPYKIIHSA CTOJa, YMEHBIIAETCSH HHCIIO JeTanei, MOBLIIAETCS

xecTKocTh [5]. iy
B ta6un. 2.11 npuBefeHBl OCHOBHBIC TEXHWYECKUE XapaKTEPHCTH

6e3peyKTOPHBIX TIOBOPOTHEIX CTOJIOB.
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Ta6uauma 2.11

OCHOBHBIE TEXHHUYECKHE XaPAKTEPHCTHKH Oe3peayKTOPHbIX
HOBOPOTHBIX CTOJIOB

HaumenoBanue Mouens .
XapaxKTepUCTHKH CII 200 | CIT 320 | CIT 630 |CII630B | CII 1000
Bpsstongur | MOMOECYS. oy 300 600 1500 | 2500
(30 Mun) T, H'M
i R 600 1200 3000 5000
(5 mMun) T, HM
BHEORRE i) 191 398 644 584 930
D, MM
Bricora H, MM 170 240 250 200 280
[TorpenrHocTh nosnun?~ 5 - 3 3 3 3
HupoBaHus §, yri. ¢ (...")
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MexarpoHnsle Momynu [aloT BO3-
MOXHOCTb co3fiaBaTh pasHoobpasHoe Tex-
HOJIOTHYECKOE 00OPYNOBAHHME HETPATHIIN-
OHHBIX KOMMOHOBOK. OIHMM M3 TpeicTa-
BUTENICH TAKOrO TEXHOJIOrMYECKOro obopy-
NOBaHHS SBASETCS MHOrOKOOpPIWHATHEIN
obpabatsiatoumit mentp AM-320 ¢ nepe-
MelaluMesa no ayre mmnuHaenem. Ha
puc. 2.35 npencrasneHa ero cxema. B

Puc 235 9TOM LEHTPE, M3TOTOBIEHHOM JIMHTpPOB-

CKHM 3aBOJOM (Dpe3epHBIX CTAHKOB, Ha-

LUTH TIPUMEHCHHE TAKUE MEXaTPOHHbLIC MONYIN ABMXEHMS, KaK MOJIYIb

TIOCTYIIATEILHOTO NMEPEMELUEHHS, Ge3peyKTOpHbIii MOBOPOTHBIH CTON U
Ge3penyKTOpHBIi MOTOP-IUNUHAEND [5].

2.4. CoctaB MexaTpoHHoOro MOOYNA ABUKEHUA

MexaTpoHHBL MOLYIb ABUKEHUS COCTOUT U3 CACOYIOIIHX OCHOB-
HbIX yacteit (puc. 2.36).

OJeKTPONBUTaTENlb — 3TO BNEKTPOTEXHUYECKHI npeoBpasoBarens
SJIEKTPHYECKOH 3HEPTUM B MEXaHHYECKYIO.

Mexanuyeckuii npeoGpasoBatesb — yCTpoicTBoO, npeo6pasyioniee
[1apamMeTpbl NBHXXEHHA NBUIaTeNsi B TpeOyeMble mapaMmerpsl JBVDKEHUS
BBIXOHOTO 3B€Ha (MOXET OTCYTCTBOBAT).

B cocrap MexaHUUECKOTO npeobpasoBaTesisi BXOISAT:

npeodpasoBateNb ABHXEHMs (mepeada) - MeXaHM3M, NpPEeIHA3HA-
YEHHBIH UTA MPeodpasoBaHUs OJHOTO BU/A ABIKEHHUS B JPYToe, COINA-
COBaHUSI CKOPOCTEH M BPAILAIOLIMX MOMEHTOB JIBMIATENS M BBIXOJHOIO
3BEHA MEXATPOHHOIO MOJIYJIS;

TOPMO3HOE YCTPOHCTBO — YCTPOMCTBO, MNpeAHA3HAYEHHOE WIS
YMCHBLICHHUST CKOPOCTH MOJBWXHOTO 3B€HA, OCTAHOBA M yUEPXKaHHSA €ro
B HETIOABIKHOM COCTOSHHH (MOXET OTCYTCTBOBATh); -

MOQTOBLIOUPAIOLIMI MEXaHH3M — YCTPOMCTBO, NpEIHA3HAYCHHOE
AJist BBIOOPKM 3a30pa (MEPTBOrO XOa) B HEKOTOPBIX BHIAX npeobpaso-
BaTeNIei MBHXKCHUA (MOXKET OTCYTCTBOBATE);

HamnpapigoliNe — YCTPOUCTBA, obecreynBaloMe 3a0aHHOe OTHO-
CHTEJIbHOE JBMKCHHE BBIXOXHOTO 3BEHA MEXATPOHHOTNO MO/ (MOXeT
OTCYTCTBOBATh).

MrdopmaloHHoe yCTPOHCTBO — yCTPOMCTBO, Mpeobpasyiolee
KOHTPOJIMPYEMYIO BETMYHHY B CHTHAJ, YIOOHBIA JUISI H3MEPEHUS, TIepe-
Aavyu, npeobpasoBaHusl, XPAHEHMS U PETUCTPALIMH, A TAKKE IUIS BO3Aei-
CTBMSI UM Ha YIIPaBJIsieMble TIPOLECCHI.
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CocTaB MexaTpoHHOro MoaynA oBWXKEHWA

MexaTpoHHBIR

Moaynbs ABUKEHWA
i |
[ 1
Aarunkm
Oeunratens Mexanuyeckni npeobpasosatens wHthopmalium
; 1 | 1
Yrnosoro MNpecGpa- TopmosHeie ModiTosk- Hanpas-
[BHHEHUA IoBaTEnu AHWIMB Gupaloly
ABWKEHWA MEXaHWIMBI yCTpOWCTEA
Nuneinoro T T . T
— rl BonHoswie l | Mexann- BitrTonsix CHonLKEHUs
Heckue npecbpalosa-
Teneil oaume-
'| MnanetapHbie l HUR
1 SnexTpu- D
HECKHE
-[ Peeunsie [ 3yBuarsix
G npecbpalosa-
wapasnu- Tenen asue-
me:l HECcKME HUAR
Ll Bunrosse I Y MHeamari-
Heckue
I-I UesguHbie I
Pue. 2.36

2.5. UHTennexkTyanbHble MeXxaTpoHHbIE MOAYNN

I'mapHO#l 0COBGEHHOCTHIO COBPEMEHHOIO 3Tarla PasBUTUS MEXaTpo-
HUKU SIBIFETCS CO3laHue MPHHINNNAIBHO HOBOTO MOKOIEHUS MOIYIei
~ MHTEJUIEKTYABHBIX MEXaTPOHHBIX MOAYJIEH. :

MuresuiekryanbHbid Mexarportbiit Moaynb (MMM) — koHcTpyk-
THBHO U (DYHKIIMOHAJIBHO CaMOCTOSTEIbHOE M3JENME C CHHEpreTHde-
CKOW MHTerpalueil MeXaHW4ecKoi, 3JIEKTPHYECKOMH (3H€KT]I:}JOTCXHH‘1E‘
cKoii), MH(OPMALMOHHON M KOMITBIOTEPHON (3JIEKTPOHHOM) wvacreil,
KOTOPOE MOXHO MCIIONIb30BaTh MHANBUAYAJIBHO M B PasiiMYHbIX KoMGu-
HALMAX C APYTUMH MOIYIAMHU.

TakuM o06pa3oM, IO CPaBHEHHIO C MEXaTPOHHBIMHM MOMYJISIMU
npwkennst (MMI), B koxctpykiuio KMM nonoiHUTENEHO BCTPAaUBa-
I0OT MUKDPOHPOLECCOPHBIC BBIYHCIMTEbHbIE YCTPOHCTBA M CHJIOBBIC
SMEKTPOHHBIE MPe06pa3oBaTeNH, YTO NPUIAET STHM MOAY/IAM MHTE/LIEK-
TyaJIbHbIE CBOMCTB M SIBJSIETCS MX [JIABHBLIM OTIMYAIOLIMM IPH3HAKOM

or MMJI.
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Ha puc. 2.37,a u puc. 2.37,6 nzobpaxeHsl MHTEIICKTyalbHbIE M-
xatpounsie mouaynu dupmer SIEMENS SIMODRIVE POSMO A u
SIMODRIVE POSMO SI cooTBeTcTBeHHO, BKIIOUAIOLIHE B Cebs ek~

TpoaBHratens l, MexaHwyeckuit npeobpasosartens 2 M CHJIOBOI TIpeo6-
pasoBaTeib 3.

. Puc. 2.37

CuHepreTHyeckas WHTETPAllMs YKA3aHHLIX DJIEMEHTOB COCTABIISIET
CTPYKTYpHBIH 6asuc MeXaTpoHMKH. MexaTpoHHas Haes CUHepreTuye-
CKOM MHTETpaliK 3JEMEHTOB Pa3JIMuHONi (PU3NYECKOH MPUPONBI CTAHO-
Butca BCe Gosiee MonyiApHO# cpenu pa3paboTYMKOB M NoTpeburesneit
HayKkoeMKoi nponykiuu. Ilepebie oOpasiil MHTE/UIEKTYAIbHBIX MEXa-
TPOHHBIX MOIYJIEH TOABUINCH B cepennne 90-x rompos XX Beka, ¥ B TI0-
CJIe/IHUE TOMBI MX JIOA Ha PhIHKE ObICTpO yBenuuuBaercs. Tak, 1o JaH-
HeiM XypHana Packaging Digest (aBrycr 2002), B HacTosiee Bpemst
BCTPOEHHbIC KOHTPOJUIEPHI YIPABICHHS [OBUXEHHEM IIPUMEHSIOT B
35,1% MexaTpoHHBIX YNaKOBOUHBIX MalluH. B TeyeHue 6Gmokailimux
1,5..2 nmer OXWAAETCA YBENMYCGHWE [OMW MallMH STOro Kijacca Ha
8...10%. AnanmornyHasi TeHACHUIMs HabIOgacTCs U B JAPYruxX ob61acTsX
NPUMEHEHUST MEXaTPOHHBIX CHCTEM, B YaCTHOCTH, B aBTOMATH3MPOBAH-
HOM MAIIXHOCTPOSHHH.

PaccMOTPHM OCHOBHBIE MPEMMYIIECTBA, KOTOPHIE JAET MpHMEHe-
HUE WHTEJUIEKTYaNIbHBIX MEXAaTPOHHBIX MOIYJIEH:

e crocobHocTs UMM BLIMONHATH CAOXHBIE ABMXKEHUS CAMOCTOSITENb-
Ho, 6e3 obpallieHusT K BEPXHEMY YPOBHIO YIpPaBJIeHNs, YTO TIOBbIIIA-
€T AaBTOHOMHOCTh MOJYJIEH, TMOKOCTH M KUBYYECTh MEXATPOHHBIX
cucteM, paboTalOIIUX B M3MEHSIOIIMXCA M HEOTNPEHEeNeHHBIX YCIIO-
BHAX BHEILIHEW CPE/HI;

e VIpolIeHUEe KOMMYHMKALMI MEXIy MOOYISIMU M LEHTPATBHBIM YCT-
poiicTBOM ympasjieHHs (BIUIOTH /10 mepexofa K OecIpoBOJHBIM KOM-
MYHHKALUSM), YTO MO3BOISIET NOOWBATHCS TOBBIIIEHHON IMOMEX03a-
IIMILEHHOCTH MEXaTPOHHOM CHCTEMBI M ee cIocoBHOCTH K ObIcTpOi
peKoH(pUrypanum;
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¢ TIOBBIILEHHME HAAEXKHOCTM M 6E30MACHOCTH MEXaTPOHHBIX CHCTEM
6arogapsl KOMIBLIOTEPHOM AMATHOCTHKE HEMCNIPABHOCTEN M aBTOMAa-
THUECKOMH 321HTE B ABADHHHEIX M HELUTATHBIX PeXMMax paboTsl;

e coznaHue Ha ocHose UMM pacnpeleneHHbIX CHCTEM YIpaBieHus C
IPUMEHEHUEM CETEBLIX METOJIOB, AINapaTHO-TIPOrPaMMHBIX ILIaT-
dopMm Ha Gase NEPCOHANbHLIX KOMITBIOTEDOB M COOTBETCTBYIOLICTO
[IpOrpaMMHOTO obecreyeHms;

e JCIIONB30OBAHUE COBPEMEHHBIX METOMOB TEOPMM YIpABIECHUS (IPoO-
rPAMMHBIX, AJANTHBHbLIX, HHTEJUIEKTYAIbHBIX, ONTHMATBHBIX) HETO-
CPEJICTBEHHO HA MCIIOJHUTEJLHOM YPOBHE, YTO CYIECTBEHHO IO-
BLIIACT KAYECTBO IIPOLIECCOB YIPABIECHMS B KOHKPETHBIX peajin3a-
LLUSIX; . 3

e WMHTEJUIEKTYAJIM3allMsl CWIOBBIX npeobpa3oBaTesicf, BXOMANIMX B CO-
cras UMM, 11 peanusailiy HerocpPeICTBEHHO B MEXaTPOHHOM MO-
AyJle MHTEJUIEKTYTbHbIX QYHKLMIA MO yNPAaBIEHUIO JBHXKEHUEM, 3a-
[L4Te MO/ B aBapUilHBIX PEXMMAX M JUAarHOCTUKWA HEHCIIPABHO-
creit;

¢ MHTEUIEKTYAIH3allHs CEHCOPOB I MEXATPOHHBIX MOJIYJICH II03BO-
nsieT HO6GHTHCS Bosiee BBICOKOH TOYHOCTH H3MEPEHMUsI, IIPOrPaMMHBIM
HyTeM 0DECIIeUUB B CAMOM CEHCOPHOM MOIyIe bunsTpaluio MyMOB,
KaIMOPOBKY, JIMHEAPH3ALIMIO XaPAKTEPHCTHK BXOJI/BBIXO/, . KOMIICH-
CALMIO IEPEKPECTHBIX CBsi3el, rucTepesnca u apeiida Hyss. .

OcHOBHBIM (DaKTOPOM, CACPXMBAIOIMM MHCIIONB30BAHNE MHTEN-
JEKTYAIBHBIX MEXATPOHHBIX MOAYJICH B CEPHMHUHBIX M3IENUSAX, SBIACTCA
UX BHICOKAd 1leHa, XOTS B TOC/IeJHHE TOIbl OHA MOCTOSHHO CHIDKAlACh.
D10 06YCIIOBJIEHO PAJOM TEXHONOTMIECKHX (PaKTOPOB:

o GYpHBIM pa3BUTHEM B MOCJEIHEE BPEMs AMIAPATHBIX YCTPOHCTE U
MHGOPMAIIMOHHEIX TeXHONOTHM, OPUEHTHPOBAHHBIX HA 3adadn
yIIpaBIeHUs IBVIKEHUCM; :

e TOSIBACHMEM TIOJYIIPOBOAHUKOBBIX NPUOOPOB HOBOIO IOKONECHUA
(CHJIOBBIX TIONEBBIX TPAH3UCTOPOB, GHITOJAPHBIX TPAHIUCTOPOB C
M30JIHPOBAHHBIM 3aTBOPOM, THPHCTOPOB C IOJIEBEIM YIIPABNEHUEM);

o TEpeXOJOM Ha HOBYIO BMEMEHTHYIO 0asy B CHCTEMaX YIpaBJICHMA
IBIDKEHHEM — 9To HudpOBE CHTHAIbHBIE Tpoueccopst (DSP -
npoueccops) u 6moku FPGA (Field Programmable Gate Arrays);

o pa3paboTkOil I'MOPHAHBIX TEXHONOTHH MEXaTPOHHKH, MO3BOIAIOIINX
BCTPAMBATh SJICKTPOHHBIE W BbIYMCIUTEIBLHBIC ycTpoifcTBa B MeXa-
HUYECKHE Y3JIBL.

C TouKM 3peHHS (QYHKIUOHAIBHO-CTPYKTYPHOIO aHajIH3a (cMm.
D1.1), MHTEJUICKTYalbHbIE MEXaTPOHHBLIC MOMYNH DPEalM3yloT BCE CEMb
(YHKUMOHAIBHBIX NpPeoOpa3soBaHHil, IPEACTABICHHBIX Ha puc.1.6. B
cTpyktypy UMM BXOIAT 27€KTPOMEXaHMYECKas M YIPaBIAIOWIAs MO~
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CHCTEMBI, & TaKXKe CHJIOBOW Ipeobpa3oBaTesib H COOTBETCTBYIOLIHE WH-
Tepdeiicsl (puc.1.7). :

WHTENNIEKTYaNbHBIH MEXaTPOHHLIH MOAYJIb COCTOUT M3 ClEAyio-
LIMX OCHOBHbBIX 3/IEMEHTOB!

e 3JIEKTPOABMTATE/st (XOTH BO3MOXHO HCIONb3OBAHWE NBMKUTENCH M
IPYTMX THTIOB, HAMPHMEp, MMAPABINYECKNX);

MeXaHUYeCKoro rnpeobpasoBareis;

JIATYUKOB OOPaTHOM CBSI3N M CEHCOPHBIX YCTPOICTB;

VIIPaBJISIIOILETO KOHTPOJUIEPA;

CHJIOBOTO npeobpasopares;

YCTPOUCTB CONPSIKEHUSA W CBASH.

B cospemennsix UMM ucnonb3yioT pasiuvHble THIBI 37EKTPO-
JBUTATEJIEN: YIJIOBOTO M JIMHEHHOro ABMXKEHUSI, MEPEMEHHOIO W MOCTO-
AHHOTO TOKA, KOJUIEKTOPHBIE U BEHTHIIbHbIE, HENPEPLIBHOTO ABMKEHHA
M 11IarOBBIE. ]

B xauecte mpeobpasoparteneit NBICKEHMs NMpUMEHSIOT 3yGuathie,
BUHTOBBIE M Ap. nepenayd. B koHctpykumsx nekotoperx UMM, mno-
CTPOEHHBIX Ha 0a3e BBHICOKOMOMEHTHBIX IBHMIatesieil, npeobpasoBaTenu
IBUKEHWSI OTCYTCTBYIOT.

B MHTE/TEKTYAIBHBIX MEXAaTPOHHBIX MOMYJSAX HMCIOMb3YIOT pas-
JMYHBIC MATHMKH TONOXKEHHS M cKopocTH (oTomMnyinscHbIE, Bpa-
IanmMecs TpaHc(opMaTophl, TaXoreHepaTopbl) M CEHCOPHl (IaT4UKU
TOKa ¥ MOMEHTa, TEMIEPaTyphl H BHOpaumm), KOTOpLIE NMEpeNaloT WH-
(opmaumio B yCTPOHCTBO KOMITBIOTEPHOIO YNPABIeHUs 0 (PAKTHIECKOM
COCTOAHHH ITOJICUCTEM MOAYJIS.

BerpoeHHbie yrpasnsioliMe KOHTPOJUIEPH], PealM30BaHHbIE HA CO-
BPEMEHHO} 2/1EMEHTHOM 6ase, NO3BONSIOT MoNyJaTh KOMIAKTHEIE U Ha-
JEXHBIE MEXaTPOHHBIE W3MAEHNdA, OONANAIONIME WHTEIUIEKTYAbHBIMU
GYHKIMAMM, ¥ CTPOUTh HA UX OCHOBE MHOTOKOODIMHATHBIE MEXAaTPOH-
HBIE CHUCTEMBI C MEHCHTPAIM30OBAHHLIM YIpaBleHHeM. B coueraHuu c
OTKPBITOH apXHTEKTYPO# cHcTeM ympapieHus tuna PC-NC 3to Mo3Bo-
JISIET CO3/aTh KaYeCTBEHHO HOBBLIE CHCTEMBI YIpaBlleHus, obrafaioliue
NPUHUMINAIGHO HOBBIMM XapaKTEPUCTHKAMM 10 GHICTPOMEHCTBHIO,
TOYHOCTH ¥ (PYHKUMOHANBHOM rMBKOCTH.

IpHHUMITHABHO BaXXHO, 4TOOBLI BCE MEPEYMCIICHHBIE SIEMEHTHI
ObUIM KOHCTPYKTHBHO OOBEAMHEHBI Pa3pabOTYMKOM B €AMHOM KOpIIyCe.
ITpu 3TOM YCTPOICTBA CBA3M CTAHOBATCS BHYTPEHHHMH GIOKAMH, He-
JOCTYITHBIMHU JUTSE TIOJIB30BATEIS.

ITpu paspaborke UMM kak nokasaHo B 1.1, cieayer nocienosa-
TEJLHO BBHITIONHHUTE 3Tambl QYHKIMOHANIBHO-CTPYKTYPHOTO U CTPYKTYP-
HO-KOHCTPYKTHBHOTO aHanu3a (puc.l.4) m 3aTeM NPUCTYNHTh K KOHCT-
PYKTOPCKOH peaiM3aliy BEIOPAaHHOIO BaphaHTa.

e & o @
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CrnejlyeT OTMETHTh, YTO CYIIHOCTbh MHTECIUIEKTYAIbHBIX MEXaTPOH-
HBIX MOMYyJell ompejesieTcsl He THIIOM CTPYKTYPHBIX 3JIEMEHTOB, HC-
[10JIb30BAHHBIX B TAHHOM KOHCTPYKUHH, & B MEPBYIO OUYEPelb UX (PyHK-
[IMOHAILHEIM Ha3HAYEHUEM.

2.6. MpuMepbl MHTENMeKTyanbHbIX MEXaTPOHHbLIX Monaynewn

OIHMM M3 MEPBBIX MHTE/UIEKTYATBHEIX MEXaTPOHHBIX MOJYNEH fB-
nstetess Moayns SmartMotor ameprkasckoit dupmer Animatics Corp.,
KOTOpBIH MosiBWiICs HA peIHKe B 1994 roay.

OH co3fmad Ha 6a3e CTAHIAPTHOTO SAEKTPOIBUIATENA JAMAMETPOM
@60 MM, B 3aIHeit YacTH KOPIIyca KOTOPOrO JOMOJHUTEIBHO OBUIM yC-
TaHOBJNEHBI (DOTOMMITYJIbCHBLA JATYMK, YCHIMTENb, 32-OMTOBBIA Mpo-
rpaMMHUpYEMEIH KOHTPOJLIED ¥ YCTPOWMCTBO CBA3U € CETHIO. Monynb sB-
JISeTCH YHUBEPCAIBHBIM, MOXET ObITh HCIIO/NBb30BAH B MEXaTPOHHBIX
cHUCcTEMax pasiMYHOro HasHayeHHs. IIpOM3BOAUTEND NMOAYEPKUBAET, YTO
Ha 70% MOmy/ib COCTOMT M3 CTaHAAPTHBEIX SJIEMEHTOB, YTO MO3BOIUIO
CHU3UTH €ro CTOMMOCTh M OBECIeYMTh BBICOKYIO HajexXHOoCTh. [lonb3o-
BaTEh MOXET CaMOCTOSTENBLHO BHIOPATh PEXHUM YIIpaBieHUsa (MO I0Jo-
XEHUIO, CKOPOCTH MJIM YCKOPEHMIO), 8 TaKXKe UCIIONb30BaTh AJITOPHTMBI
KOMITBIOTEPHOTO yIpaBieHus, KOMIIEHCHpyIOUHe BiMsHue modra B
npeobpasoBaTesax ABIDKCHUS HA IUHAMMYECKUE XapaKTEPUCTUKU MOMY-
AL
®upma SIEMENS BRInycKaeT MHTEJUIEKTYAILHBIE MEXaTPOHHBIC MOy~
ma SIMODRIVE POSMO A (puc. 2.38), cocroduiue M3 CICAYIOIINX
3JIEMEHTOB!

e BEeHTHILHOTO ABUIATEs ¢ BO30OYXIECHHEM OT IMOCTOSIHHBIX MAarHUTOB;

e TIaHerapHoro (puc. 2.38,a) wiu yepBs4yHOTO (pHc. 2.38,6) 1peobpa-
30BaTess NBUIKeHUS (MOXET OTCyTCTBOBaTh (puc. 2.38, B));

e TOPMO3HOTO YCTPOHCTBA (MOXET OTCYTCTBOBATE);

¢ BCTPOEHHOTO (HOTOMMITYJIIECHOTO AaTYHKa (PHUO);

e CIJIOBOrO Ipeobpa3osateisl, KOTOPHIA KOHCTPYKTUBHO 3aKPEILISETC
Ha KpbIILIKE JBUTATEIIs;

e KOMIUIEKTHOTO YIPAaBJISIIOUIEr0 YCTPOMCTBA, BKJIIOYAIOLIETO DPEryIsi-
TOp ABUTaTeis, 6JI0KM ITO3ULMOHNPOBAHMS M TIPOrPAMMHUPOBAHI, 2
TaKKe KOMMYHUKALIMOHHBIM MHTepdeHc i MOUKITIOYEHHS B Cpeae
PROFIBUS.

OTIMYUTETLHOM OCODEHHOCTHI0O KOHCTPYKLMU SIBIISICTCA ChEMHAA
KPHIIIKA JUIS TIONKIIOYEHUs CHIOBOrO IpeobpasoBatens, KOTOpas CO-
[epXUT MHTETPUPOBAHHBIA IIePeKIoYaTe/sb anpeca IHHBL PROFIBUS
¥ TOPMO3HOM PE3WCTOP, YTO MMO3BOMSAET MPH HEOOXOAMMOCTH OTKIIO-
YUTH JBHraTeTs 0e3 pa3priBa KOMMYHHKAIMOHHBIX U CHIIOBLIX (o -
TAHMIO) CBS3eH B APYruX ycrpoiicTsax. Braromaps oOheAWHEHHIO KOM-
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MYHUKAUMOHHON M CHJIOBOM IIMH HOCTHUTaeTes yIpollleHue BHYTpeHHeH
CTPYKTYpPbL MOITYJIsI 1 ODECTIEYMBAETCS €r0 KOMIIaKTHOCTD.
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Puc. 2.38

YrupaBiieHHe MOAOYJIEM OCYIIECTBISIOT [10 CTaHAAPTHOW IIIKHHE
PROFIBUS, npu 2T0M BO3MOXHBL CIEAYIOIIHE PEXUMBI ABMKEHUA:
e IepeMellleHHe B KOHEYHYIO TTO3ULIMIO ¢ TIPOrPaMMHO 3alaHHON CKO-
POCTBIO W PETYIHPYEMBIM YCKODEHUEM;
e JIBHOKEHHE C PETrVIMPYEMOI YAaCTOTOM BpALICHUS BAJla U Peryimpye-
MBIM YCKOPEHHUEM.
OmnepaTop ¢ TIOMONIBIO CIENMANBHOIO IporpaMmHoro obecreye-
HIS MOXET 3a7apaTh B NpOIpaMMe ABIDKEHUS] BPeMEHHbBIE MM JIOrUYe-
CKHE YCJIOBHMS, HMCIONb30BaTh METOAbl KOMIIEHCALMH 3a3opa (odTa),
MOJIy4aTh COOOMIEHUST O TEeKYIIeM MOJOXEeHUM M JUATHOCTHKE COCTOS-
HUSL MOJIYJIA.
Texuuyeckue gaHHbie HekoTopslx Momyier SIMODRIVE POSMO
A npuBejieHEl B Tabi. 2.12.
Tabnuuma 2.12
Texuudeckne XapaKTepHCTHKH HHTEIIeKTYaJIbHBIX
mexaTponsbix Monyneit SIMODRIVE POSMO A

Tun moayns 75 Batr 300 Barr

Hanpaxenwue nutagua U,B 24 43

Tun nsuratens C posby®aecHUeM OT MOCTOAHHBIX MarHUTOR
BeclieTouHEINR CepBOABHTATEND

HoMmunansHoe yactota Bpa-

HIEHHA BaNna ABUTATENA Ny, 3300; 2000 3500; 3000
of/MHH

HoMuHanbHEIR MOMEHT ARM- g 7
ravens Ty, Hout 0,18; 0,36 0,48; 0,95
{']OAMKHMBHI:[H TOK ABUraTeas 45:9 5; 10
KII neuratens n, % 65 75
?{DMEHg WHEPLHH IBUIATENS, 6102 6,310°2
o KI'M

Jlatuynx oBpaTHOMR CBA3IM WHKpEMEHTaNLHELH UHKpPEMEHTANBHBL
Paspewenue gatamka,

.y 816 4096
Macca monynst m, KE:

fiea penykropa 3.1 3,9 (4,0)
¢ l-crynenyaThiM 3y6uaThiM 3,5 3,1 (5,2)
PELYRTOPOM

C 2-CTyMeHYaTsIM 3y09aThiM 3.7 5,4 (5.5)
PEIYKTOPOM

€ J-cTyneHHaTsiM 3y6yaTniM 39

PEMYKTOPOM

C YepBAYHBIM PEAYKTOPOM 3.5

TMpumeuanpe. IHAYCHUA B cKobKAX — Macca MOAYNA C TOPMO3OM

HutenekryansHeiit MexarpouHsiil Moayns SIMODRIVE POSMO
SI dupmet SIEMENS (puc. 2.39) npeaHasHageH U pealM3aliy [BH-
XEeHHI 110 ONHOM ympapiaseMoldt KoopAuHaTe NPy JCUEHTPATH30BaHHOM
YIpaBJICHUM MEXaTPOHHOI CHUCTEMOIA.
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Puc. 2.39

B cocras MORYIsA BXOIAT CHEAYIOUINE 31eMeHTEL:

BEHTHJIBHEIHA JBHUTaTENh C BOBﬁY)KJIt‘.HHCM OT MOCTOSIHHBIX MarHUTOB
(Hampspkenue mutanus 600 B);

TpeodpasoBarelib IBUXKEHMUA U TOPMO3HOE YCTPOMCTRO;

6JI0K CHITOBOM 3JIEKTPOHUKH, '

BCTPOCHHBIH (QOTOMMMYIBCHELNA HaTYNK (PUN);

BEHTWIATOP VI IPUHYAMTENLHOTO OXIAKICHHS;

YIPaBISTIOLIEE YCTPOMCTBO, BKIIOYAIOWIEE YIIPaBIIAIONIMIL KOHTPOJI-

Jiep, OJIOKM MO3ULIMOHMPOBAHUS U IIPOTPAMMUPOBAHMS, a4 TAKKe

KOMMYHHKaUMOHHbIH HHTepdelic it nuusr PROFIBUS.
leomeTpuyecKie napaMeTpsl U TeXHUYECKUe XapaKTePUCTUKY WH-

TCJUICKTYalIPHOTO  MEeXaTpoHHOro monyias SIMODRIVE POSMO SI
npuBefeHSI B Ta0NI. 2.13 u 2.14 cooTBeTCTBeHHO.

Ta6numa 2.13

Teomerpuyeckue napaMeTps MHTELIEKTYATBHOTO
mexatponroro moayns SIMODRIVE POSMO SI

Hsurarens

TF'eomerpuueckue napaMeTphl

Tun |Pasmep

2b)
ap | byfepfe | [f wrexepurexep| N | 12 | k | d da bl fet o[
npAMOf [yrnosok

63 [6SN2460( 155|110 10 [130[126 (35| 179 1748 | 63 | 50 [349

80  |65N2480]186 [ 130 | 13 | 165 [ 155 [3,5 1935 | 1983 |77,5] 58 |357 | 32

24 IM8|45[27| 8
65N2463 399

Mi2| 50 | 36 | 10
6SN2463 395

100 |6SN2500|240 [ 180 | 13 [215 | 192 4 194 1898 | 96 | 80

379 38 [M12]| 75 [41 | 10
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Tabnuua 2.14

TexnuyecKue XapakTepHCTHKH HHTEIIEKTYaIbHOro
mexatponnoro monyias SIMODRIVE POSMO SI

g £ o o &)
o o 5 = » Lo
oo | Big| 8 o BByl E |58 |8
e BBt BBl s | BRE] B S8 52
=2 |334 | 83| 5% |382| i< |8E=| Qs
= % - T s & il (et
F2 |§8a (30| A2 | EoL| 2 5¢° | §5E
R1g= | gFS) BT (EXl B LGB gt
= (5 5 o
g 3 z & o s <
= s = =
1FKé6 2,1 3000 4,0 8,6/9,5 3 600 12,0/12,5
3;7 6,0 16,1/17,0 5,2 16,3/16,8
2,8 6,8 15,0/18,0 3,9 16,3/17,8
5,3 10,5 |[27,3/30,3 7,4 21,0/22,5
12 55,3/63,2 8,2 23,9/26.,3

DYHKIMOHAIBLHBIE BO3MOXHOCTH MOLYJIS:

NO3UIIMOHHMPOBAHMUE IO OJHON OCH C BO3MOXHOCTBIO CBOOOIHOTO
TpOrpaMMHpPOBAHUS TOCIEOBATEIBHOCTH [JBIKEHMIA;
MCIIONIL30BaHMe B KayecTBe BemoMoro yctpolictea (Slave) B cetm
PROFIBUS-DP c OblcTpeIM HHKIAYECKUM OOMEHOM MaHHBIMH C
BemynuM ycrpoiictBoMm (Master);
UHTEPIONAIUOHHBIA BHI [BIDKCHUA COBMECTHO C JAPYTUMH IIPMBO-
JaMM 61arogaps MepapXUyecKoil cHcTeMe YIIPABIeHUs ¢ KOHTpOJUIe-
pom aBwkenus u mmmHOoM PROFIBUS-DP;
. BCTPOEHHAs CHCTeMa M3MepeHHs aOCOJIOTHBIX SHAYCHU TepeMele-
HUH;
OBICTPBLIE BBOL B OSKCIUIyaTalMIO BCeX [IPUBOJOB HA LIWHE
PROFIBUS-DP 6naromapa crieumansHoi mporpamme SimoCom U,
paborawnieit mox Windows 95/98/NT.

®upma SIEMENS, npousBoguTenb JaHHBIX Moayiei, oTMme-

YaeT UX cleoyriiHe TOCTOMHCTEA!

MHHHMH3ALUMA 3aTpaT MoTpebuTeNs Ha CTONKY ynpasieHUA Graropa-
ps pa3MelleHHI0 MOIY/IH HEMOCPEACTBEHHO B MAallllHE;

ORICTpasd MHCTAUBILMS MaliuHbl Orarofapsd YCTaHOBKE MOLYIA M
00BEAMHEHUI0 KOMMYHUKAIIMOHHBIX M CHJTOBBIX LIHH;

89




90

HETIOCPEICTBEHHOE MONKIIOYEHHE CHIHAOB ¢ NMOMOLIBLID 4 KieMM
KOTOpbIE HACTPaMBAIOTCS KaK BXOHNBI MIIH BBIXOIbI, YCTAHOBKA MO-,
OynsHOM, ymobuol mus MCIONB30BAHUS, IUTEKEPHOW TEXHUKH U
CTaHAAPTHEIX Kabesei;

BCTaBJIsI€Masd KpHILKA TOAKTIOYEHUH ¢ WHTETPHPOBAHHBIM TIEpe-
KmosareneM anpeca PROFIBUS-DP nosgpossier OTKJIIOYaTh MOJYIh
WM IPUBOAHON KOHTYP 6e3 NpephiBanms APYTuX cBsi3eil;

OblcTpas AMArHOCTHKA 6aromaps CBETOAMONAM, TITOKA3BIBAIOLIHM
HEUCIIDABHOCTL M TOTOBHOCTh K paBoTe, a TakKe nepenayu mHboOp-
Maru no ummHe PROFIBUS-DP u HUCIONb30BAHUIO CIICLHATELHOI
nporpammst SimoCom U;

[nasa 3
SNEKTPOOBWIATENN

B MexaTpOHHBIX MOIYJSIX B KAYECTBE SMEKTPOMEXAHMYECKUX Ipe-
obpasoBatelicdd, OCYHUIECTBISIOUIMX NpeobpasoBaHue 3AeKTPUUECKOIT
SHEPTHHU B MEXaHWYECKYIO, MCIOJb3YIOT JIEKTPOABUTATEIM YIJIOBOTO M
JIMHEAHOTO ABHXEHHS BBIXOJHOTO 3BeHA. DJICKTPOABMTATENH YIIOBOTO
ABVOKCHUS. M3BECTHBLI MABHO M HALWUIM LIHPOKOE MPUMEHEHME B pa3iHy-
HBIX ODJIACTAX TEXHUKH. ONEKTPOABUIATE/ I TMHEHHOTO ABHXKEHUS (JIM-
HelHbIe DJIEKTPOABUIATENM) ITOSBUINCE B caMoM KoHile XX Beka U Io-
Ka YTO UMEIT OrpaHMYEHHOES ITPUMEHeHHe.

3.1. SnekTpoaBuraTenu yrinoBoro ABMXeHus

B MexaTpoHHBIX MOAY/ISX MPUMEHSIOT PA3NIUYHbIE THIBI MEKTPO-
ABUTATENIEH YIIOBOTO ABMXeHUA: roctositiHoro toka (AIIT) (puc. 3.1,
a), CMHXpoHHBIe (puc. 3.1, 6) u acuHxpoHHEIe (puc. 3.1, B) nepeMeHHO-
r'o TOKa.

6) 8)
Puc. 3.1

HawuGosee pocTsIM B yNpaBICHHH SIBJISETCS SMEKTPOJBUTATEND MO~
CTOAHHOIO TOKA, TAK KaK MPU IMOCTOSHHOM 3HAYEHWH MarHUTHOIO Mo-
TOKa PEryJIMpOBaHUE MOMEHTa IPOBOAT TOMBKO M3MEHEHHEM BEJIMYM-
HBI TOKA.

CHHXpOHHBI ABUTaTeNs (MHOTAA ero Ha3bIBAIOT BEHTWIHHBIM) CO-
CTOMT M3 CHHXPOHHON 3JIeKTPHYECKOH MAIIMHEBI, NATYUKA ITONOKEHHS
pOTOpa M MIEKTPOHHOIO YCTPOCTBA YIIPABIEHU.

VipasneHue CUHXPOHHBIM 3JIEKTPOJBHUTATENICM CIIOXHEe, TAK Kak
npx (UKCHPOBAHHOM 3HAYEHMM MarHHUTHOTO ITOTOKAa KPOMeE DeryiHpo-
BaHMS BeJIMYMHEl TOKA, HEOOXOAMMO peryaMpoBaTh BEeIMYUHY TMpO-
CTPaHCTBEHHOrO yIjia, TOOHBASCH IOJNYUEHHsS HEOOXOMMMOIO 3HAYEHMS
MOMEHTA. i

Haubonee cIoXHBIM B YIPaBIeHUH HABJISETCS aACHHXPOHHBIN 3eK-
TpOIBUTaTeNb, TaK KaK YOpaBleHHe UM TpeOyeT pDeryjiMpoBaHHUA TOKa
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poTopa MyTeM PEryTMPOBAHMSA TOKa CTATOPa IIpU TOANEPKAHHU TOCTO-
SIHCTBA MarHUTHOTO TIOTOKA M MPOCTPAHCTBEHHOO YIya ¢ VIS TOyde-
HUSl MAKCHMAaJIBHOTO 3HAYEHMUS Pa3BHBAEMOIO MOMEHTA.

[To GONBIIMHCTBY OCHOBHBIX TMOKaszaTeNleif, M IpeXne BCEro MO
MaccorabapHTHBIM MOKA3ATENIAM, S7EKTPOABUTATENIM TIePEMEHHOTO TOKA
TIPEBOCXOISIT KOJUIEKTOPHBIE SJEKTPONBUTATEIA MOCTOSHHOIO TOKA.

3.1.1. 3nexkTpoABUraTenu NOCTOAHHOTO TOKa

[Ipu BEIOOpE 3MEKTPONBUTATENA TMOCTOSHHOIO TOKa HEOGXOMUMO
yuuThIBaTE €ro (OPMY, TaK KaK OHa B 3HAYUTESLHOH Mepe ONpeesser
FEOMETPUYECKME MapaMETPhl MEXaTPOHHOTO Moxyns. ITo KOHCTPYKTHB-
HOMY HCIOJHEHHIO DasiMyaloT [Ba BUIA 3JIEKTPOABUTATENCH: KIACCH-
yeckyio ¢opmy (L/D>2) u puckosyio (L/D<1), roe L — miuHa qsurate-
a1, D — puametp ero Kopmyca. Qopma gBHraTess 3aBUCHT OT KOHCT-
DYKIUK AKOpS M BHIA BCTPOGHHHIX AaTYMKOB. M3BecTHH TpM BHIa
KOHCTPYKTMUBHOTO HCIOJHEHUsI AKOPEi ABHraTeseil MOCTOSHHOIO TOKA:
KJTacCHYECKHH, MIaIKuii i MaIOMHEPLUOHHBIA. Bun sakops ONpPEHeNsoT
N0 HAaMYMI0 HAa HEM Iasa (KIacCHYECKHWH) WM OTCYTCTBHIO Ma3a
(r1agKuit) U BBITIONMHEHMIO SKOPS ITONBIM WM JMCKOBBIM (manounep-
LIMOHHBII).

Io criocoby nofBefeHUs HATIPSKEHUSI B OGMOTKY SKOPS JABUTATEH
MOCTOAHHOIO TOKAa JIEJAT Ha KOJUIEKTOPHBIE M GeCKOHTAKTHbIE (BEH-
TUIALHEIE).

Jpuratesu ¢ KJIACCHYECKHAM SKOPEM HMEIOT OTHOCUTETHHO HeOOINb-
IO NuaMeTp SIKOPA TPU 3HAYUTENBLHON ero JUIHHE. CrneposartessHO
Kiraccuyeckas (yuiuHeHHas) Gpopma Jsuratens o6yclIoBIeHa KOHCT’pYK-’
IMeH AKOps. DTH NBUTATEI HaleXHbl, 06IanaiT 6oMbuIoit TIPOYHO-
CTBIO M TEIUIOEMKOCTEIO. K HUM OTHOCAT, HanpuMep, KOJUIEKTODHbIE
ABHTATENIM ¢ OOMOTKO# Bo3byxnenus cepuit I u CJI, Bo36yxaeHNEM OT
MOCTOSHHBIX MarHUTOB cepuit JIT u JIIM m T.11.

Y nsurareneit cepuit Il u ClI, Hanpumep, JI-25T, CI-150 P
25 u 150 B ux 0603HaYEHUU YKA3BIBAIOT 3HAYCHIUE HOMMHAIBHOMN MOII-
Hoctu B Br. B obGosuauenun papurareneit cepum JIIM MOUHOCTHIO
ceeire 100 Bt, manpumep, OIIM-1,6, undpsl o6o3HavaioT 3HayeHue
HOMMHA/ILHOro MomeHTa, HM, a MomHoctsio Menee 100 Br, Hanpumep
ATIM-25, - HapyXHbI# JUaMEeTp KOPITyca, MM. ,

JApuraresn ¢ MATOHHEDUHOHHBIM NOJBLIM SAKOPEM HMEIOT KJaccHye-
CKYIO (YIIHHEHHYIO) popMy. B HHMX [OCTOSIHHBIE MATHUTEL MOTYT HAXO-
AHUTBCA KaK BHYTDU POTOpa, TaK M CHapyxu. B nocsiemnem ciaydae Mo-
MEHT WHEPLMH BPALIAIOUIMXCS YacTedl MeHbIle, YeM IpPH pacloNoXe-
HUU MarHMTOB BHYTPH pOTOpA.
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Dt ABUratenn obnanaior conee seicokuM KITI u Gonpiium OpieT-
pONEHCTBUEM TIO CPABHEHMIO C ABUTATEIIMHU C KIACCHICCKUM SIKOPEM.

JlBAraTe M C MAIOMHEPUMOHHBIM JIMCKOBBIM SKOPeM MMeIOT (hopmy
KOPOTKOTO IIMHAPA JUIMHA KOTOPhIX MEHbIIE MX Auamerpa. SIKops Y
raKuX JBUrateneil npeacrapiaser coboil 3aKperieHHbIH Ha Bally TOHKHM
HEMArHWTHBIN THCK.

Bo36yxjieHue ABHTaTesst OOBIYHO CO3MAETCS MOCTOSHHBIMU MarHu-
Tami (pexe o6MOTKaMH BO3GYXIEHM), PACIONIOXEHHEIMM B TOPLICBO
[JTOCKOCTH, TaK YTO ABHTaTeNb MMEET HEe LIWIMHADHYECKUA (pamuaib-
HBliT) BO3AYIIHEIA 3a30p, a TUIocKUi (akcuanbHslit). Ilpu aTom cokpa-
IAIOTCA OceBhle TabapUTHLIE pasMephl IBUTATEIIS.

JuckoBble ABurate/nn ob6namaiorT OONbIIMM OBICTPOHEHCTBHEM, YeM
KaccuuecKue, TAK KaK MX Bpallaloiascs 4acTh MMEET Masiblif MOMEHT
yHepuuu. IIpyH 5TOM KPaTHOCTh IYCKOBOIO MOMEHTa Y HMX BhILIe (JI0
10), yeM y KIacCHUECKMX JABUTATCIEH.

YV jBurateneif ¢ JAMCKOBHIM AKODEM CYILECTBYET Ipobiema 0TBojA
TerUia, TaK KaK TEIUIOBas NMOCTOSHHAS AKOpPS OTHOCHTeNbHO Mana. Ilo-
5TOMY MEXaTPOHHBIE MONYIM C ABUraTeAMU C JMCKOBBIM SAKODEM pe-
KOMEHJIYIOT YCTaHABIWBATh HAa METALTMYECKOM OCHOBAHWU HIIM OCYIIE-
CTBJIATH MPUHYIUTEIBHYIO HX BEHTHIISIIHIO.

VesosHoe o6o03HaueHue KosuiekropHoro mpuratens cepuu JIT c
JMCKOBBIM SIKOPEM C IPOBOJIOYHON OOMOTKOM, BHIBE/ICHHON HA KOJJIEK-
TOp, ¥ BO3GYXIEHUEM OT IOCTOSHHBIX MAarHuToB, Hampumep JIT125-
60-3-24, pacidpoBbIBAIOT ceayoumuM obpasom: 125 — nnamerp Kop-
nyca, MM; 60 — HOMHHaIbHas MOIIHOCTB, BT; 3 — 4acrora BpalleHH:
Baja, THY. 00/MuH; 24 — HanpsokeHue nuraHus, B. B npurarensix c
JIMCKOBBIM SKOPEM C TIeYaTHOM oOGMOTKO# M BO3GYXKICHUEM OT [OCTO-
gHHBIX MarauToB cepuu IS, mampmumep ITS1-50, mudpa 50 ykasbiBaet
HOMUHAIBHYIO MOIIHOCTh, Br. [Burarenu cepunt 15 cHabXeHbI BCTPO-
eHHBIM TaXOTeHePaTOPOM.

~ KoaseKTopHbie JBHIaTeNH ITOCTOSHHOTO TOKa OOMafaioT MaibiM
CPOKOM CJIyXObl, MOBBIINIEHHON YYBCTBUTENBHOCTBIO K BO3JICHCTBUAM
OKpyXalolle#t cpefbl, MCKPEHHEM IIOf IWIETKAMH, ODpasoBaHMEM Iue-
TOYHOI IIBUIM. DTH HEJIOCTAaTKH CBA3aHbI ¢ HaJIUYMEM CKOIL3SLIErO
KOHTAKTa B ILETOYHO-KOJUIEKTOPHOM Y3JIe.

BecKOHTAKTHbIE ABMTATENM — 3TO JBHUraTelld, Y KOTOPBIX MEXaHWYIE-
CKHIt KOJUIEKTODP 3aMEeHEH GecKOHTaKTHBIM MepeKimoyare/ieM (KoMmyTa-
TOpOM) Ha MOJIYIPOBOJHMKOBEIX npubopax. Kommyrarop ynpasisercs
NATYHUKOM TIONOXeHUs poropa. IIpH STOM HECKOIBKO YBEIMYUBAIOTCA
raGapuTHBIE pasMephl U Macca JBUrarelis, HO 3HAYMTE/LHO MOBBILIAIOT-
CS ero HANEXKHOCTE M JOJTOBEYHOCTh 110 CPABHEHMIO € KOJUIEKTOPHBIMHA
JABUTATEISIMHU.
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BecKOHTAKTHEIN ABUTATEND COLNEPXKHUT CUHXPOHHYIO MAllMHY U [aT-
‘MK YIJIOBOTO TIOJIOXEHMS POTOPA. BeCKOHTAaKTHBIH ABHIATeNb MOCTO-
STHHOTO TOKa MMEET WHBEPCHOE (obpaurenHoe) UCMTOJIHEHME, T.e. 06-
MOTKA SIKOpsI pacIoNOXeHa B Nas3ax craropa, a Ha POTOpEe pazMenIeHb!
IMOCTOAHHBIE MAaTrHUTHI C OITHOM WU ABYMSI rnapaMH Imomawcos.

B KawectBe martumkoB mojoxesus pOTOpa NPHUMEHSIOT CENbCHHEL,
CHHYCHO-KOCHHYCHBIE Bpalaioliecs TpaHCchOPMATOPEI (pesoneBepsl),
naTyuKn Xojia.

ITpn puckpetHOM criocobe YIPaBICHUA HCTIONB3YIOT HH(pPOBLIE
JMATYUKHA, TTOJTOXKEHUS.

Cpok ciyxGBl cOBpeMeHHbIX OECKOHTAKTHLIX [BUTATeNel [IpEBLI-
mraet 10000 g.

[IpumepoM BEICOKOOGOPOTHEIX OECKOHTaKTHBIX mBUTATENEH SIBIS-
IOTCH OBUTaTe T cepun BK.

Texnudeckite xapaxrepucruky u FEOMETPHYECKHE MapaMeTpsl He-

KOTOPBIX THUIIOB 3JIEKTPOABUraTeNelf MOCTOSHHOTO TOKA NIPHBEIEHBl B
tabn. 3.1.

TaGnuuma 3.1

Texnuueckne xapakrepucruky n FeOMeTpHIecKHe napamMerpsl
SMIEKTPOJBUIATEIEH MOCTOSHHOIO TOKA

Tun E 5 = > o E
JNCKTPOABIraTENs : e EefE|Es
e o 125 3521 [eESlszgd ac [ pay 1, ),
Hite ocobier- Hie Eda 8| 3¢ E"{ 2z Ee g4 $80 | 2w S€
o 5= = 57 &8¢ X e B s
- T e - =
| 2 3 4 5 6 { 8 9 10
Masoskit Ci-221 12,5 0,034 3500 0,014 92,5 70 6 1.2
AKOpY, anek- | CJI-369 55 0,147 3600 0,069 120 85 8 2,5
TpoMarduTHOe| CIT-569 160 0,466 3600 0,245 157 108 10 53
nosbviknenme | CJI-661 230 0,916 2400 0,91 205 130 10 9.7
Mazopwmit | JIIT-35 25 0,06 3000 0,085 136 35 4 09
AKOps, BoaGy- | OI1-40 40 0,095 3000 0,127 145 40 5 1.1
*aeuwe or | OI0-50 60 0,143 3000 0,266 167 50 3 2,0
nocreanHsx | AM-60 90 0,216 3000 0,608 187 60 7 29
MaranTos. C
TaxoreHeparTo-
pom
Huckoemit | I151-20 20 0,07 3000 0,01 56,6 85 5 0,9
TNARKMHA nAa-50 50 0,16 3000 0,017 67 110 7 15
AKOps, B036Y- | T151-125 125 0.4 3000 0,07 72 135 7 2,5
#nenue or | ITA-250 250 0.8 3000 0,23 105 180 10 7,0
noctoaHuex | [MA-500 500 1,64 3000 0,77 113 210 10 10,5
marwiTos. C | AMY-160 130 0,57 3000 0,275 172 130 10 54
TaxoreHeparto-| [IAY-200 550 L7 3000 0,78 184 180 14 82
pom AIy-240 1100 35 3000 1,94 170 230 18 14,5
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[TpomomxeHue tabi. 3.1

unuraputic- AMM-0,25 37 0,25 1500 - 125 85 1o 2
L‘L::i{ﬂ Uafmlbtﬁ AMM-0,5 75 0,5 1500 - 160 85 li ;
sikopb, B036y- [IITIM-0,8 120 0,8 1500 0,001 235 110 1 *
waaemuifi or [AMNM-1,6 250 1.6 1500 0,002‘ 325 110 14
nocroauuerx (AMNM-2,5 370 1.5 1500 0,0025 330 130 18 15
smarunron. C [[IMM-5.2 750 52 1500 00,0049 380 130 18 18
TaxorenepaTo-[4011V-75 75 0,7 1000 0.21 294 a7 12

poMm 4011Y-220 220 21 1000 28 2‘.34 127 16
40T1Y-450 450 43 1000 4.9 339 127 27
B3M-11093 550 §:2 1000 83 37 130 21
BIM-12093 750 Tl 1000 13 478 130 29
BOM-13093 | 1100 10,5 1000 19 547 130 12

Beckorrakr- |BK-1324 1,6 0,0039 4000 : 75 32 2.8 0,24
nuifi, poabyx- [BK-1414 4 0,0097 | 4000 81 40 3.8 0,4:‘:
neHue or no- |BK-1425 6 0,012 5000 88 40 3.8 0.5

croaHueix  [BK-1533 10 0,032 3000 112 50 4.8 1,00

sarunron. C |BK-1534 16 0,039 4000 112 350 4.8 1,00
natunkom yr- |BK-1617 25 0,052 7500 118 60 58 1,2
nonoro neno- |BK-1626 40 0,065 6000 130 60 528 1,5

wenus H |BK-1817 60 0,078 7500 141 80 7 27

rommytato- |BK-1826 90 0,146 6000 153 0 7 3,0

oM .

I'[D.'ll[.lﬁ Bec- [IAIP-32 1,9 1,96 9000 0,002 46 20 M3 0,065

KapKACHbLA ig :32 iggg

o el 47 | 49 | 9000 | 000057 | 4 b5 M3 | 013

Symiic S 12 49 6000

NOCTOAHHBIX 34 4 4500

MEEEEEE 1,3 4.9 2500

TITIP-52 94 9.8 5000 0,0017 &4 30 M4 | 0,22
6.3 9,8 6000
47 9,8 4500
8 2500
II1P-62 123:,69 199,5 2000 00036 |. 76 35 M4 0,36
12,6 19,6 6000
AL g
19,
arp-72 255‘.11 39,2 6000 0,0078 83 40 M4 0,52
18,9 39.2 4500
10,5 392 2500

3.1.2. OnekTpogBUraTeny NepemMeHHOro Toka

B MexaTpOHHBIX MOIYNSIX LIMPOKO MPUMEHAIOT OECKOJUIEKTOPHBIE
MEKTPOJBUIATENM [IEPEMEHHOIO TOKA BBUAY JUIMTEIIBHOCTH UX CIYKOBI
(rapanTuitHelit cpok cayx6sl 6oree 40000 u), GompLUIMX KPaTKOBpPEMEH-
HBIX NEPerpy3oK IO TOKY, BOSMOXKHOCTH MCIIONB3OBAHMA B ArpecCHB-
HBIX cpefiax, TaK KaK OTCYTCTBYeT MEXaHHYECKMI KOHTAKTHBIH KOJUIeK-
TOp, MCTOYHHK MCKPOBOTIO M JIyrOBOTO Pa3spsiios, HeOOJBIIMX Maccora-
DapHUTHBIX NAPAMETPOB, YIOOGHOr0 OXJIaXIeHUS OOMOTKH AKOPS, MOTOMY
4YTO OHa pacloJIOXeHa Ha HEMOJBIIKHOM CTaToOpe.
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I[To maccorabapuTHBIM [OKA3aTeSIM 3MeKTPOABHIATENM TIepeMeH- Ta6nuua 3.2
TPOX peMeH
HOTO TOKA, KaK MPaBWIO, MPEBOCXOMAT KOUIEKTOPHLIE SEKTPOIBUTATE-

JIM TTOCTOSIHHOTO TOKa. TexaudeckHe XapaKTePUCTHKH W reoMeTpHIecKHe mapaMeTpbl
DJIEKTPONBUTATENH TICPEMEHHOTO TOKA GBIBAIOT ACHHXPOHHBIE M ACHHXPOHHBIX aneKkTpoasurareneii cepuii TAT u 4A (220 B)
CHHXPOHHEIE.
=
ACHHXPOHHbIE 3/IEKTPOABHIATENN LIHPOKO MPUMEHSIOT B Pa3THIHBIX = g ts 2e s E s 58 g -
= = =] = - 9
chepax MPOMBIIUTEHHOCTH PAasHBIX MOAHGBUKALIMIL: ofHoda3Hble, IBYX- £ g g% §é= |g§¢g %é £3 | 23 5 z pi | g
= = s = - " &
(hasmbie u TpexdasHble, ¢ KOPOTKO3AMKHYTHIM M (asHBIM poTopamu. B T3 $84 $3< | E°R% ekl i g a2 8
=]
HACTOAILUEE BPEMS B MEXaTPOHHBIX MOJY/ISIX HAXOAAT HauGOMbIlee TIPH- = = < s
MeHeHHe TpexdasHble KOPOTKO3a L 2 3 4 $ g U : E
Pe ﬂ’;{P ogm P MKHYTEIC 3JI€KTPOABHTATEIIH. THAT-10-12 | . 0,01 0,0147 12000 55 37 32 3 0,13
TYJIUD M€ CKOPOCTH aCUHXPOHHOTO KOPOTKO3aMKHYTOTO JIAT-16-12 0,016 0,02 12000 75 40 40 3 0,30
SJIEKTPOABUTIATEINS IIPOBOMAT IYTEM PEryIMpOBaHUS 3aJaBAEMOI YACTO- JIAT-18-8 0,01 0,02 8000 75 .| 40 4 3 0,30
Thl M TOKa 2JIeKTpojBuraresis. Takoe peryiupoBaHue Ha3BBAIOT YaCTOT- ﬁl‘jﬁ:ii A E;Eiﬁ e . . & : S;ii
HO-TOKOBBIM. JIAT-60-12 0,06 0,073 12000 92 60 60 4 0,65
B TaGi. 3.2 npefcTaBieHEl TeXHWYECKUE XAPAKTEPUCTHKH H Teo- BAT-1008 | 010 A e el = 4 Lo
MEeTpUUYecKHe I[apaMe JAT-100-6 0,10 0,25 6000 135 80 80 4 1,75
1 A% AN PAMETPBl  ACHHXPOHHBIX 3JIEKTPOJIBUTATENEN  Ccepuit TIAT-250-8 0,25 0,45 8000 152 100 100 6 22
C ; . JIAT-400-8 0,40 0,70 8000 178 100 100 6 38
HHXPOHHBIE JNEKTPOJBHIATENH [IPUMEHSIOT B T JIAT-600-6 0,60 1,45 6000 204 185 120 6 75
TEXHUKH M3-3a XOpOIIei yiI anmehfo el Rl Oapes 960 i e 2 1% 1 g 2
p CTH, BeIcOokoro KIIJI, GeckoH- JIAT-1000-8 1,0 1,78 8000 204 185 120 6 7.5
TaKTEOCTH: LIMPOKUX (DYHKIIUOHATBHEIX BOSMOXHOCTEH U T.IT. JAT-1000-6 1,0 2,45 6000 212 162 160 8 13
PHMEHEHHE CHHXPOHHBIX 3IEeKTPO a DAT-1600-8 1,6 2,74 8000 212 162 160 8 13
MOIYJISIX OGECTIEUHBAET UM BBICOKVIO '-Iéjc w0 AN 2 i L e = L o Lo
( 0.1 Ky TOTY BpauieHWs, Malloe Bpems AAAS0AZY3 0,09 0,294 3000 174 104 142 9 33
meree 0,1 ¢) pasroHa oT HyS 0 MAKCHMAIBHOM YacTOTH BpallleHUus 4AASOB2Y3 | 0,12 0,392 3000 172 104 142 9 33
gana, OTCYTCTBHE TYJIBCALMH MOMEHTa, MAThle Maccy W rabapuThi, He- Iy | S e N T A
OJIBIION MOME 4AABIA2V3 0, A 1 ,
GHT MHEpLUH COOCTBEHHOM Macchl, BBICOKYIO Meperpy- 4AAS6B2Y3 | 037 1,210 3000 250 130 164 9 63
SOYHYIO CITOCOOHOCTL B LIMKIIMYECKOM peXHUMeE, IIHPOKUIT AHANa30H pe- 4AA63B2Y3 0,55 1,796 3000 250 130 164 14 6.3
[YIMPOBAHMA YACTOTHI BpallleHus Baja. 4ATIA2Y3 0,75 2,450 3000 330 | 170 201 19 15,1
DIeKTDOMa 4AT1B2Y3 L1 3,590 3000 330 170 201 19 15,1
POMATHUTHBIA MOMEHT CHHXDOHHOTO 3JIEKTPONBMIATENS 3a- 4AB0A2Y3 1,5 4,900 3000 155 136 218 2 174
BUCHT OT MarHUTHOTO IOTOKA BO3GYXIEHMUS, TOKA ¥ POCTPAHCTBEHHO- 4A20B2Y3 22 7,180 3000 315 186 218 2 20,4
ro ymia ¢ MeXJy BEKTOpaMM MAarHUTHOLO MOTOKA ¥ Toxa. OH JOCTHraeT 4A90L2Y3 30 9,800 3000 402 208 243 24 28,7
MaKCP]:MYMa le{ =90n 4A10082Y3 40 13,000 3000 407 235 263 28 36
y (P = 4A100L2V3 55 17,900 3000 457 235 263 28 42
CHHXPOHHBIX 3JIEKTPOABUIATENEH YION © O : 4AAS0A4Y3 [ 0,06 0,39 1500 174 104 142 9 33
HOCHTE/TBHO CTATOPA KOHTPONUDYeTCH YION  NOZORCHWA POTOPA (G- 4AASOB4Y3 | 0,09 0,58 1500 74 | 10e | w2 | 9 | 33
- Py JAMCKPETHLIM NaTYHKOM. PaBHO- 4AAS6A4Y3 0,12 0,78 1500 21 120 152 1 45
CPHOCTP DETYIMPOBAHMSA B Npe/eNax 1Iara JOCTUTaeTes MyTeM peryu- 4AAS6BAY3 0,18 1,17 1500 221 120 152 1 45
posanus ToKa. CHcreMa ynpapienus 3aMKHytas. Taxoit PEXHM PaBOTBI 4AA63A4Y3 0,25 1,63 1500 250 130 164 14 63
SJIEKTPOIBUIATENIsl TTOCTOSHHOIO 4AT1A4Y3 0,55 3,59 1500 330 170 201 19 15,1
mKaI-_I - 4ATIBAY3 0,75 49 1500 330 170 201 19 15,1
pu paboTe B pexiMe GeCKOHTAKTHON 4AS0A4Y3 1,1 7,18 1500 355 180 207 2 17,4
CHHXPOHHBIH 37eKTPOIBHIaTeNs MAlIKXHBL TOCTOAHHOIO TOKA 4AB0B4Y3 e 9.4 1500 375 136 218 2 204
UMEET MeXxaHMYecKHe M peryaMpoBOY- 4A90L4Y3 22 14,3 1500 402 208 243 2 28,7
HBIC XapaKTCPUCTHKH, aHAJOTMYHbBIC SMeKTPOABUIATENIO MOCTOSHHOLG 4A100S4Y3 30 19,6 1500 407 235 263 28 36
TOKa. 4A100L4V3 4.0 26,1 1500 457 235 263 28 42
4A112M4Y3 5.5 359 1500 534 260 3o 32 56




Onnako Hambonee XOPOIIHE pPETYIUPOBOYHBIE CBOICTBA CHHXPOH-
HBIH 3/IEKTPOABHMTATENb NPHOGpPETaeT He mpu JWCKPETHOM, a IpH He-
NPCPLIBHOM KOHTPOJIE TIONIOXEHUS POTOPA M OTC/ACKUBAHUY PABEHCTBA
yrna ¢=90°, TeMm cambIM opmupys CHHYCOMJIANIbHOE 3HAYEHHWE TOKA B
Kax[oi (ase snexrponsurareis. [Ipu stom SNEKTPOABUTATENE MMEET
CaMbl€ BHICOKHE SHEPreTUYECKHME XapaKTePHCTUKH.

ITpuMepoM CHHXPOHHBIX BEHTHALHbIX SJEKTPOIBHTATENEH SBIISIOT-
CA SJEKTpoABurarend cepuit: JABY — na Marautax us ¢eppura-
CTPOHLMS C HOMMHAIIBHBIM MOMeHTOM OT 7 no 170 HM u wacroroii
BpauieHua 2000...3000 o6/mun; 2JIBY — na PEAKO3EMENBHBIX MarHUTax
¢ HOMHHAIBHBIM MOMEHTOM OT 0,05 no 7 Hm u yacroroif BpaieHus
2000...6000 06/mun; 3JIBY — nuckossie Ha PEOKO3EeMENbHBIX MarHuTax
¢ HOMMHAILHBIM MOMEHTOM oT 1 no 47 Hwm u yactoroil BpameHus
2000...6000 06/mumH.

MakcuManbHbIA MOMEHT 3THX 3/eKTPOABUTaTe et A

Bce snextpomsuratenu cepuit IBY umeior IIpHCTPauBacMBbIH KOM-
IUeKCHBIH patyuk tuna [TOP-8 win MAD-9, sxmiovaomuil Gecko-
JIEKTOPHBIN TaXOreHeparop, 6ECKOHTAKTHBIM JATYUK ITOTOKEHMUS poropa
H IaTIMK MOJIOKCHMA MM BCTPOCHHBIH MaTYMK aHAIOIMYHOIO HA3Ha-
YEHMS. DIEKTPONBUTATENM MMEIOT MOAMDUKALMIO CO BCTPOEHHEBIM
9JIEKTPOMAarHHUTHEIM TOPMO3OM.

Texumuueckue xapakTepHcTUKM U TCOMETPHYECKHME [apaMeTphl
anexTposapuraresieii cepuu JABY npupenensr B tabm. 3.3.

Ta6bnuia 3.3

Texnuyeckne XapakTepHCTHKH H FeoMeTpHYECKHe MapaMeTprl
CUHXPOHHBIX 3JIeKTpoABHraTeneii cepun JIBY

g 3 5 3 3
B z = - 5
{2 £ 5% S F £ EREE i g - L
B 387 | 337 |370;|2E%] &d §age
= 2 £ 3 3
2 1BY55M 0,07 0,12 6000 0,0089 140 55 0.6
2 ABVSS 0,13 0,21 6000 0,0157 165 55 0,9
2 [IBY85M 0,2 0,36 6000 0,069 200 85 L5
2 JIBY8S 0,3 0,72 4000 0,123 230 85 2,5
2 IBY115A 0,75 1.8 4000 0,31 270 115 5
2 IBY1158 09 29 3000 0,42 290 115 6
2 OBY115M 11 38 3000 0,52 310 115 7
2 IBY115L 1,75 56 3000 0,73 350 115 9
JBY1655 23 11 2000 39 439 165 16
JBY165M 3.0 14 2000 5:1 464 165 19
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CriefiyeT OTMETUTH HOBOE HANPABICHHE B KOHCTPYKTMBHOM MCTION-
|eHUY TEKTPOBHTaTesieil. DTO MPOeKTHPOBAHUE M CO3NAHME SJIEKTPO-
pBurateneil Uil HETOCPEJICTBEHHOTO BCTPAMBAHWSA B MEXaHM3M, a He
MPUHATOTO YHMBEPCAIBHOTO TMPUCOEIHHEHUA K MEXAHHIMY. B coctap
raKUX EKTPOABMIaTelieil He BXOMAT BaJl, OMOPHbIC LIMTBI U TOMLINII-
aukn. Takas KOHCTDYKUMs NO3BOJSET KOHCTPYMPOBAaTh Npeobpa3opa-
Tenh JBWKEHUS, MCKITIOYMB AyOIMpPOBAHUE Baja, OMNOPHBIX ILHUTOB H
MOMIIUITHHKOB.

IIpuMepoM TaKOTO HC-
[IOJTHEHUS SBISIOTCA BEH-
THJIbHBIE ~ OECKOHTaKTHEHIE
3JIeKTPOJBUTATENM  CEPHH
IOBM (puc.3.2). Oun nme-
0T IUIOCKYIO BCTPaUBaeMyIO
KOHCTPYKIIMIO, COCTOSIYIO
u3 craropa 1 u poropa 2 M
npeJHA3HadeHsl I pabo- Puc. 3.2
THl B IIArOBOM M pETyIH-

PYEMOM PEXMMaX.

Taxkoe ucnonHeHHe obecreYMBaeT MaKETHPOBAHUE JUIA YBETUIEHUS
TpeGyeMOro MOMEHTa, T.6. KOHCTPYKUMA HBMTaTelll B OSTOM clydae
NpefcTaBafseT coboil MaKkeT CHMHXPOHHBIX MAllMH C OBIIMM JaTYMKOM
MOJIOXKEHUST pOTOPA.

VenoBHOe 0603HAUEHNE BEHTWILHOTO HECKOHTAKTHOTO MOMEHTHOTO
snexrponsuratens cepum JIBM, Hampumep IBM-63-0,06-3-2, pac-
mupOBLIBAIOT CleAyomuM obpasom: JBM — asurarenb GECKOHTAKT-
HEIM MOMEHTHBIIT; 63 — BHelmHuit fuametp xopmyca, MM; 0,06 - Homu-
HanbHBIA MoMeHT, HM; 3 — HOMHHaIbHAas 4YacToTa BpAllEHWUA, ThHIC.
06/MuH; 2 — yucio ¢as.

JlBuratesu cepuu JJBM crnpoexTHpoBaHBl JUIsi pabOoTBl ¢ MaIbIMH
CKOpOCTAMHM M OGONBIIMMU MOMEHTaMM H OONafaioT psloM npenmy—.
LIIECTB MO CPAaBHEHMIO C OOBIYHEIMH OECKOHTaKTHBIMH .JBUTATEIIAMMU:
[IOBBIIIEHHBIM pPecypcoM paboTsl; 6OMBIIMM OTHOIECHHEM BPalIAIoLICro
MOMEHTA K MOMEHTY MHEPIIMM POTOpA, YTO OOECIEYMBAET BHICOKOE OBI-
CTpOIcifCTBHE; BBHICOKOW pa3pelIaioueli CIIOCOOHOCTBIO M3-3a OTCYTCT-

BsI3e# U JMOQTOB.
- fdnc%ygﬁsgamc TaKPI(Ji() 9JIEKTPOJIBUTATENIE B MEXAaTPOHHBIX MOAY-
NSX TIO3BOJISIET BO MHOTMX ciydasX OTKasaThcs OT mpeoGpasoparesis
B 5.
' m;!eﬂfi}:)mmmcme ciayyaeB anexrpopsurarend cepun JBM ucmons-
3YIOT B peXHMe OECKOHTAKTHONH MalIXHBL IIOCTOSHHOTO TOKA.
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B KavecTBe HaT4MKa IOJOXEHUS POTOpA B MEXaTPOHHOM MOJYJE ¢
OeCKOHTaKTHBIM MOMEHTHBIM JIBUTATEeM cepun JIBM wucnomssyor
GeCKOHTAKTHBIH CHMHYCHO-KOCHHYCHBIH Bpaluaomuiica tpaHchopmarop
THIIA PeAYKTOCHH.

TexHUYeCKHE XapaKTEPUCTUKU WU TreOMEeTPHYECKHE MapamMeTphl
anekrpoasuratesieit cepuu IBM npusenens B Tabir. 3.4.

Ta6numa 3.4

Texuudeckne XapaKTepHCTHKH M reoMeTpHYECKHE napamMerphbl
aneKTpoasuraTeneii cepun JIBM

ok 3
(=9) = = @
. 52|22 (82 |BB [§ ~| = e ls
3 a8zl gez] u 5 g £g gl = = A i
EE 5 gg:l: Q.Erg. < |2 <lz8 - 4 g2 gf|lgd
E | RE| IR Era| BT (3R ERs| B | S| 10 )Re
2(ES G578 |25 |2 2| 2|2 |3
o N el .
Crarop nasoswft
JEM50-0,04-2-2 0,04 0,080 2440 0,84 5 0,0055 30 50 k2 0,2
MABM50-0,04-4-2 0,04 0,157 4880 3,25 10 0,0055 30 50 12 0,2
ABM70-0,16-1-2 0,16 0,39 987 1,62 10 0,07 34 70 23 0,35
JBM70-0,16-2-2 0,16 0,77 1975 6,38 20 0,07 34 70 23 0,35
NBM100-0,4-0,6-2 | 04 0,84 690 2,45 15 0,27 33 100 43 0.6
NBM100-0,4-1,2-2 | 0,4 1,67 1390 9,80 30 0,27 33 100 48 0.6
ABM120-1-0,2-2 1 1L19 240 1,25 12,5 1,0 42 120 60 13
ABMI120-1-0,4-2 1 2,38 485 5,00 25 1,0 42 120 60 1.3
AOBM120-1-0,8-2 1 4.47 970 18,00 50 1,0 42 120 60 1,3
ABEM120-1,6-0,4-3 1,6 4,2 473 8,1 45 ES 52 120 60 1,8
ABM150-4-0,3-2 4 6,7 3 9.6 60 3,0 55 150 72 3,0
IEM150-4-0,6-2 4 13,1 646 37,5 120 3,0 55 150 72 30
JABM150-4-1,5-3 4 47,3 1750 32,0 320 3,0 55 150 72 3,0
ABM185-6-0,2-2 6 11,5 195 10,2 60 9,0 60 185 66 5.4
JABM185-6-0,4-2 6 23,1 390 41,0 120 9.0 60 185 66 54
JBEM185-16-0,15-2 16 28,0 143 18,4 110 15 85 185 66 92
IOBEM185-16-0,3-2 16 56,0 286 73.8 220 15 85 185 66 9.2
Crarop rnaakuft
NEM40-0,01-4,5-3 | 0,01 0,026 4570 0,48 1,25 0,0055 26 40 12 0,12
AB5M40-0,01-9-3 0,01 0,051 9150 1,93 2,5 0,0055 26 40 12 0,12
JOBM63-0,06-3-2 0,06 0,13 2950 1,63 10 0,07 28 63 23 0,32
JEMB85-0,16-2-2 0,16 0,305 2040 2,70 20 0,27 36 85 48 0,54
JNBM85-0,16-2-3 0,16 0,36 1900 2,70 7.5 0,27 36 85 48 0,54
JAB5M105-0,4-0,75-3] 0,4 0,92 965 3,46 9.0 1.0 38 105 60 0,98
NBM105-0,6-1-2 0,6 1,62 217 6,30 30 L5 46 105 60 1,3
ABM105-0,6-0,5-3 0,6 1,17 600 2,70 8,75 1,5 46 105 60 1,3
[ABEM130-1,6-0,5-2 L6 1,74 457 3,37 40 3,0 54 130 72 2,5
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3.2. lluHenHbIe aneKTpoABUrarTenu

[TpyHUMIT AEHCTBHUSI M KOHCTPYKTHBHAs CXeMa JNIMHEMHOTO JBHTaTe-
st (JI[1) U3BECTHBI AABHO.

[1pOTOTHIIOM JIMHEHHOrO IBUTATENA SIBIACTCA 3JIEKTPOMAarHUTHas
cHCTEMA, COCTOSIINAS M3 METAUIMYECKOrO CepAevHMKa-MarHura M cTa-
topHo# o6MoTKH (puc.3.3). Ilpu nmogade TOKa ONpeAENeHHOMN MONIPHO-
¢TH B CTATODHYI0O OOMOTKY CepHeYHMK-MATHUT CMELIAeTcsd B Ty WIH
MHYIO CTOPOHY. MeXay MCTOYHMKOM 3HEPIMH W MNOABMXHBLIM 3BECHOM
HET TPOMEXYTOYHBIX 3/eMeHTOB. Ilepefaya dHEPrUMM OCYIIECTBISETCH

yepe3 BOSNYIIHBIA 3a30p MEXAY cTa- e
TopHOU OOMOTKOM M  TOABMXKHBIM —-—DE\ Il

speHoM. Ha sToM mpuHIune AecTBus

y)k€ MHOTO JleT paboTaloT pasiuvHBIE W

CHCTEMBI 3JIEKTPOABTOMATUKH, 3JIEK-

TPOTOPMO30B, 3allUTHl U T.II. .
JIOCTOMHCTBOM 3THX CHCTEM fB- M

JIeTCA: MPOCTOTA KOHCTPYKIIMH, CBEPX

beicTpoTa  cpabaThIBaHUA, ITOYTH \ CeppetHuk-Maruut

MTHOBEHHBIf OCTAHOB M  peBepc, -

Gonpllle OCEBBIE VCHIWSA, IIPOCTOTA Puc. 3.3

HacTPOMKH U IIpUMEHEHUI.
Jnst upeasibHOM paGoOThI 3THX CUCTEM HE XBATAJIO TOJIBKO BO3MOX-

HOCTH DEryJIMpOBATh CKOPOCTh MOABIXKHOIO 3BeHa. A 0€3 3TOro CKOH-
CTPYMpOBATh JTMHEMAHBIH ABUraTeNb HEUI0 HEBO3IMOXKHO.

Iotpe6oBanuch MHOTHE TOIBI paGoOTHl Y4CHBIX H KOHCTPYKTOPOB B
pasHBIX CTpaHax, Mpexie 4eM Obur JocTUrHYT yemex. B fAmonuu Brep-
BEle OBUI YCMEUIHO WCIONB30BaH JMHEHHBIA TMPUBOJA Kak ABIKHATEND
CBEPXCKOPOCTHBIX M0oe3noB. ITOMBITKY cO3MaHUA JIMHEHHBIX IBUraTeIei
Ui MeTauroo6pabaThIBAIOIUX CTAHKOB IPUBOAWIM K BO3HHKHOBEHHIO
CUJNIBHBEIX MATHWTHBIX TIIOJIel, HarpeBy JBHTaressi, HepaBHOMEPHOCTH
IBYDKEHUS ITOABMXHOrO 3BeHa. W TOJBKO HA IOPOre TPETHETO THICAYE-
netusi Simonckas komnanusa SODICK Co., Ltd. mepBoii cymena peluTsb
CIIOXHejIIMe KOHCTPYKTOPCKO-TEXHONIOTMYECKH e 3a/1aui, TTO3BOIUBIIIHE
MPHCTYITHTL K CEPUIHOMY BBIIYCKY CTaHKOB (IIOKa B OCHOBHOM 3JeK-
TPO3PO3UOHHBIX) C TMPUHIMUITHAIBHO HOBBIMU JIMHEHHBIMH JBUTATENs-
MM, B KOTOpPHIX PEIeHBl Bce MpobaeMBbl 110 ObecrieYeHHIO paBHOMEPHO-
CTM HBUKEHHH MOABMKHOIO 3BEHAa CTAHKA CO CBEPXBBICOKOH TOYHO-
CTBIO, ¢ GOJBIIMM JHAMTA30HOM PEryTUPOBAHMS CKOPOCTH, IPOMaHbIMH
YCKODEHMIMM, MTHOBEHHBIM OCTaHOBOM H DEBEPCOM, IPOCTOTOH 00-

CIIY>XKUBAHUA M HANaIKy M Ip. g )
JIuHeliHpI ABUTATENTS MOXET OLITH "MOJy4eH U3 ABHraTens Yrio-

LY
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poro asuxeHus (puc. 3.4,a) B pe3ynpTare MpoIoBHOrO pa3pesa CTaTopa
(puc. 3.4,6) ¥ pasBepTKHU €ro B IPAMYIO JWHIIO. POTOp TakXe BRITIPSM-
asor (puc. 3.4,8). B pesynerate mpuxeHue "poropa’ CTAHOBHTCHA JIH-
HeWHBIM, ODpaTHas cBepTKa JUHEHHOro apurareis (puc. 3.5,a) TONBKO
OTHOCHUTETBHOIO €ro IMOMEePEeYHOM OCH TIPUBONUT K TOSBIEHUIO JIMHEH-
HOro J[BUTaTelisa UHOrO THUIA (puc. 3.5,6).
Crnegnyer OTMETHUTH, YTO [IBU-
ratecsl MoxeT nubo “potop”, nuGo
"cratop”. Bce 3aBHCUT OT TOro, 4YTO
3akperieHo. Ecmu sakperuieH "cra-
Top" ABMXercs "porop”, IPH 3aKpe-
IWieHnd “poTtopa” aBuxercs cra-
a) TOp".

Puc. 3.4 Puc. 3.5

Takum obpasomM, TUHEHHBIA IBUTATEh COCTOMT M3 JBYX OCHOBHBIX
37EMEHTOB: 3JIEKTPOMarHuTHoro “cratopa” 1 m rutockoro "potopa" 2
(puc.3.6, a, 6), MeXay KOTOPEIMH BO3AYIIHBINA 3a30p. s onpeneneHus
TEeKYILUX KOOPAMHAT NMOABHMXXHOIO 3BEHA Ha HEMOABIXKHOM 3BEHE ycTa-
HABJIUBAIOT U3MEPHUTENLHYIO JIMHeHKY ¢ BBICOKOH muckperHocthio (0,1
mkM). "Porop” 2 (puc.3.6, 6) cOCTOMT M3 psifa NPAMOYIONIBHBEIX CHITh-
HBIX (peIKO3eMENIbHEIX) MOCTOSHHBIX MAarHUTOB 3, 3aKperuleHHBIX IO
olpefielIeHHBIM (QUKCHPOBAHHBIM YIJIOM Ha TOHKOM IUTHTE 4 M3 CIEId-
JIbHOH BELICOKOIIPOYHOM KepaMUKH, Ko3(OhHIHMEHT TeMiepaTypHOro
pacuIMpeHusi KOTOpo# B J(Ba pa3a MeHblIe, YeM y rpaHuta. IIpumeHe-
HHE KepaMUKH COBMecTHO ¢ 3GhdeKTHBHONH CHUCTEMOM OXJIaXACHHA U
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Bl L e il

pocTeif ¥ Harpysok.
Komnauus SODICK
CEepUITHO BEIMYCKAaeT IUH-
POKYIO TaMMy JIMHEHHBIX
IBUTATENEH CO CJIEHYIO-

HOCTU Ha ONMH pabouuii op-
raH  ycTaHAaBIMBAalOT  He-
CKOJIBKO JTUHEWHBIX JBUTraTE-
neit. Tak, Ha 3/eKTPO3PO3U-
OHHBIX TIPOIIMBOYHEIX CTaH-

JcTIONB30BaHKe BhICOKOa(bexTHBHOM 6-TH (hasHOM MMMYNECHOH CcHC-
IIMMH ~ XapaKTepucTUKa- a) 6)

MH: XOIOM TIOABMIKHOTO Puc. 3.6

kax ¢upmer SODICK mis

BEPTUKAINBHOTO  IIEpeMelie-

rTeMBl ympapjieHus (cuc-
rema SMC) nossonuino
u3baBUTbCA OT Harpesa,
CHJIBHBIX MAarHHTHBIX ITO-
neit U NOBUTEES TOYHOTO
U paBHOMEDHOTO JIBHXE-
HMS TOABMXXKHOIO 3BEHa 4
BO BCEM [AMANa30HE CKO- E
spega ot 100 mo 2220
MM, MaKCHMaJIbHO{ CKOpOCThIO TIEpeMeIIeHus 10 3 M/c, yCKopeHHeM
no 20g IpU TOUHOCTH MCIOJHEHUS 3allaHHBIX mepeMeureHuit 0,1 Mxm,
MPAKTHYECKU MTHOBEHHOU OCTaHOBKOII M pEBEpCcOM, MOMEHTaIBHOIt
peakiMeit Ha KoMaHIBI cucTeMbl yrpasiaenus. Harpes JII npu pai’t_ime
He mpessinraer +2°C oT TeM- i
TIepaTyphl TIOMEIEHHUS. nIockuid poTop NMOCKUA poTop
Ing yBenu4eHUS MOII-
HUs1 paboyero opraHa ycra-
HOBIEHBI  OBa  JIMHEHHBIX
nsurartens (puc.3.7).
B mHacrosimee Bpems
MHOTOIIENIEBbIE CTAHKKU C JIH-
HeWHBIMH JIBHUTATEIIMH TIPO- pabouuii opran
U3BONAT MHOrMEe  UPMBI |
(Tabm.3.5). Puc. 3.7
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Ta6auuma 3.5

TIpou3BOAHTENH MHOTOLENEBBIX CTAHKOB H JIMHEHHbIX JBHraTeeH

Dupma
Ex-Cell-O | Grob-Werks | Thyssen Renault Ingersoll
HapaKIepHETIEn Production Automation Europe
Systems
Monens cTaHka XHC 240, BZ 600 L Specht 500L Renault Ingersoll
XHC 241 Automation Europe
[MepemelteHun no
OCAM KOODIMHAT, MM:
X 630 800 630 800 630
Y 630 630 630 700 630
Z 710 550 500 400 600
CxopocTh nepemelle-
HHA MO OCHM Koop-
auHaT, M/c:
X 2 1,5 1,7 1,3 13
Y 2 1,75 1,7 1,3 1,3
Z 2 1,75 2,0 1,3 1,3
VeKopeHHA MO OCHAM
KoopaMHar, M/ck:
X 14 8 14 10 10
X 14 12 14 10 10
Zz 14 20 20 15 14,2
@upma-uarotosutens | Indramat | Krauss Maffel | Krauss Maffel | Krauss Maffel | GE Fanuc
nHeltHEIX ~ OBHTATE- Indramat
ne#
Verpoitetso HITY Indramat Slemans Slemans Slemans GE Fanuc
Indramat

npaensiolllee ycTpoifcTBo cobupator M3 cekuuil mmHoit D. IMoaromy
JIMHERHBIN NBUTATENIE MOXET OLITh TpeOyeMoit ITUHEL.

5,35

[;
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= <
Q‘
m
©
22 86

11,68 5,4+1,8xN (n=0,1,2...)
45,72xA o
5 45,72 /3 2\ 5
! /
= ] i) 0 _Q of O ot0O 0
€ -]
A ° Iy e
S L
o =ie;
o 1 T = [ e
0.6 \4 ST ‘ 45,72 | ‘
6.35
Pa— C 11.6,35
=2 o |
e ]
‘I; -

XX TE=——"TT

X

:j 6,35

H

Puc. 3.9

Paccmorpum nuHeinblit auratens Iron Core Brushless Linear
Servo Motor ¢upmser Baldor Electric Company. Ha puc.3.8 usobpaxen

Puc. 3.8

€ro BHEUIHWI BMI, KOHCTPYKTHBHAas
cxemMa — Ha pHc.3.9, a reoMeTpuue-
CKHe TiIapaMeTphl  IPHBEJEHHl ° B
Ta611.3.6. ‘

JInHeHBIH IBUraTeNb COCTOUT U3
HaIpaBIgIoNero yctpoiictsa ('poTo-
pa"), mpeacraBifAoLIero coboi TOH-
KYI0 CTaJBHYIO IUIaCTHHY 1 ¢ Hake-
€HHBIMHM Ha Hel Ioj OolpeleleHHBIM
yIJIOM TPSMOYTOJIBHBIMM — peiKo3e-
MEJIbHBIMM MOCTOSHHBIMU MarHUTaMM

2 u noneuxHOro 3BeHa ("craropa") 3, cOCTOAIIETO M3 TPYIILI KaTYIUEK,
3aMTHIX TEIUTONMPOBOASUIEH SMOKCHAHON cMoNoH, NaTunka Xomwia 4,
TTOIBOSAIIEr0 K KaTylikam Kabens 5 u xabens 6 marumka Xomna. Ha-
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Tabnuuma 3.6

Teomerpnyeckue napamerpsl 3-X ¢asHoi 31EKTPHIECKOH KATYIIKY
(LMBL) u marsutHoro Hanpassmomere ycrpoiicrsa (LTBT), mm

THI KaTylIKX W HAaIPaBJIMIolIEro yeTpoiicTaa

g
a L}
) g LMBL |LMBL|LMBL|LMBL|LMBL|LMBL|LMBL|LMBL|LMBL|LTBL|LTBL |LTBL
S8 02A | 04A | 06A | 0SA | 10A | 12A | 14A | 16A | 18A | AS | A7 | AI8
S E ;
=
[lapamerpsi
A 2 3 4 5 6 7 8 9 10
C | 102,87 | 148,59 | 194,31 240,03 | 285,75 | 331,47 | 377,19 | 422,91 | 468,63
D 137,16] 182,98 1457.20

Jluneiinsiit geurarens Cog-free Brush-
less Linear Servo Motor ¢upmet Baldor
Electric Company u3obpaxen Ha puc.3.10
# 3.11. OH cOCTOMT M3 HaNpaBIFIOIIEro
ycrpoiictea ("poropa”), mpencTaBiIsIONIEro
cofoif ToHKHMIii | | - oOpasHBIL cTamBHON
npopuib 1 ¢ HakleeHHBIMH Ha ero Goko-
BBIC TIOBEPXHOCTH TIPAMOYFOJBHBIMH pel-

Puc. 3.10
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KO3eMEJIbHEIMI TIOCTOSIHHBIMM MarHUTaMM 2 WM TIOABMXKHOTO 3BeHa
("craropa”) 3, YCTPOEHHOIO aHAMOTHYHO PacCMOTPEHHOMY BBILIE JIM-
HejinoMy gsuratenio Iron Core Brushless. IeomeTpuueckue rnapaMeTpbl
JIVHEHOTO NBUraTeNns MpUBeleHbl B Tabn.3.7.

g‘l
27,94 2784127 1~
r-.—-!—.—.—'—--— [

2 &%

L
7 A
3

10,4
1.8

121,9+2,4xN (N=0,1,2...)

11,68
3
g
3,81
|4
g
yo

v

738

27,68,

{~
o
(5]

30,5 B1

Puc. 3.11
Tabnuma 3.7

T'eomeTpHyecKue mapaMeTpsl MATHHTHOIO HANPABJIAIIENO
yerpoiicrea (LTCF), mm

5 Tum Hanpap/fgIOWEro YCTpoicTaa

=

&

§ 4 LTCF-A4 LTCF-A8 LTCF-A9 LTCF-Al2 | LTCF-A24
=

g

= 8

T & [TapameTpei

D 1219 182,9 2438 304,8 609,6

3.3. OHepreTUyeCcKuit pacyeT MeXaTpoHHOro Moaynsa
C aneKTpoABUraTenem yrinoBoro ABMXeHnA

DHepreTHYSCKHA PacyeT ABNACTCA BAXKHON 4acThiO Ipoliecca Ipo-
eKTHPOBAHUA MEXaTPOHHOTO MOMAYJS W HalpaBlieH Ha palMOHaIbHBIN
peIGOp JBUraTeNd U Ipeobpa3oBaTens ABMXKEeHUs, KOTophie obecledn-
BAIOT 3a/laHHBIC 3aKOHBI JIBMXXECHUS €T0 BEHIXOLHOIO 3BeHa. DTH CHIIOBEIE
2JIEMEHTRI OMPENE/AI0T SHepreTHYecKye CBOMCTBA MOIYIIS U €0 KMHEe-
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MATUYECKME ¥ JUHaMprveckue XapaktepucTHKH. [IpH 9TOM KOHCTpPYK-
TOp HODKEH YYHTHIBATh, YTO ABUTATENH M TpeobpasoBatesu JBUXEHNS
SBISIIOTCS BECBMa JOPOTOCTOSIIAMM, 2HEPro- M MaTepHaIOEMKHKNI
sneMmenTamMu. [1o3TOMY HEOOXOIMMO CTPEMMTHCS MHUHHUMMU3HPOBAThH 3TH
rokasaTtesii, obecneunBas Mpy 3TOM TpeOyeMbie XapaKTePHCTHKHA Mexa-
TPOHHOTO MOJYJSL.

Metonuka SHEPrETHYECKOTrO pacucTta MM OIIpenendaeTca 3agaHHbI-
My TPeGOBAHMAMM K PeXMUMAaM JBMXKEHHWS Harpysku u uHdopmaimeil o
ee mapamerpax. Harpyskoil s MeXaTpoHHOTO MOLYISA CIYKUT MCIION-
HUTENLHOE YCTPOMCTBO, KOTOPOE OH MPUBOIUT B IBIIKEHME (Hampumep,
3peHO poboTa).

C 3TOif TOYKHM 3pPEHMS MOXHO BBIICIUTH JBA OCHOBHBIX BapHaHTa
[IOCTAHOBKY 3aayM NMPOSKTUPOBAHUSA MEXaTPOHHOIO MO/, KOTOpbie
HauboJIee YacTO BCTPEYAIOTCS B MHXEHEPHOM MPaKTUKE.

B nepBoM BapHaHTe MPOBOIAT HPOCKTHPOBAHHME CIEHMATM3UDPO-
BaHHOTO MEXaTPOHHOIO MOJAYIS, KaK COCTaBJAIONIEH YacTH MeXaTpOH-
HO# cucTeMBl (HarpuMep, MaHUNYIALMOHHOTO pobtota). Ilpu TakoMm
IIO/IXONE KOHCTPYKTOP € ITOMOIUBIO CIIELHAIBLHEIX PAacYeTOB MOXET IO-
JMyYUTh OETANBHYIO HHDOpManuio o IepeMmelaeMoM OOBEKTe: 3aKoHe
ero JBUKEHUS BO BPEMEHH, XapaKTEPUCTHUKAX [MOJIHOIO MOMEHTAa Co-
NPOTHBJICHUST HATPY3KH (BKJIIOYAst €ro COCTABJSIIONIME), Maccorabapur-
HBIX NapaMmeTpax IepeMellaeMBIX uacTeil 00BeKTa, YCIOBHAX 3KCIUIya-
TaluK¥ ¥ IpuMeHeHud. Hammune monHo# uHbOPMAIIME O HATPY3KE [10-
3BOJIAET ONTMMM3MPOBATH MApaMeTphl ABHTATeNss U Tpeobpa3oBaress
JIBUKEHUS.

MeTromuku >HEPreTMYecKoro pacyera M ONTUMU3ALUM CIELNATH-
3MPOBAHHBIX MEXaTPOHHBIX MOJIYyJel MOXHO HalTH B CHEHUAILHOMN /-
Teparype [21,31,38].

Bropoif BapMaHT MpefyCMaTPMBAET CO3JAHWE YHHUBEPCATBHOTO Me-
XaTPOHHOIO MOMYJA KaK (PYHKIMOHaJIBHO CaMOCTOSTENILHOIO H3Jeus,
KOTOpoe B fajbHelllleM MOXeT ObITh HCIONB30BAHO B MEXATPOHHBIX
CHCTeMax PasNuYHOIO HA3HAYEHUA M KOHCTPYKTHBHOTO UCIONHeHUA. B
3TOM cjly4ae KOHCTPYKTOP He HMeeT MOJNHON MHQOpMaluM O 3aKOoHe
JBIXeHUsT 06beKTa BO BPEMEHHM M ero MaccorabapHTHBIX IHapamerpax.
DHepreTUYecKuit pacyeT MPOBOAAT Uil THIIOBOTO 3aKOHA MepeMeleHMs
BLIXOZHOTO Bajia MEXaTPOHHOTO MOAyNS IO IIPEHEeIbHEIM 3HAYeHMSIM
MONIHOCTH, MOMEHT4, CKODOCTHM M YCKODEHUSA IBHKEHHS IBUIaTe/d.
IIpn 3ToM BBOAAT MOMYIIEHUS O MOCTOSHCTBE MACCHI (MOMEHTa MHep-
UMH) HATPY3KM W NPUIOKEHHO! BHELIHEH LI (MOMEHTA).
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3.3.1. BHepreTM4ecKUi pacyeT YHUBepCcansHOro MexaTpoHHOro
MOAyns Npy He3HaYUTENbHbIX AUHAMUYECKUX HarpysKax

PaCCMOTpHM METOOMKY pacye€Ta YHHBEpPCAJIBHOTO MEXaTpPOHHOI'O
MOJYJST TP HE3HaYUTENBHBIX THHAMMWYECKHWX Harpyskax, Korma CHIIbl
UHEpIHWH HArpy3KH 3HaYHUTEJIbHO MCHBIIE BHEIIHHX CHII, JIeMCTBYIOUIMX
Ha MM. B atoMm cliyqac OCHOBHBIMHU HMCXOOHBIMHU HaHHBIMH ABJIAIOTCH:

e CTPYKTYpHAS cXeMa MeXaTPOHHOI0 MOMIY/IS;

e IpUIOKEHHAsd BHEIUHAA Harpyska My (ocepas cuma Fyy win
Bpanuaonuit MoMeHT Ty);

s Tpebyemas CKOPOCTh Qpyy (IMHEHHAS Vg, WIM YIIOBASL Wpyy)
BBIXOMQHOTO 3B€HAa MEXAaTPOHHOIr0O MOIVA.

JUIs MeXaTpOHHOTO MOIY/IA ITOCTYIATeIFHOrO JBIKEeHHS Tpebye-
MYI0 MOL[HOCTH 9JIeKTpoasurarensd, Br, onpenensaor no dopmyne:

P FH_;,F!"'&KMH (3.1)

rne Fy — ycuiue CONPOTHBICHHUS Ha BHIXOTHOM 3BEHE MEXaTPOHHOTO
Momyist, H; vpyy — JHHENHasg cKOPOCTh BBRIXOJTHOTO 3B€Ha MeXaTpOHHO-
ro MoIyiIf, M/c; n — Ko3(MOhUILHEHT IMOIe3HOr0 AeHCTBHA MEXaTpOHHO-
ro mouyns; Kpuy=1,1...1,3 — xosddunuenr samaca, yJHTHIBAIOUAH

BIMAHNEC JTHHAMUYCCKHX HArpy3oK B IMEpHOJ pa3roHa X TOPMOXKEHMA.

Jltss MeXaTpOHHOTO MOAYJIS BPAUIATENRHOIO ABMXKEHHS TpeGyemylo
MOIIHOCT JeKTPOABUraTe/s, BT, onpenendior:

W,

P=T; :"‘ K o (3.2)
_Ty-n
s P-9,55-n A

rae Ty — MOMEHT COIPOTHBJICHHMS HAa BBIXOZHOM 3BEHE MEXaTPOHHOTO
monysnsi, H-M; Wy, — YIVIOBasi CKOPOCTh BBIXOIHOIO 3BEHA MeXaTPOHHO-
ro Momyssi, ¢l; n — JacTora BpallleHHs! BBIXOJHOTO 3BEHA MEXaTPOHHO-
ro Momynst, o6/MUH.

Tak Kak 3AeKTPOJBUraTeld OXHOH M TOH Xe MOLIHOCTH HMEIT
pasHble HOMMHAIbHBLIE BpalllaiOl(Me MOMEHTH Ii,y, TO HEOOXOHUMO
onpenenmuTh TpebyeMblit MOMEHT aBUraTens, H-m:
T
u-n’
rie u — mepeflaTOYHOE OTHONIEHWe TpeobpasoBaTeNsd HBUXEHUS (CM.

(3.3)

R1p T
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m.3.3.3).
OKoOHYATeIbHO THIL anempoanraTenﬁ BblﬁHpalOT no Karamoram
UCXOOA M3 YCIOBHIl:
{PH =P (3.4)
A (3.5)

IpensapuTesbHbiii BEIOOD BEHTWILHOTO OECKOHTAKTHOIO MOMEHT-
Horo 3nektpoasurarens cepud JIBM ocylecTRISIOT Wi MEXaTpoHHOIo
Monynsi ©e3 mpeoOpasoBartensi ABIDKEHHMS 1O NYCKOBOMY MoMmeHTty T,

pPaBHOMY CTaTHUIECKOMY CHH- T(F)
XPOHH3UPYIOIIEMY  MOMEHTY
T, (tabn. 3.4), mia Mexa- W (%) i
TPOHHOTO MOAYJIsA ¢ mpeoOpa- Waltn)  Ta(Fa)
30BaTeJieM JIBMKeHWS 10 Mpu- T(F) /)
BE/ICHHOJ BBHIIIIE METOIMUKE. Wy(v,) I
Jlng MexaTpoHHBIX MOMIY-
Jied, paboTalolMX B IOBTOP-
HO-KPAaTKOBPEMEHHOM peXH-
Me JIOJDKHA ObITh 3aaHa IHK- ’
JlorpaMma HarpyXeHus /
(puc.3.12). /
B sToMm cityyae yuuThbiBasi, &k /tn
4YTO BpeMsi MX pasroHa U TOp- P SRy 7 L
MOXKEHUS 3HAYUTEIBHO
menpmle BpemeHu ycrano-  *(Y)
BHBLIErOCS JBIKEHHS, MOXHO ‘Puc. 3.12
ONpeNesnTh 3HaYeHue Tpedye- i
MOH CpeIHEKBaJpaTHYHON CTATUYECKOH MOIIHOCTH, TIPUBENCHHOW K
pany msurarens, Br:

Ty(Fy)

Yo

g =]
i

|

|

N
ok

—

P.=AED X (3.6)

tne Pog — Tpebyemas: cTaTHYecKas MOUIHOCTb aBuratesd Ha K-m pabo-
YeM yJacTKe Harpy304HoOi IMKJIOTpaMMBl aBuratend, Br.
JUIs1 MeEXaTpOHHOTO MOZYJIS TOCTYNATENbHOIO JIBHKEHMS:
P Fax - ¥k
K =
kil
e Fyx — cwia conpoTusieHus Ha K-M pabouem yyacTke IHKIOrpam-
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Mbl, H; vy - JMHEHHAA CKOPOCTh BHIXOAHOTO 3BEHA MEXaTPOHHOTO MO-
nyns Ha K-m paboyem ydacTke UMKIOrpaMMmbl, M/c.
st MEXaTPOHHOTO MOZYJISl BPALLATEIbHOIO IBUXECHUS:
Pex =Ty K g Fex = Tuk i‘,
n 9,55-m
rae Tyy — MOMEHT CONpOTHBIEHHMS Ha K-M paboueM yyacTke LUKIO-
rpamMmbl, H-M; ng — 4acroTa BpaleHus BBIXOAHOIO 3BEHA MEXATPOHHO-
ro Moy Ha K-M paboyem yyacTke UHKIOrpaMMBl, 06/MUH; W — yI-
JIOBasi CKOPOCThb BHIXOJHOTIO 3B€Ha MEXaTPOHHOTO MOyt Ha K-M pabo-

YeM YYacTKe HMKIorpammbl, ¢1; K — 4ucio BKIIIOYEHHBIX COCTOSIHMIA
HBUraTessl 3a WHKI;, W, — HOMHHAaTbHAasg CKOPOCTh BpalleHHUS Bana

asurarenst, ¢! wpy - paboyasi CKOpOCTb BpallleHMs Baja J[BUTATENSA Ha
K-m pabouem yyacTke HMKIorpammsl, c¢'!; fpe — mimrenshHocTs K-TO
paboyero yuacTKa IHKIOrpaMMEI, C; By, - KOIDOUIHEHT, yIUTHIBAIO-

LIMHA TEIUIOOTAAYY MPU MOHWXEHMHM CKODOCTH BPAILEHMS JBUTATENS IO
OTHOLIEHUI0 K HOMHHaJIbHOM. Takoe MOHWKEHUE CKOPOCTH MOXET
OBITh BBI3BAHO YCJIOBUSIMH OOECIEYCHMsT TPeGYEeMOro TEXHONOTMYECKOIO
npolecca:

By, =Ba+(1~ﬁo):’*’“ :

HOM
rae B,=0,7..0,78 — wia aBUratencii 3aKpHITOr0 HCHOTHEHHS.
Boryucnsiem TpeGyeMblit cpeHeKBaIpaTHYHbBIA MOMEHT JBUTATEIIS:

n
Z;Tlix "131(
i D

n
Z fpk
K=]

Tun snexTpoaBUraTes st BRIOHMPAIOT [TO KATA/lOTaM HMCXOAA U3 YCIIo-

BHIA:
{Pn 2 F (3.8)
(R (3.9)

(3.7)

3.3.2. OHepreTUUYeCKUi pacyeT yHUBEpPCanbLHOro
MEXaTPOHHOro MOAynA NpyU 3HAYUTENbHBIX
AUKEaMWYEeCcKMX Harpy3kax

HcxoaubIMH BaHHBIMU IPpH pacyeTe YHUBEPCATBHOIQ MEXaTPOHHO-
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ro MOOYJ/sl MpH 3HAYUTEIbHBIX AHHAMHYECKHX HATPY3KaX SIBJIAIOTCH:

e CTPYKTYpHasi CXeéMa MeXaTpOHHOTrO MOMYIA,;
e TPWIOXKEHHAs BHeLIHAs Harpyska My (Ty wim Fy);

e Tpebyemas cKopoCTb Q. (W, WIH V., ) BBIXOJZHOTO 3BEHA
MEXaTPOHHOTO MOIYJIS,

e MOMEHT MHepuun Jy, (Macca m,,) oObeKTa YIpapneHusl;

e Tpebyemoe YCKOpeHWE Eyyy (YINIOBOE £y WM JIHHENHOE gy
BBIXOIHOTO 3BEHA MEXaTPOHHOIO MOMIYJIS.

Tak Kak [UIMTEJLHOCTh pAa3roHA M TOPMOXKEHHS 3HAUYMTENHHO
MEHBIIE TIepMOJla YCTAHOBMBILETOCS JIBMIKEHUS, TO AMHAMMYECKHE Ha-
TPY3KM OKAa3bIBAIOT BAMsAHME Ha paboTy ABUraTens oyeHb KOPOTKHH
NpoMeXyToK BpeMeHH. I1o3ToMy MOIIHOCTbL ABUTATENst M €ro TpeiBa-
PUTENbHBINA BHIGOP MOXHO OCYIIECTBUTH MO METOAMKE, H3JI0XKEHHOH
BBIILIE TIPH OTCYTCTBUM TMHAMMYECKHUX HATPY30K.

BiusHue DMHAMHMYECKMX HATPY30K Ha BEJIMYMHY Bpallaiollero Mo-
MEHTA JIBUTaTeNsi MOXET ObiTh 3HAUMTENbHBIM. ITo3TOMY HeobXxoauMo
ONpPENENUTL TPeOyeMbIii MOMEHT ABHMIaTessd C YYETOM JMHAMMYECKHX
HArpy3oK:

Ty =0 L
u-n

rae Ty — OMHAMHYECKUI MOMEHT, BBI3BAHHbBIH YCKOPEHHBIM JIBIDKE-
HMEM BpamMIAlONIMXCs YacTeil MEXaTPOHHOTO MOJYJIsl M OOBeKTa yrpas-
JIEHHMs1, TIPUBEICHHBLI K BhIXOAHOMY 3BeHy, H'm:

e LSRR s (3.11)
J, — MOMEHT WHEpLH POTOpa JBUTATesNsi, Kr'M2; Jy; — MOMEHT MHep-
LAY BpAmaomMXCs YacTeit mpeobpasosaresis ABIKSHHUS, KI'M2:
Jon = (0,1..0,3) J u?; (3.12)
Jy — MOMEHT HHepLMH 06BeKTa YIIPaBICHHUS, KI"M2.

OKOHYATE/ILHO THII 3JIEKTPOMBUTATE/SI BHIOHPAIOT MO CraHpapraM
MCXOSl U3 YCIIOBUIA: t

(3.10)

P, >P (3.13)
(3.14)

(3.15)

Tmm = aTp

Tn.max Z ATp.max ?
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rae T, .., — MaKCHMMaIbHbIi MOMEHT 3JeKTpOABMrartesisi (3amaeTcsi B

cranjaprax). Ilpu OTCYTCTBMM NaHHBIX MPUOIMNKEHHO MOXHO NPHHH-
Marh:
T =(20..22)T,,, (3.16)

B ciyyae He BBINOJHEHHS YKA3aHHBIX YCJIOBMil, HEOBXOAMMO Bbi-
Gpatb aBuraress ¢ GONLLUIMM MaKCHMATbHBIM BPALLAIOLMM MOMEHTOM.

3.3.3. NepepatoyHoe oTHoLEHWe npeobpa3osaTens ABMKEHUS

ITepenatouHoe OTHOWIEHHE IpeobpazoBaTeNs ABHXKEHHS YHUBEp-
CalbHOTO MEXaTPOHHOTO MOMYS MOXeT ObITh onpeseseHo no opmye:

Q M
u=tmow My (3.17
Qpux Mn.rp - )

e Q,,, — HOMHHAJIbHAs CKOPOCTb ABUTaTessl; Q.. — CKOPOCTH BbI-
XonHOro 3BeHa mpeo0pasoBatessi ABUXKeHMA; M, — Harpyska compo-
THBJICHHS HA BBIXOIHOM 3BEHE Npeobpasosarelsi ABWKeHus, M, —

TpeGyeMoe ycuaue Ha BBIXOJHOM 3BEHe HBMIATENs; n - KoabhduiMeHT
TIONIE3HOTO AEHCTBUS MEXaTPOHHOIO MOIYJIA.

B 3aBHCHMOCTH OT XapakTepa ABHXKEHHS BBIXOJIHOIO 3BEHa JBMIa-
Tesis W npeobpasoBatesns ABIKEHUS Q H M MOryr npuMHMMAaTh CIEAYIO-
HiHe 3Ha4YeHus:

A { W — IPH YIJIOBOM [BIKEHMH;

| v— npu nuHeHOM IBUXEHHH;

M= T — 1pH yrIOBOM JBUXEHHH;
F — npu nuHeiHOM IBIDKEHUH.

CrnenyeT OTMETHTD, YTO NEPENaTOYHOE OTHOILUEHHE B 00IIEM ClTydae
uMeeT pasmepHocTh. Tak, npu mnpeobpa3oBaHMM BpallaTeLHOrO IBH-
XKEHUsT B IIOCTYNaTe/]bHOE PasMEPHOCTh MEPENATOYHOIO OTHOIIEHHS
(1/m), npu mpeobpasoBaHUM MOCTYMATENBHOIO NBXKEHWSA BO Bpalla-
TeJIbHOE Pa3sMEPHOCTH IEPENATOYHOIO0 OTHOMICHUST (M).

s MexaTpOHHOTO MOJYJs BPAlllaTeIbHOTO ABIKEHHS Iepefaroy-
HOE OTHOIIEHHWE HaxomsT 1o (opmyne:

U= Wiion = TH
)
Waax Tn,rp -

e W,,, — HOMMHAIbHAA YIJIOBasi CKOPOCTb ABMTATENs, C1; Wyyy — YI-

(3.18)
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JIoBasi CKOPOCTh BBIXOAHOTO 3BeHa mpeobpasopareist ABWKeHud, cl:
T, .~ TPeOyeMblii BpaIAIONIMI MOMEHT Ha BAJY ABHTATENH, Hwm; Ty —

MOMEHT compoTuBineHusi, Hm, Ha BLIXOAHOM 3BeHe mnpeobpasoBarens
OBHKEHHA.

Jina mexatpoHHOro Moaynd TPH INpeobpasosBaHiy  BPAILATENLHOIO
JBMXKEHUST Bajla JIBUTATEIA B NMOCTYNATEIBHOC ABHOKEHHWE BBIXOOHOTO 3BEHA!

u=Yoou __Fu (3.19)
¥ Towp-1
TI€ Vgyuy — JIMHEHHast CKOPOCTH BbIXOJHOrO 3BEHa MEXaTPOHHOIO MOJY-
a4, M/c; Fy — cuia conpoTupieHus, H, Ha BeIXOAHOM 3BEHE.
JIist MexaTpOHHOTO MOAY/IS IIPH TpeobpasoBaHHK MOCTYNATELHOIO
JIBIDKEHWS TIOJABUOKHOTLO 3BEHA JIBHTATENsA BO BpallaTeJIbHOE IBIHKEHUE
BBIXOIZHOTO 3BEHa:

BbiX

Viom _ TH
ot (3.20)

u= 3
nap 71

BLIX
rae F, ., — Tpebyemas Cwia Ha MONBIKHOM 3BEHC ABHIATE/Is THHEHHO-
ro mepemeuteHus, H; v, — HOMUHAIbHasl JUHEHHAsg CKOPOCTH MOM-
BIDKHOTO 3BEHA JBUraTess, M/c. .

3.3.4. OnTumuzauus Bslbopa CUNOBLIX ANIEMEHTOB

Bribop CHUJIOBBIX 3JIEMEHTOB (ABMTaTeNsl M IIpeoOpasoBaTens IBHU-
XEHUSI) MEXaTPOHHOTO MOJYJS MOXET OBITh OCYLIECTB/IEH HEOJMHO3HAY-
Ho. IToaToMY IPU MX MPOEKTHPOBAHHHU CIIENYET CTPEMHTHCA HAWTH OIl-
THMajbHOE pelieHue. sl 3TOro HEOOXOMMMO BbIOpPaThb KpPUTEpHiL
OLIEHKHM MX KauyecTBa. ONTHMATBHBIM CUUTAETCA NMPOEKTHBIM BapHaHT,
KOTOPOMY COOTBETCTBYET SKCTPEMAabHOE 3HAYECHHME 3TOrO KPUTEPHS.

B HI—DKEHC[JHDH MPAaKTHKE B Ka'u€CTBE KPUTEPHEB ONTHMH3ALIHH
IIPUMEHSIOT Pa3/IMYHBIE ITOKA3ATEIH:

e BpeMs IEPEMEILEHMsT BHIXOTHOTO 3BEHA HA 3aJlaHHOE PaccTosi-
HUE;

e BpeMs COIJIACOBAHUSA CKOPOCTH BBIXOIHOTO 3BEHA C 3aJaHHBIM
3HaYEHUEM;

e MHMHAMM3AIMS Macchl U TabapUTOB MEXATPOHHOTO MOAYJIS,

e 5Heprus, norpebisiemMas MEXaTPOHHBIM MOAYJIEM TIPU BbITNONHE-
HHM TUITOBBIX ABIWDKEHWIHA.

PCS_}_‘JIBT&T IMPpOEKTHPOBAHUSA B 3HAYUTEIBHOI CTENEHH 3aBMCHT OT
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TOro, HACKOIBKO YIAaYHO PaspaboT4HK BuiOepeT HeoOXOAMMBIt KpHTe-
pHii.

PaccMoTpHM NMPOEKTUPOBAHHE MEXATPOHHOTO MOMIYJSI NPH KOTOpOM
ABurareslb pa3BUBAET MAKCHMANIbHO BO3MOXHOE YCKOPEHUE £rgy BHIXOM-
Horo 3seHa. Takoit BbIOOD KpHTEPHUS! ONTHMU3ALUM OpHEHTHPOBAH Ha
MEXaTpOHHbIE MOAYH, paboraiomine ¢ 6onbIIMMH YCKOPEHHSIMU B CO-
CTaBe BBICOKOIPOM3BOJMTENILHOIO obopynoBaHust. Uia ocyllecTBICHHUS
TMOCTABJIEHHOM 3aauy HEOOXOMMMO ONPENEJUTh ONTHMANbLHOe nepejaa-
TOYHOE OTHOLUEHHE TIpeobpasoparesist nBuxeHns [38]:

2
i T J
Uony = 7 At 3.21
o - Tn.mnx ("I v Tn.max J Jn.nn ( )

ITpu aTOoM TpeGyeMmblii MaKCHMANbHBIA MOMEHT JABHTATENS oﬁpeﬂe-
JIAIOT B BUJIE:

i)
Tn.rp.max T };'\/Jn.mgmnx (Jugmax + TH), (3.22)

e Jy un — MOMEHT UHEPLMH POTOPA ABUIATENSA U NPUBEIEHHEIN K Baly
IBUTATEI MOMEHT MHEPLUHU TpeobpasoBatelist ABIHKEeHUs

Jona = (11..1,3) 7, (3.23)

Mg BeibOpa TUNA 2NMEKTPOABHTATEN HEOGXONMMO BLINOJIHEHUE YC-
JIOBHS:

Tmax 2 Thorp max- (3.24)

Ecimn yenosye (3.24) ne BBINONHSETCH, HEOOXOAMMO BBIOPATH JIBH-
raTesib ¢ GONMBINMM MAaKCHUMATBHBIM BPAILAIOIINM MOMEHTOM.

[t BEIOpaHHOrO ABUTaTeNs M NpeobpasoBaTessl ABIDKEHUS C Ofl-
THMAJIBHBIM TIEPEATOYHBIM OTHOINEHHEM HEOOXOMMMO, YTOOLI BBIIOI-
HAIOCH TAKKE YCIIOBHE: 3

w
W HOM

BRIX. OOT — Z W,

B (3.25)

onr

Ecnu ycnosue (3.25) He BBIMOJNHSETCH, HEOOXOMMMO BBIOPATH J(BH-
rarejib ¢ GOMBUIMMH CKOPOCTHBIMHM BO3MOXHOCTSIMM M TIDOBECTH II€pe-
pacyeT MeXaTpPOHHOTO MOTYJIS.
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maea 4
NMPEOBPA3OBATENU OBMXEHWUA

Ilepenava nBUXKEHUS OT OBMTATENs K BRIXOAHOMY 3BEHY MEXATPOH-
HOTO MOIYJIS MOXeT OBITh obecreveHa ¢ MOMOLUBIO PasIAYHEBIX Mpeod-
pasoBatelneit ABMXKeHUs (mepefad), CTPYKTYpa M KOHCTPYKTHBHBIE OCO-
BEHHOCTH KOTOPBIX 3aBUCST OT THIA ABHUraressi, BUAA TEpeMeEIleHns
BEIXOOHOTO 3Be€HA K criocoba MX pacmoIOKeHU.

Ilpeo6pasopaTeny ABMXKEHHS NpelHa3HauYcHBl I1a npeobpaso-
BaHMS OMHOTO BUAA NBMXKEHUSA B APYrO€, COTJIACOBAHMS CKOpOCTeil U
BPALIAIONIMX MOMEHTOB JBUTATENsd M BRIXOAHOrO 3BeHa. Jlia mpeob-
pa3oBaHWA ABMXEHUS HCIONL3YIOT BUHTOBHIE, PEecYHbIE, LEMHbIE,
TPOCOBBIE ITEpellayd, a TakXke Mepefadd 3yO0UaThIM peMHEM, Malb-
THICKHE MeXaHMU3Mbl. B ¢BA3M ¢ TeM, YTO 3JEeKTPONBUTATENH B OC-
HOBHOM BBICOKOODOpPOTHEIE, a paboulie CKOPOCTU BBIXOAHLIX 3BEHBEB
MEXATPOHHBIX MOIYJel HEBEJIUKH, B HUX IS COLIACOBaHHS CKOpPO-
cTell MCIOJNB3YIOT MOHMIKAIOUIWE Hepenayu: 3y04yaThle LMIMHIPHYE-
CKME W KOHUYECKHEe, 4YepBA4YHBle, IUIAHETapHBIE, BONHOBHIE. THII
npeobpazopareid OBMKEHUS BEIOMPAIOT, MCXOOSA M3 CIOXHOCTH €ro
KOHCTPYKUMH, Ko3ddHUIIHEHTa T0JIE3HOTO AeHCTBUA, ModTa B nepe-
paue, rabapUTHBEIX pasMepoB M MAacchl, CBOWCTB CaMOTOPMOXKEHMS,
XKECTKOCTH, YA00CTBa KOMIIOHOBKHU, TEXHOJOTHYHOCTH, MOJITOBEYHO-
CTH, CTOMMOCTH U T.11. IIpeobpaszopaTe/l ABUKEHHUS OKAa3hIBAIOT Cy-
LIECTBEHHOE BIMSIHME HA Ka4ecTBO pabOTHE MEeXaTPOHHOI'O MOJIYIIA.

4.1. PeeyHasn nepegava

Pecunag mnepemaya IpegHasHadeHa Jurd npeobpasoBaHusd Bpania-
TEJIFHOrO MBHKEHUS LIECTEPHM B MOCTYIATENLHOE JBIDKEHUE Pk M,
Ha000pOT, MOCTYIaTelIbHOTO NBWKEHUA PeiiKM BO BpalllaTelbHOE JBU-
JKeHHe IIeCTepHH.

OCHOBHBIMU 3BEHLAMM peevyHOH Iepemauu (puc. 4.1) gpmsoTcA
mectepHs 1 u 3ybuartas pe¥ika 2, mpeicTasisionias coboil cexTop 3y0-
YATOro IMIMHAPHIECKOTO Kojeca, TUaMETPhl HEeJIMTEIbHOH W OAHOTHUII-
HBIX COOCHBIX ITOBEpPXHOCTEH KO- T
TOpOro  GECKOHEYHO  BE/IHMKH, 9 ,0,1‘ ]
BCIIEJICTBAE YEro 3TH IOBEPXHO- -{--—T' 2 Hy,
CTH HABNAIOTICA MapaUIebHBIMUA = B 2 . L=
MOBEPXHOCTAMH, a4 KOHUEHTPH- L,;m ml“'—
YecKHe OKPYXXHOCTH — Iapai-

JIeJIHEIMU TIPSIMBIMH. Puc. 4.1

~ 1
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[Iponomkenue tabmn. 4.1
Marepuansl nepefauyn. OCHOBHBIMU MaTtepHaaMy, NpUMeHIEMBIMA POA

Ul M3TOTOBJIEHUA 3yDYATBIX KOJIEC M PeeK, SBISIOTCS YINepONHCTHIE U 1 5 3 4 5
nerupoBaHHble cTanu. Haubonee yacto ucnomb3yeMble MaTepuaibl Npv- 20X 800 650 20-32 HRC LM, 3
BefieHbl B Tabm. 4.1. 57-63 HRC
18XI'T 1150 950 332-375 HB LM, 3
Ta6nauua 4.1 56-62 HRC
12XH3A 1000 800 26-42 HRC LM, 3
56-63 HRC
Mexannyeckne XapakTepHCTHKH CTajei T2XH3A 1000 850 260-400 HB UM, 3
58-63 HRC
A. HopmanuaoeanHsie (H), ynydwenssie (Y) u o6bemHo3akaneHHbie cranu (03) 12X2H4A 1200 1000 280-400 HB Lm, 3
Mpegen npoy- | MNpegen Tekyue- Tepmo- 60-65 HRC
Mapiacran | 250 O, Mna | oo o, M'g: Tespgacte oﬁp;(icrxa 20X2H4A 1400 1200 - 300-400 HB LM, 3
1 2 3 4 5 60-65 HRC
40 600 320 192-228 y 3BXMIOA 1000 850 30-34 HRC A
40X 900 650 60 HRC 1.3
600-700 320 167-194 HB H 48-56 HRC
650-750 350 180-207 HB Y 40XH 920 700 50-54 HRC L, 3
45 700-800 400 194-222 HB y MpuUMedaHve: B YMCNUTENE YKa3aHa TBEPAOCTL CEPALEBUHLY, B 3HaMeHaTene — no-
750-850 450 207-236 HB y BEPXHOCTH.
800-900 550 223-250 HB Y
850-950 600 236-263 HB y KunemaTnuecknii pacder mepepaun. [Ipu mpeobpasoBaHuH Bpaiia-
50 700-800 370-420 212-235 HB Y TEJIBHOTO [BIWKEHHs IIECTEPHHM B MOCTYIATENbHOE ABUKEHUE PENKH
50r 800 550 241-285 HB y (puc. 4.1) yroJ MOBOPOTa ILECTEPHU PABECH:
35X 650 450 187 HB ¥ 2H, H,-360°
700-800 400 200-230 HB H @ = S = R
750-850 500 215-243 HB y ! o
40X 800-900 550 230-257 HB Y VIoBast CKOPOCTh IIeCTEpPHHU, C1:
850-950 600 243-271 HB Y 2. 103 . v
900-1000 700 257.285 HB y  Teanmehane
40HX 850-950 600 250-280 HB Y : d‘
1900-1000 700 265-290 HB Y INepenatounoe oTHoueHue, M™! [18]:
20XH3A 1000 850 293-341 HB ¥ 3 103
w, 2-10 -3’2_2 10 (41)
38XA 900 800 269-321 HB ¥ = L=y i -
37XH3A 1100 950 321-387 HB y v B! I
40XHMA 1100 950 293-375 HB Y [TepenatouHoe OTHOLIEHHE peeuHoi mepeiayy INpH npeobpasosa-
45 1000 750 38-42 HRC 03 HIM BPAIIATENBHOIO IBWXEHMS B IOCTYNATE/IbHOS PEKOMECHIYIOT IHpH-
= P 220 S5 22 HiR s uumars upn=10...200 1/m. 1
b. MosepxHocTHo-3akanexHbie (13), uemexTupyemsie (LIM), asotuposaHHsie (A) Ilpu npeobpa3oBaHUM I10- T( Q?‘; Py 2
¥ uvanmposanHbie (L) cranu CTYNATeNBHOrO ABHXEHUS peii- 1488 ISR —
45 600 340 53-55 HRC n3 KU BO BPAINATENILHOE JIBIKCHUE [ f __szﬂ_z»"z
40X 1000 850 52-56 HRC na mecrepHu  (pHC. 4.2) nepeMe- ‘G T
40XH 800 500 51-57 HRC n3 IleHrHe pelikyd PaBHO: Puc. 4.2
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204 3809
rae dy — IeIUTeNbHbIH AMAMETp LIECTEPHM, MM; ¢, — YIOJI MOBOPOTA
IIECTEPHHU.
Jluneiinag cKOpPOCTh peiku, m/c:
w,d, nd,n,
3T i 3
2-10 60-10
rge w; — YIJIOBasS CKOPOCTh LIecTepHu, c¢'l; my — wacrora BpallleHHA

recTepHu, 06/ MHUH.
IlepenaToutoe oTHOIeHUE, M [18]:
Y2 wd, d,
HHB = —= 3 = 7 (4_2)
w 2.100-w, 2-10
IlepenaToyHoe OTHONIEHME PEEYHOU Nepefladd PEKOMEHIYIOT TIpH-
HHMATh PaBHBIM Upp=0,005...0,1 M.
Jonyckaembie KONTAKTHRIE M M3TMOHBIe Hanpsokenus. [Jomyckaemble
KOHTAKTHBIE U U3TMOHBIE HANPSDKEHMA ONpPeNeNAloT no dopmyne:

H F lim
[G]H = ‘SEH(F} =K uEL - Kugpe (4.3)

roe mHuekc H OTHOCHTCS K KOHTAKTHBIM HAMPSDKeHUSM, uHiekc F K
HU3THOHBIM;] O, — IPElesl BRIHOCIHBOCTH IIOBEPXHOCTEH 3yOBEB, CO-
OTBETCTBYIOLLIMI 0a30BOMYy 4HCIY UMKIOB IEpeMEHBl HaNpsKeHWI
(tabn. 4.2). S — xoaddumuent 6esomacHoctd. [IpH HOpMATH3ALMH,
ynyuneHun ¥ obseMHON 3akanke 3ybees Sy=1,1 u Sg=1,75; upu aso-
TUpOBAHUM, IleMeHTAlUY, Huanuposanun Sy=1,2 u Sp=1,55; K¢ — xo-
abhUnIMeHT, YIMTHBAOMUIA PeBepCUBHOCTS HAarpyskd. [Ipu Hepesep-
cuBHo#t Harpyske Ky = Kpc =1,0; npu peBepcMBHOM Harpyske —
Kye=1,0 u Kp=0,7...0,8.

K — xoachuIeHT NONTOBEYHOCTH, YIUTHIBAOIIWIT BIUAHHE CPO-
Ka ciyx0bl ¥ pexXuMa HarPy3KH Hepefayuu:

’N
KL = MF‘:—,

m — IoKasareqb crerieHH. IIpw pacyeTe HAa KOHTAKTHYIO TIPOYHOCTH
3yOreB m=3, TpW pacuyere Ha u3rub mpu Teepmocty 3ybnes HB <350
NpHHUMAIT Mm=6, NIpH TBepAOCTH 3yObeB HB > 350 mpuHUMalOT m=9.

N, — 6asoBoe YMC/IO HHUKIOB U3MEHEHHUS HanpskeHuit (tabn. 4.3). [Tna

KOHTaKTHBIX H&HDH}KGHHﬁZ
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3
Nyo =~ (HB)".

(44)

Taobnumoma 4.2

ITpenen KOHTAKTHOH M M3ruOHOH BBIHOCIHBOCTH

TeepgocTs 3ybLes, Bun MNpenen koHTakTHoW | Mpeaen uarubBHoM
HB, HRC TepmooGpaboTku BbIHOCAWBOCTH BLIHOCNMBOCTH
OHlimp . Mla OFlims  MIa
HB<350 Hopmanuzauus, 2HB+70 1,8HB
yhyyLieHue
HRC=35...45 ObvemHas 3akanka 18HRC+150 550
HRC=45...63 3axanka TBY 17HRC+200 550...650
LlemeHTupoBaHue 750
HRC=55...63 HuTpoLeMeHTHpo- 23HRC
BaHue 750...1000

Ng — 5KBHBUICHTHOE YHMCIO IHKIOB M3MeHeHud Hanpsokenuid. [Ipu re-
PEMEHHBIX PEXHMax HarpyxeHus (puc. 4.3) BpalLAIOLIMM MOMEHTOM WITH
OCEBOM CIIION SKBUBAJIEHTHOE YMCIIO LMKIOB U3MEHEHMS HATPsDKEHUIt 3a
OIIVH TEXHOJIOTHYECKUIT LIMKJI OTPELISIOT 110 (hopMynam:

C k ?_,‘ m
NE:EZ[?‘ ) -ni-fi,

max

10°C k[ F )“‘
= = T . ..f.
NE de| ; F V, i

max
rie C — uMcno peeK, HAXOMAIIMXCSA B 3allerieHuu c uiectepHeit; T -

BpalalonMi# MOMEHT Ha IUECTEPHE Ha i-M YYaCTKe HHKIOrPaMMBbI Ha-
rpyxenusi, HmMMm; F, — oceBast cujla Ha peiike Ha /[-M y4acTKe HMKIIO-

I
rpamMMbl Harpyxenus, H; T, — MaKCHMalbHblit BPALIAIOIIHA MOMEHT
HA IIeCTepHe Mo LuKIorpamme Harpyxenus, Hwmm; F . — Makcu-
MalhHag OceBasi CHJia Ha peilke )
Mo IUKIIoOrpaMMe Harpy:xKeHusd, Nafva)  n(v)
H; m — dacrota BpamieHus .., . Ny(wd
HIeCTEPHN HAa i-M  yJYacTke 1 17 | =6 g2z
HarpyXeuusi, o6/MUH; V; — oz W
NUHeHHas CKOPOCTh DEMKU Ha 1
i-M ydacTKe HarpyXeHwsi, M/c;
f;, — LINTEJBHOCTh [-TO yJacTka t K
HarpyXeHwus, c; dy — AeIuTeNb- < by >
HEIf THaMeTp LIECTEPHH, MM; k Puc. 4.3
— YJCJIO YYACTKOB HArpYyXECHU.

N

Te(
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Ta6nuua 4.3

ba3oBoe 4HCI0 UHKAOB V) H3MEHEHHS HANDSIKEHUIT, MIH. HHKIOB

TeepaocTL NoEepxHocTH 3yBLes

HB 200 250 300 350 400 450 500 550 600

HRC 20 25 33 36 42 47 52 56 59

Niio 10 12,5 25 35 50 65 85 110 150

N Fo 4

3a Bech CPOK pabOTEI Nepeauu:

NE=60-cﬂi[ 1

2‘u I=1

36-10° k 2
N 2200 by .1
g mh L ;[ muJ ihis

rie Ly — RONroBeYHOCTH paboThl NMepefady, 4; f; — JIMTENTBHOCTh OJl-
HOTO TeXHOJIOTMYECKOTO IIHKIIA, C:

Ilpu MOCTOSTHHOM pEXMME HArpyXeHus GOPMyIBI I ONpefene-
HUA SKBUBAICHTHOIO YHC/IA UKJIOB HarpyXXeHHUs MPUHUMAIOT BHIL:

Ne=60-C-n-I,,
36- 10s

N 5= 0. W Lh

Hist 3yGyaThIX KoJec M peek M3 HOPMAJIM3OBAHHBIX M YAYIUICHHBIX
crane#t TBepnocTei0 HB<350 xoadhduieHTE N0JTOBEYHOCTH HAXOMATC
B npegenax Kyp=1,0...2,6 u Kpp=1,0...2,0. st Kosec ¢ MoBEpXHOCTHOI
3aKaJIKOH, a30THPOBAHHEM M IIEMEHTalMel ipu TBeproct HB>350 Ko-
3 GUIHCHTE ONrOBEYHOCTH NPUHMMAIOT 3HaYeHuss Kyp=1,0..1,8 u
Ke1=1,0...1,6; s mmTensHO paboTAalOIMX Tepefay, y KOTOPHIX
N> Ny, Koad:d)ﬂuneum AOJITOBEYHOCTH paBHBI Ky =Kp =1.

I'eomerpuueckuii pacuer mepenaun. Pacyer reoMerpuyeckux mnapa-
METPOB peeyHOH Iepeflayd HAYHHAIOT C OIpeJeNeHUs IeTHTEIBHOTO
JUaMeTpa MIecTepHH.

PaccmoTpuM Ipeo6pasoBaHiie BpaLIATe/LHOTO JBIKEHHS LIecTep-
HY B MOCTyNarelbHOE ABMXEHHE peilku (puc. 4.1). McxomHeiMu JaH-
HBIMH JUISl pacyeTa Iepeiayu sIBIAIOTCA: CHIa CONpoTHBIeHUd F; Ha
peiike, mepeMelieHue H, U MHHeHas CKOPOCTh v, peliku. B aToMm ciy-
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yae JeMUTENBHEIH JMaMeTp IectepHu | Ha ocHoBaHuM ycnosus (4.1)
paBeH, MM:

2-10°
dh==——. (4.5)
ltgn
IenuTeNbHBIN AHaMeTp llecTepH MOXHO TaKXe HAUTH U3 YCIOBUS
KOHTaKTHOM MPOYHOCTH 3YOREB, MM!:

(4.6)

rie Ky — xoadduument pasueiif ansa npsamosybeix mepemay 1,12, s
xoco3ybsix mepenayd -1,0; F, — cuna conporusienus Ha peiike, H; Ky,
— koo GUUMEHT, YYUTHIBAIOUIMI HEPABHOMEPHOCTh HAarPy3KU IO IH-
pHHe 3yba, ompenessiior o Tabmuue 4.8; y,y — KOIDOULMEHT MMpu-
HbI 3y64aToro BeHua, pasHbf 0,2...1,6. B MexaTpOHHBIX MOIYIISX Xeja-
TEABHO TIPUHEMATh Y4 =0,2...0,8; E, — NpUBENCHHEIN MOAYIb YIPYTo-
CTH MaTepUaIoB llecTepHH U peiiku, MIla:

1 2
E; v E; — MOAyn YIpPYrocTH IepBOr0 pojia MaTepHalioB MIECTCePHU -
peliku coorpercTBeHHO, MIla; [G]H — JOMycKaeMOoe KOHTAKTHOE Ha-
npsokenue, MITa, onpenenseMoe 1o gopmyre (4.3).

Ins obecrieyeHuss TpeOyeMOro nepefaTOYHOro OTHOIIEHUA HE0OX0-
IAMO, YTOOBL NEAMTEILHBIN IuamMeTp LIECTEPHM, IOMyIeHHbH mo dop-
Mmysne (4.5), OwsUr Gonblie HEJHTENBHOTO [AMAMETpa, HAHIEHHOro IO
dopmyne (4.6). Droro MOXHO JOCTHYb, IPHUMEHSSA COOTBETCTBYIOIHE
MaTEpHAITBl ¥ BapbUpYs KOIPDUILMEHTOM Y py.

Bpamaronuit MOMeHT Ha mectepre, Hmm: T) = F, d, /2.

Wrorna Gomee yqob6HBIM ABSETCS CIIOCO0, KOIja 3HaYeHue Jeiu-
TeJIBHOTO IMameTpa d) LIeCTepHH, ITonydyeHHoe 1o opmyre (4.5), moa-
CTARTAIOT B 3aBHCHMOCTh (4.6) M HaxoAAT 3HAYEHHE MOMYCKaeMmoro
KOHTAaKTHOTI'O HaTIPSDKEHMS:

[()']H > Kﬂ 'HB]“' FZ 'Enp 'KHB g
2-10 v Vd

3ateMm 1o dopmyie (4.3) BBHIMHCISIOT NpPEACT KOHTAaKTHON BBIHOC-
JIABOCTU MOBEPXHOCTEH 3yObeB:
[o] - Su

O Hiimb =
Ky - Kuc
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¥ MCMOJb3ys Tabll. 4.2 ONpENeNsioT TBEPIOCTh MaTepHUaia 3yOhes.

Koadduuuent nonroseyHoctH Kyp B nepBoM NPUOIMKEHUH Ofl-
penensioT Ipu  6a30BOM UMC/ie LMKIOB W3MEHEHHS HApKeHHH
Ny =107 nukiros.

[locne HaxOXIeHWS TBEPAOCTH MarepHaia METONOM I1oc/efoBa-
TeJIbHBIX NMPUOIMXKEHUN, Uclonnays Tabn. 4.3, Haxomar Gojee TOUHEBIE
snageHus Nyg, Ky 1 HB win HRC.

Hanpumep, Wis cTaid, NOABEPrHyTOid HOpMaNIH3allun, VIYIIIEHHK

Ouiimp = 2HB + 70.

OTtkyna
HB > PHlimb ‘70.
2

Ecnu oxaxercs, 4To IosydeHHast TBeprocts HB<350, TO Hemonnio-
BaHHas opMyla JUIS pacyeTa TBepHOCTM BepHa. Eciu TBepHocTh
HB>350, To Uig ee BBIYMCIEHUs HeoOXOAMMO B3aTh M3 Tabn. 4.2 cie-
ayoliyo hopmyy:

OH fimpy = 18HRC + 150.

Otkyna
HRC 3 aimp ~ 130
18

Hanee mo tabn. 4.1 HaXOmAT MapKy CTAIM, BHUI €€ TepMOOGpaGoTKH
1 MeXaHUYECKUE XapaKTEePUCTUKH,

Crenyer OTMETMTh, YTO TIPM TAaKOM pacueTe sl M3TOTOBIEHWSA
IIeCTepHH U peliKY MCKIIIOYAeTCs TpyIia crajieif, TBepAOCTh KOTOPBIX
MeHBIIIE PACYETHOI.

OrmnpenieniseM MOAYIb 3y0peB (U KOCO3YOBIX Iepeiay — HOpMaib-
HBII MOJYJIb) M3 YCIOBUs M3rHGHOM NPOYHOCTH 3y6LeB:

m2z ———-—K‘“ 23 :
Wpa ‘dllo']p

rie xoacdduiment K, paBeH it NpsaMo3y6eix kojec 6,6; Koco3ybhx —
5,8; mIeBpOHHBIX — 5,2.

[MonyyeHHOE 3HAYEHHE MOIYNS 3y6heB OKPYIVIAIOT IO CTAHAAPTHOIO
3Hagenus (tabdn. 4.4).

(4.7)

TaGanuua 44
3uagenns Moayns m, MM

1-# 0,1;0,2; 0,3;0,4; 0,5; 0,6; 0,8; 1,0; 1,25; 1,5: 2,0; 2,5; 3,0; 4,0; 5,0; 6,0;
pan 8.0; 10,0

2-i 0,22; 0,28; 0,35; 0,45; 0,55; 0,7 0,9; 1,125; 1,375; 1,75; 2,25; 2,75; 3,5;
paa 45:55; 7.9
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HaxoIuMm Ymcio 3y6heB IIeCTepH:
g m 20058 a
m

rge B — yron HakjioHa 3yOneB, Ipal.

nOﬂY‘ICHHGﬁ 3HAYEHHAE YUcHa 3yObeB OKPYIIAIOT 00 LENoro
VTOUHSIOT HeIUTENbHBIA IUaMeTp LLecTepHH
d! = mz; /COSﬁ,

nepeMellieHe PeiKi, ee CKOPOCTh U TepejlaTOuHOe OTHOILEHUE.

ITo 3HayeHHIO NUHEHHOH CcKOpOCTH pelKM (OKpYKHOU CKOpOCTH
LIeCTepHHU) Ha3HAYaloT CTeleHb TOYHOCTM.  peeyHOM mepenauu (tabi.
4.5)

Jna miecTepHu, Hape3aHHOM Oe3 cMellleHUsI, IMaMeTp OKPYKHOCTH
BepUIMH 3yOhEB, MM:

dal = d] ¥ 2!’?1 3
JIUaMETp OKPYKHOCTH BIIAIUH 3yObeB, MM:

Tomuuna 3y6a liecTepHU IO NEIUTEABHON OKPYXHOCTH, MM, paB-
Hag TONIMHE 3y6a peliku 1Mo cpelHed NMpsaMo, MM:

5 1= & = O,SRm .
HopMmainpHEI mar 3y6reB IIECTEPHU W PEHKM, MM:
_P[ = ‘P]. = mam.
s xoco3yboii nepefadyy — TOPUOBHIM 1Iar, MM:
AN i
tl .12 cos 43

MuHuMalbHas JUIMHA Hape3aHHOM YacTh PeiKku, MM:
L!min = Hz 7 = (2..4)})(2 a
MuHKMATBEHOE YHCIIO 3y0beB pelKu:
Camn = 2008 4 05 ' (4.9)
Py

Yucno 3y06eB peiiKu OKPYITIAIOT A0 [eJIoro 3Ha4YeHUA.
VTouHAIOT MUHEMAIBHYIO JUTHHY Hape3aHHOH YacTH peiKu:

Ly min = (Zmin = O:S)Ptz‘ (4.10)
IIupuna 3y64aToro BeHLA PeiKH, MM:
by = yua - d,.
ITupuHa LIeCTEPHH, MM:
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b] = bz P 0,6“'52 .
Pa3Mepsl IMONEPEYHOrO CEYEHHUS PEeilKM MOXHO OIpEeeNTh U3 Y-
JIOBMSI IIPOYHOCTH TNIPH PACTSDKEHUU (CKaTHH):

—§40' = :
"4 <lle [7]ee

TatGnuuwa 4.5

Creneib TOYHOCTH PeevyHbIX 3y0UaTHIX nepeaay

Peiiky nmpoBepslloT Ha ycToiuuBocTh 1o dopmynam JI. Ditnepa nin
@.A. Scuncxoro (cM. pasnen 4.4).

IIpoBepuTh peiiKy (MM BUHTHI) Ha YCTOIYMBOCTE MOXHO TaKXe C
rioMoIIBI0 KoadUIIHEeHTa ¢ MOHWKEHMA JOMYCKAEMOro HaNpsDKEHUS.
[Ip 3TOM pacyeT Ha YCTOHYMBOCTbH 3aMEHSIOT PACUETOM Ha CXKarie, HO
CO CHMXEHHBIM JOMYCKAeMEIM HAMPSDKEHUEM:

LB
— 4
KosdduimeHT ¢ onpeaeynsior 1o tabi. 4.6.

oc < (p[c]c.

Tabnuma 4.6
3uauenus ko3hdunuenra ¢

CreneHb CxopocTb peiku He Gonee,
TOYHOCTH m/c MpumedaHue
He Hwke | npamoaybaa | kocosyGas :

6 BLICOKOTOUHBIE NEpeaaYl, MexaHu3Mbl
(BBICOKO- : TOHHOM MEeXaHWKN, MexaTpPoHWUKK U poBo-
TO4HanA) 15 30 TOTEXHUKM

CropocTHble nepeayn Npy yMepeHHbIX

7 Harpyakax, BbICOKOHarpyxeHHble nepeaa-
(To4Han) 10 15 YW NPU BLICOKMX CKOPOCTAX

8 MNepepayn obuiero HasHaYeHUs B MaLLn-

(cpenneit HOCTpOeHWN, He Tpebyiome ocoboit Tou-
TOYHOCTH) 6 10 HOCTH
9 TuxoxoaHele nepegayy ¢ NOHWKEHHLIMK
(noHwKeH- TpeBoBaHWUAMM K TOMHOCTH
HOW TOYHO- 2 4
cTH)

Orkyna rTonass MOMePeYHOro ceyeH st peHKy paBHa:
E[n ;
A> B = ﬁ 3 (4.11)
[U],, oTp
rhe [s], — HOIYyCKaeMoe HaNlpsSXKEHHE DACTSOKEHMS MaTepHana PeiKki;
orp — ITIpPeHeN TEKYYeCTH Marepuana peiKd NpH pacTSKEHUM; [”]1? =

HOIMycKaeMblif K03()PUUMEHT 3armaca IO TEeKYYECTH IPU PACTIKEHUH,
paBHBIi 1,5...2,0.

3apnaBasice GOPMOH MOMEPEYHOTO CEYeHUS PeifKu MOXHO HaiTH ee
pasMepEl.

Eciu momepeuHoe ceueHWe pedKH NpSIMOYTOJbHOE € IUMPHUHOMN
syb4atoro BeHua by, To ee ToMUKUHA OyIeT paBHa:

52 Fz[n]TP L
by -[o]rp
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x Marepuan

Cr1.0,Cr.1,Cr.2, C1.3,Cr 4 C1.5

0 1,00 1,00

10 0,99 0,98
20 0,86 0,95
30 0,94 0,92
40 0,92 0,89
50 0,89 0,86
60 0,86 0,82
70 0,81 0,76
80 0,75 0,70
90 0,69 0,62
100 0,60 0,51
110 0,52 0,43
120 0,45 0,36
130 0,40 _ 0,33
140 0,36 0,29
150 0,32 0,26
160 0,29 - 0,24
170 0,26° 0,21
180 0,23 0,19
190 0,21 0,17
200 0,19 0,16

B ciydae HEBEIIOJNHEHHS YCIOBMS YCTOWYMBOCTH, TONIIMHY PEHKH
HeOOXOIUMO YBETHIHTS. '

PaccMOTpMM Ipeo6pasoBaHue MOCTYNATEIBHOTO ABIDKCHUS DEHKH
BO BpallaTellbHOEe HBMXeHWe urecTepHu (puc. 4.2). McxomHsiMd AaH-
HBIMM [UISf PacyeTa SABJISIOTCS: MOMEHT COIPOTHBJICHHS Ha IHeCTepHE
T), yron TOBOPOTA (; M YIIOBasg CKOPOCTb Wy IIECTEPHH. Pacyer reo-
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METPUYCCKIX NaPAMETPOB MEPefaud HAYHHAIOT C OTNPEHeNCHUs Neii-
TEJBHOIO AMAMETPA LIECTEPHM, MM:

d=2-10° - upp. (4.12)

Taxxe penuTenbHbIN qUamerp HIECTEPHU MOXKHO HAWTH M3 yCIOBUsS
KOHTAKTHOM NPOYHOCTH 3YOLEB, MM:

(4.13)

rae T} — MOMEHT COTIPOTHBIICHUS Ha ecTepHe, H-MM.

Tpebyemoe mepenaTodHOe OTHOMIEHHE MOXKHO BBITIOJTHUTD, €C/IH
JEJIMTENbHBIH JIMaMeTp WIeCTEPHU, HallleHHBIH Mo dopmyne (4.12),
Oonblue NeNUTENBHOIO MUAMeTpa, MONYYEHHOrO [0 opmyie (4.13).
DTOr0 JOCTUTAIOT, TIPUMEHSISI COOTBETCTBYIOLIUE MaTepHaIbl U U3MeHsS
KO3(DOUIUUEHT g

Tacke MOXHO HMCIONB30BaTh METOMNUKY, NIPEIUIOXKEHHYIO Ul pac-
Y€Ta PECYHOM Iepefauu MpH NMpeobpa3oBaHMM BPAIUATENBHOTO IBHKE-
HUS LIECTEPHH B MOCTYNATENBHOE JIBIXEHUE PEHKH.

B paccmaTpuBacMoOM ciiyuae JONMyCKaeMoe KOHTAKTHOE Hanpsxe-
HUE DaBHOE:

[U]H > 1’3'Kd \!Kd T; 'Enp 'KHB ;
d, d; - Ypy
Ocesas cuna, peiictsyiomas ua peiiky, H:

2T,
F==1
2 4,
Monyns 3y6peB (Uit Koco3y6hix nepefay — HOPMAIbHBIA MOMYJb),
MM:

(4.14)

2 Km‘FZ
Vea - di[o];

Hormyckaemoe u3rHGHOE HampsDKeHue onpenendaoT mo ¢opmMmyie
(4.3). PacyeT OCTaTbHEIX MAPAMETPOB PeeyHO Tepeayy MpoBOJAT 10
METOIMKE, U3JIOXKECHHOM BHIIIIE.

ITpoBepounsiii pacuer 3y0bes mecTepHu u peliki Ha BBIHOCIMBOCTE 1O
KOHTAKTHbIM HanpsukernsiM. IIpy NpoBepoYyHOM pacyeTe ompenensioT
KOHTAKTHBIC HANpPSKCHUS, BOSHMKAIOUIME B MECTaX CONMPHKOCHOBEHMS

3yObEB INECTEPHM M DKM, M CPABHUBAIOT MX C JOIycKaeMbIMU KOH-
TaKTHBIMU HANPSKEHHAMU:

o < [o],;- (4.15)
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KoHTaKTHbIe HANPAKEHUS ONPeesioT 1o yenosuio, MITa:

[W
UH==zH-zM‘zs-iiﬁ, (4.16)

rie Zy- KoadduiMeHT, yuuTHIBAIOIIMIA HOPMY COMpsKe HHBIX

[oBepXHocTel 3yOnen:
2cos’
T e
sin 2ayy

oy — YTON 3allelUIeHUsl TIPUM CMEIUCHUHM IUECTEPHH W peliku, rpam;
o = 20° — yroj 3aueruieHHs MPH OTCYTCTBUM CMEIIEHUS HIECTEPHH U
peiixu, rpan. Ilpn aw = o monydum gy = 1,76 -cosp; B — yroa Hakmo-
Ha 3yOBeB; zy — KOobhOUUUEHT, YYHTHIBAIOMINI MEXaHHYECKHE CBOIi-
CTBa MaTepHaoB CONPSKEHHBIX IIECTEPHU M PEHKH:

L

M= m,

E,,p — TIpUBE/IeHHBLt MOAYNB yripyroctu, MIla:

_2EE,
AR
rie F| u E; — MOOYIU YIIPYrOCTH TEPBOTO pONla MATEPHAIOB IIECTEPHU
u peiiku. g cramu E;=E;=(2,0...2,2)-105> MIla; p — xoahdunmer
ITyaccona. st cramu p=0,3.

TakuM 00pa3oM, IS CTANBHEIX IIECTEPHU U PEHKH:
1

v =275MIla?;
Z, — Ko3(hOUIMEHT, y4UTHIBAIOMIUI CYMMApHYIO JUIMHY KOHTAaKT-
HbIX nuHMN. g npaMo3yOrIX H Koco3ybelx Konec mpH ;<0,9:

’4—8
23: Tq-l

WISl KOCco3yOhIX Komec IpHu €520,9 U IIEBPOHHBIX KOMIEC:

E

e g — K03 UIUEHT OCeBOro mepeKphITUA:

: b -sinf _ e 7 -Sinp

=——
b m b

127



€¢ — KO3(GOULHMEHT TOPIIOBOTO MEPEKPITHS:
Egim (1,88 - 3,2—1—J cos B,
<) i

Wy, — ylenbHas pacueTHast OKpyxHas cuna, H/mm:
_ 2T, - Ky, - Kyyp - Ky,

d, - b :
e Ky, - koobduumrenT, yauThiBaOWMi pacnpeieaeHue Harpysku me-
xny 3yopamu. Jlns mpsimosy6eix mepemay Ky, =1. JIns kocosy6eix u
LIeBPOHHEIX Tlepenay kKoadduument Ky, onpenensior mo ta6i. 4.7.

WHI

Tabnumna 4.7
3uavenns kodhduumenra Ky,

Cropocrs CTeneHs To4HO!

DeKN CTW N0 HOpMaM NNaBHOCTH

V2, M/C 8 6 7 8 9
2.5 1 1,01 1,03 1,06 ;
5 1 1,02 1,05 1,09 f
10 1,01 1,03 1,07 1,13 o
15 1,01 1.04 1,09 - -
20 1,02 1,05 1,12 -—- -
25 1,02 1,06 — = e

Kyp — k02 dULKMEHT, YIUTHBAIONINI HepABHOMEPHOCTD HarpyskKu

1o HIMpHHE 3y0a, ONpeensior mo Tabm. 4.8; Ky, — Koadduumenr,

YYUTBHIBAIOIIMH MHHAMUYCCKYIO HATPY3KY, BOSHUKAIONIYIO B 3alleruie-
HHH, ONPEeeNsioT Mo Tabi. 4.9.

Tabnuma 4.8

3navenns kKo3ddumuenron Ky Kpgs

PacnonoxeHue wec- | Teep- Kip Kep
TEPHW OTHOCUTENLHO | AOCTb, Wd fod

onop, TN onop HB 02 |04 |06 [08]02]04a]06 0,8
KoHconeHoe, onopsl <350 [ 1,08 (117 [128| — [1,16 (137|164 —

LUIAPUKONOALLNIHUKA >350 | 1,22 | 1,44 — [133|1,70| — ---
KoHconeHoe, onopsl <350 (1,06 |112(1,19(1,27|1,10(1,22] 1,38 1,57
POMMKONOALLUMMHWUKNA >350 | 1,10 /125(145| — [1,20 (144|171 —

CummeTpu4Hoe <350 | 1,01 (1,02(1,03|1,04]1,01[1,03]1,05] 1,07
>350 [1,01]1.02(1,04[1,07|1,02|1,04(1,08] 1,14
HecummeTpuyHoe <350 | 1,03 (1,05(1,07]1,09(1,05[1,10] 1,17 1.25
>350 | 1,06 (1,12[1,20]1,29|1,09(1,18|1,30| 1,43

128

Ta6numa 49

3unavenns ko3 duunenra Kyy

[ Creners | Teeppoctb CHOpOCTb PEkM Vo, M/C
TOYHOCTU | NOBEPXHOCTEN
3ybbLes 1 2 4 6 8 10
a 103 | 106 | 112 | 147 | 123 | 128
6 1,01 1,02 1,03 1,04 1.06 1,07
6 102 | 104 | 107 | 130 | 115 | 118
1,00 1,00 1,02 1,02 1,03 1,04
a 104 | 107 | 144 | 121 | 129 136
7 1,02 1,03 1.05 1,06 07 1,08
6 103 | 105 | 109 | 114 | 119 124
1,00 1,01 1,02 1,03 1,03 1,04
a 104 | 108 | 116 | 124 | 132 140
8 1,01 1,02 1,04 1,06 1,07 1,08
6 103 | 108 | 410 | 146 | 122 126
1,01 1,01 1,02 1,03 1,04 1,05
a 105 | 110 | 120 | 130 | 140 1,50
9 1,01 1,03 1,05 1,07 1,09 1,12
6 104 | 107 | 113 | 120 | 126 | 132
1,01 1,01 1,02 1,03 1,04 1,05
MpumeyaHua:
1. TeepaocTb noBepxHocTel 3ybLes:
a H, <350 HB; H, <350 HB,;
H, 245 HRC, H, <350 HB;
6 H;=45 HRCG; H, =2 45 HRC.
2. B ydcnuTene npuBeAeHs! AaHHbIe Ans NpAMo3yDbiX KONec, B 3HameHaTene —
AnA Koco3ybbixX.

VeroBre POYHOCTH Ha KOHTAKTHYIO BRIHOCIHBOCTB!

OH _(95.10. 4.17)
[o]u '

[Ipi HeBBITONHEHWH YCIOBUS POYHOCTH HEOGXOXMMO BBECTH MO-
NpaBKy Ha pabouylo IIMPHHY 3yGYaTOro BEHIIA:

2
‘= b [ELLJ . (4.18)
bl 1 [G]H

3nayenue b; mpunumaior mo I'OCT 6636-69. 3areM onpexensior

bf
HOBOE 3Ha4YCHHE KOBNHHHCHT& Ybd = g_fL M IIOBTOPAIOT pPacyeT Ha
1
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BHIHOCTHBOCTE. BBIYMCHAIOT HOBBle 3Hauenus 11K
PeHKHU.

ITposepounbiii pacuer 3yGren WECTEPHH M PeliKN HA BBIHOCAMBOCTE 10
HaNpPsKEHHAM H3rn0a. YCIloBHe BBIHOCTHBOCTH 3yObeB LICCTEPHH U peii-
KH TIO HalpSDKEHUSIM U3THOA G UMeeT BUL:

FZKF“ : ‘KFﬁ % KFV
O (4.19)

rie Kp, — xoapduumenr, YUUTBIBAIONMHE pacIpeie/ieHHe Harpy3ku
MEXTY 3yOhIMU UIECTEPHU U peiiku. JUist mpssmosy6six Nepefay U Koco-
3yOBIX ¢ £g <1 mpuHUMaloT K Fe = 1. Jlns Kocosybrix mepemay ¢ ¢, > 1
U UIEBPOHHAIX Mepenay; A

ko, -4+ a1 -5)
de

TI€ n' — CTeneHb TOYHOCTH Mepelayy Io HOpMaM IITaBHOCTH paboTh
Ecnu creneHs TouHOCTH rpybee 9-i1, To #’=9, ecnu Bbiule 5-i1, To n'=5:
Kry — xosdpdunuenr, YUHTBIBAIOIMN HEPaBHOMEPHOCTh HarbyaKu nc;
AJMHE 3y6a, ONpPEeNeNsioT Ho Tabiuile 4.8; Kr, — xoadbdumuent muna-
MHYECKOH HArpy3Kd BBIGHDAIOT 10 TaGmuire 4.10; Yr — xoaddumment
dopmer 3yba. s peitku on paBeH 3,78, mia II.‘{cCTCpI:l'H. OIIPENENSoT B

PHHBL LUECTEPHH H

O = O,QYF

y
o

3aBHCHMOCTH OT SKBUBAJIIEHTHOTO YHCJa ee 3yOhes 2 = 2
v
os’ g

Tabu. 4.11. Jnsg npsamosy6rIx Kosec Ly =2y
Hsrubnoe Hanpsxenue OF ONPEACTAIOT [T IUECTEPHA MM DeiiKu

B 3aBHCUMOCTH OT TOTO, Yhe OTHOLIEHUE [ili MEHbIIIe

. :
Ilposepounniii pacuer 3yGnes IECTEPHH M peiikd npu neperpyske. ITpu
PacyeTe Ha BBRIHOC/IHMBOCTD HE YYUTHIBAIOT KPaTKOBPEMEHHBIE [Teperpys-
KM (HalpuMmep, NYCKOBBIE HIIH CIIy4aiHBIE), KOTOPhIE BBHIY MX MaJIOro
YHCJIA MKIIOB HE BBI3BIBAIOT YCTANIOCTH. Kparkospemeritsie IIEPErPY3KH
(Thuxs Fux), He ydTeHHBIE TIpH pacyeTe Ha BEIHOCJIMBOCTh, MOIYT IIpH-
BECTH K ITOTEPE CTATHIECKOH NMPOYHOCTH 3y6hes. [Tostomy meobxomumo
TIPOBEPHUTE CTATHYECKYIO MPOYHOCTE 3y6beB Mpu IIEPETPYy3Ke.

YcnoBue craTMyeckol mpodHOCTH 3yObeB NpPH KpaTKOBpPEMEHHOMN
TIEPETPY3Ke MOMEHTOM Ty

TTHE

OHmax = Oy

<[] max (4.20)

max
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re oy — PacdeTHOe KOHTaKTHOe HanmpskeHMe; T, — MaKCHMAalbHBIH
MOMEHT 10 IIMKJIOTPAMME HArPY)XXeHUs! MJIH PacYCTHEHIA MAKCHMAaIbHbIH
MOMEHT; [G]Hmax — MpeleNbHOE AOMycKaeMOe KOHTAKTHOE Halpsxe-

HUE.
Tabanuma 4.10

3unavenus koabdnunenta Kpy

CrteneHb Teepgoctb . CKOpOGTL el va, Mfc
TOYHOCTH | NoBEpXHOCTER
3yGbeB 1 2 4 ] 8 10

a 106 | 143 | 126 | 140 [ 1,53 167

6 1,02 1,05 1,10 1,15 1,20 1,25

6 102 | 104 | 1.08 | 111 | 114 [ 147

1,01 1,02 1,03 1,04 1,06 1,07

a 108 | 116 | 133 | 150 | 167 | 1.80

7 1,03 1,06 1.1 1,16 122 1,27

6 103 | 105 | 109 | 1143 | 147 122

1,01 1,02 1,03 1,05 1,07 1,08

a 1,10 [ 1200 138 | 4,58 | 1,78 1,96

8 1,03 ,06 1,11 147 1,23 1,29

6 104 | 106 | 112 | 116 | 121 | 126

1,01 1,02 1,03 1,05 1,07 1,08

a 143 | 128 | 150 | 177 | 198 125

9 1,04 1,07 1,14 1,21 1,28 1.35

6 104 | 107 | 144 | 121 | 127 | 124

1,01 1,02 1,04 1,06 1,08 1,09

MpuMmeyanus:
1. TeepgocTs noeepxHocTel 3ybues:
- H, <350 HB; H, <350 HB,
H, 245 HRC; H, <350 HB;
6 H;>45 HRC; Hy> 45 HRC.

2. B uncnuTtene npueeseHsl AaHHbie Ans npsmosybbix KOfnec, B 3HameHatene —

AN KocosybObix.

Ilpn Hopmanm3aiuu, yIydimieHUH WId oOOGBREMHOI 3akanke 3y6beB
=2.8ct; or — mpeaen TeKy4yecTH MaTepuaya 3yObeB; IpU lie-

Hmax = J0HRC.
AHaJIOTHYHO OTPEAE/IAIOT MaKCHMaIbHbIE HATIPSDKEHUA M3rHba:

< [0]pmag (4.21)

[ rimax
MeHTaimH, 3akanke TBY u asotnpoBanuy o]

T
e TIHK
max

[Ie o — pACYETHOE W3rHOHOE Hanpsienue; [o]. . — mNpenemsHoe
nonyckaemoe HanpsokeHue npu usrute. [Ipu TBepmoctu 3y6res HB<350
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[6]F max = 080T, mpu HB>350 [G‘]Fmax ~0,60p; op — npenen NPOYHOCTH
Marepuana 3yonheB.
Ta6bnuma 4.11

3uavenus koaphuunenra dpopmur 3y6a Yr npu xoadpunmenTe
cMemenus x=(0

2y 17 18 19 20 21 22 24 25 28 30

Ye 430 | 425 | 4,18 | 413 | 410 | 4,08 | 4,03 | 307 390 | 3,87

Zy 32 35 40 45 50 60 80 100 | 150 | peiika

Ye 3,84 | 380 | 376 | 375 | 3,73 | 3,73 | 374 | 3,75 | 3.76 3,78

4.2, MnaxeTtapHbie nepegayu

ITnaneTapHEIMM Ha3BIBAIOT MepeaavH, cofepxaliue 3y64arhle Kojie-
€a OCH KOTOPHIX ITONBIDKHBL. [[BHXEHME STUX KOJEC CXONHO C ABIDKEHMU-
€M IUIZHET M MO3TOMY MX HashIBAIOT IUIAHETADHBIMU MITM CATEIUTUTAMH.
Carestutel  OOKaTHIBAIOTCS IO LIEHTPAJIBHEIM KOJecaM, HMEIOUIUM
BHCIIIHEe WIH BHYTPEHHeE 3aleruieHne. OcK caTeluIuTOB 3aKpeIUieHbl B
BOIWIIE U BPAIAIOTCS BMECTE C HUM BOKDYT LEHTPAILHOM OCH.

B coBpeMeHHOM MAIIMHOCTPOCHUH U B MEXaTPOHHEIX MOAYISAX B
HaCTHOCTH, IUIAHETADHBIC 3yOYaThie INepeflayi HaXONAT LIMPOKOE IPH-
MeHeHHe. DTO OOBACHACTCH MX KOMITAKTHOCTBIO M Majioit Maccoii,
peanusanueil GONBLINX IT€PENATOYHEBIX OTHOLIEHWH, Masolf Harpyskoi
Ha OTOpHI, Gombumm KosdduuMeHTOM MONE3HOrO AeicTBUA (KIIO),
BBICOKOM KMHEMAaTHIECKOM TOYHOCTBIO, XECTKOCTLIO H HANEKHOCTEIO.

OnHako NpM NPOEKTHPOBAHMM IUTAHETAPHBIX 3yO4aTeIX mepenay
CJICAYEeT YIMTBIBATH MX HEMOCTATKH: KOHCTPYKTHBHYIO CIOXHOCTB, IO-
BBIIIEHHBIE TPEOOBAHNMS K TOYHOCTH U3TOTOBNEHMS M MOHTAXa, CHIKE-
- HHE KO3(PUIMEHTA MONE3HOrO AeHCTBUA TP YBEIMYEHIH TepeaTod-
HOTO OTHOILUEHMS.

B 3aBrcMMOCTH OT NOPSAKA HAMOXEHWS CBA3EH HA 3BEHBS [UIAHE-
TapHBIe IEpefiady MOIYT MCHONB30BaThCd KakK Ui CyMMMUpPOBAHUS He-
CKOJIBKMX BPAUIATEIbHBIX ABUXEHHIA, TaK M JUIA UX pasHeNleHHsT MEXIY
HECKOJIBKMMU BEIOMBIMH BalaMu. ]

Ipusnan  paboTs! PasAMYHBIX IUIAHETAPHBIX nepenay. Ilpocreifnias
IJIaHeTapHas mepefaya (puc. 4.4) COCTOUT W3 LEHTPATBHOTO CONHEIHO-
ro 3y04aToro kKoneca 1 ¢ HapyXHbIMH 3YGLAMH, LEHTPAJILHOTO KOPOH-
4aToro 3y64yaroro xojeca 3 ¢ BHYTPEHHUMM 3YObAMHM, CATEJUINTOB 2 C
BHEIIHUMHU 3yObSIMH, KOTODHIE BXONAT B 3alleTUICHHE OXHOBDEMEHHO C
CONTHEYHEIM M KOPOHYaThIM Kojecamu, M Boguia H, na xoropoM pac-
TIOJIOXKEHHI OCH caTeJuTuToB [40].
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Tlpu 3akperyieHHOM KopoHuaTtom Kojiece 3 (ws=0) BpaleHue coi-
HeyHoro kKomeca | ¢ yro-
BOM CKODOCTBIO W| Bbl3blBa-
eT BpalleHHE CaTeITUTOR 2
OTHOCHTEJILHO COBCTBEHHBIX
oceil C YIVIOBO# CKOPOCTBIO
Wy, YTO BBI3LIBAET KaueHME
caTeJUIMTOB 2 MO KOpOHYa-
TOMY Kojiecy 3 M NPWBOAUT
K WX TIEpeMEIUeHHI0 o
Kpyroeoil opbure panuyca
Ry, a cOOTBETCTBEHHO U Bofuna H C YIJioBOi CKOPOCTBIO Wy.

CaTe/UTHTEl COBEPINAIOT BPAILIEHHE OTHOCHTEJILHO BOAWIA CO CKO-

POCTBIO WAl =W, —W M BMecTe C BONWJIOM COBEpINAIOT NEPEHOCHOE

JIBYDKEHME. VX ABMOKEHHSA HAMOMMHAIOT HBIDKEHHS TUIAHET U TMO3TOMY
nepegavyy HasblBaloT IUIaHETaAPHOI.

OCHOBHBIMM 3BEHBAMH TUTAHETAPHOH TEpefayd SIBISIOTCA  Te,
KOTOphl€ BOCHPHHMMAIOT BHEIIHME MOMEHTHL. TakUMM 3BEHBAMHU
ABNSAIOTCA COJHEYHBIE M KOPOHYATHIE KOJIeCca, TO eCTh ABA LEHTPAIBHbIX
komeca (2K) u Bomwno H. CokpaunieHHoe o603HaYEHHE TaKoro
TUTaHeTapHoro MexaHuaMa 2K-H.

Inanerapusiit Mexauusm 2K-H naubonee pacnpocTpaHeH, Tak Kak
HUMEET BBICOKUM KO3 (MUIIMEHT MOJE3HOro ACHCTBHA W TEXHOJOTHYIHYIO
KOHCTPYKIIHIO,

Cxema mJlaHeTapHOM TiepeJayd C ONHMM. BHYTPEHHHM H OJHHUM
BHEINHMM 3alelVIeHUuaAMHM TIpeacTasieHa Ha puc. 4.5. [InanerapHas me-
penaJa MMeeT TPU OCHOBHbIX 3BeHa 1, 3 u H(2K-H), obnagaer BbICOKUM
KITJ, cpasaumbiM ¢ KIIJI rranerapHo¥ nepenayd, BBIMOJIHEHHOH 10
cxeme puc. 4.4, Ho Gosee CI0XHA MO0 KOHCTPYKIIMM BOIWIA, TaK KaK y
careJutMTa JBa 3y64arsix BeHua 2 u 2'. Ilpu oToM Macca paccMaTpuBae-
MOW IJIAHETAPHOM TepeNaYd MeHbIle MacChl MPOCTOM ABYXCTYIIEHYATOM
TuTaHeTapHo# nepegadn (puc. 4.4).

Cxema ruraHetapHoro mexaHusma (2K-H) ¢ gBymsi BHEIIHMMM 3a-
UeIUIeHUAMHU u3obpaxeHa Ha puc. 4.6. IlnaHeTapHbIii MeXaHM3M, BBI-
TIOJTHEHHBIH 10 cXeMe puc. 4.6, mosBossieT nojydaTs GobliMe nmepena-
ToyHsle otHomeHus (mo 10000) B omHOlt CTYyIeHH NPH BEAYIIEM BOAM-
Jie, KOrjia PasHOCTb 3yOBEB KoOJNeC Z;-%; M Z3-Zy Mana. OnHako C yBenu-
YeHHeM IepeAaTouyHoro orHouieHus pesko ymensuraerca KIII u nnas-
HOCTh BpallleHHs] TUXOXojiHoro (BeixoxHoro) Bama. Ilepemaya Tpebyer
BLICOKOH CTENIEHH TOYHOCTH M3rOTOBJIEHMsT 3yOuaThiX Kojec, BajoB,

Puc. 4.4
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Kopnyca, NOHIUMITHUKOB CaTeIMTOB. OTHOCHTCJIBHQH HacToTa Bpalie-
HHsA KOJIel NOoALIHITHHKOB COOTBETCTBYET 4acToTe BpalleHus ﬁBICTPO-

XOHOIO Bajia (BOAMIIA), 4 HArPY3KA HAa HUX COOTBETCTBYET HAarpy3ke T-
XoxomHoro saia 1.

n, — 2l
£ 3
My \eceel 5 Ny
rrn
2 i
Puc. 4.5 Puc. 4.6

ITnanerapHast nepemaua (2K-H) c mByMs BHYTPEHHMMM 3alerUe-
HUSAMHA (pHC. 4.7) M CO CIBOEHHBIMHU CATEILTHTAMU (puc. 4.8) xapakre-
PH3YETCS aHANIOTMYHO NPEABUIYIEH TUTaHETapHOI reperaye.

3 2
21 11
H
nH iis n‘I
\J U
Puc. 4.7 Puc. 4.8

B mnanerapHoit nepenaye 3K ¢ tpems LIEHTPAIbHBIMU KoOJlecaMu 1,
3, 4 (puc. 4.9) Bommwio H cnyXut Tomsko mng NIOJUIEPXKAHUS OCel ca-
TEJUIATOB 2 ¥ 2' B B HEKOTOPHIX Ciydasx (Mpu z,=7,) KaK KOHCTPYK-
THBHBI 3JIEMEHT MOXET OTCYTCTBOBaTh. I[IpH 3TOM HECKOILKO yxyama-
IOTCSL YCIIOBUSA PABOTHI 3aLETUICHHS, HO MCKITIOYAIOTCA NOMIIMITHUKY Ca-
TEJUIMTOB, HTO BaXHO IpPH CEPHAHOM MITOTOBIEHMM mepexay. Pexo-
MEHIYIOT NPUMCHATh 3Ty NMEpefavyy npu pabore C UIMTETbHBIMU OCTA-
HOBKaMH.

KIIJ| pacemarpusaemoit mmamerapHoit me-
PElIavi HECKOJIbKO HIKE, YEM Y JBYX- WJIM TPexX-
CTYNEHYaTOH TNpoCTeHUIeN IUIaHeTapHOU nepe-
AayH (puc. 4.4) Npu OAMHAKOBKIX TIEPENATOYHBIX
OTHOLIEHMAX, Haxoaawuxcs B npeaenax 30...100,
HO 3aTO y Hee MeHble 3y0YaThiXx Kojlec M Mol-
UINIHUKOB CATe/UTMTOB. DF0 MPHBOANT K CHH-
HKEHHIO MAaCChl TUIAHETADHOMN Nepegayd, KoTopas

MEHBIIIE MACCHl JABYX- WM TPEXCTyNeHYaTol npocteiilieil ruiaHeTapHo#
nepefadyM, UMEIOLIEH NMpUMepHO Te Xe rabapuTel.

IMnanerapueiit Mexanusm K-H-V (puc. 4.10) umeeT TpH OCHOBHBIX
3BeHa: LeHTpaibHOe Koneco 2, Boawio H u Ban V. Mexauusm 3 B Buje
KapIaHHOM [epefauyy C MepeisaTouHbIM OTHOLLUEHHMEM, PABHBIM €IMHM-
1€, CAYXMT [Ulsl TIEpeaady BpaileHHust OT SKCUEHTPUUHO PACTIONONKEHHO-
ro care/utiTa | Ha Ban V. 3

ITnaverapHblif MeXaHW3M C KapAaHHOW Ilepejayell TPUMEHSIOT
peliko.

Haubonee mupokoe NMpuMeHeHUE B TEXHUKE MOAYYMI TUTAHeTap-
Hblit MexaausM K-H-V ¢ napamiensHBIMH KpuBoluunaMu 3 (puc. 4.11).

Puc. 4.10 Puc. 4.11

Bomwio H ¥ KpUBOIIMIIEL 3 MMEIOT OMHAKOBBIN 3KCLIEHTPDUCUTET.

Yacto B muaHeTapHbIX Mexanusmax K-H-V B xadecTBe mepematou-
HOTo MexaHu3Mma oT cate/uuta | x Bany V npuMeHsIoT LEBOYHYIO Iepe-
nauy 3-4 ¢ mepenaTovYHbIM OTHOIIECHMEM, PAaBHBIM enuHulE (puc. 4.12).

2“\

Puc. 4.12

IleBounas mepenaua 3-4 COCTOMT M3 OHMCKa 3, B KOTOPBIA 3anpecco-
BaHbI TAMBLbE (ocK) 4, npoxonsnue wepe3 orseperus carewmros 1. ITpu
BpanieHuy Bomwia H care/ymit 1 coBepiiiaeT IUIOCKONapauie/ibHOe ABH-
XEeHWe, ¥ KaXIas ero ToYKa NP 3aKPeIUICHHOM Bajleé OTHCHIBAET OKPYX-
HocTh pamuyca e. JUist «oBKaTKu» Najblia Mo OTBEPCTHIO CaTe/UTMTa Jua-
METp OTBEpCTHSA MOJDKEH OBITh paseH d, =d, +2e. [l yMeHblIEHUS
TPeHMsI MEXJIY TIbIiaMu 4 U caTteJutMToM | Ha MaIbLIbl HAIEBAIOT BTYJIKH,
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KOTOpBIE KaTATCA MO MOBEPXHOCTH OTBEPCTHS, Bpalliasich Ha MaNbLaXx.
Ipu s10M 32 pasmep d, mpunuMaioT HAPYXKHbII IMAMETP BTYNIKH.

1651

s cokpawenuns pasMepos

BMECTO 3BOJILBEHTHOIO 3alierijie-
HHA 3ybyaTeix Komec | u 2 (puc.
4.12) npumeHsior LIEBOYHOE
(puc. 4.13).

Ipoduns 3y6res (umknon-
ny) I caremnura 1 BLIGHpalOT
TaK, YTOOBI B 3aLEMICHUM OIHO-
BPEMEHHO YYacTBOBAJIO HECKOJIb-
Pue 413 Ko 1eBok 5. Tak xak cHcrema

CTaTHYECKH HeomnpeneaumMa, TO
19 KOMIIEHCAIIMU OIIHBOK M3roTOBJIEHUA HeTanci IUIAHETApHOTO Me-

XaHH3MA LEBKH CTaBAT Ha IOJATIMBbLIE OCU 6 (manoe nonepeynoe ce-
YeHHEe, BBICOKOTIPOYHbIii MaTepHaJI). 3y6bsl caTeNIMTOB M LEBKU o/~
BEPraioT 3aKajike N0 BLICOKOW TBEPAOCTH M uotudyror. Harpysounyio
CIOCOBHOCTD MEXaHU3MA ONpEeRe/IAIOT 1Mo KOHTaKTHOH IPOYHOCTH B 3a-
HCIUIEHMH LEBOK C 3yOBbSIMM CaTe/UIMTOB, a TaKKe 1o JMOJITOBEYHOCTH
TTOAIIMITHUKOB CaTe/UIMTOB BBUAY UX GOJBIIOLN HarpyXeHHOCTH Y BBI-
COKOM 49acTOThI BpallleHUS.

Ilpu BBICOKOMH TOYHOCTH M3roTOBIEHUS JETaNeH IUIaHeTapHBIil Me-
XaHu3M paboTaeT GeCiuIlyMHO M HMeeT rabapuThbl, COOTBETCTBYIOLIUE
BOJIHOBOMY 3y04aToMmy MeXaHM3My, HO Bonbliryio Macey u Gosiee BBICO-

kuit KITJT.

IlepenaToynsie oTHOMLIEHNS np
penad naHsl B Tabi. 4.12.

MHorocTynesuarbie niaHeTApHBIE MEXAHHIMbL.
TUIAHETADHBIC MEXaHU3MBI MPUMEHSIOT B Tex CIIy4asx, Korma peaau3o-
BaTh TPeOyeMOEe IepPENaTOYHOE OTHOILICHME OINHOCTYIIEHYaToi mIaHe-
TapHOi nepenayeii He MPECTABIAETC BOIMOXKHBIM.

Ofuiee mepenaTouyHoe OTHOIIEHHe MHOTOCTYIICHYATBIX TUIAHETAp-
HBIX MEXaHH3MOB OIPENENSIOT 110 3aBUCUMOCTH:

n
u, =[] 7

j=1
[A€ uj — NEpEeNaToYyHOe OTHOIIEHHE j-if IUIAHETapHOM mepenaum; n —
YHCJIO MUIAHETAPHBIX Mepeaay.

Yacto B ycTpoiicTBax HeGOIBIIMX Pa3MEpPOB MHOrOCTyIEHYaThie

IUTAaHETAPHBIE MEXaHU3MBI HaﬁﬂpalOTCH TNOCJIENOBATE/IBHBIM COCIMHCHH -
€M OJHOTHITHBIX OIQHOCTYIIEHYATEIX nepenaq.

HBENICHHBIX CXeM IUIaHETApHBIX [Ie-

MHuorocrynenyarsie
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TIaHeTapHoro Mexaumsma K-H-V

Ta6numna 4.12
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Ha pmuc. 4.14 mnokasaHa cxema TpexcTyneHYyaroro [JIAHETADHOTO Mexa-
HH3Ma, CHHTE3HPOBAHHOIO M3 OAHOCTYNEHYATHLIX TIEpesay.

O61uee nepenaToyHoe OTHOLICHHE pPacCMaTpUBAEMOTO TUIAHETAPHO-
To MEXaHW3Ma paBHO:

333) ) (¥ (3
U, = uEH" ) = ”El-i‘ g uijl'g : "{El—;"‘ s

6 B 0
TOe Uiy, Uygs u}..H. NEpelaTOuHbIe OTHOIUEHHS COOTBETCTBEHHO |, 2
1 3 cTymeHeit.

23 2% 2% HE 2l

nywd | [H]H “"]Lm\g"ﬂ" g s s
2 4 e ml | H | v [

1 1"
1" N33

L 1) I T I .1

Puc. 4.14 Puc. 4.15

B MHOTOCTYIEHYATBIX TUTAHETAPHBIX MEXAHM3MAaX KOPOHYATHIE 3y6-
yatpie Koneca 3, 3', 3" oIMHAKOBBIX AMAMETPOB OGBEAMHSIOT B OBIIMIL
oirok. Ilpu ycTaHoBKe B KaXIOH CTYMEHM ITO TPM CATE/UIMTA C LIETBIO
Gosee paBHOMEPHOTO PACTIPENeNeHUs] HATPY3KH MEXIY HHMH MIPOMEXY-
Zo;;:;me sonuna H, H, H" moryr 6wite 6e3 LeHTpaibHBIX omop (puc.

Eciyn ruiaHeTapHBIil MeXaHU3M COCTOMT M3 HECKOJIBKUX CTYIEHei,
MMEIOIINX OJMHAKOBbIE NEPeJaTOYHBIE OTHOLICHUS, TO HEPEIATOMHOE
OTHOUIEHME KAKIOH CTYNEHU OMNpPENe/SIIOT B BUIE:

Hj = !11”‘ uO .

Inanerapubiit Mexanusm (puc. 4.15) cocrapnen u3 mByx mpocreii-
IIHX IUTAHETapHbIX repenay (puc. 4.4). B sToM MexaHM3Me 0CTAHOBICHO
BOIWIO H, a LeHTpaibHBle Koneca 3 u 3' ¢ BHYTPEHHHMH 3y6bAMH
CKDEIUICHBI B €IMHBIA Ol0K © M MMEIOT YacToTy BpANIGHUS, PABHYIO
YacToTe BpallleHus 61oka.

Koadppumment nosnesnoro neiicrens. Kosddunmenr monestoro neit-
CTBMS1 IUIAHETAPHBIX NEPEfay OTPEIE/sioT C YYeTOM ITOTEPh B 3yOUaThIX
3aUETUICHHAX M MOALIMITHHKAX CATEJUIMTOB 10 (hopMmyIie:

7=1-y, (4.22)
rie  — Ko3(P(HUIMEHT MoTeph:
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v =3 (v + ), (4.23)
i=1
v~ koadduumenT noteps B 3y6UATOM 3auETIEHHM:
yM =23 fa(l + —l—) : (4.24)
Erol€a

3HAK IUTIOC — JUISI BHELUHETO 3alerIeHMs, MUHYC — JIsi BHYTPEHHEro
3QUETUICHHUS; Z; M Zy — YMCTIa 3yOheB KOJIEC, BXOASIUMX B 3aLETeHue; f;
— xoaduumenT TpeHus B 3aueruieHuu konec (£,=0,06...0,08 misa puc.
4.4 wu 4.5; £,=0,12 qna puc. 4.6, 4.7, 48 u 4.9; £,=0,1 ma puc. 4.10,
4.11, 4.12 u 4.13); wg{] — ko3MduIueHT ToTeps B MOALIMITHUKAX Ca-

TEJUIMTOB:.

n T (w, —w 0|7 (n; — )|
(H) \ |( i H)|_ ‘ iV H (425)
Wn' = Z =X :
i=1| T;-wy ] i=lL
rne T, — MoMeHT TpeHust B i-M momummuuke: T; = 0,5dy - F - fr; dn —
BHYTPEHHMIA MAMETp MOAIIMITHMKa; F — peakivsi omopsl; fj — Koad-
(bUINEHT TpeHHs B IMOMUIMITHUKE KaueHus. s panuaibHBIX LIApHKO-
¥ PONMKONMONWKITHUKOB fr;=0,02, I KOHUYECKHX POIMKOMOMIIMITHHI-
xoB f;=0,08; w; u m; — yIIoBasi CKOPOCTb M YACTOTA BpallEHHA KOJblia
{-ro MOMIIMITHUKA, Wy U M, — YIJIOBas CKOPOCTb M 4acTOoTa BpAlLEHMS
pomuia; Tr — MOMEHT HA TUXOXOIHOM (BBIXOIHOM) BaJly MEpEeNai; wr
W np — YIVIOBasi CKOPOCTh M YacTOTa BPAILEHUS THXOXOMHOTO Baja.
H
B NpoeXTHBIX pacyerax MOXHO MPHHHAMATD- W(n )=0,006...0,008 (st
H 3

puc. 4.6, 4.7 u 4.8 y\=0,01).

KoshdulueHTsl MONe3HOro NeHCTBUSA PACCMOTPEHHBIX CXeM IUIa-
HETApHBIX Tepeiay mpyuBeeHs! B Tabu. 4.12. !

Bpamaiomue MOMeHTHI. Bpaiaioiye MOMEHTbI, ACHCTBYIOUHE HA
3BEHBSI TUIAHETAPHOTO MEXAaHM3Ma, MOXHO OMNPEJCIUTh IPH YCTaHO-
BUBIIEMCS JBIKEHHMH MEXaHM3Ma, KOorja BCi CHCTeMa HaxomuTcsd B
paBHOBECHM. B 5TOM Ciiydae JUTsl CHCTEMbI MOXHO 3amucarh /iBa ypaB-
Henus [32]:

Touy +Tem + Ten = 0; (4.26)
Tour - Wem + Tam - Wam + Tuien - Waen = 0,

rne Tpur, TeM, THEM — BpalaiolMe MOMEHTBI Ha BEAYIIEM, BEAOMOM
W HEMmoIBMIKHOM KOJIECAX COOTBETCTBEHHO; Wgiil, WBM» WHEN — YIJIOBBIC.
CKOPOCTM Ha BEAyIleM, BEJIOMOM M  HEMOJIBMXHOM  KoJjecax
COOTBETCTBEHHO.
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IlepBoe ypaBHEHHWE — YpaBHEHWE CTATMKH, BTODOE — YpaBHEHHUE
HajaHca SHEPIUH.

IIpy MpOEKTHPOBAHUM TUIAHETAPHBIX Mepelay MEeXaTPOHHBIX MOMY-
-Jiel BpallAloLUi MOMEHT XOTst 6B Ha OXHOM Baly M3BecTeH. [IBa Ipy-
TUX MOMEHTa HaXO[ST U3 PEIlieHHs CUcTeMbl ypaBHeHMUit (4.26).

Hns mnaHeTapHbix nepenay (puc. 4.4 u 4.5) Haiizem Bpamaomine
momeHThl. Tak Kak xoxeco 3 HenmomsuxHO (w3=0), To BTOpoe ypaBHe-
HHE CHCTEMBL IDUMET BMJL:

TI. ‘wl +TH -W'H =D,
OTKyJa BPALIAOLIKA MOMEHT Ha BXOJZHOM 3BeHe 1 paBeH:

w 1 1
T = - ——!;L = - —_— D .
1 =Ty ~ =Ty u/ =Ty —y-
! ! UiH
Wi
C yuyeToM moreph Ha TpeHwue:
o
T, -w T]Ei-i +Ty-wy =0,
OTKyJa
1
ey s e
: H0 0
11 " TiH
3
e nh} — KII/I npu nepenaye MoMeHTa ot Kojieca 1 k Bomuny H.
3HaK MUHYC YKa3bIBAaET Ha pasHble HAMPABICHMS BPALIAIOUIMX MO-
MEHTOB Ha BEAYLIEM M BEOMOM 3BEHBSIX.

Jtg HaxoXIEeHMsl BPAIIAIOIero MOMEHTa Ha Kojece 3 MOICTABISIeM
3HaYeHHe BpaIaloNIero MoMeHTa 7| B MepBoe YpaBHEHUE CHCTEMBL:

1
g SR ;4 ISR | 1Y ©) o v I
3 H(ul(:])_nm } 1 (“u{ LRE| 1)

Jis OCTANIBHBIX CXeM IUTaHETapHbIX Mepenay hopMyIIsl 0 KOTOPHIM
ONpeJeJIAI0T Bpalllaloliie MOMEHTEl TPUBENEeHE B Tabi. 4.12.

Hacrorsl Bpamiends 3BeHbeB. YacTOTBI BpallleHUS! 3BEHLEB ILUIAHe-
TApHBIX Ilepefiad HaxomaT Hcnonb3ya dopmyny Buwimuca. Ilpu 3TOM
YacToTa BpallleHUA ONHOIO M3 KOJIeC CYMTAeTCs HM3BECTHOW. B paib-
HelfieMm OyjeM CYMTATh M3BECTHOM YacTOTy BpallleHHMs BEIXOLHOTO Baia
MeXaHU3Ma.

Haiiem 4acToTsl BpaleHHs 3y0YaThix KoJec IUIAHETapHOM repeia-
4i, H300paKeHHO#N Ha puc. 4.4.

Yacrora BpallleHHs COJHEYHOTO KoJeca, 06/MuH:

Hl =HH(1 +_§-3-J-
1
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It omnpenesieHUs YacTOThI BpallieHWsi hp CaTe/UIMTA 3aluilieM
hopmyny Buiuca:

P IO B WA
1 & i 3
hy —ny Z
OTKY/Ia MOXHO HaiTH 4acTOTy BPallCHMs CaTeJUIuTa:
n, — Ny )z
Hl 3 HH — £_I'__H)—l-
2z
YacroTra BpallieHUs CATEJUTUTa OTHOCHUTEJIBHO BOJAMIIA:

ngH] = nz —HH = —(ﬂl ——HH)EL.
4

Jlnsi OCTANBHBIX CXEM pPACCMATPUBAEGMBIX TUIAHETAPHBIX Meperad
dopMyNBI 110 KOTOPHIM BBIYHCISIOT YaCTOThI BPALICHUA 3BEHLEB NPUBC-
JeHsl B Tabi. 4.12.

Cruibl B 3alemieHUAX 3y0uaThix Kojec. 3HaUeHUsl CHI B 3alENJIeHH-
SX 3yOYaThIX KOJIEC IUIAHETAPHBIX Tepefay M MX 3HaK (HarpasieHue)
OTPEIENAIOT WCXONS M3 BENMYMHBI ¥ HANpPaBJIEHUsi MOMEHTOB, HeiCT-

BYIOILIMX Ha OCHOBHBIE 3BEHBA.

Puc. 4.16

IIpoBeneM “CWIOBO# pacyeT IUTaHETapHOW IepelayM, COOTBETCT-
Byioleit puc. 4.5.

Jlna omnpeneneHUs OKPYXHbIX CHJI B 3alCIUICHUAX W OIOpax
PACcCMOTPHM TTOOYEPEIHO PaBHOBECHE KaXoro 3peHa (puc. 4.16). Cuisl
TpeHHs TIPH 3TOM He yuuThiBaem. Pacyer HauMHaeM CO 3BEHA, Bpa-
[[AOIHI MOMEHT KOTOPOTO M3BECTEH.

TpeamonoXum, YTO M3BECTHA BEJIMYMHA U HampasBJIEHHME Bpallaio-
uero MomenTa 7. Torma mwis pasHoBecusi Koneca 1 HEobXxoIMMoO OK-
pyxHyio cuny Fp; (mepBbiif HHIEKC obo3HayaeT NEHCTBYIOLIEE 3BEHO,
BTOpOif — 3BEHO, HA KOTOPOE ACHCTBYET CHJIA) HANPAaBHUTD TAK, YTOOBI
OHA CO3[aBaJla MOMEHT, PaBHbI 1O BEJIMYMHE U MPOTUBOTIOIOXKHBIN 1O
HarnpaBieHuIo BHenrHeMy MomeHTy Ty (Ha puc. 4.16 u B Tabn. 4.13 un-
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AEKC ! TP OKPYXHOM cuie F omymen). [Ipu 3ToM OKpyXHas cuia
IoJKHa ObITH paBHa, H:

T . 103
7 %‘%ﬂ (4.27)
rae 7| — BpalalOLMH MOMEHT Ha Konece |, H-M; d| — nenurensusiii
nuametp Kojeca 1, MM; C — YuclO caTeUTHTOB Kc — xoadduimenr,
YUMTHIBAIOIINI HEPABHOMEPHOCTh PACTIPENENEHUS! HATPY3KU MeXny
catejuidraMi. IIpM HamuuuMM MexaHu3Ma BRIpABHWBAHUSA HarpysKu
Kc=1,1...1,2; npu orcyrerBum — Kc=1,5...2,0 [32].
HampapjieHust cun Ha cateimutax 6yayr NIPOTHBONOJIOXHBIMA H
PaBHBIMH 110 a6COJIOTHOM BeTMYMHE CUIaM Ha HEHTPAILHOM KOJIECe:
ﬁu = _FtZI‘

HanpapneHus BpallalolidX MOMEHTOB HA Bogune H um konece 3
OMpeReNndioT 1o Tabm. 4.12.

PaccmoTpuM paBHOBecue Komec 3 u poguwia H. OkpyxHasg cuia Ha
Koinece 3:

PR e Bl ity 428
e (4.28)
COOTBETCTBYIONIASt OKPYXHASA CHJIA HA CATe/UTHTE 2
Py = ~Fas.
Cunsl Fjy u Fy; MOXHO HalfTH MHaye:
d
Fyp = Fyy —%; (4.29)
d,
OkpyxHas cuia Ha Bogwie H:
Ty - K -10°
Foy = -(Elz + Fap) = L.R_EC_’ (4.30)
e

rie Ty — Bpamaroumii MOMeHT Ha Bome, Hom; Ry — nmHa Bomwna, MM.
CooTBeTcTBYIOIAA OKPYXKHAS CWIA Ha caTe/utuTe 2:

By = ~Foy.

PanuaibHBIC H OCEBBIE CHIIBI ONpENENAIOT Yepe3 OKPYKHBIE, KaK U
JUid OOBIYHEIX 3yOUaTBIX Mepe/ad.
PapuaneHas cuia, H:

F = _Ft_'-i'h (4.31)
cosp
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Tabnuma 4.13

Cuisl B 3aleIeHRAX BYGWB.TI:IX KoJjiec

Ne puc. Cxema nepegaqu
2 2 Fﬂ. FHZ o R
H B el Ty I :
4 e | L H Lot .
46
4.7
4.8
4.9
4.10
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Ocepas cwia, H:

F,=F -1g8, ' (4.32)

TIe oy — YroJa 3aleruieHus, rpag. g konec 6e3 cMelleHUs HCXOXHOTO
KOHTYpa ay=0=20°; £ — yron HakJoHa 3y6beB KOCO3y6bIX Koec, rpaf.

Hanpasnenus OKpYXHBIX CHJI B 3aLEIUIEHUAX 3y6YaTBIX KoJec M
JApYIrUX cXeM IUIaHEeTapHBIX Iepejay npeacTasieHsl B Tabm. 4.13.

Buibop yncen 3ybnes konec. OnpeneneHue yucen 3y6peB Kojec ILla-
HETAPHBIX Mepefay MPOM3BOAAT OOBIYHO METOHOM MoAGopa, 3aIaBasch
yucaoM 3yObEB COJIHEYHOro Kojeca ¥ obecreduBass TpH STOM MPaBHIb-
HocTh sauervieHus. Yueno 3y6peB Kolec HODKHO GHITH BHIOPAaHO Tak,
4TOOBI OTCYTCTBOBAIM MOAPE3aHUE U 3aKIMHMBAHUE 3Y6LEB.

Bo usbexaHue Moape3aHus 3yObeB SBOJBBEHTHBHIX HYJIEBBIX KOJEC
nepefau ¢ BHEUIHUM 3allelUIEHUEM IIpH YIiie 3auerieHusa a=20° cuemy-
eT IPUHMMATE YMCIO 3yOheB KoJlec

17 npu xoadduumenre BrICOTH 3yba A, = I;
™ " 114 npu Koagpunmente BEICOTH 3yba A = 0,8.
H36exaTs 3aKIMHHBaHMSA Tiepefiad BHYTPEHHErO 3alleIUIEHHs,

COCTaBJICHHBIX M3 3BOJBBEHTHBIX HYJIEBBIX KOJIEC C INPAMEIMH GYGBH_MH

npu a=20°, BO3MOXHO IPY MUHMMAJIBHOM YHCJle 3yObeB KOJec:
BHYTPEHHEr0 3alerUieHus

4 85 mpu hy =1;
M58 npu A =08,
BHEIITHEro 3alervIeHus
20 mpu h; =1;
Z min pur -
18 mpu h; =08.
Ji1s Beeif epegayy pasHOCTh YUCEN 3yObeB KoJec MO/DKHA OBITH:

T 2{8 npu k =1;
7 npu h; =08.

ITpu nonbope 4ucel 3ydbeB KOMeC HEOOXOMMMO YIUTEIBATE YCIOBUS
COOCHOCTH, COOPKH H COCENCTBA CaTeJUIMTOB.

JIIst COMHEYHOro KoJieca, BBITTONHEHHOrO U3 CTali HOPMAaIM30BaH-
HOM M YJNy4ylIeHHOM, TBepfocThio HB<350 peKOMEHIYIOT NMPUHUMATH
uucio 3yoeeB 7224, 3axkanenHo#t TBY TBepmocteio HRC<52 peKOMeH-
IYIOT 7,221, meMeHTHpPyeMoii TBeprocThio HRC>52 pexoMeHnyior z,2>18.

s nnaHerapHoit nepemauyu (puc. 4.4) ymcio 3y6seB KOPOHYATOrO
KoJieca 3 HaXOOAT U3 YC/IOBUA:
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2=z (uff - 1). (4.33)

IIpoBepsioT ycnoBue cHOpKHU:
o Bl g 4.34
. Y5 (4.34)

rie C — yucio cateiumTos (obsruno C=3); y — 1enoe YMCIOo.

IIpu HeBBIMONTHEHUM PABEHCTBA M3MEHAIOT YMCHIO 3yObeB Z3 Koneca
3 Ha +1...3 3y6a u 10oOMBaIOTCA BHINOMHEHUS ycnoBusa cbopku. Crenyer
UMeTh B BUJLY, YTO YHcNa 3yObeB KOJEC 7; U Z3 MOJDKHBL ObITh MIIM TOJNb-
KO YeTHBIE WM TOJBKO HEYETHLIE.

M3 yenoBHst COOCHOCTH BEMMCIISIOT YHCIIO 3yObeB caTe/UIUTA:

pre Ve Hl (4.35)
2
ITpoBepsiOT yCIIOBUE COCENCTBa CATEIUTOR:
v T
2, +2<(zg +2,)-sin = (4.36)
Onpenenmo'r peaybHOe MepeJaToYHOe OTHOIEHHE!
P B
Zye

BHIYUCIISIOT OTKJIOHEHHE IIepeaTOYHOr0 OTHOMIEHUsI, %:

(3)

- HIH
(3)

rue [Au] — JIONyCKaeMoe OTKJIOHEHHE MepefaToOYHOro OTHOIIEeHMS, %.

OG6b1YHO MpUHUMAIOT [Au]<4%.

IIpu HEBBITIOJHEHHM 9TOTO YCIOBUST HEOGXOMMMO YHCIO 3y6beB 7;
COJIHEYHOTO Koyeca 1 yMeHBIIUTh, CHOBA HalfTH uucia 3yGpeB Bcex oc-
TaJIBHBIX KOJIeC M IPOBECTH IPOBEPKY MEXaHuM3Ma IO YCIOBUSIM COOC-
HOCTH, COOPKHU U COCEJICTBA.

B maHeTapHBIX mepemayax (puc. 4.5..4.8) moxbop wumcen 3y6bes
3y6YaTHIX KOJNEC MOXHO OCYIIECTBHTh METONOM COMHOXUTENCH [40].

JUis mraHerapHoii mepexadu (puc. 4.5) cucrema ypaBHeHWH VI
onpejieieHusl YHcen 3y0beB KOJIeC MMEET BHI:

Au= -100 < [Au]

s A,(A3 - Az-)' K; g = A;.(Al B Az) K; 437)
ZI =A2(A3 "Ar)'K; z; =A3(Al +A1)'K.
Jlns ruraHeTapHBIX nepenay (puc. 4.6...4.8):
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7 =44+ 4,) K; 2 = Ay(A £ 4,)- K;
{zl 1 3 2) 2 2( | 2) (4.38)

2= 4Ay(4s £ 4,) - K; 2= A4 £ 4) K,

TA€ BEPXHUE 3HAKU — JUIA puc. 4.6, HikHHe — juis puc. 4.7 u 4.8; A —
I~ COMHOXUTeJTb, TIPOMOPLMOHANBHBLI YHUC/TY 3yObeR Z; i-ro koneca; K
— Ko2¢HUIIUEeHT KPATHOCTH.

[na HaxoxneHust A; Heobxonumo Ul TUTaHeTapHoil nepenavyu (puc.

4.5) U3 BEIpaXeHUS ee MEepPeflaTOYHOr0 OTHOLIEHUS (Taba. 4.12) naiitu
3Ha4YeHUe nIpobu:

A4, e B
A dyon-Zur i N’

IUIS. TUTaHETapHBIX Tepefad (puc. 4.6...4.8) u3 BBIpaXeHUS WX nepe/a-
TOYHOTO OTHOWIEeHHS (Tabi. 4.12) naiitu:

Ay _2 2y = ”1[1;' -1 _M
4HA 203 uﬁf N’
Kaxnoe u3 mnomydeHHBIX uucen M u N packiameiBaeM Ha apa

COMHOXHTEJIS.
Mg nnaHerapHoi neperayn (puc. 4.5):

A2A3 3 M Ml‘ Ml‘l‘ Mm.MfV Mn_Mf

AA, N N .N" Nw. NV TNV . nw
Jist iutaseTapHbIX mepenad (puc. 4.6...4.8):
AIA2‘ _E_M"M”_M'"‘MIV Mu’Mi

Ay Ay "N N'.N" N N & N .y
B pesynbrare MOXYYMM HECKOIBKO KOMGHHAIIMI COMHOXHTENEH.
Bri6upast mobyio KOMOHHAIMIO MOXKHO 3aMUCATS:
Ut nepefadm (puc. 4.5) Iuts nepenay (puc. 4.6...4.8)

A2A3= M”'M'. AIAZ'_ M“'M‘
A4, ~ N N A Ay - N Nm
OTKyna rnmoayaum:
A'Z = M!:; A3 = Mr; Ai {5 Mn; AZ' - Mr;
A[ — N..’V; AZ' = Nrrr; A2 e N”’; A3 2 Nm.

Honcrapnss sHaYeHUA A,, A3, Aj, Ay u A;, Ay, A5, Ay cooTsetcr-

BeHHO B dopMmyisl (4.37) u (4.38), MOXHO HaiiTu 3HaYeHHs YHCET 3Y65-
B 3y0YaThIX KOJIEC COOTBETCTBYIOLIMX ITEpeaad.
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Tak kak KoMOMHALMA COMHOXUTENEH MOXeT OBITh MHOIO, TO M
BO3MOXHBIX BAPMAHTOB HAXOXIEHUS YHMCEN 3YOheB KOJIEC TAKXE MOXKET
6BITh JOBOJBHO OOMBIIOE KOTMIECTBO.

IlpoBepka ycioBusa cOOpKi:
1ist iepenadu (puc. 4.5)

)
Z1C1H(I+Cﬂ)="{; o (3)(I+CH)

bi)0: | ncpenaq (puc. 4.6...4.8)

rae € — yueno caremuToB; I — YUCIO IOIHEIX [IOBOPOTOB BOAMIA; ¥ —
1EJIOE YHUCITO.
IlpoBepka yclnoBHS cOCECTBA:

e +2<(z izz)-Siﬁ%,

TIe 3HaK I[UI0C — JUIS BHEINHEro 3alleltieHus Konec 1 ¥ 2, 3HAK MUHYC
— JUISl BHYTPEHHETO 3alleIUIEHU 3THX Xe KOoJlec.

Eciim B TUIaHETapHOW Mepefaye Z, > 7, TO NPUHUMAIOT Zc = Z,;
eCNM 25 < Tar's 1O T =T

B cityyae HeBBHIMOMHEHHA KaKoro-mubo ycioBus, Heobxomumo pac-
CMOTPETh JPYTYIO KOMOMHAIMIO COMHOXUTENEH U MOBTOPUTE PACYeT.

PeansHoe MepefaToOYHOE OTHOIIEHHE ¥ ONPEHEAIOT [10 COOTBETCT-
BYIOLIUM tbopMynaM (tabn. 4.12). OTwiIOHEHUE NEPedaTOYHOIo OTHO-
WeHHs Ay BHIMMCIIAIOT aHAJOTHYHO pacyery Mpexbityiei l'IJ'IaHeTapHOH
neperadu.

JIna nranerapHsix mepegad (puc. 4.10 u 4.11) mepemarouHoe or-
HOIIIEHHE PABHO:

@y -l
u =— .
HV’ ] __Z_l

4

3agasadgch YUCIOM 3yOheB OHHOrO M3 Kojiec, MOXHO HaiiTH 4ucIiIo
3ybbeB Apyroro Koseca. IIpoBepKy IO YCJIOBHAM COOCHOCTH, COODKH,
COCEJICTBA HEe MPOBOIAT.

Jng nnaxeTapHoit mepemadu (puc. 4.9) pacyer yucen 3yOneB 3y0Oya-
THIX KoJec Npu BeIOpaHHOM ymciae C caTe/UIMTOB U 3YObeB z; Koneca |
(mmu  zp komeca 2) (xematensHo KpatHoM () H  yCIOBHAX
2y > 24,2 > 22, %3 > 24 TIPOBOMAT C HCTONL3OBAHAEM Tabn. 4.14 mo
MaKCUMAaNLHOMY MepefaToyHOMY OTHOINEHHIO #)3max (WU W{2max) ¢ MC-
TIOJIL30BAHUEM YCIOBHIA:

Z ; 22
=< Uy3max WIH —= < Ujg -
4 Z
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Tabnumuma 4.14

Maxkcnmaibible NepeaaTouHble OTHOMEHNS CTyNeHeik ILI2AHETAPHOI

nepegaun 3K
c z1 (unu z) B3 i = (z—j] s rit= (ﬁ)
L1/ a 21/ max

2 HE orpaHuyeHsbl

3 21212 113 515

4 24212 46 1,80

5 z:1212 2,15 057

6 2216 2,47 073

Vi z:>16 2,34 0,67

8 2,216 1,81 0,40

OTKy/ia HaXOAAT YUCIIO 3y6beB Kofeca 3 (unu xoneca 1):
23 < U3 max * %
22
Y3 max

Hia BTOpPOro ciyyas, Korja 3amaHo Z3, HeobXoouMO OIpeieNHuTh
yHcno 3ybeeB Koneca 3:

I Z >

23 =7, +2z,.

s oboux ciyuaes, umcio 3y6een Z3 KEJATEeNBHO NPUHUMAThH
KpaTHBEIM YMCITY caTe/uiuToB C.
[Iposepka ycioBus c6opxi:

1+ Z
4o oBeo-4)-y,
e B — Gmoxaiiiee K ]
BEJIHYHHE el Gonpllee 1e10e YUCTO. 3HaueHHe

O Buibupaior u3 psna 0,1,2,...,n mensix YUCeJN, eclTi % HE PaBHO 1IeJI0-

My 4MCIy ¥ M3 paga 1,2,3,..n nennix umcen, ecnu —ZE‘_ PaBHO IIEJIOMY

THCITY.
Hucio 3y6reB Koneca z; Ul MePBOTO Clyyas HAXOLST U3 yCIOBHS
COOCHOCTH:

L -4

L = 2

Ilposepka ycioBus cocencraa:
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faih
2, +2<(z +z2)sm-c—,.

HE{JCII&TO‘{HB’[C OTHOIUEHHS OTACIBbHEIX CTYI’[EHCﬁ:

Zn: _ g tuy -1
Uy = Lt T e T
2 Uy
73 . Uyy
by 00y Bl =i
25 ly3

Yucio 3ybseB koneca 4:
Gk
e
]. n] u42.
Heo6xonuMo MPUHATE Z, < Z; W YTOYHHTH IEPEJATOYHOE OTHOILLE-

HHE:

e
u421 = b= T g T
2
UYcio 3yObeB Koneca 2
' Ty =2y Uy

IMpuHMMAOT Z, < Z,.
PeanpHOE TIepeaTOYHOE OTHOLIEHUE TUIAHETAPHO Tepefayy ornpe-
IEITIOT B BHIE:
(3 __l+uw;
Upgpy = 7
1- 1, =
24
ITorpenIHoCTh MepeaaTOYHOrO OTHOEHHUS, %:
G) _,0
u — I}
Au =21 100 <[Au].
&)
14
Ecau ycioBHe He BHITIONHSAETCS M IOrPELIHOCTh MEPEeIaTOYHOro
OTHOMIEHUS Ay OTPUIATENbHAS, TO HEOOXOIMMO, YHCIO 3YObeB 74 Koje-
ca 4 ymeHsluThs Ha 1,2,3,... 3y6a, a yucio 3y6heB 7, Koieca 2' ocra-

3
BUTH 6e3 H3MEHEHUI M CHOBA BBIYUCIUTE Uy, Tpis uuj ¥ Au, foOUBasCh

BBEITIOJIHEHHST JaHHOIO YCHOBHA. Hpﬂ MTOJIOXKUTEIILHOH IOTrpenIHOCTH

TepefaTOYHOro0 OTHOMIEHMsT Ay IHCIIO 3yObeB Z4 Kojeca 4 ocTaercd He-
M3MEHHBIM, a YHCIO 3y0beB 7, Kojieca 2' HeoOXOMMMO YMEHBIUMTH Ha

1,2,3,... 3y6a ¥ BBIYUCIUTD Zg, uﬁi # Au, 1oGHBAsCH BBIIIOJHEHUS YKa-

3aHHOI'O YCIIOBMA.
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Marepuansi, NpHMeHsieMble 18 M3rOTOBIEHHA MIAHETAPHLIX MEpenay.
[TpakTHKa sKCIUIyaTalli¥ CHJIOBBIX 3yOuaThIX mepefay, BKIIOYAg M TUIa-
HeTapHble, TMOKasana, YTO OCHOBHBIMM MaTepuanamul, TpHMeHseMBIMU
JUTST M3TOTOBJIEHHS 3y0UaTLIX KoJjec, SIBISIOTCS YIIIEPOAUCTEIE M JIETHPO-
BaHHble ctamu. B Tabn. 4.1, npusenens Haubosee YaCTO UCIONb3yeMble
MaTepHalbl 71 M3TOTOBJIEHUS 3yDUaThIX KOJNec IUTAHETAPHEIX Mepejiay.

Tak kak 3y0 coOJHEYHOro Kojeca IUTaHETApHOI mepemauu Goiee
4aCTO BXONUT B 3allelJIeHHE, YeM 3y0 care/UTuTa, TO NPH TBEPIOCTH IMO-
BEpXHOCTU 3ybBeB cateuiuta HB<350 TBEpHOCTh IMOBEPXHOCTH 3yOheB
COJIHEYHOTO Kojeca HasHawajoT Ha 50...70 eauHMIL BHIIE, YEM CATEIUTU-
ta. [Ipu TBeprocTH MoBepxHOocTH 3y6heB catemura HB>350 TBepmocTH
COJTHEYHOTO KOJIeca W caTe/UIHTa HasHayaioT ONHHAKOBBIMH.

JIns M3TOTOBJIEHMSA BONMII TAKKe MCMob3yioT craau. Kopryca mia-
HeTapHBIX Ilepe/lad MeXaTPOHHBLIX MOAyIeH HeoOXOMMMO U3TOTOBIATh U3
JIETKUX MaTepHaJloB ¥ CIUIABOB.

T'eomerprueckuii pacyer nianeTapHeiX mepemay. Ilpu mpoekTHpoOBa-
HHUH IUIaHETAPHBIX Tlepefiad, ¥ KOTOPAIX BEAYIIce COMHEUHOE KONeco 06-
pasyeT ¢ caTeJUIMTOM BHelllHee 3auerviende (puc. 4.4...4.6 u 4.9), onpe-
JeNsIioT JeJUTENBHBI JMaMeTp COJIHEYHOro Kojeca, Kak 6oee
HarpyeHHOro:

T - Enp - Kyg - K (u+1)
Wea-[o]y -C i
rae Ky — BCIIOMOTATENBHEIM KOa(hhUIIMEeHT pPaBHBIN Ui NPAMO3YORIX
xonec 1,35, mnsa kocosybrix xonec 1,2; T — Bpallaol{i MOMEHT Ha
comHedHOM Konece, H-MM; K¢ — ko3dbduiiueHT, ySHTHBAIOIMI Hepas-
HOMEPHOCTE paclipefieicHUs Harpy3Ku MeXIy caTe/UTHTaMu. I1pu Hamu-
YUKW MEXaHU3Ma BBIpAaBHUBAaHUA Harpysku K=1,1...1,2; mpu OTCyTCTBUH
— K=1,5..2,0 [32]; C — 4Mc/IO caTe/UIMTOB; ¥ — IEPENaTOYHOE OTHO-
lIeHWEe MEeXIY CONMHEYHBLIM KONEeCOM M CATeIUIMTOM (OTHOIICHHE YMUCen
3yOReB OOMBIIEr0 Kojleca K YHCTY 3yOheB MeHblero). OcralbHbie Ia-

paMeTphl HaXOMAT 10 METOIHKE, U3JIOXKEeHHOI B pasgene 4.1.
ITpu mpoeKTHpOBaHHY ILTAHETAPHEIX TEpefiad, Y KOTOPHIX Beayllee
COJIHEYHOE KOJIEcO 0OpasyeT C caTe/UTUTOM BHYTPEeHHee 3allellieHHe

(puc. 4.7, 4.8, 4.10, 4.11), uenecoobpasHO OMpPEAENAThL ACTUTEIHHBIMA
JHaMeTp caTeUIiTa:

, (4.39)

TC'EHP'KHB 'KC ‘(H—l)

de = K3 - : (4.40)
Wod '[U]H -C ¥
rie Te — Bpamalomuil MOMEHT Ha cateumre, H-mM:
Tc = Tl U ;
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Wpa — K02hbUIMEHT MIMPUHEL 3y64aTOro BeHlla caTesuIMTa:

bc — HIUPUHA CATEJUTUTA.

JUtst OIHOMOTOYHBIX TUTAHETapHEIX repefay (puc. 4.8, 4.10, 4.11)
Gosiee YIOOHO TMPOEKTHYO (hopMyny MpelCcTaBUTh PELIEHHOH OTHOCHU-
TEJILHO MEXOCEBOT0 PacCTOSIHMS KOPOHYATOro Kojieca U carejutuTa. Be-
JIMYMHA 3TOTO MEXKOCEBOIO PACCTOSHUA ABJSETCH [UIMHON BOIUIIA.

PacuetHas ¢opMyaa Ui OIpPEAcNeHUs MEXOCEBOro pPaccTOAHIA
HUMEET BU:

TC 'K.Hp 'EHP
o] 4% v

rae Ry — mimuHa Bomwia, MM; K, — BcnOMIoraTeanbu“{ ko3 GUIHEHT.

ay =Ry = K (u-1); ; (4.41)

Hns rlpﬂmoayﬁimx xonec K,=0,85 MIla 3, UL KOCcO3yOBIX KoJjec

K=0,75 MIla 3; u — IepelaToYHOE OTHOIIEHHE paccMaTpUBaeMOi

3y64aToOif MMaphl; Wpa — KOIQHMUHMEHT NIMPHHBI 3yO4aTOro BeHIA
caTeJuTuTa:
b
Wpa = —=. (4.42)
Ay

CraHzapTHBIE 3HaYeHUs g, 0,1; 0,105; 0,16; 0,2; 0,25; 0,315;
0,40; 0,50; 0,63; 0,80.

KenaTenpHO MPUHUAMATD Ypa=0,4 IS MarepHaloB KOJEC TBEPHO-
cteio HB<350, wy,=0,315 npu tBeppoctd HRC<50 M yp,=0,25 mpu
Tepmoct HRC>50. '

" Cpa3b MEXIY \pg H Wha MOXHO BRIDAa3UTh B BUIIE!

Voo = 5 V. (443

JIlenurenbHBI THAMETp caTeJUIMTa HAaXOIAT M3 YCIOBMA:
' 2a

de =—X, 4.44)

Mopayne 3y6reB:
d
m= & Wi m=—=.
7 - Zc
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[Ipu pacyete monyyeHHOe 3HaYeHMe M

COITHEYHOTO Kojleca, caTeJUTUTa, KOPOHYATOro Koleca:
d = . Een -
A dec = mz¢; dy = mzy,
MEXOCEBOI'0 PacCTOSHHUS:

gk de(u-1) _mzc(u-1)

> 2 (4.45)
H JUIHHBL BoMna (st puc. 4.8, 4.10, 4.11):
_ 2k =2
Ry =mite, (4.46)

Ina 3y6yarsx KoJeCc, Hape3aHHbLIX 0e3 cMeleHus
OKDYXXHOCTe! BEPIIHH 3Y6beB paBHbL:
COJIHEYHOrO KoJeca: d,, =d, + 2m,
catemura: d, =d, +2m,
KOPOHYaToro koneca: d, =dy —2m.
JlnaMeTpEl OKpyXHOCTel Bramuy 3yOnes:
COJTHEYHOro Koineca: dy =d, - 2,5m,
catelmmra: d, = d, - 2,5m,
KOPOHYATOro KoJjeca: dp, =dy +2,5m.
OKpyXHast CKOPOCTh CONHEYHOro Koneca, M/c:
= wl 'dl - ﬂd] 'ﬂl
2-10° 60.10%°
TIe W) — YIJIOBasi CKOPOCTb CONTHEYHOTrO Koneca, ¢l
IEHHS COJIHEYHOrO Koeca, 06/MuH.

ITo 3Havenuwo oxpyxwu
] O CKOpOCTM Ha3HAYalT cre
TIEHB
TIaHETapHOM Nepefiayy (tabn. 4.5). S ot
Jna MexaTpoHHBIX Mopyneit
PeKoMeHyoT 6 Wi 7 cTe -
CTH IUIAHETapHbIX Mepeaay. O
¥ Hponeplt_}qnme PACHETDbI 3y09aThiX KoJleC HA BBIHOCIMBOCTS H npH ne-
perpyskax. 11poBepKy 3yGuaTeix KoOJec Ha BBIHOCTHBOCTE NIPOBOJIAT IO
KOHTAKTHBIM HANPKEHUAM M HANPSOKEHUSM H3rH6a.

oo Venosue KoHTakTHOI IIPOYHOCTH 3yObeB 3yGuUaThIX Komec MMeer

Vv

» 1 — 4HacToTa Bpa-

<ty ity fed])
On =2y Ty 2 l'- - <[o],,- (4.47)

152

OnyNia 3y6heB OKPYIVIAIOT 10
CTaHIapTHOTO (Tabn. 4.4), yrounsior 3HAYCHMA NEJUTENBHBIX TMAMETPOB

, OHaMETpPhI

OHO OoTIMYaeTcs OT YCIOBHS KOHTAKTHON IMPOYHOCTH 3yOLEB peed-
oIl Mepefayy HATMYMeM IOJ KOpHeM IepefaToyHOro oTHomeHus. ITo-
5TOMY BCE TapaMeTphl, BXOHslI}e B YCIOBME IIPOYHOCTU 3yOheB 3ybua-
TBIX KOJIEC [JIaHETAPHOM Iepefadd, PaccUYUTHIBAIOT AHAJIOMMYHO peed-
Hoil Tepenade. MckimodyeHue cocTaBiseT onpeleneHue KoahduiueHTa
TOPLIOBOTO IMEPEKPLITHA!

£, = [1,88 - 3,2(L - - —1-}] -cosf,

Ll . %3

Tae 7} M Zp — 4uciaa 3yObeB COOTBETCTBEHHO MEHBLIErO M GONBLIErO
3y6YaThIX KOJeC paccMaTpuBaeMoil Maphl.

CresyeT OTMETUTh, YTO Bpalnamoliuit MomeHT T, BXOAALIUH B BbI-
paXeHHe YIEAbHON pacuyeTHOH OKPYXHOM cuibl Wiy, NPUIIOXKEH K Be-
OyLeMy 3y6UaToMy KOJecy PacCUMTHIBAEMOM ITaphl.

B npuBeneHHbIX dopMyIax NPUHUMAIOT 3HAK IUIIOC Ui BHEIIHETO
3alelUIeHHs KOJiec, 3HaK MUHYC — IS BHYTPEHHETO 3alCIIeHUs.

Pacuer 3y6reB 3y6UaThiX Kojiec Ha BEIHOCIMBOCTE 110 HATIPSXKEHUAM
H3rnba aHANOrHYEH MOIXOBHOMY pacyeTy JeMEHTOB PeeuHOl Mepenayy.
OmiuMuue 3akmovaercd B o0sA3aTebHOM HAXOXIEHWHM SKBUBAJIEHTHOTO
uycia 3ybbeB 7z, ¥ Koshduimenta dopmer 3y6a Yg s obonx 3y64aThix
Kojlec paccmarpuBaeMoil mapsl. Ui Kojec ¢ BHEIIHMMM 3yObamu Yp
HaxomaT 1o Tabi. 4.11, ¢ BHyTpeHHHMMU 3yObaMHu 110 Tabir. 4.15.

H3rubuHele HamnpsoKeHUS o OIPENENAIOT U TOTO Kojeca pac-
CMaTPHUBAEMOM Mapkl, Ybe OTHOLIEHUE EY]_F MEHBbILIE.

F

[TpoBepounslit pacdeT 3yObeB 3y0YaTHIX KOJieC IUTAHETADHBIX Iepe-
Ja4 TIpY TIeperpyskax aHaJOTHYeH TaKOMY Xe pacueTy peevHoi mepeja-
qH. :

Ta6numa 4.15

3navenus koahdunuenta dhopmbl 3y0a Yy s KoJlec ¢ BHYTPEHHHMH
3yobsaMa npa ko3 puupente cvMemenus X=0

z 40 - 45 50 56 63 71
Ye 4,02 3,95 3,88 3,84 3,80 3,75

4.3. BonHoBag 3yb4aras nepepaya

PaGota BOJIHOBOI Mepegayn OCHOBaHA Ha MPHHLKIIE Npeobpa3osa-
HUS MapaMeTpoB IBIDKEHMS BCJ/IC[ACTBHE BOIHOBOTO nedopMUpOBaHUS
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OIHOIO M3 3BEHBEB MEXaHHU3Ma. DTOT MPUHLHMI BIIEPBbIC OB TTpeiIo-
xeH B 1944 romy A. . MocKBUTHHBIM Ans GPUKIMOHHOM Mepenaun ¢
SJICKTPOMATHUTHBIM T€HEPATOPOM BOJH, a 3aTeM B 1969 T. B. Maccepom
JUTS 3yGHaTON Mepefiavyt ¢ MeXaHUUYeCKUM reHeparopoM BonH. Kunema-
TUYECKH OHAa MpencTaBiseT coBoit TUIAHETapHYIO Mepeavy y KOTopoit

OIHO M3 KOJIEC BBIMTOTHEHO B Bune THbKoro BEHIIa.

Bonuopas 3y6uarag nepenava (puc. 4.17) cocrout u3 ru6koro 3y6-
PYXKHBIMH 3yObIMH, XECTKOTO aybuaroro

qatoro xoneca (I'3K) 1 ¢ ua
Koneca (XK3K) 2 ¢ Buyrpenunmu 3yObsIMU ¥ reHepaTopaM BoJH 3.

PP PITTTFFTF777

a) 6)
Puc. 4.17

Hapyxuetit guamerp d,{ I'HOKOro sy6yaTtoro Kojeca B Hegedopmu-

POBAHHOM COCTOAHWH MEHBIIE BHYTPEHHEro nuaMeTpa d, XecTKOro
2
3y64aToro Kojeca Ha BETHYMHY

dal F7 dal = 2wﬂ .

BonHOBEIE 3y6uarsie TIepena I MpUMEHSIOT, KOorna Tpebyercs To-
Jy4uTh GOJIBLIHE NEpeNaToyHLIe OTHOWIEHUSA. [ OMHOCTYMeHYATHIX
liepenay co CTanbHBIMH THOKMMM KONecaMmmu [IEPEAATOYHOE OTHOILIEHHE
PEKOMCHIYIOT ~NPHHUMATh  4=60...300, s CIBOEHHBIX Mepenay
4=3600...90000. Ocymrectarenue IIEPElaTOYHOI0 OTHOLIeHuS u<60 or-
PaHHYMBACTCA M3TMOHOM NPOYHOCTBIO THBKOro 3ybuaroro koneca, a
u#>300 — MMHUMATBHBIM MOIyeM 3y6opesHoro mHcTpyMenTa m>0,1
mM. Ecmi Xe 6pats 6onee KDYITHBIA MORYIE NP GOJIBIIIX IepefaToy-
HBIX OTHOIICHHAX B OMHOM CTymeHH, To Mepexaya Oyzer Hemorpyxena.

BonHoseie sy6uarkie mepegaun 00/1aNaloT PSIOM NpeMMyLecTs Mo
CPaBHEHHIO C IPYTUMU 3yOYaTEIMK niepeagamMu: GOJILIION HArPY30YHOIT
CHOCOBHOCTHIO BCIEACTBHE GONBINOTO Yueia ap 3y6ees (30...50%) ko-
JIeC, ONHOBPEMEHHO HaXONSIIUXCS B 3alETUIEHUH; OTHOCHUTEIFHO Ma-
JBIMA TabapuTaAMHM M Macco; BHICOKOI KMHEMaTUYeCKOM TOYHOCTLIO,
Oyarofaps 3HaYUTENBHOMY YCPENHeHUIO OIMO0K U3rOTOBIEHHUS H MOH- .

154

TaXa 3yOYATHIX KOJEC BCJIEACTBHE MHOTONAPHOCTH 3alleTcHMS; BO3-
MOXHOCTBIO [MEpefaBaTh ABWXEHME M3 OOHON Cpeihkl B APYIYIO Hepe3
repMETHYHYIO CTEHKY 0€3 IOIBIXKHBIX YIIOTHEHMH; BBICOKMM KO3(-
¢uiHeHTOM MoJjesHoro nercrsus n=80..90%.

K HepoctaTKaM BOJHOBBIX IEpefad MOXKHO OTHECTH OrpaHUYeHHbIC
JACTOTHI BpallleHHMsl BeOyIUEro Bajla TeHepaTopa BONH NpU OOMbUIHX
nuaMeTpax Kojec (Bo u3bexaHue GOMBIINX OKPYXKHBIX CKOpOCTeil TeHe-
patopa), MeJIKHe MOIYJIH 3yObeB Kojlec, KPYTHIIbHAS JKECTKOCTL THOKO-
ro Kolieca HeCKOJBbKO MeHbIlIe, YeM Y IIPOcToi 3ybuaToil nepemayu.

BonHoBele Mepefiay MOryT paGoTaTk B KadecTBe pemykropa (KITJI
80... 90%) u mynsTHIUIHKaTopa (KI1J 60... 70%). B nepsom ciyyae Be-
OYIIAM 3BEHOM SBJISETCS TeHEepaTrop BOJH,  BO BTOPOM — Bajl TUOKOTO
WK JKECTKOro KoJeca.

PaspaboTtaH cTaHZapTHEIL PSR BOJHOBBIX pelyKropoB. OH cojep-
xuT 11 THMOpasMepoB (IUaMETPHI AeJUTEILHBIX OKPYXHOCTEH rubxoro
sybyaroro Kosieca Haxomsres B amanasose 50,8...508 mm). B kaxmom
THUIIOpasMepe PelyKTOpPhl UMEIOT YeThipe, a B cpenHeM auanaszoxe (80...
320 MM) ceMb ITepeNAaTOYHBIX OTHOLIEHWH, ITOJYIaeMBIX 34 CYET H3Me-
HeHUA MOOYJA M 4ucia 3y0peB. JIMama3oH repeiaBacMbIX Bpallaioliux
momerTos 30... 30000 HMm, mommuocteir 0,095...48 xBr. CyuiectByor
PEIYKTOpPBL ¢ IepenaBacMBIM MoMeHTOM 150000 H-m. MaxcnmaﬂbHaf
yacTOTa BpAIlleHUs] TeHepaTopa BOJH OLPAHUYMBAETCA TEMIIEPATYPOi
Harpesa ¥ paboTOCIIOCOOHOCTHIO €ro MONUIMITHUKA W Ul reHepatopa
BOJIH ¢ HIApUKOTIONIIUITHMKOM JUTS AMaMeTpoB rubkux komec 50,8...203
MM oHa pasHa 3500 o6/MuH W qis auamerpoB 254...407 mm — 1750
06/MUH. . y

Ilepenarounoe orHomenue. IlepefaToYHOE OTHOIIEHHE BOJIHOBOMH
3yGyaToil Mepemaud HaxomsT ucronssys cdopmyny Biopmica. Ilpu He-
TIOABUXHOM KEeCTKOM 3ybuarom Kojece 2 (puc. 4.17, a) mepematodyHoe
OTHOLIEHHE OT Baja reHepaTopa BojH 3 K Bamy rubxoro Koseca 1 pas-
HO:

TS TSR N TN T T
> Wy L -% K.v d, —d, 2w,
3HaK MUHYC YKaspIBaeT Ha pasHble HAIIPaBJICHUSA BpalleHHUsA Beay-
IIEr0 ¥ BEIOMOTrO 3BEHLEB. )
[epenaToyHoe OTHOIICHKE OT BaJla TeHEepaTopa BOJIH 3 K Bajy Xe-
cTkoro xoneca 2 (puc. 4.17, 6) mpH HeNOABIKHOM TMOKOM 3ybBuyaTtom
konece 1:

u_-(,’lz} L) W3 - Zy %3 2 i I y (4.49)

Wy Zz—z;=Kz'v_d2_dl_2w0
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TAC W), W2 M W3 = YIJIOBasg CKOPOCTb F'MOKOTO, JKECTKOro 3y6UaThiX KO-
Jiec u reHepatopa BofH, ¢! 7 u 7z, — yucno 3yObeB rHOKOro U xecrt-
Koro 3ybuateix Komec; d| u dy — nenutenbHble AuameTpel rubkoro u
XKECTKOrO 3yOyaThiX KOJIEC, MM; Vv — 4uC/iO BOJH nAedopmaniyu;
v=1,23.... O6sluHO V=2, pexe 3; K, — xoadpduumenr KPaTHOCTH.
O6bryHo K,=1. [lpu u<70 K,=2; npu u<4s K,=3.

Ha puc. 4.18 nokasana cxema casoenmoii BOJIHOBOH 3ybuaToil re-
Peliatin, KOTopyio NPUMEHSIIOT NpH mnepeaa-
TOUHBIX OTHOMWweHHAX #>3600. Koaddunu-
CHT IOJIE3HOTO NEMCTBUSI TaKoil mMepenayu
pageH 2...5%.

Ilepenaya cocTout M3 NOmBMXHOTO rH6-
Koro xoneca 1 ¢ nBymst 3y6uaTBIMM BeHIa-
MU, C YMCIIOM 3YOLEB Z; M 7|, HEMOABHXHO-
TO 2KecTkoro 3ybyaToro Kojieca 2 ¢ 4HciIOM

: 3y0beB z,, CABOCHHOTO TeHepaTopa BOMH 3 i
2 % MONBIDKHOTO XECTKOro 3ybuatoro Kojneca 4 ¢
Puc. 4.18 YHC/IOM 3yObEB 24

IMepenarounoe oTHomenwme 3Toit nepe-
Ja4u OT Baja reHepaTopa BOJH 3 K 3y6yatomy Konecy 4 pasHo:

2 _ 2" 24 " 1 X (4.50)
PR B SR 1-%2%
Z| % Z4
Tlpu atoM Heobxomumo CoDJIIONATEL YCIOBHSA:
Lo = 1= Kz =y

-2 =K, v;
L -7 = 1,2,3,...,ﬂ.
Ecim B opmynax mis ompepenenus TEPEIATOYHOTO OTHOUICHUS
NpUHATE K, = o, TO BONHOBam 3y6uaTas Tiepefiaya mpeBpalliaeTca B

BOJIHOBYIO (PPHKUMOHHYIO Tepeaauy, IHaMETPBI KOJIEC KOTOPOI paBHBI
AHAMETPAM NCIUTENBHBIX OKDPYXHOCTEH rMBKOTO M KEeCTKOro 3y69aThix
KOJIEC.

Marepuansl 3y69aThix Koec. 3ybuaThie Koseca BOTHOBBIX nepenay
M3TOTOBIIAIOT M3 CTaJIelf, KOTOpEIEe 1moc)e TepMOOOPABOTKH HMEIOT TBEp-
nocrs HB=220...330 (ta6mn. 4.16). 3y6uarsie koneca HM3TOTOBIISIOT TAKXE
13 GepuiuiHeBoit 6PoH3BI M IUTacTMAace.
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Tabnuma 4.16

Marepuainsl 3y04aThIX KOJIEC BOJTHOBBIX mepenay

Marepuan Teepgocts, HB [lpenen BuiHocNMBOCTYU o.4, MIMa
40X 280...300 500
40XHMA 310...330 550
30XI'CA 300...320 530
38XH3BA 310...330 550
38XMIOA 220...240 550
LX15 260...280 420
X18H10T 220...240 350

Jonyckaembie Hanpsokenndg cmarusa. JlomyckaeMble HANpsKeHUA
cMATHS Ha BOKOBBLIX MTOBEPXHOCTSIX 3yObeB 3y6UaThIX KOJTEC OIpefesioT
B Buae [36]:

[U]cm =157K, - K, - K4, (4.51)
rne K, — ko3 duuueHT, 3aBUCALINIL OT MEPEAATOYHOIO OTHOIUEHUA:
u-20
K S u tl

K, — xoadduiMenT, 3aBHCANUA OT YACTOTEI BpalllcHUS IeHepaTo-

fi0?
K =33
Hy
K, — xosdduiuenT, 3aBHCAIIANA OT pasMepa NEeNUTENILHOIO aHua-
1

meTpa d; rubkoro 3ybuaToro KoJeca. Ipu d,<130 mm K, =1,25; mipu

d>130 mm Ky =1.
B cpemHeM [NpWHMMAIOT /IS CTaIbHBIX 3yOuYaThiX KoJjeC
(6] =10---20 MITa, /T MIACTMACCOBBIX KOJEC [6]cp=3---5 MITa.

Pacuer reomerpuueckux mnapamerpos. [I1g pacuera reoMeTpHYECKUX
rapaMeTpoB TMOKOTO M XeCTKOro 3y6uyaTsix Konec (puc. 4.19) np;&g[cu(s;mr
YIIPOIEHHbIE SKCIIEPHMEHTATFHO TIPOBEPEHHBIE 3aBUCHMOCTH [36]. ij
BEpHB! TOJILKO IS SBOJIBBEHTHBIX 3yOUATHIX KOJIEC, HAPE3aHHBIX CTaH
JIAPTHEIM WHCTPYMEHTOM € MCXOJHBIM KOHTYPOM, MMEIOIIMM YTOJI 3alel-
nenus o=20°, KoadduiMeHT BLICOTH 3yba A, = 1, xoabduumeHT patu-

ansHoro 3asopa C*=0,25 mia momyneit Gomee 1 My u C*=0,35 1 Mozy-
Ieit go 1 MM. '

par
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I/I;xoénmmn AQHHBIMHM JUTSL pacyeTa SBISIOTCH BPALI@IOMIHIA Mo-
MEHT [, H-MM, Ha TUXOXOXHOM Bajy nepefaynu

U €ro yacrora -

HUA n, 06/MUH. SR

leomerpuyeckuit pacyer BOJIHOBO# 3y6GuaToit nepenauu maummaior

C ONpeeleHUud OeMUTeNHOTO AnameTpa rubxoro 3y6uatoro komeca us
YCIIOBHA NTPOYHOCTH 3yObeB Ha cMaTHe:

S e (4.52)

rne T — Bpaiatoummi MOMEHT Ha BBI-
XONHOM Banmy nepemaud, Homm; K —
KOODOHULHMEHT pexuma paborsi nepe-
daan.  [lpu  crokoitnoir Harpyske
(Thax/ T<1,2) K=1; npu ymepeunoit
AMHAMIYECKOH HATPY3Ke (Tpay/T<1,6)
. K=1,25; npu pesko JUHAMUYECKOi Ha-
IPY3Ke (Tay/7<2,5) K=1,75; b — mu-
PHHA 3y64YaTOro BeHNa TMOKOro Koje-
ca, MM; d-menrensusi IuaMeTp rub-
Koro 3ybuaTtoro Koneca, MM.
lupuna sy6uaroro BEHIIA paBHa;
b T l\uhd i dl 3

TAC Wpg — KOIDDUIHEHT mHpuHE! 3y6-
YaToro BEHLA paBHBI JUIS CHIIOBBIX
nepemay 0,15...0,20, s MaJioHarpy-
KCHHBIX  KMHEMATUYeCKUX nepemaq
0,06...0,15.

Iloxcrasnas  swavenue IIUPHHBI
BCHIIA B YCIIOBUE NPOYHOCTH W MpOu3-
BON TpeobpasosaHust, HailieM 3Haye-
HHE NemMTeNbHOro OuaMmerpa Trubxoro
3y6uaToro komeca:

d = | 10IK (4.53)
‘”M[GJCM

Ilpr xynaukosom remeparope Bonn ACTUTE/IbHBIN THaMeTp mpesa-
PHTEJIbHO NPUHUMAIOT PABHEIM BHYTpeHHeMy Auametpy D rubxoro xo-
JIECa, KOTOPBIH B CBOIO OYepe/h MPUHUMAIOT PABHBIM HapyXHOMY [ia-
MeTpy D rudKoro mommmmHmKa (Tab. 4.17).

Puc. 4.19
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Tabnuma 4.17

ITomuunuyiKy MapUKOBbIe paIHANBHbIE 1A BOIHOBBIX Mepeay
POCTE 23179~ 73r

P 72X 7

1 R
B o
e
YcnosHoe Pasmepsl, mm Yucno MpepensHas
ofosHayenve | d D B r s WAPKUKOB | 4acToTa BpaLUeHus,
NOAWUNHKUKA oB/mMuH
806 30 42 7 3,869 21
808 40 52 8 0,5 3,869 23
809 45 62 9 5,953 21
812 60 80 13 7,144 23 3000
815 75 100 15 9,128 21
818 90 120 18 11,113 23
822 110 | 150 24 11,014,288 21
8§24 120 | 160 24 14,288
830 150 | 200 30 19,050 1500
836 180 | 240 ab. [11.5] 22225
844 220 | 300 45 28,575 23
848 240 | 320 48 |25 28,575 g
860 300 | 400 60 36,513 1000
862 310 | 420 70 . 136,513
872 360 | 480 72 |3,5| 44,450

Yucno 3y6peB z; TMOKOrO 3y6YaToro Kojeca ONpPEAeNsioT B
3aBMCHMOCTH OT TOrO, KakKOe KOJeco Bpauiaercsi, IIpd TNOABHKHOM
rHbKOM Kosece:

Z=u-v-K,, (4.54)
NPX TTOJBHXHOM XKECTKOM KoJlece:
7 =(u-1)-v-K,. (4.55)
OnpenenisieM MOIYJE 3y0heB:
S
m=—
2
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U OKDPYIJISIEM €r0 0 CTaHaapTHoro (Tabn. 4.6). Monynu 3y6beB MEHbILE
0,2 MM TIDHMEHSIOT PEIKO H3-3a CNOXHOCTH HAPE3aHUsl BHYTPEHHHX
3yObeB XXECTKOro 3y0uaroro koneca. YToUHSEM [HeJUTEIbHbIH AUaMETP
rHbKoro Kosueca Ipu AMCKOBOM F€HEPATOPE BOJIH:

d, = mzg,.
Haxoaum rnepejatouHoe OTHOWIEHWS! BONHOBOW MEpefadu B 3aBH-

CHMOCTH OT TOTIO, KaKOE€ KOJIECO Bpailaercs. an MOABIDKHOM TubkoM
KoJiece:

Z)

u'=——_
]
K,-v
TIPY TIOJBMXHOM JXECTKOM KoJlece:

+1.

e
K

i s
BoruyciseM OTKIOHEHUE IepeJaTOuHOrO0 OTHOLIEHHS OT TpebyeMo-
ro 1o ycinosuio, %:

-V

u-u'
Au =

-100 < [Au],

rae [Au] — pomyckaeMoe OTKJIOHEHME MEpeNaTOYHOro OTHOIUCHHS OT
tpebyemoro, %. Jina sy6uarpix nepenau npunumalor [Au]<4%. Ipu He-
BBITIOJIHEHU U YCJIOBHA HEOOXONMMO M3MEHWTh 7; Ha HECKOJIBKO 3Y6neB
B Ty WIH HHYI0 cTopoHy. Eciin mocie srtoro ycioBye He BHINOMHAETCS,
HYXHO B35Th MOIIIMIHUK C BOMBIINM HApPYyXHBIM AuamerpoMm D U mno-
BTODHTh BeCh pacueT. 3aTeM CHOBA YTOYHHUTh 3HAYEHME [CIMTEIHHOIO
JuaMeTrpa rubxoro 3ybuyatoro Komeca.
Yuciro 3y6peB XKECTKOIo 3yOYaToro KoJjeca:
L= +v-K,. (4.56)

TommuuHa 3y6uaToro BeHIa I'MGKOro Kojieca, M3rOTOBJIEHHOIO W3
cranu (puc. 4.19), Mmm:

b =(70+0,5u)-10™* - mz,.
Tomuuna obonoukn rubkoro 3ybyatoro Kojeca, MM:
h, = (0,5...0,8)!:,.
OtHocHTe bHbL OOKOBOM 3a30p MeXmy 3yObsMM HeHarpyXeHHOi
nepenayH:

jmrtx Tmm: -b _4 .
=7 L4 104 (u - 60
m  dlnG-m i k= 60),
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€ jmax — HeOOXomuMbl GOXOBOH 3a30p MEXAY 3yObAMM HeHarpykeH-
yoit nepemauu, MMm; T, < 25T — MakCUMalbHO HOMYCTUMBIH MOMEHT
neperpy3ku. B pacuerax npunumaior T\, = 27 ; G — MORYyNb YIpyrocTH
pTOpOro pojia Martepuana rubkoro xoneca, MIla. Ina cramn G=8,1.104
MTIla.

OTHOCUTENBLHOE pamuanbHoe yrpyroe aedopMHpoBaHue I'MOKOTO
KoJjeca:

oW ) j
wy =20~ 089+8.10"57, + 2 mx
m m

e W, — pamuansHoe ynpyroe nedopMupoBaHue rHOKOro Kojeca, MM.

MaxkcumansHas ynpyras gedopMaius -THOKOTO Kojieca € Y4eToM
TIOJATIIMBOCTY TeHEpaTopa BOJH M KECTKOro KoJjeca, a TAKKE OTKIIOHE-
HUI pa3MepoB OT HOMHHAIBHBIX ITPY M3TOTOBJICHHUH, MM:

w, = wom| 1,05 + 0,03[ Soc 1} :

10
KoadbduipieHT cMellieH|sT HCXOMHOTo KOHTYpa il THBKoro Kojeca:
1,35-w,
*17985

—— - 0,04
3z,
KoaddunueHT cMelIeHHs UCXOTHOTO KOHTYpa Ui XXeCTKOro Kojeca:
Xy =X +(w{, —l).
OtHOcUTeIbHAs ITyOHHA 3aXofa 3yObeB:

b = fa. 4wy — (4,6 - 4w;) 107 -z, - 248,
- ;

rae hy — ryGuHa 3axona 3yOseB, MM.
JinameTp OKPYXHOCTH BIAIMH I'HOKOro 3y6yaToro Kojueca, MM:

dy = m{z, — 2k - 2¢" +2x,).
JluaMeTp OKPYKHOCTH BepiiuH TMOKOro 3y64aroro Kojeca, MM:
d, =dg+ 2(}1; + c')m.
JluaMeTp OKPYXXHOCTH BEpIIMH XeCTKOTo 3y04aToro xKojeca, MM:
dyg = dyy + 2m{wg — h3).
JinaMeTp OKPYXXHOCTH BIIafWH XECTKOro 3y64aToro Kosueca, MM:
dp =d,, +2m{w; +0,15).
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Hna rubxoro 3ybyaroro kojeca c KYJIa4KOBBIM I'€HEpATOPOM BOJH
YTOYHSIOT SHAYEHHE TONUIMHBI BeHLa NO GopmyJie:

_'—'2 »

JniHa ruGKoro 3y64aToro Koneca, MM: ¢ JHOM L=0,8D, co num-
mamu L=0,7D.

[TapamMeTpeI OCTANBHEIX YacTeil rHOKOro Kojeca (puc. 4.19):
hy = (0.7..1,0)hy; hy =2h; by > 0,16D; ¢=0,26b.
[I1puHa 3y64aToro BeHi@a XecTKOro KoJjieca, MM:
by =b+06b.
TonmuHa 3y64aToro BeHLa XecTKOro Kojieca, MM:
h = (6...8)h,.
Mupuna uumuesoro coenuHeHus, MM: b;=0,55.
Ilpu c6opke BonMHOBOTO 3y6yaToro penyxkropa rubkoe 3ybuyatoe Ko-

eco neOPMHMPYETCS TEHEPaTOPOM BONH M B TAKOM COCTOSHHH €ro
BCTABJISIIOT B JKECTKOE 3y64aToe KoJjeco.

Pacyer rubkoro 3y6uaroro koieca ua BhIHOCHHBOCTL. ['MbKoe 3yb6ua-
TOE KOJIECO TPOBEPAIOT Ha BHIHOCTUBOCTH 1O hopMyite [36]:

h|=

W 26 ,-u-d
S = ~5 LS =2[s], = (457)
| TR, K. wilh 1+0,15[ﬁ+—TL]
L wid ER
rne E — monyns ynpyroctu 1 poza MaTepuaiia THOKOro 3y6YaToro Koje-
ca. Ina cramu E=(2,0...2,2)-10% MIla; 6_, — npenen BHIHOCIMBOCTH

Marepuajia rubkoro xoneca (tabm. 4.16): Ky — xoadunment ysemnde-
"HHSL HATIDAXKEHUS OT CWII B 3allCTUIEHAM: :

b ey
10%-d, -h2’

K, — sadbdexrupnsi KoadhpuimeHT KOHUEHTPAUMH HAIIPSXKEHUH y
OCHOBaHUSA 3y0a:

X 0,051/("“' +')mdy R, +001
Rua-h R, +0,02°

Rin — MHHUMAIBHBIH PAiyc NEPEXOTHOM TIOBEPXHOCTH, MM:

Kd‘—‘1+
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m(h; +c¢'-x - p')

Win _h;+c'—x] -p' +05z,

+p.'m)

e ¢ =0,25 u p"=0,4 mpu m>1; ¢'=0,35 u p’=0,4 npu m=1,0...0,5;
¢'=0,5 u p"=0,33 npu m<0,5; [S]21,2 — nonyckaemsrit ko3dbuUeHT
3araca BHIHOCITHBOCTH.

BeposTtHocTs P Hepa3spyllleHHS THOKOro 3yb4aroro xoneca B 3aBU-
cuMocTH OT KoadullMeHTa 3amaca BBIHOCIMBOCTH (6esornacHocTH)

npuBeneHa B Tabm. 4.18.
Ta6nuuwa 4.18

BepoarnocTs P Hepaspyuienns rHOKoro 3y04aroro Koneca
H ko2 dunuent K; BepoATHOCTH HepaspylIeHHs HONUMIHIHUKA

S 1.8 1.7 1.6 1,55 1.5 1,45 1.4 143 1.2

P% | 99,8 | 998 99 985 | 978 | 967 | 951 90 87

KL 0,5 0,6 066 | 069 | 0,73 0,8 0,9 1

T'enepatopel  Boym. Ky-
JTaYKOBBIA TEHEPATOp BOJH
(puc. 4.20) cocToMT M3 Ky-
jayka | ¢ HajeTeIM Ha HEro
LLIAPUKOBBIM WIH POTUKOBBIM
TONIIMITHUKOM KauyeHus 2 ¢
TOHKHUMU KOJIBIIAMH.

Paguyc — BexkTop Ky-
Jlayka B KaXIOoW 4YEeTBEPTH
paBeH:
p=05d; +WmK, (4.58)

roe d, — BHYTpeHHWi nua-

MeTp MOANIKIHWKA TeHeparopa BojiH, MM; W — xoodduiMeHT paguans-
Holi nedopMauuu, ompemensemsiit mo tabm. 4.19; K — xosdduruenr
BISIHMS! BUIA MCXOMHOrO KOHTYpa. s nBafliaTUrpaiyCHOIo MCXOQHOIo
kouTypa K=1; wis tpuauarurpamycsoro K=0,89.

P
LTIy
S5

Puc. 4.20

Taonumoa 4.19
Koadpument W pannansroi nedopmannu

Yron g, 0 10 20 30 40 50 60 70 80 90
rpan

L W -1,25 | -1,13 | -0,91 | -0,56 | -0,15 | 0,26 | 0,57 | 0,76 | 0,87 | 0,90
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IMTommuNHUKY, HaleBaeMple Ha KyJna4ok, OwIBaioT rubkue U mombu-
patorest o ['OCT 21179-78 (tabn. 4.17) u HeCTaHgapTHEIE ¢ bojee TOH-
KMMH KOJIBLAMH M B0JTee MENKMMHU KaHABKAMH, YeM y CTAHOAPTHBIX.

[lpu nepemave MomeHTa oBecneumnBaeTcs PaboTocrocobHOCTR
TIOAINTIHAKOB B TedeHue 10000 uacos. Jlomyckaeres JBYKpaTHasi KpaT-
KOBpEMEHHas NeperpysKa.

Huckossiit renepaTop Boan (puc. 4.21) umeer aBa mucka 1 u 2, pac-
NIOJIOKEHHBIX Ha 9KCLIEHTPHKOBOM BaJliKe 3 ¢ 3KCL[CHTpHCHTCTOM,,MMZ

1

L P AT

Puc. 4.21
Juametp IHUCKOB, MM:
D, =D+2w, -2 -2k, (4.59)
rae h, =(1,1..1,3)h, — TonmmuHa noxkmamHOrO KOJIBIIA, MM.

HHCKOBBI reHEPaTOp BOJNH M3rOTOBJIAIOT C OYEHb KECTKIM Jonyc-

KOM Ha BEJIMYHUHY BKCLleHTpHGHTCTa, HHa4e IpH BpallcHUH MOABISIOT-
ca Gompmiue BUGpaLUu.

Bri60p NOAMMIHHKOB [EHEPATOPOB BOJIA. Bribop tunopasmepa mon-
IIMITHAHKA TEHEPaTOPa BOJIH MPOBOJAT U3 YCIOBHSL:

: Crpscpacm
rie Cm — TpebyeMas AUHaAMHYecKas Ipy30nmogbeMHOCTh, H:

c :;”M'_"ll.i
i 10° K

[L]y — momyckaemasi 1ONTOBEYHOCTE NOAUIMITHUKA, 4; P — 3KBHUBAJIEHT-
Hasl fMHaMuJecKas Harpyska, H:

P, — skBuBaIeHTHAs TUHaAMHUYecKas Harpyska Ha i-M y4acTKe Harpyxe-
HHUS:
P, = F;-V-Ky- Ky,

V=1,2 — xo3ddunHeHT BpalleHUs KOJbIa MOMUIMITHKMKA; K; — Ko3(-
dunmenT 6ezomacHocTH. I8 KynayKoBBIX T€HEPATOPOB BOJH C THOKUM
nogumnmHukoM Kz=1,1; Ui TUCKOBBIX TeHEPAaTOPOB BOJNH ¢ OOLIMHBIMH
nogummmHukamMu K;=1,3; Kt — temmeparypssiii koadduuuenr. Ilpu
TeMmepatype nommunHuka <100°C  npumumaior Kp=1, 1pu
=125..250°C — K1=1,05...14; F; — pamuanbHas Harpy3ka Ha OXMH
MOMIIMITHUK Ha [-M YJYacTKe HarpyXeHHUs, XOTS B AeHCTBHTENLHOCTH
KQXIBIH TUCK YCTAHABIMBAIOT Ha ABYX MONIHUITHHKAX:

F . 05T

i dl *

T; — Bpamalouii MOMEHT Ha THXOXOZHOM Bajly Ha /-M y4acTKe Harpy-
xenus, H-MM; np;; — 9acToTa BpauieHHMs MOJUIKMIIHKMKA reHeparopa BOJIH
Ha i-M yyacTKe HArpyXeHud, ob/muH. [Insg KymaukoBOro reHeparopa

BOJIH Myj=H3;, [UIS1 IMCKOBOTO reHepaTtopa BOJH C IOABMXXHBIM THOKUM
3y04aThIM KOJIECOM:

d
Ap; = D_I(”Ji - ny);

hil
C NOABMXHBIM XECTKMM 3Y0YaTEIM KOJIECOM:
d
_ 9
A = —("n —"25):
D i

Myj, Moy M M3; — YACTOTHI BpAIEHMUsI TMOKOIO, XECTKOIO 3y0YaThIX KOJEC
¥ reHepaTopa BOJH COOTBETCTBEHHO Ha i-M Y4acTKe HArpyXeHUsd; f —
BpeMs [eicTBHA Harpysku P, c; ng — KBHUBAJEHTHAs YacTOTa Bpalle-
HUs MOAIIMITHHKA FeHepaTopa BOJIH:

K
XA
a1
K
2h

ﬂn =
i=1

Ki — xoodduiumeHT BEpPOATHOCTH HEpPaspyLICHMS MOMIINITHUKA
(tabn. 4.18); Cpoe — pacyeTHas AMHAMUYECKAS IPY3ONOABEMHOCTH

nomimMnmEuka, H.
TIpu guaMeTpe IIApUKA IIAPUKONOAUTHITHUKA d);;<25,4 MM:

CPﬂc'i= /. ¢ (i 105 U‘)a'? j Z% i d'!".a 2
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npu dy>25,4 MM:
2
Cpaca=3,647 - f.(i - cos o)’ - zé g,

fe=5..5,2 — KO3QOHUIMEHT DMHAMHUYECKOH TIpPY30TIOABEMHOCTH, | —
YMCIIO PANOB WAPHUKOB B MOAUIMITHUKE (00BIYHO i=1); 7, — KOJIHYECTBO
IIAPUKOB B PAMY; & — YIOJ KOHTaKTa Tesl KayeHUs C KOJNbLAMU, rpaj.
Ilo HaiimeHHOMY 3HAYEHHUIO TpebyeMoi AMHAMMYECKON Ipy30NONh-
eMHOCTH MOAGHPAIOT M3 COOTBETCTBYIOIUMX CTAHAAPTOB THUIIOPAa3Mep
MOMIIMITHAKA JUIsL KOTOPOTO Cpp<Craey.
Ocepas Harpy3ka Ha TOMUMITHUK HA i-M Y4acTKe HAIPYXeHUs paBHa:

) Fy = 01F;.

Koaddunuent monesnoro neiicreus. ITorepu B BoNHOBOM 3yGuatoii
nepenavye CKIaiblBalOTCA M3 IOTEPh B 3aLEIVIEHHMM U MOTEPh IPU Bpa-
LIEHUM reHepaTtopa BOJXH. ITOTepsMU B MOMUIMITHHKAX GBLICTPOXONHOIO
M THXOXOJIHOIO BaJIOB IpeHebperaloT. B stom ciyyae KITJ pagen:

1

"=1 Ly 03 ’ £4:50)
+=2 +03-1gla+p) u-

COSI o | g (0- [J) u f 2

e v — 4YHCIO BOJNH reHeparopa; o=20° — yron 3aleruieHus;
£1=0,03...0,05 — xoadduimeHT TpeHMs B 3y6YATOM 3alEIUICHUM,

p' = arcigf|, — npuBeNeHHLI! yron TpeHus; f=0,0015...0,0030 — ycnos-
HbIH KO3 GhUIMEHT TPEHUS, YINTHIBAIONIMI TPEHUE BO BCEX 3IEMEHTax
reHepaTopa BOJIH.

Cmaska u TemnoBod pacyer. Ui BONHOBBIX 3y64aTBIX PENYKTOPOB
NIPUMEHSIOT XUAKWE WIH KOHCHUCTEHTHBIE cMasku. OO0BeM XUIKOit
CMa3sK¥ BLIOMPAIOT M3 pacdeTa, YTOORl HIDKHMI IIAPHK KYJIaYKOBOTO Te-
HepaTopa BOJH IOIPYXAJICS B Macio IO ITOJOBHHBI, 4 JMCKH JHCKOBOIO

' reHeparopa BOJIH — Ha 5...25 MM. Ecii ypoBeHs Macia CIMIIKOM BBICOK;
TO TPaTUTCA 3HaYMUTeIbHas MOLUHOCTh HA MEpeMelMBaHUE Macjia IeHe-

PATOPOM BOJIH.
B mporecce pa§0TbI Macjio M pelyKTop HarpesaioTcs. Temmeparypy
Maciia M BHYTPEHHeill IIOBEPXHOCTH PEAYKTOpa OMpPEeNesioT 110 hopMyJie:
§ ﬂ)P Ba
K:-4A
rae Pp; — MONIHOCTB Ha BelylieM Baiy, Br; K =1#, /f, — xosadbdunient
NIPOJOJIKUTEIBHOCTH PaboThl peflyKToOpa; fp— BpeMA paboThl peiyKTopa
Br
M2 C
abduIMeHT TelUooTaaYM. Bonsume 3HayeHWsT — npu 6aronpusITHOM

= K +1tg <[t]y,, (4.61)

B TeYeHME LUKIIA; fj — JUIMTENBbHOCTh uukia, K,=8...15 — KO-
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Br

nMpKyasiuuu Bosatyxa. Ilpu obmyske senTwisitopom Ki=18..24 — roh
M .

BEeHTWIATOP pAacrolaraloT Ha 6bICTPOXOMHOM  Bajly  peayKTopa;
,ﬁw(&..l(])di2 — TOBEPXHOCTH OXJIAXICHHS PENYKTOpa, M?; Iz — TEMIIe-
paTtypa OKpYXalOllero. Bo3/iyxa, °C. O6buno mpunumaior fg =20 "C;
[I]M — pomyckaeMasi Temmepatypa macia, C. [Ins oBb9HBIX Macen

[I]M =60...70 °C; MakCMMalpHO JOMyCKaemas TeMIepaTypa Mac/ia
[1],,=85..-90 °C; mig aBHALIMOHHBIX Macel [I}M=100...12{} @,

4.4. Nepepnaya BUHT-raika kayeHus

Ilepenaya BMUHT-raiflka KayeHus (MIAPUKO-BHHTOBas Iepegaya -
IIIBIT) mpenHasHadeHa JUisi mpeobpasoBaHHsA BPAILATENbHOTO ABMKEHUS
B MOCTYyNaTebHoe, ¥ Ha060poT, MOCTYNATENbHOIO ABWUXEHHS BO Bpa-
HmaTeabHoe.

Oua xapakrtepusyercs BbicokuM KITI (0,9...0,95), neGonpumm us-
HOCOM, BBICOKOW TOYHOCTHIO XOfia, HOJTOBEYHOCTHIO, BO3MOXHOCTHIO
TIOJTHOTO YCTPAaHEHHS 3a30POB, BHICOKOH YYBCTBUTEJIBHOCTBIO K MUKPO-
nepeMeIeHusIM, BO3MOXHOCTEIO paboTh! 6€3 CMasKi.

K HemocTaTkaM Iepefayy CieflyeT OTHECTH: OTCYTCTBHE CaMOTOP-
MOXEHHS, CIOXHYI0O TEXHOIOTMI0 M3rOTOBJIEHMUS, BLICOKYIO CTOMMOCTD,
MOHIKEHHOE JeMI(pUpoBaHKe U HeoBXOMMMOCTh 3alMThI OT IBUIN.

B BHHTOBBIX HI2PMKOBBIX mapax (puc. 4.22) mexny paboyuMH BHH-
TOBBIMM TIOBEPXHOCTSIMM BMHTA | M raiiku 2 (MHOIIa BKJIAIbllla) IMo-
MEIIEHBI CTANbHBIC apUKH 3. .

CxopocTb TepeMeIEHUs
IIAPHKOB  OTIMYAETCs  OT
CKODOCTH BEAYyILEro M BEJO-
Moro 3BeHbeB. [loatomy mns E
obecrieyeHuss HEMpephIBHOM —*
LUUPKYITSAIUA IIAPAKOB KOH-
bl paboueit 4acTH pe3bOBI
COeIHHEHBI BO3BPATHBIM Ka-

P

T il A AT T A

HasioM 4. )
3aMKHYTYIO LENb IIapH- :
KOB YCJIOBHO [€JAT Ha akK- Puc. 4.22

THBHYI0O 4acTk (pabouyio
YacTh HAPE3KM) M MACCHBHYIO YacTh (BO3BPATHBIN KaHAN).

AKTHBHAs 4acTh LIAPMKOBOM BHHTOBOH Maphl OOBIMHO COCTABIACT
Kz=1,5; 2.5; 3,5; 4 pabouux surkos. Ilpu Gonbiuem wuucne paboumx
BuTkoB KIIJI 1mIapHKoOBO# maphl CHHXAETCHA W3-3a YBEJIMYEHUS TPEHUS
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IIapuKoB Apyr o apyra. O6uiee yucno Butkos B ILBIT ¢ BhIGOpKOH
MEPTBOI'O XOJa (?HC. 4.30) pasno: Ko=3; 4,5; 5,5; 6 [19].

BosBpaTHBINt KaHam MOXeT Npe/icTaBiaATh coboit oTBepcTHe 4
TPOCBEPICHHOE B Tejle TallkKM 2 M coefMHALLEe HAYAIO nepson;
BHTKa C KOHLIOM TIOCJICAHETO BUTKA pe3nOhl (puc. 4.22), U30THYTYIO
TPYOKy 4, KOHLbI KOTOPOH BCTaBiEHHl B OTBEPCTHA ral‘:'txu 2, mpo-
CBCPJICHHLIC IO KACATEJBHOH K MOBEPXHOCTH pe3bbbl (puc ’4 23)
CTIELMATbHEIA BKJIAABII 1, KOTOpEIIA HanpasjgeT Wapuku r;s iana-’
AMH OIHOrO BHUTKA HEPE3 BHICTYIN pe3bObl BHHTA BO BMAJMHY COCEM-
Hero BUTKa (puc. 4.24). Bxuafsim BCTaBASIOT B OKHO Taiiku. B
OOJNBLIMHCTBE CllyYaeB B raiike MPUMEHSIOT 3, 4 unu 6 oxoH p;ac-
[IOJIOXKEHHBIX COOTBETCTBEHHO Iox yrioM 120, 90 unu 60 rpax :COB

IR T =
SIS
\- - l. 0 ]

=

©

Puc. 4.23 Puc. 4.24

Pessba B IIBII MoXerT MMeTh pasimuubie npocpumi. Haubonsinee
PacllpoCTpaHCHUE MOMYYMIIM Kpyrikle (puc. 4.25, a), KpyIjisie ¢ KaHas-
Koit (puc. 4.25, 6) npodunm pessdsl. OHE OBeCTIEYHBAIOT HAUMEHBIIME
KOHTaKTHbIe HanpsoxeHud. Hapesanue um uumdopanme Takux KaHAaBOK
HE IPENCTAB/IACT TEXHONOTHYECKHX TpyiHocTed. TpeyromsHslii mMpoduis
(puc. 4.26) pesnbl HaubONEE TEXHONOTHYEH, OOECIIEIHBAET TOCTOSHHOE
SHAYCHHE YIJIA TIepeflaul, 00/IaaeT HAMMEHBIIMM TPEHHEM, He YCTYIaeT
0 HArpysoYHOH CHOCOGHOCTH KpymioMy Mpodmwrio. Hp;IMO)fmJLbelﬁ
Hpogwib Beerna obecneynBaeT yroi B KOHTakTa LIApDUKOB C BUHTOM M
Taiikoi paBHBIH HYTIO M MMEET CaMblll BBICOKHI KIIA. B Hacrosiuee
BpEMA HaYMHAIOT NIPUMEHATH apOYHBIH poduts pessbsr (pic. 4.27).

V77
A 11

a) 0)
Puc. 4.25 Puc. 4.26 Puc. 4.27
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V BUHTA C TPEYTOJIBHBIM W KPYIJIBIM C KaHaBKOH npodbwieM pe3nbul
[IPOCTPAHCTBO TOJ LIAPUKOM CIIYKHT PE3epBYapoM [UIsi CMa30uHOro Ma-
Tepuana ¥ MPOLYKTOB M3HOCA.

Marepnaisi BAHTOBBIX mepenay. st obecriedeHus Tpebyemoit pabo-
TOCTIOCOBHOCTH M TOYHOCTH Mepefayy MaTepuanbl BUHTA, TaiiKu, BKIA-
Iblmelf W IApHKOB MOJDKHEI 06/1afaTh TBEPAOCTBIO pabOuMX MOBEPXHO-
creit ne menee 58...60 HRC. B Tabn. 4.20 mpencrasneHbl Hauboiee
pacrpocTpaHeHHbIe MApK CTaled U CIIOCOOBI MX YIIPOYHEHUS.

Kunemarnyeckuii pacuer nepenayn. PaccMoTpum (puc. 4.22) npeob-
pa3oBaHMe BpaLIATEJIbHOIO IBIDKCHUS BHHTA (rafiku) B mocrymnaTesibHoe

TlepeMellleHre TaiKi (BHHTA).
Ta6auua 4.20

Marepuaisi IIAPHKO-BHHTOBBIX Mepeaay

HaumeHosaHue Mapxa cranu Cnocob ynpoyHeHus Teepaocts HRC
3nemMeHTa nepeaaqu
XBr ObremHan 58...60
7Xr2BM 3akanka. 58...60
8Xo 3akanka npy WHAYKLUWOH- 58...62
50XDA HOM Harpese TOKamu 3By- 58...60
BuHT KOBbIX 4acToT.
8xXo 3akanka npy MHOYKLUUOH- 58...62
HOM Harpeee Tokamu pa-
AWNOYACTOT.
20X3MB® AszoTupoBaHue. Gonee 60
9XC, XBI ObbemHan 3akanka 58...60
aitka u X115
BKMaAbILL 18XIT
12XH3A LlemeHrauusa 58...60
Kopnyc 45 He ynpouHsioT -
roCT 3722-81 263
Wapuk CreneHb
TO4HOCTY 1

[lpu BpaunieHuw BHHTA (raiku) UIAPWKH, fnarogapsi TPEHUIO,
IIepeKaTHIBAIOTCA 110 BUHTOBBIM MOBEPXHOCTAM BHHTA M raifku
MepenaioT  BpallleHWe OT BHHTA (rafixu) x raiike (BHHTY),
nepeMelaoniecs IoCcTyaTeNbHo. OT NpOBOPaYMBaHMA OTHOCHTEIBHO
CBOei MPONONBHOR OCH Traifka (BMHT) yACPXWBAeTCs -HANpPaB/ITIOMHMU
WM LIMOHKOM, 3aduKcupoBaHHO# B KOpITyce.

VroJt MOBOpOTA BUHTA (Traiiku), pam:

AR
PK
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rae S — nepeMelleHUe TaiiKu (BUHTA), MM; P — mar pess6nr, mm; K —
YHCIIO 3aXONO0B Pe3LOhl.

OOEIYHO  IIAPHKOBBIE  BHHTOBEIE Nepeflayd  BHIIOJHAIOT
OIHO3aXoMHbIMU; K=].

YraoBas ckopocTs BHHTa (raiiku), c-l:

2n-10° .y
W=—_
PK

TAe v — JIMHEHHAsA CKOPOCTh BMHTA (raifku), M/c.

Iepenarousoe otHomenue, m-! [18]:
_w_2n-10°.y  2z.10°

v PKv TEY S

PekOMeHIyIOT NpUHUMATS gy =300...2000 M-1.
Koadduiment nmonesxoro aeifctsus BUHTOBOM TIapEI:

uan (462)

T S
tg(y +px)
rae ¥ — yrost MOXbeMa BMHTOBO IMHMM, rpa:
PK
= arct, .
v g -

Q

d, — IMaMeTp OKPYXHOCTH, Ha KOTOPO# pacrnojaraiorest 1eHTphl m\aﬁn-
KOB, MM, (puc. 4.28); py - NIpUBeICHHBII YrOJI TPEHUS KadeHus, rpai;

2 fx
d, -sinB’
dy, — IUAMETP IIADHKOB, MM; f; — TIpUBeNEHHbLI K03 GHLMEHT TpeHUs
KayeHus. IIpy 3aKaleHHBIX BHHTOBBIX [IOBEPXHOCTSIX TBEPIOCTHIO
HRC>58 1 crambHBIX IMapuKoB TBeprocThio HRC>63 npunmumaior
x—0,007...0,01 MM; B — yron xoHTakTa WApUKOB ¢ BUHTOM M -IaiiKoif,
rpan.

B GonpummHcTBe CirydaeB yrimom B samarotca. PexkomeHmyioT ero
NPUHUAMATD OIH3KUM K 45°.

B mapuxoBEIX BMHTOBBIX Mepegayax px<<y, moaromy KIIJ] maxe
NpH MaJkIX yrjiax NoxbeMa BHHTOBOH JuHUH gocturaer 80...90%.

Ilpu w>2° KITJI ysenuuupaercs Majio, IMO3TOMY BBITOHO BEIOMPAThH
YTOoJ y HeOOJIBUIMM, TaK KakK IPU 3TOM CHIDKAeTCS HeoOXoauMEI Bpa-
LIAIOIIHIA MOMEHT.

ITpeobpasoBanue MoCTYIAaTeILHOIO ABIKCHMS raiikul (BMHTA) BO
BpaIllaTe/IbHOE JBIDKCHUE BUHTA (raifky) B IMapHKOBOH BHHTOBOI Iepe-
Aaic MPaKTHIECKH BOSMOXHO BCer/a, TaK Kak y>>2p,.

Pk = arcig
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Ds
Do

dn=

Puc. 4.28

B 5TOM ciyyae TepeMelieHue raifku (BUHTA), MM:
s 20K,
2n
JTuneiiHasg cCKOpPOCTb raiiku (BUHTa), M/C:
_ wPK
2x - 10°
IepenarouHoe oTHomeHue, M [18]:
B et L R (4.63)
w 2n-100.-w 2xn-10
PexoMeHIyIOT IPHHHUMAaTh un3=0,0005...0,003§ M.
KoasdduimenT noixesHoro aeicTus BUHTOBOH Mapb:
_ (v -pi)
. gy
Teomerpryeckuii pacuer nepefayn. PacdeT reoMeTpuHuecKHx napa-
metpos LIIBII mpu 3amaHHOM ee IepeaTOYHOM OTHOLUeHUH (B GOJb-
IIMHCTBE CIy4aeB IepelaTouHOe OTHOLICHHE SBIIAETCS M3BECTHBIM) Ha-
YUHAIOT C OmpefeleHus 1ara pe3pdsl mepenayn. Ilpu npeobpazoBaHuu
BpAINATENBHOTO JABIKEHUS B MOCTYNATeIEHOE Ha OCHOBAHMM 3aBUCHMO-
cri (4.62) mrar pess0bl paBeH, MM: _
3
P= H’_ﬂ; (4.64)
ugy K
[pH TIpeoBpa3oBaHMM TIOCTYNATELHOTO ABMIKEHHS BO BpallaTe/b-
Hoe Ha OCHOBaHUU dhopMyIsl (4.63):

3
p=2’}? 2 (4.65)

lsi:
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PeaynbTaT OKPYIJIAIOT [0 Gimkaitinero CTAaHAaPTHOTO YUCNA U3 Ps-
pa: 1; 1,55 2; 2,5; 3; 4; 5; 6; 8; 10; 12; 16; 20; 24.
JduameTp 1IapUKOB PaBeH, MM:
d, = Koo P (4.66)

e K, — KoappuumeHT 1mara pess6sl, pasHsiit 0,6.

PesyneTtar dy, OKpyrisior go 6nukaiimero G0JbIIEro CTaHIApPTHOIO
snavenus: 0,25; 0,30; 0,36; 0,635; 0,68; 0,7; 0,8; 0,84; 0,85; 1,0; 1,2;
1,3; 1,5; 1,588; 1,984; 2,0; 2,381; 2,5; 2,778; 3,0; 3,175; 3,5; 3,572; 4,0;
4,366; 4,5; 4,763, 5,0; 5,159; 5,5; 5,556; 5,8; 6,0; 6,35; 6,5; 6,747; 7,0;
7,144; 7,5; 7,938; 8,0; 8,334 8,5; 8,731; 9,0; 9,575; 9,922: 10,0; 10,319;
10,716; 11,0; 11,112; 11,5; 11,509; 11,906; 12,0.

BuruucniseM BHYTPEHHUI OUAMETp BUHTA, MM:

dy ==L, (4.67)

e Ky — Koo UIMEHT IMamMeTpa IapUKOB PaBHEIi 0,10...0,35.
W3 ycnoBus NPOYHOCTH NPH PacTSDKEHHH (cxkaTuu) HaxomaT mpe-
IeNl TEKY4eCTH MaTepHaia BUHTA:

4F,
oy = [0]-[R]T 2 —Tzd—é[n].r, (4.68)

rae F, — ocesas cmia, H; [n], — nomyckaemsrit (TpeGyeMbiit)
KO3()pUIMEHT 3amaca Mo TeKyIecTH, paBHblit 1,5...2,5.

BuiGupaioT MaTepuan BUHTA, Npedel TEKy4ecTH KOTOPOro Gojbiie
pacyeTHOro.

Huanuple BUHTHI, paboTaounine Ha cxaTue, MPOBEPSIOT Ha YCTOM-
YHBOCTb 10 YCJIOBHIO:

F, =[R]; (4.69)
rxe [F,] — momyckaemas ocesas cuna, H:
F,
Fl=32, (4.70)
[£] [,

Fip — KpuTHdecKas oceBas cuwiaa, H, ompenensieMast B 3aBHCUMOCTH OT
rubKocTH A BHHTA:

¢ — MakCUMaTbHasd JUIMHA yYacTKa BMHTA MEXIY CepeaMHaMH OIop
BHHTA M Tailki, MM; p — K03OUUMEHT NPUBEACHUS LTHHBI. 3aBHCUT
OT crocoboB 3aKpPEILNEHHUA KOHIIOB BHHTA:
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1
B==0
m

m — YMCIO MONYBOJH W3rnba BUHTA, 3HaueHMs KOIGhPHUHMEHTa | MPU-
BefeHbl B Tabm. 4.21; i, - MUHUMAIGHBIH panuyc WHEpPUUM MOmepey-

HOro ceyeHud BHHTA, MM!
Jmln

i = L

min 2
Amin

Join — MHUHHMAIBHEIH OCEBOM MOMEHT MHEDIMH TIONIEPEYHOIO CEYCHUSA
BUHTa, MM*:
s -
oo
Amin — MUHUMAIBHAS TUIONIAb [ONEPEYHOrO CEYEHMS BUHTA, Mm2:
4, <8
min — 4 '
Ecnu rubKocTh BUHTA GOJbIIE NPEENBHON THOKOCTH A pp,
ASApeg =T UE ;
ny

TO KPUTHYECKYIO CHITY OMpeensioT no dopmysne JI. Ditnepa:
2
n EJ .
F kp = 2
(o)
TIe Opy — Tpeden NPONOPIHOHAIBHOCTH MAaTephasa BHHTA, MIlIa;
E=(2...2,2)-105 MIla — momyas YIpYyrocTH INEpBOro pona Mmarepuana

punTa, Mlla. ]
Ecim rubkocTs BHHTA A Gonbllle Ha4yalpHOM IMOKOCTH A,, HO

MeHBIlIE MpeAebHOR THOKOCTH Appex
a—ga
Ao =—F

<M < Aypens

TO KPHTHYECKYIO CIIIY ONpPENeNsior no Gopmyiie ®.A. SlcuHckoro:
ka =(a _bl]jAmiﬂ’
rme @ u b — smmmpuueckue koadduumentsl. na craneir Cr.3, Cr.4,
Cranms 25, Crams 30, Crams 40 @=321, b=1,16; wix craneit Cr.5, Cr.6,
Cranb 45, Crans 50 a=464, b=3,62.
Ecmu A<A,, TO BUHTH YCTOMYMBOCTH HE TEPAIOT M pacyeT Ha yc-
TOHYMBOCTE HE IPOBOAAT. B 3TOM cilyyae MPOBOJAT PACYET Ha CXKaTHe.
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Pacuer BUHTOB Ha YCTOMYMBOCTH C MOMOIIBIO koadduumenta ¢
TIOHMXEHUS NOIYCKAEMOro HaNpsXXeHUs! MPUBe/IeH B pasnene 4.1

Taobnuma 4.21
3uavenns koaddunmuentos u u v

Ne cxembl Cxema 3aKkpenneHus euHTa

B %
1 3
F 2 0.7

3 '.1 g F 0,7 34

4 §..4l~“?._1: 05 P

Eciu ycoBue yCTOHYHBOCTH He BHINONHSETCH, BHYTPEHHUH Iua-
METp dy BUHTA HEOOXOMMMO YBEIUYUT.

Kpome Toro, miiMHHbIE BUHTEL
: HPOBEPAIOT IO KPUTHYECKOI Yai
BpaieHug [3]: & i

n<n,, (4.71)
TAC Myp — KPUTHYECKAs YacTOTa BpaleHUd BUHTA, 06/MUH:
s q0798 o 8-10*
Ny =5-10 32 vk, g = T (4.72)

k — xospduuument sanaca, pasusiit 0,5...0,8; v — Koot puLMeHT, 3aBU-
cngmﬁ OT CITOCO00B 3aKpeIUieHUs BHHTA. Ero sHaueHus TIIPUBEACHEl B
Tabn. 4.21. KpHTHYECKYIO 4acTOTy BpalleHHsI BHIOMPAIOT MEHBIIEH U3
ABYX TOJIyYEHHBIX 3HAYCHHIA. b

HAuameTp OKpYXHOCTH, Ha KOTOpOIf pacrmoioxe
KOB, MM, (puc. 4.28): : AR

d, =dy +2(r, - B), (4.73)
rie B ' — cmeunieHue npodwist pesnBrr
MM, (puc. 4.28): P B paguHalbHOM HallpaBIeHWH,
' } d
=3 (’* B 3’"’) CoBR, (4.74)

Iy — paauyc npoduiist pe3s6el BUHTA U Taiiku, MM, (pHC. 4.25).

[An YyMEHBUICHHS TPeHMS DAlMychl r, BHHTA U TailK¥ JODKHEI
6eTh Gonblile paguyca mapukoB. Ilpu d,<8 MM pammyc npodus
r%=0,51d,;; npu d,>8 MM panuyc mpoduns %=0,53d,,.
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[TonyueHHBIH pe3yiIbTaT d, OKpyrasiorT mo Gaukaituiero bonmuero
cTaHmapTHOTO 3HauYeHus: 3,5; 4; 4.5 5, 6:8; 10; 12; 165:20; 25; 325:40;

50; 63; 80; 100.
VTOUHSIOT 3HAYEHUE BHYTPEHHErO JHamMeTpa BHHTA:

dy =d; - 2(rx - B']. (4.75)
JIaMeTp OKPYXHOCTH, IO KOTOPOM MPOMCXOAUT KOHTAKT LIAPHUKOB
c BHHTOM, MM:

dy =dy—d, -cosB. (4.76)
BreumHuit fuaMeTp BUHTA, MM:
dy =dg +2hy, (4.77)

rae hy — riy6uHa npoduis pe3sdsl y BUHTA U raiiKu, MM:
h = (0,3...0,35]«:1"“.

Illupuna KaHaBKHM npoduwist pe3sdsl (puc. 4.25, 6) pasHa:
b = (0,05---0,1)d,,.

BeicoTa KaHaBKM: h=—.

Yycro mapukoB B paboueil 4acTH IMIapMKOBOH BHHTOBOM Nepefaiu

¢ xaHajioM Bo3Bpata (puc. 4.22):
z -_— M -
1] dm

rie K, — 9McIo paGouuX BUTKOB B OJHOM 3aMKHYTOH paboueii LIEMoYKe.

B IIapHKOBBIX BHHTOBBIX Ilepegadax, B KOTODBIX LIADWKK HAIpas-
JIAIOTCH M3 BHAXUH OJHOIO BUTKA BO BIAJIMHY COCEAHErO, Ie€pEKaThiBa-
sICh yepe3 BBICTYII pe3bOBl BUHTA, KaHaI BO3BpaTa IIAPUKOB BBIMONHAIOT
B CrelMaTbHOM BKJIambiie 1, KOTOphIi BCTAB/SIOT B OKHO raiku (pic.
4.24).

B sToM ciyuae yMciIo paboyux HIADHKOB B OTHOM BWTKE (B pabo-
yeil yacTH BUHTOBOTO MexaHu3sma) [3]:

ndy 3P (4.79)

- —3
® dm dlﬂ ;
rae 3P/d, — YMCIO IIAPHKOB B KaHalle BO3BpaTa.

Kak B mepBOM, TaK ¥ BO BTOpPOM CIy4ae, MOJTy4eHHbIe 3HAYECHUS Zy
OKPYIISIOT JI0 OmiKaiIiero MEHBILEro HEJIOoro YMcia. Eciu npu pacye-
Te OKAXETCH Zy>65, TO CeflyeT YMEHBIIHTS YHCIO IIADUKOB, YBEIUYHB
IIPH 3TOM HX JAUaMETP. ;

B HepaGoueil YacTH 1IAPUKOBOH BUHTOBOH TIEPENAIN YMCIIO IIapH-
KOB ONPEAENSIOT B 3aBUCHMOCTH OT JUIMHBI BO3BPATHOTO KaHaja.

Iy, (4.78)
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OGumit cymMMapHBIit 3a30p Mexuy LIapMKaMHd BO BCEH 3aMKHYTOM
LenoyKe N0/DkeH cocTaBiars (0,7...1,2)d,,.

Iist paBHOMEPHOrO pacrpeneneHus Harpy3ku Ha LIADUKH CJeyeT
noadMpaTh UX TaK, YTOGBI Pa3HOCTE AHaMeTpOB He MpeBbImana 3 MKM.

Yuc10 3aMKHYTBIX pabouymX LEMmoueK B raiixe OTIPENENAIOT U3 YCII0-
BUS M3HOCOCTOMKOCTH:

F
P = 1 ~ ——i—— < P
id® i 2 i er’
Ly "y "y -E-COS Yy zm'dm'T"I

rie P — ynenbHas ocesas Harpyska, MIla; y=0,8 — xosdbduimeHt
HCPAaBHOMEDHOCTH PACIpPENeCHUs. HAIPY3KM MEXIY IUapUKaMu; i —
UHMCIO 3aMKHYTBIX LETIOYeK; cosy~l, Tak Kak y Man; [P] =
CT
flonyckaemasi  yIeNbHasg oceBas CTaTWYeckas Harpyska, MIIa. Ee
OIIPEeaeNdgIoT B 3aBMCHMOCTH OT OTHOCHTEJIEHOIO pPaiHaneEHOro 3a3opa

1o rpaduxy (puc. 4.29).
OtHocHuTeNbHBIA paIMaIBHELH 3230D:

(4.80)

ey
d,’

Loe A — pagHaIbHBIN 3a30p, MM:

Yicno 3aMKHYTHIX pabOYHX LENOYeK B raike:
2 A S T f‘-;
Zy dy -y [P]cr

IMonyyeHHOE 3HAYEHME YUCIA IEMOYEK OKPYTNIAIOT 10 Ommxaiiero
OOMBIIIETO LIEJIOr0 3HAYEHWS.

BryTpennuit fuamerp raiku, Mum, (puc. 4.28):

(4.81)

Dy=d,+ 2(rx = B'). (4.82)
[Pler
26 i = —
22[——
18
0 0004 0008 0012 0016 X
Puc. 4.29
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JliameTp OKPYXKHOCTH, 110 KOTOPOH MPOUCXOIMT KOHTAKT LWIAPHUKOB
¢ raikoid, MM:

Dy =dy +2r, -cosB. (4.83)
BuelwrHui fUaMeTp TaKu, MM:
Dy = Dg - 2h,. (4.84)

HapyXHBblif JUaMeTp radKy IpU PacroNOXEeHHWH B HEH BO3BPATHOTO
kaHana, MM, (puc. 4.22):
D =13D; +2d,, +10.
HapyxHblit aiuamerp raiiku, npd pacrojoXeHMH BO3BPATHOIO Ka-
Hana BHE rafiku, M, (puc. 4.23):
D =13Dg.

OceBoii 3a30p, MM, (puc. 4.28):
B = Z(rx —dT‘“JsinB.

Cusossie cooTHomennss B BuHTOBON mape. Ilpu mnpeoOpasoBaHHU
BpAILATELHOIO JBIDKEHHS B IOCTYNATeJbHOE BPAIUAIOLIMH MOMEHT,
H MM, Ha BemymieM 3BeHe OT ACHCTBUSA OCEBOH CHIIBI F, conpotusie-
HUS, TIPWIOXEHHOH K BEIOMOMY 3BEHY, NMpPH OTCYTCTBHM Hatsra (puc.
4.22) paBeH:

T = % tgly + p). (4.85)

Jins BeiGopkH 3a3opa B pe3pbe, TMKBUAAIIMH MEPTBOTO XONa U IMO-
BelLIeHUs TogHOocTH paGorsr IIIBIT cos3maroT NpeaBapUTENLHBIA HaTAr
(cOBMeCTHYIO JiehOpMALMIO LIAPUKOB, BUHTA H Faiiku).

Torma BpalalOmMil MOMEHT Ha BEdyIleM 3BeHe MpHu Ipeobpasosa-
HUM Bpall[aTeJBHOrO JBIDKCHHUS B ITOCTYNATENBHOE TPH HATUYMU MpEN-
BApUTEIHLHOrO HATATa HaXomAT 1o dopwmyrne, H-wm:

T =F; -%“ tg(y +pk)> (4.86)
rie F,; — cymmapHas ocepast cua, H:

F,+F,—ecmu F, < -2%5;
B = i ' (4.87)

1
F, +0,65F, —ecu F, > 283’

rae F, — cwia mpeaBapuTeNbHOro Hatsra (puc. 4.30). Ee pexomeHayor
MIPUHHMATh
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F, =(0,10...0,15) C;
C — muHamMuyecKas rpy3onofbeMHoCTb (cM. (opmyssr 4.92).

i

Puc. 4.30

Ilpn mpeobpasoBaHUM TTOCTYNATENBHOIO ABMXKEHUS BO BPAIIATENb-
HOE oceBas Cujida Ha BEOYLeM 3BEeHe OT AedcTBHS MomeHTa T COmpo-

THUBJIEHHA, TNIPHIOXEHHOIO K BEIOMOMY 3BEHY MpH OTCYTCTBHM HaTATA,
pasHa, H:

2T
= ———————. 4.88
dy - tg(y +py) Sl
IIpu HanuyMM NpeaBapUTENHLHOTO HATSTA:
2T,
E 2 " (4.89)

* o dy -1gly +pg)’
rae Ty — cyMMapHbIif MOMEHT corpoTuBieHust, H-mm:
I =T+,

Ty — NOTIONHUTENIBHBI MOMEHT CONPOTUBIEHHS, BO3HUKAIONIMIL OT CH-
JIbI TIPEIBAPUTEILHOTO Hatsra, H-mm:

d
T, = F, -5 tely + o) (4.90)

Pacyer nepenayn na nonroseunoctb. Pacyer IIAPMKOBBIX BHHTOBBIX
nepesiay Ha NOJITOBEUHOCTh TPOBOMAT, €C/IM YACTOTA BPALLEHUS BUHTA
Hau raiiku n210 06/Mun o dopmyrne:
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_10° (0)3_ 108 (C]’
L =% \F) =smw\F) =l (4.91)

rme L, — HONTOBEYHOCTh paboThl Mepefadu, 4; [L]h — Jonyckaemas
NoIrOBEYHOCTE paboTsl nepenaqu, 4; C — DUHAMHUYECKAS TPY30MOABEM-
nocts, H. Ee onpenensiior no cdopmynam [27, 36, 3]:

C = 410424} (K, K™ ;

C =1704%86dL%° (K5i)™%; (4.92)

C = f.(Kgi cosB)™" 22548,

K,=1—3siny — xoa)dULHEHT, YYUTHIBAIOLIKI HEMOIHOTY pabouero
BUTKA BCJICJICTBUE HAJMYMS LIAPHKOB B MEPEITYCKHOM KaHaie, BBIIOJ-
genHoM Bo Bkuameinie; f=80...110 — kosdduuMeHT NUHAMHYECKON
rpY30MOABEMHOCTH] 7=7,,/Kp — 4ucio pabouux mapyuKOB B OHOM BHT-
Ke raiiku; F — sKBHBaJcHTHasi IHHAMHYeCKas Harpyska, H:

m 3 m 3
;Fazi ;- Z‘iFar.i “Wi -
A =35 — 4 (4.93)
Zlﬂi * ti 2“";‘ & tl
i= i=

F,;; — cyMMapHas CTaTH4eCKasi Harpy3ka Ha i-M y4acTKe Harpyxe-
uuga (puc. 4.31). Ecnu xe F,5; U3MEHsdeTCS IO JIMHEHHOMY 3aKOHY
or Fy Ao Fyp  (puc. 4.32), TO B pacueTax MCIOJIB3YIOT €e Crie-

oywoniee sHaYeHUE!:

Fil= Fisi o 20,

1 3 ]
n; — YacToTa BpallleHMsl BUHTA WIM raifiki Ha j-M yYacTKe HarpyxKeHusd,
006/MUH; W; — yIJIOBas CKOPOCTb BMHTA WIM TaiKW Ha i-M y4acTke Ha-
rpyxeHus, ¢'!; f — NPONODKWTETLHOCTh NEWCTBHS HArpy3KH, C; m —
YUCJIO YYACTKOB HACPYXKEHHUSA; # — IKBUBAIEHTHAsl 4acTOTa BpalICHUS
BUMHTA WIN Iaiiku, 06/MuH: '

W — SKBUBAICHTHAS YIJIOBad CKOPOCTb BPAIUEHMsI BUHTA WIH raiiku, cl:
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W=
m )
24
i=1
Fysd
n
Fa}:k. : niw)
n2
s
i o A
// /F!EZ ’//
b,
// A7 FFx
i t
ty tz ty )
I~ tu
o
Puc. 4.31
Faz A
| Fas
/r Faz1max nmax
Faﬁmin_ b Faznmin ¢
o faaa-bitent i tn =
: ty
Puc. 4.32

Pacuer mepefavd Ha CTATHYECKYIO IPY30OHOABEMHOCTh. Pacuer irapu-
KOBBIX BHHTOBBIX IIEpPENay Ha CTAaTHYECKYI0 IPY30MOABEMHOCTH IIpOBO-
IAT 110 YCIOBHIO:

Fp . <C,,

rae Fy . - MaKCHMAalbHAas CTaTHYecKas Harpyska; C, — cratuyeckas
rpysonogsemuocts, H, [27]:

Cn = 78dodezKBi s (494)
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[Iposepounbiii pacder mnepefasn mo KOHTAKTHBIM HANPSUKEHHAM. YC-
0BHE KOHTAKTHOM MPOYHOCTH

g R
Oymax — 0!245'”?3 Fﬂf'Ez[}— _ ..;’_ .2 ;‘_] = [G]H’ (495)
L b 4 B

[ Gymax — MAKCUMANbHBIC KOHTAKTHBIC HAMPSDKCHI, MIla; [o], —
JOMyCKAEMbIE KOHTAKTHBIE HANPSKCHUA, MITa. /I BHHTOBBIX NOBEPX-
yocTeil BHHTA W TaliK¥ TBEPAOCTHIO HRC>53 1 1ApUKOB TBEPAOCTLIO
HRC=63 JIOTIyCKaeMBIE KOHTAaKTHEIE HATPSDKEHHST paBHbI
[6],,=3500...5000 MIla; ry — SHYTPEHHMIl pagmyc BUHTa; 1, — KO3(-
(UMIMEHT Harpy3KH, onpeensieMplil B 3aBUCHMOCTM OT OTHOMICHUA

rnapHbIX KpususH A/J mo TabiL. 422; A — riaBHas KPMBHM3HA B IUIOC-
KOCTH HauboJjee IUIOTHOTO KacaHus

1{1 1
===+
o 2(rm rJ
Pery/mpoBKa mepenaun. PeryMpoBKy IIAPUKOBON BHHTOBOH mepe-

Ja4d Ha HyJeBoik 3a3op (puc. 4.30) ocylecTBIISAIOT TIOBOPOTOM rack lu
2 B OJIHOM HATIPAaBJICHMM HA OXUHAKOBOE HCIIO 3yOBEB:

25 =%z[z+l],

e B — oceBoi 3a30p, MM; P — miar pe3pdbl, MM; Z — YHCIO 3y0neB
penna raiiku 1; z+1 — uncio 3yoseB BEHIA raitku 2. Yucno 3y6ueB 2z

d
BHIOMPAIOT U3 YCNOBUSA Z = —, THE d — nenuTenpHbII AuameTp 3ybuaro-
m

ro peHma 1, MM, TIpUHUMAEMBIH U3 KOHCTPYKTHBHBIX COOOpAXeHHH H
Gomnplile AMAaMETpa BHHTA, m — MOIYIb 3ybpeB BeHNa, MM. PeKoMeH]Iy-
jor mpurnmars m=0,6...1,0 MM.

HyneBoe MojIoXeHHe rack (UKCUPYIOT HaHECEHUEM PUCOK Ha obo-
UX TOpIAX KopIyca M rack.

Jina cosmaHMs 3aJaHHOTO OCEBOTO Hatsira 8, MKM, obe raiiku mo-
BOpAYMBAIOT B OAHY CTOPOHY Ha OIMHAKOBOE YHUCIIO 3yOhen:

—3.8,
e = 10_3-5'z(z+1).
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Tabnuua 422

3navenns koappuunenta HArPY3KH 1,

An‘“ﬂ Mg Alﬂ My A!ﬂ Mg
1,0000 1,0000 0,2738 0,9172 0,04237 0,6740
0,9623 0,9899 0.2620 0,9121 0,04032 0,6678
0,9240 0,9997 0,2501 0,9067 0,03823 06612
0,8852 0,9992 0,2380 0,9008 0,03613 0,6542
0,8459 0,9985 0,2257 0,8944 0,03400 0,6467
0,8059 0,9974 0,2132 0,8873 0,03183 0,6387
0,7652 0,9960 0,2004 0.8766 0,02962 0.6300
0,7238 0,9942 0,1873 0,8710 0,02737 0,6206
0,6816 0,9919 0,1739 0,8614 0,02508 0,6104
0,6384 0,9890 0,1603 0,8507 0,02273 0,5990
0,5942 0,9853 0,1462 0,8386 0,02033 0,5864
0,5489 0,9805 0,1317 0,8246 0,01787 0,5721
0,5022 0,9746 0,1166 0,8082 0,01533 0,5555
0,4540 0,9669 0,1010 0,7887 0,01269 0,5358
0,4040 0,9571 0,09287 0,7774 0,009934 05112
0,3518 0,9440 0,08456 0,7647 0,007018 0,4783
0,3410 0,9409 0,07600 0,7504 0,003850 0,4267
0,3301 0,9376 0,06715 0,7338
0,3191 0,9340 0,05797 0,7144
0,3080 0,9302 0,04838 0,6909
0,2967 0,9262 0.04639 0,6856
0,2853 0,9219 0,04439 0,6799

4.5. Mepenaya BuHT-raiika ckonbxeHus

IMepenavya BuHT-raiika CKONBXEHUSA CIYXHT IS npeobpasoBaHus
BPAIIATEJIbHOIO IBHXEHUSA B TOCTynare/ibHoe, a MHOTAA M /UTA TIpeod-
Pa30BaHMUA MOCTYNATENBHOTO ABIDKEHUS BO BpalllaresbHoe.

Ilepenaya cocrour m3 BupTa 1, raiikn 2 u xopmyca 3. Tatiky 2 3a-
TTPECCOBRIBAIOT B Kopmnyc 3 (puc. 4.33) NPH MOCTOSIHHOM HAIpaBJIeHHH
IEHCTBUSI OCEBOM CHIIBI M OT OCEBOro CMEUIEHUA OTPAHMYHMBAIOT TailKoil
4 (puc. 4.34) npu nepemenHoOM HAMPABIEHUH NEHCTBHS OCEBOMH CHJTEL

Iepenaya o6Gnamaer mpocroroii KOHCTPYKUMH M HM3TOTOBJIEHNS,
KOMNaKTHOCTBIO NPH BHICOKOIL HarpysouHoit CIIOCOGHOCTH, BBICOKOI
HaJIEXHOCTHIO, IIABHOCTLIO ¥ BeCIyMHOCTBIO, BO3MOXHOCTBIO obecrie-
UCHHMSA ME/UIEHHBIX INEPEMELICHUN ¢ GoNbUIoi TOYHOCTEIO, JaeT Goib-
L0 BBEIMTPHIIL B CHIE,
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Puc. 4.33 Puc. 4.34

K HemocTaTKaM mepemadyM CIEOyeT OTHECTH: MOBBIIEHHBIA W3HOC

pe3s0Bl  BeaencTBHE OGONBINOrO TPEHUS, HU3KKH KO3 PULIMEHT moes-
i HaJInyue JQToB.

Horohgiﬁ:;:;; BHHTA M ragllm. Marepuansl BUHTa ¥ TAKY JO/KHBI
NpefcTaBIiaTh AHTHPPUKIHOHHYIO Tapy, T.e. HOKHEBI GBITh P{BHOCO:
CTOMKMMY M HMMETh HEBBICOKHI K03(hUIIMEeHT TpeHHusl. BUHTEHI H3ro
TOBJIAIOT U3 craneif mapok Crans 5, 45, 50, 40X, 40XT" u npyrux. Iajiku
BBITOJIHAIOT M3 ONOBSHHBIX 6poH3 Mapok BpOl0®1, bp OC4-4-4, au-
THOPUKIIMOHHEIX YyryHOB Mapok AYB-1, AYC-3 u apyrux. "

KunemaTndeckuii u CcHIOBOH pacuers! mepenaun. KunemaTuuecku
pacyer Mepefadyd BUHT-TalKa CKOJbXEHUS NPOBOIAT AHAIOTHYHO pac-
YeTy IIAPMKOBOI BUHTOBOH Iiepeflayd C 3aMeHOH AuaMeTpa OKp}DKHO:
CTU d,, Ha KOTOPOM pAacIIOJIaraloTCsi LIEHTPHI IIADUKOB, Ha CpPEeIHUIL
AuameTp dp pe3bObl, MPUBEIEHHOIO YIJIa py TPEHHMS KaYeHWS Ha TpuUBe-
HOEHHBIH Yyroil p’ TPeHMA CKONBXEHMs, PaBHBII:

J

p' = arcig E >
2

rae f — xoaddHuIMeHT TPeHUs CKOMbXeHus paBubiit 0,1...0,2; a — yron
— {=] Y

npodunsa pessdsl. s TpameneunanbHol pe3nbel o=30°, g KBajgpar
HoMt a=0°.

CraHgapTHEIC BUHTOBBIE IIEpefladil CKOIBXEHUS CAMOTOPMO3SLIUE,
TaK KaKk y <p'.

[IpeobpazoBanie MOCTYNATEILHOTO [ABIDKEHHUS BO BpalllaTelTbHOE
BO3MOXHO [pH y = 2p’.

KoadduueHt monesHoro AeHcTBUA Nepeaady BHHT-TAllKa CKOJb-
XeHud paseH n = 0,25...0,70. i craHzapTHLIX Iepepay n<0,5.

CuIOBEIE COOTHOLUEHUS B I1ape BMHT-TaliKa CKOJNBXEHUA OIpeje-
nstoT o opmyaam (4.85), (4.86), (4.88) u (4.89) ¢ 3ameHoilt guameTpa
dy OKPYXXHOCTH, IO KOTOPOH IPOMCXOAUT KOHTAKT LIADHKOB C BHHTOM
BKI.HBH Ha cpelHuii AuaMeTp d, pe3b0bl BUHTA B Mape CKONMEXEHH.
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Ilpoexrnslii pacuer Bunrta. OcHOBHBIM KputepueM paboTocrocob-
HOCTH NEpenavYy BUHT-TaiKa CKONLXKEHUS SBIITeTCs M3HOCOCTOMKOCTE:

£
Ty <[q], (4.96)

Ql:p =

TIE gep — CPEAHEE NABJICHHE MEXIy paGOYMHMM TOBEPXHOCTAMH pe360BI
BMHTA M railku, MIla; & — pa6ouas peicora npoduIst pe3sdbl, MM; 7 —
YHCJIO BUTKOB pe3k0HI B raitke:

H
z==,

7
P — mar pessbsi, MM; H — BhicoTa raiiku, mm: H =y .d,, y — xoad-
GbUUMEHT BBICOTHI TaliKM, PaBHbI LN I
IMoxcrasnsiem 3navenus z u H hopmyiy (4.96):

F, 1 F F
dep Pseme—mi— Lo KL.a <y
ndyh 'Yf)z B9 dy PY dzz []

OTKyna MOXHO HAWUTH cpemHMit AuaMeTp pe3n0EI BHHTA!

d, 2K pJ;[F;—], (4.97)

[ 1
rie Kp = W — KO3(UIMEHT, 3aBUCSUMI OT THIA pe3nbshl. - s
P

TpaneUenJANbHON ¥ KBafpaTHON pe3n’ K,=0,8; nns ynopuoit pesnGsr
K,=0,65; [q] — JOHycKacmoe JAaBiieHHe MeX1y pabouMMu MOBEpXHO-

CTAMM pe3bObl BMHTa M raiiku, MITa. [q]=5...6 MIIa — BuHT cTanbHOIA,
raifka 4yryHHas; [q] =9...11 MTITa — BUHT cTaNbHOH, raiika bpoH30Basd.

M1 BRIMOMHEHUS 3aMaHHOTO (Tpebyemoro) nepematoyHoOro OTHO-
UICHUS 4 HAXOAAT war P pe3sbrr o popmynam (4.64) u (4.65). 3arem
1O CTaHAapTaM Ha pe3bObl 110 HalflleHHOMY 3HaYeHHIO 1rara P BEIGUpa-
IOT CpeHUH IMaMeTp d, pe3bOBl BUHTA, PABHBLA WIIM GOMBIIMIE pacuer-
HOTO, Toy4eHHOTro 1o dopmyre (4.97), u manee HADYXHLIH d] U BHYT-
PeHHMH d3 TMaMeTpEI.

Ilposepounnie pacyerst BunTa Ha NIPOYHOCTDB, YCTOHYHBOCTh W KPHTH-
HECKYI0 4acToTy Bpamienus. IIpu BpallleHMM BHHT CXMMaeTcs U CKpYy4H-
BaeTcsl. BO3HHKAIOT HOPMAJIBHEIE M KacaTelbHEIE HanpsokeHus. [Toaro-
My, AUl TPOBEPKH BMHTA HA MPOYHOCTh HEOOXONMMO BOCIIONB30BATECH
THTIOTE3aMH [TPOYHOCTH. 3amHIIeM YCIOBHE IPOYHOCTH BUHTA, UCIIONE-
3ysl SHEPTeTHYECKYIO [HITOTE3Y IPOYHOCTH:
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Oaxs = VOo +31% < [0, (4.98)

[Jle Caxp — IKBHBAIEHTHOE HANpsDKEHHE B ONACHOM TOYKE BHHTA; o, —
cKUMalollee HOPMaILHOE HaTpSXKEHHE, JeHCTBYIONIee Ha BUHT:
ol
T — KacareJbHOe HaNpsDKEHHE, AeiCTBYIOLIEE Ha BUHT!
L |

=,
W, 024

Ty — KpYTAIIMIT MOMEHT B MOTEPEYHOM cedeHMM BuHTa, HwmMm; W, —

MONSIPHBIA MOMEHT COIPOTUBIIEHHSI CEYEHHS KPYUEHMIO, MMS; [U]p e

JOMYyCKaeMO€ HOPMalbHOE HAIIPAXEHHE MaTcpHaia BHHTA IIPH pacTd-

JKEHHH.
Hponepxy BHHTa Ha YCTOﬁ‘-IHBOCTB U KPpHTHYECKYIO 4acTOTY Bpa-

LIeHUA TPOBOMAT 10 hopMmynam (4.69) u (4.71).
Pacuer reoMeTpHyecKHX napamerpos raiikm. BrpicoTy railku Haxonmsar
o opmyie:
H=y-d,
¥ TIO/y4eHHOe 3HaveHue okpyrusior mo TOCT 6636-69.
" YKcno BUTKOB Pe3bOBI Taiiku:

2=
7
Hx npoBepsaioT Ha U3rub:
K, F
o= <Lk

rie K, — xoaddunueHT, 3aBUCALIMIA OT TUIIa pessbbl. [l Tparelen-

nanbHol pe3sbsr K, =1,3; ymoproit K, =1,5; ksanparuoit K,=1,9; [s],

— JIOIycKaeMoe HalpshKeHWe Marephaia raiikd nmpu uarube. ma uay-

IyHHBIX raex [o] =25 MIIa; s 6pOH3OBBIX raek [0],=40 MITa.
HapyxHgiit nuamerp D raifkd NIpUHUMAIOT KOHCTPYKTUBHO!

Ut wyryHHou raiiku: D=1,5d,;

s 6poH3oBoit raitku: D=1,34d.
Teno raiiku MpoBEPAIOT HA pacTsHKEHUE:

o _*_“"_1’3 = [G]P ]

= F,
P =
%(Dl w'di"‘.)
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1 SRS R

e [G]p — JOnyCKaeMoe HampsuKeHMe MarepHana raifku fnpy pacTsike-

HuM. JUISt YyTYHHBIX raex [o]p =20 MITa; ana 6poH30BBIX raek [0'] =40
MITa. ’
Huametp 6ypra raitku: D;=1,3D.
Bricora Gypra raitkm: a=(0,2...0,3) D.
Bypt raitxu nposepsioT Ha U3ru6:

L3 SEI(Dl 5 ‘D)
Su=—0 = sl
U Ha CMSITHE: '
4F,
UCM

=w5{0]cu’

i ( [cr]CM =60 MIla — gomyckaemoe HanpsxeHue Marepuaia Ha CMSITHE.

4.6. IudbpepeHumnanshas u uxTerpansHas nepenayvu BUHT-raika

Huddepennmanshas nepenaya BUHT-Taiika COCTOMT U3 BUHTa |
MMEIOIIETO /1Ba y4acTKa ¢ pe3nboit pasHbIx waros (P u P;) oxHoro Ha:
NpaejieHus (IPaBOTO HIIM JIEBOTO), raiku 2 ¥ CTOMKY 3 (puc. 4.35).

INpu Bpamenuu BunTa 1 raiika 2 COBEPUIAET [BA MOCTYIATEIBHBIX
ABIKCHUS: TMEPEHOCHOE NBHXEHHE BMECTE C BUHTOM | OTHOCHTENHHO
CTOMKM 3 U JIBIKEHUE OTHOCHTE/IBHO BMHTA 1.

%
< A\

. \ AR e
T\ ; B N == )
| N us 9,0,

=

Puc. 4.35

ITonHoe mocryraTenbHoOe nepemenieHue S, rafiku 2 OTHOCHTENBHO
CTOMKH 3, MM:

Py (Pl' =P z)K
2n ;
TA€ @ — YroJl noBopoTa BHHTA, Py U P) — Iaru COOTBETCTBEHHO nep-

BOTO M BTOPOrO y4acTKOB pe3sbbl BunTta. Ilpu P; > P, raiika nepemema-
CTCA B TOM XK€ HANIPABICHWH, YTO U BHHT, Mpu Pj=P; — raiika Henoa-

Szz

186

pipkHa, ip Py <P; — raiika ABUXETCS B MPOTHBOITONIOXKHOM HArpas-
jleHMHU TIEPEMEILIEHNIO BHHTA.
CKopoCTh raiku, M/c:

e W, (P, - P;)K
2r . 10°
[lepelaTo¥HOE OTHOLLUEHHE, Ml
u = _}E!. = ,_ﬂ (4 99)
g (Pi”Pz)K- ‘

[Ipu npeoGpa3oBaHUM MOCTYIATEILHOTO JABMXKEHMs raiiku Bo Bpa-
1IATeJIbHOE JABMXKEHHE BHHTA, YTOJ TOBOPOTA BUHTA PaBeH:

R h
Py ——‘—(PI —PZ)K,
VYIJIOBasl CKOPOCTh BHHTA:
TS s 2
(A - B)K
Hepeua'roqnoe OTHOILLEHHE, M:
Ung = ;‘;l! - ~—~———(P£ : lgi_lK (4.100)

JuddepeninanbHas Mepefaya BHHT-TaiiKa IMO3BOJSICT MONYYHTS:
IpH Npeo6pa3soBaHKMM BPAIIATETLHOIO JIBYOXKCHUS B MOCTYNATeIbHOE —
Maible JTMHEIHbIe NMepeMEIeHust ¥ CKOPOCTH TaiKu 1pu GONBIINX yr-
JIOBBIX IMEPEMEIIEHHSX M CKOPOCTSX BHHTA, NPH NpeobpasopaHuy mo-
CTYIATebHOrO ABIKCHMS BO BpallarejbHOe — OOJBIINE YIIIOBHIC M-
peMelIeH!A ¥ CKOPOCTH BMHTA IPY MAIBIX NEPEMEIICHHAX U CKOPOCTAX
raiku.

Ilar P, pe3s0sl BUHTA U rafiku M BCE OCTAIbHBIE MapaMeTphl Iepe-
Ja4d OMpPEeNAIOT AHAJIOTHYHO BUHTOBBIM IEpPefavaM CKOJIBXEHUA H
KayeHHs.

WuterpanbHas nepefaya BHHT-raiika yCTpoeHa aHAJIOrHYHO Q-
(bepeHUMANBHOI Tiepeaye, HO MMEET PA3TUYHBIE HANPABJICHUS Pe3bOBl
(paBoe M JieBOE) Ha Pe3bOOBLIX Y4aCTKaX BMHTA.

IIpeo6pa3oBaHue BPAILATEILHOIO ABHXEHMSA BUHTA B IOCTYNATENb~
HOE MepeMelIeHHe TaiiKu NPUBOAUT K OCEBOMY MEPEMEUICHHIO raiiku
OTHOCHUTE/IEHO CTOMKH Ha BEJIUYHHY:

2n
[Ipn 3TOM CKOPOCTH FaifKi paBHa:

Sy
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v = BB B
2n-10°
Iepenarounoe oTHOWEHHE, 1/M:
P T 10°x
0=

v, ‘(P! +P)K’

ITpu mpeobpazosanim MOCTYNaTebHOrO ABHXEHMS raiiku Bo Bpa-
IIATEeIbHO® NBMXEHHE BUHTA, yroj MOBOPOTA BUHTA PaBeH:

(4.101)

)
(P, + P)K
YI'JIOBaﬂ CKOpPOCTh BMHTA IpH 3TOM paBHa:
i e

W=—u—__2
(A +PR)K
Ilepenarounoe OTHOILIEHHE, M:

¥ (PI "‘Pz)K
g 4.102
unB W, 2'1031: ( )

Wurterpanshas nepepaya BHHT-Taifka IMO3BOJSET IIONYYMTS: nipu
npeobpasoBaHMK  BpALIATETBHOTO ABHXXKEHUSI B IMOCTYymareipHOe —
DONBUINE JIMHEiTHbIE NEPEMEILEHNA U CKOPOCTH Taiiku MpH MaJkbIX yr-
JIOBBIX TIEDEMELICHUSIX BMHTA, TIpu Npeobpa3oBaHUM MMOCTYMATEILHOIO
ABIXCHHS BO BPALIATENILHOE — MAJIble YIJIOBbIe NICPEMELLIEHH U CKOPO-
CTH BUHTA NPH GONBILUNX AMHEIHbIX MEpeMeLIEHHAX Taiiku.

4.7. Mepepayu ¢ rubkoii CBA3b0

IMepenayu ¢ rubkoit cas3bIo TIPEHAZHAYEHDBI JUIA TIEpefadyn Bpala-
" TETLHOTO ABMXXCHUS H IPeobpa3oBaHus TIOCTYNAaTeNLHOTO ABMXEHUS BO
BpaIlATe]bHOE ¥ HA0O60POT BPAILATENHHOTO NBHXEHUS B TIOCTYTIATENE-
Hoe.

K nepenauam ¢ rubkoit cessnio OTHOCAT PEMEHHYIO, LENHYIO, TPO-
COBYIO NEPEAAYH M Iepefavy CTanbHOIM JIEHTO.

B atux nepenawax nepenauy BPalaTe/IbHOTO ABIXKEHUS OT BEAyILe-
ro 3BeHa 1 K BeloMoMy 3BeHy 2 (puc. 4.42, a) Win IpeobpasoBaHue no-
CTYMateNbHOro (BPAIaTelbHOTO) ABISKEHMS Benyuero 3geHa 1 Bo spa-
ATeNbHOE (TIOCTYNATENBHOE) NBIKEHHE BEIOMOTO 3BeHa 2 (puc. 4.42,
0,B) OCYIIECTBASIOT rMGKOI CBA3BIO (peamueM, uemnbio, TPOCOM, CTaNbHON
JiIeHToIt) 3.
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Ina mepenad ¢ rUOKOI CBS3BIO BBONAT [MOHATHE MEPEHaTOMHOIO
ornoweHus. [Ipu nepemade BpawatessHOro asuxeHusa (puc. 4.42, a)
rlepeaToYHoe OTHOLUEHUE OIIPENEIAOT B BULE:

PR i Y (4.103)

w, D,
rie Wy U Wy — YIJIOBBIE CKOPOCTH BENYIIETO M BEJlOMOIO 3BEHLEB COOT-
BeTCTBEHHO, ¢!; D u D, — AuaMeTpsl BEAYILErO U BEIOMOIO 3BEHbLEB

COOTBETCTBEHHO, MM.

Puc. 4.42

ITpu mpeobpasoBaHMM MOCTYIATELHOTO msmxcﬂnfl BO BpallaTeib-
Hoe (pHc. 4.42, 6) neperaTOYHOE OTHOLUEHHE PaBHO, M:

v wD, D, (4.104)

“na—m T 2.10° - w, e

rie vy — JIMHeiHas cKOpocTh 3BeHa 1, M/c:
wyD,
vl = _3— A
2-10
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Ipu mpeobpasoBanuy BpauaTenbHOro ABWXEHUS B MOCTYIATeNh-
Hoe (puc. 4.42, B) MepeaaTovHOE OTHOLIEHME HaxomaT rno dopmyie, m-1:
, ML
e M Bol 0 710 (4.105
¥ D, v, D, ’ G
TAe W) — YIJIOBas CKOPOCTH 3BeHa 1, c-I:
2-10° - v,
D, .
Pacemorpum _TPOEKTHPOBAHME TMMepefayd ¢ TIUGKOH CBA3BIO Ha
NpUMepe TPOCOBOM Mepesavn.
Tpocosas nepesawa. B tpocosoit Nepefaye nepenayy BpaulaTesbHO-
TO ABIDKCHHA MEXNY 3BEHbAMM (BeaymiuM 1 u BegoMeiM 2 LIKUBAMHU), a
TaKXxe Mpeobpas’oBaHue MOCTYIATENLHOIO ABIDKEHHUsI BO BpallaTenbHOe
:3rfg1060p01' OCYILECTBIISTIOT NPH MOMOIIH Tpoca 3 (puc. 4.42). Tpocw
TOBJIAIOT IUICTCHHEM U3 OLIMHKOBAHHON CTAN
BHOW TIPOBOJ -
pox 50, 60, 65. 4 S

M3 ycnosust orpanmuenus HaNpsXeHHss u3rmba B Tpoce MUHU-

W, =

MAQTbHBIM THAMETP WIKMBA, M3MEPEHHbIH 10 AHY KaHaBKH IUI Tpoca,

HAaXOIAT 10 YCIOBHIO:

D =(B - Bd;, (4.106)
e d, — muaMerp Tpoca, MM, BBIOMpatoT U3 Tabn. 4.23 u cooTBeTCT-
BYIOIUMX cTaHnapTos; B — xoaduument, 3aBUCAILNA OT pexuma pabo-
TBl NEpEejavu: TIPH CNOKOMHON| Harpyske p=16...17; mpu ymepeHoi

AMHAMUYECKOH Harpyske P=18...19; npu pesxo mu
Ke p=20...21. pH p AUHAMUYECKOH Harpys-

HuameTp MeHsllero mkupa CJIeflyeT HasHa
4YaTh MUHUMATBHO [O-
MyCTUMBIM, T.e. D> D, . . &

Ilepementenns semyiux 3pe ‘
HBCB JUISL TPEX PACCMOTPEHHEIX CJI
COOTBETCTBEHHO DAaBHBEI; o e

Py =@y -Upg;
Sp= s
2 )

=25

1 _Dl vy

Paccmotpum ciywait mepemaun BPall[ATEIBHOTO JIBUXEHUA (pHc.
4.42, a). Yron 06XBaTa TPOCOM Maoro LIKMBA, TPAL;
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et B (4.107)
d

rme a4 — MEeXOceBOe paccrosiHue, MM. Ero pekoMeHOyIOT TIpMHHMAThH
paBHBIM:

a= (0,5---2,0][;[)1 - Dz). (4.108)
HdnuHa Tpoca:
2
b (Dz ) - DI)
{=2q +-2—(D2 +Dl]+——-—4a R (4.109)
Harskenue Beayleit Betsu Tpoca, H:
25 (¢ )
F = _.3-[ J : 4.110
'7.D, \e® -1 e
Harspkende BenoMoit BeTBu Tpoca, H:
2T 1
F = —2[ ) ; 4.111
2 Dz eﬁ‘ i ( )
IpenBapuTeibHOE HATSKeHUE BeTBeit Tpoca, H:
KT, (e +1
By =2 ( J s 4.112
P ke 1 e

rie T, — KpyTauui MOMEHT Ha BefoMoM likuse, H-Mm; e=2,72 — oc-
HOBaHHe HaTypaipHOro Jorapudma; /=0,1...0,2 — xoadduumeHT Tpe-
HUSL CKONBXEHMS MeXny TpocoM u mkuBoMm; k=1,05...1,2 — koaddu-
L[HEHT 3ariaca IPenBapHUTEIbHOrO HATSDKeHUA [j, rapaHTUPYIOIIEero pa-
Ooty mepenaun 6e3 IPOCKaNb3LIBaHUA ¥ MEPTBOIO XO/a, BOSHHKAIOUIETro
13-3a HEIUTOTHOTO MpWIeraHus TpPoca K IIKHABaM.

B mporecce paboThl TPOCOBOM Iepefadd OTHEIBHBIE ITPOBOJIOKH
TpOca MOABEPTalOTCA PacTsSKEHHIO, M3ruby, kpydeHuio, cmsituio. [Ipu
3TOM BO3HMKAIOT HOPMATBHEIE M KacaTeIbHbIe HanpsKeHua. Kpome To-
TO Ha BENUYMHY HaATpPKeHWN OKa3bBalOT BIMAHHE KOHCTPYKIMS H
IuaMeTp Tpoca, pasMephl ¥ KOHCTPYKIHA NIKMBOB, HATSDKEHUE Tpoca.

BBULy CJIOXHOCTH HAXOXIEHUS SKBHUBAJIEHTHOTO HAalpsKEHUS,
pacyeT TPOCOBHIX Mepeiad MPOBOAAT IO MaKCUMAILHOMY HATSXKEHHIO
Benylie BeTBH Tpoca. :
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Tabnuua 4.23

Pasmepsl 1 napamerpsi Tpocos no F'OCT 3062-80

[uameTtp Mnowans Hopmuporoywas rpynna, Mia

Tpoca ceveHuncex | 1372 | 1568 | 1764 | 1960 | 2156 | 2352
dy, MM | npoBonok A, M2 PaspuisHoe ycunue Tpoca Fuagp, H

0,65 0,27 - - - 480 529 568
0,75 0,32 - - - 568 627 676
0,80 0,38 - E - 676 744 803
0,85 0,44 - - - 784 852 921
0,90 0,50 - - - 901 970 1055
1,00 0,65 - B - 1155 1250 -
1,10 0,72 - B - 1270 1390 -
1,20 0,91 - E - 1615 1760 -
1,40 1,15 - - - 2035 2220 -
1,60 1,45 - E - 2495 - -
1.80 2,03 - B - 3575 - -
2,00 2,38 - 3410 3802 4190 - -
2,20 2,75 3469 3959 4400 4850 - -
2,40 3,58 4508 5156 5723 6311 - -
2,80 4,53 5713 6468 7252 7987 - -
3,00 5,58 7036 8036 8928 9800 - -
3,40 6,74 8497 9712 | 10780 | 11858 - -
3,70 8,11 10192 | 11662 | 12936 | 14259 - -
4,00 9,50 11956 | 13671 | 15190 | 16758 - -
4,30 11,00 13867 | 15827 | 17591 | 19404 - -
4,60 12,61 16867 | 18179 | 20188 | 22197 - -
4,90 14,33 18081 | 20629 | 22932 | 25235 - -
5,20 16,16 20384 | 23275 | 25872 | 28469 B -
5,50 18,10 22834 | 26068 | 28959 | 31899 - -
6,10 23,31 28126 | 32144 | 35721 | 39347 - -
6,70 26,96 34008 | 38857 | 43169 | 47530 - -
7,30 32,05 40425 | 46207 | 51303 | 56497 - -
8,00 38,01 47971 | 54782 | 60858 | 67032 - -
8,60 44,01 55517 | 63455 | 70462 | 77616 - -
9,20 50,45 63651 | 72765 | 80801 | 88984 - -
9,80 57,33 72324 | B2663 | 91777 - B -
10,50 64,65 81585 | 93247 | 102410 - - -
11,50 80,61 101430 | 116130 | 127890 - - -
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Venopus NMPOYHOCTH MPH:
riepefade BPAIIATEIBHOTO MBIKCHHS:

—ﬁ( et ]< Fl= L= (4.113)
= D, \e® -1 ={F [] °
[peo6pPa30BAHMH TOCTYTIATENBHOIO ABWKEHUS BO BPALLATEIBHOC:
2T F paap
F. =—2<[Fl=5", (4.114)
e (7] (7]
U rpeoGpa3OBaHKUK BPAIATEILHOTO ABIKEHNS B IOCTYIATENLHOE:
F a3
FT=‘F1+FHP+FTP s[F]= [I;]P’ (4.].}5)

rae [F ] — nomyckaemoe HaTsDkeHue Tpoca, Hj Fyasp — Pa3pHIBHOE YCH-
nme Tpoca, H, onpexensemoe 1o Tadi. 4.23 ¥ COOTBETCTBYIOILMM CTaH-
maptaM; [#]=2...4 — X02pdULMEHT 3anaca NPOYHOCTH TPoCca Ha PasphiB;
F, — cwia CONPOTHBJIEHWs Ha BEIOMOM 3BEHE, H; F,p — ycunue mpy-
xunsl, H; Fp — cuna TpeHus, MEXAy nepeMelaiomieiics Maccoit

onopoii, H,
Hawnyumie ycnoBust paGOTH Tpoca OGECHEeuuBAeT IOJIYKpYrias

hopMa KaHaBK¥ IKWBa. [Tpi 3TOM JO/DKHO COOMIONATECS YCIOBUE:
Ry =(0,53--0,56)d,

rne Ry — paguyc KaHaBKM IIKMBA, MM.

C yBenMYeHHEM OTHOIIEHHS ﬁ_ﬁ JIOJITOBEYHOCTh TPOCA CHUKAETCS.
T
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maea 5
NOOATIIUBOCTb MEXATPOHHbIX MOAOYNEN

5.1. [NlogaTnuBOCTL 3NeMeHTOR npeobpazoBarenei ABUKEHHUA

Ilepenava ABIKEHUS OT ABUTATENS K BBIXOJHOMY 3BEHY MEXATPOHHO-
FO MONYJIs OCYLIECTBISIETCS MOCPEJICTBOM NpeobpasoBarelieil ABUXKEHNS,
KOTOPBIE COCTOSIT U3 OTACBHBIX SICMEHTOB: BAJIOB, 3yGHaThIX KOJieC, BHH-
TOB U T.A. OHU He ABIMIOTCS aGCOMOTHO KECTKUMM M TIOJ [eliCTBieM Ha-
Ipy3oK JehopMupyIoTCs. BereicTBre 3T0r0 3aKoHbI IBUKEHIMS BEIXOIHBIX
3BEHBEB OTIIMYAIOTCA OT MPOrpaMMHBIX, 3aMaBaeMBIX ABMTATENIMU. Ilo-
AQTIMBOCTH 3JIEMEHTOB MpPeo0pasoBacTeit MBIKSHUST UMEIOT pasIndHbIe
3HAYEHUS.
ITonaTIMBOCTL CTEPXHS NPU PacTIXeHHH (cxatuwm), mm/H:
e=2L_ L 1)
F - FA
rae Al — medopMauus cTepxHA, MM, F — BHELTHSS OCeRas cuna, H;
£ — jmHa crepXns, MM; E — mopyns ynpyrocru NIEPBOroO poja MaTte-
puana crepxss, MIla. [lng cransHoro crepxus £=(2,0...2,2)-105 MITa;
A — IIowanp MONEPETHOro CeYSHUs CTePXKHS, MM2.
[TopatiuBocTs Bana, paboraiomero Ha KpydeHue, pam/H-mm:

=—, (5.2)

TZA€ ¢ — YroJl IOBOPOTa OJHOIO NONEPEYHOr0 CeYeHHS BANA OTHOCH-
TEIIHO pyroro, pal, OTCTOANIMX APYT OT APYra HA PACCTOSIHIE £, MM;
T — xpyrsaumit Momenr, H-mMm; G — MOIYJIb YIIPYTOCTH BTOPOrO poja
marepuana sama, MIla. [lng cramu G=8,1-104 MIla; Jp — TOAAPHBIH
MOMCHT HHCPLMM IONEPEUHOro cevyeHns Bama, MM4. s crutourtoro
Baja:

N nd*
5 T
rae d — DuaMmeTp Basia, MM.
[TomaTuBOCTh MITOHOMHBIX M IITHIIEBEIX coemuHeHuit, pan/H-mm:
K
= 2 = 2 - L] (5'3)
T 4%y
rae d — auaMerp Baja, MM; ¢ — JUTMHA IITOHKH (nutina), mm; A — BHI-
COoTa IMOHKH (IUIMIA), MM; Z — YHC/IO HITTOHOK (umumes); K, — xo-
3¢ PUIUEHT, YIUTHIBAIOIIMIA THI COSAMHEHUS W THUIT moHky, Mm3/H:

e
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6,5-10-3 — Ui mpU3MaTHYECKHX LITIOHOK;
K, =4 14:103 — wisa CerMEHTHBIX LIMOHOK;
4.10-3 — nst UDTHLEBBIX COETMHEHMIA.
MomatnwBocTk 3ybuaToi nepemaud, CBsi3aHHas ¢ Jjedopmauucii

3y6neB, pan/H-mum:

1
e= 2 = 2 L] (5 '4)
v K My - b
e ry — PAmMyC Ha4yalbHOW OKpPYXKHOCTH Belyuiero xomeca, mMm; b —
[WIMpMHA BeHLa 3y6uatoro koneca, MM; Ky — koadduumenr, yanm;
paloWMil Marepuan 3yGuartsix konec. JUist cTanbHbix konec Ky=145-10

MITa. _
IMomatnuBocTh pesnbosoro coenunenns, Mm/H:

a2t A0 (5.5)
Fo. i
e Af — nedopmaius BUTKA pe3sbbl, MM; F — BHEIUIHssS ocesas cmzla,
nefcTByOIad Ha BUTOK pe3sbrl, H; A — muiomans BUTKa pe3sdbl, MM

A= %(dz -d3),

= Haﬁyﬁmmﬁ JAuaMeTp pe3bOBl, MM; d3 — BHYTDEHHUH NUaMETp pe3b-
651, MM; K — KOa(bpHUHEHT, YINTHIBAIOUIMA MaTepUa pe3nboBoro co-
3
equnennst. Tt cramn K;=(0,5...1,0)- 10-3 mm3/H. _
[MonaTiuBOCTh COCAMHEHMS BUHT-Tajika KaueHus, mm/H:

1
M= (56)
e e
B 2 6'd0,39 % ;!1—‘0,55 K 0.67 3 0,33 K R

rae d, — AMamerp OKPYXHOCTH, HA KOTOPOI pPacmoJIOXCHBI HEHTPEI
LIapHKOB, MM; dy, — nmamerp iapuka, mM; Kg — uncio palgoqux BHT-
xos; Fp — ocepas cuia, HefiCTByiolas Ha pabouyio raiKky, (cu. pas-
nen 9.4); Kg — xoadduimenT, sapucAini oT Kiacca TOYHOCTH Tepe-

naum (cMm. paszpen 9.4).

5.2. MopaTtnueocTb Npeobpasosarenei ABUKEHUA
B npeobGpa3oBaTessixX ABHXKEHHUS YIIPYTHe SIEMEHTHL MOTYT OBITh CO-

€MHEHBI TTAPpaJUICJIBHO M MOCJIeI0BaATEbHO. B stom ClIy4ac OIpeaendaloT
TIPUBENEHHYIO MOOATIUBOCTS.
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a) 6) 8)

Puc. 5.1
Ilpy napautensHOM coexMHeHUH YOPYIMX 3JIEMEHTOB MNpUBENEH-
HYIO TIONATIIMBOCTD €y ONPENETSIOT U3 YCAOBUS PaBEHCTBA MOTEHIHANb-
HOM SHEPIMM JI0 | IIOCHe TIPHBEACHWs, IPUYEM YIUTHIBAIOT, YTO B 3TOM
ciaydae JgeopMallMM Bcex 3JeMeHTOR KMHEMaTHYECKON LM paBHbI
Mexy coboii (puc. 5.1, a, 6). C yyetom storo YCIIOBHSI ITONYYUM: -

J;:l_l“x2

28]‘[ 2 i=1 ei
Te x — pedopmauys, obuas mIs Bcex SNIEMEHTOB; €; — MONATIMBOCTD
i~TO YIIpYyroro SJIEMEHTA; N — YUCJIO 3JeMeHTOB. Otciona mis napan-
JIEJIBHOTO COEAMHEHHS YIPYIHX BJIEMEHTOB MMeeM 3HAYeHWE MPUBEIEH-
HOH NOAATIWBOCTH:

(5.7)

i=1 &
O6partHas BeJMYMHA TMOATIHBOCTH npexcraBnser coboil kect-
KOCTb:

"
== (5.8)

ITocne mpuBenenus nomatMBOCTEil TIONIyYaeM ONHOMACCOBYIO M-
HaMHYECKyl0 MoZenb (puc. 5.1, 6), B KOTOpO#l Ha 3BEHO NpUBEACHUS
MAcCo¥f 7 JeHCTBYET YIPYTHii 3MEMEHT ¢ MORATIMBOCTEIO en.

Ipu nocrnenosatensioM coemuueHu YIPYTHX 3JIeMEHTOB (pHC.
5.1, B) ux obmras gepopmanns pasHa:

X= Z“:xi ; (5.9
i=1

e x; — nedopMalMs i-ro Ypyroro ajjeMeHTa.

U3 ycnoBust paseHcTsa cuiisr nedopManuy, mepenaBaeMoil oT of-
HOrO 3JIEMEHTa K JIDYTOMY, MOXKHO 3allUCaTh:
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Orkyza Y xi=F)e

C y4eTOoM 3THX YCJIOBHI paBeHCTBO (5.9) MPUMET BUA:

n
F.en=FZei. (5'11)

i1
B peaynsrarte MONYYWM 3HAYEHHE NMPUBEJCHHON MOJATIMBOCTH!

n
en =6 (5.12)
i=1
CrnenoBare/lbHO, IPH IIOCHAESAOBATEILHOM COENMHEHMH YIPYTHX
3NEMEHTOB, IIEPENaloNIMX ONHY M TY Xe cuwiy fedopmauuu F, npuse-
IeHHasd TIONATIMBOCTH PaBHa CyMMeE IIOJATIMBOCTEH OTHENBHBIX 3J€-
Memﬁg.pesym"ra're MOJYYUM OJHOMACCOBYIO IHHAMUYECKYIO MOJIENb
(puc. 5.1, 6), aHATOTUYHYIO MOJENH, IOIYYEHHOM B clyyae mapajuieib-
eHUSs 9JIEeMEHTOB.
Homocr?;i:;mﬁm Ynnl;;rseﬁieﬂnoﬁ nogatnupocT 1o opmyne (5.12)
OKasbiBaeTcs HENPABOMEPHBEIM, ECIH IIOCIEN0BATENBHO COEAMHEHHBIE
YIIpyrue 3JEMEHTHl CYUUTAIOT o6JafarlMMH Maccoi, Tak Kak B :a'rc:;:
cllyyae CHJIBI, NEpefaBacMble OT OAHOTO 3JIEMEHTa K JPYIOMY, 3aBHC
OT CHJI HHEDPLMM, KOTOpble MOTYT OBITh PasiMYHBL VIS PAsTHYHBIX 3JI€-
Mpmgnﬁpcoﬁpasoaafcmx IBUXKEHMA MEXaTPOHHBIX MOIyel mocieno-
BATEJBHOE COENMHEHHE YIPYIHMX 3JEMEHTOB BCTpedaeTcs IIpH pac-
CMOTpeHWH 3y6uUaThiX npeobpasoBateNieil ABHXEHHSA C YIPYTHMHU Balj_:g:
MU ¥ YIPYTHMH 3y64aThiMU KojecaMu (puc. 5.2, a), JUISL KOTOPBIX :
naTnuBocTH Haxomst Io dopmyaam (5.2) u (5.4) cCOOTBETCTBEHHO.
osToM ciyuae dopmyny (5.12) HEmoOcpeACTBEHHO IPUMEHATH HCJII:3;[','
TaK KaK Bpallaionuii MOMEHT IpH IEPEXONe OT OAHOro Bajia K mg;;{ 4
MY COXpaHMeT CBOIO BeJIMYMHY TOJBKO MPH IepeJaToYHOM omm; X
paBHOM enuHuie. B obmeMm Xe ciaydae BpalalomIMe MOMEHTHl 1 U [j
IUISL TIaphl 3yO4aThiX Kojiec i ¥ j CBA3aHBI C NMEpeJaTOIHBIM OTHOLICHH-
€M 3TOM Maphl COOTHOLUCHHEM:
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Uy = J— (5.13)
I
Sd] 2
pece, gz | om [owe
o D e ™ I N
JaTa €} 2 ﬂ.\eu E
\M 2 JRITﬂ J"tTc
77711
o 82
a) 6)
Puc. 5.2
AHaJIOTHYHO IS MasTbIX YIJIOB [TOBOpOTa A@; U Ag j konec i u j
TICPENATOYHOE OTHOLUEHUE HMEET BHIL:
Ag;
Uy = —L
i i (5.14)

Ecnu npuBoauTs MOZATIMBOCTH K IIOCIEIHEMY N yIpyromy sie-
MEHTY, TO yc/IoBHe (5.14) 11 paccmatpupaemoro CIy4asi IPUMET B

- 380,
i=1 Uin
roe A¢; — yroa 3aKpy4uBaHMS i-To YIPYTOrO 3]IEMEHTa; uj,- Iepefa-
TOYHOE OTHOUIEHHE MEXAY 3BEHBIMU i U 7.
HAns i-ro Bama (puc. 5.2, a) YIOJX 3aKpy4MBaHHUA A@; CBsI3aH ¢ Bpa-
IHAlOMNM MOMEHTOM T}, NEHCTBYIOLIMM HA HETO, COOTHOLIEHHEM:
A(pi = TI. . ei' (5.].6)
C yuerom dopmyssr (5.13) nmeem:

Apy

> (5.15)

3 . = 51_
= T (5.17)
IToAcTaBasst 9TH cooTHOLIEHUS B dopmyny (5.15), momyumm:
1Y e 17T .o
A(P - 1 1 = n l.
i g——um E uf (5.18)

Kpome Toro, mo yciaosuio TIPUBEJCHUS IOJATIIMBOCTEH K 3BEHY 7
HMeeM: ,

A9y =T, ey - (5.19)

IlpupaBHuBasi mpaBee YacTH ypaBHeHWiL (5.18) u (5.19), nonyaum

IPHBE/ICHHYIO MMOAATIHBOCTh IMOCHENOBATEIBEHO COCOMHEHHBIX YIPYIHX
BaJlOB:
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T A :

en, = iy (5.20)

AHATOTMYHO MOXHO NMONYYHTh NPUBEACHHYIO MOAATIHBOCTE MOCIE-
OBATENBHO COETMHEHHBIX 3y04YaTeIX mepenay (puc. 5.2, a):

m ej
e, = ZT’ (5.21)
j=1¥jm
rae ¢ — MOAaTIMBOCTE J-# 3yOuaToif mepemaum; m — 4YMCIO 3yGUATHIX
nepegad.
Tlonnag npuBeleHHas MONATIMBOCTE 3ybuaroro mnpeobpasoparens
IBIDKEHUS C MOCHEAOBATENEHO COSTUHEHHBIMM YIIPYTUMU BajlaMU U yIT-
pYrHMH 3y64aTEIMH KOJecaMy MMeeT BUL (puc. 5.2, 6):

n e. m e]
- 2 1
én=ey ten =3 2t . (5.22)
i=1 #in  j=14jm

Tak xak mepenaToyHoe OTHOUIEHWe OAHOU CTyneHW 3ybuaroil Iie-
pefayy paBHO ¥=2...5, TO B cpenHeM u} ~ 10.

CrepoBaTelbHO, B BhIpaxXeHUU (5.22) xaxupli npensiayuimit (i—1)
YIeH MeHBIIe KaXIoro Iocjenymoiuero i ywieHa rnpubiausurensdo B 10
pa3. Torma nmpuGIMKEHHO IMPUBEICHHYIO IMOXATIMBOCTE 3y04YaToro mpe-
obpazoBaTes ABHKEHUS MOXHO NIPUHUMATL DaBHOM:

e =e,+en,. (5.23)

TakuM 006pa3oM, NpUBEICHHAd MOJATIMBOCTh 3ybyaToro mpeobpa-
3oBaTeNsa [BWXEHMS MpPEACTaBigeT coboit cyMMapHyi0 [MOZATIMBOCTh
3JIEMEHTOB €ro IoclefHed cryneHu (rociaeqHeit sybuyaToi repefayd u
BBIXOJ{HOTO Baia).

Jlunamuyeckas Mopnesnb 3ybuatoro mpeobpasoBaTensi ABMXKEHMS
MOXeT OBITh IpejcTaBleHa B BUIE ABYX Macc C NPUBEICHHBIMH MOMEH-
TaMu uHepuuH J; ® J,, rae J; ONpEenensior ¢ y4eTOM BceX JBHXY-
1Mxcs gacTeit pBuratens, J,- ¢ yUeToM Macc BCEX 3BEHBLEB U IIpUBE-
JEHHOTO MOMEHTA WHepUMH Jy IOBIDKYIIMXCS 3BEHLEB, PACIIOJIOXEH-
HEIX 33 3BEHOM NpuBenenus (puc. 5.2, 6).

3amena 3ybuatoro mpeobpasoBaTens ABIKEHUS IBYXMACCOBOM -
HAMWYECKOH MOIENEBIO C TIPUBEAEHHO! MOJATIUBOCTRIO OIHOTO YIIPYTOro
2JIeMEHTA BO3MOXHA JIMIIb TIPU YCIOBHM, YTO MOMEHTHI MHEPUMH 3y6ua-
THIX KOJIGC MBI 10 CPaBHEHMIO C [IPUBEICHHBIMU MOMEHTaM¥ HHEPIMH
J ,i[“ J M-
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nmasa 6
NOPTOBLIBUPAKOLLIME MEXAHU3NbI

[Ipy KOHCTPYHPOBAHUM MEXATPOHHBIX MOAYAEH K HUM IMpPEXBABII-
10T NOBBILIEHHBIE TPeOOBaHUS B OTHOUIEHMU TOYHOCTH MX PaboThl, YTO
3aBUCHT OT HPMHATBIX M BLIIOJHEHHBIX JOMYCKOB HAa pa3Mephbl COTpS-
raeMbix JeTaneif, a TakKe OT BEJHYMHLI MEPTBOroO xoxa. MepTBeId XxoJ
TIPUBOAUT K OIIMOKAM InepeMelleHHs, MO3TOMY ero CTPEMSTCS YMEHb-
IUMTH WIK YCTPAHUTh. DTOTO MOXHO MOCTHYL C MOMOLIBIO ClElMaNb-
HbIX PErYIUPOBOYHBIX YCTPOHCTB-MEXaHH3MOB BLIOODKM MEPTBOrO Xoja
(IO TOBEIOUPAIOILIMX MEXAHU3MOB).

6.1. Boibopka MepTBOro xoAa B 3y64arbix
npeobpaszoBarensx ABWKEHUA

B MexaTpOHHBIX MOAYJIAX UCHOJB3YIOT MEXaHHU3MBI BEIOOPKH GOKO-
BOIO 3a30pa MeXAy 3yOnsaiMH Kojiec 3yO4YaThIX mepefay JBYX THIIOB: aB-
TOHOMHEIE M C JHOMOJHHTENRHON KUHEMATHYECKOH LeNbio (3aMKHYTHIM
SHepreTnyeckuM norokom) [39].

B aBTOHOMHEIX MeXaHU3MAax BBEIOOPKU MEpPTBOTO XOna HUCHONB3YIOT
METOJ pa3fBOEHHS BEIOMOr0O Kojieca, Ilc B KaYeCTBe CHJIOBLIX dJEeMeH-
TOB UCITOJIB3YIOT IIPYKUHBL.

Ha puc. 6.1 mpuBeneHa KOHCTPYKTHBHAd CXeMa TaKOIO Mexa-
Hu3Ma. OcHOBHas MONOBHHA | pasgBoeHHOro 3y6yaToro Kojeca 3a-
KpeIUieHa Ha Bajuy, a BTOpasl IMOJIOBHHA 2 obpasyeT ¢ BTYJIKOH oc-
HOBHOM TMOMOBUHBI | KONeca MOABUXHOE cOoefUHEHUE U ee PuKcu-
pPYIOT OT OCEBOT0o cMelleHus maiboi 3. Ilox BIMSHHEM NPYXWUHBL
4, 3akpelUIeHHOW OJHMM KOHIIOM Ha MoJioBHHE | Kojeca, OpYyruM
— Ha MONOBHHE 2, MOMOBHMHKHM KOJEC MOBOPAYUBAIOTCA OTHOCH-
TEJNBHO APYr ApPYyra B pasHbie CTOPOHBI M BeIOMpaloT BOKOBOH 3a30p
Mexay 3yOpAMM Belyliero M Begomoro Kosec. Ilpyxuny 4 ycraHas-
JMBAOT BO BpeMd cOOPKU MexaHW3Ma C MPeABapPUTENBHBIM HAaTsI-
KeHUeM, HOCTATOYHBIM g BEIOOPKH MEPTBOrO Xojxa B NaHHOH
3ybyaToii mape M Imepemade KpYTALIEro MOMEHTa JpYroro 3Haka,
T.6. IIPK pEBEpPCE.

Hapesanne 3yObeB Ha MHOJNOBMHKaX 1 M 2 pasABOEHHOTrO Kojeca
TIPOM3BOIAT ONHOBPEMEHHO Iocie ux duxcauuy maibo 3 ¥ IByMs
UMTMHIPUYECKUMHE IUTHHTAMH 5, KOTOpBIE MOCHe Hape3aHus 3yObeB
YAQTSIOT.
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npyxuHst 4 (puc. 6.2) HakIeM U3 YCIIOBUSL:

Cuny F,
- jnp'rﬂp
F,r=_,_.—.n,

B

rne F=T/r — OKpyXHas CUia, JeicTByIONas Ha 3y0nd ONHOHU U3 non'o—.

BHHOK Kojeca, T — MOMEHT COTMpOTHBIICHHUA HA pa3[BOCHHOM xonecef

r — pamuyc AeNUTEIbHOH OKPYKHOCTH pasJIBOEHHOrO 3y64aToro KUHCC&,'

r._— paguyc OKpYXHOCTH Ha KOTOpOM YCTaHOBJICHBI MPYXHUHBL

np : B 3

p=1,25...1,5 — Koo dUIHEHT CHIBL 3araca NPYXWHBI; n — YUCIIO NPY
gl aye Sy

KHH.
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Otkyna
B-F-r T
Foaeie L Bl 6.1)
Pap . Tooll
Ho cuna npyXuHs nponopiuimonansta ee IedopMaumu A, :
Fop=C,, A
Torza xectkocTs npyxuns: 6ymer paBHa:
-T
& SRy
rnp s lnp "R
HedbopMaluio pyXuHbL HaliieM U3 COOTHOLIEHMS:
Aup _ mmz’
i
Otkyna
C ommg'-r
)“np 5 L ) (6.2)

r

Ie m — MOAYNb 3YObeB; z' — w4mcso 3y6bes, Ha KOTOpPOE [MOBOpayHBa-
I0TCA ITOJIOBUHKH KOJIeCa APYT OTHOCHTENBHO ApyTa.
Crie/10BaTeNBHO KECTKOCTE TPYXUHEL 6yner paBHa:
AR 6.3)
TN~ Fop 1
Kpome BBIGOpKH MepTBOro xoua TIDY. ITOMOIUM TPYKKH HCITOJB3YIOT
XKECTKYIO (PUKCALNIO, 3aKITIOYAIONIYIOCH B NPEABAPUTENBHOM OTHOCHTE/Ib-
HOM CMEIIIEHUH IIOJIOBMHOK DPasIBOCHHOTO 3yGYaToOro KOmeca M MX JKecT-
KOM 3aKpCIUICHHH IIPY ITOMOIIM BUHTOB, GOJITOB, KIEMMOBEIX COENMHE-
Huit ¥ 1.0 Ha puc. 6.3 noxasana UepBAYHAA Mepejaya ¢ pasgBOeHHbLIM
HEPBAYHBIM KOJlecOM. 3yObsl TONOBHHOK | M 2 YepBSIYHOTO Kojeca TIpHU-
KHMAIOT NIOBOPOTOM SKCUEHTPHKA 4 K Pa3HBIM CTOPOHAM 3yOheB YepBsKa

1 MX XecTko duUKCUpYIOT, 3atsiruBas 6omr 3. Oukcarus OCYIIECTBISIETCH
3a CYET CHJT TPeHMs.

OCHOBHBIMHM HEIOCTATKAMM Bbi-
OOpKH MEPTBOIO XOHa METOIOM pas-
ABOEHHUS Kojleca SIBJITIOTCS: HATW4Me

o :
\ S e

1 BHHTOB | T.NI.), YBEJIMYCHHBIE MOTEPU

Puc. 6.3 B 3allelicHUu, OOYCIIORIEHHBIE TEM,
) 4TO TPEHHE BO3HMKAET HE TOJIBKO Ha
paboyeii cropoHe 3yba, HO ¥ Ha Hepaboyeit. Dro MPUBOHT K YCKOPEHHOMY

2
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u3Hocy 3yObeB.

VKa3aHHbBIE HEJOCTATKH YacTUYHO MOTYT OBIThH yCTpaHEHBl B Mexa-
HU3MaX BHIGOPKM MEPTBOTO XOfa ¢ JOMOMHMTEILHON KHHEMATHYECKOH
jrenbio (6e3modToBre MEXaHU3MBI C 3aMKHYTHIM 3HEPreTHYECKUM IO~
TokoM). OHH TO3BOJISIOT OCYIIECTBUTE TIOJHBIA BEIOOp ModTOB BO BCex
COCTABNSIOLIMX 3BEHBLAX ITyTeM INPUHYAUTEILHOTO pasBopoTa B IPOTH-
BOITONIOKHBIE CTOPOHEI ABYX COOCHO PACIIONIOXEHHBIX 3JIEMEHTOB OXHOM
u3 nepenad, O6pr9HO 151 06pasoBaHMs 3aMKHYTOTO KOHTYpA K MCXOM-
HOM KMHeMATHYecKOM ILeIlH Mo0aBisioT TOYHO TaKylo Xe MapajuielibHO
DACIIOJIOXEHHYIO KHHEMATHYECKYIO LENb, OJHAKO 3TO HEOOA3aTeNbHO.
VHorma 3aMeIKalollasg KUHeMaruyeckas Lelb MOXET NPEACTaBIATE CO-
B0H Iels HHOTO pojia, YeM MCXOAHAs.

Ha pmc. 6.4 npuseneHa
cxema 0e3mO(TOBOro IUTAHE-
TapHOoro Mexanusma. WMcexon-
Hasl KWHeMaTHJyecKas IEelb co-
CTOMT M3 IIEHTPAJIbHOIO Kojeca : ;
1, careutura 3, 3aKpemwieHHoro {1~ U1 "-,-—-I“-?
Ha Bomune H ¥ HEMoJBIDKHOIO 3 ;
LIEHTPAILHOTO Kojeca 5.

¥ Jns BeiGopku MO(TOB yC-
TAaHABIMBAIOT  JOIONHUTENb-
HyI0 KWHEMATUYeCKylo LeMb, Puc. 6.4
COCTOAMIYI0 W3 IEHTPAJILHOIO
KoJeca 2, COeNMHEHHOTO C HEHTPaJbHbIM KOJECOM | MpH MOMOIIM yIi-
pYroro siaeMeHTa (TOPCHOHA, MPYXHUHBI) 7, caTe/uura 4, NOABUXHOIO
LEHTPAIBHOrO Kojieca 6 ¢ BHYTPEHHUM 3allelUICHUEM ¥ BUHTA 8.

IIpy 3aBUHYMBAHMM BUHTA 8 TOABUXKHOE IEHTPAIBHOE Koeco 6
IMOBOpaYMBAETCS M BHIGMpAET 3a30p B mape 3ybuareix Konec 6-4. 3atem

38

=

* HaYMHAeTCs IOBOPOT caTeyumnTa 4 ¥ BhIOMpaeTcs 3a30p B mnape 4-2. Jla-

fee yepe3 TOPCHOH 7 MOBOPOT IiepejlacTcs IEHTpalbHOMY Koiecy 1 u
BEIGMpaeTca 3a3op B mape 1-3 W Kaiee MOBOPOT CATEJUTMTA 3 MPHBOAMT
K BeIbopke 3asopa B mape 3-5. ITocine BEIDOPKH BceX 3a30pOB BO Beel
KUHEMATHYIECKON IeNM IPOUCXOMUT JONONHUTENLHAsA 3aKpyTKa Top-
cuoHa 7, 94TO OOecmeInBaeT ITOCTOSHHEIA HATSAr B LEMH ¥ MCKIIIOYaeT
rosiBeHHe JodTa Py U3HOCE 5JEMEHTOB OTHENBHBIX ITepeiay.
JluamMeTp TOPCHOHA, MM, OIpPEeNeAI0T U3 YCJIOBHA [POYHOCTH Ha

kpyuyeHue [30]:
‘ T
dr = _—0,2[1:]’ (6.4)

tne T — Bpamalomuii MOMeHT Ha TopcuoHe, H mm; [1] — [ONycKaeMoe
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KacaTeJbHOC HAIPSDKEHUE MaTepHaia TOpCHOHA NpH KpyyeHuu, MITa:

1 — MPEICI TEKYUECTH MATEpUAIa TOPCHOHA TpU Kpydenuu, MITa: [n]T
— ZonycTuMslit (Tpebyemerit) kosdduumenT 3amaca npouHocTd. Ilpu-
HHUMawT [n]}7=1,5...2,5. :

B nmpoekTHBIX pacuerax NP OTCYTCTBMM 3HaYEHUH Npefena TeKy-
|ICCTH Tr MaTephala TOPCHOHA MOXHO MpHHUMaTh [t]r=450...500 MIla
[39].

JMHy TOPCHOHHOTO Basa, MM, HAXOIAT U3 YCIIOBHSL:

¢-GJ,
i s 6.5

= (6.5)
TAC ¢ — Yron 3aKpy4YMBaHHMs TOPCHOHHOTO Bana, paj. OBENMHO TPUHH-
maior ¢=0,09...0,18 pax (5°...10°); G — MOZyNb YIIPYTOCTH BTOPOTO poja
Marepyuaina TopcuoHa, MIla; J p — IOJSAPHEIH MOMeHT HHEPIIUH [10TIe-
PEYHOr0 ceyeHHs TOPCHOHHOTO Bajia, MM,

Topcuonst wusroToBnsioT M3 xpoMoBaHAamUEBBIX CTajiell Mapok
60C2X DA, S0TDA ¥ YriepogucThIX craneis mapok 60, 65, 70, 85.

£

6.2. BoiGopka MepTBOro xoaa B BUHTOBLIX
npeo6pa3zoBarensx ABMKEHUA

Pasnuyalor fgsa criocoba BBIOOpKHM GOKOBOrO 3430pa B BUHTOBBIX
MEXaHH3Max — palMalibHOE M OCEBOE CMENIEHHe TafKu OTHOCHTENLHO
BuHTa. [IpM pammansHOM criocobe OCYLUECTBIIAIOT CXKATHUE TalKU B pa-
AUATEHOM HANPABICHWM, a TMPH OCEBOM crocobe — CMelleHUe Tailku
OTHOCHTEIIEHO BHHTA B OCEBOM HalpaBIcHUMU. PaccmotpuM 1enecoo6-
PasHOCTb MCIIOJIB30BAHUS 3TUX CIIOCOB0B,

Ilpy opuHakoBoM 3HaveHUH HOPMAIbHON cocTapsiomeit AS,

Gokosoro sasopa (puc. 6.5) pammambHsle cocrapjsgiolMe H6okKoBoro
3a30pa paBHEI:

AL METPUYECKOM pe3bObl ¢ yritoM mpoduis oy=60°;

ASY = L .AS,, — = 2AS,,
sin®M  sin30
2

AT TpanelenIIIbHOR Pe3bOBI ¢ yrioM npodhuis ar=300:
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OceBble cocTaBasolue 60KOBOro 3a30pa:

JUIS METPUYECKOMH Pe3pObI

M__ASy _ BS. _ 1548, ;
ASe = cosIM  cos 30°
2

IS TpareLeNIaTbHOM Pe3bObl:

AST = _ASa _ ASs 104,
2 ar cosl5
005—2—*

Crie[i0BaTeNBHO, PagMabHBI CIOCO6 YCTpaHEHUS Mepgl;cro xg,[;a
1eslecoobpasHo TpUMEHATh IS METPHYCCKUX pe3sb (pmc.6 a3, ai,r .a-.
st pe3s0 ¢ GOJIBIIMM YIJIOM o npodus, a 0CEBOM CIIOCO n(gm ;f :
NenerIaNbHEX pe3sb (puc. 6.5, 6) ¥ pe3sd ¢ MaIbIM YIJIOM NPO ];m
TaKXKe JUIS HecTaHAapTHHIX pe3b0 ¢ NMPAMOYIOJBHBIM MM KBaapaTH

- mpoduieM BMTKA, TAK KaK 3a30p, BIMSIONMH Ha 3HaYCHHWE MEPTBOro

10-
XoIa B BUHTOBO# Mepexaye, MMeeT B HUX TONBKO OCEBYIO COCTABIA
IIYIO.

N\

— 5
a) 6)

pm?;iﬁ‘;?fﬁeraif,?féﬁiiﬁ“é‘ﬁlﬂi’éim“?ffiﬁf

R . o e

e

/
Puc. 6.5
NN
TIpecTABIsOT cobOoit paspesHsie raiku. Kon- NERN 5////% A
_ i
TIOJIOBMHKHM Taiikyu | crarmBaioTcs BHHTAMH 3 M
HepaBHOMEPHBIH M3HOC Pe3bOBI raiiku.
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Ha puc. 6.7, a, B, , 1 1 Ha puc. 6.8, a-r MPUBE/IEHBl MEXaHH3MBI BhI-
GOPKHM panManbHOM COCTARMAIONIEH GOKOBOro 3a230pa, B KOTOPBIX HEOOHXO-
AUMO  TICDHOIIMMECKH OCYLIECTBIISTE MOAPETYIMPOBAHUE, a B YCTPOHCTBE
(puc. 6.7, 6) noaperynnpoBatme MPOUCXOJIHUT aBTOMATHYECKM 3a CYET
TMPYXUHBL.

YerpoiictBa ¢ paspesHoif raitkoit u LaHTOBBIM 3aKMMOM (pHc.
6.7, r u puc. 6.8, 6, B, I) obecreynBalOT Goee paBHOMepHOe obxarue
BUHTA, 4TO CIIOCOOCTBYET PABHOMEPHOMY €ro H3HOoCy.

6)

S

=8
(]
HH

¢

8 AT

%

¢ 2) 9)
Puc. 6.7

Bribopky oceBoit cocrapnsionielt 6oxoBoro 3a30pa OCYHIECTBIIAIOT
MYTEM OTHOCHTEJHHOIO OCEBOIO CMEINEHHS YACTH COCTABHOMN TaiiKy.

Ha puc. 6.9, a nmokasana KOHCTPYKTHBHAs cXeMa 110G TOBBIGHpAIO- -
LIEro MEXaHHM3Ma HA OCHOBE TalfiKH ¢ KeCTKOM PEryJIMpOBKOI OCEBOro
3a30pa, B KOTOPOM BBIGOPKY OCeBOIl cocTaBIgionIell HGOKOBOrO 3a3opa
OCYIIECTBIIAIOT MOBOPOTOM raku 1. Ilpu sTom obecreumBaercs OoHO-
BPEMEHHBIH KOHTAKT NPaBHIX Npoduiei pe3sdsr BruTa 2 1 JIEBBIX MPO-
Gbunet raifku 1, a Takke neBsIX npoguneit pe3sbsl BUHTA 2 W IpaBhIX
npoduneit pessbbl raitkn 3 MPU CKATHH BATKOB BUHTA (puc. 6.9, B).

JliodToBRIGHpaOLMiT MEXaHU3M HA OCHOBe raifky ¢ 3TaCTHYHOMN
PErYIMPOBKOM OCEBOTO 3230pa MOKA3aH Ha puc. 6.9, 6. Bribopky oce-
BOH COCTaBJIAIONIECH GOKOBOIO 3a30pa OCYILECTBIISET TIpY>XKUHa 2, OTKH-
Mag raifky 1 ot raiiku 4, obecreunpas ABYXNIPODMIBHBIA KOHTAKT pesb-
Obl BuHTa 3 ¢ pespbamu rack 1 u 4 (puc. 6.9, r).
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MexaHin3Mbl BEIOOPKH MEPTBOTO XOId HA OCHOBE TaeK C XECTKOM U
3JIACTUYHOM PpETYIHPOBKOM OceBoil cocTaBisAlledl ©6oxoBoro 3asopa
06eceunBaT BHICOKYI TOYHOCTH OTHOCUTENBHOIO NEpPeMENIEHUs BUHTA
U Taiflku TIpH MX OBWKEHMM Kak B TIPIMOM, Tak M B OOpaTHOM

‘HAalpaBJICHUAX.
P e 23 4
o] T 7 l‘ .%%?”W
R " Sibakiaad)/)

O T
Naamnd ///’/
D

Puc. 6.9

KOHCTPYKTHBHEIE CXEMBI MEXaHM3MOB Ui BBIOOpKM OceBOi co-
cTaBNISIONIE]l BOKOBOTO 3a30pa C MEPUOIUMYECKUM IOJpPEryJIMpoBaHueM
TIyTeM 3aTSKKW JOTIOMHUTEIBHEIX BHHTOB | MPUBEIECHBI HAa pHUC. 6.10, a,
6, B, U, MEPEMEIEHUs] NOMOIHUTENBHEX TaeK 1 MO JOMONHUTEIbHEIM
pespbam — Ha puc. 6.10, v, X ® ¢ aBTOMATUYECKUM TTONPETYIMPOBAHHEM
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3a CHET YMpYruX SJEMEHTOB — NPYXHMH |, pesuHOBBIX a6 — Ha puc.

6.10, e, x, 3.
&Mz‘
e

s /.

s
a) 6) 8)

==

e

B
e

It'nfi

2) 0)

'h\\\\'\h (\\\\\\\

Xx) ‘8] : u)

Puc. 6.10
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Maea7 u
TOPMO3HbIE YCTPOUCTBA

TopMO3HLIMHM Ha3bIBAIOT YCTPOMCTBA, KOTOPBIMM CHabXaloT Mmexa-
TPOHHBIE MOMYIH JUIS YMEHBIIEHHS CKOPOCTH MOABMIKHOIO 3BeHAa, OC-
TAHOBKM U yaepXaHus ((hUKcallul) ero B HEMOABMKHOM COCTOSIHUH.

[Ipr TOpMOXEHHH IIPOMCXOAUT IpeobpasoBaHHe HAKOIIEHHOI B
[IPOLIECCE PAa3TOHAa JBIXNYILMXCSA Mace KMHETHYECKOM SHEepruu B Apyrue
obpaTHMbie UM HeoOpaTUMBIE BUIBL 2HEPTHH (TOTEHLHAILHYIO, TEIIO-
pyi0). Mcnonesyemble IS 5TOTO TOPMO3HBIE YCTPOMCTBA CO3AAIOT HO-
MOJTHHTENBHYIO CHIIY MU MOMEHT COIMPOTHB/ICHHS, HallpaBIeHHBIC TTPOTHB
[IBHXEHHMS M COBEpUIAIONINE OTPHIATEIbHYIO paboTy Ha Y4acTKe TOp-
moxeHud. Ilpu 2TOM HaKOIUIEHHAS SHEPrud YacTHYHO MIIM HMOJHOCTHIO
npeobpasyercs (IOINONIAETCS WIK pacceMBaercs), MOCTENEHHO CHMXKa-
eTCS CKOpPOCTh ABMXKYIIMXCS Macc IO Mepe MX NPUOIDKEHUS K 3aiaH-
HOM TOYKe OCTAHOBA, YCTPAHAIOTCS UX AMHAMHWYECKHME HATDY3KH M yaa-
pPBI, YTO cHOCOOCTBYET YCTPAHEHHMIO OTCKOKOB M KojebaHWit paboumx
OpraHoB.

B 3aBHCHMOCTH OT MPHPOIEI CHJI TOPMOXEHUS TOPMO3HEBIE YCTPOii-
CTBA DPA3NENgIOT HAa MeXaHUYyecKHe, rujipaBludecKue, MHEeBMaTHYeCKIE,
3IeKTpUYecKHe W KOMOUHUpOBaHHBIe, MexaHHYecKHe TOPMO3HBIE YCT-
poOlicTBa MOMPA3NENAOT Ha IPYKUHHEBIE, PE3HHOBBIE, 3JIaCTOMEepHLIE,
MHEPLUOHHBIE ¥ (DPUKIIMOHHEIE, IHIPABIMYECKHUE — [PEACTABAIOT CO-
6oit ycTpolicTBa IpOCCEIBLHOIO PEryJIHpOBaHus; ITHEBMaTUYECKHe — MO-
IyT OBITH HAMMOPHBIMM M BAKyyMHBIMH (TIPUMEHAIOTCH PEKO); K 2JEK-
TPHYECKUM OTHOCAT 3JIEKTPOMArHWTHBIE, HHIYKIMOHHBIE W IHCTepe-
3UCHBIE, a TAKXKE ITOPONIKOBEIE TOPMO3HEIE YCTPOMCTBA € CYXUM M JKUI-
KM HamoJHHATeNeM (GpUKIIHOHHOIO U IPOCCENLHOTO THITOB, KOMOUHU-
pOBaHHBIE — BKJIIOYAIOT B ceba [Ba MM Oojiee TUIIOB MepeqMCICHHAIX
yerpoicTs  (MHEBMOTHApPABIMYECKHe, I[PYXXUHHO-ITHEBMAaTHYeCKHEe U
ap.).

Ko BceM THUITaM TOPMO3HEBIX YCTPOHCTB IIPEABSIBIAIOT CIIEAyIOLIie
OCHOBHEBIE TpebopaHua: obecredeHue 3aaHHOIO 3aKOHA TOPMOXEHHUS;
OesymapHblii OCTaHOB M UKcAalMd IMOABIDKHBIX 3JIEMEHTOB B TOYKaX
TO3ULIMOHHPOBAHKS; BHICOKAS HAIEXKHOCTh M JOJTOBEMHOCTH KOHCT-
PYKIIMH; BBICOKOE ORICTpPOJEHCTBHE; IPOCTOTa M KOMIIAKTHOCTE KOHCT-
PYKIMH; CTAOMILHOCTh XapaKTePUCTHK IIPU M3MEHEHUH YCI0BUil pabo-
THI; MaJIas YYBCTBUTSIBHOCTE K M3MEHEHMWIO TEMIIEPATYPhl, BIAXHOCTH,
TOPMO3UMOMN Macchl, CKODOCTM; BO3MOXHOCTH HAaCTPOHKHM M [OCTYII-
HOCTh peryJiHpOBaHug; ymoOcTBO ocMOTpa M OOCHYXMBaHMA;, HU3KafA
CTOWMOCTh, MEHUMANbHEIE rabapuTel X Macca.
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7.1. MexaHuyeckue TOpMO3Hbie ycTporcTBa

B MexaHHYECKMX TOPMO3HBIX YCTPOiCTRAX CHJIY COTPOTHBICHMS
ABIDKCHHIO IOABMXHOrO 3BEHa Co3faloT medopmalineii paboumx sme-
MEHTOB (YIPYTHE) WIH TpeHHEM ((bpukimonnsic). B kauecrse ympyrux
9JIEMEHTOB HauboNee YacTo TNPHMEHSIOT WHIITHAPHYECKHE NPY>KMHBI
CXatns, pexe — pacTakeHus. Pacripocrpanenite nojiyunin pesuHOBbIE
¥ DEIMHO-METAJUIMYCCKHE YNPYTHE 3/CMEHTHI pasiuMHoi KoHdurypa-
LMK, a TAKXE TMEHOMOINYPETAHOBRIE YHPYIHE DICeMEHTDI.

OcHOBHBIMM DPaBOYMMU  3EMEHTAMU (DPUKLUMOHHBIX TOPMO3HBIX
YCTPOHCTB SABISIIOTCS Mapbl TPEHHSA BPALLATENLHOTO UM IOCTYMNATE b~
HOTO THIIOB,

[TpocTemMMH TOPMO3HBIMM yCTpOHCTRAM I MOI'YT CIYXUTh OOHA
W HECKOJBKO HMIMHAPHYECKHX TIPYXHH, KOTOPbIE YCTAHABIMBAIOT
HETOCPEACTBEHHO MEeX1Y (DYHKLIMOHANBHBIM 3BCHOM M yIIOpaMy Mapaji-
JICJIBHO OCH €ro ABMXKEHWsI JIM6o o(OPMIAIOT B BUAE OTIEIBLHONO KOH-
CTPYKTHBHOTO Yy3j1a. :

Cuty conpoTHB/IEHHS NPYKUHEI BEIYHCISIOT MO thopmye:

Lo =cx=c(x0+xn)=Pb+Fﬂ,

e x — mojHas AeOpMalMs OPYXUHBL, Xy — HAMANbHAS nedopmanys

(roipkaTue) NPYXWHEI, X; — AOMOJHUTENBHAS nepopMaltUs NPYKUHbL,

Fy — HavanmbHAA CHJIA COMPOTUBNEHHS TIPYXKHHBL; F, — nononuurenpHas
CHJIa COMPOTHBJIEHHSA MPYXUHLL; ¢ — KO3DDHIUMEHT NPOIOTBHON KECT-

KOCTH LMIHHADUYECKOH BUTOM MPYXWHBI U3 MPOBONOKH KPYIJIOTO I10-
nepeyHoro ceueHus, H/mm:;

4
s o4 0 G
= A 8nh

rae G — MOAyZMb YNpPYrocTH 2-ro pofa martepuaia TpYXUHEL (JUist TIpy-
KUHHBIX craneit G=(7,85...8)-10* MIla); d — amamerp TIDOBOJIOKH TIPY-
KHHBI, MM; D — cpeinuit uaMerp BHTKA NPYXHHbI, MM; 7 — YHCIO
paboynX BUTKOB IMPYKHHEL

OcTtaHoB NOJBMXHOIO 3BEHA MPOM3OMIET MpH PaBeHCTBE KUHETH-
YECKO SHEPIUM MNOABUXKHOTO 3BE€HA M MOTEHIIHAILHOI SHEPTUM YIIpY-

2 2

roit nedopMmamiy npyxuHs: o = &

2 2
[wiHAPHYECKHE NPYXHHBI JOTIYCKAIOT GOMbIIHE necbopmanun 6e3
3HaYUTEIbHLIX HANpPsKEHUH B MX MaTepHaie, COXpaHsIOT CBOH Xapak-
TEPUCTUKN TOA BO3NEHCTBHEM IMPOMOJDKHTENBHOI CTATHYCCKOMN Harpys-
KH, BBIICPXKHUBAIOT 3HAYUTENbHBIC TEMIIEPATYPHbIE BO3HEiCcTBUSA. B TO
XK€ BPEMs OHM ODJIANAIOT MaNbIM AeMIUPOBAHIEM, BOZHHKAIOT TpyA-
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HOCTH TPH PETYIHPOBAHUM (HACTPOMKE) CHIIOBOI XapaKTEePUCTHKH, Ha-
yaLHOE TO/KAaTHE NPUBOAHT K BO3HHMKHOBEHMIO CKayKa HAarpyskH Ha
TOPMO3MMBIE MAcCChI.

Pe3HOBEIE TOPMO3HEIE ycTpolicTBa (puc. 7.1) cocrost M3 nocieio-
BATE/ILHO YCTAHOBJIEHHEIX DE3UHOBRIX BTYJIOK |, pasne/iieHHbIX MeTannn-
yeckHMH Imaiibamu 2. B 3aBUCHMOCTH OT KOHCTPYKIMHM TOPMO3HBIX
yCTPOJCTB PE3MHOBBIE BTYJIKM MOIYT paborark Ha cxarue (puc. 7.1, a,
6) wiu casur (puc. 7.1, B). Bryaku, paboTaioline Ha cxarue, obranator
HeOOBIION MOTATIMBOCTRIO, HO 3HAYMTENBHOM HArpy3o4YHO criocof-
HOCTBIO, BTYJIKH ciiBura — HaoGopor GOBIIOH IOJATAMBOCTRIO U CpaB-
HUTEIEHO HeOOoNBIION Harpy304HOH CIOCODHOCTHIO.

Pesuna jierko Menser dopMy TMpH He3IHAUUTESbHOM H3MEHEHIN
yeuwmus. B 3aMKHyTOM oObeMme OHa BeleT cebd Kak HecxkKuMaeMas sKi/l-
kocTh. I1o3TOMY JUISL PE3MHOBBIX 3JeMEHTOB, PabOTAOLIKMX Ha cxkKartie,
JOJDKHA OBITH IPEIYCMOTPEHA BOZMOXHOCTE MX AedopMaluy IepreH-
JIUKYIAPHO K OCH CXaTHs.

ITpH OZHOOCHOM CXATHM pPE3UMHOBOIO 3JIEMEHTA C ITOCTOSHHLIM
ronepedHEIM cedeHueM (puc. 7.1, a, 6) ynpyrad cuia CONpPOTHBICHUSA
paBHa:

_ chx
=%
I[e ¢ — IMPOIOJIbHAS XKECTKOCTh pe3nHsl, H/MM:
F| 12 F
¥ |
\ SRTRSTIIE z \SEETLET)
| %
s _ -
a4 i R ?
o o8 !l 1R | LRy
A AR AN AN
D d
- o # D 3
a) 6)
D)
&Y
~- h -
8)
Pue. 7.1
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BEA

h 3

E — nuHaMuYecKMi MOJAYIb YNPYrOCTH Pe3UHBI pasusiit (0,6...1,0)-10-8
MIla; A — nmioniafib NONEPEYHOrO CeYeHHS PE3UHOBOIO 3MeMeHTa; h —
BbICOTA HEAEHOPMHUPOBAHHOIO 3EMEHTA; X — BEIUYMHA necdopManuu
YIIPYTOro aneMeHTa; B — ko3 GUuIMeHT yKecToMEHUS

B=1-f.K 5
S — Ko3DQULUMEHT TpeHMsT MeXIy DPe3MHOM M MaTepHaioM OTIOPHI

(/=0,12...0,15 1 HecMa3aHHBIX MOBEPXHOCTEH NpH TPEHUMU PE3UHEL O
cranb); Ky — xoaddutuent dhopmer. Jnst crmommsix HMJIMHIPHYSCKUX

PE3WHOBBIX JNMEMEHTOB ¢ juameTpoM D M Bbicotoit A KoadduumeHT
Ky = %; AUt PESUHOBBIX BTYJIOK C HapyXHbLIM AuamerpoM D M BHYT-
pPeHHUM AuameTpoM d KoadduimeHT
D-d
*="an
YenoBue MPOYHOCTH PE3HHOBOM BTYJIKH NP CKATUH:

i = £ < [G]cx :

A

e [o],, — HOMyCKaeMoOe HATPSKEHUE CKATHS PE3HHEL It pesuHeL

cpenHei TBEPAOCTH [c]m =(2,5...5,0) MIIa.
JUis pe3sMHOBOTO 37eMeHTa, paGoOTaloOIero0 Ha CHBUT (puc. 7.1, B)
YIPYIYIO CHITY CONPOTHBIIEHNS OMNPEIENISIOT IO (hopmyIie:
Fl= ey
Iie ¢ — KO9pGOUIMEHT KECTKOCTH PE3UHBL Ha CIBMT, H/vM:
2n - Gh

d
In—
D

C

YcroBue NMPOYHOCTH PE3UHOBOM BTYIIKH, paboratolieif Ha COBHT,
UMeeT BUI:

F
Tiiay = m = [‘l.'],
rIe [r] — AONYyCKacMOe HANpSKEHHME CIBHIA JUIS Pe3MHBI TP YAAPHOM

KpaTKOBDEMEHHOH Harpyske. JIns pesuHBl  cpemHei TBEPAOCTH
[1]=(1...2) MIla. MakcuMansHOe HampsKeHHE CHABMIA MMEET MECTO Ha

BHYTPEHHEH MOBEPXHOCTU PE3UHOBOM BTYJIKH.
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Pe3uHO-MeT/UIMYECKHE TOPMO3HEIE YCTpo#cTBa 00afaloT BhICO-
Kol HANEeXHOCTBHIO, MPOCTOTON KOHCTPYKIIMH M TEXHOJOTHHM €€ M3ro-
ToBNeHUs, yHmobcTBoM obcnyxuBaHusg, OGoabiiolt sHeproeMkocThio. K
HEJIOCTATKAM CJIe[yeT OTHECTH YYBCTBUTEILHOCTH K M3MEHCHHIO TeMTie-
paTypsl ¥ BIAXHOCTH, HATHYUE OOJBUION CHIIBI OTHAYH.

DpUKIHMOHHEIE TOPMO3HBIE YCTPOUWCTBA UCIONB3YIOT Kak ISl TOp-
MOXKEHHMA U MOSHIIMOHUPOBAHUS B MPOMEXYTOUHBIX TOUKAX, TAK W A
yaepxaHust (bukcauunu) QYHKIMOHAIBHBIX 3BEHLEB.

I'naBsHOiT 0co6eHHOCTBIO (PUKIMOHHBIX YCTPOUCTB HBAfSETCA TO,
4yTO OHH TIPeO6pa3yIOT 3HAYUTEJIBHYIO YacTh KUHETHYECKON 3HEpPruM B
TeIUIOBYIO, KOTOpasi paccedBaeTcs B OKpyxalollee mpocTpaHcrso. Cre-
JOBaTENbHO, (DPHKUMOHHBIE YCTPOHCTBA HAKAIUIMBAIOT HEOOJNBIIOE KO-
JIMYECTBO TIOTEHLMAIBHOM SHepruu, 00ycIOBIUBAIOINEH CHIIY OTHAYH, a
(pUKUMOHHBIE yCcTpoiicTBa 6e3 yNpYyrHx 2JeMEHTOB MONHOCTHIO IMOLIIO-
L[AI0T MOABEACHHYIO KMHETUYECKYIO 9HEPIHUIO.

KoscTpykiuy (QpUKIIMOHHBIX TOPMO3HBIX YCTPOMCTB BeCbMa pas-
HooGpa3HE.. OHM MOTYT OBITH KaK aBTOHOMHBIMM IIOCTYMATENLHOTO M
BpalaTeIEHOTO NBMXKEHUS, TAK U BCTPOSHHBIMHU B ITHEBMO- WJIH THIPO-
JBUTATEb, YIPAaBIseMBEIMUA M HeYNpPaBIgeMBIMH, HOPMAalbHO 3aMKHY-
THIMH ¥ Pa3’sOMKHYTHIMH, OJHO- ¥ IBYCTODOHHEro ieiictBus. OpHako
He3aBUCHMO OT THIIA W KOHCTPYKIMMA OHHM CONEPXAT OIHY WIH He-
CKOJIEKO (PPUKIMOHHEIX TIap, MPU OTHOCUTEIILHOM [BHXEHUH 3JIEMEH-
TOB KOTOPBIX BO3HHKAaeT CHJAa TPEHUH, HalpaBieHHas B CTOPOHY, Npo-
THBOIIONOXHYIO cMellleHiio. OOBMHO OOHO H3 3BeHbeB (PPUKIIHOHHOIM
naphl YAEPXHUBAIOT WIK YKPEIUISIOT HEMOABUKHO OTHOCHUTENBHO KOPITY-
ca WM JPYroro yajia, Mo OTHOUIEHHIO K KOTOPOMY OCYLIECTBISETCH
TOPMOXEHHE. '

Ynpyro-dpukiinoHHoe TOPMO3HOE YCTPOUCTBO € NHJIMHAPUYECKOR
TIPYKMHOM M pa3pe3Hoit KOHMYECKON BTYIKONH H300paxeHo Ha puc. 7.2.
[Ipi mepeMelieHWH ITOKAa 6 C KOHHMYECKUM OYPTMKOM CerMenTh 5
CKONIB3AT I10 BHYTpPEHHE[l LMIMHIPHYECKONU [MOBEPXHOCTH Kopityca 2
NpXHMasch K Heil ¢ BO3pacTalOMIeil CUJIOH BCJIEACTBUE CXaTHA Npy-
XHHBI, PACITOIOKEHHON MEXIy KOHHYECKOM BTYJIKOi 4 U BHHTOBOM pe-
TYJIMPOBOYHOM BTYIIKOM 1.

e 6

] ¥ b /!
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Cuta CONpOTUB/ICHNSA NEPEMELLEHHIO CTEPXKHS paBHa:
B, s B, +F

€T, 2

rae Fnp — cuna ynpyrocTu npyxuust: F,, =¢(x, +x,); F,, — cuna cy-

XOro TPeHHsI MEXJy CerMeHTaMM U KOpITycOM:

Fop - f(1- £, - 180)
[y + tgo

Fy — cuia HOPMAJILHOIO HAaBJIEHMs MEXIY CerMEHTAMHM M KOpIyCOM;

J — koabdULMeHT TPEHHUS CKOJIbKEHUS MeXAy UMIHHIPHIECKUMHU [0-

BEPXHOCTSIMH CETMEHTOB M Kopnyca (tabm. 7.1); fi — xoadduiimeHT

TPEHHUST CKOJIBXKECHHA MEXJAYy KOHUYCCKHUMH TIOBEPXHOCTAMHU IUTOKa 6,

BTyIKM 4 1 cermeHTOB 5 (Tabn. 7.1); o — yrom Mexmy obpasyloliei

KOpIyca 1 OChI0 LUTOKA.

TTociie cHATHSL HArpysk oOpaTHBIH XONM IITOKA TPOMCXOMUT IIOJ
neifcTBHEM CHIIBI YIIPYTOCTH TPYXKHUHBL.

2
Fc.r. =FN'f=

3

Ta6auwa 7.1

Jonyckaemoe napiienne U K03 (HHIHEHT TPEHUS

Marepuans KoHycHbIH TopMo3 [wckoBeIh Topmo3
(PPUKLMOHHEIX Nap [g], Mfla f (fs) [g], MMNa f(fs)
3akaneHHas crank — - 2.4 0.1
Cranb-4yryH 3.4 0,15 2.3 0,15
Cranb-bpoHia 5.6 0,05 4.5 0,05
Crans-theppofo A2 0,3 2..25 0,3
Cranb-TeKCTONuT 4.5 0,2 D8 0,2
Cranb-bpoHaa 3.4 0,05 4.5 0,05

DpUKIHOHHEBI KOHYCHBIH TOPMO3
(prc. 7.3) cocTOMT M3 BpallaloIierocs
xoHyca | ¢ pabouyum 3BEHOM, IIOCTY-
MMare/IbHO JABIDKYIIErocs KoHyca 2 U
npyKuHsl 3. Yeunme npyKuHbl, HeoO-
XOMMMOE JJIT OCTAHOBA ITONBIKHOTO

F. 3BeHa, HaxonsT mo opmyne [35]:
< BIRSIN 2KT -sina
Puc. 7.3 np-cx_ .D 'f »
cp

e K=1,25..1,5 — xoadduuueHr,
YUMTHIBAIOIIUI 3KCIUIYaTAllMOHHEIE YCIOBUA; 1 — BpalaOLIMil MOMEHT
Ha kouyce l; f — xoadULUEHT Tpels CKONBKEHUA MATEPHAIOB KO-
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HycoB (Tabi. 7. 1); a — yroJs HakjIoHa obGpa3syiolleit KoHyca. Bo u3bexa-
HHe 3aKJIMHUBAHHUS KOHYCOB €ro NpHHUMAKT:
o> p=arcigf ,
e p — MpUBeLeHHBIH yron TpeHus. OBbMHO NPUHUMAIOT 00> 12°... 157,
W3 ycloBus M3HOCOCTOMKOCTH
2KT
t

S
“Dgpfw

HAXOMST CPEJHUM JMaMeTp ITOBEPXHOCTH TPEHHU:
2KT

e e
P \nlg]- S v
rIe ¢ — NaBNeHue MexIy KoHycamu; [g] — Hmomyckaemoe JaBIeHUE MEXIY
konycamu (tabi. 7.1); y — xoaddunueHT paboUeil MHUPHHBL AUCKOB:

q

e 015,025
cp
[[IupuHY NOBEPXHOCTH TPEHUsL HAXOAAT 1O hopMmyte:
b 2KT
D2 f|a]
C mpyroif CTOPOHEI: :
o2 e s ! Dy

rne Dy m D, — HauMEHBIIWHA K HAUOOJIBILMHI MTHAMETPHI MOBEPXHOCTH
TpeHHUsI COOTBETCTBEHHO: :
D =D, -b-sina; Dy=Dg,+b-sina.

/IS pacTOPMaXXKUBaHUS HEOOXOAUMO NMPUIOKUTS yeuime F > T ol

B (pUKUIMOHHBIX TOPMO3HBIX YCTPOHCTBAX HecTabMIBHOCTh CHIIBL
TPEHUS M €e 3aBMCHMOCTh OT KadeCcTBa M COCTOSIHUA ITOBEPXHOCTEH
CKOJILXEHHS (IIepOX0BaToCTH, HaIMYMsA Macia) i CKOpPOCTH nepeMelie-
HHA TOABMXKHBIX 3JeMEHTOB, a TAKXKE BCAKOE M3MEHEHME YCIIOBUM pa-
GOTHI 10 CPaBHEHMIO ¢ HOMMHAIBHBIMU (H3MEHEHUE CKODOCTH ABHXeE-
HUS, BEIMYMHBI ABIDKYIMXCS Macc) MPHBOAAT K OTKJIOHCHUIO PETBHO-
ro 3aKOHA TOPMOXKEHMsS OT 3aJaHHOrO, Ha KOTODEIA PacCYMTHIBAIOCH
TOPMO3HOE ycTpoifcTBo. PacXoXieHHE MOXET OKasaThbCA 3HAYUTE/Ib-
HBIM, €CJIH YCIOBHSA M PeXMM paboThl MEHAIOTCHA HEMPEPBIBHO. IloaTo-
My yCTpOiicTBa ITOTO THHA IeecoobpasHO MCMONB30BaTh L TOPMO-
KeHUST MEXaHU3MOB ¢ JOCTATOYHO CTAOIIBHBIMU peXXUMaMy pabOTEL.

Jnst co3gaHys TOPMO3HBIX YCTPOMCTB ¢ TPOTPAMMUPYEMBIMK TOY-
KAMH OCTAHOBA M PEryJMPOBAHUA CKOPOCTH [BMXKEHMSI BBIXOAHOIO 3Be-
Ha (MOPIIHS WM IFUTHHIPA) (1TO3MIIMOHEPOB) UCIIONB3YIOT BCTPOCHHBIE
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B ABuraresns (PpUKUMOHHBIE YeTpoifcTBa. OHM MOryT GBITH BCTPOEHBL B
TOPILIEHD MM LMWIMHAD M B3aMMOACHCTBOBATh C HMWIMHADPOM, INTOKOM
WIM JAPYIUMH  IBIDKYIIUMUCS
BMECTE C HUMU ACTAJISIMHU,

Inst ocyHIIECTBICHUS TIPO-
TPaMMHOTO OCTaHOBA BBIXOM-
HOTO 3BE€HAa MMO3HMIMOHEepa MpH-
MEHSIIOT yIpaBiseMsle (pHK-
LIHOHHBIE YycTpoiicTBa, cHab-
JKeHHBIe COOCTBEHHBIM MPUBO-
IIOM, KOTOpPBIA IIO0 KOMaHIe

Puc. 7.4 CHCTEMBI YIpaBJEHMWs 3aMblKa-
€T WM pasMbIKaeT TOPMO3.

B nHesMmonosuumonepe (puc. 7.4) GppUKLUMOHHLIA TOPMO3 SBISETCS
HOpPMAJIBHO 3aMKHYTHIM. B npoliecce mosunuoHUpoBaHus o6e MojocTH
TIHEBMOUMAMHIpPa COeIMHEeHH ¢ arMmocdepoit u  mpyxuuer 1
TNPWKUMAKT IUIyHXepsl 2 ¢  (GpPUKUMOHHBIMM HaKJagKaMH 3 K
BHYTPEHHEH mNoOBepxHOCTH LuaMHApa. [Ipy momave cXKaToro BO3Oyxa,
HampuMep, B MpPaByl0 IIOJIOCTh LIMWIMHApA IUAPUKOBBINA KihamaH 3,
MpeloTBpalliasg IMepeTeuky BO3/AyXa B JIEBYIO ITOJIOCTh, OTKDHIBAET EMY

NOCTYI B KONBIEBON KaHal 4, COeIHHSIONMI IONOCTH IIYHXEPOB g,.

KOTOPBIE CKHMAIOT IMPYXXWHBI M pacTOPMaXKMBalOT NMOPUIEHbD.

Ilox pmeiticTBMEM IaBIEHUsSI BO3AyXa B ITPABOI TOJIOCTH nc-pmeﬂi. 3

nepeMenaercsl BieBo. [l ero ocTaHOBKH 06e MOJIOCTH [THEBMOIMIHH-
Jpa coequHAI0T ¢ atMocdepoit. [lpu aroM mapjieHuWe B MOJOCTH IUIYH-
KepoB M B 06eHX IOJIOCTAX ITHEBMOLIWIMHAPA Nanaet, (GhpUKIHOHHBIE
HAKJIAOKU TPUXUMAIOTCA K MOBEPXHOCTH LWIMHIpa NpPYXHHAMH, TOP-
MO3AT M OCTAHAB/IMBAIOT TIOPIICHE.

7.2. SneKTPOMarHUTHLIE TOPMO3HLIE YCTROMCTBA

JU1s1 TOpMOXKEHNS TOABIDKHEIX 3BEHBbEB MCIONB3YIOT YIpaBiseMble
3JIEKTPOMAarHUTHEIE TOPMO3HEIE YCTPOMCTBA, B KOTOPHIX HMCTOYHUKOM
CO3[aHWs TOPMO3AIIET0 MOMEHTA M/IM YCHIHMSA ABIIETCH 2JeKTpoMar-
HHMTHOE II0JIe, BO3JeHCTBYIOIIeE MPSIMO Ha BMKYIIUECS SJIeMEHTH
(2neKTpOMarHUTHBIE, MHAYKIMOHHLIE W THCTEPE3UCHEBIE TOPMO3a) WITH
KOCBEHHO 4Yepe3 TMOpONIKOOOpAasHBIH CYXOMl WINM XHIKHI HAIOJIHHTENb
(a7eKTPOMArHUTHEIE NTOPOMIKOBEIE TOPMO3a M TOPMO3a ¢ (heppOMarHHT-
HBIMHU XUIKOCTAMIH).

Ilo nmpuHLMTY AEHCTBHSA U YCTPOHCTBY 3NEKTPOMArHUTHBLIE TOP-
MO3HEIE YCTPOICTBA MHAYKIIMOHHOIO W THCTCPE3UCHOIO THIIOB aHajo-
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rMYHBl JIEKTPHYECKHUM [BHUTATE/IIM, B KOTOPEIX POTOp MIIM CTAaTOpP HE-
nonBiKeH. B3aumoneiicTBrUe MeXIy NMOABMXKHON M HEMOMBYKHON Yac-
TAMHA TOPMO3a OCYIUECTBIIAETCS Yepe3 JIeKTPOMarHWTHOE ITOJe, cOo3ma-
paeMO€ KaTYUIKO# ympaBieHHs (BO30YKACHMS).

Ilo npUHUMIY NeHCTBUS JEKTPOMATHUTHLIE TOPMO3HEBIE YCTPOCT-
pa ¢ TIOPOIIKOBBIM U XUIKHM HANOJHUTEIAMH aHAJIOIMYHLlI COOTBETCT-
peHHO (QPUKIIMOHHBIM TOPMO3aM H THIDABIHYECKHUM TOPMOZHBIM YCT-
poOifCTBaM APOCCENBHOIO PEeryiupoBaHus. [lelcTBHE 3JMeKTPOMAarHUTHO-
ro MOPOLIKOBOTO TOpMO3a (hPUKIMOHHOTO THIIA OCHOBAHO Ha CBOHCTBE
CYXOT0 WJIHA B3BEUIEHHOro B Macie (peppOMarHUTHOIO MOPOIUKA YBEJIH-
yuBaTh B MarHUTHOM IIOJIE CBOIO BA3KOCTh M INPOYHO TPUAUIIATE K IO-
BEPXHOCTH MAarHUTHOW CHUCTEMBI. :

Ilpy OTHOCHTENBLHOM CHBUTE paboyMx MOBEpPXHOCTEH TOpMO3a BO3-
HHUKaeT COIPOTMBIEHHUE CABUTY OT TPEHUA HaMarHUYEHHBIX YacTHIl I10-
poika Mexay coboif. Haubombmnid cABUT MCHBITHIBAIOT YACTUIIBI, Ha-
xXopsuquecs B cepefuHe ciog. CHBur YacTHIl OTHOCHTEJEHO ITOBEPXHO-
cTeif, K KOTOPBIM OHM TPUWIKIAIOT, OTCYTCTBYET U, CIEHOBATE/LHO, pa-
foYye MOBEPXHOCTUM He u3Hammpalorcd. IIpH OTCYTCTBUM MATHUTHOTO
TTOJIST COTIPOTUBJICHUE CHBHMIA IOPOINKA M B3BECH MMajacT M MpakTHICCKU
3/IeMEHTEl TOPMO3a HE CBA3aHHEL IPYT C APYIOM.

B3pech (heppoMarHUTHOrO IOPOIIKA B KPEeMHUMNOPTAHUIECKOM MWK
MU HEpPaJIBEHOM Macjle MEHSET CBOI0 BA3SKOCTh B MarHMTHOM IIofe, Gna-
roraps 4yemy IpH ee JPOCCeNIUPOBAHUU JocTHUraeTcs SPEheKT nepeMeH-
HOTO TUAPABIUYECKOTO COIPOTHBIeHHA. PeryJlupoBaHieM CONpPOTUBIIE-
HHUS  Opoccens IpHU

IIOMOIUM BJIEKTpOMAr- 2
HUTHOIO MO obecIe- 72\@

S

YMBAIOT  TpebyeMbIil Vi ng] Fs
A RN i

3aKOH HU3MEHeHMS CH- ZMANZN

JTBI TOPMOXKEHHUS. 747N

B [MCKOBOM JIeK- s 7774 INR ,4[{

TPOMarHUTHOM TOopMO- | 8| & C_E == —TF1}§

3e (puc. 7.5) mucku 1 7 TN R v u

COeMHEHEl C [IOMO- [ L \73v E

I(bI0 NUTAIEBOIO CO- [ 2WANINT Fa

CANHEHUS C MONyMyd- 7N 2 Eﬁl‘j_— i3

TOH 2, a TOPMO3HBIE ] E °

IMCKH 3 — ¢ Tony- .

Mydroit 4. 3a30p Mex-

Ay nmuckamu 1 1 3 pe- Puc. 7.5

KOMEHAyloT  HpHHH-
Math §=0,3...0,5 MM. JIHcKH MMEIOT OceBylo mHoaBwXHOcTh. Ilox melict-
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BUEM TIPYKUHBI 5 OHU CMEILAIOTCS M NPUXOIAT B COMPUKOCHOBEHWE APYT
¢ apyroM, obpasysi GpUKIIMOHHbBIE NapPbL.

Uncno ¢GpHKIMOHHBIX [Map, HeobXOAMMOe IS 3aTOPMAKHBAHMS
MOABIDKHOIO 3B€HA, HATPYKEHHOIO BpamaommM MOMeHTOM T, HaxomsT
M3 yCIoBUS U3HOCOCTOHKOCTH [35]:

2KT
= = [q ]
nD cpf e Z
o opmye:
T 2KT ’
nDof -y -[4]

rhne g — JAaBieHUe Ha Tpywuxcs momepxHoctax; K=1,25...1,5 — ko3d-
buLMEnT, YYUTHIBAIONINI SKCTUIyaTallMOHHBIE yCoBus; D, — cpemHuii
THAMETP KOJIbLIA KOHTAKTa JHCKOB:

_Dy +Dy Dy .
B3 2 Nk y’
Dy — HapyXHBIN AHaMETP KOJBIA KOHTAKTA JIUCKOB:

Dy =D (1+vy)=(3.5)d,

d — muameTp Bajga TOABUXHOTO 3BeHa; Dp — BHYTPEHHMI auaMerp
KOJIbIIa KOHTAKTa JIUCKOB: '

D

DB L, (0,5...0,6)DH 3
y — koaddunuent paboveil MIMPUHBI THCKOB:
Dcp "DB = b
D D,

cp cp
IMpunumator y=0,33...0,11, yro coorsetcrByer Dg/Dy=(0,5...0,8).
Yame peero w=0,25; b — paGoyas [MpHHA THUCKOB:
b= M =y-D
2
[¢] — momyckaemoe maBIeHHME Ha TPYULMXcH MoBepxHOCTAX (Tabi. 7.1);
J— Koo DHULMEHT TPeHUA CKOJILKEHUSI MaTepUanos JUCKOB (Tabm. 7.1).

IMonyyenHoe uuca0 Z OKPYISIOT 0 LIEJoro umcaa. Yucio AUCKOB
B BEJOMOJf YaCTH TOpMO3a:

g =

cp s

Z
Loy ==

2+1,

B BEIYLICH YacTH:
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2
=

ZB[-”.=

Heobxonumsras cuia NIPYXKHHEL TIPH 4ucie Z 0ap TOPMO3HBIX NMO-
BEPXHOCTEH paBHHa:

3 Dz =B
Floawdlodlae Uy
Zf DH 14 DB
I7ie ¢ — KECTKOCLTTh MNMPYXHHBI, X — ne(bopMamm TNMPY2KHHBIL.

P ACTOPMaXKHMBaHUE OCYIIECTBIAIOT C MOMOLILIO 3JIEKTPOMAIHWUTOB,
C}’MMEPHOS YCHJINHE KOTOPBIX HOJDKHO OBITh GONBILE CHITH NPYXHUHEIL

=k

np?
rie F, — ycusnure ONHOTO JIEKTPOMArHUTA, A — YUCIO 3JEKTPOMAariiu-
TOB.

PaccMoTpuMsM  yCTPOMCTBO U
MPUHLIMIT Jeifc’cTBUA  3JIeKTpoMar-
HUTHOTO TIOPOISIIIKOBOrO TOPMO3a
(puc. 7.6). OH cZOCTOUT M3 Kopllyca AN

1, cepreynuka 22 ¥ KpeIIKH 4, BBI- i ; >
MONHEHHBIX W3 cranu. TOHKOCTEH- [ ” Z:
HbIH MaTOMHEPLIUMOHHbIN CTaTbHOR 3 2*-

S 4 <} ]
UWIMHAPMYECKU T poTop 9 ykpern- {4 1 2
JleH Ha BBIXOAHXOM Baly, YCTaHOB- [/ .

JICHHOM B TTOIIIE MITHUKAX 6. %

Ha cepmeunHuke HamortaHa 06- % :,
MoTKa BO3OYXmieHus 3. IMomocts, 22000050 TS AIIIIIAN L)
oBpasopaHHas K’:opmurcom M cepled- zf 11 \ 5 \8 \? 5 i
HUKOM, B KOTTOpOil pacronoxeH
poTop, 3anoiHEsHa deppoMarHuT- Puc. 7.6
HLIM ~ TOpOIIKIOM.  YIUIOTHeHMe
MOMIITUITHUKOB COT NMPOHUKHOBEHUS TTOPOUIKA COCTOMT M3 MPOITHTAHHO-
TO KpeMHUHOPTaHUYeCKUM MacioM (eTpoBOro Koibla 7 U IMOCTOSHHO-
TO KOJbIEBOro mMaruuta 8. CBS3b TOPMO3a C MOABUXKHBEIMU 3/IeMEHTaMU
MEXaTPOHHOTO MMOAYIS HBVDKEHMS OCYINECTBISIIOT TIPH ITOMOIIM IIec-
TepHH 5.

IMox jmelicTBBUEM SMEKTPOMArHUTHOIO ITONS, CO3MaBAEMOTO KaTylil-
KOU yIpas/ieHusSH, PacHOJIOXKEHHBIH B 3a30pax NOPOUIOK TPYIITHPYETCH U
yrutotHsiercs. I py cABUTE TTOBEPXHOCTEH POTOPAa OTHOCUTENTRHO CTEHOK
KOpITyca BO3HHUKXAeT COIPOTHBIEHUE, OOYCIOBIEHHOE TDeHWEM HaMar-
HUYESHHEIX JACTHALL [TOPOIIKA. YIeJpHOE YyCUIIHE CHABHTA, ONpeesiolee
TOPMO3HOW MOMICHT, 3aBMCHT OT MArHMTHOW HHAYKUWM B pabouem 3a-
30pe, cOCTaBa MOOPOLIKA M PAla KOHCTPYKTHBHLIX MAPAMETPOB TOPMO3a.

T

219



Pa3BuBaeMBbIii TOPMO3HOM MOMEHT MPAKTHYECKH MPSIMO TIPOIIOPLMOHA-
JIeH TOKY YNPaBlIeHMS M IOYTH He 3aBUCHT OT CKOPOCTU CKOJBLXKEHMUS.
Topmo3s ¢ HapyxHubIM nameTpoM 100 MM criocobeH pa3BUTH TOPMO3HOMN
momeHT no 20 Hm npw npemensHBIX OKPYXHBIX CKOPOCTAX TOPANKA
10...15 m/c. Ocratoutblit MOMEHT TNPH OTCYTCTBMM TOKa YIIPaBJIEHMSI
cocrassieT He Gonee 0,5% OT HOMHWHAJILHOIO MOMEHTA.

TopM03HOH MOMEHT 3JIEKTPOMATIMTHOIO MMOPOIIKOBOTO TOPMO3a
onpenensior no dopmyne, H-m [35):
7K, - Kym-D* . P

2 e
rae Kp — ko3¢ uiMeHT pexuMa paborsl, pasubit 1,0 npu XecTKoi
duxcanuyn noaswxHeix 2mementos u 0,7...0,9 — npu ux mpockanb3biBa-
Huu; D — cpeaHuii AWaMeTp TopMo3a Mo pabouyMM 3a3opaM, MM,
5 i

e = o Koa(pUUMUSHT OTHOCHUTENIbHOI IMMPHHL paGodyero 3a3opa;

m — unciao paboumx 3a30poB (YMCIIO CJIOEB Mopolika); P — ymenbHas
cwia clerieHus B paboueM 3azope, MIla:

P=Kyw K, K KB

Ky — xoadduument, 3aBUCAIMi OT MaTepuana Hanonuurens. Jlma
KapOOHMWILHOIO Kejle3a M Macla, eclid Xeae3o B CMECU 1Mo o0beMy co-
craeisier 0,3...0,45, Ky=1; nna kapOGoHWIBHOrO YHCTOrO Xene3a C Co-
JiepKaHueM €ero B cMmecH 1o oosemy 0,65 — Ky=1,4; mns kap6oHMIBHO-
ro JKenesa ¥ OKMCH LIMHKA NPU COACPXKAHHM XKejie3a B CMECH ITo ofBeMy
0,5...0,65 — Ky=1,1; nns xapOboHUNIBLHOrO Xeje3a U JBYOKMUCH KPEMHUS
C TeM e colepxanueM xejnesa — Ky=I1; K, — xoabuuueHT, yauThi-
BAIOLIHH JIMHEHHYIO CKOPOCTh ABIDKEHWS YACTHUIL B 3a30pe U 3aBUCSILIMIA
TaKXKe OT BeJIMYMHEI 3asopa (puc. 7.7); K, — xoaduimeHT, yuIuThi-
BAIOIIMH BIMSIHHE YMchIa pabouMx 3a30pOB Ha MJIOTHOCTH HAMOJIHUTENS;
ripu yucne 3asopos 1, 2, 4, 6, 8 koaddunuent K, CooTBETCTBEHHO pa-
seH 1; 0,95; 0,9; 0,8; 0,7; Ky v I1 — Benuunnbl, 3aBHUCSIIME OT TUIOTHO-
CTH HATOJIHUTENsA U pasMepa 3asopa (puc. 7.8); § — paGouuii 3a30p pas-
perit 0,5...3,0 MMm.

HamarnuumBsamonlyio cuiny Jw (amrep-BuTKH), HEoBXoauMylo s
CO3aHus MHAYKIMHU B,, onpeneaior mo Gopmysie:

J = Ba(md + a)’
Hs
Tle p, — MarHUTHas MPOHMIAeMocTh 3azopa (puc. 7.9). Iltpuxosas

KPUBast COOTBETCTBYET CYXOMY HANOMHUTENO; o — Ko3(hduuueHT, 3aBi-
csuit oT MHAYKIMK B, u BenuunHbl koadduimenra Ky (puc. 7.10).

Trp =
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4 K
K 0,45 R
& I 1.8 \ 1% D/Anz
11 - 16 T o
5=2MM ' 1.0
1.0&- £ =1 14 }\2‘&/ 08
0.9 Q“m 12 0.0 :
8=0,5MM ™~ "lo0.45 i

0, 1,
0 25 50 7.5 Vwmc 00510152025 5 mm
Puc. 7.T Puc. 7.8

B IpoeKTHPOBOMHBLIX pacueTax MoxHo npuHumats P=0,03...0,17
MIla (bonpiue 3HAYEHUS P COOTBETCTBYIOT MEHbIINMM 3HAUEHUAM §).

B-c
l-l_;"IBUSA,M“H M, e o-103
L b =(
16 \s 128 2o e
1.2~ 9.6 15 0,18
0,83 6.4 0,75 J5=012 I
04 3,2 ; s
01 05 0911413 g, 0 B
B:,—Mz- 0,3 0,6 0.9 1,2 Ba,?
Puc. 7.9 Puc. 7.10

Ha puc. 7.11 u3obpaxeHbl CXeMbl YEThIPEX THIIOB MOPOLIKOBBIX 31K~
TPOMATHHTHBIX TOPMO30B, a B TabJL. 7.3 ocHOBHBIE UX pa3Mephl [35]:

Ta6numa 7.3

OcHopunie pasmepbl NOPOIIKOBLIX 3JNECKTPOMATHHTHBIX TOPMO30B

Ob6o3HayeHue Cxema
pasMmepa a,b B T
b (0,12...0,3)D (0,12...0,3)D 0,4D
Dy 0,75D ~D 1,25D
Dy 0,85D L,15D 1.4D
Dy D(D + 4b) JD(15D +4b) | [D(2,7D + 4b)

DIEKTPOMAarHUTHOE TOPMO3HOE YCTPOHCTBO C (QeppoMarHUTHOM
KUAKOCTBIO JipoccenbHOro tina (puc. 7.12) cocTouT M3 IUAPOLMINHPA
2, nopuwHs 7 ¢ KaTyurkoi BosdyxueHust 6 u wroka 1, Bo3BpaTHoit npy-
XUHBL 9, TUIaBalolIero MopuiHa 4, mojpkaTtoro npyxuHoit 3. Pabouas 8
M KOMIEHCALMOHHAS 5 MOJOCTH 3anojiHeHbl (heppoMarHUTHOM XKUIKO-
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cre10. [lunuuiap, TIODIUEHD M IUTOK BBITIOJIHEHBI M3 MarHUTHOrQ matre-
puaa. ObtmoTKH BOBﬁY)K}IﬁHHSI MPOJOXEHLl B Masax Ha TIOpPLIHE U COo-
SAWHEHLI NOCICOOBATE/ILHO.

Pue. 7.11

ITpu IBHXEHWH NOPIIHA XUIKOCTH TIEPETeKaeT U3 OIHOM MOJIOCTH
B JIPYTYIO Yepe3 Y3KMil KOJIbLEBOM KaHaJl MeXOy BHYTpeHHeH LIWIMHI-
PHYECKON MOBEPXHOCTBIO THIIB3EI

;
nwnMHApa ¥ nopuideM. [Ipu or-

2 34 5

A X7 SR
\:fﬂllo" LA LR NS TS ST A S II 23

AP A CYTCTBHH TOKa yIpaBieHHWS THJI-
YUSE I DaBIMYECKOE CONPOTHBIICHME
ST s SIS IITESSIIIES KaHama, 3aBHcsIee OT ero reo-

Puc. 7.12 METPHYECKHMX pa3McpoB W OT

BA3KOCTH HaMarHW4eHHON XWI-
KOCTH, ONpe/esisieT BeIHIMHY TOPMO3HOTO YCUITUS M CKOPOCTh HMOPIIHS.
VipapneHne TOPMO3HBIM YCTPOWCTBOM CBOAMTCS K M3MEHCHUIO BSIZKO-
CTH, a cJIe[loBATEIbHO ¥ IMAPABIUYECKOrO CONPOTUBICHMS, MyTEM CO3-
JaHus B KOJBLEBOM KaHale paauaJbHOTO0 MATHUTHOTO MOMH 3amaHHOM
HanpsoxeHHocTH. [Tocnennee BOSHUKACT MOA JAeHCTBHEM TOKa yIpasiie-
HuA Yepes 0OMOTKY BO3OYXIEHUA U KOHLEHTPUPYETCH B 3a30pe MarHu-
TONIPOBOJAA, T.€. MEXAY MOPITHEM W HHIHMHIPOM.
PaccMoTpeHHOE YCTPOHCTBO MOXKET OBITH MCIIOAB30BaHO U B Kaye-
CTBE JIBYCTOPDOHHETO, IUISl YE€ro cjclyeT CHAGIUTH IMOPUICHL BTOPBIM
IITOKOM M yOpaTh BO3BPATHYIO MpPYKUHY.
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[naBa 8
HATPABNAOLWWUE

HanpapisiolllEMU  Ha3bIBAIOT YCTPOHCTBa, obecreymBajoliye 3a-
JAHHOE OTHOCHTENHHOE ABMXKEHUE 3MEMEHTOB MEeXaHH3MA.

B MexaTpOHHBIX MOIYJISIX B OCHOBHOM ITPUMEHSIOT Halpasisioliue
TSI [OCTYTATENRHOTO JIBUXKEHH.

Hanpasnsiomue s HOCTYNATENbHOIO ABUXKEHMS UCTIONB3YIOT TO-
roa, Korja HeoOXOOMMO OCYILIECTBHThH HepeMellleHUe OAHOH NeTalin OT-
HOCHTEJIBHO JIPYIOi ¢ 3afaHHOI TOYHOCTEIO. K Hanpap/iIsioutuM npeas-
ABJSAIOT CHeAylolue TpeboBaHuA: obecriedeHie TUTABHOCTH MepeMelle-
HUSl, He3HAYUTENEHOCTh CHITBI TpeHUS, BoJbII0i pecypc paboTel, H3HO-
COCTOMKOCTB, CIOCOOHOCTE K TEPEMEIIEHHIO MPH pPe3KuX Oepenajax
TeMIIepaTyphl.

B 3aBHCHMOCTM OT BHa TPEHMUS PA3MYalOT HANpPaBISIOLIHE C Tpe-
HUEM CKOJILXEHMS M KauyeHus. Bolbop TUlla HaNpPaBISIIONINX U KOHCT-
PYKTUBHBIX CXEM 3aBUCHT OT MX HA3HAYEHMH, a TAKXKE OT TpeboBanmit K
TOYHOCTH HANpaBICHUS MepeMelecHNs, JOMYCKAaeMOM Harpysky, 3Haye-
HUIL CHIT TPEHUSI, CTOUMOCTH H3rOTOBJICHMUSL.

Hanpagngionme ¢ TpeHUeM CKONEXEHUS U KaYeHUs 110 XapaKTepy
(BUAY) BOCHpHHMMAaeMON Harpy3ku IOIPasAe/sIOT Ha OTKPLITHIE W 3a-
KpbiThie. K OTKPBITEIM OTHOCST HAIPaBJSIIONIME, Y KOTOPBIX IUIA 3aMBI-
KaHUST CHJIOBOH LEIM HMCIIONL3YIOT JONMOMHUTENLHbIE MPUXKUMHEIE YCH-
mug (Macca NOABVIXKHOM MeTaNM, YCWIME IUIOCKOW WIM CHUPaIbHOMN
TIPYXKWHBI, MEMOPaHBI). 3aKpPBITHIMU SIBISIOTCS HAMpPAaBISIONINE, ¥ KO-
TOPHIX 3aMBIKAHME CHJIOBOM IICIIH IIPOMCXOIWT € HCIOJL30BaHHEM
KOHCTPYKTHUBHBIX (akTOpOB.

Hanpapnsiomye B 3aBUCHMOCTH OT (POPMEBI UCTIOJIHEHUS DPaboumx
TIOBEPXHOCTEH HENAT HA NUIMHApUIecKHe, npuaMarudeckue, H-, [1-,
T-obpasnpie, B TOM YMcCie NpU3MaTHYECKUE HalpaBIsSioLIMe THIIA «JIac-
TOUKHH XBOCT».

8.1. Hanpaenstoliue ¢ TPEHUEM CKONbXEeHUsA

ITo KOHCTPYKTHBHOMY HCIIOJIHEHHIO HaNpaB/IIOLIHE C TPEHHEM
CKOJIBXEHUsI TIPOLIEe HAIPaBIAIOLMX C TPEHHEM KadeHHS M MEHbIEe UX
110 rabapuTHBIM pasMepaM. IIpu cOOTBETCTBYIONIEM BLIOOPE MaTepHUAaIOB
OHM MCHBITBIBAIOT HE3HAYUTEILHOE BIMAHHE TEMIIEPATYPHBIX Ieperna-
0B, OcHOBHOM HX HENOCTATOK — OTHOCHTEJbHO OONLIIME MOTepH Ha
TPEHHE.
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HanpasisioliHe € TPEHUEM CKONbXKEHUS H3TOTOBISIOT M3 CTalld
mapok 40, 50, V8A, uyrywa wmapox CYI12-28, CYI15-32, 6poH3b
BpOC10-2, BpO®10-1, BpOLIC, naryuu. [MpeanourHTeNbHbl ClEnyIo-
1IHe CoYETAHNS MATEPHAIIOB: CTANL-6PoH3a, CTaNb-JIATYHb, CTAIL-UYTYH.
Ecin MexaTpoHHbIN MOAy/s paBoTacT MpH pPesKHX Nepenagax TeMrepa-
TYPHI, TO JUIs] CONMPSDKEHUsT ACTase HANpPaBIsIOWMX PEKOMCHIYIOT BbI-
6upaTh MaTepuaibl ¢ BAM3IKUMU 3HAUCHHAMU TETUIOBOTO KO3((hHIIHEH-
Ta JTMHEHHOTO PACIIMPCHUSA.

KoHCTpyKTHBHAs CXeMa MPU3MATUYECKOH OTKPBITOH HATPABISIO-
IIEH ¢ TPEHHEM CKOJBXEHMS MpuBeacHa Ha puc. 8.1, B, rue mo MAHHA-
JIPHYECKHM HAMPABIAOINM |, 3aKperieHHbIM Ha HENOABUKHOM OCHO-
BAHMU 3, TIEPEMELIAETCs] KapeTKa 2 ¢ NpH3MaTHYeCKUMH pabouuMH 110-
BepxHocTaMH [42].

2

A g i f”/// '//4/"////%

Puc. 8.1

CxeMBbl TEX € HAaNpaBisIONMX 3aKPLITOTO THMA MMpPHBEJEHHLI HA
puc. 8.1, a,B,r u puc. 8.2, a-r. Ha cxeme (puc. 8.1, a) no nmiuHapuge-
cKkuM HarpapisiomuM | U 3 nepementaercs noi3yH 2 ¢ LUMIHHAPUYE-
CKOJf M IUTOCKOH paboyHMM IOBEPXHOCTSIMM; 110 MPSIMOYTOABLHBIM MPH3-
marnueckuM Hanpaensiowum 1 (puc. 8.1, B) nepemeuraerca II-
obpazHass npuaMa 2; 7O NPU3MATHYECKUM HATpaBIgommM 1 THna
«TaCTOYKHMH XBOCT» C yriioM mpoduis o (o6siyHo a=300) nepememaer-
ca npusma 2. JInsg npU3MATHYECKUX HATIPARISIONMX THNA «IACTOYKMH
XBOCT» TpebyeTcs TIaTeNbHasa c6opKa U peryIMpoBka, Tak Kak MpH He-
3HAYHTEPHOM IMEPEKOCe AeTaleil BOZMOXKHO 32e/IaHHe HAITPABJIAIOLINX.

Innunnpuyeckue Hanpaesnsomme | uarorasnmpaior 6e3 ycrpoicT-
Ba OT OCEBOro nposopaudBanus (puc. 8.2, a) u ¢ ycTpofCTEOM B BUAE
mnanku 2 (puc. 8.2, 6, B) wau wrudTa 2 ¢ rooBkoil, Bxoaglel B na3
Kopnyca (puc. 8.2, r).
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31

T Ry 1

27

N

i

a) 6)
Puc. 8.3

B mpusMaTudecKuX HAMpPABISIOMMX NPUMEHSIOT NpU3Mel 1 ¢ Tpa-
nenueBuaHEIM (prc. 8.3, a), NpAMOYTOJBLHBIM UM TPEYTOJIBHBIM cede-
HUeM. PerymMpoBKy 3a30pOB B HaNpap/MIOUMX IPOBOMAT C ITOMOINKIO
IUTAHOK WM «Ccyxapukoms. Ha cxeme (puc. 8.3, 6) cOBUT Hampapisio-
mmXx B OOKOBOM HAMPABICHUM YCTPAaHAIOT C MOMOINBIO BhIcTyma 1 u
IUTAHKHK 2, a BepTHKAIBHOE MepeMelleHIe — C.IIOMOILIO ABYX IIaHOK
3. B HampaBngiouX, M306paxkeHHBIX Ha puc. 8.1, © peryJIMpoBKy 3a30-
pa MPOBOJAT € TTOMOILIBIO «CYXapHMKOB» 3.

Tl mpoBepKy NPaBHJIBHOCTU BEIOOpA MMOCANKM M KJlacca TOYHOCTH
cOnmpATaeMbIX JeTajei HANPaBIAIONIMX TPOBOIAT NPOBEPOYHLIA pacder
o popmyie [39]:

A= Dyl ay(t-1))- D1+ eyt - 1)), (8.1)

e A — MUHHAMANLHBIN 3a30p NpU JaHHOM TemrmepaType, MM; D _ Hau-
MEHBIIMHA TIpH [JaHHOM [OMYycKe AuaMerp (WIM NUHEHHEIR pa3mep)
OXBaTHIBAIOIIEK meTanu, MM; [D; — HaubOMBIIMI NpH JAHHOM JOMycKe
muaMeTp (WiIM JMHeHBI pasMep) oxXBaThIBAeMOM NeTalld, MM; fo U { —
COOTBETCTBEHHO HaYalbHAast M KOHEYHas TeMmIiepatypa, Ipaf, Hampas-
JISIOMUX; o U oy — Ko3bDUIMEHTH! JIMHEHHOrO pacllMpeHus Marte-
PHAJIOB COIpAraeMeIxX geraneit (tabm. 8.1).
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Tabnuma 8.1

Koadduuuent o muueiinoro paciunpenus

Matepuan Koadbduument o x 10°
Crans:
HeaakanexHas 11.5..12
3akaneHHan 115142
NerupoBaHHan 20
Xpom 9
YyryH 10,4
BpoHaa 17..18
NatyHb 18,5...19.8
Megs 17
Cepebpo 19...19.7
OpreTekno 13

viomeHT M=Fh, ypaBHOBellIMBaeMblif MOMEHTOM Iapbl CHJI, obpa3oBan-

HBIX

peakuusMu F; B OIOpax.

A Fr

F oo P

77
i a

Fi

-
A=

a)

Puc. 8.5

3HaK «Imoc» GepyT B TOM ciydae, Korma f > fy, 3HAK «MHHYyC» —
opu f < f,. Ilocanka cumtaercs gonycrumoit, ecmz A > 0. B cirydae 3a-
KnuHUBaHUA (A <0) crmenyer masuauuth Bojee CBODOJHYIO MOCAIKY
HIH TIpUMCHATE MaTepHaIbl, MMEIOIIME ONMHAKOBLIE WU MLIO
paslMvalomuecs Mexny coboit  TemmepatypHsle KoaduUIHeHTH
JIMHEHHOrO pAcIIMpPeHua. B OTHENBHBIX cryyagx MOXHO YMEHBIIHTh
UWHPpHHY WM JWaMeTp HANpaBsioOW(UX, HO IPHU 3TOM JOIDKHBI
COOMONATEC TPEGOBAHMSA KECTKOCTH M M3HOCOCTORKOCTH KOHCTPYK-
LHH. s mpepynpexaenus

BO3MOXHOCTH  3aKJIMHUBA-
% HUS W YMEHBUIEHUS ITOTEPDH
Ha TpEHHE B HallpaBasiolieit
Q ] I_[ F  Heobxomumo, YToOB paBHO-
2 § : Y HdeicTByomas ¢ Bcex cuUi
COMPOTHBICHUA (KpOME CHII
s TPeHUs!) M ABMKYLLas cuia F
! (puc. 8.4) meiictBoBanmM 1O
i JIUHAK HaIpaBleHHA IIepe-
Puc. 8.4 MEIIEHHsI B IUIOCKOCTH Ha-
NpaBIIOIIKX W UIMHA ¢ Ha-

NpaBfsAIoNIeH NpeBblIana mupuHy H nomsysa, T.e. /£ = (2---3)H ;

IIpy KOHCTPYHPOBAHMM HAIPABISIONHX BOIMOXHO TOSBICHYE TIe-
peKoca, KOTOpBIi 3aBHCHT OT UTHHBL L MEX/y HAIPaBISIONHMMU | TLIC-
ya /i IpMJIOXKEeHMSE ABMXYILEH cusl F u ee HarpasJIeHUsl, YTO TIPHBOIUT
K saknuHUBaHMIO (puc. 8.5, a). Ecnu cuna F npunoxena MO/3YHY Ha
miede h MapauieNbHO HaNPABICHWIO NMEpEMELIEHUS, TO OHA CO3AACT

A
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VpaBHeHUE paBHOBECHS IION3YHA UMEET BUJL:
Fa=F 1.
OTKyma peakiluu B OTNIOpaX PaBHEL:
Fh
F =—,
e
ITonHas cuna TpeHUA paBHa:
2Fh
Fr =2Fp =2F, 'f=Tf=

roe Frp — cWia TpeHMsS B OHOM HampaBiasiouei; f — xosdduimeHt

TPEHHA CKOMBXEHUA.
3akIMHUBaHWS He OymeT mpu yenosuu £ < F, T.e.

1
£ 2
st obecriedeHusl IUIABHOCTH XOJa, MAajloro M3Hoca pabouux 1o-

BEPXHOCTEH M OTCYTCTBHS 3aKIMHUBAHUSA HEOOXOXUMO BBITIOIHSATE Clie-
IyllIMe peKOMEeHIAUWK: IS TUIOCKHX HalpaBIsIONIMX MPAMOYTOJLHON

bopmer

(8.2)

h—'£-<0,25;

JUA HaIpaB/ISIONMX THIIA «IAaCTOYKHH XBOCT» TIPH YIJIE o MPoduJIs

LM cpps:
L sina

JULSL HATIPARJISTIONINX MITHHAPWIECKOH (hOpPMEI
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ﬁg <0,20.

JBICKYIIYIO CHITY HallleM M3 YCTOBMS:

F2Q+F,-=Q+-2F%.
OTtkyna
o
27
L

rae O — cuia MoJe3HOTO CONPOTUBNEHMUS.

[Ipu npuwioxenuu cuasl F Noj yraoM o K HATIPABACHUIO nepeme-
weHud (puc. 8.5, 6) peaKTHBHEIE CUJIBL HAalIeM U3 YPaBHEHU cTaTHKiA:

F(L + £)sin
1;:_2 =F-fi’5in0a'

Ilomnas cuia TpeHus paBHa:
Fy = Frpy + Frpy = (Frl +F,)f .
3axuHuBaHue 6YIET OTCYTCTBOBATH NPU YCIOBHM:

‘FT gF'COSCﬁ,
T8
f—'—%@ﬁf(L+2f)s F.cosa.
Otkyna
£
fly g et g
=207 i

OKoHYaTelbHO YCJIOBHE OTCYTCTBHMSA CHJIOBOIQ 3aK/IHMHHMBaHHS Ha-
MpaBJIAI0IMHX IIOTYYUM B BHIE:

£ 1-f %o
YN
VI3 ycnoBu# OTCYTCTBHS 3AKIMHWBAHMS CIEYET, YTO JUIS YMEHb-
WweHust JUIMHBL L Hanpasnsiomeii Heobxoqumo xoshduiuent f TpeHus
CKOJIBKCHHSA YMCHBIIUTh. DTOr0 MOXHO AOCTHYL MMOAGOPOM MaTepHa-
JIOB 1apkl H COOTBETCTBYIOLEH 0OpabOTKOMN TPYIIUXCS MOBEPXHOCTEIH.
JBIKYILILYIO CHIIY HallleM U3 YC/OBHSA OTCYTCTBHS 3aKIHHUBAHUS:

(8.4)

228

F> 0 (8.5)

L

Paboune MOBEPXHOCTH HANpPAaBJSTIONIMX MPOBEPSIIOT Ha OrpaHUvye-
e TaBIEHUS:

cosa —

F
P:'ZS[P]S

rne F. — HOpMaJbHAas CHJIA B TOYKE CONMPUKOCHOBEHHS TPYLIMXCS I10-

r
sepxHocrelt, H; A — mjonians COMPMKOCHOBEHM, mm2; [P] — nonyc-
xaeMoe JasieHue. IIpu CKOPOCTAX OTHOCHTENBLHOIO IMEpeMelleHus 10
1 M/c [P}=3...4 MIIa.

8.2. Hanpaensiouiue ¢ TpeHUeM KauyeHus

Hampasnsoniie ¢ TPpeHUEM KayeHWsl NMPHMEHSAIOT B TeX Clydasx,
xorna TpebyeTca OOGECTeYHTh JIErKOCTh M IUIAaBHOCTh ABMXeHus. Ilo
CpABHEHWIO ¢ HAlpaBISAIOIIMMH TPEHHSA CKONBXEHHWS 3TH Hanpaslisio-
e UMET MeHbUINE ITOTEPM Ha TPeHHE, JOJTOBEYHEI, MalOYyBCTBH-
TeJIbHBI K ITepelianaM TeMIepaTyphl.

Hampasnsgromnye ¢ TpeHHEM KadeHWs M3TOTOBJIIOT H3 3aKalleHHBIX
craneit mapok IIIX15, 40X, V8A, V10A, XBT, 38XMIOA.

Hampasisiongie ¢ TpeHHEM KayeHus o opMe Tel KaueHUs AensT
Ha IIAPUKOBBIe ¥ POJUKOBHIE. B KayecTBe IMPOMEXYTOUHBIX DJIEMEHTOB
KaueHus B IIAPUKOBBIX HAMPABISIOIIMX HCIIONb3YIOT 1IAPHKH, B POJIH-
KOBBIX — IIMIMHIPUYECKHE ¥ KOHMIECKHE POJMKH, KOTOPhIE MOMEIIAIOT
MeXIy IOABVKHON M HEMONBWXXHOM AeTalIMM Hanpasisiomux. s
yIepXaHusA [IapHKOB MJIM DOJIMKOB HA OIPENEIEHHOM PacCTOSHUM JIpyT
OT [pyra IMpHMeHSIOT CEapaTophbl, U3TOTOBJIEHHEIE U3 JIATYHHM MIH TEK-
crommuTa. MHOTMA NPUMEHSIOT CTaHJapTHHIE IIAPHKOBBIE WM POJIHKO-
Bhle MOMIIMIHMAKKA. B 3aBHCHMMOCTH OT ciiocofa YCTAHOBKM ILAPUKOB
WIH POJIMKOB PAIIMYAIOT HANPaBIAIONIHe C IepeKaThIBaroIMMUCT 1
BpaIAlONIMMHCA BOKPYT CBOMX Ocelf mIapukaMu. B Hampapisiomux ¢
TIepeKaTHBAIOIHMUCA HIAPHKaMK TIPH NepeEMEIIEHUH KapeTKH 1 mapu-
KA 2 TepeKaTHIBAIOTCS 110 OCHOBAHUIO 3 M OCH TEN KadeHHs mepeme-
MAlTCA KaK OTHOCHTENILHO KApeTKH, TaK M OTHOCHTEIbHO OCHOBaHHA
(puc. 8.6, a). B HanpaBisIONIMX ¢ BpalalOIUMUCA NIapUKaMy Teja Ka-
UeHHH 2 3aKpeIUIeHbl Ha OCSX M IPH MepeMelleHuy Kaperku | Bpaia-
I0TCA B CBOMX THeE3MlaX, a OCH TeJl OCTaloTCs HEMOABHXHBIMHM OTHOCH-
TEJILHO KapeTKu M ocHopauus 3 (puc. 8.6, 6).
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AHau3 HallpaBJBIIOIINX C MEPEKAThIBAIOUIMMHICH W BpallaoIMMHu-
Cd lapHKaMM ITOKasLIBaeT, 4yTo TeopeTHYecKas [JIMHA L[ KapeTKH M
OCHOBaHHA B cAy4ac MpUMEHEHMU MepeKaThIBAIOLIMXCSH HIADHKOB paBHa:

L =L+§-,
2

rae L — paccrosiHue MEXIy LEHTPaMH IIAPHKOB, S — Xoi KapeTKH, a B
CIIyHae BPALLAIOLIUXCS IHAPHKOB:

Ll = L + S.
Li=L+S/2 s Al 7o o g
2
1 1
L 3
—
£
5
a) 6)
Puc. 8.6

CrienopateTbHO, NPH POEKTHPOBAHHU MEXaTPOHHBIX MOZYNeH C

GoNBIIMMU TepeMeIeHUSIMU MOABIKHEIX 3BeHBeB Gojece Henecoobpas-
Ha KOHCTPYKLUS, B KOTOPOH Tejla KauyeHWs MepeMelialoTes BMeCTe C
TIO/BMKHOM KapeTKoM, YTO MO3BOJISAET YMEHBIIUTH ee mnuay. B 1o xe
BpeMs, IPH YCTAHOBKE IIAPHKOB BO BpPALIAIONIMXCS THE3AAX HCKIIOYa-
€TCA BAMAHUE MOrPELIHOCTH (DOPMBI MTOBEPXHOCTH OCHOBaHus. [103TO-
MY TAKNE HANPaBISIOU[He [IPYU MTPOYUX PABHLIX YCIOBUAX 0DecriequBaior
Gonee BBICOKYIO TOYHOCTD MEPEMENICHHUS KAPETKH.
- st onpexeneHus CONPOTHBICHHUS IBIDKEHHIO KADETKH 1 BBISICHUM,
KakuM Ko3(DhUIHEHTOM TPeHUsI TOKOS JOIDKHBI OB/IANATS LIapuK 2 U Ha-
NpaBjITIomas 3 yist TOro, YTo6LI MEXIY HUMU He GBUTO IPOCKATB3bIBAHILSL.

Ycnosue paBHoBecHs urapuka (puc. 8.7):

FT 'dﬂ.l =R‘2fk.
Tax xak cuna Tperua Fy = f;-R W y4uTeBas, 4ro OTCYTCTBHE

CKOMbXEHMUS JOJDKHO OBITh TapaHTMPOBAHO, TO HauGOMBIIMH Ko3dhbu-
LUEHT TPCHHA [TOKOA B MOMEHT TEPEXOfia K CKOMBXKEHUIO PaBeH:

fo> 2/

d 3
e fy — Ko3QPUIMEHT TPeHUS KauyCHMHS.

(8.6)

m
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Jlng HanpaBIfolMUX C TPEeHHUEM KaueHMs OTCYTCTBME 3aKIMHMBA-
HUST OTIPEHEISAIOT IO TeM Xe dopMyjIaM, YTO W UL HalpaBasioluX ¢
TPEHHEM CKONLXEHUS, TONBKO BMECTO KO3(hdUIMEHTa f TPEHHS CKOJb-
skeHUs B (DOPMYIIBI MONCTABASIOT KODDUIMEHT fi TPEHUSI KaueHHs!.

CyliecTBeHHBIMH
(hakTOpaMH, OKas3bIBalo- l
LUMH OTpHULIATEIBHOE R Q
pinsiHMe Ha pabory Ha-

R
[paBJIAIOUIHX C© TPEHHUEM
Ka4ycHHKA, ABIAITCA 3a30- RY: a¢ 2 :
PBl MEXIOY CONMPAXEHHBIMU !

P

yeped Tela KadyeHud II0-
BEPXHOCTAMHM KapeTKu H

OCHOBaHMS. B OTKPBITHIX
3830pHL  F_ 7/ #W///////,WWQZ

N

HATIPaBISIOLIUX
BLIDMpAIOTCS aBTOMAaTHYE-
CKM, & B 3aKDBITEIX Tpeby-
€TCSl MIX PETyJIMpPOBKa. Puc. 8.7

Ha puc. 8.8 npuseneHa KOHCTPYKTHBHAs CXeMa 3aKPHITON LIAPUKO-
BO Hanpas/IsAIOIIER ¢ cenapaTopaMu 2, B KOTOPOH PETyIMPOBKY 3a30pa
MeXIy LIapukaMu 1 M KapeTKoi 3 MpOBOIAT IPH IIOMOIIH IIepeMelie-
HUS ONHOH MM JBYX TNAHOK 4 ¢ HOCHEAYIOUIMM HX 3aKpelieHHueM
BUHTaMU 5 [42].

B ponukoBeiX Hampas- & las
JIAIONIMX OCHOBHOM HeTanbio
SIBISIETCS  POJIMK, KOTOPBIHA
MOXET IIepeKaThIBaThCAd [0 “
UWINHIPUIECKON WM IUIO-
CKOl ToBepXHOCTH. B Kaue-
CTBE pPOJMKOB WHOIHa MC-
NIONB3YIOT CTaHOAPTHBRIE pa- ]
[YanbHbie I[TONIUNMHUKMA. B
DOJTMKOBBIX  HAIIPABJISIONHX Puc. 8.8
(puc. 8.9, a) ponuku 1 mepekaThBalOTCA 10 LIMIHHIPHYECKOM MOBEPX-
HOCTH 2.

Hdins obecriedeHHst KOHTaKTa BCEX POMMKOB € HAINPABISIONIMMHU
oIKHA OBITE MPefycMOTpEeHa CIel[HANbHAs PErylIupoBKa, OfMUH M3 Ba-
DHAaHTOB KOTOPOH mokasaH Ha puc. 8.9, 6. Pomik 4 yKperuiioT Ha ocu
1 ¢ sxcuenTpucurerom e=0,2...0,5 MMm. OKOHYATENLHO TaiKK 2 U 3 3a-
KPEIUISIOT MOCe PeryJupoBaHus ITOJOXEHNST POIMKA.
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Puc. 8.9

Jnst Hanpasiasomux (puc. 8.9, B) DONMKM € 3KCHEHTPUYHBIMHK
ocsMM HeoOs13aTeNIbHBL, TaK KAaK KaXNIBIM POJIUK YHIEepXHBaeTcd B OT-
JeTbHOM JiepXKaBKe. PerynupoBaHue OCYIIECTBIISIIOT 3a CYET MepeMeliie-
HUSA JEpXKaBoK B IpeJeiaX 3a30pOB B MPOXOMHBIX OTBEPCTHAX TMOJ Kpe-
MEXHBIE BUHTEL

Ha puc. 8.10, a, 6, B npuBeneHbl KOHCTPYKTHUBHbIE CXEMBI POJHKO-
BBIX HAMPaBIISIOIHUX 3aKPBITOTO THIIA.

B nocnenHee BpeMs IPUMEHSIOT GONee SKOHOMHYHBIE 1IAPMKOBEIE
HalpaB/IsoIue JIMHEHHOro IepeMelieHus, KOTOphle YMEHBILAIOT raba-
DHUTHEIE pa3Mepbl KOHCTPYKI[UHM, Maccy U ODIYI0 CTOMMOCTh MEXaTpPOH-
HOTO MOZYJIS.
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8.3. llapukoBsle LM — HanpaBnsawouwue

Ha puc. 8.11 mnpencrasmeHsl wmapuxoBeie LM-Hanpasasioinue
dupmet THK (SInonuns), mpenHasHaueHHbie Uil obecrieYeHMsT MPsSIMO-
JNIHHENHOro IepeMeleHNA.

Pacemorpum LM-
HanpaBIALIYI0 THIIA
HSR (puc. 8.12). OHa
npeAcTapiser  coboi
CHIICTEMY, COCTOSIIYIO
u3 LM-pensca 1 u
LM-6moka 2, wexay
KOTOPHIMH  pacmoJo-
XKeHBl UIapuKu 3, Ha-
XOMsIIIlMeCs B Cemapa-
TOope 4, KOHIIEBOH
TUTMTBI 5, KOHIIEBOIO YIUTOTHEHMS 6, HUIMeNs 7 [UIS TTOHAaY¥ KOHCH-
CTeHTHOH cMa3ku M HoxoBoro ymiotHutens 8. YeTwlpe psma IIApUKOB,
pacnoIoXKeHHBIe MOM yriaoM 45° K MmoBepXHOCTAM KaueHus LM-peibca
1 LM-6noka, MOryT BOCIIDMHWUMAaTh HAarpysKy cBepXy, CHM3Y, CIpapa,
cieBa. Pamuycel ry KDHUBM3HBI TOBEPXHOCTEN KaYEeHHWS COCTABMISIOT
52%...53% nuamerpa d,, mapuka, T.e. rg = (0,52...0,53)d,,.

\\_
QN

T'eomerpuueckue napaMerpsl LM-wanpasmaonmx tana HSR u ux
3HAYEHUA MpUBEIeHE B Tabm. 8.2.

LM-nanpasnsiomas Tuna HR usobpaxena Ha puc. 8.13. Ona co-
crout u3 LM-pensca 1, LM-6noka 2, MexXiy KOTODBIMH DACIIONOXEHE!
IBa psia OCYILECTRISIONIMX HPKYIUpYIOUee IepeMellleHHe HIapUKOB
3, HaxomALIMXCS B cemaparope 4, BCTYNAIOIMX B KOHTAKT C ITOBEPXHO-
CTAMH KauyeHHWs MMox yrioM 45° U BOCHPUHUMAIOUIMX HAIPY3KY CBEpPXY,
CHH3Y, CIIpaBa H CJieBa, BOBPATHOrO KaHala 5, KOHLEBOH MIKTH 6, yii-
JIOTHeHUS 7 U OTBepCTHA & IS CMAasKH.

leomerpuyeckue mapamerpbtl LM-nHanpasmsiomnx tuma HR u mx
3HAYEHMS TPUBEIeHE! B Tabm. 8.3.

Puc. 8.11

74
S

4

il

.

Puc. 8.12
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Koncrpykuus LM-Hanpasnsioweit Tuna SR (puc. 8.14) coctout us Ta6auma 8.2
LM-pensca 1, LM-

fmoka 2, Mexny Ko- I'eomerpuueckue napamerpsi LM-nanpasnmomux Tana HSR
TOPBIMH pa3smellleHb
YETBIPE pslia ocyllie- w ir
CTBJIAIIOLIHX IHMPKY- ' ciesy B E L
JMpyIollee repeme- N e M
LieHHE ILUApUKOB 3, TIrj_ HE D uHE T
" o R g5
PAcCHONOXEHHBIX B " G ) il 8 i ] ]‘\ Af 1 13
. 4 g \ @ Hy : n e
P 875 cenapatope 4, BcTy- R T o 2t
NAOUHUX B KOHTAKT 2] g P,
C nopepxHOCTAMM KayeHHs LM-penbca nox yraom 30° u LM-6i0ka mon L w [ |
yrimom 90, U BOCIIPMHUMAIOIINX HArPy3Ky CBEPXY, CHU3Y, CpaBa, cliesa, LM-610K, MM
KOHLEBOH TUTUTHI 5, KOHLEBOTO YIIOTHEHUS 6, GOKOBOrO YILTOTHHTEJIS
7 u uunnens 8 [yis 3aMPECcCOBKH KOHCHCTEHTHOMN CMA3KIL. Hanmerosaritc napaMerpa
4 ; { : : Howepmmta | Wl g ls| o |l al sl alr|ln| sl l|n]e e
A V57259 ) SRR : 2 ! d pi
f/’“?ﬂ%:%nﬁ [=cesesy &
?’?/’5‘ 1"-4{"4/9 JQ;Q'W HSRISTA | 47 | 38 |45 | 535 | 30| 24 | M5 | 122 7 | 11 [ 194 | 40,5 | 45| 55| 02
AT e o m o g
{’ 7. Qﬁ\\\\\@“b’% ﬁt‘-'-?-'é" HSR20TA |63 |53 | 5| 70 [40 | 30 | M6 | 145 10| 10 25 | 50 | 5 | 12| 035
£7. ‘\\\§\§ 4.5 /@800
56 - e HSR 25TA 70 | 57 |65 79 | 45 ] 36 | M8 18 |10)] 16 |29,5] 59 6 12 | 058

!( ! HSR 30TA 90 | 72 9 94 52 | 42 | MIO | 21 10] 18 35 72 s 12 11

HSR35TA [100| 82| 9 | 105 |62 | 48 [Mi0| 24 [13]| 21| 40 |813] 8 | 12| 16
HSR 45TAX | 120 [ 100 | 10 ) 139 | 80 | 60 [Mi12| 30 |14) 25 ) 50 | 98 | 10] 16 | 2,8
Puc. 8.14 HSRSSTAX | 140 | 116 | 12 | 163 [ 95 | 70 [M14] 36 [15| 20| 57 | 11g | 11 | 16| 45

Feomerpuyeckue mapamerpst LM-nanpapmsmommx tuna SR u ux T o e e R A
3HaYeHW NPUBEIEHBI B TA6T, 8.4. HSRESTA [215| 185 | 15 | 247 | 140 [ 110 | m20 | 51 (30| 55| 94 [ 179 [ 23| 16| 17
LM-nanpasnsiiomias Tuna RSR mpeacrasimena na pue. 8.15. Oma LM-pessc, MM
TNpejcTaBisieT cobOH cucTeMy, coctosuyo u3 LM-pemsca 1 u LM-
Onoka 2, MeXJly KOTOPBIMM DACTIONOXCHEI [Ba DS OCYIIECTBIMIONAX

Haumenopanue napaMerpa

OctiopHag Honycrumrii

LIHPKYJIMPYIOLIee TIEPEMCILCHHE IIapUKOB 3, KOHLEBOTO YIUIOTHeHUS 4, Homan o bt ol e
PE3MHOBOTO YIUIOTHHUTENA 5 M CTOMOpa 6, MPEeNsTCTBYIOIIETO CHSTHIO wi| W, | B || a | D] & | £ | warpyaxa, H wmoment, HM | ca m,
o Kr/M

LM-6mnoka. ¢ ¢ | m | My ] Me
/’ : | ‘\ HSRISTA | 15| 16 | 7,5 | 15 |45 | 75|53 60 | 7600 | 11500 | 60 | 60 | 84 | 1,5
1 TR H} 5 HsR20TA |20 |215| 10 [18| 6 |9.5]85] 60 | 12300 [ 17900 | 117 | 17 | 174 | 23
!Eél, kb t'= HSR25TA | 23 [235|15|22] 7 | 11| 9 | 60 | 17700 | 25800 | 202 | 202 | 294 | 33

N
S ¥

AN L HSR30TA |28 | 31 | 14 [26| 9 | 14 | 12 | 80 | 25000 | 35100 | 322 | 322 | 484 | 48
i \ W HSR3STA | 34| 33 | 17 (290) 9 | 14 | 12| 80 | 33200 | 45800 | 481 [ 481 [ 770 | 6,6

HSR 45TAX | 45 | 37,5 [ 22,5 |38 | 14 | 20 | 17 | 105 | 53500 | 71700 | 938 | 938 | 1568 | 11,0

Puc. 8.15 HSR SSTAX | 53 | 43,5 [ 26,5 | 44 | 16 | 23 | 20 [ 120 | 78900 | 103000 | 1622 | 1622 | 2723 | 15,1
HSR 65TAX | 63 | 53,5 | 31,5 | 53| 18| 26-| 22 | 150 | 126000 | 161000 | 3167 | 3167 | 4976 | 225
l'eomerpuveckue mapamerper LM-nanpapnsiotux tuna RSR u ux HSR SSTA | 85 | 65 |425|65| 24 | 35 | 28 | 180 | 187000 | 232000 | 7621 | 7621 | 0428 | 352

3HaYeHUs NPUBeNeHEl B Tabn. 8.5.
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Tabnuma 84

-

Ta6numa 8.3

Teomerpuyeckne napamerpsi LM-nanpasasmommx tuna HR Teomerpuyeckue napamerpsi LM-nanpasasiomux tana SR

1 L A . L J
Li E Li e I
Lz & 1z 4 ome. @ S
A /Md\ |
; 7 D '
& ¥ o ]
NN y
HI \‘\\ St %
os . W @ -@_ NN i |
= X d My '
N\ e Tun SR...T
S n % F
K || e —— h i s b SR ot o kbt <o g
"1 LIPS, 17| B T i - irert S
LB D A fiad LM-610K, MM
4 b
Homep HaumMeHOBINHE NapaMeTpa e
THRa ety ool 2 S Ol e ril wON | B
LM-610K, MM SRIST | 34 |26 | 4 | 55 | 423 | 26 [ 24 | M4 | 6 19 [ 6 |55] 0.8
T - srR20T | 42 | 32| 5 | 64 | 485 | 32| 28 | M5 |75 | 25| 6 | 12 | 03
Honmep e T sR25T | 48 | 35| 65 | 80 | 604 | 35 [ 33 | M6 | 8 [ 25 | 7 [ 12| o4
Tina H | A L i T T P L o T R e R (8 A | sR30T | 60 [40] 10 | 95 | 727 | %0 | 42 | M8 | 9 | 314 | 8 | 12 | 08
. Kr
HR 918 £5 [ 18 [ 43 PO W IR T A PR M (T e R srR3sT | 70 |so] 10 | 1090 ) 848 | 50| 48 | M8 | 13| 36 | 85| 12 [ 12
g E i ;13 I ; 2 g; 30 |15 7 |w|B2]5 | 3| M3]| 2|00 srasT | 86 |60 ] 13 [ 125] 965 | 60 | 60 | Mi0 | 15 | 467 | 11,5 ] 16 | 22
30 | 15 | 30 40 [20] 10 | 14187 ]|65]| 35| Mé | 2 | 008
HR2042 | 20 | 42 | 92 | s66 | 35| 13 |19 |2ss| 10|55 | ms | 3 | o3 srssT | 100 | 75 | 125 | 1ss | 1207 | 75 [ 68 | Mi2 | 17 | 537 | 12 | 16 | 36
HR 2555 25 | 55 | 1215 | 80 | 45 | 16 |24 32 | 11 M8 | 3 | 043 spR70T | 126 |90 | 18 | 195 | 1476 | 90 | 85 | MI6 | .25 70 12 16 7,0
g& gggg gg gg |4§ 90 [s0o| 19 (20| 39 [14] 9 [ Mi0]| 4 | 07
155 | 1038 | 60 | 21,5 24 | 435 | 18 | 12 | M12 | 4 | 1,05
HR4085 | 40 [ 85 | 178 | 1208 | 70 | 24 |38 | 49 | 20 | 13 | M14 | & | 1}53 LM-pense, M
HRS0105 | 50 | 105 | 227 | 150 | 85 [ 30 (48 | 62 | 23 [155| M16 | 5 | 3,06 H MeTpa
HR60125 | 60 | 125 | 329 | 236 {160 | 35 {58 | 72 | 26 | 18 | M20 | 5 | 7.50 1 napaMerp
OcHopHag Jonyerimbiii
LM-pense, Mm V Homep HOMHHANLHAR cratnieckuit Mac-
Y ™na w,|wy| B, | H; | d ]| D | h | F Harpyaka, H moment, HM | cam,
H pamcTpa c R PR TR R
Kby, m:::{c:::;:,a:an Mac- SRIST [ 15 [ 951 75 [135 |35 6 |45| 60| 8s00 | 14500 | 38 | 32 [ 50 | 1.2
TN W, H, By E d D k I F warpysxa, H cam, sR20T | 20 | 11 10 [155] 6 | 95 85 60 | 11200 18900 | 64 55 72 2,1
e Co - sRasT | 23 [12.5) 15| 18 | 6 | 95 | 85| 60 | 18100 | 29600 | 109 | 95 | 159 | 27
HR 918 §7 1S as [es3e sty s 25| mede 2300 | 0,3 sR30T |28 | 16| 14 | 23 | 7 | 11 | 9 | 80 | 26700 | 42600 | 189 | 163 | 272 | 43
HR1123 | 95 | 8 [ 5 6 | 35| 6 |45]|11,6] 40 | 2100 3200 0,5 sro0i 'l 300 | 50 |k bie
HR1s30 |107] 11| 6 | 8 [ 35| 6 | 45|35 60| 3s00 5800 10 SRIST |34 | 18| 17 |275] 9 | 14 | 12 | 80 | 37100 i
HR2042 [ 156 | 145] 8 |105| 6 | 95 [85|195]| 60 | 8900 | 12000 | 1.8 asT | 45 | 205] 2251 35,5 11 | 17,5 14 | 105 | 49300 | 75600 | 447 | 387 | 785 | 113
HR2555 | 22 | 8] 10 | 13| 9 | 1a | 12| 27 | s0o | 16600 | 22900 | 32 i Tsh | = : g7a | 757 | 1278 | 128
HR Jogg 3%5 22.-'55 12 1155 9 | 14 | 12 [31,5)] 80 | 21600 | 29000 [ 46 sRSsT |48 | 26| 24 | 38 | 14| 20 | 17 | 120 | 79400 | 118000 ;
HR 35 S| 26| 145 ] 18 | 11 |i75| 14 | 37 | 105 | 26700 | 35800 | 6.4 of | 70 | 28| 35 | 47 | 18| 26 | 22 | 150 | 139000 | 199000 | 1950 | 1689 | 3109 | 228
HR4085 | 35 | 29| 16 | 21 | 14 | 20 | 17 [ 425|120 | 39500 | sie00 | 80 =2
HRS0105- | 42 | 37| 20 | 26 | 18 | 26 | 22 | 51,5 150 | 63000 | soso0 | 12,1 2
HR60125 | S1 | 45| 25 | 31 | 22 | 32 | 25 | 65 | 180 | 126000 | 155000 | 193
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TaGnuma 85 8.4. LLlapukocnnaiHoBbie Hanpaenawuue

[lapukocrraiiHossie Hanmpapmstiomue (puc. 8.16) dupmer THK

I'eomerpudeckne napamerpst LM-nanpapnsiomnx tuna RSR (finoHHs) TIpETHA3HAYCHB! UL OGECTIEYEHNS MPAMOIMHEIHOTO Mepe-
L veiteHns. OHKM COCTOAT M3 LIUTMIEBOrO Baja (cIUlaifHBajiia) M IIapUKO-
5 : ] A PR ECTRNE a5 as
5 L caemad ey poif raiiku (crutaitHraiiku). PaccMOTpUM YCTPOHCTBO HEKOTOPBIX IapH-
{ame B3 ] : KOCIUIAMTHOBBIX HAIIpaBAsIOUIMX.
M M .Aﬂ
I ) D SN |
K % ; SE A S 1,
fif 'F’I_ \ i L
H, R e
j \\ m FRLE ."\_ FH
5 i T
we I F oM
LM-6n0k, MM
Haumenosanne napametpa
o BB 294 ot e 325 i T o T e o el e i P e
Kr
RSR 7 7 [12|25 |[B5[134] 8 [ & [ M2 |25 65 | - | - |0600
RSR 9 20 15| 25| 30 | 18| 130 ]| M2|25] 78 | M3]|4a2]o00

RSR 12 Pl e T 34 23 15 13 | M26] 3 10 M3 | 52 0,6_3?
RSR 15 3201250 35 1 42 29 20 16 M3 4 12 M4 | 6,2 | 0,069

RSR 20 46 | 38 4 62 46 38 25 M4 6 17,5 | M6 | 9,2 | 0,245

LM-pense, MM
Haumenosanste napamerpa Puc. 8.16
Homep Ocnopraa | Monyerimuit * KoHCTpYKIIMS IIApMKOCIUIAHOBOM Hampasisiouieir Tuma LBS
HOMHHANLHAR CTATIMECKH Mac~ ¥
i - wilwol gyl m | a| o] | r| 4l nawyoa i | sowenr, Hn | cam, npeacTasieHa Ha puc. 8.17. IllapukociuraifHoBas HaNpaBsoONas THIA
KE/M LBF B ommuue or LBS mmeer xopmnyc ¢ dmanmeM. OHH COCTOAT M3

craituBana 1 u cruraftHraiixy 2 ¢ UIMOHOYHON KaHABKOW 3 B Hampas-

c Cp | My | My | Mg
nqiomiedt Turia LBS u ¢dnarueM B Hanmpapisiomel tama LBF, mexny

RSE 7 T |5 35|47 24|42 23| 15|42 500 | 600 | L,L | LI | 1,8 | 0.23
KOTOPHIMH PACTIONIONKEHE! B CemapaTope 4 1UecTs PsJIOB BOCIPUHMMAIO-
RSR9 9 |55]45|55]|26|45| 3 [20]45| 800 1000 | 16 17[28]032 6 _
IUX HArPY3KY MIAPHUKOB 5 M IIECTh PANOB LIAPMKOB 6 BO3BpaTa, pacmo
RSR1Z (12 |75( 6 [7.5( 3 |55(35(25(55)1900( 2500 | S | 54 [ 90 [ 058 JIOXEHHBIX B CIUIAMHTAlKE, PE3HHOBOrO YIUIOTHHTENA 7 M OTBepcTHA 8
RSR15 |15 |85|75(95[35| 6 [45]|40] 6 |2900| 4100 | 10,4 ] 11,2 | 189 | 092 JUTST CMA3KH.

RSR 20 20 (13
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O e anaannAr

<7 S
Soccocoooosth

.

i
Puc. 8.17

T'eoMeTpUueCKHe TapaMeTphl IAPUKOCIUIAHOBEIX HAIPABIZIONIAX
tuna LBS u tuna LBF 1 ux 3Havenus npuBemeHsl B Tabia. 8.6 u tabm.
8.7. g

HlapuxociuiaifinoBasg Hanpapmsiiomag tuna LBH oriuyaerca ot
Hanpasmsgionux tana LBS u tuna LBF dopmoit raiiku u ycrpoifcTBoM
MECT KperuieHHsI.

IeomeTpuueckue mapamMeTpsl Hamnpapaaomux tuna LBH u ux 3Ha-
yeHMd MpUBeHeHbI B Tabm. 8.8.

ITapukociuraitHoBast Harpapagiomas Tuna LMT mzobpaxeHa Ha
puc. 8.18. OHa cocrouT U3 crulaiiHBana |, cIUTaifHraiiku 2, Tpex psuoB
BOCMPHHHUMAIOIIUX HArpy3Ky IIapHKOB 3, PacOJOXEHHEIX B CenapaTo-
pe 4, Tpex KAaHANOB 5 LIADUKOB BO3BpaTa, IUIMOHOYHOM KaHaBku 6, pe-
3HHOBOIO YIUIOTHEHUs 7 M otBepcTud 8 mis cMasku. B crnaithBate u
ciUialiHralfike MMeeTcd TPM pgja KaHaBOK IOMYKPYIJIOrO MpoQwis g
KayeHHUs] BOCTIIPUHUMAIOIIMX HATPY3KY LIADHKOB M TPH pAla IIAPHKOB
BO3BpaTa, PACIIOIOKEHHBIX B CIUIANHIalKe.

I i

L T TR o s o e P

Puc. 8.18

l'eoMeTpUyeckue MapaMeTphl IIAPUKOCIUIAMHOBBIX HAaNpPAaBIAIOLIMX
tuma LMT u ux 3HayeHus npuseneHsl B Tabm. 8.9.

240 .

Ta6nuuma 8.6

T'eomeTpuyeckne mapaMeTpsl WAPHKOCIIARHOBBIX HANPABAAIONIAX
Tana LBS, mm

1

HoMep Haumenosatue napamerpa
™na d, D, D L b 1 I d
LBS 15 15 2,381 23 40 3.5 2 16,5 2
LBS 20 20 3,175 30 50 4 L5 22 i
LBS 25 25 3,969 37 60 5 3 28 3
LBS 30 30 4,763 45 70 7 ke 34 3
LBS 40 40 6,350 &0 90 10 4.5 45 4
LBS 50 50 7,938 75 100 15 5 45 4
LBS 70 70 11,112 100 110 18 6 50 4
LBS 85 85 11,906 120 140 20 7 60 5
LBS 100 100 14,288 140 160 28 9 65 5
IIpogomkenue Tab. 8.6
_H: BAHIE XAPAKTEPHCTHEH
5 OcHonHoit HomMu- Ocrioptan HoMmiHans- | Cratisecknii Macca
oMep HaneHB KpyTAmnA | Has Harpyska (panH- | gomyctHMbiil
THIA momenT, Hum ansHaR), Hm somMenT, Hu g;ﬂn?& BE;‘:"::::,:
C;r Cgf c Ca HJ my my
LBS 15 27 43 3900 5100 224 0,06 1,0
LBS 20 66 9% 7000 5000 266 0,14 1,8
LBS 25 137 188 11600 14400 474 0,25 2.7
LBS 30 243 324 17200 20400 780 0,44 38
LBS 40 534 684 28400 32200 1775 L0 6,8
LBS 50 976 1170 41500 44000 2261 1,7 10,6
LBS 70 1944 2293 59100 61600 4467 3,1 21,3
LBS 85 3223 3834 80600 85000 7678 5.5 32,0
LBS 100 5268 7600 112000 143000 10345 9.5 45,0
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Ta6nuua 8.7

I'eomeTpuyecKue mapamMeTpsl WAPHKOCIIAWHOBLIX HANIPABASIONINX
THna LBF, mm

H E
L
a M
..;_{ +HW | —
A R,
A - 1
= 1
L o W 2L E L)
Jome. Bd
CrnaRMranka
Homep Hanmenonaune napamerpa
THIA d, D, ] 7 T F d | B, d; ds h
LBF 15 15 2,381 23 40 43 7 13 2 32 45 | & 4.4
LBF 20 20 3,175 30 50 49 7 18 3 38 4,5 ‘8 44
LBF 25 25 3,969 7 60 60 9 21 3 47 5,5 351 54
LBF 30 30 4,763 45 70 70 10 25 il 54 6,6 11 6,5
LBF 40 40 6,350 57 90 920 14 31 4 70 14 86
LBF 50 50 7,938 70 100 | 108 | 16 34 4 86 11 17,5 11
LBF 60 60 9525 | 85 | 127 (124 | 18 | 455 4 [ 102 | 11 {175 1
LBF 70 70 L2 | 95 110 | 142 | 20 35 4 17 14 20 13
LBF 85 85 11,906 115 140 | 168 22 48 5 138 16 23 15,2
LBF 100 100 14,288 | 135 | 160 | 195 | 25 55 5 162 18 26 17.5
[ponomkenue tabu. 8.7
HanseHonaHite XapakTepUCTHRH
R OcHoBHOIl HOMH- OcHosHas HoMpuiads- | Crammueckuit Macea
HANBHBI KpYTAIHA Haa Harpy3ka (paan- | sonycTiMeii
THAA Cnnaiin- CnnaitH-
MomeHT, Hu ansnag), Hu moMeHT, Hum Falti, xr | o ke
Cr Cor c Co My ny my
LBF 15 27 45 3900 5100 224 0,11 1,0
LBF 20 66 96 T000 9000 266 0,20 1,8
LBF 25 137 188 11600 14400 474 0,36 2,7
LBF 30 243 324 17200 20400 780 0,60 38
LBF 40 534 684 23400 32200 1775 12 6,8
LBF 50 976 1170 41500 44000 2261 1,9 10,6
LBF 60 1665 2309 59300 72600 5340 38 15,6
LBF 70 1944 2193 59100 61600 4467 36 21,3
LBF 85 11 3834 80600 85000 7678 6,2 32,0
LBF 100 5268 7600 112000 143000 10345 11.0 450

242

Tana LBH, mm

Tabnuma 8.8

TeomeTpHueCKAe NAPAMETPhI IAPHKOCILIAHOBLIX HANPABJIAIOMIMX

Ly
My
" 4l i,
. - S
T s
CrnafHraixa WnuyessiA 82N
Homep Hanmerosanue Tpa
d, D, WiW| B L Ly 5 I FlK|J T|h R
LBH 15 15 2381 | M4 17 26 43 26 M4 10 115 20| 29 6 5 14
LBH 20 20 | 3,175 | 48 | 24 | 35 | 62 | 35 | M6 | 12 |20 | 26 |38 | 7 7 18
tBH2s | 25 |3969 |60 |30 |40 | 73 |40 | ma e las|asfae]| a6 2
LBH 30 30 4763 70 | 35 | 50 | 83 | 50 | M8 16 0|39 |s57]10] 8 26
LBH 40 40 | 6350 | B6 | 43 | 60 | 102 | 60 | MI1O | 20 | 38 | S0 | 70| I5)| 10| 32
LEH 50 50 | 7,938 | 100 | 50 | 75 | LIS | 75 | MI2 | 25 | 48| 63 | BR | 18 | 14| 40
IIponomxenue tabi. 8.8
HanMmeHOBaHHE XAPAKTEPHCTHKH
# OcHoBHOM H o] Cratuyeckuit Macca
oMep HENE KpyTAwmi Mo- Has RATpY3KA (pamiant- | AONYCTHMBI [—m——r
itH- Crnnaiin-
Hna Ment, Hu Hag), Hu momeRT, HM rafhica, xr | san, xr/u
CT Cﬂf G C, M‘ my mz
LBH 15 27 45 3900 5100 13 0,23 1,0
LBH 20 80 128 8400 12100 68 0,58 18
LBH 25 156 230 13300 17300 113 1,10 P
LBH 30 278 396 20000 24900 195 1,73 18
LBH 40 620 855 33000 40300 386 3,18 6,8
LBH 50 1154 1504 49100 56700 620 5,10 10,6
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Tabnuwma 8.9

8.5. Pacuet LM — HanpaBnaouwmux Ha [ONrOBEeYHOCTL
T'eomeTpHYeCcKHEe MapaMeTPhl IMAPHKOCIIIAHHOBLIX HAMPABISIONIHX

Tna LMT, mm Pacyer LM-HanpaBigiolMX Ha JOATOBEYHOCTH TMPH  AeilCTBUM
L BHEIIHUX HArpy3oK MPOBOAAT Mo dopmye:
= 3
I ey e
L:(L‘f__?‘_.__ 50 (8.7)
M, i P :
8 W C
00006000 rae L — monroseyHocTh paboTsl Hampapisioue#, kM; C — OCHOBHAs
= e R HOMMHaJIbHAsA OUHaMu4Yeckasd Harpyska, H; Pc — pacuerHas Harpyska,
P o) =0 ___n___ H. Korga LM-6110k BOCIipHHUMAET OJHOBPEMEHHO HATPY3KM BCex
i | Hanpasienuii (puc. 8.19), TO ompenensIOT pe3yALTUPYIOMIYIO (IKBHBA-
= » :: 2 NeHTHYI0) Harpysky Pg, H, u mon-
cTaBIsIOT ee B dopmyny (8.7) BMme-
I cro Pe:
T wia LM-Hanpasisionux tuna HSR:
Py =|Py - P|+ P,
T E R L T»
I JBAHHE MAaf Tpa
e d n D L b 1 i r d roe Pp — paguaneHas Harpyska, H;
LMT 6 6 3 14 25 25 1,2 8 0.5 i P; — npoTHBOpaIMANbHAS HArpy3kKa,
et : 3 i o o | of | 13 H; Pr — ropu3oHTalbHas Harpyska
LMT 10 10 3 21 33 3 1,5 1o 8 4 s Pr :
LMT 13 13 3 24 6 3 1,5 s s (ue ocesas), H;
e % - 3 & ) 2s 25 0,5 2 g LM-nanpasnsiomux tuma SR:
LMT 2 y
v | o | 3 [ @ || d 3R [a]3 Py = XP, +YP,,
LMT 30 *
LMT 40 40 3 £ " g 3.5 = o % rie X u Y — xosddunmenTsr sxpuBaneHTHOCTH. [Ipu P; /Pr>1 kosd-
sﬂ —
Eiﬁéﬂ 60 i ?fo :;g :g g gg ; g unuenTsr QKBP;;SEIJIGHTHOCTH pe]u:m A=1 u Y=1,15 u Pg cra”oBurcs
80 2 0
vrioo | soo | 3 | o | oiss | m | 5 | o0 | 25 | 3 e e h
: 0,9
IIponomkenue tabi. 8.9 IIpu Pr/P<1 X=0,866 u 5 \
' Y=1 u Pg aBmsierca pes3yin- ) \
Hag:;’::_"“ e R THpYIOWIE Harpy3koik B 07 \
OcHosHan HommHanbHas Ha- | YA HOMM- | Cramwiccrud TOPH3OHTANIEHOM  HAIpaB- 0.6
:"!H?:ep rpyaka (pammansnas), Hu Huwu’z‘ ':‘:’m“;: Cnnafinrafika, Cnn:;r:‘M. JIEHHH; ! \‘
e X Kr
T, Hu JUISE LM-Hanpapisiionmx :
c Co Cor My my my tuma RSR pesymstupyio- 04 \Y
o e T T e R 1y HarpysKy Pg ompere- o, \
LMT To 1500 2200 66 55 0,046 0,62 AA0T  aHamoruyHo LM- =
LMT 13 o it % = % It HanpasamomuMm Tuma HSR; 0.2 <
f:ﬂ ig 5400 7900 a7 k1) 0,180 g.s fu — xosbduument o
LMT 25 e o = - S o TBEPIOCTH, ONpemensieMbit | : : . :
8 s , ;
tﬁm 14900 §z% :g; ;‘2}3 ?’2;3 ;3& no rpagpuky (puc. 8.20); 60 50 40 30 20 }}ORC
LMT 50 21600 1 ; — TeMIlepaTypHBIH
LMT 60 25200 37300 671 4000 2,200 23 Jr paTyp. Puc. 8.20
LMT 80 36900 54600 1310 6800 4,100 B4 kosdoumenr. Ilpu TeMm- z :
LMT 100 — - o - 10 L0 ; mepatype cuctemsl £ <100°C fr=1, mpu 100°C<¢ <200°C 12 f70,73;
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Je — xoadduiment konrakra. Ero OPHHUMAIOT B 3aBHCHUMOCTH OT
THCIa i TONIIMITHUKOBEIX OJIOKOB Ha OIHOM HAMpaB/SIoNIei. Ipu »=1
Je=1; npu n=2 f=0,81; npn n=3 fc=0,72; npu n=4 f=0,66;

Sw — xoaduumeHT Harpysku. [Ipu criokoiinoit BHemHEH Harpyske
1 CKopocTy mepeMeltenus v < 0,25 mic fiy=1,15; npu HeGombuIHX Au-
HAMHYECKUX BHEIIHUX BosaeifcTsusax u 0,25<v <1 m/c Jw=1,5...2,0; npu
YHApHOM IEHCTBAM BHEILUHE! HAarpy3ku u v >1 m/c Sw=2,0...3,5.

Honroseynocts LM-Hanpasasiommx Moxuo OTNpEeNeuTh B yacax,
u:

e AL
P20 m 60
rae lg — jumMHa Xoma, M; m;—~ yactora BO3BPaTHO-IOCTYIATEIbHBIX TTe-
PeMENIeHHH (LIUKIOB) B MHHYTY, II/MUH.

(8.8)

8.6. PacyeT wapukocnnaiHoBbIx HanpaensalWKUX Ha OOSITOBeYHOCTk

Pacyer mapuxocnnaitiossix HalpaBIAOIAX Ha JOJITOBEYHOCTH
TIPY NEHCTBUU TOJBLKO KPYTSAILEr0 MOMEHTA TIPOBOISIT 10 hopMyITe:

3
= (.J:H_f.f_lc; ’ _CL] .50 (8.9)
Jw Te 1
rae L — IonroBeYHOCTh paboTh Hanpasnsgiomen, kM; Cy — OCHOBHOM
HOMUHAIBHBIH NUHAMUYECKHA MOMEHT, Hwm; T¢ — pacyernsiit Harpy-
30YHBIM KPYTAIUH MOMeHT, Hwm.
Ipu peiicTBUM paguansHO HarpysKu:

3
L=(IL}FL‘1£.P£] .50, (8.10)
W C

rie C — OCHOBHAs HOMMHAIBHAS AMHaMu4eckas Harpyska, H; Pp —
pacyeTHas paquanbHas Harpyska, H.

IIpu onHOBpeMeHHOM HeficTBUK KDYTAIET0 MOMEHTA M paguais-
HOM CHJIBI ONPEAENAIOT SKBUBAICHTHYIO PafnanbHyIo Harpysky, H:

3
P, = 4 ATc:10

(8.11)

3dp -cosa’

rae dp — QuaMeTp OKPYXHOCTH II0 LIEHTpaM I[IapUKOB, MM; a=45" —
YroJl KOHTaKTa IIapHKOB C MOBEPXHOCTSIMM BUHTA W raku, rpaf.
B atom ciygae AOITOBEYHOCTE, KM, OIPEAEAIOT 110 dopmyie:

3
L=[M£J .50 ' (8.12)

Jw P

HonroseyHocTh paboThl HIaPUKOCILIAHHOBBIX HAMNPABISIOLIMX B Ya-
cax, 4, ONpeNensioT B BUJE: 3
L= L"{’_’ (8.13)
2 * IS o ﬂl * 60
rie /g — ONUHA Xojia, M; nj; — YAcTOTa BO3BPATHO-MOCTYMATEILHEIX Te-
peMellleHUH (LIMKIOB) B MUHYTY, LI/MHH.

8.7. Pacuet LM — # wapukocnnalHOBLIX Hanpasnsoumx
Ha CTaTU4ecKylo rpy3ornodLeMHOCTs

Pacyer HampapifOIMX Ha CTaTMYECKYI0 TPY30NMONBLEMHOCTH IIPO-
BOJISIT TIO ¢hopMmyJIe: -
22> f (8.14)
£
rae Cy — ocHOBHAasg HOMHHaIbHasg cTaTHyeckas Harpyska, H; Py— cra-
THYeckast Harpyska, H; fg — cratuueckuit KoahduineHT 6e30MacHOCTH.
IIpM cHOKOHHOI Harpyske W MalioM Iporute ocu fs =1,0...1,5; mpu
VIapHOM BO3[IeHCTBUM U OCEBOH cHile fy=2...5.




Iaea 9
KMHEMATUYECKAA TOYHOCTbL MEXATPOHHbIX MOOYNEW

Tounocte paGoTel MexaTpoHHOTO MOIyJiss OLIEHUBAIOT €ro Morpeil-
HOCTBIO, T.C. PA3HOCTBIO MEXIY ACHCTBUTENBHEIM M PACYETHBIM MOJO-
KCHUAMM BBIXOZHOTO 3BeHA. OCHOBHLIMU TIDUYUHAMH BO3HUKHOBEHUS
NOTPEIIHOCTH MEXaTPOHHOTO MOAYISI ABIsIOTCS TIOTPEUTHOCTH CHCTEMEL
YOPAaBJICHUS M JABUTaTe/sl, KHMHEMaTHYeCKHe TOTPEIIHOCTH, MepPTBHIN
X0# U ynpyrue nedopMaluy 3JIEMEHTOB ero npeobpasoBarteneil 1BHXKe-
HHS.

9.1. MorpewHoCcTL cUCTEMbI ynpaBneHus u ABuratens

TTorpeiHocTh CHCTEMBI yIIpaBieHHs U ABUTaTeNNsl, NPUBENeHHAA K
BBIXOZHOMY 3B€HY Ipeobpa3oBaress ABUXKEHUS, MOXET OHITH OIIpele/ie-
Ha B BHIE: |

Ag = 2% 9.1

u
A€ u — MepefaToYHOe OTHOUIEHHE ITPeobpasoBaTes ABVDKEHUST; Apy, —
TIOTpElIHOCTE YIia MOBOPOTa ABMrateNs. B ciyyae OTCYTCTBHUS TOYHBIX
AaHHBIX MPUOIMXEHHO MOXHO MPHHUMATh Appe=5...10 YIIOBBIX MUHYT

(..

9.2. Kunemartuyeckas NOrpewHocTs U MepTBLINA Xo4
npeobpasoBarenei gBMKEHUS

Kunemarnueckas norpemmocts UHIMHAPHYeCKOH 3y0uaroii mepenaun.
M3-3a Hammuus morpemHocTei M3roTOBJIEHUS 3y6YaTEIX Konec M cBop-
KH Tiepe/iayd yroln ¢, MNOBOPOTa BEIOMOIO Koyeca peanbHON 3y6uyaroi
IEPEAAIN OTIMYAETCS OT yIJIa MOBOPOTA BEJOMOrO KoJjieca HIeaaTbHOro
MEXaHH3Ma IIpH ONHOM M TOM Xe 3HAYeHUH yIyia ¢; MMOBOpOTa BeayIIe-
ro sybyaroro kosneca (puc. 9.1):

¢Sy _ ¢

s T RAT oL s 9.2
e R my P2 (9.2)

[H€ uj; — IEPe[aToYHOe OTHOLIEHHE OT IIEpPBOro 3ybuaToro xoseca xo
BTOpOMYy; &y - GokoBoif 3azop MEXIy 3yObSIMHM BeIyIEro M BEAOMOTO

3ybuateIx Konec; Ry — pammyc Bemomoro sybuararo xoneca; §¢; — 1o-
IPEITHOCTh MOMOXEHUS BEJOMOTO KoJleca.

Anre6paHvecKylo pa3sHOCTh MeXHy TO- vt ¥y
rpElIHOCTSIMH MOJIOXKEHWSA  BEIOMOrO /
Kojieca,  BBI3BAHHYI0  TIOTPEIIHOCTAMM E ;

|-
Ha3bIBAIOT KHUHEeMAaTHYecKOoi To-
IPEUIHOCTBIO Mepeiavyu.

B0

M3rOTOBNEHUss M cOOpKM  [epemayy, 3
KuHemaTHyecKyio TIOrPELIHOCTh - % Wi
/ By ; \\

LWIMHIpUYECKOH  3ybyaroit  mepemavyu
cormacho TI'OCT 21098-82 onpenensior P2 ;
METONOM MaKCUMyMa-MUHUMYyMA U { o, '|
BEPOSAATHOCTHBIM METOJIOM. i .

IIpu pacuere O METOAY MaKCHMyMa- \ _
MUHUMYMA MHHUMAILHOE 3HAYeHUE \

KUHEMATUYeCcKOil  MOrpelniHOCTH D
3ybyaToif UWIMHIPWUYECKON Iepenayu IIo
Iyre HNeTUTeNIBHOH OKPYXXHOCTH BEeIOMOIro
KoJeca, MKM, paBHO: Puc.9.1
0, = AKs(Fi + F). 9-3)
MaxkcuManpHOe 3HaYeHHe KHHEMAaTHYeCKOMi IMMOTPEIIHOCTH, MKM:

fomax = K[V(E + EouV +(Ea) + (Bwa | 0.4

rne A — xooddULUMEHT, YUUTHIBAOIIUI CTEIIEHh TOYHOCTH HepexayM.
Ina 3ybuatoit mepenaum 7-it u 8-if cremeneit TouHoctu 4=0,71, mwis oc-
TaNbHLIX cTeneHeil ToyHocTH A=0,62; K, u K — xosddunuentsr daso-
BOH KOMIIEHCAIIMHM, TIPMHUMAeMbIe B 3aBHCHMOCTH OT IIEPERaTOYHOrO
oTHoIIeHust i To Tabn. 9.1; F'- monyck, MKM, Ha KHHEMaTHYECKYIO [0~

TPEIIHOCTE KOJIECa.

F =F,+f,
F, — jmomyck, MKM, Ha HAKOIUICHHYIO ITOTDEHIHOCTh Illara 3y6yaToro
Koseca, fp — JOIYCK Ha MOTpenIHocTs npoduis 3yba [7, 8, 17]; Egy —
CyMMapHas NpHUBeIeHHAs MOTPeIIHOCTh MOHTAXA, MKM:

2
Esy = (egosngUJ +(ea tgﬁ)z >

e o =20° — yroa 3aueruieHud, rpan; § — yrojg HakjiOHa JIHHUM 3y6a,
rpan; e, = F,- MOHTaXHOe paiuaibHoe OueHne 3y64aToro Komeca, MKM,
y g ¢

[7, 8. )
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T
e. =085 ’.'Zieiz 5

€ — HNOMYCKM Ha MOTPEINHOCTH, CO3MAIOLME IEPBHYHLIE pajHaibHBIe
OHeHusT Koneca, MKM; €, — MOHTAXHOE 0CeBoe Ouenue 3ybyaroro Kone-

ca, MKM:
& 2
e, = 0,85 Zel s
i=1

€ — JOMYCKM Ha IOTPEUIHOCTH, CO3JAIOWIME TIEDBHYHEIE OCeBbie Gie-
HHA KOJeca, MKM.

B nipenBapuTtensHbIX pacyeTax MoxHO NIPUHHMATE €,=5...15 MKM.

Ta6numa 9.1

3navenns KoapdunnenTos (asopoii Komnencaumu wa 3ybuaroii nepenaun

Ta6numa 9.2

3uavenns BeposTHOCTHOTO Koddduuuenta (azosoii Komnencamun K P
IU1sd 3y6UaThIX mepenad

4 [epegaToykoe OTHOWEHKE U

A% 00 115, 120,025 |30 |35 4.0.. 145.. 15,0... |5,5... |6,0... |Cs.
19 2.0 1250 |30 135 140 |45 50 |55 |60 |65 ‘6,5
32 |058|068)060(074]071|071|068]0,71]0,78 0,70 | 0,78 | 0,80

10 {082 /078)073]088[082[0820,80]0,82]|090][088]091]0.94

45 ]085/083[/081]091[092|091/0,88][0,92]0,94]094]0,94]|0,96

u K Ks

1,0...1,5 0,98 0,30
1,5..2,0 0,85 0,76
20,25 0,83 0,75
251530 0,93 0,74
3.0..3.5 0,97 0,75
3,5..4,0 0,96 0,80
4,0..45 0,96 0,90
45.5,0 0,96 0,87
5.0.55 0,98 0,85
55..6,0 0,96 0,88
6,0..6,5 0,97 0,94

Cs.6,5 0,98 0,99

lMpumeyanue. [Ins nepeaaToyHEIX OTHOLIEHWI,HE BhIpaXaeMbIX UErbIM YMCIoM,
B cny4ae paboTel nepeaayv B npegenax Gonbiue opHoro obopota koneca K=K.=0,98.

Ipu BeposiTHOCTHOM MeTone pacyera MaKCHMAITbHOE 3HATeHHe Kii-
HEMATHYECKOM MMOTPEHIHOCTH iop WWIMHIDHUYECKOI 3y6uaToi nepena-
YH, MKM:

Fi:zp = Xp i'oms (.5
rie Kp— BepoATHOCTHBIH KoadduimenT dasosoii KommeHcamH, mpu-

HUMACMEIH B 3aBHCUMOCTH OT NEPENATOYHOTO OTHOIIEHUS & W MPOLIeH~
1a pucka P no Ta6i. 9.2,
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10 1096084 |082)0,92|095]|095[094|0,95]0,97]0,95][0,96 0,98

Iepecyer 3HaveHMH KuHeMaTHuecKoii morpeurHoctd F.,, BEIpa-
KEHHOM B MKM, B YIJIOBHIE €AMHMIEI-MHUHYTHL, (..."), TOIYYUM U3 IPO-
NOpPLHH

L TR
10007d, 36060 :

OTKyma KMHeMaTHYecKas TIOrPeIHOCTh ¢ LMIMHAPUYECKOH 3y6-

Y4TOM Mepeayy B YIIOBEIX eAMHHUIAX, (..."):

5y =S8 g s (9.6)
dy
e d) — QUaMeTp NENUTETbHON OKPYXHOCTH BEIOMOTO 3y6YaToro Koje-

ca, MM.
KuHemarH4eckas MOrpelHOCTh LHIMHAPUYECKOH 3yGuaToil mepe-
Iayd B pafuaHax, (pan):

e
%= 0 10° " 5004,

MepTeolil X0 WHIMBAPHYECKON 3y0uaToil mepemaum. PasHocts 1O-
JIOXEHHMI BEAOMOTO 3BEHA [UIA ONMHAKOBBIX IOJIOXKEHMIT BEAYIIEro 3Be-
Ha MpH NPAMOM H OOpPaTHOM XOIaX Iepefladd Has3HIBAIOT MEPTBBIM XO-
noM. OH mposBiseT cebs B TOM, YTO NpM M3MEHEHWM HanpaBieHHs
BpallIeHMsI BEAYIIETO KOjieca BeJOMOEe HEKOTOpOe BpeMS OCTAETCS He-
IMOJBMIKHBIM.

AnrebpanyecKas pPasHOCTb MEXAY MOIPENIHOCTAMY ITONOXEHHH Be-
JIOMOTO 3BeHa IpH obpatHoM J, o5y 11 TIDAMOM ) typ XOMAX HA3BIBAIOT T10-

Fp,. 9.7)

IPEIHOCTBIO MEPTBOTO Xoaa J; mepenayu:
I =, i I

tnp :
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ITpu pacyere mo Merofly MakCHMyMa-MHHUMyMa MUHHMAaIbHOE 3Ha-
4YeHue MEPTBOrO Xoia J,  LWIMHIAPHYECKOH 3y6uaToit mepenayn, MKM:

= J"rnin 9.8
fmin ~ cosa-cosp’ e

rae J, - rapaHTHPOBaHHBIA 60KOBOI 3a30p, MKM, [7, 8, 17].

MakcumalbHOE 3HaYeHHWE MepTBOro Xofa [6] UMIMHAPMYecKoi
3yGyaroit mepenauu, MKM:

Ji.... = 0(Eys; + Eysa) + 0503, + T )+ 2/2 + G +G5,  (9.9)

rne Eys; u Eysy — HauMeHblllee CMELICHHE, MKM, MCXOXHOTO KOHTYpa
nepBoro U Broporo Koiec; Ty; U Ty, — HONMYCK, MKM, Ha CMelleHUe
MCXOHOTO KOHTYypa MEepBOrO M BTOpOro Kojec; + f, — mpeaeibHoe
OTKJIOHEHHE, MKM, MEXOCEBOIO DacCTOSIHMS (ITUTIOC-BEpXHEE, MUHYC-
HuXHee);, G, =e;=F; U G,=ey5=F, — paluvaleHell 3a30p
(modr), MKM, B onope BpallleHUs! IIepBOTO M BToporo Koinec [7, 8, 17].

ITp BepOATHOCTHOM METOAE pacieTa MAaKCHUMAIBHOE 3HaYyeHHe
MEpTBOTO X0Ha, MKM:

Jip =Kpdy, .. - ' (9.10)

3HauyeHHe MEPTBOTO XOZa B YIVIOBBIX SIMHHMLAX — MMHYTaX, (...):

6 i
Ty =220, ®.11)
2
a TaK Xe B paguMaHax, (pan):
1

J,=—-J,. ;

¥ S0 do )

KunemaTnyeckas norpemsocTs W MePTBbIil X0JI KOHHYECKOH 3y0uaroit
nepegayn. MuHuMaTbHOE M MaKCHManbHOE 3HAYEHUS KHHEMAaTHYeCKOH
TIOTPEUTHOCTA M MMHUMaTbHOE 3HauyeHWE MEPTBOTO XONa KOHHYECKOii
3ybyaToif mepegay [9,10] onmpeAeNnsioT aHANOTHYHO HWIMHIPHYECKOMH
3ybyaroii nepegave, HO c yyeroMm, urto F'=F, +L15f, — mna koumuye-
CKHX M THIIOMIHBIX 3y6yathix nepepad, F'= F, +L15f; — mms Menxo-
MOIY/IbHBIX KOHMYECKUX 3y0YaThiX mepefay. 3HaueHHUs JONycKa Ha Ha-
KOTUIEHHYIO TOIPEelIHOCTE Hiara 3yba Fp , A0IIyCKa Ha MOrpelIHOCTh 06-

KaTa 3yOIIOBOY YacTOTHI f, AOIycKa Ha MOTrpeNIHOCT: npodwis 3yba f,
rapaHTHpOBaHHOro 6okoBoro 3asopa J,, onpexensior o [9, 10,17].

Nmin

MakcumanbHOE 3HAaYeHHE MEPTBOIO XOIa KOHHYECKoM 3y6yatoif
nepenayd, MKM:
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e 0,94(E§s] + Eg )+ J0,46[ (fapay 5in 8, + (fipa sin 8, +

+ (Cﬁfl siné‘:,)2 + (G..f2 si1162)2 +E2+ (Gfl cosEi,)2 +( 2 cosfiz)2 |+

AT T, (9.13)

Tae E§S]H Egsz — HauMEHBbIIEE OTKJIOHEHWE, MKM, CpelIHel HeNmuTesh-

HOU TONMUMHLL 3y6a IMEPBOro ¥ BTOPOIrO KoJlec IO Xophe; + fuy — mpe-
IeNbHbIE OCEBBIe CMelleHMs, MKM, 3ybyatoro BeHua [9, 10, 17];
G, = e, u Gy = e, — OceBoii 3a30p, MKM, B OMIOpPE BpaLIEHUs MEpPBO-
ro ¥ BTOpOro 3ybuaTeix Kojec; + E; — NpelelbHOE OTKJIIOHEHHUe, rpal,
mexoceporo ymia; Tg; U Tg, — JHONYCK, MKM, Ha CPEIHIOK [E/IUTEb-
HYI0 TOJIIMHY 3y0a IepBOro M BTOporo 3yBuyaTheiXx Kojec mo Xopae [9,
10, 17]; 8; ¥ 8 — Yroa HEJIUTEJBHOIO KOHYca IepBOr0 M BTOPOIo 3y6-
YaTHIX KOJec Iepenavu, rpaf.

Ilpy BepOATHOCTHOM METO/e pacyeTa MakCHMallbHOEe 3HauyeHUe KH-
HEMATHYECKOii NMOrPEIHOCTH M MEPTBOIO XOIa, MKM, OIpPENEAT 10
dopmynam (9.5) u (9.10).

IMTepecyer 3HAYeHUH KMHEMaTUYECKOH ITOTPELIHOCTH M MEpTBOTO
XOJla KOHHYECKOH 3y64aToi mnepemaqyu, BEIPAXKEHHBIX B MKM, B YIJIOBBIE
emuHuIbl, (...") ¥ (pam), NMPOU3BOAAT AHATOIMYHO UWIMHAPHYECKOMH
3ybuaroif repenave.

KunemaTuueckas morpemiHocTs W MEPTBbIH X0 peedHoi 3y6uaTtoii ne-
penayd. MUHHMAThHOE M MaKCHMAJIbHOE 3HAYEHUS KHUHeMaTHYecKoif
MOrPEIIHOCTH U MEPTBOroO XoHa peedHoli 3yOwarolf Nepemaud ompene-
JIIOT TAaK Xe, KaK M IWIHHApUYecKOH 3yO4yaToil Iepefayd C y4EeTOM
G, =0, Egyy =0 [11, 12). 3nauenus koapduineHToB HasoBoii Kom-
nercauuu K u Ky u BeposTHOCTHOro Koapduupenra K, onpenensior
no Tabn. 9.3 u 9.4, monycka Ha HaKOIUICHHYIO MOTPEIIHOCTE Iara 3y6-.
yaroi pediku F,, JONMycKa Ha MOrpelIHOCTh npodmwns 3yba f;, rapan-

TUPOBaHHOTO B60KOBOroO 3asopa J i) HaHMEHBIIETO NOMNOJHUTEIBHOIO

CMelleHHa MCXOIHOTro KOHTypa Eyg, IONycka Ha CMEHIeHHe MCXOMHOro
KoHTypa Ty, MPeJeNbHOrO OTKIOHEHHS MEXOCEBOTO PaccTosHMs f, —
no [11, 12, 17].

Ilepecyer 3HauYeHHUNH KMHEMATHYECKON ITOrPEeIIHOCTH H MEPTBOIO
Xofa peeyHod 3yOuaToif Ilepenaud, BBIDAXEHHBIX B MKM, B YIJIOBBIE
enquHuIEl, (...") u (pam), ITpOM3BOAAT AHAJOTHYHO UMINHIPUYECKOH
3ybuyaToit mmepenaye.
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KunemaTnueckas norpemnocTsh u MepTBblﬁ xXon unnmmpullecxoii qep-
BAYHON nepenayd. MUHMMaNbHOE 3HaYeHUEe KMHEMATHYECKOi IMOrpell-
HOCTH YepBAYHON IMepefayd NpH pacyeTe MO METOAY MakCHMyMa- MM-
HUMyYMa, MKM, [13,14]:

r
io

min

= 0,62[0,7(fi + fn)+ F .

(9.14)

Taoaruua 93

3navennn Kosdhumuenror dazopoii komnencamun K u K;

s 3yGuaToii peeunoii nepeaaum

MakcumanpHOE 3HAYEHHE KMHEMATHYECKOMN IMOTPEeIIHOCTH nepena-

uM, MKM, [13,14]:

i = 084(fin + Tl + Edii + SR 2 ) (9.15)

roe fhx — HOIMYyCK, MKM, Ha MOrpeniHOCTb BUHTOBOM JIMHUM Ha JJIMHE
Hape3aHHOH YacTH 4epBsKa; fi; — JOMycK, MKM, Ha IOrPELIHOCTE I1po-
¢buns BUTKa yepBska; [ — JONYCK Ha HaMOONBLIYIO KMHEMATHYECKYIO

MOTPELHOCTE YePBAYHOro Kojeca:
F = F, pT fos

F, -nonyck Ha HaKOIUIEHHYIO MOrpellHOCTh IUara YepBAYHOrO KoJeca;

Jp — Homyck Ha mOrpeurHocTs npoduis 3yba yepBguHOro Kojeca [13,

14, 17]; Egy — cyMMapHas NpuBeJeHHas MOrpellHOCTh MOHTaXa 4uep-

BAKa, MKM:

Exu = 1,2\(3:] + (e,l - fgo, - 2‘gy)2 :

roe o=20° — TOPLOBLIif yroi Npodmia YepBsaka, Ipax; y — Yroi Iombe-
Ma JIMHUM BHTKA 4YepBAKa @0 JEIMUTENbHOM OKDYKHOCTH, Tpan;
e, ~5..15 MKM — oceBoe OueHHe uepBsIKa, MKM; e, =~ F,,- pamuaib-

Hoe OMeHMe yepBsiKa, MKM, [17]. Egyy- CyMMapHas NpuBeJleHHas TO-
IPellIHOCTh MOHTAXa 3y6uaToro Kojeca, MKM:

2
Espma = J[erz -!gu] +(eay - 12B) .

cosp

ITpu pacyere 1O BEPOSATHOCTHOMY METOIY, MKM:

i:}p i Kp £ i:;mx' (9.16)

e Kp — BEPOATHOCTHEIN Koscbtlinunem ha3oBoit KOMIEHCAIIMH, OI-

penensteMblit 1o Tabm. 9.5.
Ta6numa 9.5

3uayenus BEPOATHOCTHOrO Kodgguuuenta K, Ans 4epBsAYHOH nepesain

P, %

32

10

4,5

1,0

0,27

Ko

0,76

0,80

0,86

0,96

0,98

K Ks
0,25...0,50 0,90 0,07
0,50...0,75 0,95 0,17
0,75...1,00 0,80 0,40
1,00...1,25 0,80 0,65
1,25...1,50 0,95 0,65
1,50...1,75 0,95 0,60
1,75...2,00 0,88 0,59
2,00...2,25 0,87 0,68
2,25..2,50 0,94 0,78
2,60..2,75 0,98 0,72
2,75...3,00 0,92 0,68
3,00...3,25 0,90 0,73
3,25...3,50 0,95 0,83
Cs. 3,50 0,98 0,98
Tacenuua 94
Jnavenns BepoATHOCTHOrO Koathduuuenra X p
AniA 3y0uaToil peeunoil mepesaun
I']epena'foql-roe OTHOLWEHWE U
P. % 025(050(0,75(1,00(1,25]1,50|1,75|2,00|2,25|2,50|2,75|3,00 Cs
0,50 0,75 | 1,00 | 1.25 | 1.50 | 1.75 | 2.00 | 2.25 | 2.50 | 2.75 | 300 | 3.25 | %5
32 |0,54|062|042)|0,54|0,70/0,70|0,76|0,73|0,760,76 0,73 |0,76 | 0,78
10 |0,81(0,898|0,75|0,70 (0,86 |0,86 |(0,86|0,81|0,84|0,91|0,82(0,86|0,91
45 1085(087)|0,77|0,76|0,88|0,88(0,84|0,84|0,90|0,93|0,86(0,90]0,94
1,0 10,88(0,89|0,78|0,78|0,89/|0,89(0,86|0,86/0,93]|0,95|0,88|0,99 0,96
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Ilpu pacyere Mo MeTONY MakKCHMyMa-MUHMMyMa MHHUMajbHOE
3HaYeHHe MEepPTBOIO XOja YepBAYHOM Mepemadu, MKM:

Nmi =
= B o 9.17
tmin "~ cos o -cosP ®-17)
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MakcuMalibHOe 3HAUEHWEe MEepTBOrO Xofla YepBSYHON TepefayuM,
MKM:

J, =094Eg + 0912 + G2 )+ 22+ f2)+GE+ G,  (9.19)
rae J,,m}“ - rapaHTUPOBaHHbIH OOKOBOK 3a30p, MKM; Es_s — HauMeEHblllee

OTKJIOHEHHE, MKM, TOJIIIMHBI BUTKA YEPBAKA 11O XOpJe:

21 Y e r LI

Eg = B + Eg;

Ts — IOMycK, MKM, Ha TOJLUMHY BUTKAa 4epBAka Mo Xxopae; * f,. —

nipejieIbHOE OTKJIOHEHWE, MKM, MEXOCEBOTO paccTosHHs B oOpaboTKe,

* fie =0,75f,; f, — NpenenbHOe OTKJIOHEHHE MEXOCEBOT0 pacCTOSHUSA
yepBAYHOU mepemayu [13, 14, 17].

T1pu BepOATHOCTHOM METOJE pacyera, MKM:
Ty =K, J, . (9.19)

Kunematuyeckas MOTPEIIHOCTE M MEDPTBBIA XON YEpBAYHOH Mepe-
a4y B YIVIOBBIX eXMHUUAX, (...") ¥ (pam), OnpeleNsdioT aHaIOTHYHO U~
JIUHApUYecKo# 3y6uaroil mepenaye.

KunemaTHyeckass NOTPeITHOCTb BOJIHOBOM 3y0uaToil mepemaum. Mu-
HUMAIbHOE H MaKCUMAaJIbHOE 3HAYeHUs KMHeMaTHYecKO# MOrpelrHocTy

nepegaun [27] B MuHYyTAX, (..."):

F, +F, F, +F, ;
! . e % pal '
8¢ min = 3,67 0id” 8P may = 4,67 0l (9.20)
v panuaHax, (pam):
F 2 E +F
8P i =10,6?-—-—~—~——, 8 =1358-—1_ . _ 9.21
i (40 + d,)-10* R (40+4,)-10* @A)

rae F, u F,: — HONYCKH Ha panMaibHble 6MeHUs 3yOYaThIX BEHIIOB rMb-

KOTO M XECTKOro 3yOuaThIX Kojiec, MKM; d| — [NCIMTENBHBEIA THAMETD
rubkoro 3y64aToro Kojaeca, MM.

IIpy BepOATHOCTHOM METOAE pacueTa 3HAYEHHA MaKCcUMallbHOM
KMHEMATHYeCKOH IOrpelllHOCTH B MUHYyTax (...') WiM pagmaHax (pam)
MOXHO MOJY4YHTh KaK HPOU3BEAEHHE BEPOSTHOCTHOTO Ko3ddbuieHTa
K, dasosoit KommeHcauuu, ornpefensemoro mo Tabm. 9.2, ¥ Makcu-
MaJTbHOM KMHEMAaTHYECKOM IMOTPEIHOCTH 8@ max(...") WIH Sy (pam) co-
OTBETCTBEHHO:

= Kp&Pmax-

MepTBbIl X014 BOJHOBOH 3y0uaToii mepenaud BBHAY MHOIOMAPHOCTH
3alleIUICHHA M B 3aBHCHMOCTH OT TOYHOCTH M3IrOoTOBJIEHHA €€ OTIelb-
HEIX 3JIEMEHTOB MOXHO NPUOIIDKEHHO CYUTaTh paBHEIM 1°...9° [19].

256

KunemaTHueckag TOrpeniHOCTs M MEPTBbIH XOJ Nepenavys BUHT-radka
CKOJIbIKEHHA. MunuMaIpHOE M MakKCUMalbHOE 3HAYEHHA KHHEMaTH4e-
CKOM MOTpelrHOCTH, MKM, NepejaYu IpHU pacyeTe Mo METOLY MakCHUMYy-
Ma-MUHUMyMa [15]:

Fg, .. = 062815 ; (9.22)

By =6t) +(Exm) 9.23)

rae &f; — HaKOIUIeHHas ITOTPEUIHOCTh, MKM, Illara pessObl — pasHOCThb
MeXIy HeHCTBUTEIBHBIM W HOMHHAJIBHBIM PACCTOSHUSAMM JIIOOBIX HECO-
celHUX npoduieit BUTKOB pe3bObl 110 06pasylollieif CpeHero AuaMeTpa,
8f~5...15 MxM; Egpy — cyMMapHas IpHUBeJleHHas IOTPelIHOCTE MOHTaXa

BHHTA, MKM:
Esm = ‘\}ea (er tg‘l-')

, ~5..15 — ocepoe GueHMe BUHTA, MKM; e, =5..15 — pagmanbHoe
6ueHMe BUHTa, MKM; y — YroJ NOAbeMa, Ipajl, BUHTOBOM JIUHHM:

B,
y= a""gndz

_tie B, = Pn — xox pe3pbbl, MM; p — HIar pe3sObl, MM; 7 — YHCIIO 3aX0-

OB pe3nbbl; dy — CPemHMIA JUaMeTp pe3bObl BUHHTa, MM.
Tlpu pacyeTe BepOATHOCTHBIM METONOM MaKCHMAIBLHOE 3HAYEHHE
KMHEMATHYeCKOH MOTPEIIHOCTH, MKM:

A (A (9.249)

rae K, — BepOATHOCTHBIA KOSdJ(.lJHImcHT dazoBoii KOMIIEHCAUWH, TPH-
Hnuam'r B 3aBUCHMOCTH OT IpolieHTa pucka P no Tabn. 9.6.
3HayeHHe KUHEMAaTHYECKO MOrpelrHOCTH B MMHYTaX, (..."):

21,6 F:
=il 9.25
8¢ B (9.25)
¥ panuaHax, (pan):
1
8¢ = ———— Fy. .26
159,15P, Fo )

MuHMMaNbHOE 3HaYeHHEe MEPTBOTO XOJa, MKM, TNPHU pacyere METo-
oM MakcuMyMa-MHHHUMYMAa:
Ji . =072y (9.27)

MakcuMansHOe 3HaYeHUe MEpPTBOro Xoma, MKM:
I =btgy+[6r-b)tgyl + (btey)’ + G} +Gh, (9.28)
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r LT C
rae &' u b" — B !bXHee M HWXHEE NPele/ibHble OTKIOHEHUS, MKM, Cpell-
1:;}"0 ﬂHaﬁMCTp&I‘ MHTa; b — BEpXHEe OTKIOHEHWe, MKM, CPEIHEro Jua-
Tpa raiku [1°, 17]; G, =¢,, u G,, = €37 — OCEBbIE 3a30DHI B OMOpax
BpalleHUs, MKM-

Tlpu BepofuoctHom Merone pacuera MakcHMmanbHoe 3HAYCHIMe
MEpPTBOIO Xona, Mim:

HES AR (9.29)

Tabauma 9.6

3uayenns epofTyocTHoro K03 dunmenta azopoii Komnencamuu K, nns
nepeJavyH BUHT-raiika CKOJbXKeHHs

B\

— %
Ky
%2 0,76
0 : 0,80
1,3 0,86
4 0,96
0.7 0,98
3HaveHue Mpreoro xozma B MuHyTax, (ot
21,6
Ty =220, (9.30)
¥ panuaHax, (paf):
« 1
o i ah (9.31)

Kunemaruuethan norpemmocts n MEPTBbIH X0)| IAPHKO-BHHTOBOH MHe-
pexaun (IIBIT). Makcumansroe u MUHHUMAITBHOE 3HAYeHUST KMHEMATH-

0 a
“YeCKOlt NOrpeliery, MKM, 1IAPUKO-BUHTOBO NMepeadn Ha UTHHe i
MM, paboyero y4?ra pessGe1 BuHTa [27]:

Fomax =€y + __51, (9.32)

e &y — KHHe}la7imqecKas{ TOTPEUIHOCTS Ilepefaym, MKM (tabm. 9.7);
Vop — mmpuHa 1Xiock kone6Ganuit KHHEMAaTHYECKONH MOIrpelrHOCTH HE;
paboveii IIMHE £) pe3nbbl BUHTA, MKM (tabn. 9.7).

BeposatHocTHOe 3Havere KMHeMaTHYeCcKOi MOTPEITHOCTH, MKM:

i:lp = Kp i:: max » (933)

258

rae K, — BEpOSTHOCTHbIN kosddunment $azoBoil KOMMeHcallUK, Of-
pefiesiseMBlit o Tabi. 9.6.
3HayeHHe KMHEMATHYECKOM MMOTPEelIHOCTH B MUHYTaxX, (..."):
21,6

5 = S F} (9.34)
h

1 panuMaHax, (panm):
1
dp = T-_'—-_F:l' ]
LT el
rae Py=P.n — xon pe3sbsi, MM; P — 1Iar pe3bObl, MM; n — YHCIIO 3aX0-
IOB pe3bOBl.

(9.35)

Tabnuma 9.7

MakcuMaibHble 3HAYEHHS MOKA3aTe/ell KHHEMAaTHYECKOH TOYHOCTH
e u Vyp, MEM

Pafouas gnuHa Knacc TouHocTH
£y, MM ni n3 ns nr
ceblle | A0 e Vip € Vg | € Vi €p Vip |

= 315 6 6 12 12 23 23 52 52
315 400 i 6 13 12 25 25 56 55
400 500 8 7 15 13 27 26 62 58
500 630 9 7 16 14 30 29 70 62
630 800 10 8 18 16 35 3 79 68
800 1000 1 9 21 17 40 35 91 74
1000 | 1250 13 10 24 19 46 39 105 82
1250 | 1600 15 11 29 22 54 44 124 93
1600 | 2000 18 13 35 25 65 51 148 106

2000 | 2500 22 15 41 29 77 59 176 123

2500 | 3150 26 17 50 34 93 69 213 143

MakcuMansHOe 1 MHHUMANBHOE 3HAYEHUSI MEPTBOIO XOJa, MKM, C
y4eTOM YIpyrux gedopManuii coefMHEHUs BUHT-TaiKa, BHHTA U ONOP:
T =2:10%(001d,, - Ady )sinB+Agy + Ay +Agn,  (9:36)
max
e d,, — AMaMeTp IapuKa, MM; Ady — TIPEHENbHOE OTKIOHEHUE [Ha-
MeTpa 1mapuka, MM (Tabn. 9.8); f=45° — yroa KOHTaKTa MIapHKOB C
BUHTOM U Traiikoit; Ag, — ynpyrag ndedopMalis COCOMHEHUS BUHT-
raiika, MKM: :
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s F, .
L 2,6d§'8°d[u°'56kg'” F;O.BkR A

F, — ocesas cuna, H; dy — auamerp okpyxmoctu, Ha KOTOpO# pacro-
JIOXKEHBI LICHTPBI IIAPUKOB, MM; kg — YMCIIO paGoymuX BUTKOB; kp — KO-
o PUUKEHT, 3aBUCAILMI OT KJIAcCa TOYHOCTH nepefaud (wis Kjiaccos
Toynocty I11, I3, II5, 117 kg npunumaer suauenns 1,2; 1,1; 1,0; 0,95
COOTBETCTBEHHO); Ay — ynpyrast neopmauus BUHTA, MKM:

(9.37)

4.10°¢F,
P = ——2; 9.38
ndg E a0
£ — JUIMHAa BMHTA MEXIY CEepeAMHAMH TaKH M ONOPBI, MM;

E=(2...2,2)-10° MIla — monmyns ynpyroctu nepsoro pona (momyns FOH-
ra) MaTepuaa BUHTA; Ao; — YNpyras neopMalus onop, MKM [7]:

F (9.39)

A{)E‘[ Kn dmj »
K, — xo3pduuuenr, 3aBuCSILMIL OT THNA MOAIIMITHAKA, K,=25...30 mns
IIAPUKOBBIX PANHaIbHO-YITOPHBIX NOMILUITHUKOB C YIJIoM KOHTaKTa 60°,
K;=70 m1s yrnopHbIX POJMKOBBIX MOALIMITHUKOBE; dy 5 — AuamMeTp niei-
KW BUHTA IO/ MOMIMIHUK, MM. IIpu oTCYTCTBMM TOYHBIX HaHHBIX IPH-
ONMMKEHHO MOXHO NPHHUMATh dy .= d,—(2...5) MM; dyy — BHEUIHKI
JMaMeTp BUHTa, MM.

Tabanuua 9.8

IIpenenshbie OTKJIOHEHHS AMAMETPOB Ad,, WAapHKOB, MM,
UIA BCEX CTeneHei TOYHOCTH

WHTepsan HomuHank-
HbIX AMaMETPOB LWapu- Knacc TouHocTw
KOB d;, MM
Hopmank- Moski-
e e Ao BHGBDKHﬁ e AP PaaHoro Hgsﬂaqeﬂun
H n
0,8 3 +0,0025 +0,005 +0,010 40,025 0,050
3 6 +0,0050 +0,010 +0,025 +0,050 -0,100
6 10 +0,0050 +0,025 +0,050 +0,075 —0,150
Ilpu BBIIONHEHUH NEpenaym ¢ HaTAroM, MKM:
Joo i = Bast By +Aons (9.40)
min
rme
260

F,

P ;
Bpu = 2,6d3'89d[£'55kg'67 F;],sz. e (9.41)
3
Ay = it oo 102 & . (9.42)
ndy E
F,
="l (9.43)
e
e F, — ocesas cuia, JeHCTBYIOIAs Ha pabouyio raiiky, H:
EF
F, = F, + F,, ecu Fy <2—§3;
; » (9.44)
F, = F,, +0,65F,, ecn F, > rgy
F, — cuna Hatsara, H (cum. pasgen 4.4).
BepoaTHOCTHOE 3HAYEHWE MEPTBOTO XOJIa, MKM:
Jip = Kol tun- (9.45)
3HayeHNe MEPTBOTO X0/ B MUHYTaX, (...):
21,6
Jo=—— (9.46)
? Ph t
¥ panuaHax, (pam):
FIseny S, (9.47)

°*T159,15-P,

KunemaTiyeckas NOrpelIHOCTh MHOTOCTYNEHYATBIX npeobpa3zosatenen
newkenns. CyMMapHasi KHHeMaTH4eCKas TOTpelliHOCTh MHOTOCTYIEH A~
TOro npeoﬁpasonarcm JABMKEHHUA IIpH pacqc’rc Mo METOAY MakKcHMyMa-

MHHUMYMa paBHa: :
n
52 = Zsiﬁi, (948)
i=1
rae §; — KMHeMaTHyecKas MOrpelHoCTb i-i mepemavyu:
8¢;, pan (MMHYTEI), IPU IPe0OPasOBaAHNH Bpama'renbﬂoro
wii F, M, IOCTYTIATEILHOTO BIDKEHMSA BO BpallaTe/IbHOE;
Fj, M, Ip¥ Ipeo6pa3oBaHyy IIOCTYIIATENHHOTO
WK 8¢;, Pall, BpalaTeIbHOTO ABIXKEHMS B IMOCTYMATEIBHOE;

5i=
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g — negcﬂaromﬁ KO3 GUUMEHT MOTPEIHOCTH i-it Mepefauu, YUUTHI-
BAIOIMH M3MEHEHHE KUHEMATHYECKOM MOTPEeIHOCTH IIepefayd IIpH
MPUBEIEHUH €€ K BRIXOTHOMY 3BEHY KMHEMATHYECKOM LEITH:

ol 1
Ei. 5 it = n ) (9.49)
i+l,n nuk
k=i+l

LAE Uiy, — TEPENaTOYHOE OTHOIUEHUE MEXIY Wj4-i INepegadeH M BbI-
XOOHBIM 3BEHOM MHOTIOCTYIIEHYATOr0 MEXaHU3MA; Uy — MepefaTouHoe
OTHOILIEHHE k-H Nepeauy; n — YUCIO mepejay.

Hanpumep, Ui MHOTOCTYIEHYA-
TOro 3ybuaTtoro MexaHusma (puc. 9.2):
|
=

[Tu
k=i+1

Iepenatounsie ko3hOUIIMEHTH
TOTpelIHOCTEH Mepenay paBHBL:

g

1 ¢ ol
81 = -2 =
oty 23 %
Iy Iy
1 g
Puc.9.2 gy =— = < g,
Uy /2y

Ilpu pacyere 1O BEPOATHOCTHOMY METOAY CyMMapHas KHHeMaTHye-
CKasi TIOTPelIHOCTb:

83p = Eys +f1#__il(a;Vi")2 2 (9.50)

rae By, — KOOpIMHATA CepeIMHBI MONS paccessHUs KMHEMATHIECKOH
MOrpelIHOCTY KMHEMAaTHYECKONH HEemn:

E?, = iai O} max ;5imin :
i=1
f; — Ko3pPUIHEHT, BHIOMpPaeMBblif U3 Tabn. 9.9 B 3aBUCHMOCTH OT Ipo-
ueHTa pucka P; V;* — mone paccessHus KMHEMATHYECKOMR MOTrPENIHOCTH
i-it mepemayvu:
Ve =3

imax _aimin'
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Ta6nuna 9.9

3navuenus K03 UIHEHTOB 1; ¥ 1>

P, % fs t

10,00 0,26 0,21
4 50 0,35 0,28
1,00 0,48 0,39
0,27 0,57 0,46

B TOM Cjlyuae, €M BBIXOAHOE KOJIECO OMHONM WIIM HECKObKHX Ie-
pelay COBEpILAET HEMNOJHBIH O0BOPOT, COOTBETCBYIOIME 3HAMEHHA KH-
HEMATHYECKMX MOTPEIHOCTeH pacCMaTpUBAaeMBIX repefad, Kpome
BUHTOBBIX, PACCYMTAHHBIE MO (opMynaM, YMHOXAIOT Ha koadhduument
K,, 3HaueHue KOTOPOTO B 3aBMCMMOCTH OT YIJid MOBOPOTA BBIXOXHOIO
xoneca BeiGuparotr o a6, 9.10.

Ta6anuuna 9.10

3uavenus koaddummenra K,

Yron nosopoTta ¢, rpaa.

30 60 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360

0,02 | 0,07 | 0,45 ] 0,25 | 037 | 05 | 063 | 0.75 0,85 | 093 | 0,98 1

MepTBblii X0 MHOrOCTYNEHIATHIX npeoOpasoparTeieil JBHIKEHHA.
CyMMapHbIif MEpPTBBIA XOI MHOIOCTYTIEHYAaTOro npeobpazosaTens IBH-
XeHMsI IPH pacyeTe MO MEeTOoMy MakCUMyMa-MHHMMyMa paBeH:

1]
Jo= Y Eidis (9.51)
i=1
rae J; — MepTBhI XOA i-# mepenayi:
J4is DAL (MUHYTHI), TpH Npeo6pa3oBaHKU# BpalATEIbHOTO
wm J;, M, TOCTYTIATENBHOTO ABIKCHMSA BO BPALLATEIBHOS,
i = 1J,;, M, K TIpe06pa3OBAHKH TIOCTYNATEIBHOTO

i J,;, Pal, BpAIlATETbHOTO JBIKEHNUS B MOCTYATENEHOE.

ITpu pacyere Mo BEPOSITHOCTHOMY MCTOLY CYyMMApHbLIN MEPTBBIA XOJI:

Tospa ’i(sil’ij)z : (9.52)
i=l

e E"}n — KOOpIMHATA CEPEIMHbI MOJIs PACCEsTHUsI MEPTBOTO XOla Me-
XaHU3Ma:
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E‘j“‘x =i5i ‘!irmu ;Jirnin .

fy — Ko3puLHEHT, BEIGUpPaeMbiit U3 Tabl. 9.9 B 3aBUCHMOCTH OT Mpo-

uenta pucka P; V! — none paccesuus meprsoro xona i-it repeaym:
k=g

imax_Jimin;

9.3. MorpewHocTb, BLI3BaHHas noaaTiMBOCTLIO
npeobpazoBatens aswxeHUs

3BeHbA NMpeobpa3oBaTeNs ABMKEHUS MEXaTPOHHOIO MOJIYNS He SB-
Jsi0Tes abeomoTHo xecTkuMu. ITox neiicTBreMm Harpysok oHu gedop-
MUDYIOTCA. DTO NPHBOAUT K U3MEHEHHIO MONOXEHWS BBEIXOJIHOT'O 3BeHa,
T.€. BOSHUKHOBEHUIO MOIPELIHOCTH MEXaATPOHHOTO MOIYJIA.

3 P PaccmotpuM MexaTpoHHELH Monyne (puc.
"f _ F 9.3), cocrosmmit us neuratens M u npeo6paso-
Barenda ABwxeHus IIJ. Ot neiicTBus BHellHeit
Harpy3ku O BO3HMKAET MOTPELIHOCTH IOJOXKE-

Pue. 9.3 HUA BBIXOJIHOTO 3BEHA MEXaTPOHHOIO MOJIYJIS

Aq' = e 0, (9.53)

The €p — NpUBEJCHHAs NMONATIMBOCTh NpeobpasoBaresis JBHJKEHUA Me-
XaTPOHHOTO MOZYJS (CM. Il 5);

F — cuna conporusnenus, H, IIpH JIMHEHHOM MepeMeleHUH
BBIXOIHOTO 3BEHA;

T — MoMeHT conporusnenus, Hm, npu yriosom nepemelie-
HUH BBIXOJHOTO 3BEHa;

9.4. MorpewHocTs MexaTpoHHOro Moayns
[MonHy10 MOIpEIIHOCTs BBIXOZHOTO 3BeHA MEXaTPOHHOIO MOJYJIS
ONpEAE/SIOT B BUIE:
A=48g+8;+J; +Aq, (9.59)
rme Ag — morpemHocTh CHCTEMSI YOPaBICHHA W JABUTraTENIA; 53-— KH-
HEMAaTHYECKasi MOTrPElIHOCT MPeodpa3oBaTes NBUKEHHS; _J 5 — MepT-

BBl X0 npeobpasoBatesist ABIKEHUs; AG'~ MOrpeIIHOCTb, BHI3BAHHAS
NOIATIMBOCTAIO Npeobpa3zoBaTens ABMKEHUS.
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Mmasa 10 3
MH®OPMALIMOHHLIE YCTPOUCTBA

10.1. JaTuuku uHcpopmauum

JlaTYMK, TTEpPBUYHBIH Tpeobpa3oBaTeiib — 3JIEMEHT U3MEPUTEILHO-
ro, CHTHAJILHOTO, PEryIMpPYIOLIEr0 WIH YNPABIAIOIIETO YCTPOMCTBA CHC-
TeMBI, NpeobpasyIoluii KOHTPOIUPYEeMYIO BEJIMUUHY (IaBleHue, TeMIie-
paTypy, 4acToTy, NepeMeliieHHe, CKOPOCTb, HaMpsKEeHHe, aJeKTpuie-
cKiif TOK M T.I.) B CHTHaJI, YIOOHBIH [UISl U3MEDEHMHA, Mepefayu, mpe-
06pa3oBaHus, XpaHEHUA W PErUCTPalMH, a TaKKe JUISL BO3NEHCTBUS UM

eMbie TIPOLECCHI.
e Yﬂgﬂ:{l’ﬂﬂ“ na'rl:n:}(a BXOMAT BOCTIPMHUMAIONINN (YYBCTBUTENIbHEL)
OpraH M OOWH WIM HECKONbKO NPOMEXYTOYHBIX MpeobpasoBarelei.
YacTo JATYHK COCTOMT TOJBKO M3 ONHOTO BOCHPHHHMMAIOLIETO OpraHa
(HanpuMep, TepMoIiapa, TeH30/aTYMK). 47

BhixonHBIE CHTHAIB AaTYMKOB Da3idyaioT II0 POAY SHEPTHU
MEKTPUYECKHE, MEXaHWYecKye, MHEBMaTHYecKue (pexe THIpaBiIude-
CKHe), ¥ IO XapaKTepy MONYJSUMH IOTOKA SHEPTMM — aMIUIMTYIHBEIC,
BpeMs — HMITYJIbCHBIE, YaCTOTHBIE, (a3oBbie, NUCKPETHHIE (KONOBHIE).
HauGosiee pacmpocTpaHeHBI NAaTYMKH, ACHCTBHE KOTOPBHIX OCHOBAHO Ha
M3MEHEHUH SJIEKTPUYECKOTO COTPOTHBIICHHS, EMKOCTH, HHAYKTUBHOCTH
WM B3aUMHOM MHIYKTHBHOCTH 3J/IERTPHYECKOl LIeNU (peocTaTHEIN mat-
YUK, EMKOCTHOM JATYMK, WHIAYKTUBHBIA JaTYMK), a TaKXKe HAa BO3HUK-
uoseHuy BJIC npH BO3MEUCTBUU KOHTPOJHPYEMBIX MEXaHUYECKHX, aKy-
CTUYECKMX, TEIUIOBBIX, SJCKTPHUYECKMX, MArHMTHBIX, ONTUYECKUX HIIH
pagVialHOHHBIX BeNWYMH (TEH30aTYMK, HATYMK TEepeMEIlCHUs A, Mbhe30-
3IeXTPHYECKHI JaTIMK, JAaTIUK HaBjieHus, OTOINIEMEHT).

B cooTBercTBHM ¢ Xinaccupukammen, mpuHAToil B I'ocyrapcTBeH-
Hoit cucteMe npubopos u cpencts asroMarusauuu (I'CII), matyuk ot-
HOCAT K TeXHWYECKUM cpeicTBaM cOopa M IepBUYHON 06paboTku KOH-

T HOM MHpOpMAaLIVH.
mmﬁ{:mgxmma omm?& 1:13 OCHOBHBIX 3JIEMEHTOB B YCTpOIfCT-
BAX MMCTAHLMOHHLIX M3MEpeHu i, Tenen3MepeHHH 1 TeJleCHIHAIM3alUH,
DETHCTPUPOBAHMA M YIpaBIeHHUA, POOGOTOTEXHHKM M MEXaTPOHHKH, a
TaKKe B Pa3IMYHEIX NPUGOpaxX ¥ YCTPOHCTBAX JUIS M3MEPEHUH B (usu-
Ke, GHONOTHY ¥ MENUIMHE UL KOHTPOJIA XU3HEACATENHHOCTH Ye/I0Be-
Ka, XHBOTHBIX WM pacTeHWit. B CBA3H C aBTOMaTH3allMeH IPOU3BOCT-
Ba BaXKHelillee 3HaueHuWe MpUobpeny AaTYMKH JUIS M3MEPEeHMA U peru-
CTpalM¥ TUIOTHOCTH ¥ KOHIEHTpalM{ PAacTBOPOB, COCTaBa U CBOHCTB
BElleCTB, MMHAMHYECKOH BA3KOCTH M TEKYYECTH pAasJHYHBIX Cpef,
BJIAXHOCTH, MPO3PaYHOCTH, MHTCHCUBHOCTH OKPACKH, TOJLIMHEI CIIOf,
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TeMIepaTypsl, YIPYIOCTH, I€PEMELIEHMS, CKOPOCTH, YCKOPEHHA H IpY-
TMX MapaMeTpoB, XapaKTEPU3YIOIIMX TeXHONOTHYecKue mnpolecchl. Jis
3TOr0 4acTo HCMOABb3YIOT NATYMKH, OCHOBAHHBIE HA V/ITPa3BYKOBBIX,
PaJIHOBOJIHOBBIX, ONTHYECKHX, PAAMAIIMOHHBIX U JIPYrMX MeTodax M3Me-
penuit. [lna UMUTAUUK PEATTbHBIX YCIOBUI NMPU MCIBITAHMM CHCTEM aB-
TOMaTH4eCKOro PeryIMpoBaHHsi U B BBIMMCIMTEABHON TEXHHKE JUIA pe-
UIeHUS 3a7a¥ CTAaTHCTUYECKMMM METONAMM MPUMEHSIOT JAaTYMKU CIy-
YalfHBIX YHCel.

HaTyuKy chyXar Ui aBTOMaTHYeCKOTo M3BJAeYeHMs MH(MOpPMAIIUH.
CoBpeMeHHasd M3MEPUTENbHAA TEXHHUKA MOXET HEIOCPEICTBEHHO Olle-
HuBath Oonee 300 pasnUYHLIX PUIKIECKNX, XMMUYECKUX H HPYTHX Be-
JMYMH, HO STOTO IS aBTOMATH3aLUM psANa HOBBIX 0Oacreil yejlopeye-
CKOM JeATeNBHOCTH OBIBaET HEIOCTATOUHO. DKOHOMUYECKU IEIecoos-
pasHOe pacHiMpeHHe HOMEHKIaTypel gatuukos B I['CII mocturaercs
yHUUKaIHEHA YYBCTBUTENBHLIX 37eMeHTOB. UyBCTBUTENbHEIE IEMEH-
THl, pearnpymmue Ha JaBlcHHe, CHIIY, BeC, CKOPOCTh, YCKOPEHHE, 3BYK,
CBET, TEIUIOBOE U PAaNMOAaKTHBHOE M3MYYeHMs, NMPUMEHSIOT B JaTYHKAX
JUISL KOHTPOJIAL 3arpy3ku O0OPYIOBaHHS M ero pabouux pexXuMOB, Kaye-
cTBa 00pabOTKHM, y4YeTa BBHINTYCKAa M3HeNUH, KOHTPOJS 3a MX MepeMelle-
HUAMHM Ha KOHBeifepax, 3alacaMy M pacxofioM MaTepHasoB, 3arOTOBOK,
MHCTpyMeHTa ¥ T.I. BBIXOMHEIE CUTHANBI BCeX STHMX JAaTYMKOB Ipeobpa-
3yI0TCS B CTAHNAPTHBIC 3JEKTPHYECKUE WIH [THEBMATHYECKHE CUTHAIIEL.

10.2. [latumku NnonoxeHus U nepemMelieHus

Paccmotpum crienuduky Haubosiee 4acTo MCIOIL3YEMBIX B MeXa-
TPOHUKE HaTYMKOB. HeBO3MOXHO mnpejncraBuTh 061acTh, riae 6Bl He
NPUMEHAIHCh JaTYMKH ITONIOXKEHUA U MepeMellleHHs, IBISACh BaXHBIM
CBASYIOIIMM 3BEHOM MEXIY 3JIEKTPOHHOH H MeXaHWYecKON YacTIMH
MEXAaTPOHHEIX YCTPOCTB. !

Bribupad naT4uk, mpexe Bcero HeoBXOMMMO IPaBUIBLHO OINpeie-
JIUTh TIPHOPUTETEI IO CIEAYIOIIUM KPUTEDHAM: YYBCTBUTEILHOCTH, pas-
peliaoiliasg ClIocO6GHOCTh ¥ TOYHOCTS, JIMHEHHOCTh, CKOPOCTh M3Mepsie-
MOro npoiiecca, YCJIOBHSA NMPUMEHEHHS M KJlacc 3alIWTEHI, HANeXHOCTh,
rabapuTHBIE pa3MeDEl, CTOMMOCTE.

HeoGX0MMMO YYUTHIBATH, 4TO HATYMK MOXET OIpenensdrTh abco-
JIOTHOE WIH OTHOCHUTEJBHOE IIOJIOXEHHE KOHTPOJIUPYEMOro OOBEKTa.
Hcxona U3 3TOro, CyLIECTBYET ABA OCHOBHBIX METOMA OINpEAEIeHHs 0~
JIOKEeHHA U M3MepeHUs mnepememieHuit. [Ipy nepBom Merofie maTIvK
BhIpabaThIBaeT CHIHAJl, SABJISAIOMIMIiCS GyHKIMeH MOJOXEHUS OTHOM U3
ero wacTel, CBA3AHHEIX C IMOABIDKHBIM 0GBEKTOM, @ M3MEHEHHS 3TOro
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curHaia oTo6paxaior nepeMeneHne. Takue JaTHMKK NMOJOXKCHUA Ha3bi-
patoT abcomoTHBIMUA. K HUM OTHOCHT:

¢ pEe3UCTUBHBIC (ITOTEHIIMOMETPUYECKHE) TaTYNKH;

¢ WHIYKTHBHBIE JATYMKHU C TIOABIDKHBIM CEPACYHUKOM;

e EMKOCTHBIE JATYMKY C IMOABMXHBIMU OOKIAIKAMMU;

o LMGpPOBHIE KOJOBbIE NATYHKM aDCOMOTHBIX 3HAYCHUIL.

Ipu BTOPOM MeTOje AATYMK reHepupyeT eIMHUYHBIH UMITYJIbC Ha
KaXKIOM JEMEHTApHOM TePEMEIEHUH, @ MONOXEHHUE ONpPEeNeAIOT Mok~
CUETOM CYMMBI UMITYJIECOB B 3aBUCHMOCTH OT HAlpaBJIEHMA MepeMernie-
nus. Takue MATYUKM TOOXEHMS] HA3hIBAIOT OTHOCHTEbHBIMH. K HIM
oTHOCAT (POTOSNEKTPUUECKHE (OrTTO2NEKTPOHHBIE) MMITY/IbCHBIE JATdH-
K TonoxeHus. JOCTOMHCTBOM TaKMX MAaTMMKOB, IO CPaBHEHHIO C
a6COIOTHBIME, ABJISIOTCSA MX TPOCTOTa X HU3Kad CTOMMOCTB, a HEAOC-
TATKOM - HEOBXOIMMOCTE HEPHOAMYECcKOl KanuOpoBKM M NambHeHieH
MHKPOIIPOLIECCOPHOMK 00paboTKH.

JlaTauKu TAKXKE HeAT Ha KOHTAKTHEE M OECKOHTAKTHBIE. B Gec-
KOHTAKTHBIX JATIMKAX CBSI3h MEXIY TIONBIXHEIM OOBEKTOM M HaTIUKOM
OCYIIECTBISIOT [IOCPEJCTBOM MArHUTHOTO, SJIEKTPOMArHWTHOIO MU
37EKTPOCTATHIECKOTO TI0JIEH, a TakKe ONTO3IEKTPDOHHBIM CITI0COBOM.

JlaTuMKH JO/DKHBI MMETh KOHCTPYKIIMIO, TMO3BOJITIONIYIO pasMe-
MATh WX B MEXaTPOHHBIX MOIYJISX IBIKEHHs B MECTax C OrpaHHYCH-
HBIM JUIS YCTAaHOBKHM 0bOpy/foBaHUS OOBEMOM; oﬁn_aﬂ;au MMOMEXOYCTOM -
YHBOCTBIO, T.€. BO3MOXHOCTBIO SKCIUTYaTallUM B YCIOBMSIX S/ICKTpOMar-
HUTHBIX TTOMeX, KoneGaHMil HanpsOKEHUS W YacTOTHI CETH, a TakKe yc-
TOYMBOCTHIO K MEXAHWYECKUM BO3HeicTBUAM (yaapam, BubpanuaM) u
K M3MEHEeHHsM ITapaMeTpoB OKPYXaiolled cpempl (TeMIiepaTyphl, BlaX-
HOCTH H T.IL).

K maubonee MPOCTHIM JAaTIHKaM ITOJIOXEHUS, paboTaloluM 10
MIPUHIMITY «BKJIOYEHO - BBIKIIOYEHO» OTHOCAT IPENENbHBIC BHIKIIOYA-
TeJIM, MUKpOTIEpeKIIoaTes i, GeCKOHTAKTHEIE TlepeKioyaTesid, Gorope-
Jie, TepKOHBI, TyTeBble JaTIMKH CUTHaI0B. C MX TMOMOIIBI0 BO3MOXHO
OCYILECTBIATh KOHTPOJb IyTH, MPOAICHHOIO BEIXOXHBIM 3BEHOM MeXa-
TPOHHOTO MOAYJIS IBMIKEHUS.

o Bumy BEIXOXHOrO curHaia 6osee CIOXHBIC HATIHKM AEJIAT HA
aHajsoropsie ¥ umdpossie. PaspuTve HU(PPOBEIX MEXaTPOHHBIX CHCTEM
BEI3BAJIO MOTpeGHOCTH B pa3paboTke MUPPOBEIX HATIHKOB, & TAKKE yCT-
DOVICTB COMpSIKEHMUS aHATOTOBEIX JaTYMKOB C LM(PPOBEIMU YCTPOHCTBA-
vu. HecMOTpS Ha OBIIEM3BECTHBIE HOCTOMHCTBA LH(POBBIX JaTYUKOB
(mpocToe CONpSDKEHHE ¢ YCTPOHCTBAMM nugdpopoit 06paboTKH CHTHA-
JIOB, BEICOKAsi TOYHOCTh, HEOOXOMMMOCTh TONBKO OHOTO MalOMOLIHOIO
HCTOYHWMKA [IUTAHNSA MTOCTOSHHOIO TOKA) MPUMEHEHHe HX OTPaHUICHO.
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TosToMy 0 HacCTOSAILEro BPEMEHM 3MeKTPOMEXaHWYECKHE AHATOrOBLIE
AaTIMKH HC YTPAaTHIIM BOSMOXHOCTHM CBOETO MPUMEHEHMsS B LIM(POBHIX
MEXaTPOHHBIX CHCTEMaX. DTO CBJ3aHO C BBICOKOH CTEleHBIO orpabo-
TAHHOCTH OCHOBHBIX KOHCTPYKTHBHEIX 3/IEMEHTOB M Y3JI0B aHATOrOBBIX
AaTIMKOB M MX BBICOKMMH SKCIUIyaTAlMOHHBIMU JOCTOMHCTBAMM (Bbi-
cokasd TOYHOCTb, HaleXHOCTb B pabore, Manble Macca M rabapuTsi), a
TAKXKe C pasBUTHEM TEXHMKH aHAJIOIO — HU(POBOrO M aHAIOTO — yac-
TOTHOTO Npeo6pasoBaHMs, MPOSBUBLIMMCS B pa3paboTKe MU HUATIOPHBIX
¥ BBICOKOYACTOTHBIX MUKPO2/IeKTpoHHEIX ALIIT u AYTT. K Tomy Xe Bul-
COKOYacCTOTHBIC aHAIOrOBLIE JATYMKH 3/EKTPOMAIIUHHOTO TOKA CO BTO-
PUYHBIMH NPEOOPAa3OBATENSMH CONOCTABMMBI, A B psle clIy4aeB, M Jie-
11eBie HUGPOBLIX TATIUKOB.

AHAJIOrOBbIE JATYHKH NONOMEHHS HAILITH LIMPOKOE NPUMEHEHHE B
Pa3IMYHBIX OONIACTAX TEXHUKH. B MEXaTpOHHBIX MOLYJIAX IBUXEHUS MO-
IYT GBITh HCTIONB30BAHEI OTCHIMOMETPHYECKUE TATIHKH,

IToTeHIMOMETPHYECKME JaTYMKH IO (U3UYECKOMY TNPUHIHUITY
HOEHCTBHA SBISIOTCA 3MEKTPOMEXAHUYECKUMHU PEOCTAaTHBIMUA YCTPOHCT-
BaMH, B KOTOPBIX BbIXOTHOE HANPSIKCHME M3MEHSETCH IPONOPLIHOHANb-
HO yIly noBOpoTa Baja. IToTeHIMOMETpE! MOTyT GEITh IIPOBOJIOYHBIMH U
wieHouHbIMH. T1o paboyemy mmanasony mx Hesit Ha OmHO- M MHOIO-
oboporHsie. [IpOBOIOYHEIE IIOTEHIMOMETPSI OTIHYAIOTCS 6ONee BEICO-
KOH CTaOMJIBHOCTBIO XapaKTePUCTHK, HO MX TOYHOCTH W paspelamonias
CIOCOOHOCTh HUXE, 9eM Y IUICHOYHBIX M3-32 CTYIEHYATON XapakTepu-
CTHKH, OOYCIIOBJIEHHON IMCKDETHBIM M3MeHEeHUEM COMPOTHBICHUS IPH
TIEpEMCILICHUN LIETKU ABIKKA. KpoMe TOro, IyieHOYHBIE MOTEeHI[HOMET-
PBI MMCIOT MEHBIIHH MOMEHT TPEHMH, IOITOMY Y HHUX GOJee BHICOKHE
CKOpOCTH BpALCHUA U BoNee IIUTETBHBI CPOK CITyX6bl. Takke ciely-
€T OTMETHTh, YTO MHOTOOGOPOTHEIE IIOTEHLMOMETPH TOYHEE OIHO060-
POTHBIX.

K nocronncrBam noTeHUMOMETPHYECKUX AATIMKOB OTHOCSAT BHICO-
KYIO JIHHEHHOCTB, TIPOCTYIO CXeMy BKJIIOYEHHMS H OTHOCHTCIBHO HEBbI-
COKYIO CTOMMOCTh. OCHOBHBIE HEHOCTATKH - HATMYME MEXaHUIECKOTO
KOHTaKTa ¥ CPaBHUTEJILHO HEGONBIION CPOK CIIYXKGHL.

Tak KaK IMOTCHUMOMETPUYECKHH aTIMK WMeeT OrpaHMJEeHHbI
paboymii 1Manas’oH M HEBBICOKHE NOMYCTHMEIE CKOPOCTH, TO €ro, Kak
TIpaBHWJIO, COCAMHAIOT C THXOXOAHLIM BaJiOM MEXaTPOHHOTO MOMYJIS: JiH-
00 HEMOCPEACTBEHHO € BHIXOXHEIM BajIoM, JHGO C IIPOMEXYTOYHBIM.
Ilpu cormacoBaHUH YIIOB NMOBOPOTA BAJIOB NIOTEHIMOMETPa M MeXa-
TPOHHOIO MOAYJIA, T.€. NPH BEIDOpE IEPENaTOYHOro OTHOIIEHMS KHHe-
MaTHYECKOro rnpeobpasoBaresis ABHXEHUA, HeOGXOAMMO HauboNee IoJ-
HO MCIOJIb30BaTh paboyMii AMANA30H YIJIOB MOBOPOTA NMOTEHIMOMETDA,
HE NPEBbIIIasd MX NPENeNbHBIX 3HayeHHH. CKOpOCTh BpalleHUs Takke
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O/DKHBI OBITH MEHBIIE JOMYCTHMON. Eciy MoTeHIMOMETP MMEET Mcxa{;
HUYEeCKUE YIIOpHI, OrpaHUYMBAIOIINE JUATa30H YIJIOB MOBOPOTA, 1(1)3 1; ;
y3bexaHue ero MOJOMKM 3alpelialoT MpUKIageBaTh K €ro Bamy opoﬁ
jatouMif MoMeHT, Gojbiie JIOTyCTHMOTO. JIlns obecrnieueBusi BBIC Koa
TOYHOCTH M3MEpEeHHH M HAIeXHOH paboTH JaTymKa COCJ%HHCHHC Bas
MOTEHIIMOMETPa ¥ MEXaTPOHHOIO MOAYJA AO/DKHO BBITE Bean@TOBEIM,
TaK KaK JodT NPHBOIMT K MCKaXEHUIO CUTHAJIA IO MOJNIOXKEHUIO.

BueniHuii B, rabapuTHbIE, YCTAHOBOYHBIE W TPUCOCAUHUTENb-
Hble pasMephl HEKOTOPBIX THUIIOB rmTeHuﬂomcrp%qi’.cxur);ﬁ{?:ri{fmﬁi
u306paxeHsl Ha CJIEAYIOIMX PHCYHKax: Ha pHC. 10. -4 CHMﬁ-H
puc. 10.2 - CI14-8, Ha puc. 10.3 — Cn4-10, ra puc. 10.4 - :
a MX TeXHHYecKue xapakTepucTuku npuseneHst B Tabm. 10.1.
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CresyeT OTMETHTH, YTO B MHOTO0BOPOTHBIX MOTEHLHOMETPUYE-
ckux aaryukax tana CIIMJI-U ¢ 6oiblimM YWCIOM BHTKOB npeay-
CMOTPEHO HECKOJIBKO NMPOMEXYTOYHBIX BHIBOIOB.

Lo ml.[ﬂud;ponue AATYMKH NONOXKEHHsl B HACTOsIIee BpeMsd HAaYMHAIOT 6O-
POKO HCIIONB30BaTh B PasjIMYHBIX 0bnacTs

X TEXHUKH, B - -

CTY B MEXaTpOHUKE. i g

WX menar Ha KOIOBEIE M MMMYIIBCHEIE. Konosere matunku o6ecrie-
YHMBAIOT aOCOMIOTHYIO CHCTEMY OTCYETA, T.€. OJHO3HAYHO OIpeHeIsioT
TIONIOXKCHHE BBIXOOHOTO Bala MEXaTPOHHOTO MOAYJIS BO BCeM pabouem
AManasoHe MEPEMELICHHN, a UMITYJIbCHBIE IATYMKH SBJIAIOTCS NaTIMKa-
MM OTHOCHUTEIBHOIO OTCYETa.

PaccmoTpuM HasHaueHue, YCTPOHMCTBO, NPUHIIUIT ASHCTBUS U TeX-

Ei:ecme XapaKTCPHCTHKH HEKOTOPBIX HUU(PPOBHIX HATYMKOB MONOXKe-
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MDotoanekTpruecKue AaTauKd. TIpUHIMAN JeiCTBUs QOTOSIEKTPHYe-
CKUX JaTYMKOB OCHOBAaH Ha MCMONB30BAHMHU (usuueckoro a¢dihexra nepuo-
JIMYECKOTO M3MEHEHUs] OCBEIEHHOCTU B 3a3BHCHMOCTH OT MEpEMEILEHHs
(yria TIOBOpOTa). DTH [JaTUMKH SBJISIOTCS OECKOHTAKTHBIMM WM IHCKPETHBI-

MH.
Tatnuima 10.1

TexuuyecKHe XapaKTepHCTHKH NOTEHHHOMETPOB

Tun
[Tposonoy-
IMposo- | IMnenou- | Tnenouy- Hble
HanmeHoBaHHE XapaKTEpUCTUKH i i e AT
MNTII-11 | Cri4-8 CI14-10 pOTHEIE
MIIMII-HU
Mournocts, Bt 1 0,5 0,5 1
OTknOHEHHUE OT JikHelHocTH, % +0.3 +0.5 +0,5 +0,1
Paboumnit iManaloH, rpal 330 340 360 7200
Haubonglias yacTora BpalleHns, 06/MUH 100 600 600 200
Mowment tporanua M 107, H-m 24,5 X = 19,6
Cpok ciyx0sl, © 3000 10000 10000 3000
H3aHoCOYCTOHYHBOCTD, LMK 5. 105 10? 10? i 103
Macca, KT 0,030 0,035 0,045 0,140

B 1undpoBbIx GOTOINEKTPHIECKHUX KOIOBBIX NATYHKAX U3MEPAEMOe
HeIpepHIBHOE 3HayeHWe YIia TIOBOPOTA Bata rpeobpasyeTcs B nudpo-
BOM JBOMYHBIN (peXe NECATHYHBIK) KON, T.€. KONOBYI0 KOMOMHALMIO
SIEKTPUYECKUX CUTHATOB. B TakoM BHIE OHM MOIYT HENOCPEACTBEHHO
noctynarh B 9BM 6e3 HOTONTHUTENLHBIX IPe0OpasoBaHHit.

Hawubonplee pacripoCTpaHeHUE [OMYYHIIM KOJIOBBIE JAaTIMKH, BbI-
NOTHeHHbIE B BHIE KOIMPYIOIIETO AUcKa ¢ (hOTONEKTPHIECKOH (onTute-
cKoit)  cucTeMoOlf cumThIBaHMA. JIUCK YCTAHABIMBAIOT HA Baly JaTYHKa,
KOTODBII MpeCcTaRIsieT coOOM CTEeKIAHHOE OCHOBaHWE C KOIOBOH Mac-
Koif, cocrosimieii ¥3 KOZOBBIX JTOPOXKEK, YHCIO KOTOPBIX PaBHO Tpebyemo-
My UHMCITy PaspsuioB BhIXomHoro curHana. Ha nopoxke wgepemyioTes Ipo-
3payHble ¥ HENpPO3pavyHBIe JUI CBETAa YJAaCTKH, IMEPBBIC MMHUTHPYIOT 1,
propsie — 0 gBomyHoro xoja. CremyeT OTMETUTh, YTO UIA YCTPAHCHWA
HEeOJHO3HAYHOCTH IIPW CYMTHIBAHWM KOJIOBYIO MAacKy HaHOCAT B COOTBET-
crBuH ¢ XonoM I'pest (LMKIMYeCKUM KOJIOM), HO MOIYT OBITE MCITONB30BA-
HBI W JpyTHE KOMIBL

KooBsie JaTYMKY, Takke KaKk U IOTCHIMOMETPUYECKHE, IO Be-
NMYuHe paboYero JMana3oHa AENAT Ha OHO- M MHOroOGOpOTHBIC. Onu
SIBNIAIOTCS JaTYMKaMu abCOMIOTHOIO OTCYETA.
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OcHOBHOE JOCTOMHCTBO KOJIOBBIX HaTYHKOB — HX BBICOKad pa3pe-
laipuas cnocobHOCTk. K HEOOCTAaTKaM cielyeT OTHeCTH KOHCTPYKTHB-
HYI10 CIOXKHOCTh H TPOMO3IKOCTE.

ITpM NpoeKTHPOBAHMM MEXAaTPOHHOTO MOMYJIA BHIOOP KONOBOrO Iar-
4MKa LiejgecoobpaseH B TOM cllyyae, ecu Tpebyercs BhICOKAS TOUHOCTH ITe-
peMelleHHs BLIXONHOIO 3BeHa, CHCTeMa YIparieHus uMeeT LudpoBoit BXOX
M MpU 5TOM HET CYLIECTBEHHLIX OTPaHMYEHUH Ha MaccorabapHTHEIE MoKa-
3aTEIH.

BrewrHuit Bun Koposoro natyuka tuna OBII-15 nokasaH Ha pHC.
10.5, a TeXHUYECKUE XapaKTEPUCTHKH MpUBeAeHk B Tabuie 10.2

@50
of S¥o ol |l =
-\E %ﬁ\Ig ‘g "é\.._ ....... = =
B gy w—)
185 4
15 23,5
1103 172
Pue. 10.5

Ta6numa 102

TexHuyecKne XapakTepuCTHKH Koxoporo aaryuka tuma OBII-15

HauMeHoBaHHe XapaKTepHCTHKH 3HavyeHue
Bua BLIXOTHOTO CHTHANA JBouyHbIH
OfneM HHOPMALHH, EAHHHLL AUCKPETHOCTH 32768 (2048 Ha 1 06)
PaGoyuit AManasoH, rpan 0...5760
[MorpewHocTs npeobpaloBaHus yIjia 3a oiHH oGopoT 10'33"
Haubonsuian yactora BpaieHus, 06/ Mun 900
Macca, kr 0,8

B 1udpoBeix $OTOANMEKTPHUECKUX UMITYILCHBIX ((OTOMMITYIILCHEIX)
JATYMKax M3MepsieMasi HelpephiBHAd BETMYMHA yIVia [TOBOpPOTA Bana Ipe-
obpasyercsi B ONpPENeeHHOe YHCIIO 3JIEKTPHYECKUX UMITYILCOB, KOTOPHIE
B CIIEHHATBHBIX CXEMaX cYeTa MMITYILCOB mpeobpasylores B uMdpoBoi
KOII.

VIMITY/IbCHEIN JaTUMK MMEET [Ba KaHaja M BeIpabaThIBaeT CUTHAJIBI
npsaMoyronsHoi dopMel, caBHHYTHIE 1O (aze Ha 90°, 4TO MO3BONSET OIl-
pelleNTh HalpasicHHe IBMKeHHs 3BeHa. OH He MMeeT OrpaHHyYeHUH Mo
IUAIa30Hy YIJIOB IOBOPOTAa M M3MepsieT TOJNBKO IMpUpAalleHHUs NepeMelle-
HHit (oTHOCUTENBbHOE U3MepeHue). g yerpaHeHus omMOOK, BRI3BAHHBIX
TIOMeXaMHM, H OpraHu3aly abcoMOTHOTO OTCYETa BBOAMTCS CHHXDOHU3H-
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pYIOLMH UMITYIILC (HOMB - HMITYIILC), KOTOPbIH MONAETCSA B TPETHH KaHa
[pH KaXIOM IPOXOAE Yepe3 OTCUETHOE MOJONKEHHE MaTyHKa. Ina onpe-
[eNeHusT Hayaia OTcYeTa HeoOXOMMMO MPUMEHEHWE CIELMATBHBIX CXEM-
HbIX PELIEHHH ¥ JONOTHUTENBHBIX KaTHOPOBOYHBIX JATYMKOB, HANPUMED
[I0TeHIIMOMETPOB, TOUHBIX MEXaHUYECKHX YIIOPOB C KOHLEBBIMU BbIKIIO-
yaTesIMH, pUcOK M T.N. OCHOBHEIM IOKa3aTeJeM MMITY/IBLCHBIX JAaTYMKOB
SIBJISIETCA paspeniannias crnocobHocTs. MMITyibcHbIe JaTYUKK 110 cpaBHe-
HHIO C KOHOBBIMM HMMEIOT GoJjiee MPOCTYI0 KOHCTPYKLMIO, HO TpebyioT
CrIeLIMANTBHBIX CXeM CcYeTa MMITYJIbCOB U KaIMOpOBKH.

[Ipu BeIGOpE MMITYIBCHOIO JaTYMKa HEOOXOAMMO YYMTBIBATH IpE-
[EBHYI0 CKOPOCTh BPALICHUs ero Baja 1 TpebyeMylo TOYHOCTE MO3MLIMO-
HUpPOBAHWS BHIXOJHOTO 3BEHA MEXaTPOHHOIO MOMYJLA.

CoeMHEeHHE BAJIOB MMITYJILCHOIO I4aT4MKa ¥ MEXaTPOHHOIO MOZYJIs
IPOM3BOIAT C TOMOIIBIO CHENHANBHBIX COSAMHUTENBHBIX MyQT Wi Ge3-
MoTOBONO KHHEMATUYECKOrO NMpeobpasoBaTens [ABIKCHU.

BHeIIHUK B UMITYIBCHBIX Aardukos Turos [TY®-MWHU, O3I1
u BE-178 mokazan Ha puc. 10.6 u puc. 10.7 cOOTBETCTBEHHO, & TeXHHYE-
CKHE XapaKTepUCTHKH TIpuBeaeHs! B Tabi. 10.3.
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Tabnunma 10.3

Texnuueckne XapaKTepUCTHKH ()OTOMMNY/ILCHBIX AATYHKOB

A ‘g & 3 ] 7] i . 20 i
268 |83-2| gm | g.m ‘E“ SeZ |29
. & = T - g
Tun | 2ER Eéﬂg §5 | 228 |38:3| 257 [z2E8| s
gew|=8 = gag |Egkg] ZzB 5 3
maTiMka| § 8 B E 58, Q.E ;:_gE g.‘rua Eoz 8 g g
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B o
6000
BE-178 1024 4" +15 s - 15 6000
1500 3 S 4000 0,04 8000 0,67
2000 3000
2500 2400
1000 5000
P " 4 O - 0,4 5000 .
2048 ae-24 | 3000 e 16000 Ui
2500 3000
5 5000
250 6000
600 6000
3
na®-7 104 4 15 il v 0,03 3
:J4 Dits 5800 ! 10000 0,35
1500 4000
12000 3000
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K dorouMnyIscHEIM AaTYMKaM MepeMelleHui OTHOCAT Mpeod-
pasoBaTesl JIMHEHHBIX ¥ yIIOBBIX mepemeienuit JIMP, BeimyckaeMeie
Canxkr-IleTepOyprcKUM crHeUManbHBIM KOHCTPYKTODCKMM 610po cTa-
HOYHBIX MHpOpManuoHHO-u3MepuTenbHeX cucteM (CKB HMC). Ouu
TpelHa3sHAa4YeHBl U4 Pa3s/IMYHBEIX MOIeNed MeTa/UIOpeXYI[MX CTAHKOB
1 00pabaThIBaIOLIMX LIEHTPOB, OBOPOTHEIX CHCTEM, MpubOpoB, poGo-
TOTEXHHYECKUX KOMIUIEKCOB, TEXHOJOTMYECKHX YCTAHOBOK, Mexa-
TPOHHBIX CHCTEM M T.II.

274

o

[MpuHUMN AeiicTBus rpeobpasosateneit nepemewenuit JIMP oc-
qoBaH Ha (DOTORNEKTPOHHOM CKAHMPOBAHHM IUTPHXOBBIX pacTpoB. B
KayecTBE OCBETUTENEH MCMONb3yloT MHOpPaKpacHble CBETOAHONbBI, a
[pUEMHHUKAMHA M3JIyIEHHS CIIYXAT KpEeMHHEBbIE (POTOAMOMBL.

IToTok usnydenus ceeroxuona 1 (puc. 10.8 u 10.9) moaynupyer-
¢Sl PACTPOBBIM CONPSIKEHHEM, CO3aBACMBIM MepeMelalonMucs OT-
HOCHTEILHO JPYT ApYyra pacTpoBoil IIKano# 2 ¥ MHAMKATOPHON ruia-
cTUHOH 3 ¢ PacTPOBBIM AHATM3ATOPOM, M PETUCTPUPYETCS HOTOAMO-
oM 4.

Puc. 10.8 Puc. 10.9

Ina obecrneyeHnn MHGOpMAUMH O IEPEMENIEHUH DPaCTPOBBIA
AHAIM3ATOP MMEET TOJle CUMTHIBaHUS «A», «A», «B», «B» c marom
pacTpa, COOTBETCTBYIOLIMM IIary pacTpa IUKauel 2. DTH YETHIpe IO
CYUMTHIBAHUS OBpa3yloT [ABe Haphl moiei «A» - «A» U «B» - «B», B
KaXIOM U3 KOTOPBIX pacTphl MMEIOT IPOCTPAHCTBEHHBIA CABUT OTHO-
CUTENBHO ApPYr Apyra B 1/2 mara pacTpa, 4TO IO3BONSET CKOMIICHCH-
pOBaTh NMOCTOSIHHYIO COCTABJAIOLIYIO OCHOBHOrO curHana. [Tons on-
HO# mapsl «A» - «A» HMEIOT MPOCTPAHCTBEHHEIN COBUI PACTPOB OT-
HOCHTENBHO IoJielt Apyroi mapsl «B» - «B» B 1/4 wara pacrpa.

B npeobpasopateisix juHeiHbX mnepememenuit (ITIIT) (puc.
10.8) kaxmoe moJie CYMUTBHIBAHMSA DPACTPOBOTO aHAIM34aTOpa WHIMKa-
TOPHO# IUIACTHHBEI 3 MMeeT cOOCTBEHHBIE MCTOYHMK M NMPUEMHHK H3-
JIyJEHHUs, TO €CTh B KaHaJle CYUTHIBAHMA 3a[eHCTBOBAHEI IO YeThIpE
cBetonuona 1 u doronuona 4.

B mpeobpasoparessix yriossix mepememenuii (TTVIT) (puc. 10.9)
BCe YeThIpe TIOJA CYMTHIBAHMS OXBaYEHBI SAMHBIM ITapajlIe/IbHLIM CBE-
TOBEIM ITyIKOM, M3JIydaeMbIM cBeTofMonoM 1 u chopMHPOBAHHBIM
KoHIeHcopoM 9, a doroauon 4 uMMeeT YESTHIPE CBETOYYBCTBUTEJILHBIE
IUTOLIANKH, BKIIFOUEHHBIE OMpe/le/IeHHbBIM 06pasoM.

Hesasucumo or GOpMBI MOCTPOEHMA KaHaNa CUMTBIBAHUS, Ipe-
obpazoBaTesib NMEPEMELIEHUA MO3BOJSET MOJIYYUTE ABA OPTOrOHAIBHO
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COBMHYTBIX TOKOBBEIX CUTH&IAa A M B, no3sofgoiiue onpeneluTsh me-
peMelleHNe B TpeleNax liara pacTpa, YTO faeT BO3MOXHOCTH TTOBBI-
CUTh paspelialonlylo crnocobHocTh npeobpa3oparelsi U OMNpPENENUTh
HallpaBleHHe MepeMelleHHs.

OnTHueckas cxema npeobpasoBarteis NepeMellleHUH TakXKe CO-
epKUT KaHall GOPMUPOBAHUSA pedepeHTHON METKH.

B npeoGpa3oBaTensix JUHEHHBIX MlepeMellleHuil pacTpoBas LIKana
2 B 30He E comepxur nojs pedepeHtHbix MeToK. [Tone pedepeHTHON
METKHM [peicTaB/IseT cobol Hemepuoanueckyio (KOMOBYIO) 1IKANy, 3a-
KOH (OPMHPOBaHHS KOTOPOiHl ofecrieyupaer IOJyYeHUE aBTOKOppe-
TAUMOHHON (QYHKUMM KOMa ¢ SIBHO BBIpAXEHHBIM MakcMMyMoM. Ha
HHIMKATOPHOM IUTacTHHE 3 HMMeeTcs Mojie CYMTHIBaHUA [ ¢ KOAOM,
MHBEPCHBIM TI0 OTHOIIEHWIO K Kony pedepeHTHON MeTKH IIKAIBI, H
none puadparMsl I', yuacTByloueit BMecTe co cBeToaMonoM 5 i doTo-
auonoM 6 B BEIPabOTKE OMOPHOro curHana it GOpMUPYEMOTO KaHa-
J0M curHana pegepeHTHOM MeTkH. [IpH OTHOCHTENLHOM IepeMelle-
HUH pACTPOBOM IIKANH 2 ¥ MHAMKATOPHOM IUIACTHHHI 3 B 30HE CO-
BMeLIeHUs MOJsA pedepeHTHON MeTKH M TMoNsA cyuThiBaHus [ mpouc-
XOIUT MONYIAMUSA CBETOBOIO [IOTOK&, M3IYyYa€MOT0 CBETONMOAOM 1, U
Ha Beixoge doroaHoma 8 opMHUpyeTCA TOKOBEIM CHIHal aBTOKOppE-
JAUMOHHOM DYHKUMHU Koa pedhepeHTHONR METKH.

B npeo6GpasosarensiX YMIOBBEIX INMepeMemeHUi curHail pedepeHT-
HO# MeTKHM BeIpabaThiBaeTCs B 0OIlleM ciiyyae OIWH pa3 3a 060poT Ba-
na. B xanane dopMmupoBaHMs pedepeHTHOM MeTKH [UIS BBIPabOTKH
OIIOPHOrO CHIHAJAa M CHIH&Ia pedepeHTHOM METKM 3ameiCTBOBaHbI
obuuit ceeronuox 10 (puc. 10.9) u doroguwon 11, waeHTHIHEI# poTO-
avony 4, HO C JPYTOM CXeMOM BKJIIOYEHHSI CBETOYYBCTBUTEIBHBIX
miomanok. ONOpHLIH CHIHan BEIpAGATHIBAETCH C MTOMOILBIO TIOJS
nuadparmel I' uHauKaTopHoro jumba 3, a crelManbHBI KO IONSA
pedepentHo#t MeTkM E maMmeputensHOro numba 2 W MHBEPCHBINA KON
nons cuuThiBaHuA [, B cilydae MX COBMEINEHHs NP OTHOCHUTENHHOM
nepeMelieHu THM60B, MOAYIMPYET CBETOBOM IMOTOK, YTO NMPHBONMUT K
(hopMIpOBAHMIO Ha BhIxoJe (OTOXMONA TOKOBOIO CHTHajla aBTOKOD-
penaHoHHO! QYHKUMM Kofa pedepeHTHON METKH.

MakcuMalbHEIH IUana3oH npeobpa3oBaHus JTUHEHHBIX IEpeMe-
meHuit — 3220 MM, YIITOBBIX — HEOTpaHMYeH.

IIpeobpasoBateny JHHEHHBIX IepeMeleHuit BhimycKaloT 4 u 3
KJIaCCOB TOYHOCTH, a IIpeoOpa3oBaTeNy YIJIOBBIX MepeMelleHni, B 3a-
BHCHMOCTH OT Mofeneit, — 8...3 KjiaccoB TOYHOCTH.

KaxpoMy i — My Kiaccy TOYHOCTH COOTBETCTBYET MpeleibHas
MIOrPEIHOCTD NepeMeINeHud A; — Haubojpliee OTKIOHEHUE OT IeifcT-
BUTEIBHOTO 3HAYCHHS MEXNy ABYMs JIOOBIMM TOYKAMM BO BCEM IMa-
nasoHe nepemeleHus. [ npeobpasosareeit THHEHHBIX NepeMene-
HHA i — ro Kjacca COOTBETCTBYET NpelebHas MOTPElIHOCTb, MKM:
Ag= 5,0 + 8,0L; A3 = 2,0 + 4,5L; A, = 1,0 + 2,5L; mnsa npeobpasosa-
TeJel YrJOBBIX IIepeMelIeHH# i — ro Kiacca COOTBETCTBYET Ipeneib-
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Hag MOrpemHocTs, (..."): Ag = 300"; A7 = 150"; A¢ = 60"; As = 30";
Ay =T1,5"; Ay = 2,5%.

ITpeo6pasopatenyt JTUHEHHBIX MepeMeLleHUN UMEIOT CTeleHb 34-
wutel 1P64, 1P53, 1P50, npeobpa3oBaten yrioBEIX MepeMelleHUuil —
1P65, 1P64, 1P50 no F'OCT 14254-80. Ileppas undpa mudpa xapak-
TEPU3YET CTEeNeHb 3alIMThl OT BO3AEHCTBHMA TBEPALIX TeJ, BTOpast
1udpa — CTENeHb 3all{UThl OT BO3JeHCTBUSA BOIKI.

Tunsl BBIXOAHBIX CHUIHaJOB mNpeobpasoBaTeNeif IepemeueHui:
CHHYCHBIN TOKOBBI curHan tuna CT, CHHYCHBIH CUTHAN HANPIXKEHUS
tuna CH, npaAMoyronsHeIH UMITYILCHBIN cUrHan THna ITH.

Ha puc. 10.10, puc. 10.11, puc. 10.12 u puc. 10.13 npuseneHn
reomMeTpHYecKHe MapaMeTpel, a B Tabn. 104 TexHuueckue
XapaxKTepPUCTHKH npeobpasopareneit  JHHEHHBIX U YIJIOBBIX
nepeMelienunit JIUP-7, JIUP-9, JIUP-14, JIUP-15 u JIUP-17
COOTBETCTBEHHO. i
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Texnnyeckne XapakKTepUCTHKH npeobpasosaTeieil MHHEHBIX NepemMenmenni

Tabnuua 104

Tun npeoGpa3oparens

Haumenosanue AP 15
XapaKTEpHCTHKN Jup -7 JIUP -9 JIUP - 14 THP 17
Paspewaioutas cnocof-
HOCTh ¥, MKM 5o 0,1
0,07;0,12,0,17;0,22:0,27;0,32:0,37;
0,42;0,47:0,52:0,57,0,62;0,72;0,82;
CrauaapTHeiil paa ainMy 0,821,602 1"‘;;4]_’]2 1 4:1.54: 20
npeobpasyeMoro :‘ 5 431'7 431' % 4f 20; 8 0
nEpepeRIcT o 1,94:2.04:2.24
2,64:2,84; 3,04;
3,22
Hanpsoxenye mumanua U, B +5 +12 T8 +12 +5 £12 +5 *12
Totpe6naembtit Tok I, MA | <100 <150 | <70 | <100 [ <150| <70 | <100 |<150| <70 | <100 | <150 | <70
CT|NMA|CH|CT|NMU|CH|CT |MHU|CH|CT|IH|CH
THI BHIXOAHOIO CUIHaNa CH CH CH CH
[Mepuon BeIXOAHOIO cur- | 20 20 | 20 20 | 20 20 | 20 20
HATA §, MKM 40 40 | 40 40 | 40 40 | 40 40
0] 0,1; 0,5; 0.5;
0,2; - |- 0,2; 1; I;
0,5; 0.5; 2: 2:
IyckpeTHOCTE npeobpa- 12 12 : s
30BaTenA, MKM 25 25 2,5; 2,5;
5 5; 5 5;
10 10 10 10
: 2;3
Knace TouHocTH i 34 23 s
MpeacasHas norpei- i’ o ;" i‘;'i:
HOCTs npeofpaiopatens = - A3 =2445L
i — ro Kacca TOMHOCTH A3 =2 v L St il Ay=2+25L
S Ag=5+8L
MakcumManbHas CKO-
pocTh nepeMelnenus V, 1 I 1 I
Mm/c
MaxcumManbHoe ycKope- 05 05 0.5 0.5
HHeE a, M/c? : s ‘ ;
Creneus 3alliMTH OT
BHEIWHHUX BO3NEHCTBHA Ip33 IF33 1P64 1P64
Macca m, kr 0,18 + 0,6L 0,28 + 1,55L 0,20 %‘%
280

217,810,1

D=@3... BTmm
L= 6..12,5mm.
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Tabnuuya 105

Texunyeckue XapakTepHCTHKM npeodpa3osaTelieil YIIOBbIX nepemMelneHuil

HaumeHopaHue
XapaKTepHCTHKH

Tun npeobpaiosatens

JHP-119A

JIMP-128A-3

JHUP-137A

JIMP-158A-1

JIHP-180A-1

JIMP-190A

Paspewatouian
crniocoBHOCTE ¥,
nuckper/ob

no .10

po 2103

10 5-10°

no108

o Il)6

a0 18108

Hanpaxenue
nutanua U, B

+5

+5

+5

+5

+5

+5

Morpebnaemutit
ToK I, MA

<150

<100 | =150

<100 | <150

<100 | =150

<100 | <150

<100 | <150

Brixoatoft cur-
Hall

CT:
cH | M

CT,

cH | ¥

CT,

cy | M

MU

CH

CT,

cH | MM

Knacc
TOYHOCTH |

7,8

7,8

5,6,7,8

67,8

3,4

MaxkcumansHan
YacToTa Bpalie-
HMSA Bana n,

of /MUK

104

104

4.103

Macca (6e3 ka-
Gena) m, kr

0,02

0,06

0,09

0,33

0,7

CreneHs 3alm-
Thl

IP50

P64

1P64

1P64

IP64

Ilponookenue tabn. 10.5

HanmeHoBanne
XapaKTEPUCTHEN

Tun npeoGpalosatens

JIUP-1170A

JIMP-219A

JIMP-237A-3

JIHP-337A-3

JIUP-350A

JIUP-390A

Paspewaionias
cnocofiHocTh ¥,
nMcKper/ob

no 3.6-ll:ls

a0 4-10

10 5-10%

no 5.10°

no 144.10°

no 18-10%

HanpaxeHxe
nuTaHua U, B

+5

+5

+5

+5

+5

+5

MoTpebnsembii

Tok I, MA

<100 | <150

<150

<100 | 150

<100 | <150

<100 | <150

<100 | <150

BrixogHoii cur-
Han

CT,

CH | ™™

nH

CT,

cH | ¥

CT

cH | M

CT,

CcH | TH

1

Knacc
TOHHOCTH i

3

38

7,8

7,8

7,8

MaxcumansHas
4acToTa Bpallie-
HUA Bana n,
of/MHH

103

10%

104

104

104

Macea (6ea ka-
Gena) m, KT

3,5

0,015

0,09

0,09

0,25

CreneHs 3aliH-
THE

P64

IP50

1P64

1P64

" 1P64

IP64

Ilpy nocTynaTeIbHOM ABIDKEHHH BRIXOIHOTO 3BEHA MEXaTPOHHOIo
MOIYJIA ¥ MCIIONB30BaHMM (POTOMMITYJILCHOTO JaTYMKa MM Ipeobpaso-
BaTels JIMHEHHOTO MepeMellleHns BeTUYHHY ero MepeMelieHHs S MOoX-
HO OIpefeUTh B BUIE, MKM:
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S=v-n,
rie y — paspelaioniasi cnocobHoCTh jJaTuynka (mpeobpasopareis), MKM;
n — YMUCJIO JUCKPET, COOTBETCTBYIOlIEE MepeMellleHHIO 3BEHa.
Ilpu BpallaTeNbHOM ABMXKEHMM Yrojl ¢ IIOBOpOTa 3BEHA OIlpejie-
JIAI0T 1o dopMyie, pal:

e y — paspeluamuas crocobHOCTs JaTymka (npeobpasopaTesns), AUC-
KpeT/06; n — YMCIIO JHCKPET, COOTBETCTBYIOIIEE YIIy NTOBOPOTA 3BEHA.

Ing nipiemMa W ob6paboTKY DMeKTPUYECKHX CUTHATOB, IOCTYNaio-
IIMX OT ONTOSJIEKTPOHHBIX MpeobpasoBatesieil JMHEHHBIX M YIJIOBBIX
nepeMeleHlid, ¥ OCYILEeCTBACHMA BU3YAIM3allMM Ha UHbpoBoM Tabio
MoJTyyeHHOH MHGOPMALMK NPUMEHSIOT YCTpoicTBa 1udpPOBOH MHIUKA-~
un (YIIWA).

VI Moryr OBITH MCHONb30BaHBl B KAaYecTBE CIeIHaJU3UpO-
BAHHBIX KOMIUIEKTYIOIIMX M3Jejuli B cocTaBe MHGOpMaIMOHHO-
M3MEPUTENIEHBIX CUCTEM DA3IMYHBLIX MAlIMH W NPUOODOB IPH H3ME-
PeHUH U KOHTPOJE MEXaHUYEeCKHX MepeMelleHUH.

[TpumeHeHNe UH(GPOBOro OTCYeTa BMECTO BHM3YAJILHOTO CheMa
nokazaHU¥ co mKan JMMO0B mpegoTBpamiaetT cyObeKTHBHEIE OMIMOKY
CYMTBHIBAHMS, 3HAYUTENBHO YMEHBIIACT YTOMJISEMOCTH, ITO3BOJISET
MpOU3BOANUTE KOHTPONE 0e3 OCTAaHOBKM TEeXHOJOTMYECKOro Iipolecca
u 6e3 NepHoaUYECcKOTr0 U3MepeHua pasMepoB 00pabaThiBaeMBbIX JeTa-
Jiei ¢ NOMOLBI0 YHUBEPCAILHBIX H3MEPUTENbHEIX CPEICTB.

B ocHoBe cxemorexHuxku YIIU, seimyckaemperx CKB UC, mnc-
1101530BaH LIWPOKO PACIpOCTPaHEHHBIH MHKDOKOHTDPOJUIED € AAPOM
8051, mo3BonANIMI CO3MaBaTh KaK YHHBEPCAIbHOE, TaK M CIelHa-
JIM3UPOBaHHOE TporpaMMHoe obecrniedernye. CBeTONMONHbBIE MHIMKa-
topsl upmsr Hewlett Packard obecneynBaloT Xxopouryro spKOCTh ¥
pa3bopUMBOCTE BHIBOAA MHOOPMALIMN.

BoaMoxHocTh BcTpauBaHus B YL mocienoBaTenbHOTo KaHanla
RS-232 u pa3iH4HBIX 3JIEMEHTOB BBOMAA/BLIBOJA ITO3BOJSIOT B3aUMO-
neiictBoBath YIIM ¢ APDYTHMH YCTPOMCTBAMM.

YerpoiictBa umdpoBoif MHAMKALMHN BBITYCKAIOT HECKOJIbKHX
TUIIOB, PACCYUTAHHEIX Ha paboTy ¢ OMHUM, IBYMS MM TpeMs Mpeob-
pazoBaTeNsMHU, CHOCOOGHEIX OOHOBPeMEHHO KOHTDOJMDOBATh Mepe-
MellleHHre 0 OXHOM, ABYM MM TPEM OCAM COOTBETCTBEHHO.

CKB HC BrinmyckaeT npocTeiInye Mo cBouM (QyHKIIMOHAIBHEIM
posmoxHocTaMm YIIH cepmit JIMP-510, TIUP-520, THUP-530. Baso-
BEIM Habop GYHKIUI 5Toi cepun YIIU BKiloyaeT:

e ODHyJeHHME TeKylIero 3HayeHUd B J1IOOOM MecTe KOHTPOJIH-

pyeMoro mnepemMelneHus;
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e OCYIIECTBJICHHUE KOHTDPOJS TEKYIIEro MNonoXeHus paboyero
OpraHa OTHOCHMTEJBHO ITONOXEeHUA pedepPeHTHOH MeTKU Mpeoh-
paszoBaTelif;

¢ pabora B NpHpalieHUIX.

Hansueiimum pasputueM YU B miaane ux yHKUIMOHATBHBIX
BO3MOXHOCTe# saBageTca cepug JIMP-511, JTUP-521, JIUP-531. Ouu
MMEIOT Ha mepeiHed NaHend LUMPOBYIO KIaBMATYpy M psam dyHK-
IIHOHAJIBHAIX KHOMNOK. DTO MMO3BOJAET HAapANy € YHUBEPCANHHOCTHIO
npuOOPOB 3TOM CepMM BBECTH B HUX PAl creuuduyeckux (byHKIIMIA,
CBSI3aHHBIX ¢ 0COBEHHOCTAMHM SKCILTyaTallHH.

B 6asoBrlit Habop dyHkumit aToit cepuu YIIM, xpome Bo3MOX-
HOCTEll, NpUCYI}UX MPOCTEUIIUM MOIEIAM, BKIIOYEHBI:

e IPeIyCTaHOBKA TEKYILEro 3HAYEHUs MoKa3aTesleld UMHIMKATOpa;

e JIpEAYCTAHOBKA MONOXEHUS pedepeHTHOH METKH;

® 337]aHME ¥ M3MEHEHUe HalpaBieHUs OTCUYETa;

» yIBOEHHE IIOKa3aTeyell oTcyera (QyHKIMA ynobHa npu M3Me-

DEHUSIX, CBA3AHHEBIX C TeJaMU BpAllleHHS);

+ KoMneHcauus modra;

° KOMIIEHCAIIUsS CHCTEMAaTHYeCKOH MOrpelllHOCTH;

e KOMITEHCAlllsA pasMepa HHCTPYMEHTA;

® COXpaHEHHE BCEX NMAapaMeTPOB B SHEProHe3aBUCHMON MaMSITH.

Kpome uumuxkauuonHbix ycrpoticte CKB MC Brimyckaior ce-
puio npubopos JIMP-512, JIMP-522, IUP-532.

Bxuioyass B cebs Bech BhHIILENepPeYHCICHHBIM Habop dyHKuuit
3TH 'ycTpo¥cTBa 06afaloT CIocOBGHOCTRIO BHIpaGaThHIBaTh B COOTBET-
CTBUM C 3aJaHUEM YIIDABISIOLIME CUTHAJEI, .BBITONHAA TEM CaMBIM
HE TOJIBKO MHAMKALMOHHEIE QYHKUIMU, HO U QYHKIHH YIpaBIeHK.

Iia npuemMa BHEUIHMX CHUTHAJIOB OT PAasIMYHOIO PONA ITyTEBLIX
BRIKJIOYATENeH HMIM NOMONHUTENBHEIX OpPraHoB yrpapieHus B YIIU
MpeIyCMOTpeHa YCTaHOBKA 16-TH IMPUEMHUKOB BHEIIHEr0 CUrHaa.

OtnenpHo Bhigensercss psam YIIM, UCHONB3VIOUIMX B KadecTBe
JaTYIUKOB KBa3HabcoMIOTHRIe U abCONMIOTHRIE NpeobpasoBareny yria u
nonoxenus. Taxkuwe npubopsl obpasywor cepuic YIIM JIUP-515,
JINP-525, INP-535.

Hcnonp3oBaHue TNONOOHBIX CHCTEM CBJ3aHO C TpeGOBAHHAMH
HEKOTOPHIX TEXHOJOrMYeCKMX IIPOIIECCOB cpa3y IOociHe NOomayu MH-
TAIONIer0 HANPSKEHUs ONMpeNeluTh TOYHOE MOJOXeHUE pabodux op-
raHoB B IpocTpaHCTBe 63 Kakux-iubo mepeMeneHui.

Bece VIIU BrimyckaioT ¢ ¢$UKCUPOBAaHHOH paspeluaioniei cro-
cOBHOCTBIO (AMCKPETHOCTRIO). BTO O3HAYaeT, YTO paspemlamlias
crniocobHOCTE y NMOAKIIOYaeMmoro npeobpasoBarend IOJKHA COOTBET-
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CTBOBATh pa3pewratolledl crmocobHOCTH dyy, AN BXOJHOTO CHTHaIa
YIIW 1 He U3MEHSATCS B MMpoliecce SKCIUTyaTallkuy.

B ciyyae McHONB30BaHUS JNHHeWHOro npeobpasoBaresis Iepe-
MEIEHUA ero pas3pelliaioas CrocoOHOCTh y ONMpenenseT MUHUMAaNlb-
HO-BO3MOXHYIO IMCKPETHOCTH ) M3MEPAEMOro 3HAYEHHMS.

Tlpu ucCHONB30BAHMM YIAOBOTO Iipeobpa3oBaTens B KayecTBe
npeobpasoBaTens JIMHEHHBIX nepeMeleHHH MHUHHUMAIBHO-
BO3MOXHYKO OHUCKPETHOCTh dyy,; M3MepsSeMOro 3Ha4eHUS TepeMellle-
HUA MOXHO PaccYMTATH MO GOPMYJE, MKM:

g 101

WMHI 4. ﬂ-;

rae L — jnuHelHoe mepeMelleHue 3a oauH obopot npeobpasosarenid,

MM (HampuMmep, IIar pe3pOLl BUHTA); Np — YHCJIO NEPUOJIOB BRIXOA-

HOTO CHTHana 3a OOMH 060pOoT Mpeobpa3oBaTesis ABMXKeHHMs (mac-
[IOpTHOE 3HAYEeHUE).

CraHmapTHEIH pAN IMCKpeTHocTel dy,, Mna YU npu usmepe-
HuY JTUHeHHBIX nepeMentenmit: 0,1 mxm, 0,5 Mxm, 1 MM, 10 MKM.

Ecau yriosele npeobGpasoBaTesiy IepeMellieHHs MCHONB3YIOT B
KayecTBe HATYMKa yINla MOBOPOTA, TO Ny — YMUCIO MEPHOAOB BEIXOO-
HOTO CHTHaJIa 33 OAMH o6opoT npeobpazoBaTens (npunoxenue 63)

- ONpefieNgeT AMCKPETHOCTh MHAMLIMPYEMOIO YIJIa ITOBOPOTA.
B zapucumoctu or Mmonudukaiuu YIIW MoryT MHOIMIIMPOBATH YION B
rpanycax ¥ JOJNSAX rpanyca, 1u6o B rpagycax, YIJIOBBIX MHHYTax U yr-
NOBEIX ceKyHAax. CTaHHapTHBIA pSAX AMCKPeTHOCTeH dyy, UId H3Me-
penus yrna: 0,0001°, 0,0002°, 0,0005°, 0,001, 0,002°, 0,005°, 0,01°.

VIIU, paccuurtaHHble Ha pabory ¢ mpeobpas3oBaTelNsgMH TMepe-
MelleHHH B THUIIOBOM MCHOJHEHHM WMEIOT MaKCUMAaIBHO IOIYCTH-
MYIO YacTOTY BXOAHOIO CHTHajia paBHYIO f., = 0,6 MI'u, uro coor-
BETCTBYET YacTOTe CMeHHl ¢a3 pxopHoro curHana 2,4 MI'm. Ucxons
U3 3TOr0, MOXHO DPacCYMUTATh MAKCHUMAJIBHO HOIYCTUMYIO JUHEHHYIO
CKODPOCTh U3MEPHTE/IBHON CUCTEMBI IPH MCIIONB30BAHUM JWHEHHOIO
npeobpasoBateig, M/c:

Vinax = 4 - finax - dypin-

s yriosoro rnpeofpasoBaTess MakCHMMalbHO BO3MOXHYIO YI-
JI0BYI0 pabouyio CKOpPOCTE M3MEPHUTE/NbHOM CHCTEMBI PAacCYUTHIBAIOT
o dopmyne, ¢l

]

5 Snax -10

e ea
Ha pue.10.26 u3obpaxeHo ycTpoHcTBO HudPOBOH MHIMKALMH
JINP-531, npenHa3HauYeHHoOE JUIS MCIOJb30BAHMA B CHCTEMaxX, CTaH-
KaxX, MeXaTpPOHHBIX YCTPOMHCTBaX, Ile UMeeTcs HeODXOZUMOCTbh BH3Y-
aJBHOTO0 KOHTpPOJIA IO TpeM HaIlpaBJieHUsIM C MCIOJIb30BaHHEM TpEX

mmax
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W3MepUTeNbHBIX mpeobpasosatenedt. YIIM JIMP-531 moxer paboraTs
¢ JIMHEHHBIMM U YIJIOBHIMM TNpeoOpa3oBaTe/NsiMH MEpeMelleHHt U
MHAMIMPOBATh 3HAYEHUE JTMHEHHOro MepeMelieHns B MUJLIMMETpax
W JONAX MWLUIMMETpPa WJIM YTroJl MOBOPOTa B IpalycHOM Mepe, a Tak-
e B pPa3IMYHBIX KOMOUHALMAX.
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Jlng coemuHeHUsT KOHLOB BaloB Npeobpa3oBatesieil ABUKCHMA H
MaTYUKOB MHMOpMAIMU, a TakKXKe KOMIIEHCAIMM HECOOCHOCTH 3THX
BAJIOB B MEXaTPOHHEIX MOIY/ISAX PUMEHAIOT My®Thl. B MexaTpOHHBIX
MOIYIAX ¢ mnpeobpasoBarensiMu VITIOBEIX mepemeutenuit JIUP wuc-
noms3ylor Mydrsr JTUP-800, JIUP-801, JIUP-803, JINP-805, JINP-
807.

KOHCTpYKTHBHOEe MCIIOJIHEHME M TEOMETPHYECKHE MapaMeTphl
mydr JIUP-800, TAP-801, JINP-803, JIUP-805 u JIMP-807, npuse-
meHsi Ha puc. 10.27, puc. 10.28, puc. 10.29, puc. 10.30 u puc. 10.31
COOTBETCTBEHHO, 3 TEXHMYECKHe XapaKTepucTuky — B Tabm1. 10.6.
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Tabauma 10.6

Texumyeckue xapakrepucTuku mypr JIMP

HaumenopaHue : Tunsl Mydt

XapaKTepHCTHKH NHP-800 | JIUP-801 JTHP-803 JIUP-805 | TTHP-8O7
Ownbxa nepenayy ppaleHnd, (...") +30 +10 12 10,5 +1
(NpH panHaibHOM CMeleHHH ocell, MM <0,1 <0,1 <0,05 <0,05 <0,05
U Yr7IOBOM HaKioHe ocelt, rpan) <0,09 <0,09 <0,09 <0,03 <0,09
KectkocTs Ha Kpygenue, Hm/pan 50 150 4000 6000 4000
UlonyetHmsiit MOMeHT BpaueHns, H-m 0,04 0,1 0,5 1,0 1,0
UlonycTMoe panuansHoOe CMEHICHHE <02 <02 €3 03 <03
ocelt, MM
UlonmycTimeiit HaknoH oceft, rpan <0.5 <1,0 <0,5 <1,0 <0,2
[lonycruMoe ocepoe CMELIEHHE, MM <02 0,2 =0,2 0,1 <0,5
MoMeHT HHepLuM, KrM2 1,9-107 | 3010 | 2,0-10% | 20-10% | 1,7-10%
:‘;’:;‘;“”“’““ CRR T B T 5660 16000 3000 1000 1000
Macca mydrst (ne Gonee), kr 0,007 0,027 0,22 0,25 0,21
IMocanounsie nuaMeTpsl A M B, MM 3ud 3. 10 10m 14
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Bpamarwmpecs Tpauchopmaropsl. Bpamaiomuecs TpaHchopMaTo-
psl (BT) mpexcrasnsior coboii anexTpuyeckie HHIYKUWOHHBIE MallUHbI
TEPEMEHHOTO TOKa, BBIXOAHOE HANpSKEHHE KOTODHIX 3aBUCHT OT YIJia
MOBOPOTA POTOpA. XapakTep aToif 3aBHCHMOCTH OITIpenensieTcsl KOHCT-
PYKLHEHR U cXeMOil BKITIOYEeHHsT 06MoToK BT.

Bpaiatonmecs: tparcdopmatopst (puc. 10.32) uMeror no aBe omHHa-
KOBBIC B3aMMHO IEPIEHAMKYISPHbBIE MEpBHYHBIE 0OMOTKA (BO3OYKIEHUS
¥ KBAIIPaTyPHYIO) M BTOPHYHBIE (CHHYCHYIO U KOCHHYCcHY10). CylIecTByioT
CHHYCHO-KOCHHYCHbIE BpaIUalOIIMecs TpaHCHOPMATOPBI (CKBT) ¢ kom-
TICHCALMOHHBIMU OOMOTKaMu 06paTHOi CBSA3H, KOTODBIE NpeIHA3HAYEHBI
AT KOMIICHCALMY OCHOBHBIX ¥ JIONIO/THUTEILHBIX TTOTPEIIHOCTEI.
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Puc. 10.32
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OcHOBHEIE ITOTPEUIHOCTH BO3HUKAIOT B HOPMAJILHLIX YCTIOBUSIX M
obycnopneHbl puHLMIIOM paborsl BT, KOHCTPYKTHBHBIMM M TEXHOJO-
THYECKUMM ITPUYMHAMHK. [ONOTHUTENLHEIE TIOTPEUIHOCTU BO3HHKAIOT
Np¥ M3MEHEHUHU TeMIlepaTyphl OKpYXalollei Cpelbl, aMILUIMTYABl U yac-
TOTHI MATAIOIIEr0 HANPIKEHUA.

B 3aBHCHMOCTH OT pacrioioxeHus obMoTok Bo3Oyxnenus BT mo-
ryT 6BITH ¢ MUTAHHEM CO CTOPOHBI CTATOPa WM POTOPA U C HANPIKEHM-
eM BO30OYXIEHHS IMOCTOAHHON WIH IepeMEHHON aMIUTHUTYABL.

Ilo xapaxrepy Tokockema BT Moryr GbITE KOHTakTHHIMH M Dec-
KOHTAKTHBIMM. [J1aBHBIM TeXHHUYecKHM rokasarteneM BT saBnserca Tou-
HOCTh BHITIOJIHEHHs UM GYHKUMOHAIbHBIX I1pe0Opa3oBaHui.

B MeXaTpoHHBIX MOMYISAX NPHUMEHAIOT ABYXMOMIOCHBIE M MHOIOMO-

JIOCHBIE BpallaolmMecs TpaHcGoOpMaTopsl, paboTaloONIMe B peXUMAax: CH-
HYCHO-KOCHHYCHOM, JIMHEI{HOM, (pa30BpallaTens, JUCTaHIMOHHOM Mepena-
YH yIJIa. ,
Ha ocuore cuHycHO-KOcHHycHBIX BT B KayecTbe JaTUMKOB YIJIOBO-
ro IOJIOXeHUsT Hcroib3yloT caszospainatendt (puc. 10.32, e), koroprie
ofecrieynBaloT JIMHeHHOe U3MeHeHWe (hasbl BHIXOJHOIO HATIPDKEHWS Kak
¢dbyHKUMH yria moBopora poropa. Kak crieayer u3 NpUHIMIA AeifcTBUS
BT, 3a onun 060poT poTOpa € ero BRIXONHOW OOMOTKM CHUMAETCS OIUH
NepHOJ] HAIPSCKeHMsI, YTO He Bcerga obecrieduBaeT TpebyeMylo AHUCKpET-
Hocth. g e oBecrieyeHHS HeoOXOIMMO ONpeNeeHHas DeAyKLus. IDTy
PEAYKLMIO ODecrieYNBalOT JIEKTPUYECKUM IejleHueM (asbl Ha CTO WM
JIBeCTH U BKIIIOYeHMeM BT yepe3 MOBHINAIONIYIO MEXAHUYECKYIO Niepefady
(MymsTHIDTAKaTOp). OnHAKO, MpUMEHEHHe B Lenu obpaTHOU cBA3M Mexa-
HHYECKOIo Npeobpa3oBaTeNs NBMKEHUSA, UMEIOIETo COOCTBEHHYI0 KHHE-
MaTH4ECKyl0 IOIPEeNIHOCTh, CHIDKAET €€ TOYHOCTb U YMEHBIUAeT HalexX-
HOCTB.

B 570 CBsA3M MHTEpeC IPEACTaBISLIOT MHOTOIIONIOCHbIE Bpalllalo-
mHeca TpaHcdopMaTopsl, KOTopeie HMeloT Bojplioe 4ucio nap P no-
JOCOB. B 3aBUCHMOCTM OT KOHCTPYKTHBHBEIX OCOOEHHOCTEH MX Mozapas-
IENSIOT Ha PeTyKTOCHHBI H WHIYKTOCUHEL.

ITpu pa6ote penykrocuHa (puc. 10.33) B pexume dasospaiarens
¢dasa ero BBIXOZHOTO CHTHala 3aBHCHT OT YIIa IIOBOpOTa poropa. 3a
OIUH IMEpPUOJ M3MEHEHHMs HANpSDKEeHWS MATaHUsS MarHUTHOE ToNie IT0-
BepHeTcs Ha yron 2n/P (a He Ha 2rn xak y BT). CrnenoarenbHo, mpu
IOBOpOTE pOTOpa Ha yroi 2n/P hasa BEIXOJHOrO CHIHajla MOBEPHETCS
Ha yron 2m.

Hcrnions3oBanie peIyKTOCHHOB ¢ GOJBIIMM YHCIOM map P momo-
COB IIO3BOJIAET BO MHOTHMX CIydasgX TMPHMEHSTh MX 0e3 IOBBILAIOIIEro
MexaHHuYecKoro npeobpa3oBarTes.

PenyKToCHMH MMeeT BCTpPaMBaeMyl0 KOHCTDYKIMIO M OOBIYHO €ro
YCTAaHABIMBAIOT Ha BaJly HaNpsMYyl0 COSAMHEHHOIO C BaJIOM JIBUraTelid.
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| PR AN TR WA |

a) 6)
Puc. 10.33

l'eomeTpyyeckre mMapaMeTpsl M TEXHMYECKME XapaKTEPUCTHKH
HEKOTOPBIX PEAYKTOCHHOB TPUBENEHBl COOTBETCTBEHHO B Tabn. 10.7 u
10.8.

Taonuma 10.7

I'eomeTpuyeckue napaMerpsi peNyKTOCHHOB, MM

Tun peaykrocuHa Dy D, Dy 1y 15 I3
BT 40 _ 10 21,6 40 8,5 2,2 16
BT 60 20 394 60 9.5 0,7 20
BT 80 35 54,2 80 10 I.2 16
BT 120 66 84 120 12 0,7 22

YrnoBas IOIPEIIHOCTh HEKOTOPEIX PEAYKTOCHHOB, PabOTAIOLIMX B
pexxume daszoBpauiareiis, gocTuraer 1'

Wunyxrocuusl — MHoronomocHsie BT ¢ neyarHeiMu 06MOTKAMMU,
BBITOJIHEHHBIMH Ha HE()epPOMAarHMUTHOM CepIEYHMKE.

Jjisi KOHTpOISI BBICOKOTOYHBIX YITIOBBIX M JIMHENHBIX IepeMele-
HHUH B MEXaTPOHHBIX MOOYJIAX NMPHMEHSIOT KPYrOBble UM JHHEHHBIE HWH-
IYKTOCHHBL.

Kpyrossie uHoykTocuHel (puc. 10.34) npencramisior coboit 3mek-
TPUYECKYIO MHKPOMALIMHY IJIOCKOH KOHCTPYKIIMU C ABYMS H30JHPO-
BAHHBIMHM JMCKAMM, Ha KOTOPLIX pacHOJIOXEHBl IeYaTHBIE OOMOTKH.
OnuH M3 OUCKOB COGMHEH C BAJIOM HMCIIOJIHHUTEILHOrO MEXaHmu3Ma (po-
TOp), 4 Bropo# - HemonBikeH (cratop) (puc. 10.34, a). O6MOTKH BbI-
TIOJIHSAIOT OMHOCJIOMHBIMU M MHOTOCTOMHBIMM. Yallie BCero MpUMEHSIOT
MHIYKTOCHHBI ¢ MHOTIOTONIOCHOH onHodasHoii o6MOTKOI Ha cratrope
(puc. 10.34, 6) u geyxdasHol cekiMoHHONH 0OMOTKOI Ha poTope (pHC.
10.34, B).
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B pexume asoBpamarens nuTaHue oOMOTOK MHIYKTOCHMHA OCY-
LIECTBISIIOT TEepeMeHHBIM HamnpspkeHuem ¢ yactotoi 10...100 kT
CHBUHYTEIM 110 ¢ase Ha 90°.

HorpewmHocts mnpeobpa3oBaHusl KpPYyrosoro MWHAOYKTOCHMHA HE
npesebiaer 5"

mrym e

3

a) 6) 8)
Puc. 10.34

JIuHeHbI HHAYKTOCUH 0 MPUHLIMIY AeHCTBUSA aHaJIOTHYEeH Kpy-
rogoMy. OH COCTOUT M3 IUTMHHOMN JIWHEHKH, YCTAHOBICHHOM Ha HEMOM-
BIDKHOM 4acTH MEXaTPOHHOTO MOy IBIDKEHHMS M MMeeT onHo(ha3Hyio
MHOTOIOMIOCHYI0 0OMOTKY, U KOPOTKOM TONOBKM CUMTBIBAHMSA (CKaHU-
pylollieil TOIOBKM), YCTaHABJIMBaeMOH Ha TOIBIKHOM 3JIEMEHTE MOJY-
. OBMoOTKa KOPOTKO#M NuHelKH — aByxdasHasd co casuroM (asbl Ha
90e. OnuH MmoxMioc OOMOTKM COCTABISIET OOBIMHO 2 MM, IJTMHA TOMOBKH
— 100 MM, a mmuHa auHeiikun — 250 mM. [l nepementenuit 6onee 250
MM JHHEHKH CTBHIKYIOT MO ToplaM, obpasys HabopHYIO LIKaTy.

ITorpeurHocTh JIMHEWHOTO MHIYKTOCHHA COCTABJISAET
(0,001...0,002) mm.

W HIYKTOCHHBI M3TOTOBJIAIOT B OTKPBITOM MCIIOJHEHHH H BCTpau-
BaIOT NPSIMBIM MOHT2XKOM B KOHCTPYKIIMIO MEXaTPOHHOIO MOJIYJIs.

BHelniHyWe BUOBI M IeOMETPUYECKHE I1apaMETphl BpalllAlONUXCH
tpancopmMaropos Tumos MBT-2, BT-20-129, BCKT-220-1, CKT-
6465, CKT/-6465, dasospamarenss BUP-019, maruuxos yrma S0[C-
32-1 u OV-34-1 uzobpaxens! Ha puc. 10.32, a, 6, B, I, 1, €, X, 3, a B
Ta6m. 10.8 npuBeneHs! X TEXHUYECKHE XapaKTEPUCTHKH.

Kpemrenne spamaonmxcs TpaHchopmaropoB ¢uiaHiieBoe ¢ yrnop-
HbIM GypTHKOM. Pexxum pa6oTsl MPONOIKUTENBHBIHA.
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Ta6nunga 10.8

Texnuyeckue XapakKTepHCTHKH BpaWAOWMXCs TpaHchopMaTopos

HaumenoBanHe xapakTepHeTHKH
Homu-
Hitn HafbHas ol s MomenT
Tun Aa™inka | HansHoe ;":;Tf;e_ HOCI:E‘F: Bpawenua | S oTHies EApATRS- Macea,
Hanps- HMP Bo3-| 0T0Bpa-  |sama, :;2::?13 g::ﬂuz:‘pa- KT
weHue, B e MeHur, % |06/mMur g i
Tu
+0,02 60 0,0015 2000 0,35
MBT-2 30 400 +0,04
(CKBT) 28 +0,06
+0,1
BT20-129 27 400 0,05 5 0,001 2000 0,065
(CKBT) 12 +0,1 120
+0,2
BCKT-220-1 36 400 +0,2 125 0,0004 3000 0,07
{CKBT) +0,35
*0.5
CKT-6465 36 400 41! 2200 0,18
(CKBT) 2
CKT-6465 36 400 *7 2200 0,3
(CKTB)
BU®D-019 15 150103 +30' 150 0,0005 5000
(chaszospaina-
TenL) -
500C-32-1 36 400 +0,05..%1, | PaGouuit yron nmoso- 2200 0,17+
(maTyuk yrna) | - 5 porta poropa £50°
AY-34-1 40 1000 15 Pabouuit yron nopo- 2000 0,055
(maTumk yrina) pota potopa 360°
3| BT <13,2 2000 10 5000 2000 0.1
3| BT60 <132 2000 5510 5000 2000 0,16
g-. BT80 <13,2 2000 G 5000 i 2000 0,3
| Bmi20 | <132 2000 55 10 2000 2000 0,5

10.3. aTtumku ckopocTu

JatyukM CKOPOCTH IIpeJHa3HauyeHbl IS ITOJYy4YEeHUSI B MexXa-
TPOHHOM MOXYJIE CHTHajia o6paTHOM CBSA3M IO CKOPOCTH, KOTOpas fAB-
JISETCA KOppeKTupymolieit obpaTHOi CBA3bI0, obecrieyuBalolied yc-
TOWYMBOCTL paboTel MexaTpoHHoro Moaynsa. IloaToMy K JAaTuyMKaMm
CKODOCTH HE TIPEABABIAIOT TAKMX XECTKMX TpeOoBaHMii MO JIMHEHHO-
CTH M TOYHOCTH, KaK K HaTYMKaMm mnonoxeHusi. OHU HODKHBI MMETh
[JIABHEIM 06pa30M XOPOMIYIO YYBCTBUTEIbHOCTh, OCOOEHHO IIPH MaJIbIX
CKOpPOCTSIX.

Ilna mosnydeHUs CHTHala IO CKOPOCTH B MEXaTPOHHOM MOZYJe
MOIYT OBITh HMCIOJNB30BAHbI HMITYJIBCHbIE MAaTYMKH, PACCMOTPEHHBIE
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BeIIE. B 3TOM Cllydae MeXaTpOHHbIM MOIYJIb NO/DKEH NOMONHHUTEALHO
collepxarth NpeobpasoBaTelib YaCTOTHl MMIYJILCOB B CKOPOCTHON CHTHANL.
ToyHOCTh TONMYy4YEHHsS CKOPOCTHOIO CHTHalla TaKMM CrocobOM 3aBUCHT
OT YHCIa MMIMYJILCOB Ha obopoT Bana. Takum o6pa3oM, UCTIONb3OBAHNE
B CHJIOBOM MOIYJIE MMIYJILCHOTO NATYHKA TMO3BONSIET BLINEJIUThL [BA
CUrHANA: 10 MOJOXEHHMIO U 1O CKOPOCTH, YTO YMPOILAET KOHCTPYKIIMIO
MEeXaTPOHHOTO MOMIYJIS.

IIng mnonydyeHUs CHTHAjNa TOMBKO MO CKOPOCTH MCIOJB3YIOT CIie-
LIMaTbHbIE JATYMKM CKOPOCTH — TaXOTeHEpaToph! U (hoToMMMY/IbCHbIE
JNaTYAKH CKOPOCTH.

Taxoreneparopsl TPENCTaBIAIOT CODOH 3JMEKTPMYECKME MMKPO-
MaIUMHBI, BHIXOJHOE HATPSDKEHHE KOTOPBIX IMPOIMOPLMOHANBHO YIIO-
BOM CKOpOCTHM BpallleHMs poTopa. B 3aBUCHMOCTH OT nmpuHUMMNA Jeii-
CTBHMS TAXOPEHEPATOpPhl JENSAT Ha TPH IPYIIIBL TaXOreHepaTophl 1o-
CTOSHHOTO TOKa, aCMHXPOHHBIE M CHHXpOHHbIe. TN Taxoreneparopa
BLIOHPAIOT B 3aBUCMMOCTH OT TpeOOBaHMH TOYHOCTH, JHHEHHOCTH
CKOPOCTHO! XapaKTePHMCTHKM [Uana3oHa MU3MEHEHUS 4acToThl Bpallle-
HUST [BUraTess, YCJIOBHMH 3SKCIUTyaTalWH, HaIEXHOCTH, rabapuUTHBIX
Pa3MepOB, MAacCHI.

B MexaTpOHHBIX MOMYJSIX C KOUIEKTODHBIMM JIBUTATESIMU ITOCTO-
STHHOTO TOKa, KaK NpaBWIO, MPUMEHSIIOT KOJUIEKTOPHLIE TAXOTeHEpAaTo-
pbl TIOCTOSIHHOTO TOKa. B Mozynsix ¢ OECKOHTAKTHBIMM aCHHXPOHHBIMH
M CHHXDOHHBIMY [IBUTATE/ISIMH, IPHMEHSAEMBIMU BO B3DLIBO- H I10Xapo-
OMACHBIX Cpelax, MCHOJb3YIOT GECKOHTAKTHbIE ACHHXDOHHBIE W CHH-
XPOHHBIE TaXOreHepaTophl.

B kauecTse TaxoreHeparopoB nocrosHHoro Toxa (TI'TI) mpume-
HSIOT [IBYXIIOMIOCHBIE MHKPOMALIMHBI MOCTOSHHOIO TOKa C 3JEKTpo-
MATHHTHBIM M MAarHMTO3JIEKTPUYECKHUM (OT MOCTOSHHBIX MATHUTOB)
BO30yKIEHUEM. -

Ha puc. 10.35 u300paxeHbl KOJUIEKTOPHBIE TaxoreHepaTopsl IO-
crosunoro Toka TI'TI-1 u TITI-1A ¢ 3y01oBEIM poTopoM, Ha puc. 10.36
— taxoreneparop TI1-80-20-0,2 BcrpaWBaeMbiif, a8 MX TEXHMYECKHE Xa-
PaKTEpPUCTHKH npuBeaeHs! B Tabn. 10.9.

56,5

Puc. 10.35
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Puc. 10.36

AcHHXpOHHbIE TaxoreHepatopsl (TTA) npencrasnsior ¢o6oit
IBYX(pa3HYIO INMEKTPHYECKYIO MHKPOMAUIMHY C TMOJBIM HEMATHHUTHBIM
poropom. Ha cratope pacnionoXeHsl qse 06MOTKM: BO30YXKICHUST U Te-
HepaTopHas.

ACHHXPOHHBIN onHodasHbli Taxorenepatop TT-5A ¢ MONBIM He-
MarHuTHBIM POTOPOM M TePMOKOMIICHCATOPOM TEMIEpAaTypHOM TIo-
TPEIHOCTH BBIXOAHOIO HANPSDKeHMs mpejcTaBneH Ha pue. 10.37, a ero
TEXHHIECKHE XaPaKTEPUCTHKH NpUBENeHB! B Tabm. 10.9.

il CHHXpOHHBIE Taxo-
] redepatopel (TI') npex-
CTaBJIAIOT coboit uH(pOp-
! MallMOHHYIO  3JIeKTpuYe-

-
al o 8 o] CKVI0 MHMKDOMAIIMHY C
Bl 8= g| BO3OYXIEeHHEM OT IOCTO-

o —~ SIHHBIX MarHUTOB, PAacro-
JIOXKEHHBIX Ha pPOTOpE.
AMIUIMTYIa M  4acroTa

82 BBIXOIHOTO CHTHala SBIA-
ercst (PYHKUMEH YacTOTHI
Puc. 10.37 BpallleHUsA poTopa.

Ha puc. 10.38 moka-
3aHbl CHHXDOHHBIE IBYXIIOMIOCHbIE TpexcdasHble Taxoreneparopbl CI-
024 u CT-025, a ux TexHUYECKHE XapaKTEPUCTHKM JaHbI B Tabr. 10.9.

ONEKTPUYECKUI CHIHAJI C TaXOreHepaTopa HAXOMUTCA B NpPAMOIf
3aBHCHMOCTH OT 4acTOThI BpauieHus Bajia. [To3ToMy ero ycTaHaBIMBAIOT
Ha OBICTPOXOJHOM BAJy MEXAaTPOHHOIO MOMNYJIS: MO HEIOCPEICTBEHHO
Ha BaJly JBMraress, JM00 COeNMHSIOT C HUM TIPH IOMOILM KHHEMaTHYe-
CKOro npeobpasoBatesnst JBuxXeHUs. IIpH COMIACOBAHMH YacTOT Bpallle-
HHE BaJIOB TaXOTGHEpaTOpa ¥ ABHraTessd HeobXoAMMoO Haubosee MOJIHO
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HCTIO/Ib30BaTh paboyMii AuariasoH YacToT BpallleHHs TaxoreHeparopa, He
MpeBbllIas Npu 3ToM ero Hambosnbiueii yacToThl BpameHus. CoenuHe-
HMe BaJIOB JBUTATEIA U Ta-
XoreHeparopa MOJCKHO OBITh ]
beano@TOBEIM, TaK  Kak
modT NPUBOAMT K HCKaxe-
HHIO CKOPOCTHOTO CHTHanA.

Kak mnpasuno, Bce Ta-
XOTeHEpAaTOophl NPENCTaBISIOT
coboit 3MeKTPUYECKUE MHK- 123 57
POMAIIMHEI, BHIMOJHEHHBIE B 107
BUJIe 3aKOHYEHHBIX KOHCT- . Puc. 10.38
PYKTHBHEIX Y3JIOB, HO TaKXe
MOTYT MMETh BCTpauBaeMoe UCToHeHHe. BeTpanBaeMblil TaxoreHeparop
YCTAHABIIUBAIOT HEMOCPEICTBEHHO HA Baly, a €ro KOPNYC CKPEIUISIOT C
Koprycom apuratens. Kpome Toro, IBUraTellM HEKOTODBIX CEPUIi UMEIOT
B CBOEM COCTAaBE BCTPOEGHHBIA TaXOreHEpaTop, HANpUMep, ABUTATENH
cepuit JAIIM, IIT1, A1V, I1A.

@oTouMImyabCHBIA AATYNK CKOPOCTH MPEACTABJIsAET CobOoH yCcTpoii-
CTBO, COCTOSIILIEE M3 HMCTOYHMKA M3JIydeHUs (CBETOMMONa), (POTONMpPHEM-
Huka (dboronuona) u noxu-

BIDKHOTIO 3JIEMEHTa-IHCKa A
WIM JIMHEHKM - C PaBHO- / {
MEPHO paclipelelIeHHbIMH

Ha HHUX OTBEPCTHSIMM WU {
npopesamu. Jluck wim [ a
JIMHEHKY KpensT Ha He- g | ;
TOIBHOKHOM aeMeHTe t——1 11—
MEXaTPOHHOTO MOMYJIsI. R

B doTtouMmyIbcHOM
JAaTYNKE YIJIOBOH CKOpO-
cru (puc. 10.39) cBetoBoit L
NOTOK OT MCTOYHMKA HM3- :
nyseHus 1, mpoxoms dYe- Pic. 10.39
pes OTBepcTHs WIH Tpo-
pesH B JMCKe 2, ToragaeT Ha YyBCTBUTENbHYIO MOBEPXHOCTb (OTONPH-
eMHMKA 3, TEHEPUDYS B HEM DJIEKTPHYECKUE MMITYJILCH C YacToToi, I

f= %
Ie a — YUCJIO MMITYJIbCOB; t — BpeMs IEPEMENICHNS TOABWXHOTO 3Jie-
MeHTa-aucKa (TpH TMHEHHOM MepeMEellieHHH - JINHEHKH), C.

=]
] s g

a0
20
[l
7

L
7 ]

101
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Macca
m, Kr
0,5
0,5
0,28
1,0
1,0

20
20
10

KOro Tpe-

HuA
Mqp% 104,

cTaTHyec-
H'm

MomeHT

Ta6bnuuya 109

Conprus-
NeHHe Har-
PY3IKH

400

Ry, kOM

Yacrora
ro Hanps-
HEHUA
1,2
| e
0,19
0,19

BBIXOHO-

Hanpxe-
HHA BO3-
Gymxae-
Hus £, T | fuy, T
25
]

Yacrora

AcHMMET-
PHA BhI-

XOAHOIO
A, %

HHA

0,8
2,5

BBIXOHOTO | yanpsike-

Henmneit-
cHrHana
H, %

MEPEHHA

MB/(06/mun)
L2

Hanps-
KeHus S,

BBIXOMHO-TO | HOCTB H3-

Texnuyeckue XapaKTepUCTHKH TAXOreHEpPaTOPOB

Buixogroe |Kpyruana
Hanpsxe-
HHe,

30

60

Ullﬂ.n B

115

Hanpsxe-

GyxaeHns
uB

NbHAA Yac- | HHe BoO3-
TOTa Bpa-
IWEHHA
Nyiom -
o6/MHH
7000
3000
9000
1500
3000

Homuna-

TrII-1
Tl'l'l_~ 1A
Tr-5A
Cr-024
Cr-02s

reHepa-
Topa

Tun Taxo-

VIoByl0 CKOPOCTb [IMCKA, 8 COOTBETCTBEHHO M Baja Ha KOTOPOM

OH 3aKpeIUIeH, ONpPEJENAT B BHIE, pag/mf
R .

o=a-f= N’
rIe ¢ — 3HAYEHWE OMHOTO MMITyNbca, pal; N — YUCIO OTBEPCTHil WIH
ripopeseil BAOJIb OKPYXHOCTH IMCKa.

B doTonMIyI5CHOM NATYMKE JIMHEHHOH CKOPOCTH, comepxauie
JMHEKYy ¢ PaBHOMEDHO DACTpEe/eHHBIMH Ha HEH OTBEPCTUAMM WIH
TIpOpE3siMU, YAaCTOTY TeHEpUPYEMBIX B (POTOTMPHEMHUKE SJIEKTPHYECKHMX
MMITY/ILCOB ONMpEENsIOT 110 NMpHUBeIeHHOM Bhile (opmyre.

JIMHe#HYI0 CKOPOCTh JINHEHKH, 2 COOTBETCTBEHHO M MOCTyNaTe b~
HO MEPEeMEIAIOLLIErocs 3JIEMEHTa MeXaTPOHHOIO MOJIYJist C KOTOPBIM OHa
CKpeIUIeHa, OfpeeNsiioT B BUIE, M/C:

V= B = f = T 3
roe B — 3HayeHHe OXHOTO WMITY/Ibca, M; L — [inHA JTMHEHKH, M.

PaccMoTpeHHBIe (POTOMMMY/ILCHBIE NaTYMKH CKOPOCTH MOXHO HC-
[OJIb30BATh U JUISI ONpeeeH!s IepEMEIICHWH TTONBIKHOTO 3BEHA.

Ilpy BpallaTeJIbHOM JBIKEHWH 3BEHA IEPEMEIIEHME MOXHO Ofi-
PeneNuTh, pam:

o 2n-a
N
TIpy noCTymaTebHOM ABIKEHWH 3BCHA MEPEMEILEHME PABHO, M:
L-a

S-‘-T.

301



aga 11
HAOEXHOCTb MEXATPOHHbLIX MOAYNEW

11.1. OcHOBHbLIE NOHATUA HAAEKHOCTH

Hapexwocts (ob1uas) — csoitctBo o6bexTa (u3nenus) coxpaHsaTh BO
ﬁfﬁfim B yCTaHOBJI%HHLIX npenenrax Bce MapaMeTpsl, ObBecIeuMBalo-
BINIOJIHEHHE TPeOYyeMbIX QYHKIHHE B 3a0aHHEIX LTy
CIIOBMAX 3KC -
Tauuu [37]. . .

CoBpeMeHHbIE MEXaTPOHHBIE MOXYIM COCTOAT M3 Pa3NHYHEIX B3au-
MOJIEHCTBYIOIINX MEXaHMIECKHX, 3JIEKTPOMEXaHUYECKHX, 3NEKTPOHHBIX
¥ MH(POPMAIMOHHEIX uycq'poﬁcm. Orkas B pa6oTe X0t GBI OIHOrO 3Je-
MEHTa TaKOH CIIOXHOH CHCTEMBI MOXET NPUBECTH K HAPYIIEHHIO pato-
Thl BCETO MEXaTPOHHOTO MOIYJIS.

B Teopun HaIeXHOCTH PaccMATPUBAIOT CIEAYIOLME OGOBIIEHHDIE
OOBEKTHL: .

H3JIeTHe — CIMHULIA IPOAYKUMH, BBINYCKaeMas JaHHBIM IIpeiNpH-
:;g;;;lg::ﬁ;{ U T. I. (HampuMmep NMOMIIMIHKUK, 3y6YaToe KOJNEco, 371eK-

s MEXaTPOHHBIH MOIYIb, MeXaTpOHHOE oifc
TBO, Ipo-
MBILDIEHHbIH po6oT); ’ e S

IEMEHT — IIPOCTEHIIAd IPU JAHHOM pAcCMOTPEHMH COCTaBHas
HacTb M3C/HA, COCTOALIAA U3 OMHOM MM HECKOJBKMX JeTaneit;

CHCTEMa — COBOKYITHOCTh COBMECTHO HEeHCTBYIOIIMX 3JIEMEHTOB,
MpefHas’HaYeHHasA I CaMOCTOSTENBHOTO Bbi

IITOTHEHUST 3afaHHLBIX
byHKLMiL.

IToHATHA 3/EMEHTa M CHCTEMBI TPaHCHOPMUPYIOTCH IpYT B Ipyra B
3aBHUCHMOCTU OT MOCTAaBJIEHHOM 3a1aur. MeXaTpOHHEIA MOIYIb IIPH yc-
TaHOBJIEHHH €TI0 COOCTBEHHON HANEXHOCTH PacCMaTPUBAIOT KAK CHCTe-
MY, COCTOAIUYIO M3 OTAENbHBIX SJIEMEHTOB — Mpeobpa3oBaTeleil IBIDKe-
!I:IHE, fieTanei ¥ T.X., a IPU U3YYCHUHM HANEXHOCTH poboTa — KaK 3le-

EHT.
HagexHOCTs XapaKTepU3YIOT CHIEAYIOUIMMH OCHOBHEIMH COCTOS-
HUAMM U coObrTHaMu [37,41].

PaborocmiocobHOCTE — cocTosHMe U3NeTHs IIpH KOTOPOM OHO CITO-
COOHO HOPMAIBHO BBHIMOMHATH 3aflaHHbIe (DYHKIIN.

MenpasHocTs — coOCTOsIHHE HM3KeTUd, NP KOTOPOM OHO yIoBIe-
TBOPSET BCEM * HE TOJNBKO OCHOBHEIM, HO M BCIIOMOTraTeIbHBIM
Tpe6GOBaHUSIM. [

HeucnpaBHOCTS — COCTOSIHME U3NEHSA, IPH KOTOPOM OHO HE COOT-
BETCTBYET XOTS OBl ONHOMY M3 TpeOOBaHMM TeXHHYECKOH HOKYMEHTa-
UuH. PasnmuyaroT HEUCNPaBHOCTH He NPHUBOASINME K OTKA3aM, H HEMc-
TIPAaBHOCTH M MX COYETAHHUS IPHBOISIIUE K 0TKA3aM.
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OTKa3 — COGBITHE, 3aKiodalouieecs B MOJHON WIN YacTHYHOH yT-
pare pa6orocrocobrocti. MIX menar Ha OTKa3el (OYHKIIHOHUPOBaHHKS,
MpY KOTOPHIX BHITONHEHHME CBOMX (YHKIHMiH paccMaTpHBaeMBIM aie-
MEHTOM WM O6BEKTOM INpekpailaercd (Harpumep, INMOJIOMKa 3ydObes
3y64aToro Kojeca), ¥ OTKA3hl APaMETPHYECKHE, NIPH KOTOPbIX HEKOTO-
phie TapaMeTphbl 00BeKTa M3MEHSIOTCA B HEIOIMYCTUMBIX Ipe/ieiax (Ha-
NpUMEpP, U3MEHEHHE TOYHOCTH paboThl MeXaTpPOHHOTO MOAY/s). OTKa3bl
[eNSAT Ha BHesanHble (MOJOMKHM OT NMEperpysok, 3aefaHus), MOCTEMeH-
Hble 10 Pa3sBUTHMIO M BHE3aNHBIE TI0 MPOABICHHUIO (ycTamocTHbIe paspy-
[IeHWUs, TePEropaHus JIaMIl, KOPOTKWE 3aMBIKaHWs W3-33 CTApeHUs
M30JIALMK) ¥ NOCTENEHHBIE (M3HOC, CTapeHHE, KOPPO3ud, 3aJIUMIaHKE).

ITo mpuyMHaM BO3HMKHOBEHMS OTKa3hl NEIAT HA KOHCTPYKUMOH-
Hble, BBI3BaHHEIC HEZOCTATKAMU KOHCTPYKLMM, TEXHOJIOTHYECKHE, BBI-
3BaHHbIE HECOBEPIICHCTBOM WIM HapylIeHWeM TEXHOJIOTMH, M SKCIUIya-
TALMOHHEIE, BhI3BaHHbBIE HETIPaBHILHON SKCILIyaTalHeH.

OTKa3s B COOTBETCTBUM CO cBoel (DM3UUYecKoil NMpUpoNoi ObIBaloT
CBA3aHBI C paspylleHMeM JeTaieidl WM HX MOBEPXHOCTEH (mosoMKH,
BEIKpAlIMBaHUe, M3HOC, KOPPO3Hs, CTApEHHE) WIM HE CBA3AHBI C pas-
pylIeHMeM (3acopeHue KaHaJoB Mojayd paboueil XMIKOCTH B rMApo-
NpHUBOIaX, ociablieHHe COENMHEHWH, 3arpA3HEHUE WM ocJiabieHue
9JIeKTPOKOHTAaKTOB).

IIo BO3MOXHOCTH JaIbHelInero HCIIONB3OBAHUA M3NE/IMS OTKa3khl
pasIeNsgioT Ha IONHbIE, UCKIIOYAOIIHNE BO3MOXKHOCTD paboTel U3AENUA
[0 MX YCTpaHeHHWS, ¥ YacTUYHLIC, NIPH KOTOPHIX M3/IEJIHE MOXET Hac-
THYHO MCIOJIB30BAThLCH.

Tlo ciTOXHOCTH YCTpaHEHMS pas3IuyaioT OTKashl, yCTPaHUMBIE B I10-
pANKe TeXHHYECKOro obCIyXWBaHUA, B MOPSAIKE CPEIHEro WM Karu-
TAMTBHOTO PEMOHTA M [0 MECTY YCTPaHEHUS — YCTPaHMMBIC B SKCILTya-
TAOMOHHEIX M CTallMOHApHEIX YCIIOBHAX.

[lo BpeMeHM BOZHMKHOBCHMS OTKashl NENAT Ha NMPUPabOTOYHEIE,
BO3HMKAIOIME B TEPBbI MEPUOM 3KCIUTyaTalliy, CBA3AHHLIC C OTCYTCT-
BHeM IpMpaboTKM U C IOMajaHueM Ha cOOpKY JedeKTHBIX 3JIEMEHTOB;
NI HOPMAJIBHOM 3KCIUTyaTalMy (32 TMEPUOMR O MOSBICHUS M3HOCHBIX
OTKa30B); H3HOCOBLIE.

11.2. XapakTepucTUKKU HaleXXHOCTH
OCHOBHBIMM XapaKTepHCTHKAMHA HANEXHOCTH ABIIOTCA: Ge30TKa3-
HOCTb, HOJTOBEYHOCTH, PEMOHTOIPUTOHOCTE M COXPaHAEMOCTh [37].

Be30TKa3HOCTs — CBOJCTBO M3JejiMsl HEIPEPHIBHO COXPAHSATH pabo-
TOCIIOCOBHOCTh B TeueHle 3aJaHHOTO BpEMEHM WM Hapabotku. ITo

303




CBOMCTBO OcobeHHO BaxHO Juis [1P, oTkas B paGoTe KOTOpHIX CBSI3aH C
OMAacHOCTHIO Ui XU3HH YeJloBeKa, ¢ TepepelBaMK B paboTe M OCTAHOB-
KO# aBTOMAaTH3MPOBaHHOTO IPOM3BOACTBA WIM ¢ GPakoM JIOPOTOro W3-
OETHA.

Iokasateim OGesoTkasnocTH. BepoarHocTs 6e30TKasHONM paGoThl
P(t;) — BEPOATHOCTS TOTO, YTO B MpeeNax 3aNaHHON HAapabOTKK OTKA3

HE€ BO3HUKHET:
Plty) =1- F(t),
e F(ty)) — dyskuus pacnpeseneHus HapaboTKu IO OTKa3a.

CpC,ElHHH Hapaﬁoma A0 OTKasa — MaTeMaTH4YecKoe OXHIaHWe Ha-
paboTKH 10 OTKa3a HEBOCCTaHABIMBAEMOTO M3leluA. Ilox HapaboOTKOMH
NOHMMAIOT TNPOAO/DKUTENILHOCTh MM OOBEM BEINOJNHEHHON paboThl
06BEKTOM.

CpeniHas HapaboTKa Ha OTK4a3 — OTHOLIEHHe HapaGOTKM BOCCTa-
HaBJIMBaeMOro 00BEeKTa K MaTeMaTH4ECKOMY OXWIAHHMIO YHMC/IA ero oT-
Ka30B B TeueHHe 3Toil HapaboTKH.

WHTeHCUBHOCTE OTKa30B A(f) — ycJIOBHAst TUIOTHOCTh BEPOSITHOCTH
BO3HMKHOBEHHMS OTKa3a HEBOCCTAHOBJIEHHOIO OOBeKTa JUIS paccMaTpH-
Ba€MOI'0 MOMEHTa BPEMEHH IIPH YCIIOBMH, YTO IO 3TOTO BpEMEHH OTKa3
He BO3HHK. Ee ONpeesioT Kak OTHOLIEHWE CpeJHEro YMcla OTKa3aB-
IMHUX B €OHHHUIY BpEMEHH (WIM HapabOTKM B ADYrMX €IUHHUIIAX) OOBeK-
TOB K YHCIY 06BEKTOB, OCTABIUMXCH paboTOCIOCOOHBIMU:

B0 L I Tl ol
x(r)gp(r)_ TD(_r)'E?P(t)“—"l-F(t)'EEF(r)'
IpubmxeHHO:
» n
s N -At’

Ie n — YUCIO U3ME/HMH, OTKa3aBIIMX NPH MCIBITAHUH B TeYeHHE HH-
TepBajia BpeMeHH Af; N — oblilee 4rc/io MCTIBITAHHEIX U3AETHH.

Hna GonpUIMHCTBA OOBEKTOB 3aBUCHMOCTB A(f) MOXHO M300pasHTh
KpuBo# (puc. 17.1), nMelomeif Tpu yyacTka.

A
t, ts t
Puc. 11.1
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Mepssrit yyactok 0 < f < f, Ha3BIBAIOT MEPUOJOM NPUPAOOTKH WJIU
MepHONOM paHHHMX O0TKa30B. IlosgBreHue OTKa30B B 3TOT MEPUOL OOBIY-
HO BBI3BaHO KOHCTPYKTMBHBIMHM JUIM TIDOM3BONCTBEHHBIMH JieheKTaMu.
Bropoit yyacTok #; <t < f, IOCTOAHHO! MHTCHCUBHOCTH XapaKTepU3yeT

HOPMAJIBHYIO 3KCIUTYaTallulo Ha 3ToM yyactke P(f)=e ™. Tperuit yua-
CTOK 1 > f, Ha3BBAIOT MEPHOAOM H3IHOCOBBIX OTKa30B.

IlapaMeTp MOTOKA OTKA30B — IOKas3aTelh HAlEXHOCTH BOCCTaHAaB-
JIMBAeMBIX M3[e/IMil, PABHBLA OTHOILEHHIO CPEIHEro YUcia OTKa30B BOC-
CTaHABIMBAaeMOr0 00BEKTa 332 IIPOU3BONBHO MAallyl0 ero HapaboTKy K
3HaYeHHI0 3TOH HapaboTKu (COOTBETCTBYET MHTEHCUBHOCTH OTKAa30B
IUTSL HEPEMOHTUPYEMBIX M3[eNnii, HO BKIIOYAET IIOBTOPHbIE OTKAa3hi).

HonropeyHocTsh — CBOMCTBO M3[EJMSI COXpaHiaTh paborocnocob-
HOCTB JIO IIPENe/IbHOTO COCTOSHHS € HEOOXONUMBIMH TiepephiBaMH Uls
TEXHUYECKOTo 0OCIyKHBAHUA ¥ DEMOHTA.

IToxasarenn HOArOBeYHOCTH. TeXHUYECKMA pecypc (pecypc) — Ha-
paboTka ofkexTa OT Hayaja ero 3KCIUIyaTalMd WIH BO30OHOBIEHHUS
IKCIUTyaTAllMK IIOCNie PEMOHTA A0 IpellellbHOro cocrosHus. Pecypc BBI-
paxaloT B eIMHMLAX BpeMeHU paboThl (Yacax), JIMHBI IyTH (KUIOMeET-
pax) ¥ B eIMHMIAX BBHIIycKa MPOAYKUMH. ISl HeBOCCTaHABIMBAEMBIX
W3eINH MOHATHA TEXHHUYECKOro pecypca M HapaOOTKM JO OTKasa COB-
najfanor.

Cpox ciyx06 — KalleHgapHasg HapaboTka o MPelelbHOro cocTos-
Hus. BeipaxaioT o0bIYHO B romax. Ind getaieii MeXaTpOHHBIX MOAyJeit
B KauecTBe KPHTEPHS JOJIrOBEeYHOCTH HCIIONL3YIOT TEXHUIECKUI pecypc.

ITokasareii JOJIOBEYHOCTH AENAT HA raMMa-IIPOLIEHTHEIE, Cpel-
HUe O TeKyllero (WiH KanuTaIbHOIO) PEMOHTA, MOJHEBIE, CPeOHUE N0
crnucanusg. OHU XapakTepU3yIOT JOJTOBEYHOCTD M3JEAWN NPH 3alaHHOM
BEPOSITHOCTM COXpaHeHMsT paborocmocobHocTH. Hampumep, ramma-
TNPOLIEHTHEIA pecypc #4 — HapaboTka, B TeYeHHE KOTOPOH OOBEeKT He
JOCTUTHET TPEETbHOTO COCTOSIHUSA C 3aIaHHOM BEPOSTHOCTBIO y, Bbl-
paXeHHOU B MPOLEHTaX. )

JUis u3pmenuit cepuifHOro M MAaccOBOTO IIPOM3BONCTBA Haubolee
yacro ucnonbayioT 90% pecype. Eciu 0TKas onaceH JUIA XH3HM JHOMEi,
y-pecypc npubmpkaoT X 100%.

PeMOHTONPUTOAHOCTE — IPUCHOCOOIEHHOCTh H3JENUs K Ipeny-
NpeXIeHuio, 0OHAPYXKEHUIO M YCTPAaHEHHIO OTKA30B M HEMCIpaBHOCTEH
IIyTeM MPOBEHCHUS TEXHUIECKOTO OOCIYKUBAHUS U PEMOHTOB.

CoxpaHsieMOCTh — CBOMCTBO U3JIE/IMA COXPaHATh 3HAYEHME M0OKa3a-
Tejieil G€30TKA3HOCTH, NOJITOBEYHOCTH M PEMOHTONPUIOAHOCTH B Teye-
HHUe U MocJie YCTAaHOBJICHHOTO cpoKa XpaHeHHs M TPaHCIIOPTHPOBaHUSI.
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ITokasaTenu peMOHTONPHIOZHOCTH M coxpansemocTn. CpenHee BpeMs
BOCCTAHOBNIEHHSI PabOTOCHOCOOHOr0 COCTOSIHMS, CPOK COXPaHSIEMOCTH
cpenHU W y-TIPOLIEHTHBII.

KomnuiekcHbie NoKa3aTend HaaexunocTd. KoahdUlMeHT TEXHHYECKO-
rO MCIIONB30BAHUS — OTHOILIEHWE MAaTeMaTUYeCKOro OXMIAHMA BpeMe-
HU paboTOCIIOCOOHOIO COCTOAHUS 38 HEKOTOPLI Iepuoy IKCIUIyaTallui
K CyMME MaTeMaTHYeCKUX OXMIaHUi BpeMeHM paboTOCIIOCOOHOTO CO-
CTOSTHUS M BCeX MPOCTOEB [UId PEMOHTOB M TeXHHYECKOro 00OCIyXHBa-
HHSL.

Ko3(pUIMeHT TOTOBHOCTH — BEPOATHOCTH TOTO, YTO OOBEKT OKa-
*)eTesd B paboTocIocOBHOM COCTOSHHMM B IIPOM3BOJIBHEIM MOMEHT Bpe-
MEHH, KpOMe IIEPUOLOB, B KOTODBIX 3KCIUIyaTaldd He NpelycMarpHBa-
erca. Ero ompefelfioT KakK OTHOLUEHWE MaTeMaTHYeCcKOro OXHAaHHI
BpeMEHH HaXoXIeHUSA B paboTocrmocoOHOM COCTOSAHUM K MaTeMaruye-
CKMM OXUIaHUSIM CYMMBI 3TOTO BpeMEHM M BpEMEHH BHEIUIAHOBBIX pe-
MOHTOB.

11.3. Be3oTKa3HoCTh

" OcHOBHBIM TIOKazaTeleM 0e30TKa3HOCTH fABISIETCS BEPOATHOCTD
P(f) 6e3oTKa3HOM pabOTEL — BEPOATHOCTH TOIO, YTO B TEUEHHE 3aaHHO-
ro BpeMEHH WIM 3aJ@HHOK HapabOTKM OTKA3 HE BO3HUKHET.

~ BeposaTHOCTE 0€30TKa3HON pabOTBI OLEHHBAIOT OTHOCHTEIBHBIM
KOJIN9ecTBOM paboToCIOCOOHBIX IEMEHTOB:

N, n
P()==L=1-—=1-0(t
(=22 =1-2=1-00),
rie N — obmiee YMC/I0O MCIIBITAHHEIX (SKCIUTyaTUpPYyeMBIX) o6pasuos; Np
— yuciao paboTocrmocobHEIX 00pasioB Mocie UCIBLITAHUN (9KCIUTyaTa-
1IMK); 7 — YMCIIO OTKAa3aBIIMX 06pasiloB mocie UcnbITaHuit; O(7)- Bepo-
SATHOCTH OTKa3a, OLleHHBaeMask OTHOCUTEJILHEIM YHCIIOM OTKA30B:
n
o(t)=—.
()=
Tax kak 6Ge3zorkasHad paboTa M OTKa3 B3aMMHO IIPOTHBOIOJIOXHBIE
coOBITHA, TO
P(t)+Q(r) =1.
ITpu =0 u n=0 nomyunm O(?)=0 u P(1)=I.
Ipu =0 u n=N, O(H)=1 u P(1)=0.
PacrnipeneieHie OTKA30B TIO BpeMeHHM XapakTepusyioT dyHKIueil

IUIOTHOCTH pacnpeneieHus f{f) napabotku mo orkasa. B craruermye-
CKOM TPaKTOBKE:
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N AR At
B BEPOSITHOCTHOM TPaKTOBKE:

dt

rae An ¥ AQ(f) — npupalleHHe YHCIa OTKa3aBUIMX 06LEKTOB U COOTBET-
CTBEHHO BEpOSTHOCTH OTKA30B 32 Bpems Af.

BepoaTHOCTH OTKa30B M 6e30TKasHOil paboTel B hYHKIIMK TUIOTHO-
CTH pacnpeneJeHUs BBIPAXAIOT 3aBUCHMOCTIMMU:

o(r) = Ij f(t)at; mpa t=w  Qf)= ]’ floydt=1;

1 o
P() =1-0Q(f) =1~ [f(1)dt = [ f(z)dt.
0 0
WHTeHCHBHOCTE OTKa30B A(f) OTHOCHTCSI K YHCIY paboTocrocob-
HBEIX 00BeKTOB Np.
B cratHcTHYECKOH TPaKTOBKE:

An
g - Ny -At’

B BEpPOSTHOCTHOM TPaKTOBKE:

A7) = -';%—

BepositHOCTE Ge30TKa3HOM paboThl
CTH OTKa30B MOXHO 3alicaTh B BUMIE!

; 4]x(r)dz
P(t)=e®

OTO OHO M3 OCHOBHBIX COOTHOIIEHMIA TEOPHH HAMCXKHOCTH.

s | S

3aBHCHMOCTH OT MHTEHCHBHO-

=

11.4. HagexHocTe B nepuos HOpMankHOW aKcnnyarayuu

B nepron HOpmanbHOM 3KCIUTYaTAlHM MEXaTPOHHOTO MOAYAA MO-
CTETIEHHBIE OTKAasbl ellle He MPpOABJIAIOTCA W HAUCKHOCTH XapaKTepH3y-
€TCA BHe3alTHBIMM OTKAa3aMH. 3'_1‘1»1 OTKA3bl BBI3BIBAKITCS HBGHaI‘OHpHSIT-
HBIM CTeYeHUEM MHOIMX OBCTOATENLCTE M MO3TOMY HMEIOT MOCTOAHHYIO
HHTCHCHBHOCT!:, HE 3aBHCALIYI0 OT IIPOAOLKHMTEIIBHOCTH TMpPEHIIecT-
BYIOILelf oKCIUTyaTalluy U3METH:
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l(l) = A = const ,

1
rae A =— — NOCTOSIHHasi MHTeHCHBHOCTH OTKa30B, m; — CpeldHAd Ha-
t

paborka o oTkasa (06eIYHO B yacax). Torma A BEIPaXalOT YUCIOM OT-
Ka30B B 4ac.
B atom ciyyae BepoaTHOCTh Ge30TKa3HOM paboTh:
1
~ [ndt
Plt)=e® =¢™.
Ona TONYMHAETCA 3KCIOHEHUMATLHOMY 3aKOHY paclpeleNeHus

BpeMeHU 6e30TKa3HON paboThl.
Ecmu, kax obsryHo, Af < 0,1, To

P(t)~1-t.
ILIIOTHOCTE pacnpeneneHun:
dPt) _,
{)J=—""-"2=) -
F@)=-—r=h-e
3Ha4yeHUsT BEPOATHOCTH 6e30TKasHOW paboTHl B 3aBHCHMMOCTH OT
p .
A1) 1= — [37)
()1
ANt 1 0,1 0,01 0,001 0,0001
P 0,368 0,9 0,99 0,999 0,9999

t :
Taxk Kak npu ;=1 BeposTHOCTh P(1)=0,368, To 63,2% o0TKa30B
L

BO3HMKAET 3a BpeMA f < m, ¥ ToneKo 36,8% nosnuee. s obecreueHUS
BepoATHOCTH 6e3oTKasHoM paborel 0,9 wiu 0,99 MOXHO HCIIONH30BATH
EOJII:)KO Malyio OO0 CPeHero cpoka ciyx6nl (cooTsercTBeHHO 0,1 Wwin
01 ‘
,01).

Ecnu pa6ora usnenus NPOMCXOMUT NpH PasHBIX PeXHMaX, a CIeNo-
BaTejIbHO, H MHTCHCHBHOCTAX OTKAa30B Ay (3a BpeMs #) U A, (3a Bpems
h), ToO:

P({) x e"{llflﬂzfz)_

Jns onpeneneHus HA OCHOBAHWM OIBITOB MHTEHCMBHOCTH OTKA30B

OLIEHMBAIOT CPEIHIO HapaboTKy MO OTKa3a:

S [
m'l NE 13
rae N — obuiee uncno HabmoneHuit (U3neaui); f, — LIMTENLHOCTS i —
ro MpOMEXYTKa BpeMeHH; K — 4HCIIO MPOMEXYTKOB BpEMEHH.
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Torma
1
=

CpeaHee YUCIO N M3JEIHA, KOTOPOE BEIMIET U3 CTPOs K 3aaHHOMY
MOMEHTY BpeMEHHM mpHu Af < 0,1:

ne N-A-t
i cpenHee yucno Np M3JeNui, KOTOphIE OCTAHYTCA PaboTOCITOCOOHBIMM:
Np ~ N(1-21).

=

11.5. HagexHoCTb B nepuoa NocTeneHHbIX 0TKa3oB

Ilns mocTenmeHHEIX (M3HOCOBHIX) OTKA30B CIIPABEUIMB 3aKOH pac-
TpelieleHusl, KOTODhI naeT BHayale HU3KYIO IUIOTHOCTh BEPOSTHOCTH
OTKa30B, 3aTeM MaKCHMYM M Jajee MaleHHe, CBA3AHHOE ¢ YMEHBIIEHMU-
eM 4Hciaa SJIEMEHTOB, ocTraBuiuxcs pabortocnocobusiMu. Haubonee
YHUBEPCATBHBIM, YOOOHBIM M IHIMPOKO NPUMEHAEMBIM MU IpakTH4e-
CKHX pacyeToB fABJISETCS HOPMaJbHOE pacnpejieneHue [37].

IlnoTHOCTH pacnpeneleHus:

T
fm:SJﬂ'e VR

PacrnipeneseHye MMeeT Ba HE3aBMCHUMBIX ITapaMerpa: CpelHIon Ha-
paboTKy JO OTKa3a (MaTeMaTHYecKoe OXUIaHHe):
A
sl=—=7 I
m‘l : N = 1

M cpejiHee KBaJpaTHYecKoe OTKIOHEHHE!

§ = oS (12 7)

i=1

PaccesiHue CAydYaifHBIX BEJIMYMH YHOOHO TakXe XapaKTepv30BaTh
- S
mucriepeueit D = S? u xoabdunuenToM Bapuauuu V = =

Tak KaK HHTerpanbHas GYHKIUA Pacnpe/ieieHUs paBHa:
i
F(f)= [f()dr,

TO BEPOSITHOCTh OTKa3a M BEPOATHOCTH 6E30TKa3HOH paboThI COOTBETCT-
BEHHO paBHEL
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o(1) = F(1);
P(t)=1- F(r).
BB‘i‘iHCﬂGHHE HHTCFP&J}DB 3AMEHAIOT MCIIONB30BAHUEM Taﬁnnu ana

TaK Ha3bIBAEMOr0 LEHTPHMPOBAHHOIO U HOPDMUPOBAaHHOTO pacrpeneie-

HUs, B KoTopoM my=0 u S,=1. Ilns atoro pacmpenencHus dbyHK1IMA
TJIOTHOCTH:
2

fﬂ(x] = ._1__ . g-iz-

V2n

MMEET ONHY NMEepeMEHHYI0 X. DYHKIMIO IUIOTHOCTH paclpeleneHus 3a-
[IMCHIBAIOT B OTHOCUTENILHEIX KOODAMHATAX ¢ HAYAIOM HA OCH CHMMET-
DHU TIETIH.

DyHKIWS PACTIPeNeNieHUs NpeACTaBISeT coBOl MHTErpant oT IIoT-
HOCTH paclipelieJieHUS:

X
Fy(x) = [ fo(x)dx.
W3 sroro ypasHeHus cienyer:
Fy(x) + Fy(-x) =1,
OTKyIa !
Fy(-x) =1~ Fy(x).

[DIOTHOCTD pAacIpeNeNieHusi, BEPOATHOCTh OTKA32 ¥ BEPOSTHOCTH
0e30TKa3HON pabOTHI ONpPEAENSIOT 1O hopMyTaM:

f(t)= —fi’g;
0(1) = Folx);
P(t) = 1- Fy(x),

e x =

r-m
S — KBaHTHJIb HODMHPOBaHHOIO HOPMANbHOIO pacrpene-

ernusd, o6sraHO obosHavaeMmas Up; fy(x) u Fy(x) Gepyr mo Tabiuiam.
Hanpumep:

=Up 0 1 2 3 4
fo(x) 0,3989 0,2420 0,0540 0,0044 0,0001
Fyx) 0,5 0,8413 0,9772 0,9986 0,9999
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B 1a6a. 5.9 npuBencHH 3HaueHus P(f) B 3aBUCHUMOCTH OT
t—m,

x=UP= S -

3HayeHue BpeMeHM f TIPY 3aaHHON BepOATHOCTH Ge30TKa3HOM pa-
6oTbl P(f) ONPENENsIoT 10 3aBUCHMOCTH:
t=m +Up-S.

YacTo BMECTO MHTerpaibHoit QyHKUMM pacnpeneieHus Fy(x)
nosnp3yloTes GyHkuueit Jlarmnaca:

2
X i X ..‘x_
o(x) = =——|e 2.
(x) an (x)dx Jﬁ!
B aTOM ciryyae:
0 X
Fy(x)= [folx)dx+ [fo(x)dx = 0,5+ d(x).
— (1]
BeposTHOCTE OTKa3a M BepOATHOCTE 6e30TKazHO# paboTh!:

0(f) = 05 + q{" 'S’"'] ;

P(f) =05~ q{’ "S’"l) :

IIpH COBMeCTHOM AEHCTBUMM BHE3AMHBIX M IOCTENMEHHBIX OTKA30B
BEPOSTHOCTH GE30TKA3HOM pabOTH M3NENHs 3a TIEPHOI £, €U O 3TOro
oHO npopaboTano BpeMa T, paBHO:

()= Bae) Pal)
e Pg(f)=e™ — BeposTHOCTH OTCYTCTBMS BHE3ANHBIX OTKA30B;
Po(f) = Py(T +1)
Py(T) , j

CyliecTBYIOT U ApYIUe paclpeleleHUsT CIy4ailHOW BEIWYMHEL JIO-
rapupMHYECKM HOPMAlbHOE pacrpeleieHie, B KOTOPOM [0 HOpMallb-
HOMY 3aKOHY pachpeieisercds jorapudm HapabOTKH, ramma-
pachpefeneHHe, pacrpeieieHue BeiOywia, sBigiolieecs MOBOJBHO
VHHBEpPCATBHBIM, OXBAaTHIBAIOIIMM ITYTEM BaphbHPOBAHMS ITAPAMETDPOB
IIMPOKMIA [MAIA30H Cy4acB M3MEeHeHHS BeposTHOcTed. OmHAKO ore-
PUpOBaHHe STUMH pacrpeleleHUIMH CIOXHee.

— BEPOATHOCTH OTCYTCTBHUA ITOCTENEHHBIX OTKA30B.
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11.6. HagexXHocThb CNOXHBIX CUCTEM

MexaTpOHHBIH MOIYIL NpeAcTaBisgeT coboi CIOXHYIO CUCTEMY, CO-
CTOSINYIO M3 MHOXECTBA DPA3IMYHLIX 3JIEMEHTOB, COSAUHEHHBIX MEXIY
coBoil pasnuuHBIMU criocobamu. [Tosromy pacuer HagexHoctH MM
MPOM3BOMISAT C YYETOM HaHEXHOCTH COCTABAAIONIMX €ro 3JIEMEHTOB H
CXEMBI UX COCOUHEHM.

Ilpu nocnemoBaTeIbHOM COEIWHE-

-E—E(‘) HUM HE3aBUCUMBIX 3JeMEHTOB (pHcC.

Pi(t) Py(t) Pa(t) 17.2) orka3 OOHOrO 3JeMeHTa IpPHUBO-
JHUT K OTKa3y Bcei CUCTEeMEL.
Pue. 11.2 BeposTHOCTh 6€30TKa3HOM paboThl

CHCTEMBI TIPH TOC/IENOBAaTEIBHOM CO-
¢/IMHEHUH 3JIEMEHTOB paBHa NMPOW3BEAECHHIO BEPOATHOCTEY GE30TKa3HOM
paboTH ee OTHENBHEIX 37eMeHTOB [39, 41]:

Pu(t)=T12(1), (17.1)
i=]
rae P,(f) — BeposTHOCTb 6e30TKa3HOM PabOTHI i-rO 3JEMEHTa CHCTEMEL.

Ecnu
B(t) = Py(f) == Po(1) = P(1),

Py(1) = P(r).
OBBIYHO BEPOATHOCTh 6e30TKa3HOM PaboTH NEMEHTOB HOCTATOYHO
Boicokas. IToatomy, BrpasuB Pi(t) =1~ Q,(f) u moncrasus B dopmyny

(17.1), mocye npeobpa3oBaHUit U OTOGPaCHIBaHKA MPOMU3BEICHMNA MaIBIX
BEJIMYMH, TOTYYUM:

Pa(f) = Q[i— X0) él—gai(r)-
Ilpu
0,(1) = 05(1) == 0,(r) = 0(1),

OyneM MMeTh:

Py(f)=1-n-0(1).

HaneXHOCTh CIIOXHBIX CHCTEM C IOCHEN0BATEIbHBIM COETUHEHUEM
aIeMEeHTOB HU3Kad. Hampumep, npu yucie anemenrtos cucremsl #=10 ¢
BEpOATHOCTBIO G€30TKa3HOM paGoThl Kaxnoro snementa P (¢)=0,9 (xak
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B MONIUMITHMUKAX KaueHHs), obliasg Bepo- P,(t)
ATHOCThL 0€30TKa3HOM paboThl CHCTEME! L Rag(t)
paBHa: 1 g
P,(t)= P,()= 09" ~0,35. P,(t)
Ilpy napaineJbHOM COETUHEHHH He- )
3aBUCHMEIX 2JeMeHTOB (puc. 17.3) otxas -~
CHCTEMbl TNPOMCXOOUT TP OTKa3e BCex +Pa(t)
BIJTIOYEHHBIX TapajulelbHO 3JeMEeHTOB. B n
3TOM ClIydae BEepOATHOCTh 0e30TKa3HOMH
pabots! paBHa [39,41]: Puc. 11.3

) =111~ 2(0]=1- [T (0 = 1- 09

Eciu
B(1) = By(t) == P,(1) = P(1),
TO
Poy()=1-[1-P(0)]" =1-0/(1).
HPH TeX 2K€ JaHHBIX, YTO H B NIPHMEPE IJIA MOCIEI0BaTEIBHOIO CO-

eIMHEHUs 3JIEMEHTOB BEpOATHOCTh 6Ge30TKasHOi paboTH NMpH mapai-
JIeIbHOM COeJHHEHHWH 2JIeMEHTOB paBHa

P @)=1-1-P@E) =1-(1-09)°=1-0,1" ~1.

nap
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Ilpunoxenns

Ipunocerue 1

JonycK Ha HAKOIUIEHHYIO MOTPeLIHOCTb Ara WM IMHAPHYECKOTO0

3yGuaToro Koaeca Fp, MKM

= JnyHa IyTY NeTUTETBHOM OKPYXHOCTH [ = lnmz
E 6
Z
o | Monyns AT O BT o,
2 | ¥ | e Lol 2 84t 8 8
5 el &l & | BFS ST BT
5 il dila|lal=]alz]s
S St gl mlg e 818 |8
3 1..10 |4,0]150(55]6,0 80| 11 | 16 | 20 | 25
4 1..10 | 6] <8 9 100012, | B8] 25 |32 | 40
5 1...16 (10| 12 | 14 | 16 | 20 | 28 | 40 | 50 | 63
6 1..16 (16| 20 [ 22 [ 25 ( 32 | 45 | 63 | 80 [ 100
7 1.25 22| 28 | 32 | 36 | 45 | 63 | 90 | 112 | 140
8 1.25 (32| 40 [ 45 | 50 [ 63 | 90 | 125 [ 160 | 200
Ilpunoscernue 2
JlonycK HA HAKOIUIEHHYIO NOTPEITHOCTh MIAra HMIMHAPHIECKOro
MeJKOMOIYJILHOrO 3y0uaToro Koaeca Fp, MKM
4 8 JenuTensHbri quamMeTp d, MM
§ S Mo m, MM a | 8
T Pssba sl alie] o e
O 2 el e b il 1 v
H|{=S|S|S|[&[|&8]| 3
3 0,1...1,0 4 4 5 6 6 8 9
4 0.3...1.0 6 7 8 9 | 10| 12| 14
5 0,1...1,0 10 )11 |12 )14 | 16 | 19 | 22
6 0,1.::1,0 16 | 17 | 19 | 22 | 25 | 30 | 36
i 0,1...1,0 22 | 24 | 26 | 30 | 35 | 42 | 50
8 0,1...1,0 32 | 34 | 38|42 | 50| 60 | 70
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IIpunoscenue 3
Jonyck Ha norpeniHocth npoduis 3y0a HAIMHAPHIECKOTO
3ybuaToro koneca fj MKM

Gl HenutenbHblii Auamerp d, MM
Mopayne m, MM
TOYHOCTH Ho 125 125...400

I 3,6 4,0

3 3,5...6,3 4,0 4,5
6,3...10 4,5 3,0

1..3,5 4.8 5,3
4 3,5..6,3 5.3 6,0
6,3...10 6,0 6,5

135 6 7

5 3.5..6;3 7 8
6,3...10 8 9

L35 8 9

6 35.63 10 11
6,3...10 12 13

1.3,5 11 13

7 3,5..6,3 14 16
6,3...10 17 19

1.3,5 14 18

8 3,5...6,3 20 22
6,3...10 22 28

Ilpunosxcerue 4

Jlonyck Ha morpemuocTh npoduis 3y6a MENKOMOAYILHOrO
HHJIMHAPHYECKOTro 3y09aToro Kojieca f; MEM

CrereHb TOYHOCTH
Momyns ook 3 5 i 8
0;15.00,5 2 5 7 9 11
0,5...1,0 3 6 8 10 13
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IMpunoxcenue 5
Honyck na paananstoe Guenye 3y69aToro BeHua
LIJIHHIPHYecKoro 3ybyaroro Koneca F., MKM

HenutenbHbli JHaMeTp d, MM

Ilpunoxcenue 6
Jonyck Ha paauajisHoe OGuenue 3y6YaToro BeHna
MENKOMOAY/ILHOTO LHIMHAPHYECKOro 3yoyaroro kojeca F,, MKM

CrernieHb
Monyns m, MM
TOSHOLEE o Jlo 125 125...400
1..35 6 9
3 3,5..6,3 7 10
6,3...10 8 11
1..3,5 10 15
4 3,5..6,3 11 16
6,3...10 13 18
1.3,5 16 22
5 3,5...6,3 18 25
6,3...10 20 28
1..3,5 25 36
6 3,5..6,3 28 40
6,3...10 32 45
1..3,5 36 - 50
7 3,5..6,3 40 56
6,3...10 45 63
1.35 45 63
8 3,5..6,3 50 71
6,3...10 56 80
1..3,5 71 80
9 3,5..6,3 80 100
6,3...10 90 112
s 100 112
10 3,5..6,3 125 140
6,3...10 130 160
1.3, 125 140
11 3,5..6,3 160 180
6,3...10 180 200
1.3,5 160 180
12 3,5..6,3 200 224
6,3...10 224 250
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o HenutensHel#t fuamerp d, MM
=5 =
52| Momymmmm | | ol |l o | o | &K
B2 o ) O S O T I :
O o : i ! : ; w
st oS el s | R | d
) co

3 0i1 5 2 3 4 | 4 5 6 6
0,5...1,0 4 4 4 5 6 6 8

4 0,1..0,5 4 5 6 7 8 9 10
0,5..1,0 6 6 7 8 9 10 | 12

5 0,1...0,5 7 8 9 IO 12 A e
0,5...1,0 9 70 1 0 o R 1 S WO 8 (O

6 0,1..0,5 I a2 M4 {86y L) 221 26
0,5, 1.0 15 16 1 18 1.20 {22 | .25 | 30

7 03,08 16 1718 2022 | 226; | 30.] 26
0,5...1,0 2 = r=a0 2630 36 |42

g 0,1...0,5 I9NT20 T~ 257Y) 28, 1 :320 | 28 | 45
0,5...1,0 26 | 28 | 30 | 34 | 38 | 45 | 50

9 0,1...0,5 24 | 26 | 30 | 36 | 42 | 48 | 55
0,5..1,0 34 | 36 | 40 | 45 | 50| 55 | 63

10 0,1...0,5 30']:34 ]| 38 | 45 | 53 | 60 | 70
0,5...1,0 4201 45| [ 500 ) 55 1] (60} 700 80

11 0,1..0,5 50 | 55 | 63 | 70 | 80 | 90 | 105
12 0,1..0,5 63| 701 75 | &5 | 95 |10 | 130
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Hpunoxcernue 9
HanmMenbiiee cMenienne KOHTYpa 3y04aToil
LHIHHAPHYECKO# nepenayun Epg, MKM

IHpunoowcenue 7

TapanTnpoBaHHbIi 00KOBOI 3230p B NIJIMHIPHIECKOH MEJIKOMOLY/IBHOH
3yOuaToli nepesade j, pnip, MKM

JenutenbHbIi guameTp d, MM = s o
% Pa - g CreneHs TOYHO- = e ¥ o
o oclo|n|o = CTH IT0 HOpMaM a ) Ie — =]
g 2| Momymem, MM | (o |lalo|o|R|2(&][5]F 2 & IUIaBHOCTH = ﬁ : E K &
& R BN Bl IR = el S o S ocli"a [Ted o 2 1%a 1 '3
g olalg|clS|S|R|S|R|2 V2 e v 2] R
3] H|l=| Q|| || —=]|=|N| o
H gl16jojol0lo|l0l0]l0]0 3.6 12 14 16 18 20 22
6|8 11[13]15[18|2023|25 H
G - 7 4 | 16| 18] 2 | 2|2
F 0,1...1,0 9 |11|13|16|19]22(25|29|32]36
E 15118121 (25(30 35|40 (46|52 |57
D 2212713313946 5463|7281 89 3.6 30 35 40 46 59 57
; E
| Mpuroweenue § 7 35 | 40 | 45 | 50 | 55 | 60
| TapanTRpoBaHHbIE OOKOBOMH 330D B WAIHHAPHIECKO
3y0uaroii mepenave j, mi,, MKM
: WA Tt 3.6 46 | 54 | 63 | 72 | 81 | 89
MexoceBoe paccTrosHue 4, MM D 7 50 60 70 80 90 100
Bun Monyns =3 o o) o
IS (L e 8 O I R 5 8 ss | 70 | 80 | 90 | 100 | 110
(=] . - : :
o = & & a o :
= o - — | ) -
3...6 74 87 100 | 115 | 130 | 140:
H 0 0 0 0 0 0
7 80 100 | 110 | 120 | 140 | 160
E 30 35 40 46 52 &7 (&)
D 46 54 63 7 81 89 8 90 110 | 120 | 140 | 160 | 180
Cs.
W 2 74 87 | 100 | 115 | 130 | 140 9 100 | 120 | 140 | 160 | 180 | 200
B 120 | 140 | 160 | 185 | 210 230
A 190 | 220 | 250 | 290 | 320 360
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Ilpuaoxcenue 10

Haumenbiiee cMelenue HCXOAHOTO KOHTYP2 MEIKOMOLYIbHON

[ anHaoicornd[]

3y04aTON UMIMHAPHYECKOH mepenaun Erg, MKM

Wi ‘Hy uheradon HOMIIRHATHAIHI HOLBhOAE BAALHON OJOHITOXOH IMHIMIWD BH HOAUOY]

O = T o = S B T i
S o =& &an
viecoco o ocoomooon E N2 0 0 O
SIE0ST IS 1R S RIS SRS - e R (S WA R S e e B
= -+ S ool o o e O o
0 wom|nmonn|lowueo 88 RILER
M; mNom—.1344 556..6\.7: 00, N = T lllww”
~
plost ST lnIR B R 2 e n g e o e e S QY S0 e N Sl
5 €N o < = wnn O -~ ??891.1 v v v g -y
=
= g = v 0 & o L TR L S =S R~ R~ e, 181 e YR o~ T O =
= ATBIZ |8 R |IFFTLRI|BBRIsa|g_ssad
= £, Nw e | N o |an o n < el
3 BUINIQRRR|AORTRB AR |[EBIKS=m
w8
2 0w N | o |l oo =0 2l
8 S7U® | R [ RaIIT|(FRAI RSB = mm%%wn
=
i W oW wowowsvn|lowmnenmo S |o o %
& (4304 Lol =R S S AR BB AR A 66%%%“
xt o0 = |l oS ol e oo nD|wn =
UM IZ 2[RI RIFTRICSIRIILS | 8A33328 =
[ T = o T - T o Y R - T R Y Y o I 7 O S = =
i IS 58 |28 8RS KRASTARS|(E§RA88¢<=
HIJ0HIBLTI
WewdoH ol |o~ |\ o = I S T Ly = o
i d ! : —
Gt ll?ool?ooo;liooglll o T =
qHALIAL)
EMHXEdLO09

321

320



™~
P
]
=
X
W

s

o

3

o,

=

322

Ty, MEM

A DWIMHAPH4YECKOH nepeaauu

Jonyck Ha cMelleHHe HCXOTHOTO KOHTYPAa MEeJKOMOLY/IbHOM
3ybuaro

Ipunoscenue 13
IlpenensHoe OTKIOHEHHE MEXKOCEBOTO PACCTOSAHHSA
3y0uaToil IMAMHAPHYECKOH nepenaun Lf,, MKM

Bux MexXoceBoe pacCTOSSHHUE @, MM
COMPAXEHUA| 115 80 | 80...125 | 125...180 | 180...250 | 250...315 | 315...400
H,E 16 18 20 22 25 28
D 22 28 30 35 40 45
€ 35 45 50 55 60 70
B 60 70 80 90 100 110
A 100 110 120 140 160 180

IIpenenbHoe OTKIOHEHHE MEXKOCEBOT0 PACCTOSHHA MeIKOMOLYIbHOI

Ilpunoxcenue 14

3y6uaToil mAIHEAPHIECKO# nepenadn Lf,, MKM

s MexoceBoe pacCTOSTHUE a,, MM
=
FRlElallia fte et 811 148 |I=]l §
/@ : : ; : - ; g : :
Fla|s|s|d]|8|8|8|8|8]32
o — — Lad]
H 8 9 11 14 16 18 20 22 25 28
G 11 14 16 20 22 28 30 35 40 | 45
F 12 22 25 32 35 45 50 55 60 70
E 30 36 40 | 50 | 60 70 80 90 | 100 | 110
D 45 55 63 80 90 | 110 }{ 120 | 140 | 160 | 180

Ipunoscenue 15

JlomycK HA HAKOMJEHHYI0 HOTPEIHOCTb Ara 3y69aToro KOHMIeCKoro 1
rHnonaHoro Koneca Fp, MKM ;

ot % | B AR Bk
i, o™ (o] o™
oorszi | & 0 2& 8 2
—_— — o~ o~
sereoor [+ §=-8 8 &
Slors| 2 8 8 8
<
R
g| 08709 | R S = &
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5‘85 W '8 S He e
é osor | 8 S £ 2
®
% oyze @ @ 3 8
- o R T
w
9
E A e b Tl
=
glocor |8 8 88
o
a8 8 8 0§
2
gl uor & & 8 R
of g g ER TSR

879 %0 el ety
oo, Pas L& s 8
b ]

-5 - Sl I e e E- RS
% [84]
=]

Q

JUmHa nyTd L=lnmz, MM

d § Cpenauit 6
SR Hopmamini | & |2 | | |lolg 2] 8 §
28| vomymm, [ | G ® | S ale| 5
R R IR
o
4 1...10 45| 6 8 9 100112 18 [125)] «32
5 1...16 7 10| 12|14 | 16 | 20 | 28 | 40 | 50
6 1...16 11 {167, 20 |22: | 25,1 32 4 45 | 6380
7 1025 16 1 22 | 28| 32:} 36 |'45 ] 63 | 90' [ 112
8 L2 22 | 32|40 | 45| SO | 63 | 90 | 125 [ 160
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Ilpunoxcenue 16
Jlonyck Ha HAKOIJEHHYIO NOrpemHocTs mara Fp u Ha Ouenne 3yo4aroro
senna F, 3y04aToro KOHHYECKOTO MEJTKOMO/LYIBHOIO KOJeca, MKM

Ilpunoxcenue 17

Homyck Ha norpemHoCcTs 00KaTa 3y0uOBOH YACTOTH KOHHYECKO#

3y0uaToil nepenayu f,, MKM

% E Cpenuuit Hop- | CPemHWI NETMTENBHEIR THameTp d, MM
5 2| MambHBIA MO-
5 § RYNb My, MM Ilo 125 125...400
1135 3 4
4 3563 + 4
6,3...10 4 5
1.5 4 5
5 3.5..6.3 5 6
6,3...10 6 7
1.-:3.5 5 7
6 3,5..6,3 6 8
6,3...10 8 9
1335 8 9
7 3,563 9 11
6,3...10 11 13
10,35 10 13
8 39.86.3 13 15
6,3...10 ¥ 19
IIpunoncenue 18
Jomnyck Ha norpeniHocTs npoduis 3y6a KOHHYECKOro
3ybyaroro Koneca f MKM
Mo i e CreneHb TOYHOCTH .
i 4 5 6 7 8
0,1..0,5 5 8 11 14 17
0,5...1,0 6 9 12 15 20

8 CpenHuil neWTeNBHBLL JuaMeTp d, MM

%é § CpenHuit Hop-
o =
g E % Maﬂbl:nI:ﬁMl\:{OﬂyHb o ‘?‘i Q u@_\ 55_ g ﬁ
) o : : h : : :
i b glS 8|88 |g|8
Fp 0,1...1,0 6 7 8 9 10 | 12 | 14
* F 0,1...0,5 . 5 6 7 8 9 | 10
- 0,5..1,0 6 6 7 8 s 10 | 12
Fol 01.1,0 |10 |11 |12 14|16 192
> E 0,1...0,5 7 8 9 10 | 12 | 14 | 16
. 0,5...1,0 9 101 11 | 12 |:14'] 16 | 19
Fp 0,1...1,0 16| 17 | 19 | 22 |+25}-30 | 36
o F 0,1..0,5 niizl4)16 19| 221 2
’ 0,5...1,0 5015 16 18 1200 V2220025 0. 30
F 0,1...1,0 220424 (227 k030, 851142 1| 50
4 E 0.13/00S 16 | 18 | 2001 22 | 26| 30 | 36
E Q.50 21 [ 22 | 24 | 26 | 30 | 36 | 42
Fp 0:1...1,0 32 | 34 | 38| 44 ) 50 | 60 | 70
¢ E 0,1..0,5 19 |21 | 25| 28 | 32 | 38 | 45
3 0,5...1,0 26 | 28 | 30 | 34 | 38 | 45 | 50
9 |E 015 24 | 26 | 30 | 36 | 42 | 48 | 55
- 0,5...1,0 34 | 36 | 40 | 45 | 50 | 55 | 65
10 |E . 0,1...0,5 30 | 34 | 38 | 45 | 52 | 60 | 70
f 0,5...1,0 42 | 45 | 50 | 55 | 60 | 70 | 80
1Pk 0,5...1,0 52 |"55 L 63|70 | 78 | 99 | 105
1240 | ¥ 0,5...1,0 65 |70 | 75 | 8 | 95 |'110 | 130
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Ipunoxcenue 19 S
I'apanTHpoBaHHbIi GOKOBOM 3430p B KOHHYECKOH H %
THNOMIHOH 3y04aThIX MEPeNaYax j, pins MKM §
= Cpennee KOHYCHOE paccTogHue R, MM §
z Jio 50 | Cs. 50 zo 100 [ Cs. 100 zo 200 | C. 200 o 400 S gl AT i
: E YTOJ IEeNUTENBHOTO KOHYCA [IeCTEPHU 8, rpail. 5D |e=ase 5
o
2
gmgnmggmggmg;g 393"'9192&3% % !
— E ; — E y — E v — E ) ey 2 5
Elala|dlald|dlals|ala|d]s | slor |om=xe| & &
= 8 =]
H|o|o|o|oO|oO|O]|]O|O]O]|O|oO]|oO g Bl T g .
g~ | T8 o2 RA o &£ &
B |15 |21 |25 (21 | 29 | 30 (-25 | 35 | 40.] 30 | 46 [ 52 §§ Qg- Z = E.
=
D[22 (3339 3339|4639 |54 |63|46| 72| 81 Eg 3 4 21 9T ST oo ES E% g
o~ (4] o
' C|36 |52]62]|52]|62|74|62| 87 |100] 74 | 115|130 :g | = 5,: =
ex (8] |8] STO0 |owZ2R 2 g
| B| 58 | 8 | 100 | 84 | 100 | 120 | 100 | 140 | 160 | 120 | 185 | 210 5 ; Bl E S & £
£ 5]
| A | 90 | 130|160 | 130 | 160 | 190 | 160 | 220 [ 250 | 190 | 290 | 320 =5 8| |&] stoo |oongsn = 8 g
= g B~
| HIHEE 5o 4 8
§§ g| | Bl sTs1 o2& R 55 & &
Ipumenanus = 8 Kl oy § g 8
; . | = E o Ul | % = M
1. JIisi OPTOrOHANBHBIX Mepefay jy, miy ONMPENENSIOT HEINOCPeACT- % %‘ 5| SIO |[ovanlQ 538 *+ 8
BEHHO IT0 3Ha4YeHUSAM R; /U HEOPTOrOHAIBHBIX MEPENaY j, min OMPEIE- 3 E & — E £8 & B
JIFIOT 110 PacyeTHO BeTUINHE: e § 8 gliicz 8y [T ®R 26 5 £
! AL S5l
R' =2 (sin28, +5in23,), gg SN & et |owany 5';:1;'6. E
o 5 S =
- — g & &
rae 8y M 8 — YIJIBI JEUTEIBHBIX KOHYCOB COOTBETCTBEHHO LIECTEPHH U ;g E S1o |owmeon® g E %
Korneca. 5)
2. lns THOOMAHBIX Hepemnad BHIOOP J, min MIDOBOMAT IO CPEAHEMY wad 2 B E ; ;
' KOHYCHOMY pacCTOSHMIO KOJec. SCHE) |oev N s 3 E.
! 59 B8
—~ I
st jowonmt 84 L
= 558 2
o)
IO |oxwS % é & 5
S &
suEXEdnOO YUY | IO W A w g ™
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Ipunoxcenue 21 Ilpodoaxcerue npunowcernun 21

Haumensmee oTkionenne CpelHeli AenMTeLHO TOMMHBI 3y6a no xopne CpenHuit TeJUTENbHBIN IHAMETpP d, MM

KOHHYeCKoii 3y6uaToii nepenaun Eg;, mxm E 4 B o 125 | 125...400
3 4 E Cpenunit renurensHblit tnametp d, M g % % § I\:Ino,ujum Vron nenuTebHOr0 KOHyca §;, Tpail.
5 81 & 5| Monym o 125 | 23490 ES 8| Io 20 | 20...45 | Cs. 45 | Tlo 20 | 20...45 | Cs. 45
] é E B YTon ienuTenbHOro KOHyca §,, rpai. 8 < 5 = 05
5| & o 20 [ 20...45 | Cs. 45 | Ho 20 | 20...45 | Cz. 45 i 31‘5"3g53 ?2 gg 85 | 109 | 102 | 109
B T M T e R
4.6 315.'.?653 ég = gg gg %3 :223 61’.3..3, 76 | 76 | 84 | 106 | 114 | 122
63.10 |~ 23/ ‘o Heds W 1m0l (|55 | ' o 7 t35.63] s |se |95 il v | an
H = ’ 6 | 137 | 129 '| 137
L35 200 | 20 | 22 1 28 "5 | 3 6,3.10] 95 | 95 | 10
: 1.35 | 84 | 8 | 92 | 118 | 126 | 134
7 13563 2| ko liancl i | 3 | =% 2% | 134
6,3..10 | 25 25 28 36 34 36 Bl & 13503 192 92 10511 134 1
57 T e e 44 | 46 6,3.10| 105 | 105 | 118 | 151 | 143 | 151
£.6[35.63 i1 0 |6 Tae | lag | bag 1.3,5 | 92 | 92 | 101 | 129 | 138 | 147
6310 36 6 9 [35.63| 101 | 101 | 115 | 147 | 138 | 147
E : T L - 63..10| 115 | 115 | 129 | 166 | 156 | 166
| i 315"3653 gg 91,1525 D1 T 457l aea g st 135 T 98 | 98 | 108 | 137 | 147 | 157
6.3, 1 2 o4 a1 % % 10 |3,5..63| 108 | 108 | 123 | 157 | 147 | 157
,3..10 | 40 40 45 58 54 58 63.101 123 123 137 176 167 176
1535 ] - 36 36 40 50 54 58 1.35 1 100 | 100 | 110 | 140 | 150 | 160
4.6135.63 40 | 40 | 45 | 58 | 54 | 58 46135 630 110 | 110 | 125 | 160 | 150 | 160
63101 45 | 45 | 50 | 5.8 1o | Ves e 0l 125 | 125 | 140 | 180 | 170 | 180
o0 W T PR 8 TR I S i 35 | 110 | 110 | 121 | 154 | 165 | 176
. D| 7 |35.63| 44 44 50 64 60 64 7 135 63| 121 121 138 |- 176 165 176
, 63.10] 50 | 50 | 56 | 12 | 68 | m 63 10| 138 | 138 | 154 | 198 | 187 | 198
Lo T NE ST T T T 6 e | oia 1.35 | 120 | 120 | 132 | 168 | 180 | 192
8 [35.63] 49 (49 | 55 | 70 | 66 | 70 g |3563] 132 | 132 | 150 | 192 | 180 | 192
63.10] 55 | 50 4 62 | 29 | 75 | 79 €3 10| 150 | 150 | 168 | 216 | 204 | 216
1.:35 ] 48 48 53 76 72 77 1.35 | 132 | 132 | 145 | 185 | 198 | 211
4..613,5.631 s3 |53 | 60 | 77} 12| ™M Al o 13563 125 | 145 | 165 | 211 | 198 | 211
63.10| 60 | 60 | 76 | 8 | 82 | 86 63 10| 165 | 165 | 185 | 238 | 224 | 238
e -5 T R T T S 1.35 [ 140 | 140 | 154 | 196 | 210 | 224
7 135.63[ 59 | 59 | 68 | 8 | 81 | 86 10 135.63| 154 | 158 | 175 | 224 | 210 | 224
o 63.10| 68 | 68 | 76 | 97 | 92 | 97 63.10| 175 | 175 | 196 | 252 | 238 | 252
1..351 60 | 60 | 66 | 84 | 90 | 96 1.3,5 | 156 | 156 | 172 | 218 | 234 | 250
8 |3,5.63| 66 66 75 96 90 96 11 [35.63| 172 | 172 | 195 | 250 | 234 | 250
6,3..10 | 75 75 84 | 108 | 102 | 108 63.10| 195 | 195 | 218 | 281 | 265 | 281
1.35 | 64 64 70 94 96 | 102 1.35 | 180 | 180 | 198 | 252 | 270 | 288
9 [3,5.63]| 70 70 80 | 102 | 9 102 12 135.63| 198 | 198 | 225 | 288 | 270 | 288
6,3..10 | 80 80 94 115 | 109 | 115 63.10 | 225 | 225 | 252 | 324 | 306 | 324
328 329
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Ipunoocenue 27

Jlonyck HA CPEIHIOI0 NOCTOSHHYIO XOpAy 3y0a Konnueckoro 3yGuyaroro xoneca 75, MKM

336

0917°SCl Do s v a
Lo W o I o Bl I oo
oy Q)] O e S =
e OEOOO
001708 |IR=TEL
08709 |RRERS
= coninSD D
] 09708 B
Ry
i
= il =]
§ s or R8BS a
g =
gl ovvze |[9ARIZ =
=
0
5
o| TETSC REIRA
peod
=
o szt ARS8
-]
E- 0T 91 Ngﬂ'v}h
=]
=t
9171 |REFA S
0l [JRR8ES
g NI TA
80 |[RAK[EH
doces
HOHOMOQ BH | 0.0 ®
exoALIoN Tug

%o
~
W
3
:
=]
2
=

JlonycK Ha CPeIHIO MOCTOSHHYIO Xopay 3y0a
KOHHYECKOT0 MeJIKOMOAY/ILHOro 3youaToro xoneca 71§ MEM

Ipunosicerue 29

I'apanTuposannblii GOKOBOI 3a30p B peevyHOi

3ybuaTtoil nepenase f; yin, MKM

= PacyeTHnlif MOHTaXHLIH pasmep a'’g, MM
S
<= E Ho 80 | 80...120 | 120...180 | 180...250 | 250...315 | 315...400

H 0 0 0 0 0 0

E 30 39 40 48 52 57

D 46 54 63 72 81 89

c 74 87 100 115 130 140

B 120 140 160 185 210 230

A 190 220 250 290 320 360
Ilpumenanue.

PacuerHeIlf MOHTXHBIH THAMETD ak = %(d +35m), rne d — nenu-

TeJIbHBIM auaMeTp 3y64yaToro Kojeca, MM; m — MOIYJb 3yba, MM.

ITpunoycenue 30

I'apanTipoBanHbiil GOKOBOI 3a30p B peeYHON MeTKOMOAY/IbHOM

3y0uaroii nepegayge f; mins MEM
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E PacueTHBI MOHTaXHBIN pasMmep a’p, MM
Sl e R e i e G o S R
M : ; : : ; : 5
Sl 2|8 |8 |g|8]|8
H 0 0 0 0 0 0 0 0
G 6 8 9 11 13 15 18 20
F 9 11 13 16 19 22 25 29
B 15 18 21 25 30 35 40 46
D 22 27 33 39 46 54 63 72
Ipumeuanue.

PacueTHBIT MOHTAXHEIN IUaMerp a'R = %(d +35m), e d —

IeJIATeNBHBIN UaMeTp 3y6yatoro Kojeca, MM; m — MOAVIb 3yba, MM,
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Mpunoxcenue 31

Haumenbiee AONOJHATEIbHOE CMellenHe HCXOAHOro KOHTYpa peedHoi
3yGuaroil nepenaun Eyg, (crenens TouHocTH 3 — 6), MKM

E}mm i Byt CONPSDKEHMS
IUaMETp 11Iec-

‘ usarivs i G . E D b B A

10...18 7 18 27 43 70 110
| 18...30 8 21 33 52 84 130

30...50 10 25 39 62 100 | 160
| 50...80 12 30 46 74 120 | 190
| 80...120 14 35 54 87 140 | 220
| 120...180 16 40 63 100 | 160 | 250
| 180...250 18 46 72 115 185 290

250...315 21 52 81 130 | 210 | 320

315...400 23 57 89 140 | 230 | 360

Ipunoscenue 32

HauMenbiee JONOJIHHTENbHOE CMEHIEHHe HCXOZHOr0 KOHTYpa

peeynoil MEJTKOMONY/IbHON 3y0uaToli nepenayn Epg, MEM

=
= CrereHb TOYHOCTH TI0 HOPMAM IUIABHOCTH paboT
= % Moy
A 8| mmm
= 306 fovg i g tg MEUGER Y g | -2
0 .
oL asl 7 F 2 - i s 2=l s
H' loslymhiel b ol = = st on bl g
B O B T R e e R4
IR R L T e i e B
~for05[ 20 [ 26 | 30 ] 38 | 50| — | -
05,10 261 % [ 35 |45 [ise ) = fio
L fiaslae V. Pod 1 Bose b rhe o
05.10| 28 | 20 | 45 | 53 | 65 | 84 | 110
S lorosf e el | 2] | - | -
05.10| s6 | 60 | 63 | 70 | 80 | 95 | 120
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Jlonyck Ha CMellieHHe HCXOIHOTO KOHTYypa
peeunoii 3youaroi nepenaun Ty, MKM

IHpunoxwcenue 33

Mopnyns m, Mm
Bun CreneHb
COTIPAXEHUS | TOYHOCTH
1.3.5 3,5..6,3 o 1 )
3.4 30 34 36
H E 5.6 45 55 60
7 55 70 75
3.4 39 42 45
D 5...6 60 70 80
7 70 90 100
8 90 110 130
3.4 50 55 60
5.6 75 90 100
C 7 90 110 125
8 110 150 180
9 150 200 220
3.4 60 70 75
5.6 79 90 110
i 7 110 140 150
8 140 180 200
9 180 240 280
10 240 320 380
3.4 75 80 85
3,6 110 130 140
7 130 160 180
A 8 160 200 240
9 200 280 320
10 280 360 420
11 380 500 630
12 500 710 800
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Ipunoxcenue 34

Jlonyck HAa CMelleHHe HCXOJHOTO KOHTYPA peeyHo
MEJIKOMOJYIbHOf 3y6uaToii nepenatn Ty, MKM

=
= CrerleHb TOYHOCTH 110 HOPMaM IUIaBHOCTH paboT
= % Monynb
|m g | m, MM
g 3|a4|ls5|6|7|8]|9(10]1L]I12
H 8:1..0.5( 16 |78 § 22028 35 | £° et pom BT
851,04 16 W18 |22 | 3038 | =l 5 (= LT 1T
G 01..0,5] 18 |20 125 | 304 38| 50 [l o 0 T
0.5..1,000 18 |20 [ 25 | 32442 | 35 far} = b =4 . T
F 0,1..05[20 (22| 25|32|42|55 70 L85 =N=
0,5..1,0| 20 [ 22 | 26 | 35 | 45 6001 80 [ 105 | —="|T=
E D 0,1.0,5| 22 [25]28 |38 |43 60 [P 118 = i 0
2 0,5..1,0| 22| 25|30 | 40 | 50 | 70 | 90 120|170 | 225
Ipunosscenue 35
IIpenenbHoe OTKIOHEHHE MEKOCEBOTO PACCTOSHHA
peeuroii 3y6uaroii mepenaun tf;, MKM
E PacueTHEBIN MOHTaXHBIN pasMep a’g, MM
5
@ | Mo 80 | 80...120 |120...180 | 180...250 250...315| 315...400
g
15 ]
H,E 15 18 20 23 26 28
D 22 26 32 36 40 45
& 38 45 50, 56 63 70
B 60 70 80 90 105 112
A 95 110 125 140 160 180

340

IIpenensHoe OTKJIOHEHHE MEKOCEBOIO PACCTOSHHS
MEIKOMO/Y/IbHOH peeuHoi 3y64aToii nepenauu f,, MKM

Ipusoscenue 36

E PacueTHBI MOHTAXHBIN pasMep a’g, MM
Faleoelis | g1 g bae A | BN
a, o : : i ! : i
slaldl sl dldlg]|g]s
H 8 9 Iif | 14 16 18 20 22
G 11 14 16 20 22 28 30 35
F 18 22 25 32 35 45 50 55
E 30 36 40 50 60 70 80 90
D 45 55 63 80 90 110 120 140

Ipunoscerue 37
Jonyck Ha HAKOIUIEHHYIO NOTPelHOCTh mara 3y6uaroi peiiku Fp, Mkm

T ‘E" ImiHa peitkn L, MM

=22

o -~

S K 5 5 Ho 32 | 32...50 | 50...80 | 80...160 | 160...315 | 315...630

1. 10[*23 6 6,5 7 10 13 18

1..10| 4 10 11 12 15 20 30

RN | e 15 17 20 24 35 50

1..16] 6 24 27 30 40 35 75

122504 25 40 45 55° 75 110

: Ipunoxcenue 38
Jlomyck HA HAKOIUIEHHYI0 HOTPEniHOCTb 1Iara
MeJIKOMOIYJIbHOM 3y0uaToil peiiku Fp, MKM

s E it Jnuna peiiku L, MM
sdlgi|=|s|a|g|8|8|8]|7
L5 S g o : : : i : 3 ;

o xtewesldnslis 3]s

- o |
316180 4 4 o) 6 6 8 9 10
4 10,1..1,0| 6 7 8 9 10 12 14 16
5 10,1..1,0( 10 11 12 14 16 19 22 25
6 [0,1..1,0] 16 17 19 22 25 30 36 40
T 101.50F 22 | 24°1 26 | 30 |35 | 42| 50 | 56
8 |0,1..1,0 32 | 34 | 38 | 42 | 50 | 60 | 70 | 80
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Jonyck Ha norpemnocTs npoduis 3yoa

3yOuaToil peiiku f MKM

Ipunosicenue 39

CrerneHs Monyns m, MM

TOYHOCTH 13 3553 6,3...10
3 3 4.5 5
4 7 8
5 7.5 10 12
6 12 17 20
7 18 24 28

Ipunoncenue 40

Jonyck Ha norpemHocTs npoduis 3yoa
MEJIKOMOAYJIbHOH 3y04aToil peiikn fr MXM

Mosyts m, 304 7 CTET;CHL Toqé{ocm - :
0,1...0,5 2 3 5 7 9 11
0,5...1,0 3 4 6 8 10 13

IIpunoorcerue 41

JonycK Ha MOTPEIIROCTh BHHTOBOH JHHHN HA JIHHE

HAPe3aHHOM YaCTH 9YepBsKa fiz, MKM

CreneHb Monyns m, MM
TOYHOCTH Laai 3,5...6.3 6,3...10
2 3,4 42 5,6
3 5,6 7,1 9,0
4 9,0 11 14
5 14 17 22
6 22 28 36
2 34 42 56
8 53 61 90
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IIpunoxcenue 42
JonycK Ha NOrpeiHOCTb BUHTOBOH JHHUK HA JUIMHE
Hape3aHHOH YaCTH MEJKOMOIYILHOTO YEPBAKA f;, MKM

JenuTenbHbli CrefneHb TOYHOCTH
IHaMeTp Monynib m, MM 3 4 5 6
4yepBaKa dj, MM
Ho 18 0,1...0.5 4 6 10 16
Ho 30 0,5...1,0 5 8 12 20

Hpunoxcenue 43
Monyck Ha MOrpemHOCTS NPOQNIA BUTKA YePBAKA fr7, MKM

Creness Tossocmy [ ——— R
2 1,8 2,4 3,0
5 2,8 3,6 4.8
4 4,5 5,6 1.5
5 7,1 © 9,0 12
6 11 , 14 19
7 18 24 30
8 28 36 48
9 45 56 75
10 70 90 - 120
11 110 140 190
12 170 220 300
Ipunoscerue 44
Jonyck Ha nmorpemiHOCTh Npoduis BATKA
MEJKOMO/IYIbHOTO YepBSKa fry, MKM

Henutens- CrelneHb TOYHOCTH

HBl gua- | Monynb !

mMetpuep- | m,mMMm (3|4 |56 |78 |9 (1011 ] 12

BAKa dj, MM

Ho 18 0,1..0,5 30 Spp RO 200 30t S0 s— s+
Jo 30 0,5.1,0{ 34|16 |10|16|25|40|63| 100|160
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ITpunosicenue 45
Jlonmyck Ha HAKOMJIEHHYI0 NOrPEMIHOCTD INara
4epBSIIHOTO Koneca Fp, MEM

Hpunodicenue 47
Jonyck Ha norpemHocTs Npodui 3yda YepBAIHOIO Koneca f MKM

) I[JmanymL=%zrmZ,MM
g E o~ =] o n =18
BE Momym| = | F @8 |&|215|8]S
O 2| m MM 2 g.. s|dl|s % g 3 %
1 L. 100011 4,060 2,0 1,272 12,511,321 45 160.]8.0
2 1..10 | 1,8125(132(36(40]50]7,0/( 10 12
3 1..10 | 28140(50(55(6,08,0]| 11| 16| 20
4 110 |45] 6218 | 9] 164 12 | 18| 25,32
5 1.16 | 7 | 10|12 | 14|16 | 20 | 28 | 40 | 50
6 1.16 | 11 | 16°1-20 | 22 | 251 32 | 45 | 63 |80
7 1.25 [ 16 | 22 | 28 | 32 | 36 | 45| 63 | 90 | 112
8 1..25 | 22 | 32 |40 | 45 | 50 | 63 | 90 | 125 | 160
Hpunoxcernue 46
JlonycK HA HAaKOIUIEHHYX0 MOrPEmIHOCTb WIAra
MEJIKOMOIYILHOI0 YepBAYHOro Koneca Fp, MKkM
% E HenurenbHeiit auamerp dj, MM
o
g E Monys | 16 12 | 12...20 | 20...32 | 32,..50 | 50...80 | 80...125
& | m, MM
3 190,1...1.0 [%%4 4 5 6 6 8
4 (0,1..1,0f 6 V4 8 9 10 12
5 (0,1..1,0( 10 11 12 14 16 19
6 [0,1..1,0| 16 17 19 22 25 30
7 |0,1.10] 22 24 26 30 35 42
8§ 10,1..1,0] 32 34 38 42 50 60

JenutenbHblM TuameTp d; MM
CreneHb
TOYHOCTH | Moayns m, MM o 125 125...400

. Ji:3iS 2,1 2,4

1 3,5..6,3 2,4 2,5
6,3...10 2,5 2,6

1..3.5 2,6 3,0

2 3,8..6:3 3,0 3.2
6,3...10 3,4 3,6

133 3,6 4,0

3 3.5..6.3 4,0 4,5
6,3...10 4,5 5,0

| R A 4.8 53
4 3.5.483 5,3 6,0
6,3...10 6,0 6,5

1..35 6 7

5 3,5..6,3 7 . 8
6,3...10 8 19

1,35 8 9

6 3. 0063 10 11
6,3...10 12 13

1.:3,9 11 : 13

7 3,5..6.3 14 16
6,3...10 ; 17 19

1...3.5 14 18

8 3,5..6,3 20 22
6,3...10 22 28

Ipunoncenue 48

Tonyck Ha norpemmocTs npoduna 3yda
MeJKOMO/IYJIBHOTO YEPBAYHOTO KoJieca fr MKM

CrereHb TOYHOCTH
Momyme m, MM ™3—T—72—T"5 [ 6 [ 7 8 | 9
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2 3 5 7 9 11 =

11058
1,0 3l 4 6f8i0]1af -

0,1.
0,5..

3
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Ilpunoxcerue 49

Jlonyck Ha pajuajibHoe Onenue uepssiunoro Koxeca K., MKM

CreneHs JemuTebHBIA AHaMeTp dy, MM

ToYHOCTH | Moayne m, MM Ho 125 125...400

1...33 2,6 3,8

1 35...6.3 2,8 4,0

6,3...10 3.0 45

1.3, 4,0 6,0

2 3,5..6,3 4.5 6,3

6,3...10 5,0 6,7

1...3.5 6,3 9,5

3 35,68 1.1 10

6,3...10 8,0 11

1..35 10 15

4 3.55.6:3 11 16

6,3...10 13 18

1..3.3 16 22

5 3.5.63 18 25

6,3...10 20 28

135 25 36

6 3,5..6,3 28 40

6,3...10 32 45

13 36 53

7 3,3..63 40 56

6,3...10 45 63

1..39 45 63

8 3.5..63 50 71

6,3...10 56 80

L35 56 80

9 3.5..6.3 63 90

6,3...10 71 100

E.35 71 100

10 3,5..6,3 80 112

6,3...10 90 125

1538 90 125

11 3.5...6,3 100 140
6,3...10 112 160

1..3.5 112 160

12 3.5..6,3 125 180
6,3...10 140 200

346

Ilpunoacerue 50

Jlomyck na paamajbHOe OHEHHE METKOMO/Y/IbHOrO
yeppsuHOro Koneca F,, MKM

JenuTenbHbLA AUaMeTp d), MM

§§ “ﬁ:’ﬂgﬁ" Jo 12 | 12..20 | 20..32 | 32..50 | 50...80 | 80...125
0,105 2 3 4| 4 5 3
o iol 4 W B 6 6
0105 4 5 6 7 g 5
tidis ol 6 7 8 9 10
01.05| 7 8 ol TR R L R R T
Subursanl 9t 10 [ fia w0 i
G M T R OV S L I
Sdosiol 51w | 8] 0l 2| =
BLo0sl 16 il 2 2. 28 B
T los.aol 21 | 2| 24| 26 30 | 36
0105 19 | 21 | .5 | 8 | 22 | 38
S Mos.rolos Loos fwso| sanf s | s
0L.05| 24 | 26 | 30 | 36 | 22 | #®
8 T e P B s e T ST (T
0105 30 | 3 | 38 | 45 | 53 | o0
% 05.10| 42 | 45 | s0 | 55 | 60 70
T [01.05] 50 | 35 | 6 | 70 | 80 | 9%
2 T05.00| 6 | 70 | 75 | 8 | 9 | 110
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Ilpunoxcenue 51
IapanTupoBanHblii GOKOBOH 3230p B YepBAUHBIX
Nepenavax jy min, MKM

Ilpunoyncenue 54
HanMenbiuee OTKJIOHEHHE TONIHHABI BHTKA MEIKOMOIYIHHOTO
yepssika no xopne (cnaraemoe 1) E's, Mkm

Bun MesxoceBoe paccTosHUE a@,, MM
COMPSDXCHI | 116 80 | 80...120 | 120...180 | 180...250 | 250...315 | 315...400
H 0 0 0 0 0 0
E 30 35 40 46 52 57
D 46 54 63 72 81 89
@ 74 87 100 115 130 140
B 120 140 160 185 210 230
A 190 220 250 290 320 360
| Hpunoxcenue 52
T'apauTupoBannbiii GOKOBON 3230pD B MEJIKOMOIY.JILHBIX
YePBAYHBIX NEPeNavax fy iy, MKM
Bux MexoceBoe paccTosHUE a,, MM
COMPSDKEHUA | 110 12 | 12..20 | 20..32 | 32..50 | 50..80 | 80..125
H 0 0 0 0 0 0
G 6 8 9 11 13 15
F 9 11 13 16 19 22
E 15 18 21 25 30 35
D 22 27 33 39 46 54
IIpunoxcenue 53
Hanmensiee oTKIOHeHRE TONMMHBI BHTKA
4epBaKa 1o xopae (ciaraemoe 1) E'ss, MEM
Bux MexoceBoe paccTosiHUE d,, MM
COUPSDKEHHA | 116 g0 | 80...120 | 120...180 | 180...250 | 250...315 | 315...400
H - g 0 0 0 0 0
i 32 38 42 48 56 60
D 48 56 67 75 85 95
& 80 95 105 120 130 140
B 130 150 170 200 220 240
A 200 220 260 300 340 380

348

Bun MexoceBoe paccTosHUE d,, MM
COTIPSXKEHNUS | TTo 12 [ 12...20] 20...32 | 32...50 | 50...80 | 80...125| 125...180
H 0 0 0 0 0 0 0
G 6 8 10 12 14 16 19
F 10 12 14 17 20 24 26
E 16 19 22 26 32 38 42
D 24 28 34 40 48 56 67
Ipunoycenue 55
HauMeHblIee OTKJIOHEHHE TOJMMMHLI BATKA
yepssika no xopue (cnaraemoe 2) E'Ss, MKM
o MexoceBoe paccToSHHE @, MM
% L3 - o (= ) o
E 2 3 = = & @ §
® & | Moxyns o : : : ; i
OL2| mmm | H S & & R e
—_— — o~ o
) e 5,6 6,0 6,7 71 7.5 80"
3,5..63| 6,0 6,3 il 7-5 8,0 85 |
6,3...10 = = 8,0 8,5 9,0 9,5
EE 9,0 9,5 10,5 12,0 12,5 13,0
3,5..6,3| 10,0 10,5 11,0 12,0 13,0 14,0
6,3...10 = = 12,5 13,0 14,0 15,0
1...3.5 14 15 17 18 20 21
3.5..6,3 16 17 18 20 21 22
6,3...10 =3 — 20 21 22 24
1535 22 25 28 30 32 34
5 [|35.63 25 28 30 32 34 36
6,3...10 - = 32 34 36 38
| R e 36 40 45 48 50 53
60 13.5..16;3 40 42 45 50 53 56
6,3...10 - = 53 56 56 60
1535 60 63 71 75 80 85
7 113563 63 67 75 80 85 90
6,3...10 = = 85 90 95 100
63,5 90 100 110 120 130 140
8 |3,5..6,3| 100 110 120 130 140 140
6,3...10 = = 130 140 150 160
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Mpunoxcerue 56

Haumenbinee oTKIOHEHHE TOJUIHHLI BATKA MEJKOMOIYIbHOTO

yepBsaKa no xopae (cnaraemoe 2) E'ss, MKM
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