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Coneprxkanue

1. OGH.[HE CBCACHIIA IIO BBIIIOJTHCHHIEIO IIPAKTHHCCKIIX pa6DT

lIpakTunueckoe 3aHsaTHe Nel. CTpykTypa 5SIEKTpO3HEpPreTHUKU. OCHOBHEIE
TEPMUHBI U TOHATUS.
lIpakTnueckoe 3aHsaTue Ne2. banaHc 3IIeKTpUUECKON SHEPTUN

lIpakTHueckoe 3aHATHE Ne3. MatemMaTdeckoe OIIHCAaHIE
3IEKTPOMEXAHNUECKNX IIePeXOQHBIX IIPOIECCOB B SIIEKTPOIHEPTETUUECKUX
CICTEMax JJI1 NCCJIEA0BaHNA YCTOMUNBOCTHU

IIpakTnueckoe 3aHaTHe Ned. YCTONUNBOCTEL PEXKNMOB CHUCTEM IIPH MaJIbIX
BO3MYIIEHIIX

lIpakTHnueckoe 3aHsaTHe NeS. PacueTHBIE COIPOTURIIEHNS PEAKTOPOB

lIpakTnueckoe 3ansaTue Ne6. Harpes nnpoBojoB TokoM K3
IIpakTnueckoe 3ansaTue Ne7. Pacuer Toka K3
lIpakTnueckoe 3ansaTue Ne8. Pacuer Toka ygapHoro K3
IIpaxkTnueckoe 3ansitue Ne9. Pacuer TpexdazHoro Toxa K3

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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1. Iless 1 332498 0CBOEHNA U CIMILIHHBI

[{enp H3YYeHHS T CIHIUIHHEI:

- IaTh IIpeJcTaBlIeHHe O (PH3HKE SBIIEHHI, ITPOHCXOISIIHX ITPH IeKTPOMarHHTHBIX
TIEPEXOHBIX ITPOIleccax H METOIBI HX KOITHYECTBEHHOH OIIEHKH.

3agayuH IIpH H3YYeHHH JHCIHIUIHHEL
3HaTh (PH3HKY ITePEXOIHBIX ITPOIECCOR B AMEeKTPOSHEPreTHUECKHX CHCTEMaX H HX OCHOBHBIX
sIIEMEHTAaX,
YMeTh aHaJIH3HPOBAaTh Pe3yIIbTaThl pacyeTa IePexX 0 HBIX ITPOIIeCCOB I ITPHMeHEeHH I B
pealbHBIX ANEKTPOIHEPreTHYECKHX CHCTEMAX H CHCTeMaX AIEKTPOCHA0KeHH.
BrageTs HaBBIKaMH pacueTa THITOBBIE ITePeXOJHBIE ITPOIIECCHI

HanmeHoBaHHe IMPAKTHYICCKHX 3aHATHH

Oobem M3 HHX
No HanMeHoBaHHEe TeM JUCIHHILIMHLL HX KpaTKoe
TeMbI coaep raHue 1acos HDARTITCCKa
ITOJITOTOBKA, YaCOB
1 IIpakrudeckoe sanarue Nel. MarteMaTHYeCKOe 1.5
OITH CAHHE 3JIEKTPOMEXAHHYECKHX ITEPEXOTHBIX
IIPOLIECCOB B ANEKTPOSHEPT ETHUECKIX CHCTEMAX
IUISI HCCIIEAOBAHHM I YCTOHYHBOCTH.
2 IIpakTnyeckoe 3ansarue Ne2, Y CcTOHYHBOCTh 1.5
PEKHMOB CHCTEM IIPH MaJIBIX BO3MYIIEHHIX
3 IIpakruueckoe 3aHarme Ne3. PacueTHEIE 1,5
COIIPOTHBJIEHHS PEAKTOPOB
4 IIpakTnyeckoe 3anarue Ne4, Harpes nporogoB 1,5
TOKOM K3.
5 IIpakTnyeckoe 3ansarue NeS. OrpeneneHie 1.5
ITapaMETPOB EMEHTOB SKBHBAJIEHTHBIX CXEM
3aMEIIEHH S
6 IIpakruieckoe 3anarne Ne6 bamaHc 1,5
IEKTPHYECKOH SHEPIHHL.
7 IIpakrHueckoe 3anarme Ne/. PacueT Toka K3. 1.5
8 IIpakTHyeckoe 3anarue Ne8, Pacuer Toka 1.5
yZapHoro K3.
9 IIpakTHueckoe 3aaaTHe Ne9. PacueT TpexdasHOro 1.5
ToKa K 3.
Hr1oro 3a 6 cemecrp: 13.5
Hroro: 13.5

IIpakTHueckas padora Nel

MaTteMaTH4YeCKO€e OINHCaHHE AICKTPOMCXAHMYCCKIX TIICPEXOAHBIX ITPOLECCOB
B JICKTPOIHCPIreTHYCCKHX CHCTEMAX IVIH HCCJIICTJOBAHHA yCTﬂﬁlIHBﬂCTH‘

Axkmyanenocmb memol:

3aKmodaeTcsd B HEOOXOJHMMOCTH MpHOOpPETeHHdI HABBIKOB IIO pacydeTy
[IEPEXOAHBIX IIPOIIECCOB
IIpuBecTH kK reHepaTOPHOMY HaIlIpsI’KEHUIO COIIPOTHURIIEHNE 7, B CXEMe Ha puc. la.

NOKYMEHT MOANWUCAH OPMAaTOpPOB:
SNEKTPOHHOWM NOANMUCHIO
CepTucbukar: 12000002A633E3D113AD425FB50002000002A6 - =135/6,6; Us/Us = 6/04.
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
PHUE
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1. IIpuGmmkeHHOe NpUBEIeHNE 10 YpaBHEHUIO (12):
Z1=7 (Ui/Ug)* =7 (10,5/0,4)> = 689 Z.
2. TouHoe npuBeeHNE O YpaBHEHUIO (1):
Z1=7 ((Us U3 U/(Ug Us Up))> = ((6 - 35 - 10,5)/(0.4 - 6,6 - 38,5)) =470,6 Z.

OmuOka Ipu pacueTe Toka K3 3a cOnpoTHRIEHNEM Z., OIIPEIeIICHHBIM 10
ypaBHeHIIO (1), OyJIeT oueHb BelIHKa.

J1/TT4 3/4 0/us

a): Fr :ﬁ: :ﬁ: Zﬂ: E#K
) (D— g

CXeMBI IpUBEACHII K pacueTHOMY HAMPKEHUIO IPU HECKOILKUX
TpaHC (popMaTOpax: a — ICXOAHAd, O — pacueTHasd

B cxeme Ha puc. 1 Tox K3 3a compoTurieHneM /7 OIPEIENIEH IIPU PacuyeTHOM
HampsokeHunn Uy = 11 kB. Onpenermrs ASNCTBUTEIIBHEIE TOKH IPU HAIpspKeHNN Us =
Us; Us = Us, Us Koapduumentel TpaHcopMalil yKazaHbl B IIpuMmepe 1.
COIIPOTUBRIICHISI T€HepaTopa 1 INHUIT He yUUThIBaTh (Zc = 0). Bemunna Z = 470,6 Om.

Pewiernue
Tox K3 lf} = U/(3-Z) = 11000/(~/3 -470,6) = 13,51 A mpu reHepaTtopHOM
HanpsokeHun 11kB. IlpuBenenusini Toxk K3 paBeH:
—Ha ctopoHe U = Uz b =13,51-10,5/38,5 = 3,685 A;
—Ha ctopoHe Uy = Us Iy = 3,685-35/6,6 = 19,54 A;
— Ha ctopoHe Ug Ig = 19,54:6/0,4 = 2931 A.
Ecim nonp30BaThCA CpeIHIMI HOMIHAJIBHBEIMI HAIIPSDKEHISIME, TO TOK K3 OyzeT
pPaBEH.:

— Ha reHepaTopHoM HanpspxeHun 10500/ J3 -689 = 8,81 A;
— Ha ctopone 0,4 kB 8,81:10,5/0,4 = 231,23 A.

Kﬂﬂmpﬂﬂbﬂblé 60npocsl.

l. Kaknum o00pazoM CBg3aHBI pacueTHhIE AaKTHUBHAsI U pPeaKTHBHAa:d
MOIITHOCTH ?
2. B kxakoMm ciydyae HEOOXOJUMO IIPOBECTH KOPPEKTHPOBKY pacudeTHOI

AKTUBHOII MOITHOCTIH?

IIpakTHueckas padora Ne2

NOKYMEHT I:ID,HI'IHCAH
SNEKTPOHHOW MOANACHLIO EM IIPpH MaAJIbIX BO3SMYIINCHHHX.
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxora TaTeAHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



3aKirodaeTcs B HEDGXD,[[HMDCTH HpHDﬁpETEHHH HABBEIKOB IIO PACHCTY
yCTGfIT—IHEGCTH

OT IMMUH IOJACTAHINU C BTOPUYHBIM HampspkeHueM |1 kB nurarorcsa Tpu JIMHUU.
[lepBasl NHMHNA BBHIIOJIHEHA AalIOMUHHEBBLIM Kabenem 3x50 MMm?, Bropas —
aAJIFOMIHIEBEIM IIpoBOJAOM AS0, TpeTba — cTalbHEIM IIpoBogoM 1IC-50. JlmmHa
kaxgon muHun 5 kM. Tox K3 Ha mumHax 11xkB 3000 A. Onpegenuts Toxk K3 B
KOHIIE Ka’kKJ101 JINHUM.

Pewiernue
ConportupneHue O35C, npuBeJicHHOE K mnHaM 11 kB, paBHO:

Xc = 11000/~/3-3000 = 2,12 Om.

Conpotunienue kademns 10 kB mo Ipunoxkemmo 7 paBHo: R = 0,62-5 =3.1 Om; Xk =
0,09-5 =0,45 Om. Tox K3 B koHIIe kKaOeILHOM JINHIN PaBEH:
[P = 110000 —=1579 A
V3(2,12+0,45)2 + 3,17

Ha puc. a gan ueprexk omophl jJuHun 11 xB, a Ha puc. 6 — BcrioMoraTenbHOE
[IOCTPOEHNE I ompeaeneHns Dep. M3 pucyHka BUHO, UTO

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

AB = VAD? + DB? =4/750? + 6702 = 1000 M.

Dcp = I/AB-BC -CA =3/1000 -1000 - 1500 = 1150 mm
[Io IIpunoxenuro 2 Dp = 9 mm 11 mporoga A-50:
X=0,1441g 2-1150/9 + 0,016 = 0,364 OM/kM,
a COIpOTHRIEHUE (pazkl BCEl JINHUM
Xn=0,364'5=1,82 Om.

Takoll e pe3yabTaT MOKHO IMOIYUYMUTE 110 1 Ipunoxennro 27.

1500
=
-

7

a ) 6)

AOKYMEHT NoarnncAH -
SNEKTPOHHOW NOANMUCHIO J COIIPOTHUBIICHHNA JIMHHNI
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AKTUBHOE collpoTuBieHue mmporoga AS0 o llpwioxkenuro 2 paBHO
r= 0,576 OM/kM, conpoTUBRNeHUE OqHOM (a3wl nuHmn 11 = 0,576-5 = 2,88 Om. Toxk
Tpexdaznoro K3 B koHIle THHIN

110000
V342,12 +1,82)% + 2,882

Ecnu K3 conporoxkagaercs gyroi giuuHoii 1200 MM (IpuMepHO cpeiHee
paccTOsSHIE MKy IIPOBOJIaMI, UTO CIPaBEJINBO JJI1 IepBoro MomeHra K 3), To

_ 1000 -1,2
1310

[V = =1302,9 A.

I = 0,92 Owm,

i tox IV = 11000
k ) 2
V3(2,12 +1,82)% + (2,88 + 0,92)

i 0,891 Toka, onpeaesieHHoro 6e3 ydyera Jqyri.

Takoe HeE3HAUNTEJILHOE VYMEHBIICHHE TOKa OOBSACHIETCSA TEM, UTO
COIIPOTHURIICHNE JYTU MaJIO 10 CPAaBHEHUIO C aKTUBHBLIM COIIPOTUBIIEHUEM JIMHILL.
J11s ctasibHOTrO IIpoBojia Dp = 9,2 MM U BHEINITHEE NHIYKTUBHOE COIIPOTURIICHUE
110 ypaBHEeHHIO (15):

Xeuem = 0,144-1g 2-1150/9.2 = 0,347 OM/kM.

3HaUEHNE BHYTPEHHETO UHYKTUBHOT'O COIIPOTURIIEHI HE PACCUUTBLIBAETCA,
TaK KakK 3aBHUCUT OT TOKa U onpejendercs o llpunoxenuro 25.
3agaeMcsl IpeAroaraeMeIM TokoM TpexdazHoro K3 400 A; Xeuyt = 0,3 OM/KMm.
AxTuBHOE compoTtuBieHne 1o IIpunoxemmno 24 parHo 2,75 Om/xMm. Tox K3 B koHIIE

JIIHIU OyJIEeT:

=1160 A

IE}= 11000 _ 364 A

V312,12 + (0,347 +0,3) - 51> + (2,75-5+ 2-8)°

llonyuenusiii Tok 364 A HE3HAUUTEJILHO OTINYAETCA OT IIPUHATOIO
npeaBaputeabHo Toka 400 A. IlepecueT B JaHHOM cilydae He TpeOyeTcs, Tak Kak
X0l KpUBLIX B lIpunoxkennun 24 mokaswlBaeT, UTO IIpU TOKE 364 A COIPOTHURICHUS
XBHYT U R mpakTmuecku takue ke, kak 1 upu Toke 400 A
COIIpOTURIIEHUE AYTU IpHU TOKe 364 A

R = 1000-1,2/364 = 3,296 Owm.

Tok K3 ¢ yueToM COIIPOTUBIIEHN IYTU:

11000
V31212 + (0347 +0.3)-517 +(2,75-5 + 3,296)°

i 0,97 Toka, omnpe/iesieHHoro 0e3 yuetra Ay B MECTE ITOBP e ICHISL.

E AOKYMEHT MNOAOMMUCAH I' IOCACTAHIINIIL, TO €€ COIIPOTHUBIICHIIC
ANEKTPOHHOW NOANMCBIO
Ceptudpukar: — 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; lLebayxoea TaTbAHa AnexkcaHopoBHa )00 _ 0 4 OM
1 a2 3

3, = = 355,87 A,
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11000
J3:(2,12% +0,4%)

i 0,982 Toka, omnpeiesIeHHoro 6e3 ydeTa JyTri.
Ecmm jgyra Bo3HukaeT Ha muHax KPY, 1o mpu ee guuHe okomo 0,3 M

CONPOTHUBRIICHUE YT OYOET:
roq = 1000-0,3/3000 = 0,1 Om,

= 2947 A,

1 TOK K3 ¢ yueToM JyTru paBeH IE} =

1 Tok K3 IIPAKTHNHCCKH HC N3MCHITCA.

1= 00 9664 a
J34(2,122 + 0,1%)
JI71s1 cpaBHEHUS PE3YILTATOB BEIIIOIHIM BBEIUICIICHII II0 YPaBHEHIIO (2) BMECTO

(7).

KabepHas THUHNST:

Zp.c = /3,12 +0,45% = 3.132 Om:
¥ = 11000/+/3 (2,12 + 3,132) = 1210 A.

JIMHIS ¢ cTalIbHBEIMU IIPOBOJdMII.

Zp.c =[(0,347 +0,3)-5]% + (2,75 -5)% = 14,125 Om:
11000

[V = j —=3914A
J3-(2,12% +14,125%)
KoumponwHbie sonpocsi:
l. Kakum o00pazoM cCBg3aHBl pacueTHbIEe aKTHUBHAsd ¢ peaKTHBHAS
MOIITHOCTH ?
2. B xakoMm ciydae HEOOXOJUMO IIPOBECTH KOPPEKTHUPOBKY pacdeTHOM

AKTUBHON MOIITHOCTH?

IIpakTHueckas padora Ne3
PacueTHbIe CONPOTHBICHUSA PEAKTOPOB

Aﬁmyﬂ.ﬂbﬁﬂﬂm& membl.
3aKirodaeTcs B HED6XD,[[HMDCTH HpHDﬁpETEHHH HABBEIKOB IIO PaCHCTY

peaxTopa

Onpemenurk Tok K3 3a peakTopoM 1 HaIpsKeHIE Ha IMIHaX B CICTEMax
JIuneitnwiil peaktop 6 kB, 8 %, 600 A; caBoeHHblil peaktop 6 kB, 12 %, 2000 A,

AOKYMEHT MOAMUCAH mero TpaHcdopmaropa 6,6 kB; Tox K3 10
ANEKTPOHHOW NOAMUCHIO
Ceprudpkar: - 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
eHUE
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Xp = 10-X-U//3-1=10-8-6/~/3 600 = 0,462 Om.
COIpOTURIEHHIE CUCTEMEI JIO BEIBOJOB 0,6 KB nuraromiero TpaHcgopmMaropa:

Xc = 6600/~/3 16000 = 0,238 Owm.

Tox K3 3a TUHENHEIM pPEakTOPOM:
1Y = 6600/+/3 (0,238 + 0,462) = 5450 A.

2. CopoTURBIIEHNE OJTHOI BETBU CIBOECHHOTO peaKkTopa:
Xp=10-12-6/2000 = 0,36 Om.

Tox K3 3a peakTopoMm:
1) = 6600/+/3 (0,36 + 0,238) = 6379,65 A.

HeoOxomumo oOpaTuTe BHHMAaHHE Ha TO, YTO XOTSI PEAKTOPBEl MMEIOT
HOMHHaIbHOE HalpsbkeHne 6,0 kB, BKIIOYeHBl OHNM Ha BTOPHYHOE HaIpsKEHUE
nuraromero TpaHcdopmaropa 6,6 kB m npuBeaeHHI K OJHOMY PacueTHOMY
HAIIPSDKEHUIIO B 5TOM CIIydae He TpeOyeTcs.

3. HanpspkeHne Ha mmnHax Ipu K3 3a InHENHBIM peakTopom Ul = J3 IE} Xp =

J3 -5450-0,442 = 4356 B, wm 4356/6600 = 0,66 HOMUHAJILHOTO.
HampsxkeHne Ha HEIIOBPEXKASHHON CEKIUN IINH II0 pHc. 60 paBHO:

\/§ -0,36:6379.65=3971.4 B, i 0,602 HOMHUHAJILHOTO.

CrneAgyeT OTMETHTb, YTO TaKOoe€ HaIpspDKeHIe He oOecIieunBaeT HaJe)KHOI
PaOOTEI MAaTHUTHEIX ITYCKATEJIE: OOBIUHO MX HANpsKEHUE OTIaJaHUd KOJISOIeTC s
B npexenax 0,65...0,75 HOMHHAJILHOTO U B JAaHHOM CIIydae MOTYT HMETHL MECTO
HEMPaBIIbLHEIE OTKIIFOUEHUA AJIEKTPOJBUTaTENIE!.

Te e HaOpsKEHNSI MOYKHO OMNPEEINTh I IO BEIpakeHNIM (23) u (24):

Um = 0,462-U/(0,462 + 0,238) = 0,66 Un:
Um = 0.36-U/(0,36 + 0,238) = 0,602 Us.

Ha mopctanHiiun BeIBeAeH 13 paOoTel TpaHcdopmarop 2T m cekmug muH [V
nmuraeTcsd OT TpaHchopMaTopa depez peakrop TpaHcopmaropa 2T. TpeOyercs
ompeaenuThb Tok K3 Ha cexrun mmd IV,

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Pewerniue
COIpOTHRIICHNE ABYX IIOCJIEJOBAaTEIILHO BKIIFOUEHHEIX BETBEIl peakTopa IIO
BBEIpaKE€HIIO (22) paBHO:

Xbc=20,36-(1 +0,5)=1,08 O™ (puc. 6),
TOK K3
¥ = 6600/+/3 (1,08 + 0,238) = 289456 A,
IV = J/3-2894.56/2 = 2503,8 A:
HAIIPpAXKCHIIC Hd CCKIIMII IIIITH I PaBHO.
1,08-U/(1,08 + 0,238) = 0,819U.

Kﬂﬂmpﬂﬂbﬂble 60npocsl.

l. Kakum o00pazoM CBg3aHBI pacueTHhIE AaKTHUBHAsI U peaKTHBHAa:d
MOIITHOCTH ?
2. B kxakoMm ciydae HeOOXOJUMO IIPOBECTH KOPPEKTHUPOBKY pacudeTHOM

AKTUBHON MOIITHOCTH?

IIpakTHyeckan padora Ned
HarpeB nmpoBoxoB TokoMm K3

Affm_}‘ﬂ.ﬂbﬁﬂﬂm& membl.

3aKIIro4yaeTcs B HED6XD,[[HMOCTH HpHDGpETﬂHHH HAaBBEIKOB IIO PpAaCHCTY TOKOB
K3

Tox K3 Ha mumHax nurTarolnein noactaHium paBeH 10 kA npu HanpsKeHUN
6,6 kB. BEIITIOIHUTE pacyueT crnajgaHusd Toka depes 1, 2, 3 ¢ I MeJJHOTO Kadess
3 s
ceueHueM 50 MM~, JUTMHOI > KM.

AOKYMEHT MOANUCAH ——
ANEKTPOHHOW MOAMUCHIO | .
Ceprucbukar:  12000002A633E 301 3AD425FB50002000002A6 ine kabens npu temmepatype 65 °C. 1lo
Bnapeneu; LHebayxona TaTeAHa AnexkcaHaposHa € MEJHOTO KE’L6EHH 50 MME HpH

Nencreutened: ¢ 20.08.2021 no 20.08.2022



temmepatype +20 °C paBuo 0,37 Om/xM. IIpu temnepatype 65 °C cOnpOTURIICHUE
oymer 0,37 - [1 + 0,004- (65 —20)] = 0,4366 OM/kM.
llonHoe akTuBHOE conmpoTturiieHne rx = 0,4366-5=2185 Owm.

COonpoTHBIEHIE CICTEMEI xc = 6600/~/3 10000 = 0,3815 Om.

ConpoTUBICHHNE KaOes xk = 0,083-5=0415 Om.
Tox Tpexdaznoro K3 B koHIle kabessd B IEPBLEIIT MOMEHT

1D = 6600/+/3 - (0,3815 + 0,415) + 2,18 = 6600/+/3 2,32 = 1644.41 A

Pacuer s BpemeHun t = 1 c:

A=1"/q)*t=(1644,41/50)*1 = 1081,6 A? c/mm*,
a=(2,13/2,32)* = 0,384.

s
no b
P
1,00 ™
0,95
4,99}
0,85
8,80—+
7,755
0,78
0,65
0,60 .
0 0,5 1 1,5 2 2.5 3 &5 4 4.5-710%A%c/ymm* Meds
{ i ! { { b 1 i S P J
g 0,204 0608 1 1,2 1,4 1.6 7,8 70% Amomunuil
| { | | | I T | i SN B
NOKYMEHT NOANMWUCAH ', = = 0,5-70% Cma s
ANEKTPOHHOW MOAMUCHIO
CepTuchukar:  12000002A633E3D113AD425FB50002000002A6 S TeTIEHNS] CHIDKEHIIS
Bnapeneu; lebayxoea TatesaHa AneKkcaHgpoBeHa

peBa HpDBD,I[DE
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Omnpenenutk  yMeHbIneHHne Toka K3  m3-3a  Harpera  oOMOTOK

TpaHcdopMaTopa.
Pewenue

JlaHHEIE TpaHC(OPMATOPOR II0 IPUMEPY S
ST =25 kB'A,Z=960M;, X=152.3 Om; Z = 180 Om;
ST, =400 kB-A, Z2 =3,44 OMm; X = 10,71 Om; Z = 11,25 Om.

AxtusHoe compoTturneHue mpu 250 °C uepes 1,82 ¢ nmocne Hauana K3 Oyaer B
1,7 paza Oomeme, uemM npu 75 ©C. IlomHble COINPOTHRIEHUS OyIyT: OJId

TpaHcopmaTopa 25 kB-A Z Z\'/ISZ,,?r2 + (1,7 -96}2 = 223.2 Om BMmecTO 180 OM; msa

TpaHchopmaTopa 400 xB-A Z :\/10,,712 +(1,7-3,44)* = 12,2 Om BMecTo 11,25 OMm.

MakcumarnbHoe yMeHbIleHne Toka K3 mpum Zc = 0 uepez 1,82 ¢ cocraBur
180/223,2=0,816 gma1 Tpancopmatopa 25 xB-A m 11,25/12,2=093 g
TpaHchopmaTopa 400 kB- A.

Rﬂﬂmpﬂﬂbﬂblé é6onpocsl.

1. Kaknum oOpazoM CBg3aHBI pacueTHBIE AaKTHBHAad U pPeakKTUBHAS
MOIITHOCTH ?
2. B kxakoMm ciydyae HeoOXOAUMO HPOBECTH KOPPEKTHUPOBKY pPacueTHOIl

AKTUBHONI MOIITHOCTH?

IIpakTHueckoe 3ansaTue Nes.

OHPE,I[EHE:HHE I[IapaMCTPOB 2JICMCHTOB 5KBHBAJICHTHBEIX CXCM 3aMCIIICHITA

AHI’H_}'ME:HHCHH: membal.

3aKirodaeTcs B HED6XD,[[HMDCTH HpHD6pETEHHH HABBEIKOB IIO PaCHCTY
JKBHBAJICHTHBIX CXCM 34dMCIIICHIIA

[IapaMeTphl 5KBHBAaJIEHTHBEIX CXE€M 3aMEeIeHNI MOTYT OBITh ONPEACIICHBI :

1. B UMEHOBAaHHKLIX M OTHOCUTEIBLHBIX €IMHUIAX IIPUBEICHUEM 3HAUCHUI
[IapaMETPOB pAaCUETHHEIX CXEM K BBEIOpaHHOII OCHOBHOI (0a3MCHOII) CTYIIEHU
HaIlpSDKEHIST CETH € YYETOM (PaKTHUECKNX Ko3(P(PUIIMEHTOBR TpaHChOpMaIllN
CHIJIOBBIX TPaHC(OPMATOPOBR U aBTOTPaHC(HOPMATOPOR.

2. B oTHocUTEeNbHBIX U HMMEHOBAaHHBLIX €UHNIAX 3HAUECHUU IIapaMETPOB
pPacUeTHEIX CXE€M K BEIOpaHHBIM OAa3HCHBIM VCJIOBUSAM C VYETOM CPEIHUX
KO3 PUIIEHTOB TpaHC(OPMAIH, PaBHLEIX OTHONIEHHIO CPEJHUX HOMHHAJIbHBIX
HaIIpSIKEHUN CETEN COOTBETCTBYIOIINX CTYIEHEN HaIIpsaKeHN. PexoMeHayeTrcs
IICIIONIL30BRATE IIKAJIy CPEeJHNX HOMHHAJIBHBIX MEXY (Pa3zHBIX HAIPSKEHUI CETEl

. ) hSWEEH}H;ﬂHLEAEI I8 75 18- 90 24: 377 115, 154, 230; 340; 515; 750.

SNEKTPOHHOWN MOMMACHIO T Tokn K3 mpm Hanmmuum JaHHBIX C
CepTuchvikar: 12000002A633E3D113AD425F B50002000002A6 |
ymanug. Haubonee mpenmouruteneH s

Bnapeneu: Webayxoea TaTtbAHa AnekcaHapoeHa
A B KP) BTOpPOH CHDCD6 IIPHUBCACHITA.
Nencreutened: ¢ 20.08.2021 no 20.08.2022



PacueTHble BRIpaXeHHI JJII 5TOro crocodOa mpuBedeHBl B Tadi. 1. Ilpu BeIOOpe
JaHHEIX YCJIOBMII CIeQyeT PYKOBOJCTBOBATHLCSA TEM, UTOOBI MOPSJOK UHCIIOBEIX
3HaueHUIl OBl YIOOEH [AJI OIlepHPOBaHUA ¢ HUMH. 3a 0a3MCHYIO MOITHOCTB (Sg)
I1eIeco00pa3zHO NPUHUMATE YHCIIO, KpaTHOoe Aecatu. Hanpumep, 10, 100, 1000 u T.
n. [MBA] 3a Gazucuble HanpsxeHHd (Ug) peKOMEHIYETCS IMPHHUMATL CPeJHEe
3HaUE€HUE TON CTEeNeHH TpaHCc@opMaIul, I'je HaxoquTcsd Touka K3.

basucHBIN TOK 1 COMMPOTURIICHNE ONPEIEIIAIOTCA 10 BEIPAKCHILIM:

16— S6 76 - Ub _ Ub (1)
J3 U6 J3.16  S6
KoumponwHsie sonpocni:
l. Kakum o00pazoM CBg3aHBl pacueTHbIE AaKTHUBHAs M peaKTHUBHAS
MOIITHOCTH ?
2. B kxakoMm ciaydae HEOOXOJMMO IIPOBECTH KOPPEKTHPOBKY pacueTHON

AKTUBHOI MOIITHOCTH?

I IpaxkTuueckoe 3ansatue Neo.

banaHc 351eKTpUYecKoil SHEPTUN

AHHI_}'{IUHJHGCHH: membol.
3aKIFoYaeTCsd B HﬂDﬁXDﬂHMGCTH HpHG6pETEHHH H4BEIKOB IIO PACHCTY
Oajlanca BHEI{TPHT-IECI{Oﬁ SHCPI'iH

CocTaBlI€HHIE CXEM 3aMeIleHUsI OJId TOKOB IIPsAMOIl, 0OpaTHONM M HYJIEBOII

[TOCJIEJOBATEIILHOCTEN

OmnpenencHue MnapaMeTpoB HX 3JIeMEHTOB. (B pganbHelInmeM IPpUHSATHEL ITHPOKO
pacIpoCTpaHEeHHLIE 0003HaYeHUs WHJEKCOB JII IIapaMETPOB IIPSIMOIl,
0oOpaTHOII 1 HYJIEBOII ITOCII€AOBaTEIbHOCTEM: 1, 2, 0).

1. Cxema 3aMenieHus IpsSAMON IIOCIIeJOBATEIIbHOCTHI aHAJIOTMYHA CXEME, KOTopas
COCTABJLIETCS JJIA PACUETOB CUMMETpUUYHOro K3. B 3aBUCHMOCTU OT MOMEHTA
BpEMEHU U METOJa pacueTa BCE HJIEMEHTH, B COCTaB KOTOPHIX BXOJAT
Bpallaromue MaIlNHBEI (F€HepaTOphl, Harpy3KH JBUTATEIM, CHUCTEMBI H T.IIL.),
BBOJIATCA B CXEMY 3aMEIECHILT [IPAMOU [IOCJIEIOBATEIILHOCTU
COOTBETCTRYIONMMU peakTUBHLEIMU OJ[C. Bce ocTanbHBIE 3JIEMEHTBI BBOIATCS
B CXEMY HEM3MEHHBLIMU COIIPOTURICHUSI M.

Hauamom cxembl (H) OpsSMON IOCJIEJOBATEILHOCTH CUHTAETCS TOUYKa, B

KOTOPOIl OOBEJEHHI CBOOOJHBLIE KOHIILI BCEX TE€HEPHPYIOMHNX H HArpy304YHEIX

BeTBell. B MecTe HecmMmmeTpuu (KoHeIl cXeMhl - k) aeiictByeT OJIC, paBHas

[IOKYMEHT NOAMUCAH MHHOCTIL. JIrobyro  cxeMy — IIpsIMOU

SNEKTPOHHOWM NOANMUCHIO | . w ] -

CepTudmkar: — 12000002A633E3D113AD425FB50002000002A6 [ K HIPpOCTCHIICH CXCMC, H3 KOTOPOII
Bnapeneuy: Lebayxosa TatbaHa AnekcaHapoBHa 3_,3 11 PE3VIIBTHPVIOIIEE COIIPOTHBIICHIIE

I , y
NeitcTenTenes: ¢ 20.08.2021 no 20.08.2022 Cxema 3aMCIICHITA oOpaTHOI



IOCJICIOBATEJILHOCTI IO KOH(UIYpaIUll HE OTINYaeTCsd OT CXEMbl IIpsIMOil
IIOCJICIOBAaTEILHOCTHI. HauanoM cxeMbl 0OpaTHOI MOCJIE0BATENBLHOCTU SBIISACTCA
TOuKka, OObeAUHSIOmIas Hadajlo BCeX TeHEPUPYIOUINX M Harpy304YHBIX BeTBeil
(DJ1C oOpaTHOIl IOCJIEJOBATEILHOCTI paBHBI HYIIO). B KOHIlE cXeMBbI (B TOUKE
K3) npunoxeno HanpsoxkeHue Ugap. IlapaMeTpbl 3I€MEHTOB CXEM 3aMelleHUd
oOpaTHOII ITOCIEeNOBAaTEILHOCTH I TpaHCc()OpMaTOpOB, BO3ZAYIIHBIX JIMHUIIA,
KaOemnell 1 PeakTOpOB TE€ XK€, UTO U B CXEMe IpAMOll mocnegoraTenbHOCTU. 1o
CPAaBHEHHIIO CO cXeMoil 3aMeneHns IpsaMoil IocCiIeq0oBaTEIbHOCTI M3MEHSIOTCS
CONPOTURIICHN OOpaTHOIl IIOCJIEJOBATEIILHOCTH 3JI€MEHTOB, B COCTaB KOTOPHIX
BXO/ISIT BpalllatoIIIecs MalllHEI.

En X1 K X2 K X0 K
' KAl KAl ! KA2 : KAO
s ol o "o
E ! Ukaz ! Uxkao
JE o £
2) 5). ' B) '

Ecau uid Harpy3km CONPOTHRICHHE OOpPaTHOM IIOCIIEAOBATEIILHOCTU HE
3aJJaHo, TO €ro MOJKHO IIPUHUMATEL paBHLEIM Xg2)—=0,35 0. €.

ComnpoTHUBIECHNE OOpaTHOH IIOCIEOOBATEILHOCTU TI'€HEPATOPOR JAETCS B
KaTaJorax B OTHOCHUTEJNILHBIX €IUHUIAX C IPUBEJCHUEM K HOMHIHAILHBIM
[TapaMeTpaM IreHepaTopa.

Cxema 3aMeleHns oOpaTHON IIOCIEA0BATEIbHOCTH IIPUBOAUTCS K BULY,
n300paxeHHOMY Ha puc. 1, 0. 3aeck X, SABIIETCS PE3YILTHPYFOIUIM
CONPOTHUBRIIEHUEM 0OpaTHOM II0CIIEIOBATEILHOCTIL.

3. Bumg cxeMbl 3aMeEINlEHUs HYJIEBOU IIOCJIEAOBATEIILHOCTU 3aBUCUT OT
3a3eMJIEHII HelTpallell ceTu BrIciero HanpsxeHud (110 kB u Brile), konmyecTra
TpaHC(HOPMATOPOB I aBTOTPaHC(POPMATOPOB, CXEM COEIMHEHIII UX 0OMOTOK. Ecnnu
HelTpallb TpaHc(popMaTopa OyJeT Heza3eMJIeHa, TO He OyJeT KOHTypa I
IPOTEKaHH TOKa HYJIIEBOH IIOCJIE€QOBaTEILHOCTU. llpu coeguHEHHN OOMOTKH
TpaHc(opMaTOopa B TpPEYTroJILHUK TOK HYJIEBOM IIOCJIEJOBATEIILbHOCTH B 3TOI
0OMOTKE IIPOTEKAET, HO Jajiee IIyTU AJI1 HErO HET.

B cxeme 3amMmelnieHns HyJIEBO IIOCIIeJOBATEIbHOCTH 110 CPABHEHUIO C
IPSMOI M3MEHIIOTCS COIIPOTHURIIEHIS JIMHII AIEKTpoIepeadnl. ITO 00yCJIO BJIEHO
OCOOEHHOCTAMU ITUPKYIIIIISI TOKOB HYJIEBOI IIOCJIEJ0BATEILHOCTI.

CocTaBJIEHUE CXEMBI 3aMEIeHUs HYJIEBOU IIOCJIEAOBATEIILHOCTU CIEAYET
HAaUMHATBL OT TOUKU K 3. r1e npiokeHo HanpskeHne Uxao U ABJIIFOIENCS KOHIIOM

OOKYMEHT NOANMUCAH |
SNEKTPOHHOM NMOAMACKIO [TCA TC SJICMCHTEI, HO KOTOPBEIM IIPOTCKA-
Ceptudchikatr: 12000002A633E3D113AD425FBS0002000002A6 1 KDHL[BI 3TUX DBJIEMEHTOB, HIMEIOIIIX
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

[ICHHEIC HEfITp-‘:lJ‘IH TpaHC tl)DpMElTOpOE
Nencrentened: ¢ 20.08,2021 no 20.08. 2022 I, COEJIMHEHHEIE TpEyFDHEHHKOM:



OOBEIUHSAIOTCSA B OONI[YKO TOUYKY, IIOIy4yas Hadalo CXEMEI 3aMeIleHHs HyJeBOU
[IOCJIEAOBATEIILHOCTU. 3aT€M CXEMY CBEPTHIBAKOT OTHOCHUTENILHO Toukm K3 1a
OIpedeNieHUss  Pe3yJbTHPYIOMEN  BEINMYMHBI  COIPOTHBIICHUS  HYJIEBOU
IOCIIeJoBaTENbHOCTH X230 (puc. 1, B).

Kﬂﬂmpﬂﬂbﬂble 60npocCsl.

l. Kakum o00pazoM cCBg3aHBl pacueTHhIE aKTHUBHAsd ¢ peaKTHBHAS
MOIITHOCTH ?
2. B kxakoMm ciydyae HEOOXOJUMO MPOBECTH KOPPEKTHUPOBKY pacUdeTHOM

AKTUBHOIN MOIITHOCTH?

IIpakTiueckoe 3auiatue Ne7/.

Pacuer Tokxa K3

Affm_}‘ﬂ.ﬂbﬂﬂﬂm& membl.
3aKIIro4yaeTcs B HED6XG,I[HMDCTH HpHDGpETE:HHH HABLIKOB IIO PACHCTY TOKAd
KOPOTKOI'O 3d MBIKAHITA

OOmuil DOpsAOK aHAIUTHYECKOT0 pacueTa dIeKTpudeckux ceTeil npu K3.

Ilociie cocTaBieHUI CXe€M 3aMEIIeHUSA SJIEKTPUUECKON CXEMBI U
OIIpE/IeJICHI ITapaMETPOB UX 3JIEMEHTOB BO3HUKAET HEOOXOUMOCTE OIIPE/IeICHILT
TOKOB 1 HaIlpPsDKEHHIT KaK B MECTe IMOBPEXKASHUS, TaK S B IFOOOM 33JaHHOM MECTE.

JIJ1s1 TOTO HCIIONB3YIOTCSA OOBIUHBIE METOABI, KOTOPBIEC IM3YYANINCh B Kypcax
""Teopernyeckne OCHOBHI AJIEKTPOTEXHUKN" 1 " OJIIEKTPUUECKNE CETU U CUCTEMBI .

1. IlpuBeaeHne cXeMBI 3aMEMEHI K [IPOCTENIIEMY BITY.

JUTIsL 5TOTO MCIIONB3VIOTCSA METOILI MapajlIeJIbHOTO UM IIOCJIEIOBATEIILHOTO
CIIOKEHHSI CONPOTHBRIICHNUII, IIpeoOpa3oBaHUI TPEYroJIbHUKA B 3BE3ly U 0OpaTHO,
METO SKBUBalIeHTHBIX OJ[C.

MHorma B 0OoJiee CHOXKHBIX CJIydasgxX IIpH MOpeoOpazoBaHUU CXEMEI
3aMEMIeHISI BO3HHKAET HEOOXOAUMOCTH MNPUMEHEHUS cIocoda paspe3a CXEME.
IIpeoOpazoBaHne cxeMbl BBITOJHO BECTU Tak, 4YTOOBI aBapuiiHas BETBb IIO
BO3MOKHOCTH OBIJIa COXpaHEHa 0 KOHIla IpeoOpa30BaHMI NI YYacTBOBala HUX
TOJILKO Ha IIOCIIEJHUX STallax.

2. Ilpu pyuyHoM pacueTe HMHOTJa ObIBaeT yJIOOHEN HCIIONIL30BATh HPUHITUII
HaloKeHud. J[J1s1 »Toro HEoOXOAHMMO OIpEeNeiIiTh COOCTBEHHBIE U B3aUMHEIE
COIIPOTHURIICHUS CXEMBI 3aMEIICHIS.

B KP npom3BogdTcsa pacueThbl HauallbHOU CTaguU IIEPEXOJHOrO IIpollecca
npu TpexdazHOM H HECHUMMETPHYHEIX (IIpH OJHOKPATHOII  IIOIIEPEUHOII
HecumMeTnni) K3, B 2aiaunm 3TuX nacyeToB BXOUT OIIpe/IeICeHNE AeHCTBYIOIEro

AOKYMEHT NoanncAH "
SNEKTPOHHOW noanuceio oka K3 B HadaJIbLHBII MOMEHT BPCMCHI
Ceptudukar: |, 12000002A633E3D113AD425FB50002000002A6 Ka (I”) a TaK»Ke yIapHOIro TOKa (1} I})
| ) . .

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



IIpn BHIIIOJIHEHUU PacueTOB WCIIOJIB3YVIOTCS BCE T€ AOIYIINEHUS, KOTOPHLIX
OBLIIN N3JIOKEHEI paHee. KpoMe HHIX, B IMpaKTHYECKUX pacdeTax II0 OMNPEASTICHIIO
HAUaJIbHOTO CBEPXIIEPEXOJHOTO TOKa JOIYCKAeTCA PABEHCTBO IIPOJOJILHBEIX N
MOIIEPEUHLIX CBEPXIIEPEXOIHLIX PEAKTHBHOCTEl CHHXPOHHBIX MAIINH (X 4 =X ),
BHE 3aBUCHMOCTH OT X TUIIORB, YTO 3HAUNTEIILHO YIIPOIAET PACUETHI.

IIpn pacuerax HecMMMETpUUHLIX K3 IpeAnosiaraercs, uro nepuogndeckas
clararomas TOKa COCTOUT TOJIBKO I3 OCHOBHOII TapMOHUKIH, T.€. IIPEHEOperaroT
BBICIIIIMI IrapMOHUKaMI.

IIpn pacuere Iy JOMKHEI OBITH YUTEHBI BCE€ CHHXPOHHBIE I'€HEPATOPHl H
KOMIIEHCATOPEl, a TaKKe CUHXPOHHBLIE aCUHXPOHHBIE ABUTATEIN MOIMHOCTHIO 100
KBT m Oomnee ecnm oHHM HE OTAeNEHBI OT Toukd K3 TOKOOrpaHHMYMBAIOIINIMINI
peakTopaMi IUII CUJIOBEIMU TpaHcopMaTopaMU. B aBTOHOMHEIX CHCTEMax
CJIEAYET YUUTHIBATH U BIEKTpOABUTraTeIn MOIHOCTBEIO MeHee 100 kBT, ecim ux
710J11 B cyMMapHoM K 3 cocTariseT HE MeHee S %.

KoumponwvHble sonpocobl:

l. Kaknum o00pazoM CBg3aHBI pacueTHBIE AaKTUBHAsI U pPeaKTHBHAa:d
MOIITHOCTH ?
2. B kxakoMm ciydyae HEOOXOJUMO IIPOBECTH KOPPEKTHPOBKY pacudeTHOI

AKTUBHOIN MOIITHOCTH?

IIpakTHueckoe 3aHsaTHE Ne8.

Pacuer Toka ygapHoro K3

AHHI_}‘:‘SUHJHE?CIHEJ membol.
3aKFOYaeTCS B HEDGXGE{HMDCTH HpHﬂﬁpETﬂHHH HABBEIKOB IIO PAaCHCTY TOKa

KOPOTKOI'O 3da MBIKAHITA HpHMDﬁ ITOCJICAOBATCIIBHOCTI

CHHXpOHHBIE U ACHHXPOHHBIE MAIlIUHBlI B CXEMY 3aMENEHUS IpsIMON
[TOCJIEJOBATEIILHOCTU JTOJIJKHBI OBITH BBE/ICHEI CBEPXIIEPEXOHBEIMU
compoTuBIeHmIMu (X 4) u cBepxuepexoqueiMu  OJIC  UNCIEHHO pPaBHBIMIL
sHaueHusIM >Tux OJ[C B momeHt, npeamectryromuii K3 (E"). IIpu oTcyTcTBUM
maHHeIX 1m0 E" 3mauenme OJ[C 111 paszInmdHBIX 3JIEMEHTOB CETH MOTYT OBITh
OIIPE/IEIIEHEl COOTBETCTBUU C TaOJI. 1.

Harpyzka B cxeMe 3aMeNeHNsI YUUTBEIBAETCS P NOMIDKEHHO, KaK MCTOYHIK
CO CBEpXIIEPEXOJHLIM COIPOTUBIEHNEM X x=0,35 u DJIC E"~0.85 (ecnu He
3aJaHbl APYTHUEe BEINYNHEL).

Bce ocTanbHBIE 3JIEMEHTHI CETH BXOJST € 3aJaHHBIMU ITapaMeTpaMu, IIpUBE-
JE€HHBIMU K OJHOII 0a31CHOII MOITHOCTH, Sg (B 0. €.), TMO0 K OJHOIl CTYIIEHH Ha-
PsKEHNS (B MIMEHOBAHHEIX €IHHIIAX ).

JUIs1 pacueToB U aHaIN3a HECUMMETPUUHBLIX K3 Ba)KHBIM BBEIBOJIOM SIBIISIETCS

an%%ﬁgﬁnggﬁ%%ﬁﬁﬁm JiegoBaTeIbHOCTH. CyThb 3TOTO IIpaBHUIIa
CepTudimkar: | 12000002A633E3D113AD425F B50002000002A6 'BaTeJILHOCTH JEOOOT0 HECHMMETPUIHOTO
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa -pDFO AKRURAIEHTHOTO TPEX(bHBHOFD KB:,

OeiicteuteneH: e 20.08.2021 no 20.08.2022 (1 IIOBPEXKJIACHILA Ha JOIIOJITHHITEIILEHOC



comporusiieHne AX™ (mynr K3), BemMumHa KOTOPOro  OIpELesIercs
PE3YVIBTUPYIOMIIMU  COIPOTHUBICHISIMII  CXEM  OOpaTHOIIT U HYJIEBOHU
IIOCIIEJOBATEIILHOCTH, (X5, 1 X5 ) OTHOCHTEJILHO, MecTa K3 n 3aBucur ot Buga K3.
B  CcoOoTBETCTBHE ¢ OTUM [PABWIOM 3KBHBAJICEHTHAsd CXEMa IPSIMOII
[IOCIIEeJOBATEIILHOCTH UMEET BUJ, N300pakeHHBIIl Ha pucC. 2.

Xgl K ,&X{n} II{ Al
S

Es
8 e e / NN TN

Puc.2

Tox npsamoil mocnegoBaTenbHOCTH oco0oil dazrel (A) B MecTe K3 nipu
nro0oM HecuMmMeTpudHoM K3 (n) ciieayer onpedendaTs 10 GopMye

E
(n) _ 3
Iﬁl . (1) (2)
J(x5 + A7)
rie Ax'W - JJONONHHUTEILHOE CONPOTHUBIIEHNE (OIpeeNseTcsl B

COOTBETCTBHU ¢ TaOII. 2).

CxeMbl 3aMEIIeHHs BCceX TpexX  IIOCIIeJOBATEIIbLHOCTENl  METOJ0M
[IpeoOpa30oBaHUIl IIPUBOAATCS K IpocTeilmeMy Bumy. IIpu 3ToM omnpenensroTcs
CYMMAapHEIE€ COIIPOTUBRIEHI CXEMbI KaXKJ0Il IIOCIEAOBATEIILHOCTI OTHOCUTEIILHO
Mecta K3 X351, X3, X350, @ B CXEME IIpsAMON IocieaoBarenbHocTu Es. llpu
BLIIIOJIHEHIU peoOpazoBaHU CXEM CIIEAYET BEIOMpAaTh TaKyIO
[I0CJIEJOBATEIbHOCTL, UTOOKRI YHICIIO IIPe0oOpazoBaHM, 0COOSHHO CJIOXKHBIX, OBLIO
HalMEHLITNM. OTO oOecIlieunBaeT MeHLIIee KOJIMUECTBO OIMIMOOK B BEIUNCIIEHHIX
I SKOHOMUT pacueTHoe Bpemsd. DB Toxke BpeMsd IIOCIEIOBAaTEILHOCTD
mpeoOpa3zoBaHUIl JOJIKHA OBITb TakoOBa, UYTOOREI B IIOCJIEJHIOKD OYEPE]b
[IpeoOpaz0BaINChL T€ YACTH CXEMEI, B BETBIX KOTOPEIX HEOOXOJAUMO OIpeeINTh
TOKI U OCTaTOYHBIE HaIpsDKeHHS. TakuM oO0pa3oM, COKpamjaercsi o0beM
BBEIUNCJICHUII IIPH OOpaTHOM pPa3BEPTHIBAHUNI CXEMBI. 1I0IHBII TOK IIOBPEKIEHHOM
¢dazel B MecTe K3 pareH

n
1 =m" - 1," )
rae m'™ - ko> PUIMEHT, MOKA3LIBAION[UI, BO CKOJILKO pa3 TOK IIOBPEXIECHHOII

daswel B MecTe K3 Oosblre Toka IpsIMOIl ocieJoBaTe IbHOCTHU

AOKYMEHT INOArNMCAH
ISNEKTPOHHOW NOArNMchIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 pacueTHbEIE AaKTHUBHAsA U pPEaKTHUBHAaA
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

2. B kxakoMm ciydyae HEOOXOJUMO IIPOBECTH KOPPEKTHPOBKY pacudeTHOI
AKTUBHOII MOITHOCTIH?

IIpakTHueckoe 3aHaTue Ne9.
PacueT Tpexdaznoro Toka K3

@ opMHpyeMble KOMITETEHLIHH
[IK-2 CriocoOeH aHaIN3IPOBaTh PEKNMBI PaOOTEI CHICTEM

AJIEKTPOCHAOKEHNSI 0OBLEKTOB
HMugukatoper HMJ[-31IK-2 OOecneunBaet 3aJaHHbIE HapaMeTPhl peKIIMa
IIOCTIDKEHIS CHCTEMEBI 3JIeKTPOCHAOXKEeHIs 00BLEKTa

KOMIICTCHIII

S

I

3HaTh: QU3UKY IIEPEXOTHEIX MPOIIECCOB IIpU TpexdazHoMm Toke K3;
YMeTh: aHAJII3NPORATE PE3YILTAThl pacdyeToOB TpexdazHoro Toka K3
Baaners: HaBeIKaMH pacdeTa TpexdazHoro Toka K3
AxkmyanbHocms membl:
3aKroOYaeTCsI B HEOOXOJHMOCTH IIPHOOPETEHNSI HABEIKOB IIO PacueTy
TpexdazHoro Toka K3

Toxku n HampsoKeHHsT oOpaTHOII 1M HYJIEBOIl IIOCIEOBATEILHOCTH B MECTE
[IOBPEKJECHIS CBS3aHBl  OIPEJEICHHBLIMH COOTHOIIEHISIMHM C TOKaMU M
HaIIpsDKEHHSIMHI IIPSIMOIl IIOCJIeNOBAaTEILHOCTU JJISI pacdeTHO#l (pazbl, KOTOpPLIE
OIIPEJEIISEOTCS BUAOM IIOBpekeHN. ECIu NpUHATE AJ19 BCEX HECHMMETPUUHBLIX
IIOBPEeXeHNI 3a pacueTHYIO (azy A, COOTHOMEHNI OYIyT:

-t aByxdgazuoro K3

Ly =1y 3Uyy =U gy, (4)

-t ogHo pazHOoTO K3
Dyay =1 gay =L ino3Ugny T Uy FU gy =0 (5)
- 1 AByX(}azHOIr0o Ha 3e€MIIIO

Lggy + L gun + Ly = 03U gy = U g5 — U ghg

i}

Ay (D Ay 0D (6)

Lynr = 1 gy d gno = —1 g
X3 Xy

IIomHEBIE TOKHU B (1)8.38.}; COOTBCTCTBCHHO.

OJOKYMEHT NoanmvucAH a1 T Img + Imu
SNEKTPOHHOW NOANUCHIO

kT Al g + 1y (7)
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HanpskeHHA pa3JIMdHBEIX [I0CIEN0BATENLHOCTEN B MECTE IIOBPEKAECHUA HaX0 JATCS

Kak (puc 1)

Uar = J g - Ax™

Ugsn = = Hgar " X5 (8)

U ao = = H gao "X 50

[lonyarie HAIIPAXKCHIA OTACJ/IbHBIX (ba?n B MCCTC IIOBPCHKACHIIA OIIPCACIIAROTCA
yepes cooTBeTcTBYIOMIE (Ukai, Ukaz, Ukag) IO COOTHOLIEHUSIM, aHAJIOTMMUYHLIM
1A TOKOB

Ugs =U gy TU g U g

Ugp = HEUKAI +al gy, +U gy (9)
Uge =alygy +H2U.ﬁfﬂ2 +U g0

JIna HaxoxkaeHIsI (a’zHEIX TOKOB M HAOpsDKEHHN B 3aJaHHOM CEUCHHU
HeOOXOQUMO IIPOMZBECTH pacueT TOKOpacHpedeNIeHHiI B cXeMax BcexX
[IOCII€AOBATEILHOCTEIl, IIOCJICAOBATEIILHO pa3BepTHIBAs KaXKIyIO M3  HUX.
McxXogHEIM I STHX pacdeTOB SBISAETCS IIOIYUSCHHE 3HAUYEHUS TOKOB U
HAIIPsKEHHU pa3IMUHBIX IIOCIEI0BATEILHOCTEI B MECTE IIOBpeXkIeHNI (puc 3).

IIpn pa3BepTHIBAHUU CXE€M MOJIB3YIOTCSI M3BECTHBIMU IIpaBUIIAMH U
3aKOHaAMH pacIpeielIeHUsI TOKOB B JIMHEIHBIX SIEKTPHUYECKUX LEIsIX, IS CXeM
IIPSIMOII ITOCIIEIOBATEILHOCTY HAIpsIKEHHE B KaKOl - JIMOO yJJaJIeHHOM OT MecTa
IIOBpEKACHII Touke (m) OyIeT opedelIsaThCs Kak

Urmrl — Uﬁ;ul + z I}.’rzr'l j‘}:mf'l (10)

i—1.n

rae » 1, jx,, - CyMMa IaJCHUl HAPSDKEHIT B BETBSIX 10 Iy TH OT TOYKIL

i—1.n

IIOBPEXKACHILI 40 3aJaHHOI m;

I . -TOK BETBEIl C COIIPOTUBRIIEHNEM X .

mil ?

N-4rcJIO BETBEU Ha IIYTIH Hpemﬁpamﬂamm OT TOYHKI 11 JO IT.

I r

AOKYMEHT [OANUCAH 11 moclenoBaTelIbHOCTI B CceueHnU 'm
SNEKTPOHHOW NOANUCHIO A

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapenedy: Hlebayxosa TateAaHa AnekcaHgpoBHa
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Urmrl — Uﬁ;ul T zfmr'lj‘xrm'l

i—1.n

U:mrﬂ — UE;.:H'J + ZIHHTJ jxmiﬂ (]' ]')

i—1.n

JIss STmX cxeM II0 Mepe VJAaJIeHHd pacyeTHOrO CE€YeHUs OT MecTa
[IOBpPEXXJCHNSI aOCOFOTHAs  BEIMYMHA  HaIpsKEHNSI  YMEHbIIaeTcsa.  Bcee
IpeoOpaz0BaHUsg BHIIIOJIHATCSA II0 cXeMme 3zaMeneHuii. IIpy HaIuuum Ha OYTH
mpeoOpazoBaHusd TpaHCPOPMATOPOBR HEOOXOJMMO YYecCThb, UYTO B3alMHasd
OpUEHTAI[sl BEKTOPOB TOKOB U HAIIPSKEHUS pPazINYHBIX II0CIIeJOBaTelbHOCTEI
MOJKET U3MEHITLC, TPYIINON COeMHEHII 0OMOTOK ATUX TPaHC(OPMaTOPOB.

BeKkTOpEl HaIpsKEHHII U TOKOB Pa3’IMUHEIX IIOCIEAOBATEJIBLHOCTEH IIPH
mepexo/ie uepes TpaHC(OpMaTOphl IIOIYyYalOT OIIpeelIeHHOE YITIOBOE CMEIeHIE.
IlosTOMy HOIyUYeHHEIE 3HAYEHUS TOKOB I HANpPSKEHHN B cedeHUHU (M) JOJDKHEI
OLITH YMHOKEHHBI I1a omepaTop mmosopota e”*’, B xotopom p=(-1)N, B kotopom N -
HOMEp TIpYIILI coeguHeHuili oomMorok TpaHcdopmartopa. Ilpu mepexoge uepes
TpaHC(OPMATOPEL CO CXEMOIl coeanHeHnsa oomotox Y/Y mmu A/A (rpymma 12)
yrjioporo cMmemeHus HeT. IIpu nepexoje uepez TpaHchopMaTOpel ¢ Haubdoiee
JacTo BCTPEYAIOIEIICS TPYIIION Y/A-11cocTapnsroniue [IPSIMOIT
[IOCII€JOBATEILHOCTH IIOBOpaUNBarOTCs Ha yroj 30 rpagycoB II0 HaIPaBICHUIO
BpaiieHns BekTopoB (ePY), obpartHolli mocnegoBaTermbHocTH Ha 30 TpaaycoB
IPOTHB HAIlpaBJECHHA BpalleHHs BekTopoB (€°V). ITo3ToMy BLIpaXKeHHI I
HanpskeHIN Upa 1 Unge Ipu o4HOKH TpaHcGopmanuu OyIyT UMETh BI:

— . 30
Umul o (Ukul + zlrnfl.}‘xmil )Ej

i—1.n

Uu ,=U,,+ ZI””.ZjI””.Z ye (12)
i—1.n

[Ipu mepexojie ¢ TPEyrolbHUKA Ha 3Be3dy - Haobopor, mpsiMad Ha (ed!'?Y),
obpatHas Ha (e”’). B ob6meil ciyuae, Korja Ha IyTH pa’BepPTLIBAHUSA CXEMEI
BCTpedaeTcsI He OJHa TpaHcdopMalusa, IIOBOPOT JOJDKEH OBITh YUTEH
COOTBETCTBYVIOIIEE  UHNCIO  pa3. TOKM  HYJEBOIl  IIOCJIEJOBaTEIBLHOCTU
TpaHC(OPMUPYIOTCI JIUIIL IIPH IMEpexoje uepes TpaHCPOpMaTOPEl CO CXEMOI
coeauHeHusa ooMoTok Y/Y.

KonmponwHble sonpocsi:

l. Kaknum o00pazoM CBg3aHBI pacueTHBIE aKTUBHAsA ¢ peaKTHBHAa:d
MOIITHOCTH ?
2. B kxakoMm ciydyae HEOOXOJUMO IIPOBECTH KOPPEKTHPOBKY pacudeTHOI

AKTUBHOIN MOIITHOCTH?

8. quﬁHﬂ-METDM‘IEEHDE H HH(l]ﬂpMﬂHHDHHDE odecrevueHne JUCITHIIJINHbI

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOANUCHIO THTEPATYPhI, HEOOX0IHMOM IS 0CBOECHH A
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6

Bnapenel. Webayxoea TaTeAHa AnekcaHgpoBHa
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1. [ImnmrieHko, B.'T. 3neKTrpoMarHuTHEIE IIePeXOAHEIE IIPOIIECCHL B
3JIEKTPOAHEPreTHYEeCKHX CHeTeMax: yueOHO-MeToHuecKoe rmocodne/ B.T. ITunmmenko;
OpeHOyprcekuii roc. yH-T. — OpeHOypr: OI'Y, 2014. — 124 c¢. PexuM jgocrya:
http://biblioclub.ru/index.php ?page=book_view_red&book_1d=330565

8.1.2. IlepeyeHb JONMOHHTEIbHON JHTEPATYPBIL:

l. KyBmnHoB A.A. Teopus snexkrporpuBoga. Yacte 3: IlepexXoaHbIe IIPOIECCH B
AIIeKTpOoNpHBOe: yueOHoe rmocobne/ A.A. KyBmuHoB, 3.J1. I'pekoB; OpeHOYprcKiii roc. yH-T. —
OpenOypr: OI'Y, 2017. — 114 c¢. PexuM gocryma:
http://biblioclub.ru/index.php ?page=book_view_red&book_1d=481766

8.2. Ilepedenb y1e0HO-MeTOHIECKOr 0 odecneYeHHsI CaAMOCTOST eJIbHOH PadoThI
00y4YaAKOIIHMXCHA [0 JUCIIHILIHHE

1. MeTomideckre peKOMeHAALIHH IS MTOATOTOBKH K ITPAKTHYECKHM 3aHSITHSIM.

2. MeToamieckne peKOMeHAALHH JJIS ITOATOTOBKH K JIJaOOPaTOPHBIM 3aHSITHSIM.

3. MeTtoamieckne peKOMeHAAIHH 110 OpraHH3allHi CaMOCTOSTeIbHOH padOThl CTYAEHTOB.

8.3. Ilepeyenn pecypcoB HHPOPMAIHOHHO-TEJIEKOMMYHHKAIIHOHHON ceTH «IHTepHeT»,
He00X0UMbIX /ISl 0CBOECHH S JHCIHMILIHHbI

1. http://www.biblioclub.ru -35C "YHuBepcurerckast OHOmoTeKa OHIaiH"

2. http://www.iprbookshop.ru/ - OnekrpoHHo- ouOmorte4yHas cucreMa IPRbooks

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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MUHUCTEPCTBO HAVKH U BLICIIIETO OBPASOBAHU S POCCUUCKOU OEJIEPAITUU
OEJEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE
YUPEXJIEHHWE BEICIHEI'O OBPASOBAHWA
«CEBEPO-KABKAS3CKUU ®EJIEPAJILHBIA YHUBEPCUTET»

[Iaruropcxait HHCTHTYT (promian) CKOY

MeTtoanuyeckue yKa3aHHs

ITO BBITIOIIHEHHIO Ta00PaTOPHBIX padboT
110 gucHmumHe «IlepexoaHble mMpomecchbl B AWIEKTPOIHePreT HUECKHX CHCT eMAaX)
IUIS CTYAEHTOB HaIIpaBJIEHHS IIOAT OTOBKH
13.03.02 2nIeKTpo3HEPreTHKA H STIIEKTPOTEXHHKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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BBE/IEHIE

HacTosmnHe MeTogqH4YecKHE YKa3aHHA ABIAIOTCA 3ar0TOBKOI K J1adopaTopHbIM paboTaM 110 JHCLIHILTHHE
«IIepexoHbIe MPOLeCChl B WIeKTPOIHEePreTHYe CKHX CHCTeMAX» H IMPpeaHa3sHaYeHbI I CTYJEHTOB Harlp aBJICHHA
riofiroToBkH 13.03.02 SnekTposHepreTHKa H 3JeKTP 0TEXHHKA JHEBHOH H 3a04HOH (opM 00y Y eHHA.

I IpH mosiroToBKe K Jia0opaTOPHBIM 3aHATHAM HE00X0/IHMO IMOATOTOBHTE IIP OTOK 01 Ta0op aTopHOH padoThl,
KOTOpbIi OyJIET COOTBETCTBOBATh TPEOOBAHHAM K COJI€pKaHHIO OTYETA ¢ HCII0Ib30BaHHEM P eKOMEH]TY €M O
JIHTEPATYpPbl H HCTOYHHKOB Internet.

[IpHMeHeHHE METOIHYECKHX YKa3aHHH [T03BOIAET HHTeHCH(HILIHP OBATh TP OLIECC H3YYEHHA MaTepHalla, [IOMOraeT
CTyZeHTaM IMpHoOpeTaTh HaBbIKH paboThl ¢ 000py0BaHHEM H TEXHHYECKOH JIHTEpP aTypoii.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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CodepkaHue

OCHOB HbIe NMPABHJIA TEXHHKH 0e30MACHOCTH
B .J'[Hﬁﬂ]] ATOPDHH VIEKTPOTEXHHKH H 3 JIEKTPOHHKH. ..........................
H]]HBH.JIH TeXHHKH 0e30MACHOCTH IIPH BEINNOJIHEHHH J]Hﬁﬂ]] ATOP HBIX

JIabopaTtopHast padora Ne 1
BekTopHbIe qHarpaMMbl TOKOB H HalpsyKEHHH pH K3 Ha cTop oHE

HIE HICTO HAalTpAAKCHIA ITOHITAAIOI[CTO TI]HHCdJDpMHTDpH .......................

JIabopaTtopHast padora Ne 2
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1. Iless 1 323298 0CBOEHHS ANCIHILIHHBI

[{enp H3yYeHHS JHCIHIUIHHEI:

- IaTh IIpeJcTaBlIeHNHe O (PH3HKE SBIIEHHH, IIPOHCXOISIIHX ITPH 3JIeKTPOMarHHTHBIX
TIEPEXOHBIX ITPOIleccax H METOIBI HX KOITHYECTBEHHOH OIIEHKH.

3agayuH IIpH H3YYeHHH JHCIHIUIHHEL
3HaTh (PH3HKY ITePeXOHBIX IPOIECCOB B AMEKTPOSHEPreTHUECKIX CHCTeMaX H HX OCHOBHBIX
sIIEMEHTAaX,
YMeTh aHaJIH3HPOBAaTh Pel3yIIbTaThl pacyeTa MepPexXo HBIX ITPOIIeCCOB IS ITPHMeHEHHS B
pealbHBIX ANEKTPOIHEPreTHYECKHX CHCTEMAX H CHCTeMaX AIEKTPOCHA0KeHH.

BiageTh HaBbIKAMH PacieTa THIIOBbIE MEPEX0HbIE MPOIECChI

2. Obopyooearue u mamepuainl
ArmapaTHBIE CPEJICTBA: IIEPEHOCHON HOYTOVK, IIPOEKTOP, JOCKAa MATHHTHO-MapKEPHas.
YueOHas ayaqUTOPHS A1 ITPOBEAeHH S YUeOHBIX 3aHSATHH, OCHAIIleHa 000PYIOBAHHEM H

TEXHHYCCKIHMH CPEACTBAMH Dﬁ}”IE:HI[H.

3. HaummeHoBaHHe J1A00PaTOPHBIX PAdOT

M3 HHX
HanMeHoBaHHe J1A00paTOPHBIX PadoT, HX O0beM YacoB
No ITpaKTHYEeCKasd
KpPaTKoe coaep KaHue (1acekl)
ITOJITOTOBKA, YaCOB
1 | JIabopaTopHas padotaNel BekTopHEIE 1,5
THarpaMMel TOKOB H HAITPsDKEHHH ITpH K3 Ha
CTOPOHE
HHBIIETO HAIPSDKeHHS ITOHIKAFOIIETO
TpaHc(hopMaTOpa
2 | JIabopaTopHas padoraNe2 IIpocTrie 1,5
3aMBIKaHH I Ha 3EMIIIO B CETH C H30IHPOBAHHOM
HEHTPATIHIO
3 | JIabopaTopHas padoraNe3 J[ByxdazHoe 1,5
KOPOTKOE 3aMBIKaHHE.
4 | JIadbopaTopnasa padoraNe4 HecrnvmveTpHyHoe 1.5
KOPOTKOE 3aMBbIKAHHE
5 | JIadbopaTopHas padoraNeS Pacuer 1,5
HeCHMMETPHYHBIX K3 Ha MOJIETIH ITOCTOSIHHOTO
TOKa
6 | JIlabopaTopHas padoraNe6 OgHOKpaTHAS 1,5
IIPOJIOTIbHASL HECHMMET PHS
7 | JIlabopaTopHas padoraNe7 J[Byx(azHoe 1,5
KOPOTKOE 3aMBIKAHHE Ha 3EMITIO
8 | JIadopaTopHas padoraNe8 Yuer 1,5
B3aHMOHHIYKI[HH JIHHHH 3JIeKTporepeaayd B
cXeMaX HYIIeBOH
IIOCIEA0BATEIIbHOCTH
1200 MOKYMEHT NOANWUCAH ' 1.5
SNEKTPOHHOM NOANUCHIO ra
CepTidukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Lebayxoea TateAHa AnekcaHapoBHa €CTp 13&5
TOro 13,5
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JIabopaTtopHas padorta Ne 1

BexTOopHBIe THAIrPpAMMBI TOKOB H HanpskeHu nmpu K3
HA CTOPOHE HM3ILEI'0 HAIPSZKCHUA MOHILKAIOLIEI 0

TpaHchopMaTopa
Henn:

Llenp H3y4YeHHA QUCLIHILUTHHBI:

- IaTh IpeJicTaBIeHHE 0 (PH3HKE ABIEHHI, IMPOHCXOIAIIHX IMPH 3JIEKTPOMaTrHHTHBIX IepP €X 0/JHbIX
TP OLIEC CaX H METOMBI HX KOHYECTBEHHOH OLIEHKH.

1. ITesm padoThI: ITOCTPOEHHE BEKTOPHBIX JHArpaMM TOKOB H Hallp sk €HHIT IPH Iepexoe uep €3 TpexdasHbIi
TpaHcgopMaTop IMPH pa3IHYHLIX BHOax K3,

2. Kpamkasi meopusi

2.1. O01Me MoJI0XKeHUAa

3yueHHe Borlp oca 00 H3MeHeHHH BEKTOPHBIX JiHarpamMM HMeeT OoNbIIoe 3HaYeHHE Ha IMPaKTHKE TIPH OrIp efjeIeHHH
ToKOB K3 B 0T/IeNTbHBIX BETBAX CXEMBI H ITPH IMPOEKTHP OBaHHH H aHaJIH3e padoThl VCeTPOHCTB p eNnefiHOH 3alHThI
CHCTEM 3JIEKTp ocHaOkeHHA. T OKH H HaMNpAKeHHA TIPH p a3THYHBIX BHAaX K3 H3MeHAIOTCA TIpH Tep eXofie Yepe3
TpaHc(opMaTop He TOJIbKO 110 a0COMKTHOH BEIHYHHE, HO H 10 (pa3e B 3aBHCHMOCTH OT IPYIMIbI COETHHEHHA €ro
00OMOTOK.

I'pyrmia coenqHHeHHA TpaHc(opMaTOopa oIp efeNaeTca CXeMoi coeqHHEeHHA ero 00MOTOK H 0003Ha4YaeTcs LIENIbIM
YHCJIOM M B 3aBHCHMOCTH OT CJIBHTa Mo (pa3e Mekay JHHEHHBIMH IepBHYHBIM H BTOPHYHBIM HarpaKeHHAMH Ha
OZJHOHMM eHHBIX 3aKHMaxX TpaHc(opMmaTopa. Yroi ¢BHra m - 30° cooTBETCTBYET m I'PYINIE COeIHHeHHH.

B cHcTemax snexkTpocHaOkeHHA HaHOoMIblIee pacrip OCTP aHEeHHE IMOTYYHIIH CeAYIOIIHE CXeMbl COeTHHEHH A
00MoOTOK Tp ex(pa3HbIX Tp aHchopMaTOop OB:

a) cxema coeJHHeHHA o0OMoToK TpaHcdopmaTopa Y/Y-12;

0) cxema coeTHHeHHA 0OMOTOK TpaHc(opmaTopa Y/A-11.

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

A,

Puc. 1.1. Cxema coegquHeHns oOMoTok TpaHcdopmaropa Y/Y-12

Kosddriment tpaHchopmaipi cxembl Y/Y-12 K= WI1/W2. VrioBsle cMelieHHs TOKOB H HarpskeHHI 110 ¢a3zam
Ha cTopoHe | oOMoTKH H 1] 00MOTKH OTCYTCTBYIOT.
BekTopHbI€ MHarpaMmMbl Harm K eHHH IpH K = 1 ripHBeneHbI Ha pHC. 1.2a rpH CHMMETPHYHOM P &KHME

AOKYMEHT NOAMNUCAH H TOKOB (pHc. 1.2 H repexozie uepe3 TpaHchopmaTo
SNEKTPOHHOW MOANMMUCHIO U 0) ripH riep epe3 TpaHc(opmaTop

Ceptuchukat: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



I 06MOTKA Il oOMoOTKa

[ oOMOTKA I oOMoOTKA .
/L L
a) Ua U, i
U,
UC EB - HE

Puc. 1.2. BexTopHble AuarpaMMbl HaIpsKeHUII (a) 1 TOKOB (O) mmpu
IIEPEX0/IE Uepes
TpaHchopmaTop Y/Y-12 mpu CUMMETPIYHOM PEKIME €r0 pabOTHI

AHaIIM3HPYA BEKTOPHBIE JIHArpaMMbl HarTp LK eHHIA H ToKOB (pHc. 1.2), MOKHO cJeNaTh BhIBOJI, UTO HAIPAKEHHA H
TOKH TP AMOF1, 00paTHOH H HYJIEBOH IMOCIE0BaTENLHOC TH, [IPOTEKaOIIHE I10 I1I€p BHYHOH 00MOTKE,
TpaHcopMHPYIOTCA 63 CIBHIOB 110 (pa3€ BO BTOPHUHYK 00MOTKY, H3MEHAACH I10 3HAYEHHIO

B K pas.

2.3. CxeMma coejuHeHMsI 0O0MOTOK TpaHcdopmaropa Y/A-11

Ha puc. 1.3 nmpuBeneHa NMpHHLMITHANIBHAA ¢XeMa TpaHc(opMaTopa ¢ coemHHeHHeM 00MoToK Y/A-11. EciH uHcno
BHTKOB (pa3sHBIX 00MOTOK COOTBETCTBEHHO paBHbI Wy H Wy, TO THHEHHBIH K03 (HLIHEHT TpaHc(opMaLHH

K= \/5 Wy / Wa. Ilpu 13BecTHBIX (pa3HBIX ToKax I, I, v [, ToK B MHHEHHBIX MpoBofax 3a TP €y roJIbHHKOM HMEEM:
lﬂ :_lm_' — !hﬂ: (L*x._ !EI) W'l" / Wﬂ - (L’-‘L — !E)Kf‘\/g "
=T — Ty = (I — Io) Wi/ Wa = (Is — l)K/~/3 ; (1.1)

li;':_lm_' — !chl — (!C — L-E'J W‘u’ / Wﬁl = (l(j: —!ﬂ)Kf'\/g .

BripaxeHnsa (1.1) MOKHO BHAOH3MEHHTD, BhIPa3HB TOKH YE€pP €3 HX CHMMETPHYHBbIE cOCTaBIAIMHE. Tak, HarpHMep,
IJ1A TOKa [, IOy <HM:

L, =4 +!Az+!ﬂ—azlm _Hlﬁz—ln)K/\f:

(1.2)
2 130° —330°
OTKYda CIICOYCT, UTO JTHHEHHbIE TOKH 34 TPCYTOJIIBHHKOM HE COOCPAAT COCTABIATIOIHX H}fﬂEEDﬁ
TOCIIENOBATCEIIBHOCTH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Puc. 1.3. Cxema coequHeHns ooOMoTok TpaHc popmaropa Y/A-11
AHaJIOrHYHO MOTYT ObITh HalifleHbl HarTp UK eHHA 3a paccMaTpHBaeMbIM TpaHcgopmaTopoM. Ecm Us, Ug v Ue —

(pazHbIE HAIIPAKEHHA, CO CTOP OHBI 3BE37Ibl, BKIIOYAIOIIHE B ce0A MajieHHA HalpsKeHHA B caMoM Tp aHcopmMaTope,
TO HCKOMBbI€ (pasbl CO CTOP OHBI TP EYTONbHHKA OVIVT:

U,-U Uz —U Uc-—-U
_ YA~ VB, _Ys~Yc 7 _Xc~ YA,
U= Uy = U, = , (1.3)
K K K

HJIH TTpH BbIpak €HHH Harp siK eHHI uepe3 cHMMeTPHYHBIE COCTABIIAIOIIHE, HAIpHMep, T HarpsmkeHHA U, , Gyem
HMCETD.

_ 30° —j30ey 1
U,=U,e" +U,e " )—. (1.4)

K

I3 Boipaskerya (1.4) cneqyeT, YTo Harlp SUKEHHA Ha CTOPOHE TPEYTANMbHHKA HE 3aBHCAT OT HAIMpsUKEHHA Hy JIEBOH
TI0CIIEIOBATENEHOCTH Ha CTOPOHE 3BE3]bI.

CrpykTypa BelpaykeHHH (1.2) H (1.4) nokasbIBaeT, YTOo IMPH IMEPEXOIE CO CTOPOHBI 3B€3/bl Ha CTOP CHY TP €yTolIbHHKA
TpaHcgopMaTopa, 0OMOTKH KOTOP 0o COEHHEHBI 10 rpyrmie Y/A-11, BEKTOPBI P AMOIH IT0CI € 0BaTEIbHOCTH
rioBopauHBaroTcA Ha 3(0° B HarpaBiIeHHH BpallleHHA BEKTOPOB, a BEKTOPhI 00OpaTHOH ITocenoBaTeIbHOCTH Ha 30° B
TP OTHB OINAIWKHOM HarlpaBiaeHHH (pHc. 1.4). OTcrofa BbITEKAET IPOCTOE H YI00HOE 1A MPaKTHKH [MPaBHIO. MPH
nepexoae Yepes TpaHcdopMaTop ¢ coeJHHeHHeM Y/A JOCTATOMHO TOJILKO Y BeKTOpa 00paTHOM

MOC/IeI0BATe IbHOCTH H3MEeHHTE 3HAK HA IPOT HEB Ol OJIO/KHBI .

A
a)

Puc. 1.4. CaBur BeKTOpOB HaIpsKeHU IIpsamMoii (a) u odparHoii (0)
IIOCJIEIOBATEILHOCTH I TpaHchopMaTopa ¢ COeqUHEHEM 0OMOTOK

Y/A-11
Tabmnuma 1.1
OOKYMEHT NoanncAH -
SNEKTPOHHOM MOAMUCKIO 3TopuHON cTopoHe mpu Ui/Ux=1
Ceptudmkar: - 12000002A633E3D113AD425FB50002000002A6 Ha nepﬂnqﬂﬂﬁ CTOpOHE
Bnapeneu: Hlebayxoea TaTeAHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OCHOBHBIE COOTHOII €HHA MEKY TOKaMH ITPH pa3IHYHBIX BHOax K3 H rpyrmax coeqHHeHHA 00MOTOK CBEJI€HbI B
Tabm. 1.1.
CnenyeT NnoJuepKHy Th, YTO €CJIH TOKH H HaIpsAKeHHA BbIPakeHbl B OTHOCHTENIBHBIX €/THHHI[AX, TO ITIPH HX

Tp aHCc()OPMALIHH JTOJDKHBI YUHTBIBATHCA TOJIBKO YTIIOBbIE CIBHIH, 00YCIOBJIEHHBIE COOTBETCTBYIOM €1 MPYIIIIoH
COEMHHEHHA 00MOTOK TpaHcopMaTopa.

3. Paboyee 3adaHue

1. VMccnenoBaTh IPYINIY coeqHHEHHH Yo/ Yo-12:

1.1. CoemqHHUTE 00OMOTKH TpaHc (hopMaTopa B IpyImry Yo/ Y o-12, rpegycMoTpeB B Hell HeoOXoqHMbIe
H3MeEpHTEIbHbIE TIPHOOPBI 1)1 H3MepeHHA (pa3HbIX H JIHHEHHBIX Harp K eHHI H (pa3HbIX TOKOB.

1.2. TTpu K3 1pex ¢a3 Ha BTopHYHOH cTOp 0He TpaHcdopmaTopa 3armHcaTh Moka3saHH:A IIpHOopoB B Tabm 1.2 H
T1OCTP OHTh IT0 IT0Ka3aHHAM ITIPHOOPOB BEKTOPHBIE JHarpaMMbI (pa3HbIX TOKOB H HarpAKeHHI Ha BTOPHYHOH
CTOpP OHEe. BhIYHCIHTE CHMMETPHYHBIE COCTABJIAIIHE TOKOB H HAIIPAKEHHI H, TONIb3VACh METOOM
CHMM ETPHYHBIX COCTaBJIAKOIIHX, ITOCTP OHTh aHAJIOMHYHBIE JJHaTPaMMBbI 1A TIEP BHYHOH CTOP OHbI
TpaHchopmaTopa. (BapHaHTBI 3aKopauHBaeMbIX (pa3 3ajiaHbl B Tadm. 1.3).
CpaBHHTH IMOIYYEHHBIE P €3YyJIbTaThl ¢ BEMHYHHAMH (pa3HbIX TOKOB H MeKAY (pa3HbIX Harp mKeHHIT Ha
riep BHYHOI cTopoHe TpaHcdopMaTopa, oripefeneHHbIe 1o Tadm. 1.1.

1.3. IToBTOpHTL NIVHKT 1.2 11pH AByxXpazHom K3,

1.4. TToBTOpHTE NIVHKT 1.2 11pH ogHodazHoM K3,

1.5. PesynbTaThl H3MeEpeHHI 3aHecTH B Tabm. 1.2,

2. UccnenoBaTh IPYIOIY coeqHHEHHH Y o/A-11:

2.1. CoequHHTL 00MOTKH TpaHc opmaTopa B rpyrmry Yo/A-11, ripenycMoTpeB B Hefl HeoOX0IHMEBIe

H3MEpPHTENbHBIE ITPHOOPBI 1A H3MepeHH: (a3sHbIX H THHEHHBIX HarpaKeHHI H (pa3sHbIX TOKOB.
2.2. IIoBTOPHTD OIMBITHI I10 ITYHKTaMm 1.2, 1.3.

Pe3ynbpTaThl H3MeEpEHHI 3armcaTh B Tabm 1.2,

Tabmnuia 1.2

| Mavenagemaa remuunnaa | ('YeMEI coe TMAHeH Y 00MOTOK Tpaﬂc(l)upma'[upa 1 BuabI K3
NOKYMEHT NnoanwncaH
SNEKTPOHHOW NOOMUCHIO [ Yo-12 Yo/A-11
Ceprudimkar: 12000002A633E3D113AD425FB50002000002A6 Kll} Kll} KIE} KIE}
Bnapened: Lebayxoea TateAaxa AnexcasgpoeHa
IlepBHUuHaf cTOpOHA

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Ia A
Ig A
Ic A
lo, A
U. B
Uz B
Uc B
Usr B
Uzc B
Uca B

[Ipomomxenue tabm. 1.2

N3mepsiemas BemianHa | Cxembl coeJHTHEHHA 00MOTOK TpaHchopmaTopa 1 BHIbI K3

Yo/ Yo-12 Yo/A-11
KIS} K{?-} K 1) KIS} KIE}
BTupH‘lHaH CTOpoOHA

[, A
In, A
I, A
U.. B
Us, B
U: B
Uap, B
Use, B
Uca, B
lo, A

[IprmveyaHHe, Da3bl, MEAXTY KOTOPLIMH OCYIIECTBIIAIOTCA COOTBETCTBYIONIHE BHABI K3, 1A Kaxmoil OpHra b
CTYJZIEHTOB 3anaroTca Tabm. 1.3.

4. KoHmMponbHLIe 80MNpPoOChI

1. OT 4ero 3aBHCHT YI'OJI CIBHIa MEXJY IePBHYHBIMH H BTOPHYHBIMH JIHHEHHBIMH HAMpAKeHHAMH Tp exX(pa3HbIX

TpaHcpopMaTop 0B?

OobnacTh MpHUMeHeHHA coeqHHeHHA 00MOTOK Yo/A-11H Yo/ Yo-127

3. Yemy paBHBI TOKH Ha CTOpOHE Tp €yTroJlbHHKa TpaHcdopMaTopa ¢ coeqHHeHHeM Y o/A-11, ecnH (a3HbIe TOKH Ha
CTOPOHE 3B€3/lbl B OTHOCHTENbHBIX €JHHHIIaX paBHbl [, = I, = I. = (coOTBETCTBYeT HOMEPY OpHrajpl B
Awmriepax)?

I~

Tabmnuma 1.3

BapunaHrsbl 3a1aHul

Ne Opuraapl Yo/ Yo-12 Yo/A-11
K% K'Y K2 K4
1 AB C-0O BC A-O
NEKTPOHHOM NOAMNCHO A-O CA A-O
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 A-O AB B-0O
Bnapened: tHebayxopa TateaHa AnexkcaHgposHa B-O BC B-O

Nencreutened: ¢ 20.08.2021 no 20.08.2022



R BC B-O CA B-O
6 CA B-O AB A-O
7 AB A-O BC C-0O
8 BC C-O CA C-0O
9 CA C-O AB C-0O

5. Codep)xaHue om4yema

1. Ilenb paboTnI.

2. Pe3ynbTaThl HcceoBaHHE [0 ITYHKTaM padouero 3ajlaHHA B BHE TaOIHIL], BEKTOPHBIX JIHATP avMM.

3. IIMcpMEHHBIH OTBET Ha BOIMPOC 3.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022




JlabopaTtopHas padora Ne 2

IIpocThie 3aMBIKAHNA HA 3¢M/IIO B CETH
¢ H30,IHPOBAHHON HEHTPAJIBIO

Henn:

Llenp H3y4YeHHA JHCLIHILUTHHBI:

- JaTh MpefcTaBlIeHHe 0 (PH3HKE ABJIEHHE, MPOHCXOIANIHX ITPH 3J1eKTPOMAaTHHTHBIX T1ep €X 0HbIX
TIp OLIEC CaX H METOMbI HX KOJMHYE€CTBEHHOH OL[EHKH.
1. ITes1b padoThI: H3YUeHHE ITP OCTHIX 3aMbIKaHHI Ha 3EeMITI0, I[TOCTP OeHHE BEKTOPHbBIX JHAaIrpaMM TOKOB H
HarpAKEeHHH TIPH 3aMbIKaHHH Ha 3€MJII0 B CETH ¢ H3 OJIHPOBAaHHOH HEHTPabIo.

2. Kpamkasi meopusi

IIpH 3aMbIKaHHH Ha 3€MIII0 OOHOH H3 (a3 B CHCTEME ¢ H30JHPOBAHHOH HEHTpalbio, T. €. IIPH MPOCTOM 3aMbIKaHHH
Ha 3eMIIIO, [Ty Th JJIA TOKa, ITP OTEKAIOLIEr0 B 3EMIII0, OCYILIECTBIIAETCA YEPE3 EMKOCTHY IO ITP OBOIHMOCTE 3JIEMEHTOB
Kaknoi (pasbl 0OTHOCHTENBRHO 3eMIH (pHc. 2.1).

IIycTh B Hauane Tpexga3zHoi JTHHHH, TIPHC 0eqHHEHHOH K HCTOYHHKY ITepEMEHHOr0 TOKa, IMPOH3 OIILI0 3aMbIKaHHE Ha
3eMUTio (pa3bl A. Pacrip efiesieHHbIE T10 JTHHHH €EMKOCTH KaKJoH (pa3bl OTHOCHTEIBHO 3€MJIH YCJIOBHO Ha pHc. 2.1

Ip €7C TABJIEHBI COCP €NOTOYEHHBIMH EMKOCTAMH B KOHLIE JTHHHH. YacTHYHbIE eMKOCTH MEKTY (pa3amH JJ1A TP OCTOThI
He IMoKa3aHbI, TIPH 3TOM OTMETHM, YTO HX BJIHAHHE Ha TOK 3aMbIKaHHA HE3HAUYHTEIbHO H HM MOKHO ITp eHeOp eub.

I IpocnemM Iy Th LIHPKY JIALHH TOKa 3aMbIKaHHA Ha 3evutio. Ha pHe. 2.1 oH ykasaH cTp enkamvil 11ocTyriasa B 3eMITIO B
MECTe 3aMbIKaHHA, TOK BO3BpalllaeTcA 110 HETIOBPEIEHHBIM (pa3aM Yepe3 HX eMKOCTHbIE ITPOBOHMOCTH OTHOCHTETBHO
3eMIH. [ IpH 3aMbIKaHHH Ha 3eMITI0 EMKOCTHAA TP OBOHMOCTD ITOBPEAIEHHOI (pa3bl OKa3bIBaETCA 3aIIYHTHP OBAHHOE
paccMaTpHBaeMbIM 3aMbIKaHHEM, H TOK B 3TOH (pa3e cripaBa OT MECTA 3aMbIKAHHA OTCYTCTBYET. XapaKTep BEKTOPHBIX
JHarpamMM TOKOB CJIEBa H crpaBa OT MEeCTa 3aMbIKaHHA [TOKasaH Ha pHc. 2.1a.

B nefcTBHTEIPHOCTH EMKOCTHAA [P OBOJAHMOC Th JIHHHH PacIIp €fI€JIeHa p aBHOMEPHO I10 €€ JIJIHHE, TI03TOMY 3I1Hopa
TP OCTP AHCTBEHHOTO PacCIIPEIENEHHA TOKa HYJIEBOH [TOCIIEN0BAaTENRHOCTH, KOTOpaA COCTABIIAET OHY TPETh TOKa,
3aMbIKas Ha 3€MJII0, BJOJIb JIMHHHH BhIpakaeTcs HaKJIOHHOH rpsaMor (pHe. 2.16)

EMKOCTHBIE ITp OBOJHMOCTH 3JIEMEHTOB AJIEKTPHYECKOH CHCTEMbI 3HAYHTEIBHO TP EBBINMIAIOT HX aKTHBHbBIE

ITp OBOJHMOCTH, YTO IMO3BOJIAET IIPH OIIP €]eJIEHHH TOKa I1P 0CTOr0 3aMbIKAHHA Ha 3EMITIO ITp eHeOpeub aKTHBHBIMH
T1p OBOTHMO C TAMH.

ClenoBaTENbHO, MOKHO CUHTATh, YTO BEIHYHHA TOKa MPaKTHYECKH HE 3aBHCHT OT MECTA 3aMbIKaHHA B
paccMaTpHBAaeEMOH ceTH. KpoMe Toro, T. K. TOK 3aMbIKaHHA Ha 3EMIIIO MaJl, TO TIPH €ro Orp eeneHHH MOKHO
CYHTATh, YTO HArp AKEHHE HCTOUHHKA COXPaHAETCA HEH3MEHHBIM. TIpH 3THX JOIMYI[EHHAX, TOK B MECTE 3aMbIKaHHA
Ha 3eMIII0 Yepe3 VTV ¢ COoIpoTHBIeHHeM Ry Oyzer:

Ud.cp.
l[{ — 3 _[1) p \ 3
3Ra-jXc
rne XCHC — DEB}FHLTHD}’I'UI_[[ c€ EMEOCTHOE CDl'IpD'IHE.]'IEHHE H}F.]'IEEDI:.I IMOCIICENOBATEIIBHOCTH BCEX 3JIEMEHTOB,

JNCKTPHYCCKH CBAS aHHBIX C TOYK OH JaMbIKaHIA, Q(b.cp — CpEJHEC dJHBHDE HalIp A CHHE TOH CTYIICHI, I'Jc

PACCMATPHBACTCAH 3aMbIKAHHE Ha 3 VLIIHO.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Puc. 2.1. IIpocToe 3aMBpIKaHIE Ha 3€MIIIO: a — IIPUHIAIINAILHASA cXeMa;, O
— BIIIOpa
IIPOCTPAHCTBEHHOIO pPacIpeaesICHIII TOKAa HYJIEBOIT
[10CJIeIOBAaTEIILHOCTHI

HanOonbiras BenHYHHAa ToKa 3aMbIKaHHA Ha 3 eMIII0 HMeeT MeCTO IpH MCTAJLTTHYCCKOM 3aMbIKaHHI (RI[ — U) H
COCTAaBIIACT.

_ 3 Udbep. (2.2)

jXcac

T. €. TOK B TPH pa3a Ip eBbIIAET EMKOCTHOH TOK 0JIHOH (pa3sbl B HOpMaJIbHBIX YCJIOBHAX.
JIma rpyGoii oLIEHKH TOKa 3aMbIKaHHA Ha 3eMITIO CITYKHT HMITHPpHYecKaA (popMyJia:

Ix = ‘/ZQCP'-L, A.
N

ric gﬂp. — CpcOHCcC HOMHHAIBHOC HalIp;AKCHHC CTYTICHH, I'TC paCcCMaTPpHBACTCA 3aMbIKaHHE Ha 3 CMITHO, E'B; N —

(2.3)

K03 PHLHEHT, MPHHHUMAaEMBIH 1A BO3AYIIHBIX JTHHHI 350, A kabenbHbix — 10; L — cymmapHas nymHHa
BO3VIIHBIX HIH Ka0enbHBIX JTHHHIA, 3JEeKTPHUYECKH CBA3aHHBIX ¢ TOYKOH 3aMbIKaHHA Ha 3EMITIO, KM.

,}_—[.]'[H CHMMCTPHYHBIX COCTABJIAR IIHX HE]I'I[]H]KEI—I["IFI HMEEM.
— OJIA l'IpHIﬂDﬁ IMoCIcqOBaTCIIBHOCTH

Ux'al = Ud.cp.; (2.4)
— 111 06paTHOR IoCIIE[OBATEIBHOCTH
Ux'a2 =0; (2.5)

— OJIA HYJICB OH IMoCIcqOBaTCIIBHOCTIH

NOKYMEHT MOANUCAH

SNEKTPOHHOWM NOAMUCHIO ")
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TaTeAHa AnekcaHapoBHa

1M1 H TOKOB B MECTe I[IPpOCTOro 3amMbIKaHHA Ha 3 CMITIO
HEHCTEHTEHEH: c 20.08.2021 no 20.08.2022 [ H3M EHEHHEM CDHDDTI’IEHEHI’IH I[}FFH Rﬂ KOHLIbI EEI‘:TDpDE



TOK OB H HarpsAKeHHI CKOJIb3AT I10 JyTraM COOTBETCTBYIONIHX OKPYKHOCTEH. 3HaYeHHA JIHHEHHBIX HaIIpaAKeHHI
ocTaroTcA Oe3 H3MeHeHHI H JIHIIb IepeM elaloTcs I1ap ajlIeJibHO caMHM cede. HeHsMeHHOCTh THHEHHBIX
HarpsKeHHH 00y clIaBIHBAET IMP aKTHYECKH IMOCTOAHHOE 3HAaUeHHE TOKa B eMKOCTHOI ITp OBOIHMOCTH MEKTY
(pazaMH KaK IPH HOPMAaJIbHBIX YCI0BHAX, TaK H IMPH P OCTOM 3aMbIKaHHH Ha 3eMiio. C yMeHbII eHHEM
COTIPOTHBIIEHHA AYTH HarpsmkeHHe [MToBp e eHHOIH (pa3bl cTpeMHTCA K HYJII0, a Harlp stkeHHe ''370poBeIX"” (a3 — K
JIHHEHHBIM HAarTp K €HHAM.

Puc. 2.2. BexTtopHble quarpaMMbl HaIIpsI2KEHUN 11 TOKOB B MECTE

IIPOCTOI'O 3dMBIKAHIA Ha 3CMJIEO
J[11a orpaHHYeHHA TOKa IIPOCTOro 3aMbIKaHHA Lieecoo0pa3Ho HefiTpalb TpaHc(opMaTopa 3aMKHY Th YEp €3
HHIYKTHBHYI0 KaTymKy. VIHAYKTHBHOCTh TaKOH KaTYIIKH BbIOHp a€TCA TaK, YTOObI B LIETTH HYJIEBOI
T10CJIETIOBAaTEILHOCTH ObLI 00€cIeueH pe30HaHC MEKAY HHIYKTHBHOCTBIO H EMKOCThIO. DTO IMPHBEET K

XDC — 00, T eK [TOJIHOI KOMIICHCAILTHH TOKa IpoCTOrO 3aMbIKAHIA Ha 3CMIIHD.

3. MopsiOOK ebinosiHeHUs1 pabomali

1. CobpaTh cXxemMy HOPMAJIBHOI'O peKHMa B COOTBETCTBHH ¢ BapHaHTOM 3afaHHA (Tabn. 2.1). Tadbmaga 2.1
BapuaHThI 3aaHui

Ne GpHragni I{mmljecmu dasa, 3aMKHYTas e I1o/10:KeHHe

cexknun JIDII HAa 3eMJII0 peocrara K3
1 1 A BosayiiHass 1
2 2 B KabempHasa 2
3 | C BosayiiHas 3
4 2 A KabempHasa 4
5 | B BosayiimHas 5
6 2 C KabemmHasa 6
7 | A Bosayimas 4
8 2 B KabemmHasa 2
NOKYMEHT NOANMUCAH i Bosayimas 5

SNEKTPOHHOW NOAMUCHIO
Ceptudumkar:  12000002A633E3D113AD425FB50002000002A6

Bnageneu; LLleBayxoea TaTtesHa AnekcaHapoBHa
Asiied Y P H B Tadbm 2.2.

NeiicTaintenet: ¢ 20.08.2021 no'20.08.2022 PHYO /IHarp amMMy HarlpsiKeHHH HOpMaJIbHOTO p eAHMA.

HAKCHHE CMCIH CHEA HEI»L:I'I]]H.]'[["I Un HOPMAJIBHOI'O pCAHMaA



4. CobpaThk cxeMmy pHc. 2.3a ¢ 3aMbIKaHHEM Ha 3eMJI0 a3kl B COOTBETCTBHH ¢ BapHAHTOM 3ajiaHHA (Tabn. 2.1).

a) 0)
I . 1 g e AT R
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Puc. 2.3. Cxema 3aMbIKaHIS (pa3bl Ha 3€MJIIO: 4 — METaJUInYeckKoe
zaMBIKaHIIE

Ha 3CMIIHO, O — 3aMBIKaHIE HCpe3 COIIPOTHURIICHIIC R3

5. II3mepuTh NHHeHbIE H (pa3HbIe HApSKeHH:A, HarpsoKeHHe cMelleHHA HefitpamH Uy, TOK 3aMbIKaHHA Ha 3eMITIO
I3. PesynbTaThl H3MepeHHI BHeCTH B Tabm. 2.2.

6. ITo maHHBIM H3MeEpeHHII B TOM € MacliTabe Ha BEKTOPHOH JHarpamMme, IOJIyYeHHOH B II. 3, IOCTPOHTH
BEKTOPHYI0 JHarpamMMy HarpsKeHHH p esKHMa 3 aMbIKaHHA Ha 3eMIio (asbl H3 Tabdm. 2.1.

7. Ilo M3MepeHHOMY 3Ha4eHHIO ToKa [, HCIMOIb3yA METO CHMMETPHYHBIX COCTaBIAKIIHX, TIOCTPOHTL B MacIlTa0e
BEKTOPHYIO THATP aMMy TOKOB.

8. Tlo m3MepeHHOI1 BeHMYHHe Toka I3 orpeenHTs AHHY BO3AYIIHOH (KadenpHoi) JJHHHH 110 BhIpaxkeHHIo (2.3) B
COOTBETCTBHH ¢ BapHAHTOM 3aaHH:.

Tabmauma 2.2

Pe3yJbTaThl H3MEpPEeHNN

Pexum HopMaJibHbLIN Peixum PesKHM 3aMbIKAHH S

peXIM MeTALTHIEeCKOr0 (¢a3bl HA 3eMII0 Yepes

3aMbIKAaHHA (Pa3bl HA conporusJeHne R3
3eMJIIO

Usr, B
Usc, B
Uca, B
Us, B
Usg, B
Uc, B
Un, B
I3, A

9. JIna 3agaHHOH (hasbl IMPOHM3BECTH 3aMbIKAHHE Ha 3eMIII0 4depe3 corpoTHBlneHHe R3 (puc. 2.36). BemuuHHa
COTpOTHBIEHHA R3 JoJDKHA CcOOTBETCTBOBATh BapHaHTY 3ajaHHA (Tadm 2.1). M3mepHTh THHeHHbIe H (pa3Hble
Harps/KeHHA H Harp soKeHHe cMel]eHHA HeHTpani Pe3ybTaThl H3Mep eHHI 3aHecTH B Tadu. 2.2.

10. IlocTpOHTH BEKTOPHYH JHArpaMMy Harpa:KeHHH IMPH 3aMbIKAHHH Ha 3E€MJIIK0 YEpPE3 COrNpoTHBIEHHE R3 Ha
yep TekKeE I1. 3.

4. KoHmposnbHbIe e0rnpochl

1. CeTH KaKoro HarlpsoKeHH:A padoTaloT ¢ H3 OJIHp OBaHHOH HefiTpamnbio?

2. Kak M3MeHAITCA JTHHEHHbIE H (lJHBI-[hIE HalIpAACHHA TIPH 3 aMbIKaHH dJEIELI Ha 3EMIII0O B CETH C IﬂD.]'IHpDEHI—]I—IDI»L:I
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15 Ha 3eMJII0?

-Ha 3€MIIIO B CETH C I’IED.]'II’II]DEEII-]I-IDI':.I HEﬁ'I])H.]'ILI—D CIIpagBa H
OILIO B CEPETHHE JIHHHH?
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6. T—IIE:I'W_‘,-F PaBHO HalIpAACHHE HE:ﬁ'I]] alH CHCTEMBI TIPH IIPOCTOM 3aMbIKAHHH Ha 3CMIII0 HEPE3 AKTHBHOC
COIP OTHBJICHHE OVI'H, paBHOC P C3VIIBTHPY O M EMY EMKOCTHOMY COIIP OTHBJICHHID H}’J’IEEEE‘:I IO CJICOBATCIIBHOCTH,
I'PpH YCIO0BHH, YTO BCEMH OCTAJIBHBIMH COIIPOTHBJICHHAMH CHCTEMBI MOKHO H[]EHESI] eub?

5.Codep)xaHue omyema

ITenb paboThI.
Pe3ynbsTaThl H3MEpP €HHE TOKOB, HAIIPAMKEHHI JIUTA TIOCTP O€HHA BEKTOPHBIX JHarpavM (Tabm. 2.2).
BekTopHbIe qHarpaMMbl Harp DKEHHI H TOKOB, BBIMOJIHEHHbIE Ha MHJLUTHMETPOBOI Oymare B MacIiTa0e.

I I1icbMEHHBIH OTEBET Ha BoITpoc 6.

el S
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JlabopaTtopHas padora Ne 3

JIByx(azHoe KOPOTKOE 3aMbIKAHHE

Henn:

Llenp H3y4YeHHA QHCLIHIUTHHEI:

- IaTh IpeJicTaBIeHHE 0 (PH3HKE ABIEHHI, IMPOHCXOIAIIHX IMPH 3JIEKTPOMaTrHHTHBIX IepP €X 0/JHbIX
TP OLIEC CaX H METOMBI HX KOHYECTBEHHOH OLIEHKH.

1. ITes1b padoThI: H3YUeHHE TEOPHH CHMMETPHYHBIX COCTABIAIOIIHX H MPHMEHEHHE €€ K aHaIH3Y JiByX(daszHoro K3.

2. Kpamkasi meopusi

2.1. O01mMe 3aMedYaHUs

Pacuetnl K3 Tpexda3HbIX cCHMMETPHYHBIX CXeM ITp OH3BOAATCA Ha ofHY (pa3y BeJIeICTBHE IM0JI00HA ABIEHHI,

TP OHCXOAIIHX B Kaxoi H3 (pa3 H paBeHCTBa 3HAaYeHHH OTHOHMEHHbBIX BETHYHH.

IIpH HECHMMETPHH B TIPGH3BONIBHOH TOYKE COMP OTHBRIEHHA B (pa3ax HEOMHHAKOBBI H I10 3THM ITPHUYHHAM SBJIEHHSA I10
(pazam pa3muHbl. HeoqHHAKOBRI B 3TOM ¢JIydae BeJIHUHHBLI TOKOB, HATIPSUKEHHI H YIVIbI ¢JIBHIa METY HHUMH B
pa3mHuHbIX (pasax. [ orpesieneHHs TOKOB H HATIps/KeHHH B mo0oi dasze HecHVMETpHYHOH cHCTeEMBI HEO0X OJTHMO
COCTAaBHTH Tpex(asHy 0 cXeMy 3aMelleHHs H HarmHcaTh HeoOX oJTHMOE YHCI0 YpaBHEHHE, UTO VCIWKHAET pelleHHe
3a71auH.

CpaBHHTENIBHO IMPOCTO pacyeThl HECHMMETPHYHBIX PEKHMOB B TpexX(a3HbIX CHMMETPHUYHBIX CETIX
OCYIECTBJIAKTCA ¢ [TOMOIIBIO METO/Ia CHMMETPHYHBIX COCTABIIAIOMIHK. BhIUHCIEHHE TOKOB H Harp sKeHHH B 3TOM
clIydae CBOOHUTCA K BhIUH CJIEHHIO ATHX BEIHYHH ITpH HeKoTopoM (pHKTHBHOM TpexdazHoMm K3 (Tadn. 5.1), uro

TP €/IC TABJIAET BO3MOKHOCTh BHOBbL BOCIIONIB30BAThCA OJIHOMHHEHHOM cxXeMoH 3aMeleHHA H BECTH pacueT Ha OHY
¢azy. B 3ToM cOCTOHT OHO H3 OCHOBHBIX JJOCTOHHCTB METOa CHMMETPHYHBIX COCTABJIAIOIIHX.

2.2. OCHOBHBIE COOTHOILIEHHU A MCTOd CHMMCTPHYHDBIX COCTABJIAOIIHNX

IIp OH3BONBHY HECHMM ETPHYHY IO CHCTEMY TpeX BeKTopoB A; B: C MOXKHO pa3JIo:KHTh OJHO3HAYHO Ha TPH
CHMMETPHYHBIE CHCTEMBI

— CHCTEMY BEKTOP OB MPAMOH rocaeqosaTenbHOCTH Aj; By C;:

— CHCTEMY BEKTOpOB 00paTHOII MocaenoBaTeIbHOCTH Ax; Bo: Co;

— CHCTEMY BEKTOPOB HYJIEBOH ITOCIENOBATENRHOCTH Ay: By: Co.

CormacHo YCJI0BHIO P a3 10K €HHA HMEEM

A=A +A,+A,;
B=B,+B,+B,: (3.1)
C=C,+C,+C,.

BBefeHHe crielaJIbHOI0 orieparopa “a” ro3BojAeT J000i BEKTOp Kaxk ol CHMMETPpHYHOH TpexX(a3sHoil CHCTEMBI
BBIPA3HThL YEPE3 OIHH BEKTOP TOH K€ CHCTEMBL.

EcnH npHHATE B KadyecTBe OCHOBHOI (pa3y A, To cHcTeMy (3.1) MpH IIOMOIITH oflepaTopa a MOHO ITp €I TABHTh B
CIEYIOIIEM BHIIE:

A=A +A,+Ayp;
a’ Al +a-As+ Ag; (3.2)

a-A +a’-A,+A,.

CoBMecTHOE pelleHHe ypaBHeHHI (3.2) gaeT:

(@Jler
il
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1

(A+a-B+a’-C);

13>

1

.
|
[t
]
| — 9

(A+a”-B+a-C); (3.3)
3
|

1>
|

-(A+B+C).

! 3

Ha puc. 3.1 riokazaH ripHMep pasJIoKeHHA HECHMMETPHYHOH CHCTEMBI Ha CHMMETPHYHBIE COCTABIIAIOIIIHE.
CHcTeMBbI MPAM O H 00paTHOIH IOCTIE0BATENBHOCTH ABIATCA CHMMETPHYHBIMH H YpaBHOBEIIEHHBIMH, a CHCTEMa
HYJIEBOH ITOCJIEIOBATENIBHOCTH ABIAETCA CHMMETPHYHOH, HO HEYpPaBHOBEIIEHHOH. CHCTEMA HYJIEBOH
T10CJIENOBATENBHOCTH MOKET CYIIIECTBOBATh TOJIBKO B HEYP aBHOBEIIEHHBIX CHCTEMAaX, KOTOPBIE Xap aKTeP H3VIOTCA
CIETYIOIIHMH Y CIIOBHAMH:

A+B+C = 0. (3.4)

I"eomeTpHUYecKas cyMMa HeypaBHOBEIIEHHO cHeTeMbI (pa3HbIX TOKOB paBHa YTP OeHHOMY TOKY HYJIE€BOI
I10CJIeT0BAaTEILHOCTH, KOTOPBIH IPOTEKAET B 3eMIIE€ HIIH B HyJIEBOM ITPOBOJIE.

Ha ocHoBaHHH IMpHHLIHIIA HE3aBHCHMOCTH JefCTBHA CHMMETPHYHBIX COCTABIIAIOIIHX, KOTOPBIH COCTOHT B TOM, YTO
B CHMMETPHYHOI Tpexda3sHoH cHcTeMe HarpsakeHHe 11000 rocie1oBaTeIbHOCTH MO/AKET BbI3BaTh TOJIBKO TOKH
OZITHOHM €HHOF ITOoCJIE]0BaTEIbHOCTH.

B c0OTBETCTBHH ¢ BbINIEH3I0KEHHBIM, JIJIA ITp OH3BOJIBHOI0 HecHMMeTpHYHOro K3 ocHOBHbIE€ ypaBHEHHA BTOPOro
3akoHa KHpxroda otgensHo 1 ka0 I1ocae/10BaTeIbHOCTH OVIyT HMETh BHI:

Uki =Ec—Zclgy;
Uko :O_Zﬂclﬂﬂr

e Ux, U, .Us, La., o, ko — cHMMETpHYHBIE COCTABIIAIOIIHE HANPLKEHHH H TOKOB, E. — pesynbmHpyomasa 2/C; 7.,
o, Lo — PE3YIBTHPYIOIIHE COIP OTHBIIEHHA CXEM COOTBETCTBY IOIIHX ITOCIENOBATEIbHOCTEH OTHOCHTETBHO TOUKH K 3.
VpaBHeHHA (3.5) cofiepsKaT MeCcTh HEH3BECTHBIX BEHYHH: TPH COCTABJIAIOIIHX Harlp SiKeHHA H TPH COCTABJIAIIIHX
Toka. HemocTaromHe ypaBHEHHA 1A OIp € EIEHHA 3THX BEITHYHH ITOJIYYaloT H3 I'P aHHYHBIX Y CJIOBHH, KOTOPBIMH
Xap aKTepH3YTCA TOT HIIH HHOH BHJI HECHMM ETpHYHOro K3.

I'Tp oTekaromHe o oOMOTKAM cTaTopa reHepaTopa TOKH IpsAMOoH, o0paTHOH H HyJIeBoH IociieoBaTelbHOCTEH,
CO3al0T MarHHTHBIE MOTOKH TEX 7K€ MOCIIe0BaTEILHOCTEH, a ITOCIEIHHE HABOAT B CTaTOP € C OOTBETCTBY HOII[HE
S3JIC. Broguth 31H 3]JIC Heljenec 000pa3Ho, T. K OHH IIPOIIOpIIHOHAILHBI TOKAM OT/Ie/IbHBIX [TOCIe/T0BaTENbHOC Tef,
3HAYEHHA KOTOPBIX €IIe MOJJIeKaT orpeeneHH0. I11o3ToMy B pacueT BBOAHM B JlaJIbHEHIEM TOJIbKO T 2 J]C,
KOTOPbI€ H3BECTHbI HJIH HE 3aBHCAT OT BHEIIHHX Y CJIOBHH LIENH CTATOPa, [MPHYEM B CHIIY CHMMETPHYHOI'O
BBITIONIHEHHA cTaTopHOH 00MoTKH 5TH 3 J[C sBAroTeA Tonbko 3 J]C rpamoH rocaeqoBaTenbHOoCcTH. UTo KacaeTcs
BJIC, obycnoBlIeHHBIX peaKifHell TOKOB OTNebHbIX I1oc/IeqoBaTelIbHOCTEH, TO HX YUHThIBAaeM B BHJIe IajjeHHI
HarpsKeHHH ¢ 00paTHLIM 3HAKOM B COOTBETCTBYIOIIHX PeaKTHBHBIX COIp OTHBJIEHHX MaIIHHBI.

HMcxonHasa cHcTeMa
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Hynesaa nocnegosatenpbHOCTh 3A>=A+B + C.
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IIpoBepka: A = Ay + Ax+ Ao

Puc. 3.1. PaznoxxeHne HECUMMETPUUHON CUCTEMEI TPEX BEKTOPOB
Ha CUMMETPUYHBIE COCTaRILIFOIIIE

2.3. IByx¢a3zHoe KOPOTKOe 3aMbIKaHUe
IIpu K3 a3 B 1 C rpaHHyHbIE ycl10BHA Oyay T a1 ToukH K (pHc. 3.2a):

Iica =0; (3.6)
Ixc +1xg =0; 3.7)
Uxs = Ukc- (3.8)

[TocKONMBKY TOK 4Yepe3 3€MIII0 OTCYTCTBYET, TO lKD — (). CnenoBaTtensHoO (3.6) MOXKHO IIeperHcaTh

Iea =Igar +1gar =0.
OTkyna
!KA] :_!KAZ- (3-9)

T ok nospexaeHHbIX (a3 B MecTe K3 BrIpasHM uepe3 TOK IIPSIMOL [10CI€0BATENbHOCTH:
2 9 .
Ixp =a lgar +a lkar =(a"+a Mgar = _J\/glliﬂ]; (3.10)

H corjyacHo (3.7): IKC = _]‘\/gl KA -

BrIpazHm QKB H HKC yepe3 cHMMETPHYHBIE COCTaBJIAIONIHE Harlp sbkeHHA (a3l A ¢ yueToM (3.8):

3 3
a"Uga; TaUgar T Ugp—aUga—a " Ugar —Ugo =0;

NOKYMEHT NMOoAanncAH
3NEKTPOHHOW NOANUCHIO
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Uka =Ugai T Ugar =2Uxass (3.12)

) U
Uka =Ukc=a"Uga+a Ugar =—Ukar = — =24 (3.13)

2

ITocTpoHM BeKTOpHBIE IHArpaMMEBI TOKOB (pHc. 3.26) H HarpseHH (pHc. 3.2¢6), HCTIOIB3YA IOy UeHHbIE
BeIpazkeHHA (3.9) 1 (3.11).

- — AL ..-""" IC F 3 U
ff —=RkA
L / L)
| ry
— -
1 Ukt Uk
.
- L
—
i,
[xa I, 4= ““"‘*h@
i ,.«"’ ﬂucl _==F "'-"-‘-.-,_-;.___ulilil
e T
¥ 1]31 .-'f « “~. U B1 ..--:“}
s - _ -
I T~ W
Ikc Is Ukc Uxks
a) 0) B)

Puc. 3.2. IIpuniunuanbHasa cxema (a), BeKTOpHas JuarpaMmMa TOKOB (0)
1 HanpsxeHuil (B) aByxdazaoro K3

3. MopsiO0K ebinosiHeHUs1 pabomai

1. O3HAKOMHTBLCA ¢ OCHOBHBIMH ITOJIOXKEHHAMH TCOPHH CHMMCTPHYHBIX COCTABIAKOMHX H €€ TIPHMCHCHHCM [JIA

aHaJ3a JByxdasHoro K3.

CoOpaTh cxeMy, IMoKa3aHHYIO Ha pHc. 3.3.

3. Tlpu nByxdasHom K3 (A; —-Bx — 14 HedeTHbIX HoMepoB Opurag HIH A, — C; — 1714 4eTHbIX HOMEPOB OpHran)
I3MEPHTD TOK B (pa3zax A, B, C. Pe3ynbTaThl H3Mep eHHi1 3aHecTH B Ta0. 3.1.

4. TIpu aeyxdasHom K3 H3mMepHTh THHelHHbIe H (pa3Hble HarpsKeHHda B Toukax K v I'. PesynpraThl H3Mep eHHIT
3aHeCTH B Talm. 3.1.

5. Ilo pe3yapTaTaM H3MeEpeHHH TOKOB BbIYHCIHThL TOKH IMpAMOIl H oOpaTHOI rocieoBaTenbHOCTeH. Pe3yabTaThl
H3MEDP EHHH H BbIYHCIIEHHH 3aHECTH B

Tabm 3.1.

b2

:
G
)

Puc. 3.3. Cxema 11 U3MEpEeHUS mapaMeTpoB AByXdazHoro K3

6. Ilo pesynpTaTaM H3MeEpPeHHII HampMKeHHI BBIYHCIHTL (a3sHble HanpsbkeHHA TIIpAMoH H  oOpaTHOMA
rociegoBaTenbHocTel B Touke K. Pe3ynbTaThl BhIUHCIEHH! 3aHecTH B Ta0JL. 3.1.
7. B macmTabe rmocTp OHTh BEKTOPHY IO JHArpaMMYy TOKOB, HCITONIB3YA BhIYHCIIEHHbIE JaHHBIE I1. 5.

NJOKYMEHT NOANUCAH LK EHHIH 10 JaHHBIM BbIYHCIEHHH IT. 6 /A TOYKH K M 1A
SNEKTPOHHOW NOAMMCHIO
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Nencreutened: ¢ 20.08.2021 no 20.08.2022



4. KoHmposnbHbLIe e0rnpochl

1. BKakHx ceTix Mo pexHMy padoThl HeHTpamH Mp oHcXoAT AByX asHbie K'3?
2. Kakue H3MepeHHA B c€TH HeoOX0JHMO ITp OM3BECTH JJIA [TOCTP OEHHA BEKTOPHOI JHarpaMMbl TOKOB?
3. Kakue H3MepeHHA B CETH HeoO0X ofTHMO IIp OH3BECTH JJIA [TOCTP OEHHA BEKTOPHBIX JHarpaMM HaripsaKeHH?
4. KakoBbl IrpaHHYHBIE YCI0BHA AByX(pasHoro K'3?
5. TTosicHHTe (Pr3HYECKHIT cMBICT orlepaTopa (pas3sl a.
6. Kak pa3nokuth rpaHYecKH HECHMMETPHUHYI Tpex(asHyld CHCTEMY BEKTOPOB Ha CHMMETPHYHBIE
COCTaBJIAIOIIHE ?
7. Korma B cMcTeMeE 3JIEKTP ocHa 0K €HHsA TTOABIIAETC A HyJIEBaA IMOCIE]0BAaTEIbHOCTh TOKOB?
8. Korma B cHcTeMe 3JI€KTp ocHa 0K eHHs TI0ABIIAETCA 00paTHaA IT0CIeq0BaTEIbHOCTh TOKOB H HAIIpAKEHHI?
9. Moaoxker i paboTaTh cHeTEMa 3JEKTp ocHabkKeHHA IMpH JByxda3zHom K37
5. CodepxxaHue om4yema
1. Ilenp padoThl.
2. HcxopHas cXeMa ¢ YKa3aHHeM I'paHHYHBIX VCJIOBHH nByxQaszHoro K3.
3. TaOnHia H3MepeHHbIX H BbIMHCIEHHBIX BEJTHYHH.
4. BexTopHbie HarpamMMbl Toka H HarIpsKEHHH, TTOCTPOEHHbIE B MacIITaoe.
5. BriBompl H3 aHanH3a AByx(aszHoro K3.
Tabmuma 3.1
PesyJbTarbl H3MepeHHH H BbIMHCJICHHH
HSME[}EHHLIE BE/IH'YINHLI
das3HbIe TOKH JINHeHHbIe HAIIP AZREeH S dasHble
HaIllpHARCHHH
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.)
I[Ipogomxenue tabdm. 3.1
BoruncjieHHbIe BeJIHYIHHbI
Toxkn HanpsxeHust JINHeHHbIe HANP SEREHN A
L, L, U, U,. UEE“ UCBA,,
A A B B
ANOKYMEHT NoanncAH
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JlabopaTtopHas padora Ne 4

OnHogazHoe KOPOTKOE 3aMbIKAHHE

Henn:
Lene H3y4YeHHA QHCLIHIUTHHEI:
- JaTh MpeAcTaBIeHHE 0 (PH3HKE ABJIEHHE, MPOHCXOIANIHX ITPH 3J1E€KTPOMAaTHHTHBIX T1€P €X 0HBIX
IIp OLEC caX H METOIbI HX KOMHYECTBEHHOH OLIEHKH.
3agayuH IpH H3YYEHHH JHCLIHIUTHHEL
1. ITesib pa®oThbI: aHAIH3 OCHOBHBIX COOTHOIIEHHH H ITOCTP 0OeHHE BEKTOPHBIX JHarpamMM IIpH ogHodgas3HoM K3 Ha
3EMIIK0 B CETH C IIYX03a3€MIIEHHOH HEHTP alTBIO ¢ TIOMOIIBI0 TEOPHH CHMMETPHYHBIX COCTABIIAIOIIHX.

2. Kpamf{ue meopemu4eckKkue ceedeHus
OcHOBHBIE YpaBHeHHA Mexay 2] C H majgeHHAMH HarlpAKeHHH rpAmoi, odpaTHOH H HyJIEBOH
riocieqoBaTensHoCcTeH MpH ofjHodasHoM K3 6yayT:
Ukai = Ec = Jlkar - Xc:
Ugaz =0—JIgar - Xoes
Ukao =0=1gao - Xoc>

1€ Ukal, Ukaz, Ukao, Ixal, Ikaz, Ikao — HaNpSKEHHA H TOKH OTIENIBHBIX IMOCIEN0BATENBHOCTEH, X, Xo¢, Xoc —
P E€3VILTHPYIOIIHE COIMP OTHBJIEHHA CXEMBI 3aMeleHHA MpAMoEi, o0paTHOH H HyJIEBOi IMoCIeq0BaTENbHOCTEH.
IIpu K3 Ha 3emumio ¢pasel A (pHc. 4.1a) B ceTH ¢ MIyxo3a3eMI€HHOH HeliTpallbio IpaHHYHLIMH VCJIOBHAMH OVAVT:

lyg =05 Ixc=0; Uga =0. (4.1)

CHMMETPHYHBIE COCTABJIAIOIIHE TOKOB B (hasze A OVIVT:
a) MPAMOH I10C JIeJ]0BaTEIbHOCTH:

| ”
Igar = ;(lm +a”lgg +algc ),

C YU4eTOM I'paHHYHBIX ycJIoBHI (4.1):

|
Lea =—1kas

3

0) obpaTHOI rociIe0BaTENEHOCTH:

| , |
lgar = _(lKA +algg +a~Ige ): —lga;

3 3

B) HYJIEB OH IMOCIE0BATEIhH OCTH:

lgao= —(lm +1gg + ke ): —Iga-

3 3

Taxrm obpazoM: lKAl — lng — !KA{)

Tok B MoBpexAeHHOH (paze (depe3 3eMIIIo):

!KA :3!KA]' 4.2)
[IOKYMEHT NOAOMNWUCAH
SNEKTPOHHOM NOOMACKIO
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B Iy, 1,
C : >
l l l " 1
Ikp
Ika I lkc Iao
6)

6)

Puc. 4.1. [IpuanunuansHasa cxeMa (a), BEKTOpHbBIE JUarpaMMEI TOKOB (0),
HanpsokeHuil (B) ogHodazHoro K3

CI’H%’IMBTI]HIH‘IBIE COCTABIAIOIIHC HHHDHH{EI‘]I’II:'I B MCECTC KOPOTKOI'O 3aMbIKaHHA .
Uy, == (Ugar = Ugg) == 1K ge + X501,
Ukaz = —1%clkar = =) X5 lkar; (4.4)
Uko =—1Xoclko =—1Xoclkar-

das3HbIE HalIpAAKCHHA B MCCTC KOPOTKOI'O 3aMbIKaHIA

Ugg = azgm] +alUgp, +Ugg = j[(ﬂ— ﬂz)xzc +(a’ _I)Xn{:]!Km (4.5)

. 2 )
Ukce =] [(H —a” )X +(@a-DX,e ]!Km :
Ha BexTopHOI1 qHarpammMe Harp sskeHHH (pHc. 4.1) yron ® METY Harlp sbK eHHAMH HETTOBp €K eHHBIX (pa3 3aBHCHT
OT COOTHOII €HHA MEKTY XZC H XﬂC H H3MEHAETCA B Ipeenax 60" <® < 180" . Hipxuwuii I1p €Z1EN
COOTBETCTBYET X{]C — OO, BepxXHHI TpH Xﬂ[‘. =0. IIpu X{]C. = XZC YIoJI Q) paBeH 120°.

3. MopsiOoK ebinosiHeHUs1 pabomali

1. I/I3}”IHTIJ INOJIVHCHHC C IIOMOIIBHD TCOPHH CHMMCTPHYHBIX COCTABIIAIOHIHX OCHOBHLBIX COOTHOIIEHHH MCEDY
TOKAMH M HATMMMTHKEHHAMH W WYX CHMMETHDHUHRIME  COCTABJIAIOIHMH TIPH DﬂHDd)ﬂEHDM K3 B cetH c¢

[OKYMEHT NOANMCAH

SNEKTPOHHOWM NOANUCHIO
Ceptucbuikar:  12000002A633E3D113AD425FB50002000002A6 Ha pHE 4.2. B Tabn. 4.1 yKasarbl ““““H‘EP“’IEK‘;“‘““H 1
Bnapenew; = LeBayxosa TaTbsaHa AnekcaHapoBHa | H3MepeHHit 1 (pasa, Ha KoTop oif rpomsBozuTesa K3. (Homep

NevicTenteneh: £ 20 08:2021 116 20.08.2022 13ax. Pe3ynbTaThl H3MeEpPEHHI 3aHecTH B TadI. 4.2.



4. BpIYHCIHTE TOKH IIpsMoi, oOpaTHOH H HyleBOH IIocieqoBaTelbHocTel, IMpoTekawmHe B Touke K3 Ha

OCHOBAHHH TE€OPHH CHMMETPHYHBIX COCTABIAKIIHX. Pe3ynbTaThl BbIUHCIIEHHI 3aHecTH B Ta0m. 4.2,

ITocTpoHTh B MacinTade BEKTOPHYIO JJHarpaMMy TOKOB, aHAJIOMHYHY kO IpHBeeHHOoH Ha pHc. 4.16.

6. B cxemy (puc. 4.2) mnoaxmiouHTe (HIBTPRI HarpsxkeHHIT obpatHoii DHOII u uyneBoli (DHHIT)
rociaegoBaTenbHOCTH. TloakmoueHHe (HIBTP OB ITI0Ka3aHo Ha pHC. 4.2 IIyHKTHP OM.

7. BKIWOYHTBL cTeH H H3MepHTB B Touke K3 BeHYHHBI (a3HBIX H THHEHHBIX HAIpAKeHHH, a Takke HarlpsaKeHHs
U- 1 Uy Ha BeIXofie (HIBTPOB. Pe3ynbTaThl H3Mep eHHI 3aHecTH B Ta0. 4.3.

8. B macmTabe rocTp oMTh BEKTOPHYIO HArpaMMYy HarIp siKeHHi, aHaJorH4HY o H3 00p askeHHoH Ha pHc. 4. 1e.

e
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Puc. 4.2. Cxema 114 onpeaesieHud HapaMeTpoB oaHo (azHoro K3

Tabnuma 4.1

BapuaHThI 3aaHHHA

No ﬁpnra,[[bl PesxaiM cHcTEMBI K3 ¢asbl
| max A
2 max B
3 max C
4 min A
5 min B
6 min C

Tabmnuia 4.2

Pe3ybTarbl H3MEpPEeHHH H BbIMHCJIEHHH

K3 Hamepeﬂu BbIuHcjIeHo
(l)ﬂflbl IA, A IB, A IL', A I], A Ig, A Iu, A
DopmyTa Qopmyna Dopmyia
PerybTar PesvyibTar PesymbTar
NOKYMEHT NOONMCAH L
SNEKTPOHHOW NOANUCHLIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 Ta6mmma 4.3
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa '

‘HHHM H BHIMHCJICHHUH
Nencreutened: ¢ 20.08.2021 no 20.08.2022



K3 I 3MepeHHbIe BeJINIHHbI Borauc
dasbl €HO
Usy, B| Us,B | U, B | Uas, B | Usc, B| Uca, B [ U2, B| Up,B | Ui, B

4. Codep)kaHue om4yema

1. Ilenb paboThl.
2. (Cxema H rpaHH4HbI€ VcJ10BHA ogHodgaszHoro K3.
3. Cxema g orpeneeHHs IrapaMeTpoB ofgHodga3zHoro K3.
4. Pe3ynbTaThl H3MEP €HHI H BhIUHCIeHHH B Tad/MHM4uHOI (popMe.
5. BekTopHbIe AHarpaMmbl TOKOB H Harlp sLKE€HHH, IMOCTP OEHHBIE HA OCHOBE H3MEDP €HHH.
6. BreiBomapl H3 aHamH3a ofHodazHoro K3.
9. KOHmMponbHbLIe e0npockl
1. KakoBbl rpaHH4HbI€ VCIIOBHA ofHo(a3Horo K37
2. Kak BBIYHCIHTL TOKH NMpAMOI, o0paTHOI H HyJIeBOH riocieqoBaTe/IbHOCTEH?
3. Kak BbIUHCIHTL HanpsakeHHe NMpH ofHoda3zHoM K3 nipsmoii, obpaTHoI H HyneBoi rocieqoBaTelbHOCTEH?
4. Kak rocTpoHTh BEKTOPHYIO JHarpaMMy TOKOB ofiHo(azHoro K37
5. Kak rocTpoHTh BEKTOPHYIO JHATp avMMy HAIPKEHHH 1pH oqHodazHom K'3?

JlabopaTtopHas padora Ne 5

Pacuer HecuMmMeTpHYHBIX K3 Ha Mome/In
IIOCTOSAHHOI'O TOKA

Henn:

Llenp H3y4YeHHA JHCLIHILUTHHGI:

- JaTh MpeAcTaBJIeHHE 0 (PH3HKE ABJIEHHI, MPOHCXOIANIHX ITPH 3JIEKTP OMATHHTHBIX T1EP €X 0HbIX
TP OLIEC CaX H METOIbI HX KOMHYE€CTBEHHOH OL[EHKH.

3azmayH MpH H3YYEHHH JTH CLIHTUTHHBI

1. I_[E.J]I: pﬂ&]TI:I: COCTAaBJICHHC KOMITUICKCHBIX CXCM 3aMCIICHIA JIA pas/IHYHbBIX BHOO0E HCCHMMCTPHYHBIX K3 u
CPpaBHCHHC TIOJIVUCHHBIX PC3VIIBTATOE C INPpaKTHYUYCCKHMI MCTOdaMH pacucTOB.

2. Teopemu4yecKasi Yacmb

2.1. anBHJ]ID IJKBHBAJICHTHOCTH HpﬂMﬂﬁ InocicaoBaTc/JibHOCTH

OOpamasch K MPHBEIEHHLIM B Ta0J. 5.1 BhIpaKeHHAM JJIA CHMMETPHUYHBIX COCTaBJIAIONIHX TOKOB H HAIPA/KEHHI B
MecTe HecHMMeTpHYHoro K3, 3amedaem, 4To TOKH 00p aTHOIH H HyJI€BOI IMOCIIEI0BaTEIbHOCTH H HAITP ;UK €HHA BCEX
rocieoBaTenbHoCTeH B MecTe K3 3aBHCAT OT ToKa IMpAMOH rocaegoBaTeabHocTH. Clie/loBaTENbHO, 3a/jaua pacueTa
HeCcHMMETpHYHOTro K3 cocTOMT B Orp €1eIeHHH ToKa IMPAMOK IMocIeq0BaTEIbHOCTH B MECTE paccMaTpPHBAEMOIO

BHa K3.
Tabmuia 5.1
CHMMeT pHYHbIE COCTABJIAIOINHNE TOKOB H HAIIP SAKEeHH I
B MecTe HecHMMeTpHIHbIX K3
| | I1
- - H BuIax K3
AOKYMEHT MOAMNUCAH pif BEAS e p——
ANEKTPOHHOWM NOAMUCHIO | \

Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 OM 01O (asHOM 3eMJTIO
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



E E
— —A —A
Toxk rmpsmoit E,. . - , :
TIOCTIEJOBATETBHOCTH I A i4x. X, | (X + X H X )| T (X + X+ X )
. X,.
Tox oOpaTHOI [ [ — - = SN
ITOCIIENOBATETLHOCTH L a2 =Al =Al I (Xge + X, )
. X,
ToK HyIneBoIl 0 [ —- = ‘L,
MTOCIIEAOBATEILHOCTH I =Al ]+ (X5 +Xg, )
HarmpspkeHne mmpsmMoit : : - Xoc "X
P 1%, L 1, + X)L ]J—= Lo
rocnegoBaTeIbHOCTH Ua) : 2 X, + X,
HampsokeHne oOpaTHOH ix,, I ix, I j Xa2c " Xoe I
= o o =Al
rocieqoBaTeIbHOCTH Uan 2e=Al 2e=Al X, + X,
HarpsoxeHne HylieBoH ix, I 3 Xoe " Xoe 7
- o =Al
nociegosaTerbHocTH Ug Oc=Al X, + X,

CTpYKTYpa BbIp aXKEHHI JUIA ToKa ITpAMOF IMocIeoBaTeIbHOCTH MPH pa3IHUHBIX BHAaX K3 rno3Bonser Tok
TP AMOK IocIeqoBaTeNbHOCTH 0co00i da3bl A (rpH m00oM n) HecHMMeTpHYHOro K3 BeipasHTh B 00111eM BHJIE:

n E I
[ ——2 , (5.1)
j. (X']{_* _|_ XE”)

r7ie E Ac — YKBHBaneHTHad 5/1C (pa3el A oTHocHTENBHO ToukH K73; X |¢c — PE3YNBETHPYIOIIEE COMP OTHBIIEHHE

(n)

CXEMBI H[]HMDI:'I INOCICNOBaTCIIBHOCTH OTHOCHTCIIEHO TOYKH KB, X AT HOITOJIHHTEIIBHOC C OI'Tp OTHEJICHEHC,

BCJIHTHHA KOTOPOI'0 IUIA KaKOIro BHOa4 K3 OrpEaciCcTCA COOTBETCTBYIOIHM BbIpa:KCHIHCEM, IMPHBCICHHBIM B Ta b

3.2
Tabmnuia 5.2
Dopmy.Jibl AJ15 onpeaesieHHA X(N)A H KoxppuuueHra m(n)
O0o3na4venne Hlomommrensmoe Kosdpdunuenr
Bug K3 CONpPOTHBJICHHE (n)
THna K3 X, m
Tpexdasnoe (3) 0 |
JIByxasHoe (2) i, 3
OmrodasHoe (D) J(Xye + X, ) 3
D KD O ) CUED o
JIByxdazHoe (1.1) j2e " Xoe J3 1 2o 2o :
Ha 3eMIIIO X5, + X, (X, + X, )

ITockomnbKy (pasHbie TOKH B MecTe K3 Tarck e Ip orlopLiHOHAIBHBI TOKY P AMOK IMOCI€I0BaTENBHOCTH, MOTYIb
(pazHOro ToKa B MecTe Jr0bdoro (n) HecHMMeTpHYHoOro K3 B o01meM BHIe MOKHO IMPEACTaBHTh KakK:

() () g0 (59)
NOKYMEHT NoanncAH |
3NEKTPOHHOW NoanCeio
Ceptudmkar:; 1 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; lLlebGayxoea TateAHa AnekcaHapoBHa

lenpyHy BriepBbie c(hOPMYJIHp OBaTh CIEAVIONIEE
NeiicTeuTenen: ¢ 20.08.2021 no 20.08.2022 'OCTH TIPAMOH TOCTIE0OBAaTEIbHOCTH.



Tok npsaAMoii mMocJ1eJ0BATeJIbHOCTH JIF000ro Hec HMMeTp HUHOr0 K3 MoskeT ObITH omp e/ejie H KAK TOK NMPH
Tpexdaznom K3 B ToUKe, YA/ 1e HHOH OT Je HCTBHTeJIbHOH TOUKH K3 HA JONO/IHHTeJILH O¢ CONP OTHBJIeHHE

(n)

Xﬂ ,» KOTOPO€e He 3ABHCHT OT MApaMeTpP OB CXeMbI l'[]]HI\-’[Dﬁ MmocJie 10B ATEJIbHOCTH H JJIH KAARJI0I'0 BHIA K3

ONp e/1eJISAETCSI P e3YJILTHP YIOIIIHMH CONP OTHBJI HHAMH 00P ATHO#H MOC/1eJ0BATE/IbHOCTH X, . H HYJIeBOii

MOoCJIENOB ATEeJIbHOCTH ch OTHOCHTEJIbHO PpACCMATD HBAEMOH TOUKH CXeMbI.

IIpaBHII0 SKBHBAJIEHTHOCTH IIPAMOI ITOCI€/]0BaTENIbHOCTH HCII0Ib3YEM B JaHHOH padoTe J7iA pacyeTa
AHAJIHTHYECKHM CITOCO00M BEJTHYHH TOKOB H Harp siKeHHI B MECTE TI0Bp €4IeHHA MPH HeCHMM eTPHYHBIX K3 H ripH
HCCJIET0BaHHH HECHMMETPHYHBIX K3 Ha MOJI€/TH IMoCTOAHHOTO ToKa. IIpH 3ToM HeoOX0HMO MOMHHTD, YTO IMPH
BBIMTOJTHEHHH JaHHOH pa0oThl cXEMbI OT/IENbHBIX IMOCIE]0BAaTEIbHOCTEH COCTOAT H3 YHCTO PEAaKTHBHBIX
COITPOTHBIIEHHH.

2.2. AHalMTUYeCKHMH MeTOJ| pacueTa IMepexoJHOro Ipoiecca IpH
O/THOKPATHOMH MoIepeyHOr HeCUMMETPHUH

IIpHuBegeM anropH™ pacuera ToKOB K3 ImpH O/IHOKpP aTHOH ITOrNep €YHOH HECHMMETPHH, HCTIONIb3YA IIPaBHIIO
3KBHBAJIEHTHOCTH IIPAMOH ITOCIIENOBAaTENRHOCTH. Pacuer BeleM B OTHOCHTENBHBIX €IHHHI[AX.

1. CocTaBlIAEM pacuyeTHYH CXEMY, BbIMMHChIBAA H3 I1acIIOpPTOB H KaTaloroB AaHHbIe 00 3neMmeHTax COC, BXOOANHX
B Hee. IIpenBapHTENbHO 3a7jaeMca BHOoM K3, KoTopblii HeoOXoaHM U1 orpeneneHH Xa'" .

2. BeiOHpaem Ga3HCHBIE YCI0BHA. 3a 0a3HCHY0 MOIIHOCTE S MPH OJHOM HCTOYHHKE ITHTaHHA ITPHHHMA EM
MOIIHOCTE, paBHy0 1000 MB-A. 3a 6a3mcHoe HarlpsoKeHHe Us MpHHHMAaeM cp €aHee HOMHHAaIbHOE HarpsyKeHHA
Ucps TOH CTYTIEHH HalpsDKEeHHA, Ha KOTOPOH BO3HHKIIA Ta HIH HHAA HECHMMETPH. 3HaYeHHA CpeqHEro
HOMHHAJIBHOTO Harp stKeHHA A1 JaHHOoH padoThl Hertonb3yioTea 115 HmH 230 kB.

3. CocTaBlIAeM cXeMbl 3aMellleHHA MpsAMOoi, oOpaTHoiH H Hy1eBoH ITocaeoBaTelIbHOCTEH.

Cxema IpAMOI IToc/Ie0BaTEIbHOCTH ABIAETCA 00bIYHOH CXEMOIH, KOTOPYIO COCTABJIAOT AJIA pacueTa T1oooro
CHMMETPHYHOI0 Tpex(asHoro pexHMa. B 3aBHCHMOCTH OT IMPHMeEHAEMOI0 METO/Ia H MOMEHTa BpEMEHH B HEe
BXOOAT I'EHEPATOPhl H HATPY3KH ¢ COOTBETCTBYIOIMIHMH P €AKTHBHBIMH COITp OTHBIEHHAMH H 3 /IC. Bee ocTanbHbIe
3JIEMEHTHI BXOJAT B CXEMY HEH3MEHHBIMH COITP OTHBJIEHHAMH.

Cxema o0paTHOI MocJIeN0BaTEIbHOCTH I10 CTPYKTYPE aHAIOTHYHA CXEME MPAMOI IToCIe/IoBaTEIbHOCTH. Pasmie
MEKTY HHUMH COCTOHT B TOM, YTO B cXemMe o0paTHOiH roceqoBaTenbHocTH 3 J[C BeexX reHepHpYIOIIHX BETBe
MPHHHMAKOT paBHbIMH HYJII0, @ pEAKTHBHOCTH 00paTHOH IT0CIE€00BaTEIbHOCTH CHHXP OHHbIX MAaIlHH H HATPY3 0K
TIPAKTHYECKH IMOCTOAHHBI H HE 3aBHCAT OT BH/Ia BO3HHKIIEH HECHMMETPHH, a TakKe OT TP O VLKHTEIBHOCTH

T1EP EXOIIHOrO TP OLIECCa.

Hauanom cxembl IpAMOoH HIH 00p aTHOH MociaeoBaTeIbHOCTeH CUHTAIOT TOYKY, B KOTOp 0 00BbeqHHEHDI
CBOOO/IHBIE KOHL[bI BCEX FEHEPHPYIOIIHX H HAarpy304YHbIX BETBEH. DT0 — TOYKA HYJIEBOrO MOTEHL[HAIA CXEMbI
COOTBETCTBYIOII € MocsieqoBaTeIbHOCTH. KOHLIOM cxXeM IIpAMOI HIIH 00paTHOIH IToc/IeT0BaTEIbHOCTH CUHTAKOT
TOUKY, I'[€ BO3HHKIIA HECHMMETPHA.

CocTaBJIEHHE CXEMBI HYJIEBOH IMOCIIENOBATEIBHOCTH CJIEY €T HAYHHATEL OT TOYKH, I7I€ BO3HHKIIA HECHMMETPHA,
CUHTasA, YTO B 3TOH ToUKe Bce (pa3bl 3aMKHYThHI MEKIY c000H HAKOPOTKO H K HeH MpHI0AKEHO HarpAKEHHE HYJIeBOIH
T10CJIENOBAaTENRHOCTH. TIpH Morep e4HOH HECHMMETPHH 3TO HAINPAXKEHHE IMPHKIIabIBAETCA OTHOCHTEIBHO 3 EMITH
(pHe. 5.1). Cxema HyJIeBOI [Toc/IeqoBaTEIbBHOCTH B 3HAUHTEILHOH Mep e oIrpefjeNnsaeTca coeqHHeHHeM 00MOTOK

Tp aHc()OpMaTOP OB H aBTOTPaHC(hopMaTOpPOB.

Havanom cxembl HyJ1€BOH IMOcI€00BaTeIbHOCTH CHHTAKT TOUKY, B KOTOp 0if 00beJHHEHBI BETBH C HYJIE€BbIM
TIOTEHLHAJIOM, a8 €€ KOHI[OM — TOUKY, 7€ BO3HHKIIA HECHMMETPHA.

Corp oTHBIIEHHE, Y€Pe3 KOTOP 0€ 3a3eMIIeHa HelTpasb TpaHc(opMaTopa, TeHepaTopa H T. JI. JOJUKHO ObITh BBEJIEHO
B cXeMY HyJeBOI IocieJoBaTeIbHOCTH VTP 0O€HHOH BeTHYHHOH. 3T0 00y CJI0BIEHO TEM, YTO CXeMY HY.J1eBOH
T10CJIE]0BAaTEIbHOCTH COCTABIAKT 1A OOHO (pa3bl, a 4epE3 3TO COIP OTHBIEHHE IMPOTEKAET CyMMa TOKOB HyJIEBOH
T10CJIe]OBaTENIbHOCTH BCEX TPEX (has.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Puc. 5.1. BxroueHne nctouHnka HampsKeHIS HYJIEBO T
[IOCJIE/IOBATEIILHOCTH

4. OnpenenaeM pe3yIbTHPYIOUHE C OIMpP OTHBJIEHHA CXEM OTJIENIbHBIX TT0CJIE] OBATETBHOCTEH OTHOCHTENIBHO TOYKH,
r7e BO3SHHKIIA Ta HIH HHad HECHMMETpPHA. Ha 3ToM K€ 3Tare O cXeMBI TIPAM O ITOCIEN0BaTENPHOCTH HaX OJIHM
pe3syarTHpYIOMyK 3 J1C OTHOCHTENBHO TOH K€ TOUKH.

[IpH rorepevyHoH HECHMMETPHH Ha pacdeTHOoH cxeMe (pHc. 5.2a) rp ocieqHM, KaK COCTaBIAETCA CXEMa 3aMEIeHHs
KasKI0H IMOCIIE0BaTEIbHOCTH. Bee a/1eMeHThI 3TOH CXEMBI IMPOHYMEPOBaHbI H HX HOMEpPa COXp aHEHbI 1A
0003Ha4YeHHA COOTBETCTBYIOMIHX 3JIEMEHTOB B CXeMax 3aMeEIlleHHA OTIEIbHbIX [TOCIEq0BaTENbHOCTEH.

ITpu HECHMMETPHH B Touke M cxema 3amMeleHHs MpAMOH IMOCNIe0BaTENIbHOCTH HMEET BH]I, TP €/IcTaBJIEHHBIH Ha
pHC. 5.26.

ITocnemoBaTeIbHO COEQHHEHHbIE B HEH 3eMeHThI | H 2, a Takoke 5 H 6, 0003Ha4YeHbl, COOTBETCTBEHHO, 8 H 9. [
VIIP OLIEHHA CXEMBI JOCTATOUYHO 3aMEHHTEL BETBL Y ¢ 3J1C E,;# 0 H BETBD, MOIYYAEMYIO CIOKEHHEM 3JEMEHTA 8 C
rapaJuleIbHO coeqHHEHHBIMH 3JIeMeHTaMH 3 H 4 H HMeronyio 3JIC E ogHoi skBHBaneHTHOH (pHc. 5.26). CxeMa
oOpaTHOI MocaeJoBaTENBHOCTH H €€ IMp e00pa30BaHHA aHaJIOTHYHBI, 338 HCKJIFOYE€HHEM TOr0, YTO B Heil OTCYTCTBYIOT
3J1C ueTouHHKoB. CxXeMy HyJeBoI IMocefoBaTeIbHOCTH (pHe. 5.22) Taicke IMp eoOp a3 0BbIBAEM ITy TEM
T10CIJIENOBATENBHOIO H IMAP aJUIEIBHOIO CIIOKEHHA BETBEH.

5. I'To corp oTHBIEHHIO 00paTHOH H HYJIEB O MocJiejoBaTeIbHOCTEH orIpeieaeM JOrMoIHHTEIbHOE C OIp OTHBIIEHHE
Xa™u yoanaem geficTBHTENbHY 10 TOUKY K3 3a corpotHBiIeHHe X", YTO I103BOJAET I10 BhIpakeHHIO (5.1)

OIp € EJTHTh TOK IIPAMOIT IocIeqoBaTelbHOCTH X' .

6. @a3HbIH TOK B MecTe JTiodoro (n) HecHviMeTpH4Horo K3 orpefensaem o BeIpaxeHHIo (5.2), YMHOMHB Ha Ga3HCHbIH
TOK, OIp €1eNeHHbI 10 BhIPaKEHHIO:

[ = S
ENENGS

(5.3)

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Puc. 5.2. PacuerHas cxeMa (a), cxemMa 3aMeI[eHUS IPSIMOIT
IIOCJIeJOBATEILHOCTH (O),

mpeoOpazoBaHHAas CXeMa 3aMEIEHI IPSMOII IIOCIIeA0BaTEILHOCTH (B),
CXE€Ma 3aMeIeHNIs HyJIEBOI IOCIIeq0BaTEILHOCTH (T)

2.3. UccnnepoBaHre HeCUMMETPHUYHbBIX K3 HA MO1€JTU TOCTOSTHHOTO TOKA

VcTaHOBJIEHHbIE€ COOTHOIIEHHA MEKIY CHMMETPHUHBIMH COCTaBIIIOIMHMH HarlpskeHHI B MecTe K3 (Tadm. 5.1)

T103 BOJIAIOT 1A KaKIOr0 BHAa HECHMMETPHYHOr 0 K3 cOEMHHHTE BMECTE CXEMBI OTHENBHBIX [TOCIEN0BATENBHOCTEH
H o0pa3oBaTh TEM CaMbIM KOMITIEKCHY I CXEMY 3aMEIIeHH:A JJIA COOTBETCTBYIoMmEro BHaa K3,

Takie cxeMbl MPHBEEHBI Ha pHC. 5.3. CXeMbl KaK10H IToCI€]0BaTEIbHOCTH XapaKTEPH3YVIOTCA B 00IIeM clIydae
COOTBETCTBYHOUTHMH IMOHLIMH COIMP OTHBIIEHHAMH (7, Z», 7). OHH cooTBeTCTBYIOT (paze A. HetpyaHo yOeqHThCH,
4YTO B HHX cOONMI0Zal0TCA HE TOJIBKO COOTHOMEHHA MEKTY CHMMETPHYHBIMH COCTABJIAKIIHMH HalpAaKeHHI B MeCTe
K3, HO TarcKe COOTHOIIEHHA MEXKTY CHMMETPHYHBIMH COCTABIAKIIHMH TOKOB B MecTe K3.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Puc. 5.3. KoMmmiiekcHbI€ cXeMEBI 3aMelleHns: a — JJ1s AByxXdaznoro K3;
0 — g ogHo (pazHoro K3; B — j11st By XhazHOoro K3 Ha 3eMTro

HyHo0 HMeTb B BHy, UTO B KOMILIEKCHOH cxeme i1 ogHodgaszHoro K3 (pHc. 5.36) obecrieuHBarOTCs 3HaUYEHHA

I1p MO IMocJIeqoBaTeIbHOCTH B P a3IHYHBIX ToukaxX. YTo KacaeTcsa HarpsokeHHH oOpaTHOH H HyJeBoH
[10CJIENOBATENBHOCTEH, TO OHH JIOJLKHBI OIMP €NEMATECA OTHOCHTE/BHO TOUEK HYJIEBOr0 ITOTEHI[HATIA CXEM

OZIHOHM EHHBIX IMOCIIENOBATEIBHOCTEH, T. € COOTBETCTBEHHO IT0 OTHOIIEHHIO K ToukaM H»> 1 Hy, KoTophi€e ABNAIOTCA
Ha4vaJlaMH CXEM 3THX I10CIE0BaTEIBHOCTEL.

KomruiekcHasa cxema i AByx¢asHoro K3 Ha 3emiro rpH /0 =0 Tep EXOHT B KOMITIEKCHY IO JIJIA OOBIYHOIO
IBYX(pa3HOro 3 aMbIKaHH:.
Cxema MpsaMof ITocJIeqoBaTeIbHOCTH 00bIYHO COAEPKHT MHOI'O HCTOUYHHKOB, B TO BpeMs KaK B cXeMax pHc. 5.3
YCJIOBHO ITOKa3aHa JHIIb OfHa pe3yabTHpyomaa 2 J1C.
KomMruieKkcHbIe cXeMbl 0c 00€eHHO Y100HbI MPH HCIMOb30BaHHH pacyeTHbIX Mojieslei H YCTaHOB OK, IMOCKOIbKY B 3TOM
cIIy4ae MOKHO H3MEPHTh TIPHOOpaMH TOKH H HarpAKeHHA OTAENbHBIX IT0cJIe]0BaTeIbHOCTEH B J1I000H ToUKe H

J1000ro yJyacTKa pacCUHTLIBAEMOI CHCTEMDI.

3. OnucaHue nabopamopHo20 cmeHOa

JTaGopaTopHBIH cTeH I, MHEMOHHY ECKas CXeMa KOTOporo IpefcTaBlIeHa Ha pHc. 5.4, MpeacTaBAeT co0oit
OHOHHEHHYIO MOJIEb AJEKTPHIECKOH CHCTEMBI, BHINTOIHEHHY K0 Ha ITOCTOAHHOM TOKE H COCTOAIIVIO H3 TeHepaTopa,

L=

i ,EIGWMEHT hdﬁﬁ”éﬁﬁ OO O T T T T pMaTopa, CHCTCMbBI OeckoHe HOH MOIOIHOCTH, HAaI'Py3KH.

CepTtudukar:
Bnageneu;
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1EMOHHYECKOH CXEME, XapaKTepH3YIOTCA JaHHbIMH,

A HeHTpaH TpaHcdopMaTopa.

:JIBHOCTEH BhIpak€Hbl B HMEHOBAHHBIX €HHHI[AX H

1M 3JIEKTPOIIep €/1auH (BapHAHTHI 3aJaHHI NP HBE/IEHRI B
[IBIO P E3HCTOPOB, CMOHTHP OBaHHBLIX HAa 00paTHOI CTOp OHE



cTeHa. KoHLpbI pe3HCTOPOB coeqHHEHBI ¢ COOTBETCTBYIOIIHMH 3a:KHMaMH cXeM 3amMeleHHs. CXembl 0T eTbHbIX
riocienoBaTeIbHOCTEH (711 YCJIOBHIA, OIp e e/AeMbIX 3aJJaHHeM) MOT'YT ObITh cOOpaHbI ¢ TIOMOIIBIO COEMqHHHTEIbHBIX
11poBooB. KomriiekcHbIe cXeMbl 3aMel]eHH: 1 orp efenesHoro BHaa K'3 cobHparoT rmyTeM coeTHHEHHA CXeM

OTHACIIBHBIX HDCJ’IEI[DEHTEHLHDCTEﬁ.
B cxeme I-l}’.]'IE:EDIfL:I IMOCJICNOBATCIIBHOCTH I'IP €AY CMOTPEH PEAKTOpP, € ITOMOIIBHO KOTOP OI'0 MOMHO IPENCTABHTE

Tp eOyeMbIii peKHM 3a3eMiIeHH HeliTpaH TpaHcgopmaTopa. Heiitpans TpaHc(opMaTopa MOKET ObITh, COTTIACHO
3aJlaHHIO, KaK 3a3eMIIeHa HarTyX o HIIH Yepe3 HEKOTOP O€ ¢ OoIIp OTHBJIEHHE, TaK H pa3s3eMiIeHa.

s koutpona 3J]C reHepaTopa, Harpy3KH H HATIPSKEHHA CHCTEMBI CITY/KHT J]Ba BOJIBTMETPA, PacrioyoKeHHbIE B
BepxHel yacTH TJabopaTopHOro cTeHA.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Tabmmia 5.3

BapuaHT
JIHHa Touka K3, I'enepatop T pancopmartop
Ne opurans1 | JIDII, km Hanplf;cmne, Tum X,
1 2 3 4 5
1 100 Ki. 115 TB
2 100 big’m Su=125 MBA X”dk=0,19
3 100 Ks 115 Cosp =0,8 Xa+= 10,22
Ux = 10,5xB
4 25 Ki 115
J 100 K, 230
6 25 K2 115
7 100 Kg& 230 - -
8 25 Ks 115
9 100 K3, 230

IIpopomkeHHe TabnHIBI 5.3

ITapaMeTphl 2J1eMeHTaB YIeKTPHYECK 0il CHCTEeMEI
JIDII ABTOTpaHCchopMaTop Harpy3ska C:::E PEE;)ETH
X Uk, %
ng ’ 2 SH! th
T % 0:1““ T B:C |BH|C-H| mBA |oOm| X%
6 7 8 9 10 11 | 12 13 14 15
THAL-125 Inp =1 KA
115kB 10,5 0,4 4.5
ATHITH-
125-220/110 _ :
- - Usg =230 kB| 11 31 19 Ken 6{}0’35’ 10
Uen =121 xB
UHH — 11 I(B

[Ippmeyanue. [Tociie BEIYMCIEHHS COITPOTHBIIEHHH 3IIEMEHTOB, BXOASIINX B CXEMY
3aMEIEHHS H TIPHBEAECHUS HX K CTYIIEHH K3, IpOBEepHTH 110 pHC. 5.4
TIONTYUEeHHBIE 3HAYEHH I COITPOTHRIEHHI, TIPHHSB MacCIITad

COITPOTHBJIEHHH PaBHBIM 0,

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa

CepTtudumkar:
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ITockonbKy B paboTe HccleqoBaHHE MPOBOHTCA I HadalbHOro MOMEHTa repexofHoro rpoiiecca K3, T. e, s t =
(), TOo reHepaTOp BBOOHUTCA B CXEMY CBOHMH CBEPXIIEP €XOHBIMH COIIPOTHBIEHHAMH, a ero 3 J[C BXOOHT TOJIBKO B
cXeMy IIpAMOii rmocaegoBaTenbHocTH. HauanpHasa cBepxriepexonHan 3/ C reHepartopa (corjacHo 3aaHHIO)
orpenesAeTcA B OTHOCHTENbHBIX €QHHHLIAX I10 VP aBHEHHAM, MpHBeaeHHbIM B Ta0m. I1. 5.1, BeIpakaeTcsa B
HMEHOBaHHBIX €HHHLIaX H IMPpHBoHTcA K Touke K3 (Tabm. I1.5.2, rpada 3).

Harpyska yuHTBIBa€TCA TOJIBKO TOrma, Korma K3 paccmaTtpHBaerca B Touke K3, BBHIY Toro, 4To y Hac HMEETCA JiBa
HE3aBHCHMbIX HCTOYHHKA IMHTAaHHA, @ HMHTHP 0BaTh HaZ[0 TPH HCTOYHHKA . TeHEpaTop, Harpy3Ky, CHCTEMY, TO B 3TOM
CIy4Ya€ COCTaBJIAIOTCA KOMILUIEK CHbIE CXEMBI IMTOCJIEN0OBATENHOCTEH UIA ABYX YacTeH: JIeBad 4YacTh — 3TO M'eHepaTop
H 3JIEMEHTBI CHCTEMBI, PacrioioKeHHbIE CJIEBA OT TOYKH K3, MpaBas 4yacTh — CHCTEMaA, HarpyskKa H
aBTOTpaHC(OPMATOp, PacIioiIoKeHHBIH cripaBa oT ToukH K.
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Puc. 5.4. MueMoHmdeckas cxemMa j1abopaTOpHOIO CTeHa

HcKkoMbl€ BEMHYHHBI CHMMETP HUHBIX € OCTaBIAOIIHX TOKOB H HATIPAKEHHI OIp €A TCA MPH coOpaHHOH
KOMITIEKCHOI CXEMe, KOTOphIE BhICTABJIAKTCA € OIJIaCHO BapHAHTa 3a/laHHA ¢ ITOMOIIbI0 TyYMOJIEP OB, PacrIoIoKEHHbIX Y
KaykK7oro s7eMeHTa cXeM 3aMelleHHA Ip AMok, oOpaTHo H HyJ1eBoi rocefqoBaTenbHocTei. IsMepeHiie Toka H
HarpsoKeHHA OCYIECTBIIAETCA C ITOMOIIBIO 3JIEKTPOHHBIX aMITEPMETPa H BOJIFTMETPA, TIOOKITIOYEHHBIX K
JabopaTopHOMY CTEH/Y.

Caepxriep exoaHaa 3] C Harpy3xH H HarlpsKeHHsA CHCTEMBI OIp efeAeTcs 1o opMysiaM, MPHBEIEHHbIM B TaOll.
I1.5.1 uIl5.2 ¥ ycTaHaBIMBalOTCA B oIpeeneHHoM MacliTabe, Kak H cBepxTiep exonHasa 3 JC reHepaTtopa.

IIpu cOope KOMIUTIEKCHBIX CXEM HaJl0 MOMHHTb, YTO 3HAK (-) HCTOYHHKA HEH3MEHHOr0 TOKa MPHCOEHHAETCA K
HavaJy CXEMbI IIpAMOK II0CIeI0BaTENBHOCTH, (1) — K HYJIEBOMY IMTOTEHLHAITY COOTBETCTBYIOLIEH TOUKH
KOMILIEK CHOH CXEMBI HCCIIENYEMOI0 BHAAa HECHMMETPHH.

ITuTanHe cTeHma ocyuecTBIAETCA 0T ceTH 220 B uepes pasbeM. BKIIIOUEHHE H OTKIHOYEHHE CTEH]A

[TIOKYMEHT FIDEI"‘IMCAH O HHBIMH Ha JIHLIEBOI CTOp OHE CTeH/Ia.

SNEKTPOHHOW NOAMUCLIO
Ceptudurkat: ' 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa
cXeMy, MpejcTaBJIeHHy0 Ha nabdopaTopHOM cTeHJe (pHC.
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O3HAKOMHTBCA € MeEeToqoM  CHMMCETPHYHBIX  COCTABIJIAIONIHX, TIPABHJIOM  SKBHBAJICHTHOCTH H[]thlﬂﬁ
IMOCJICHOBATCIIBHOCTH, IIPHHITHIIOM COCTABJICHHA CXEM 3aMCEEHHA IIPH pPacCMOTPEHHH pPa3/IHYHBIX BHI OB
HCCHMMCETPHYHBIX BH]10B K3Huc XdpaKTepoM HEMEHCHHA HallpAAKCHHA BCEX TPEX HDCJ’IEI[GEETEIILHDCTEIL:I BHOJIb
LICITH B HaIlPpaBJIICHHH OT MECTa HECHMM CTPHYHOI'O K3 K HCTOYHHKAaM IMHTaHH:A.

. CoryacHo BapHaHTa 3ajaHHA (TaOm 5.3) H anropHIMa pacyeTa, H3JI0KEHHOI'O BbIle, aHATHTHYECKHM ITyTEM

OIIPEIEIHTL TOKH H HAIPsKEHHA B MECTeE [TOBP EXIEHHA IPH CIIEAYIOUHX BHAAaX HechmMeTpHH: K'V; K&; KUV,
HCIIONIB3YA JIIA OIp €/1eIeHH:A ITap aMeTPOB 3JIEMEHTOB CXEM 3aMelleHHa (popMyIbl, TipHBeqeHHbIe B Tadmn. I1.5.1,
H COOTHOII €HHA MEKTY CHMMETPHYHBIMH COCTaBIAKIHMH TOKOB H HaIp UK €HHi, MpHBeIeHHbIX B Tabm. 5. 1.
CornacHO BapHaHTa, IIPHHATOrO JUIA pacyeTa B II. 3, BBIMOJHHTE CIEAVIOIIEE. OIPEAEHTb, IMOJIb3YAChH
(hopMyIIaMH, TIpHBeAeHHBIMH B Tadm. I1.5.1 1 I1.5.2, rmapameTphl 3JIEMEHTOB CX€M 3aMelleHHA B 00IeM clIydae
IUTA BCEX ITOCIEN0BATENBHOCTEH B HMEHOBAHHBIX €HHHLIAX, MPHBECTH HX K OJHOH CTYIIEHH HarIpsAKeHHA, T. €. K
CpeIHEMY HOMHHAJIBHOMY HarlpsKeHHIO TOH CTyreHH TpaHcopmaTopa, Ha KOTopoil paccMaTpHBaeTca K3,
CBEPHTL PE3VILTAThl PACUYETOB COIMPOTHBIEHHH ¢ BEJIHYHHAMH COIPOTHBIEHHH 3JIEMEHTOB, YKa3aHHBIX Ha
CTEHTIE.

. HaOpaTp Ha nabopaTopHOM cTe€HA€ KOMIUIEKCHYIO CXEMY JiA orpeneneHHoro BHaa K3 ¢ corp oTHBIEHHAMH

AIEMECHTOE COITlaCHO 3aJaHHIO, HallpHMCp, IJIA OOH Dd)ﬂ 3HOT'O Ha 3EMITHO. ,}_-[J'IH ITOTO TIICpeqn COoCTaBIICHHCM
KOMIUIEKCHOH CXEMBI BCE C OIIp OTHBJICHHA P ACYETHOH CXEMbI 3 dMCECIICHIA [ OJIZKHBI ObITb H3MEHEHBI B
COOTECTCTEHH C IIPHHATHIM Ma cirtabom COrIp OTHBJIEHHH

M — XCCHCTEM | (5.4)

X
XMMO el

KOTOpBIH /1 faHHOoH padoTel MPHHAT paBHBIM 0,1.
CeepxriepexoqHyro 2JIC reHepaTopa A YCTaHOBKH Ha MOJIENIH TMPHMEM paBHOH BeJIHYHHE, JeKalleHd B JHara3oHe

30.

..40 B. Torga macmTa0 Harp spKkeHHA MOJIETH BhIp a3HTeA (opMyJIoH:
~ E’-10°

- BU,,

M

(5.5)

Uszoq — HaTIpszKEHHE MOJIENTH, KOTOP 0€ MOKET ObITh MPHHATO PaBHbIM JIF000 BEIHYHHE, JekKalleH B iHara3oHe
3040 B.

Hcromnb3ya MacimTad HarpAKEHHA, MOTYUYEHHbBIH M0 BhIpazKeHH 0 (5.5), oripefenaeM HarnpsaKeHHE HCTOYHHKA,
HMHTHPVIONIEro cBepxriep exoaHyo 3 J1C Harpy3kH (rpH paccMoTpeHHH K3 B Touke K3) H HanpAKeHHA CHCTEMBI, T.

c.

, E”-10°
Epvor = : (5.6)
V3M,
U, 10

U (5.7)

U.nmong .\/;M )

Bhlﬁp aHHbIMH MacITadaMH CDI'II]DTHE.]'IEI—I[—I[:'I H HEII'[[]HH{EHHE[ OMHOZHAYHO OITP CAC/IACTCA MacIITad TOKOB

_ M U
M, =—U (5.8)
M
IIpH HaOop € KOMITTEKCHBIX CX€M, KaK H IMPH BBIMOIHEHHH I1. 3, HeHTpaJib TpaHcpopMaTopa MPHHATH 3a3 EMJIEHHO
HaTIIyxo.
6. I3MepHTh CHMMETPHYHBIE COCTABIIAIOIIHE TOKOB H HATIPAKEHHI KayKJOH IMOCI€q0BaTEILHOCTH.
7. Hcnone3ya macimrmadbl My, 1 My ofipegermHTs AeficTBHTENbHbIE 3HAYEHHA CHMMETPHYHBIX COCTABIIAIONIHX TOKOB H
HarpsLKEHHA KayKI0H MoCIEN0BaTENBHOC TH.
)
8. CobpaTbh KOMITIEKCHbIE CXeMbI 1 ApYrHX BHAoB K3, T. €. mma K&, KV,
9. BBIMOMHHTE OeHCTBHA, H3 10K EeHHbIE B Il 4-7.

ONOKYMEHT NOAMMCAH Ha MOJIENTH C pe3ynbTaTaMH pacdeTa
INEKTPOHHOW NOANMUCHIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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9. KOHmMposnbHbLIe eonpocki

1. VKaKHTE€ OCHOBHBIE COOTHOIIEHHA TEOPHH CHMMETPHYHBIX COCTABIAIIHX TMPH Pa3IOKEHHH IIp OH3BOJIbHOH

TpexgazHo CHCTEMbI HA CHMMETPHYHbIE COCTAaBIIAIOIIHE.

KaxoBbeI rpaHHYHBIE Y CIIOBHA 1714 BceX BHI0B K37

Kaxiie gormyueHHa MpHHATHI TIPH H3JI0K EHHH IMPaBHila 3KBHBAJIEHTHOCTH IMPAMOH ITOCIIEN0BATEIBHOCTH ?

Kakoe xapakTep H3MEHEHHA HallpKEHHA BCEX TPEX IMOCIIENOBATEIBHOCTEH BAOJb LIEMH B HarpaBJIE€HHH OT

MECTa HECHMM ETPHYHOI0 K3 K HCTOYHHKAM IMHTaHHA?

[IouemMy COIMPOTHBIEHHA 3a3eMIIEHHA  HeHTpaneil TpaHc(opMaTOpOB IPH COCTABIEHHH CXEM HYJIEBOH

I10CJIENOBAaTENBHOCTH YTPaHBAaOTCA?

6. C KakoH LIENbIO TPOH3BOMAT 3a3€MIIEHHE H pasz3eMIieHHe HelTpanel TpaHc(OpMaTOPOB B 3JIEKTPHUYECKHX
cHcTeMax?

B v

e

CodepxaHue omyema

Ilenn paboTl.

HMcxomHasA cxemMa 3JEKTPHYECKOH CHCTEMBI COrJIacHO 3aJlaHHIo.

Pe3ynbpTaThl aHAIHTHYECKOT'0 PacYeTa CBEPXIIEPEXOHOrO PEKHMa: OJIA OOHOro H3 BHI0B K3 rnMpHBECTH MOTHBIH
pacydeT, 1A JBYX JPYTHX — CBECTH PE3YJIbTaThbl B TaOIHLLY.

4. Tabmiia pacueTHbIX MapaMETPOB 3JIEMEHTOB CXEM 3aMEIIE€HHA BCEX ITOCIE0BaTENbHOCTEH B HMEHOBAHHBIX
EMHHHI[AX, MPHBENEHHBIX K Touke K3.

YucneHHbIe 3HavYeHHA Macmtados M., M., M.

6. KoMITIEKCHBIE CXEMBI 3aMENIEHHA /1A BCEX BHAOB HECHMMETPHH €0 3Ha4YE€HHAMH ITap aMETP OB CXEM 3aMeEIeHHA

o [l =
& B @ -m

e

B COOTBETCTBHH C MaciTadamMH M
HM,.
7. Tabmia 3Ha4YeHHI HECHMM ETPHYHBIX COCTaBIAIOIHX TOKOB H HaIp UK eHHI, MOTyYeHHbIX Ha MOJIETH JUIA BCeX
BHI0B K3.
8. DBbIBOIHI.
NOKYMEHT NOANMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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lMpunoxeHusi

Tabmuia I1.5.1

1. (Dﬂpl'r[}".]]bl B OTHOCHTC/IBHLBIX € AMHHHIOAX I'TH AHAJIHTHYECCKOI 0o pactera
HCCHMMET DHYIHBIX 3aMbIKaHHH

SNEKTPOHHOW NOAMUCHIO

CepTtudumkar:
Bnageneu;
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12000002A633E3D113AD425FBS50002000002A6
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2jaemMeH | Pacuert IlocnemoBareJILHOCTD IIpuMeuaHmne
T HEIE 11 psiMast oOpaTHas HyJIeBas
CHCTEeM | mapame
BbI TPHI
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Tabmnuna I1.5.2

2. (Dﬂph'[}’.]]bl B HMCHOBAHHbLIX ¢IJHHHIAX UIH pactdeTa Ha MOoI€E/ 1IN
HCCHMMET DPHYIHbBIX 3aMbIKaHHHA

DJeMeHT | PacueTHEI ITocienoRaTeILHOCTh
CH CTeMBI e Il ps Mast oOpaTHas HYy.J1eBas

napaMeTp
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JlabopaTopHast padora Ne 6

OI{HOKpﬂTHﬂﬂ NNPpoOJO/IbHAH HCCHMMCTPHH
Henn:

I_[E:.]'Ih H3VUCHHA QHCLIHI UTHHDbI.
- HaTh IIPpCOCTABJICHHE O dJHEIfH{E ABJIEHHH, TIMPOHCXOIAIHX ITPH 3JICKTPOMaIrdHTHBIX TICP CXO/THbIX
IpoLeccax H METOObI HX KOIHYECTBEHHOH OLIEHKH.

1. I1esmb paboThI: ITOCTP OEHHE H H3YYEHHE KOMILIEKCHBIX CXEM 3aMeleHH:, ITOCTP OEHHE BEKTOPHBIX JHATP aMM
TOKOB H HalpsKeHHI, 3ITI0p pacIpele/ieHHA HalpayKeHHH OTIeMbHbIX MM0CIEN0BaTEIbHOCTEH MPH BOSHHKHOBEHHH
OHOKP aTHOH IIp 0J10JIbHOH HECHMMETP HH.

2. Kpamkasi meopusi

B HacToameii paboTte paccMaTpHBaKOTCA JJBa BHA HECHMMETPHH, a HMEHHO: pa3pbIB oJJHOH ¢a3bl H pa3pbIB JBYX
(a3 (B 0qHOM H TOM K€ MECTE).

OCHOBHbIE YpaBHEHHA TTaJJeHHI HaTIpAKeHHA B cXeMax Kax ok ITocIeJ0BaTeNbHOCTH, COCTaBIE€HHbIE I
CHMMETPHYHOH YacTH CHCTEMBI TTPH YHCTO HHIYKTHBHOH LIETTH MOKHO ITp €ZICTaBHThL B BHJIE:

AUpar = Eac - )Xo liar;
AUpa =0 - jXpaelan: (6.1)
AUro =0 - jJXwe Lo,

rne AUpar AUpa. AUpp — cHMMeTpHYHBIE ¢ OCTaBIAOIIHE [TafjleHHs HarlpskeHHA ¢a3bl A Ha HeCHMM ETPHIHOM
VYACTKE CHCTEMBI, Xpi., X12¢, Xoc — PE3YIbTHPYIOIIHE P €aKTHBHOCTH CXEM COOTBETCTBYHOIIHX
T10CJIENOBAaTEIBHOCTEH OTHOCHTEIBHO MECTA ITp OZ0JIbHOH HECHMMETP HH.

J] oMoJHHUTENBHAA CBA3b MEKIY CHMMETPHYHBIMH COCTABJIAIIHMH TOKOB H IMTaJIeHHI Harlp K €HHIA
ycTaHaBJIMBAaETCA H3 MPaHHYHBIX YCIIOBHI paccMaTpHBAeMOro BHAA IIp O0JIbHOH HECHMM ETPHH.

2.1. Pa3pbIB o/jHOM (a3bl

PaspbiB ofHOH (a3bl (pHe. 6.1a) MOKHO XapaKTepH30BaTh CJIENYIOIHMH TP aHHYHbIMH Y CJIOBHAMH:
Iiar=0; AUg=0; AUpc = 0. (6.2)
TIpH pa3ioxkeHHH Ha CHMMETPHYHBIE € OCTABJIAIOLIHE YCI0BHH (6.2) IMPHXOAHM K paBeHCTBAM

AUr a1 = AUpa2 = AUro = 1/3 AUpa. (6.3)

HMcrnonesvya (6.2) 1 (6.3), onpegemim I ul
—LA2 -LO

AU AU
[p=——— [y =——". (64)
1D SPYe IX Loc
B cootBeTcTBHH ¢ (6.2) MO/KHO 3aITHCATh:
I +1I +1 =0. (6.5)

—-LAl -LA2 -LO
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Puc. 6.1. PazpeIB ogHOIl (pa3bl TpéxXdazHOM 1LIeIIN: a — UCXOHAas cXeMa;
O — BeKTOpHas JuarpaMma TOKOB B MECTE Pa3zphlBa UUCTO NHIAYKTUBHOII
1[ETI,

B I I' — BEKTOPHBIE JUarpaMMbl HaIIpsIKEHUIL 110 KOHIIAM pa3phlBa
(COOTBETCTBEHHO,

B Toukax L u L)

ITocne rogctaHoBKH (6.4) B (6.5) MOMyYHM:

AU =jXj I

— LA —LAI
X =X, || X 6.6
e AL = Apoc || Aroc: (6.6)
J[na Toka ripaMoli riocneqoBaTeIbHOCTH (pasbl A B MecTe pa3pbiBa H3 (6.1) H (6.6) HMeeM:
E .~
_ —= AC

JX e + XL

JIna TokoB oOpaTHOH H HYJIEBOI rocseqoBaTenbHocTel ¢ yueToMm (6.4) 1 (6.5):

), G
Lian = = Tiars (6.8)
Xise + Xoc
X,
I, o= L=t 2 IUNT (6.9)
Xioc + Xioc

JInA orp egeneHHA Harlp HKEHHA ¢ OHOH H3 CTOPOH ITPo0JIbHOH HECHMMETPHH (B JaHHOM CITydae paspbiBa OHOH

(pazbl) cleqyET IIp €IBapHTETBHO HAITTH M0 CXeMaM OTJIE/IbHBIX IMOCIEN0BaTENhHOCTEH CHMMETPHYHOH YacTH CEeTH

COOTBETCTBYIOIIHE COCTABJIAIOIIHE 3THX HarpsaKeHH. [IpHbaBHB K rocIeTHHM COOTBETCTBYIOIIee HarpskeHHe AU,

HAaX OJAT CHMMETPHYHBIE COCTARIAIOIIHE HATIPAKEHHI ¢ APYTo CTOP OHbI IMP OJ0/IbHOH HECHMMETPHH.

3HadA BCce CHMMETPHYHBIE COCTaBIIAKIHE TOKOB H Harp UK EHHI, MOKHO OIp eI€/THTD (pa3HbI€ BEIHYHHbBI TOKOB H

HAaMpsKeHHI. B 9acTHOCTH, /1A ofp efeneHHA (pa3HbIX TOKOB B MECTE pa3phbiBa OJJHOIH (a3bl MOT'YT OBITh
ANOKYMEHT noanncAH
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X, o +aX, o
[ =] g 2L20 T2 2woc | p o (6.11)
Xioce+Xpoc

JI 11 Hax oK eHHA MOy JIA (pa3HbIX TOKOB IMPH pa3pbiBe OQHOH (pa3bl MOKET ObITh HCTIONE3 0BaH KO3 (P(HLIHEHT,
OITp €71 €IAEMBIE 10 BbIp a7KE€HHIO:

X, e — X, o
mﬂ}:x/g  [E—SE— RSO )

"

(Xuc + X )-

JIna unnocTpaLHH Ha pHc. 6.16,6.2 TpHBeAeHb! BEKTOPHBIE JHATPaMMbl TOKOB H Halps/KeHHI B MecTe pa3phbiBa
ofHOoH assl (A).

2.2. Pa3pbIB ABYX ¢a3
IIpu pa3peiBe OByX (a3 (pHc. 6.2a) rpaHHYHbIE YV CIIOBHA OVIYT:

B cooTtBeTcTBHH ¢ (6.13) cleayer, 4To CHMMETPHYHBIE COCTaBJIAKOIIHE ToKa (a3bl A B MECTE pa3pblBa JIBYX JIPYIHX
(a3 cBA3aHbI COOTBETCTBEHHO:

N (6.14)

C npyroii cTop OHbI, [MOCKOIBKY cornacHo (6.14) HveeM:
AUy + AU, + AU, =0. (6.15)

JlocTaTOYHO CI0KHTD IIpaBble YacTH ypaBHeHH:A (6.1) H cymMMYy MpHpaBHATDL K HYJIIO, TMOCJIE 3TOro, YUHThIBaA (6.14),
TIOJTY YHM:

E,.
[\ = AC (6.16)

- )y
J X e+ X AL

.

e Xy =X o¢ + X gc-

Jna ¢a3Horo Toka cormacHo (6.14) HmeeM:
[} =314

CHMMETPHUHBIE COCTABJIAIOIIHE pa3HOCTH (pasHbIX HATlp LKEHHI B MEcTax pa3pblBa OTPEeA0TcA 1A o0paTHOH H
HYJIEBOH T10CJIE€]0BAaTENILHOCTEH
1o (6.1), a AyA MpsAMOI MoceoBaTENbHOCTH IIpoie 1o (6.15):

AU, =AU, + AU ) (6.17)

Ha pHc. 6.26,8,2 1ipHBeleHbI BeKTOPHBIE JHAarp aMMbl TOKOB H Hallp sbk eHHI B MecTe pa3phiBa (a3 B 1 C.
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Puc. 6)2. PazpuiB AByX (a3 TpexdazHoil 1emnmu:
a — ICXOHAas cxXeMa, O — BEKTOpHas AuarpaMma TOKOB B MECTE
pa3pheIBa, B U I' —BEKTOPHLIE JUarpaMMbl HaIIPSXKEHU 10 KOHI[aM
pasphIBa (COOTBETCTBEHHO B Toukax L u LI)

2.3. “pﬂBHﬂﬂ IJKBHBAJICHTHOCTH Hy'JIEBﬂﬁ InoaiIe10BaATE/IbHOCTH

13 cTPYKTYpPhI BbIp askeHHI JIJIA TOKOB HYJIEBOH I10cIIe/I0OBaTEIBHOCTH IIPH PacCMOTP eHHbIX BHAaX OJJHOKPaTHOH
HecHMM ETPHH HeTIoCp €71CTBEHHO CJIeyeT, YTO 3TOT TOK MOKHO OIp €JIeIHTh KaK TOK CHMMETPHYHOTr0 Tp ex(pazHoro
pekHMa B cXeMe, I7le CHMMETPHYHBIH y4acToK 3aMeHEH CHMMeTPHYHOH LIeMNbl0, BETHYHHA COITp OTHBIIEHH

KOTOpP Or'0 IS KaskJ[oro BHAa TIPooNbHOH HECHMMETPHH OI1p €eNAeTCs ¢ orlp OTHBIIEHHAMH KaK caMoro
HecHMMETPHYHOI'0 y4acTKa, TaK H cXxeMaMH o0paTHOH H HyJIeBOH IToc/iefoBaTeIbHOCTH OTHOCHTEIBHO MECTa
HeCHMM ETPHH.

3110/ eHHOE ToNoKeHH e ITp eICTaBIAeT co00i 10 CYIECTBY RPAGILLO IKGUEWLE HINHOC NI TIPSMOL
T10CJIe]OBaTENbHOCTH MPHMEHHTENIBHO K YCJIOBHAM OIHOKPAaTHOH ITPO0IbHOH HECHMM ETPHH, YTO ITO3BOJIAET TOK
IpsAMOH IocJie0BaTEIbHOCTH B MecTe ITp 07[0JIbHOH HECHMMETPHH IMPH YHCTO HHAYKTHBHOKH LIEITH BhIP a3HTh B
obIIeM BH/IE KaK:

E
iA1= a___ (6.18)
. (2)
J(X g + X AL
d ITaJl1C€HHE HAlIp A CHHA H[]HMDﬁ INoCJICNOBATCIIBHOCTH Ha HECHMMCTPHYHOM YUaCTKE.
(n) _ ~xr(n) y(n)

7€ BepXHHI HHJIeKC (n) YCJIOBHO IOKa3bIBAET BHJI paccMaTpHBaeMoH IrpoonbHoi HecHMMeTpHH: ((1) — pa3pbiBa

ofiHOH (pa3bl; (2) — pa3pbiBa IBYX (a3).
IIpHBeIeHHbIE BbIIIE COOTHONIEHHA HCITONIb3YEM B JaHHOH paldoTe 1A pacueTa aHaATHTHYECKHM METO/IOM BETHYHH
TOKOB H Halps:KeHHI B MeCTe BO3HHKIIIEH OJHOKpaTHOH ITp 0J101bHOMH HECHMMETPHH, a TAaK/Ke IIPH HCCIIET0BaHHH

OQHOKP aTHOH l'IpDI[D.]'IhHDﬁ HCCHMMCTPHH Ha MOOCIIH ITOCTOAHHOI'O TOKA.

2.4. AHaIMTHYECKHH MeToJ pacyeTa IepexoJHOro Ipolecca IpH
BO3HUKHOBEHHUH OJJHOKPATHOH MPO/A0JIbHOM HECUMMETPHH

—

NOKYMEHT NMOONNCAH D,[[HGI{DH'IHGH HDDI[DHBHDH HCCHMM ECTPHI, HCITOJIIb3YA
SNEKTPOHHOW NOAMUCKLID Pacuer BeiéM B OTHOCHTENIBHBIX €qHHHLIAX.
Ceptudmkar: 112000002A633E3D113AD425FB50002000002A6 M€ AJIEKTPHYECKOH CHCTEMBI, BBITTHCLIBAA H3
Bnapeneu; iebayxoea TateAna AnekcaHapoBHa B cxemy. IIpensapHTENbHO 3a0aeMcA BHIOM IIp OOOJIBHOH

(n)
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2. BeiOHpaem Oa3HCHBIE VCIIOBHA. 3a 0a3HCHYIO MOIIHOCTh S HCTOYHHKA ITHTAaHHA TMPHHHMAeM MOITHOCTh, PaBHYIO
1000 MBA. 3a 6a3HcHO€E Harp suk eHHe MPHHHMAEM CpejHee HOMHHAJIbHOE Harp sukeHHe Uy TOH cTYIIeHH
HarpAKeHHA, Ha KOTOp OH BO3HHKJIIA Ta HIH HHaA HEeCHMMETPHI.

3. CocTaBisieM cXeMbl 3aMelleHHA BceX TpexX rocieqoBaTeabHOCTeH: rIpsamMoii, odOpaTHOH H HyJI€BOH.

Cxema MpaMof IToc/IeqoBaTeIbHOCTH ABJIAETCA 00bIYHOH cxXeMoH, KOTOPYI0 cocTaBJIAEM JITiA JII00oro
CHMMETPHYHOr0 Tpexda3Horo peximMa. B 3aBHCHMOCTH OT IIpHMEHAEMOI'0 METOo/ja pacueTa H MOMEHTa BpeMeHH B
HEE BXOJAT MEHEPaTOPbl H HAarpy3KH COOTBETCTBYIOIIHM p eakTHBHOCTAM H 3 J[C. Bece ocTalnbHbIE 3J1EMEHTLI BXOIAT
B CXEMY HEH3MEHHBIMH COITP OTHBJIEHHAMH.

Cxema oOpaTHOI IMocIeT0BaTEIBHOCTH 10 CTPYKTYPE aHAJIOTHYHA cxXeMe IpAMOI IociieloBaTe/IbHOCTH. Pa3nHume
MEKIY HHUMH COCTOHT B TOM, YTO B cXeMe 00paTHOH rmocineqoBaTebHoCcTH 2 J[C BeexX reHepHPYIOIHX BETBeH
YCJIOBHO IIPHHHMAIOT paBHBIM HYJII0, @ PEaKTHBHOCTH 00p aTHOIH IMOCIeN0BaTENbHOCTH CHHXP OHHBIX MalIHH H
Harpy30K IMp aKTHYECKH IMOCTOAHHLI H HE 3aBHCAT OT BH/A H YCJI0BHI BO3HHKIIEH HECHMMETPHH, a TalGKe OT

TP O OJLKHTEIIBHOCTH IMEPEXOMHOr0 IIPOLIECCa.

Hauanom cxem ripamMoii H o0paTHOI r1ocseqoBaTeIbHOC TEH CUYHTAIOT TOUKY, B KOTOp0oii 00beIHHEHBI ¢BOOO/HbIE
KOHLIbI BCEX MEHEPHPYIOIIHX H HAarpy304YHBIX BETBEH. JTO — TOYKA HYJIEBOI'O MOTEHILIHAJA CXEMbBI C OOTBETCTBY FOIIEH
T10CJIENOBATENBHOCTH.

I IpH rip o1 07IbHOH HECHMMETPHH cX€eMbI IPAMOI H 00p aTHOIH IToc/Ieq0BaTEIBHOCTH HMEIOT JIBa KOHL[A: HMH
ABJIAKOTCA JBE TOUYKH, MEKIY KOTOPhIMH PacriofiokKeHa JaHHasd HECHMMETPHA. Mex Oy KOHLIaMH CXEM OTIETbHbBIX
T10CJIENOBATENBHOCTEH TIPHII0A EHbI HAIIPAXKEHHA COOTBETCTBYIOIIHX I10CIE0BATEIBHOCTEH, BO3HHKIIIHE B MECTE
HECHMM ETPHH.

CocTaBJIEHHE HYJIEBOH ITOCIIEM0BATENBHOCTH CIENYET HAYHHATh OT TOUKH, I71€ BOSHHKIIa HECHMMETPHA, CUHTAA, YTO
B 3TOI Touke Bce (pa3bl 3aMKHY ThI MEKIY ¢000H HaKOPOTKO H K HEH MpHI0KeHO HarpsakKeHHe HyJ1eBoH
Trocaef0BaTeIbHOCTH. TIpH rp oonbHOH HeCHMMETPHH 3TO HarpsyKeHHe IMPHKIaAbIBAE€TCA B pacceuky (pa3HbIX
IpoBOIOB (pHC. 6.3).

Puc. 6.3. BxiIroueHne NCTOYHUKA IIPU pa3pheIiBe (a3

Jlanee BRIABIAKOTCA B MPENENax KaxqoH 3JIEKTPHUYECKH CBA3aHHOH LIEMH BO3MOKHBIE [Ty TH ITP OTEKaHHA TOKOB
HYJIEBOH IT0CJI€/10BaTEIBHOCTH.

IIpu rp o oJIbHOH HECHMMETPHH LHPKYJIIALIHA TOKOB HYJIEBOH ITOCIIENOBATENEHOCTH BO3MOKHA Ja/kKe IpH
OTCYTCTBHH 3a3eMIIeHHBIX HeiiTpanei. B gaHHoil paboTe paccMaTpHBalOTCA clIydyaH, Koryia HelTpai
TpaHc(opMaTOp OB HIIH aBTOTpaHC(opMaTOp OB 3a3 eMIIEHBI HATITYX0 HIH Y€Pe3 COIp OTHBIEHHA 00€HX CTOPOH OT
MECTA, I7IE MPHI0KEHO HATIP LK EHHE HYJIEBOH IT0CIIEN0BAaTEIRHOCTH.

Corip oTHBJIEHHE, Y€Pe3 KOTOP O€ 3a3eMIIEHbI HEHTpaib TpaHc(opMaTopa, FreHepaTopa H T. [. JOJUKHO ObITh BBEIEHO
B CXEMY HyJI€BOIH IMoc/IeJ0BaTEIbHOCTH VTP O€HHOH BETHYHHOH. 3T0 00yYCI0BIEHO TEM, YTO CXEMY HYyJIE€BOH
T10CJIETOBAaTEIbHOCTH COCTABIIAOT 1A OJHOH (pa3bl, a Uep €3 YKa3aHHOE C OIMp OTHBJIEHHE I 0TEKaET CyMMa TOKOB
HYJI€BOI ITOC/IEN0BaTENbHOCTH BCEX TP eX (has.

Hauanom cxembl HyJI€BOH I10CI€0BATEIbHOCTH CUHTAKT TOUKY, B KOTOP Oif 00be/IHHEHbI BETBH ¢ HYJIEBhIM
TI0TEHLHAIOM. I IpH ITp 0/1071bH 0H HECHMM ETPHH HYJIEBOH I10CJIEOBATENBHOCTH HMEETCA [{BAa KOHI[A — IPaHHL[bI
MECTa HECHMMETPHH, T. €. TOYKH, 7€ BOSHHKIIA HECHMMETPHA.

4. OnpenenaeM pe3yIbTHPYIOUHE COIMP OTHBJIEHHA CXEM OTJIENIbHBIX T10CJIE] 0BAaTEIBHOCTEH OTHOCHTENIBHO TOYKH,
r7e BO3SHHKIIA Ta HIH HHad HECHMMETPHA. Ha 3ToM K€ 3Tare H3 CXEMbI IIp AMOH IMOCIE€]0BaTENEH OCTH HAX OHM
TakoKe pe3yapTHPVIONEI0 3 J[C OTHOCHTENBHO TOH K€ TOUKH.

IIpH rip omonbHOH HECHMMETPHH Ha KOHKPETHOH cxeme (pHc. 6.4a) ripocaeqHM, KaK COCTaBIAETCA cXeMa
3AMEIEHHA KayKII0H IMOCIe0BaTEILHOCTH.
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Puc. 6. 4. [Ipocrelimas cxemMa 3JI€KTpUUECKOIl ceTU (a) U CXeMBbI
3aMEN[ECHN A1
npsaMoii (0, B) M HYJIEBOII IOCJIeOBATEILHOCTHU (T') TP HPOI0ILHOIT

HECIIMMETPHH
ITycTk B Touke N BO3SHHKIIA IIPOOOJIbHAA HECHMMETPHA. B 3TOM ciIydae Harip oK eHHE IIp AMOH IMOCIIE0BaTEIbHOCTH
B Touke N JoDKHO ObITh BBENEHO B pacceuKy LierH 3neMeHTa 4 (pHe. 6.46). ]I orp emeneHHs pe3yIbTHP YO IHX
3 C: corpoTHBIIEHHA CX€MbI OTHOCHTEIBHO B JaHHOM CJIydae HeoOXoqHMO BHa4asle CJIOKHTE IMOCIIE]0BaTEIbHO
3nmeMeHTRI 8 H 9. 3aTeM oOpaszoBapiryiocsa BeTBb 10 ¢ 3J]C E 1 BeTBb 3 (pHC. 6.46) cleqyeT 3aMeHHTh
3KBHBAJIEHTHOH, YTO JAaCT HCKOMYIO Pe3VIBTHPYIOIUYIO0 2 C OTHOCHTENBRHO TOUKH N, a V1A HAX 0K IEHHA
PEIYNBETHPVIOIIErO COMP OTHBJIEHHA OTHOCHTEIBHO TOH K€ TOYKH JOCTATOYHO K COITP OTHBIIEHHIO T10JTY YEHHOH
3KBHBaJIEHTHOH BETBH IMPHOABHTh COIMP OTHBJIEHHE 37ieMeHTa 4. Cxema oOpaTHOI IMocienoBaTeIbHOCTH aHaJIOrHYHA

cxeMe (pHc. 6.46); B Helil mHIIb oTcyTeTBYeT 2 JIC HeTouHHKa. EE pesyIbTHpYVIOINee COoIlp OTHBIEHHE HAXOQHTCA TaK
A€, KaK H CXEMBI ITPAMOH IMOCIIE0BaTEIBHOCTH.

B cxemy HyJ1€BOH IMOCJEN0BATENBHOCTH PHC. 6.42 OBYXLIEIMHAA THHHA BBEAEHA CBOEH TPEXIIYUEBOH CXEMOH
3aMel[eHHA, ¢ 3meMeHTaMH 11, 12, 13, ¢ TemM, 4ToObI YUECTh B3aHMOHHIYKLIHIO MEKY LIEMAMH, HAX OJIAITHMHCSA
TEMNEPh B PA3/HYHbIX YCIIOBHAX. [ HaX 0AKE€HHA PE3VIIbTHPYIOMIET0 COIIP OTHRIEHHA CXEMBI 371€Ch HYKHO

COTIPOTHBIIEHHE 371eMeHTa 11 ¢JIoKHTE ITapaieabHo ¢ CYMMOH COIp OTHBIIEHHH 371eMeHTOB 2, 13, 5 H 7 (rmocneqHHid
BXOJJHT YTP 0O€HHOH BEJIHYHHOM) H 3aTeM IMPHOaBHTh COMPOTHBIIEHHE 371eMeHTa 12.

5. Ilo COTPOTHEJICHHID Dﬁpﬂ'IHDﬁ H H}’.]'IEEDE[ HDCJ’IEI[DEHTEHLHDCTEH Oripeciiien JOIMOJIHHTCIIBHOC COITP OTHBJIICHHC

X (n) . X (n)
0L H YV aaJIACEM NJCHCTBHTCIBHY IO TOYKY HCCHMMCETPHH 3a COI'P OTHBJICHHC AL - JTO IIOSBOJIACT B Dﬁﬂ[ﬁM

" In
CclIydac oIp caciiiTh TOK ITPAMOH ITOCIICOBATCIIBHOCTH I (]_.-.xi 1 -

6. Mongyne a3zHoro Toka rpH 11000M BHIIE OJHOKpPATHOH ITp 0/10JIbHOH HECHMMETPHH OIIP EAEIAEM I10 BbIp a/KEHHIO:

(n) n (n)
[ =my -1j4;,

YMHOHB Ha Oa3HCHBIH TOK, Orp eeAeMbIi 1o ¢opmyne (5.3).

2.5. UccnepoBaHre OJHOKPATHOH MPOJA0/IbHOM HECUMMETPHUH HA MO/Ie/IH

INOCTOAHHOI'O TOKA

AOKYMEHT NOANMCAH
SNEKTPOHHOMW INoArncbio
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu. Webayxoea TateAHa AnekcaHapoBHa

01 COCTaBJIAHO IFMI HHI[E:HI*HTI HHI'[[]HH{EHHIL:I B MECTC
I COCTAaBHTE IJIA KaAKOIo CJIyidad HCCHMMCTP HH
) CXEMbI OTOCIIBHBIX HDCJ’IEI[DEHTEHIJHDCTEﬁ.
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Take cxembl MpHBEJEHBI Ha pHC. 6.5a,0, TIPHYEM B ITOCJIEIHEM cJIydae IToKa3aHbl JIBa BapHaHTa cOeqHHEHH, a
HMEHHO: KoI7la corlp oTHBJIeHHEe X/3 coeHHEHBI B 3B€3/]y H KOITia COTPOTHBIIEHHE X COEMHHEHB] B TPEYTOJIbHHK.
3TH KOMILIEKCHbIE€ CXEMbI COOTBETCTBYIOT 0c 0001 (pa3e, B KauecTBE KOTOp Oif, Kak 00bIYHO, IPHHATaA (pa3za A.
KomruieKkcHbIe cxXeMbl 0c 00eHHO Y100HbI MPH HCIMOIb30BaHHH pacyeTHbIX Mojiesiei H CTOJIOB, ITOCKOJIBKY B 3TOM
cIIydae MOAHO 3aMepPHTh MPHOOp aMH TOKH H Harp UKeHHA OTJIeNBHBIX IMocJIeloBaTeNbHOCTEH 71 TIo00ro yJacTka
H m000H TOUKH paccMaTpHBaeMOIH CHCTEMBI.

by & X4 4 A
-E—E-- o ! = &
e o > C
o) Tan
L i o=
hq;—" —I Ly v X
Lin I-_m:‘x
fe &7 LTl
1'% dg o113 L‘:E::"'
b Jot X a
- Lo | roa]
o £ ol 3

Puc. 6.5. KOMIIJIEKCHEIE CXEMBI 3aMEMEHUA. a — [IPU HaJIMUI
COIIPOTHURIICHU
B 0JIHOI1 (paze; O — IMpU HAJIMYNK OUHAKOBBIX COIIPOTUBRIEHUII B ABYX
¢azax

3. 3adaHue Ha nod2omoesumersibHyr0 pabomy

1. O3HAKOMHTBCA C LIEJIBI0 padoThl, A€TalIbHO H3YUHThL CXEMY, IIpeJIcTaBIeHHY0 Ha TabopaTopHOM cTeHe (pHC.
5.4) 1 obopyaoBaHHe TS BHINTOIHEHH padoThl.

2. O3HAaKOMHTBCA ¢ METOOM CHMMCETPHYHBIX COCTABIIAIOMHX, ITpaBHIOM SKBEHBAJICHTHOCTH l'IpHI'vIDﬁ
IMoCJICHOBAaTCIIBHOCTH, TIPHHITHITOM COCTAaBJICHHA CXEM 3aMCIICHIA TIPH pacCMOTP CHHH P a3sJIMYHbIX BHIOB
HCCHMMCTPHH H IIPHHITHITOM ITOCTP OCHHA BCKTOPHBIX NHAIpaMM TOKOE H HE]I'I[)H}I{EHHFI B MECTEC BOSHHKHOBCHHA
HCCHMMCTPH, € XapaKTCcpoM H3MCHCHIHA HEI'I[}H}I{EHHIL:I BCEX TPEX HDCJ’IE,I[DEHTEIILHGCTEIL:I BHOJIb LICTIH B
Harip aBJICHHH OT MECTa BO3HHKIII €H l'[pDI[GIIhHUﬁ HCCHMMECTPHH H HCTOYHHEK OM TTHTAHIA.

4. lNMopsi0oK ebInosniHeHUs1 pabomabl

1. CormacHo BapHaHTa 3ajaHHA (Tabm 5.3) H anropyIMa pacueTa, H3JI0KEHHOrO BBIINIE, AHAIMTHYECKHM ITyTEM

OfIPENEHTL TOKH HETTOBP €KIeHHbIX (pa3 H HATrIpAKeHHA 110 00€ cTOpOHbI OT MECTa pa3pbiBa B MECTE IMOBP &K IEHHA,

COOTBETCTBEHHO, MpH pa3pblBe OHOH HIH JABYX (pa3, HCIIonb3yA [AJd OIpe/ieleHHA MapaMeTpoB 3J1E€MEHTOB

cxXeM 3amMmeleHHsa (opMyIbl, IIpHBegeHHbIe B Tadm IL5.1 v I1.5.2 H cooTHOMEHHA MeXOY CHMMETPHYHBIMH

COCTABJIAIOIIHMH TOKOB H HaIIPAKEHHH, IMPHBENEHHBIX BhIIIIE.

CormacHo BapHaHTa, I[TPHHATOIO 1A pacuera B I1. 4.1, BBINOIHHTE CJIEY IOLIEE.

OnpeaemiTs, Monb3yAack (opMynaMH, rnpHBegeHHbIMH B TaOm. I15.1 v IL5.2 mapameTpbl 31€MEHTOB CXEM

3aMEIIEHHA NIA BCEX TIOCIIENOBATENBHOCTEH B HMMEHOBAHHBIX €OHHHIIAX, TMPHBECTH HX K OOHOH CTYIIEHH

HallpsLKEHHA, T. € K CPEJHEMY HOMHHAIbHOMY HAallpfAKEHHI0 TOH CTYIeHH TpaHc(opMallHH, Ha KOTOpOH

paccMaTpHBAETCA COOTBETCTBYIOIIHIA BHI IIPOQONBHOH HeCHMMETPHH. CBEPHThL PE3YIbTAThl PacueTOB CO

3HAYEHHAMH COITP OTHBIIEHHH, ITPHBENEHHBIX Ha CTEHJIE.

3. HaOpath Ha nabGopaTopHOM CTeHAE€ KOMIUIEKCHYI0 CXe€My JUIA COOTBETCTBYIOIIEro BHIA IIPOJ0JIbHOMH
HEeCHMMETPHH, HalmpHMED, 1)1 pa3pbiBa oHOH (ha3bl. JIJId 3TOro rep ey ¢ocTaBIeHHEM KOMIUIEKCHOH CXeMbI BCe

AOKYMEHT MNOAMNCAH DKHBI ObITh H3MEHEHbI B COOTBETCTBHH C ITPHHATHIM
HNEKTPOHHOW MNOAINMMCHIO

Ceptudchmkar:  12000002A633E3D 1M1 3AD425FBS0002000002A6
Bnapeneu: lllebayxoea TateaHa AnexkcaHopoBHa

b2

H Ha MOJIENIH TPHMEM paBHOH BENHYHHE, JeKallel B
€I orpefaenaerca H3 GpopMyIsl (5.5).
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6.

7.

8.
9.
10.

11.

Hcronp3ya MaciiTad HarpsaxeHH:A, orpenenaeM HarpsakeHHe HCTOUYHHKA, HMHTHPVIOII €€ CBepXT1epex oqHy 10
(rIpH paccMOTpeHHH 00pbIBa offHOH a3kl B Touke «K3» H HarpsokeHHeM cHCTeMBI (5.6 H 5.7)).
IIpH cOope KOMITIEKCHBIX CXEM, KaK H IMPH BRITTOIHEHHH I1. 1, HefiTpaiH TpaHcdopMaTopa MPHHATD
3a3€MJIIEHHOH HarJIyxo.
3aMepPHTh CHMMETPHYHBIE COCTABIIAIIHE TOKOB H HAIIP K EHHH KasKIJOH IMOCIIE10BaTEIBHOCTH.
Hcrmoms3ya Macmtadbl My H M, ofpenemHTh AeficTBHTEIbHbIE 3HAYEHHA CHMMETPHYHBIX COCTABIAIONIHX TOKOB H
HAIp A EHHI KayKT0H IMOCTIEN0BATETEHOCTH.
I[Io maHHBRIM, MOOy4YeHHBIM B I1. 4.5, MOCTPOHTH BEKTOPHBIE JHOIPaMMbI TOKOB H HarpsaKeHHII B MECTE
BO3HHKIIEH HECHMMETP HH.
CoOpaTh KOMITIEKCHYIO CXEMY JIJIA JPYroro ciydas IIpooibHOo HECHMMETPHH — pa3phIBe BYX (has.
BBITTOMHHTE AeHC TBHA, IToN0KEeHHbIE B I 4-6.
CpaBHHTH ITOIYYEHHBIE PE3YIIbTaThl HA MOJIETH C PE3YJIbTaTaMH pacyeTa IMyHKTa 1 H cJIenaTh BhIBObI.
C rIoMOIIbI MOJIENH OIIp €EIHTh KaK H3MEHAIOTCA BEKTOPHBIE JIHarp aMMbl TOKOB H Harlp sLKeHHI IpH o0pbIBe
OJHOH HJIH JBYX (pa3 IIpH 3a3eMIeHHH HeHTpaaH TpaHc(opMaTopa UYepe3 peakTop. 3HauYeHHE COIMp OTHBIEHHA
peaxKTopa 3aJacTCA TP EMOOBaTEIEM.
C MOMOINbI MOEIH TMOCTPOHTDL 3TIOPBI PacIIp €EIEHHA Halp MKEHHH OTHAENBHBIX ITOCJIEN0BAaTEIRHOCTEH TIPH
KaKIoM BHE, BOSHHKIIEH HECHMMETPHH B COOTBETCTBYIOIIEH TOYKE JJIEKTPHYECKOH CHCTEMBI TIIpH
OHOKP aTHOH ITp O 0JIbHOH HECHMM ETPHH.

YKkaKume oCHO8HblIe cooOmHouweHuu 6. KﬂHmpO.ﬂbeIE €071pPOoChI

l.

I~

=

N

b =

=

N

o

10.

11.

TEOPHH CHMMETPHYHBIX COCTABIAIONHX TPH pPa3IoKeHHH Tpex@asHOoH CHCTEMbI Ha CHMMETPHYHbIE
COCTABJIAKIIHE IMPH ITP OJ10JIbHOH HECHMMETPHH.

KakoBbl rpaHHYHbIE YCIOBHA H COOTHOIIEHHA A CHMMHTPHYHBIX COCTABJIAIONIHX TOKOB H HAMPKEHHI B MECTE
oOpbIBa ogHOH HIH JBYX (ha3?

B yem COCTOHT IpaBHIO 3KBHBAJIEHTHOCTH I AMOIH ITOCIIE0Ba TEThHOCTH IMPH P 0J0IbHOH HECHMMETPHH?
KakoBbl 0cOOEHHOCTH pacrpeaeneHHa HarpsbKeHHA pasiHuHbIX [TOCTIEIOBATENbHOCTEH TIPH TP O QTbHOH
HECHMMETPHH?

Kak BImHAeT H3MeHeHe pekHMa paboThl HEHTpanH TpaHc(opMaTOPpOB Ha TOK B 3JI0pOBBIX (ha3zax ITp OfOIbHOH
HECHMMETPHH?

CodepxxaHue omyema

Ilenb pabdoTHI.
HMcxonHasa cxemMa 3J1eKTPHYECKOH CHCTEMBI COrJIacHO 3aJaHHs.
Pe3ynbTaThl aHaJIHTHYECKOro pacyera ITyHKTa 5.1: 1yd paspbiBa ofiHOH (pa3bl MPHBECTH ITOMHBIA pacyeT, I
pa3pbiBa ABYX (pa3 — cBECTH B TaOJIHLLY.
TaObmiija pacyeTHbIX IApaMeETPOB 3JIEMEHTOB CXeM 3aMelleHHA BceX ITocIeqoBaTeNbHOCTEH B HMEHHOBAHHBIX
€HHHI[AX, TIPHBEAEHHBbIX K CTYIIEHH HarpsaKeHH:A, Ha KOTOpPOH pacMaTpHBaeTcsad OJHOKpaTHaA I ofoibHasd
HECHMMETPHS.
YiceHHbIe 3HaUYeHHA MacmTadbos — Mx, Mv, M.
KomruiekcHble cxXeMbl 3aMelleHHA 714 BCceX BH0B HECHMMETPHH €O 3Ha4YeHHAMH [MapaMeTpPOB CXEeM 3aMellleHHA,
BhIp asK€HHbIE€ B COOTBETCTBHH ¢ MacmTadamH Mx H Mu.
Tabmia 3HaueHHIT CHMMETPHUHBIX COCTABJIAIONIHX TOKOB H HarlpsLKeHHI, IToNyUYeHHBIX Ha MOJIeH JJI1 BcexX
BHI0B CHMMETPHH.
BekTopHbIe MHarpaMmMbl TOKOB H HarpszKeHHIT B MecTe ¢ BO3HHKIIEH HeCHMMETPHH ¢ YKa3aHHeM MallTa0oB.
BekTopHble qHarpaMMbl TOKOB H HalpsKeHHH B MecTe BO3HHKIIEH HeCHMMETPHH, ITOJYYeHHBIE C TIOMOIINbIO
MOZEIH TIpH pacMOTpeHHH pa3pbiBa OAHOH HIH ABYX (a3 B clIydae, Korja HeHTpalnbk TpaHcgopMaTopa
3a3eMJIEHa Yepe3 p eaKTop.
DIII0pPbI pacripeeneHHsa Hallp ssKeHHH OT/eNIbHBIX [TOCJIe]0BaTeIbHOCTEH OT MeCcTa BO3HHKIIEH HeCHMM eTpPHH
110 HCTOYHHKOB IMHTAaHHA.
Br1BOIBLL

JlabopaTtopHasa padora Ne 7

JIByx(as3Hoe KOPOTKoe 3aMbIKAHIE HA 3¢MJIK0

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu;

[LleBayxoea TatbaHa ArlekcaHaposHa KOOAIIHX IIPH 3JICKTPOMAItdHTHBIX TICP CX OTHBIX
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3HATh: (1)1»{31{[{}’ INMEPEXOMHBIX TIPOLICCCOB B AJICKTPOSHEP I'ETHYCCKHX CHCTEMAX H HX OCHOBHBIX 3JICMCHTAX,
YMeThb: dHAJIH3HP OBATDE P E3YIIBTATHI PACHUCTa IEP EXOOHBIX ITP OLECCOB IJIA IMPHMEHCHHA B PEaJIbHBIX
ANEKTPOSHEPT CTHYCCKHX CHCTEMAX H CHCTEMAX JJICKTP OCHA OceHHs.

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

D opMHpPYeMbIe KOMIIeTe HI{HH:
Munekc D OopMYJIHp OBKa:

ITK-2 Crioc00€H aHaH3HPOBaTh PEKHMBI paboThl CHCTEM 3JEKTP ocHa 0K eHHA 00hEKTOB

MumixkaTopel  HJI-3I1IK-2 ObecrieuHBaeT 3aJaHHbIE ITapaMeTphl peKHMa CHCTEMBI 3JIEKTp ocHalxeHHA 00beKTa

IOCTHIK €HHA
KOMITETeHL[HH

1. ITes1b paboThI: aHAJIH3 OCHOBHBIX COOTHOIIEHHI H ITOCTP 0O6HHE BEKTOPHBIX JHaTrp aMM IIpH AByx¢a3zHoM K3 Ha

3EMITKO B CCTH C FJ]‘_‘TFKDBHBEMHEI-]I-IDI::.I HEﬁ’I]] aJIblO> C TIOMOIM B TCOPHH CHMMCTPHYHBIX COCTABJIANOIIHX.

2. Kpaml{ue meopemu4ecKkue ceedeHus
IIpu K3 a3 B 1 C Ha 3emmo (pHc. 7.1a) rpaHHYHbIE YCI0BHA OYIVT:

Ixa=0; Ugg=0; Ugc=0. (7.1)

Haifimem cHMMETPHYHBIE COCTABIAKIIHE HATIPAKEHHH:
a) MpAMOH IO CNIENOBAaTENBHOCTH:

] 5
Ukar = ;(QKA +a”Ugpg+alygc )3

C YYETOM IPaHHYHbBIX Y CIOBHI:

1

Ugar == Uxka:

3

0) obpaTHOH rMocie o0BaTENEHOCTH:

1 X 1
Ukar = _(QKA +alUgp + H-QKC): —Ukas

3 3

B) HyJIEB O [10CIIE€0BATENIBHOCTH:
| |
Ukao = ;(QKA +Ugp + QKC): ;Qm-

Taxiv oOpa3oM:
Ugar = Ugar =Ugao =—Uka- (7.2)

OcHOBHbIE YpaBHeHHA Mexay 2 J]C H majgeHHAMH Harlp bk €HHI OT/IeNbHbIX IMOCIeI0BaTENbHOCTEH OVIyT:

Ukai =Ec —llgarXcs

.. —0_a... .X - (7 3)
NOKYMEHT MOAMCAH
SNEKTPOQHHOW NOANUCHIO
Ceptucbukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Webayxopa TaTeAHa AnekcaHgpoBHa
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Las Xoc = IkaoXoc (7.4)

—KAZ2

13 TEOPHH CHMMETPHYHBIX COCTABJLIOIIHX [/ TOKA (pa3sbl A HMeeM:
Lea =Lgar +1gan T 1o =0. (7.5)

Omp eneTHM H3 BbIpazkeHH:A (7.5) 3HaueHHe TOKa lKAE = !KA] + !KA{] H I107[cTaBHM 3TO 3HaueHHE B

BoIp axKeHHe (7.4). ITocne rp oMeKyTOUHBIX I1p €00pa30BaHHI, MOIYYHM JJIA TOKA HYJIE€BOI IT0CIe]0BaTEIbHOCTH:

) o
_ 2C
IKA{} — _IKA] (7.6)
Xoc +Xoc
AHAaJIOTHYHO OIIp e7EJTHM TOK 00p aTHOI I10CIIe[0BATENBHOCTH:
X e
_ 0C
Lear = Ixa (7.7)
KXo T Xoc
113 BeIpazkeHHii (7.3) ¢ yuerom (7.2) H (7.6) HMeeM:
Ukar =Ec—IxaiXc;
. . Xﬁc
Ukao =0—1Xoclkao =0+ X - Lgars
Xoc T Xoc

HO QKA] ZQKA{] H [103TOMY:

. __ Ec

J(Xye +
Xy Xoc

TokH noBpexeHHbIX (pa3z B mecTe K3 OyqyT:

2 XyetaX e
Iyg=|a” — Liars

Xoc T Xoc
(7.8)

Xye +a Xoe |

|

KC —| a4~ KAl -

Xoc T Xoe
Moy i BeipakeHHI (7.8) o/fMHaKOBbI€ H COCTABJIAIOT:

n3 i XacKee
(ch+xnc )-

B 3aBHCHMOCTH OT OTHOII €HHA MEKTY Xpe H Xo¢ 3HaUYEHHE M HaXOQHTCA B rpefenax 1,5 <m=< \/5 . HioxkHHiA
Tp efieNn HacTyraeT IpH Xze = Xoc , BEPXHHI [IpH paBHoM 0 HIH 90 .

Ha BekTOpHOH qHarpaMmMe TOKOB Yol O MOMKET H3MEHAThCA B IMPENEIax 60° <0 < 180° , CTPEMACH K HIDKHEMY

AOKYMEHT NOANMMCAH ' 00, YTO COOTBETCTBYET Y CJIOBHAM AByX(pazHoro K3 6e3
SNEKTPOHHOW NOANUCHIO

Ceptudurar:  12000002A633E3D113AD425FB50002000002A6

yaMMYy HarpsKeHHH AByx¢asHoro K3 Ha 3emito, KoTopas
Bnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa
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3. MopsiO0K ebInosiHeHUs1 pabomali

1. H3y4HTH TMOJyYEHHE C TMOMOIIBI0 TEOPHH CHMMETPHYHBIX COCTABJIAIIIHX OCHOBHBIX COOTHOIIEHHH MEKITY
TOKaMH H HarpaKeHHAMH H HX CHMMETPHYHBIMH COCTaBIIAIIMMH IpH AByX(daszHoM K3 Ha 3eMIi0 B CETH ¢
[IIYX03 a3EMIIEHHOH HEHTPabIO.

2. CobpaTb CXEMY HCTThI TAHHI Ha nabopaTopHOM CTEH]IE, TIPHBEEHHY IO
pHc. 7.2. B tabn. 7.1 yka3aHbl 3aKopauHBaeMbIe (pa3bl B COOTBETCTBHH ¢ HOMEPOM OpHIajIbl.

Had

Tabmuia 7.1

BapuaHThl 3aaHui

Ne OpHragsl 1 2 3 4 5 6

3axopaynB. (hazeI A-B-0 A-C-0 B-C-0 A-B-0 A-C-0 B-C-0

3. BKIIOUHTL cTE€H] H IMPOH3BECTH H3MEepP €HHA JHHeHHBIX H (pa3HbIX Hallp K eHHIL. Pe3yIbTaThl H3MEPEHHH 3 aHeCTH
B Tabm. 7.2.

Tabnuma 7.2

Pe3y/ibTarbl H3MEepPeHHHA H BbIYHCIEHHH

K3 ¢as N 3mepeHo Bo1unciieno
Ha Ua,B | Ug,B | Ug,B | Uas,B | Usc,B | Uca,B | Uy, B Uz, B Uo, B
3eMIII0
Dopmyna, | @opmynra, | DopMyia,
pe3yIbTaT | pe3ylabTar | pe3yiIbTaT

4. OnpenenHTh HarpskeHHE NMpAMOoH, oOpaTHOH H HyJIeBOH riocleqoBaTenbHOCcTeH B Touke K3 Ha
TEOPHH CHMMETPHYHBIX COCTABIAIIHX. Pe3ynbTaThl BbIYHCIEHHI 3aHeCTH B Tabm. 7.2.

5. Ilo pesynbTaTamM H3MeEpeHHII H BBbIYHCIEHHI ITOCTPOHThL B MaciiTade BEKTOPHYIO JAHArpamMMy HarlpsoKeHHI,
aHaJIOTHYHY IO MPHBEIEHHOI Ha pHc. 7.16.

OCHOBAHHH

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

CepTtudumkar:
Bnapeneu:

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Puc. 7.1. IIpuanunuansHasa cxeMa (a), BEKTOpHBIE JUarpaMMEI TOKOB (0),

HanpspkeHuil (B) aAryxdaznoro K3 Ha zemimo

— (Y Y (YY Y L, (YYYy L ., .« o—

— (Y Y Y (YY YL o (YY" T . o

— Y YY) (YY Y L, (YY" .« o—o

. . Q o
)

Q

— (YY1 (YY YL o (YYYy)L_ |

YY) YL, oyYyL | B é—-

YN YN, oy -

110 NOKYMEHT NOANUCAH HarpskeHun Ua, Ug, Uc IuHENHBIX

SNEKTPOHHOM NOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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6. B HcIBITaTENbHYIO CXEMY TIOAKIHYHTL  (PHILTPBI
rociefoBaTeIbHOCTEH H IIpoH3BecTH 3amephl 1, 1., Iy mpH 3akopoueHHBIX (hazax, yKaszaHHBIX B Tabm 7.1.

Pe3ynpTaThl H3MepeHHI 3aHecTH B Tabm. 7. 3.

ToKoB rpsmoii  (DTIIID),

PesyJbTarbsl H3MepeHHN

obpatHoii (DPTOII)

Tabnuma 7.3

K3 ¢as Ha

H 3sMepeHo

3eMJII0 Is, A Is, A

¥

Ic A

I, A

¥

I A

*

Io, A

¥

7. ITlo pesynbTaTamM H3MepeHHII B MacliTabe IOCTPpOHTh BEKTOPHYIO JHarpaMmy TOKOB (pHc. 7.16), HCIonb3ys

METO CHMMCTPHYHBIX COCTABIAROIIHX.

4. CodepxxaHUe om4yema

I1enb paboThl.

O Ln s =

5. KOHmpornbHbLIe eonpockl

CxemMa H rpaHHYHbIE YCJI0BHA AByX(a3sHoro K3 Ha 3emuro.

CxeMa JIJ1a ofp eeNeHH:A ITap aMeTpoB JByX(da3Horo K3 Ha 3emuro.
Pe3ynbTaThl H3MEPEHHI H BbIYHCIEHHH B TaOMH4YHOH (opme.
BekTopHbIE qHarp aMmMbl HarIpAAKEHHH H TOKOB.

BriBogbl H3 aHamH3a AByx(asHoro K3 Ha 3emIio.

1. KakoBbI cxema H rpaHHYHbI€ YCcI0BHA AByX(a3sHoro K3 Ha 3emmo?
2. Kak BBIYHCIHThL HalpsmKeHHA MNpAMOoH, odpaTHOH H HYJIeBOH ITocienqoBaTelbHOCTEH MpH JByXdaszHom K3 Ha

3 eMITIO?

3. Kak BbIYHCIIHTD TOKH IMpAMOIH, o0paTHOH H HYJIEBOIH MocenoBaTenbHocTel rpH AByxda3sHoM K3 Ha 3eMITi0?
4. Kak nocTpoHTh BEKTOPHbIE JHATPaMMbI HaIlpsAKEeHHI H TOKOB ITpH AByxdasHoMm K3 Ha 3emnio?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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JlabopaTtopHas padora Ne 8

YY€T B3aNMOMHAYKIINH JIMHHAH YJIeKTponepeaay
B CXeMAaX HYJ/I€BOMH ITOC/I€J0BATEIbHOCTH

Henn:

Llenp H3y4YeHHA JHCLIHILUTHHBI:

- JaTh MpefcTaBlIeHHe 0 (PH3HKE ABJIEHHE, MPOHCXOIANIHX ITPH 3J1eKTPOMAaTHHTHBIX T1ep €X 0HbIX
TIp OLIEC CaX H METObI HX KOMHYECTBEHHOH OLIEHKH.

1. ITes1b padoThI: H3YUeHHE BIHAHHA B3aHMOHHAVKLIHH JIDIT Ha oTHOCHTENBHOE pacrpeie/leHHe TOKOB HyJ1€BOH
T10CIJIENOBATENBHOCTH H ITOJIYYEHHE KOTHYECTBEHHOH OLIEHKH ITOTPENIHOCTH, MOABIAIIEHCA B TOKaX HYJI€BOH
T10CIIENOBATENBHOCTH OT HEYYETa B3aHMOHHIYKLIHH JTHHHH.

2. Kpamkasi meopusi

Hey4eT B3aHMOHHIYKLIHH He IMTPHBOHT K 00JIbIIOH IMOrp eMHOCTH IIPH BbIYHcIeHHH Toka K3, oJHaKO OH MOKeT
TPHBECTH K 3HAYHTEIbHOH OIMHOKE IPH OIpe/] eIEeHHH TOKOp acrIp elelIeHHA B cXeMe HyJIeB Oi IocIeJ0BaTEIbHOCTH,
4yTO OueHb BasKHO IMPH HacTpoiiKe H aHa/ I3 e paboTel YCTP OHCTB pefefiHoiH 3alHThI 0T 3aMbIKaHHI Ha 3eMUTIO.
PaccMoTpHM 53TO BIIHAHHE.

Corp oTHBIIEHHE, 00y CJIOBIEHHOE B3aHMOHHAYKIHEH MKy ABYMA IMHTA K IHMH JTHHHAMH, HallpHMep, BHIa

ITp OBOZI-3€MJIA, MOKHO BBITHCIIHTD 10 (popMyIIeE:

Z =R+ X, =005+j045lg23: M (8.1)

d KM

rae {: — paccToAaHHE, Ha3bIBAEMOE SKBHBAIEHTHOH Ty OHMHOI BO3BpaTa TOKa YEPE3 3EMITI0, paBHOE IMPHOMHAKEHHO

1000 m (980,35 m); d - pPacCcTOAHHE MEAITY OCAMH IMPOBOOB JIBYX I1ap aJUIEIbHbIX JIHHHI.

B cayyae aeyxuernHoi JIDIT cormp oTHBIEHHE LIETTH YBEMHYHBAETCA HIIH YMEHBIIAETCA B 3aBHCHMOCTH OT
HaripaBJIEHHA ToKa B 00eHX LierriX Omaromapsa HAMHYHIO B3aHMOHHAVKLIHH. IIpH 3ToM cOIlp OTHBIIEHHE

B3 aHMOHHYKIL[HH MEKY TTIPOBo7oM ofHOoI LiermH (HarpuMmep, da3oi A) H Tpems rpoojamH (A, B, C) apyrofi LierH
OIIp EENAETCA H3 BbIpaKEHHA

Z ., =015+(04351g 2. M g9

J1 w KM

rAc 1pH JIHHHAX, EBITIOMHCHHBIX C TTOJIHBIM LTHEJIOM TPAHCIIOSHIHH TP OBOJ OB, CPpCOHEC 'COMCTPHICCKOC PaACCTOAHHC
MCAOY pacCMAaTpHBaCMbINMIH LICT IAMI PABHO.

Mip=yd ,d -d,d d d, d, d d,. (8.3)

dc | cc

JI1a pacuéra cHCTEM ¢ B3aHMOHHAYKIL[HEH Liesiec 000pa3HO HCITOIB30BaTh CXEMBI 3aMel]eHHA, B KOTOPBIX
HHIYKTHBHAA ¢BA3b 3aMeHAETCA 3JIeKTpHYecKkoii. B obmeM ciyyae 7171 ABYX B3aHMOCBA3aHHBIX Lierlel TakasA cxema
3aMeIeHHA TP ecTaBIAeT co00i ITacCHBHBIH YeThIP EXYTOJbHHK ¢ JIHaroHaJIbHBIMH 3JeMeHTaMH. [IpHuém
HEKOTOPbIE H3 €r0 3JIEMEHTOB OKa3bIBAalOTCA OTPHLIATENEHBIMH, UYTO BBI3BIBAET 3aTPYAHEHHA IMPH HX HMHTALIHMH Ha
pac4€THRIX Mojemax. ITosToMy BaKHO ITOJIYYHTh 3KBHBAJIEHTHYIO CXEMY 3aMelleHHA 0e3 oTpHIIaTeIbHbIX
COTIPOTHBIJIEHHH. II3BECTHO, YTO TAKYIO CXEMY 3aMEIIeHHA MOKHO I0CTP OHTh, €CJIH HCXOIHTh H3 YpaBHEHHI
T1aJIEeHHA HalpAXKEHHA B MarHHTHO-CBA3aHHBIX LIEMAX. PaccMOTPHM B KauecTBE MPHMEPa Y4acTOK JBYXLIENHOH
JIHHHH 3J1€KTp orlep e/jadH, He HMEIOIHI AJIeKTpHYecKOoH CBA3H Mo KoHI[aM (pHc. 8. 1a). SarmimneM Jijid HETo ¢ Y4ETOM
BbIOpaHHOI0 [TOJIOKHTEIBHOI'0 HarlpaBJIeHHA TOKOB YpaBHEHHA JUIA MajeHHA Harlp AKeHHA:

AU, = l]_{] 1X T+ lﬁ 1X 20> (8.3)

AUy =Ty - 1X o0 + 1107 JX 5 205
NOKYMEHT MOJMUCAH

SNEKTPOHHOW NOANUCHIO X 20 — PEAKTHBHOCTD KayK0H LierH 0e3 yuéTta Hx
Ceptuchmkar: . 12000002A633E3D113AD425FBS0002000002A6
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Nencreutened: ¢ 20.08.2021 no 20.08.2022



IIpeobpazyeM MoyueHHY K CHCTEMY ypaBHeHHH (8.3) ryTéM ripHdaBieHHA K IIp aBbIM YacTAM YpaBHEHHI,

cooTBeTcTBEHHO, wieHoB Tt | - jX]_m utl,- jxl_m K BHIY

AU =1y J(X10 = X220 )+ (Lo + 120 ) X205 (8.4)
AUz =1a9- j(XZ{J — X120 )+ (lzﬂ +1i ) 1X 20

CHcTeMe ypaBHEHHI (8.4) yIOBIETBOPAET cXeMa 3aMeleHHA, IToKka3aHHaA Ha pHc. 8.16, aHalorH4Has cxemMe
3aMeIeHHA TpaHc(opmaTopoB. CorpoTHBIEHHA Xn]{] = (X]ﬂ — X]_z) H ng{] = (X 20 X]—E)

Ha3bIBAIOTCA COIP OTHBIIEHHAMH paccesHHA HyJIEBOH IMocIeqoBaTeNbHOCTH. Y paBHeHHe (8.4) rMpHMeT BHL;
AU, =T j(Xe10 )+ (Lo + 120 ) i X120 (8.5)
AU, = lﬂ ' j(xﬁl{] )+ (12{] +1i ) 1X 20

ITepBbie ciaraemMble MPENCTABIAIOT ITaJjeHHE Halp UK EHHA B P €aKTHBHOCTH pacc eIHHA KaKI0H COOTBETC TBY IOIL €H
LIe[TH TOKa, BTOphl€ — IMaJieHHA HaIpsAKeHH oT anredpaHuecKoH cyMMb]I TOKOB 00€HX Lierieii H peaKTHBHOC TH

B3 aHMHOH HHJTY KLIHH.

HetpyHo yCcTaHOBHTD, YTO €CJIH JIHHHH He ¢BA3aHbI 10 KOHLIAM MeKTy co00i AeKTpHYECKH, TO COTIPOTHBIIEHHE
B3aHMOHH/YKLIHH JIOJDKHO BXOJJHTh B BETBb, I10 KOTOp O ITP 0X0/THT TOK, paBHBIH cymMMe TOKOB 00eHX 11erieii (pHc. 8.18).
[ IyHKTHpHBIE THHHH, COEIHHAIONIHE 5TH PeaKTHBHOCTH, CBHAETENbCTBYIOT O TOM, UTO reoMeTpHUecKHI 00pa3 cxXeMbl

3aMeIeHHA TpaHC () opMAaTOpa HAPY IHTENA, MTOCKOIbKY PEaKTHBHOCTH (anﬂ ) (X 520 ) (X I 2{]) BBOZATCA B

pa3HYHbIE BETBH CXEMBI HYJIEBOH IMOCIENOBAaTEIRHOCTH. B 3TOM ciIy4ae TOKH HYJIEBOH IMTOCIEN0BAaTEIBHOCTH KaAKI0H
L1EMH MOI'YT OTJIHYAThLCA KaK [0 BETHYHHE, TaK H I10 HaI1pa BIEHHIO.

OpHaKo 4YacTo HHAYKTHBHO CBA3aHHbIE LIETTH 00beIHHEHDI 3JIEKTPHYECKH, X0TA ObI ¢ OJHOI'0 KOHL[Aa. B 3ToM ciryuae
P E€aKTHBHOCTD B3aHMOHHAVKLIHH ITOAKIIOYAETCA K 0D eMy Y311y 3THX JIHHHH (pHc. 8.12).

CrnenoBaTeNnbHO, B 3aBHCHMOCTH OT XapaKTepa COeqHHEHHA MOKET ObITh MOCTPOEHA Ta HIIH HHAs CXeMa 3aMEIeHHs
HHIYKTHBHO CBA3aHHBIX JIHHHI H Ha0paHa cOOTBETCTBYIONIHM 00p a30M Ha pacdETHOH MOJIETH, HCIIOMB3YEMOI B
IaHHOI padoTe.

OTMETHM, YTO IMPH COBEPIIEHHO ITapasUleIbHbIX JTHHHAX, KOI7la 10 HHM I OXOOAT OHHAK OBbIE [10 BEIIMYHHE TOKH,
COMPOTHBJIEHHE Ka/KJOH LIETTH ¢ YYETOM B3aHMOHHAVKLIHH OMpeAeIAeTc s, Kak 3T0 BHIHO M3 BhIpakeHHA (7.3),
HEITOCP €/IC TBEHHO, 0€3 HCII0/Ib30BaHHA CXEMbI 3aMEI]EHHA :

Xe=Xp+ Xy

-
l\- .l'\-‘J

'S / 4 - A
- - o 7 = | o 4
q) A
a,_a"}.- UE;
/ G| - 5
—_— ) 4 1
— & ’;: 'I PR &I—-| |
/B — -— = /
A | > |
L;'.j." -."_.-/.'J
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/ ;. / ;.
U =L 1X0: Uy =1y 1X5,

! !
rme lm ) l]ﬂ — TOKH HYJIEB OH IMOCIEN0BaTEIbHOCTH JIHHHH 063 y4éTa B3 aHMOHH/TY KI[HH.

I3 cHcteM (7.3) H(7.6) cleqyeT, YTo pa3HIHE OT HEYUETa B3aHMOHHIYKLIHH Liefleii repeqaéTca B 0CHOBHOM BTOPBLIM
YIIeHOM KayKqoro M3 ypasHeHHH (8.3). Eclmi BBeCTH ITOHATHE 5KBHBaJIEHTHOH peaKTHBHOCTH Hy JIEBO
T10CJIEN0BATEBHOCTH OJJHOH H3 B3aHMOCBA3aHHBIX JIMHHI KaK OTHOIIEHHE ITaj]€HHA HAIMPs/KEHHA B HEH K TOKY B 3TOH
LIETH, T. €.:

. AU . I, .
I X510 = — = 1X40 J—rﬂ'JXI—zﬂ ;

I]ﬂ l]ﬂ

/ /
rac lzﬂ H l]{] — abCcoMOTHBIE BEIHYHHBLI TOKA B LICIIH, TO JICTKO YCTaHOBHTD (bHI{“TDpLI, OT KOTOPBIX 3aBHCHT

T10TP EMHOCTh, 00y CI0BIEHHbIE HEYYETOM B3aHM OHHTYKLIHH.
Ecnu mHHHIO ¢ HaHOOMbIeH BETHYHHOH TOKa IIPHHATD 3a OCHOBHY 10, TO OTHOCHTENbHAA SKBHBaJIEHTHAA
p €aKTHBHOCTDb OyJIeT

X510 1+ o &g _
Ko Lo Xy

Takim Dﬁpﬂfﬂ OM, IIOI'PCIIHOCTH OT HE}”IE’I"E] B3aHMOCBA3EH MCADY JTHHHAME OIPCACIACTCA KaK H3MCHCHHCM TOKAa B

X 1-20)

HHIYKTHBHO CBA3aHHO THHHH, TaK H H3MeHeHHeM Ko3(p(pHLHEHTa CBA3H —— MKy JBYMS LIETTAMH.

X]ﬂ
I,

L] — -ﬂ
OTMeTHM, YTO BOSMOKHDBIH JJHArTa30H H3MeHeHHA OTHOCHTENBHOI0 TOKA B JIHHHH —— Konebnercs oT+1 qo—1, a
Lio
K03 (ppHILIHEHT ¢BA3H HaxouTeA B rpefenax ot 0 o 0,64, mpiuém 0 cOOTBETCTBYET CIIyYalo, KOrjla JIHHHH OeCKOHEYHO
y7aJieHbl ApYT oT Apyra, a 0,64 — ciay4aro, Korjja oHH HaxoJATcA Ha OffHOH Oriope.

3. OnucaHue ycmaHo8KuU

Hcronpzyeman B paboTe ycTaHOBKA MpPENCTaBIAET co00H MOZJENb IOCTOAHHOIO Toka. Ha JHLieBoH cTopoHE cTeH/Ia
roKa3zaHa MHEMOHHYeCKasd cXeMa HeCIIeTyeMoi cHeTeMbl (pHe. 8.2). DMeMeHThI CHCTEMBbI XapaKTepH3Y 0 TCA
CIIETY FOIHMH IMapaMeTp aMH:

Tabmuia 1
S U

Mi?s Cos U,xB | X/ Ux; %H& Ugcs Ucks | Xor | Xoo

A () " % % %

0.1

r1r2 150 | 085 13.8 ; i i i ] N
T1.T2 180 i 230/11 i 18 ] ] ] |
T3.T4 240 i 220/10.5 | - 14 ] ] ] |
ATS5.AT6 | 180 .| 22 }2” Lo i D) 12 20 .
CHc;EM o0 | _ _ _ _ _ _ 5 | 3c

TnaucchonmaTonkr T2 1 T4 mnucoemMIHeHR! Ha OTRETRIEHUAX K CEPEHHE JTHHHH, 00l[aA JIHHa KOTOP O COCTaBJIAET

[JOKYMEHT NOANUCAH .
SNEKTPOHHOM NOANUCHIO 1 H3aJaHbl B paboTe Ha €JHHHLYY JUTHHBI:
Ceptuchukar: 12000002A633E3D113AD426FBE0002000002A6 X] — 054? Om/KM;
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

oZfHOH 11erH 03 yuéTa BIHAHHA Opyrofd X o = Xz0 = 1,38
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* PEaKTHBHOCTb B3aHMHOH HHIYKLIHH HYyJI€BOH IMOC/I€q0BaTETbHOCTH Xl _20 — 0,8 Om/xwm.

I/ICKD,[[H H3 5THX JaHHbIX, HETPYIHO pacCUHHTaTh PEaKTHBHOCTD pacCEAHHA:

I'pH OJHHAKOBOM KOHCTPYKTHEHOM HCIIOJIHCHHH P CAKTHBHOCTD DII;[—IDIL:I LICTIH C FIIETDM B3aHMOHHAVEITHH CO BTOpP OH
LICTIBIO TIPH OOHHAKOBLBIX I10 BCJIHYHHE H 3HAKY TOKAX B obDeHx LICTLAX.

X=X =X+ X 0= 2,13 OW/kMm.

Cxema 3aMCE I CHITA H}f.]'IEEDIrI IMOCJICHOBATCIIBHOCTH CDGH}]H €TCA C IIOMOIIBIO THOKHX IMIHYP OB H KOHTAKTHBIX TLUTaCTHH
B COOTBCTCTEHH C YCIIOEHAMH pﬂﬁﬂ‘lﬂl"ﬂ saJaHIA H3 3JICEMCHTOB, INOKa3aHHBIX Ha PHC. 3.1 HHa CTEHIC B BHC

MHeMOHHY eck ol cxembl. Ha 3Toii cxeme colp 0OTHBJIEHHA KaKI0ro H3 y4acTKOB JIHHHH, Ip €ficTaBieHbl 0,5 X0 {0 H

0,5 XG]_E{] . Tpebyemas cxema 3ameleHHsA HyJIEBOH I10cIeq0BaTelbHOCTH JHHHH ¢00HpaeTcsa H3 3THX

Cﬂﬂpﬂﬂiﬂﬂﬂfﬂiﬁ l'[}f'IﬁM COOTBCTCTEYIOMICTO HX BEJIIOYCHIA, OITP CACTACMOIO Xap aKkTCp oM BHEICI]]HIIECKDﬁ CXCEMBI
JaMCIICHHA NBYVX HHAYVKTHEHO CBA3AHHBIX JIDII Cxembl JaMCHICHIA JPYTHX 3JICMCHTOB HCCIICTY €MOH CHCTEMBI
TAEIKE I«‘IBDEDHH{EHI:I Ha MHEMOHHYECKOH CXEME B BHOC COIIp OTHBIIeHHH. Bce COLIP OTHBJICHHA BBIP A CHbI B

HMEHOBAHHBIX €IHHHIIAX TIPH BHIGPaHHOM MacIITaGe corpoTHBIeHH I, pasHoM M . = 10.

COOTBETCTBYOIIHE 3aKHMbI 3JIEMEHTOB MHEMOHHYECKOH CXEMBI COEHHEHBI C PE3HCTOP aMH, CMOHTH]P OBAHHBIMH
Ha oOpaTHOH cTopoHe cTeHAa. TyMOIephl, YcTaHOBJIEHHbIE HA CXEME, CIYKAT A1 TIOAKITI0YEHHA aMIIEpMETPa,
H3MEPAIOIIETO TOK B JIAHHOH LENTH BETBH. 1Ip eTycMOTp €H Pl COIP OTHBIIEHHH, ¢ TTIOMOII[BI0 KOTOPBIX MOMAKHO

I1p €7C TABHTh HYKHBIH peKHM 3a3eMIIEHHA HeliTpanH TpaHcdopmaTop oB. IIpH 3ToM rp erionaraerca, YTo HEHTp aimH
aBTOTpaHc(opMaTOp OB Beerja 3a3emMieHbl Harnyxo,a HefitpaiH TpaHcgopmaTopoB T3, T4 — moryT ObITH Kak
3a3eMJIEHbI HAarJIyxo, Tak H oTkIoueHsl. Hefitpami tpaHcgopmaTtopoB T1, T2 moryT ObITE 3a3eMIIEHBI, Kp OME TOTO,
H uepe3 peakTop. COMpoTHBIEHHE PEaKTOpa, BBOJMMOE B CXEMY HYJIEBOH IMOCIIENOBATENBHOCTH YTP OEHHOH

BEJTHYHH O, MO ET ObITh HaOpaHO H3 COIMP OTHBIIEHHI 3Xm , 4,5Xm : 9Xm , OTMEYEHHBIX Ha CXeMeE (pHLC.

8.2). OHO MOKET MPHHHMATh CJIETYIOL[HE 3HAa4YeHHA: SXP — 0, 3Xm, 4,5Xm, 7,5Xm, 9Xm, 22Xm,

13,5Xm, 16,5Xm . Xm — 5.5 OM - 6e3 yuéra macmTaba. CTeHy] [THTaeTCs OT HCTOYHHKA TTOCTOSHHOTO

e B9

TOKa, “+’ KOTOpOro rMoaK/IoYaeTcsa Yepe3 TpaHc(popMaTop TOKa K TOUKE KOPOTKOro 3aMbIKaHHA, a - — K IIHHE,
o0BbeNHHAIOIIEH Bce TOYKH HYJIeBOro rnoTeHLHana. Harp sskeHHe MexTy To00ii Toukoi cxembl H HyJIEBOH IMHHOH
H3MEPAETCA BOJIBTMET OM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Puc. 8.2. MueMoHmdeckas cxemMa jJabopaTOpHOI'O CTeHJa

B PEIYVIIBTATC pﬂC‘IéTGE COIIp OTHBJIEHHH MHEMOHHYECKOH CXEMBI HOJLKHDBI TTOJIYVUHTBCH CICOAYOIMHC 3HATCHHA.

TaGmnuira 2
JJIeMeHT 3HaYeHHEe, OM JIeMeHT 3HaveHHne, OM | DJemMeHT | 3HadYeHHe, OM
XTI 529 0’5 XGE{] 314 XAT 6B 350
X2 529 0.5 X 5 415 X AT6C 0
X R X AT5B 350 X AT6H 590
X3 310 X ATSC 0 Xc 0
X4 310 X ATsH > 0.5 X519 314

I~J

CepTtudumkar:
Bnageneu;

Nencreutened: ¢ 20.08 2021 no 20.08.2022

Paboyee 3adaHue

OrpenemMTh MMOrPEMIHOCTH B IIPOLIEHTAX B TOUKAaX HYJIEBOH ITOCJIEOBATENBHOCTH, MOTYYaEMbIE OT HEYUETA

B3aHMHOH HHIOYKLHH Liereld JIOII rmpH 3aMbIKaHHAX B JaHHOH TOYKE B CIEAVIOMIHX CIIyYanx:

* Korma seiimovaTens Bl saMkHyT, a B2 pa3soMKHYT.

* Korma seikmovaTenb Bl v B2 pasoMkHYTBI MPH YCIOBHH, 4TO HeHTpamH TpaHcgopmatopoB T1 u T2
3a3eMJIIEHbI Harnyxo, a TpaHcgopmaTopsl T3, T4 — oTKITIOYEHBI.

OrpenemHTh MOrpeMHOCTH B TP OL[EHTAX B TOYKAX HYJIEBOH ITOCIENOBAaTENIBHOCTH OT HEYUETA B3 aHMOHHIVKLHH

MpH 3a3eMIIEHHH COTpOTHBIEHHA B HeHTpanH TpaHcgopmaTtopa T1 ot 3 Xp =0 u SXP — OO0 ; HeHTpalb

TpaHcgopmaTopa T2 3a3emMieHa HarIyxo, a TpaHcgopmaTopsl T3 H T4 oTkIIoueHbI, BRIKIOYATENb Bl 3aMKHYT,
aB2 =Tt Touke. OMNpeNenHTh TOK B HEHTp ajik Tp aHcg opmaTopa.

1 0€3 yuéTa B3aHMOHHJIVK-LIHH IMPH 3aMbIKaHHH Ha 3€MIJIIO
iTeH Bl, B2 — pazoMkHyTHI, HefiTpalk TpaHcpopMaTopa

eI ST ST T -L'I" S T T T S Ses IT ST ST T T

[IOKYMEHT MOONWUCAH
SNEKTPOHHOM NMOANUCKIO
12000002A633E3D113AD425F B50002000002A6

LebsyxoBa TatbaHa AnekcaHapoBHa ropel T2, T3, T4 omkiawueHsl, JHHHA JI2 OTKJIIOYEHA C

bIX paloT.




9. KOHmMposnbHbLIe eonpocki

1. B 4ém oCHOBHaA TPYIHOCTh JOCTOBEPHOIO OITP €IEIEHHA COITPOTHBIIEHHA HYJIEBOH IT0cefoBaTeNbHOCTH JIDIT?
2. Kak BIHAIOT Ha COMpPOTHBIEHHE HYJIEBOH IMOCIETOBATENILHOCTH 3a3€MIIEHHbIE TPOCHI, H OT KakHX (paKTOp OB
3aBHCHT HX BIIHAHHE?

3. Ilouemy Hey4d€T B3aHMMOHHOYKIHH JIOII ripakTHuecKH HE BIHAET Ha TOK HYJIEBOH ITOCIIEN0BATEIBHOCTH B MECTE
KOp OTKOT'O 3 aMbIKaHH:A?

4. Kak onpefgensaerca TOK B HeHiTpasH aBToTp aHc(popMaTop oB?

5.1. Codep)xaHue om4yeéma

CxemMa 3aMeleHHs HyJIEB OH IMOoCIeJoBaTENbHOCTH ¢ VUETOM H 063 yuéTa B3aHMOHHAYKI[HH JTHHHH.
Bb10op H pacuéT MacImTadoB MOJIETHPOBAHHA.

Pe3ynbpTaThl H3MepeHHi 110 1. 4. 1a,6.

OMIOpb] HAMPAKEHHH JI7TA 3aJjaHHOrO IMperto/iaBaTeNleM BapHaHTa 3aaHHA.

il A

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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KOPOTKHE JAMBbIKAHHHA HA CTOPOHC
BBHIPAMJICHHOI'O TOKA

Henn:

Llenp H3y4YeHHA QHCLIHILUTHHBI:

- JaTh MpefcTaBlIeHHe 0 (PH3HKE ABJIEHHE, MPOHCXOIANIHX ITPH 3J1eKTPOMAaTHHTHBIX T1ep €X 0HbIX
TIp OLIEC CaX H METOMbI HX KOJMHYE€CTBEHHOH OL[EHKH.
1. ITes1b padoThI: H3YUeHHE OCHOBHBIX 3JIEKTPHYECKHX ITap aMETP OB ITP OMBI IJIEHHBIX JIBYXITOIYIIEPH OHBIX
Tpex(a3zHbIX cXeM BbIITPAMIIECHHA.

2 Kpamkasi meopusi

2.1. O01muMe nMoJIoKeHus

ITotp ebuTensav HeoOXOgHM IMOCTOAHHBIH TOK 10 ABYM IIPHYHHAM:

1. MHoOrHe 5Hep roeMKHE TEXHOIOTHYECKHE ITp OLIeC Chl TP EOYIOT ITOCTOAHHOTO TOKa (3J1EKTPOJIH3,
3JIEKTPOXHMHYECKHE TP OL[ECCHI ).

2. ITocToAHHBIH TOK oOecrieuHBaeT OoNbIIHE y00CTBa B YIIP aBJIEHHH 3J1E€KTPOJBHIATEIAMH B TATOBOM H

ITp OMBIIITIEHHOM ITpHBoIE. [To3ToMYy OKOJ10 OHOH TpeTH Bcel BhIpabaThIBAEMOI 3J1€KTP 03HEP THH HCITONMb3YETCA
TOTP €OHTENAMH IMTOC TOAHHOTO ToKa. PaHee IMpHMEHATHCH 3JIEKTP OMeXaHHYecKH e rpeoOpa3oBaTenH, a ¢ 30-X T —
BEHTHIIbHBI € IMp €00pa3 0BaTEH (PTYTHBIE, ITOIYIIP OBOJHHK OBBIE).

2.2. [lpomMbIlLVI€HHbIE CXeMbI BbINPSAMJIEHHUS TOKA

B 1p oMBIIIIEHHBIX CHITOBBIX YCTaHOBKAX IMPHMEHAIOTCA offHO(a3HbIe H TpeX (pa3sHbIe CXEMBbI BbITIPAMJICHHA.
PaccvotpHM HaHOonnee pacrpocTpaHeHHbI€ CXeMBbI BhINPAMIEHHA (Tp exdasHble, ABYXITOMyTIEpHOAHbIE). IIpH
paccMOTPEHHH CXEM IIPHMEM CJIEAVIOIIHE YCI0BHbI€ 0003HAYEHHA, [IPHMEHAEMBIE B TEXHHY ecKoi THTepaType: Uy —
Cp eHee 3HaueHHE BhIMPAMIIEHHOTO HalIpsLKEHHA, Iy — cpeHee 3HaueHHe BhIMPAMIEHHOI0 ToKa;, m — YHCI0 (a3
BBITIPAMIIEHHA, 1, — MTHOBEHHOE 3Ha4€eHHE TP AMOT0 ToKa BEHTHIA; Upys, — MaKCHMAIIBHOE 3HaYeHHE 00paTHOro
Harp/KeHHA Ha BEHTHIIE BTOpHYHOH o0MoTiH, Us, I» —meficTByoIHe 3HaUeHHA (ha3HBIX HaIIpsAKeHHI H TOKOB
BTOpPHYHOH 00MOTKH TpaHcopMaTopa; Si, Sz, S; —pacueTHble — ITEPBHYHAA, BTOPHYHAA H THII0BasA MOI[HOCTH
TpaHcpopmaTopa; Ry — corpoTHBIeHHE BKIIOUEHHOE B LIETTh HAIPY3KIL

J1 111 yo0cTBa HCIONE3 0BaHHA, OCHOBHBI € 3JIEKTPHYECKHE [TapaMeTPhI TP OMBIILIEHHBIX CXEM BBITIP AMIICHHA
cBeJleHbl B Tadm 9.1.

Tadmuia 9.1

PacuyerHbIe COOTHOILIEHH A IIpH TNCTO AKTHBHOH HArpyske H HICATbHbBIX BCHT HJIHX

Cxema Tpexdasnana mocToBasi Tpexdasnan ¢
YPAaBHHT &JIbHbIM PeaKTOPOM
m 6 6
Ud/U2 2,34 1,17
Uopenacc/Ud 1,045 2,09
I>/14 0,816 0,289
S2/Py 1,045 1,485
NOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Puc. 9.1. Tpexdaznas mocToras cxema (cxema JlaproHoBa)

AV N

Rd

P

N

Puc. 9.2. TpexdazHas cxeMa ¢ ypaBHUTEIILHBEIM PEaKTOPOM

2.3. Pacuer ToKa K3 Ha cTOpoOHE BBIIPSAMJIEHHOT 0 TOKA

Jlna pacueTa nMpHHHMAaeTcA HaHOoee TOKENbIH peKHM, KOrjla yroJ yripaBieHHA IpH K3 paBeH HyJio.
CpenHee 3HaYeHHE Y cTaHOBHBIIeroca Toka K3 paBHO cymMMe cp eqHHX 3HaY€HHI TOKOB B N BEHTHIIAX, [MHTAOMHX

mecTo K3:

22U,

Idk = mI'dk = — [
2T 0

X5

J2u,

n6do= V<Y

TIX ,

rae U — ¢ a3Hoe HanpsbKeHHe aHOJHOH LIeMH, X —HHAYKTHBHOE COIpP OTHBIIEHHE 11EMMH KOMMY TaL[HH.

JI11 cXeMbl ¢ ypaBHHTEIbHBIM peaKToOpoM n = 6

V2u, _

Idk=6 =27
X ,

U,

X5

Jna TpexdazHoii MOCTOBOH CXEMBI n = 3

J2u

Idk=3 2 —1,35 UZ.
X 4 X A
NOKYMEHT NoanncAH

SNEKTPOHHOW NOANKUCEIO
12000002A633E3D113AD425FB50002000002A6

le6ayxoea TateaHa AnekcaHgpoBHa

CepTtudhmkar:
Bnapeneu:

Nencreutened: ¢ 20.08.2021 no 20.08.2022

3HCHOH MOHOIHOCTH, 34 KOTOPYIO ITPHHATA HOMHHAJIbBHAA



ToK B cXeMe ¢ YPaBHHTCIIBHBIM P CAKTOP OM

\/E SHH

U, X.

TOK B MOCTOBOH CXEME:

\/5 SHH

U, X.

C yYeTOM aKTHBHBIX COITPOTHBIIEHHI

Idkyd=2,7 o ;

x/sz + Xk?
[dkmdkave=1,35 S
\/sz + Xk?

YCTAaHOBHBIIHICA TOK K3 HMeeT My IbcHpYIOUHI Xap akTep. MakcHMallbHOE 3HaYeHHE 3TOro TOKa:

Idkv = —1dk
3

Idkyd =2

Idkmdkv=

a

3. Mops10okK ebIinosiHeHUs1 pabomabl

3.1. MocToBag cxeMma

1. CobpaTh cXeMy HCIbITAHHA MOCTOBOIH Tpex(pa3Hoil CXeMbI BhITIPAMIEHH:A, TIPHBEEHHOH Ha pHc. 9.3.

BKIo4HTh ¢TeH]I, 3arcaTh roka3aHH:A IIpHOopoB B Tadm. 9.2.

BoruvcnuTh 3HaueHHA Ua/Uz; Upsp/Ua: L/la; Pa: S2; So/Py H cpaBHHTL pe3ysbTaThl BBIMHCIIEHHH € aHATIOTHYHbIMH
OTHOIIEHHAMH, [IPHBENEHHBIMH B Talm. 0.1.
Pe3ynbTaThl BbIYHCIIEHHH 3arkcaTh B Tadm. 9.1.

4. TIpomseectH K3 (Mexay BeiBomaMH Rd).

I~J

=

Uz

W
Ua Ur Uc

Td
(2 7
b Ud
R

V4 d
A |

Uobp
Puc. 9.3 MocToBag cxeMa

2?7 (¥emMa Cc VNARHUTA MTLHLRLIM NAAKTNANNM
NOKYMEHT NoanncAH

ANEKTPOHHOM MOONUCHIO peaxTopoM (pHc. 9.4), cobio1an MoaApHOCTh BTOPHYHBIX
Ceptudukar: 1 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Puc. 9.4 Cxema ¢ ypaBHUTEIILHBEIM PEAKTOPOM

I~J

BKJII0YHTB CTEH]I, 3aIHcaTh IoKa3aHHA MMpHOopoB B Tabm. 9.2.

3. Beryncmuts 3HaueHHA Ug/Us; Ugsp/Uqg: b/ly; Pa; S2: S2/Py H cpaBHHTE pe3yIbTaThl BbIYHCIIEHHH ¢ aHAJIOTHYHBIMH
OTHOIIEHHAMH, TIPHBEeHHbIMH B Ta01. 9.1. Pe3ynbTaThl BhIUMCIIEHHI 3armicaTh B Tabm. 9.2.

4. Ilpomseecti K3 Mexay BeiBogaMH Ry.

3.3. Ha ocHOBaHHH BbIYHCIIEHHI celaTh BbIBOJbI 0 paboTe BEHTHIIEH IT0 TOKY H 00paTHOMY Harip K e€HHIO.
CpaBHHTD yCJIOBHA paboThl BEHTHIIEH B paccMaTPHBAEMBIX CXEMAX.

4. KoHmponbHbLIe 80rNpPoOChl

1. B Kaxkix oTpaciisx MpOMBIIIIEHH OCTH MPHM EHAIOT BhITIP AMIIEHHBIH TOK?

2. Kakue tpexdasHbie cXeMbl BbITPAMIEHHA MPHMEHAIOTCA B IMPOMBIIIIEHHOCTH?

3. IlpH xakKoi cxeme BBITIPAMIEHHA OYeT HMETh MECTO O0JbIAaA ITyIbCALHA BbITIP AMIEHHOr O TOKA?

4. BeHTH/IH KakKoH cXeMbI BbINPAMIIEHHA paboTaloT B Oosee IErKoM p eKHME I10 TOKY, 10 HaMpAxKeHHI0?

5. Kakos niopAmok pacyerta Toka K3 Ha ¢TOpOHE BRITNIPAMIIEHHOTO ToKa”? KaKoBbl HCXOHbIE JJaHHBIE 1714 pacueTra?

5. CodepxxaHue om4yema

1. Ilenb paboThI.

CXeMBbI HCTILITAHH MOCTOBOH CXEMBI BBITIPAMIIEHHA H CXEMbBI ¢ YPaBHHTEIIBHBIM PEAaKTOPOM.
Pe3ynbTaThl HCITbITaHHH H BRIYHCIIEHHI B TaOMHuHOH (opMme.

[IMcEMEHHBIH OTBET Ha BOIIPOCKHI 4, 3.

B

Taomma 9.2 Pe3yabTarbl H3MepeHHH H BbITHC/IEHHH

Cxema N 3MepeHHbIE BeIHIHHBI

BbIN P AMJICH U U.. B [, A la, A U4, B Ucsp. B
MocToBas

C ypaBHHTEIILHBIM
peaKTopoM

ITponomkeHHe TabIHLBI 9.2

BbIuncjieHHbIe BeJIHYHHBI
Ua/U> Ud/U> Uosp/U> Uosp/Us I-/14 I-/14 Py, Sa. S»/Py S»/Py,
(tabm. 9.1) (Tabdm.9.1) (tabm. 9.1) | BT BA (Tadm. 9.1)
NOKYMEHT NMoanncAH
SNEKTPOHHOW noannceio

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



8. quﬁHﬂ-METDM‘IEEHDE H HH(l]ﬂpMﬂHHDHHDE odecrevueHne JUCITHIIJINHbI

8.1. IlepeyeHns ocHOBHOM H JIOMOJIHHT €JIbHOH JJTEPaTYPhl, HE00X0JHMOH /LIl 0CBOEHHSA
JHCIIHILTHHBI

8.1.1. IlepedyeHb OCHOBHOHR JIMT €PATYPHI:

1. [IrnmieHko, B.'T. SneKTpoMarHHTHEIE IIEPEXOIHBIE TIPOIIECCEHL B
AIEKTPO3HEPreTHYECKHX CHCTeMaX: yuyeOHO-MeToan4eckoe rmocodne/ B.T. [ImmmmieHko;
OpeHOyprckuii roc. yH-T. — OpeHOypr: OI'Y, 2014. — 124 ¢. PexuM jgocrya:
http://biblioclub.ru/index.php ?page=book_view_red&book_i1d=330565

8.1.2. IlepeveHb JONMOJIHUTEILHON JJUTEPATYPLIL:

l. KyBimnHoB A.A. Teopns snekrponpusoga. HYacts 3: llepexoaHEle IIPOLECCHL B
3IIeKTPONpHBOJe: yueOHoe rmocobue/ A.A. KyBmunoB, 3.J1. I'pekoB; OpeHOYprcKHii Toc. YH-T. —
OpeHOypr: OI'Y, 2017. — 114 c¢. Pexum pocryma:
http://biblioclub.ru/index.php ?page=book_view_red&book_1d=481766

8.2. IlepedeHb Y1€0HO-MeTOAHIECKOr 0 o0ecneYeHHsI CaMOCTOST eJIbHOH PAdO0ThI
00y4YaAIIHMXCHA [0 JUCITHILIHHE

1. MeTommdeckne peKOMEHAALIMH JIJIS ITOATOTOBKH K ITPAKTHYECKHM 3aHSTHSIM.

2. MeTtoamieckne peKOMeHAALMH JJII ITOATOTORKH K JTa00OPaTOPHBIM 3aHSITHSIM.

3. MeTommieckie peKOMeH/IAIHH II0 OpraHH3al[ii CaMOCTOSTeIbHOH padoTHl CTYAEHTOB.

8.3. Ilepeyenns pecypcoB HHPOPMALNTHOHHO-TEJIEKOMMYHHKAIIHOHHON ceTH «HTepHeT»,
He00XO0UMbIX /I/Ifl OCBOEHH S JUCIIMILTHHbI

1. http://www.biblioclub.ru -5bC "YHuBepcurerckast OHOmoTeKa OHIaH"

2. http://www.iprbookshop.ru/ - OnexrtpoHHo- 6ubmoTteuyHas cucreMa [IPRbooks

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I/ISy‘IEHHE MOaC/IN-aHAJIN3aTOPa
INICKTPHYCCKHX CHCTEM

Henn:

Llenp H3y4YeHHA JHCLIHILUTHHGI:

- JaTh MpeAcTaBJIeHHE 0 (PH3HKE ABJIEHHI, MPOHCXOANIHX ITPH 3J1E€KTPOMAaTHHTHBIX T1EP €X 0HbIX
TP OLIEC CaX H METOIbI HX KOMHYE€CTBEHHOH OL[EHKH.

3azmayH MpH H3YYEHHH JTH CLIHTUTHHBI
3HATh: PH3HKY ITepexX0HbIX MPOLIECCOB B 3JIEKTPOIHEP FTE€THUECKHX CHCTEMAaX H HX OCHOBHBIX 3JIEMEHTAX,
¥YMeTh: aHaJIH3HP OBaTh P €3YJIbTaThl pacyeTa IeP EXOHBIX TP OLIECC OB JITIA IMPHMEE *aJIbHBIX
3JIEKTPOIHEPTETHYECKHX CHCTEMAX H CHCTEMAX 3JIEKTP OCHA 0KEHHs.
BiiageTh: HaBbIKaMH pacueTa THIIOBBIE ITEPEX OHBIE TP OLIECChI

P opMHpPYeMbIe KOMITETe HITHH:
Iunekc DopMyJIHp OBKa:

ITK-2 Crioco0€eH aHaIH3HPOBaTh PEKHMBI paboThl CHCTEM 3J1eKTp ocHa 0K eHHA 00heKTOB

MumikaTopel  HJI-3I1K-2 ObecrieuHBaeT 3aJaHHbIE ITapaMeTphbl peKHMa CHCTEMBI 3JIEKTP ocHaOKeHHA 00beKTa
IOCTHA EHHA
KOMIIETEHLH

L=

H

1. I_[E.J]I: pﬂ&]TI:I: OSHaKOMJIICHHE C YCTP OHCTBOM MO CIH-aHaJlH3aTopa JJICKTPHYCCKHX CHCTCM H OCHOEBHBIMH
TPpHHALHFITaMI TIPOH3 BOICTEA HEMEI]EH]*HTI.

2. Mﬂdenb-aﬂanusamop ANIeKmpuUuYdYecKuUx cucmem

2.1. HazHayeHue U 06J1aCTb IPpUMEHEeHUS]

Mopgene-aHam3aTop AMEKTPHYECKHX CHCTEM IMPENHAZHAYAETCA 714 OIp €/1€JI€EHHA TOKOB H Harlp K €HHI IIPH

TP O OJIBHOH H IMOrepevYHOH HECHMMETPHAX B CJIOKHBIX AJEKTPHYECKHX CETAX H IIPHMEHAETCH B IMPOEKTHRIX,
3KCILUTY aTALHOHHBIX H HaYYHO-HCCIIe0BaTeIbCKHX OpraHH3al[HAX, CBA3aHHBLIX B ¢Boel padoTe ¢ ITp OeKTHP OBaHHEM
H 3KCIUTYaTaLHEH AJIEKTPHYECKHX CETEH.

ABapHIHBIMH p €KHMaMH, paccYHTbIBaEMbIMH Ha MOJIENTH-aHaIH3aTOP€e, MOTYT OBITh!

a) TpexdaszHble, AByxX(a3zHbie H ofHoda3zHbeIe K3 Ha 3eMIIo;

0) pa3pbIBbI OOHOH HIH ABVX (a3,

B) CJIOKHBIE BHJIbI MTOBPEKIEHHIT — pa3pbIBbl (a3 ¢ ogqHOBpeMeHHbIMH K3 B p a3 THUHBIX TOUKAX.

Ha mojemi-aHanH3aTop € MOKHO coOHpaTh B OIp €AeIeHHOM MacIiTa0e cxXeMy 3J1eKTpHYeCKOH CHCTEMBI €O
cIokHOH KoH(HrypaLpeii, cocToAmnel He Oonee uem 13 192 371eMeHTOB.

Cxema 3JEKTPHYECKOH CHCTEMBI MOKET HMETh TPaKTHYECKH HEOrPaHHYEHHOE KOIHYECTB 0 YHCJI0 TOYEK [THTaHHA C
OJHHAKOBBIMH 3HaYeHHAMH 3 [[C.

EcnH rio ycnoBHAM pacueTa HE0OX oHMO HMETh pasiiHuHble 3HaueHHA 3 J[C, To oHH MOryT ObITh ¥ CTaHOBJIEHDI
HE3aBHCHMO JIPYT OT Apyra Ha TpexX pa3IHYHBIX YPOBHAX ¢ HCIIOL3 0BaHHEM ITOMHMO OCHOBHOI'O HeTouHHKA (D] C)
n00aBOYHBIX HCTOYHHKOB IHTaHHA (AE, H AE:).

2.2. [luTanue Mmo/ie/ib-aHAJIM3ATOPA

B xauecTBe 0CHOBHOI'O HCTOYHHKA JIIA MHTAHHA MOZIETH 00bIYHO HCTIONBL3Y €TCA BhITNP AMHTENb, 00 ecTIeUHBAIOITHIA
CTAOHIH3ALHIO BBIT AMIIEHHOIO HAaIMpsDKeHHA, Kak OT KonebaHHi HarpsoKeHHsA, Tak H OT H3MeHEeHHA HarPy3KH.
J1obaBOYHBIE HC TOYHHKH ITHTAHHA [T0Jal0T PEryasipHOe Harlp sskeHHe oT

1 mo 18 B HanpsokeHHe Ha WHHBI (+AE,; -AE,; +AE,; -AE»).

MakcHMaJIbHBIH TOK 700aBOYHOI'0 HCTOYHHKA IMHTAaHHA — 180 MA.

[OKYMEHT NOAMWUCAH
ANEKTPOHHOW NMOAMUCHIO
Ceptudumrkar: ' 12000002A633E3D113AD4 25F B50002000002A6

Bnapeneu:  Le6ayxosa TatbaHa ANEBKCAHAPOBHA leeeeieeiaeeiees 2.36 MA

Nencreurened: ¢ 20:08 2021 no 20.08 2022



20 0] 1% L (=1 5 10 TR 2 IIT.

TIPEIEIIBI PETYITHPOBKH. .. ..ottt iieie et et ee e eaeenneens 1..18MA

MAaKCHMAJIbHBIH JOIMYCTHMBIH TOK. .....oveiieieeiieeneeieeennnn. 180 MA
3. BIIOK cortp OTHBIEHHA

(1115 b =T o T 160 mt

3 HHX:

LOO BITOKOB. . ...ttt e 10..1000 Om

CO CTYIIEHAMH PETYIHPOBEH. ... .ottt ettt e ie e ieeeniiereeens 10 Om
M akcHMAaIbHO JIOITy CTHMbIE€ TOKH Ha COIMp OTHBJIEHHAX OJIOKOB

Y 300 MA

0 150 MA

L0 M. .. 50 MA

L0000 OM. .. 15 MA

2.4. OnucaHue OCHOBHbLIX y35108

2.4.1. KoMmMyTalfMoHHOE I10JIe

Ha monem-aHanH3aTope cOopKa Heclley eMbIX ¢XeM ITp OH3BOIHTCA MaTPHYHBIM METOOM.

KoMmyTal[HOHHOE I10J1€ JeHTcA H3 8 YacTeH, MpHYeM KaxKad 4acTh COCTOHT H3 JIBYX ITOJIOBHH — BepXHEH H
HIGKHEH.

Ha BepxHeH H HIDKHEH IMTOJI0BHHAX KaKI0H 4acTH HMETCA 110 18 ropusoHTanbHbIX H 2(0) Bep THKaJIBHBIX IIHH. B
MecTax Ilep eceueHHI HH yCcTaHOBJIeHbI KOHTAaKTHbIE rHe3/a JJIA coeHHEHHI HX MeKy co0ofi.
I'opH30HTaNIBHBIE IITHHBI BEPXHEH H HIDKHEH IMOJI0BHHBI, HMEKIIIHE OJHHAKOBbIE HOMEpP A, B KaKI0H H3 8 yacTeH
coeqHHeHbI ITepeMblukaMH. ITTHHBI «K'3» (BepXHAd H HIDKHAA, coeqHHEHHbIe MeKTY co00H ITep eMbIUKAMH): «-»
OCHOBHOI'0 HCTOYHHKA IMHTAaHHA H «+» 0CHOBHOI'O HCTOYHHKA IMHTAHHA, BLITMTOJIHEHbI CKBO3HBIMH YEpe3 BCE YacTH
T10J1 KOMMYTALIHOHHOT 0. K Ka:qoH BepXHeH H COOTBETCTBY I EH HHKHEH Bep THKAIBHBIM IIHHAM IMOJICOEHH €HBI
KOHIL[bI OJTHOI'O H3 OJIOKOB COITp OTHBJIEHHI.

JI1a ocyIecTBIEHHA ¢BA3H MEKY 8-10 YacTAMH HMeloTcAa 66 TpaHcgepHBIX MHH (NoNo 201..268).
CoeqHHHTENbHBIE THe3/1a TpaHc(epHBIX IHH pacItolokeHb] 10 000HM KOHLIAM T'OpH3 OHTAIbHBIX ITHH KazK ol H3 8-
MH T10JIs1 KOMMY TaLlHoHHor 0. BKJTIoueHHeM B 5TH rHes3Jla IITeKep OB OCYI[ECTBIAETCA ¢ oeqHHEHHE TP aHC pepHBIX
IIIHH ¢ COOTBETCTBYION el ropH3oHTanbHOH mHHoH. HarpumMep, K TpaHcdepHoii mHHe Ne 201 MoryT ObITh
TIPHCOeHHEHBI OpH3 OHTaJIbHbIe IHHBI NeNe 38, 58, 78 H T. 1., K TpaHcdepHoi mHHe Ne 236 — ropH3 oHTaIbHbIE
IMHHBI NoNe 37, 57, 77TH T 1.

Ha xaxmoi 13 8-MH 4acTeH KOMMY TaLlH OHH OO IMOJIA IBE€ HHKHHE MOpH3 OHTAJIbHBIE IIHHBI BEPXHEH IMTOJIOBHHBI H
IIB€ BepXHHE IOpH30HTAIbHBIE ITHHB] HHYKHEH TT0TOBHHBI TIPH TIOMOITH IITEKEP OB MOT'YT ObITh IIPHCOEHHEHBI K
IIHHAM qo0aBOYHBIM HCTOYHHKAM ITHTAHHA «+AE», «-AE», «+AE» H «-AE».

IToncoemiHeHHe MIHH K qo0aBOYHBIM HCTOYHHKAM ITHTAHHA OCYII €CTBIIAETCA aHAIOTHYHO [TOJIKITH YeHHIO
TpaHcepHBIX IIHH.

Cxema KOMMY TaLIHOHHOIO T10/I IIPpeycMaTPHBaeT BO3MOKHOC T ITap ajU1eIbHOIO BKIYEHHA ABYX H Oomee
MOJIEIb-aHAITH3aTOop OB.

2.4.2. bJ1IOKM COIIpOTHUBJIEHUH

BemidHHa corp oTHBIIEHHI I'eHeEp aTop 0B, TpaHc(opMaTopoB, peakTopos, JI2II 1 T. 7. B BhIOpaHHOM MacInTade
HaOHpaeTca Ha 160 Onokax corpoTHBIEHHI, HMeIHX HoMepa oT 21 g0 180. TokH corp OTHBIEHHI COCTOAT H3
Tpex Aekaz 9*1 Om, 9*10 Om, 9*100 Om, 9%1000. CorpoTHBIeHHE H3MepHTENbHOr0 KoHTYpa 100 OM BXOOHT B
HaOp aHHY10 BemH4YHHY. ITosTomy nekampl 9% 10 Om HMeroT 0003Ha4YeHHA, HAYHHAA ¢ €IHHHILIBI, TOrJa KakK JpyrHe
IeKabl HMeT 0003HauYeHHA, HauHHAaA ¢ HYJIAL

HaOHpatoT collp OTHBIEHHS ¢ IMTOMOIIbIO MITEKEPHBIX ITepeKknoUaTenci. I'He3/1a mTeKepHOro repeKanyaTeNs H,
COOTBETCTBEHHO, KOHTAKTHI IITEKEpa HMEIOT TP AMOYTOJIbHY 0 (hopMy. BCTaBIATh IITEKEP B THE3NO MOKHO TOJIBKO
B OIPEJIEIEHHOM IMTOJIOM EHHH.

IIprviep HaOopa corp oTHBIEHHA ofHoro sneMeHTa 340 OM: yeTaHaBIHBaeM Ha fexage 9*100 Om — mmekep Ha
oT™MeTKe 3; Ha nekane 910 Om — Ha oTMeTke 4 H Ha fekane 9*%1 OMm —Ha otMeTtke 0.

2.4.3. [laHes1b U3MeEpUTEJIbHAS

B mopenH ripHMeHeHbI MyJIbTHMETPhI THITA DT-830B, rpHueM ofHH H3 HHX HCIIONB3VETCA KAK BOJIBTMETP, APYIOH —
Kak aMIIepMeTp. BemHuiHa cormp 0THBIEHHH BCEX H3MEPHTEIBHBIX IITYHTOB paBHa 10 Om. FIcKIIOUEeHHE COCTABIAIOT
dOKYMEHT NOATNMMUCAH »IX paBHO 1 Om. ITosTOoMY INPH H3MEP €HHH TOKa 3THMH

SNEKTPOHHOW NMOANUCHIO D Ha I1ep EKTI0YATENE [PENEIOB H3MED EHHS.
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IIpH H3MeEp eHHAX TOKa ¢ TIOMOIIBIO KIK0UeH BbI30Ba «2C», «AE », «AE>» cleqyeT BBIYHTAaTh TOK yIIpaBiaeHHA. OH
3aMEpPAETCA HaKaTHEM KJIK04a BbI30Ba H3MEpP €HHI HCTOYHHKA IMHTAHHA [0 TIOJKIII0YEHHA Harpy3KH K HCTOYHHKaM
TTHTaHH.

B 11erH BoJIbTMETPa HMEETCA OTOJIHHTENBHBIH I1ep EKJIKYAaTENIb Ha [Ba ITOJ0KEHHA . H3MEP €HHE CXEMbI H
H3MEPHTENbHBIE rHe3qa. Korga riepekiodaTellb BOJIbTMETPAa CTOHT B MOJIOKEHHH « CXeMay, BOIIbTMETP H3MEPAET
HarpAKeHHE MEKY MHHOH «+» 0CHOBHOI'0O HCTOYHHKA MHTAHHA H BEPXHEH Bep THKAJIBHOH MIHPHHOH H3MEP AEMOT0
3JIEMEHTA.

Korma riep ekiodyaTeNlbh CTOHT B IMOJIOAKEHHH «H3MEPHTEIbHBIE THE3Jay MOAHO ITp OH3BOHTD 3aMEp Harlp K eHHA
MEAKTY THObIMH TOUYKAMH CXEMbI ITPH ITOMOIH JIJIHHHBIX ITP 0BOJIOB ¢ HAKOHEUYHHKaMH.

3aKHM «t» BOIBTMETPA HOPMAJIBHO IMPHCOEIHHEH K IIHHE «+» OCHOBHOI'O HCTOYHHKA IMHUTaHHA. [IpH HaKaTHH
Knoua «Ej»H «Eox» 3a41HM «+H» BOIbTMETPa MOAKIII0YaeTCA K IHHE « 1 COOTBETCTBYIOLIET0 J00aBOYHOI0
HCTOYHHKA ITHTAHHA H OTKJIIOYAE€TCA OT OCHOBHOI'O HCTOYHHKA.

Ha raHem H3MepHTeIbHOH Ve TaHOBJIEHbI 00IIHIT BRIKIIIOYATENb ITHTaHHA MOJIE/Ib-aHaIH3aTopa, a Takke
IOTEHLIHOMETPBI rpy 00l H TOUHOI p eryJIHp OBKH HarpsAKeHHA HCTOYHHKA IMHTaHHA. MHHHMaIbHaA p eryIHpyeMas
BEJIHYHHA YCTAHABIIHBAETCA B KpaiHEM JIEBOM IMOJIOKEHHH ITOBOP OTOM PYUYEK ITOTEHIHOMETPa. Y BEJIHYEHHE
IIOCTHIAE€TCA Bpall€HHEM 10 YaCOBOH CTP ENIKE.

3. Mpou3sodcmeo pacyemoe Ha Modesnu

Mopenb-aHaH3aTop He OTP ayKaeT JeHCcTBHTENbHBIX (pa30BbIX COOTHOMEHHH, JEHCTBYIONHX B pealbHOH
3JIEKTPHUECK OF C€TH MEKY TOUYKaMH H HarpsyKeHHAMH. DTO BHOCHT HeH3 0€/KHY 10 MOrPENIHOCTh KaK IMPH pacyeTax
aBapHIHHBIX PEKHMOB, TAK H HOPMAaJIbHBIX P €AHMOB padoThl ceTH. OHaKO MpHMEHeHHE MOJIeNlei Ha MOCTOAHHOM
TOK€ B OONBIIHHCTBE CIIyYaeB OKa3bIBAETCA OIp aBaHHBIM, IIOCKOIBKY 3TH IMOTPEMHOCTH 00bIYHO HE IMPEBLIMAIOT
TIOT'P EMIHOCTEH B HCXOHBIX JaHHBIX.

3.1. CocraB/ieHHE cXxeMbl HA00pa 1 HA0Op ee HAa MO/leJ/IN-aHA/IU3aTope

Cxema HaOopa cocTaBIII€TCA Ha OCHOBE pacueTHOH cXeMbl HecaeqyeMol LierH (¢ IpHBeIeHHbIMH K OJTHOH CTyTIEHH
HarpsUK eHHA H IepevHCIEHHBIMH B MacITad MOZEIH cOMMpOoTHBIEHHAMH CETH) H 3aJjaHHA Ha BbITIOJIHEHHE PacueToB.

J1 114 moaroToBkH Habopa Ha pacdyeTHOH cXeMe HaHOCATCA HOMEPA COMPOTHBIEHHI B COOTBETCTBHH ¢ HX
HOMHHAaJIbHOH BeHYHHOH. HomMepa corip OTHBIEHHH IMPHHHUMaloTeA rmoapan. EcIH Ha JaHHOH YacTH
KOMMYTALHOHHOI'O IT0JI HET HOMHHAIIOB COITP OTHBJIEHHH, BXOOAIIHX B PACUYETHYIO CXEMY, TO 3aHHMAKTCA
COMpPOTHBJIEHHA Ha O/mpKalimeid JacTH 11019 KOMMYTALHOHHOI0 ¢ HY;KHBIMH HoMHHaaMH. ITocnne Toro, Kak

TIp OCTaBJIEHRI HOMEPA BCEX COIMP OTHBIIEHHH, TP OCTABJIAITCA HOMEPA IHH, ¢ KOTOPBIMH COE€qHHAKTCA JaHHBIE
COIIPOTHBJIEHHA. B 3TOM ciIy4ae, €cJH K IIHHAM JaHHOH CTaHLIHH HIIH I10CTaHIHH IMTOAKII0YAKTCA C P a3HBIX
JacTeH KOMMYTaL[HOHHOIO I10J14, TO OKOJIO IIHH CTaHLIMH HIIH IMOACTAHLIHH ITHITYTCA HOMEPa IIHH, 3aHHMAEMBIX Ha
00€HX YacTAX KOMMYTAL[HOHHOTIO I10J1 H, KpOME TOro, B ckoOKkax HoMepa TpaHC(epHbIX MIHH Yepe3 KOTopbIe
COENHHAITCA IMHHLL. 1IpH 3TOM, €CJIH 1A MIHHBI JaHHOH CTaHLIHH HIH IMOACTAHL[HH 3aHHMAKOTCA IBE IIHHBI, TO HX
HOMEpPa JOJLKHBI OT/IHYATCA Ha YHCI0 KpaTHOH 20-TH.

Bce reHepaTopkl, €CJIH pacueT BeOeTcA IMPH HX paBHBIX 2 /1C, IMOAKIIYAaKOTCA K MMHHE «-», BCE HATPY3KH K IIIHHE
«{m,

B kauecTBe rippmepa Ha pHe. 10.1 1 10.2 rokaszaHa ripocTefinias pacueTHas cxemMa H ee Habop Ha IUIaHIIETe
KOMMYTALHOHHOI'O I10J1A MofielH. B 3ToM npHMep € Bce cOTlp OTHBIIEHHA ¢XeMbl HaOHpaoTCsa Ha OfHOH YacTH
KOMMYTALHOHHOIO IT0JIA, H TpaHc(epHbIe IMHHBI He HCIToIb3YIOTCA. 1TH(pEI, cToAlHE OKO0I0 ¢ OIMp OTHBJIEHHIH,
0003HavaKT HOMEpa COMpOTHBJIEHHH (B KPYKKaxX) H HOMHHAJIbHYH BeTHYHHY B OMax. T oUuKH OKOJI0 MECT
TIPHCOEMHHEHHA JIHHHH K IITHHAM [MOKAa3bIBaIOT, YTO 3ECh PACIIONOKEHRI H3MEPHTEIBHBIE IIIYHTHI.

3.2. [Ipon3B0O/ACTBO U3MEPEHUM HA MO/le/IM-aHAJIM3aTope

I3MepHTENbHBIE IIYHTHI B LIETTH 3JIEMEHTOB € OITP OTHBJIEHHIT ¥ ¢ TAHOBJIEHBI TOJIBKO ¢ OJJHOI CTOP OHbI 3THX
3nmeMeHTOB. ITonokHTeNbHOE Harlp aBJIeHHe TOKa BbIOpaHO MpH e€ro MpoTeKaHHH K BEpXHHM ITHHAM
KOMMYTALIHOHHOTIO oA, J[11A H3MeHeHH: Harlp aBJIEHHA TOKa, TEKYI[ero uepes rpHOop, Hajlo B STOM CIIydae
H3MEHHTD ITOJIAPHOCTD ¢ ITOMOI[bI0 TYMOJI€pa MOIAPHOCTH, TEPEKTIOUHB €r0 B MOTOKEHHE «-.

BBHAY TOro, 4T0 H3MEPHTEIBHbIE ITYHTHI YCTaHOBJIEHbI ¢ OFHOH ¢ TOpP OHbI 3JIEMEHTOB COIpP OTHBJIEHHI, H3MEep EHHE
HAMpAKEHHIT ¢ ITOMOIbIO KTI0UeH BbI30Ba MOMKHO ITPOH3 BOTHTh TOJIBKO Ha TeX IMIHHAX, K KOTOPbIM IPHCOENHHEH
3JIEMEHT COITP OTHBIEHHIT KOHLIOM ¢ H3MEPHTEIbHBIM IIYHTOM (HAa BEPXHHX IMHHAX KOMMYTaLIHOHHOI'O I10J1A),
4T00bI H3MEPHTEIBHBIE ITYHTHI ObLIH IMOAKII0UEHBI K TEM BEPXHHM IIHHAM KOMMY TAL[H OHHOI'O ITOJIA, Ha KOTOPbIX
Tp e0OyeTca H3MePATh HaMpsKeHHE. B rpHMepe KOHLbI 3JIEMEHTOB ¢ H3MEPHTEIBHBIMH IIYHTaMH 0003HaYeHbI

TouKamMH. Harmprmep, cormpoTHBIEHHE 67 IMOMKITI0YEHO K BEPXHEH ropH3 OHTAIBHOH IMIHHE 61, ro3TOMY IIpH
TIARAATIINT I°TITATIA DI ADAS Imranarnns A7 aa 1 oansantms rrarmeeeelie Ha IMIHEHE 62.

AOKYMEHT NoArnnMcCAH
SNEKTPOHHOW NOAMUCHIO
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Puc. 10.1. IIpocreiiinasg pacyeTHas cxema

I13Mep eHHe HAMPAKEHHA MEKIY JTHOOBIMH JIBYMS TOUKAMH HCCIIEIY EMOH CXEMbI MOKET IIPOH3BOAHTHCA ¢ MTOMOIIbIO
IUIHHHBIX ITP OBO0B ¢ HAKOHEYHHKAMH, TP €Ty CMOTPEHHBIMH JUUTA 3TOH LIEIH.

Mexny mHHOH «K3» H IIHHOH «1+» YCTaHOBJIEH H3MEPHTENBHBIA IIYHT 1 OM. DTO JaeT BO3SMOKHOCTE ITIPH
orpefeneHHH TokoB K3 ¢ yueTom Harpy3ok H3MepATh cyMMapHBIH ToK B MecTe K3 0e3 yueTa TOKOB,
OTBETBIIAIHXCA B L[EMH Harpy3okK. 1IpH 3ToM H3MeEp EHHH TOKa OCHOBHOI'O HC TOYHHKA IMHTAaHHA H TOKa B MecTe K3
TroKa3aHHA MpHbopa HeoOXoHMO YBEMHYHTE B 10 pas.

Habop cxeMbl ITp OM3BOAHTCA IMPH OTKJIFOYEHH OM HCTOYHHKE ITHTaHHA H MOTeHLHoMeTpax rpy0oii H TouH oI

p €ryIHp OBKH BeMHUHHBI 3 J[C, ycTaHOBIEHHBIX B MHHHMAJIBHYI BETHYHHY Harp KeHHA (TyMOIep BKITHO YeHHs
OCHOBHOT'0 HCTOYHHKA IMHTAHHA CTaBHUTCA B IMOJI0KeHHE « OTKID», a PYUKH PEryJIHp OBKH BemHYHHBI 3] C «rpydam» H
«TOYHAD» YCTAHOBJIEHBI B KpaiiHEM JIEBOM IT0JI0KEHHH).

ITocne Habopa M IMp OBEPKH CXEMBI BKJIHYAETCA OCHOBHOH HCTOYHHK ITHTAHHA H Harp K e€HHE IU1aBHO IMOgHHMAaeTCA
110 BETHYHHBI HECKOJIBKHX BOJIBT, KOHTP OJIHPYA OQHOBP EMEHHO CYMMapHBI TOK HCTOYHHKA IMHTaHHA H TOK B
HaHOoIee HarpyKEHHBIX JTHHHAX, ¢ TEM YTOObI HE JIOITY CTHTh MEPErPY3KH 3JIEMEHTOB COIP OTHBIEHHIH. EcIH ToukH
B BETBAX JI€KAT B JIOIMy CTHMBIX IIPEeIax, TO yCTaHaBIHBAKOT BEIOPpaHHY 0 B MacITabax BETHUHHY HarTp K eHHs,
T1ocJie Hero coOpaHHaA cXeMa CTaBHTCA Ha IporpeB B TeueHHe 20 MHH, He MeHee. Iloce rp orpeBa
ycTaHaBIHBAaETCA TOYHaA BETHYHHA HAIPAAKEHHA H [TPOH3 BOAHTCA 3aMEpP TOKa YIIPaBJIeHHA HCTOUHHKA ITHTaHHA
(IITeKep Ha MHHE «1+» cHAT). ITocse 3Toro MoKHO MPHUCTYITHTEL K H3MEP EHHIO TOKOB B BETBAX, HAMPAKEHHI B
V3JIOBBIX TOUKAX HCCIIEIYEMOH CXEMBDI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Puc. 10.2. KoMmMmyTalnoHHOE MOJIE€ MOJIEIIN ¢ HaOpaHHOII pacueTHOII
CXEMOI

IIpH paboTe Ha MoJIeTH-aHaIH3aToOpe HEOOXOJTHMO MMOMHHTD CJIETY IOIIIEE:

1. IIpH BKIIIOYEHHH IITEKEP OB B THE3a CIIEAYET IpHIaraTh YCHIHE CTPOro IeprieHAHKYJIAPHO K IUIOCK OCTH IMaHEH.
ITep erHObI MTEKEP OB B TV HIH HHYIO CTOPOHY HE JIONYCKalTCA, T. K 3TO IMPHBOHT K IT0op Y€ MITEKEP OB.

2. I'lpn ocnabneHHH KOHTaKTa IITEKEPOB JOITy CKAETCA YBEIHYHTh BBITYKIOCTh KOHTAKTHOH YacTH, HO IIPH 3TOM
CIEOVET CIEQHTh, YT0ObI KOHTAKTHBIE IIaCTHHBI B MECTE BbIXOJIa H3 IUTacTMacchl ObLIIH MPHAKATLI APYT K JApyry. B
TP OTHBHOM CJIy4Yae IlacTMacCcoBasA 9acTh IMITEKEPOB OYIET HapyIIeHa.

3. He cnemyer KacaTbCcA KOHTAKTHOH YacTH IITEKEP OB PYKaMH. DTO IPHBOIHT K YBEIHYEHHIO T1EP €X0IHOr0
COIIPOTHBJIEHHA KOHTAKTa H, CJI€[10BaTEIbHO, ITOHHAKAET TOYHOCTh PaciEeTOB.

4. CTporo 3arp enjaercsa oJHOBpeEMEHHOE HaKaTHE HECKOIBKHX KIIHOYEH BbI30Ba H3MEP €HHIL. DTO MOKET IIPHBECTH K
BBIXOJIY H3 CTP0A H3MEPHTEIbHBIX IIPHOOp OB.

5. 3anpemaercs rIoJJHHMAaTh Harp UK €HHE 0CHOBHOIO HCTOYHHKA ITHTAaHHA Bbime 36 B 1 nodaBouHbIX — Bhile 18 B.
6. Bo Bpems paboThl HEOOX OIHMO CIEJHTD 3a TEM, YT0ObI TOKH HCTOYHHKOB H 3JIEMEHTBI HE ITp €BbINIAIH
MAaKCHMAaJIbHO JOITY CTHMBIX BETHYHH.

4. Bbi6bop macwumaba asieKmpu4ecKux eesiuyuH

J1114 rp oHM3BOJICTBA PacvyeToOB Ha MoJIeIH—aHaIH3aTOPe pacyeTHasa cXemMa HceclieqyeMoH ¢ eTH JokHa ObITh
MpHBEJIeHa K OJHOH CTYIIEHH Harlp ssKeHHA. 3a 0a3HCHYIO CTyIIeHb 00bIYHO BbIOHp aeTcA HaHOoIee pa3BETBIIEHHAA
JacTh CETH.

Ilepen cocTaBleHHEM cXeMbl Habopa Ha MOJ[€JIb-aHAJIH3aTOpP € BCE COIMP OTHBIIEHHA CXEMbl B COOTBETCTBHH C
MPHHATHIM MacIITaboM COIMpPOTHBIIEHHIT JOIKHbI ObITh H3MeHeHbI. MaciTad corp OTHBIEHHH i
BbICOKOBOJIbTHRIX ceTeil (110 kB H Bbllle) pekoMeH Iy eTca BbIOpaTh Tak, YT0ObI BCE COIP OTHBIEHH: peabHOH ceTH
yBeJIHYHBaIHCh Obl B 10 pas3, T e.

M, = s ],

R

MO

PexomeHTyevble MacITabbl HAMPAKEHHI J171A Y CTAHOBKH Ha MOJIeTh-aHAIHZaTOPE B 3aBHCHMOCTH OT HOMHHAIILHOTO
HarpsLKeHHA CeTH JaHbl B Tadm 10.1.

BemH4YHHBI COMp OTHBJIEHHI Ha MOJIETH-aHATIH3aToOPE, C LIENbIO ITOMy4eHHA Oonble TOYHOCTH, CNIeyET BbIOHpaTh
HaHOOIBIITHMH, OJHAKO TaK, YT00bI He ObLITH I1p €B30HeHbI MaKCHMAaIbHO IOy CTHMBIE TOKH B 3JIEMEHTaX

cormOTHRIeHHH. Bribon Harm sk eHHid MeHnIne 6.0 B He neKoMeHOyeTcA, T. K. TIPH 3TOM CHIDKAETCA TOYHOCTD
OOKYMEHT NoanncAH
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Bhlﬁp aHHBIMH MaciITadamH CGI'II]DTHE.]'IEI—]H[»L:I H HHI'[[]H}I{EHHﬁ OQHO3IHAYHO OITP €AC/IACTCA MaciTad TOKOB:

M. = M,
MK
Tabmuia 10.1
JInHenHbIE HANP. daszoBble HAMP. Hamnp. moaesn Maciura® 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°
500 289,9 28.9 1010°
14,45 2010°
750 434 21,7 2010°
8,64 5010°

5. 3adaHue Ha pabomy

1. OTBETHTL Ha KOHTP OJIbHBIE BOIIPOCHI.

2. Jlna 3agaHHOH cxXembl (HOMEP CXEMbl COOTBETCTBYET HOMEPY OpHranbl) BbIOpaTh MacIITaObl COIMPOTHBIIEHHH,
Harlp ;UK €HHI, COCTaBHTh pacueTHY 0 cxXeMy, HaOop Ha IUIaHIIEeTe KOMMY Tal[HOHHOTO ITOJIA.

HaGpaTbh cxemMy Ha KOMMY TaL[H OHHOM I10J1€ MOJ]€/IH-aHaIH3aTopa.

[ IpoH3 BeCTH H3MEPEHHE HArpA/KEHHH H TOKOB BO BCEX IUI€YaX H Y3JIOBbIX TOUKAX CETH.

CpaBHHUTD Pe3yNIbTAThI, [TOYUYE€HHbIE ¢ [TOMOI[bI MO ETH-aHAIH3aTop a, [0y Y€HHbIMH aHAIHMTHYECKHM ITYyTEM.

oW

. KﬂHmpﬂﬂbeIE €0r1PoChI

HasHaueHHe MO eTH-aHa I3 aTopa AJIEKTPHYECKHX CHCTEM.

VeTpOoHCTBO H HA3HAYEHHE K OMMY Tal [HOHH OT'0 TTOJIA.

VCTPOHCTBO H3MEPHTEIRHOH IMaHEH.

ITocnmeqoBaTENLHOCTD IMP OH3BOCTBA PacyYETOB HAa MOJIETH-aHAIH3aTOPE.
OCHOBHbI€ MPHHIHITEI BbIOOpa MacTada SJ1EKTPHYECKHX BETHYHH.

Kak cocTaBnAeTca cxema HaOopa Ha Mo e/TH-aHaIH3aTope?

ITpoH3 BOZICTBO H3MEP EHHIT HAa MOJIEJIb-aHaIH3aTOPE.

NonEsERND= Oy

/. CoOepxxaHue om4yema

OTuet 1o padoTe JomkeH B cebe comep:KaTh:
HMcxomgHasa 3neKTpHYecKaa cXeMa, IMojie/kalas pacueTy, ¢ YKa3aHHEM OCHOBHBIX ITap aMeTpPOB 3JIEMEHTOB, MeCTa
H BH1a K3.
Bri0op H pacueT MacmTaboB MOJETHPOBAHHA.
Cxema 3aMell[eHHsA CHCTeMbI B TOM BHJI€, KaK OHA JlolKHa ObITh ITOATOTOBIEHA JJ11 ee Habopa Ha mofemd. Ha
Hell JJo/DKHBI ObITh YKa3aHbl BEIHYHHbI ¢ OIIP OTHBJIEHHI H ITOPAIKOBbIE HOMEPA BCEX 3JIEMEHTOB.
4. PesynpTathl orpeneneHHAa TokoB K3 (Tabimipl, comepskaliHe JaHHbIe H3MEpPEHHA Ha MOJEIH H pPe3yJbTaThbl

[Rm—
¥

IIl‘«.ill

Lad
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HE.J]L, J3adaYi H pCcaJiH3YEMbIC KOMIICTCHLHH

OCHOBHOI IebI0 MydeHnd AUCHUIUIMHBL «llepexoaHble mpoueccbl B
IEKTPOIHEPreTHYECKNX CHCTeMax»  SBISIeTCsS  IIOJIyUEHHMHM  3HAaHUI O
IIOCTPOCHUN N peKHUMax pabOThl CHCTEM 3JIEKTPOCHAOXKEHMS IPOMBINIJIEHHBEIX M
rpakJaHCKIIX OOBEKTOB, a TaKke€ OOBLEKTOR CENBLCKOI0 X03AIICTRAa I TPaHCIIOPTHBIX
CUCTEM.

3ajadeil  OUCHUIUIMHBI  SBISIETCS — U3YUYEHHE  (PU3MYECKNX  OCHOB
hopMUpPOBaHNS PEKUMOB 3JICKTPONOTPEOJICHNSI, OCBOEHNUE OCHOBHEIX METOJIOB
pacuéTa HHTErpaJibHBIX XapaKTEPUCTHUK PEKUMOB N OINpEeIeIeHNS pacuETHBIX
Harpy3o0K, IIOKazaTeleil KadecTBa »AICKTPOCHAOXKEHIL, IRYUEHUE METOJOB
NOCTIDKEHNS 33aJJaHHOTO YPOBHS HAJAEKHOCTH OOOpYJIOBaHHA U CHCTEM
AJIEKTPOCHAOKEHIA.

IIpu  BBEINOJIHEHHH  pacUETHO-Tpapuueckoil  pabOThI  peatn3yIOTCS
CJIEIYIOIIIE KOMIIETECHITUN

unexc DopMy JIMpOBKa:

[IK-2 CriocoO€eH aHaIN3UPOBATh PEKUMBI PaOOTEI CHICTEM
AJIEKTPOCHAOKEHNSI 00OBLEKTOB
Wugukatopel MJ[-311K-2 ObecnieunBaeT 3ajaHHBIE ITIapaMETPhI PEeKIIMA
JIOCTIDKEHUSI CHUCTEMEBI AJIEKTPOCHAOKEHIN 00BEeKTa
KOMIIETEHITIII
@ opMyJIHPOBKA 3aJaHUS U €€ 00bEM.

— b azoesii yposerb

PaccunraTh ajekTpudecKne Harpy3Ku IPYII SJIEKTPOIPUEMHIKOB METOIOM
VIOPSA0YEHHEIX JAUarpaMM IIoKazaTeleil rpaduKoB 3JIEKTPUUYECKNX HArpy30K IO
pazzaeny 1.

Il o6viuierrblii yposers

Paccuurats 3j1eKTpHYeCKHEe HACPY3KH TPy JIeKTpPOolpHeMHHKOB
METO/I0M YIIOPSA04YeHHBIX JUATrpaMM IoKka3aTesael rpadpuKoB 1eKTpHIECKHX
HArpy30K 110 paszjaeay 1-4.

2. TPEBOBAHIIA K YPOBHIO OCBOEHUA JIMCIAILINHBI

B utore n3yueHus JUCIUIUIMHLL CTYAEHT JOJIKEH 3HATh:
- 00 O0OBekTax, MBJICHILIX, IIpolleccaX ©M MeToJlaX aHajmza II0BEICHUS
sNeKTposHepreTmdeckoil cuctemMel (O0OC) m cucteM snekrpocHadxkenHns (COC)

IIPH Pa3JIIMMYHBIX HAPYIICH ITAX,

- 0 __Teonuu __cTaTUuueckKol U TYHAMUYECKON YCTONUHMBOCTH 20C u
NOKYMEHT NOANMCAH

SNEKTPOHHOW NMOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS0002000002A6

Bnapenew;  Lle6ayxoBa TaTbsaHa AnekcaHapoBHa PCKIIMOB 00C un CoC (CT&THT‘IE:CKGH 15

1 a”Hamza nopejleHnda D50C u CHOC:
Nencreutened: ¢ 20.08.2021 no 20.08.2022



YMETh HCIIOJIL30BATh:
- - MaTeMaTHU4YEeCKNEe MOJEIN U MpOorpaMMHBIE KOMIUIEKCHL [JI1 aHal3a
IIEPEXOHBIX IIPOIIECCOB,
BBINOIHATE HEOOXOAUMEBIE PaCUETHI,
(opMHIpPORAHUS I MOCTAHOBKHU 3aJiau pacdeTa NepeXogHEIX pexxuMoB D0C u CHOC;
- HCIIOJIL30BaHUSI COBPEMEHHON BBIUNCIUTEJILHON TEXHUKN JJI1 PacueTOB
ycToiuBocTu O0C n COC.

O01Me TpedOBaHNUA K HAITHCAHHIO U 0(pOpPMJIEHHIO PA0OTBHIL

(O cHOBHblIE mpedosanus K pabome
IIpu BeImonHeHHH u odopMiueHNn KoHTponsHOl 1o I'OCTy Hamo

VUUTBIBaTh 00IHe TpeOOoBaHUS, KOTOPEIE MPEABIBILIFOTC K padboTe:

. CTYIEHT JOJIKEH IIPUACPIKNBATHCA 3aJJaHHOI TeMaTUKU,

. 3allpellleH0 MEHATb TEMY CaMOCTOATEJILHO ©Oe3 oOpalleHus K
[IPEII0/IaBaTEIILD;

o mpu 0pOpMIICHUH pabOThl HYXKHO YUNTHIBATE HOPMEI U I OCTEHI;

° KOHTPOJIbHAsI BBINIOJIHAETCS Ha OCHOBAaHMM HE MeEHee CEMU
ICTOYHHNKOB, BEIOpPAHHBIX aBTOPOM,

. paboTa JOJDKHA OBITH aBTOPCKOI, B HENl JJOJIKHBI COAEPIKATHCS
COOCTBEHHEIE BEIBOJLI CTY/ICHTA,

. TEKCT KOHTPOJILHOII IOJIKEH IMEThL OOLEM HE MeHee / JIICTOB.

Odgopmnerue no I OCTy mekcma KOHMPOIbHOU
Korga paborta BBIIIOTHEHA, €€ HEOOXOAUMO IPUBECTH B COOTBETCTBYIOMINII
BII cornacHo 1 OCTawm:

o KOHTPOJILHYIO HaOuparoT B Word mwin JpyroM TEKCTOBOM peJaKTope ¢
AHAJIOTUYHEIM (DYHKI[IOHAJIOM,
. IIpH HaOOpe HYKHO UCIIONL30BaTh MpudT Times New Roman;
° NHTEPBAJ MEXKTY CTPOK — IIOJTYTOPHHIIL,
° pazmep mpudra — 14;
° TEKCT BLIPABHUBAETCS 110 IIIUPUHE;
o B TEKCTE JEJIatOT KpacHbBIE CTPOKH C OTCTYIIOM B 12,5 MM;
o HIKHEE U BEpXHEE IIOJI1 CTPAHUILl JJOJKHBI UMETH OTCTYII B 20 MM;
° CJIEBA OTCTYII cocTaBisieT 30 MM, cripaBa — 15 MM,
o KOHTPOJIbHAs BCErJa HYMEPYETCS C IIEPBOTO JINCTA, HO HAa TUTYJILbHOM
JINCTE HOMED HE CTaBAIT,
. HOMEp CTpaHHIEI B paboTe BCErAa BBICTABILIETCS B BEPXHEM IIPABOM
YLy,
o 3arOJIOBKI pabOTEI 0POPMILIFOTCS KUPHBIM MIPH(TOM;
B e . npeycnoTpen.
Ceprudbvkar: 12000002A633E3D113AD425FB50002000002A6 [ICHEIMH OyKBaMII,
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa

_paﬁDTE HOJIZK HEI 6BITE- HpDH}’MEpDBaHLI
Nencreutened; ¢ 20.08.2021 no 20.08.2022



° Ha3zBaHUS pa3eJIOB pa3MEIaroTCs [OCepeAUHE CTPOKU, IIOApa3 ekl —
C JIEBOTO Kpasi;
. paboTa pacrnedaTeIBa€TCS B IPUHTEPE Ha JIcTax A4.

* TCKCT JOJIZKCH PACIIOJIal'daThbCA TOJIBKO Hd D,I[HDf’I CTOPOHC JIICTaA.

Paboma umeem maxkyw cmpykmypy.

TUTYJIBHBIN JINCT,

OrJlaBJIeHUE U BBEJICHIE,

OCHOBHOI TEKCT 1 pacyeT KOHTPOJILHOIL,

3aKIIOUYUTEIBHAS YacTh PaOOTHI,

llepeuyeHb NCIIOJIL30BAHHON JIUTEPATYPHI 1 NCTOUHUKOB,

J1OTIOJTHEHUA U IPUJIOK €HIIS.

Ecnu B paboTe ecTh MPWJIOKEHNS, O HIX HaJI0 YIIOMUHATEL B OIJIa BIEHUU.
CCBUIKI HYMEPYIOTCS apaOckumu ILmdpaMiy, OPpU 3TOM YUHUTHIBAIOT

CTPYKTYPY padoTHI (pazgaensl U Iogpa3 ekl ).

AR .

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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PexoMeHJalIUM 110 BLINMOJHEHUIO 3aJaHUS.

IIpu pacuerax TokoB K3 gomyckaeTcs HE YUNTHIBATE:

1. Casur no ¢aze 3J[C 1 N3MEHEHNE YacTOThI BpalleHIs pOTOPOB CUHXPOH-
HBIX MAIllIH, €CJIN IIPOJOIIKUTEILHOCTE K3 He npeBeiiaet 0,5 c;

2. Tox HaMarHMYMBaHMIS CIJIOBEIX TpaHC(OpMAaTOPOB H aBTOTpaHCpopMaTo-
POB,

3. Hachilmenne MarHUTHBIX CUCTEM 3JIEKTPIUECKIX MallllH,

4. llomepeuyHyr0 €MKOCTh BO3QVIIHBIX JIUHHUN »iaekrpomnepemaun (U=110-
220kB, ecnn ux gnuHa He npeBwlmaer 200 kv, n1 U=330-600 kB, ecrnn aimnHa He
npeBuimaer 150 xm);

5. AKTHBHEIE COIIPOTHURIIEHIA 3JIEMEHTOB CETH HANIPSIKEHUEM CBEIIIE 35 KB.

B snexTpudeckoil TpexdasHoii cucteme HanpskeHnueMm 110 kB u Beime Bo3-
MOJKHEI ciieyromue Buabl K3: Tpexdasznoe - K ayxdasznoe - K?; aByxdazaoe
Ha zemmo - K(-D- o4HO(a3zHOe Ha 3eMIIIO - KD Pacuersl ToxoB K3 IIPOU3BOJIATCS
C IOMOIIBIO PACUETHBIX CXEM CETH, B KOTOPhIE BBOJITCS BCE YUACTBYIOIINUE B
nurTaHny Mecta K3 HCTOYHHKH, a TakXe 3JIEMEHTHI (TpaHC(OpMAaTOPHl, JIHNHIM,
pPEaKTOPHI U JIP.) C YUETOM HX CBid3ell, kak ¢ mecToM K3, Tak 1 Mexay coOoii. J]yid
VIOPOIIEHNSI IIPOBOJUMBIX pacdueTOB IEJIECOOOpa3HO B pacueTHOIl CXeMeE BCe
MAarHUTOCBSI3aHHBLIE IIENMM 3aMEHUTh OJHOM SKBUBAJIEHTHON SJIEKTPUUECKU
CBsI3aHHOI II€NbIO, T.€. COCTaBUThL CcXeMy 3amenieHud. Jinsg  pacdera
HECUMMETPIUHLIX K3 pexoMeHAyeTcsd MUCIIOJIL30BATH METOJ, CUMMETPUUHBIX
COCTaBJISIFOIUX U IIPaBIWIO SKBUBAJIEHTHOCTHU IIPAMOMN IIOCIIEAO0BATEILHOCTU .

2.2 OnpedeneHue napamempos 31€MEeHMO8 3IKEUBATIEHMHbIX CXeM
3ameujeHusl.

IIapaMeTphl SKBUBAJIEHTHBIX CXEM 3aMEIIEHUS MOTYT OBIThL OIPE/ICIICHEI :

1. B nMEHOBAaHHKLIX M OTHOCUTEILHBIX €IUHUIAX [IPUBEICHUEM 3HAUCHUI
[IapaMETPOB PACUETHHIX CXEM K BBEIOpaHHOII OCHOBHOI (0a3MCHOI) CTYIIEHU
HaIlpsDKEHI CETH C YYETOM (aKTUYECKHX KO3(PUIIMeHTOR TpaHChopMaIlun
CIJIOBBIX TPaHC(OPMATOPOB U aBTOTPAHC(HOPMATOPOB.

2. B oTHOCUTENBbHBIX U MMEHOBAaHHBLIX €UHNIAX 3HAUCHUU IIapaMETPOB
pPacUETHLIX CXEM K BEIOpaHHBIM OazUCHBIM VCJIOBHSIM C YUETOM CPeJHUX
KO3 PUIIEHTOB TpaHC(OpMAILH, PaBHLIX OTHONIEHHUIO CPEJHNX HOMHNHAJILHEIX
HAIIPSKEHNII CETEN COOTBETCTBYIONMINX CTYIICHEN HAIIp:sAKEHUI. PekoMeHmayeTcs
IICIIONIL30BATE IIKAJIy CPEeJHNX HOMHHAJILHBIX MEXY (Pa3zHBIX HAIPSKEHUI CEeTEl
B [xkB]: 3,15;6,3;10,5; 13.8; 15,75; 18; 20; 24; 37, 115; 154, 230, 340; 515; 750.

B mepBoM ciydyae pacCuMTHIBArOT TOkM K3 mpm Hammuum JJaHHBIX C
dakTmuecknx ko3¢ duiuentor tpancdopmanudg. Hanbonee npeanmourureneH s
IpaKTHUeCKIX pacueToB (pekomeHayercsd B KP) Bropoll cmoco® mIpHUBEICHIL.
PacuerHnle BBIpaXKe€HUI JJI1 3TOr0 cliocoOa mpuBeeHbl B Tadi. 1. IIpu BeIOOpE
TaHHBIX YCIOBHII CIE€OyET PYKOBOACTBOBATHLCSA TEM, UTOOBI IIOPSIOK UHCIIOBBIX

AOKYMEHT SIQOEMGAH 51 ¢ HUMHI. 3a 0a3MCHYIO MOIIHOCTE (Sg)
SNEKTPOHHOWM NOAMNMUCHIO
Ceprudiikar: (12000002A633E3D113AD425FB50002000002A6 oe necaru. Haopumep, 10, 100, 1000 u T.
Bnapeneu: lHebayxoea TateAHa AnekcaHipoBHa

Js) pekoMeHgyeTCcs NPUHHMATL CpeJHEe
[eiicTauteneH: ¢ 20.08.2021 no 20.08.2022 rae HaxoauTcd Touka K3.



bazucHEIN TOK 1 COIIPOTHUBIICHIC OIIPCACIIARKOTCA 110 BEIPAXKCHITAM.

S6 U6 U6
J3-U6 J3-16 S6

2.3. CocmasneHue cxem 3aMeui{eHUus 0151 MOK08 NPAMOI, 00pamHOU U

16

(1)

H)J1e60ll nocieodosamelbHocmeil
OmnpenencHue MnapaMeTpoB HX 3JIeMEHTOB. (B pganbHelInmeM IPpUHSATHEL ITHPOKO

1.

pacIpoCTpaHEHHLIE 0003HAaYeHUd WHJEKCOB I IlapaMeTpOB IIPsIMOIl,
0oOpaTHOII 1 HYJIEBOII ITOCII€AOBaTEIbHOCTEM: 1, 2, 0).
CxeMa 3aMEN[eHNI MPSIMON IIOCIIEA0BATEIILHOCTI aHAJIOTNYHA CXeMe, KOTopas
COCTABILAETCS JJI pacueToB cuMMeTpuuyHoro K3. B 3aBucuMocTH OT MOMEHTa
BpEMEHI M METOJa pacyeTa BC€ 3JIEMEHTBE, B COCTAaB KOTOPBLIX BXOJIAT
Bpallaromue MaIlNHBEI (F€HepaTOphl, Harpy3KH JBUTATEIM, CHUCTEMBI H T.IIL.),
BBOJISATCS B CXEMY 3aMeI[eHII IIPSIMOI [IOCJIEIOBATEIILHOCTH
COOTBETCTBYIOIUMU peakTUBHEIMI DJ[C. Bce ocTalbHBIE BJIEMEHTHI BBOJSATCS
B CXEMY HEU3MEHHBIMIU COIPOTURICHISIMIL

Hauamom cxembl (H) OpsSMON IOCJIEJOBATEILHOCTH CUHTAETCS TOUYKa, B

KOTOPOIl OOBEJEHHI CBOOOJHBLIE KOHIILI BCEX TEHEPHPYIOMNX N HArpy30YHEIX
BeTBell. B MecTe HecmMmmeTpuu (KoHeIl cXeMhl - k) aeiictByeT OJIC, paBHas
HaIlpSDKEHNEO — IIPSIMOM  MOcIeJOoBaTeNbHOCTH.  JIFOOyro  cxXeMy — HpsaMOil
[IOCJIEAOBATEIILHOCTY MOXKHO IIPUBECTH K IIPOCTEHIIENI CXEME, N3 KOTOpPOu
onpenensgerca pesyabTupyromas OJ|C Es n pe3ynbTHUpyIOMiee COIIPOTUBIIEHUE
[IPSAMOI IIOCIIEAOBATEILHOCTU X151

Ex Xa1 K X2 K X0 K
' KAl KAl | KA2 . KAO
s ol o 0
E ! Uxkaz ! Uxkao
a) o). - B) -

Puc. 1

2. CxeMa 3aMemEeHIsI 0OpaTHON MOCIIeN0BATEIILHOCTH 10 KOH(UTYypaIllil He

OTIIIMHACTCHA OT CXCMBEI HpHMDﬁ ITOCJICJOBATCIIBHOCTII. HaugamnoMm cxeMmnl DﬁpaTHGﬁ
T M -
NOKYMEHT MOANMUCAH DBCAHNHAROIIAA HaHaJIO BCCX I'CHCPIIPYHO-

JIEKTPOHHOW MOAMCHIO 'HOI1 IIOCJIE0BATENLHOCTI PaBHBI HYIIIO).

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnageneu;

Websyxoea TatbaHa AnekcaHapoeHa J7KCHO  HalIpsLKCHIC UKM HapaMETpH
'5paTHDﬁ ITIOCJICOBATCJIBHOCTI HJIA

Nencreutened: ¢ 20.08.2021 no 20.08.2022



TpaHC(OpPMaTOPOB, BO3AYIIHBIX JIMHUIL, KaOeeill U peakTOpOB Te€ K€, YTO H B
CXEME IIpAMON TMOCJeIOBaTENbHOCTU. ll0 CpaBHEHUIO CO CXEMOU 3aMEIECHIT
IpsIMOIl  IIOCJIEAOBATEIILHOCTU  H3MEHSIOTCS  CONPOTHURIEHMSI  oOpaTHOU
[IOCJIEAOBATEIILHOCTU SJIEMEHTOB, B COCTaB KOTOPBIX BXOJAT BpallaroNNecs
MAaIIHEI.

Ecim 1 Harpy3km CONpPOTHURIEHHE OOpaTHON IIOCIEIOBATEJILHOCTU HE
3aJaHo, TO €ro MOHO IIPUHUMATEL paBHEIM Xg2)=0,35 0. e.

ComnpoTHRIIEHHE OOpaTHOIl IIOCJIEJOBATEIILHOCTH TI'€HEpPaTOPOB JAaEeTCSd B
KaTaJorax B OTHOCHUTEJILHBIX €IMHUIAX C IIPUBEJACHUEM K HOMHIHAILHBIM
[TapaMeTpaM reHepaTopa.

CxeMa 3aMeleHns1 oOpaTHOM MOCHIEQOBAaTEILbHOCTH IIPHUBOAUTCI K BHJY,
m300pakeHHOMY Ha puc. 1, 0. 3meck Xs; MABIKIETCA PE3YILTUPYIOMIM
COIPOTHURIIEHIEM OOpaTHOI MMOCIEeA0BATEILHOCTIL.

3. Buxg cxeMmbl 3aMEIIEHNs HYJIEBOU IIOCJIEAOBATEILHOCTU 3aBUCUT OT
3a3eMJIEHI HeliTpaleill ceTu Briciiero HanpsxxeHud (110 kB u Brile), konmyecTra
TpaHC(OPMaTOPOB 1 aBTOTPaHC POPMATOPOB, CXEM COEJMHEHNI NX 0OMOTOK. Ecnn
HelTpallb TpaHc(popMaTopa OyJeT HezazeMJIeHa, TO He OyJeT KOHTypa I
IPOTEKaHUS TOKa HYJIEBOII MOCIeJOoBaTeILHOCTU. I[Ipm coeguHeHMH OOMOTKU
TpaHCcOopMaTOpa B TPEYrOJBHHK TOK HYJIEBOM IIOCIEIOBAaTEILHOCTH B 3TOH
0OMOTKE IIPOTEKAET, HO Jiajiee IIyTU AJI1 HEro HeT.

B cxeme 3amelieHus HYJIEBOII IIOCIEI0BATEIILHOCTU II0 CPABHEHUIO C
IIPSMOI M3MEHSIEOTCS COIMPOTHURIICHNS JINHUI 3IEKTponepejauil. ITo 00yCII0 BIEHO
O0COOEHHOCTSAMH IUPKYILIIIA TOKOB HYJIEBOI IIOCJIEJ0BaTEILHOCTH.

CocCTaBJIEHUE CXEMBI 3aMEIEHUS HYJIEBOU IIOCIJIEAOBATEIILHOCTI CIEAYET
HaunMHATEL OT TOUkKU K3, rae npuioxeHo HanpsikeHne Ugao U SIBILIEOIEICS KOHI[OM
CXE€MEI 3aMenieHns. Jlanee B cxeMy BBOJSATCS T€ BJIEMEHTHI, HO KOTOPBIM IIPOTEKa-
IOT TOKHM HYJIEBOIl IOCJIEJOBAaTEILHOCTH. KOHIBI 3THUX 3JIEMEHTOB, MMEROIIX
IIOTEHINAILI  3€M/IM, T. €. 3a3eMI€HHbI€ HelTpanun TpaHCHOpMaTOpPOB
(aBTOTpaHC(OPMATOPOB) W 0OMOTKH, COEIUHEHHBIE  TPEYTOJILHUKOM,
OOBEIUHSIOTCSA B OONI[YKO TOYKY, IIOJIy4yas Hadalo CXEMEI 3aMelleHHs HyJIeBOU
[IOCJIEAOBATEIILHOCTU. 3aTE€EM CXE€MY CBEPTBLIBAKOT OTHOCUTEILHO TOUukM K3 it
ONPENEIICHNSA  PEe3yJILTUPYIONIENl  BEIINYUNHEI COIIPOTURIIEHNS  HYJIEBOU
[IOCIeJOBaTENILHOCTH X230 (puc. 1, B).

IIpn ompeaeneHNN COMNPOTUBRICHUN JIFOOBEIX CXEM 3aMEIICHIS CIEAYET
ICIIOJIL30BaTh (POPMYIILI, IIPUBEACHHBIE B Ta0J. 1.

2.4. Oouuil nopadoK aHATUMUUECK020 pacuema 1eKmpUYecKUX cemeil
npu K3.

Ilociie cocTaBiIeHNSI CXE€M 3aMEIEHUd SJIEKTPUUECKON CXEMBl U
OIIpE/IeJICHI ITapaMETPOB UX 3JIEMEHTOB BO3HUKAET HEOOXOUMOCTE OIIPE/IeICHILT
TOKOB 1 HalpPsDKEHHIT KaK B MECTe IMOBPEXKASHUS, TaK S B IFOOOM 33aJJaHHOM MECTE.

JIJ1s1 TOTO HCIIONB3YIOTCSA OOBIYHBIE METO/IBI, KOTOPBIEC IM3YYAINCh B Kypcax

ACKYMEH I LIORNNGAH 1" 1" OJIeKTpUUEeCKIe CETH U CUCTEMBI".
3NEKTPOHHOW MOANMUCHIO 5
Ceprucpukar:  12000002AB33E3D113AD425FB50002000002A8 K TIpOCTEHIIEMY BUTY.
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JUIsT 5TOTO UCIIONB3YVIOTCA METOABLI IIapallIeJIbHOTO U IIOCIIEAOBATENLHOTO
CIIOKEHII CONPOTHURIICHUII, NpeoOpazoBaHI TPEYroJIbHIKA B 3BE3Y U 0OpaTHO,
METOJI SKBUBAJIECHTHLIX OJ[C.

Muorga B Oolee CIHOXKHBIX CIy4dasgx IIpH HOpeoOpa3oBaHNH CXEMEI
3aMeN[eHIs BO3HHKAET HEOOXOJMMOCTH MNPUMEHEHHS cIlocoDa paspe3a CXeMEL
IIpeoOpazoBaHne cxeMbl BBITOJHO BECTH Tak, 4YTOOBI aBapHiiHas BETBb IIO
BO3MOJKHOCTH OBINIa COXpaHEHa JI0 KOHIa IMpeoOpazoBaHUII MM ydacTBOBajla HUX
TOJILKO Ha IIOCIIEJHUX STallax.

2. IIpu pyuHoMm pacueTe HHOTJA OBIBaeT yJAOOHEI HCIIOJIL30BATh IIPUHITUIL
HaJlloXKeHUA. J[Ig »Toro HeoOXOAUMO ONpedeilsiTh COOCTBEHHBIE N B3alIMHEIC
COIIPOTURIICHIS CXEMBI 3aMEICHIS.

B KP npomsBomdTcsa pacueTbl HauallbHOU CTaJuU IIEPEXOJHOrO IIpoIlecca
nIpu  TpexX@azHOM H HECHMMETPHYHBIX (IIpH OJHOKPATHOIl  IIOIIEpEYHON
HecummeTpun) K3. B 3a1aun 3TUX pacueToB BXOJUT OIIPE/ICICHIE JeHCTBYIOIIEr0
3HAUYEHUS MEepUOANMUECKON ciararolenl Toka K3 B HavalbHBEII MOMEHT BPEMEHU
(Imo) - HawanbHOTO cBEpXIIEpexoqHOTO ToKa (I"), a Takke ygapHOro Toka (1y, ly).

[Ipn BBEINIOJIHEHUU PacuUETOB HCIIOJIB3VIOTCS BCE T€ AOIYIIEHUS, KOTOPHLIX
OBIITN M3II0KEHHI paHee. KpoMme HUX, B MpaKTHUECKNX pacueTax M0 OIpeeICHIIO
HAYaJIbHOTO CBEPXIIEPEXOJHOTO TOKa JOIYCKAETCA PAaBEHCTBO MPOJOJILHBIX W
IIOIIEPEUHBIX CBEPXIIEPEXOJHLIX PEaKTUBHOCTEH CHHXPOHHBIX MAIINH (X ¢ =X q),
BHE 3aBUCHMOCTHU OT UX TUIIORB, UYTO 3HAUNUTEIILHO YIIPOIAET PACUETHI.

IIpn pacuerax HecUMMETpUUHLIX K3 Ipegronaraercs, yro mepuogudeckas
clararomas ToKa COCTOUT TOJILKO M3 OCHOBHOII TapMOHHKH, T.€. IIpeHeOperaroT
BBICIIIIMI FapMOHUKaMI.

2.5. Pacuem HAYanbHO20 3HAYEHUS NEPUOOUYECKOU COCMABIAIOUlCH
moka K3

2.5.1. Obuue nonoxcerus

IIpu pacuere Imp JOKHBEI OBITH YUTEHEI BCE€ CHHXPOHHEBIE I'€HEpaTOPhI I
KOMIIEHCATOPEl, a TaKKE CUHXPOHHBIE aCUHXPOHHBIE ABUTATENN MOIHOCTEIO 100
KBT m Oomnee eciam oHM HeE oTAeNleHBl OT Toukd K3 TOKOOrpaHNUMBAIOIMINIMU
peakTopaMi IUIN CHUJIOBBIMU TpaHcopmMaTopaMu. B aBTOHOMHBIX CHCTEMaX
CIIEAYET YUUTBHIBATH U BJIEKTpOABUTraTeIN MOIIHOCTEEO MeHee 100 kBT, ecim nx
J10J11 B cyMMapHoM K 3 cocTariseT HE MeHee 5 %.

2.5.2. Pacuemrsvle napamempsl  cxembl  3AMeEU{eHUA  NPAMOU
nociedo8amenbHoCmu

CHHXpOHHBIE 1 ACHHXPOHHBLIE MAIMHBI B CXEMY 3aMEIIEHUS IIPSAMOI
[IOCJIEJOBATEIILHOCTU JTOJIJKHBI OBITh BBE/ICHEI CBEPXIIEPEXO JHBI MU
COIPOTUBIEHNAMN (X4) U cBepxmepexogubiMu OJ[C  UNCIIEHHO paBHBIMIL,
sHaueHusIM >Tux JJ[C B momeHt, npeamectryromuii K3 (E"). Ilpu oTcyTcTBUM
maHHeIX o E" spauenme OJ[C 19 paszInUHBIX SJIEMEHTOB CETH MOTYT OBITh
OIIpEJIEeNICHBl COOTBETCTBUU € Tabm. 1.

AOKYMEHT MNMOAMNCAH ITBIBAETCS MNPUOJIIDKEHHO, KaK MCTOYHUK
ANEKTPOHHOW MOAMUCHIO , )
Ceprudpiakar: (- 12000002AB33E3D113ADA25FB50002000002A6 - xyg=035 nu 3JIC E"y=0.85 (ecnum He
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Bce ocTanbHBIE 3JIEMEHTHI CETH BXOOAT C 3aJaHHLIMU IIapaMeTpaMIU, IIp IBe-
JEHHBEIMI K OJQHON Oa3nCcHOIl MOITHOCTU, Sg (B 0. €.), TN00 K OJHOIl CTyIIEHU Ha-
NpsKeHNs (B UMEHOBAHHEIX €QUHUIAX ).

2.5.3. Cocmaenenue IKBUBATIEHMHbBIX cxem npPAMOU
nocnedosamenbHOoCMu 015 pPAa3nudHbiX 6udoé K3 u onpeodeieHue NOIHLIX
MOKO8.

JII11 pacyeTOB U aHalN3a HECUMMETPUUHKLIX K3 BaKHBEIM BBEIBOJIOM SBJISETC:
[IPABIUIO SKBHBAJIEHTHOCTHU IMPsAMOIl IlociegoBaTellbHOCTU. CyTh 3TOrO IIpaBUIa
COCTOHUT B TOM, UTO TOK HPSMOII ITIOCJI€JOBATEILHOCTU JIFOOOr0 HECUMMETPUUHOIO
K3 moxkHO ompeaenunTh Kak TOK HEKOTOPOIro 3KBHUBAaJIEHTHOTO TpexdazHoro K3,
VAAJICHHOTO OT JICHCTBUTEJILHON TOYKN IIOBPEXKJACHUSI Ha JOIOJIHUTEILHOE
comporupiieHne Ax™ (mynr K3), BemMumHa KOTOPOro  OIpELeNsIeTcs
PE3YILTUPYIOMUMI  COIIPOTURICHISIMH  CcXeM  oOpaTHOM W HYJIEBOI
[IOCIIEAOBATEILHOCTH, (X5, H X59) OTHOCHTEJILHO, MecTa K3 u zaBucur ot Buga K3.
B cooTBercTBHME ¢ BTUM IIPaBIWIOM  SKBHBaJIeHTHas CXeMa [PsIMO
IIOCIIEJOBATEIILHOCTH UMEET BIJ, N300pakeHHBII Ha pucC. 2.

X K AX™ |
51 KAl

Es
e P Y am W Vi NN

Puc.2

Tox npsamoil mocnegoBaTeIbHOCTH ocodoil ¢azel (A) B mecte K3 npu

nrodoM HecumMeTpudHoM K3 (n) ciieayer onpedendars 10 GopMyie

Es 2)

J(xs + Ax™)

(1)
I —

KA1

rone  AxX™ - [ONONHUTEILHOE COIpOTUBIEeHNE (OIpenensdercs B
COOTBETCTBHU ¢ TaOII. 2).

CxeMbl 3aMEIIEeHNs BceX TpexX  IIOCIIEAOBATEJILHOCTEII  METOJ0M
IpeoOpazoBaHUIl IMPUBOAATCSA K IpocTeilmeMy Buay. IIpm sToM ompemensroTcs
CYMMapHHBIE€ COIIPOTUBIEHNS CXEMbl KaXKJ0M IIOCIEA0BATEIILHOCTH OTHOCHUTEIILHO
Mecta K3 X33, Xm, X350, @ B CXEME IIpsIMON IIociaeaoBartenbHocTU Es. llpu
BLIIIOJIHEHIU IIpeoOpa3zoBaHUI cCXeM CIIEAYET BEIONPATE TaKyIO
IIOCJIEJOBATEIbHOCTL, YTOOKRI YHNCIIO IIPpe00paz0BaHMil, 0COOEHHO CJIOXKHBIX, OBLIO

OJOKYMEHT NoanmvucAH |
SNEKTPOHHOW NOANMMCHIO | TOYKC BPCMA ITOCJICJOBATCIIEHOCTD

Ceptudumkar. - 12000002A633E3D113AD4 25FB50002000002A6 'BAa qTo 6BI B IIOCJICOHIOKD OUepeb

Bnapeneu: [lebayxoea TateAHa AnekcaHapoBHa
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TOKH M OCTaTOYHBIE HaIpsKEHNd. TakumM o0pazoM, COKpalaercs oO0beM
BEIUIICIICHHII IIpU 0OpaTHOM Pa3’zBEPTHIBAHUN CXeMBI. I10IHBIN TOK ITOBPEXKACHHOI
¢dazel B MecTe K3 pareH

I;E”] _ m[n) ] L) (3)

KA1
rme m'"™ - ko»>dUIMEHT, [OKa3bIBAIOMIMil, BO CKOILKO pa3 TOK

nmoBpexaeHHON (a3pl B MecTe K3 Oonbmie Toka NpsAMOIl MOCIIENOBATEIILHOCTH

(Tabm. 2.)

Taomma 2
n Ax™ 3uauenne ko3¢ duimenta m™

Buo K3
Tpexdasnoe 0 0 1
JIyxdaszHoe 2 X2 J3
OnHodasHoe 1 Xy T X350 3
JIByxdaznoe Ha | 1.1 X 5 * X g J3 1= o2 %o
e MITIO Xz T X (X5y + X59)°

2.5.4. Onpedenenue cumMmempuuHbsliX, (PA3HbIX MOKO8 U HANPANCEHUU 8
mecme K3 u 3a0anHHblx ceueHU sx.

Toxn n HanpspkeHHnsT 0OpaTHON U HYJIEBOM IOCIEJOBaTEIILHOCTH B MeECTe
[IOBPEXKJICHNIS CBSI3aHBl ONPEACIICHHBIMH COOTHONIEHMSIMU C TOKaMH U
HAIIPSDKEHUSIMHI OPSIMOII  ITOCJIEIOBATEILHOCTU JUII pacueTHOM (pazbl, KOTOpPHIE
OIIPEJIEIIIOTCSI BIJAOM IIOBpeXKAeHUSA. EcIU OpUHATH JJIS BCEX HECHUMMETPUYHBIX
IIOBPEXKICHUII 3a pacueTHYIO a3y A, COOTHOMEHNUS Oy IyT:

-t aByxdgazuoro K3
Iar = —1aiUpay =Ugay  (4)

£

- rd ogHOo pazHOTO K3
Liwy =1 iar = Tipno:Upny v U iy +U o =0 (5)
- U1 AByX((}azHOT0O Ha 3€MIIO

Ly + L gun + 1o =30 gy =U gy — U gy

Ax "V Ax" (6)
Lan = =1 gy, N s L ka0 = — L iay N
NOKYMEHT NOANMUCAH
SNEKTPOHHOWM NOAMUCHIO
Ceptuchukar:  12000002A633E3D113AD425FBS0002000002A6 HHO.
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-

Iyg=a 1y, +algy, + 1, (7)

4

Iye=alg, +alg, +1,,

¥3 . V3
rmea=e'?"=_05+j2.a’2=e™=_05-j°

ey

HaHpH}KEHHH PA3JINYHBIX HDCHE,[[GEEITEHEHDCTEE[ B MCCTC IIOBPCIKJCHIA HAXO JATCAH

Kak (puc 1)

L)

Ui = J ey - Ax

Uy == Jl gy " X5 (8)

r

Ukao = = kao X5
[lonHarie HAIIPAXKCHIA OTJACJ/IBHBIX (bEI.B B MCCTC IIOBPCXHIACHIIA OIIPCACIIAROTCA
yepes coorBeTcTByIOmNe (Ukar, Uka2, Ukao) IO COOTHOIIEHNSIM, aHAIOTMYHLIM
1A TOKOB
Uga = U U gy T Uy,
Ugp = HEUKAI +aUy,, +Uy,,  (9)
Uge =aUygy + HEUKAE +U g

JIns HaxoxkaeHns (a3zHBEIX TOKOB UM HAOpsKEHHI B 3aJaHHOM CEUEHHU
HeOOXOIMMO IIPOM3BECTH pacueT TOKOpacHpeAesIeHHiI B CcXeMaxX Bcex
[IOCIIEJOBATEILHOCTEII, IIOCJICAOBATEIILHO pa3BepTHIBAs KakIyIO H3  HUX.
McxXogHBEIM I STHX pacdeTOB SABISASTCS IIOIYyUSHHUE 3HAYEHUS TOKOB M
HAIIPKEHHI pa3IMUHBIX IIOCIEI0OBATEILHOCTEI B MECTE ITIOBpEXkKACHNII (puc 1).

IIpn pa3BepThIBAHUU CXE€M IIOJIB3YVIOTCS H3BECTHHLIMU IIpaBWIAMU U
3aKOHAMH pacIpelelIeHNsI TOKOB B JIMHEHHBIX SIEKTPHMUECKUX LEISIX, IS CXeM
IPsIMOI ITOCIIEIOBATENIFHOCTY HANpsKEHIE B KaKOH - JIMOO yJaJIEeHHOM OT MeECTa
IIOBpEKACHII ToUuke (m) OyIeT oIpedelIsiThCs Kak

Um.:.rl — Uﬁ;ul + mer'ljxmr'l (10)

i—1.n

rae > I,..jx,; - CyMMa IaJeHuil HaIpsDKEHHs B BETBAX IIO IIYTH OT TOYKH

i—1.n

ITIOBPEXKACHILI 40 3aJaHHOI m;

AOKYMEHT NOANWUCAH L x
SNEKTPOHHOW NMOANUCHIO | Tmil?
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: LLlebayxora TaTeAHa AnekcaHOpoBHa JBAHITA OT TOHUKI 11 JO 1Tl
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r r

HaHpH}HEHIﬂ DﬁpaTHDﬁ 1 H}’HEEDE IIOCJICAOBATCIIBHOCTII B CCUCHIII 111

OIIPCACIIAROTCA

Urmﬂ — Uﬁ;uﬂ T zfmr'lj‘xmr'l

i—1.n

U:mrﬂ — Uﬁ::ﬂ + z Im."ﬂ jxmiﬂ (1 ]')

i—1.n

JIng »THX cXeM II0 Mepe VYIaJeHHs PacyeTHOI'O CEeUYeHMsI OT MecCTa
[IOBpEXKJACHUS aOCOFOTHAS  BeIMUMHA  HalOpsDKEHHST  YMEHBIIAeTcs.  Bce
[IpeoOpaz0BaHMUS BBINOJIHATCA II0 CXEME 3aMmelleHuil. IIpm Hamumuum Ha IIyTU
IpeoOpazoBaHNA TpaHC POPMATOPOR HEOOXOANMMO YYeCTh, UYTO B3alMHasd
OpUEHTaIlUsd BEKTOPOB TOKOB M HANPSIKEHNSI pa3IMUHBLIX IIOCIIeJOBATEILHOCTEIN
MOJKET U3MEHSATHCS, TPYIIION COeAUMHEHIT 0OMOTOK 3TUX TpaHC()POpMaTOpPOB.

BexkTopel HalpsKEHUNI 1 TOKOB Pa3zlINM4HLIX IIOCJIEJOBATEIILHOCTEN IIPU
Iepexoie yepe3 TpaHC(OpMATOPHEl MOJIYUYAKOT OIIPE/IEJIEHHOE YITIOBOE CMEII]EHIIE.
[losTOMYy HOIyUE€HHEIE 3HAYCHUS TOKOB I HAIPKEHUII B CEUEHHU (M) JOJDKHEI
OBITH YMHOKEHBI I1a ollepaTop rnoopoTa e, B xoropom p=(-1)N, B xotopom N -
HOMEp TpYIILI coeguHeHuili oomMorok TpaHcdopmaropa. Ilpu mepexoge uepes
TpaHc(opMaTOpel co cxemoll coequHeHns oomoTok Y/Y mmm A/A (rpymma 12)
yIIIoBOro cmemenusl HeT. IIpm mepexome depez TpaHcopmaTopel ¢ Hamboiee
JacTO BCTPEUAIOIIEICS TPYIIION Y/A-11cocTapnsromniue [IPSMOI1
[IOCJIEOBATEIILHOCTU IIOBOpauMBaroTcsA Ha yron 30 rpaJaycoB II0 HaIlpaBIICHUIO
BpameHns BekTopoB ("), obpaTHoil mocnemoBaTelbHOCTH Ha 30 TIpalycoB
IpOTUB HampaBlieHnsa BpamieHns BekTopoB (e’). IlosToMy BBIpakeHHS IS
HanpsKeHNN Upa 1 U Ipu 0JTHOH TpaHCQopMaIiui Oy IyT UMETh BIJL:

_ . (30
Umul o (Uﬂ;ul + Z!rrﬂ'l.}‘rmil)ej

i—1.nm

Urmrl — (Uﬁ.‘n‘l + Z!milj‘rmﬂ)e_jm (12)

i—1.n

IIpu mepexojie ¢ TpeyrolbHUKA Ha 3Be3dy - Haobopor, mpsMasd Ha (e!'?Y),
obpatHas Ha (e”Y). B oOmeil ciydae, Korja Ha IyTH pa3BepPTHLIBAHUA CXEMEI
BCTpedaeTcsl He OJHa TpaHcdopMalid, I[IOBOPOT OOJDKEH OBITh YUTEH
COOTBETCTBYIOINIEE  YHCIO  pa3.  TokM  HYJIEBOIl  IIOCJIEJOBaTEIbLHOCTHU
TpaHC(OPMUPYIOTCS JIUIIL IIPH IMEepexoje uepe3 TpaHCPOpMaTOPEl CO CXEMOI
coeJqIHeHNns oOMOTOK Y/Y.

OnpeienuB COCTaBIISIOIIE IIPSIMOI, oOpaTHOI 51 HYJIEBOU
[IocleJoBaTenbHOCTEll pacueTHOil ¢a3zel A, HaXOIITCS IIOJIHBIE TOKH 1
HAIIPSDKEHUI IyTEM X F€OMETPHUECKOro cyMMupoBaHus no dopmynaMm (7) u (9).

Hanmrra marrs o ararmaararra than g B MeCTe IMOBPEKIEHNS, TaK I B MECTe

ONOKYMEHT I:ID,EII'I MCAH
SNEKTPOHHOW NOANMNCHEIO HCCKH, IIYTCM BbIHCPHIHIBAHITA BCKTOPHBIX
Ceptuchmkar:  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateAHa AneKcaHgpoeHa
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CHE,[[}"ET IIOMHIITE, qTo ITIOJIVHCHHEBIC 3HAYCHITA, BbBIPaKCHEI B
OTHOCUTCIIbHBEIX CAHNHHIIAX, IIPH OaslCHBIX YCIJIOBIIAX HIIH HMCHOBAHHEIX,
IIPHUBCACHHBIX K 6HBHCHDM}’ HAIIPAKCHIIO. )_—[HH OIIpCACIICHITA ,I[EﬁCTBHTEHBHBIX
3HaueHUN TOKOB U HaHpH}HﬂHHﬁ HED6XG,[[HMD IIpH IICPpEXOJC OT OTHOCHTCJIBHBIX
CAMHIII] YVHCCTD OaslCHELIE YCIIOBIA.

S.
Imu — Imu* ) .\/_ :
33U _m
T (13)
U,m
Umu — Umu* )
J3
HpH IICPCXOoJC OT Oa3lCHBIX NIMEHOBAaHHBIX CIAIMHIII K ,[[EfiCTEHTEJIEHEIMZ
U.
Imu — Imu( - )2
U,m
(14)
U,m
U:m; — U:m;
Us

2.6. Pacuem nepuoouueckoii cocmaenarouieil moka K3 6 npou3eonvHulil
MOMEHM 6PeMeHU

2.6.1. CunxponrHble ceHepamopvl K KOMNEeHCamopbl

B npunOmmDKEHHBIX pacdeTaxX /I OIPEACIICHUS JE€ICTBYIOMIETO 3HAUEHI
[IEPUOJNUECKON COCTABRILIFONEN TOkKa K3 B IIPOM3BOJILHEIL MOMEHT BpEMEHU
rUApO- U TYpOOTE€HEpaTOpOB MOIMHOCTHIO Jo S00 MBT BKIIOUHTENILHO U BCEX
CUHXPOHHBIX KOMIIEHCATOPOB IIpU paJuallbHON CXEME CIEAYET MPUMEHATH
TUIIOBbIE KpHUBHIE, IpUBEJAEHHBEIE Ha (puc. 3, 0), KOTOpPBIE XapaKTEPH3YIOT
N3MEHEHIE STON COCTABJLIOIIEII BO BPEMEHHM IIPH PAa3JINYHBIX YIAJIEHHOCTSIX
Toukn K3. 3HaueHNne mepnogudecKkoe COCTaBISONEN Toka K3 B IPOU3BOJILHEII
MOMEHT BPpEMEHU OTHECEHBI K HaUaJlbHOMY 3HAUEHIIO 3TOU COCTABIIAIONIECH T. €.

1
mnf ( 15)
In'[]

Y=

Y,[[EELHEHHDCTL Toukun K3 oT CHHXpDHHDﬁ MAIIIMHBI XaPaKTCPU3YCTCA
OTHOIICHIICM ,[[Ef’ICTE}’IrDH.[El"D 3HAYUCHITA HEpHD,[[HT-IECHDﬁ CDCT&BHHPGL[[E?I TOKa 3TON
MaIllIHBI B HadaJIbHBIII MOMEHT K3 k HOMHNHAJIbBHOMY TOKY MallIHBI (HE].T-IELHBHBIﬁ

OTHOCUTEIBLHEII TOK):

!
In'[]* — ILH (16)

Hou

rae lgom - HOMUHAIBHEINT TOK CHHXPOHHON MaIIMHBI (FPYIIILEI MAIliH ), IIPHU-

NOKYMEHT MOANUCAH 'y, Te Haxoaurcsa Touka K3, kA
SNEKTPOHHOW NOAMNMUCHIO
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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COSPron - HOMUHAIILHBIN K03 QP PUITHEHT MOIHOCTH,

Ucpx - CpeiHEE HOMHIHAJILHOE HAIIPSIXKEHNE CETH TO CTYIIEHU HaIPsKEHIS,

rae HaxoJauTtcda Touka K3, kB.

Kpupeie puc. 3 craeayeT HUCIOIbB30BAaThL JJI1 PacueTOB JENCTBYIOIIETO
3HAUYECHUS MNEPUOANUYECKON COCTABILAOMIEN TOKa K3 OT CHHXpPOHHBIX I'€HEPATOPOB,
NIMEIOINX TUPHUCTOPHYIO HE3aBUCHUMYIO IUIM BBICOKOYACTOTHYKO CHCTEMY
BO30YKIEHII, a TaKXKE€ OT CHHXPOHHBIX KOMIIEHCATOPOB, KpUBBIE pHC. 4-5 - OT
CUHXPOHHEIX T'€HEPaTOPOB, NMEIOMNX THPUCTOPHYIO CHCTEMY CaMOBO30YIKACHILI
COOTBETCTBEHHO C [IOCJIeJOBaTEILHEIMI  TpaHCdopMaTOpaMU 51 oes
[IOCIEJOBATEIILHBIX TpaHC(OPMATOPOB, KpHUBEIE puUC. O OT CUHHXPOHHEIX
Ir€HepPaTOPOB C JUOAHON OECIETOYHOII CICTEMOM BO30Y K ASHIS.

Bce xpuBBIE€ IOCTPOEHHI JJISI CHHXPOHHEIX T'€HEPATOPOB (KOMIIEHCATOPOR), Y
KOTOPEIX KPaTHOCTH IPEAEIbHOI0 HAIPSKEHHUS BO30OVKICHUSI II0 OTHONICHIIO K
HOMHHAJIbHOMY HaIIpsKEHUIO BO30YIKIEHII HE IIpEeBHIIAET ABYX. J[J19 r'IgpoTreHe -
PaTOPOB, UMEIOIIIX MOBLIIIEHHRBIE KPAaTHOCTU IIPEACIILHOIO HAIPSDKEHIST BO30Y XK -
JIEHII II0 OTHOIIEHMIO K HOMUHAJILHOMY HaIpsKeHHIO BO30ykIeHUI (OOoIbIIe
IIBYX ) KpUBLIE PUC. 3 JOMYCKAETCS MCIIOIL30BaTh TOILKO HpU HEeOOJBIION yaalleH-
Hoctu Touku K3, korga I,0>3. Ilpu Oonsmell yganeHHocTn Toukn K3 nepuogude -
CKYIO COCTaBILIIOIIYIO TOKa K3 creayeT mpuHNMATh HEN3MEHHON 110 aMIUIUTYE.

Ecnu oTHoIEHNE JENCTRYIOIIETO 3HAUSHU IIEPHUOINUECKON COCTARIIAIOIIECH
TOKa CHHXPOHHOI MAaIIMHBI B HadalbHBI MOMEHT K3 K HOMHHAJIBLHOMY TOKY
MeHee [OBYX, TO K3 cieayer cuuraTh VAaJI€HHBIM U IIEPHOJUYECKYEIO
COCTaRILFON[YIO TOKa K3 ImpuHNMAaTE HEM3MEHHON 110 aMIUIUTYIE.

Pacuer AelCTBYIOMIErO 3HAUEHMS IIEPUOJUUECKON cocTaBisomen K3 or
CUHXPOHHOrO TIeHepaTopa (KOMIIEHCAaTOpa) IUIM HECKOIBKUX OJJHOTUIIHEIX
CUHXPOHHBIX TI'€HEepaTOpOoB (KOMIIEHCATOPOB), HaXOOAIIUXCI B OJUHAKOBBIX
yCIOBUIX (OJHOTUIIHBIE TI'€HEpPaTOpPhl M HX CHCTEMBI BO3OYXKICHUSA, IIPUMEPHO
OJMHAKOBBEIE MOIHOCTH, OJMHAKOBBIE YCIOBHS IOAKIIOUeHUI Kk MecTy K3) 1o
OTHOIIIEHMIO K ToUke K3, cllelyeT BeCTU B CIEAYIOMEM IIOPSAIKE:

1. CocTaBUTE CXEMY 3aMEIEHUSA I ONPEACIICHUA HadallbHOT'O 3HAUEHU IIe-
pUOIMUECKOil cocTaBisomlee Toka K3 OT CHHXpOHHOII MalIMHBI (MJIU TPYIIIEL
MAIIIH ) 1 HAaITH OTHOCUTEJILHBIN TOK I #,0;

2. Ilo xpuroii y=1(t), cooTBeTCTByIOMmEl HalileHHOMY 3HadeHHIO [ =y, JId 3a-
JJAHHOI'O MOMEHTa BpEMEHS HallTH OTHOIIEHUE TOKOB [, /1 =7, ;

3. Ompenenurs AeHCTRYIONIEE 3HAUCHUE IIEPHOAIMUEeCKOll cocTaBILIromeil Toka K3
OT CUHXPOHHOI MallIMHEI (IWIN IPYIIILI MAaIIiH) B KA B MOMEHT BPEMEHN t:

i :}’;In{}lfﬁms (18)

2.6.2. AcunxpoHHsle osuzamenu
R mnuAnmumwreuunivy nacueTavw  mmg OIIpEIETICHUA ,[[Ef[CTEy}GLL[eI‘D PTHaAYCHI I
[OKYMEHT MOANMWUCAH | .
SNEKTPOHHOW NOANUCHIO ' OT ACHMHXPOHHBIX 3JICKTPOABHIATCIICII B
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 IMATBHON CXeMe CIeyeT HCIIONb30BaTh

Bnapened: lLlebayxoea TaTeAHa AnekcaHapoBHa
7:, KDTDpHE XapaKTEpHBy}GT HAIIMCHEIIICC
Nencreutened: ¢ 20.08.2021 no 20.08.2022



5TOI COCTABIIAIOIIEN BO BPEMEHHU IIPU Pa3HLIX YAAJIEHHOCTAX TOUKU K3, 3HaueHUA
[IEPUOINUECKOIl COCTARIIAIONIEN TOKa K3 B IIPOM3BOJIEHBEII MOMEHT OTHECEHEI K
HayaJIbHOMY 3HAQUEHHEIO 3TOM COCTaBJISIOIICH:

1
Yup = e (19)

In'[] AD

YpaneHHOCTL  Todknm K3  OT  aCHMHXPOHHOrO  3JIEKTPOJABUTATEIIS
XapaKTEepU3yeTCsd OTHOIIEHUEM JEICTBYIOMIEr0 3HAYUEHHS IMEPUOLUYESCKOI
COCTaBRJISIFONIEIl TOKa ATOTO 3JIEKTPOABUTATENII B HaydallbHBINT MOMEHT K3 Kk €ro
HOMUHAaJILHOMY TOKY (Ha4daJbHBIN OTHOCHUTEIBLHEII TOK):

/
I - — nAD (20)

IH&.HHD

IIopsamok pacuera AENCTBYIOMIErO 3HAUEHU IIepUOgMUECKOll COCTABIIOIIE TOKa
K3 OT acMHXpOHHOI'O 3JIEKTPOABUrATEIIsI B IIPOM3BOJILHBII MOMEHT BpPEMEHU
AHAJIOTUYEH  M3JIOKEHHOMY B 1.2.6.1. SHauceHUEe  IIEPUOJUUECKOIT
COCTaBJIAIOIIEN TOKA B KA B MOMEHT BpeMEHI t paBHO:

I (21

nead = Vo wo! nou

/

2.6.3. CUHXpOHHbLE 08UzameNnu

[Ipu mpuOmKeHHBIX pacdeTax JEHCTBYIOMIEro 3HAYEHHS MepUOJHIeCKOll
cocTaBIrollell Toka K3 OT CHHXPOHHOTO ABUIraTEllsI B IIPOU3BOJILHBEI MOMEHT
BPEMEHU B paaNalbHON CXEME JOIYCKAE€TCS UCIIONIb30BaTh TUIIOBHIE KPUBEIE,
[IPUBEJCHHLIE Ha PUC. 8, KOTOPLIE XapaKTEPU3YET N3MEHEHNE 3TOI COCTaBIIAIOIIEH
BO BPEMEHU IPU Pa3HBIX yAaJICHHOCTAX Touku K3. MeToanka HaX0XKIECHUA TOKOB
OT CUHXPOHHBIX JBUTATEJIEN aHAJIOTUHA IIPUBEJIEHHON B II. 2.6.1, IMo3TOMY 3/1€CH
OOJILITIE HE ITPHMBOJUTCH.

2.6.4. Hcnonv3osanue  munoevlX  Kpuevlx 014  onpeodeyleHus
HeCUMMeMmMpPUUHbIX MOoKo6 K3 8 clioicHbIX 3/1eKmpUuuecKux CUucmemax

llopsamok pacuera CIeAYIOI NN

1. CocTaRIsIrOTCS CXE€MBI 3aMEIIEeHHsS IIpsAMOIl, 0OpaTHONM M HYJIEBOI
rmociegoBaTeNnbHOCTEl. OO00IeHHEIE HAaTPY3KU B CX€MBI HE BBOISITCSL.

2. PacueTHas cxemMa MNOpsAMON IIOCIEAOBATEILHOCTH IIpeodpa3zyeTcsa K
JIy4eBOMY BUY OTHOCHTEeNILHO Touku K3 (puc. 9).

X

-
|

|

I 'l

e e m i m = .6_/\/—\.#‘"1 ...... N T

|

; Xr2 |

8

Puc. 9. IIpeoOpazoBaHue cxem

AOKYMEHT NOANMCAH [ HYJIEBOII ITOCJIENOBATEILHOCTEN OIIpe-
SNEKTPOHHOWM NOANUCHIO L HY o A P
Ceprudhmkat: | C12000002A633E3D113AD425FB50002000002A6 "aﬁn. 2):, KOTOPBIH ITOAKIIKOHACTCA K TOHKC
Bnapeneu: Lebayxoea TateAaHa AnekcaHapoBHa

SIHICHITA HpHMGﬁ IIOCIICJOBATCIIEHOCTII
Nencreutened: ¢ 20.08 2021 no 20.08.2022



4. IlomydyeHHasg cxeMa BHOBBL IIpeoOpa3yeTcd K JIydeBOMY BHAY (HaIpuMmep, C
IIOMOIIBEO KO3((PUITNEHTOB TOKOPaCIpEACIICHII ).
5. Onpexnemngercs L+, a 3aTeM Bce HEOOXOJUMEIE TOKH II0 BhIpaXeHIIM (15-

21). JIng cucteMsl I, — U/ = const .
X,

6. Jli1 onpegeneHuil odmero Toka B MecTe K3 cyMMHIpPYIOTCS TOKH OT BCEX JIydel

CXEMBI.
2.7. OnpegeneHne yagapHoro Toka K3

3HadyeHNe yJapHOTr0 TOKa M ASHCTBYIOMIEro 3HaAaUeHN YAApHOT0 TOKa HEOOXOJIMO
3HaTh JJII IPOBEPKU H BLIOOpA AIEKTPOTEXHUYIECKOrO O0OOpYJOBaHISA B CIC-
teMe. [log yaapHBIM TOKOM IIOHHMAETCS HAHMOOJbINEEe MTHOBEHHOE 3HAUCHIE
[TOJIHOTO TOKa K3.

B OpocTEIX pagualbHBIX 3IEKTPUYECKUX cXeMaxX yAapHHII Tok TpexdazHoro K3

(1yz) B KA CIIeQyET ONPENEIIATh 10 (popMyJIe
_0.01

iy =m@20 (1+e ") =2m "k, (22)

rjae Kyg - yienbHbI K03 QUIIEeHT;

T3 - MOCTOsAHHAsI BpEMEHU 3aTyXaHHs allepUOJNUYECKOIl COCTABILIIOIIEN TOKa
K3, (tabmn. 4).

B CIOXHBIX pPa3BETBICHHBIX DJIIEKTPHUECKUX CcXeMaX VyIapHbeINI TOok K3
CJIEAYET PacCUNTHLIBATH IIYTEM PEIIEHUS CUCTEMbl YpaBHEHHE KOHTYPHBIX TOKOB
IJIN y3JIOBBEIX MOTEHIMAIOB (IIPU HYJIEBBIX HauaJlbHBIX YCJIOBIEIX), COCTaBIEHHEIX
C YUETOM KaK MHAYKTHUBHEIX, TaK U aKTUBHBEIX COIIPOTURIIEHUII BCEX SJIIEMEHTOB
pPacueTHON CXEMBEL.

[Ipu npuOIMkKeHHLIX pacyeTax yaapHoro Toka K3 B 10001 CIIOKHON CXEME

AOIIYCKACTCAH HCIIOJIB30BAHHC (I)DpN[}"HBI :
(.01

I-Jf-' - IJ‘I{] (l+ € o2k )m[”J (2’3)

r1e 14~ SKBIBAJICHTHAA IIOCTOSHHAS BPEMEHNU 3aTyXaHILI allepUOJIMUECKOIT
cocTapisronen Toka K 3.

Ecmn Touka K3 menur cxeMy Ha paJaualibHEIE, HE 3aBHUCHMEBIE JIPYT OT JApyra BETRI,

TO IIpU OpUONIDKEHHBIX pacdeTax yJaapHBIl Tok K3 crnegyeT ompedendarh Kak

CYMMY YVAaPHBIX TOKOB OTACJIbHBIX BETBEU:
0.01

ip= V2I,(1+e "“Hm™ (24)

i=1.n

e Inﬂﬁj - HaYaJIBHOC ﬂEﬁCTE}’IﬂH.[ cc 3HAQYCHIIC HEpHD,[[HT-IECKDﬁ

cocTaBIrfromnen Toxka K3 B 1-11 BeTBUI

I[EIECTE}’IDH_[EE 3HAYCHIIC VYA4apHOI'O TOKda MOXHO  OIIPpCACIINTE 11O

OOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa _ 1) 2
7
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3. BOIIPOCHI VI CAMOCTOATEJIBHOLI'O N3YUHEHNA

TEMLI, BbIHOCHMbLIC HA CAMOCTOHATC/IBHOC H3YUCHHC 110 KYPCY

HaunmeHoBaHHe TeMBbI

/T

CHMMETPHYHBIE COCTABJIAIOIIHE IpAMOH, oOpaTHoil H HyJeBoH IoclefgoBaTelIbHOCTeH. OCHOBHBIE
ronokeHHA M Qopmyikl. CyTh MPHMEHEHHA METO/la CHMMETPHYHBIX COCTABIAIIMX [AJIA pacyeTa
TIEPEXO/IHBIX PEAKHMOB.

OpmHokpaTHaA rornepeyHas HecHMMeTpHA. JIByx¢aszHoe K3. OgHodaszHoe K3. JIpyxdazHoe K3 Ha 3emuio.
IlpaBriio SKBHBAIEHTHOCTH IIPAMOH ITOCHENOBATEIPHOCTH. KOMILIEKCHBIE CXEMBI 3aMEIEHHI.
IIpakTHyecKHId pacyeT TokKa IpH HecHMMETPHYHBIX K3. CpaBHeHHe BHAO0B K3 110 BEIHYHHE TOKa.
I IppMeHeHHE TP aKTHUYECKHX METOJ0B K pacueTy HecHMMeTpHUHBIX K3. OnpeneneHHe (pasHbIX BETHYHH
TOKOB H HarpssKeHHI B 11000 ToukKe ceTH.

OCHOBHBIE TIOHATHA H oOrpeeneHHsa: pekHM D3C, rapaMeTpbl peiHMa H TIapaMeTpbl CHCTEMBI.
TpeOoBaHHA, NMPENbABIAEMbIE K YCTAHOBHBIIHMCA H IMepeXOHRIM pekHMaM. [ToHATHE yCTOHYHBOCTH

JINCKTPHYC CKOH CHCTEMBI.

'Efp dBHCHIA ANEKTP OMEXAHHYC CKHX TP OLIECCOB B CHHXP OHHbIX I''éeHepaTopax. YDHEHEHHH
JNEKTPOMEXAHHYCCKIIX TIPOLECCOBE B CHHXPOHHBIX H ACHHXPOHHBIX  JBHIATCIAX. MomMeHTBI

COIPOTHBJICHHA TIPHEB OJOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



4. SAJTAHIE 111 CAMOCTOSTEJILHOI PABOTBI

:

320

- K1l

B1%
LK1
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J15
miol L

n
K1

[IOKYMEHT MOONUCAH.
SNEKTPOHHOW NOANUCHIO
Ceptucdukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu; Llebayxoea TaTbAHa AnekcanapoBHa
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BapHaHTEI BrixnrwuatenH B, | Homep CeueHHe Bug K3 | Homep Homep K3 | Homepa
KOMMYTaLHH HaxomamHeca Bo | K3 qua V1A K3 mana | qua 3aMKHY ThIX
BEJTHOYEHH OM paszgena 1 pas3aerios pasaena 3 | pas[JesioB HeHTpaJIeH
COCTOAHHH 3 a7jaHHA 2.4 3a]aHHA 2.4
3aJjaHHA 3a]]aHHA
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; 16:21; | K14 K13 1.1/1 K9 K5 2.7 11, 12: 15
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 Kl 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; 16-20; | K10 K13 1.1/1 K6 K9 1; 7:9:11:13:15
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 Kl 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
2224 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 K& K4 2-6; 10; 13; 15
19:22-24:27-30)
15 1-14; 19;20; 22- | K4 K& 1/2 K10 K5 1; 7-9: 15
24: 26
PH, U, Xd, Xa, Ta, IIpenmecTBYIOIMHH pEKHM
HanmeHoBaHHe COSsQ
MBT KB 0.€. 0.€. C Uy, 0.€. Iy, 0.8 COSQg
I''. 12 220 0,85 15,75 | 0,1906 | 0,232 | 0,311 1 0.9 0,82
I'3.T4 40 0.8 10,5 0,16 0.2 0,142 0,9 0,98 0,8
I'5, 16 25 0.85 10,5 0,18 0,22 0,187 1 0,96 0,84
Harmenoparme | Su, MBA Uns, KB Unc, kKB Unn, kB Upncu, KB | Usyuu. KB | Ucy.py, KB
T1,T2 250 230 11
T3, T4 30 242 10,5
T5,T6 40 121 11
T7 125 242 11
T8
30 115 10,5 30
¢ bacmi. oM.
AOKYMEHT NOArNMCAH
ANEKTPOHHOW NOANUCHIO 6,3 I 47 26
Ceprudmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lleBayxoea TateAHa AnekcaHapoBHa L I 45 28
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1 L1aH-rpagpuk BbINOJTHEHH S 3212 HHUSIL.

IIpenmecTBYHOIHI
Xd, X, Ta, peKHM
HarmneHoBaHHe P., MBT cos@y | Uy, kB KonHuecTtBO
0.€. oe |c Up, Uo, | Uy,
0.€. 0.€. | 0.€.
All 3,125 0,9 6 0,88 0.86 5 ] 0,97 | 0,89
CH 1,25 0,86 6 0,88 0,89 | 0,036 | 5 ] 0,97 | 0,89
CK 60 0,8 11 0,23 0,26 | 0,145 1,1 1 0.8
Us,
PeaxTop L, KA | Xp, % | Kes
KB
6 23 12 0.5
Haumenosanme | UH, KB R, OMm/rav 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 | Sgz, MBA | Sy, MBA Un, kB Eyp, 0e. | Xj,0e | X5, 0e | X, 0.€
Cl 1500 ] 0,85 0,87 2,5X,
C2 3000 1,15 0,95 0,97 2,6X,
HI'1 200 110 0.85 0,35 0.45 0,07
HI 2 10 6 0.85 0,35 0.45 0,45

PaboTta Hajg pacueTHO-Tpaduueckoil pabOTOl MOXKET OBIThH IIPpEACTaBJIEHA B
BIIJI€ BEITIOJTHEHIS CJIEAVIOIINX ATAIIOB:

Ne
L HanmeHoBaHue 3Tara CPpOKU BBIIIOJTHEHIIS
Ha nepBom
1. | llomyueHue 3agaHuAa
[IPaKTUUECKOM 3aHATUI
) llepBiuHas KOHCYJIbTaITUs C Ha nepoMm
" | mpernogaBaTeIeM [IPaKTUUECKOM 3aHATUI
3. | Pabora ¢ nHpopMalIOHHEIMI NCTOUHNKAMNI B TeueHun cemectpa
4. | Hanucanme KOHTPOJILHON pabOThI B TeueHun cemectpa
IIpegocTraBieHne KOHTPOJILHOM pabOTHI Ha
d. P P P B TeueHuu cemectpa
Kadenpy
Ha mocneguem
6. | CobecenoBaHie a
[IPaKTUUECKOM 3aHATUUN
Kpurtepun ouileHUBaHMS padoThI.
NOKYMEHT NOANMWUCAH
ANEKTPOHHOM MOAMMUCHIO
Ceprudbvkar:  12000002A633E3D113AD425FB50002000002A6 | BeIIONMHIEMBIX PI'P  mpemojaBaTenb
Bnapeneu: llebGayxoea TateAHa AnekcaHapoBHa

Nencrentenen: ¢ 20.08,2021 no 20.08.2022
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OHE‘HH{I CKONUVIUYHHO» 6bICMIABJIAEMCA cmvdenmv, ecid

. CBOEBPEMEHHO  BBIIIOJIHMUI  paboTy, HCIOIL30BaJl  aKTyalIbHYIO
OCHOBHYIO U JOMNOJIHUTENILHYIO JINTEPaTyPy, HOPMATHUBHEIE aKTHI,

. IpeACcTaBII 0OOCHOBaHUE BBEIOpaHHON METOAUKHI pacueTa, BEIOpall
BEPHYO II0CIIEIOBATEILHOCTE BHIIIOIHEHIS PaOOTHI;

. IIPOM3BENl TOUHBIE pacUeThl, IPEJOCTaBII 0O0CHOBAHHBIE BHIBOIBI 110
padore.

Ouenka «xopouio» 8blcmasisemcs cmyoeHmy, ecilu

. CBOEBPEMEHHO  BBIIIOJIHMII  padoTy, HCIIOJIB30BaJl  JOCTATOUHO

AKTyallbHYI0O OCHOBHYIO U JOIOJIHUTEILHYIO JINTEpaTypy, HOPMATHUBHLIE AaKTHI;
[IPEJICTABIUT BEPHYO METOAUKY pacuerTa;

. BLIOpall  BEPHYIO IIOCIEJOBaTEIILHOCTEL  BBIIIOIHEHUSI  PaOOTHI;
IIPON3BEJI TOUHBIE pacUeThl, IIPEJOCTABIII BEIBOARI II0 padoTe.

OHE‘HK{I « Edﬂﬂﬂ&fﬂﬁﬂgﬂfﬂﬂﬂbﬂﬂ}} 6bICMAE]IAENICAHA cmydenm ), eCJiU

° BRIIIOJIHIJI pabOTy HE BOBpeM:, UCIIONB30BaJl HEaKTyaJlIbHYIO
OCHOBHYIO U JIOTIOJIHUTEILHYIO JIUTEPATYPY, HOPMATUBHELIE aKTHI,

. IIPE/ICTAaBIUI BEPHYIO METOAUKU pacyeTa;

. BLIOpall  BEPHYIO  IIOCJIEJOBAaTEIbHOCTH  BBIIIOIHEHUSI  PaOOTHI;
[IPOU3BEJI HETOUHKIE PACUETHI,

° HE IIPEIOCTABIT 0OOCHOBAHHBIE BBIBO/IBI 110 PaboTe.

OueHka «Heyo008/1emeopUmellbHO) 8blCMABIAEMCA CYJeHmy, eciu

. HECBOEBPEMEHHO BBITIOJITHIII PaboTYy;

. ICIIONB30BAl  HEaKTyaJIbHYHD OCHOBHYKD U JOIIOJIHUTEIILHY IO
JINTEPATYPY, HOPMATUBHEIE AKTHI,

° BEIOpaJI HEBEPHYIO MOCIIEI0BATEIILHOCTL BHIITOITHEHUS pabOTHI,

. IIPOM3BEII HETOYHBIE PAaCUYEThl CO 3HAUUTEIILHBIMU OIMIOKAMI,

. HE IIPEIOCTaBIIT 0OOCHOBAHHBIE BRIBO/IBI II0 paboTe.

[IOKYMEHT MOAMUCAH

SNEKTPOHHOW NOAMUCHIO
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Ilopsinok 321U THI pa0dOTHI.

Hammcannass CTyJeHTOM pacueTHo-Trpadudeckass paboTa cjaeTcss Ha
kadgeapy. CTyAeHT 3amjuiaeT pacueTHO-rpaduieckyro padoTy A0 5K3aMeHa
(3aueTa) mepe]1 IperojaBaTesIeM.

PaboTa He JoIlyckaeTcs K 3aIfuTe, €CJIM OHa He HOCUT CaMOCTOSTEILHOIO
XapaKTepa, OCHOBHEIE BOIIPOCEI HE PAaCKPBITBHI, M3JI0XKEHBI CXEMaTHUUHO,
¢parmMeHTapHO, B TEKCTE U pacueTax cojepikaTcsd omuoku, padora He odopMIeHa
cornacHo oO0muM TpeOoBaHN.

B xoje 3amuTel pacueTHO-rpaduueckoil padoThl 3ajlaua CcTyJdeHTa —
IoKa3aTh VIVIYOJIEHHOE€ IIOHUMAaHIE BOIPOCOB KOHKPETHON TEeMBI, XOpollee
BJIaJICHIIC MaTepHUalIOM II0 TeME.

3amuTa  pacueTHO-rpadmueckoil  paboTel  mpoxoauT B dopMme
NHAUBUAyalILHOII  Oeceabl CTYAeHTa C  I[pelojlaBaTejIeM II0 OCHOBHLIM
TOJIOKESHISIM PaOOTHI.
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MUHUCTEPCTBO HAVKH U BLICIIIETO OBPASOBAHU S POCCUUCKOU OEJIEPAITUU
OEJEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBEPA30OBATEJIBHOE
YUPEXJIEHHWE BEICIHEI'O OBPASOBAHWA
«CEBEPO-KABKAS3CKUU ®EJIEPAJILHBIA YHUBEPCUTET»

[Taruropckuit HHCTHTYT ((pumian) CKOY

MeToanueckue yKa3zaHusi

I1IO OPraHH3aIlHH CaMOCTOAT eJIbHOH pElﬁGTLI Gﬁ}"‘IﬂI-GH_[ID{CH
ITO OMCITHITIITHE {{HEPE}{G,I[I{BIE ITPOICCCHL B JIICKTPOSHCPICTHUCCKIIX CHCTCMaX»
I CTYACHTOB HAlIpPpaBJICHITA ITOAI'OTOBKH

13.03.02 DOneKTposHepreTHKA H AIEKTPOTEXHHKA
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Copmep:KaHHe

BreneHie
1 OOmas xXapakKTepHCTHKa CcaMOCTOATENbHOH pabotel oOyualomierocsa IIpH  H3VYEHHH

ITHCLIHIUTHHbBI

-3

I LnaH-rp a(pHK BBITIOJIHEHHA CaMOCTOATENBHOH padoThI

3 KOHTp 0JIbHBIE TOYKH H BH/IbI OTYETHOCTH I10 HHM
1 MeToqH4YecKHE p EKOMEHALHH M0 H3YYE€HHIO TEOP ETHYECKOTO
MaTepHalla
5 CITHCOK PEK oM EHIY EMOH JIHTEPaTYPhI.
OOKYMEHT NoanuncAH
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BBE/JIEHUE

CamocToATeNnbHasA pabora — IUlaHHpyemas  yueOHad, y4yeOHO-HCCIENOBaTENbCKaA, Hay4YHO-
HccJleToBaTeNbCKasA paboTa CTYEHTOB, BBIIIOHAEMAA BO BHEAYVIUTOpPHOE (ayIHTOPHOE) BpeMA I10 3ajjaHHI0 H IIpH
METOJHYECKOM PYKOBOJCTBE IperioflaBaTensd, HO 0€3 €ro HeNnocpeJcTBEHHOr0 y4YacTHA (MPH YacTHYHOM
HeT1ocp €7C TBEHHOM y4aCTHH IIPEeIo/laBaTeNa, OocTaBIAIIEM BEIYIIYIO POJb 3a paOOTOH CTYIEHTOB).

CamocToATenbHasA padboTa cTyeHToB B BY 3e ABseTcA BaKHBIM BHIOM yueOHOIH H HayyHOH JeATeNbHOCTH
CTYJIEHTA.

Benymas Lieab opraHH3alMH H ocyilecTBiaeHHa CPC go/KHa cOBMAfaTh ¢ LIENbI0 00yYEHHA CTyJeHTa —
MoOArOTOBKOH OakanaBpa ¢ BeIcIIHM oOpa3oBaHHeM. IIpH opraHmzaiiH CPC BaKHBIM H He0OXOHMBIM YCIIOBHEM
CTAaHOBATCA (POPMHPOBAHHE VYMEHHA CaMOCTOATENbHOH padoTel A IpHOOpETeHHA 3HaHHIL, HABBIKOB H
BO3MO/KHOCTH Op raHH3aLHH yu4eOHoH H HayYHOI JeATeTbHOCTH.

Ilenbio caMOCTOATENbHOH padoThl CTYIEHTOB ABJIAETCA OBIaZeHHE (pyHAaMeHTaJbHbIMH 3HAHHAMH,
rnpodeccHoHaNbHLIMH  YMEHHAMH H HaBbIKaMH  JI€ATEIPHOCTH TI10 IIpoHIl0, OfbITOM TBOPYECKOM,
HCCIIEOBAaTENbCKOH — JleATenbHOCTH.  CamocToATeNnbHaA  paboTa  CTYyA€HTOB  CIIOCOOCTBYET  Pa3BHTHIO
CaMOCTOATE/IbHOCTH, OTBETCTBEHHOCTH H OPTraHH30BAaHHOCTH, TBOPYECKOro IIOJX0A4a K peElleHHK Ipobiem

yueOHoro H ripodeccHoHaIbHOT0 Yp OBHA.

OOKYMEHT NnoarnmncAH
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O0nIaa XapaAKTep HCTHKA CAMOCTOATE/IbHOKH PadoThl 00yYaIoIIerocs NPH H3VUeHHH JHCIHILTHHbBI

{{HB[) EXOOHBIC TIP OLIECCERI B JJICKTP OSHEP I'ETHYCCEHX CHCTEMAX»

CamocToATenbHasA pabora - IuUmaHHpyeMaa  yueOHasd, ydueOHO-HccleqoBaTeNlbckad, HaydHO-
HcclleqoBaTeNbcKasa padoTa CTY/JEHTOB, BBIMOIHAEMAas BO BHeayJHTOpHoe (ayIHTOPHOE) BpeMs I10 3aJaHHI0 H IpH
METOAHYECKOM PYKOBOACTBE TIIperiofiaBaTeNd, Ho Oe€3 €ero HerocpeAcTBEHHOro ydacTtHa (MpH 4YacTHYHOM
HEITOCp €7IC TBEHHOM Y4acTHH TperofiaBaTeNa, OCTaBIIAIIIEM BEAVIIVIO P 0Jlb 3a padOTOi CTYZIEHTOB).

CamocTosTenbHasA padoTa cTygeHToB B BV 3e ABsieTca BaKHBIM BHAOM yieOHOI H HayUHOH JieATeTbHOCTH
cTyaeHTa. CamocToATEIbHaA padoTa CTYIEHTOB HIPAET 3HAUHTENBHYIO POJib B PEHTHHIOBOH TEXHOIOIHH 00y UeHH:.
B cBa3H ¢ 31HM, 00yueHHe B BY 3e BkimtoyaeT B ce0A BE, MpaKTHYECKH OJHHAKOBBIE IT0 00beMY H B3 aHMOBJIHAHHIO
qacTH — IIpollecca oOyueHHs H rpouiecca camooOyueHHAa Ilostomy CPC pgomxHa cTaTh 3¢¢exkTHBHOH H
LieJIeHarIp aBJIeHHOH paboToii cTyeHTa.

K coBpeMeHHOMY CIIELHAIHCTY OOLIECTBO MPEIbABIAET JOCTATOUHO IIHPOKHI IIepedveHb TpeOoBaHHIH,
Cp €M KOTOpPhIX HEMAJIOBaKHOE 3HAaUEHHE HMEET HaTHYHE V BBITTY CKHHKOB OITp € elIeHHbIX cI1oc 00HOCTel H YMEHHA
CaMOCTOATEIbHO J100bIBATh 3HAHHA H3 Pa3JHYHBIX HCTOYHHKOB, CHCTEMATH3HPOBaTh IMOJIYYEHHYH HH(OpMALHIO,
IaBaTh OLIEHKY KOHKPETHOH (pHHaHCOBOH cHTyaL[HH. PopMHp 0BaHHE TaKOI'0 YMEHHA [P OHCXOJHT B T€UE€HHE BCETO
riepHona oOyueHHA 4Yepe3 ydacTHe CTYJAEHTOB B IPAKTHUYECKHX 3aHATHAX, BBITTIOJIHEHHE KOHTPOJIbHBIX 3aJaHHI H
TECTOB, HaImHCaHHE KYPCOBBIX H BbIMYCKHBIX KBalH(pHKaLHOHHBIX padoT. IIpH 3ToM camMocToATeNnbHasA padoTa
CTYZIEHTOB HIpPa€eT P EMAIIYIO P OJIb B X0/I€ BCEro yueOHOro rpoiiecca.

Bemyiaa 1ienbp opraHH3alHH H ocyilecTBIeHHA CPC nomkHa cOBMAZaTh ¢ LIEJIbI0 00yYEHHA CTyJeHTa —
TIOZrOTOBKOH criel[HalmHcTa H OakanaBpa ¢ BbICIIHM oOpasoBaHHeM. IIpH opraHmsampi CPC BakHBIM H
HeO0OXOJHMBIM VCJIOBHEM CTAHOBATCA (POPMHPOBAHHE YMEHHA CaMOCTOATENbHOH padoTel ANA MpHOOpEeTEeHHA
3HAHHI, HABBIKOB H BO3MOKHOCTH Op raHH3aLHH y4e0HOH H HayYH oIl JeATEIbHOCTH.

DopMmbl caMOCTOATENBHOH padoThl CTYEHTOB pa3HooOpasHbl. B cooTBeTcTBHH ¢ padoueii riporpamMmoii
OHCLHILUTHHBI «IIepexoiHbIE TP OLIECCHI B ANEKTPOIHEPTETHUECKHX CHCTEMAX» TIPENYCMOTP EHbI CIIEAVIOIHE BHIIbI
CaMOCTOATEIbHOH padoThl CTYAEHTA:

- CAMOCTOATEIBHOE H3YYEHHE JIMTEPATYPHI,

- CAMOCTOATEIBHOE PEIIEHHE 3a]a,

- BBITTIOJIHEHHE pacyeTHOo-rpadHUYEcKoi padoThI.

ITens camocmoAmensbHOZo UIYUeHIA JUMeEP My pPst — CaMOCTOATEIBHOE OBJIaZleHHE 3HAHHAMH, OITbITOM
HCCJIEN0BATENbCKOH JeATEIbHOC TH.

3ad auamu caMOCTOATEIIBHOIO H3YYEHHA JIMTEP aTYPhl ABIAIOTCA:

o yry OJIeHHE H pacIIHpeHHE TEop ETHYECKHX 3HaHHIT,

° (hopMHp OBaHHE YMEHHI HCII0J/Ib30BaTh HOPMATHBHY 10, [IPaBOBYI0, CIPaBOYHYIO JOKYMEHTALHIO H
CIIELHAIBHYIO JIHTEP aATYPY,

° pa3BHTHE [MO3HABATENIbHBIX CITOCOOHOCTEH H AKTHBHOCTH CTY JEHTOB.

Iens camocmoamensHozo perieHUA 3a0a4 - OBIajJieHHe Ip opeccHOHATBHBIMH YMEHHAMH H HaBbIKaMH
IeATEIbHOCTH I10 Mpod o Oyayuel JeATETbHOCTH.
3adauami caMoCTOATENILHOIO P EMIEHHA 3a7a4 ABJIAKTCA:

. CHCTEMATH3AL[HA M 3aKp eIvIeHHEe TTOoMyYeHHBIX TeopeTHYeCKHX 3HAaHHMH H MpaKTHYECKHX YMEHHH
CTYJIEHTOB;

. (popMHpOBaHHE  CaMOCTOATEIBHOCTH  MBIIIJIEHHA,  CrIocoOHOCcTeH K = camMoOpa3BHTHIO,
CaMOCOB €pIIEHCTBOBAHHIO H caMOpe€aJIH3 aLlHH,

. pa3BHTHE HCCJIEN0BATENbCKHX YMEHHI.

Ilensto camocmoamensHoZ0 6bUOTIHEHIA PACYUEMHO-2P apuiecKoll pabomst 110 JHCLIMIUTHHE SABIIAETCA
oBlajZieHHe (pyHAaMeHTaJbHbIMH 3HAaHHAMH, Ipod)eccHOHAIbHBIMH YMEHHAMH H HaBbIKaMH JI€ATEIbHOCTH IIO
TP O(PHIT IO, OIMBITOM TBOP YeCKOH, HCCIIe10BaTeIbCKOMH JIeATeIbHOCTH.

3adauami TaHHOTO BHA caMOCTOATENbHOH paboThl cTyJieHTa ABIAKOTCA:

* CHCTEMATH3ALHA H 3aKpeIUIeHHEe TTONIYUEHHBIX Teop €THYECKHX 3HAHHH H IPaKTHYECKHX YMeEHHI
CTYZIEHTOB,
° yrayOJaeHHe H pacIIHpeHHEe Teop eTHYeCKHX 3HAHHIT,
* (hop MHp OBaHHE YMEHHIT HCII0Ih30BaTh HOPpMaTHBHY 10, IMPaBOBYI0, CIIPABOYHYIO JTOKYMEHTALHIO H
CIIELHATIBHYIO JIHTEPaTYPYV;
* pa3BHTHE I103HABATEIbHBIX CIIOCO0HOCTEH H aKTHBHOCTH CTYJIEHTOB. TBOPYECKOH HHHIIHATHBALI,
OOKYMEHT NOANKUCAH TH,
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* HCTIOJIB3 OBaHHE MaTCpHalla, CDﬁpﬂHHDFD H ITOJIVUYCHHOI'O B X0OC€ CaMOCTOATCIIBHBIX 3aHATHH Ha

CEMHHAp ax, Ha INPaKTHYCCKHX H HﬂﬁﬂpﬂTDthIK SAHATIAX, TIPH HaIlTHCAaHHH pPIp.

B pe3ynbTaTeé 0CBOEHHA JHCLIHILIHHBI (POPMHPYIOTCA CIIEY MM repeveHb IUTaHHPYEMbBIX Pe3yIIbTaTOB
o0y4YeHHA [0 JJHCLIMIUTHHE, COOTHECEHHBbIX ¢ IUIAHHPYEMBIMH peE3yIbTaTaMH OCBOEHHA 00pa30BaTEIbHOI

I'IP DI'P dMMBI .

Kop, ¢ opMyiHpoBKa KOMITETEHLIHH Kom, ¢opMynHp 0BKa HHIHKATOpa

I LnaHHpyeMbI€ P €3YJIbTaThI
00y Y€eHHA IO JHCLHIUTHHE

(MOIYII0), XapaKTep H3YVIOIIHE

STarmbl ()op MHpP OBaHHA

KOMIIETEHLIHH, HHHKATOp OB

p €2KHMBI PadOTBLI CHCTEM
3J1eKTpocHa0keHHA 00BbEKTOB

-2n1.2 PaccUHThIBAET p EAKHMBI
9
ITK-2 CriocobeH aHaIH3HpP OBaTh paboThI CHCTEM 3JIEKTP ocHa 0K eHHA

SHaeT PH3HKY 3JIEKTP OMarHHTHBIX

INCPpEXOHBIX TIPOLICCCOE B

ACKTP OOHCPTCTHUCCKHX CHCTEMAaX H

HX OCHOEHbBIX 3JICMCHTAX

VMeeT aHaIH3HP 0BATh P €3Y.JIbTaThI

pacucTa JJNCKTPOMAarHHTHBIX
TICPEXOIHBIX TIPOLICCCOB JJIA
IMPHMCHCHHA B pCaJIbHbIX

ACKTP OOHCPTCTHUCCKHX CHCTEMAaX H

CHCTEMAX JJICKTPOCHaA Ok eHHA
BJ'IEII[ CCT Ha BbIKaMH pacHicTa

THITOBBIX TTCP CXOOHBIX TP OLICCCOB

ILman-rpadHK BHINOJIHe HHS CAMOCT OSITeIbHOM padoThI
TexHoTOrHYe cCKasi KAPTA CAMOCTOATE IbHOM PadOThI CTYAe HTA

Ko OObeM 4acoB, B TOM YHCIIE
pei{.l?gye o i i I/ITD;DE;H CpecTsa H CPC Knﬂ'ga}cmaﬂ Bcero
hale POy o TEXHOJIOTHH paboTa ¢
KOMIIETEH CTYIE€HTOB CaMOCTOATEILHOH N TP ETOIaBaTe
OLIEHKH
LHH paboThI JIEM
6 cemMecTp
CaMOCTOSTEeIBHOE KoHcriexT CobecenoBaHHE 26,595 2,955 29,55
H3VUCHIC
JIMTEPATYPEL IO
_I)EIB,I[EHEIL{
IloaroroBka K KoHcnekT CobecenoBaHHe 2,43 0,27 2,7
[paKTHYEC KHM
3AHATHAM
IToaroroBka K OTueT CobOecenoBaHHe 3,65 0,4 4,05
T2 J1a00p aTOPHBIM
I*ﬂ[-jrf:{ | sarATIAM
IloaroroBka K K oHcnekT CobecenoBaHHe 2,43 0,27 2.7
JIEKITHAM
BrirmomHeHHe OT1uer 110 PI'P 3alHTa 13.5 1.5 15
CaMOCTOATEIIBHOI'O
pacuera
Hroro 3a 6 cemecTp 48.6 54 54
OOKYMEHT NOoaAnvCAH
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I HBHIbLI OTYETHOCTH IIO HHM




B paMEax pEI‘:I'IHHFDE OH CHCTEMBI YCIIEBAEMOCTDE CTYACHTOB T10 KE}I{I[Gﬁ AHCLTHIUTHHE OLI€CHHBACTCA B X0JC

TEKYVIIEI'O KOHTP WIA H HI)GMBH{FTGIIHDF.I dTTCCTALHH.
H[]H INPpoOBENCHHH TCKYIICI'0 KOHTP OJIA pEI‘:I'I‘If]I-IFDEHH OL[CHEKA 3HAHHIH CTYIACHTAa OLICHHBACTCA CJICITY I HM

obpa3oM:
Ne By neaTenbHOCTH CTYIEHTOB CpokH KomuecTBOOa
n/n BBITTOJIHEHHA JLIIOB
6 cemecTp

1. [IpaxTHueckoe 3aHATHE Ne 3 6 Hemen 25

2. JIabopaTopHoe 3aHATHE No 3 10 Henens 15

3. [IpakTHueckoe 3aHATHE Ne 8 16 Hemens 15

IHToro 3a 6 cemecTp 35

Hroro 33

MakcHMalIbHO BO3MOJKHBIH Oann 3a Bech TEKYI[HIT KOHTPOJIb YCTaHaBJIHMBaeTcA paBHbIM 55. Tekyiee
KOHTPOJIBHOE MEPOIIPHATHE CYHTAETCA CJaHHBIM, €CIH CTYOEHT IIONMy4YHI 3a Hero He MeHee 0600% ot
YCTAHOBJIEHHOTO 1A 3TOr0 KOHTPOIA MaKcHMalbHOro Oanma. PelTHHroBelil Oalni, BbICTABIAEMbIH CTYIEHTY 32
TEKYIleeé KOHTPOIbHOE MEPOIMPHATHE, CJAaHHOE CTYJEHTOM B VCTAHOBJEHHbI€ TIpa(HKOM KOHTP OJIbHBIX
MEPOIPHATHIA CP OKH, OMpPEENSAETCS CIIEYHOIHM 00pa3oM:

YPOBEHP BHITIOJIHEHH I KOHTPOJIIBHOI'O PeirrnaroBeIi O0aw1 (B % OT MaKCHMAIIEHOTO
3aJIaHI Oaiura 3a KOHTPOJIBHOE 3aJ[aHHE)
OTIMYHBIN 100
XOPpOoILn 30
Y IOBIETBOPHTEIILHBIH 60
HeynoBneTBOpHTEILHBIH 0
NOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



METD,[[H‘:[EERHE PEKOMEHITAIIHH MO HIVYUCHHIO TEOPETHUECCKOI'O MATEPHAJIA

CamocToATenbHasA padoTa CTyJieHTa HauyHHAeTcAd ¢ BHHMATEJIBHOIO O03HAKOMIIEHHA C CoJiepsKaHHeM
yueOHoro Kypca.

I3yueHHe Kaxmoil TeMbl ceyeT HaYHHATh ¢ BHHMATEJIbHOr0 03HaKOMJIEHHA ¢ HaOopoM BorpocoB. OHH
OPHEHTHPVIOT CTyJIEHTa, II0Ka3bIBalOT, YTO OH JOJDKEH 3HATh IO JJaHHOH TeMe. Borpockl TemMbl Kak Obl
HaKIaJpIBalOTCA Ha COOTBETCTBYIONIYIO IMIaBY H3OpaHHoro y4yeOHHMKa HIH y4ueOHoro roco0Ha. B HTore JoimKHO
ObITh ACHBIM, KakHe BOIIPOChI TeMbI yueOHOro Kypca H ¢ Kakoil rimyOHHOI pacKpbIThl B KOHKPETHOM yueOHOM
MaTepHale, a KakHe BooOIie omnyueHbl. Tpedyerca TBOp YeCKOE OTHOIEHHE H K CaMOMY COZIEPKaHHIO JHCLIHILTHHBI.

Borpockl, COCTaBIAIOIIHE €€ cofepsKaHHe, o0IaZaloT pasHOH CcTereHbIo BaKHOCTH. ECTh BOIMpOCHI,
BLITIOIMHAKINHE (YHKI[HIO JIOTHYECKOH CBA3KH CcoOfepKaHHA TeMbl H BCEro Kypca, HMEIOTCA BOIPOCHI
OIMHCATENBHOI0 HIH pPa3bACHHTENLHOrO XapakKTepa, a Takke HCTOPHUECKOro 3KCKypca B o0MacTh H3ydaeMOid
OHCLIHIUTHHBI. Bce 3TH BOIMPOCHI HE COCTABIAKT CYTH TOHA-THHHOIO, KOHLIENTYAJIbHOI'0 COLEP:KaHHA TEMBI, HO
He 00X OJTHMBI JI/IA LIETOCTHOIO BOCIIPHATHA H3YIaeMbIX IPOOIeM.

I3yyaemas QHCLIMIUTHHA HMEET CBOH KaTeropHaJlbHO-IMOHATHHHBIHN armiapaT. HayuyHbi€ MOHATHA — 3TO Ta
0a3a, Ha KOTOPOH CTp OHMTCA Kaxada HaykKa. IIoHATHA — y3J10BbI€, OMOPHbIE ITYHKTLI KaK HAYYHOr 0, TaK H Y4eOHOro
I103HaHHA, JIOTHYECKHE CTYTIEHH JIBIDKEHHA B yuede OT IMPOCTOro K CIOKHOMY, OT ABJIEHHA K cyI[HOCcTH. be3 AcHoro
IOHHMAaHHA TIOHATHIT yueba KpaiiHe 3aTpyaHAETCA, a cofepskKaHHe NMpHoOpeTeHHbIX 3HAHHI CTAHOBHTCA TYCKJIBIM,
pPacruUIbIBYATHIM.

CTyOEeHT [OOJLKEH TIIOHHMAaTh, 4YTO CaMOCTOATEIBHOE OBJAJeHHE 3HAHHAMH ABIAETCA IJIaBHBIM,
OMpENeANIHM. Bpicliaa IMKoMa co3JaeT A 3Toro HeoOXogHMBIE VCJIOBHA, IIOMoOraeT Oyayiemy
BbICOK OKBATH(HILIHP OBaHHOMY CTIELIHAJHCTY OBJIaJIETh TEXHOIOIHEH ¢aMOCTOATEIRHOTO ITP OH3BOACTBA 3HAHHIA.

B camocToATENnRHOH padoTe CcTyAeHTaM TPHXOAUTCA HCIIONb30BaTh JHTEPATYPy pPa3/IHYHBIX BHOB:
I1€p BOHCTOYHHKH, MoHOrpaHH, Hay4yHbie cOOPHHKH, XpecTOMaTHH, YUeOHHKH, yieOHbIe Moco0HA, KYPHAJbI H Jp.
I3yueHHe Kypca IpearoaaraeT 3HaKOMCTBO CTYJEHTOB ¢ OoNMbIIHM 00beMOM Hay4yHOH H yueOHOH JIHTepaTyphl,
4YTO, B CBOH OYEpPEnb, IOPOKJaeT HE0OXOJHMOCTh BbIpabdOTKH YV HHX pPalLHOHAJIBHO-KPHTHYECKOr0 IOAXoa K
H3Y4YaEMbIM HCTOYHHKAM.

YT10o0bI HE «YTOHYTBH» B OTPOMHOM O0BEME PEKOMEHJOBAHHBIX €MY JUIA H3Y4Y€HHA HCTOYHHKOB, CTYEHT,
TIPEAIE BCEro, OOKEH HAYUHThCA [MPABHIBHO HX YHTaTh. I[IpaBHIBHOE YTEHHE PEKOMEHOBAHHBIX HCTOYHHKORB
IIp €[I0JIaraeT cJIEJOBaHHE HECKOIBKHM HECJI0KHBIM, HO BECEMa IMOJIE3HBIM ITP aBHIIAM.

[IpenBapHTENBHBIH TP OCMOTP KHHIH BKJIIOYAET 03HAKOMJIIEHHE ¢ THTYJIBHBIM JIHCTOM KHHIH, aHHOTALIHER,
rpeqHcIOBHEM, orfaBieHHeM. IIpH 0O3HaKOMIEHHH C oOrJlaBJIeHHEM HEOOXOJHMO BBIJJEJIHTL pa3/elbl, TIJaBhl,
raparpadnl, MPENCTABIAIIHE /1A Bac HHTepec, Oerno HX IMpOoCMOTPETh, HAHTH MeCcTa, OTHOCAI[HECA K TEMeE
(a03aLpl, cTpaHHLIBI, ITaparpadsbl), H MO3HAKOMHTBLCA ¢ HUMH B 00IHX HepTax.

HayuHbie H3[aHHA COMpPOBOANAOTCA Ppa3IHYHBIMH BCIIOMOraTelbHBIMH MaTepHallaMH — Hay4HbIM
armiap aToM, TI03TOMY BayKHO 3HATh, H3 KAKHX OCHOBHBIX 3JIEMEHTOB OH COCTOHT, KaKOBbI €0 (DYHKLIHH.

3HAKOMCTBO € KHHUI'OH JIy4Ill€ BCEro HAaYHHATh ¢ H3Y4E€HHA aHHOTALIHH — KPaTKOH XapaKTepHCTHKH KHHIH,
pacKphIBaloIiell ee copepskaHHe, HOeHHYI0, TeMaTHYeCKY0 H KaHpPOBYIO HarlpaBJIEHHOCTh, CBETEHHA 00 aBTOpE,
Ha3HaYeHHE H JIpyTrHe oco0eHHOCTH. AHHOTALHA ITOMOTaeT ¢ OCTaBHTh IIPEIBapHTEILHOE MHEHHE 0 KHHTIE.

I'my0ike TMOHATH cofep:KaHHe€ KHHIH T[T103BOJIAIOT BCTYIIHTEIBHAsA CTaThiA, B KOTOPOH /[JaeTcA OLIEHKA
COZIEp KaHHA KHHIH, 3aTpariMBaeMoii B Heil rpobieMaTHKH, cofep KHTCcA HH(pOPMALHA O KH3HEHHOH H TBOPYECKOH
OHorpadH aBTOpa, BBICKA3LIBANOTCA TIMOJIEMHYECKHE 3aMeyaHHA, PasbACHAIOTCA OTAEIBHBIE TMOIOKEHHA KHHIH,
JarTcA KOMMEHTApHH H T.7. BOT rioueMy 3HaKOMCTBO C BCTYIHTENIBHOH CTaTheH IMPEACTABIAETCA OYEHb Ba/KHBIM:
OHO TTOMOTAaeT CTYJAEHTY COPHEHTHpPOBaThCA B TeKcTe padoThl, oOpaTHTL BHHMaHHE Ha ee HaHOolee LieHHbIE H
BazKHbIE pa3]lelibl.

ToA e LeMH CcOAEHCTBYET 3HAKOMCTBO C OIJIaBJIEHHEM, IIPEOHCIOBHEM, TIIOoCIecIoBHEM. BecbMa
I0JIE3HBIMH  3JIEMEHTaMH HayyHOro armiapaTa ABJIAKTCA CHOCKH, KOMMEHTapHH, TaOmHipl, TpadHKH, CIIHCKH
THTepaTypbl. OHH HE TONBKO HUTHCTPHPYIOT OTHENBHBIE TMOJI0KEHHA KHHIMH HIH CTaThH, HO H caMH ITo cede
ABIIAOTCA NOIMOJIHHTEILHBIM HCTOUHHKOM HH(pOpMaLEHH /1A YHTaTEN.

EcnH uMTaTena 3aHHTEpecOBalla KaKaa-TO BbICKa3aHHadA aBTOPOM MbICIb, He Halleqmas ITopoOHOro
OCBEIIEHHA B JaHHOM HCTOYHHKE, OH MOKET 00paTHThCA K TEKCTY HCTOUHHKA, YIIOMHHAEMOI'0 B CHOCKE, JHHOO K
HCTOYHHKY, KOTOPbIA OH MOKET HAHTH B CITHCKE JIHTEPATyPhI, p EKOMEH]0BaHHOH aBTOPOM JIA CaMOCTOATEIIBHOIO
H3Y YEHH.

CyIecTBY €T HECKOJIBKO (pOPM B EeHHA 3armceii:

— ruIaH (Ip ocToH H pa3BepHYTLIH) — HaHOoNee KpaTkaA (popMa 3armHcH Ip OUHTAHHOT O, MPECcTaBIIA N[ aA
coOoii rmepeveHb BOIMP OCOB, paccMaTPHBAEMbIX B KHHI'€ HIIH cTaThe. Pa3BepHyThIH IU1aH IpeAcTaBIAeT coboil Oonee
45 §BARLS) o R R vas ihn g A g0 2 G i TeTam T aTTIsTt ATeIbHbIX  TTOJIOKEHHH H BbIBOJOB, € BBIMMHCKOH L[HTAaT,

NOKYMEHT NOAMNUCAH 5
SHEHTF.GHHGH nﬂﬂnmcbm OLCHHMBIH TTOMOIMHHK TIPH BBICTYIUICHHH C JJOKJIaJOM Ha
Ceprudiniat: ' “12000002A633E3D113AD425FB50002000002A6
Bnageneu; UJEEE}-'HIDEH TateAHa AHEHEEIH,D,F}UEHH WMIOAKCEHHA, OCHOBHBIC TIONOMREHHA EKHHI'H, CTAThH. Kakx

D 3HAKOMCTBa ¢ TEKCTOM HCTOYHHEKA, IIPH €ro roBTOPHOM
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CocTaBleHHE KOHCIIEKTOB
Bonemyw ponk B YCBOEHHH H ITOBTOPEHHH IIpOHIEHHOro MaTepHajla HIpaeT XOpOHIHI KOHCIIEKT,

cojiep/KaIHii OCHOBHBIE HJ€H IIpOYHTAHHOr0 B y4eOHHKE H YCHbIIIAHHOTO B JeKIHH. KOHCIIEKT — 3To, Io
CYIIeCTBY, HA0pPOCOK, pa3BepHYTHLIH IUIaH CBA3HOrO pacckasa I10 OCHOBHBLIM BOIP OCaM TEMBI.

B kakoii-To Mepe KOHCIEKT paccuHTaH (B 3aBHCHMOCTH OT HHAHBHAYaIbHBIX 0CO0EHHOCTEH CTy/ieHTa) He
TOJBKO Ha HHTEIUTEKTYaIbHY 0 H 3MOLIHOHAJIBHY10, HO H Ha 3pHTENBHY IO ITaMATh, MPHYEM TEKCT KOHCITEKTa HEp eIKO
ACCOLIHHPYETCA €lle H ¢ TEeKCTOM yueOHHKa HJIH 3armHchio JekiHH. [TosToMmy Jierde 3aromMHHaeTCA cCofepsKaHHe
KOH CIIEKTOB, HaITHCaHHBIX pa300pyHBO, ¢ MoAYepKHBaHHEM HIIH BbIJEIeHHEM P a3pAAKoi KJIIOUEBbIX CJI0B H (ppas.

CaMOCTOATENbHO H3yUeHHbIE€ TEMbI IMPEOCTaBIAITCA IMPerogaBaTeNo B (popMe KOHCIIEKTa, T10 KOTOP OMY
Ip OHCXONHT co0eceqoBaHHe. Teop eTHUYECKHE TeMBI Kypca (0THENbHbIE BOTIPOChI), BBIHOCHMBIE Ha CAMOCTOATEIBHOE

H3IVUCHHCE, TIPpCACTAaBJICHBI HHAK.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



MeToauueckHe YKA3AHHSA M0 MOAT0TOBKe K pacueTHo-rpaduuecKkoii padore

PacueTtHo-rpadnueckas pabora — 5To caMocToATe/IbHAasA NMHchbMeHHast paboTa cTyeHTa, KoTopas
JOJI2KHA T0KA3aTh He TOJIBKO ero BJjaJjleHHe TeopeTHU4YeCKHUM MATepHa/IoM, HO U IIpOoJAeMOHCTPUPOBATD
MpaKTHuyecKkre yMeHU A [IPOBOAUTEL PACYEThI.

LTenH BeirtonHeHHA PI'P 3aknouaoTca:

. 3aKpeIluTh U CUCTeMAaTHU3HUPOBaTh TeOpeTHUeCKHe 3HAHUS U IIPaKTHUEeCKHe
HABBIKHU CTY/I€HTA;
. HAyuuTh paboTars ¢ JHTepaTypoll — M3y4darh, AaHaAJIU3HUPOBATh

MH} OpMAaIlHio 13 HAayYHBIX HCTOUHHKOB;
[ IpH BBITTOIHEHHH pac4yeTHO-IpadHuecKol padoThl peaTH3VIOTCA CIIEIY OIHE KOMITETEHLHH:

Kon DopMYyIHpP OBKa
ITK-2 1JI-  CriocoOeH aHATH3HPOBATh PEKHMBI padoThl CHCTEM 3JIEKTP ocHa 0K eHHA 00beKTOB
2nx-2 PaccuHThIBAET P €KHMbBI Pab0Thl CHCTEMBI 3JIEKTP OcHa 0K eHHA 00beKTa
OOKYMEHT NoanuncAH
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METD,[[H‘:[EERHE YEAJAHHA IO NOATOTOBKE K IK3IAMEHY

I3yueHHe JHCLIHMILTHHBI «I1epexXoaHble Mpolecchl B JIeKTPO3HepPreTHYeCKHX CHCTeMAX) 3aBepllaeTca
sx3amMeHoM. IlofiroToBka K 5K3aMeHy CIIOCOOCTBYET 3aKpeIvleHHI, YIIyOleHHIO H o0000I[eHHIO 3HaHHH,
IOTy4YaeMbIX, B Tpollecce o0yueHHA, a TakKe MpHMEHEHHI0 HMX K pelleHHI0 MNpaKTHYecKHX 3a7a4d. [ oToBiACh K
3K3aMeHY, CTYE€HT JTHKBHAHPYET HMeIIIHeCA IIp 00eNbl B 3HAHHAX, YIMTYOJIAET, CHCTEMaTH3HPYET H YITOp A 0YHBAET
CBOH 3HaHHA. Ha sK3amMeHe CcTyJeHT JIEeMOHCTPHPYET TO, YTO OH IMpHOOpes B rpoiiecce o0yueHHs 110 KOHKPETHOH

yueOHOH JHCLHIUIHHE.
Ha KoHCyNbTaLHH Iepeq 3K3aMeHOM CTYEHTOB I103HAKOMAT ¢ OCHOBHBIMH Tpe0oBaHHAMH, OTBETAT Ha

BO3HHKIITHE ¥ HHX BOITP ochl. I103ToMy ImoceneHHe KOHCYIbTaLHH 00A3aTeNbHO.

IIpH MoAroToBKe K 3K3aMeHy HeoO0XoHMO HCIT0Ib30BaTh KOHCIIEKThI JIEKLHE M0 JHCLHIUIHHE, VIeOHHKH H
yueOHble Toco0OHA (M3 CITHMCKa OCHOBHOH H [JOIMOJHHTEIBHOH JHTepaTypbl) HIH KOHCIIEKT JHTEpaTyphl,
I1p OYHTAHHOH I10 YKa3aHHIO MMPErofgaBaTeld B TEUEHHE CEMECTpPA.

BHauane cieqyeT rnpocMOoTp €Th BECh MaTepHaJ 110 c/laBaeéMOi JHCLIHIUIHHE, OTMETHTD JJ1A ce0A TpyHbIe
Borpockl. OO0A3aTeNbHO B HHX pa3zo0paThca. B 3akimioueHHe elfe pa3 LielecooOpa3sHO TMMOBTOPHTh OCHOBHbBIE
T10JTOZK EHHA.

CHcTeMaTHYecKad T[IOTOTOBKAa K 3aHATHAM B TEYEHHE CEMEcTpa I[103BOJIHT HCIIONBE30BaTh BpEMA
3K3aMEHALHOHHOH CECCHH JIJIA CHCTEMAaTH3aLHH 3HaHHI.

Boripocel K 3K3aMEHY 6 CEMECTp

OCHOBHbIE CBEJIEHHA 00 3JIEKTP OMarHHTHBIX IMep €XO0HBIX IMpoLIeccax.

(OCHOBHBIE OIMPEENEHHA.

HasHaueHHe pacueToB H TpedoBaHHA K HHM. OCHOBHBIE oIy m[eHHA. [[oHATHE 0 pacyeTHBIX VCIIOBHAX.

CHcTeMa OTHOCHTEIBHbBIX €JHHHI]

CocTaBJieHHE cXeM 3aMenieHHA. [Ipeobpa3zoBaHHE CXeM 3aM el eHHA.

I IpyveHEHH e TIPHHLIHITA HAJTOAKEHHA.

MoOILHOCTE KOP OTKOI'0 3 aMbIKAHHA.

JleficTBYIOIITHE 3HAUE€HHA IMOJHBIX BEIHYHH H HX OTIENbHBIX craararonmmx. [IpHOmKeHHOe p elleHHE.

IlepexonHbIii MpoLiece B IMPOCTEHIIHX Tp eX(a3HbIX LIEITIX

10. HayanpHbIH MOMEHT BHE3AITHOI'O HApPYIIIEHHA pEXKHMA.

11. IlepexomHeie 3/IC H peaKTHBHOCTH CHHXP OHHOH MAaIlIHHBI.

12. CeepxmiepexogHeie 2/1C H peaKTHBHOCTH CHHXP OHHOH MallIHHEI

13. XapakTepHCTHKH JBHraTelIeH H Harpy3KH.

14. TlpakTHYecKHH pacdeT HavyaJlbHOIO CBEPXIIEP EXOHOr0 H YJapHOI0o TOKOB.

15. YpaBHEHHA 3JIEKTP OMarHHTHOIO IIEP EXOQHOrO IMP OLIECCca CHHXPOHHOH MalllHHbI. J OrTy I eHHA,
HCITOIb3YEMBIE IIPH HCCIIE0BaHHH 3JIEKTP OMarHHTHOTO [1EP EXOHOTO IMpoL[ECcca.

16. YpaBHEHHA 3JIEKTP OMarHHTHOI'O IEPEXOIHOrO I oLIECcca CHHXPOHHOH MalllHHbI. 1cXo/iHbIE YpaBHEHH .

17. VMHOyKTHBHOCTH 00MOTOK CHHXPOHHOH MaIlIHHBI.

18. O0001eHHbIH BekTop 3-X (pa3HOI CHCTEMEI.

3aMeHa I1ep eMEHHBIX.

IIpeobpa3oBaHHE ypaBHEHHI.

BripakeHH:A B orlepaTopHOH (opMe.

BHezarmHoe Kop 0TKO€ 3aMbIKaHHE CHHX]P OHHOH MaIllHHbBI 06e3 JeMriepHbIX 00MOTOK.
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23. BmisAHHe H npHOMMKEHHBIH yueT JjemMriepHbIX 0OMOTOK.

24. Bmianre APB nipH BHe3artHoM KOp OTKOM 3 aMbIKaHHH.

25. KackagHoe OTKJIIOYEHHE H TTOBTOPHOE OTKJIHOUEHHE KOP OTKOTO 3aMbIKAHHA.

26. BzaHMHOE 3JIEKTP OMAarHHTHOE BJIHAHHE CHHXPOHHOH MaIlIHHBI [TPH ITEPEXOJHOM IIPOLIECCE.
27. IIpakTHYecKHe METOIbI pacyeTa IEPEXOIHOrO IMP OL[eCcca KOP OTKOr0 3aMbIKaHHA.

28. TIpHOMHKEHHBIH YUET CHC TEMBL.

29. Pacuet n1a BhIOOpa BRIKITOYATENIEH MO OTKIHOYarmie croc 00HOCTH.

30. Meroa pacueTHbIX KPHBBIX.

31. Meron crip AMIIEHHBIX XapaKTEPHC THE.

32. HecHMMETPHYHBIE€ KOP OTKHE 3 aMbIKaHHA

33. IlpHMeHAEMOCTh METOLA CHMMETPHYHBIX COCTABIAIIIHX K HCCIIENOBAaHHIO MEPEXOIHOrO IMp OLIECCa.
34. TTapameTphbl 3J1EMEHTOB 1A TOKOB 00paTHOH H HYJIEBOH IOCI€I0BaTENBHOCTEH.
i~ F il ew e ran ewer wewr = m rrvrwr e e > e
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41. KomruieKcHbIe cXeMbl 3aMeleHHA. CxXeMbl OTelbHbIX IT0CIe0BaTeIBHOCTEH.
42. PacripeneneHHe HarpsxeHHH. [IpHMeHeHHe MPHHLHIIA HaJI0/K €HHA.

VyedHO-MeTOJHYeCKOe H HH(PpOPMAIHOHHOe 0DecleYeHHe JTHCIHILTHHbI

IlepeueHb OCHOBHOM H JONOJIHHTEJILH 0if JIHTep aTYPhI, He00X0THMOM /151 0CBOe HHS JHCIHILTHHBI
IlepedyeHb OCHOB HOH JIHTePATYPbI:

1. ITnmriesko, B.T. 2eKTpoMarHHTHBIE TTEPEXOIHBIE TP OLIECCHI B AJIEKTP O3HEPTeTHUYECKHX

cHcTeMax: yueOHo-MmeTogHueckoe rrocodbHe/ B.T. ITinunenko, OpeHOyprekHii roc. yH-T. — Openbypr: OI'Y, 2014. —
124 ¢. Pesxxum noctyra: http://biblioclub.ru/index.php?page=book_view_red&book_1d=330565

IlepeueHb JOMOJIHHT e IbHOH JIHTEPATYPhDIL:
1. KysmrHoB A.A. Teopusa anexkTporpHeona. Yacte 3: Ilep exXoHbIe IPOIIECCH] B AJIEKTPOIIPHBOJIE:

yaeOHoe nocodbue/ A.A. KysmnHoB, 3.JI. I'pekoB; OpeHObyprckiii roc. yH-T. — Opendypr: OI'V, 2017. — 114 c.
Pexamv moctyma: http://biblioclub.ru/index.php?page=book view red&book 1d=481766
IlepedyeHb YUeOHO-MeTOAHUYECKOr0 OOecCIeYeHHS CAMOCTOATE/ILHOH PadoThl O00YYAIOIIHXCA IO

THCIHILIHHE
1. MeTogHuecKHe VKazaHHA K nabopaTopHbiM paboTam mo gucipnmuiHHe " IlepexomHbie IIpoLiecchl B
3JIEKTPOIHEPTETHUYECKHX CHCTEMax .
2. MertomHuecKkHe VKa3saHHA K IMPAKTHYECKHM 3aHATHAM Mo JUCLHIUIHHE " IlepexomHbie TIIpoOLIECCHI B
3JIEKTPOIHEPTETHUYECKHX CHCTEMax .
3. MeTogHUeCcKHE VKa3aHHA K BBITIOJIHEHHIO CaMOCTOATENIbHOH pabothl o gucipaumHe " IlepexosHbie

TP OLIEC ChI B 3JIEKTPOIHEP FETHYECKHX CHCTEMAX .
4. MerogHueckHe YKa3aHHA K BBITTOMHEHHIO pacueTHO-rpaduieckoil paboThl 10 JHUCLHIUIHHE
TP OLIEC ChI B 3JIEKTPOIHEP FETHYECKHX CHCTEMAX .

ITepexongHnie

Ilepeuenn pecypcoB HHPOPMAIHOHHO-TEIEKOMMYHHKAIHOHHOH ceTH <«IIHTepHeT», HeO00XOJHMBIX A7
OCBOe HHSI JHCIHILTHHBI

1. http://www.biblioclub.ru -OBC "VHHBepcHTeTcKaa 6HOIHOTEKa OHTaiH"
2. http://www.iprbookshop.ru/ - DnexTpoHHo- 6Hb6moTeuHas cHeteMa IPRbooks
3. http://elibrary.ru/ - eLIBRARY.RU - HAVUHA S SJIEKTPOHHA S BIBJIMOTEKA

HE]]E'-IEHI: HH(])D]]MHI[HDHHI:DE TEKI‘[D.]'Iﬂl"Hﬁ, HCIMMOJIB3YEMBIX IMIPH OCYIIIECTBJICHHH DﬁpﬂEﬂBﬂTEJ]I:HDFD
npomnecca Mo JHCIHHILIHHE, BRJIIOYAH MNeEPevdeHb MNMPOrpaMMHOIO oDecmeYeHHNA H HH(])D]]MHI[HDHHI:DE
CIIPABOYHBIX CHCTEM

CrieL[HaIBHOE IIp orpaMMHOE 00ecrieueHHe He Tp e0yeTcA.

OnucaHHe MﬂTEpHﬂ.T[hHﬂ-TEIHH‘IECEDﬁ ﬁfﬂh[, HEﬂﬁIﬂ,I[l{Mﬂﬁ AJIH OCYIIECTBJICHHA DﬁpﬂEﬂBﬂTEJ’II:HDI‘D
npomecca Mo THCIHIIJIHHE

CnielHanH3HpoBaHHasA YyueOHasd Mebelb H  TeXHHUECKHE cCpelcTBa O0O0yUeHHsA, CcHIyKalHe I
rpencTaBineHHa yueOHof HHGpopMmalHH: HaGop 1A JeMOHCTpaL[HOHHoro o0opynoBaHHA, yueOHO-HarIAgHbIE
I10CO0OHH.

JIabopaTopHbIi cTeH ] «lIHTemeKTyalbHbIe 3IeKTpHYECKHE ceTidy M5 C2,

Hupopmauionsisie cnp agoUuHbie ClUCEMbL:

1. http://docs.entd.ru/ 3nekTpoHHBIH (GoHA MpaBoBoi H HOpMAaTHBHO-TEXHHYECKOH NOKYMEHTALHH
TEXSKCIIEPT
2. IIpodpeccHoHanbHbIE cripaBouHble cHcTeMbl Texskcriept http://vuz. kodeks.ry/
NOKYMEHT nogarnncAH
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