1. BBenenue.

B coBpeMEHHBIX  YCIOBHSIX  pacyeT YCTAHOBUBIIMXCS ~ PEKUMOB
AIIEKTPOIHEPTETUUECKON CHUCTEMbI SIBJISIETCS HaumOoJiee YacTo peliaeMoi
3amaueir. Ilpu mnpoektupoBannn OIC pacyeT YCTAaHOBUBIIHMXCS PEXKHUMOB
OCYIIECTBIISIETCSl C II€JIbI0 BHIOOpA M YTOYHEHHUS MapamMeTpoOB IMPOECKTUPYEMOI
CUCTEMBL.

B mporecce skcmityataniuu MmofoOHBIE pacyeThl MO3BOJISIIOT OINEPATUBHO
VOPABIATH W MNporHozupoBaTh padory OIC. Ilpu 3TOM ocymiecTBIsIeTCS
OLICHKAa JOMyCTUMOCTH peXHMa [0  YCJIOBHSIM OOECHeueHUss HOpMaIbHON
paboThl 000PYAOBAaHUSA U OMPEACIICHUE PEKUMOB, ONTHUMAIBHBIX MO TEXHHUKO-
YKOHOMHUYECKUM KPUTEPUSIM.

3agaua  pacyeta  yCTaHOBHMBIIMXCSL  pexumoB OIC  cBOOUTCS K
ONPENEIICHUI0  COBOKYITHOCTH NapaMETPOB,  XapaKTEPU3YIOIIUX paboty
CUCTEMBbl: HANpPSDKEHUH B  Pa3IMYHBIX TOYKAaX CHUCTEMbI, TOKOB B €&
JJIEMEHTAax, MOTOKOB MOIIHOCTH M IIOTE€Pb MOLIHOCTU M T.I.

IIpoBeneHne pacuera CBSI3aHO C PSAOM OCHOBHBIX JTaIlOB:
1. mpenBapuTenbHble NpeoOpa3oBaHUS U NEPEXOJ K pacuyeTHOM cxeme
DIIEKTPUYECKOU CHUCTEMBI;
2. (opMupoBaHUE YpaBHEHUSI COCTOSHUS 1O W3BECTHBIM HCXOJHBIM JAHHBIM

C YYETOM CTPYKTYpPbI PaCYeTHOM CXEMBI,

3. BBIOOp MeETO/Aa pacueTa W COCTaBJICHHE alropuTMa W TPOrpaMMbl  Ha

OBM;

4. mpoBeJeHUE pacyeTa yCTaHOBHUBILIErocs pexuma Ha DBM;
5. aHamM3 TOYHOCTU TOJYYEHHBIX PE3YJIbTAaTOB.
6. BBIBOJBL.
2. Ucxonnble MaHHBbIE Ui BBINOJHEHUS] KYPCOBOW PadoThI

Ne | BapuanTsl ConpoTuBIICHHs] BETBEI 3agaronye TOKH
Bap. cXe Z1 |Z2 |Z3 |Z4 |Z5 |Z6 |Z7 |J1 |J2 |J3 |J4 |5
MBI

1 1 02 /03 (04 |07 |08 |03 |05 (|3 |4 |5 |6 |8
2 2 01105 07 |03 |06 |04 |03 |4 |5 |6 |5 |8
3 3 03 04 /08 [09 |05 |07 |06 |3 |4 |5 |7 |3
4 4 02 (05 (0,7 |09 |05 |0,7 |03 |3 |2 |5 |7 |3
5 5 02 /04 (03 |05 |03 |06 |04 |2 |3 |6 |8 |4
6 1 05 03 |06 |04 |09 |07 |08 |3 |5 |4 |8 |6
7 2 02 |03 04 |08 |03 |05 |08 |8 |3 [4 |6 |5
8 3 03 /05 (04 |05 |06 |09 |08 (|3 |8 |6 |4 |9
9 4 01 /05 (03 |05 |04 |01 |02 |2 |4 |3 |5 |5
10 9) 02 /03 |05 |06 |08 |02 |03 |3 |5 |4 |5 |6




ComnporuBnenuss BetBed Z; u3MmepstoTcs B OM, a 3ajgaloliue TOKU Ji — B
KA.

HNcxomuble mapameTpsl TeHepaTopa, MOJKIOUYECHHOTO K y3mam 4
pacUeTHBIX CXEM, W TapaMeTpbl CHUCTEMbl OJMHAKOBBI JJII BCEX BapHAHTOB.
Pacuer mpoBOAuT, B OTHOCUTEIBHBIX €IWHMIIAX.

basucupie BeamuuHbl: Ug=U, 4o, = 10,5 kB; Sg =S, 4o = 7 MBa.

[TapameTpsl TeHEpaTOpa W CHUCTEMBI:

E,=1.07; U.=1; Py = 60; Tj=14c.

VYron 0 MeXIy OChIO Bpallalollerocs MarHUTHOTO MOJII OOMOTKH CTaTopa u
MpPOJOJLHOM OCBIO pOTOpa B TEHeparope sl Pa3IU4YHbIX BapHaHTOB
3aJ1al0TCS TaOJIHUIICH:

Ne Vron 0 Ne Vron 0
BapHaHTa BapHaHTa
1 /6 6 /4
2 /3 7 /6
3 /4 8 /3
4 /6 9 /4
5 /3 10 /6

3. BapuaHTBI pacyeTHBIX CXeM.
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HampaBneHue BeTBel M HE3aBUCUMBIX KOHTYPOB MOTYT OBITH 3aJaHbl
IIPOU3BOJIBHO CaMHUM CTYJIEHTOM.

4, Conep:kanue 3aJaHUI.

[losicuutensHasi 3amuMcka K  KypcoBol paboTe BKJIIOYaeT B ceds
pe3yJbTaThl BBIMIOTHEHUS CIEAYIONIUX 3aJaHUMN:
3ananue 1.

Hcnonb3yss pacyeTHYIO CX€My W HMCXOJHBIE JaHHBIE [JII PYYHOIO CUETa,
IIPOU3BECTU CIEAYIOIIMUE JIEUCTBUSA:

- COCTaBUTh MaTpulbl MHIUAEHINH M u N;

- 3amMcaTh MaTPUIbl PEKUMHBIX MapaMETPOB:

a) J, ZB’ YB,

0) Ua, Ug B oOmem Buze

B) mnpeanonoxutb Hamuune OC B BerBix 2,5 (Ep,, Egs), 3amucath

Matpulbl Eg, Eg.
3ananme 2.

Hcnonb3yss BapuaHT pacyeTHOM CXEMbl U HCXOAHBIE JaHHBIE 3amucaTrh 1
u 2 3akoHbl Kupxroda B mMaTtpuuHoit ¢opme U B BUJIE CUCTEMbI ypaBHEHUH .
3ananme 3.

Jlns  pacueTHOM cxembl 3amucaTh B MaTpuyHOMl (opme o0000IIEeHHOE
ypaBHeHue cocrtosiHud. llepeiitTh k cucreme anreOpandyeckux YypaBHEHUU
OTHOCHUTEJIbHO HEU3BECTHBIX TOKOB B BETBSIX.
3ananue 4.

1. Insa pacueTHOM cxembl Bamero BapumaHTa BBIYMCIMTE MATPHUILY Y3JIOBBIX

IPOBOIUMOCTER Yy .

2. CocraBpTe MaTpuily Yy 0€3 NEPEMHOXKEHUS MATPHUL C y4ETOM (DPU3HYECKO-

ro CMbICia €€ DJIEMEHTOB. CpaBHUTE TOIYYEHHBIH pE3ynbTaT C

MaTpuleh Yy , BBIYUCICHHONW B IL1.

3. 3amucarth ypaBHEHHE VY3JIOBBIX HANpPSOKEHWM B MaTpPUYHOM (GopMe U B

BHUJIE CUCTEMbI YpPaBHECHUI.

3ananme S.

[Ipennonoxu Hammuue DJIC B BerBsix 2,5 pacuetHou cxemsl Eg, = 100,
Eps = 300, 3anucaTh ypaBHEHHE KOHTYPHBIX TOKOB B MaTpU4yHOU ¢opme U B
BUJIE CUCTEMBbl YpaBHEHMUII.
3aganue 6.

1. Ucnonb3yst CUCTEMY YpaBHEHHMM Y3JIOBBIX HANpPsDKEHUH, MONIYYeHHYIO B
3ajanud 4, paccuuTaTh ~ 3HAYEHUE Y3JIOBBIX HAMpPSHKEHUH METOJ0M
l"aycca.

2. Ilpoananu3upoBaTh TOYHOCTH pPE3YyJIHTATOB pacyeTa.



3apanme 7.

1. Hcnonw3ys cucteMy YypaBHEHHH Y3JI0BBIX HampsbKeHUW (3amaHue 4),
paccunTarh 3HAYCHUS HANPSHKEHUHA B y3/1aX pacUE€THOM CXEMBl METOJIOM
3eitnens (mpoBecTu 3 UTEpaIUm).

2. Ilpoananu3npoBaTh CXOJAMMOCTh HUTEPALIMOHHOTO MpOLECCA.

3aganue 8.

Ha ocHOBe pacdeTHOM CXeMbl C YYE€TOM IIOCTAHOBKM 3a/1aud pasziena
3.2. ¥ HCXOAHBIX JAHHBIX O MapameTrpax TEeHepaTopa, KOTOPBIA IOJIKIIOYEH
K 4-My y31y, ONpEIEIuTh YCTOWYMBOCTH  CHUCTEMBI IO  KOPHSIM
XapaKTEpPUCTUYECKOTO YPABHEHHS.
3ananme 9.

JIns  pacyeTHOM CXeMbl 3aJaHHAs 8 3amucaTb  XapaKTEPUCTUYECKOE
ypaBHEHHE C YYE€TOM [E€PEXOJHBIX TMPOLECCOB B OOMOTKE BO30YXKICHHUS.
IIpoananu3upoBaTh YCTOMYMBOCTH CHUCTEMBI 10 KpuTepuro I'ypsuua.
3ananme 10.

[Ipoananu3upoBaTh YCTOMYMBOCTH CHUCTEMBI (3aaHuE 9) MO  KPUTEPUIO
Muxaitnosa. [Toctpouts kpruByro Muxaiinosa.

5. Ilpumep ucnosb3oBaHus Metoaa ["aycca 1Jis penieHusi ypaBHeHUMH
Y3J10BBbIX HANIPSKEHUN JJIEKTPOIHEPreTUHYEeCKOM CUCTEMBI.

Ycaosue 3agaun: J{4 3aJaHHONM PACUYETHOM CXEMbI COCTABUTH CHUCTEMY
YPaBHEHUM Y3JIOBBIX HAIPSHKEHWW. PaccumTaTh 3HaYCHHE HANPSOKEHWHW B y3JIax
CXEMBI C UCIIOJIB30BaHUEM MeToza ['aycca.

HUcxonupie faHHBIC:

I3




Z,=01; Z,=0,2; Z3=04; Z, =0,5; Zs =0,4; Z¢=0,1.
I, =-10; 1, =-20; I3=-40; 1,=-20. Bce y31bl — Harpy304HbIE.
1. CocTaBUTh MaTPUILy MPOBOJUMOCTEH BETBEH.
10

5

25
1/2, 5

1/2, 25

10

Y, = ZB-l - 1/Z, | = i ]
2. Jlanee moJIy9rM MaTPHILY y3JIOBBIX IPOBOAMMOCTEIH:
15 -5 0 0 ]
-5 12 -25 -2
0 -25 25 O

Yy:MYBMt: 0 -2 0 12 |
3. CocraBuM cuCTeMy ypaBHEHHUH Y3JIOBBIX HAMPSKEHUI HA OCHOBE MATPUYHOTO
ypaBHeHus: Yy Up = |
15Ux1-5Uy, = -10
-5Ux1+12U,) —2,5Up3-2Upg = -20 (5.1.)
-2,5Up1+2,5U,3 = -40
-2Up+12Uy = -20
4. Pemmm cucteMy ypaBHEHHUH Y3JIOBBIX HAMPSHKEHUN C UCTIOJIb30BAaHUEM
anroputMa Merozaa ['aycca ¢ 0OpaTHBIM XOJ0M.
AnTopuTM BKIIIOYaET B ce0s 2 dTana:

1. IIpsmoit xon I'aycca: cOCTOUT U3 OJMHAKOBBIX IIArOB, CBSA3AHHBIX C
dopMHpOBaHHEM U3 MaTpUllbl KO3(PPUIHMEHTOB Yy  BepxHed
TPEYTrOJIbHOW MAaTPUIIBI:

1 mar: nojiiyduMm MepBO€ KIIOUEBOE YpaBHEHUE MJI YEro pa3iesivuM
nepBoe ypaBHEeHHE cucTeMbl (5.1.) Ha auaroHaibHBIN d7eMeHT Yy = 15. s
uckimodeHuss U,y W3 I-r0 ypaBHEHUSI MBICICHHO MOMHOXHM KITFOUYEBOEC
ypaBHeHHe Ha Kodhurment mpu U,y  1-ro ypaBHEHUS, B3AThI ¢ 0OpaTHBIM
3HAKOM, a 3aTEM CJIOKUM KJIFOUEBOE U I-€ ypaBHCHUE:

Ua1-0,33U,, =-0,67
10,35UA2 — 2,5UA3 —2UA4 = '23,35

22,5U,, + 2,5U,5 = -40 (5.2.)
'2UA2 + 12UA4= -20
2 ar: HonyqaeM BTOpPO€  KJIKHOYEBOC YPAaBHCHUEC, IJIA YCTO

pazaenum BTopoe ypaBHeHue (5.2.) Ha Y, = 10,35, Uckmouum U,, u3



BCEX YpPaBHEHUH HIXKE KIIOYEBOTO. 3amuileM MNpeoOpa3oBaHHYID CHCTEMY

ypaBHeHHﬁ, Ha4YMWHaA C KJIFDYEBOI'O
{ Uup— 0.24U,5— 0,193U,, = -2,256

1,9U,3 — 0,48U,, = -45,64 (5.3.)
—0,48U,3+ 11,62U,, = -24,512
3 mar: [Tonydaem 3-e kimroueBoe ypaBHeHHE U UcKimouaeM U,z U3 Bcex
ypaBHEHMI HIDKe KimoueBoro. Cucrema ypaBHEHHMH, HadyWHas C  3-TO
KITF0UEBOT0, Oy/IeT UMETh BU/I;
{ Uy —0,253U,, = -24,02
11,49U,, = - 36,042 (5.4))
4 mar: Iloxydyaem yeTBepToe KiIoueBoe ypaBHeHue U,, =-3,13.
B pesynbrate mpsamoro xoma l'aycca ypaBHEHME Y3JI0BBIX HaIpsSKCHHUU
MPUOOPETAET CICTYIOTNI BU/I;

1 -033 0 0 ual [ -067
1 —024 -0193| |U4,| |-2256
1 —0253| |u4, |~ |-2402

1 u4, -313 (5.5)

2. OOpartnbiii xon metoza ['aycca:

Upg = -3,13;

Uz =-24,02+0,253U,, = -24,81;

Uyz =-2,256+0,24U,3 + 0,193U,, = -8,81;

U1 =-0,67+0,33U,, =-3,577

3. Tperuit sTam pacuera CBs3aH C aHAJIU30M TOYHOCTU perieHus. g 3Toro

PaCCUUTHIBAIOTCS HEBSI3KHU MO UCXOJHOW CUCTEME YPABHEHUH.

W, = |-10-15U,; + 5Uy,| = |-10-15(-3,577)+5(-8,81)| = 0,395;

W, = [-2045U,; - 12Ux, +2,5U 3 +2U | = |-20+5(-3,577)-12(-8,81)+
2,5(-24,81)+2(-3,13)| = 0,45;

W; = |-40+2,5U,; - 2,5U,3| = |-40+2,5(-8,81)+2,5(-24,81)| = 0;

W, = [-2042U,; - 12U,4| = |-20+2(-8,81)-12(-3,13)| = 0,06;

CyMMmapHast HEBsI3Ka

4
W;
WZ =i; = 0,905

onpecaACsICT TOYHOCTD IMOJYYCHHBIX 3HAHUU Y3JIOBBIX HEal?DKCHHﬁ.

6. IIpumep pacyera ypaBHeHUH Y310BbIX HANPSIKEHUH
¢ HCIOJIb30BAHUEM MeTOoa 3eidaes.

YcaoBus 3ajgauu. Jmda  pacyeTHOM CXeMbl H HCXOAHBIX JAHHBIX
MPUBEACHHBIX B pazaene 2.3. , pacCUMTaTh 3HAYCHMS Y3JIOBBIX HAMNPSKECHHUHN C
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WCITOJIb30BAaHUEM MeToa 3eiiens (MpOBECTH JIBE UTEPAIMUA U CIeJaTh BBIBOA O
CXOAMMOCTH HTEPAIIMOHHOTO Ipoliecca), TouHoCcTh pacuera E = 0,01 .
PacueT utepaninoHHbIM METOJIOM 3€ii1esIsl BKIIIOYAET B ce0sl CIEAYIOLIUE ATAIbI:
1. IIpeoOpa3zyeM HCXOIHYIO CHUCTEMY Y3JIOBBIX HampsbkeHuid (5.1.) kK Bumy,
yIOOHOMY ISl HTEPAIIOHHOTO MpoIiecca.

Ua: =-0,67+0,33U,; ;

Uz =-1,67+0,417U,; + 0,21U,3+0,167U 4 (6.1)

Uas =-16+U,;

Uas =-1,67+0,167U,,
2. 3agaauMcs Ha9aJIbHBIM TPHOIMKECHUEM Y3JI0OBBIX HAPSIKCHUINA:

Uat'”) = -0,67;

Uso) = -1,67;
Uss” = -16;
Ux® =-1,67;

3. Ha HepBOﬁ HUTCPpAlUH BBIYHUCIIAACM 3HAYCHHA IICPBOTO HpI/I6JII/I)KeHI/IH Y3JI0BBIX
HaINpsHKEHUN UAi(l) , OCYHIECTBJIASI IIOJACTaBKY UAi(O) B CHUCTEMY ypaBHEHUU
(6.1.):

Uyu® =-0,67+0,33 U,® = -1,22;

U® = -1,67+0,417 U, P+0,21 Us9+0,167 U,© = -5, 81;

U = -16+ U, = -21,82;

Un® = -1,67+0,167U,," = -2,64.

4. PaccunTblBacM HEBS3KM HA MEPBOM MUTEpaUuy [JJIs IMPOBEPKH TOYHOCTHU
MOJIYYEHHBIX pe3yJbTaToB. JJig 3TOro MoJICTaBUM 3HA4YeHHs HanpsbkeHuit U Ai(l)

B UCXOAHYIO cuctemy (5.1.), Torna:

w,® = 20,75;
w, = 16,21
w, = 0,025;
w, = 0,086.

Cymmupys Haiinem W2 = 37,045

CnenoBarenbHO, TOUHOCTH pacuera E = 0,01 He nocturayra W2 >E

5. Ha Btopoii uteparuu npon3BeaeM MOACTAHOBKY Un® B CHUCTEMY YpaBHECHUU
(6.1.), umeHHO:

Un® =-0,67+ 0,33U,,"" = -2,59;

Up® = -1,67+0,417U,® +0,21U,,® +0,167U,," = -7,77;

Uas® = -16+ U, = -23,77;

Ua® =-1,67+ 0,167U,,? = -2,968;

6. Paccunraem HEBSI3KHM Ha BTOPOW UTEpalluU

w,® = 10;
W, = 5,07,
W3 =0;



w,® =0,07:

Torna WZ = 15,14 > E, cnemoBareiabHO, 3HAUYCHUS UAi(Z) ele He
SBIISIIOTCA  HMCKOMBIM DPEIICHUEM CHUCTEMBbl YPaBHEHUHN Y3JIOBBIX HAINpPSKEHUN
(6.1.). Oxnako, cymMmMapHast HeBsi3Ka Ha Bropoil urepamun WY @ sHaunrensro
yMmenbimmIack 1o cpasaerno ¢ WY & . Bemonsenue yenosus WY @ < wy @
CBUJETEIBCTBYET O CXOJMMOCTH UTEPALIMOHHOIO IIPOLECCa.

7. Tlpumep aHaJIM3a CTATHYECKOM YCTOMYHUBOCTH o KOPHAM
XaPAKTEePUCTUYECKOI0 YPABHEHMS JJIEKTPOIHEPreTHYeCKOM CUCTEMBbI.

VYcranoBuBmmiicss pexuMm  pabor DODC mpeamnosiaraetT  HEMPEPBHIBHOE,
CTOXaCTUYECKOE H3MEHEHUE BO BPEMEHH OOJIBLIOrO KOJIMYECTBA HArpy30K. JTO
MPUBOJUT K TIOSBJICHUIO HA TEHEPATOpax CHUCTEMbl JOMOJHUTEIBHBIX MaJbIX
MOMEHTOB AM, KOTOpbI€ TaK)KE€ CTOXACTHUUYECKH YBEIUYMBAIOT UM YMEHBIIIAIOT
MOMEHTBHI, ICUCTBYIOIIUE HA BajaX 3TUX I'€HEPATOPOB U CMEILIAIOIINE UX POTOPHI
Ha MaJjble yIibl AJ .

Bo3Hukaromue npu 3TOM MNEPEXOJHBIE MPOLECChl  MOTYT OBITh ONHUCAHBI
mudpepeHInanbHBIMU  YPaBHEHUSAMH OTHOCHUTENIbHO Masibix  AJ.  [lopsimok
YPaBHEHUI ONpPENIENAETCS CIOKHOCThIO paccmaTpuBaemoit 39C.

Paccmorpum mpocrteimmii - cioydaid. CTaHUMS — IIUHBI OEeCKOHEUHOM
MoOITHOCTH. [IpoaHanu3upyeM CTaTUCTUYECKYK) YCTOMYMBOCTH  CHUCTEMBI
COTJIACHO PHUCYHKY, MPEICTaBICHHOMY B M.5. [Ipu OTCYTCTBUUM Harpy3ku B y3lax
1,2,4 q ¥ MOAKIIOUEHHS K Y37y 3 CHUHXPOHHOTO HESBHOIIOJIIOCHOTO T€HEPATOpA.
Jlns pemieHus 3TOM 3afauyM  LENECOO0pa3HO NPUBECTH MCXOAHYIO PAaCUETHYIO

Xe
U.

Xd

CXEMY K OKBHBAJICHTHOMY BHUY:

Puc.1.
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Ecnu He yuyuThIBaTh TEepexOAHBIC MPOIECCHl B OOMOTKE BO30YKICHUS
reHeparopa, HO Y4YecTb JeMI(UpyoUMe  MOMEHTHI, IuddepeHinanibHoe
ypaBHEHUE OTHOCUTEIBHO A0 UMEET BU:

d’4s das
T, dt* +Pg dt +C; A= 0, (7.1.)
rae Tj —nocrosHnas uHepuuu [4,6]
P4 - K03 dunmeHT naemndupoBaHUs
Koaddumment C; ypaBuenus (7.1.), ompenensieTcss UCXOM U3 COOTHOIIICHUS:
EqU.

C.= Koz cosd, (7.2)
rae Eq— cunxponnas DJIC

Uc — HanpspKeHHe CUCTEMBI

0 — yrou Mexkay Bekropamu E; Uc
3HaueHne Xgy oOIpenenserca 1o Gopmyie:
Xy = Xg + X,
X4 — CHHXPOHHO€ UHJIYKTUBHOE COITPOTUBJICHUE T€HEpaTOpa MO MPOJA0JILHON OCH,
Xc = SKBUBAJICHTHOE COMPOTUBJICHUE CUCTEMBI.

Torna xapakTepuCTUUECKOE ypaBHEHUE UMEET BU/I;

T;p’+Pgp+Cy1=0 (7.4)

OrnpenenuB 3HaUE€HUE KOPHEH XapakTepucTuueckoro ypasuenus (7.4.) , Ha
OCHOBaHMU  TeopeMbl JlsmyHoBa OyaeM cyauTh 00  yCTOMYMBOCTH
ANEKTPOIHEPTETUUECKON CHUCTEMBL. 3aJaiUMCS HWCXOAHBIMM  MapameTpamu
reHepaTopa U CUCTEMBI.

Pacuer Oynem BecTH B OTHOCUTENbHBIX €IUHUIIAX:

Us= Uruon = 10,5 kB, S5 =S 1on = 7,5 MBA
Eq,=1,07, Uc=1, P4=60, 6=mn/3, X4=1,7, Tj=14c.

st onpenenenust kodgdunuenta C; mo (7.2) HE0OXOIUMO pacCUUTaTh
3HAYEHUE SKBUBAJICHTHOTO COMPOTUBIIEHUS CUCTEMbI X, KOTOPOE COOTBETCTBYET
JMaroHaJIbHOMY DJIEMEHTY MATPHUIIBI Y3JIOBBIX CONPOTUBIICHUN Zy
Xc=2Zys3, Tak Kak reHepaTop IOJKIIYEH K y3dy 3.

Marpuna y310BbIX CONPOTHBIEHUH Zy 0OpaTHO 10 OTHOLIEHHUIO K MAaTPHIE
y3JI0BBIX MPOBOJIUMOCTEM, OITOMY BBITIOJIHSETCS COOTHOIIICHUE

Yy Z,=E, tne
1000
0100
0010
E=10 0 0 1] enunmunas matpuma
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211212213214
221222223224
231232233234
Z, = [ £uZsZ424s | MaTpuma y310BBIX COMPOTHBIICHHIH IS PACUETHOH CXEMBI

Otcroza cieayeT MaTpUYHOE YPaBHEHHWE I OMNPEICIICHHS JJIEMEHTOB
TPETBHETO CTONONA Zy , a CIEI0BATENBHO Zy33

Zy31

y32

= O O

y33

Y, L[5yee] =10 (7.5.)
[Ipu perieHre cUCTEMbl YpaBHEHUM BOCIIOIB3YEMCS YK€ HMEIOIMUMCS Y
Hac pe3yJbTaTaMH pacueTa Y3JIOBBIX HampsbkeHUH Mmerogom ['aycca 1o
MaTpu4HOMYy ypaBHeHHIO Yy U, = |
[Tockonpky MaTpuna koddduuueHToB Yy, OIMHAKOBA, 3aMEHMM BEKTOP
Hen3BecTHBIX U, B (5.1) Ha Zyjj, a cTonben cBoOOAHBIX 4ieHOB | Ha cronber
CAMHUYHONH MaTpullbl. Torga Bce TpeoOpa3oBaHUS 10 TPETHETO KITFOYEBOTO
YpaBHEHUS aHAJIOTHYHBI.
3anuiieM mpeoOpa3oBaHHYI0 MATPHILy, HAYWHAS C TPETHETO KIIFOYEBOTO
ypaBHEHUS:
1,9 Zy33 - 0,48 Zy34 =1
-0,48 Zy33 + 11,62 Zy34 =0
3aBepmmM npsamou xox ['ayca:
y33 — 0,252y34 = 0,526
{Z 11,52y34 =1
Torma
Zy34 = 0,0219 Om
Zy33 = XC = 0,53 Om
IlepeBenem X 1 Tj B OTHOCHTENBHBIX €AMHULIAX:
X (omm. e = X (om Ss/U % = 0,53-75/10,5* = 0,036
Tj pan) = @0 Tj(0),
['me wg = 2n/60 cuaXxpOHHAs yrioBas yactota mpu N = 3000 o6/muH, oy = 314
pan/cek, Tj = 14-314 = 4396 (pan)
Omnpenenum 3HaueHue koddpdunuenta C,

N N N

Xi=Xg+Xc=1,7+0,036 =1,736
EUc 107 -1

Ci= Xax cosd= 1736 cos(n/3) = 0,308
HaitneM KOpHHM XapakTepUCTUYECKOIO0 YPaBHEHUS BUAA:
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4396p°+60p+0,308 = 0

—60J_r\/602 —4-4396-0,308
P1,2 = 2-4396 ;

—60+ j426

24396

P, = =-6,8:10° +j4,8-10°

HUcxons w3 TeopeMbl JlsmyHoBa, cucTeMa SBISETCS CTATHYECKH
YCTOHYHMBOM , MTOCKOJIbBKY 00a KOpHS COJEpKaT OTPULIATEIbHYIO BEUIECTBEHHYIO
yacTb. Pemenne nuddepenunansaoro ypapaenus (7.1) umeer BUA:
AS(t) = Ae™ + At

OpHako JIsi MHXKEHEPHBIX 3a7]a4 HET HEOOXOAMMOCTH pacueTa 3aBUCHUMOCTHU

Ad(t). JocTaTo4HO MO KOPHSIM XapaKTEPUCTUUYECKOTO YpaBHEHUS OMNPENETUTh
BUJI TEPEXOJIHOTO TMpollecca Mpu OTKIOHeHHH yria Ad. B paccmoTpeHHOM
npuMepe cucTeMa KojebaTrenbHO ycToiuumBa, m3meHeHust Ad(f) mmeror Bun
3aTyXarolMX TapMOHUYECKUX KOJIEOAHUN C 4aCTOTOH OKOJIO 4,8>"10'3paz['1 158105
24 T,

8. IlpuMep aHa/IU3a YCTOMYHUBOCTH JIEKTPOIHEPTreTHYECKOH CHCTEMBbI 10
kpurepuro I'ypBuna.

AHaIN3 CTaTUCTUYECKOW  YCTOMYMBOCTU DIJIEKTPUYECKUX CHCTEM IIYTEM
MPSAMOTO OTBICKAHWS  KOPHEH  XApAaKTEPUCTUYECKOTO YPAaBHEHUS CBA3aH C
MPAKTUYECKUMHU TPYAHOCTSAMH, TOCKOJIbKY OTCYTCTBYIOT aHAJIUTUYECKHE
BBIPAKCHUA KOPHEW YPAaBHEHHUM BBIIIE YETBEPTOro mnopsaaka. OmHaKo A
CYXKJeHUsT 00 YCTOWYMBOCTH CHUCTEMBI JOCTAaTOYHO 3HATh, YTO BCE KOPHU
PACIIOJIOKEHBI B JIEBOM IOJYIUIOCKOCTH KOMIUIEKCHOW IUIOCKOCTH, T.€. UMEET
OTPULATEIIBHYIO BEIIECTBEHHYIO YACTh. Y CIIOBUSL KOTOPBIE MTO3BOJISIIOT CYJIUTh O
HUIMYUA ~ OTPULATEIIBHOW  BEIIECTBEHHOW  4YacTH y BCEX KOpHEH
XapaKTEepUCTUYECKOIO YPABHEHUS HA3bIBAIOTCA KpUMEPUAMU YCHIOUYUBOCHMU.
Kpurtepuu ycTolunBOCTH JIEISATCS HA anredpandeckue U 4acToTHeie. PaccmoTpum
NpUMEHEHUE alredpanyeckoro kpurepus ['ypBuua [ aHaiuM3a CTaTUYECKON
YCTOWYHUBOCTH MPOCTEUIIEH  BJIEKTPUYECKOM CHUCTEMBI:  CTAHLMS-IIWHbI
OECKOHEUHOM MOIIHOCTU, PACCMOTPEHHOM B TpeAblaylieM mnoapasnaene 7. [lpu
ATOM YUYTE€H HE€ TOJBbKO AEMII(PUPYIONIME MOMEHTHI B OOMOTKE BO30YXIACHUS
reHepaTtopa. B 3ToM cnydae XapaKTEepUCTHYECKOE ypaBHEHHE OyAEeT HMETh
TPETUMN TIOPATOK

TiTgP’+ [+ PaT'P* +(CoT4+Py P+Cy =0, (8.1
do dy 3 béj
riae Tj — moCTOsIHHAs MHEPLIMH TE€HEPaTopa,;

Py - ko3 dunment nemndupoBaHus;
T’y - mepexojiHas MOCTOSTHHAS BPEMEHU TeHEepaTopa Mo MpoA0ILHOM OCH.
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3nauenne koddpdunuenta C; Beruucasiercs no (7.4), a s onpeaesieHus

C, ucnosib3yercs BbIpakeHHeE:

Xy —X'd
C, =Cy+ XaxX 0z U%: sin%5, (8.2)
rIae X’dz = X’d + Xc

[lepexonHas MoOCTOsIHHAsE BpEMEHHU TeHepaTtopa 1’y pacCUMTHIBAeTCS U3
BBIPAKEHUS:

X ax
T’y = Xex Ty — TNOCTOSHHAS BPEMEHH OOMOTOK BO3OYKICHHS CHHXPOHHOI
MAaIIMHBI TPU PA30MKHYTONH OOMOTKE CTaTopa.

[IpousBenem pacder KOIPPUIMEHTOB XapPaKTEPUCTUUECKOTO ypaBHEHUS
(3.10), wucnone3ys HUCXOAHBIC daHHBIE TpumMepa (§7) U JONMOIHUTEILHBIE
CIPaBOYHbIE IaHHbIE F€HEPATOPa B OTHOCUTEIbHBIX €INHULAX:

Eq=1,07; Te=7,26; X’ 4=0,172; Uc=1;P4=60;8=n/3; Xy4=1,7; T; = 14c;
Us = Upion = 10,5 kB; Sg = S = 7,5 MBA.

Haxonum T ’4 o (8.3)

Xag=X’g + X =0,172+0,036 = 0,208

0,208

Tq= 1736 - 7,26 =0,87 ,

Torna

a=T;T°¢=4396 - 0,87 =3824,5
ap=T;+PyTg=4396 + 600,87 = 4448,2

az;=C,; =0,308

Jlns onpenenenus a, Haiaem 3HaueHue kodpuuuenta C, no (8.2)
17-0172

C,=0,308 + 0,208-1736 - 1% sin*(n/3) = 3,48 ;

Tornma

a,=C, T’q+ Py =3,48:0,87+60 = 63,03
3anuiieM xapakTepucTudyeckoe ypaBHeHue (8.1) ¢ ydeTroM  3HAUYCHHIA

K03 PUIHEHTOB:

3824,5p° + 4448 2p* + 63,03p + 0,308 = 0, (8.4)

Hnsa wucnone3oBanus Kpurepus ['ypBuna — onpenenurens ['ypBuua mo

CJIEAYIOIINM ITPaBUJIAM:

- 10 TJIAaBHOW JMaroHayiv pacmojaratorcs kodddumuenTtsl ypaBHeHus (8.1) B
MOPSIAKE BO3pACTaHUS UHJICKCOB, HAUMHAS C aj;

- TOCTPOYHO MOMEIIAIOTCA KOI(PEGUIIMEHTHl TOJBKO C YETHBIMH WJIM TOJIBKO
HEUETHBIMU HWHJIEKCAMU, BJIEBO OT JMAaroHajdud  HHJEKChl YMEHBIIAIOTCH,
BIIPABO YBEJIMUUBAIOTCS;

- Bce ocTaBmuecs KOAQPUIUESHTHI 3aMEHSIOTCS HYJISIMHU.
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Onpenenutens ['ypBuna st XxapakTepUCTHUECKOTO ypaBHeHUs (8.4) umeer
BU/I:
44482 0,308 0
38245 6303 0
Ag = 0 44482 0,308

BrienvM MUHOPBI OTHOCUTENBHO IJIaBHOW AWArOHAA Az M IPUMEHEHUEM
kputepunt ['ypBuna. [lnd yCTOMYHMBOCTH 3JIEKTPOIHEPTETUYECKOU CHUCTEMBI
HEOOXOJIMMO U JIOCTaTOYHO, YTOOBI MpH ap>0 BCe TJaBHbIE IUArOHAIbHbBIC
MUHODPBI onipeaenuTens ['ypBulia ObUTH MOJOXKUTEIbHBI:
ap= 3824,5 > 0;

A]_: a; — 4448,2 > O,
[4448,2 0,308
Azz

38245 63’03} = 4448,2-63,03 — 3824,5-0,308 = 280370,046-1177,946 =
279192,1>0
Az=az A, = 85991166 > 0.
Takum o6pazom, paccmatpuBaeMas IIC SIBISIETCS CTATUCTUYECKU YCTONYUBOIA.

9. Ilpumep ucno/jb30BaHus Kputepust MuxaiijioBa /151 aHaIu3a
CTATHCTHYECKOM YCTOMYHUBOCTH JIEKTPOIHEPreTHYECKOH CHCTEMBI.

Kpurepnit Muxainosa siBIsi€TCSI 4ACTOTHBIM KPUTEPUEM YCTOMYHUBOCTH. B ero
OCHOBY TMOJIOKEH MPUHIIUIT ApTyMEHTA, U3BECTHBIN U3 T€OpUU (PYHKIUIA
KOMIUIEKCHOT'O MIEPEMEHHOTO. PaccMOTpHUM MCTIOJIb30BaHUE YAaCTOTHOTO KPUTEPUS
MuxaiinoBa Jy1sl aHaJIu3a yCToMuuBOCTU npocreiiieid 99C, pacCMOTPEHHOU B
NpEeAbIIYIIUX pa3aenax.

Hcxons u3 Buaa XapakKTepUCTHIECKOTO ypaBHEeHHS (8.4), 3anuiieM
xapakrepuctuiyeckuit MHorouseH [ (p) :

I (p)=app’+a1p°+app+as =3824,5p° + 4448,2p° + 63,03p + 0,308
OcymectBisis mojcTaHOBKY P = jo B (8.5), momyuyuM xapakTepUCTHUYECKUI
BekTop /I (Jo)
I (jo) = 3824,5(jo)® + 4448.2(jo)* + 63,03(jo) + 0,308 (8.6)
Pa3nenum BeliecTBEHHYIO U MHUMYIO COCTaBIISIONIYI0 BEKTOPa
I (o) =U(on) +jV(o); toe U(w) =0,308 — 4448 2m; V(®) = 63,030 — 3824,50%
Bexrop /I (o), n300pakeHHbIN B JEKapTOBBIX KOOPAMHATAX Ha IJIOCKOCTH, MPHU
U3MEHEHMSIX - o0 < @ < + 00, BpallaeTcs, U KOHEI] BEKTOpa OMHUCHIBAET KPUBYIO,
KOTOpast HA3bIBACTCS 20002Paghom XapaKTEPUCTUUECKOTO YPABHEHHS.
[Ipaktuueckass ¢dopMmynupoBka KpuTepuss MuxaitoBa: cucrema OyaeT
yCTOWYMBA, €CNU MpH Bo3pacTaHuu ® oT 0 g0 o romorpad, HaYMHASCH HA
MOJIOKUTEJIbHOW YacTH BEIIECTBEHHOW  OCH, MPOXOJUT TMOCIEIOBATEIIBHO B
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MIOJIOKEHHOM HAMpaBJIeHUH N KBAAPATOB, T1ie N - CTEMEHb XapaKTEPUCTUICCKOTO
ypaBHCHHUSI.

Takoe nepemenienne rogorpada coOOTBETCTBYET MOBOPOTY BekTopa I (jo)
Ha yrox 0,5 zn. Jlusg moctpoeHus rogorpada ONpeaeIMM TOYKH IEPEeCeUCHUs C
BemtectseHHoir U u manMon V ocamu:

a) nepecedeHue rojgorpada c ocsto U npoxoaut npu V(w) =0
V(o) = o (63,03 —3824,5 ®®) = 0

63,03
0, =0; 0, = V38245 =0,128.

Takum oOpa3om, mepBasi TOuka TMepeceueHuss Npu ®; = 0 COOTBETCTBYET
U(®,) = 0,308; Bropas Touka npu o, = 0,128 cootBercTByeT U(0;) = -73;
6) mepeceuerns rogorpada ¢ ocsro V mpoxomut npu U(w) = 0,308 — 4448202 =0

0,308
o, = V44482 =8310°% V(o) =0,522.

BriOuparoTcss TONBKO IIOJOKUTENIbHBIC 3HAYEHUS  KOpHEH, T.K.  ®
n3mensercs oT 0 1o oo. I mocTpoeHHs rpaduka 3aJaauM psJIOM 3HAYCHUN
0<w<oo 1 paccMOTpUM COOTBETCTBYIOMIME 3HaUeHHI U(®) u V(o)

o| 0 [5107%] 810° | 10" | 510" |...]

U |0,308|-10,8 | -28,16 | -44,17 | -1776 | ... |

V| o 2,67 | 3,08 247 | <1799 | ... | o
[TocTpouM rogorpad xapakTepUCTHUECKOTO YpaBHEHHUS, KOTOPbIM OKa3aH

Ha PUCYHKE 2.

V(o)
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Puc.2.
Ha ocHoBanum roporpada, HUCHONb3ys Kputepui MuxaiioBa, MOXKHO

CAcJIaTb BHIBOABI 00 YCTOfI‘IPIBOCTI/I CHCTCMEI.
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