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Bsenenue

Llenpto paboThl B JTA0OpaTOpPHUU SIBISIETCS YIIIYOJCHWE W 3aKPEIICHUE
NpUOOPETEHHBIX TEOPETHUECKUX 3HAHUU ITyTeM SKCIEPUMEHTAILHOW MPOBEPKH
TCOPETUUECKUX  TIOJOKEHWH, a TakkKe 3HAKOMCTBO C  JJICKTPOHHBIMHU
KOMITOHEHTaMH, 000PY/ZIOBaHUEM, H3MEPHUTEIBHBIMU MPUOOPaMH U amIapaTypowu,
UCIIOJIb3YEMBIMHU B J1a00OPaTOPUU.

B pesynbrate BBIMONHEHUS JTa0OpAaTOPHBIX PAOOT CTYIEHTHI JTOJKHEI
proOpeCcTH YMEHUS M HaBBIKU IO COOPKE M UCCIIEAOBAHUIO MICKTPOHHBIX CXEM H
IprOOPOB, U3MEPEHUSIM IJICKTPUICCKUX BeMYHH. TeMaTrka 1abopaTopHBIX padoT
MIOJTHOCTBIO COOTBETCTBYET COJICPKAHUIO OCHOBHBIX Pa3/eNIoB Kypca, H3y4aeMoro B
BBICIITNX TEXHUYECKUX YYEOHBIX 3aBEJCHUSX. B mpemmaracMoM yaeOHOM MOCOOHH
OIMCAHO OJIMHHAIATH TaOOPAaTOPHBIX paboT. B ommcanum kaxmoi 1abopatopHoi
paboThl chopMyIHpoBaHa €€ I1eJb, H3JI0KEHbl OCHOBHBIE TEOPETHUYECKUE
TIOJIOXKCHHS, OMUCAHA CXEMa YCTAHOBKH JUISl MPOBEACHUS JKCIIEPUMEHTAILHOTO
UCCIIC/IOBAHMSI, JaHbl PEKOMEHJAIMU [0 MPOBEICHHUIO OIBITOB M 00paboTKe

pEe3yJIbTAaTOB U3MEPEHUM, a TAKKE KOHTPOJIbHBIE BOIPOCHL.



Jlabopamopunas paooma Nel

Tema: VccnenoBaHue CIOKHBIX IIENEH TOCTOSIHHOTO TOKA
Ilenv padomwi: IlonyuuTh TNPAKTUUECKHE HABBIKM COOPKH CXEM JUIst
HKCIIEPUMEHTAJILHOM TMPOBEPKM M pacuera Ienedl IMOCTOSHHOTO TOKa C
UCIOJIb30BaHUEM 3akoHa OMa, mepBoro u BToporo 3akoHoB Kupxroda.
Dopmupyembvle KOMHEMeHYUU:
Kon @opMynupOBKa
CnocobeH pemarh 3agauu Mpo(ECCUOHANTBHON NESITEIHbHOCTH Ha

OCHOBC HCIIOJB30BaHUA TCOPECTUUCCKUX M IIPAKTHYCCKHUX OCHOB

Ol €CTECTBEHHBIX M TEXHMYECKHMX HAYK, a TaKKE€ MaTeMaTUYECKOTrO
anmnapara.
CrnocobeHn mnpuHUMaTh pemnieHuss B TpodeccruoHanbHol  cdepe,
OITK.3 UCIIOJIb3Ysl ~ TEOPETUYECKHE OCHOBBI M  HOPMAaTHUBHYIO  0a3zy

CTPOUTCIILCTBA, CTpOHTGJ’IBHOﬁ HHAYCTpHUH u KUJINITHO-

KOMMYHAJIBHOTO XO35IMCTBA.

Teopemuueckas uacmo:

CnoXHOM 1Eenpl0 IOCTOSSHHOTO TOKAa HAa3bIBAIOT JJIEKTPUYECKYIO IIEIb,
COCTOSILYI0 W3 HECKOJbKUX CONPOTUBICHUW M MCTOYHUKOB HANpPSLKEHMS,
COEIMHEHHBIX MEXKAY CO00M TeM MM UHBIM CIIOCOOOM.

VY3510M 3JIEKTpUUYECKOW LENMU Ha3bIBAETCS MECTO COEIMHEHUs Tpex U Ooliee
BeTBel 1enu. I[lpu Hamuumu B cxeMe N TakWxX Y3JI0B MOKHO COCTaBUTH (7 — 1)
ypaBHEHUH COTJIaCHO nepBoMy 3akoHy Kupxroda. B cooTBeTcTBUM C 9THM 3aKOHOM
CyMMa TOKOB, TOAXOSIINX K Y311y, paBHa CyMME TOKOB, OTXOSIIMX OT y3ja, WIH
anredpanyeckas CyMma BCEX TOKOB B y3Jie paBHa Hymo, T.e. X/ =0. [Ipu stom
HEOO0XO0MMO TOKH, TOJIXOSIINE K Y3I1y, 3alUChIBATh B ypaBHEHHE C OJJHUM 3HAKOM
(Hampumep «+»), a TOKH, OTXOJAIIME OT y3J1a — C IPOTHUBOIOIOKHBIM 3HAKOM.

[Tpu nocnenoBaTeNbHOM COEAMHEHUU HECKOJBKHX conpoTuBieHui (puc. 1.1

a) oOlllee COMPOTUBIIEHUE Y4acTKa PaBHO CyMME BCEX COMPOTUBIICHHI HA 3TOM
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y4yacTke: R, =R, + R, + R,. TOK Ha y4acTKe LIeNU ¢ HECKOJIbKUMHU MOCIEA0BATEIHHO

COEJIMHEHHBIMU COMPOTUBIIEHUSIMU OyJIeT paBeH (1o 3akoHy OMma):

Pucynok 1.1 — IlocnenoBarenbHoe (a) 1 napasuiesbHoe (0) coeMHEHNE
COIPOTHUBJIEHUI
[Ipy mapamienbHOM COEIMHEHUH JBYX CONpOTUBICHMH (puc. 1, 0)

R -R
HKBHUBAJICHTHOE COTPOTUBIICHUE OMpeessieTcs no popmyne: R, :ﬁ :
+
1 2
Ecnu u3BecteH Tok lg, MpoTekaromuii 0 HEPA3BETBICHHON YacTH IENH, TO
TokH |1 u |2 B conpotuBnenusix R1 u Ry MoxkHO onpenenuTs 1o hopmyiam:

R2
“ R, +R,

1

Rl
"R +R,

2

[Ipy Tpex mapauleJbHO BKJIIOYECHHBIX conmpoTHBIeHUsIX (puc. 1.2)
HKBHUBAJIEHTHOE COMPOTUBIIEHUE OyIET PaBHO:

_ Rl'Rz'R3
R -R,+R, R, +R, R,

c]

BeTBpl0 37EKTPUYECKON LIENMM Ha3bIBACTCS YYaCTOK DJIEKTPUYECKOM LIENH,
3aKJIFOUCHHBIN MEXY IByMs y3liamu (Hanpumep, KoHTyp abefa na puc. 1.3).

B KaxIoM KOHType MEXIy DJJIEKTPOABWKYLIMMU CcwiIamMu (3.1.C.),
MMEIOIIUMHUCS B LENHU, U MAJACHUIMU HANpPsDKEHHWS HaA OTHCIBHBIX Y4YacTKax
CYILLECTBYET CTPOro OINpEeSICHHAas 3aBUCUMOCTb, OIIpeeisieMas BTOPBIM 3aKOHOM
Kupxroda:

2E=Z2IR,



T.€. ajredpandeckas CyMMa JIeKTPOIBIKYIINUX CHII B TJAaHHOM KOHTYPE paBHA
anreOpandecKoi CymMmMe MajieHuid HapsHKeHUH Ha yJacTKaX IeTH 3TOr0 KOHTYpa.

Jlns Toro, 4ToOBl MPaBUIIBHO 3amlKcaTh YpaBHEHHE IO BTOPOMY 3aKOHY
Kupxroga, HEoOXomuMO 3amaThCs HaINpaBlIEeHHEM 00XoJa JTOr0 KOHTYypa
(Hampumep, Mo X0y 4acoBoi cTpenku). Ecnu npu 00xoe KOHTypa HampaBieHHUE
3.]1.C. COBNAJAET C HaIpaBJIeHHEM 00XOaa, TO €€ 3alKCHIBAlOT B JIEBYIO YacTh
YPaBHEHHSI CO 3HAKOM «+», a €CITU €€ HANPaBJICHHE HE COBIIAIACT C HAIIPABICHHEM
00X0/1a, TO €€ CUYHUTAIOT CO 3HAKOM «—». AHAJOTUYHO MOCTYMAIOT CO 3HAKAMHU
MaJICHAN HaIpsDKEHWW. ECliM HalpaBlIeHHE TOKa Ha y4YacTKE LENW COBHAJAET C
HampaBjieHneM o0xona, To IR Ha 3TOM ydYacTKe 3alHCHIBAIOT CO 3HAKOM «+», B
IPOTHBHOM CIIy4ae — CO 3HAKOM «—.

[Tokaxewm 310 Ha mpumMepe (puc. 1.3)

1.  Jlns kontypa abefa, coBepriras 06xo/1 1o 4acoBoM CTpeIKe, MOTYInUM:

E, =LR + 1R,

2. na xontypa bcedb, coBepmass 00Xxoj NMPOTHUB YacOBOW CTPEIKH,

Oy YHM:
E =1,R, + R,

3. Jns xonrypa abcdefa, comepmas o0xom TO YacoBoil cTpelke,

Oy YHM:
E —E,=I1R — 1R,

Ilepeuens ucnonvzyemozo obopyooeanus:

Kommiekt TumnoBoro saboparopHoro obOopyaoBaHusi «TeopeTmueckue
OCHOBBI 3JIeKTpoTeXHUKN TOD 1-H-P»

Ykazanue no mexnuke 6ezonacnocmu:

VYkazaHus o TeXHUKE 0€30MaCHOCTH MPH BBHITIOJTHEHUH J1a00paTOPHBIX paboT

IIPUBE/ICHBI B IPUIIOKEHUE A.



Ykazanus no eévinonnenuto n1a6opamopnoii pabomal:

1. [Tonobpates mnpubOpsl, HEOOXOAUMBIC IS BBIIOJHEHUS pPAaOOTHI,
O3HAKOMHTHCS C HUMH M 3alKcaTh TEXHWUYECKHWE JAaHHBIE HMCTOYHHUKOB 73.]1.C.,
pPEOCTaTOB, U3MEPUTENBHBIX TPUOOPOB.

2. CoOpatb cxemy il IpOBepkH mepBoro 3akoHa Kupxroda (puc.l.2).
YCTaHOBUTh MaKCHUMallbHbIC 3HAYCHHUS COTPOTHBICHUN PEOCTATOB M H3MEPUTH

nocJjie 3aMblKaHus Kiro4a K/ TOKY B MapajuieibHBIX BETBAX U 00muid Tok menw 10.

PesynbpTaTel u3MepeHuit 3anectu B Tadnuiy 1.1.
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(»)
iz R
—— N 2
®—5
CAD .fg /—\ r Rs
)
h ®
fnt -

Pucynox 1.2 — Cxema niist mpoBepku nepBoro 3akoHa Kupxroda

B omnbiTe 1.2 crnenyer nepeABUHYTHh MOJ3YHKH PEOCTATOB IMPOU3BOJIBHO,

HaO0Jr01as1, YTOOBI CTPEIKH aMIIEPMETPOB HE 3alTKaTUBAIIH.

Tabnuua 1.1 — Pe3ynbTaThl U3BMEPEHUIA U BHIYUCICHUM

Ne

i Pesynprarsl usmepenui Pe3ynprarsl BEIUMCICHUN
0O603Hau. lo I P I3 U R1 R2 Rs3 R, 70
Ex. uzm. A A A A B Om Om Owm Om %
Omsit 1
Omnsit 2
OmsiT 3




[Io 3akoHy Owma BBIYMCIHTH CONPOTHBJICHHE KAXKIOTO peocTrara M
HKBUBAJIEHTHOE CONPOTUBIIEHHE CXeMbl R5 BBUHCINTE OTHOCHTEIBHYIO
MOTPENTHOCTh U3MEPEeHHi yo % no popmyie:

-+, + 1)

y = -100% \
0
3. CoOpatb cxemy (puc. 1.3) ns mpoBepku BToporo 3akona Kupxroda.
Fz
a - & - C
Es Ez
Q) l-"g Q)
A TH;H A IET Ay
R“.f RE RE
f 8 if

Pucynok 1.3 — Cxema 1151 mpoBepku BTOoporo 3akona Kupxroda

[Ipu pazoMKHYTBIX pyOmIbHUKAxX P11 Py m3MepuTh BOJIBTMETPOM BEIUUUHBI
3.1.C. KaKI0ro akkymyssitopa. Conpotusnenus peoctatoB Ri, Ry u Rz usmeputs
oMMETpOM. TOKHM Ha OTAENBHBIX Y4ACTKAX LENHU U3MEPUTD IS TPEX CIIYYaeB:

OnpiT 1 — pyOounbauk P1 3aMkHYT, P2 — pa3oMKHYT.

OnpIT 2 — pyOusibHUK Py 3aMKHYT, P1 — pa30oMKHYT.

OmnpiT 3 — 06a pyOunbHuKka P1 u P2 3aMKHYTHI.

PCSYJIBTaTBI H3MepeHHﬁ u HN3BCCTHBIC BCJINYHNHBI BHYTPCHHUX

COl'[pOTI/IBJ'IeHI/Iﬁ HCTOYHUKOB 3.1.C. g1 U g2 3aHECTHU B T8.6J'II/II_Iy 2.



Tabnuma 1.2 — Pe3ynpTaThl M3MEPEHUI U BHIYUCICHUHI

. W3BecTHBIC .
Pe3ynBTaTBI HU3MCPCHUHA PeSynBTaTBI BBIYHUCIICHUU
Ne BEJIMYNHEI
/I E1 E> I I, I3 U, U, Us o1 o2 R R2 R3 2IR Y0
B B A A A B B B Om Om Om | Om Om B %
OmnriT 1
OmngIT 2
OmngiT 3

BTOPOI'O 3aKOHAa KI/IpXI“O(i)a HJIL pacucTa ueneﬁ ITIOCTOAHHOI'O TOKA.

ITo pe3ynbpTaTam U3MEpPEHUN U BBIYUCIIEHUN CAETIATh BBIBO O TPUMEHUMOCTH

Brerauciauth OTHOCHTCIIBHYIO ITOTPCUIHOCTD IS KaKJA0I'0 U3 TPEX OIILITOB

_SE-ZIR

JU11 OTHOTO U3 KOHTYPOB ITPOBEPUTH OaIaHC MOIIHOCTEMN:

SEI=XI’R+3XI°r,

Cooeporcanue omuema:
OTuer JoJKEeH coaepKaTh:
HazBanue paboThl;
[enb paboTHI;

Kparkue TeopeTudueckue CBEICHNUS;

[Topsinok BBITTOTHEHUS paOOTHI;

N o g bk~ D E

13350:10)1158

KOHmPOJleble eonpocwolt:

Breruncnenns u 00padoTKa pe3ysibTaToB;

Onucanue ucnoyib3yemMoro 000pyA0BaHus U MaTepUaIoB;

1. KakoBa ¢Qmu3uueckas CyIIHOCTh TMEPBOTO ¥ BTOPOTO 3aKOHOB
Kupxroga?
2.  Marematudeckoe BBIpaKEHUE IEPBOTO U BTOPOTO 3akoHOB Kupxroda.
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YT0 HA3BIBAETCI UCTOYHUKOM 3.71.C.7
B yem cymHocTs 6anaHca MOIIHOCTEH?

Yto Ha3kIBaCTCs Y3JI0M 3JI€KTpI/I‘ieCKOﬁ HGHI/I?

o 0k~ w

Kak BpIOMparoT HampasiieHus: 00X01a KOHTYpOB?

Cnucox aumepamypuol, peKOMEHOOBAHHBII K UCNOIb306AHUI0 NO OAHHOIL
meme:

1. HauumoB M.U. HHXeHEpHbIE CHUCTEMBI 3IaHUW U COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecypce] :
yueOHoe nocodue / M.U. lanunos, N.I'. Pomanenko, C.C. SctpedoB. — DaeKTpoH.
TekcToBble JaHHble. — CraBpononb: CeBepo-KaBkasckuil — (enepanbHblii
yauBepcutet, 2015. — 118 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.U. WHxeHepHBbIE CHCTEMBI 3IaHUA U COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBAMHU DJJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
naboparopusblit mpaktukyM / M.W. Jla-aunos, N.I'. Pomanenko, C.C. Sctpe6oB. —
DNeKTpoH. TeKCcToBbIe AaHHble. — CtaBponoiib: CeBepo-KaBkaszckuil penepanbHbIi
yauBepcuteT, 2015, — 135 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HMuHxeHepHbIE CUCTEMBI 3JaHUA W COOPYKECHUHI
(omeKTpoCHAOXKEHNE C OCHOBAMH DJJICKTPOTEXHUKH) [DJIEKTPOHHBINA pecypc]
yauebHoe rmocoodue (kypce nekuuii) / M. U. Jlanunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBponons : CeBepo-KaBkaszckuili (enepanbHbii
yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHHE C OCHOBAMU DJIEKTPOTEXHUKHU. YacTh
1 [DnexTponnblii pecypce] : yuebnoe nocodbue / H.I'. Cemenona, A.T. PaumoBa. —

DJEeKTPOH. TeKCTOBbIe AaHHbIE. — OpenOypr: OpeHOyprckuii Tocy1apCTBEHHbBIN

11



yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. T'opnees-byprauny M.A. OO6miasi 31€KTPOTEXHUKA U 3JIEKTPOCHAOXKEHHE
[DnmekTponHbIl pecypc] : yueOHoe mocobume / M.A. Topnees-bBypreum. —
ONEeKTpOH. TEKCTOBbIe naHHble. — M. : MOCKOBCKHI TOCyAapCTBEHHbIN
CTpouTEIbHBIN YHUBepcuteT, Al [lu Op Meaua, 9bC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexxum moctyma: http://www.iprbookshop.ru/65651.html

6. TuxonoB A.®. DIEKTPONPHUBOA CTPOUTEIHLHOTO MEXaHU3MPOBAHHOTO
MHCTPYMEHTA [DNeKTpOHHbIN pecypc] : yueoHoe nocobue / A.dD. Tuxonos, B.H.
baryes, A.H. Ipo310B. — DJIEKTpOH. TEKCTOBBIE AaHHBIE. — M. : MOCKOBCKHI1
roCyJJapCTBEHHBIN cTpouTenbHbli yHHBepcuter, Al [lu Op Menua, O9bC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DIEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KontoxoBa E.A.— DnekTpoH. TekcToBbIEe JaHHbIe.— M.: 3naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222.—
OBbC «IPRbooksy, no naposto

8. DnekTpocHaOKEHHE CTPOMTENBHBIX IUIOMIAACH [DIEKTPOHHBIN pecypc]:
METOJMYECKHE YyKazaHusi/ — OnekTpoH. TekcTtoBbie naHubie.— CII6.: CaHkT-
[leTepOyprckuii rocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIM YHHUBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexwum no-cryna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, nmo naposto
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Jlabopamopnas paooma Ne2

Tema: IlocnenoBaTeslbHOE COEAMHEHME AaKTUBHOIO, HMHIYKTHBHOIO M
€MKOCTHOT'O CONPOTHBIICHUH. PE30HAHC HANIPSKEHUI
Ilenv pabomwi: OnbiTHas IIPOBEpKa OCHOBHBIX COOTHOLICHHW IS
HOCJIEAOBATEIbHON IIEMM  MEPEMEHHOI0  TOKa, oOJajaromedl  aKkTUBHBIM,
WHIYKTUBHBIM U €MKOCTHBIM COIPOTHBIICHHUSIMHU.
Dopmupyemovie KOMnemeHyuu:
Kon PopMyIMpOBKa
CnocobeH pemath 3agauu Mpo(ECCHOHANTBHON NIESITEIHbHOCTH Ha

OCHOBC HCIIOJIB30BAHUA TCOPCTUYCCKUX H IIPAKTHYCCKHUX OCHOB

O €CTECTBEHHBIX M TEXHMUYECKHMX HAyK, a TaKKe MaTeMaTH4YECKOro
amnrapara.
CnocobeHn mnpuHUMaTh pemnieHuss B TpodeccruoHanbHol  cdepe,
OITK.3 UCIIOJNB3YSd  TEOPETHUYECKUE OCHOBBI W  HOPMATHBHYIO  0a3zy

CTPOUTCIILCTBA, CTpOHTGJ’IBHOﬁ HHAYCTPUHU )41 KUJINITHO-

KOMMYHAQJIBHOTO XO351CTBa.

Teopemuueckaa uwacmo:

[TycTh B 1IeTh IEpEMEHHOTO TOKa ¢ yacToToi f = 50 [y BKIIOYECHA KaTyIIKa,
o0Jaaroias HHIyKTHBHOCTBIO L M akTHBHBIM CONpOTHBIICHHEM I (puc. 2.1).

[lpy npoTekaHWM TO KaTyIIKe MEPEMEHHOr0 TOKa I. B MPOCTPAHCTBE,
OKPYXaIOIlEeM BUTKH, OYJIET CO3/1aBAThCsl MATHUTHBIN MOTOK @ 1 TOTOKOCLETIIEHUE
C BUTKAMM KaTYILIKH:

w=w-O

rac w — 49ucjio BUTKOB KaTYHIKH.
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Pucynok 2.2 — CxemMa nocineaoBaTesbHOro coeuHeHust R u L

OTHoOIIIEHHE TMOTOKOCICTUICHUSI KaTYIIKH K TOKY KaTYIIKW 1. Ha3bIBAETCS

COOCTBECHHOM HMHAYKTUBHOCTBIO NJIM HHAYKTHBHOCTBIO!

L:_ﬂ w-®d

IL IL
Eciu coOGcTBEeHHOE MOTOKOCLEIICHHE MPOMOPLHUOHAIBHO TOKY (B cilydae
KaTymkd Oe3 CTalbHOro cepjeyHuka), To L = const. OcHOBHOHN enuHuLEN

MU3MEPEHU UHAYKTUBHOCTH siBisieTcs ['enpu (I'n):

IFH:%, 11107 =1mlu

Ecnu Tok B KaTylike usmMeHseTcs (Hanpumep, o CUHyCOUAAIbHOMY 3aKOHY),
TO ¥ NOTOKOCLEIJICHUE KaTYLIKH WU3MEHSIETCA U MOTOMY B BUTKAaX KaTyLIKH IO

3daKOHY BHCKTpOMaFHI/ITHOﬁ HHAOYKIIAW HABOJUTCA 3.4.C. CAMOMHIYKIIUH €| .

14



o __dv__di
dt dt

T.€. HaBOAMMAs 3.]1.C. €L IPENATCTBYET M3MEHEHHUIO ToKa i Kpome Toro,
KaTylllKa 00J1aJaeT HEKOTOPhIM aKTUBHBIM CONPOTHUBIICHUEM T.

[Ipumensis BTopoil 3akoH Kupxroda [ MrHOBEHHBIX 3HAYCHHI
JIIEKTPUYECKUX BEIUYUH, MOKHO 3aIIMCATh:

u+e, =i-r
OTCIOJIa HAIIPSKEHUE Ha 3aKMMax LENU PaBHO
u=i-r—e, =u, tu,

[lameHne HanpsDKEHUS HA AKTUBHOM COIPOTUBIICHWHM HA3bIBAIOT aKTHUBHOM
COCTABISIIOLIEN HANPsUKEHUS WA AKTUBHBIM — HAINPSDKEHUEM, a IaJICHUE
HaIllpsDKEHUST HA MHIYKTMBHOM  CONPOTHBIICHUM HA3bIBAIOT HMHAYKTUBHOU
COCTABJISIIONIECH HanpsKeHUsl. MTHOBEHHBIE 3HAYEHUSI 3TUX BEJIMYHUH 0003HAYAIOT
U, ¥ U, a neiictByromiue — cootBeTcTBeHHO Uy 11 Uy, [Ipu cuHyconnansHOM 3aK0HE

HN3MCHCHUA TOKA HAIIPS’KCHUC Ha 3aKMMax LCIIN 6yI[€T PaBHO:

d(I,sin wt) _ .

u=ir—e_=rl_ sinwt+L n Sin ot + wlL 1, coswt =

=U_, sin ot +U__ sin [a)t + %)

T.€. MEXAY AKTUBHBIM M WHIYKTUBHBIM IaJCHUAMU HANPSIKEHUS UMEETCS
casur 1o ¢aze Ha 90°.
[lepexoas Kk KOMIUIEKCHOU (POpME MOKHO 3aIluUCaTh:
UzUa +jUL =jr+jij
rae jix, = jowLl - KOMIUIEKCHOE CONPOTHBIIEHHE HHIYKTHBHOTO DJIEMEHTA;

ULm

V2

U,=—2 y U, = - JICWCTBYIOUIME 3HAYCHUS AaKTUBHOTO U

WHYKTUBHOT'O HAMPSDKCHUH.
Takum 0Opazom, HanpspKeHHE Ha 3akuMax e U MOXHO TIPEICTaBUTH B
BHzIEe CyMMBbI ABYX cuaycoug U, u jU, . U3BeCTHO, YTO BCAKYIO CHHYCOMIAIBHO

HN3MCHAIOIIYIOCS BCIIMYMHY MOKHO IIPEACTABUTDL B BUJIC BEKTOPA (HaHpI/IMep, TOKa
15



1), Bpamaromerocsi B MpoOCTPAHCTBE C YIIIOBOM YaCTOTON @, MPOEKIUS KOTOPOTO

Ha MHHMYIO OCh M JJaeT CHHYCOHUJTAIBbHYIO BeHunHy (puc. 2.3).
it =g

1

+
PucyHnok 2.3 — M300paxkeHue CHHYCOUJATbHOTO U3MEHSIONIEHCS BETMYNHBI
TOKa B BUJIE BEKTOpa

OHpGI[CJII/IM HAIIPpSDKCHUA Ha 3aKHMaX OCIH IIpU IIOMOIIU BGKTOpHOﬁ

AuarpaMMal. BGKTOp ToKa I OTJIOXKHUM B ITPON3BOJIbBHOM HAIIPABJIICHUH, HAIIPUMCED,

ropu3oHTanbHO (puc. 2.4). Bece ocTtanbHble BEKTOPBI OyAyT JKECTKO MPHUBS3aHbI K
BeKTOpY I , T.€. X C/IBHT 10 (hase Gy/IeT CTPOro OIpPEICICHHEIM.

BekTop akTHBHOrO HaIpsHKEHUS U,=1-r Oyzer coBmagaTh IO
HAIPaBJICHUIO C BEKTOPOM I. BexTop MHAYKTUBHOW COCTABIISIIOLIEH HAIPSKEHUS
U, =j-I-x_ 6ymer onepexars Ha 90° BekTOp I . CxnazpiBast r€OMETPUYECKH

Bektopel U, u U, , mony4anm BeKTOp HanpsukeHus U Ha 3aKUMax IeTH.

Pucynok 2.4 — BextopHas AuarpaMmma Ipu MocieI0BaTEIbHOM COCIMHEHUN

RulL

Benmuunna X, =w-L=27-f-L Ha3bIBACTCSI UHOYKMUBHBIM
conpomusenenuem v uzmepsiercs B Om. CONpOTUBIICHUE X| 3aBUCHUT OT YaCTOTHI U

IIpHU BKJIIOYCHUHN KAaTYIIKHW MHAYKTUBHOCTH B LCIb IIOCTOAHHOI'O TOKa (f = ()) TOK

16



KAaTylIKH OyJeT OrpaHWYE€H TOJIbKO €€ aKTUBHBIM CONPOTUBIECHUEM U OKAXKETCS
HaMHOro Ooubiue. [lo3ToMy KaTylmikM HHAYKTHBHOCTH, MNpPEIHAa3HAYECHHbBIE IS
paboThl HA IEPEMEHHOM TOKE, HEJIb3sl BKJIIOYATh B IIEMU MTOCTOSIHHOTO TOKA.

Tpeyroneauk OAB (puc. 4) npsIMOYTOJIBHBIN U HAa3bIBAETCS TPEYTOIBHUKOM
HanpsbkeHuil. 13 tpeyronsauka OAB nmeem:

a2 o
u-=U,+U,
12 i 2 i 2 2 2 2
Us=-r)"+-x ) =1°(r"+x.)

W3Briekast u3 00enx 9acTeld KOpeHb, MOTyIUM
U=1-yr2+x’

2 2
Benuuuna /I° + X_ , uMeromas pa3MepHOCTb CONPOTUBJIEHUS, HAa3bIBAECTCA
MOJIHBIM CONPOTHUBIIEHUEM LIENH U 0003HAYAeTCA Z !
. 2 2
Z=r"+Xx{
1 3akoH Oma J1J1sl Henu NepeMEHHOr0 TOKa UMEET BU:
.U ) ]
l=—nU = 12z
z
Kocunyc yrna cnsura a3 ¢ mexny Tokom | n Hanpsbkenuem U paBeH:

w 1-r
U l-z

Cos@ = =

r
z

N3 TpeyrosibHMKa MOIIHOCTEN, KOTOPBIM MOKHO ITOJIYYHUTh U3 TPEYTOJIbHUKA
HaNpsHKEHU YMHOXEHUEM €r0 CTOPOH Ha TOK I, MOJTydnM aKTUBHYIO MOIIHOCT:
P=I1’r=U-I-cose
PeakTuBHas MOIIHOCT®:
O=1I1I°x, =U-I-sin @

ITonHast MOITHOCTD:

S=U-1=P>+0?

OTHoleHNEe aKTUBHOM MOITHOCTHU K MOJIHOM Ha3bIBACTCS KOB(I)(i)I/IHI/IeHTOM

MOIIIHOCTH.:

17



CoS g = P_P

S Ul
Ecnu uens mepeMeHHOro Toka 00JagacT aKTUBHBIM COMPOTUBICHUEM I U
emkocteio C (puc. 1.5), To mo BTOpoMmy 3akoHy Kupxroda s MrHOBEHHBIX

3HAYCHUM QJICKTPUICCKUX BCIIMYNH MOKHO 3aIlMCAaTh:

u=i-r+u,
rac U — MrHOBCHHOC 3HAUCHUC IMPHIIOKCHHOI'O K ICIIW HAITPSAKCHUA,

| - MTHOBEHHOE 3HAUYEHUE TOKA LIETIH;
U, - MTHOBEHHOC 3HAYCHUEC HAIPSHKCHUS, IPHIIOKCHHOTO K OOKIaJKam

KOHJIEHCATOpa U MPEICTABIIAIONIEr0 CO00M MaieHne HANPSKEHUSI HA EMKOCTH.

Ecan Tok wu3MeHsieTCsS BO BpCMCHH II0 CHHYCOHMAAJIBHOMY 3dKOHY, T.C.

i =1, sin wt, To npeapAylce ypaBHEHUE OYJIeT UMETh BH/I:
. 1 ] T
U=rl_sinot+—1_sin(owt—=>).
wC 2

N3 310oi1 opMybl BUTHO, YTO MPHUIIOKEHHOE K I[ENU HANPSYKEHUE COCTOUT
U3 IByX COCTABJIAIOIIMX: AKTUBHOW WJIM aKTUBHOI'O HANpspKeHUsd U, = rl , sin ot

COBIAJarIICH Mo (a3e ¢ TOKOM, U PEaKTUBHOW WJIM €MKOCTHOM COCTaBIISIOIICH

1 . T .
U, = pva I, sin( wt — E) , OTcTaromieit ot Toka Ha 90° (puc. 1.6). Torna
w
U = U at U c
[TocTponM BEKTOPHYIO AUArpaMMY JJIsl JAHHOTO CITydasi, TOJIb3YsICh TEMH JKE

[IpaBUJIaMH, KaK W IIPpH I[IOCTPOCHHHN AdUArpaMMbl I IIOCJIICAOBATCIIBHOI'O

coeaunenus r u L (cMm. puc. 2.4),

[ m 3
' Ut

C = | Usiixe

Y L 2

Pucynok 2.5 — [locnenoBarensHoe coenunenue R u C
18



Pucynok 2.6 — BekTopHas auarpamma 1Jisl OoCJIeI0BaTeIbHOTO

coenunenusa R u C

[Ipu »TOM HEOOXOAUMO UMETH B BUAY, YTO BEKTOp HanpskeHus U . oTcTaeT

oT ToKa | Ha 90° (puc 2.6).

N3 tpeyronbauka OAB Ha pucyHke 6 umeeM:
U?=U2+U¢
1581071

I 1
U?> )2 2 72 (72 2
r) (a)C) ( a)C)

N3Bnekas KBagpaTHBIA KOPEHb U3 00E€UX YaCTel, MOITYUHM:

1
Uzl-\/r2 F(—)? |
aoC
OTKYyJa
U U
\/7" 2 + (L) 2 '\/7" =+ xc
aoC
1
BeHI/IqI/IHa Xc = _C Ha3bIBACTCA EMKOCMHBIM conpomuejieHuem nu
(0]

HU3MCPACTCA B Om. EMKOCTHOE COIMPOTHUBJICHHUC 3aBUCHUT OT YAaCTOTLI HAIIPAKCHHA

2 2
CCTH U OT CMKOCTH KOHJICHCATOpa. Beanunna \7 T X Ha3bIBACTCSI MNOJHBIM

CONMPOTHUBJIEHUEM U 0003HayaeTcs Z. 3akoH OMa MPUMEHUTENLHO K JaHHOU Iernu

IIEPCMCHHOI'O TOKa 6YI[GT HUMCTb BUA:

19



rae Z=w/7”2 +xé .

Ecnu Bce ctoponsl TpeyrosnbHuka Hanpsbkenuit OAB paznenuts Ha ToK |, TO
MOJIYYHM TPEYTOJIbHUK COMPOTUBIIEHUN € KaTeTaMu I' M Xc U TUTIOTEHY30H Z.

[Ipu mocnegoBatensHoM coenuuenud I, L u C OyayT crpaBeIjIMBBI BCe
BBIBOJIBI, TMOMy4YeHHBIC Jisa menu ¢ r-L u memm ¢ r-C. Ilpm 3TOM BO3MOXKHBI
cleIyIone KOMOMHAIUU:

a) X >Xc ;0)X, <X ;B)X, =X¢ .
PaccMoTprm ¢ TOMOIIBIO BEKTOPHBIX AHMArpaMM Ka)Ablil U3 3TUX BaApUAHTOB.

a) Mimeem 1iens U3 mociienoBaTeabHO coequHeHHBIX I, L u C, mpudyem

X > Xc . Ilo Bcem TpeM CONPOTUBIICHUSIM OYJET MPOTEKaTh OJIUH U TOT ke

Tok 1 y BCKTOP KOTOPOIro OTIIOXHM B BBI6paHHOM Macitade IIPONU3BOJIBHO,
HaIllpuMCP, TOPU30OHTAJIBHO, T.C. HAIIPABJICHHUC IICPBOI'O BCKTOpPA BI:I6HpaeTC$I

POM3BOJILHO (puc. 2.7).
Bektop mameHus HampsDKEHUS Ha aAKTUBHOM CONPOTHBICHUHM OyJIeT

COBIIAJaTb C HAIIPABJICHHUCM TOK4, a IIAJACHUC HAIIPAXKCHHUA Ha HHAYKTHUBHOM

sjeMeHTe WM U, Oyaer omepexars BEKTOp | Ha % . Ilajenvie HanpsoKEHWsT Ha

€MKOCTHOM 3JIeMeHTe U, OyJeT OTCTaBaTh OT BEKTOpa TOKa Ha % U COIJIaCHO

YCIIOBUIO

U.<U,.

Pucynox 2.7 — BexkropHas nuarpamma HanpspKeHuM mpu X > X¢

OO1ee HanpspKEHUE LIeTH OYJET paBHO CyMMe

U, +U +Uc=U,
20



3 BeKTOPHOM HArpaMMBbl BUHO, YTO MEXKY TOKOM LIETH | ¥ HATPSHKEHUEM

U ecTb yron ¢ u TOK UMEET OTCTAIOIIUN XapakTep, a cos ¢ < 1,0.
0) llpu X, <X, majgeHUE HANPSHKCHUS HA MHAYKTHBHOM COIPOTHUBICHHH

6yI[€T MCHBIIC IMAaACHUA HAIPSKCHUSA Ha CMKOCTHOM COIIPOTHUBJICHHUHU, ITO3ITOMY

BEKTOpHas Juarpamma Oyaet umeTh Bu (puc. 2.8):

U,

Pucynok 2.8 — BekropHas quarpaMma HanpsbKeHui npu U, > U,

B) [Ipu X, =X, umeer mecto pezonarnc nanpsiicenuil, .. U= U, u 310
1 . .
Oyner mnpu wL:—C. ITpu srom Bektopel U, u U, paBHB 10 MOAyIIO H
1

MIPOTUBOIIOJIOKHO HampasieHsl (puc. 2.9), mosToMy X CyMMa paBHa Hymr0. Tok
HeNM TPU PE30HAHCE HAINPSHKEHUW  ONPENeNsieTCs  TOJbKO  aKTHUBHBIM
COMPOTUBJICHUEM, TIOITOMY YIroJ cABUra a3 MEXay TOKOM U HAMPSHKEHUEM LEMH
paBeH HyIo, a COS ¢ = 1. IIpu 3TOM HaZ0 UMETH B BUAY, YTO PE3YJIbTUPYIOIIEE
CONIPOTHUBJICHUE IIEMA PE3KO YMEHBIIUTCS 0 3HAYEHUsS Z = I U TOK LN TpPH

PE30HAHCC MOXKET PE3KO BO3PACTATh.

U, ||Ye

p=0 U.=U=Ir .

— > |

Pucynok 2.9 — BekropHas auarpamma HanpsiKeHUH Mpy pe30HaHCe

Ilepeuensv ucnonvzyemozo obopyoosanusn:
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KoMmmiekT TumnoBoro mabopaTopHOro 0OO0OpyIOBaHUS

OCHOBBI eKTpoTexXHUKH TOD1-H-P»

Ykazanue no mexnuke 6ezonacnocmu:

«Teopernueckue

Vka3aHus 1o TeXHUKe 0€30IMacHOCTH IIPpH BBIITIOJIHCHHUHA Ha60paTOpHI>IX pa60T

IMPUBCACHLI B ITPHUJIOKCHUC A.

Ykazanusa no evinonnenuro nabopamopnoii pabomel:

1. Cobpatb

WHYKTUBHOCTH U KOHJIeHcaTopa (puc. 2.10)

L2208

@

cXemy

nATP

OIIPCACIICHUA [IapamMCcTpOB
U‘*
n R
N |* N
U

KaTyIIKu

Pucynox 2.10 — Cxema qist onipenenenus mapametpos L u C

[Ipy mnoakIIOYEHUM BaTTMETpa HEOOXOJMMO OOpaTUTh BHUMAHUE Ha

COOTBCTCTBHC HAIIPsKCHHUA HOCIIKM MW IIPCACIIa I/ISMepeHHﬁ BaTTMCTpa IIO

HanpspkeHuto. Llenb moakIoyaroT K cetu uepe3 aBrorpanchopmaTtop. Pe3ynbrarsl

W3MEPCHUI 1 BBIYHMCIICHUN 3aHECTH B Tabmuiry 2.1.

Tabnuma 2.1 - Pe3ynbTaThl U3MEpEHUN U BHIYUCICHUN

N3mepeno ‘ Pe3ynbraTsl BBIYACICHUN
HaumenoBanue
No U I P Z r X cosp | L C
OJNEKTPONPHEMHH | *
Ka Ta B A Bm | Ou | Om | Om - I'n | ux®
1 -
Karymka 5 :
HHIYKTHBHOCTH o
1 -
Konnencartop 2 -
3 -
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2. Cobpath cxemy ¢ mocienoBaTenbHbIM coenunenueM R, L u C (puc.
2.11). B kauecTBe aKTHBHOTO CONPOTHUBICHUS HCIOJB3YETCS PEryIUPOBOUHBIH
peoctar R, a B kauecTtBe eMkocTH C — OaTapesi KOHAEHCAaTOPOB.

Bonastmerpom V1 wu3mepsior BxoaHoe (oOlee) HampspDKeHHE LeMd, a
BOJIBTMETPOM V2 € IOMOIIBIO IIIYIIOB II0OYEPEIHO U3MEPSIOT NaJACHUE HAIIPSHKECHUS
Ha aKTUBHOM conpoTuBiieHUH R (B Toukax a u 0), Ha UHAYKTUBHOCTH L (B Toukax B

uT) 1 emkocty C (B TOUKaX I U 1).

nATP

", 220B (@

@

Pucynox 2.11 — Cxema ¢ mocnenoBarenbHbIM coequaenneM R, L u C

N3mepennst HEOOXOIMMO BBITIONHSATD JISl TPEX PEKUMOB:
1) U, > Ug; 2) U, < Ug; 3) U= U..

JIJIst Ka)KJI0T0 U3 PEeKMMOB BBITIOJIHUTH PACUEThl U BMECTE C PE3yJIbTaTaMu
u3MepeHui 3aHectu B Tabnuiyy 2.2. [lo pesynpTaTaM pacyeToB sl KaXJ0ro U3
PEKUMOB ITOCTPOUTH BEKTOPHYIO JUAarpaMMy HaNpPsDKCHHH, I 9eT0 He0OXOaMMO
BBIOpaTh MacmTad HAMpsHKEHUS My TaKuM 00pa3oM, YTOOBI BEKTOP HAIPSIKEHUS

uenu U O6b11 mpuMepHo paBeH 8 — 12 cm.

Tabnuma 2.2 — Pe3ynpTaThl U3BMEPEHUIN U BEIYUCICHUH

No V3MepeHHbBIC BETHIMHBI BerunciieHHbIC BETUYMHBI
OHB;Ta U | U | UL Uc cos @ S P Q
B A B |B B - BA Bm BAp
1
2
3
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Brumanue! I1pu pe3oHaHce HaNPsHKEHNUN TOK LENU ONPENEIAETCs AKTUBHBIM
CONPOTHUBJIEHUEM R, MO3TOMY aMIiepMeTp MOXKET 3alllKaJuBaTh. B 3TOM ciiydae
HE00X0MMO 10100paTh aMIIEPMETP C HECKOJIBKUMU IIpeieIaMu U3MEPEHUI U TIpU

pE30HaHCe MEPEKIIIOYUTD €ro Ha OOJIBIINI MTpeies O TOKY.

Cooeporcanue omuema:

OT4eT OJKEH coepKaTh:

Ha3zBanue paOoTsl;

[enb paboThI;

KpaTkue TeopeTnueckue CBEICHMUS;

Omnucanue UCHoOJIb3yeMOro 000pyJ0BaHUs U MaTEPUAJIOB;
[Topsinok BeITIOTHEHUST PAOOTHI;

Boruncnenus u 00paboTKa pe3ysibTaToB;

N o g bk~ DR

13330:10)1158

Konmponwvusie éonpocul:

1. YTO MOHUMAIOT MO/ aKTUBHBIM COIMPOTUBIECHUEM U KaK MOXKET ObITh
omnpezesieHa ero BeInyruHa?

2. YTo MoOHUMAaIOT MO UHAYKTUBHOCTBIO M KaK OHA OINPEIeIIsieTCs?

3. Kak u nmoyeMy M3MeHsIETCSI HHAYKTUBHOCTh IIPU BBEJICHUU B KATYIIKY

CTaJIbHOTO CepJIeUHUKA?

4. YTO NOHMMAIOT MOJI EMKOCTBIO M KaK OHA ONPEIEIISIETCS?

S. YTO HA3BIBAIOT YIJIIOBOM 4aCTOTOU 7

6. [To kakumM dopmynam ONMPENeNsOT 1; X ; Xc ¥ Z IeNu MePEMEHHOTO
TOKa?

1. KakoBbl OCHOBHBIE COOTHOIIEHUSI U BEKTOPHBIE JUarpaMMBbI B LIETISX C

aKTUBHOW, UHIYKTUBHON U €MKOCTHOU HAarpy3Koi?
8. [Ipu KakuX yCIIOBHUSX BOZHUKAET PE30OHAHC HAPSKEHUN?
9. Yemy paBeH KO3 (HULIMEHT MOIIHOCTH COS ¢ TIPU PA3TUYHBIX YCIOBHIX

Y KaK OH ompenensercs’?
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Cnucox aumepamypuol, peKOMEHOOBAHHBLI K UCNOIb306AHUI0 NO OAHHOU
meme:

1. JanunoB M.M. HWHXeHEpHbIE CHUCTEMBl 3JaHUW M COOPYNKECHHI
(37IeKTpOCHAOKEHUE C OCHOBAMHU DJJIEKTPOTEXHHUKH) [DJIEKTPOHHBIA pecype] :
yueOHoe nocodue / M.U. lanunos, N.I'. Pomanenko, C.C. SctpeboB. — DaeKTpoH.
TekcToBble JaHHble. — CraBpononb: CeBepo-KaBkaszckuii  (enepanbHbIi
yauBepcutet, 2015. — 118 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.U. HWmxeHepHble CHUCTEMBl 3JaHUA € COOPYKCHHMA
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
nabopatopublil npaktukyMm / M.U. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DnexTpoH. TeKcTOoBbIe aHHble. — CTaBponoib: CeBepo-KaBkasckuil (henepanbHbIi
yauBepcutetr, 2015. — 135 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HMHxeHepHbIE CUCTEMBI 3JaHUA W COOPYKECHUHN
(a7mekTpocHaOXKEHHNE C OCHOBAMHU DJJICKTPOTEXHHKH) [DIEKTpOHHBIA pecype] :
yueOHoe nocodbue (kypc nekuuit) / M. U. lanunos, U. I'. Pomanenko. — DIeKTpoH.
TekcToBble JnaHHble. — CraBpomons : CeBepo-KaBkaszckuii (enepanbHbIi
yauBepcutetr, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHUe C OCHOBAMU DJICKTPOTEXHUKHU. YacTh
1 [Dnextponnslit pecypce] : yuedHnoe nocodue / H.I'. Cemenona, A.T. PaumoBa. —
DNEKTPOH. TeKCTOBbIe AaHHbIe. — OpeHOypr: OpeHOyprckuil rocyaapCTBEeHHbIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryma: http://www.iprbookshop.ru/69976.html

5. Topnees-bypraury M.A. OOGmiast 31eKTPOTEXHUKA M JJICKTPOCHAOKCHHE
[DnexkTponHbIl pecypc] : yueOHoe mocobdue / M.A. Topnees-bypreum. —
DJIEKTPOH. TEKCTOBbIe JAaHHble. — M. : MOCKOBCKMI TrOCYyJapCTBEHHBIN
CTpOUTENbHBIN YHUBEpcHUTeT, Ali [Iu Op Menua, 9bC ACB, 2017. — 470 c. — 978-

5-7264-1602-1. — Pexum nocrtyna: http:// www.iprbookshop.ru/65651.html
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6. TuxonoB A.®D. DNEKTPONPUBOJ CTPOUTEIBHOTO MEXaHU3HUPOBAHHOTO
UHCTpYMEHTa [DIeKTpoHHBIN pecypce]| : yueOHnoe nmocodue / A.®D. Tuxonos, B.H.
baryeB, A.H. JIpo310B. — DneKTpOH. TEKCTOBbIE AaHHblEe. — M. : MoOCKOBCKHUIA
roCyJapCTBEHHBI CTpOUTENbHbIA yHUBepcutTeT, Al [lu Op Menua, ObC ACB,
2017, — 244 c. — 978-5-7264-1520-8. — Pexum po-cryna:
http://www.iprbookshop.ru/64540.html

/. KonroxoBa E.A. DnekrpocHaOxeHue [DIEKTPOHHBIM pecypc]: yd4eOHUK
1151 By30B/ KoHtoxoBa E.A.— DekTpoH. TeKCTOBbIe JaHHbIe.— M.: 3 naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222 . —
OBC «IPRbooksy, o naposto

8. DnekTpocHaOKEeHHE CTPOUTENBHBIX ILIOMIaACH [DIEKTPOHHBIM pecypc]:
METOJUYECKUE YKa3zaHusi/ — OJEeKTpoH. TekcToBble naHHbie.— CII0.: CaHkt-
[leTepOyprckuit TocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIN YHUBEPCUTET,
ObC ACB, 2014.— 35 ¢.— Pexwum no-cryna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, no naposto
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Jlabopamopnasa paooma Ne3

Tema: Dnextpuueckas IEMb CUHYCOMAAIBLHOTO TOKa IMPHU MapajlieIbHOM
BKJTFOYCHUH aKTUBHOTO U PEAKTUBHBIX COIPOTHUBIICHUM
Ilenv pabompl: >KcTiepuMEHTANbHAS TIPOBEPKA 3aBUCHMOCTH aKTUBHOTO H
PEaKTUBHBIX CONPOTHBJICHUA OT YacTOThI, a TaKXe€ COOTHOIICHHHA MEXKIY
HaIpsHKEHUEM, COMPOTHUBIICHUSMH, IPOBOJUMOCTSIMA M TOKaMH B TIEMH C
napajyieIbHO  BKJIIOYEHHBIMH  aKTUBHBIM  CONPOTUBIICHHWEM,  KATYIIKON
WHIYKTUBHOCTH M KOHJICHCATOPOM.
Dopmupyemovie KOmMnemeHyuu:
Kon @opMynupOBKa
CnocobeH pemarh 3agauu Mpo(ECCHOHANTBHON NIESITEIHbHOCTH Ha

OCHOBC HCIIOJIBb30BaHUA TCOPCTHUYCCKUX H IIPAKTHUYCCKHUX OCHOB

Ol €CTECTBEHHBIX M TEXHMYECKUX HAyK, a TaKXKE MaTeMaTU4eCKOro
ammapara.
Cnocoben mnpuHUMaTh pemieHuss B mpodeccruoHanbHol  cdepe,
OIK.3 UCIIOJIB3ysl  TCOPETUYECKHE OCHOBBI M  HOPMAaTHBHYIO  0a3y

CTPOUTCIILCTBA, CTpOHTGJ’IBHOﬁ HHAYCTpUHU u KUINITHO-

KOMMYHAJIBHOTO XO35IMCTBA.

Teopemuueckaa wacmao:

[Ipr napamwienbHOM BKJIOYEHHM AaKTUBHOTO COIPOTHUBIICHUS, KaTYLIKH
WHIYKTUBHOCTU M KOHAeHcaTopa (puc. 3.1) Ha Bce TpH dJEMEHTa JIEKTPUUECKOU
HEenH MoAaéTcsi OJHO U TO K€ HampsbkeHue u. MrHOBEHHOE 3HaYeHHUe TOKa 1 B He-
Pa3BETBIEHHOMN YaCTH LIEH PAaBHO CYMME MIHOBEHHBIX 3HAYEHUN TOKOB PE3UCTOpa
Ir, KATYIIKH 1, 1 KOHJAEHCATOPA ic:

I=ir+iHie
CoOTBETCTBYIOLIEE PABEHCTBO CHPABEMIMBO AJII KOMIUIEKCOB TOKOB:

=+ 1+1
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Kommiekcsl TOKOB ONPCACIIAOTCA KOMIIUJICKCOM  HAIIPSIKCHUSA U nu

KOMIIJICKCHBIMHU COITPOTUBJICHUAMHU COOTBCTCTBYIOIIHUX 3JICMCHTOB LCIIN:

I=Un, .= U/Z., .= U/Z

* T J,ir iil lic

u r L _C

: l

PI/ICYHOK 3.1- HapaJ'IJIGJIBHOG BKJIIFOYCHHUC AKTUBHOI'O COIIPOTHUBIICHHUA,

KaTylIKyu MHAYKTHUBHOCTHU U KOHJACHCATOpAa

KoMmIiiekcHOEe  CONPOTHBIIEHHWE  PE3UCTOpa PpaBHO €ro  aKTUBHOMY
COTNPOTUBJICHUIO [, KOMIUIEKCHOE COMNPOTHUBJIICHUE KATYIIKU HWHIYKTUBHOCTH
YYUTBIBAET €€ aKTUBHOE COMPOTHUBIICHHE I, M MHAYKTUBHOCTH L: Z,= r+Hwl=
rHJXL.

[Ipu pacuére neneil ¢ mapamwieibHO BKJIIOUYEHHBIMU 3JIEMEHTaMHU yao0Hee
M0JIb30BAThCS HE COMPOTUBIICHUSIMH, a TTPOBOJUMOCTSIMH:

Y=1/r=gqy,
Y=1/Z=1/( rtjol)=r/(r?+X2)-jx/( r’+Xx.2)=gk-jbx

KommiekcHass mpoBOAMMOCTH KOHJEHCATOpa C YYETOM MNPOBOJUMOCTHU
H30JIAIMY MEXYy 0OKJIaaKaMu (c:

Yc=0c+HjowC=g:+jbc
= U[(@+0+gc) +(be-b)] = UY

Tok, npoTekarouii yepe3 KaTyuky HHAYKTUBHOCTH, MOYKHO MPEICTaBUTh B
BHUJIE JIBYX COCTaBJISIIOIINX: AKTUBHOU faKZUgK, mo ¢ase, coBmaaaromeld c
HaIpsHKEHUEM, U PEaKTUBHOM ]L=—jl°]b._, oTcTarole nmo ¢aze OT HanmpsHKEHUS Ha

90°.
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Tok, mpoTekaronuii yepe3 KOHAEHCATOpP, TAKKE MOYXKHO IPEJICTABUTh B BUJIE
cyMMbl aKTUBHON [,,=UQ: M peakTHBHOH [pc=jUD. COCTAaBIAIOMMX; PEAKTHBHAS
COCTaBISIONIAs onepesxaeT 1o (ase Hanpsokenue Ha 907, Cxema 3aMelIeHHUs TIPHU
3aMEHE COMPOTUBIICHUI MPOBOJUMOCTIMH UMEET BUJI, N300paKEHHBIN Ha PUC.3.2.

i
—

i - o Vi

u gr Zk gc bL bu:

R s o

Pucynok 3.2 — Cxema 3amelieHus

BI/II[ BCKTOPHLIX AHarpaMm HaAIIPAXKCHUSA U TOKOB paCCManHBaeMOﬁ CXCMbI

3aBHCHT OT COOTHOIICHUS MPOBOIUMOCTEH by 1 b (purc.3.3).

A n =] I =] I l"j:pI:I:I
b b, O, — U v U
Q@ Ir a
1 I
I I
I v
a) b) c)

Pucynok 3.3 — BekTopHas auarpamma

Ecmu b >bc, To Tok "epe3 MHIYKTHBHOCTH OOJIbIIIE, YeM Yepe3 EMKOCTh, U
TOK B HEPA3BETBJICHHON YacTH 1N 10 ¢aze oTcTaéTr OT HampsbkeHus (puc 4.3a).
Eciu b <bc, To TOK Yepe3 HHAYKTHUBHOCTh MEHbIIIE, YeM TOK uepe3 EMKOCTh, a TOK
B HEPa3BETBJIICHHOM YacTH IIeTH 110 (ha3e onepekaeT HanpsikeHue (puc.3.3c¢).

[Ipu paBeHCTBE HHAYKTUBHOMW U EMKOCTHOM MPOBOAUMOCTEN BEJIMYMHA TOKA

B HCp&SBCTBHCHHOﬁ JacTu MOEIH OIPEACIACTCA TOJBKO CYMMOﬁ AKTHUBHBIX
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HPOBOAMMOCTEH (r+ Qi+ §c= ¢, IPH 5TOM TOK 110 (pa3e COBMAIAET C HANPHKEHUEM
(puc.4.3b):
I=Uny.
Bekropnas muarpamma, u3o0pakénnas Ha puc.4.3D cOOTBETCTBYET peXXuMy
pE30HAHCa TOKOB, B 3TOM PEXHME TOKH 4Yepe3 MHIYKTHMBHOCTH M Yepe3 EMKOCTH
PaBHBI 110 BEJIMYMHE U IPOTUBOIIOJIOXKHEI 110 (ha3e, B HEPA3BETBIEHHON YaCTH LIEIH

TOK IIPUHUMACT MUHHUMAJIbHOC 3HAYCHUC.

Ilepeuens ucnonv3yemozo ob6opyoosanun:
Kommiexkt TumnoBoro mnaboparopHoro obopynoBanusi «Teoperuueckue

OCHOBBI 3JIeKTpoTeXHUKU TOD 1-H-P»

Ykazanue no mexnuke d6ezonacnocmu:
Vka3aHus 1o TeXHUKe 0€30IMacHOCTH ITIPpH BBIIIOJITHCHHUHA Ha60paTOpHI)IX pa60T

IIPUBEJICHBI B IPUIIOKEHNE A.

Ykazanusa no evinonnenutro nabopamopnoii pabomel:
1. JleTanbHO  O3HAKOMHBIIHCH C  OCHOBHBIMH  TCOPETHUYCCKUMU

MOJIOKEHUSIMU, COOpaTh CXeMy, H300pak€HHYIO Ha puc.3.4.

W

D
° NVARS I

~10B A0MH  — IME®
c
1000Mm

L - *

Pucynok 3.4 — Cxema ¢ nmapaniensHbiM coequHenueMm R, L u C
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YcTaHOBUTE Tpenenbl U3MEpeHuil: BonbTMeTpa — 20B, ammepmeTpoB —
200MA.

[logate HampspkeHHE MUTAHUS M YCTaHOBHUTH 4acToTy fo, mpu KoTOpOil B
HEpa3BETBJIEHHON YacTH LENU TOK MPUMET MHUHHMAJIBHOE 3HAaY€HUE. 3HAaYeHUe
vyacToThl fp 3aHecTu B TabMIy 3.1.

2. VYOpaTh nepeMpIUKH B LIETIM KaTYIIKA U KOHJEHCATOPa, 110 MOKa3aHUsIM
amIepMeTpa W BOJBTMETpPAa WIM aMIepMeTpa M BaTTMETpa IPOBEPUTH

COIMPOTHUBJICHUC U BBIYHUCINUTDL ITIPOBOAUMOCTL PE3UCTOPA.

r=U/1=P/1?, g,=1/r=1/U=P/U?

3. Pa3zopBaThb 1ienb pe3UCTOpa U yCTAHOBUTH IIEPEMBIUKY B IIENN KATYIIKH,

10 TIOKa3aHUSAM NPUOOPOB BHIYUCIUTH CONTPOTUBIICHUS U MMPOBOJUMOCTH KaTYIIIKH.
r=P/12, z=U/l, x.=\(z21?),
gk=P/U?, yi=IIU, b =N(»é-gd).

4, PazopBaTh 11emb KaTyIIKM W YCTAHOBUTH MEPEMBIUKY B IIEMHU
KOHJIEHCATOpa, UCTIOJB3Ys (POPMYJIbI, aHATIOTUYHBIE (hOpMYyJIaM 1.3, 10 MOKa3aHUsIM
NpuOOPOB  BBIYMCIIUTH  CONPOTHUBJICHUS U  IPOBOJAMMOCTH  KOHJIEHCATOpa.
BoruncienHble 3HaY€HUs COMPOTUBICHUN W MPOBOJAMMOCTEH 3aHECTH B TAOJIMILY
3.1.

Tabmuma 3.1

fo, | Pesucrop Karymka Kongencarop g,

FH r1 gn rk! gk1 XL! bL1 La rCa gCa XC) bC1 Cl CM
OMm | CmMm |[OM |[CM |OM |Cm |TIH OmMm |[CMm |[OM |[Cm | MKD

5. YCTaHOBUTh BCE NEPEMBIUKH, MOAKIIOUUTH amrepMmeTp A2, mnpu
gactrote fo w©3MepuTh MOTPEONIAEMYI0 MOIIHOCTb, HAaNpsKeHHE, TOK B
HEPA3BETBJIEHHOW YaCTHU LIENU M TOKH OTIEIBbHBIX BETBEH. Pe3ynbraThel 3aMepoB

3aHeCTH B Tabuiy 3,2.
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6. Breraucnute 3HaueHMs aKTUBHBIX U PCAKTHBHBIX COCTABJIAIOIINX TOKOB

gyepe3 KaTyIIKy M 4epe3 KOHJEHCATOp M KO3()PHUIMEHT MOIIHOCTH, MOJIb3YSCh

BBIPpAKCHHUAMMU:

lak=0kU, lac=0gcU, la=lak+lzc, |L:\/(|k2'|ak2), |pc:\/(|c2'|ac2),
C0S¢2(1r+|ak+|ac)/l.

Pe3ynbTaThl BEIYMCICHUH 3aHECTH B TaOIUILy 3.2.

Tabmanma 3.2
f, U, I, Ir, Ik, Ic, P, y, b, Ia, IL, Ipc, COSO
T B MA MA MA MA | MBT | CMm CMm MA MA MA
f1:
fo=
f2:

7. Ipum wgacrorax fi1=f;-200 I'm u f,=f+200 I'm mpowmsBectn Te xe

HU3MCPCHHA M BbBIYMCIICHHA, YTO W IIPH YaCTOTC fo, PC3YJIbTAThI H3MCp€HHﬁ )51

BBIUMCIICHUM 3aHECTU B Ta6JII/ILIy 4.2, HpI/I BBIITOJIHCHUH paC‘{éTOB HC CJIICOYCT

3a6BIBaTB, 4dTO COIIPOTHUBJICHHUA W IIPOBOAMMOCTH HHAYKTUBHOCTH U €MKOCTH

3aBUCAT OT 4aCTOTHI.

8. [Io pe3ynmpraram HM3MEpPEHH M BBIYHMCIEHUM MOCTPOUTH BEKTOPHBIE

AuarpaMmbl, aHAJIOTHYHBIC IIPEACTABIICHHBIM Ha pI/I023

Cooeporcanue omuema:

OTueT J0JKEeH CoaepKaTh:

HazBanue paboThi;

[lens paboTHI;

Kpatkue TeopeTrueckue CBeACHUS;

Onucanye UCroIb3yeMoro 000pyI0BaHMS K MaTEPHAJIOB;
[Topsinok BBITTOTHEHUS paOOTHI;

Breruncnennst u 00padoTKa pe3ysbTaToB;

N o g bk~ w0 DR

13350:10)1158
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Konmponwvnwie 6onpocet:

1. Kak onpenennTs akTUBHYIO M PEaKTUBHYIO IMPOBOJMMOCTH KaTYILKH,
€CJIM U3BECTHBI €€ AKTUBHOE U MHAYKTHUBHOE COIIPOTUBIICHUSA?

2. Kak 3aBucsT peakTUBHbIE TPOBOIUMOCTH KATYIIKH HHIYKTUBHOCTH H
KOHJIEHCATOpa OT YaCTOThI?

3. Kak onpenennts akTUBHYIO IPOBOAMMOCTD KaTYIIKA MHIYKTUBHOCTH
WM KOHJZEHCATOpa, IIOJNb3YyACh IIOKa3aHUSAMH BAaTTMETPA, aMIlepMeTpa U
BOJIbTMETpa?

4, Kak ompenenuTe MONHYH ITPOBOAMMOCTH YYACTKA SIJIEKTPUYECKON
LEMHU N0 MOKA3aHUAM 3JIEKTPOU3MEPUTENIbHBIX TPUOOPOB?

5. Kak ornanuatorcs mo (das3e NpUIOKEHHOE HANpsDKEHUE U TOK,
IIPOTEKAIOIIUI IO KaTyIIKE MHAYKTUBHOCTH? Yepe3 KOHAEHCATOP?

6. [ToueMy ¥ Kak U3MEHHUTCS TOK 4epe3 KOHAEHcaTop (depe3 KaTyLIKy
UHAYKTUBHOCTH) IIPH YBEJIMUEHUHU YaCTOTHI PUII0KEHHOTO HAIPSKEHUSA?

1. B kako# 371eKTpUYECcKON LENU MOXKET BO3HUKHYTh PEXXUM pPE30HAHCA
TokoB? KakoBo ycioBue ero Bo3HUKHOBeHUs? [loscHUTE (pU3HUECKYIO CYITHOCTD

peXHMa pe30HaHCa TOKOB.

Cnucok numepamypbol, peKOMEHOOBAHHBII K UCNOIb306AHUI0 NO OAHHOU
meme:

1. HauumoB M.U. HHXeHEpHblE CHUCTEMbl 3JaHUN UM COOPYKEHUH
(371IeKTpOCHAOXKEHUE C OCHOBAMHU DJICKTPOTEXHHMKH) [DJIEKTPOHHBIA pecype]
yueOHoe nocodue / M.W. lanunos, N.I'. Pomanenko, C.C. SctpeboB. — DaeKTpoH.
TekcToBble naHHble. — CraBpomnonb: CeBepo-KaBkaszckuit  (enepanbHbIi
ynuBepcutetr, 2015. — 118 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63086.html

2. JlanmmoB M.U. HwHxkeHepHbIE CHUCTEMBI 3IaHUA W COOPYKEHUU
(9NeKTpOCHAOXKEHHE C OCHOBAMU AJIEKTPOTEXHUKH) [DNEeKTpOHHBIN pecype]| :
naboparopuslil npaktukyMm / M.U. Jla-aunos, U.I'. Pomanenko, C.C. SctpeboB. —

DJIEKTPOH. TEKCTOBBIE TaHHbIe. — CTaBponob: CeBepo-Kapkasckuii peaepanbHblii
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yauBepcuter, 2015. — 135 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63085.html

3. HanunoB, M. WN. HHXeHepHbIE CHUCTEMBl 3JaHUN W COOPYKEHHI
(37IeKTpOCHA0XKEHUE C OCHOBAMHU JJIEKTPOTEXHUKU) [DIEKTPOHHBIA pecype] :
yaebHoe rmocooue (kypce nekuuii) / M. . Jlanunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBpononb : CeBepo-KaBkaszckuii (denepanbHbii
yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHUE C OCHOBaMU 3JIEKTPOTEXHUKHU. YacThb
1 [Dnextponnslii pecypce] : yuedHoe nocodue / H.I'. CemenoBa, A.T. PaumoBa. —
OJNEeKTPOH. TEKCTOBbIe AaHHble. — OpeHOypr: OpeHOyprckuil rocy1apCTBEHHbBIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctyna: http://www.iprbookshop.ru/69976.html

5. I'opnees-bypreunr M.A. O01mas 371€KTPOTEXHUKA U 3JIEKTPOCHAOKEHUE
[OnexTpoHHBI pecypc] : ydeOHoe mocobue / M.A. T'opaeeB-bypreun. —
ONEeKTpOH. TEKCTOBble naHHble. — M. : MOCKOBCKUI TroCyAapCTBEHHbIN
CTpOUTENbHBIN YHUBEpcHUTeT, Ali [1u Op Menua, ObC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexxum noctyma: http://www.iprbookshop.ru/65651.html

6. TuxoHoB A.®D. DNEKTpPONpPUBOJ CTPOUTEIHHOTO MEXAaHU3HUPOBAHHOTO
MHCTPYMEHTA [DNeKTpOHHBIN pecypc]| : yuebHoe nocooue / A.®. Tuxonos, B.H.
baryeB, A.H. JIpo310oB. — DneKTpOH. TEKCTOBbIE AaHHbIE. — M. : MOCKOBCKHUIA
rOCyJapCTBEHHBIN CTpoUTENbHBIM yHHBepcuteT, Al [In Op Menua, O9bC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum pgo-cTyna:
http://www.iprbookshop.ru/64540.html

7. KontoxoBa E.A. DnekTpocHaOxeHue [DIEKTPOHHBIM pecypc]: yueOHUK
11t By3oB/ KonroxoBa E.A.— D7ekTpoH. TekcToBbIe nanHbie.— M.: U3narenbckmii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222.—
OBbC «IPRbooksy, nmo maposto

8. DnekTpocHaOXKeHHE CTPOUTENBHBIX IJIOWAAeH [DIeKTpoHHBI pecypc]:

METOJMYECKHE YKa3zaHusi/ — OJEeKTpoH. TekcToBbie naHHbie.— CII0.: CaHkt-
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[leTepOyprckuii rocyaapCTBEHHBIM ApPXUTEKTYPHO-CTPOUTEIbHBIN YHHUBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexum mo-cryna: http:// www.iprbookshop.ru/33305.—
9BbC «IPRbooksy, mo maposto

35



Jlabopamopuan pavoma Ned

Tema: ViccnenoBanue Tpex(azHoil CUCTEMBI IPU COEAMHEHUN OTpeOUTENen
3BE310U

Ilenvy padomwi: O3HAKOMUTHCS ONBITHBIM IYTEM C OCOOEHHOCTAMHU
COEIMHEHMSI 3B€3/10M IPUEMHHUKOB 3JIEKTPUUECKON PHEPrUM B LENH TPex(azHOTo
ToKa. MccnenoBaTe peXKUMBI pABHOMEPHOM M HEPABHOMEPHOU HATPY30K, a TAKKE
paboTy cucremsl mpu oOpbiBe OHOW U3 (pa3. IlodyduTh MpakTUYECKUE HABBIKU
pacuera M HUCHOBITAaHUS Tpex(a3HbIX LENed, a TakkKe MOCTPOEHUS BEKTOPHBIX
JarpamMm.

Dopmupyemovie KOmMnemeHyuu:

Kon PopMyIMpOBKa
Crnocoben pemaTe 3a7aydl MpOo(ECCUOHATBHOM JESTENIbHOCTH Ha

OCHOBC HCIIOJIB30BAHUA TCOPCTUYCCKUX H IIPAKTHYCCKHUX OCHOB

O CCTECTBEHHBIX M TEXHMYECKUX HAyK, a TaKKE MaTeMaTH4eCKOTrO
armapara.
CnocobeH mnpuHMMaTh penieHus B TpodeccuoHanbHOU  cdepe,
— UCIIOJIb3Ysl ~ TEOPETUYECKHE OCHOBBI M  HOPMAaTUBHYIO  0a3y

CTPOUTCIILCTBA, CTpOHTGJ’IBHOﬁ HHAYCTPUHU )41 KUJINITHO-

KOMMYHAQJIBHOT'O XO351CTBa.

Teopemuueckasa yacmop:
Tpexgpaznoii cucmemou DIASKTPUUYECKUX I1IETIEH Ha3bIBAETCA CHUCTEMA,
cocTosas U3 TpexX OJHO(MA3HBIX JICKTPUUECKHUX IENeH, B KaXIOU U3 KOTOPHIX

JNEUCTBYIOT CHHYCOMJAJbHBIE 3.7.C. OJMHAKOBOW YacCTOThI, HO CABHUHYTBIC NPYT

OTHOCHUTEJIBHO JIpyra Ha % nepuoaa (120°) u cozpaBaembie o01KM (Tpexda3HbIM)

HNCTOYHHKOM BHGKTpI/I‘leCKOfI OHCPIruu.
OTI[CJ'II)HBIC QJIICKTPUYICCKHEC LCIIN, BXOAAIME B COCTAB TpCX(b&SHOfI CHUCTCMBI,

Ha3bIBAIOT ¢azamu. Ecnu 3.1.c. kaxaoi u3 (a3 paBHBl O BEIMYUHE, a MOJIHBIC
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COMPOTHUBJICHUSI HATPY30K BCEX Tpex (a3 Mo BETUYMHE U XapaKTepy Harpy3ku (1o
BEITMYMHE U 3HAKy ()a30BOTO CABUTA) OJMHAKOBBI, TO TaKOW PEXUM HA3BIBAIOT
cummempuyHvimM. HeBBIIOIHEHWE JaHHBIX YCIOBUM  SIBISIETCS  IPUYUHOMN
Hecummempuunoco pexuma. Harpyska Tpexda3HbIx 1eneil penko ObiBaeT
CUMMETPUYHOM, KaK MPABUIJIO, OHA B TOW WJIM MHOM CTETIEHH HECUMMETPUYHA U3-32
HaJIM4Usl OJHO(A3HbIX MOTpeOUuTenei.

Tpexdazubie reHepaTopbl CO3AAI0T CAMMETPUYHYIO CUCTEMY 3.]1.C., TIOSTOMY
HECUMMETPUYHBINA PEKUM BO3HUKAET U3-3a HECUMMETPUUYHOU Harpy3ku ¢a3. Eciu
KOHIIbI OOMOTOK (pa3 CHHXpPOHHOTO IeHepaTtopa WK TpaHc(popmaTopa COEIUHUTH
BMECTE 3BE3/I0M, a K HadaJlaM MPHUCOCAUHUTH MPOBOJAA, UAYIIME K NMPUEMHUKAM
AIEKTPUYECKON BSHEPrur, KOTOPbIE TOXKE COEAUHUTH 3BE3J0M, TO MOIYyYUM
Tpexdasznyto cucrtemy (puc. 1). [IpoBoa, coequHsAIONIMN HYJIEBbIE TOUKHA UCTOYHUKA
U TOTpeOuTeNsl  Ha3bIBA€TCS  HYJNEBbIM. TaKyl0 CHCTEMY  Ha3bIBalOT
yemoulpexnposooHou. B 1emsx Tpexda3zHOro ToKa HE3aBHUCHMO OT Crocoba
COeIMHEHUs OOMOTOK TeHepaTtopa U MOTpeOuTeNiel paziMyaroT HaNpsKCHUS —
munerinple Uy u dasnele Uy, a Takke TOku — JuHEHHBIE |7 1 dasHbie lg.
Hanpsbkenue Mexy JUHEWHBIM M HYJIEBBIM MPOBOJOM HAa3bIBACTCA (ha3zHbiM, a
MEXYy JUHEHMHBIMU MPOBOJIAMU — JuUHelHbiM. TOKH, MPOTEKAIOIIME B JTUHEHHBIX
MPOBOJIaX, HA3BIBAIOT JUHEUHbIMU, a TpPOTEKawlnue B (a3zax HaArpy3Ku WU
UCTOYHUKA — ¢aszubimu. B cxeme (puc. 4.1) nuHeliHble TOKM paBHbI (DA3HBIM, T.€.

JMHEHHBIN TOK OJHOBPEMEHHO sABJISIETCS M (pa3HbIM. [Ipu paBHOMEpHOW Harpyske

U, = J3U »» ECIIM CXE€Ma COEIMHEHUS - 3BE3/a.
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Pucynok 4.1 — Cxema Tpex¢a3Hoil YeThIPEXTIPOBOIHOM 1IETIH MTPU
COECIMHEHNH 3BE3101
[Tpu HepaBHOMEPHOM Harpy3ke a3 B cxeMe ¢ HyJIeBbIM IIpoBoioM (puc. 4.1),
B HYJIEBOM IPOBOJIC€ TMOSIBISETCS TOK, BEJIMYMHA KOTOPOTO OMNPEAEISIETCS IO

nepBoMy 3akoHy Kupxroda:

PucyHok 4.2 — BekTopHas aAuarpaMmma HarpspKeHUN PU COETMHEHUN

3BE3101

lo=la+ls+1c
HaJII/I‘-II/Ie TOKa B HyJ'IeBOM HpOBOI[e BBI3bIBACT HC3HAYUTCIIBHOC IIAJCHHC
HaImps>KCHUA B HEM, KOTOPBIM MOXKHO HpeHe6pCIIb " CYUTATh, UYTO MCKIY HyJIeBOﬁ

TOYKOM MCTOYHHUKA U IMPpUEMHHUKA PA3HOCTD IMIOTCHIIHMAJIOB OTCYTCTBYCT.
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Ha puc. 4.2 noka3zano rpaduueckoe onpeaeneHne JMHEHHBIX HAPSDKEHUH ¢
MOMOIIbI0 BEKTOPHOM auarpammbl. OTIOXKHM Jisi MPOU3BOJIBHOTO MOMEHTA

BPEMEHHU KOMILICKCHI (ha3HBIX HAIPSHKEHHM, CIBUHYTHIE O (aze Ha 120°.
L.J AB — L.J A_L.J B ,
L.J BC = L.J B— l-.J C
L.J CA — l-.J c— l-.J A
JIns nosydeHus: TMHEHHBIX HanpspKeHU CII0KUM T€OMETPUYECKHA BEKTOPBI

Ua,Us uUc cBektopamu —Us, —Uc, —U a, KOTOpBIEC PaBHBI COOTBETCTBEHHO

Us U c, U A, HO TIPOTUBOIIOJIOKHO HAITPABJICHBI.

BekropHas auarpaMma JMHEHHBIX HANpPsDKEHUM TakkKe MOXKET ObITh
MoJiydeHa M3 BEKTOPHOW Jauarpammbl ¢a3Hbix HanpspkeHuit (puc. 3). Taxum
oOpazoMm, 3Be3la JIMHEHHBIX HAIpPsDKEHUM orepexaer 3Be3ny ¢asHeix Ha 30°.
Haiinem cooTHomeHrne Mexay (pa3HbIMU U TUHEHHBIMHU HAMPSHKEHUSIMU, YUYUTHIBAS,

4YTO BCC HAIIPSAKCHUA CUMMCTPUYHBI:

Ua=Us=Uc=U

Uas=Usc =Uca =U1.

A

C Usc B

Pucynok 4.3 — BekropHas ruarpamma HanpspKEHHU PU COETMHEHUH

3BEe3101

39



N3 npsamoyronasHOoro tpeyroiabHuka OAJl nmeem:

Ys _Yse =U, -c0s30° =

2 2
=U, -cosSO":U@? :

U, =~/3U,

®da3HbIe TOKH IIPUCMHUKOB OIPCACIIAIOTCA TaK KC, KaK U B OI[HO(lJaSHBIX

TETsX:
I. Ua Ua .
A= = ,
In  \rZ+xi
° Us Us
IB: - 2 2;
Zg  \ry +Xg
~_Uec Uc

lc = = :
Zc \ I’c2 + Xé
VYTIbl cABUTa MEXKy HANPSHKEHUSIMHU U TOKaMu (a3 MOKHO OIpPEACNIUTh U3

dbopmy:

_ I’-A . _ I’-B . _'c
COS @, = COS @ = COS @ =
A B C

Ecnu npuemMHMKH 00J1a1al0T YUCTO aKTUBHBIMH COTPOTUBICHUSIMU, TO ZA=
A, Zg = I's, Zc = Ic, @ YIJIBI CIBUTA MEXK]ly TOKAMHU U HANpPSHKEHUSIMUA BO BCEX TPEX
dazax OynyTt HyJeBsiMH. Ha puc. 4 mpencraBiieHa Tonorpaduieckas guarpamma

HaNpsHKEHUU U TOKOB ITPU aKTUBHOM HECUMMETPUYHOM Harpyske.
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Pucynox 4.4 — BekropHas Auarpamma HanpspKeHHUE U TOKOB

YETHIPEXMPOBOHOM 1ENU NMPU AKTUBHOW HECUMMETPUYHOMN Harpyske (a3

Tox Hynesoro mposona [ o= In+ Ig+ Ic

CeueHnie HyIEBOTO MPOBOJIA 3aBUCUT OT CTETIEHW HECHMMETPUH HArpy3Ku
¢a3, Ho 00BIYHO ero MpuHUMaroT paBHbIM 50% OT cedeHust IMHEHHOTO MTPOBO/IA.

[Ipn Hamuuuu HelTpanu (HyJIEBOro NpOBOAA) HampsbKeHHs Ha (daszax
MPUEMHUKOB OCTAIOTCS HEU3MEHHBIMHU U pPaBHBIMH (Da3HBIM HANPSDKCHHSIM
UCTOYHUKA JaXe€ TpU HEpPaBHOMEpPHOW  Harpyske, eclid TpeHedOpeub
COINPOTHBIIEHUEM TPOBOJOB JIMHUU U HYJEBOTO MpoBoja. [IpeaenbHbIM ciiydaem
HEpPaBHOMEPHOW Harpy3kud (a3 B YETHIPEXIPOBOJIHON cHCTeME TpexdazHoro
MPUEMHHKA, BKJIIOYEHHOTO 3BE3/I0M, MOXHO CUUTAaTh OOpBIB OJHON U3 (das.
Hampumep, ecniu ¢aza 4 Oyaer oOopBaHa, TO HE OYJET HANpPSHKEHUS U TOKA Y
MOTPeOUTENS, BKIIIOUEHHOTO B ATy (Da3y, a B OCTABIIUXCS MO HAPsDKEHUEM (azax
peXHUM pabOThI HE U3MEHUTCS. UTO KacaeTcst HyJeBOTO IPOBO/IA, TO €CJIH 10 OOPHIBa
oIHOH U3 (a3 Tok ObL1 paseH / o= Ia+ I+ Ic (puc. 4.4), To Terepb OH N3MEHHUTCS U
Oy/eT OnpeeaThCs Mo mepBoMy 3akony Kupxroda: I+ fg+ Ic =0, otkyna - 1o =

j5+ ic (pHC 45)
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Pucynok 4.5 — BektopHasi AuarpaMma TOKOB M HaIllPsDKEHUN TTPU 0OpBIBE

dassr A

HpI/I O6pI)IB€ HJIK OTCYTCTBHH B CXCMC HYJICBOI'O IIPOBOJA SHCPICTHUUCCKHUC

COOTHOIIICHUS B TOU OCIIN U3MCHATCA.

A I
TEA Z4
Ec
/ 0 \ Ep Zr 0 4
C B Ie
Iz ]

Pucynox 4.6 — Cxema TpexmnpoBOHOM 11eTH TpeX(Ppa3HOTO TOKA

[Ipu cuMMeTpuU4HON Harpy3Ke B TPEXMPOBOAHON TpexdaszHoi cucteMe (puc.
4.6) HanpspDKEHUE MEXK Ty HYJIEBBIMH TOUKaMU HCTOYHMKA M TIPUEMHUKA PABHO HYJTIO
U KaXayIo a3y CHCTeMBI MOYKHO pacCMaTpPUBATh KaK 3aMKHYTHIN KOHTYP.

[Ipy HepaBHOMEpHOW Harpy3ke U OTCYTCTBUHU HYJIEBOrO MpoBoja (azHbIe
HaANpsDKEHUsT OYAYT U3MEHSATHCS TPSIMO MPOTOPIIMOHATBHO COMPOTUBICHUSIM (a3.
Ecnu Ob1 cucteMa Oblila 4E€THIPEXIPOBOJHON, TO MO HYJIEBOMY MPOBOY MPOTEKAI
ObI TOK lo 1 TakUM 00pa30M MPAKTUYECKU BHIPABHUBAIUCH ObI (ha3HbIE HAIPSKEHUSI.
Ha puc. 4.7 uzobpakeHa BEKTOpHas IuarpaMma HaOpsOHKEHUH W TOKOB IpU

HEPaBHOMEPHOM Harpy3ke BcexX Tpex (a3 U OTCYTCTBHH HYJIEBOTO MTPOBOA.
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TpeyronbHUK TMHEHHBIX HAMPSHKEHUN OCTAeTCs TAKUM K€, a 3Be3/1a (ha3HbIX
HanpspKeHU 1 Touka O’ MOryT OBITB JIETKO IMOJTYyYEHbI METOI0OM 3aC€UYEK U3 BEPILIH

JIMHEWHBIX HAIMPSIKCHUN.

PucyHok 4.7 — BekTopHas nuarpaMma TOKOB U HallpsKEHUN TIPU

HEpPaBHOMEPHON Harpy3Ke U OTCYTCTBUE HYJIEBOI'O MPOBOJIA

Ecnu oqna u3 das, nanpumep, A, 000pBeTCSs WIIK BCE TOTPEOUTENN 3TOM (ha3bl
OyIyT BBIKJIIOUEHBI, TO MPU OTCYTCTBUU HYJEBOTO MPOBOJA OCTABIIUECS IO
HanpsbkeHueM (a3pl B u C okaxyTcsi BKIIOYEHHBIMH TOCTE0BaTeNIbHO. Da3HbIe
Toku Ig 1 Ic, mpoTexaromue yepes mocnen0BaTENLHO BKIIOUYEHHBIE COTPOTUBIICHHS
MPUEMHUKA, B 3TOM ciiydyae OyJyT OJIMHAKOBBIMH, a (pa3HbIe HAIpPsKEHUs OyayT
MPOTMOPIMOHANIBHEI  compoTuBieHusiM (a3 (puc. 4.8). [loaTomy Ha BEKTOpHOU
nuarpamMme Touka O’ MepeMecTUTCS Ha BEKTOp JIMHEWHOro HampspkeHuss Upc u
OyZeT nenuTh ero Ha 4acte, paBHble ¢azapiM HampsikeHusM UB u UC (B Hamem
ciyyae UB = UC)

Uc=Us =%Oﬂ=%£0¢=o,870¢

Hanpsixenue ¢as3sl A Bo3pacTerT:

U =0AB.cos3O°=\/§0¢.§=1,5L'J¢,
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[ToaToMy B 4YETBHIPEXNPOBOAHBIX LIEMSAX HAa HYJIEBOW MPOBOJ HE CTaBAT
NPENOXPAHUTENB, T.K. €r0 MEPEropaHue HU3MEHSET PACHPECICHUE HaIpsSKEHUN
ba3.

[Ipu KOPOTKOM 3aMbIKaHUH KakoH-1100 (ha3bl, HarpuMmep, C, HyJieBas TOUKa
O’ npuoOpeTaet noreHuman JuHenHoro nposoaa BC, a ¢a3bl 4 U B 0Ka3bIBalOTCA
1OJl JIMHEHHBIM HampspkeHHeM. BekTopHas [auarpamMma Uil 3TOrO  ciyvas

npenacrasieHa Ha puc. 4.9. Touka O' nepemeniaercs B Touky C.

Pucynok 4.8 — BekropHas auarpamMmma TOKOB U HAPsDKEHUM pu 0OphIBE

¢a3sl B cxeme 6€3 HyJIeBOTO ITPOBOAA

Hanpsokenus ¢a3 A u B ctaHOBSITCS paBHBIMH JTMHEHHBIM (puc. 4.9):
U,=U, =U,=U, 3
U, =U,. =U, =U, 3,
U. =0.

Tox kopotkoro 3ambikanus ¢aszel C pacnpenenserca Ha da3el B u A, T.e.

I.=1,=—{,+1;) . Takum oOpa3zom, aBe (a3bl MPUESMHUKA OKA3BIBAIOTCS MO/

JIMHEVMHBIM HaIpsHKCHUEM, HAa KOTOPOC OHU HE paCCUHUTaHbl, U OHU MOT'YT BBIMTH U3

CTpOSL.
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Pucynok 4.9 — BekropHas nuarpamMmma TOKOB U HAPSDKEHUM MTPU

3aMbIKaHUM (pa3bl C MpuEMHUKA TPEXTPOBOAHON CUCTEME

B 1ICIIn Tp@X(l)EBHOFO TOKAa aKTHMBHAas1 MOIITHOCTH paBHa CYMMC AKTHUBHBIX
MOIITHOCTEH (ha3:
P=P, +P,+P.=1,-U,-cosp,+1,-Ug-cosp, +1.-U,-cose,
Jns  u3MepeHHss MOIIHOCTM B  YETBIPEXIPOBOAHOM LEMH  MOXKHO
HCIIOJIB30BaTh TpI/I OI[HO(l)aBHBIX BaTTM€Tpa, CYMMI/IpyH HUX IIOKa3aHHuA, HWIN
WCITOJIB30BaTh OJHO(A3HBIA BAaTTMETP C MEPEKIIOUCHUEM €T0 TTOOYEPEITHO BO BCE
TpU azbl. ITOT METOJT MOKET OBITh UCIOJIb30BAH KaK MPU CUMMETPUYHOM, TaK U

IIpY HECUMMETPUYHON HATrpy3Ke.

Ilepeuens ucnonvzyemozo oo6opyoosanus:
Kommiexkt TumnoBoro maboparopHoro ob6opynoBanus «Teoperuueckue

OCHOBBI 3JIeKTpoTeXHUKU TOD1-H-P»

Ykazanue no mexnuxe oesonacnocmu:
VYka3zanust 1o TeXHUKE 0€30MaCHOCTH MPH BHINOJHEHUH JTa00PaTOPHBIX padoT

MPUBECHBI B MPUJIOKEHUE A.
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Ykazanusa no evinonnenutro nabopamopnoiu pabomel:

1. O3HaKOMHUTBCS C TPUOOpPaMHU, HEOOXOAWUMBIMH JUIsl BBITIOJTHCHHUSI
paboThI M 3aNUCaTh UX TEXHUYECKUE JTAHHBIE.

2. CobOpatp cxemy (puc. 4.10) mia ucciemoBaHUS YETHIPEXITPOBOTHOMN
LEMU IPU COSTUHEHUU 3BE3/I0M.

3. [IpousBecTy UCTIBITAHUS TIPU CIAEAYIOMIHUX YCIOBUMX:

a) ipu paBHOMepHOI Harpy3ke BceX (a3 (Ra=Rg=Rc), ncronb3ys B KauecTBe
Harpy3ku ¢a3 JaMIOBbIE pEOCTaThI;

0) TIpu HEpaBHOMEPHOW Harpyske (pa3 jgamMmoBeIMH peocTaTamu (B OJHOMU
¢daze 4 nammnbl, BO BTOPOil — 3 U B TpETheU — 2 JTamIIbl);

8) ipu o0pbiBe (a3l A (B 0JHON (haze Bce JamIlbl OTKIIOYECHBI, a B JBYX
JIPYTUX — BKIIFOUEHBI).

4, Cobpatb cxeMy i UCCIEA0BaHUS TPEXIIPOBOIHOM Tpexda3HoM 1enu
NpY COeJMHEHUH 3Be37101 (puc. 4.11).

5. [TpousBecTr UCTIBITAHUS TIPH CIASAYIOMNUX PEKUMAX PAOOTHI:

@) paBHOMEpHas Harpy3ka Bcex (a3 JaMImoBBIMH peocTaTaMu;

6) HEepaBHOMEpHAas Harpy3ka ¢a3 (aHaJoruyHo 4,0)

8) 00pbIB (ha3wl (B ogHOM (Da3e BCe JaMIbl OTKIIOYEHBI, a B IBYX IPYTUX —

BKJIIOUYEHBI);

Fan Zs
T
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Pucynox 4.10 — Cxema 1151 ICCII€IOBAHUS YETHIPEXTIPOBOAHON TpeXpazHOH

LENH IIPU COCTMHEHUH 3BE3/I01

; W\j
* ooy 2 Z, (5
>/ %
L ® 1 *
Zs
c | * Ul Ze RD
-t

Pucynok 4.11 — Cxema jy1st uccieoBaHus TPEXIPOBOAHON TpexdazHoi

LETY MPU COCTMHEHUH 3BE3/101

[Tokazanust mpuOoOpoB 3anucath B Tabsuiry 4.1.
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Tabmuua 4.1 Pe3ynpTaThl H3MEpEHUI U BBIYUCIECHUI

Pexxum paboThr

Bennunnel Hapamerp C HyJeBBIM
IPOBOIOM

bes nynesoro mposoaa

N3mepeHHbIe a 0 B a 0 B

r

BEJINYHHBI Ia, A

Pa, Bm

Ig, A

Ps, Bm

Ic, A4

Pc, Bm

lo, 4

Ua B

Usg, B

Ug, B

Uns, B

Ugc, B

Uca B

Brruncnennsie r4, Om

BEJTMYHHEI rs, Om

re, Om

P3, Bm

Bennauael, lo, A - - -

HalJIcHHbIC
Uoo’, B
W3 Auarpamm

ConpotuBieHne Harpy3ku (a3 BRIUUCIATH MO (POPMYJIaMm:

MouHOCTS 11eTu OnpeesaTh o PopMyiam:
P=1,U,+1,-U;+1.-U,
Py=1,-Uc+1;-Ug
BBumy Toro, 4ro B JaHHOW JabopaTopHOM paboTe MCMHOJIB3yeTCs
u3MepuTenbHbiil koMmiieke K505, Bce u3MepeHUs W BBIYMCIEHUS MPOBOMASTCS

aHAJIOTUYHO YETHIPEXIIPOBOAHOMN CXEME.

1o pe3ynpTaTaM U3MEpEHU MOCTPOUTH B MaclITabe BEKTOPHBIE IHArPaMMBI
JUISL BCEX PACCMOTPEHHBIX ciydaeB. OnpenennTs Ha BEKTOPHBIX Auarpammax lo u

Uoo' 1 3aHecTH pe3yabTathl B Ta0uiy 4.1.
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Cooeporcanue omuema:

OT4eT TOJKEH colepkKaTh:

HasBanue paboThi;

[{ens paboThI;

Kpatkue TeopeTrueckue cBEACHUS;

Onucanue ucnoyib3yeMoro 000py10BaHMs U MaTepUaJIOB;
[Topsinok BeIMIOIHEHUST PAOOTHI;

Boruncnenus u 00paboTKka pe3ysibTaToB;

N o g bk~ DR

BriBoAEL.

Koumponwvusie éonpocul:
1. Kakoe coenmaenne Ha3pIBaeTCI COSTUHECHUEM 3BE30M ?
2. Kak crpouTcss BekTOpHasi aAuarpaMMa TOKOB M HANpPsIKECHUH IpH

CHUMMETPUYHON Harpyske?

3. B kakom ciryyae OTCYTCTBYET TOK B HYJIEBOM IPOBOJE?
4, [ToueMy Ha HYJIEBOIl IPOBOJI HE CTABAT MPEJOXPAHUTEIND?
S. KakoBbl 0COOEHHOCTH pexkuMa padOThl MOTpeOUTENEH, COeMHEHHBIX

3Be3/10M, IpU HEPaBHOMEPHOM HArpy3ke (a3 CUCTEM C HYJIEBBIM IPOBOJOM?

6. KakoBbl 0COOEHHOCTH pekuMa pabOThl MOTPEOUTENEH, COCTMHEHHBIX
3BE3/1011, MpU OOpBIBE (Pa3bl CUCTEM C HYJIEBBIM IMPOBOAOM UK O€3 Hero?

1. Kak u3MepsroT MOIIHOCTh Tpex(ha3HOro TOKAa B YETHIPEXIIPOBOIHOMN

cxeme?

Cnucox aumepamypuol, peKOMEHOOBAHHBII K UCNOIb306AHUI0 NO OAHHOU
meme:

. HauumoB M.U. HHXKXeHEpHbIE CHUCTEMbl 3JaHUN UM COOPYKEHUH
(9MeKTpOCHAOXKEHNE C OCHOBAMH DJICKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yauebHoe rmocooue / M.U. Jlanunos, N.I'. Pomanenko, C.C. SctpeboB. — DIEKTPOH.

TekcToBble naHHble. — CraBpomnonb: CeBepo-KaBkasckuii — (enepaibHblii
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yauBepcuter, 2015. — 118 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. JlanunmoB M.UM. HHXeHEpHbIE CHUCTEMBbl 3IJaHUM MW COOPYKEHUU
(37IeKTpOCHA0XKEHUE C OCHOBAMHU JJICKTPOTEXHUKU) [DIEKTPOHHBIA pecype] :
nabopatopHslil npaktukyMm / M.W. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DnekTpoH. TeKCTOBbIE NaHHbIe. — CTaBponoib: CeBepo-KaBkasckuil denepaibHbIN
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63085.html

3. JammnoB, M. WM. HuxkeHepHbIE CHUCTEMBI 3JaHUA H COOPYKECHUHN
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
yaebHoe rmocooue (kypce neknuid) / M. U. Jlaaunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBpononb : CeBepo-KaBkazckuii (enepanbHbIi
yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHHE C OCHOBaMU 3JIEKTPOTEXHUKHU. YacThb
1 [DnexTponnblii pecypce] : yaedbnoe nocodbue / H.I'. CemenoBa, A.T. PaumoBa. —
DNEKTPOH. TeKCTOBbIE AaHHble. — OpeHOypr: OpeHOyprckuil rocyaapCTBEHHbIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctyma: http://www.iprbookshop.ru/69976.html

5. T'opaees-bypreunr M.A. OO1asi 2JIEKTPOTEXHUKA U AJIEKTPOCHAOKEHUE
[DnexkTpoHHbIl pecypc] : yueOHoe mocobue / M.A. Topnees-bBypreum. —
OJIEKTPOH. TEKCTOBbIE JaHHble. — M. : MOCKOBCKMI TroCyAapCTBEHHBIN
CTpouTeIbHbIN yHUBepcuteT, Al [lu Op Meaua, 9bC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexxum moctyma: http://www.iprbookshop.ru/65651.html

6. TuxonoB A.®. DIEKTPONPUBOA CTPOUTEIHLHOTO MEXaHU3MPOBAHHOIO
WHCTPYMEHTA [DNEeKTpOHHBIN pecypc] : yuebHoe mocobue / A.®. Tuxonos, B.H.
baryeB, A.H. Jlpo310oB. — DIeKTpOH. TEKCTOBbIE AaHHbIE. — M. : MOCKOBCKHUIA
roCyIapCTBEHHBIN CTpoUTENbHbIA yHHBepcuTeT, Al [Iu Op Menua, ObC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:

http://www.iprbookshop.ru/64540.html
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7. KontoxoBa E.A. DnexTpocHabxkeHue [DIeKTpOHHBIA pecypc]: yueOHUK
st By3oB/ KonroxoBa E.A.— D7ekTpoH. TeKCTOBbIE NanHbie.— M.: 3marenbckmii
nom MOMU, 2014.— 510 c.— Pexxum noctymna: http://www.iprbookshop.ru/33222 . —
9BbC «IPRbooksy, mo mapoito

8. DneKkTpocHa0XeHUE CTPOUTETBHBIX IUIOMIAeH [DIEKTPOHHBIN pecypc]:
METOAMYECKHE YyKa3aHusi/ — OnekTpoH. TekcTtoBblie naHHbie.— CII6.: CaHkT-
[leTepOyprckuii rocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIbHBIN YHHUBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexum no-cryna: http://www.iprbookshop.ru/33305.—
OBC «IPRbooksy, mo naposto
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Jlabopamopuan paboma Ne5

Tema: TpexdazHas uenb MpU COCIUHEHUU TOTpEOUTENEH IO CcXeme

TPEYTOJIBHUK

Ilenv pabomwi: ViccnenoBaTh 0COOEHHOCTH paOOThl Tpex(pazHOU 1eNu Mpu

COCANHCHUU CUMMCTPHUYIHOI'O U HCCUMMCTPUYIHOT'O HOTp€6I/ITeJI€I>'I TPCYIOJIbHUKOM,

YCBOHTBH MOCTPOCHUC BCKTOPHBIX JUAI'PAMM I10 PE3yJibTaTaM 3KCIICPUMCHTA.

(Dopmupye.znbte Komnemenyuu.

Kon

OIIK-1

OIIK-3

PopMyIMpOBKa

CnocobeH pemath 3agauu Mpo(ECCHOHANTBHON NIESITEIHbHOCTH Ha
OCHOBE HCIIOJIb30BAHUSI TEOPETHUUECKUX W TPAKTHUYECKHUX OCHOB
€CTECTBCHHBIX M TEXHUYECKMX HayK, a TaKKe€ MaTeMaTHYeCKOTO
amnmapara.

CrocobeH mnpuHUMaTh pelieHus B npodeccuoHanbHOM cdepe,
UCTIONB3YSl  TEOPETHUECKHEe OCHOBHI M  HOPMATHBHYIO  0azy
CTPOUTEIBCTBA,  CTPOUTEIBHONW  WHAYCTPUU W KWJIHIIHO-

KOMMYHAQJIBHOTO XO351CTBa.

Teopemuuecmm uacmus.

[ToTpeOuTenu HNEKTPUUECKOW SHEPruM MpU NUTAHUU OT Tpex(da3zHoro

HCTOYHHKA, KaK 1 UCTOYHHUKH BHCKTqueCKOﬁ OHCPIruu, MOryT OBITH COCIUHCHBI B

TpeyroyibHUK (puc. 5.1). Cieayer MOMHUTH, YTO CXeMa BKIIIOUEHHUS OOMOTOK

Tpex(azHoro reHeparopa He MPEAOINpPELNIIeT CXEMY COECIMHEHUs Harpy3ku. Tak,

npu coeauHeHuu ¢a3 reHeparopa B 3BE3/y Harpy3ka MOXKET ObITh COEIMHEHA B

3Be3[ly C HEUTpaJIbHBIM MPOBOJOM, B 3B€3/ly 0€3 HEHUTPaJbHOIO MPOBOJA WU B

TPCYT'OJIbHUK.
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Pucynok 5.1 — Cxema coequHeHHs a3 B «TPEYTOTbHUK
[Ipy coenuHEeHMH B TPEYTOJIBHUK CUMMETPUYHOM Tpex(a3HOW Harpy3ku

JINHEHHBIC HaIIPpAXKCHUSA OKA3bIBAIOTCA PaBHBIMHU (I)&?:HBIM HaIlpsAXKCHHUAM Uqb =

U,, a 1uHelHbIE TOKU B \/é pa3 OoJblie, 4eM TOKH B (pa3zax MmoTpeOruTess:
1, =~/3-1,

[Tpu aTOoM Bce (pa3HbIC TOKH paBHBI IO BETMYWHE W OTIUIAOTCS IPYT OT APYyTa
o (aze Ha 120°. To ke caMoe OTHOCHTCS M K JIMHEHHBIM ToKaM (puc. 5.2).

[Ipy HeCMMMETPUYHOW HArpy3Ke CBSI3b MEXKIY JHUHEHHBIMH M (Ha3HBIMH
TOKaMH BBIPA)KAETCS YPAaBHCHHUSAMH, 3alTMCAHHBIMU Ha OCHOBaHHWH IEPBOTO 3aKOHA

Kupxroda B KOMIIJICKCHOM WJIK BEKTOPHOU (hopme:

IA = IAB - ICA' IB = IBC_IAB' Ic = ICA_IBC
[Ipu coenuHeHHH B TPEYrOJIBHUK HYJIEBOW NIPOBOJ OTCYTCTBYET, HO BCE
(da3Hble MOTPEOUTENN B ITOM CiIydae AOJKHBI ObITh PACCUMTAHBI HA HOMUHAJIBHOE

JIMHEMHOE HaNPSKEHUE
4Uasg

IaB

IA Ip

UC Upc
Ica - Isc

Pucynok 5.2 — BekropHas auarpamma Tpex(azHoro HanpspKeHHsI
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Ilepeuens ucnonvzyemozo ooopyoosanusn:
Kommiekr TumoBoro maGopaTtopHoro oOopynoBanusi «TeopeTndeckue

OCHOBBI 3JIeKTpOoTeXHUKU TOD 1-H-P»

Ykazanue no mexnuke o6ezonacnocmu:
Vka3aHus 1o TeXHUKE 0€30IMacHOCTH IIPpH BBIIIOJIHCHHUH Ha60paTOpHI>IX pa60T

IPUBEAECHBI B IPUJIOKEHNE A.

Ykazanusa no evinonnenutro nabopamopnoii pavomut:

1. O3HaKOMUTBCS C JAOOPATOPHON YCTAaHOBKOW (MOIyJb Tpex(a3zHOTO
TpaHcopmaTropa, MOIYJb PE3UCTOPOB, MOAYJIb aMIIEPMETPOB NEPEMEHHOIO TOKA,
MOJYJIb BOJIbTMETPOB).

2. BxrounTs MOIyNb MUTaHUS MOAYJIL Tpexdas3Horo TpaHchopmaropa
(BeixirOuaTenb QF1).

3. N3mMepuTh CTpENOYHBIM BOJBTMETPOM Ha MOJyJe Tpexda3zHoro
TpaHchopMaTopa JUHEHHBIC HANPSHKEHUS UCTOYHUKA MUTAHUA HA XOJIOCTOM XOIY

(npu pa3oMKHYTOI1 ienu). Pe3ynpTaTel u3MepeHuil 3aHectu B Tadu. 5.1.

Tabanma 5.1
Une, B Usc, B Uca, B
4, B cooTBetcTBUU € puc. 3. coOpaTh cXxeMy COCIMHEHUN MOTpeOuTee

B TPEYTOJbHUK. [IpeabsiBUTEL CXeMy [Jisl MPOBEPKH.

S. VYceranoBuTh B (hazax moTpedOUTeNs MO YKa3aHUIO MpernojaBarens
OJINHAKOBBIE 3HAYEHMSI COMPOTHUBIICHUM PE3UCTOPOB (CUMMETPUYHYIO HArpys3Ky).
N3meputh azHbie u TUHEHHbIE TOKU. Pe3ynprarsl 3anectu B Ta0m. 5.2.

6. Pa3zomMkHYTh moouepeaHo JMHEHHBIN TpoBoa (da3sl «A» u (asbl «B» u

POBECTU U3MEpeHUs (Pa3HOTO U JTMHEWHBIX TOKOB. Pe3ybTaThl 3aHecTH B Ta0II. 2.
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Pucynox 5.3 — Cxema coeIuHEHUN MTOTPEOUTENEH «TPEYTOIBHIUKOM
7. [lo ykazaHnuro TmpenojaBaresii U3MEHHTh Harpy3ky B (a3ax
NOTPEOUTENS TaK, YTOObI B KaXX0W (paze ObUIM BKIIIOUEHBI PA3IUYHbIC 3HAUCHUS

conpoTuBJIeHUH. Pe3ynbrarsl 3anucars B Ta0m. 5.2,

TaOmuma 5.2

Toxk Harpy3ku, A

Pexxum Harpy3ku
Ia s Ic Y lec lca

CummMeTpuyHas Harpy3Ka

OOpbIB TMHEHHOTO MPOBOAA «A»

OOpbIB TUHENHHOTO MTpoBoaa «By»

OO6pnIB (ha3el notpeduTens «ABy»

Hecummerpruunas Harpyska

8.  Jlus Bcex OombITOB MOCTPOUTH B MaciiTabe BEKTOPHBIC AHATPAMMBI.

9. CpaBHUTH pe3yNbTaThl U3MEPEHUHN JIMHEHHBIX U (a3HBIX TOKOB IMpPH
COEJIMHEHHUH B TPEYTOJIBHUK TP CUMMETPUYHON 1 HECUMMETPUYHOMN Harpyske.

10. IIpoananu3upoBaTh BIUSHHE OOPHIBA JIMHEWHOTO MPOBOJIA HA PEXKUM
paboThI MOTpeOUTENEH.

11. CpaBHUTH pexUMBbI paOOTHI MPU BKIIOUEHUH NOTpeOUTENeH B 3B€31y U

TPEYTOJIBHUK IPU CUMMETPUYHON U HECUMMETPUYHOUN Harpys3Ke.

Cooepiicanue omuema:
OT4eT OJKEH coepkKaTh:

1. HasBanue paboThr;
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[{enn paboThr;

Kpatkue TeopeTrdeckue CBEACHUS;

Onucanue ucnoyib3yeMoro 000pya0BaHMs U MaTepUaJIOB;
[Topsimok BBITTOTHEHUS paOOTHI;

Boruncnenus u 00paboTKa pe3ysibTaToB;

N o a bk~ DN

13350:10)1158

KOHmPOJleble eonpocwsl:

1. Kakum oOpazom Tpu ofHO(a3HbIX TOTPEOUTENS] COCAUHSIOT B
TPEYTOJIBHUK?
2. Kyna cnenyer moakiro4aTh BOJBTMETP, YTOOBI M3MEpUTh (pazHOE U

JMHENHOE HANPSKEHUS TpeX(PazHOro moTpeouTens?

3. B xakoMm cOOTHOIIEHUHU HAaxoaATcs (pa3HbIe U JTUHEHHBbIE HANPSHKEHUS
CUMMETPUYHOIO NOTPEOUTENS], COETUHEHHOTO B TPEYTOJIbHUK?

4. Kakoe cooTtHomeHnne Mexay (a3sHbBIMM W JIMHEWHBIMH TOKamMu
CUMMETPUYHOIO OTPEOUTENs], COEIMHEHHOTO B TPEYTOJIbHUK?

5. Bcerna nm chnpaBemMBBI  IIPU  COCIMHEHUM B TPEYTOJBHUK

cootHomieHUS: |, =1, —lca, lg=lgec =1, lc =lca + lac

6. Bcerna n1m mnpu  coenMHEHMM B TPEYrOJIbHUK  CIPABEIJIMBO

l,+1;+1.=0
7. Kak oTpasurcs oTK/IIOUEHHE OAHOW (pa3bl MOTPEOUTENS] HA PEXKUM

paboThl apyrux (a3 u Ha pexUM paboThl Bcell Tpexda3HOU Ienu, COSTMHCHHON B

TPEYTOJIbHUK?

Cnucok numepamypol, peKOMEHOOBAHHBII K UCNOIb306AHUI0 NO OAHHOU
meme:

1. ManmmnoB M.M. WHxkeHepHbIE CHUCTEMBl 3JaHUM H COOPYKEHUMU
(9meKTpoCHAOXKEHHE C OCHOBAMH JJICKTPOTEXHUKH) [DNEKTpOHHBIN pecype]| :

yauebHoe rmocooue / M.U. Jlanunos, N.I'. Pomanenko, C.C. SAcTtpeboB. — DIEKTPOH.
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TekcToBble naHHble. — CraBpomnonb: CeBepo-KaBkasckuii — (enepaibHblii
yauBepcutet, 2015. — 118 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63086.html

2. [JanmmnoB M.M. HHxeHepHBIE CHCTEMBI 34aHUA W COOPYKEHUU
(9NeKTpoCcHAOXKEHHE C OCHOBAMH AJIEKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
nabopatopHblil npaktukyMm / M.W. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DeKTpoH. TeKCToBbIe AaHHbIe. — CtaBponos: CeBepo-KaBkasckuii (henepanbHbIi
yauBepcuteT, 2015, — 135 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63085.html

3. HammnoB, M. WM. HuxkeHepHbIE CHUCTEMBI 3IJaHUW W COOPYKECHUU
(97eKTpOCHA0XKEHNE C OCHOBAaMH JJIEKTPOTEXHUKH) [DIIEKTpOHHBIN pecypc] :
yuebHoe nmocoodue (kypce nexuuid) / M. U. Jlanunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBpononb : CeBepo-KaBkasckuil (denepanbHblii
yHuBepcuteT, 2015, — 223 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHrUe ¢ OCHOBaAMU DJIEKTPOTEXHUKHU. YacTh
1 [DnexkTponnbiii pecypc] : yuebnoe nocodue / H.I'. Cemenona, A.T. PaumoBa. —
DneKkTpoH. TeKcToBbIe aaHHbIe. — OpeHOypr: OpeHOyprckuil rocynapcTBEeHHBIN
yauBepcuteT, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctymna: http://www.iprbookshop.ru/69976.html

5. Topnees-byprauir M.A. OOGmiast 1eKTPOTEXHUKA M JJICKTPOCHAOKECHHE
[OnexTpoHHBIN pecypc] : ydeOHoe mocobue / M.A. T'opaeeB-byprBum. —
OJIEKTPOH. TEKCTOBbIE JaaHHble. — M. : MOCKOBCKMI TrOCyAapCTBEHHbIN
CTpouTeIbHBIN yHUBepcuteT, At [Tu Op Meauna, ObC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexum nocrtyna: http:// www.iprbookshop.ru/65651.html

6. TuxoHoB A.®D. DNEKTPONpPUBOJ CTPOUTEIHBHOTO MEXaHU3HUPOBAHHOTO
WHCTPYMEHTA [DNEeKTpOHHBIN pecypc] : yuebHoe mocobue / A.®. Tuxonos, B.H.
batyes, A.H. Ipo310B. — DJIeKTpOH. TEKCTOBBIE AaHHbIE. — M. : MOCKOBCKHUIA

roCyJapCTBEHHBIM CTpOUTENbHbI yHUBepcutTeT, Al [In Op Menua, O9bC ACB,
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2017. — 244 c¢. — 978-5-7264-1520-8. — Pexwum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KontoxoBa E.A. DnekTpocHaOxeHue [DIEeKTpOHHBIA pecypc]: ydeOHHK
st By3oB/ KonroxoBa E.A.— D7ekTpoH. TeKCTOBbIE NaHHble.— M.: 3narenbckwii
nom MOMU, 2014.— 510 c.— Pexxum noctyna: http://www.iprbookshop.ru/33222 . —
9BbC «IPRbooksy, mo maposto

8. DneKkTpocHa0XKEeHUE CTPOUTETHHBIX IUIOMANEH [DIeKTPOHHBIN pecypc]:
METOJMYECKHE yKa3zaHusd/ — ONEKTpoH. TekcToBble naHHble.— CII6.: CaHkr-
[leTepOyprckuii rocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIN YHHUBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexum mo-cryma: http://www.iprbookshop.ru/33305.—
OBC «IPRbooksy, o mapoJto
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Jlabopamopuan paboma Ne6

Tema: VicubiTanue ogHodasHoro tpancpopmaropa
Ilenv pabomei: 03HAKOMUTBHCS C KOHCTPYKIIMEH, METOJAMH HCIIBITAaHUS U
OIIpENIETICHUS XapaKTEPUCTUK TPAaHCHOPMATOPOB.
Dopmupyemovie KOmMnemeHyuu:
Kon @opMyIupOBKa
Criocoben pemaTh 3a7add Npo(EeCCHOHATBHOM JAESITEIbHOCTH Ha

OCHOBC HCIIOJB30BaHUA TCOPECTUUCCKUX M IIPAKTHYCCKHX OCHOB

O CCTECTBEHHBIX M TEXHHMYECKUX HAyK, a TAaKXKE MaTeMaTH4eCKOTO
armapara.
CnocobeH mnpuHHMMaTh peuieHuss B TpodecCHOHANBHOU  cdepe,
OIK.3 UCIIOJIb3Ysl ~ TEOPETUYECKHE OCHOBBI M  HOPMATHUBHYIO  0a3y

CTPOUTCIILCTBA, CTpOHTGJ’ILHOﬁ HHAYCTPUHU )51 KUJINITHO-

KOMMYHAQJIBHOTO XO351CTBa.

Teopemuueckaa uwacmao:

Tpancpopmarop — 9ITO CTaTMUECKH AJIEKTPOMATHUTHBIN  ammapar,
MpeIHa3HAYCHHBIN JUTsl MPeoOpa3oBaHus MEPEMEHHOTO TOKa OJTHOTO HAIIPSHKEHUS B
AIEKTPUYECKYI0 DJHEPrUi0 MEPEMEHHOTO TOKa JPYroro HampsHKEHUs TpH
HEU3MEHHOU 4acToTe.

TpanchopMaTopsl MHUPOKO MPUMEHSIIOTCSI B TEXHUKE, MTPOMBIIIJIEHHOCTA U
OBITY, MO3TOMY YCTAaHOBJIEHHAss MOIITHOCTh BCEX TPaHC(HOPMATOPOB B HECKOJILKO
pa3 OpEeBBIIAET MOIIHOCTh UCTOYHUKOB 3JIEKTPOIHEPIUH, T.€. JIEKTPOIHEPTHUs HA
NyTH OT WCTOYHMKA JI0 TOTPEOUTENsI HECKOJbKO pa3 TpaHchOpMUpYyeETCs
(mpeobpazyercs). [To HazHaUeHHTO TpaHCHOPMATOPHI OPA3EISIIOTCS Ha CUIIOBBIE,
CBapOYHbIE, U3MEPUTETHHBIC; 1T0 KOHCTPYKIIMA — HAa CTEPKHEBBIC, OPOHEBHIE; IO
yuciy (a3 — Ha TpexdaszHbie U 0HO(DA3HBIE.

[Ipocreitmmii ogHO(a3HBI TpaHCHOPMATOP COCTOMT W3 ABYX OCHOBHBIX

yacTeil: MarHuTonpoBojaa (cepAedyHuka) U1 oOMoTok. CeplieyHUK HaOUpaeTcs: U3
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JMCTOB AJIEKTPOTEXHUUECKON cTanu TomuHon 0,5 MM, ¢ 00enx CTOPOH MOKPBITHIX
ANEKTPOTEXHUYECKHUM JIAKOM JUJISL YMEHBILIEHHUS IIOTEPD B CTAJIU HA BUXPE-BbIE TOKH.
Kpome TOro, oaneKTpOTeXHUYECKas CTaJlb MMEET IOBBIIMICHHOE YACIBHOE
CONPOTHUBJIEHUE U MAJIbIE MOTEPH HA rucTepe3nc. CepIeuHUK CITYKUT ISl yCUICHUS
AJIEKTPOMArHUTHOW CBSA3M MEXKIY OOMOTKaMHU.

Ha cepaeunuke pacrnonaratorcss ooMoTkd. OOMOTKa, MOJAKIOYaeMas K
MUTAIONICH CEeTH, Ha3bIBACTCA MEPBUYHOM, a OOMOTKA, K KOTOPOH MOJIKIIOYAIOTCS

NOTPEOUTETH MIEPEMEHHOTO TOKA, Ha3bIBACTCS BTOPUYHON 00MOTKO# (puc. 6.1).

Dy
/
. /
I T T T T NN I
A'—Lt _,2 a
I e]_ 62 I A
|
o Pw W, | Y2 Zn
I | ,
®x

Pucynok 6.1 — Cxema tpancgopmaTopa

Ecnu x nepBuuyHOil OOMOTKE, HMEIOIIEH YHCIO BUTKOB Wi IOJBECTH

nepeMeHHoe HampspkeHue Ui=Ujpsinot, To MO0 HeW HayHET MPOTEKaTh TOK I,

KoTOphIid Oyaer orcraBath oT U Ha 90° u co3macT B cepaeyHUKE MepeMEHHBIN
MAarHWTHBIM TIOTOK, TAaKXE€ W3MEHSIOUUNCA MO0 CUHYCOMIAIBHOMY 3aKOHY

G, =Dy -COS®t. MarHUTHBINA TIOTOK, 3aMBIKASICh 110 CEPJACYHUKY, Oy/IeT HABOJAUTH

B MIEPBUYHON ¥ BTOPUYHON OOMOTKAX 3.11.C., TPOMOPIIMOHATLHBIC YNCTIaM BUTKOB:

do i i

e, =-W, dto =-W, - -®,, sinwt=-E,, -Sinwt
do . i

e, =—W, dto =—W, o -®,,sSihwt=-E,, -sihwt

JleiicTBytOIIIME 3HAUEHUE ATHUX 3.]1.C. OyIyT PaBHBI:

E,=444-w, - f-®,,
E,=444-w,-f -®,,
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OTHo1IeHNE 3TUX 3.]1.C. Ha3bIBaeTCa KOA((HUIIMEHTOM TpaHCHopMaLIUu:

E_w U
EZ W2 UZ
Ecomu U,> Ui, to Tpanchopmarop momelmaromuid, a ecnu U, <U; — 1O
noHwkaronmii. B macmopre TpaHcpopMaropa yKa3bIBaeTCsd OOBIYHO HE
K03 GUIUEHT TpaHCPOopMAaIINH, & OTHOIIECHNE BBICILIETO HAMPSHKEHUS K HU3IIEMY.
[Ipy nDocTpoeHHM BEKTOPHBIX JMAarpaMM HampsDKEHUM W TOKOB
TpaHcopMaropa MOTYT BO3HUKHYTh 3aTpydHEHUss C BbIOOpoM MacmiTaba
HANpsDKEHUM TMEepBUYHOM M BTOpUYHOM 0OMOTOK, T.K. U;=kU,, a nuarpammsl
JOJDKHBI ObITh B OJHOM Maciurade. [Toaromy BMecTo peanbHOro Tpanchopmaropa
OOBIYHO pAcCMATPUBAIOT TAaK HA3bIBAEMBIN TNPUBEACHHBINA TpaHCchOpMaTop, ¥y
KOTOpPOro ojaHa OOMOTKa (OOBIYHO BTOpPHYHAs) IpPUBEJIEHA K JPYrou, T.e. €€

napamMeTpbl MEpPEecCUUTaHbl TaKUM O00pa3oM, 4YTOOBI 3TO HE OTPa3WIOCh Ha

PHEPreTUYECKUX Mporeccax B TpaHcopmartope. llpuBeneHHoe HampspkeHHE U

! ! ! ! !

JpyTHe mapaMmeTpbl BTOPUYHOM 00MOTKHM obo3Havatoress U, , [, , r, , X, , Z,.

!

! !
Ecmm U, =xU, =U, u W, =kw, =W,, TO TOK /, OTPEACTUTCSI U3 YCIOBHS

’ ’

MOCTOSTHCTBA moTokoctemiennit 1 ,wW, = 1, W, | otkyna
I " |2W2 _ |2W2 _|_2
2 T - .
W, K
W, 1

!

2
AHaJIOTUYHO, TPUBEACHHOE COMPOTUBICHUE 7, =K F, ONpeAeseTcs H3

paBEHCTBA MOTEPh MOIIHOCTA BO BTOPUYHONW OOMOTKE J0 MPUBEACHUSI M TIOCIIEC

MIPUBEICHUS:
2 ! 2 !
I2"2 :(lz ) o,
OTKyJa
Y I -xY
! . K
2 2 2
r, = 7 r, = ] I, =K,
1, 2
AHajornyHo,
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! !

2 2
X, =KX, 1 Z, =K',

!

Cymma r, +7, =r, Ha3bIBa€TCsl AKTUBHBIM COMNPOTHUBICHUEM KOPOTKOTO

!

3aMbIKaHUsA, a X, +X, =X,- HHAYKTUBHBIM COIIPOTHBJICHUEM KOPOTKOTIO

!

3aMBIKaHUs U Z; +Z, = Z, - MOJIHBIM COPOTUBIICHUEM KOPOTKOT'O 3aMbIKAHUSI.

Pexxum paboThl, Mpu KOTOPOM BTOpHYHAsSE OOMOTKAa pPa30OMKHYyTa, T.€.
Harpy3ka TpaHcdopMaropa OTCYTCTBYET, Ha3bIBa€TCS PEKMMOM XOJIOCTOIO XO/Ia.
[Ipr 3TOM MarHWTHBIA NOTOK CO3JAETCS HAMArHWYMBAIOLIEH CUJIOW NMEPBUYHOU
OOMOTKH:

Fo = lowy,

rae lo — Tok XoJocToro xonaa.

Bemmunna HamMmaranauBaromieil cuiiel Fo IBIsieTCs MOCTOSTHHOM M 3aBHCHUT OT
pa3MepoOB U MaTepUAIa CEPICUHHUKA.

Pexxum paboThl, Ipy KOTOPOM BO BTOPUYHYIO OOMOTKY BKJIIOUEHA Harpy3Ka,
Ha3bIBAETCA pabOYUM PEKUMOM WM PEeKUMOM Harpysku. [Ipu pabore B pexume
Harpy3ks Kakaas u3 oOMOTOK TpaHc(opMaTopa co3aaeT CBOIO HaMarHUYHBaIOIIYIO
CUJIy, TpUYEM HaMarHW4YMBAlIOIlas CUJia BTOPUYHOM OOMOTKHM OyAeT HampamicHa

HABCTpPEYYy HAMarHU4YMBAIOIIEH CUJIC TIEPBUYHON OOMOTKH:
Iéo = |51+ Iéz
io-W0 = il'Wl + |.2-W2.
Takum 00pa3om, MarHUTHBINA TMOTOK, CO3/1aBa€Mblii BTOPUYHON OOMOTKOM,
pa3MarHUYMBaeT MarHUTHBIN MMOTOK, CO3TaHHBIA IEPBUIHON OOMOTKOM.

Tak Kak MarHUTHBIM MOTOK TpaHchopmaropa Mo BEJIMYHMHE MOCTOSHEH, TO

HaMarom4imBaromiasa Cujia HGpBH‘-IHOﬁ OOMOTKH YBCIIMYNBACTCA TOJIBKO HAa TAKYHO

BEITMYMHY, YTOOBI reomMeTprueckas cymma liw, u |2 W, ocTaBajmach MpaKkTUYECKU

OCTOSHHOM.
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CnenoBaTenbHO, MPH YBEJIUYEHUHM TOKA BO BTOPUYHOM OOMOTKE TOK

NEPBUYHOM OOMOTKHM YBEIMYHMBAETCS TaK, 4TOObl HaMarHW4MBaromas cuia low,

NOJJIep>KUBaIach MOCTOSTHHOM.

[Ipu yBenuveHUM HArpy3ku TpaHchopMmaTopa HaNpsHKEHUE BTOPUYHOM
OOMOTKH CHI)KAETCS Ha BEIMYUHY AU , KOTOPOE y MaJIbIX TpaHC(HOPMATOPOB MOKET
ObITh OIpEENICHO IyTeM MCIBITAHUM TI0J Harpy3kol TpaHcpopmaTropa u
HEMOCPEACTBEHHBIM u3MepeHnneM AU . Tpanchopmatop OOJBIION MOIIHOCTH
HArpy3uTh U UCIBITaTh MOJl HATPY3KOW OUYEHB CJIOKHO U HEIKOHOMHYHO, TIO3TOMY
JUISt HUX AU OIpEeNesoT paCYeTHBIM IyTEM.

Harpyska TpancdopmaTopa MOKET ObITh YUCTO aKTUBHOM (OCBEIICHUE), TTPU
KOTOpO# COS ¢2 = 1,0, 1 cMemaHHON — aKTUBHO-UHAYKTUBHOM (R-L) umu akTuBHO-
emkoctHO# (R-C), mpu kotopsix COS ¢ < 1,0.

3aBUCHMOCTh HaIpsDKEHUS BTOPUYHON OOMOTKM OT TOKa HArpyskH, T..
Uo=f (I2 ), Ipu mOCTOSIHHOM T10 BEJIMYMHE HANPSHKCHUU MepBUYHON 0OMoTkH U; 1
MOCTOSTHHOM 3Ha4yeHHH Kod((UIIMEeHTa MOIIHOCTH COS (2, Ha3bIBACTCS BHEIIHEH
XapaKTepUCTHKON TpaHchopmaropa (puc. 6.2).

Hanpsixenue Ha BTOpHUYHON OOMOTKE MPHU XOJOCTOM xoje, T.e. npu | = 0,
HA3bIBACTCS HOMUHAIBHBIM HampspkeHueMm. [Ipu Harpy3ke HampspkeHue Oyner

W3MEHATHCS HA BeIMUUHy AU :

»
>

IZH |2

Pucynox 6.2 — Buemnsis xapakTepuctuka Tpancpopmaropa
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Jns ompeneneHuss BeMWYUHBI AU  pacyeTHbIM IIyTeM HEOOXOAMMO
BBIIIOJIHATB JIBA OTBITA: ONBIT XOJOCTOTO X0/1a U ONBIT KOPOTKOT'O 3aMbIKaHHS.

OneIT XOJOCTOTO XOJa BBIIOJHACTCS I ONPENENICHUS HANPSIKEHUS
BTOpHYHOM 00MOTKH Uz , TOKA X0J10CTOr0 X012 lg M MOTeph MOIIHOCTH XOJIOCTOTO
xona Po. Tak kak npu xomnocrtom xone 1ok I, = 0, a Tox |3 = lp u cocraBmnser
HECKOJIBKO IIPOLIEHTOB OT TOKa |1, TO MOTEpU B 0OMOTKE IIPU XOJIOCTOM XOJE€ MaJIbl
Y MOKHO CUUTATh, YTO IMOTEPH XOJIOCTOr0 XOAa — 3TO NOTEPHU B CTAIH CEPACHHHKA.

OnbIT KOPOTKOTO 3aMbIKaHUs, IPU KOTOPOM BTOpPHYHAs OOMOTKA 3aMKHYTa
HAKOPOTKO (Zy = 0), BBINOJHSAETCA TPU MOHMKEHHOM HanpsikeHud Uiky . [Ipu aToM
HaIpsHKEHUE MOBBIIIAETCS OT HyJIs 10 3HaueHus Uk, P KOTOPOM TOK 3aMKHYTOU
HAaKOpPOTKO BTOPUYHOM OOMOTKM paBeH HOMHUHanIbHOMY |y, Tak kak 3T0
HaIpPSHDKEHUE COCTABIIAET HECKOJIBKO TMPOIEHTOB OT HOMHUHAJIBHOTO, TO U
MarHUTHBINA IOTOK, IPOIIOPLIMOHAIIBHBIN HAIPSDKEHUIO B CEPACYHUKE, OUYEHb MaJl U
NOTEPSIMU B CTaJld MOXKHO IpeHeOpedb U CUYUTaTh, YTO MNOTEPU IMPU OIBITE
KOPOTKOT'0 3aMbIKaHUs — 3TO MOTEPHU B MEAU OOMOTOK TpaHchopmaTopa.

3Hasn U][(H H IIOTCPH Py MOXHO OIIPCACIUTSD Zg, Ik, Xk:

_U].KH
K =———

/ /
rpe e =L+ um X=X +X, - aKTUBHO€ U PECAKTUBHOE COIIPOTHUBIICHUS

KOPOTKOI'O 3aMbIKAHM:.

N3MeneHne HanpspkeHUsT IIpU Harpy3ke AU  MOKHO ONPEACIUTh  I10

dbopmye:
AU =ﬂ-(Um -CoS@, +U , -sin (pz),
rne U, =1, I« - aKkTUBHAs COCTABJAIOIIAS HAMNPSIKCHUS KOPOTKOIO
3aMbIKaHMA,
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U, =l -X¢- peakTHBHas COCTaBIIOIIAs HANPSHKEHUS  KOPOTKOTO

3aMbIKaHUI,

1
B 21—2 - K03 UIIMEHT Harpy3ku TpaHcPopMaTopa; 3HAUYECHUSIMU COSQ2 U
2H

sin ¢, 3amaeMcHl.

3Hasd Ugy u AU 1ipH pa3nUyHBIX 3HAUEHUSX £ U XapaKTepe Harpy3Ku, MOKHO
onpenenuTh 3HadyeHne U, npu Harpyske ¥ MOCTPOUTH BHEIIHHE XAPAKTEPUCTUKH
TpaHcpopMaTopa pacu€THBIM ITyTEM.

Baxxnolt xapaktepuctukoil Tpanchopmaropa seusiercs ero KIT/I:

P, P -2P 2P P,
77:_:—:1——:—.
P P P P +2P
KIIZIT MOXHO oOmnpenenuTs NyTEM HENOCPEICTBEHHOIO  HM3MEPEHUS
MoIIHOCTEN P> ¥ P1 UM pacueTHBIM ITyTEM, 3Hasl OJJHY U3 €r0 MOIIHOCTEN U CYyMMY
notepb B HeM. [lepBbIi METOJN NPUMEHSIOT TPH HWCHBITAHUHA MAaJOMOIIHBIX
TpaHchOpMAaTOPOB, T.K. B 3TOM ClIydae HET Mpo0JIeM ¢ Harpy3Koi Tpancopmaropa

peoctaramu. B momnubix Tpanchopmatopax KIIJI onpenenstor myrem u3MepeHus

WJIM pacyeTa MoTepb B HEM M MOJIE3HOW Harpy304HOM MomHoctu P, =U,1, cos @, .

Bemuuuna KI1J] 3aBucut ot Harpy3ku (puc. 3).

. P.
KIIJ[ uMeeT MakCHMMyM IIpM OTHOCHTEIBHOM Harpyske ——~0,7, xorma
2H

NOCTOSIHHBIC TIoTepH (Pg) paBHBI IEPEMEHHBIM TOTEpsiM (Pk).
& 7
10

Fl

L~ T
/

iy

L 3

el e

L

10

2
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Pucynox 6.3 — 3aBucumocts KIIJ[ TpanchopmaTopa ot Harpy3ku

[Ipu yBenuuenun Harpys3ku Bbimie 0,7 Py, KIIJI ymeHblmaeTcs, Tak Kak

2
IIEpEMEHHBIE  MOTEPHM  PacTyT MpPONOPIMOHANbHO [, a MOImHOCTh —

IIPONOPLUMOHAIIBHO IepBOM cTeneHn Toka. lIpm ymenpmennu Harpysku KIIJ]

YMCHBIIACTCA U3-3a YBCIIMYCHUA JOJIU ITOCTOSHHBIX ITIOTCPL B O6H.I€I>i MOIIIHOCTH.

Ilepeuens ucnonv3yemozo o6opyoosanus:
Komriekr TumoBoro JjabopaTopHOro oOopynoBaHus «TeopeTHuecKue

OCHOBBI 3JIeKTpoTeXHUKU TOD 1-H-P»

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 10 TEXHUKE 0€30MaCHOCTH MPU BBIITOJIHEHUH J1a00paTOPHBIX padoT

IIPUBEJICHBI B IPUIIOKEHNE A.

Ykazanuna no evinonnenuro nadbopamopnoii padomel:

1. BreImoaHUTh OombIT X0J0cTOoro XoAa. s atoro cobparhk cxeMy (puc.
6.4). IIpu ompeneneHuu MOTEPh XOJIOCTOro xoxa Po kimou K B 1ienu BTOpHUYHOM
OOMOTKH JOJKEH OBbITh 3aMKHYT Ha BOJITMETpP. Pe3ynbTaThl HM3MEpeHUi Mpu

HECKOJIbKUX 3HaueHusAX Uj 3aHecTr B TaOmmiy 6.1,

U*

,f\f’ @ 41a
Sl

{ JIATP
u. o I
PAANAIANS K
~ T ‘
)
O " &
X

X

F i

Pucynok 6.4 — Cxema ucnbiTanus TpaHchopmaTopa B pekuMe

XOJIOCTOI'O Xoaa
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Tabnuma 6.1 — Pe3ynpTaThl BEIYUCICHUN U U3MEPEHUI

HSMepeHHBIe BCJIMYHNHBI BrruncieHHbBIE BETUYUHBI
OFJETa Uix lo Po U, CcOoS Qo K= tJJ_l
B A Bm B - -
1
2
3

2. BBINOJHUTB ONBIT KOPOTKOTO 3aMblkaHusl. [yt 3Toro codpath cxemy (puc.
5), mpu 3TOM B cXeMme BOJBTMETp V; 3aMeHUTH amnepmeTpoM Az. llepen
BKJIIOUEHHEM CXEMBI ITOBOPOTHYIO pYKOATKY JIATPa Hy:>KHO yCTaHOBHUTBH Ha HOJIb.
3aTeM 3aMKHYTh KJIt04 K, BKIIFOUHTHh CXEMY U IUIABHO YBEJIWYUBATH HAINPSIKEHUE
JIATPom no Ttex mop, moka ammepmeTpsl A1 U A HE CTaHYT IIOKAa3bIBATh
HOMMHAJIbHBIE 3HAUY€HUA TOKOB |1y U loy, IpU ATOM HaIpspKeHHE NEepBUYHOU

oOMoTku Oynet paBHO U k. 3anucaTh nokazaHus mpuOOpoB B Ta0uIly 6.2.

U*
o Ty HTE e NE T
’ A 1
MNP 'k
L."
~ [
: (%)
O e >

x

Pucynox 6.5 — Cxema ucnbiTanus TpancopmaTopa B peKUMe KOPOTKOTO

3aMBbIKaHUA
IIo pe3ysyibTaTaM OIIBITOB XOJIOCTOI'O XOAa KW KOPOTKOI'O 3daMbIKAHUS

onpenenuth kodpduiuent tpaHchopmauuu x, Uk, COS ¢o, COS @k; TOJIHOE,

AKTUBHOC U MTHAYKTHUBHOC COIIPOTHUBJICHUA KOPOTKOI'O 3aMbIKAHUA Zk , Nk U XK -
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Tabnuia 6.2 — Pe3ynpTaThl BEIYUCICHUN U U3MEPEHUI

Ne
N3mepeHHbIe BETUYNHBI Brerunciesable BETUUMHEI
OTIbITA
12
Uik l1ik Pik Ik A COS Pk ZK 'k Xk
1
B A Bm A - - Om Om Om
1
2
3
_ F 0 Py
COos (00 - ; COS ¢K = )
1 1 0 1K 1 1K
U
_ YK _
I = ; Tk =

Onpenenuth KO3)PUIMEHT NOJAE3HOTO AEHCTBUA TpaHchopmaTopa #:

B Py
B Py +P+P

U

3nauenust P,y 6epercs U3 NacopTHBIX JaHHBIX TpaHChOopMaTopa.

3apaBasce 3Hauenusimu f = 0,25; 0,5; 0,75; 1,0 onpenenuts AU mnpu
3HavyeHusnx cos g2 = 1,0; 0,8 (R—L) u 0,8 (R — C), pe3ysbTarhl pacueToB CBECTH B
Tabnuily 6.3. 3aTeM NOCTPOUTH BHEIIHHUE XaPAaKTEPUCTUKHU JJI IPUHSTHIX 3HAUCHHI

COS @2, IPU 3TOM UMed B BUAY, 4TO COS ¢, ipu (R — C) Harpy3ke oTpunaresieH.

Ta6nuna 3 — Pe3ynbTaThl BEBIUUCICHUN U U3MEPEHUIN

_ U, -cose, +

IB Um = I1H T UKP = IlH Xk U, -cose, pr -Sin @, "‘pr -sin o, AU
- B B B B B B
0

0,25

0,5

0,75

1,0
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3. BBITIOTHUTH OMIBIT O] HATPY3KOU 0 cxeMe puc. 6.6. [Ipu s3Tom cxemy

COCIMHCHUN TIEPBUIHON OOMOTKH (pHuc. 6.5) HE UBMEHSIIOT, @ K BTOPHYHON 0OMOTKE

IIOAKJIIOYAIOT Harpy30qHLIﬁ PCOCTAT U BBIIIOJIHATOT U3MCPCHHA IIPU TPCX — YCTBIPCX

3HAYECHUAX HArPY3KHU.

U*
: g
Ag JIATP /] \_
PN Y
L.'_
~ T
Oe &

PucyHok 6.6 — CxeMa ucnbiTanus TpaHchopMaTopa o1 Harpy3Kkou

B CIICAYIOOIEM OIIBITC IIOCICAOBATCIIBHO C HArpy3o4HbIM pPCOCTATOM

MNOAKIIYAa0T KaTYIIKyY HHAYKTHBHOCTHU W BBIIIOJIHAIOT 3aMCpP |2 u U2. 3aTeM OIBIT

IMOBTOPAIOT IIPU IOAKIIOYCHHHN ITIOCIICAOBATCIIBHO C HAI'PY30YHBIM PCOCTATOM RH

emkoctu C. Pe3ynbrarel u3Mepenuil 3aHocsat B tabnuiy 4. [lo pe3ynbraram 3Tux

OIIBITOB CTPOAT BHCIIHHUC XaAPAKTCPHUCTUKHU.

Tabnuma 6.4 — JlanHble 4711 TOCTPOCHUS BHEITHUX XapaKTEPUCTUK

Ne
N3mepeHHbIe BETUYUHBI
OTIBITA
AKTHBHAasl Harpy3Ka R-L Harpyska R-C narpyska
2 U, I2 Uz 2 U
A B A B A B
1
2 _ _ _ _
3 _ _ _ _
Cooeporcanue omuema:
OTueT J0JKEeH CoaepKaTh:
1. HasBanue paboThr;
2. [enb paboThI;
3. Kpatkue TeopeTrueckue cBeACHUS;
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OnucaHue ucnoyib3yeMoro 000py10BaHMs U MaTEpUAJIOB;
[Topsinok BBITONHEHUS paOOTHI;

Boruncnenus u 06paboTka pe3ynbTaTos;

N o g A

13330:10)1158

KOHmPOJleble e6onpocsl:

1. C Kakoil 1eJIbI0 BBIMOJIHSAIOT ONBIT XOJIOCTOrO X0aa?

2. Kak onpenensiercs nHanpspokenue Uzy?

3. Yem 00ycnoBIEHBI MOTEPH MOUTHOCTH B PEKUME XOJIOCTOTO X01a7

4, C KakoOW LIEJIBIO M KAaK BBITIOJIHSIOT ONBIT KOPOTKOTO 3aMbIKaHUSA?

S. Kak onpenensitor naMeHeHne HOMMHAIIBHOTO HarpsikeHust AUy?

6. OT 4ero 3aBUCST NOTEPU MOITHOCTH B PEKUME KOPOTKOTO 3aMbIKaHUS?

7. [Tpu kakux ycnoBusx KIIJ[ nmeer MakcuManbHOE 3HaUEHUE?

8. Kakas  narpy3ka jns  TpaHchopmaTtopa  sgBisieTcss — Ooliee
MPEINOYTUTETLHON?

Q. [louemy cepaeunuk TpaHcopmaTopa HaOUpaAOT U3 JIUCTOB

AIEKTPOTEXHUYECKOMN cTanu?

10. byger nu paboratk TpaHcHOpPMATOP C JEPEBIHHBIM CEPICUHUKOM?

Cnucox aumepamypuol, peKOMEHOOBAHHBIIL K UCNOIb306AHUI0 NO OAHHOI
meme:

1. [JauumoB M.U. HHXkeHEpHbIE CHUCTEMBI 3IaHUM M COOPYKEHUH
(37IeKTpOCHAOXKEHUE C OCHOBAMHU AJICKTPOTEXHUKH) [DJIEKTPOHHBIA pecypc]
yaeOHoe nocooue / M.U. Jlanunos, N.I". Pomanenko, C.C. SctpeboB. — DneKTpoH.
TekcToBble naHHble. — CraBpononb: CeBepo-KaBkaszckuii  (enepanbHbIi
yauBepcutet, 2015. — 118 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63086.html

2. JlanunmoB M.UM. HHXeHEpHbIE CHUCTEMBbI 3IJaHUM UM COOPYKEHUU
(9meKTpoCHAOXKEHHE C OCHOBAMH JJICKTPOTEXHUKH) [DNEKTpOHHBIN pecype]| :

naboparopusblit mpaktukyM / M.W. Jla-aunos, N.I'. Pomanenko, C.C. Slctpe6oB. —
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D7exTpoH. TeKCToBbIe AaHHbIe. — CtaBponos: CeBepo-KaBkasckuil (henepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63085.html

3. JammnoB, M. WM. HuxeHepHbIE CUCTEMBI 3JaHUA H COOPYKECHUHN
(9NeKTpoCcHAOXKEHHE C OCHOBAMH AJIEKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yaebHoe rmocooue (kypce nekuuii) / M. . Jlaaunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBponons : CeBepo-KaBkasckuii (enepanbHblii
yauBepcuteT, 2015, — 223 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabxeHHE C OCHOBAMU 3JIEKTPOTEXHUKHU. YacThb
1 [DnexTponnblii pecypce] : yaebnoe mocodbue / H.I'. Cemenona, A.T. PaumoBa. —
DOneKkTpoH. TeKCTOBbIE AaHHble. — OpeHOypr: OpeHOyprckuil rocy1apcTBEHHbIN
yauBepcuteT, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctyna: http://www.iprbookshop.ru/69976.html

5. T'opaees-bypreunr M.A. OO1asi 2JIEKTPOTEXHUKA U AJIEKTPOCHAOKEHUE
[OnekTpoHHBIN pecypc] : ydeOHoe mocobme / M.A. TopaeeB-byprBum. —
OJIEKTPOH. TEKCTOBbIE JaHHble. — M. : MOCKOBCKMI TrOCyAapCTBEHHbBIN
CTpouTeIbHBIN YyHUBepcuteT, At [Tu Ip Meauna, 9bC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexxum noctyma: http://www.iprbookshop.ru/65651.html

6. TuxonoB A.D. DNEKTPONPHUBOJ CTPOUTEIHHOTO MEXaHU3HUPOBAHHOTO
WHCTPYMEHTA [DNEeKTpOHHBIN pecypc] : yuebHoe mocobue / A.®. Tuxonos, B.H.
batyes, A.H. Ipo310B. — DJIeKTpOH. TEKCTOBBIE HaHHbIE. — M. : MOCKOBCKHUIA
rOCyJapCTBEHHBIN CTpoUTENbHBIM yHHBepcuteT, Al [In Op Menua, ObC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnexrpocHabxenue [DIEKTPOHHBIN pecypc]: yueOHUK
11t By3oB/ KonroxoBa E.A.— D7ekTpoH. TekcToBbIe nanHbie.— M.: U3narenbckuii
nom MOU, 2014.— 510 c.— Pexxum noctyna: http://www.iprbookshop.ru/33222.—
9BbC «IPRbooksy, mo maposto
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8. DnekTpocHaOXKeHHE CTPOUTENBHBIX IJIOWAAeH [DIeKTpoHHBIN pecypcl:
METOJMYCCKHE yKazaHus/ — OnekTpoH. TekcTtoBblie nanHbie.— CII6.: CaHkT-
[TeTepOyprckuii TOCYIapCTBEHHBIN apXUTEKTYPHO-CTPOUTENBHBIN YHUBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexum mo-cryna: http:// www.iprbookshop.ru/33305.—
9BbC «IPRbooksy, o maposto
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Jlabopamopnasa paooma Ne7

Tema: VictbiTanwe Tpex($a3sHOTO AaCHHXPOHHOTO JJICKTPOABUTATEIS C
KOPOTKO3aMKHYTBIM POTOPOM
Ilenv pabompl: 03HAKOMUTBHCS C KOHCTPYKIIMEH, METOJAMHU IIyCKa W
XapaKTePUCTUKAMH aCHHXPOHHOTO AJICKTPOIBUTATEIIS
Dopmupyemovle KOMnemMeHYUU:
Kon @opMynupOBKa
CnocobeH pemarh 3agauu Mpo(ECCUOHANTBHON NESITEIHbHOCTH Ha

OCHOBC HCIIOJB30BaHUA TCOPECTUUCCKUX M IIPAKTHYCCKHUX OCHOB

Ol €CTECTBEHHBIX W TEXHMYECKHX HAyK, a TaKKe MaTeMaTUYECKOTrO
anmnapara.
CrnocobeHn mnpuHUMaTh pemnieHuss B TpodeccruoHanbHol  cdepe,
OITK.3 UCIIOJIb3Ysl ~ TECOPETUYECKUE OCHOBBI W  HOPMATUBHYIO  0a3y

CTPOUTCIILCTBA, CTpOHTGJ’IBHOﬁ HHAYCTpHUH u KUJINITHO-

KOMMYHAJIBHOTO XO35IMCTBA.

Teopemuueckan uacmep:

ACHHXPOHHBIM JIBUTATEJIEM HA3bIBAIOT JBUTATENHh IEPEMEHHOTO TOKA, POTOP
KOTOPOTO BpaIiaeTcs He CHHXPOHHO ¢ BPAIAIONTUMCS MarHUTHBIM TIOJIEM CTaTOpa.

CratopoM Ha3bIBAIOT HEMOJBWKHYIO YacTh MAIllMHBL, & pPOTOPOM —
BpaImaryocs 9actb. CTaTop COCTOUT M3 CEepACYHHKA, HAOPaHHOTO M3 JIMCTOB
AIEKTPOTEXHUYECCKOMN CTAJIN, U30IMPOBAHHBIX JIPYT OT JIPYyTa JJICKTPOTEXHUICCKUM
JJAKOM JJIsl YMEHBIIICHHSI BUXPEBBIX TOKOB, U OOMOTKH, YKJIaJIbIBa€MOW B Ia3bl,
BEIIIITAMIIOBAaHHBIC HA BHYTPEHHEW MOBEPXHOCTH cTaropa. llpw moakIroueHun
TpexdaszHoii OOMOTKM cTaTopa B Tpex(asHyl0 CceTh, B CTATOpE CO3/1aeTCs
BpaIaroieecss MarHUTHOE T0JIe, YaCTOTa BPAIICHUS KOTOPOTO MOCTOSIHHA U paBHA!

_60f,
1= )

p

riae f1 — gyacTora Hanpsbkenus nuraromei cetu (f; = 50 ')
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P — 4MCIIO Iap MOJKOCOB JIBUTATEII.

PoTop Takxke cOCTOUT U3 cepieuHnKa 1 OOMOTKH, KOTOPbIE HACaKECHBI Ha BaJl.
CepneyHuK poTopa HaOUPAIOT U3 JIMCTOB JIEKTPOTEXHUUYECKOH CTalH, B KOTOPBIX
Ha BHEIIHEH IIOBEPXHOCTH BBIIITAMIIOBAHBI Ma3bl. ACHHXPOHHBIE JBUTATEIN B
3aBHCHUMOCTH OT KOHCTPYKLIUU POTOpa MOTYT OBbITh JBYX THUIIOB. B nBurarensx c
(a3HBIM POTOPOM B Ia3bl POTOpPA YKJIAJBIBAIOT TAKYIO K€ TpeX(}a3Hylo 0OMOTKY,
KaK ¥ Ha CTaTope.

Tpu xoHIIa OOMOTOK COEAMHSIIOT B 3BE3/1y, @ TPU APYTUX BBIBOASAT Ha
KOHTAKTHBIE KOJbIA. B ABHAraTene ¢ KOpOTKO3aMKHYTBIM POTOPOM B Ia3bl POTOpa
3aJIMBAIOT PACIUIaBICHHBIA aTIOMUHUNA, TP TOM BMECTE ¢ OOMOTKAMH OTJIMBAIOT
KOPOTKO3aMBIKAIOIIUE KOJbLA, B pe3yJpTaTe dYero oOOMOTKa IOJIydaeTcs
KOPOTKO3aMKHYTOM.

Bpamiaromeecss MarHuTHOE MOJIe CTaTOpa IepecekaeT OOMOTKY poTopa U
HABOJUT B HUX 3.11.C., @ TaK KaK 0OMOTKa 3aMKHYTa HAaKOPOTKO, TO B HEHl HAUMHAIOT
IIPOTEKATH TOKH, IPU B3aUMOAECHCTBUM KOTOPBIX C MAarHUTHBIM IIOJIEM CO3HAETCS
BpAILAIOIIMI MOMEHT, MU POTOpP Ha4YMHAET Bpawareca. YacTora BpaleHus poropa n
B JIBUTATENBHOM PEXHMME BCET/Ia MEHBLIE YAaCTOThl BPAIIEHUS MOJSA craropa Ni.
Pa3HOCTB 3THX 4aCTOT, OTHECEHHAs K YACTOTE BPALLEHMS I10JI CTATOPA, HA3bIBACTCS

CKOJIBXKCHHCM ABUTATCIIA

Tak Kak BpalarmOlMi MOMEHT MOSBJISAECTCA B PE3yibTaTe B3aUMOAECHCTBUSA
Toka poTtopa |, ¢ wMarHuTHeIM moTokoM @ cTaTtopa, TO €ro BeJIUYMHA
MPOTNOPLIMOHANIbHA UX MPOU3BeIeHHIO. [I0CKOIBKY B MEXaHUYECKYIO pab0OTy MOXKET
MPEBPAILATBECS  TOJIBKO AKTHMBHAS MOIIHOCTh, MPONOPIMOHAIBHAS AKTUBHOM
COCTaBJISAIONICH TOKA, TO

M=C, I, -®-cosy, ,
T Y2 — yroji casura a3 Mexay 3.7.C. ¥ TOKOM poTopa,
Cy — k03pbUIUEHT, 3aBUCSIINNA OT KOHCTPYKLWHU ABUTATENS.

Takum 06pa3om 7, - cos @, - akTUBHAs COCTABIIAIONIAS TOKA pOTOpA.
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OCHOBHBIE JKCIUTyaTallMOHHBbIE CBOWCTBA JIBUTATENsl OMPEACISIOTCS €ro
pabounMM XapaKTEepUCTUKAMHU, T.€. 3aBUCUMOCTSIMU P1, cosg, N, 1, |1 oT mone3Hoi
MoIIHOCTU naBurarens P, . [lonBoguMas Kk aCHHXpOHHOMY JBHUTATENI0 MOIIHOCTb
paBHa:

B =3-U,-1 -cosg ,

rje: COSQ — KOd(PPUIUEHT MOIIHOCTH JIBUTATEIIS;

N — 4acToTa BpallleHUs] POTOPA;

I, — Tox craropa.

Paboune xapakTepuCTUKU aCHHXPOHHOIO JBUTATEIS MPEICTAaBICHBI HA PHUC.
7.1.

Paboune xapakTepuCTUKU MOTYT OBITh MOJYYEHBI JIMOO PACUETHBIM MYTEM,
au00 OmpeAesiCHbl ONBITHBIM IyTEM IMPU UCHBITAHUU JABUTATENS MOJ HArpy3KOH.
Harpyska Ha Baiy U3MEHSIETCS B IIpejieax OT HYJIS B pexkuMe Xojoctoro xoaa (Ps
= () 10 HOMUHANBHOU iU Oosbied. [Ipu 3TOM U3MEpsAIOT MOTpedIsIEMBbI TOK |1,
YacTOTy BpallleHUs poTtopa N, MOTpeOJsseMyr0 MOIIHOCTH Pi, kKospduuueHt
MOIIHOCTH COS(. BennurnHy none3Hou MOIHOCTU Py BBIYUCIAIOT Yepe3 BEIUUUHY
BpAIllAlOIEr0 MOMEHTa, €CIM B KAayeCTBE HArpy3Kd [BHUIaTelil HCIHOJIb3YETCS
AJIEKTPOMArHUTHBIA TOPMO3, WM Yepe3 MOIIHOCTh FeHepaTopa, €CiIu B KaueCTBE
Harpy3KH JIBUTATENs UCIOJIb3YETCA T€HEPATOP MOCTOSHHOTO TOKA.

[Tpu 5TOM TOJIE3HASI MOIIIHOCTh T€HEpATOPa ONMPEEICTCS U3MEPEHUEM TOKA
Y HaIpsDKEHUS TeHepaTopa:

P.=U, I,
[logBomumast oT JBUrarenss TmoJie3Has MOIIHOCTh Pojp  paBHseTCs

MIOJIBOJIMMOM MOIITHOCTH reHepaTopa Pir

rae 1 — KII] reneparopa (u3 puc. 2).
IIpn Harpy3ke Ha AIEKTPOMArHUTHBIM TOPMO3 U3MEPSIETCS IMOJIE€3HBIM MOMEHT
M Ha Basry JBHraTess U 4aCTOTa BpaleHUs N, 10 KOTOPBIM ONPEAEIISIETCS MOIe3Has

MOIIHOCTE ABUrareis Py :
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Ilepeuensv ucnonvzyemozo obopyoosanusn:

0603123%}”1 HaunmenoBanue Tun [Tapamerpsl
Gl Tpexdaznpiit uctounuk nutanus | 201.2 ~400B /16 A
-0...250B /
G2 HcTtouHuk nuTaHus ABUTATENS 206.1 3 A (sixops) /
MTOCTOSIHHOTO TOKa -200B /1A
(BO30YXKIeHUE)
90 Br/220B/
0,56 A (sikops) /
G4 MammHa IToCTOSHHOTO TOKa 101.2 2x110 B/0.25 A
(BO30Y X ICHUE)
[IpeoOpazoBaresnb yrioBeIX 6 BLIX. KanaoB /
G5 . 104 2500 uMIynbCoB
nepeMenIeHI I
3a 000poT
M1 MaivHa nepeMeHHOro TOKa 102.1 100 B/~ 23_0 B/
1500 mun
AD Tpéxdaznas Tpancpopmartopras | 347.1 230 5/2322312: 230,
rpymnmna
226,220, 133,127 B
8 anayor. nud.
BXOJIOB;
A4 Konnekrtop 330 2 aHaJIOT. BBIXOJIOB;
8 uudp. BX010B /
BBIXOJIOB
IBM coBMecCTUMBIH,
Windows 9%,
MOHHUTOP, MBIIIIb,
A5 [TepcoHaTBHBIN KOMITBIOTEP 550 A
maTta coopa
uH(popmauu
PCI-6023E
(PCI-6024E)
A6, A8 TpexnoaroCHbIN BBIKIOYATEb 301.1 ~400B /10 A
A9 Peocrat A uenu poropa MamivHb 3071 | 3x0.400m /1A
NEePEMEHHOr0 TOKa
A10 AKTHBHAs Harpy3Ka 306.1 | 220 B/ 3x0...50 Br;
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3 naTyuka
bnok gaTdnMkoB TOKa 1 HAHPIDRCHI
Al12 s 402.3 | £100; 1000 B / 5 B;
HaIPSKEHUS
3 gaTdyMKa TOKa
+1;5A/+5B
Al4 JIuHeHbIN peakTop 314.2 3x03Tu/05A
-2000...0...2000
P3 Ykazaresb 4acTOThl BpallleHUs 506.2 9
MUWH

Ykazanue no mexnuke 6esonacnocmu:
VYkazaHus 10 TEXHUKE O0€30MTaCHOCTH MPH BBIITOJIHEHUH J1a00paTOPHBIX padoT

IIPUBEICHBI B IPWIOKEHUE A.

Ykazanua no evinonnenutro nabopamopnoii pabomel:

Yacmv 1. Chamue u onpedeneHue Xapakmepucmuk Xo0J10CHI020 X004
l=f(U), Po=f(U), cospo=f(U) mpexgpaznozo acunxponnozo oJeuzamens c
KOpPOMKO3AMKHYMbIM POMOPOM

1. Y6eautech, 4YTO YCTpOWMCTBA, HCIOJb3yeMble B OKCIIEPUMEHTE,
OTKJTFOYCHBI OT CETH DJICKTPOTTUTAHHUS.

2. Colbepute SJIEKTPUUECKYIO CXEMY COCJIMHEHUN TETUIOBOM 3alllUThI
MAaITUHBI TIEPEMEHHOTO TOKa.

3. CoenuHuTe THE34a 3alMTHOTO  3a3€MJICHUS "D YCTPOWCTB,
UCIIOJIB3YeMBIX B  dKcmepuMente, ¢ rHe3goM "PE" Tpexdasnoro wucrounmka

nutanus G1.

4, Coenunute anmapatypy B COOTBETCTBUHM C JJIEKTPUYECKON CXEMOU
COCIMHEHUM.
5. [TepexrouaTenu pexxuma paboThl BeIKTIOUaTeae A6 u A8 ycTaHOBUTE

B nosioxkenue "PYYUH.".
6. B tpexdasznbix Tpanchopmaropueix rpynnax A2 m A7 ycTaHOBUTE

HOMUHAJIbHBIC BTOPUYHBIE HaIpshKeHus TpaHnchopmaTopos 127 B u 127 B.
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1. Bxmrounte Beixkmouatean «CETb» 0iokoB, 3aAelCTBOBAHHBLIX B

HKCIIEPUMEHTE.

8. AKTUBM3HUpYHTE MyJnbTUMETpbl Onoka Pl1, 3anmeiictBoBaHHBIE B
AKCIIEPUMEHTE.

Q. Bxntounte ucrounuk G1. O Hanuuuu HanpsikeHu# a3 Ha ero BhIXOJIe

JIOJKHBI CHTHAIIU3UPOBATh CBETSIIUECS JTAMIIOYKH.
10. Ilycture nBurarens M1 Haxxatrem kHomku « BKJL.» Beikmrouarens A6.
11. MeHsAgd TONOXEHUE PETYJIUPOBOUYHBIX  PYKOSTOK  Tpexda3HbIX
TpancopmatopHbix rpynn A2 u A7, BapbUpyHTE MOJABOJUMOE K ABUTaTento M1
nuHeliHoe HanpspkeHue U B aumanazone 100...250 B u 3aHocuTe TNOKa3aHUS
BosibTMeTpa P1.1 (manpspkenune U), amnepmerpa P1.2 (dasubiit Tox lo aBurarens
M1), a Takxke BaTTMeTpa U BapMmeTpa usmepurens P2 (aktuBHas Por 1 peakTuBHas

Qo1 MomHOCTH, TTOTpebsieMble oaHOM dazoit npurarens M1) B Tabnuiy 4.2.1.

Tabmuma 7.1

U B

lo, A

P01, Bm

Q01, Bm

12.  Otkmounte ucrounuk G1.

13.  Otkmounte BeIKTIOuaTean «CETby» 00koB, 3aaelCTBOBAaHHBIX B
AKCIIEPHUMEHTE.

14. Wcnonw3ys nanHbie TaOuuibl 4.2.1, BBIUUCIUTE COOTBETCTBYIOIIHE
HanpsokeHuto U monsble akTuBHY0 Po u  peaktuBHyro Qo MOIIHOCTH,
noTpebnsiempie aBurateiaemM M1, mo ¢popmynam:

Po=3"Po,
Qo=3-Qo1

U 3aHECUTE UX B TaOIHILy 7.2.
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Tabmuma 7.2

U B

Po, Bm

Qo, Bm

15. Hcnonw3yst nanubie TaOnuubl 4.2.2, BBIYUCIUTE COOTBETCTBYIOIINE
HanpspkeHuto U 3HaueHus koddduimenTa MOuHOCTH 1o hopmyiie

P

VP2 +Q,° ’

CoSs ¢, =

U 3aHECUTE MOJYYCHHBIC PE3YNIbTAaThl B TAOHILY 7.3.

Tabmuma 7.3

U, B

COS ¢

16. Ilpu HeoOxoauMocTu OOJIbIIIECH BAPUATUBHOCTH 3HAYCHU N HATIPSIKEHUS
U, moBTOpHTE SKCHIEPUMEHT MPU 3aKOPOUYECHHOM JIMHENHOM peaktope Al4.

17. Hcnonw3ys nanHple Tabmui 7.2 w 7.3 MOCTpOMTE HCKOMBIE
xapaktepucTiku xonoctoro xoma lo=f(U), Po=f(U), cos@o=f(U) Ttpexdasznoro

ACHHXPOHHOI'O ABUIaTCJId C KOPOTKO3aMKHYTBIM POTOPOM.
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Pucynok 7.3 — Cxema mycka aCHHXPOHHOTO 3JIEKTPOABUTATENS
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Yacmoe 2. Ilyck 6 x00 mpexghaznozo acunxponnozo oeuzamensn ¢
KOPOMKO3AMKHYMbIM / (Da3HbIM POMOPOM ¢ pecucmpayueil u omooparcenuem
PEHCUMHDBIX RAPAMEMPOE HA KOMNbIOmepP

1. Ybenurech, UYTO YCTPOWCTBA, HCHOJB3YEMBbIE B JKCIEPHUMEHTE,
OTKJIFOUEHBI OT CETH JJIEKTPOIUTAHUS.

2. Cobepute SIEKTPUYECKYIO CXEMY COCIMHEHMHA TEIIOBOM 3allluThl

MalIHuHBbI IICPEMCHHOI'O TOKA.

3. CoenuHute THE34a 3alIUTHOTO  3a3€MJICHUS "D YCTPOMCTB,
UCITIOJI3YEMBIX B SKCIIEpUMEHTE, ¢ THe310M "PE" Tpex¢a3Horo uCTouHnKa NuTaHUs
Gl.

4. CoeaunuTe anmaparypy B COOTBETCTBHM C AJIEKTPHUYECKOW CXEMOM
COEIMHEHU (KOPOTKO3aMKHYTBIM pOTOpOM) / ((pa3HBIM pOTOPOM).

5. [lepexmrouatenu pexxuma padoTel ucTouHnKa G2 u BeIKiIOUaTeneit A6,
A8 ycranoBure B nosioxenue «PYUH.».

6. VYcranoBute B KaxAou (aze akTUBHOUM Harpy3ku Al0 ee cymMapHyo
BEJIMUMHY paBHYI0, Hanpumep, 100 %.

1. VYcranoBute B ka0 (paze peocrara A9 conpoTUBICHUE, HAPUMED,
18 Om (mpu mycke ABuraTess ¢ pa3HbIM POTOPOM).

8. B Tpexdaznoii TpancpopmaropHoi rpymnmne A2 mepekirodareseM
YCTAaHOBUTE >KEJIAEMOE HOMHHAJIBHOE BTOPUYHOE HaNpsbKEHHE TpaHcpopmaTopa,
Hanpumep, 133 B.

Q. [IpuBenute B paboyee COCTOSIHUME MEPCOHANBHBIN KOMIBIOTEp AS U
3aIyCTUTE TMPUKIAIHYI0 TporpamMmy «PerucrpaTtop peXMMHBIX TapamMeTpoB
MalIuHbI IEPEMEHHOTO TOKa.

10. Bkmouure BreIKTIOYaTe «CETDb» 010KO0B, 3a1eMCTBOBAaHHEBIX B
JKCIIEPUMEHTE.

11. Bxmounte uctounuk G1. O Hanuunu HanpspKeHU# (a3 Ha ero BIXOJe

JOJIDKHBI CUTHAJIUM3HUPOBATE CBETAIIUCCA JTAMITIOYKH.
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12. Bpamenuem pykosSTKM Ha TnepeaHedl mnaHenn uctouyHuka G2
YCTAaHOBUTE HampsbkeHue, Hampumep, 100 B Ha ero peryaupyeMom BbIXO€
«SAKOPDB».

13. HaxmuTe Ha BUPTyaJIbHYIO KHOMNKY <«3allyCTUTBb» Ha DJKpaHe
KOMITBIOTEPA.

14. Haxwmure nociaenoBarenbHo KkHonku «BKJL» wucrounnka G2,
BBIKJTFOUaTens A6 u cycts, HanpuMep, 2 ¢ BeIKIOYaTens A8 U 3aTeM HE MO3/IHEE,
yeM uepe3 10 ¢, ocTaHOBUTE CKaHUPOBAHUE JAHHBIX PErMCTPATOPOM HAKaTHUEM Ha
BUPTYalIbHYI0 KHOMKY «OCTaHOBUTH». B pe3ynbpTare MOMKEH OCYIIECTBUTHCS
JBYXCTYTEHYATHIA MyCK HATPYKEHHOTO aCMHXPOHHOTO ABurarens M1 u JOMmKHBI
3aIMCcaThCsl B KOMIIBIOTEP JaHHBIE O PEXKUMHBIX [TapaMeTpax Ha MHTEpBaJje MycKa.

15. OcraHoBUTE 3amKUCh NPOLECCOB, HAXaB HAa BHUPTYAIbHYIO KHOIKY
«OCTaHOBUTHY.

16. Haxwmure knonky «OTKIL» ucrounnka G1.

17. Otkmounre Bweikmodatenu «CETb» 010koB, 3a1eMCTBOBAHHBIX B
HKCIIEPUMEHTE.

18. Hcmonp3yss BO3MOXHOCTH TporpamMMmbl  «Peructpatop peXHMMHBIX
apaMeTpoB MalllMHbl IEPEMEHHOTO TOKa», MPOaHAIU3UPYHTE OTOOpaKEHHbIE Ha
MOHHUTOPE KOMIBIOTEpPA MEXAaHHYECKYI0 XapaKTepUCTUKY M  BpPEMEHHbIE
3aBHCHUMOCTH TOKa CTaTOPHOW OOMOTKH, SJEKTPOMAarHUTHOTO MOMEHTA, YaCTOTHI

BpAILICHUS ACUHXPOHHOIO JABUTATEIIS IIPU ITYCKE €ro B XOJ.
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Pucynok 7.4 — Cxema CHATHSI MEXaHUYECKUX XapaKTEPUCTUK
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Pucynok 7.5 — Cxema noJkiIt0ueHUs] K KOHHEKTOPY

Yacmy 3. Cuamue u onpedeieHue XapaKkmepucmukK KopomKo2o
samvikanus Ixk=f(U), Px=f(U), Zx=f(U) mpexgpasznozo acunxponnozo dsuzamens
¢ KOPOMKO3AMKHYMbIM POMOPOM

1. Y6eautech, 4YTO YCTpPOWMCTBA, HCIOJb3yeMble B OKCIIEPUMEHTE,
OTKJTFOYCHBI OT CETH DJICKTPOTIUTAHHUS.

2. CHHUMHTE KOXKYX, 3aKPBIBAIOITUN My(PTY, COCTHMHSFOITYO BaJl MAIlIMHBI
MOCTOSIHHOTO TokKa M2 ¢ BasioM aBuratenss M1, u 3akpenuTe Ha HEW CTOMOPHOE
YCTPOUCTBO.

3. Colepute SIEKTPUUECKYIO CXEMY COCIMHEHUW TEIUIOBOM 3alllUThl

MallluHbI IICPEMCHHOI'O TOKaA.

4. CoenuHuTe THE3da 3alllUTHOIO 3a3eMJICHUSI "@" YCTPOMCTB,

UCIIOJIb3YEMBIX B KCIIEpUMEHTE, ¢ THe370M "PE" Tpexda3zHoro nctounnka nutanus

Gl.
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5. CoenuHuTe amnmapaTypy B COOTBETCTBHH C DJIEKTPHUUYECKONH CXEMOMt
COCIMHEHU.

6. [epexrodarenu pexxuMa paboThl nctounnka G2 u BeIKITIOUATETST A6
yCTaHOBUTE B noJjioxkenue "PYUH.".

1. B Tpexdaszneix TpaHchopmaTopHbix Tpymmax A2 u A7

MCPCKIIIOIATCIICM YCTAaHOBUTC HOMMWHAJILHBIC BTOPHUYHELIC HAIIPSKCHUA

Tpancdopmaropos 242 B.

8. Bxmtounte Boikmouatean «CETb» 010koB, 3aaelCTBOBAHHBIX B
JKCIIEPUMEHTE.

9. AKTUBM3HpYHTE MynbTUMETpbl Onoka Pl, 3anmeiicTBoBaHHBIE B
DKCIIEPUMEHTE.

10. Bxmounte ucrounuk G1. O Hanuuwnu HanpspDKEeHUH (a3 Ha ero BEIXOJEe
JIOJKHBI CUTHAIIMU3UPOBATh CBETSIIUECS JTAMIIOYKH.

11. Haxartuem knonku «BKJL.» Boikitouarens A6 MOAKIIOYUTE IBUTATETh
MI k 2neKTpUYECKON CETH.

12.  beictpo (Menee uem 3a 10 c) cuuraiite u 3aHecutre B Tabiuiy 7.4
nokazanusi BosbTMeTpa Pl.1 (nuHeitHoe wHanpsbkenue U asuratens M),
amniepmetpa P1.2 (tok Ik craropHoii oOMoTku aBuratens M1), a Takxke BaTTMeTpa
usmepurens P2 (aktuBHas Pk1 MOITHOCTD, MOTpebisieMast ojHOM (ha30il ABUTATENS
MI1) u cpasy mnocne storo HaxatueM KHONkH «OTKJID» Bwikmrouarens A6
OTKJIFOUUTE JIBUTaTeNb M1 OT 2JIeKTpUUYECKOM CeTH.

13. IloBTOopuUTE HEOOXOAUMOE KOJIMYECTBO Pa3 MPOLEAypY MOAKIIOUCHUS
nsuraresis M1 K 3JeKTpUYECKON CeTH, CUYMTHIBAHUS MOKA3aHUN U3MEPUTEIBHBIX
puOOPOB U OTKIIOYCHUS ABUTATENss M1 OT 3IEKTPUYECKON CeTH TIPH Pa3InYHbIX

0oJee HU3KUX HOMHHAJIBHBIX BTOPUYHBIX HAMPSKEHUSAX TpaHC(HOPMATOPOB IPYIII

A2 u AT7.
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Tabnuua 7.4

U, B

I, A

P[(], Bm

14.  Otxmounte uctounuk G1.

15. Ortkmounte Beikmrodyatenu «CETb» 0iiokoB, 3aneiicTBOBaHHBIX B
IKCIICPUMEHTE.

16. Ilpu HEOOXOaUMOCTH OOJIbIIIEH BapUATUBHOCTH 3HAYCHHUI JTMHEHHOTO
HaIpsHKEHUSI TOBTOPUTE OSKCIEPUMEHT C COCIUHEHHWEM BTOPUYHBIX OOMOTOK
TpaHC(OPMATOPOB IPymNIbl A7 MO CXEME «3BE3/1a».

17. Hcnonn3ys nanHble Tabmuubl 7.4, BBIYUCIUTE COOTBETCTBYIOLIUE
HanpspkeHuto U 3HayeHus MOJHOM aKTHMBHOM MouiHoctH Pk, morpedisemon

JABHUI'aTCIIEM Ml, M IIOJJHOI'O €ro COIIPOTHUBJIICHUSA KOPOTKOI'O 3aMBbIKAHUSA Zk 10

dbopmynam
Px= 3Pxi,
Zx=U/ I.
[Tomy4yeHHbIC pe3ynbTaThl 3aHECUTE B TAOIHUILY 7.5.
Tabnuya 7.5
U, B
Px, Bm
Zx, Om

18. MWcnonw3ys npanneie Tabmuin 4.3.1 u 4.3.2 TOCTpPOWTE HCKOMBIC
xapakTepucThKu kopoTkoro 3ambeikanus lx=f(U), Pxk=f(U), Zx=f(U) tpexdaszuoro

ACHHXPOHHOI'O ABUIaTCJId C KOPOTKO3aMKHYTBIM POTOPOM.
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Cooeporcanue omuema:

OT4eT TOJKEH colepkKaTh:

HasBanue paboThi;

[{ens paboThI;

Kpatkue TeopeTrueckue cBEACHUS;

Onucanue ucnoyib3yeMoro 000py10BaHMs U MaTepUaJIOB;
[Topsinok BeIMIOIHEHUST PAOOTHI;

Boruncnenus u 00paboTKka pe3ysibTaToB;

N o g bk~ DR

BriBoAEL.

Konumponwsuwvie 6onpocwi:

1. KakoBo ycTpoicTBO Tpex(pazHOTo aCHHXPOHHOTO IBUTaTENs?

2. KakoB npuHuun aedcTBUs Tpex(a3HOro aCUHXPOHHOTO JBUTATENS C
KOPOTKO3aMKHYTBIM pOTOPOM?

3. YTO Takoe CKOJIBXKEHNE IBUTATEI U KaK OHO OTPENeIsieTcs?

4. [louemy ImyCKOBOM TOK AaCHHXPOHHOI'O JBHUraTeisl MpPEBBILAET
HOMMHAJIbHBIA U BO CKOJIBKO pa3?

S. Kakumu cnocobaMu MOXKHO peryaupoBaTh YaCTOTY BPAILLEHUSI pOTOpa
ACUHXPOHHOTO JIBUTaTeNs?

6. [Ipn xakux ycnoBuax KIIJI acMHXpOHHOrO ABUTATENs HMMEET
MaKCUMaJIbHOE 3Ha4YeHHE?

1. Kak oxmnax1aroTcst aCHHXpOHHBIE IBUTATENIN?

8. Kak n3MeHnTh HanpaBJIEHUE BPALLICHUS POTOPA ABUTATENS?

Cnucox aumepamypuol, peKOMEHOOBAHHBII K UCNOIb306AHUI0 NO OAHHOIL
meme:

1. HauumoB M.U. HHXeHEpHbIE CHUCTEMbl 3JaHUN UM COOPYKEHUH
(9NeKTpOCHAOXKEHHE C OCHOBAMU AJIEKTPOTEXHUKH) [DNEeKTpOHHBIN pecype]| :
yuebHoe nocodue / M.U. [lanunos, U.I'. Pomanenko, C.C. fIctpe6oB. — DneKTpoH.

TekcToBble JaHHble. — CraBponosib: CeBepo-KaBkazckuil — (enepanbHblii
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yauBepcuter, 2015. — 118 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. JlanunmoB M.UM. HHXeHEpHbIE CHUCTEMBbl 3IJaHUM MW COOPYKEHUU
(37IeKTpOCHA0XKEHUE C OCHOBAMHU JJIEKTPOTEXHUKU) [DIEKTPOHHBIA pecype] :
nabopatopHblil npaktukyMm / M.U. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DnekTpoH. TeKCTOBbIE NaHHbIe. — CTaBponoib: CeBepo-KaBkasckuil denepaibHbIN
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63085.html

3. HammnoB, M. WM. HuxkeHepHble CHUCTEMBI 3JaHUW WU COOPYKECHUU
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
yaebHoe rmocooue (kypce neknuid) / M. U. Jlaaunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBpononb : CeBepo-KaBkazckuii (enepanbHbIi
yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHHE C OCHOBaMU 3JIEKTPOTEXHUKHU. YacThb
1 [DnexTponnblid pecypce] : yaebnoe nocodbue / H.I'. Cemenona, A.T. PaumoBa. —
DNEKTPOH. TEKCTOBbIE AaHHbIe. — OpeHOypr: OpeHOyprckuil rocyaapCTBEHHbIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctyma: http://www.iprbookshop.ru/69976.html

5. T'opaees-bypreunr M.A. OO1asi JIEKTPOTEXHUKA U AJIEKTPOCHAOKEHUE
[DnexkTpoHHbIl pecypc] : yueOHoe mocobue / M.A. Topnees-bBypreum. —
OJIEKTPOH. TEKCTOBbIE JaHHble. — M. : MOCKOBCKMI TroOCyAapCTBEHHBIN
CTpouTeIbHbIN yHUBepcuteT, Al [lu Op Meaua, 9bC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexxum noctyma: http://www.iprbookshop.ru/65651.html

6. TuxonoB A.®. DIEKTPONPHUBOA CTPOUTEIHLHOTO MEXaHU3MPOBAHHOIO
WHCTPYMEHTA [DNEeKTpOHHBIN pecypc] : yuebHoe mocobue / A.®. Tuxonos, B.H.
baryeB, A.H. Jlpo310oB. — DIeKTpOH. TEKCTOBbIE AaHHbIE. — M. : MOCKOBCKHUIA
rOCyIapCTBEHHBIN CTpoUTENbHBIM yHHBepcuTeT, Al [Iu Op Menua, 9bC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:

http://www.iprbookshop.ru/64540.html
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7. KontoxoBa E.A. DnexTpocHabxkeHue [DIeKTpOHHBIA pecypc]: yueOHUK
st By3oB/ KonroxoBa E.A.— D7ekTpoH. TeKCTOBbIE NanHbie.— M.: 3marenbckmii
noMm MOU, 2014.— 510 c.— Pexxum nocryma: http://www.iprbookshop.ru/33222.—
9BbC «IPRbooksy, mo mapoito

8. DneKkTpocHa0XeHUE CTPOUTETBHBIX IUIOMIAeH [DIEKTPOHHBIN pecypc]:
METOAMYECKHE YyKa3aHusi/ — OnekTpoH. TekcTtoBblie naHHbie.— CII6.: CaHkT-
[leTepOyprckuii rocyAapCTBEHHBIM apXUTEKTYPHO-CTPOUTEIBHBII YHHBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexum no-cryna: http://www.iprbookshop.ru/33305.—
OBC «IPRbooksy, mo naposto
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Jlabopamopnas paooma Ne8

Tema: ViccnenoBaHue XapaKTEPUCTUK MOJIYNPOBOJHUKOBBIX JTUOJIOB Ha
MOCTOSTHHOM M TIEPEMEHHOM TOKaX

Ilenv padomueir: CHATH BOJIbTaMIIEPHBIEC XapaKTEPUCTUKU BBIIPSIMUTEIBLHOTO
muona (tuma KJ1226, 1N5408), ummynscHoro auoxa (tuma KJ[521, KJ1522,
IN4148), muopa Iotkm (tuma 1N5819), mo xapakTepuUCTHKaM ONPEIEIUTh
OCHOBHBIE MapaMeTphl U cpaBHUTh UX. Ha skpane ocimorpada npoHaOIoaaTh
MPOIECCHl BKIIIOUEHUSI M BBIKIIOUEHUS JMOMA, OMPEICIUTh BpeMsl BKIIOUCHHS U
BBIKJTIOUCHHS.

Dopmupyemovie KOMHEMeHYUU:

Kon PopMyIMpOBKa
Crniocoben pemaTh 3a7ayd Npo(EeCCHOHATBHOM JAESITEIbHOCTH Ha

OCHOBC HCIIOJIB30BAHUA TCOPCTUYCCKUX H IIPAKTHYCCKHUX OCHOB

O CCTECTBEHHBIX M TEXHHMYECKHX HAyK, a TaKXKe MaTeMaTHYECKOTO
armapara.
CnocobeH mnpuHMMaTh penieHus B TpodeccuoHanbHOU  cdepe,
— UCIIOJIb3Ysl ~ TEOPETUYECKHE OCHOBBI M  HOPMAaTUBHYIO  0a3y

CTPOUTCIILCTBA, CTpOHTGJ’IBHOﬁ HHAYCTPUHU )41 KUJINITHO-

KOMMYHAQJIBHOT'O XO351CTBa.

Teopemuueckasa yacmop:

JIBYX3JIE€KTPOAHBIN MOJIYIPOBOJHUKOBBIN JIEMEHT — IO/ COAEPKUT N - U P
-ipoBosamui cion (puc. 8.1). B n-mpoBojsiieM ciaoe B KadecTBE CBOOOIHBIX
HOCHUTEJIEeH 3apsiaa NpeodaiatoT ANEeKTPOHBI, a B p-MPOBOAAILIEM clioe * apipku. B
pesynbrare nuddy3un IEKTPOHOB U3 N-00J1aCTH B p-00J1aCTh U, HA0OOPOT, TBIPOK
U3 p-001acT B n-00JaCTh HA TPaHUIIE CO3AaETCs MOTEHIIMAIBHBIN Oaprep (puc. 8.1
auo).

[Tpu mpsiMOM TPUITO)KEHHOM HAMPSHKEHUHU («+» K CIOI0 P, « - » K CIJIOIO n)

MOTEHIIUAJIbHBIA Oaphep yYMEHBINACTCs, U JUOJ HAaYMHAET MPOBOJUTH TOK (MO
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oTkpbIT). [Ipu oOpaTHOM HANPSHKEHWH MOTEHITMATBHBIA Oapbhep yBEIMUYUBACTCS
(nuon 3anepr).

BonpT-amnepHas xapakTepucTHKa U012 UMEET BU, M300paKEHHBIN Ha PUC.

PR e BEE] o |
3381488 8 l
3318888 | :
888 4La9E | :

5 4@ i I ifﬁ” — E}U

Pucynok 8.1 — JIByX31€KTpOIHBIN MOIYITPOBOAHUKOBBIN 3JIEMEHT

IIpsamoii TOK dYepe3 p-N HEpPeXon ONpPenensaeTcss HOCUTEISIMU 3apsna,
HEOCHOBHBIMH JIJISL TOTO CJIOS, KyZa OHM IIPOHUKAIOT. B mponecce IBMKEHUS OHU
CTAJIKUBAIOTCSI C OCHOBHBIMM HOCUTEJSIMU JTAHHOTO CJOSI U PeKOMOMHHUPYIOT. C
YBEIIMYEHUEM TIPSMOrO TOKAa IMAJICHUE HANPsHKEHUS Ha JAUOAE HECKOJBKO
Bo3pactaeT. [Ipu pekoMOMHALIMK MOKET BBIACNATCS SHEPTUs B BUIAE M3ITYUECHUS.
OTO SBJIEHUE UCIIOJIB3YETCS B CBETOIHOAX.

B o6patHoM HampaBieHUHM 4epe3 AUOJA MPOTEKAET TOJbKO HEOOJBIION TOK
YTE€UKH, 00YCIOBJICHHBIM HEOCHOBHBIMU HOCUTENSIMU. C yBeIMUYEHUEM OOpPAaTHOTO
HaNPSHKEHUS BBILIE NPEAECIBHO JOMYCTUMOIO I JAHHOTO TUIA AUOJA HACTYIIAeT
po0oil p-n nepexona. B nuogax paznuyHbIX TUIIOB OH MPOTEKAET MO-PA3HOMY: B
OOBIYHBIX BBIIPSIMUTENIBHBIX AU0JIaX — 3TO HEOOpAaTUMOE pa3pylieHue p-N nepexoaa
B pPE3YyJIbTaTE €ro0 MEPErpeBa, B JABUHHBIX — IIPOUCXOAUT JABUHHOE PA3MHOXKEHHE
HEOCHOBHBIX HOCHUTENIEH, YTO MPUBOAUT K PE3KOMY YMEHBIICHHIO OOpaTHOTrO
HaIpsHKEHUS Ha HEM M yMEHBIIICHUIO HAaTPEBa, B CTAOMIUTPOHAX — MPU YBEIIMUEHUN

06paTHOI‘O TOKa HMCCTCA OOCTATOYHO HpOTSI)KéHHBIﬁ Y4aCTOK BOHLT-aMﬂepHOﬁ
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XapaKTePUCTHKHU, Ha KOTOPOM HAIPSHKCHHE MaJIo 3aBHCHT OT TOKa (3€HEPOBCKHIA
po0oii).

OCHOBHBIC CTaTHYECKHE MapaMeTPbl JTUOJOB, TaKHE KaK IOPOrOBOEC
HanpsbkeHue Up, mpsimoe mnaneHue HampsbkeHue Uy, anddepeHuuanbHoe
conpotuBieHue R;, oOpaTHbI TOK logp, HAPSDKEHHE CTAOMITN3AINN CTA0OUIUTPOHA
Uer, MOXXHO OIPEICNIUTh IO  BOJBTAMIICPHOW XapaKTEPHCTUKE, CHATOH Ha
TIOCTOSTHHOM WJIM MEJUICHHO M3MEHSIOMIEMCS TOKE.

[lepexroueHre Aroa U3 3aKPhITOTO COCTOSHUS B OTKPHITOE TIPOUCXOINUT HE
MTHOBEHHO. DTO MOYKHO HAOJIOAATh HA dKpaHe ocuuiorpada, eciau MPUIOKUTh K

JTUOJTy HAIIPSHKCHHE TIPSIMOYTOJIBHON (hOPMBI BEICOKOM 9acTOTHI (pHc. 8.2).

O u 4 Ugx

U

np

\ 4

ob6p

BX

O BKJ'IE

PucyHok 8.2 — BonbT-amiiepHas XapakTepUCTHKA IMOTYIPOBOIHUKOBOTO

Auoaa

[Tpu mepexoie U3 3aKPHITOTO B OTKPHITOE COCTOSTHUE HEOOXOUMO BPEMS Ly,
HEO0OXOMMOE JIJISI paccachiBaHUs M30BITOYHBIX 3apsA0B MOTCHIIMAIBHOTO Oapbepa
U goctwkeHus 1uhy3noHHOTO paBHOBECHSI.

[Tpu mepexojie U3 OTKPBITOTO COCTOSHHUS B 3aKPHITOC HEOOXOIUMO BpeMs i,
32 KOTOPOE PaccachIiBAlOTCS M30BITOYHBIE HOCUTENU U BpeMs ty, 32 KOTOPOE BHOBb
yCTaHaBIMBACTCS MOTCHIUATIBHBINA Oapbep. OO1iee BpemMs BEIKITIOUCHHS Ly = 11 +
to. Ha arame t; uepe3 nuoa mpoTekaeT OOJIbIIONW OOpaTHBIN TOK, a HAMpsHKEHUE Ha

HEM yOBIBaeT, cOXpaHsisi TpsiMmoe HampasieHue. Ha srame t, Tok oOpaTHBIA TOK
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yOBbIBaeT 10 HOPMAJILHOTO 3HaYeHUs. PeanbHas kapThHa, HaOM01aeMasl Ha SKpaHe
ocunsuiorpada, MOXET HECKOJIbKO OTIMYAThCA OT OMUCAHHOW W3-3a BIIMSHUSA

BXOJHOM EMKOCTH ociiiorpada u MOHTaxa.

Ilepeuensv ucnonv3yemozo 000pyoosanus:
Kommnekr TunoBoro mnabopaTtopHoro oOopyaoBaHusi «TeopeTuueckue

OCHOBBI eKTpoTexXHUKN TOD1-H-P»

Ykazanue no mexnuke 6e3onacnocmu:
VYkazaHus 1o TeXHUKE 0€3011aCHOCTH MPH BBIOJIHEHUH J1a00paTOPHBIX padOT

IMPUBCACHLI B ITPHUJIOKCHUC A.

Ykazanun no evinonnenuro nadopamopmnoit pabomot:

1. Cobepure niens (puc.8.3. a) it CHATHSA TPSIMO BETBU BOJIbTAMIIEPHOMN
XapaKTEPUCTUKU NUOAOB. Obpamume GHUMAHUE, YMO BOJbMMEMpP SMOU cXxeme
HOOKNIOYEH K mouke «B» (nocne amnepmempa.) u na e2o nokaszanus me eiusiem
naoeHue HanpsAXCeHUs Ha amnepmempe, KOmopoe COUSMEPUMO C NPAMBIM NAOEHUEM
HanpaxceHusi Ha ouode. B mo dce 8pems mok uepes 80J1bmmemp HeCOUIMEPUMO Mal

C NpPAMbBIM MOKOM ouooa u He GHOCUM 3AMEmHOU nocpeuwHocmu 6 NOKA3aHUus

amnepmempa.
13.+13BB 6800m A + In'D B 680 Om A + |06pB
a)
— + 6) +
- u U -
2.28B L (V YV oop <V> N
\4 \ 4 A 4
-15B O O

a) Mpsimas nonsipHoCTb 6) OBbpaTHas nonspHOCTb

Pucynok 8.3 — Cxema BKJIIOUEHUS JU01a
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2. YcranaBnuBas TOKHM, yKa3aHHbIE B Ta0s.8.1 CHUMHUTE MPSIMYIO BETBb
BOJIbTAMIIEPHOW XapAaKTEPUCTUKM CHAYala BBIIPAMUTEIBHOIO AMONA 3aTEM —
UMIYJBCHOTO U, HakoHell, quoaa llotku. Ha puc. 8.4 moctpoiite rpaduxu.

3. N3menuTe cxemy I CHSATUSL OOpaTHOM BETBU BOJIbTaMIIEPHBIX
XapaKTEPUCTUK MEPEKIIIOUNB BOJIBTMETP B TOUKY A (10 aMIepMeTpa) U IEPEBEPHYB
auon. B aTol cxeMe yepe3 amnepMmeTp He IIPOTEKAeT TOK BOJIBTMETPA, KOTOPBIN
Terepb COM3MEPUM U Jlaxke OoJbllle 00paTHOro TOKa yepe3 AuoA. B To ke Bpems
naJicHUE HaIpsDKEHUS. Ha aMIIEpMETPE HUUTOKHO MaJjIo IO CPaBHEHUIO C 0OpaTHBIM
HaIpsHKEHUEM Ha JUOJIE.

4, VYcranaBnuBas HanpsDKEHUs, yKa3aHHble B Tabn. 8.2, cHUMHTE
oOpaTHYO BETBb BOJIbT-aMIIEpHOM XapakTepuctuku auoaa lorku. Yoenurecs, 4To
0OpaTHBINA TOK BBITPSIMUTEIBHOTO U UMITYJIBCHOTO IHOJ0B HACTOJIBKO MaJl, YTO €ro
HEBO3MOXXKHO HU3MEpUTh Npubopamu, umerommumucs B crenge. Ha puc. 8.4

MOCTpOMTE TpaduKy.

Tabnuna 8.1

I, MA 2 5 10 | 20 | 30 | 40 5 10 | 20 | 40
KJ1226

U, B | K521

1N5819

Ta0muna 8.2

U, B 2 5 10 15 20 25 30

|, | K226

MA | KJ521

1N5819

5. I[J'IH HCCIICAOBAHNA XApPAKTCPUCTHK JHOA0OB Ha IICPCMCHHOM TOKC

cobepure Ha HaOOPHOM IOJIE LENb COTJIACHO MPUHIUMIHAIBHON cxeme puc. 8.4.
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W3mepurtenbHble MPUOOPHI B CXeMy HE BKJIIOYANTE, TaK KaK OHU MOTYT CO3/1aTh
JOTIOJTHUTENbHBIC TTapa3uTHBIC EMKOCTH. He 3a0y1bTe BKIIIOUYNTh HHBEPTUPOBAHUE
curHazia no kanaiy II, 4ToObl OTKIIOHEHHE JTyda BBEPX COOTBETCTBOBAJIO MPSIMOMY
TOKY 4Yepe3 TUO/I.

6.  Jlns Havama BKIIOYUTE B IETh BBINPSIMHUTEIBHBIA IO, TOJAlTe Ha
BXOJI CHHYCOUJJATbHOE HAIPsHKEHHE 9acToTol 1 K[ 11, yCTaHOBUTE PYUKY PEryIIsTOP
aMIUTUTYAbl TPUMEPHO B cpeaHee mnoJjioxkeHue (4...6 B) u oTperynupyiite
pa3BepTKy, CHHXPOHHU3ALMIO U YCUJIEHHE IO JBYM KaHajdaMm ociuiorpada Tak

yTOOBI Ha 3KpaHEe MOMENANNCh 1,5...2 nepruoaa KpUBBIX TOKA U HAPSYKEHUS.

MA

40

35

30

25

20

15

10

5

B 25 20 15 10 5 0
02 04 06 08 B

-0,5
-1,0
-1,5
-2,0
MKA

Pucynok 8.4 — BonbT-amriepHas xapakTepUCTHKA
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— BXOA | BXOf Il
Vel 0wy,
O IHB.

Pucynok 8.5 — Cxema nojkitoueHus ocuusuiorpada

7. [lepexntoyass MHOXkUTENb 4actoThl X1, x10, %100, u perymupys
KOKIBIM pa3 IMTEIBbHOCTh pPa3BEPTKU ocuuiuiorpada, mpoHadIogaiTe 3a
U3MEHEHUEM KpuBOW Toka. OOBACHHUTE pe3ysibTaThl (MMEWTe B BHIAY, YTO B
MOJOKeHUU MHOXHTENsT X100 BBIXOJIHOE HAIpsHKEHHE TEeHepaTopa CHHXKAETCS
IPUMEPHO B 2 pasa).

8. [lepexmtounte ocumiorpad B pexum X-Y. Ilpu sTom Ha 3KpaHe
MOSIBUTCA M300payKeHNEe TUHAMUYECKOW BOJIbTAMIIEPHON XapaKTEPUCTUKH JAHOJA:
NpSIMOM TOK 1O OCH Y BBEPX, MPSAMOE MAJACHUE HAMIPSKEHUS — 110 OCU X BIPABO.

Q. CHoBa TmOmepeKIoYaiTe MHOXUTETb YacTOThl, HaOmomas 3a
W3MEHEHHEM JIUHAMHUYECKON BOJHTAMIEPHOU XapakTepUCTHUKH. OObsICHUTE,
no4yeMy MpU HHU3KOM YacTOTe JUHAMHYECKAs BOJIbTAMIIEpHAs XapaKTepUCTHKA
COBIIAJAET CO CTATUYECKOM, a IIPU BBICOKOW — HE COBMAAAET.

10. IlompoOyiiTe MOBTOPUTH 3TU OMbBITHI C HUMIYJIBCHBIM JTUOJOM H C
nuonoM lllotku. OOBsICHUTE OTINYHSL.

11. CHoBa BKJIIOYMTE B II€Mb BBIIPSMUTEIBHBIA JUOM, NEPEKIIOUNUTE
ocuwiiorpag B PEeXHUM pPa3BEPTKM M YCTAHOBUTE HA BXOJAE MPSIMOYIOJIbHOE
NBYXIIOJSIpHOE HampspkeHue dactoto mnpumepHo 40...50 k' u HeOOMbIION
amMmuTyael (2...3 B), 4TOOBl MEHbIIE MCKaXaloCh BBIXOJHOE HaNpsHKEHHUE

re’Heparopa.
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12. Hacrpoiite nzo0paxkeHue, nepepucyinre ocuuuiorpaMmmy B OT4ET (puc.
8.6), He 3a0bIB yKa3aTh MacmTaObl IO OCsAM (MacmTad M0 OCH TOKA BBIYUCIISICTCS
KaK MaciTad HampsikeHus, o kaainy ||, nenéHuplit Ha conpoTHUBIIEHHE, C KOTOPOTO
CHHUMAETCs CUTHAIL).

13. Omnpegenure Mo OCHUIUIOTPAMME BpEMsI BKIIOUEHUS 1y U Bpems

BBIKITIOUCHUS: Loy

MacwTabbl
Mo kanany I:
1 PP O B/pen
Mo kaHany II:
1 P MA/aen

Pucynok 8.6 — OcuusiorpamMma 1uojaa

Cooeporcanue omuema:

OTuer JoJKEeH coaepKaTh:

HazBanue paboThl;

[lens paboTHI;

Kpartkue TeopeTudeckue CBEIeHNUS;

Omnucanue ucnoyib3yeMoro 000pyI0BaHMs 1 MATEPUAJIOB;
[Topsinok BBITTOTHEHUS paOOTHI;

Boruncnenust u 00paboTKa pe3ysibTaToB;

N o g bk~ DR

13330:10)1158

Konmponwsuwvie éonpocoi:
1. [louemy y muoma IlloTkm moporoBoe HalpsHKEHHE MEHBLIE, YEM Y

BBINIPAMUTCIBHOTO JUOJa U UMITYJIbCHOT'O AHMOJa, a O6paTHBIﬁ TOK OoJbIIIe?
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2. Kaxkoii 13 uCIBITAaHHBIX TUOAOB MMEET HAaMMEHBITIEe OBICTPOACHCTBUE
U ouemy?
3. UeM oTiyaeTcst BOJbTaMIEpHAs XapaKTEPUCTUKA UOAA, CHIATAs IPH

BBICOKOW YaCTOTE OT CTAaTUYECKOU XapaKTePUCTUKU?

Cnucox aumepamypuol, peKOMEHOOBAHHBII K UCNOIb306AHUI0 NO OAHHOIL
meme:

1. [HJanumoB M.U. HHXeHEpHbIE CHUCTEMBl 3JaHUN M COOPYKEHUH
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecypce] :
yueOHoe nocodue / M.W. lanunos, .I'. Pomanenko, C.C. SctpedoB. — DaeKTpoH.
TekcToBble JaHHble. — CraBpononb: CeBepo-KaBkasckuil — (enepanbHblii
yauBepcutet, 2015. — 118 c. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.U. WHxeHEpHBIE CHCTEMBI 3IaHUA U COOPYNKEHHUI
(37IeKTpOCHAOXKEHUE C OCHOBAMHU DJJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
nabopatopuslil npaktukym / M.U. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DNeKTpoH. TeKCcToBbIe AaHHble. — CtaBponoiib: CeBepo-KaBkaszckuil penepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HMuHxeHepHbIE CUCTEMBI 3JaHUA W COOPYKECHUHI
(oneKTpoCHAOXKEHNE C OCHOBAMH JJICKTPOTEXHUKH) [DNEKTpOHHBIN pecype]| :
yuebHoe rocoodue (kypce nekuuii) / M. U. Jlanunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBponons : CeBepo-KaBkaszckuili (enepanbHbii
yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHHE C OCHOBAMU DJIEKTPOTEXHUKHU. YacTh
1 [DnexTponnblii pecypce] : yueobHoe nmocodbue / H.I'. Cemenona, A.T. PaumoBa. —

DJEeKTPOH. TeKCTOBbIe AaHHbIE. — OpenOypr: OpeHOyprckuii Tocy1apCTBEHHbBIN
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yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. T'opnees-byprauny M.A. OG6miasi 31€KTPOTEXHUKA U JJIEKTPOCHAOKEHHE
[DnmekTponHbIl pecypc] : yueOHoe mocobume / M.A. Topnees-bBypreum. —
ONEeKTpPOH. TEKCTOBbIe naHHble. — M. : MOCKOBCKMI TrOCyAapCTBEHHbIN
CTpouTEIbHBIN YHUBepcuteT, Al [lu Op Meaua, 9bC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexxum moctyma: http://www.iprbookshop.ru/65651.html

6. TuxonoB A.®. DIEKTPONPHUBOA CTPOUTEIHLHOTO MEXaHU3MPOBAHHOTO
MHCTPYMEHTA [DNEeKTpOHHBIN pecypc] : yuebHoe nocoodue / A.®. Tuxonos, B.H.
baryes, A.H. Ipo310B. — DJIEKTpOH. TEKCTOBBIE AaHHBIE. — M. : MOCKOBCKHI1
roCyJJapCTBEHHBIN cTpouTenbHbli yHHBepcutet, Al [lu Op Menua, O9bC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DIEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KoHtoxoBa E.A.— DnekTpoH. TeKCToBbIe JaHHbIe.— M.: 3naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222.—
OBbC «IPRbooksy, no naposto

8. DnekTpocHaOKEeHHE CTPOUTENBHBIX ILIOMAACH [DIEKTPOHHBIM pecypc]:
METOJMYECKHE YyKazaHusi/ — OnekTpoH. TekcTtoBbie nanubie.— CII6.: CaHkT-
[leTepOyprckuii rocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIM YHHUBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexwum no-cryna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, nmo naposto
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Jlabopamopnas paooma Ne9

Tema: OrnpenencHue OCHOBHBIX — XapaKTEPUCTHK  CTAaOMJIMTpPOHA U
UCCIIEIOBAaHKE [TApaMETPUUYECKOI0 CTa0MIIN3aTOpa HaIPSKEHUS

Ilenv pabomepi: CHATb C TOMONIBIO OcHWLIOrpada BOJBTAMIEPHYIO
XapaKTEPUCTUKY M OINpPEAEIUTh HampsbkeHue cradbuiuzannu Ucr cTaOMIMTpOHA.
HccnenoBarh 3aBUCUMOCTb BBIXOJHOTO HANpPsDKEHUS M TOKA CTAOMIIMTPOHA OT
BXOJIHOT'O HAIIPsDKEHUS B LIEMIU TapaMeTPUUYECKOT0 CTa0MIN3aTOpa HANPSKEHHUSL.

Dopmupyemovie Komnemenyuu:

Kon PopMyIpOBKa
Criocoben pemaTh 3a7a4d NpO(EeCCHOHATBHOM JAESITEIbHOCTH Ha

OCHOBC HCIIOJB30BaHUA TCOPECTUUCCKUX M IIPAKTHYCCKHX OCHOB

O €CTECTBEHHBIX M TEXHUYECKHMX HAYK, a TaKXKE MaTeMaTH4eCKOro
armapara.
CnocobeH mnpuHHMMaTh penieHus B TpodeccuoHanbHOU cdepe,
OIK.3 UCIIOJIb3Ysl ~ TEOPETUYECKHE OCHOBBI M  HOPMATHUBHYIO  0a3zy

CTPOUTCIILCTBA, CTpOHTGJ’IBHOﬁ HHAYCTpHUH u KUJINITHO-

KOMMYHAJIBHOTO XO35IMCTBA.

Teopemuueckasa yacmo:

CTaOUIuTpOH MpeAcCTaBisieT cOOOM KPEeMHMEBBIM MO, XapaKTEpHUCTUKA
KOTOPOTO B OTKPBITOM COCTOSIHUM TaKasl K€, KaK y BBIIPSIMUTEIBLHOTO AMOJA.
Otnuure CTaOMJIMTPOHA 3aAKIIOYAETCS B OTHOCHTEIbHO HHM3KOM HaNpsLKEHHUH
npobos mpu obpaTHOM HampspbkeHud. Korma 3To HampspkeHUe MpeBBIIEHO, TOK
oOpaTHOro HampaBiieHHsl Bo3pacTaeT (mpobOoi 3eHepa). B BhIIpSAMHUTENbHBIX
IUOJaX TaKoMl peXHUM SBISETCS aBapuUHWHBIM, a CTAOMWJIMTPOHBI HOPMAJIbHO
paboTatoT npu OOpaTHOM TOKE, HE NMPEBBIMIAIONIEM MaKCUMAIbHO JOMYyCTHUMOIO
3HAYCHHUS.

Hanmuume nodtn  TrOpHU30OHTANBHOIO  y4acTKa Ha  BOJIBTAMIIEPHOM

XapaKTCPUCTHUKE CTa6I/IJ'II/ITpOHa ACIacT €ro IMPUIroAHBbIM  JJIA CTa6I/IJ'II/I?:aI_II/II/I
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MOCTOSTHHOTO HAmpsOKEeHUsT Ha Harpy3ke. Jlng 3Toro Harpys3ky BKIIIOYAIOT
napajuieTbHO CTaOMIMTPOHY. UTOOBI M30ekaTh Meperpy3KH, MocCiIeI0BaTeILHO CO
CTaOMJIMTPOHOM BKIIIOUAIOT OaJlIaCTHBIN pe3uctop. BennmunHa ero BbIYMCIAETCS
CJIETYIOITUM 00pa3oM:
Rpan= (Upas - Uct) / (et + lnare),

rie Upap — mpuitojkeHHOE pabouee HalpsKEHNUE,

Ucr — HampspbkeHne cTabuin3anuy CTaOMINTPOHA UCIIBITHIBAEMOTO THUIIA,

lcr — TOomyCTUMBIN TOK cTaOUIIM3aIiH,

Il — TOK B pe3ucTope HArpy3ku Ry, BKIIOYEHHOM MapajIebHO

CTaOMJIUTPOHY.

Ilepeuens ucnonv3yemozo o6opyoosanus:
Komriekr TumoBoro JjabopaTopHOro oOopynoBaHus «TeopeTHuecKue

OCHOBBI 3JIeKTpoTeXHUKU TOD 1-H-P»

Ykazanue no mexnuke 6ezonacnocmu:
VYkazaHus 1o TeEXHUKE 0€30MaCHOCTH MPH BBIITOJIHEHUH J1a00paTOPHBIX padOT

MIPUBEJICHBI B IPUIIOKEHUE A.

Ykazanusa no evinonnenuro nabopamopnoii pabomur:

1. CobepuTe 1ens cortacHo NpuHIUMHAIBHOM cxeme (puc. 9.1). [ToxariTe
Ha BXOJI CHHYCOHUJAIbHOE HANPsDKCHHUE OT TeHepaTopa HaNpsOKCHHsI CIICIHATbHOMN
dbopmsl yactoroit 0,5...1 k'l MaKCUMaIbHON AMIUIUTYABIL.

2. Bxmrounte u Hactpoiite ocumiuiorpad B pexxkume X-Y. Briouute

WHBEPTUPOBAHUE BEPTUKAIBLHOTO BXO/IA.
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BXoA 1. BXxopll
) )

Pucynox 9.1 — Cxema noakimodenus ocruuiorpada

3. [lepenecute wu3o0paxkeHue c dKpaHa ocHwuiorpadga Ha Tpaduk
(puc.9.2)
4, Onpenenure 0O OCHWIIOTPAMME HaNpsDKEHUE — CTAOMIIM3AllNH,

HalpsDKEHUE Ha CTAaOWJIMTPOHE TMpU  TOPsIMOM  TOKe, JuddepeHIuanbHoe
CONPOTHUBJIEHUE B CEPEIMHE JUANIa30HA CTAOMIN3AUY.
S. VYBennubTe uyactory B 10 pa3 U NOCMOTpUTE, KaK HU3MEHUTCS

BOJIbTAMIEPHAs XapaKTepucTUKa. OOBSICHUTE IOUYEMY.

Macwrabbl

Mo kaHany X:

Pucynok 9.2 — Castue ocummiorpamm

6. Colbepute 1enb MapaMeTPUYECKOro  CTAOMIM3aTopa  COTJIacHO
npuHIMNUanbHOU cxeme (puc. 9.3) cHayana He BKJIOYasi B HEE€ CONMPOTUBIICHUE
Harpys3Ku.

7. Bxutounte reHepaTOop HANpPsKEHUHM UM, M3MEHAA IIOCTOSIHHOE

HanpspKeHUe Ha Bxoje crabminsaropa ot 0 1o MakcuManbHOTo 3HayeHus 13...14
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B, CHUMMUTC 3aBUCHUMOCTD BBIXOAHOT'O HAITPSIKCHHUA OT BXOJAHOTI'O Ha XOJIOCTOM XO4Y.

Pe3ynbTaThl 3anuceiBaiiTe B Ta0:1. 9.1,

100 Om

+

n
&)

RH
33..150 Om

Pucynok 9.3 — CxeMa nmapamMeTpuuecKoro crabuiu3zaTopa

Ta0muma 2.2.1

Usx, B 0 2 4 6 8 10 12 15
Usrix, B
8.  VYcraHoBHUTE MaKCHUMaJbHOE HANpSOKEHHE HAa BXOAE M, BKIIOYas

Pa3INYHBIC COIIPOTHBIICHHUC HAI'PY3KH, COITIAaCHO TalJI. 82, CHUMUTC 3aBUCHUMOCTD

BBIXO/IHOTO HANPSIKEHUsI CTaOMIIN3aTOpa OT TOKA HATPY3KHU.

Ta0muna 8.2
Ry Om o0 150 100 47+22 | 47+10 47 33+10 33
IH, MA 0
Usnix, B

9.  Hapwuc. 9.4 a u 6 moctpoiite rpaduru Uppix (Upx) #1 Uppix (11).

a) 6)

B T B T

6 Uguix 6 Ugix

5 5

4 4

3 3

2 2

1 1
Ugx Iy
] ]

0 2 4 6 8 10 12 B 0 20 40 60 80 100 120 140 MA
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Pucynox 9.4 — Iloctpoenue rpadukos

10. Ha rpadukax yKaKATE MHUHUMAJIBHO JOMYyCTHMOE BXOJHOE
HalpsHKEHUE, MaKCHUMaJIbHO JIONMYyCTHUMBIM TOK HArpy3Kd U OMNpPEAesInTe
K03 bUIIMEHTHI CTAOMIIM3AIIUK TI0 HAPSHKEHUIO U 110 TOKY, IpuHAB Upx nom = 8 B

nu IH.HOM = 80 MA.

AUBX . AUB]:IX &JBX
KCTU = ) =

UBX HOM UB])IX HOM &JBle
P P . P

IHHOM UBBTX HOM &JBBTX

Cooeporcanue omuema:

OT4eT 0JBKEH coepkKaTh:

HazBanue paboThl;

[lens paboOTHI;

Kpatkue TeopeTrueckue cBeACHUS;

Omnucanue UCroIb3yeMoro 000pyI0BaHMS K MAaTEPHAJIOB;
[TopsioK BBITTOTHEHUS PaOOTHI;

Boruncnenust u 00paboTKa pe3ysibTaToB;

N o g k~ w DR

13330:10)1158

Konumponwvuwvie gonpocwi:

1. Kak u3MeHsieTcst BoJabTaMIepHasi XapaKTepUCTHKA CTAaOWIMTPOHA TIPU
YBEJMYEHUH YaCTOTHI U TToUueMy?

2. Hanpsoxenue MTUTAHUS napaMeTpu4ecKoro crabuiuzaTtopa
Hanpspkenust 10 B, wmanpsokenue crabunmszanuu crabunmutpona 5,6 B, Tox
cTtabunuzanuu - oT 3 10 160 MA, conpotunenue Harpy3ku — 100 Om. Onpenenure
BEITMYMHY 0aJUTACTHOTO COMPOTHBIICHHS, TaK, YTOOBI B HOPMAIHHOM PEKUME TOK

yepe3 cTabmmuTpoH OblT paBeH 80 MA.
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Cnucox aumepamypuol, peKOMEHOOBAHHBLI K UCNOIb306AHUI0 NO OAHHOU
meme:

1. JanunoB M.M. HWHxeHEpHbIE CHCTEMBbl 3JaHUM U COOPYKECHUU
(37IeKTpOCHA0XKEHUE C OCHOBAMHU JJIEKTPOTEXHUKU) [DIEKTPOHHBIA pecype] :
yueOHoe nocodue / M.U. lanunos, N.I'. Pomanenko, C.C. SctpeboB. — DaeKTpoH.
TekcToBble JaHHble. — CraBpononb: CeBepo-KaBkaszckuii  (enepanbHbIi
yauBepcutet, 2015. — 118 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63086.html

2. [JanmmnoB M.M. HHxkeHeEpHBIE CHCTEMBI 3IaHUA W COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
nabopatopublil npaktukyMm / M.U. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DnexTpoH. TeKCcTOBbIe aHHble. — CTaBponoib: CeBepo-KaBkasckuil (heaepaibHbIi
yauBepcutetr, 2015. — 135 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HMHxeHepHbIE CUCTEMBI 3JaHUA W COOPYKECHUHN
(371eKTpoCcHAOXKEHNE C OCHOBAMH DJJICKTPOTEXHHKH) [DIEKTpOHHBIA pecype] :
yueOHoe nocodue (kypc nekuuit) / M. U. Jlanunos, U. I'. Pomanenko. — DIeKTpoH.
TekcToBble JnaHHble. — CraBpomons : CeBepo-KaBkaszckuii (enepanbHbIi
yauBepcutetr, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnextpocHabkeHUE C OCHOBAMU DJIEKTPOTEXHUKHU. YacTh
1 [Dnextponnslit pecypce] : yuedHnoe nocodue / H.I'. Cemenona, A.T. PaumoBa. —
DNEKTPOH. TeKCTOBbIe AaHHbIe. — OpeHOypr: OpeHOyprckuil rocyaapCTBEeHHbIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctymna: http://www.iprbookshop.ru/69976.html

5. Topnees-bypraury M.A. OOGmiast 31eKTPOTEXHUKA M JJICKTPOCHAOKCHHE
[DnexkTponHbIl pecypc] : yueOHoe mocobdue / M.A. Topnees-bypreum. —
DJIEKTPOH. TEKCTOBbIE JAaHHble. — M. : MOCKOBCKMH TIOCYJIapCTBEHHBIM
CTpOUTENbHBIN YHUBEpcHuTeT, Ali [Iu Op Menua, 9bC ACB, 2017. —470c. —978-

5-7264-1602-1. — Pexum nocrtyna: http:// www.iprbookshop.ru/65651.html
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6. TuxonoB A.®D. DNEKTPONPUBOJ CTPOUTEIBHOTO MEXaHU3HUPOBAHHOTO
UHCTpYMEHTa [DNeKTpoHHbIN pecypc] : yuebHoe mocobue / A.®. Tuxonos, B.H.
baryeB, A.H. JIpo310oB. — DneKTpOH. TEKCTOBbIE AaHHble. — M. : MOCKOBCKHUI
roCyJapCTBEHHBI CTpOUTENbHbIA yHUBepcutTeT, Al [lu Op Menua, ObC ACB,
2017, — 244 c. — 978-5-7264-1520-8. — Pexum po-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DIEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KoHtoxoBa E.A.— DekTpoH. TeKCTOBbIe JaHHbIe.— M.: 3 naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222 . —
OBC «IPRbooksy, o naposto

8. DnekTpocHaOKEeHHE CTPOUTENBHBIX ILIOMIaACH [DIEKTPOHHBIM pecypc]:
METOJUYECKUE YKa3zaHusi/ — OJEeKTpoH. TeKkcToBbie naHHbie.— CII0.: CaHkt-
[leTepOyprckuit TocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIN YHUBEPCUTET,
5bC ACB, 2014.— 35 c.— Pexum no-ctyna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, no naposto
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[Tpunoxenue A

Ykazanue no mexnuke 6ezonacnocmu

Jlo Hayanma paboOThl CTYAEHTHI OOsA3aHbl HM3YyYWUTh MpaBUia TEXHUKH
0e3omacHOCTH MpuU padboTe ¢ MEKTpoycTaHOBKaMu. OO M3y4eHUH MPABUI TEXHUKH
0e30MacHOCTH M MOJYYEHUHM MHCTPYKTa)Xka CTYJIEHThl pPacHUCBIBAIOTCA B
cnenuanbHoM KypHaie. CTyAeHTbl, HE U3YYHMBIIME TpaBWiIa TEXHUKHU
0€30MacHOCTH 1 HE TIPOIIEIINE HHCTPYKTAXK, K BBITIOJHEHHUIO JIA0OPATOPHBIX paboT
HE JO0IMYCKAIOTCS.

VYuebHnas rpynma (Wi noArpyImna) pa3ouBaeTcst Ha Opurabl, YUCI0 KOTOPHIX
yKa3bIBaeTCs IMPEINoJAaBaTesieM, a COCTaB OpHUrajJ; KOMIUIEKTYETCsl CTyJI€HTaMH Ha
100pOBOJIbHBIX Haudanax. CHUCOK Tpynmbl (MOATPYMIbI), pa30OUTON Ha OpUraisbl,
CTapocTa MPeI0CTaBIseT MPENoJaBaTeNio, BeayleMy J1abopaTOpHbIEC 3aHATHS.

Kaxxnas u3 Opuraj BbIIONHSIET J1a0OpaTOpHYIO pPabOTy B COOTBETCTBUH C
rpadukom, HaxoAsIIeMcs B 1a00paTopuu.

[lepen KaXapIM 3aHSITHEM CTYIEHT O0s3aH MOATOTOBHUTHCS K BBITIOJHEHUIO
7a0b0paTOpHOI pabOTHI MO JAHHOMY METOJUYECKOMY MOCOOHUI0 U PEKOMEHIYEMOMN
muteparype. [lepen Hagaiom paboThl MpernogaBaTelb MPOBEPSICT 3HAHUS CTYICHTOB
M0 COJIEPKaHUIO BBITIOJIHIEMONW paboThl. [110X0 MOArOTOBICHHBIC CTYACHTHI K
BBITIOJIHEHUIO JIA0OPATOPHOU PabOThI HE TOMYCKAIOTCS.

PaGoTas B mabopatopuu, HEOOX0UMO COOMIOAATH CICTYIONTUE TIPABUIIA:

K BhinonHeHuto nabopatopHOil pabOTHI ClielyeT NMPUCTyNaTh TOJIBKO MOCIE
MOJIHOTO YSICHEHUS €€ COJIepaHUs U TOJIyUYeHHUsI IONTyCKa K HEW.

2. Haumnatp paboTy cieayeT ¢ O3HAKOMJIGHHS C TpuOoOpamMu W
o0opy10BaHUEM, IPUMEHIEMBIMU B TAHHOU padoTe.

3. Ha naGopaTopHOM CTOJIe MOJDKHBI HAXOJWUTHCS TOJBKO TMPEIMETHI,
HEO0OXOMMBIC JUTsI BBITIOJTHEHUS JAHHOU PabOTHI.

4. PacnonoxkeHue ammapaTypbl Ha paboyeM CToJie JOJKHO OBITh TaKuM,
YTOOBI CX€Ma COEIUHEHHH MOTy4YriIach HanboJee MPOCTON, HATIAHONW U paboTa ¢

amnmnapaTtypoi Obuta y100HOM.
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5. XKenatenbHo, 4TOOBI CXeMy cOOHMpai OJMH U3 WICHOB OpUTrajbl, a Ipyrue
KOHTPOJIMPOBAIIH.

6. Ilpu cOopke CIOXKHBIX CXEeM CIleAyeT BHayaje COCIUHUTH TJABHYIO,
MOCIIEZIOBATEIBHYIO 11€Mb, HAYMHAasi COOPKY OT OJTHOTO 3a)KMMa MCTOYHUKA TOKa U
3aKaH4YMBas Ha JAPYIroM, a 3aTE€M YK€ MOJKIIOUUTh MapaliebHbIe LETH.

7. Tlocne Toro, xkak cxemMa OyneT coOpaHa, HEOOXOIUMO YOEAUTHCA B
MPAaBUJIBHOM YCTaHOBKE JIBUYKKOB PEOCTATOB, aBTOTPAHC(POPMATOPOB U PYKOATOK
JOPYTUX PETYJIUPYIOLUIUX YCTPOUCTB.

8. CoOpaHnHas cxeMa 00513aTeJIbHO JOJIKHA OBITh TPOBEPEHA MPETIOJaBATEIEM
WIH CTapIIUM JJAOOPAHTOM U TOJBKO C UX pa3pemieHuss MOXKET ObITh BKIIOUYEHA MO
HaNpsDKEHUE.

9. Ilpu BKIIOYEHHMH CXE€Mbl 0OCO0O€ BHHMAaHHE ClEeIyeT OOpaTUTh Ha
NOKa3aHUsl aMIIEPMETPOB U IPYTUX U3MEPUTEIbHBIX MPUOOPOB. B ciyuae pe3koro
JBUKEHUSI CTPEJIKU aMIepMeTpa K KOHILY IIKaJIbl CXeMY HE00X0AUMO HEMEAJIEHHO
OTKJIFOUYUTH OT UCTOYHHUKA HAMPSIKEHHUS.

10. Heob6xoaumMo OepekHO OTHOCHUTHCS K armapaType, HCIOJIb3yeMON B
pabore. OO0 BCceX 3aMEUEHHBIX HEUCHPABHOCTIX WA TMOBPEXKACHUSIX CTYIEHT
JIOJDKEH HEMEJIEHHO COOOITUTH MPEToAaBaTeN0 WK JJa0OpaHTy.

11. Tlocne BbImoNHEHUS PaOOTHI CTYACHT O0053aH, HE pa3dupas CXEMbI
MoKa3aTh TMOJyYeHHBIC JaHHBIC MpemnofaBaTento. Eciu pe3ynbTaTtel M3MEpeHUin
BEpHBI, TO MpENoAaBaTesib UX MOANUCHIBACT. DKCHEPUMEHT C HEMPaBUIbHBIMU
pe3yNbTaTaMu ClielyeT TOBTOPHTb.

12. Cxemy cremyeT pa3dupaTh TOJIBKO MOCIE €€ OTKIIOUEHHUS OT CETH.

13. KaTeropuuecku 3amnpeniaercsi:

— TPOTaTh pyKaMH OTOJICHHBIE TIPOBO/IA ¥ YACTH IPUOOPOB, HAXOASIIIUECS MTO]T
HANpPsHKEHUEM, JTaXKe €CIIM OHO HEBEJHKO;

— TPOU3BOJAUTH HM3MEHEHHUS B CXEME€ MpHU MOJKIIOYEHHOM HCTOYHUKE
MUTaHUS;

— 3aMEHSTh WK OpaTh 000pyI0BaHUE, WIIH TPUOOPHI C APYTUX pabOUYHUX MECT

— 0€e3 paspellieHus npenoaaBaTess uiv J1adbopaHTa;
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— OTXOJUTH OT MPUOOPOB U MAIIWH, HAXOAAIIUXCS MOJ HANpPsHKEHUEM HIIH
OCTaBJISITh CXEMY IO HAIIPSHKEHUEM MTPH 00paboTKe pe3yIbTaTOB U3MEPEHUH;

— meperpyxarb NpuOOpbl TOKOM WM HANpPsHKEHUEM, IPEBBIIIAIONUM
HOMHUHAJIbHOE 3HAUYCHHE.

[IpoBepky Hanuuus, NOJABAEMOr0 K CXEME WM DJJIEMEHTAM CXEMBbI
HaIpsHKEeHUsT HEOOXOAMMO MPOU3BOAUTH TOJBKO KOHTPOJIBHOW JIAMITOYKOW WU
BOJILTMETPOM, COOJTIO/Iast MpaBUiia TEXHUKH 0€30MacHOCTH.

[Ipu pabore B naboparopuu CileIyeT CTPOro COOJIOJATh MEPbI
MPEIOCTOPOKHOCTH, TaK KaK 3JIEKTPUUYECKUN TOK, MPOXOISIIMA Yepe3 Tejo

yenoBeka, BennunHou B 0,025 A yxe ABIS€TCS ONAaCHBIM JJIS KU3HHU.

110



IIpunoxenue b
JIeKTpHYeCKAasi CXeMa COeJMHEHUH TeII0BOM 321U Thl MAIIUHbI
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