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ConepxxaHue

1. O01He cBeAeHH S ITO BRITIOTHEHHIO IIPAKTHYECKHX Pador

IIpakTnuyeckoe s3ansarue Nel. IlepexoagHble 3JIeKTPOMATHHTHBIE MPOIECCHL
CTpyKTypa 3MEKTPO3HEPreTHKH. OCHOBHBIE TEPMHHEI H ITOHSTHAL.

IIpakTnueckoe 3ansTHe Ne2, Bpioop 3/1eKTpoo0OpyI0BAHHS 10 YCJOBHAM TOKOB
KOPOTKHX 3aMbIKAHMI. balaHC 3IIEKTPHYECKOH SHEPIHH

IIpakTH4ieckoe 3anarne Ne3. Pacuersl ToxkoB K3 a/1a npoBepkn odopyaoBaHHA MO
YCJIOBHAM KOPOTKHX 3aMbIKAHMH. MareMaTHyeCcKoe OIMcaHHe AIEKTPOMeXaHHYeCKIX
IIEPEXOMHBIX IIPOIECCOB B IMEKTPOSHEPTEeTHUECKHX CHCTEMAX JJI1 HCCIIETOBAHH I
YCTOHYHBOCTH

IIpakTH4yeckoe 3anaTHEe Ne4, CHMMeTpHYHBIE COCTABJISIOINNE NPAMOIL, 00paTHOH H
HY./I€BOH MOCJIeJ0BAT e/IbHOCTEH. OCHOBHBIE MOJI0KeHHA H (POPMYJILL Y CTOHYHBOCTD
PEKHUMOB CHCTEM ITPH MAaJIBIX BO3MYIIEHI X

IIpakTH4yeckoe 3anaTHe NeS. AHAJIH3 YCJIOBHH H CPeJCTB CTAOMIM3AIHN PeKAMOB;
ACHHXPOHHbIE PeXHUMbI; NepexoJHble IMpolecchl B Y3J1aX HArpPY3KH. PacueTHbIe
COITPOTHBIIEHHS PEAKTOPOB

IIpakTH4Yeckoe JaHATHE Neo6. Buanbi nepexoaHbIX npoIeccoB B
WIEKTPOIHEePreTHIeCKNX CHCTeMax. Harpes nmporogos TokoM K3

IIpakTHyeckoe 3anaTHe Ne7. (OcHOBHbIE CBeJeHH 00 IepexoJHbIX
WIEKTPOMArHUTHBIX nponeccax. Pacuer Toxa K3

IIpakTndeckoe 3anarne Ne8. IIpakTuyeckun pacuyer HAYAJIbLHOI0 H YAAPHOI'0 TOKOB
K3. Pacuer Toka ygapHoro K3

IIpakTHyeckoe 3aHarue Ne9Y. OcHoOBHbBIE MOJI0KEHHS H popMmy.ibl CHMMeT pHYHbIE
COCTABJIAIOIIHE NPAMOI, 00paTHOH H HYJIEBOH MOCJI€I0BATEILHOCT €M,

Pacuet TpexdaszHoro Toka K3

OOKYMEHT NOANWMCAH
ANEKTPOHHOW NOONMCHLIO
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1. Ileqnb 1 327294 0CBOEHH A THCIHILIHHBI

[{enp H3yYeHN ST JHCIHITITHHEI:

- JaTh IIpelicTaBlIeHHe O (PH3HKe SIBIEHHH, IMPOHCXOMSIIIX IIPH 3IIeKTPOMArHHTHBIX
TIEPEXOIHBIX ITPOIleccax H MeTOIbI HX KOITHYECTBEHHOH OIEHKH.

3agayr IIpH H3YYeHHH JHCI[HITIHHBI:
3HaTh (PH3HKY IMePeXOHBIX ITPOIECCOB B 3IIEKTPOSHEPIeTHUYECKHX CHCTeMaX H HX OCHOBHBIX
sIIEMeHTax,
YMeTh aHaIM3HpPOBaTh pPe3ylIbTaThl pacyeTa IepPeXOJHBIX IIPOIECCOB IS ITPHMEHEHHS B
pealbHBIX AIEKTPOIHEPTeTHYECKHX CHCTEMAaX H CHCTeMAaX 3IeKTPOCHA0KEHH.
BrageTs HaBBIKaMH pacueTa THIIOBBIE IIEPeXOIHBIE ITPOIIECCHI

2. Obopyoosarie u mamepuaibl

ATmmapaTHele cpeicTBa: IIePeHOCHOH HOYTOYK, IIPOEKTOP, JOCKAa MarHHTHO-MapKepHasl.
YueOHasg ayIHTOPHS IS MPOBeAcHHS YUeOHBIX 3aHSATHIL, OCHAIlleHa OO0OpyAOBaHHEM H

TEXHHYCCKIMH CPEICTBAMH Dﬁ}HIEHIIH.

3. Haumenoeanue npakmuueckux paoom

Il 3a04HOM (popMBI OOY4YeHHS MPedyCMOTPEHBI CIIeAVIOIHE ITpaKTHYeCKHe pPaboTHI:
[IpakTHyeckaa pabGora Ne7. JIpyxdaznoe K3. Omgnodasznoe K3. JIByxdaznoe K3 Ha 3emiro.

[IpaBHiIo 3KBHBAJIEHTHOCTH IIPSAMOH ITOCIENOBATENBLHOCTH. — 1,5 yaca, IIpakTtHuyeckas padora
Nel4. IIpakruyeckHi pacuyeT HauaJIbHOIO H yaapHOro TokoB K3. — 1,5 yaca.
O0bem
Ne HanMeHoBaHHe TeM JHCHHILINHBI, HX KPAaTKOE TACOR my
TeMbI coJiep raHue
TIOJIT
1 IIpakTnueckoe s3ansarme Nel. Ilepexoanbie 1.5

IEKTPOMATHHTHBIE  mpomeccbl.  CTpPyKTypa
BIEKTPO3HEPreTHKH.  OCHOBHBIE  TEPMHHBEI H
TTOHSITHAL.

2 IIpakruieckoe 3AHSAT He No2, Boioop 1.5
JIEKTPO00OPYAOBAHHAA 10 YCJIOBHAM TOKOB
KOPOTKHX 3aMbIKAHHMH. bajmaHc 53IIeKTpHYeCKOH
SHEPTHH

3 IIpakTnyeckoe 3anarue Ne3. Pacuersl TokoB K3 1.5
ISl TPOBEPKH O0OpPYJAOBAHHS MO YCJIOBHAM
KOPOTKHX 3aMbIKAHHH. MareMaTH4YeCKOE
OIMCAaHHE  BIEKTPOMEXAHHYECKHX  IIEPeXOMHBIX
IIPOIIECCOB B 3JIEKTPOSHEPr eTHUECKHX CHCTEMAX JITIS
HCCIIEAOBAaHM I YCTOHYHBOCTH

1 IIpakTnyeckoe s3ansarHe Ned, CHMMeTpHYHBIE 1.5
COCTABJIAIONNE NPAMOIl, 00paTHOH M HYJIEBOH
MoC/Ie0BaT eJIbHOCTell. O CHOBHBIE MOJI0KEHHSA H
dopmMyJibl. YCTOHUYHBOCTh PEKHMOB CHCTEM IIPH
MaJIbIX BO3MYVIIEHHIX

5 LHpaRTadeckop sanarue NeS. AHam3 ycJioBHil u 1,5

Ceprudfukar:  2C000CPERCTRCTAOHAHRAIIN PEKHMOB; ACHHXPOHHbIE
Snapereu: - UWeoshyygiRIIMIBE, “TiI€PéXoqnble mpomecchl B y3Jax

HAI'PpY3KH. PacueTHrIe COITPOTHEBIICHH A PECAKTOPOB
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6 IIpakTudeckoe 3anaTie Ne6. Biuabl nepexoHbIX 1,5
NPOILECCOB B AIEKTPOIHEPreTHUYECKHX CHCTEMAaX.
Harper nporo1oB TokoM K3

7 IIpakTHuyeckoe s3amaTHe No7.  OcCHOBHBIE 1.5
CBeJlcHHA 00 IepexoJHbIX 3JIeKTPOMATHHTHBIX
npoieccax. Pacuer Toka K3

8 IIpakTuyeckoe 3anaTHe Ne8. IIpakTHYecKkHH 1,5

pacder HavYaJbLHOr0 M yaapHoro Tokos K3.
Pacuet Toka ymapHoro K3

9 IIpakTHyeckoe 3aHaTHe N9,  OcCHoOBHbBbIE 1.5
noyoskeHHss ®W Ggopmyasl  CHMMeTpPpHYHBbIE
COCTABJIAIOINHE NPSMOH, 00pPaTHOIl M HYJIEBOIl
MOCJIe0BAT eJIbHOCT €.

Pacuer TpexdasHoro Toka K3

HToro 3a 6 cemecrp: 13.5

Hroro: 13.5

IIpakTHdeckast padora Nel

IlepexogHble 3J1eKTpoMAar HUTHbIe Mpoleccbl. MaTeMaTHUecKoe OIMHCAHUE
1eKTPOMEXAHHYECKHUX TePeX0HbIX MPOLIECCOB B WIEKTPOIHEPreTHUeCKUX
CHCTeMaX /LIs1 HCC/IeJOBAHHUSA YCTOHYHBOCTH.

AxmyanvHocmb membi:

3aKIrodyaeTcsd B HEOOXOQUMOCTH IIPHOOPETEHNS HABBEIKOB II0 pacyeTy
[IEPEXOJHBIX IIPOIIECCOB
IIpuBecTU kK reHepaTOPHOMY HaIIpSDKEHUIO COIIPOTURIIEHNE Z B CXeMe Ha puc. la.
Kosdduuents tTpancdopmanuu TpancpopMaTOpOB:

Ui/U, = 10,5/38.,5; Us/Us = 35/6,6; Us/Us = 6/0,4.

Peuiernue
1. IIpubnuxkenHoe mpuBegeHNE 110 YpaBHEHMIO (12):

Z1 =7 (Ui/Ug)* =7 (10,5/0,4)* = 689 Z.
2. Tounoe npuBeaeHNE 110 YpaBHEHUIO (1):
Z1 =7 ((UsU3U/(Ug Uy Up))>=((6 - 35-10,5)/(0.4 - 6,6 - 38,5))* =470,6 Z.

OmuOka mpu pacueTe Toka K3 3a cCOIMpOTURNIEHUEM Z, ONPEACIIEHHEIM 10
ypaBHeHIIO (1), OyJIeT oueHb BEeJIIKa.

) P uz/u4 /s

2) : P :EE :ﬁ: :@ E#K
6 (O Sk

CXeMBEI II NBCACHIA K PACHCTHOMY HAIIPAXCHIIHO IIPI1 HCCKOJIBKIIX

OOKYMEHT NOANMWUCAH ] :
anEKTPOHHON rEpaiEepOpMaTOpax: a — NCXogHasd, O — pacueTHasd

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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B cxeme Ha puc. 1 Tok K3 3a conpoTurieHneM 7. omnpeaeieH IIpU pacuyeTHOM
HanpspkeHrm U = 11 xB. Onpegenuts geNCTBUTENBHEIE TOKH HpH HalpskeHnn U, = Us;
Uy = Us, Ug. KoadpdpuimenTesl TpaHcopMaIli yKa3aHbl B IIpUMEPE 1, CONpOTURIICHU
reHepaTopa I JIMHII He YUUTEIBATE (Z¢ = 0). Bemmuna Z = 470,6 Om.

Peuwiernue
Tox K3 I = U/(~N/3-Z) = 11000/(~/3 -470,6) = 13,51 A Ipu reHepaTopHOM
HanpsxkeHuu 11kB. [Ipuenennrnlil Tok K3 pageH:
—Ha ctopoHe U, = Uz [, =13,51-10,5/38,5 = 3,685 A;
— Ha ctopoHe Uy = Us I, = 3,685-35/6,6 = 19,54 A,
— Ha ctopoHe Ug I = 19,54-6/0,4 = 293.1 A
Ecim nonp30BaThCS CpeIHIMI HOMUHAILHEIMI HAIIPSDKECHIEIMU, TO TOK K3 Oyaer
PaBEH:

— Ha reHepaTopHOM HanpskeHun 10500/ V3689 = 8,81 A;
— Ha ctopoHe 0.4 kB 8.81-10,5/0,4 = 231,23 A.

Kﬂﬂmpﬂﬂ bHblEe 60NPOCHL.

l. Kakum o0OpazoM CBSA3aHBEl pacueTHbIE aKTHBHAs U peaKTHBHAs
MOIITHOCTH?
2. B kakoM ciydae HEOOXOAUMO MHPOBECTU KOPPEKTHUPOBKY pPacUETHOI

AKTUBHOII MOIITHOCTH?

IIpakTdeckast padora Ne2

YCcTOMYHBOCTD PECARHMOB CHCTEM IIPpH MAJIBIX BO3SMYIICHIX.
AHPH_}‘IIJHJHHCIHB nmembl.
3aKJIrovaeTcsa B HE{}6XO£[HM'DCTH HpHGfﬁpﬂTEHHH H4BBEIKOB IIO PACHCTY
yCTDﬁT-IHBDCTH

OT MJH IIOACTAHINNI C BTOPUYHBIM HamnpspkeHueM 11 kB nmrarorcs Tpu JTUHUMN.
[lepBast NNMHHNSA BBIIIOJHEHAa AallFOMUHHEBBIM KabemeM 3x50 wmm?, Bropas —
aAJIFOMUHIEBEIM IIPpOBOAOM AS0, TpeThsl — cTalbHBIM mpoBogoM I11C-50. JlnmHa
kaxkgon muHnu S kM. Tok K3 Ha muHax 11xB 3000 A. Onpexenurst Tok K3 B KOHIE
KaxJOM JIMHI.

Peuwiernue
ConporurieHne 22C, mpuBeaeHHoe K mnHaM 11 kB, paBHoO:

Xc = 11000/+/3 3000 = 2.12 Om.

Conporturnenue kadens 10 kB 1o Ipunoxenmo 7 paBao: R =0,62-5=3.1 Om; Xk =
0,09-5 = 0,45 Om. Tox K3 B x0oHIIE KaOEILHOM JIMHII PABEH:

JOKYMEHT MNMOANCcAH
SNEKTPOHHOW NOAMNHCKHIO l 10000

Ceptvdmkatr: 2C0000043E9ABBB952205E I!E.EGD:D — 1579 A

60 O04BE
Bnaneneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa ﬁ\f(zplz + 0,45) 2 + 3512
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Ha puc. a man geprex omopel nuHuu 11 kB, a Ha puc. 6 — BcmomoraresjabHOE
[IOCTpOEHUE IJI1 ompeaeneHns Dep. F3 pucyHka BUJHO, UTO

DB =250+ 170 + 250 = 670 mm; AD =DC = AC/2 =750 mm.
W3 tpeyroapHuka ADB

AB = VAD? + DB? =4/7502 + 670 = 1000 .

Dcp = A/AB - BC-CA =3/1000-1000- 1500 = 1150 mm
IIo IIpunoxenuto 2 Dp = 9 mMm g1 npoBoga A-50:
X=0,144-1g2-1150/9 + 0,016 = 0,364 OM/kM,
a COIIPOTHURJIEHNE (Pa3kbl BCEIl JIMHNNI
Xin=0,364-5=1,82 Om.

Takon ke pe3yabTaT MOKHO IIOJIyUUTE 110 I Ipunoxkenuro 27.

£

AN .

170 =

1504

%/_ ! !-l ENTY, -

a) 0)

K pPaCHCTy HHAYKTHBHOI'O COIIPOTHBJICHIA JINHII

AKTHBHOE colIpoTURIeHNE mporoga AS0 o lIpunoxenuto 2 paBHO
r= 0,576 OM/kM, conpoTuBneHne oJHoi pazsl muHUU 171 = 0,576-5 = 2,88 OM. Tok
Tpexdaznoro K3 B KOHIE INHNIN

110000
V31(2,12+1,82)% + 2,88

Ecmu K3 conporoxgaercsa agyroii anuHoi 1200 MM (mpuMepHO cpegHee
pPaccTOSHUE MKy IIPOBOJIAaMI, UTO CIIPaBEJIMBO JJId IepBoro MoMmeHTa K3), To

_1000-1,2
1310

1) = —1302.9 A.

= 0,92 OmMm,

I

n ok 1) = 11000 =1160 A

V32,12 +1,82)% + (2,88 +0,92)°
niu 0,891 Toka, onpegeneHHoro 0e3 yuera QyTH.

T&&%%EH%ﬁH%%’ITEHEHDE YMCHBIICHHC TOKA OOLSICHSIETCS TEM, HTO

COII GT%H&%@F‘WWHG 110 CPAaBHEHIIO C aKTUBHBIM COIIPOTUBIIEHNUEM JIMHUU.
Ceprudomkar: "2C0000043E9ABBESS52205E7TBAS00060000043E

srasend LTTSLIGRAHEL HOFQ AIpaBeEa Dp = 9.2 MM 1 BHelIlIHEE UHYKTUBHOE COIIPOTUBIICHUE

10 YypaBRHeHHIO (15):
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XeHem = 0,144-1g 2-1150/9,2 = 0,347 Om/xMm.

3HaueHIEe BHYTPEHHETO UHAYKTUBHOTO COIIPOTURIIEHIS HE PaCCUNTHIBAETCS,
TaK Kak 3aBUCHUT OT TOKa M olpeensgeTcs 1o Ilpunoxennto 25.
3agaemcs HOpedmnoaraeMeIM TokoM Tpexdaznoro K3 400 A; Xeayr = 0,3 OM/kM.
AxTHBHOE compoTuBiIeHne 1mo IIpunoxernmo 24 paao 2,75 Om/kMm. Tok K3 B koHIE
IUHII Oy OeT:

[V = 11000 =364 A.

V31212 + (0,347 +0.3) - 51 + (2,75 -5+ 2-8)°

llonmyyeHnelli Tok 364 A HE3HAUUTEILHO OTINYaeTCAd OT IIPUHSATOIO
npeaBapurenbHO Toka 400 A. IlepecueT B JaHHOM CiIydae He TpeOyeTcs, TaK Kak
X0/, KpUBKIX B lIpunoxenun 24 1mokasbsIBaeT, UTO HpU TOkE 364 A COIPOTHBIICHUS
XBHYT U R mpakTnuecku takue xe, kak u npu Toke 400 A.
COIpOTURIEHNE OYTU IpU Toke 364 A

Ra=1000-1,2/364 =3,296 Om.
Tok K3 ¢ yueToM COIpOTUBIEHN YTU:
11000
312,12+ (0347 +0,3)- 51> + (2,75- 5+ 3,296)°

i 0,97 Toka, onpeaesIeHHOro 0e3 yueTa Iyl B MECTE II0BPEIKCHUS.
Ecnu gyra Bo3HHUKaeT Ha IEpBOI OIIOpe OT HOJACTAHIUU, TO €€ CONPOTURICHUE

I(.})k — — 355:87 A:.

Oy JIeT:
ra = 1000-1,2/3000 = 0,4 Om,
11
1 Tok K3 ¢ yueToM Iyru paBeH IE} = O?O — = 2947 A,
V32,127 +0,4%)

miu 0,982 Toka, onpegeneHHoro Oe3 yuera Jy T
Ecnu gyra Bo3Hukaet Ha muHax KPY, to ripu ee gimHe okoiso 0,3 M COIIPOTUBRIIEHHNE

Iy TU Oy IET:
r = 1000-0,3/3000 = 0,1 Om,

1 Tok K3 IIPAKTHHCCKH HC N3MCHUTCA.

11
I}V = 0?0 — =2966,4 A.
342,122 +0,1%)
J{11s1 cpaBHEHUS Pe3yJIbTaTOR BBIIIOJIHUM BREIUUCIIEHHIS 10 YpaBHEHHIO (2) BMECTO

(7).

KabennHas JIITHI:

NOKYMEHT NoanucaH ZpP.C = \/3,12 + 0,.-452 = 3,132 Owm;

3NEKTPOHHOW Nnofgn

10
CepTudumkar: EG@GGQGdSEQﬂBBBQEEEDSEIE?EGQQE{IJQC@@)/-\/5(2:]2 +3,132)=1210 A.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

JINHNY ¢ cTallLbHBIMU IIPOBOJdMII.
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Zp.c =[(0,347+0,3)- 5% +(2,75-5)> = 14,125 Owm:
o)

=391 4 A.
J3:(2,122 +14,125%)
KoumponwvHsie sonpocoi:
l. Kakum o00pazoM cCBS3aHBEl pacueTHBIE aKTHBHAs I« pPeaKTHBHAs
MOIITHOCTH?
2. B kxakoM ciaydae HEOOXOAMMO IIPOBECTU KOPPEKTUPOBKY pPacuUETHOIl

AKTUBHOII MOIITHOCTH?

IIpakT4ieckast padora Ne3
PacuyeTHbIE CONMPOTHUB/ICHUA PEAKTOPOB

AHHI_}‘IIJHJH{?CHH: nmembl.
3aKJIIIO4aeTCcs B HED6XD,[[HMDCTH HpHD6pETEHHH HABBEIKOB IIO PaCHCTY

peakTopa

Ornpegenuth TOK K3 3a peakTOpoM U HaIlpsKEHNE Ha IIIMHAX B CICTEMAaXxX
JInueitnwlii peaktop 6 kB, 8 %, 600 A; cqBoeHHEI peakTop 6 kB, 12 %, 2000 A, m
= 0,5. BropuuHoe Halp:sKeHUE IuTaromero TpaHcdopmaropa 6,6 kB; Tox K3 go
peaktopa 16 KA.

Peuiernue
1. CompoTuBieHne INHENHOTO peakTopa.:

Xp = 10-X-U/+/3-1=10-8-6/+/3 600 = 0,462 Om.
CoIpOTURIIEHNE CHCTEMEI JIO0 BEIBOJOB 6,6 KB muTaromero TpaHcdopmMaTopa:

Xc = 6600/+/3 -16000 = 0,238 Om.
Tox K3 3a INHENHBIM pEAKTOPOM:
(9= 6600/~/3 (0,238 + 0,462) = 5450 A.
2. ConpoTHBIEHNUE OJHON BETBHU CABOEHHOTO peaKTopa:
Xp=10-12-6/2000 = 0,36 Owm.
Tox K3 3a peakTopom:

1) = 6600/~/3 (0,36 + 0,238) = 6379,65 A.

HEDGXD,I[HMD OﬁpﬂTHTb BHIMAHIIC Ha TO, HTO XOTiA PCAKTOPBI HNMCIOT

HOMHMHAJIEHOC HarﬂJH}KEHHE 650 KB: BKJIFOYCHBEI OHMI Ha BTOPHMHYHOC HAIIPAXMKCHIIC
JOKYMEHT o[

HHTammrEmoHﬂpmmm%'wampa 6,6 kB u npuBegeHns K OJHOMY pacuyeTHOMY

croner HATRAKSHIIO B STOM CHYHac’He TpeGyercs.
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3. Hanpsxkenne Ha mnHax npu K3 3a nuHenHBIM peakTopoM Ul = \/5 - IE} Xp =

\/5'5450-0:442 = 4356 B, unmu 4356/6600 = 0,66 HOMITHAJILHOTO.
Hanpsokenne Ha HeIoBpeX JeHHOIT CEeKINI IINH 110 puc. 60 paBHO:

«/5-0:,36-6379:65 =3971.4 B, unmu 0,602 HOMHIHAJILHOTO.

CrenyeT OTMETHUTBL, UTO Takoe HalOpsKEHHE He oOecleumnBaeT HaJeKHOI
pPabOTEI MAaTrHUTHBIX IIycKaTelNell: 0ObIYHO X HaIpsDKEHHE OTHaJaHUsS KOJIeOIeTcCs
B npegenax 0,65...0,75 HOMHHAIBLHOTO U B JAaHHOM CIIydae MOTYT UMETHL MECTO
HEIPaBIWILHBIE OTKJIFOUEHUS AJICKTPOABUraTEIICH.

Te e HanmpsKeHII MOJKHO OIPeeINTh U II0 BeIpaxeHIIM (23) u (24 ):

Um = 0,462-U/(0,462 + 0,238) = 0,66 Us:
Um = 0,36-U/(0,36 + 0,238) = 0,602 Us.

Ha nojcraHimn BeIBeAeH M3 paOoThI TpaHcdopmatop 2T n ceximd mmuH IV
IATaeTCd OT TpaHcpopmaTopa depe3 peakTop TpaHchopmaropa 2T. TpeOyercsa
omnpenenuThk Tok K3 Ha cexrum minH [V,

% 1T AT

[c.ur. [l

6,6 KE ‘ .
% | IW oo

CxeMa oJCcTaHI[IN

Pewienue
COIpOTHUBJIEHNE JIBYX MOCIEI0BATEILHO BKJIFOUEHHBIX BETBEH peakTopa IIo
BBIpaKeHUIO (22 ) paBHO:

Xbc =2-0,36:(1 +0,5)=1,08 Om (puc. 6),
Tok K3

1) = 6600/+/3 (1,08 +0,238) = 2894,56 A,
[ = \/3-2894.56/2 = 2503,8 A

HaIIpAXKCHIIC Hd CCKIIII IITITH I PABHO.
1,08-U/(1,08 + 0,238) = 0,819U.

KR sonpocs

CepTudukar: EC[’@‘E’[’ME%E@W?B@@@QWE CBA3dHBI PaCHCTHBIC d4dKTHBHAA 1 PCAKTHBHAA

Bnaneneu: llleGayxoea -|;§ITI:HHE AnekcaHgpoBHa
MOIIIHOCTI !
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2. B kakoM ciaydae HEOOXOAUMO IIPOBECTU KOPPEKTUPOBKY pacyeTHOI
AKTUBHOII MOIITHOCTIH?

IIpakTieckast padora Ned
Harpes npoBoaoB ToxoM K3

AR’I’H_}'IIJI BHOCMbL mMemasl.

3aKJIIO4YaeTcs B HED6XD,[[HMDCTH HpHD6pETEHHH HaBBIKOB IIO PaCHCTy TOKOB
K3

Tox K3 Ha muHax nmmraronen nogctaniuu pareH 10 kA Ipu HaIIp K EeHNU
6,6 kB. BEINOIHUTE pacyeT crajaHms Toka uepes 1, 2, 3 ¢ 411 MeJHOro Kadens
ceuenneM 50 MM?, JUTUHOIL 5 KM.

Peuwiernue
OnpeaennM akTHBHOE COIIPpOTHURIIEHE kabens mpu TemmepaTtype 65 °C. Ilo
[TpunoxkeHnto 7 akTHBHOE COIIPOTUBRIIEHNE MeJHOTo kabensa 50 MM? rpu
temnepatype +20 °C paBHo 0,37 Om/kMm. IIpu Temnepartype 65 °C COnpoOTHRICHUE
oyaer 0,37 [1 + 0,004 (65 —20)] =0,4366 Om/xMm.
lIonmHoe akTuBHOE conpoTurieHne rx = 0,4366-5=2185 Om

CoIIpOTHUBRIIEHIE CICTEMEL x¢ = 6600/~/3 -10000 = 0,3815 Om.
ConpoTuBjIeHNEe Kadesd xk =0,083-5=0415Om.
Toxk Tpexdaznoro K3 B koHIle kabend B IEPBLIII MOMEHT

1= 6600/+/3 - 4/(0,3815+0,415)> + 2,18 = 6600/~/3-2,32 = 1644,41 A

Pacuer a1 BpemeHu t = 1 c:

A=(1®/q)t = (1644.41/50)*-1 = 1081,6 A% c/at?,
a=(2,13/2,32)* = 0,884

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JlnarpamMma AJI1 OIIpEASIIEHIS CHIKEHIS
Toka K3 oT HarpeBa nmpoBoOJOB

OnpenenuTs yMeHbIIeHNe Toka K3 13-3a Harpera 0OMOTOK TpaHcopMaTopa.
Pewiernue
JlaHHBEIE TpaHC()OPMATOPOB MO IPUMEPY S:
ST =25 kB-A,.Z=96 Om; X =152.3 Om; Z = 180 Owm;
ST, =400 kB-A, Z2=3440M, X=10.71 Om; 2 =11,25 Om.
AxtuBHoe conpoTtuBneHue npu 250 °C uepes 1,82 ¢ nocne Havana K3 Oyaer B
1,7 pazaoReimbiEigycgeM  1pun 75 °C. IloimHble cONpOTHUBRIIEHWS OyIyT: LA

3NEKTPOHHOW NOQNKCLIO

Cep BPAHCOPMATOPa 22 ?Eﬁoné%ﬂﬁaﬁﬂsj 152,3% + (l,,?’-_‘;“"f:r)2 = 223.2 Om BMecTo 180 Om; i

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

tpaHcopmaTopa 400 kB-A Z :\f 10,71° + (1,7- E’),,ﬁlﬁl)2 = 12,2 Om BMecTo 11,25 Om.
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MakcumansHoe yMeHbIIeHne Toka K3 mpu Zc¢c = 0 uyepesz 1,82 ¢ cocrTaBur
180/223,2 = 0,816 pgma tpancdopmaropa 25 xB-A u 11,25/122 = 0,93 mma
TpaHcpopmaropa 400 kB - A.

Kﬂﬂmpﬂﬂ bHblEe 60NPOCHI.

l. Kakum o00pazoM cCBfA3aHBEl pacueTHbIe aKTHBHAsI U pPeakKTUBHAS
MOIITHOCTH?
2. B kxakoM ciaydae HEOOXOAMMO IIPOBECTU KOPPEKTUPOBKY pPacuUeTHOIl

AKTUBHOII MOIITHOCTIH?

IIpakTHueckoe 3aHaATHE NS,

OHpE,[[EHEHHE IIapPaMCTPOB 2JICMCHTOB 5KBHBAJICHTHBIX CXCM 3aMCIIICHITA

AHHI_}‘IIJHJHHCIHEJ nmembl.
3aKJIIIO4aeTCcs B HE'D6XD,[[HMDCTH HpHD6pETEHHH HABBEIKOB IIO PaCHCTY
JKBHBAJICHTHBIX CXCM 3aMCIICHIIA

[IapaMeTphrl AKBHBAJIEHTHBLIX CXEM 3aMeIeHII MOTYT OBITh OIPEACIICHBI :

1. B uMeHOBaHHBIX 11 OTHOCUTEBHBIX €AUMHNIIAX [IPUBEICHIEM 3HaUECHUII I1a -
pPaMeTPOB PACUETHHIX CXEM K BEIOpaHHOII OCHOBHOII (0a31CHOIT ) CTYIIEHU HAIIpSKe-
HHUSI CETH C y4eTOM (akKTHYeCKNX KO3(UIMEeHTOB TpaHC(hOpMaIul CHIOBEIX
TpaHCGOPMATOPOBR I aBTOTPaHC(HOPMATOPOB.

2. B oTHOCUTEJNIBLHEIX I IMEHOBAHHBIX €QUHUIAX 3HAUEHUI [IapaMETPORB pac-
YETHBIX CXEM K BEIOpaHHEIM Oa31CHBIM YCJIOBHSAM C YUETOM CPEIHUX KO3 UITIEH -
TOB TpaHC(OopMaIlll, PABHBEIX OTHONMICHHIO CPEeIHNX HOMHHAJILHBIX HAIPSKEHUII
CETENl COOTBETCTBRYIOIIUX CTYIIEHEN HaIpsDKEHUN. PekoMEHIyeTcs MCIIOJIb30BATh
MIKaIy CPEeIHIX HOMHHAIBLHBIX MEXKIY (a3zHBIX HaIlpshkeHUil ceteil B [kB|: 3,15;
6,3;10,5; 13,8; 15,75; 18; 20; 24; 37; 115; 154; 230; 340; 515; 750.

B nepBoMm ciyyae pacCUHTHIBaIOT TOKU K3 Ipn HaImInu JaHHBIX ¢ (paKTHYeE-
CcKIX K03 (purueHToB TpaHcpopMalusa. Hanbomnee mpeaouTuTesieH i IpaKTIde -
CKIX pacueToB (pexomeHayeTcsa B KP) Bropoili cmocodO mpuBeaeHns. PacueTHLIe
BEIPaXKEHUS UL 3TOTO CcIIocoOa mpuBeAeHE B TaOm. 1. Ilpu BEIOOpE JaHHBIX yCIIO-
BHII ClIeQyeT PyKOBOJCTBOBATLCA TE€M, UTOOBI IOPSIOK UHCJIOBLEIX 3HAUCHHIT OBIII
ya00€H U151 OIEepUPOBAHUS C HUMH. 3a 0a3NCHYIO MOITHOCTE (Sg) 1eIecooOpa3Ho
IpUHIMATEL YUCIIo, KpaTHoe Jgecatu. Hampumep, 10, 100, 1000 u T. . [MBA]. 3a
OazucHble HamnpspkeHNSA (Us) peKOMEHOYETCs IIPUHNMAaTh CPEJHEE 3HAUCHHE TOI
CTENEeHU TpaHChopMalul, IJe HaxoquTcs Touka K3,

BasuCHEBIN TOK 1 COIIPOTUBIIEHNE OIIPEEILIFOTCS 110 BEIPAKEHUISIM:

NOKYMEHT MOAMUCAH S6 Ub Ub
ANEKTPOHHOW nofnuceio 16 = 76 = = (1)
Ceprucmkar: 2C0000043E9ABEBI52205E7BA0006000004¢ 3 - U6 J3-16 S6

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Kﬂﬂmpﬂﬂbﬂble 60NPOCHL.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



l. Kakum o00pazoM CBfA3aHBlI pacueTHbIE aKTHBHAsI U peaKTHBHA:d
MOIITHOCTH?

2. B kxakoM ciaydae HEOOXOQUMO IIPOBECTU KOPPEKTUPOBKY pacueTHOIl
AKTUBHON MOIITHOCTH?

IIpakTrueckoe 3ansaTue Neo.

baraHC aJIeKTpUdecKOil SHEPrun

AxkmyanvHocmb membi.:
3aKIIFO4aeTcsd B HEOOXOJHMMOCTH MOPHOOPETEHHS HABLIKOB IIO pacydeTy
OaJlaHCa PIEKTPUUYECKON SHEPIUU

CocTaBJI€HIE CXE€M 3aMEIIeHHNI /I TOKOB IIpsIMOII, 0OpaTHON M HYJIEBOII

[IOCIIEJOBATEILHOCTEN

OmnpeneneHue mapaMeTpoB HX 3eMEHTOB. (B mambHelmeM IpHHSATHEL ITHPOKO
pacIpocTpaHEHHBIE 0003HAYCHII NHAEKCOB JJI IIapaMETPOB IIPIMOIL, 00paTHOII
I HyJIEBOII mocnegoBaTenbHocTell: 1, 2, 0).

1. Cxema 3aMenieHns IpsIMON IIOCJIEJOBATEIIbHOCTI aHAJIOTUYHA CXEME, KOTopas
COCTaBIIIETCA JJIA pacueToB cumMmerpuuHoro K3. B 3aBucumMocT oT MOMEHTa
BPpEMEHU M METOJ[a pacueTa BCE HSIEMEHTHI, B COCTaB KOTOPBLIX BXOJAT
Bpall[alolie MaIlNHLI (FT€HEepaTOpEl, HATPy3KM ABUTATEIIH, CHUCTEMEI I T.IL),
BBOJISATCS B CXEMY 3aMEIEHU IIPSIMOI [IOCJIEI0BATEIILHOCTU
COOTBETCTBYIOIMNMU peakTUBHBEIMUI 23 J[C. Bce ocTalbHBIE 3]IEMEHTEI BBOJATCS B
CXEMY HEN3MEHHBIMUI COIMPOTURICHISIMU.

HauamoMm cxeMsl (H) OpsSMOII IIOCIEN0BAaTEILHOCTH CUNTAETCS TOUKa, B KOTO-

poiil 0ObeACHEI CBOOOHEIEC KOHITEI BCEX I€HEPHPYIOMUX 1 HAaTPY30UHBIX BETBEIl. B

MECTe€ HECHMMETpUU (KOHeI[ CXeMBI - K) AelicTByeT OJ[C, paBHas HaIpsIKESHUIO

IpSAMOI MOCIIENOBATENLHOCTH. JIFOOYIO cXeMY IPSAMOIl IIOCIEAOBATEILHOCTI MOXK -

HO IIPUBECTHU K IIPOCTEUIIENl CXEME, N3 KOTOPOU OIpeIeiIsaeTCs pe3yIbTUPYIOIas

OJIC E» 1 pe3yIbTHPYIOIEE COIPOTUBIIEHNE HPSIMON MOCIEIOBATEIILHOCTH X»512.

CxeMma 3aMeIlleHus oOpaTHONM IIOCHEJOBAaTEIBLHOCTH II0 KOH(UIypallld He

OTJIMYAETCS OT CXEMEBI IIPSMOII IIocJieqoBaTenbHOCTH. HadamoM cxeMbl oOpaTHOI

[IOCJIEAOBATEIILHOCTH SRJISIETCS TOUKaA, OOBEOUHSIONIAS HauaJlo BCEX INE€HEPUPYIO-

X 1 Harpy3o4HbIX BeTBeil (OJ[C oOpaTrHOI moCiIeq0BaTEIbHOCTU PaBHBI HYIIIO ).

B kxonne cxemnbl (B Touke K3) mnpuinoxkeHo HampsxkeHne Uxaz. IlapamMeTpsnl

AJIEMEHTOB  CXe€M  3aMeElleHus  oOpaTHOII  IIOCJIeJOBaTEIbHOCTH  JJId

TpaHC(OPMAaTOPOB, BO3AYIIHBIX JIMHUIL, KaOeJIell 1 peakKTOPOR TE XKe, UTO I B CXeMe

[IPpsAMON IIOCIIEAOBATENBLHOCTI. 1[I0 CpaBHEHIMIO CO CXEMOI 3aMEI[EHUS MIPsIMON

[TOCJIEJOBATEIILHOCTU M3 MEHSIOTCS COIPOTURJICHU oOpaTHOII

ITIOCJICAOBA@VYREB HOUIAH JJICMCHTOB, B COCTAaB KOTOPEBIX BXOJAT BpdlldalOIIICCA
SNEKTPOHHOW NOAMNWMCLIO

Ceprudivbat IR EDBHob43E9AB8B952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ecinm amd Harpys3km COIPOTHUBIECHHE OOpaTHOM IIOCIIEIOBATEJILHOCTU HE
3aJaHo, TO €ro MOKHO IIPUHUMATEL paBHEIM Xp2)=0,35 0. e.

ComnpoTHuRIIEHHEe O00paTHOIl MOCIEeJOBaTEILHOCTI TE€HEPaTOPOB JAETCSI B
KaTaJoraXx B OTHOCUTEIBbHBIX E€INHUIAX C IPUBEACHIUEM K HOMHNHAJILHLIM
[TapaMeTpaM IeHepaTopa.

CxeMa 3aMeIIeHIsI 00paTHOM IIOCJIEI0BATEILHOCTI IIPHUBOJAUTCS K BUTY,
n300paxkeHHOMY Ha puc. 1, 0. 3aeck X5, SABISETCS pe3yIIbTUPYIOIUM
COIIPOTHUBIIEHUEM 0OpaTHOI IIOCIIeA0BATEIILHOCTI.

3. Buag cxXembl 3aMeNeHUs HYJIEBON IIOCIIEAO0BATEILHOCTU 3aBUCUT OT
3a3eMJIeHUS HeliTpanell ceTH Belciiero HanpsxeHusd (110 kB u Brile), kormdecTBa
TpaHC(OPMaTOPOB U aBTOTPaHC(POPMATOPOB, CXEM COEAUHEHNI NX 0OMOTOK. Ecim
HellTpank TpaHcopmaTopa OyJeT He3a3eMJIeHa, TO He OyJAeT KOHTypa i
IpOTEeKaHNUS TOKa HYJIEBOII IIociedoBaTenbHOCTH. I[Ipm coeguHeHNH 0OMOTKU
TpaHC(opMaTOpa B TPEYTOJBHUK TOK HYJIEBONM IIOCNIEJOBAaTEILHOCTH B 3TOHU
0OMOTKE IIPOTEKAET, HO Jlajiee Iy TU AJI5 HETO HeT.

B cxeMme 3aMelnieHns HyJIEBOH IMOCJIEI0OBATEILHOCTHU II0 CPABHEHUIO C
IPSIMOI M3MEHSIEFOTCS COPOTURIEHUS JINHUI 3IIEKTpoIepegaul. OTo 00yCIOBIEHO
0COOEHHOCTAMU ITUPKY I TOKOB HYJIEBOM IIOCJIEAOBATELHOCTIL.

CocCTaBIIEHIIE CXEMBI 3aMEIEHU HY JIEBOU II0CJIEIOBATENLHOCTH CIIEAYET Ha-
UNHAThL OT TOUkU K3, rje npuwiokeHo HanpsokeHUue Ugag U SBISIOINIENICS KOHITOM
CXEMEBI 3aMeIeHs. J[alee B CXeMY BBOJATCS T€ 3JIEMEHTHI, HO KOTOPBIM IIPOTEKAOT
TOKM HYJIEBOII IOCJIEJOBATEILHOCTH. KOHIBI 3TUX 3JIEMEHTOB, UMEHOIUX
IIOTEHI[NAILI 3€MIH, T. €. 3a3eMJI€HHbIe HeHTpaln TpaHC(pOPMATOPOB
(aBTOTpaHC(POpPMATOPOB) U 0OMOTKH, COCAUHEHHLIE  TPEYTOJILHUKOM,
OOBEIUHAIOTCA B OOIIYIO TOYKY, IIOIy4das Hadalo CXeMBl 3aMelleHHsI HYJIEBOU
[TIOCJIEAOBATEILHOCTU. 3aTEM CXEMY CBEPTBLIBAIOT OTHOCHUTENILHO TOoukud K3 it
ONpEeNEIIEHU  PE3YJLTUPVIOMENT  BEIINUYNHEI COIIPOTHUBIIEHUS  HYJIEBOU
IocJieJoBaTeNbHOCTH X530 (puc. 1, B).

KonmponvHbie sonpocsi:

l. Kakum o00pazoM CBfA3aHBlI pacueTHbIE aKTHBHAsI U peaKTHBHA:d
MOIITHOCTH?
2. B kxakoM ciaydae HEOOXOQUMO IIPOBECTU KOPPEKTUPOBKY pacueTHOIl
AKTUBHON MOITHOCTH?
OOKYMEHT NOANMNCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

lIpakTnueckoe 3anarue Ne/.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



Pacuet Toka K3

AHHI_}‘IIJHJH{?CHHJ membl.
3aKJIIo4daeTcs B HEDGXD,[[HMDCTH HpHD6pETEHHH HABBIKOB IIO PACHCTY TOKa

KOPOTKOI'O 3daMbIKdHITA

OOmuil DOpsAOK aHAIMTUYECKOro pacyeTa 3JIeKTpuueckux cereil npu K3.

IIocre cocTaBIEHUA CXEM 3aMEIEHUA SIIEKTPUUECKON CXEMBI 11 OIIPEAEICHILT
[IapaMeTPOB UX 3JIEMEHTOB BO3HHKAaeT HEOOXOAUMOCTL OIIpeJIeIeHIsI TOKOB 1 Ha-
IpSDKEHN KaK B MECTE IOBPEXKICHH, TaK s B JIFOOOM 3aJaHHOM MECTE.

J{711 5TOro HUCIOMB3YIOTCS OOBIYHBIE METOABI, KOTOPEIE M3YUalIUCh B Kypcax
""TeopeTyeckne OCHOBEI AJIEKTPOTEXHUKN' 1 " OIEKTPUUECKIE CETH U CUCTEMBI .

1. IIpuBegeHNE CXEMBI 3aMEIEHUA K IIPOCTENINIEMY BULY.

JUIsT 5TOTO MCIOJIB3YIOTCS METOJIBl MapaJUIelIbHOTO U IIOCJIEA0BATENLHOTO
CIIOXKEHUSI COIPOTURIICHUII, IIpe0oOpazoBaHms TPEYroIbHUKA B 3BE3Qy I 0OpaTHO,
METOJ[ SKBUBAJIIEHTHLIX 3J[C.

HMHorma B OoJjiee CII0KHBIX CIIyYasx IIpHU IMpeoOpa30BaHUN CXEMBI 3aMEISHUS
BO3HHUKAET  HEOOXOAUMOCTL  MPUMEHEHHIS  crocodba  paszpe3a  CXEMEL.
IIpeoOpazoBaHme CXEMBI BBIIOJHO BECTH TaK, YTOOBI aBapHilHasg BETBb IIO
BO3MOJKHOCTH OBlJIa COXpaHEHa JI0 KOHIla IMpeoOpa30BaHUl IWJIM YUacTBOBajIa HIX
TOJILKO Ha IIOCJIEHUX STallax.

2. IIpu pyusnom pacueTe nHor1a OBIBAET Y, 400HEHN UCIIObL30BaTh IIPUHIINII Ha-
noxkeHns. J[11g 3Toro HeoOXOAUMO OIPEAEIISATE COOCTBEHHBIE H B3alMHBIE COIIPO -
TUBJICHII CXEMBI 3aMEII€HIA.

B KP npousBoaATca pacueThl HadalbHOU CTaAUU IIEPEXOAHOTO IIpoliecca Ipu
TpexX(}azHOM U HECHUMMETPHYHLIX (IIpU OJHOKPATHOI MONEPEUHOII HECHMMETPUN )
K3, B 3agaunm sTuxX pacueToB BXOAUT OIIPEIEIIEHUE AEHCTBYIOIIErO 3HAUCHMS
nepuoamdeckoll ciaararomeil Toka K3 B HauanbHBEIN MOMEHT BpeMeHH (1) - HadaJlb-
HOT'O CBepXIlepexoiHoro Toka (I"), a Takxke ygapHOro Tokxa (1y, ly).

IIpu BEIMIOIHEHUU PACUETOBR HCIIOJIL3VIOTCS BCE T€ AOIYIIEHNA, KOTOPBIX
OBIITN M3JIOKEHBI paHee. KpoMme HHIX, B IIPaKTHUECKUX pacdeTax 10 ONpedelICHUIO
HAUaJIbHOTO CBEPXIIEPEXOJHOIO TOKa JIOIIYCKAETCSI PABEHCTBO IIPOJAOJILHBIX U
IMOIIEPEYHLIX CBEPXIIEPEXOMHLIX PEAKTHBHOCTEN CHHXPOHHEIX MalmInH (X ¢ =X 4),
BHE 3aBUCHUMOCTH OT MX THUIIOB, UTO 3HAUUTEILHO YVIIPOI[AET pacueTHI.

IIpu pacuerax HeCUMMETPHUHBIX K3 mpejaronaraercs, UTo IIepuoguuecKasd
cllararomnias TOKa COCTOHT TOJIBLKO M3 OCHOBHONM TFapMOHUKH, T.€. IIpeHeOperaroT
BBICIIINMI FapMOHUKaMI.

IIpu pacuere Iy JOJDKHEI OBITH YUTEHEI BCE CUHXPOHHEBIE T€HEPATOPhI 1 KOM-
[IEHCATOPHI, a TaKK€ CUHXPOHHBLIE aCUHXPOHHBIE ABUraTeIn MOITHOCTEIO 100 kBT
11 OOJIEe €CII OHHI HE OTJEICHEI OT TOUKHI K3 TOKOOTpaHMYNBAIONIIMU pEaKTOpaMI
WIIH CHIQBRIMIL TRaHchopMaTopaMil, B aBTOHOMHBIX CHCTEMAX CIIEAYET YUUTHIBATE

u SIeKTPOABUTATERN MO HOCTEIO MeHee 100 kBT, ecnu ux sjons B cyMmmapHoM K3
Ceprvpukar: 2C0000043ESABEBBO52205E7BAS0006

000043E
BnanendO CTa&BIIFS T-HeMeHee 2130,

Kﬂﬂmpﬂﬂbﬂblﬁ éonpocst.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



l. Kakum o00pazoM CBfA3aHBlI pacueTHbIE aKTHBHAsI U peaKTHBHA:d
MOIITHOCTH?

2. B kxakoM ciaydae HEOOXOQUMO IIPOBECTU KOPPEKTUPOBKY pacueTHOIl
AKTUBHON MOIITHOCTH?

lIpakTHuuyeckoe 3aHsaTHe Ne8.

Pacuer Toka yaapHoro K3

Affm_}‘ﬂﬂbﬁ.ﬂﬂ?ﬂb nmembl.
3aKJIIO4aeTcs B HED6XD,I[HMDCTH HpHD6pETEHHH HABBIKOB IIO PA4CHCTY TOKa
KOPOTKOTI'O 3aMBIKdHITA HpHMDﬁ IIOCJICHJOBATCIIEHOCTI

CHUHXpPOHHBIE U AaCHHXPOHHBIE MAIIUHEI B CXEMY 3aMEIIEHUS IIPsIMOI
[TOCJIEJOBATEIILHOCTU JTOJIK HEI OBITh BBE/ICHEI CBEPXIIEPEX OTHBI MU
COIPOTHUBIIEHIAMI (X ¢) M cBepxnepexofHbiMu OJ[C  YHCIEHHO pPaBHBIMIL,
sHaueHnsIM »tux OJIC B momeHt, npeamectByromuil K3 (E"). IIpu oTcyTcTBUM
maHHeIX o E'" 3mauenme 3J[C i1 paznndHBIX 3JI€MEHTOB CE€TH MOIYT OBITh
OIIpe/IeJIEHBl COOTBETCTBUN ¢ TaOI. 1.

Harpyzka B cxeMe 3aMeIeHI YUUTEIBAETC S IPUOIIIKEHHO, KaK HCTOYHHIK CO
CBEPXIIEPEXOLHBIM CONPOTUBRIIEHNEM X x=0,35 1 BDJIC E",=0.85 (ecnu He 3amaHEbL
IPYTU€ BEITNUUHEI ).

Bce ocTanbHBIE 3JIEMEHTHI CETU BXOIAT C 3aJaHHBIMU ITapaMeTpaMi, IIPUBE-
JEHHBIMI K OJHOII 0Oa3HUCHON MOIIHOCTH, Sg (B 0. €.), IIO0 K OJJHON CTYIIEHH Ha-
IpSDKEHNS (B IMEHOBAHHBIX €QUHHIIAX ).

JII1s1 pacyeTOB 1 aHaAIN3a HECUMMETPUUHEIX K3 Ba)XHBIM BBEIBOJIOM SIBIISIETCS
[IPaBUJIO SKBUBAJIEHTHOCTH IIPSMOIL IIOCIEA0BATEIILHOCTU. CyTh 3TOrO IIpaBUIa CO-
CTOUT B TOM, YTO TOK IPAMOII IIOCIEAOBATEILHOCTHI JIFOOOro HecuMMeTpudHoro K3
MOJKHO OIPEACIINTE KaK TOK HEKOTOPOro AKBUBAJICHTHOro TpexdazHoro K3, yma-
JIEHHOTO OT JIENCTBUTEIILHON TOUYKM IIOBPEKICHNIA HAa JOIIOJHUTEIILHOE COIIPOTUB-
neane Ax™ (mynt K3), BenmmumHa KOTOPOTO OIPEAEIAETCSA PE3YIILTHUPYFOIIIIMI
COIIPOTHUBIIEHUSIMU CXEM OOpaTHOII M HYJIEBOM IIOCJIEIOBATEIILHOCTHU, (X5 U Xsg)
OTHOCUTENLHO, MecTa K3 1 3aBucut ot Buja K3. B cOOTBETCTBUE C 3TUM IIPaBIIOM
AKBHBAJICHTHAS CXEMa MpSMOIl IOCIIEAOBATEILHOCTI IMEET BUI, M300pakKE€HHBI Ha
puc. 2.

E3 X:al K &X[n} II{AI
) —~—— Y. ~——
N/
H
OOKYMEHT NoarincCAaH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Puc.2

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Toxk npsMoll rmocneoBaTenbHOCTI 0co00il ¢azel (A) B mecte K3 npu
mro0oM HecumMmeTpaHoM K3 (n) ciaeqyer onpeaenits 4o GopMyIie

E
(n) 3
Ly = — (2)
J(x4 +Ax )
rne  Ax™ - JOIOJIHUTENBHOE COIPOTHUBJIEHNE (OIpEAEIIeTCs B

COOTBETCTBHNU ¢ TabII. 2).

CxeMBl 3aMeIleHNs1 BceX TpexX  IIOCIEJOBATEIILHOCTENl  METOJO0OM
IpeoOpazoBaHMIl IPHUBOAATCA K IpocTeiimemy BUAY. [Ipu 3TOM ompeaessmoTcs
CYMMAapHBIE€ COIIPOTUBRIIEHUS CXEMBI KaXJOM IOCJIEI0BAaTEIILHOCTI OTHOCUTEIILHO
MecTa K3 X5, Xm, Xm0, @ B CXEME IpsAMON TIocieqoBarelbHOCTH En. llpn
BBIIIOJIHEHIU peoOpazoBaHUI CXEM CIIEAyEeT BEIONPATH TaKyIO
[I0CJIEJOBaTEILbHOCTh, YTOOKLI YHCIIO IpeoOpa3oBaHNil, 0OCOOEHHO CJIOKHBIX, OBLIO
HalIMEHBIIIIM. OTO 00€CII€UNBAECT MEHbIIEE KOJIMUECTBO OIMMNOOK B BEIUNUCIICHILIX I
SKOHOMHT pacueTHOe BpeMsd. B Toke BpeMs IoclieJOBaTelIbHOCTL MpeoOpazoBaHUIl
JOJDKHA OBITH TaKOBa, YTOOBI B IIOCJIEIHIOID OUepeb IMpeoOpa3zoBaICh T€ YaCTH
CXEMBI, B BETBAX KOTOPBIX HEOOXOJUMO OIpeJelINTb TOKM H OCTaTOUHHIE
HaIlpshDKeHUd. TakuM oOpazoM, cCoKpalaeTrcsd o0ObeM BBEIUNCIICHHUN IIPU 0OpaTHOM
pazBEePTEIBAHUU CXeMEI. [IomHEIN Tok moBpexkaAeHHON ¢a3nl B MecTe K3 paBeH

(n) __ __ (n) (n)
[, =m" -1, @3

rae m'" - ko3 PUIEHT, TOKa3LIBAOI M1, BO CKOJILKO Pa3 TOK IOBPEXICHHOI (hasbl
B MecTe K3 Oonpkine Toka mpsaMoil MOoCiIeJ0BaTEIbHOCTU
KoumponwvHsie sonpocoi:

l. Kakum o0OpazoM CBfA3aHEl pacueTHBRIE aKTHBHAsd I« pPeaKTHBHAa:
MOIITHOCTH?
2. B kakoMm ciydae HEOOXOAUMO MHPOBECTU KOPPEKTUPOBKY pacuETHOI

AKTUBHOII MOIITHOCTH?

lIpakTuuyeckoe 3ansaTue Ne9.
Pacuet Tpexdaznoro Tokxa K3

®opMHpYyeMbIe KOMIIETeHLIHH
[IK-2 CriocoOeH aHaIN3UPOBAThL PEKUMEI PaOOThI CUCTEM

AIIEKTPOCHAOKEHINI 0OBEKTOR
WMungukatopel HMJ[-31IK-2 OOecnieunBaeT 3aJaHHbLIEC IapaMETPEl peiKIMa
IOCTIDKEHISI CHUCTEMEI 3JIEKTPOCHAOKEeHII 0OBEKTa

KOMIIETEHITIIIT
OOKYMEHT NoAarincCAH

SNEKTPOHHOW NOAMNUCHLIO
Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
Branency HANEBy PIBIKYAREPEXOAHBIX IIPOIECCOB IpU TpexdazHoM Toke K3;

YMeThb: aHAIU3HIPOBATh pe3yIbTaThl pacyeToB TpeXdazHoro Toka K3
Nencteutened: ¢ 19.08.2022 no 19.08.2023



Baanerb: HaBeIKaMU pacdeTa TpexdazHoro Toka K3

AxkmyanvHocmb membi.:
3aKIIFO4aeTcsd B HEOOXOJHMMOCTH MOPHOOPETEHHS HABLIKOB IIO pacydeTy
TpexdazHoro toxka K3

Toxu n HanpsKEHUI 0OpaTHOI U HYJIEBOII IIOCIEJOBATEILHOCTI B MECTE II0-
BpEXKICHUS CBI3aHBI OIPE/IeIEHHBIMU COOTHOIMEHUSAMI ¢ TOKaMU 1 HaIIP K €HISIMUI
IpSMOII ITOCJIEOBATENHLHOCTU JJISI pacueTHON (pa3kbl, KOTOPhle OINPEAeIISIIOTCS BH-
IIOM MOBpEXKIACHII. ECIN NpUHATEL 1 BCEX HECHMMETPHUHLIX ITOBPEXKICHUI 3a
pacueTHyro ¢azy A, COOTHOIMIEHNI Oy Ay T:

- g aByxdaszgoro K3

Iy, =i 3Ups =Upy, (4)

- g ogHodazHoro K3
Tywi =T gay —TiaosUgay YU gus +Ugyp =0 (5)

- OJIA l[E}’X(lJEIBHGFD Ha 3€MJIFO

Imql "‘Imz "‘Iﬁ.:qﬂ :O;Umt:Umz _Umﬂ
Ax"P Ax'Y (6)
Iﬁmz:_fml ;IKAFJ:_IMI
X X

HDHHI::-IE TOKIH B (I)H.BH.X COOTBCTCTRBCHHO.
Ly =1 gy 1 gun 1 gy

Lyp = ﬂjfﬂl +al g, + gy (7)

-

e =al gy +a 1, + 1y

ey
ey

rnea=e'?=-05+;2.a’=e?=-05-,2

HaHpH}I{EHHH PA3JINYHBIX HDCHE,[[DEHTEHEHDCTEﬁ B MCCTC ITOBPCIHKJCHIA HAXO JATCAH

Kak (puc 1)
_ s (n)
Ui = Hgay - Ax
Ugir ==Jlgas * X5 (8)
Ugio == Hygao "X
NOKYMEHT MOONWCAH

[ PBHERIECH APATYEREHIIST OTIENTbHEIX (pa3 B MECTE MOBPEKACHIS OIPEEIISTIOTCS
Ceprudomkar: 2C0000043ESABBESS52205E7BAS00060000043E

BranendiCp @eETIBeRe TRVIOHHEE (Uka1, Ukaz, Ukao) IO COOTHOIIEHUSAM, aHAJIOTUYHBIM JIJI1

TOKOB
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Ugsa =Ugus YU gs U gy
Uw=aUg, +al,,, +U,,, (9)
Uge=aUp +aUg,, U

JIna HaxoxaeHus (azHBIX TOKOB U HaIpsDKeHHI B 3aJaHHOM CEUESHIN
HEOOXOANMO IIPOM3BECTH pacueT TOKOpacHpeAejeHHmiI B cxXemMax Bcex
[IOCJIeIoBaTeILHOCTE, IIOCJIeIOBaTeIbHO pazBepThIBasl KaXAylO0 13  HIUX.
McXogHBEIM JUUIL STHUX pPacueTOB SBILIETCS IIOJIyUEHHE 3HAueHHUs TOKOB M
HAIIPSKEHUH pa’INYHEIX II0CIIEoBaTeLHOCTell B MecTe moBpexaeHuil (puc 3).

[Ipu pazBepTEIBAHII CXEM MOIL3YIOTCS N3BECTHRIMU IIpaBUIaMU U 3aKOHAMI
pacHIpeIeICHI TOKOB B JINHEMHBIX AJICKTPUUECKIX HEILIX, AJI1 CXeM IPsIMOIl II0-
clIeJOoBaTeIbHOCTU HaIIpsDKeHUe B kakoil - mnbo yaaaeHHoll OT MecTa HOBPEIK,ICHIL
Touke (m) OyJIeT ONpEeACIISATLCS Kak

Um.r:l — Uﬁ.‘nl + z Imr'l j‘xmil (10)

i—Ln

rae > 1, JjX,, - CyMMa IaJeHnil HAlPpsIKEHNA B BETBSX 110 IIYTU OT TOYKH

i—Ln

IIOBPEKIACHNS IO 3aJaHHOI m;

[ . -TOK BETBEI C COIIPOTHUBJICHICM X .,

il niel *?

N-4IIcJIo BETBEI Ha IIYVTI npemﬁpaamﬁamm OT TOYKIH N JO 1.

rr

m

rr

HaHpH}HEHHH DﬁpaTHDﬁ 14| HyHEBGﬁ ITOCJICAOBATCIIEHOCTII B CCHCHIII

OIIPpCACIIANOTCA

Umul — Uﬂ;ul + meiﬂj"}:mil

i—1.n

U,uo =U o + zfmm JX mio (l 1)

i—1.n
JJIs1 3TUX CXEM II0 MEPE yAalleHHs pacueTHOIO CEUEHHSI OT MECTa II0BPEKIE-
HIISI aOCOIIOTHAs BelNUYMHA HAIpsDKEHNs yMeHbIIaeTcs. Bce IpeoOpazoBaHUs
BBITIOJIHATCS [10 cXeMe 3aMeleHnil. [Ipn Hannuuu Ha Iy TH IpeoOpa3oBaHIsI TPaHC-
bopMaTOpOB HEOOXOAUMO yUeCTh, UTO B3alMHAs OPHEHTALIsl BEKTOPOB TOKOB I
HAIIPSDKEHNS Pa3IMUHbLIX IIOCIIEL0BATENLHOCTEN MOKET M3MEHATHCS, IPYIIIOI co-

eINHEHIST 0OMOTOK 3THX TpaHC(hOpMaTOPOB.
B eKkTOpBI HAIIPSI’KEHUIT I TOKOB pa3IMYHBIX [IOCIIE[0BATELHOCTEI TP Iepe -
X0/le depe3 TpaHc(GOpMaTOpPHl MIONYyUaoT OIpeeleHHOE YITIOBOe cMeleHne. [1o-
3TOMY IIOJIy4YeHHbIE 3HaueHNs TOKOB I HalpsDKeHUil B ceueHnn (m) JOJKHEL OBITh
YMHOKEHHI I1a orepaTop nosopora eP’*Y. B koropom p=(-1)N, B koropoM N - HOMep

116l COGMMHEHINEABOMOTOK TpaHcdopMaTopa. [Ipu nepexoie uepes TpaHcdop-
rpy EHEH.TF'EI?IDH NOQMUCLIO p [1) p p p p A p p (b p

Cepm MAT QPERLEOEXREMOH seQeaHeHIIT oOMoToK Y/Y mmu A/A (rpymma 12) yrioBoro
Tenengmenter e Tt TP i€pexone uepes TpaHcPopMaTOpEl ¢ HamboJIee YacTO BCTPe-

YJaroMIelcs mmoii  Y/A-1lcocrapmgromue OpsSMON  MHOCIEAOBAaTEILHOCTU
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[IOBOPAYNBAIOTCS Ha yro 30 IpaLycoB 10 HAIIPABIEHIIO BpalleHus BeKTopos (e”V),
oOpaTHOI mociaeaoBaTeIbHOCTH Ha 30 rpaaycoB MPOTHUB HAIpaBIICHUS BpalleHILI
BekTopoB (e””). ITosToMy BbIpaskeHHs A1 HampsbkeHUit Umay U Ume IPU OgHOI
TpaHcopMali Oy IyT UMETb BUJ;:

. 30
Umnl — (Uﬁ.ﬂl + ZI!H” .J'il"":rml'l)E‘lr

i—1.n

Unml — (Uﬁ'ﬂl + zfmilj"}:miﬂ )E_ﬁm (12)

i—1.n

[Ipu mepexojie ¢ TPeyroIbHUKA Ha 3Be3y - HaobopoT, mpsamas Ha (e7'3Y),
obpatHas Ha (e”"). B obmeil ciyuae, Korja Ha IIyTH Pa’BEpPTHIBAHUS CXEMBI
BCTpEUYaeTCsd HE OJHa TpaHcopmalusd, I[IOBOPOT [JOIKEH OBITh YUTCH
COOTBETCTBYIOIIEE  YHCIO  pa3. Tokm  HyJIEBOHl  IIOCJIEJOBaTEILHOCTHU
TpaHCOPMUPYIOTCS JINIIL IIPU IIEpexXoJe Uepez TpaHcPOopMaTOpbl CO CXEMOI
coeJJUHeHNusI OOMOTOK Y/Y.

KonmponvHble sonpocsl:

l. Kakum o0OpazoM CBfA3aHEl pacueTHBRIE aKTHBHAsd I« pPeaKTHBHAa:
MOIITHOCTH?
2. B kakoMm ciydae HEOOXOAUMO MHPOBECTU KOPPEKTUPOBKY pacuETHOI

AKTUBHOII MOIITHOCTH?
8. YueOH0-MeT o IecKoe H HHPOPMAIHOHHOE o0ecnedeHne JHCIHIIIHHDI

8.1. IlepevyeHb 0CHOBHOM H JOIOJIHHT €JILHOH JIATEPATYPbl, HE00X0AMMOH I
OCBOECHH S MU CIHILTHHBI

8.1.1. IlepeyeHb OCHOBHOH JIMTEPATYPHI:

1. [IrmrieHko, B.'T. SneKTpoMarHHTHEIE IIEPEXOMHBIE IIPOIIECCHL B
AIEKTPORHEPreTHUYECKHX CHCTeMaX: yueOHO-MeTonueckoe rocodone/ B.T. [Tnimnenko;
OpeHOyprekumi roc. yH-T. — OpeHOypr: OI'Y, 2014, — 124 ¢. PexxuMm gocryma:
http://biblioclub.ru/index.php?page=book_view_red&book_1d=330565

8.1.2. IlepeyeHb JONOHHTEILHOR JIHTEPATYPDI:
l. KyeumHoB A.A. Teopus sanexkrporpueoga. Yacte 3: IlepexXoaHbIie ITPOLECCH B

3JIeKTPOIIpPHBOIe: yueOHoe mocodmne/ A.A. KyenmHoB, 3.J1. I'pekoB;, OpeHOYprcKHii roc. yH-T. —
OpeHOypr: OI'Y, 2017. — 114 ¢. Pexum gocryra:

http://biblioclub.ru/index.php?page=book_view_red&book_1d=481766

8.2. IlepeyeHb Y1e0HO-MeTOAHIECKOT0 00€ecIie YeHH I CAMOCT OATEJIbHOI PadoThbI
00Y4YAKIIMXCH [0 JUCIIHIIIHHE

1. MeToamdeckne peKOMeHAALHH JJIS ITOATOTORKH K ITPAKTHYECKHM 3aHSTHSIM.

2. MeTtoamieckne peKOMeHJALMH JJIS ITOATOTORKH K JTa0OpaTOPHBIM 3aHSITHSIM.

3. MeToamdeckHe peKOMEHIALMH IT0 OpraHH3aIl[HH CaMOCTOSTEIIbHOH padoThI
CTYIEHTOB.

8.3. Ilepeuens pecypcoB HHPOPMANHOHHO-T €JIEKOMMYHHKAIIHOHHOH CETH

«IIHTEpH hﬁﬂﬁm‘mm IJISl OCBOEHHA JUCITHILIHHBI

Ceprucpkar:  2C0C Elfgﬂg,?fé%@? 5 tﬁgm‘g},ma-EBBC "YHHBepcHTETCKas OHOIHOTEKA OHIIaHH"
Brageney:  WeGxduit privawwaprbeekshop.ru/ - D1leKTpoHHO- OHOIHoTeYHas cucremMa [PRbooks
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIEHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIM YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanyeckue yKa3zaHHs

I1O BBEINTOJTHEHHIO J1a00PpaTOPHEIX padoT
ITO THCIHHHIUIHHE {{HEPEKD,[[HI:IE NMPOUECCHI B AJIEKTPOIHEPreTHUYELCKHX CHCT eMax» I GT}",I[EHTGE
HarpaBJIeHH S ITOATOTOBKH 13.03.02 DneKTposHEPreTHKa H 3JIEKTPOTEXHIKA

BBE/IEHIE

HacTos1He MeTOHYECKHE YKa3aHHA SBISAIOTCA 3aroTOBKOH K 1a6opaTopHbIM paboTaM I10 JHCLHIUTHHE
«TTep exoTHBISKIPOME ACHHB HIEKTP 03 HEPreT HUe CKHX CHCTeMAaX» H MpeqHa3HaueHbI 1 CTyIEHTOB Harlp aBJIeHHA
riogroto B 3P B HeRTPeSep reTrica H >neKTpoTeXHHKA THEBHOH H 3a04HOI (hopM 06y YeHHSI.

CepTUOTTRE ﬁ&%%%ﬁﬁ%&ﬁ%%ﬁﬁm%% He06XO/JHMO TTO/ITOTOBHTD ITP OTOKOI J1abopaTopHOi paboThl,

Bnaneneu. LI_Ieua xoea TaTteAHa AnékcaHpoBHa .
KOTOPBIH OYOET COOTBETCTBOBATD 'I]]EﬁDEHH[fIHM K COACPARaHHID OTUETA C HCITOJIE30BaHHEM PEKOMEHIY EMOH

JIHTEPATYPbl H HCTOYHHKOB Internet.
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I IprMeHeHHE METOAHYECKHX YKa3aHHIH I103BOJIAE T HHTeHCH(HLIHPOBAaTh MMPOoLIECC H3YYeHHA MaTepHaJa, IToMOoraeT
CTyJeHTaM ITIPHOoOp €TaTh HABBIKH paboThl ¢ 000pyI0BaHHEM H TEXHHYECKOH JIHTEpaTy POl

ColdeprkaHue
OcHoOBHBIE NMpaBHJIa TEXHHKH 0e30IACHOCTH
B JIA00PATOPHH IEKTPOTEXHHKH H IEKTPOHMKH ... ... ..................... 2
Hpﬂﬂﬂ.ﬂﬂ TeXHHKH 0e30IAaCHOCTH IIPpH BBIIOJTHCHHH ﬂﬂﬁﬂpﬂTﬂprIﬂ
PaADOT ... 5

JIaboparopHas padora Ne 1 Pacuerbl H AaHAJIH3 TOKOB KOPOTKHX 3aMbIKAHHIL

BekTOpHEBIE JHArpaMMEBI TOKOB H HaIIPsDKeHHH ITPH K3 Ha CTOPOHE
HH3IIIETO HAITPSDKEeHH S ITIOHHKAIOIIErO TpaHCc(popMaTopa....................... 6

JIadboparopHas padora Ne 2 Pacuer 419 BbIOOpa BBIKJIIOYAT eJIel 110
OT KJIKYAK el CIocCOOHOCTH

[IpocThIe 3aMBIKAaHHS HA 3€MIIIO B CETH C H30IHPOBAHHOH HENTPAJIBIO. .. ... 12
JIaboparopHas padora Ne 3 J/Isyxdasnoe K3. Omnodasnoe K3. J/IByxdasznoe K3 na
3emuro. 14 BKBWBAJTCHT HOCTH HPAMOIl MOC/I€A0BATE/IHBHOCT H.
SNEKTPOHHOW NOANUCKIO |
Cepincat BYXDABHOSKOROTKOE ZAMBIKAHEE ... ... 17

Bnaneneu: bayxosa TaTeAHa Anek

HOpOB
JIaui]ipnpaTanaﬂ paﬁura Ne 4 KoMIiekcHbIe CXeMbI 3aMeLIeHHSI.

OmHo(asHoe KOPOTKOE 3AMBIKAHIIE. . .......ooi ettt e e e, 24
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JIaboparopHas padora Ne 5 Ilepexoanoi nmpoiecc B MPOCT eHIIMX Tpex(a3HbIX

mensax. [loctaHoBKA 3aaYM.
PacueT HecnvmMeTpHYHBIX K3 HAa MOJEIIH ITOCTOSHHOIO TOKA. ................

JIaboparopHas padora Ne 6 Tpexdasnoe K3 B npocTeinmmeii TpexdgasHoii

HEpHSEETEﬂEHHDﬁ ICITH.
O,I[HGKP&TH&H ITPpOAOIIBHAA HCCHMMCETPIA. .. ... ... ...

JIaboparopHas padora Ne 7 YueT acHHXPOHHBIX JABHraTeJIeil H 00001IeHHOM
HATPY3KH.
JIByx(pa3HOE KOPOTKOE 3aMBIKAHHE HA 3EMITEO. .. ... ....ooee e i,

JIadoparopHas padora Ne 8 Pacuer 1,191 BbIOOpa BBIKJIIOYAT eJIel 110

OT KJIKOYAKOIIEeH CII0COo OHOCTH.
Yyer B3aHMOHHIYKITHII JIHHHH JJICKTPOIICPEdaTd B CXEMAX H‘_’;"HEEGf[

ITIOCIIC OB AT CIIBH O T . . . .. e e i e

JIaboparopHas padora Ne 9 Ognodasnoe K3.
KopoTkue 3aMbIKaHHI Ha CTOPOHE BBIITPSIMIIEHHOTO TOKA. .. ...................

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1. Ileqnb 1 323291 0CBOEHH S THCIHILTHHBI

L[EHL H3VUCHHA JHCITHITIIIHBI.

- 14Th ITPEACTABIICHHE O (1)1[31[[{5 HBJIEHI]IUI:, IMPOHCXOJAIHX ITPH JSJICKTPOMAI' HHTHBIX
IIEPEXOAHLBIX TTPOIIECCAX H METOJBI X KOIIHYECTBEHHOH OI[EHKH.

3aadH ITPH H3YUCHHH JHCIIHITIIHHEBIL.

3HaTh (1)113}[[{}*' IICPEXOIHBIX ITPOICCCOB B JIICKTPOSHEPICTHUCCKHX CHCTCMAaX H HX OCHOBHBIX
JJIEMCHTAaX,

YMeTb dHAITH3HPOBATE PC3YIIBTATHI PACHCTA IICPEXOJHBIX ITPOLICCCOB JJIA ITPHMCEHCHHA B
PEaJIbHBIX SJICKTPOSHEPICTHYCCKIX CHCTCMAX H CHCTCMAX BHEI{TPGCHﬂﬁ ACHI AL
BJiiagerb HaBbIKAMH pacteTa THIIOBbIC ITE€EPEXOAHbIC ITPONICCChI

2. Obopyooeariie uu Mmamepuaibl

ATlITapaTHEIE CPEJICTBA: IIEPEHOCHOH HOYTOYK, ITPOEKTOP, JOCKAa MAarHHTHO-MapKepHasl.

YueOHas ayqHTOPHS I IIPOBeJeHHS YUeOHBIX 3aHATHI, OCHAIlleHa 000pYyA0BaHHEM H

TEXHHYCCKIMH CPEICTBAMH Dﬁ}”IEHIIH.

3. HamMmeHoBaHHe JIA00PATOPHBIX PadoT

Il 3a04HOH (POPMBI 0OYUEHHS ITPEYCMOTPEHBI CIIeAYIOIHE TabopaTOpHbIe PabOTHI:

JlaGopaTtopHas pabdora NeS. PacueT 111 BeIOOPpa BRIKIIFOYATEIIEH IO OTKIIFOYAROIIEH

criocoOHocTH. — 1,5 yaca, JIabopaTopHas padora Nel6. Pacuer amnsg Be1Oopa BEIKIFOYATEIIEH I1O

OTKIIFOYArOIIeH cItocoOHOoCcTH. — 1,5 Jaca.

HanmeHoBaHHe J1a00paToOpHBIX padoT, HX
KpPaTKoe CoJep KaHne

Oo0BeM 9acoB
(Jacel)

M3 mx

ITIPAKTHHYCCKAA
ITOJTOTOBEKA, H4COB

JlabopaTtopHas padora Ne 1 Pacuernl i
AHAJIH3 TOKOB KOPOTKHX 3aMbIKAHHH.
BekTopHBIE JHAarpaMMBI TOKOB H HaITp SDKEHHH
rmpu K3 Ha cTOpoHe

HH3IIETO HAITPSKEHH S ITOHIKAOIIET O
TpaHc(popMaTopa

1,5

JlabopaTtopHas padora Ne 2 Pacuer nina
BbIOOPA BHIKJIHYATEIEH 10 0T KJII0YA0IIEH
CIIOCOOHOCTH

[IpocThie 3aMBIKaHHS Ha 3€MIIXO B CETH C
H30IIMPOBAaHHON HENTPATIHIO

1,5

JladbopaTopnasn padora Ne 3 /IsyxdasHoe
K3. Oanodasnoe K3. /IByxdasnoe K3 Ha
3eMJI10. 11 paBII0 SKBHBAJIEHTHOCTH
NPAMOH NMOCJI€I0BATEJIbHOCTH.

ABYRHHOC RODGTKOe 3aMblKaHme

Ceptud nué4’.

Bnanensu:

1,5

APPSR TAGOFY R Kommuexcnie

pC
|| |e03yxoB npoeHa
CXEMbI 3aMenicHN A

‘ O%HGQ&SHGE KO pGTKGE 3aMbIKAHIIC
NencTe : A A

1.5




5 | JIabopaTtopnasa padora Ne S IlepexoaHoi 1.5
Ipolecc B MPOCT eHMNX Tpex(da3HbIX Memnsax.
IlocTaHOBKA 3aJa4M.

Pacuer HecuMmMeTpHYHBIX K3 Ha Momer
ITOCTOSIHHOT' O TOKa.

6 1.5
Jlaboparopnas padora Ne 6 Tpexpasnoe K3
B NPOCTelnIen TpexgasHon
Hepa3BeTBJICHHOI Iem.

OIHOKpaTHAS ITPOIOIbHAs HECHMMET PHS

7 JlaboparopHas padora Ne 7 Vuer L5
ACHHXPOHHBIX JIBHIaTeJiel H 0000IeHHOMH
HATPY3KH.

JIByx(pazHOE KOPOTKOE 3aMBbIKaHHE Ha 3EMITIO

8 JladoparopHnas padora Ne 8 Pacuer nin L5
BbIOOPA BHIKJIIOUYATE/IEH 10 OTKII0UAIoNIeH
CII0COOHOCTH.

YueT B3auMOHHIYKIHH JIHHII
AJIEKTpOoIepeiad B cXeMaxX HYJIeBOH
IIOCIIEIOBATEeIIBHOCTH

9 1.5
Jlaboparopnas padora Ne 9 Ognodasnoe
K3.

KopoTrkue 3aMbIKaHHST Ha CTOPOHE
BBOIPSIMIIEHHOI'O TOKA
Hroro 3a 6 cemectp 13,5
Htoro 13,5

JlaGoparopHas padorta Ne 1

PACUETBHI 1 AHAJIN3 TOKOB KOPOTKIX 3AMBIKAHU
BEKTOPHBIE ITUATPAMMBI TOKOB 11 HAIIPSIKEHIII ITPU
K3 HA CTOPOHE HU3HIELI'O HAIIPAKEHW A
IHHOHHUKAIOHOIELI'O

TPAHCDOOPMATOPA

Henn:

Llenp H3yYeHHA JHCLHILUTHHDI:

- 1aTh MpeJicTaB/IeHHe 0 (PH3HKE ABJIEHHE, TP OMCX OMIANIHX IMPH 3JIEKTPOMAarHHTHBIX Iep €X0/HbIX
TP OLIEC CaX H METOIBI HX KOMHYEC TBEHHOH OLIEHKH.

1. ITestb paboThI: IMOCTPOEHHE BEKTOPHBIX AHArPamMM TOKOB H HAITPSLKEHHIT IMPH ITep eXofie Yepe3 TpexQasHbli
TpaHcpopMaTop IpH pa3HIHbIX BHax K3,

2. Kpamkasi meopusi

2.1. 061U e moJI0KeHUs
OOKYMEHT NOANNCAH

I3y ueHHE FMIYPOA G 3EHEBIR BEKTOPHBIX JHAIP aMM HMeeT G0Jbloe 3HaYeHHE Ha IMpaKTHKE TTPH oI e1eIeHHH
CeprudmoroB KB B @R 6ABRHIN BeFERA TNEMBIADEPH ITp OEKTHPOBAHHH H aHAIH3€ paboThl VCTP OFCTB pPENeHHOH 3alllHThI
Bnanengiyic TeMESAERTP GEHAGREAI A PHKIT 1 HarIpAKEeHHA TIPH pa3IHYHBIX BHAAX K3 H3MEHAIOTCA [IPH TP eX0JIE Yep €3

TpaHchopMaTOp He TOIBKO M0 abcoMOTHOH BENHYHHE, HO H I10 (paze B 3aBHCHMOCTH OT IPYIIIbI COEJHHEHHS €T0
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I'pyrmia coemiHeHHA TpaHc(opMaTopa ornpeneieTca cXxeMoi coeqHHeHHA ero 00MoToK H 0003HadaeTcs LieJIbIM
YHCJIOM M B 3aBHCHMOCTH OT CABHIa Mo (paze MeIy JTHHEHHBIMH I1ep BHUYHBIM H BTOP HYHBIM Harlp siK eHHAMH Ha
OJHOHMEHHBIX 3akHMax TpaHcdopmaTopa. Yroi casHra m - 30° cooTBETCTBYET m I'PYITIE ¢ 0eJHHEHHI.

B cHcTemax snexTpocHaOkeHHA HaHOoIbIIee P acrIp ocTp aHeHHE TTOJYYHIH cJie/Ty I0IHE ¢XeMbl COeIHHEHHA
oOMoTOK Tpex(a3HbIX TpaHcpopMaTOpOB:

a) cxemMa coeqHHeHHsA oOMoToK TpaHcdopmaTopa Y/Y-12;

0) cxema coeqHHEHHA 0OMOTOK TpaHchopmaTopa Y/A-11.

2.2. Cxema coeauHeHnusa Y/Y-12 (puc. 1.1)

Az

Puc. 1.1. Cxema coenuneHns ooOMoTok TpaHcdopmaropa Y/Y-12

KosddriHenT tpaHchopmarivH cxembl Y/Y-12 K =WI1/W2. Vriossle cMelleHHa TOKOB H HarpskeHHH 110 ¢azam
Ha cTopoHe | oOmoTkH H I 0O0MOTKH OTCYTCTBYIOT.

BekTopHbIe qHarp avMMbl Harp KeHHH rpH K = 1 ripHBeeHs! Ha pHc. 1.2a rmpH CHMMETPHYHOM pPEeKHME

(cHMMeTpHYHas HarpysKka 1o ¢azam HiH TpexdaszHoe K3) H TokoB (pHc. 1.26) rpH rnepexozie yepe3 TpaHchopMaTop
¢ rpyrmoi coequHeHHa odMoToK Y/Y-12.

[ 06 II oOmoTKa
[ oOMOTKA Il oOMOTKA OOMOTRA

a)
/t/h
U

U Us

L L,

Uc

Puc. 1.2. BexTopHEIe AUarpaMMEI HalpsDKeHU (a) 1 TOKOB (0) IIpu
[IEPEXOIE UEPE3
TpaHc popmaTop Y/Y-12 Opu CUMMETPUYHOM PEKUME €ro pabOThI

AHaJIH3HPYA BEKTOPHBIE JHATP aMMbI HarpsKeHHI H ToKoB (pHc. 1.2), MOKHO cJienaTh BbIBOJI, YTO HAIP/KEHHA H
TOKH ITp AMOKi, 00paTHOH H HyJI€BOIH I10C/IeJOBaTENbHOCTH, IIPOTEKalOIIHE 110 TIep BHYHOH 00MOTKE,

TpaHchopMHpYIOTCA 6€3 ¢ABHIOB I10 (pa3e BO BTOPHUHYI0 00MOTKY, H3MEHAACH I10 3HAaUEHHIO
B K pas.

2.3. ngmmﬁmﬂg 00MOTOK TpaHcpopmaTopa Y/A4-11

Ceprudidar pH& D3 FPEIRETEHS ATBHER TXeMa Tp aHcopMaTopa ¢ coefHHeHHeM ooMoTok Y/A-11. Eci uHemno
B”EQE”M%%%ﬁEW%WTﬂ&MD paBHbI Wy H Wa, TO JHHeHHBET K03( PHLIHEHT TpaHc hopMaLHH

= \/§ Wy / Wa. IIpH 13BecTHBIX (pa3HBIX ToKax I, Iy H . TOK B THHEHHBIX MPoBoJax 3a TP €y rOJIBHHKOM HMEEM:
Nencteutened: ¢ 19.08.2022 no 19.08.2023



lﬂ:_lm.' _lh'd = (!.FL_!E) w‘l" J'Irwﬂ = (!ﬂ_lE}Kf\/g:
L=Ih—1an=(0g—Ic) W:ﬂhfwa=(lﬂ—!c)Kf\/§; (1.1)

l'=lm_'_!ch2=(!lﬂ_!ﬁ} w\’fwﬂ:(lﬂ_lﬂ}wﬁ-

Beoip axerts (1.1) MOKHO BHIOH3MEHHTD, BbIPa3HB TOKH Yepe3 HX CHMMETPHYHBIE COCTABIAIONIHE. TaK, HaripHMep,
IJIA TOKa L, oIy 4HM:

lﬂ — (lﬂl +IA2 —I_lﬂ _Hzlﬂ] _HIAE _l{])K/‘\/_ —
- [(l_ﬂz)lm +(1_3)IM] K/‘\/gz (Imejmn + Iﬂze_jmn)]( :

OTKY Oa CIIEAYET, UTO JIHHEHHbIE TOKH 34 TPEY I'OJIBHHKOM HE COTNCPAKAT COCTABIIAIONIHX I-l}’.]'[EEDﬁ

TOCIICHOBA TCIIBHOC TH.
— Iy A, Lo,
2
0 b
I,—
C B, c
—> LE‘ lﬂ? 2
IL—
h J
— Iy

Puc. 1.3. Cxema coemuueHnss oOMOTOK TpaHcdopmaTopa Y/A-11
AHAaJIOrHYHO MOT'YT ObITh Hak1eHb] HaITp A:KEHHA 3a paccMaTpHBaeMbIM TpaHchopmaTopom. Ecmmi Us, Ug 1 Ue —
(hasHbI€ HAIPsDKEHHA, CO CTOPOHBI 3B€37b], BKIIKYAKOIIHE B ¢e0s rajjeHHa HarpaKeHHsA B caMoM TpaHcgopMaTope,
TO HCKOMBIE (pasbl CO CTOP OHBI TP EYTOIBHHKA OYIVT:

U, U Uc—U

Ug—U
U, == _B?Qb:_ﬂ _C?Qc: o (1.3)
K K K
HJIH TTIPH BbIpaKeHHH Harp ;UK €HHI Yep €3 CHMMETPHYHBIE COCTABIIAOIIHE, HAaIIpHMep, J171A HarlpsaxeHHA U, , Oyaem
HMCETD.
i30° ~jso° 1
U, =Uye™ +U e )—. (1.4)
K

113 BelpakeHHA (1.4) cineqyeT, YTo HarlpsKEHHA Ha CTOPOHE TPEYTOIbHHKA HE 3aBHCAT OT HalIps/KEHHA Hy JIEBOH

T10CJIEOBATEIBHOCTH Ha CTOPOHE 3BE3]IbL.

CrpykTypa BelpazkeHHH (1.2) H (1.4) nokasbIBaeT, YTO IMPH IIEPEXOJIE CO CTOPOHBI 3BE3/IbI HA CTOPOHY TPEYTOJIbHHKA

TpaHcgopMaTopa, 0OMOTKH KOTOPOI0 COEMHHEHRI M0 rpyrmie Y/A-11, BeKTopbI MPAMOI IMOCIeIoBaTENBHOCTH

riopopaurHBaroTcA Ha 3(0° B Harp aBJIeHHH BpalljeHHA BEKTOPOB, a BEKTOPhI 00paTHOI rocienoBaTelsHOCTH Ha 30° B
CHH (pHC. 1.4). OTcroia BRITEKAET MPOCTOE H y00HOE AJIA MPaKTHKH TPaBHIIO: MPH

Ceprudival EXE SLEPS3 TR AL MATOP. C.COeNHHEHHeM Y/A 1ocTaTo4YHO TOJILKO YV BeKTOpa 00paTHoii
BranendlOC/IQIOBATE THHOCTIH HIMEHMTh, JHAK HA P OT HB OMOJIOKHbIH.

Nencteutened: ¢ 19.08.2022 no 19.08.2023



a)
C
Puc. 1.4. CaBur BeKTOpOB HaIpsKEHNII Ipsamoil (a) u odparHoii (0)
II0CJIEAOBATEILHOCTH JJI1 TpaHC(popMaTopa ¢ COeqUHEHIIEM 0OMOTOK
Y/A-11
Tabnuma 1.1
Cxema Buj Toxk K3 Ha sTopinuHon cropone npu Ui/Uz=1
coequHeHnn | K3 B mecte K3 Ha mepsH4HOM CTOpOHE
00MOTOK
-{) _
N a _ | 300 I [, =2/31
A I, 7
* = T | Iy =1 =1/31,
.0 IC lE
[N
"ot -
Y1z ) b-c A lb ‘\/5 ) N IB p— IC —
Ib — L., =—1 lB
10 2 _ ﬁ [ =
I N 2
- =0,8661"
A B L v
L
b-c t I
E E W -1 Ly B _\/5 (3) I :IC:_B
I =L =19 . TTu [’
Bk C ) - 2
L 2
%%{%\ Wia v I, =—1, =1V
s J3
v

OCHOBHbIE COOTHOIEHHA MEKTY TOKAMH ITPH pa3HYHBIX BHAaxX K3 H rpyrmax coeIHHeHHA 00MOTOK CBEJIEHBI B
Tabm 1.1.

CrneqyeT rnoiuepKHy Th, UTO €CJIH TOKH H Halp JKEHHA BbIpakeHbl B OTHOCHTENBHBIX €HHHIIAX, TO ITPH HX

Tp aHCc()OPMALIHH JTOJDKHBI Y YHTLIBATHC A TONBKO YINIOBbIE CJIBHUIH, 00YCI0BIEHHBIE COOTBETCTRY IOIEi MPYIMIOH
coeqHHEHHA 00MOTOK TpaHc popmMaTopa.

3. Paboyge.-3adakue

| Heenes SRR B vorvo- 2
CepTvdbiKar 0043E9ARBBI52205E 7BASQ0060000043E
17 SATHLTDL 00M mmmaﬂc OpMaTopa B rpyruty Yo/Yo-12, rpeycmMoTpeB B Heil HeoOXo[HMble

Bnapeney:
I‘IBMB[)HTE.]'ILHBIE l'[[]H 0[]]::1 AJIA H3MEP CHIA dJEIBI-IhIK H JIHHEHHBIX HEIH[]H}I{E:I-]}H’I H d)ﬂEI—IhIK TOKOB.
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1.2. ITpu K3 1pex ¢a3 Ha BToOpHYHOH cTOopoHe Tp aHcopmaTopa 3armHcaTh roka3aHH:; rpHoopoB B Tabn 1.2 1
IOCTPOHTD 10 ITOKa3aHHAM ITIPHOOP OB BEKTOPHBIE JHAarpaMmMbl (pasHbIX TOKOB H HarlpAKeHHI Ha BTOPHYHOH
CTOpOHE. BhIYHCIIHTE CHMMETPHYHBIE COCTABIAKIIHE TOKOB H HarlpsAKeHHH H, T0JIb3VACh METO0M
CHMM €ETPHYHBIX € OCTaBJMAKIHX, ITOCTPOHTh aHAJIOTHYHbIE JIHATP aMMbI 1A [TEPBHYHOH CTOpP OHbI
TpaHcdopmaTopa. (BapHaHTeI 3aKopauHBaeMbIX (ha3 3a7aHbl B Tadm. 1.3).

CpaBHHTD IOJIyYeHHbIE PE3YyIbTaThl ¢ BEMHYHHAMH (pa3sHbIX TOKOB H MKy (pa3sHbIX Harp sKeHHI Ha
riep BHYHOH cTopoHe TpaHcdopmaTopa, orpenenneHHbIe 1o Tadm. 1.1.

1.3. TToBTOopHTE NIVHKT 1.2 1pH aByxdazHom K3.

1.4. TToropHTE NIVHKT 1. 2 1pH ogHo¢a3zHoM K3,

1.5. PesynbTaThl H3MepeHHi 3aHecTH B Tabm 1.2,

2. MccnenoBath rpyImy coeqHHeHHH Yo/A-11:

2.1. CoequauTh 00MOTKH TpaHc popmaTopa B rpyImry Yo/A-11, ripeqycmMoTpeB B Heil HeoOXo THMbIe
H3MEPHTENRHBIE TTIPHOOPBI )14 H3MEPEHHA (pa3HbIX H THHEHHBIX HAMpAKEHHI H (pasHBIX TOKOB.

2.2. IIoBTOPHTE OIBITEI IO ITYHKTaM 1.2, 1.3.

Pe3ynbTaThl H3MEp €HHIA 3arcaTh B Tadmd. 1.2.

Tabmauma 1.2

N3mepsiemas BesimunHa | CxXeMbl coeJTHHEHHA 00MOTOK TpaHcdopmaTopa B BiabI K3
Yo/ Yo-12 Yo/A-11

K® K@) KL K3 K2

IlepBHHasA CTOpOHA

In A
Iz A
Ic A
lo. A
U B
Uz B
Uc B
Uss B
Uzc B
Ucs B

IIpogonxenue tadm. 1.2

3mepsiemas BesimunHa | CxXembl coeJTHHEHAA 00MOTOK TpaHc(opmaTopa B BHabI K3
Yo/ Yo-12 Yo/A-11
K® K2 KM K3 K2
BropuuHnas cropoHa

I, A
Ih, A
I, A
U.. B
Us, B
Ue B
U, B
Use, B

HS%ES%T NMoarnncAH

CeptidmnkpT: ECﬂﬂﬂﬂﬂdiﬁ?ﬁﬂﬂgﬁEEDEETBAE'DEIEIEEIEIEIEIEIiiSE
Bnaneneu. tHetayxoea TarenAg ATTERCERPUBRY

IIprmedanye. Da3bl, MEXKIY KOTOPhIMH OCYIIECTRIAIOTCA COOTBETCTBYI0IIHE BHABI K3, AnA Kaxkmoi OpHrazpl
NeiicreveyaleHTDBRAAeTed madiesl. 3.



4. KoHmposnbHbLIe e0rnpockl

1. OT 4yero 3aBHCHT YOI CJBHIa MEXKIY I€PBHYHBIMH H BTOPHYHBIMH JIHHEHHBIMH HarpoKeHHAMH Tpex(da3HbIX

TpaHcgopMaTOpoB?

ObGnacTh rpHUMeHEHH: ¢ oeJHHEHHA 00MOTOK Yo/A-11 H Yo/ Yo-127

. Yemy paBHBI TOKH Ha CTOpPOHE TpeyrolbHHKa TpaHcpopMaTopa ¢ coequHeHHeM Yo/A-11, ecH a3HbIe TOKH Ha
CTOpP OHE 3B€3/Ibl B OTHOCHTENbHBIX €JHHHLIaX paBHbI I, = I, = I.= (cooTBeTCcTBYeT HOMepy OpHragsl B Amriepax)?

-3

lad

Tabmuma 1.3

BapuaHThI 3a0aHHHA

Ne Opuraapl Yo/ Yo-12 Y o/A-11

K KW K KL
1 AB C-O BC A-O
2 BC A-O CA A-O
3 CA A-O AB B-O
4 AB B-O BC B-O
5 BC B-O CA B-O
6 CA B-O AB A-O
7 AB A-O BC C-O
8 BC C-O CA C-O
9 CA C-O AB C-O

5. CodepxxaHue om4yema

. Ilenn paboThL.

. PesynbTaThl HecNlemoBaHHI 10 IMyHKTaM pa0o4ero 3afaHHA B BHAE TaOJHL], BEKTOPHBIX JHaTP aMM.
3. IIMchpMEHHBIH OTBET Ha BOIIpoc 3.

e

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



JlabopatopHas padora Ne 2

I1IpocThie 3aMbIKAHMSA HA 3eMJII0 B CeTH
¢ N30 IMPOBAHHON HEHTPAJIHIO

Henn:

Llenp H3yYeHHA JHCLIHILUTHHDI:

- Z1aTh TIpe/icTaBJIeHHe 0 (PH3HKeE ABJIEHHE, IMP OHCXOANIHX ITPH 3JEKTPOMATrHHTHBIX T1€p €X0JHbIX
TIp OLIEC CaX H METObI HX KOIHYEC TBEHHOH OLIEHKH.
1. ITeJb padoThI: H3Y YeHHE ITp OCTHIX 3aMbIKaHHI Ha 3e€MJII0, [TOCTPOEHHE BEKTOPHBIX JHArpaMM TOKOB H
HarpAKEHHH IPH 3aMbIKaHHH Ha 3€MJII0 B CETH ¢ H30JIHP OBaHHOH HEHTPaJIbIO.

2. Kpamkasi meopusi

IIpH 3aMbIKaHHH Ha 3€MI0 OOHOH H3 (a3 B cCHCTEME ¢ H30JIHPOBaHHOIH HEHTp aliblo, T. €. MPH IIPOCTOM 3aMbIKaHHH
Ha 3€MIIIO, [Ty Th JJIA TOKa, ITP OTEKAIOLIErO B 3EMITIO, OCYIIECTBIAETCA YEPE3 EMKOCTHY IO MPOBOAHMOCTE 3JIEMEHTOB
Kaknoi (asel oTHOCHTENBRHO 3eMIH (pHC. 2.1).

[IycTh B Havame Tpexga3zHoi MTHHHH, IIPHCOeTHHEHHOH K HC TOYHHKY ITepEeMEHHOr0 TOKa, IIPOH30IILIO0 3aMbIKaHHE Ha
3emuIio (pasbl A. PacripeneneHHbIe 110 JTHHHH €MKOCTH KaKJ0H (pa3bl OTHOCHTENIBHO 3€MIIH YVCIJIOBHO Ha pHc. 2.1

Ip €7 CTABJIEHBI COCPENOTOYEHHBIMH EMKOCTAMH B KOHLIE JIMHHH. YacTHYHbIE €EMKOCTH MEKAY (pa3aMH JUIA ITP OCTOThI
HE IMoKa3aHbI, TIPH 3TOM OTMETHM, YTO HX BIHAHHE Ha TOK 3aMbIKaHHA HE3HaYHTETbHO H HM MOKHO ITpeHeOpeub.

I IpocnemM Iy Th LIMPKYJIALMHH TOKa 3aMbIKaHHA Ha 3evutro. Ha puc. 2.1 oH ykasaH cTpemkamMH. I locTyrias B 3€MITIO0 B
MECTE 3aMbIKaHHA, TOK BO3BP all[aeTcA 110 HETOBPEXIEHHbIM (pa3aM depe3 HX eMKOCTHbIE IMP OBOAHMOCTH OTHOCHTEIBHO
3eMIH. TIpH 3aMbIKaHHH Ha 3eMITI0 EMKOCTHAA IMPOBOAHMOCTS IMOBP €4JI€HHOIH (pa3bl OKa3blBa€TCA 3allyHTHP OBAaHHOI
paccMaTpHBaeMbIM 3aMbIKaHHEM, H TOK B 3TOH (pa3e cripaBa OT MeCTa 3aMbIKaHHA OTCY TCTBYET. XapaKTep BEKTOPHbIX
IHarpamMm TOKOB CJIEBA H CrIpaBa OT MECTa 3aMbIKaHHA [MTOKa3aH Ha pHe. 2.1a.

B aefcTBHTEIPHOCTH EMKOCTHAA TP OBOAHMOCTE JIHHHH paclIpeieiieHa p aBHOMEPHO I10 €€ JUIHHE, [I03TOMY 3I1Iopa
TP OCTPAHCTBEHHOIO paclIpeeieHHA TOKa HyJI€BOH IMOCIEN0BATENBHOCTH, KOTOpaA COCTABIIAET OOHY TPETh TOKA,
3aMbIKasA Ha 3€MITI0, BJOJIb JIHHHH BbIp a7KaeTcA HaKJIOHHOH rpsamoH (pHc. 2.16)

EMKOCTHBIE ITp OBOJHMOCTH 3JIEMEHTOB 3JIEKTPHUYECKOH CHCTEMbI 3HAUYHTEILHO TP EBbIINAOT HX aKTHBHBIE

I1p OBOJHMOCTH, YTO ITI03BOJIAET IIPH OIIP €€IEHHH TOKa IMPOCTOro 3aMbIKaHHA Ha 3EMITIO IPeHeOp e4b aKTHBHBIMH
T1p OBOTHMO C TAMH.

CrnenoBaTenbHO, MOKHO CUHTATh, YTO BEHYHHA TOKa IMPaKTHYECKH HE 3aBHCHT OT MECTAa 3aMbIKaHHA B
paccMaTpHBaeMOH ceTH. KpoMe Toro, T. K. TOK 3aMbIKaHHA Ha 3EMIIIO MaJl, TO TIPH €ro OIIpeneneHHH MOKHO
CUHMTATh, YTO HAIIPAKEHHE HCTOYHHKA ¢ OXPaHAETC A HEH3MEHHBIM. 1IpH 3THX JOMY[EHHAX, TOK B MECTE 3aMbIKAHHA
Ha 3eMUITIO Yepe3 AYTY ¢ compoTHBIeHHeM Ry Oyper:

Ud.cp.
3Ra-jXc
rne XCEC —DEB}FHIJTHD}’I'UI[[EE EMEOCTHOCE CD]'I[]D‘THE.]'IEHHE H}F.]'IEEDI::.I IMOCIICAOBATCIIBHOCTH BCEX 3JIEMCHTOB,

3JIEKTPHYECKH CBA3aHHBIX ¢ TOYKOH 3aMbIKaHH; th.cp — cpenHee (asHoe HarpLKEHHE Toi CTYTIEHH, I7ie

PACCMATPHBACTCH 3aMbIKAaHHE Ha 3CMIIHD.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc. 2.1. IIpocToe 3aMBEIKaHIE Ha 3€MJIIO: a — IIPUHIIUIINAILHAS cxeMa;, O
— BIIIOpa
IIPOCTPAHCTBEHHOTO paclpeaesIeHNs TOKa HYJIeBOIl
10 CJIIeJOBATEIILHOCTU

Hanbosnbinas BeJIMYHHA ToKa 3aMbIKaHHA Ha 3eMIII0 HMEET MeCTO IpH MCTaUNTHYCCKOM 3aMbIKaAHIH (RI[ — U) H
COCTABIIACT.

Ubcp. (2.2)
jXcac

T. € TOK B TPH pa3a MpEBbIMAET EMKOCTHOH TOK OHOH (pa3bl B HOpMAJIbHBIX Y CJIOBHAX.
J{ma rpy6oii OLIeHKH TOKa 3aMbIKaHHA Ha 3€MJII0 CJIY/KHT HMITHPpHUYECcKaA (hopMyJIa:

_\/;Qcp._L! A

Ik =
N

(2.3)

ric g[:p — CpeaHecc HOMHHAJNBHOC HalIp A CHHC CTYIICHH, I'TIC pacCMaTPHEACTCA 3aMbIKaHHC Ha 3CMITHO, I'CB; N —

K03 (HLHEHT, MPHHHMAaEMBIH 1A BO3YIIHBIX JTHHHI 350, ansa kabensHbix — 10; L — cymmapHas nymHHa
BO3V IIHBIX HIH KaOenbHbIX JTHHHIA, 3JIEKTPHUYECKH CBA3aHHBIX ¢ TOUYKOH 3aMbIKaHHA Ha 3€MITIO, KM.

,}_—[.]'[H CHMMCTPHYHBIX COCTaBIIAIOIIHX HE]I'I[]H]KEI—I["IFI HMEEM .
— OJIA l'IpHMDﬁ IMoCICqOBaATCIIBHOCTH

Uxk'al = Ud.cp.; (2.4)
— 11 00paTHOI I10CIeIOBAaTEIbHOCTH
Ux'a2 =0; (2.5)

— OJIA Hj-’.]'IEEDI:'I IMocJICHOBATCIIBHOCTH

tmm Ubep.  (26)
........... %R{l - LJXCIB_Q 3

Ha PHC. 2.2 TIPHECACHDBI BEKTOPHbBIC MHarpamvmMbl HHHDH}I{EI-]HFI H TOKOB B MCCTC IIPpOCTOIO 3aMbIKaHIA Ha 3CMUJIIO

icrevipazbl AL OHI TIOETPOEHED FIPH YKa3aHHBIX oMy meHHAX. C H3MEeHEeHHEM COIMPOTHBIIEHHA AYTH R KOHLIBI BEKTOPOB



TOKOB H HarpsAKeHHH CKOJIb3AT I10 Iy raM COOTBETCTBY IOIIHX OKPYKHOCTEH. 3HaUYEHHA JIMHEHHBIX HapaKeHH
ocTaroTcA 03 H3MeHeHHIH H JTHIIb TIepeM eNaloTcs I1ap aJuie/lbHO caMHM cede. HersMeHHOCTh JTHHEHHBIX
HarpsKeHHH 00y cJIaBIHBaET IMP aKTHYECKH ITOCTOAHHOE 3HAaUeHHE TOKa B €MKOCTHOH ITp OBOJHMOCTH MEKTY
(pazaMH KaK IIpH HOPMaJIbHBIX YCIOBHAX, TaK H ITPH P OCTOM 3aMbIKaHHH Ha 3eMiTio. C yMeHbIIeHHEM

C OITp OTHBJIEHH AYTH HaTlpsAKeHHe [MToBpekieHHOH (pa3bl cTpeMHTCA K HYJIIO, a HarpsokeHHe '"3q0p oBeIX” (a3 — K
JIHHEHHBIM HAarIp SKEHHAM.

Puc. 2.2. BexTopHbBIE An1arpaMMbl HaIIPsKEHNN 1 TOKOB B MECTE

IIPOCTOIO 3dMbIKAHIA Ha 3CMJIEO
J[11a orpaHHYeHHA TOKa I1p OCTOr0 3aMbIKaHHA LieTecoodpa3HO HelTpanb TpaHc (hopMaTopa 3aMKHY Th UEPE3
HHIYKTHBHY10 KaTy MKY. VIHAy KTHBHOCTh TaKOi KaTyIIKH BhIOHpaeTca Tak, YTOObI B LIETTH HYJIEBOH
T10CJIEI0BATEILHOCTH OBbLIT 00€creueH p e30HaHC MEKIY HHIY KTHBHOCTBIO H EMKOCThIO. DTO IIPHBEET K

XOC = 00, T. e. K [MOJIHOI KOMITEHCALMH TOKa I1p OCTOr0 3aMbIKaHHA Ha 3EMUIIO.

3. lMopsiOoK ebinosiHeHUs1 pabomai

1. CobpaTh cXemMy HOPMAJIBHOTIO p€kKHMa B COOTBETCTBHH ¢ BapHaHTOM 3ajaHHA (Tadn. 2.1). Tabmuia 2.1
BapuaHThI 3a0aHHHA

No Gpurap! KﬂﬂH‘EECT BO dasza, 3aMKHYTasA TIOI I1o/10:KeHHe

cexnui JIDII HAa 3eMJII0 peocrara K3
I 1 A BosmayIimas 1
- 2 B KabenpHas 2
3 1 C BosmayIimas 3
4 2 A KabenpHas 4
S 1 B BosayIimas 5
6 2 C KabGenpHas 6
7 1 A Bosgymmas 4
8 2 B KabGenpHas )
QAOKYMER flonrcAH 1 C BosymmHas 5

SAEHFPOHHBH-RSARHELS
TMOUKAT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
MEPHTD, THHEHHLIE M, (pazHble HAMPUKEHHA H HarpsKeHHe cMeleHHs HeHTpamH Ux HOpMaJbHOTO P eXKHMA
xXosmocToro xoxa JIDII Pe3ynbTaThl H3Mep eHHI 3aHecTH B Tadm. 2.2.

3. Ilo maHHBIM H3Mep eHHEH B MacIITade IOCTP OHTh BEKTOPHYIO IHArp aMMy Harlp LK eHHIT HOpMaIbHOTO PEKHMA.
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4.

3.

6.

CoOpathk cxemy pHc. 2.3a ¢ 3aMbIKaHHEM Ha 3eMITI0 (pasbl B COOTBETCTBHH ¢ BapHAHTOM 3aJaHHA (Tabm. 2.1).

a) 6)
o T s (VT .

(&)
C.Ej—l—r‘r—l # |—|ﬁ|n||ﬁ' +
Ty
o—i ) l I —
PHC.PE.?). Cxema 3aMBIKaHIA (1)3,351 Ha 3€MJ/IIO. 4 — MCTAJUIITYECKOC

3dMEBIKAHIIC

Ha 3€MIJIEO, O — 3aMBIKaHIIe HCPE3 COIIPOTHUBIICHHC R3

II3MepHTh JIHHEHHbIE H (pa3HbIE HATIPAKEHHA, HAIIpA/KEHHE cMelleHHA HeiTpamd Uy, TOK 3aMbIKaHHA Ha 3€MUITIO
I3. Pe3ynbTaThl H3Mep eHHI1 BHECTH B Tabn. 2.2.

ITo maHHBIM H3MEpPEHHII B TOM K€ MaciiTade Ha BEKTOpHOH JHarpammMe, IMOJIYYEHHOH B I1. 3, ITOCTPOHTH
BEKTOPHY IO JHarpaMMy HarlpAaKeHHH pekKHMa 3aMbIKaHHA Ha 3eMIio (pasbl 13 Tadm. 2.1.

. Ilo H3MCPCHHOMY 3HAa4YCHHIO TOKA IJ_., HCIIOJIB3YVA MCTO CHMMCTPHYHBIX COCTABIIAIOMHX, ITOCTPOHTE B MAaCIITa be

BEKTOPHY O JHArpaMmMy TOKOB.

. Ilo m3mepeHHO BeIHYHHE ToKa I3 orpeienHTh JIHHY BO3Y IIHOH (kKabenbHOI) JHHHH I10 BbIpakeHHO (2.3) B

COOTBCTCTEHH C BapHaHTOM 3 aJaHHA.

TaOmurma 2.2

PesyabTaThl H3MepEeHHH

Pesxum HopMmaJibHbIN Pe:xxum PeXuM 3aMbIKAHH A
PeKuM MeT AJLIHYECKOro (¢asbl HA 3eMITIO Yepes

3aMbIKAHHA Pasbl HA corniporuBjenune R3
3eMJIIO

Use, B

Ugc, B

Ucs, B

U, B

Us, B

Uc, B

Un, B

I3, A

9. Jlna s3agaHHOH ¢pa3bl IMPOH3BECTH 3aMbIKAaHHE Ha 3eMIK0 4depe3 corpoTHBieHHe R3 (puc. 2.36). BemiunHa

10.

1.

2

3.
4

COTpoTHBIEHHA R3 JomkHa cOOTBETCTBOBATh BapHaHTY 3afdaHHA (Tadbn 2.1). IBMepHThH JHHeiHbIe H (pa3HbIE
HarIpsbKeHHA H Harp stKeHHe cMeEIeHHA HelTpamH. Pe3ybTaThl H3MEpEeHHI 3aHecTH B Tabm. 2.2.

[TocTpOMTE BEKTOPHYI IHarpaMmMy HarlpsoKEHHH [MPH 3aMbIKaHHH Ha 3EMIII0 4Yepe3 corpoTHBIEHHEe R3 Ha
YEPTEKE IT. 3.

4. KoHmposnbHbLIe 80MNpPoOChl

CeTH KaK oro HarnpskKeHHA padoTaloT ¢ H30IHPOBaHHOH HeHTpanbio?

. Kak m3MeHATCA THHEHHbBIE H dJEBHIJIE HarpxaaCHHA TIPH 3 aMbIKaHHH dJHEI:I Ha 3EMITIO B CETH C IﬁDJ'IHpDEHI—]I—IUﬁ

HeHTpabio?
OT KaKHX (paWEOPrOBEABHOYT BEIHMYHHA TOKa 3aMbIKaHHA Ha 3eMIT0?

KaxopsY Y TPPHHP s 1%6ka rp ocToro 3amMbIkaHHA Ha 3€MII0 B CETH ¢ H30HP OBaHHOH HeHTpanbio cIIpaBa H

CepTidnkaTe e gl S roR P HOBY € eAr D BT T ¥ aMbIKaHHe TIp OH30IILIO B cep eJHHE JTHHHH?

Bn a,qenc-gl,:

llleGayxoea TaTeAHa ArekcaHgpoBHa - 9
qE:M}F E)EIEHG HalpAKCHHE CMEIICHHA HEHUTPAJIH, €CJIH Ha 3EMII0 3aMEKHY Ta (1)333 C
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6. T—IIE:I'W_‘,-F PaBHO HalIp LK CHHE HEﬁT}]HJ’IH CHCTEMEI ITPH IMpocToM  3aMbIKAHHH Ha 3CEMII0 HEpe3 axKTHBHOC
COIMPOTHBIICHHE OVIH, pABHOC PC3YVIIBTHPYVIOMEMY CMKOCTHOMY COIIPOTHBJICHHIO I-l}’.]'IEEDIfL:I TIMOCIEN0BATCIIBEHOCTH,
I'PH YCIOBHH, YTO BCEMH OCTAaJIbHBIMH COIIPOTHBJICHHAME CHCTEMBI MOYKHO l'IpE:HEﬁp eub?

5.Co0dep)xaHue omy4yema

. Ilenb padoThL
Pe3ynbeTathl H3MepeHHH TOKOB, HalIpsAKeHHH 7T IoCcTp O€HHA BEKTOPHBIX qHarpanvm (tadm. 2.2).

BekTopHbIe qHarpaMMb] HarpsKeHHI H TOKOB, BbITIOJHEHHbI€ Ha MHJLTHMETPOBOii Oymare B MaciuTa0e.
. IIHcBEMEHHEBIH OTBET Ha BOITpoC 6.

T

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JlabopatopHasi padbora Ne 3

JIByx(a3Hoe KOpPOTKOe 3aMbIKAHH

Henn:

Llenp H3y4YeHHA QUCLIHILUTHHBI:

- IaTh MpeJcTaBlIeHHe 0 (PH3HKE ABJIEHHE, TP OHCX ONIANIHX IMPH 3JIEKTPOMarHHTHBIX TP €X0/HbIX
TP OLIEC CaX H METOABI HX KOJIHYEC TBEHHOH OLIEHKH.

1. e padoThI: H3Y YeHHE TEOPHH CHMMETPHYHBIX COCTaBJIAIOIIHX H MPHMEHEHHE €€ K aHAIH3Y JByX(a3sHoro K3,

2. Kpamkasi meopusi

2.1. 0611 e 3aMedYaHUs

Pacuetnl K3 TpexdasHbIXx cHMMETPHUYHBIX CXeM IMPOH3BOAATCA Ha oJIHY a3y BcJiecTBHE I10/100HA ABJIEHHIH,

TP OHCXOAIIHX B Kax ol H3 (pa3 H paBeHCTBa 3HaUYeHHH 0JJHOHMEHHBIX BETHYHH.

IIpH HeCHMMETPHH B TIPOH3BOJIBHOK TOUKE COMPOTHBIIEHHA B (pa3ax HEOHHAKOBbI H I10 3THM IMPHYHHAM SBJIEHHA 10
¢pazam pa3muHbl. HeoqHHAKOBBI B 3TOM CJIyYae BEJIHYHHBI TOKOB, HATIPSKEHHH H YIJIbI ¢JIBHIA MEKIY HHMH B
pa3mHuHbIX (pazax. J[nd orpesieneHHA TOKOB H HarpsbkeHH B Mo0oil (pase HecHVMMETPHUHOH CHCTeMBbI HEOOXO0/THMO
COCTABHTL Tpex(da3Hy o cxeMy 3aMelleHHsI H HarHcaTh HeoOXoTHMOe YHCJIO YpaBHEHHH, YTO YCIIOKHAET pelleHHe
3a71auH.

CpaBHHTENBHO IMPOCTO pacueThl HECHMMETPHYHBIX PEKHMOB B TpeX(pasHbIX CHMMETPHUHBIX CETAX
OCYIECTBIIAIOTCA ¢ TIOMOII[bIO METOa CHMMETPHYHBIX COCTABIAIOMIHK. BhIUHcIeHHE TOKOB H Harlp SyKeHHI B 5TOM
cJIydae CBOJMTCA K BhIUYHCIIEHHIO STHX BEJIHYHH ITpH HekoTopoM (pHkTHBHOM TpexdazHoMm K3 (tadn. 5.1), uto

TP €/ICTaBJIAET BO3MOKHOCTh BHOBb BOCITONIB30BaThC A OJHOTHHETHOH cXeMoi 3amMell[eHHA H BECTH pacueT Ha OJHY
¢azy. B 3TOM cOCTOHT OHO H3 OCHOBHBIX JIOCTOHHCTB METO/]a CHMMETPHUHBIX COCTABJIAIOIIHX.

2.2. OCHOBHBIE COOTHOILIEHHU A METOAd CHMMCTPHYHDLIX COCTAB/IAIIHUX

IIp 0H3BONBHY 0 HECHMMETPHYHY K CHCTEMY TpeX BeKTopoB A: B: C MOKHO pa3IoKHTh OOHO3HAYHO Ha TPH
CHMMETPHYHBIE CHCTEMBI

— CHCTEMY BEKTOpP OB IMPAMOI rocieqosaTebHOCTH A By C;:

— CHCTEMY BEKTOp OB 00paTHOH roceqoBaTeIbHOCTH As; Bo: Co;

— CHCTEMY BEKTOP OB HYJIEBOH MocneqoBaTenbHOCTH Ay By G,

CormacHo yCJI0BHIO Pa3IoKeHHA HMEEM:

A=A +A,+A,;

B=B,+B, +B,; 3.1)

C=C,+C,+(C,.

BBefeHHe crielMaabHOro oriepaTopa ““a’” rmo3BossieT J00i BEKTOp Kak 10l cCHMMeTPpHYHOH TpexX(a3sHOoI CHC TeMbI
BBIP A3HTH YEP €3 OIHH BEKTOP TOH K€ CHCTEMBL.

EcIH npHHATE B KauyecTBe OCHOBHOI (pa3y A, To cHcTeMy (3.1) MpH MOoMOIIH oriepaTopa a MOHO ITp €1CTaBHTh B
CIIEYIOIIEM BHIIE:

A=A+ A +Ap;
=a’-A;+a-A, +Ag; (3.2)

—a-A +a’ A, +A,

CoBMecTHOE pellleHHe ypaBHeHHI (3.2) gaeT:

lov

)
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-

A =L(A+a-Bra’-C):
3

L (A+a? B+a-0): (3.3)
3

gﬂ:l{A+B+C)

X 3

Ha PHLC. 3.1 rokazaH TIIPHMCP P asJIOAKCHIA HECPMME’I]]HHHDH CHCTCMBI Ha CHMMCTPHYHBIC COCTABJIAKOIITHCE.
CHCTEMBI l'IpHIﬂDﬁ H Dﬁp aTHOH IMOCJICHOBATCIIBHOCTH ABJIIAKOTCA CHVMMCTPHYHBIMH H YPaBHOBCIICHHBIMH, a CHCTCMa
H}’J’IEEDﬁ TIOCJICNOBATCIIBHOCTH ABJIACTCAH CME’II]HIIHDﬁ, HO HEYpPa BHOBeIlleHHOH. CHcTEMA H}’.]'IEEDIL:I

IMMOCJICHOBATCIIBHOCTH MOMKCET CYIICCTBOBATE TOJIBKO B HCYPABHOBCIICHHBIX CHCTEMAX, KOTOPBIC XapaKTCPH3YIOTCA
CJIICOVIOIMHMH ¥ CJIO BHAMH .

A+B+C #0. (3.4)

I"eomeTpHUYecKas cyMMa HEYp aBHOBEIIEHHOH cHcTeMbI (pa3HbIX TOKOB paBHa YTP 0EHHOMY TOKY Hy JIEBOH
I10CJIeT0BATEILHOCTH, KOTOPIH P OTEKaeT B 3eMJIE HIIH B HyJIEBOM IIp OBOJIE.

Ha ocHoBaHHH ITIPHHLIHITA HE3aBHCHMOCTH JI€HCTBHA CHMMETPHYHBIX COCTABJIAIOIIHX, KOTOPBIH COCTOHT B TOM, YTO
B CHMMETPHYHOI Tpexda3sHoi cHcTeMe Harlp sskeHHe 110005 roceqoBaTe/IbHOCTH MOKET BbI3BaTh TOJIBKO TOKH
OJTHOHMEHHOH IToCJIe/T0BaTENBHO CTH.

B cOOTBETCTBHH ¢ BbIIIEH3I0KEHHBIM, JJIA ITp OH3BOJIBHOI0 HeCHMMeTpHYHOro K3 ocHoBHBIE YpaBHEHHA BTOPOTO
3akoHa KHpxroda oTaensHo 1 Kaxk 1ok rocae1oBaTeTbHOCTH OYIyT HMETh BHI:

Uk =Ec—Zclg,;
Uk, =0-Zsclks; (3.5)
Uko :O_chlﬁm

rae Us . Use, Usp, ki, Lo, Lip — cCHMMETpHYHBIE COCTABIAKIIHE HANPAKEHHH H TOKOB, E; — pesynbstHpyroman 3/1C; 7.,
e, L0 — PE3YIBTHPY IOIIHE COTMPOTHBIIEHHA CXEM COOTBETCTBYIOLIHX IMOCJIENOBATEIBHOCTEH OTHOCHTEIBHO TOUKH K3,
VpaBHeHHA (3.5) cofepiKaT MIeCTh HEH3BECTHBIX BEJIMUHH: TPH COCTABIIAIONIHX HAIPAKEeHHA H TPH COCTABJIAOIIHX
Toka. HefocTarmHe ypaBHeHHA 1A OrIpeAeseHHA 3THX BeJIHYHH I10JIyYalT H3 I'PaHHYHbIX YV CJIOBHH, KOTOPBIMH
XapaKTepH3 Y TCA TOT HIH HHOH BHI HeCHMMETpHYHOro K3.

I'Ip oTekarolHe 110 00OMOTKaM cTaTopa rreHepaTop a TOKH IMpsAMOok, odpaTHOH H HyJIeBOH Ioce/joBaTeIbHOC TeH,
CO3al0T MarHHTHbIE IMOTOKH TeX 7K€ IocJIeoBaTeIbHOCTEH, a ITocJIeHHE HABOJAT B CTATOPE COOTBETC TBY HOIIHE
BJIC. Beoguth 3TH 2]JIC HellenecoodpasHO, T. K. OHH IMTPOIIOPLHOHAIBHBI TOKaM OT/eNIbHBIX ITOCIe/I0BaTENBHOC TEH,
3HAYEeHHA KOTOPBIX €II€ MOISKAT Orlp efeJIeHHI. 1103TOMY B pacudeT BBOAHM B JaJbHeHIeM ToJIbKO Te D C,
KOTOpbI€ H3BEC THhI HIIH He 3aBHCAT OT BHEIIHHX Y CJIOBHH LIEIH cTaTopa, IMPHYEM B CHIIY CHMMETPHYHOT'O
BBITIOJIHEHHSA cTaTopHOH 00MoTKH 5TH 3 J[C ABmawoTes Toabko 3/ C rpsamMoii riocaeqopaTenbHOCTH. UTo KacaeTcs
BJIC, 00yclIoBIeHHBIX peaKiHel TOKOB OTNeIBHBIX I10cje]oBaTeIbHOCTel, To HX VUHThIBAeM B BHJIE ITaJieHHI
HarpsKeHH ¢ 00paTHRIM 3HAKOM B COOTBETCTBYIOIHX PEeaKTHBHBIX COIMPOTHBIEHHIX MaIIHHBIL.

HMcxonHasa cHeTeMa

>
1
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O6paTHas rociieqoBaTenbHOCTh 3A>= A + a’B + aC.

C2

|

>
I
=
+
|
+
@

Hynesaa rnocneqosaTenbHOCTD 3
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IlpoBepka: A = A1+ Ax+ Ao,

Puc. 3.1. PasnoxkeHne HECIMMETPHUYHON CUCTEMEI TPEX BEKTOPOB
Ha CUMMETPUYHEIE COCTaRJISEOIIIE

2.3. IByX(¢pazHoe KOPOTKOE 3aMbIKaHHUE
IIpu K3 ¢a3 B 1 C rpaHHYHbIEe yc10BHA OyayT 1y ToukH K (pHc. 3.2a):

Iga =0 (3.6)
Ixc +Ixg =0; (3.7)
Ugg =Uke. (3.8)

[ToCKOIBKY TOK 4Yep €3 3€MIII0 OTCYTCTBYET, TO IKU = (). CnenoatensHo (3.6) MOKHO I1€p EITCATh

Ixa =Igar +1gar =0.
OTkyna
IKA] — _IKAE- (3-9)

T okH MMoBp eeHHBIX (pa3 B MecTe K3 BhIpa3HM uepe3 TOK IMpAMOKH IMOCJIeJ0BaTEIbHOCTH:
3 5 .
II{B — E-IKA] +a I[{AZ — (a'+a )IKA] :_J\/EIKAH (3.10)

H coryacHo (3.7): II{C :j 31[(;&]-

Bopasim -~ U KB H U KC Yepe3 CHMMETPHYHbIE COCTABIIAIOIIHE HATIPAKEHHA (asbl A ¢ yueToM (3.8):

HEUKA] +alpa, +Ugog—alUgy, _azgmz — Uk =0;
(UKR PENT n%ﬁm@) 0. orxyza

Ceptudomkar: . 2C0000043 BBBQEEEDEETBAEGGﬂEGﬂGGﬂdEE
Bnapeney: A '_-.]:U:IEE MarpanaAnercanapoena (3 . 1 1 )

da3HbIe HarlpAKEHHA B MecTe K 3:
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IC

ka = Ugar T Ugar =2Ukars (3.12)

] U
kaB = Uge =a " Ugayta Ugao =—Uga = _%' (3.13)

ITocTp oMM BEKTOPHBIE JHArPaMMBI TOKOB (pHc. 3.26) H HarnpsxeHHH (pHc. 3.26), HCTIONIB3Y A IT0JIy UeHHbIE
BeIpaykeHHs (3.9) 1 (3.11).

I

1
— il — A_ ;i'"" lc U A
&
1(2 y LCE
.
— -
[ ﬂm: Uk
LA2
= Lai
—_—
.-""'*""--
I Lno -1~ al S
lka 7 Ukcr __==% Ssso Ukni
== =
b lEl ;'# “e U B1 =
-l"III ‘._1"-.‘ -"'..'....‘
I U""'-.r w“
Lkc Ip =KC Uks

Puc. 3.2. IIpuniunuansHas cxeMa (a), BeKTOpHas JuarpamMmma TOKOB (0)
I HalpspkeHui (B) aByxdazHoro K3

3. lNMopsi0oK ebinosiHeHUss pabomal

1. O3HAKOMHTBLCA C OCHOBHBIMH TMOJOKEHHAMH TEOPHH CHMMETPHYHBIX COCTABIMAIHX H €€ NMPHMEHEHHEM 111

aHamH3a aByxgasHoro K3.

CoOpaThb cxeMy, IToKa3aHHY 0 Ha pHc. 3.3.

IIpH apyxdaszHom K3 (A —Bx — 1711 HeYeTHbIX HOMep OB OpHrag HiH Ax — Cy — JI7TA YETHBIX HOMEP OB OpHIaZ) H3MEPHTD

TOK B (pazax A, B, C. PesynbTaThl H3MepeHHI 3aHecTH B Ta0L 3.1.

4. TIpu aeyxdazHom K3 H3mepHTh THHeiHbIe H (pa3Hble HarpskeHHsA B Toukax K H I'. PesynpTathl H3Mep eHHId
3aHEeCTH B Ta0m. 3.1.

5. Ilo pe3yabTaTaM H3MEpPEHHH TOKOB BbIYHCIHTL TOKH ITpAMOH H 00paTHOIH MocnenoBaTenbHocTel. Pe3yabTaThl
H3MEpP EHHH H BbIYHC JIEHHH 3aHECTH B

Tabm. 3.1.

b2

=

-

%

o ¥
Z

ey
=

:
:

Puc. 3.3. Cxema U1 m3MepeHUs mapaMeTpoB AByXdazuoro K3

6. Ilo pesynpTaTam H3MeEpPeHHH HarpsKeHHI BBIYHCIHTL (asHble HanpsakeHHA TIpAMoil H  oOpaTHOM
rocieqoBaTenbHOCcTeH B Touke K. Pe3yabTaThl BRIUHCIEHHI 3aHecTH B Tadm. 3.1.

7. B macmTabe rmocTpoHTh BEKTOPHYIO THArpaMMYy TOKOB, HCIIOIB3Y A BbIYHCIEHHbIE JaHHbIE I1. 5.
8. B macmrHBe/MbdT BOKTOPHBIE THAIP aMMbI HalIPAXKEHHH 110 JaHHBIM BBIYHCIEHHH I1. 6 1A TOYKH K H 1714

TOUYKH g %? 1. 4.
Ceptudpyrar:. _2C0000043ETABRRI52205E /BASD0060000043E _ _
%Q&?&Q%‘Rﬁ% mmnam aMMbI HAHTH JTHHEHHbIE HarpAKeHHA Uag, Upc, Uca H 3aHECTH HX 3HAYEHHA

Bnapenen:
B Tabm 3.1.
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1. B KakHX ceTAX I10 peiMy padboThl HEHTpamH IpoHCXoAAT NByX(asHbie K37
2. Kakue H3Mep eHHA B ceTH HeoO0X 0fHMO TMPOH3BECTH I [TOCTP OEHHA BEKTOPHOI JIHarpaMMbl TOKOB?
3. Kakuie H3MepeHHA B c€TH HeoOX0JHMO IMPOH3BECTH JIJIA ITOCTP OEHHA BEKTOPHBIX JHArpaMmM Harlp suK eHHi?
4. KakoBsl rpaHHYHBIE YCJI0BHA AByX(paszHoro K'3?
5. TTosicHHTe (PrH3HYECKHIT cMBICT oriepaTopa (assl a.
6. Kak paznokuTh rpaHYecKH HECHMMETPHUHYI0 TpexX(a3sHyKH CHCTEMY BEKTOPOB Ha CHMMETPHUHBIE
COCTaBJIAKOIIHE?
7. Korma B cMcTeMe 3IeKTpocHa 0:KeHHA MOABIAETCA HyJI€BaA IM10CJIE]0BAaTEIbHOCTh TOKOB?
8. Korma B cHMcTeMe 3JIeKTpocHa0:KeHHA MOABIIAETCA 00paTHaA 10 CJIEN0BaTENhHOCTh TOKOB H HaITp K €HHI?
9. MozkeT 1 paboTaTh CHcTEMA 3JIeKTpocHabkeHHA IpH JByXpazHom K'3?
5. CodepxxaHue om4yema
1. Ilensb paboThl.
2. HcxopHas cXeMa ¢ YKa3aHHeM IpaHHYHBIX VCJIOBHIH nByxQasHoro K3.
3. Tabmuia H3Mep €HHbIX H BbIYHCIEHHBIX BEJIHYHH.
4. BexTopHble gHarpamMMbl TOKAa H HArIpsKEHHI, I10CTPOEHHbIE B MacIITaoe.
5. BriBoap! H3 aHam3a AByX(paszHoro K3.
Tabnuma 3.1
Pe3yjabTarhl H3MepEeHHH H BbIMHCJIEHHH
HSMEPEHHLIE BCJIHYIHHbLI
da3HbIe TOKH JINHeHHbIe HANP SIZKeHH 51 dasHbIe
HAIIPpHRCHHH
Touka K Touka I’
la, |Ib, |Ic, |U U U U U U Ua, | Ub, | Uc,
A A A ab, | be, | ca, AB, | BC, |CA, |B B B
B B B B B B
Ak — Bk
(HeueTH. OpHT.)
Ax - Ck
(4eTH. OpHT.)
IIpomonxenue tabm. 3.1
BobIunc/ieHHbIE BeJIHYHHbI
Toxn Hanpsexenus JInHeHHbIe HANP AZReH U
Uag, Uca.,
I ] - IE . U ] - U 2 = B ’
A A B B
AOKYMEHT NOAMNWCAH
SNEKTPOHHOW NMOANUCHLIO
Ceptucbmkar: 2C0000043E9ABBBI52205E7BA500060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

4. KoHmposnbHbLIe e0rnpockl
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JlabopatopHasi padbora Ne 4

OmHodaszHoe KOPOTKOE 3aMbIKAHIE

Henn:
Llene H3y4YeHHA QHCLHILUTHHBI:
- Z1aTh TIpeAcTaBJIeHHe 0 (PH3HKE ABJIECHHE, IMP OHCXOJANIHX ITPH 3JEKTPOMATrHHTHBIX T1€P €X0HBIX
IIp oLeC caX H METOIBI HX KOIHYEC TBEHHOH OLIEHKH.
3agauH [pH H3YYEHHH JHCIHIUTHHEL:
1. ITes padoThl: aHAIH3 OCHOBHBIX COOTHOLIEHHI H ITOCTP 0eHHE BEKTOPHBIX JHarpaMM IIpH ogHodazHoM K3 Ha
3EMIIIO0 B CETH C IIYX03a3eMIIEHHOH HEHTPANIBIO ¢ TTOMOIIBI0 TEOPHH CHMMETPHYHBIX COCTABIAIOIHX.

2. Kpamkue meopemu4ecKue cee0eHusi

OcHoOBHBIE YpaBHeHHA Mexxy 2/ C H nmajgeHHAMH Harlp sbKeHHI 1Ip AMoi, odpaTHOH H HyJIeBOH
riociefoBaTensHOCTEH MpH ogHogasHoM K3 6yayT:

Ukar =Ec —1lka1 - X
Ukar =0—J1lgar - X5
an :O_leAﬂ 'ch:-

rae Ukar, Ukaz, Ukao, Ixal, Ikaz, Ikao — HaNpszKEHHA H TOKH OTHEIBHBIX IMOCJIEN0BAaTENBHOCTEH, X, X2, Xo: —
P €3YILTHPYIOIIHE COIMP OTHBJIEHHA CXEMBI 3aMeleHHA ITp AMoii, o0paTHOH H HyJIE€BOI IMT0C/Ie0BaTENbHOC TEH.
IIpx K3 Ha 3emumio ¢asel A (pHc. 4.1a) B ceTH ¢ rIyxXo3a3zeMI€HHOH HeliTpaiblo rpaHHYHBIMH Y CJIOBHAMH Oyy T:

Ixg =05 Igc =05 Uga =0. (4.1)

CHMMETPHYHBIE COCTaBJIAIOIIHE TOKOB B (haze A OyayT:
a) IIp AMOH T10CJIe]]0Ba TENbHOC TH:

Igar = ;(Im +a’Igg +algc ):

¢ YUETOM I'PaHHYHbIX YCIJIOBHH (4.1):

|
Lga =—Ikga:

3

0) obpaTHOIi MmocneqoBaTENBHOCTH:

B) HYJI€BOH I10CJIENOBATEIbHOCTH:

|
Ixao = _(Im +1gp + ke ):
3 3

Taxym o6pazom: Lga; = lxasr =lgao =—1ka .

Tok B MoBp exIeHHoH (ha3e (Yepes3 3eMIo):

Ixa =31kar- (4.2)
OOKYMEHT NOANWUCAH
HarnpsKeHMIE KoEp-¢aQcRpuivQasss A

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnageney: I__ﬁ.ﬁ%ymi_jakﬂﬁaﬁm@ﬁﬁfﬂﬁﬁ QKU — 0 (4 3)
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B Ly, Iy
C : >
I *
Lxa ___lKB Lkc Lao
a) 6)

6)

Puc. 4.1. IIpunnunmaneHasa cxema (a), BEeKTOpHBIE JUarpaMMBI TOKOB (0),
HanpshxkeHuil (B) oguHodazuoro K3

CME’I}]H‘IHBIE COCTABJIAIOIIHE Hﬂl'[pH}I{EHIfﬂfI B MCCTC KOP OTKOI'O 3aMbIKaHHA .

Ui = (Ugar =Ug) =1 Xy +Xc Hm]
Ukar = 1XocIkar == 1XocIkars (44)
Uko = _jX{]CIK{] — _jX{]CIKAI :

daszHbIE HAalrpAAxCHHA B MCCTC KOPOTKOI'O 3 aMbIKaHIA

Ugp =2’ Ugay +aUgar + Uy = ‘[(E_HZ)X::C +(a’ - DX{JC]IMI (4.5)
Uge = jl@—a®)Xse + (a1 Xoe |Tgar

Ha BekTOpHOI HarpamMme HarpmkeHHH (pHc. 4.1) yron ® METY HarpsyKeHHAMH HETTOBP €K €HHbIX (pa3 3aBHCHT

OT COOTHOII EHHA MEAKY XEC H XDC H H3MEHAETCA B Ipeesiax 60° <® <180° . Hinient TIpeen

COOTBETCTBYET X{]C — 00| BepxXHHI ITpH XUC =0. IIpu XDC — XZC YIol ® paBeH 120"

3. MNopsi0oK ebinosiHeHUs1 pabomal

. M3y4HUTh TIOJIYYEHHE C IIOMOIILI0 TEOPHH CHMMETPHUYHBIX COCTABIAIOMIHX OCHOBHBIX COOTHOIIEHHH MEKIY
TDKM H HanpLKEeHHAMH H HX CHMMETPHYHBIMH COCTABJAIIMHMH IpH ojHodasHoM K3 B cem ¢
Iy XOXHREBERHOH HOHAD ARk
Ceprudinar-COBpaTEXEM: Ko A A oBeHAe JApHBEIeHHY 10 Ha pHc. 4.2. B Tabu1. 4.1 ykasaHbI ronoskeHHe kinoda 111 pesxima
Bnageneu: pabemmirEdTatoupeii cricTeMEIEAAA [P OH3BO/ICTBA BMEPEHHI H (ha3a, Ha KoTopok npomsoguTes K3. (Homep BapHaHTa
3a7JaHHA COOTBETCTBY €T HOMEPY OpHraihl)

3. BKIIOYHTE CTEHI H [TDOH3BEC TH H3MEP EHHA TOKOB B (pazax. Pe3ynbTaThl H3MEP €HHIH 3aHecTH B Tabm. 4.2.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



4. BBIYHCIHTB TOKH IIpsAMOiH, o0paTHOH H Hy.J1eBOH IMocliejoBaTeNbHOC TeH, IpoTeKalonHe B Touke K'3 Ha ocHoBaHHH

TEOPHH CHMMETPHYHBIX COCTaBIAKIIHX. Pe3ynbTaThl BIYHCIEHHH 3aHecTH B Tadl. 4.2.

ITocTpoHTk B MaciTabe BEKTOpPHY IO JHarpaMMy TOKOB, aHaJIOTHYHYIO MpHBegeHHoH Ha pHc. 4.16.

6. B cxemy (puc. 4.2) moaxmouHTe (HILTPBI HarpskeHHIE obOpatHoii PHOII H HyneBoli (DPHHIT)
rociaegoBaTenbHoCc TH. TToakmodeHHe (HIBTP OB MOKa3aHOo Ha pHC. 4.2 ITyHKTHP OM.

7. BKIHOYHTE ¢TeHA H H3MePHTD B Touke K3 BenHuHHBI (pa3HBIX H THHEAHBIX HarpsyKeHHH, a Takske HarpskeHHa Us
H Uy Ha BeIXoJie pHIbTpOB. Pe3yabTaThl H3Mep eHHI 3aHecTH B Tadn. 4. 3.

8. B macmTabe rocTpoHTh BEKTOPHYO JHATPaMMYy Harlp sKeHHI, aHaIorH4IHy 1o H300p akeHHOoH Ha pHc. 4.16.

=N

A 6/ Y Y Y L mom O
B
Bos Y Y YUY Y Y oY Y o—

C oYY YL Y Y Y\ o/ Y Y g i o——

0 o o1

Puc. 4.2. Cxema 151 onpeieIeHns TapaMeTpoB oHodazHoro K3

Tabmuma 4.1

BapHaHThI 3a0aHHHA

No ﬁpnra,ubl Pe:RNM cHCTEMBI K3 ¢asbl
| max A
2 max B
3 max C
4 min A
5 min B
6 min C

TaOmnuia 4.2

Pe3ybTarhl H3MEepEeHHH H BbIMHCJIEHHH

K3 H 3MepeHo BbIunc/IeHO
¢a3sbI Ia, A Is, A Ic, A I, A I2, A Io, A
Dopmyna Dopmyma Dopmyna
o . PesymbTar Pesynprar PesymbTar

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

TaOmuia 4.3

Pe3ybTarhbl H3MEepEHHH H BbIMHCJIEHHH
Nencteutened: ¢ 19.08.2022 no 19.08.2023



K3 I 3MepeHHbIe BeJINYHHDBI Borauc
dasbIl €HO
Ua, B| Us,B | U, B | Uag, B | Usc, B| Uca, B | U2,B | Uo, B Ui, B

4. CoOdep)xaHue omyema

1. Ilenb paboThl.
2. (CxeMma H rpaHH4YHbIE VCJI0BHA offHo(a3Horo K3.
3. Cxema J1a oIpeneieHHA rapamMeTpoB ogHogazHoro K3.
4. PesynbTaThl H3MeEPEHHH H BbIYHCIIEHHH B TaOMHM4YHOMA (hopMe.
5. BekTopHbIe qHarpaMMbl TOKOB H Harlp sLKE€HHH, MMOCTPOEHHBIE HA OCHOBE H3MEP €HHIA.
6. BeiBojbI H3 aHamH3a ogHodgazHoro K3.
9. KoHmponbHbLIe eonpochki
1. KakoBbl rpaHHYHBIE VCJIOBHA oHoda3zHoro K37
2. Kak BBIYHCIHTE TOKH MpsAMOoH, o0paTHOH H HYJIeBOH r1ocsejoBaTeILHOC T ?
3. Kak BBIYHCIHTE HarpaKeHHe NMpH ofHodasHoM K3 npsAmoii, oOpaTHOH H HyJIeBoH I1ocieqoBaTeIbHO CTeH?
4. Kak rmocTpoHTh BEKTOPHYIO JHarpaMMy TOKOB ofHo(a3Horo K3?
5. Kak rocTpoHTh BEKTOPHYIO JHarpavMy HarlpsoKeHHI rpH offHodgasHom K37

JlabopaTtopHasi padoTa Ne 5

PacdyeT HecuMMeTpHYHBLIX K3 Ha Moaxe/m
IIOCTOSSHHOI'O TOKA

IHenn:

Ilenp H3y4eHHA JHCLIHILTHHBDI:

- 71aTh MpeJicTaBIeHHE 0 (PH3HKE ABJIEHHH, TIP OMCXOANIHX ITPH 3JIEKTPOMArHHTHBIX TTEP €X0JHbIX
TP OLIEC CaX H METObI HX KOJIHYEC TBEHHOH OLIEHKH.

3azayH IIpH H3Y4Y€HHH JIHCLIATLUTHHBI

1. I_[E.J]h pﬂﬁﬂT bl. COCTAaBJICHHC KOMIUICKCHBIX CXCM 3aMCIICHIHA IJIA P as/IHYHbBIX BHO0OE HCCHMMCTP HUYHBIX K3 u
CPpaBHCHHC TIONIYYCHHBIX PC3YVJIBTATOEB C INPaKTHYCCKHMH MCTOIaMI PactucTOB.

2. Teopemu4eckasi Hacmb

2.1. anBHJ]ID IJKBHBAJICHTHOCTH HpHMﬂﬁ InnocieJo0BaTE€/JIbHOCTH

OOpalasAchk K IIPHBENEHHBLIM B Tad. 5.1 BbIpakeHHAM JJIA CHMMETPHYHBIX COCTaBIAKIMX TOKOB H Hallp /KEHHIT B
MecTe HecHMMeTpH4YHoro K3, 3ameuaem, 4To TOKH 00paTHOH H HyJIEBOH IMOCTIENOBATEILHOCTH H HaIp DK EHHA BCeX
T10CJIENOBaTEIBbHOCTEH B MecTe K3 3aBHCAT OT TOKa IIPAMOH ITOCIeoBaTeIbHOCTH. ClIeoBaTENIbHO, 3ajlaya pacueTa
HecHMMEeTpHYHOro K3 cocTOHT B Orp €/I€/IEHHH TOKa ITp AMOH ITOCIE€0BaTEIBHOCTH B MECTE pacCMaTpHBAEMOT0
BHa K3.

Tabmuma 5.1

CHMMeTpHYHBbIE COCTABJIAIIINE TOKOB H HANP AKEeHHH
B MecTe HecHMMeT pHiHbIX K3

Onpe Eﬁgﬁ‘ﬁ&wﬂm H

Ceprumar: 2C0000HEXMOOIHATEHBL 0500000438  ABYX(a3HOM oJHO(a3HOM
Bnageneyl——lllebayxosa Tateada-AneKkcasnapoaxa

I1pu Bugax K3

ABYX(a3HOM HA
3eMIII0
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. E,. E,
T OK ITpsmMOH E,. : = =
IIOCIIEIOBATEIIbHOCTH Ia | J '_EK| X, ) J (E‘Ic T X5 T K{]c) J (KI T X5 T K{L)
C L0
- Apc
Tok oOpaTHOH I I —= 1,
IIOCIIENOBATETLHOCTH a2 —Al —Al J (X + %)
. X5
T oK HyIIeBOH — - = -1,
{] le‘"ﬁ.l J'(K’:‘_FE{}‘)
IocIeA0BaTEMLHOCTH Lo 2 ¢
Harmpsoxerie mpsaMoit : : . Roe " R
P P 1X5 1A J(Xp + X0 ) - L ]— - 'IAI
IocIeqoBaTeMbHOCTH Ua| - : X, + X,
Hanpsoxerme oOpaTHOIN i, ] i, Ko Roe
A — . ! LA
rmocieaoBatembHOCTH Uan re=al 2e=Al X, + X,
HarpsxkeHne HyneBoH ix, 1 ] X2e " Xoe g
_ A =Al
nocnegoBarembHOCTH Ug Dozl X, + X,

CTpyKTypa BhIpakKeHHI JIJIA TOKa IIp AMOH I10cIeJ0BaTEIbHOCTH IMPH pa3IHYHBLIX BHAaxX K3 rmo3BosseT Tok
IIpsAMOH rocieqoBaTeIbHOCTH 0c000ii pasel A (rpH mo0oM n) HecHviMeTpHYHoro K3 BeipasHTh B 00111eM BHJIE:

n E A
(n) — Ac (51)

Kal

|

2

. (n)
J ] (K Ic + X,ﬁ )
r7ie E Ac — YKBHBaneHTHad 5/1C (pa3el A oTHocHTENBEHO ToUukH K3; X | — PE3YIbTHpYIOLIEE CONPOTHBIIEHHE

- n
CXEMBI IIPAMOH ITOCJIENOBATCIIBHOCTH OTHOCHTEIIBHO TOUYKH KB, X A JOIIOJIHHTEIIBHOC COITP OTHEIICHEC,

BCJIHTHHA KOTOPOT0 OJIA KaKI0I0 BHO4 K3 OrpEaciACTCA COOTBCTCTBYIOIHM BbIpaAaCHHEM, IMTPHECI CHHbBIM B TaOJIL.

3.2
Tabmuia 5.2
DopmyJibl AJ1A onpeaeieHHA X(N)A H Koy puuueHTa m(n)
O0o3HaYeHHE Hlomomt ebHoe KoypdunueHnr
Bug K3 CONPOTHBJICHHE ()
Tuna K3 X, m
Tpexdaznoe (3) 0 1
TlByxdastoe 2) i, B
OnHodasHoe (1) J(X,, +X,.) 3
JIByx(pazHOe (1.1) . Xoe "X 3 J1— Lo Xoe
Ha 3eMIIFO Xoe T Xpe (ch T Xoe )_

ITockonpKy (pasHbie TOKH B MecTe K3 Tarcke rporopLiHOHaIbHbI TOKY P AMOI MOCIe10BaTEILHOC TH, MOJTY JIb
(pasHOTO TOKa B MecTe Jrodoro (n) HecuvMeTpHYHOro K3 B 001eM BHIE MOKHO ITp €/IC TABHTh KakK:

I;:{l'l )

—

(1) N
KYME ANUCAH

3NEKTPOHHOW NOANMCLIO

dovd043E9A

lebay xns_alﬁ’g?t%

]

CepTudukar:
B Eﬂﬁ 1,
nagenety. i

952205E7BAS0006000004 3E ,

(5.2)

2 QUPENETIEMBIH H3 Tabn. 5.2.

O0o0meHHas 3arHch BbIpakeHH: (5.2) rmozpomina H.H. ITleapyHy BriepBbie ¢ (pOpMyJIHPOBaTh CJEY IOIIEE

) ITOJIOAEHHE, KOTO
OeiticteuTeneH: ¢ 19.08.2022 n

1%%%-123[]3213%EHETCH IpaBHIIOM 3KBEHEAJICHTHOCTH l'IpHI'vIDIfL:I IMOCJICHOBATCIIBHOCTI.




Tok npsAMoii moc/1eJ0BATeIbHOCT H JI000ro HecHMMeTPp HUHOT0 K3 MoskeT ObITH ompe/ie/leH KaK TOK NP H
Tpexdaznom K3 B ToUKe, YIAJIeHHOR OT JeHCTBHT eJIbHOM TOYKH K3 HAa JOMOJIHHTE/IbHOe CONP OT HBJICHHE

(n)

‘X‘ﬂ , KOTOPO€ He SABHCHT OT MAPAMETPOE CXEMbI I[]]HI\-’[Dﬁ nmocJieJOBATEJIbHOCTH H IJIH KA JI0I'0 BHIA K3

OTIPe/eJISAET CSI Pe3YIbTHP YIOLIHMH COTPOT HBJIEHHSMH 00p aT HOM MOC/TIeJOBAT eJIbHOCTH X , . H HYJIeBOi

NMNoCJIeTOB AT ¢JIbHOCTH X'DC OTHOCHTEJIbHO PACCMATD HBAeMOH TOYKH CXeMbI.

IIpaBHIIO S5KBHBaJIEHTHOC TH TP AMOK ITOCIIE]0BaTENBHOCTH HCII0IR3YEM B JaHHOH padoTe N1 pacyeTa
AHAJIHTHYECKHM CII0c000M BEJTHYHH TOKOB H HaIp siKeHHI B MECTE TI0BP €4IeHHA MPH HECHMMETPHYHBIX K3 H npH
HC CJIeJOBaHHH HeC HMMETPHYHBIX K3 Ha Mojje/TH rocTosaHHOoro Toka. IIpH 3ToM Heo0X 0gHMO MOMHHTb, YTO ITPH
BBITMOJIHEHHH JaHHOH padoThl CXeMbI OTAEJIbHBIX IMOCJIEI0BATEILHOCTEH COCTOAT H3 YHCTO PEAKTHBHBIX

C OITP OTHBJIEHHH.

2.2. AHaslMTUYeCKMH MeTOJ, pacyeTra IMepexoJHOro Ipolecca IpH
O/THOKPATHOMH IoIepeyHO I HeCUMMETPHUH

IIpuBegeM alropH™ pacuera ToKOB K3 rMpH oqHOKpaTHOH ITOrep €YHOH HECHMMETPHH, HCITOJIb3Y A TP aBHIIO
3KBHBAJIEHTHOCTH IIPAMOH ITOCIIENOBATENRHOCTH. PacueT BEIEM B OTHOCHTENBHBIX €HHHI[AX.

1. CocTaBlIAEM pacuyeTHYH CXEMY, BbIMMHChIBAA H3 I1acIIOP TOB H KAaTaJIOToB JlaHHbIE 00 3nemMeHTax COC, BXOAANHX
B Hee. [IpeBapHTensHo 3a7jaemMcs BHoM K'3, KoTophlil HeoOXoqHuM 71 orlp efjeaeHHa X, '™ .

2. BeiOHpaem Oa3HcHbIE YCJIOBHA. 3a 0a3HCHY0 MOIIHOCTE S MPH 0JJHOM HCTOYHHKE ITHTaHHA IMPHHHMAEM
MOIIHOCTh, paBHy0 1000 MB-A. 3a 0asHcHoe HarlpsskeHHe Us MpHHHMAaEM cp €qHee HOMHHAaIBHOE HarlpsayKeHHA
Uvcps TOH CTYITEHH HalpLKEHHA, Ha KOTOPOH BO3HHKIIA Ta HIH HHas HECHMMETPHA. 3HaYeHHA CpeqHEro
HOMHHAJIBHOTO Harp ZKeHHA 11 JaHHOoH padoThl Heronb3yioTea 115 i 230 kB.

3. CocTaBlIAeM cXeMbl 3aMelll eHHA TIpAMOI, o0paTHOH H HyJIeBoH Ioce0BaTeIbHOCTEH.

Cxema rp AMOI IocIe0BaTENbHOCTH ABIAETCA 00bIYHOH CXEMOH, KOTOPYO COCTABJIAIOT /1A pacyeTa JH00ro
CHMMETPHYHOTO TpexX(asHOro pekHMa. B 3aBHCHMOCTH OT IMPHMEHAEMOI0 METOJa H MOMEHTa BpeMEHH B Hee
BXOJAT M'EHEPATOPbI H HATPY3KH ¢ COOTBETC TBYIOLHMH P €AKTHBHBIMH COTIPOTHBIEHHAMH H 3 /IC. Bee ocTanbHbIe
3JIEMEHTHI BXOJAT B CXEMY HEH3MEHHBIMH COIIP OTHBIIEHHAMH.

Cxema oOpaTHOH MocJieNoBaTEIbHOCTH I10 CTPYKTYPE aHAJIOMHYHA cXeME IIPAMOI IToc/IeoBaTeNbHOCTH. Pasmure
MEKTY HHMH COCTOHT B TOM, UTO B cXeMe o0paTHoi rociaefopaTeabHocTH 3 JIC BcexX reHepHpy HOIIHX BeTBeH
MMPHHHMAIOT paBHbIMH HYJII0, @ PEAKTHBHOCTH 00paTHOF IMOCJIeJ0BaTENbHOCTH CHHXP OHHBIX MAIIHH H HATPY30K
TIPAKTHYECKH IMOCTOAHHBI H HE 3aBHCAT OT BH/Ia BO3HHKIIEH HECHMMETPHH, a TAKKE OT [P OOLKHTEhHOCTH
TIEPEXONHOIO IMPOLIECCa.

Hauamom cxembl IpAMOH HIH 00paTHOH IMocieJoBaTeNbHOCTEH CUHTAIOT TOUKY, B KOTOP 0i 00beJHHEHBI
cBOOO/HBIE KOHL[bI BCEX FE€HEPHPYIOUTHX H Harpys3 04YHbIX BeTBei. DTO — TOUKa HYJIEBOTO MOTEHLHAIA CXEMBbI
COOTBETCTBYIOIIEH MocseioBaTeIbHOCTH. KoHLIoM cxeM MpAMoi HiIH o0paTHOH IMocsie/loBaTeIbHOCTH CYHTAKOT
TOYKY, I'[€ BO3HHKIIa HECHMM ETPHA.

CocTaBI€HHE CXEMBI HYJIEBOH IMOCIEN0BATENRHOCTH CIIETYET HAYHHATEL OT TOYKH, I7I€ BO3SHHKIIA HECHMMETPHA,
CYHTAasdA, YTO B 3TOI TOUKE Bce (pa3bl 3aMKHYThI MeKIY co00i HAKOPOTKO H K HeH TPHI0KEHO Harp K eHHE HYJIEBOH
T10CNIENOBaTENBHOCTH. IIpH roriep euHoH HECHMMETPHH 3TO HArIp /K €HHE IMPHKIabIBAETCA OTHOCHTEILHO 3 EMITH
(pHc. 5.1). Cxema HyJI€BOH I1oc/Ieq0BaTeIbHOCTH B 3HAUYHTEILHOH Mep € orpefieIsaeTcs coeJHHeHHeM 00MOTOK

Tp aHc()OpMaTOPOB H aBTOTP aHC(hOPMaTOPOB.

Havanom cxeMbl HyJIeBOI IMOCJIEI0BAaTEIbHOCTH CYHTAKT TOUKY, B KOTOpP 0 00be/JHHEHbI BETBH C HYJIEBbIM
TIOTEHLHAJIOM, a8 €€ KOHLIOM — TOUKY, 7€ BO3HHKIIA HECHMMETP HA.

CorpoTHBJIEHHE, Yepe3 KOTOpOe 3a3eMIIeHa HelfTpasb TpaHc (popmMaTopa, FeHepaTopa H T. [1. IOJLKHO ObITh BBEZIEHO
B cXeMY HyJIeBoll roc/eqoBaTe IbHOCTH YTPOEeHHOH BeTHYHHOH. 3To 00y CJI0BIEHO TEM, UTO CXEMY Hy.JIeBOH
T10CJIE0BaTEIbHOCTH COCTABIAKT [J1A OOHOKH (ha3bl, a 4ep €3 3TO COMPOTHBIIEHHE ITp OTEKAET CyMMa TOKOB HyJIEBOI
T10CJIe]0BaTENIbHOCTH BCEX TpeX (has.
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Puc. 5.1. BxiroueHne ncTouyHmnka HaIpsKEHIS HYJIEBO T
I10 CIIEOBAaTEIILHOCTU

4. Orip eneaem p €3y IbTHPYHOIIHE COIp OTHBIEHHA CXEM OTIEJbHbBIX IMOCIIE0BATEIPHOCTEH OTHOCHTEIBHO TOYKH,
r7e BO3HHKIIA Ta HIH HHaA HECHMMETPHA. Ha 3ToM K€ 3Tarle I cXeMBbI MPAMOI [TOCJIEN0BAaTENPHOCTH HaX OJIHM
pe3syarTHpYIoMy 3J1C 0THOCHTENBHO TOH KE TOUKH.

[ IpH norepeyHoH HECHMMETPHH Ha pac 4eTHOH cxeme (pHc. 5.2a) mp oceHM, KaK COCTABJIAETCA cXeMa 3aMeIeHHA
KaKIIoH IocieqoBaTEIbHOCTH. Bee 3/IeEMEHThI 3TOH CXEMBI ITP OHYMEP OBaHbI H HX HOMEpa COXp aHEHBI [JIA
0003Ha4YeHHA COOTBETCTBYIOIIHX 3JIEMEHTOB B CXeMax 3aMEIeHHA OTAEIbHbIX [TOCIIE]0BaTENbHOC TEH.

ITpu HECHMMETPHH B ToUKEe M cxXema 3aMeNeHHA IMPAMOH IMTOCIE0BaTEIbHOCTH HMEET BHI, MTPEJICTa BJIEHHBIH Ha
pHC. 5.26.

ITocnemoBaTeIbHO € O€qHHEHHBIE B HEH 31eMeHThI | H 2, a Takoke 5 H 6, 0003Ha4YeHbl, COOTBETCTBEHHO, 8 H 9. ][4
YIIPOIIEHHA CXEMBI JOCTATOYHO 3aMEHHTEL BETBL 9 ¢ 3JIC Ex # 0 H BETBB, MMOIYYaEMYI0 CI0KEHHEM 3JIEMEHTA 8 C
rapaseIbHO COeqHHEHHBIMH 3JIeMeHTaMH 3 H 4 H HMetomry 1o 3JIC E ogHoli 3KBHBaIeHTHOH (pHc. 5.26). Cxema
oOpaTHOH I1ocIeqoBaTENbHOCTH H €€ TIpeoOpa3oBaHHA aHaJIOHYHbI, 3@ HCKJIFOYEHHEM TOI'0, YTO B HEH OTCY TCTBYIOT
3JIC ucToyHHKOB. CxXemMy HyJIEBOH Ioc/IeqoBaTeIbHOCTH (pHe. 5.22) Takoke rMpeoOpa3oBbIBAEM [Ty TEM
TI0CJIENOBAaTENBHOIO H IMap aJUIENbHOIO CJI0/KEHHA BETBEI.

5. I'To compoTHBIEHHIO 00paTHO H HyJ1€BOH IMOCI€N0BaTEIbHOCTE OIp €€ IAeM OIMOJIHHTENIHOE COIIp OTHRIEHHE
Xa'""u yaanaem geficTBHTeNbHY10 ToUuKy K3 3a corpoTHBaeHHe X", YTO ITI03BOJIAET I10 BhIpakeHHIO (5.1)
OTpPENEeTHTD TOK IIp AM O Mo cIeqoBaTelIbHOCTH X ™y, .

6. @a3HbIH TOK B MecTe J1000ro (n) HecHviveTpHuHoro K3 orpefensem o BbipaxeHHIo (5.2), YMHOMHB Ha Oa3HCHBIH
TOK, OITPEENEHHBIH 10 BhIPaKEHHIO:

S

J3.U,

I = (5.3)
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Puc. 5.2. PacueTHas cxema (a), cxeMa 3aMEIICHIS IIPSIMOIT
IIOCJIEIOBaTEeILHOCTH (O),
IpeoOpazoBaHHas cXeMa 3aMEIIEHII MPSAMOIl ITOCIEI0RATELHOCTHU (B),
CXEMa 3aMEIEeHNUs HyJI€BOI II0CIIE0BATEILHOCTH (T)

2.3. UccnnepoBaHre HECUMMETPHUYHbBIX K3 HA MO/1€/TU TOCTOSIHHOTO TOKA

VcTaHOBJIEHHBIE COOTHOIIEHHA MEKTY CHMMETPHYHBIMH COCTaBJIFOITHMH Harlp szkeHHI B mecTe K3 (Tadn. 5.1)
T103BOJIAIOT JJIA KaKJOro BHAAa HECHMMETPHYHOTO K3 cOeqHHHTE BMECTE CXEMBI OTJIEBHBIX [TOCIEN0BATENBHOC TEH
H 00pa30BaTh TEM CaMbIM KOMITIEKCHY 10 CXEMY 3aMEIIeHHA 1A COOTBETCTBYIoMmEro BHaa K3,

TakHe cXeMbI MPHBEEHRI Ha pHC. 5.3. CxeMbl Ka/KJoH IMoc/IeI0BaTeIbHOCTH Xap aKTEPH3VIOTCA B 00IIEM cITy4ae
COOTBETCTBY FOIIHMH ITOJIHbIMH COIIPOTHBIEHHAMH (7.1, Z>, 7). OHH cooTBeTCTBYIOT (haze A. HetpyaHo yOequTheA,
4YTO B HHX cOOII0Jal0TCA HE TOJIBKO COOTHOINEHHA MEKAY CHMMETPHYHBIMH COCTABJIAIHMH HaIlp UK eHHI B MECTe
K3, HO Tarkcke COOTHOIIEHHA MEKTY CHMMETPHYHBIMH COC TABJIAIOI[HMH TOKOB B MecTe K3.
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Puc. 5.3. KoMmiiekcHbI€ cXEeMBI 3aMeIIeHN:: a — 1 AByXdazuoro K3;
0 — g ogHodazHoro K3; B — s aByxdazaoro K3 Ha 3eMITro

Hy:Ho HMETb B BHY, UTO B KOMITIEKCHOI cxeMe 111 ogHogasHoro K3 (pHc. 5.3 6) obecrieuHBarOTCs 3HaUEHHA

TP AMOH IMocJeoBaTENbHOCTH B P a3/ IHYHBIX Toukax. UYTo KacaeTca HarpskeHHH oOpaTHOH H HyJ1eBoH
10CJIENOBAaTENBHOCTEH, TO OHH JIOJLKHBI OIMP €NENATECA OTHOCHTE/IBHO TOYEK HYJIEBOr0 ITOTEHLHATIA CXEM
OJHOHMEHHBIX IMTOCIIENOBATENBHOCTEH, T. € COOTBETCTBEHHO 10 OTHOIIEHH O K Toukam H> 1 Hy, koTopble ABNAIOTCA
HavajaaMH CXEM 3THX IMOCIEN0BaTEIbHOCTER.

KomruiekcHasa cxema A7 AByXgasHoro K3 Ha 3emuto rpH /0= Tep EXOHT B KOMITIEKCHY IO JIJIA OOBIYHOTIO
IBYX(pa3sHOT0 3aMbIKaHH.

Cxema rpsamMoF I1ocJIe/I0BaTe/IbHO CTH 00bIYHO COZepKHT MHOI0 HCTOYHHKOB, B TO BpeMs KaK B cXeMax pHc. 5.3

Y CIIOBHO ITOKa3aHa JHIIb OHa pe3yabTHpyomaa 2 C.

KomMmruieKkcHbIe cxXemMbl 0c00eHHO yI00HbI TIPH HCII0JIE3 0BaHHH P acueTHbIX MojieNei H yCTaHOBOK, ITOCKOJIBKY B 3TOM
cJIy4ae MOKHO H3MEPHTh IPHOopaMH TOKH H HarpAKeHH:A 0T eIbHBIX IMOc/IeJoBaTelbHOCTeH B 11000 TOUKE H
J1000ro y4acTKa pacCUHThbIBa€MOE CHCTEMBI.

3. OnucaHue nabopamopHo20 cmeHOa

JIaGopaTopHBIH cTeH, MHEMOHHYECKAsA CXEMa KOTOpOro IpeJicTaBlIeHa Ha pHc. 5.4, MpeicTaBIAET coDoi
OZIHOJTHHEHHY 10 MOJIENb JIEKTPHUECKOH CHCTEMBI, BbITIOJHEHHYIO Ha TIOCTOAHHOM TOKE H COCTOALLY KO H3 FEHepaTopa,
IIBYX mpamw%wnmpenam, aBTOTpaHc popMaTopa, CHCTEMbI OECKOHEYHOI MOIITHOCTH, HATPY 3K
DINEMEHTLII R TR OIDOMdDENDb1, ITP E/[CTaBJIEHHBIE HA MHEMOHHYECKOH CXEME, Xap aKTEPH3YIOTCA JaHHbIMI,
CeprvdmpHBEEIIRBING T B 86155 30 P ear tope emERI T 1A 3a3eMuIeHHA HeHTpaH TpaHcopmaTopa.
Bnanenitorp GRIBHERT U CXERT YANISIEISEET oTre TBHBIX MocIe 0BaTeIBHOCTEH BhIP a7KEHBI B HMEHOBAHHBIX €JHHHLAX H
TIPHBEEHB] K CPeIHEMY HOMHHAIBHOMY HAIIp KEHHIO JTHHHH AJIEKTPOIIep €1avH (BapHaHThI 3aJaHHI] IIPHBE/IEHBI B

NeiicrevTad 4434368571 60HP OTHBIIEHHA TP EZICTABIIEHDI € [TOMOILbIO PE3HCTOPOB, CMOHTHPOBAHHBIX Ha 00p aTHOF CTOPOHE



cTeHAa. KoHLpI pe3HCTOp OB COEHHEHBI C COOTBETCTBY FOIHMH 3aKHMaMH cxXeM 3aMel[eHHA. CXeMbl OT/IeIbHbIX

r1oc iefloBaTenbHOCTEH (714 YCIOBHIA, OrpeeieMbIX 3ajjaHHeM) MOTYT ObITh ¢OOp aHbI ¢ TIOMOIIBIO COETHHHTEIBHBIX
rpoBozoB. KoMruiekcHbIe cXeMbl 3aMelleHHA JUTa orpeaeneHHoro BHaa K3 cobHparoT ryTemM coeqHHEHH CXeM
OTJIEeNNBbHBIX ITOCIIEI0BAaTEIbHOC TEH.

B cxeme HyeBoii rocaeqoBaTeIbHOCTH ITP €0y CMOTP €H p €aKTop, ¢ ITIOMOIbI0 KOTOPOTO MOKHO TPEJIC TABHTh

Tp €0y eMbIi p e2KHM 3a3eMiIeHH: HeliTp amH TpaHcgopmaTopa. Heiitpank TpaHc popMaTOp a MOKET ObITh, COTJIACHO
3aJIlaHHIO, KaK 3a3eMIIeHa Hariayxo HIIH Yepe3 HEKOTOp 0€ COIIp OTHBIIEHHE, TaK H pa33eMIeHa.

I koHTpona 3J]C reHepaTopa, Harpy3KH H Harnp sKEHHA CHCTEMbI CITY/KHT JIBa BOJIETMETP a, PacrioioykeHHbIE B
BepxXHel JacTH Ja0opaTopHOIO cTeH/A.
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Tabsmmaia 5.3

BapuaHT
JanHa Touka K3, I"'enepatop T pancdhopmartop
Ne opurans1 | JIDII, km HanpaxeHne, Tun X,
KB

1 2 3 4 5

1 100 Ki. 115 B

2 100 K>, 230 Su= 125 MBA Xd=0,19

3 100 K3, 115 Cosp =0,8 Xa= 10,22

Uz = 10,5xB

4 25 Ki, 115

J 100 K. 230

6 25 K5 115

] 100 Kz, 1) B B

8 25 K3, 115

9 100 K3, 230

IIpopomkeHHe Tab/HIBI 5.3

ITapaMeTphl 2JIeMeHTAaB YIeKTPHYEeCKOH CHCTEeMBI
JIDII ABTOTpaHChoOpMATOP Harpy:ika C:::E PEE:)ETD
X Uk, %
ng ’ 2 SH! Xc;
Trn % 0:1““ T B-C |B-H|C-H| mBA | oOm | X%
6 7 8 9 10 11 12 13 14 15
THI-125 Ilgp =1 KA
s = 115KB 10,5 0.4 4.5
ATIIITH-
125-220/110 _ .
- - Usp=230xB| 11 31 19 Koty 800’35’ 10
Ueg =121 xB
UHH — 1 1 I{B

[Iprveuanne. ITocie BEIYHCIEHHS COITPOTHRIEHHH 3JIEMEHTOB, BXOASIIHX B CXEMY
3aMEIIEHHS H TIPHBEACHUS HX K CTYIIEHH K3, IIPOBEPHUTSH 11O pHC. J.4
TIONYYeHHBIE 3HAUYEHH I COITPOTHRIEHHI, IIPHHSB MacIluTad

COITPOTHBJIEHHH paBHBIM 0, 1.
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Ceptud

ITockonpKy B paboTe HccleJoBaHHE TP OBOJIHTCA 71 HaualbHOI0 MOMEHTa NnepexoHoro rpoiecca K3, T. e. i ( =
(), TO reHepaTOpP BBOJHUTCA B CXEMY CBOHMH CBEPXIIEPEXOIHBIMH COITP OTHBJIEHHAMH, a ero 21C BXOJHT TOJIIBKO B
cxXeMy IpAMOK rmoceqoBaTenbHocTH HauanbHas cBepxriep exoaHas 2/JIC reHepaTtopa (cormacHo 3aJJaHHIO)
orpeneaeTca B OTHOCHTENbHBIX eJHHHLIAX 10 YPaBHEHHAM, IMpHBeNeHHbIM B Ta0. I1.5.1, BelpakaeTcs B
HMEHOBaHHBIX €HHHLIaX H IMpHBoAHTcA K Touke K3 (Tadbmn. I1.5.2, rpada 3).

Harpyska yuHThIBa€TCA TOJIBKO TOra, Korga K3 paccMaTtpHBaeTca B Touke K3, BBHY Toro, 4To y Hac HMEETCH JIBa
HE3aBHCHMbIX HCTOYHHKA IMTHTAHHA, @ HMHTHP 0BaTh HaJl0 TPH HCTOYHHKA: FeHEP aTopP, HAarpy3Ky, CHCTEMY, TO B 3TOM
CJIy4ae COCTABJIAKTCA KOMIUIEKCHBIE CXEMBI ITOCIENOBATENBHOCTEH JUIA JBYX YacTeH: JIeBaA 4acTh — 3TO FeHEpaTop
H 3JIEMEHTBI CHCTEMBI, PACIIoIOAKEHHbIE CJIEBA OT TOYKH K3, rpaBad 4yacTh — CHCTEMa, Harpys3Ka H

aBTOTpaHc (hopMaTop, PacIIONIOKeHHbIH cripaBa 0T ToOUKH K.
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Puc. 5.4. MuaeMoHmdIecKkas cxemMa jJabopaTOpHOIO CTEHa

HcKkoMblI€ BETHYHHBI CHMMETPHYHBIX COCTABIANIIHX TOKOB H HATIPAAKEHHIT OIp €IEIATCA MPH coOpaHHOH
KOMILIEKCHOH cXeMe, KOTOphIE BbICTARIIAKTCA COINIACHO BapHAHTA 3a/]aHHA ¢ MOMOIIbLI0 TyMOJIEP OB, PacIIoIoKEHHbIX Y
KaykK7Joro 3JieMeHTa cXeM 3amMeleHHA IpsAMor, oOpaTHOH H Hy IeBoH rTocliefoBaTenbHocTelL IsMepeHHe Toka H

Harp SKEHHA OCYIECTBIAETCA ¢ [TOMOIIB IO 3JIEKTPOHHBIX aMITEPMETPa H BOJIBTMETPA, TIOOKIIOYEHHBIX K
sabopaTOPHOMY CTEHTY.

Caepxriep exoaHaa 3 J]C Harpy3KH H HarlpsKeHHA CHCTEMbI OIpeeliAeTcA 1o (opMyiaM, MPHBEEHHbIM B Ta0II.
I1.5.1 uIl.5.2 ¥ ycTaHaBIMBAaIOTCA B ONp eleleHHOM MacInTabe, Kak H cBepxriepexonHaa /] C reHepaTopa.

IIpu cOope KOMITIEKCHBIX CXEM HaJl0 MOMHHTD, YTO 3HAK (-) HCTOYHHKA HEH3MEHHOTO TOKA MPHCOEIHHAETCA K
HaYally CXEMbI IIpAMOK IMOCIeq0BaTENbHOCTH, (1) — K HyJIEBOMY ITOTEHLHAIIY COOTBETCTBYIONIEH TOUKH
KOMILUIEKCHOH CX€MbI HCCIIENY EMOI0 BHOAa HECHMMETPHH.

ITuTanHe cTeHma ocyuec TBIAETCA OT ceTH 220 B depes pasbeM. BKIIOUEHHE H OTKIIHOYEHHE CTEH]A

OCYIIEC TBILIGBRSHEIGTHENEN BT H «OTKIT, pacriosoKeHHbIMH Ha JIHLIEBOH CTOPOHE CTEH/A.
SNEKTPOHHOW NOAMNUCHIO

Btf TMop#AIAK, 8RINONHEHUs pabombl

DBHEKGMCH ¢ LieJbl0 padoThl, MeTalbHO H3YYHTh CXeMYy, Ipe/cTaBlIeHHY Ha JJabopaTopHOM cTeHe (pHLC.

,D,EHCTEMTEHEH:' c }E%B%QB}%{??EE%EM BBITIOJIHCHHA P abOThI.



I

O3HAaKOMHTBCA € METOAOM CHMMETPHYHBIX  COCTABJMAMOIHX, T[PaBHIOM SKBHBAJIEHTHOCTH  IPAMOH
[OCJIEN0OBATENbHOCTH, IIPHHLMIIOM COCTABIEHHA CXEM 3aMeElleHHA IIpH pPaccMOTPEHHH pas3iIHYHbIX BHIOB
HECHMMETPHYHBIX BHI0B K3 H ¢ Xap aKTep oM H3MEHEHHA Harlp SKEeHHA BCEX TPEX IMOCJIE 0BATENBHOCTEH BIOIb LIETTH
B HarlpaBJIEHHH OT MECTa HECHMMETPHYHOIo K3 K HCTOUHHKAM ITHTAHHS.

3. CormacHoO BapHaHTa 3ajaHHA (TabJ 5.3) H aaropHTMa pacdeTa, H3JI0KEHHOI'O BbIlle, aHAJTHTHYECKHM ITyTeM
OIp €EHTh TOKH H HarlpseHHA B MeCTE IMOBpeXKIeHHA IPH CIeqYIOMHX BHaax HecHmmMeTpuH: K K@), KU,
HCIIOIB3YA JIIA OoTlpe/jeIeHH: Iap aMeTPOoB 3JIEMEHTOB CXEeM 3aMelleHHA (popMyJibl, MpHBeAeHHbIe B Taomd. I1.5.1,
H COOTHOIIEHHA MEKTY CHMMETPHUYHBIMH COCTABIAKIHMH TOKOB H HaIlp UK eHHiA, TIpHBeIeHHbIX B Ta0m. 5. 1.

4. CornmacHO BapHaHTa, TPHHATOrO [JiA pacyeTa B I1. 3, BBIMOJHHTL CJIEAYVIOLIEE. OIMPENEIHTh, IM0Jb3YACH
chopMyamMH, TIpHBeAeHHbIMH B Tabn I1.5.1 1 I1.5.2, rmapameTphl 3JIEMEHTOB CXeM 3aMelleHHsA B o01eM ciydae
IUIA BCEX IOCJIEOBATEIBHOCTEH B HMEHOBAHHBIX €HHHLIAX, [PHBECTH HX K OJHOH CTYIIEHH HarIpsAKeHHH, T. €. K
cpeaHeMy HOMHHAJIbBHOMY HarpsKeHHI0 ToH cTyreHH TpaHcdopmaTopa, Ha KoTopoil paccmatpHBaeTca K3,
CBEpHTL PE3VIIbTAaThl PAcUYETOB COIPOTHBIEHHH C BEJHYHHAMH COIMPOTHBIEHHH 3JIEMEHTOB, YKa3aHHBIX Ha
CTEHTIE.

5. HaOpaTe Ha nmabopaTOpHOM CTeHJE KOMILUIEKCHYIO CXeMy JUIA orpezenaeHHoro BHAa K3 ¢ corp oTHBIEHHAMH

3JIEMEHTOB COIJIAcHO 3aJaHHI0, HarpHMep, AJd ofHo(a3sHOro Ha 3eMir. I 3Toro repejs cocTaBIEeHHEM

KOMILUIEKCHOH CXeMbl BC€ COMPOTHBIEHHA pacyeTHOH CXEeMbl 3aMeEN[EHHA [OJUKHbI ObITh H3MEHEHBI B

COOTBETCTBHH € TIPHHATLIM MacIITadoM ¢ OIlp OTHBJIEHHI]

XccHucreM

M, = :, (5.4)
XMMOJEI

KOTOpBIH 1711 JaHHOH padoTel IMpHHAT paBHBIM 0,1.

CeepxriepexoqHyro 2/1C reHepaTopa A7 YCTaHOBKH Ha MOJIEIH TIPpHMEM paBHOH BEJIHYHHE, JIEKaIleH B JHAara3oHe
30...40 B. Torna macmTad Harp ssKeHHA MOJIeNTH BeIpasHTea (opMyioi:

E”-10°

V3U,.,

MOJT

M, = (5.5)

Uy — Hamnp ssKEHHE MOJIEH, KOTOP 0€ MOKET ObITh MPHHATO PaBHBIM JIFOOOH BETHYHHE, JIEJKallleH B [{HarIa3 oHe
3040 B.

Hcromnp3ya MacimTad HarpAKeHHs, MOy YeHHBIH 1Mo BbIp aKeHHIO (5.5), orip efendem HarpaKeHHe HCTOYHHKA,
HMHTHpY I0II[er0 ¢cBepxriepexoqHyo 2/ C Harpy3kH (rpH paccMoTpeHHH K3 B Touke K1) H HarpAKeHHA CHCTEMEI, T.

c.
. E’" -10°
EH. MO — ?' (5 6)
V3M,,
U.-10°

Umon (57)
t M,

Br10paHHBIMH Mac TabaMH ¢ OIIp OTHBIIEHHI H HaIp/KEHHI 0JHO3HAYHO OIIPEJIenAeTcA MaciiTab TOKOB
M
_ U
M, =—U (5.8)
M

[Ip1 HaOop € KOMITIEKCHBIX CXEM, KaK H IMPH BbITIOJHEHHH I1. 3, HEHTpalb Tp aHc (hpopMaTopa MPHHATD 3a3€MIECHHOH
HarJIyxo.
6. II3MepHTh CHMMETPHYHBIE COCTABIIAOIIHE TOKOB H HATIPAKEHHI KK 0 M0 CJIE0BATEIbHOCTH.

7. Henomssya macmrmadbbl M, H M, orpeienHts [jeHcTBHTENRHbIE 3HAYEHHA CHMMETPHYHBIX COCTAB/IAIONIHX TOKOB H
HarpsLKeHHH Kak[0H IT0C1€[0BaTETBHOCTH.

8. CobpaTh KOMITIEKCHBIE CXeMbI I ApyTHX BHOoB K3, T. €. ama K@), KV,
9. BBIMOMHHTE OeHCTBHA, H310KEHHbIE B Iml. 4-7.

10. Cpaam&ﬂiWMEHTrﬂﬁ%'m% PE3VIIbTaThI Ha MOJIENTH C pe3ybTaTaMH pacuera
SNEKTPOHHOMW N é}ﬁﬂblﬂ
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5. KoHmposnbHbIe e0Mnpochkl

1. YKaKHTE OCHOBHBIE COOTHOIIEHHA TEOPHH CHMMETPHYHBIX COCTABIAIHX [MPH Pa3IoKEHHH I1pOH3BOJIBHOM

Tp exazHOH CHCTEMbI HA CHMMETPHYHBIE COCTABJIAKOIIHE.

KakoBpl paHH4YHbIE YCIIOBHA /1A BCeX BHIOOB K37

Kaxkie goryueHHA MPHHATHI TIPH H3J10:KEHHH IMPaBHIIa 3KBHBAJIEHTHOC TH ITp AMOH IMOCIIEq0BaTEILHOC TH?

Kakog xapakTep H3MEHEHHA HalMPAXKEHHA BCEX TPEX IMOCIIEI0BaTEILHOCTEH BA0JIb LIEMH B Harlp aBJIEHHH OT MECTa

HecHMMETPHYHOTIO K3 K HCTOYHHKAM IMHUTaHHA?

[IoyemMy COMPOTHBIEHHA 3a3eMIEHHA  HeHTpaneil TpaHc(oOpMaTOpOB IPH COCTABIEHHH CX€M HYJEBOH

I10CJIENOBATENIBHOCTH YTPaHBaKOTCA?

6. C KakoH LIENbI0 TPOH3BOJAT 3a3€MIIEHHE H pa33eMIIEHHE HeilTpaneid TpaHc(oOpMaTOPOB B 3IEKTPHUECKHX
cHcTeMax ?

RENLON R

N

6. Codep)xaHue om4yema

1. Ilenp paboThI.

2. IcxomHad cxXema 3JIEKTPHYECKOH CHCTEMBI € OrJIacHO 3aJaHHIO.

3. PesynpTathl aHATHMTHYECKOrO pacdyeTa CBEPXIIEP EXOAHOI0 peKHMa: 1A OJHOI0 H3 BHO0B K3 rMpHBECTH MOJHBIH
pac4eT; 11 ABYX JPYTHX — CBECTH P €3yIbTaThl B TaOIHLIY.

4. Tabmuia pacueTHbIX ITapaMETPOB 3JEMEHTOB CXEM 3aMeEl[eHHA BCEX IMOCIeqoBaTEIbHOCTEH B HMEHOBAHHBIX
EOHHHI[AX, TIPHBENEHHBIX K TouKe K3.

5. YucneHHbIe 3HaYeHHA MacmTaboB M., M, M.

6. KomruiekcHbIE CXEMbI 3aMEIEHHA /1A BCEX BHI0B HECHMMETPHH CO 3HaUYE€HHAMH ITapaMETP OB CXEM 3aMEIeHHA

B COOTBETCTBHH C MaciTadbaMH M.
HM,.
7. Tabmiiia 3HaYeHHI HECHMMETPHYHBIX COCTAaBIAKIHX TOKOB H Halp /KEHHI, TT0JTYYeHHBIX Ha MOJIEIH 1711 BCEX
BHI0B K3.
8. BBIBOJBIL
NOKYMEHT NOANWCAH
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lMpuno)xeHusi

Tabmuia I1.5.1

1. (Dﬂpl'r[}".]]bl B OTHOCHTC/IBHBIX CAHHHIIAX IVIH AHAJIHTHYECCKOI'0 pacteTa
HCCHMMET DHYIHBIX 3aMbIKAH HH

2J1emeH | Pacuer IlocnemoBaTe/ILHOCTD IIpuMeuaHmne
T HbIe npAMas oOpaTHasn Hy.JleBast
CHCTeM | mapame
bI TPbI
['enepa | E” X, =X4u-S: /S, E"=0 E'=0 Ur:= 1;
Tﬂp E: — U*r + SE IHFH - l
X"' = X"' ¥ ’* *
T IHF*.XE* islll(P ” . S Xd :'Xd
H sing = (),8
Tpancd | X, « - U% Ss X, =X, | X,=X, Uk, %,
OpMAaTo T ' Su, MBA
D 100 SH
Jmama | X X, =(-S. /U s X, =X, | X,=3X, | Xol
ABTG-(l) X, X = Ug % Sg X, =X Xp =X, U,% = %(UBH+
TPaHCh | X | X, =X, | X, =X
OpPMATO N 100 SHB 2 1 0 1 + Usc _ UGH) :
P . ¢ _UKC.%_SE XEZXI XGZXI
| =
100 S, U % = YU+
Xl — UkH% ) SE + Uy - Uy)s
100 SHH
U % =Y (U, +
+U_+U )
Harpys |E” | E" =0,80; E" =0; E,6 =0, SeMBA
Ka " S- — Xy = =
000011IEe Xon X, =035—; Ly =&y | H
HHadg Sy
Ilj;rpw E. X | E;=09; B, =0, | E; =0, |S..MBA
a — Xg =0

JIBUTaTe X, = 0323_‘:'; X, =X, 0
JIbHAA SH
Cuctem | Uc U, =1 U.=0|U,=0 S. =
a X, X.=0 X, =X, | X,=0
P — — _

eaKTo XP X, = 3X S X, On
P p Uzw
3a3eMII
H_
FOIIHH

[OKYMEHT MNOANWUCAH
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Tabmauma I1.5.2

2. (Dﬂplﬂf.l]bl B HMCHOBAHHLBIX € IHHHIIAX IVIA pactieTa Ha MO JE/IH
HCCHMMET DHYHLBIX 3aMbIKAH HH

2/1eMeHT | PacueTHBI ITocineqoBRaTeIb HOCTh
CH CTeMBI e npsAmMas oOpaTHas Hy.JleBas
nmapameTrp
bI
lenepar | © ° ;. - o
op E": E' =U_+1_.- X -sm¢p | E'+=0 E'r=0
o UE
2 H 2
° H X2=X,.-—-R
X =X, U K2 2 2 S 1
S, -
E": =E".-U,
TpaHcd 0 U. % U? ° ° ° °
opMaTop X, X, =—* — .= X2 = Xi Xo = X1
100 S,
JI = : o o o o
HHHS . X=Xyl X, = X, Xo =(2..5,5) X
ABTO- XE 0 U Uz o o o o
TpaHc(o xX Ki=—= - X2 =Xy Xo = X1
pMﬂTﬂp o 10.0 SHB o o o o
)¢ ) X2 = X1 Xo = X1
" }2 UKC% UBH o ° y y
L= ' — Xo=X
100 S, X2 =X CT
o 2
Xl — UkH% . UBH
100 S,
O6obmme | °, _°, o E’ =0; °
was B 0 X'n | E'on =080U, K : R E"on = 0
HarpysK [B".,X".. | ° U2 X2 =X
N ! X = 0,351 K>;
SH
Asurare | ° - ° i i °
g |BTeX"s |E".=09U, K ; E", =0, E", =0
o -2 o &)
PR X =02 Y5 k2. X2 =X,
SH
CHcrem ° ° ° ° °
] Uc UE:U{:‘K U.;;'ZO UC:D
o o o X, =0
Xc X1=XC-K XZ :Xl
Bazemnsa | _° — — Xo = 3X
FOIIHMH Xp i
| peakTop

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



JlabopatopHast padora Ne 6

OI{]—[OK]) ATHAH IIPOAOIbHAH HECUMMCETPHUH

Henn:

Llenp H3yYeHHA JHCLHILUTHHDI:

- 1aTh MpeJicTaB/IeHHe 0 (PH3HKE ABJIEHHE, TP OMCX OMIANIHX IMPH 3JIEKTPOMAarHHTHBIX Iep €X0/HbIX
TP OLIEC CaX H METOIBI HX KOMHYEC TBEHHOH OLIEHKH.

1. ITesmb pa0doOTBI: [TOCTP OEHHE H H3YY€HHE KOMITTEKCHBIX CXEM 3aMelleHH:A, IT0CTPOEHHE BEKTOPHBIX JHArpaMM
TOKOB H HaMpPAKEeHHI, 3ITI0p pacIIpe/le/IeHHA Halp K EHHI OT/IeNTbHbIX IMOCIEN0BaTEIbHOCTEH MPH BOZHHKHOBEHHH
OJTHOKpPATHOH IIp 0J10J1bHOH HECHMME TPHH.

2. Kpamkasi meopusi

B HacTosmeii paboTe paccMaTpHBaKTCA ABa BHla HECHMMETPHH, a HMEHHO: pa3pbIB OJHOI (pa3bl H pa3pbIB ABYX

(a3 (B 0ZJHOM H TOM JKE MECTE).
OCHOBHbIE YpaBHEHHA MafleHHIT HarlpAKeHHs B cXeMax KaxmoH IocieqoBaTeIbHOCTH, COCTaBIEHHbIE 1A

CME’T}]HIH-IDH JacTH CHCTEMEI TIPH YHCTO I"]I‘I,[[FI{'H’IEHDI?I LICTTH MOKHO IIPpCACTABHTE B BHIIC.

AUpar = Eac - ] X1 liar;

AUpaz =0 - X201z (6.1)
AUio =0 - jXmelio,

rne AUpar AUpa2 AUpp — cHMMeTpHYHBIE COCTABIAIOIIHE ITaZjleHHA Harlp stkeHHA ¢a3bl A Ha HeCHMMETPHYHOM
YUYACTKE CHCTEMBI, X1., X12c Xoc — PE3YIRTHPYIOIIHE P €AKTHBHOCTH CXEM COOTBETCTBY FOIHX
T10CJIEN0BAaTEIBHOCTEH OTHOCHTEIBHO MECTA ITp OZ0JIbHOH HECHMMETP HH.

JI OMOJIHUTENIBHAA CBA3b MEKTY CHMMETPHYHBIMH € OCTaBJIAKIHMHE TOKOB H IMTaJIEHHH HalpAAKeHHH

Yy CTaHABJIHBAETCA H3 IPaHHYHBIX Y CJIOBHI paccMaTpHBaeEMOIo BHAA MPoOoIbHOH HECHMM ETPHH.

2.1. Pa3pbIB 0/iHOHM (a3bl

PaspbiB ofHOH da3bl (pHe. 6.1a) MOKHO XapaKTepH3 0BaTh CJIEY IOIHMH IPAaHHYHbIMH Y CJIOBHAMH:
Lar=0; AUig=0: AUpc = 0. (6.2)
TIpH pa3IoxkeHHH Ha CHMMETPHYHbIE COCTABILIIOLIHE Y CJIOBHI (6.2) MPHXOHM K paBeHC TBaM:

AUrar = AUrLa2 = AUro = 1/3 AUpa. (6.3)

HMcnionbsya (6.2) H (6.3), orip egenHm I ul
—LA2 -L0O

AU AU
Liar =— __LA] y Lo =— __Lm . (6.4)
IX L2 X Loc
B cooTBeTcTBHH ¢ (6.2) MO/KHO 3alTHCATh:
I +1 +1 =0. (6.5)

-LAl1 -LA2 -LO
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Puc. 6.1. PazpeIB oqHOII (pazwl TpéXQazHoIl e a — ICXOAHAaI CXeMa;
O — BeKTOpHAas AuarpaMMa TOKOB B MeCTe pa3phblBa UNCTO UHIYKTHUBHOM
IIEIII,

B I I' — BEKTOPHBIE JUarpaMMbl HaIIPSIKEHUIT 110 KOHIIaM pa3phlBa
(COOTBETCTBEHHO,

B Toukax L u LY

ITocne rmomcTaHoBKH (6.4) B (6.5) momy¥HmM:

AU =jXy T

— LAI — LAl
X4 =X e || X 6.6)
me AL = Apac |[ALoc: (6.
JIna Toka ripsaMoli riocneqoBaTeIbHOCTH (pasel A B MecTe pa3pbiBa H3 (6.1) H (6.6) HMeeM:
E .~
_ —=AC
L= — (6.7)
JX e T XL
JIna TokoB 0OpaTHOIH H HyJIeBOI MocaeoBaTenbHOCTEH ¢ yueTom (6.4) H (6.5):
X e
B LOC .
ILAE o 'ILA]? (68)
Xpoc T Xioe
X e
_ L2C
IL{} — 'le- (6-9)
Xiac T Xioc

JIns orpeieneH A HarpsAKeHHA ¢ OJHOH H3 ¢ TOPOH ITPo0JIbHOH HeCHMMETPHH (B JJaHHOM CJIy4ae paspbiBa OJHOH
(pazbl) cIEOYET IPEBapHTENBHO HAITTH M0 CXeMaM OTJIENIbHBIX IT0CIIe]0BaTeIhHOCTEN CHMMETPHYHOH YacTH CETH
COOTBETCTBYIOIIHE COCTABJIAIOIIHE 3THX Harp keHHI. [IpHOaBHB K rocJIeTHHM COOTBETCTBY oI ee HarlpsxeHHe AU,
HAaXOJAT CHMMETPHYHBIE €O CTaBJIAOIIHE HATIP SHKEHHE ¢ JIPYToi cTOP OHbI TP OJI0JIbHOH HECHMMETPHH.

3HadA BCce CHMMETPHYHBIE COCTABIIAIIIHE TOKOB H HAPAKEHHIH, MOKHO OIp €/I€HTD (pasHbIe€ BEMHYHHBI TOKOB H
HaMpsKeHHH. B qacTHOCTH, /1A orpeieneHHa (pa3HbIX TOKOB B MECTE pa3pblBa OHOH (pa3bl MOTYT ObITh

HCTI0J1b30B aHbIKBMPARGHHANCAH
ANEKTPOHHOW NOAMWUCHIO

Ceptudmkar: ECDDE}G@ JESABBESS52205E7BASQ0060000043E

Bnapeney; lﬂ.!l}:ﬁaymsa EETbHH.MEDEEHﬁDCHIELLﬂC l(]}

I;)5=]a ; (6.10)
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X ,+a’X
[ = a——12€ HE T (6.11)
Xiac ¥ X e

JI 11 HaxoxKgeHHA Moy 1 (pa3HbIX TOKOB IMPH pa3pbiBe OAHOIH (pa3bl MOKET ObITh HMCIIOJIb30BaH KO3(hPHIHEHT,
OTPENETAEMbIH IT0 BbIP AKEHHIO:

nﬁerg | — XLK“_X““ﬂ. (6.12)
(XLEC + X1 )-

JI1na WiuTocTp aliHi Ha pHC. 6.16,6.2 MpHBeAEHbI BEKTOPHbIE THarpaMMbl TOKOB H HalpsKeHHI1 B MeCTe pa3pblBa
omHoiH dassl (A).

2.2. Pa3pbIB ABYX ¢ a3
IIpH paspeiBe IBYX (pa3 (pHc. 6.2a) rpaHHYHBIE VCIIOBHA OV IV T:
Lig =01 =0; AU, , =0. (6.13)

B cooTBeTcTBHH ¢ (6.13) cleayeT, 4To CHMMETPHYHBIE COCTABJIAOIIHE ToKa (a3bl A B MECTE pa3pblBa JIBYX JIPY MHX
(a3 cBA3aHBI COOTBETCTBEHHO:

I 5. (6.14)

C npyroii cTopoHBI, ITOCKONBKY cornacHo (6.14) uveeM:

AU AU A AU =0 (6.15)
JlocTaTOUYHO CIIOKHTH IpaBble YacTH ypaBHeHHA (6.1) H cyMMy MpHpPaBHATE K HY JIIO, TIOCJIE 3TOro, VuHThIBadA (6.14),
T10JTY YHM:
E.-
_ AC
Liar= (6.16)

X e+ X5

5

e X5 =X 50 + X gc-

Jna ¢a3Horo Toka cormacHo (6.14) HmeeM:
Lia =3 A

CHMMETPHYHBIE COCTABIAIOIIHE PA3HOCTH (pa3HBIX HArlp LKEHHI B MECTaX pa3pbiBa OIP €eNIATCA JJIA 00paTHOH H
HYJIEBOH I10CJI€/10BAaTEILHOCTEH
rio (6.1), a AyA npAMoI MocJeoBaTENbHOCTH IIpoie 110 (6.15):

AU, =AU, +AU, ) (6.17)

Ha puHc. 6.26,6,2 npHBe/IeHbI BEKTOPHbIE JHArP aMMbl TOKOB H Harp LK eHHii B MecTe pa3pbiBa a3 B 1 C.
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Puc. 62. Paz3phIB ABYX (paz TpexdazHOI IIeIIu:
a — ICXOHAs cXeMa, O — BeKTOpHasd JuarpaMma TOKOB B MECTE

pa3pheIBa; B I ' —BEKTOPHBIE AUarpaMMbl HaIIpSAKEHUIT 10 KOHIAM
pasphIBa (COOTBETCTBEHHO B Toukax L m LI)

2.3. “pﬂBHJ]U IJKBHBAJICHTHOCTH HyﬂEBﬂﬁ InocJie10BaTE€JIbHOCTH

3 cTPpYKTYpPBI BhIpakeHHI I TOKOB HYJI€BOH I10ceq0BaTEIBHOCTH IPH paccMOTP eHHbIX BHJaX OJHOKPaTHOH
HeCHMMETPHH HETIoC peCTBEHHO CJIENYET, YTO STOT TOK MOKHO OIIpeeNIHTh KaK TOK CHMMETPHUYHOTO Tpex(azHoro
pekHMa B cXeMe, I7je CHMMETPHYHbBIH Y4acTOK 3aMeHEH CHMMeTPHYHOH LIeMNblo, BEJIHYHHA ¢ OITp OTHBIIEHHA

KOTOP Or'0 7151 KaskJI0ro BHA TIPOJI0JIbHOH HeCHMMETPHH OI1p € esIAeTCs COrpOTHBIIEHHAMH KaK caMoro
HeCHMMETPHYHOr0 y4YacTKa, TaK H cXeMaMH o0paTHOH H HyJ1eBoH ITocIeNoBaTe IbHOCTH OTHOCHTEIBHO MECTA
HeCHMMETPHH.

3 noeHHOe [MoNoKeHHe IIpe/icTaBIaeT co00H 110 CYIECTBY MPAGIULO IKGILEWLEHINHOCINIL TTP MO
T10CJIe/I0BATENBHOCTH IIPHMEHHTENBHO K YCJIOBHAM OJHOKPATHOH ITp 010JIBHOH HECHMMETPHH, YTO I103BOJIAET TOK
ITpsIMOH IT0CIIEIOBATENBHOCTH B MeCTe IMPOoIbHOH HECHMMETPHH IMPH YHCTO HHIYKTHBHOH LIETTH BhIPa3HTL B
o0IIeM BHJIE KaK:

) E s
™ - —. (6.18)
IX s+ XA0)
d [TIaJICHIC HHHI)HH{EHHH l_IpHMUﬁ TOCIICJOBATCIIBHOCTIH Ha HECME’I]]HIH{DM FIIHC'IKE:
AU =X -1, (6.19)

r7ie BepXHHH HHOeKC (n) YCIIOBHO IMTOKa3bIBa€T BHJ paccMaTpHBaEMOKH MpogoibHoH HecHMMeTpHH: ((1) — pa3phiBa
ofHOH (a3bl; (2) — pa3pbiBa IBYX (a3).

[ IpHBeIeHHbIE BbINIE COOTHOIIEHHA HCITONIB3YEM B JaHHOH padoTe 1 pacdyeTa aHaTHTHYECKHM METOJIOM BeJTHYHH
TOKOB H HaMps:KeHHI1 B MeCTEe BO3HHKIIIEH OHOKPaTHOH ITp 070JIbHOH HECHMMETPHH, a TakKe IIPH HCCIIe0BaHHH

D,I[[—IDK[]HTHGﬁ l'IpGI[D.]'IIJHGﬁ HECHMMCTPHH Ha MOOCIIH IMTOCTOAHHOI'O TOKa.

2.4. AHa/IMTHYECKMHW MeETO]| pacueTra IepexoJHOro Ipolecca IpH
BO3HUKHOBEHHH OJJHOKPATHOH NPOJ0JIbHOU HECUMMETPHUH

TTpHBENEM aABRPMEMPASTGI8AFOKOB TIPH BO3HHKHOBEHHH OJHOKPATHOH ITp 00JIBHOH HECHMMETPHH, HCITOJIb3Y A
IpaBHIIO SRBABFERINRIOCRI THFMISI mocneqopaTenbHoCc TH. PacueT BeqéM B OTHOCHTEIBHBIX €/JHHHI[AX.

CepTbaT Tp HEORERT 1100 Eﬁ? 1006 e ey emoli cxeMe 3MIeKTPHYECKO0i1 CHCTEMDI, BBITTHCHIBAA H3
P Ay KTp
Eina,qcncli - LI.IcEna xu:usa TaTL-.ﬂHa An
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2. BeiOHpaem Oa3HcHBIE YCJI0BHA. 3a 0a3HCHYIO MOIIHOCTh Sg HCTOYHHKA IMHTAaHHA MPHHHMAaeM MOITHOCTh, PaBHY IO
1000 MBA. 3a 6a3HcHO€E HarpsAKeHHE IMPHHHMAEM cp eJHee HOMHHaJIbHOE HarpsxeHHe Uy, TOH cTyIIeHH
HarpAKeHHA, Ha KOTOp OH BO3HHKJIIA Ta HIIH HHAaA HECHMMETP HAL.

3. CocTaBisieM cxXeMbl 3aMell] eHHA BceX Tpex IocjeqoBaTeabHoC TeH: rpsaMoii, o0p aTHoH H Hy JIeBoil.

Cxema rpsaMoF I1ocJIe/I0BaTe/IbHO CTH ABIseTCA 00bIYHOH cXeMOoii, KOTOPYIO COCTaBIIAEM J1J1A J000T0
CHMMETPHYHOIO Tpexda3Horo pekHMa. B 3aBHCHMOCTH OT IIpHMEHAEMOI'0 METO/[a pacyeTa H MOMEHTa Bp eMeHH B
HEE BXOJAT MeHepaTophl H HATPY3KH COOTBETCTBY OIIHM peakTHBHOCTAM H 3/ C. Bee ocTallbHbIE 3J1€EMEHTHI BXOIAT
B CXE€MY HEH3MEHHBIMH COITPOTHBIEHHAMH.

Cxema o0Op aTHOI roc1e/1oBaTEILHOCTH I10 CTPYKTYP € aHaJIoTHYHA cXeMe MpAMOH r1ocjeqoBaTe/IbHOCTH. Paszmiune
MeEKTY HUMH COCTOHT B TOM, UTO B cXeMe o0paTHOH r1ocnefoBaTebHocTH 3 J[C BceX reHepHpYIOIHX BeTBeH

Y CJIOBHO IIPHHHMAIOT paBHBIM HYJII0, a PeaKTHBHOCTH 00p aTHOH I10c1e0BaTeIbHOCTH CHHXPOHHBIX MAalIHH H
Harpy30K IMPaKTHY€CKH MOCTOAHHbI H HE 3aBHCAT OT BH/IA H YCJIOBHH BO3HHKIIEH HECHMM ETPHH, a TaK/Ke OT

TP O OJLKHTEIIBHOCTH TIEPEXOIHOID ITPOLIECCa.

Hauanom cxem ripamoii H o0paTHOH rociieqoBaTeIbHOCTEH CUHTAIOT TOUKY, B KOTOp 0if 00beqHHEHBI CBOOOIHbBIE
KOHLIbI BCEX FEHEPHPY IOIIHX H Harpy304YHBIX BETBEH. 3T0 — TOUKA HYJIEBOI'O MOTEHLIHAA CXEMbI COOTBETCTRY IONIEH
T10CJIENOBAaTENBHOC TH.

I IpH rpogoabHOH HECHMMETPHH cX€eMBbI TP AMOI H 00p aTHOIH IrMocieoBaTEIbHOC TH HMEIOT JBa KOHLIA: HMH
ABJIAKOTCA JBE TOYKH, MEKIY KOTOPBIMH PacIIoioKeHa JaHHaA HECHMMETPHA. MexKIy KOHI[aMH CXEM OTAEIbHBIX
T10CJIEN 0 BAaTENBHOC TEH IIPHII0KEHDI HAIMP sLKEHHA COOTBETCTBYIOIIHX I10CIIEI0BATENIBHOCTEH, BOSHHKIIHE B MECTE
HECHMMETPHH.

CocTaBJI€HHE HY JIEBOH MMOCIEN0BATEILHOCTH CIENYET HAUYHHATh OT TOYKH, 7€ BO3HHKIIA HECHMMETPHA, CUHTasd, YTo
B 3TOH Touke Bce (pa3bl 3aMKHY ThI MEAKTY €000 HaKop 0TKO H K Hel MPpHI0KEHO HarpsayKeHHe Hy JI€B oI
Toce0BaTeIbHOCTH. TIpH rp o0nbHOH HECHMMETPHH 3TO Harlp siKeHHEe MPHKIIaAbIBAETCA B pacceuky (pa3sHbIX
TIpOBOIOB (pHC. 6.3).

Puc. 6.3. BxiIrodyeHne NCTOYHMKA IPH pa3peIBe (a3

Jlanee BRIABIAKOTCA B MPENENax KaxIoH 3JIEKTPHYECKH CBA3aHHOH LIETTH BO3MOKHBIE ITy TH ITp OTEK aHHA TOKOB
HYJIEBOH I10CJIE/I0BAaTEIBHOCTH.

IIpu npooabHOH HECHMMETPHH LHPKYJIALHA TOKOB Hy JIEBOH ITOCJIENOBATEIEHOCTH BO3MOKHA JlakKe IPH
OTCYTCTBHH 3a3eMIIEHHBIX HelTpaneil. B gqaHHo# paboTe paccMaTpHBalOTCA cTydaH, Korja HeiTpamH
TpaHc(popMaTOPOB HIH aBTOTP aHCpopMaTOp OB 3a3eMIEHbI HArJIy X0 HIIH Yep €3 COIp OTHBJIEHHA 00€HX CTOPOH OT
MECTA, ITE IPHI0KEHO HAIIp AKEHHE HYJIEBOH IMOCJIEN0BAaTENIBHOCTH.

CorpoTHBIEHHE, YePE3 KOTOPOE 3a3eMIIEHbI HEHTpasib TpaHc(opMaTopa, FreHEpaTopa H T. JI. IOJDKHO ObITh BBEIEHO
B CXEMY HYJIEBOI I1oc/Ieq0BaTeIbHOCTH YTPOEHHOH BETHYHHOH. DTo 00y CI0BIEHO TEM, YTO CXEMY HYJIE€BOH
T10CJIET0BATEIbHOCTH COCTABIAIOT AJIA OHOH (pa3bl, a YeEpe3 YKa3aHHOE COMPOTHBIIEHHE IMP OTEKAET CYMMa TOKOB
HYJIEBOH IT0CJIEN0BaTENbHOCTH BCEX TpeX (has.

Hauanom cxembl HyJIeBOH I10CI€0BaTEIbHOCTH CUHTAKT TOUKY, B KOTOp 0if 00beqHHEHbI BETBH C HYJIEBHIM
TI0TEHLHAIOM. I IpH rpo10J1pHOH HECHMM ETPHH HYJIEBOH I10CIE€I0BAaTENIBHOCTH HMEETCA IBa KOHLIAa — PaHHLIbI
MECTa HECHMMETPHH, T. €. TOUKH, I7I€ BO3HHKIIA HECHMMETPHA.

4. Orip enessaeM p €3y JIbTHPYHOIIHE COIMpP OTHBJIEHHA CXEM OTEJIbHbIX I10CIIE]0BaTEIBHOCTEH OTHOCHTENIBHO TOYKH,
r7€ BO3HHKIIA Ta HIH HHaA HECHMMETpHA. Ha 3ToM K€ 3Tarie H3 cXeMbI ITp AMOH IMTOCIIEN0BATEILHOCTH HAX0OHM
TaKsKeE p €3y JIbTHPY oI el0 3 J[C OTHOCHTENBHO TOH KE TOUYKH.

IIpH ripogonbHOH HECHMMETPHH Ha KOHKP €THOH cxeMe (pHc. 6.4a) ripocneqM, KaK ¢ OCTaBIAETCA cXeMa
3aMEIEHHA KayKI0H MOCIEq0BaTEIbHOCTH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc. 6.4 IIpocTeiimasg cxema 3IeKTpHUeCKOil CeTH (a) 1 CXEMEI
3aMENeHI JJI
npsamoii (0, B) 1 HYyJIE€BOH II0 CIeA0BaTEIbHO CTH (T) IIPU IPOJ0JIHLHOI

HECHMMECTPHH
ITycTk B Touke N BO3HHKIIA [P O 0JIbHAA HECHMMETPHA. B 3TOM cJIy4ae HalpAaKeHHE IIp AMOH I10CIIE0BaTEIbHOCTH
B Touke N JJoDKHO ObITh BBEJIEHO B pacCeuKy LiernH 3neMeHTa 4 (pHc. 6.46). JIns onpeeneHHa pe3yIbTHPYOIHX
3JC: cornpoTHBIEHHA CXE€MbI OTHOCHTENIBHO B JaHHOM CJTyuae HeoOX0oqHMO BHa4aJsle CJIOKHTD I10CIIE]0BaTE/IbHO
3nmeMeHTBI 8 H 9. 3aTeM oOpa3oBaBmyiocsa BeTBb 10 ¢ 3J]C E 1 BeTBb 3 (pHC. 6.46) clieqyeT 3aMeHHTD
3KBHBAJIEHTHOH, YTO JacT HCKOMYIO Pe3VIbTHPYIOIYI0 2 C oTHOCHTENIRHO TOYKH N, a )11 Hax 0K IeHHA
PEIYIBTHPVIOIIETO COITpP OTHBIEHHA OTHOCHTEIBHO TOH € TOYKH JOCTaTOYHO K COITP OTHBIIEHHIO ITOTYY€HHOH
3KBHBaJIEHTHOH BETBH IMPHOABHTh COIP OTHBJIEHHE 31eMeHTa 4. Cxema oOpaTHOI r1oc1eoBaTeIbHOCTH aHaI0rHYHA
cxeMe (pHc. 6.46); B Hell mHmb oTcyTeTBYeT 2J]C HeTouHHKa. E€ pe3ynsTHpyIolIee ¢ orp OTHBIIEHHE HaX0HTC A TaK
A€, KaK H CXEMBI TP AMOH ITOCIIEN0BATEIBHOCTH.
B cxemy HyJ1€BOH IMTOCJIENOBAaTENBHOCTH PHC. 6.4 OBYXILIEIMHAA JIHHHA BBEJIEHA CBOEH TPEXJIVUEBOH CXEMOH
3aMeI[eHHA, ¢ 3meMeHTaMH 11, 12, 13, ¢ TeM, 4T0OBI YUECTh B3aHMOHHIYKLIHIO MEKY LIEITAMH, HaX O ALHMHC A
TEIEPE B pa3/HYHbIX YCIIOBHAX. [ HaX0AKIEHHA P €3V JITHPY IOLIET0 COIP OTHRIEHHA CXEMBI 3ECH HY KHO
C OITp OTHBJIEHHE 371eMeHTa 11 ¢JI0KHTE ITap aJlIeJIbHO ¢ CYMMOI cOITp OTHBJIEHHI 371eMeHTOB 2, 13, 5 H 7 (rocneqHHid
BXOJHT YTp 0eHHOH BeJHYHHOI) H 3aTeM IMpHOaBHThL COIMPOTHBIIEHHE 3JeMeHTa 12.
5. I'lo comnpoTHBIEHHIO 00paTHOH H HyJIEBOI IMOCIEI0BaTEILHOCTEL OIpeJIesAeM JOIMOJIHHTEILHOE COIMp OTHBIIEHHE

(n) . X (n)
X 0L H YV aJ14ACcM JCHCTBHTCEIIEHY IO TOYKY HCCHMMCETPHH 3a COIPOTHBJICHHE AL > qTO IIOSBOJIAET B D'SI].[E:M

(n)
LAl
6. Mogyne a3zHoro Toka rpH Jo0oM BHIE OOHOKPATHOH IMp 0710JIbHOH HECHMMETPHH OIPEIEIAEM I10 BbIp &K EHHIO:

CIIyHac OIpcOciIiTh TOK Hpﬂhflﬂﬁ IMOCJIIENOBATCIIBHOCTH I

(n) n (n)
Lo =mp 114,
YMHOKHB Ha 0a3HCHBIH TOK, orpeensaeMbIi 1o gopmye (5.3).

2.5. UccienoBaHue OJHOKPATHOH IPOJ0/IbHOM HECUMMETPHUH HA MO/e/TH
[IOCTOSIHHOTI O TOKA

NCAH » »
1_[!2'!.1'1‘_‘,ir qe%}%%mg@ MCAOY CHMMCTP HYHBIMH COCTAB/TAROITHMI I'la ICHHH HalTpAXK CHI B MCCTC
Ceprud PASCMATPHRACMOLE IIPOAOABHOKE HEGHMMTPHH, 1103 BOJAIOT COCTABHTD JJIA Ka//I0T0 cJIy4as HECHMMETPHH
BrnanendOMILISKCHYVIO THeMY 3AMCIHEHHIE, COEIHHHTDL MEKTY co00H ¢XeMbI OTHENbHBIX ITOCJIEI0BATEIbHOCTER.
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TaxkHe cxXembl MpHBEJIEHb]I Ha pHC. 6.5a,0, TIpHYEeM B IMOCJIeHEM cIydae IMokKa3aHbl JiBa BapHaHTa ¢ O€JHHEHHS, a
HMEHHO: KOI7Ia coIrp oTHBJIeHHe X/3 coeHHEHbI B 3B€3/Ty H KOTI7la COMPOTHBIIEHHE X COEJHHEHBI B TP €yTOJIbHHK.
3TH KOMIUIEKCHbIE€ CXEMbI COOTBETCTBYIOT 0c000ii (paze, B kKauecTBe KOTOP Oif, Kak 00bIUHO, IMpHHATa (a3a A.
KomMmruiekcHbIe cxXemMbl 0c00eHHO y100HBI ITPH HCII0Ib30BaHHH pac YeTHBIX MoJiesiei H CTOJIOB, ITOCKOJIBKY B 3TOM
cJIy4ae MOKHO 3aMepPHTh MpHOopaMH TOKH H HaMnpsKeHHA 0TAeIbHBIX I10ceJ0BaTeIbHOC TeH /11 1r000ro yJacTka
H m000H TOUKH paccMaTpHBaeMOE CHCTEMBI.
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Puc. 6.5. KoMILIIEKCHEIE CXEMBI 3aMEMEHUA . a — [IPU HaJIMUI
COIIPOTHURIICHU
B OQHOII daze; O — IpHu HAIMYHN OQUHAKOBBIX COIIPOTHURIECHUN B ABYX
¢azax

3. 3adaHue Ha nodzomoeumeribHyr0 pabomy

1. O3HAKOMHTBCA C LIEJBI0 PadoThl, JIETAIBHO H3YVUHTL CXEMY, TP €CTaBIeHHY0 Ha JJabopaTopHOM cTeHe (PHC.
5.4) 1 obdopyaoBaHHE I BBINOJHEHH padoThlI.

2. O3HAaKOMHTBLCSA ¢ METOZIOM CHMMCETPHYHBIX COCTABIIAKOIIHX, ITPpAaBHIIOM SKBHBAJICHTHOCTH l'IpHMDﬁ
IMoOCJICHOBATCIIBHOCTH, TIPHHITHIIOM COCTABJICHHA CXEM 3aMCIICHIA TIPH pacCMOTPCHHH pas3JIHYHbIX BHIOB
HECHMMCTPHH H TNPHHLIFIIOM ITTOCTP OCHHA BEKTOPHBIX OHAIrp aMM TOKOB H HHI'II}H}I{EI-]HFI B MECTE BO3HHKHOBCHHA
HECHMMCTPH, € Xap akTcp OM H3MCHCHIA HHI'II}H}I{EI-IHIL:I BCCX TPEX [1OCJIENOBATENBHOCTEH BIOJIb 1IEITH B
Harip aBJICHHH OT MCCTa BO3HHKIIIEH l'[pDI[GIII:HDﬁ HCCHMMCETPHH H HCTOTHHKOM ITHTaHHA.

4. Mopsi00oK ebInosiIHeHUs1 pabomabli

1. CormacHo BapHaHTa 3afaHHA (Tabn 5.3) M aaropHIMa pacyeTa, H3JI0KEHHOIO BbINIE, AHAJTHTHYECKHM ITyTeM

OTIPEIENHTh TOKH HETIOBPEKIEHHBIX (pa3 H HATIpsKEHHA 10 00€ CTOPOHBI OT MECTa pa3phbiBa B MeCTE TTOBP E/KIEHHA,

COOTBETCTBEHHO, ITPH P a3pbIB€ OHOH HJH JBYX (pa3, HCIIONB3YA JJIA OIp €/eJIeHHA MapaMeTP OB 3JIEMEHTOB CXEM

3aMelieHHa (popMyJbl, TNpHBeneHHble B Tadbn I1.5.1 u IL5.2 U cooTHOmEHHA MEKIY CHMMETPHUYHBIMH

COCTABJIAIOIIHMH TOKOB H HaIlp UK €HHH, [MPHBEIEHHBIX BhIIIIE,

CornacHO BapHaHTa, IPHHATOrO JIA pacyeTa B IL 4.1, BBITOIHHTE CIIEIY IOIIIEE.

OnpenenHTs, Moab3yiack (opmynamH, rMpHBeneHHbIMH B Tabm. I1.5.1 u IL5.2 mapameTpbl 3J€MEHTOB CXeM

3aMEI[EHHA 1A BCEX [10CJIENOBATEIIBHOCTEH B HMEHOBAHHBIX €QHHHIIAX, IMPHBECTH HX K OQHOH CTYIIEHH

HalpsoKeHHA, T. € K CpeJHeMy HOMHHAIBHOMY HarlpsKeHHI0 TOH cTyIrieHH TpaHcpopMalHH, Ha KOTOpPOH

paccMaTpPHBAETCA COOTBETCTBYIONMIHI BHI ITIPOAOJbHOH HECHMMETPHH. CBEpHTH pPE3YIIETaThl PACUYETOB CO

3HaYEHHAMH C OITp OTHBIIEHHH, MPHBEIEHHBIX Ha CTEHJIE.

3. HaGpatp Ha mnabopaTopHOM CTeHOE KOMIUIEKCHYH CXeMy JJI1 COOTBETCTBYIONIEro BHJA I OJOIBHOH
HeCHMMETPHH, HarmpHMeEp, 714 pa3pbiBa oJHOI (a3bl. JIJ1A 3Toro rep el cocTaBiIeHHEM KOMILIEKCHOH cXeMbl BCe
COIIpo T CXeMbl 3aMeEN[EHHA [OJLKHbI ObITh H3MEHEHbI B COOTBETCTBHH C TIPHHATHIM

Ceprucpmar: MICTHTA0AM,C QEDOTURIIEHIEL (34 043¢ ) )
Branendy CBERXTIERSXOMHYIR oM EgHEepaTopa IIA YCTAHOBKH Ha MOJEJH IPHMEM PAaBHOH BeIHYHHE, JieKalleH B
nuanazoHe 3040 B, Torga macimTad HanpAaKeHHA MOJEIH orpefesAaeTca H3 GpopMy sl (5.5).
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7.

8.
9.
10.

11.

Hcromnp3ysa MaciiTad HarpszKeHHs, orpejendaeM Harlp skKeHHe HCTOYHHKA, HMHTHPY I0I[ee CBEepXIIep EX0IHY 10
(rIpH paccMOTpeHHH 00pbIBa ofiHOH a3kl B Touke «K3» H HarpsA:KeHHeM CHeTeMbI (5.6 H 5.7)).
IIpH cOope KOMIUIEKCHBIX CXEM, KaK M IMPH BBITTOIHEHHH I1. 1, HelTp aH TpaHcgopmaTop a rp HHATh
3a3EMIIEHHOH HarIy xo.
3aMepHTh CHMMETPHYHbBIE COCTABJIAKIIHE TOKOB H HAIIP LK EHHH KasKIOH IMTOC/IeI0BaTEIbHOCTH.
Hcroms3ya macinradbl My H My, ofpenenHTs AeficTBHTENbHbIE 3HAUYEHHA CHMMETPHYHBIX COCTABIMIONHX TOKOB H
HAIPLKEHHI KaxK[0H IMTOCTIEN0BaTEIRHOCTH.
[To JaHHBIM, IMOJTYYE€HHBIM B I1. 4.5, ITOCTP OHTh BEKTOPHBIE JHOIP aMMbI TOKOB H HATIPAKEHHH B MECTE BO3HHKIIIEH
HECHMMETPHH.
CoOpaTh KOMITIEKCHYIO CXEMY JUIA APYIoro clyyas IIp ofoJabHOH HECHMMETPHH — pa3pbIBe JIBYX (a3.
BHBINoMHHUTE AeHCc TBHA, TTON0KeHHbIE B Il 4-6.
CpaBHHTB ITOJIyYE€HHBIE PE3VJILTAaThl Ha MOJIEIH ¢ pe3yJIbTaTaMH pacyeTa ITYHKTa 1 H cenaTh BbIBOJIbI.
C r1oMol[b0 MOJIENTH OIp €1€JIHTh KaKk H3MEHAKTCA BEKTOPHbIE JHarpaMMbl TOKOB H Harp /K e€HHI IMpH 0OpbIBe
OJIHOH HJIH JBYX (pa3 MpH 3a3eMiIeHHH HeHTpamH TpaHc(opMaTopa Yepe3 peakTop. 3HaueHHE ¢ OoImp OTHBIEHH:A
peaKTop a 3aJjacTCA IIPENOOBaTEIEM.
C IMOMOIIbIO MOZEIH MOCTPOHTh 3IMOPBI PacTIpENEIeHHA HalpLKEHHH OTHEIbHBIX ITOCIIEI0BATENRHOCTEH TPH
Ka:KJOM BHE, BOZHHKIIEH HECHMMETPHH B COOTBETCTBYIONIEH TOUKE 3JIEKTPHYECKOH CHCTEMEBI IPH OHOKPaTHOH
1P O0JIEHOH HECHMMETPHH.

Ykaxxume oCHO8HbIe coomHouweHuu 6. KOHmpOHbeIE 60lr1pPoChHI

1.

I~

=

sl

10.

11.

TEOPHH CHMMETPHYHBIX COCTABJAIONHX IIPH pasJIoKeHHH Tpex@asHOH CHCTEMbl Ha CHMMETPHYHbIE
C OCTABIAKIIHE IIPH TP OJ10JIbHOH HECHMMETPHH.

KakoBbI rpaHHYHbIE Y CJIOBHA H COOTHOMIEHHA A CHMMHTPHYHBIX COCTABJIAOIIHX TOKOB H HAIIPA/KEHHI B MECTE
oOpbIBa OqHOH HIH JBYX (haz?

B 4eM cOCTOHT Ip aBHJIO 3KBHBAIEHTHOCTH P AMOIH ITOCII€I0BaTEIbHOCTH IMTPH MPO0IbHOH HECHMMETPHH ?
KakoBbl 0COOEHHOCTH pacrpedencHHa HanpsbKeHHA pPasIHYHBIX —TIOCJIENOBATENMBHOCTEH IIPH  TIPOJOJIbHOMH
HECHMMETPHH?

Kak BIHAET H3MeHeHe pekHMa paboTel HEHTpanH TpaHc(oOpMaTOpPOB Ha TOK B 37I0POBBIX (ha3zax ITp 0f10JIBHOH
HECHMMETPHH?

CodepxxaHue omyema

Ilenb paboTHI.

IcxoaHasA cxeMa 3JIeKTpHYecKOoi CHCTeMbI COrJIacHO 3ajaHH.

Pe3ynbTaThl aHAIHTHYECKOrO pacyeTa IIyHKTa 5.1: Amd paspbiBa ofHOH (ha3bl MpHBECTH I10JIHBIH pacdeT, JJiA
pa3pbiBa ABYX (pa3 — cBeCTH B TaOJIHLLY.

Tabmija pacdeTHbIX IMApaMETPOB 3JEMEHTOB CXeM 3aMellleHHA BcexX IIocsiefoBaTeIbHOCTEHl B HMEHHOBAHHBIX
€IMHHIIAX, TIPHBENEHHbIX K CTyIIEHH HalpsKeHHdA, Ha KOTOpoH pacMaTpHBaeTcsA OJHOKpaTHAA IIpojoJbHasg
HeCHMMETP HA.

Yiic1eHHbIE 3HAYEHHA MacIiuTadboB — Mx., Mv. M.
KoMruiekcHbIe cxeMbl 3aMeIeHHA 714 BCeX BH0B HECHMMETPHH €O 3HAaYeHHAMH ITapaMeTP OB CXEM 3aMelleHHA,

BhIp asKeHHbIE B COOTBETCTBHH ¢ MaciiTadbamMH Mx H Mu.
Tabmia 3HaueHHH CHMMETPHYHBIX COCTABJAIONIHX TOKOB H HAIlpA:KeHHI, IoJyueHHBIX Ha MOJENH JUIs BCeX
BHI0B CHMMETP HH.
BekTopHbI€ MHarpaMmMb]l TOKOB H HarpszKeHHH B MeCTe ¢ BO3HHKIIEH HeCHMMETPHH ¢ YKa3zaHHeM MaIITaboB.
BekTopHble JHarpaMMbl TOKOB H HalpsKeHHH B MeCTe BO3HHKIIEH HECHMMETPHH, ITOJYYeHHbIE ¢ TTOMOIbIO
MO7IeJTH TTIpH pacMOTp EHHH pa3pbIBa OJfHOH HIH JIBYX (pa3 B ciydae, Korma HefiTp anb Tp aHcdopMmaTopa 3a3eMiieHa
yepes peaxKTop.
DITIOpPBI pacripefeaeHHa Harlp SaKeHHH OTHeNbHbIX IT0CJIENOBAaTEIbHOCTEH OT MecTa BOSHHKIIEH HeCHMMETPHH
110 HCTOYHHKOB IMTHTaHHA.
BBIBO/IBI.

JlabopaTtopHasi padbora Ne 7

I[ByX(l)HBHOE KOPOTROC€ 3AaMbIKAHHMEC HA 3€MJIIO

JOKYMEHT MNMOANCcAH

Lemb: 5 0ETPOHHOM NOANKCHIO
CepTudMKar: 2codd il HBWHeH D (GHeHIILIEBL0043E

Bnaneneu:

mﬂﬁa?ﬂmﬂﬂﬂpﬂﬂfﬁﬂﬂﬂﬁﬂﬂﬁﬂﬂﬂb}ﬂPﬂ{E HE.]'IEHI*I[‘:'I, TP OHCXOOANTHX TTPH JJICKTPOMAIrHHTHBIX TICP €XOJHBIX

IpoLecccax H MCTOIAbI HX KOJIH4YeCTBEHHOH OLICHEI.
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3HaTh: (blfl.?l'[[-f.f:‘,-F TIEPEXONHBIX TIPOLIECCOB B AJICKTPOSHEPTI€THYCCKHX CHCTEMAX H HX OCHOBHBIX 3JICM CHTAX,
YMerh: dHAJIH3HPOBATE PEIVIIBTATHI PacHiCTa INEPEXOIHBIX TP OLICCCOB IJIA IIPHMCHEHHA B PCaJIbHBIX
ANEKTPOSHEP I'ETHYCCKHX CHCTEMAX H CHCTEMAX JJICKTP OCHA 07K eHH.

E.J'IH,[[ETI:: HaBbIKAMH pacucTa THITOBBIC IIEPEXOIHBIC ITP OLIECChI

PDopMHpYeMbIe KOMIIET eHI{HH:
HMupnekc D opMyJIHp OBKa:

ITK-2 Crioco0eH aHaTH3HPOBaTh PEKHMBI paboThl CHCTEM 3JIEKTPOCHA0KeHHA 00bheKTOB

HMumikaTopel HJ-3T1IK-2 O0ecrieurBaeT 3ajjaHHbIE ITap aMETPhI PEXKHMA CHCTEMBI 3JIEKTP ocHaOKeHHA 00beKTa
IOCTHKEHHA

KOMITETeHLIHIH

1. ITesb padoThI: aHAIH3 OCHOBHBIX COOTHOIIEHHH H ITIOCTP OEHHE BEKTOPHBIX AHATP aMM IMpH AByxX(azHoM K3 Ha
3EMITIO B CETH C Iy X03 a3eMIIEHHOH HEHTPalbio ¢ ITOMOU[bI0 TEOPHH CHMMETPHYHBIX COCTABIIAIOIIHX.

2. Kpamf{ue meopemu4ecKkue ceedeHust
IIpu K3 ¢a3 B 1 C Ha 3emunto (pHe. 7.1a) rpaHHYHbIE YCIIOBHA OVIVT:

Ixa =0, Ugg =0 Uge=0. (7.1)

HaiieM cHMMETPHYHBIE ¢ OCTABJIAOIHE HaIIPAXKEHHH:
a) MPAMOH 10 CJIEN0BaTEIBHOCTH:

Ukai1 = i(ﬂm +EEQKB +alUgc );

C YYETOM I'PaHHYHbBIX Y CJIOBHI:

0) obpaTHOI Mmocne0BaTENBHOCTH:

1 ) |
Ukas = _(Qm +alUgpg +a" Ugc ): —Uka’
3 3

B) HyJI€BOH ITOC/IeJ0BATETbHOCTH:

| 1
Ukao = _(Qm + Uk + Ukc ): —Uxka-

3 3

TaxkHM obpazom:

1
Ukai :gmzzgmtﬁzggm- (7.2)

OcHOBHbIE YpaBHeHHA Mexay 2J]C H majgeHHAMH Harlp stKeHHI 0THEbHBIX IMocaeJoBaTeNbHOCTeH Oy T:

Ugkal = EC _jIKmX]c )

— () — 1l s a X 7.3
Ukaz QDQMEr}rf&ﬁ’ﬂﬁMG“ ’ (7.3)
3 E OHHPW MO, CblO
Ceprudukar: —2oddd043E9ABeR s H58E 7EAC00060000043E
Bnaneneu: llleGayxoea TateAHa AnexkcaHgpoBHa

3 ypaBHeHHI (7.3) ¢ yueToM (7.2), IOy YHM:
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L, %20 = IkaoXoc (7.4)

— KAZ2

3 TeOpHH CHMMETPHYHBIX €OCTABIAKIIHX /11 ToKa (pa3bl A HMEEM:

Ika =Lgar +1kan + 1o =0. (7.5)

Orip enesM 13 BhIpakeHHs (7.5) sHaueHHe Toka lgao = lga; + 1gao v moncTasum 510 3HaueHME B

BoIp axkeHHe (7.4). ITocne rmpoMeKyTOUHBIX Mpeodp a3oBaHHI, IOy YHM 711 TOKa HYJIEBOH IMOCIEN0BATEIbHOCTH:

Lo =—lkai - (7.6)
KXo+ Ko
AHaJIOrHYHO OMNpeNeIHM ToK 00paTHOH IMoc/ieToBaTeIbHOCTH:
X o
_ 0OC
IKAZ o IKA] : (7 7)
Xoc T Xoc
113 BeIpazkeHHii (7.3) ¢ yuetom (7.2) H (7.6) HMeeM:
Ukar =Ec = 1lkai X
0 X e Igao = 04+ [Xpo —2C
Ukao =0=1Xoclkao =0+ 1X ¢ Igar-
Xoc +Xoc
HO QKA] — QKAD H IO5TOMY :
R -
KAl — :
X, X
. 2C°H0C
J(X e+ )
XECX{}C
T okH MoBp exeHHBIX (pa3 B mecTe K3 Gy v T:
2y Xy taXe
Ikg=|a" — L
Xoc T Xoe
(7.8)

Xpe+a X |

9% d KAI

Xoc +Xoc
Moy H BbIp axkeHHI (7.8) oJIHHAaKOBbI€ H COCTABJIAIOT:

m=+3 [1- R acoc -
(X2C+XHC)-

B 3aBHCHMOCTH OT OTHOIIEHHA MeXTY Xoc H Xoc 3HaUeHHE m HaXOJHTCA B rpefenax 1,5 < m < \/§ . HIxHHIHA
TP €711 HACTYTIAeT [PH Xaoc = Xoc , BEPXHHI [IpH paBHOM 0 HiIH 00 .

Ha BeKkTOpHOH qHarpaMMe TOKOB YroJ 0 MOMKET H3MEHAThCA B IMPEqeEnax 60° <0 <180°, CTPEMACH K HH/KHEMY
TIp e ey @%%ﬁ?&%%ﬁ%ﬁew ripefeny rpH Xpe — o0, YTO COOTBETCTBYET YCJIOBHAM AByX (pasHoro K3 Oe3

Ceprudiiar 2000n8b43E SRBEEds2205E7BA500060000043E .
BnanendaPIP AKEHHE, (/+2) HO3BQIIAST, IQGTP OHTh BEKTOPHY O TarpamMMy Harlp K eHHH nByx¢asHoro K3 Ha 3eMiTi0, KOTOp ad
TIPHBEEHA Ha pHC. 7.1e6.
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3. lNMopsiOoK ebinosiHeHUs1 pabomabl

1. P[B}”IHTIJ IOJIVHCHHE C TIOMOHIIBHY TCOPHH CHMMCTPHUYHBIX COCTABIIAHOIIHX OCHOBHBIX C OO THOIIEHHH MCAHEOY

TOKaMH H HaIpMaKeHHAMH H HX CHMMETPHYHBIMH COCTaBIIAIOIHMH IIpH AByXda3zHoMm K3 Ha 3eMI0 B CETH C
rIyX03a3 eEMIIEHHOH HEHTP allblo.

2. CobpaTb CXEMY

HCIThITAaHHH

Had

mabopaTopHOM

CTEHIE,

MMPHBEJIEHHY 1O

pHc. 7.2. B Tadn. 7.1 ykaszaHbl 3aKopauHBaemMbIe (pa3bl B COOTBETCTBHH ¢ HOMEPOM OpHIajbl.

BapuaHThI 3a0aHHHA

Had

Tabmuma 7.1

Ne dpuraabi

1

2

3

4

5

6

3axopauHB. (pa3eI

A-B-0

A-C-0

B-C-0

A-B-0

A-C-0

B-C-0

3. BKIIOUHTBL ¢TE€H] H I OH3BECTH H3MepP €HHA JTHHEHHBIX H (pa3HbIX HalpsykeHHH. Pe3ybTaThl H3MepeHHH 3aHeCTH

B TaOm. 7.2.
Tabmuia 7.2
Pe3ybTarhl H3MepEeHHH H BbIMHCJIEHHH
K3 N 3mepeHo BoIruncjeno
¢a3z Ha | Ua, Us,B | Uc, B | Uas, Usc, Uca,B | U, B U2, B Uo, B
3eMJIio | B B B
@opmyna, | Gopmyna, | DopMyia,
pe3yILTaT | pe3yIbTaT | pe3yIbTar

4. OnpenenHTh HarpsAKeHHe MMpAMoH, oOpaTHoH H HyJIeBOH rocneqoBaTelbHOcTeH B Touke K3 Ha ocHOBaHHH
TEOPHH CHMMETPHYHBIX COCTABJIAKMIHX. Pe3ynbTaThl BRIYHCIIEHHI 3aHeCcTH B Tabm. 7.2.

5. Tlo pesynpTaTaM H3MEPEHHII H BBIYHCIIEHHH IMOCTPOHTh B MacliTaOe BEKTOPHYIO JHArpaMMy HarpsaKeHHI,

aHaJIOTHYHY IO TIPHBEJeHHOH Ha pHc. 7.16.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

CepTudukar:
Bnaneneu:
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a)

Puc. 7.1. IlpunnunmaneHas cxema (a), BEeKTOpHEIE JUarpaMMBI TOKOB (0),

HampspkeHuil (B) AByxdazHoro K3 Ha 3emimo

()
—{ VY Y (YY Y L . (YYY L _, . .R_
— L T Y Y : (YYY L _ . _ (YYY) . oo
—{ YT 1) | (Y Y Y L (Y YY) . —
. SXCKCIIN
y @,
()
—{ VYY) (Y Y Y L (Y Y Y | | |—
— (YY) L (Y Y Y L . (YYY»r____ 4
PucadtyRertaameAizMepeHnd (azHblX HanpskeHnl Uy, Up, Uc, TNHENHBIX

SNEKTPOHHOW NOAMNWMCLIO

CepTucbukar: EGGGGGM&E%BBBQH&H&?W&EHETDKDE HpHMDﬁ:, DﬁpaTH{}ﬁ 1 HyHEEDﬁ

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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6. B HcIbITaTeNBHYI CcXeMy IIOOKIOYHTE (QHIbTPhI ToKoB IpamoH (DTIII),
rocjeoBaTe/ibHOCTeH H TpoHsBecTH 3amepbl 1), I», Iy ripH 3akopoueHHBIX (azax, ykasaHHbIX B Tabm 7.1.

PesynpTaThl H3Mep eHHIT 3aHecTH B Tabm. 7.3.

PesyjbTarbl H3MepEeHHH

obpatHofi (DPTOII)

Tabmauma 7.3

K3 ¢as Ha

H3mepeHo

3€MUIIO Ia, A Is, A

Ic, A I, A

I2, A

Io, A

7. Tlo pesynbTaTaMm H3Mep €eHHii B MacIiTabe IToCTPOHTh BEKTOPHY 10 JJHATP aMMYy TOKOB (pHC. 7.1¢&), HCTIoIb3y A METO]]

CHMMCTPHYHBIX COCTABJIAOIIHX.

4. Codep)xaHue om4yema

I1enb paGoThl.

S Ln s D =

9. KoHmMposnbHbIe 80rnpockl

CxemMa H IpaHH4YHbIE YCJI0BHA AByX(pa3zHoro K3 Ha 3emio.

CxeMa Ji1a orpejesieHHA ITapaMeTpoB nByXdasHoro K3 Ha 3emitio.
Pe3ynbTaThl H3MEP €HHIT H BBIYHCIIEHHH B TaOMHYHOI popme.
BekTopHbIe qHarpaMmbl HarmpAKEHHH H TOKOB.

BriBonb! H3 aHamH3a By X(asHoro K3 Ha 3eMIIo.

1. KakoBbI cXeMa H rpaHHYHbIE YCI0BHA AByX(pasHoro K3 Ha 3emiio?
2. Kak BBIYHCIIHTL Hamps/kKeHHA MNpAMoiH, oOpaTHOH H HyJIeBOH MnoclieqoBaTenbHOCTEH MpH JByXdaszHom K3 Ha

3EMITIO?

3. Kak BBIYHCIHTDL TOKH IIpAMOIH, oOpaTHOH H Hy IEBOH IMocIe/loBaTeIbHOCTEH IIpH AByX(a3zHoM K3 Ha 3emmo?
4. Kak riocTpoHTh BEKTOpHBIE JHarpaMmMbl Harp /K E€HHI H TOKOB ITpH JBy X(da3zHoMm K3 Ha 3emumio?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JlabopatopHasi padora Ne 8

Y4yéT B3auMOMHIYKIUH JIMHMH YIeKTporiepeaayd
B CXeMaX HYJIeBOH I10C/IeI0BATE/ IbHOCTH

Henn:

Llenp H3yYeHHA JHCLIHILUTHHDI:

- Z1aTh TIpe/icTaBJIeHHe 0 (PH3HKeE ABJIEHHE, IMP OHCXOANIHX ITPH 3JEKTPOMATrHHTHBIX T1€p €X0JHbIX
TIp OLIEC CaX H METObI HX KOIHYEC TBEHHOH OLIEHKH.

1. ITetb padoThI: H3YyYeHHE BIHAHHA B3aHMOHHAVKLIMH JISI1 Ha oTHOCHTENIBHOE pacrlp efje/ieHHe TOKOB HyJI€BOH
T10CIIENOBAaTENBHOCTH H ITOJIYYEHHE KOJHYECTBEHHOH OLIEHKH ITOTPENIHOCTH, MOABIIAOIIEHCA B TOKaX HYJIEBOH
T10CIIENOBATENBHOCTH OT HEYUETAa B3aHMOHHIYKIIHH JTHHHH.

2. Kpamkasi meopusi

HeyueT B3aHMOHHIYKLIHH He IIPHBOIHT K OOJBIIOH IMOTP €MHOCTH IPH BhIUHcIeHHH Toka K3, olHaKko oH MOKET
TPHBECTH K 3HAYHTEIBHOI OIIHOKE ITPH OIp eeJIEeHHH TOKOopacIIpeelneHHA B cXeMe HyJIeBOoi rocIeJ0BaTeIbHOCTH,
4yTO 0YeHb BayKHO IIPH HacTpofiKe H aHaJIH3€e padoThl YCTP OHCTB peefHOoH 3alHThI 0T 3aMbIKAHHI Ha 3eMITHO.
PaccMOTpHM 3TO BIIHAHHE.

CorpoTHBIeHHEe, 00y cJI0BIE€HHOE B3aHMOHHAYKLIHEH MEKTY JBYMA IMHTAIIHMH JHHHAMH, HarlpHMep, BHIa

ITp OBOZI-3€MIIA, MOZKHO BbITHCIIHTD I10 (popMyIe:

. . O
ZM:R3+JXm:0,05+]0,451g&; —M:, (8.1)

d KM

riae Iz — paccTosAHHeE, Ha3bIBaeMO€ 3KBHBAJIEHTHOH Ty OHHOH BO3BpaTa TOKa YEp €3 3EMII0, paBHOE MPHOMIKEHHO

1000 m (980,35 m); d - paccTOAHHE MEAY OCAMH ITP OBOJIOB JABYX IMap a/UI€IbHBIX JTHHHH.

B cayuae aByxuermHoi JI2I1 cornpoTHBIEHHE LIETH YBEIHYHBAETCA HIH YMEHBIIAETCA B 3aBHCHMOCTH OT
HaripaBJIeHHA ToKa B 00eHX Liertax Omarojiapa HaTHYHIO B3aHMOHHIVKLIHH. IIpH 3TOM cOMpoTHBIIEHHE
B3aHMOHHOYKLIHH MEKIY TP 0BOJOM OfHOI LiermH (HarpHMep, dazoi A) H Tpems rposojamH (A, B, C) apyrof LierH
OMPENENAESTC A H3 BhIpaKEeHHA

Z, . =015+]0.435lg-23 ;. M (g9
., KM

rac IpH JIHHHAX, BEBIIOJIHCHHBIX C ITOJIHBIM LTHEITOM TPAHCIIOSHLIHH IPOBOOOE, CPpCHCC NCOMCTPHUYCCKOC PacCTOAHHC
MCAY pacCMaTpHBACMbBINMI LICITTAMI PABHO.

M,=yd ,-dd,d, d d, d, d, d, (8.3)

ac ba I:rI:n’F bc ca ch CC

Il pacuéra cHCTEM ¢ B3aHMOHHTY KLIHEH 11e1eco00p a3HO HCIT0JIb30BaTh CXEMbI 3aMeIlle€HHA, B KOTOPBIX
HHIYKTHBHAA CBA3b 3aMeHAETCA 3JIeKTpHYecKoiH. B obmreM cirydae A1 IBYX B3aHMOC BA3aHHBIX 11eTIeil Takas cxeMa
3aMeIeHHA TIp e cTaBIAeT co00H ITacCHBHBIA YeThIPEXYTONbHHK ¢ JJHATOHAIBHBIMH 37eMeHTaMH. [IpHuém
HEKOTOPbIE H3 €r'0 3JIEMEHTOB OKa3bIBAKOTCA OTPHLIATENBHBIMH, UYTO BBI3BIBAET 3aTPYHEHHA IMPH HX HMHTALHH Ha
pac4€THRIX Mofenax. ITosToMy BayKHO ITOJTYUYHTD 3KBHBAJIEHTHYIO CXEMY 3aMelleHHA 0e3 oTpHIIaTeIbHbIX

C OITp OTHBJIEHHH. [13BECTHO, YTO TAKYI CXEMY 3aMENIEHHA MOKHO IOCTP OHTh, €CJIH HCXOQHTh H3 YpaBHEHHIT
TaJIEHHA HalpAXKEHHA B MarHHTHO-CBA3aHHBIX LIEMAX. PaccMOTPHM B KauecTBE MPHMEpPa Y Yac TOK JIBYXLIEMHOH
JIHHHH 3JIEKTPOIIEp e]adH, He HMEIIHI 3JIeKTpHYecKoH cBA3H 1o KoHLIaM (pHc. 8.1a). SarmimeM Jijid HEro ¢ y4éToM
BbIOpPaHHOIO [TOJIOKHTEIBHOTO HarlpaBJieHHA TOKOB YpaBHEHHA JUIA MajeHHA HaIlp K eHHA

AUp =19 3% 0 + 101X 50 (8.3)
AU, =1Ly - 1X 50 + 11 - 1X5 20,

AOKYMEHT MNOANMCAH

rme X 1 %"%W%Dwm; X 10 1 X »( — PEAKTHBHOCTb Ka#[OH LIETTH 63 yuéTa HX
CepTudmKar: 000043E9AB8B952205E 7BA500060000043E =

Bnanen Mﬂﬂlﬂﬁﬂmﬂﬁ Har JRY Edewc aHOpoBHa
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IIpeoOpa3yeM IoMyUeHHY KO CHCTeMY ypaBHeHHH (8.3) riyTéM rpHOaBIeHH K ITp aBbIM YacTsIM YpaBHEHHI,

COOTBeTCTBeHHO, wieHoB T I - jX]—E{] utl,- jX]—E{] K BHIY

AU =15 i(X10 =X a0 )+ (Lig + Log )- X0, (8.4)
AU = Ly - J(Xa = Xiog0 )+ (Tng + 11 ) X 20.

CHcTemMe ypaBHEHHH (8.4) yIOBJIETBOPAET CXeMa 3aMeIleHHA, TTOKa3aHHaA Ha pHc. 8.16, aHaJIorH4YHas cxeMe
3aMeIeHHA TpaHc(opmaTopoB. Corlp OTHBIEHHA an{] — (X]{] — X]—E) H an{’l — (XE{’] — X]—E)

Ha3bIBAIOTC COIp OTHBJIEHHAMH PaccesHHs Hy 1eBOIT [10cIe0BaTeIbHOCTH. Y paBHeHHe (8.4) IpHMET BHA;
AU :l]_ﬂ'j(xﬁ]{'] )+ (Lo + 150 ) i X _20- (8.5)
AU,y =1y (X 20 )+ Tap+ 1) iX 2.

ITepBbie ciaraemMble MPENCTABIAIOT ITaZleHHE HAlIPAKEHHA B PeaKTHBHOCTH pacceaHHA KaxKJ0H COOTBETCTBY oI eH
LIEITH TOKa, BTOphIE — IMajJieHHsA Hallp AXKeHHs oT anredpaHuecKoH cyMMbI TOKOB 00eHX Lierleii H peaKTHBHOCTH
B3aHMHOH HHIYKLIHH.

HeTpyaHo ycTaHOBHTD, YTO €CJIH JIHHHH He CBT3aHbI 110 KOHI[aM MeKTY co00i AJIeKTPHUYECKH, TO COTIPOTHBIIEHHE
B3aHMOHHYKLIHH JIOJDKHO BXOJIHTh B BETBb, I10 KOTOPOI IMP OXOJTHT TOK, paBHBI cymMMe TOKOB 00eHX 11erieii (pHc. 8.18).
[ TyHKTHpHbIE JIHHHH, COEMHHAIONTHE STH P €AKTHBHOCTH, CBHETENILCTBYIOT O TOM, UTO NeoMeTpHUYecKHI 00pa3 cXeMbl

3aMell[eHHA TpaHc(opMaTopa Hapy IMHTENA, [OCKOIBKY PEaKTHBHOCTH (X s10 ) (X 520 ) (X 1= 20 ) BBOJATCA B

Pa3JIHYHbIC BCTBH CXCMbI I-l'}f.]'IEEDf"I TOCIICENOBATCIIBHOCTIL B sToMm CIIydac TOKH H}i'.]'IEEDﬁ TIOCIIENOBATCIIBHOCTI KE}I{,I[DI:'I

LIEITH MOTYT OTVIHYATLCA KaK [0 BEIMYHHE, TaK H I10 HATIPaBIIEHHIO.
OpHaKo 4YacTo HHAYKTHBHO CBA3aHHbIE LIEMH 00beqHHEHBI 3JIEKTPHYECKH, X0TA Obl ¢ OJJHOrO KOHILIa. B 3ToM ciry4ae
P E€aKTHBHOCTDb B3aHMOHHIYKLIHH TMOAKIIOYAETCA K 0DIIeMY Y3JIy STHX JJHHHI (pHc. 8.12).

CrnenoBaTelbHO, B 3aBHCHMOCTH OT XapaKTepa ¢ 0eJHHEHHA MO/KET ObITh [TOCTP O€HA Ta HIIH HHaA CXeEMa 3aM el eHHA
HHIYKTHBHO CBA3aHHbBIX JIHHHI H Ha0paHa cOOTBETCTBYIOINIHM 00pa3oM Ha pacuE€THOH MOJIETH, HCTI0Ib3Y EMOI B
IaHHOI padoTe.

OTMETHM, 4TO IMPH COBEPIIEHHO TNMap aJUTENbHBIX JTHHHAX, KOTr/a 10 HHM I1p OX0OAT OHHAKOBBIE 10 BETHYHHE TOKH,
C O OTHBJIEHHE Ka:KIOH LIEMH ¢ YYETOM B3aHMOHHYKLIHH OMpPEIeTAETCA, Kak 3T0 BHIHO H3 BhIpakeHHA (7.3),
HETIOCP €/ICTBEHHO, 0€3 HCITONB30BaHHA CXEMBI 3aMEI]eHHA:

X,=X0+ X9

—

Puc. 8 1. IIpuHnunnansHasg cxeMa 3aMeIeHIs HyJIeBO I
AOKYMEHT NogarincAH

SNEKTPOHHOW NOAMNUCHIO INOCJICAOBATCIIEHOCTIH

C . 2C0000043E9ABBB9522 0 w
sprubEt JUACTKA ABYKLEITHOIT TMHUK STIeKTpoIIepeat

Bnaneneu: llleGayxoea TaTenAHa Ane

B cxeme 0e3 }”IE’I"EI B3 aFIMOHHIOYELHH JIHHHH ITa]lCHIHA HalIpAKCHIA
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/ /. / ;.
Uip=lo 1X0: Uyo=1-1Xy5,

/ /
rie IE{_}. L ¢ — TOKH HyJ€BOH I10CJI€0BaTENbHOCTH JIHHHH 0€3 yu€Ta B3 aHMOHH/Y KLIHH.

I3 cHetem (7.3) 1 (7.6) cneqyeT, 4To pa3HuHe OT HEYY€Ta B3aHMOHHAYKLIHH Lieriei r1iep €qaéTcsd B OCHOBHOM BTOPBIM
qrieHOM Kaykqoro 13 ypasHeHHI (8.3). Ec BBeCTH ITOHATHE SKBHBaIEHTHOH peakTHBHOCTH HyJI€BOH
T10CJIENOBATENBHOCTH OHOH H3 B3aHMOCBA3aHHbIX JIHHHH KaK OTHOIIEHHE MMaJeHHA HAlIpAKEHHA B HEH K TOKY B 3TOH

LEeH, T. €.

= in = )Xot

I]ﬂ I]ﬂ

jX:am —

/ /
rac IE{} H l] 0~ abcontoTHbIE BeTHYHHBI TOKA B LICTIH, TO JICTKO YCTAHOBHTD (bEiI{TDpLI, OT KOTOPbIX 3aBHCHT

T10TP EIHOC Th, 00y CIIOBJIEHHbIE HEYYETOM B3 AHMOHHTYKLIHH.
Ecnr miHHI0 ¢ HaHOoMbInel BEMHYHHOH TOKa IIPHHATD 3a OCHOBHY KO, TO OTHOCHTE/IbHAA SKBHBaJIECHTHAs
p €aKTHBHOCTD OyJIeT

X510 Lo _ X120 |

SEE
X]ﬂ l]ﬂ X]ﬂ

TakHM 00pazoM, IMOrpemHOCTH OT HEYUETa B3aHMOC BA3eH MeKIY JTHHHAMH OIIp €/le/IAeTcA KaKk H3MeHEHHEM TOKa B
X 1-20
—— MY ABYMA LIETTAMH.
X 10
” IE{'}
OTmMeTHM, YTO BO3MOKHBIE JHAITa30H H3MeHeHH OTHOCHTEIbHOIO ToKa B JHHHH —— Konednercs oT+1 no —1, a
I] 0
k03¢ pHLHEHT ¢BA3H HaxoAHTceA B ripenenax ot 0 go 0,64, rpruém 0 cOOTBETCTBY €T CJIy 4alo, Korja JJHHHH 0eCKOHEYHO
y7aJieHbl APYT oT JpyTa, a 0,64 — ciy4aro, Korma oHH HaXoATCA Ha OJHOH Oriope.

HHIOYKTHEHO CBA3aHHOH JIHHHH, TaK H H3MEHEHHEM KGEdeJHLH’IEHTﬂ CBASH

3. OnucaHue ycmaHo8KU

Hcronp3syeman B paboTe ycTaHOBKA IMp €/IcTaBJIAET ¢ 000 Mo elb Ioc ToAHHOro Toka. Ha nHiieBoii cTopoHe cTeHIa
roKasaHa MHEMOHHYeCKaA cXeMa HCCIeTyeMoid cHcTeMbl (pHe. 8.2). DIeMeHThI CHCTEMb] Xap aKTepH3Y I0TCA
CJIETY FOIHMH TTap aMETPaMH:

Tabnuma 1
MSéA Cos U, xB Xi'! U{;; ’ Ut;m U;C& UEEH& Xor | Xoo
I'1.I2 150 0,85 13,8 0,12 - - - - - -
T1,T2 180 - 230/11 - 18 - - - - -
T3, T4 240 - 220/10,5 - 14 - - - - -
AT5,ATG6 180 : 220/121/11 | - : 32 12 20 : :
CHUCTEMA 3000 - - - - - - - 1.8 | 3,6

Tpancopmaropsl T3 1 T4 rnpHcoeqHHEHDBI Ha OTBETBJIEHHAX K CEP €JHHE JIMHHH, 00I[aA JTHHa KOTOpP O COCTaBJIAET
157 xm. VIHOYKTHBHBIE COTPOTHBIIEHHA JIHHHH BhIYHCIIEHBI H 3ajaHbl B paboTe Ha €IHHHLLY JTHHBI:

*  PEaKTHBHOCTH IIPAMOH IMTOCIIENOBATENIBHOCTH X] = 0,4 OM/KM;
AOKYMEHT MNOANUCAH - . s
* OMEEARTHEEACTHIAYVIOERDI MMOCIETOBATENBHOCTH OQHOH LiermH 0e3 yuéTa BIHAHHA Apyroi X p = Xop = 1,38

Ceptudmkar: ECDDGGOWBQEEEDEET BAS00060000043E

llebayxoea TaTenAHa AnekcaHapoBHa _
* PpPEaKTHBHOCTE B3aHMHOH HHIYKILIHH HYJIEEOH ITOCIIENOBAaTEIIBHOCTH X] 720 — 0,8 OM/KM.

OeiicTe Mﬂ&?ﬂ,}ﬂ 30718 JaEERES, HETPYHO PacCHHTaTh PCAKTHBHOCTD PacCCAHA.

Bnaneneu:



XGjg = XGy = X = X 5 =0,58 OM/km;

I'MpH OJHHAKOBEOM KOHCTPYKTHEHOM HCITOJIHCHHH P CAKTHBHOCTh DI[HDﬁ LICITH C ‘_‘,”-IETDM E3aHMOHHIYEIHH CO ETDI]DFI
LICTIBIO TIPH OJHHAKOBLIX 10 BCJIHYHHC H SHAKY TOKAX B obeHx LICTIAX.

Xio = X5 = X9+ X5 = 2,13 OM/km

Cxema 3aMCICHHA I-I}’J'IEEDI;.I ITOCJIICHOBATCIIBHOCTH Cf}ﬁﬂp dCTCA C ITOMOIIBIO THOKHX HIHYP OB H KOHTAKTHBIX ILITAaCTHH
B COOTBETCTEHH C VCIIOBHAMH paﬁnqem 3aJaHA H3 3JIEMCHTOB, T10KaA3 aHHbIX Ha PHC. 8.1 H Ha cTeH e B BHIE

MHeMOHHYecKOH cxemMbl. Ha 3ToH cxeme COIP OTHBJICHHA KaA 00 H3 YHACTKOB JIHHHH, ITPCACTaBIICHBI 0,5 XG 10 H

0.5 Xﬁl_j{] . Tpebyemas cxema 3aMENIEHH:A HY JIEBOH IOCI€q0BaTEIbHOCTH JJHHHH ¢ 00HpaeTCA H3 3THX

COITp OTHBJIEHHH ITFTESM COOTBCTCTEYIOM CIO HX BEJIIIOYCHHA, OIPCOC/IACMOI0 Xap aKTep OM HHEICI]]H[IECKDﬁ CXEMBI
JaMCHICHIA OBYX HHIYKTHEHO CBA3AHHDBIX JI2II. CxeMsbl 3aMeleHHA APYIHX 3JIEMCHTOB HCCIICOY €MOH CHCTEMBI
TAaEKIKE Iﬁﬂﬁpﬂ}ﬁﬁl{hl Ha MHEMOHHYECKOH CXEME B BH]IE CD]’I[]G'IHE.]'IEHHIL:I. Bce COITP OTHBJICHIA BbIPpaA CHbI B

HMEHOBAHHBIX €HHHL[AX [TPH BhIGPaHHOM MaclITaGe corpoTHBIeHH, paBHoM M . — 10.

COOTBETCTBY IOIIHE 3aKHMbI 3JIEMEHTOB MHEMOHHYECKOH CXEMBI COEHHEHRI ¢ PE3HCTOPaMH, CMOHTHpP OBaHHBIMH
Ha oOpaTHOH cTopoHe cTeHAa. TymMOnephl, ycTaHOB/IEHHbIE HA CXEME, CITYKAT 1A MoK YeHHA aMITEpMETpa,
H3MEPAIIETO TOK B JAHHOH LIEMH BETBH. 1 Ipey cMOTPEH Pl C O OTHBIIEHHH, ¢ TTOMOIIbIO KOTOPbIX MOMAKHO

TP €[, CTABHTh HYKHBIH P &KHM 3a3eMIIEHHA HeHTpamH TpaHc popmaTop oB. IIpH 3ToM IIpenronaraeTcesa, YTo HEHTpaIH
aBTOTpaHc (popMaTOp OB BCerya 3a3eMIeHbI Harjy xo0,a HefirpamH TpaHcgopmaTopoB T3, T4 — MoryT OBITh Kak
3a3eMIIEHBbI HarIyxo, TaK H oTKIoueHbl. Hefrrpanu tpaHcgopmaTtopoB T1, T2 MoryT ObITh 3a3eMIEHBI, KPOME TOTO,
H uepes peaxkTop. CorpoTHBIIEHHE P EaKTOpPa, BBOJAHMOE B CXEMY HYJIEBOH IMTOCIEN0BATENLHOC TH VTP OEHHOH

BEJIHYHHOI, MOKET ObITh HaOpaHO H3 COMPOTHBIEHHI 3X m 4,5Xm . 9X i » OTMEUEHHBIX Ha cXeMe (PHC.

0X . 22X, .

m

8.2). OHO MOJKET MPHHHMATD CJIey Iol[He 3HAaYeHHA: 3 Xp =0.3 Xm ; 4,5Xm ; 7,5X
13,5X, .16,5X_ .

TOKa, “+" KOTOpOoro IMoJKIYaeTca Yepe3 TpaHcpopMaTop ToKa K TOUKE KOp OTKOTIO 3aMbIKaHH:A, a “*-” — K IIHHE,
00BbEIHHAIONIEH BCE TOUKH HyJIEBOro rnoTeHIHaa. Harp mkeHHe Mexay 11000H TOUKOoH ¢XeMbI H HY JIEBOH IHHOH
H3MEPAETCA BOJIBTMETPOM.

X m = 5,5 OM - 6e3 yuéra macmtaba. CTeHJ MHTAETCA OT HCTOYHHKA [TOCTOSHHOTO

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Puc. 8.2. MueMoHmdecKkas cxemMa jJabopaTOpHOIo cTeHa

B PESVIIBTATC pﬂC‘Ié’TGE COIp OTHBJIEHHH MHEMOHHYECKOH ¢ XEMBI HOJLEHDI TIOIYHYHTBCA CIICOYIOMIHC SHa TCHHA.

TaGmauia 2
JIeMEeHT 3Ha4vYeHHe, OM JJieMeHT | 3HavyeHHe, OM | DJueMeHT | 3Ha4veHHe, OM
X1 529 0,5X o 314 X \ren 35()
X2 529 0,5 X, 5 415 X AT6C 0
X 53 X ATsB 350 X AT6H 590
X3 310 X ATsC 0 X 0
Xy 310 X arsi 590 0,5X_,q 314

4. Pabo4ee 3adaHue

1. OrpenenHuTs MOTPEMIHOCTH B IPOLIEHTaX B TOYKax HYJIEBOH IIOCNIENOBaTENIBHOCTH, ITOJYYaEMBIE OT HEYUETA

B3aHMHOH HHAYKLHH Liered JISII rmpH 3aMbIKaHHAX B JTaHHOH TOYKE B CIEOVIOMIHX CITyYaax:

* Korma seikuiovaTenbh Bl 3aMkHyT, a B2 pa3soMKHYT.

* Korma seiknwodaTenb Bl U B2 pa3soMkHyTBI MpH YCIOBHH, 4TO HelTpanH TpaHcgopmatopoB T1 u T2
3a3eMIIEHBbI Harmyxo, a TpaHcgopmaTopsl T3, T4 — oTKITIOYEHBI.

Or1p €NenHTE MOTP EMHOCTH B IMPOLIEHTAX B TOUKAaX HYJIEBOH ITOCIENOBATENBHOCTH OT HEY YETAa B3aHMOHHIYKLHH

— : — o0 -
D O u3 Xp :
TpaHcgopmaTopa T2 3a3emieHa Harnyxo, a TpadHcgopmaTopsl T3 H T4 oTkiIoueHb], BRIKIOYATENb Bl 3aMKHYT,

aB2- pﬂWﬂWE 3aMbIKaHHE — B TOH ke Touke. Ornp eneHTh TOK B HeHTpaM TpaHcdopmaTopa.
3. TlocTpOATETHNGPEHFAIPHIREMIIT B cXeMax ¢ yu€ToM H 0€3 yuéTa B3aHMOHH/IY K-L[HH IIPH 3aMbIKaHHH Ha 3€MJII0 B

Ceprudmkar 3 ZRARFHOITTOHRE TIeXORA 45 SPeR0BART, 310 BRIKMIOUaTenH Bl, B2 — pasoMkHy THI, HeliTp ans TpaHcopmaTtopa T1
Bnaneneu: llleGayxoea TaTeAHa
3a3€eMIIEHA Yepes3

ReiicrarenclS QHLIOE J3ZAZSYISHS, JUTA TIPOBEIEHHS PEMOHTHBIX paGor.

I~

MpH 3a3eMIIEHHH COIpOTHBIEHHA B HeHTpamH TpaHcdopmaTopa T1 ot 3 X HEHTpab

aHapo .
ﬁjﬁp —EBEXm, TpaHchopmaTopel T2, T3, T4 otkniodeHbl, THHHA JI2 oTKIIOYeHa ¢ 000HX



5. KoHmposnbHbIe e0Mnpochkl

1. B 4ém ocHOBHasA TPYIHOCTE JOCTOBEPHOrO OIIPENEIEHHA COIMPOTHRIIEHHA HYJIEBOH IMTOCIIEN0BaTENIBHOCTH JIOII?
2. Kak BMHAIOT Ha COMPOTHBIEHHE HYJIEBOH IOCIIEIOBATEIBHOCTH 3a3€MIIEHHbIE TPOCHI, H OT KaKHX (paKTOp OB

3aBHCHT HX BJIHAHHE?
3. Ilouemy Hey4déT B3aHMOHHAVKIIHH JIDII ripakTHYecKH HE BJIHAET Ha TOK HYJIEBOH ITOCIIEA0BATENBHOCTH B MECTE

KOp OTKOTO 3aMbIKaHH:A?
4. Kak onpejienAeTca TOK B HeHTpaiH aBToTp aHc(popMaTopoB?

5.1. Codep)kaHue omyéma

1. Cxema JaMCE I EHITA I—I}F.]'IE:EDI::.I TIOCIENOBATCIIBHOCTH C ‘_‘,"IéTDM H 0e3 }”Ié‘Tﬂ B3aHMOHHIVEKITHH JIHIH.

2. Bp10op H pacuéT macirtaboB MOJETHP OBAHH:A.
3. PesynpTate! H3Mep eHHi o rl. 4.1a,6.
4. Orropbl Harp LKEHHH 1A 3aJaHHOT O TIp er1o/laBaTelIeM BapHaHTa 3aJaHHA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



JlabopatopHasi padbora Ne 9

KOPOTKHE SAMBIKAHHH HA CTOPOHC
BbIHIPDHMJ/ICHHOI'O TOKA

Henn:

Llenp H3yYeHHA JHCLIHILUTHHDI:

- Z1aTh TIpe/icTaBJIeHHe 0 (PH3HKeE ABJIEHHE, IMP OHCXOANIHX ITPH 3JEKTPOMATrHHTHBIX T1€p €X0JHbIX
TIp OLIEC CaX H METObI HX KOIHYEC TBEHHOH OLIEHKH.
1. ITeJb padoThI: H3y YeHHE OCHOBHBIX 3JIEKTPHYECKHX I1ap aMETPOB IMPOMbBIIIJIEHHBIX JIBYXITOJIY TIEPHOJHBIX
Tp exX(pa3HbIX cXeM BbITIP AMIIEHHA.

2 Kpamkasi meopus

2.1. 001 Me noJI0KeHUs

[ToTpebuTensam HeoOX0JHM IMOCTOAHHBIH TOK 10 JBYM IIPHYHHAM:

1. MHorHe 5HeproeMKHE TEXHOJIOIMHYECKHE ITP OLIeCChl TP EOYIOT ITOCTOAHHOTO TOKa (3JIEKTP OJIH3,
3JTEKTPOXHMHY €CKHE TP OLIECCHI).

2. ITocToAHHBIH TOK 00ecrieyHBaeT OoJbIIHE yA0o0CTBa B YIIP aBJI€HHH 3JIEKTPOABHIATEIAMH B TATOBOM H

ITp OMBIIITIEHHOM ITpHBo/E. [To3ToMy OKO0JI0 OFHOH TpeTH Bcel BbIp adaThIBAEMOK 3JIEKTP 03HEPTHH HCIIONB3Y €TCA
MOTPEeOHTENAMH IMTOC TOAHHOIO ToKa. PaHee MPHMEHATHCH 3JIEKTP OMeXaHH4YecKHe ITp eo0pa3oBaTeH, a ¢ 30-XT. —
BEHTHIIbHBIE TP €00pa30BaTEH (PTYTHBIE, ITOMYIIP OBOJJHHKOBBIE).

2.2. [IpombIlJIEHHbIE CX€MbI BbINIPAMJIEHUA TOKA

B rpoMbIIIIeHHBIX CHIIOBBIX VCTAaHOBKAX IMPHMeHAOTCA offHo(a3HbIe H TpexX(asHble ¢XeMbI BbITIPAMIIEHHS.
PaccvotpHM HaHOOJIEE pacIpocTp aHEHHbIE cXeMbI BINPSAMIEHH (Tp exdazHble, ABYXITOMyTIEpHOAHbIE). IIpH
PACCMOTPEHHH cXeM IIPHMEM cJIEY IOIHE YCJI0BHbIE 0003HaUYeHH, IIPHMeHAeMbIe B TeEXHHY eckoi mHTepaType: Uy —
cp efHee 3HaYeHHe BhIMNPsMIIEHHOr 0 HarpskeHHS; I3 — cpeiHee 3HaueHHe BhIMPAMIEHHOIO ToKa, m — 4YHcI0 ¢as3
BBITIP AMJIEHHA;, i, — MTHOBEHHOE 3HaueHHeE [MPAMOro Toka BeHTHIA, U,s — MaKcHMalbHOE 3HaueHHe 00p aTHOro
HarpsKeHHA Ha BEHTHIEe BTOpHYHOH odMoTiH, Us, I» —mefic TByoIHe 3HaUeHHA (ha3HBIX HaIIpsKeHHI H TOKOB
BTOpHYHOI 00MOTKH TpaHchopmartopa; Si., Sz, S; — pacueTHble — [TepBHYHAA, BTOPHYHAA H THIIOBasd MOIHOCTH
TpaHcgopmaTopa; Ry — cOrpoTHBIEHHE BKIIOUYEHHOE B LIETTh HAIPY3KH.

J11a ymoOcTBa HCITONB30BaHHA, OCHOBHBIE 3JIEKTP HUECKHE ITapaMeTPh] TP OMBIIIIEHHBIX CXEM BBITP AMIIEHHA
cBeleHbl B Tadbm 9.1.

Tadmuia 9.1

Pac4yeTHbIe COOTHOLIIEHH A IpH TNCTO AKTHBHOH HArpyske H HACAJIBHBIX BEHT HJIHX

Cxema Tpexdgasnana MmocToBast Tpexdasnas c
YPAaBHHTEJIBHBIM PEeaKT 0poM
m 6 6
Ua/U> 2,34 1,17
Uop.maxce/Ud 1,045 2,09
I>/14 0,816 0,289
S2/Py4 1,045 1,485
AOKYMEHT MOAMWCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Puc. 9.1. Tpexdasznasg mocToras cxema (cxema JlaprnoHoBa)
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Puc. 9.2. TpexdazHasg cxema ¢ ypaBHUTEIbHBIM PEaKTOPOM

2.3. PacueT ToKa K3 Ha cTopoHe BLHIPSIMJIEHHOT' 0 TOKA

JIna pacueTa nMpHHHMAaeTC A HaHOoIee TAKENbIH peAiM, KOrjla yroa yrpasiieHHA MpH K3 paBeH HyI1o.
CpenHee 3HaYeHHE Y TaHOBHBIIErocAa Toka K3 paBHO cymMMe cpeqHHX 3HaYE€HHI TOKOB B N BEHTHIIAX, [MHTAIOMHX

MecTo K3:
Idk = mI'dk = — T\EUE sin 0dO = m‘EUE :

2mo X, X ,

rae U» — ¢a3Hoe HanpsakeHHe aHOJHOH LIEMH, X —HHIYKTHBHOE C OIMp OTHBJIEHHE LIEIMH KOMMY TAL[HH.
JIna ¢xeMbl ¢ ypaBHHTEIbHBIM P €aKTOPOM 1N = 6

\/EU U,

Idk=6 =27

T[XE X 5

Jna Tpex¢azHoi MOCTOBOH CXEMBI n = 3

\/EU Us,-.

Idk =3 =1,35

X, X5
,D.DI{YMEFIT nunnncp.n—u -

Eciu CD ?ﬂ B OFE I'EJHEEI[EHIJI K Oa3sHCcHOI MOHOIHOCTH, 34 KOTOPYIO IIPHHATA HOMHHAJIBHAA
Ccmed}HhaT ECD [ﬁ[ﬁdE'-EEI EE-EJEEE ETBAE{JDDEDDDDDJB

Bna,qcncu H'H_{BE yxméll Ii[ D}ED&E_‘I clgH,.'_"l,pDE:Ha

X->=3 X:U>"/S,.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



ToK B cXeMe ¢ ypaBHHTEIbHBIM PEaKTOP OM

\/5 SHH

Idkyd =2 ,
U, X,

TOK B MOCTOBOH CXEME:

\/5 SHH

nlU, X.

C y4€TOM aKTHBHBIX C OITp OTHBJIEHHH

U,

\/sz + Xk?

[dkmdky=1,35 S

\/szJer2

YCTAaHOBHBIIHICA TOK K3 HMeeT MyIbCcHPYIOMIHI XapakTep. MakcHMalbHOE 3HaY€HHE 3TOro TOKa:

Idkn = 2 1dk |
3

[dknmdkm=

Idkyd = 2,7

3

3

3. lMopsi0oK ebinosiHeHUs1 pabomabli

3.1. MocToBag cxema

1. CobOpaTh cXeMy HCIbITAHHA MOCTOBOH Tpex(pa3zHoIl CXeMbI BhITIPAMIEHH:A, TIPHBEeHHOH Ha pHc. 9.3.
2. BkmIOYHTH CTEH]I, 3arHcaTh IToKa3aHHA IMPHOOp 0B B Tabm. 9.2.

3. BermcmHrs 3HaueHHA Ua/Us; Uggp/Ua: L/la; Pa: S2; So/PaH cpaBHHTL pe3ybTaThl BBIMHCIEHHH ¢ aHAJIOTHYHBIMH

OTHOIIEHHAMH, TP HB EJIEHHBIMH B TalL. 9.1.
Pe3ynbTaThl BbIYHCIEHHI 3aImHcaTh B Ta0L 9.1.

4. TIpomsBectH K3 (Mexay BbiBogaMH Rd).

U2
v

Ua Ur Uc

1d
(2 Vi
4 C‘u’ Ud
Rd

: Y 5

Uobp

Puc. 9.3 MocTtoBasg cxema

3.2. CxXeMa ¢ YPABHUTEIbHDLIM PEAaKTOPOM
AJOKYM NnoarnncAH

1. Cobp arBestemyHRfBEARIGhEeMbI ¢ YpaBHHTEIbHBIM peakTop oM (pHc. 9.4), cobmoaasi MospHOCTh BTOPHYHBIX
cepmq}mm:ﬂgma&ﬁﬁr%%gﬁ%ﬁ 500060000043E
d

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Puc. 9.4 Cxema ¢ ypaBHUTEJILHEIM PEAKTOPOM

I~

BKIIOYHTE CTEH]], 3aITHCaTh IoKa3aHHA MMpHOopoB B Tabml. 9.2.

3. Beryucmuts 3HaueHHA Ug/Us; Ugsp/Ug: b/lg; Pa; S2: S2/Pg H cpaBHHTBE pe3ybTaThl BbIYHCIIEHHH ¢ aHAJIOTHYHBIVH
OTHOIIIEHHAMH, TP HBEAEHHBIMH B Ta01. 9.1. Pe3ynbTaThl BBIYHCIIEHHI 3armHcaTh B Tabmn. 9.2.

4. IlIpomseectH K3 Mmexay BeiBomaMH Rg.

3.3. Ha ocHOBaHHH BBIYHCJIEHHI CJI€NaTh BhIBOJbLI 0 paboTe BEHTHIIEH 110 TOKY H 00paTHOMY Harlp sKE€HHIO.
CpaBHHTH YCJIOBHA paboThl BEHTHIIEH B paccMaTpPHBAEMbIX CXeMaX.

4. KoHmposnbHbIe 80MnpocCkl

1. B KaxkiHx oTpaciIax MmpoMbBIIIIEHHOCTH MP HMEHAOT BhIMPAMIEHHBIH TOK?

2. Kaxzie TpexdasHbie cXeMbI BbITIPAMICHHA IIPHMEHAIOTCA B [MPOMBIIITIEHHOCTH?

3. IlpH xaKoi cxeme BBIMIPAMIEHHA OYAeT HMETh MECTO O0JbINAaA My abCALHA BbIMPAMIIEHHOTO TOKa?

4. BeHTHIH KakoH cXeMbl BbINPAMIIEHHA paboTaloT B OoJiee TEIKOM p eKHME I10 TOKY, 10 Harlp K eHHIO ?

5. Kakxos riopAnok pacuera Toka K3 Ha cTOp OHE BbIMIPAMIEHHOIO ToKa? KaKkoBbhl HCXOJIHBIE JaHHBIE 1A pacyeTa?

5. Codep)xaHue om4yema

1. Ilenb paboThI.
2. CxeMbl HCIILITAHHI MOCTOBOI CXEMbI BBINPAMIEHHA H CXeMbI ¢ YPaBHHTEIBHBIM PEaKTOpP OM.

3. PesynbTaThl HCIbITAHHI H BRIYHCIIEHHI B TaOMHYHOH (opMe.
4. TIHMcbMEHHBIH OTBET Ha BOIIP OChI 4, 5.

Tadoamma 9.2 Pe3yabTaThl H3MepeHHH H BbIYHC/IEHHH

Cxema M 3MepeHHbIE BeJIHYHHbI

BbHIP AMJICHH A U, B L, A g, A U4, B Uosp, B
MocTtoBasa

C ypaBHHTEILHBIM
peaKToOpoOM

ITpopomkeHHe TabIHLBI 9.2

BrIuCIIEHHBIE BETTHYHHEI

Uq/U> Ud/U> Uosp/Us Uosp/U> I-/14 I-/14 P4. Sa, S2/Pqg S>/Py,
(Tabm. 9.1) (Tabm.9.1) (ta6m. 9.1)| Bt | BA (Tabm. 9.1)

AOKYMEHT MNOANMCcAH
SNEKTPOHHOW MOAMNMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023




8. y‘lEﬁHﬂ-METDﬂH‘IECHDE H HH(l)ﬂpMﬂl_lHﬂHHﬂE odecrevueHHe JHCITHIIJINHbI

8.1. IlepeuyeHns ocHOBHOIM H JIONOJTHHTEILHOH JHT€PATYPbIL, HE0OX0AMMOMH 118 0CBOEHHA
JUCIHILTHHbI

8.1.1. IlepeyeHb OCHOBHOH JIMT €PATYPHI:

1. [ImymmieHko, B.'T. SneKTpoMarHHTHEIE IIEPEXOMHBIE TIPOIIECCEHL B
AIEKTPO3HEPreTHYECKHX CHCTeMaX: yueOHO-MeTogIeckoe mocoone/ B.T. [InmneHko;
OpeHOYprckuu roc. yH-T. — OpeHOypr: OI'Y, 2014. — 124 ¢. Pexum mocryna:
http://biblioclub.ru/index.php?page=book_view_red&book_1d=330565

8.1.2. IlepeyeHb JONMOJHHT €JIHOH JIMTEPATYPbI:

l. KyBumHoB A.A. Teopns snekrponpueoga. Hacts 3: IlepexXoaHbIe IIPOIIECCH B
aleKTponpHBoie: yuieOHoe rmocodne/ A.A. KyBumnoB, 35.JI. I'pekoB; OpeHOYPIrcKHil roc. YH-T. —
OpeHOypr: OI'Y, 2017. — 114 ¢. PexuM pocryra:
http://biblioclub.ru/index.php?page=book_view_red&book_1d=481766

8.2. IlepedeHnb y1e€0HO-MeTOAHIECKOr0 0odecreYeHN sl CAMOCTOST eJIbHOH PadOoThbI
00y4YaAIIHMXCHA [0 JUCITHILIHHE

1. Metoamdeckre peKOMEHAALIMH IS ITOATOTOBKH K ITPAKTHYECKHM 3aHSITHSM.

2. MeToamieckne peKOMeHAALMH JJIS ITOATOTORKH K JTa00paTOPHBIM 3aHITHSIM.

3. MeTommieckie peKOMeHAAIHH IT0 OpPTaHH3aIHH CaMOCTOSTeIbHOH padoThl CTYAEHTOB.

8.3. Ilepeyens pecypcoB HHPOPMANHOHHO-TEIEKOMMYHHKANHOHHON ceTH «HTepHeETY,
He00X0MMbIX /IJI1 0CBOCHHSA UCIHILTHHbLI

1. http://www.biblioclub.ru -ObC "YHuBepcuTeTCcKast OHOIMIOTEKa OHIaMH "

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6HbnuoreyHas cucreMa I[IPRbooks

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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JlabopaTtopHast padora Ne 10

I/IB)"-IEHHE MOJAC/IM-aHAIM3ATOPpPa
IICKTPHUICCKHX CHCTECM

Henn:

Llenp H3yYeHHA JHCLHILUTHHI:

- IaTh TIpeAcTaBJIeHHE 0 (PH3HKE ABJIECHHI, IMP OHCXOANIHX ITPH 3JIEKTPOMATHHTHBIX T1EP €X0JHBIX
TIp OLIEC CaX H METOIbI HX KOIHYEC TBEHHOH OLIEHKH.

3azmayH ripH H3YUYEHHH JTHCLHILUTHHBI
3HAaTh: PH3HKY MepexoqHbIX IIPOLIECCOB B 3JEKTPOIHEPTETHUECKHX CHCTEMAX H MX OCHOBHBIX 3JIEMEHTAX,
¥YMeTh: aHaJIH3HPOBATh PE3YJILTATh]l pacyeTa IEPEXOHBIX TP OLIEC COB J1J1A IMPHMEE *aJIbHBIX
3JIEKTPOIHEPTETHY ECKHX CHCTEMAX H CHCTEMAaX 3JIEKTP ocHa 0K eHHs.
Biiajerb: HaBbIKaMH pacueTa THIIOBBIE ITEPEXOHBIE TP OLIECChI

PopMHpPYeMbIe KOMITET e HI[HH:
HMupmekc D opMyJIHp OBKa:

ITK-2 Crioco0eH aHaIH3HPOBAaTh PEKHMBI paboThl CHCTEM 3JIEKTpocHadkeHHA 00beKTOB

HMumikaTopel HJI-3T1IK-2 O0ecrieuHBaeT 3ajjaHHbIE ITap aMETPhI P EKHMAa CHCTEMBI 3JIEKTpP ocHa0KeHHA 00beKTa
IOCTHAKEHHA
KOMITETEHLHH

1. HE.J]I: ]]HﬁﬂT bI. O3HAKOMJICHHCE C ‘_‘,’C'I]]IDI::.ICTEDM MOOCJIH-aHaAIIM3aTop a 3JCKTPHYCCKHX CHCTEM H OCHOBHBIMIH
TIPHHILHITTAMH TP OH3BOCTBA HEMﬁ[]EI—]HFI.

2. MO@EHB-&H&HU3&IHOP ANTeKmpuUu49ecKux cucmem

2.1. HazHayeHue U 06J1aCTb IPUMEHEHHUSI

Mopenb-aHam3aTop AJMEKTPHYECKHX CHCTEM IIpeaHasHavYaeTcs IJA OIIp €NEIEHHA TOKOB H HarIp /K €HHH [TpH

TP O OJIbHOH H IMOTIEP €YHOH HECHMMETPHAX B CIIO/KHBIX ANEKTPHUYECKHX CE€TAX H IMPHMEHAETCA B IMPOEKTHLIX,
SKCILTyaTaLHOHHBIX H Hay YHO-HCCJIe0BaTeIbCKHX OpraHH3 alHAX, CBA3aHHbIX B CBOei paboTe ¢ Ip 0eKTHPOBaHHEM
H 3KCIUTY aTaLHEH 3JIEKTPHYECKHX CETEH.

ABapHIHBIMH p €5KHMaMH, pac CYHTbIBaEMbIMH Ha MOJI€IH-aHAIH3aTOPE, MOTYT ObITh:

a) Tpex(das3Hbie, AByxX(a3Hbie H onHo(pa3HbIie K3 Ha 3eMIIo;

0) pa3pbIBbI OJJHOH HIIH IBYX (as3;

B) CJI0/KHbIE BHIbI ITOBP €K €HHI1 — pa3pbIBbl (pa3 ¢ ogHoBpeMeHHbIMH K3 B p a3HYHBIX TOYKAX.

Ha mMopemi-aHanH3aTope MOKHO ¢ OOHpaTh B OIp € eJIEHHOM MacIITade cxeMy 3JIEKTPHYECKOH CHCTEMbI CO
CJI0JKHOH KoH(pHIypaLHe, cocTosmeii He 6onee yeM H3 192 371€MeHTOB.

Cxema 3NEKTPHYECKOH CHCTEMBI MOKET HMETD ITPaKTHUYECKH HEOrPAHHYEHHOE KOJIHYECTBO YHCJIIO TOYEK ITHTaHHA C
OMHAKOBBIMH 3HauYeHHAMH 3 [[C.

EcIH 1o ycIoBHAM pacyeTa HE0OXO0JHMO HMETh pa3JIHuHbIe 3HaueHHA 5 J[C, To OHH MOTryT ObITh Y CTaHOBJIEHBI
He3aBHCHMO JIPYT OT Jpyra Ha TpeX pa3/HYHbIX VP OBHAX ¢ HCII0JIE30BaHHEM IMOMHMO 0CHOBHOTO HeTouHHKa (3 C)
100aBOYHBIX HCTOYHHKOB MHTaHHA (AE, H AE»).

2.2. [luTaHue Mmoie/ib-aHaJIM3aToOpa

B kauecTBe 0OCHOBHOIO HCTOYHHKA JIJIA THTaHHA MOJETH 00bIYHO HCITONE3YETCA BhIMPAMHTED, 00ecTIeUHBaOIHIA
cTaOHIH3ALHIO BEIIPAMIIEHHOTO HarpAKeHH:A, KaK 0T KosieOaHH I HarlpssKeHHA, Tak H OT H3MEHEHHA HaIrPy3KH.
JobaBouHbIe HCTOYHHKH ITHTAaHHA TMOJaT PETYIAPHOE Harlp K eHHE OT

1 1o 18 B HanpszkeHHe Ha mHHBI (TAE,; -AE|; +TAE;; -AE;).

MakcHMabHBIH TOK M00aBOYHOI0O HCTOUYHHKA IMHTAHHA — 180 MA.

2.3. Texunuyeckue JaHHbIE

OKYMEHT NOANWUCAH
1. Dmaﬂﬂﬂﬁ%ﬂ:ﬂiﬂlﬁm u%mmmc(ﬁﬂﬂ):

Ceprucbmrar:  2CO0000RPERERBE PETFAHPOBRIEA000043E . ... ... it 2.36 MA

Bnapeneu: ety x oK@ NIam BB AOIMYE THMBIH TOK. .........oovvieeieeeeeeennn, 360 MA

2. JobaBouHbI€ HCTOUYHHKH IHTaHHA (E . E;)

NeiicramTene: ¢ 19.08. ZFTEEIRETBI 23 - -+ --v v rererrrrm et 2 IIT.



TIPEIEIIBI PETYITHPOBKH. .. ..ottt ettt ie et et eaeeaeennennes 1..18MA

MAaKCHMAJIbHBIH JOMYCTHMBIH TOK. . ... .iettieii it iinaeeneeennnns, 180 MA
3. BJIOK corpoTHBIEHHA

1) 15 L (=702 o T 160 mt

I3 HHX:

L1OO OIIOKOB. ...t 10..1000 Om

CO CTYTIEHAMH PETYIIHPOBEH. ... ..ottt ieii et et e i aeenee e 10 Om
M akcHMAaIbHO JIOIMY CTHMbIE TOKH Ha € OIMp OTHBJIEHHAX OJIOKOB

Y 300 MA

L M. 150 MA

L0 M. .. 50 MA

L0000 OM. . 15 MA

2.4. OnucaHue OCHOBHLIX Y3108

2.4.1. KoMmMyTalfMoOHHOE I10JIe

Ha monem-aHanH3zaTope cOopkKa Heclley eMbIX ¢XeM ITp OH3BOJJHTCA MaTPHYHBIM METOTIOM.

KommyTal{HOHHOE [10J1€ AeJHTCA H3 8 YacTeH, IIpHYEeM KaxK/lasd 4acTh COCTOHT H3 JIBYX ITOJIOBHH — BEpXHEH H
HHAKHEH.

Ha BepxHeH H HIDKHEH ITOJIOBHHAX KaKI0H YacTH HMETCA 110 18 ropHsoHTaIbHBIX H 2(0) Bep THKaJIBHBIX IIHH. B
MecTax IepecedyeHHI IHH y¢TaHOBJeHbI KOHTAaKTHbIE rHe3/ia 1A coeHHEHHA HX MeKTy coOoi.
I'opH30oHTaNlBHBIE IITHHBI BEPXHEH H HIZKHEH IMOJIOBHHBI, HMEKIIHE OHHAKOBbIE HOMEpPa, B KaKI0H H3 8 yacTeH
coeHHeHBI ITepeMblukaMH. ITTHHBI «K'3» (BepxXHsaA H HIDKHAA, coeJHHEHHbIe MEKTY ¢000H rnepeMbIuKaMH): «-»
OCHOBHOTI'0 HCTOYHHKA IMHTAHHA H «1» 0CHOBHOI'O HCTOYHHKA IHTAHHA, BbINOJHEHBI CKBO3HBIMH YEp €3 BCE YacTH
T10JIA KOMMY TaL[HOHHOTO. K Ka:qoH BepXHeH H COOTBETCTBYOIEH HHAKHEH BEPTHKAJIBHBIM IIIHHAM T107[CO€IHHEHDI
KOHI[bI OJTHOTO H3 OJIOKOB COITP OTHBJIEHHI.

JIna ocymecTBIEHHA CBA3H MEKIY 8-10 YacTAMH HMeloTca 66 TpaHcdepHbIX MHH (NoNe 201..268).
CoeqHHHTENbHBIE THe3/1a TpaHc(epHBIX IHH pacriofIokeHb] 1o 000HM KOHLIAM IopH30HTAIBHBIX ITHH KaykJoH H3 8-
MH I10JIA KOMMY Tal[HOHHOT0. BKIloueHHeM B 3TH IHe3Jla LI TeKeP OB OCYI[EeC TBIAETCA coeqHHEHHE TpaHC pepHBIX
IIIHH ¢ COOTBETCTRYIOMEeH ropr3oHTanbpHOH mHHoH. Harnprmep, kK TpaHedepHoi mHHe Ne 201 MoryT OBITh
TIpHCoeqHHEHbI FOpH30HTalbHbIe MHHBI NoNe 38, 58, 78 U T. 1., K TpaHcdepHoii mHHe Ne 236 — ropH30HTANIbHBIE
IMHHBI NoNe 37, 57, 7TTH T. 1.

Ha xaxmoH 13 8-MH yacTeHd KOMMY TAL[HOHHOTO IMOJIA ABE€ HIDKHHE MOPH3 OHTAJIbHBIE IIHHBI BEPXHEH IMOJIOBHHBI H
JIB€ BepXHHE ropH30HTaIbBHbIE ITHHLI HHzKHeH IMoJI0BHHBI TIPH TTOMOITH HITEKEP OB MOT'YT OBITh IIPHCOEHHEHE] K
IIHHAM J100aBOYHBIM HCTOYHHKAM IMHTAHHA «+AE 1», «-AE», «+AE» H «-AE».

IToacoenqHHeHHe MIHH K Jo0aBoYHbIM HCTOYHHKAM ITHTAHHA OCYI[ECTBIAETCA aHAIOTHYHO ITOJKITH YeHHIO
TpaHcepHBIX IIHH.

Cxema KOMMY TaL[HOHHOT'O TTOJIA TP €[y CMaTPHBAaeT BO3MOZKHOCTD ITap aJUIeIbHOIO BKJIIIOUEHHA JBYX H Doee
MOJ1€/Tb-aHaJIH3 aTop OB.

2.4.2. bJ1I0KH cONIpOTUBJIECHUH

BenuuHHa corpoTHBIEHHH reHepaTop 0B, TpaHC()OpMaTOpPOB, peakTopoB, JIDII H T. /1. B BbIOp aHHOM MacinTabe
HaOHpaeTca Ha 160 Onokax corpoTHBIEHHH, HMerIHX HoMepa oT 21 o 180. TokH corp OTHBIEHHI COCTOAT H3
Tpex Aekan 9*1 Om, 9*10 Om, 9*100 Om, 9*1000. CorpoTHBIEHHE H3MEpHTEIbHOI0 KoHTYpa 100 OM BXOJHT B
HaOp aHHy10 BeTHYHHY. ITosTomy mexambl 9*10 Om MMeroT 0003HaYeHHA, HAYHHAA ¢ €HHHLIBI, TOrJa KaK JApyrHe
IeKabl HMeT 0003HauYeHHA, HAYHHAA ¢ HYJIA.

HabGHpaloT collp OTHBIEHH ¢ MTOMOI[bI0 IITEKEPHBIX IeperoUaTencii. ' He3/1a MTeKEPHOTOo Iep EKITI0YATEN H,
CO0OTBETCTBEHHO, KOHTAKThI IITEKEPa HMEIOT TP AMOYTOJIbHY 0 (hopMy. BCTaBIATh IITEKEP B THE3JO MOKHO TOJIBKO
B OIPENEIEHHOM IMTOJIOM EHHH.

IIprviep HaGopa cornmpoTHBIIEHHA oHoro sneMedTa 340 OM: yeTaHaBIHBaeM Ha fekazge 9*100 Om — mrmekep Ha
omMeTKe 3; Ha nekane 9*10 Om —Ha otMeTke 4 H Ha fekane 9*1 OmM — Ha oTMeTKe 0.

2.4.3. [laHes1Ib U3MEpUTEJIbHAS

B mopenH ripHaMeHeHbI My JIbTHMETPBI THITa DT-830B, rpHyemM oHH H3 HHX HCIIONB3YETCA KAK BOJIBTMETP, APYIOH —
KaK aMITEpMETP. BemHuHHa cOorp 0THBIEHHH BCEX H3MEPHTEIBHBIX ITYHTOB paBHa 10 Om. HcKmoueHHE COCTABIAIOT
H3MEpPHTENbHBIE IIYHTRI 2 JIC H K3, corpoTHBIeHHE KOTOphIX paBHO 1 OM. IlosToMy TIpH H3MEPEHHH TOKA 3THMH

LIYHTAMH @%Wﬁ%ﬁa GonbLIe 0603HAYEHHOTO Ha [IEPEKITIOYATENE NPEENIOB H3IMEPEHHS.

Ccpm¢mmeﬁemd}3%‘ﬂg%%%9&ﬂ%ﬂ% %EE}’KI‘IDBHLH*IDI—]I—H:IK KJIFOUeH BbI30BA H3MCPECHHA C CAMOBO3EPATOM.
BnanenduP CTIHIES TQIAQKEHHE HEHTPALBHOE.
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IIpH H3MEpPEHHAX TOKa ¢ IIOMOII[bIO KIIKUYEH BbI30Ba «2C», «AE», «AE>» cJIeqyeT BbIYHTATh TOK YIIpaBieHHA. OH
3aMEPAETCA HaKaTHEM KJI104a BbI30Ba H3MEPEHHI HCTOYHHKA [THTAaHHA 10 MOAKII0Y EHHA Harpy3KH K HCTO YHHKaM
TTHTAHHA.

B Lierm BoJIbTMETPa HMEETC A JOTIOIHHTENIbHBIH IMEPEKIIF0YaTENb Ha JBa MOJI0AKEHHA . H3MEP EHHE CXEMbI H
H3MEPHTEINbHBIE THe3qa. Koraa riepekiodaTesib BOJIbTMETPa CTOHT B IMOJIOKEHHH «CXeMayy, BOJIbTMET)P H3MEPAET
HarpAKeHHE MEKIY MHHOH «+» OCHOBHOI0 HCTOYHHKA IMHTAHHA H BEpXHEH Bep THKAIbHOH ITHPHHOH H3MEP AEMOT0
3JIEMEHTA.

Korma riep ekiovyaTeNlbh CTOHT B ITOJIOKEHHH «H3MEPHTEIbHBIE THE3NA» MOAHO ITp OH3BOJHTD 3aMEp Harlp KEHH:A
MEAKTY THO0bIMH TOUYKAMH CXEMbI ITPH I[TOMOIH JJTHHHBIX [IPOBOJOB ¢ HAKOHEUYHHKaMH.

3a:KHM «1+» BOJIbTMETP a HOPMAJIBHO IMPHCOEHHEH K IIHHE «+» OCHOBHOI'O HCTOYHHKA IMHTaHHA. I IpH HaxKaTHH
Knoua «E» H «Eo» 3a43M «+» BOIBTMETP a ITOAKIIIOYAaETCA K IIHHE «1+» COOTBETCTBYIOL[Er0 J0OABOUYHOr O
HCTOYHHKA IMHTAHHA H OTKJIDYaeTCA OT OCHOBHOI'O HC TOYHHKA.

Ha raHemH H3MepHTeNbHOH YCcTaHOBIEHbI 00I[HIT BRIKIKYATENb [THTAHHA MOJIEJIb-aHa IH3aTopa, a TakoKe
IMOTEHLIHOMETPBI TPy 00l H TOYHOH peryIHpOBKH HarpAyKeHHA HCTOYHHKA IMHTaHHA. MHHHMAalIbHAA p eryaHpyeMas
BEJIHYHHA Y CTaHABJIHBAETCA B Kp alfHEM JIEBOM ITOJIOKEHHH IMOBOP OTOM PYY€EK IMOTEHLHOMETPA. ¥ BEIHUYEHHE
IIOCTHIAETCA BP alll€HHEM 10 YaCOBOH CTPEIKE.

3. lMpou3eodcmeo pacyemoes Ha Modesnu

M openb-aHaH3aTOP He OTPa/KaeT JieHc TBHTENBHBIX (Pa30BbIX COOTHOIIEHHH, JeHc TBYOIIHX B p €aIbHOH
3NIEKTPHUECKOH C€TH MEKIY TOUYKaMH H HarIpAKEeHHAMH. 2T0 BHOCHT HEH30EKHY 10 ITOTP EMIHOCTh KaK IMPH pacueTax
aBapHIHBIX PEKHUMOB, TaK H HOPMaJIbHBIX PEKHMOB padoThl ceTH. OHAaKO0 MpHMEHEHHE MOJIeNleiH Ha MOCTOAHHOM
TOKE B OONIBIIHHCTBE CIy4YaeB OKa3bIBAETCA OIpPaBAaHHbIM, [TOCKOJIBKY 3TH IMOrPEMHOCTH 00bIYHO HE ITP €BLIINAKT
TI0TP EMIHOCTEH B HCXOHBIX JaHHBIX.

3.1. CocTaB/ieHHe cXeMbl HA00pa U HA00P ee HA MO/Ie/IM-aHAJIM3ATOpe

Cxema HaOopa cocTaBIA€TCA Ha OCHOBE pacyeTHOH cXeMbl HCCJIETy eMOH LIEITH (¢ TTPHBEIEHHBIMH K 0JJHOH CTYTIEHH
Harp sUKeHHA H IepevHcJIeHHhIMH B MacITad MOJIEIH COIPOTHRIEHHAMH CEeTH) H 3a7jlaHHA Ha BbIIMOJIHEHHE PacyYeTOB.

J1 114 rmoaroToBKH Habopa Ha pacueTHOH cxXeMe HaHOCATCA HOMEpPA COMPOTHBIIEHHI B COOTBETCTBHH ¢ HX
HOMHHAaJIbHOH BeTHYHHOH. Homepa ¢ oripoTHBIEHHH TP HHHMaKoTe A IToApAa. EcIH Ha JaHHOH YacTH

KOMMY Tal[HOHHOT O IT0JI1 HET HOMHHAJIOB COITP OTHBIEHHH, BXOOAIIHX B PacYETHY KO CXEMY, TO 3aHHMAKTCH

C OIMp OTHBJIEHHA Ha O/mpKalimeid JacTH 110719 KOMMY TaLHOHHOIO ¢ HYKHBIMH HoMHHanaMH. ITocnne Toro, kak

TIp OCTaBJIEHRI HOMEPA BCEX COIIP OTHBJIEHHH, TIPOCTABIIAKTCA HOMEPA IIIHH, ¢ KOTOPBIMH € 0€qHHAKTCA JaHHbIE
COIIP OTHBJIEHHA. B 3TOM ciIy4ae, €cJH K IIIHHaM JJaHHOH CTaHLIHH HJIH IO C TAHL[HH ITOAKITHYalTCA ¢ pasHbIX
JacTeH KOMMYTal[HOHHOTO M0JIA, TO OKOJIO IIHH CTaHI[HH HITH IMOACTAHLIHH ITHIIYTCA HOMEPa IIHH, 3aHHMaeMbIX Ha
00€eHX YacTAX KOMMYTaLIHOHHOTO IT0JIA H, KpOME TOro, B cKoOKkax HoMepa TpaHc()epHbIX IIHH Yep €3 KOTOpPbIe
COEOHHAIOTCA IMHHLL. 1IpH 3TOM, €CJIH 1A MIHHBI JaHHOH CTaHLIHH HITH IMOC TAHLIHH 3aHHMAaIOTCA JBE IITHHBI, TO HX
HOMEpP a JOJLKHBI OTJIHYATCA Ha YHCI0 KpaTHOH 20-TH.

Bce reHepaTopsl, €CJIH pacueT BeOeTcd IMPH HX paBHBIX 2 C, MOAKIIOYAIOTCA K IIHHE «-», BCE HATPY3KH K IIIHHE
WM,

B kauecTBe rippMepa Ha pHe. 10.1 1 10.2 nokasaHa rp ocTefinmas pacueTHas cxeMa H ee Habop Ha IUTaHIIEeTe

KOMMY TAL[HOHHOT 0 I10J1A MoJleJIH. B 3ToM MpHMep € Bce ¢ OIp OTHBIEHHA cXeMbI HaOHpakTesa Ha OHOH YacTH
KOMMY TAaL[HOHHOI O I10J1A, H TpaHc(epHbIe IIHHbI He HCToNb3YI0TCA. ITH(pEI, cToAIHE 0KOI0 CONPOTHBIIEHHIH,
0003HavYalT HOMEpa COIp OTHBRIEHHH (B KPYKKax) H HOMHHAJIbHY 0 BeTHYHHY B OMax. ToUKH 0KOJI0 MECT
TIPHCOEMHHEHHA JIHHHH K IITHHAM IMOKa3bIBAIOT, YTO 37€Ch PACIIONOAKEHBI H3MEPHTEIBHBIE IIYHTHI.

3.2. [Ipon3BOACTBO H3MEpPEHUHN HA MO /Je/IM-aHAJIUu3aTope

I3MepHTEIbHBIE IIYHTLI B LIETTH 3JIEMEHTOB C OIMP OTHBJIEHHH YCTAaHOBJIEHRI TOJIBKO ¢ OJHOH CTOPOHbI 3THX
351eMeHTOB. I1oM0:KHTEIbHOE Harlp aBJIEHHE TOKa BbIOPaHO IIPH €ro Ip 0TeKaHHH K BEPXHHM ITHHAM
KOMMY TALIHOHHOT O I1oJiA. J[J1s H3MeHEHHA Harlp aBJIeHHA ToKa, TEKYIeTro uepes3 IIpHOop, HaJlo B 3TOM CITy4ae
H3MEHHTD IOJIAPHOC T ¢ MOMOIIbI TyMOIepa MoJIAPHOCTH, TIEPEKIIOYHB €r0 B IMOJ0KEHHE (-,
BBHOY TOT0, YTO H3MEPHTEIBHBIE IIIYHTHI YCTAHOBIEHRI ¢ OJJHOH CTOPOHBI 3JIEMEHTOB COIPOTHBIIEHHI, H3MEpPEHHE
HarpAKEHHH ¢ ITOMOIIbIO KJIFOYEH BbI30Ba MOKHO TP OH3 BOJIHTE TOJIBKO Ha TEX IIHHAX, K KOTOPBIM IMPHCOETHHEH
3JIEMEHT C OIP OTHBJIEHHH KOHLIOM ¢ H3MEPHTENbHBIM IIYHTOM (Ha BEPXHHX IMIHHaX KOMMY TALIHOHHOIO [10JI),
4T00bI H3MEPHTEIIbHBIE ITYHTHI ObIITH IMOK/IH0YEHbI K TEM BEPXHHM IMIHHAM KOMMY TaL[HOHHOTO IT0JIA, Ha KOTOPBIX
TpeOyeTca H3MepATh Halp KeHHe. B rmpHMepe KOHLIbI 3JIEMEHTOB ¢ H3MEPHTEIbHbIMH Ty HTaMH 0003Hau€HbI
TouKamMH. Harmprmep, corip oTHBIEHHE 67 IMOAKIIOYEHO K BEPXHEH ropH3s OHTaILHOH IIHHE 61, o3 ToMy IIpH
TTOMOIIH mrﬁgﬁyﬁﬁwﬁzﬁﬁm 67 MbI 3aMepHM HarIp LKEHHE Ha IHHE 62.

SNEKTPOHHOW NOANWUCHLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc. 10.1. IIpocrenmmas pacueTHasa cxema

I3MepeHHe HAMPAKEHHA MEAKTY JTIOOBIMH JBYMA TOUKAMH HCCJIIEY MO cXeMbl MOKET TP OH3BOJHTHCA ¢ TIOMOI[bIO
IUTHHHBIX ITP OBOJ0B ¢ HAKOHEYHHKAMH, TP €Ty CMOTP EHHBIMH J1J1A 3TOH LIETH.

Mexay mHHOH «K3» H IMIHHOH «1» YCTaHOBJIEH H3MEPHTENEHBIA IIYHT 1 OM. 3T0 JaeT BO3MOMKHOCTE [IPH
orpefeneHHH TokoB K3 ¢ yueToM Harpy30K H3MepATh cyMMapHbIH ToK B MecTe K3 0e3 yueTa TOKOB,
OTBETBIAIOIHXCA B L[EMH HAarpy3oK. IIpH 3ToM H3Mep EHHH TOKa OCHOBHOTO HCTOYHHKA IMHTaHHA H ToKa B MecTe K3
roKazaHHA MpHd opa HeoOXoqHMO YBEMHYHTE B 10 pas.

HabGop cxeMBbl I1p OH3 BOHTCA ITIPH OTKJIFHOYEHHOM HCTOYHHKE IMHTaHHA H IMOTeHLHOMeTpaxX rpy0oii H TOYHOIH

p €ryJIHp oBKH BeMHYHHBI 3J]C, ycTaHOBJIEHHBIX B MHHHMAJIBHY10 BETHUHHY Harlp KeHHA (TymMOJep BKIIFOUeHHA
OCHOBHOI'0 HCTOYHHKA MHTAHHA CTABHTCA B ITOJI0KeHHE «OTKID?, a PYUKH PEryJIHpOoBKH BeTHYHHBI 3] C «rpydam» H
«TOYHAM» YCTAHOBJIEHBI B Kp alfiHEM JIEBOM ITOJIOKEHHH).

ITocne Habopa H IMp OBEPKH CXEMbI BKIOYAETCA 0CHOBHOH HCTOYHHK IMHTAaHHA H HalpsAKeHHE IUIaBHO MOAHHMAETCA
110 BEJIMYHHbI HECKOJIBKHX BOJIbT, KOHTPOJHMPYA OQHOBP EMEHHO CYMMapHBIH TOK HC TOYHHKA IMTHTaHHA H TOK B
HaHOoJIee HarpyKeHHbIX JIMHHAX, ¢ TEM YTOOBI HE JIOITY CTHUTh ITEPErPY3KH 3J1EMEHTOB COIMPOTHBIIEHHT. ECIH ToUKkH
B BETBAX JIEKAT B JIOIY C THMBIX IIPEJeNIax, TO YCTaHABJIHBAIOT BEIOpaHHY 0 B MacITab0ax BETHYHHY HaIpAKEHH,
rocjie Hero coOpaHHasA cXemMa CTaBHTCA Ha IMporpeB B TeueHHe 20 MHH, He MeHee. Iloce riporpega

Yy cTaHABJIMBAETCA TOUYHaAs BEMYHHA HAIPAKEHHA H [IPOM3BOIHTCA 3aMEpP TOKa YIIP aBJIEHHA HC TOYHHKA ITHTaHHA
(IITeKep Ha MHHE «1+» cHAT). IToce 3Toro MoAHO IIPHCTYIHTL K H3MEP EHHIO TOKOB B BETBAX, HAMPAKEHHI B
V3JI0BbIX TOUKaAX HCCJIENYEMOH CXEMBDI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Puc. 10.2. KoMmMyTaliuoHHOE M0JI€ MOJAEIIN ¢ HAOpaHHOII pacueTHOI
CXEMON

IIpH paboTe Ha MoJIeNH-aHaIH3aTOpe HEOOXOJHMO TTOMHHTD CJIEAYIOIIEE:

1. IIpH BKIIOYEHHH IITEKEPOB B THE3/a CIIEY €T IPHIaraTh y CHIIHE CTP Oro IMEPIIEHIHKYIAPHO K IUI0CKOCTH IMaHEH.
Ilep ervObl M TEKEP OB B TV HIIH HHYIO CTOPOHY HE JIOTTy CKalOTCA, T. K. 3TO IIPHBOJHT K I10Op Y€ IITEKEP OB.

2. IlpH ocnabieHHH KOHTAKTa IITEKEPOB JOITYCKAETCA YBEIHYHTD BbIITYKJIOCTh KOHTAKTHOH YacTH, HO MPH 3TOM
CJIEAVET CJEOHTh, YT0ObI KOHTAKTHBIE ILIAaCc THHBI B MECTE BhIX0JIa H3 IUIacTMAacChl ObLITH MPHAKATLI APYT K JApyry. B
I1p OTHBHOM CJIy4a€ IUlacTMaccoBas YacTh IITEKEpOB OVAET HapyIlIeHa.

3. He cienyer KacaThCA KOHTAKTHOH 4YacTH MITEKEP OB PYKaMH. 3TO IPHBOIHT K Y BEJIHYEHHIO TEP EX0IHOT0

C OITp OTHBJIEHHA KOHTAKTA H, CJIE[0BaTEIbHO, ITOHHKAET TOYHOCTh Pacy€ETOB.

4. CTporo 3anpeunjaerca oHOBP EMEHHOE HaKaTHE HECKOIBKHX KIIHOUYEH BbI30Ba H3MEPEHHI. 2TO MOKET IMPHBECTH K
BBIXOJIY H3 CTPOs H3MEPHTEBHBIX IIPHOOPOB.

5. 3anpemaercsa roJHHMaTh Hallp UK €HHE 0CHOBHOIO HCTOYHHKA IMHTaHHA Bhllie 36 B H qodaBouHbIX — Bhilie 18 B.
6. Bo Bpems paboThl HEOOX OHMO CJIEIHTD 3a T€M, YTOObI TOKH HCTOYHHKOB H 3JIEMEHTbI HE TPEBbIIIAH
MaKCHMAaJIbHO JOITY CTHMBIX BETHYHH.

4. Bbi6bop macwmaba saneKmpu4yeckKux eenu4yuH

J1114 rpoH3 BoJICTBA pacueToB Ha MOJEIH—aHaIH3aToOpe pacyeTHada cXemMa HccJieqyeMOoH ¢ eTH JokHa ObITh
MpHBEJIEHAa K OHOH ¢ TYTIEHH HarpsyKeHHA. 3a 0a3HCHYIO CTyIIeHb 00bIYHO BbIOHpaeTcA HaHOolee p a3BeTBIIEHHAsA
JacTh CETH.

Ilepen cocTaBIeHHEM cxXeMbl Habopa Ha MOJ[€Jib-aHaJIH3aTOPE BCE COTIPOTHRIIEHHA CXEMbI B COOTBETCTBHH C
MPHHATLIM Mac ITaboM C Orp OTHBJIEHHI JOIAHbI ObITh H3MeHeHbI. MacimTal ¢ orp OTHBIEHHI 1A

BbICOKOBOJILTHRIX ceTeil (110 kB H Bblle) pekoMeHyeTcA BbIOpaTh TaK, YT0ObI BCE COIP OTHBIEHHS pealbHOH CeTH
y BeJHYHBaIHch Obl B 10 pas, T. €.

M, = 2aer (1

R

MO

PexoMeH;Ty emble MacIITaObl HATPSDKEHHE T Y CTAHOBKH Ha MOJIENTb-aHAIH3aTOpP € B 3aBHCHMOCTH OT HOMHHAJIBHOTO
HarpsoKeHHA ceTH JaHbl B Tadm. 10.1.

BeTHYHHBI cOrp OTHBRIEHHI Ha MOJIeIH-aHaIH3aToOPeE, C LIENbI0 MOJIyuYeHHA O00nblei TOYHOCTH, CJIEVET BbIOHD aTh
HAHOOIBIIHMH, OJTHAKO TaK, 4T00bl HE ObLITH ITp €B30HeHbl MAKCHMAIbHO JIOITy CTHMbIE TOKH B 3JIEMEHTAX

COMp OTHBIEHHH. Bh10op Harp sk eHHid MeHbIne 6,0 B He peKkoMeHAyeTcA, T. K. ITPH 3TOM CHIDKAETC A TOYHOCTD
.. [JOKYMEHT MOANWUCAH
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M, = M,
M}‘i
Tabmuia 10.1
JIHHeHHbIEe HANP. Pda3zoBbIe HANP. Hamnp. Mogen Macmra6 Hamp.
ceTH CeTH
Ux, kB Uy, kB Ux, KB Mu
115 66,5 33.25 210°
13,30 510°
6.65 1010°
230 133.0 26,6 510°
13,3 1010°
6.25 2010°
330 191,0 19,1 1010°
9,95 2010°
500 2899 28.9 1010°
14,45 2010°
750 434 21,7 2010°
8,64 5010°

5. 3adaHue Ha pabomy

3.
4.
3.

OTBeTHTD Ha KOHTP OJIBHBIC BOIIPOCHI.

1
2. Jlna 3agaHHOH cXeMbl (HOMEpP CXEMbI COOTBETCTBYET HOMEPY OpHrajpl) BbiOpaTh MacIITaObl COIMpP OTHBIIEHHIA,

Harlp ;UK €HHI, COCTAaBHTh pPacYeTHYIO cXeMy, HaOop Ha IUTaHIIETe KOMMY TaL[HOHHOTO ITOJIA.

HabpaTbh cxemMy Ha KOMMY TaLIAOHHOM I10JI€ MOJI€TH-aHaIH3 aTopa.

I IpoH3BECTH H3MEp €HHE Harp LK eHHI H TOKOB BO BCEX IUI€YaX H Y3JIOBbIX TOUYKAX CETH.

CpaBHHTD PE3YJIbTaThl, [TOJYUYEHHbIE ¢ [TOMOI[bI0 MO ETH-aHAIH3aTopP a, [OJTy YeHHBIMH aHAIHMTHY€CKHM ITy TEM.

6. KoHmposnbHbIe 80MnpocCkl

1.

2.
3
+.
3

0.
7.

HasnaueHue MOOCIH-aHaI3aTOop a JICKTPHYCCKIIX CHCTEM.
E‘rCTpDIT:ICTEG H Ha3HaYCHHC KOMMY TaLITHOHHOTI'O ITOJIA.

. YCTPOHCTBO H3MEPHTENBHOH IMTaHETH.

HGC.]'IEI[GEETEIIIJHGCTIJ T[IPOH3BOJICTEA PacuCTOB Ha MOJICIIH-aHaJIH3aTOPC.

. OcHOBHBIE TIPHHITHIIbI Ehlﬁﬂpﬂ MacITaba ANEKTPHYCCKHX BCIIHYHH.

Kak cocTaBnseTca cxema Habopa Ha MoJleH-aHaIH3aTope ?
I IpoH3BOCTBO H3MEp EHHIT Ha MOJI€JIb-aHaIH3aTopE.

/. CoOepxxaHue om4yema

1.

.j

F

3.

4.

OTueT 110 pabdoTe noJokeH B cede coJiepKaTh:
HMcxonHasa aneKTpHYecKaa cXeMa, IoJijieskalas pacueTy, ¢ YKa3aHHeM OCHOBHBIX IMap aMeTPOB 3JIEMEHTOB, MECTa
H BHOa K3.
Br10op H pacueT MaciTaboB MO ETHP OBaHHA.
Cxema 3aMel[eHHA CHCTeMbI B TOM BHJIE, KaK OHa JIoJDkKHa ObITh MOTOTOBJIEHA /1711 ee Habopa Ha moeH. Ha Hefi

JIOJIZKHBI ObITh YKa3aHbl BEJTHUYHHBI COITP OTHBJIEHHH H ITOpAJIKOBbIe HOMEPA BCEeX 3J1EMEHTOB.
PesynbTathl orpeneneHdsa TokoB K3 (Tabmipl, cojiepzKaliHe JaHHbIe H3MEPeHHA Ha MOJIeH H pPe3yJIbTaThbl
pacuera).

5. KpaTkHe BbIBOIBI.

CepTudM
Bnaneneu
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1. KysmnHoB A.A. TeopHa snexTporipieona. Yacts 3: Ilep exXoHbIe MPOILIECCHI B 3JIEKTPOIPHBOJIE:
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MIIHUVCTEPCTBO HAYKI 11 OBPA3OBAHIIA
POCCHIICKOI ®EJTEPAITII
denepanbHOE rocyapcTBEeHHOE ABTOHOMHOE 00pa3oBaTe/ibHO€E YUpexKIeHHUe
BbLICILIEr 0 00pa30BaHUA
«CEBEPO-KABKA3CKIII ®E/TEPAJIBHBII YHUBEPCUTET»
HMHCcTUTYT cepBHca, TYpU3Ma U Au3aliHa (puinan) B r.llaruropcke

MeToauueckHe YKa3aHUA 110 BbIITOJIHEHHUIO
PacueTHo-rpadguyeckoii padoThbl o JUCLHUILIHHE

«IlepexoaHble nmpouecchl B YJIEKTPOIHEPreTHIECKHX CUCTEMAX))
171 HallpaBlIeHUA 1oAroToBKU 13.03.02 OnekTposHEPreTHKa U 3JIEKTPOTEXHIIKA
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HE.J'[L, 3aJaY i H pecaJIN3YEMbIC ROMIICTCHLIHH

OCHOBHOI Iebl0 M3ydeHns aucnuiuimHbl «llepexoaHble mnpoueccbl B
IEKTPOIHEPreTHYECKHUX CUCTEeMAaX» SBIISIETCS IIOJIyYEHUN 3HAHMI O ITIOCTPOEHUN
I peXnMax pabOTEl CUCTEM 3JIEKTPOCHAOKEHIS IIPOMBIIIIIEHHBIX I IpakJaHCK X
OOBEKTOB, a TaKXKE€ 0OBEKTOBR CEILCKOT0 XO3AICTBA I TPAHCIIOPTHEIX CICTEM.

3ajgauell  AUCHUIUIMHBL  SBJIISIETCS  H3ydeHHe  (PI3MUECKUX  OCHOB
opMHUpOBaHI PEXKUMOB 3SIEKTPONOTPEeOJICHNI, OCBOEHUE OCHOBHBLIX METOOB
pacuéra MHTErpalbHBIX XapaKTepPUCTUK PEXKUMOB U OIPEJACIICHUS PacUETHBIX
Harpy30K, TIOKa3aTelel KadecTBa »JJIEKTPOCHAOKEHMs, H3Y4YE€HHE METOJIOB
IOCTIDKEHII 3aJaHHOTO YPOBHS HAJEXKHOCTU OOOpYJOBaHUI U CHCTEM
AJIEKTPOCHAOKEHNS.

IIpy  BBIIOMHEHHN  pacyeTHO-Tpaduueckoli  pabOTEI  peaIn3yIOTCH
CJIEAYIOINE KOMIIETEHITUH:

HWHnexc DopMyIIpOBKa:

[IK-2 CriocoO€eH aHaIIM3NPOBAThL PEKUMEL pabOTEI CUCTEM
AJIEKTPOCHAOKEHISI 0OBLEKTOR
WMugukatoper KMJ[-311IK-2 OGecneunBaeT 3a/laHHBIE ITapaMETPhI PeKIIMa
JOCTHKEHIS CHCTEMEI 3JIIeKTpOCHAOKEHNI 00OLEKTa
KOMIIETEHIII
dopMyIMpOBKaA 3aJaHUA U €€ 00beM.

— baszoentit yposenw

PaccunraTh 3IEKTpUUECKUE HATPY3KU TPYIII AJIEKTPOIPUEMHUKOB METOJOM
VIIOpSAOYEHHBIX JHarpaMM IIoKazaTeleil rpaUKoOB 3JIeKTPUUYECKUX Harpy3o0K IIo
pazzeny 1.

l1oébiuernblil yposeHs
Paccuurate 3JIEKTpUUECKNE HArpy3KU TPYHOI SJIEKTPOIPUEMHUKOB METOOM
VIOPSUIOYCHHEIX JHarpaMM IIOKazaTesiell rpaUKOB 3IEKTPUUECKIIX HAarpy30K IO

pazgeny 1-4.
2. TPEBOBAHIISA K YPOBHIO OCBOEHISA JHCIALL/INIHBI

B urore mydeHns JUCHUIUINHEL CTYICHT JOJKEH 3HATh:
- 00 oObekTax, MBJICHISIX, IIpoIleccaX I« MeTojJax aHaln3a IIOBeJeHNS
aIIEKTpOsHepTreTHdeckoil cucTeMul (O0C) u cucteM snekTpocHadxkenus (COC) mpu

pPa3INYHBIX Hapy MICHUIX,
- 0 TEOPUU CTAaTHYECKON U JUHAMITUECKON yecTOMINBOCTH OOC 1 COC, CTy4eHT

HOJIKCH ;_)i'MﬂTBZ
OKYMEHT MNOANMCAH

- MEETOTRANGA “?HWQ%‘TDB HE%JE};D,[[HBIX pexumMoB O0OC n COC (cTaTHUECKON U

Ceptucomkatr: 2C0000043ESABBE952205E7BAS00060000043
Bnanendl T HAMIHSECKQU MGTOMEUBOCTH ),- METOJJaMI aHajn3a ImopeaeHnsa 29C nu COC;
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- - MaTeMaThyecKue MOJENU N IIPOTpPaMMHBIE KOMIUIEKCHl [JI1 aHajm3a

IIEPEXOIHBIX IPOIECCOB,

BEIIIOIHATE HEOOXOJMMBIE PACUETHI,
opMUpOBaHII U IOCTAHOBKH 3a/iau pacueTa Iepexo HEIX pexnuMoB D0C u COC;
- IHCIOJIL30BAaHISI COBPEMEHHON BBIUMCIIUTEIHLHON TEXHUKNU JJII PacueTOB
ycronmunBocTu 290C u COC.

O61uMe TpedboBaHMS K HAMMUCAHHIO U 0(hopMJIEHHIO PA0OTHI.
O cHoBHble mpedosanus K pabome

[Ipu BeImosTHEHUH 1 0 hopMiIeHIN KOHTpoabHOU 1o I OCTy Hago YUUTEIBATE
oOmue TpeOoBaHMS, KOTOPEIE IPEABABISIOTCS K padoTe:

° CTYJIEHT JOJDKEH IIPUIAEPKNBATLCS 3aJaHHON TEMATUKI,

° 3allpelIeHO MEHSTh TeMy CaMOCTOSTElILHO ©Oe3 oOpameHus K
[IperoJaBaTeo;

° pu 0(popMIEHUHN padOTEI HYKHO YUUTHIBATE HOPMEL U I'OCTHI;

. KOHTPOJIbHAS BLITIOJIHAETCSI HAa OCHOBAHNN HE MEHEE CEMU NCTOUHUKOB,
BEIOPaHHEIX aBTOPOM;

° paboTa JOKHA OBITH aBTOPCKOI, B HEHM [JOJKHBEI COJEPKATHCS

COOCTBEHHLIE BBEIBO/JBI CTY JCHTA,
* TCKCT HDHTpDHBHDf’I JOJIZKEH IIMCTDE 00LeM He MeHee 7/ JIIICTOB.

Odopmnenue no I OCTy mekcma KOHMpPOIbHOU
Korgma pabora BeINOJIHEHA, €€ HEOOXOAMMO IIPHUBECTU B COOTBETCTBYHOIIUII
B cornacHo 1 OCTawm:

. KOHTPOJIbHYIO HaOuparoT B Word 1in JpyroM TEKCTOBOM peJaKTOPE C
aHAJIOTHYHLIM (DYHKIIIOHAIIOM,

. IIpu Habope HyKHO HCIIOJBL30BaTh MpudT Times New Roman;

. NHTEPBAJI MEKAY CTPOK — IIOJTYTOPHBIIL,

. pazmep mpudra — 14;

. TEKCT BEIPABHUBAETCS I10 IMIHPUHE;

. B TEKCTE JIEJIaFOT KpaCHBIE CTPOKH C OTCTYIIOM B 12,5 MM;

. HIDKHEE 1 BepXHee I0JISI CTPaHUIIBl JOJIKHBI HIMETh OTCTYII B 20 MM;

° cJieBa OTCTyI cocTariieT 30 MM, crmpaBa — 15 MM,

. KOHTPOJIbHAS BCeTJa HyMepyeTcs ¢ IIepPBOro JINCTa, HO Ha TUTYJILHOM
JIICTE HOMEP HE CTaBST,

. HOMEp CTpaHUILI B paboTe BCErjla BLEICTABRILIETCSI B BEPXHEM IIPAaBOM
YTy,

. 3arOJIOBKH PabOTEI 0 (QOPMIIIIOTCS JKUPHBIM MIPHQTOM,

. B KOHIIE 3ar0JIOBKOB TOYKa HE IPEAYCMOTPEHA,

JOKYMEHT MNOANCcAH
'EHEHTPG}HEHFMBREI{I{H@IIPH}DTCH IIPOIINCHBIMI 6}"KBHMH;

Cepmudomkatr: 2C0000043ESABBBY952205E 7BASD0060000043E 6 6
Bronenew  WetSxoss TarBeGnMYHKIEI 11 pasfeibl B padoTe JOMKHEL OBITH IIPOHYMEPOBAHEL

apabckumu nuppamu,
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° Ha3zBaHU pa3/IeJIOB pa3zMeN[aroTCs IIOCEPENHE CTPOKN, TOApa3 ekl —
C JIEBOT'O Kpas;

. paboTa pacnedaThIBa€TCs B IpUHTEPE Ha cTax A4,

. TEKCT JOJI’KEH pacIlojlaraTbCs TOJILKO Ha OJIHOI CTOPOHE JINCTA.

Paboma umeem maxkyw cmpykmypy.

TUTYJIBHBIN JINCT,

OryaBjI€HUE U BBEJICHIE,

OCHOBHOI TEKCT 1 pacuye€T KOHTPOJILHOIM,
3aKJIIOYNTENBHAS YACTh PaOOTHI;

IIlepeueHb UCIIOIBL30BAHHON JIUTEPATYPhl I NCTOUHNKOB,

ILGHGHHEHHH I IIPIUIOMKCHITA.
ECHH B paﬁDTE CCThb IIPMJIOXKCHIIA, O HIX HAJ0 VIIOMIHATE B OI'NJIAaBJICHIIH.

CCBUIKI HYMEPYIOTCA apabckumu IudpaMu, IIpH 5TOM YUUTHIBAIOT
CTPYKTYPY pabOTHI (pa3iesibl U Hoapa3Iebl ).

R N

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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PexoMeHaaLIMHU 110 BBITNIOJIHEHHUIO 3a1aHUS.

IIpu pacuerax TokoB K3 gomyckaeTcsa HE YUUTHIBATD.

1. CoBur no ¢aze 5/IC u n3MeHEHNE YacTOTHI BpaIl[eHII POTOPOB CUHXPOH-
HBIX MAIIINH, €CJIN IIPOJOIIKUTENLHOCTE K3 He npeBwimact 0,5 c;

2. Tox HaMarHMYNBaHUS CIWIOBBIX TPaHC(OPMATOPOB H aBTOTPaHC (POPMATO -
POB,

3. HacrineHne MarHUTHBIX CICTEM 3JIEKTPUUECKIX MAIIlNH,

4. IlonepeuyHyro €eMKOCTh BO3QYIITHEIX THHNI 3J1ekTponepegaun (U=110-220kB,
eciu nx juyimHa He nperelimact 200 kv, n U=330-600 kB, ecniu Aj1nHa HE IPEBBINIAET
150 xm);

5. AKTUBHEIE COIIPOTURIIEHNS 3JIEMEHTOB CETU HAIIPSKEHNEM CBBIIIE 35 KB.

B snexTpudeckoil TpexdazHoil cucteMe HanpspkeHueM 110 kB u Beime Boz-
MOJKHBI cliefyromne Buael K3: tpexdaszroe - K@ neyxdaznoe - K?®; nByxdaszHoe
Ha 3emmmo - K'Y, onHOdaszHoe Ha 3emmmo - K. Pacuersl TokoB K3 nmponsBogsarcs ¢
[IOMOIIBLIO PACUETHBIX CXEM CETU, B KOTOPHIE BBOJATCS BCE YUACTBYIOIINUE B IINTA-
HIN MecTa K3 ncTouHNK N, a Tak)Ke 3JIEMEHTHI (TpaHC(OPMaTOPHL, INHIH, PEAKTOPEI
I Ip.) C YUeTOM UX CBi3ell, kak ¢ MecToM K3, Tak 1 Mexay coOoii. J[J1s ynpoImeHn
IIPOBOJUMEBIX PACcUETOB I[€I€CO00pa3HO B pacUeTHON cXeME BC€ MarHUTOCBSI3aHHLIE
[[EI 3aMEHUThL OJHOU SKBUBAJICHTHOWN 3JIEKTPUUECKH CBSA3AHHOU IIENBIO, T.€.
COCTAaBUTL CXEMY 3aMeleHus. J[J11 pacueTa HECUMMETPUUHLIX K3 pekoMeH 1y eTCs
MCIIOJIb30BaTh METOJ CUMMETPUUHBIX COCTABIIAIOIINX 1 IIPABIJIIO 5K BUBAJIEHTHOCTU
[IPSIMOM ITOCJIEIOBATEIILHOCTU .

2.2 OnpedeneHue napamemposd 31eMeHMO6 3IKEUBAIEHMHbIX CXeM
3amenjeHus.

[IapaMeTphBl 3KBHBAJIEHTHBLIX CXEM 3aMEIeHISI MOTYT OBITh OIIPEACIICHBI :

1. B uMeHOBaHHBIX I OTHOCUTEBHBIX €AUHNIIAX [IPUBE/ICHIEM 3HaUCHUII I1a -
pPaMeTPOB PACUETHHLIX CXEM K BEIOpaHHOII OCHOBHOII (0a31CHOII) CTYyIIEHI HAIIPsKe-
HUSI CETH C YYETOM (aKTHUECKNX KO3(PPUIMEHTOB TpaHC(OpMalul CHIOBEIX
TpaHC(HOPMATOPOB I aBTOTPaHC(HOPMATOPOB.

2. B oTHOCUTENIBLHEIX I IMEHOBAHHBIX €QUHUIAX 3HAUEHUI [IapaMETPORB pac-
YETHBIX CXEM K BEIOpaHHEIM Oa31CHBIM YCJIOBHSAM C YUETOM CPEIHUX KO3 puIineH-
TOB TpaHC(OpMallll, PAaBHEIX OTHONICHHIO CPeJHNX HOMHHAJILHBIX HaIPKEHUII
CETENl COOTBETCTBYIOIIUX CTYIIEHEN HaAIpsKEHUN. PeKOMEHAyeTCs MCIIOJIL30BaATh
MIKaIy CPEeIHIX HOMHHAIBLHBIX MEXKIY (a3zHBIX HaIlpshkeHUil ceteil B [kB|: 3,15;
6,3;10,5; 13,8; 15,75; 18; 20; 24; 37; 115; 154; 230; 340; 515; 750.

B nepBoMm ciyyae pacCUHTHIBaIOT TOKU K3 Ipn HaImInu JaHHBIX ¢ (paKTHYeE-
CcKIX K03 (p(pUIeHTOoB TpaHcopMalusa. Hanbornee mpeammouTuTesieH i1 IpaKTIde -
CKIX pacueToB (pexomeHayeTcsa B KP) Bropoili cmocodO mpuBeaeHns. PacueTHLIe
BEIPaKEHN JIJI 3TOTO cIiocoda npuBeieHEl B Tadi. 1. IIpu BEIOOpE JaHHBIX YCIIO-
BHII CclIeQyeT PyKOBOJCTBOBATLCA TE€M, UTOOBI IOPSIOK YHICJIOBBEIX 3HAYEHHI OBLI
yO00€H 715 OIEepHUpPOBAHUSA C HUMH. 3a 0a3zMCHYIO MOITHOCTE (Sg) IeIecooOpa3Ho

Ip THUMARR-SGIRS sPagHOe necartu. Hampumep, 10, 100, 1000 u . . [MBA]. 3a
Ceprud (g3 HEHBIE ERBIPPRE PP IT8) PeKOMEH Iy €TCs IIPUHIMATEL CpeJlHee 3HaueHHe TOM

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
CTCIICHII TPaHC (gnDpMaL[HH: I'’1€ HAXOOIITCA TOUKA K3.
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2.3. CocmasiieHue cxem 3ameuieHUss 011 MoOK06 NPAMOU, 0OpaAmMHOU U
HYJ1e80i nocitedosamelbHocmedl

OmnpegeneHue IapaMETPOB HX 3JIeMeHTOB. (B manpHelimeM OpHHATHEL IITHPOKO
pacIpocTpaHeHHBIE 0003HAUYEeHUS NHAEKCOB JIJI IIapaMeTPOR IIpsAMOIl, 0OpaTHOII
I HyJIEBOII mocnegoBaTenbHocTell: 1, 2, 0).

1. Cxema 3aMeneHns IIpsIMON IIOCIIEIOBATEIIbHOCT aHaJIOTUYHA CXEeME, KOoTopas
COCTaBIIIETCA JJIA pacueToB cuMMerpuuHoro K3. B 3aBucumocTit OT MOMEHTA
BPpEMEHU M METOJ[a pacueTa BCE€ OJIEMEHTHI, B COCTaB KOTOPBIX BXOMAT
BpallaloI[e MaIlNHBI (T€HepaTOphl, HArPy3KMU JBHUrAaTEIN, CHUCTEMBLI N T.II.),
BBOJIATCS B CXEMY 3aMEIEHU] IIPSAMO U [IOCJIEIOBATEIILHOCTU
COOTBETCTBYIOIMUMU peakKTUBHBEIMUI 3 J[C. Bce ocTalbHBIE 3lIEMEHTEI BBOJAATCS B
CXEMY HEN3MEHHBIMU COIPOTURIICHISIMM.

Hauasom cxemnul (H) OpsSMOI IOCTIEIOBATEILHOCTH CUIITAETCI TOUKa, B KOTO -

poii 0OBeeHBl CBOOOHEIE KOHILEI BCEX TeHEPHPYIONIX I Harpy30UHBEIX BETBEIl. B

MECT€ HEeCHUMMETpHU (KOHEI[ cXeMul - K) AeiictByeT OJ[C, paBHas HaIIPSIKEHIIIO

IPSIMOII TTOCJIeA0BaTEILbHOCTH. J[FOOYIO CXeMY IIPSMOII IIOCIIE0BATEILHOCTH MOXK -

HO IIPUBECTHU K IIPOCTEUIIEN CXEME, N3 KOTOPOU OIPEAEIIsAEeTCA pe3yIbTUPYIOIas

OJ1C E5 1 pe3yIbTUPYIOIEE COIIPOTURIIEHNE IIPAMOI IIOCIEI0BATEIIEHOCTH X531

16 (1)

E3 Xgl K X:ag K Xgn K
, @ T T : NN ; M/—\vF
i Ixa1 Uxkai | Imzl | II{Aﬂl
: ONE O
i | Uxkaz | Uxao
I-----------------------_—_H L e e e e e e e e e — j[j S
2) ' 5). N B) N

Puc. 1

2. Cxema 3aMemeHns1 00paTHOI IIOCIeI0BATEILbHOCTH 110 KOH(UTYpallill He
OTJIMYAETCS OT CXEMBI IIPSIMOIl IocieqoBaTeIbHOCTH. HauamoMm cxeMel oOpaTHOU
[IOCJIEAOBATEIILHOCTH SRJISIETCS TOUKaA, OOBEOUHSIONIAS HauaJlo BCEX INE€HEPUPYIO-
X 1 Harpy3o4HBIX BeTBeil (OJ[C oOpaTHOI MOCIIEI0BATEILHOCTI PaBHBI HYIIHO ).

B koHIgoekEMBL & TOUke K3) mpwioxkeno HanpspkeHne Ugas. llapamerpsl

POHH UCbIO -
Ceomy d};ﬁJﬂ;ﬁhg&gﬁ“ﬁ% P ooddMEIeHNsT  OOpaTHOII  IOCIENOBATENIbHOCTU A

B”EQE”EPPHH@@@FE\EEFWEFE@BE}’HIHBIX HHHHIT’I:, KaOenen u PCaKTOPOB TC K€, HTO I B CXCMC

HpHMDﬁ ITOCIICOOBATCIIEHOCTII. Ilo CPAaBHCHIFO CO CXeMOIl 34dMCIICHIIA HpHMDﬁ
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[TOCJIEJOBATEIILHOCTU M3 MEHSIOTCS COITIPOTURJICHU oOpaTHOII
[TIOCIIEAOBATEIILHOCTU SJIEMEHTOB, B COCTaB KOTOPBIX BXOJAT BpalllaroIuecs
MAaIIHHI.

Ecam s Harpy3kn CONPOTHBJICHHE OOpPaTHOM IIOCJIEAOBAaTEIILHOCTU HE
3aJ]laHO, TO €r0 MOHO IIPUHUMATEL paBHEIM Xg2)=0,35 0. e.

ComnpoTHURIIEHNE O00paTHOIl MOCIEIOBaTEILHOCTH TI€HEPAaTOPOB JAETCS B
KaTaJoraX B OTHOCUTEIBHBIX E€IUHUIAX C IPUBEACHIUEM K HOMHIHAJILHLEIM
[TapaMeTpaM IeHepaTopa.

Cxema 3aMeneHnsa oOpaTHOII ITOCJIEI0BaTEILHOCTH IPUBOAUTCS K BUY, U30-
OpaxkeHHOMY Ha puc. 1, 0. 3xechk Xno; ABILIETCS PE3YILTHPYFOIIM COIIPOTURICHUEM
0OpaTHOII MOCJIEA0BATEILHOCTH.

3. Buag cxXembl 3aMeIeHUs HYJIEBOHN IIOCIEAOBATEIILHOCTU 3aBUCUT OT
3a3eMJIEHIS HeliTpasell ceTH Belciiero HanpsxeHud (110 kB u Brie), kormdecTBa
TpaHC(OPMATOPOBR U aBTOTPaHCPOPMATOPOB, CXEM COCAMHEHNS NX 0OMOTOK. Eciu
HellTpank TpaHcopmaTopa OyJeT He3a3eMJIeHa, TO He OyJAeT KOHTypa i
IpOTEeKaHNUS TOKa HYJIEBOII IIOciedoBaTenbHOCTH. IIpm coeguHeHnNH OOMOTKU
TpaHc(opMaTopa B TpPEYTOJILHUK TOK HYJIEBON IIOCIIEJOBATEIILHOCTU B HSTOIl
0OMOTKE IIPOTEKAET, HO Jiajiee Iy TU AJII HErO HeT.

B cxeme 3aMeIeHns HyJIEBOU IIOCIIEA0BATEIILHOCTU 110 CPAaBHEHNIO C IIPSIMOI
N3MEHSIOTCS COIPOTHBICHHUS JIMHHUI SJeKTpollepefadnd. ITO 00yCJIOBIJIEHO
0COOEHHOCTAMU ITUPKY I TOKOB HYJIEBOM IIOCJIEAOBATELHOCTIL.

CocTaBIIEHIIE CXEMBI 3aMEIEHN HYJIEBOU IIOCJIEOBATEIILHOCTH CJIEYET Ha-
UNHAThL OT TOUkU K3, rie nmpuinoxkeHo HamnpskeHne Uxao U SABISIONIENICS KOHITOM
CXEMEBI 3aMeleHI. J[anee B CXeMY BBOIATCS T€ 3JIEMEHTHI, HO KOTOPBIM IIPOTEKAOT
TOKM HYJIEBOII IOCJEJOBATEILHOCTH. KOHIBI 3TUX BJIEMEHTOB, HNMEIOIIX
[IOTEHIMAILl 3€MIH, T. €. 3a3€eMJICHHBIE HeHUTpanu TpaHCcOpMaTOpPOB
(aBTOTpaHC(HOPMATOPOB) | 0OMOTK, COEQUHEHHLIE  TPEYTOJILHUKOM,
OOBEIUHSAIOTCA B OOIIYIO TOYKY, IIOIIy4das Hadalo CXE€MBI 3aMEIIeHUS HYJIEBOU
[TIOCIIEAOBATEIILHOCTU. 3aTEM CXEMY CBEPTHIBAIOT OTHOCUTENBLHO TOUKN K3 11
ONpEeNEIICHU  PE3YJILTUPYIOMENT  BEIINYMNHEI COIIPOTHUBIIEHNS  HYJIEBOU
IOCJIeJOBaTEeILHOCTH X350 (puc. 1, B).

IIpn omnpeaeneHUN CONPOTHBICHUN JIHOOBIX CXE€M 3aMENIeHUsS CcJeQyeT
ICIIONIL30BaTh (DOPMYJILL, IIPUBEAECHHRIE B TaOI. 1.

2.4. OQouuil nopa0oK aHANTUMUYECKO20 pacyemad 3NeKmpudecKkux cemei
npu K3.

IIocre cocTaBIEHUA CXEM 3aMEIEHI SIIEKTPUUECKON CXEMBI 11 OIIPEIETICHI S
[IapaMEeTPOB UX 3JIEMEHTOB BO3HHKAET HEOOXOAUMOCTL ONpeJIelIeHIsT TOKOB 1 Ha-
IPSDKEHUI KaK B MECTE MOBPEKASCHUS, TaK S B JIFOOOM 33aJJTaHHOM MECTE.

J{711 5TOro HUCIOMB3YIOTCS OOBIYHBIE METOABI, KOTOPBIE N3YYalIUCh B Kypcax
""TeopeTyeckne OCHOBEI AJIEKTPOTEXHUKN' 1 " OIEKTPUUECKIE CETH U CUCTEMBI .

1. IIpuBegeHNE CXEMEBI 3aMENMIEHUA K IIPOCTENINIEMY BULY.

L A LT P oHGHIQSB3Y FOTCST. METO/IBl IIapajUIelIbHOTO U IIOCTIEJ0BATEIbHOTO
Cepmb IO HCHTTSE LG TIP P ITESI O fPeoOpa3oBaHIsl TPEYrojIbHIKA B 3Be3ly U 0OpaTHO,

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

METOJ[ S3KBUBAJIIEHTHBIX J3J[C.
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HWHorma B OoJjiee CII0KHBIX CIIyYasx IIpHU IIpeodpa3zoBaHUN CXEMBI 3aMeIeHI
BO3HHUKAET  HEOOXOAUMOCTL  MPUMEHEHHIS  crocodba  paszpe3a  CXEMEL.
IIpeoOpazoBaHne CXEMBI BBEITOJHO BECTH TakK, YTOOBl aBapUiiHAsi BETBb IIO
BO3MOJKHOCTH OBlJIa COXpaHEHa JI0 KOHIla IMpeoOpa30BaHUl IWJIM YUacTBOBajIa HIX
TOJILKO Ha IIOCJIEJHUX STallax.

2. IIpu pyuHoM pacueTe nHOTIa OBIBAET Y 100HEHN HCIIOIB30BaTh P UHIINII Ha-
IokeHUuA. J{d 3TOro HeoOXOANMMO OIpedeNIaTh COOCTBEHHELIE 1 B3aIMHBIE COIIPO -
TUBJICHII CXEMBI 3aMEIIEHIS.

B KP npousBosATcs pacueThl HayalbHOU CTaAUN IIEPEXOAHOTO IIpoliecca mpu
Tpex(}azHOM U HECUMMETPHUHLIX (IpU OJHOKPATHOI MOIEPEUYHON HECUMMETPUN)
K3, B 3agaunm sTuxX pacueToB BXOAUT OIIPEIEIIEHUE AEHCTBYIOIIErO 3HAUCHMS
[IepHOANUECKOIl ciararomnieil Toka K3 B HauankHEIIT MOMEHT BpeMeHH (Io) - Haualb-
HOT'O CBepXIlepexoiHoro Toka (I"), a Takxke ygapHOro Tokxa (1y, ly).

IIpn BBEIIOJIHEHUU PACUETOB HCIIOJIL3VIOTCSA BCE TE€ AOMYIEHUS, KOTOPBIX
OBIITN M3JIOKEHBI paHee. KpoMme HHIX, B IIPaKTHUECKUX pacdeTax 10 ONpedelICHUIO
HAUaJIbHOTO CBEPXIIEPEXOJHOIO TOKa JOIIYCKAETCSI PABEHCTBO IIPOJOJILHBIX U
ITONEPEYHBIX CBEPXIEPEXOTHBIX PEaKTHBHOCTEH CHUHXPOHHBIX MAaIlUH (X 4 =X ),
BHE 3aBUCHUMOCTH OT MX THUIIOB, UTO 3HAUUTEIHLHO YVIIPOI[AET pacueTHI.

IIpu pacuerax HeCUMMETPHUHBIX K3 mpejaronaraercs, UTo IIepuoguuecKasd
clararonias TOKa COCTOHUT TOJILKO M3 OCHOBHOM TFapMOHUKH, T.€. IIpeHeOperaroT
BBICIIINMI FapMOHIKaMI.

2.5. Pacuem HauanvbH o020 3HAYEHUA NEPUOOUYUECKON COCMABNIAIOUEH MOKd
K3

2.5.1. Obuue nonoxrceHun

IIpu pacuete I JOJDKHEI OBITH YUTEHEI BCE CUHXPOHHEIE MeHEPaTOPhl I KOM-
[IEHCATOPhI, a TaKK€ CUHXPOHHBLIE aCUHXPOHHBIE ABUraTeIn MOITHOCTEIO 100 kBT
11 OoJIee ecJI OHHM HE OT/JIeJIeHBl OT TOoUkHN K3 TOKOOIrpaHNYNBAOMIMU PeaKTOPaMI
IJIN CUJIOBEIMU TpaHC popMaTopaMi. B aBTOHOMHBIX CUCTEMAaX CJIEYET YUUTEIBATE
I 3JIeKTpoABUraTenn MoliiHocTeo MeHee 100 kBT, ecniu ux gossa B cymMmmapHoM K3
COCTAaBJLIET HE MeHee S5 Y.

2.5.2. Pacuemmnsle napamempsl  cXembl  3AMEUieHUA  NPAMOU
nocied08amenbHOCMU

CHUHXPOHHBIE U ACHHXPOHHBIE MAIINHBI B CXEMY 3aMENEHUd IPIMON
[TOCIIEAOBATEILHOCTU JTOJDK HEI OBITh BBEJICHEI CBEPXIIEPEXOTHBEIMU
CONPOTHBIEHIMI (X ¢) u cBepxuepexogueiMu  OJ[C  YNCIEHHO paBHBIMI,
sHaueHaIM >Tux OJ[C B moment, npeamectryromuii K3 (E"). IIpu orcyTcTBHI
maHHeIX o E'" 3umauenme JJ[C i1 paznndHBIX 3JIEMEHTOB CETH MOIYT OBITh
OIIpE/IEJIEHBI COOTBETCTBUU C TaOII. 1.

Harpyzka B cxeMe 3aMeleHIs YUUTEIBASTC S IPUOIIIKEHHO, KaK HCTOYHHUK CO
CBEPXIIEPEXOLHBIM CONPOTUBIIEHNEM X x=0,35 1 BJIC E"=0.85 (ecnu He 3amaHEBL
IPYTUE BEJIMUIHEI ).

Bt oG T B A IEMEHTEI CETH BXOJAIT C 3aJJaHHBIMH IIapaMeTpaMIl, IIpHBe-
CepvbiiE H RPN RARH ST EGASTTC MO *MOonITHOCTH, Sg (B 0. €.), MO0 K OJHOIl CTYIIEHHN Ha-

Bnaneneu: llleGayxoea TateAHa AnexkcaHgpoBHa

IPAKCHITA ( B MIMCHOBAHHBIX E,[[HHHL[HX).
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2.5.3. CocmasneHue 3K 8UBATIEHMHbBIX CXeM NPAMOU NOC1e008ame/lbHOCMU
015 pa3znuuHslx U008 K3 u onpeoenerHue nojiHblx mokoe.

JI1st pacyeTOB M aHaIM3a HECUMMETPUHEBIX K3 Ba)XHBIM BBEIBOJIOM SIBIISIETCS
[IPaBUJIO SKBUBAJIEHTHOCTH IIPSMOI IIOCIEA0BATEIILHOCTI. CyTh 3TOTO IIpaBIIa CO-
CTOUT B TOM, UTO TOK HPSAMOII IIOCJIEJOBATEILHOCTH JIFOOOTO HECUMMETpIUHOT0 K3
MOJKHO OIPEAEIINTh KaK TOK HEKOTOPOro 3KBUBAJIEHTHOro TpexdazHoro K3, yma-
JIEHHOTO OT JICMICTBUTEILHON TOYKU IIOBPEKICHIA HAa JOIIOJHUTEIILHOE COIIPOTUB-
nerne Ax™ (myst K3), BenMUmHa KOTOPOTO OIPEAEIIETCS PE3YIbTHPYIOIIMI
CONPOTHUBJICHILIMI CXEM OOpaTHON M HYJIEBOM IIOCIEIOBATEIILHOCTH, (X33 I Xwp)
OTHOCUTENLHO, MecTa K3 u 3aBucut ot Bujga K3. B cooTBETCTBUE C ATUM IIPaBIIIOM
AKBHUBAJICHTHAS CXEMa MpSIMOIl IOCIIEA0BATEILHOCTY HIMEET B, N300pa’k €HHLII Ha
puc. 2.

X K AX™ |
21 KA1

Es
6 e e / NN N

Puc.2

Tox npsMoil mociaegoBaTelIbHOCTH 0co0oil ¢azel (A) B mecte K3 mpu

nro0oM HecuMMeTpudHOM K3 (n) cieayeT onpeaersars 10 (popmyie

L E

KA1

/

= 2
J(x5 +Ax™) @)

rre  Ax'™ - JONONHHUTEILHOE CONPOTHUBIEHNE (OINpeaersieTcsl B
COOTBETCTBHU ¢ TaOII. 2).

CxXeMBl  3aMEI[EHId BCE€X TPEX  IIOCJIEIOBATEIILHOCTENl  METOJOM
IpeoOpa3zoBaHUl IIPUBOJATCA K IpocTelimeMy BUAY. lIpu 3TOM oOIpeaersaroTcs
CYMMAapHEI€ COIIPOTUBJIEHHNS CXEMBI KaXKJOI IOCJIEAOBATEIILHOCTH OTHOCHUTEIILHO
MecTa K3 X5, Xs, X5, @ B CXeMe IpsaMON 1ociemoBarenbHOocTH En. llpn
BLIIIOJITHEHIIU IpeoOpazoBaHMII cXeM CIIEAYET BEIONPATh TaKyHO
[I0CJIEJOBAaTEILHOCTh, YTOORI YNCIIO IMpeoOpa3z0BaHNil, OCOOCHHO CJIOXKHBIX, OBLIO
HalMEHBININIM. OTO oDecleunBaeT MeHbINee KOJIMUECTBO OIMMOOK B BREIUNCIIEHIIIX 1
SKOHOMHT pacueTHOE BpeMs. B Tozke BpeMs IoclieJOBaTeILHOCTL MpeoOpazoBaHnil
JOJKHa OBITH TaKOBa, YTOOBI B IIOCIIEAHIOIO OUEpeIb HNpeoOpaz0oBalICh T€ YaCTH
CXEMBI, B BETBIX KOTOPBIX HEOOXOJMMO OIPEJEINTh TOKM H OCTaTOUYHBIE
HaIIpsDKEHNI. TakuM oOpazoM, COKpalaeTcsd oObeM BBIUHCICHHN IIPpU 0OpaTHOM

JOKYMEHT MNMOANCcAH

pa3Bep PRESERHITVEREMETC ] [oTHEIIT TOK IOBpexkAeHHON ¢a3nl B MecTe K3 paBeH
Cepmudukatr: 2C0000043E9ABEBS52205E7/BAS00060000043E

Bnaneneu: L1 EEJ})ED Eja Tart I:HE-IEH .fl.nem: aHAROBH

o (3)
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rne m' - kosddHULIUEHT, TIOKa3bIBAIOmMIL, BO CKOJILKO pa3 TOK

noBpexaeHHON (azel B MecTe K3 OosbIe Toka IpsMO il HOCTIEI0BATEILHOCTH (Tal.

2.)
TaOmua 2
n Ax™ 3naueHne ko3 gpdurmenrta m™

Buo K3

Tpexdasuoe 0 0 1

JIByxaszHoe 2 X3 J3

OnHodasHoe | X T X9 3

JIByxdaznoe Ha | 1.1 | X5, +Xg J3 1 o2 X

3EMITIO Xz ¥ Xsg (Xsy + X))

2.5.4. Onpedenenue cumMmempuuHslX, (PA3ZHLIX MOKO8 U HANPAHCEHUU 8

mecme K3 u 3a0anHblx ceueHUusx.
Tokn 1 HanpspKEHNA 00paTHOII U HYJIEBOII IOCICA0BATEIILHOCTH B MECTE I1O0 -
BPEKIEHIS CBI3aHbI ONIpeAe/IEHHLIMI COOTHOIISHUSIME ¢ TOKaMI 1 HaIIP XK CHUSIM I

HpHMDfﬁ[ ITOCJICOBATCIIBHOCTIT JIJIA paCT-IETHDfI (I)EI.BLI:, KOTOPEIC OIIPCACIAROTCA BII-
AOM IIOBPCIHKIACHILA. Ecmm IHPHUHATE JJIM BCCX HCCHMMCTPITHHBIX HDEpE}K,[[EHHﬁ 34

pacueTHyIO a3y A, COOTHOMEHNUS Oy Iy T:
-t aByxazHoro K3
Py = L g 3U gy = U g (4)

-t ogHo pazHOTO K3
Fiwy =1 gy = Liags Uy TUguy +U gy =0 (5)
- JUII ABYX(a3HOI'O Ha 3E€MIIFO

Lay + L gun + 1o = 03U gy = U iy — U gyg
Ax D Ax D (6)

P Y  ao = —1 g
X3 Xap

IIomHEBIE TOKH B (1’)8.3-’:1}{ COOTBCTCTBCHHO.

Io,=1., +1,,+1,,

KA KAl KA2

Lyy=a 1y, +alg, +1;, (7)
OOKYMEHT NoarincCAaH

OQBHEEF?;HDH HD&DZCF:I‘U
CepTudbmkar: 2C0006843E9 aﬁﬁbzﬂz_n 7 mﬂ_gﬂgﬁﬂﬂﬁ
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
V3 V3

19 9 9 .
e a == _05+j2.a%=e?=-05-;°
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HaHpH}HEHIH PA3JINYHBIX HOCHE,[[GE&TEHEHDCTEE[ B MCCTC IIOBPCHKJCHIA HAXO JATCAH

Kak (puc 1)

Ugai = JH ga - Ax™

Ui = Jgur - X5 (8)

U gso = = H gao * X 5
HDHHEI'E HHHPH}I{EHHH OTACIIEHBIX [1)-':13 B MCCTC HDBpﬁ}KﬂﬁHHH DHpEﬂEHH}DTCH

yepes cooTBeTcTRYIOMIE (Ugkai, Ukaz, Ukag) IO COOTHOMEHNSIM, aHAIIOTMYHBIM JJI4

TOKOB

Uy =Upgyy +Ugyy U gy
Ugg=a Uy, +alUy,, +U g, (9)
Uge =aUy, +a Uy, +U gy,

JInsa HaxoxaeHns (azHBIX TOKOB M HANpsLKEHHII B 3aJaHHOM CEUSHUH
HEOOXOANMO IIPOM3BECTH pacueT TOKOpacHpeAejeHHmiI B cxXemMax Bcex
[IOCJIeIoBaTeILHOCTE, IIOCJIeIOBaTeIbHO pazBepThIBasl KaXAylO0 13  HIUX.
McXogHBEIM JUII STHUX pacueTOB SBILIETCS IIOJIydEHIE 3HAUeHHUS TOKOB M
HAIIPSKEHUH pa’INYHEBIX II0CIIEoBaTeILHOCTell B MecTe moBpexaeHuii (puc 1).

[Ipu pazBepTEIBAHII CXEM MOIL3YIOTCS N3BECTHRIMU IIpaBUIaMU U 3aKOHAMI
pacIpeIeICHI TOKOB B JINHEMHBLIX AJICKTPUUECKIX HEILIX, QI CXeM IpAIMOIl Mo-
clIeJOoBaTeIbHOCTU HaIIpsDKeHUe B kakoil - mnbo yaaaeHHoll OT MecTa HOBPEIK,ICHIL
Touke (m) OyJIeT ONpEeACIIATLCS KakK

Urm:rl = Uh:rl T Z Imf'l j‘xmr'l (10)

i—1.n

rae > 1,,JjX,, - CyMMa IaJeHIi HAIpsDKEHNUs B BETBAX II0 IyTH OT TOUKH

i—1,n
[IOBPEXKIACHNI 4O 3aJaHHOI m;

[ . -TOK BETBEI C COIIPOTHUBIICHIHCM X . .

mil niel *?

N-4IIcJIo BETBEI Ha IIYVTI npemﬁpaamﬁamm OT TOYKIH N JO 1.

rr rr

HaHpH}HEHI’IH DﬁpaTHDﬁ 14| H}’HEBGFI I[TIOCIIEAOBATEIIbHOCTH B CCUCHUITI 11

OIIPCACIIAIOTCA

AOKYMEHT MNOANMCAH
EKTPOHHOW NO KO

Ceptudmkar: 2CO0 HAETA E_dll_ﬁ pnnabdonm 3E
Bnageneuy; llleBayxoea TaTbAHa AnekcaripoeHa
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Uio =U o + mem JXomio (11)
i—l.n

JIIIs1 5THX CXEM I10 MEPE YVAalIeHIA pacUE€THOIO CEUSHII OT MECTa IIOBPEXK/IE-
HIS aOCOFOTHAS BeNNUYNHA HaOpsKEHNS yMeHbIIaeTcda. Bce mpeoOpazoBaHHAg
BBITIOJIHATCS [0 CXEME 3aMelleHunil. [Ipu Hanmuny Ha Iy TH npeoOpa3zoBaHN TPaHC-
opMaTOpOB HEOOXOAMMO YYECTh, UTO B3alMHAas OpPHUEHTAINS BEKTOPOB TOKOB U
HAIIPsDKEHNS Ppas3INUHbBIX IIOCIIEA0BATEILHOCTEN MOXKET M3MEHATLCS, TPYIIION CO-
€IIHEHIII 0OMOTOK ATUX TpaHCPOpMaTOPOB.

BeKTOpHI HANIPSAKEHUN 1 TOKOB Pa3JIMUHLIX ITOCIIEJOBATEIILHOCTEN IIPU IIepe -
X0J€ duepes TpaHcpopMaTOphl IIOIyYalOT OIPE/IEII€HHOE yIJIoBoe cMelmieHue. [o-
ATOMY IIOJIy4Y€HHBEIE 3HAUE€HHI TOKOB U HaIpPsKEHUI B c€UeHUM (M) JOJIKHBI OBIThH
yMHOKeHbI IIa onepaTop noBopoTa e, B kotopom p=(-1)N, B xotopom N - HoMep
TPYIIIBEl COSUHEHNIT 0OMOTOK TpaHcdopMaTopa. IIpu nepexoae uepes TpaHCoOp-
MaTOpLl cO cxXeMmoll coeauHeHnd oomorox Y/Y mm A/A (rpymma 12) yrioBoro
cMemeHn HeT. IIpu nepexoje uepes TpaHCcPopMaTOpEl ¢ HAOOJIEE YacTO BCTPE-
yaromeiica rpynmoii  Y/A-llcocraBmsgromime OpdMoil  IIOCJIEOOBATEILHOCTH
[TIOBOPAaYNBAIOTC Ha yro 30 IpaIycoB 10 HAIIPABIEHIIO BpalleHus BeKTopos (e”V),
oOpaTHOII mocnegoBaTeIbHOCTH Ha 30 rpaJycoB INPOTHUB HAIIpPaBIICHUS BpaIeHIL
BekTopoB (e”"). ITosToMy BeIpaskeHHs A1 HampsbkeHuil Uma U Umg IPU OJHOI
TpaHCpopMalIid OyIyT UMEThb BUJ;

Umﬂl — (Uhrl + Z Im."l j‘}:mf'l )Ejﬁﬂ

i—lLn

Umul = (Ukuﬂ T z Imil j‘xmfl )E_j?}{} (12)

i—1.n

[Ipu mepexoje ¢ TPeyrolbHIKA Ha 3Be3dy - HaoOopoT, mpsamas Ha (el13Y),
obpatHas Ha (e”’). B obmeil ciyuae, Korja Ha IYTH Pa’BEpPTHIBAHUS CXEMbI
BCTpEUYaeTCd HE OJHa TpaHcopmalusa, I[IOBOPOT [JOIKEH OBITh YUTEH
COOTBETCTBYIOIIEE  UYHCIO  pa3. Tokm  HyJIEBOH  IIOCIEAOBAaTEILHOCTHU
TpaHCOPMUPYIOTCS JINIIL IIPU I[epexojie uepez TpaHcpopMaTopbl CO CXEMOI
coeJqUHEeHUsI OOMOTOK Y/Y.

Onpeenns COCTAaBJIAIOIIE [IPSIMOIL, oOpaTHoI 61 HYJIEBOU
II0CJIEJOBATEILHOCTEH pacueTHOM azbl A, HAXOQATCS MOJIHBIE TOKH 1 HAIIpSHKeHUIT
ITyTE€M HUX I'eOMETPHUECKOro CyMMHpoBaHUs 1o gopmynam (7) u (9).

IlonHBIE TOKHU U HalpsDKEeHUS (a3 Kak B MeCcTe IOBPEXKIEHI, TaK I B MECTe
CEUCHI MOTYT OBITH IOJIyUEHHI U Ipa@UUECKI, IyTEM BHIUSPUNBAHIA BEKTOPHBIX
JuarpaMM Ha KOMILIEKCHOII IIIIOCKOCTIL

CrneayeT NIOMHHTD, UTO IOJIYUSHHBIE 3HAUCHIIS, BEIPaKE€HEI B OTHOCUTEIILHEIX
eIUHNIaX, IOpU Oa’UCHBIX YCJIOBHSX M HMEHOBAHHEIX, IIPHUBEIEHHBIX K
63311CH91\!QIHEE%|1TIR§}HEHH}G. Jl1s1 onpesienneHns AelCTBUTEIbHBIX 3HAUYEHU TOKOB U

WCAH
HELHpH}IGﬁEﬂHiHFHEU%EIm@HMMD IpH1 HHEPEXOoJC OT OTHOCHTCIIBHBIX CHOMHHII] VHCCTDL
CepTudbptar; 2C0000043E9ABBBIS52205E7BAS00060000043E

Bnapen :H_B Iﬁﬁ%@a };(PEH-Q %Hﬂpna Ha
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Ss
J3U oM

U.,m

mak ] ‘\/5

HpH IICPCXOJC OT OasNCHEIX NMEHOBAaHHEIX CAITHIII K ,I[Ef’ICTEHTEHBHBIMZ

I — I ma* )

ma

(13)

U,
IH‘]‘H = IH‘TH( : )_
U.,m
(14)
u.,m
UJ'?]'H — UH]'H
U

2.6. Pacuem nepuoouueckoil cocmasiaouieil moka K3 6 npou3eoybHblil
MOMEHM 8peMeHU

2.6.1. CunxpoHrHble ceHepamopsl K KOMNEHCamopbl

B mpuOnu:xeHHBIX pacderax JJI OIIpe/Ie/ICeHNs JSIICTBYIOMIEro 3HaUeH N I1e-
PUOONYECKON COCTABIIArOMIEN Toka K3 B IIpOM3BONIBLHEINT MOMEHT BpEMEHU I'IIPO- U
TypOoreHepaTOopoB MOIHOCTRIO 0 S00 MBT BKIIOUHNTEIRHO U BCEX CHHXPOHHEIX
KOMIIEHCAaTOPOB IpH paaNalbHOI CXEME CIIEAYeT IPUMEHATh THUIIOBBEIE KPURBEIE,
npuBeJleHHbIEe Ha (puc. 3, 0), KOTOpBIE XapaKTEPH3YIOT H3MEHEHHEe 3TOIl COCTaB-
JIAIOIEN BO BPEMEHU P pa3IMUHBIX YIAJICHHOCTIX Toukn K3. 3HaueHne Iepuo-
INYECKOe COCTaRIArONIeil Toka K3 B IMpOU3ROJILHEIN MOMEHT BPEMEHN OTHECEHEI K

Ha4daJIb HOMY 3HAYCHHEO STOI CDCTEIEJIHEDH.[EE T. €.

/

7= (15)
jnﬂ

Y,[[HHEHHDCTB TOUKkHN K3 oT CHHXpﬂHHGﬁ MAIIIIHEI XaPaKTCPH3YCTCA OTHOIIC-
HIIEM ,[[EﬁCTB}"}GH_[EFD 3HAYUCHITA HEpHD,[[HT-IECHGﬁ CDCTHBHHIDH_[Ef:I TOKa 2TOI Mallll-

HEI B HadaJIbHBIIT MOMeHT K3 k¥ HOMIIHAILHOMY TOKY MAaIlIUHEI (HaualbHEIN OTHOCH-
TEJILHBIN TOK ):

/
In'[]* — I - (16)

HoM

rae lyom - HOMUHANBHEINT TOK CHHXPOHHOI MaIIMHBI (TPYIIILEI MAIllH ), IIPU-

BEJEHHOI K TOUN CTYIIEHH HAIIP SKEHI CETU, IJIe HaxoauTcsa Touka K3, kA

P
I, . = o (17)
\/gU cp K COS GOH-::.H

COSPyoyn - HOMUHAILHBIN K03 QQUINEHT MOIHOCTIL,
AOKYMEHT MNOANMCAH
EKTPOHHOW NOOANACEKD

Ceprucbukar:  2c00e00RIETARSPEAEE G A 0dvEbddib HOC HAIIPAMKCHIIC CCTI TOII CTYIICHI HAIIPAMKCHIIA,

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

rae Haxogurcda Touka K3, kB.
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KpuBsle puc. 3 cieayer HCIOJL30BaTh JJI1 PacueToOB JIEHCTBYIOIIETO
3HAUEHNA MEepUOANUECKOIl COCTaRJLIrOIEel Toka K3 OT CHHXPOHHEIX I'€HEPaTOPOR,
NIMEIOIIIX THPHCTOPHYKD HE3aBUCHUMYKO IUIM  BBICOKOYACTOTHYIO CHUCTEMY
BO30YKJCHIS, a TakKKe OT CHHXPOHHBIX KOMIIEHCATOPOB, KPHUBBEIE pHC. 4-5 - OT
CUHXPOHHBIX T'€HEPATOPOR, HMEIOIUX TUPUCTOPHYIO CHCTEMY CaMOBO3OYIKICHIS
COOTBETCTBEHHO C [IoCJeqOBaTEILHEIMH  TpaHC(pOpMaTOpaMU n Oes
[IOCJIEJOBAaTEeIILHEIX TpPaHC(QOPMATOPOB, KPHUBEIE PpHC. O OT CHHXPOHHEIX
r€HepaTOpPOB € JUOJHOI OECIIETOYHON CUCTEMOIT BO30Y K IEHIA.

Bce kpUBLIE IIOCTPOEHEI JJ151 CUHXPOHHEIX F'€HEPaTOPOBR (KOMIIEHCATOPORB),
KOTOPHLIX KPaTHOCTh NPEAeIbHOTO HAIpsIKEHUS BO30YKACHUS IO OTHOIIEHHIO K
HOMHIHAJILHOMY HaIIpsDKEHHIIO BO30YKASHU He IMpeRbIIaeT AByX. J[JIs ruaporeHe -
PaTOPOBR, UMEIOIIIX ITOBBIIMIEHHEIE KPATHOCTU MPEISIIbHOIO HAIPSKEHIST BO30Y K-
JIEHII II0 OTHOIIEHHIO K HOMHHAJILHOMY HAIPsSKEeHUIO BO30ykKISHUS (OOIbIIe
JIBYX ) KpUBEIE PHUC. 3 JOMYCKAETCS UCIIOIL30BaTh TOILKO IPU HEOOJIBLIION yAaIeH-
Hoctu Touku K3, xorga I,0>3. IIpu Oombmmeil yaageHHocT Touku K3 nepuogude-
CKYIO COCTaBJIAOMIYEO ToKa K3 cleayer mpuHIMaTh HEN3MEHHON 110 aMILIUTY IE.

Ecnu oTHOIeHNE AEeNCTBYIOLIErO 3HAUEHU S IIep MO JIMUECKON COCTaBIISIOI I
TOKa CHHXPOHHON MaIlllMHEI B HaUalIbHEINT MOMEHT K3 Kk HOMIHAJILHOMY TOKY MEHEe
IByX, To K3 cieayer cuntaTh YIOAJIEHHBIM U [IEPUOJUUECKYEO COCTARILIONIYIO TOKA
K3 npuHNMaTh HEN3MEHHON 110 aMIUIUTY JIE.

Pacuer aelcTBYIOMIETO 3HAUCHI IIEPUOJNUECKOI cOCTaBIsAromen K3 oT cuH-
XPOHHOTO I'eHepaTopa (KoOMIIeHCATOpa ) WIN HECKOIBKIX OJHOTHIIHBIX CHHXPOHHEIX
reHepaTOpOB (KOMIIEHCATOPORB ), HAXOISAIIUXCS B OJUHAKOBBIX YCIOBHIX (OJHOTHUII-
HEIE€ T€HEPATOPHI I IIX CICTEMBI BO30YKACHUS, IPIMEPHO OJUHAKOREIE MOITHOCTIL,
OJIMHAKOBBIE YCJIOBUS MOAKEOUeHNd K MecTy K3) 1mo oTHomeHmo k Touke K3, cre-
JIYET BECTU B CJICAYIOIIEM IIOPSIKE:

1. CocTaBUThL cxXeMy 3aMeN[eHUs I ONpeJelIeHHS HadalbHOTO 3HAadeHUd IIe-
pHOAIMYUECKON cocTaBsiromee Toka K3 0T cCMHXpOHHON MamIMHBI (IJIH T'PY I
MAIIIH ) I HATH OTHOCUTEIBHEII TOK I #0;

2. Ilo xpuBonl y=f(t), cooTBeTCTBYyIOmEN HallJEHHOMY 3HA4YEHUIO I o, JJII 3a-
JTAaHHOI'O MOMEHTA BpeMEHS HallT OTHOIIEHNe TOkoB [, /1 , =7,

3. Omnpeaenurs AeHCTBYIONee 3HaUeHNE IepUoJUUecKoil cocTaBIsromel Toka K3
OT CMHXPOHHON MalINHBI (FUIH IPYINLEL MAallInH) B KA B MOMEHT BpEMEHN t:

J!rm :;VJIHHIHG.H (18)

2.6.2. AcunxpoHHble 0suzameu

B npuOmmkeHHBIX pacdeTax JII ONpeAeNICHUS ASIICTRYIONIErO 3HAUCHI I1e-
PUOJINYECKOII COCTABISIOIIEN Toka K3 OT aCHUHXPOHHEIX 3JIEKTPOJBUraTelIEN B
[IPOM3BOJILHEII MOMEHT BPEMEHH IIPH PaaUajIbHON CXEeME CIIEAyeT MCIIOIb30BaTh
THUIIOBLIE KPUBLIE, IIPUBEACHHLIE HA PIC. 7/, KOTOPHIE XapaKTepU3yIOT HalIMEHbIIIEe
5TON COCTABJIAOIIEN BO BPpEMEHU IIPHU Pa3HbIX YAAJIEHHOCTSX TOUKU K 3. 3HaueHUsd

Heprim%ﬁmgﬂWmeﬁ Toka K3 B IpOM3BOJILHLEI I MOMEHT OTHECEHHI K Ha-
CeprudbHATIBHOMY S HAMSHITEG STOHCOCT A BIIFOIEI:

Bnaneneu: llleGayxoea T-EITLTHE AnekcaHgpoBHa

}/.rAD = men (19)
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YpaaneHHocTh  Toukn K3  OT  aCHMHXPOHHOrO  3JIEKTPOJBUTaTEILd
XapaKTEPIYETCsA OTHOIIEHUEM JCHUCTBYIOIIErO0 3HAUCHUS IIEPHOAUYECKOI
COCTaBILIOIIEl TOKa STOr0 3JIEKTPOJBUTATENId B HadallbHBINI MOoMeHT K3 k ero
HOMUHAJILHOMY TOKY (HaudaJlbHBIM OTHOCHTEILHEII TOK):

] _ IJI{]AD (20)

)
IHGMHD

IIopsok pacueTra AelCTBYIOIEr0 3HAUSHUS IIEPHOANYECKON COCTABILIIOIIEH TOKA
K3 0T acCMHXpOHHOI'O 3JIEKTPOABHUIrATEII B IIPOM3BOJILHBEINI MOMEHT BpPEMEHU
AHAJIOTMUEH U3JIOKEHHOMY B I1.2.6.]1. 3HaUeHIE IEpNOUUECKON COCTaBILAIOIIEH
TOKa B KA B MOMEHT BpeMeHH { paBHO:

Loap =7 und a0l o (21)

2.6.3. CUHXpOHHbLE 08UcamMelU

IIpn npuOIMKEHHBIX pacueTax JACHCTBYIOIIErO 3HAYCHUS IIEPHOMUECKOI
cocTariLmronell Toka K3 OT CMHXPOHHOTO JBUTATENS B IIPON3BOJILHBINL MOMEHT
BPpEMEHHN B paJuajiIbHOII CXEME JIOIYCKAETCs MCIIONb30BaTh TUIIOBLIE KPUBHIE,
[IPUBEJACHHLIE Ha pUC. 8, KOTOPHLIE XapaKTEpU3yeT N3MEHEHIE STON COCTABILIIOIIEH
BO BPEMEHU IIpU pa3HbIX yAaJleHHOCTIX TOoUukMn K3. MeToiika HaxoXIeHNs TOKOB
OT CUHXPOHHBIX JBUrATEJIEN aHAJIOTMUHA IIPUBEICHHON B II. 2.6.1, IIO3TOMY 3/€Ch
OOJILIIIE HE IIPHUBOIUTCS.

2.6.4. Hcnonwv3osanue  muUnoBbIX  KpPUBbIX 01  ONpedeneHuUs
HeCUMMEMPUUHDBIX MOK08 K3 6 ClLOMCHBIX 3TIeKMPUUECKUX CUCMEMAX

Ilopsgok pacueTa CIIEAYIOI NI

1. CocTaRISTEOTCS CXEMEI 3aMEIEHI IIPAMOIL, 0OpaTHON U HYJIEBOII IIOCIIEIO -
BaTeJIbHOCTEN. OO0OIEHHBIE HATPY3KHU B CXEMEI HE BBOJISATCS.

2. PacueTHasg cxema IpsAMON IIOCJIEJOBATEIILHOCTU IIpeoOpasyeTrcsa K
JIy4EeBOMY BUAY OTHOCUTeIbHO Touku K3 (puc. 9).

| Xr K3 AX®
R .e_/w‘—\f-“—n ______ P~
| X2 i

Puc. 9. IIpeoOpazoBaHue cxeM

3. Ilo cxemam 3aMmemieHnsa OOpaTHOII U HYJIEBOI IIOCJIECAOBATEIILHOCTEI OIIpe-
nemstercs BenmunHa myHTta-K3 Ax'"W (tabn. 2), KOTOpHIil MOAKIFOYAETCS K TOUKE
K3 mpeoOpa3zoBaHHON CXEMBI 3aMEIEHNs IIPSAMOIl ITOCIeJOBAaTEILHOCTH (puc.9).

4. IlomydyeHHass cxXeMa BHOBBL IIpeoOpazyeTcs K JIydeBOMY BHAY (HaIpumep, C
ITOMOIIBIO KO3((PUIIMEHTOB TOKOPACIPeIeIeHI).

S. é;j)ﬁny CACHACTCA [440, @ 3aTE€M BCE€ HEOOXOQIMEBIE TOKHU I10 BEIpaKEHIAM (15-

ANEKTPOHHOW NoANUCHLIY /

Cepraciar.)- A EHEEEMB5d 75 500086 000TE ONST .

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa ¢

6. Jlna onpeneneHuii oomero Toka B MecTe K3 CyMMUPYIOTCS TOKH OT BCEX JTydell
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2.7. Onpenenexne ygapdaoro Toka K3
3HaueHNE YIapHOro TOKa I JCHCTRYIOIIEr0 3HAUSHII YAApHOTO TOKa HEOOXOAIIMO
3HATh JJI IIPOBEPKH 1 BEIOOpA 3JIEKTPOTEXHIUECKOT0 000pYJIOBAHIS B CUCTEME.
[IoJ yIapHBIM TOKOM IIOHIMAETCS HaOOIIbIIee MITHOBEHHOE 3HAUCHIE IIOJIHOTO
Toka K3.
B mpocTEIX paJnalbHBIX 3JIEKTPUUECKNX CXE€MaxX yAapHBIII TOK TpexdazHoro K3

(lyx) B KA CJIEyET OLPEAEIIATE 110 (popMyIIe
0.1

o =M V2 (4 e ") =2m Lk, (22)

rje Kyy - yAEIbHBI K03 ) PUITIEHT;,

T, - IOCTOsIHHAA BpEMEHU 3aTyXaHUs allepuoJMUeCcKoll COCTABIIOIIEI TOKa
K3, (tatm. 4).

B CJI0KHBIX pa3BEeTRIEHHBIX SJIEKTPUUECKNX CXeMaxX VyJapHeIl Tok K3
CJIEAYET PAaCCUUTBIBATL IIYTEM PEIIEHUS CUCTEMBI YpPaBHEHUE KOHTYPHBLIX TOKOB
IJIN Y3JIOBEIX IIOTEHIIHAJIOR (IIPH HYJIEBLEIX HadaJIbHLIX YCIIOBILIX ), COCTARICHHEIX C
YyUETOM KaK MHAYKTUBHBLIX, TaK W aKTUBHBIX COIPOTHUBIEHUN BCEX SJIEMEHTOB
PacueTHON CXEMHI.

[Ipu npubnIkeHHBIX pacyeTax yaapHoro Toka K3 B moOoll CII0XKHOI cXeMe

HAOIIYCKACTCAH HCIIOJIb30BAHIC (I)DPM}"HBI :
0.01

ip=1,0+e “*)m"™ (23)

rae 1asx- DKBUBaJIEHTHAas IIOCTOSIHHAS BpEMEHU 3aTyXaHUs allepuro uuecKoil
cocTaBinroIenn Toka K3.

Ecnu Touka K3 genur cxemy Ha paJauaibHBIE, HE 3aBUCUMEIE JIPYT OT APyra BETRI,

TO IIpU IpHOIMKEHHBIX pacueTax yaapHbIll Tok K3 ciaeayer ompedendarb Kak

CYMMY YVI4PHBEIX TOKOB OTJCIIBHBIX BETBEI:
0.01

ip=> V2I,(1+e " m™ (24)

i=1.n

rne l,; - HadalgpbHOE  JCICTBYIOIEE 3HAYEHHE II€PUOANYECKOI
cocTapronieil Toka K3 B 1-i1 BETBU
JIelICTByIOIIEE 3HAUEHHE VJapHOT'O TOKa MOXHO OIPEAEINTh IO

BBEIPAKCHITHO.

I,=m"1k (25), 186 k=1+2(k, ~1)’

]

3. BOIIPOCHI JIJIAA CAMOCTOATEJIBHOI'O N3YUHEHIMA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptudpgar: 2C0000043ESABBB952205E7BAS00060000043E
Bnapene :EW@JBMBME&MEMMDCTGHTEHBHDE HB}”—IEHHE I10 K}"pﬂ_‘}"

ek Ne | Hapvenopanne TeMbr




I1/11

| CHMMeETpHYHBIE COCTABJAIONIHE IIpsAMoil, oOpatHoH H HyJeBoi I1ocieqoBaTelbHocTel. (OCHOBHBIE
rnoaokeHHa H Gopmyabl. CyTh MpHMEHEHHA MeToJa CHMMETPHYHBIX COCTABIAIONIHMX JJIA pacdeTa
T1ep €XO/IHBIX P EKHMOB.

) OpHoKkp aTHas roriepeyHada HecHvMeTpHA. JIByx(asHoe K3. OmHodazHoe K3. JIpyxdazHoe K3 Ha 3emio.

IIpaBHiIO0 3KBHBAIEHTHOCTH TPAMOH IIOCJIENOBATENIbHOCTH. KoOMIUIEKCHBIE CXEMBI 3aMEI]EHHA.
IIpakTHYeCcKHI pacyeT TOKa IPpH HecHMMETpHYHBIX K3. CpaBHeHHe BHA0B K3 1o BemHYHHE TOKa.
IIpHMeHeHHe TP aKTHYeCKHX METOJIOB K pacueTy HecHMMeTpHUHBIX K3. OnpeneneHHe (a3HbIX BeTHYHH
TOKOB H HarpseHHH B 11000 ToUKe ¢eTH.

OCHOBHbIE TIOHATHA H OMNpefeNeHHA: pekrM D32C, rapamMeTpbl pekKHMa H IMapaMETPbl CHCTEMBL.
TpeboBaHHA, IpeabABIAEMbIE K YCTAHOBHBIIHMCA H IIEpEX0HbIM peikiMaMm. IToHATHE ycTOHYHBOCTH
3JIEKTPHYIECKOH CHCTEMBI.

E‘rp dBHCHIA AJNCKTPOMEXaHHYIC CKHX TPpOLECCOB B CHHXPOHHbBIX I'CHEPaTOp ax. T}'rpﬂ BHCHHA
ANMEKTPOMEXaHHYCCKHX TIPOLECCOE B  CHHXPOHHBIX H ACHHXPOHHBIX  OBHI'aTCIIAX. MomMeHTHI
C OIIPOTHBJICHHA ITIPHBOOOB.

4. SATAHIE 1JI51 CAMOCTOSTEJILHOI PABOTHI

CepTudukar:
Bnaneneu:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

2C0000043E9ABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa
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B0

OOKYMEHT NnoanncCAH
SNEKTPOHHOW NOANWUCHIO

CepruchjdBrap HaBTsh43E9A BB s mentaresmoBiooH eniep Ceuyene | Bug K3 | Homep Homep K3 | Homepa
BragensuoOMMyTappE TarbsHaRommmpees2 Bo | K3 ama V1A K3 ngnma | s 3AMKHY ThIX
BKJIKO YeHHOM paszena pa3IeIoB paszena pa3enoB HEHTp aneii
1908 2022 aol 15 TRALIH

NelcTeeReH

ML L I e




1 2.4 3 2.4
3aJTaHHA 3aaHHA 3aaHHA | 3ajaHHA
1 1-8: 10-13: 21: | K5 K13 1/2 K17 K5 4:7:12: 15
23:24: 27-30
2 1-9: 14-18:25:26 | K9 K10 1.1/1 K13 K1 1:7:9:10:13:14
3 1-8: 10-13; | K14 K13 1.1/1 K9 K5 2:7:11:12: 15
16:21: 23; 24.
27:30
4 3-14: 17-23 K17 K8 1/2 K10 K7 6-9; 13: 15
5 1; 2: 8-16; 23-27 | K3 K12 1/1.1 K4 K5 1:2:8-10:14:15
6 3:4:7-15:21:23: | K15 K12 1/1.1 K13 K1 2:3:6:7:9:15
24:27: 30
7 1; 2: 10-20:22-26 | K2 K12 1.1/2 K17 K5 1:10:13-15
8 1; 2: 5;: 6; 8-14: | K5 K15 1/2 K17 K3 2:3:6:8:9:12;
17: 18; 21; 23: 13: 15
24 27-30
9 3-9: 12-14; 16- | K10 K13 1.1/1 K6 K9 1:7:9:11:13:15
20: 23:24: 26
10 7-14; 17-22; 24- | K11 K13 1.1/1 K8 K17 8:9:12-15
26
11 1-6:9-18: 20; 22: | K8 K12 1.1/2 K8 K1 1:9:13:15
24: 26
12 1; 2: 8-14: 17-20: | K4 K10 1.1/1 K14 K2 2:3:6:8:9: 15
22:24:27-30
13 7-20: 24-26 K13 K16 1.1/1 K5 K9 1: 7-9; 11:13-
15
14 3-6: 9: 12-15:17- | K14 K12 1.1/1 K8 K4 2-6; 10:13; 15
19:22-24:27-30
15 1-14; 19:20; 22- | K4 K8 1/2 K10 K5 1: 7-9: 15
24: 26
PH, UH, Xd. X Ta, [IpenmecTBYIOMHHA KM
HarmeHoBaHHEe COSQ
MBT kB 0.€. 0.€. C Uy, 0.e. | Iy, o€ CosQy
I'n,r2 220 0.85 15,75 | 0,1906 | 0,232 | 0,311 1 0.9 0,82
'3, T4 40 0.8 10,5 0,16 0,2 0,142 0,9 0.98 0,8
I'5, T6 25 0,85 10,5 0,18 0,22 | 0,187 1 0.96 0,84
HarmenosanHe | S, MBA Usg, KB Une, KB Unn, KB Usn.cu, KB | Usguu.KB | Uch.uu, KB
T1, T2 250 230 11
T3, T4 80 242 10,5
TS5, T6 40 121 11
T7 125 242 11
T8
80 115 10,5 30
¢ paci]. oOm.
AT1 125 230 121 6.3 11 47 26
AT?2 125 230 121 11 11 45 28
AIOKYMEHT MOAMMCAH
ANEKTEPOHHOW NONAWMCHKD
cepmqn:ﬁ: 2C0000043E9ABS EB]E;EDEE?BAEG 060000043E Um, Xd, X2 | Ta, K I IpenmecTBy IOMTHH
a MBz COSQPy OJIHYECTBO
BJ'IE,EI,EJ'IE . WWEHFE = OBH E‘B 0.e. 0.€. c p
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1 L1aH-rpac¢guK BbINOJTHEHUS 3a1aHUSI.

BHJAC BBIIIOJIHCHHIA CIICAYIOIIMX 5TAallIOB.

U, Up, | Uy,
0.€ 0.6. | 0.€.
All 3,125 0,9 6 0,88 0,86 5 1 0,97 | 0.89
Cl 1,25 0.86 6 0,88 0,89 | 0,036 | 5 1 0,97 | 0.89
CK 60 0.8 11 0,23 0,26 | 0,145 1,1 1 0,8
U,
PeaxTop L,kA | X5 % | Kes
KB
P 6 23 12 0,5
HavMenosanme | Uz, KB R, OM/KMm X, OMKM | L, km
JI1, JI2 230 200
JI3 230 50
JI4 230 100
JI5, JI6 110 80
JI7 6 0,129 0,07 2,6
Harmenopanue | Sygz, MBA | Sy, MBA Un, kB Eyp, 0.e. | X;, 0e | X5, 0e. | X, 0.€.
C1 1500 1 0,85 0,87 2,5X,
C2 8000 1,15 0,95 0,97 2,6X,
HI'1 200 110 0,85 0,35 0.45 0,07
HI2 10 6 0,85 0,35 0.45 0.45

PaboTa HajJ pacuyeTHO-rpadmueckoil padOTOIl MOXKET OBITH IIPEACTABIICHA B

No
e HaunmenoBanue »tarma CPpOKM BHIIIOJIHEHNS
Ha meproMm
1. |Ilonyuenue 3ajaHus
paKTIUECKOM 3aHATHNI
Ha niepBom
2. | IlepBuuHas KOHCYJILTAIIUS C IIPEOJaBaTEIEM
paKTIIECKOM 3aHATHI
3. | Pabora ¢ mH(}popMaIIIOHHEIMI UCTOYHHKAMI B TeueHun cemecTpa
4. | Hanucanme KOHTPOJILHON pabOTHI B TeueHnu cemecTpa
IIpemocTaRineHe KOHTPOJILHOI pabOTHI Ha
5. B TeueHnu cemecTpa
kaeapy
Ha nmocneguem
6. | CobecenoBaHue A
[IPaKTUYECKOM 3aHATUHU

Kpurtepun olieHUBaHNS padoThL

B 1ensx TIMOBBINIEHUS KauecTBa BHINOJIHAEMBIX PlI'P  mpenosgaBatenn

PYKOBOGE BN G E A oiiGAy FOIITIMI  KpUTEPUSMH OIIEHHNBAaHUS IHCHMEHHBIX padoT

Ceptud
Bnaneneu:

W@EE_BABBBQEEEDEETBASGGﬂEGﬂﬂGﬂdEE
ebayxoea TaTeAHa AnekcaHgpoBHa

UHEHKd «KOMUJVIHYHO» 6bICMABIAENICAHA CFHV@EH!HV, ec/iu
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o CBOEBPEMEHHO  BBIIIOJIHIWII padOTy, HCIOJB30BAJl  aKTyaJlbHYIO
OCHOBHYIO I JOIOJHUTEILHYIO JINTEPATYPY, HOPMaTUBHEIE aKTHI,

. IpeAcTaBUI 0OOCHOBaHIE BEIOpaHHONM METOJHMKM pacdeTa, BEIOpal
BEPHYIO MOCIIEAOBATEIILHOCTE BBIIIOJIHEHU PaOOTHI,

. IIPON3BEII TOUHELIE pacdeThl; IIPEJOCTaARII 0OOCHOBAHHBIE BBIBOILI 110
pabore.

OuenKa «Xopouio» 8blcmasiasemcs cmyoJeHmy, eciu

. CBOCBPEMEHHO  BBINIOJHIJI  paboOTy, HCIOIB30Bajl JOCTATOYHO

dKTYAJIbHYKO OCHOBHYIO H JOIIOJIHUTCIIBHYIO JINTCPATYPY, HOPMATHBHLIC dKTHI,
IIpCACTaBIUI BEPHYKO MCTO/JIIKY PaCHCTA,

* Eblﬁpaﬂ BCPHY IO ITOCJICJOBATCIIEHOCTE BLEIITOJIHCHIA pHGDTLI; IIPOM3BCII
TOHHBIC PAaCHCTRI, IIPCAOCTABILI BEIBO /LI 110 pHGDTE.

OEE‘HH{I « ydamemaaggume.ubﬂw} 6bICIMABJIAENICA CPHE@EHHI ), ecid

° BLIIIOJIHUII  pabOTy HE BOBPEMd, HCIOIL30BaJl HEAKTYalIbHYIO
OCHOBHYIO U JOIOJIHUTEILHYIO JINTEPATYyPy, HOpMaTURHEIE aKTHI,

. IIPE/ICTAaBUII BEPHYIO METOJINKI pacyeTa;

. BEIOpAaJ BEPHYIO IOCIIEJ0BATEIILbHOCTL BBIIIOJTHEHNS paOOThI, IPOH3BE
HETOUYHKIE PACUETHI,

° HE IIPEJOCTaRIUI 0O0CHOBAaHHBIE BRIBOJIEI 110 paboTe.

Ouenka «Hey0061emeopuUmeslbHo» 8bLCMABIAemc s cmyo0eHmy, eciu

. HECBOEBPEMEHHO BEITIOIHIII padoTYy;,

. ICIIOJIb30BAl  HEaKTyallbHYD OCHOBHYKD U JOIIOJIHUTEIILHYIO
JINTEPATYPY, HOPMAaTUBHBIE aKTHI,

° BEIOpaJl HEBEPHYIO OCIIEA0BATEILHOCTE BEIIIOJIHEHIS paOOTHI;

° IIPOM3BEII HETOUHEIE PaCUeTEl CO 3HAUNTEIbHEIMI OITNOKaMII,

. HE IIPEJ0CTaRIUI 0OOCHOBAaHHEIE€ BEIBOALI 10 padoTe.

AOKYMEHT NogarincAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilopsiaok 3aIUTHI padOTHL.

Hamucannasi cTyAeHTOM pacueTHo-Tpaduueckas paboTa cjgaeTcs Ha
kadeapy. CTyAeHT 3alluIiaeT pacueTHO-rpadmueckyro padboTy 70 53K3aMeHa
(3aueTa) nepe]] IperoJjaBaTeIeM.

PaboTa He jgomyckaeTcs K 3alllUTe, €CIIM OHa HE HOCHUT CaMOCTOSTEILHOTO
XapakTepa, OCHOBHBIE BOIPOCHEI HE PACKPEITEL, H3JI0KEHBI CXEMATHYHO,
(¢parMeHTapHO, B TEKCTE U pacueTax cojepxarcs omunoku, padbora He odopMiIeHa
COrJIacHO oOmMM TpeOOBaHNA.

B xojae zamuThl pacdeTHoO-Tpaduueckoil padoTel 3ajada CTyJeHTa —
[IOKazaTh YINIYOJIEHHOE IIOHIMAaHHE BOMNPOCOB KOHKPETHON TEMBI, XOpoIllee
BJIaJICHII€ MaTepHaIoM II0 TEME.

3ammuTa  pacueTHo-rpaduueckoil  paboTel  mpoxoguT B dopme
NHIUBUTY allbHOI Oecegnl CTyeHTa ¢ IpeIoJaBaTeIeM II0 OCHOBHBIM IIOJIOKEHIISIM
pPabOTHI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IlepeyeHb 0CHOBHOM JINTEPATYPbI:

1. IImnmunenko, B.T. OnexTpoMarHUTHEIE MEPEXOIHEIE IIPOIECCHl B
AJIEKTPOAHEPTEeTHUECKX CHCTeMax: ydeOHo-Mmeroquueckoe mocodme/ B.T.
[Innunenko; OpeHOyprekuii roc. yH-T. — Opendypr: OI'Y, 2014, — 124 ¢. Pexum
JAOCTYVYIIA: htp://biblioclub.ru/index.php?page=book view red&book 1d=330565

10.1.2. IlepeyeHb A0MOJTHUTEJIBLHOH JIUTEPATYPDI:

1. Kypmnaor A.A. Teopua sinexktpompurBojsa. Yacte 3. llepexomHble
IIPOIIECCHl B 3JIEKTpOoNpHUBoje: yueOHoe nmocoodue/ A.A. Kysmunos, 3.JI. I'pexos;
OpeHOyprckuii roc. yH-T. — OpenOypr: OI'Y, 2017. — 114 c. Pexum mocTyna:
http://biblioclub.ru/index.php?page=book_view_red&book_id=481766

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

[ MDWKAT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
Bnaneney H.-E'-:::.-rcrn:,_: TaTefHa AnekcaHnpoeHa



MWHUCTEPCTBO HAVYKHU U BEICHIET'O OBPAZOBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIEHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIA YHUBEPCUTET»

[Tarnropekmii HHCTHTYT ((prnnan) CKDY

MeTtoaquuecKkHe YKa3aHHUA
10 OpraHH3alH M ITPOBEAEHHIO CaMOCTOSTEIBHON paboThI O0YYArOIIHXCS
10 JUCIIMIITHHE «IlepeXOomHbIe ITPOIIECCH B AIEKTPOIHEPTETHYECKIX CHCTEMAaX» IS CTYIEHTOB
HarmpapIeHH S ITOATOTORBKH 13.03.02 DneKTposHepreTHKa H 3JIEKTPOTEXHIKA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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ComepKaHHE

BBeneHiie

1 OOImass XapaxkTepHCTHKA CaMOCTOSATEIIbHOH pPaldoTel OO0y4Yaromerocsa IIpH

H3VUCHHH AHMCITHITITHBI

2 [ImaH-rpaHK BEIIOITHEHHS CaMOCTOSTEIbHOH PaOOThI
3 KOHTpOIBHBIE TOUKH H BHIBI OTYETHOCTH 10 HHUM
2 MeToauuecKre peKOMeHJallHH 10 H3YUYEHHIO TEOPETHYECKOTO
MaTepHala
5 CITHCOK PEKOMEHIYEMOH JIHTEPAT VPBI.
AOKYMEHT MOANUCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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BBEJIEHHUE

CamocTosTenbHasa padoTra — IntaHHpyeMas yueOHas, yueOHO-HCClIeJ0BaT ek CKasl, HayUIHO-
HCCIeJ0oBaTeIbCKasI padoTa CTYIEHT OB, BEOIOIHAeMas BO BHEAYIHTOPHOE (ayAHTOPHOE ) BPEMSI ITO
3aJIaHNIO M IIPH METOJHMYECKOM PYKOBOJCTBE ITPEIOMABATEISL, HO Oe3 €ro HEIOCPEICTBEHHOIO
y4acTHS (IIPH YaCTHYHOM HEITOCPECTBEHHOM YYaCTHH ITPEIIOfaBaTells, OCTABIISIOIIEM BEIYIIYIO
POIb 3a PabOTOH CTYIEHTOB).

CaMocTrosgrenbHasd pabora CTYAEHTOBR B BY3e gBIgeTCS BaXHBIM BHIOM VUEOHOH H
HayYHOH JIEATEIPHOCTH CTYIEHTA.

Benyimasa 1ens opraHmzaid M ocyinecTBiIeHHs CPC goimkHa COBIAIaTh C IIEJIBEO
00yUYeHHS CTYAEHTA — IIOATrOTOBKOH OaKaaBpa ¢ BRICIIHM oOpazoBaHHeM. [ Ipu opranmsaiiim CPC
BaKHBIM H HEOOXOAZHMMBIM YCIIOBHEM CTAHOBSATCS (POPMHpPOBaHHE YMEHHS CaMOCTOSTEIIbHOMH
PaloTEI A1 IIPHOOPETEHNS 3HAHMI, HABBIKOB H BO3MOKHOCTH OpPraHH3aIiy y4eOHOH H HaYYHOH
IESTEILHOCTH.

[lempro CaMOCTOSITEIILHON PadoTHI CTYJIEHTOB SIBIISIETCS OBJIAJIEHHE
(yHIaMeHTaJIbHBIMH 3HAHHSIMH, ITPO( e CCHOHAIILHEIMH YMEHH SIMH H HaBBIKAMH JIeSATeJIbHOCTH 110
IIPO(HIIIO, OITBITOM TBOPYECKOH, HCCIIeI0BaTeIbCKOM AeITeIbHOCTH. CaMocTosITeIbHas paboTa
CTYIECHTOB CITOCOOCTBYET Pa3BUTHIO CaMOCTOSTEILHOCTH, OTBETCTBEHHOCTH 151
OPraHM30BaHHOCTH, TBOPYECKOIO IIOAXOJAa K  pelleHHro ImpolimeM  yueOHOro M

ITpo()eCCHOHATIPHOI O YPOBHSL

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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O0mas XapakTepHCTHKA CAMOCTOAT €JIbHOH PA00ThI 00YYAKOIIErocs NpH W3y YeHHH
M CIHILTHHbI

{{HEPEKD,[[I{BIE ITPOLECCEHI B 3JICKTPOIHEPI CTHYCCEKIX CHCTCMAX»

CaMocTosTeIbHas padoTa - INaHHupyeMas yueOHasl, yueOHO-HeClIeqoBaTeIbcKasl, HayUIHO-
HCClIeJoBaTelIbcKast padoTa CTYIeHT OB, BEIIOJHIeMas BO BHEAYIHTOPHOE (ayIHTOPHOE ) BPpeMS 11O
3aJaHHIO M IIPH METOQHYECKOM PYKOBOJCTBE ITpernojaBaTells, Ho 0e3 ero HellocpeJCTBEHHOIO

y4acTHS (IIPH YaCTHYHOM HEITOCPECTBEHHOM YYAaCTHH ITPENIOAaBaTelsl, OCTABIISIOIIEM BEIYIIYIO
POIb 3a pabOTOH CTYIEHTOB).

CaMocTosTelIbHAS padoTa CTYAeHTOB B BY3e SBISeTCH BaKHBIM BHIOM Y4ueOHOH H
HAYYHOH JEATEIIbHOCTH CTYAeHTa. CaMOCTOATEIbHAs padoTa CTYAEHTOB HIPAET 3HAYHTEIIFH VIO
POJIb B PEHTHHIOBOH TEXHOIOTHH 00yUeHHS. B CBs3H ¢ 3THM, 00yueHHe B BY 3e BKIIrOYaeT B ceb4d
IBE, MPAKTHYECKH OJMHAKOBEIE ITO0 OOBEMY M B3aHMOBIIHSHHIO YaCTH — IIPOIlEcca OOYVUEHHS U
nporiecca camooOyuenusa. Ilosromy CPC gmomkHa craTh 3()(eKTHRHOH H IeleHaIlpaBIeHHOMH
paboTOH CTYIEHTA.

K coBpeMeHHOMY CITEI[HAIICTY OOINECTBO IIPedb ABISIET JOCTATOUYHO IMMHPOKHI IIEPEUYEHB
TpeOOBAaHHH, Cpead KOTOPBIX HEMAIOBAXKHOE 3HAYECHHE HMEET HalMYHE Y BHIITYCKHHKOB
OITPENEIIEHHBIX CIIOCOOHOCTEH M YMEHHMS CAaMOCTOSTEIBHO JOOBIBaTh 3HAHHSA H3 PA3IIHMUYHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh ITONIYUYEHHYIO HH(OPMAI[HIO, JlaBaTh OIIEHKY KOHKPETHOM
(PHHAHCOBOH CHTYyallHH. (DOPMHPOBAHHE TAKOI'O YMEHHS IIPOHCXOAHT B TeUeHHE BCero IepHoja
OOYUEeHHS 4Yepe3 YYacTHE CTYJIEHTOB B IIPAKTHYECKHX 3aHSTHSX, BBOIOIIHEHHE KOHTPOIBHBIX
3aJ[aHHH M T€CTOB, HAITHCAaHHEe KYPCOBBIX H BBIOTYCKHBIX KBAIHM(PHKAITHOHHBIX padoT. IIpH sTOM
CaMOCTOST EJIbHAsI pad0oTa CTYIAEHTOB HIPAET PEINAFOIYIO POIIb B XOJE BCEr0 YUEOHOI O ITPOIECCa.

Beaviasa 1eiap opraHmsaii M ocyinecTeiIeHHsS CPC gomkHa COBMagaTh € IENBIO
00yUYeHHS CTYAEHTa — IIOJATOTORKOH CIIEI[HAINCTa M OaKajaBpa C BRICIIHM OOpaszoBaHHeM. IIpu
opranm3anui CPC Ba)KHBIM H HeOOXOJHMBIM YCIOBHEM CTAHOBSTCS (POPMHpPOBAHHE YMEHHS
CaMOCTOSITEJIbHON PadOTHI IJIS IMTPHOOPETEHNS 3HAHUI, HABRIKOB H BO3MOKHOCTH OpraHH3alliH
yuUeOHOH H HAYUYHOH JeSTEIBHOCTH.

DOpPMEBI CaAMOCTOSATEIIFHOH PadOTHI CTYIEHTOBR pa3HOOOpasHel. B COOTBETCTRHHU ¢ padoueH
IIPOrpaMMOH JTHCIMIUIMHBL «llepeXomHble IIPOIECCHl B BJIEKTPO3SHEPIeTHUYECKHX CHCTEMAaX)»
ITPEIYCMOTPEHEI CIIEAYEOIIHE BHIBI CAMOCTOST €JIbHOH PabOTHI CTY/IEHTA

- CAMOCTOSITEIILHOE H3YUEHHE IIMTEPATYPHI,

- CAMOCTOSITEIIbHOE PEITIEHHE 3a]1ayY;

- BBIIIOJTHEHHE pacuyeTHO-IrpadHuecKoi padoThI.

Ilens camocmoamentbHOO U3YUEHUA JUMEPAMYPbL — CAMOCTOSTEIIFHOE OBJIaJcHHE
3HAHHSIMH, OITBITOM HCCIIeJ0BATENb CKOH JIesITeIIBHOCTH.

3a0 auamu cCaMOCTOST EJIbHOT O H3YVYEHHS JINTEPATYPEI SIBILTFOTCSL.

° VIIIYOIIEHHE U PACIIHPEHHE TEOPETHYECKHX 3HAHN,

. (popMHpOBaHHE YMeHHIH HCIIOJIb30BaTh HOPMAaTHBHYIO, IIPABOBYIO, CITPABOYHYIO
JOKYMEHTALIHIO H CIIEHATIbHYIO JINTEPaTyPY,

. Pa3BHTHE ITO3HABATEJIBHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTYJ[EHTOB.

Ilenv camocmosmenvHozo peuieHus 3adau - OBIajicHHe TTPOoQecCHOHATbHBIMI
YMeHHSIMH H HaBBIKAMH JeSATeIIbHOCTH ITO ITPO(HITIO OYAYIIEH IeaTelIbHOCTH.

3ad auamu caMOCTOSITEIIbHOI O PEIIeHHS 3aa4 SBJISTFOTCS:

o [OKYNGHCTONRZNIASAIINST M 3aKpEIUICHHE TIONYYEHHBIX TEOPETHYECKHX 3HAHHH U
BNEKTPOHHOW MOQMACHIO P

CepruphtARIAGHe CISHER M T /B 1 365 B
Bnapenew:  leGeyxosa TarghGPNAPOBATIIE CAMOCTOATEILHOCTH MBIIIUIEHHS, CIIOCOOHOCTEH K caMOPa3BHTHIO,

CAMOCOBCPHICHCTBOBAHHIO H CAMOPCAJIH34IlIH,
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. pPa3BHTHE HCCIIEA0BATEILCKIX YMEHHH.
Ilenvro camocmoamenbHoZ0 6bINOIHEHUA pPACUEMHO-ZPaAPuUuecKoil padomst 110

THCIMIIHHE SBIISIeTCS OBJIaJeHHe (PYHJAaAMeHTAIbHBIMH 3HAHHSMH, ITPO(eCcCHOHATIbHBIMH
YMeHHSIMH H HaBBIKAMH JIeITeJIbHOCTH I10 IPO]IIII0, OIBITOM TBOPYECKOH, HCCIEI0BaTEIbCKOMH
eITe IbHOCTH.

3adauamu JAHHOI O BHJIAa CAaMOCTOST eIIbHOH PalOThI CTYASHTA SBIISIEFOTCS

o CHCTEMAaTH3al[Md H 3aKpeIUIeHHE IIONYYEeHHBIX TeOPETHYECKHX 3HAHMIL H
ITPAKTHYECKHX YMEHHH CTYACHTOB,

o VIIIYOIIEHHE H pacIlPeHE TeOPEeTHYECKIX 3HAHIIH

o (opMHpPOBaHHE YMEHHH HCIIOIb30BaTh HOPMATHBHYIO, ITPABOBYIO, CIIPABOYHYVIO
JOKYMEHTALIHIO H CIIEI[HATIbHYIO ITHTepaTypy,

o Pa3BHTHE IT03HABATEBHBEIX CITOCOOHOCTEN H aKTHBHOCTH CTYIAEHTOB. TBOPYECKOI
HHHITHATHREL, CAMOCTOSTEIIbHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

° (popMHpPOBaHHE CaMOCTOSTEIbHOCTH MBIIIIIEHHS, CITOCOOHOCTEH K cCaMOpa3BHTHIO,
CaMOCOBEPILEHCTBOBAHHIO H CaMOpPEaH3alHH,

° Pa3BHTHE HCCIeJ0BaTeIbCKHX YMEHHI,

° HCIIONIB30BaHHe  MaTepHana, CcOOpaHHOrO M IOIYYEeHHOIO B XOe
CAMOCTOSITEJIbHBIX 3aHSTHII HAa CEMHHApaxX, Ha IMPAaKTHYeCKHX H J1a00paTOPHBIX 3aHATHSX, IIPH
HaITHCAHHH PIP.

B pe3ympTare OCBOSHHSA JUCHHIUIMHBEL (DOPMHPVIOTCS CIESAYIOLIHI  IlepedyeHb
INTAaHHPYEMBIX PEe3yIbTaTOB OOYUEHHS IO JHCHHMIDIMHE, COOTHECEHHBIX C IUIAHHPYEMBIMH
pe3yIbTaTaMH OCBOeHHS 00pa30BaTeIbHOH ITPOrpaMMBbl:

[ImaHupyeMble pe3ylIbTaThl
00yYeHHS ITO JHCIHILIHHE

Kon, ¢ opmymipoBka Kox, popmymipoBka (MOYIIIO),
KOMITETEHIIHH HHIHKaTOpa XapaKTePH3YIOI[HE STaIlbl
(pOpMHPOBaAHH I

KOMITETEHIHH, HHIHKATOPOB
3HaeT (PH3HKY
AIEKTPOMAr HUTHBIX
MepeXOIHBIX IIPOL[ECCOB B
AIEKTPOSHEPreTHYECKHX
CHCTeMaX H HX OCHOBHBIX

BIIEMeHTax
N /1-2mx.2 PaccunTrIBaeT YMeeT aHaIH3HPOBATh
[1K-2 CriocoGeH PEeXXHMBI paOOTHI CHCTEM pe3yIbTaThl pacuera
aHAITH3HPOBATh PEKIMBI HIeKTPOCHAGKEHH HIIEKTPOMAT HH THBIX

pﬂﬁ OTEI CHCTCEM

TePeXOIHbBIX ITPOILIECCOB IS
3JIEKTPOCHAOXKEHH S OOBEKTOB pexOlL 1Ipor, A

ITPHMCHCHH A B PCAJIbHBIX
AICEKTPOSHEPI CTHYCCKILX
CHCTCEMdX H CHCTCMdX
BHEI{TPGCHﬂﬁ}KEHH}I
BiameeT HaBBIKaAMH PacHicTa
THITOBBIX TICPEXOJHBIX
ITPOLIECCOB

JOKYMEHT MNMOANCcAH

SNEKTPOHHOW NO,

ChlO "
CepTudukar: ECDGGG[MBEBABBEQEEEDEEE%&?}E&ME BbLINIOJTHEHHHA CAMOCTOAT €JIbHOH pﬂﬁﬂThl

Bnapeneu; llleBayxosa TaTkAHa AJIWFHIIECHHH KapTa CaMOCTOHT eJIbHOM pﬂﬁﬂT bl CTYACHTA

OO0BeM 4acoB, B TOM YHCIIE

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Kor CPC KoHTakTH | Beero
peamisy HUTorossm ast
eMOH | BHI medarelmsHOCTH ITPOJYKT CpercTea 1 padora ¢
TEeXHOJIOTHH
KOMIIET CTYJIEHTOB CaMOCTOSTEb . IIPEIo/iaBa
- OLleHKH
eHITHH HOH padOTHI TeJeM
6 cemecTp
CaMOCTOSATeIIbHOE KoHCITEKT Coleceiopanie | 26,595 2,955 29.55
H3YUYEHHE
JIUTEPATYPRL IO
paszenaMm
IloaroToBKka K KOHCITeKT CobecenoBpatue 2.43 0.27 2.7
ITPAKTHYECKHM
3aHATHIM
IlogroroeBka K OTyeT ColeceoBaHIIE 3,65 0.4 4,05
[IK-2 | maGopaTtopHEIM
M- | saHsarmsm
212 IloaroToBKka K KOHCITeKT CobecenoBpatue 2.43 0.27 2.7
TTEKITHSIM
BrITI0IIHEHHE Otuer 1o PI'P 3arra 13.5 1.5 15
CaMOCTOSMT eJIbHOT
O pacyera
Hr1oro 3a 6 cemectp 48,6 54 54
6 cemecTp
CaMOCTOMATEIIBHO KoHcriekT CobeceoBaHIE
© TSyHeHHe 9,22 10,58 | 105.8
JTHTEPATYPHEL  II0
| pasjienam
IloaroTOoBKa K KoHcriekT ColOeceoBaHIE
IPAKTHYECKHIM 0.54 0,06 0.6
[IK-2 | 3aHATHIM
NJ1-2mx- | Ilogroroeka K OTyeT CobeceoBaHHE
» | mabopaTOpPHBIM 0,81 0.09 0.9
3aHIATHSIM
IloaroTOoBKa K KoHcriekT ColOeceoBaHIE 0.405 0.045 0.45
TIEKIHSM
BrImmommHeHHe Otyet 110 PI'P 3almra
CAMOCTOSITENILHO 9 | 10
'O pacyera
Hrtoro 6 cemecTp 105,975 11,775 117,75

KﬂHTpﬂ.}IthIE TOYTKH H BHIbI OTHECTHOCTH ITO HHM

%mm}%@mﬁ CHCTEMBI YCIIEBAEMOCTh CTVAEHTOB IIO KaX@IOH JUCLHIUIMHE
Ceprnp QHEHIBASTLARKOAS FLIMHIETOKQIEPOILT H IIPOMEKYTOYHOH aTTECTALHH.

Bnaneneu:  WeGpfopp TeIIYOBENETAIIPP e TEKYILETO KOHTPOIA PEHTHHIOBAas OLEHKA 3HAHHI

OLICHHBACTCA CIICAYIOIIHM GﬁpﬂBlﬂM:
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No Buja n1esrenbHOCTH CTYAEHTOB CpoKH KommuecTBo
IT/TI BBITIOJIHEHH S OaJUIoB
6 cemecTp
I. [IpaxTHieckoe 3aHATHE Ne 3 6 Helemnsd 25
2. JlabGopaTtopHoe 3aHaTHe No 3 10 Hememna 15
3. [IpakTHueckoe 3aHITHE No 8 16 Henenda 15
Hroro 3a 6 cemectp 55
HNT1oro 55

MaxkcHManbHO BO3MOKHBIH Oarll 3a BeCh TEKYINII KOHTPOIL YCTAHABIMBAETCS PAaBHBIM
55. TekyIee KOHTPOIbHOE MEPOIIPHATHE CUHTAETCS CAAHHBIM, €CIIH CTYJIEHT ITOJIYYIUII 3a HET'O HE
MeHee 60% OT YCTaHOBIIEHHOT O JJISI 3TOI'0 KOHTPOJISI MAKCHMAIILHOI O 0aiuia. PEHTHHIOBEIN Gal,
BBICTABJISIEMBIN CTYIEHTY 3a TEKYILNEEe KOHTPOIIBHOE MEPOIIPHATHE, COAaHHOE CTYIEHTOM B
YCTaHOBJIEHHBIE T'Pa(pHKOM KOHTPOIHHBIX MEPONPHATHII CPOKH, OIpPEAeIseTCsS CIIe I YEOIHM

oOpaszoM:
YPOBEHD BHITIOJIHEHH I KOHTPOIBHOI'O PeirtunroBeni O0amr (B % OT MaKCHMAJIBHOT O
3aJ[aHH T Oama 3a KOHTPOIBHOE 3aJ[aHHE)
OTIMYHBIA 100
XOpOoIIIH 30
Y IOBJIIETBOPHT EJILHBIH 60
HeynoBineTBOpHTENLHBIH 0
AOKYMEHT MOAMWCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeTtomueckne PEKOMERIANNN IO NH3YUCHHIO TCOPETHYIECKOI'0O MAaTEepHaAJIA

CamocTosTenbHasg padora CTYJIEHTa HAauMHAeTCd C BHHUMATEIIbHOIO O3HAKOMIIEHHS C
CoZlepKaHHEM YyueOHOr 0 Kypca.

M3yueHre Kaxmoil TeMBI CIEAYET HAYHHAThE ¢ BHIMATEIILHOI O O3HAKOMIIEHH I ¢ HAOOpOM
BOITPOCOB. OHM OPHEHTHPVYIOT CTVAEHTA, ITOKA3LIBAIOT, UTO OH JOJIKEH 3HATh IO JAHHOH TEME.
Bormpockl TeMBbI KaK ObI HAKIIAABIBAIOTCS HA COOTBETCTBYIOIIYIO ITIaBY H30paHHOro yuyeOHHKA IIH
yueOHOro rmocodus. B HTore JOIXKHO OBITH SICHBIM, KaKHe BOIIPOCHI TEMBI YUEOHOI0O Kypca H C
KaKOH T'JIYOHHOH PacKpBITEI B KOHKPETHOM YVUeOHOM MaTepHalle, a KakKHe BOOOIIE OITYIIEHBHI.
TpebyeTcsa TBOPUYECKOE OTHOIIEHHE H K CaMOMY COAEPKAHHIO JH CIIHUIIIIHHEL.

BoIpockl, COCTaBILIIOIIME € COJlep KaHHe, 001alat0T Pa3HOH CTEIEHBIO BaXKHOCTH. ECTh
BOITPOCKI, BBIIOITHSIONIHE (PYHKI[HEO JTOTHYECKOH CBS3KH COJEpKaHHS TeMbl H BCEro Kypca,
HMEIOTCS BOITPOCHI OIMHCATEIhHOI'O HIIM Pa3bsSICHUTEILHOIO XapaKTepa, a TaKKe HCTOPHYECKOTIO
3KCKypca B 00/1acTh M3y4YaeMOH AHCIHIILIMHBEI. BCe 3TH BOIIPOCHI HE COCTABILSIFOT CYTH ITOHS-
THIHOI'0, KOHI[EINTYAIIbHOIO COAEPKAaHH I TeMBI, HO HEOOXOMMMEIL IS I[ETOCTHOIO BOCIIPHSTH S
H3Y4YaeMBIX ITPOOIIEM.

HM3yyaemass QUCIHMIUIHHA HMEET CBOH KaTelr OpHAJIBHO-IIOHSATHHHEIA armiapar. HayduHeie
ITOHSATHSA — 3TO Ta 0a3a, Ha KOTOPOH CTPOHMTCS Kaxkaas HayKa. [IOHSTHS — VY3JIOBBIE, OIIOPHEBIE
ITYHKTEl KaK Hay4YHOI'0, TaK M y4eOHOI0 IT03HAHHS, JIOTHUYECKHE CTYIIEHH IBIDKEHHSI B yuebe OT
ITPOCTOrO K CIIOKHOMY, OT SBJIEHHS K CYIIHOCTH. be3 ACHOTO ITOHHMAHHS ITOHATHI yueOa KpailHe
3aTPYIAHSIETCS, a COAep KaHHe IIPHOOPETEHHBIX 3HAHHH CTAHOBHTCS TYCKIIBIM, PaCII/IBIBUATHIM.

CTYIEHT HOIDKEH IIOHHMMATh, YTO CAMOCTOSTEIILHOE OBIAJeHHE 3HAHHSMH SBIISETCS
IJIABHBIM, OITPEAEISIOINM. BRICIIIas IIKOIa CO31aeT AJIS 3TOro HEOOXOMHMMBIE YCIIOBHSL, IIOMOTAET
OyayIneMy BEICOKOKB AN (PHITHP OBAHHOMY CITEL[HATTHCTY OBJIAJIETh TEXHOJIOTHEHN
CaMOCTOST EIIbHOI O ITPOH3BO/ICTBA 3HAHIIA.

B camocrogrensHOH paboTe CTYAEHTaM IIPHXOMHUTCS HCIIONB30BATh JIHTEPATYPY
Pa3IMYHBIX BHAOB. IIEPBOHCTOYHHKH, MOHOIrpaduH, HayyHble COOpPHHKH, XpecTOMAaTHH,
yueOHHKH, yueOHBIe IMOCOOMS, KYpHAIBl H Ip. M3ydeHHe Kypca IPeAlloaracT 3HAKOMCTBO
CTYIAEHTOB ¢ OOJpIIMM OOBEMOM HaVYHOH M Y4YeOHOH JINTepaTyphl, YTO, B CBOIO OYEPEelb,
IIOPOXKIAAET HEOOXOMHMOCTh BHIPAOOTKH VYV HHX PalHOHAIBHO-KPHTHYECKOIO IIOAXO0Ja K
H3y4YaeMbIM HCTOYHHKAM.

YroOel HE «YTOHYIB» B OIPOMHOM OO0OBEME PEKOMEHIOBAHHBIX €MV IJII H3YUYEHHS
HCTOYHHKOB, CTYJIEHT, IIPEXKIE BCEr0, MOKEH HAYUHTHCS IPAaBIWIHbHO MX 4YMTaTh. [IpaBHILHOE
YTEHHE PEKOMEHJOBAHHBIX HCTOUYHHKOB ITPEATIONAraeT cileJOBaHHe HECKOIBKIM HECIIOKHEIM, HO
BEChbMa ITOJIE3HBIM ITPaBHIIaM.

[IpemBapHUTEebHBIH ITPOCMOTP KHHIHM BKIIFOYAEeT O3HAKOMIIEHHE C THTVYIILHEIM JIHCTOM
KHHTH, aHHOTAI[MeH, IIPeIHCIOBHEM, OITIaBIcHHeM. [IpH O3HAKOMIIEHHH C OIJIaBJIEHHEM
HEeOOXOANMO BBIJAEIIHTE Pa3eiibl, ITIaBEL, ITaparpadsl, IIpeIcTaBILIONIHE I Bac HHTepec, Oero
HX IIPOCMOTPEeTh, HAHTH MecTa, OTHOCSINHecS K TeMe (a03allbl, CTpaHHMIIBI, ITaparpadsl), H
ITO3HAKOMHTBCS ¢ HUMH B OOIIHX YepTax.

HayuHble H31aHHI COITPOBOKIAIOTCS Pa3THYHBIMH BCIIOMOraTe IbHEIMH MaTepHallaMH —
HaYUYHBIM aIlrapaToM, II03TOMY BayKHO 3HATh, H3 KAKHX OCHOBHBIX 3JIEMEHTOB OH COCTOHMT, KAKOBBI
ero (D YHKIIHH.

3HAaKOMCTBO C KHHIOH JIVUIIle BCETO HAYMHAThL C H3YVUEHHS aHHOTAal[MH — KpaTKOH
XapPaKTEPHCTHKH KHHTH, PACKPBIBAIOIIEH €€ COAepKaHNe, HIAESHHYIO, TEMAaTHUYECKYIO H KaHPOBVYIO
HaIIPaBJIEHHOCTh, CBEIcHHS OO0 aBTOpe, Ha3HAUeHHe H JAPYrHe OCOOEHHOCTH. AHHOTAI[HI
ITOMOT'aeT COCTABHUTH ITPEABAPHTEIILHOE MHEHHE O KHHTE.

['myGxe MMOHATE cofiepKaHNE KHITH ITO3BOILIEOT BCTYITHTEIEHAS CTAThSL, B KOTOPOH JTa€TCs
OIleHKa %Wﬁb 3aTparMBaeMoOH B HeHl IMpoOIeMaTHKH, COASPKUTCSI HHPOPMAIHI O

Ceprud M3 HEHHOILEY BIBOPYECKOI0OMOrpaHH aBTOPa, BBICKA3BIBAKOTCS IIOJIEMHYECKHE 3aMeYaHHs,
Srene e 3R SC RS T G ST HEB R IE” monoskeH s KHHTH, [Jarorcd KOMMEHTapHH H T.J1. BOT II04eMy

SHAKOMCTBO C ECT}’TIIITEJ]LHGﬁ cTaTheH IPEACTABIIACTCA OUCHD BdAKHBIM. OHO IIOMOTI'Aa€T CTYIACHTY
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COPHEHTHPOBATLCSA B TeKCTe paboOThI, OOpaTHTh BHHUMAaHHE Ha €e¢ HaHOoJee I[eHHBIE H BaKHBIE
pasIebl.

ToH Ke eI COAEHCTBYET 3HAKOMCTBO C OITIABIIEHHEM, ITPEIHCIIOBHEM, ITOCIIECIIOBHEM.
Becpkma ITONE3HBIMH 3IIEMEHTAMH HAy4YHOI'O allllapara SBISIOTCS CHOCKH, KOMMEHTApHH,
TaOIIHIIB], Ipa) MKH, CITNCKH INTEPATYPEl. OHH HE TOIBKO WIIIOCTPHPYIOT OTAEIbHEIE ITOJIOKEHH S
KHHTH HJIH CTaThbH, HO H caMH IT0 ceOe SBIISIOTCS JOITOIHHTEIBbHBIM HCTOYHHKOM HH() OpMALHH
JULSL YHTaTETIS.

Ecin ynTarens 3aHHTepecoBaia Kakas-TO BBICKAa3aHHAS aBTOPOM MEBICIIb, HE HaIleIas
ITOAPOOHOI0 OCBEIMIEHHS B JAaHHOM HCTOYHHKE, OH MOKET OOpPaTHTILCA K TEKCTY HMCTOYHHKA,
VIIOMHHAEMOI'O B CHOCKe, THOO K HCTOYHHKY, KOTOPEIHl OH MOKET HAaHTH B CITHCKE IINTEPaTYPhL,
PEKOMEHIOBAHHOH aBTOPOM JJISI CAMOCTOSITEILHOT O H3YVUEHHAL.

CyIIecTBYeT HECKOIIBLKO (POPM BeeHH S 3aITHCEH:

— IUTaH (IIpOCTOH H pa3BepHYTHIH) — HanOolIee KpaTKas (popMa 3aIHCcH IIPOYHTaHHOTO,
IIPEJICTABILIIOINAST COOOM IIEPEYEHBh BOIIPOCOB, pacCMarpHBAacMBIX B KHHIE IIH CTaThe.
PasBepHYTBEIH IITaH TIpe[CTaBIsIeT CcOOOH Oormee IMOAPOOHYIO 3alliCh IIPOYUTAHHOLO, C
HeTanu3alen OTAEIbHBIX ITOITOKEHIH H BRIBOJOB, C BRIIHCKOH I[HTAT, CTAaTHCTHYECKHX JaHHBIX
H T.J. PasBepHYTHII IINIAH — HEOL[EHHMMBIH ITOMOIIHHK IIPH BBICTYIUIEHHH C JOKJIaJOM Ha
KOHKPETHYIO TEMY Ha CEMHHape, KOH(ePEHIIHH,

— TE3HCBl — KPaTKO C(OPMYIHPOBAHHBIE ITONIOKEHHSI, OCHOBHEIE ITOIOKEHHS KHHIH,
cTaThi. Kak IpaBIIIO, TE3HCHl COCTABIIIOTCS ITOCTIE IIPEABAPUTEILHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, ITPH €r0 ITOBTOPHOM ITPOUYTeHHH. OHH ITIOMOIrarOT 3allOMHHUTL H CHCTEMATH3HPOBATH
HH(OPMAIIHIO.

CocTaBIEHHE KOHCIIEKTOB

BOIBINYrO pOIlh B YCBOEHHH M ITOBTOPEHHH ITPOHAEHHOIO MaTepHalla HI'PAcT XOPOIIIHI
KOHCIIEKT, COJIEP KAl OCHOBHBIE HAEH IIPOYHTAHHOIO B YUeOHHKE H YCIBIIIAHHOTO B JIEKITHI.
KOHCITEKT — 3TO, IO CVYIIECTRY, HAOPOCOK, pa3sBEPHYTHIN ITIaH CBS3HOI'O PaccKasa 110 OCHOBHBIM
BOIIPOCAM TEMEI.

B kakoH-TO Mepe KOHCIIEKT paccuuTaH (B 3aBHCHMOCTH OT HHIHBHIYaIbHBIX
OCOOEHHOCTEH CTYJIeHTa) HE TOIBKO Ha HHTEUIEKTYAJIbHYI) H SMOIMOHAIFHYID, HO H Ha
3PUTEILHYIO IIAMSTh, ITPHYEM TEKCT KOHCIIEKTa HEPEIKO aCCOIMHPYETCA €eIle M C TEKCTOM
yueOHHKa MJIH 3aIllHCRIO JIEKI[MH. llo3TOMy Jerde 3aliOMHHaeTCS COJepKaHHE KOHCIIEKTOB,
HaIMCAHHBIX Pa300pPUYHBO, C MOMYEPKHBAHHEM IIH BEIIAEIIEHHEM Pa3spsSIKOHN KIFOUEBEIX CIIOB H
hpas.

CaMOCTOSTEIIbHO H3YYEHHBIE TEeMBI IIPEeJOCTABIIOTCS IIPeloJaBaTelll0 B (pOpPMe
KOHCIIEKTA, TI0 KOTOPOMY ITPOHCXOIHT codecejoBaHHe. TeopeTHUYeCKHEe TeMBI Kypca (OTIelbHbIE
BOITPOCKI ), BBIHOCHMBIE Ha CAMOCTOSITEIIbHOE H3YUeHHE, IIpelCTaBIIeHbl HIKE.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeToguueckHe YKAa3aHHA 110 MOAT0TOBKE K pacueTHo-rpadguyeckoi padore

PHGIIETHD-I‘I)H(bHIIECI{ﬂH pﬂﬁDTﬂ — 3TO CaMOCTOATCIIbHAA ITHCEMCHHAA pﬂﬁDTEl CTYJICHTA4,
KOTOpad HOOJIKHa IIOKa3dTh HE TOJIBKO €I'0 BI4JACHHE TCOPECTHHUCCKIIM MATCpPHAJIOM, HO H

ITPOAEMOHCTPHPOBATh IIPAKTHYECKHE YMEHIS ITPOBOAUTE PACUETHI.
[{enu BeinoymHeHus PI'P 3akmoyaroTc:

° 3aKpPETNUTh U CHCTEMATH3HPOBATh TEOPETHYECKHE 3HAHI H ITPaKTHYECKHE HaBBIKH
CTYIECHTA,
° HAYIYHTh paboTaTh C IHTepaTypOH — H3y4aTh, aHATH3HPOBATh HH(]OPMAIIHIO H3
HayYHBIX HCTOYHHKOB,
[Ipn BHIMOIHEHHH  pacyeTHO-TpapHuecKOH palOThl  PeallM3VIOTCS  CIEAYIOIIHE
KOMIIETEHIHH
Kox QOopMYIIHPOBKA
[IK-2 MU]I- Crioco0eH aHAIM3HPOBATh PeKHMBI PaOOTEI CHCTEM 3JIEKTPOCHAOKEHHSI OOBEKTOB
2mx 2 PaccunThIBaeT peKHMBI pabOThI CHCTEMEI SNIEKTPOCHAOKEHH I OOBEKTa
AOKYMEHT MOANUCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Metoanueckue YKa3aHHA 110 IOATOTOBRKE K SK3AMCHY

Mayuenne aucimonmHel  «llepexoanble mpomecchbl B 3JIEKTPO3HEPreTHUYECKHX
CHCTeMAaX» 3aBeplIacTcsa SK3aMeHOM. [IoAroToBka K 5K3aMEHY CIIOCOOCTBYET 3aKpeIlJIEHHIO,
VIIIYOJIEHHIO B O000IIEHIIO 3HAHHIL, IIOJTYUYAaeMBIX, B ITpoIlecce OOYVUEHHS, a TaKXKe ITPHUMEHEHHIO
HX K PellleHHIO MPaKTHYeCKHX 3a7a4. I OTOBSICH K BK3aMEHY, CTYAEHT THKBHIHPYET HMEIOIIHECS
ITpo0eIbl B 3HAHMSIX, YIIIYOIISeT, CHCTEMATH3HPYET H VIIOPSAOYHBAET CBOH 3HAaHHA. Ha sK3aMeHe
CTYAEHT JTEeMOHCTPHPYET TO, YTO OH ITpHOOpelI B Ipoliecce OOYUEHHS IT0 KOHKPETHOH YueOHOH

JHCIIOIINITHE.
Ha KOHCVYIIBTAIIMH IICpCH SK3daMCHOM CIVIACHTOB IIO3HAKOMAT C  OCHOBHBIMH

TpeOOBAHHSMH, OTBETSAT HAa BO3BHHKIIIE YV HHX BOIPOCH. II03TOMY ITOCeIeHHe KOHCYIIbTALHH
00s3aTEIILHO.

[Ipy 1mOATrOTOBKE K HK3aMeHY HeOOXOIHMO MCIIOIb30BAaTh KOHCIIEKTHI JIEKI[HI ITO
THCIMILINHE, YYeOHHKH H Yy4ieOHBIe ITOCOOHS (M3 CITHCKAa OCHOBHOH H JOIIOJHHTEIbLHOH
ITHTepPaTyphl) WIH KOHCIIEKT IHTePaTypPhl, IIPOYHTAHHOI IT0 YKa3aHHIO MPEIo[aBaTellsI B TeUeHHe
CEMECTpaA.

BHauase ciieayeT IMpOCMOTPETh BECh MAaTEPHAJ 10 CAABAEMOH JHUCI[HUIUIMHE, OTMETHTD IS
ceO0sa TpYAHBIE BOIPOCHL. OO0g3aTelIbHO B HHX pas3oOparkecsa. B 3aKIOYeHHE eIe  pas
11e71eCcO00pa3HO MTOBTOPHTE OCHOBHBIE TTOIOKEHIS.

CHcTeMaTHYeCcKas IMOATOTOBKA K 3aHATHSAM B TEUEHHE CEMECTPa ITO3BOJIMT HCIIOIB30BaTh
BpeMd SK3aMeHaI[HOHHOH CeCCHH IS CHCTeMaTH3alliH 3HAHHI.

BOIpocH K 5K3aMeHy 0 CEMECTP

OCHOBHEIE CBeJIEHHS 00 3IEKTPOMarHHTHEIX IIEPEXOIHEIX ITPOIlECCaX.

OCHOBHEIE OITPEIETIEHHS.

HasHaueHne pacuetoB M TpeOoBaHHSI K HHUM. OCHOBHBIE IONVIINEHHSA lloHSATHE O

PacCYETHBIX YCIIOBHSX.

CHCTEMA OTHOCHTEIIBHBIX €IHHI]

CocraBleHHe cXeM 3aMeleHus. [ [peobpasoBaHie cXeM 3aMeEIleHHS.

[ IpMeHeHIE TIPHHIATIA HAJIOKEHHS.

MOIITHOCTh KOPOTKOI'O 3aMBIKAHH 4.

JIeHCTBYIOIIHE 3HAYEHNS ITOITHBIX BEIIHYHH H HX OTJEIbHBIX CIIararoIuX.

[ IpuOIIKEHHOE PEIIEHHE.

9. IlepexomHBIH IIpoIiece B IIPOCTEHIINX TpeX(pa3HbIX IEITSIX

10. HayajsbHBEIN MOMEHT BHE3AITHOI'O HAPYIIIEHHS PeKIMA.

11. Ilepexomusie 5/1C H peaKTHBHOCTH CHHXPOHHOH MAIIIMHEI.

12. Ceepxiiepexoaabeie 2/]C M peaKTHBHOCTH CHHXPOHHOH MAIIlHHEI

13. XapaKTepHCTHKH ABHUTATEIIEH H HarPY3KIL.

14. ITpakTHYeCKHI pacyeT HAYaJIbHOI'O CBEPXIIEPEXOMHOIO H YAAPHOT O TOKOB.

15. YpaBHeHHUS 3NeKTPOMArHHTHOI'O MIEPEXOJHOT O ITPOIECCAa CHHXPOHHOH MAIlHEI.
JIOITYINEHN S, HCTIONIB3YEMBIE TIPH HCCIIEJOBAHHH 3IEKTPOMATHHTHOL O TIEPEXOLHOIO
IpoIlecca.

16. YpaBHeHHU S 3NeKTPOMArHHTHOI'O TIEPEXOJHOT O ITPOILECCAa CHHXPOHHON MAaIlHEI.
M cxomHble ypaBHEHH S

17. MHOYKTHBHOCTH OOMOTOK CHHXPOHHOH MAIIIHHBI.

18. O000mIIEHHEIH BEKTOP 3-X (pa3HOH CHCTEMBEL.

19. 3amMeHa IIEpeMEHHEIX.

20. Hﬁ%ﬁﬁ%ﬁﬁ%ﬁ@aﬁmmlﬁ.

Ceprudmar: 2 D00BEIpAsKEHII B OHEPATOPHOH (POPME.
sranened D BHeSATHOE KOPSTKde 3aMbIKaHHe CHHXPOHHON MAIIHHEL Ge3 AeMII(pEPHBIX 0OMOTOK.

23. BausHue M IpHOTHKeHHBIH YUeT JeMIT(ePHBIX 0OMOTOK.
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24. Brinsaiie APB ipH BHe3aIrTHOM KOPOTKOM 3aMBIKa HIH.

25. KackagHoe OTKIFOUEHHE H IIOBTOPHOE OTKIIFOUEHHE KOPOTKOI'O 3aMBIKAHHS.

26. B3aumHOe 31IeKTPOMArHHTHOE BIMSHHE CHHXPOHHOH MAIIIMHEL TIPH IIEPEX0HOM
IPOIIECCE.

27, IIpakTHyecKkie METOALI pacyera MEPEXOLHOIO IMPOIECcCa KOPOTKOI'O 3aMbIKAHISL.

28. [IpuOIHKEHHBIH YUYET CHCTEMBI.

29. Pacuet 111 BEIOOpA BREIKIIFOYATETIEH TT0 OTKJIFOYAKOINEH CIIOCOOHOCTH.

30. MeTon pacueTHBIX KPHBBIX.

31. Metox cripsMIeHHBIX XapaKTEePHCTHK.

32. HecuMMeTpHYHEBIE KOPOTKHE 3aMBIKAHH 5

33. IIpuMeHsIeMOCTh METOJIa CHMMETPHYHBIX COCTABJISIFOINMX K HCCIIELOBAHIIO
IePeXOHOr O ITpoIEecca.

34. [IapaMeTphl 3JIEMEHTOB JJIS TOKOB OOpaTHOH M HYIIEBOH ITOCIIELOBATEIIBHOCTEH.

35. CHHXpPOHHBIE MallMHBI. ACHHXPOHHBIE JBHTATEIIH.

36. ObobnieHHas Harpys3Kka. TpaHchopMaTopsl. BO3IyIIIHEIE JTHHHH.

37. IlpomombHast HeCHMMeTPHS. Pa3phIB OJHOMH (has3kl.

38. IIpomompHas HecHMMeTpHS. Pa3phIB 2-X (pa3.

39. HecuMmMeTpHS OT BKIFOUEHHN S COIPOTHBIIEHH.

40. I1paBwiIo 3KBHBaIIEHTHOCTH IIPSIMOH ITOCIIEA0BATEIbHOCTH.

41. KoMIUIEKCHBIE CXEMEBI 3aMeIeHH . CXeMBI OTAEIbHBIX ITOCIE 0BaTEIIBHOCTEN.

42. PacripeieneHme HaIpsoKeHHH. [ IpHMeHeHH e ITPHHITAITA HAJIOKEHH L.

Y4eOHO-MeTOqHIeCcKOe H HH(POPMALIHMOHHOE oDecnevdeHne A1 CIHIIHHbI

IlepeyeHn OCHOBHOI H JI0NOJTHHTEILHOI JIUTEPATYPbl, He00X0AUMOMH /11 0CBOEHHSA
JUCIHHILIHHbI

IlepeyeHb OCHOBHOM JIMTEPATYPbI:

l. [IrmmrieHko, B.'T. OneKTpoMarHHTHEIE IIEPEXOMHBIE IIPOIIECCHL B

3IIEKTPOAHEPreTHYECKHX CHCTeMax: yueOHO-MeTouueckoe rocodne/ B.T. ITmimnenko;
OpeHOyprckum roc. yH-T. — OpeHOypr: OI'Y, 2014. — 124 ¢. Pexum pocrya:
http://biblioclub.ru/index.php?page=book view red&book 1d=330565

IlepeyeHb MOIOJTHATEILHOM JIMT €PATYPhI:
l. KyBumHoB A.A. Teopns anekrponpueoga. Yacts 3: [lepeXoaHbIie IIPOIECCH B

aeKTponpHBoie: yieOHoe rmocobue/ A.A. KyBumnog, 35.JI. I'pekoB;, OpeHOYPrcKHil roc. yH-T. —
Openbypr: OI'Y, 2017. — 114 c¢. PexymM gocrtyia:
http://biblioclub.ru/index.php?page=book_view_red&book_1d=481766

Ilepeyenb Y4eOHO-MeTOAUIECKOr0 oOOecmeYeHHsI CaMOCTOATEJLHOH PadoThbl
00Y4JAIONMXCA 10 JUCITHILINHE

1. MeTtoanyecKHe yKazaHHSA K ITadopaTopHBIM padoraM IIo mgucIIrinHe " IlepexXomHwie
ITPOLIECCHL B ANIEKTPOIHEPreTHUECKHX CHCTEMAX "
2. MeToanyecKne yKazaHHS K IPaKTHYECKHM 3aHATHIM 110 AucHioUinHe " IlepexomHbie
ITPOLIECCHL B ATIEKTPOIHEPreTHUECKHX CHCTEMAX "
3. MeTtoanyecKHe YKa3aHHS K BBIIIOJIHEHHIO CAMOCTOSTEILHOH PadoOThl 110 JHUCIHIUIHHE "

[lepexXomHbIE ITPOLIECCH B AJIEKTPOIHEPTreTHUECKIX CHCTEMAX "
4. MeTtoamueckue yKa3zaHHS K BBITIOTTHEHHIO pachTHG-rpaq:;HlIecKﬂﬁ PaloTEI IO AUCIMIIIHHE "

HEPE}{G,I[I{BIE CCCEI B SHEKTPGBHEPFETIHECIGD{ cHcreMax "
OOKYN HT oariMcaH

ANEKTPOHHOM NOONMUCEID
"“TTepeqenn pbc‘vpcnn nﬂtbupmfiunnﬂﬂn -TeJIECKOMMYHHKAIIHOHHOH ceTH <« lIHTepHeT»,

o HEﬂﬁKﬂ,[[ﬂMb[K ,[[.JIH DEEDEHHH JUCITHIIVIHHbI
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http://www.biblioclub.ru -5bC "YHiBepcureTcKag OHOIOTEKA OHIIAHH"
http://www.iprbookshop.ru/ - OnekTpoHHO- GHOImMoTeuHas cucrema IPRbooks
http://elibrary.ru/ - eLIBRARY.RU - HAYUHAZA SJIEKTPOHHA BMBJIMOTEKA
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HEpE‘IEHh HH(l)ﬂpMﬂHHﬂHHhIK TEKHGJ[GI‘HITI, HCIIOJIB3YEMbBIX IIPH OCYHICCTBJICHHH
ﬂﬁpﬂSﬂEﬂTEﬂbHﬂrﬂ nmponecca Mmoo JAUCIHHIVIHHE, BRJIOYIAA IIepe'icHb IHNporpaMmMHOIo
odecrnevyeHH A H HH(l)ﬂpMﬂl[HﬂHHhIK CIIpABOYHBIX CHCTEM

CrenHalbHOE IIPorpaMMHOe oOecIieueHHe He TpeOyeTcs.

Onucanue Mar €PHAJIBHO-T eXHHYeCKOH ﬁﬂ&hl, HEﬂﬁKﬂﬂHMﬂﬁ AJIH OCYIIECTBJICHHH
ﬂﬁpﬂSﬂEﬂTEﬂbHﬂrﬂ nponecca nmo IHnCnHiJiHHe

CrierHan3npoBaHHasd yueOHasa MeOellb H TEXHHYECKHE CpeJcTBa OOVUEHHS, CIYJKaIllHe
IUI TIpeJicTaBIeHHs yyeOHOH HH()OpPMaIHH: HAOOp IS JEeMOHCTPAl[HOHHOrO O0OpPYIOBaHHS,
yueOHO-HaITISHbIE TTOCOOH L.

JlaGopaTopHsli cTeH « MHTelleKTYalIbHBIE ANeKTpHYeCKHe ceTH»y UDC2.

Hughopmanuornsie cnpasoursle CUCHEeMBbL.
1. http://docs.cntd.1ru/ OnekTpoHHBIT (POHJI ITPaBOBOH H HOPMaTHBHO-TEXHHYECKOH

pokyMeHTanuu TEXOKCIIEPT
2. [TpodpeccroHanmpHBIE cITpaBOYHbBIe cHCTeMEI TexskcriepT http://vuz. kodeks.ru/

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



