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1 O0mue ykazanust

[Ipeanaraemble B METOMYECKUX YKAa3aHHUSIX KOHTPOJIbHBIEC 3a/la4l OXBAThIBAIOT
BECh KypC AUCHUIUIMHBI «DJIEKTPUUECKUE MAIIMHBI» U COOTBETCTBYIOT MPOrpPaMMe
Kypca JUIsl CTYACHTOB 3JEKTPOTEXHUUECKUX CHEeUaNbHOCTEN BceX GopM oOyueHusl.
PemieHrne npuBEenNEHHBIX 3a/ad CIYKHUT 3aKPEIUICHUIO YCBOEHHBIX TEOPETHUYECKUX
3HaHUA W TIPOBEPKE TIyOMHBI YCBOCHHS CTYIACHTAaMH COOTBETCTBYIOIIHUX PAa3zeiioB
kypca. KaxmoMy cTyneHTy B TEYeHHME CceMecTpa HEOOXOJUMO PEIIUTh
WHJMBHyalbHbIE KOHTPOJIBHBIE 33Ja4H 10 CIEAYIOIIUM pa3/ieiiaM:

1) oagnodaszubie cuioBbIe TPAaHC(HOPMATOPHI;

2) tpex(a3zHble CUIOBBIE TPAHC(HOPMATOPHI;

3) Tpexda3Hbie aCHHXPOHHBIE JIEKTPOIBUTATENN C (Pa3HBIM POTOPOM;

4) reHepaTopbl HOCTOSTHHOTO TOKA NMapajuieIbHOTO BO30YKICHHUS;

5) PAEKTPOIBUTATENHN TIOCTOSTHHOTO TOKA MapauIeIbHOTO BO30YKICHHS;

6) Tpex(dazHbie CHHXPOHHBIEC TEHEPATOPHI C HETBHOTIOIIOCHBIM POTOPOM;

7) Tpex(dazHble CHHXPOHHBIE JIEKTPOJIBUTATENN C HESIBHOIIOIIOCHBIM POTOPOM.

[IpucTtynate K peleHrno KOHTPOJIbHOM 33/1a4u IO OYEPEAHOMY pa3lieny CleayeT
Mociie M3y4eHUs: HEOOXOAMMOTO MaTepuaia 1O TPOYUTAHHBIM JICKIUSM WU TI0
pekomMeHayemMoil muTeparype. Jns kaxkmod 3amgaud  cleqyeT yka3aTb HOMep
3aJJaHHOTO WJIM BBIOPAHHOTO BapHaHTa U3 COOTBETCTBYIOIIEH TAOJIMIIBI U UCXOIHbBIC
JaHHBIC IS 3TOro BapwaHTta. Ilepen pemeHneM 3amadu HEOOXOAMMO MPEICTABUTH
NPUHLMIIUATIBHYIO 3JIEKTPUYECKYI0 CXEeMy OO0BEeKTa pacueTa ¢ KOMMYTAl[MOHHOMN
anmapatypol W AJEKTPOU3MEPHUTEIBbHBIMH  MPUOOpPamMH,  BBINIOJHEHHYIO B
cootBercTBUU ¢ ['OCTom. Ilpu pemrernn 3a1aun BHavaje HEOOXOIUMO MPEACTAaBUTh
UCIOJIb3yeMble (pOopMyJIbl B 0OIEM BUJE, a 3aT€M YK€ BBOJUTh B HUX LU(POBHIE
3HAYEHMs BEJIMYUH, IPUBOAS €IUHUIIBI BCEX HANJEHHBIX MPU pacyeTe MapaMeTpoB.
PacuetHble nmaHHBIE, HEOOXOAMMBIE I IOCTPOCHUSI TpapUKOB, CIEIYyeT

MNpCACTABIIATh B KAKJIOM pa3aciic B BUJC Ta6JII/II_I.



2 OaHoga3Hbie cuji0BbIe TPaHCcHOPMATOPBI

[lepen pemieHneM KOHTPOJBHOM 3a7aydl IO H3TOMY paslielly Heo0XO0IuMO
O03HAKOMUThCSI MO JutTeparype /1...7/ WM KOHCIEKTYy JIeKIMA ¢ Ha3HAYCHUEM U
MPUHITUIIOM JCHCTBUS OAHO(A3HOT0 JBYXOOMOTOUYHOIO CUIIOBOTO TpaHCchopMaTopa.

BapuanTel WHAMBUAYyaJbHBIX KOHTPOJBHBIX 3a7ad 1O JaHHOMY pa3jaeny
npuBeneHbl B Tabmmie 1, B koTopoir mms TpanchopmaropoB thuna OC 3amaHbl
WCXOJIHbIC JaHHBIC, HEOOXOUMBIE JIJIsl pacyeTa.

[lepen pemenneMm 3agadud HEOOXOAWMO HW300pa3WTh MPUHIUMHATHHYIO
ANEKTPUYECKYIO CXEMY MOJKIIOUCHUs] TMEePBUYHON OOMOTKHM K MHUTAIOMIEH CEeTH, a
ANIEKTPUYECKON HArpy3KM — KO BTOPUYHOM OOMOTKE, KOTOpasi cojiepkajia Obl
HEOOXOIMMYI0 KOMMYTAIlMOHHYIO aIMMapaTypy 1 JIEKTPOU3MEPHUTEIbHBIE PHOOPHI.

OrmpesensieM HOMUHAIbHBIE TOKHM B MEPBUYHOM I; o, ¥ BTOpUUHOU Ip oy
oOMOTKax TpaHc(hOpMAaTOpa HWCXOMS W3 BBIPAKCHHS IJIS TIOJTHOM MOITHOCTH.
Enuaunel - ucnonib3yeMbIX BENWYHMH JIOJDKHBI  cooTBeTcTBoBaTh CU, momHas
MOIITHOCTh U HAMPS>KEHUSI 3a]IaHBI.

PaBHas HameXXHOCTh HW3OJSALMU TEPBUYHOM U BTOPUYHOM  OOMOTOK
obOecrieynBaeTCsl MpHU OJUHAKOBOM HAMPSHKEHUHU, TMPHUXOAAIIEMCS Ha OIWH BUTOK
0OMOTKH: Uy = Upwon / Wi = Us you / W

DTO MO3BOJISIET OMPEIETUTh YUCIO BUTKOB B mepBUYHOM W, U BTOpu4HOU W,
00MOTKax, a Takke Ko3(pPUIIUEeHTH TpaHCHOPMAIHH HANPSDKCHHH K.

Ecnu npuHSITh U3BECTHOM TOMYCTUMYIO CPEIHIOI IUIOTHOCTH TOKAa B ITPOBOJIAX
OOMOTOK Y , TO MOXHO OMPEJEIUTh CEUCHHUE MEIHBIX H30JIMPOBAHHBIX IPOBOJIOB
nepBuuHOi F; 1 BropuuHoi F, oomoTok. [Tpu moaoi montHocTH 10 40 KBA MOXHO
npuHATh Y oT 1,4 no 2A/MM2, npu momtHoctu ot 40 1o 250 kBe A — ot 2,1 10
2,6 Alvm’.

BennunHy mMakcMManbHOTO MarHUTHOTO ToToka @D, B CTaIbHOM CEpICUYHUKE
TpaHchopmaTopa OINpeeNsieM U3 BbIpakeHUs s JelcTByroniero 3HaueHus: DJ[C
nepBUYHOM 0OMOTKH E; , eclti IpUHSTH:

Ei= U uoms f=50TI1, B, =1,6 Tn



[TonepeyHoe ceueHre CTaIbHOTO CEPACUHUKA HANIEM U3 BbIpAKCHUS
Fom = ®y/ B

[lo pe3ynbTaTam MpoOBEAEHUS OMNbITA XOJOCTOrO XOAa HAXOJUM TOK XOJOCTOTO
xoma Iy, cos @y — U3 BBIpAKEHUS U1l aKTUBHOW MOIIHOCTH Py B OIBITE X0JIOCTOTO
X0/1a, TapaMeTpbl HAMarHUYMBAKOIIETO KOHCTPYKTOpA:

2o = Uy wou/ To, Ro=Py/ Ip, Xo-
OcranpHble TIapaMEeTPhl CXEMbI 3aMEIICHUsI HAXOJUM, HUCIOJb3YS JIlaHHBIE OMbITa
KOpPOTKOTO 3ambikaHus: Uy, COS @O, — U3 BBIpRXEHUS JUIsl aKTUBHOM MOIIHOCTH B
onbiTe KOpOTKOro 3ambIKaHus Py, I =1 yomr Zk= Uj « / Ligom » Rk =Px / Ikz, Xy. 3Hasg
koa(durment Tpanchopmaruu, HaxoauM: Ry = Ry +R,', R, =R,'~ Ri/2, R, =R, /¥’
X= X+X5, X=X, X2, Xo= X0 K.

NunykTiBHOCTh TiepBUYHOM L; m BTrOpmuHOM L, oOMoTOK TpaHcdopmaropa
HAaxXOJIUM U3 BBIPAKEHUS JIJIS1 PEAKTUBHOTO UHIYKTUBHOTO COTIPOTUBIICHUS.

Ecimm Op1 mpoexTupoBanu TpaHchOpMaTOp Ha HECTAHAAPTHYIO YacTOTy, TO
MOTJId Obl 3HAUUTENHO U3MEHUTD €r0 pazMepbl. UTOOBI MpoaHAIM3UPOBATh BIUSHUE
YaCTOThl MUTAIOMIETO HAIpPSIKEHUS Ha BEIWYHMHY IUIONIAIM TOMEPEYHOTO CEUCHHS
cranu cepaeunuka F.. , ctpoum kpuByro F.=@(f), npunumas =50,100,150 I'w.
Ucnonwizyem Boipakenue F.,= U,,./4,44 f B, npuaumaem B = 1,6 T

B 3aBUCHMOCTH OT BEJIMYHMHBI JJICKTPHUYECKOW HATPY3KH, IMOIAKIOYAEMON KO
BTOpuyHO oOMOTKe, m3Mmensercs KIIJ[ Tpanchopmatopa 1. dns mpoBeneHus
aHajgM3a 93TOW 3aBUCHUMOCTH cTpouM KpuByio M= f(3). Koadduimenr 3arpysku B=
=1,/ I, wou 3amaem B nipenenax ot 0 1o 1,2. [Toctpoenne kpuBOH MPOBOJINUM, UCTIOJIB3YS
BBIpa)KCHHUE

_ BS;; cosg,
BS. COS¢2+P0+:BZP1< .

n



Tabnuna 1- Micxogusie nannbie o ogHo¢Ga3HOMY TpaHchOpMaTopy

BapH' SHOM? UIHOM U2H0M Ul K> ]51;/1;1’- PO, PK? Io,
aHT KBe A kB B % ToK Br KBt %
1 10 0,66 230 7 3,5 75 0,28 4,7
2 25 6,6 400 4,5 4,5 115 0,55 2,8
3 16 6,3 525 5,5 3 135 0,34 3,5
4 40 11 400 S5 3,8 150 0,35 3,8
5 63 10 380 6,5 4 165 0,5 4,8
6 100 10,5 230 4,5 5,5 300 1,1 2,9
7 160 6 690 5,2 8 400 1,8 1,8
8 250 11 525 6,1 7,2 500 3,1 1,7
9 40 10,5 690 7 4,3 140 0,61 4
10 16 0,4 36 6,5 4 125 0,4 4,8
11 25 11 230 5.4 3,5 120 0,5 3
12 160 6,6 525 6,2 7,1 405 2,2 1,8
13 100 6 690 5,7 6,5 320 1,6 3,5
14 63 11 690 5 4,9 210 0,9 2,4
15 25 10 690 4,8 3,5 130 0,52 4
16 40 6,3 525 5,3 4,1 155 0,45 2,6
17 160 11 400 6 7,1 410 2,1 1,7
18 100 6,6 525 54 6,5 280 1,4 34
19 63 10,5 230 4,6 3,7 220 0,93 3,9
20 10 0,4 42 5,5 3,6 95 0,31 5
21 25 13,2 400 5,7 4,7 100 0,6 3,3
22 250 10,5 230 6,4 6,2 330 2,8 2,3
23 250 13 690 4,5 5,8 425 3,8 1,9
24 160 10 230 6,1 8 350 1,9 2
25 16 0,66 42 5 5,5 110 0,35 5,8
26 100 10,5 400 7 3 310 1,5 3,2
27 63 6,5 525 6,6 4,2 200 0,8 2,7
28 40 6,6 230 4,5 4,5 145 0,42 2,3
29 25 11 325 4,7 4,8 125 0,69 3,5
30 10 0,38 36 6 4,5 90 0,3 6,5

3neck IpUHHMAaeM cos@,=0,8, a BeJIMYUHBI MOLUIHOCTEH CIEAYET IPUBECTH B
olHYy cucteMy eauHull. OQHOM W3 XapaKTEPHBIX TOUYEK ATOM KPHUBOM SIBISIETCA
makcuManbHbiid KITJ 1, KoTOpbIit onpenenum npu koddduuuente B, =+ Fy/ P .

Bimstaue BeTMUUHBI 2JICKTPUYECKON HAarpy3ku Tpancdopmaropa I, Ha BennauHy
HaIpsDKEHUS Ha 3aKUMax BTOpUYHOM 00MOTKM U, mpoaHaIu3UpyeM IO BHEIIHEH

xapaktepuctuke Tpancpopmaropa U,= f(I;), rame mo ocm abcrucce BO3bBMEM




k03 durment 3arpysku B. Ilpu mHarpyske or 0 mo 1,2 310 OymeT mMpakTHYCCKH
npsiMasi JIMHKS, KOTOPYIO MPOBOJWM uepe3 JBe TOYKH ¢ KoopauHatamu: 1 - =0,
Us=U; wows 2 - B=1, U, ,o,=AU. IlepByi0 TOYKY HaHOCHUM Ha rpadHK, a OpIUHATY

BTOpOfI HYXHO BBIYHCJIUTD. I[J'I}I ONIPCACIICHUA OPANHATHI BTOpOfI TOYKH UCIIOJIIB3YEM

BHIPAKEHHS: AU =(PulS,0) 100%, AU p%=1/(Uy,%)* ~ (AU ,,%)*

AU% =B (AU, % cos @+AU,% - sin @), cos ¢,=0,8 , sing,=0,6,
AU=1(AU,%-0,8+AU,% -0,6), AU=(AU%/100%)Uyyoy, Ur=Usyou-AU.

Tox B mepBUYHOM OOMOTKE, BO3HUKAIOUIUNA TIPU aBaApUMHOM KOPOTKOM
3aMBIKAHUW BTOPUYHOM OOMOTKHM B YCJIOBHSX OIKCIDTyatamuu I, Hahiaem wu3
CpaBHEHUSI HOMHUHAJILHOTO HampsihkeHUs Uiy, M HANPSDKEHUS B OIBITE KOPOTKOTO
3aMbIKAHHS:

L 3=( Ution/ Ui IlHOMz(IOO/ U %) Lo

HeoOxomuMo caemath BBIBOJIBI HMCXOJ W3 TrpadUyuecKuX 3aBUCHMOCTEH,

IIOCTPOCHHBIX IIPU PELICHUU 3a1a4M JaHHOTO pa3eia.
3 Tpex¢azubie cu0BbIe TPAHC(HOPMATOPBHI

[lepen permenreM KOHTPOJBHOHM 3aladydl MO 3aJaHHOMY pa3ieny HEoO0XOIMMO
O3HAKOMHUTHCS C HA3HAYCHHEM, YCTPOWCTBOM M MPUHIIUIIOM JCUCTBHUS TpeX(azHOTO
JIBYXOOMOTOUYHOT'O CHJIOBOTO TpaHCHOpMaTopa.

BapuanTel WHOMBHIYaJbHBIX KOHTPOJIBHBIX 3aJlad 10 3TOMY pa3feily
MPUBEJCHb B Ta0nuie 2, B KOTOpOW mjsi TpaHcpopmaropoB Tuma TM 3amaHbl
HCXOJIHbIC JIaHHbIE, HEOOXOAUMBIE ISl pacyeTa. [ HeUeTHBIX HOMEPOB BapHAHTOB
CJIEyeT MPUHATH CXEMBbl COSMHEHNUS OOMOTOK U rpymmy Tpancdopmaropa Y/Y — 0,
JUIsl YETHBIX HOMEPOB BapuaHToB — /Y — 11.

Jlo pemeHus 3agayv  HEOOXOAMMO  HM300pa3uTh  MPUHIIUIHATBHYIO
ANEKTPUUECKYIO CXEMY MOJKIIOUCHUs] TMEePBUYHON OOMOTKHM K MHUTAIONIEH CEeTH, a

Tpexdha3HOU JIEKTPUUESCKOW HArpy3KH, COSAMHEHHOW IO cXeme Y, - KO BTOPHYHOMN



0o0OMOTKe, KOoTOopasi cojiepkajia Obl HEOOXOAMMYI0 KOMMYTAI[MOHHYIO amnmnaparypy u
AIEKTPOU3MEPUTEBHBIC PUOOPHI.

OnpenensieM JTMHEWHBIA TOK MEPBUYHOM I ;4o W BTOPUYHOU I ; you OOMOTOK,
WCIIONB3YSl BBIPAXKECHUS JJISI TOJHOM MOIIMHOCTH Tpex(a3zHoH 3IIEKTPUUECKOM
Harpy3ku. Da3Hple TOKM NEPBUYHOU Iiguon U BTOPUUHOH Ipguow OOMOTOK mJIA
CHUMMETPUYHON HAarpy3KHd HaxOAUM 4Yepe3 JIMHEHHBIC C YYETOM CXEMbI COCIMHEHUS
bas.

Uucno ButkoB B ¢asze mepBuuHOH W; M BTOpUYHON 0OMOTOK W, HaXoIuM,
npussB: U, =5 B/BuT - 11s tpanchopmaropos mouHoctsio 10 100 kBA, 10 B/But —
MotHocThio 0T 100 mo 500 xkBe A, 15 B/But — momHocThio cBbeiie 500 kBe A.
@asuble HANPDKEHUS Uy ¢ yom U Us ¢ uow ONIPEIENIAEM YEPE3 JIMHENHBIE HATIPSIKEHUS C
Y4€TOM CXEMBbI COeTMHEHHUs (a3 MepBUYHON U BTOPUYHON OOMOTOK.

[lmomaaes MOMEPEYHOTO  CEUEHHMS MEIHOIO  H30JIMPOBAHHOTO  IMPOBOJIA
nepBuyHoOi F; u BTOopuuHoO#t F, 00MOTOK Haxoaum, MPUHSB JOMYCTUMYIO IJIOTHOCTh
Toka y=1,8-2,2 A/mm? npu MoimHocTu TpaHchopmatopa 10 40 kBeA u 2,3 — 3.5
Alv® - npu MomHocTH oT 40 10 6300 kBe A. Ilpu 3TOM HCHOJIB3YEM BBIPAKEHUE

MaxkcumanbHyl0 BEJIWYMHY MArHUTHOTO MOTOKa B CTaJlbHOM CEpJICUHHKE
TpanchopmaTopa HaxoauM u3 Beipakenus aist DJIC da3bl mepBUYHON OOMOTKHU:

El ¢).H0M=4a44 f Wl(Dma El d.HOM™ Ul ¢ HOM > f=50FH

[nomaae MonepevyHoro CEUeHus: CTAIbHOTO CEPACYHUKA ONPEICIISIeM:

Fen= ®©,./Bn, Bn=1,8 Ti.

Hcnonp3yss naHHBIE ONBITA XOJOCTOTO XoAa TpaHc(opmaropa, HaxomuM: log,
c0sPo=Po/3 Ui plogs Uig=Urgson, Z6=Ulgpson/Togs Ro=Po/3Log,"s Xo.

Hcnonb3ys JaHHBIE KOPOTKOTO 3aMbIKAHHS, HAXOAUM:

Ui cosQ=P,/ 3Ul(1).KII(1).K9 L= T igymom, ZK=U1¢).K/11¢>.K, R=PJ/ 311(1).1(29 X
Xi=X,'=X/2,  X=X,'/x*, Ri=R,'=R/2,R,=R,/x’, L,=X,/2xf,
L2=X2/27'Cf.



Tabnuna 2 — Ucxoansie qaHHbIe M0 Tpex(pa3zHoOMY TpaHchOpMaToOpy

BaPI/I‘ SH0M7 UIH.HOMa UZJI.HOMa U 1K POa PKa I(),
aHT kBe A kB kB % KBT kBT %
1 6300 110 11 10 11,5 55 3,7
2 4000 35 10,5 7,5 6,7 33 1,8
3 2500 35 6,3 6,5 5 24 2,1
4 1600 35 0,4 6 3,5 15 2,5
5 1000 35 0,4 5 3 12 2,6
6 630 35 0,4 5,5 2 8 2
7 400 35 0,4 6,2 1,4 6 2,3
8 1600 10 0,4 5,2 5 17 1,6
9 400 11 0,4 4,5 0,4 1,5 2,5
10 250 6,3 0,4 4,3 1 4 2,6
11 160 6 0,4 4,2 0,5 2,5 2,7
12 100 10 0,4 4,1 0,4 1,8 2,9
13 63 6,3 0,4 4,5 0,3 1,3 3,1
14 40 11 0,4 4,7 0,2 0,9 3,2
15 25 6 0,4 4,4 0,12 0,6 3,3
16 100 10 0,23 5,5 24 12,2 3,5
17 160 6,3 0,4 5,7 3 15 3,7
18 25 10 0,4 4,5 0,12 0,6 3,2
19 100 35 0,4 6 0,5 2 3,8
20 40 6 0,4 4,6 0,2 0,9 3
21 1000 6 0,23 6,2 2 10 4,1
22 1600 10 0,4 5.9 3,2 18 3,9
23 63 10,5 0,4 4,7 0,3 1,2 2,8
24 100 6 0,4 4,4 0,4 1,9 2,6
25 160 11 0,4 4,6 0,5 2,5 2,4
26 1000 10 0,4 5,1 4 14 3
27 160 35 10,5 6,8 0,7 2,8 2,5
28 2500 35 10,5 5,2 6 22 2,2
29 6300 35 10,5 1,7 9 46 1,3
30 250 35 0,4 6,3 1 4 2.4

ABapHifHBIA TOK TIEPBUYHOM OOMOTKH TPH KOPOTKOM 3aMBIKAHUHU Ha 3aKUMax

BTOPUYHON OOMOTKH B YCIOBHAX SKCILTYaTalHH Lig o= Uiguon/ Zi.

Crpoum 3aBucumoctu KIIJ[ Tparncopmaropa 1 oT kodpduimenTa 3arpysKu,

1.e. N=f(B). Ucmoms3zyeM Ty ke HopMyiy, uTo s ogHO(Ga3HOro TpaHchopmaropa.

XapakTepHbIe TOUKH 3TO# KpuBoii: =0,

MPOMEKYTOUYHBIX HATPY30K. COSQ, MPHUHATH paBHBIM 0,8.

B=PBum,

B=1

u

HECKOJIBKO




Jlnst moctpoenust BHemiHel xapaktepuctuku U,= f(B) wucnonp3yem Te xe
MOSICHEHMSI, UTO MCIOJBb30BaHbI y ogHO(a3zHoro Tpancopmartopa. Kpuyro ctpoum
as pazHoro HanPsKEHUA: Usg uonws  Uzg= Unguow - AU.

CrnemyeT ompenenuTh yroia (, Ha KOTOPBIH BTOPHYHOE JIMHEWHOE HAIPSDKEHHE
CABUHYTO OTHOCHUTEIHHO TEPBHUYHOTO JIMHEHHOTO HAMPSHKEHHS, YTO BaXXHO IMPH
noabdope TpaHchOpMaTOpPOB IS apaJieIbHON pabOThl Ha OOIIYIO AJIEKTPUUYECKYIO
Harpysky: =N, e 30°, rme Ne,,, — HOMep rpynmsl TpaHcpopmaropa (o1 0 go 11).

HeobxomuMo mnpoaHanu3upoBaTh Trpauueckue 3aBUCHMOCTH, ITOCTPOSHHBIC
MpU PEIICHUM 3aJayd 3TOr0 paszjielia, U cliellaTh COOTBETCTBYIOIIME BBIBOJIBI IO

XapaKTepy UX U3MECHECHMUS.
4 Tpex¢azHble aCHHXPOHHBIE YJIEKTPOABUTaTeN ¢ (Pa3HBIM POTOPOM

Jlo pemenus 3a7aun JAaHHOTO pasjiena CleyeT 03HAKOMHUTHCS C Ha3HAUYCHUEM,
YCTPOMCTBOM M TPUHIUIOM  JIEUCTBUS  Tpexda3HOro  aCHUHXPOHHOTO
ANEKTPOABUTATENS C (Da3HBIM POTOPOM. BBIACHUTH, 4TO naeT Hanuuue (a3Horo, a He
KOPOTKO3aMKHYTOTO pOTOpa.

BapuanTtel WHIUBUyaIbHBIX KOHTPOJBHBIX 33jJady MO J@HHOMY pasleiy
MIPUBEJICHBI B Tabnuiie 3, B KOTOPOM st anekTpoapurareneii cepun AKH 2 3amansr
HEOOXOMMbIC MCXOAHBIC MaHHbIC. J[JI1 BceX BapwaHTOB MPUHATH: Ui, ,0,=0000 B,

;=50 ', coenqunenue pa3z oOMOTKH cTaTopa u poTopa — Y.

Jlo pemrernst 3amadd HEOOXOIMMO HM300pPa3HTh  AJICKTPUYECCKYIO CXEMY
MOAKIIOUEHUs OOMOTKM CTaTopa K CEeTH Tpex(a3HOro IMEePEMEHHOr0 TOKa H
Tpex(dazHoro peocrata, COEIUHEHHOTO MO cxeMe Y, - K 0OMOTKe poTopa, KoTopas
cojJieprkaia ObI HEOOXO0IUMYIO KOMMYTaIIMOHHYIO anmaparypy u
AIEKTPOUZMEPHUTEIBHBIE PUOOPHI.

OrmpezensieM aKTUBHYIO MOIIHOCTh P, MOCTYHAIOIIYI0 U3 CETH K OOMOTKE
CTaTOpa B HOMUHAIBHOM PEKUME MEXaHUYECKON HArPY3KU HA BTy, UCTIONB3YS Moy
JIvHEWHBI TOK OOMOTKH CTaTOPa HAXOAUM IO Pyoy. PasHblil TOK 14 4on HAXOAUM H3

JUHEWHOTO B COOTBETCTBUU CO CXEMOM OOMOTKH CTaTOpA.



qaCTOTy BpalllICHUSI MArHUTHOI'O IIOJIA CTATOpa Nn; HaXxoaAuM C YUYCTOM f1 n 2p

YacToTa BpalieHus poTopa Ipd HOMMHAJIIBHOM MEXaHUYECKON HArPY3Ke Noyon= Nj(1--

Show)-

HomunaneHbIi Bpamaomuid MOMEHT Ha BATY M;0,=9,55P2y0u/Moyow -

VYTI10BYI0 CKOPOCTh BpAILEHUS TIOJISI M POTOPA HAXOAUM:

®,=27n,/60, 0)2H0M=2TCI'12HOM/6O.

B cooTBeTcTBHM ¢ 3aJaHHON TEPErPYy30UHON CIIOCOOHOCTHIO AJICKTPOIBUTATEIIS
A HaxomuM: M,axe=AMon-

KpI/ITI/ILIeCKOC CKOJIBKCHUC IIpU MAKCHUMaJIbHOM MOMCHTC Ha €CTECTBEHHOM
(M2 -1).

Yr1oOBI CYAUTb O XapakKTCpC MU3MCHCHHA Bpallaromerocsa MOMCHTA Me,

MexaHnveckoi xapakrepuctuke (R =0): S 25 =S

HOM

pa3BuBaeMoro »sjektpojaBurareneMm IMpu R =0, B 3aBUCUMOCTH OT BEJIMYUHBI
CKOJBXKEHUs s, wucnonbdyem Gopmyny Kiocca u  cTpouM  €CTECTBEHHYIO
MEXAHUYECKYIO XapakTepucTuky M=f(s):

Me=2M yaxe/ (/Sxp.c+Sip.efS)-

CxonbxeHue 1o adcIucce B JBUTATEILHOM pexkume umensiercs ot s=0 1o s=1,
MPOXO/Is BCE MTPOMEKYTOUHBIC 3HaUCHU. Bpararomnuii MOMeHT uaMensiercst or M=0
70 IyCKOBOrO MOMEHTa M,, mpoxons 4epe3 Myue NPH Sqpe. 3a4aBas TEKyLIHE
3HAYEHHMS BEJMYMHBI S, HAXOJUM TeKyliee M, IIpu KOHKPETHBIX My M Sipe. HacTo
MEXaHWYECKYI0 XapaKTEePUCTUKY ynoOHee paccMmarpuBath B Buue no=f(M.). Oty
XapaKTEPUCTUKY CTPOMM C YYETOM YK€ MOJYYEHHOM: IUIA KaXAoro np,=n;(1-s),
BEJIMUMHY MOMeHTa M, gaeT opauHaTta kpuBoit M .=f(s). Makcumym kpuBoit n,=f(M.)
HAXOIUM 110 KoopauHaTaMm: M= M, No=Ny=n1(1-8,, ) - 9aCTOTA BpalleHUs POTOPA
B JIBUTATENIBHOM DEXHMME HM3MEHAETCI OT Mp=0 10 n,=n;, IPOXOASA YEPE3 Ny
Benmuuuny nmyckoBoro mMomeHta HaxomuM mo ¢opmyne Kiocca npu s=1, a 3atem

MIEPEHOCUM €€ Ha BTOPYIO KpUBYIO TIpH n,=0.



Ta6muia 3 — VicxoaHbie TaHHBIE IO ACHHXPOHHOMY JBUTATEIIO

Bapu- P2H0M, 2 ) SHOM? HOM> IZHOMa E2J’I,
aII{)T kBT IJ_I[)T % T]% CO5QP1x0m A B A
1 1600 12 1,3 92,1 0,86 1140 855 2.4
2 630 24 1,9 91,3 0,65 380 1025 | 24
3 1250 20 1,5 91 0,8 800 960 2,6
4 400 10 1,7 90 0,78 1000 800 2,3
5 800 16 1,3 91,1 0,76 515 955 2.4
6 315 24 2,4 89,2 0,65 360 555 2,2
7 630 20 2,15 90 0,75 435 900 2,3
8 800 10 1,8 91 0,81 970 750 2,1
9 315 12 2,1 91,2 0,85 400 1100 | 2,2
10 1000 16 1,2 90,3 0,75 520 1175 | 2,3
11 500 24 2,25 90,6 0,67 425 735 2,2
12 400 8 1,9 90 0,7 950 700 2,1
13 1000 20 1,6 89,8 0,78 540 1140 | 2,5
14 500 16 2,1 90,1 0,8 580 1050 | 2,3
15 2000 12 1,2 91,1 0,86 1160 1045 | 2,5
16 400 24 2,3 88 0,65 385 655 2,3
17 1250 16 1,15 90,7 0,78 950 805 2.4
18 800 20 1,95 89,3 0,74 445 1110 | 2,3
19 1600 8 2,2 91 0,8 970 750 2,1
20 800 24 2 90,2 0,75 880 560 2,2
21 500 10 1,9 91,3 0,78 940 720 2.4
22 3000 8 2,2 91 0,81 300 570 2,3
23 1600 16 1,25 90,7 0,83 1160 845 2,1
24 500 8 1,7 90 0,84 1090 820 2,3
25 1000 24 2 89,2 0,84 880 560 2,2
26 2000 16 1,8 90,1 0,75 510 940 2,3
27 1000 12 1,5 89,7 0,76 985 890 2.4
28 500 20 2,5 88,2 0,81 440 715 2,2
29 630 8 2,1 88 0,72 370 980 2,3
30 1250 24 1,75 87,1 0,67 1280 600 2,2

Hanmnuue dasnoro poropa mo3BOISET MOJYIUTh MHOXKECTBO HCKYCCTBEHHBIX
MEXAaHUYECKUX XapakTepucTuK. CTpouM BHaualle B CHCTEME KoopauHat M u s
kpuByto M,=f(s), a B cucteMe KoopauHat n, ¥ M - kpuByro n,= f(M,), y KoTopoii
BenuuuHa R, TakoBa, 4TO MPU MYCKE S,=S,pn=1, TOrAa IMyCK OCYILECTBIISETCSA NPH
M=M,=M,ax.. VICKYCCTBEHHYI0 MEXaHUYECKYI) XapaKTEPUCTUKY CTPOMM B OJHOU

CHCTEME KOOPJIMHAT C €CTECTBEHHOM, UCTIONB3Ys PopMyIry Myu=2M, e/ (S/SxputSip.u/S).-




Bo3MoxHO mocTpoeHue nr000M JIpyroil MCKyCCTBEHHOM XapaKTEPUCTHKU IIPH Spu.
[Tepexon ot mocTtpoeHHo# kpuBoit M,=f(s) k kpuBoii n,= f(M,,) ocymiecTBisieTcs Tax,
KaK MTOKa3aHO paHee ISl ECTECTBEHHBIX MEXAaHMYECKUX XapaKTEPUCTHUK.

AKTHUBHOE CONPOTUBIICHHE (ha3bl OOMOTKH POTOpPA OMPEISTUM TPUOIUZUTENHHO,
UCXOAs W3  DIEKTPUYECKUX  TOTEePh  MOIMHOCTH B OOMOTKE  poTopa
AP3H2=P3Ms=m2122¢,,HOMR2, rae guciao a3z oomMotrku mp=3, a P,,=M,ni/9,55. Orcrona
R,= MHOMnlsHOM/9,55m2122¢,.HOM . L wow HaX0muM 10 Iy 0 B COOTBETCTBUU CO CXEMOMU
coenmuHEeHUS (a3 0OMOTKH poTopa. JJo6aBOUHOE COMPOTUBIICHHE, MOIKIIOYaeMOe K
KaKJIOH ¢a3ze OOMOTKM poTopa Il TIOJYYCHHUS HYKHOW HCKYCCTBCHHOM
MEXAHUYECKOW XapaKTEePUCTUKH, HAXOJUM U3 COOTHOIIECHUS CKOJILXEHUW Ha
€CTECTBEHHOM S,,, M HCKYCCTBEHHOM S, XapakKTepuCTHKax npu M,,, Ha Baly:
(Ry4+R 16)/5,:=Ro/Syom- CooTHolIeHHEe BBITEKACT u3 MPUOIU3UTETHLHOM
NPSMOJMHEHHOCTH XAapaKTEPUCTUK: OT s=0 NOYTH 0 $=S,, OT Np=N; IOYTH [0
Ny=Nyq. ECIM HMCKYCCTBEHHass XapaKTEPUCTHKA DPACCUMTaHA IIPH yclaoBUU M=
MuakesTO Sy= Sp.u=Sn=1, @ BMECTO S0, BBOIUM S, ¢, TOTAA R ;6=Ro(1/8,5 - 1).

[Tonxmrouenue k azam oOMOTKH poTopa R, m03BOJISET MOMUMO YBEITUYCHHUS
M, 10 M, OTPAHUYHTH BETUIUHY ITyCKOBOTO TOKa B OOMOTKE poTopa (M cTaTropa).
Cnenyer mnpoOM3BECTH CpPAaBHEHHE JTUX TOKOB IMPU MYCKE IO €CTECTBEHHOU

MEXaHHYeCKOM XapaKTCPUCTUKE U ITYCKE 110 HCKYCCTBGHHOﬁZ

’ ’ ! 2 !
IZnﬁ i Ulém /\/(Rl + Rz )2 + sz ’ R 2=K Rz, R Zle, KzElql.HOM/EZ(’p, El(i).HOMzUlql.HOMa
X, =R'/5p.c.
Haxomum I, ,, =U,, . /\/ (R+R,+R',.)+X?, R’ HaliieHO paHee I MycKa C

2 .

M:=Myae » R’ =K'Rjs. Ilocine BbluMCIEHHS TOKOB CpaBHUM HX, T.€ Hailiem
! !

I'20¢.e/T 2u¢.us CHENAB BBIBOJ O HA3HAYEHUU R 6.

Tak kak mpum pabOTe IIJIEKTPOJBHUTATEIS HA €CTCCTBCHHOM MEXaHHUYECCKOM
XapaKTEPUCTUKE M3MEHSIOTCS YacTOTa BPAIICHUS U CKOJIBKEHHE, TO MPEACTABISIET
WHTEPEC UCCIIEIOBAaHNE N3MEHEHHs YaCTOThI TOKAa B 0OMOTKE poTopa f; M BeTUIHHBI
O/J1C B ¢daze 0OMOTKH poTOpa ¢ U3MEHEHUEM CKOJIbXKEHUs. PaccMoTpuM crieayroiue

XapaKkTEepHbIE TOYKM JBUTATEIBHOIO pexuMa: Myck B Xxoa — np,=0, M,, s,=I;



MAaKCHMaJIbHbIH MOMEHT Ha Baly - Mg, Myaes Sipe; HOMUHAIBHBIA PEXKUM
MEXaHMYECKON HArPy3KU Ha BAly - Mo, Miuow, Suows XOJIOCTOR X0 — M= Ny, M=0,
s=0. Jlyisa ompeaesieHns] 9acTOThl MIEPEMEHHOTO TOKa B 0OMOTKE pOTOpa HCITOIb3yeM
Belpaxxenne fr,=f;s, moncraBnsieMm s g ykasaHHbIX Touek. Jlis ompeneneHus

nerictByromero 3HadeHus JJIC B dase oomotku potopa: Exs=E,S, moacrasiusem S

JUIS T€X XKe TOYEK, a By= Eyy= Eyy/ V3.

Bpamaromuii MOMEHT Ha Bally JJEKTPOJABUTATENSI B 3HAYUTEIBLHOM Mepe
3aBUCUT OT BEJIWYUHBI HANPSHKEHUS MUTAOIIeH cetu. PaccMoTpuMm H3MeHEHUE
BEJIMUUHBI My, TPU CHHKEHHMM HOMHHAJIBbHOrO HampsbkeHuss Ha S5, 10, 30%,
UCIIONIB3YSl  BBIPAKECHHE MMaKcleUzhb. [Ipy  HOMUHATBLHOM  HANPSKECHUU
MMaKC=K1U21¢,,H0M, MPU CHU>KEHUHW HANPSIKCHUS M!Mam:Kl(Ul(b)z, rae U;$=0,95U 4 uou,
09U psows  0,7U}gnom- BBIBOABI O CHMIKEHMH BETMYMHBI MAKCHMAJIEHOTO MOMEHTA
CJIeYeT CACNaTh MyTeM CPAaBHEHUS My U M yaxe JUTSE yka3aHHBIX Ujg,.

[Tpubnu3uTensHO OMNpEeNeIuM YHUCIO BUTKOB B (haze OOMOTKH cCTaTopa W3:
E1¢‘HOM:4,44f1W1k061CDm, Tac El(b.HOMz Ul(b.HOM; K061:O,96; f1:50 I'n, CDm=0,010,02
B6. Tak xak xkosdduiuent tpanchopmaiuu IJIC HalineH paHee, TO TPUOTUKEHHO
OTIpEeJIeTUM YHCIIO BUTKOB 0OMOTKU poTopa: Wor=W /K, IPUHAB K.5=0,96.

EcrecTBeHHOE W3MEHEHHE YacTOThl BpAIllCHUS POTOpa C POCTOM MOMEHTA
COTPOTHUBIICHUS MeXaHu3Ma M. He OTHOCUTCS K PEryJIUPOBAHUIO YACTOThI BPAILICHUS.
OmpenenuM  4acTOTy BpallleHUs poToOpa N, TPU  YBEIMYECHUHM MOMEHTA

1 3
COIPOTHUBJIEHHS OT BEIUYUHBI M 1=M;0, 10 Mcg=i M, axc EMMaKC , ZMMaKC’ M, axc-

Ckolb)keHHE poTopa Tmpu Oojee BBICOKOM M, HaiaeM U3 COOTHOIICHUS
Mo/M1=S,/S;, nepBbiil BapuaHT Harpy3ku M. =M.u, S;=Syon; BTOpPOl BapuaHT
3a/1aH Yyepe3 MaKCUMaJIbHBIM MOMEHT, JJI KaXKJI0M U3 TpeX BeIMUuH M, Hailaem S, u
ompeaenaum: n,=n;(1-S,).

Jlist perynupoBaHusl 9acTOTHI BpaIeHUs] pOTOpa BBOIAT R s B Kaxmyro daszy
0OMOTKH POTOpa, U3MEHEHHUE YaCTOThI BEJETCS BHU3 OT HOMUHAILHOU. Onpenenum
YaCTOThI BpallleHUsI pOTOPA, MOJYYEHHBIE IPU BBEJICHUH B LIEMb POTOPA CIEIYIOMINX

conporuBienuit: R’ ;;=R,¢/4, Rys/2, 3R;¢/4. 3a BenmuuHy R, NpuHATE Ty, 4TO



MoJIydeHa TMpPU TIOCTPOEHHUU MCKYCCTBEHHOW MEXaHUYECKOM XapaKTePUCTUKH.
PerynupoBanue yacToThl BpailieHus BeaeM npu M =M, Ha Bally 3JIEKTPOBUTATES.
Hcnonwszyem cooTHomieHne (Ry+R’;6)/Ry=S/S,0n. st kaxmonn BenmuumHbl Rjg
HalJIeM COOTBETCTBYIOIIEE CKOIBKEHUE S U ONPEETUM Ny.

OrnpenenuM OT/ACIBbHBIE COCTABIISIONINE MOTEPh MOITHOCTH B AJIEKTPOJIBUTATENE
IIpU IPeoOpPa30BaHUM DJICKTPUUCCKON IHEPTHH B MEXAaHUYCCKYIO TTPH HOMHUHAITBHOM
MexaHudeckor Harpyske. CymmapHbie 1oTepd MOIMHOCTH  XAP=P1,0-Poyon-
DneKkTpuyecKre MoTepu B Meau Tpexda3zHol oOMOTKH cTaTtopa APaHI:mIIZ@_HOMRI.
Yucno ¢da3z m;=3. DnexkTpudeckde MoTepu B Meau TpexdaszHolt oOMOTKH poTopa
AP3H2=m2122¢,H0MR2. Yucno ¢a3z my=3. [loTepn Ha mMepeMarHuYMBaHUE CTAIA POTOpA
Majbl, Tak Kak mana f, npu S, UMH MOXHO TpeHeOpeub: AP.,=0. JloGaBouHbIC
norepu MOIHOCTH AP 5=0,01P,,,,,. Mexannueckue norepu B potope AP, 1 norepu
MomHocTH B ctanu  ctatopa  APy: APy t+AP ) =XAP-(AP,;1+AP,n+AP ).

DJIeKTpOMarHuTHasi MOIIHOCTD P, =M, .
S I'eHepaTopbl NOCTOSTHHOI'0 TOKA NMAPAJJIEIBLHOT0 BO30YKACHUSA

Ilepen pemenueM 3amaduM  JAHHOTO paslefia CIEIYeT O3HAKOMUTHCA C
Ha3HA4Y€HUEM, YCTPONUCTBOM M MPHUHIIUIIOM JCHCTBUS T'€HEpAaTOpa MOCTOSHHOIO TOKa,
BJIUSIHUEM CXEMbl MOJKIIOYEHUs] OOMOTKHM BO30YXKIECHUS Ha XapaKTepUCTHUKU
reHeparopa.

BapuanTel WMHIMBHIyaJbHBIX KOHTPOJBHBIX 3aJad II0 JAHHOMY pasleiy
MPUBEJICHBI B Ta0.4, B KOTOpOH s reHepatopoB cepuu 4I1H 3amaHbl McXogHbIC
NaHHbIE. /{15 Bcex BapuaHTOB NPUHATE: 2a=2, 2p=4.

Jlo pemieHust 3amadu cieAyeT M300pa3uTh MPUHIUIHAIBHYIO DJIEKTPUYECKYIO
CXeMy I'eHepaTopa ¢ MOAKIIOYEHHON K HeMY Harpy3koi Ry, kotopas cogeprana Obl
HEO00XOIMMYI0 KOMMYTAallMOHHYIO aMMapaTypy U JIEKTPOU3MEPUTENbHbIE TPUOOPHI.

Jns ompeneneHuss MarHUTHOro mnotoka @ B MarHUTOINPOBOJE TeHEpaTopa

ucmnonib3zyeM Boipaxenue E, ,0,=C.n®, rne C.=pN/60a — koncranta 3JIC. Koncranra



MomeHTa Cy=pN/2ma. TopmoO3smMil 3JIEKTPOMAarHUTHBIM MOMEHT Ha Baly
reHepatopa Mon=Cwmly 1on®-

N3 npuHmunuansHOM  cxeMmbl reHepatopa HaugaeMm: L yon=Is nowtlirnow
I iov=Uson/Rs. TOK B Kak10M TapaJijieIbHON BETBU OOMOTKHU HAUJEM: iy yon=Lynon/28.
Yucio mpoBOJHHUKOB B KaXKIOM NapajuienbHOM BeTBH, ompenenstwomee IJC Ha
mEeTKax TeHeparopa, Haigem: N/2a. CompoTuBiieHHE OOMOTKH poTopa (SKOpPs)
HaxoauM 3 ypaBHeHUs paBHOBecusi J/JC M HaNpssKeHUM B 3aMKHYTOM KOHTYpE :
E, vomUson=L; nonR. DJIeKTpruYecKas MOIITHOCTbD, oT/JaBaemas Harpyske,
Pouov=Usonlurson- ~ YTJIOBASE  CKOPOCTh  BpAIICHUS  POTOPA  Myon=2TNy0,/60.
MexaHu4ecKyt0 MOIIHOCTh, IEpPEJaBaeMyl0 OT IMPUBOJHOTO JBUTATENS HA Ball
reHeparopa, HaiigeM U3  COOTHOWEHUS  Puoy=Pouo/Muon.  DIEKTPUUYECKOE
CONPOTUBJICHUE HArpy3Ku B HOMHHAJIBHOM PEXKUME HANAEM U3 BBIPAKCHUS
PZHOM:IZHF.HOMRHI‘.HOM'

[IpencraBnsieT HHTEpEC BHEIIHSS XapaKTepUCTHKA reHepatopa, To ectb U=f(l,) B
JMara3oHe ToKa OT HyJs 10 Ly 0y [10 HEM onpenensiercs HanpsKeHUe, MoAaBaeMoe K
Harpy3ke, B 3aBUCUMOCTH OT I;. /{714 mocTpoeHus 3TOM XapakTEepUCTUKNA JOCTATOYHO
nByx Touek. Ilepmas touka umeer xoopauHatel: [,=0, U=Uy=E, ... BTopas Touka
UMeeT KOOPAUHATHL: I oy, Ugon. VICTIONB3YS MOTYUYEHHYIO XapaKTEPUCTHKY, MOKHO
onpeaeauTs HanpspkeHue Ha Harpyske npu Li=1,11 0 1,2140n. Caenyer caenathb
BBIBOJIBI O XapaKTepe KPUBOW M 3aKOHOMEPHOCTH M3MEHEHUS HAIPSKEHUSI C POCTOM
L.

Y renepatopa mnapaUieIbHOTO BO30YXJCHHS BEIWYMHA TOKAa B OOMOTKE
BO30YKJICHUSI 3aBUCUT OT HampspkeHus. HeoOxomumo Haiith 3aBucumocTh 1,=f(U),
npuMeHnB BelpaxkeHue [,=U/R,. 3agaem Tpu 3HaueHus HanpsokeHus: U,o,; U npu
L=1,5Lson; U mpu I; =1,2I;,0, W3 pacdueToB HEOOXOAUMO clenaTh BBIBOJI O

XapakTepe 3aBUCHMOCTH.



Ta6JII/II_[a 4 — HCXOZ[HBIC JAHHBIC 10 TCHEPATOPY IMOCTOSHHOT'O TOKA

Bapu- UHOM’ EH.HOM’ Dyoms IHF.HOM’ HOM>

aHf B B MuH A Rs, OM N, wr. T]%
1 115 121 3000 15 372 1218 80
2 460 483 2200 22 250 1116 81
3 230 241 3000 24 298 812 82
4 460 483 3000 36 298 522 83
5 360 378 3000 53 188 496 81
6 230 241 2850 49 228 744 82
7 460 483 3000 83 96 556 83
8 115 121 1500 57 136 834 80
9 350 378 1450 33 188 624 80
10 230 241 2850 81 172 712 82
11 115 121 2260 54 110 450 80
12 460 483 975 42 220 1100 80
13 230 241 1450 36 215 572 79
14 360 378 2200 30 295 932 81
15 115 121 1500 56 152 380 82
16 460 483 1450 29 136 250 79
17 230 241 2850 72 165 652 82
18 115 121 975 45 105 430 80
19 360 375 3000 54 295 822 81
20 460 483 2850 104 274 1200 83
21 115 121 1500 60 97 528 80
22 230 241 975 14 123 474 78
23 360 378 725 75 372 1310 82
24 460 483 750 58 380 1340 83
25 230 241 1450 44 215 924 79
26 360 378 2850 35 230 874 81
27 115 121 725 25 98 484 89
28 460 483 3000 78 295 1320 84
29 230 241 1500 57 158 582 79
30 115 121 1450 56 127 440 78

OnpenenuM OTAENIBbHBIE COCTABIAIOIIME MOTEPh MOIIHOCTH B T€HEPATOpE MpHU
HOMMHAQJIBHON AJieKTpuueckoil Harpy3ke. CyMMapHbI€ MOTEpPU MOIIHOCTH MPHU
mpeoOpa3oBaHUM MEXaHMYECKOW HSHEpruM B SIMEKTPUUECKYIO XAP, 0 =Piuon-P2uon-

2
[Totepu momrHOCTH B 00MOTKE sikopsi AP,=1";,,uR,. Tlorepu mommHoct B 0OMOTKE
2
Bo3OyxaeHuss AP,=I", ,,wR,. Diexrpuyeckne moTrepu MOIIMHOCTH B CKOJB3SIIEM

KOHTakTe (1eTKa-kosuekTop) AP, =AU 1, 1o, TTAJICHUE HANPSDKEHUS Ha JBYX IIETKaX




Pa3HOI MOJISIPHOCTH MOKHO MPUHATH JuTst rpaduTHBIX meTok: AU,=2B. JlobaBouHbIe
notepu  HaugeM: AP, 6=0,01P,,,,. Mexanuueckue m0OTepU HU  MarHUTHBIE
(Ha IepeMarHuYMBaHue CTaJIn) AP jex+AP =YAP-(AP+AP +AP+AP ).

DIIEKTPOMArHUTHYIO MOIIHOCTh TeHepaTopa onpenenum: Poy=FE, vl mon-

6 DexkTpoaBHUraTe/ M NOCTOSTHHOIO TOKA MapaJlJIeJIbHOTO BO30Y KIeHUsA

Ilepen peuieHMeM KOHTPOJIBHOM — 3aJaud  JTaHHOTO  pasjelia  CleayeT
O3HAKOMUTHCSI C Ha3HAYCHUEM, YCTPOWCTBOM U  MPHUHIMIOM  JEUCTBUA
AJIEKTPOJIBUTATENSI MMOCTOSSHHOTO TOKA, BIUSHUEM CXEMbl IMOJKIIOUECHUS OOMOTKH
BO30Y)KJICHUS Ha €T0 XapaKTEPUCTHKH.

BapuaHnTel MHAMBUIYalbHBIX KOHTPOJBHBIX 33Ja4 MO 3TOMY pa3ieny
MpUBEJEHb B Tabl. 6, B KOTOpoW st snekrpoaBurateneit cepum 4I1H 3amanbi
HCXOHBIE JaHHbIE. J[JIsI BceX BapUaHTOB MPUHATH: 2a=2, 2p=4.

Jlo pemeHus  3agauv = HEOOXOAMMO  M300pa3uTh  NPUHIIUIHUATBHYIO
AJIEKTPUUECKYIO CXEMY OJJIEKTPOJIBUTATElNsl, MOJKIOUYEHHOTO K CEeTH, KoTopas
cojiepxana OBl HEOOXOUMYFO KOMMYTaIIHOHHYIO armaparypy u
AIEKTPOU3MEPUTEBHBIE PUOOPHI.

DJIEKTPUUYECKYI0 MOIIHOCTh, MOTPEOIIEMYIO DJICKTPOJABUTATEIIEM W3 CETH,
HaaeM: P1uon=Poruon/Muon- Y13 IpUHIIMNIUATEHONU CXEMBI BBITEKACT: Lt yon=Ly om+ s rom3
L iov=Unon/Rs. Tox Harpy3ku Haiinem: Piyuon=Uon/Lir now> TEIEPH HaAMIEM I 10y, TOK B
napasjienbHol BETBU 1,=1; yon/2a. 3 ypaBHeHus paBHOBecusa DJIC u HanpsokeHUM B
3aMKHYTOM KOHType HaxoauM: Eg.o=Unoy-linouRs [MocTostHHA DJIC c.=pN/60a.
[Tocrosnnass MoMmeHTa c,=pN/2ma. Yucio NpoOBOJHMKOB B OJHON MapajuiebHOU
BETBHU, COCMHEHHBIX MOCIEIOBATEIILHO MEXIY JIByMSl COCETHUMH IIETKAaMU Pa3HOU
nonsipHoctu, omnpenensonee BennunHy OJIC Ha mertkax, N/2a. Bennuunny
MarHUTHOTO TIIOTOKa B CTaJd MArHUTONPOBOJA HaWIEeM U3  BbIpaKEHUS
E4 ov=CeNyoy@. Bpamaroninii 31€KTpOMarHuTHEIN MOMEHT Ha BATY M,y nov=Culs on®P-

VYT10Bast CKOPOCTh BPAIIEHUS POTOPA My, =2TtNy0,,/60.



[Ipu mycke »nekTponBuratenss B xon 0e3 R,z B 1enu oOMOTKH poTopa
L. =U,on/Ry; 1 mpeBbimiaeT HomuHanbbld TOK B 10..30 pa3. Haiinem cooTHoleHHe
MYCKOBOI'O M HOMHHaJIBHOTO TOKOB I/l 0. Omnpenenum Benmnuuny R B menu
OOMOTKH pPOTOpa, €CIU Mbl XOTUM OTPAaHUYUTh MYCKOBOW TOK 10 Iy ,=1,5I .0y U
L =31 siom> BCTIONIB3YS COOTHOIIEHUE R ;6=(Uj0n/ L .1)-Ry.

I[Ipy  WCHONB30BAHWUM  AIEKTPOABUTATENS  BAXEH  BHJ  €CTECTBEHHOM
MexaHndeckon xapaktepuctuku n=f(M). Jlng ee MmocTpoeHHs JOCTATOYHO JIBYX
touek. [lepBast Touka umeet koopauHatel: M=0, n=n,. YacToTy BpaleHusi poTopa Ha
xosioctoM xoay HaiaeMm: ny=U,,/c.D. Bropas Touka numeer KOOpIAUHATBL: Moy, Nyon-
B Toli ke cucremMe KOOpAMHAT MOKHO NOCTPOUTh MHOKECTBO HCKYCCTBEHHBIX
MEXaHUYECKUX XapaKTepUCTUK, mpoxomdammx npu Uy U Iiuon YEpE3 TOUKY C
opauHatoil ng. M3 HuUX BbIOEpEM OJHY XapaKTEPUCTHUKY, MPOXOJSIIYI0 Yepe3 JBE
TOYKM ¢ KoopauHatamu: M=0, n=ng; 2M,, n=0. Jlnga mnonydyeHuss >To
XapakTepUCTUKHU HAX0IUM R 5, cuntas [;,=21, o, ipu M=2M,,oy,.

[Tpu BCTIOIB30BaHUH AJICKTPOABUTATEIS YaCTO KOHTPOJIUPYIOT 000OPOTHI POTOpa
M0 3JIEKTPOMEXaHUYeCKUM (CKOpOoCTHBIM) Xxapakrepuctukam n=f(l;). B oxnoi
CHCTEME KOOPJIMHAT CTPOUM €CTECTBEHHYIO u HMCKYCCTBEHHYIO
AJIEKTPOMEXAHUYECKHUE XapaKTepUCTUKU. EcTeCTBEHHAs UMEET KOOPAUHATHL: Ny, [,=0;
Nyoms Linow- VICKYCCTBEHHASI XapaKTEPUCTHKA UMEET KOOPAUHATHI: Ny, [,;=0; n=0,
L=21;0n. WCKyccTBEHHAss XapakTEpUCTHKA TMIOJy4YaeTcs TMpU BeluuuHe R,
HaiineHHoi panee s L ;=21 ;0.

Onpenenum OTAEIbHBIE COCTABISAIONIME OTEPh MOIIIHOCTH B AJIEKTPOJIBUTATENIEC
IIPH PeoOpa30BaHUU JICKTPUUECKOU PHEPTUH B MEXAHUYCCKYIO JIJIT HOMHUHAIBHOTO
pexxrMa  MeXaHW4eckoM  Harpy3ku. CymmapHble THOTEPU  MOIIHOCTU B
anektpoasuraresne XAP=P ,u-Pauou-

[Torepu MoOIIHOCTH B OOMOTKE SKOPSA AP,,:IQ,LHOMR,I. B oO6MoTKe BO3OYXIAeHUS
APB:IZB_HOMRB. [Torepu B ckomb3smeMm KoHTakTe AP, =AUl o, TpuHsaTs AU, =2B.
Ho6aBounbie motepu AP,g=0,01P,,,. Mexanuueckue W MarHUTHBIE TOTEPU

AP yex+AP =YX AP-(AP+AP +AP 5). Dnexrpomarautas MOIHOCTb P, =E ionls sou-



Ta6JII/II_[a 5-— HCXOZ[HBIC JAaHHBIC 110 ABHUT'aTCIIO IIOCTOSAHHOI'O TOKA

Bapu- P2H0M’ UHOM’ Dyoms Rm HOM>

aHE kBT B MuH " Om R, Om N, T]%
1 3,15 110 1060 0,37 372 1210 81
2 5,5 440 1500 0,48 228 744 82
3 8,5 220 2240 0,35 166 834 82
4 14 440 3350 0,22 92 700 83
5 18 220 3150 0,12 86 524 83
6 3 340 750 0,2 380 1020 81
7 4 110 710 0,3 162 980 82
8 16 440 2240 0,2 66 572 80
9 25 220 2240 0,1 94 558 81
10 37 440 3150 0,1 90 420 82
11 7,1 340 750 0,4 154 820 81
12 18,5 220 1400 0,12 84 542 80
13 30 440 2120 0,1 92 380 82
14 8 110 1060 0,16 164 754 82
15 3,15 440 1000 0,25 390 1000 83
16 13 220 2120 0,12 150 356 80
17 6,3 110 950 0,36 350 544 81
18 5 340 1000 0,48 224 722 82
19 11 220 1400 0,3 77 634 81
20 23,5 440 3000 0,1 150 420 81
21 3 110 750 0,3 172 1120 84
22 14 220 3150 0,25 90 700 83
23 25 440 2240 0,2 64 400 83
24 15 220 1500 0,15 98 556 82
25 5 110 1000 0,3 134 784 81
26 5,5 110 1500 0,3 124 824 83
27 42,5 340 3000 0,1 60 240 81
28 5 440 1000 0,4 132 528 83
29 8,5 340 2240 0,4 142 780 82
30 3,15 220 1000 1,3 350 1150 84




7 Tpex¢a3Hubie CHHXPOHHbIE TeHEPATOPBI C HESIBHOMOJICHBIM POTOPOM

[lepen pemieHneM KOHTPOJIBHOW 3a7add JAaHHOTO pasneia HEoO0XOIMMO
03HAKOMHTHCSI C HA3HAYEHUEM, YCTPOMCTBOM U MPUHIIUIIOM JCHUCTBUS CUHXPOHHOTO
reHepaTopa, €ro OCHOBHBIMH XapaKTEPHUCTUKAMH, CHOCO0aMH  BO30YKICHUS
MAarHUTHOTO TOJIA pOoTOpa (MHAYKTOPA).

BapuanTtel WHIUBUyaIbHBIX KOHTPOJBHBIX 3ajJad MO JIaHHOMY pasieiy
MpHUBEACHBI B Ta01.6, B KOTOPOU i Tpex(a3HbIX CHHXPOHHBIX T€HEPATOPOB CEPUU
CT'l 3amaHbl ucXOnHbIE JaHHbIE. JJisS HEYETHBIX HOMEPOB BapUAHTOB CIIEIYET
MPUHATH coeuHeHue (Pa3HbIX 0OMOTOK cTaTopa Mo cxeme Y, I YETHBIX HOMEPOB
BapuaHTOB — 1o cxeme JI. /st Bcex BapHaHTOB MPUHATH: fy0,=50 I'11, cos@,=0,8

Jlo pemeHus 3agaud  HEOOXOAMMO  HM300pa3uTh  NPUHIIUIHUATBHYIO
AEKTPUUYECKYIO CXeMY Tpex(ha3HOTO CHHXPOHHOTO T'€HepaTopa ¢ MOJIKIIOUYEHHOW K
HeMy Tpex(}a3HOW 3IEKTPUYECKONW HArpy3KOH, COSIMHEHHOHN Mo cxeme Y, KoTopas
coJeprkaia ObI HEOOXOIUMYIO KOMMYTalIHOHHYIO anmnaparypy u
AIEKTPOU3MEPUTEBHBIE PUOOPHI.

OnpenensieM axkTUBHYIO MOITHOCTh, OTJaBaeMyl0 OT OOMOTKH cTaTtopa
reHepaTtopa K Tpex¢a3HOH Harpy3ke B HOMHHAJIBHOM PEXKUME: Poyoy=S.onCOSPy;
Haiinem MOIIHOCTh JuW3€lsl, MNPUBOJISILIETO BO BpallleHUE POTOpP TeHEpaTopa,

P1ion=P2uos/Muon- PEAKTHBHAS MOIIHOCTH, OTAaBacMast Harpy3ke, Qouon=SiuonSINQPyr.

Tox B nuHeitHOM TPOBOAC I ov=Lsnon=P2uon/ V3 U om€O0SQPyr, THE Poyoy=Pyr. TOK B
¢azax obMoTKM craropa ly .., HailleM dYepe3 BEIMYMHY JMHEHHOro TOKa I;.ov B
3aBUCUMOCTH OT CXeMbl coeauHeHust ¢aznpix obmorok (Y wmmu [[). Yacrory
BpAIlICHUSI POTOpA TEHEpaTopa AU3EIEeM HAXOIUM: Nyo=060f,../p. YTiiOBas ckopoCTh
BPAILICHUST POTOPA Myyon=2TNy0,/60. TopMO3sIIMIT MOMEHT, BO3HUKAIOIIUM Ha Baly
reHeparopa u ImpeojosieBaeMblii au3eneM, Mou=Piuon/®uon. CyMMapHBIE TOTEPU
MOIITHOCTH, BO3HHKAIONIME B TeHEpaTope MpU NPeoOpa30BaHUM MEXAHHUYECCKOU
SHEPTUH B JJEKTPpUUECKY0, LAP=P,0\-Pouon. [loTEpH MOmHOCTH B (ha3ax oOMOTKH

2
cratopa (axops) AP,=ml"y ,,wR¢, Tie m=3; akTuBHOE conpoTHBIeHUE (Pa3bl OOMOTKH



cratopa npuHATh: Ry=(0,03...0,15) Om. IloTepu B 00MOTKE BO30OYXeHHUS (POTOpA)
AP.=U,l, , nmo6GaBounbie motepu AP =0,01Py,,,. Mexanndeckue mnorepu U
MarHuTHbIE AP +AP=YAP-(AP+AP,+AP,5). DleKTpOMarHuTHass  MOILHOCTb
P =MionOson-

Ta6mmma 6 — MicxoaHbie TaHHBIC IO CHHXPOHHOMY T€HEPaTOpy

bap- Swr Uy kB | 2pn | Mo ULB | LA
1 12500 10,5 24 92,1 226 290
2 10000 6.3 16 92,3 190 270
3 3000 10,5 10 914 166 262
4 63000 6.3 6 92,5 136 261
5 5000 10,5 2 92,2 120 290
6 4000 6.3 100 91,3 102 267
7 630 10,5 40 92,6 31 245
3 300 6.3 48 92,4 36 274
9 10000 10,5 20 91,9 102 259
10 12800 6.3 30 92,2 220 282
11 63000 10,5 3 90,7 137 253
12 8000 6.3 12 90,3 150 261
13 2000 10,5 120 92 102 283
14 5000 6.3 4 90,9 119 289
I5 3150 10,5 30 90,3 89 262
16 2500 6.3 60 92,1 77 248
17 2000 10,5 48 92,3 61 290
18 1600 6.3 30 92,4 54 277
19 1250 10,5 20 92,2 46 253
20 1000 6.3 2 911 41 284
21 800 10,0 3 90,7 36 275
22 630 6.3 4 90.3 31 247
23 630 10,5 2 92,4 31 245
24 300 6.3 6 92,1 31 245
25 1000 10,5 10 90,4 40 295
26 1250 6.3 16 90,5 46 253
27 1600 10,5 24 90.3 54 274
28 2000 6.3 40 90.9 61 291
29 2500 10,5 50 92,1 77 244
30 3150 6.3 80 92,3 89 262




8 TpeX(l)aZiHl)Ie CHUHXPOHHBIC JICKTPOABUTATECIN ¢ HEABHOIIOJIIOCHBIM

poTopom

Ilepen pemerrieM KOHTPOJBHOM 3agayd JTaHHOTO pazjaesia  HeoOXO0IUMO

O3HAaKOMHUTBCA C HA3HAYCHHUCM, YCTpOﬁCTBOM " IIPUHIOUIIOM HeﬁCTBHH CUHXPOHHOT'O

AIIEKTPOABUTATENS], €T0 MEXaHMYECKOW M pabOYMMHU XapaKTEPUCTHKAMH, CIIOCO0aMuU

BO30Y)KJICHUSI MAarHUTHOTO TIOJISI poTopa (MHAYKTOpa), OoOpaTUTh BHUMaHUE Ha

CITOCOOBI ITYCKa 3JICKTPOABUTATCIIA B XO/I.

Tabmmma 7 —VMcxoaHbie TaHHBIC TT0 CHHXPOHHOMY JIBUTATEITIO

P2H0M7

UJ'I.HOM’

G)HOM,

TIHOM7

Bapuant <Br <B 2p, MIT. L % U,, B L, A
1 630 10 2 15 90,8 31 245
2 800 6 6 18 90,1 36 274
3 1000 10 10 20 91 40 295
4 1250 6 16 22 90,8 46 253
5 1600 10 24 24 90,9 54 274
6 2000 6 40 26 90,4 61 291
7 2500 10 50 28 91,2 77 244
8 3150 6 80 30 91,3 89 252
9 4000 10 100 32 92,1 102 287
10 5000 6 2 34 92,2 120 290
11 6300 10 6 15 92,8 136 251
12 8000 6 10 17 92,7 156 262
13 1000 10 16 19 92,8 190 270
14 1250 6 24 21 914 126 290
15 630 10 40 23 91,7 31 245
16 800 6 48 24 90,1 36 274
17 1200 10 30 22 91,8 120 282
18 1000 6 20 20 92,7 82 259
19 8000 10 12 18 91,9 86 261

20 6300 6 8 16 91,5 137 253
21 5000 10 4 35 91,4 110 289
22 4000 6 120 33 91,5 102 283
23 3150 10 80 31 90,7 89 262
24 2500 6 60 29 92 77 248
25 2600 10 48 27 90,8 61 290
26 1600 6 30 25 92 54 277
27 1250 10 20 23 90,5 46 253
28 1000 6 12 21 92 41 284
29 650 10 8 19 90 36 275
30 630 6 4 17 90,6 31 247




BapuanTsl nHIUBHIyaTbHBIX KOHTPOJIBHBIX 3aJ1a4 MO JJAHHOMY pa3feily MPUBEICHBI
B Ta0J1.7, B KOTOPOU JJist Tpex(a3HbIX CUHXPOHHBIX AekTpoasurarenei cepun CTJ]
3aJIaHbl MCXOJIHBIC JaHHBIC. J[JI1 HEYETHBIX HOMEPOB BAapHUAHTOB CIIEAyeT NMPHUHSTH
coenuHeHue Ga3zHbIX 0OMOTOK CTaTopa Mo cxeMe Y, JUIsl YeTHBIX HOMEPOB BapUaHTOB
— 1o cxeme 1. JIms Bcex BapuaHTOB MPUHSTS fy,0,=50 I'11, cos®,=0,9.

Jlo pemenus  3agaun  HEOOXOAMMO  WM300pasWTh  NPUHIUIHAIBHYIO
ANEKTPUIECKYIO cxemy  TpexdazHoro CUHXPOHHOTO 3JIEKTPOIBUTATEIIS,
MOJAKIIOUYEHHOTO K  TpeX(}a3HOH DIIEKTPUYECKOW CETH, KOTopas cojep)kKajia Obl
HEOOXOMMYIO0 KOMMYTAITMOHHYIO aIlliapaTypy M 3JIEKTPOU3MEPHUTEIIbHBIC TTPHOOPBHI.

AKTUBHYIO MOIIHOCTh Py, TOTpeOnsieMyr0o OOMOTKOM cTaTopa (sSKOps) u3

cetn, HaaeM 4epe3 Poyoy U Muowe TOK B JTMHEWHOM HPOBOAE Iy 40 HaWIEM 4Yepe3

P1H0M=\/§ U nomlsnonc0s@; . Tok B daze oOMoTkH cTraTopa Iy oy HaliieM depes I ov B

3aBUCHUMOCTH OT CXEMBbI coeIMHEeHUS (Pa3 0OMOTKHU cTaTopa. PeakTMBHYIO MOITHOCTD,
notpednsemyo u3 cetd, Hauaem: Qiuon=+3 UjnoulinonSin®;. I[lomHas momHoOCTH

SlHOsz/g UL nomlnnon- HaCTOTY BpallleHUs pOTOPA Ny, HalMZIEM uepes fyyo, ¥ 4HCIIOo Tap
MOJIFOCOB  P. YTJOBYIO CKOPOCTh BpaIICHUS POTOpPA My, HAUAEM YEPE3 Nygy.
Bpamarommit  MOMEHT Ha  Bally HalJIeM M3  HM3BECTHOTO  BBIPAKECHUS
M.ov=9,55P;0n/Nyon. Bpararomuii MOMEHT Ha BaJly CHHXPOHHOT'O AJICKTPOABUTATENS
3aBUCHUT OT yIJia Harpy3ku © 1o CUHYCOUJAbHOMY 3aKOHY M=M,,sin®. Crnexnyer
MOCTPOUTH 3aBUCUMOCTh M=f(®) B auama3zoHe u3MeHeHusi yria ©® or O=0 no
®=180", KOTOPYIO Ha3bIBAIOT YIJIOBOM XapaKTEPUCTUKON. UTOOBI HallTU MaKCUMyM
BpaI[alOler0 MOMEHTA, BOCIIOJIB3yeMCSl MapaMeTpaMyd HOMHUHAIBHOTO PEXUMa
MMaKC=MH0M/ Sin@HOM‘

BriOupaem maciitad juisi Bpaiaromero MOMeHTa B Tipefiesiax OT HYIS 10 Myage,
MacITad I yrila Harpy3Ky 1o ocH abcmuce - B mpefenax ot Hyss 10 180 rpaaycos;
cTpouM xapaktepuctuky M=f(®), 3anaBas 3nauenuss ®=0°, 30°, 90°, 150°, 180°, u
onpenensieM M. Bo3amoxHnoe uncio BUTkoB W, B daze 0OMOTKM CTaTopa HalJeM U3
BeIpakeHUs Eq4=4,44f,, W Ke®, rme K=0,96; E 4=Uon ; ©=0,03...0,06 B6.

CymMmaphubie motepd MOMHOCTH YXAP=Pi,0-Poion. IloTepm ™MomHOCTH B (daze



0OMOTKH cTaropa APﬂ=mIz(b,H0MR¢, rae Ry=0,03...0,15 Om, m=3. IToTepn MOIIHOCTH
B oOMoTKe B0o30yxkaenus poropa AP,=U.l,. Jlo6aBounsie morepu AP c=0,01P; 0.
Mexannueckne noTepu U MarHUTHbIE NOTEPU AP, +AP =YAP-AP;-AP;-AP .

DIIEKTPOMArHUTHASI MOIITHOCTh ANEKTPOABUTATEINS Py 1o =M oy Wion-



Cnucok peKoMeHyeMOon JTUTePaTyphl
[IpoekTupoBanue 3neKTpuueckux MmamwuH: YueOHuk mis By3oB/ M.I1.Konbuios,
b.K.Kinokos, B.Il.Mopo3kuH, b.®.Tokapes; Ilox pea. WU.I1.Konsuiosa. — 3-¢ uzn.,
uctp. u gon. — M.:Beiciias mkona, 2002. — 757 c.
Kombutop WM.I1. Dnexrtpuyeckne MamwHbl: YUYEeOHUK IS BY30B. — 2-€ W3,
nepepad. — M.: Beicmrast mkoma, 2000. — 607 c.
Kombimor W.II. Dnekrpuueckwe MamuHbl: Y4YeOHUK JUisi BYy30B. — M.:
Oneproaromusaar, 1986. — 360 c.
TuxomupoB I1.W. Pacuer Tpanchopmaropos: YueOH. mocobue st By30B. — 5-€
u31l., nepepad u pon. — M.: DHeproaromusaat, 1986. — 528 c.
AtabekoB B.b. PeMoHT TpaHChOpMaTOpPOB, 3JMEKTPUUSCKUX MAITUH U anapaTos.
— M.: Beicmr.mkoia , 1988. — 416 c.
Onektpudeckue Mammebl: COOpHUK 3amad u ympaxHeHuid /Ilep. ¢ Benr. A.
Hanky, A. ®@apkar. — M.: Dueproaromusnar, 1987. — 360 c.
Kepse I'.K. IIpoMbIIIIICHHBIE WCHBITAHUS DSJICKTPHUYECKUX MalIdH. — M.:
lNocaneprousaat, 1960. — 504 c.
[IpaBuna TEXHUYECKON OJKCINTyaTalldd JHEPrOyCTAHOBOK TOTpeOUTENneH U
npaBuWia TEXHUKHM O€30MacHOCTH TPH  OKCIUTyaTallud HHEPrOyCTaHOBOK

norpedureneit. — M.: Aromuznat, 1973. — 157 c.



Meroanuecknue yka3zaHus
K CAMOCTOSATEIBHON paboTe 1o
JUCHUILINHE «DNEKTPUUECKUE
MAaIIuHbI»

(V1S CTY/ICHTOB AJIEKTPOTEXHUYECKUX
CHeuanbHOCTEHN BcexX (opM 00ydeHMsI)

CocraBurenb Haranea BaneppeBna Knumuenkosa
PenakTop Hennu AnekcannpoBHa XaxuHa
[Toam. B meu. ®opmar 60x90/16.
Pusorpad. neyats. Ycn.meu.i. Yu.-u3n. 1.

Tupax 100 3k3.

HAI'MA, 84313, Kpamatopck, yi. lllkaguHoBa, 72



