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OBIIASI YUACTDH

[IpakTrueckass MOArOTOBKA M HABBIKA CTYJIEHTOB K MOMEHTY BBIIIOJIHEHHUS
ATON paboThl ompeAessieTCss 00bEMOM U XapaKTEPOM KYpPCOBBIX paboT mo ooie-
TEXHUYECKUM JUCIUIUIMHAM: pacyeT 3y0uaThiX mepeaad, MIpOeKTUPOBaHUE PEaYK-
TOPOB U JIp.

Jlyummie KOHCTPYKTOPCKHUE PEIICHUs] TPU MPOSKTUPOBAHUU MTPUBOJIOB MOTYT
OBbITh HAalJICHBI, €CJIM KOHCTPYKTOP 3HAET KOHCTPYKIIUIO BCETO CTaHKA, €ro TEXHO-
JIOTHYECKOe Ha3HauY€HUe, YPOBEHb MPOU3BOAUTEILHOCTH U TOYHOCTH, CTEIIEHb aB-
TOMATHU3AIMHA ¥ UMEET MH(HOPMAITUIO O IPUBOJIaX ABMKEHUS B AHAIIOTMYHBIX CTaH-
Kax.

[Tpu BBITOIHEHUHU JAAHHOTO KYypCOBOTO MPOEKTa CTYACHT JOJKEH MPaBHIIBHO

NPUMEHATh CTaHJAPThl HA MAIIMHOCTPOUTEIbHBIC YEPTEKH, JOMYCKH U MOCAIKH,
HOpMaJI CTAaHKOCTPOEHHWS U TUIIOBBIE KOHCTPYKIIMH, OIyOJUKOBAaHHBIC B CIIpa-
BOYHOW M HOPMATUBHOM JIUTEPATYPE.
[Tpu M3roToBICHUU NETajei Ha CTAaHKaX CHSATHE MPHITYyCKa C 3aTOTOBKH HHCTPY-
MEHTOM OCYIIECTBIsieTCsl pe3anueM. [IpsmonuHeiiHOe MocTymaTeabHOe WM Bpa-
HIaTeIbHOE JBMKEHHE 3arOTOBKH I PEXKYIIEro WHCTPYMEHTA, MTPOUCXOISIIEE C
HanOOJIbIIIEH CKOPOCTHIO B MPOIIECCE PE3aHUsl, HA3bIBACTCS IJIABHBIM JIBUKEHUEM
pe3aHus, win npocto rinaBHeIM ABmxkeHueM (I'OCT 5762 — 83). Ha rnmaBHOe nBU-
YKEHHUE 3aTpaunBaeTCsl OOJIbIIAsl YaCTh MOIIHOCTH CTaHKa. [ TaBHOE JIBHIKEHHE MO-
KeT ObITh BpalaTeIbHBIM WUJIU TOCTyMNATeIbHBIM. [Ipy BpamaTenbHOM JIBUKEHUU
OHO XapaKTEepU3yeTCs YacTOTOM BpalleHHs, MPH IMOCTYNATeIbHOM — YacTOTOU
JIBOMHBIX X0/0B. Hampumep, y CTaHKOB TOKapHOW TPYMIbl TJIaBHBIM JBUKEHUEM
SBJIICTCS BpAIICHHUE 3arOTOBKHU. Y CBEPIMIBHBIX CTAaHKOB, (pe3epHBIX U Hundo-
BaJbHBIX C TAHKOB TJIABHOE JBI)KCHHE COBEPIIACT MHCTPYMEHT. Y OJIOEKHBIX,
MPOTSDKHBIX M CTPOTAIBHBIX CTAHKOB TJIABHBIM JIBIJKCHUEM SIBJISIETCS BO3BPATHO-
MOCTyNaTeNlbHOE.

['naBHBINA NMPUBOJ METAJUIOPEKYLIUX CTAHKOB B 3HAUUTENILHON CTENEHU OIpe-
JeSIeT TEeXHUKO-3KOHOMUYECKUE XapaKTePUCTUKHU CTAHKA B IIEJIOM, TaKUE Kak
JIMara3oH PeXKUMOB 00pabOTKHU Il KOTOPOTO MOXET OBITh MCIIOJIB30BaH CTAHOK,
TOYHOCTb M KauecTBO OOpaOOTaHHBIX JeTajeil, MpOM3BOAUTEILHOCTh 00pabOTKH,
HHEPronoTpedieHne CTaHKa, COOTBETCTBHE TPEOOBAHMUSAM TEXHUKH O€30MaCHOCTU
Y IPOM3BOICTBEHHON CAaHUTAPHH.

[IpuBOABI TTABHOTO ABUKEHUS METAJUIOPESKYIIUX CTAHKOB CTYICHTHI MTPOECK-
TUPYIOT TIPH BBIMIOJHEHUU KYPCOBOTO MPOEKTA MO 3aBEPIICHUN NU3YYCHUS JTUCITHU-
TIMHBL «MeTaopexyIue CTaHKiy. JTa paboTa SBISETCS TBOPUECKOM, TpeOyro-
IIEH OMpEeIeTICHHBIX HABBIKOB B BHIIMIOJIHEHWH PAacueTOB M KOHCTPYMPOBAHUS MeXa-
HUYECKUX TIPHBOJIOB.

CoOBOKYMHOCTH TIepeiad OT JABHUTaTeNel, 00eCIIeYMBAIONINX IBIKEHUE UCTION-
HUTEJIbHBIX OPTaHOB, HA3BIBAIOT MPHUBOAOM. Pa3nmnyaroT MeXxaHMYeCKUi, dJICKTPH-
YECKHUM, TTHEBMO- W THUIPONPHUBOALI M WX KOMOWHAIIMH: 3JICKTPOMEXaHUUYECKHM,
ANEKTPOTUIPABINYECKUH. B MprUBOAaX NCTOUHUKOM JTBUKEHHS SIBISIETCS JIEKTPO-
JIBUTATEJb, & TUII MIPUBOJIA OTIPEIEIISIETCS BUJIOM TIepeiad K UCTIOTHUTEILHOMY Op-



raHy: MEXaHW4YecKas, HJIEKTpUIecKas 1elb Wi Tuapo-(mHeBMO) ceTh. [lo xapak-
Tepy MEPEKIIIOUEHUS YACTOT (IUCKPETHOMY WJIM HEMPEPHIBHOMY) Pa3nyaioT CTy-
neHYaThle U OECCTYNEeHYaThIE MPUBO/IBI.

Crynenuarsiii mpuBoj (puc. 2.1) Bkitouaet B ceds: qpurarens (M), nepenaqy
(IT) pemennyro uau 3yodatyro, KopoOky ckopocteit (KC) unum kopoOKy momay
(KII), cuctemy ynpasnenus (CY) wactoramu BpatieHus, mmunaens (I111) umu cyr-
nopt (C). B crankax ¢ mporpaMMHBIM yIpaBJIe€HUEM MPUBO]T BKJITtoUaeT natduk (/1)
CKOPOCTH U TIOJIOKEHUSI MCIOJHUTENbHOTO oprana wiu taxoreneparop (TT), a
Tak)ke 00paTHYIO CBS3b, KaK MPABHUIIO, JIEKTPUUECKYIO, CUCTEMY YIIPABICHUS

Dﬂ" naTHAA
I
CBA3B

Puc. 1 O60611eHHas cxema MpuBo/ia TIaBHOTO JIBUXKEHUS
METaJUIOPEXKYIIETo CTaHKa

KHHEMATUYECKUM PACUET TIPUBOJIA

YacroTy BpallleHuUs IIMAHJIES B CTAHKAX C TIABHBIM BpalllaTeIbHBIM JIBHKE-
HUEM PaCCUMTHIBAIOT MO (hopmyre:

n_1OOO-V
z-d

rae V — cKkopocTh [M/MUH];

COOTBETCTBEHHO MaKCHUMaJbHbIE U MUHUMAaJIbHbIE 3HAYEHHUS YUCET 000POTOB
HITTHUH/ETS ONPEACIISIIOTCS KaK:
_ 1000-V ., N 1000V,

min max

ﬂ'dmax ﬂ'dmin

OTHOILIEHHE MaKCUMaIbHBIX 1 MUHUMAJIbHBIX YaCTOT Ha3bIBAIOT AHAA30HOM pe-
I'yJINPOBAaHMS

n V__.d
R = —max _ Tmax max _ ‘R
n_. V_ . .d Ry Ry,

min min

min
riae Rv = Vmax /Vmin — nnamna3oH CKOpOCTEH pe3aHus;

Rd =dmax/dmin— nuamna3on o6pabaThiBa€MbIX JUAMETPOB.

B coBpeMEHHBIX YHHUBEpCAIbHBIX CTaHKaX JUANa30H PEryJIUPOBAHMS YacCTOT
BpaIlleHUsI IIIUHEIA KoJIeOJaeTcs B OOJIBIIMX Mpeiesiax, YTo oObICHSAETCS HE00-
XOJIMMOCTBIO 00pa0OTKH JeTaliell U3 Pa3IMYHBIX MATEPUAJIOB, BBHIITOJTHCHUEM pa3-
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JUYHBIX 0 XapakTepy onepauuid. Hawmydiine XxapakTEpUCTUKU C TOYKH 3PEHUS
obecrieueHrs ONTUMAIBHBIX PEXUMOB 00pabOTKM MMEIOT MPUBOJBI C OECCTYyIeH-
YaThIM PEryJIMPOBAHUEM YACTOTHI BpaunieHusa. OJHAKO M3BECTHBIE B HACTOSILEE
BpEMsl CUCTEMbI YIPABJICHUS MPUBOJIAMU HE BO BCEX CIIy4asX 0OECHEUHMBAIOT Iie-
PEKpBITHE BCETO AMAIla30Ha 4YacTOT BPALIEHHUS, a TAKKE MOJyYCHUE Ha IIMUHIEIE
HEOOXOAMMOro KpPYTAIIEro MOMEHTa. B CBsI3W ¢ 3TUM IpPUBOABI OOJBIIMHCTBA
CTaHKOB JIEJIAIOT CTyNEHYaThIMU. J{J11 COBpEMEHHOT0 000pYJ0BaHUSI XapaKTEePHbI-
MU TEHACHLMSIMH SBISIIOTCS PacCIIMpPEHHE IMara3oHOB OECCTYMEeHYaToro 3JIeK-
TPOHHOI'O YIIPABJIEHUs YaCTOTOM BpAILEHUS M COKPALIEHUE KOJIWYECTBA MEXAHM-
YECKHU MEPEKITIOYAEMBIX CTYIIEHENH CKOPOCTH.

[Ipu cTyneH4aTOM PEryJIMpPOBAHMHM ONTHUMAIbHOE YHUCIIO MEPEKIIOUYEHHI CO-
OTBETCTBYET YCIOBUIO, IPU KOTOPOM M3MEHEHHE CKOPOCTHM Ha HOBOHM 4acTOTe HE
IPEBBIIIAET JOIMYCTUMOIO OTKJIOHEHHS] OT HOMUHAIBHOW BEJIMYMHBI.
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Puc. 2. JlyueBast quarpamma reoOMETpUYECKOTO psijia CKOPOCTEH.

3aBUCUMOCTb CKOPOCTH OT IMaMeTpa 3aroTOBKH (X0Ja MHCTPYMEHTA) IS 3a-
JTAHHOW YacTOTHI U300pakaeTcs npsamoit nuHuen (Jryaom) (Puc. 2). Ob6nacth peko-
MEHIYEMBIX CKOPOCTEH pe3aHus OMPENeSIOT OT ONTHMAIbHOU Vonr 10 JOIYCTH-
MO Vzon ICXOMIS U3 MEPHOJa CTOMKOCTH MHCTpyMeHTa. [ paHuIlbl 3TOi 00JacTH U
aOCOTFOTHBIE 3HAYCHHSI CKOPOCTEH 3aBUCAT OT 00pabaThiBaéMOro MaTepuaia, BHIa
UHCTpYMEHTa W 00paboTku. IlepexiroueHrne 9acTOThl MPOM3BOAAT TNPU BBIXOJE
NEeUCTBUTEIbHON CKOPOCTH 3a MpEAEIbI oOnactu
Vonr — Vyon BCIICZICTBHE M3MEHEHHSI TMaMETpa 3arOTOBKH UJTM HHCTPYMEHTA.

Hampumep, ¢ ymeHbIlieHuEM auaMeTpa 3aroToBKd MeHee d, cliemyeT mepe-
KJIFOUXTH YacCTOTY BpaIleHHs C n, Ha N,, @ MeHee d; — ¢ N, Ha N; ¥ TaK 10 MaKCH-
MaJIbHON BEJTMYHHBI Nr B paCCMAaTPUBAEMOM JIHaIia3oHe 4acToT. B Toukax d,, d,, ds,
..., 0z, KOTOPBIM COOTBETCTBYIOT JBa 3HAYCHHS CKOPOCTU Pe3aHUs Vonr U Vion, TIe-
pPEKITIOUEHNE TTPOU3BOIAT HA YaCTOTYy ONTUMAIILHON cKopocTu. OTHOIIEHHE Tiepe-
KJTFOUAaeMbIX YaCcTOT TMOCTOSSHHO PaBHO OTHOIIEHUIO TPAHUYHBIX 3HAYEHUN CKOPO-
CTEH U SBISAETCS 3HAMEHATEJIEM T€OMETPUUYECKOTO ps/Ia:
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COOTBETCTBEHHO:
N, =@-Ny,;

2
N=¢-N,=¢ N,

z-1
n,=¢-n,_,=¢ Ny

3Has AWAIla30H PEryJInpoBaHUA 4YaCTOT BpalllCHUA IIITHHACIIA Rn, M 3a1aBasiAChb
3HAYCHUCM (P, MOJKHO OIIPCACIIUTD YHUCIIO CTYHeHeﬁ BpallCHUS IITMHACIIA:
IR,

lge
Ortpacneoii crangapt OCT2 H11-1-72 pexomenayeT BbIOUpATh 3HAYEHUS
U3 psaa (BbIIEICHBI IPEANOYTHTEIbHbIC 3HAYCHHS)

¢ =1,06;1,12; 1,26; 1,41; 1,58

Jl5ig gmcna cTyneHel CKOpoCTel PeKOMEH IyeTCs BEIOOD Z U3 COOTHOIICHUS:

z=2%.3% =23 468,912, 16, 18, 24, 27, 32, 36

[TompoOHbIe peKOMEHIAIMH 110 HAa3HAUEHHIO JJISi IPUBOA TJIABHOTO JIBHIKE-
HUS CO CTYNEHYAThIM MEPEKIIOYCHNEM CKOPOCTEH 3HAYCHUN 3HAMEHATENS Psija U
qrclia CTyIeHelW CKOPOCTH MpHUBeneHbl B iutepatype [1, 24]. Haubonee pacmpo-
CTpaHEHHbIC 3HaYCHHS R, ¥ Z U1 CTAaHKOB C BpamaTeIbHBIM TJIAaBHBIM JIBIDKEHHEM
npuBeIeHbI B Ta0M. 1.

[Tpu BBIOOpE MPOMEXKYTOUHBIX 3HAYCHH YaCTOT BpAIICHUS CIEIYeT PYKO-
BOJICTBOBATHCS PSAAMU MPEINOYTUTENBHBIX ncel [24].

z=1+

Tabmn. 1
3Ha4YeHUA Rn M Z NJ1s1 CTAHKOB C BpamaTCJIbHbIM ABH)KCHUCM
I'pynima ctankoB R, y
ToxapHble cpeHel BeTUIHHbI 40 -100 12-24
KapycenbHbie 25-40 9-18
TokapHO-pEeBOIbBEPHBIE ABTOMATBI
OJHOLIMH/IEIbHBIE 20-60 12 -18
MHOTOIITHHCIbHBIE 10-30 12-18
®DacoOHHO-OTPE3HBIC U ITPOAOJIBHO (haCOHHBIC 4-20 12-18
LlenTpoBEIE MOJIyaBTOMATEI 6-10 12-18
ITaTpoHHBIEC U PEBOJIBBEPHBIC MOTyaBTOMATHI 8-12 12-18
BepTrKanbHO-CBEPIIHIBHBIC CPSIHEH BETMIUHBI 15-30 6-12
PannanbHO-cBepIMIbHEBIE 8-16 4-9
®dpe3epHbIC TOPU3OHTAIBHBIC M BEPTHKAIBHBIC 20-100 12-36
I'opusoHTanbHO-pacTOUHBIE (MHOTOLIEIEBBIE) 20-60 8-18
PacTouHbIe BRICOKOTOYHBIC (TIPEIIM3HOHHBIC) 15-30 12-18
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Puc. 3 mo3BosisieT MOMy4YnTh HATJISTHOE MPECTABICHUE O MOCIIEeI0BATEILHO-
CTHU MPOEKTUPOBAHUSI KUHEMAaTHUUeCKOW CTpyKTyphl. Ha HauanbHOM 3Tamne (puc. 3-
a) 0 JaHHBIM TEXHUYECKOTO 3aJlaHus Ha MPOEKTUPOBAHUE YCTAHABIMBAIOTCS Ipa-
HUIIBI AUana30Ha YacTOT BPAIllEHUs] UCIIOJIHUTEILHOTO OpraHa (IIMUHIENs ). 3aTeM
10 OMHCAHHOM BBIIIE METOJIMKE OMPENEIAETCS HEOOXOIUMOE KOJIUYECTBO CTYIIE-
Hel ckopocTH mmnuHaens (puc. 3-0) 1 HaMedaeTcs TUI ABuraress (puc. 3-B).
—& = = ﬂ = >

ATl

b/

Puc. 3 [locnenoBaTenbHOCTh MPOEKTUPOBAHUS KHHEMATHUYECKON CTPYKTYPbI
MPUBO/IA.

[Tocne onpeneneHust KOJIWYECTBA CTYNIEHEW U TPOMEXKYTOUHBIX 3HAUCHUH 4Ya-
CTOTHI BpPAILCHUS BBIIOJHIETCS MPOEKTUPOBAHUE CTPYKTYpPbl TPAHCMHCCHH, T. €.
onpeeseHrue BUAa U KOJUYECTBA MPOMEXYTOUHBIX MEpeniay, MO3BOJIAIONIMX T0-
JyYUTh Ha BBIXOJHOM Bajly HY>KHOE€ KOJIMYECTBO YacCTOT BpalleHus. PesynbTar pa-
OO0THI HA JJAaHHOM dTare 0oOpMIISIETCS B BUJIE CTPYKTYPHOM CeTKH (CM. puc. 4)

Puc. 4 TlonbGop konudecTBa 1 XapaKTEPUCTHK Mepeaad B KOPOOKE CKOPOCTEH.
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[IpencraBneHHble HA pUC. 5 KHHEMATHYECKHE CXEMbl KOPOOOK CKOPOCTEH U
COOTBETCTBYIOIIME UM CTPYKTYpPHBIE CETKH UMEIOT cienytouue ocooennoctu. Ko-
pobOka Ha puc. 5-a mo3BojsieT ObBICTPO (HA MaJbIX 000pOTax Ja)ke Ha XOay) OCy-
HIECTBIATh MEPEKIIOYEHNE CTYIEHENW CKOPOCTH BO BCEM JMAIla30HE PETYIHPOBA-
HUS, T. €. ABJsIeTCA HanboJee yHUBEpCcCalIbHOU U3 Tpex n3o0paxeHHbix. Hemocrat-
KOM SIBJIIETCS TO, YTO B €€ CTPYKType Oosibliie nepeaad (Tpu BMECTO JIBYX), CIEI0-
BaTEJIbHO, OHA UMEET OOJIbIINE Ta0aPUTHI.

B cTpykType kKopoOoK, n300pakeHHBIX Ha pucC. 5-0 U 5-B MPUCYTCTBYET TUTa-
pa CMEHHBIX KoJjec. Mcnosip30BaHue Takoil nepesayu Mo3BOJISIET CENaTh MPUBOJ
0ojiee KOMIIAKTHBIM, OJIHAKO CTEMEeHb YHUBEPCAIBLHOCTU €r0 CHHXKAETCS M3-3a TO-
r0, YTO JJIsl IEPEKIIIOUEHUSI CKOPOCTH MTyTeM MU3MEHEHHs] HAaCTPOMKHU TMTaphl HEOO-
XOJIUMO JuthTeNbHOe BpeMs. [IpencraBneHHbie Ha puc. 5-60 U 5-B KOPOOKH MOTYT
OBITH UCIIOIH30BAHbI B COCTaBE CICIMATM3UPOBAHHBIX HIIM CIICIIUAIBHBIX CTAHKOB,
nepeHanajika KOTOPbIX BBIMOJIHAETCS OTHOCUTENBHO peako. Hampumep, nis Bapu-
aHTa 1Mo puc. 5-0 XxapakTepHO OBICTPOE MEPEKIIOYEHHE C BHICUIEH Ha MIECTYIO CTY-
IEHb CKOPOCTH, YTO MO3BOJISIET MPOU3BOJIUTh HA HAJIIAXKEHHOM CTaHKEe 00paboTKy
Ha JByX CYUIECTBEHHO OTJIMYAIOLIUXCS PeXUMax (HalpuMep, CHIOBYIO 00AHpOY-
HYI0 Ha Majioil CKOPOCTH M YUCTOBYIO Ha BBICOKOW CKOpOCTH). BapuaHT 5-B mo3-
BOJISIET OBICTPO MEPEKI0YaTh CKOPOCTh MEXKIY COCEJHUMHU CTYNEHSIMHU B y3KOM
JIMana3oHe YacTOT, YTO MOKET OBITh MOJIE3HBIM HAlpUMEpP Ha CTaHKax A 00-

— 1t Tt Tt IA? {1t v t—t JIUPOYHBIX oOIepauud mpu 0OpabOTKe
R | | | | | CTYNEHYAThIX BaJIOB WJIM CBEPJICHUS OT-
oL I\ 1 BepetHi OnM3KUX 1Mo auamerpy. Kak
L1 1 | L L | | upHO M3 mpuMepa a1 OKOHYATEILHOTO

L _3 20 BBIOOpAa KHHEMATHUYECKOW CTPYKTYpHI

A=Y HEO0OXOJMMO YYHUTHIBATh Takue (haKTOPhI
Puc. 6 /IByXCKOPOCTHOM 3JIEKTPOBHIa- KaK CTENeHb YHUBEPCATLHOCTH 06OpYy-

TeJTb Ha CTPYKTYPHOI CeTKe JIOBaHUsl, OCOOEHHOCTHU BBINOJHAEMBIX

Ha HEM OIlepalui.

[Ipu ucnosib30BaHUM B MPUBOJAE CTAHKA ABYXCKOPOCTHOI'O JIBUIaTelsl CTPYK-
TypHasl CETKa CTPOUTCS TaKUM 0Opa3oM, YTO JBUTATENb 3aMEHSAET COOON Ipymnmo-
BYIO Ilepeady C XapaKTepUCTUKON

n
Ig 208

nldf;

lge
Hanpumep, npu §0=§/§ =1,26 u pBurarene ¢ n; = 1500 06/mMuu 1 N, = 3000
00/MUH, XapaKTepUCTHKA TPYIIIbI, 3aMEHSIOMIEH cOO0H AIEKTPOJABUTaTENh COCTA-

BUT:
3000
L9 0500 _ 192 _a
lg¥2 g2
OcraybHbIe MOCTPOCHUSI CTPYKTYPHOU CETKH aHAJIOTUYHBI MPUBOAY C OJTHO-
CKOpOCTHBIM JBHUI'aTCIICM.
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Ha npakTrike HOMUHaJbHAs 4acTOTa BPALIEHUs JIBUraTessl YacTO HE COBIAJa-
€T C CepEeaUHOM quaria3oHa pPeryJupoBaHus, B 3TOM CIIy4yae MepeJaTOYHblE OTHO-
HIEHUS HEKOTOPBIX MEpeNad B Ipynmnax MOTYT BBIUTH 3a JIOIYCTUMBIE IPEAEIBI.
Jlnst KopoOOK CKOpOCTeH MepeaaToyHble OTHOLIEHUS JODKHBI HAXOAUTHCS B MH-
TepBaje oT 4 10 2. [{ns pa3nuyHbIX 3HaYEHUN 3HAMEHATENs psijia uucesn 000poToB
KOJIMYECTBO MHTEPBAIOB MEXAY JUHUAMH, YCIOBHO O0OO3HAYAIOMIMMU IEepeaayH,
HE J0JKHO MPEBBIIATh 3HAYEHH, YKa3aHHBIX B Ta0. 2.

Tabmn. 2
JloImyCTHMBIE YrCiIa MHTEPBAJIOB JIJIsT KOPOOOK CKOpOCTEH
YUucno MHTEPBAIOB IIPHU @
Hepenarm 106 | 1,12 | 126 | 1,41 | 158 | 1,78
[Tonmxaromue 24 12 6 4 3 2
[ToBbIIaromnme 12 6 3 2 1 1 1

JIJ1si mpyBEIeHUs] B COOTBETCTBHE HOPMATHUBaM IepEIaTOYHBIX OTHOIICHUN B
COCTaB TPAHCMHUCCHH BKIIIOYAIOT IMEpeavyd C IMOCTOSHHBIM IepeaaTOYHbIM OTHO-
meHueM. KpoMe Toro, HamMme4eHHass KOMIIOHOBKA MPUBO/IA TaK)Ke MOXKET TOTPeOO-
BaTh BBEJICHUS B COCTaB TPAHCMUCCHH Tepeaad ¢ (PUKCUPOBAHHBIMH TIEPEIaTOYU-
HBIMH OTHOIICHUSIMU (3yOYaThIX IMJIMHIPUYCCKUX, KOHUYECKUX WM UYCPBAYHBIX,
PEMEHHBIX U T.I1.).

[lepenaun ¢ MOCTOSTHHBIM MEPEIATOYHBIM OTHOIIIEHHEM MOTYT Pa3IojaratbCs
B HayvaJie, KOHIE WM CepeIMHe KNHEeMAaTU4eCKon CTpYyKTyphl. Ha rpaduke gactor
ATO OTpaXKaETCA CIAEAYIOMUM 00pa3om (puc. 7).

f '3 /

)

Puc. 7 [lepenaun ¢ MOCTOSIHHBIM TEPEIATOYHBIM OTHOIICHHEM B CTPYKTYpPE TpH-
BO/JIa TJIABHOTO JIBUYKCHUSI
[TonGop uncen 3yObeB B epenadax oOecrneynBaronux HeoOX0IUMBbIE Mepeia-
TOYHBIC OTHOIICHHSI C TIOMOIIBIO TabJuUI] M3 cripaBouHuKa [20].
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[Tocne mogbopa yucen 3yObeB B mepeaadax BITOIHSICTCS IPOBEPKA COOTBET-
CTBUS (PaKTUUECKUX YACTOT BEIOpAHHBIM HOpMaJIbHBIM. JlommyckaeMoe OTKJIOHEHUE
(baKTHUECKOI YacTOThl BPAILIEHUSI IIMUHAEIS OT HOPMAJIBHOTO 3HAYEHUS HE JTOJIK-
HO MPEBHIIIATH BEJIUYHUHBI:

A, =+10(p -1)%

n

B cnydae mpoekTHpoBaHUS NPHUBOAA IIMPOKOYHUBEPCAJIBHBIX CTAHKOB C KO-
JMYECTBOM CKopocTel 18 u 6oJiee UCTOIb30BaAHUE MTPOCTHIX TPYHIOBBIX CTPYKTYP
IPUBOJUT K HEOOXOJIMMOCTH BKJIIOYATh B KHHEMATUKY MPUBOJIA TPYNIOBBIE TEpe-
Ja4¥ ¢ XapaKTePUCTUKON MPEBBIMIAIOINICH JOMycKaembie 3HaueHus (Tabmn.2). B Ta-
KHX CITydasx I1eJIeCOO0pa3HbIM SBIISIETCS MPOCKTUPOBAHUE TaK HA3bIBAEMBIX CIIO-
KEHHBIX KMHEMAaTUYECKUX CTPYKTYp, MPECTABISIONIMX COOOM MapayijieIbHO WA
MOCJIEIOBATEIBHO COCIMHEHHBIE C MOMOIIBIO YCTPOMCTB NMEPEKIOUECHN KUHEMa-
THYECKHE Lenu. [IpuMep ClIoKEHHOW KMHEMATHUYECKOW CTPYKTYpPHI C IOCIEN0BA-
TEJIbHO TOAKII0YAaEMOW JOMOJHUTEIbHOW KHMHEMATUYECKOW LEINbI0 NMPUBEJICH Ha
puc. 8.

Hbuzamers Hcn gpzar
WnLHIe b
7" |
|
% \\Vd
7
|
) |
7 {\—'
OcH KkuHem yens [lon KuHeM L/Eﬁb\
e
i |
/ _ ~{l] |
A)
1N
|

Puc. 8 Cxema u npuMep KOHCTPYKTHUBHOM peann3aliu CI0KEHHOW KHHEMaTH4e-
CKOU CTPYKTYpPBI IPUBOJA.
ba3oBas kuHemaTtuueckas cTpykrypa (puc. 9-a) nns mocienHel IpynmnoBoi
nepefaul MMEEeT XapaKTepUCTHKY X=12¢, 4To 0oJjblle AOMYCTUMOIO 3HA4Y€HUs
(s @>1,12). IIpu nepexojie K CIOKEHHON CTPYKTYpE JJIs HOCIEAHEN IPYIIIOBOI
nepeJayl YMEHbIIAKOT XapaKTepUCTUKY 10 Xx=6¢. IIpu 3ToM 001mumii 1uamna3oH pe-
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ryaupoBaHus cokpamaercsa. Kopobka He obecrnieunBaeT 4aCTOT BPAIICHHs B BEPX-
HEl M HIDKHEW 4YacTAX Juarna3oHa, a B CEpPeIMHE HECKOJIbKO CTYINEHEW coBMmella-
torcs (Puc. 9-6). Kunematudeckyio CTpyKTypy pasleiisioT Ha JIBE YaCTU W BbI-
MOJIHSIIOT CMEIICHHE CTPYKTYPHBIX CETOK K Kpasm nuarnas3ona (Puc. 9-B). B kune-
MaTHUYECKYIO CXEMY J00aBJSIOT TPYNIOBYIO Mepeaady, OCYIIECTBIAIONIYIO COeIH-
HEHUE HMCTIOJHUTEIBHOTO OopraHa (IUIMUHAENS) C OCHOBHOM WJIM JOMOJIHUTEIbHON
kuHeMaTtuueckoi nenwto (Puc. 9-r). [Ins oxoHvaTensHOTO OopMIIeHHs] KUHEMa-
TUYECKON CTPYKTYPBI OCYIIECTBISCTCS KOPPEKIUS TMEePEJaTOUYHBIX OTHOIICHUN
TPYII JOTOJHUTEIPHOW KHHEMATHYECKOW TenH NIl 00eCTeueHns XapaKTePUCTH-
KM TIEPEKITIOYAOIIEH TPYIIHI B JOMYCTUMBIX TIPEIeIIax.

A\ ——
’JI\’/’.':‘\Ii @ | + !

ol

. S
120
a
/
AV
7RSI\
[/ 4 A
.//; 1 \’\/\2) N
/_"r/' - b
7 %
AT
A1~ / >
HPDPLAN
2955 3O\
;(: XK ,<'x-:\';§
PP BN
PRI ;;/\

Puc. 9 IlocnenoBaTenbHOCTh MPOESKTUPOBAHMS TpadrKa 4acTOT MPUBOJIA CO CIIO-
YKEHHOW KHMHEMATUYECKON CTPYKTYPOHU.
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HPUBOAbLI I'NTABHOI'O IBUXEHUSA C BECCTYIIEH-
YATBIM PEI'YJIUPOBAHUEM

[IpumeHeHne MpUBOJIOB C OECCTYNEHYAThIM PETYJINPOBAHUEM IO3BOJISIET IO-
BBICUTH IIPOU3BOJAUTENBFHOCTh CTAHKOB Oyiaro/iapsi TOUHOM HACTPOIKE ONTHUMAalb-
HOW CKOPOCTH pPE€3aHHUs U €€ PEeryJMpPOBAHUIO B MPOLIECCE BBIMOJHEHUS KA 00-
pabotku. [l OeccTyneH4aToro peryaupoBaHusi CKOPOCTH B OCHOBHOM MPUMEHsI-
10T IPUBOJBI C JIBUTATEIEM MOCTOSHHOTO TOKAa M TUPUCTOPHBIM YIIPABIECHUEM B
NOCJIEJHEE BPEMsI aKTMBHO PAa3BUBAETCS HAIIPABJIEHUE, CBSI3aHHOE C HMCMOJb30Ba-
HUEM JBUTATEJIEH IEPEMEHHOTO TOKA C YACTOTHBIM YIIPABJIECHUEM.

IMPUBO/JAbI C ABUT'ATEJIAMMU ITIOCTOAHHOI'O TOKA

YacTora BpalieHust JBUTATENs TOCTOSTHHOTO TOKA PETYIUPYETCS B IBYX 00Ja-
cTax. OT MUHUMAJIBHOM YaCTOTHI BPAIICHUS O HOMUHAIILHOW N, PETyJIMpOBaHUE

HOM

OCYIIECTBIISIETCS U3MEHEHUEM HaNpsDKEHUS! B 1M SKOpPs, PU 3TOM Ha Bally JIBU-
rareiyig MOJJEP>KUBACTCS MOCTOSIHHBIM KPYyTSIIMiA MOMEHT. Bolie n = perynupo-

HOM

BAHME YACTOTHl BpalICHUs MPOU3ZBOJMUTCS H3MEHEHUEM IMOJsi BO3OYXKIEHUS, U
MOITHOCTh JIBUTATENsl OCTAETCS MOCTOSHHOW. J[Manma3oH peryaupoBaHus MpU MO-
CTOSIHHOM MOIIHOCTH R, OeccTyneH4aTsIX IPUBOIOB IOCTOSHHOIO TOKA COCTaBIIs-
eT 2,5 — 4. Ecam 3Toro J0CTaTO4HO JIJIsi CTAHKA, PETYJIUPYEMBIN 3JIE€KTPOABUTaATEIb
MOCTOSTHHOT'O TOKa C MakCUMasibHOM yacToTou Bpamenus 4000...6000 06/muH co-
EAMHSIOT HEMOCPEJCTBEHHO CO IIMUHENEM cTaHka. [ obecrieueHus: 6osee mu-
POKOI0 Jrara3oHa peryJupoBaHus (71 COBpeMEeHHBIX cTaHKoB 50...250), Mexay
AJIEKTPOABUTATENIEM M IIIHHJEIEM YCTaHABIMBAIOT ABYX-, TPEX- WA YETBIPEX-
CTyNEHYaTyl0 KOPOOKY CKOPOCTEH, a MEeXIy MPHUBOJOM M KOPOOKOW WU MEXTY
KOPOOKOM W HIMUHJEIEM MOMENIAI0T PEMEHHYIO Tepefady ¢ MepelaToyHbIM OT-

Homenuem 1 =0,5...2.
M. 1

!

I

Iy

(102 R (=25 4] |1<6000 %)

R, - (<100)

Puc. 10 Mexanndeckast XapakTEpUCTHKA PETYJINPYEMOT0 PUBOJA C IBUTATEIEM
IIOCTOSIHHOT'O TOKA.
OOwmui BUJ MEXaHMYECKON XapaKTEPUCTUKH JIBUraTelss IOCTOSHHOTO TOKa
IIPY HMCIOJb30BAHUM JBYX/IMAIMA30HHOIO PETYJIMPOBaHUs NpuBeaeH Ha puc. 10.
JIns cepuiiHO BBITYCKA€MBbIX JBHUTATENEd IOCTOSIHHOTO TOKA, NPHUMEHSAEMBIX B
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NPUBOIAaX METAIIOPSKYIIUX CTAHKOB Ha puc. 10 mpuBeaeHBI 3HAYCHUS MPEeIIb-
HBIX YaCTOT BpalieHus Ny, (MAaKCUMaIbHOW U MUHUMAJILHON), IIUPUHA AHAana30Ha
perynupoBanus (o0mas Ry, ,, ¥ BTopoii 30HbI peryaupoBanus R!' ).

nos

OrpaHnyeHue MO0 MakKCHUMaJIbHOW 4YacTOTE BPAILECHUS JBUTATENS CBSI3aHO C
BO3pPAaCTaHUEM Ha BBICOKMX CKOPOCTAX MEXAHMYECKUX MOTEph B ABurateine. Ilore-
P YBEIMYMBAIOTCS M3-3a TpeHus, AucOanaHca Bpamaroummxces yacteil. Taxke Ha
BBICOKHX CKOPOCTAX MMEIOTCS TPYIHOCTH ¢ KOMMYTHPOBAaHUEM SIKOPHOTO TOKa B
KOJUIEKTPOHOM Y3JI€ IBUTATES.

OrpaHudeHre 10 MUHUMAJIBHON YacTOTE BPAILEHUS CBSI3aHO C OCOOEHHOCTS-
MU JaTyrKa OOpaTHOM CBS3M (TaxoreHeparopa), IPUMEHSIEMOro B aBTOMAaTUYECKU
peryaupyeMbIX IPUBOJIAaX: MPU MaJIbIX YACTOTAaX BpPaILEHUA 3.7.C. TeHepaTopa OKa-
3bIBAETCS] HUKE MPEJEIOB YYBCTBUTEILHOCTH MPUOOPOB B CUCTEME aBTOMAaTH4e-
CKOI'O PEryjaupoBaHUs CKOpOCTU (MO0 MMEET 3HAaYeHUs CPaBHUMBIE C YPOBHEM
TIOMEX).

[Ipu BbIOOpE nBHUratesns cielyeT OPUEHTHUPOBATHCS HAa TAaKUE MACHOPTHHIE
JaHHbIE KaK HOMHHAaJIbHAsl YacTOTa BpaIleHHs (MJIM MaKCUMajbHas 4acToTa Bpa-
mienus1). Toraa npyras rpaHuna Auana3oHa peryJMpOBaHUs 4YacTOThI BPaIECHUS
ompeneauTcs o Gpopmyam:

- IPY U3BECTHOM HOMHUHAJIBHOM YaCTOTE BPAICHUS:
_ I
nmax - nm).w ) Rnde
1

n.. =n_ -—2%>1006/mun

min HOM
nos

- IPU U3BECTHOM MAKCHMAaJIbHOW YaCTOTE BPALLCHHUS:

n = 510 06/ un

min
noe
[Ipu pa3paboTke MpHBOJA, B COCTABE KOTOPOTO MPEAYCMOTPEHA MEXaHHUYE-

CKasi KOpoOKa CKOpocCTel Auana3oH perynupoBanus R, onpenensercs no Gopmy-

J¢€:
R 2
R,wex = Rn = (Rzr;ax)

rae R, — oOuuii quana3oH peryJvupoBaHus YaCTOThI BpallleHHUS;
R,; — Inanas3oH peryJupoBaHus 3JI€KTPOIBUTaTEs;

max o )
R, - MakcHMAaJbHBIN AUANa30H PEryTMPOBAHMs [PYIIIOBON Mepeaayn KOpoOKH
ckopocteit (He 0osee 8 [24]);
Z — KOJIMYECTBO TPYyMIN B KOPOOKE CKOPOCTEH:

R
Ig “R

oJ1

Z = I RmaX~
g 2p
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Puc. 11. CrpykTypHas ceTka npuBoja ¢ 4-x
CTYIIEHYAaTON KOPOOKO U PETyIupyeMbIM
JIBUTaTEJIEM MOCTOSTHHOTO TOKA.
U -'U =1y

Bb10op KonmuecTBa mnepe-
a4 B TpymOmax CiIeayeT ocy-
HIECTBISATH TakuM  00Opazom,
qTOOBI B Mpenesax BCEro aua-
na3oHa peryJupOBaHUsl JOCTH-
rajach HEMPEPHIBHOCTH 3aja-
HUSL CKOPOCTH, JIOIMyCKaeTcs
He3HauuTenbHbie (5 — 7%) mne-
PEKPBITHS JHANIa30HOB.

Haubonee  pacmpoctpa-
HEHbl B KayecTBe OJOKOB
yIpaBICHUS TUPUCTOPHEIE
npeoOpa3oBareiy,  peanusy-
IOIIMEe  pa3jMyHble  3aKOHBI
yIOpAaBJICHUS, Takue Kak (ha3o-
BOC WJIM HUMITYyJIbCHOE (LIUPOT-
HO-UMITYJIbCHOE, YaCTOTHO UM-
nyJbCHOE) yrpasienue [23].

'
_ﬁ

0

brox ynpabrenus
npubodor

7o

N

. e
s O it O W e o
=
/(/7“:* ULI :—:/a'-"'
/7 max 5
R =2 (10077710 00,/ mum
7 min

Puc. 12. [Ipumep peanuzanuu 0€CCTyNeHYATOro MPUBOA C YIPABISIEMbIM JIBUTa-
TEJIEM TIOCTOSIHHOTO TOKa U 4-X CTYNEeHYaTON KOPOOKOH CKOPOCTEH.

IHPUBOJAbI C ACUHXPOHHBIMMHU PEI'YJIUPYEMbBIMU
ABUT'ATEJIAMHA

Hcnonp30BaHre aCHHXPOHHBIX ABUTATENICH C KOPOTKO3aMKHYTBIM POTOPOM B
MPUBOIAX METAJUIOPEXKYITUX CTAHKOB CO CTYIEHUYATON MEXaHUYECKOW TPaHCMHUC-
cueil TpeOyeT MPOEeKTHUPOBAaHUS KOPOOOK Tiepenad ¢ OOJBITUM YUCIOM CTYIICHEH,
UMEIOINX 3HAYUTENbHbIE TabapuTHBIE pa3Mephl U CTOMMOCTb. B TO ke Bpems,
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MIPOCTOTa KOHCTPYKIIMH, yIOOCTBO IKCIUTyaTallid aCHHXPOHHBIX JIBUTATEIIEH Jie-
Jal0T BeCchbMa MPHUBJIEKATEIbHBIMU TEPCIEKTUBBI UCIOJIb30BAaHUS UX B COCTaBe
npuBoOB. B Hacrosiiiee BpeMsi aKTUBHO Pa3BUBAETCSl HAIMPABJICHUE CBSI3aHHOE C
BHEJIPEHUEM B MPAKTUKY OECCTYNEHYATO PEryJIMPYEMbIX ACMHXPOHHBIX JBUTATe-
aeit. KpaTko paccMOTpUM OCHOBHBIE CITIOCOOBI PETYJIMPOBAHUS YACTOTHI BPAILIEHUS
ACMHXPOHHBIX JBUTaTescii (0osee moapoOHas nHdpopManus B HcTouHKMKax [11, 12,
21, 22]).

[IpakTrueckoe MPUMEHEHHE WMEIOT CIICAYIOIINE CIOCOOBI PETyIMPOBAHUS
YaCTOTHI BPAIICHUs] ACHHXPOHHBIX JIBUTATEJCH: peocTaTHOe, KOMOMHUPOBAHHOE U
YaCTOTHOE.

[Ipu peocTaTHOM peryJMpOBaHUM MU3MEHEHUE YaCTOTHI BpPAIllEHUs JOCTUTA-
€TCSl BBEJCHUEM JIOTIOJHUTEIBHBIX AKTUBHBIX COMPOTUBIECHUN B €M OOMOTOK
JBUraTels (CTAaTOPHBIX U POTOPHBIX).

/7 A/\Zf
H\ Thy
=~ )
< ¥ i
/7
|/
L M
L
& Moz |
/]
S
L Vg
£ RS
/)
£ o
L p

ﬁ/ & / /\Z‘LTZ_{-'

— - acmecmberHas XAPOKIMEDUCITIUKT
— — — JeOCimamAbe XGDOKMEDUCTIUKU

Puc. 13 Mexannyeckre XapakTEpUCTHUKN aCUHXPOHHBIX ABUTAaTENIEH IIPU Peo-
CTATHOM PETYJIUPOBAHUH

Kak BunHo u3 puc. 13-0 npu peryiaupoBaHUU CONPOTHBICHUN YCTAaHOBIJICH-

HBIX II0CJIEI0BATEIBHO C OOMOTKaMM CTaTOpa HAOJI0AeTCs OJJHOBPEMEHHOE CHU-

KCHHE 9acTOThI BpaIlCHHsI AN M TIpeeNbHOro KpyTsuiero momenta AM | mpu-
YeM CHIDKEHHE KPUTHYECKOTO0 3HAYeHHS] MOMEHTa MPOUCXOIUT 3HAYUTEIHHO
ObICTpEE, YEM CHMIKEHHE YacCTOTHI BPAILCHHs], YTO OTPULATENBHO CKa3bIBAETCS Ha
NEPErpy304HON CIOCOOHOCTH IBUTATEIIS.

Kpome Toro, npu NMOHMKEHHOM HANPsLDKEHUHM Ha CTAaTOPE M MOCTOSSHHOM MO-

MCHTC HAIpy3KHU Ha ABUTATCIIC BO3PACTACT CI'0 CKOJIbXKCHUC, ITOBBIIIAOTCA POTOP-
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HBI U CTATOPHBIM TOKH, YTO BEAET K HATPEBY JBUTATEIISl. Y KA3aHHBIE HEJIOCTATKU

OTPAaHUYUBAIOT 00JIACTH HCIMOJIb30BAHUS JAHHOTO CIOCO0a peryadpoBaHMs, U B

CTaHKaX OH MPUMEHSETCS JJIs NPEeAOTBPALCHUS YIApOB MPH 3aITyCKE 3JIEKTPONPHU-
BOJIA.

[Ipu BBemeHnuu peo-

[] !, CTaTOB B IeNb poTOpa

i =[] (puc. 13-r) nmamasoH pe-

TYJIMPOBAHUS YaCTOThI MO-

& .~ JyyaeTcst 60jee IMUPOKHUM,
a’}}. g a KPUTMYECKMH MOMEHT
7 B o= ' OCTaeTcs  IMOCTOSHHBIM,
377 o - A Henocrarkom JIAHHOTO
7 T e 4 crnocoba  perynupoBaHUs

U, TR —~ SBIICTCS TTOHVDKCHHAS
- HKECTKOCTh MEXAHWYECKOU

XapakTepucTuku. To ecThb

IpU KoJIeOAHUSIX MOMEHTA

— 1 M Harpy3ku, 0COOEHHO B 00-

M M. K JJaCTH MaJIbIX 4acTOT Bpa-

Hazp | Wiz

IEHUA KoyeOaHWsA 4acTo-
Thl An, OyIyT 3HAYHUTEIb-
HO OoJIbITIe YeM Tpu Oosiee
BBICOKHX 4YacTOoTax An,.

— - ECmeCmbesHas X apakmpucmuka

— - PEOCIMAMHAS X ODOKMEDUCTUKA NP 3=0

JlnanaszoH peryaupoBaHUs
94acTOTHI BpameHus R, ,, =
2...2,5 1. Cxewmsl co cTy-
MEHYaThIM PETYIMPOBAHH-

2AMKHYMOU 00pamHoY CO93y €M COIPOTHBIIEHHUS 32 CUET

Puc. 14 XapakrepucTHKH aCHHXPOHHOIO aBurate- ~ MarasMHoB — CONPOTHBJIC-

J1s IpY KOMOMHUPOBAHHOM YIIPABIIEHUH. HUHW,  HCPCKIIIOYACMBIX €
IOMOIBI0  KOHTaKTOPOB

WM JKUJKOCTHBIE COINPOTHUBIICHUS, OCYLIECTBIIAIOLIME IUJIABHOE DPETYJIUPOBAHUE.
PeocrartHoe yrpaBiieHre NpUMEHSAETCS B KPaHAX, TOABEMHUKAX U T.1I.
KomOuHHMpOBaHHOE peryIupoBaHUe OCYIIECTBISIETCS M3MEHEHHWEM HaIlps-
KEHUsl cTaTopa W MpPU BBEJIEHUWU B LI€Mb POTOpa A0OABOYHBIX COMPOTHUBIICHUM.
JlaHHBIM croco0d peanu3yercsi ¢ MOMOIIbIO CIENUAIbHBIX OJIOKOB — YIPaBJIsieMbIX
TUPUCTOPHBIX MpeoOpa3zoBarenei. Vcnoib30BaHME TakuWX YCTPOWMCTB MO3BOJISET
OpraHU30BaTh CUCTEMY AaBTOMATHYECKOTO YMPAaBICHUS C OOpPATHOW CBA3BIO IO
HANPSDKEHUIO. B 3aBUCMMOCTH OT IEpHOZA 3aKPBITUS TUPUCTOPHBIX KITFOUEH 1y,

= PEACINATHEIE XAPAKIMEDUCIMUKY 1l pa3n.
JHOHERUAY O

- UCKYLL IMOEHHBIE X apakmepgucimusky npy

w A4 t?al\"
KOTOPBIN XapaKTEPU3yeTCs BEIUYUHOM YIJla 3aKPbITHS OL:TP-360° (puc. 16) no-

JYy4aeTcs CEMEICTBO MEXAHUYECKUX XAPAKTEPUCTHUK (01, O, Ol3). XapaKTEPUCTH-
KH, COOTBETCTBYIOIINE PA3IMYHbIM 3HAYEHMSIM YIJIa 0L HE BCEr/1a COOTBETCTBYIOT
3aJJaHHBIM TPEOOBAHUIM K TOYHOCTH PETYIUPOBAHUS YACTOTHI.
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briok UHIRLIBCHD -

@azobozo ynpabrexus
Uy U 5 -1
[ =
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m

MEX

HOM

= o =l5. 10)1

Puc. 15 Cxema npuBoja cTaHKa ¢ UCIOJb30BaHUEM KOMOMHUPOBAHHOTO yIIpaBJie-
HUSl IBUTATEJIeM C OOpaTHOM CBSI3bIO.

K

/7

Hanpumep npu M3MEHEHHMM MOMEHTA HArpy3Kd € BEIUYMHBI Myapi 10 Myarm:
npy GUKCHPOBAHHOM 3HAUYCHHWH YTJIa 3aKPBITHS O9acTOTa BpAICHUS MATaeT 10
3Ha4yeHus N,. [lpu 3TOM 3.71.C., BhIpabaThiBacMas reHepaTopoM YMEHBIIIAETCS Ha

BEJTUYUHY 7/(n2 —nl) Opyu STOM 3HAYEHHE YIPABISIOWIEr0  HANpPSHKEHUS
U,=U,-y-n yBennumsaercs, U3MEHAs HACTPOMKY OJ0OKa HMMITyJILCHO-()a30BOro

U

ynpasiieHHs. B pe3ynbrare 3HaueHue yria
vy 3aKpBITHSA (L YMEHBIAETCS, 4acTOTa Bpa-
HIEHUSI YBEIUYMBAETCA (IO TOYKH PACIO-
JIO)KEHHOM Ha HMCKYCCTBEHHOW MEXaHWYe-
CKOM Xapakrepuctuke). Takum oOpazom,
32 CYeT HACTPOMKHM 3aKOHA YIPaBJICHUS
Ly f  YIJIOM 3aKPBITHS MOXKeT OBITh TOJy4YeHa
- UCKYCCTBEHHAs] MEXaHNYECKAsl XapaKTepu-
CTHKA, HMMEIOIAasi HEOOXOAUMYIO JKECT-

!
A

!
i

. [ o KOCTh. M3MeHss 3HauYeHHs 3aIarollero
HanpspkeHus: U, ¢ momoripio 6510ka UM-
Puc.16 NyJIbCHO-(a30BOr0  yMPABICHUS MOXHO

MOJIyYUTh CEMEUCTBO MCKYCCTBEHHBIX Me€-

XaHUYECKUX XapaKTEPUCTHUK.
Hcnonp30BaHne UMITYJIbCHO-(A30BOT0 YIPaBICHUs C CUCTEMOW 0OpaTHOI CBS-
3M [0 CKOPOCTU AOCTHUTAeTcs Auana3zoH peryiaupoBanus 10:1, perynupoBanue va-
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CTOTHI BpAIllEHUs TUTaBHOE. PerynupoBanme oCyIecTBIsSETCS OT HOMUHAILHOM Ya-
CTOTHI «BHHU3» OT €CTECTBEHHOUN XapaKTepucTUKU. CyIIECTBEHHBIM OIpaHUYCHHEM
SIBIISIETCS. HEOOXOUMOCTh HCIIOJIB30BAHMS JTO00ABOYHBIX COMPOTHUBIICHUH B IIETIH
pOTOpa, YTO BO3MOXKHO TOJIBKO Y CHEIMAbHBIX aCHHXPOHHBIX JBHraTenen (nMme-
IOITUX POTOP C KOHTAKTHBIMHU KOJIBIIAMU ).
YacToTHOE peryjupoBaHMe SBISCTCS OJHUM W3 HanOoJyiee MepCHeKTUBHBIX
U IIAPOKO HCIIOIB3YEMBIX B HACTOsIIIIee BpeMs. [[pHHIMI ero COCTOUT B TOM, YTO
W3MEHSSl YaCTOTY MUTAIOIIETO JIBUTATEh HAMPSKEHUS MOXKHO MU3MEHSATH YacTOTY
BpAIICHUSI XOJIOCTOTO XOJ1a, MOJydyas Pa3IMYHbIE UCKYCCTBEHHBIC XapaKTEPUCTU-
Ki. DTOT crnoco0 oOecrneunBaeT IMHUPOKUAN JTUANA30H PETYIHPOBAHUSI YaCTOTHI,
MJIABHOCTH PETYJIUPOBAHUS U BBICOKYIO JKECTKOCTh XapaKTEPUCTHUK.
[Tpubnm>keHHBIM yCIIOBHEM 00€CTIeUeHUs CTAaOMIIBHOCTH PEryJIupOBaHUs Ya-
CTOTHI BpAIICHUS TIPH TMOCTOSHHOM

74/ MOMEHTE HArpy3KH SIBISETCS BbIpa-
KCHUC
J/ U/f = const.
| Ha mpakrtuke tpebyercst n3me-
W | HATH HAIPSHKCHHE HAa CTaTOPE He-
Y, CKOJIBKO MEHBIIIE Y€M 4YacTOTy IS
KOMIICHCAllUM CHWXXEHUS INeperpy-
304YHOIO0 MOMEHTa JBUTaTessi B 00-
| - /\74” Jacth Maiblx d4actor. Ilpm 3TOM
/\7_ 020 i yJaercsi JOCTHYb CEMEHCTBA MeXa-
Puc. 17 Mexannueckue XapakTepUCTUKU aCHH- Huaeckux  xapakrepucruk (I, 111,
XPOHHOTO J[BUTATEINS [IPU YACTOTHOM PETyIUpPO- IV), npusenennbIx Ha puc. 17.
BaHHU

B coBpeMeHHBIX 0JIOKaX yIpaBJi€HHs aCUHXPOHHBIM IPHUBOJIOM pacmpocTpa-
HEHBI TIPe0Opa30BaTENN YaCTOTHl C MPOMEKYTOYHBIM 3BEHOM IMOCTOSHHOTO TOKa
(U-urBeptopsl). Cxema CHIIOBOW YacTH PETYJIMPYEMOTO aCHHXPOHHOTO MPUBOJA
Ha 0a3e TaKoro MHBEPTOpPaA ¢ OOPATHOM CBSA3BIO MPUBEEHA Ha puc. 18.

OTnMYUATENBEHON 0COOEHHOCTHIO YACTOTHOIO YIIPABJIEHUS MPUBOJAMU SIBIIAET-
Cs1 BOBMOKHOCTB PEryJIMPOBAaHUS YaCTOTHI BPAILICHUS ABUTATEIs KaK «BHU3», TaK U
«BBEpPX» OT HOMHHAJA. 3HAYCHMS UANla30HOB PEryJMPOBaHUS, PEaIU3yeMble B
COBPEMEHHBIX IPUBOJAX MPUBEIEHBI HA pucC. 18.

IIpu ompezneneHuu KOJIMYECTBA MANA30HOB MEXAHMUYECKON COCTABIISAIOLIEH
IPUBOJA C YNPABISEMbIM ACUHXPOHHBIM JIBUTATEJIEM CIEAYET PYKOBOACTBOBATHCS
pacyeTHbIMM 3aBUCUMOCTSIMH, IPUMEHIEMBIMU JUIsI O€CCTYNEHYaThIX IPUBOIOB C
JBUTATEISIMU IIOCTOSTHHOTO TOKA. JlMamna3oHbl peryJIupoBaHus YacTOThl BpaleHMUs,
JOCTUIaeMbI€ MPU MCIIOJIb30BAaHUU PA3JIMYHBIX CXEM YIPABJICHHS, IPUBEACHBI HA
puc.15 u 18, a Takxe B TEKCTE.
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Cnenyer uMeTb B BHUAY, 4YTO MPU HCIOJIB30BAaHUH PA3IUYHBIX THUIIOB
YCTPOWCTB J1JIsl YIPABJICHUS ABUraTelIeM MOTYT OBITh MOJYYEHbI MPUBOJBI IINHH-
JeNisl CTaHKa CYIIECTBEHHO OTIMYAIOUIMECS MO CTPYKType MEXaHHYeCKOH 4YacTH
(MMerolIHe pa3HOe KOJIMYECTBO IPYII Mepeay U KOJIMYECTBO CTYIeHEN B KaX 01
IpyIIIe).

Hanpumep, mpu HCrosib30BaHUM B MPHUBOE JBUrATENsl C PEOCTATHBIM pery-
JUPOBAHUEM YaCTOTHI BpAIlEHUS I OOSCTICUeHUs 3a/IaHHOTO JUarna3oHa perysim-
poBaHUS TOTPEOyeTCsl MOMOIHUTH €ro 9-TH CTyneH4YaTol KOpOOKOW ckopocTein
(cM. puc. 19).

Ry

blblh

- %
Al /Z,_S Pezynamop wacmomst

Puc. 19 [IpuBoa cTaHka ¢ peoCTaTHbIM PEryJIUPOBAHUEM YaCTOThI BPAILLICHUS.

[Tpu McoaB30BaHUHM CUCTEMBl KOMOMHHPOBAHHOTO peryiupoBaHus (puc.l5)
JUIS TIpUBOJAA INMUHACNSA TMOHAAOOMTCS 4-X CTyneHYaras KopoOkKa CKOpoCTel
(cTpyKTypHasi ceTka — cM. puc. 20-a), a Mpu UCTIOIB30BAHUN YaCTOTHOTO yIIpaBiie-
Hus (puc. 18) — 2-x cTtyneHyaTas KopoOka (CTpyKTypHas cetka — puc. 20-0).

AN i
20N
a 0

Puc. 20 CtpyKkTypHBbIE CETKH NPUBOAA IIMUHAEIS 1JI YIPABIIEMbIX aCHHXPOH-
HBIX ABUTATEIEH
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OINPEJAEJEHHUE MOIIIHOCTH ABUT'ATEJIA

[Tocne onpeneneHrs KHHEMATUYECKON CTPYKTYpbl TPUBO/IA IPOU3BOIST
onpe/IeJICHUE MOIIIHOCTH JIEKTPOABUTATEls. MOIIHOCTD AJIEKTPOIBUTATENS T1aB-
HOTO JIBMKEHUS oTpeensieTcs no popmyie:

N Nmn '

o6

np

[Tpu skcmTyaTanuy NpUBOJOB METAIOPEKYITUX CTAHKOB JOMYyCKaeTCs mepe-
rpy3ka aBuratens A0 25%, mo3ToMy J0IMyCKaeTCs OMpenesTh MOITHOCTh JIEK-
TpoABUTATENS 11O HOopMyIIe:

rae N

uin

N

uin

Nag — A
1,25-77np ’

- MOIIIHOCTh pe3aHus (Ha IIIMUH]IEeNIe CTAaHKA);

1, - K.ILI. IPUBOJA (3aBUCHUT OT KOJMYECTBA IIEpeay B CTPYKTYpe NPHUBO/JA,

K.II.JI. TIepe/iad onpeaensieTcs mo tadmure 3);

MoOIIHOCTh Ha IINUHJEIE CTaHKA OIIpCACIIACTCA 110 (bopMyJIe:

N _ MKpmaX.npacw.ﬂ.

un 30 1

MAaKCHUMAJIBHBIA KPYTSAIIMY MOMEHT Ha IIIIMHJEIE:

M :szax_dmax

Kp max 2

PaCUYCTHOC 3HAYCHUC YaCTOTHI BPAIICHUA, IJISI KOTOPOI'O OIIPCACIIACTCA MaKCHU -
MaJIbHOC 3HAYCHUC MOITHOCTH IIPHUBOJA COCTABJIACT:

N e =(0,6..0,75)-n,,,

Taobu. 3
H/(l')] Tun nepemaun K.IL1. (77)
1. | PemenHnas nepemaya (II0CKUM pEMHEM) 0,98
2. | KnunopemeHHas nepenaya 0,96
3yOuaTas nepemaya:
3.
- MAWJIMHAPUYECKas Co MUIM(POBAHHBIMU 3yObsIMU 0,99
4. | - munuHApUYEecKas ¢ HenUIM(GOBAHHBIMU 3yObsIMU 0,98
5. | - KoHnyeckas 0,97
6. | UepBsauHas nepemaya 0,7-0,9
/. | llemnas nepenaya 0,96 — 0,97
8. | [logmmmHuKN KayeHUs 0,995
IToammMNmHUKHN CKOIBKEHUS
9. .
- IpY IPUHYIUTENBHON CMa3Ke 0,985
10. | - mpu oOBIYHOM CMa3Ke 0,98
11. | Kynuca v mosi3yH B HOMIEPEYHO-CTPOTATBHBIX CTAHKAX 0,9

N
N




KYPCOBAA PABOTA IO JUCIHUITVIMHE
«METAJVIOPEKYINUE CTAHKHN»

1. KunemaTuueckuil pacuyer NpuBO/A.

1.1.TTo ucxoaHbIM AaHHBIM (CM. TAOJIHILY) ONIPEACISIOTCS TPAHUIILI TUANa30HOB
pPEeryJaupoBaHus MO YacTOTE BPALIEHUS U KPYTALIEMY MOMEHTY Ha BBIXO/I-
HOM BaJly (IIMMUHIENE).

1.2.BriOuparoTcs mo peKOMEHAAIMsIM METOAUYECKON JIMTEPATYPhl MTapaMeTphl
CTYIEHYaTON TpaHCMHUCCUU (3HAMEHATEIb psAa ¢, YUCIO CTYNEHEH 4acToT
Z). JIns mpuBOOB ¢ OECCTyNEHYAThIM PETyJIMPOBAHUEM ONPEACISIOTCS KO-
JUYECTBO JUANa30HOB MEXaHUYECKOU MOJACUCTEMBI IPUBOJIA C YUETOM Ipa-
HUI[ PETYJIMPOBAHUS YACTOTHI U KPYTSIIETO MOMEHTA 3JICKTPOIBUTATEIICH.

1.3.CocTaBisitoTCS HECKOJIBKO BaPUAHTOB CTPYKTYPHBIX CETOK, BHIOPATh OINTH-
MaJbHYIO0 M JOKa3aTb €€ ONTHUMalbHOCTh. Ha OCHOBE CTpYKTypHOU CETKU
COCTaBUTh KapTUHBI YacTOT (2 — 3 BapuaHTa), BIOpATh ONTUMAIBHYIO Kap-
THUHY 4acTOT (C 0OOCHOBAHHUEM).

1.4.0npenenstoTcs nepeJaTouHble OTHOIICHUS U YKclia 3yObeB Mepeiay Mexa-
HUYECKOW YacTH TPAHCMHUCCHUH.

B mosicauTenpHOM 3ammcke 1Mo pesyiabTaTaM pacuera ohopmisieTcs KHHeMa-
TUYECKasi CXeMa MPUBOJIA MIMUHACHS U TpadUK 4acTOT BPAIIEHUS C YKa3aHUEM Ta-
pamMeTpoB mepeaad (ducia 3yObeB IMIeCTePEH, TUaMeTPhl NIKUBOB, HOMUHAIbHBIC
YaCTOTHI BPAILICHUSI DJICKTPOIBUTATEIIS)

2. CuioBo# pacueT MpuBoja.

2.1.0npenenstorcsl 3HaA4CHUST KPYTAIIMX MOMEHTOB, JNEHWCTBYIOIIMX Ha Bajax
Ha KaXJIOW U3 CTYIICHEN YacTOT BpAIICHUS.

2.2.BpiOnpaeTcss MOIIHOCTh AJICKTPOABHUTATENS (C yU4ETOM MOTEPh B ITOIIHI-
HUKaxX Y mepeaaydax).

2.3.0mnpenensieTcss MOAY/Ib 3y0UaThIX Mepeaad M3 YCIOBHS KOHTAaKTHOW MpPOY-
HOCTHU Y MPOYHOCTH HA U3rU0, a TaKKe JUaMETPbl IPOMEKYTOUHBIX BaJOB
U3 YCIIOBUSI YCTAJIOCTHOM MPOYHOCTH.

2.4.Bp16uparoTcsi THIopa3Mephbl TMOIIAITHUKOB ITPOMEXYTOUHBIX BaJOB W3
YCJIOBUS JOJITOBEYHOCTH W IIMUHJACIBHBIX MOAMIMITHUKOB C YYETOM J0JITO-
BEUHOCTH U KJIacCa TOYHOCTH.

ITo pe3ynbTaTam CUJIOBBIX PACUETOB BBITIOJHSIETCA YEPTEX PA3BEPTKU IO Ba-
JaM KOpPOOKHM CKOpOCTEeH CTaHKa, mpopabdaThiBaeTCsi KOHCTPYKTUBHOE OpopMIleHHE
HIMUHACIBHOTO y3J1a U MPOMEXXYTOUHBIX BaJOB, HAMEYAETCS KOHCTPYKIUS CHUCTE-
MBI YIIPABJIEHUS MEPEKITIOYEHUEM CKOPOCTEH.

JInst BapyuaHTOB 3aJjaHusl, MPElyCMaTPUBAIOLIMX YIPaBICHUE KOPOOKON B aB-
TOMATUYECKOM IIUKJIC, BBIMOJIHSAETCS OOOCHOBAHHME THIIOPA3MEPOB DJIEKTpOMAr-
HUTHBIX MY(]T, TUApOIUIUHAPOB. {715 BapuaHTOB C PyYHBIM YIPABICHUEM BBI-
MOJTHSIFOTCSI TIPOBEPOYHBIC PACUEThl YCHIMK HA PYKOSTKaxX yrmpasieHus. B rpadu-
YECKOM YacTH BBIMOJHIETCA YEPTEK CHUCTEMbl YNPABJICHUS OJHOM W3 mepenay
(pa3pe3 1o opranam ynpaBjieHus).
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TPEFOBAHUS K O®PMJIEHUIO YEPTEXXEHN U MO-
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SACHUTEJBHOMU 3ATIMCKMU.

1. Tlpu odopmieHnun YepTEKEH CileayeT PyKOBOACTBOBATHCS TPEOOBAHUSIMU
ECKJl x odopmiiennio deptexed o0mero Buaa, COOPOUHBIX YEPTEKEH H
pabouunx depTexeil neranu.

2. TpeOoBaHUs K BBHITIOJHEHUIO KHHEMATUYECKUX, DJICKTPUUECKUX U THAPAB-
au4deckoit cxem B cooTBeTcTBUH ¢ ECKII.

[NosicaurensHas 3anucka opopmisiercs mo I'OCT 7.32-81 u conepxut:

TUTYBHBIN IUCT yCTAaHOBIEHHON (DOPMBI;

3aJlaHie Ha KypCOBOE MPOEKTUPOBaHHE (MOJMUCAHHOE UCIOJHUTENEM U
PYKOBOJUTEIIEM MPOEKTA);

COJIepKaHUE;

BBEJICHHUE (C KPAaTKOI XapaKTEepUCTUKON 00beKTa pa3paboTKH);
KMHEMaTU4ECKHUI pacueT NpUBOJa;

CHJIOBOI pacyeT IpUBOJIa;

ONMCAHUE U paCYEThl MEXaHU3MOB YIIPaBJICHUS NEPEKIOYEHUEM;
3aKII0YEHUE (C KPATKOM XapaKTEpPUCTUKOW JAOCTUTHYTBIX PE3YJIBTATOB,
CTENEHU UCII0JIb30BAHNS COBPEMEHHBIX TEXHUYECKUX JOCTUKEHUM);
CIIMCOK HCITOJIb30BAHHBIX HCTOUYHUKOB.

4. Pucynku Tabmuiubsl U (QOpMYJIbl B TMOSCHUTENBHON 3allUCKE HYMEPYIOTCS
CKBO3HON HyMeparuen, (opMylbl U HHBIE CBEICHUS W3 HOPMATUBHOM,
CHpPaBOYHOMN U y4eOHOI TUTEpaTypbl CHA0KAIOTCS CCHUIKaAMH.



Tembl KOHTPOIBHOM 1 KypCOBOM paOOThI MO AUCHUILTHHE « MeTamopexyme

CTaHKN».
[TapameTpsl npuBOIA
1 | | ! -~
== 2. S = Z . =
Ne < A w 5 = 5 0 =
I HanmenoBanue Temsl 5 2 5 = s E Y SR
t = g s o a > 5 = %
O = & o ] O o g =
) 2 5 s 5 s Fe
Q o = = =
IIpoexTupoBanue NpuBOAA TO- Crann, Ts. .
1. | xapHo-BUHTOpE3HOTO cTanka ¢ | 40 — 200 | 25 - 400 0.5*3
op<650 CILIaB
Hepa3JIeJICHHBIM PUBOJIOM
IIpoexTrpoBanue NpuBOAA TO-
KapHO-BUHTOPE3HOT'O CTaHKa C Cranb, Ts.

2. | M@ P 50 — 300 | 30 — 500 0.5*3
HEpa3JEIEHHBIM IIPUBOJIOM U op<650 CILJIaB
JBYXCKOPOCTHBIM JBUTATEJIEM.

TB.
IIpoexTupoBanue NpuBOAA TO- Crais CIUIAB 1
3. | kapHO-peBosbBepHOTO cTanka ¢ | 50 — 400 | 40 — 600 ’ 0.5*5
HEpa3AeICHHBIM IIPUBOJIOM op<650 | OrcTp.
P PHBOJ CTaJlb
Ts.
[IpoekTupoBanue npuBoaa To- Crans CILIAE 1
4. | xapHOro cTaHka-aBTomara ¢ He- | 25—200 | 15-300 . 0.5*3
a371e7IeHHBIM MIPHBOJIOM <900 | ObcTp.
pasl PHUBOJL CTallb
IIpoexTupoBanue NpuBOAA TO-
KapHO-PEBOJILBEPHOTO CTAHKA C Craib, Ts.

5. | <apHOP P 35-300 | 20 - 400 0.5*3
Hepa3JIeJICHHBIM MPUBOJIOM U op<900 CILIaB
JIBYXCKOPOCTHBIM JBUTaTEJIEM.

[IpoekTupoBanue npuBoaa To-
K Ka- a - Craib, Ts.

6. ApHOTO CTAHKa-aBTOMATa C He- | 40 400 | 40 _ 500 B 0.5%5
pa3AeNeHHbIM TPUBOJIOM U op<900 CIjIaB
JIBYXCKOPOCTHBIM JIBUTATEIIEM.

[IpoexTpoBanue NpuBoOAa TO-
7. K;;)HO-BHI:{TOpe’;zHorIZ) CT;[HKa c |15-200 | 10-200 Hyrys, Ts. 05*3
HB<220 | cmnas
pa3JeIeHHBIM IPUBOIOM.
[IpoekTupoBanue npuBoaa To-
8. Kaf;)HO-pell)soanepH(Fro cfaHKa c | 40-350 | 10-240 dyrys, Te. 05*3
HB<220 | cnuas
pa3JesIeHHBIM PUBOIOM.
IIpoexTupoBanue NpuBOAA TO- TB.
KapHO-BUHTOPE3HOT'O CTaHKa C 4 CIUIaB U

9. |XaP P 60-500 | 15-200 | Y™ 05*5
pa3aesIeHHBIM NIPUBOJIOM U HB<220 | OsbicTp.
JBYXCKOPOCTHBIM JBUTaTEJIEM. CTallb
[IpoekTupoBanue npuBoaa To- TB.

10 | KapHO-PEBOJILBEPHOTO CTAHKA C | o5 549 | 50 _ 150 Uyryn, | cmjaBu 05*3
paszieIeHHBIM TIPUBOJIOM U HB<170 | ©OsIcTp.
JIBYXCKOPOCTHBIM JIBUTATEJIEM. CTaJb

25




|
)

paMeTphl IPUBOJA

= b b o =
= S Q. = = S 4w S
Ne < A w 5 = 5 0 =
I HanmeHoBaHME TEMEBI 5 2 5 = s E Y SR
! B 2 s 5 & oS 5 E
O & g ) o o o X
= 5 2 = 55 552
Q o = = >
IIpoexTupoBanue NpuBOAA TO- Crab, Te .
11. | xapHOTO CTaHKa-aBTOMATa C 15-200 | 30 -150 0.3*25
op<650 CILIaB
pa3zieIeHHBIM IPUBOIOM.
[IpoekTupoBanue npuBoaa To-
K Ka- a Craib, Ts.

12 apHOTO CTaHKa-aBTOMAaTa C 50 —380 | 20— 400 B 03*5
pa3AeNeHHbIM TPUBOJIOM U op<650 CIjIaB
JIBYXCKOPOCTHBIM JIBUTATEIIEM.

IIpoexTupoBanue NpuBOAA TO-
KapHO-BUHTOPE3ZHOI'O CTAaHKA C Craib, Ts.

13, | *@P p 25400 | 15— 300 0.7*5
Hepa3JIeJICHHBIM MPUBOJIOM U op<900 CILIaB
JIIBUTaTEJIEM ITOCTOSHHOIO TOKA
[IpoekTupoBanue npuBoaa To-

K - aHK q Ts.

14 ApHO-BUHTOPE3HOI'O CTAHKa C 30 -200 | 20350 YT'YH, B 07*5
paszieIeHHBIM IPUBOJIOM U JBH- HB<170 CILIaB
ratejaeM IOCTOSTHHOI'O TOKa
[IpoekTupoBanue npuBoaa Bep-

Craib, Bbrictp.
15. | TuxanpHO-cBepamabHOTrO cTan- | 10-30 | 5-90 P 0,5*15
op<650 cTaib
Ka.
Ts.
[IpoekTupoBanue npuBoaa Bep- Crans CILIAE 1
16. | TMKaTBHO-CBEPIMIIBHOTO C 10-40 | 5-80 . 0,75* 20
BYXCKOPOCTHBIM JBHUTATEIIEM <900 | GwicTp.
ABYXCKOP a ’ CcTaJIb
[IpoexTupoBaHnue NpuBOaa BEp-
THKAJILHO-CBEPJIMIILHOTO CTaH- Craib, Ts.

17. p 15-50 | 5-90 1% 25
Ka ¢ IBUTATEIIEM IIOCTOSIHHOT'O op<900 CILJIaB
TOKa.

[IpoekTupoBanue npuBoaa ro- Cran, Ts. .

18. | pusoHTANBEHO-(PpE3epHOTO 20-300 | 30 - 240 0,25*5

op<650 CIIJIaB
CTaHKa.
[IpoekTupoBaHnue npuBoaa ro- Crans, Ts. .

19. | pusoHTaNBEHO-(PpE3epHOTO C 5-40 10 -60 0,15*3

op<900 CILIaB
JIBYXCKOPOCTHBIM JIBUTATEIIEM.
[IpoekTupoBaHnue npuBoaa ro- TB.
N30HTAIbHO-(PPE3EPHOTO Yyryn CILJIaB U

20. |P (pesep 10-100 | 10-80 |  YTYH, 0,2*3
CTaHKa C JBUTrarTejIeM ITOCTOSH- HB<170 | ©OsIcTp.

HOTO TOKa. cTaib

26




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CIIUCOK JIMTEPATYPbI

IIpoexTHpOBaHMe TPHUBOJIOB TJABHOTO ABMKEHHSI METAUIOPEKYIIMX CTAHKOB: METOJ.
ykazanus 1 crygentos cnem. 151001 / coct. I'. . KupeeB.— YibsiHoBCK : Yl TV, 2007.
-46c.

IIpoexkTHpOBaHHE TEXHOJIOTHYECKOro MeTaiiooOpabaThiBaroiero obopyaoBaHus: Me-
TOAUYECKHE YKa3aHUs JJI KypcoBOro u nuruioMHoro npoektoB /Coct. H. A. Kyrauii. Xa-
6aposck: U3n-Bo Xabap. roc. TexH. yH-Ta, 2002. 78 c.

Ioasiko A.H., [TapdenoB U.B.Pacuer kopoOok mepesad METAIIIOPEIKYIIHX CTAHKOB C
npumeHerrneM IOBM: - OpenoOypr: TOY OI'Y, 2004. — 43 c.

Tontaps HM.H., Jenncopa H.E.,OOOPMJIEHUE YUYEBHO-KOHCTPYKTOPCKOM
JOKYMEHTAIINN : Metonudeckue i KypcoBOro M JUIUIOMHOTO MPOEKTUPOBAHUS -
ITen3a: U3n-Bo Ilens. roc. yu-ta, 2003. — 86 c.

JIeKTPONPHUBOABI C CHCTEMaMU YHCIIOBOTO IMPOTPAMMHOTO YIIpaBJIEHUs: ydeOHOE MOCo-
oue / coct. B.M. UBanoB. — Yapsguosck: Yal'TVY, 2006. - 152 c.

Kupninn 10.B., lllecrepunnoB A.B. Pacuer n npoekTupoBaHu€ IINHUHIEIBHBIX Y3JI0B
METaJUTOPSXKYIUX CTAaHKOB C OMOpaMH KaueHUs: YdeOHoe mocoOue. — YIIbSHOBCK: YII-
I'TY,1998,-72c¢

HlecrepuunoBs A.B., Kupunann FO.B. [IpoektrpoBanue MexaHU3MOB pyYHOTO yIpaBiie-
HUS KOpOOKaMM CKOPOCTeH M MoJad METAIOPEeKYIIMX CTaHKOB: YueOHoe mocodue. —
Vnesaosck: Yal'TVY, 2002. — 88 c.

JIEKTPONPHUBOJbI C CUCTEMAMH YUCIIOBOTO NPOTPAMMHOI0 YIPABICHUS | METOIUYECKUE
yKazaHus K JJabopaTtopHbIM padoTtam / coct. B. M. UBanoB.YnesHnosck: Yal'TVY, 2007. -
33c.

ABTOMAaTHU3HPOBAHHBIN 3JIEKTPONPUBO/ TUIIOBBIX MTPOU3BOJICTBEHHBIX MEXaHU3MOB: Me-
TOIMYECKHUE yKa3aHWS W 3aJaHusd K KypcoBOW paloTe i CTYACHTOB CIEHUAIBHOCTH
14060465 Bcex dhopm oOyuenust/ coct. A.B. KopooOko.- Yaesaosck: Ynl'TY, 2008.- 87 c.
MamuHocTpouTebHbli ruaponpuson./ JI. A. Konnakos, I'. A. Hukutun, B. H. IIpoko-
¢doeB u np. [lox pen. B. H. [Ipokodrera. M., Mamunoctpoenue, 1978 — 495 c.
Hopumnuanku kavyenns: CrnpaBounuk-katanor /Iloxg pexa. B.H. Hapeimkuna u P.B. Ko-
poctameBckoro. — M.:Mammunoctpoenue, 1984. — 280 c.

CpeminnkoB B.K.Cranouneie ruzaponpuBoas: CrpaBouHuk. — M.MammHocTpoeHue,
1995. - 448 c.

MeTaJjsiope:xylue cTaHKH: Y4eOHUK 711 MAalIMHOCTPOUTeNnbHBIX BTy30B/Ilox pea. B.O.
[Tyma. — M.:Mammnoctpoenune, 1985. — 256 c.

YepnakoB b.HU. Meramiopexymue cTanku: Y4ueOHUK Ui Had. ipod. oOpa3oBanus / b.U.
Uepnakos, T.A. AnsniepoBud. — M.: U3naTensckuii neHTp «Akagemusi», 2003. — 368 c.
OpaoB II.LU. OcHoBbl KoHCTpyupoBanus: CrpaBouHO-MeTOIUYECKOe mMocodue. B 2-x
kH.Ku. 1/ Iloxg pen. I1.LH. YuaeBa. — U3n. 3-e, ucnp. — M.:Mammnoctpoenne, 1988.
—-560 c.

OpJos II.LU. OcHoBbl koHCTpyHpoBaHwus: CrpaBo4HO-METOAMYECKOE mocodme. B 2-x
ka.Kua. 2/ Tlox pen. [LLH. YuaeBa. — U3n. 3-e, ucnp. — M.:Mammnoctpoenue, 1988.
- 544 c.

Koueprun A.M. KoHcTpyupoBaHue M pacueT METAIOPEXKYLIMX CTaHKOB M CTAHOYHBIX
koMIuiekcoB. KypcoBoe mpoekTupoBanue: Y4ebd. mocodue /st By30B. — MH.: Bpim. mik.,
1991. - 382 c.

Mockanenko B.B. Dnektpuueckuit mpuBoa: Yued. mocodbue mis cpea. npod. odpa3ona-
Hue — M.: U1 «Akanemus», 2004. — 368 c.

I'osnoBenkoB C.H., Cuporkun C.B. OCHOBBI aBTOMaTUKH U aBTOMaTUYECKOTO PETYJIHPO-
BaHUS CTAaHKOB C MPOTPaMMHBIM yIpaBieHueM: Y4.. — M.:MammnocTtpoenue, 1988. — 288
c.

Tap3umanos I'.A. [IpoekTrpoBaHre METAIUIOPEKYIIUX CTAHKOB. — 3-€ U3[., Iepepad. u
nomn. — M.Mammnoctpoenue, 1980. — 288 c.

27



CrekonbHKOB Makcum Braaumuposuy

INPOEKTUPOBAHUE ITPUBO/10B
I'/TABHOI'O ABUKEHUSA
METAJUVIOPEXYHIUX CTAHKOB

Meroanueckue ykazaHus K KypcoBoi padbote

OtBeTcTBEHHBIN 3a BRINYCK CTEKOJbHUKOB M.B.
Opurunan-maker CrekoiabHUKOB M.B.

Ilognucano B neyath
dopmar 60x84 1/16. Bymara odcernas. 'apaurypa Times New Roman. ITeuats RISO.
Ob6Bvem Tupax 3aka3 Ne

413100, Poccust, CapaToBckasi 00J1acTh, T. DHrebC, 1. CBoOo kI, 17
OTU (punuan) CI'TY umenu [Narapuna FO.A.



	Энгельсский технологический институт (филиал) федерального государственного бюджетного образовательного учреждения высшего образования

