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1. INIEPEYEHb IINTIAHUPYEMbBIX  PE3YJBTATOB OBYYEHHUA 11O
AACHUIIIMHE, COOTHECEHHBIX C IIJIAHUPYEMBIMH PE3YJbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOMU ITPOI'PAMMBbI

Buj nesiTeJIbHOCTH BBINTYCKHUKA
JlucuurimHa OXBaThIBaeT KPYT BOIIPOCOB, OTHOCSIIMXCS K HAyYHO-HCCIIEIOBATEILCKOMY H
MIPOEKTHO-KOHCTPYKTOPCKOMY BUJaM MpPo(ecCHOHANILHON JESITEILHOCTH BBITYCKHUKA B
COOTBETCTBUU C KOMIIETEHIIUSIMH M BUAAMU JACATEIBHOCTH, YKa3aHHBIMHA B YICOHOM ILJIaHE.
Meab AMCIUATIMHBI
[Tonyuyenne OakanaBpaMd 3HAHHUH TI0 TNPUMEHCHHIO MAaTEMAaTHYECKHMX METOJOB B
IJIAHUPOBAHUM  PA3BUTHUS  CIOXKHBIX TEXHUYECKUX CHUCTEM, IIOCTPOCHHUIO MoOJeNed s
MIPOTHO3UPOBAHUS UX PA3BUTHUS.
3agaum AMCHMILIMHBI
- MOJTy4YeHWe 3HaHUH 110 MPUMEHEHHIO MaTEMaTHYECKUX METOJIOB B IUVIAHUPOBAHUU PA3BUTHUS
CJIOJKHBIX TEXHHUYECKHUX CHUCTEM;
- U3y4YEHUE METOOB MOCTPOEHUS MOJICTIEH JIsl TPOTHO3UPOBAHUS M TUTAHUPOBAHKS PA3BUTHS
1 G YHKITMOHUPOBAHUS TEXHHUUECKUX CHCTEM;
- o3HakomieHue ¢ ocHoBamu CAIIP TeXxHMYeCKHX CHCTEM;
- UW3y4YeHUE MEPAPXUYECKON CTPYKTYpPHI DIIEKTPOIHEPTETUUECKHX CHUCTEM, CHCTEMBI
yIpaBIeHUS UMH U CBS3€H C BHEIIHEH cpeioil.

Kon Conep:xanue IIepeyenb mIaHNUpPyeMbIX Pe3yJbTATOB
KOMIIeTEeHIIUH KOMIIeTeHIHii 00yueHusi MO TUCHHILINHE
1 2 3
OK-7 Cnoco6HOCTh K | 3HATH:
camMoOpraHu3aIluu u | -IIpuHnune: METOJIOB pa3BUTHS
caM000pa30BaHUIO AIIEKTPOIHEPTETUUECKUX CUCTEM U CETEH;
YmMmern:

-CaMOCTOSITEIbHO NPUHUMATh  PEIICHUS,
UCIIONIb30BaTh TMOJy4YCHHBbIC 3HAHUS Ha
[IPaKTHUKE;

Baagern:

-JlocTaTO4YHBIM YPOBHEM IIOHUMaHUsA
MaTepuana, M CIOCOOHOCTBHIO BBISBIISITH
CYIIHOCTB TIPOOJIEM.

I1K-3 I'oTroBHOCTE  ydacTBOBaTh B | 3HATH:
COCTaBJICHUM aHAIUTHYEeCKUX | - OCHOBHBIE METOABI M CIOCOOBI cOopa u
0030poB U HAY4YHO- | aHaJIM3a MCXOJHBIX JAaHHBIX JJIs pacyera U

TEXHUYCCKUX OTYECTOB IO | MPOCKTUPOBAHUA  DJICKTPOIHCPICTUICCKUX
pe3yiibTaTaM BBIIIOJIHEHHOM CHUCTEM,;

paboTHI, B MOJATOTOBKE | YMeTh:
nyonukanuit mo pesyibTataMm | -OQopmisaTe MyOMUKAUU W OTYETHl IO
HCCTIEIOBaHUM U pa3pabOTOK pesyibTaTaM  HCCIEIOBAaHUA  PEKHUMOB
paboThI ANEKTPUUECKUX CETEH:
Baaners:

- JlocTaTouHBIM YpPOBHEM 3HaHUI 1 cOopa
U aHaJKM3a UCXOJHBIX JaHHBIX I pacyera
Y TIPOEKTUPOBAHUS AIEKTPOIHEPTETUYECKUX

CHCTEM.
I1K-6 CrnocoGHOCTh MpPOU3BOAUTH | 3HATH:
pacuetel W mpoekTupoBanue | -OCHOBHBIE MTOJIOKEHHSI TEOPHH
OTJENBHBIX 0J10KOB U | MHOTOMEPHBIX M MHOTOCBSI3HBIX CHCTEM
YCTPOWCTB CHUCTEM | YIIPABJICHUS;




ABTOMATU3ALMKU U YIPABICHUS | YMeTh:

U BbIOMpaTh  CTaHAapTHHIC | - [IpoM3BOAMTE pacy€Thl M MPOEKTUPOBAHUE

cpencTaa aBTOMATHKH, | OTAENbHBIX OJIOKOB M YCTPOWCTB CHUCTEM

U3MEPUTEIILHOU U | aBTOMAaTHU3aLUU U yIIPABIICHHUS;

BBIYHCIIUTEIBHON TEXHUKU Ui | Biaanern:

IIPOEKTUPOBAHUS cucteM | - Meroamu BeIOOpa CTaHIAPTHBIX CPENICTB

aBTOMATU3ALMU U YIPABJICHUS | aBTOMATHUKH, U3MEPUTEIBHON u

B COOTBETCTBUU C | BBIYMCIIMTEIBHON TEXHUKH JUTS

TEXHUYECKHUM 3aJaHUEM IIPOCKTUPOBAHUSA CUCTEM aBTOMATU3ALMU U
YIIPABJICHUS.

2. MECTO JUCHMIUIMHBI B CTPYKTYPE OBPA3OBATEJIbHON
IMPOI'PAMMBbI

Jucuumimuaa b1.B.11 Mertoas!l ynpaBiaeHUs pa3BUTHEM CIOKHBIX TEXHHUUECKHUX CHUCTEM
OTHOCHTCS K BapUaTUBHOM yacTu.

Jucuuruinaa MeTo/pl yIpaBieHHUs Pa3BUTHEM CIIOXKHBIX TEXHHYECKHUX CUCTEM Oa3upyercs
Ha 3HAHUSAX, NOJYYEHHBIX IPU U3YYEHUHU AUCHUILUIUHBI DJIEKTPOIHEPreTUYECKUE CUCTEMBI U CETH.

OcHOBBIBasiCb Ha H3y4YEHUM NEPEUYUCIECHHON AMCLUMIUIMHBIL, JUCHMILIMHA MeTomsl
yIpaBJIEHUS] Pa3BUTHEM CIOXKHBIX TEXHHYECKHUX CHUCTEM IPEACTaBJIAET OCHOBY MAJIs M3Y4YEHUs
JUCHUILIMHBI MHOTOMEpPHBIE U MHOTOCBSI3HBIE CUCTEMBI YIIPABJICHUS.

Takoe cucTeMHOE MEXIUCUMIUIMHAPHOE M3Y4YEHHE HANpaBI€HO Ha JOCTH)KEHUE
tpedyemoro ®I'OC ypoBHS MOJITOTOBKH O KBATU(HUKAIMH OaKaiaBp.

3. PACHPEJEJEHUE OFBEMA JUCHHUIIVINHBI

3.1. Pacnpenesnenne odbeMa AMCUMILIMHBI IO GopMam 00yUeHH s

Tpyooemkocmob OucyuniuHsl 6 4acax
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3.2. Pacnpenenenne o0beMa JMCUMIIMHBI IO BUAAM YYeOHBIX 3aHATHH M TPYJI0EeMKOCTH

6 m.u. 6 Pacnpeodene
UHMEPaKmue | Hue no
Tpyoo- | moii, akmue- | Kypcam, vac
Buo yueonuix 3anamui eMKocmb | HOWl, UHHO8A-
(uac.) UUUOHHOUL
popmax, 7
(uac.)
1 2 3 4
|. KonrakTHas pa6oTa 00y4aomuxcs ¢
npenojanparejeM (Bcero) 19 4 19
Jlexuum (JIk) 6 4 6
Jlabopartopusie padotsl (JIP) 15 - 15
[Ipaktuueckue padotsr (I1P) 8 -
Kypcogas padota (KP) + R +
NunuBunyansHeie(TpyNIIOBBIC) KOHCYIIBTAITUN + - +
I1.CamocTosiTe1bHAS PaboTa 00yUAIOIIMXCS 116 ) 116
(CP)
[Toarororka Kk 1abopaTOpHBEIM paboTam 21 - 21
[ToaroToBka K MpakTHYECKUM padboTaM 21 - 21
IToAroToBKa K 3a4eTy 21 - 21
Brmonnenne kypcoBoii paboThl 53 - 53
1. IpomexkyTouHas aTrrecTanuss  dK3aMeH 9 - 9
O6mias Tpy10eMKOCTh AUCIUILIAHBI Jac. 144 - 144
3ad. eI, 4 - 4

. COAEP) KAHUE JUCHUIIJINHBI




- I 3204HOH (popMBbI 00yUeHHS:

4.1. Pacnipenesienre pa3ie/ioB TUCUUIJIMHBI 110 BUJAM YUeOHBIX 3aHATHIA

Buowl yueonwvix 3anamuil, 6xniouan

Ne CAMOCHOAMEIbHYI0 PAdomy o0yuaromuxca u
pas- Haumenosanue Tpyooem- mpyooemKocntb; (uac.)
denau pasdena u Kocmb, YyueoOHble 3aHAmUA camocmos
memol mema OUCUUNIUHbL (uac.) npakmuye | MelbHaAA
exuu nabopamopuvle cKue paboma
pabdomul padompi odyuaro-
wuxcs
1 2 3 4 5 6 7
1. OnTuMH3aMoOHHELIE 3229 20 1 - - 19
1.1. Bunsl OINTUMU3AMOHHBIX
3a/1a4 1 OCHOBHBIE CITOCOOBI 4,5 0,5 - - 4
WX PEIICHUS
1.2. OCHOBHBIE HOJIXOJbI  TIPHU
pelIeHUH  ONTHUMHU3ALMOHHBIX 5,5 0,5 - - 5
3a/1a4y B DJICKTPOIHEPTCTHKE
1.3. MaremaTruueckasi MOCTaHOBKaA
ONTHMM3AIIMOHHBIX 3aJa4 B 5 - - - 5
AJIEKTPOIHEPTCTHKE
1.4. OnTuMH3alMOHHBIE 3aa4M KaK
3a/1a4uun MaTEeMaTUIE€CKOTO 5 - - - 5
IpOrpaMMHUPOBaHUS
2. Oco0eHHOCTH pa3BUTHA
COBPEMEHHBIX TEXHUYECKHX 20 1 - - 19
CHCTEM
2.1. | Dranbl pa3BUTHUSA
aNeKTpodHepreTuku Poccun 4 ) ) ) 4
c y4eToM PBIHOYHBIX
OTHOIIICHUI
2.2. |IlpuaATHE W  OOOCHOBaHUE 5 i i i 5
pemieHnii o paszputuo 29C
2.3. | Cxema 00OOCHOBaHHMSI Pa3BUTHUS 55 05 i i 5
20C ’ ’
2.4. OCHOBHEBIE COCTAaBJISIOLIIE
55 0,5 - - 5
o0ocHoBaHus pa3BuTH I9C
3. KoMmnuaekcHbIe 3aJa4u
o0ocHOBaHMSA pa3BUTHA 20 1 i i 19
CJIOKHBIX TeXHUYECKHX
CHCTEM
3.1. | Crpareruss passutus EnuHoi 6.5 05 i i 6
939C Poccun ' ’
3.2. | Ctpareruueckuit I1aH
pa3BUTHUS YHEPTOKOMITAHUH,
N 6,5 0,5 - - 6
paboTaromeit B cocTaBse
HHEProoObEeTMHEHHS
3.3. NuaBecTHIINOHHEBII TJ1aH
pa3BUTHUA 7 i i i 7
AIEKTPOIHEPTETHIECKOTO
00BbeKTa
4. MaTtemaTuueckoe 26 1 3 3 19




MOA€CJIMPOBAHUC Pa3sBUTHUA
TEXHHYECKHX CHUCTEM
B COBPEMECHHBIX YCJIOBHUAX

4.1.

[TporpammHuo-
BBIUMCIUTCIIBHEIA  KOMILICKC
«COIO3» s onTUMH3AIAU
CTpyKTypbl 29C

4.2.

Maremarnueckas MOJIETIb
pazsutusg 99C

7,5

0,5

4.3.

[TpuHIMn «II030HHOH
OINTHUMU3ALUH npu
MOJICIIUPOBAHUHU CYTOYHOTO
pekUMa M 4YaCOBBIX IEPETOKOB
MOILIHOCTH

4.4,

MopaenupoBanne
3JIEKTPOCTAHIIUI

pa3BUTHS

10,5

0,5

MartemMaTH4ecKHe MOAEIN H
METObI JIMHEHHOr 0
NMPOrpaMMHUPOBAHUS

28

20

5.1

ITocraHOBKa OCHOBHOM 3ajauu
JIMHEHNHOT O ITPOrpaMMHUPOBaHUS

9,5

0,5

5.2.

Ob6nactu JOMYCTUMBIX
peLIeHU I

5.3.

ITonck onTUMAIBHOTO peICHUA

9,5

0,5

OnTuMHU3anUOHHLIE MOJAEIN
AJI5l IJIAHUPOBAHMS PA3BUTHS
TeXHHYECKHUX CHCTEM

21

20

6.1.

Krnaccudukanus MoJIeJIeH
11aHupoBaHus pazButug 23C

5,5

0,5

6.2.

OnTuMu3alHOHHEIS MOACIIH
JUIS1 IOMCKA CTPYKTYPBI
T€HEPUPYIOIINX MOIIHOCTEN

15,5

0,5

15

UTOIro

135

116




4.2. Cogepxanme TUCUMILIMHBI, CTPYKTYPHPOBAHHOE 110 pa3/iejiaM U TeMaM

Buj 3aHATHIT B MHTEPaKTUBHON QOpMe: JIEKITUH ¢ TEKYIIUM KOHTPOJIEM, KOMITBIOTEPHBIE ITPE3CHTAIINN
(4 gacos).

Pazgen 1. OIITUMU3ALIMOHHBIE 3ATAYA
Tema 1.1. Buabl onTUMH3aIMOHHBIX 32129 H OCHOBHBIE CIIOCOOBI
HX penieHust

3HAUUTENEHYI0 YacTh HMCCICAOBAaHUN B 3JICKTPOIHEPTETUKE, KaK M B JPYTHX OTPACIISAX TCXHHKH,
COCTaBJISIIOT TaK Ha3bIBaCMbIC ONTHMU3AIMOHHBIC 3amaud. 3agadeil ONTHMHM3AIMM  HA3bIBACTCA
SKCTpeMasbHasl 3aja4a, I/ie TIPU PEIIeHUH 33JaHHON CHCTEMBI YPaBHEHHUI M HAKJIAIbIBAEMBIX OTpaHUICHUH
HEOOXOIMMO OTPEAETUTh SKCTpEeMyM IieneBoi ¢(yHKuu Z (ee MHHAUMYM WO MakcumyM). llpu stom
LEJIEeBYI0 (PYHKIHMIO Z 4acTO Ha3bIBAIOT KPUTepHeM. [[pyruMu cioBamu, W3 BCEX BO3MOXKHBIX BapHUAHTOB
pelIeHns HY)KHO HaWTH ONTHMAaJNbHBIA — HaWOoJiee MPEANOYTHUTENFHBIA M0 TeM WM HWHBIM 33JlaHHBIM
MOKA3aTeNIM — KPUTEPUSIM ONTUMAJIbHOCTH. B MHOTOAKCTpEeMaNbHBIX IENEeBbIX (YHKIHIX MPUCYTCTBYET
MHOKECTBO JIOKAJTbHBIX KPUTEPUEB, HAUOOIbUIUL U3 KOTOPBIX — 2100ANbHbIL.

s D9C xapakTepHbIMU ONITUMHU3AIMOHHBIMU 33]]a4aMU SBIISIFOTCS:

1) yIpaBieHe HOPMaTbHBIMU YCTAHOBUBIIIMHCA peskuMamu D0C;

2) manupoBanue pazputus 99C Ha pa3HyI0 BPEMEHHYIO ICPCIICKTUBY.

[TepBas 3amaua, Ha3piBacMas 3agadeid onTumMu3zanuu pexuma IIC, COCTOUT B OMPENEICHUN TaKUX
€ro mapaMeTpOB, KOTOPHIM COOTBETCTBYET MUHUMYM ODKCIUTyaTallMOHHBIX H3IEPKEK Ha IMPOU3BOACTBO
AIIEKTPOIHEPTUU B cHUcTeMe B menoM. [Ipm 3ToM mOmKHO oOecreumBaThCS MAaKCUMAIBHO HAaJlIEKHOE
JJIEKTPOCHAOKCHUE TOTPEOUTENCH JIICKTPOIHEPrUe 3aJaHHOr0 KadecTBa 03 IMeperpy3kd OCHOBHBIX
AIIEMEHTOB CHCTEMBI M TP MUHUMAIbHOM BPETHOM BO3ACHCTBUM SHEPTETHKH HAa OKPYXKAIOUIYIO Cpemdy.
AHanornuno QopMmynmpyercs W 3amada IJaHupoBaHusi pa3Butusi IIC, TOTBPKO MHUHUMH3HPYIOTCS
CyMMapHbIE 3aTPAaThI [0 CUCTEME, BKIIIOYAs CTOMMOCTh COOPYKEHHS HOBBIX 3JieKTpocTanuui, JIOII u 1.1,

[IpuBeneHHBIC ONTHMU3ALMOHHBIC 33JaYd YPE3BBIYAHHO CJIOXHBI, YTO CYIIECTBEHHO 3aTPyIHSACT HE
TOJIBKO WX pelIeHHe, HO W COCTaBJICHHE WCXOJHOTO MaTeMaThdyeckoro ommcaHus. @DaxkTopamu,
OTIPEACTISIONIIMHE CIOXHOCTh 3TUX 33]1a4, SBJISIOTCS:

1) mHocoxpumepuanbrocmes — HATMYNE HECKOIBKHX KPUTEPHUEB ONITUMATBLHOCTH; B TIPUBEICHHON BBIIIIE
3amade ontuMuzanuu pexxuma 99C 3TO SIKOHOMHYHOCTh, YPOBEHD HAJIEKHOCTH, BIUSHUE HA OKPYKAIOIIYIO
cpeny;

2) ebicokas pasmepHocns — OOIIBIIIOE YKCIIO TIEPEMEHHBIX 3aa4YH U MX CHIbHAS B3aMMOCBSI3b;

3) Hanuuue CIydaiHbIX PaKTOPOB U HeonpeoeieHHOCHb UCXOTHON nHPOPMAIIHH;

4) pasnuunblil xapakmep usMeHeHUs nepeMeHHblX — HETIPEPBIBHBIA U TUCKPETHBIMH.

Tema 1.2. OcHOBHBIE MOAX0AbI MPH PEIIEHNU ONTHMHU3ANMOHHBIX 32124 B JIEKTPOIHEPreTHKE

B mnpakTHke pemieHUs ONTHMHU3ALMOHHBIX 3aj7[ad IMHPOKO HCIOJB3YIOTCS YIPOINECHHBIC MOIAXOJBI,
MO3BOJISIONTNE OOONTH CIOXKHOCTH H MONTy4aTh PEIICHUs, ONM3KUE K IEUCTBUTENLHO ONITUMAIHHBIM.

Bo-niepBbIX, MHOTOKpUTEpHATBHBIE 33a9U CBOJIAT, KaK MPABHIIO, K OJHOKPUTEPUATBHBIM: BHIOUPAIOT
OJIMH U3 KPUTCPUEB B KAa4eCTBE OCHOBHOI'O, & OCTAJbHBIC YUYHMTHIBAIOT B BHJE orpanudeHuii. Hampumep,
3amauy onTuMmm3anmu  pexuma IOC  QopMyIHMpYIOT < KaK = 3a0ayy  OOCMUJICEHUs MUHUMYMA
IKCNIYAMAYUOHHBIX U30ePIICeK NPU 3A0AHHOM YPOBHE HAOEHCHOCHU U 3A0AHHOM OONYCMUMOM 8DEOHOM
8030€eliCMeUl HA OKPYIHCAIOWYIO Cpedy.

Bo-BTOpPBIX, CIOKHBIE ONTUMU3ANMOHHBIC 3214 BHICOKON Pa3MEPHOCTH JACJAT Ha PsiJi OTHOCUTEIIBHO
CaMOCTOSITETIFHBIX TI0/33/1a4 MEHbIIEH pa3MEepHOCTH, KOTOPHIE PEIIaloT pa3feNbHO W IIPU HEOOXOJUMOCTH
MOJIyYEHHbIE PCIICHUS aHAIM3UPYIOT. Takoe JIeJeHHEe BO3MOXHO I10 HECKOJBKUM IpPH3HAKaM:
(YHKIIMOHAIBHOMY, BPEMEHHOMY U TEPPUTOPHAIILHOMY. B 4acTHOCTH, MO (HyHKIIMOHAJIHHOMY MPU3HAKY
3amady onTuMm3anuu pexuma OOC nenar Ha JABe: SKOHOMHUYECKH IeIecoO0pasHoe paclipe/iereHre
aKTUBHOM MOIIHOCTH MEXIY JJIEKTPOCTAHIMSIMH M ONTHMHU3ALMS PEKUMA 0 HAIPSDKEHUIO U PEaKTHBHOUN
MOIITHOCTH. AHAJIOTMYHO €IUHYIO 33/1auy IIaHupoBanus pa3putust DIC NesIT Ha TPU:

1) onTuManbHOE PAa3BUTHE CTPYKTYPhI TEHEPUPYIOIINX MOIIHOCTEH;

2) onTUMAIbHOE pa3MEIlCHHE U Pa3BUTHE 3JICKTPOCTAHIIHNI;

3) onTHMaNbHOE PA3BUTHE DIIEKTPUIECKUX CETEH.

B-Tperbux, yuer ciydaiHbiX ()aKTOPOB M HEOIPEICIICHHOCTH HCXOMHON MH(OpPMAIMH MOXKET OBbITh
BBITIOJTHEH C TOMOIIBI0 METOJ1a CTATHCTUYECKOTO MOJISIUPOBAHNS, CBOJISIIETO PEIICHUE UCXOTHOM 3a/1a4u K
MHOTOKPAaTHOMY PEIICHHIO 33aJa4 C OJHO3HAYHO 3aJaHHBIMU — JICTEPMHUHHPOBAHHBIMH — WCXOJHBIMHU
napamerpamMu. Kpome TOro, 4acTto IHUCKPETHO H3MEHSIONIMECS IEPEMEHHbBIC YIPOIICHHO 3aMEHSIOT
HENPEPHIBHBIMHU C TIOCIETYIOIIEeH KOPPEKTHUPOBKOM MOTYYEHHOTO PEIICHHS.

Heo0xoqumMo OTMETHTH, YTO TPH PENICHWH ONTHMH3AIMOHHBIX 33/a4 AJIEKTPOIHEPIeTHKH, KaK H
JIOOBIX JPYTUX HHXCHEPHBIX 3aJa4, BbIOOP MaTEeMaTHUYSCKOrO OMMCAHHSA M €ro YIPOIICHHE JIOJIKHBI
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6a3I/Ip0BaTI>C$I Ha I‘J'Iy6OKI/IX 3HAHUSIX OOBEKTA HCCJIICAOBAaHNA, MO3BOJAIOMINX YYHUTLIBATH CYIICCTBCHHBIC
B3aMMOCBSI3H U Ba)KHCHIIIHE (baKTOpI:I, BJIMAOIINWC Ha PCHICHUC. B 10 xe BpeMs HE CIICAYCT 3arpoOMOKAaTh
OTO OIHNCAaHUC HECYIICCTBEHHBIMU (I)aKTOpaMI/I, SHAYUTCIIBHO ITOBBIMIAIOOIMMHU €I'0 CJIIOKHOCTBH, HO
IMMPAKTHYCCKH HE BIMAIOUNIMMU Ha PCHICHUEC.

Tema 1.3. MaTeMaTH4eCcKasi MOCTAHOBKA ONTHMH3AIMOHHBIX
3a/1a4 B 2JIEKTPOIHepPreTHKe
C y4YeToM pacCMOTPEHHBIX YIOPOINCHUH o00mas ¢(OpMyJTUPOBKAa ONTHMHU3AIMOHHBIX 3a7ad B
3IEKTPOIHEPTETUKE MOXKET OBITh CIICTYIOIICH:
OnpegennTs 3HaYeHHMs1 NepeMeHHBIX x;,i=1..,n (Hanpumep, mapamerpos pexuma IIC),

o0ecneyHBAOIIMX MHUHUMYM 3aJJaHHOT0 KPUTEPUsI ONTUMAJBLHOCTH, NPEJCTABJIEHHOTO0 B BHJE
(yHKIMM 3THX NepeMeHHbIX Z(X1,...,X, ), T.e. HeJeBoil GyHKIMN (HanpuMep, NpUBeAeHHBIX 3aTPAaT),

NP OTrPAaHMYEHHSIX HA ITH MepeMeHHble W (PYHKUMH OT ITHUX NepeMeHHBIX B BH/e PAaBEeHCTB U
HEPaBEeHCTB.

Mamemamuuecku 3ta 3a1a4a GOPMYIUPYETCS TAK:
min Z(xq,..., X,,) (1.2)
X

IPH OTPAaHUYCHHAX
Fi(x1,..xy)=0,i=1...1; (1L2)

DI > D (31 x,) 2PN, =1 T (1.3)

J
x>y =™ =1, 0. (14)

Kak wum3BecTHO, 3amauM Ha MOHUCK SKCTpeMyMa (MUHHUMyMa HJIM MakcUMyMa) (QYHKIUH IO Mepe
BO3PACTaHUs CIOKHOCTHU KIACCU(PUIIUPYIOTCS CIEAYIOIUM 00pa3oM:

1) 3amaun Ha 6E3yCIOBHBII SIKCTPEMYM - OTpaHMYCHHS Ha MIEPEMEHHBIC OTCYTCTBYIOT U (hOpMyIIMpOBKa
3a/1a4¥ COEPKUT Tobko ycmosue (1.1);

2) 3amauyl Ha YCJOBHBIA OJKCTPEMyM C OrpPaHHYCHHSMH BHIa PaBEHCTB; (HOPMYIHpOBKA 3a1a4yu
Bkitouaet (1.1) u (1.2);

3) 3amaul MAaTeMAaTHYECKOro MPOrPAMMHUPOBAHUS - XOTs OBl OJHO OrpaHWUYCHHE HMEET BHUJ
HepaBeHCTBa, 001ast (hopMyIMpOBKa 3a1auu BKIroyaet yeiaosus (1.1)-(1.4).

Tema 1.4. OnTUMH3aIMOHHBIE 32249 KAK 3aJ1a4M
MaTeMaTH4eCKOro NporpaMMHupOBaHHsA

B anektposHepreTHke TPAaKTHYECKH BCE ONTHUMH3AIMOHHBIE 33Ja4dl  SBJSIOTCS  3a/adaMu
MaTeMaTH4YeCcKoro MmporpammupoBanus. OHU JensITca Ha JiBa Kjlacca: 3aJlayd JIMHEHHOTOo W HEeTWHEHHOro
MaTEMaTHYECKOTO MTPOrpaMMHUPOBaHMSL.

B koHue 30-x rogoB mpouuioro crojieTus coBerckuid maremaTtuk JI.B. KoHTOpoBHY BIEepBbIe perini
OJIHY M3 33]1a4 JINHEHHOT0 MPOrpaMMHPOBaHNUs — TPAHCIIOPTHYIO 3a1a4uy. OHaKO ero paboThl He MOTYUYHIN
IIMPOKOH N3BECTHOCTH.

B konne 40-x romoB amepukaHcKkuii MareMaTHK bepHapa Jlanuur pa3zpaboTan yHUBEpCaIbHBIH METOJ
pelIeHus] ONTUMHU3AIMOHHBIX JIMHEIHBIX 33/1a4 U Ha3BaJ €r0 CUMILIEKCHBIM.

Meroapl JNMHEMHOIO M HEIMHEHHOrO NPOTPaMMHUPOBAHMUS IIO3BOJIIFOT HCCIIEIOBAaTh CBOMCTBA
SHEPrOCHUCTEM NIPH ONMCAHMH MX HEKOTOPOH MOJeNbio. Mozienu MoryT ObITh OlucaTeNbHble, (GU3NUIECKUE U
MaTemarnueckue. Mojens sBisgeTcd aieKBaTHOM, €CIM Pe3yNabTaThl MOZACIUPOBAHUS IOATBEPIKIAIOTCS
MOBEJICHHEM OOBEKTa U 110 HUM MOKHO MPOTHO3UPOBATh MPOIIECCHl TIOBEICHUS OOBEKTA.

OtnenbHO cieqyeT BBIACIUTH WMHTALMOHHOE MOAEIMPOBAaHUE, KOTOPOE MPEICTaBIsieT CcoOOoH
BOCIIPOM3BE/ICHHUE MTPOLIECCOB MOBEACHUS OOBEKTOB BO BPEMEHH.

JInHeHHbIMH MaTeMaTH4YeCKHMM MOJeJsIMU Ha3bIBAIOTCS MOJENH, B MaTeMaTH4eCKOEe OIMCaHHe
KOTOPBIX BXOJAT NEpEMEHHBIE TOIBKO B IEPBOM HOpsiKe. VX OMHCHIBAIOT B CIEAYIOIIEM BH/IE:

n
Zi= 2 cxj, (1.5)
i,j=1

rae Z — ueneBas GyHKUUS; ¢ — HOCTOSHHBIN KOAQQULIMEHT; X — IepeMeHHast; N — YHCIIO0 YpaBHEHUH.

CoOBOKYITHOCTh JIMHEHHBIX YpaBHEHHWH Ha3bIBA€TCSl CHUCTEMOH JMHEWHBIX ypaBHeHWH. Ee pemenwnem
SBJIIETCS] TOCJIEOBATEIbHOCTh MM BEKTOp 3HadeHuil. [Ipu 3TOM cucTemMa JTMHEWHBIX ypaBHEHHH MOXKET
OBITH HECOBMECTHA, €CIIM HE MMEET PeLIeHus], TM00 HEe OnpeAeseHa, eclid UMeeT OECKOHEYHOEe MHOXKECTBO
pEIICHU!, WM OIpelNeleHa, €CIM HMEeeT €OUHCTBEHHOe pemeHue. Ecimu ke paccMmarpuBaeTces
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ONTHMU3AIMOHHAS 33/iaya, T.C. YCJIOBHE CHIDKEHUS MO0 YBEITHYCHUS IEIeBOH (DYHKIIMU B BBIPAKCHUU
(1.5), To Ha cucTeMy JIMHEHHBIX YPaBHCHUH HAKIIABIBAIOTCS JOMOJHUTEILHBIC OTPaHUYCHUS.
O6mrast popMyIHpPOBKA 3a1a4H JIMHEWHOTO TTPOTPAMMHPOBAHHUS TaKOBA.

Haiimu munumym nuneinoi yeneeoi pynkyuu Z
min Z =cq + ¢1x) + Cpxp + ...+ CpX,, (1.6)
npu ozpanuieHunx

>
apnxy +a;oxo + ...+ a;,x, {z}b,- (1.7)

rae i=12,...m.
OCHOBHBIM HEIOCTATKOM METOJa JIMHEHHOTO MPOrPaMMHPOBAHHUS SIBJSIETCS HEBO3MOXKHOCTH ydYeTa

JUCKPETHOCTH HCKOMBIX IapaMeTPOB SHEPreTHYECKUX OOBEKTOB. [l TakMX ONTHMU3ALMOHHBIX 3a7ad
HIMPOKO UCTOIB3YIOTCSI METOABI HEMMHEHHOTO MporpaMmupoBanus (puc. 1.1).

METO/IbI HETMHEMHON OITTUMIB AL

v v

Anarmmigeckyie Mreparmionnse
¢ A
Tounbe < G
(knaccraecKye) Tlp HHbE

Puc. 1.1. Knaccugpukayus memoooe HeTuHeiino2o
npozpammuposanus

3agaun  HeJIMHEHOT0 NPOrPaMMHMPOBAHUS OTHOCAT K KJIaccy 3aJady JUHAMHYECKOTO
nporpaMMupoBanus. MIx maremarndeckass GOpMyJIUPOBKa MPAKTHYECKH HE OTJIMYAETCS OT (DOPMYIHPOBKH
3a1a4 JMHEHHOTO MPOrpaMMUpPOBaHMA, OJHAKO IPUBOIUTCA B Oojee MMPOKOi nmoctaHoBke. I1pu 3Tom, ecnu
ueneBast GYHKIUS WK XOTA Obl OJHO M3 OIPaHMYCHUI HE YAOBIECTBOPSIOT TPEOOBAHHSIM JTMHEHHOCTH, TO
3a7jauya OTHOCUTCS K KJIacCy 3a[a4 HEJIMHEHHOI 0 IPOrpaMMUpPOBaHHUS.

Hns toro utoObl 3afgaya ObUla OTHECEHA K KJIACCy 3aJad HENMHEHMHOTr0 MaTeMaTH4ecKOro
MPOrPaMMHUPOBAHUS, TOCTATOYHO, YTOOBI XOTsI OBl 01HO U3 orpanmueHui (1.2), (1.3) nnim neneBas QyHKIUSA
(1.1) ObUIM HEMUHEWHBI OTHOCHUTENBHO MepeMEeHHBIX. K HeTMHEHHOMY MPOrpaMMHPOBAHHIO OTHOCAT TaKXKe
3aMa4il ¢ JIMHEWHBIMH OTPAHWYECHVSIMA W JIMHEHHOW T1eneBod (yHKIHWEW, HO TpH JUCKPETHOCTH
MEPEMEHHBIX.

OcCHOBHbIE pe3yNbTaThl HEJIWHEHHOr0 MPOrpaMMHUPOBAHMS IOJNyYeHBl I 3aJad C JIMHEWHBIMU
OTpaHUYEHHSIMUA M C KBaJpaTUYHOU IienieBod (yHKIMeH. B Takux 3amavax pelieHHe TakKe MOXeET ObITh
HalIeHO Al y3KOro kmacca ueneBoi ¢ynkumu. Hambonee pacnpocTpaHeHHBIMH METOAAMH SIBISIOTCS
metox Jlarpamxa, TpagueHTHBIE METOMABI, a TakkKe O0O0OOIIEHHBIH CUMILIEKC-METOA, MeToj] bwua,
bapanknna-Jlopdpmana, Bonbsdha 1 mouckosbie (MTEpaioOHHbIC) TMOO MPHOINKEHHBIE METOIBI.

Hapsiny ¢ paccMoTpeHHBIMH 3aadaMy JTMHEHHOTO M HETMHEWHOI'O NMPOrpaMMHUPOBAHHUS CYLIECTBYIOT
TaKkKe U B3aHMMHO-IBOWCTBEHHbIE 3aJa4M, KOTOpbIE MOTYT OBITH OTHECEHbl K 3aJadaM JIMHEHHOTO
nporpaMMupoBanusi. [lepBast yacTb 9TOM 3a/1a4u MPOBEPSETCS HA MUHUMYM LIEJIeBOH QYHKIMH, BTOpas — Ha
ee MakcuMyM. [Ipu 3TOM KakgOMy OrpaHHYEeHHIO OJHOM 3aJayll COOTBETCTBYET NMEpEeMEHHasi APYIoH, T.e.
HOMEDp IEePEMEHHOM COBIAIaeT C HOMEPOM orpaHuyeHuil. Eciam B MCX0qHOH 3afaue orpaHUueHHs 3a/1aHbl B
BHJIE PaBEHCTBA, TO HMEETCS HECHMMETPWYHAs Tlapa B3aUMHO-JIBOMCTBEHHON 3a/Ja4yd, €Cld B BHJIE
HEPaBEHCTBA — TO UMEET MECTO CHMMETPHYHAs TTapa B3aMMHO-IBOWCTBEHHON 3aJ1ayuul.
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PA3JEJ 2. OCOBEHHOCTHU PA3BUTHUSI COBPEMEHHBIX TEXHUYECKUX CUCTEM
Tema 2.1. ITansl pa3BUTHS JJTeKTPOIHepreTnkn Poccun
€ Y4€TOM PBIHOYHBIX OTHOLICHUM

B HacTosiiee BpeMs U B OJrbKaiinel IepCreKTUBE IIaBHOM 3a1adeil pa3BUTHI U QYHKIHOHUPOBAHHS
aNMeKTpodHepreTuku Poccum siBisieTcss co3naHue 3(QQEKTUBHON CUCTEMBI YIPaBIICHHsI, COOTBETCTBYIOIICH
HOBBIM 3KOHOMHMYECKHM YCJOBHUSAM, C LEIbI0 OOECIIeYeHHs] HACEeNCHUsS W SKOHOMHUKHU CTPaHbl HAJEKHBIM
JNIEKTPO- M  TEIUIOCHAO)KEHHMEM TpeOyeMoro KauecTBa IIpM HaMMEHbIIMX 3aTpaTax. Pas3sutue
9NMEKTPOIHEPTETUKH OYAET OCYIIECTBISATHCS B HECKOJIBKO TAIOB.

Ilepevtii s3man xapakTepu3yeT COBPEMEHHOE COCTOSHHUE, KOTJa B OCHOBY BeaeHHs pexumoB EOC
Poccun u ODC 3aknagsiBatoTcss OaaHChl YHEPTUH W MOITHOCTH, @ B OCHOBY SKOHOMHUYECKUX OTHOIIEHHH —
NoTpeOHOCTH B 3aTparax W MNPHOBLUIM TNPOU3BOAWTENCH PHEPrUM M JHEPrOCHAOXKAIOMIMX OpraHu3aLuil,
ompeJenseMble B mpolecce 000CHOBaHUs Tapu(oB HA O4YepeTHON MepHoA perynupoBaHus. Ha sTom stame
OCHOBHOE BHHMMAaHHE YIEIAETCS BOIPOCAM YIYYIIECHHS CUCTEMbI LEHOOOPAa30BaHMSA C LIEJIBI0 YMEHBIICHUS
3aTpaT Ha MPOM3BOACTBO M TPAHCIOPT 3JICKTPOIHEPIHH, YCTPAHEHHS IEPEKPECTHOIO CyOCHIMpPOBAHUS
OJTHUMH MOTPEOUTESIMU APYTHX W BBeAeHus auddepeHnupoBaHHbIX TapudoB A TOTpeduTeneil ¢ yuerom
peanbHbIX 3aTpaT Ha IPOU3BOJCTBO, TPAHCIIOPT U PACHPEAETICHUE SJIEKTPOIHEPTUH.

Bmopoiu 3man npenycMaTpuBaeT BHEAPEHNE KOHKYPEHIUH MEXIY IPOU3BOAUTENSIMU IEKTPOIHEPTUH.
Bo3MmoxxHOH TpencTaBuseTcs cxeMa, KOraa MpOU3BOJUTENN dICKTPOIHEPTUH KOHKYPHPYIOT MEXIy co0oil B
MIPOJaXKe SIEKTPOIHEPTUM KaK TOBapa OJHOM KOHKYPHPYIOIIEH 3HEPrOKOMIIAHMH, B KauecTBEe KOTOpOl Ha
®OPOMe moxer Boictymate PAO «EDC Poccum» B mume ILIJIY EDC. B kadecTBe KOHKYpHPYIOLIHX
MPOU3BOUTEIIEH BHICTYIAIOT IEKTPOCTAaHIMH, BbIBeeHHbIe HAa DOPDOM, a taxxke u3dbirounsie AO-3Hepro, a
B KauecTBe Nokymnareneii — aedunutasie AO-3HEpro U SHEproeMKue norpedutenu, BeiseaeHHbie Ha DOPOM.
Heobxonumo, 4T00BI 3aKOHOAATENEHO OBLTM OmMpeAeneHsl ycioBus, Tpu KOTopbix PAO «EDC Poccum»
JOJDKHO TIOKYNAaTh 3JIEKTPOSHEPTHIO Y HE3aBUCUMBIX NPOU3BOIUTENICH 3JIEKTPOSHEPrHM, BBIBEICHHBIX Ha
OOPOM. Ha pernmoHajbHBIX YPOBHSAX TaKKe MOXKET OBITh pealn3oBaHa CTPYKTypa YIIPaBICHUs C
€IMHCTBEHHBIM TOKYIIaTeJieM, B KaueCcTBe KOTOpOro BRICTyHaroT oTaeibHble AO-sHepro. Kaxnoe AO-sHepro
JOJDKHO HECTH OTBETCTBEHHOCTH 3a 3JIEKTPOCHAOXKEHHWE NOTpeOuTenell, HaxXo[SIIMXCS HAa TEPPUTOPHH,
o0cmyxuBaeMoii 3tumMu AO-3Hepro.

Baxxnelitme 3a1aum Ha 3TOM 3Talle — OpraHU3alMs 3arPy3KH dJIEKTPOCTAHIIMH Ha OCHOBE O0eCIieUeHUsI
HauMeHbpIuX 3atpar B 1enom mo EDC omepatopamu peiHKOB PAO «EQC Poccum» m AO-sHepro u
YCTAHOBJICHUE COOTBETCTBYIOLINX MPUHLMIIOB IICHOOOPa30BaHMsI Ha MOKYIIKY 3JIEKTPOIHEPTUH.

PAO «EDQC Poccuny» B mune LIJIY EDC nomkHO obecnieunBarh OanaHC MPOU3BOACTBA U MOTPEOIICHUS
3JIEKTPORHEPTHH NPU MHHUMAJBHBIX 3aTpaTax M TpeOyeMble YPOBHU HAAEKHOCTH U ycToHumBoctd EDC
Poccun B nenom. Ilpu 3Tom o6s13aTenbcTBa IO 00ECIICUEHUIO HAAEGKHOCTH M YCTOWIMBOCTH JOJIKHBI OBITH
pacrpeneneHsl MeXAy BCEMH IIPOM3BOAMUTENSIMM, B TOM YHCI€ B YacTH PETyJIMpPOBAHHUA YacCTOTHI,
HaNpsDKEHUS, TOJICPKaHWsS OINEpPaTHBHOTO pe3epBa MOIIHOCTH, H JODKHA ObITh  pa3paboTaHa
COOTBETCTBYIOIIAsl CUCTEMA OIIAThI 3THX yciIyr. OCHOBHBIMH 3aJjauaMH BTOPOIO 3Tara sIBJISIOTCS: CO3/1aHue
HOPMATUBHO-TIPaBOBOW 0a3bl W (PPEKTHBHOW CHUCTEMBI CKOOPIUHHPOBAHHOTO YIPABJICHUS Pa3BUTHEM H
¢dyHkironupoBanueM Oojice yeM 100 COOCTBEHHHMKOB 3JIEKTPOIHEPreTHUECKUX OOBEKTOB, PaOOTAIOIIMX
napajjieibHO, ¥ COOTBETCTBYIOLIMX HPABHWJI UX COBMECTHOM pPabOThI, OOECIIEUMBAIOIIMX ONTHMH3ALHIO
pexxumoB EDC Poccun; BbImonHeHHE TpeOyeMbIX HOPMATHBOB 3JIEKTPOCHAOXEHHUs moTpeOuteneil u
crpaBeIMBOe pacnpeneneHue dd@dexkrta OT ONTUMH3ALUN MEXKAY BCEMH YYaCTHHUKAMH, a TaKke
ycTaHOBJICHHE AU EpeHINPOBAHHBIX M M3MEHSIOIUXCS B 3aBHCHMOCTH OT CTOMMOCTH IPOU3BOJCTBA U
MIOCTaBOK JIEKTPOIHEPIHHU B JTAHHBIM MOMEHT BpeMEHH Tapu(OB IJIs1 KOHKPETHBIX MOTpeOUTENeH.

Jnsi HOBBIX YCJIOBHMH (YHKIMOHHPOBAaHUS OdIIeKTpodHepreTnku Poccunm TpeOyeTcs amamtaiust
MMEIOIINXCS HOPMATUBHBIX JIOKYMEHTOB 10 HAJEKHOCTH, PAaCCPEOTOUEHHBIX B Pa3IMYHBIX MaTepuaiax, K
HOBBIM YCJIOBHSM M CO3JaHHME B3aMMOCOIJIACOBAHHOM CHUCTEMBI HOPMATHBOB, OOECIIEUMBAIOIINX
panroHaNtbHbIe YPOBHHU HAJICKHOCTHU 3JICKTPOCHA0KEHUS TOTPEOUTETICH.

B ycnosusx o0pazoBaHusi MHOTHX COOCTBEHHHKOB SHEPTETHUECKHX 00BEKTOB, pabOTAIONINX B COCTAaBE
EDC Poccun, oOs3arenscTBa M0 00ECNEUEHHIO HAAEKHOCTH JOJDKHBI OBITH pacIpeleNeHbl MEXay
pasnyHbIMUA  coOCTBeHHMKaMH. lIpexxne Bcero 3TO OTHOCHTCS K paclpeliesieHHI0 005S3aTeNbCTB B
OTHOIIIEHWH DPETYJTUPOBAHMS HYaCTOTHI; OOecrieueHus] HeOOXOAMMOTO OIEPaTHBHOTO pPe3epBa MOIIHOCTH,
pe3epBa MOUTHOCTH ISl IEPBHYHOTO M BTOPUYHOTO PETYIMPOBAHHS YaCTOTHI; PETYIHMPOBAHNS HANPSHKCHUS;
koopauHanuu cucreM P3 u ITAA, B ToM uucie ycTpoicTB aBTOMaTHYECKOW 4acTOTHOM pasrpy3ku AYUP u
CIEIMaTbHOW aBTOMAaTUKHN OTKITIoueHns Harpy3ku CAOH.

Kaxnaplii cy0beKT phIHKA 10/KEH 00eCeYuTh:

e Hanmuyue Ha cBoux arperarax cucreM APUM u HeoOxomumoro s ux 3¢ddexkTuBHOrO nercTBus
pe3epBa MOIIHOCTH, KOTOPBIN TOJKEH COCTABIATD 2-3% 00IIeii MOITHOCTH PadOoTaIOIIUX arperaTos;
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e Hajmuyue Yy palOTaIOIIMX arperatoB pe3epBa MOIIHOCTH, HEOOXOAWMOTO il BTOPHUYHOIO
pETYTUpPOBAaHUSI YAaCTOTHI, KOTOPBIA JOJDKEH COCTaBiATh 2-3% CyMMapHOW MOIIHOCTH arperaToB
COOTBETCTBYIOIIETO CYOBEKTa PHIHKA;

® HajIH4He ONEPATHBHOTO pe3epBa MONIHOCTH, HEOOXOIUMOTO JUIs 00eCIieUeH s TOKPBITHS HArpy3KU
99C ¢ y4eTroM ommOKH ee MPOrHO3UPOBAHUS M BO3MOKHOTO aBapUHHOTO BBIX0/1a 000y IOBaHMSL.

[Ipu oTCYTCTBHHM COOCTBEHHOTO JOCTATOYHOTO pe3epBa MOITHOCTH CYOBEKT ONTOBOTO PHIHKA JIOJDKEH
KYIIUTB 3TOT PE3€PB Ha ONTOBOM PBhIHKE Y APYTHX CyOBEKTOB PHIHKA Yepe3 OMepaTopa phIHKa.

[lomnepxaHme ycTaHOBIEHHBIX YpPOBHEW HANMPSHKEHHUS B ONPEACNIEHHBIX TOYKAaX OCHOBHOHM CeTH
SBIISIETCS] TIPEUMYIIIECTBEHHO JIOKATHHOHN 3a7adeil ¥ JOJDKHO OCYIIECTBISATHCS CPEICTBAMH PETYINPOBAHUS
CyOBEKTOB ONTOBOTO PBHIHKA.

BwMmecte ¢ Tem B ycnoBusax aeduuuTa uian u30bITKa PEAKTHUBHOW MOIIHOCTH ONEPATOp PHIHKA MOKET
MIPUBIIEKATh K €€ PEryJIHpPOBAHUIO PA3HBIX CYOBEKTOB PHIHKA (B TOM YHCIIE M TOTpeOWTeNei); X yCIyru
JOJDKHBI OIUIAYMBATHCS B COOTBETCTBHM C YCTAHOBJICHHBIMH JIOTOBOPEHHOCTSIMH 00 OIjiaTe Takoro poja
YCIIYT.

J1a mpenoTBpalieHusi CHCTEMHBIX aBapHii, YpeBaThIX OOJBIINM yIIepOOM sl BceX (WMITH ST MHOTHX)
CyOBEKTOB ONTOBOTO pBIHKA, TpeOyercs BeIpabOTKa OOmEH WOCOJIOTHH TIOCTPOSHHS CHUCTEMBI
MPOTHBOABAPUIHHOTO YIPABICHUS, CTPOTOE COOJIOEHHE KaXKAbIM CyOBEKTOM pBhIHKA 3aJaHMH U KOMaH]
ornepaTopa pbIHKa IO BBIMOJHEHUIO MPOTUBOABAPUMHBIX MEPOINPHUATHM; TIIATEIbHBIA aHallU3 aBapUUHBIX
HapylIeHWH W BBIpabOTKa 00s3aTeNbHBIX JJIS WCIIONHEHHS BCEMHU CyOBEKTaMH PBIHKA MEPOIPHSITHHA II0
COBEPILIEHCTBOBAHUIO CUCTEMBI IIPOTUBOABAPUNHOIO YIIPABICHUS.

[IpoTHBOaBapuiiHbIe MEPOTIPUATHS, KOTOPBIE 0053aHBI MPOBOAUTH CYOBEKTHI ONTOBOTO PHIHKA, JTOJKHBI
OBITH OIpEJIENIEHbI COOTBETCTBYIOIIUM COTJIAIIEHHEM CYOBEKTOB PHIHKA, a IOTIOJTHUTEIHHBIE MEPOIIPHUITHSA,
HeO6XO[II/IMI>I€, HO HC MNPEAYCMOTPCHHLIC IMPCABAPUTCIILHBIM COTJIAIICHHUEM, OOJIKHBI COOTBCTCTBYHOIIWM
00pa3oM OIIauuBaThCs 3a CUET CPEACTB, HOPMUPYEMBIX ISl STHX Lelel Ha phlHKE. Tak, 3JeKTpOCTaHIINY,
YYacTBYIOIIAE B MPOTHBOABAPUHHOM YIPABICHUHU, MOJDKHBI IONYyYaTh IOIUIATY 3a TOBBIMIEHHBIA H3HOC
000pyIOBaHUS, a TAKXKE 32 HATMYHE CPEACTB, OOCCIIEUNBAIOIINX TOTOBHOCTh ANEKTPOCTAHIINH K TIOABEMY C
«Hyns» B cioydae nonHoro noramenus IIC. [lotpebutenu, noakmoyennsie Kk [TAA (CAOH u AYP), a
TaKK€ BKIIOUYCHHBIC B CIIMCKU HOTpC6I/ITCHCI7[, KOTOPLIC MOTYT 6I>ITL OTKJIFOUCHBI WJIM OrpaHUYCHBI I10
MOIIHOCTH M SHEPTUH 10 KOMaHe orepaTopa PhIHKA B aBapUHHBIX CHTYalWsX, JOJDKHBI HMETh CKUAKY Ha
MOKYIaeMyl0 UMM JJIEKTPO3HEPTHIO. B COOTBETCTBYIOIIEM KOHTPAKTE Ha MOCTABKY 3JEKTPOIHEPTHUU WIIH
CHENUAIBHOM TIONOXKEHUH JOJDKHBI TaK)Ke OrOBapUBATHCS COTJIACOBAHHOE YHCIO M JUIMTEIBHOCTD
ABAPUMHBIX OTKIOYCHUN U OrpaHUYCHUM.

[Ipencroutr ompenenuTs HSKOHOMHYECKH IlefiecooOpa3HOe 3HAYEeHHE KPUTEPHUS CTAaTHYECKOW
HaJIe)KHOCTH, XapaKTEPU3YIOIEro BEpOsATHOCTh nosiBiieHus aeduunura momnoctd B O9C u EDC Poccuu Ha
nepcrekTuBy. i 3TOro HEOOXOIAMMEBI WCCIENOBAHUS 10 OMPEEICHUI0 CPEeHUX 3HAYeHWU YyIepOOB OT
TIEPEePBIBOB dJIeKTpocHaOXkeHnus norpeduteneii. [IpenBaputeabHO HA OCHOBE MPOBEIEHHBIX HCCIEAOBaHUI
npejyiaraeTcs MpHM pacdyeTax Ha/Ie)KHOCTH Ha MEPCIEKTHBY OPHEHTHUPOBATHCS HA HOPMATUBBI HAIEKHOCTH B
nuamnasone 0,996-0,999 no 2005 rona ¢ mocneayromuM ycTaHoBienneMm Hopmatusa 0,9991.

B HOBBIX yCIOBHSIX CTAaHOBHTCS aKTyaJIbHBIM MPOBEJEHIE MPOSKTHBIX W IKCILTYyaTAI[HOHHBIX PacueTOB
10 OIIEHKE HAJIEKHOCTH B COOTBETCTBHMH C KpMTEpHEM HajekxHOCTH N-1°. B mepByio ouepeis IMpUMEHEHHE
3TOTO KpHUTEpHsl He0OXOAMMO MPHU BHIOOPE CUCTEMOOOPA3YIONINX CBsA3eH, cucTeM Bbauu MomHocTH ADC,
kpynaeix TOC wm I'DC, cucrem TtpaHcmopra »3neKkTpodHepruun mnocpeactBoM JIOII cBepxBbicOkoro
HaIpsKCHUA, CXEM IMUTAaHUA KPYITHBIX Y3JI0B HAarpy3Ku.

Heobxomuma pa3zpaboTka CHCTEMBI OTUIATHI TOTPEOUTENSIMU AIIEKTPOSHEPTHH 3asIBICHHOTO MU YPOBHS
HaJISKHOCTH D3JIEKTPOCHAOKEHUSI M OIpeJesieHHe OTBETCTBEHHOCTH JHEProcHa0XalolmMX KOMIAHUH 3a
HapylIeHNe PUHATHIX HMHU 0053aTEIIbCTB.

[InarupoBaHre TONTOCPOYHOTO Pa3BUTHS AIEKTPOIHEPTETHKH POCCHM MOIDKHO OCYIIECTBIATHCS Ha
OCHOBE KOOPJWHAINH TPEUIOKEHUH 10 PA3BUTHIO TEHEPHUPYIOIIUX UCTOYHHKOB U DJIEKTPUYECKUX CETeH,
pa3pabateiBaeMbix PAO «EDC Poccum», AO-3HEpro, a Takke MPeIIOKEHUA HE3aBUCHUMBIX
NPOM3BOJMTENEH BIIEKTPOIHEPTHMH TaKUM 0O0pa3oM, YTOOBI OCYLIECTBISUIOCH Hamboliee panroHaIbHOE
pasBUTHE 3JIEKTPOIHEPIeTHKH C TOYKH 3pPEHUS] MUHMMyMa 3arpar oOmectBa B mHesnoM. OCHOBOHM ams
IMPUHATHUA PCIICHUA MOTIIN 651 CTaTb OITUMAJIbBHBIC IUIAHBI PAa3BUTHA OJJICKTPOSIHEPIETUKU CTPaHbI,

*

Kputepuit HajeHoCTH n-1 ABnnerca YaCTHbIM cnyyvaem Kputepusa n-i,
rae i = 1,2,3... - KOAMYECTBO OTKAKOUYAEMbIX IN1EMEHTOB, U BbINOJHAETCA, €CAU NPU UMetowemca B paboyem COCTOAHUM coCTaBe
obopynoBaHMA CUCTEMA BbIAEPXKMBAET OTKa3 OAHOrO 37emeHTa 6e3 HapyleHus AONYCTUMbIX OFpaHUYeHWin  npwu
bYHKLMOHMPOBAHUM CUCTEMDI.
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MOJy4YeHHBIE B pe3yJbTaTe ONTHMU3AUOHHBIX PACUETOB PAa3BUTHS AJIEKTPOIHEPIeTUKN KaK €AMHOTO LEJIOTO
NIPY Pa3THYHBIX UCXOTHBIX YCIOBUSIX.

Ha »tom »rame HeoOXomuMo OyneT BBECTH KOHKPETHBIE TOPTH IIPU CTPOMUTEIHCTBE HOBBIX
JNIEKTPOCTAHIMH, a TakKe NMPH 3aKIIOYEHWH KOHTPAKTOB HA ITOCTAaBKM Hawbosee IEmIeBOW MPORYKIHNU
ANEKTPOCTAHIMSIMU Ha (eAepaIbHbIH U PETHOHAIBHBINA PBIHKU 3JIEKTPUUECKON SHEPTHH U MOITHOCTH.

Heo6xonumo OyneT pemuTs 3aKOHOAATENIbHBIE U 9KOHOMUYECKHE BOIIPOCH! YIPABJICHUS HAIPY3KOH U
pasBUTHSL COOCTBEHHOI'O IPOM3BOJCTBA TEIUIOBOM W  3JIEKTPUYECKOM HHEPrUH INPOMBIIIICHHBIMU
PEANPHUATUSIMH.

PaccMotpenHast cTpykTypa ympaBi€HHs Ha BTOPOM 3Tall€ MO3BOJIUT CHU3UTH PBIHOYHBIM PUCK JUIA
IPOM3BOAUTENEH 3JIEKTPOIHEPIHH, JIydlle COXPAHUTh HMEIOIIMICS 3JIEKTPOIHEPIeTUUECKUM IMOTEHIMAT
CTpaHbl, a TAKXKE PEIINTh OOLIECTBEHHBIC 3a/1a4H, B TOM YHCJIE BO3MOYKHOCTH MPOBEACHUS T0JTOBPEMEHHOM
TIOJIMTUKY PAalliOHATIBHOTO HCTIOJIB30BAHUS IPUPOIHBIX PECYPCOB.

B 3TOT mepuom B AOCTaTOYHO NONHOM Mepe HAayHET HPOSIBISATHCA KOHKYPEHLMs B IIPOM3BOICTBE
JNIEKTPO3HEPruH M OyOyT CO3laHbl YCJIOBUSL A PAa3BUTUSL HOBBIX HE3aBHCHMBIX IPOM3BOAMTEINEH
anekTposHeprun. Ponp DexepanbHONl U PErHOHATBHBIX JHEPreTUUYECKUX KOMHUCCHH OYAET COCTOSTH B
perymupoBannu nesrenbHocTd PAO «EDC Poccum» m AO-3Hepro Kak €CTECTBEHHBIX MOHOIIONWN W B
CO3aHMN 3aKOHOAATEIHHON 0asbl, oOecreunBaroel KOHKypeHIIo 1 pa3BuTHe Hambolee 3((eKTHBHBIX
MIPOM3BOJMTENEH MEKTPO3HEPTHH. B TO e BpeMsi OyAeT OCYIIECTBISATHCS pa3BUTHE DIEKTPHUECKHUX CETEH,
HEOO0XOUMOE IS BBITMOTHEHHUS CIIEAYIOIIMX TAMlOB PHIHOYHBIX MPE0Opa30BaHuil, a TAKKE MOATOTOBKA BCEH
HE00X0IMMOI HOPMATUBHO-TIPABOBOM 0a3bl IS MOCIEAYIOLIMX 3TAlo0B PHIHOYHBIX IPE00pa30BaHUI.

Tpetnii U NOCHERYIOIUI 3Talbl Pa3BUTUS PHIHOYHBIX OTHOLIEHUH B AJIEKTPOIHEPIETUKE JOJIKHBI
0a3upoBaThCs HA pe3yJIbTaTax pealu3alii IePBBIX JBYX.

Ha mpemvem 3mane HeoOXoquMo OyIeT NMPUHATH 3aKOHOAATENBHBIA akT 00 OTKPBITOM HOCTYyIE K
NEepeAaoUIMi CeTH MPOM3BOAMTENEH BICKTPOSHEPIUH, PpaCIpeNeUTeNbHbBIX KOMIIAHUN M KPYIHBIX
notpebuTenel; mpoBecTH oO0beANHEHHE (elIepPaTbHOT0 ONTOBOIO M PETHOHAJBHBIX PHIHKOB; CTPYKTYPHO
pas3ennuTh TEHEepaluio U mepefady dJIEKTPOIHEPIHH; OCYIIECTBUTh BBIBOJ Ha OOIIWI ONTOBBIH PHIHOK W
o0ecrneynTh CBOOOAHBIN JOCTYI K HEMY BCeX MIIM OOJBIIMHCTBA JIEKTPOCTAHIIMN Ha KOHKYPEHTHOH OCHOBE.
PacnipenenurenbHple KOMIAHUM MOMY4YaT OTKPBITHIA JTOCTYH K IEpeNarolieil CeTH ONTOBOrO pPhIHKA, HO
COXpaHAT MOHONOJBHOE TMpaBO Ha DJIEKTpOCHAOXKeHHWe KOHEeuHbIX morpeduteneil. I[lpu sTom
KOHKYPEHTHBIMH YacTAMH PbIHKa OyJeT reHepauus 3JeKTPOIHEPIHUU U PO3HUYHASI TOPTOBIIA €10, B TO BpeMs
KaK CHUCTEMa Iepelauyd M PaclpeieeHus] OCTaHyTCSl PEryJMpyeMbIMH 4acTsAMH pbIHKA. B 3TuX ycnoBusix
HEUTPaIbHBIM aAMUHUCTPATOPOM TMPOLECCOB YIPaBJICHHS, TNIAHUPOBAHKUS U (PYHKIIMOHHPOBAHHS OTITOBOTO
PBIHKA MOJKET BBICTYNATh CETEBasl KOMIIAHUM, KOTOpas CyMeeT 00ecleunuTh yCTOWYMBOCTh M HalEKHOCTb
paboTHI Beeil cucTeMbl, TMO0 HE3aBUCUMBIN OIepaTop PHIHKA.

O6bennHeHne GeepaabHOro M PErHOHAIBHOTO PHIHKOB AIIEKTPOIHEPTHH CTAHET HTOTOBBIM (PAKTOPOM
C TOYKH 3pECHUS BEIpAaBHUBAHUS TapU(POB HaA DIEKTPOIHEPTHIO AJisl oTpedurenel Poccnu, Haxoasmuxcs: Ha
Pa3INYHBIX €€ TEPPUTOPHSIX, U 3TO OyIEeT COMyTCTBOBAThH LIETSIM U TEHACHLUSM, KOTOPbIE UMEIOT MECTO B
JPYTUX CTpaHax MUpa.

Hakonen, Ha uemeepmom 3Imane Bce TOTPEOUTENH TMONYYaT TPaBO BbIOOpa TMOCTaBIIMKA
3JIEKTPORHEPTHH U Ul HUX MOSBUTCS OTKPBITHIN JOCTYI Kak K MEPEIarollel, Tak U K pacipeaeauTeIbHON
cetu. [Ipu obcmyxuBaHUK OOJIBIIOTO KOJIMYECTBA CIETIOK, KOTOPBIE JOJKHBI MIPOU3BOAUTHCS VIS KaXKIO0TO
yaca WIM Mojydaca, MOTpeOyeTcsl co3/laHWe MOIIHOW HH(OPMAIMOHHOW WHQPACTPYKTYphl peabHOTO
BpEMEHH M COBPEMEHHOIro MporpaMMHoro ootecnedeHus. Takum oOpa3oM, dYeTBepThId dTam OyneT
XapaKTepU30BaThCSl MOJHOLECHHBIM PBIHKOM BJIEKTPUYECKOM 3HEPrUM M MOILIHOCTH, INPH KOTOPOM B
OpraHu3aliyd KOHKYPEHIIMH YYacTBYIOT BCE€ CYOBEKTHI PBIHKA, BKIFOYas MOTpeOUTENeH, KOTOphie B 3TOM
HEIOCPE/ICTBEHHO 3aWHTEPECOBAaHBI M MOTYT peaJbHO OKa3bIBaTh BIWSHHE Ha MPOU3BOAMUTENECH U
MOCTABIIUKOB YHEPTUU.

[lepexon OT COBPEMEHHOTO COCTOSIHHUS PHIHOYHBIX OTHOIIEHHH B 3JEKTPOIHEPTeTHKE (TEPBBIN 3Tal) K
TIOJTHOLIEHHOMY PBIHKY (YeTBEpThIil 3Tam) pacTsHeTcss Ha JecsaTh U Oonee jer. Ilpum stom mepexoa ko
BTOPOMY 3Tally HE 3aTPOHET IIpaBa COOCTBEHHOCTHM CYOBEKTOB pbIHKa M OylIeT CBS3aH JHIIb C
YIOPSA0YEHHUEM OTHOLICHUH CyOBEKTOB Ha (eiepaIbHOM ONTOBOM U PAa3IMYHBIX PErHOHAIBHBIX PHIHKAX, a
TaKxe OTHOIIeHUH ¢ DeaepanbHON U PETHOHATIBHBIMU YHEPTETUUECKUMU KOMUCCHUSIMHU.

[Iporecc cTaHOBIEHHS Pa3BUTHIX KOHKYPEHTHBIX OTHOIIEHHH MEXIy CcyObeKkTamMu (enepaiabHOTO U
PETHOHAIILHOTO PBIHKOB 3JIEKTPUYECKOW SHEPrMU W MOLIHOCTH M B MPOM3BOJICTBE 3JIEKTPOIHEPTUH OyneT
3aBHCETh OT O0IIel 3KOHOMHYECKOW OOCTAaHOBKH B CTpaHe, CKJIAIbIBAIOIINXCS MEXaHW3MOB YIIPABICHHS €
9KOHOMHKOH, a TaKKe OT TOTO, HACKOJIBKO YAaYHBIMH OKQ)KYTCSI PEIICHHUS MO YHOPSAOYECHUIO OTHOIICHHUN
MEXIY CyOBEKTaMH PhIHKA.
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HeoOxomumbiM  ycmoBueM 3()(QEKTHBHOCTH pealiu3alliil MPeoOpa3oBaHU HAa TPEThEM U UYSTBEPTOM
JTamax sBISETCS YIpeKJaromias pa3padoTka Bcell TpeOyeMoil HOpPMAaTHBHO-TEXHHYECKOW 0asbl, a Takxke
PETYIUPYIONINX W PRIHOYHBIX MPABIII PabOTH CYOBEKTOB X03siicTBOBaHUA B pamkax EQC Poccun.

Tema 2.2. IIpunsaTue U 000CHOBaHME pelieHNi 10 pa3BuTHIO DIC

HuteHcuBHOE pa3BuTHE 3aeKTpodHepretuku B 1950-1970-¢ rr. BhI3BANO HEOOXOAUMOCTH AKTUBHOM
pa3paboOTKN METOMOJIOTHH 000CcHOBaHUA pazBuTHI DOC, Kotopas hopMHpoBaIach Ha OCHOBE CHCTEMHOTO
MOJX0/1a, OTPAXKAIOLIETO Mepapxuio 3anau pa3BuTusg DOC, B3aUMOCBS3H 3JICKTPOIHEPTETHUKH C JIPYTUMH
oTpacisiMH 3KOHOMHMKHM (TIpeKAe Bcero, ¢ TOIUIMBHBIMU oTpacisimu  TOK), mnpunnuma ydera
HEOTIPE/ICTICHHOCTH YCJIOBHH, MCIIONB30BAHUSA MaTeMaTHUECKUX Mojeneil s 0OOCHOBaHWS PEmeHUH 10
pasBututo O0C wu ap. 3a pyOekoOM aHAJOTMYHOE CHUCTEMHOE IUIaHUpoBaHuWe pa3sutTus DOC
c(hopMHPOBANOCH B BU/IE TEXHOJIIOTUH WHTETPUPOBAHHOTO TUIAHUPOBAHUS PECYPCOB.

JInbGepanuzaiusi XO3SMCTBEHHBIX OTHOIIEHUH B AJIEKTPOIHEPTETHKE CYIIECTBEHHO M3MEHMJIA YCIOBHUS
obocHOBaHusl ee pa3BuTHi. Ha mpunstee pemenuit mo passutuio OOC BIHSIOT MHOTHE CYOBEKTHI
OTHOLICHUH: TPOM3BOJAMUTENN JJIEKTPOIHEPTHH, €€ MOTPeOUTENH, WHBECTOpHI, (eaepalbHble |
perHoHaTFHBIE OpraHbl BiAacTd u T.1. OCHOBHBIE MHTEPECH (M COOTBETCTBEHHO KPHUTEPHH OTCIICKHUBAHUS
3THX HWHTEPECOB) DJHEPreTHUECKWX KOMITAHWH W WHBECTOPOB CBS3aHBI C TIOTYYEHHEM MaKCHMaJIbHON
npuObUI  OT WX JAeATensHOCTH. [loTpeOuTenu 3amHTEpecOBaHbBl B MHHUMAJbHBIX Tapudax Ha
ANEKTPOIHEPTHUI0, 00ECTICYeHUH Ha/Ie)KHOCTH U KauecTBa dJeKTpocHabxeHusi. Opranbl BIaCTH CTPEMSTCS K
MaKCHMAJIBHBIM TIOCTYIUICHHSM B COOTBETCTBYIOIIHE OIO/HKETH, MHUHUMYMY O3KOJOTHYECKOTO BIUSHUS
SHEPreTHUECKUX O0BEKTOB Ha OKPYKAIOUIYIO Cpely, 00CeCIeUeHHIO SYHEPTeTHUECKONH 0€30MacHOCTH CTPaHEI
U (WJIK) pEeTHOHA | Jp.

OOBEKTUBHO WMEET MECTO HECOBIAJCHHEe WHTEpecOoB (M COOTBETCTBEHHO KPUTEPHEB) CYOBEKTOB
OTHOIICHUH: MEXIYy SHEPTrOKOMITAHUSMH — MPOU3BOAUTEISAME JJIEKTPOIHEPTUH, MEXTY (eAepatbHBIMA U
PECruOoHAJIBHBIMU OpraHaMH BJIACTU, MCKAY HNPOU3BOAUTCIIAMU BJICKTPOSIHEPTUUA U HOTpC6I/ITCJIHMI/I u T.O.
HCCOBHa[ICHI/ISI HUHTCPECOB MOTYT 6LITB HCAHTArOHUCTUYCCKUMU WJIN AHTArOHUCTUYCCKHMHU, IIPpU STOM
pemieHus 0o pa3BUTHIO 9C TOCTUTAOTCS B Pe3yIbTaTE MHOTOCTOPOHHUX KOMIIPOMUCCOB.

B T0 ke BpeMsi CyIIeCTBYIOT MPEANOCHUIKH Il (JOPMUPOBAHUS OOIINX HHTEPECOB MEXKY Pa3THIHBIMH
CcyObeKTaMHi OTHOUICHUH, HAPUMEP, MEXKAY MPOU3BOIAUTEISAMHU dJIEKTPOIHEPTUH, MEXKAY (heaepaabHbIMU 1
pPETHOHATFHBIMA OpPTaHAMH BJIACTH W JIPYTHMH, YTO BHOCHT CYIIIECTBEHHBIE KOPPEKTHBHI B OOOCHOBaHWE
pemennit mo pazsutHid OOC. Kpome TOro, B3aMMOOTHOMIEHUS MEXAY CYOBEKTaMH peTyIUPYIOTCS
rocynapctBoM uepes ®OK u POK, npoduibHbie MHUHHCTEPCTBA M HUCIOJIb30BAHHE 3KOHOMHUECKUX U
MPaBOBBIX MEXaHM3MOB. OJTO, a TaKK€ 4YacTO WMEIOIMI MEeCTO HEaHTAarOHHCTUYECKHA XapakTep
MPOTUBOPEYHNN MEXKAY CYObEKTaMH OTHOIICHHH M MX TPYINIaMH MPHIAET B3aNMOOTHOIIEHHSIM CyOBEKTOB B
mpoiiecce 000CHOBAHUS peleHui 1o pa3BUTHIO DDC KOPIOPATUBHBIN XapaKkTep.

Tema 2.3. Cxema o6ocHOBaHusA pa3suTus IIC

[Ipu paspaboTke cxembl 000CHOBaHUs pa3Butus OOC HEOOXOIUMO PpaIlMOHAIBHOE COYCTAHHE
PBIHOYHBIX MEXaHU3MOB pa3sBUTUA U TOCYJApPCTBEHHOI'O  PETYJHUPOBAHUS, pealu3yeMbIX 4epe3
COOTBETCTBYIOIIYI0 HOPMAaTUBHO-TIPaBOBYI0 0a3y. C y4yeToM MHTEPECOB Pa3IMUHBIX CyOBEKTOB OTHOLICHUI
KOMILIEKC paboT mo oOocHoBaHMIO pa3zBuTus DOC pacnazaercs Ha TPU KPYHHBIX MOCIEIOBATEIBHBIX
HaIlpaBJICHUA.

B3anmocoriiacoBaHHbIe CTpaTernd M NPOrpaMMbl Pa3BUTHA JJIeKTpodHepreTukn U IIC Ha
(enepanbHoM U permoHaabHOM YpOBHsIX. IIpu 3TOM pa3pabaTbIBalOTCA rOCYAapCTBEHHAasl IOJIMTHKA B
pa3BUTUHM 3neKkTpodHepreTukd W OOC Ha MNPUHIMIAX PAlMOHAIBHOIO COYETAaHUS KOHKYPEHIUH U
KOOpJMHALINH, a TAKKE MEXAHU3MbI pealiu3aliy 3TON MOJIUTHUKH.

Crpaternyeckue IUIaHbI PA3BUTHS 3JHEProKoMNaHMii. 3xech pa3pabaTbIBalOTCsA HAampaBiCHUS
pasBUTHS AIIEKTPOdHEpreTHKU U DDC, BXOIAIMNX B Cepy HHTEPECOB DHEPTOKOMITIAHUH C YIETOM COCETHHX
SHEPrOKOMITAaHUN M JApPYTruX CyOBEKTOB OTHOIICHHWH, KOHKPETHU3UPYIOTCS TPEAJIOKEHUS CTpaTeruil u
MPOrpaMM C MO3HULUN HHTEPECOB CYOBEKTOB

HNuBecTHHMOHHBIE MPOEKTHI MO Pa3BUTHI0 KOHKPETHBIX JHEPreTHYEeCKUX O00BEKTOB,
peaNn3yIoNIHe MPeI0KEeHNS CTPATETUH, IIPOTPAMM U CTPATETUUYECKHX TIAHOB Pa3BUTHS SHEPTOKOMITAHUH.

Bo Bcex ciywasx mpuUHIMNHAIBRHO BaXHO paccMoTpeHre DOC Kak TEXHWYECKH €IUHOW CHCTEMBI C
YYETOM BO3HHMKAIOIIUX MPH 3TOM CHCTEMHBIX 3(¢eKToB. Tem caMblM B TOCYAapCTBEHHBIE CTPAaTETHH U B
ImporpaMmsbl pa3BUTUA 29C 3aKJIAAbIBAOTCS ITOJIOKUTCIIBHBIC Q)aKTOpBI KooOpaAuHaluu pa3BUTHUA OTACIbHBIX
SHEPrOKOMITAHUH U SHEPrOOOHEKTOB.
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B mportiecce 000CHOBaHMS CTPAaTErMUECKUX TIAHOB U MHBECTUITMOHHBIX TPOCKTOB aHAJIN3 CHCTEMHBIX
3¢ dekToB sBusercs HeoOXxomuMbiM crenmduueckum st DOC MOMOTHEHHEM B OOIIEH METOIUKE HX
000CHOBaHUSI.

B mmbepammzoBanueix DOC CyIMIECTBEHHO BO3pacTaeT HEOIPEACICHHOCTh (DaKTOPOB BIUSHUSA H
yCIIOBUI B miepcriekTuBe. HamOonblmas CTENeHb HEONPECIICHHOCTH TMPHCYIIA MapaMeTpaM pPHIHKOB
snektposHeprud. OGOCHOBBIBaEMbIE pelieHHs 1o pasBuTHiO DIC JOKHBI OBITh POOACTHBIMHM K
HEOTPEICTICHHOCTH.

Tema 2.4. OcHOBHBIE cocTaBJIsIIONHe 000CHOBaHUS pa3BuTus 3C
MeTtoandeckrne OCHOBBI IUTaHUpPOBaHUs pa3BUTUsA DOC B yCIOBHAX NTUOepaan3aluu 0asupyroTcs Ha
PacCMOTPEHUHN COBOKYIIHOCTH B3aMMOCBSI3aHHBIX 3a/ad, IIar 3a [IaroM YTOYHSIOIMX pELICHUs 10
pasBuTuio cuctembl. OOOOMEHHAs CTPYKTypa W OCHOBHBIE COCTABIIAIONINE OOOCHOBaHMS pazButus DIC
MIpeJICTaBJIeHbl Ha puc. 2.1.

Cramm Crpareruu 1 nporpaMmbl CyIecTBeHHBE
OOOCHOBAHMS YUUTHIBACMbE
peIeHuit 1 HBEeCTHIIMOHHBE TIPOSKTHI YCTIOBHST
Perymuposanue | Paszpaborka MeXaHI3MOB
peleHuit PEryIIMpOBaHMST PEILCHMI
| | dopmMupoBaHHE CIICHAPHEB
BHEIHHX YCIIOBHH
PopMHUpoBaHHE
PetTeHHH | |  dopMupOBAHHE BApHAHTOB
perenuit
I R VYuer
Yuer
|| AHanmus pasBUTHS HEOI- pasz-
3JIEKTpoPHEpreTrKy 1 9C pere- JIMYHBIX
npen-
| | Axamms paGoTOCIIOCOOHOCTH Hec}f{no_ HouTe-
AHaJ'H/BV 20C o
perenuii
AHarm3 (PMHAHCOBBIX,
| TEXHUYECKHX, SKOJIOITMHECKHX 1
JPYIUIX ToKazaTesiei
4‘ AHAIII3 PHICKOB
PerreHre KOOPIMHALMOHHBIX
}uermﬁ 3a1a4 passurust 20C 1
pe OHEProoOEEKTOB
JIeKTPOdHEPIeTHYSCKUE OOBCKTHI

Puc. 2.1. CtpykTypa 1 OCHOBHBIE COCTaBIISIOLINE
METOJIONIOTUH 000CHOBaHMA pa3BuTHs D0C

B npomnecce obocHoBaHust pazBuTHs 3DC MOXKHO BBIIETUTh HECKOIBKO B3aUMOCBS3aHHBIX CTaIViA:
peryiupoBanue, (GopMHpOBaHME, aHAIM3 M KOOpAMHAILMA pernieHuid. Ha KaxaoW CTaguu pemiarTcs
COOTBETCTBYIOLIME 3ajlaul, MepedeHb KOTOPhIX MOKa3aH B IeHTpe puc. 2.1. CoaepxaHue 3THUX 3aaa4y
paccMOTpeHO Huxe. [ yTOYHEHUs! YCIOBUU peIlIeHUs TOM WM MHOM 3a/ayd BO3MOXKEH LUKINYECKUN
BO3BpaT K NMPEAIECTBYIONUM CTaIusAM Wi 3afayaM. OcOOEHHOCTH MTOCTaHOBKM KOHKPETHBIX 3a7a4 3aBUCAT
OT TOTO, paccMaTpHUBaeTCs U cTpaTerus pazButus IIC, cTpaTerMUECKHil TUTaH Pa3BUTHSA YHEPTOKOMITAHUH
WJIH WHBECTUIIMOHHBIN TIPOEKT KOHKPETHOTO SHEPTOOOBEKTA.

PaccmoTpum Goee moapoOHO OTAENbHBIE CTaANK 0OOCHOBaHMS pelieHuil mo pa3sutuio I3C.

Pezynuposanue pewenuit. K 3agadgaM 3TOW CTagud OTHOCUTCS KOMILIEKC IMPOOJIEM, CBS3aHHBIX C
rOCyJapCTBEHHBIM pErylupoBaHueM mpouecca pa3Butusi I3C. 3T0 MOryT OBITH JBIOTHBIE HAJIOTOBBHIE
YCIIOBUSL JAJI1 IPOTPECCUBHBIX JHEPreTUYECKUX TEXHOJIOTWH; TOCYyNapCTBEHHBIE [OTAllMM, HaIpUMED,
HE3aBUCUMBIM TIPOM3BOJMTEISIM DIIEKTPOIHEPTHU; PETYIMpOBaHKe Tapu(OB Ha DIEKTPOIHEPTHIO, IICH Ha
HEKOTOpbIE BHJBI TOIUIMBA JIJISl OJEKTPOCTAHIMHA; CTaBKM JUCKOHTHPOBAHWSA JUIi  OOOCHOBaHHS

* OT aHFIMIACKOTO «robust» — CUNbHBIN, KPENKMA, YCTOWUMBDIIA.
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WHBECTUIIMOHHBIX DJIEKTPOIHEPreTUUECKUX MPOEKTOB U Ap. AHAINW3 METOAOB PEUICHUS! COOTBETCTBYIOIINX
3a1a4 TpeOyeT CrenuaabHOr0 pacCMOTPEHUSI.

PaccmoTpum B KadecTBe mpuMepa JIMIIb OAHY 3ajady, a MMEHHO IUIaTy 3a MHCIOJIb30BaHHUE
EKTPO’HEPreTUYeckux  pecypcoB. locymapctBo  BopaBe  B3uMaTh 3Ty  IUIATY,  IIOCKOJBKY
9NEKTPOIHEPIeTHKA SBISIETCS OJHHUM W3 OCHOBHBIX IIOJIb30BaTeleld JaHHBIMH OOIIEHAIIMOHATBHBIMU
IPUPOAHBIMU pecypcaMu. MeTo SJKOHOMUYECKOM OLIEHKH 3JIEKTPOIHEPIreTUIECKUX PECYPCOB UCIIONB3YET B
Ka4yecTBE TEOPETUYECKOM OCHOBHI nuddepeHInanbHyl0 peHTy. B maHHOM ciydae OHa ompenensercsl Kak
SKOHOMHYECKH 3((DeKT, moTydaeMblii SHEPrOKOMIIAHKEH 3a CYET HCIIOIb30BaHUSI THAPOIHEPTOPECYPCOB.
OtoT 3deKT onpenensieTcsi pazHULEH MEKAY HpPEACIbHO IOMYyCTUMBIMH (3aMBIKAIONIMMH) 3aTpaTaMu H
3aTpaTaMH Ha BOBJIEUEHHE B 00OPOT THAPOIHEPTETHUECKUX pecypcoB (coopyxkenne u dkcruryaranus [ IC).
OTH 3aTpaThl MOTYT PAaCCUUTHIBATHCS KaK CyMMapHbIe IMCKOHTHPOBAaHHBIC, TaK M MpUBEICHHBIE. B mepBom
ciydae OyzAeT ompelesieH MOJIHBIH 00beM THAPOIHEPreTHUECKOW PEHTHI, 00pa3yloleicsl B TeUeHHE BCETO
cpoka ciryx0s1 ['OC, a BO BTOpOM — roJJ0oBOi 00HEM PEHTHI.

Dopmuposanue peuwtenuit. I1a cTagys, KaKk BUIHO U3 puc. 2.1, BKIro4aeT (OpMUPOBAHUE CLIEHAPHUEB
BHEIIIHUX yCJIOBUI M BapUAHTOB PELICHUH, OTPAKAIOMINX HEOMPEISIIEHHOCTh Oy AyIINX YCIOBHIA U HATHYHE
Pa3IMYHBIX MPEANIOYTEHUH CyOhEKTOB OTHOIIICHHA.

dopMupoBaHHEe CIIEHAPUEB BHEUIHWX YCIOBMHA W BapuUaHTOB peIIeHWH g 3amad pazsutus 29C
OCYILECTBIISIETCS, KaK MPaBHIIO, SKCIIEPTHO C MCIOIb30BaHUEM HEKOTOPHIX (POPMAIN30BAHHBIX MOJIXO/IO0B, &
TaKXe MOJeNel TeppPUTOPHAIbHO-IIPON3BOACTBEHHON CTpyKTyphl TOK mnu ontumuzanuu paszsutus 29C.
Hns uccrnenoBanust pabotocrmocobHocTH 2DDC mMeercss 3¢ (deKTHBHAs TEXHOJOTHS BBIOOpAa PaCcUETHBIX
YCIIOBUH CXeM, PEKMMOB, BO3MYILIEHHI, OCHOBaHHAsI HA METOAAX CTPYKTYPHOTO aHaJH3a.

UccnenoBanne pa3BUTHS SJIEKTPOIHEPTETHKH HAa MOJAESX TEPPUTOPHUATBEHO-TIPOU3BOICTBEHHOM
cTpyktrypel TOK 10O3BOJISIET OLICHUTH OCHOBHBIE NPONOPLHH €€ Pa3BUTUSL BO B3aUMOCBSI3U C APYTHMHU
SHEPreTHYECKHUMHU OTPACIMHU M YTOYHUTH MHOXKECTBO CLIEHApUEB, BO3MOXHBIX BHELIHMX YCJIOBHUH H
BapUaHTOB Pa3BUTHS P OOOCHOBAHHUH YHEPTETUIECKUX OOBEKTOB.

Kpome Toro, B kauecTBe (QOpMajbHOrO ammapara Ui paccMaTpUBaeMbIX IIelieii MOXeT OBITh
INPUMEHEHO COYETaHHE METOI0B HEUETKUX MHOXKECTB U TEOPUU BEPOSATHOCTH.

Ananu3z pewrenuii. Pa3nooOpa3zHble METOANYESCKUE MOJIENIM U METOABI aHali3a PEHICHUH 10 Pa3BUTHUIO
O2C MOXHO YCJIOBHO pa3leiuTh Ha TPYIIBI 337a4 TEXHUKO-PKOHOMHUYECKOTO aHajlM3a PElleHHH, ydera
HEONPEICICHHOCTH U yUeTa pa3INYHbIX IPEANOYTCHUH CyObEKTOB OTHOILICHUH.

Texnuko-IxoHomuueckoe o6ocHosanue pewenuii no pazeumuto IIC. JIns pemeHns 3Toi mpoOIeMbl
B Poccum Obun paspabortanbl 3()(QEKTHBHBIE METOIUKH, MAaTEMaTHYECKUE MOJCIA M  METOJBI,
paccMaTpHUBaIOLIUE SJIEKTPOIHEPreTUKY U DIC Ha JBYX YPOBHSX:

1) B mpexmenax TeppUTOPUATBHO-IPOU3BOACTBEHHOW Momenun TOK ¢ ydueTom BIHSHUS JPYyTUX
JSHEPIeTHUUYECKHUX OTpaciIei;

2) npu Oosiee JETATHHOM TPEICTABICHUU YCIOBHUN pa3BuTHs U (pyHKunoHupoBanus DIC B Moaenu
PasBUTHS COOCTBEHHO 3JIEKTPOIHEPIETHKH.

B kadecTBe OCHOBHOIO KpUTEpud HCIOJIB3YIOTCA TIMPUBCACHHBIC 3aTpaTbl HA pPa3BUTUC U
(GYHKIIMOHUPOBAHUE CUCTEM.

Takast mOCTaHOBKa 3a/Ja4d IpaBOMEpHa B YCIOBUSX M IUIAHOBOM M PHIHOYHOW SKOHOMHKH. B
NOCJIEHUE TOABl MOAETH OOOMX YPOBHEH MOJyYMJIM CYIIECTBEHHOE Pa3BUTHE. DTOT IMOAXO IO3BOJISET
000OCHOBATh PAlMOHANBHYIO CTPYKTYpY TIEHEpUPYIOIIMX MOIIHOCTEH 1O THIaM o00Opy/I0BaHUs,
Pa3sMELIEHUIO JIEKTPOCTAHIUM 0 peruoHaM, TpeOOBaHUSAM K IPOITYCKHBIM CIIOCOOHOCTSM MarucTpaibHBIX
CBsI3€l.

B pBIHOYHBIX yCNOBUSX JUII MHOTHX 337ad OOOCHOBaHMS pemeHHd mo pa3Butuio DIC Oonee
MMPEATIOYTUTCIICH MCTO/, OCHOBaHHBIA Ha IMpUHOUIIaX SKOHOMHUYCCKOI'O pPABHOBECHA. HpI/I 9TOM
NPEAIoIaraeTcs, YTo CIPOC Ha UIEKTPOIHEPTHI0 (PUKCHUPOBAH M YPABHOBELIMBAETCS €€ BBIPAOOTKON INpH
onpesieiecHHON paBHOBecHOW IieHe. Pemenne mo pasutuio DOC B TOUKE pPAaBHOBECHS YJOBIETBOPSET
pacTynuii Cpoc Ha dIIEKTPOIHEPTHIO C YIETOM U3MEHEHHsI YPOBHS IICH Ha Hee.

[Ipobnema TEXHWKO-3KOHOMHUYECKOTO OOOCHOBAaHHs PEHICHUH IO Pa3BUTUIO OTIEJIBHBIX OOBEKTOB
SIIEKTPOIHEPIeTUKU peIlaeTcs cleaAyromuM obpasoMm. CHadana aHaIM3UPYIOTCS MMOTEHIHMAJIbHBIE PHIHKH
cOBITa 3JIEKTPOIHEPTUH Ha OCHOBE IMEPCIEKTHBHBIX dHeprodanancoB DIC, B paMKax KOTOPBIX UCCIIETyeTCsI
JAHHBI 00BEKT. J[JIs1 3TOro MOTYT OBITH MCIOJB30BaHBI TPAJAHIIMOHHBIE MOJICIH ONTUMH3AIUN CTPYKTYPHI
TEeHEPUPYIOLIMX MOILIHOCTEH H PpEXUMOB HMX paboThl. 3aTeM  OLEHMBACTCA  CpaBHHUTENbHAs
SHEpro’KoHoMHYecKas 3G HeKTHBHOCT 00bekTa AB; BapuaHTa i, JUIS Yero ¢ HCHOJIb30BAHHEM PE3yJIbTaToOB

MEPBOro 3Tana (GOPMHUPYIOTCS KOHKYpUpYIOIIHe BapuaHTbl. OHHM COIMOCTABIISIOTCS HAa OCHOBE OLICHKH
YUCTOTO JUCKOHTHPOBAHHOTO 3 dexTa:
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AB;, = z(c,.t— ;;6)-(1+d)" Li=11, (2.1)
=1

rae C;; - KamuTalbHBIC M CXKETOJHbIC H3ICPKKH B KOHKYPHPYIOIIHEe 0ObEKThl Bapuanta i B roxy ¢; Ci° -

TO k€ B 00OCHOBBIBa€Mble OOBEKTBI BAPHAHTA i B IOy ¢, d - CTaBKa JUCKOHTHPOBaHUs; 7 - pacueTHBII
nepuoj; / - KOJIU4eCTBO PaCCMATPUBAEMBIX BAPUAHTOB.
Ecnu nnis o6ocHOBbIBaeMoro oowsexkra AB; >0, To naHHBIM 00BEKT CleIyeT CUMTaTbh YIKOHOMHYECKU

3¢ PEeKTUBHBIM.

HUccneoosanue pabomocnocoonocmu II3C SBiseTCS BAXXHOW COCTABIISIONICH 000CHOBAHHUS PEIICHUI
M0 Pa3BUTHUIO CUCTEM U 3JIEKTPOIHEPTeTUIECKUX OOBHEKTOB.

[TpoGiiema 3akmodaeTcs B MPOBEPKE TOMYCTHMOCTH PA3IMYHBIX PEKHMOB PACIpEIETICHUS TIOTOKOB B
SNEKTPUYECKOW CeTH C YYeTOM OTpaHHMYeHHH Ha OOMEHBI MOIIMHOCTAMH IO CBA3IM M Ha 3arpysky
TeHEePHUPYIOLIEro O00OPYAOBaHMS; B ONpPENEICHUH MpPEACTbHBIX BO3MOXXHOCTEH Mepeqadyd MOIIHOCTH 10
OTJENBHBIM CEUCHUSIM; B OLICHKE YCTOMYMBOCTH M HaxexxkHocTn DDC; B BEIOOpE CPEACTB PEryIMPOBAaHUS U
yHpaBIeHHs U1 00€CIIeYeHHUs JOMYCTUMOCTH PEXUMOB, YCTOWYMBOCTH U HajexxHocTH DIC.

OmuH ©3 BO3MOXHBIX METOJOB pEHICHHUS TMEPEYHCICHHBIX 33Jad OCHOBAaH Ha BBIABICHUU U
WCCIICIOBAHUU TaK HAa3bIBAEMBIX PACUYETHBIX YCIOBUH, MNPENCTABISIOMINX TOJIMHOXECTBO COYETaHUN
BHEIIHUX YCJIOBHUA pa3BUTHS M (YHKIHOHUpOBaHUA Oyaymux 32C, BKIIOYAIONINX WX HanOoJiee ONacHbIe
COYETAaHMS C TOYKH 3PCHHS pabOTOCIIOCOOHOCTH CHCTEMBI.

B pBIHOYHBIX yCTOBHSIX 3ajada YCIOXKHSAETCS B CBS3M C POCTOM HEONPEACICHHOCTH IMapaMeTpoB
PBIHKOB 3JICKTPOSHEPTUU B MEPCIEKTHBE, YTO 3aTPYAHAET BBIOOP pacueTHHIX yciaoBui. OOMKUM HpH ITOM
TaKKe MOXKET OBITh MCCIIEIOBAaHHE TAKUX COYCTAHWH MapaMeTPOB PHIHKOB JIEKTPOIHEPTHH, KOTOPHIE MOTYT
OBITH HAMOOJICEC OMACHBIMU C TOYKHU 3peHUs obecredeHus padorocrnocooHocTr DIC. OaHaKo TakoW oOmIuit
MOJXO HYKJIaeTCsl B IETaTbHOM O0CYKICHHH.

Obocnosanue pewienuii 8 yciosusx Heonpedeinennocmu. IlepBoHaYaIbHO JKENATEIFHO COKPATUTH
YHUCIIO 3a/1aBaGMBIX COYCTAHMH HWCXOAHBIX JAHHBIX M YHPOCTHTh HX (YMEHBIIUTH KOJUYECTBO
HEONpECTICHHBIX MOoKa3aTelel B KaK/I0M COYETaHHU ). ITO MOXKET ObITh CACTAaHO KOPPEKTHO (0e3 CHUKEHUSI
YHCIa YYUTHIBAEGMBIX HEOINPEACICHHBIX (aKTOPOB) B HECKOJIBKO JTalloB IIyTeM IE€PeHOCa YacTH
HEOTIPEIeTICHHBIX ITOKa3aTeNel U3 COYeTaHNH MCXOMHBIX TAaHHBIX B JIEMEHTHI TUIATEKHOW MATPHIBI, KOTAa
MOCJIeTHHE TIPEICTABISIOTCS B BUIE HEUETKUX MHOYKECTB.

Ha nepsom smane Bcé MHOKECTBO HEONpEACICHHBIX TEXHHKO-DKOHOMHUYECKUX JaHHBIX pa3OuBacTCs
Ha JIBa TIOJIMHOXKECTBA!

a) ycimoBus pa3BUTHA W (QyHKOMOHUpOBaHH O00BEKTOB U OOC (YpOBHM H  PEXKHUMBI
ANEKTPONOTPEOICHHSI, CTABKU TUCKOHTHPOBAHUS U T.11.);

0) TEXHUKO-DKOHOMHUYECKHE I10KAa3aTeH BapHAaHTOB pPEHICHUH (KalnTaJOBIOKECHUS, €KEroIHbIe
U3JIEPIKKH U JIp.).

Ha emopom smane »>neMeHTHl TEpPBOTO TOAMHOXECTBA 3aJalOTCsl TPAIWIMOHHO B BHJIE
IPE/ICTABUTEIBHBIX COUETAHNI HCXOIHBIX JTAaHHBIX, (POPMHUPYIOMINX CTOJOIBI ITATEKHON MaTPHIIBI.

Ha mpemvem smane >neMeHTHI BTOPOTO IOJMHOMKECTBA 3aAIOTCS IKCIIEPTHO B (opMe HEYETKUX
BEJINYMH COOTBETCTBYIOIIUMH (QYHKIUSMH MPUHAIICHKHOCTH.

Ha uemeepmom >mane BBHIIOIHSETCS aHAU3 HEYETKOHM IUIATEXKHOW MATPHIBI JJs OOOCHOBAHHS
3¢} pexTHBHBIX BApUAHTOB PEIICHUH C HCIIOJIb30BAaHHEM KPHUTEPUS MATEMAaTHUECKOTO OXKHIAHUSL.

JInst Kak1oro BapUaHTa PEUICHUs BBIYMCISIETCS HEYeTKOEe 3HAYeHHE MaTeMaTHYECKOTO OXKHIaHUS
3atpaT (3QQeKTa), KOTopble 3aTeM CpPaBHUBAIOTCS JIPYT C APYroM TOCPEJACTBOM MPU3HAKOB CpaBHEHHS
HEYETKUX BEJTMYMH. BoNbIINiA 13 CpaBHUBAEMBbIX PU3HAKOB COOTBETCTBYET JIYYLIEMY BAPHAHTY PELICHHUSL.

K rpymnme aHanmm3a pemieHust OTHOCSATCS TaKKe 33/1a4d OLCHKHM W aHain3a (MHAHCOBBIX MOKa3aTelei
33C ¥ 37EKTPOIHEPreTHUECKNX 00BEKTOB, HHAMKATOPOB YHEPTeTHUECKON, IKOJIOTUIECKON B IPYTUX BHOB
0e30MacHOCTH, a TaKXKe OICHKAa W aHAM3 COOTBETCTBYIOIIUX PHCKOB ((PUHAHCOBOTO, DKOJOTHYECKOTO H
T.IL).

Hanpumep, 3agaya (uHAHCOBOTO aHanmM3a W 3ajlada OICHKH (MHAHCOBOTO PHUCKA COOPYKEHHUS
ANEKTPOIHEPTETHYECKOTO O0BEKTa BKIIFOYAIOT: aHAIW3 YCIOBUU M MCTOYHHKOB WHBECTUPOBAHUS; aHAIN3
(MHAHCOBBIX BO3MOXHOCTEH peanu3aluyl NPOEKTa; ONpelesieHHe OTIIYCKHON IIEHBI 3a 3JIEKTPOIHEPIHIO;
aHamM3 JUHAMHUKH TOJTYyYeHHs M BO3BpaTa KalWTalla, uccieloBaHue (UHaHCOBOro pucka. llpm anammze
HCIIONIb3yeTcs (popMyiia YUCTON AUCKOHTHPOBAHHOMN MPUOBLIH:

T
=20 = %)+ ) 22)
1=
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rae /[; - 1oxon, IpUHOCHMBI 00BEKTOM B Tof ¢ ; R; - pacxobl Ha COOPYKEHHE U IKCIUTyaTalli0 00beKTa
BTOX .

Bricokas 3¢dexTuBHOCT 000CHOBBIBaEMOro 00BEKTa (BBICOKAs YMCTass MPUOBUIL HPU MPHEMIIEMOH
OTITyCKHOHW ILIEHE Ha D3JICKTPOIHEPTHIO, Mallblii CPOK BO3BpaTa KamuTaia W T.1.) JAeT OCHOBAaHHSA IPH
ONAaronpUATHBIX 3HAYCHUSAX JPYTHX IIOKa3aTeNeld UIl NPUHATHA pEIICHHS O €ro INPOEKTHPOBAHHH H
HOCJIEIYIOLIEM CTPOUTEIBCTBE.

MmuozokpumepuanvHuplii  GHANU3  pewleHUNl 6 YCIN08UAX MHOUX npeonoumenuil. 3anaqa
paccMmaTtpuBaeTcs NpH 3aJaHuM J CIEHapHeB BHEIIHUX YCJIOBHH, XapaKTEPU3YIOIINX HEOIPEIeIICHHOCTD
pazButus DOC, 1 K KpHUTEpHEB OLEHKH KaXI0T0 U3 /| BapHaHTOB pa3BUTHs cucTeMbl. Kakaplil cuenapuit
MOKET JKCIIEPTHO OLIEHHMBATHCS BEPOSTHOCTBIO €ro peamu3anuu. Ilo pesymbraTtaM HCClIeOBaHWH B

3alaHHBIX YCIOBUAX (opmupyrorcs K wmaTtpurl pasmepoMm [ xJ Buma X k= l/j‘}, i=11, J =1J,

k=LK , roe xg - YUCJICHHAs OLICHKA i -TO BApHAHTa Pa3BUTHUs IO KPUTEPHUIO kK TNPH peanu3alyu j-To
CIICHAPHS BHEITHUX YCIOBHH.

UmncneHHble  OLGHKM  WCHONB3YIOTCS Al pelieHds 3ajadd  Bbidopa ¢ MPUMEHEHUEM
MHOTOKPHTEPUANBHBIX (QYHKIHHA mosie3HocTH. CHavYama HaxOAATCSl COCTABISIOMINE €€ (PYHKIUH MMOJIE3HOCTH
JUTSL. KQKJIOTO KPUTEPHsI, a 3aTeM OLICHUBAIOTCS Beca JUIS CPABHEHUSI OTHOCHTEILHONW BaKHOCTH KPUTEPHEB.
st peanmuzaiiuy 3TUX JBYX 3TAIOB B CBOE BpeMs ObUTH pa3padoTaHbl 3 (EeKTUBHBIE aTOPUTMBI.

[Ipu pemeHnn 3amaun BEIOOpa HA OCHOBE MHOTOKPUTEPHATBHON (DYHKIHHW MOJE3HOCTH HEOOXOAMMO
OTPENICNIUTh OTHOIICHHUE TPEAMOUTSHHUS IS JIUIA, TPUHUMAIOIIETO pelieHusl (3KcnepTa). Bun oTHOIIEHUs
NPEMOYTEHHS 3aBUCUT OT OTHOCHTEIBHOM 3HAYUMOCTH JJIS SKCIIEPTa KAXKIOTO U3 YUYUTHIBACMBIX CIICHAPUCB
BHCHUIHUX YCHOBHﬁ. B ocHoBe Moxker 6I)ITB BCPOATHOCTHAA HACOJIOTHA, KOIrJa 3HAYUMOCTL KaXXI0I'o
CIICHApHs JUIsl DKCIIEPTa OLIEHUBAETCS €r0 BEPOSTHOCTHIO, WIIM WACOJIOTHS PUCKA, XapakTepHas ISl CIIydacs,
KOTJ]a HEKOTOphIC CICHAPHM BHEIIHUX YCJIOBUH MMEIOT OYCHb MAJTYI0 BEPOSTHOCTh, HO MX BJIHMSHUC HA
BBIOOp pelieHuss HEOOXOMMO YUECTb.

Koopounayusa pewenuii. Jlns 000CHOBaHUs BApHaHTa KOOPAMHAIMH TPEOYIOTCS: OlICHKa ee d3PPEeKTOB
W JUI KaXJIOr0 YYaCcTHHKA B OTACITBHOCTH, M JUISI TPYIIBl YYaCTHHUKOB B IIEJIOM; OIpEICICHHE
palMOHANBHOTO COCTaBa YYAaCTHUKOB U  IENECOO0Pa3HOTO pachpe/elicHus 3aTpaT MEXIy HHMHU.
[IpenycmarpuBaeTcs 0OMeH nH(GOPMAIUE MEXY YUaCTHUKaMU OOBEAMHEHUS U 3aKIIIOUCHUE MEKIY HUMHU
B3aWMOBBITOJTHOTO COTJIAIICHUS.

PA3JEJ 3. KOMIIJIEKCHBIE 3AJAYU OBOCHOBAHUS PA3BUTH S CJOKHBIX
TEXHUYECKUX CUCTEM
Tema 3.1. Ctparterus passutusa Equnoit 93C Poccun

Crparerust passutus Enunoit D3C Poccum paspabaTbiBaeTcsi Kak TOCyJIapCTBEHHAs CTpaTervs Ha
mepcnekTuBy 15-25 gmer BMmecTe co cMexHBIMH orpacisiMua  TOK, 2HepromammHOCTpOEHHEM,
3JIEKTPOTEXHUYECKON IMPOMBIIIICHHOCTHIO, TEIJIOBBIM XO3SHCTBOM, C YY€TOM HayYHO-TEXHHYECKOTO
nporpecca. [lpuopureramu npu ee pa3paboTKe SBIAIOTCS OOLIETOCYIapCTBEHHBIE MHTEPECH! (COLMAIBHO-
SKOHOMUYECKOTO pPa3BUTHS, HAIMOHAIBHONH O€30MacHOCTH, KadyecTBa OKpYXKaromled cpeiasl U T.II.).
CoOTBETCTBYIOIIME TPUOPUTETHI 3aKJAAbIBAIOTCS HAa CTaAMM PETYIUPOBAHUS PEUIEHUH MOCPEICTBOM
rOCyJapCTBEHHOW IIOJUTUKA B HAJIOTOBOH, KpPEAWTHOH, SKCIOPTHO-UMIOPTHOW, LEHOBOW W APYIHX
00acTsIX.

Ha craguu QopmupoBanHust penieHuidl aHaIM3UpyeTCcs 30HA HEONPEAEICHHOCTH BHEIIHHX YCIOBHIA:
TUIIOTE3 Pa3BUTHSl SKOHOMUKU W COLMAIbHOM cdepbl, yPOBHEH 3IEKTpONOTpeOieHus, 1IeH Ha TOIUIMBO,
TEXHUKO-?KOHOMUYECKUX XapaKTePUCTUK DJHepreTnueckoro oOopynoBanus. llpm BeiOope cueHapues
BHEIITHUX YCJIIOBUI M BAPUAHTOB PEUICHUI YUNUTHIBAIOTCS MPEANIOUTEHHS, OTPAXKAIOIIUE OOIICHAIIMOHAIbHEIC
MHTEPECHl, HaNpUMEp, I'OCYAapCTBEHHAs MOJAEP’KKA YTOJbHOW MPOMBIILIJIEHHOCTH WIM OTEYECTBEHHOTO
sHepromammnHocTpoenus. [Ipouecc GopMupoBanus pemIeHU OCyIECTBIAETCS KaK 3BPUCTUUECKH, TAK U C
WCIIOJIb30BAaHMEM MOJIETIeH ISl WCCIEeNOBaHMS B3aUMOJECHCTBHS DJIEKTPOIHEPTEeTHKH C 3KOHOMHKOW |
connagbHON cepoit, TormmmBHBIME oTpacisimu TIOK u ap.

Ha cragum anammza pemieHuWid ONpenenstoTcs CTPYKTypa TeHEPHPYIOLIMX MOIIHOCTEH IO BHIAM
o0opy/noBaHMs, pa3MEIIEHHE HOBBIX JJIEKTPOCTAHIMN 10 pEruoHaM, TPeOOBaHHMA K MPOMYCKHBIM
CIOCOOHOCTSIM MEKCHUCTEMHBIX CBsi3eil. [Ipu 3TOM MCHONB3yr0TCA, TIaBHBIM 00pa3oM, CUCTEMHBIE MOAETH
TEXHUKO-3KOHOMUYECKOTr0 00OCHOBAaHUS PELICHUH. YUeT HEONpPEAeICHHOCTH BHEIIHUX YCIIOBHI BO3MOXKEH
Ha Oa3e muarexHoil Mmarpuubl. Becbma ympoieH 3geck W aHanu3 paborocnocodnoctu EDC Poccuw,
MIOCKOJIBKY €e oOecredeHne MOXKET OBITh peasm30BaHO Ha Ooyiee ONMM3KMX BPEMEHHBIX WHTepBajax. He

18



TpeOyeTcs Ha 3TOH CTaaul W JOMOJHHUTENBHBIA YUYeT pa3iIM4YHbIX NPEANOYTCHUI CyOBEKTOB OTHOILLICHHH.
Amnanu3 (UHAHCOBBIX MOKa3aTeNiel B 3TOW 3aJaye OrpaHMYMBAETCS] OOBIYHO OIIEHKOW OTIYCKHOH LIEHBI Ha
ANIEKTPOIHEPTHIO B Pa3IMYHBIX 30HaX EDC, a Takke BO3MOXKHBIX MCTOYHUKOB M YCIIOBUII MHBECTHPOBAHUS
Pa3BUTHA YHEPrOOOBETNHEHHS.

Cramusi KOOpAMHAIIMK pEIICHHH MOXKET OBITh pealn3oBaHa Ha YPOBHE MHOTOKPHUTEPHUAIBHBIX
MIOCTAaHOBOK 3a/1ad, JJIsl 4ero HeoOXOIMMO HCIIOIb30BaTh JOMOIHUTEIBHBIE MOJICNH ISl OLICHKH BaPHAHTOB
pasButuas EDC mo npyruM, HEPIKOHOMHYECKMM KpHTepusiM. K HHM cieayeT OTHECTH MOJETH OLECHKH
Ha/Ie)KHOCTHU AJIEKTPOCHAOKEHHS TTOTpeduTeneit, skonornueckoro BiusHuA 3C Ha OKPYKaIOLIYIO Cpeny H
ap. Ctaguu aHamM3a U KOOPAMHALIMH PELICHUH TPH 3TOM (DaKTHUECKH COBMELIAIOTCS.

Bo MHOTHX Ccity4asx, 0cCOOEHHO TIPH paCCMOTPEHHH TEePCIEeKTHBH Ha 20-25 meT, MHOTOKpUTepraTbHAS
3ajaya BBIOOpAa HE paccMmarpuBaeTcsi. B KauecTBe eAMHCTBEHHOIO TIOKa3zaTelsl HCIOJIb3yeTCs
9KOHOMHYECKHI KpPUTEpUHA B TOM HJIM HMHOM BHJE, a OCTalbHbIE KPUTEPHUH MEPEBOISTCA B PaHT
OrpaHUYCHUH.

Tema 3.2. CTpaTerndeckuii n1aH pa3BUTHA JHEPrOKOMIIAHUH,
padoTaroieii B cocTaBe YHEProoodbeTnHEeHU

Crparterust pa3BUTHS JHEPTrOKOMIIAHHH, padoTarmeld B COCTaBe JHEProOOBCIMHCHHS, 3aHHMACT
MIPOMEKYTOYHOE TOJ0KEHUE MEXIY TOCYIapCTBEHHBIMU CTpaTerus MM U mporpaMMamu pasutus O0C u
WHBECTUIIMOHHBIMU TMPOEKTAMH KOHKPETHBIX 3JEKTPOIHEpreTHUecKnx o0bekToB. ComepikaHHe pelraeMbIX
3aJa4 3aBHCUT OT BHIA 3HEPrOKOMIAHUH (BEPTHKAJIHHOI'O HMHTEIPUPOBAHUS, CETEBas, T'€HEpUPYIOLIAs U
cHaOxeHueckass). Cneuuduka npoOJEeMbl 3aKIIOYAETCS B  HAJIMYMM  COOCTBEHHBIX  HMHTEPECOB
SHEPrOKOMIIAHHUM, HE COBIAJAIONINX C HHTEPECAMU JPYTHUX B3aUMOJICHCTBYIOIUX C HEKO YHEPrOKOMIIAaHUHI U
UHBIX CyOBEKTOB OTHOIIEHUH. Llenplo sBJIseTCs MOJNydyeHHE MPEICTABICHUH O Ieecoo0pas3HbIX
HaNpaBJICHUSIX Pa3BUTHs SHEPrOKOMIIAHMHM C yYETOM HEOINPEIECJICHHOCTH BHEIIHUX YCIOBHM, Pa3IUYHBIX
NPEINIOKEHUH CyOBEKTOB OTHOUIICHWH, MPUHLIUIMHAIBHBIX MOJOKEHUH CTpaTernii W MporpaMM pa3BUTHSA
90C.

3amaun peryJmpoBaHMs PELICHUI B pacCCMaTPUBAEMOM CIy4ae B 3HAUUTEIbHON Mepe criequ(pUIHbI IS
KaXIO0H 3HEPrOKOMIIAHWU B 3aBHCHUMOCTH OT €€ BHJAa U CTpyKTypsl. Hampumep, mpu nHamnuuu ['DC B
CTPYKTYpE T€HEPUPYIOIIMX MOIIHOCTEH JUIsi TEHEPUPYIOLIEH DSHEProKOMIIAHWMM KpalHEe Ba)KHO,
IpeaycMaTpuBaeTCs JIM IUIaTa 33 HCHOJIb30BAHHE THAPOIHEPTETHUECKHX PECYpPCOB. DHEPrOKOMITaHUSIM
cObiTa (CHAOXKEHYECKNM), OOECTICUMBAIONINM HETOCPEICTBEHHOE DJIEKTPOCHAOKEHHE ITOTpeOHTENeH,
HeO6XO[II/IMO HUMETL MNPCACTABIICHUC O IIOJIUTHUKE PETrHOHAJBHBIX IJSHEPICTHYCCKHUX KOMHUCCHH B 4YacTH
JBTOTHBIX Tapu(OB WK JOTAIMHA IS OTAENBHBIX KaTeropuid morpedbureneid. s ceTeBoil KOMITaHUH Ba)kKHA
MOJIMTUKA PETYIMPYIOLIMX OPTaHOB B OTHOLIEHUH Tapu(OB Ha yCIyTH IO Nepenade 3JIeKTposHepruu. Bo
BCEX Clly4yasix pEryJupoOBaHUE PEUIEHUH TMO3BOJISIET KOJWYECTBEHHO OLEHUTH BJIUSHHUE TMOJUTUKHU
PETYIHPYIOLINX OPraHOB HAa pacCMaTpUBAaE€MbIe BAPHAHTHI Pa3BUTHUS SHEPTOKOMITaHUH.

OcHoBHbIE MPUHIMIIEI (POPMHUPOBAHHS PELICHUI OCTAIOTCA TEMH K€, YTO M B NPEABIAYILIEM Clydae.
OTanunst COCTOAT B TOM, 4YTO 30HA HCONPCACICHHOCTU MOXET GBITB MCHBIIC, NOCKOJIbKY MHOI'MC BHCIIHUC
YCIIOBUS ¥ MIPEIIOYTEHHS CYObEKTOB OTHOIIICHUH YK€ OIpe/IeNieHb] TPy pa3paboTKe CTpaTeruid U MporpaMm.
31ech NpOSIBISIOTCS HOBBIE aCHEKTHl HEONPEAECICHHOCTH BHEIIHUX YCJIOBUH M Pa3IMYHbIX NMPEIIOYTEHUH C
MO3ULMI aHAM3UPYEMOH SHEPTOKOMIIAaHHWHU, CBS3aHHBIE C HEONPEACICHHOCTHI0 MOTHBALMA W IOBEIEHUS
JPYyruX CyOBEKTOB OTHOIICHHH: 3HEPrOKOMIIAaHUH, pPErHMOHANBHBIX W (eJepalbHBIX OpPraHoB BIIACTH,
noTpeOuTeNell ANEKTPOIHEPTUH, OOIIECTBEHHBIX IBMKEHUH U Ap. HekoTopsle acekTsl (GopMaIu3yIoTcs Ha
cTaguu (HOPMHUPOBAHUS PELLICHUH, IPyTUe aHAIN3UPYIOTCA Ha Oosiee MO3JHUX CTaIusX.

I'nmaBHas cnenmpuyeckas npobieMa TakWX 3ajJad - MOJEIMPOBAHHE W Y4YEeT PBHIHOYHBIX ACIEKTOB
¢byHkuMoHUpoBaHusT W pa3Butus  DDC, OlLEHMBAaHHE HEMOCPEICTBEHHBIX IapaMeTPOB  PHIHKOB
3JIEKTPOPHEPTHH, MOTHBALMS U IOBEACHUE IPYrUX SHEPrOKOMIIAHMH M T.I. OTH HEONpeJeseHHbIE
PBIHOYHBIEC BOIIPOCHI 06OCHOBaHI/I$[ peH_IeHI/Iﬁ IJId OHEPTOKOMIIAaHWUM AJOJDKHBI YUUTBIBATBCA YCPE3
(hOopMyJIUPOBAaHUE COOTBETCTBYIOIIMX OrPAHUUCHUI M KpUTEpHUEB. 31IeCh BAXKCH aHAJIU3 11EJIeCO00Pa3HOCTH
(UHAHCOBBIX W APYrux mnokaszareneid 9DC, pUCKOB, NO3BOJIIOUIMX YTOUHUTH PEILICHHUS, NPUHAMAEMbIe JUIs
JTAIbHENIIIETO PaCCMOTPEHUS.

B oTanuune ot nmpeanIAyniero ciydad, 3aJadd KOOpAWHAIIUN pemeHHﬁ IJid SOHEProKOMIIaHUU HUMCEIOT
CYIIECTBEHHO OoJIblllee 3HAYEHUE U JOJDKHBI pe€IIaThbCsa C HUCIIOJIB30BAHUEM HUI'POBBIX WA HOZIO6HI)IX UM
MIOCTAHOBOK M MOAXO0JI0B, IOCKOJIBKY PELIEHHS IPYTHX SHEPTOKOMIIAHUH CYIIECTBEHHO BIMSIOT HA PEIICHUE
aHAIM3UPYEMOI SHEPTOKOMITAHUH U HA00O0POT.
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Tema 3.3. UHBecTHIIHOHHBIN IVIAH PA3BUTHS
3JIEKTPOIHEPreTUIECKOro 00beKTa

IIpu oOocHOBaHMM WHBECTUIMOHHOTO IUIaHA Pa3BUTHUSA 3JIEKTPOIHEPreTHUYECKOIo OOBEKTa B
JONOJIHEHHE K  OOLIMM  IOJOKEHWSAM  JOJDKHBI  TPHUBJIEKATHCS  CIEIM(UUECKHEe  OCOOCHHOCTH
9NEKTPOIHEPTETUKH U YCIOBHS Pa3BUTHsI M (YHKIMOHUPOBAHUS aHAIN3UPYEMOTo o0bekTa B coctaBe DIC.
B kaudecTBe 00BEKTa MOTYT paccMaTpuBaThCs diekTpoctanius, JIOII mmbo rpymma 3neKTpocTaHIMid Wn
JIDIL.

ObocHoBaHue mpoekTa TpeOyeT pelleHHsT KOMIUIeKCa 3a/ad, KOTOpble OOBEKTHUBHO CBSI3aHBI C
HEOOXOTUMOCTBIO PAacCMOTPEHHMsI OOBEKTa B pa3NMYHBIX achekTax. lIpexxae Bcero MoMMKHA OBITH
HCCIIEIOBaHA POJIb OOBEKTAa Ha PETMOHAIBHOM U MEKPErMOHAJIbHOM PBIHKAaX 3JIEKTPOIHEPIUH, OCHOBAHHAs
Ha MPOTHO3aX 3JIEKTPONOTPeONieHHs, BapHaHTaX ero oOeclevYeHUs] KOHKYPHPYIOUIMMH HCTOYHHKAMHU,
BO3MOKHOCTSIX TOJyYEHHSI DICKTPOSHEPTHMH M3 JpPYrux 30H (PETHOHOB) H Op. 3aTeM CledyeT
[IPOaHAIM3UPOBAaTh HCTOYHMKHM HMHBECTHPOBAaHUS OObEKTAa W BbIOpAaTh Haubojiee pPalOHAIBHYIO CXEMY
WHBECTUPOBAHUS, JAOLIYI0 CaMble IIPUEMIIEMbIE SKOHOMHYECKHE NTOKA3aTeIN COOPYKEHHSI M SKCIUTyaTaliu
ANEKTPOIHEPTETUYECKOTO 00BEKTA 0 CPABHEHHIO C MHBIMHU PEILICHUSAMH 10 00ECTICUEHUIO MOTPEOHOCTEH B
3JIEKTPORHEPTUH; OLEHUTh SKOHOMHUYECKYIO 3(G(EKTHMBHOCTh IMPOEKTa Ul MOTEHIMAIbHOTO HWHBECTODA.
Takast oLeHKa IpeqycMaTpuBaeT y4yeT, COINOCTABICHHWE U AaHAIM3 Pas3IM4YHbIX IIOKa3aTened AMHAMHKH
BJIO’KEHUS M BO3BpaTa MHBECTHLINM.

PerynmupoBanue  pemienuii  mpu = 0OOCHOBaHMM ~ HMHBECTUIHMOHHOTO  MPOEKTAa  Pa3BUTHA
3JIEKTPOIHEPreTUIECKOr0 00BEKTA CBA3AHO C YPOBHSAMH OTUYHCICHUH B (efepalbHbI M PErHOHAIBHBIA
OIO/KEThI, PEHTHBIX IUIATEeXeH, Tapu(oB Ha DIEKTPOIHEPTHIO; C KPEAUTHOW TONUTHUKOW M JPYTUMH
BOIMPOCaMH, OTPEIEIAIOUIMMU MPUOPUTETHI TOCYJApCTBa OTHOCHTENBHO paccMaTpuBacMoro oobekra. [Ipu
(hOpMUPOBaHUH PEIICHI HEOOXOANMO yUeCTh BCE OTMEUEHHOE BHIIIEe pasHOoOpas3ue (hakTOpOB U YCIOBUH,
KOTOpOE OTpeAeIsieT He0OX0IMMBIN HaOOP ClIeHApHEB BHEITHUX yCJIOBHU W BAPHAHTOB pellieHnid. B qaHaOM
cllydae aHaJIM3 PEHICHUH BKIIOYAaeT KaK CUCTEMHBIC OICHKH POJIM M 3PQPEKTHBHOCTH paccMaTpUBAEMOTO
oobekta B  DODC ¢ COOTBETCTBYHOIIMMH TEXHHUKO-PKOHOMHUYECKHUMH  IOCICACTBUSIMHU, aHAJIM3
paboTOCIIOCOOHOCTH CHUCTEMBI M T.[., TAaK W OIpeAeieHHne Moka3aTtened ((PHUHAHCOBBIX, SKOJOTHYECKHUX,
COLMANIBHBIX M JPYTHX), XapaKTepU3YIOUINX PacCMaTPUBAEMBIH AJIEKTPOIHEPTeTUYECKUN OOBEKT, a TaKKe
YPOBHU COOTBETCTBYIOIIUX PHCKOB. ConepmaHHe CTaguu KOOpAUHAIIUN pe]_[ICHI/Iﬁ 3aBUCUT OT KOHKPETHOI'O
MHBECTOpA: €ClI 00BbEKT HHBECTUPYET SHEPrOKOMIIAHUS, TO KOOPAMHALMS OCYLIECTBIAETCS Ha €€ YPOBHE U
CBSI3aHA C MHOTOKPUTEPUAIbHON OLICHKOH MHBECTHLHOHHOI'O MPOEKTa, a €CIM HE3aBUCHMBIA MHBECTOP, TO
HGO6XO[II/IMO YUYUTBIBATH MOTUBALIUMIO TIOBCACHUA JAPYIUX 3aWMHTCPECOBAHHBIX Cy6’beKTOB n MOXKET
noTpe0OBaThCA UTPOBAs IIOCTAHOBKA 3a4a4H.

PA3JEJ 4. MATEMATUYECKOE MOAEJINPOBAHUE PAZBUTUSA TEXHUYECKHUX
CUCTEM
B COBPEMEHHBIX YCJIOBUAX
Tema 4.1. IIporpaMMHO-BbIYMCIUTENBHBIH KoMILIeke «CORO3»
JJIS1 ONTUMHU3AIMHU CTPYKTYpbI IIC

Benymeii TenaeHmer coBepIeHCTBOBAHUS MaTEMAaTHUECKIX MOAEIEH AT peLlieHNs] OCHOBHOM 3a1a4H
pasButus DOC — BBIOOpa €€ PalUOHAIBHON CTPYKTYPbl — OCTaeTCs CTPEMJICHHE K JOCTAaTOYHO TOYHOMY
OTMCAHHIO PEKUMOB pabOThl TEHEPUPYIONIETO0 00OPYIOBAHUS C LENBIO yUeTa TEXHUIECKUX OrpaHHYCHUH, a
COOTBETCTBEHHO M NMPHUEMJIEMOM TOYHOCTH OLIEHKH 3aTpar Ha (yHKUHOHHpoBaHue U pasButue IIC. OgHa
U3 TakuX ONTUMH3ALMOHHBIX MAaTeMaTU4YeCKUX MOJeNeH, YAOBJIETBOPSIOMIAS YKa3aHHBIM  BBIIIE
TpebdoBanusM, peasnzoBana B [IBK «COIO3».

I[IBK «COIO3» mpemnasHaueH jig pelIeHHWs OAHOM W3 OCHOBHBIX 3a7ad mpoekTupoBanHus IIC -
BHIOOpa PallMOHATILHOM CTPYKTYPBI Te€HEpUpYIOMUX MolHocTel Enunoit n o6peannernsx 99C Poccun mo
TUNIAaM 00OPYZOBaHUS M YKPYITHEHHON CXEMbI MEKCHCTEMHBIX 3JIEKTPUYECKHUX CBs3ed Ha mepcrnekTury 10-
25 ner. Pe3ynbTarhl pemieHus 3TONH 3aJadyd HCHOJB3YIOTCS TPU MPOEKTUPOBAHMH peruoHanbHeIX D9C,
NPOTHO3UPOBAHUM PA3BUTHA 3JEKTPOSHEPreTHKH M CMEXHBIX OTpacied (B yacTu TpeOoBaHMH K
SHEPrOMAIIMHOCTPOCHHUIO U Ap.). [Ipy 3TOM yUMTHIBAIOTCA BHEIIHHE OTPAaHMYCHHS HAa MacIITaObl pa3BUTHA
T€X WM WHBIX THUIOB OJIIEKTPOCTAaHIMKA (10 BUIAM TOIUNIMBA) W OOBEMBI HCIOIH3YyEMOTO TOIUIMBA,
dopmupyembie B TOK cTpaHbl Wik peruoHa.

B ocnoBy kommuiekca «COIXO3» monoxeHa maremarudeckas mojens DOC (cTaTHUECKWH BapHWaHT),
MMeEIoIIast CJIeIyIoIIe OCHOBHBIE XapaKTEPHUCTHKH.

1. DnexTposHepreTHUecKas cucTeMa B MOJENH arperupoBaHa MHOTOY3710BO#l (1o 20 y370B) CXeMOi,
A€ T1OJ Yy3JI0M TOHMMaeTcs pernoHanpHas OOC, NpeacTaBleHHass COBOKYIMHOCTBIO —Pa3IMYHBIX
«OIHOTUIHBIX» arperaToB. [Ipu 3TOM peanbHbIe MEXY3JIOBBIC JIMHUM DJIEKTpOIEpeaadr OObEeIUHSAIOTCS B
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«OKBHBAJICHTHBIE MEXCHUCTEMHBIE CBS3M» C BO3MOXKHBIM IOJIPA3/IEICHUEM UX MO THIaM B 3aBUCHMOCTH OT
NPUHATHIX TEXHUKO-SKOHOMHUYECKHUX ITOKa3aTeIeH.

2. Jlns pmocrarodyHOo TOYHOTO YydeTa crnenuukn ¢GyHKnuoHupopanus B O2C pa3HBIX THIIOB
000pyIOBaHUS MPETYCMOTPEHO OMHCAHWE HECKOJIBKUX (10 YETHIPEX) CYTOUYHBIX MHOTOY3IIOBBIX PEKHMOB
COBMECTHOM paboThI TeHepupymomero odbopynosanus u JISII ¢ yuetom equHOro KajaeHAapHOTO BPEMEHH.

3. B Moaenu onvchIBarOTCA MPUHITUIBL (POPMUPOBAHUS U Pa3MEIEHI aBapUITHOTO pe3epBa ¢ yIeTOM
BO3MOYKHBIX MaJIOBOJHBIX CE30HOB Ha peKax; HEMMHEHHBIN Xapaktep moteps B JIOII u 1.1

4. Mogenb nmeer OobIIyI0O pasMepHOCTh - 10 3000 orpannvenuii obmero Buga. B xauectBe MeTona
ONTUMH3ALNH UCHIOIB3YyeTca MeToA MoauduuupoBanHol ¢pyHkuun Jlarpamxka.

[IBK nocTpoeH no MOAyIbHOM cXeMe, 4TO JAE€T BO3MOXKHOCTh BapbUPOBAHUS NOCTAHOBOK PELIAEMBIX
3agad. [lomp3oBaTens MMeeT BO3MOXHOCTH BBIOOpPa TOYHOCTH YdeTa CIEAYyIOUHX (pakTOpoB B MOAETH:
peskuMa paboThl 000pyI0BaHUs, CIIOCOOOB OMKMCAaHUS  DICKTPOCTAHIMKA M MEKCHCTEMHBIX  CBS3EH,
tepputopuabaoil muddepentmanuu 93C u ap. - 3a cueT BKitodeHus B [IBK H30BITOUHOTO pacimpeHHOTO
Habopa TUTIOBBIX OJIOKOB MOJICITH.

[Tonp3oBaTenb BBOAUT UCXOJHBIE JAaHHBIE B JMAJOrOBOM PEKUME C MPHUMEHEHHEM CHCTEMBI MEHIO H
COOTBETCTBYIOIINX 3KpaHHBIX (hopM. DPOpMBI BBOJA NAaHHBIX W BBIAAYM PE3yNbTAaTOB pacdyera ONHM3KH K
MIPUMEHSEMBIM B PEaNbHOM MPAKTUKE W HE CBSA3aHBI C BHYTPEHHUM TNPEACTaBICHHEM STOi WH(MOpMaIuu B
MOJIETH.

Kommiekc «COHO3» BkItouaeT B ce0sl CIAeAYIONIUE TPOTPaMMBbIL:

1) MOJEJIb - nns BBoja wcxomHOW WHGOpMAIUM U IpeoOpa3oBaHus €€ K BUAY, TpeOyeMomy s
OIITUMU3ATOPA; BBOAUMEBIE TaHHBIC TTOJIBEPTAOTCS JIOTHUESCKOMY KOHTPOJTIO;

2) OIITUMU3ATOP - nns pemieHUs OCHOBHOM ONTHMH3AIIMOHHOM 3a71a4dl (BO3MOXKHBI Pa3iU4HbIC
pexumbl pabotel OIITUMU3ATOPA: mepBuuHBIN cuUeT, MPOAODKEHUE CYeTa paHee HadaTOW 3aladd,
YCKOpEHHBI TMepecyeT pelieHrs Mpu W3MEHEHWH YacTH WCXOAHOW WHGOpMAIMK, KpoMe TOro,
OIITUMUM3ATOP ucnonb3yercs s BBIIAYU JBOMCTBEHHOT'O PEIICHMS 331a4H);

3) BBIBO/J - pacmudpoBbsiBaeT HOIYYCHHOE peElICHUE, QOPMHUPYET TpeOyeMble pPe3ybTHPYIOIINE
MOKA3aTeNN U BBIJIAET WX 110 3aKa3aHHBIM TI0JIH30BaTENeM TaOMUYHBIM U rpadudeckuM Gopmam (pe3yabTaThl
cyeTa MOTYT UMIIOPTHPOBaThes B (aitn tTadmmynoro mporeccopa QUATTRO PRO s npoBeneHus
aHaJIM3a MHOTOBapUAHTHBIX PacYeTOB);

4) JUCIIETYEP - xoopaunupyeT padoty octanbHbIX nporpamm [IBK.

[IBK «COIO3» mmMeer cpencTBa CBS3M ¢ 0a3aMHU NaHHBIX 0 Pa3BUTHIO AJIEKTPOCTaHIM Poccum u
TEXHUKO-I)KOHOMUYECKUX ToKa3arenel reHepupymoiero odopyaosanus. [lpexycMaTpuBaeTcs opraHu3anus
TaKOW CBS3M C JOPYrWMHU pa3pabaThiBaeMbIMH 0a3aMH NaHHBIX Pa3BUTHS ANEKTpodHepreTHku. Komrurekc
MOKeT (YHKIIMOHHUPOBATh Ha TMepcoHabHO DBM HEOONBIION MOUTHOCTH, OCHOBHBEIE (PYHKIIMOHATHHBIC
IPOTrPaMMBbl IIBK HaIlMCaHbI Ha
®OOPTPAHe, cepBuchrbie cpencta - Ha TYPBO-ITACKAJIE. Bpems cueta cpenueit 3agaun Ha [IDBM ¢ 486
npoueccopoM He npessiaeT MuHyThL. [IBK « COFO3» anpoOupoBan Ha MHOTHX pealibHBIX 3a7adax.

HauGosee cyiiecTBeHHOE OTJIMYHME ONTUMHU3AIMOHHON Mouenu, npumensiemor B [IBK «COIO3y, ot
JPYTUX M3BECTHBIX MOJIeiel pa3BUTHS CTPYKTYpbl DDC 3akiodaercst B 00jiee TOYHOM OMHCAHUHM PEKHMOB
paboTHI TEHEPHUPYIOIIET0 000PYIOBAHHS U MEKCHUCTEMHBIX MTEPETOKOB MOIITHOCTH U 3JIEKTPOIHEPTHH 32 CUET
MOJICJIMPOBAHMS TTOKPHITHS MHOXKECTBA IPEJICTABUTEIHHBIX CYTOYHBIX TPa(HUKOB AIEKTPUIECKON HATPY3KH
O9C B enWHOM KalleHAApHOM BpPEMEHH. DTO MO3BOJMIO Oosiee 0OOCHOBAHHO OMNpPEAENsATh TPEOOBaHUSA K
MIPOITYCKHBIM CITOCOOHOCTSIM MEXKCHUCTEMHBIX JIEKTPHUYECKUX CBS3EH, yUUTHIBATH OCHOBHBIE COCTABIISIONINE
CHUCTEMHOTO 3 deKTa OT HHTETPAIMH U COBMECTHOTO (yHKIMOHUpOoBaHUS DDC, B 4aCTHOCTH, U3BECTHBIN
3¢ dEKT OT cOBMENIEHUS] MaKCUMYyMOB Harpy3ku D0C.

Tema 4.2. MaTtemaTn4deckas Mmojeb paspurus I3C

Matemaruyeckas Mojieib pa3putus OOC HpeAcTaBiIseT co00i MHOTOY3JIOBYIO CETh, Y3JaMH KOTOPOW
SIBJIIIOTCSL SHEPreTHUECKUE 00BEKTHI (00bEIUHEHHBIC U perruoHalibHbie DDC WM UX YacTH — B 3aBUCHMOCTH
OT TEPPUTOPHATILHOTO YPOBHS HccienyeMoir D9C U IeTaTbHOCTH €€ MPEACTABICHUs), 8 MEKY3JIOBBIE CBSI3H
0TOOpaXKar0T COBOKYIMHOCTb KOHKpeTHBIX JIDII. DnekTpocTaHINy SHEPTrOy3JI0B ONMCHIBAIOTCS MHOYKECTBOM
TPYNIT OJHOTHITHBIX arperaToB, HMEIONINX OJIM3KWE TEXHUKO-dDKOHOMHYECKHe ToKazarend. Mojenb
«COHO3» umeer OJOYHYIO CTPYKTYpy W BKJIHOYaeT B ceOs OJOKM OajlaHCOB MOIIHOCTH, OaJlaHCOB 30H
CYTOYHBIX Tpad)UKOB Harpy3ku, HNEPETOKOB MO MEXY3JIOBBIM CBS3sIM, a TakKe OJIOKH, ONHUCHIBAIOLIHNE
(GYHKIIMOHUPOBAHUE W Pa3BUTHE PAa3HBIX THIIOB TeHepupyroliero odopynoBanus: mukosele KOC, KOC n
ADC ¢ omHO30HHO# 3HEpreTHueckon xapaktepuctukoit, TOLI, '9C, TADC.

B o0miem ciyuae B MoJiesib BKIIIOUEHO U ONHMCAHHUE MOTpeOHUTeNnel aeKTpo3Hepruu. B 3aBucumoctu ot
LEJI UCCIIEAOBAHMS UCTIONB3YIOTCS CIEAYIOIINE OJIOKH:
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e MpH pEUICHUH TPaJUIMOHHOW 3aayd BbIOOpa pAaLMOHANBHOW CTPYKTYpHl TEHEPUPYIOIIUX
momrHocteld 9DC NOTpeOHOCT B AIEKTPOIHEPTUH TIPEAIIOAaraeTcsl 3aJaHHON U (PUKCHPOBAHHOM; IPH 3TOM
He TpeOyeTcsl BKIIOUECHUs B MOJEIb OJIOKOB MOTPEOUTENEH 3JIEKTPOIHEPTUH;

e IS aHamu3a BapuaHTOB pa3BUTHA DOC B JEHUIIUTHBIX W KPUTHUYECCKUX CHUTYyarusaX, KOTaa
BO3MOXXHOCTEH DHEPrOCUCTEMBI JUIS TOKPBITHS DICKTPUYECKOW HATrPy3KH HEJIOCTATOYHO, B MOJCIH
UCTIONIB3yeTCs  ONOK  «aedurmra TOTpeOUTeNel  AIEKTPOIHEPTHM», WMHUTHPYIOIIUHA  HEJOOTITYCK
ANEKTPUYECKON SHEPTUU M MOLIHOCTH.

Maremarndeckoe onucaHue mocienHero 01oka anamorudao 6oky KOC mozenu ¢ cOOTBETCTBYIOIIEH
uHTEpnpeTanue KodpduImeHToB (QyHKIMOHAIAa ¥ MAaTPUIBl OTpaHUYEHUA Mojend. J[is BBISBICHUS
JNeUIUTHON cUTyanuyd KO3(QQUIMEHTH (PyHKIMOHATa OepyTcs 3aBEJOMO OOJBIIMMHU, YEeM 3aTpaThl Ha
refepupyioniee odopynoBanue. s pemieHus 3aJadd CHHTE3a CTPYKTYPbl CHUCTEMBI C ONTHMAJIbHBIM
YPOBHEM HAJIEKHOCTH 3TH KO3()(UIMEHTBI JOJKHBI COOTBETCTBOBATH pPEAbHBIM 3HAYCHHUSAM YCIBHBIX
yiepOoB NoTpeduTeNeii 0T HETOOTIIYCKa IIEKTPHUYECKON SHEPTUU U MOLITHOCTH.

Munumusupyemulii yynkyuonan B o0IIEeM ciydae MPEACTaBIsSET CyMMapHble MPUBEICHHBIC 3aTPaThl
Ha pasBuTHe ® (yakomonmpoBanne ODC W HCCIEAyEeMBIX TOTPEOUTENeH-PerysITopoB U
3HEProcOeperaronX TEXHOIOTHA:

Z Ciist X jise +ZCJZZ-X]Z,- +ZC§§-X}§ +

Jist Ji Ji ( 4. 1)

+ ZCI.%,X?, +XCLX]

i’ i’

rie j - HOMep rpyNIbl OHOTUITHOTO TeHEPUPYIOLIETO 000PYAOBAHUS WIIH IOTPEOUTEIS DNEKTPOIHEPTHH; |
- HOMEp DJHeproysna, S - HOMEp XapaKTepHOro CYTOYHOro Tpaduka Harpy3kd; 7 - HHACKC
(IIPOXOIDKHUTENIBHOCTD) 30HBI HATPY3KU B CYTOYHOM rpaduke; X o, - Harpyska j-ro THIla o0OpyAOBaHHS B
y3i1e i B CYTOYHOM pEXKHME S B 30HE NPOJODKUTEIBHOCTBIO 7 YacoB JMOO MOIIHOCTH (CHIDKCHHE
Harpy3kd) TOTPEOHUTENCH-PETYISITOPOB WM JHEProcOEeperaroInx TEXHOJIOTHH, JTHOO MO MOIIHOCTH
Harpy3kd, He oOecrieyrBaeMON SJIEKTpO3Hepruei B AePUIMTHBIX pexumax; C - COOTBETCTBYIOIIUE

z
i

Jist

yIenbHbIEe IepeMEeHHbIe 3aTpathl; X 5, X 7, - BBIOMpaeMble YCTaHOBJICHHAS! MOLIHOCTh U HOBasl (BBOXUMAsT)

C}’l

MOIIHOCTH j -T0 00opymoBanus (motpedurens) B y3ne i; C z i

i - YACIbHBIC IMMOCTOSAHHBIC CKETIOAHBLIC

2
M3/ICPKKU U NPUBE/ICHHBIC KAlMTAJOBIOKEHUsS B 3TO 00OpynoBanue; X, - MPOMYCKHAA CIOCOOHOCTH

o o . .. >
MCIKCUCTCMHOMN JJICKTPUYCCKOU CBA3U MCKAY Y3JIaMH I U ll, Cii' - YACJIBHBIC MOCTOAHHBIC €KETOOHBIC

n o . v,
3aTpaThbl Ha 3Ty CBA3b, Xii' - HOBasAa (BBO,Z[I/IMaH) MpoOITyCKHasA CIIOCOOHOCTh MEKCHUCTEMHOU CBSI3HU 1 u l’,

Ci’ll" - COOTBCTCTBYIOIIUE YACIBHBIC ITPUBCACHHBIC KAITUTAJIOBJIOXKCHU .

31ech W HIDKE TIPU OMUCAHWH MOJIENH ONTHMHU3WPYEMBbIe TEepeMeHHbIe 0003HaueHBl OYKBOH X C
COOTBETCTBYIOIIUMH HHIEKCAMH.

[lepBbie ABE CYMMBI B 1IEJEBOM (PYHKIIUN ONMPEACISAIOT I'OA0BbIC IEPEMEHHBIC U IIOCTOSIHHBIC U3JICPIKKH
Ha OJICKTPOCTAHIMAX M  MOJCIUPYEMBIX IOTPEOUTENSIX, TPEThS COOTBETCTBYET IPUBEICHHBIM
KalUTANOBIOKECHHSM B WX pEANIN3allhI0, TOCIEAHHE JIB€ CYMMBI ONPEIENSIOT TOJOBBIE IMOCTOSHHBIE
W3JIEP)KKA U TIPUBECHHBIE KAMUTAIOBIOKEHHUS B MEKCUCTEMHBIE IIEKTPHUECKUE CBSI3H.

OCHOBHBIC OT'PaHUYCHUS MOJICTTH UMEIOT CIICIYIONTUI BU/;

A. banaHc MOIIHOCTH y371a i B 4ac f

§ﬂﬁxﬁ - i;xlf,t —§X§ >P,+R;, i=1...1, (42)

it —

2 .
rae X - yCTaHOBICHHAs MOIIHOCTH dneKTpocTaniuii (urst 'OC — pacronaraemasi MOIIHOCTb 110 YCIIOBHSIM

MAJIOBOJHOTO TOA@), WM IOTPEOMTENeH-PEryISTOPOB, MM JHEProcOeperarmux TexXHONorud; f

K03(ppULIEHT TOTOBHOCTH 000pynoBanus; X g, o X lél.t - OaJIaHCOBBIE MIEPETOKHU MOIIHOCTH B Yac ¢ U3 y3Ja
i B i' uobpatHo; P, - HeperyjsipHas Harpy3ka y3ia [ B 4ac f; R; - HOTpPeOHOCTh B aBapHIiHOM pe3epBe
MOIIHOCTH y3J1a i .

Banancel MomHOCTH y370B (OPMHPYIOTCS JJIsl 4aca COBMENICHHOIO0 MakcuMyma Harpysku D3C B
L[EJIOM U OTJIMYHBIX OT HETO YaCOB MaKCHMYMOB Harpy3Ku 3HEProysioB.
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b. HeoOxoauMelii aBapuitHBINA pe3epB MOLTHOCTH
_ pus e3 - pes
R, =R; —ka X5, (4.3)
1

rae R;” - TpeGyeMblil aBapHiiHBII pe3epB MOLIHOCTH Y371 i MPH ero U30JIUPOBAHHOM paboTe, a cymma

pes KOHY
SKPOXET <R -R; (4.4)

1

. e3
OTIMCHIBAaET BO3MOKHOE CHIDKEHHE MOTPeOHOCTH B pe3epBe y3Na i 3a cueT pa3BuTus X lpl MPOITYCKHBIX

CrocoOHOCTEl CBA3el STOro y3/1a CO CMEKXHBIMU y31aMu i’ . 3aech k7€’ - ynenbHoe cHmkenue TpeGyeMoro

KOHY

pe3epBa y3na Ha €IMHUIYY NPUPOCTA TPOIMYCKHON CIHOCOOHOCTH MEKCHCTEMHOH CBs3M; R,

- 4acCThb

pesepBa DOC, paccmaTpuBaeMasi Kak KOHIICHTPHPOBAHHAS, MPUXOSAIIAACS Ha JIONO AIIEKTPOCTAHITNHA y3ia
i.

Kak cnemyer w3 ommcaHusi OaaHCOB MOIIHOCTH B MOJENH, WUMEETCS BO3MOXKHOCTH HEOOXOIUMOTO
CyMMapHOTO aBapHHHOTO pe3epBa MOITHOCTH 3a CYET Pa3BUTHS MEKCHUCTEMHBIX CBSI3€H M ONTHMAIBHOTO
pa3MeIeHus 3TOTO pe3epna.

Tema 4.3. [IpuHIMN «MO30HHOI ONTHMHU3AUID
MPH MOJEJTUPOBAHUM CYTOYHOT0 PeKuMa
U YACOBBIX MEPETOKOB MOITHOCTH

TomoBoli GanmaHc SHEPTUU SHEPrOY3JIOB B MOJETHM ONKCHIBACTCS COBOKYIMHOCTBIO OallaHCOB 30H
MPEJICTABUTENBHBIX CYTOYHBIX IPAUKOB MEKTPHUCCKON HATPY3KH C TIEPEXOJIOM K TOJIOBBIM IMOKAa3aTelsIM B
(byHKIMOHAJIE MOJIENTH Yepe3 KOAPQHUIMEHTH «IKBUBAJICHTHOTO YHCIIa CYTOK B ToIy». [Ipu MonenupoBanun
CYTOYHOTO PEKUMa HCIOJIL3YETCsl MPHUHIUI «ITO30HHOW ONTHMHU3AIMM» B COOTBETCTBUU C pPa3OHEHUEM
CyTOuHOro Tpaduka Harpy3ku Ha TOPH3OHTAIbHBIC 30HBI  MPOJOJDKHTEILHOCTBIO 7  Yacos,
COOTBETCTBYIOIIHE MPHUPOCTaM HArPY3KHU B pa3HbIC Yachl CyTOK (puc. 4.1).

Jlns ydera KaleHIApPHOTO BPEMEHH CYTOK, KOTJa 3TO HE0OXOJUMO, HCIIONIb3YIOTCS COOTBETCTBYIOIIHE
NepEMEHHBIE C MHICKCOM f -KaJleHJapHBIM YacoM rpaduka Harpy3kd. Hmke mpuBeneH (parMeHT 3amucu

. . 1 to .
OaJlaHCOB 30H CYTOYHBIX l"pa(I)I/IKOB Harpysku IBYX Y3JIOB ¢ U I C YYETOM IIEPETOKOB Xii' , Xil" n3 y3Jia 1

.1 41 ty .
B y3el i’ BYaChl {1 U {7 1 OOPATHBIX [EPETOKOB X 7, X 7
i i _
ZinT—Z + X,‘," _X,"i _B'T—Z
J
SXia-Xt+xiix2_x2=-p
~ X jir=1 i’ i'i i’ i'i ir-1
J
t t
ZXJ” _Xiiz' +Xl.% =P, (4.5)
J
2 fr _
Zin’z'—l _Xl'i’ +Xj'l' _Pi’z'—l
J
t t t t
J

t t
2 X st Xip =X =Fren (47)
J
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03 36 69 912 12-15 15-18 1821 21-24 Yach1
1 2 3 4 5 6 7 8 )

Puc. 4.1. NnmocTpanus BeIIEICHAS 30H CYTOYHOTO
rpaduka Harpy3Ku

3mech mepBas cymMMa B KaXJIOM YPaBHEHHH — Y4acTHE BCEX DJIEKTPOCTAHIWN y3ia (M moTpeOuTeneii-
PETYIATOPOB, W DHEPrOCOEPETAIONINX MEPONPUATHI) B MOKPHITHH 30HBI OTIEIBHOTO CYTOYHOTO Tpaduka
(uHOexkc s cyTok M kodp¢unmeHTtsl noteps B JIOII ams ympolueHHsl OMyIIeHBI), a MpaBble YacTH —
MOIIHOCTH 30H CYTOYHOTO TpaduKa.

Kak BuaHo u3 »3TOM 3amucH, NpH OMUCAHMM YAaCOBBIX IIEPETOKOB MOIIHOCTH HCIOJb3YETCs

n . N
«rpaHcopmanus 30H rpapuka Harpysku. Tak, meperok X7 B 4ac #; u3 ysma i Bysex i’ (puc. 4.2)

IPHUBOJIUT K CHIDKECHUIO TOTPEOHOCTEH B TOKPHITHH 30HBI JUTUTEIBHOCTHIO 7 —2 4YacOB, K CHIDKCHHUIO
MOTPEOHOCTH MOIIHOCTH CMEXKHOM 30HBI JUTUTEIBHOCTBIO 7 —1 9acoB B y3ile i W COOTBETCTBEHHO K
CHUXKCHHUIO HOTpe6HOCTI/I MOIIHOCTH 30HBI T +1u YBCINYCHUIO 3TOM BEIUYHUHBI B 30HE T IIPUHUMArOIICro
y3na i'.

Tema 4.4. MoaenupoBanue pa3BUTHA 3JIeKTPOCTAHIIUI
CyMMapHasi CyTOYHasi Harpy3ka KakKIOW TPYIIbl OJHOTHIIHOTO T€HEPUPYIOIIETO 00OpyIOBaHUS B
MIPOCTEMIIEM CITydae OrpaHNYUBAETCS 3HAYEHUEM MOIIIHOCTH, TOTOBOM K HECEHUIO HArPy3KH:

22X jise Sﬁjiszz'i- (4.8)
T

Jnsi pa3HBIX THUIOB TEHEPUPYIOMIETO OOOPYIOBAaHUS YYUTHIBAIOTCS CHEHU(UYECKUE OTpPaHUYCHUS
PEKMMOB HMX Pa0OTHI: BO3MOXKHOCTH ITyCKOB-OCTAHOBOB, TEXHHYECKHH MUHMMYM Harpy3ku minsi KOC,
MaKCHUMaJbHasl 0a3uCHasi Harpy3Ka 1 BO3MOYKHOCTD BBIPAOOTKH 3JIEKTPOIHEPruM 1o ce3oHaM roga s ['9C,
pexxumbl 3arpy3ku TOLI o TeropuKamoOHHOMY IUKITY | Jp.

Jta TADC pexum 3apsiia ONUCBIBAETCS IEPEMEHHBIMY [TOYACOBOM 3arpy3ku. IIpn 3ToM U1 HUX, Kak U
npu onucanuu neperokoB no JIDII, mpumensiercst aHanornyHas «TpaHcdopmMamus» 30H B OajaHcax 30H
rpaduka Harpy3ku. [lpu orpanuueHusx Ha 3arpy3ky 'ADC B TypOuHHOM pekume Buaa (4.8) MOIITHOCTD
I'ADC B HAcCOCHOM peKUME B KXKIBIN 4ac ¢ OrpaHUYMBAETCS 3HAUEHUEM

X;[ftc < 7?zgchjisr ’ (4-9)
T

IIPY COOTHOILLIEHUY 3HAYEHUI T€HEPUPYEMOH U AKKYMYJIUPYEMOH IIEKTPOIHEPTUH -
Hac
27X jise <15 2 X jist (4.10)
T

T

Npy OrpaHHYCHUU 10 00beMy BepxHero Bojoxpanwinmia ['ADC depe3 cpeqHeCyTOYHOE YHMCIO YacoB ee
UCTIOJIb30BaHHUSA -

>
X Xist <hjiBis X i - (4.11)
t

24



TlepeToxu MorHOCTU Mompocts
Y3l ‘lactl LIacl‘ 2 e 30H
Piz'—Z
Piit1
Pt
Vzen
l I:>i‘z'—l
Piit
Pria
i Pi-r
Prit Pi,-_z
Piie
Ve PiT
Prin
Piit Pi'-r+1

Puc. 4.2. nmoctpanus ONUCaHus MEKY3I0OBBIX
HEPETOKOB

Hac

B coornomenusix (4.9)-(4.11) y
TF'ADC; ji ) KL

h ji - IPEZICIbHOE YHCII0 YaCOB MCIIONb30BaHMUS ycTaHoBJIeHHOH MomHocTH TADC.

- COOTHOIICHUEC MOHIHOCTeﬁ B HACOCHOM H Typ6I/IHHOM pexumax

VYciioBus pa3BUTHS BCEX TUIIOB 3JEKTPOCTAHIIMI UMEIOT BUJ
X n cywy min 2 max
le'_le'SNji npu N]l SXJISle f (412)

C
rac Nﬂyw - CyHieCTByromasa (onpe/:[eneHHaﬁ C YUCTOM JACMOHTAa)Xa W TCXHUYCCKOI'O nepeBoopymeHI/m)

YCTAHOBJICHHASI MOIIHOCTD; N;Illm , N}I'l'lax - MNPCACIbHBIC 3HAYCHUSA YCTaHOBHeHHOﬁ MOIIHOCTH OJaHHOTI'O

THIIa 000PYTOBAHUS.
HUcnonwzosanue JIDII B 6anancax 30H rpaduKOB HArPY3KHA OTPAHUYHBACTCS
® X TIPOIYCKHOM CIIOCOOHOCTBIO:

XL+ XL <XZ, (4.13)

ii's i'is

® X 6aJ'IaHCOBBIMI/I NepeTOKaMu B 6anchax MOIIHOCTHU
X0, + X0 +XEO< x>, (4.14)

ii't i'it
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® 0COOEHHOCTSIMH Pa3BUTHS KOHKPETHBIX JJICKTPUICCKUX CBS3CH
XZ X" <N mpu NN < X2 < N (4.15)
11 1 1 11 11 11

rae Ni?’/ “ N g}m , N l.l;lflx - CYIIECTBYIOIIUH ¥ BO3MOXHBIN JMANa30Hbl 3HAUCHUH TIPOIYCKHOM CIIOCOOHOCTH
3JIEKTPUYECKOM CBS3H.

Juia BcexX SIIEKTPOCTaHIMKA BBOAATCSA TaKKe HHTEPBAIBHBIE OTPAaHWYEHHS MO TOIAOBOMY DPacXOIy
TOIUTMBA Pa3HBIX BHUJOB M Ha Pa3BUTUE OTACIHHBIX BHJIOB I€HEPUPYIOLIETO OOOPYAOBaHUS B Pa3TUYHBIX
SHEProy3iax Wil Ipymnimax y3JoB.

PA3JIEJI 5. MATEMATHYECKHUE MOJEJIX 1 METO/IbI JIMHEMHOI'O
IMPOI'PAMMMPOBAHUS
Tema 5.1. IlocTaHOBKAa OCHOBHOI 3a1a41 JIMHENHHOI0
NporpaMMHupPOBaHUA
OcHOBHas 3ajja4a JIMHEHHOT0 TPOrpaMMHUPOBaHUs (POPMYIIUPYETCS CISAYIONIIMM 00pa3oM:
IIpn u3BecTHBIX 3HAYEHMSIX NMEPeMEeHHbIX Xi,..,X, HAWTH Takue HeoTpHLATEJbHble 3HAYEHMS

3THX HepeMeHHBbIX x; >0, j=1..,n, KOTOpbIE YOBIETBOPSLIN ObI CHCTEME JIMHEHHBIX yPaBHEHHUI

a1 Xy +agpxy +...t+agx, = bl’

asxq +aooxo +...+an,x, =bsy,
211 2242 2ntn 2 (5.1)

Ap1X1 + ApyoXo + oot X, =byy,
H 00palaJId B MUHUMYM JIMHEHHYI0 (PYyHKINIO
Z=c1x +...+c,x,. (5.2)
Caydaii, xoraa TUHEHHYI0 QYHKIMIO Hago oOpaTUTh B MAaKCUMYM, CBOAUTCS K MPEIbIAYIIEMY, €CIH
W3MEHHTH 3HAK LIENEeBOH (YHKLIUHU HA POTUBOIOIOKHBIN:
!
Z'=—~Z =—c1X —...— CpX, .
[TosTOMy B nanbHeiieM Mbl OyieM TOBOPHUTH TOJIBKO O MMOMCKE MUHUMYMa QyHKIHU Z .

Tema 5.2. O0s1acTH JONYCTHUMBIX pPellIeHUH

Hdonycmumvim  peuwieHuem OCHOBHOM  3aJayd  JIMHEMHOIO INPOrpaMMHUPOBAHUS  Ha3bIBAaeTCs
COBOKYIHOCTb NIEPEMEHHBIX X ; = 0, j=L1...,n, yIoBIeTBOPSIIOIIAs CUCTEME IMHEUHBIX orpaHudeHui (5.1).

OntumaneHBIM PEIIEHUEM Ha3bIBACTCS TAKOE JOITyCTUMOE PElieHHEe, IPU KOTOPOM JHHEHHas QyHKIus
nenu (5.2) obpamaercs B MUHUMYM. Eciii 4nciio orpaHMYeHdd paBHO YUCITY NMEPEMEHHBIX, T.€. M =1, U
ypaBHeHus (5.1) He MPOTUBOPEUMBEIL, TO 1ieieBast (PYHKLUS UMEET EAMHCTBEHHOE PEIICHHE.

Jns ONTHMHU3ALMOHHBIX 3aJad BaKeH cilydyail, korma m<n. Torma cymecTByeT MHOKECTBO
JOIyCTUMBIX PEUICHUH, Cpeau KOTOPBIX HAXOIUTCS W ONTHUMajbHOE, NPUBOIAIIEEe K MHUHUMYMY (5.2).
O0603HauUM 4KCIO CBOOOTHBIX MEPEMEHHBIX 7 —m =k . PaccMOTpuM ciydaid, KOTOpBI MMEET MpocToe
reoMEeTPUUYECKOe TONKOBaHUEe: 1 —m =k =2 . BeiOepeM /Be epeMeHHbIE X; U X B Ka4eCTBE CBOOOAHBIX U
BBIPa3UM Yepe3 HUX OCTAJIbHBIC 71 3aBUCHUMBIX IEPEMEHHBIX. DTH # TEPEMEHHbIX MOJIyYHIM Ha3BaHUE
0azucHuIx:

X3 = agxy +agpxy + P,

X4 =agx) +agxy + Py, (53)

Xp =Xy + appXy + By
Otnoxum 1o ocsim Oxyum Oxp (puc. 5.1) 3HaueHWst cBoOOAHBIX mepeMeHHbIX. IlockonmbKy Bce
NEPEMEHHBIE X1 ,...,X,, JOJDKHBl OBITh HEOTPHIATENHHBI, TO JONMYCTHUMBIE 3HAYCHUS X; M X9 OyayT

pacmosoKeHbl B MEPBOM KBaJpaHTe. DTO Ha pHc. 5.1 MOKa3aHO CTpeNKaMH, HANpaBI€HHBIMH BHYTPh
JOITyCTUMOI1 001acTH.
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Xo A

o

Puc. 5.1. O6macts qomyctumbix pemenwii (O[P)

HeoTpunareabHOCTh OCTaNbHBIX IEPEMEHHBIX X3,...,X,, BJIEYET 3a COOOI BHIMOIHEHHUE YCIOBHIA
X3 =agx +agxy + P30,
Xq=amxy +agxy + Py 20,
X, =a,1x1 +a,xy + B, 20.
OTH yCcIOBHUS TaK)Ke MOTYT OBITh TTOKa3aHbl Ha TTockocT x10x5 . Bo3sMeM nepBoe ycioBue
X3 =az1x) +azpxy + ﬁg >0.
3T0 ypaBHeHHE MOMYIUIOCKOCTH. IIpu x3 =0 MBI momyynM ypaBHEHHE MPSIMOM Ha MmIockocTH x10x5 !
azixp +agzpxy + ﬂS =0.
Ilo omHy cTOpOHY OT Hee pacrojaraeTcsl MONYIIIOCKOCTh, TAe X3 >0, Mo APYyryro — MOJIyNIOCKOCTS,
rae x3 <0. Jlomyctumble 3HaYeHUsT X3 pacrojaratorcs tam, rae x3 = 0. [lokaxem 3To crpenkoit (puc. 5.1).
Takum xe 00pa3oM MOTyT OBITH MOCTPOSHBI U Bce ocTaibHble mpsiMbie x4 =0, ..., x, =0 u oTMeueHbI
JorycTuMble obmacT. Beimykieiit MHOTOyronsHUK OABC ymoBIeTBOpseT cucrteMe orpaHuueHuit (5.1),

IpUYeM BHYTPHM HETO U HAa I'PaHMLE BCE MEPEMEHHBIE Xi,...,X, HEOTPHLATENIbHBI. JTa 00JacTh MOTy4HIIa

Ha3zBaHUe oonacmu oonycmumuix pewrenuii (OJ1P).
Cpenu BceX NOMYCTHUMBIX pEIISHHH HaM HEOOXOAWMO HAWTH ONTHMANbHOE, T.e. TaKoe, KOTOpoe
oOpamiaetT B MUHUMYM JIHMHEHHYIO QYHKIUIO Z W 3aBHCUT TOJILKO OT JBYX CBOOOJHBIX MEPEMEHHBIX X{ U

Xo.!
Z=yo+y1x+y2x2. (5.4)
CBOOOIHBIN WIEH y( MOSBWICS MPU HEPeXolie OT MEPEMEHHBIX Xi,...,X;, K CBOOOJHBIM II€PEMEHHBIM
X1 ¥ Xp. MUHEMYM JuHENHHOM QyHKIMH Z' = Z — ¥ TOCTUTACTCS MPHU TEX K€ 3HAYECHHUSAX MEPEMEHHBIX X|
U X, 4TO U MUHUMYM (QyHKUMH (5.4) U OTJIMYAETCS OT HErO Ha BEIMYMHY CBOOOJHOTO WiIEHa ) .
HaiizieM reoMeTpryecKuM MyTeM STH 3HAYCHUS X; M Xp. [IpupaBHseM QyHKIHIO Z' K HEKOTOPOMY
MOCTOSTHHOMY 3Ha4eHHIO L:
Z’Z}/1X1+72x2 =L. (55)
Mp&I nony4yniii ypaBHEHHE TpsMoid Ha TuiockocTr x10x9. OHa otcekaeT Ha ocu 0x; OTpe30K, paBHBIH
L/y1,anaocu Oxy - oTpe3ok, pasuslit L/y, (puc. 5.2).
Ecnu npunsaTh 3HaueHHe Z' paBHBIM HEKOTOPOW HOBOW MOCTOSHHOW Lq, TO mpsMast y1X +¥oXo =14

HepeMeCTI/ITCSI HapaJ‘IJ‘IeJ‘ILHO HepBOﬁ HpﬂMOﬁ, HqueM Ha 0CAX 6yﬂyT OTCCUYCHBI OTpe3KI/I COOTBECTCTBCHHO
Li/rim Lifyy.

27



X2 A

Ly, Li/y,

Puc. 5.2. Jluauu ypoBHs 11e7eBON QyHKIHN

Takum 00pa3oM, pa3iIMYHBIM 3HAYCHUSIM Z' COOTBETCTBYIOT IPSIMbIC, MapaJUIC/IbHBIC MEXIY COOOM.
OHU Ha3BIBAIOTCSA AUHUAMU YPOGHA UeNesoll hynkyuu (puc. 5.3).

Hampasnenne yObiBanus Z' onpenpensercss 3Hakamu KO3(DQGHUIMCHTOB 1 W ¥p. B3aumMHOe
pacnonoxenne OJIP, cooTBercTBytomIel ypaBHEeHHAM (5.3), 3aBHCUT OT 3HAKOB KOX(PQPHUIMEHTOB MPSIMBIX
(5.3) m (5.5). Crpenxamu yka3aHO HampaBJIeHHE YObIBaHWS I€NIeBOM (YHKIHMH, ITyHKTHPOM - €€ JIMHUAU
YPOBHSI TIPH pa3IMuHbIX 3HAYCHHUAX Z'. 3HAUCHHS X; U Xy, YIOBJICTBOPSIOIINEC OJHOBPEMEHHO CHCTEME

OrpaHMYCHHI U JAIONMe MUHUMYM JIMHEHHON QyHKIMU Z' (a 3Ha4MT, U Z ), COOTBETCTBYIOT KOOPHHATAM
TOYKE B —X15n U X2onm - Ha puc. 5.3 TOKa3zaH ciIydai, KOrja ONTHMAalbHOE pELIECHHE SIBIACTCS

enUHCTBEHHBIM. OIHAKO Tak ObIBAeT HE BCETIA.

N
Oa . Xiom

Z =0

Puc. 5.3. BauMHoe pacmionoxxeHue 00J1acTh JIOIMyCTUMBIX
pelIeHnH ¥ TUHUIA YPOBHSI IEJIeBON (yHKITHH

Ecnu nuanm ypoBHS 1eneBoi GpyHKIMH pacroyiararoTcs napaiellbHO TOW CTOPOHE MHOTOYTOJbHHKA
JOIYCTUMBIX PEIIEHUI, HA KOTOPOH AOCTHTaeTCsl MMHUMYM, TO ONTHMAaJIbHOE PELICHHE OKAa3bIBACTCS HE
eanHCTBEHHBIM. Ha puc. 5.4 moka3aH MMEHHO TakoH ciydail, KOrja MHUHUMYM JOCTUTAeTCs HE B TOUYKE, a Ha
BCei cTopoHe AB.

MoskeT okazaTbCs, YTO 3a/ladya HE MMEET pelleHHs Aake NMpH ycnoBuM cymiectBoBanus OJIP. Taxoe
CllydaeTcsi, KOr/la B HampaBlieHMM YyOBbIBaHUS LeleBOM (QYyHKIMM 00NacTh IOMYyCTUMBIX PELICHUH He
orpanunyeHa (puc. 5.5).

Ecnu xe ypaBHeHus orpanndeHuil mpotuBopednBsl, To OJIP moxer He cymiecTBoBaTh. Takoil mpumep
MIOKa3aH Ha puc. 5.6, r;1e OTCyTCTBYET 00J1acTh, OAHOBPEMEHHO yIOBIETBOPAIOLIAS BCEM OTPAHUUCHUSIM.

28



£=0 .XT3=O

Puc. 5.5. O6macTh TOMyCTHUMBIX PEIISHU HEe OTpaHuYeHA
B HampaslieHHN YObIBAaHUS LeNICBON (QYHKIIUH

Puc. 5.6. OrpannueHysi HECOBMECTHBI, 001aCTh
JIOTTYCTUMBIX PEIICHUH HE CYyIIeCTBYET

Tema 5.3. Ilouck oNTHMAIBHOTO peLieHUst
Jist HaxOXJIeHHUS ONITUMAJIBHOTO PEILLeHHUs TO0CTaTOYHO nepedpaTh Bee BepnHbl O/IP 1 BIOpaTh Ty U3
HUX, IJ1e 1eneBas QyHKIHUS UMeeT HanMeHblee 3HaueHre. Takoi mepedop MoxeT OBITh C/IeIaH 32 KOHEYHOE
YHCJIO IIAroB NP OTPaHUYEHHOH 007aCTH JOITyCTUMBIX PELIEHUH, TOCKOJIBKY YHCIIO €€ BEPIINH KOHEUHO.
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Pemenwue, nexaimee B ogHol u3 BepmuH OJIP, Ha3biBaeTCs onopubim peutenuem, a cama BEpIIMHA —
ONOPHOU MOUKOU.

Ecam 4gmcino cBOOOMHBIX TEPEMEHHBIX Ak =2, a 4YHCIO OasWCHBIX IEPEMEHHBIX paBHO m |
ONTUMAIBHOE PEIICHUE CYIIECTBYET, TO OHO BCEI/Ia JIOCTHTACTCS B OMOPHOM Touke. B Kaxkmoil OmopHOI
TOYKe, [0 KpallHel Mepe, 1B U3 MepEMEeHHBIX 00palatTcs B Hyllb. B camoM fiene B M000W OTIOPHOM TOUKE
IIEPECEeKar0TCsl He MEHee ABYX OTPaHWYMBAIONIMX NpAMBIX (Hampumep, x3 =0 u x4 =0 B Touke B Ha puc.
5.1). Cnyuaii, Korma B OIOPHOM PEIIICHUM OOpAIIalOTCs B HYJIb HE JBE, a 0oJice MEPEMEHHBIX, Ha3bIBACTCS
eviporcoennvim (puc. 5.7). Tak, B onopHoOil Touke B nepecekaroTcs He ABe, a Tpu NpaMbix: x3 =0, x4 =0

u x5 =0. Bce 3Tu 3aKOHOMEPHOCTH MOTYT OBITh PAacHpOCTPaHEHbI W Ha Oonee oOmmi ciaydaill, Koraa
k=n-m, k>2.

X2 A

Puc. 5.7. BeipoxneHHbIN Cllydaii

OtMeTnM o01IKe 3aKOHOMEPHOCTH TPH MOUCKE ONTHMAIBHOTO PEIICHUS:

1. OntumanbHOE pelieHne, eclii OHO CYIIeCTBYET, He MOXeT jexaTts BHyTpu O/IP, a pacmomaraercs
TOJIBKO Ha €€ TPaHHLIE.

2. OnTuManbpHOE pelIeHHe MOXKET ObITh He eIWHCTBEHHBIM. B 3TOM cilyuae NUHUH YPOBHS IeNIEeBOH
(GYHKIUM pacnojararoTcsl napaiesibHO TOM CTOPOHE MHOTOYTOJIbHHUKA JOMYCTUMBIX PEUICHUH, Ha KOTOpOH
JTOCTUTAETCS MUHUMYM.

3. Ecniu OJIP He orpaHuueHa B HampaBJIeHMH YOBIBaHHMS LIENEBOM (YHKUMH, TO 3ajadya HE HUMEET
peleHus1, X0Ts1 00JIaCTh JOMYCTUMBIX PEIICHHH CYIIECTBYET.

4. OnTuManbHOE pelIeHHEe BCErja JIOCTUTAeTCs B OAHOM M3 BEPIIMH MHOTOYTOJIBHHKA JOIYCTHUMBIX
pemeHuii. Ecnu ke peleHne JOCTUraeTcsl Ha LEN0i CTOPOHE, TO OHO AOCTHUTAeTCs M B KaXI0M U3 BEPILVH,
yepe3 KOTOpbIEe IPOXOANT 3Ta CTOPOHA.

PA3JEJI 6. OITUMU3ALIUMOHHBIE MOJIEJIN
JJISI INTAHUPOBAHUSA PA3BBUTUSA TEXHUYECKUX CUCTEM
Tema 6.1. Knaccupuxanus Mojaesei niaanupoBanus pazsutus 393C

W3-3a 0onpLIONH CIOKHOCTM W BBICOKOM pPa3MEpPHOCTH 3aJayd MNEepCHeKTHBHOro passutus O3C
pa3aesnsoT Mo TEXHOJIOTUYECKOMY MPU3HAKY CIIeAYIOMNM 00pa3oM:

1) pa3BuTHE CTPYKTYPbHI FCHEPUPYIOIINX MOIIHOCTEH;

2) pa3MellleHrE U Pa3BUTHE DIICKTPUIECKUX CTAHIIHUIA;

3) pa3BUTHE IEKTPUIECKOMN CETH.

[To crnocoOy 3amaHusg JOMyCTHUMOTO MHOXECTBA TEPEMEHHBIX MaTeMaTHUeCKHE MOJIENH, CO3AaHHBIC
JUTSE OOJIETYeHHs TPY/Ia MPOSKTHPOBIIUKA, NEISATCS HA ONTUMHU3AIMOHHBIC, OIIEHOYHO-ONITUMHU3AIIMOHHEIE
OILICHOYHBIE.

B onmumuzayuonnvix moodensx nomycTiMOoe MHOXECTBO IIEPEMEHHBIX 3a/aeTcsi B IIpeaenax
HEKOTOPBIX JMAra3oHOB. B Momenu B mpezenax 3THX IWANa30HOB CHHTE3UPYIOTCS JOMYCTUMBIE BapHUAHTHI,
MIPOM3BOAMNTCA UX HKOHOMHYECKas OLIEHKA B COOTBETCTBUU C TPHUHATHIM KPUTEPHEM ONTHMAIBHOCTH WU
0TOMpaeTcs HAWTYUIINK 10 JTaHHOMY KPUTEPHIO TOMyCTUMBIN BapHAHT.

B owuenounvix (pacuemmnwvix) modenax JONYCTUMOE MHOXKECTBO IIEPEMEHHBIX  3aJaeTCs
MIPOEKTUPOBILIMKOM B BHJIE OJHOTO WJIM HECKOJIBKUX COCTaBJIECHHBIX BapuWaHTOB. B Mozenu 3TH BapuaHTHI
MOJIBEPraroTCsl TEXHUUECKOMY aHAJIN3y Y SKOHOMUYECKON OLIEHKE.
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B ouenouno-onmumuzayuonnvix mooensax 3Ha4UEHUS OCHOBHBIX UCCIIELYEMBIX IEPEMEHHBIX 3a1aI0TCA
B BHJIC BAPHAHTOB, a OCTAIbHBIC [IEPEMEHHBIE MOTYT OBITH BBIOpaHBI B Mpeeiiax HEKOTOPOTro JHana3oHa ux
WU3MEHEHUs, 4YTO TIO03BOJSET ONTHMU3HPOBATH HUX 3HadeHHWA. Takue MOAEnH AT BO3MOXKHOCTh
COIOCTABJIATE 3aJaHHbIE IPOEKTUPOBIIMKOM BAPUAHTHI C YYETOM ONTHMANIBHBIX IS KaXJOr0 W3 HUX
YCIOBUN (PYHKIIMOHHUPOBAHUS U PA3BUTHSL.

HauOonee nmpocTeiMu SIBIASIOTCS MaTeMaTHYeCKUE MOJIENU NPH ACTCPMUHMPOBAHHON HMH(pOpMALuU O
Oyaymux ycinoBusX pa3BUTHs dHeprocucteM. OHHM MO3BOJIAIOT MOJMYYHUTh PEIICHHE, ONTUMAJIbHOE INPH
3aJJaHHBIX HCXOIHBIX yClIoBUAX. OIHAKO dalle BCEr0 CBEACHUS O OyAyIIUX YCIOBHSIX pa3BUTHSA
SHEPrOCHCTEM  SBJSIOTCA HeonpeaeldeHHbIMU. [looTOMy IKenaTteiapbHO YMETh TONYyYuTh 00JacTh
ONTHMAJIBHBIX PEIICHUN, KaXKI0€ U3 KOTOPBIX COOTBETCTBYET OJHOMY M3 BO3MOKHBIX COUYETaHMM HCXOJHBIX
ycnoBuid. HWmest >QQeKTuBHBIA adropuT™, CO3JaHHBIA Ha 0a3e JACTCPMHUHUPOBAHHOM HWCXOJHOMN
WHQOPMAIUK, MOKHO MyTEM MHOTOKPAaTHOTO PEIICHHS 33a[Jaud MPU Pa3IHYArOIIUXCS UCXOIHBIX YCIOBHAX
MOJTyYUTh TaKyl0 00JIacTb.

OxoHYaTeNbHOE PELICHHE O Pa3BUTUU 3HEPrOCHUCTEM NPUHMMAET TPyINa CHEIHAINCTOB-3KCIEPTOB,
YUMTBIBAIOIAS. KAaK PEKOMEHJALMM, BBITEKAIOIIME W3 PAcyeToB, TaK U JOIOJIHUTEIBHBIE CBEIACHUS,
MIPUBIICYCHHBIEC U3 OMBITA JKCIIITYaTal1H.

Tema 6.2. OnNTUMHU3ALUOHHDbIE MOJETHU /15l MOMCKA CTPYKTYPBbI
reHepUpPYIOIIUX MOITHOCTEH

OnTuMu3anus CTPYKTYpbl F€HEPUPYIOUIUX MOILIHOCTEW MPOU3BOAUTCS ABaxAbl. IlepBrlil pa3 — mpu
ONTHMH3ALUU TOIUIMBHO-3HEPIreTUUYECKOT0 KOMIUIEKCA CTpaHbl, TJE 3JEKTPOIHEPTeTHKa paccMaTpHUBAETCs
KaK TOJCHCTEMa B OOIIEIHEPreTHUECKONW CHCTEME CTPaHbI, BTOPOH pa3 — MpHU ONTHMHU3AIMH Pa3BUTHS
OTpAaCIIH.

IIpn onTUMH3aNKN TOIUIMBHO-3HEPTETUYECKOIO KOMILIEKCA 3aJaHHBIMH BETMYNHAMH SABIISIOTCS:

a) UCKOMasl TIPOU3BOIMTEIILHOCTD TOIUIMBOTIEPEPa0aTHIBAIOIINX PEANPUATHIA W UX TPYIIIT;

0) MOIIHOCTH Pa3HBIX THIIOB 3JICKTPOCTAHIIHIA;

B) IPOMYCKHAsI CIOCOOHOCTh MaruCTPaIBHBIX TPyOorpoBoaoB u JIOIL;

I') TPOHM3BOAUTEILHOCTh PA3UYHBIX THUIIOB OSHEPrOyCTAHOBOK MOTPEOHTENEH ¢ HCIOIb30BaHUEM
Ppa3HbIX BUAOB TOILIMBA.

KputepneM ONTUMalBHOCTH CIIy’)KHT MHHMMYM CYMMAapHBIX HapOJHOXO3SIMCTBEHHBIX 3aTpaT Ha
n00bIYy, mepepaboTKy, NpeoOpa3oBaHHE, pACHpEAe]CHWE W HCIOJIb30BAaHHE TOIUIMBA NPU YCIOBUHU
YIOBIETBOPEHHUSI PAIMOHAIBHOW TOTPEOHOCTH HApOJHOTO XO3SHCTBa B Pa3IMUHBIX BHUJAX TOIUIMBA W
SHEPIMM. YUHTBHIBAIOTCA TaKXE OrPaHUMYEHUs 10 KaNUTAJIOBIOXKEHUSAM, TPYAOBBIM peECypCaM,
JMMUTUPOBAHHON MPOIYKIMU APYTUX OTPACICH.

HHH PEeUICHUA 3TOU 3aJadyd 4Yali€ BCEro IPUMCHIAIOT J'II/IHGFIHYIO OINITUMH3AIMOHHYIO MOJCIIb
JIOJITOCPOYHOTO TUTAHUPOBAHUS, KOTOPAs PEAIIOIaraeT Takyko MOCIe0BaTeIbHOCT e€ (HOpMUpPOBAHUS:

1) BBINONHAIOTCSI MHOT'OBapHUaHTHBIE ONTHMH3AIMOHHBIE PAcUeThl, YTO TO3BOJISIET MCCIEN0BATh 30HY
HEOMPEICTICHHOCTH ONTUMAIIBHBIX PELICHUH, BEISIBUTH COCTAB YCTOWYHMBBIX PEIICHHH, ONPEIeTUTh (aKTOPEHI,
BJIUAOIINE Ha HGyCTOfI'—IPIBBIG peuicHus, HaiiTH HauboJIee HpeI[HO‘ITHTeHLHLIﬁ BapHUaHT pa3BUTUA TOILJIMBHO-
SHEPreTHYECKOTO KOMIUIEKCA;

2) BBIIIOJHSIETCS COTJIAaCOBAHUE IUIAHOB Pa3BUTHUS TOIUTUBHO-3HEPIeTHUECKUX OTpaciel Mexay co0oid, a
TaK)ke ¢ 6aJlaHCOM BCEro HApOJIHOTO XO3sICTBA;

3) maeTcs KOMIUIEKCHAsh 3HEPrOIKOHOMHMYHAS OLIEHKA OJTOCPOYHBIX MEPOIPUATHH U OOBEKTOB,
paccMaTpUBaeMbIX B IPOMEKYTKE MEKIY LUKIAMH JOITOCPOYHOrO IIJIaHA.

B ocHOBe ONTHMHU3AIMOHHONM MaTeMaTHYeCKOM MOJEIHN JISKUT CHUMINIEKC-METOJ[ JIMHEHMHOTO
[IpOrpaMMHUPOBAHUA.

Hcxonnas napopmanus Ui peLIeHus JaHHOH 3aauu caenyomas:

e 00BEMBI HCIOJIB3YEMBIX IHEPTOPECYPCOB JIJIsi BBIPAOOTKU 3JICKTPOIHEPTUHU IO CTPAHE B ICJIOM U
10 OT/ICJIbHBIM pailoHaM;

® pocT MOTPeOICHUS] DIIEKTPOIHEPTHMH M TEIUla B Maciitabe CTpaHbl B IIEJIOM M IO KaXIOMY
SHEPTOY3Ty JJIS KaXKI0TO pacCMaTPUBAEMOT0 IIEpHoia BPEMEHH;
PEKUMBI 3JEKTPOIIOTPEOICHHS AJIS1 pa3IMYHbIX YPOBHEH HepapXHu;
CTPYKTypa AEHCTBYIOLINX TeHEPUPYIOLINX MOIIHOCTEH U COCTAB CTPOSIINXCA YIHEPrOOOBEKTOB;
TEXHUYECKUE U IKOHOMUYECKUE XapaKTEPUCTUKN BHOBb BBOJUMOTO 000pYyJOBaHMUS;
00bEM PEMOHTHPYEMOT0 000PYyIOBaHUSI.

3aoaua cmasumcs credyrouum oopazom:
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Hcnonb3ys mepeyucieHHbIe BBIIE UCXOAHBIC AaHHBIC, HAUTH IS KaXXAOro TEPPUTOPUATIBLHOTO y37a
O3C TakuMe 3HAYCHUS CYMMApPHBIX MOIIHOCTEH TpyNI 3JICKTPOCTAHIMM, KOTOpPHIE OTIMYAIOTCS BUIIOM
SHEpropecypca, THIIOM M MaHEBPEHHOCTHIO 000PYAOBaHUS, U HANTH 3HAYCHHS MPOIMYCKHBIX CIIOCOOHOCTEN
JUHAHA, IPA KOTOPBIX JOCTUTAETCS MUHAMYM CYMMAapHBIX MPUBEJEHHBIX 3aTpaT M0 SHEPrOCHUCTEME.

Henuuelinpie 3aBUCUMOCTH MEXAY NEPEMEHHBIMU OTPAXKAIOTCS C IMOMOIIBI0 KYCOYHO-JTMHEHHOU
anmpokcuManud. s Kakaoro sHeproysia (puc. 6.1) 3ammceiBacTcs YCJIOBHE OajaHca MOITHOCTH JIIsI
MOMEHTa MaKCUMAIIbHBIX HATPY30K.

Kefi Xrfj

)
P

Pri + Ppesi Prj + Ppsi

Puc. 6.1. DxBUBaJICHTHOE MPECTABICHIE YHEPrOYy3Jia

VY CIoBUS fananca MOugHOCHU UMEIOT BUJL
Y. P — X By + X 0f Pji 2 Pyyi + Ppesi (6.1)
r.f J J

e Pri - HMCKOMasi MOIIHOCTh JJICKTPOCTAHIMKM B y3Je THma F, paboraromeid Ha TommBe Buaa f,

pa3MeleHHoW B y3ie i; P; - MOIIHOCTb, TepelaBacMas U3 y3iaa | B y3e’d j; (p}; - K03 DHUIHEHT,
YUYHUTBIBAIOIIUIA MTOTEPU aKTHBHOW MOIIHOCTH B BO3IYILIHBIX JIMHHUSAX MEXIY y3namu i U ; P,; - Makcumym

Harpy3ku y3ia i; P,,,; - HOTpeOHOCTH y3i1a | B pe3epBHOI MOIIHOCTH.

p
Bropoe 6anancoBoe ycinoBue Ui KaxI0T0 y3Jia — 3TO Hananc IHepZuu:
S Py Tt = Xy + 20321 2 9 (62)
rf J J

rae T mpfi -~ TOAOBOC YHCIIO YaCOB HCIIONB30BAHMUS MaKCHMAaJTBHOM MOIIHOCTH 3JIEKTPOCTAHIIUH B Y3JI€ ] 91-j

) o .
1 O j; - MEXKY3JIOBBIC IOTOKH SHEPIUHU; @i - KOIDOULMCHT, yIUTHIBAIOLINI [IOTEPU SHEPIUHU TIPU TIepe/ade;

3, - rofioBasi HOTPEOHOCTD B AIEKTPOIHEPIHHU B y3II€ .
VYcnoBue GanaHca SHEPruM JIMHEHHO TOJBKO B TOM CIydae, KOIrZa PeXHM paboThl 3JIEKTPOCTAHLIUH
u3BecTeH. B mpoTuBHOM ciydae BennduHa T, SIBISCTCS HCH3BECTHOI NEPEMEHHOI, a ycioBHe OanaHca

SHEPruM — HenuHeWHo. 14 mepexona K JMHEWHOW MOCTAaHOBKE HMCKOMAasi MOIIHOCTb 3JIEKTPOCTAaHLIMNA
3a/1a€TCS B BUJE CYMMbI HECKOJIBKUX COCTaBJISIIOLIUX:

_p@ 2 ()
Prﬁ_P“ +Prﬁ +"'+Prﬁ ,

KaK/1asi U3 KOTOPBIX XapaKTEePU3yeTCsl 3a/JaHHBIM YHCIIOM YaCOB HCIOJIB30BaHMUSI TOJJOBOIO MAKCUMyMa:
_7@D 2 (n)
Toufi = ka +Tmr +...+Tmr :
B TakoMm cirydae roioBoi 6ajgaHC SHEPruH y3i1a | 3aMuIIeTcs: B BUIE
O, p@ (m) ) 5
— .. > >,
Z(Pri + P +"'+Pr.i 23y+2(py9ﬂ_9,.
r. J J
B pE3YIbTATE PCIICHHUA 3adadd OIITHUMaJIbHasA MOIIHOCTb Ka)I(ZIOf/II QJICKTPOCTAHIIUN OIPEACTIACTCA
CYMMHPOBAHUEM COCTABJISIOIUX P4

1 2 D1 2) (2
(P;ﬁ)+P;ﬁ)+...+P;;) wip = PR Ty + P T+t BT

OTKy1a
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O7r® , pA7@) (m) ()
P T P T+ P T

Tt =
Pr%) +Pr,(ﬁ?) + "'+Pr.(;)
HpI/I TITIOHUCKEC peH_IeHI/If/'I quTLIBaIOTCH TAKXKC TCXHUYCCKUC OrpaHI/I‘leHI/Iﬂ:
1) npenenpHOE YHCIIO YaCOB MCIIOIb30BAHUS MOIIHOCTH 3JIEKTPOCTAHIMI PA3HBIX TUIIOB;
2) npeaenbHas MOUIHOCTh M OTITYCK 3JIEKTPOIHEPTUH JIEKTPOCTAHIIMIA:

0
Py < P;,lpe

0
P Typfi < 9;”]1;’8

3) nmpenenbHas MPOMYCKHAsE CIIOCOOHOCTD CYIIECTBYIOUIMX M BHOBb BBOAMMBIX JIDIT Mexny y3namu i u
J TI0 MOIIIHOCTH ¥ DHEPTHU:

HOB cywy
Fyj+Pj —Bj ™ <Py

HO8 cywy
By +3ji =B Ty < BTy

rae PZ;’OG - MCKOMas BEJMYMHA MPOIMYCKHOW CITOCOOHOCTH BHOBL BBOJMMOM JIMHHH MEXAY y3JaMmu | | j;

C o
Piy “ - nmpomyckHas COCOGHOCTH CYIIECTBYIONINX JTHHHI MEXTy STHMH y3namu; T,

mij TrogoBOC 4YHCJIO

YaCcOB HUCIOJIB30BAHMS MTPOIYCKHOH CITIOCOOHOCTH;
4) nmpenenpHOE 3HAYEHUE YHEPropecypca

zPlﬁTmrﬁbrﬁ SBf,
S

rae b,; - yACHbHBI PACXOA TOILINBA f anexTpocTaHIMY TUMA I' B y3IIe | TPU YUCIIe YaCOB UCIIOIb30BaHUS €€
MOWHOCTH Ty 3 By - 3aJaHHOE 3HAYCHHIE OTPAHUYCHHOTO SHEPropecypcea;

5) pa3Mep KamuTaOBIIOKEHUH, BEIIETIEHHBIX HA BBOJI HOBBIX YHEPrOOOBEKTOB B SHEPTOCHUCTEME,
2 ki < Knpeos

Lr.f
rae k,; - yaesbHbIC KalMTaloOBIOKEHHS 110 EKTPOCTaHIMK I' Ha ToruiuBe f, pacnionokenHoi B ysie i.
B sHeprocucremax ¢ CyIIeCTBEHHOM HEPaBHOMEPHOCTHIO I'paMKOB HArpy3KH IOJIB3YIOTCA OoJjee
CIIOKHBIMH MOJEIISIMH, B KOTOPBIX YYHTBIBAIOTCS YCIIOBUS BKJIKOYEHHS HCTOYHHKOB C OTpaHHMYEHHBIMHU

3aracaMu 3HepropecypcoB B rpaduk Harpy3ku OOC M TEXHMYECKHUE OTPAaHUYCHHUS HA PEXKUMBI PabOThHI
ANEKTPOCTAHLUH.

4.3. JJabopaTopHble padoThI

Buo
3aHAmuUs 6
No Homep Haumenosanue nabopamophoii padomot Oobvem UHIMEPARTMUGHOU,
win pazoena (wac.) aKMusHo,
oucyunIuHbl UHHOBAUUOHHOU
¢opmax
(uac.)
1 4 Pacnipenenenne  akTMBHOM ~ MOIIHOCTH 2 )
' mexay TOC
Cumnuiekc-MeTon IS HAXOXKJICHUS 2
2 5. peLeHus 3a7a4u JUHEHHOTO -
IIPOTPaMMUPOBAHHUS
3 5 TpancnopTHas 3aJ1a4ya JIMHEWHOTO 1 i
IIPOTPaMMUPOBAHHUS
HUTOro 5 -
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4.4. llpakTH4yecKue 3aHATHSA

Buo
3anamus 6
Ao Homep Haumenosanue mem ) Obvem uumepatcmueyuoﬁ,
i pazoena NPAKMUYECKUX 3AHAMULL (wac.) aKmuenot,
OuUCHUNUID UHHOGAUUOHHOTUL
¢opmax
(uac.)
OnrtumanbHOE paclpeesieHHe aKTUBHOU -
1 4. MomHOCTH Mexay TOC rpaJlueHTHBIM 2
METOA0M
OnrtumanbHOE paclpeiesieHHe aKTUBHOM -
2 4, MoutHocT Mexay TOC merogom HeroToHa 2
BTOPOTO MOPsJIKA
3 5. JIuneitHoe mporpaMMHpOBaHUE 4 -
HUTOIo 8 -

4.5. KoHTpo1bHBbIEC MEPONIPUATHSA . KypcoBasi padora

Tema:  «OnTumMHU3anus pa3BUTHUS IIEKTPOIHEPTETUIECKUX CUCTEM

lens KypcoBod pabOTBI — NPUOOPETEHHE HABBIKOB HCIOJIB30BAHUS METOJIOB
MaTEeMaTHUYECKOTO MPOrpaMMHUPOBAHUS JJIsl PEIICHUs 3a/7ad BbIOOpAa CTPYKTYPhI F€HEPUPYIOIIUX
motHocTel D9C u BIOOpa ONTUMATHHON KOHPUTYPAIIMH SJICKTPHIECKOHN CETH.

[Ipy BBIOJIHEHWH KYpPCOBOM pabOThl MCHOJB3YeTCS CIElUaIbHOE IPOrPaMMHOE
obecrieueHre, MO3BOJIAIONICE pEIIaTh 3a7aud YIPaBICHUS PA3BUTHEM CJIOKHBIX TEXHHYECKHX
CUCTEM.

Pexomennyemerit o0bemM: [losicauTenbHas 3amucka oo0bemMoM 20-25 cTpaHuIl T0JDKHA CONEpKATh
TUTYJAbHBIA JIUCT, 3aJaHHE, OMHCAHHE BBIMOJHAEMBIX [EHCTBUI MO KaXIOMY pasieny u
MOJIyYEHHBIC PE3YIIbTATHI.

Brigaua 3aJaHusd, 3aluTa KP MIpOBOAUTCA B COOTBCTCTBHUU C KAJICHAAPHBIM y‘Ie6HHM Fpaq)I/IKOM.

Onenka Kpurepun onenkn KypcoBoii padoTsl

OTJIMYHO COOTBETCTBUE TPEOOBAHUSAM IO CTPYKTYPHOMY COJEP)KAaHUIO U 00beMy
paboThl; MPaBWJIBHOCTH BBIMOJTHEHUS 3aJaHUs, COMPOBOXKIAOIIETOCS
cxemMamu, Tabnuuamu, (GopMmyliaMH, CaMOCTOSTEIbLHOCTh BBINOJIHEHMS,
opopmieHre pabOTHl ;COOTBETCTBYET TpPEOOBAaHUSAM; TI'PaMOTHOCTD,
OTCYTCTBUE CTHJIMCTHUECKUX OIIMOOK; YBEPEHHOE BilaJIeHUEe MaTepHualioM
NP 3alInTe.

XOpOIIIO COOTBETCTBUE TPEOOBAHUSAM IO CTPYKTYPHOMY COJIEpPKAHUIO M 00BEeMY
paboThI; TMPaBWIBHOCTH BBIIOTHEHUS 3aJaHUS, COMPOBOXKIAOIIETOCS
cxemaMmu, Ta0nuiamu, (GopMyramu; CaMOCTOSTEIBHOCTh BBHITIOTHEHUS,
obopmiieHre pabOThI, HE TOJTHOCTBIO COOTBETCTBYET TpPEeOOBAaHUSIM,
TPaMOTHOCTh, OTCYTCTBUE CTHJIMCTUYECKUX OLIMOOK; XOpOIlee BiIaJeHUue
MaTepUaIOM IIPH 3aIUTe.

YIIOBJIETBOPUTEIHLHO HE TMOJIHOE COOTBETCTBUE TPEOOBAHUSAM 10 CTPYKTYPHOMY COJEPIKAHUIO U
00beMy paboTHI; HETOYHOCTh BBITIOJTHCHUS 3a/laHusl,
COMPOBOXKIAIONIETOCS CXeMaMu, TabnuiamMu, GopMyliaMu, MepexoaHBIMU
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XapaKTePUCTUKAMHU, YaCTHYHAs  CaMOCTOSTEIHHOCTh  BBIMIOIHEHUS;
opopmiieHre pabOThI, HE TOJTHOCTHIO COOTBETCTBYET TpPEOOBAHUSIM;
HAJIMYHE HEKOTOPBIX CTHJIUCTHYECKUX ONIMOOK; HE YBEPCHHOE BIIaJICHHE
MaTepUuaIoM IIPH 3alUTe.

HCYAOBJICTBOPUTCIILHO

HECOOTBETCTBHE TPEOOBAHUAM I10 CTPYKTYPHOMY COJECPIKAHUIO U 00BEMY
paboThl; HENPaBWJIBHOCTh BBINOJIHEHUS 33JaHUS, CONPOBOKIAIOIIETOCS
cxemMamu, Tabiuuamu, (GopMmylamMH, MEPEeXOJHBIMH XapaKTEPUCTHKAMH;
OTCYTCTBUE CaMOCTOSITEIbHOCTH BBIIOJIHEHUS; oopMieHne paboThl; HE
COOTBETCTBYET TpPEOOBaHMIM; OTCYTCTBHE BIIAJCHHUS MAaTEPUAIIOM IIPH
3alluTe.
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5. MATPAIIA COOTHECEHUS PA3JIEJIOB YYEFHOU JUCIHUAIIJIMHBI K ®OPMHUPYEMBIM B HUX
KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIUIIJINHBI

Komnemenyuu Komnemenyuu
N, naume ue Kon-eo OK IIK IIK 2 t wac Buo Ouenka
pazoenos oucyuni uacos 7 6 komn | P yueonbIx 3anamui pe3ynomamos
1 2 3 4 5 6 7 8 9
1. OnTuMu3anMoOHHbBIE 337241 16 + + + 3 5,33 JIk, CPC sk3ameH, KP
2.0cobeHHocTu pa3BUTHS 17 + + + 3 5,67 JIk, CPC sk3ameH, KP
COBPEMEHHBIX TEXHUYECKUX
CHUCTEM
3.KommiekcHbie 3a7a4u 18 + + + 3 6 JIk, CPC sk3amen, KP
000CHOBaHUS pa3BUTHUSA
CJI0’KHBIX TEXHHUYECKUX CUCTEM
4, MaremaTnueckoe 30 + + + 3 10 JIk, I13, JIP, CPC sk3ameH, KP
MOJICTTUPOBAHUE pa3BHUTHSA
TEXHHYECKUX CHUCTEM
B COBPEMEHHBIX YCIJIOBHSIX
5.MareMaTH4YeCKHe MOJCIH U 36 + + + 3 12 JIk, I13, JIP, CPC sk3ameH, KP
METOObI JIMHEITHOTO
IPOTPaMMHUPOBAHUS
6. OnTUMH3ALMOHHBIE MOJIEIN 18 + + + 3 6 JIk, CPC sk3amen, KP
JUIS  TUIAHUPOBAHHS  Pa3BHUTHUS
TEXHHYECKUX CUCTEM
6ce2o uacoe 135 45 45 45 3 45
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6. HNEPEYEHb VYYEBHO-METOIMYECKOI'O OBECHEYEHHUS  JJIA
CAMOCTOATEJBHOU PABOTHI OBYYAIOIIIUXCA 11O AUCHUIIJIMHE

1. Ilonos, B.b. OcHoBBI KOMMBIOTEPHBIX TexHosoruil: yueOHuk / B. b. Ilonos. - Mocksa:
®unance ¥ cratucTuka, 2002. - 704 c.

2. CripaBOYHUK IO MPOEKTHPOBAHUIO IIEKTPUUYECKHUX ceTeil: cripaBounoe muznanue / [lox pen.
J1. JI. ®aitbucosuua. - Mocksa: HL[ DHAC, 2006. - 320 c.

7. NEPEYEHDb OCHOBHOM ¥ JOHNOJHUTEJBHOW JHUTEPATYPBI,
HEOBXOJIUMOMU JJIsA OCBOEHUA JUCHUITJINHBI

Buo | Konuuecmeo
sansa- | 2Kk3emnnapoe | Obecneuen-

No Haumenoeanue uzoanusn
mus 6 HOCHb,
(I, JIP, | Oubnuomexe, | (IK3./ 4eJL.)
113, KTD) LT,
1 2 3 4 5
OcHoBHag JuTepatypa
1. Crpymensk, A.B. DnexTposHepreTudyeckue CHCTEMBI H JIx, 73 1

cetu: ydeOHoe mocobme / A.B. Crpymemsk. — bparck: | 13, JIP
bpl'Y, 2014. — 186 c.

2. Hrnatees, 1.B. MHOrOKpuTEpHaNbHbII aHAJIU3 BAPUAHTOB
pa3sMEIICHUsS SHEPreTUUYECKUX OOBEKTOB [DJICKTPOHHBIN
pecypc]: monorpadus / . B. Urnartees, B. A. Illakupos. -
Bbparck: bpl'V, 2011. - 145 c.- JIx, KP 1(2QP) 1
http://ecat.brstu.ru/catalog/Monorpadun/Uruarees%201.B
.MHuorokpurepuanbnbiii%20anann3%20Bapuanto%20pa3
MemeHns1%20suepreruueckux %2000pextoB.201 1.pdf

JlonoJiHMTEIbHAS JINTEpaTypa

3. Urnatses, N.B. Dnekrpuueckie cUCTEMBI U CeTH: yueOHoe JIx 142 1
mocobue / U.B. UrnareeB. — bparck: 'OY BIIO «bpl'Y»,
2008. 210 c.

4, AbpamoBa, E. KypcoBoe  mpoekTtupoBaHme 1O KP 1(QY) 1
AIIEKTPOCHAOKEHUIO  MPOMBIIIICHHBIX — MPEANPUITHN
yueOHOe Tmocobue / E.AOpamoBa ; MuHHCTEPCTBO
oOpasoBanuss W  Hayku Poccuiickoii ~ Dezaeparuu,
denepanbHoe rOCyJapCTBEHHOE Or0JKETHOE
o0pazoBareiabHOE yUpexaAeHUE BBICLIETO
po¢eCCUOHANTBHOTO o0pazoBaHus «OpeHOyprekuit
rOCYJapCTBeHHBIH yHUBepcuTeT». - OpenOypr : OI'Y,
2012. - 106 ¢c. ;

To xKe [OnEeKTpOHHBIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=25918
1 (02.03.2018).

5. KypOamnkuit, B.I'. MeTtogsl u MOAENd ONTUMHU3AIUU
pa3BUTHSL  JJEKTpOdHEpreruieckux cucrem: ydeOHoe | KPJIP.
nocobue / Kypbankuit B.I'., Pogmna C.U. — Bpatck: I3

BpI'TY, 2003 — 108 c.

87 1

6. Urnarses, n.B. IIpoekTupoBanue paiioHHON KP 112 1
JNEKTPUYECKON CeTH:  METOJIWYECKHEe  YKa3aHui K
BHIMTOJIHEHHIO KypcoBoro npoekta / U. B. HUrnatees, A. B.
Crpymensik. - bparck: bpl'Y, 2014. - 82 c.

7. UrnateeB, U1.B. Mogenu u MeToapl HACTPOHMKH CHUCTEM
perynupoBaHrs BO30YXXIEHHS TEeHepaTOpOB Ha OCHOBE
SKCIIEPUMEHTAITBHBIX JIaHHBIX [TekcT] : HaydHOe u3/1aHue / JIx 11 0,5
. B. Urnatses, 0. H. bynaros. - bparck : bpl'V, 2016. -
278 c.
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8. IEPEYEHb PECYPCOB MHWH®OPMAIIMOHHO - TE8. IHNEPEYEHb
PECYPCOB HH®OPMAIIMOHHO - TEJEKOMMYHUKAIIMOHHOH CETH
«AHTEPHET» HEOBXOJUMBLIX JJI$1 OCBOEHUA JUCHHUITJINHBI

1.OnexTpoHHbIN Katamor oudimoreku bpl'yY
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z21ID=.

2. DnexTponHas obubnmoreka bpl'Y http://ecat.brstu.ru/catalog .

3. DIIeKTpOHHO-OMOIMOTEeUHAs CUCTeMa «Y HUBEpCUTETCKasi Onbamoreka online»
http://biblioclub.ru .

4. DnekTpoHHO-OMOMMOTeUHas cuctema «M3narenberBo «Jlanby hitp://e.lanbook.com .

5. Madopmarnmonnas cucrema "EquHoe okHO JocTyna K 00pa3oBaTeIbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas oubnmuoreka eELIBRARY.RU http://elibrary.ru .

7. YuuBepcurerckas uapopmarmonnas cuctema POCCHUSA (YUC POCCHUA)
https://uisrussia.msu.ru/ .

8. HanmonanpHas 3ekTponHas oubmmorexka HOb http://xn--90ax2c.xn--plai/how-to-search /.

9. METOJAUYECKHUE YKA3AHUSI AJI51 OBYYAIOLIUXCSI IO OCBOEHMIO
JUCHUIINHBI

9.1. Meronnueckne yKa3aHMs Jsi O00y4YalOIIMXCSl IO BBINOJHEHHIO JIA00PATOPHBIX
padoT/MpaKkTHYeCKUM padoTam

JlaGopatopHas pabora Ne 1
Pacnpenesienne aktuBHo#i MomHocTH Mexkay TIOC

1.1. OcHOBHBIC MOHATUSHA

Onmumanonviti pesxcum II3C — pPEXUM, COOTBETCTBYIOIIUN MUHUMAIBHOMY YACIBHOMY
pacxoay TOIUIMBA Ha MOJE3HO OTIYIIEHHbIN | KBT 4.

Pacxoonas xapakxmepucmuxa — 4acoBOM pacxoj yCIOBHOI'O TOIUIMBA B BUJE 3aBUCUMOCTH B
= B(P;) (P, — MomHOCTb TeHepanum).

Xapaxmepucmuka OmHOCUMENbHBLIX NPUPOCHMOE — YaCTHAs IPOU3BOJHAS OT PacXOAHOMU
XapaKTEPUCTHUKHU.

Ilpunyun paeencmea OMHOCUMENbHBIX NPUPOCMOE — YCIOBUE ONTUMAIBHOCTU pPabOThI
ANEKTPOCTAHIIUH.
Omnocumenvuwiil npupocm nomepb MmowHocmu 6 cemu — 4YaCTHad IIpoOU3BOAHASA OT

CYMMApHBIX MMOTECPb MOIIHOCTH IO MOITHOCTH 3JICKTPOCTAHIIUU.

1.2. Pemenue 3agaum pacinpenejeHdsi aKTUBHON MOIIHOCTH 0e3 y4deTa W3MeHEHUs
NnoTephb B CETH

YcnoBue onTUMAIBHOCTH JJIS CTAaHIIUMH, pabOTaOMMX HA OJMHAKOBOM TOIJIMBE (OJMHAKOBOM
LIEHE 32 TOHHY YCIIOBHOI'O TOIUIMBA) COCTOMT B PABEHCTBE OTHOCHUTEJBHBIX MPUPOCTOB CTAHIIMMA.
Ecnu cumtath, 4TO CyMmapHble MOTepu MOIIHOCTU APy ¥ CyMMapHas MOIIHOCTh Harpy3Kd
MIOCTOSIHHBI, T.€. HE 3aBUCUT OT U3MEHEHHUSI MOILIIHOCTEH CTAHIINI, TO YCIOBHUE ONTUMAIBHOCTH:

& =m =idem (i=12...,n),
oP

ri
W=> P, -> P, AP =0.
i i

IIpumep
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Haiiti onTuManbeHy0 3arpy3Ky Ijs IByX napaiensHo padotaromux TOC. Cxema coaepKut
nBe cTaHuuu (y3ibl 1 ¥ 2) u ogHy Harpysky, puc.l .

BC-1 U Uy 3o2

TI-1 -2
(o o H©)
Pyt ity

Puc. 1. Cxema 99OC

Hcxoonvle dannvle: HOMUHATIBHOE HanpsbkeHue cetu 220 kB, Harpyska S, = Py, + jQ, = 100 +
j60 MB-A.
PacxonHble XapakTEpUCTUKN CTAHLINAN:

B,(P)=200+3P,+0,1P*+0,001333F’,
B,(P,) =200+ 4P, +0,075P +0,001P,.

Pewenue
HaiineM xapakTepUCTHKHA OTHOCHTEIBLHBIX IPUPOCTOB CTAHIIUM.

&,(P)=3+0,2P, +0,004P?,
&,(P,) =4+015P, +0,003P2.

VYcinoBue onTUMAaJILHOCTH:

&,(P) =¢,(P,),
W=PF+P,-P,-APR, =0.
NnIn

3+0,2P, +0,004P? = 4+0,15P, + 0,003P;.

P+P,—P —AP, =0.

I[J'I}I MMPOCTOTHI MTPUMEM IMOTEPHU MOIIHOCTH paBHBIMU HYJIIO, TOT 1d

P,=FK -F.

HOI[CTaBI/IM P2 B YpaBHCHHC PAaBCHCTBA OTHOCHUTCIBbHBIX NPUPOCTOB U IMOJYYHUM YPaBHCHHUEC C
OJHUM HECU3BCCTHBIM P1

3+0,2P, +0,004P2 = 4+ 0,15(P, — P) +0,003(P, — P)’.
[Tocne npuBeneHus MoJOOHBIX WIEHOB M mojacTtaHoBKH Py = 100 MBT, monyuum kBajapatHoe
yYpaBHEHHE:

P? +950P, —46000=0,
pemienne kotoporo naet P; = 46,177 MBT, nocne gero Haxoaum P, = 100 — 46,177 = 53,823 MBT.

1.3. Pemenue 3agaum pacnpegeeHdUsi AKTHBHOW MOIIHOCTHM C y4eTOM HM3MEHEHUs
NnoTepb B CeTH

HN3MeHeHne aKTHBHBIX MOITHOCT en CTaHHI/Iﬁ I AOCTHXKCHUA ONITUMAJIBHOI'O PEKHUMa BIIUACT
Ha TIOTepU B ceTU. Tak Kak MOTEPU 3aBHCAT OT MOIIHOCTEW CTaHIUH, TO TpeOyeTcs BBECTH
OaTaHCHPYIOMUI y3€J1, KOTOPBIM sBIsieTCs ofgHa U3 cranmuii 99C. YciIoBHe ONTUMAIBHOCTH IS
ATOTO CITy4Yasi 3alMChIBAETCS CIIEAYIONIUM 00pa3oM
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B, (P;)

g ok . . B
-0 = AR, =idem (i=12..,n-1),
P,
a iy1st 6aaHCUPYIOMICH CTAaHIIUU C HOMEPOM N:
aBn )
. 9Bn(R,) =idem,
oP.,

=Z ZP ~ AP, =0.

YcnoBue onTUMaNbHOCTH JUIsi  OallaHCHUPYIOIIEH CTaHIMM OTJIWYAeTCs OT YCIOBUHM
ONTUMAJIBHOCTU OCTaJbHBIX CTAHLMN, MOCKOJBKY II0JaraeM, 4YTO IOTEPU MOIIHOCTH 3aBUCHT
TOJIEKO OT MOIIIHOCTH BCEX CTAHIIMIA, KpOME OalaHCHUPYIOIICH.

IIpumep

Puc.2. Cxema 3amerenus DOC

PaccmoTpum ycnoBus mpeblayiero npuMepa, 100aBuB K HUM JIONIOJTHUTEIbHbIEe JaHHbIe: Ug
=220 xB, U, =242 kB. R; =2 Om, R, =5 Om, Q1 = 25 MgBap, Q, = 30 Mgap. Cxema 3aMenicHus
99C npuseneHa Ha puc. 3. banancupyroiieit Oyaem c4UTaTh BTOPYIO CTaHIIMIO.

[ToTepu akTUBHOM MOHIHOCTI/I B CETH OyJIeM ONPEACIISATh M0 BEIPAKEHUIO:

2 2
APZ:F)l +Q1 R1 +Q2R

2 2
U: U:
VciioBre ONTUMAIBHOCTH B HALIIEM PHMEPE:
2
8+ 0,2F1>1 +0004R" _ 4 | 015, +0,003P2.
— 0

P+P,—P —AP, =0. & c=%a

AHaJIUTHYECKOE PEIlIeHUE ITON CHUCTEMBl YPaBHEHHH 3aTPYAHUTEIHHO, MOITOMY €T0 JIydIle
PEIIUTH MPUOIMKEHHO TTOCIICIOBATEILHBIME MPUOIMKCHISIME K PEIIICHHTO.

Jns ayqmielt 3¢Q¢hEeKTUBHOCTH TMpoliecca PEIICHHs BBIOJHUM HYJIEBOE MNPUOMIKEHUE K
pEUIeHUIO CAEAYIOMMUM 00pa3oMm.

BHauane Haiifem pelieHue Kak B ciydae Oe3 ydeTa M3MEHEHHUs MOTepb B CETH, HO HE C
HYJIEBBIMH TIOTEPSIMH, KaK paHee, a OJy4YeHHBIMHU 10 TIOTOKAM MOIIHOCTH B CETH M3 TPEIBITYIIETO
pemenus: P; = 46,177 MBt u P, = 53,823 MBT.

[Toryunm APy, 3aTem HaiieM pacrpeieneHiue Harpy3Ku ¢ Y9eTOM 3THX IMOTePb:

3+0,2P, +0,004P* =4+0,15(P +AP. —P)+0,003(P + AP, —P)?

Jlasiee BBINOIHAIOTCS HECKOJIBKO UTEPALIUH, B K&XKJI0M U3 KOTOPBIX BBIYUCIISIOTCS:
1) oTHOCUTENbHAS BEIMYMHA IPUPOCTA TIOTEPH O,
2) MOIIHOCTb P1, myTeM perieHus ypaBHEHHs

3+0,2P, +0,004P?
l1-o
3) norepu momHOCTH APs;

=4+0,15(P + AP, — ) +0,003(P +AP, — P)>.
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4) MOIITHOCTH OaJTAaHCUPYIOIEH CTAaHITUU

P, =P +AP, —P.

[Tpouecc BBIYUCIIEHUN 3aKaHUMBAETCS, KOTJAa MOUIHOCTH CTaHLMHA MEPECTaHyT HU3MEHSTHCS
CKOJIb JIN0OO 3HAYUTENILHO, HATIPUMEp, Ha Benuuuny He Oonee 0,1 MBT.

Pemenue ¢ takoit morpemHocThio gaet: P; = 46,3 MBT, P, = 54,14 MBT u notepu APy =
0,442 MBT.

3aganue

Hatitn ontumaneHbiil pexkxum DOC, cxema KOTOpO# JaHa Ha puc. 3, 0€3 ydera U ¢ y4eTOM
W3MEHEHUS TOTEPb MOUTHOCTH B CETH.

Hcxonubie nanHble: HOMUHAIBHOE Hanpsbkenue cetu 220 kB,

Sy =P, +]JQ;=200+j110 MBA.

U; =220 kB, U; =242 xB. R; = 12,5 Om, R, = 9,81 Om, Q1 = 50 MBap, Q2 = 60 MBap.

PacxonHble XapakTEpUCTUKN CTAHLINAMN:

B,(P) =200+ 3P, + 0,1P? +0,001333?,
B,(P,) = 200+ 4P, + 0,095P7 +0,001P;.

OcHoBHast TuTepatypa
1. Crpymensk, A.B. DrnekrposHepreTHueckne CHUCTEMBl W CeTH: ydeOHoe mocobue / A.B.
Crpymensk. — bparck: bpI'VY, 2014. — 186 c.
JlononHuTenpHas IUTEPATYypa

1. KypGaukwuii, B.I'. MeTomsl ¥ MOIEIH ONTUMHU3ALUK PAa3BUTHS SJICKTPOIHEPTETUUCCKUX
cucrem: yaeoHoe niocobue / Kypbaukwuii B.I'., Pomuna C.1. — bpatck: bpI'TVY, 2003 — 108 c.

JladopaTopHasi padora No 2
CuMILIeKC-MeTO/ 1JIsl HAXOK/AeHHUs pellleHusI 3a1a4¥ JUHEHHOro MporpaMMHUpPOBaHUsI

2.1. OcHOBHBIC IOHATHSA

Onopnoe pewienue — pelieHNe, Jiexallee B 0JJHONW U3 BEPILIMH 007aCTH TOIMyCTUMBIX PEIIeHUIH
(OpP).

Cmanoapmuas gpopma 3anucu ypagHenui o2paHuyenuii — CACTeEMa ypaBHEHUH, pa3pelieHHast
OTHOCUTENIbHO O0a3MCHBIX TMEPEMEHHBIX € KOXPPUIMEHTAaMH NpPU MEPEMEHHBIX, B3ATBIMH C

00paTHBIMU 3HAKAMH OTHOCHUTEIBHO UCXOAHOM CUCTEMBI.
IIpumep. [141b ypaBHEeHUII OrpaHUUEHUN C YETHIPbMSI CBOOOIHBIMU IIEPEMEHHBIMU X1, X2, X3,
X4, Pa3peIIEeHHBIX OTHOCUTEIBHO MATH Oa3UCHBIX MEPEMEHHBIX Y1, Y2, Y3, Y4, Ys:

y,=b, - (0‘11)(1 T aX, +oXs + 0‘14)(4)’

y,=b, - <a21X1 T Ay Xy T Ay Xy + Ay Xy )

Ys=h, - (a31X1 T A5 X, + Qg3 Xs + 0y X, ),
Y, =b, - (0(41X1 T Xy + Ay + 0544X4),
Ys =hs — (0‘51)(1 T 5 X, + Qg5 Xs + 0554)(4)-

3necy —aij = [; (1= 1,...,5; ] = 1,...,4)).

Cmanoapmnas mabauya — Tabnuua, cocTaBieHHas U3 K03(QPHUIMEHTOB cTaHIapTHOM (HOpMBI
3anucu ypaBHeHMH orpanudeHuil. [lepBolii cTonber Tabauibl coCTaBiIeH U3 CBOOOAHBIX YJICHOB, a
OCTaJIbHBIE M3 KOA(P(GUIMEHTOB TpPH CBOOOJHBIX TepeMeHHBbIX. Jlna ymoOcTBa pacdyeToB B
CTaHJApTHYIO TaOJMIly A00aBISIOT CTPOKY KOI(PPUIMEHTOB Ui IeNeBOM (DYHKIMHM Takxke
BBIPOKEHHYIO B CTaHIapTHOH (opme:

L = co— ([aXg + DoXo + X + D4X4), (—Ci =0, i= 1,...,4).
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Ipumep. Jlis cTrangapTHOW CHCTEMBbl YpPaBHEHWM, TPUBEACHHOW BHINIE, C J00aBICHUEM
CTPOKH JUTSI KOO PHUIIMEHTOB 1eJIeBOM (DYHKIIMM CTaHJapTHAas TabIuIla UMEET BUJI:

CB00OOIHBIHI % % Ya X
YJICH
L Co Dl Dz D3 D4
Y1 bl DHH U DHH Duu
Y2 b, Opo | Ooo | Ogo | Ooo
Y3 b3 DHH U DHH Duu
Y4 b4 Opo | Ooo | Ogo | Ooo
YS b5 DHH (] DHH Duu

Takyto TabaHIly Ha3BIBAIOT CUMHIEKC-MADIUYEl.

2.2. AJITOPUTM CUMILJIEKC-METOAa

[Ipu Wcronb30BaHUM CUMILIEKC-METO/Ia 3ajavya JOJDKHA OBbITh IpHBEIEHA K CTaHIApTHON
(dopMe 3anucu ypaBHEHU OrpaHUYEeHUI U 11€JIEBOM (PYHKIIMM U COCTaBJIeHa CUMILJIEKC-Ta0auIa.

[Ipu pemieHny Ha KaXXAOM IIare BBHIMONHIETCS 3aMeHa OAHOW CBOOOAHOW MEpPEeMEHHON Ha
oJIHy 0a3HMCHYIO, IPU 3TOM KOI(PPUIIMEHTHI CUMILIEKC-TA0JIUIIbI IEPECUUTHIBAIOTCS B COOTBETCTBUU
C QITOPUTMOM TpeoOpa3oBaHUs KOX(PPHUIMEHTOB CHUMIUICKC-TAOIHMIBL. DTO Mpeodpa3oBaHHE
yI0OHO MPOW3BOJIUTH, BBIMIOJHAS BCE BCIIOMOTATENBbHBIE PAacyeThl TYT XKe, B TaOIHIe, JUIS 4Yero
BBIJICTISICTCS. HUKHSAS YACTh KAXKIOU STYCUKH.

Anroput™ npeoOpa3oBaHus Xj <> Yi CUMIUIEKC-Ta0IMIbl CBOJUTCS IIPH 3TOM K CIEIYIOLIUM
orepanusm.

1. Beigenuts B Tabiulle pa3pellaroldil 37eMeHT ajj. Beraucnnuts ero ooparHyro Benn4uHy [
=1/ ajj n 3anucaTh B HIDKHEH YaCTH TOH e SYCHKH (B IIPABOM HIDKHEM YTIIY).

2. Bce aneMeHTHl paspelarouei CTpoku (KpoMe caMoro ajj) yMHOMKHUTb Ha [l; pe3ynabraTt
3aMMcaTh B HUKHEN YaCTH TOM KE STYEHKHU.

3. Bce a1eMeHThI pa3peliaroiiero croadna (KpoMe caMoro ajj) yMHOXKHUTb Hall—[], pe3yabraT
3amucaTh B HUKHEH YacTH TOU Ke STYCHKH.

4. TlogyepkHyTh (WM BBIACIUTH MHBIM CHOCOOOM) B paspeliaroiieil CTpOKe BCE BEpPXHUE
yycia (MpeXHUE AJIEMEHThI), 32 MCKJIIOYEHHEM CaMOI0 pa3pellarollero 3JeMEHTa SYeWKH, a B
paspemiaroneM CcToy0Ie — BCe HIIKHUE 4YHUCla (HOBBIE AJIEMEHTHI), 32 HMCKIIOUYEHHEM CaMOro
pa3pearoero JIeMEHTa.

5. Jnsg Kaxaoro M3 3JIEMEHTOB, HE MPUHAUICKALIMX HU pPa3peliarolled CTpoke, HU K
paspemaroiieMy CToJ0Ily, 3aicaTh B HIKHIOIO YacTh SYEHKHU MPOU3BEICHHUE BBIICICHHBIX YHUCET,
CTOSAIIUX B TOM K€ CTOJIOIIE U B TOU e CTPOKE, YTO U JIaHHBIN JIEMEHT.

6. [lepenucatp Ta0nMILy, 3aMEHUB:

— Xj Ha Yj 1 0OpaTHo,

— DJIEMEHTHI Pa3pelIaoIe CTPOKU U CTOJIONA — YUCIIAMH, CTOSIIIIIMHU B HIDKHHX YacTSIX TeX
Ke sSTYeeK,

— KaXJIbIi U3 OCTAJIbHBIX 3JIEMEHTOB — CYMMOM YHCEJI, CTOSIIIIMX B BEPXHEH M HMXKHEH 4acTH
TOU K€ AYECUKH.

HaXO)K}IeHI/Ie OINITUMAJIBHOTO PCHICHUA 3aaadu JIMHEIHOTO mporpaMMHpOBaHUA CHUMIIICKC-
MCTOJOM pacragacTCsa Ha JIBa dTaria:

1) OrtbicKkaHHe ONTOPHOTO PEICHHUS.
2) OTbickaHWE ONTHMAJIBHOTO pEIICHHs, MPH KOTOPOM JHHeiHas ¢QyHkuus L wmeer
MUHHMAJIBHOE 3HAYEHUE.

Haxoorcoenue onoprozo pewenus
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o Ecnu Bce cBOOOAHBIE UIEHBI B CUMILJIEKC-TA0IUIE HEOTPULIATEIbHBI, 3TO 3HAYUT,
YTO ONOPHOE PELICHHE Y>KE MOJIYUEHO.

o Ecnu Het, TO cienyeT BBIMOJHATH IIAT 33 [IaroM aJIfOPUTM 3aMEHBI CBOOOHOM
NEpEeMEHHOI Ha 0a3HuCHYI0, ITOKa ONOPHOE pelIeHHe He OyIeT MOJy4YeHO, WU
yOeaurcss B TOM, YTO OIOPHOTO pemieHuss He cymiectByer. Jlns BeiObopa
3JIEMEHTOB, MOAJISKAIINX 3aMEHE:!

% HIIEM B CTPOKE C OTPHLATEIBHBIM CBOOOJHBIM YWICHOM OTPUIATENbHBIN 37eMeHT. Eciu
TAKOTrO0 JJIEMEHTAa HET, 3TO IpPHU3HAK TOro, YTO CHUCTEMa YPABHEHUIN OrpaHWYEeHUi
HECOBMeCTHMa C HepaBeHcTBamHu Xk > 0 (k= 1,...,n).

¢ NPEANOoJIOKUM, YTO OTPHUILATENbHBIM 3JIeMEHT ecTh. Toraa BblOMpaeM crojbel, B
KOTOpPOM OH HaXOJUTCSl B KAYECTBE Pa3pellarolIero.

¢ Jajee paccMaTpUBAIOTCS BCE 3JIEMEHThI JAHHOIO CTOJI0LA, UMEIONIME OJUHAKOBBIM 3HAK
CO CBOOOAHBIM WieHOM. M3 HHMX BBIOMpAeTCs B KAadyecTBE pPa3peIIaioliero TOT, IS
KOTOPOI'0 OTHOLIEHHE K HEMY CBOOOIHOTO WieHA MUHUMAJIBHO.

Omvickanue OnMuUManrbHO20 peulenus
. Ecnmu Bce cBoOOAHbIE uieHbl (HE cuMTas CTpPOKH L) B cummiekc-tadiuie
HEOTpHUIIATeNIbHBI, a B cTpoke L (He cuuTass cBOOOAHOTO ujeHA) HET HU OJHOIO
HOJIOKHUTEIBHOI'O 3JIEMEHTA, TO ONTUMAIBHOE PELIEHUE JOCTUTHYTO.
o Ecnu B ctpoke L ecTh MosI0)KUTENbHBINA AJIEMEHT, a B CTOJIOLE, COOTBETCTBYIOLIEM
€My, HET HHM OJIHOTO IIOJIO)KMTEJIBHOTO 3JIEMEHTa, TO JinHeWHas (yHkuus L He
OrpaHUYEHA CHU3Y U ONITUMAJIBHOTO PELICHUS HE CYLECTBYET.
o Ecin B 3TOM CcTONIOIE €CTh MOJOXKUTENIBHBIE AJIEMEHTHI, TO CIIEAYET MPOU3BECTU
3aMeHy OJHOW M3 CBOOOJHBIX NEPEMEHHBIX Ha OJHY M3 Oa3HCHBIX, NPHUYEM B
Ka4yeCcTBE pa3pelIAloOero B3STh TOT 3JEMEHT 3TOro CTojdua, i KOTOpPOro
OTHOIIIEHHE K HEMY COOTBETCTBYIOIIETO CBOOOTHOTO WieHAa MUHUMAIIBHO.
Ecnu B cronbue, copeprkalieM MoJIoKUTENIbHBIA 3JIEMEHT CTpOKHU L, He HaiiieTcst Hu 0JlHOro
MOJIOKHUTEIBHOTO JIEMEHTA, YTOOBI CIIEJIaTh €r0 pa3pemaroniuM, TO B 3TOM cirydae GpyHkius L He
OrpaHUY€HA CHU3Y U 33aJjaya JIMHEHHOT 0 MPOrpaMMHUPOBAHUS HE UMEET ONTUMAJIBHOTO PEILICHMS.

3ananue

PemmTe 3amady JMHEWHOrO MOPOrpaMMHPOBAHUS CHUMILIEKC-METOAOM ISl BapUaHTA,
BBIJAHHOI'O IIPENOAABATENIEM.
OcHoBHast TuTepatypa

1. Crpymensk, A.B. DrnekrposHepreTueckne CHUCTEMBI W CeTH: ydeOHoe mocobue / A.B.

Crpymensk. — bparck: bpl'Y, 2014. — 186 c.
JlononHuTENbHAS IUTEPATYypa
1. Kyp6amkwmii, B.I'. MeToapl W MOJENM ONTHMHU3AIMH PA3BUTHUS DJIEKTPOIHEPTETUUCCKUX
cucreM: yaebHoe nocooue / Kypoauxkuii B.I'., Poquna C.1. — bparck: bpI' TV, 2003 — 108 c.

JlaGopaTopHas padora Ne 3
TpancnopTHasi 3a1a4ya JUHEHHOr0 NPOrpaMMHpPOBaHUS

3.1 OcHOBHBIC MOHATHUSA

[TyHKTBI OTHpaBIE€HUS — IMYHKTB, B KOTOPBIX COCPEAOTOYEHBI 3amachl Kakoro-inoo
OJTHOPOJIHOT'O IPy3a.

ITyHKTBI Ha3HaYEHMSI — YHKTBHI, IOAABIINE 3aBKU Ha IOCTABKY Ipy3a.

IlepeBO3KM — KOJMYECTBO €AMHUIL I'PY3a, HAPABIISIEMBIX U3 IYHKTOB OTIPABJICHUS B IyHKTHI
Ha3HA4YCHMUS.

[1nan nepeBo30K — J1100ast COBOKYIHOCTH IEPEBO30K.

JlonmycTUMBIN TUIaH MEpeBO30K — IUIAH, YAOBJIETBOPSAIOUINI OalaHCOBBIM YCIOBHSAM: BCE
3a51BKM YZOBJIETBOPEHBI, BCE 3aI1aChl HCUEPIIAHBI.
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OnopHBI TUIaH MEPeBO30K — IUIaH, B KOTOPOM OTJIMYHBI OT HYJNs HE Oojee r Oa3uCHBIX
MIEPEBO30K, a OCTaJbHBIC MEPEBO3KH pPaBHBI HyMO (I = M + N — 1, M — KOJIMYECTBO MYHKTOB
OTIIpaBJICHHUS], N — KOJIMYECTBO MYHKTOB Ha3HAUEHUS).

OnTUMaNbHBIN TIaH MIEPEBO30K — IUJIaH, UMEIONUI HAMMEHBIIYI0 CTOMMOCTh BCEX MEPEBO30K
Cpeau BCeX JOMYCTHUMBbIX IJIAHOB.

TpancnoptHas Tabnuia — Tabnuia, B KOTOPOH B ONpPEICNCHHOM IMOPSIKE 3alucaHbl BCe
YCIIOBUS TPAHCIIOPTHOM 3a/1a4H.

3.2 ®opMyJIMPOBKA TPAHCIIOPTHOI 3a1a4u

Nmeercs m nyHkToB otnpasieHus: A, Ag, ..., Anm,
KaKoTo-JIM0O0 OJTHOPOJHOTO Tpy3a B KOJIMYECTBE aj, do, ..
MYHKTOB Ha3HaueHus: By, By, ..

rpysa.
[Tpenmnosnaraercs, 4To CyMMa BCeX 3asBOK PaBHA CyMME BCEX 3aI1aCOB:

Zai =ij .
i=1 j=1

M3BecTHa CTOMMOCTS Cjj NEPEBO3KM €MHULBI TOBApa OT KaXIOro IyHKTa OTHpaBieHUs A 0
Ka)KJI0T0 ITyHKTa Ha3Ha4yeHus Bj.

TpeOGyercs coCTaBUTh TakoW IUIaH TEPEBO30K, IMPU KOTOPOM BCE 3asABKU ObUIM ObI
BBINOJIHEHBI, M TIPHA ATOM 001I1asi CTOMMOCTB BCEX MEPEBO30K OblIa Obl MUHUMAIIBHA.

Haxoxnenue ONTUMAJIBHOTO peuieHus TPaAHCIIOPTHOM 3a1auu
IIPOrpaMMUPOBAHUS PACIIPEAEIUTEIIBHBIM METOJOM BBIITOIHAETCS B [1BA dTala:

CocraBiieHHe OOPHOTO IIJIaHa.

VYiydieHne noxy4eHHOTro TUIaHa, MUHUMH3HPYIONIETO TUHEeHHYI0 GyHKImio L.

Haxooicoenue onoprozco pewienus.

CocraBnsiercst TpaHCTIOpTHAS Ta0JIMIA.

Pacnipenensisi mepeBO3kM MO 3asiBKaM, COCTABJISIEM ONOPHBIA IUIaH. JlJie 3TOro MOKHO
UCIIOJIb30BaTh CIOCO0 «CEBEPO-3aaHOTO YIJIay.

Ompvickanue onmumanbHO20 peuleHus..

OnpenensitoTest HUKIbI A1 CBOOOAHBIX AYEEK, KOTOPbIE UMEIOT OTPULIATEIbHYIO LIEHY.

Ecnu Takux LUKIIOB HET, TO ONITUMAJIBHOE PEILIEHUE JOCTUTHYTO.

Ecnu uukiiel ¢ oTpuniaTebHON EHOM €CTh, TO OCYIIECTBIISETCS MEPEMEIICHUE MEPEBO30K IO
9TUM LUKJIaM. [Ipu 3TOM CTOMMOCTH IJIaHAa YMEHBIIACTCS.

B KOTOPBIX COCPEIOTOYCHBI 3arachl
., am exuaul. Kpome Toro, mMeercs N
., Bn, mOMaBIINX 3asiBKHM COOTBETCTBEHHO Ha by, by, ..., b, exunmi

JIMHEHHOTO

3ananue

PemuTh TpaHCHOpTHYIO 3a7jauy paclpeaeauTeNIbHbIM METOJOM, TPaHCIIOPTHAs TaOnuLa Jis
KOTOpOM 3a/laHa B CJIEYIOIIEM BUJE!

H
10 3amnacel
Bl Bz Bg B4 BS BG

A 6 101 139

A, 2 61 g0

As 4 81 100

Al S 61 140
EPp— 110 50 30 80 100 90 460

[Ipumeuyanne. B kierkax TaONMIbl B TIPaBOM BEPXHEM VYIUIy YKa3aHbl CTOMMOCTH

MEPCBO3KU CAMHUIBI I'Py3a.
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3ameuanne. [locme cocTaBieHHs OMOPHOTO IUIAHA MO METOJY CEBEpO-3amaJHOro yriia
nenesas GyHKUUsA J0JDKHA ObITh paBHa L = 1440.

OcHoBHast TuTeparypa
1. Crpymensk, A.B. DrnekrposHepreTHyeckre CHUCTEMBl W CeTH: ydeOHoe mocobue / A.B.
Crpymensik. — bparck: bpl'Y, 2014. — 186 c.
JlononHuTenpHas IMreparypa
1. KypOGauxkwuii, B.I'. MeTompl ¥ MOJAETH ONTUMHU3ALUKM PA3BUTHS 3JIEKTPOIHEPTETHUCCKUX
cucreM: yueOHoe nmocobue / Kypoarkuii B.I'., Poquna C.1. — bparck: bpI'TY, 2003 — 108 c.

IIpakTnyeckoe 3ansaTHe Ne 1
Onmumanvhnoe pacnpeoenenue akmueHou mouwynocmu mexncoy TIC zpadouenmuvim memooom

1.1. ITocTaHoBKa 3aga4n

Haiitn MuHEMYyM (QYHKIHH H3IEp)KEK Ha TOIUMBO M(Z) mpu ydere orpaHHUYeHHUil OaiaHca
mortrHocTr B D9C W(Z) = 0. Bektop Z sBisieTcst BEeKTOpoM mapaMerpoB pekuma I99C, a W —
BEKTOP-QYHKIIUS 0aTaHCOBBIX OTPaHUYCHUH.

['pagrieHTHBIN METO ONTUMHU3AIMU OCHOBAH Ha BBIYUCIICHUH TPAJANCHTA 1EIeBON (DYHKITUU U
MOLIArOBOTO JIBIKCHHSI B HANpPAaBICHUM yIAy4lIeHUs IieneBod ¢QyHKkuuu. [lpu HaxoXaeHUU
MUHUMYMa [1eIeBON (DYHKIIUH JIBYDKCHUE BEACTCS B HAIIPABJIICHUW aHTHTPAIUCHTA.

MeTo10M MPHUBEIEHHOTO IPATUCHTA HAa3bIBAETCS METOJ] ONTHMH3AINN, B KOTOPOM TPAIUCHT
OTIPE/ICIICTCS C IOMOIIBI0 TECOPHH HESIBHBIX (YHKIUMH, TpPH pa3leiICHHH IEPEMEHHBIX Ha
3aBUCUMBIE B He3aBucuMbie Z = (X,Y).

PaccMoTpuM mpumep pacnpeneNieHuss aKTUBHOW MOITHOCTH MEXAY CTaHIUSIMH METOJIOM
NPUBEJCHHOTO TPAJIMEHTa, B KOTOPOM YPaBHEHHUS OTPAaHUYCHUN YYUTHIBAIOTCS B CAMOM IPOCTOM
BUJIC — ypaBHEHUs OajlaHCa aKTHBHOW MOIIHOCTH IO CHCTEME B IIEJIOM 03 ydeTa oTeph MOITHOCTH
B CCTH.

1.2. Pemienue 3aaauM pacnpejaeieHdsi aKTUBHOH MOIIHOCTH 0e3 ydera M3MeHEHHs
norephb B ceTH

[TpenebOperas nmoTepsiMH, HaliieM ONTUMAJIBHYIO 3arpy3Ky 110 aKTHUBHOM MOIIHOCTH CTaHIMH
JUISL CXEMBI Ha puc. 4 METOIOM TPHUBEACHHOTO rpaguenTa. CxeMa Colep>KUT TpU CTaHUIUU (y3Jbl 1,
2 u 3). Harpyska cocpenorouena B y3ie 2. P, = 200 MBt. XapakTepucTUKH OTHOCHTEIbHBIX
IPUPOCTOB JJIs ITUX CTaHIMM 3a1aHbl, pyo/kBT u:

g, =3+0,2P, +0,004P,
g, =2+0,4P, +0,002P;,
g, =4+0,15P, +0,003P;.
1 2 3

P = vy P

1 [ ~_ 2 [ ~_ H

Puc. 1. Cxema D0C
Pewenue
3anuiem ypaBHeHHE OanaHca MOITHOCTU B CUCTEME:

W=PF+PF,+P,—-P, =0.

PaznenuMm Bce mepeMeHHBbIE TaHHOM 3a/laud Ha BEKTOp Y HE3aBUCHUMBIX NMEPEMEHHBIX M Ha
BeKTOp X 3aBUCHUMBIX. [loCKONBKY cHucTeMa ypaBHEHHM yCTaHOBHBILETOCS PEXHMMa COCTOUT M3
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OJIHOTO ypaBHEHHS, TO B BekTope X Oyzaer Bcero ogna kommonenta X = (P2), a Bektop Y = (P, P3)
(MOKHO MPHUHATH U JIIO0YIO APYT'yI0 KOMOMHAIIHIO).

1) 3amaem ucxoanoe npudmmkenne Y = (P, P3):

Pj_ =50 MBT; P3 =50 MBT.

2) Beruucnsiem P, = Py — P; — P3 =200 — 50 — 50 = 100 MBT.

3) Beruncisiem rpaiu€HT B UCXOAHOM TOYKE:

oM _om| oM oX
oY oY, X oy

rac
ot ol oH o

= , :(81’83)’ =&y,
oY |, oF, P, oX

a U3 ypaBHEHHs OajlaHCa MOIITHOCTH

X :£6P2 | 5P2]=(—1, 1)

oY (oP’ oP,
Takum oOpazom,
ou oM . ou o

=g, —¢&,.

&Y, oP oY, 0P,

OTHOCHUTENLHBIE MMPUPOCTHI IIPU TCKYIIHUX MOIIHOCTAX CTaHHI/Iﬁ PaBHBI:

£, =23 PYo . . o PYO . g PYO
MBT -4’ MBT 4’ MBrT 4’
Bekrop-rpagueur grad(#) pasen
on) (o
oY, | |oP| (&—&) (-39
oan=| 5 |- 55 |-(2: ()
oY, oP,

Mepoit cxoIuMOCTH Tpoliecca pelIeHUs BbIOEpEM BEIUMYMHY KBajpaTa HOPMBI BEKTOpa-
rpanrenTa (CyMMa KBaJpaToB IEMEHTOB BeKTop-rpanenTa) A> = 3370.

4) BriObupaem npoOHbii mar t = 0,5 (IpOM3BOJILHO) M ONpEJeNsieM HOBble 3HAYECHUS
MIEPEMEHHBIX

P, =P —t-grad(#), =50-0,5-(-39) = 69,5 MBr;
P,=PR,—t-grad(#), =50-0,5-(—43) =715 MBrT;

P, =Py,—P1—P3=200-69,5—-71,5=59 MBr.
WM COOTBETCTBYIOT OTHOCUTENIbHBIE PUPOCTHI:

36,001 P0 o _3pg50 PO . . 30060 PO
MBT -4 MBT -4 MBT -4
BeKTOp'FpaI[I/ICHT " Cro HOpMa:
3,659 ,
grad(i1)=| " ") A=4432, A7=19,64

bynemM nmnpomomkare IpoOLIECC BBIYMCIEHUN, [BHUrasChb B  HANPABICHUHU TEKYILErO
AHTUTPAJMEHTA JI0 TeX IOp, MOKa KBaJpaT HOPMbI BeKTopa-TpaaueHnTta He 0ynet menbuie 0,1. Tlpu
HTOM OTHOCHUTEIbHBIE IPHUPOCTHI JOJKHBI OBITH paBHBI MEXKIY COOOM.

Bynem noBTopsATh MYHKT 4, IOKA HE BBINOJIHUTCS 3aJaHHOE YCIIOBUE.

[Ilar B HampaBieHUU BUXKEHUS OyJneM BbIOMpaTh U3 YCIOBHUS MHUHMMYMa KBaJpaTa HOPMBI

BCKTOpa TIpaauCHTa, 3aBUCUMOCTb KOTOPOro oOT t 6y,Z[CM CUUTAaTh Hapa6on1/1quK017I. I[.HH
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MHTEPIIONSIIINY TaKOH 3aBUCUMOCTH TpeOyeTcs Tpu Touku. OHa U3 HUX BCErJa ecTh — 3TO KBaJpar
HOpPMBI, BBIYMCIEHHBIH B KOHIE npeasiaymiero mara (t = 0). J[Be apyrue MOXHO B3STh AJIs
Mpou3BOJIBHBIX 3HaueHWW t. J[ms mpocroTel BeiOepeM Touku t = 0,5 uw t = 1. O6o3HAUMM
MHTEPIIOIMPYIOLIYIO KpUBYIO Y = Ag + Agt + Aqt®. MuHMMYM 3TOH TapaboIibl COOTBETCTBYET TOUKE:

t=— A .
2A,
Koaddurmumentsr A; 1 Ay 17151 BRIOpaHHBIX Y3JI0B HHTEPHOJIALMH HAXOASITCS 110 (hopmyiaMm:

Ai :_3y1 +4y2 — Vs,
A, =2(y,—2y, +Ys),

rae Y1 coorBeTcTBYeT t = 0, T.€. 11 qaHHOM utepanuu Y1 = 19,64; y, coorBercTByeT t = 0,5 Y,
=8,27uyzTouke t = 1y3 = 3,188.

Jns monmydeHHbIX 3HaueHud umeeM A; =29,025; A, = 12,116 mt = 1,154,

KBazpatr HOpMbI BEKTOpa IpaJlieHTa yMeHblIaeTcs 10 2,851.

Bce pe3ynbpTaThl HOCISAYIONUMX UTEPALMIA CBEJCHBI B TAOJIHUILY.

Urepanus t P, P, P3 =3 £ €3 A?

HauansHoe B 50 100 £ ’3 6 1o 2370
MPUOJIKEHUE
EE?6HHH 05 | 695 | 59 | 71,5 |36,22 32,56 | 30,06 | 19,64

Bropoit mar | 1,154 | 65,28 | 60,34 | 74,39 | 33,1 | 31,76 | 33,42 | 2,851

Tperunit mar | 0,577 | 65,46 | 59,2 | 75,34 | 33,23 | 32,33 | 32,69 | 0,423

eI |1 154 | 64,83 | 59,41 | 75,76 | 32,79 | 32,58 | 32,83 | 0,062

Ilocie yeTBepTOro 1MI1ara UTEpaMOHHBINA IIPOLIECC MOYKHO 3aKOHUYUTH, TAK KaK KBAJPAaT HOPMBI
IIPAKTUYECKU CBECH 10 HYJISA U 3HAYEHUS OTHOCUTEIIBHBIX IIPUPOCTOB CTANIA PABHBI APYT APYTY.

3ananue

Haiitn omrumanbHOE pacmpesielieHne aKTUBHBIX MOIIHOCTEH TeHepaluy MEKIY YEThIPhMS
TOC nmo mMeroay MpUBEIESHHOTO TpaJueHTa Ui MpuMepa Ha puc. 5 (6e3 yyeTa U3MEHEHHUS MOTeph
MOIIIHOCTH B CETH).

P,

1 I:’2 Ps
Puc. 2. Cxema DOC nns 3amanus

Harpyska cocpenorouena B y3ne 4. Py = 300 MBt. XapakTepucTUKH OTHOCHUTEIBHBIX
TNPUPOCTOB JJIs 3TUX CTAHIIMHU 3a7aHbl B Buje GyHkiwmii B Hotaruu Mathcad, pyo/kBT u:
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e1(P1) =3+ .2 Py + 410 °. py°

e2(P2) =2+ 0.4- P2 + 0.002 p,2

e3(P3) =4+ 03-P3+3-10 3. pg?

— 3 2
e4(Pg) =5+ 0.3-Pg+2-10 ~- Py
Jns ynobcTBa MpOBEPKH PacueTOB PEKOMEHAYETCS B KAaueCTBE HAYaJIbHBIX MPUOIMKEHUH B3ATh
MOIIIHOCTH:
P, := 80, P; := 80, P4 =80, P, :=60.
3/1ech 3aBUCUMOM MepeMeHHOM siBisieTcs Po.

OcHOBHas nuTeparypa
1. Crpymemsix, A.B. DnexTposHEpreTHYecKne CHCTEMBI M ceTh: ydeOHoe mocobme / A.B.
Crpymensk. — bparck: bpI'VY, 2014. — 186 c.
JlononHuTenpHas ureparypa
1. KypOamkuii, B.I'. MeTogsl W Momenw ONTHUMH3AIHWUA PA3BUTHS DIEKTPOIHEPTETUUECKUX
cucreM: yaeoHoe nocooue / Kypoauxkuii B.I'., Pogquna C.1. — bparck: bpI'TY, 2003 — 108 c.

IIpakTnuyeckoe 3ausaTue Ne 2
OnTumajbHOe pacnpeiesieHue akTUBHON MomHocTH Mexkay TIC meronom HboToHa
BTOPOT0 MOPSIAKA

2.1. [locTanoBKa 3aga4u

Haiitn MunuMyM QyHKIMH H3aepkek Ha TOUBO M(Z) npu ydere orpaHuMveHui OanaHca
mortiaoctd B DDC W(Z) = 0. Bektop Z sBiseTcst BeKTOpoM mapamerpoB pexkuma D9C, a W —
BEKTOP-(DyHKIIMS OalaHCOBBIX OrPaHUYECHUH.

Meton HproToHa BTOpOro mopsiika OCHOBAaH Ha KBaJpPaTHUYHOM aNIpOKCHMAllMU LIEJIEBOU
(GYHKIIMM U BBIUYMCICHUM SKCTpEeMyMa MapadoJou]ibl, KOTopasi B OOJIbLIEH CTENEeHU MpUOIMKAET
npouecc K Touke pemeHus. Ha kaxmoil uTepanuu BBIUMCIMTEIBHOTO IIPOLIECCA BBIIOIHAETCS
ouepe/Has AallpOKCHUMAallUsg M pEHIeHHEe HaxOOUTCS IyTeM pEIIeHUs CHUCTEMbl JIMHEHHBIX
YpaBHEHM, B KOTOpPOW TMpaBble YAaCTH SBISAIOTCS T'PAJUEHTOM IeJIeBOM (yHKIMH, a MaTpulel
koa(¢umeHToB — marpuna [ ecce.

I'panuent u matpur I'ecce MOryT OBbITH MOJIyYEHBI C TIOMOIIBIO TEOPUU HESIBHBIX (DYHKIIMH,
NP pa3/ieliecHUuH IePEeMEHHbBIX Ha 3aBUCHMBIC U He3aBucumbie Z = (X,Y).

HAy = —grad(Z7(X,Y)),
rie H — marpuna I'ecce (MaTpuma BTOpBIX TNMPOM3BOAHBIX LiedeBOM (yHKIUM); X — BEKTOp

3aBUCHMBIX NEPEMEHHBIX; Y — BEKTOP HE3aBUCHUMBIX IEPEMEHHBIX; AY — HEBSA3KU K HE3aBUCHUMBIM
IIEPEMEHHBIM.

2.2. PemieHue 3aga4yu pacnpejesieHHsl AaKTHUBHOW MOIIHOCTH 0e3 y4deTa HM3MeHEHUs
NnoTepb B CeTH

[IpeneOperast moTepsiMu, HalJIeM ONTUMAIbHYIO 3arpy3Ky MO aKTHBHOW MOIIHOCTH CTaHIUI
JUIs cxeMbl Ha puc. 6 metonoM HeroToHa BTOporo nopsjaka. Cxema COIEpKHUT TPH CTAHIUH (Y3J1bI
1, 2 u 3). Harpy3ka cocpenorodena B y3ie 2. Py = 200 MBT. XapakTepuCTUKH OTHOCUTENIBHBIX
IOPUPOCTOB IS 3TUX CTAHLMHN 3a7aHbl, pyO/KBT u:
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g, =3+0,2P, +0,004P?,
e, =2+0,4P, +0,002P;,
e, =4+0,15P, +0,003P>.

1 2 3

SO LLITC

Puc. 1. Cxema 99OC

Pewenue
3anuiem ypaBHEHHE OaaHca MOITHOCTH B CUCTEME:

W=F+P,+P,-P, =0.

Paznenum Bce mepeMeHHBbIC TaHHOHM 3a7aud Ha BEKTOp Y HE3aBUCHUMBIX TIEPEMEHHBIX M Ha
BeKTOp X 3aBUCUMBIX. [IOCKONBKY cHCTeMa YpaBHEHHH yCTaHOBHUBIIETOCS PEKHMMa COCTOUT W3
OJTHOTO YpaBHEHHs, TO B BekTope X Oyzaet Bcero ogxa kommnonenta X = (P;), a Bektop Y = (Py, P3)
(MOXHO IPUHSATH U JIFOOYIO IPYTyI0 KOMOUHAIIUIO).

1) Bamaem ucxoaroe npudamwkenue Y = (Py, P3):

P; =50 MBT; P; =50 MBT.

2) Beruucnsiem P, = Py — P; — P3 =200 — 50 — 50 = 100 MBT.

3) Beruncisiem BEKTOp-TPaAMEHT B 3aJJaHHON TOUKE:

OM _oH|  oH oX
oY aY|, X oY’

rae
ou| (oH ou o
= ’ :(1’ 3)1 ~ S
oY|, | oP,’ oP, oX
a U3 ypaBHEHHs OalaHCa MOIIHOCTH
oX _ oP, ’ oP, _ (_ 1, _1)_
oY oP,  oP,
Takum oOpazom,
on ou . on onu
—:—:81—82, —:—:83_82-
oY, B oY, OF,
Bekrop-rpanuent grad(#) paBen
o) (ot
_| oY |_|OR |_[& &
red(1) = on B on - (83 - 82}
oY, oP,

4) Beraucnsiem anemMeHTsI MaTpullbl ['ecce H.

5) PemaemM cucreMy JMHEHHBIX YpaBHEHUH OTHOCHUTEIBHO HEBS30K MO HE3aBUCHUMbBIM
IIEPEMEHHBIM AY.

6) Haxonnm HOBBIE 3HAUYECHUSI HCKOMBIX TTepeMeHHbIX P1, P3

P1: P1+AY1;
P, =P, +Ay,;
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" 3aTEM P2 = PH — P1 — P3.

7) Ecnu nonydeHHbIE 3HAUEHHWE YIOBJIETBOPSIIOT 33JaHHOM TOYHOCTH pacuera, TO IMpolecc
3aKaHYMBAETCS, B MPOTUBHOM CJIy4ae pacyeT MOBTOpSETCS, HauuHas ¢ m.3. Mepoil CXOAMMOCTH
npoliecca peleHus] MOKHO TaK)Ke BHIOpATh BETMUMHY KBaJ[paTa HOPMbI BEKTOpa-TpaueHTa A%,

3aganue

HaiiTn onTtumMasibHOE pacnpeiesieHue aKTUBHBIX MOIIHOCTEW reHepanuu mexay tpems TOC
no merony HeroToHa BTOporo mopsiaka Juisi mpumepa Ha puc. 6 (6e3 ydyera M3MEHEHHsS NOTEphb
MOIIHOCTHU B ceTH). J1Jis 3TOro:

1) BeiBect GopMyabl IS TONYYEHHUS 3JCMEHTOB MATPHUIBI BTOPBIX IPOU3BOJHBIX,
OCHOBBIBAsICh Ha CIOCOOE TMOJY4YEeHHUsS MPOU3BOJHBIX OT HESIBHBIX (YHKIHMH (cM 1. 3
aJIrOpUTMa pacyera i rpaJucHTa).

2) Tak, eciu

o
P, | (&(P)—e,(P)
grad(#(X,Y)) = G_P} :[8:(}%)_822(;2) , TO KaK BBIYUCIIUTD
OP,
o’ o°H
oP?  OPOP
HU(X,Y)=| Gt 91

oP,0P, 8P32
3) Perenue cucteMbl ypaBHEHH# (1. 5 alropuTMa)
HAy = —grad(#7(X,Y)),
MO>KHO CJIEJIaTh IO COOTHOIICHHUIO:

Ay, 1( H, —Hy, ) grad,

Ay, A\-H, H; Jgrad,

4)  PacueT BBINOJHUTH C TOYHOCTBIO 110 KBajpaTy HOpMbI rpaauenta 0,001.

OcHoBHast TuTepaTypa
1. Crpymensk, A.B. DnekTposHepreTHyeckne CUCTEMbI W CeTH: ydeOHoe mocobue / A.B.
Crpymensk. — bparck: bpl'Y, 2014. — 186 c.
JlononHuTENbHAS IUTEPATYypa
1. KypOamxkuii, B.I'. MeTonsl W Monenw ONTHUMM3AIMK PAa3BUTHS DIEKTPOIHEPTETUUECKUX
cucreM: yaebnoe nocooue / Kypoauxkuii B.I'., Poquna C.11. — bparck: bpI' TV, 2003 — 108 c.

IIpakTnyeckoe 3ansitue Ne 3
JInHeiiHOe mporpaMMHpoBaHHe

3.1. ®opMBbI MOI€eJTH 32/1a4 1 JTUHEIHHOT0 MPOrPaAaMMHIPOBAHUSA

Mopnens 3a7aud  JUHEMHOrO MPOrpPaMMHUPOBAHMSI MOXET OBbITh 3aJaHbl B OJHOM U3
clenyrmux Gopm:

Kanonnyeckas ‘ CranpaprHas ’ OOmas
1. OrpanuyeHus
YpaBHeHuUs HepaseHctsa VYpaBHEHMs M HEpPAaBEHCTBA
<
n n n
Zaikxk :bi Zaikxk Sb. Zaikxk = bi
k=1 k=1 k=1 S
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(i=1,...m) \ (i=1,...m) \ (i=1,...m)

2. YCIOBUE HEOTPHUIATEIbHOCTHU

Bce nepemenssie Bce nepeMeHHbIe YacTb NepeMEeHHBIX
Xx>0(k=1,...,n) Xx>0(k=1,...,n) Xx>0(k=1,...,,5<n)
n
3. Hens 3amauun L= ZCka
k=1
max L \ max L um min L \ max L mm min L

3.2 OcHOBHBIC IOHATHSA

L — ueneBas ¢pyHKums (PyHKIUS LETH).

Martpuueit cucteMbl JUHEHHBIX YpaBHEHMM Ha3bIBaeTCsl TaOJMlla, COCTaBJICHHAs U3
ko3 dunuentos ai (= 1,...,m; k=1,....,n) npu Xy, X1,..., Xn.

PacmmpenHnoit MaTtpuileli CHUCTEMbl JIMHEWMHBIX YpPAaBHEHUW HA3bIBACTCA Ta K€ MaTpHIIa,
JIOIIOJIHEHHASI CTOJIOIOM CBOOOIHBIX YiIeHOB Dy, b, . .., Dy,

I — paHr MaTpuibl — HAUOOJBUINKI MOPSAOK OTIMYHOIO OT HYJNS ONpeNeiuTeNsi, KOTOPbIH
MO>KHO TOJYYHUTh, BRIYEPKUBAs U3 MATPUIIHI KAKHE-TO CTPOKHU M KAKUE-TO CTOJIOIIBI.

Ecnu cucrema ypaBHEeHUN-OrpaHUYEHUH 3a/1a4ll TUHEHHOTO MPOrpaMMUPOBaHUs COBMECTHA,
TO MaTpHIAa CHCTEMBI U €€ pacIIMpEeHHAs MATPUIA UMCIOT OJMH U TOT e PaHT.

DTOT OOWIMIA paHT I' Ha3bIBAETCS PAHTOM CHCTEMBI; OH MPEJICTaBIsIeT COOOM HE UTO MHOE, KaK
YUCTIO TUHEUHO He3A8UCUMbIX YPAGHEHUL CPENN HATOKEHHBIX OIPaHUYECHUH.

Yucno c60600HbIx (HE3aBUCUMBIX) MEPEMEHHBIX PaBHO N — I; OCTalbHbIE I' MEPEeMEHHBIX
Ha3bIBAIOTCS OA3UCHBIMU.

3.3 I'paduyeckoe pemeHne 3a1a4u JUHEHHOTO MPOrPaMMHUPOBAHUS
['padmyecku MOTYT pemaThCesi:

° 3aJauu, 3aJJaHHbIE B KAHOHUYECKOH (hopMe ¢ unciioM CBOOOIHBIX MEPEMEHHBIX N
—-r<2;

° 3alauM, 3aJlaHHbIE B CTaHAApTHOW Qopme, coaepxaimue He Ooyiee IBYX
NEepEMEHHBIX;

L 3aJa4uu 0611_[61"0 BHA4d, KOTOPLIC ITOCJIC ITPUBCACHUA K KAaHOHUYECKOH (1)OpMe 6yILYT

cojiepKaTh He 0ojiee ABYX NMEePEMEHHBIX.
Pemenne 3agaun BBHIMOJHSETCS B JBa 3Tala: MOCTPOCHHE OOJACTH JOMYCTUMBIX pEIIECHUI
(O1P) u HaxoxAeHue B 3TON 00JIACTH ONTUMAIBHOTO PELICHHUS.
ITpu noctpoernu O/IP MoKeT BCTPETUTHCS OJUH U3 CIECAYIOIUX CIy4YaeB:

L4 mycrad O6J'IaCTI>;
° BBIHYKJ'IHﬁ MHOT'OYT'OJIbHUK;
L4 HCEOTpaHNYCHHAA BBIITYKJIAd MHOT'OYT'OJIbHaA 00J1aCTb.

B nepBom ciydae 3aaua He UMEET pelIeHHs U3-3a HECOBMECTHOCTH CUCTEMbI OTpaHMUYCHHN B
O/IP; Bo BTOpOM ciy4ae 3ajada BCErjJa MMEET ONTHMAJIbHOE pPEIIeHHe, B TPEThEM CiIydae, B
3aBHCUMOCTH OT HampasieHHs BekTopa C (oT koddduuuentoB GpyHkiuu L), 3a1aua MoxKeT UMETh
WIM He UMeTh pewieHus. [locnennee cBA3aHO ¢ HEOrpaHWYEHHBIM Bo3pacTaHUeM (Lmax — o0) mim
yObiBaHueM (Lmin — —0) pynkuuu L B O/IP.

3agaga MOXET MMETh €AMHCTBEHHOE ONTHUMAJIbHOE DEIICHHE, COBIAJAIONIee C OMHOW W3
BEPILIMH 00J1aCTH, U OECUHCICHHOE MHOXKECTBO pEIleHHH (albTepHAaTUBHBINA onTUMyM). B cimyuae
QIBTEPHATUBHOTO ONTUMYMa M OTPaHUYECHHOW 00JAaCTH ONTUMAIbHBIE PEUICHHUS COOTBETCTBYIOT
BCEM TOUKaM OTPE3Ka, COSMHSIONIETO JIBE BepIINHBI 001acTu. B ciydyae HeorpaHuueHHON 06IacTu
MOJKET OKa3aThCs, YTO CPEId MHOXECTBAa ONTHMAIIBHBIX PEHICHUH TOJBKO OJHO COBIAIAET C
BEPILIMHON 00JIaCTH.

3.4 Ilpumep rpaduyecKkoro pemeHust 3a1a49u JUHEHHOro MPOrpaMMHUPOBAHUS
PaccmoTpum 3amady, 3anucaHHyr0 B KAHOHUYECKOU (hopme.
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Haiitn MUHUMYM JTUHEHHON QYHKIIUHM CEMH MIEPEMEHHBIX
L = X1 —Xo + 2X3 — X4 — 3X5 + Xg — 2X7.
YpaBHEHUS OTpaHUYCHHUIA:

x>0(K=1,...7)

X, — X, + X, =4,

2X, — X, = X3 — X, =5,
X + X, = X =4,

X, + X5 =9,

2X, —2X, — Xg +2X, = 1.

Pemenne. BriOepeM B kauecTBe CBOOOJHBIX MEPEMECHHBIX, HANPUMEP, X1 M X2 M BBIPa3uM
yepe3 HUX ocTalbHbIe (0a3MCHBIC) IEPEMEHHBIC: X3, X4, X5, X6, X7. VI3 IEpBOr0 ypaBHEHUS UMEEM:

N3 tpethero

N3 yeTBepToro

X, ==X +X, +4.
Xs =X +X, +4.
Xs =—X, + 5.

IToxacraBmss X3 BO BTOPO€ YPAaBHCHHUEC U Xg — B IIOCICOHEC U pa3peiias OTHOCUTCIBHO X4, X7,

HUMECM:

X, = 3%, —2X, +1,

1
x7:—x1+5x2+6.

OJIP mosy4yaercsi HOCTPOCHUEM TMPSIMBIX, OTPAHUYUBAIONIMX 00JacTh, B KOTOPOit Xk > 0 (K =

1,....7).

[MoacraBmnss monydeHHbie BeipakeHust it Xk (K= 3,...,7) B 1iesieByr0 PYHKIIUIO, HMEEM:

OcHoBHas npsiMas L’ otinuaercst ot L oTcyTcTBHEM CBOOOAHOrO 4jieHa

L =-5x —2x,-12.

L' =-5x —2X,.

[Tpsamas L’ = 0 mpoxoauT yepe3 Havaio KOOPAMHAT U AJIs €€ MOCTPOEHUsT HEOOXOAUMO B3STh
KaKylo-TM00 €eIlle TOuKy, JIeXkallyld Ha 3TOH mpsaMoil: mycTh X1 = —2, torma X = 5. Ilpum
nepeMeleHuy TpsSMON 1eNeBOi (QYHKUMM napamiensHo caMoil cebe ¢ynkuus L Oyzmer
YBEJIMUMBATLCS WM yMeHbIIaThcs. B Hamem cimydae TpeOyeTcsi MUHUMHU3HUPOBATH IIEJIEBYIO
¢ynkuuio. COBEpILIEHHO SICHO, YTO JUIS MOJIOXKUTENIBHBIX X1 U Xo yMeHblleHue ¢yHkiuu L Oyner
MPOUCXOIUTH MPU NEPEMENICHUH NPSMOIl B HanpaBiIeHUH BIpaBo U BBepX. [locneanss Touka O/IP,
KOTOpas eme OyJer JiexaTb Ha NpSAMOM IiefeBoi (YHKLUH, HAXOAUTCS Ha MEpeceuyeHUH IBYX
npsimbix Xg = 0 m X; = 0. KoopauHatsl 3TOM TOYKM M JAalOT ONTUMAIbHOE pELICHHE 33Ja4u
JMHENHOrO0 NPOrpaMMHUPOBAHUS.

3ananue 1

Haiinmure Mmunumym tieneBoil pyukimu f(X,y) = ax + by npu orpannueHusx.
Ne f(x,y) OrpanuyeHus
1 3X + 2y X+y<4 X+2y>5 2X+Yy>6 x>0 | y>0
2 3x + 2y X+y<6 X+2y>7 2X+y>8 x>0 | y>0
3 3x + 2y X+y<8 X+2y>8 2Xx+y>8 x>0 | y>0
4 3X + 2y X+y<9 X+2y>7 2X+Yy>6 x>0 | y>0
5 3x + 2y X+y<6 X+2y>5 2X+y=>3 x>0 | y>0
6 3x + 2y X+y<8 X+2y>9 2X+y>7 x>0 | y>0
7 3x + 2y X+y<7 X+2y>7 2X+y=>7 x>0 | y>0
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8 3X + 2y X+y<l11 X+2y>11 2x+y=>11 x>0 | y>0
9 3x + 2y X+y<9 X+2y>9 2Xx+y=>9 x>0 | y>0
10 3X + 2y X+y<10 X+2y<10 2x+y <10 x>0 | y>0
11 2X + 5y X+y>1 X+2y<10 2x+y<10 x>0 | y>0
12 2X + 5y X+y=>4 X+2y<12 2X+y<12 x>0 | y>0
13 2X + 5y X+y=>4 X+2y<13 2x+y<13 x>0 | y>0
14 2X + 5y X+y>5 X+2y<14 2x+y<14 x>0 | y>0
15 2X + 5y X+y>6 X+2y<15 2x+y<15 x>0 | y>0
16 2X + 5y X+y=>6 X+2y<l1l 2Xx+y<8 x>0 | y>0
17 2X + 5y X+y>7 X+2y<13 2X+y<9 x>0 | y>0
18 2X + 5y 2X+y=>8 X+2y<15 2x+y<10 x>0 | y>0
19 2X + 5y 2X+y=>9 X+2y<17 2x+y<l1l1 x>0 | y>0
20 2X + 5y 2X+y=>3 X+2y<3 2x+y<4 x>0 | y>0

[Ipumeuanue. Ilpu nmocrpoenun OJIP W3 Kaxa0ro HEpaBeHCTBA BBIPA3UTh Y uepe3 X,
npoBecTH mpsamyto Y = f(X) u cuurtare momycTuMoi Ty obiactb OT mpsimoi, rae Y > 0. Ykaszarsb
LITPUXOBKOW CTOPOHY JOIIYCTUMBIX 3HAYECHHH.

BbaucnuTh OonTUMallbHbIE 3HAUYEHUs MEPEMEHHBIX U 3HAUYCHHE IeeBOM (YHKIIMH B TOYKE
ONTUMYMa.

R
X1 (X0 =

Puc.1. I'paduueckoe pemenue 3JIIT ans npumepa

3aganue 2

Jns 3amaun TMHEHHOro MporpaMMUpPOBaHNUs, 3allMCAaHHONW B KaHOHMUYECKOH (opme, BHIOpaTh
CcBOOOJIHBIE TIEPEMEHHBIE U BBIPa3UTh 4Yepe3 HUX Bce ocTanbHble nepemeHHsle. [loctpouts OJIP
WJIM TI0Ka3aTh, YTO OHA HE cymiecTByeT. B ciyuae cymiectBoBanust O/IP HaiiTu MUHUMYM 1ieTI€BOM
(YHKLMU WU T0Ka3aTh, YTO 33/1a4a HE UMEET peIIeHus.

BapuanTsl 3aganus 2 BbIIAIOTCS MIPENOJaBaTENIEM.

OcHOBHas uTeparypa
1. Crpymensk, A.B. DrnekrposHepreTueckre CHUCTEMBbl W CeTH: ydeOHoe mocobue / A.B.
Crpymensk. — bparck: bpl'Y, 2014. — 186 c.
JlononHuTEebHAS IUTEPATYypa
1. KypGamkwmii, B.I'. MeTompl W MOJEIH ONTHMHU3AIMMH PA3BUTHS DJICKTPOIHEPTETUUECKUX
cucreM: yaebHoe nocodue / Kypoaukuii B.I'., Poquna C.1. — bparck: bpI'TY, 2003 — 108 c.
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9.2. MeToan4yeckne yKa3aHusl M0 BbINOJHEHUIO KYpPCOBOH pPadoThl

KypcoBas pabora «Ontummsanusi pa3BUTHS AJIEKTPOIHEPIETUYECKUX CUCTEM) MOCBSIEHA

MaTEeMATHYECKUM MOJICTSIM M METOJIaM BhIOOpA TUTIA M OUYEPEIHOCTH COOPYKEHUS IIEKTPHUICCKUX
CTaHIIMI U MeToJIaM BbIOOpa ONTUMAaIbHONU KOH(GUTYPALIUU IEKTPUUECKON CeTH.
3amaHue BKIIOYAET B ce0s1 CIENYIOIINE Pa3/IeIibl:

1.®omupoBanre MOIETH BBIOOpA CTPYKTYPhI FTEHEPUPYIOIIUX MOITHOCTEH.

2.Br160op ontumansHoit CI'M npu momontu mporpammsl OSGM.

3.AHanM3 NOIYYEHHOH CTPYKTYPHI T€HEPUPYIOMINX MOITHOCTEH .

4.Bp160p onTuMalibHOM KOH(PHUTypalnuu ceTy mpu nomoury nporpammsl OPTIMUM.
5.B100p onTHManbHO# KOHGUTYpaIMK CETH IIPH ITOMoInu mporpamMmer OptiLine.

Pacuer mpou3BOaUTHCS KaXKIbIM CTYACHTOM WHAMBUIYAIbHO, IO BAPHAHTAM.
Cnucoxk nureparypsl:

Hrnatees, 11.B. MHOrOKpUTEepHaIbHbIil aHAIW3 BAPUAHTOB Pa3MEIICHUS HYHEPreTUYECKHUX
00bekTOB [DnekTpoHHbI pecypc|: moHorpadus / M. B. UrnateeB, B. A. Illakupos. -
bparck: bpl'Y, 2011. —
145c¢.http://ecat.brstu.ru/catalog/Monorpaduun/Urnarbes%201.B.MHorokputepranbHbIii%o2
Oananu3%?20BapuantoB%20pa3merienns%203uepreruueckux%2000bexron.201 1.pdf
AbpamoBa, E. KypcoBoe mnpoekTupoBaHue M0 3JIEKTPOCHAOKEHHUIO MPOMBINIICHHBIX
npennpusaTaii ;. yaeonoe mocobue / E. AGpamoBa ; MUHUCTEPCTBO 00pa30BaHUs M HAYKH
Poccuiickoii ®@enepanuu, PenepanbHOe TOCYJapCTBEHHOE OIOJHKETHOE O0pa3oBaTeIbHOE
yUpexKICHUE BBICIIETO poheCCHOHATHLHOTO o0Opa3oBaHUs «OpenOyprekuit
rocyapcTBeHHbI yHUBEpcUTET». - OpenoOypr : OI'Y, 2012.-106c. To xe [D1eKTpOHHBIN
pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=259181 (02.03.2018).
KypOankwuii, B.I'. Meroabl ¥ MoJend ONTUMHU3ALMU PA3BUTHS AJIEKTPOIHEPIETUUECKUX
cucreM: yueOHoe nocodue / Kyp6auxwuii B.I'., Poqura C.U. — bparck: bpI'TY, 2003 — 108 c.
Urnatees, 1.B. [IpoekTupoBanue pailOHHON 3JEKTPUUYECKON CETU: METOAUYECKUE YKa3aHUs
K BBITIOJTHEHHIO KypcoBoro mpoekra / M. B. Urnarees, A. B. Ctpymensik. - bparck: bpl'Y,
2014. - 82 c.

10. TIEPEYEHb UH®OPMAIIMOHHBIX TEXHOJIOITMH, UCTOJIb3YEMBbIX ITPU
OCYHIECTBJIEHUU OBPA30BATEJIBHOI'O NPOLECCA IO JUCHUIITIMHE

el AN

OC Windows 7 Professional;

Microsoft Imagine Premium;

Microsoft Office 2007 Russian Academic OPEN No Level;
AnTtuBupycHoe nporpammHoe obecriedenue Kaspersky Security;
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11. OMACAHUE MATEPUAJIBHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOMN
JJIS1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA 1TO JUCIUIIJIMHE

Haumenosanue
Buo Ilepeuensv ocnosnozo No JIP unu 113
ayoumopuu
3anamus 0bopyoosanus
1 2 3 4
N VYyebnas MeO0erb.
JIP JucnnelHslil Ki1acc
HNuTepakTrBHAs 10CKa

KII YwuranpHbii 321 N3 O6opynoBanue 15- -

CPU 5000/RAM
2Gb/HDD
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OOHJA ONEHOYHBIX CPEACTB AJId ITPOBEJAEHUA

Ipunoxenune 1

MPOMEXYTOUYHOM ATTECTAIIUM OBYYAIOIUXCA IO IUCIHUILJINHE

1. Onucanue ¢GoHaa OLIEHOYHBIX CPEACTB (IACHOPT)

Ne
KOMIIeT Jaiement Paznen Tema »OC

eHIHH KOMIICETCHUINH

OK-7 | Cmocobnocts k| 1. 1.1.Bunsl ONTUMM3AI[MOHHBIX
camoopranuzan | ONTUMHU3AIMO | 3a/1a9 ¥ OCHOBHBIE CIIOCOOBI
uu u | HHBIC 3a/1a4K MX PCIICHUS
camoo0pa3zoBaH 1.2.0cHOBHBIE  TOAXOABI  TpHU
171 00) PELICHUH ONTHMHU3AIMOHHBIX 337134

B DJIEKTPOIHEPTeTHKE DK3aMeHAIOHHBIE

IIK-3 | I'oroBHOCTB 1.3.MatemaTnyeckasi TOCTaHOBKa Borpocs! 1-4
y4acTBOBaTh B ONITUMHU3AIIHOHHBIX 3aj1a4 B
COCTaBIICHUH HIIEKTPOIHEPTeTHKE
AHATTMTUYECKUX 1.4.0nTuMu3anvoHHbIe 3aa4l Kak
0030poB Hu 3aJ1aumn MaTeMaTU4eCKOro
Hay4YHO- IPOTPaAMMHUPOBAHUS
TEXHUYCCKUX 2. 2.1.0Tansl pa3BUTHS
OTYETOB IO | OcobeHHOCTH | AIeKTposHepreTHKU Poccun
pesyabTaTaM pa3BUTHUSA C YY4ETOM PBIHOYHBIX OTHOLICHUHI
BBIIIOJTHCHHOH COBpeMEHHBIX | 2.2.IlpuHsiTHe W  00OCHOBaHHWE
paborsr, B | TEXHMYECKHUX | pemieHui no pa3Butuio I9C DK3AMEHALHMOHHEIE
IIOIrOTOBKE CHCTEM 2.3.Cxema 00OCHOBaHHS Pa3BUTHS ponpocet 5-8
myOJuKaIui 1o 39C
pe3yiapTaTtaM 5 2.4.OcHOBHEBIE COCTAaBJISIOIIIIE
UCCIICIOBAHNH 1 obocHoBaHus pa3sutusi IIC
paspaboTox 3. 3.1.Crparerus pasButus Epunoii

Kommnekcnele | 99C Poccun

IK-6 | Cnocobrocts 3a1a9M 3.2.Ctparernueckuit IJ1aH SKBaMeHaL[I/Ié) Iﬁme
TIPOU3BOLUTE 000CHOBaHUsI pa3BUTHS SHECPIrOKOMITAHHUH, BOTPOCRL =2
pacteThl " | pasuTnsA paboTaronieit B COCTaBe
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HHBIE MOJICNIU
JUISL
IJIAHUPOBAHUS
pa3BUTHUS
TEXHUYECKUX
CHUCTEM

6.2.0nTUMHU3aIMOHHbBIE
JUTSI TIOUCKA CTPYKTYPBI
TEHEPUPYIOIIUX MOIIHOCTEH

MOJEN

MIPOEKTUPOBAHU | CIOKHBIX HHEProoObEeTMHEHHS
e OTACIBHBIX | TEXHHUYECKUX 3.3.HBECTUIIMOHHBII jaa”
OJIOKOB 1 | CUCTEM Pa3BUTHUS 3JIEKTPOIHEPIETHUECKOTO
YCTPOWCTB o0BeKTa
CUCTEM 4. 4.1.1IporpaMMHO-BBIYMCIUTEIbHBIN
apToMaTH3aliM | MaTreMaTH4eCK | KOMILJIEKC «COHKO3» JUIST
U yNpaBJICHUS U | o€ ONTUMU3ALMH CTPYKTYpbl DIC
BEIOMpATh MojaenupoBanu | 4.2.MatemaThdeckas MOJieJIb
CTaHJapTHBIE e passuTHs | pazBuTHs 29C
cpencTBa TeXHUYCCKUX | 4.3.IIpunnmn WHO30HHOH | ryeaqnenanmonmbie
aBTOMATHKH, 3 CUCTEM ONTUMH3 AU ) npu Bompocs! 12-15
H3MCPUTCIBHOU MOJEIUPOBAHUN CYTOYHOTO
u B pekuMa M YacOBBIX MEPETOKOB
BbIUMCIHTENpHO | COBPEMCHHBIX |\ ooty
i TexHukm i | YCTOBHAX 4.4 MopenupoBaHue pa3BUTHUSA
MIPOCKTUPOBAHU AIEKTPOCTAHIUHN
s CHUCTEM
aBTOMATU3AIUH | O- 5.1.ITlocTaHOBKa OCHOBHOH 3amauu
¥ YIPABICHHS B MareMatuyeck | JUHEHHOTO MPOTrpaMMHUPOBAHUS
COOTBETCTBUM ¢ | M€ MOJEIH U 5.2.06nactu TAOMYCTAMEIX | oy o eHANHOHHELE
TEXHUUYECKUM MCTOBL pemeHuH Borpocsl 16-18
3a1aHAEM JIMHEHHOTrO 5.3.TTouck ONTUMATBLHOTO PEIICHUS
MIPOrpaMMHUPOB
aHus
6. 6.1.Knaccuduxanus MoJeJIen
OnTtumuszanuo | miaHupoBaHus pa3Butus 39C

DK3aMeHaIMOHHEIE
Bonpocsl 19-20

2. 3K3aMeHaHHOHHLIe BOIIPOCHI

Komnerenuuu Ne u HamMeHOBaHue
Ne 9K3AMEHAIIMOHHBIE =
n/m BOITPOCHI pasjieaa
Kon Omnpenesenne
1 2 3 4 5
OK-7 | Cocobuocts K | 1.Bumsl ontumm3anmoHHBIX 3amady  d | 1. OnruMu3aiiioHHBIE
CaMOOpraHu3alld | OCHOBHBIE CITIOCOOBI 3aJ1a49u
51 U | UX pEIICHUs
camo00pa3oBaHu | 2.OCHOBHBIE TMOJAXO/AbI TPU PEHICHUH
0 OINTHUMHU3AILMOHHBIX 3a7a4 B
AJIIEKTPOIHEPIeTHKE
[1K-3 | F'oToBHOCTH 3.Maremarnueckas [IOCTaHOBKA
y4acTBOBAaTh B | ONTUMM3AIIMOHHEIX 3a1a4 B
COCTaBJIEHUU 3JIEKTPOIHEPTETUKE
AHAIIMTHYCCKUX 4.0nTuMu3aMoOHHbIE 3a4aul KakK 3aJadu
0030poB 1 | MaTEMAaTUYECKOI0 MPOrPaMMHUPOBAHUS
Hay4HO- 5.0t1anmbl  pa3BUTHS INEKTpOodHEpreTHku | 2. OcoOeHHOCTH
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TEXHHUYECKUX Poccun ¢ yueToM peIHOYHBIX OTHOIICHHUH | Pa3BUTHUS
OTYETOB o | 6.ITpunsitue u 060cHOBaHUE PELIEHUI MO | COBPEMEHHBIX
pe3ynbpTaTam pazButuio 20C TEXHUYECKUX CUCTEM
BBITIOJIHCHHON 7.Cxema ob6ocHoBanus pa3Butus DDC
paboTHI, B
MOJITOTOBKE
A . 8.0OcHOBHBIC COCTABJISIONINE
nyonukamuii - 1o
obocHoBaHus pazsutusi 29C
e3yJIbTaTaM =
pesy, . 9.Ctparerus pazButus Emumnonr 33C | 3.KommiekcHbie
WCCJICIOBAHUN W
Poccun 3amaun  00OCHOBAHUS
pa3paboTok >
10.CtpaTernueckuii  IUIaH  pa3BUTHS | Pa3BUTUA  CIIOXKHBIX
SHEPrOKOMITAHUN TEXHUYECKUX CHCTEM
[IK-6 | CiocoOHOCTH P N ’
paboTarorei B cocTaBe
MIPOU3BOUTH
SHEProoObEIMHEHHUS
pacueTsl u =
11.MlHBeCTULIMOHHBIA IUIaH  Pa3BUTHUS
MIPOCKTUPOBAHUE
AIEKTPOIHEPIETUIECKOTO O0BEKTA
OTJICTBHBIX _
6IIOKOR - 12.TIporpaMMHO-BBIUHCITUTEIbHBIH 4. Maremaruueckoe
yYCTPOICTB KOMILJIEKC g%OCIO?)» JUI ONTHUMH3ALMU | MOJIETUPOBAHUE
CHCTEM CTPYKTYPBI pa3BHUTHSA
ABTOMATH3AIAH U ;.L)Z%a.lé/[aTeMaaneCKaﬂ MOJIeJIb Pa3BHUTHS | TEXHUYECKUX CHCTEM
YHPABICHI =7 = B COBPEMEHHBIX
BEIOMPATH JIPHHIMAN (TIOSCHHOH ONTHMMSAUMID | =
CTAHTApTHBIE [P MOJCIUPOBAHHH CYTOYHOTO PEKHMA |
cpencTBa 1 9aCOBBIX IIEPETOKOB MOITHOCTH
aBTOMATHKH 15.MonenupoBaHue pa3BUTHUS
b
u3MepuTenbpHoi u | SACKTPOCTaHINH
seruncauTensnoii | 16.JlocTanoBka OCHOBHOM 3ajaun | 5 MareMaruueckue
TEeXHUKH JuIsi | JIMHEHHOTO IPOrpaMMUPOBAHUS MOJICTT ¥ METOJIbI
npoextupoBanusi | 17-O01aCTH HOMYCTUMBIX PELICHUN JIMHEWHOT O
CUCTEM 18.TTonck ONTHMAILHOTO PEIICHUS IPOrPaMMHUPOBAHHS
apToMaTm3amuu u | 19.Knaccudukanus Mozener | 6. OnruMu3anuoHHbIE
yIpaBJIECHHS B | uranupoBaHus pazButust I9C MOJEIN TSt
cootBeTcTBUH ¢ | 20.00TUMHU3AIIMOHHBIE  MOAEIHM U | TDTAHUPOBAHUSA
TEXHUYCCKUM MTOVICKA CTPYKTYPBI pa3BHUTHSA
3aIaHUEM TeHEPUPYIOIINX MOIIHOCTEH TEXHUUYECKUX CHCTEM

3. OnucaHue Noka3arteJeil 1 KpUTepueB OLleHUBAHUSI KOMIIeTeHIUI

Ilokazarenu Onenka Kpurepun

3uarhb Ornenka COTJIMYIHO»
(OK-7): BBICTABJISIETC B Cllydae, €ClIH
- TMPUHIUIBI METOJOB Pa3BUTHSA CTYJCHT:
AIIEKTPOIHEPTETUYECKUX CHCTEM U - JIEMOHCTPUPYET YBEpPEHHOE
ceTen; 3HaHHE MeTOoJI0B pa3BuTHs DIC,
(TIK-3): OCHOBHBIX CIOCOOOB cOopa u
- OCHOBHBIE METOJBI H CIOCOOBI OTIMHNO aHaJIM3a WCXOJHBIX JAHHBIX IS
cOopa W aHanmM3a MCXOJAHBIX JaHHBIX pacdeta M TPOEKTUPOBAHUS
JUId  pacuera W IPOECKTUPOBAHUSA O3C; OCHOBHBIX TOJIOKEHUHI
AIIEKTPOIHEPTETUUECKUX CUCTEM; TEOpUHU MHOTOMEPHBIX u
(ITK-6): MHOTOCBSI3HBIX CHCTEM
- OCHOBHBIC TOJIOKEHHSI TEOpUU yIIpaBJICHHS,

MHOTOMEPHBIX M  MHOTOCBSI3HBIX - yMeeT CaMOCTOSITEILHO

57




CUCTEM YIIPABJICHHUSL.

YMmethb
(OK-7):
— CaMOCTOATCIIBHO HpI/IHI/IMaTB
pelieHus, HCIOJIL30BaTh

MMOJIYYCHHBIC 3HAHUS HA ITPAKTUKE,
(TIK-3):

- 0pOpMIISITh TTYOJTMKAIUU U OTYETHI

0  pe3ylbTaraM  HCCIICJOBAaHUS
PSKUMOB  PabOTBl  ANEKTPUUYECKUX
ceTen,

(TIK-6):

- IPOU3BOIUTH pacuérbl u

IIPOEKTUPOBAHUE OTIEIbHBIX OJIOKOB
U yCTPOMCTB CUCTEM aBTOMAaTU3aLUH
U YIIPABJICHUS.

Baanern

(OK-7):

— JOCTaTOYHBIM yYpOBHEM
MIOHHUMAaHUS MaTtepuana, i

CIIOCOOHOCTBIO BBISIBIIATH CYIIHOCTB
po0Jem,;

(TIK-3):

- IOCTaTOYHBIM YPOBHEM 3HaHUU JJIsi
cOopa M aHalM3a UCXOJHBIX JTAHHBIX
Ui pacueTa M IPOCKTUPOBAHUS
AIEKTPOIHEPrETUYECKUX CUCTEM;
(TIK-6):

- METOJaMH BBIOOpA CTaHIAPTHBIX
CpEICTB aBTOMAaTHKH,
W3MEPUTEIIbHOW M BBIYHUCIUTEIBHOMN
TEXHUKH s IIPOEKTUPOBAHUS
CHCTEM aBTOMAaTH3aIlNH u
yIpaBJeHUS.

IIPUHUMATh peuieHus,
HCIIOJIb30BaTh IIOJTy4CHHBIE
3HaHUA Ha [IPaKTHKE,;
IIPOEKTUPOBATH OTJIEIIbHBIE

OJIOKM M yCTPOMCTBa CHUCTEM
ABTOMATH3AIIHH:

- BJAJCET BBICOKUM YpPOBHEM
IIOHUMAaHUusA Martcpuaia, u
CIOCOOHOCTHIO BBISIBIISITh
CYIIHOCTh Mpo0JieM; MeToAaMHu
BbIOOpA CTaHJAPTHBIX CPEICTB
aBTOMAaTHKH, I/I3MepI/ITeHLHOI7I u
BBIYMCIUTEILHON TEXHHUKH JUIS
MIPOCKTHUPOBAHHUSI CUCTEM
AaBTOMATH3AIMU U YIIPaBJICHUSI.

X0pOo1110

Onenka «XOpOILOY»
BBICTABIISIETCS. B ClIy4ae, €ciu
CTYIEHT:

- JIEMOHCTPHPYET 3HAHHE
METONOB pa3BUTHS 90C,
OCHOBHBIX CIIOCOOOB cOopa u
aHaJIM3a UCXOJHBIX JAaHHBIX IS
pacdeta ®  TPOSKTUPOBAHHS
95C; OCHOBHBIE IOJIOXKEHHUSA
TEOpUU MHOTOMEPHBIX u
MHOTOCBSI3HBIX CUCTEM
yIIPaBJICHWS,
- yMeer

PUHUMATH

UCIIOJIb30BaTh
3HAHUS Ha MPAKTHKE;
MPOEKTUPOBATH OTJENbHbBIE
OJIOKM U YCTPONCTBA CHCTEM
ABTOMATH3AIINH:
- BJIaJIeeT

YpOBHEM MTOHUMAaHHUS
Marepuaiga, M CIHOCOOHOCTBIO
BBISIBJISITH  CYITHOCTH TPOOIIEM,;
METOJIaMH BBIOOpA CTaHIAPTHBIX
CpeAcTB aBTOMATHUKH,
U3MEPUTEIBHON u
BBIUMCIUTENFHON TEXHUKH IS
MIPOCKTHPOBAHHUS CUCTEM
ABTOMATHU3AINH U yIIPABICHHUS.

CaMOCTOSTEIIEHO
peuieHus,
[IOJIyYCHHBIE

MMPpUEMIICMBIM

YAOBJIETBOPUTEJIABHO

OneHka «yIOBJIETBOPUTEIHHOY
BBICTAaBIIIETCA B CJly4ae, €cliu
CTYJIEHT JEMOHCTPUPYET
YaCTUYHOE 3HAHHUE  METOJIOB
pazButuss  O9C,  OCHOBHBIX
coco0oB  cbopa W aHanM3a
WCXOJHBIX JAaHHBIX JUIsI pacdera
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u IIPOEKTUPOBAHHUS 99C;
OCHOBHBIX TIOJIO)KEHUH TeopHuu
MHOTOMEPHBIX M MHOTOCBSI3HBIX
CHCTEM YIPAaBIICHHUS;

- HE B IIOJHOW MKpE YyMeeT

CaMOCTOATCIIbHO MMpUHHUMATh
peuicHusA, HCII0JIBb30BAaTh
MIOJIYUYCHHBIC 3HaHuA Ha
IIPAKTHKE, IIPOCKTUPOBATH

OT/JCNIbHBIC OJIOKH W yCTPOHCTBA
CHUCTEM aBTOMAaTU3AIUU.

- BJaJAceT HHM3KUM ypPOBHEM
IIOHUMAaHUs Mmarepuala, u
CIIOCOOHOCTBIO BBISIBIISITD
CYIIHOCTH MPOOJIEM; METOAaMHU
BbIOOpa CTAaHAAPTHBIX CPEACTB
ABTOMATHKH, H3MEPHUTEILHON W
BbI‘-IHCHHTeHBHOﬁ TCXHUKU JIA
IPOEKTHPOBAHUS CUCTEM
aBTOMAaTHU3alluu U ynpaBJIeHI/IfL

HEY/I0BJICTBOPHUTEJILHO

OrneHka
«HEYIIOBIICTBOPUTEIHHO)
BBICTABIIICTCS. B CIIy4ae, €CIU
CTY/ICHT HE JIEMOHCTPUPYET
3HaHUE MeToNI0B pa3Butus I9C,
OCHOBHBIX CITOCOOOB cOopa
aHalii3a UCXOMHBIX JAHHBIX IS
pacyeTa W NPOCKTUPOBAHUS
D9C; OCHOBHBIX IIOJIOKEHUH

TEOPHH MHOT'OMEPHBIX U
MHOTOCBSI3HBIX CUCTEM
yTIpaBJICHUS,

- HE YyMeeT CaMOCTOSITEIbHO
NpUHUMATD peleHus,
UCIOJIb30BATh MOJTy4YEHHbBIE
3HaHUS Ha NPaKTUKE;
MIPOEKTUPOBATh OTJEJIbHbIE

OJIOKM M yCTpoiicTBa cHCTEM
aBTOMaTH3aIIHH:

- He BIaJeeT MOHUMaHHEM
Marepuaga, M CIOCOOHOCTBIO
BBISBIISIT CYLIHOCTh HpOOJIeM;
METOJIaMU BbIOOpa CTaHJAPTHBIX

CPEACTB aBTOMATHUKH,
U3MEPUTEIBHON u
BBIYUCIIUTEIIBHOM TEXHUKH IS
MIPOEKTUPOBAHUS CUCTEM

aBTOMAaTU3allu1 U YIIPAaBJICHUS.

4. MeToauyeckue MaTepualibl, onpeaesilone Npoueaypbl OleHUBAHUS 3HAHUMM,
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yMe}mﬁ, HABbIKOB M OIIbITA J€ATCJIBbHOCTH

JlucuunnuHaa MeToapl yIpaBlIeHHUs] Pa3BUTHEM CIIOKHBIX TEXHUUYECKMX CHUCTEM HAIpPaBJICHA
Ha (dbopMUpOBaHHE Y CTYACHTOB LEJIOCTHOTO TPEACTABICHUS O CIOCO0aX MPUMEHEHUS
MaTE€MaTUYeCKNX METOJO0B B IJIAHUPOBAHUU PA3BUTHS CIIOKHBIX TEXHUYECKHUX CUCTEM, TOCTPOEHUS
MOJENEN ISl TPOTHO3UPOBAHUS UX PA3BUTHSL.

Jucnunimza aomkHa oOecrieunBath GopMupoBaHue (yHIaMEHTa MOJATOTOBKU OYIyHINX
CIEIMAIIMCTOB B 00JIACTH YIIPABJICHUS TEXHAYECKUMU CUCTEMAMH.

N3yuenne aucuuiuiiHabl MeTonbl yIpaBiaeHUs Pa3BUTHEM CIIOKHBIX TEXHHUUYECKHX CHUCTEM
MpEeayCMaTpPUBAET:

— JIEKLIUH,

— J1abopatopHbIe PabOTHI,

— IPaKTUYECKHE 3aHSITHSA,

— KYypCOBYIO paboTy,

— CaMOCTOSITENBHYIO PabOTy CTYICHTA,

— DK3aMEH.

B mporecce mpoBeneHuss MPaKTUYSCKUX 3aHATHH W BBHIMOJIHEHHS JIA0OPATOPHBIX pPadoOT
MIPOUCXOIUT 3aKpeIUIeHne 3HaHU, (OpMUpPOBaHNE YMEHUI U HABBIKOB pacyeTa Mojeliell pa3BUTHS
TEXHUYECKUX CHUCTEM.

[Ipu moaroToBKe K 3K3aMeHy peKOMEHAYEeTCsl 0c000e BHUMAHHE YACTUTh (DOPMHUPOBAHUIO Y
CTYJICHTOB LIEJIOCTHOTO TPEJCTABICHUS O CHOCO0axX HMCCIIECIOBAHUS MOJEICH pa3BUTHUSA CIOXKHBIX
TEXHUYECKUX CUCTEM.

PabGora c nuTeparypoil SBISETCS BAKHEUIIUM SJEMCHTOM B TOJIYYCHHHM 3HAHHU I10
mucruminae. [Ipexae Bcero, HEOOXOAMMO BOCIIONIB30BAThCA CIHCKOM PEKOMEHIYeMOi 1Mo JaHHOH
JUCLUIUIMHE JIATEPATYpO. [[ONMOJHUTENBHBIE CBEACHUS IO U3YYa€MbIM T€MaM MOKHO HAWTH B
nepuoanyeckoi rneyatu u MarepHere.
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[puioxenune 2

AHHOTAIIUA
paboueii nporpaMMsbl JUCHUINIMHBI
MeToabl ynpasjieHUs PA3BUTHEM CJIOKHBIX TEXHHYECKUX CHCTEM

1. Heab u 32124y AUCHUTLTHHBI

Lenp AUCHMIUTMHBI TOTy4YeHUE OakaliaBpaMy 3HAHUM MO MPUMEHEHUI0 MAaTeMaTUYECKUX
METOJIOB B IJIAHUPOBAHUM PA3BUTHUS CIOKHBIX TEXHUYECKUX CHUCTEM, IMOCTPOCHHUIO MOENeH st
MIPOTHO3UPOBAHUS UX PA3BUTHUS.

3amavyeil OUCHUIUIMHBI  SIBISETCS H3YYEHHME METOJIOB IIOCTPOEHHUS Mojeie i
MPOTHO3MPOBAHUS W ITUIAHUPOBAHWS Pa3BUTHS H (PYHKIMOHUPOBAHUS TEXHHUYECKHUX CHUCTEM;
o3HakomJieHHe ¢ ocHoBaMu CAIIP TexHHWYeCKuX CHUCTEM; U3Y4YEHUE HEPAPXUUYECKON CTPYKTYpPhI
AJIIEKTPOIHEPIETUUECKUX CUCTEM.

2. CTpyKTypa THCHMIJIHHBI
2.1 PacrnpenencHre TPYIOEMKOCTH IO OTACIBHBIM BHJIaM YyYeOHBIX 3aHATHH, BKIIIOYas
camocTosTeNbHYI0 padory: JIk — 6uacos, JIP —5 gacos. I13 — 8 wacos, CPC — 1164aca.
OO61mas TpyA0eMKOCTh AUCHUIUINHBL cocTaBisieT 144 yacoB, 4 3a4eTHbIC €IUHUIIBIL.

2.2 OCHOBHBIE Pa3/eibl TUCIUIINHBL:

1. OnTumu3aoHHbIE 3a/1a41

2. OcoOeHHOCTH pa3BUTHS COBPEMEHHBIX TEXHUIECKHUX CUCTEM

3. KommekcHsle 3a1au1 000CHOBaHMS Pa3BUTHS CII0KHBIX TEXHUUECKUX CHCTEM
4. MaTtemaTuyecKkoe MOJEINPOBAHUE Pa3BUTHUSI TEXHUUECKUX CHUCTEM

B COBPEMEHHBIX yCIIOBHSX

5. Maremarnyeckue MOJENN U METO/Ibl TMHEMHOTO IPOrpaMMHUPOBAHUS

6. OnTUMU3aLMOHHBIE MOAEIH JUIS IUTAHUPOBAHUS PA3BUTHS TEXHUUYECKUX CUCTEM

3. I[lnanupyembie pe3yJibTaThl 00y4eHUs (MepevyeHb KOMIIeTeHIHil)

[Tpouecc u3yueHus: AMCUUILIMHBI HapaBiieH Ha (OpMHUpPOBAHHUE CIAEAYIOUIUX KOMIIETEHIUI!
OK-7 - CnocoOHOCTh K CaMOOpraHU3alMi U CaMO0Opa30BaHUIO;
[IK-3 - T'OTOBHOCTH y4YacTBOBAaTh B COCTaBJICHWUW aHAIMTHYCCKUX O030pOB W HAy4YHO-
TEXHUYECKUX OTYETOB IO PE3yJIbTaTaM BBIMOJIHEHHOW paOoThbl, B MOATOTOBKE MYOIUKAIMM 110
pe3ysbTaTaM MCCle0BaHUN U pa3paboToK;
[IK-6 - CnocoOGHOCTh HPOM3BOAUTH pacyeTbl M MPOEKTHUPOBAHUE OTNENbHBIX OJOKOB H
YCTPOMCTB CHCTEM aBTOMATH3allMM M YIpaBI€HHWs U BbIOMpATh CTaHAAPTHBIE CpEJCTBA
ABTOMATHKH, W3MEPUTEIBbHOM M BBIYMCIUTEIBHON TEXHUKH I NPOEKTUPOBAHUS CHCTEM
AaBTOMATH3ALMK U YIIPABJICHUS B COOTBETCTBUU C TEXHUYECKUM 33/1aHUEM.

4. Bua npoMe:KyTO4YHOI aTTecTanuu: sk3aMeH, KP.
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Ipunaoxenue 3

IlIpomoxkon o 0ononneHuAX u u3MeHeHUAX 6 padoueil npozpamme
Ha 201 _-201 _ yueonwuii 200

1. B pabGouyro nporpamMmmy 1o AUCUUIUIMHE BHOCSTCS CIEAYIONINE JONOTHEHUS:

2. B pabouyto mporpaMmMy Mo JUCHUILIMHE BHOCATCS CIEAYIOLINE U3MEHEHUS:

[TpoTtokon 3acemanus kadeapsr Ne OT«__ » 201 r,

(paspabomuux)

3aBenyrommii kadeapoit

(noonucs) (®.1.0.)
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Ipunoxenue 4

®OHJA ONEHOYHbBIX CPEACTB AJId TEKYIIEI'O
KOHTPOJIAA YCIEBAEMOCTHU IO JUCHUITJIMHE

1. Onucanue GpoHJa OLIEHOYHBIX CPEACTB (MACHOPT)

No
- DJieMeHT
KOMIIeT Paznen Tema DOC
KOMIICTCHIINH
€HIUH
OK-7 | Criocobnocts kK | 1. 1.1.Bunaer ONTHMM3AIIMOHHBIX
camMoopranu3alg OnTUMM3aIKO | 33124 ¥ OCHOBHBIE CIIOCOOBI
HH Y | HHBIC 3aJ1a4N HX PCIICHUS
camoo0pa3oBaH 1.2.0cHOBHBIE ~ TOIXOABI  TIpH
U0 pEelICHUY ONTUMM3AIMOHHBIX 3aj]1a4
B DJICKTPOIHEPIETUKE
KypcoBas pabora
IIK-3 | 'oTroBHOCTH 1.3.MaremaTuueckass IOCTaHOBKA
y4acTBOBaTh B ONTHMH3AIMOHHBIX 3a/1a4 B
COCTaBJICHUH AJIEKTPOIHEPreTUKE
AHATUTUYECKUX 1.4.0nTuMu3aoOHHBIE 3a4a4d KaK
0030poB u 3a7a4u MaTeMaTU4eCKOro
Hay4HO- IPOrpaMMHUPOBAHUS
TCXHUICCKUX 2. 2.1.9Tanbl passutus | Kypcosas pabota
OTYCTOB 0 | OcobeHHOCTH | NEKTpodHEepreTuku Poccun
pesyJibTaTaM pasButus C YYETOM PBIHOYHBIX OTHOLICHUI
BBIIIOJIHCHHON coBpeMeHHBIX | 2.2.[lpunsitue u  0OOCHOBaHUE
paborsl, B | TeXHMYECKUX | pemieHUH no pa3Butuio 39C
IIOATOTOBKE CUCTEM 2.3.Cxema 00OCHOBaHHS Pa3BUTHS
nyOauKanuil 1o 39C
pesyapTaTamM 2.4.OCHOBHBIC COCTAaBIISAIOLIHE
HCCICAOBAHMH H obocHoBanus pa3BuThs IIC
pa3paboToK 3. 3.1.Ctpaterus pasButus Enunoii | Kypcosas paGora
ks | c 5 Kommnekcueie | 93C Poccun
- 1| HOCTH v
0COLHOC 3a1a4u 3.2.CrpaTernueckuit TU1aH
TIPOH3BOATE 000CHOBaHUsI pa3BUTHSI SHEPTrOKOMITAaHHUH,
YEeThI u N
pacHe pasBUTHA paboTarorieit B cocTaBe
TPOCKTHPOBARH | comKHpIX AYHEProoObETUHEHHS
e OTJIETTbHBIX v
e TEXHUYCCKUX 3.3.MlHBeCTUITMOHHBIH TU1aH
OJI0KOB L P
. Pa3BUTHS AJIEKTPOIHEPTETHUECKOTO
YCTPOWCTB oGBeKTa
cUCTEM -
ABTOMATH3A 4. 4.1.ITporpaMMHO-BBIYMCIUTENBHBIN | OTYETHI 1O
BTOMAaTHU3AIUN
" aBJ‘IeHIIfIH " MaremaTruecKk | KOMIIJIEKC «COIO3» nis1 | 1abOpaTOpHBIM
yp oe ONTUMU3ALMHU CTPYKTYpbl D2C paboram, Kypcosast
BBIOMpATh pabora
MozaenupoBanu | 4.2.MaremaTudeckas MO/JIENTb
CTaHJapTHbHIC
e pasButus | pazputus D9C
cpencTBa =
TEXHUYCCKUX | 4.3.ITpunnmn «ITO30HHOM
aBTOMATHUKH,
. | cucrem OTNITUMHU3ATIIH I npu
WU3MEPUTENIBHON
u MOJEJIIUPOBAHUU CYTOYHOTO
B
peKMMa ¥ YacOBBIX TEPETOKOB
BBIYHMCIIUTCIIBHO COBPEMEHHBIX
N MOIIIHOCTHU
M TEXHHKH UG yenoBusx 4.4 MonenupoBaHue A3BUTHS
MIIPOCKTUPOBAHU -+ VIOACIHp N p
o CHCTEM AIEKTPOCTAHIINI
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aBTOMAaTU3ALUU
U YIPAaBIICHUS B
COOTBETCTBUHU C
TEXHUYECKUM
3alaHuEM

5. 5.1.ITocraHoBKa OCHOBHO# 3amaud | OT4ETHI IO
MareMarnueck | JIMHEWHOIO IPOrpaMMUPOBAHUS 11abOPaTOPHBIM

ue MOJCIH U 5.2.06nactu JIOMYyCTUMBIX paboram, Kypcosast
METOJIBI peleHui pabora
JIMHEHHOTO 5.3.I1oMCK ONTHMAIBHOTO PEIICHHSI

IPOrpaMMHPOB

aHMsl

6. 6.1.Knaccuduxanus mopeneit | Kypcosas pabora
OnTtumuszanuo | miaHupoBaHus pazButus 39C

HHBIE MOJICIIN
JUIS
IUTAHUPOBAHUS
pa3BUTHUS
TEXHUYECKUX
CHUCTEM

6.2.0nTHMH3allMOHHEIE
JUISl TIOMCKA CTPYKTYPBI
TCHEPHUPYIOLIUX MOIIHOCTEH

MOJEIH

2. OnucaHue noka3arteJeii 1 KpuTepreB OLEHUBAHUSA KOMIIeTeHIM

Ilokazarenu OneHka Kpurepun
Bo Bpems 3ammuThl KypCcOBOM
paboThl M J1a0OPATOPHBIX PabOT
NPUHOUIBI METOJIOB  Pa3BUTHUA CTYACHT IIOKa3aJl 3HAaHUC BCCX
JJIEKTPOIHEPIrETUUECKUX CHUCTEM U OCHOBHBIX  OIpPEACIICHHA U
IIPOJAEMOHCTPUPOBAl YBEPEHHOE
YMEHHUE HCIIOIb30BATh METOMBI
OCHOBHBIE METOJIbI U CIOCOObI OTJIHYHO YIPaBICHUS pa3BUTUEM
cObopa W aHanmu3a MCXOJAHBIX JaHHBIX CJIOKHBIX TEXHUYECKHUX CUCTEM ,
JUIL  pacyera W IPOECKTUPOBAHMSA BJIaJICHUE JIOCTaTOYHBIM
3JIEKTPOIHEPIreTUUECKUX CUCTEM; YpPOBHEM MOHUMAaHHUS
maTepuaisa, M  CIOCOOHOCTHb
OCHOBHBIE TIOJIOXKEHUSI TEOPUH CaMOCTOSTEIIEHO BBICKA3aTh
MHOTOMEPHBIX ¥ MHOTOCBSA3HBIX MBICJIb Ha Hay4HO-TEXHUYECKOM
CHCTEM YIIPABJICHUS. SI3BIKE.

Bo BpemMsa 3amuTel KypcoBOH
paboThl U J1abOpaTOPHBIX paboT
CaMOCTOSITCIIbHO NIpUHUMATh Xopouio CTYACHT IIOKa3al HC IIOJIHOC
HCIIOJIL30BaTh IIOHUMAHUEC Marcpuraia u
MOJIy4YCHHBIC 3HAaHU HA IIPAKTHKE, HaBbIKOB BIIaICHUSI

MPAKTUYECKUMHU MPUEMAMHU.
- 0OpMIISITh MyOJTMKAIUU U OTYETHI Bo Bpems 3ammThl KypCOBOM
pesyapTaTaM = HCCICA0BAHUSA paboThl U NabOpaTOPHBIX PadOT
paboThl  DJIEKTPUYECKUX | yH0BJETBOPHTENBLHO | CTYIEHT IOKa3aJl crnaboe
IIOHUMaHue Marepuaia u
HABBIKOB BJIQJICHUS

NIPOM3BOANTH pacuCThl " MIPAKTUYECKUMHU IPUEMAMH.
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MPOSKTUPOBAHUE OTNIEIBHBIX OJIOKOB
U YCTPOMCTB CHCTEM aBTOMATH3ALUU
Y yIIpaBJEHUs.

Baagern

(OK-7):

— JIOCTaTOYHBIM YPOBHEM
MOHUMAaHUS Marepuaia, "
CIIOCOOHOCTBIO BBISIBJIATH CYIIHOCTB
npo0Jem;

(TIK-3):

- IOCTaTOYHBIM YPOBHEM 3HAHUM JJId
cOopa M aHalM3a UCXOJHBIX JTAHHBIX
UL pacuyeTa M IPOCKTUPOBAHUS
ANEKTPOIHEPrETUYECKUX CUCTEM;
(TIK-6):

- METOAaMH BBIOOpA CTaHIAPTHBIX
CpEICTB aBTOMAaTHKH,
W3MEPUTEIIbHOW M BBIYHUCIUTEIBHOMN
TEXHUKH ISt MPOEKTUPOBAHUS
CHCTEM aBTOMAaTH3aluU Hu
yIpaBJICHHUS.

Hey/10BJIETBOPUTEIHHO

Bo Bpems 3ammuThl

KYpCOBO

paboThl M J1a0OPATOPHBIX PabOT
CTYAEHT HE NPOJEMOHCTPUPOBAI
TEOPETUYECKUX 3HAHUH 10 TEMeE
paboTel, OO HE TMOKazal HHU
KaKHX MPAKTUYECKUX HABBIKOB.
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[Iporpamma cocTaBieHa B  COOTBETCTBUHM €  (peaepanbHBIM — TOCYAapCTBEHHBIM
00pa3oBaTeNbHBIM CTAHIAPTOM BBICIIETO0 O0pa30BaHUs IO HampaBieHWI0 moarotoBku 27.03.04
VYnpasieHue B TEXHUUECKUX cucTeMax oT «20» okTsops 2015 1. Ne 1171

Ajs Haoopa 2014 roaa: u yuebusim mmanoM ®I'bOY BO «bpl'Y» nist 3a0uHoi hopMbl 00ydeHus
oT «03» 07.2018 r. Ne 413.

IIporpammy cocTtaBmiI:
UrnateeB U.B. 3aBenyromuii kapeapor YTC, noueHr, K.T.H.

Pabouas nporpamma paccMoTpeHa U yTBepxAeHa Ha 3aceganuu kadeapslyY TC

oT «28» nexkabps 2018 r., npoTokoa Ne 6

3aBenyromuii kadeapoit N.B. UrnarbeB
COI'ZTACOBAHO:

3aBenyronuii BeITycKaromiei kageapoi N.B. Urnatrnes
Jupexrop OMOIMOTEeKH T.®. CotHuK

Pabouas mporpamma ogo0peHa MeToIn4eckoil kKoMuccuei gakynprera JuA

oT «28» pekabps 2018 r., mpotokon Ne 5

[Tpencenarens MeToM4ECKO KOMUCCHHU (haKyIbTEeTa A J1.YnpsiHOB
COI''TACOBAHO:

HauanpHuk

y4eOHO-METOIUUECKOT0 YIpaBICHUs I'.II. Hexxesen

Perucrpanuonnsiii Ne
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