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MNOACHUTEJBHASA 3AIINCKA

MeToauueckie peKOMEHIAIMH IO BBINOJHEHUIO MPAKTHYECKUX paboT o
I[IM.04  «OcymiecTBiaeHre  TEKyLIEr0  MOHUTOPUHIA  COCTOSIHUSL ~ CHCTEM
aBTOMAaTHU3alMW» TPEAHA3HAUYCHBI 711 00ydJarommxcs no crenuainbHoctu 15.02.14
OcHallleHue CcpeAcTBaMM  aBTOMATH3allMU  TEXHOJOTMYECKMX IPOLECCOB U
IIPOM3BO/ICTB (110 OTPACIISIM).

[IpakTideckue paboThI ABISAIOTCA BAKHBIM 3JIEMEHTOM Y4€OHOM AUCHUTIIHHBI.
Ha nmnpakthyeckux  3aHATHAX  CTYAEHTHl  OBJAJEBAIOT  MEPBOHAYAJIBHBIMU
npodecCHOHATbHBIMA ~ YMEHUSIMH W HaBBIKAMH, KOTOpble B JalbHEHIIEM
3aKPEIUISIIOTCS Y COBEPIICHCTBYIOTCS B IPOLIECCE KYpPCOBOTIO IMPOEKTUPOBAHMS,
y4eOHOW U MPOU3BOJCTBEHHOM (IO MPOPMII0 CHELMATBHOCTH U MPEATUIIIOMHOM)
npaktuku. Hapsany ¢ popMupoBaHUEM yMEHUI U HABBIKOB B MPOLIECCE MPAKTUYECKUX
3aHATUNA O00OOLIAIOTCS, CUCTEMATU3UPYIOTCS, YIIIyOJSIOTCSA M KOHKPETHU3UPYIOTCS
TEOPETUYECKHE 3HAHUS, BbIPA0AThIBAETCS CIOCOOHOCTh U TOTOBHOCTH MCIOJIB30BATh
TEOPETUYECKHE 3HAaHUS Ha TNPAKTUKE, (QOPMUPYIOTCS BJIEMEHThl OOMMX U
po(heCCUOHATBHBIX KOMIIETEHIIUH.

[Iporpammoii npodeccuoHanbHOTO  MOMIYJIS [1M.04 IPEAYCMOTPEHO
BbInosiHeHue 10 mpakTuyeckux paboT, HaMpaBJIEeHHBIX Ha (DOPMUPOBAHKE DIIEMEHTOB
CIEAYIOIIMNX KOMIIETEHIIUI:

OK 2. Opranu3oBbiBaTh ~ COOCTBEHHYIO  JI€SITEIIBHOCTh,  BBIOMpATH
TUIIOBBIE METOJABI W CIOCOOBI BBIMOJHEHUS TNPOQPECCHOHANBHBIX 3ajad,
OLICHUBATh UX 3(PPEKTUBHOCTH U KAYECTBO.

OK 3. [Ipyaumarhe pemieHuss B CTAaHAAPTHBIX H  HECTaHIAPTHBIX
CUTYalUsIX U HECTH 3a HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBisATh  MOMCK M HCIOJB30BAHME  HMH(POpPMALIUH,
HeoOxoaumoi 171t d()PEKTUBHOTO BBIMOTHEHUSI MPOQPECCHOHAIBHBIX 3ajad,
po(heCCUOHATIBHOTO U JIMYHOCTHOTO Pa3BUTHSL.

OK 5. Ucnonb3oBath MH(}OPMaLMOHHO-KOMMYHHUKAIIUOHHbBIE

TEXHOJIOTHH B MPO(ecCHOHANBHOM 1eATEeTbHOCTH.
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OK 6. Paborath B KOJIIEKTUBE M KOMaHze, dP(HEKTUBHO OOIIATHCS C
KOJUIETaMH, PYKOBOJICTBOM, IOTPEOUTEIISIMH.

OK 7. bpate Ha ce0s OTBETCTBEHHOCTHb 3a pabOTy 4YJIEHOB KOMAaHIbI
(MOTYMHEHHBIX ), pE3YJIbTAT BHIMIOJHEHUS 3a/IaHUM.

OK 8. CaMmocTOSTENPHO ONpPENeNaTh 3adadud  MPOPECCHOHAIBHOTO U
JUYHOCTHOTO  pa3BUTHUSA, 3aHUMATbCA  CaMOOOpPA30BAaHUEM, OCO3HAHHO
IUTAHUPOBATH MOBBIIICHUE KBaTU(UKAIIH.

OK 9. OpueHTHpPOBATECA B YCIOBUSAX YacCTOM CMEHBI TEXHOJOTHHA B
po(heCcCUOHATIBHON S TENIbHOCTH.

[1K 4.3. CocTaBisiTh CXEMBI CIICHIUATU3UPOBAHHBIX Y3JI0B, OJIOKOB, YCTPOUCTB U
CUCTEM aBTOMATHU3ALIHH.

I1IK 4.4. PaccunThiBaTh IapaMeTPbl TUIIOBBIX CXEM M YCTPOMCTB.

[IK 4.5. OuenuBaTh 1 00eCrieYrBaTh 3PrOHOMUYECKHE XapAKTEPUCTHKU CXEM U
CHUCTEM aBTOMAaTH3aIUU.

dbopMupOBaHUE YMEHUI.

- COCTaBJIAITH TUNOBYIO Mojaenb ACP  (aBToMaTthueckoil  CHUCTEMBI
PEryJIUPOBaHMS) C UCIIOJIH30BAaHNEM MH(DOPMAITMOHHBIX TEXHOJIOTUH;

0000IIIEHNE U CUCTEMATU3ALIAIO 3HAHULL:

- Ha3HaueHUue (PyHKIMOHAIBHBIX OJIOKOB MOJYJIEH MEXaTPOHHBIX YCTPONCTB U
CUCTEM, OTpeJelIeHIe UCXOIHBIX TPEOOBaHUN K MEXaTPOHHBIM YCTPOMCTBAM IyTEM
aHaJIM3a BBITIOJIHEHUSI TEXHOJIOTHYECKUX OTepalinii;

- TEXHUYECKUE XapaKTePUCTUKHU, TPUHIUNHATBHBIE JIEKTPUUECKUE CXEMBI;
- OCHOBBI aBTOMAaTU3UPOBAHHOTO TPOCKTUPOBAHUS TEXHUUYECKUX CUCTEM.
Onucanue KaxI0i MpakTHUYeCKO pabOThI COAEPIKUT:

- HOMep paboTHI;

- HAUMEHOBAHMUE;

- LIETIb;

- TEOPETUYECKOE U3JI0KEHNE HEOOXOIUMOT0 MaTepuana;

- BAPUAHTBI BaﬂaHHﬁ;



- IOPSAJIOK BBINOJHEHUS U 0POpMIIEHUS PAOOTBHI;
- KOHTPOJIBHBIE BOIIPOCHI.
OT4YeTsI CTYIEHTOB IO MPAKTUYECKUM paboTaM JAOJKHBI COAEPHKATH:

- HOMep paboTHI;
- HAUMCHOBAHMUE;
- LIEIIb;
- 3a/IaHME B COOTBETCTBUHU C BAPUAHTOM,;
- pacyeTsl;
- OTBETBI HA KOHTPOJIbHBIE BOIIPOCHI;
- BBIBOJI.

TuTynpHbI JHCT OoTYeTa O(OPMIISIETCSI B COOTBETCTBUM C MPUIIOKEHUEM A.
JUig monydeHusl TONOJHUTENbHOM, Oosiee MoapoOHOM MH(pOpPMAIMK MO OCHOBHBIM
BOIIPOCAM Y4YEOHOW NUCUUILIMHBI B KOHLIE METOAMYECKUX PEKOMEHIALNNA MPUBEIECH

MEPCUCHDb I/IH(i)OpMaHI/IOHHBIX HCTOYHHKOB.

[IEPEYEHDB ITPAKTUYECKHWX 3AHATUN

No Tema HanmenoBanue paboTsl Yacel
paboThI
1 DHEPreTUYeCKUid pacueT yHUBEPCATHHOTO 2
MCXATPOHHOI'O MOIYJIA Ipu
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Tema  2.2. IlpoekTHpoBaHUE | HE3HAYUTEIBHBIX HEPreTUUECKUX
MEXaTpOHHBIX ~ MOJyJeHW W | Harpy3Kax
> MEXaTPOHHBIX CUCTEM

OHepreTuyeckuil pacyeT yHHMBEPCAIBHOIO 2
MEXaTPOHHOT'O MOJYJIsSl IPH 3HAUYUTEIIbHBIX
SHEPreTUUECKUX Harpy3Kax

3 Pacuer npeoOpazoBareneii ABUKEHUS 6

4 Tema 2.3. Amnamutuyeckoe | [loctpoenne maremarmyeckoi moxenu | 10
MOZIETTMPOBAaHHE MEXaTPOHHBIX | o0bekTa. [locTpoenue rpada cucremsl u
CHCTEM HaXOXJCHHE MEepeJaTovyHOr  (YHKUIUHU
CHCTEMBI.

3) Tema 2.5. IlpuHimn moctpoeHus: | AHaJIN3 U OMMCAHUE CXEMBI AJIEKTPHIECKOM 2
cXeM yIpaBJIeHUS U | IPUHIMIIAAIBHON yIIpaBieHus ABUraTeIeM
6 CUTHAJIM3aLuU

AHaIu3 U ONIMCAHUE CXEMBI AIEKTPUUYECKON 2
MIPUHLUIIAATIBHON CUTHAIIU3AUU

7 Ananuz u OIMCAaHUE CXEM 2
MHOTOTIO3UIIMOHHBIX TIEpEKITIoYaTeeh

8 AHaJu3 1 ONKMCaHNUE CXEMBbI SJIEKTPUUYECKON 4
MPUHIUITHATIBHOMN yIpaBJICHUS
HarpeBaTeIbHOW YCTaHOBKOM

9 AHaJM3 1 ONTMCAaHUE CXEMBI AJICKTpUUecKon | 4
MPUHIMITHATEHOM ANEKTPONPUBOIA
KOHTPOJUISPHOTO yIpaBIICHUS
JIBUTATEIIIMU KpaHa

10 AHaI13 1 ONMCAaHUE CXEMBI dJIEKTPUUECKON 6
MPUHIMITHATEHOM ANEKTPONPUBOIA
KOHTaKTOPHOTO YIPABIICHUS JIBUTATCIISIMU
KpaHa

Uroro: 40

IIpakTnueckas padora Nel
JHepreTuYecKnii pacyeT YHUBEPCAJbHOI0 MEXATPOHHOT0 MOAYJIsI IPH
HEe3HAYMTEJbHBIX JHEPreTHYeCKUX HArpy3Kax

Hear padorbi: OcCBOEHHME METOJIMKM pacueTra YHHBEPCAJIBHOIO MEXaTPOHHOTO
MOJIyJIsl IPU HE3HAYUTENbHBIX MEXaHUYECKUX Harpy3Kax.



1. TeopeTnueckoe 000CHOBaHUE
I/ICXOI[HBIMI/I JaHHBIMHU IJIA pacucTa ABJIAIOTCA:
- CTPYKTYpHasl CXemMa MEeXaTpOHHOTO MOJIYJIS;
- IPUJIOKECHHAsI BHEILIHSSL HATPY3Ka;
- Tpedyemasi CKOPOCTh BBIXOJHOTO 3BEHA.

1) JIns mexarpoHHoro Moayiisi (MM) mocTynaTeIbHOTO JIBHKCHUS TPEOyeMyto
MOIIIHOCTG ABUTaTelNsd, BT, onpenenstor mo ¢popmyse

T (1.1)
rac Fi - YCUIINUC COIIPOTUBJICHUA HAa BBIXOJHOM 3BCHC, H;

V05 - JIMHEIHAS] CKOPOCTH BBIXOJHOIO 3BEHA, M / C;

1N — K03(QULIMEHT NOJIE3HOTO IEHCTBHUS;

Kws = 1,1 ...1,3 — xodddunueHt 3amaca, YYUTHIBAIOUIUN BIUSHUE
JTUHAMUYECKUX Harpy30K B IMEPUOJI Pa3rOHA M TOPMOIKEHHUSI.

2) s mexaTtpoHHoro moayisi (MM) BpamatenbHOro JBMKEHHS TPEOyeMyIo
MOITHOCTH ABUTatess, BT, onpenenstor mo Gpopmyie

no (1.2)

rae O; - MOMEHT CONPOTUBJIEHUS HA BBIXOJHOM 3BeHE, H'M;
®,55 - YTJIOBAs. CKOPOCTH BBIXOIHOTO 3BEHA, C*.

3) Tak kak pgBuratend OJHOM M TOM K€ MOIIHOCTA  HMMEIOT pa3HbIe
HOMHMHAJIbHBIC BPAIIAIOIIKE MOMEHTBI O, , TO HCOOXOIUMO OINPEACTUTh TPEOyEeMbIi

MOMEHT aBurarens, H-m:

Y

Oa.oa :\g
e-n

(1.3)
rac u - nepeaaro4vHoC OTHOIMICHUC npeo6pa30BaTeJ1;1 JABUXKCHUS.

4)Twun aBUTraTeNs BRIOMPAIOT MO KaTajoraM, HCXOJIs U3 yCIIOBUH:
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P,> P

THOM > T;[.Tp

2. 3apanmue.

Beinonauts pacuer MM, BeiOpaTh ABUraresb. BapuaHThl 3ajaHuii IPEACTABICHBI B
tabmure 1.1.

Tabnuua 1.1 — ITapamerpst MM.

[Tapametps! | BapuaHTsl

1 2 3 4 5 6 7 8
Vas M/cC 15 12 10 6 - - - -
Fi H 12 |16 |8 20 |- - - -
n 0,96 0,960,961 0,96|0,98 0,98 0,98 | 0,98
u 20 |50 |80 [120 |1 2 4 5
Dygs | o1 - - - - 150 | 120 | 100 | 80
of . HwM - - - - 0,800,116 |16 |28

3. KoHTpoJibHBIE BONPOCHI
1) IepeuncauTe OCHOBHBIE cocTaBJstone MM.
2) Kakue nBuraresiyr mpUMEHSIOT MPU KOHCTPpyHUpoBaHUd MM ?

3) Kakoii Tun gBuraTeiis CUYMTa0T HanOoJIee C0KHBIM B YIIPaBICHUH?

IIpakTnueckas padora Ne2
JHepreTU4ecKuii pacyeT yHUBEPCAJIbHOI0 MEXaTPOHHOI0 MOYJIsI PH
3HAYUTEJbHBIX JHEPreTHYEeCKUX Harpy3Kax

Hear padorbi: OcCBOEHHME METOJMKM pacueTra YHHBEPCAJIBHOIO MEXaTPOHHOTO
MOJTYJIsSI IPU 3HAYUTEIbHBIX MEXaHUYECKUX HArpy3Kax.
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1. TeopeTnueckoe 000CHOBaHUE
I/ICXOI[HBIMI/I JaHHBIMHU IOJIA pacdcTa ABJIAIOTCA:
- CTPYKTYpHasl CXemMa MEeXaTpOHHOTO MOJIYJIS;

- IpUJIOKCHHASI BHEIHsIsl Harpy3ka My, (F; wmu T,);

- TpeOyemMasi CKOPOCTb BBIXOJHOTO 3BeHA (JIMHEHHAS v, WM YTIOBAS ,y;);

[0}
- MOMEHT uHepiuH J, (Macca m,) o0beKTa YIIpaBICHHUS,
- TpebyemMoe yCKOpeHHE Epyx (YITIOBOE &gy HITH JIMHEHHOE @ gyiy).

JIMUTEeIbHOCTh pa3roHa U TOPMOKEHUS 3HAUUTEIIBHO MEHBIIIE
NEpUO/Ia yCTAHOBUBILIETOCS IBUKEHUS, IO3TOMY TUHAMUYECKHUE HATPY3KU OKa3bIBAIOT
BIIMSIHUE Ha pabOTy JBUraresis OUY€Hb KOPOTKHM MPOMEXYTOK BpemeHHu. [loatomy
MOITHOCTb JBUTATEIISI MOYKHO ONPEICIUTh 110 U3BECTHOU METO/IUKE.

1) dnst mexarporHoro moysist (MM) mocTynarensHOro JBUKEHUSI TPeOyeMyto
MOITHOCTH ABUTaTeNs, BT, onpenenstor mo Gpopmye

A

~ FivasE s

a0o

T (2.1)

P

rae F; - ycuine COnpOTUBIICHUS HA BBIXOJHOM 3BeHE, H;
Va5 - JIMHEMHAST CKOPOCTh BBIXOJTHOTO 3BEHA, M / C;

N — K03 PUIMEHT NOJE3HOro EHCTBHUS;

Kws = 1,1 ...1,3 — xodddunueHt 3amaca, YyUWUTHIBAIOIIUNA BIIUSHHE
JTUHAMUYECKUX HArpy30K B IMEPUOJI Pa3rOHA U TOPMOIKEHHUSI.

2) s mexatpoHHoro moayisi (MM) BpamatenbHOTO JBWXXKEHHS TPEOYEeMYIO
MOIITHOCTH ABUTaTENs, BT, ompeaenstor o hopmye

7 (2.2)

rac Oi - MOMCHT COIIPOTHUBJICHHA HAa BBIXOAHOM 3BCHC, HM,

@55~ YIJIOBasA CKOPOCTH BBEIXOJHOI'O 3BCHA, C_1 .



3) Bausnaune AWMHAMHWYCCKHX HArpy30K Ha BEJIMYHMHY MOMCHTA ABUIaTCIs MOKET
OBITH SHAYUTCJIIBHBIM, IIO9TOMY H€06XOI[I/IMO OIIPCACIINTD Tpe6yeMBIﬁ MOMCHT

ABUTATCIIA C YHCTOM JMHAMUYCCKHUX HAI'PY30K, H-m:

o O; +0yy
o e
€, (2.3)
e O, - /[JWHAMHYECKHH MOMCHT, BBI3BAHHBIH YCKOPEHHBIM JBH)KCHHEM

Bpaujatromuxcs yactei MM u 00bekTa ymnpaBlIeHHs, NPUBEICHHBIA K BBIXOAHOMY
3BeHy, H'M, paBHbII

Oy =(JU°+Jy +J; )gauﬁ’ (2.4)

rae J;- MOMCHT MHECPpIMH pOTOpA JABUTIATECIIA, KF’MZ;

J,; - MOMEHT UHEPIIUH BPAIIAKOLINXCS YaCTeH IPeoOpa3oBaTes IBHKEHHS, K M2,
paBHBIMN
Ju ~(01..03)Ju?;

J; - MOMEHT UHEPLUH 00BEKTA YIIPABIECHHUS, KT"M2,

U - IepeIaTOYHOE OTHOIIIEHUE TTpeoOpa3oBaTes ABUKCHUS.
4)Tun gBuraTesns BIOUPAIOT MO KaTajgoraM, UCXOMAs U3 YCIOBUM:
P,> P
T HOM Z T . Tp
T 1. max > T J. Tp Maxy

rae I' » max - MAKCUMaJIbHBIM MOMEHT JBUTrarels, 3amaercs B cranaaprax. Ilpum

OTCYTCTBUHU JTAHHBIX MIPUOJIMIKEHHO MOKHO TPUHUMATH T » max ~(2,0...2,2) Tou -

2. 3aganmue.
Brinmonnute pacuer MM, BbiOepute nBurarens. BapuaHTel 3a1aHuil peiCTaBICHbBI B
tabmuue 2.1.

Tabnuma 2.1 — [Mapametpst MM.

[TapameTpsbl BapuanTsl




1 2 3 4 5 6 7 8
Vaas M/ 15 12 10 6 - - - -
A H 12 |16 |8 |20 |- : -
u 20 50 80 120 |1 2 4 5
J510% n? | 014 018 |006 |04 |0608 |0245 |001 |0,23
Wy R C-l - = = = 150 120 100 80
O Hom [ |- |- Jos0 |01 |16 |28

3. KoHTpoJibHbIE BONPOCHI.
1) Kak onpenensiercs nuHaMu4yeckuii MOoMeHT MM?

2) U3 xakux ycioBUi BHIOUPAHTCS IBUTATENH?

IIpakTnueckas padora Ne3
Pacuer npeoOpa3oBareisi ABUKCHUSA
Heas padorbi: OcBoeHHE aJIrOpUTMOB pacueTa npeodpazoBaresieil TBUKEHUS B
MEXaHU3MaX METAJUIOPEKYIINX CTAaHKOB.
1. Teoperndeckoe 060CHOBaHUE

Ilepenaua nBWOKEHUST OT JABUTATENS K BBIXOJHOMY 3BEHY MEXaTPOHHOTO MOIYJIS
MOXXET OBITh OO€credueHa C TMOMOIIBI0 PA3TMYHBIX TPEeoOpa3zoBaTeIe JBUKCHUS
(mepenay), CTPyKTypa U KOHCTPYKTHBHBIE OCOOCHHOCTH KOTOPBIX 3aBUCAT OT THUIIA
JIBUTATEIs, BUJA IEPEMEIICHUS BEIXOTHOTO 3BEHA U UX PACTIONIOKEHUS (KOMIIOHOBKH ).
[IpeoOpazoBarenu ABMKEHUS TMpeAHA3HAYEHBI I MpeoOpa3oBaHMs OJTHOTO BHJIA
JBUYKEHUS B IPYTO€, COIIACOBAHMS CKOPOCTEH U BpaIatoIIMX MOMEHTOB JIBUTATENS U
BBIXOJIHOTO 3BeHa. J1J1st TpeoOpa3oBaHusl IBHXKEHUS UCIIOIB3YIOT BUHTOBBIE, pEEUHBIE,
LIETIHbIE, TPOCOBBIE M HWHBIE Mepenaud. Tak Kak B3JIEKTPOABUTaTeld B OCHOBHOM
BBICOKOOOOPOTHBIE, a pab0Une CKOPOCTU BBIXOJIHBIX 3B€HbEB MEXATPOHHBIX MOAYJIEH
CPaBHHUTEIIBHO HEBEIMKH, TO JUIsl COIJIaCOBAaHUS CKOPOCTEW HCHOJIb3YHOTCS
MOHIDKAIONIME Tepenadu (peayKTophl): 3yOuaTble MWIMHIPUYECKUE U KOHUYECKUE,

YCPBAYHBIC IIJTAHCTAPHBIC, BOJITHOBBIC.

10




Peeunas nepenaua mnpeaHasHaueHa Uil IpeoOpa3oBaHUs BpaLaTEIbHOIO

JBUKEHUSI IIECTEPHU B MOCTYNATEIbHOE JBUKEHUE PEUKU U HA00OPOT.
3yOuaro-peeuHbple Iepefad OTHOCATCS K MeEXaHM3MaM Uil IpeoOpa3oBaHUs
BpalllaTeIbHOIO JBMKEHHMSI B IIOCTYyHAaTE€IbHOE M COCTOAT U3 JIBYyX OCHOBHBIX
AJIIEMEHTOB: 3yOuaToil pedku U peedHoil mectepHu. OCHOBHBIMU IapamMeTpaMu
3y04aTo-peeuHor mepeAadyd SBISIOTCS MOJAYJIb PEUKHM YUCIO 3yObeB pEeyHOU
IECTEPHH.

B TokapHbpIX cTaHkax 3yOuaTo-peeyHas mepegada MpPUMEHSAETCS IS
npeoOpazoBaHus BpallaTeIbHOTO ABMKEHHUS, IIEPEIaBAEMOT0 Ha PEEUHYIO IIIECTEPHIO
OT KOpOOKHM Iepeay 4yepe3 XOJOBBIM Ball U MEXaHM3M (apTyka, B MOCTYNATEIbHOE
JBWKEHUE CTaHKa. PeeuHas miectepHs, 3aKperuieHHas Ha Baily (apTyka, BXOAWT B
3allelJIeHHe ¢ 3y04aroil pedKoH, 3aKperuieHHOM Ha CTaHMHE, TO OOEeCeuynuBaeT
MOCTYNATENbHOE JBUKEHUE CYIIOPTa CTaHKa MO MPOAOJIbHBIM HaIPaBJISIOLIUM

(pucyHok 3.1).

Pucynok 3.1 — 3y0Ouaro — peeunas nepeaaya.

OCHOBHBIMH TTapaMeTpaMH 3yO0UaTo — PEEUHOM Mepeaadn sBISIOTCS MOYJIb PEUKHU U
YuCJIO 3yObeB pPEEYHOW IIECTEpPHH. YpaBHEHHE KUHEMATHYECKOro OanaHca,
CBA3BIBAIOIIEE JIBIDKCHHE IINUHICHS W JABWXKEHUE cynmopra (3a oIuH o00poT
MIMUHAEIS CYyNIOPT NEPEMENIACTCS HA BEIMYUHY MOJAUH):

1 00.mm. X Cy Xy XTxXmxZy, = S, (3.1)

rae Cy, — IOCTOSTHHAS KHHEMATUYECKOM 1ICTIH;
11



ly - mepenaToyHoe OTHOIICHHUE PETYIHPYIOIIETro 3BEHa,;
M — MOZYJIb PEEYHOI0 KOJIECA, MM;

Z,;, — 9HCII0 3yOhEeB PUBOIHON PEEUHO IIECTEPHHU;

S — nmosgava cymnmopTa, MM/00.

Kunematnyeckasi cxema CTaHKa MPEACTABISAET COOOM YCIOBHOE M300paKeHHUE
B3aMMOCBSI3aHHBIX OTJICJIBHBIX MEXAaHHU3MOB, YYaCTBYIOUIMX B Tepelaye ABUKEHUUN
Pa3ITUIHBIM VCTIOJTHATEITLHBIM opraHam. [Tepenaun, CBSI3BIBAIOIIUE
BpalllCHHE JBYX COCEAHUX BaJOB, 00pa3yloT TpyIIly (dJIEMEHTApHYI0 KOPOOKY)
nepenayd. [lopsgok yepenoBanus rpymil B iepeade BeIpakaeT CTpyKTypHas hopmya:

Lyy=LyxL,x.xL, (3.2)

rae Z - 4[cIIo mepenad B IPyIIne;
| — Mepe1aTOYHOE OTHOIICHHUE;
X1, X2, ..., X n — KHHEMAaTHYECKHE XapaKTECPUCTHKH TPYIII Mepeay.

Jns  KUHEeMaTMYeCKUX  pacueToB  KOPOOOK  CKOpPOCTEW  MpHUMEHSETCS
rpadoananuTuyeckuii Mmetos. CyIHOCTh METOJ]a COCTOUT B YCIIOBHOM M300pakeHUHU
BaJIOB, MX YacTOT BpallleHMs, Mepefad M MX MepeJaTOYHbIX OTHOIICHWH B BUJIE
CTPYKTYpPHBIX CETOK U TpaduKoB yacToT BpameHus. CTpyKTypHas ceTKa Jaer
IIPEACTABIICHUE O KOJIMYECTBE Mepead MEX1y BaJlaMH, 3HAMEHATEJe W UaIla30He
PEryJIupOBaHMs AJIEMEHTAPHBIX KOPOOOK, MOCIEI0BATEILHOCTH BKIIIOUEHHS Mepeaay
g o0ecnedeHus psAjga YacToT BKIOYeHHs wmmuHaens. CTpyKTypHas ceTka
XapaKTEepU3yeT 3aKOHOMEPHOCTM HW3MEHEHMsS MepeJaTOYHbIX OTHOILIEHUWA B
IPYIIIOBBIX MepeJadax MpH M3MEHEHMM YacTOT BpALIEHUA IINMHHAEIAA [0
Tr€OMETPUYECKOMY PALLY.

[Toxazarenu uist aHanu3a CTPYKTYPHOMU CETKU:

1) CiMMeTpUYHOCTb " BEEpPOOOPA3HOCTh PaCITOIO0KEHUS Jy4eu.

CHUMMETPUYHOCTh CTPYKTYPHOU CETKH MOKET OBITh 0OeclieueHa B TOM Cily4ae €clid
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[IPOU3BEICHUE MAKCUMAJIBHOTO U MUHUMAJIBHOTO MEPEJATOYHOIO OTHOLICHUS! PABHO
1, T.€ Imin Imax = 1.

2) KomnuecTBo nepenau pasnoe 2, 3,4. Z, =2, 3, 4.

3) YMeHbIlIeHHE KONMYECTBAa TNepenady B TpyNIax, HpU NPUOIMKCHUU K
MIITUHIAETIO: Zx0> Zx1> Zx2 ..> Zym

4) VBenm4yeHne XapakTePUCTHK MEPEeOOPHBIX TPYII OT OCHOBHOW K TOCTICTHEH
nepedopHoi: Xp < X; <....< Xp.

5) /Inana3oH peryIupoBaHuUs

R = (DX.” (Zii 1) < [R] (3.3)
rae Xy — KUHeMaTHuecKasi XapaKTepuCcTUKa MOoCIeAHe nepeOopHOi TPy
Z 7 — 9MCII0 Tiepeiay B MoclieAHer nepedopHoii rpymre; [R] = 8.

['pacdux yacToT BpalieHus SBISETCS BUJOU3MEHEHHON CTPYKTYPHOU CETKOM U
[IOKA3bIBAECT JICHCTBUTEJBHBIE 3HAYEHUs YAaCTOTHBIX IIE€PENATOYHBIX OTHOLIECHUN
nepeaad M 4acToT BpallleHHs BayioB. I'padMk 4acTOT BpalllEHUs BaJIOB CTPOUTCS B
COOTBETCTBUM C KHHEMAaTUYECKOW CXEMOM MPUBOJA U CTPYKTYpPHOU CETKO. AHanIu3
rpauKOB YaCTOT BpaAIIEHUSI TPOU3BOAUTCS 1O CIAEAYIOLIUM yCIOBHSIM:

HaunOoubiias BO3MOKHas 4acTOTa BpallleHUsl IEPBUYHO BaJia.

VYMeHbllIeHHE NepeaTOYHOro OTHOIIEHUS B TIpynmax Mo Mepe NpUOIMKEHUs K
HIIMUHACIIO.

JIyist orpaHuYeHHsT pa3MepoB 3yOUaThIX KOJIEC M PaaUaIbHBIX TradapuTOB KOPOOOK
CKOpPOCTE HOPMAJSIMM CTaHKOCTPOEHHS YCTAaHOBJIEHBI MPENENbl IMEPEAATOYHBIX
OTHOMICHUH: Imin > 0,25, imax < 2,

YTO COOTBETCTBYET IMAIIa30HY PETyJIUPOBAHUS

o _ 2

=——=8
b 025 (3.4)

Hepez[aTquLIe OTHOHICHMW:, YJOBJICTBOPAIOIIUC TOMY YCJIOBHUIO BO3MOXHBI B TOM
ci1y4dac, €CJIv YUCJio oJeu MCXKAY JIMHUAMHU, YCIIOBHO 0603H3‘13.I-0HII/I€ nepeaadun, 1mpu

BBIOPAaHHOM (9 HE MPEBBINIACT YKa3aHHOE B Tabsmie 3.1
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Tabmuma 3.1 — MakcuManbHOE YHCIO TMOJIeH, JOMyCKaemMoe Jisd IepPeCeUCHHs

JUHUSMU TIepe/iad Ha CTPYKTYPHOM rpaduke.

YHCI0 HHTEPBATOB (NOKA3aTENb CTENSHH ©)
Mepeaaun
o=L12 | o=126 | o=14] | o=158 | ©o=1,76
[Mouuxarowan 12 6 4 3 2
Moeswarowan b 3 2 | |
2.3axanue.

1) OHpGIIGJII/ITC 3HAYCHUC MOAYJLA peﬁKH JJIA ITIOJTYUCHU A SaﬂaHHOﬁ BCJIMYMHBI I1IOAa4Y1

CyHIIopTa TOKapHOT'O CTaHKA, KOTOPBIM NTEPEMEIAETCS B IIPOIOJIBHOM HAIIPABIICHUH C

nogaue S. BapuaHTel 3a1anuii ipeicTaBieHbl B Tabnuie 3.2.

Ta6numa 3.2 — BapuaHThl 3a/1aHUiA.

Bapuant S mm/ob I I Iy Iy Z,

| 0,150 0,66 0,625 0,10 0,04 12
2 0,150 0,70 0,500 0,10 0,04 16
3 0,200 0,66 0,625 0,10 0,04 I8
4 0,200 0,70 0,500 0,10 0,03 20
5 0,340 0,66 0,625 0,10 0,04 14
6 0,340 0,66 0,400 0,10 0,03 12
7 0,300 0,66 0,625 0,10 0,04 16
8 0,300 0,65 0,500 0,15 0,02 14
9 0,124 0,66 0,625 0,10 0,04 18
10 0,124 0,50 0,500 0.10 0,03 20

I, — IepeaToyHOe OTHOIIICHHE MEXaHU3Ma peBepca;

I, - IepeIaTOYHOE OTHOIICHUE TUTAPhl CMCHHBIX KOJIEC;

I» — TIEPEIATOYHOE OTHOIICHUE KOPOOKH mepe/ay;

I — IepeIaTOYHOE OTHOIICHUE (papTyKa.

2) CocraBbTe CTPYKTypHYIO (opmyiy, H300pa3uTe  KHHEMATHYECKYIO

CXEMY,

MOCTPOMTE CTPYKTYPHYIO CETKy, rpaduk udacToT BpamieHus. [IpoBenute anamms c

TOYKH 3PEHHUS ONTUMAJIBLHOCTU CTPYKTYpPhl KOPOOKHU IO 3a/1aHHBIM ITOKa3aTesIM:
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- YHCJIO TIepeaay B TPyIIe;

- pacrojoXXeHue nepeaay;

- IUana3oH PeryJIupoBaHus;

- IpeJIeTIbI TIEPEIaTOYHBIX OTHOIIICHHUH.

Wcxoanbie naHHbIC 7151 pacyeTa mpeAcTaBieHbl B Tadbuie 3.3.

Taomuna 3.3 — UcxoaHble TaHHBIE.

BapuaHnt Z 0] CtpykTypa
1 7 1,41 [Ipocras
2 8 1,41 [Tpocras
3 9 1,58 CroxxeHHas
4 10 1,26 IIpocras
5 11 1,26 IIpocras
6 12 1,41 IIpocras
7 14 1,26 [Ipocras
8 15 1,26 ITpocTas
9 16 1,26 [Tpocras
10 7 1,41 IIpocras

3.KoHTpoJibHbIE BONPOCHI
1) Kakoe nipeoOpa3oBaHue IBUKCHUI BBIMTOJIHACT 3y0UaTo-peeyHas nepeaaya’?
2)OCHOBHBIE JIEMEHTHI 3y0UaTO-peeuHom nepenadn’?

3)KakoBo HazHaueHue 3y0UaTo — peeyHou Mepeaadyn B TOKAPHOM CTaHKe?
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IIpakTuuyeckas padbora Ned
ITocTpoenue maTemaTuueckoii Mmoaesn oobekra. Iloctpoenue rpaga
CUCTEMbI U HAXO0K/ACHHUE MePeAATOYHONU (PYHKIMH CUCTEMBI.

Hean padorsi: OcBOCHUE METOIUKUA MOCTPOCHUS MOJIENN 00BbEKTa U Ipada CUCTEMBI
YIPaBJICHUS] CUCTEMBI.

1. Teoperudeckoe 000CHOBaHHE

Mopenb — co3gaBaeMoe YEIOBEKOM IMOA00ME M3ydaeMbIX OOBEKTOB: MAKEThI,
M300paKEeHHsI, CXEMBI, CIOBECHBIE ONMCAHMS, MAaTEMATHYECKUE (POPMYIIbI, KapThl U
T.1.

Mopenb MOXHO OIpEAEUTh KakK (PU3MYECKYI0 WIM MaTEeMaTUYECKYIO
KOHCTPYKIHUIO, ONPEAEIEHHBIM 00pa30M OTPaXKaroIlyt0 OOBEKT U CIIY>KALLYIO JJIsl €r0
U3YUYEHUS.

Mopenp ABISIETCS 3aMEHHUTENIEM pPEANTbHOrO0 O0BEKTa, OOJaAarouM, IO
KpalHel Mepe, AByMsI CBOMCTBAMMU:

- OHA OTPa)XaeT T€ CBOWCTBA OOBEKTA, KOTOPHIE CYLIECTBEHHBI JJI1 JAHHOTO
UCCIIEOBAHNS;

- BcerJia mpoie o0beKTa.

Omgaum  u3  3(Q(EKTUBHBIX METOAOB  pealu3alud HUAEM  KOMIIOHEHTHOIO
MOJEJNPOBAHUSI HA HMKHEM YpPOBHE (YPOBHE SHEPre€TUUYECKHUX JIOMEHOB) SIBISIETCS
MetoJ rpadoB cBszeil. MeTona rpad)oB CBSI3e OTHOCUTCS K TPYyIMIE TOMOJOTHUYECKUX
METO/IOB, T.€. METOJOB, UCIIOJB3YIOIIHUX IPAPUUECKOE IPEACTABICHUE HUCCIIETyEMOTO
oObekTa. OH MO3BOJISIET HA €TUHON METOJI0JIOTUUECKON 0a3e MOIETUPOBATh OOHEKTHI,
colepKalllhe DSJIEMEHThl Pa3Iu4YHOM (PU3NYECKOW MPUPOJbI — AIEKTPUUECKHE,
MEXaHHYECKHUE, FTEKTPOMEXaHUYECKUE, THIPABINYECKHE, THEBMAaTUUECKUE U T.1.

OcHognbie onpeodenenus 2pagos céssel.

Meron rpados cszelt (I'C) win cBsi3HbIX rpad0B OCHOBAH Ha MPEICTABICHUN O TOM,
4TO JIF0OBIE PU3UYECKUE MPOLIECCHI COCTOST U3 DJIEMEHTAPHBIX aKTOB IMIPEOOPA30BaAHUS
sHepruud. TakUMHU 3IIEMEHTAPHBIMU MPOLIECCAMM SIBJISIOTCS HAKOIUICHHE JHEPIHH,

nuccunanus (MoTepu) SHEPTUH U npeoOpa3oBaHue dHeprun 6e3 moreps, meton ['C
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JEMOHCTPHUPYET U3BECTHOE €IMHCTBO MPHUPOABI U MPOTEKAIONINX B HEH (PU3NIECKIX
TIPOIIECCOB.

I'pagp  ceazeri  mpenctaBiasieT  co0OM  COBOKYIMHOCTH  DJIEMEHTOB,
COOTBETCTBYIOIIUX OCHOBHBIM THIIaM MpeoOpa3oBaHUs SHEPTUU U M300pakaeMbIX
B Ka4eCTBE BEPIIHNH rpada, COCNMHEHHBIX CBA3SIMU (Jyramu rpada).

Cesi3p n300paxkaeTcss B rpade JTUMHHEH C MOJYCTPEIKOW, MOKa3bIBAIOIIEH
NPUHAMAEeMOe TPU MOJCIHPOBAHUM 32 TIOJOKUTEIBHOE HAmpaBleHUE TMepeaadn
sHepruu. s Kaxkaoi CBs3M B rpade onpesesieHbl MeCTh BEIMYHH, TPH U3 KOTOPHIX
SIBIISTFOTCSI HHTETPaTbHBIMHU.

Kaxaplii 37eMEHT XapaKTepHu3yeTcs YpaBHECHHEM WM CHUCTEMOW YpaBHCHHIA
OTHOCHUTEIIEHO MEPEMEHHBIX OTHOCSIIUXCS K €r0 CBSI35M.

Ilepemennvie ceszell
OCHOBHBIMM TEPEMEHHBIMU CBsi3el sBsitoTCS ycmnue e(t) m mortok f(t) . Otm
BEJIMYHHBI ABJISIOTCSA (QYHKIHUSIMHA BPEMEHHU W Ha3bIBAIOTCS IMEPEMEHHBIMH MOIIIHOCTH
cBsi3u. OCTalbHBIC YETHIPE TIEPEMEHHBIC BBIYHUCISIOTCS Yepe3 OCHOBHBIE IIO
dbopmynam:
1) MOIIHOCTB
N (t) =e(t)- f(t); (4.1)

2) sHeprus

E(t)=E(t) + } N(t)dt
to ; (4.2)

3) mepemelneHue

t
q(t) =q(ty) + | f(r)dt
fo ; (4.3)

4) MOMEHT

t
p(t) = p(ty) + [ e(r)d.
o (4.4)
17



Bemmunna E (1) - E(to) — TOJIE3HAasl SHEPrus, NepenaBaemasi yepe3 CBs3b B

HaIIPaBJICHUU, OIIPEIEICHHOM IOy CTPEIKOM.
Humepnpemayus nepemennuvlx cesazet

HekoTtopble HHTEpIIpETaluy IEPEMEHHBIX CBA3EH B CUCTEMAX Pa3IuYHON (PU3HUYECKOM
npupojbl npuBeneHsl B Tabmuue 4.1. HeTpyaHo npoBepuTh, YTO NPOU3BEACHHE
yCWIMS Ha TMOTOK B KaXJIOM Ciy4ae JaeT MOIIHOCTh. [lpunsteie B Tabmume 4.1
CIIOCOOBI MHTEPIIPETALIMY IEPEMEHHBIX HE €JUHCTBEHHO BO3MOXHbIE. MOKHO Ha3BaTh
TOK B JIEKTPUYECKUX CUCTEMAX YCUIINEM, a HAIPSLDKEHHUE — TOTOKOM. COOTBETCTBEHHO
M3MEHATCST W MHTEpPOpETAalMM MOMEHTAa M NEpEMelleHus. B 3ToMm mposBisercs
IOyajabHOCTb Tpada.

Tabnuua 4.1- UaTepnperanus nepeMeHHbIX TpadoB cBsi3en

[Tepemenbie Cucrembl
3JIEKTPUYECKUE | MEXAHUUECKUE MEXaHUYECKUe TUAPABINYECKUE
NOCTYNATEILHBIE | poyyiare e
Ycunue Hanpsixenue Cuna F(t) MOMEHT CHIIBI JlaBrenne P(t)
u(t)
e(t) M (t)
Torox Tox 1(®) CkopocTb v(®) Yriosas Pacxox Q)
10 ckopoets @)
MomeHT IToTokocuerue | Immyibce cumsl Kunernueckuit Nmmnynsc
wy(t) H(t) JTaBJICHHS
HUE MOMEHT
p(t) p(t) = [ Fdt
[Tepemerien 3apsz q(t) IIepemerienue Yron  moBopota|O6beM
a(t) x(t) o(t)

Tumnosble 3;1eMeHTHI rpada cBs3el
OneMeHThI rpada cBs3el AensaTcs Ha 4 TPYMIIbL:

1) MCTOYHHMKH SHEPTHH;
2) aKKyMYJISTOpPBI SHEPTHM;
3) 3JeMEHTHI MOTEPH SHEPTHH;

4) npeoOpazoBaresy YHEPrun O€3 MOTeEPb.
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B nepByro rpymmy BXOIAT J1Ba HICaTbHBIX HCTOYHHMKA dHepruu (pucyHok 4.1, a, b):
UCTOYHMK YCWJMsA, oO0o3HayaeMmblii kak SE , U HMCTOYHMK NOTOKA, MMEIOUIHIA
o0o3HaueHne SF . ICTOYHUK yCuIMs 3a0a€T 3HaYEHUE
e=e(t
(t) 4.5)
a ICTOYHHK MTOTOKA

B QJICKTPUICCKHUX CUCTCMAX OTUM 3JICMCHTAM COOTBCTCTBYIOT, O4YCBUJIHO, NACAJILHBIC
HNCTOYHHNKH SI[C u Toka. Jlerko YCTAHABJIMBAIOTCA aHAJIOTHMH U B CHCTCMaAx WHOM
IIpUPOJLI. B cooTBeTCTBHM CO CMBICIOM MCTOYHHKOB OHCPIrusd BBIXOAUT U3 HUX, YTO U

OTpaXacTCA HaAIIPaBJIICHUCM IIOJIYCTPCIIOK Ha CBA34AX UCTOYHUKOB.

a) b) c) d) €)
SE—— SF—— @ —1 —C — R

Pucynok 4.1 - OHOCBSI3HBIC 2JIEMEHTHI:
a — HICTOYHHK YCUJIHS, D — HCTOYHHUK MTOTOKA;
C — UHEPIIMOHHOCTh; d — eMKOCTB; € —TI0TepH

['pynma akkyMyJIITOpOB TOXKE BKJIIOYACT JiBa JJIEMEHTA: HHEPHHOHHOCTH | U
emkocth C (pucynok 4.1, ¢, d). B3aumMocBsI3b MeXIy YCHIMSIMH H ITOTOKAMH JIISI

aAKKyMYJISITOPOB MOKET OBbITh 3aJ]JaHa YPAaBHCHUSIMU:
p=o¢(f) 4.7)
AJIsI THCPOMOHHOCTH U
q=goc(e) (4.8)
OJIA EMKOCTMU.

Ecnu paccmaTpuBaTh JNMHEHHBIE MOJENIW, TO YPaBHEHUA AKKyMYJSITOPOB MOYHO
3amucaTth B BUJE:
df

| —=¢e(t)

dt (4.9)
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c®_tw

dt (4.10)

rae s 0003HAYCHHs MapamMeTpoB akkyMymsiTopoB | m C HCmONB3yroTCS TE *Ke
OYKBBI, UTO U B 0003HAYECHHSIX HJIEMEHTOB.
AKKYMYJIATOPBI pa3JIMYaloTCs TEM, YTO MHEPIIUOHHOCTh UMEET CBOMCTBO HAKAILIIUBATh
KMHETUYECKYIO SHEPTHUIO, & EMKOCTh — IIOTEHIIHAIBHYIO.
B TpeTtbio rpyriry BXOAUT OJIMH 3J1eMeHT noTepb R, 1 KoToporo B 001ieM cirydae
e(t) =or(f (1)) (4.11)
B npocreiiiem ciyuyae ypaBHeHuto (2.11) cOOTBETCTBYET TMHEHHOE YpABHEHUE
et)=Rf (t)’ (4.12)
rae R — mapamerp aiemeHTa.
YetrBepTas rpyrmna BKIO4aeT 4 mpeodpazoBaTelis YHEPTHH: TpaHcPopMaTop, THPATOP,
y3€eJ1 00IIero YCHIIHS M y3eJ1 00IIero MmoToka.
Tpancgopmamop TF (pucynox 4.2) mpeoOpasyeT SHEPrui0 B COOTBETCTBUHU C
dbopmynamu:
ey (t) = mey (t);
fo (t) = mfy (t), (4.13)

rae M — koaddunuenT nepeaadn TpanchopmaTopa.

a) m b)
e, e, l m(t)

N 5 7MTF——>

Pucynok 4.2 - Tpanchopmarop:
a — ¢ TIOCTOSIHHBIM K03 dunmenToM; b — Moy mpoBaHHbIi

HetpynHo yBUaETh, 4TO MOIITHOCTH B 00EMX CBSI3SX TPaHC(POpPMATOpa PaBHbI

e fi=ef,
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[Ipumepamu TpaHchHOPMATOPOB SIBISIOTCS PEAYKTOP, TPAHCPOPMATOP MEPEMEHHOIO
TOKa, pbryar. TpaHchopMaTop MOXKET UMETh NMEPEMEHHbIN KOA(PUIIMEHT nepenayu,
3aBUCSIIMM KaK OT BPEMEHM, TaK M OT HEKOTOPOM IPYyroud nepeMeHHOM. Takoun
TpaHchOpMAaTOp HA3BIBAETCS MOAYIMPOBAHHBIM U 0003HauaeTcs kak MTF.
Tupamop GY MOXHO TIONYYHTh W3 TpaHCHOpMATOpa, €CIIM B OJHOW U3 €T0 CBS3CH
MTOMEHATh MECTAMHU YCUJIME U MTOTOK. Y paBHEHHMSI THPATOpa UMEIOT BHI:

e (t) =rf>(t);

fo(t) =rey (1), (4.14)

rae I' — kodppuuueHT nepeaauu rupaTopa.
['uparop, kak u TpaHcPopMaTop, COXpaHsIET MOIIHOCTb, T.€.
e fy=e f

['mpaTopsl TOKE MOTYT OBITH MOAYJTUPOBAHHBIMU U H300PAKAIOTCA, KaK 3TO TTOKa3aHO
Ha PUCYHOK 4.3.

a) b) rit
. o,
— 7 6GY—~ —— MGY —
i J A i

Pucynox 4.3 - 'upatop:
a — ¢ IOCTOSIHHBIM K03 durmenToM; b — Moy mpoBaHHbIi

OTtmeTnM, YTO CBOMCTBaMM TuUpaTopa o0JajaeT, HampuMmep, THUPOCKOI, a B
PaAMOAJIEKTPOHUKE M3BECTHO NMPUMEHEHHE CIEUUATIbHBIX YCTPOWCTB, HA3bIBAEMbIX
TrUpaTopamu, C LEJbI0 3aMEHbI HHIYKTUBHOCTEH EMKOCTSIMHU.

['uparopsl U TpaHcPopMaToOpbl MOTYT OTOOpaXKaTh MPeoOpPa30BAHUE SHEPTUU OHOU
(du3HUecKoil MpUpOIbl, @ MOTYT OTOOpaXKaTh TaKXe MpeoOpa30BaHUe MEXaHUYECKOIO
JBUKEHUS B BJIEKTPUUECKOE, 3JIEKTPUIECKOTO B MArHUTHOE U T.II.

Vzen obwezo ycunus (0-y3ern) MOKeT UMETh JTIF000E KOJIMYECTBO CBsi3el (pUCYHOK 4.4).

V3en IMOJIYYHJI CBOC HA3BAHUC ITIOTOMY, YTO YCUJIUS BO BCCX CT'0 CBA3SAX PABHBI
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a)l 2{\3 b) 2

0 1

Fﬂ... -

Pucynok 4.4 - V3wl rpada cBszei:
a — y3en obmrero ycwus (0-y3en); b — y3en obmiero motoka (1-y3en)

[Ipu aTOM anredpanveckas CymMMa OTOKOB B CBSI3SIX y3J1a paBHA HYJIIO:
fi—fo+ f3+...+ f,=0. (4.16)
VYuutsiBas (4.15) u (4.16), MOKHO TOJTYYUThb 3aKOH COXpaHeHUs dHepruu B (-y3ie:
efy —e f, +esfz +...+e,f, =0. (4.17)

Vsen obueco nomoka (1-y3ei) Bo BceM noo0eH y3,1y 00IIEro yCHIns, €CJIU TOMEHSTh
MeCTaMH yCriiusl U MOoToku. Takum obpazom, ais 1-y3ma:

fi=fy="f3=..= fn:O; (4.18)
e +e +e3+..+e,=0 (4.19)
elf1+ezf2 +e3f3+...+enfn :O. (420)

3naku cinaraeMbix B (4.19) u (4.20) onpenensitoTcsl HaNpaBlIEHUEM TOJIYCTPEJIOK B
CBSI3IX.

V31161 0011I€TO YCHITHS 1 TTOTOKA 0TOOpaX,aroT IBa BO3MOXKHBIX CITOC00a Pa3BETBICHUS
WJIM CYMMHPOBAHUS MOTOKOB YHEPTUH B (DUBUUYECKUX CHCTEMaX.

du3uvecKkas HHTEPNPETAIUA OCHOBHBIX 3JIEMEHTOB rpadoB cBsizei

[Ipumepsl ¢usnueckort wuHTEpHpeTaru ieMeHToB ['C Ui 2JIeKTpUYECKUX H

MEXaHUYECKUX CUCTEM IpeJCTaBlIeHbI B TabuIe 4.2,
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Taomuna 4.2 — Dnementsl [ C

DIEKTPUUECKUE CUCTEMBI MexaHnueCcKre CUCTEMBI
OneMeH | PU3NYECKOE YCTPOUCTBO, | DnemMeHT | Du3znueckoe yCTpOUCTBO,
TI'C s ekt Ic s ekt
SE Uctounuk 3/C SE HcTounuk CHJIBI,
MOMEHTAa
SF Uctounuk Toka SF Hctounuk ckopocTu
R AKTHUBHOE R Bsi3koe Tpenue
CONIPOTHUBJICHUE
| NHayKTUBHOCTH | Macca, MOMEHT UHEPIIUU
C EmMKkocTh C [Ipyxuna
TF Tpanchopmarop TF Penykrop, peruar
GY GY ['mpocxkon
O-y3en | IlapamnensHoe 0-y3en [TogBuxkHOE CoenMHEHNE
COCIMHEHHE 3JIEMEHTOB
AJIEKTPUYECKUX LETICH
1-y3en | IlocnenoBarenbHOE 1-y3en XKectkoe coenrHeHNE
COEIMHEHHE 3JIEMEHTOB
3JIEMEHTOB

Mooenuposanue snekmpuyeckux cucmem Ha epagax ceszeti
Ananioruun Mexay anemMeHTamMu ['C U 3JeKTpUYECKMMH 3JIEMEHTAMU OYEBH]IHBI.
[TosTomy mpaBuiia moctpoeHus rpada cBa3ei s JIEKTPUUECKUX IEeTe MOTYT OBbITh
MIOJTYy4Y€Hbl HA OCHOBE MPOCTBIX PACCYyKICHUM.

Ilepsoe  mpasuno  kacaercs  oroOpaxkeHus B ['C  »leKTpUUYECKHUX
JNBYXTIOJIFOCHUKOB. J[yis mpuMepa Ha pucyHke 4.5 TMOKa3aHo MPOXOXKICHUE

ANIEKTPUYECKON MOILTHOCTHU uepe3 pe3uctop. IIpu 3Trom yacTs BxonHOM MommHOCTH Ny
npoxoauT uepe3 pesuctop (momHOcTs N, ), a uacte N3 Tepsercs B opme

pacceuBaemoro tera. [lockosibKy TOKU B BBIBOJAX PE3UCTOPA PABHBI, T.€.
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f1: f2

TO pa3BeTBieHUE MoIHOCTU oTpaxkaercss B I'C y3inom obmiero moroka. [lorepu
MOIIHOCTHU 0T06pa)KaIOTCSI 9JICMCHTOM IIOTCPb R. Becn y3¢€iI € 3JICMCHTOM IIOTCPb
OIIMCBIBACTCA YPABHCHHUAMMU

fi=1, =13,

e, —€ —e3=0,

e3 = Rfs.

[TonoOHbBIE paccyKIeHUsT MOTYT OBITh MPOBEACHBI M JJISI JAPYTUX DJICKTPUUYECKUX
JIBYXIIOJIFOCHUKOB: UCTOYHUKOB DJIC M TOKa, MHIYKTUBHOCTU M €MKOCTU. Bo Bcex
CIyvasx JBYXTIOJFOCHUKH NPEACTABIISIOTCS B Ic
1-y370M U COOTBETCTBYIOIIMM OJHOCBSI3HBIM yieMeHTOM ['C: MCTOUYHHUKOM YCHIIHUS

SE wmm motoka SF , maeprmonnoctu |, emxoctu C.

a) o— =0 C)
N, 23| 13
My My £1 €2
- 1
b) it iz

Pucynok 4.5. [I0TOKA MOIITHOCTH B PE3UCTOPE:
a — Pe3UCTOp KaK JBYXIOIFOCHHUK; D — TOTOKHM MOIIHOCTH B PE3UCTOPE;
C — rpad pesuctopa

Bmopoe npasuno, nmponuItOCTpUpOBAaHHOE Ha pPUCYHKE 4.6, yCTaHABIMBAET
COOTBETCTBHE MEXKIY Y3JIOM DJIEKTPUYECKOW IIeMH U €ro OToOpakeHueM B rpade.
ITOoCKOJIbKY DJEKTPUUECKUN TOTEHIMAT BCEX BXOMSAIIMX B Yy3e€ld IPOBOJHUKOB
OJIMHAKOB, @ CyMMa TOKOB B y3Ji€ paBHa HYJIO, TO y3€Jl JJIEKTPUUYECKOW LEMH

otoopaxaercs B ['C y3nom olmiero ycunus.
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9 €1 €3
My e 0
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Pucynok 4.6 - [ToTok# MOITHOCTH B Y3JI€ DJIEKTPUUIECKON CXEMBbI

” ) Lf 2

Ha pucynke 4.7 mnpeacrtaBieH TMNpUMEP MOPOCTOM DICKTPUUECKOH CXEMBI H
COOTBETCTBYIOIIMI € rpad CBs3Ei.

a) Cy b) (Fl
% 1
I L —0 0 0 ’
R L =g —t 1— 1
Q) Crle SE—1 J — C; L
R, R, \J 1— R,
u |

Pucynok 4.7 - I'pad cBs3el 3JIeKTpUUECKON LETH:
a — DIICKTpUYECKas 1eMb; D — rpad 3MeKTPHUUSCKOM IeH

Dkeusanenmuvie npeobpazosanus 2pagpoe cesaseu

Onnum u3 goctouHcTB ['C siBAsieTCS BO3MOKHOCTH 9KBUBAJICHTHBIX MPE0OpPa30BaHMUiM,
MO3BOJIAIOIINX YIPOCTUTH Irpad.

Hekortopsle 3 3tux npeodbpasoBanuii rpadoB npuBeaeHsl B Tadaune 4.3.

[lepBbie nBE CTPOKK TAOIUIBI TOKA3BIBAIOT, YTO MOKHO MCKIIIOUHUTH U3 rpada y3ein C
IBYMSI CBSI3SIMU IIPU YCJIOBHH, YTO HAIpPAaBICHHE MOIIHOCTH B Y3JI€ HE MEHSETCS.
Ctpoku 3 1 4 UITIOCTPUPYIOT, YTO ABA CBSI3aHHBIX Y3J1a OJJHOTO THUIIa MOYKHO 3AMEHUTh
onHuM. CneAacTBUEM M3 3TOrO CBOMCTBA SBIISIETCS BO3MOYKHOCTBH I1€PECTaBIISATH
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MECTaMH Y3JIbl OJHOTO THUIIA BMECTE C UX CBA3SIMU. MeHee 0ueBHIHbIE SKBUBAJICHTHBIE
npeoOpa3oBaHus, MOKa3aHHbIC B ISTOW W IIECTOM CTPOKaxX TaOJUIbI, 3aMEHSIOT
4eThIpeXyroJbHUK u3 (-y310B u 1-y3710B Ha 1Ba y37a, 3aMeTHO ymporias rpad. B
Ta0JIMIle MOKa3aHO TOJBKO JIBA BapUaHTA HAMPABIICHUS CBSI3E€U YETHIPEXYTOJIbHUKA U3
MHOTHX, JUIsI KOTOPBIX TaKoe MpeoOpa30oBaHUe UMEET MECTO.

[Tocneanue aBe CTPOKH TAOIUIBI JEMOHCTPUPYIOT U3MEHEHUE HAMPABJICHHS CBS3EH,
KOTOPOE MOKET MPOU3BOJUTHCS OJHOBPEMEHHO JIJIsl BCEX CBSA3EH y3i1a. DTO CBOMCTBO
MO>KHO 00OOIIUTH U Ha ApyTUe, 60Jee CI0XKHBIE CTPYKTYphI Tpada. Bee ykazanHbie B
tabmuue 4.3 OKBUBAJEHTHbIE MPEOOpa3OBaHMs  JIETKO  JOKA3bIBAIOTCA  C
UCIIOJIb30BaHUEeM ypaBHeHU# (4.15) — (4.19).

Tabnuua 4.3 — [IpeobpazoBaHust CTPYKTYphI rpBda.

Hcxomusriii rpad Pesynbrar
1 S _—
2 —/'Uﬁ —_—
2 F 2
3 1 1 1 3 l—1——3
4F 4
2J 2
4F 4
2 2 4
<1
AN
5 1—1 1—3 1 3
AN — 00—
"
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2J 2 4
ﬁlﬁ
AN
6 1-—1 1—>3 1 3
\0/ 0
|
1 1
7 J |
1—0—1 1<—0<—1
0 0
8 | |
0——1——>0 0—1-—0

Cnenyer OTMETUTh, 4YTO HaIpaBlieHUE 000N CBs3u B rpade, Kpome
OJIHOCBSA3HBIX D3JIEMEHTOB M TpaHCPOPMATOPOB, MOXKET ObITh HM3MEHEHO Ha
MIPOTHUBOIONOXKHOE. Takoe mnpeoOpa3oBaHHEe HE SBISIETCS SKBUBAJICHTHBIM, HO
JOITYCTUMO, TaK KaK COOTBETCTBYIOILEE M3MEHEHUE 3HAKOB HEKOTOPBIX ITOTOKOB U
yCuiIMil ObIBaeT 0OBIYHO O€3pa3INYHBIM.

OnHO U3 BaXHBIX OHKBUBAJIECHTHBIX NpeoOpa3oBaHUl, HE MPUBEICHHOE
B Tabsuie 4.3, cupaBeyiuBo Toybko 11 ['C anekrpuyeckux meneil. OHO COCTOUT B
UCKIIIOUeHHH U3 rpada oaHoro u3 0-y370B BMECT€ CO BCEMHU €ro CBS3SIMU H
OOBSCHSIETCSI JTUHEHWHON 3aBUCHMOCTBIO YpaBHEHUN CYMMHPOBAaHHS TOTOKOB,
3anucaHHbIX i1 Bcex 0-y37m0B. DTO CBOWCTBO cCleAyeT M3 OCOOEHHOCTH
ANEKTPUUECKUX LENel, MpH pacyeTrax KOTOPBIX TOXKE HE 3alUChIBAETCS 3aKOH
Kupxroda st 01HOTO U3 y3710B CXEMBI.

[IpumeHuM paccMOTpeHHbIE MpeoOpa3oBaHusl K rpady, MOCTPOCHHOMY Ha
pucynke 4.7, b: uckmounM HwkHuN 0-y3en u3 rpada. OcraBiiascs €ro 4acTh
nokaszaHa Ha pucyHke 4.8, a. Tenepb B nosyuuBiiemcsi rpade MoXKHO peoOpa3oBaTh
«UYETBIPEXYTOIBHUKY, & TTOCJIE 3TOT0 UCKIIOYUTH JIMIIHKE |-y3IIbI B CBA3SIX 3JIEMEHTOB

SE, C, u R,. Pesynbrar npeobpazoBanuii npuseeH Ha pucyHke 4.8, b.
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a) Cy b) ,--------- -

l\ Ifjcl‘rﬂﬂ'Ril
_ PR IEIES
—0 0—0——1—1I “SEZL—~0--1—I"
SE—1 Lq—r ) I,J;-\;h |
b 1—C 1R, “Co Ry .
R,

Pucynox 4.8. - DxBuBaneHTHbIE TpeoOpa3oBanus rpada cBsazei

Tot ke pe3ynbTaT MOXXET ObITh MOJYYEH MPOUIE, €CIM B UCXOJHOM rpade
HCKJIIOUUTh Apyrou 0-y3el1, a TouHee — cpas3y JBa CBsI3aHHbIX 0-y351a, pa3opBaB, TAKUM
o0pa3oM, OJHOBPEMEHHO JiBa YEThIpexyrojbHuka rpacda. B ocrtaBmemcs rpade
(pucyHok 4.9) Tenepb A0CTaTOYHO U3MEHUThH HAIPaBJICHUE BCEX CBs3eil HMxkHEro 0-
y3J1a ¥ UCKJIFOYUTh JTUIITHUE | -y3IIbL.

HecMoTpst Ha 3HauMWTENbHBIE «IOTEpU» B KOJUYECTBE CBs3el, rpad,
MOJTYYCHHBIN Ha pucyHke 4.8, D, MONMHOCTBIO OTpakaeT BCE CBOKMCTBA HCXOIHOM
ANEKTpUUYECKOM cxeMbl. BecbMa nHTEpECHOE CBOMCTBO I'C COCTOUT B TOM, YTO KK 1IN
0-y3en coenuusieT rpadbl MapauIeTbHBIX YaCTEH CXEMbI, a K&KIbIA 1-y3el CBA3bIBacT
MOJEIN MTOCJIEN0BATENBHBIX YYaCTKOB. [ToaTomy
0-y3em MOXHO Ha3BaTh Y3JIOM TNapaJlIeIbHOTO COEAWHEHUus, a l-y3enm — y3JoMm
IIOCJIEA0BATEIBHOIO coeauHEHNA. JUIs MIUTIOCTpAallMM 3TOTO CBOMCTBA HAa PUCYHKE
4.8,b mTpuxoBoW JMHHUEH OOBeACHBI TpU dYacTH rpada, CBSI3aHHBIC
0-y3mom. HetpynHo yOGeauThCsi B TOM, YTO 3TUM YacCTAM B CXeMeE JCHCTBUTEIHHO
COOTBETCTBYIOT napasuienbuble nenu. Kaxnapiid 0-y3en u 1-y3en mo3BossieT yBUAECTh

CBOM BApHUAHT TOIIOJIOTHH CXCMBI.

I 1= G 1—I
341 [\ I,
0 1— Rz

Pucynok 4.9 - JIpyroii BapuaHT 3KBUBAJICHTHBIX MPE0OpPa30BAHUIMA
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OTMeueHHbIE THTEPECHBIE CBOMCTBA y3J10B Ipada Mo3BOJISI0T 3HAYUTEIHHO COKPATUTD
npouenypy nocrpoenus ['C sanextpuueckux nemneid. Bo MHorux ciydasx, Korjua cxema
MOXXET OBITh NPEACTaBICHA MMApPAUICIbHO M TOCIEI0BATEIIbHO COEIUHEHHBIMU
KOMITOHEHTaMu, rpad CBs3eil B KOHEYHOM BHJIE€ MOXKET OBbITh MOCTPOEH Cpaszy, 0e3
MIPOMEXKYTOUHBIX 3TAIMOB.
Mooenuposanue mexanuueckux cucmem Ha epaghax cesazetl

[Ipu MoenpoBaHUN MEXAHUUYECKUX CUCTEM €CTECTBEHHO HHTEPIIPETUPOBATh YCUIIHE
e Kak cwiy F B TmoCTymarenbHOM [BWKEHWHM WJIA MOMEHT cuibl M Bo

BpamaTCIbHOM IBHKCHHH, a IIOTOK f —xax CKOpPOCTb (HHHeﬁHym V HJIH YITIOBYHO ®

. Torz[a YPaBHCHUC MHCPIHUOHHOCTH IIPCACTABIIACT co0O0M HE YTO HHOC, KaK BTOpOﬁ

3akoH Hrprorona

my =F
dt (4.21)
rae M —macca noCTyIareJIbHO ABMKYIICTOCA TEJIa, UIIN
4o _y
dt (4.22)

rac J — MOMEHT HHCPLMU TCJIA.

VY3en obmero moroka (1-y3en) maealbHO MOAXOAUT JJISI TOTO, YTOOBI OTOOpA3UTh
npuHIMn J{amamOepa: paBeHCTBO HYJIIO CyMMBI BCEX BHEITHUX CHUI M CHJIBI MHEPITHH
(pucyHnok 4.10). DtoT rpad siBIsETCA, B CYIIIHOCTH, MOJICIIbIO JUHAMUKH TeJla C MaCCOU
M 1o MEeHCTBUEM CYMMBI CHJI, KOTOPbIE MOTYT OBITh KaK aKTUBHBIMU BHEIIHUMHU

CHJIaMH, TaK U p@aKHI/IHMI/I CBHSGfI C ):[pyrI/IMI/I TCJIaMHU MCXElHI/I‘ICCKOf/i CUCTCMBI.
Iom
N

Pucynok 4.10 - I'paduueckas uaTepnperanus

npuHIuna J[anambepa
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OnHoBpeMeHHO 1-y3es1 MOXHO MCMOJIb30BATh B KAYECTBE y3J1a )KECTKOT0 COeTMHEHHUS
TBEPBIX TEJ, TP KOTOPOM OHH, IO CYIIECTBY, CTAHOBUTCS €IUHBIM TEIIOM.
HevictButenbHo, l-y3enm — 3TO y3en OOIIEro MmoTokKa, 4YTO B MPUHATOU
TEPMUHOJIOTMH COOTBETCTBYET OOIIeH (paBHOM) CKOPOCTH 1Jisi BCeX cBsA3eH 1-y3ma, a
PAaBEHCTBO CKOPOCTEH O3HAuYaeT JIBM)KEHHE JABYX TeJl Kak eAuHoro ueinoro. JIea
SKBUBAJICHTHBIX rpada Ha pUCYHKE 4.11 WITIOCTPUPYET TaKyIO CBSI3h TBEPIBIX TEII C

mMaccaMu My u M,. I'pad, npuBeneHHslil Ha pucyHke 4.11, a, AeMOHCTpUpYeET TpeTUit

3aK0H Hbpr0TOHA O TOM, 4TO IEVICTBHE PaBHO TPOTUBOACHCTBUIO. [[€eICTBUTEIBHO, CHJIA

F. neiictByer Ha 00a Tela, HO ¢ MPOTUBOIOIOKHBIM 3HAKOM.

a) I'my Lm; b) Im; Lm;

F. = 7

1

Pucynok 4.11 - XKecTtkoe coeuHEHUE TEN.

B npotuBononoxHocTh 1-y3my y3en obmiero ycumus (0-y3en) MOKHO CYUTATh y3JI0M
CcBOOOJHOTO coenruHeHus TBepabix Tel. Ha pucynke 4.12 mokaszaHo, 4TO COCITUHEHUE
IByX Ten depe3 0-y3enl MO3BONAET KaXKIOMy Teldy MMETb CBOK CKOpPOCTb (V) H Vo
coOTBETCTBEHHO). [Ipu 3TOM TpeThs cBA3b 0-y35la XapakTepus3yeT OTHOCUTEIBHOE
JIBUYKEHUE TEI:

Vorn =V2 7V, (4.23)
ITosTomy 0O-y3enm MOKHO MCHOJIB30BATH MPU MOJEIUPOBAHUM YIIPYTHX CBA3EH M

TPCHHA, KOTOPLIC IMOABJIAIOTCA JIUIIb IIPU HAJIMYWNHA OTHOCUTCIBHOI'O ABHIKCHHA ABYX

TCJI.

m Vg I'm;
T Vo
0

Pucynok 4.12 - [TogBr>xHOE COEMHEHUE TEJT
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PaccmoTpum  ¢dusmueckuit cmbica Apyrux siemeHToB ['C, koTopble mpu
MOJIETMPOBAHUHU MEXAHMUECKUX CUCTEM CBSI3bIBAIOTCS C 0-y3JI0M.

YpaBHEHHE EMKOCTH JIJIsl TIOCTYMATEIbHOTO JBUKECHHSI PUOOpETaeT BU/I:

\'
a . (4.24)

Ecnu ero mpouHTETpHpOBaTH, TO MOYKHO MOJIYYUTH TPUBBIYHYIO (POPMY 3aIMCH 3aKOHA
I'yka

Ka=F (4.25)

_r-1
rie K =C"~ — &ecTKoCTh MPYKHUHBL;
C — nogaTiuBoCTb, T.€. BEIMYMHA, OOpaTHAsl KECTKOCTH;

q=[vdt

— nepopManys Mpy>KUHBI.

VYuuteiBasi cBoiicTBa 0-y3ma, NOPYyXKUHY MOXHO TMPEACTaBUTH TIpadom,
MIPUBEICHHBIM Ha pucyHke 4.13, a.

0-y3enm HeoOXOAMM U JIJIsT MOJICTMPOBAHUS TPCHHS MEXKIY ABYMS IBIKYIITAMHUCS
OTHOCHTEJIbHO JIPYT Apyra TBepAbIMH TeJamu (pucyHok 4.13, b). YpaBHeHue seMeHTa
MOTEPh MPHU BA3KOM TPEHUHU MOXKET UMETh BU]I

R Voru =Frp (4.26)

rae R — koadduiumeHT BSI3KOTO TPEeHUSI.

B o0mem cinydae 3aBUCUMOCTH CHJIBI TPEHUS OT CKOPOCTH MOKET ObITh U
HEJTMHEHHOW. Y3es 00111ero yCUus ¢ 2JIEMEHTOM MOTEPHh MOXKET OTPaXKaTh HE TOJIBKO
€CTECTBEHHO CYLIECTBYIOLIEE TPEHHE, HO U CHEIMalIbHO BBOJUMBIE B HEKOTOpPHIE
MEXaHU3MBI yCTPOICTBA: AeMII(hephbl, aMOPTH3ATOPHI.

[Tono6HO ynpyrocTd U TPEHHUIO MOJCIUPYIOTCS B MEXaHUYECKUX CHCTEMax
UCTOYHUKHM dHepruu (pucyHok 4.13, C). B OonblIMHCTBE CilydyaeB MCTOUYHUK
MEXaHUYECKOTO JABWKEHUS, BO3JCICTBYS HA HEKOTOPOE TEJI0, OTHOBPEMEHHO CO3/1A€T

PaBHOC, HO IIPOTHUBOIIOJIOKHOC 110 3HAKY YCHUJIHMEC Ha CBOIO OIIOPY.
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[Tpu MoeTMpPOBaHUY PEANBHBIX MTPYKUH UHOTA TPEOYETCS YUUTHIBATh MOTEPU
DHEPrUM 3a CYET BHYTPEHHETO TPEHHsI B MaTepuase MpyXuHbl. ['pad mpyxuHBI ¢
BHYTPCHHUM TPEHUEM MOKHO MPEACTABUTH MAPAUICIbHO COSAMHEHHBIMHA MOJICIISIMH
UeaIbHOM MPYKUHBI U Aemidepa (pucyHok 4.13, d) win 3KBUBaICHTHBIM TIpadoMm,
KOTOpBIN TMpuBeieH Ha pucyHok 4.13, e. Diementsr C,R,SE,SF moryTt coenunsThCS

MOoJ00OHBIM 00pPa30M B JIFOOBIX COUYETAHUSX, KPOME OJJTHOBPEMEHHOT'O MCIIOJIb30BAHUS

SE u SF.

a) C c) SE.
V orw rF:(lfC}q l/
0 1 0 1
b) R SE —0— 1
vDTH |II' FTICI |/
0 TR
d C
) I €)
C R
. A . ey
1-. _~1
.F i
ﬁ'“ﬁ'
R

Pucynox 4.13 - [logsmwkHOE COeTUHEHNE TBEPIBIX TEI:
a — uaeanbHas MpyKuHa; b — HCTOYHNK MeXaHHMYECKOH SHEPIHH;
¢ — aemmndep; d — npyXUHA ¢ BHYTPSHHUM TPCHHEM

PaCCMOTpI/IM MOJCIUPOBAHHUC MMTOCTYNIATCIIbHOI'O ABHXKCHHA TPEX BAOHCTOK, M3

KOTOPBIX JBE, MACCOM My U Mg, )KECTKO CBA3aHbI APYT C APYIOM, a MEXIy IIEPBOU U

BTOpPOM BarOHETKaMU yIIPyTro-BsA3Kas CBSI3b. B KOJECHBIX Mapax MPUCYTCTBYET TPEHUE

Ry, Ry, R3. BaroneTku npuBoasTcst B ABUXKEHHE YEJIOBEKOM, KOTOPBIN MPUKJIIAIbIBACT

K TIepBOM BaroHeTke cuiy F .
Ucrounuk ycwms SE B ucxomHom rpade mnoakiaoueH depe3 0-y3ern.

B PE3yabTaTEC, YCJIIOBCK IIPUKIAABIBACT OAHO U TO KE YCHUIIMEC KaK K BArOHCTKE, TaK U K
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Omope, B JAaHHOM CJy4ae, HalpumMmep, K 3emiie. BennurnHa CHIIbl TPEHUS B KOJIECHBIX
napax IpPONOPLUOHAIbHA PA3HOCTU MEXKAY CKOPOCTbIO BAarOHETKH U CKOPOCTBIO
onopsl. HermoaBm»XHOE OCHOBaHUE TOXKE MPEACTABISAET COOOM TBEPAOE TEJIO C OUYEHb
OOJIBIIION Maccoi U MOKET OBITh MPEJICTaBICHO B rpade 1-y3710M ¢ MOJKIIOUYEHHOH K
HEMY HWHEPIMOHHOCTHIO. OJHAKO 3TOT y3€Nl SBIAETCS Y3JIOM OOIIEro MOTOKa
(ckopoCcTH), TPUHHUMAEMOTO paBHBIM HyJi0. [lo3TOMY CBSI3M € HENOABUXKHBIM
OCHOBAaHHEM, a TaKXK€ BCE CBA3M |-y3J0B, COECIMHEHHBIX C HEMOJBUKHBIM
OCHOBaHHUEM, UMEIOT HYJIEBYIO MOIIIHOCTh U, CJIEIOBATEILHO, MOTYT OBITh UCKITIOUEHBI
u3 rpada. ['pad, momyueHHbI Mocie SKBUBAJICHTHBIX MTPeoOpa30BaHMi, MPUBEICH HA
pucyske 4.14, c.

CBOMCTBO CBSI3€M C HEMOJBMIKHBIM OCHOBAaHHEM B MEXAHWYECKHUX CUCTEMAaxX
aHAJIOTUYHO CBOMCTBY CBsI3€H ¢ 00IIel TOUKOM (Maccoil) B 3JIEKTPUYECKUX CUCTEMAX.
Paznuumue coctout ToapK0 B TOM, 4TO B ['C 25ekTpudeckon cucremsl Hekintodaercs 0-
y3en (y3es1 OOIIero HyJeBOro moTeHiuana). [1oyuyuThs MOJHYI0 aHAJIOTHI0O MOXKHO
ObLI0O OBbI, TPUMEHSSE TPU MOICIUPOBAHUM MEXAHUYECKUX CHUCTEM JIyalbHYIO
MHTEPIIPETALMIO: CUATATh CHJIy IIOTOKOM, a CKOPOCTh ycuiaueM. B 3Tom ciydae
nHepunoHHOCTh | B rpadax 3amensiercs Ha emkocth C , O-y3iapl Ha 1-y37BI ©
HaoOopoT. OJHAaKO BpsA JU JOCTOMHCTBA TAaKOrO CHoco0a HWHTEpPHpEeTaALUU

OIIpaBABLIBAIOT MOABJIAIOIIUCCA TCPMUHOJIOTMYCCKHC HCYI[O6CTB2L

R1
ﬁi mi P m2 H om3 c
Q) ¢ 0 ()] “rﬂ I
R2 R3 0 m2
Y SE —g——1_ }41inﬂ
0
mi leﬁ R1 b) L L L
| p o3 rR2—0 Rl 0—R3
SE —1 0 —17 LA, ,
m3
c) L L
R2 R3

Pucynox 4.14 - I'pad MmexaHUMUeCKOW CUCTEMBI:
a — KHHeMaTH4eCcKas cxema; D — UCXoIHbIN Tpad; C — yIpoIeHHbIH rpad
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[Ipumep Ha pucynke 4.15 WUTIOCTpUPYET MOJIETUPOBAHNE BEPTUKAIBHBIX JIBUKCHUIM

ITOABCCKH aBTOMOOMJIS.

b) SE c) SE
b b
1 1—1I)
/ e | /fcl
Clj"_ﬂ ﬂﬁ'RI “ﬁ'l‘_\}l
Ny b R;
1—1; 11T
2N I\ ’
Co=—0 0—R; & R

Pucynok 4.15 - Mexanndeckas CUCTEMA € ITOCTYyNATEIbHBIM ITEPEMEILICHUEM.

I'pad cBs3eii mpuBeneH Ha pucyHok 4.15, b. 3aece mpemmonaraercs, 4ro

HCTOYHHK YyCHUIIUA ABHUIKCTCS BMCCTC C Maccou ml OTO MOXKET OBITH CHJIa HHCPIUH,

1100, HapUMeEp, PEaKTUBHBIN JBUTaTEeNb. Kak U B MpenblIyIeM mpumMepe, Moeib b
BKJIFOYAET HEMOJBMKHOE OCHOBAaHHE, a B MOJEIU C 3TO OCHOBAHHE HMCKIIFOUEHO CO
BCEMU CBOMMH CBSI3SIMU.

[IpocToil mpuMep MOIEIUPOBAHUS pblYyara nmpeAcTaBiieH Ha pucyHok 4.16. Cuna

F neiictByeT Ha Maccy My, a Ta, B CBOIO OUEPEb, Uepe3 pbluar MPUBOAMT B IBH)KEHHE
maccy M, . O0e Maccel IBUKYTCS OCTYNATENBHO C TpEHUEM. B TaHHOM city4ae pbraar

MOJEIIUPYETCS C MOMOIIBIO AneMeHTa « Tpanchopmaropy.

Pucynok 4.16 - Kunematuueckasi cxema u rpad peryara
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PaccmoTpenHass Meroauka MOJEIUPOBAHUA  OAHOMEPHOTO  MOCTYMATENBHOTO
JIBMKEHUST MEXaHUYECKUX CHCTEM MOXET ObITh 0€3 Tpyaa pacmpocTpaHeHa M Ha
CUCTEMBI C BpaIaTeIbHBIM JBIKEHUEM. B 3TOM cirydae pons ciiiel F urpaer momeHT
cwibl M , IMHEHHOW CKOpPOCTH V — yIJoBask CKOPOCTh ® , Macchl M — MOMEHT
uHepuuu J U 1.10. B ypaBHeHusx (4.21)—(4.26) u3MeHATCS TOJIBKO OOO3HAYCHUS W
Pa3MEpPHOCTH NIEPEMEHHBIX U KOHCTAHT.

[IpuBenenHslil Ha pucyHke 4.17 mpumep wimoctpupyet nocrpoenue ['C s
y3J1a Mepeaadyu BpauaTelIbHOrO IBMKEHUS, BKIIOYAIOIIETO OJIHY CTYIIEHb PEIyKTOpa

C SY6‘laTI)IMI/I KOJICCaMU U YIIPYI'HC BaJIbl

Pucynok 4.17- Mexanndeckasi Bpalaromascsi CUCTeMa.

Croco6 MopenupoBaHusi 3y04aToro COEIUHEHUS B PACCMOTPEHHOM IpUMEpE
CIIpaBEIJIMB, €CJIM OCHOBAHME HENOABIKHO. B cilyyae, Kkorga peIyKrop yCTaHOBIIEH
Ha MOABM)XHOM OCHOBAaHHH, KaK MoKa3zaHo Ha pucyHke 4.18, a, 'C momkeH yauTsIBaTh

YIJIOBYIO CKOPOCTb OCHOBAHUSL ().
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Pucynok 4.18 - Mopens ¢ oJIBUKHBIM OCHOBAHUEM

I'pad Ha pucynke 4.18, b moka3sbpiBaeT cBsI3b MEKAY a0CONIOTHBIMU CKOPOCTSIMHU
O 1 02, a rpad Ha pucyHke 4.18, C — cBA3b MEXIY CKOPOCTIMHU KOJIEC 3y04aTOro

COCAUHCHUA gy + Woory OTHOCHUTCIBHO OCHOBAHUSL. HOCJ’IGI{HI/II‘/Jl rpa(b MOJKHO

npeoOpa3oBath K OoJiee MPOCTOMY BHUY, pHBEAcHHOMY Ha pucyHke 4.18, d. 31ech
JIOTIOJTHUTENIBHO YUTEHO TaK)Ke TPEHHE B OITOPax BaJIOB.

Mooenuposanue 31eKmMpoMeXanuyecKux cucmem
JIrobast aneKkTpoMexaHuueckass CUCTEMa C TOYKH 3pPEHHsI MpeoOpa3oBaHUs dHEPTUU
MOXXET OBITh MPEJCTaBICHA COCTOSIIEH WX TpeX dYacTel: OJJIEKTpUUecKor O,
MeXaHHuecKoi M H aieKTpoMexaHrdeckoro mpeoodpasosareist OMII (pucynok 4.19).
[TocTpoeHne MaTeMaTHYeCKOW MOJCIH SJICKTPOMEXAHHYECKOW CHCTEMBI MOXHO

TaKUM 00pa30M CBECTH K JCTATHPHOMY MOJCITUPOBAHUIO KKIOW U3 TPEX YACTEH.

Heroumm

SIeKTpHYeCcKoH

SHEPTHH
- -1 93 SMII M

Harpysra

Pucynok 4.19 - DnexrpoMexannueckas cucrema
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B kadecTtBe IOCTATOYHO MPOCTOrO MPUMEpa PACCMOTPUM IOCTpPOEHUE rpada
CBA3€H JBUTATENs] TIOCTOSHHOTO TOKAa C HE3aBUCUMBIM BO30OyxkaeHuem. B

BJIGKTpI/I‘ICCKOI‘/’I YaCcTu ABUTATCIIA YYTEM HMHIYKTHUBHOC Lf[

U aKkTuBHOE R,
COTIPOTUBIICHUSI OOMOTKH SIKOPSI, KyJa «YXOIUT» YacTh BXOMHOW AJICKTPUUYCCKOU
sHepruu. B rpade cBsa3eit 3To MOKHO 0TOOpa3uTh HHEPITMOHHOCTHIO | 1 3ieMeHTOM
NOTeph, CBSI3aHHBIMU B y3JIe OOIIEro MOoToKa (TOKa). B MexaHW4ecKkoil 4yacTH y4TeM
TOJIBKO MHEPIIMOHHOCTH poTopa J . DIeKTpoMeXaHWYeCKui mpeoOpa3zoBarens Oyaem
CUMTAaTh HACAIBHBIM, O€3 MOTEepPh MPEOOPa3yIOMUM SJIECKTPUUYCCKYI0 SHEPIHIO B
mexanndeckyro. Cpenu snemenToB ['C posnb uaeanbHOro npeoOpa3oBaresisi MOTYT
BBITIOJTHATH TOJIBKO TpaHcpopMaTop M TUpaTtop. BeIOOp W3 ATHUX IBYX DJIEMEHTOB

OIIPCACIIACTCA XapaKTCPOM CBA3HU IJJICKTPHUUYCCKUX W MCXAHHMYCCKHUX IICPCMCHHBIX.

Ecmn IIPUHATL BO BHHMAHHUC, UYTO Bpama}omnﬁ MOMCHT JOBHIaTCJIA MI[B

IIPOIIOPHOHUOHAJICH TOKY I B 0OMOTKE AKOps, T.C. YCHIHNC B OI[HOﬁ CBi3HU

s
IPOIOPIIMOHANIEHO TIOTOKY B JIPYTOM CBS3M, TO BBIOOP CTAHOBUTCSA OJHO3HAYHBIM:
AIIEKTPOMEXAHUYECKHI MpeoOpa3oBaTenb BEAET ce0s Kak THPaTop.

[TocTpoennslit mpakTrdecku 6e3 hopmyn rpad cBsizelt JBUTATEINS TOCTOSHHOTO
Toka mpuBeneH Ha pucyHok 4.20, a. Ecom nmns xaxmoro 1-ys3ma rpada 3ammcarhb

YPaBHEHUSI CYMMHUPOBAHUS YCUIIUH, TO MOJTYYHUM:

di )
Lﬂd—:+ Ry, =U, — T @,

do .
— =i,
dt (4.27)

rae I' — koappuuueHT nepeaadu rupaTopa.

[TonydenHble ypaBHEHUS ISl MHOTUX MPUIIOKEHUN TOCTATOYHO TOYHO OMHUCHIBAIOT
MPOIIECCHI, MPOTEKAIOIIME B IBUTATE]IE MOCTOSIHHOTO TOKA.

Bostee TouHas ¥ mosiHas MOJIEb TAKOTO JBUTATEIs MpeacTaBiicHa Ha pucynke 4.20, b.
31ech B MEXaHUYECKOW YaCTH JIBUTATENSl YUTEHbI HEM30S)KHBIC TOTEPU HA TPCHHE, a B
AJIEKTPOMEXaHUUECKOM TMpeoldpa3zoBaTesiec — 3aBUCUMOCTh KoddduiueHta I or

MarHuTHOTO noTtoka @, co3gaBaeMoro TOKOM iB B 0OMOTKE BO30YKJICHUS
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rqu)(iB), (4.28)

rae K — KOHCTpYKTHBHBIA TapameTp, 3aBUCSIIUI OT KOJMYECTBA Map MOJIOCOB U
CBOMCTB IKOPHOI OOMOTKHU.

Uz is
a) I:L, | 9 b) R~—1"=IL,
ot oo [ L He | W
— 1~ gy —1—— i
ig L Dy Tl_f' MGY —=1——~
R:R, A ]l-,.{ ]l;t o
-

Pucynok 4.20 - I'pad cBsi3zeid gBUraTesns MOCTOSTHHOTO TOKa

B »srtoit MOACIIM MOKHO YYCCTb TaKIKC OIIPCACIIACMYIO KpHBOﬁ HaMaronnimuBaHUA

HEJIMHEHHYI0 3aBHCUMOCTh HHYKTUBHOCTH OOMOTKH BO30yxaeHus L, ot Toka .

Baxxnast 0cOOEHHOCTh MOCTPOEHHBIX MOJENIe COCTOUT B TOM, YTO B HUX SIBHO HE
OTPENIENICHbl BXOJbl U BBIXObI, UTO MO3BOJISIET MIPUMEHSTh UX JJI1 MOJEIUPOBAHUS
JMOOBIX  DJIEKTPUYECKUX MAIIMH TIOCTOSIHHOTO —TOKa, paboTarolmux Kak B
JBUTAaTEJIbHOM, TaK U B TEHEPATOPHOM pEKUMaX.

llonyuenue mamemamuueckoi modenu cpaga cesazei 6 opme cucmemuvl
VpasHeHUU.

Camplii  mpocTOM  €rmocod  TOCTPOSHUS ~ MAaTeMAaTHUYeCKOW  MOJEIH
MPOMJUTIOCTPUPYEM Ha TPUMEpPE AJIEKTpudeckoi cxembl (pucyHok 4.21, a), rpad
KOTOpOU mpuBeacH Ha pucynke 4.21, b. /lisg aToro nponymepyem Bce CBsi3u B rpade

¥, 0003Hayas B CBSI3U C HOMEpOM | MOTOK M ycwine kak fj u €, cooTBeTcTBEHHO,

3aIIUIICM KOMIIOHCHTHBIC YPABHCHUS KAKI0OT'0 U3 3JICMCHTOB!

SE: e =U,, 0: e;=e5=¢,

Ri: Rfs—e5=0, fy — f5— fg =0,

C: Cpeg—fg=0, 1: f="Ff,=1F3="1,,

I:  Lpfz—e3=0, e, —e,—e3—¢e,=0.

R, Ryf,—e,=0, (4.29)
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rae p — omneparop auddepeHupoBaHus.

v g . b) Rt g i _C
ara e 4r
1 3
R, R, SE 21L I
R

Pucynke 4.21 - Dnextpuueckas cxema (a) u ee rpad (0).

[Ipumem HauanbHbIE yCIOBUS HYIeBbIMU. Toraa (4.29) ynoOHee paccMaTpuBaTh

KaK CHCTEMY ONEPATOPHBIX YpaBHEHUM, rae P — omeparop Jlamnaca. B nanbHeitmem,
B JJaHHOM TJ1aBe, Oy/ieM MpUePKUBATHCS UMEHHO TaKOW MHTEPIPETAIIMU CUMBOJIA )

[Toyuyennsie 12 ypaBHeHU# ¢ 12 HEU3BECTHBIMU MOTYT OBITh 3aITUCAHBI B MATPUYHOM

dbopwme:

10 0 0 0 0 0 0 0 0 0 Of/[eg] [U,]
0000 0 o0 0 0 0 -1 R 0 O fy 0
000 0 O O O O 0O 0 Cp -1 |8& 0
000 0 -1 Lp O O OO O O f, 0
co0-1R 0O O O OO O O O €3 0
co0o0 0 0 0 1 0 -10 0 O0||f] |0
oo o0 o0 o o o o0 1 0 10 €4 0
000 O O O 0O 1 0 -1 0 -1]|f, 0
o010 -2 0 0 O O OO O O e 0
coo0oo0 1 0 -1 0 0 0 0 0 o fg 0
coo0oo0 o0 o 1 0o -10 0 0 O €s 0
10-10 -1 0 -1 0 0 0 0 O fs 0

: N )

Pemenue cuctemsl ypaBHeHuit (4.29) wnu (4.30) mo3BoJisieT HAWTU aHATUTUYECKUE

BBIpAKEHUS JIJIs1 N300paKEHUM BCeX TOTOKOB M YCWIHM B Tpade.
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Crnenyer oTMETUTh, YTO MaTpuyHas ¢opma maTemMatuudeckoit monenu (4.30) Gonee
y100Ha [TPU YUCICHHOM (JOPMUPOBAHUU U pEUICHUU cucTeM ypaBHeHui Ha OBM. [pu
OOBIYHOM «PYYHOM» MOJCIMPOBAHUU DPEIICHUE MOXET OBITh MOIYYEHO METOIOM

noactaHoBoK B (4.29). Hampumep, ans mageHus HampspKeHUs Ha pesucrope R, ,
II0CJIE0BATENBHO HCKITI0Yas B (4.29) Bce nEpeMEHHbIE, KpOME €5, OTyYuM

Ry (RiCyp +1)
RiILCP? +(L+RR,C)p+R +R,

e, (p) = U, (p).

Ipuuunnvie omnowenus 6 epage ceazeii
OpHoll M3 upe3BbIYAlHO WMHTEPECHBIX M MOJE3HbIX ocoOeHHocTel ['C sBisercs
BO3MOKHOCTb OIPEIETICHHS B HEM BBIYMCIUTENIbHON NPUYMHHOCTH. UTOOBI OSCHUTH
CYTb 3TOT0 TEPMUHA, PACCMOTPUM TpHU (HOPMBI 3aIIUCH OJHOTO U TOTO KE YPaBHEHUS —

3akoHa Oma (d1eMeHTa notepb rpada cBsizei):

U-Ri=0; (4.31)

U=Ri: (4.32)
i—Ly

R . (4.33)

IlepBas (opmyna npeacraBisieT cOO0M HEIBHYIO 3alIMCh 3aKOHA, TOBOPSIIIYIO O TOM,
YTO MEXIYy TOKOM U HANPSHKEHUEM CYIIEeCTBYET B3aUMHO OJTHO3HAYHOE COOTBETCTBUE.
VYpaBuenus (4.32) u (4.33) He TOAbKO 3aAat0T 3aKkoH OMa, HO U TOKa3bIBAIOT,
KaK BBIYUCIUTH OAHY (PU3WYECKYI0 BEIMYMHY dYepe3 Npyryo. TeM caMbIM 3TH
ypaBHCHMS 3aJal0T OTHOIICHUS NPUYUHHOCTH MEXKIy TNepeMeHHbiMH. B (4.32)
IPUYMHON SIBISETCA TOK 1, a cieacteueM — Hanpsbkenne U . B (4.33), maobopor,
Hanpsokeare U BBICTyIaeT Kak MpUYMHA I[OSBICHHS TOKa | . B peambHOM
AIIEKTPOHHOM CXeMe, KaK MPaBUJI0, HE UMEET CMbICIA MCKAaTh OTBET Ha BOMPOC: YTO
TIOSIBJISICTCST PaHBIIE — HANPSDKCHHUE WIIA TOK. [[pHYIUHHOCTE MOYKET OBITh Yallle BCEro
TOJIBKO BBIYUCITUTEIILHON, UMEIOIIEH CMBICIT TTPU MAaTEMATHIECKOM MOJICTUPOBAHHH.
[TpuurHHOCTB, a BMECTE C Hell U (DOpMY 3aBUCHMOCTH MEKIY YCHIIUSIMH U TIOTOKAMHU
MOHO oOmpefenuTh B Tpade cBs3ed. OHa 3amaercs Tak Ha3bIBa@MOW MPUYUHHOM
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CTPEJIKOW — OTPE3KOM Ha OJHOM M3 KOHIIOB cBsizu. Ha pucynke 4.22 mnoka3aHbl JBa
BO3MOXHBIX BapuaHTa MPUYUHHOCTH HA CBSI3U, COCIUHAIONICH 1-y3ed U 3IeMeHT

noteps. B nepBom Bapuante noTok f sBISIETCS MPUYMHOM, T.€. BXOJIHON IEPEMEHHON

AJIEMEHTA TOTEPb, 4 YCUIME € SBISETCS CIEACTBHEM WJIM BBIXOJAHOW NEPEMEHHOU
AJIEMEHTa MOTEPh. JTO AOIOJHMUTEIBHO WIUIFOCTPUPYETCS HA PHUCYHKE CTpPEJIKaMM,
HATJIHO TIOKAa3bIBAIOIIMMU BXOJ W BbIXoJ djemeHta R . IlepBomy BapuaHTy

COOTBETCTBYET YpaBHCHHEC
e=Rf

ANBTepHaTUBHOMY BapHaHTY, IIPEICTaBICHHOMY Ha pucyHke 4.22, b, cooTBeTcTBYyeT
YPaBHEHHUE

31ech MPUIMHOMN IS DJIEMEHTa R sSBIseTCS yCcuine €, a CIeICTBHEM MOTOK f .

a) £ b) e
1I——R —R
f f

Pucynok 4.22- BapuaHTbl IPUYUHHOCTHU:
a — IPUYUHHOCTD 10 OTHOIIEHUIO K 1-y3i1y;
b — NpUYMHHOCTB 1O OTHOIIECHHIO K R

[IpyunHHOCTP Ha pucyHKe 4.22 MOXKHO paccMaTpuBaThb HE TOJBKO IO
OTHONIEHUI0O K  DO3JeMEeHTy ToTepp R , HO ®W TI0  OTHOUIICHUIO
Kk 1-y3my. Torna B mepBoM BapuaHTE yCWJIME € SIBIISICTCA MPUYMHOMN (BXOH0M) 1t 1-

y3Ja, anotok f —cruencrBueM (BbIXoA0M) y3ia. Takum 00pa3oM, Kaxkaas mepeMeHHast

SIBJISIETCS OJTHOBPEMEHHO MPUUYUHON (BXOJOM) JJII OJHOTO 3JIEMEHTA, U CJICICTBUEM
(BBIXOJIOM) AJISI IPYTOTO JIEMEHTA.

Bynem Ha3bIBaTh CBSA3b NPUUMHHON MO OTHOLIEHUIO K HEKOTOPOMY JJIEMEHTY,
€CJIM IPUYMHHAsS CTPEJIKa OMpeAesieT B KaueCTBE BXOJa 3TOr0 dJIEMEHTa YCUIIUE € .
Torna cBs3b Ha pucyHKe 4.22, a MOKHO Ha3BaTh MPUYUHHOM 1O OTHOIICHUIO K 1-y311y,

a CBsI3b Ha PUCYHKE 4.22, b — MpUYMHHOMN 0 OTHOILICHHIO K 371eMeHTy R,
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Bo3MoXkHbIE BapUaHThl PAaCCTAHOBKY MMPUYMHHOCTH HA CBA3SAX PA3JIUYHBIX 2JIEMEHTOB
npencrabiieHbl B Tabnuie 4.4. PaccraHoBKa NPUYMHHBIX OTHOIIEHMM B Tpade
MOAYUHSIETCS IEPEUUCIICHHBIM HIXKE TPEOOBAHUSIM:

1) [IpMYMHHOCT, B CBS3SX HCTOYHMKOB DHEPIMU OIPEICISICTCS THIIOM
UCTOYHUKA. JJIsI MCTOYHMKA MOTOKA CBSI3b BCErJa JOJDKHA OBITh MPUYMHHOM IO
OTHOIIICHUIO K WCTOYHUKY, a ISl UCTOYHUKA YCUJIUS HA00OOPOT — MPUYMHHOM IO
OTHOILIEHUIO K Y31y, C KOTOPBIM CBA3aH UCTOYHUK YCHJIUS.

2) AKKyMYJIATOpBI TIOJIOOHO 3JIEMEHTY TOTepPh MOTYT MMETh O0a BapHaHTa
npuuuHHOCTU. OIWH W3 BapHaHTOB COOTBETCTBYET HMHTETPAJIbHONW NPHUYMHHOCTH,
npyroi quddepeHnnaibHO — B COOTBETCTBUH ¢ (hOPMOIA TTpaBOil YacTH ypaBHEHUIM
akkymyssTopoB. Kak »T1o BuUmHO u3 Tabnune 4.4, MHTErpaibHOM NPUYUHHOCTH
COOTBETCTBYET MPUYMHHOCTH MO OTHOIICHHUIO K AJIEMEHTY I HHEPIHUOHHOCTH | m
MPUYUHHOCTH IO OTHOIICHHIO K Y37y 171 eMKocTh C.

3)'uparop GY wu Tpanchopmarop TF TOXe MOryT MMeTh JIBa BapHaHTa
3aJaHusl MPUYUHHOCTH. lIpum »TOM TpaHchopMaTtop COXpaHSET HaMpaBICHUE
IIPUYMHHOCTH, & TUPATOP MEHSET HANPABJICHUE NPUUYMHHOCTH HA MPOTUBOIIOJIOKHOE.

4) 0-y3ea MOXKET UMETh OJTHY U TOJBKO OJHY MPUYMHHOCTH 0 OTHOIICHHUIO K 0-
y3Ily CBSi3b. B MPOTUBOIOIOKHOCTh 3TOMY BCE€ CBSI3M, KPOME OJHOM, JTOJKHBI OBITh
MPUYUHHBIMU 10 OTHOILICHHIO K 1-y311y.

[TepeuncneHHble paBUiia MO3BOJISIIOT PACCTABUTh NMPUYMHHBIE OTHOIIEHUS B
mo0om rpade cBs3el, mpuueM, Kak IPaBuiio, HECKOJIBKUMH CTIOCOOAMH.

[IpaBuna paccTaHOBKM MPUYMHHBIX OTHOIIICHUM B rpade CBA3ei:

1) B mepByio ouepenb pacCTaBISIOTCS NMPUYUHHBIC OTHOIICHUS Ha CBS3IX
WCTOYHUKOB 3HEPTUH, MOCKOJBKY OHU NPEAONPENECICHBI TUIIAMU UCTOYHHKOB U HE
JOTTYCKalOT CBOOOIbI BHIOODA.

2)3aTeM 3amalOTCA NPUYMHHOCTH Ha CBA3AX aKKyMYJSITOPOB. MOXKHO
PEKOMEHJIOBaTh JJII BCEX aKKyMYJSITOPOB BBIOMPATh OJWH THUN MPUYUHHOCTH,
Hanpumep, UHTETPAJIbHBIM.

3)IlocnenoBarenbHO, B COOTBETCTBUHM C MpaBHJIAMH, PACCTaBISIOTCS

IMPUYHUHHBIC OTHOIICHUA Ha OCTAJIBHBIX CBA3AX rpaq)a. Ecau Ha 3 TOM 3Tane nosBisieTcs
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NPUYUHHOE NPOTUBOPEYHME, TO MOXKHO BEPHYTHCS K NPEABIAYIIEMY IIYHKTY H
W3MCHHTH HANpaBJICHUE MPUYMHHOCTH y OJTHOTO MIJIH HECKOJIbKMX aKKyMYJIITOPOB.
BapuaHTBl paccTaHOBKM CHMBOJIOB TPHYUHHOCTH B Pa3IUYHBIX Tpadax CBs3ei
pUBEJICHBI B TabuIe 4.4,

Tabnuua 2.4 - BapuaHTbl pacCTaHOBKM CUMBOJIOB puyrHHOCTU Ha ['C

Ic YpaBHeHus IIpencraBienne B OIEpaTOpHO-
CTPYKTYPHOU CXEMeE
e e=e(t) 2
1 SE — -
9 SF|— f=f(t) f
f

£ e= R f f c
3 | bR T

£ 1 e 1 | f
4 TI R f==e —) —

& 1 fl 1 | e

——-¢C

E de € f
6 — 1€ F=Co

& df f e
7| T —1 S

£ dt

& 1 e | 1 | f
8 T’l I f _—jedt 1 Ip [

T NI f=mf fi [m ] 3

9 i 3 e, =me ey e
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o N 1 f1 fa
£l TF | [€2=—6 1/m
10 ! & m 3 2
1 1/m
fi=—"1,
m
62 = I’fl
11 & . el = rfz
F—GY —
f‘1 fz
ol 2 f = 1
P | GY | 2=-6
1 f2 r
12 1
fl - —82
r
0 i °
fl f3 f f3
13 2| fy e =6, =6 L ?
fy=f,— f, 21 £y
1 £ £1 £3
|1 —
fl f3 fl ? f3
14 c2 fg fl — f2 — f3 .
EE‘ l fz
€3=6—-6

OmuH W3 BapuaHTOB pPACCTAaHOBKM MNPUYMHHBIX OTHomeHnd B ['C

3NEKTpHYEecKOi cxeMsl 4.21- a npuBeneH Ha pucynke 4.23. 3aech cBsa3b eMkocTu C;
nMeeT aupGepeHIaTbHY 0 TPUYNHHOCTD, a CBsI3U nHepunonHocTh | u emkoctu C,

— UHTerpalibHyto. B 3ToM rpade HEBO3MOXHO OJHOBPEMEHHO OOECHEUYUTH

MHTETPAIbHYI0 IPUIUHHOCTH 1 eMkocteit Gy u C,.

C Fr_l%—f-llh

SFE—11 0—1 Ni
T
G R

Pucynok 4.23- I'pad cxembl ¢ pacCTaBICHHBIMH MPUUYUHHBIMU OTHOILICHUSIMU
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Ha pucynke 4.24 npencraBiieHbl 1Ba BapUaHTa pacCCTaHOBKU MPUUYMHHOCTHU AJid rpada
CBA3EH JIBUratessl MOCTOSSHHOTO TOKA. B mepBoM BapuaHTe BbIOpaHbl MHTErPAJILHBIE,
BO BTOPOM — Iu(ppepeHInaibHbIe MPUIMHHBIE OTHOIICHHUS B CBS3SIX HHEPIIMOHHOCTEH.

a) IL, L7 b) LL, LT
T r T B S
SE—f4_1F|—f'GY—f41|—f' SE-1A4AGYH=1H-=
|
R R

Pucynok 4.24 - [Ipuunnnabie oTHOomIeHus B rpade cBsazeit JAIIT:

a — uaTerpanbpHble; b — muddepennmanbabie

Ilocmpoenue onepamopHo-cmpyKmypHuIX cxeMm Ho 2pagy ceszeli
[TocTtpoeHnne omepaTOpHO-CTPYKTYPHBIX CXEM OCHOBAaHO Ha TOM, YTO SIBHBIC
3aBUCHUMOCTH ITOTOKOB M yCUIIUI 11 35eMeHToB ['C, rmoryyaemble ociie pacCTaHOBKU
OTHOIIEHUHN MPUYUHHOCTU, MOTYT OBITh, B CITy4ae JIMHEWHBIX CUCTEM, OTOOPA’KEHHI B
BUJI€  (PYHKIMOHAJIBbHBIX  HAMPABJICHHBIX 3BEHHEB C  COOTBETCTBYIOIIUMU
nepeaaTOYHBIMKM (DYHKITUSIMH, KaK 3TO MOKa3aHO B MOCJIEIHEH KOJIOHKE Tadmule 2.3.
Tpanchopmatopsl ¥ TUPATOPhl B CTPYKTYPHOM CXeMe MpPEACTaBISIOTCA Mapamu
OJIMHAKOBBIX 3BEHBEB, OJIHO M3 KOTOPBIX MEPEAAET CUTHAI B MPSIMOM HAIPABJICHUU,
npyroe — B oopatHom. Kaxapiit 0-y3emn npeacTaBisieTcsi B CTPYKTYPHOU CXeMe TOUKOM
pa3BETBIICHUS I YCHJIMA M CyMMaropoM s NOTOKOB. Kaxneii 1-y3en
IIPENICTABIIACTCS, HA0OOPOT, TOYKOM pa3BETBIEHUS ISl TOTOKOB U CyMMAaTOpPOM ISt
ycuinii. HeTpynHO 3aMETUTh, YTO B KaXJOM y3JI€ TOJIBKO OJIHA CBS3b, OTINYAOIIAsACS
IPUYUHHOCTBIO, COOTBETCTBYET CYMME, OCTaJbHBIE COOTBETCTBYIOT CJaracMbIM.
3HaKM CJaraeéMbIX 3aBUCAT OT HaNpaBJEHUsS TMOJYCTPEJIOK Ha CBs3sX. Eciu
HaIlpaBJICHUE CBA3W CIIAraéMOro COBNANAET C HANPABIECHUEM CBSA3U CYMMBI, TO
CJIaraeMo€ BXOAUT B CYMMY CO 3HAKOM «IUTKOC», B IIPOTMBHOM CIIy4ae — CO 3HAKOM

«MHHYCH.
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[Iporecc mocTpoeHust CTPYKTYPHOM CXEMBbI IBUTATENS OCTOSTHHOTO TOKA IMOKa3aH Ha
pucynke 4.25. Jlnst Goublieii HarIsimHOCTH Ha pucyHke 4.25, b coxpanena ¢opma
CTPYKTYPHOM CXEMBI, COOTBETCTBYIommas ¢opme rpada cBsseit. [lepeprucoBannas B

OoJiee MPUBBIYHOM BHJIC 3Ta CX€Ma MpHBeJieHa Ha pucyHke 4.25, C.
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Pucynok 4.25 - [loctpoeHne CTpyKTypHOM CXEMBbI JBUTATENS
IOCTOSIHHOI'O TOKa
2.3aganue.
Bapuanr 1.

[TocTpoiite monmens acuHxpoHHoro asuratens (AJl) ¢ KOpOTKO3aMKHYTHIM
POTOPOM.
[TocTpoitTe Moaenb peBEPCUBHOTO yripaBiieHus A/l
Bapuanr 2.
[TocTpoiiTe Mmoaens BeHTUNIbHOTO ABuratens (B/).

[Toctporite Moaens peBEpCUBHOTO yIpaBieHus B/I.

3.KoHTpoJIbHBbIE BONIPOCHI.
1) YUto Ha3bIBAIOT MOJEIbIO 00ObEKTa?

2) Ha yeM ocHOBaH MeTo 1 rpadoB cBsI3eii?
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3) laiite onpenenenue rpada cBsizei.

4) IlepeuncanTe OCHOBHBIC 3JICMEHTBI Ipa)OB CBS3CH AICKTPUUCCKUX CHUCTEM,
MPUBEIUTE UX 0003HAUEHHUS.

5) [lepeunciure OCHOBHBIC 3JIEMEHTHI I'pad)OB CBA3EH MEXaHUYECKHX CHUCTEM,
MPUBEIUTE UX 0003HAUECHHUS.

6) M300pazute rpad pe3ucropa.

7) U3o0pasute rpader: npunnuna JlamamoOepa; Tperbero 3akoHa HprooToHa;
WJICAUTBHOM MPYKUHBI.

8) Onpenenute TUIBI IPUUYUHHOCTH B Ipad)ax CBA3CH:

€ 1 f f 1 e

2) R 6) <

IIpakTnueckas padora NeS
AHAJIM3 U ONHCAHME CXeMBbI YJIeKTPUYECKO MPUHIHITUAIbHOM
ylnpaBJieHHsl JBUTaTe1eM
Heas paGorbi: OcBoeHue CrnocoOOB U300pKEHUSI CXEM DJIEKTPUUECKHX
MPUHITUTTHATBHBIX.

1. Teoperuueckoe 000CHOBaHHE.

Cnoco0bl N300paKeHUS MPUHLIUITAAIBHBIX AJEKTPUUYECKUX CXEM

B npunnunuaneHeix anekrpudyeckux cxemax (I19C) snemeHTsl Moryt
M300paXkaThbCsl IBYMsI CIIOCOOAMU: COBMEIICHHBIM U Pa3HECEHHBIM.

IIpu coemewennom cnocobe Bce wyactu kKaxaoro npubdopa, TCA wu
AJIEKTPUYECKOr0 ammapaTa pachojlaraloT B HEMOCPEICTBEHHOM Onu3octu U
3aKJIFOYAIOT B MPSMOYTOJIBHBIA, KBAaAPATHBIM WIM KPYTJbI KOHTYP, BBIOJIHEHHBIN
CIUTOITHOW TOHKOW nuHuel. COBMEIIEHHBIN Croco0 B OCHOBHOM HCIIOJIb3YETCS B
cxemax aekrponutanus npubopoB, TCA U Apyrux OpoOCTHIX Ciydasix.

B kauectBe mpumepa Ha puCyHKe 5.1 mpuBeIeHa cXema, B KOTOPOM MarHUTHBIN
nyckarenb KM wu kHomouHbli moct ¢ kHomkamu SB1 (“Ilyck”), SB2 (“Cron™)
MOKAa3aHbl COBMEIIEHHBIM CrMOcoOOM.  M300paskeHHsi MarHUTHOTO MyCKareis u
KHOIIOYHOTO TIOCTa MMEIOT KOHTYphl B BUJE MPSAMOYTOJIbHUKOB; B HM300paKEHUH

aBTOMarta QF BBUY ITPOCTOTHI €0 CXCMbI KOHTYP HC YKAa3bIBACTCA.
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Pasnecennviii cnocob W300paxeHUs] SBISETCS IMPEUMYLIECTBEHHBIM IIPU
BeinoaHeHuH [19C, T.K. mpu 3TOM crnoco0e OTYETIMBO BUAHBI BCE JJIEKTPUUECKUE
LeNH, YyTo obJjeryaer yTeHue cxeMm. B 3Tom ciydae cocTaBHbIE YacTH NMPUOOPOB,
annaparoB, TCA pacrnonararoT B pa3HbIX MECTax TaKUM 00pa3oM, 4TOObI OT/IEJIbHBIE
uenu ObuIM M300pakeHbl HamOosiee HarisAaHo. [IpuHamneXHOCTh M300pa’kaeMbIX
KOHTakTOB, OOMOTOK M JIpyIrMX YacTed K OJHOMY U TOMY >K€ ammapary
YCTaHABIMBAETCS IO MO3UIMOHHBIM OOO3HAYEHUSM, IPOCTABIECHHBIM BOJIU3U
M300pakeHHI BCEX YaCTEM OJJHOTO M TOIO e anmnapara.

g obneruenus ureHus Takux [19C ucnonb3yroTes cieayonme NpueMsl:

a) HyMEpPYIOTCSl BCE BO3MOKHBIE LICTIH;

0) noJ n300pakeHHEeM KaxKI0l OOMOTKHM MOMEIIAETCs Ta0JMYKa ¢ YKa3aHUEM MECT
pacnojoxeHus: KOHTakToB. B cronbue I' Tabnanuku ykas3blBaloTcsd HOMeEpa Leneil, B
KOTOpBIE BBEJEHBI TJIAaBHBIE KOHTAKThI, B CTONOIE 3 — 3aMbBIKAIOIINE
KOHTaKTHhI, a B cToJ01e P — pasmeikaromue. Yncno kaeTok B TaOJIMUKE PaBHO YHUCITY
KOHTAKTOB arlfapara, TaK 4To 110 HEil MOXHO ONpEeAeNInTh, B KAKUX LIEMAX UX UCKATh;

B) BOJIM3M MO3UIMOHHBIX 0003HAYECHUN Y U300paKEHUSI KOHTAKTa YKa3bIBAETCS HOMED
e, B KOTOPYIO BKJIIFOYEHA COOTBETCTBYIOIIAsE 0OMOTKA.
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Pucynok 5.1 — CoBmeneHHbIi criocod nzoopaxenus [15C
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HcxonHoe nosoxxeHue annapaTton

KoHTakThl aBTOMATOB, BBIKIIOYATENCH, KHOMOK, pelie U APYIHMX KOMMYTHPYIOUIUX
yctporicTB Ha [19C n3o00paxkaroTcs mpu OTCYTCTBHH TOKA BO BCEX IIEMAX CXEMEI, T.€. B
MIPEAMOI0KEHUN, YTO B 0OMOTKaX peJie, KOHTAKTOB, MATHUTHBIX ITyCKATEJICH U T.1. HET
TOKa WJIM OH HACTOJIBKO MaJl, YTO SIKOPb HE MOKET MIPUTSIHYThCS (TUTUYHBINA TPUMED —
TOK B OOMOTKE MaKCHMAaJIbHOTO TOKOBOTO pelieé MpH HOPMaJbHOM HArpy3ke) W Ha
KHOIKHM, PYOWIbHUKA M T.I. HE JEUCTBYIOT BHEIIHUE TNPUHYAUTEIbHBIC CHIIBI.
[TorToMy Bce 3ambikaroniue KOHTakThl Ha [1DC mokas3piBaloTCs pa3OMKHYTHIMHU, a
Pa3MBIKAIOIINE — 3aMKHY THIMHU.
Ecnu u3 sToro npaBuia B HEOOXOAMMBIX CIydasiX CHEJIAHO HCKIIOYEHHE, T.€. €CIH
OTZIETIbHBIE amnmapaTbl U300paK€Hbl B BHIOPAHHOM paboyeM pexuMe, TO Ha CXEMeE
PUBOJUTCSA COOTBETCTBYIOIIEE MOSICHEHUE. ANNapaThl, HE UMEIOIINE OTKIFOUYEHHOTO
MOJIOKEHUS, M300paKalOTCs B TIOJIOKCHHH, TPUHATOM 3a HcXoaHoe. KoHTakThI
KOMMYTHUPYIOIIUX YCTPOMCTB, MUMEIOIMIMX JBa HUCXOJHBIX MOJOXKEHUS (HampuMmep,
JIBYXIIO3UIIMOHHOTO PeJie ¢ MpeodiialaHieM), H300pa)katoTcsi B OJHOM MPOU3BOIBHO
BBIOpAaHHOM TOJIOKEHUU, KOTOPOE MOSICHSIETCSl HA cxeMe. CXeMbl MHOTOTIO3UIIMOHHBIX
MEPEKIIoYaTeNe, HaAIpuMep, MEPEKIoYaTeNed enel ynpaBieHUs, JOMOIHSIOTCA
JArarpaMMaMy NEPEKI0YaTeIeH.
[To3urmonHbkie 0003HAUYCHUSI.
[Tozurmonnsie ob6o3Hauenus miaa [I1DC ycranaBmmuBarotcs aeirictByronuMm ['OCT
2.710-81. Tlo3umuonHoe oOO3HAUEHHE, MPUCBOCHHOE NPUOOPY WM ammapary,
COXpaHseTCs B CXeMe JJiA Bcex ero yacteil. OHO mpocTaBisieTcss Hall rpaduyecKuM
U300pKEHUEM almapaToB M WX 4YacTed NpH TOPU3OHTAIBLHOM HW300paKeHUU
ANEKTPUYECKUX IIENeil U ClipaBa WU cjeBa OT rpaduueckux 00O03HAYEHUU — MPHU
BEPTUKATLHOM u300pakeHnu. CrieBa TO3WIMOHHBIE OOO3HAYEHUST MOTYT OBITh
HaIKCaHbl TOJIBKO B T€X CIyyasX, KOT/a LEMH Ha CXeMaxX PacIojOKEeHbI JOCTATOYHO
naneko Jpyr ot apyra. Ilo3unmMoHHOe 0003HAYeHHE BPAIIAIOMICHCS MaIIUHBI
BITMCHIBACTCSA B €€ rpaduieckoe n300paxeHue.

2. 3apanme. Beimonnute nzodpaxenue [13C, npeacraBinenHoi Ha pucyHke 5.1,

pazHeceHHbIM criocooom. Onumute n3odpaxenue [19C.
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3. KoHTpo/bHBbIE BONPOCHI.
1) Kakoti cioco6 u3obpaxenus [19C sBnseTcs MpeuMynieCTBEHHbIM?
2) Kakme mO3WIUOHHBIE O0003HAYCHUS TIOMYyYAarOT YacTH JJICKTPOTEXHHUYECKOTO

ycTpoiictBa Ha [19C npu n3o0pakeHUH pa3HECEHHBIM CIIOcO00M?
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IIpakTuyeckasi padbora Ne6
AHAJIHM3 ¥ ONMHUCAHME CXeMBbI JJIEKTPHUYECKOM NPUHIMNNAIBLHON CUTHAJTH3ANNH

Heanr padorbi: OcCBOEHHME NPUHUMUIIOB IOCTPOEHHSA  PA3IMYHBIX BHUAOB CXEM
CUTHAJIU3ALNH.

1. Teoperuveckoe 000CHOBaHHE

Kpome mnapametpoB, TpeOyIOUIMX H3MEPEHHs, CHUCTEMBl TEXHOJIOTHUECKOTO
KOHTPOJISI UMEIOT OOJIBIIIOE YUCIIO MApaMETPOB (UM COCTOSIHUN MPOU3BOACTBEHHBIX
MEXaHU3MOB), O KOTOPBIX JJII HOPMAaJbHOTO BEACHHS TEXHOJIOTMUECKOTO IMpoliecca
OTepaTopy JA0CTATOYHA TOJIHKO JABYXIO3UIIMOHHAs HHGOpMaIHs (TapaMeTp B HOpME —
napaMeTp BBIIIEI 3a IPEAEIIbl HOPMbI, MEXaHU3M BKJIIOYEH — MEXaHU3M OTKJIIOUEH U
T.11.). KOHTpOJIb TaKKX TapamMeTPOB OCYIIECTBIISIETCS C TOMOILBIO CXEM CUTHAIIA3AIUH.
OOBIYHO B HUX MPUMEHSIOTCS PEIEUHO-KOHTAKTHBIE SJIEMEHTHI CO CBETOBOW H
3BYKOBOW curHanuzanued. CBETOBOM CUTHAI MOXET ObITh BOCHPOU3BEACH POBHBIM
WM MUTAIOIIMM CBETOM, CBEYEHHEM JIaMIl HEMOJIHBIM HAKaJlOM, a 3BYKOBOWM C
MTOMOIIBIO 3BOHKOB, TYJIKOB U T.11. UHOT1a HH(pOopMaIiust 0 cpabaTbIBaHUU 3aITUTHI WA
ABTOMATUKHU MOKET OBbITh BBIMOJHEHA C MOMOIIBIO CIIEHUATBHBIX YKa3aTeIbHBIX pee
— OJIMHKEPOB.

[To Ha3HAYEHUIO CXEMbI CUTHAJIU3ALMH JIEJIAT Ha CIIEAYIOIINE TPYIIIbL:

- CXEMbl CHUTHAJU3AIMU TOJIOKEHUs (COCTOSIHUA) — I MH(pOpMauu o
COCTOSIHUM TEXHOJIOTHYECKOTO0 O00OPY/IOBaHUSA MO TUMY “OTKPBITO” — “3aKpHITO”,
“BKJIIOUCHO” — “BBIKJIIOYEHO” H T.JI.;

- CXEMBbl TEXHOJOTUYECKOW CHUTHAIM3allMU, Maloliue WHHOPMAIHUIO O
3HAYEHUHU TAKUX MapaMETPOB, KaK TEMIIEPATypa, TaBICHUE, pACXO] U T.1I.;

CXeMbl KOMAaHAHOW CHUTHAJIM3AlMKM, TO3BOJISIIOUIME TE€pelaBaTh  paszIMyHbIC
yKa3aHHsl U3 OJIHOTO MYHKTa YIPABJICHUS B JAPYrol C MOMOIIbIO CBETOBBIX WU
3BYKOBBIX CUTHAJIOB.

Cxembl cueHanuzayuu noJ0HCeHUs.

OTH CXEMBI BHITIOJIHSIOT JJII MEXaHU3MOB, KOTOPBIE UMEIOT JIBa pab0OYHX MOJTO0KEHUS
u Oosiee. Hanbombiiee pacnpocTpaHeHUE MOJIYYHIN BA BApUAHTA TIOCTPOCHUS CXEM

CUTHAJIM3alluM IIOJOXCHHA:. CXEMbl CHI'HAJIM3allik, COBMCIOCHHBLIC CO CXEMaMH
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YIPABJICHHUSI, U CXEMBI CUTHAJIM3aLUH C HE3aBUCUMBIM OT CXEM yIIPABJICHHSI TN TAHUEM
Ha TPYMILYy TEXHOJOTHYECKUX MEXaHU3MOB OJHOTO WM PA3HOTO HA3HAYCHUS.

B cxemax mepBoro thma CUrHaJau3anus IOJIOKEHHUSI MOXKET OCYIIECTBIATHCA OJHUM
WIM JABYMS CBETOBBIMH CHUTHajaMU C TOPEHHEM JIaMII POBHBIM CBETOM. CXxeMmsbl,
MOCTPOCHHBIE C OAHON JIAMIIOM, CUTHATH3UPYIOT OOBIYHO O BKIIOYECHHOM COCTOSIHUU
MEXaHM3Ma M HWCHOJB3YIOTCS penko. Jlimsd Takux MEXaHW3MOB, Kak 3aJBHKKH,
3aCJIOHKH, KJIallaHbl, MIMOEPHI U T.I1., IPUMEHSIOTCS ABYXJIAMIIOBBIE CXEMBI.

Ha pucynke 6.1 npuBeneHbsl npuMepsl IPOCTEUIINX CXEM CUTHANIM3alMu. B cxeme Ha
pucynke 6.l1,a nmamma HL roput, xorga marHuTHbIA myckatens KM Bkitodew;
HEHCIIPABHOCTH JIAMIIbl PAaBHOCHUJIBHA JIO)KHOMY CHUIHAJIy, T.K. IOTalll€HHAas JIaMIla

CBUACTCIILCTBYCT 00 OTKJIFOYCHUH
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Pucynox 6.1- IIppMepbl TOCTPOCHUS CXEM CHTHAIU3aIUHA, COBMEIICHHBIX
CO CXEMaMH yTPaBJICHUS
Cxemsbl ¢ aBywms nammamu (pucyHke 6.1,0) cBOOOAHBI OT 3TOTO HEJOCTATKa, T.K. B
TH000M TOJIOKEHUH MAarHUTHOTO Tyckarens omHa u3 Hux roput (HL1 — myckarens

BKitoueH, HL2 — myckatens oTkimtoueH). OCOOEHHOCTSIMU CXeM Ha pucyHke 6.1,B,r
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ABJIIETCS BKJIFOUEHHUE JIaMII 4epe3 KOHTAKThl MPOMexyTouHoro pene KV. Ot cxemsl
paboTatoT caenyroumm odopazom. KHonkoit SB2 BkiltouaeTcsi MarHUTHBIN ITyCKaTeNb
KM, xotopslii, cpabateiBasi, BKItoyaeT pesne KV; ero KOHTaKkT IIYHTUPYET KHOIKY,
BKrouaet jgamiy HL1 u otkmrouaetr HL2.

CxeMbl TEXHOJIOTMYECKON CUTHATM3ALNH

CxeMbl TEXHOJOTMYECKON CUTHAIM3ALUMU MPEIHA3HAYEHBI JIs1 OMOBEILICHHUS

00CITyKMBAIOLIETO NEPCOHANIa O HAPYIIEHUH HOPMAJIbHOI'O X0Jla TEXHOJIOIMYECKOIO
nponecca. TexHOJIOrn4ecKkasi CATHAIM3alnsl BOCIPOU3BOAUTCA POBHBIM M MUTAOIIIUM
CBETOM M CONPOBOXAAETCS, KaK IPABUJIO, 3BYKOBBIM CUTHaJIOM. CUrHanu3anus 1o
Ha3HAYEHHUIO MOXKET OBITh MPEeLyNpPEaUTEILHON U aBapUITHOM.
HaunbOonee mpuMeHsSEMbIMU SIBIISIFOTCSI CXEMBI C LIEHTPAJIbHBIM ChEMOM 3BYKOBOIO
CUTHAJIa C MOBTOPHOCTBIO JeHCTBHs. OHM JAlOT BO3MOYKHOCTH IPUHUMATH HOBBIN
3ByKOBOW CHUT'HAJ O Pa3MbIKaHWs KOHTAKTOB, BBI3BABLIMX IOSBICHUE MPEIBIIYILIETO
CUTHAaJA.

TexHonornueckue Mpouecchl TPeOYIOT MO3ULUOHHOTO KOHTPOJIS OOJIBIIOTO
Yyyclia MapaMeTpoB, a XapaKTEepPHOM OCOOEHHOCTHIO CXEM TEXHOJIOTMYECKOU
CUTHaJM3allMy  SBJSIETCSl HalW4Me OOIIMX CXEMHBIX y3J0B, B KOTOPBIX
nepepadarbiBaeTcss HMH(OpMalMs, MOCTynarou@as OT MHOTUX JABYXIO3HIIMOHHBIX
TEXHOJIOTUYECKUX JaTyukoB. MHpopmanus W3 3TUX Y3710B BblaaeTcss B (Gopme
3BYKOBOT'O W CBETOBOI'O CHUTHAJOB TOJBKO O T€X MapaMeTpax, 3HaYEHUs KOTOPBIX
BBIIUIN U3 HOPMbI UM HEOOXOIUMBI JJI YIPABJICHHS TEXHOJIOTHYECKUM MTPOLIECCOM.
B 3aBHCHMMOCTH OT 4YHClla CUTHAJIM3UPYEMBIX [MAPAMETPOB CBETOBAs CHUTHAIM3ALUS
MOXXET OBITh BBIIIOJIHEHA POBHBIM WJIM MHUTAlOMMM cBeToM. Eciu uwmcno
KOHTPOJUpPYEMbIX mapameTpoB Oosee 30, MPUMEHSIOTCS CXEMbl C MHIaHUEM
MOCTYIUBIIETO CUTHANIA. AJITOPUTM PabOThl CXEM TEXHOJOTHYECKOW CUTHAIU3AINH B
OOJBIIMHCTBE CIy4yaeB OJIMHAKOB: MpPH OTKJIOHEHMHM MapaMeTrpa OT 3aJlaHHOTO
3HAYCHMs TOJAIOTCS 3BYKOBOM M CBETOBOM CHUTHAJIBI, 3BYKOBOW CHUTHAJI CHUMAIOT
CIIEHIMAIBHOW KHOIKOM; CBETOBOW CUT'HAJ MCUYE3aEeT MPU YMEHBIICHUM ITApaMeTpa 10
JOITYCTUMOTI'O 3HAYEHHUS.

CxeMbl KOMaHIHOW CUTHAJIN3ALIUNA
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KOMaH,IIHaSI CHUT'HaJIM3alus obOecreynBaeT OJHOCTOPOHHIOIO NN
ABYCTOPOHHIOKO IICpCaady pPa3/IMYHbIX CHTHAJIOB KOMAHJ B YCIOBHAX, KOTI'Iad
HCIIOJB30BAHUC JPYTHUX BUIOB CBA3U TCXHUYICCKU H€H€H€COO6P33HO, 3aTPYAHCHO UJIN
HCBO3MOXHO — HaAIIpUMCpP, HCIIOJb30BAHUC TCJIG(bOHa B IIPOHU3BOACTBCHHOM

IIOMCIICHUH.

2.3ananmue:
Bapwuanrt 1. BeimomHuTe onrcanue 1enei cxeMsl ynpasieHus (pPUCYHOK 6.2).
Bapuanrt 2. BeinonHuTe onucaHue NpuHIIMIA JEHCTBUS CXEMbI YIIPABICHUS (PUCYHOK
6.3) o BpeMeHHOM Jauarpamme .
BapuanT 3. BpimosHUTE ONHCAHWE NPHUHIMNA JEUCTBUS CXEMBI TEXHOJOTHYECKOMN
CUTHAJIM3AIMU 10 BpEMEHHOM auarpamme (pucyHok 6. 4).
Bapuant 4. BeimosHUTE BeCXE€Mbl TEXHOJIOTMYECKOW CUTHAIM3ALUU C UCTOUHUKOM
muratomiero ceera:  HL — namma kontpons nHanpsbxkenus; HA  — 3BoHok; KV
— pene npexynpexaatomiedt curnanuzanun; KV1-KVn — mpomexyTouHbie pere
WHIUBUyaIbHBIX CHUTHAJIOB, BKJIOYaeMble KOHTakTamu mardukoB SKI1 - SKn
TexHosorundeckoro koHTpoist, HL1-HLn — unguBunyansubie mammnel; 1VD1-1VDn
2VD1-2VDn — pa3BsseBatonue auoisl; SB1 — kHomka ompoOoBaHMS CUTHAJNIOB;
SB2 — knomka ckema curHanos; [IIPC — mmaa poBHOro cpera; IIIMC — mmHa

MHTaloIero ceera (pucyHok 6.5).
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Pucynox 6.3 - TlpuHnunuanbHas cxeMa yrnpaBlIeHUS HEPEBEPCUBHBIMU
AJIEKTPOIIPUBOAMH IPEHAKHBIX HACOCOB C AaBTOMATUYECKUM
BBOJIOM pe3epBa (a), BcmomorareibHas cxema (0),
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Pucynok 6.5 - CxeMa TEXHOJIOTHYECKON CUTHAIM3ALNH C

HCTOYHHKOM MHUTAIOIICTO CBECTA.

3.KoHTposbHbIE BONPOCHI.

1) Ha3naueHue cXxeM CUTHAJIN3AINAN?
2) Bumpl cxeM curHaau3amn?

3) KakoBo Ha3HAYEHME CXEM TEXHOJOTHYECKON CUTHATH3AIUH?

IIpakTHuyeckas padora Ne7

AHAJIU3 ¥ ONIMCAHHE CXEM MHOI0NMO3UIHOHHBIX nepeKﬂmaneﬂeﬁ
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He.]'lb paﬁon: OcBocHue MCTOAUKH BBIIIOJJHCHHA CXCM MHOI'OIIO3MIIMOHHBIX
aIirraparTos.

1.TeopeTudeckoe 000CHOBAHUE.

Ha cxemax, B KOTOPBIX UCIOJIL3YIOTCS MHOTOMIO3UIIMOHHBIC annapaThl (KJIIOYH,
NEePeKIIoYaTeNl, TPOrpaMMHBIE YCTPOMCTBA U T.I.), Pa3MEIIAIOTCS AMarpaMMbl U
TaOJUIIBI IEPEKITIOYEHUN X KOHTAKTOB. B Tabnuiiax npuBoasST JaHHBIE, OTpaXKaroIue
THUII annapara, BUJ PYKOSTKHU (CIIEper) U CXEMY PACHOJIOKEHHUSI KOHTAKTOB (C3a1n),
THUII PYKOSITKU U TIaKeTa, HOMEpa KOHTAaKTOB M PEeKUM paboThl. Hencnonb3oBaHHbIE B
CXeMe KOHTaKThl 0003HadaroT 3Be3noukoi (*). Ha pucynke 7.1 moka3aHbl 1Ba
npuMepa HU300paKEHHS CXEeM INepeKyovaTesie Ieneld ymnpaBlieHUs W TabJuIl
BKJIFOYEHHUS] UX KOHTakToB. Ha pucynke 7.2,a moka3aHa (poHTasbHAsl IJIacTHHA
nepeKIoyaTest U 0003HaUCHbI TPU MOJIOKEHUS pyKoaTku: +45, 0, -45. Ilox Het qaHo
MOHTaKHOE€ M300pakeHHe, Ha KOTOPOM BHUJIHO PACIOI0KEHHUE BHIBOJIOB U YKa3aHA UX
HyMmepanus (1-6). Ha pucynke 7.1,0 mana Tabnuiia mepeKkIOUYCHHS KOHTAaKTOB, B
KOTOPOM OYKBHI “1”° 1 “I’”” 0003HAYAIOT COOTBETCTBEHHO JICBBIM M ITPaBbIl BHIBOJBI, a
KPECTUK YKa3blBa€T Ha TO, UYTO KOHTAaKT 3aMKHYT. YuTaercs Takas TaOiuia
CIeAYIOIUM 00pa3oM: B MOJIOKEHUU +45 COeTMHEHbI KOHTAKThl MEXAYy BbIBOJaMuU |
u 2,5 u 6; B nojoxxkenun 0 coeauHEHBI KOHTAKTHI 1 1 2, 3 u 4, a B mojokeHuu -45
coeqrHEHbl KOHTAKTBHI 5 m 6. Ha cxeme »TH coenuHEHHS 0003HAYAIOT OJHHUM U3
CIOCOOOB, OTJIMYAIOIIUXCSA TOJBKO PACIOJOKEHUEM Ha CXeMe BBIBOAOB 1-6
nepekioyaTeass (MeXAy IITPUXOBBIMU JIMHUSMH — PHUCYHOK 7.1,B; Hajg HUMHU —
pucynok 7.1,r; Ha HuUX — pucyHok 7.1  1). Bce cmocoObl paBHO3HAYHBI.
PaccmatpuBaemblil iepekitoyaTe b paCCUUTaH HA TPU LIETIH, YCIOBHO HAa3BaHHbBIE A,
b u B. llItpuxoBsie nuauu +45, 0, -45 COOTBETCTBYIOT MOJOXKEHUSIM PYKOSITKH, a
KUPHBIE TOUKM YKa3bIBAIOT HA TO, YTO KOHTAKT 3aMKHYT. 1o puc.3.14,B-r BUIHO, 4TO
B IoyiokeHuu +45 3aMkHyThl 1lenu A u B, nens b pasomknyta. B nonoxennn 0
3aMKHYTHI 1Ienk A u b, B nonoxenun -45 3aMKHyTa 11e1b B.

PykosiTka mepekiiroyaTesnsi, MOKa3aHHOTO Ha pPUCYHKe 7.1,e-k, TakkKe HUMEET TpHU
nonoxxenust : +45, 0 u -45, HO momoxenHue O Kak Obl Pa3IBOGHO M IOTOMY

U300paXe€HO HE OJIHOM, a JABYMs IITPUXOBBIMHU JIMHUSAMH. K OIHOW W3 HUX HAET
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CTpenka OT JmHuu +45, a x apyrod — or jmHuM -45. CTpelkd yKas3blBalOT Ha

NPY>KUHHBIN BO3BpaT. Eciu moBepHYTh PYKOSTKY B MoJjoxkeHue “BriatounTs”, a

Homep MonoxkeHne pyKoOATKM
? : Q BbIBOAOB +45 0 -45 +45—£ —I— .E...
0 3 5
nynjfaoyniayntganln 0— = — ——
@ @ 112 Lenb 2 4 6
_ = TI -T—T‘
QO@| 3]s e,
QO] L e
[ 6)

PRERY +45-L-f--?‘-i

01 2 3 4
'1:—————":"On<moq

2 14 16 - T T T Omwod
e)

Homep | —> €< HasHaueHue
+45 0 -45
1 BknounTb
2 BkntoueHo
3 OTKAtoveHo
4 OTKNOYNTD
W

Pucynok 7.1 -IlepexntouaTenu nenen ynpasieHUs

3aT€M OTIIYCTUTb, TO OHAa BEPHETCS B HUCXOAHOE MOJOKEHUE, a KOMMYTAIIMOHHOE
MOJIOKEHUE OyJeT COXPaHAThCS — “BKIIOYEHO’. AHAJIOTMYHO paldOTaeT IIeTb

OTKIKOYCHHA.

2. 3aganue.

Beimonnute CXEMY MCPECKIIOYATEIIA U OITMIIHUTE IMOPAAOK ICPEKITOUCHMA.
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CxeMbl mepexiroyaTeseil MpejcTaBieHbl B nNpuiiokeHuu b. BapuaHTel 3anaHust B

COOTBETCTBUU ¢ Tabnuiei 7.1.

Ta6muma 7.1 — Homepa cxem.

Bapuant |1 2 3 4 5 6 7 8 9 10

Ne cxempr | 76 77 104 | 111 |112 |113 (114 |126 |127 |128

3.KOHTpPOJIbHBIE BOIIPOCHI.

1) KakoBo Ha3HaueHHWe TMeEpeKiroyaTeNieil B CXeMaX dJIEKTPHUYCCKUX
MPUHIUIINATBHBIX aBTOMATU3ALUN?

2) Kakas napopmMarus 3aj10keHa B TAOJIUIE CXEMBI TIEPEKITFOUATENs ?

IIpakTnueckas padora Ne8
AHAJIU3 U ONMCAHUE CXeMBbI YJIEKTPUYECKON NPUHIUININAIBLHOH YIIPABJICHUSA
HArpeBaTeJbHON YCTAHOBKOM

Hean pabGorbi: BeipaboTka ymeHHs pa3dupaTbcs B CXeMax yIpPaBICHUS

HarpeBaTesIbHBIMU yCTAHOBKAMU.

1. TeopeTuueckoe 000CHOBaHME.

[IpyHIMnIManbHas JIEKTpUYECKas CXeMa YIPABICHUS AIEKTPUUECKON MEeUblo
CONIPOTHUBJIEHUEM MPEJCTaBICHAa Ha pUCYHKE 8.1. Cxema BBINOIHSET ABe PYHKIMHU:
1) PerynupoBanue Temneparypsl neuu uyepes ynpasieHue aBrotpancpopmaropom AT.

2) IlonHrMaHue ¥ ONTyCKAHUE ABEPU M€Y C TOMOIIIbIO 3eKTpoaBuraresns A/l.
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Pucynok 8.1 - [IpuHumnuambHas SIEKTpHUECKas CXeMa YIpaBIeHUS

BHCKTpI/I‘IeCKOﬁ INCYbI0 COIIPOTHUBIICHUCM.

2.3apanue: Onummute paboTy CXeMbl YIIpaBJICHUSI HArPeBaTEILHOM YCTAHOBKOM
o ¢opmam Tabmui 8.1u 8.2,

1) Ompenenure Ha cXxeMe MECTO BBOJIA MMTaHUS, POJI TOKA, (Da3HOCTD. 3amucaTh
XapaKTEPUCTUKY IMUTAHUS TICTIH.

2) Omnpenenute COCTABHBIC DJIEMEHTBI CXEMbI U OpTaHbl yIIPaBJICHUS, 3aIlUCaTh
ux B Tabnuiy 8.1.

3) Ilepeuncnure s KaXKIOTO AJIEMEHTa €ro KOHTAKThl B COOTBETCTBYIOIICH
rpacde Tabmauisr 8.1.

4) Onwumute paboTy cxembl 1o Gopme Tabmuiel 8.2. CUnTaTh, YTO BBOIHBIC
BBIKJTFOYATEIM BKIIOUEHBI M MHUTAHWE MOJaHO. BKiIIoueHue, OTKIIIOUEHHUE ammapara

(KaTylmku, KOHTaKTa) MoKa3aTh CTPENKON T .

Tabnura 8.1- Di1eMeHTHI CXEMBI.
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Oo6o3unauenne | Haumenosanue | O003HaueHNE KOHTAKTOB DJJEMEHTa C
DJIEMEHTA DJIEMEHTA YKa3aHHUEM «0» - OTKPBITBIN, «3» - 3aKPBITHIN

Tabmauna 8.2- Pabora cxeMpbl.

Ne n/mt | Yopasne | Anmapar, 3ambikanue | CpabateiBa | ['oToBHTCS | 3amyckaercs
HHUE KaTyIika (pa3mMbIKaHue) | HHE (6bmoxupye | (ocTaHaBIHMBa
KOTOPOTO KOHTAKTOB AIIEMEHTa TCS) IeNb | eTcs,
cpabaThIBaeT | ammapara CXEMBbI peBepcupyerc
(oTkIIIOUaeTCs) (xaTymka, a) O] umm AT
KOHTAKTHI,
JIaMIIbl)
Kull 1-
KuO1]
VII- «A»
TMuH. |
Twmakct

3.KoHTpOJIbHBIEC BONIPOCHI

1) IIpu momoIy Kakoro 3jeMeHTa OCYIIECTBIICTCS KOHTPOJIb TEMIIEPaTyphbl
nmeyn?

2) Kaxk nassiBaercs cmocod topmosxkenus A/Jl? Ilosicaute npuHum neicTBUs.

IIpakTuyeckas pad6ora Ne 9
AHAJIU3 U ONMCAHUE CXeMBbI JJIEKTPUYECKON NPUHUUIHATBLHOU
3J1eKTPONPUBO/AA KOHTPOJIJIEPHOT0 YIIPABJIEHHUS IBUTaTeIsIMH KpaHa
Hean pabGorbi: BeipaboTka ymeHHss pa3duparbcs B CXemaxX yIpPaBICHUS

ANEKTPONPUBOA KOHTPOJUIEPHOTO YIIPABICHHUs IBUTaTEISIMU KpaHa
1.Teopernueckoe 000CHOBaHUE
Jlns ynpasnenus O/1 KpaHOBBIX MEXaHU3MOB MPUMEHSIIOT KOHTPOJIJIEPHI TUIIOB
KKT u KKII. Cxembl ynpaBieHHUs ABUTaTEISIMH MOTYT ObITh CUMMETPUYHBIMU U
HECUMMETPUYHBIMM  OTHOCHUTEJIBHO HYJIEBOTO IIOJIOKEHHMS KOHTpOJUIEpa WIH
KOMAaHJTHO - KOHTposuiepa. CHMMETPUYHONM CXEMOW Ha3bIBAETCS TaKasi, IPU KOTOPOU
BKJIFOUCHME JABUIATENs, a CIECIOBATEIbHO, U €r0 XapaKTEPUCTUKU IPH MOJIOKECHUSIX

PYKOSATKM KOHTPOJUIEPA, UMEIOIINX OJAMHAKOBBIM HOMEDP AHAJIOTMYHBI. Taknue cxemsl
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NPUMEHSIIOTCSI  OOBIYHO  JUIS ~ MEXaHM3MOB  TIEPEJBIDKCHHS M IOBOPOTA.
HecummerpuuHble CX€MBbl TPUMEHSIOTCS JJIsI MEXaHU3MOB IOJIbEMA, KOrJa MpH
MOIbEME M OITyCKAaHUU TPpy3a JBUTATENh PAO0TAET B Pa3HBIX PEKUMAX U HA PA3TMIHBIX
XapaKTEPUCTHUKAX.

TunoBasg cxema KOHTPOJUIEPHOIO YNPABJICHUS ACHHXPOHHBIM JBUTATEJIEM C

(da3HBIM POTOPOM M XAPAKTEPUCTHKW IBUTATENS MPEACTaBICHH HAa pucyHKe 9.1.
[Iutanue k ABUTATENIO TMOJABOAMTCA uepe3 3amuTHyro maHens [I3K, Ha koTtopon
UMEIOTCS pyOwIbHMK B, npenoxpanurens, JuHeWHbId KoHTaktop KIJI, pene
MakcuMajabHOro Toka PM BeIkitouatens BA. B cxeMy yrpaBieHHs BBEJICHBI TaKKe
KOHTaKThl KOHEUHBIX BhIKIIOUateaei KBB m KBH, BeIkIrouaTeau jaroKa BBIXOJA Ha
MocTt KBJI n kHOonka ynpasnenus Ku. [Ipu nepeBone KoOHTpoJiepa BIpaBo UM BIEBO
OT HYJIEBOTO MOJIOKEHUH ¢ moMoIbio KoHTakToB K1,K3 u K5, K7 nu3zMenstoT nopsaok
yepenoBaHusa (a3 HaANPsOKEHWs Ha cTaTope, BBIOMpas TP 3TOM Tpedyemoe
HamnpaBJicHUE JBWKEHUSA. (OJIHOBPEMEHHO C JBHUTaTelIe€M BKJIIOYAETCA WIIH
OTKJIFOYAETCsI TOPMO3HOM 3JIeKTpoMaruuT TM.
[1aBHBIN MYCK W PETryJIMPOBAHUE CKOPOCTHU OCYILIECTBISACTCS MyTEM ITYHTUPOBAHUS
COINPOTHUBIICHUM B LENHA POTOpa JIBUTATENS, KOTJA ONEpaTOp IEPEBOJIUT PYKOSITKY
KOHTpPOJUIEpAa M3 OJHOTO MOJIOKEHUS B JIpyroe. M3MEHEHHE MONO0XKEHUS PYKOATKU
JIOJDKHO TIPOMCXOJIUTh ¢ HEKOTOPHIMU MHTEPBAJIaMU BPEMEHHU, YTO HEOOXOIUMO JIJIst
OTpaHUYCHHS OPOCKOB TOKa U MOMeHTa JABuratess. C 1elIbI0 yMEHBIIICHHS KOJIMYeCTBa
KOHTAKTOB M Ta0apuTOB KOHTpOJUIEpa MNPUMEHSACTCS HECUMMETPUYHAs CXeMa
BKJIFOUECHUS CONTPOTHUBJIEHUH B LIETb POTOPA.

MexaHnnyeckre XxapakTepUCTUKH JABUATATEIISI TPEACTABIICHBI HA PUCYHKE 9.2.
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Pucynok 9.1 - TunoBas cxema KOHTPOJIJIEPHOTO yIIPaBICHUS

ACHHXPOHHBIM JIBUTATENIEM C (ha3HBIM POTOPOM
el

181 BHEPEN
05T

20 10

r0.5

HA3AT]
150

Pucynok 9.2 — Xapakrepuctuku A /]

2. 3apanme: Onumute paboOTy CXEMbl YNpaBICHUS DJIEKTPOIPHUBOJIA
KOHTPOJUIEPHOTO yIpaBleHUs JABHraTensiMu KpaHa. [lpunnunuanbHas cxema

KOHTPOJUIEPHOTO yIPaBJICHUsS] MEXaHU3MaMU KpaHa TMpeJICTaBlieHa Ha pUCYHKe 9.3.
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[Topsinok onucaHus:
1) Omnpenenure Ha cXeMe MECTO BBOJA ITUTAHUSA, PO/ TOKa, (a3HOCTh. 3aIHIINTE
XapaKTePUCTUKY TUTAHUS 1IETIH.
2) amnomHuTte Tabdmiy 9.1:
- B rtpade «Ob6o3HaUeHME» 3ammcaTh OO0O3HAYCHHE MO CXEME COCTABHBIX
AJIEMEHTOB CXEMBI U OPTaHOB YIIPABJICHHUSL.
- B rpade «HaumenoBanue» - HaumeHOBaHUE anmnapara (KOHTaKToOp - OykBa
K B 0003nauenuu; pene - Oyksa P; KJI — konTakTOp NMHENHBIN; B — BhIKIIIOUaTEN U
T.J.
- B rpade «O603HaUCHNE KOHTAKTa» MEPEUUCITUTE MOCTPOUHO JIJIS KaXKIO0TO
areMeHTa 0003HAYEHUS €r0 KOHTAKTOB 10 CXEME.
- B rpade «DyHKIMS KOHTAKTa» 3aMUIIMTE MO COCTOSIHUIO KOHTaKTa MoCIie
cpa0aTbIBaHUA 3JIEMEHTA, KaKyl0 (DYHKIIMIO OHHU BBIMOJHSIOT U JIs1 KAKOTO 3JIEMEHTA,
Harpumep: myHTupyet R1 ninm camonuranue KJI.

3) Jlns  Kaxaoro 3JeMEHTa MPOCICAWTh (POPMHUPOBAHUE €0 IEMH M YCIOBHUS
cpabaTbIBaHUS.
4) Onucatb pabOTy CXEMbI, HAUMHASI ¢ UCXOIHOIO COCTOSIHUSA KOHTposuiepa K —

«0» o mocneaHero (B 3aBUCUMOCTH OT 33JIaHHS — BIIEPE] MIIM Ha3a).
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Pucynok 9.3 - [IpuHumnuaneHas cxema KOHTPOJJIEPHOTO
YIIPaBJICHUsI MEXaHU3MaMU KpaHa

IMpumep 3anucu: T — T (KY2:3) — 310 03Ha4aeT, 4To cpabarbiBaeT
koHTakTop KY2, BcnencrBue uero cpabarteiBaet pene PY3 uepes kontakt KVY2:3.

IIpumeuyanune: CunTaTh, 4TO BBOJAHBIE BBIKIIFOUATENH BKIKOYEHBI U IUTAHUE TTOJAHO.
B HMCXOJIHOM COCTOSHMH HaKHMaeTcs KHOTKa «1ryck» Ku. IT 1} npu ee Hammamm.

Taomuna 9.1 — Pabora cxemsbl
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O6o3HaueHNE HanmenoBanue O6o3HaueHNe KOHTAKTOB DyHKIMS KOHTaKTa

JJIEMEHTA JJIEMEHTa JJIEMEHTA C YKAa3aHUEM «O»
- OTKpBITBIHA, <«3» -
3aKpBITHIN

3.KOHTpPOJIbHBIE BONIPOCHI:
1) Kako¥li 2JIeMEeHT CXeMbl UMEET HauOOJIbIIee KOJIMYSCTBO KOHTAKTOB? KakoBo ero
(yHKUHOHATBHOE Ha3HAUYECHHE?

2) Kakue pexxumbl pabOoThI IpeIyCMOTPEHBI TaHHOM cxemoi? [losicuuTe.

IIpakTnueckas padora Ne 10
AHAJIU3 ¥ ONHCAHUE CXEMBI JIEKTPUYECKON NPUHIHNIHAILHOR

3JIEKTPONPHUBOAA KOHTAKTOPHOI'0 YIIPABJIEeHHUsI IBUTaTeJISIMUA KpaHa
Hean paboTbl: BbIpabOTKAa YMEHHsSI pa3OWpaTbcs B CXEMaxX yIPABJICHUS
AJIIEKTPOIPUBOA KOHTAKTOPHOTO YIPABJICHUS IBUTATEISIMU KpaHa

1. Teoperuyeckoe 000CHOBaHHE
KoHTtakTOopHOE ynpaBieHHe MPUMEHSIETCS B TEX K€ CIIy4asX, YTO U KOHTPOJUIEPHOE,
HO JJia JABuratened OoJbplied MOIMHOCTH WM ¢ Oojiee YacThIMH ITyCKaMu
ocraHoBKaMu. (CxemMa KOHTAKTOPHOTO VIIPaBJIEHUS KPOME ITyCKOB, OCTAHOBOK,
TOPMOXEHUS, PETyJIUPOBAaHUS CKOPOCTHU W  PEBEPCHPOBAHUSA  JBUTATEIS,
IpeayCcMaTpPUBaAET 3allUTy €ro OT TEPEerpy3KH, IOHWKCHHUS WM HCYC3HOBEHUS
HaIPSHKEHUS CETH WA JPYTUX HEHOPMAbHBIX peKUMOB. KOHTaKTOpHOE yIipaBieHue
MO3BOJISICT aBTOMATHU3MPOBATh IMPOIECCHl  YIPABJICHHS  DJICKTPOIABUTATCIISIMH.
[TepedyeHh OCHOBHBIX aBAPUHHBIX PEKUMOB U CPEJICTB 3aIUTHI OT HUX MPECTABJICH B

tabmure 10.1.

Tabmuua 10.1 — ABapuiiHbIE pEKUMBI U 3allIUTHBIE CPEACTBA
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ABapuiHBIN PEXUM ‘

3alIuTHBIE CPEACTBA

BﬂeKTpl/I‘leCKaﬂ qacTb

KopoTkue 3ambikanus;

BrICcTpOIeCTBYIONIE AaBTOMATHI,

neperpy3Kka CUJIOBbIX IIENeH 10 HarpeBy

IIJIABKUC IIPCOOXPAHUTCIIN,

PCJIC MAKCUMAJIBHOI'O TOKA,

TCILJIOBBIC PCJIC.

[Tepebou B 27€KTPOCHAOKEHNUU;

HyneBas O010kupoBKa,;

HCIOIMYCTHUMOC CHUKCHUC HAIIPAKCHUA

pEIC MUHUMAJIBHOI'O HAIIPSAXKCHMA,

B CCTU

pEJIC MUHUMAJIBHOI'O TOKA

Mexanndyeckast 4acTh

[leperpy3ka mexaHu3mMa IO MOMEHTY
(3aKJIMHUBaHUE)

MydTa npenenbHOro MOMEHTA,;
peAoXpaHUuTeIbHAS IIMOHKA.

Pacnienienue pabouero oprana ¢ Bajom
JIBUTATEIS

JIBoMHast TOpMO3HAasi CUCTEMA.

[IpeBbllIeHHE AOIMYCTUMOM CKOPOCTH
pabouero opraHa

Pene makcnmanbHOM CKOPOCTH.

Brixog pabodero oprana 3a mpenesibl

3aH_II/ITHBIC ITyTCBBIC BBIKJIIOYATCIIN

30HBI IONYCTUMBIX IEPEMEIICHUN

2.3aganmue.
Onuiurte paboTy CXeMbl YIIPaBICHUSI AICKTPONPUBOAA KOHTAKTOPHOTO YIPABJICHUS
JBUTATENSIMU KpaHa (pucyHok 10.1).
[Topsnok onucanus:

1) OmpenenuTe Ha CXeMe MECTO BBOJA MHUTAHHUS, POJ TOKa, (a3HOCTb.
3anummTe XapakTepUCTUKY MTUTAHUS LIETH.

2) 3amonauTe Tadauiry 10.2:

- B rpade «O6o3HaueHue» 3anummre O0O0O03HAUYCHUE MO CXEME COCTaBHBIX
3JIEMEHTOB CXE€MbI U OPTAaHOB YIIPABJICHUSI.

- B rpade «<HanmenoBanue» - HaiMeHOBaHME anmnapara (KOHTakTop - OykBa K
B 0003HaueHuu; pene - 0yksa P; KJI — konTakTop auHelHbIi; B — BeIKTIOYaTEM U T.11.

- B rpade «O0603HaUCHNE KOHTAKTa» MEPEUUCIUTE MOCTPOUHO JIJIsI KaXKI0TO
aeMeHTa 0003HAYEHUS €r0 KOHTAKTOB 10 CXEME.

- B rpade «DyHKIMS KOHTaKTa» 3amucaTh MO COCTOSHHUIO KOHTaKTa MOCie

Cpa6aTBIBaHI/I$[ 9JICMCHTA, KaKyIO q)YHKHI/II-O OHH BBITIOJHAKOT MU AJI KaKOI'o 3JIEMCHTA,

Harpumep: mwyHTupyer R1 ninm camonuranne KJI.
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Pucynok 11.1 - [IpuHuunuanbHas cxeMa KOHTAaKTOPHOTO YIPABIICHHUS
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QJICKTPOIIPUBOAOM MCXAHU3MOB KpaHa

- B rpade «DyHKIUMS KOHTaKTa» 3alHUCaTh MO COCTOSHUIO KOHTaKTa IOCHe

Cpa6aTBIBaHI/I$I 9JICMCHTA, KaKYIO (bYHKI_II/IIO OHMH BBITIOJIHAKOT U OJI1 KaKOI'O 3JICMCHTA,

Harnpumep: myHTupyer R1 nnm camonuranne KJI.

- JImsg  Kaxaoro siaeMeHTa MpOCIeAUTh (POPMUPOBAHUE €r0 IEMH U YCIOBHS

cpabaTbIBaHUS.

3) Onwucare paboOTy CXEMbI, HAYMHAS C UCXOJHOTO COCTOSHHSI KOHTPOJUIepa

K — «0» no mocnennero (B 3aBUCHMMOCTH OT 3aJlaHUs — BOeped WM Hazad). MOKHO

MOJIb30BAThCS CIACAYIONTUMHA 0003HAUYCHUSIMU:

t- cpabaTbiBaHue (BKJIIOYCHHUE) JJIEMEHTA, v

Hanpumep:

KMt (KMV)

OTKJIIOYCHHUE JJICMCHTA,

- cpabaThiBaHuE (OTIyCKaHKE) KOHTPOJUIEpAa MArHUTHOTO |,

KJI t nojKirouaercs k cetu asurarens (KJI:1...3), - 3T0 o3HavaeT, 4To mocie

Cpa6aTBIBaHI/I}I KOHTAaKTOpa JIMHEMHOI'O IMOAKIIOYACTCA ABUIAaTCIIb K CCTH TPEMA



C6J'IOKI/IpOBaHHBIMI/I KOHTaKTaMU,
Ku.Il - KpPaTKOBPEMECHHOC Ha)XaTHE KHOIIKH «IIYCK»,
B - «O» - BBIKJIFOYATECJIb YCTAHOBJICH B IIOJIOKCHUEC «OTKIIFOUYCHOY,
K-«l» - KOHTPOJUICP YCTAHOBIJICH B ITOJIOKCHHUC «I.

IIpumep 3anucu: T — PY3[1 (KY2:3). —53To 03HAYaeT, uTo cpadaThiBacT
koHTaktop KVY2, Bcnencreue uero cpabateiBaet penie PY3 uepes kontakt KVY2:3.

Tao6mauma 10.2 — Di1eMeHThI CXEMBI.

O6o3nauenne | HaummenoBanwue O6o03HaueHne KOHTaKTOB DyHKIMA KOHTaKTa
JJIEMEHTa JJIEMEHTa AJIEMEHTA C YKA3aHUEM «O) -
OTKPBITBIH, «3)» - 3aKPBITHIN

3.KoHTpOJIbHBIE BONIPOCHI.

1) Kakoe KOJMYECTBO KOHTAaKTOPOB COJCPKHT cxeMa yrpamieHus? KakoBo
HA3HAUYCHUE KAXJIOT0 U3 HUX?

2) Kakyto (pyHKIIMOHATIBHYIO HArPY3Ky HEeCyT peie?

IlepeyeHb y4eOHBIX U3IaHUIL, JONMOJHUTEIbHON JUTEPATYPbI

OcHOBHAg JUTEpPATYpA:

1. bekkep B. ®.Texnmueckue cpenctBa aBromaTuzamuu. HHTEpdeiicHbIe
YCTPOMCTBA U MHKPOIIPOLIECCOPHBIE CPEACTBA [DJIEKTPOHHBIN pecypc]: YueOHoe
nocobue. 2-e¢ uzn. - M.. PUOP, ULl PUOP, 2019. - 152 c. Pexxum pnocrymna
http://znanium.com/catalog/product/1007994

2. BomkoBa E. C. ABromaruzamusi TEXHOJOTHYECKHX IPOIECCOB
[DnexkTponHbIil pecypc]: Yuebnoe mocodue / dypcenko C.H., Sxybosckas E.C.,
Bonkosa E.C. - M..HUILl UTH®PA-M, Hos. 3nanue, 2015. - 377 c. Pexxum nocryma:
http://znanium.com/catalog/product/483246

3. UBanoB. A.A. ABTOMaTH3anusg TEXHOJOTHYECKHX TMPOILECCOB M

IIPOU3BOJICTB [ DNIEKTPOHHBIN pecypc]: yued. mocobue — 2-e u3ll., uchp. u aon. — M.
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®OPYM : HHOPA-M, 2018. — 224 c. Pexum pocryna:

http://znanium.com/catalog/product/946200

4. Uemmmn B. IL, Ilepyxun M. FO. CoBpeMeHHass aBTOMaTHMKa B CHUCTEMax
YOPABJICHUS] TEXHOJOTUYECKUMH IpolieccaMu [DNIeKTpOHHBIN pecypc]: YueOHoe
nocoobue. - M.:. HUI[ HNHDPA-M, 2018. - 402 c. Pexum gocryna:
http://znanium.com/catalog/product/923354

5. IlerpoBa, A.M. TeopeTudyeckre OCHOBBI Pa3pabOTKU U MOJICTUPOBAHMUS
CHUCTEM aBTOMAaTU3allMU [ DIEKTPOHHBIN pecypc]: Yuebnoe nocodbue / A.M. AdonuH,
1O.H. aperopoauer, A.M. IlerpoBa u ap. - M.: DOPYM: UHOPA-M, 2019. - 191
c. Pexxum nocryma: http://znanium.com/catalog/product/1016608

6.1Iumos O. B.TexHuyeckue cpencTBa aBTOMATH3AIMH U YMPABICHHUS
[DnekTponHbI pecypc]: YuebHoe nmocobue. - M.: HUI] UHD®PA-M, 2017. - 396 c.
Pexxum noctyna: http://znanium.com/catalog/product/600381

7. IIumo O. B. Ilporpammupyembie KOHTPOJUIEPHl B CHUCTEMax
IIPOMBIIIVICHHON aBTOMAaTH3allMu [DJIeKTpOoHHBIA pecypc]: YueOnuk. - M.: HUIL
NHOPA-M, 2020. - 365 C. Pexum JIoCTyma:
http://znanium.com/catalog/product/1057224

8. @enpamreitn E.O., Kopanesnuy M.A. ABToMaTu3anus npon3BOIACTBEHHBIX
IIPOLIECCOB B MAIIMHOCTPOCHUU [DNEKTPOHHBIN pecypc]: yued. mocobrue— MUHCK :
HoBoe 3nanme; M.: HHOPA-M, 2018. — 264 <c¢. Pexum pgocrymna:
http://znanium.com/catalog/product/937347

9.CnpaBOYHHMK WHXEHEpPA 1O KOHTPOJIHHO-H3MEPHUTCIBHBIM IMpUOOpaM M
aBTOMaTHUKE [ DIEKTPOHHBIN pecypc]: YueOHo-npakTudeckoe nmocodue / KannmanaeHko
A.B., YBapos H.B., Jloiitnukos B.B., - 2-¢ u3a. — Bonorna: Uadpa - Urxenepust, 2016.
- 564 c. Pexum nocryna: http://znanium.com/catalog/product/554774

10.CnpaBounuk unxenepa no ACYTII: npoektupoBanue u pazpadotka. Tom
1[DOnexTponHHbIN pecypc]: YuebHo-npakTHyeckoe nocodue / demopor F0.H., - 2-e uzs.
- Bonorma: Wudpa - HWmxenepus, 2016. - 448 c. Pexum pocryna:

http://znanium.com/catalog/product/760267
72


http://znanium.com/catalog/author/d7aa4d21-f846-11e3-9766-90b11c31de4c
http://znanium.com/catalog/author/d7aa4d22-f846-11e3-9766-90b11c31de4c
http://znanium.com/catalog/author/ced78736-f6ea-11e3-9766-90b11c31de4c

11. CnpaBounuk unxenepa no ACYTII: npoektupoBanue u paspadbotka. Tom
2[DneKTpoHHBIN pecypc]: YuebHo-nmpakTuyeckoe nocodue / epopos FO.H., - 2-e uza.
- Bomnorma: HWudpa - HWmxenepus, 2016. - 484 c. Pexum npocryna:
http://znanium.com/catalog/product/760269

JlonoJIHUTEIbHAS IUTEepaTypa.

12. KOcynoB P.X. OcHOBBI aBTOMaTHU3WPOBAHHBIX CHUCTEM YIPaBICHUS
TEXHOJIOTUYECKUMU TpolieccamMu: [DIeKTpoHHBIN pecypc| YdeOHoe mocobue -
M.:Nudpa-Nnxenepus, 2018. - 132 C. Pexum JOCTyma:
http://znanium.com/catalog/product/989081

13. ®eoktuctoB H. A. CucremoTexHMKa U MEXaTPOHHUKA TEXHOJIOTHMYECKHX
MaIIuH 1 00opyaoBanus [ DnexkTpoHHsiid pecypc]: / Ctopoxes B.B., ®eoktuctoB H.A.
- M.:/lamkoB 151 K, 2018. - 412 C. Pexxum JIOCTyTA:
http://znanium.com/catalog/product/513143

NHTepHET — pecypcbl:

http://window.edu.ru/

http://www.metod-kopilka.ru/

http://www.school.edu.ru/

http://subscribe.ru/

http://dic.academic.ru/

ru.wikipedia.org/wiki
http://infotechlib.narod.ru/

http://mehanik-ua.ru/
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http://znanium.com/catalog/author/3861a386-d93e-11e4-9a4d-00237dd2fde4
http://window.edu.ru/
http://www.metod-kopilka.ru/
http://www.school.edu.ru/
http://subscribe.ru/
http://dic.academic.ru/
http://infotechlib.narod.ru/

Ipuaoxenue A

MunucTepcTBO 00pa3oBaHus U Hayku YensiOMHCKoN o6sacTu
INocynapcTBeHHOE Or0KETHOE TIPOo(heccoHaIbHOE 00pa30BaTEILHOE YUPEIKICHHUE
«lOKHO-YpanbCcKuil rOCy1apCTBEeHHbINH TEXHHYECKHI KOLIETHK»

OTYET

M0 MPAKTUYECKUM paboTam

I1O TIM.04 «<PASPABOTKA 1 MOJIEJIMPOBAHUWE HECJIOXXHBIX CUCTEM
ABTOMATU3ALINN C YYETOM CITEHHIU®UKN TEXHOJIOTMYECKNX
ITPOILIECCOB»
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MK 04.02 «Teopernyeckue 0CHOBBI Pa3pad0TKH U MOAEJIUPOBAHUSA

OTACJIbHBIX HEC/IO0KHBIX MOHyJICﬁ H MEXATPOHHBIX CHCTEM)>

Beimomamn

I'pynma

IIpoBepun

Yensgounck, 2019

Hpuiaoxenue b
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