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PABOYASA ITPOI'PAMMA JJIA JUCHUITVIMHBI 140204- «QJJEKTPUYECKHUE CTAHLIIUN»
1. IEJA U 3AJJAYN JTUCHHUTIJIMHBI

OTnUYUTENbHOW OCOOCHHOCTBIO SHEPreTUYECKOTO MPOM3BOJICTBA SIBIISIETCSI COBIAJICHUE BO
BPEMEHH IMPOLIECCOB IMPOU3BOJCTBA, PACHPECICHUS U TOTPEOTCHUs] AIIEKTPUUYECKOW HHEPrHH.
OTcrola BBITEKACT CJIOXHOCTh YIPABJICHHS COBPEMEHHBIM HHEPreTHYECKUM IPOH3BOJICTBOM,
TpeOoBaHUsI OBICTPONCUCTBHS M HAIC)KHOCTH pabOTHI Beex cucTeM. [lepeuncieHHbie 0COOCHHOCTH
M 33Ja4d YCIEIIHO pPEaJU3yIoTCs IMpH NPUMEHEHUH CpPEACTB aBTOMATHUKH, TEJIEMEXaHUKU U
BBIYHCIUTENbHON TEXHUKH, KOTOpPbIE SIBJISIIOTCS COCTaBHOM YacThi0 aBTOMATHU3HPOBAHHBIX CHUCTEM
ynpasneHus (ACY). M3yuenune npuHUMNOB opraHuzauuu u peanusanuu ACY — HeoTbemieMas
9acTh MMOATOTOBKH COBPEMEHHBIX HHKEHEPOB — AIEKTPUKOB.

Lenbto u3ydeHHs! AMCUMUIUIMHBI SIBISETCS OBJIAZCHUE CTYIEHTAMU METOJAaMH YIpaBJICHUS
TEXHOJIOTUYECKUMH IPOLIecCaMy MPOU3BOICTBA, METOJaMH MPOBEICHUSI TEXHUYECKUX PacueToB U
OTIpeIeNIeHUs] IKOHOMHUYECKON 3((EKTUBHOCTH HCCIEIOBAaHUN U Pa3pabOTOK, a TaKkKe METOJaMHU
ONTUMHU3ALMU PEKUMOB PAOOTHI JIEKTPOIHEPTETUUECKUX YCTPOHCTB.

2. MECTO JUCHOMIIJIMHBI B CTPYKTYPE OOII BI1IO

JucuunnmHa «ABTOMAaTH3MPOBAHHBIE CHCTEMBI  YIPABICHHA W ONTUMHU3AIMSA B
AIEKTPOIHEPreTHUECKUX cucTemMax» M crnennanbHocTu 140204.65 — «DnekTpudeckue CTaHIun»
pxoauT B rukn CJ[.JIC.® 4.

Wznoxenne copepkaHus AUCHUILUIMHBI OazupyeTcs Ha MaTeMaTW4ecKod u  oOriei
JNEKTPOTEXHUYECKONW IOATOTOBKE W 3HAHUAX, IOJYYEHHBIX MPHU H3YyYEHUU CIEHHAIBHBIX
aucuuiuine «Marematuka», «Pusuka», «Marematuyeckue 3agayu 3HeEpreTuku», «llepexonnsie
IPOLIECCHl B JJIEKTPOIHEPIreTUUYECKUX CHUCTEMAX», «DJIEKTPUUYECKAss YacTh JJIEKTPOCTAaHUUHA M
MOACTAHIUIY, «DIEKTPOIHEPreTUUECKUE CUCTEMBI U CETH», «MaTeMaTHYecKue MOJICIA U METO]IbI
B pacuetrax Ha OBMy.

J1711 OCBOCHUS JTUCITUTIUTMHBI HEOOXOIUMO 3HATh:

MaremaTvka: pelIeHHe CHCTeM aireOpamdyecKux ypaBHEHUH, Tpadel, (QyHKIUU
KOMILIEKCHOTO TIEPEMEHHOT0, TEOPHS BEPOSITHOCTEN U MaTEMaTUUYECKasi CTATUCTHKA.

®u3MKa: MEKTPUIECTBO U MATHETU3M.

TeopeTrnyueckre OCHOBBI JIEKTPOTEXHUKHU: 3aKOHBI SJIEKTPUUYECKUX IETEH.

MaremaTuueckue MOAEIM M METOJbl B pacuerax Ha DBM: mojaennpoBaHue M BEWBIET-
aHAIM3 CIIy4yalHBIX IMIPOLIECCOB,  HEUYETKOE MOJCIMPOBAHUE W METOAbl HEYETKOM JIOTHKH,
HEUPOHHBIE CETH.

OcCHOBBI HAay4YHBIX HCCIEIOBAaHUW: TIOCTAHOBKA OJKCIIEpUMEHTa U 00paboTka ero
pe3yiabTaTOB, TPAHCIOPTHAS 3a7a4d, METOAbl ONTUMHU3ALIH.

3. TPEBOBAHUA K PE3YJIbTATAM OCBOEHUA JUCHUITIJIMHBI

B pe3ynbrate n3ydeHus AUCHUILIMHBI B COOTBETCTBUHU C KBAIU(DUKALIMOHHON
XapaKTEPUCTUKON BBITYCKHUKOB, CTYI€HThI JOJIKHBI
3HATh:
- npuHUUNb! opranuzanuu ACY;
- uepapxuto ACY;
- cocTaB 3a/1ay, pemaeMblx ACY Ha KaKIOM YpOBHE HE€papXuM;
- Buabl ooecrieuenns ACY;
- METO/Ibl ONITUMU3ALINY;
YMETB!
- BBIOpaTh METO/ ONTUMHU3ALMHN K KOHKPETHOM 3aj1aue;
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- PCLIUTH IIOCTABJICHHYIO ONTHUMHU3ALMOHHYIO 33Jady M IIPOAHAINU3UPOBATH IOJYYCHHBIN
pe3yibTar;

IIOJIyYUTh HABBIKU:
- IPUMEHEHHS ONITUMHU3ALMOHHBIX METOAOB PELICHUS B IPAKTUYECKUX pacyeTax.

4. CTPYKTYPA U COIEPXKXAHHUE AUCHUIIVIMHBI «ABTOMATU3UPOBAHHBIE
CUCTEMbBbI YHOPABJIEHUA U ONTUMU3ALUA B IJEKTPOSHEPI'ETUYECKUX
CUCTEMAX»

OO0mast TpyI0eMKOCTh TUCHHUTUINHBI cocTaBisieTr 70 yaca.

Ne Pa3gern nuciuIninHel Buner yuebHoit paboThI DopMBI TEKYILIETO
n/m KOHTPOJIA
Jlexum | IlpakTuueckue CPC P
u 3aHsTH (Jac.) (gac.)
(gac.)
Cemecmp 9
1 Paznen 1 14 14 ITocemienue
«ABTOMaTU3MPOBaHHbIE JIeKIHiA.
CHCTEMBI ABJICHUS)
yip OTtueTsl 10
Tema 1. OCHOBBI TOCTPOEHUS
BBIIIOJTHEHUIO
ACY.
MIPAKTHIECKHUX
Tema 2. ABTOMaTU3UpOBaHHOE
pador.

yIIpaBJICHUE B

3JICKTPOIHEPTETHKE. baum-onpoc  Ha

Tema 3. TIporHo3upoBane JICKIMSX
AIIEKTPOTNIOTPEOICHUS U

rpauKOB IEKTPHUUSCKUX

Harpys3okx.

2 Paznen 2 «Ontumusanus B 14 14 14 | Tocermenue
AIIEKTPOIHEPTETHUECKUX KL,
CUCTEMax U CHUCTEMax

OTtuetbl 1o
DIIEKTPOCHAOKCHHSI

BBITTOJTHEHUIO
Tema 4. 3agaun onTUMHU3AIUN pAKTHYECKHX
pexxumoB B D9C u COC.

pador.

Tema 5. MaTtemaruueckas

MOJIeJIb OIITUMM3AIIUH Brun-onpoc Ha

IapaMeTPOB PEKUMA CHCTEM JCKOMAX
AIIEKTPOCHAOKECHUSI. KoHnTponbHas
Tema 6. MeToibl pereHus pabota o
ONTUMU3AIMOHHBIX 33]1a4. Moxayssim 1 u 2.

5. COJAEPXKXAHUE PA3JAEJIOB U TEM JUCHUIIJINHbI
5.1 JEKIIUH

Pasznen 1 «KABTOMaTU3HMPOBAHHbIE CHCTEMbI YIIPABJICHUS)

Tema 1. OcnoBbl nocTpoenusi ACY. Cucremsl u ynpasinenue. CUCTEMHBIN NOAX0. 3a1auu
ONTUMAJILHOTO YIPaBIIEHUS! UCKYCCTBEHHBIMU CHCTEMaMH.

Tema 2. ABTOMATH3UPOBAaHHOE yIIPaBJIeHHE B dJIeKTpo3HepreTuxke. CpelcTBa U CUCTEMBI
yhpaBlieHus dHepreTudeckuMu oobektamu. Ctpykrypa u odecnieuenne ACY. Uepapxus ACY.
Kputepuu n 3anaun, pemaemoie B ACY. ABTOMaTU3MpPOBAHHBIE CUCTEMBI YIIPaBICHUS

SHEProcHa0KeHHEM MIPOMBIIIICHHBIX NPpeanpuaTHii. HaydHble OCHOBBI aBTOMATH3HPOBAHHOTO
pewmenust 3aga4 B ACY COC u 39C.



Tema 3. IlporHo3upoBaHme 3JIeKTPONOTPeOJeHUsI M TPapUKOB IIEKTPUYECKHX HATPY30K.
Mopgenu nUKOBOW Harpy3ku. Mopaenu ajie BpEMEHHOM CTPYKTypbl Harpy3ku. Momenu ARMA u
ARIMA. Mognemu B (a3oBoM mpocTpaHcTBe. ['paduku 3MEKTPUUECKHX HArpy30K M METOABI HX
IIPOrHO3UPOBAHUS.

Paznen 2 «Onrtumusanmusi B JJIeKTPOIHEPreTHYeCKHX CHCTeMaxX MW CHCTeMax
3JIEKTPOCHA0KEHUSD)

Tema 4. 3agaun onTumuzauuu pe:xkumoB B IIC u CIC. 3amaun KpaTKOCPOUHOU U TOJITOCPOUHOM
ONTUMM3AIMK  PEKUMOB. HauBwIromHeiIee pacnpenesieHne Harpy3kd ToTpeouTeneii B
sHeprocucreme. IlnannpoBanue cocraBa padoraromiero 000pyI0BaHHA.

Tema 5. MaremaTnyeckasi MoJeJib ONTHUMH3AIMM MAPaMETPOB PpeKMMa CHCTEM
3j1eKTpocHa0keHusl. BriOop KpuTepusi ONTUMAIBHOCTH W oOrpaHu4YeHui. OCHOBHBIE TEXHUKO-
HSKOHOMHYECKHE TIOKa3aTelnd CUCTeM  dJeKTpocHaOxeHus. (OCHOBHbIE 3a/aud  TEXHUKO-
SKOHOMHYECKOI'0 aHAJIN3A.

Tema 6. MeToabl pelieHUs ONTHUMHM3AMMOHHBIX 3a4a4y. JluHeliHOE mNpPOrpaMMHUpPOBAHME.
[enounciennoe [IPOrpaMMHUPOBAHUE. Huckpernoe [IPOrpaMMUPOBAHUE Henuneitnoe
MIPOrpaMMHPOBAHHUE.

5.2 TIPAKTUYECKMUE 3AHATHUSA

1. Kputepuii onTUMaIbHOCTH PEXKUMA TETIIOBOM YHEPTOCUCTEMBI IO AKTUBHOM MOITHOCTH.

2. OnTuMuzanus pacrpeeeHusl akTUBHOM Harpy3ku sHeprocucreMsl Mexay TOC.

3. OnTumu3zanus pacnpeaesneHus akTuBHOM Harpy3ku Mexay TOC u I'9C.

4. OntuMuzanus pacrupeaeneHus rpaduka Harpy3Kd SHEPTOCHCTEMBI ¢ YU€TOM MOTEPH B CETH.

5. OnTuManbHOrO pacnpeiesieHue pecypcoB METOJAaMHU JIMHEMHOTO MPOrpaMMHUpPOBAHUS U
LEJIOYUCIEHHOTO TPOrpaMMHUPOBAHMUS.

6. OnTuMalibHOE pacmpeeleHue KOMIIEHCUPYIONIUX YCTPOWCTB B CHCTEMaX d3JIEKTPOCHAOKEHHUS.
JluckpeTHoe NporpaMMHUpPOBAHUE.

7. OntuMalibHOE pachpeeseHue KOMIIEHCUPYIONIUX YCTPOWCTB B CHCTEMaX d3JIEKTPOCHAOKEHHUS.
Henunelinoe nporpaMMupoBaHue.

6. CAMOCTOSATEJIbBHASA PABOTA CTYJAEHTOB

Ne No
= o pazzena (TeMbI " TpymoeMKOCTh
paszena ( ) dopma (BH) CAMOCTOSTETHLHON paboThI PyA
o/ JIHACIUIIINHEL B Hacax
Cemecmp 9
1 Paznen 1 [loaroToBka K BBINOJIHEHUIO NPAKTUYECKHX | 4

«ABTOMAaTH3MPOBAHHBIC | paGor.

CUCTEMBI yIIPABICHU
[TonroroBka K KOHTPOJILHOU padoTe.

) Pazpen 2 «Onrumusanms [ToaroToBKa K BBINOJHEHHIO MPAKTHYECKHX | |4

B pabor.

3JIEKTPOIHEPTETHUCCKUX

CHCTEMAX 1 CHCTEMAX [logrotoBka K KOHTPOJBHOM paboTe Mo
3IEKTPOCHAOKEHHUS MozynsM 1 u 2.

Brmomnuenne PI'P

7. OBPA3OBATEJIBHBIE TEXHOJIOT'MHA

Hamnyumeit  rapantueld  TIyOOKOTO M TPOYHOTO  YCBOCHHS  JIMCIUIUIMHBI
«ABTOMaTI/IBI/IpOBaHHBIC CUCTCMbI YHPABJICHUA U ONTUMH3AOUA B SJICKTPOIHCPICTUICCKUX
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cucremax» Juisl  crneuuanbHoctd  140204.65 —  «OneKTpudecKue  CTaHUUU»  SABISAETCS
3aMHTEPECOBAHHOCTh CTYACHTOB B IpuoOpeTeHuM 3HaHui. [loaTomy [uis monmnep:kaHUs HHTEpeca
CTY/IEHTOB HEOOXOIMMO HCIIOJIb30BaTh pa3IMyHbIe 00pa30BaTeIbHbIC TEXHOJIOIMH U 33€HCTBOBATh
BCce aTpuOyThl Mpollecca HAaydyHOro mno3Hanus. [lpu mpenogaBaHHM HCHONB3YETCS pa3elibHas
TEXHOJIOTHUSI.

[Tpu npoBeneHNN MPAKTUYECKUX 3aHSITUN HCIOJB3YIOTCS COBPEMEHHbIE HH(POPMAIMOHHBIE
U KOMIBIOTEPHBIC TEXHOJIOTUU. [Ipu BBIMOTHEHMHM pPAOOT HMCHONB3YIOTCS CIEAYIOMIMNA IMpHEM
uHTepakTUBHOTO oOyueHusi «Kelc-MeTon»: 3aJjaHue CTyIEHTaM JUIsl MMOATOTOBKHU K BBIMOJHEHUIO
nabopaTtopHoit paboOThl UMUTHPYIOILIEH peaabHOe COOBITHE; 00CYKIECHUE C MPENoAaBaTeleM IeH
paboThl M XO0Ja BHIIIOJHEHHUS €€ BBINOJIHEHUS;, OOCYXKIACHHE U aHaJIu3 MOJTYYEHHBIX PE3yJbTaToB;
00CYyXJIeHUE TEOPETHUYECKUX IMOJIOKEHHH, CIpPaBeIIMBOCTh KOTOPHIX OblIa YCTaHOBJIEHA B
MIPOLIECCE BBHIMTOJIHEHUS TPAKTUUECKUX 3aJaHHH.

8. OLIEHOYHBIE CPEJCTBA /IS TEKYIIEIO KOHTPOJISI YCIIEBAEMOCTH,
MPOMEKYTOYHOM ATTECTAIIMM 11O UTOTAM OCBOEHMS JUCHUIUIMHBI 1
YYEBHO-METO/IMYECKOE OBECIHEYEHHME CAMOCTOSITEJIBHOW PABOTBI
CTYJIEHTOB

8.1 KonrposbHas padora

KoHTtposbHast pabora BBINOJHAETCA B KOHIIE CEMECTpa IO BCEM IPOMIECHHBIM MOIYJISIM
cemecTpa. B KOHTposbHO# paboTte comepkuTcs yeTbipe 3a1aun. KonTposbHas pabota HarpaBieHa Ha
IIPOBEPKY YMEHMH CTYACHTOB IIPUMEHSATH IIOJIYYECHHBIE TEOPETUYECKUE 3HAHUSA B OTHOLICHUH
OIIPEEIICHHOW KOHKPETHOM 3a/1a4M.

8.3 Dk3aMeHaUMOHHbIE BONMPOCHI

. Cucremsl U ynpaBlieHHE.

. CucTeMHBIN TOIXO.

. 3a71a4uu ONTUMAJIBLHOTO YIIPABJIEHHSI HCKYCCTBEHHBIMU CHUCTEMAMHU.

. Cpezncra U cCUCTEMBI yIIPaBIICHUS SHEPreTHUECKUMU O0BEKTaMU.

Crpykrypa u obecrieuenue ACY.

. Uepapxus ACY.

. Kpurepuu u 3anaun, pemaemsie B ACY.

. ABTOMaTH3UPOBAHHBIE CUCTEMBI YIIPABIEHUS YHEPrOCHA0KEHUEM IIPOMBIIUIEHHBIX MPEIIPUATHH.
. Hayunble 0CHOBBI aBTOMaTU3MpoBaHHOTO pemieHns 3aaa4 B ACY COC u 99C.

10. TIporao3upoBanue AeKTponoTpedIcHH. MOoeTH MUKOBOW HATPY3KH.

11. IlporHo3upoBaHue 31eKTponoTpedneHus. Monaenu st BpeMEHHOM CTPYKTYpBI Harpy3KH.

12. TIporuosuposanue riekTpornorpediaeHus. Mogenu ARMA u ARIMA.

13. IlporHo3upoBaHue meKTpornoTpednenus. Mozaenu B pa3oBOM MPOCTPAHCTBE.

14. T'padpyikut 2IEKTPUIECKUX HATPY30K.

15. IlporuosupoBanue ['OH.

16. 3amaun KpaTKOCPOUHOU U JOJITOCPOUHON ONTUMHU3AIUU PEKUMOB.

17. HauBbIrogHeiiiee pacnpeseneHie Harpy3ku notpeduteneil B sHeprocucreme. Pacnpenenenue
akTUBHOU MomHOCTH Mexay TOC u I'2C.

18. HauBbirogneiiiee pacrnpeseneHie Harpy3ku notpeduteneil B sHeprocucreme. Pacnpenenenue
PEaKTUBHBIX HATPY30K B CUCTEME.

19. HauBbIrogHeiiiee pacmpezeieHue Harpysku norpedureneii B sHeprocucreme. KommiekcHoe
pacrpeieieHle akTUBHOM U PEaKTUBHOM MOIIIHOCTH B CUCTEME

20. [TnanupoBaHue cocTaBa pabOTaIOIIEro 000pyI0BAHHS.

21. Beibop kpuTepusi ONTUMAILHOCTH U OTPAHUYEHUH.

22. OCHOBHBIE TEXHUKO-3KOHOMUYECKHE TTOKA3ATEIN CUCTEM DIIEKTPOCHAOKCHHUS.

23. OCHOBHEIE 3aJ1aYl TEXHUKO-PKOHOMUYECKOIO aHaJIN3a.
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24. JIuHeliHOE TPOrpaMMHUPOBAHMUE.

25. llenouyrcieHHoe NporpaMMHUpPOBaHUE.
26. JluckpeTHoe MporpaMMHUpPOBaHHUE.

27. HenuHelHOE MpOrpaMMUpPOBaHHUE.

9. VYYEBHO-METOAMYECKOE W HH®OPMAIMOHHOE OBECIHEYEHHUE
JUCHUIVIMHBI  «ABTOMATU3UPOBAHHBIE CHCTEMBI VYIIPABJIEHUA WU
OIITUMM3AIIUA B IJIEKTPOOHEPI'ETUYECKHUX CUCTEMAX» JJIsA
CIIEHUAJIBHOCTH 140204.65 — «QJJEKTPUYECKHUE CTAHIUN)

a) OCHOBHasI JIUTEpPaTypa
1. Uembopucora, Hawmmns [1laBkaToBHa. Ontumuzanys peKuMOB JIEKTPOIHEPTETUYECKUX
cuctem u ceteit [Teker] : yae6. mocobue / H. I1I. Yembopucona, A. C. Crenanos, B. M. Ileiizens ;
AMI'Y, OH.¢. - brarosemenck : M3a-Bo Amyp. roc. yu-Ta, 2006. - 104 c.
2. CaBuna, Hatanbst BukropoBHa. [IpumMeHeHe Teoprun BEpOATHOCTEW U METOJJOB ONTUMHU3ALIUU B
cucrteMax 3JekTpocHabxkeHus [Teker] : yue6. mocooue: pek. JIB PYMI] / H. B. CaBuna ; AmI'Y,
OH.¢. - bnarosemienck : M3a-Bo Amyp. roc. yH-Ta, 2007. - 272 c.
3. EmenssinoBa, Hatanus 3axapoBHa. OCHOBBI HOCTPOCHUSI aBTOMATU3HUPOBAHHBIX
nHpopMaMoHHbIX cucteM [Tekct] : yuel. mocobue: pek. Mun. oop. PO / H. 3. Emenssnosa, T. JI.
[Tapteika, U. U. ITonos. - M. : ®DOPYM : UHOPA-M, 2007. - 416 c.

0) 10MOJTHUTEJIbHAS JIATEepaTypa
1. ABTOMAaTH3MpPOBAaHHBIC CHCTEMBI YIPABICHUS M ONTHMH3AIUS CHCTEM SJIEKTPOCHAOKEHUs
[Tekct] : yueb.-metom. komrmuiekc st croer. 140204 - Dnektpuueckue cranuuu, 140211 -
OnexrpocHabxkenue / AMI'Y, OH.¢. ; coct. JI. A. I'ypuna. - bnarosemenck : M31-8o AMyp. roc. yH-
Ta, 2007. - 72 c.
2. U3mannos, Anekceit @epunosny. YyBcTBUTENBHOCTE B onTuMu3anun [Tekcer] : y4e0. mocobue:
pek. YMO / A. ®©. U3zmannos. - M. : ®uzmatiur, 2006. - 246 c.
3. I'Bo3neBa, Banentuna AnekcanapoBHa. OCHOBBI TIOCTPOEHHSI aBTOMATU3UPOBAHHBIX
nH(popMannoHHbIX cucteM [Tekcr] : yue6.: gorn. MuH. 06p. PO / B. A. I'Bo3aesa, 1. 0.
JlaBpentbeBa. - M. : ®OPYM : UHOPA - M, 2007. - 318 c.
4. Kopueenko, Bukrop IlaBnosud. Meroas! ontumusanuu [ Tekct] : yae0. : pex. YMO / B. I1.
Kopneenko. - M. : Beicu. mik., 2007. - 664 c.
5. llluToB, Urops Hukomaesuu. Benenue B Metoasl ontumMusamuu [ Tekct] : yued. mocobue : pek.
YMO / W. H. llutos. - M. : Beicmr. k., 2008.
6. IlanTenees, Auapeit Bnagumuposud. MeToasl onTUMU3AIMU B puMepax u 3agadax [Tekcr] :
yueb. mocobue : pek. YMO / A. B. I1antenees, T. A. Jlerona. - 3-e u3n., crep. - M. : Beicu. 1mik.,
2008. - 544 c.

B) nporpaMmmHoe odecnieuenune u UurepHeT-pecypcni:

Ne | HammeHOBaHuUe pecypca Kparkas xapakrepucTuka

1 http://www.iglib.ru/ WuTepHer-61bmmoTeka 00pa3oBaTeIbHbBIX
W3/IaHHM, B KOTOPOW COOpaHBI AIEKTPOHHBIS
y4eOHMKH, CIIPaBOYHBIC U YUeOHbIE
mocoOust. Y 1OOHBIN ITOUCK IO KIIFOYEBLIM
CJIOBaM, OTJEIbHBIM TEMaM M OTPaCIsIM
3HaHUMU.

r) nepuoanveckne n3gaHus (npogeccuoHaJIbHbIe JKYPHAJIbI)

1. DnexTpuuecTBo;



. M3Bectua PAH. Duepreruka;

. DNEKTpUYECKUE CTAHIUY;

. DNEKTPHKA;

. Bectaux MOU;

. [IpombliTIEHHAs YHEPIETHKA;

. U3Bectuss PAH. DHepreruka

. IEEE Transaction on Power Systems;

. International Journal of Electrical Power & Energy Systems

O 00 O\ L B W

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

B kauecTBe MarepHATbHO-TEXHUYECKOTO OOECIEeUEHUs JAUCHUIUIMHBI HCIIONb3YIOTCS
MyJbTUMEANIHBIE CpelCcTBA. BBINOMHEHHWE NPAKTHUECKUX 3aHATUH  OCYHIECTBIAETCS Ha
KOMITbIOTEpax.

PABOYASA ITPOI'PAMMA JUJIA AUCHUITVIMHBI 140211- «9HEPI'OCHABKEHHUE»

1. HEJIA U 3AJAYU JUCHUTIIJIMHBbI

OTnuyuTeNnbHON 0COOEHHOCTHIO HHEPTETHUECKOIO MPOU3BOJICTBA SBISETCS COBMA/IEHUE BO
BPEMEHH IPOIIECCOB IMPOU3BOJCTBA, PACHPEICICHUS W TMOTPEONCHHS DIIEKTPUYCCKOW IHEPTHH.
OTtcroga BBITEKAET CJIOXKHOCTb YIPABICHUS COBPEMEHHBIM 3HEPreTUYECKUM IPOU3BOJCTBOM,
TpeOoBaHuUsl ObICTPOACHCTBUS M HAICKHOCTH pabOTHI Bcex cucteM. Ilepeunciennsie 0cOOEHHOCTH
U 33/1a4d YCIELIHO pEalu3yIOTCs MPU MPUMEHEHHHM CpPEJCTB aBTOMATHKH, TEIEMEXaHUKU H
BBIYHUCITUTEILHON TEXHUKH, KOTOPHIE SBIISIFOTCS COCTAaBHOM YacThIO aBTOMATHU3MPOBAHHBIX CHUCTEM
ynpasieHus: (ACY). M3ydenne nmpuHIUMNOB opraHu3anuu u peanusanun ACY — HeoThemiemas
YacTh MOJATOTOBKU COBPEMEHHBIX MHKEHEPOB — AIEKTPUKOB.

[lenbto u3y4yeHUs] TUCHUILUIMHBI ABISETCS OBIAJCHHE CTYIACHTAMH METOJIaMHU YIpPaBIICHUS
TEXHOJIOTHYECKMMHU MPOLIECCAMH MPOU3BOJICTBA, METOIAMH MPOBEJACHUS TEXHUYECKUX PACUETOB U
onpeereHus SJKOHOMUUECKON 3(PHEKTUBHOCTH MCCIISAOBAHUI U pa3padOTOK, a TAaKKe METOJaMU
ONITUMHU3AINH PEKUMOB PAOOTHI IIEKTPOIHEPTETUIECKIX YCTPOHCTB.

2. MECTO JUCHUMIIJIMHBI B CTPYKTYPE OOII BIIO:

JucuumimHa «ABTOMATH3UPOBAHHBIE CHUCTEMBl YIPABICHUS W ONTHUMH3AIUS CHCTEM
aneKTpocHaO)eHus» s cneruainbHocTh 140211.65 — «3nexkTpocHaOXeHHE» BXOIUT B ITHKI
CAAC.®.5.

Jljig ycrenrHoro OBJaJCHHSI KypcOM CTYAEHT JIOJDKEH MMETh XOpolIllhe 3HaHHUS B o0iacTu
MH()OPMATUKH U BBIYMCIUTEILHON TEXHUKH, MAaTEMAaTUKH, MAaTEMAaTUYECKOTO MOJCITUPOBAHUS U
CHelHaTbHbBIX JUCIUILINH.

J171s1 OCBOCHUS JUCIUIUIMHBI HEOOXOIUMO 3HATh:

MareMaTuka: pelIeHHe CHCTeM aireOpamdecKux ypaBHEHUH, Tpadel, (QyHKIUU
KOMILIEKCHOTO IEPEMEHHOT0, TEOPHS BEPOSITHOCTEN U MaTEMaTUUYECKasi CTATUCTHKA.

Ou3nKa: 3AEKTPUYECTBO U MAarHETU3M.

TeopeTnyueckre OCHOBBI JIEKTPOTEXHUKHU: 3aKOHBI SJIEKTPUUYECKUX IETEH.

MaremaTuueckue MOAEIM M METOJbl B pacuerax Ha DBM: moaenupoBaHue M BEWBIET-
aHAIM3 CIIy4alHBIX IMPOLIECCOB,  HEUYETKOE MOJCIMPOBAHUE W METOAbl HEYETKOW JIOTHKH,
HEUPOHHBIE CETH.

OcHOBBI Hay4YHBIX WCCIEIOBAaHUW: TIOCTAHOBKA OJKCIIEpUMEHTa U 00paboTka ero
pe3yNbTaToOB, TPAHCIOPTHAA 3a/1a4a, METO/Ibl ONTUMHU3ALIUH.

3. TPEBOBAHUSA K PE3YJIbTATAM OCBOEHUSA JUCHUIIJIMHBI

B pe3ynbraTe u3yueHus AUCUUIIMHBI B COOTBETCTBUH C KBATU(PUKAIIIOHHOM

XapaKTePUCTUKON BBIITYCKHUKOB, CTYICHTHI TOJIKHBI
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3HATh:
- npuHUUIbI opranuzauu ACY;
- uepapxuto ACY;
- cocTaB 3aja4, pemaeMbix ACY Ha KaXXKJIOM ypOBHE UEpaAPXUH;
- Buasl ooeceuenus ACY;
- METO/Ibl ONITUMU3ALINY;
YMETh:
- BBIOpATh METO]] ONITUMHU3AIUU K KOHKPETHOM 3a/1aue;
- pElIUTh TOCTABJICHHYIO ONTHUMHU3AIMOHHYIO 3aJady M MPOAHAIM3UPOBATH MOJYUCHHBIN
pe3yInbTarT;
MOJIYYUTh HABBIKH:
- IPUMEHEHHS ONTUMHU3ALMOHHBIX METO/IOB PELICHUS B MPAKTUYECKUX pacyeTax.

4. CTPYKTYPA U COIEPKXAHHUE AUCHUIVIMHbBI «ABTOMATHU3UPOBAHHBIE
CUCTEMBI YIIPABJIEHUA 1 OIITUMU3ALINA CUCTEM SJIEKTPOCHABKEHUS»

OO0mast TpyI0€MKOCTh TUCHUTUINHBI cOcTaBisieT 84 yaca.

Ne Pa3gen nuciuInimHel Buner yuebHoit paboThI DopMBI TEKYILIETO
n/m KOHTPOJIA
Jlexum | IlpakTuyeckue CPC B
u 3aHsATHUS (Jac.) (uac.)
(gac.)
Cemecmp 9
1 Paznen 1 14 21 ITocemienue
«ABTOMaTU3MPOBaHHbIE JIEKIHiA.
CHCTEMEI aBJICHUS)
yip OTtueTsl 10
Tema 1. OcCHOBBI TOCTPOEHUS
BBIIIOJTHEHUIO
ACY.
MPaKTUYECKUX
Tema 2. ABTOMaTU3UpOBaHHOE
pador.

yIIpaBJICHUE B

3JICKTPOIHEPTETHKE. baum-onpoc  Ha

Tema 3. TIporHo3upoBane JICKIMAX
AIIEKTPOTIOTPEOICHUS U

rpauKOB IEKTPHUUECKHUX

Harpys3okx.

2 Paznen 2 «Ontumusanus B 14 14 21 IMocemienue
3IIEKTPOIHEPTETHUECKUX KL,
CUCTEMax U CHCTEMax

Otuetbl 1o
DIIEKTPOCHAOKCHHSI

BBITTOJTHEHUIO
Tema 4. 3agaun onTUMHU3AIUN pAKTHYECKHX
pexxumoB B D9C u COC.

pador.

Tema 5. Matemaruueckas

MOJIeJIb OIITUMM3AIIUH Brun-onpoc Ha

IapaMeTPOB PEKUMA CHCTEM JCKOMAX
AIIEKTPOCHAOKECHUSI. KoHnTponbHas
Tema 6. MeToibl pereHus pabota o
ONTUMU3AIMOHHBIX 33]1a4. Moxayssim 1 u 2.

5. COJAEPXKXAHUE PA3JIEJIOB U TEM JUCHUIIJINHbI
5.1 TEKIIUH

Paszjnen 1 «KABTOMaTHU3HMPOBAHHBIE CHCTEMbI YIIPABJICHUS)
10



Tema 1. OcnoBbl nocTpoenusi ACY. Cucremsl u ynpasienue. CUCTEMHbBIN NOAX0. 3a1auu
ONTUMAJILHOTO YIPABJIEHUS UCKYCCTBEHHBIMU CUCTEMAMH.

Tema 2. ABTOMAaTH3UPOBaHHOE yIIPaBJIeHHE B dJIeKTpo3HepreTuxe. CpelcTBa U CUCTEMBI
yhpaBlieHus dHepreTudeckuMu oobektamu. Ctpykrypa u odecnieuenne ACY. Uepapxus ACY.
Kputepuu n 3agaun, pemaemoie B ACY. ABTOMaTU3MpPOBAHHBIE CUCTEMBI YIIPaBICHUS
SHEProcHa0KEHNEM MPOMBIIUICHHBIX NpeaAnpusiTuil. HayuHnble 0CHOBBI aBTOMAaTH3UPOBAHHOTO
pewenust 3aga4 B ACY COC n 39C.

Tema 3. IlporHo3upoBaHue 3JIEKTPONOTpPedieHUST U TPAPUKOB IIEKTPUYECKHUX HATPY30K.
Mogenu nukoBo Harpy3ku. Mopenu A BpEMEHHOW CTpyKTypbl Harpy3ku. Mogenmn ARMA u
ARIMA. Monenn B ¢da3oBoM TpocTpaHcTBe. ['padmku SJIEKTPUUECKUX HATPY30K M METOABI HUX
IIPOTHO3UPOBAHMU.

Pazgen 2 «Onrumu3anmuss B JJEKTPOIHEPreTHYECKHX CHCTEMax M CcHUCTeMax
3JIEKTPOCHAOKEHU D)

Tema 4. 3agauu onTumuszanuu pexxkumoB B IIC u CIC. 3agaun KpaTKOCPOUHOH U JOJITOCPOUHOM
ONTHMHU3AIMM  PESKUMOB. HauBeIropHeiimee pacmpenesieHHe Harpy3kd morpebureneii B
sHeprocucreme. [ImanupoBanue cocraBa paboTaroIIero 000pya0BaHusI.

Tema S. MaremaTnyeckasd MoJeJdb ONTHMH3AIMM INapaMeTPOB PeKHUMA CHCTEM
3JIeKTPOCHAO:KeHusi. BrIOOp KpuTepus ONTUMaIbHOCTH U orpaHudeHui. OCHOBHBIE TEXHUKO-
HSKOHOMHUYECKHE I[IOKAa3aTeNd CUCTeM  3JeKTpocHaOkeHHs. (OCHOBHBIE 3a/aud  TEXHUKO-
SKOHOMMYECKOTO aHATIN3A.

Tema 6. Mertoapl pemieHnsi ONTHMH3ALMOHHBIX 3a4a4d. JIuHElHOe mporpaMMUpOBaHMUE.
enouncnennoe MPOrpaMMHUPOBAHKE. HuckperHoe MPOrpaMMHUPOBAHUE Henunelinoe
IIPOrpaMMHPOBAHUE.

5.2 IPAKTUYECKHUE 3AHATUSA

1. Kpurepuii oNTUMaIbHOCTH PEKUMA TETNIOBOM SHEPTOCUCTEMBI 110 AKTUBHOM MOIIIHOCTH.

2. OnTumu3zaius pacnpeaeyeHusl akTUBHOM HAarpy3ku 3HeprocucteMbl Mexay TOC.

3. OnTumusanus pacnpenenacHus akTuBHoW Harpy3ku Mexay TOC u I'OC.

4. OntuMuzanus pacnpeaeneHus rpaduka Harpy3kd SHEPrOCUCTEMBI C YU€TOM MOTEPDh B CETH.

5. OnTuManbHOTO pacHpeneleHUe pecypcoB METOJAaMHU JMHEMHOro MNporpaMMHpOBaHHUS U
LEJTOYNCIEHHOTO TPOrPaMMHUPOBAHMUSL.

6. OntumanbHOE pacmpesesieHHe KOMIICHCUPYIOIIUX YCTPOMCTB B CHUCTEMaxX AJIEKTPOCHAOXKEHHUS.
JluckpeTHoe NporpaMMHUpPOBAHHUE.

7. OntuManbHOE pacmpesesieHHe KOMIICHCUPYIOIIUX YCTPOMCTB B CHUCTEMaxX AJIEKTPOCHAOXKEHMUS.
Henuneitnoe mporpaMmupoBaHue.

6. CAMOCTOSATEJIBHASA PABOTA CTYJAEHTOB

Ne No
= o pazzaena (TeMBI . TpymoemMkocTh
pasziena ( ) ®opma (BHIT) CAMOCTOATEIBHON PAOOTHI Py
o/ JIACIIUIIIAHEL B yacax
Cemecmp 9
1 Pasznen 1 [ToaroToBKa K BBINOJIHEHHMIO MPAKTUYECKHX | 91

((ABTOMaTI/ISI/IpOBaHHI)IC p 200T.

CHCTEMBI yIIPABIICHUS»
[TonroToBka Kk KOHTPOJILHOU paboTe.

o) Pasnen 2 «OntuMu3aiimist | [Jonrotoska K BHIIONHEHHIO IPAKTUYECKUX | 9]

B pabor.
IIEKTPOIHEPTETHUCCKHUX
CHCTEMAX U CHCTEMAX [ToaroToBKa K KOHTPOJBHOM paboTe 1o
DIIEKTPOCHAOKEHHSD Moysam 1 m 2.
Brimonuenue PI'P

7. OBPA3OBATEJIBHBIE TEXHOJIOT' T
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Hawnyumeld  rapantueit  rimy0OKOro M HPOYHOTO  YCBOGHHUS  JAMCHUIUIMHBI
«ABTOMAaTHU3UPOBAHHBIE CHCTEMbI YIPABICHUS W ONTHUMM3AIMS B CHUCTEMax 3JIEKTPOCHAOKEHHSD
s cenuanbHocT 140211.65 — «OnekTpocHaOKeHHey SBISETCS 3aMHTEPECOBAHHOCTH CTYACHTOB
B mpuoOpereHun 3HaHui. IllosTomMy nns mnoadepx aHusT HHTEpeca CTYAEHTOB HEOO0XOIUMO
MCIOJIb30BaTh Pa3IMuHbIe 00pa30oBaTeIbHBIC TEXHOJIOTUH U 33/I€CTBOBAThH BCE aTpUOYTHI Mporiecca
Hay4yHOTo 1no3HaHud. [Ipu npenogaBaHuM UCTONIB3YETCS MOYJIbHAS TEXHOIOT U

[Ipu mpoBeaeHNH MPAKTUYECKUX 3aHATHIA HCIIONB3YIOTCS COBPEMEHHBIE MH(POPMAIIMOHHBIE

U KOMIIBIOTEpHBIE TEXHOJOTHH. [Ipu BBIMOTHEHHH pabdOT HCHOJB3YIOTCA CIEAYIOUIUI IpueM
WHTepakTHBHOTO oOyueHusi «Kelc-MeTom»: 3aJaHue CTyIeHTaM JUIsl MOATOTOBKH K BBIMIOJTHEHUIO
abopaTOpHON pabOThl UMHUTHPYIOIIEH peaqbHOE COOBITHE; OOCYKIEHUE C MperoaBaTeaeM Leln
paboThl M XOJ1a BBITIOJHEHUS! €€ BBIMOJHEHUS, OOCYXKIACHHE U aHAJIN3 MOITYYCHHBIX PE3yIbTaTOB;
o0CYXKXJIeHE TEOPETUYECKUX TIOJOKEHUH, CIpaBeAJIMBOCTh KOTOPBIX ObUIa YCTaHOBJEHA B
MPOLIECCE BBIMOIHEHUS MPAKTUUECKUX 3aJaHUi.
8. OHEHOYHBIE CPEACTBA Jisd TEKYHIEI'O KOHTPOJISI YCIHEBAEMOCTMU,
IMPOMEXKYTOUYHOM ATTECTAIIMU IO UTOTAM OCBOEHMSA TUCHUILJIMHBI 1
YYEBHO-METOJINYECKOE OBECIHEYEHHUE CAMOCTOSATEJBHOM PABOTBI
CTYIAEHTOB

8.1 KonTposnbHasi padora

KonTtponpHast paboTa BBINOJHAETCS B KOHIIE CEMECTpa IO BCEM IMPOMIECHHBIM MOIYJISIM
cemecTpa. B KoHTpobHOM paboTe comepKUTCs yeThipe 3anaun. KonTponbpHast paboTa HampaBiieHa Ha
HpOBepKy YMGHI/Iﬁ CTy,Z[GHTOB HpI/IMeHHTB HOJIy‘-IeHHBIe TCOpCTH‘-I@CKI/Ie 3HAHHUA B OTHOIICHUHN
ONpeIETICHHON KOHKPETHOM 3a1a4H.

8.3 Dk3aMeHanMOHHbIE BONMPOCHI

. Cucremsl U ynpaBlieHHE.

. CucTeMHBIN MOIXO.

. 3a71a4uu ONTUMAJIBLHOTO YIIPABJIEHHSI HCKYCCTBEHHBIMU CUCTEMAMHU.

. Cpezncra U cUCTEMBI yIIPaBIICHUS SHEPreTHUECKUMU O0BEKTaMU.

Crpykrypa u obecrieuenue ACY.

. Uepapxus ACY.

. Kpurepuu u 3anaun, pemaemsie B ACY.

. ABTOMaTH3UpPOBAHHBIE CUCTEMBI YIIPABIEHUS YHEPrOCHA0KEHUEM IIPOMBIIIUIEHHBIX MPEIIPUATHH.
. HayuHble 0CHOBBI aBTOMaTU3MpOBaHHOrO pemieHns 3aaa4 B ACY COC u 99C.

10. TIporao3upoBanue AeKTponoTpedacHus. Moaean MIKOBOW HATPY3KH.

11. IlporHo3upoBaHue 31eKTponoTpedneHus. Monaenu st BpeMEHHOM CTPYKTYPBI Harpy3KH.

12. TIporuosuposanue riektpornorpediaeHus. Mogenu ARMA u ARIMA.

13. IlporHo3upoBaHue eKTpornoTpednenus. Moaenu B pa3oBOM MPOCTPAHCTBE.

14. T'padpyiky 2IEKTPUIECKUX HATPY30K.

15. Ilporuo3upoBanue ['OH.

16. 3amaun KpaTKOCPOUHOU U JOJITOCPOYHOM ONTUMHU3AIMU PEKUMOB.

17. HauBbIrogHeiiiee pacnpesieneHie Harpy3ku notpeduteneil B sHeprocucreme. Pacnpenenenue
akTUBHOU MomHOCTH Mexay TOC u I'9C.

18. HauBbirogneiimee pacrnpeseneHie Harpy3ku notpeduteneil B sHeprocucreme. Pacnipenenenue
PEaKTUBHBIX HATPY30K B CHCTEME.

19. HauBbIrogHeiiiee pacmpezeieHue Harpy3ku mnorpedureneii B sHeprocucreme. KommiuexcHoe
pacrpeieieHre akTUBHON U PEaKTUBHOM MOIIIHOCTH B CUCTEME

20. [TnanupoBaHue cocTaBa pabOTaIOIIEro 000pyI0BAHHS.

21. Beibop kpuTepusi ONTUMAILHOCTH U OTPAaHUYEHUH.

22. OCHOBHBIE TEXHUKO-3KOHOMUYECKHE TTOKA3ATEIN CUCTEM DIIEKTPOCHAOKCHHUS.

23. OCHOBHEIE 33J1a4l TEXHUKO-DPKOHOMHUYECKOI'0 aHaAJIN3a.

24. JIuHeliHOE TPOrpaMMHUpPOBAHHUE.

25. llenouyurcieHHoe nporpaMMHUpPOBaHUE.

0NN AWM~

\O
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26. JluckpeTHoe MporpaMMHUpPOBaHHUE.
27. HenuHelHOE MpOrpaMMHUpPOBaHHUE.

9. YYEBHO-METOAWMYECKOE W HWH®OPMALIMWOHHOE OBECIHEYEHHUE
JUCHUIVIMHBI «ABTOMATHU3UPOBAHHBIE CHUCTEMBI VIIPABJIEHUA WU
onTUMM3ALIMSA B CUCTEMAX JIEKTPOCHABXKEHUSA» U CIIEHUAJIBHOCTH
140211.65 — QJIEKTPOCHABXEHUE»

a) OCHOBHasI JIUTEpPaTypa
1. Uembopucora, Hawmmns [1laBkaToBHa. Ontumuzanus peKUMOB JIEKTPOIHEPTETUYECKUX
cuctem u ceteit [Teker] : yae6. mocobue / H. I1I. Yembopucosa, A. C. Crenanos, B. M. Ileiizens ;
AMI'Y, OH.¢. - brarosemenck : M3a-Bo Amyp. roc. yu-ta, 2006. - 104 c.
2. CaBuna, Hatanbst BukropoBHa. [IpumeHeHe Teopun BEpOATHOCTEW U METOJJOB ONTUMHU3ALIUU B
cuctemMax aekTpocHadxkeHus [Teker] : yue6. mocooue: pek. JIB PYMI] / H. B. CaBuna ; AmI'Y,
OH.¢. - bnarosemnienck : M3a-Bo Amyp. roc. yH-Ta, 2007. - 272 c.
3. EmenssinoBa, Hatanus 3axapoBHa. OCHOBBI OCTPOCHUSI aBTOMATU3UPOBAHHBIX
nHpopMalMoHHbIX cucTeM [TekcT] : yuel. mocodue: pek. Mun. o6p. PO / H. 3. Emenssnosa, T. JI.
[Tapteika, U. U. ITonos. - M. : ®DOPYM : UHOPA-M, 2007. - 416 c.

0) 1OMOJIHUTEIbHAS JTUTepaTypa
1. ABTOMAaTH3MpOBaHHBIE CHCTEMbl YIPABICHUS M ONTHUMM3AIUS CHCTEM 3JIEKTPOCHAOKEHUs
[Texcr] : yueb.-meron. komruiekc mns crmer. 140204 - Dnexrpuueckue craniuu, 140211 -
OnektpocHadxkenue / AMI'Y, DH.¢. ; coct. JI. A. I'ypuna. - brarosemenck : M3a-Bo Amyp. roc. yH-
Ta, 2007. - 72 c.
2. U3mamnnos, Anekceit @epugoBud. UyBCTBUTEIBHOCTD B onTUMU3anuu [Tekcr] : yued. mocobue:
pex. YMO / A. ®@. M3maunos. - M. : @usmatnur, 2006. - 246 c.
3. I'Bo3aeBa, Banentuna AnekcanapoBHa. OCHOBBI TOCTPOEHUS ABTOMATU3MPOBAHHBIX
nHpopMaMoHHbIX cucTeM [Tekct] : yueO.: norn. Mun. o6p. PO / B. A. I'Bo3zaesa, U. 1O.
JlaBpentrena. - M. : DOPYM : UIHOPA - M, 2007. - 318 c.
4. Kopnaeenko, Buktop [laBnoBud. Metoasr ontumu3anuu [ Teker] : yue0. : pex. YMO / B. IL.
Kopueenko. - M. : Beicur. mik., 2007. - 664 c.
5. [lluro, Urops Hukomaesuu. Beaenne B MeToabl ontuMuzanuu [ Tekcrt] : yueb. mocodue : pex.
YMO / . H. llluTos. - M. : Bercmr. k., 2008.
6. Ilantenees, Aunpeit Bnagumuposuu. Merosb! onTuMu3anuu B npuMepax u 3agadax [Teker] :
yue6. mocobue : pek. YMO / A. B. [Tanrenees, T. A. Jlerona. - 3-e uzn., crep. - M. : Beicm. k.,
2008. - 544 c.

B) nporpamMmHoe odecnieuenue u UHTepHeT-pecypcnl:

Ne | HammeHOoBaHuUe pecypca Kparkas xapakrepucTuka

1 http://www.iglib.ru/ WuTepHer-61bmmoTeka 00pa3oBaTeIbHbBIX
W3/IaHHM, B KOTOPOW COOpaHBI AIEKTPOHHBIC
y4eOHMKH, CIIPaBOYHBIC U YUeOHbIE
mocoOust. Y 10OHBIN ITIOUCK IO KIIFOYEBLIM
CJIOBaM, OTJEIbHBIM TEMaM M OTPaCIsIM
3HaHUM.

r) nepuoanveckne n3gaHus (npogeccuoHaJIbHbIE JKYPHAJIbI)

1. DnexTpuuecTBo;

2. UzBectust PAH. DHepreTuka;
3. DIIeKTpUYECKUE CTaHIUU;

4. DnekTpuka;

5. Bectank MOU;
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6. IIpoMbIlITIEHHAS] SHEPTETHKA;

7. U3Bectusa PAH. Duepretuka

8. IEEE Transaction on Power Systems;

9. International Journal of Electrical Power & Energy Systems

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

B kauecTBe MarepHATbHO-TEXHUYECKOTO OOECIEeUeHUs JAUCHUIUIMHBI HCIIONIb3YIOTCS
MyJbTUMEANIHBIE CpeICcTBA. BBINOMHEHHWE NPAKTHUECKUX 3aHATUH  OCYHIECTBIAETCS Ha
KOMITbIOTEpax.

METOAUYECKHUE VYKA3AHHUA U PEKOMEHJAIMU 11O ITPOBEJAEHUIO
CEMHUHAPCKHX U NPAKTUYECKHUX 3AHATHA, CAMOCTOSITEJIbHOMU PABOTHI
CTYAEHTOB
[TpakTuyeckue 3aHATHS MPOBOIATCS JJS TOTO, YTOOBI CTYIEHT MOJYYHJI HAaBBIKM B MH)KEHEPHOM
MPUMEHEHUH METOJIOB ONITUMHU3AIMH CHCTEM JIEKTPOCHA0XKEHHUS, SJEKTPOIHEPIeTUUECKUX CUCTEM
IIPY aBTOMATU3MPOBAHHOM YIPAaBICHHMM HMH, a TAaKXKe Ul 3aKPEIUICHHS TEOPETUYECKOTO
MaTepuasa, U3y4eHHOrO Ha JICKIHSIX.

CornacHo yueOHOMY IUIaHy, IPEAYCMOTPEHO CEMb MPAKTHUECKUX 3aHATHI (Tabm. 3).

Tabauya 3
IlepeyeHb NpakKTHYECKUX 3AHATHI
IIpakTHYecKHe 3aHATHSA
IIpumep nmo Yuciio
Ne Tema 3ansaTust punmep
4aco0B
1 Kputepuit ontumanbHoCcTH pesxkuma I9C, coaeprkaiiei 1 )
TEIJIOBbIE CTAHIINU
) OnTuMuzanus pacupeneneHus akTUBHON Harpy3Ku ) )
Mexay TOC
3 | Meroabl npsIMOil ONTUMHU3ALIMH B 337a4axX SHEPreTUKU 3 2
4 Merto HeonpeeIeHHbIX MHOXKUTEIEH Jlarpanxka B 3 4
3a/1adyax ONTUMH3ALUN
5 | I'pannenTHbIC METO/BI B 3a/1a4aX ONTHMHU3ALHH 4 4

HpaKTI/I‘-IGCKI/Ie 3aHATUA PCKOMCHAYCTCS NPOBOJAUTL COTJIACHO CIICAYIOUICMY IJIaHY:
1. mens 3aHATHS,
KpaTKue TEOPETUUYECKHUE CBEICHMUS;
OIUII-0TIPOC CTYEHTOB;
pelieHue 3aaag;
AHaJIN3 KAa4€CTBA BBIIIOJIHCHUA JOMAIIIHUX 3aa4 U pa36op TUITIOBBIX OI_HI/IGOK;

BBIBOIBI U 0000IIIEHUE PE3YIBTATOB.

A L o

JIOMAIlHee 3a1aHue.

14



IIpakTnueckoe 3anarue Nel

«Kpumepuii onmumanvnocmu pesxcuma 33C, cooeparcaweti meniosvie Cmanyuu»

Pacxonmas xapakrepuctuka B, = f(F) mnpexcraBiuser co0oil 3aBHCHMOCTb 4acoBOTO

pacxoja yCcJIOBHOIO TOIUIMBAa B OT reHepupyeMoil aKTMBHON MOLIHOCTH P, M3MeHsomencs B

P

nuamasoue [P, P 1.

Hauanbublit pacxon B, ucrmomb3yercs Ha TIeHEpalMi0 MHUHMMAIbHO

Bo3MOxHO# P . . ITo pacxomHOil XapaKTepUCTHKE METOIOM YHCICHHOTo Aud(epeHnrpoBaHus

MOXXHO MPHUONM3UTENBHO TOJYYUTh XapaKTEPUCTUKY OTHOCUTENbHBIX mpupocTtoB (XOII)
b=¢(R),rne
dB_AB _B?—B"
PSap AP PP

OOpaTHBIIf Tepexo/1 OCYIIECTBIISIETCS METOIOM YUCICHHOTO HHTETPUPOBAHUS.

Ecnu nBe cranuuu paboraror Ha o6uyro Harpysky B, (puc. 1), TO B KaIblii MOMEHT

BPCMCHU JOJI’KHO BBIITOJIHATHCA YCIIOBUC Oananca MOIIIHOCTH:

P,=F+P,.
© S

PH

—_
[\

Puc. 1. Pabora cranimii Ha 001IyI0 HATPY3KY

CyMMapHbIi pacxo/1 TOIJIMBA:

By =B +B,

0
Ecnu mpousBoibHBIM 00pa3oM 3arpy3uTh MEPBYIO CTaHLHUIO JI0 3HAYEHUs Pl( ), TO

. 0 0
MOIIHOCTH BTOPOM CTAHIMH COCTABUT Pz( ) = P, - Pl( ),
JIisi OLIEHKM SKOHOMHYHOCTH TAaKOTO paclpeeNieHuss pa3Tpy3uM TMEpBYIO CTaHIUIO 10

suavernst P 1o R(l) = PI(O) — AP . Torga BTOpyIO CTaHIMIO HYKHO 3arpy3uTh Ha BEIMYUHY
B =P +AP.
Takast omepanus NOPUBEJET K YMCHBIICHHIO pacxoja mepBoil cranumn Ha AB, u

YBEJIMYCHHUIO pacxoja Bropoit cranuuu AB, .
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ITycTp
AAB? =B" - B > 0.

IMpu 3arpyske mepBoii craniuu Ha AP u pasrpy3ke BTOPOii Ha CTOJIBKO e, MOTyIUM:

AABY = B{" — B* <0.

Haunbosiee 5KOHOMUYHBIM PEKUMOM SIBJISIETCS ClTydail, Koraa

AB, = AB,.

W3 ycnoBus 6anaHca MOITHOCTEH MOKHO MOJYYHUTh, YTO
AB, _AB,

AR AP

HJIK B IPpEACIIC

b =b,.

Takum o00pa3oM, KpuUTEepHEM HKOHOMUYHOCTU paCHpeleNeHus aKTUBHON Harpysku

OHCPTOCUCTEM ABJIACTCA PABCHCTBO OTHOCUTCIIbHBIX IIPUPOCTOB CTaHHHﬁ.

3adanue. Tlo ucxonusiM xapakrepuctukam b (F) u b,(P)) (rabn. 4) mnocrpouts

sapucumocts B (P) u B,(P)). Bennunxy uHTepBaioB, Ha KOTOpble pa3OHUBAacTCs JMAna3’oH

momocreit [P ,P |, upunste pasaoin 10 MBrt. IlocTpouTs 3aBHCHMOCT BZ (P).

Onpenenuts Ha rpadUke MUHUMAaJIbHOE 3HAUEHUE Bz M COOTBETCTBYIOIIYIO MOIIHOCTb F.

Berancnuts P, 1 momy4uTs 3HaueHHE b1 u b2 Ha XOII. Yoenutncst B UX paBeHCTRBE.

[Tpu pacuere ucnoab3yeTcs caeaykomas HHpopMaIus:

1. xommuecTBO Touek Ha XOII;

2. HauanbHbI pacxon B, ;
3. koopaunarsl Touek Ha XOII - (b, P);

4. Harpyska SHeprocucrems! P, .

Tabauya 4
Hcxonubie naHHbIE
PH XOIT Nel XOIINe2
K; B, b P K, B, b P
200 5 25 0.3 80 5 22 | 031 90
0,31 100 0,32 140
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0,33 110 0,34 170

0,36 130 0,36 180
0,38 150 0,32 200

IIpakTuueckoe 3anarue Ne2
«Onmumuzayus pacnpeoeiienusi akmugHou Hacpy3xu mexcoy TOCy
1. KOHIIEHTPUPOBAHHOW HSHEPrOCUCTEMBI, B KOTOPOH COJEPKATCS TOJIBKO TEIUIOBBIC
ANEKTPOCTAHIINU, OAJTAHC AKTUBHBIX MOIIHOCTEN B CETH

w=iPl.—PH,
i=1

1

rae P - akTuBHAs MOIIHOCTB, TeHEPUPYEMOHt [ -if cTaHiuei; P, - Harpy3ka SHEprocUCTeMsl; /M -

KOJIMUECTBO CTAHIIMHI B CETHU.

CyMMapHBbIi pacxo/1 TOIJIMBA MO BCEH SHEPrOCUCTEME COCTABJISIET
m

B= Z B.(F),
i=1

rae B; = pacxox TommBa Ha TeHEpaIHIo MOIMHOCTH [, Ha [ -1 CTaHIMH.

JIis TONyYeHUsl MHUHUMAIBHOIO pacxoja ToIMBa B ¢ y4eToM CoOMojeHHs OanaHca

MOIITHOCTH UCIIONIB3YET METO 1 HEOIIpeAeIeHHBIX MHOKUTeNeH Jlarpanxka ¢ ¢pyHkunei

L=B+AW.
Munumym L onpenensercs u3 paBeHcTBa
oL
—=0.
oF
Tornma
(0B _0B_ OB
oP 0P, oP,’
OB . .
rae a—P=bi - OTHOCHUTENBHBIM MPUPOCT pacxoaa TomimBa Ha - cranmuu TOC. Torma

i
KPUTEpUEM ONTUMAIbHOCTH SIBJISIETCS PABEHCTBO IIPUPOCTOB BCEX CTAHLUM:

b=b=.=b .

Pemenne 3amauu 1NOJIy4eHMS MHUHUMAJIBHOTO pacxoJa TOIUIMBA OCYIIECTBIISIETCS 110

cleAyronien cxeme:
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1. mo samanneiM XOII cranumit b, = f(P) npoussecTd MX CyMMHPOBAHHE M IOLyYHTH

SKBHUBaJICHTHYIO Xapakrepuctuky b, = f(P);
2. IS paccCMaTpUBAaEMOW HArpy3Kd SHEPrOCHCTEMbl HAa SKBUBAJICHTHOMW XapaKTEPUCTHKE

onpenenuts b, 1o 3uauenuio P ;
3. ma XOII kaxmoii craHuuu ortbickuBarorcst Momuocty B, P,..., P , coorBercByroume

3HaueHUIo b, .

[IpakTrueckoe 3anstue Ne3
«Memoovl npsamotl onmumuzayuu 8 3a0a4ax SHepPeemuKLy
Ecnu 3aa4a pemaercs 6e3 yuera orpaHHueHUH, a eneBast pyHkus nuddepeHupyema, To

MO>KHO MPUMEHSATh METOJ] PSAMOTO AU PepeHInpOBaHuUS.
B rouke skcrpemyma ueneBoit ¢ymkumm = F(X,X,,...,X,) IepBblc NPOM3BOLHBIC

PaBHBI HYJTIO
OF(x) oF(x)  OF(x)

i 0.
ox, 0ox, ox

n

Pewienne cucreMsl /1 ypaBHEHUN C /1 HEU3BECTHBIMU U SIBIISETCS PEIICHUEM 3aa4H.

Meron He naeT OJHO3HAYHOIO PEIIEHUS — IIPU IOJYyYEHUHU DPE3yabTaTa HEU3BECTHO, YTO
ONpeNeIeH0 — MHHMMYM MO MakcuMyM. HeoOxoaumo mpoBOIUTH — JIOMOJHUTENIbHBIC
HCCIIEA0BAHM, 3aKIIFOYAOIINECS B ITOJIYYECHUHU U aHAJIM3€ BTOPBIX IIPOU3BOIHBIX

O°F(x) 8°F(x) 0°F(x)

b
ox’, T ox, ox’

n

9eee

Ecnu 3HaueHus BTOPBIX MPOU3BOAHBIX MOJIOXKHUTENbHBI, TO B JAHHON TOYKE JAOCTUTaETCs
MUHHMYM I1eJIeBOM (DYHKIIMH, © HA00O0POT.
B mpakTuke BO3MOXKHBI ClTy4yau:

¢ ONTUMAaJIbHOE 3HAYEHHE HAXOJAUTCS B O0JIACTU JOMYCTHUMBIX PELICHUH, MPUYeM CYIIECTBYET
TOJIBKO OJIHO MOJIOKeHHUE dKcTpeMyMa. ONTUMYM HaXxOJUTCS OJJHO3HAUHO;

® DOKCTpeMallbHOE 3HAu€HUE HAxXOJIUTCS 3a MpelenaMu oO0JacTh JOMYCTUMBIX pPELICHH.
OnTumMyM cieyeT UCKaTh Ha TpaHUIaX 00JaCTH JOMYCTUMBIX PEIICHHUIA;

e B 00JacTH JOMYCTUMBIX pEIICHUNW HWMEETCS JIOKATbHBIH HKcTpeMyM. HeoOxomumo
COTMOCTaBUTh 3HAUEHUE IENeBOM (YHKIMH B TOYKE JKCTPEMyMa M Ha TpaHHUIE 00JIacTH
JOIYCTUMBIX PELICHUN;

® MEETCS HECKOJBbKO AKCTPEeMalbHBIX 3HaueHHHd. HeoOXomuMo TpOBOAMTH aHANW3 s

KaX/101 TOUKH U Ha TPaHMIIE OOJIACTH JOMYCTUMBIX PEIICHUM.
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3adaua. Jlns cxeMmbl, TPUBEIECHHOWM Ha pucC. 2, BBIOpaTh ONTUMAJIBHYIO MOIIHOCTH

koHaeHcatopHbix Oartapeir (KbBb), oOecreunBaronlyio MHHHMYM TOJOBBIX TNPHUBEIEHHBIX 3aTpart.
[punsite crommocts kommeHcaunn | kBAP na cropome HH TII K, pasmoii 11 py6/xBAP,
cymmaphble exeronnsle oruncinenus aus Kb E =0.22, croumocts 1 kBT moreps npuHATEH
C, =70 py6/xBr-rox.

[loTepu y4uuThIBaTH B JIMHUAX, TpaHcPoOpMaTOpax M KOHJEHCATOpaX, yIEJIbHbIE MOTEPU B

Kouencaropax AP, = 0.0045 xB1/xBAP.

0 kB ] ) 2

| 5,95+j2,52 1 4,14+1,11

| 500+j450 > 200+j150 >
3,44+j11,25 T 10/0,4xB T2 5,92+18
300+j300 - 0, 200+j150 - 0.,

Puc. 2. Cxema y4yacTka pacnpenenuTebHON CeTH
[IpakTrueckoe 3ansitue No4
«Memoo neonpedenennvix MHodxcumenei Jlazpanica 6 3a0a4ax onmumMu3ayunLy
3ajaua COCTOMT B OTHICKAHWH BEKTOpPA IEPEMEHHBIX yrpapieHus X , 00eCIeUrBarOIIEro
JOCTIKEHHE DKCTPEMyMa 1eNeBoi GyHkuuu F' (x) W YIOBJIIETBOPSIOLIETO OTPAHUYCHUSAM:
q, =(x,,%,,....,x,)=0;
q, =(x,%,,...,x,)=0;

IMPpHUYEM OIrpaHUYCHUS NPEACTABIAIOTCA B BUAC PABCHCTB.

OyHk1usa Jlarpanxa uMeet BUI
L=F(x)- Z/’{'iqi(x)7
i=1

rac }‘i - HCONMPCACICHHBIC MHOKUTCIIN Harpacha.

Jlis HaxoXKAeHHsI SKCTpeMyMa HEOOXOJUMO OMpPENENIUTh MEepBble MPOU3BOAHBIE (YHKIIUU

Jlarpanxa no X u A, ¥ IPUPaBHATH UX K HYJIIO:
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or = 0;8—F =0.

ox,

[lonywaercs n+m ypaBHEHH C 7+ M HEU3BECTHBIMU. PerieHue cucTtemsbl MO3BOJIAET
HaWTH UHTEPECYIOLIUI HAC BEKTOP.

3agaua 1. [lo ycrnoBusiM 3a1a4ul U3 IPEIBIIYIIEH TEMBI BBIOPATh ONTUMATBHYIO MOITHOCTh
Kb ¢ yueTrom orpannuenuii no pexxumy Hanpsbkenuil. B ynanennoi touke cetu 0,4 kB neppoit TII
OTKJIOHEHHE HampsbKeHus A0 ontumusanuu paBHO 8,52%. CormacHo tpeGoBanusim ['OCT
HE00XO0IMMO JTOBECTH €ro 3HaYeHUS XOTs ObI 10 5%.

3agaya 2. CormacHo cxeme (puc. 3) HaWTH ONTUMAIBHOE paclpeiciieHUE Harpy3ku

SHEProCHCTEMBI ¢ yueToM moTeps B cern. Hanpskerne Ganancupymomero ysma U, =220 kB,
kommuectso ysion K, =2, xommuectso serseii K, =2, kommuectso crammii K, =2,
P, =230. XOm! - K, =2, b=0.1, b,=02, B,=0, P=100, P,=200. XOI2 -
K,=2,b=0.11,b,=022, B,=0, P =100, P, =200.

6 ; 20+j40  10+j20 @

P

2

e

P

H

Puc. 3. Cxema ydacTka SHEpProCUCTEMBI

IIpaxtrueckoe 3ansatue Ne5
«I paouenmmuoie Memoovl 8 3a0auax ONMUMUZAYUUY
IIpocToii CycK MO AHTUTPAJTHEHTY

I'paguenToM 1en1€BOi QyHKIUU I/ B 71 -MEPHOM NPOCTPAHCTBE IEPEMEHHBIX YIPaBICHUS
X,5X,,...,X, Ha3bIBACTCS BEKTOP, KOOPIAMHATHI KOTOPOrO PaBHBI YACTHBIM IIPOU3BOJIHBIM II0

Ka)KJI0M IEPEMEHHOM:

20



grady =V y =|0x,

oy
Oox

n

Kaxnas koopauHaTa TIpaJueHTa XapaKTEepU3yeT HHTEHCHUBHOCTb HM3MEHEHUS ILeJIEBOU
(GYHKIMU 1O KaXJ0H M3 71 TepeMEeHHbIX. TakuMm o0pa3oM, IpaJueHT — BEKTOp, MO KOTOPOMY
neneBast GyHKIMs BO3pacTaeT HanbOoJiee MHTEHCHBHO B CPaBHEHMM C JPYTMMHU HalpaBJICHUSMH.
JInuHa BeKTOpa-rpaJieHTa BIpayKaeT HHTEHCUBHOCTH BO3PACTaHUS LEJIEBOM (DYHKITHH.

AHTUIpaJUEeHT — BEKTOp, PaBHBIA IO JUIMHE, HO NPOTUBOINOJIOXKHBIM MO HAIpPaBICHUIO
IpajIuEHTYy.

ANTOpUTM peleHus 3a1adn

1. BriObupaercs B KauecTBE HAYAJIbHOW MPOM3BOJIbHASI TOUKA B TIPOCTPAHCTBE COCTOSTHUIA.

2. Kakum-mu6o cmocoboM ompenensercs rpaiueHT 1ejieBoi (QYHKIIMU B JaHHOU TOYKE.
3. BnlOupaercs 1ar JBUKEHHS [0 AHTHIPAJUEHTY JUTHHOH A .
4. BeiOupaercss mar ABWKCHHS B HAMpaBIICHUW AHTUTPAIMEHTA IO KaXI0H KOOpIWHATE
oy
X — = Xi-
Ox,

1
5. TloBTopsieTcs BBINOJHEHUE AJITOPUTMA MO MyHKTaM 2-4 10 Te€X Mop, MOKa JJIMHA Ilara He
CTaHET PaBHOM HYJIIO.
Cnyck mo aHTUTpaJiueHTy ¢ ONTHMU3AIKel mara
B 5ToM cilydae onTMMM3amus Inara A MOXKET OBITh OCYIIECTBIECHA ITyTEM pEIICHHUS
CUCTEMBI YPaBHEHUU BUAA
Wi_o.
ox,
Jlnis pemieHust ypaBHEHH TaKOTO BHUJIA CIEIYET PA3JIOKHUTh UCCIETyeMYI0 (QYHKITUIO B PsJT
Teinopa ¥ peIKTh CUCTEMY YPAaBHEHHH OTHOCUTENBHO A .
[Ipu pemennn ¢ nmomomnipto psiaa Teinopa MOKHO OrpaHUYUTHCS NEPBBIMU YJICHAMM psifa.

BBIpa)KGHI/IG AJI OIMPEACIICHUS ONITUMAJIBHOTI'O IIara
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ow) [(ow)
v  [oy
ox, Oox,

Oy ( oy 2+2 Oy oy oy Oy(dy B
ox? | ox, Ox,0x, Ox, Ox, Ox; | o,

3agava. [l cxeMmbl, NPUBEACHHONW Ha pHUC. 4, ONPEACIUTh MOIIHOCTh KOHJECHCATOPHBIX

Garapeit O, u (J; , MUHIMH3HPYIOIUX TOTEPH MOIIHOCTH B CETH.

2
0,

0.4

6
0.3
:1 =04 % 02 5 30
U, =110xB
10 MBAP 20 05 .
0.0\ 3

5 O‘i Q3

Puc. 4. Cxema pacnpeaenutensaoi cetu 110 kB

Bonpocwl ona camocmoamenvnoit padbomot cmyoeHmos
CpencTBa U CUCTEMBI YIIPABICHUS SHEPTETUIECKIUME 00bEKTaMH,
OnepaTUBHO-IUCIIETYEPCKOE YIIPABIICHUE;
DNEKTPONPUEMHHUKH MPOMBIIIICHHBIX TPEITPHUSITHIA;
I'paduku Harpy3ku nmoTpeOuTENCH;
Harpy3ku snekrpocuctemsli;
Ponp I'SC B nOBBIIIEHNN 3 KOHOMUYHOCTH U HAJEKHOCTU SHEPTOCUCTEMBI;
CraTucTudeckne XapaKTepUCTHKU CTAHIINUN;

DOKBUBAJICHTHbIE XapaKTEPUCTUKU CTAHIIUI C y4€TOM MOTEPh MOILIHOCTH;

A S AR B e

MatemaTtuueckre MOJIEIH YIPaBIECHUS PEKUMaMU AJIEKTPUUECKUX CTAaHIMH U
HEPrOCUCTEM;

10. 3agaum onTUMaNIbHOTrO paclpencIeHUs Harpy3Ku;
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11.
12.
13.
14.
15.

Pacnpenenenue peakTHUBHBIX Harpy3ok;

KommuiekcHas onTuMH3anus pexXUMOB JIEKTPOIHEPTETUUECKON CHCTEMBI;
OrneHMBaHUE COCTOSTHUS IEKTPUUECKOM CeTH;

Bnayrpucranuunonnas ontumu3zanus pexxuma ['9C;

JlonrocpouHasi ONTUMH3AIUS PEKUMOB.

Yuebno-memoouueckasn numepamypa no npogedeHur0 npaKmuieckux 3aHAmuil
Mscoenos HO.B. OcnoBbl CAIIP B anexktposnepreruke. IlpukiagHoe IpUMEHEHHE.
Y4eObHO-MeToANYEeCKOe MOCOOHE /TS BHITTOJTHEHHS MPAKTHYECKUX U JTabOpaTOpHBIX padoT,
a Tak)Ke KOHTPOJbHBIX 3afaHuil 1o Kypcy «CAIIP B anexkTposHepreTuke». AMypCKUid TOC.
yH-T.- barosemeHncrk, 1998.

Yembopucoa H.II. ACJY u ontumuszanus pexumoB: JlaGopaTOpHBIM HPAaKTUKYM.

bnarosemenck: AMypckui roc. yH-T, 2002.

KPATKUM KOHCHEKT JIEKIITU

Aemomamusuposannvie cucmemul ynpagsienus (ACY)

ACY — 9310 KOMIBIOTEpHas CHUCTEMAa YOpPABIEHUA. YIPaBISIOUIME  MAIIMHBI,

MHKPOIPONCCCOPLI, BBIYUCIUTCIBHBIC CUCTCMbI MHUPOKO TMPUMCHAKOTCA B OSHCPICTUKC. Ha

O6’beKTaX, Ha OTACJIBbHBIX arperarax, AJIA BBIIIOJHCHUSA OTACIbHBIX (b}’HKI_[I/Iﬁ CTOAT KOMIIBIOTCPHEBIC

CUCTEMBI yIIPaBJICHHUS.

3aJau;

1.

TpagunuonHo paznuuaroT Ba BuAa ACY, B KOTOPBIX PEIIAETCS Pa3IWYHbIA KOMILUIEKC

ACVYII (aBromMaTuU3WpOBaHHas CHCTEMa YIPaBJIECHUS TPOU3BOJICTBOM) —  3agadyM
IIPOU3BOJICTBEHHOTO CONEPIKAHNUS;

ACY TII (aBTOMaTU3UPOBAHHBIE CUCTEMbI YIPABICHHUS TEXHOJOTHYECKHM IPOIECCOM) —
3aJjauu yIpaBJICHUS] TEXHOJOTHYECKUM MPOIECCOM CTaHIMM, mojactaHuuid, 6moko TOC,
arperaros, CHCTEM, MAIllMH, MEXAHU3MOB.

ACY nMeer COCTaBHBIEC YacCTH:

e HayuHnoe oGecrieuenue;

e Hudopmannonnoe obecneueHue;

e MaremaTHueckoe 00eCIIeueHHE;

e Texuuueckoe oOecIIeUEHHE;

e Kanpooe obecnieuenue;
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e OpraHuzairoHHOE 0OeCIIeUCHHE.

Hayunoe o0ecneueHne wuMeeT [JBa KOMILJIEKCa MaTE€MaTHYECKHX Mojeled — Juid
VIPaBIsEMON CHUCTEMBI W TIPOIECCOB yrpaBieHus. KoMIUIEKC Mopenel ympaBisieMON CHCTEMBI
MpeIHa3HaueH IS OMHCAHMS TEXHUYECKON M IKOHOMHUYECKOU JESTeTbHOCTU CHCTEMBI, KOTOPBIHA
BKJIIOUAET MaTeMaTHYECKOE OMUCAHKE FJIEMEHTOB YIIPaBIISIEMON CUCTEMBI M UX CBS3EH.

Nudopmanmonnoe odecrieuenne ACY — 310 coctaB mH(pOpMaIuu, KOTopas HEOOXoauma
11l yIpaBleHHsI, ee cOop u 00paboTKa.

Marematrnueckoe obecriedenne ACY — KOMITJIEKC allTOPUTMOB PEIICHUS 3a/1a4 YIpaBICHUS
YU COOTBETCTBYIOIIMX MPOrpaMMHBIX pacueToB Ha DBM. CamMa BBIYMCIUTENbHAS CUCTEMAa MMEET
BHYTPEHHEE MaTEeMaTHUYeCKoe OOCCIeUYeHHEe, KOTOpPOE OCYIIECTBISET cOop U 00paboTKy
uH(OpMALUY, MYJIBTUIIPOTPAMMHBI pEXHM pPabOThl CHCTEMBI, YIOPSJAOYCHHOE pEIICHUE
pPa3IUYHBIX 337a4 B COOTBETCTBUHM C UX MPHOPHUTETOM, MapauIeNbHYI0 00paboTKy MH(pOpMAIUH,
(dbopMHpOBaHNE OTUETHBIX TOKYMEHTOB U IpoOUee.

BHemniHee MaTemaTnueckoe obecrnieuyeHre BKIIYAaeT IPOrpaMMBbl pacueTa pa3iuvHbIX 3a]1au
yIpaBieHus (peKruMa CeTel, ONTUMATbHBIX OAJIAHCOB MOIITHOCTH H T.1I.).

TexHuueckoe odecrnieueHue — HHPOPMAITMOHHO-BRIYUCITUTEBHBIN KOMIUIEKC COBMECTHO C
nepudepuiiHbIM 000pPYAOBAHUEM TEIEMEXaHUKHU U CBSI3U.

KanpoBoe obecrieueHre — mraT pyKOBOJSILEr0 M OOCITYKMBAIOIIEro MepcoHala, a TaKxKe
MOCTOSIHHO JIEHCTBYIONIAs CUCTEMa MEPOTIPUATHH 1O MOBBILICHUIO €r0 KBATH(PUKAIIUH.

OpranuzanuoHHoe obecriedeHne — mpaBmwia (GOPMHUPOBAHUS OPTAHU3AIMOHHON CTPYKTYPHI
ACY, mnonoxeHwss O TpaBax, OO0S3aHHOCTEW W 3aJadyax OTICIBHBIX OpPraHU3alMOHHBIX
noapasaenenniit ACY, nmpaBujia 1 HOpMbI B3aUMOJICUCTBUA JitoAerd 1 OBM.

Hepapxua ACY. Cmpykmypa u cocmag 3aoau.

Cxema ympasienuss 99C opraHuzoBaHa 10 UEPAPXUUECKUM NPUHIMUIIAM — BO BPEMEHH, B
MPOCTPAHCTBE U CUTYaTUBHASI.

Hepapxusi BO BpPEeMEHHU IIO3BOJIAET OTAENIBHO paccMaTpuUBaTh 3a7aud IUIAHUPOBAHMUS
PESKUMOB Ul pa3iMYHbIX MEpUOAOB BpeMeHHU. llenu T1uIaHUpOBaHUS PEXKHUMOB, HCXOAHAS
nH(OpMaIIHs, COCTAB 3aJla4 3aBUCAT OT MMEPUOJIa IJIAHUPOBAHUS, YTO MMO3BOJISIET IEKOMITO3UPOBATh
3a/ladyy ympaBlIeHUs BO BPEMEHH aH HECKOJIBbKO YacTeil. B yCcIOBUSX 3KCIUTyaTalluu, UepapXusi BO
BPEMEHH HMEET TpU B3aUMOCBSI3aHHBIX BPEMEHHBIX YPOBHS pELIEHUS 3a/1ad YIpaBJICHUS
peKUMaMHU:

- IlepBeiii ypoBeHb. CocTaBlieHUE [OJTOCPOUYHBIX IUIAHOB pEXUMa CHUCTEMBI C TIEPUOJIOB
VIPEXKACHUS 0 TOJ]a WIH HECKOJIBKHX JIeT. [aHupyIOTCs pekuMbl, HEOOXOUMBIE TSI HYX/I BCEX
BHJIOB JIEATEILHOCTH TIpH GHyHKIMOHUpoBaHUU DIC (TeXHUYECKOH, (PMHAHCOBOM, X035HCTBEHHON),

a TaKKe JaHHBIN ATAIl BAYKEH U1l B3AHMOOTHOILECHUN B COBPEMEHHBIX PHIHOYHBIX YCIOBHUSAX.
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- Bropoii ypoeHb. CocTaBlieHHE KPaTKOCPOUHBIX IUIAHOB C 3a0J1aroBPEMEHHOCTBIO JIO MecsIia.
Pexumpl mIaHUPYIOTCS Ha KaXIble CYTKM Mecilla M Ha JTOM OJTale OINpeAcisaloTcs H
KOPPEKTUPYIOTCSI BCE JETajM, ONMUCBHIBAIOIINE PEXHUM, B YCIOBHUAX CIy4dailHOrO BO3JEHCTBUS Ha
CUCTEMY.

- Tpertuii ypoBeHb. YpaBieHHe PeKUMaMU IPOUCXOIUT B pealbHOM BpeMeHH (PYHKIIMOHUPOBAHUS
sHeprocucTteMbl. Ha gaHHOM ypoBHE HCHONB3YHOTCS cpeactBa M cuctemsl OJY u
aBTOMAaTUYECKOTO  YNpPABJIEHHUS  PEKMMaMH, C  IOMOLIBIO  KOTOPbIX  KOPPEKTHpYETCs
3aIUTAHUPOBAHHBI PEKUM Ha OCHOBE peaabHON WHPOpPMAIMKM C Yy4eToM TpeOOBaHW K
HEPTOCHAOKCHHUIO.

Wepapxuss B NpOCTpaHCTBE HMEET YETBIPE YPOBHS YIPABIEHUSA. OTO BUJ HEpapXuu
MO3BOJISICT YNPABIATH TEPPUTOPUAIBHO paCIpeeIeHHBIMU O0BEKTAMU PHEPTreTHKU KaK €IUHBIM
LETIbIM.

IlepBblif YpOBEHb YIPaBJICHUSA — HAWBBICIIMK YPOBEHb MPUHATHS PEIICHUHN MO YIPaBJICHUS
pEeKMMaMHU CHCTEMBbl CTpaHbl. DTO OpraHbl YIpaBlIeHUs €QuHOW 3Heprocucremor Poccun. Ha
ypoBHe EDC co3naH onTOBBIN PBIHOK IEKTPO3HEPTUU U PEIIAIOTCS. OTHOIIEHUS KYIUIM-IIPOJAXKH
IIPY B3aUMOJIEUCTBUU PETMOHAIBHBIX YHEPrOCUCTEM, OTJEIbHBIX SHEPIeTHUECKUX MPEIIPUATUN U
OTJENbHBIX KPYMHBIX MoTpeOuteneil. Omnpenensiercs npojaaxa M MOKyIKa MOIIHOCTH U SHEPTruu
MEXy BCEMH CYOBEKTaMH PBHIHKA.

Bropoii ypoBeHb ympaBiieHHs — OpraHbl YIpaBICHUS OObEIUHEHHBIMU 3HEProCUCTEMaMHU
perunonoB ctpanbl (ODC Poccum). Ha sTOM ypoBHE pemaroTcss BOMPOCH B3aUMOJICHCTBUS
paliOHHBIX YHEPrOCUCTEM COOTBETCTBYIOLIETO pernoHa. Bece pemieHus no yrnpapieHUIO pexXUMaMH,
npunsaTeie Ha ypoBHe EDC, o6s3aTenbHbl A BeinoaHenus B OOC.

Tperuid ypoBEHb — YIPaBICHHUE PEKUMAaMHU PAHOHHOW 3HEPrOCHUCTEMBI UM OTIAEIbHBIMU
NPEANPUATUSAMU  ONPENEICHHON  aAMUHUCTPATUBHO-TEPPUTOPUATIBHONM  €AMHUIBL.  31ECh
(GYHKIIMOHUPYET PETMOHANIbHBIN PBIHOK 3JeKTposHepruu. Ha Hem QopmupyroTcsi OTHOIIEHUS
KYIUTU-TIPOJA’KU MEX]Ty SHEPrOCHAOKAIOIIMMHU OpraHU3alusIMU U oTpedutensimu. Onpenensiorcs
PEXHUMBI CTAaHLUN CHCTEMBI, PEKUM 3JIEKTPUUYECKUX CETEH M BCE MEPONPUATHS IO BBINOIHEHHIO
TpeOOBaHUN K DSHEProcHaOXeHuto moTpeduTeneil. Pemenus, npuasTeie Ha ypoBHe ODIC,
00s13aTeIbHBI 17151 palioHHOM dHEprocucTeMbl AO DHEPro U OTAETBHBIX MPEATPUITHIA.

UYeTBepThlil ypOBEHb — 3JIEKTPOCTAHIUH, IPEAIPUITHS DJIEKTPUUYECKUX U TEIUIOBBIX CETEH,
obecrieunBaronue 3HeprocHadkenue Ha ypoBHe AO Duepro. Ha »ToM ypoBHe ompexensiercs
peXUM arperaToB ¢ Yy4eTOM TeX 3aJaHMil, KOTOpblE YCTAHOBJEHbl Ha YpPOBHE paloHa
SHEPTOCHAOKCHUSI.

Jlnist mo00ro HUKHETO YPOBHS Harpyska craniuil, neperoku no JIDII u apyrue mapamerpsl

OTIPENIENIAIOTCS C YUETOM yCIOBUH, POPMHUPYEMBIX Ha Oosiee BBICOKOM YPOBHE.
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CutyaTuBHas uWepapxuvs YCTAaHABIMBAET NPHOPUTETHl PEIICHUS PEKUMHBIX 3a1ad B
3aBHCHUMOCTH OT COCTOSIHUSI CHCTEMBI.

HauBpicinii mpuopUTET MMEIOT 3a7aud, KOTOpbIE HEOOXOJMMO pellaTh B aBapHHHBIX
CUTyallMsX. 3a HUMH CIEAYIOT 3aJa4M, BOZHUKAIOIINE B YTSHKEIICHHBIX YCIOBHUSX U T€, KOTOPHIE
COOTBETCTBYIOT = HOPMaJbHBIM  YCIOBHSM. JlaHHasg  1IOCIIEIOBAaTEIbHOCTh  ONpPEACIAETCS
TpeOOBaHUSM HA/ICKHOCTH.

Hepapxu4HoCTh 3a7jau YIpaBICHHUS PEKUMAMU MO3BOJSIET UMETh 3PPEKTHBHYIO CHCTEMY
YIPaBJIECHUS PEKUMAMM.

VYrpoiieHHas MOJIeb YHEPTreTHYECKUM 00BEKTOM TOKa3aHa Ha puc. 5. Ha Bxoje umerorcs
napametpsl X , Ha Beixojge - Y . PerymupoBanue cocTosiHus 0ObEKTa 10 MPHHIMIY O0OpaTHOM
CBsA3W oOecneunBaeTcs BoszelictBueM Ha X B 3aBUCHMOCTH OT Y. DTO OCYIIECTBISAETCS

byHkuueii cpsazu Z .

i > OOBeKT ynpaieHus >

V4

Puc. 5. Cxema ynpaBiieHus pexuMamMu

Cpe()cmea U cucmemasl ynpaeieHuA InepzemudecCKumu o0vekmam

Cucrema ympaBlIeHHS OHEPreTHUYECKUM IPOU3BOJCTBOM  SIBJISIETCS COBOKYITHOCTBIO
OpraHnu3allMOHHBIX CUCTCM YIIPABJICHUA, JUCIICTUCPCKOTO YIIPABJIICHUA U CPCACTB aBTOMATHYCCKOI'O
YIpaBICHUA.

Jnst moBbIeHUsT 3P GEKTUBHOCTH YIPABICHUS] SHEPTOOOBEKTAMHU HEOOXOIMMO CO3/IaHHE
€IMHOM IIEHTPAJIU30BaHHON CUCTEMbl MOHUTOPUHT SHEPreTUUECKOTo X03siicTBa Poccun Ha ocHOBE
COBPEMEHHBIX  HMH()OPMAIIMOHHBIX  TEXHOJOTUH  MyTeM  HWHTETPallid  CYILECTBYIOIIHX,
paBpaGaTBIBaGMBIX U TUIAHUPYCMBIX MOHUTOPUHIOBBIX CHUCTEM B OHCPICTUYCCKOM CCKTOPC
SKOHOMHUKH.

DHepreTuYecKkuii MOHUTOPUHT (OM) — 3TO cHCTeMaTHYecKoe HaOIoJeHUe, JHAarHOCTHKA,

aHaJIN3, OUCHKAa W HNPOIrHO3 COCTOSAHUA U B3aHMOCBS3EH OHCPICTUYCCKOIO XO035icTBa PEruoHOB
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Poccun, mpoucxoasimux B HEM MpoIeccoB Ha 0a3e cucreMa cOopa, cUCTeMaTU3alluy, XpaHeHHUs,
00pabOTKH M BBIJJa4X COOTBETCTBYIOIIUX JAHHBIX U JIOKYMEHTOB.
B cucremy DM BKIIIOUEHBI CIEAYIOLIME CIIEHUATM3UPOBAHHBIC MTOACUCTEMBI DM
- SHEpromnoTpedIeHne U YHEPTOCHAOKCHHE;
- IPUPOAHBIE SHEPTOPECYPCHI;
- DKOJIOTHYeCcKasi 0€30MaCHOCTh YHEPTETHUECKUX 0OBEKTOB;
- POU3BOICTBEHHBIE MOIITHOCTH B oTpacisix TOK;
- IPOU3BO/ICTBO, MIOCTaBKU U OaJaHC SHEPrOPeCypCoOB;
- SKOHOMUYECKHE XapaKTEPUCTUKH U Tiporiecchl B TOK;
- TEXHUYECKHUH nporpecc B orpaciax TOK;
- COCTOSIHUE U PEXKUMBI PaOOTHI JIEMEHTOB CHCTEM YHEPTCTHUKH;
- TEXHUYECKas 0€30MacHOCTh IHEPTeTUUECKUX OOBEKTOB;
- XO35UCTBEHHO-9KOHOMUYECKOE U TEXHOJIOTHYECKOE YIIPABICHNE B YHEPreTHKE;

- SHEpreTUIecKasi 0e30MacHOCTb.

Kpumepuu u 3a0auu, pewiaemvie 6 ACY

Bcee 3amaun ympamienwus, oOecneunBaromye (OPMUPOBAHHME YIPABISIONINX pPEUICHHH,
MOTYT OBITh pa3/eICHbl Ha ONTUMHU3AIMOHHBIE M OIEHOUHBIC. PeleHre mepBeIX JOCTUTACTCS TPH
YIOBJIETBOPEHUU KAKOTO-IM0O0 KpUTEpUs OnTUMU3AuH. [Ipyu pemeHnn BTOPBIX YAOBIECTBOPSIOTCS
COOTBETCTBYIOIIME YPABHEHUSI COCTOSTHUS OOBEKTA.

["oBOps 0 KpUTEPUH YIIPABIICHHUS, UMEETCS B BUJY 334U ONTHMHU3ALINH.

OcHoBHOU 3anmadeit ynpasieHus DOC sBisieTcs HaAe)KHOE CHAOKEHUE DIICKTPUYCCKOU U
TEIJIOBOM JHeprueil TpedyemMoro kadecTBa MPH MHHHMAIBHBIX 3aTparax Ha €€ MPOU3BOJICTBO,
npeoOpa3oBaHue, nepenady u pacnpezenenue. OTciofa, B KayecTBE OCHOBHOIO KPUTEpUS MPH
BBIPAOOTKE YIPABISAIOMINX PEIICHHN Ha BCEX YPOBHAX mepapxuu ymnpasieHus EDC ucnonb3yercs
MUHHMMYM 3aTpaTr B TEYEHUE pacCMaTpUBAEMOTO NIEPHO]1a BPEMEHHU.

[Ipn pemennr pa3TUYHBIX ONTHUMH3AIMOHHBIX 33/lad  YIOPABICHUS MOTYT OBITh
UCIOJIb30BaHbl U JPYrHe€ 4YacTHblE KPUTEPUHU, HAPUMEpP, MUHUMYM OTJIEIbHBIX COCTABISIOIINX
AKCIUTyaTallMOHHBIX 3aTpaT B TEYEHHE PACCMaTPUBAEMOrO MEpPHOJa BpEMEHU — MUHUMYM pacxoja
YCJIOBHOTO TOIUIMBA MpPU ONTHUMHU3ALMUM CTAlMOHAPHBIX PpEXUMOB, MHHUMYM 3arpaT Ha
npopuIakTHYecKoe 00CTy)KMBaHUE U T.JI.

TakuM 00pa3oM, B pa3iIMuUHBIX 3a7adyax ONTHUMM3AIMH HCIOJB3YIOTCS pa3Hble KPUTEPHUH

OIITUMMU3AIHH.
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Bo BHYTPUCTAHIIMOHHLIX 3aJadax OIITHMU3AlUKU PEXKUMOB HCIOJbB3YHOTCA 00BIYHO
TEXHUYECKHE KPUTEPUH: MUHMMYM Pacxo/a dHepropecypca (Toriusa Wi Boasl), makcumym KII/I,
MUHHMMYM IIOTEPH SHEPIUH, T.€.

B, — min,
1., —> max.
[Ipu onTUMHU3aIUK peXUMa BJICKTPUUYECKON CEeTH KpUTEpUeM MOryT OBITh NOTEpU

AJIEKTPOIHEPTHU

AD _~ — min

cemu

WM UX CTOUMOCTB

nomepb — min

I[Ipu ontummzamuu pexuma DOIC HEOOXOIUMO YUYHTHIBATh IOJHBIE M3ACPKKH U

ONITUMAJILHBIM OYZIET peXXUM, IIPU KOTOPOM

u — min,

cucmemaul

npuyemM

l j cucmemol Z 1 j npeonpusaul

B ycnoBusIX pBIHOYHBIX OTHOIIEHUM pPEXHUMHBIE 3aJaud HMMEIOT 3HA4YeHHE JUIS
KOMMEPYECKHX OTHOLICHWH M B TAKUX CIy4asX JOJDKEH UCIOJIb30BAaThCA KPUTEPUHA ONTUMAJIbHON
MpUOBLIH, TPUYEM ONITUMAIIBHBIM OyZIEeT PEeKUM, IPU KOTOPOM MPHUOBUIb Ui IPEANPUATHS

Im=1Ii_..

Beibop kputepus uMeeT BaKHOE 3HAUEHHUE Uil pa3pabOTKM MaTeMaTHYeCKOW MoJenn
ONTHMHU3ALINH.

Pemenne paznmMyHBIX ONTUMHU3ALMOHHBIX 33Ja4 YIOPABICHHWS NPU HCHOJIB30BAaHUU
COOTBETCTBYIOIIMX KPUTEPUEB ONTHUMU3ALMHU OCYLIECTBIIAETCS B paMKaxX OTpaHWYeHUU. bounbias
YacTh 3TUX OTPAaHWYECHUH (QOopMHpYETCS B Ipolecce YIpPaBICHHUS U 00ECIeYrBaET BO3MOXKHOCTb
JEKOMITO3UIIMK OOIIel 3a1aun ynpaBieHUs Ha HamOosee yacTHbIe 3aj1aud, pemaembie B ACY. K
TaKUM OTpPaHUYCHHUSM MOXXHO OTHECTH OTPaHHYECHHS TMPOMyCcKHON cnocoonoctn JIDII, mo
BEJIMYMHE PE3EPBOB MOIIHOCTH B OTIEIBHBIX pallOHaX CHCTEM, [0 YPOBHSM HAIpPsDKEHUS B y3J1ax
reHepalyuyu U Harpy3k U T.A.

YacTp OrpaHMuEHHI MpPECTABIAIOT €000 TpeGoBaHUs, ONpeAensieMble, BO-TIEPBBIX,
OCHOBHOU 3amadeit ympaBneHuss EDC — oOecneunTh HaaekHOE CHaOXeHUE MOTpeOuTenei
AJICKTPOIHEPTUEH M TEIUIOTOM HEOOXOJUMOTO KadecTBa, BO-BTOPBIX, cBs3samu EDC ¢ apyrumu

OTpacIIIMHU.
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Orpanuvenus, (opMupyeMble B Tpollecce yIpaBiCHHs, PAcCMATPUBAIOTCA MPH
XapaKTEPUCTUKE METOJOB W AJITOPUTMOB PEIICHUS PA3IMYHBIX 3a/Jau ymnpasiieHus. Bompocsl o
TpeOOBaHUSAX, KOTOpPBIE [IOJDKHBI YIOBIETBOPATHCS Tpu  ympaBienun EDC, sBiswoTcs
KOHIIENTYaJIbHbIMHU.

OTMeTuM OCHOBHBIE 3a7auu yrnpasieHus IIC, pemaeMbie B pamkax ACY TII:

- cbop u 00paboTka HHPOPMALUY;

- YIIpaBJEHUE PEKUMaMU;

- OIpejAeNieHUE TEXHMYECKUX U SKOHOMMUYECKHUX IMOKazareiaed paldoThl CTaHIMM, HpeanpusTuit
INEKTPUUYECKUX CETEH, MEKCUCTEMHBIX CBSI3€M M CUCTEMBI B LIE€JIOM, BKJIKOYasi KOHTPOJIb TEKYILETO
peXuMa U CHUTHAIM3AIMIO OTKJIOHEHUH KOHTPOJMPYEMBIX MapaMeTpOB OT YCTaHOBJIEHHBIX
IIPEIETIOB;

- pacueThl W aHalU3 PEKHUMOB CHCTEM (pacyeTbl YCTAaHOBHUBIIMXCS PEXKHUMOB, TOKOB KOPOTKHX
3aMBbIKaHUM, CTATUYECKON M JUHAMHUYECKON YCTOWYMBOCTHU U TIP.), OIIEHKA CUTYallMid B BO3MOXKHBIX
[IOCJICABAPUIHBIX PEKUMAX;

- TPOTHO3MPOBAHME HATrPy30K OTAEIBHBIX Y3JIOB U CHUCTEMBI B LIEJIOM, @ TAK)K€ MEKCHCTEMHBIX
MIEPETOKOB MOIIHOCTH;

- INTAHUPOBAHNE ONTUMAJIbHBIX PEXKMMOB CHCTEM, BKJIIOUAsl PEIICHHE CICAYIONINX 3a70a4:

- BKOHOMUYECKHU ONTUMAJIBLHOE paclpe/ieICHUE aKTUBHON HAarpy3Ku CUCTEMbI MEKy CTAaHIUAMH U
Ha CTaHIIMM — MEX]Ty arperatamMy Ipu JaHHOM COCTaBe paboTaroIero 060pya0BaHus;

- ONTUMAJILHOE paclpe/iefieHue PEaKTUBHBIX HArPy30K, BBIOOpP HArpy30K UCTOYHMKOB PEAKTUBHOI
MOIIHOCTH C YYETOM JOMYCTUMBIX HAIPSHKEHU;

- BEIOOp ONTUMAIILHOTO COCTaBa paboTaoLIEro 000pyI0BaHHUS;

- BBIOOp ONTHMANBHBIX CPOKOB MPODUIAKTUYECKMX © TEKYIIUX PEMOHTOB H PEBU3HIA
00opyIOBaHUS.

B ACY TII TOC wumeroTcs 3amaydl ONTHMM3AIMKA PEKUMa SHEProOsIoKa, yIpaBiICHUS
PEKUMOM HANPSHKEHUS U PEaKTHUBHOW MOIIHOCTH, ()OPMHUPOBAHME TEIUIOBOTO OajaHca CTaHIIWH,
pacuera KII/], pacuera TeXHUKO-3KOHOMHYECKHUX MMOKa3aTesel, pacueTa ABUKEHUS TOTINBA.

B ACY TII I'DC Bemerca onTUMHM3AIMSA pPEKUMaA HCIOJIL30BaHUS BOJHBIX PECYPCOB
BOJOXPAHWIMINA, ONpPENEICHUE ONTHUMAIBHOITO COCTAaBA W PEXHMMa arperaroB, PEryaupOBaHHUE
HaIpPsDKEHUs, PaCYET TEXHUKO-3KOHOMMUECKUX IOKa3aTele;

B ACY TII noacraHiuii pemaroTcs 3ajadyd  yIOpaBleHHs TpaHc(opmaTopamu,

KOMMYTAalLlUSIMHU, y4eTa OTIycKa 3JIEKTPOIHEPTUH.

Aemomamuzupoeafmble CUCHIEMDbL YNPABIICHUA 3Hepzocua6.)fcenuem RPOMDbBLULIEHHBIX

npeonpusamuii
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[Ipu paccmoTpeHun 000N DHEPreTHYECKONM CHUCTEMBI KakK OOBEKTa YIpaBiICHUS
paccMmaTpuBaeTcs:

1. Cocrosinue u MaciTaObl pa3BUTHSI JAHHOTO ITPOU3BO/ICTBA;

2. OcoOeHHOCTH MpPOU3BOACTBA, BIUAIOIIME HA €ro  YIOpPaBIseMOCTb  (BBISBISAIOTCS
YIpPaBIAIONUME MapaMeTpbl, CPEACTBA U CHCTEMbl ABTOMATUYECKOIO M JIUCHETYEPCKOTO
YIpaBIEHUS)

Hanpuwmep, 11t cucTeMbl 3JIEKTPOCHA0KEHUSI HE00X0AUMO UMETh IMOJIHBIE JAaHHBIE O CXeMe
JIEKTPOCHAOKEHUS MPEANPUSITUS, LIEX0B, CXEMbl OTAEIbHBIX IOJCTAHIMM, pacnpeaeauTelbHbIX
IIYHKTOB, TAPAMETPbI JIEKTPONPHEMHUKOB.

OmnepaTuBHOE YNpaABJICHHUE OCYLIECTBISETCS TUCIETYEPCKOM CIykO00i, KOTOpas sBIsSEeTCA
OpraHU3alMOHHO-TeXHUUECKOW  cuctemMoi. CocTaB  OmepaTHBHBIX  33/Ja4  Pa3HOOOpPA3eH:
palMOHAIbHOE HCIOJb30BAaHUE SHEPrOpecypcoB M AIIEKTPOIHEPIUH, BKJIIOUYEHHE B pPaboOTy
HE00XOAMMOr0 KOJIMYECTBA arperaToB M yIpaBlIeHUE UX pPeKUMaMH, IPOU3BOJCTBO HEOOXOJUMBIX
MIEPEKIIIOYECHUHN U TIP.

[IIupoko HMCHONB3YIOTCS W CpeAcTBa aBTomMaruyeckoro ympasienus: PIIH (ycrpoiicTBa
pEeryaupoBaHus CUIIOBBIX TPaHC(POPMATOPOB 101 Harpy3koii), ABP (ycTpolicTBO aBTOMAaTH4ECKOTO
BKIIOUeHUs1 pe3epra), AIIB (aBTomatmdeckoro moBTopHOro BKioueHus), AUP u APT
(aBTOMaTH4ECKON pa3rpy3KH 110 YaCTOTE U TOKY) U IIp.

[TocTpoenne nHGOPMALIMOHHON MO/IETH O0OBEKTa YIIPaBICHUS BBHIIOIHICTCS B TISTh STAIOB!

1. Omnpenenstorcs 3B€HbsI CUCTEMbI M YCTAHABJIMBAIOTCS UX BXO/bI U BBIXO/bI;

2. YcraHaBnuBaroTCs HH(POPMALMOHHBIE TIOTOKU MEXAY 2JIEMEHTaMH CUCTEMBI,

3. B kaxmoMm B3BeHE ONpelensercs IEepeueHb pEIIaeMbIX 3aJad M BBIABIAETCS
uH(popManus, HeoOXOaUMast VISl KX PEIICHUS;

4. 3amauM fenATCs Ha IOJACUCTEMBl M KJIACCUQUIMPYIOTCA 10 OINpeeleHHBIM
IIPU3HAKAM;

5. Knaccudunupyercs u kogupyercst Bcst uHGopMarus Uit oprannzanuu ee Ha DBM.

Hanpumep, mycts 3BeHOM cuctemsl siBisercss 3aBoiackas TOLl. Ee 3BeHbsMu sBIAOTCA
nexa, oprerpykrypa (1 sram). Meny 3BeHbMH CyIIecTByeT oOMeH mHpopmaruu (2 3Tar), KoTopas
HOSIBJISICTCSI BCJIEJCTBUE PELICHUs ONPENEICHHBIX 3a7ad B KaX10M 3BeHe (3 artam). 3a1a4u MOXKHO
pa3dbute Ha Trpynmbl: HWHGOPMAIMOHHBIE, OINEpaTUBHBbIC, pacdeTHble M T.A. (4 srtam). Bes
uHpopManus, Kotopas TpeOyeTcs IpU peIlIeHUH ITHX 3a]ad, KIACCHPHUUUPYETCS MO Pa3INuHBIM
IpU3HAKAM — IO MEPUOAMYHOCTH, MO BUAY (OIEepaTHBHAsA, IJIAHOBAas, HOPMAaTHUBHO-CIIPaBOYHAs,
oTYeTHas) u T.A4. (5 tam).

WudopmanronHas MOAETb CTPOUTCA MO JAaHHBIM 3THX JSTAaloB M TO3BOJIAET B IEJIOM

YBHUJIETh 00BEKT U pazpaboraTh nH(popMaronHoe odecreuenue ACY.
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Bce nstaner pazpabotkm ACY, mepeduclICHHbIE BBIIIE, OCYIICCTBISIOTCS Ha OCHOBE
CTIEUUANTBHOTO 00CIeIOBaHUSI KOHKPETHOTO TMpOM3BOACTBA. Pa3paboTaHbl METOJMYECKHE U
Hay4HbIe IPUHILIMIBI KaK CaMOro 00ClIeIOBaHMs, TaK M BBIIOJIHEHUS paboThl 1o coznanuio ACY.

Hayunusie ocnosvlt asmomamuszuposannozo peuwienus 3aoau 6 ACY C3C

npomnpeonpusamuii

Bce 3amaun, pemaembie B ACY, ux BO37eiicTBUE Ha OOBEKT YNPABICHUS JOJDKHBI OBITH
npescTaBieHbl B Buae Maremaruyeckoil monenu (MM), koTopbie OOMKHBI OBITH aJ€KBAaTHBI
peanbHOMY OOBEKTY M YAOOHBI JJ BRIpaOOTKH Ha HUX pernieHuil. Ha ocHoBe MM pa3zpabaTsiBaeTcs
QITOPUTM pacyeTa 3aJa4yM, ¥ 3aTeM IIporpamma pacuera.

MM TeXHOJOTHYECKOro MpoIiecca MOXKET OBITh INpeJCTaBlieHa B BHJIE YPaBHEHUH MATH
BH/JIOB.

I. LeneBas d¢ynkuus (ypaBHeHue 1enu). OHa [aeT CBSI3b MEXAY KPUTEPHEM
(mokazareneM) ll, Mo KOTOpOMYy OLIEHMBAIOTCA pEIICHHS, U IEPEMEHHBIMU BeTUYMHAMHU X,
OTIpeACTSAIONUME 3TO petnerue. [Ipu onTumu3anuu HaxoauTes sKeTpemyM dyHkimu L(X)

I[](X)=min(max).

II. VYpaBuenus cBs3u (QYHKIHH CBSI3U), KOTOPBIE OIMKCHIBAIOT TEXHOJOTHYECKHIA
MPOLECC W JAIOT 3aBUCHUMOCTH MEXIY pPEryJupyeMbIMH MapameTpamu X, KpUTEepHUeM BbIOOpa
pewenus 1] u Bcemu qpyrumu napaMmeTpaMu TaHHOM 3a1aun Y.

(X,Y)

III. YpaBHeHus OrpaHMYECHH IS BCEX IApaMETpPOB, KOTOPHIE 3aJalOTCS B BHJIE
HEPaBEHCTB WJIK PABEHCTB:

Xmin X< Xmax’

Ymin <Y< Ymax’

W(X,Y)=0

IV. VYpaBHeHue onTtuManbHOro ympasieHus (ypaBHeHHe ontumuszanuu). OHO
COCTABIJISIETCSI HAa OCHOBE OINPEIEICHHOT0 MaTeMaTHYEeCKOro ammapara U JaeT BO3MOXHOCTb
OIpeenuTh Takue 3HaueHus napamerpos X = X, npu kotopeix nens [{ mpocTuraeT MUHUMyMA.

B ACY pemaercss MHOKECTBO 3a7a4 MOCTPOCHUS CTAaTUCTUUECKUX XAPAKTEPHUCTUK MO TEM

JTaHHBIM, KOTOpPbIE HAKaIUIMBAIOTCA B SKCIUTyaTaluu. [lpuMepomM MOTyT OBITH XapaKTEpUCTUKU

PAcX0/10B DIEKTPOIHEPTUK I WIIM IAPYTUX BUIOB PECYPCOB Ha BHIMYCK npoaykuuu 11 (puc. 6).
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Puc. 6. XapakTepucTHKa pacxoia SJIEKTPOYHEPIUH ) Ha BRIMTYCK npoaykuuu 1/

[TycTh HAKOIIIEHBI JAHHBIE, KOTOPbIE OOpa3yloT MOJE TOYeK — TpeOyeTcs Moaobparh
aNMPOKCMMUPYIONIYI0 (GYHKINIO (COCTABUTL AHAMTHYECKOE BBIPAKEHHE) JUIS XapaKTEPUCTHKH
I(II). Touku 1, 2, 3 (puc .2) TMOJyYEHBI MO AaHHBIM HaOmoaeHui. OT aNMPOKCUMHUPYIOLIEH
(yskimn onn ormmuarorcs Ha Bemumumuel AD;, AD,, AJ;. Ilockomasky AD, moryr GbITh U
TIOJIO)KUTENBHBIMA M OTPHIATENBHBIMA, TO HCIONB3yeTcsl KBajapaTWuHas (opMa, W 3amada

3aKII0YACTCS B TOM, YTOOBI HAWTH TaKyto (yHKLHIO, [IPH KOTOPOH CymMMa KBaaparos BeanunH AD,

HavMEHbIIIas, T.€.
D (3, =9,) =D A3 =min
i Ji i :
i i
dopma QPyHKIHOHATHHON 3aBHCUMOCTH
~ 7 ~2
II=a+b3, +c3;,

rae d, b, ¢ - neusBecTHbIE KOY)PUIMEHTI.

Torna

YA =(a+b3,+E2} -3,)* - min.

Pemasi cucteMy TakuX YypaBHEHHE Ui BCeX TOYEK [ C HCIOJIb30BAaHHEM METOa
HAaMMEHBIINX KBAJPaTOB, MOKHO HAWTH allPOKCUMUPYIONIYIO (PYHKIIHIO, JAIOIIYI0 MUHUMAaJIbHbIE

OTKJIOHEHHS OT (haKTUIeCKuX ee ToueK. DyHKuus OyIeT UMETh BH/T
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II=a+bD, +c37,

rae a, b, ¢ - u3BecTHBIE MHOXKHUTENH.

BonbInas HeOOXOAMMOCTh UMEETCS B PEIICHUH Pa3IMYHBIX 3a1a4 [IPOrHO3MPOBaHUs. B ux
YUCJIe TMOTPEOHOCTh AHEPrOpecypcoB, TpadUKd HATPy30K, HAIEKHOCTH OOOpYHAOBaHHUS.
PaccmoTpuMm 3amady MpoOrHO3UPOBAaHHS TMOTPeOIeHUs 3yeKTpodHeprun. CiydalHBIN XapakTep
SIEKTPONOTPEOICHUS.  ONpeeseTcs IeopU3MIeCKUMU IIpoueccaMu  (TeMIepaTypoli BO3yxa,
COJHEYHOM aKTUBHOCTBIO M Mp.), JCHCTBHAMHU TPYIOBBIX KOJUIEKTUBOB (M3MEHEHHEM
IPOM3BOAUTENBHOCTH TPyJd, HAPYIIEHHEM PUTMHYHOCTH CHAOKEHHMS MATEpHAlaMH U CBHIPHEM),
COCTOSHMEM 00OPYIOBAHUS | JIP.

DneKTpomoTpeOIeHne  MEHSeTCs  BHYTPM  HEIEIH, Mecsala, roja.  JlomycTHMm,
paccMaTpuBaeTCs 3ajada MPOTHO3MPOBAHUS DJIEKTPOIOTPEOICHHS B TEUEHUE roJa NPH YCIOBHH,
YTO TEXHUYECKOE COCTOSHME MPEANPUATHS M BH OTIIYCKaeMO MPOAYKIIMKU He MeHsieTcs. Torma Ha
OCHOBE CTATHCTHYECKUX JAHHBIX IPOLECC IEKTPONOTPEOIEHUS MOKET ObITh MPEICTABICH B BUJIE
BpemeHHoro psiga I(f)

A)=T({)+s(t)+0(1),
rne 1'(t) - TpeHm, T.e. yCTOWYMBOE WM3MEHEHHE O>JIEKTPONOTPeOieHus BHyTpu roma; S(f) -
CE30HHAs COCTABJIAIONIAS, T.€. M3MEHEHHE O3JIEKTPONOTPEOICHUS IO OTHOMICHUIO K TPEHAY B
3aBHCHMOCTH OT CE30HOB roja; O (1) - ciydaiiHas COCTaBISIONIAS.

Cocrasmsronme 1(¢) u S(f) B cyMMe XapakTepu3ylOT pETYJSAPHBIE H3MEHEHHS

AJIEKTPONOTPEOIICHUSI.
[lo craTucTHYeCKMM JaHHBIM MOKHO MaTEMAaTHYEeCKH OINHMCaTh BCE COCTABIISIOIINE

ciy4daiinoro npomnecca. O6erano 7'(f) - 510 QyHKIMS 1mepBoro, BToporo mopsaka, S(¢) - ma6op

rapMoHudeckux QpyHkiuii. Ha puc. 7 mpuBeneH npuMep Takux (QyHKIHA.
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Puc. 7. Ilporuno3upoBaHue 3JIEKTPONOTPEOICHUS

JlocTOBEpHOCTh MOJENM 3aBUCUT OT MPaBUIBLHOTO BBIOOpa Mepuoja peTpocnekinuu. B
JKCIUTYaTallMOHHBIX YCJIOBHSAX HACTOSIIETO BPEMEHHM NEPHOJ PETPOCIEKIMN MEHSETCS OT Mecsia
1o rojga. Mopens mpoBepsieTCsl MO CTAaTUCTUYECKUM KPUTEPUSM M B HMX 4YHCIE IO
CPEIHEKBAIPATUYHON MOrpeIHOCTH. TOYHOCTh MOJIENH 3aBUCUT OT KOJMYECTBA TOYEK MCXOAHOIO
psda JaHHBIX, OT BHJA (GYHKIMI Uil KOMIOHEHTOB Mojnenu. [lonbGop ¢yHKIuil psaa noikeH
MPOBEPSITHCSA MO TOrpemHocTssM. Heobxogumo BeIOMpaTh Hanboyiee TOUYHBIE (YHKIUU.
BeiOupaercss (QyHKUMsS TpeHAa, YUCIO 3HAYUMBIX TapMOHUK JUIi CE30HHOM COCTaBIIAIONICH,
MOA0MPAETCS IO BO3MOXHOCTH M MOJIEIb CITYYaifHON COCTaBJISIONICH.

ITporuos Ha MoMmeHT BpeMeru (£ + At) onpenensercs Kak

At+A)=T(+At)+s(t+At)+0(t+At).

Kaxnasg cocraBisiomas MOAEIH OTPAKAET ONPENEIECHHYI0 CTOPOHY MOJEIUPYEMOIO
npouecca. [Ipu BeeneHnn TpeHa Npou3BOANTCS CIIaXKMBAaHUE PsAJa 3a CUET OCPEHEHHUS TAHHBIX
Ha HECKOJIbKUX WHTEpBajaX BpeMeHU. Ecnu paccMarpuBaercss roJ0BOM MepUoOA, TO, HApPUMED,
CYTOYHBIE JIaHHBIE MOXHO YCPEOHATh Ha MECSYHBIX HHTepBajax. Ecium paccMarpuBaercs
MHOT'OJIETHUH MEPUOJI, TO MOKHO YCPEIHATH JaHHbIE MO rogaM. OcpeaHeHUE NO3BOJISET OLICHUTh
OCHOBHYIO TEHJEHIHIO nporecca. DyHKIUSA TpeHAa MOoAOUpPAETCs C MOMOUIbI0 MOJIMHOMHUATBHON
perpeccun. Koadduuumentsr perpeccur moadUparoTcs C UCIOIb30BAHUEM METO/a HAWMEHBIINX
kBajpaToB. Kak mpaBumo, A7 TpeH/Ia CTETICHb MOJIMHOMA HE OOJIBIIIE BTOPOH.

[Tocne BIIECHUS TPEH/IA OCTATKA UMEIOT BU]T

) = s(t) + 5(1).
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M3 OCTaTKoB BBIACIAETCS CE30HHAS COCTaBIAIOMAsA. Ce30HHOCTH MPOSBISETCS B BUAC
LUKJIMYECKOr0 IIPoLiecca, MOAEIUPOBAHUE KOTOPOIO MOKHO BBIIIOJIHUTH HA MCIOJIB30BAHUM Psa
®dypbe, T.e. CHUHYCOMJTAIBHBIMM M KOCHHYCOMJAIBHBIMU (DYHKLIHSMH, HUMEIOINIMMU pPa3IUYHbIC

nepuoipl. B o01eM Buie ce30HHAsI COCTaBIISIONIAs
s(t)= ZAl. cos(wi,t) +Z B sin(wi,t),

rne A;, B; - uckomble kK09GGUIHCHTBL, | - HOMEP FaPMOHHUKA.
[locie BBIIENEHNs TPEH/A U CE30HHON COCTaBIIAIONIEH OCTAIOTCS CilydaiiHbie octatku O (1),

KOTOPBIE XapaKTepU3yIOT CTAllMOHAPHBIN CIydailHBIN Ipolecc U B OOIIEM Cilydae CKJIaJIbIBalOTCS

U3 KolueOaHuii, KOTOphIE MONNAIOTCA OMUCaHuI0 [, ¥ CIOydaiHbIX S(t), KOTOpBIE HE TMOIAF0TCS

omucanuio. KommonenTa /, MOXeT paccMaTpHBATBCs Kak aBTOPETPECCUsL

I, =al a1

s @A,

Mogenu ciay4dallHBIX MPOILIECCOB MPUMEHSIOTCS M JJIsi IPOTHO3UPOBAHUSL TEXHHUKO-
SKOHOMUYECKUX TOKA3aTeNICH MPEAIIPUATHH.

Heobxomumocts ¥ 3((EKTUBHOCTh HUCIOJIB30BAHUS MAaTEMAaTHYECKUX METOJIOB B
yIpaBieHUH 00yCIOBINBAETCA MHOTUMU ITpuunHaMu. COCTaBISIOMUMEU YPPEKTUBHOCTH SBIISIOTCS
CJIEIYIOIME HAIIPaBICHUSA:

1. HemonHOTa M HETOCTOBEPHOCTH UH(POPMAITUH;
2. YacTo 3aa4u CTOJb CIOXKHBI, UTO YEIOBEK HE MOKET PEUIUTh X ONTUMAIbHBIM 00pa3oMm;
3. HenocrarouHas kBanu(uKalus, OTCYTCTBHE OIbITA YacTO MPUBOAAT K MPUHIUIHAIBEHOM

HEBO3MOKHOCTH PELICHUS 33[a4l HAWTYYILIUM ITyTEM;

4. W30BITOYHOCTH HMHQPOpPMAIIMM YACTO MPUBOJUT YEIOBEKAa €€ TIOJHOTO BOCIPHUSATHS

YEJI0OBEKOM.

[IpuBeneM mpuMepsl HCIONB30BAHMUS  PA3JIMYHBIX  MAaTEMATHMYECKUX  METOJOB B
MpaKTUYECKUX 3anadax. JIMHeiHoe mnporpaMMupoBaHuE: TPAHCHOPT TOIUIMBA, DSHEPIUH,
PECYPCOB, BEIOOP CTPYKTYPBI MOIITHOCTEH CTAHIIUN CUCTEMBI, BEIOOP CXEMBI DJIEKTPOCHAOKEHUS
paiioHa; BbIOOp CXeMbl BBICOKOBOJBTHBIX Iepenady M T.a1. HenuHeliHoe mporpamMHpoOBaHUE:
pacmpenesnieHne Harpy3Kh MEXAy arperataMu, CTaHUUSMH, CHUCTEMaMHM, pacuera pexuma
ANEKTPUYECKUX CEeTel IO MUHUMYMY NIOTE€Ph SHEPTHH, BEIOODP MMapaMeTpoB MO MPOESKTUPOBAHUIO
cuctembl. J[uHAMHYeckoe NporpaMMHUpOBaHUE: BBIOOp cocTaBa pPAaOOTAIOIIMX AarperaTos,
TpaHcGOpMaTOPOB, PACCTAHOBKA U BBIOOP YCTPONCTBA KOMIIEHCAIIMH PEAKTHUBHOW MOIHOCTH.
Kanennapnoe mnnmanupoBaHue: TpadUKd PEMOHTOB, BBIMOJHEHHWE MEPONPUATHA. MeTombl

TEOPUH WTP U TEOPUU BEPOSITHOCTEH: MOJCIMPOBAHHME aBaphid, pacdeT HaJle)KHOCTH, OILIEHKA
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BCpOHTHOCTCfI OTKJIOHCHHA OT IIJIAHOB, BJIIUMAHUC IIOIPCIIHOCTHU I/IH(bOpMaHI/II/I Ha KOHCYHBIC

pe3yIAbTaTHI.
Ilpozno3zuposanue zpagukoe 3nekmpuueckol Hazpy3Ku

1. TI'paduku Harpysku.

I'paduku  sneKkTpuuecKol HArpy3Kd ONPEACNSIOTCS pexumoMm mnorpeduteneit. Ilo

KOH(UTYpali UMEIOTCS YEThIPE XapaKTepHBIX Ipaduka Harpy3Ku:

- C YTPEHHUM MaKCUMYyM Harpys3ku;

- C BEUEPHUM MAaKCUMYyM Harpys3KH;

- C OJMHAKOBBIM YTPEHHUM M BEUEPHUM MAKCUMyMaMU Harpy3Ku;

- C paBHOMEPHBIM PEKUMOM 0€3 SIBHO BBIPaKEHHOI'O MaKCHMyMa Harpy3KH.

Yame Bcero rpaduku Harpy3ku MMEIOT JBa MaKCHMMyMa — YTPEHHUM M BEUYEPHUM W JIBA
MpoBajia — JHEBHON W HOYHOU. bonbiioe BiIMsHUE Ha MakCUMAaJIbHbIE HATPY3KU CUCTEMBI UMEIOT
OCBETUTEIbHAs W OBITOBass HArpy3Kd, MOITOMY B JIETHEE BpEeMs YTPEHHUH MaKCUMyM HUKE
BEUEpHEro, a B 3UMHee HaoOopoT. B kaxmoil sHeprocucteme oco0oe BHUMAHHUE YIENsIETCS
aHaJIM3y U TUIAHUPOBAaHMIO TpaduKOB Harpy3ku. B paznuuHbIX 3a7ayax HCIOJB3YIOTCS CYTOUYHBIE,
HeJIeNbHbIE U TOJ0BbIe Trpaduku Harpy3ku. CyTOUHBIE HArpy3Kd SIBISIOTCS OCHOBHBIMH, U OHH
UCIONIL3YIOTCS JUIsl TIOCTPOCHHUS HENENbHBIX M TOJOBBIX TpadUKOB MPU COOTBETCTBYIOIIEM
OCpEIHEHUHU.

Cymounvie epaguxu naepysku I9C. CyTouHbI TpaduK maeT 3HAYCHUS MOITHOCTH Ha
OMpeNeIICHHBIX HWHTEpBajax BpeMeHu. Hampumep, npu opraHuzanuu yIrpaBJI€HUS CIPOCOM
noTpeOuTeNto cooOmaT 1eHsl Ha 3Hepruto ot 10 1o 30 mun. [Tpu ycroiunBoii Harpy3ke HHTEpBa
MOXET COCTaBiATh 2...4 daca. BpiOOp wuHTepBaja ompeaenseTcss Npu pa3paboTKe IpaBUII
YIPaBJICHUS] CUCTEMOM.

CyTtouHblii rpaduK UMEET TPU pPeKUMHBIE 30HBI (pHC. 8):
- 6asoBy10 10 1 ;. ;
- nonynukoByto ot P . 1o P ;

min C

- IPUKOBYIO OT Pcp no P

max *
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IIukoBag yacTh

| N

HOJIYHI/IKOBaH qaCTb

min

ba3oBas yactb

Puc. 8. PexxumHble 30HbI Tpaduka Harpy3Ku

ONEeKTPOCTAaHIMM C Y4ETOM HX TE€XHHYECKOH BO3MOYKHOCTH HECYT OCHOBHYIO Harpysky B
orpeieIeHHONW peXUMHON 30HE. COOTBETCTBEHHO M MX SKOHOMHYECKHE IMOKA3aTeNd Pa3JInYHbI B
pa3NUYHBIX 30HAX rpaduka Harpy3ku. B 6a30Boii 30HE BHITOAHO pa3MeIiaTh caMble SKOHOMUYHbIE
CTaHLMU. 37€Ch HET PacX0/I0B Ha MMyCK-OCTaHOBKY, peryjiupoBaHue. B nmonynukoBoil 30He ctaHIMK
YUYacTBYIOT B PETyJIUPOBAHUM HArpy3KH, M y HUX JOJDKHA ObITh Takas TEXHUUYECKas BO3MOKHOCTb.
B nukoBoii 30He MOT'yT paboTaTh TOJIBKO T€ CTAHLUH, KOTOPBIE IPUCIIOCOOIEHBI K PETYIMPOBAHUIO
M MOTYT JOCTaTOYHO YacTO MEHSTh CBOH pexkuM. JleneHne Ha peKUMHBIE 30HBI IMO3BOJISET
IUTAHUPOBATH PEKUM PaOOTHI IEKTPOCTAHIIHIH.

[lpy mIaHUPOBAaHMU CYTOYHBIX PEXHMOB YacCTO MCIIOJIB3YIOTCS XapaKTepHble IpapuKu
Harpy3oK: TMOHEACIbHUK, CpeIHepadounii NeHb (BTOPHHUK, Cpela, YEeTBEpr, MATHHIA), CyOOOTa,
BockpeceHne. [Ipu OonbIIOM HM3MEHEHWH KOHQUIypaluu THUIOBbIE TpaduKU HArpy3Kd
COCTABIISIIOTCS JJIS1 KaKJA0ro IHs Hexenu. Pa3paboTka THUIOBBIX TIpaMKOB HArpy3KH SIBISETCS
OJTHOM M3 3a/1a4 IPOrHO3UPOBAHMSL.

Cropocmb usmenenuss Hacpy3Ku 6 NUKOGOU 30He. bBoIbIIOe 3HAUEHHE Ul PETYIMPOBAHUS
MOIITHOCTH HMMEET CKOpPOCTh YBEIUYEHHUS WIM CHI)KEHUS HArpy3Kd B TIEpHOJ TPOXOXKICHHUS
MakcuMmyma. CkopocTb H3MEHEHHs Harpy3ku coctaBiusier 2...10 % B uwac. YUem kpymnHee

SHEProCUCTEMAa, TEM CKOPOCTh U3MEHEHUsI MeHblIe. HapacTaHne makcuMyma IpoUCXOauT 3a 3...7
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4acoB. DHEProcUCTEMa CpPEIHEW MOIIHOCTH MMEET MAaKCMMYyM Harpy3ku 2...3 Teic. MBT., u npu
TAKHUX CKOPOCTAX BO3HUKACT H€O6XO,Z[I/IMOCTB B CHCTECMATHUYCCKOM IIOAKIHOYCHUHN-OTKIHOYCHUU
arperaToB WJIM B U3MEHEHUU MX Harpy3ku. [logBISIOTCA ITyCKOBBIE pacXonbl, pacXxoAbl Ha
HEYCTaHOBUBIIMICS peXUM, pacTeT 3arpy3ka onepatuBHoro nepconana. [lorpedurenu no-paznomy
BIIUSIIOT HA PETYIUPOBAHUE HATPY3KU U JOJDKHBI OIJIAYMBATh POCT 3aTPaT CUCTEMBI B COOTBETCTBUU
CO CBOUM BIIUSITHUEM.

Ilokazamenu  cymounvix  epagpuxos naepysxku. llokasarenn rpadukoB Harpysku
MPUMEHSIIOTCS i1 UX cpaBHeHHMs. OHM OTpa)kaloT TpeOOBaHUS K pexuMy cTaHuuid. OOBIYHO
MPUMEHSIIOTCS TIOKa3aTeNld B OTHOCUTENbHBIX efAuHuiax. Hanbonee xapakTepHbIMU SIBISIOTCS TPU
MOKa3aTest:

- IVIOTHOCTH Irpauka Harpy3Ku

7=PC’”'
P b

max

- HEPaBHOMEPHOCTH Irpaka Harpy3KH

Pmin,
ﬂ_Pmax ’

- YHCJIO YacOB HCIIOJB30BAaHUS MaKCHMaJbHOU Harpysku, KOTOpOE€ OOBIYHO pPaCCUUTBIBACTCA JIA

T'OJIOBOTO TIEPHOA

max

rIe 320 » - BEIMUMHA DJIEKTPONOTPEOIEHNUS 3a TOI.

IlokazaTenp IUIOTHOCTH ) B pasiM4HbIX dHeprocucremax Menserca ot 0,4 go 0,9. Uem
OostbIIIe OIS TSDKEJIOW MPOMBIIUIEHHOCTH, TeM OOJIbIIIe MoKa3aTenb. B OCHOBHOM OH NMOKa3bIBaeT,
KaK UCTIOJIB3YIOTCSl YCTAaHOBJIEHHBIC MOIITHOCTH 3JIEKTPOCTAHIIUH.

[lokasaTenb HEPABHOMEPHOCTH /[  TOKa3bIBaeT, KaKoBa BEIMYMHA PETYIHPYEMOMN
MOIIHOCTH. EciM MUHHMYM CyIIECTBEHHO OTIMYAETCS OT MAaKCUMyMa, TO B CHCTEME 00s3aTeIbHO
noJDKHBI ObITh ['DC wiM Apyrue CTaHIUMH, MPUCITOCOOJIEHHBIE K MTUKOBBIM Harpyskam. [IpoGmema
MTUKOBBIX HArpy30K MOSBISIETCS NMPHU OOJBIIOH J07€e OBITOBOTO MOTpeOuTeNss M OOJBIIOW aoe

JICTKOM MMPOMBIINIJICHHOCTHU C OAHOCMCHHBIM IIPOU3BOJCTBOM.

[okasatens 71, .~ urpaer OONBIIYI0 POIb IPH BBIOOPE CTPYKTYPHI YCTAaHOBJICHHBIX

momiHocteit. [To 3Hauenuto 7, CHCTEMBI ITOAPA3CISIIOTCS HA TPH TPYIIIIBL:

X

- ¢ manoii wiotHoctsio Harpysku 1 <4000 u.;
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- co cpenneii miorHoctsto Harpyskn 4000< 7T <6000 u.;
- ¢ BBICOKO#1 IoTHOCTBIO Harpysku 1, > 6000 u.

Jlist rpyIm notpebuTeseil o BemuurHe 7, - CYyIIECTBYIOT THIIOBBIC rpapuKu HArpy3oK, IO

X

KOTOPBIM MOHO aHAJIM3UPOBATH PEKUM CUCTEMBI, €CIIU OTCYTCTBYIOT IOCTOBEPHBIE JaHHBIE.

Hexomopuvle ¢opmul 3a0anus cymounozo epaghuxa naepysku. Ilpum pacuere peKUMOB
MOXKET 3a/aBaThCsl TpaduK HArpy3KH, BKIIOYAIOIIMA B HArpy3Ky IIOTEPH MOIIMHOCTH B
ANEKTPUYECKUX ceTsax. [Ipyu TakoMm 3aJaHUU HEW3BECTHO, B KaKOW Mepe OTIENbHBIC MOTPEeOUTETH
BIUSIIOT Ha MOTepu. Takas ¢opMa MPUMEHSETCS MTOCTaTO4YHO 4yacTo. OMHAKO MPHU CIPaBEIUBBIX
OTHONICHUSX KYIUTU-TIPOIAXHU MOTEPHU JOJHKHBI UMETh aApecHOCThb. M KOHKPETHBIM MOTpeOUTENnh
JIOJKEH OIUIAYMBaTh TY JOJIIO TOTEPh, KOTOPasi CBsI3aHa C €ro Harpy3Koil.

Hpyroit sBasiercs ¢opma, Korga Tpaduk HArpy3KH TOCTPOEH KakK CyMMa Harpys3ok
noTpeduTeneii, a MOTepH PACCUUTHIBAIOTCA U PACHPEICISIOTCS MEXIy morpedurtensMu. B sTtom
cllydae M3BeCTHa BennuuHa nortepb B JIOII, mo KoTOpoil ocyliecTBiseTcs TPaHCIOPT 3HEPTUU K
MOTPEOUTENI0O U MOYKHO OILICHUTHh 3(P(HEKTUBHOCTh TpaHCIOpTa SHEPruu. Bce onTmMmu3anmoHHbBIE
AITOPUTMBI UCMOJIB3YIOT 3TOT MOJIXOI.

Heoenvnvie epaguxu wnacpysku. HenenbHble TepHOABl TMO3BOJSIOT BBISIBUTH MPOIIECC
M3MEHEHHUS JIEKTPOIIOTPEOICHUSI U Harpy3KH, a TaKXkKe pa3padoTaTh MEPOIPHUSLTHS MO YIIPABICHUIO
SHEProCUCTEMOM, HAIIPUMEP MO MYCKY — OCTAHOBY arperaToB, MO MPOBEACHHUIO TEKYIIUX PEMOHTOB
Ha ctanmusax u JIOII, mo mpoBeneHuto ucnbeiTanus obopymoBanus. HenmenbHble rpaduku yarie
BCET0 MPEJICTABIISAIOTCS CIETYIOINUM 00pa3oMm:

- rpadMKH U3MEHEHHS DJIEKTPONOTPEOICHUS IO THSAM HEJIETH - 3(2’) , T - ICHb HENENH;
- rpadMKU U3MEHEHHSI MAaKCUMAJIbHBIX MOIITHOCTEH 10 JTHSM HEJeTN Pmax (2') :

- rpaduKu U3MEHEHHUs TT0OYACOBBIX MOIIHOCTEH B TEUCHUE HEIETH P(t ), T.€. TIOCJIEA0OBATEILHOCTD

U3 CYTOYHBIX IPa(UKOB HArpy3KH 3a BCE THU HEAEIH.

['paduxn snexrponorpebiaenus I(7T) HEOOXOAMMBI JUIs COCTABIEHHS OalaHca SHEPTHH,

JUIs cocTaBlieHUsl OajaHca TOIUIMBA W JJIs PAlMOHAIBHOTO HCIIOJIBb30BAHUS THAPOPECYPCOB.
OnepatuBHas IEATEIHHOCTh CUCTEMBI BKIIFOUAET KaK OOS3aTENbHBIN JTall MJIaHUPOBAHUS PEKUMA
OT HECKOJIBKUX CYTOK JI0 HEJIEIH.

l'ooosvie cpagurxu  nacpysku cucmemsi. ['onoBble TpadUKM HArpy3Kd CHCTEMBbI

HPECTABIAIOTCS B BUE:
- M3MCHEHHs MaKCHMAIBHBIX MECSYHBIX MoIMIHOCTell 3a Bce Mecsupl roxa P (K),K - Homep

Mecs1a;
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- anexrponorpebnenus no mecsiuam I(K).

['ogoBble rpaduKu XapaKTepU3YIOTCS 3HAUUTEIBHBIM JIETHUM IPOBAJOM. JTO CBS3aHO C
CE30HHBIMU M3MEHEHUSMHU Harpy3ku. MakcuMyM Harpy3Kd UMEET MECTO B 3UMHHE MEPHOJbI U, B
3aBUCUMOCTH OT TEeMIIEpaTyphl, HabI0gaeTcs B sHBape, (eBpaie, aekadpe. [luHaMuka Harpy3ku
OTpa)kaeT He TOJBKO CE30HHBIE HM3MEHEHHUS, HO M MPHUPOCT HArpy3Kd 3a CUET BBOAA HOBBIX
noTpeduTeNneil Wi pacuIMpeHus CyIECTBYIOMINUX MPOU3BOJACTBEHHBIX MOIIHOCTEeH. MuHUMAaNbHas
Harpys3ka HaOJtoJlaeTcsl B JIETHUE MecCSIbl (MIOJIb, aBrYCT) U MoOXKeT cHikaThes Ha 10...20 % u
Oompmie. Pemaromee 3HaueHHWE 37€Ch HMMEIOT CE30HHOCTh M TEXHOJIOTHS IPOM3BOJACTBA
notpeOuTenei.

['paduku ro10BBIX MAaKCUMYMOB UCIOJIB3YIOTCS JUISI TNTAHUPOBAHUS PEMOHTHBIX pabot. [Tpu
CHW)KEHUH JICTHUX HArpy3ok peMoHtupyercs ooopyaoanue TOC. Ilepron npoBeneHus peMOHTOB
Ha ['DC ompenensercs ¢ y4yeTOM BBOJHO-DHEPIeTHYECKHX PEKMMOB M YaIlle BCETO PEMOHTHI
MPOBOJATCS B BECEHHMH WJIM OCEHHHMH mepuonsl. I'paduku roJoBOro 31eKTpONoOTpedIeHUs
HEOoOXOIUMBI ISl COCTaBJICHUsI TOIUIMBHOTO OallaHca, JUIsl 3aKJIIOYEHHS JIOTOBOPOB Ha TOCTaBKY
TOIUIMBA, a TakkKe [Js pa3padOTKH JOJITOCPOYHBIX JOTOBOPOB Ha TMOKYINKY (MPOAAXKY)
AJIEKTPOIHEPTUU Ha ONTOBOM M PETHOHAIHLHOM PhIHKAX.

OO6nacTh UCTIONB30BAHUS PA3IMUHBIX IPa()UKOB HArPY3KU MpeAcTaBiIeHa Talm.5

Tabnuya 5

Hcnosb3oBanue rpa)MKoB HAIPY3KH NPH PellIeHUH 32124 YIPaBJIEeHHUA CHCTEMOM

CyrouHblii TpadviKk HArpy3Ku

HenenbHbIil rpadmk HArpy3Ku

["omoBoii rpaduk HArpy3Ku

OnepaTtuBHOE IJIAaHMPOBAHUE
U pEryJupoBaHHe OaJaHCOB

JJIEKTPUYECKOM DJHEPrUM U
MOIIHOCTH C
3a0J1arOBPEeMEHHOCTHIO oT

MHHYT 10 HECKOJIBKHUX CYTOK

OTHONIECHUU
Ha

PerynupoBanue
KYIUIU-IIPOJaKH
ANEKTPOIHEPTETUYECKOM
pBIHKE

Omnpenenenue TOTOBHOCTHU
paboTsl 000PYyIOBAHUS

Vnpasnenue pexuamamu ¢
y4E€TOM HEJIEJIbHON
HEPaBHOMEPHOCTH Harpy3KH

[IpoBenenue TEKYIIUX
PEMOHTOB, OCMOTPOB PEBU3UNI

HenenpHoe  perymmupoBaHue
BBOJIHO-9HEPre€TUYECKUX
pexumoB I'DC

[InanupoBanue
XO03AMCTBEHHOU NIEITEIbHOCTHU

[InanupoBaHue KamUTaJIbHBIX
PEMOHTOB

[TnanupoBanue oOecrneyeHHs
TOIUTHBOM

Bonano-3Hepreruueckoe
peryiaupoBaHue pecypcoB
Bojoxpanmiuiy ['9C

[ImanupoBanue TOBAapHO-
LIEHOBOU JESATEIbHOCTH

IIporHo3upoBanue rpapukoB HArPy3KHU

IIpocnosuposanue cymounozo epaghuxa nacpy3xu.
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[Ipu nporuno3upoBanuu cyrodHbix ['DOH wmcmonp3yercs cratuctudeckas WHGOpMAIHS 3a

CPaBHHUTCIILHO KOpOTKI/Iﬁ nepuoa OO0 Mecdla. IIo JaHHBIM  PCTPOCHCKTUBLI  CTPOATCA

perpeccronnsie  saucmmoctn B (P)) wn B, (F,)). Takue wMomemn yBa3bIBaioT
BJIEKTPONIOTPEGIEHHE  (CPEIHIOID  MOIIHOCTE P)  mapaverpamnm rpadmka Harpysku

(MakcUManbHOM Harpyskoid P ¥ MEUHUMaIbHOII Harpyskoil P . ). D10 ogHO u3 TpeboBaHMil K

MOJICTISIM TIPOTHO3UPOBAHUS Harpy3ku. lIpm mombope perpecCHOHHBIX MOJENEH HCIIONb3yeTcs
11€J1IeCO00pa3HOCTh TPYNIUPOBKKM HHPOpMALUK MO pabodyuM W HEpabOYMM [HSAM 32 MEpUOJ
PETPOCIEKLIUN.

Hampumep, Moziesib MPOrHO3a MAKCUMATBHBIX 1 MHUHHUMAJIBHBIX HAarpy30K B 3UMHHHA MeCsI]

MOXET UMETh CJICTYIOIUN BHI:

P =541,856+ O,856Pcp , Koo dunuent xoppemsuuun ¥ =0,911;

max

P

) =274,38+0,692P, u r=0,671
Jpyrum BapyaHTOM COCTaBJIEHUSI MPOTHO30B SIBISAETCS HCMHOJIb30BAHUE CTATUCTUYECKUX

Kod(ppuImeHToB 1Mo TUMOBBIM cyTkaMm. CrenuagbHOE HCCISAOBAHHME TOKA3ajlo, YTO THUIOBBIMH

THSMU SIBJISIIOTCS: TIOHEJENBbHHK, CpeAHepaboduii JeHb (BTOPHUK, Cpena, 4YeTBepr), MSATHUIIA,

BBIXOAHOW JieHb (cy00o0Ta, BockpeceHue). JlJis TUMOBBIX CYTOK PETPOCIEKTHBHOIO TEpUOaa

OTIPEIETISAIOTCS CTPEIHECTATUCTUUECKHE KOIPDUIIUCHTHI:
K _lZPmin.K _lZPmax
min P > Prmax T p >
n g n g

1€ 71 - 4YACJIO THUIIOBBIX CYTOK.

Kongueypayus  epagurxa naepysku. Koudurypauuss rpaduka Harpy3ku maercs B

OTHOCHUTCJIIBHBIX CJWHHIaX OT P

»ax AV TUIOBBIX JHEH Henaenn. YacTo KoHPUIypanuio

OTPEIENISIOT MO OIKaIeMy TUIIOBOMY JHIO K poruo3y. OpauHars! rpaduka Harpy3ku P, oTH.

CA. HNCPCCUUTBHIBAIOTCA B HUMCHOBAHHLIC CIAWHHIBLI C HCIOJbB30BAHUCM IIPOTHO3a Pmax Ha

MPEICTOSsIIIUKA Tepuoja. 3aTeM B IMOJYyYEHHOM Trpaduke MNPOCTHIMH MpHEMaMU MHUHUMAallbHas

Harpy3ka NPUPaBHUBAETCA K MPOrHO3y P W 3eKkTponoTpebieHne — K BEIMYUHE MPOrHO3a

min
AIIEKTPOIOTPEOICHHUS.

Koppexyusa cymounoeo epagpuxa naepysxku. [Iporuo3 Harpy3ku BCeraa UMeeT MOrpeIHOCTH,
KOTOpbIe OO0YCIOBIEHBI (pakTOpaMu HEOINpeneIeHHOCTH. [lo Mepe TMOCTYIJICHUS YacoBOM
(dakTuveckoil wHGopManuu rpadUK HArpy3Kd W IUIaH pabOThl CHUCTEMBl YTOUYHSICTCS TpH

HCITIOJIb30BAHHUU 3BPHUCTUYCCKUX MCTOOOB.

OO0m1ast cxema IpOrHO3MPOBAHUS TTOKa3aHa Ha pHc. 9.
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[Iporsos Mporae F, . Ha
SIEKTPOTIOT e fnernea -
Ha CYTEHM T
Mpome P Ha
Mporaos K, Ha CYTEIL,
p— OTEL B,

\

Pacuer cyrowroro
T adeEa HATEWIER

Puc. 9. Cxema nporHo3MpoBaHusi MAaKCUMaJIbHON MOIIHOCTHU U rpaduka Harpy3Ku

Cmpykmypa onmumu3ayuoHHnulx 3a0ay. 3aoauyu onmumusayuu pexcumos ¢ I3C.
Memoowl peutenus OnMUMU3AUUOHHBIX 3A0aY 6 IHEP2EMUK.
B pazButue Teopun ontumuzanuu pexumoB 3IC Gonbmioi Bkiaaa BHecan A.3. Famwm, [I.A.
Apzamacues, JI.A. KpymMm, B.W. nenpunk u MHOTHE OpyTHE.
OgHuM ¥W3 HIMPOKO TMPUMEHSEMBIX METOJOB  ONTHMHU3AIMHU  SBISETCS  METOJ

HEONpeNeeHHbIX MHOXUTeNne Jlarpanwka. OH JaeT BO3MOXXHOCTh HAWTH TakKyl) CHUCTEMY

YPaBHEHHIA, KOTOPOii JOJKEH yHOBIETBOPATH dkcTpeMyM ¢yrkuun f (X ,..., X, ) Ha MHOXecTBe
N, onpenensiemom cucremoii ypasrenuit g, (X) mis o6vexros i =1,2,...,m . Jlnst Toro, 4ro6s!

HaliTH TOYKY OSKCTPEMyMa, XapakTEepU3YIOIlyrocs Ha MHoxectBe /N Hekum Bektopom X,

HeoOXomuMo Haiitu m uncen A, A,,..., A, , KoTopsie BMecTe ¢ BeKTOpoM X  yIOBIETBOPSUIN ObI

n 2

cnenyromteii cucreme (M + 1) ypaHenuii ¢ (71 + 1) HEN3BECTHBIMU:

of (X Z
CIESTE P

og i
X ; , 0X,
j=L.,n; g(X)=0;i=1,...m.
OTH ypaBHEHUS MOJIyYEHBI KaK yCIOBUS SKCTpeMyMa GpyHKuuH Jlarpamka
m
L(X,A)= f(X)+ D Ag(X),
i=1
rac ﬂ’i - HCOHpe,Z[e.HGHHBIe MHOXHUTCIIN Harpacha.
Ha ocHoBe meTona Jlarpan»xa pa3zpaboTaHbl aIlTOPUTMBI MHOTHX PEKHMHBIX 3a]1a4.
3a1[atm OIITUMHU3AIIUN B 3HepF€TI/IKe cTall BCC GOHBI_HC CBOIUTHLCAIA K OHepaL[I/IOHHBIM

3aga4yaM — IPOBCACHHUIO HCKOTOPLIX onepaunﬁ, OG’LG,Z[I/IHGHHBIX CAUHbBIM 3aMbICJIOM H
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HAMpaBJICHHBIX Ha JOCTHMXKEHHE omnpenecneHHON uenu. CTeneHb JOCTHKEHUS UEIU MPU 3TOM
OTHMCHIBACTCS 1ENeBON (YHKIIMEH WM KpUTEpUEM, MPUHUMAIOIINM JICHCTBUTEIbHBIC YHCIOBBIC
3HaueHus. Ecnu ata QyHkums copmyampoBaHa MaTeMaTHUYECKH, TO IIeNb 3aKJIIOYaeTCs B

MOJIyYUEHUU OJKCTpeMyma dTo ¢yHkuuu. Jlns Bo3aelcTBUA Ha 3Ty (DYHKIHMIO HMMEIOTCS

OIpE/IC/ICHHBIC AKTHBHBIC CPEJICTBA — YHPABSACMBIC MAPAMETPBl X ..., X, HOCPEACTBOM

KOTOPBIX MOKHO BJIMATH Ha BHIXOJHBIC APAMETPHI ), ,..., V, , ABJIAIOIIMECS apTyMEHTaMM LEIE€BOM
¢byukuu. Ha pesynpTaT omepanuy BIUSIOT TakKe HEYNpaBisieMble MapaMeTphbl Xy reeos Xy

OINPEIEIAIOIINE YCIOBUS, B KOTOPBIX IIPOBOJUTCS OIIEpaLysl.

[Ipu ompeneneHHBIX 3HAYEHUAX (QYHKIUU ONEPUPYIOT C MATEMAaTUYECKON MOJEIBIO
ONTUMU3HPYEMOT0O Tpoliecca WIM TPYIIBI MpoleccoB. MaTeMaTuyeckoil MOJENbio MOXKET ObITh
crenytomas (yHKIIMOHAIbHAS 3aBUCUMOCTD

yi = ¢(xy,l""’xy,n"xl,ny""’xk,yyﬁyl""’ym) :

JlomkHBl OBITh TaK)KE€ M3BECTHBI 3aBUCHUMOCTH, BBIpAXKAIOUIME OTpaHUYEHHUS B (opme
PaBEHCTB WJIM HEPABEHCTB. BelWUYMHBI ynpaBisieMbIX NapaMmeTpoOB, s KOTOPBIX BBIIOJHSAIOTCS
YKa3aHHbIE OIPaHUYEHMS], Ha3bIBAIOTCS JOMYCTUMBIMU pelleHUusMU. ONTUMH3AUs 3aKJII0YaeTCs B
HAXO0XKJICHUH METOJIMKH, TIO3BOJISIONICH U3 MHOXKECTBA JOMYCTHUMbIX PEIICHUH BHIOpATh Takue, Ipu
KOTOPBIX 3HAYEHHs YIPaBISEMBbIX I1apaMETPOB YAOBIETBOPSIOT 3aJaHHBIM OIPAHMYEHHUSIM U
o0palaroT B MAKCUMYM WJIM B MUHUMYM LEJIE€BYIO (PYHKIIHIO.

Pa3paboTka M mpUMEHEHHE METOJIOB ONTHMH3AIIMU B JSHEPreTHUKE SBIISIOTCS Ba)KHEUIIEH
HAyYHO-TEXHUYECKOW M HApOJHOXO3SIMCTBEHHOM mpobOisemoi. bonblmasgs KanmuTaaoeMKOCTh
HHEPreTHYECKOro XO3SHCTBa JeNaeT OCOOCHHO aKTyaJbHBIM palUuOHAIBbHOE HCIOIb30BaHUE

KalUTaJIbHBIX BIOKEHUH B SHEPTETUKY U MOBBILIECHUS X 3P (HEKTUBHOCTH.

3adauu KpamKkoCcpouHOol u 00120CPOUHON ONMUMUZAUUU PEHCUMOB

Bung u conepxkaHue peXHMMHBIX 3ajad, MOJEJIM M METOJbl MX pPEIIEHHs CYIIECTBEHHO
3aBUCAT OT BpeMeHHU ympasieHus. OObIUHO Bce 3a/laud ONTHUMHU3ALUHN PEXKUMOB MOJIPA3AEIAIOTCA
Ha KPaTKOCPOUYHYIO U JIOJTOCPOUYHYIO ONTHUMHU3ALUIO.

3aau KpaTKOCPOUHOTO yIpasieHus pexumamu DOC pelaroTcss Ha CyTOYHOM U MEHBIIUX
nepuosiax BpeMEeHH. B 1ukie KpaTKOCpOYHOM ONTHMH3ALMHU penraercs Oonbloe 3agad Juis
HOPMAaJIBHOTO pPeKUMa:
- BBIOOpP ONTHMAJILHOTO COCTaBa pabOTAIOIIEro 000PYI0BAHMS;
- pacripeielieHue aKTUBHOM U PEaKTUBHON HArpy3KHU MEXIy BCEMH I€HEPHPYIOLUUMH €AMHULIAMH;

- MMHUMU3ALKs TIOTEPh B CETAX IIPU TPAHCIIOPTE DHEPIUH;
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- pa3paboTKa ONTUMAIBHBIX YHEPTETUUECKUX OATaHCOB;

- BEIOOp M pa3MelleHre ONepaTHBHBIX PE3EPBOB MOIIIHOCTH;

- peryIMpoBaHHe YacTOTHI,

- peryIMpOBaHKEe HANPSHKCHNUS,

- o0ecrieueHne PeKUMHON HAJIe)KHOCTU CHUCTEMBI U €€ OTAEIbHBIX OOBEKTOB.

OCHOBHOH pEXMMHOH 3a7auell JOJITOCPOYHOM ONTHUMHU3ALMM SIBISIETCS ONTHUMAJIbHBIN
PEXHUM BOJHO-3HEPIreTUYECKOTO PEryJupoBaHUs BOAHBIX pecypcoB Bopoxpanuuiy ['DC. Ot
UCIIOJIb30BaHNS BOJHBIX DPECYPCOB 3aBHCAT BO3MOKHOCTH KPAaTKOCPOYHOW ONTHMH3ALMUA. IJTO
OCHOBHas TMAPOdHEpreTudeckas 3agada. Ee pe3yapTaTsl CyIIECTBEHHO BIMSIOT HAa SDHEPIETHYECKUE
6anaHchl U 3QPEKTUBHOCT PAOOTHI CUCTEMBI.

[Ipn pemenun 3amad JUIMTEIBHOTO U KPAaTKOCPOYHOIO YIPaBJIEHUS PEXMMAMHU LIMPOKO
IPUMEHSIOTCS Pa3MyHble MaTeMaThdyeckue MeToisl. OOmas XapakTepUCTHKA BO3MOXKHOCTEH
IPUMEHSEMbIX METOIOB IIpUBEZieHA B Ta0I. 6.

Tabauya 6

CpaBHI/ITeJI])HLIe OIICHKH ME€TOA0B OIITUMHU3AIIUHN

HaunmenoBanue knacca Bun ueneBoit pyHKIuu MakcumanbHasi pa3MEpHOCTh

ONTUMH3ALMOHHBIX 3aJa4 3a7auu
JIunelinoe JInHelHbIN XapakTep 5000 u 60mb1IE
IPOrpaMMHUpPOBAaHUE
Henuneitnoe Henunennbiin xapakrep, | Oxomno 1000
MIPOTrpaMMHUPOBAHUE muddepennmpyemas
JluckpeTHOE Jiobas, B Tom umcie c | Oxomo 500
IPOrpaMMHUPOBAaHUE paspbIBaMu

Hauegvizooneituee pacnpeodenieHue Hazpy3Ku nompeoumereil 6 IHepzocucnmeme

CyTb 3a/1aui ONITUMAIBLHOTO PACTIPECIICHHS HArPY3KH 3aKIII0YaeTCS B TOM, YTOOBI HATPY3KY
noTpeOuTenell pacrnpeseiuTh MEXKIy TeHEPATOPHBIMH €IWHUIIAMH I10 TMPUHATOMY KPHTEPUIO
onTUMU3auK. MMeeTcs MHOKECTBO JHEPreTHYECKOTro OajaHca, HO HAI0 HAWTH W3 HMX YHUCTIa
ONTUMAJIbHBIN. Pa3HOBUAHOCTEW OTOM 3agaud MHOTO, W OHU ONPEAEISIOTCS BHUIOM U
XapaKTePUCTHUKAMU OOBEKTa YIpaBJICHUS. 3a/lada pachpeeICHUs Harpy3KH MOXKET PEeIIaThCs s
equHoi cuctembl EDC, mis oO0beauHeHHBIX cucteM ODC, s palOHHBIX TEIUIOBBIX HIIH
THAPOTEIVIOBBIX CHUCTEM, B MacmTabe KpaTKOCPOYHOM WIIM JOJITOCPOYHON ONTHUMHU3AIMH, MOMKET
paccMaTpuBaThCS TOIBKO OaTaHC aKTUBHBIX MOITHOCTEH MM PeaKTHBHBIX.

Onmumanvroe pacnpedeieHue Ha2py3KU ¢ Y4emom nomepb aKmuHoU MOWHOCMU 8 cemu

[lycTh TemioBas 3HEProcUCTEMA MPEACTABIAECTCS B BHAEC KOHIIEHTPUPOBAHHOM, B KOTOPOU
BCE CTaHIMM pPabOTalOT Ha OJHY OONIYI0 HArpy3Ky, CE€Th paJuaibHas, HAMpPSOKCHHS B y3Jax
CTAaHIIMM U3BECTHEI

U TNOCTOAHHBI, PpacClOpCACICHUC AKTUBHBIX HArpy3okKk HC BJIHACT Ha
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pacnipenenenue peakTuBHBIX (puc. 10). 3amava cOCTOMT B TOM, 4YTOOBI HAWTH YCJIOBHS
HauBBITOJHEHIIETO pacnpeeneHus Harpy3ku Mexxay TOC ¢ yuerom noTepb akTUBHONW MOIIIHOCTH B

CeTH.
U

— 0,AR

— P,AP, Py, 0y

© 0 0

—> P.AP

Puc. 10. Cxema cucTeMbl K BBIBOJY YCJIOBUS ONITUMAJIbHOTO paclpeesieHusl Harpy3Ku
ITyctes cucrema umeer i=1,_n TEIUIOBBIX CTaHIMH, Ui KOTOPBIX W3BECTHHI
XapaKTePUCTUKH OKCIUTyaTauuoHHbIX m3nepxek M (P,) u cymmapHas narpyska P, . [l

paccMaTpuBaeMoro Cirydas:

1. VYpaBHeHue nenu
n=uP,)+H4u,(Py,)+..+ 4, ,(P,)—> min (1)
2. VYpasuenue cezu M, (Fy,) .

3. OrpanuueHus — OaJlaHCOBBIE YPAaBHEHHS MOIIIHOCTH

> B,—PB,-7=0, )

II€ 7T - CyMMapHbl€ IOTEPU aKTUBHOW MOIIHOCTH.
4. BpIBOoI ypaBHEHHsS ONTHUMHU3alMU C MCIOJIb30BAHUEM METOJA HEOIPEAEICHHBIX

MHOXkUTeNnen Jlarpanka. @ynkuusa Jlarpanixka

L=, +H,+. 1)+ P,—P,—7)=0 3)

Huddepenuupys ¢ynkuuto Jlarpamka TO KaXIOW MEpeMEHHOH W NpUpaBHUBAs

MIPOM3BOIHBIE HYJIIO, IOJYYUM CHCTEMY ypaBHEHHI:
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oL ol or
—= Ly 1——— |=0;
OF, Tl aPTl PTl
................................................. 4)
oL ol or
= =mg - |=0
aIDTn 81)1"11 Tn
[Tomyuum, 4yto
oM, o,
a])Tl — — 8PTn . (5)
| or 1 or’
aPTl aPTn
. on. .
O0603HaYMM OTHOCHUTENIBHBIC MPUPOCT 3aTpaT SJACKTPOCTAHIIUNH ——— =bl., KOTOPBIM MOKA3bIBAET
OP,
KaK W3MCHSATCS 3aTparhl [ - CTAaHIMM, €CIM €€ Harpy3ka H3MEHUTCS Ha BEJTHYMHY aPT,.;
or . .
o :87 - OTHOCHTENBHBIA TPHUPOCT TMOTEPH AKTUBHOM MOIMHOCTH B CETSIX, T.€. BEJIWYHHA,
Ti

IMOKa3bIBaromass HAaCKOJIbKO U3MCHATCA NOTCPHU B CCTAX, CCJIM MOIITHOCTDH -1 CTaHIIMU U3MCHHUTCA

Ha OF, .

[TosryuuM ycroBHs ONITUMAIBHOTO pACIIpeieTICHHs] HATPY3KH:

b, ,
U=—"—=idem, (6)
l1-o,
17001
AN
AR, T A A
A “ap Az ap, " @
T — AT
l1-—— AP, r a
AP,
[Ipu Bemonnenuun (6) munumyMm ¢yHkuun (1) Oyner TOABKO B TOM Cllydae, €Cid
o1 ob,
P2 >0, r.e. —=2=>0. D10 03HAYAET, YTO XAPAKTEPUCTUKA OTHOCUTEIBHBIX IIPUPOCTOB
Ti Ti

3JIEKTPOCTAHLIUH TOJIKHA OBITH TU(HEpEeHIIPYEMO 1 MOHOTOHHO BO3PaCTaIOLICH.

U3 (7) cnemyer, 4T0 PH HAWBBITOIHEHIIIEM PACIPEICIICHIN HArpy3Ku mpupoct 3atpat A

Ha TPUPOCT AaKTUBHOM MOIIHOCTH Yy TMOTPEOUTENss MAOKEH OBbITh OJAMHAKOBBIM JJIsi BCEX

3JIEKTPOCTAHIUH.
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DOHepreTMyeckue  XapakTepUCTUKU  DJIEKTPOCTAaHUMH M arperatoB  4acto  He
YAOBIIETBOPSIIOTCSI YKA3aHHBIM YCIOBUSAM. B 3TOM ciyyae OHU «UCHPaBISIOTCS» MO CIENHATbHON

METOAMKE YCTPAHEHUS Pa3pbIBOB HENIPEPBIBHOCTH.

Ycnosus pacnpedenenus nazpysku 0nsa Opy2ux Kpumepues OnmumMusayuu
B kauectBe KpuTepHs ONTUMHU3ALMH YacTO HCIOJIb3YETCS MHUHUMYM pacxoia YCJIOBHOIO

pacxojia TOILIMBA M OTHOCHTENIbHBIC IIPUPOCTHI pacxona TOmmBa . OTHOCHTENbHBIA MPHPOCT
pacxofia YCJIOBHOTO TOILIMBA MDY W3MEHEHHH MOLIHOCTH HA Malylo BEIUYHMHY d :A_C. Torma

YpaBHCHHUC ONITUMU3AINUU ITPUMCT BU

U=——=idem. (8) Tlepexom x
1-o,
KPUTEPUIO MUHUMYMA H3JIepKeK Ha TOIIMBO OCYILECTBIAETCS BBEJEHHEM B YCIOBUE ONTUMH3ALMH

_ wd _.
110 (8) LeH ToILIMBa Y, U TOraa U =——"—=idem,

1-o,

i
©)
a IIPpHU HCIIOJb30BAHMHN B Ka4YC€CTBC KPUTCPHA IIOJHBIX 3aTpar CTaHHI/Iﬁ HCO6XOI[I/IMO BBOIUTH B

ycJloBUE onTUMu3anuu (8)  ce0ecTOMMOCTb CTaHUMHU C; U

cd, .

U=—"""—=idem. (10)
1-o,

Pacnpenenenne Harpy3ku Oyaer pasubiM Juig ycioBudd (8), (9) m (10), Tak kKak

UCIIOJB3YIOTCS Pa3Hble KpPUTEPUU ONITUMU3ALIAH.

Jlg ydera motepb MOUTHOCTH 77 HEOOXOAMMO paccyuTaTh HOPMAJIbHBIM PEXXUM CETH.

Hausvicooneviuwee pacnpedenenue nazpy3ku oe3 yuema nomepo akmugHot MOUHOCMU

Takast 3amaua Hambosiee XapakTepHa JUIsl paclpesieleHUss Harpy3KH MEXIy arperaramu
ANEKTPOCTAHLIMU, YEM ISl SHEPTOCUCTEMBI.

Ecinu morepy akTMBHOW MOIIHOCTH B ceTH He yuutwiBarorcs, T.e. Az =0, 10 ycnosue

ONTHMAJILHOTO pacipeesicHUs Harpy3KH UMEET BH/T
b, =idem (11)

U ONTUMATLHBIN PCKUM COOTBECTCTBYCT PABCHCTBY OTHOCUTCIIbHBIX IPUPOCTOB CTaHHHﬁ.
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[TonydeHHBI NPUHLMI PpPaBEHCTBA OTHOCUTEIbHBIX IPHUPOCTOB 0O€3 ydera MOTEPh
CTpaBEAJIMB JJIsl paclpesieieHus] Harpy3Ku MEeXIy ruapoarperatamu, TypouHamu u kotiamu TOC,
JUISL TPYIIIBI TApaJUIeIbHO paboTaIOIIUX arperatoB. PaBeHCTBO X OTHOCHTEIBHBIX IPUPOCTOB JAET

MUHUMYM Le1eBON QyHKIUU.

PacnpenesieHne peakTHBHBIX HATPY30K

3amavya pacrpeneieHus] PEaKTHUBHBIX HArpy30K MOXKET OBITh TaKXkKe pelieHa METOI0M
MHOxuTener Jlarpanxka. [TockoapKy reHeparus peakTHBHONH MOITHOCTH BIIUSET TJIABHBIM 00pa3om
Ha PEKUM HaNpsDKEHUH U MOTOKOpaclpeiesieHUe MOIIHOCTEH  CHUCTEMBl, KpUTEpPHEM
OINITUMAJIBHOCTU MOTYT GBITBI
- 3aTpaThl Ha pEaKTUBHYIO MOIIHOCTE;
- IOTEPH aKTUBHOM MOITHOCTH TpH Tepeiaye PeakTUBHOM;
- 3aTpaThl HA TIOTEPU AKTUBHOW MOIIIHOCTH.

JlocTaToyHO MPOCTO C HCHOJIB30BAHMEM HA3BaHHBIX KPUTEPUEM HTa 3ajaya peaeTcs
MIPOCTOM CXEMBI SJIEKTPUUYECKUX COCITMHEHUM, HalpuMep, 7S Ciiydasi, ToKa3aHHoro Ha puc. 10.

PaccmoTpum 3Ty 3aiauy AJig POCTOTO ciaydasl paauaibHON ceTu U OyleM ONTUMHU3UPOBAThH
PEXKHUM paclpefesieHUus] PeakTUBHBIX MOIIHOCTEH MO KPUTEPUI0O MUHUMYMa IOTEPh AKTHUBHOM
MOIIHOCTH. 3a cyeT CHMKCHUS MMOTCPb MOKHO CHHU3UTH PACXO/ TOIIJIMBA CTaHI_[I/Iﬁ CHUCTCMBI.

1. YpaBHeHue 1€ — MUHUMYM NIOTEPh aKTUBHOM MOIIHOCTU

7 — min
2. VYpashenue cBssu umeer Buny ,(Q), rae 1 - HOMEpP HMCTOYHHKA PEAKTHBHOI
MOIIIHOCTH.

3. OrpanuueHusi — GalaHCOBOC ypAaBHEHHC DEaKTHBHBIX Harpy3ok () © MomHoCTeil

NCTOYHHUKOB peaKTHBHOﬁ MOIIITHOCTH Qi
Wy=0,+A0-)> 0 =0,
i

4, YPaBHeHI/IC ONTUMH3AIMU C HMCIIOJIB30BAHHMEM MCETOAAa HCOIPCACICHHBIX MHOKHUTENICH

Jlarpanxa umeer BUI

L=rm+Wy=r1+0,+A0->.0)=0

Huddepenuupys ¢ynkuuto Jlarpamka 1O KaXI0oW TNEpEeMEHHOH W NpUpaBHUBAs
MIPOU3BO/IHBIC HYIIO, TOJTYYHM YPAaBHCHHUS:

oL orx OA

—=—+1 989 =0

00, 00, 90,
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[Tonyuum, uto
or o

_ 00 00 _ _. .
ﬂ,—l_aAQ _6AQ_"'_ldem’ 10

o0, 00,

YCJIOBUC CIIPABCAJIMBO TOJIBKO TOr'Ja KOIrJla TICHEpalusi peaKTHBHOﬁ MOIITHOCTH HE€ CBA3aHa

HEIMOCPEACTBEHHO C 3aTpaTaMy TOIUIMBA WJIM MaJIO BIUSAET HAa HUX. B MpOTMBHOM ciydae 3agadu
pacnpeneneHns aKTUBHBIX M PEAKTUBHBIX MOIIHOCTEN JOJIKHBI pEIaThCsl COBMECTHO.
Ecnu mpeneOpeus MoOTepsIMH PEaKTUBHON MOIIHOCTH, TO YCJIOBHE ONTUMAIbHOCTH MMEET

BU]T

KomnuiekcHasi onTMMHM3a1Us Pe:KMMOB CHCTEMbI
[Ipy KOMIUIEKCHOM ONTUMM3AIMM pacCMATPUBAETCS IIOJIHAsA 3ajJaya OINpeesieHUus pexuMa
AKTUBHBIX M PEAKTUBHBIX MOIIHOCTEH CHUCTEMBI. DJIEKTPUYECKAsh CETh MPEICTABISICTCS TaKUM
00pa3om, 4TOOBI MOTYYUTh AKTUBHBIE U PEAKTHUBHBIC MOITHOCTH 10 BCEM HEOOXOAMMBIM BETBSIM U
y3n1aMm. Tak kak M3MEHEHHUs MOTOKOB MOIIHOCTH B CETH BJMSIOT Ha Y3JIOBbIE HANpsKEHUs, TO
M3MEHEHHE MOTOKOB aKTUBHBIX MOIIIHOCTEH MOBIUSET HA TOTOKU PEAKTUBHBIX U HA0OOPOT.

3amavya SBISIETCS HETWHEHHOW, WMEET BBICOKYIO Pa3MEPHOCTh M AITOPUTMHYECKH
J0CTaTOYHA CIIOKHA. J[J1s ee penieHust MPUMEHSIOT METOIbI HETMHEWHOTO MPOTPAMMHUPOBAHUSI.

JrobOas 3amava HEMMHEHHOTO TPOTPAMMHPOBAHHS MOXKET OBITH 3alMcaHa B CICAYIOIICH
dbopme. meeTcs GyHKIMS MHOTHUX TIEPEMEHHBIX

F(Z,D).

KoMmoHeHThl Z SBISAIOTCS MCKOMBIMHU MapaMeTpaMu pexuma, a [ BKIIOYaeT MCXOIHYIO
WH(OPMALIUI0O O COCTOSIHMM CHUCTeMBl. Torma uis HaxOXACHHUS ONTHMAIBLHOTO pEIICHUS
HE00XO0AUMO MOTYIHUTh

F(Z) > min,

MIPU OTPAaHUYCHUHU B BUJIE PABEHCTB U HEPABEHCTB

W(Z)=0,
Zmin <Z< Zmax'
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[TapameTpbl peXuUMa CHCTEMBI Z pa3lelsioTcs Ha ABa MOAMHOXecTBa: X u Y.
[ToxMHOXeCTBO Y BKIIIOYAET HE3aBHCUMBIE TIEPEMEHHBIE, T.€. TE€ MAPAMETPhI, KOTOPHIE B CUCTEME
MOTYT PEryJHUpOBAThCA, HAa KOTOPHIE MOXHO Bo3zeicTBoBarh. IlommuoxkectBo X  BKiIouaer
3aBUCUMBIC MMAPpaMCTPLI pCiKUMaA, T.C. TC, KOTOPBIC MOT'YT 6BITB BBIYHUCJICHBI 110 TapaMETpy Y , TOrga

Z(X,Y)=Z[X(Y),Y],
oTCIOa

min F(Z)=min F(X,Y)=min F(Y),

a OrpaHUYCHUS NPUHUMAKOT BU/J]

W(X,Y)=0,
X <XY)<X,
Y

min

ax ?

<Y<Y

max *

B kauecTBe ypaBHEHUS CBSI3H UCIOJIB3YIOTCS YPABHEHUS YCTAHOBUBLIETOCS peXXUMa
AJIEKTPUUYECKON CUCTeMBI. YTOOBI HAWTH 3aBUCHMBbIEC IEPEMEHHBIE, HY)KHO PaCCUUTATh
YCTaHOBUBILUNCS PEKUM.

PaccMOTpuM OCHOBHBIE ITOJIOKEHHS PEILIECHUS 33Ja4d KOMIIJICKCHOW ONTUMM3ALUH [
HHEPrOCHUCTEMBI, COCTOSIIEH TOJIBKO U3 TEIUIOBBIX MIEKTPOCTAHLINAM.

0O2C cocronr 3 i =1,2,...,M 06001MIEHHBIX ¥ OTAETBHBIX Y3JI0B, 1 HUMEIOTCS TOIBKO
TEIUIOBbIE cTaHIMU. [[apaMeTpel pexuma Pn’ Qn’ - aKTUBHEIE U PEAKTUBHLIE MOIIHOCTHU

reHepaTopHsix y3mos; U, 0, - Moaynu HanpsukeHnH 1 HasoBble yIuIbl B y3/1ax CUCTEMbI. VI3BecTHbI
aKTUBHBIC M PCAKTUBHBIC HATPY3KHU B y3J1aX, IPUYEM OHHU HE 3aBUCSAT OT HANPSHYKEHUN U YaCTOTHI
cucremsl. TpeOyercs onpenesnTh ONTUMAIBHOE paclpeieeHne Harpy3KHy Mo yCIOBUIO MUHUMYMa
3arpar.
5. VYpaBHEHUE LU MIPU UCIIOIB30BAHUU B KAYECTBE KPUTEPUS U3AEPKKU CTAaHLIUN
HU(Z)— min.
Bekrop nepeMeHHbIX Z pa3essieTcsi Ha BEKTOP HE3aBHCHMBIX IEPEMEHHBIX
Y(U,.5)
Y 3aBHCUMBIX IIEPEMEHHBIX
X (P> ©Or)
Toraa (1) MOXXHO 3amucaTh Tak
H[Uw&i’PFi(Ui»d')a QFi(Ui9§i) — min
6. YpaBHEHHUS CBSI3M BKIIOYAIOT DKBUBAJICHTHBIC XapaKTEPUCTHKU T€HEPATOPHBIX Y3JIOB

BHJA
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Hi (PFi) .
7. YpaBHEHUs OTpaHUYCHH, KOTOPHIC 33aJal0OTCSI B BUJE HEPABCHCTB:

PF‘minSPFiSPFi

1

QFimin < QFi < QFimax
U <U, <U,

imin imax
S <558

imin imax *

max

3afaroTcs Takke OalaHCOBBIE OIPAaHMUYCHMS 110 AKTHBHBIM M PEAKTHBHBIM MOILHOCTSM B
BHJIE CUCTEMBI YPABHEHUM YCTAaHOBUBILETOCS PEKUMA.

Jnst Kaxaoro y3iia 6aiaHc MOITHOCTH PaBeH

Woiis =By =Pr —P,— P,

WQm& =0,:=9,-0,-0,-

B ypasuernsx P, ., O, - - GyHKuuyn HeGanaHca 10 aKTUBHON M PEaKTHBHOM MOLIHOCTSIM.

4. VYpaBHEHUS ONTUMAJIbHOTO ympaBieHUs (OPMUPYIOTCS C  HCIHOJIb30BAaHUEM
ONpPENEICHHOr0 METOoAa ONTHUMHU3ALMH. B mponecce onTUMH3anuu OCYIIECTBIAECTCS MEPEXOL OT
JOTTYCTUMOI'O PEKUMA CUCTEMBI K ONITUMAJILHOMY.

Pelienne cuMTaeTcs ONTHMAbHBIM, €CIM MOIYJb IpajueHTta-Bektopa VM ipyHKimn
U (X,Y) Gyner MeHblue 3a1aHHOTO MAIIOTO 3HAYEHUS & .

PaccMoTpuM  ynpolIeHHBIM ~ QIrOPUTM  KOMIUIEKCHOM ~ ONTUMHU3AalMUA  PEXUMA
sHeprocucteMsbl. [lycTh B 3HEprocucreMe Ha mapaienbHy0 padoTy BKIIOUYEHO /1 aKTUBHBIX U M1
PEaKTHBHBIX MCTOYHHMKOB MOIIHOCTH, CBSI3aHHBIX C y3JaMH Harpy3ku CETbH0 MPOU3BOJIBHON
koHpurypanuu. Lleneass pyHKuMs Takol 3a1aul UMEET BUJL

n
"= ZH ; —>min.
i=1

Orpanudenus 1o 6aJaHCcy aKTUBHOW U PEAKTUBHOM MOIIIHOCTH UMEIOT BH/T

PE:ZE—&fﬁ:&

WQ:ZQi_PH_qZO'

31ech T U ¢ - NOTEpU aKTUBHOM M PEAKTUBHOM MOIIIHOCTEH B JJIEKTPHUECKUX CETAX.

@yHkIua Jlarpanxka BKIIOYAET 3TH JIBAa YPABHEHUS OTPAHUYCHUN U UMEET BU/T
n

L= U+ W, +,W,.
i=1
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Pemienue HaxoauTcs U3 ypaBHEHHI

oL ol 8q
—=—"+ =0;
oP 0P Al ap }’2

oL ., om _ Oq

+ 4, 0.

a0, o0, 20,

HaiizeM U3 ypaBHeHui BTopoil rpynmsl otHowenue A, u A,

or on
A% -0y,
90,
oq N y
rie o, =@ - nmuddepeHMaNbHBIA MTOKa3aTeNb (OTHOCUTEIBHBIA MPHPOCT) MOTEPh

peakTUBHON MOIIHOCTH B ceTH. OH IOKa3bIBAE€T, HACKOJIBKO BO3PACTAIOT IOTEPU PEAKTUBHOMN

MOIIHOCTH BO BCEH JJIEKTPUYECKON CETH MPH U3MECHEHHH PEaKTUBHOW HATPY3KH I - TO UCTOYHUKA

Ha 0Q..

3ammcaB 3TO YpaBHCHUEC MJIA KaxXI0ro M3 HMl HCTOYHHUKOB peaKTHBHOﬁ MOIITHOCTH H

IIPUPABHSB IIPAaBbIE€ YaCTH, IOJYYHM YCIOBHE HAUBBITOJHEHUIIETO PACIPENCIICHUsS PEAKTUBHBIX

MOIIIHOCTEH SHEPTOCUCTEMBI
on
00,

l-0,

=idem .

C yuderoMm 3TOro, ypaBHEHHMsI IEPBOM IPyNIIbI IPUMYT BUA

b+A(-0c)— AJaq - 0.

Beipaxast J, M3 MOMy4eHHOro ypaBHEHHs, [OCIE Psifia HPeoOpa3sOBaHUN OKOHYATEIHLHO
TIOJTy UM
bil(l_GQi)

dq O
l-0, - Oy — 010y — oP 8Q

=idem .

DTO U ecTh 00Iee yCIOBHE HAWBBITOJHEUINIETO pACIpeIesieHuss aKTUBHOW W PEaKTUBHOMN
Harpy3o0K B CJI0)KHOM HEPrOCUCTEME C YUE€TOM MOTEPb MOIIHOCTH B 3JIEKTPUUYECKOI CETH.

Onmumu3zauus HaA0eIHcCHOCMU
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HanexXHOCTh sIBISIeTCS KOMIUIEKCHBIM, CJIOXHBIM CBOHCTBOM, COCTOSIIIIUM B OOIIEM CiTydae
u3 6C3OTK3.3HOCTI/I, AOJITOBCYHOCTH, PCMOHTOMNPUTOAHOCTHU H COXPaHACMOCTH. CHGHOB&TGHBHO,
MCTOAbI ONTUMHU3AIUN HAACKHOCTU HOOJDKHBI PACCMATPUBATHCA C TO3HWIHUH ITOBBIMICHUSA 3THX
YEThIPEX COCTABIISIONINX HA/ICKHOCTh CBOMCTB.

Bce MeTopI OBBIICHHUS HAIE)KHOCTH 000PYAOBaHUS MOTYT OBITH CBEIIEHBI K CIICIYIOIIUM
OCHOBHbIM:

® DPE3epPBUPOBAHHMIO;

® YMEHBIICHUIO HHTEHCUBHOCTH OTKA30B;

® COKpAIICHUIO BpeMEHH HENPEPHIBHOW PabOTHI;

e BBIOOpY PALMOHATIBLHON MEPUOAUYHOCTH U 00bEMA KOHTPOJISI CUCTEM;
¢ YMCHBUICHUIO BPCMCHU BOCCTAHOBJICHUS.

Peanmzanust yka3aHHBIX METOJIOB MOJXKET OCYIIECTBISITHCS TPH  TPOCKTHPOBAHUH,
KOHCTPYHPOBAHHH, U3TOTOBJICHUH U MPOIECCE IKCIUTyaTaI[i 000pYIOBaHHUS.

B mpoumecce mpoekTUpOBaHMS UM KOHCTPYMPOBAaHHS  UCIOJIB3YIOTCA CXEMHBIE U
KOHCTPYKTHUBHBIC MCTOABI TOBBIIICHUSA HAICKHOCTHU CUCTCM.

CxeMHbIe METOIbl BKJITFOUAIOT B ceOs:

o CO3JaHHuC CXEM C MUHHUMAJIBHO HGOGXOI[I/IMBIM YHUCJIOM 3JICMCHTOB,

® [pPUMEHEHHE PE3ePBUPOBAHUS;

® pPa3paboOTKy CXeM, HE JOIMyCKAIOIINX OIMACHBIX IMOCIEACTBUI OTKA30B MX 3JICMEHTOB;
®  ONTHUMU3AIMIO MMOCIEA0BATEILHOCTH PAOOTHI 3JIEMEHTOB CXEMBI,

® TIpeIBapUTENLHBIA PacUeT HaJIe)KHOCTH POCKTHPYEMOU CXEMBI.

[Mon omTMMU3aIMeEl IMOCIEAOBATEILHOCTH PA0OTHI 3JEMEHTOB CXEMbl ITOHHMAETCS
COIJIaCOBAHHE TAKTOB aBTOMATHYECKOM paGOTBI CXCM HC TOJIBKO IO BPEMCHU, HO U IO NOCTHIKCHUU
TCM WJIA UHBIM MapaMCTPOM 3aJaHHOTO 3HAUCHUS.

B 41ci10 KOHCTPYKTUBHBIX METOJIOB ITOBBIIICHUS HAJIS)KHOCTH BXOJIHT:

® CIIOJIb30BaHUE DJIEMCHTOB C MajoW BEJIMYUMHOM HMHTEHCHUBHOCTU OTKAa30B npu 3aJaHHBIX
YCIIOBHSIX IKCILTyaTaIlHH;

e o0ecrmeyeHue OJIArOMPUITHOTO PEeKUMA PAOOTHI JIEMEHTOB;

® PalMOHAJIBHBIN BEIOOP COBOKYITHOCTH KOHTPOJIBHBIX APaMETPOB;

o paHHOHaHBHBIﬁ BI:I60p AOMMYCKOB Ha HU3MCHCHUC OCHOBHLBIX IIApaMCETPOB JJICMCHTOB U

CHCTEM.

Cpemu crmoco0OB TOBBIIICHUST HAJACKHOCTH IPH TPOU3BOACTBE OCHOBHBIMH SIBIISIOTCS
ClIeAYIOIINE:

® COBCPHICHCTBOBAHUEC TCXHOJIOTHHU U OpraHrU3anuu Iporu3BOJACTBA, €0 aBTOMAaTU3alHsl,
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® T[PUMCHEHHE WHCTPYMEHTAJIbHBIX METOJOB KOHTPOJIS KadecTBa NPOAYKIHH TIpU
CTaTHUCTUYECKU OOOCHOBAaHHBIX BbIOOpPKAX;
® TPEHUPOBKA 3JIEMCHTOB M CHUCTEM.
[lepeuncieHHbIE METOIBI TIOBBIIICHHUS HAJIS)KHOCTH JIOJDKHBI IIPUMEHSATHCSI B COBOKYITHOCTH
C YUETOM BJIMSHHUSA KaXIO0T0 U3 HUX HA pabOTOCIOCOOHOCTh CUCTEMBI.
MeToapl TIOBBIICHUS HAJIEKHOCTH CHCTEM, NPUMEHSEMbIE B YCIOBHUSX OSKCILTyaTalluy,
MOTYT OBITh Pa30UTHI HA JIBE TPYIIIBL. B mepByro rpymimy BXOIAT BCE U3TI0KECHHBIE METO/IBI.
Bropas Tpynmma MepomnpusTHH, MOBBIIAIOIIAX KAuyeCTBO CHCTEM IIPH SKCIUTyaTalu,
OTHOCHTCSI K BO3/ICHCTBUIO 00CTY>KHUBAIOIIEro epcoHana. K aTuM MeponpusiTusiM OTHOCSITCSL:
® TIOBBINIEHNE KBATH(UKAIIMN 00CTYKHBAIOIIETO TIEPCOHANIA;
® TPHUMEHEHHE MHCTPYMEHTAIBHBIX METOAOB KOHTPOJISI TEXHUYECKOTO COCTOSIHUSI CHCTEM;
e o0ocHOBaHME 00bEMa M CPOKOB TIPOBEACHHUS MPOPHIAKTUUCCKUX MEPONPUSITHH,
OCHOBAHHBIX Ha TPUMEHEHHH METOZOB TCOPUU HAJIE)KHOCTH;
e 000CHOBaHHE CPOKOB CITy>KObI 35ieMeHTOB U coctaBa 3Ulla;

e pa3paboTKa M BHEAPEHHE CIIOCOOOB MPOrHO3UPOBAHUS HEUCTIPABHOCTEH.

METOJJAYECKHE YKA3AHUS IO BBINTOJHEHUIO TOMAIITHUX 3ATAHUIA
N KOHTPOJIBHBIX PABOT

1. MeTonnuyeckne yKa3aHusl 110 BBIIOJHEHHIO JOMAIIHUX 32JaHUI U KOHTPOJIbHBIX padoT

BrinonHenue nomManHux 3aaHuii 1 KOHTPOJIBHBIX PadoT MpeaycMaTpUBaeT UCIOIb30BaHNE
TEOPETUYECKOr0 MaTepHalla, U3y4YeHHOTO Ha JIEKIHH, IPUMEHEHNE 3HaHW, YMEHU U HABBIKOB,

IMMOJIYUYCHHBIX Ha MPAKTUYCCKUX 3aHATUAX.

2. IlepeyeHb NPOrpaMMHBIX IPOAYKTOB, PeaJIbHO MCIOJIb3YeMbIX B IPAKTHKE JeSITeIbHOCTH
BBINYCKHMKOB U COOTBETCTBYIOLEe YUeOHO-MeToANYecKoe ocodne, pacKpbiBaloLee
0COOCHHOCTH M NEePCIeKTHBbI HCI0JIb30BAHUS JAHHBIX IPOrPAMMHBIX POAYKTOB
[Ipu u3yueHUM 1aHHOM TUCLUILUIMHBI UCIIONB3YIOTCA CIEAYIOLINE IPOTPAMMHBIE IPOAYKThI —

MathCAD, MATLAB.

3. Meroanuyeckne yKa3aHusl 10 NPMMEHEHHIO COBPEeMEHHBIX HH(POPMAIMOHHBIX TEXHOJIOTHI

AJIs1 IpenoaBaHusl y4eOHOH TUCHUILIHHBI.

1. Tlpe3enrainuu, cianasl;

2. CxeMmbl, TaOIUIIBI, PUCYHKH 1101 MEUATIPOCKTOD;
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3. JIazepHble TIEHKHU K MPOEKTOCKOITY;
4. ITporpammubie mpoayktel — MathCAD, MATLAB.
7. MeToan4yeckue yka3aHusi npogeccoOpCKO-NPenoaBaTebCKOMYy COCTABY N0 OPraHM3alHH
MeKCeCCHOHHOT0 ¥ IK3aMeHALIMOHHOI0 KOHTPOJISAA 3HAHMI CTY/IEHTOB.
[Tpy M3ydyeHUH IUCHUIUIMHBI TPETyCMaTPUBAIOTCS CJEAYIOUIHE BUAbl MPOMEKYTOYHOTO
KOHTPOJISl 3HAaHUH CTYIEHTOB:
- OIIPOC CTYACHTOB Ha Ka)/10H JIEKIINH;
- IPOBeIeHNE KOJIJIOKBUYMOB IO JIEKLIHOHHOMY MaTepHaiy.
K nmpomexyToursiM (popMaM KOHTPOJISI 3HAHUW OTHOCSTCS:
- OJIMI-0IPOC HAa JIEKLUSX 0 MPOHIEHHOMY MaTepuay;
- KOHTPOJIbHBIE paOOTHI;

- HamcaHue pedepaToB ¢ MOCIETYIONEH UX 3aITUTOM.
8. ®oHx TECTOBBIX U KOHTPOJIbHBIX 3aIaHUI /15l OLEHKHN Ka4eCcTBA 3HAHU M0 TUCIUIIHHE.

3aoanue Nel
OnpenenuTh MOITHOCTH KOMIICHCHPYIOIIUX YCTPOWCTB Qm., MUHUMHU3HPYIOIINX MOTEPH

MOIIIHOCTH B CeTH. PacueTHble mapaMeTpsl yka3aHbl Ha cxeme 1. BpiOop ycnmoBuii BapuwaHTa

OCYILIECTBISICTCA MO TabJ. 6, B KOTOPOH yKa3bIBalOTCS HOMEpP BapHaHTa; HOMepa HCKIII0YaeMbIX

BETBEU.
Q1 Q2
nn 0,5
—»0O O<— Q3
U=110 kB
0,2
Q4
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Cxema 1

Bb10op ycioBuii BapuanTa

Tabauya 6

No BapuanTa

Ne yckiaroyaeMol BETBU

1

lu?2

3u4d

1u3

2us

4us

2u4d

lud

lus

O o0 | O | K| Wl N

2u3

—_
o

3us

3aoanue Ne2 B COOTBETCTBMHM C HOMEPOM BapHaHTa BbIOpPAaTh ONTHMAJIbHYIO MOIIHOCTH

KOHJ/ICHCAaTOPHBIX OaTapeil B paclpelelUTeIbHOM DIEKTPUYECKOH CeTH, 00eCreunBarouIyio

MUHUMYM IpUBEIEHHBIX 3aTpar. [IpuHATE crommocTs komneHcauuu 1 kBap Ha cropone HH TII

K, paBmoit 11 pyG/kBap, cymmapHbie exeropusie oruncnenus mas BK pasuem £ =0.22,

croumocts 1 kBt moreps - C,=70 py6/kBr-rox. JIII Beimonuens! nposogamu AC-35; morepu

YUUTBHIBaTh B JIUHUSX, TpaHCOpMaTOopax M KOHAEHcaTopax. YeibHble MOTEpU B KOHJAEHCATOpaX

APy ,=0,0045 xkB1/kBap. 3agady pemIuTh rPaiuEHTHBIM METOIOM, IIPAMBIM METOIOM ONTHMH3AIUH.

Br16op BapuaHTa 3a1aHHsI OCYIIECTBIISIETCS C TOMOIIBIO CXeMbI 2 1 Tab. 7

56




630
kKBA
5
25
630 220-i300
kKBA
1,8 1 3,5 2 2,8 3
- - - 4,0 T
250 400 400 300-i400
g %KBA % % kBA % % kBA 4
400 :
l T i T l T BA 300-i200
1 I T
150-i200 200-i300 250-i250
1
180-i300
Cxema 2
Tabnuya 7
Tabdauua BapUaHTOB 3a/1aHUA
No Uckmrouaembie [ToBBICHTH HaNpSHKEHUE
NyHKTOB ycTaHoBKU BK ITYHKTBI MyHKTa AU, %
1 4 7 2 5 6 1,5
2 2 4 6 3 7 4 1,8
3 3 6 7 1 5 7 2,0
4 2 3 6 1 5 3 1,7
5 2 5 6 1 4 7 1,5
6 4 6 7 2 3 4 1,4
7 1 5 7 3 6 5 1,5
8 2 4 7 3 5 2 1,2
9 3 4 5 2 7 6 2,1
10 4 5 1 3 2 4 1,4
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