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1. BBenenue

B Merogudeckux yKa3aHHAX PACCMOTPEHBI  BOIPOCHI  ITPOECKTUPOBAHMS
AJIEKTPOIIPUBOAA MEXAHU3MOB NPOJOJDKUTENIBHOIO W ITOBTOPHO-KPATKOBPEMEHHOTO
pexumMoB  paboTel. OHM TpenHa3HAYeHbl JUIsl CTYAEHTOB, OOYYalolUXCS IO
cnermanbHocTH  13.03.02 «DnekTposHepreTnka W AIEKTPOTEXHUKa» C MpoduiemM
MOJITOTOBKU «DJEKTPOOOOPYAOBAHUE U AIIEKTPOXO3IUCTBO MPEANPUATUN OpraHU3AIHiA
U YUYPESKICHUW» ISl  BBIIOJHEHUS KYypCOBOTO MPOEKTa MO JAUCLMIUINHE
"DNEeKTPUYECKUIN IPUBOA".

Meroanueckue yka3zaHHs ONPEAENSIOT 3ajady, Leild, TpeOOBaHUSA K 00beMy H
COJIEPKaHUIO KYypCOBOTO ITPOEKTA, a TaK K€ YKa3aHHs MO BBIIOJIHEHUIO OTACIIBHBIX
ATANOB NPOEKTUPOBAHUS AJIEKTPOIPUBOAA.

2.3a1a4u U HeJIM BBINOJHEHHUS KypPCOBOIO IMPOEKTA

OCHOBHOI 3aa4eil KypcOBOI'O IMPOEKTA SIBISIETCS OCBOCHHE OCHOBHBIX 3TAllOB
IPOEKTUPOBAHUS aBTOMATU3UPOBAHHOTO AJIEKTPONPUBOAA MEXAHU3MOB, PAOOTAIOIINX
B IIPOAOKUTEIBLHOM U TIOBTOPHO-KPATKOBPEMEHHOM PEXHUME pabOTHl.

LlensiMu BBITTOJIHEHHSI KyPCOBOTO ITPOEKTA SIBISIOTCS:

1. 3akpernsieHue, pacuiupeHue W yriayOlieHWe 3HaHUW B 0OJIACTH MPUHIUIIOB
NEUCTBUSA, CIIOCOOOB TOCTPOEHHUS, METOJOB pacyeTa U  aHaliu3a CHUCTEM
AIEKTPOIIPUBOIOB.

2. Pa3BuTuEe HAaBBIKOB NPUMEHEHMS TEOPETUYECKUX 3HAHUW U1 PEIICHUS
MHXEHEPHBIX U HAYYHBIX 3a/1a4.

3. Pa3BuTHE MNPaKTHUYECKUX HABBIKOB II0 PacyeTy CUCTEM 3JIEKTPONPHUBOJIOB,
YMEHUS M0JIb30BAThCSI TEXHUUECKOM cripaBouHOM autepatypoit, 'OCTamu u ECK/I.

B pabore cTyneHTsl Ha OCHOBE TEXHUYECKOTO 33JaHus, AHAIU3HPYIOT
KOHCTPYKTUBHBIE M TE€XHOJOTHYECKHE OCOOEHHOCTH MCIIOJIb30BAHMS 3JIEKTPOIPUBOIA
3aJJaHHOTO MEXaHH3Ma, BBIOMPAIOT METOJl MPOBEPKU M IMPOBEPSAIOT JBUTATEIb I10
HarpeBy, pPacCUMTHIBAIOT CTATUYECKUE XApPaKTEPUCTUKU M  MEPEXOJHBIE IPOLECCHI,
aHAJIM3UPYIOT OCHOBHBIE CIIOCOOBI  YNpaBJi€HHUS JABUTATEISIMH, pa3padaThIBarOT
OPUHIMIHAIBHYIO 3JEKTPUYECKYI0 CXEMY YIpaBICHUsS] JBUraTeleM, BbIOUPAIOT
YIPaBJISAIOMIME U KOMMYTallMOHHBIE aninapaThl, COCTABIISIIOT IIEPEYEHb 3JIEMEHTOB.

3. OcHOBHBIE TPEOOBAHNS K COIEPKAHMIO U 3a1MTE KYPCOBOI'0 NMPOEKTA

3.1. TemaTuka KypcoBOro npoexkTa

OcHOBHOII ~ TeMOM  KypCOBOrO  MpOEKTa  SIBISETCA  IPOEKTHPOBAHUE
AIEKTPONPUBOJOB  PA3JIMYHBIX MEXAHU3MOB JJIEKTPOTEPMUYECKUX UM  KPAHOBBIX
YCTaHOBOK, KPOME TOTO TéMa KYypPCOBOTO IMPOEKTa MOXKET ObITh CBs3aHa C HAYYHO-



MCCIIEIOBATENILCKOM ¥ DKCIIEPUMEHTAIBHOW pabOTOM CTYIEHTOB 10 OCBOEHHUIO,
pa3pabOTKe M BHEIPEHUI0O B Yy4eOHBIN MPOIECC MAaKETOB COBPEMEHHBIX CHCTEM
yIOpaBJICHUs JIEKTponpuBoiaMu. B mocienneM ciyyae mepedyeHb BOMPOCOB U 00beEM
PacUYEeTHO-TIOSICHUTEIBHON 3alMCKU ONPEIESETCS MIPEno1aBaTeseM.

3.2.cxoaHble JaHHbIE K KyPCOBOMY IIPOEKTY
Vcxoaabie JaHHBIE 1S TIPOSKTUPOBAHUS OTPEACIISIOTCS B COOTBETCTBUU C
BapHAHTOM CTYACHTA U BKIIIOYAIOT:

1. KunemaTtudeckyro cxemy Mexanu3ma ((tadmuma I11.1) u puc I11.2...111.9,
npuioxenue 1).

2. I'paduk cratmueckoi Harpy3Kku Ha Baiy nuratens (puc [11.1. Ta6awma I11.2...1.9,
npuioxenue 1).

3. Tum neuratens (tabmuma [11.2...1.9, npunoxenne 1).

3.3. 3ajanue HA KYypPCOBOii MPOEKT

JIns pacdera SJEKTPONPHUBOJA KaXKIOMY CTYAEHTY BBIIAE€TCS PYKOBOJUTEIIEM
3amanne Ha KypcoBoit mpoekT (IIpumokenue 3). 3amanue oQOpMIIIETCS B OJHOM
HK3EMIUISIPE Ha THUMOBOM OJIaHKE, MOAMHCHIBACTCS PYKOBOAMTEIIEM U CTYIACHTOM U
SABJISIETCA COCTAaBHOM 4YaCThIO MOSCHUTENBHOW 3aluCKU. B 3amaHnu yka3pIlBaeTcsl Tema
IPOEKTa, UCXOJHbIE JaHHbIE K KYpCOBOMY TIPOEKTY M OCHOBHBIE 3aJaud
POEKTUPOBAHMS.

3.4. Conep:xanue u 00beM KypCOBOI'0 MPOEKTA
KypcoBoii mpoekT BKIIIOYAET B ce0s CAEAYIOIIHNE Pa3/Iebl:
1. BBenenue.
2. OmnucaHue yCTaHOBKH M €€ TEXHOJIOTUYECKOTO MpoIiecca,
onpeneneHue 3a1a4 u QyHKIMM, peraemMbIX €€ 3JIEeKTPOIPUBOIOM.
3. PacyeT u moctpoeHue rpaduka cTaTUHYECKOW HArpy3Ku Ha Bajy ABUTATeNs U
BBIXOJJTHOM BaJly ME€XaHU3Ma.
4. IIpoBepka ABuUraTels IO HArpeBy.
5. Pacuer u mocTpoeHHs] €CTECTBEHHOM MEXAHUYECKOW M AJIEKTPOMEXAaHUUYECKOM
XapaKTEPUCTHK JABUTATEIIS.
6. IlocTpoenust nuarpaMMbl peOCTaTHOTO IyCKa JBUTaTelis B JIBE CTYNEHU U
pacuera 3HAYEHUI CONPOTUBIIEHUN IYCKOBBIX PE3UCTOPOB M PEZUCTOPA
JUHAMUAYECKOIO TOPMOKEHUS.
7. Pacuer W mocTpoeHHs TpaduKOB MEPEXOIHBIX MPOLECCOB MO CKOPOCTU H
MOMEHTY MPU IyCKE JABUTATENS B IBE CTYIECHHU.
8. Pa3paboTka cxembl yIpaBJICHHs IBUTATEIEM U ONHMCAHKUE €€ PabOoThI,
9. Bbibop anmapaTypbl CX€MbI YIIPABIECHUS U COCTaBJICHHUE MEPEYHs 3JIEMEHTOB.
10. 3axmouenue. OCHOBHBIE PE3YJIbTATHI IPOEKTA U BHIBOJIBI IO paboTe.
KypcoBoli mOpoeKT JOIKEH COAEpKaTh PACUETHO-TOSACHUTENBHYIO 3aIUCKy
obveMoM 25-30 crpanurr dpopmara A4 (297 x 210 mm) ¢ rpaduyueckoi 9acThio Ha 2-yX



muctax ¢opmara A3. Ha ogHoM mmcte pacmosnaraercs rpaduk CTaTUYECKOW Harpy3Kd
Ha WCIIOJHUTEIBHOM OpraHe pabodero MexaHw3Mma, IyCKOBas quarpamMma M Tpaduku
NEPEeXOJHBIX MPOIECCOB, HAa BTOPOM JIUCTE PACHONAralOTCs — DJIEKTpHUYecKast
NPUHIUITHATBHAS. CXeMa yIPaBICHUS dJCKTPOIIPUBOIOM U TIEPEUCHb JIEMEHTOB K HEH.
(ITepeyenp >7MEeMEHTOB MOXET OBITH BBHITIOJHEH Ha OTACNBHOM jucte Gopmata A4 u
BKJTIFOYCH B TIPUJIOKCHUE K TOSICHUTEIBHOM 3aMKcKe).

3.5. Jtanbl paboThl HAJA KyPCOBBIM MPOEKTOM

KypcoBol MpOeKT COCTOUT U3 CIEIYIOIIUX ITAIOB:
1.0Onucanrie HazHayeHUS U (PYHKIMOHUPOBAHUS OOOPYIOBAHMS, B COCTaB KOTOPOTO
BXOJIUT  3afJaHHBIA  anekTpornpuBoA. OrmpeaeneHue  3afad, pPEIMIAEMBIX  €ro
AIIEKTPOTIPHUBOIOM.
2.Pacyer u mocTpoeHue rpaduka CTATHUECKOW HArpy3Kd Ha Bally JBUTATeNs U
BBIXOJHOM BaJly MEXaHHU3Ma.
3.Pacuetr MmomHOCTH JBUTaTENs U MPOBEPKA 110 HATPEBY.
4. PacyeT W TMOCTPOCHHME €CTECTBEHHBIX MEXAaHUYECKOW M 3JIEKTPOMEXaHUUECKOH
XapaKTEPUCTHUK JBUTATEIIS.
5.IlocTpoenne auarpamMmbl PeOCTaTHOrO IIyCKa JBUTATeNss B JIBE CTYNEHH U pacyeT
COTIPOTUBIICHUI IMYCKOBBIX U TOPMO3ZHOTO PE3UCTOPOB.
6.Pacuer u moctpoeHue rpauKoOB IMEPEXOAHBIX MpoieccoB o(t), M(t) mpu mycke
JIBUTATENS B IBE CTYICHHU.
7.PazpaboTka cxembl yOpaBJICHHS JIBUraTejeM, OIMNHCaHHE €€ padoThl, BHIOOP
anmapaTypbl U COCTABIICHUS TIEPEYHS DJIEMEHTOB.
8. OdopmieHue KypcoBOro MpOeKTa.
9. IlpencraBieHne MpoeKTa Ha 3aKIIOYCHUE PYKOBOIUTENIO M PEICH3UIO APYroMy
MpernoaaBaTelto Kageapsol.
10. [ToaroToBKa qOKJIaaa M 3alIKUTa KYpPCOBOTO MPOEKTA.

3.6. 3ammTa KYpCcoBOro npoexKra

[lepen 3ammToit K yKa3aHHOMY B 3aJaHUM CPOKY CTYJICHT TPEICTaBIsSET
MOSICHUTEIBHYIO 3aITUCKY KypPCOBOTO MPOEKTAa HA 3aKIIOYCHUE PYKOBOJMTEIO. 3amicKa
K KypCOBOMY IPOEKTY TMPEICTABISACTCS PYKOBOAMTEIIO TOJHOCTHIO O(DOPMIICHHOM!,
MOAMUCAHHON CTYICHTOM C YKa3aHHEM JIaThl.

PykoBoauTens mpoekTa J1aeT MUChbMEHHOE 3aKIIOUEHHE C aHAJM30M BBITIOJHEHUS
3alaHusl M TpeOOBaHWU K O(QOPMIICHUIO TPOEKTa, JeJaeT BBIBOJA O BO3MOYKHOCTH
JIOITyCKa CTYJCHTA K 3allUTe MPOCKTa. 3aKII0UYCHUE TTOAMUCHIBACTCS PYKOBOAUTEIICM U
BO3BPAIAETCS CTYJICHTY.

Ecnu pykoBoauTenb mpoeKTa cliesiaeT BEIBOJ O HEBO3MOXKHOCTH JIOMyCKa CTY/ICHTA
K 3alIUTe KypCOBOTO MPOEKTA, MOCICIHUNA 00s3aH UCIIPABUTh MPOEKT B COOTBETCTBUU C
3aMCYAHHMSIMU PYKOBOJUTENIS, U TPEJCTABISACT MOSCHUTEIBHYIO 3alMCKy Ha PEICH3HI0
napyroro mpenojaBarens kadenpsl. [Ipy MoAroToBKE K 3alIMTEe KYypCOBOTO TMPOEKTA
CTYJICHT aHAIM3UPYET 3aKIIOUEHUE pPEIEeH3eHTa C YYeTOM 3aMEuyaHWi, COCTaBIISET



JOKJIaa JjIsl 3alUThl MPOCKTA, pacCUMTaHHBIM Ha 2-3 MuH. B mokimane nomkHa OBITH
chopmynupoBaHa MOCTaBIICHHAs MEpe]l CTYJIEHTOM 3a/laya, OCBEIICHBI IMTyTH U METOJIbI
€€ pelIeHus, MOTYyYEHHbIE PE3YJIbTAaThl; OTMEUEHbI OPUTMHAIBLHBIE MECTa BHIMOJIHEHHOM
pa3pabOTKH, OCOOCHHOCTU CXEMHBIX PEIICHUH, MpakTUYecKasi lIEHHOCTh yCcTpoiicTBa. B
3aKJIIOYEHUE JIOKJIaja JlaeTcsd OTBET Ha CJIeJaHHBIE 3aMEYaHUsl MO COJACPKAHUIO U
0(OPMIICHUIO MPOEKTA.

3amura NpoeKkTa MPOBOJUTCS Mepe]] KOMUCCHEN B COCTaBe PYKOBOJUTENS MPOEKTa
Y 4JICHOB KOMHUCCHH, HA3HAUYEHHBIX pelIeHueM Kadeaphl.

[Tocne nokmana CTyJeHT OTBEYAET Ha BOMPOCH! WICHOB KOMUCCUU TIO COJCPKAHUIO
mpoeKkTa MU OOIIeTeopeTHueckoMy MmaTepuany. [Ipu BBIBOJE OIIGHKH YYUTBHIBAIOTCS
KayeCTBO BBITIOJHEHUS MPOEKTA U JOKJIA/1a, YPOBEHb 3allUThI TPOEKTA.

CryneHT, HE CyMEBIIMM 3alUTUTh CBOM MPOEKT Iepell KOMHUCCHEM, ITOIydaeT
HEYJIOBJIETBOPUTEIBHYIO OIEHKY. [Ipr 3TOM KOMUCCHS HA JHCTE 3aKIIOUYEHUS H3J1aracT
MOTHUBBI CBOEIO PELICHUS U MPEUIOKEHUS MO JOpabOoTKe KypCOBOTO MPOEKTa WM IO
BbIJladye HOBOTO 3a7aHusd. K MOBTOPHOW 3aluTe CTYAEHT AOIYCKAeTCs JUIIb I0CIE
N0pabOTKM MPOEKTa WM BBINOJIHEHHWS HOBOM M COOTBETCTBYIOIIETO 3aKIIOYCHMUS
PYKOBOJUTEIIS.

4. MeToau4yeckne yKazaHus K padoTe Ha/l KypPCOBBIM NMPOEKTOM

4.1. IlnaH MOCTPOEHUSI M COJEpP:KaHUE Pa3/ies OB MOSCHUTEJbHON 3alIUCKU K
KYPCOBOMY NPOEKTY

PacueTHo-nosicCHUTENbHAS 3alIMCKa JOJIKHA COJIEPKATh:
1) TUTYIBHBIN JTUCT;
2) aHHOTalUIO;
3) 3a1aHre Ha KypCOBOM MPOEKT, MOJMUCAHHOE CTYJEHTOM U PYKOBOJMUTEIIEM;
4) conepxaHue;
5) BBeIeHUE;
6) pacueT cTaTHYECKOIl HArPY3KHM HA BBIXOJHOM BaJly WM TOCTYIATEIBHO JBUKYIIEMCS
AIIEMEHTE KHHEMATUYECKON CXEMbI MEXAHU3Ma,
7) IpOBEPKY ABUTATEIS 110 HATPEBY;
8) pacuer eCTeCTBEHHOH MEXaHMYCCKOW M JJIEKTPOMEXaHHYECKOH XapaKTePUCTHK
JBUTATEIIS
9) mycKOByH JuarpaMMy W pacdeT CONPOTUBJICHUI IYyCKOBBIX W TOPMO3HOTO
PE3UCTOPOB.
10) pacuer nepexo HbIX MPOIIECCOB MPH MYCKE IBUTATEIIS B JABE CTYIICHHU.
11) pa3paboTKy HNPUHLMIHAIBHOM CXEMbl YINPABIECHUS DSJIEKTPONPHUBOIOM, BBIOOD
AJIEMEHTOB, ONIUCaHUE PabOThI CXEMBI, IEPEUYEHb FTIEMEHTOB,;
12) 3akntoueHue;
13) crucok UCToNb30BaHHBIX JTUTEPATYPHBIX UICTOYHHUKOB,;
14) npunoxeHus.



4.2. MertoauyecKkue YKAa3aHMsl 10 BbINOJHEHUI0 OTAEJbHBIX Ppa3ejioB
KYPCOBOIO IIPOEKTA

4.2.1. PacueT MOIIHOCTH U MPOBEPKA JBUTATEJIsl 110 HATPEBY.

Pacuer MOIIHOCTH  JJIEKTPOABUTATENIEW MPOU3BOAUTCA IO HArpy304HBIM
auarpaMmam-rpagukaM HM3MEHEHMs Harpy3kd Ha pabodyeM opraHe, KOTOpBIM IpH
M3BECTHBIX MapaMeTpax KMHEMaTU4YECKOW LIETIH MPUBO/Ia MOXKET ObITh IIPUBEEH K BaJly
JBUTATENS U NPEJCTaBIsIeT cOO0N rpaduk M3MEHEHUsl CTaTUYECKOW Harpy3kH Ha Bally
neuratens. [Ipu OonbIIMX MOMEHTaX HHEPLUUY MEXaHW3Ma U JBUTATElls, YACThIX ITyCKax
¥ TOPMOJKEHUSX JBHUTaTelss rpaduK MOJHOW HAarpy3KH HA Bally JIBUTaTelNs BKJIIOYAET B
ceOsl CTaTMYeCKyl0 M JUHAMUYECKYI0 COCTABIISIONINE M MOXET CYIIECTBEHHO
OTJIMYaThC OT TpauKa CTAaTUYECKON Harpy3kd. B sTom ciydae mNpou3BOAST
MIpEeABAPUTENBbHBIN BBIOOP JBUraTENs MO MOIIHOCTU C TOCIEAYIOIEH MPOBEPKOM €ro 1o
HarpeBy.

B 1aHHOM KypcOBOM MpOEKTE€ THUI ABUIATeNd 3aJaH U ONPENEIICH 3aJaHuEM,
[O3TOMY 33Jlaua COCTOUT B MPOBEPKE JBUTATENS 110 MEPErpy30uHOIl CIIOCOOHOCTH U 1O
HarpeBy. s 3TOro HaJxo Mo UCXOAHBIM JAHHBIM IIOCTPOUTH HArpy304YHYIO IHArpammy
Ha BaJly JBUTATeNsl M BBIOpAB METOJ MPOBEPKH ONPEAEIUTH, MOAXOAUT JH 3alaHHBIN
JBUTATENb 1O HarpeBy. lIpu 3TOM cienyer cunrTarh BpeMEHa MEPEXOJHBIX MPOLECCOB
OpU IYCKE U TOPMOKEHUM 3HAUUTEIbHO MEHbBIIE OCHOBHOTO BpEMEHH padOThI
JBUTATENSl, T.€. HAarpeBOM JBUIaTelld BO BPEMS IEPEXOAHBIX ITPOLIECCOB MOYKHO
npeHeopeyb.

Pa3nuualoT TpU OCHOBHBIX PEKMMOB NPHUBOJIOB: MPOJOJIKUTENbHBIA, MOBTOPHO-
KPAaTKOBPEMEHHBIN Y KPATKOBPEMEHHBIM.

B mnpopo/ukuTenbHOM pexxuMe paOoThl JBUTATENb 3a BpeMs paldOThl MOJ
JNEUCTBUEM TNPOTEKAIOUIMX MO €ero OOMOTKaM TOKOB YCIEBAaE€T HArpeThCcs 10
ycTaHoBUBLIEHCs TeMiiepaTypsl. [Ipu rpadukax Harpy3ku Ha paboyeM opraHe BUa puc.
4.1. HOMUHAJBHYIO MOIIHOCTb JIBUTATENIS CIIEyeT BEIOUPATh MO COOTHOLIECHUIO
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B IIPOJIOIKUTETILHOM PEKUME PAOOTHI B IIPOJOJKUTEIFHOM PEXUME PabOThI



ITpu rpadukax Harpy3kud Ha pabouem oprane P = f(t) Buma puc. 4.2, xorma
MOYET OBITh BBIJICJICH IIUKJI, 10 UCTCYCHUH KOTOPOTO XapaKTep Harpy3KH MOBTOPSAETCS,
UCIIONIB3YETCSl  METOJ OSKBHUBAJICHTHBIX CPEAHHUX TIOTEPh, COTJIACHO KOTOPOMY

PaCCUYUTBIBAIOTCA 9KBUBAJICHTHBIC CPCAHUC ITIOTCPHU 3a BPCM:A LTUKIIA T]_[ 1o (1)OpMy.TIC§

i
U CPaBHUBAIOTCA C HOMHHAJIBHBIMHU IIOTCPAMU BBI6I/IpaeMOFO ABUT'aTCIIA. HpI/I 3TOM
HdOJI2)KHO OBITH BBIIIOJIHEHO YCIIOBHUC:

APy < APy (4.2)

3I[CCB HOTCpI/I B HOMUHAJIBHOM pe)KI/IMG HpH KOB(b(bI/IHI/IeHTe TTOJIC3HOT O ,Z[Gf/iCTBI/IiI
OHpe,Z[eJBI}OTCH KaK:
1—n
H
APy = Py——.
M
HOTepI/I B MaAIIMHE ACIIATCA HA ITOCTOAHHBIC k, HC 3aBUCAIIIUEC OT HanyBKI/I, nu
HepeMeHHme U, 3dBUCAIIINEC OT Hany3KI/I. B HOMHWHAJIBHOM peH(I/IMe pa60T1>12

APy =k +uy. (4.3)
Jlist nBUraTesneil moCTOSIHHOTO TOKa.:

Uy = I2gRy, (4.3)

JI71st BBIYKCIIEHHST SKBUBAJICHTHBIX CpeHuX moteps APcp ciieyer BBIYNCIUT 3HAYEHUE
MOCTOSIHHBIX TTOTEPH:
k = APy —uy,

MOCTPOUTHh TpadUKU M3MEHEHHs 3a UK TOKa SIKOPS, €CIM BHIOMpAeTCsl JBUTATEIb
MOCTOSIHHOTO TOKa, WM TpaduKd HW3MEHEHHs TOKa pOTOpa, €CIH BBIOMPACTCS
ACHMHXPOHHBIN JIBUTaTeb. 3aTEM BBIYUCISIOTCS MEPEMEHHBIC TIOTEPU MPH KAXKIOM 1-M
3HAYCHUU MOIIHOCTH U TOKA.

Jli1st nBUTaTene moCcTOSIHHOTO TOKA:

;= I3, Ry;

Torma AP; =k +u;; mno (4.1) paccuntsiBactcst APp u B coorBeTcTBUM C (4.2)
BBIOUPACTCS AJICKTPOIBUTATEIH 1O MOIITHOCTH.

B ciydasix, korzma fTMHAMHYECKUE HArPy3KU Ha Bajly JIBHTATENsl 3aAMETHO BIUSIOT HA
BUJ HArpy304HOH JWarpamMMmbl, IIOCTPOGHHOW JIsi  CTaTUYECKUX  HAarpysok,
MPOU3BOJIUTCS TIPEABAPUTEIHHBIA BBIOOP ABHTATENs 1O CPEOHHM 3a paboddid UK
3HaueHusIM MoMeHTa M¢ cp wimu MotHOCTH P cp CTaTHUYECKOM HATPY3KH:

k T
Mi = lMeo =22 ) Mat,, (44)
1 i+1
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k n
PyzloPo =7 ) Pt (45)
i

i+1
rae k. = 1,1 + 1,3 — xosdduimenT 3anaca, yauThIBaOIINI AMHAMAYECKHE HATPY3KH;

M¢;, Po; — marpysku Ha Bairy ABHTaTells HA i-M HHTEPBAJIe.

B03MOKHO TakKe HCIIOJIb30BaHME METOJa SKBUBAJICHTHBIX BEIUYHH C yYETOM
k03 durrenTa 3amaca ;.

[IpaBWIBHOCTE BBIOOpA IBUTATENS MO MOIIHOCTH YCTAHABIMBACTCS IPOBEPKOM
JBUTATEIIS [0 YCIIOBUSAM HArpeBa, KOTOpasi IMPOBOIUTCS METOJOM CPEIHHUX MOTEPh WITH
©oJiee IPOCTHIMU METOIaMH YKBHBAJICHTHBIX BETUYHH.

[Ipy HeW3MEHHBIX B TMporecce pabOThl JBUTATENs] COMPOTUBICHHUAX OOMOTOK
MOXKET OBITh MPUMEHCH METOJ SKBHUBAJICHTHOTO TOKAa ISl HArPY30YHOM JuarpamMMbl
JIBUTATEIIS C YIETOM JUHAMUYICCKUX HATPY30K.

Bty + 0t + -+ 12,

I = 4.6
; - (46)
VYcaoBueM NpaBUIIBHOCTH BBIOOpA ABUTATENS Oy IET:
L=l (4.7)

3I[CCB Iﬂ — TOK JAKOPA ABUTATCIIA ITOCTOAHHOTO TOKA

13 GopMyJIbl SKBHBAIEHTHOTO TOKa {3 TIPH MIOCTOSIHCTBE TIOTOKA JABUTATEISI MOYKET
OBITh MOJYYEHO YPABHEHUE IKBUBAJIEHTHOI'O MOMEHTA!

Mt + Mit,+ -+ M2t
M, — (1 2 n'n 48
; o (48)
YciaoBuem IMpaBUJIBHOCTHU BI)I6paHHOFO ABUIaTCJIA IIPHU 3aJdHHOM MOMCHTC Ha €To0
Bay Oyner:

My < My (4.9)

[Ipu xKecTKMX XapaKTepUCTHKAX ABUTATENs, KOT/Ia €ro CKOPOCTh MO JIEUCTBUEM

Harpy3ku U3MEHSETCS HE3HAYUTEIbHO, T. €. MOXKHO NPUHSATH (3 = €ONST U3 ypaBHEHUS
4.8 nis My cnenyer ypaBHEeHHE S5KBHBAJCHTHON MOIIHOCTH:

Pit,+ Plt,+ -+ P2t

Py = : 4.10
3 T (4.10)
B arom citydae ycinoBue npaBHUIIbHOCTH BBIOPAHHOTO JBUTATEINS Oy/I€T:
Py Py. (4.11)

Ecnu BbIOpaHHBIN ABUTaTeNb HE YJIOBIETBOPSIET YCIOBUSAM HarpeBa, CIEayeT
BbIOpaTh Onumkaiiiiee, Oosblllee 3HaY€HWE MOLTHOCTH HOBOT'O JBUTATEINsI M MOBEPOUHBII
pacyeT MOBTOPUTb.
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[Ipu yacThIX MycKax WM OCTAaHOBKAxX JBUTATENS, a TAKXKe MPH JUIUTEIHLHOW padoTe
ero B 00JIACTM HHU3KHUX CKOpOCTEW B 3HAMeHaTelssxX BhIpaxkeHuil (4.6), (4.8), (4.10)
BBOIAT MHOXUTENb £ << 1, yunTeBaromuil yxXyAlICHHE YCIOBHH  OXJIaXKICHMS
JIBUTATEIICH.

[Ipy KpaTkoOBpeMEeHHOM pexkuMe 3a BpeMs pabOoThl JIBUTATENIh HE YyCIEBaeT
HarpeThCs /10 YCTAaHOBMBIIIEHCS TEMIIEpaTyphl, a 3a BpeMs May3bl YCIEBAET OCTHITH JI0
TEeMIIEpaTyphbl OKpYy’Karollel cpeanl. PekoMmeHayeTcss BbIOMpaTh JABUTATENN M3 CEPHH,
npeaHa3HAYCHHOM TS HOPMHUPOBAHHBIX 3HAYCHUH POAOJIKUTEITLHOCTH
KPaTKOBPEMEHHOTO pexuma tx, cocrapmstommux 15, 30, 60, 90 mun. B karanorax
IPUBOMATCS  3HAYCHHWsS]  MOIIHOCTH IPH  KPaTKOBPEMEHHOM  pexume  Fgp,
COOTBETCTBYIOIIME HOPMHPOBAHHOMY 3HadeHHIO BpeMeHH paboTel tx u KIIJI npwm
KpPaTKOBPEMEHHOM PEXHUME Mgp. OTH JABUTATEIM MOTYT OBITh HMCIIOJB30BaHBI M B
IPOJOJDKUTEIBHOM pEKUME pabOThl IPH  CHIDKEHMH MOIIHOCTH 10 Fpp o
COOTBETCTBYIOIIEM IPOAOIDKMTENLHOMY pexumy padotTel KITJI Myp. 3Hauenus Ppp u
Np TAKXKE MPUBOJSITCS B KaTajlorax.

[TocnenoBaTenbHOCTh BHIOOpPA MOIIHOCTU JABUTATENS U MPOBEPKU €r0 MO HArPeBY
IIPU KPATKOBPEMEHHOM pekuMe paboThl cieayromas. [Ipu 3agannomM rpaduke Harpy3Ku
10 U3BECTHBIM 3HAYCHUAM Harpysku Mygp u Bpemenu pabotsr tp (puc. 4.3) BeIOUpaeTCs
JIBUTaTellb, yAOBJICTBOPSIONIUNA YCIOBUSAM MEPETPY3KU:

MKP e
Y, P£2 = 2,5,

XmH — HOMHUHAJIbHBIA MOMEHT ABUI'aTCJIA B ITPOAOJIZKUTCIIBHOM PCIKUMC

HII
P
rie My = 7
paboTHI.
ACWHXpPOHHBIE, KOPOTKO3aMKHYTHIC JBHUTaTEIIH JOJKHBI YIOBJICTBOPSITH TAKKE
yenosuam mycka Mpp = Myp, rne Mpp — myckoBoit MoMenT aBurares.
3arem ¢ ucnoib3oBaHueM (Gopmyn ans Beipakenuit (4.3, 4.3') paccuuTbiBaeTcs

ko3 puimeHT norepp @ = k/uH, CTpOATCA TpapUKU CTATUYECKUX XAPAKTEPUCTUK H

MEPEXOIHBIX MPOIIECCOB M YTOUHEHHAs HArpy304yHas AuarpaMmma Buja puc. 4.4.

M M
7
/\Z(p M(ﬂ
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Puc. 4.3. I'padux Harpy3ku Puc. 4.4. I'paduk Harpy3ku npuBoaa
IPUBOJIa B KPATKOBPEMEHHOM B KPaTKOBPEMEHHOM PEXHUME padOThI
pexume padoTh C YYETOM Tpoliecca mycka

[To dopmyne (4.8) paccuuTbiBaeTCs 3HAUCHHE SKBUBAJIEHTHOTO 33 BpeMsl pabOThI
MomeHnta Mj, 3aTeM ompeaensroTcs MOTEPH MOIMHOCTH IS MPOJOJKUTEILHOTO H
KPaTKOBPEMEHHOT'O PEXXKHUMOB pa0bOTHI:

1— 1—
APpp = Py~ M. pp _p =K (4.12)
14 My
u HOCTOHHHOﬁ BpeMeHI/I HaneBa JABHUI'AaTCIIA.
T, = 'k
= AR
NAP, — AP

PaccunThiBaeTCs MOMEHT JABUTATEINSI, ONMPEACIISIONIUNA TOMYCTUMBIA HAarpeB €ro 3a
BpeMsi pabOTHI:

£
l—e_K‘;TH

Mﬂ,OHﬁP=MH (ﬂ"‘ 1) —da.

1— e_tP‘#TH

JlBuraresns BBIOpaH NpaBUIIbHO, eCl Myqn,, = M;. B poTHBHOM citydae ciexyer

BBIOpATh JBUratTeib OJsivkalieil Oojblledl MOLIHOCTH W TOBTOPUTH MPOBEPOUHBIN
pacyer.

B moBTOpHO KpaTKOBpEeMEHHOM pe:kuMe padoThl IBUraTelb 32 BpeMs pabOThl HE
yCIEBaeT HArpeThCs 10 YCTAHOBUBLIECICS TEMIIEPATyphl, a 3a BpeMs May3bl HE yCIEBAET
OCTBITh JI0 TEMIEpATypbl OKpyxaromieil cpenpl. Harpy3zounas auarpamma st
MOBTOPHO-KPATKOBPEMEHHOTO peKuMa MpuBe/ieHa Ha puc. 4.5.
M M »

'

't

o Tl el ol b | B | T

Ty

Puc. 4.5. I'paduk Harpy3ku MpuBoia B TOBTOPHO-KPATKOBPEMEHHOM pEXUME PabOThI
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3mech {p — Bpems paboTsl aBuratens; iy — Bpems mays; I = fp + I — Bpems
IIMKJIa, KOTOPOE MPHU MOBTOPHO-KPATKOBPEMEHHOM PEXHMME He TOJHKHO MpeBbimaTh 10
MuH. [IpOJ0IKUTEIBHOCTD BKIIFOUCHUS IBUTATENS, B ITpOIeHTax ( %0):

Tp
[IB = T_ - 100%
i
B karanorax NpHBOAATCS JaHHBIE JBUTaTelel, MpeaHa3HAYeHHBIX JUIS paboTHl B

MOBTOPHO-KPAaTKOBPEMEHHBIX ~ pEeXHMax IMpu  cTaHAapTHbIX 3HadueHusx [IBcr,
coctaBisronux 15, 25, 40, 60 %. Ilpu [IB-r=100% nBurarens mpeaHasHayeH IS
POJOJKUTEIBHOTO peKuMa paboThI.

3arem ompexaensercs mo Gopmynam (4.6, 4.8, 4.10) 3a Bpems pabOThI, HCKITHOYAs
BpeMs T1ay3, SKBUBAJIICHTHbIE BeIUYUH BUA | umu My umm Ps. [pu atom rpadux puc.
4.5 npuBOIUTCS K BUY puC. 4.6.

" M M
W
| \
[ \
[ \
| \
\ \
o
I Tl 4 7
A In
Ty

Puc. 4.6. DxkBUBaNeHTHBIN rpauK Harpy3Ky MPUBOJAA B IOBTOPHO-KPATKOBPEMEHHOM
pexume padoThl

Omnpenensercs pacyeTHas MPOJOIIKUTEIBHOCTD BKITIOUEHUS, %0 :
lp
HBPRCT'I = ° 100%
Ip+ 1
PacueTHblie 5KBUBaJIGHTHBIE BEJTMYUHBI IPUBOJSTCS K CTaHAApTHOMY 3HaYeHHIO [1Bcr
o popMyIiam:

HBPAC‘-I
PCP P PE‘ HBCI‘ '

HBPACT-I
MCT P ME‘
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h

HBPAC‘I
By '

[Tposepsiem aBuratens 1o HarpeBy, mist [IB- =100%, mo ogHOMY U3 yCIOBHIA:

My = Mcyp,

Py = Pery,

Iy =17y,

[Tpu HEOOXOAUMOCTH (TIPH YUETE MEPEXOIHBIX MPOIIECCOB) CTPOATCS rpaUKU HArpy3KU
OpUBOJA C YUYETOM IEPEXOAHBIX IPOLECCOB. 3aT€M METOJaMH CPEIHUX NOTEPh WM
HKBHUBAJICHTHBIX BEJMYUH MPOBOJIUTCS MPOBEpPKA JBUTATENS MO yCIOBUSM Harpera. B
HAallleM ciIy4ae POBEpPKa SBIIETCS OKOHYATENIBHOM.

bonee moapoOHO MeTonbl BBIOOpA JBHrareieil Mo MOIIHOCTH M IPOBEPKHU IO
HarpeBy U3JIOKEHBI, Hanpumep B [1].

4.2.2 TlpuMepsbl BbINOJHEHNUS OTIEJbHBIX Pa3/iesioOB pacyera
Ilposepka oeuzamens no nazpeay.
JlaHHast MPOBEpPKA OCYIIECTBIISECTCS C YYETOM UCXOIHBIX TAHHBIX:

HUcxonnble nanHbIe Tabmuma 4.1.
Bapu-|  Tun Py, | N [ Mi| My | Ms| My [Ms |1, |1 B3, |ts|ts,| 6,
aHT |asurareis |KBT|o0/mMuH| My | My | My | My | Mg |c|c| c |c|cC]| ¢
16 |2IIH160L | 6,3 | 1000 {10 O (06| 1,2 | 0,3 |80(40{100{40|0 (340
71 H 760 [
L 7
¥4
2

Pucynox 4.7. Pactmudposka o6o3nauenus auratens 2ITH160L
1 — Ha3BaHue cepuu, BTOpasi CEpHsi MAIIMH MOCTOSTHHOTO TOKa;
2 — ICTIOJTHEHUE TI0 CTI0C00Y 3amuThl, H — 3amuiennoe ¢ caMOBEHTHIIAIINEH;
3 — BBICOTA OCH BpAIlICHHUS,
4 — ycrioBHOE 0003HAaYEHHUE JJIUHBI CEp/IeYHUKA aKops, L — Gonpiias qivHa.

. CipaBounble nanubie asuratens 2ITH160L Tabauma 4.2
n, oo/MuH Rosw, Ipu 15°C, OM
Prows | Uyows | mom. | makc. | 7,% | skops | nobas. | Bosoymm. | J, KM
kBT B HOJIIOC.
6,3 220 | 1000 3000 | 815 0,278 0,196 87,6 0,1

Ilocmpoenue nazpy30unoit ouazpammol.
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I[JIH 3TOTO paCC‘—II/ITLIBaeTCH HOMHHaHBHBIﬁ MOMCHT Ha Baﬂy JABHUI'ATCIIA.
M, = 9550- = — 9550. 2 _ 60,2 H-m
T, 1000
HO HOMI/IHaJ'IBHOMy MOMeHTy OHpeI[eJ'ISHOTCH 3HAYCHHUII MOMCHTOB B paBJII/I‘-IHBIC
MHTEPBAJIbI HATPY304HOU THArPaAMMBI:
M,=10-M,=10-602 =602 H - m
M,=0-M,=0
M,=06-M, =06 602=361H m
M,=12-M,=12-602=722H-m
M.=03-M,=03-602=181H m

[Io monmydyeHHBIM 3HAYEHUSIM MOMEHTOB M COOTBETCTBYIOIIMX MM BPEMEH U3
Tab.4.1. cTOUTCS Harpy304Has [uarpamma

M Hm
90 +
80 1 M,
70 ¢
60
50 ¢
40 ¢ M,
30 |
20 ¢
10

o
Sk

f, f,

—

|
I
|
|
ot
0120 80120 22‘0 60 360 440 520 600 fc
1 ] :

—

Pucynok 4.8. Harpy3ounas nuarpamma JBUraTesis

B nanHOM KypcOBOM MNpOEKTE IBHUIaTeNlb YXKE€ 3aJlaH, MO3TOMY I10 HArpy304HOU
qyarpaMMe ONpPENEIeTCS KBUBAJECHTHBIA MOMEHT M CPAaBHUBACTCS €ro 3HAYECHUE C
M3BECTHBIM HOMUHAJIBHBIM MOMEHTOM.

OcyiiecTBUM  MPOBEPKY JBHUratTeisi IO HarpeBy, HCHOIb3YyS  (OPMYIIbI
DKBUBAJICHTHBIX BEJINYVH.

JI1s1 5TOrO CTPOUTCS HIKBUBAJICHTHAS HAIPY304YHAsl AMarpaMma puBoja;
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M Hm

90 ¢ f f
80+ M,
70 +
60
50 +
40 1
30 +

M;

\ g

2 g

10 |

AAALAAAALA
00— 9009 ¢

020 80 180220 280 360 440 520 600 fc

f? f} f; ]L_s*fz -

r

U

~— T—

Pucynok 4.9. DxBuBaNieHTHAsI Harpy304YHasi JUarpaMMa JIBUTATEIsI

[Io SKBUBaJIECHTHOM HArpy304YHOW JIHArpamMMe€ pPacCUUTHIBACTCS SKBUBAJICHTHBIN
MOMEHT Ha BaJly ABUTATEIS JJIsl BpeMeHU paOoThl auratess tp mo hopmyre:

MIt, + M2t + Mlt,
M3 ==

&y

e t,=t, + ty+ ¢, =80+ 100+ 40=220¢

_ 60,2280+ 36,1%2- 100+ 72,22 - 40 _ 53246 H
= 220 R
Onpenensiercs pacyeTHast IPOJOKUTENBHOCTD BKIKOUEHUS, Y0 :
lp
IIB = - 100¢9
R T &
e t, =1t +1;+1, =80+ 100+ 40=220c¢
in=t;+1,=40+340=380¢c
1B __ 20 100% = 36,67%
PACY T 220+ 380 PR

Jlanee HEOOXOIWMO TIPUBECTH pACUETHBIE JKBUBAJICHTHBIE BEIMYUHBI K
cTtaHgapTHoMy 3HaueHuto [1B (ctangapTHOE 3HaUY€HHUE TPOIOKUTENLHOCTH BKIKOUEHHUS
[1Bcr npuaumacetcs paBubiM 100%):
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B 36,67
P2 53,46 —3237

Moy =My [—t
TP U B 100

[TpoBepsieTcst YCIOBUE MPABUIILHOCTH BBIOOPA JBUTATEINS 10 HATPEBY:
My >Mcrp
60,2HMm >32.37Hm™m

Ycnosue no HarpcBy BbLIIIOJHACTCA. HOSTOMy BLI6paHHBIﬁ ABUT'aTCJIb ITOAXOJUT
JJIsA pa6OTBI C JaHHBIM MCXaHHU3MOM.

Pacuem u nOCmMpOeHUue MeXAHUYeCcKou U  IJ1eKMPOMEXAHUYUECKOIL
Xapakmepucmuk
Mexannueckue xapaktepuctuku ®= f(M) MOTyT OBITh ITOCTPOCHBI IO YPABHECHHUIO:
A1,
w = — -M
k- (k-®)2

rae Ry, = Ry + R 5 — CONPOTUBICHUE IKOPHOM LETIN.
Onekrpomexanndeckne o=Ff(lg) xapakrepucTuku MOTryT OBITH IMOCTPOCHBI TIO

YPaBHEHUIO:
U R

S I
k-® k-®&

JIns moCcTpoeHUsT €CTECTBEHHOM MEXAHWYECKOM XAPAKTEPUCTUKHU HCIOJIB3YHOTCSA
CIIPaBOYHBIE JIaHHBIE DOJIEKTpUyYeckor wmammuuabl (Tadn.4.2.). IlocTtpoeHue MOXKHO
OCYIIECTBUTh MO JBYM TOYKaMm: CKOPOCTHM XOJOCTOTO XOJa ®, W TOYKH,
COOTBETCTBYIOIIEH HOMHUHAIBHOMY PEXUMY paOOThl (HOMUHAIBHBIH MOMEHT M., U
HOMHHAJIbHAS YaCTOTA BPAIICHUS Nyoy,).

OnpenenrM CKOPOCTh XOJIOCTOTO X0 Mg

w =

W — UHOM
T k-
rae Uy — HOMUHATIBHOE HaIPsDKEHUE 1enu sikops, B;
UHOM - RHU, ) IH.HOM
k- =
wHOM
PaccuntaeM He0OX0MMBIE TTAPAMETPHI:
1. TTorpeGasieMast MOIIHOCTh U3 CETHU:
P.ou 6,3
P]_HOM = " = 0,815 = 7,73 KBT
2. Tok BO30yXAeHHUS:
I —UB—220—251A
® R, 876

3. MotmHoCTh 11enu Bo30yXKACHUS
P,=1I,-U, =2,51-220=5522BT
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4. MOUIHOCTb LIETIH SAKOPS:
P,=P,on— P =7730—-552,2=7177,8 Bt
5. Tok sIKOpst IpM HOMUHAJIBHOM Harpyske:

; B 71778 39 €3 A
AHOM — UHOM - 220 - ’
6. HomuHanbHast CKOpOCTh BpalleHUS:
T Nyon 1000
Wyoy = = = 104,72 pan/c

sMT 30 30
7. ConpoTHUBIICHHE SIKOPHOM LENU:

Riy =R;+ Ry, = 0,278 + 0,196 = 0,474 Om
8. [IpoussencHue K-

@ Uson — Ray " Lision _ 220—-0,474-32,63 — 1953 B- ¢
Wyom 104,72 '
9. CKOpPOCTH XOJIOCTOrO X0/4a Wy
Usgon 220
@) =15 = 1953 = 112,64 pan/c

10. HoMuHanpHBIH MOMEHT Ha Bty IBHTATENS Moy
P 6,3
M, = 9550 - =9550-——=60,2 H-™m
n 1000
HOM
[TocTporM €CTECTBEHHYI0 MEXaHHUYECKYIO XapaKTEPUCTUKY IO TIOTYyYCHHBIM
toukaMm: (M=0; wg) 1 (Myon; Wyom). MEXaHUUECKAsT XapaKTEPUCTHKA MPEACTABIICHA Ha
(puc. 4.10). DnekTpoMexaHUYECKask XapaKTEPUCTHKA UMEET TaKOH >K€ BHUJ, HO BMECTO
MOMEHTOB TI0 TOPU30HTAIBLHOW OCH HAHOCSATCS 3HAYCHHUS TOKOB SKOPSI.

e Y

ecm.

|

|

|

‘ |
60 - |
i

30 :
|

|

w20 30/, 50 601 kA

0 10 30 M. 80 100 M Hm

HOM
Pucynok 4.10. EctectBennbie Mmexanndeckas o= f(M) u
anekrpoMexannueckas o= f(l;) xapakrepuctuku
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I'pagpuueckuit memoo nocmpoenus NycKo8vlX PeoCHIAMHBIX XAPAKMEPUCHUK
(nyckoeoit ouazpammol) npu nycke ¢ 2 cmyneHu u onpeoeneHue coOnpomueneHull
HYCKOBBIX PE3UCM OPOE.

CxeMa SIKOpHOI! 1enH MpH MyCKe B IBE CTYNICHU UMEET BUJL:

RT
B R
% | &
~CO
1

PI/ICYHOK 4.11. Cxema IMOAKIIOYCHUA ITYCKOBBIX PCOCTATOB
Tac R]_ = RHU. + R,ﬂ;l + R,E(ZJ R2 = RHU.+ R,E[Z

Ha puc. 4.12. npuBeneHa myckoBas quarpaMmma, B COOTBETCTBUHU C KOTOPOW IYCK
JIBUTATENSl TMPOU3BOJUTCS B JBE CTENEHU. [lyCKOBBIE pPEOCTATHBIE XapaKTEPUCTUKU
MIOCTPOCHBI MPU YCIOBUAX, YTO MycKoBOoM MomeHT M, =M;=2-M,,,, COOTBETCTBEHHO
s toka skopst | =1=2-1,,,. Ilyck pnBurarens ocCyiiecTBisieTCS MPU  MOMEHTE
COIPOTHUBJICHUSA Mc=0,5-Mgom. [TepexmroueHue c 1(50):10)71 peocTaTHOM
XapaKTEeUPUCTUKA Ha BTOPYK) IPOUCXOAUT NPU CKOPOCTH (1 a IMEPEKIIOYEHUE CO
BTOPOM PEOCTATHOM XapaKTEPUCTUKHU HA €CTECTBEHHYIO XapaKTEPUCTUKY MPU CKOPOCTHU
(O

1. TlepBas myckoBasi peocTaTHasl XapaKTEepUCTHUKA CTPOUTCS O 2-yM TOUKaM: TOUYKa
S ¢ koopauHatamu (M=0;mq) 1 ToUKa N ¢ KOOpAUHATAMH
(My; ®=0), M;=2- Mo, =2 - 60,2=120,4 H-m

2. JInst mocTpoeHust BTOPOH ITyCKOBOM peOCTaTHOM XapaKTEPUCTUKU HEOOXO0IUMO:

1) BoccTaHOBUTH MEPIIEHIUKYJISIP K OCK MOMEHTOB B TOUKE N ¢ KOOPAUHATAMHU
(My; @=0);

2) depe3 TOUKY MepecedyeHUs MePIeHANKYIIIpa U €CTECTBCHHON XapaKTePUCTUKN
(TOUKy () MPOBECTHU MPSAMYIO, MAPALIETbHYIO OCH MOMEHTOB.

3) HAliTH Takoe MOJIOKEHUE BEPTUKAIBLHOU MPSAMOM, MPOBEACHHONU U3 TOUYKU M,
>Mc Ha OCH MOMEHTOB, TpH KOTOpou To4kH S, h, K pacmonoxunuce Obl Ha OIHOM
npsiMoi (BTOpasi peocTaTHasl XapaKTePUCTHUKA):

a) KOOpJAWHATHI TOYCK M W h M0 OCM MOMEHTOB COOTBETCTBYIOT MOMEHTY M,
NEPEKIIOUYeHUsT C 1-Ol  pPEeoCTaTHOM  XapakTepUCTUKM HAa 2-F0  PEOCTATHYIO
XapaKTEPUCTHKY;

0) KoOpaMHATHI TOYeK K M g M0 OCHM MOMEHTOB COOTBETCTBYFOT MOMEHTY My,
KOTOPBII B Ipoliecce MycKa, MPU MEPEKIIOUECHUH ¢ 1-0i peocTaTHOW XapaKTEPUCTUKHU
Ha 2-10 PEOCTATHYI0 XapaKTepUCTUKY M 3aTEM  Ha €CTECTBEHHYIO, HE JOJDKEH

IIPEBBIIIATH
M;=2- Mo
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Pucynok 4.12. [lyckoBast amarpaMma JABUTATENS.

Onpedenenue conpomueyienuil nycKoevlx pezucmoposé Ry, R, memooom
OmMpe3Koe.
1. HoMuHansHOE CONIPOTUBIICHHE:
R = Uson _ 220 _
L om 32,63 '
2. Ucnonw3ys rpadudeckoe n3o0pakeHue MyCKOBOW quarpaMMbl Ha puc. 4.12

cd 34
Ry =R, — =674 ——=2,12 Om

ae 108
Ro=Rr 2672422 _os10
e TIT: B

rae cd, bc, ae — nmuHBI 0oTpe3koB Ha puc. 4.12.

Ha puc. 4.13. onpezenensl M yKa3aHbl 3HAYEHUSI MOMEHTOB U CKOPOCTEH,
KOTOPBIE MOTYT OBITh HCTIOJIL30BAHBI JJISI pacueTa MepeX0oHBIX MPOIIECCOB MO0 CKOPOCTH
o(t) 1 MomeHTa M(1). 3HaueHUsT 1 ®; Oy, ®yp, Oy H MOMEHTOB Mc , M;, M,
CIEeAYyeT OKPYIJISITh J0 LEJbIX 3HAYCHUIA.

Ilpumeuanue Kk u3n04ceHHOMY 2paghuyeckomy mMemooy:
TOYHOCTB OmpeiesIeHus: CONMPOTUBJIEHUN PE3UCTOPOB U 3HAYEHUN CKOPOCTEN
NEPEKITIOYCHUSA (01, W2 U YCTAHOBUBUIMXCSA CKOPOCTEN Myi, My2, Wye 3aBUCUT OT Pa3MEPOB

rpaduka myckoBoi quarpammsl. bosee TOuHBINM pacueT 1aeT aHAIUTUYECKUN METO
pacyera.
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Pucynox 4.13. IlyckoBas quarpamMma JBHUTATENs ¢ YUCIOBBIMU 3HAUYCHUSIMH
CKOpPOCTEM.

AHanumuueckuii memoo onpeoeneHus COnPOmueIeHUll NycKoBvlX Pe3ucmopos

u napamempoe 0y pacuema nepexoOHblX NPOUeccos nycKa oeuzameJis 6 2 CHyneHu:
|, — MakcUMaJbHBIN MyCKOBOU TOK, onpenensercs u3 yeiaoBus: [1=(2+2,5)1; you
[IpumeM Tok |1 paBHBIM:

L =21 .,,=2"3263=6526A
Onpenenum Tok nepekoueHus |, (Z=2 — uucio cryneHei myckoBoro peocrara):
Lo zlRay Iy 6576 0,474- 65,26 0447 A
S T 220 77

HOM

ITpu momenTe conpotuiieHus Mc=0,5-Myoy, MOMEHT niepexitouenuss M, nomxeH
ObITh 00nee Mg, T1.e. |, nomken 6wt Gombiie 0,5 [ ,on = 0,5-32,63 = 16,32 A. D10
YCJIOBHE BBITIOTHSIETCS.

Onpenenum MoMeHT My:

Tok I ;o COOTBETCTBYET HOMUHAIBHOMY MOMEHTY M,,,,=60,2 H-Mm

Tok I; coorBercTByeT MOoMeHnTy M;=120,4 H-m

Tak Kak 3J€KTpOMarHUTHBIA MOMEHT aBurareis M., nponopimonaieH [, To TOKy
I, Gynmet cOOTBETCTBOBATh MOMEHT M5, KOTOPBIN ONMPEACTUTCS U3 IPOIOPIHH:
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MHOM _ IH.HOM
M, I
M., I, 6022447
M, =2 2 L = 45,15 H-
2T 32,63 ’ M
Omnpenenum KO3PPHUIUEHT TEPEKITIOYSHHUS 110 TOKY A
L, 6526 ) e
L, 2447 7
Onpenenum R;:
R _ Joom _ 220 =3,3710
L= T 6526 M
Onpenenum R;:
R, =R, A =0,474-2,67 = 1,266 Om

OmnpenenuMm R,y A1 nepBoi peocTaTHON XapaKTEPUCTUKHU:

R,y =R;—R;,=3,371-1,266 = 2,105 Om
OmnpenenuMm R, 4519 BTOPOMl peoCTaTHON XapaKTEePUCTUKHU:

R, =R, —R;, =1,266-0,474= 0,792 Om
PaccunraeM CKOPOCTH NEPEKIIIOUEHHUS

1. mpu pa3roHe 1o NepBoOM MMyCKOBOW XapaKTEPUCTUKE:
Usow R, 220 3,371-24,47

— — - — = 70,41 ¢!
“Tk o k-® 1953 1953 e
2. IpH pa3roHE MO BTOPOM IyCKOBOW XapaKTEPUCTHUKE
Uiow R, 220 1,266-24,47
Wy = =96,78 ¢!

k-®d® k-® 1,953 1,953
PacchTaeM YCTAaHOBHUBIIHCCA CKOpPOCTH BpaliCHUA IIpu pas3roHC 110
COOTBCTCTBYIOIIMM XAPAKTCPHUCTHUKAM!
1. ycraHOBUBIIAsCA CKOPOCTh BpAIllCHUS TPH pPA3rOHE MO TEPBOU IYyCKOBOM

XapaKTEPUCTHKE:
_Usow _Ri 05 Lo _ 220 3371053263 . .
“91 T 1 o k-® 1953 1,953 - omRTC
2. YCTAaHOBHMBILIASCSA CKOPOCTh BpAINEHUS IIPH pPa3roHE IO BTOPOM ITyCKOBOM
XapaKTEPUCTHKE:
U.. R, 05'1.. 220 126605 32,63
- _ HoM _ _ — 102,07 ¢-1
Y2 T k- D 1,953 1,953 mre
3. yCTaHOBHMBIIASCS CKOPOCTh BpallleHHS TIIPH pPa3rOHE II0 E€CTECTBEHHOM
XapaKTEePUCTHUKE:
o Usow _Run'05 Loy _ 220 0474053263 _ 10860 -1

ye T L @ c- D ~ 1953 1,953
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Topmo3sHule pexcumsl 371eKMPONPUBOOOE U PACYEm CONPOMUBICHUS PE3UCMOPa
OUHAMUYUECKO20 MOPMOICEHUA

B oanexktponpuBogax € pelEHO-KOHTAKTOPHBIMA ~ CXEMaMHU  YIPaBJICHUS
OPUMEHSIOTCS  TPU  BHJAA  DJEKTPHUYECKOTO  TOPMOXKEHHUS:  PEKYIEPATHBHOE,
JUHAMHYECKOE, TPOTUBOBKIFOYEHUEM.

Pexynepamuenoe mopmodicenue OOBIYHO TIPUMEHSETCA JUISI PEBEPCUBHBIX
AIEKTPONPUBOJOB C aKTUBHON HArpy3KkoH, mpu paboTe 3JIEKTPONPUBOJIA B UYETBEPTOM
KBaJPaHTE — C YIVIOBOM CKOPOCTBIO, OOJBIIEH CKOPOCTH HJIEAJTBHOTO XOJIOCTOrO X0Ja
(cMHXpOHHOM CKOPOCTBIO TUISt ANEKTPONPUBOAOB NIEPEMEHHOTO TOKa).
DJIEKTPOMEXAHUYECKAsT M MEXAaHWYECKas XapaKTEPUCTUKU PEXKUMaA PEKYIEPATHBHOTO
TOPMOXXEHUSL SBILIIOTCS  NPOJOJDKEHUEM XApPAaKTEPUCTUK JIBUTATEIIBHOIO PpPEXUMa
paboThl SIEKTPUYECKUX MAIWH I JBUTATENs TOCTOSHHOTO TOKa HE3aBUCHUMOTO
B0O30yk/ieHus. Ha mpakTuke, mpy MUTaHUU OOMOTOK JBUTATElNs MOCTOSHHOTO TOKA OT
HEPETYJIMPYEMOI0 BBIIPSIMUTENS, [JII BO3HUKHOBEHHUS PEXKUMA PEKYIIEPATUBHOTO
TOPMOKEHUSI HEOOXOIUMO HaJIMUUeE MapajuiesibHO C IBUTATEIIEM Harpy3KH.

Topmoowcenue  npomugoskiiOueHuem  TPUMEHSETCA UL  PEBEPCUBHBIX
3JIEKTPONPUBOJIOB, B KOTOPBIX 3aMEJJICHHE DJICKTPONPHUBOJAA MEPEXOJUT B PEKUM
MyCKa B IPOTUBOIOJIOKHOM HAMPABJICHUHU WUJIU TOJIBKO ISl OBICTPON HEaBTOMATUYECKOU
OCTaHOBKH. PeXHWM TOpPMOXEHUS MPOTHUBOBKIIOYEHUEM UCIOIb3YETCA TAaKXKE A
paboThl C YCTAHOBHMBIIEHCS CKOPOCTHIO AJEKTPONPHUBOJOB C AKTUBHOW HAarpy3kou B
YETBEPTOM KBAJIPAHTE.

Hunamuueckoe mopmoorcenue, Kax MpaBuiio, IPUMEHSETCS ISl HEPEBEPCUBHBIX
ANEKTpOnpuBOAOB. OHO TMpUMEHSIETCd W Uil PEBEPCUBHBIX DJIEKTPOINPUBOJIOB C
pPEaKTUBHOW  HArpy3Koi,  TpeOyroIMxX  aBTOMAaTHYECKOW  ocTaHOBKHM.  Jlis
AJIEKTPONPUBOJOB C AKTHUBHOW HArpy3KOW pEXHM JUHAMUYECKOTO TOPMOXKECHUS
UCTIOJIb3yeTCsl JUIsl paboThl ¢ Majol YCTAaHOBMBIIEHCS CKOPOCTHIO B UYETBEPTOM
KBaJIpaHTE.

Lunamuueckoe mopmodicenue 31eKmpudecKux Mauun NOCMosAHHO020 MOKd

B smekTpompuBOmax MOCTOAHHOTO TOKAa TMEPEBOJ JBUTATENI B PEXKUM
JTUHAMHYECKOTO TOPMOKEHHSI OCYIIECTBIISCTCS OTKJIIOYEHHEM OOMOTKU SIKOpSI OT
UCTOYHUKA TIOCTOSIHHOTO HAmNpsDKEHUsS M 3aMbIKaHMEM €€ uepe3 J00aBOYHOe
COIPOTHUBJICHUE HAKOPOTKO. CXxema BKIIIOYEHHMS AJIEKTPUYECKON MAIIMHBI B PEKUME

OUHAMHYECKOIO  TOPMOXKEHHMs  InpuBeAeHa Ha  puc.  4.14. VYpaBHeHue
AIEKTPOMEXAHUYECKON XapaKTEePUCTUKU 00pa3yeTcsl U3 BbIPAXKCHHUS:
U Ry
w = — -1
k-© k-®
IIPU MOJCTAaHOBKE B HEro HanpskeHus skops U=0:
w = I RH].[
k-@
rie R,= R;; +R, — comporuBneHnue skopHOW Lenu [ABUraTesss B PEKUME

JAUHAMHWYCCKOTI'O TOPMOIKCHUA, RHT — COIMPOTUBJICHHUC NTUHAMUYICCKOT'O TOPMOKCHHA.
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Puc. 4.14. Cxema BKIIIOUEHUS ABUTATEISA ITOCTOSIHHOI'O TOKA HE3ABUCHUMOTO
BO30YXXJIEHUSI B PEKUME JUHAMUYECKOTO TOPMOKECHHS

Tok B sikope 351eKTpruyeckoi MauHsbl porekaet 3a cueT JJ1C E= kd-:
,_E
R

DNEKTPOMEXAHUYECKUE XapaKTEPUCTUKHU 3JIEKTPONPUBOJA IIOCTOSHHOIO TOKa,
paboTaroniero B pexuMe IUHAMHYECKOIO TOPMOXKEHHUS, NpuBeIeHbl Ha puc. 4.15.
Pexxum paboOThl BO3HUKAET NpU NPeoOpa30OBaHUU TOTEHLMAIBHOM HHEPrUM B
ANEKTPUYECKYIO (aKTHBHAs Harpy3ka Ha Bajly JBHUTIarels, padoTa 3JIEKTPOIpPUBOAA C
YCTaHOBUBIIEHCS CKOPOCTBIO (Dy,) WM IIPH NPe00pa30BaHNU KMHETHYECKOM DHEPIHUU B
ANEKTPUYECKYIO (TOpMOKEHHE ABUTaTelNsd npu yMeHblieHnd JJIC Ha 0OMOTKe SKOps 10
HyJls, HA4YMHAsg C YCTAaHOBUBIUEHCA CKOPOCTH (yj). OJEKTPUYECKAss DHEPIUs OT
IIPOTEKAIOLIETO O SIKOPK TOKA PACCEUBAETCS HA AKTUBHBIX COIPOTUBIICHUAX SIKOPHOU
uenu asuratens Ry, npeodpa3ysch B TEIIOBYIO 3HEPTHUIO.

o
IT @ I
\ ]
.
U =0 U =U;
-
o [ 1. II,E\ 7
I @y - VI

Puc. 4.15. DnexkTpoMeXaHUYECKUE XapAKTEPUCTUKU PEKUMA
JTUHAMHYECKOTO TOPMOKEHUS ABUTATENsI TOCTOSHHOTO TOKa

Memoouueckue ykazanus ons pacyema conpomueénenus R r.
[IpuHATE TOK TOPMOXEHHME B MOMEHT Ilepexoja C XapakTepucTuku | Ha
xapakrepuctuky |l nuHammueckoro TopmMoxkeHus paBHbIM 2-lyoy. B Hamem ciydae
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1=65,26 A. E nomxHa OBbITH OnpezieneHa Uil CKOPOCTH My , C KOTOPOH HaYyMHAeTCs
JTUHAMUYECKOE TOPMOKEHHE.
JIJist IpakTUYECKUX PacdyeToB, MPU TOPMOKEHUHU C JIF0O0W CKOPOCTU MPHU 33JaHHOM
MOMEHTE Harpy3Ku, CONpoTuBiIeHue Ry paccunTeiBaercs no Gpopmyie:
R — UHDI-I - R.qu; ) 0,5 ) IH.HI:II-I .
AT 7 a1

Jlns peuratens 2ITH160L u3 npuBeneHHOro paHee nmpumepa:
R 220—0,474-0,5- 32,63
A 65,26
Pacuem nepexoonvix npoyeccos no cKkopocmu u MOMEHNLY npu nycKe oguzamens 6

0ge cmyneHu
OnpenennuM xKECTKOCTU PEOCTaTHBIX By, f, U €CTECTBEHHOU [3, XapaKTEpUCTHUK:

— 0,474 =2,7790Mm

_ My —M, 1204-4515 _ 07 KT - M2
b= w, 7041 7 c

M, —M, 120,4— 45,5 KT - M2

B, = = =285 ——
w, —w; 96,78 — 70,41 c

M 120,4 _ 759 KT * M?
Be_wo—w2_112,64—96,78_ ‘ c

OnpenenuM TMOCTOSIHHBIE BPEMEHM MEPEXOJHBIX MPOIIECCOB MPH Pa3roHe 1o
COOTBETCTBYIOIIIEW peocTaTHOM mnepBorl M BTOpor Ty, Tyvy W ectecTtBeHHOW Ty
XapaAKTEPUCTUKAM

T —L—£—009346c—9346mc
ML= p —1,07 ’
J

0,1

Ty, == ==—-—=0,03509 c = 35,09

M2 B, 2,85 . ¢ , U7 MC
J

0,1
Tore =——=0,01318c= 13,18 mc

B, 7,59
rae J — MOMEHT MHEpUUM ABUTATENSI WM CyMMa MOMEHTOB, COCTOSIIAs U3 MOMEHTA
WHEPILIMU JBUTATENS U MPUBEICHHOTO K Bally ABUTATENIs MOMEHTA MHEPIIMU MEXaHU3MA.

Ilpumeuanue. Ilpu pacueme nepexoOHbIX RNPOUECCO8 NPUHAML MOMEHM
uHepyuu mexanuima paguvim 0,2 om momenma uHepyuu oguzamesnsi U y4umovléamao
e2o npu pacueme nocmoanuuvix epemenu Ty, Ty, Ty, .

YpaBHEHUS U3MEHEHUSI CKOPOCTH JIBUTATEIISI © MOMEHTA BO BPEMEHH:

Jlis pasroHa IO TIEPBOM ITyCKOBOM XapaKTepUCTHKE OT ckopoctd @ =0 mo
w = wq.

t
— . — n T
w1 (1) = wyy (1 e Ml)
Bpems, 3a KOTOpOE CKOPOCTh BPAILEHUS IIPU PA3rOHE IO IEPBOM XaPAKTEPUCTUKE
JIOCTUIAeT 3HAYEHHS (W1 .
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£ = Ty - In [ —=21 —93461( 34,49
L o — ) T T M 88,49 - 70,41

].IJ’I?I pasrona 110 BTOpOﬁ HYCKOBOﬁ XapaKTCPUCTUKE OT CKOPOCTH @ = Wy JO0
W = Wy,

)= 167 mc

t—t,
— _ ce T,
Wy (1) = wyy + (wl wyz) e Tm2
Bpewms1, 3a koTopoe ckopocTh BpaiieHuss uzMeHsiercs or 0 10 w, MpH MycKe IO
JIByM PEOCTAaTHBIM XapaKTEPUCTHKAM:

=167 + 35,09 - ln(

70,41 —-102,07
2 96,78 — 102,07
Bpewmst pa3rona ot CKOpocTH @ = wq JI0 W = W, ONpeaesieTcs no Gopmyie:

W] —® 70,41 — 102,07)

ty =Ty In[——22) = 35,091 (
R P "96,78 - 102,07

Jl7ist pa3roHa o eCTeCTBEHHON XapaKTePUCTUKE OT CKOPOCTH W = Wy JI0 W = Wy!
t—t,
w3(t) = wye + (w; — wy,) e Tne
N3MeHeHne MOMEHTa NpH PAa3rOHE IO MEPBOM IIyCKOBOW XapaKTEPUCTHUKE OT
ckopoctd @ = 0 10 w = w4 :

t
M (t) =M.+ My —M.)-e T
N3MeHeHne MOMEHTa MpPU Pa3rOHE IO BTOPOM IYCKOBOM XapaKTEPUCTUKE OT
CKOPOCTH @ = W1 JI0 W = W5

W1 — Wy
t2=t1+TM2'111 —y

)=230 MC

wz_w

= 63 McC

t—t,
My(t) =M.+ (M; — M) -e Tuz
N3MeHeHne MOMEHTA TIPU pa3roHe MO €CTECTBEHHOM XapaKTEPUCTUKE OT CKOPOCTH
W =Wy 10 W = Wy,!
t—t,
M,(t) =M, + (Ml - Mc) e Tie
[Toctpoenue rpadukoB (t) u M(t) MOKHO BBIMOJIHATH KaK MO TOYKaM ® U M,
pacCUMTaHHBIM 1O MPUBEICHHBIM (HOpPMYJIaM, KaK C TTOMOIIIbIO KaJbKYJIATOpa, TaK U C
MPUMEHEHUEM  BBIYMCIUTEIBHOM TEXHUKU. Pe3ynbTaThl pacuera MNEPEeXOIHBIX
MPOIIECCOB HAa KOMIIbIOTEpE TMpencTaBieHbl Ha pucyHkax 4.16, 4.17. CoBmenieHHOE
n3o0paxenue rpaduxoB w(t) u M(t) mpeacrasineHo Ha puc. 4.18. u B npusioxenun 6. Ha
rpagukax TMEepexOHBIX MPOIECCOB B NPWIOKEHHH 6 TMOKa3aHbl MOMEHTHI
nepekitoyeHus t; u t, B cxeme ympaBieHus NpuBoJoM. [Iporpamma pemieHus 3TUX
ypaBHeHu# B mporpamme Mahtcad mpuBeneHa B mpuiioxeHuu 7.
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Pucynok 4.16. I'padux mepexogHoro mporecca mo CKOpoCTH
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Pucynox 4.17. I'paduk nepexoHOTO IpoIiiecca o MOMEHTY
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Pucynox 4.18. I'paduk nmepexogHoro nmpoiecca Mo CKOPOCTH 1 MOMEHTY
4.2.3. PazpaboTka cxeMbl yIPaBJIEHHUS 3JIEKTPONPUBOAA

ABTOMaTH3aIMs TIpollecca MycKa JBUTATENsS 3HAYUTEIBHO O0JIeTYaeT yrpaBlieHUE
ANIEKTPOINIPUBOAAMH, TPEAOTBPANIAET BO3MOXKHBIC OIMMOKA TIPH ITYCKE IBHUTATENS U
BEJIET K MOBBIIICHUIO TIPOU3BOIUTEILHOCTH MEXaHU3MOB.

Ha puc. 4.19. npuBenensl rpaduky NepexoaHbIX MPOIIECCOB CKOPOCTH U TOKA MPHU
IyCKe JBHUTATENS TOCTOSHHOTO TOKA HE3aBHCHMOTO BO30YXXKICHHS B JBE CTYICHHU
MTyCKOBBIX COMPOTHUBIICHUHN.

AHanu3 3Tux TpaduKOB MOKA3BIBAET, YTO ABTOMATHYECKOE BHIKIIOUEHUE MTyCKOBBIX
CONPOTHUBIICHUH JOKHO MPOU3BOJUTHLCSA B ONMPEICICHHBIC MOMEHTBI BpeMEHU (t,H t,),
IpU OMPENEICHHBIX CKOPOCTAX (g M ®yp) W OMPENETICHHOM TOKE I,,,. OYEeBUAHO, UTO
yIPAaBJIICHHE ITYCKOM JBHTATEIS MOXKET OCYIIECTBIIATHCS TIO TPUHIIAIIAM BpPEMCHH,
CKOPOCTHU U TOKa.
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Puc. 4.19. I'paduku nepexoJHbIX MPOIIECCOB CKOPOCTH U TOKA MPH IyCKe JBUTATEIS
IIOCTOSIHHOT'O TOKA B JIBE€ CTYIICHU

Ilpunyun 6pemenu TPEANONATAET, YTO B JJIEKTPHUUECKOW CXEME HMEIOTCS

KOHTPOIHUPYIOIUC BpCM:A allllapaTbl, KOTOPLIC B 3aJaHHBIC MOMCHTBI BPCMCHU t]_ )51 t2

(GopMHpPYIOT CHMIHalbl Ha 3aKOPAaYMBAaHME IYCKOBBIX CONPOTHBIECHMH Ryj; m Rppo
(cm. puc. 4.11.).

Ilpunyunvr ckopocmu u moka TPEANONATAIOT, YTO DJIEKTPUYECKas CXema
ANEKTPONPUBOAA ABTOMATHYECKHA KOHTPOJIUPYET COOTBETCTBEHHO CKOPOCTD JIBUTATEIIS U
€ro TOK W TpHU 3aJaHHBIX 3HAUYCHUAX [EPEMEHHBIX (POPMUPYET CHUTHAJIBI Ha
3aKOpaYMBaHHE ITyCKOBBIX CONPOTUBIICHUM.

Kpome »9TMx Tpex NpUHUMIIOB yHOPABIEHUSA, HA NPAKTHKE IMOJYYHIIO
pacrpoCTpaHeHue yIIPaBICHUE 110 IPUHLIMITY ITYTH, MOLIHOCTH, CYETa ONEpali U T. 1.

B peneiiHO-KOHTAKTOPHBIX 3JEKTPOIPHUBOJAX Hauboyiee pacnpoCTpaHEHHBIMU
JaTYMKaMU BPEMEHHM, CKOPOCTH M TOKA SBIIFOTCS COOTBETCTBYIOLIME peEJle WU
KOHTaKkTOphl. Tak, Hanbonee pacnpoCTpaHEHHBIM AATYUKOM BPEMEHHU SIBIISIETCS pelie
BPEMEHHM, B KayeCcTBE JaTYMKa TOKAa Yalle BCEro HMCIHOJB3YIOT pelie TOoKa, 0OMOTKa
KOTOPOTO HEMOCPEACTBEHHO BKIKOYAETCA B SKOPHYHO LENb JABHUrarend. JlaTymkom
CKOpPOCTH B PEJNEHHO-KOHTAKTOPHBIX CXEMaXxX YIPABIICHUS JJIEKTPONPHUBOAAMU CIYKHUT
HEIMOCPEACTBEHHO caMa oOMOTKa sikopst asurarensi, JC KOTOpod mpu MOCTOSHHOM
NOTOKE  JBUTATeNlsl  MPONOPLHMOHAIIBHA  CKOpPOCTHM  BpameHus E = co.
Kontponupyronmumu xe IJIC nBurarens anmnaparamu sIBJISIFOTCS CHIIOBbIE KOHTAKTOPBI.

YupasiieHue nyckom oeuzamesns nOCMOAHHO20 MOKA O RPUHUUNY CKOPOCMU
TunoBast cxema mycka JBHUTaTessl MOCTOSHHOTO TOKA HE3aBUCHMOTO BO30YXICHUS
10 MPUHIIAITY CKOPOCTHU TIpuBeeHa Ha puc. 4.20.

Cxema paboraet cinenyromum odpazoM. [locie nomaun HanpsiKeHUs: Ha CXEMY CHUIIOBBIX
nenen JaBUraTeNs 3anuTbiBaeTca oOMoTKa Bo30yxaeHuss LM. Ilyck mpoucxomut mpu
MOJIHOM NOTOKE ABUratensi OH.
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[Ipn waxxatum kHomku SB1 momydaer mutanume oOMoTka KoHTakTOopa KM, oH
cpabaTbiBaeT M CcaMOOJOKHpyeTcs, T.e. MapajuiesibHO KHomke SB1 3ambikaeTcs
BcrioMmoratenbHbli KOHTakT KM. Kpome Toro, 3ambikaercs cuinoBoil KOHTakT KM B
nenu OOMOTKM sIKOpsi JBuUrarens. JlBurartelnb HAuMHAET Pa3TOHATHCA IO MEPBOM
yCKOBOM XapakTepucTuke (cMm. puc. 4.20) ¢ MOJHOCTBbIO BBEACHHBIMU B IICIb SKOPSI

IIyCKOBBIMH COIIPOTUBICHUAMH R 1 1 R ).
+

LM U -
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Puc. 4.20. Cxema pe3uCcTOpHOro MmycKa JBUTaTeNsl OCTOSIHHOTO TOKA C
YIOPABJICHUEM T10 TPUHIIUITY CKOPOCTH

ITo mepe pasrona asurarens pacteT I{C 0OMOTKH SIKOpPSL U COOTBETCTBEHHO
YBEIIMUMBAETCA HanpsbkeHue Ha KoHTakTopax KM1 u KM2. Tlpu noctmxennn

nsurarenem ckopoctu U1 3navenne DJIC Ha konTakTope KM1 craHoBUTCS
JOCTATOYHBIM 7151 ero cpadatbiBaHus Ucp v =Co,+InepRyg 1 koaTakTop KM 1

HPUTATHBACT CBOM AKOPh. 3aMbIkaeTcs KoHTakT KM 1, mrynTupyromuii pesuctop Ry, u
JIBUTATEIb TIEPEXOIUT Ha BTOPYIO IMMyCKOBYIO XapakTepucTuky — 2 (puc. 4.12). Ipu

ckopocty (V» HampspkeHue Ha KoHTakTope KM2, paBHoe Ucp xva=c®m+Inep(Rat Ryp)
CTAaHOBHTCS JOCTATOYHBIM I ero cpabaTeiBanus. Kontaktop KM2 mputaruBaet cBoi

AKOPb, 3aMbIKaeTCst KOHTaKT KM2, myHTHpyrouui pe3uctop Ryo, neurareins
IIEPEXOAUT HA €CTECTBEHHYIO XapaKTEPUCTUKY U Pa3TOHSETCs IO HEU 10

YCTaHOBUBILEHCS CKOPOCTH Oy , ONPEAETAEMOM HATPY3KOM C I, (MC).

JIJIsi OCTaHOBKHM 3JIEKTPOINpPHUBOAA HEOOXOAMMO HaxkaTh KHOMKY SB2 «Cromy.
Konrtaktop KM mnotepsier nuTaHue M OTKIIOYUT OOMOTKY SIKOpsl OoT Hampsbkenust U.
TopmoskeHue 2IeKTpOABUTATENS B JAHHOM CiIydae MPOUCXOIUT BBIOETOM, T. €. 33 CUET
IIOTEPH B MOJAIIUITHUKAX JBUTATENs], B KHHEMATUKE IPOU3BOICTBEHHOTO MEXaHMU3Ma, Ha
BEHTWJISILIMIO B ABUTATEIIE.
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['paduku mepexoansIx mporeccoB ckopoctu ® = f (t) u Toka I = f (t) npu mycke
JIBUTATENIs MpUBEACHBI Ha puc. 4.19.

HenocraTku naHHOM CXEMBI 3aKJIIOYAIOTCS B BO3MOKHOM MEPErOPaHUM ITyCKOBBIX
pPE3UCTOPOB MpHU 3aCTPEBAHUM JBUTATENsl HAa IIyCKOBOW XapaKTEPUCTHUKE IpH
YBEJIIMYEHUN Harpy3ku Ooisiee lpgp, B HETOYHOM CpabaTbIBaHUM KOHTAaKTOPOB IPH
XOJIOJHOM M HAarpeToM COCTOSHUSIX KaTylIeK, a TakXe B TOM, 4YTO CIy4ailHOe
yBEJIMYEHHUE HAIIPSHKEHUS CETH BO BpEMs ITyCKa BbI3BIBAET YBEJIMUEHHUE TOKA SIKOPS.

Ynpaenenue nyckom osucamens nocmoannozo moka no npunyuny epemeHu

Cxema mycka JBUTATeNsl IMOCTOSHHOTO TOKa HE3aBHUCHUMOIO BO30YKIEHHUS IO
MPUHIIMITY BpEeMEHHU IipuBeieHa Ha puc. 4.21.

[Tocne mogaun HampsDKEHHS HA CXEMY CHJIOBBIX IIETICH 3alUThIBACTCS OOMOTKA

B030yxaeHus asurarenst LM. Ilyck mpoucxoauT nmpu NoJHOM moToke aBurarens @p.
UYepe3 pa3MblKarOIMii KOHTAKT KOHTakTopa KM mosydaer nutaHue oOMOTKa pese
Bpemenu KT1. Penre KT1, BkimrounBImCh, pa3pbIBac€T CBOUM PAa3MBIKAKOIIMM KOHTAKTOM
KTl uenu nurtanus koHTaktopoB KM1 u KM 2. CxeMa moArotroBlieHa K MYCKY
JBUTATEIIA.

[Ipn nHaxatuu kHonku SB1 monywaer nuranue obmMoTka KoHTakTopa KM, oH
cpabaTbIBaeT, caMOOJIOKUPYETCS M 3aMbIKaeT CBOM BCIOMOTrareibHbIH KOHTakT KM B
nenu nuraiug KoHTakropoB KM1 u KM2, oqHako OHH HE BKIIFOYAKOTCS, T.K. pa3opBaHa
LEIb UX MUTAaHUS Pa3MbIKAIOIUM KOHTAaKTOM petie BpemeHu KT1. 3aMmbikaeTcst cuiioBoi
koHTakT KM B nenu oOMOTKHM SIKOpsl ABUrartens. J{BuraTeslb HauyMHAET Pa3roH IO
nepBo MycKOBOM (peoctaTHoi) xapakTtepuctuke — 1 (cM. puc. 4.12.) ¢ moaHOCTHIO

BBEJICHHBIMH B IIE€IIb IKOPS ITyCKOBBIMU CONPOTHBIEHUSIMU R ;1 1 Rypo.

Ot majgeHus HanpsDKEHUST Ha pesuctope Ry Brimoyaercs pene Bpemenu KT2 un
pa3MbIKaeT CcBOMl pa3MblKaromuii KoHTakT KT2 B menu nurtanus kKoHTakTopa KM?2.
Kpome Toro, pazmeikatomuii koHTakT KM pa3peiBaet nens nutanus pesie BpeMenu KT1
Y OHO HAYMHAET OTCYET BBIJECPKKU BPEMEHM pa3roHa ABUTATENSA IO IEPBOU IIyCKOBOU
xapakTepucTuke (cm. puc. 4.12 u puc. 4.19).
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Puc. 4.21. Cxema pe3ucTOpHOro MycKa JABUraTes IOCTOSHHOTO TOKA C YIIPaBICHUEM 110
MIPUHLINITY BPEMEHU

I[To wucreuenun BpemeHu 1] pa3mblkatromuii KOHTakT pene Bpemenun KTI
3ambikaercs. [Tomyyaer nutanue katymka koHtaktopa KM, oH, BKIIFOUMBIIMCH, CBOUM

3aMbIKalOIUM KOHTakToM KMI 1myHTHpyeT nepBoe IyCKOBOE CONMPOTUBIEHHE Riyj.
JIBuraTenb MepexoJuT Ha BTOPYIO MYCKOBYIO (PEOCTAaTHYIO) XapaKTEPUCTUKY— 2 (CM.
puc. 4.12.), tepsier nutanue pene BpemeHH KT2 u cBOMM pa3MBIKAIONIUM KOHTAKTOM
KT2 nHaumHaeTr OTCUeT BBIACPKKH BPEMEHH Pa3rOHA JIBUTATENsSl MO BTOPOW ITYCKOBOM

xapaktepucTrke. 110 ucTedueHnn 3TOM BBIICPKKH BPEMEHH, B MOMEHT BpeMeHu t) (cM.
puc. 4.12.), pasmbikarommii KoHTakT KT2 3ambikaetcs. [lomyyaer mutanme oOMOTKa

xkoHTaktopa KM2, 3ambikaercs konTakt KM2, wmrynTupyrommi pesuctop Ry,
JBUTATENIb MEPEXOJUT Ha €CTECTBEHHYIO XapakTepuctuky  (cm. puc. 4.12)) wu

pasroHseTCA 0 HEW 10 YyCTAaHOBUBIIEWCS CKOPOCTHU (y. ONPEAEIIAEMON HaArpys3kou I
(M) .

JIJisi OCTaHOBKHM 3JIEKTPONPUBOJA HEOOXOIUMO HaxaTh KHOMKY SB2 «Cromy.
Konrtaktop KM mnotepsier nuTaHue U OTKIIOYUT OOMOTKY SIKOpsl OT Hampsbkenust U.
TopMokeHHe 3EKTPOABUTATENSI TPOUCXOIUT BHIOETOM.

JIOCTOMHCTBOM CXEMBbI yIPaBJEHUs, OCYIIECTBIISIIOIIEH ITyCK JBHUrareiis B
(YHKIIMM BpPEMEHH, SBISETCS OTCYTCTBME ONACHOCTU 3aCTpPEBaHMs JBHUraTess Ha
MyCKOBBIX XapakTepucTtukax. [IpocTora u HagekHOCTH B paboTe, Takke Kak H
BO3MOXHOCTb IIPUMEHEHMS OJHOTUIIHBIX pe€l€ BPEMEHHU, IPUBEIN K IIUPOKOMY
MPUMEHEHHUIO 3IEKTPONPUBOIOB, YIIPABISEMBIX B (YHKIIUH BPEMEHHU.



33

Br16op npuHIMIIa aBTOMATH3AIMH YIIPABIECHUS MPOIIECCAMU ITyCKa, TOPMOKEHUS U
pPEryJIMpOBaHUsI CKOPOCTHM B  pEJICHHO-KOHTAKTOPHBIX  CHUCTEMax  yIpaBliCHUS
AJIIEKTPOINPUBOAAMHU  OTPEIEISICTCS OCOOCHHOCTSMH HMX pabOThl U YCIOBHUSIMHU
skcrutyatanuu. IlpuBenennsie Ha puc. 4.20. u puc. 4.21. nNpuUHIUNHUATIBHBIE CXEMBbI
yIpaBJICHUs MPOLECCAMU ITyCKa 3JIEKTPONPUBOJIOB MMOCTOSIHHOTO TOKa pa3padoTaHbl JJIs
UJCAIBHOTO JIEKTPONPUBOAA. B pearlbHOM 3JIeKTpONpHUBOJIE U3MEHSIETCS] Harpy3ka Ha
BaJly DdJEKTPOJBUTATENsA, TEMIlepaTypa OKpYXKawomledl cpeabl W AJIEMEHTOB
ANIEKTPOINPUBOAA, MOMEHTHI HWHEPIIMM MEXaHW3Ma, HAMPSHKCHWE TUTAHUS WU JPYTHE
nmapameTpsl (JIaBlIeHHe, BIAKHOCTh U T. 11.). VI3MeHeHne 3THX mapaMmeTpoB HE0OXO0IUMO
VYHUTHIBATH NMPHU Pa3pabOTKE CUCTEMBI YIIPABICHUS JICKTPOIPHUBOIOM H €€ 3aIlHTHI.

[Ipu pa3paboTke CXEeMbl YMPABJICHHUS BHUTATE]IEM  IPUHATH BO BHUMAHHUC
HEOOXOJIMMOCTh OCYIIIECTBJICHUS MyCKa B ABE CTYNEHU U JUHAMUUYECKOTO TOPMOKEHHUSI.
Cxema nomxHa 00€CIeYUTh PEBEPC U 3alIUTy OT Meperpy3ku (eciii OHa Heo0Xoauma),
HYJIEBYIO 3aIlIUTY, 3aIIUTy OT KOPOTKHUX 3aMbIKAaHUM U CUTHAJIU3AINI0, HEOOXOIUMYIO
JUist  6€30MacHOM dKCIUTyaTaluu dJekTponpuBoja. [lpu pazpaboTke cxeMbl U BbHIOOpE
anmapaToB  yNpaBJICHHs, KOMMYTAlldd M CUTHAJIM3AllMd  YYUTHIBATh  YCJIOBHS
OKCIUTyaTallid 3JICKTPONPHBOAa M pekoMmeHmanuu B [12]. TlpuHimnuanpHas cxema
yIpaBJIeHUs! JOHKHA UMETh 0003HaueHusi B cootBeTcTBuM ¢ ['OCTamu [10] u nepeueHb
AJIeMEeHTOB. B kauecTBe MpHIIOKEHUS K MOSICHUTEIHLHOM 3aITUCKE MTPUBECTH TEXHUUECKUE
JTAHHBIE JIJIS1 BBIOPAHHBIX YIPABJISIFOIINX, CUTHAIBHBIX M1 KOMMYTAIIMOHHBIX aIlapaToB.

4.3. OgopMiieHHE MOACHUTEIbHON 3aNIMCKH

[TosicHuTenpHAsE 3aMKCKa BBIMOJHSIETCS ¢ MPUMEHEHHEM TEKCTOBOTO pelaKTopa
WORD u negaTtaeTcs Ha IPUHTEPE WU PYKONTUCHO CHHUMH WJIU YEPHBIMH YEPHUIAMH
(macroit), TpaMOTHO, aKKypaTHO, O€3 HCHpaBJIeHUN Ha JHucTax Oenol Oymaru dopmara
A4. B 3anmcke B COOTBETCTBUU C COAEPKAHUEM IPUBOAATCS pacueTbl U Ipauku,
TAOJNUIIBI, KUHEMATHYECKUE U TPUHIUIUAIBHBIE CXEMbl, TEPEeYeHb JJIEMEHTOB.
OdopmiieHne 3ammMcKyd MPOU3BOAMTCS B COOTBETCTBUHU ¢ JelicTByronuMu ['OCTamu
[10.] Ha tutynsHOM mnucte 3amucku (cM. mpuioxenue [14) ykaswiBatorcs: kadempa,
BapUaHT 3a7aHusi, (GaMuIus WHUIMAIBl CTYyJIEHTa, Tpynmna, (QamMuivs WHHUIHAIIBI
npenogaBaresia. BTOpbIM JTUCTOM TOSICHUTENIBHOW 3alIUCKU SIBISIETCS JINCT 3aJaHus HA
KypcoBoi nipoekT (mpuioxenne [13). B 3agannn yka3sIBaeTCs MOJHOE HA3BaHUE TEMBI
KYpCOBOI'O TPOEKTa, Hampumep: «INEKTPONPUBOJ MEXaHHW3Ma IMOJbEMA 3aCIIOHKHU
neun». B myHKTE UCXOIHBIX JAHHBIX MPUBOJATCS TabJMIAa JAaHHBIX U3 MPUIIOKEHUS |
U KMHEMaTHUYeCKas CXeMa B COOTBETCTBHU C BapHaHTOM JIMYHOTO 3aJlaHUs CTYJEHTA.
3ananue opopmiiseTcsa Ha IBYyX Juctax gopmara A4.

4.4. OpopmiieHne rpapuuecKoi YaCTH MPOEKTA

I'padnueckas yacTh IMpoekTa — 2 yepTexka - BBINOIHSIIOTCS KapaHJalloM WU C
MCIIOJIb30BaHMEM MpuHTEpa Ha Juctax ¢opmara A3. Ha ogHOM 5mcTe MOIKHBI OBITH
npe/cTaBiIeHa MPUHLMINATIbHAS 3JEKTPUUECKas CXEeMa JJIEKTPONPUBOAA U TEpPEUYCHb
sneMeHTOB. [lepedeHb 37I€MEHTOB JOMYCKAaeTCsl BHINOJHUTH HA JUCTe QopmaTta A4 u
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BCTAaBUTh B NOSICHUTEIBHYIO 3amucKy. Ha BTOpom mnmcre: Harpy3odHas auarpamma
AJIEKTPOIPUBOAA, ITyCKOBasl UarpamMma U rpaduku NepexoJHbIX MpolieccoB. UepTexu
JOJKHBI CTpOro cooTBercTBOBaTh jAecTByrommM ['OCTam [10], npu uX BBINOJHEHUU
CIEAYET MOJb30BaThCI METOAMYECKUMH YKazaHusiMHU 1o rnpuMeneHuto 'OCTos ECK/I B
KypCOBOM M JMIUIOMHOM TpoeKTHpoBaHuu. [Ipumep odopmiieHus nepeyHs: 3J€MEHTOB
IIPUBEJICH B IIpuJiokeHuu 1135,

bubauorpadguyecknii cnucox

1. Mockanenko B.B. ABToMaTH3MpOBaHHBIN 3JEKTPONPUBO: Y UEOHUK ISl BYy30B,- M.:
Axanemust;, 2007.- 368c.

2. Onumenko I'.b. Dnextpuuecknii mpuBoj. Y4eOHUK A By30B. — M.: AkaneMusi.
2006. -288c.

3.Ywmkun M.I'., Canmnep A.C. O0mmii Kypc 3J€KTpONpHUBOJA.. YUYEOHHK s
BY30B.- M.:OHeprouznar,1981.-576c¢.

4. Dnexrporexuuyeckuii cnpaBoyHuk. B 3-x 1. T.1 Tlox. pea. Opnosa U.N. U3n-Bo
MD5U, 1998.

5. Acunxponnsie aurarenu cepuu 4A: CrnpaBounuk/A.D. Kpapuuk, M.M. Illnad, B.
N. Adonumn, E. A. Cobonenckasi. — M.: Dueprousnar, 1982. — 504 c.

6. SAype A.I'. Kpanossiii anexrponpuBoj. CripaBounuk.- 1988, 344 c.

7. CipaBoyHUK 110 3niekTpuyeckum MammnaMm. [lox pen. Konsimosa M.I1. 1988.

8. Ycarenko C.T. Bemonnenune snekrpudeckux cxem nmo ECKJI. CnpaBouynuk. 1989.

9. AnexcanapoB K.K., Kyssmuna E.I'. DnexTpoTexHndecKkue 4epTeKu U CXEeMbI. - M.:
Oueproatomuznart, 1990. - 288 c.

10. IIpaBuna Bemosuenus cxem. ECKJl. 'OCT 2.701-84, TOCT 2.702-75, TOCT
2.703-68, 'OCT 2.709-72, TOCT 2.710-81.

11. be3omnacHOCTh, MalMH. DIEKTPOOOOPYyAOBaHUE MAIIMH U MexaHu3MoB. Y.1 O6mue
tpeboBanus. [OCT P MOK 60204-1-99.

12. TlpaBuna ycrtpoiicTBa 3mekTpoyctaHoBok. Pazgen 1. OOume npasuia. ['nmaser 1.1,
1.2, 1.7, 1.9. Pazmen 7. DnexTpooOOpyIOBaHUE CIEIHAIBHBIX YCTaHOBOK. M3manue
cenpMoe. M.:, U3a-so HI] DHAC, 2002,-184c.

13. 3ammuTta OT mMOpaXEeHHS DJJIEKTpUYECKHMM TOKOoM. OOIue TOJOXKEHHS TI0
6e3omacHoOCTH, 00ecreurBaeMON AIEKTPOOOOPYIOBAHUEM U 3JIEKTPOYCTAaHOBKAMHU B UX
B3aumocBszu. 'OCT P MOK 61140-2000. M.:- T'occtanaapT Poccum.



35

HcxoaHble JaHHbIE

[Tpunoxenue 11

Taomumna I11.1

Bapuantr | 1-3 4-6 7-9 10-12 |13-15 |16-18 |[19-21 |22-25
Pucynku | puc. puc. puc. puc. puc. puc. puc. puc.
.2 |I11.3 I11.4 I11.5 I11.6 I11.7 I11.8 I11.9
TaOmuiel | Taba. | TaOuI. TalJI. TalJI. TalJI. Ta01. Ta01. TalJI.
JTAHHBIX I11.2 I11.3 I11.4 I11.5 I11.6 I11.7 I11.8 I11.9

HOMepa PUCYHKOB KHHCMATHUYCCKUX CXCM U Ta6JIHII C IaHHBbIMHU HJIs1 paCcdCTOB

npuBeneHsl B Ta6i. [11.2...111.9 B cooTBeTCTBMM ¢ HOMEpaMu BapHaHTOB.
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Puc. I11.1. I'padux Harpysku npuBoja
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HcxoaHble JaHHDBIE

Ta6muma I11.2

Ba- Tun Py, Ny, Mi/Myg (Mo/My | Ma/My | MMy [(Ms/My| ti,c | th,c | tg,C | ts,C | ts,C| tg C
pHUaHT JIBUTATEINS kBt | 00/MuH
1 2ITH180M 5,6 750 0,6 0,2 0 11 0 100 0 100 0 120 | 280
2 2ITH160L 4,0 750 1,1 0 1,2 0,4 0,4 480 | 30 10 30 0 50
3 2ITH200M 8,5 750 0,8 0 0 0 0 600 0 0 0 0 0
Tab6nuna I11.3
Ba- Tun PH. Ny, Ml/MH Mz/MH M3/MH M4/MH M5/MH tlv C t2, C t3, C t4, C t5, C t@, C
pHUaHT JIBUTATEINS kBt | 00/MuH
4 21TH112M 1,6 750 1,2 0 1,2 0,6 0,2 200 | 40 60 30 20 | 250
5 21TH132L 19 750 0,9 0,6 0,8 1,2 0,6 100 | 20 100 | 100 [ 20 | 260
6 21TH132M 2,5 1000 1.2 0,4 0 0 1,2 300 | 40 180 20 10 50
Tabauma I11.4
Ba- Tun Py, Ny, Mi/My [Mo/My | Ma/My | My/My |Ms/My| t,¢ [ th,c | t3,C | ty,C [ t5,C | tg, C
pHaHT JIBUTATEIIS kBT | 00/MuH
7 2ITH112L | 1,25 | 1060 1,2 0,4 1,0 0 0 300 | 10 | 140 | 20 20 110
8 2ITH180L 7,1 750 1,2 0,3 1,0 0,8 0 200 | 60 60 | 100 | 40 140
9 2ITH180L 10 1000 1,2 0,2 11 0,6 0,2 200 | 40 60 | 120 | 20 160
Tabmuna I11.5
Ba- Tun Py, Ny, Ml/MH Mz/MH Mg/MH M4/MH Ms/MH t,c|t,c|tzc|tyCc|ts,C| tgC
pUaHT JIBUTATEJISI kBT | 006/MuH
10 2ITH132M | 10,5 3000 1.2 0,4 1,0 0,8 0,4 200 | 40 60 180 | 20 280
11 2ITH180M 8,0 870 0,9 0 1.2 0,8 0,6 80 60 40 | 220 | 40 50
12 2ITH225L | 18,5 750 0,9 0,2 11 0,6 0,2 100 | 20 80 | 300 | 20 0
Ta6muma I11.6
Ba- Tun Py, Ny, M{/My |[Mo/My | Ma/My | My/My (Ms/My| t, € | t,Cc | t3,C [ t4,C |5, C| 15 C
pHUaHT JIBUTATEIIS kBT | 00/MuH
13 21TH132M 4,0 1500 11 0,4 0,7 0,8 0,4 150 | 40 20 [ 190 | 20 180
14 21TH200L 11 750 0,9 0 1,1 0,9 0,1 180 [ 60 0 140 0 220
15 21TH225M 150 750 11 0,5 1,2 0,9 0,5 200 0 100 | 160 0 140
Ta6muma I11.7
Ba- Tun Py, Ny, M1/ My Mz/MH Ms/My M4/MH Ms/My| t,c | th,c | t3,Cc | tg,C |t5,C| 5 C
puaHT | aBuUraTesns kBt | 06/mMun
16 2ITH160L 6,3 1000 10 0 0,6 1,2 0,3 80 40 100 | 40 0 340
17 2ITH200M 13 1120 0,9 0,5 0,9 1,2 0 200 | 20 80 20 40 240
18 2ITH132L 55 1500 10 0,3 0,2 1,1 0 100 | 20 80 100 | 20 280
Ta6muma I11.8
Ba- Tun Py, Ny, M{/My [Mo/My | Ma/My | My/My (Ms/My| t, € | to,Cc | t3,C | ts,C |t5,C| t6,C
pHUaHT JIBUTATEIIS kBT | 006/MuH
19 2ITH160M 4,5 950 11 0 1,2 1,0 0,4 180 | 40 0 180 | 40 160
20 2ITH200L | 16,0 | 1000 1,0 0,2 1,2 0,8 1,2 220 | 40 40 10 40 250
21 2ITH250M | 22,0 750 11 0,3 11 1,2 0 200 | 60 20 160 | 20 140
Tabmmma I11.9
Ba- Tun Py, Ny, Mi/My | Mo/My | Ma/My | My/My [Ms/My| t, ¢ | t,c | tg, ¢ | ts,C [ts,C| tg C
pHaHT | JBHUTATENS kBt | 06/Mun
22 2ITH160M 8,0 1500 0,9 0,4 11 0 0 180 | 40 40 | 240 | 30 70
23 2ITH160L | 11,0 1500 1.2 0,2 0,9 1,0 0,4 300 | 20 20 100 0 160
24 2ITH225M | 22,0 [ 1000 11 0,3 11 1,0 0,3 100 | 30 70 150 | 20 230
25 2ITH160L 30 1060 1,1 0,2 1,0 1,1 0 100 | 40 60 100 0 300

Hampspkenne mutaHus U1 BCEX ABUTATENEH MOCTOSHHOTO TOKA ¢ HE3aBUCUMBIM (MapauiebHbIM) BO30yx)aeHneM 220B.
ts — BpeMms may3sl. B TeueHne 3Toro BpeMeHH IBUTATENS OTKIIIOYCH OT ceTh. [leprox mosropenus Harpy3ku 600 cek.



Puc. IT1.2. Kunematrnueckasi cxeMa MEXaHH3Ma MepeMEIICHUs AIEKTPoaa JyroBOn
CTaJICTUIABWIBHOMN NIEYn
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Puc. I11.3 Kunematnueckasi cxeMa MEXaHHW3Ma 3arpy304YHOr0 YCTPOMCTBA




Puc. I11.4. Kuaematnueckas cxeMa MEXaHU3Ma II0IbEMa 3aCIIOHKH II€YH.
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Puc. I11.5 Kugemarudeckas cxeMa MeXaHW3Ma HAKJIOHA THUTJIS TIEYH.
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Puc. I11.6. Kugematuueckas cxemMa MEXAaHU3MOB BBITS)KKHA CJIIMTKOB B
AJIEKTPOIIEYU CONTPOTUBIICHUS.
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Puc. IT1.7. Kunematnueckas cxemMa MeEXaHU3Ma MepeMENIEHUs TeJIeKKN KpaHa



43

Puc. IT1.8. Kunemarnueckas cxema MEXaHU3Ma EPEMENICHUS SJIEKTPO1a
3JIEKTPOLYTOBOU IEYH.
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Puc. I11.9. Kunemarnueckas cxeMa MEXaHU3Ma MOIbeEMa KOJITaKa IIEeYu.
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[Tpunoxenne I1.2
Taomuma I[12.1

TexHnyeckue naHHble ABUTaTeieii moctogsaHoro Toka mis I1B-r=100%

Tun MoOMIHOCTS, Harnpsixenue, YacToTa BparieHus, 00/MuH
JIBUTaTEIIs kBT B HOMUHAJIbHAS | MaKCHMMaJbHas
2[IH112L 1.25 220 1000 3500
2[IH112M 1.5 220 1500 4000
2IIH132L 1.9 220 750 2500
2ITH132L 55 220 1500 4000
2IIH132M 2.5 220 1000 3000
2IIH132M 4.0 220 1500 4000
21TH132M 10.5 220 3000 4000
2ITH160L 4.2 220 800 2500
2ITH160L 6.3 220 1000 3000
2ITH160L 11 220 1500 4000
2IITH160M 4.5 220 1000 3000
2ITH160M 7.5 220 1500 4000
2ITH180L 7,1 220 750 2500
2ITH180L 10 220 1000 3500
2ITH180M 5,6 220 750 2500
2ITH180M 8 220 1060 3000
2ITH200L 11 220 750 2500
2ITH200L 16 220 1000 3000
2ITH200M 8,5 220 750 2500
2ITH200M 13 220 1120 3000
2ITH225L 18,5 220 750 2500
2ITH225L 30 220 1060 2500
2ITH225M 15 220 750 2500
2ITH225M 22 220 1000 2500
2ITH250M 22 220 750 2000




[Tponomxenne Tabmuist [12.1
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Tun KIIA, Comnporusnenne ooMoTku mpu 15°C, Om MomenT
JIBUTATEIISI % SKOPS N00aBOYHBIX | BO3OYXKICHHS | MHEPLMH Jpp,
MTOJIFOCOB Kr-m
2ITHI112L 68 2.34 2.04 202 0.018
21IH112M 70 1.77 1.55 181 0,015
2ITH132L 72 1.28 1 138 0.048
2ITH132L 80.5 0.322 0.27 101 0,048
21TH132M 73.5 1.08 0.763 134 0.038
211H132M 79 0.564 0.366 134 0.038
21TH132M 84 0.14 0.336 111 0.038
2ITH160L 78.5 0.486 0.389 117 0.1
2ITH160L 81.5 0.278 0.196 87,6 0.1
2ITH160L 85.5 0.096 0.073 65.3 0.1
21TH160M 79.5 0.411 0.304 108 0.083
2ITH160M 83 0.183 0.135 82 0.083
2ITH180L 79 0,26 0,183 64 0,229
2ITH180L 82,5 0,042 0,03 72,5 0,23
21TH180M 79 0,338 0/221 74.8 0,2
21TH180M 83 0,181 0,122 74.8 0,2
2ITH200L 86 0,083 0,053 55 0,3
2ITH200L 86 0,083 0,053 55 0,3
21TH200M 82 0,188 0,116 61,6 0,25
21TH200M 85 0,106 0,061 61,6 0,25
2ITH225L 83 0.095 0,05 52,3 0,6
21TH225L 84,5 0,049 0,0197 38,6 0,6
21TH225M 80,5 0,146 0,0637 62,25 0,525
21TH225M 82,3 0,086 0,0429 62,6 0,525
21TH250M 81 0,074 0,039 37.9 1,05




[Tpunoxenue 13

MHMUHOBPHAYKH POCCHUN
®denepanbHOE rOCYIapCTBEHHOE OIOHKETHOE 00pa30BaTebHOE
yUpeXKJACHHUE BBICIIETO 00pa30BaHUs
«TynbCKHAM TOCYJapCTBEHHBIA YHUBEPCUTET

Kadenpa s1eKTpOTEXHUKH U 3IEKTPOOOOPYT0OBAHUS
3AZTAHUE HA KYPCOBOM ITPOEKT
0 KypCy «DNEKTPUYECKUIN ITPUBOI)

CryneHt I'pynna

1. Tema mpoekTa: 3JIEKTPONPHUBO/I MEXaHU3MA. ..

2. HcxonHbple naHHBIC K KypCOBOi padoTe:

3. Ha ocHoBe HCXOOHBIX JAaHHBIX:

— Paccuutath U moCTpOUTh rpadK CTATUYECKON HATPY3KU HA BBIXOJAHOM Bajly WIIU

IMOCTYNIATCIIbHO ABMKYIIECMCA DJICMCHTC KHHEMATHUYECKOM CXEMbl MEXaHU3Ma.

— IIpoBeputh aBUraTENp MO YCIOBUSAM HArpeBa.
— Paccuurars 51 ITOCTPOUTH €CTECTBCHHBIC MEXAHUYECKYIO 151

DJIEKTPOMEXAHUYECKYIO XapaKTEpUCTUKH ABUATATENS (D = f(M), o=1(l).

- HOCTpOI/ITB auarpaMmmy peoCTATHOI0 IIyCKa JABHIarCiisi B ABC CTYIICHU H
pacCuuTaTb SHAYCHUSA COHpOTI/IBHCHI/Iﬁ ITYCKOBEBIX U TOPMO3HOT'O PE3UCTOPOB.

— Paccuurtath ¥ MOCTPOUTH TpaPUKH MEPEXOAHBIX MPOIIECCOB MyCKa JIBUTATEls B
nBse crynenu npu Mc =0,5 Muom

— Pa3zpaborath cxemy IMycka, peBepca U TOPMOXKEHHUS JBUTaTeNs. BriOpaTh
anraparypy JJIsl CXeMbI yrpaBieHus: IpuBooM. COCTaBUTh NEPEYEHD FJIEMEHTOB.

PykoBoaurens
JIOJKHOCTD MMOAITHCH dbaMmIis 1 UHULIUAIIBI
« » 20 T
Crynent
MOJINUCH (dhaMuIMs ¥ MHULHATBI

« » 20 T
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[Ipunoxenue 14
MuHucTepcTBO 00pa3oBaHusi U HAYKu P®D
TI'ocynapcrBenHoe o0pa3oBaresibHOE yUpeKAeHNE BbICHICr0 00Pa30BaHus
TyJabCKUN TOCYJAPCTBEHHbIH YHUBEPCUTET

NMHCTUTYT BBICOKOTOYHbLIX CUCTEM unm. B.IL. I'PA3EBA

KA®E/IPA DJIEKTPOTEXHUKU W DJIEKTPOOBOPY/JIOBAHUA

KYPCOBOM IPOEKT

[0 JHUCIUIUIMHE «DIEKTPUYECKUN PUBOI)

CryneHt
['pynma
Bapuant

PykoBonurens Jara

YneHbl KOMHUCCHUU:

Tyna 20__ .
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[Ipunoxenue I15
[Tpumep oopmiieHHs TepeyHs 3JIEMEHTOB K CXeMe yIpaBJIeHUs IPUBO/IA

Udlzzgiu— Haumerobarue Kon. [lpumeyarue
YeHue
FUT FUZ, | lpedoxparumesns nnabkud [TH2-100 4 Innbk=30 A, Inp.bk.=13MHom
FU3, FU4
HLTHLZ | flamna cuzHansHas B-T5 3 U=110 B
HL3 HL4
KBR | Pene yznobou ckopocmu PL-2M 1 U=110 B
KM1 KMé | Kowmakmaop KII4 117-T 2 U=110 B, IHom=75 A,
ldon=20 A, 2c3+33+1p
KM2 | KoHmakmop KITA0 111-T 1 U=110 B, IHom=40 A,
ldon=20 A, 1c3+23
KM3 | KoHmakmap KI10 111 1 U=110 B, IHom=75 A,
ldon=20 A, Tc3+13+1p
KM5 | KoHmakmop KM27221-14 1 U=110 B, IHom=40 A,
ldon=20 A, 2c3+2cp+13
KT1 K12 | Pene bpemenu 38100 2 U=110 B, t=01 cex
KV Pene Hanpsixerusi PIB-821 1 U=110 B, loknm=25 A
1bkn=17 A, 13+1p
M Lbuzamens nocmosinHozo moka 2IIHT1ZL 1 U=110 B, P=1250 Bm
AF1 QF2 | Beikmoqamens abmomamuyeckuu A63 2 U=110 B, |pacuyen=25 A,
lomn =13
R11 R21 | Pesucmap /1P11 2 R=2.0 Ov, I6num don=310-540 A
S R12, R22 | Pesucmop (X66 2 R=006 Om, ldnum.don=72 A
g SB1 | Buik/moyamesis kHonoqHsil KEOTT 1 U=110 B, nnagoH-4epH.
= Hadnuck Breped”
S SB2 | Beikmoyamens kronoyHsio KEOTT 1 U=110 B, nnagoH-4epH.
§ Hadnuce “Hazad”
5 SB3 | Beikmo4amess kHonouHsiu KEQTT 1 U=110 B, nnagox-kpacH.
Hadnuce “Cmon”
R - JT30K1176.0000000 1133
Paspad: /lum /ucm /lucmob
S| [pos Inexmponpubod Mexarnuma [T
§ [lepeyery 3/emenmob cxemsl
s H koump. ynpabnerus. TynlY 2p____ kag. 3730
S| [ome
Popram Ak
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[Tpunoxenue 116

"OMOAL WOLBRHOUALOXA4Y udir (3)]N 4 (3)® god0onodu xigHroxadon miuded |

INT 02 06209 ) 00C 4 0ZL 06 09 OF
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[Ipunoxenue I17
[Tpumep mporpamMmsbl pellieHrs YpaBHEHUN JIs pacueTa MepexoJHbIX MPOIECCOB
B Mathcad. Bo usbexanne koH(pIuKTa 0003HAUYECHUH BHYTPH MPOrpamMmbl (KOHQIHUKT
Mexay @(f) M ®; - OHM BOCHPHUHHUMAIOTCS IIPOrPaAMMON KaK OJIMHAKOBBIE
NepeMEeHHbIE), HEOOXOJUMO BBECTH [UJII COOTBETCTBYIOLIMX BEJIWYMH HOBBIE
0003HaYCHUS:
wyl = §4.49  wy2 = 102.07 wye = 108.69

wlp = 70.41 wlp:=96.78 Me:=30.1 Mlp:=1204

Tml := 0.09346 Tm2 = 0.03509 Tme := 0.01318

t=0
v
wlt) = wyl-\1l-e Tml
wlp
tl :=-Tml:ln|1 - — | =0.16747
wvl

w2(t) == wy2 + {wlp — wy2)-e E

2p — 2
Mj 023025

=tz

£

2 =1l — TmZ-]n(
wlo — wv2

w3(t) == wye + {W2p — wye)-e Tm

w(t) = [wl(t) if 0=t=tl
w2ty if tl =t=12
w3(t) otherwise

t

M1 (%) := Me + (Mlp — Mc)-e 7!
t—t1
M2(t) := Me + (Mlp — Me)-e T2
t—t2
 Tme

M3(t) := Me + (Mlp — Me)-e

M(t) ;= [MI(t) if 0=t=tl
M2(t) if t1 <t<t2
M3(t) otherwise



