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1. ITEPEYEHb
JUCIHUIVIMHE, COOTHECEHHBIX C IINIAHUPYEMBIMU PE3YJIbBTATAMMU

IINTAHUPYEMBbIX

PE3YJIbTATOB OBYYEHUA

OCBOEHUS OBPA30OBATEJBHOM ITPOI'PAMMBI

Bujg nesTeabHOCTH BBIITYCKHHUKA

I[I/ICHI/IHJ'II/IHa OXBATbIBACT KpPYI' BOIIPOCOB, OTHOCAIIHUXCA K IIPOCKTHO-KOHCTPYKTOPCKOMY
BUAY HpO(I)eCCHOHaHLHOﬁ ACATCIIBHOCTH BBIITYCKHHUKA B COOTBCTCTBHUU C KOMIICTCHIHUAMU U BUJAAMU

JIeSATeILHOCTH, YKa3aHHBIMU B y4eOHOM IUTaHE.
Meab AMCIUATIMHBI

[Tonyuenue

OakasiaBpaMu 3HaHUN 1O

obecnieueHus JJIA IPOTrHO3UPOBAHUSA UX PA3BUTHA.
33[[3‘11/[ AUCHHUIIIMHBI

- UI3YUCHUEC MCTOOOB IIOCTPOCHUA Moneneﬁ JJIA IIPOTHO3HUPOBAHUA U TNIAHUPOBAHUSA PA3BUTHUA

IIPUMCHCHUIO  MAaTEMATUYCCKUX
IJIAHUPOBAHUHN PA3BUTUA IJICKTPOIHCPICTUYCCKUX CHUCTCM, II0 HCIOJIB30BAHHUIO MPOrpaMMHOI0

METOJIOB

1 G YHKITMOHUPOBAHUS JICKTPOIHEPTETHUECKUX CHCTEM;
- o3HakomuieHue ¢ ocHOBaMH CAIIP 351eKTpo3HEPreTHYECKUX CUCTEM;
- W3yYCHHUE HEPAPXUUYECKOU CTPYKTYPHI

yIpaBICHUS UMH.

QJICKTPOOHCPICTUICCKUX CUCTEM U CHCTCMbI

Kon
KOMITETEeHIIHM U

Conep:xkanue
KOMIIeTeHIIMH

Ilepeyenb MJIaHMPYeMbIX Pe3yJIbTATOB
00yueHusl MO TUCHHUILINHE

1

2

3

OIIK-7

CrnocoGHOCTh
COBPEMEHHBIC TEHICHITUH
pa3BUTHUS AIIEKTPOHHKH,
U3MEPUTEIIBHON u
BBIYHUCTUTENLHOM TEXHHKH,
MH(POPMAIMOHHBIX
TEXHOJIOT U1 B
npodeccnoHaTBEHOM
JeSITeNIbHOCTH

YUYUTBIBATD

cBOEH

3HaTh:

- IIporpammuoe
AJIEKTPO3HEPIE€TUKH;
Ymersn:

- PaccumTeiBaTh  peXUMBI
JNEKTPUYECKUX  CeTe  C
IIPOrPaMMHBIX KOMIUIEKCOB;
Baaners:

- JlocTaTOYHBIM YPOBHEM 3HAHUN JUIS
cOopa M aHaIM3a MCXOJHBIX JAHHBIX JUIs
pacuera u IIPOEKTUPOBAHUS
AIIEKTPOIHEPTETUYECKUX CUCTEM.

obecrieueHre  3amay

paboThI
MIOMOIIIBIO

I1K-6

CnocoOHOCTB
pacueThbl

IIPOU3BOAUTH
U TPOEKTUPOBAHHE
OTJEIbHBIX 0J10KOB u
YCTPOMCTB CHCTEM
aBTOMAaTU3ALMU U YIPABICHUS
U BBIOMpaTh  CTaHJapTHBIE
cpencTaa aBTOMATHKHU,
U3MEPUTEIBHON u
BBIYUCIIUTEIILHON TEXHUKH IS
MIPOEKTUPOBAHUS CUCTEM
aBTOMAaTU3ALMU U YIPABICHUS
B COOTBETCTBUU c
TEXHUYECKUM 3aJaHUEM

3HaTh:

'OCHOBHI)IG ITIOJIOKCHUSL TGOpI/II/I
MHOTOMEpPHBIX ¥ MHOTOCBSI3HBIX CHCTEM
YIIPaBJICHUS 3JIEKTPOIHEPTETUICCKUMU
CHUCTEMAaMH,

YMmeThb:

- [Ipou3BOAUTH pacu€Thl U MPOEKTUPOBAHUE
OTJIENbHBIX OJIOKOB U YCTPOMCTB CHCTEM
aBTOMATHU3AIlMU U YIIPABJICHUS;

Baangern:

- Metonamu BeIOOpa CTaHIAPTHBIX CPENICTB
BBI‘II/ICHI/ITCHLHOI;'I TCXHUKHN JJISL
MIPOCKTUPOBAHUS  AJIEKTPOIHEPTETUUECKUX
CHUCTEM.

11(0)




2. MECTO JUCHMIUIMHBI B CTPYKTYPE OBPA3OBATEJIbHOMN

ITPOI'PAMMBbI

Huctumumza b1.B.11 TIporpammHoe obecriedeHre 3a1a4 3JIEKTPOIHEPTETUKU OTHOCHTCS K
BapHaTUBHON YacTH.

Hucturuimna IIporpammaoe obecrieueHue 3a1ad  AIIEKTPOIHEPTeTUKU Oa3upyercss Ha
3HAHUAX, MOJYYCHHBIX NPU M3ydeHUH nucuuiuinHbl b1.B.13 DnekTposHepreTuueckue CUCTEMBI U
CETH.

OcHOBbBIBasiCh Ha HM3YyYEHUU NEPEUHCICHHON IUCHUIUIMHBI, auciumuimHa lIporpammuoe
oOecrieyeHUEe 3aay UIEKTPOIHEPIeTUKH IPEJCTABISIET OCHOBY ISl H3Y4YEHMs] JUCLMILIUHBI
b1.B./IB.06.01 MHoromepHbIe 1 MHOT'OCBSI3HBIE CUCTEMBI YITPABJICHUS.

Takoe cHuCTeMHOE MEXAUCIUIUIMHAPHOE M3YyYEHHUE HANpaBiICHO Ha  JIOCTHIKEHUE
tpedyemoro ®I'OC ypoBHS OATOTOBKH IO KBaTU(UKAIIMN OaKaiaBp.
3. PACIIPEJAEJIEHUE OB BEMA JIUCIIUIIJIMHbI
3.1. Pacnipenesienue o0bemMa JTUCUMILJIMHBI IO (popMaM 00ydeHust
Tpyooemkocmo Oucyuniunsl 6 uacax
s 3 Buo
3 2 npomesic
$ Y S P y
Do, & = 2 = s
pma » S S mo4unou
© 2 = 3 s Kypcosasn
ooyuenusn g 2 = 2 ammecma
S = S 3 3 paboma
= S & g o 2R yuu
S = S 2 (S 3 3 g 3
8] 55| FI85 5§ | 85
SIS 8§12 8 ISS 2% | 8%
X|lo| 8 | | 8 |8 KB O X
1 2 3 4 5 6 7 8 9 10 11
Ounas 4 7 | 108 | 34 | 17 - 17 74 KP 3auer
3aounas 4 - 108 | 14 6 - 8 90 KP 3auer
3aounasn 2 - | 108 | 11 6 - 5 21 KP 3auer
(ycxopeHHOE
o0ydeHue)
O4Ho-3204Has - - - - - - - - - -




3.2. Pacnipenesienue o0beMa TUCUMIJIMHBI 10 BUAM YUEOHBIX 3aHATHH U TPYA0EMKOCTH

éem.u. 6 Pacnpeoene
UHMEPAKmue | Hue no
Tpyoo- | noii, akmue- | cemecmpam,
Buo yueonuvix 3anamuii eMKoCmb | HOUl, UHHO8a- | Hac
(uac.) UUUOHHOIL
dopmax, 7
(uac.)
1 2 3 4
|. KonTtakTHasi paboTa 00y4yaromuxcs ¢

npemnoaaBaresieM (Bcero) 34 13 34
Jlexuuu (JIk) 17 8 17
[Ipaxtrueckue padotsl (I1P) 17 5 17

Kypcogas padota (KP) + - +

WNnauBunyansHeie(TpyNIIOBEIEC) KOHCYIIBTAITUN + R +
Il.CamocTosiTesqIbHAsE paboTa 00y4aIOLIUXCS 74 ) 74

(CP)

[loaroroBka K mpakTHYECKUM paboTam 21 - 21
[ToaroroBka K 3auery 21 - 21
Brinonnenue kypcoBoii paboThl 32 - 21

I11. IIpomexkyTOUHAsI aTTecTalMsA  3a4ET + - +
OO0mas TpyI0eMKOCTh AUCIUTUTHHEI qac. 108 - 108

3ad. el 3 - 3

4. COAEP) KAHUE JUCIUITVINHBI

4.1. PacnipeesieHue pa3iesioB IMCHMILUIMHBI 10 BUIaM Y4eOHbIX 3aHATHI
- 1J151 04HO (hopMBI 00YUEHHS:

Buowt yueonuvix zanamauit,
6KLIOYAA CAMOCMOAMEIbHYIO

No
padomy odyuarowuxca u
pas- Haumsuoeanue Tpyooem- mpydoemkocms; (uac.)
oena u P ‘;3 erau K(ocm;,, yueduvle 3auamus camocmosn
mema oucCuuniuHsl yac.
memol 4 npaxkmuuye mej;"”‘”’
aooma
JeKuuu crue 56 uaio-
3anamus Y
wuxcs
1 2 3 4 5 6
1. OnTuMH3alMOHHBIE 3a0aYH 16 2 - 14
1.1. Buner ONTHMH3ALMOHHBIX
3a/1a4 ¥ OCHOBHBIE CIIOCOOBI 3,5 0,5 - 3

WX pelIeHus
1.2. OcHOBHBIE  TOAXOIBI  TIpH
pelleHnd  ONTUMHU3ALUOHHBIX 3,5 0,5 - 3
3a7a4 B DJIEKTPOIHEPIE€TUKE

1.3. MaremaTuueckas IOCTaHOBKa

ONTHMH3AIlMOHHBIX 3a/1a4 B 45 0,5 - 4
AJIEKTPOIHEPTETUKE

1.4. OnTuMH3aIMOHHBIE 3aa4HA KaK
3a71a4n MaTE€MaTHYECKOTO 45 0,5 - 4

IIPOrpaMMHUPOBAHUS




2. OcobenHocTu pa3BHUTHS
COBpEeMEeHHBIX 17 3 14
3JIeKTPOIHEPreTHYecKnX
CUCTEM
2.1. | Dramsl pa3BUTHA
ANEeKTpodHepreTuku Poccuun 4 1 3
C y4eTOM PBIHOYHBIX
OTHOIICHUI
2.2. |Ilpuaatue wu  0OOCHOBaHUE 4 1 3
peuenuii o pazputuio 29C
2.3. | Cxema 00OCHOBaHHS pa3BUTHUS 45 05 4
29C ’ ’
2.4. OcCHOBHBIE COCTAaBJIAIOLIE
4.5 0,5 4
obocHoBaHus pazpuTusi 29C
3. KoMniekcHbIe 3aJa4u
000CHOBaHMS pa3BuTHS 14 4 10
3JIEKTPOIHEPreTHYECKUX
cUcTeM
3.1. | Crparerust passutust Enunoi 6 5 4
29C Poccun
3.2. | Crparernueckuit I1aH
Pa3BUTUS SHEPTOKOMITAHUH, 4 1 3
paboTarorieit B cocraBe
SHEProoObEeTUHEHUS
3.3. MHBeCTULIMOHHBIN [UIaH
pa3BHUTHS 4 1 3
ANEKTPOIHEPTETUYECKOTO
o0BeKTa
4. MatemaTuieckoe
MO/IeIUPOBAHHE  PA3BUTHS
JIEKTPOIHEPreTHYECKUX 22 2 12
cUcTEM
B COBPEMEHHBIX YCJIOBHUIX
4.1. | IIporpammHoO-
BBIYHUCIUTENBHBI ~ KOMILIEKC
35 0,5 3
«COIO3» mia onTUMH3ALHUHA
CTpyKTyphl 93C
4.2, Marematudeckas MOJEeIb
55 0,5 3
pazsutus 99C
4.3. [TpunIMI «IIO30HHOU
OTITUMU3AIIUN» npu
MOJICIIMPOBAHUA CYTOYHOTO 6,5 0,5 3
peXHMMa U YaCOBBIX MEPETOKOB
MOIITHOCTH
4.4. | MonenupoBaHue pa3BUTHSA 6.5 05 3
JJIEKTPOCTAHLIUU ’ '
5. MaTtemMaTH4yecKHe MOAeId H
MeTOAbI JIMHEHHOT 0 25 2 14
NPOrpaMMHPOBAHHUSA
5.1. ITocraHoBka OCHOBHOM 3ajau4n 75 05 4
JIUHEHHOTO TPOrPaMMHUPOBAHHUS
5.2. Oo6nactu JIOTTYCTHUMBIX 8,5 0,5 5




peLIeHHI
5.3. | [louck onTUMaIbHOTO PEIICHUS 9 1 3 5
6. OnTUuMHU3aAHOHHDbIE MOAEJIH
JJIS IIJIAHUPOBAHUSA PA3BUTHS 14 4 i 10
3JIEKTPOIHEPreTHYEeCKHUX
CHCTEM
6.1. Knaccudpukanus MoJenen 5 1 ) 5
IJIaHupoBaHus pa3BuTus IIC
6.2. OnTuMHU3alMOHHBIE MOJEINA
JUTA TIOUCKA CTPYKTYPBI 8 3 - 5
TEHEPUPYIOLIUX MOIIHOCTEN
HUTOI'O 108 17 17 74
- 1J11 32049HOI (pOpMBI 00YUeHHS:
Buowt yueonwvix 3anamuii,
6KI0YAA CAMOCHOAMETbHYI0
Ne paoomy odyuarouwguxca u
pas- Haumenosanue Tpyooem- mpydoemkocmp; (vac.)
dena u pasoena u Kocmtb, YyueoOHbvle 3aHAMUS camocmos
memol mema OuUCUUNIUHbBL (uac.) npaxmuue | menbnaz
JneKyuu CKue fgf::::_
paoomul wquxes
1 2 3 4 5 6
1. OnTuMH3anMoOHHLIE 321249 14 1 - 13
1.1. Bunast OINTUMU3ALIMOHHBIX
3a7a49 ¥ OCHOBHBIE CITOCOOBI 45 0,5 - 4
UX pEHICHUs
1.2. OCHOBHBIE  HOIXOIbI npu
pElIeHNH  ONTHUMHU3AIMOHHBIX 3,5 0,5 - 3
3a/1a4 B AJICKTPOIHEPIeTHKE
1.3. MaremMaTuueckas MOCTaHOBKaA
ONTUMU3AIIMOHHBIX 3a7ad B 3 - - 3
AJIEKTPOIHEPIeTHKE
1.4. OnruMHU3aliMOHHbBIE 3a1aYl KaK
3aJa4u MaTEeMaTH4YECKOIO 3 - - 3
MIPOTPaMMHUPOBAHUS
2. Ocobennoctu pa3BHTHSA
COBpPEeMEHHBIX 16 1 i 15
3JIEKTPOIHEPreTH4eCKHX
CHCTEM
2.1. | Drams pa3BUTHSA
aneKTpo3HepreTuku Poccun 4 i i 4
c Y4ETOM PBIHOYHBIX
OTHOIIIEHUH
22. |Ilpuastne W  00OCHOBaHHWE 4 i i 4
pemeHuii no pazpuruo 99C
2.3. | Cxema 00OCHOBaHHS Pa3BUTHUS 35 05 i 3
29C ’ ’
2.4. OcCHOBHEBIE COCTAaBJIAIOIINE
4,5 0,5 - 4
obocHoBaHus pa3BuTus I3C
3. KommiekcHbIe 3agavum 16 1 i 15
000CHOBaHMS Pa3BUTHA




IJCKTPOIHEPIreTUYCCKUX
CHCTEM

3.1. | Crparerust pasButus EnuHoii 55 05 5
99C Poccun ' ’
3.2. | Crparernueckuii TUIaH
Pa3BUTUS SHEPTOKOMITAHUH, 55 05 5
paboTaroreit B cocraBe ’ ’
SHEProoObeTUHEHUS
3.3. MnaBecTuIMOHHBIN J1aH
pa3BUTHUS 5 ) 5
3IEKTPOIHEPTETUIECKOTO
o0BbeKTa
4. MaremaTtuveckoe
MO/ie/IUPOBAaHUE  Pa3BUTHUS
3JIEKTPOIHEPreTHYECKUX 19 1 15
cucTremM
B COBPEMEHHBIX YCJI0BHUSIX
4.1. | I[IporpammHoO-
BBIYUCIIUTEIbHBIA  KOMIUIEKC
2 - 2
«COIO3» mns onTHUMH3ALUHA
CcTpyKTyphl 29C
4.2. MareMaTtuueckas MOJENb
55 0,5 5
pazsutus 29C
4.3. [Tpunimn «II0O30HHOH
ONTUMU3ALIUN npu
MOJIETTUPOBAHUU CYTOYHOTO 4 - 4
peXuMa M YaCOBBIX MEPETOKOB
MOIIHOCTH
4.4. | MonenupoBaHue pa3BHUTHS 75 05 4
AJIEKTPOCTAHITNI
5. MareMaTuyecKkue MOJEIH U
MEeTOAbI JIMHEHHOT 0 22 1 16
NPOrpaMMHUPOBAHNS
5.1. ITocTanoBka OCHOBHOM 3ajauu 85 05 5
JIMHEWHOT O MPOrpaMMHUPOBAHUS
5.2. | O6nactu JIOITYCTUMBIX 8 ) 6
pereHunit
5.3. | IloucK ONTHMAaJIbHOTO PEIICHUS 5,9 0,5 4
6. OnTuMH3aMOHHBIE MOJEJIN
JISl IJIAHUPOBAHMS Pa3BUTHUSA 17 1 16
3JIEKTPOIHEPreTH4eCKHX
CHUCTEM
6.1. Knaccudukanus MoJeiei
75 0,5 7
1aHupoBaHus pazsutus 99C
6.2. OnTuMHU3aliiOHHbIE MO
JUISL TIOUCKA CTPYKTYPBI 9,5 0,5 9
TeHEPHUPYIOIUX MOITHOCTEMN
HUTOro 104 6 90




- 11 3204HOM (popMBbI (YCKOPEeHHOe 00yueHue) O0yUeHus :

Buowl yueonwvix 3anamuit,
BKIII0UAA CAMOCHMOAMEILHYIO
Ne paoomy odyuarouwguxca u
pas- Haumenosanue Tpyooem- mpydoemkocms; (uac.)
dena u pasoena u Kocmp, yueGHbIe 3anAmus canocmon
memol mema OucCyunIuHb (uac.) npaxmuse | Mensnan
JleKyuu cKkue f;gf:::oa_
pabomot wguces
1 2 3 4 5 6
1. OnTuMH3anMOHHELIE 3aaYH 5 1 - 4
1.1 Bunpl OINTUMU3ALMOHHBIX
3a/1a4 ¥ OCHOBHBIE CTIOCOOBI 15 0,5 - 1
UX pelIeHus
1.2. OCHOBHBIE HMOJIXOJbl  TIpHU
pElIeHNH  ONTHUMHU3ALUOHHBIX 1,5 0,5 - 1
3a]1a4 B AJIEKTPOIHEPIeTHUKE
13. | Marematudeckasi IOCTaHOBKa
ONTUMM3AIMOHHBIX 3a7a4 B 1 - - 1
AIIEKTPOIHEPTCTHKE
1.4. OnTuMH3aMOHHBIE 3aa4l KaK
3a1a4u MAaTEMATHYECKOTO 1 - - 1
POrPaMMHUPOBAHHUS
2. OcobeHHOCTH pa3BUTHA
COBpeMEeHHBIX 5 1 i 4
3JIEKTPOIHEPTreTHYECKHUX
CHCTEM
2.1. | Dramsl pa3BuTHUA
3MeKTpodHepreTuku Poccun 1 i i 1
c y4eToM PBIHOYHBIX
OTHOUIEHUN
22. |Ilpuaatne wu  00OCHOBaHUE 1 i i 1
pemeHuii no pazsutuio 39C
2.3. | Cxema 00OCHOBaHHS Pa3BUTHUS 15 05 i 1
99C ’ ’
2.4. | OcHOBHBIC COCTaBIISOIIUE
15 0,5 - 1
obocHoBaHus pazsutust 9C
3. KommiekcHbie 3a1a4u
o0ocHOBaHUSA pa3BUTHA 4 1 i 3
3JIEKTPOIHEPreTHYeCKUX
CHCTEM
3.1. | Crpareruss passutus Enunoit 15 05 ) 1
29C Poccun ’ ’
3.2. | Crparernyeckuit TUTaH
Pa3BUTHS YHEPTOKOMITAHUH, 15 05 i 1
paboratorieit B cocTaBe ’ ’
SHEProoObETMHECHUS
3.3. HNHBeCTHIIMOHHEBIN IU1aH
pa3BUTHS 1 i i 1
AIEKTPOIHEPreTUUECKOTO
00BbeKTa




4. MaremaTH4eckoe
MO/JeJTUPOBAHHE  PA3BUTHUS
JIEKTPOIHEPreTHYECKUX 7 1 4
cUCTEM
B COBPEMEHHBIX YCJI0BHSAX
4.1. | [IporpammHoO-
BBIUMCIUTENbHBI  KOMILIEKC
1 - 1
«COIO3» g onTUMHU3ALUU
CTpYKTYyphl 22C
4.2, Maremarnueckas MOJECIb
15 0,5 1
pazButus 29C
4.3. [Tpunnun «II030HHOH
ONTUMMU3ALIUI) npu
MOJEIUPOBAHUU CYTO4YHOI'O 1 - 1
pEeKHMMa M YacCOBBIX IEPETOKOB
MOIIHOCTH
4.4. | MonenupoBaHue pa3BUTHSA 35 05 1
JIEKTPOCTAHIIHN
5. MareMaTHYecKHe MOJEIH U
METOAbI JINHEHHOIr 0 7 1 3
NMPOrpaMMHPOBAHUSA
5.1. ITocTanoBka OCHOBHOH 3ajaudu 5 05 1
JMHEHHOTr0 MPOrpaMMUPOBAHUS
5.2. Ob6nactu JOMyCTUMBIX ) i 1
pelICHUIA
5.3. | [Touck ONTHMAaJIbHOTO PEIICHUS 2,5 0,5 1
6. OnTuMHu3aHOHHbIE MOIeIH
AJISl IVIAHUPOBAHUS PA3BUTHSA 4 1 3
IJIeKTPOIHEPreTHYECKHUX
CHCTEM
6.1. Krnaccudukanus Mozesen 15 05 1
1aHupoBanus pa3BuTus 39C ’ ’
6.2. OnTuMu3anoHHbIE MOJIEITH
JUUIA IIOMCKA CTPYKTYPBI 2,5 0,5 2
TEHEPUPYIOINX MOIIHOCTEN
nToro 32 6 21
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4.2. Cogepxxanmne TUCUMILIMHBI, CTPYKTYPUPOBaHHOE 110 pa3jejaM U TeMaM

Buj 3aHATHIT B MHTEPaKTUBHON QOpMe: JIEKITUH ¢ TEKYIIUM KOHTPOJIEM, KOMITBIOTEPHBIE TPE3CHTAIINN
(8 gacos).

Pazgen 1. OIITUMU3ALIMOHHBIE 3ATAYA
Tema 1.1. Buabl onTUMH3aIHOHHBIX 32129 ¥ OCHOBHBIE CITIOCOOBI
HX penieHust

3HAUUTENEHYI0 YacTh HMCCICAOBAHUN B JJIEKTPOIHEPIETUKE, KaK M B JIPYTHMX OTPACISIX TECXHHKH,
COCTaBJISIIOT TaK Ha3bIBaCMbIC ONTHMU3AIMOHHBIC 3amaud. 3agadeil ONTHMHM3AIMM  HA3bIBACTCA
SKCTpeMajbHasl 3aja4a, I/ie TIPU PEIIeHUH 33JaHHON CHCTEMBl YPaBHEHHI M HAKJIabIBAEMbIX OrpaHUYIECHUI
HEOOXOIMMO OTIPEAETUTh IKCTpEeMyM IieneBod (yHKuu Z (ee MHHAUMYM WO MakcumyM). llpu stom
LEJIEeBYI0 (PYHKIHMIO Z 4acTO Ha3bIBAIOT KPUTepHeM. [[pyruMu cioBamu, W3 BCEX BO3MOXKHBIX BapHUAHTOB
pelIeHns HY)KHO HaWTH ONTHMAaJbHBIA — HaWOoJee MPEANOYTHUTENFHBIA M0 TeM WM HWHBIM 33laHHBIM
MOKA3aTeNIM — KPUTEPUSIM ONTUMAJIbHOCTH. B MHOTOAKCTpEeMaNbHBIX IENIeBbIX (YHKIHIX MPUCYTCTBYET
MHOKECTBO JIOKAJTbHBIX KPUTEPUEB, HAUOOIbUIUL U3 KOTOPBIX — 2100ANbHbIL.

s D9C xapakTepHbIMU ONTUMHU3AIIMOHHBIMU 33]]a9aMU SIBIISTFOTCSL:

1) yIpaBieHe HOPMaTbHBIMU YCTAHOBUBIIIMHCA peskuMamu D0C;

2) mianupoBanue pazeutus DOC Ha pa3HYI0 BPEMEHHYIO NIEPCIICKTUBY.

[TepBas 3amaua, Ha3piBacMas 3agadeid onTumMu3zanuu pexuma IIC, COCTOUT B OMPENEICHUN TaKUX
€ro TapaMeTpOB, KOTOPHIM COOTBETCTBYET MUHUMYM ODKCIUTyaTallMOHHBIX H3IEPXKEK Ha IMPOU3BOACTBO
AIIEKTPOIHEPTUU B cHUCTeMe B meioM. [lpm 3ToM HOWKHO oOecreumBaThCS MaKCUMAIBbHO HAalleKHOE
JJIEKTPOCHAOKCHUE TOTPEOUTENCH JIICKTPOIHEPrUe 3aJaHHOr0 KadecTBa 03 IMeperpy3kd OCHOBHBIX
AIIEMEHTOB CHCTEMBI M TP MUHUMAIbHOM BPETHOM BO3ACHCTBUM SHEPTETHKH HAa OKPYXKAIOUIYI0 Cpemdy.
AHanornuHo QopMmynmupyercs W 3amada IJaHupoBaHusi pa3Butusi IIC, TOTBPKO MHUHUMU3HPYIOTCS
CyMMapHbI€ 3aTPaThl [0 CUCTEME, BKIIIOYasi CTOMMOCTh COOPYKEHHS HOBBIX 3ieKTpocTaHuui, JISII u 1.1.

HpI/IBCILCHHI)IC OINITUMU3AIIMOHHBIC 3aJa4uu tIlf)e3BI)I‘I.':1I\/'IHO CJIOKHBI, YTO CYHIECTBCHHO 3aTpyAHSACT HE
TOJILKO WX pelIeHne, HO W COCTaBJICHHE WCXOAHOTO MaTeMaThdeckoro omnwucaHus. @DaxkTopamu,
OTIPEACTISIONIIMHE CIOXHOCTh 3TUX 33]1a4, SBJISIOTCS:

1) mHocoxpumepuanbrocmes — HATMYNE HECKOIBKHX KPUTEPHUEB ONITUMATBLHOCTH; B TIPUBEICHHO BBIIIE
3amade ontuMuzanuu pexxuma 9IC 3TO SIKOHOMHYHOCTh, YPOBEHD HA/ICKHOCTH, BIUSHUAE HAa 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. nepeMenHblX — HETIPEPBIBHBIA U TUCKPETHBIMH.

Tema 1.2. OcHOBHBIE MOAX0AbI MPH PEIIEHNU ONTHMHU3ANMOHHBIX 32124 B JIEKTPOIHEPreTHKE

B mpaktuke penieHuss ONTUMHU3ALMOHHBIX 334 IIUPOKO HCIOJIB3YIOTCS YIIPOLUEHHBIE IOAXOJBI,
MO3BOJISIONTNE OOOUTH CIOXKHOCTH H MOTy4aTh PEICHUs, ONM3KUeE K IEUCTBUTENLHO ONITUMAIHHBIM.

Bo-niepBbIX, MHOTOKpUTEpUABHBIE 33a9U CBOJIAT, KaK MPABHIIO, K OJHOKPUTEPUAIBHBIM: BBIOUPAIOT
OIVH U3 KPUTECPHUEB B KAaYECTBC OCHOBHOI'0O, a OCTAJIbHBIC YYUTBLIBAIOT B BUAC OFpaHHHeHHﬁ. HaanMep,
3amauy onTuMmmzanmu  pexuma  IOC  QopMyIMpYIOT < KaK = 3a0ayy  OOCMUJICEHUs  MUHUMYMA
IKCNIYAMAYUOHHBIX U30ePIICeK NPU 3A0AHHOM YPOBHE HAOEHCHOCHU U 3A0AHHOM OONYCMUMOM 8DEOHOM
8030€eliCMeUl HA OKPYIHCAIOWYIO Cpedy.

BO'BTOpBIX, CJIOKHBIC OIITUMU3AIIMOHHBIC 3aJa4uUu BBICOKOM Pa3MEPHOCTU ACJIAT HA Pl OTHOCUTECIIBHO
CaMOCTOSTENBHBIX TI0/33/1a4 MEHbIIIEH Pa3MEPHOCTH, KOTOPHIE PEIIAlOT pa3JellbHO U MPH HEOOXOTUMOCTH
MOJIyYEHHbIE PCIICHUS aHAIM3UPYIOT. Takoe JIeJeHHEe BO3MOXHO I10 HECKOJBKUM IpPH3HAKaM:
(GYHKIIMOHAIEHOMY, BPEMEHHOMY W TEpPUTOpPHATbHOMY. B WacTHOCTH, 10 (QYHKIMOHAJIBHOMY NPU3HAKY
3amady onTuMm3anuu pexuma OOC nenmsaT Ha JBe: SKOHOMHUYECKH Ielecoo0pa3Hoe pacrpeielieHue
aKTUBHOM MOIIHOCTH MEXIY JJIEKTPOCTAHIMSIMH M ONTHMHU3ALMS PEKUMA 0 HAIPSDKEHUIO U PEaKTHBHOUN
MOIIIHOCTH. AHAJIOTHMYHO €IUHYIO 33/1a4y IIaHupoBanus pazputus DIC nensiT Ha TPH:

1) onTuManbHOE PAa3BUTHE CTPYKTYPhI TEHEPUPYIOIINX MOIIHOCTEH;

2) onTUMAJIbHOE Pa3MEIlCHHE U Pa3BUTHE SJICKTPOCTAHIINI;

3) onTHMaNbHOE PA3BUTHE DIIEKTPUIECKUX CETEH.

B-TpeTtbux, yuer ciay4aiHbIX (aKTOPOB M HEONPEAEIEHHOCTH HCXOJHOW WH(QOPMAIMH MOXET OBITh
BBITIOJTHEH C MTOMOIIBI0 METOJ1a CTATHCTUYECKOT'O MOJIEIIMPOBAHNS, CBOJIAIIECTO PEIICHUE UCXOIHOM 3a/1a4u K
MHOTOKPAaTHOMY PEIICHHIO 33aJa4 C OJHO3HAYHO 3aJaHHBIMU — JICTEPMHUHHPOBAHHBIMH — WCXOJHBIMHU
napamerpamMu. Kpome TOro, 4acTto IHUCKPETHO H3MEHSIONIMECS IEPEMEHHbBIC YIPOIICHHO 3aMEHSIOT
HENPEPBIBHBIMHU C TIOCIETYIOIIEeH KOPPEKTHUPOBKOM MOTYYEHHOTO PEIICHHMS.

Heo0xoqumMo OTMETHTH, YTO TPH PENICHUHM ONTHMH3AIMOHHBIX 33734 AJIEKTPOIHEPIeTHKH, KaK H
.HI-O6BIX APpYyrux HWHXCHCPHBIX 3ajad, BLI60p MAaTEMATHYCCKOro OIHNCAaHUA MW €TI0 YHIPOIICHHUE ITOJIKHBI
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6a3I/Ip0BaTI>C$I Ha I‘J'Iy6OKI/IX 3HAHUSIX OOBEKTA HUCCICA0BAaHNM, MO3BOJIAIOMIUX YUYUTBHIBATH CYIICCTBCHHBIC
B3aMMOCBSI3H U BaKHCHIIIHE (baKTOpBI, BJIMAOIINWC HA PCHICHUC. B 10 xe BpEMs HE CIICAYCT 3arpoOMOKIaTh
OTO OIHNCAaHUC HECYIICCTBEHHBIMU (I)aKTOpaMI/I, SHAYUTCIIBHO ITOBBIMIAIOOIMMHU €I'0 CJIIOKHOCTBH, HO
IMMPAKTHUYCCKH HE BIMAIOUNIMMU Ha PCUHICHUC.

Tema 1.3. MaTeMaTH4eCcKasi MOCTAHOBKA ONTHMH3AIMOHHBIX
3a/1a4 B 3JIEKTPOIHePreTHKe
C y4YeToM pacCMOTPEHHBIX YIOPOINCHUH o00mas ¢(OpMyJTUPOBKAa ONTHMHU3AIMOHHBIX 3a7ad B
3IEKTPOIHEPTETUKE MOXKET OBITh CIICTYIOIICH:
OnpenennTs 3HAYeHHMs NepeMeHHbIX Xx;,i=1...,n (Hanpumep, mapamerpoB pexuma IIC),

o0ecreynBAIOIINX MHHMMYM 33JaHHOI0 KpPHTepHsl ONTHMAJBLHOCTH, NPEJACTABJIEHHOIO0 B BHJE
(yHknmMn 3THX NepeMeHHbIX Z(X1,...,X,, ), T.¢. HeJieBoil (yHKuMN (HanpuMep, NPUBEJECHHBIX 3aTPAT),

NMpH OTrPAaHMYEHHSIX HA ITH MepeMeHHble W (PYHKUUU OT ITUX INepPeMeHHBIX B BH/Ee PABEHCTB U
HEPaBEeHCTB.

Mamemamuuecku 31a 3a1a4a GOPMYIUPYETCS TaK:
min Z(xy,...,X,,) (1.2)
X

IPH OTPAaHUYCHHAX
Fi(x,x,)=0,i=L...1; (1.2)

PP 2D (1,0, %) 2P, j=L, (1.3)

x> x> ™M i=1,1 . (1.4)

Kak m3BecTHO, 3amadM Ha MOUCK JKCTpeMyMmMa (MHHHMyMa WIH MakCHMyMa) (QYHKOUH IO Mepe
BO3PACTaHUs CIOKHOCTHU KIACCU(PUIIUPYIOTCS CIEAYIOIUM 00pa3oM:

1) 3amaun Ha 6e3yCIOBHBII SIKCTPEMYM - OTpaHMYCHUS Ha TIEPEMEHHBIC OTCYTCTBYIOT M (hOpMyIUpOBKa
3a7a4M COEPXKHUT TOJIbKO yciosue (1.1);

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

3) 3amaul MAaTEeMAaTHYECKOr0 MNPOrPAMMHUpPOBAHMS - XOTS OBl OJHO OrPAaHUYCHHE HMMEET BHUJ
HepaBeHCTBa, 001ast (hopMyIMpOBKa 3a1auu BKIroyaet yeiaosus (1.1)-(1.4).

Tema 1.4. OnTUMH3aIMOHHBIE 3aa4YH KAK 3aJ1a4M
MaTeMaTH4eCKOro NporpaMMHupOBaHHsA

B anektposHepreTHke TPAaKTHYECKH BCE ONTHUMH3AIMOHHBIE 33Ja4dl  SBJSIOTCS  3a/adaMu
MaTeMaTH4YecKoro mporpammupoBanus. OHU JensTcd Ha JBa Kjacca: 3aJa4yd JIMHEHHOTOo W HEeTWHEHHOro
MaTEMaTHYECKOTO MTPOrpaMMHUPOBaHMUSL.

B koHue 30-x rogoB mpouuioro crojieTus coBerckuid maremaTtuk JI.B. KoHTOpoBHY BIEepBbIe perini
OJTHY W3 3aJla4 JTMHEHHOTO MPOrpaMMHUPOBAHHUS — TPAHCIIOPTHYIO 3a1a4y. OlHaKo ero paboThl HE MOTYYHIIH
IIMPOKOH N3BECTHOCTH.

B konne 40-x romoB amepukaHckuii MmareMaTuk beprapa anmur pazpa®oTan yHUBEpCaIbHBIA METOJ
pelIeHus] ONTUMHU3AIMOHHBIX JIMHEIHBIX 33/1a4 U Ha3BaJ €r0 CUMILIEKCHBIM.

Meroapl JNMHEMHOIO M HEIMHEHHOrO NPOTPaMMHUPOBAHMUS IIO3BOJIIFOT MCCIIEOBaTh CBOMCTBA
SHEPrOCHUCTEM NIPH ONMCAHMH MUX HEKOTOPOH MOJeNbio. Moaean MOryT ObITh OnucareibHble, (PU3NUYEeCKue 1
MaTemarnueckue. Mojens sBisgeTcd aieKBaTHOM, €CIM Pe3yNabTaThl MOZACIUPOBAHUS IOATBEPIKIAIOTCS
MOBEIEHUEM 00BEKTa U 110 HUM MOKHO IPOTHO3UPOBAThH MPOIIECCH TOBEACHNU 00BEKTA.

OtnenbHO cieqyeT BBIACTUTh WMHUTALMOHHOE MOAEIMPOBAHUE, KOTOPOE IPEACTaBIseT coO0M
BOCIIPOM3BE/ICHHUE MTPOLIECCOB MOBEACHUS OOBEKTOB BO BPEMEHH.

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

n
Zi = z Cl'jx]' y (15)
i,j=1

rae Z — ueneBas GyHKUUS; ¢ — HOCTOSHHBIN KOAQQUILIMEHT; X — IepeMeHHast; N — YHUCII0 YpaBHEHUH.

COBOKYITHOCTh JIMHEHHBIX YpPaBHEHHH Ha3bIBA€TCSl CUCTEMOH JIMHEWHBIX ypaBHeHHWil. Ee permenunem
SBJISIETCS] TOCJIEOBATEIbHOCTh WM BEKTOp 3HaueHui. [Ipu 3ToM cucTema JTMHENHBIX ypaBHEHUI MOXET
OBITH HECOBMECTHA, €CIIM HE MMEET PeLIeHus], TM00 HEe OnpeAeseHa, eclid UMeeT OECKOHEYHOEe MHOXKECTBO
pEIICHU!, WM OIpelNeleHa, €CId HMEeT €IUHCTBEHHOE pelleHue. Eciaum ke paccMaTpuBaeTcs
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ONTHMU3AIMOHHAS 33/iaya, T.C. YCJIOBHE CHIDKEHUS MO0 YBEIUYCHHUS IEICBOW (PYHKIUU B BBIPAKCHUU
(1.5), To Ha cucTeMy JIMHEHHBIX YPaBHCHUH HAKIIABIBAIOTCS JOMOJHUTEILHBIC OTPaHUYCHUS.
O6mrast popMyIHPOBKA 3a1a4H JIMHEHHOTO TTPOTPAMMHPOBAHUS TAKOBA.

Haiimu munumym nuneinoi yeneeoi pynkyuu Z
min Z =cg + Xy + €oXp + ... + ¢, X, (1.6)
npu ozpanuieHunx

>
apxy +a;oxo + ...+ a;,x, {Z}bi (1.7)

rae i =12,...,m.

OCHOBHBIM HEIOCTATKOM METOJa JIMHEHHOTO MPOrPaMMHPOBAHHUS SIBJSIETCS HEBO3MOXKHOCTH ydYeTa
JUCKPETHOCTH HCKOMBIX IapaMETPOB JHEPTETHUECKUX OOBEKTOB. I TaKMX ONTHMH3AIMOHHBIX 3a1ad
HIMPOKO UCIOIB3YIOTCS METOABI HETMHEHHOTO mporpaMmMupoBanus (puc. 1.1).

METO/IbI HETMHEMHON OTTTUMIB AL

v :

AHanmumgeckue repaipionsse
v
Tounee . -
(KaccHdecKre) | Tp HHBE

Puc. 1.1. Knaccugpurkayus memoooe nenuneitnozo
npozpammuposanus

3agayn  HeJIMHEHOT0 NPOrPaMMHPOBAHUSI OTHOCAT K KJIaccy 33Jady  JUHAMHYECKOTrOo
nporpaMMupoBanus. MIx maremarndeckass GOpMYJIUPOBKa MPAKTHYECKH HE OTJIMYAETCS OT (DOPMYIHPOBKH
3a1a4 JMHEHHOTO MPOrpaMMUpPOBaHMA, OJHAKO IPUBOIUTCA B Oojee MMPOKOi nmoctaHoBke. I1pu 3Tom, ecnu
ueneBasi GYHKIUS WK XOTA Obl OJHO M3 OIPaHMYCHUI HE YAOBIETBOPSIOT TPEOOBAaHUSIM 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 ObI 01HO U3 orpanmueHui (1.2), (1.3) nmm ueneBas QyHKIUSL
(1.1) ObUIM HEMUHEWHBI OTHOCUTENBHO MepeMeHHBIX. K HeTMHEHHOMY NPOrpaMMHUPOBAHUIO OTHOCAT TaKKe
3aMa4il ¢ JIMHEWHBIMH OTPAHWYECHVSIMA W JIMHEHHOW T1eneBod (yHKIHWEW, HO TpH JUCKPETHOCTH
MEPEMEHHBIX.

OcCHOBHbIE pe3yNbTaThl HEJIWHEHHOr0 MPOrpaMMHUPOBAHMS TMOJNyYeHBl I 3aJa4 C JIMHEWHBIMU
OTpaHUYEHMSIMUA M C KBaJpaTUYHOU IieneBod (pyHKIMeH. B Takux 3amavax pelieHHWe TakKe MOXKET ObITh
HalIeHO Al y3KOro kmacca ueneBoi ¢ynkumu. Hambonee pacnpocTpaHeHHBIMH METOAAMH SIBISIOTCS
meton Jlarpamxka, TpagueHTHBIE METOJABI, a TaKkKe OOOOIIeHHBIH CHUMILIEKC-METOA, MeTon buia,
bapanknna-Jlopdpmana, Bonbsdha 1 mouckosbie (MTEpaioOHHbIC) TMOO MPHOINKEHHBIE METOIBI.

Hapsiny ¢ paccMoTpeHHBIMH 3aadaMy JTMHEHHOTO M HETMHEWHOI'O NMPOrpaMMHUPOBAHHUS CYLIECTBYIOT
TaKkKe U B3aMMHO-IBOWCTBEHHbIE 3aJa4yM, KOTOpbIE MOTYT OBITH OTHECEHbl K 3aJadaM JIMHEHHOTOo
nporpaMMupoBanusi. [lepBast yacTb 3TOH 3a/1a4u MPOBEPSETCS HA MUHUMYM LIEIeBOH QYHKIMH, BTOpas — Ha
ee MakcuMyM. [Ipu 3TOM KakgOMy OrpaHHYEeHHIO OJHOM 3aJayll COOTBETCTBYET NMEpEeMEHHasi APYIoH, T.e.
HOMEDp IEePEMEHHOM COBIAAaeT C HOMEPOM OrpaHuyeHui. Eciau B MCXOMHOH 3ajjaue OrpaHuveHusl 3a1aHbl 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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PA3JIEJI 2. OCOBEHHOCTHU PA3BUTHUSI COBPEMEHHBIX JIEKTPOOHEPIT'ETUYECKUX
CUCTEM
Tema 2.1. ITansl pa3BUTHS YJIeKTPo3HepreTnku Poccnn
€ Y4€TOM PBIHOYHBIX OTHOLICHUM

B nacrosimee BpeMst u B Onmkailiell mepcreKTHBE TIaBHOM 3afadeid pa3sBUTHs U (QYHKIIMOHUPOBAHUS
aneKTpodHepreTuku Poccun sBmsiercss cozmaHue 3QQEKTHBHONW CHCTEMBI YIPABIEHHS, COOTBETCTBYIOIIEH
HOBBIM 3KOHOMHMYECKHM YCJOBHUSAM, C LEIbI0 OOECIIeYeHHs] HACEeNCHUs W SKOHOMHUKHU CTPaHbl HAJEKHbBIM
9NEKTPO- W TemlocHaOkeHueM TpeOyeMoro KadecTBa TIpH HAWMMEHBIIMX 3arpatax. Pa3Butue
9MEKTPOIHEPTETUKH OYAET OCYIIECTBISATHCS B HECKOJIBKO JTAIOB.

Ilepgovrit 3man xapakTepusyeT COBPEMEHHOE COCTOSHUE, KOrZa B OCHOBY BeleHMs pexumoB EODC
Poccun n OOC 3aknagpBaroTcs OanaHChl SHEPTUU U MOIIHOCTH, @ B OCHOBY SKOHOMHUYECKHX OTHOIIEHHUN —
NoTpeOHOCTH B 3aTpaTax M NPHUOBUIM HPOM3BOAMTENECH 3HEPrUM M JHEPrOCHAOKAIOMIMX OpraHU3alui,
ompeJesseMble B Ipolecce 000cHOBaHMUS Tapu(oB Ha odepeqHON mepuoa perynupoBaHus. Ha stom stame
OCHOBHOE BHHMMAaHHE YIENIAETCS BOIPOCAM YIYYIIECHHS CUCTEMbI LEHOOOPAa30BaHMS C LIEJIBI0 YMEHBIICHUS
3aTpaT Ha TPOM3BOACTBO M TPAHCIOPT 3JIEKTPOIHEPIHH, YCTPAHEHUS] NEPEKPECTHOTO CYOCHAMPOBAHUS
OJTHUMU MOTPEOUTENSIMH IPYTHX W BBeNEHUS AU PepeHITNpOBaHHBIX Tapru(OB sl MOTPEOUTENCH C yIeTOM
peanbHbIX 3aTpaT Ha IPOU3BOJCTBO, TPAHCIIOPT U PACHPEAEICHUE SJIEKTPOIHEPTUH.

Bmopoii 3man nipegycMaTpyuBaeT BHEAPEHNE KOHKYPEHLIMH MEXY MPOU3BOAUTENSAMH AIEKTPO3HEPTHH.
Bo3moxxHOH TpencTaBuseTcs cxeMa, KOra MpOU3BOJUTENN dICKTPOIHEPTUH KOHKYPHPYIOT MEXIy co0oil B
NpOJaKe SJIEKTPOIHEPIrMH KaK TOBapa ONHOM KOHKYPHUPYIOLIEH SHEPrOKOMIIAHHH, B KaueCTBE KOTOPOW Ha
®OPOMe moxer Boictynate PAO «EDQC Poccum» B mune ILJJIY EDC. B kadecTBe KOHKYpHPYIOLIUX
MPOU3BOUTEIIECH BBICTYIAIOT JIEKTPOCTAHIMH, BbIBeeHHbIe HAa DOPDOM, a taxxke u3dbirounsie AO-3Hepro, a
B KauecTBe Nokymnareneit — nedunurasie AO-3HEpPro u SHEProeMKue moTpeduTen , BeiBeneHHbIle Ha DOPOM.
Heobxonnmo, 4T00BI 3aKOHOAATENEHO OBLIM OmMpeAeneHsl ycioBus, npu KOTopbix PAO «EDC Poccum»
JIOJDKHO TIOKYTIaTh 3JIEKTPORHEPTUI0 y HE3aBUCHMBIX MPOM3BOAUTENEH 3JIEKTPO3HEPTHH, BBIBEACHHBIX Ha
OOPOM. Ha pernoHajbHBIX YPOBHSAX TaKKe MOXKET OBITh pealn3oBaHa CTPYKTypa VIIPaBICHHUS C
€IUHCTBEHHBIM IOKYIATENIEM, B KAYECTBE KOTOPOIo BhICTYNarT otAeinbHbie AO-3Hepro. Kaxnoe AO-3Hepro
JOJDKHO HECTH OTBETCTBEHHOCTH 3a JJIEKTpPOCHAO)KEHHE NOTpeOuTeNnell, HaXOIIINXCS HA TEPPUTOPHH,
o0cmyxuBaeMoii 3tumMu AOQ-3Hepro.

Baxwnelimue 3a1a4i Ha 3TOM 3Tale — OPraHU3alMs 3arpy3KH 3JIEKTPOCTAaHIMN Ha OCHOBE 00eCIeUeHHs
HauMeHbIuX 3atpar B menom no EDC omepartopamu peiHKOB PAO «EDC Poccum» m AO-sHepro u
YCTaHOBJIEHHE COOTBETCTBYIOIIMX MPUHIUIIOB [IEHOOOPAa30BaHUs Ha MOKYNKY JIEKTPOIHEPTUH.

PAO «E3C Poccum» B munie UAY EDC momxHO obecrieunBaTh OallaHC MPOU3BOICTBA M OTPEOICHUS
AIIEKTPOIHEPTUU TIPU MUHHMAJIBHBIX 3aTpaTax M Tpebyemble YPOBHH HAAECKHOCTH M ycTonumBocTu EODC
Poccuu B nenom. Ilpu 3ToM 00s13aTenbeTBa MO 00ECTICYSHUIO HAJIS)KHOCTH U YCTOWYMBOCTHU JIOJDKHBI OBITH
pacrpeneneHsl MeXAy BCEMH MPOU3BOAMUTENSIMM, B TOM YHCIE B YacTH PETryJIMpPOBaHHUA YacTOTHI,
HanpsDKEHUs, TONACP)KaHWS OIEpPaTHBHOIO pe3epBa MOIIHOCTH, M JOJDKHa ObITh  pa3paboTaHa
COOTBETCTBYIOIIAs CHCTEMA OIJIaThI 3TUX YCiIyr. OCHOBHBIMH 3aJlauaMi BTOPOIO dTara SBISIOTCS: CO3JaHne
HOPMATUBHO-TIPABOBOW 0a3bl W PPEKTHBHOW CHUCTEMBI CKOOPIWHHPOBAHHOTO YIPABJICHUS Pa3BUTHEM U
¢ynkumonuposanuem 6osee yeM 100 cOOCTBEHHHKOB 3JIEKTPOIHEPIeTUYECKUX OOBEKTOB, PabOTArOIIMX
napajjieIbHO, ¥ COOTBETCTBYIOLIMX HPABHJI UX COBMECTHOM pPabOThI, 00ECIIEUMBAIOIIMX ONTHMH3ALHIO
pexxumoB EDC Poccuu; BbINONHEHHE TpeOyeMbIX HOPMATHBOB D3JIEKTPOCHAOKEHUS TMOTpeOuTeneil u
crpaBeanMBoe pacnpeneneHue 3d@dexkrta OT ONTUMHM3ALMM MEXAY BCEMHM YYaCTHHKAMH, a TaKxke
ycTaHOBJIeHHE AU EpeHINPOBAHHBIX M M3MEHSIOIUXCS B 3aBHCHMOCTH OT CTOMMOCTH IPOU3BOJCTBA U
MOCTABOK JIEKTPOIHEPTHHU B IAHHBII MOMEHT BpeMEHH TapU(OB Il KOHKPETHBIX MMOTPEOUTENICH.

Jnsi HOBBIX YCJIOBHH (YHKIMOHHPOBAaHUS OdIIeKTpodHepreTnku Poccunm TpeOyeTcs amamtaius
MMEIOIIUXCS] HOPMATHBHBIX JJOKYMEHTOB 0 HAJEKHOCTH, PACCPEIOTOUEHHBIX B PAa3JIMUHBIX MaTepHalax, K
HOBBIM YCIIOBHSIM M CO3JaHME B3aMMOCOIJIACOBAHHOW CHUCTEMBI HOPMATHUBOB, 0O0ECTIEUMBAIOLINX
panroHaNIbHbIe YPOBHH HAJIC)KHOCTHU 3JICKTPOCHA0KEHUS TOTPEOUTETCH.

B ycnoBusax o06pazoBaHusi MHOTHX COOCTBEHHHKOB SHEPreTHUECKHX 00BEKTOB, pabOTAIOIINX B COCTAaBE
EDC Poccun, o0s3aTenbcTBa MO OOSCHICUSHUIO HAAEKHOCTH JOJDKHBI OBITH pacHpeiesieHbl MEXIy
pa3IMYHBIMUA COOCTBEHHUKaMH. [Ipexie BCero 3TO OTHOCHUTCS K paclpelielieHHI0 00sS3aTeNbCTB B
OTHOIIIEHWH DPETYJTUPOBAHHS HYaCTOThI; OOecrieueHus] HeOoOXOAMMOTO OIEPaTHBHOTO pPe3epBa MOIIHOCTH,
pe3epBa MOLTHOCTH AJISl IEPBUYHOTO ¥ BTOPUYHOT'O PEryIMPOBAHMS YACTOTHI;, PEryJIMPOBAHUS HAIIPSKEHHUS;
koopanHanuu cucteM P3 u [TAA, B ToM uucie yCcTpoMCTB aBTOMAaTHYECKOW 4acTOTHOW pasrpy3ku AYUP u
CTEIMaTbHOW aBTOMAaTHKHN OTKITFoueHns Harpy3ku CAOH.

Kaxnp1ii cyObeKT phIHKa 1OJDKEH 00ECIeUUTh:
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e Hanmuyue Ha cBoux arperatax cucreM APUM m HeoOxomumoro mis ux 3¢(pQeKkTuBHOro AEUCTBHA
pe3epBa MOIIHOCTH, KOTOPBIH JOJKEH COCTAaBIATh 2-3% 00111eli MOIIHOCTH paboTaloMIKX arperaTos;

e Hamuyue Yy pPalOTAIOIIMX arperatoB pe3epBa MOIIHOCTH, HEOOXOAWMOTO il BTOPHUYHOIO
pETYIUpPOBAaHUSI YAaCTOTHI, KOTOPBIH JOJDKEH COCTaBIsATH 2-3% CyMMapHOW MOIIHOCTH arperaToB
COOTBETCTBYIOILEIO CYOBEKTa PHIHKA;

® HajIM4Me ONEPATHBHOTO Pe3epBa MOLIHOCTU, HEOOXOIUMOTO [yl 00eCIeueH s IOKPBITUS Harpy3Ku
99C ¢ y4eToM ommOKH ee MPOrHO3UPOBAHUS M BO3MOKHOTO aBapUHHOTO BBIX0/1a 000PY/TOBAHMSL.

[Ipu oTcyTcTBHM COOCTBEHHOTO JAOCTATOYHOTO pPe3epBa MOIIHOCTH CYOBEKT ONTOBOTO PHIHKA OJKEH
KYIIUTh 3TOT PE3€PB Ha ONTOBOM PhIHKE Y APYI'HX CYyOBEKTOB PHIHKA Y€PEe3 ONepaTopa phIHKA.

IlopnepskaHue yCTaHOBICHHBIX YPOBHEH HampsDKEHHs B OIPEINCIIEHHBIX TOYKAaX OCHOBHOW CETH
SBJISIETCS] MPEUMYILIECTBEHHO JIOKATHHON 3ajjaueil U JOJKHO OCYLIECTBIATHCSA CPEACTBAMH PEryJIHpPOBaHUS
CyOBEKTOB ONTOBOTO PBHIHKA.

BMmecte ¢ Tem B ycnoBusAx aeduuura uiam u30bITKa PEAKTUBHONW MOIIHOCTH ONEPATOP PHIHKA MOJKET
NPUBJIEKATh K €€ PErylMpOBaHMIO PA3HBIX CYOBEKTOB PHIHKA (B TOM YHCIIE M MOTpeOUTeNei); ux yciayru
JOJDKHBI OIUIAYMBATHCS B COOTBETCTBHM C YCTAHOBJICHHBIMH JIOTOBOPEHHOCTSIMH 00 OIjiaTe TaKoro poja
YCIIYT.

Jia mpenoTBpalieHusi CHCTEMHBIX aBapHii, YpeBaThIX OOJBIIIM yIiepOOM sl BceX (MU IJIT MHOTHX)
CyObEeKTOB OINTOBOTO pBIHKA, TpedyeTcs BbIpaOOTKa OOIIEH WACONOTHH IOCTPOCHHS CHUCTEMBI
IPOTUBOABAPUHHOTO YIPABIEHUS; CTPOroe COOJIONEHHE KaXKAbIM CyOBEKTOM pBhIHKA 3aJaHMH U KOMaHJ
oreparopa phIHKA IO BBINOJHEHUIO NPOTUBOABAPUNHBIX MEPONPHITUI; TLIATENbHBIA aHAIU3 aBaPUHUHBIX
HapylmeHHH W BBIpabOTKa OOS3aTENbHBIX AJISi UCTIONHEHHS BCEMHU CYOBEKTaMH PBIHKA MEPOTPHUSATHH IO
COBEpUICHCTBOBAHUIO CUCTEMBI TPOTUBOABAPUITHOTO YIIpABICHUSI.

[IpoTuBOaBapuiiHbIe MEPONIPUATHSL, KOTOPbIE 0053aHBI MPOBOANUTH CYOBEKTHI ONTOBOI'O PHIHKA, TOJIKHBI
OBITH OTpeJieNIeHbl COOTBETCTBYIONINM COTJIAIIEHHEM CYOBEKTOB PHIHKA, a JOTIOJHUTEIbHBIE MEPOTIPHUSITHS,
HEOOXOUMEBIE, HO HE TPEIyCMOTPECHHBIC MPEABAPUTEIbHBIM COTJIAIICHHEM, JOJKHBI COOTBETCTBYIOIIUM
00pa3oM OIJIauMBAaThCA 3a CUET CPEACTB, (POPMUPYEMBIX Ul 3TUX Liejel Ha peIHKE. Tak, 3JIeKTpOCTaHIINY,
Y4YacTBYIOIIME B NPOTHBOABAPUHHOM YIPAaBJICHUH, IOJDKHBI IOIydaTh AOIUIATY 3a IHOBBIIICHHBIH H3HOC
000pyIOBaHMsl, a TAKXKE 33 HAIMYKE CPEJCTB, 00ECTICUYMBAIONINX IOTOBHOCTh IEKTPOCTAHIIMU K TIOABEMY C
«Hyms» B cimydae momHoro norameHus O9C. Ilorpeburenu, moakmoueHHsle kK [IAA (CAOH u AYP), a
TaKXXe BKJIIOYEHHbIC B CHHCKHM MOTPEOHUTENEH, KOTOpble MOTYT OBITh OTK/IIOYEHBI WM OTPAHUYEHBI IO
MOIIIHOCTH M SHEPTUH 10 KOMaHJe olepaTopa phIHKAa B aBapUHHBIX CUTYallUsX, JOJDKHBI UMETh CKUAKY Ha
MOKYTIaeMyI0 MUMH 3JIEKTPOSHEPrHio. B coOTBEeTCTBYIOMIEM KOHTPAKTE Ha MOCTABKY AJIEKTPOIHEPTHUH WU
CHELMAIBHOM IOJOKEHHH IOJDKHBI TaKKE OroBapUBAaThCS COIVIACOBAHHOE YHCIO M JUIMTENIBHOCTD
ABAPUNHBIX OTKIOYCHUN U OrpaHUYCHUH.

[Ipencrontr ompenenuTh SKOHOMHYECKH IIeJiecooOpazHOe 3HAueHHe KPHUTEpHUs CTaTUYeCKOH
HAJIE)KHOCTH, XapaKTEePHU3YIOLIET0 BEPOATHOCTH mosiBieHus neduiura mouHoctd B OOC u EDC Poccun Ha
nepcnekTuBy. s 3Toro HeOOXOAMMBI MCCIIEIOBAHUS 110 ONPEAETICHUIO CPEIHUX 3HAuYeHWH ymepOoB OT
MEPEePBIBOB 3JICKTpOCHaOXeHus norpeduteneii. [IpenBaputebHO Ha OCHOBE MPOBEICHHBIX HCCIICAOBAHUHN
TpeJyIaraeTcs Mpy pacdyeTax HaJleKHOCTH Ha MEPCTEeKTHBY OPUEHTHPOBATHCS HA HOPMATHBBI HAJIEKHOCTH B
nuanasone 0,996-0,999 no 2005 rona ¢ nocneayromumM yctaHoBienueMm Hopmatusa 0,9991.

B HOBBIX yCTIOBHSIX CTAaHOBHUTCS aKTyaJbHBIM NPOBEAEHHE MPOEKTHBIX M IKCILTyaTaIl[HOHHBIX PacyeToB
110 OLIEHKE HAJIEKHOCTH B COOTBETCTBHM C KPUTEPHEM HajexkHOCTH N-1°. B mepByro ouepenb nmpuMeHeHHe
9TOTO KpUTEPHsI HEOOXOMMO MPU BBIOOPE CHCTEMOOOpa3yoNIMX CBs3eH, cucTeM Bblnaun MomHocTH ADC,
kpynaeix TOC m I'OC, cucrem TpaHcmopra »3IeKTposHeprum mnocpeactsoM JIOII cBepxBbICOKOTO
HanpsDKEHUs!, CXEM MUTaHMS KPYIHBIX Y3J10B Harpy3KH.

Heo6xomuma pa3paboTka CUCTEMBI OIJIATHI MOTPEOUTENSMH 3JICKTPOIHEPTUH 3asIBIICHHOTO HMH YPOBHSI
HaJIGKHOCTH D3JICKTPOCHAOKEHUSI M OIpeJeSieHHe OTBETCTBEHHOCTH JHEProcHa0XalolMX KOMIAHUH 3a
HapylIeHNe PUHATHIX MU 0053aTEIIbCTB.

[InmanupoBaHue AONTOCPOUHOIO Pa3BUTHS INEKTPOIHEPreTHKH Poccuy JOIKHO OCYIIECTBIISITHCS Ha
OCHOBE KOOPJIWHAINH TPEUIOKEHUH 10 PA3BUTHIO TEHEPHUPYIOMNX MCTOYHUKOB M DJIEKTPUYECKUX CETEeH,
paspabateiBaembix PAO «EDC Poccum», AO-3Hepro, a Takke MNPEIJIOKEHUH HE3aBUCHMBIX
NPOM3BOJAMTENEH BIIEKTPOIHEPIHH TaKUM 00pa3oM, YTOOBI OCYLIECTBISUIOCH HauOoJiee palroHaIbHOE

*

Kputepuit HajeHoCTH n-1 ABnnerca YaCTHbIM cnyyvaem Kputepusa n-i,
rae i = 1,2,3... - KOAMYECTBO OTKAKOUYAEMbIX INEMEHTOB, U BbINOJHAGTCA, €CN NPU UMetoLwemca B paboyem COCTOAHUM coCTaBe
obopynoBaHMA CUCTEMA BbIAEPXKMBAET OTKa3 OAHOrO 37emeHTa 6e3 HapyleHus AONYCTUMbIX OFpaHUYeHWin  npwu
bYHKLMOHMPOBAHUM CUCTEMDI.
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pa3BuUTHE 3JCKTPOIHEPTETHKH C TOYKH 3PEHUS MUHMMyMa 3aTpaTr oOmectBa B wesnoM. OCHOBOHM ams
NPUHATHS peUIeHHusT MOrTM Obl CcTaThb ONTHUMAalbHBIE IUIAHBI Pa3BUTHA JJIEKTPOIHEPreTUKH CTpaHBbI,
MIOJIYYCHHBIE B PE3YJIbTaTE ONTHUMU3ALUOHHBIX PACUETOB PA3BUTHUS AIEKTPOIHEPTETUKHU KAK €AUHOIO LIEJIOr0
P Pa3IMYHBIX UCXOJHBIX YCIOBHUSIX.

Ha »stom »sranme HeoOxommmMo OyaeT BBECTH KOHKPETHBIE TOPTH MPH CTPOHMTENBCTBE HOBBIX
AIIEKTPOCTAHINM, a TaKKe MPH 3aKIIOYeHUN KOHTPAKTOB Ha ITOCTaBKM HamOoJiee NEMIeBON MPOMYKIIUH
AIIEKTPOCTAHIMAMHY Ha (heIepabHBIA U PErHOHANBHBIA PHIHKH JIEKTPUIECKOI SHEPTHH W MOIITHOCTH.

Heo6xomumo OyneT pemuTh 3aKOHOAATENbHBIE H SKOHOMUYECKHE BOIPOCH! YIPABICHUS HATPY3KOH H
pasBUTHSL COOCTBEHHOTO TPOW3BOJCTBA TEIJIOBOM W  JJEKTPUYECKOW DHEPTrUM  MPOMBIIIIICHHBIMU
MPEANPUATHIMH.

PaccMotpenHass cTpykTypa yIpaBieHHS Ha BTOPOM 3Tall€ MO3BOJIUT CHU3UTH PBIHOYHBIM PUCK JUIS
MIPOM3BOANTENIEH 3IEKTPOIHEPTHUH, JydUIlle COXPAaHUTh HMEIOLIUICS 3JIEeKTPOIHEPreTHYECKU MOTEHIMA
CTpaHBbI, a TAK)KE PEIIUTH OOIIECTBEHHBIE 33/Ia4H, B TOM YHCJIe BO3MOXXHOCTh MTPOBEACHUS JTOJITOBPEMEHHOM
MOJINTUKY PallHOHAIBHOIO UCIIOJIb30BAaHUS IPUPOAHBIX PECYPCOB.

B sror mepuon B AOCTaTO4YHO MOJIHOM Mepe HAYHET MHPOSBISATHCA KOHKYPEHILUS B IPOU3BOJACTBE
AIIEKTPOIHEPTUU W OYyAyT CO3JaHBl YCIOBUS JUIS PAa3BUTHAA HOBBIX HE3aBHCHMBIX ITPOM3BOIUTENECH
anektposHepruu. Poms DenepanpHON W pEerHOHANTBHBIX JHEPreTHUECKUX KOMHUCCHH OyAeT COCTOATh B
perynupoBanun aesitenbHocTd PAO «EDC Poccum» u AO-3Hepro Kak €CTECTBEHHBIX MOHOIIONHMA U B
CO3JIaHMH 3aKOHOJATETbHON 0a3bl, oOecleurBaloell KOHKYPSHIUIO U pa3BUTHE Hauboinee 3PQeKTUBHBIX
MIPOM3BOANTENEH INEKTPOIHEPTHH. B TO ke BpeMs OymeT oCyIIeCTBISATHCS Pa3BUTHE DIIEKTPHUIECKUX CETEH,
HEO0XOIUMOE IS BBITTOTHEHHUS! CIICAYIOIIMX 3TAMOB PHIHOYHBIX MPE0Opa30BaHuil, a TaAK)Ke MOATOTOBKA BCEH
HEOO0XOIUMOI HOPMATHBHO-TIPABOBOM 0a3bl IJIs1 MOCIEAYIONIMX TAoOB PHIHOYHBIX IPE0Opa30BaHUI.

Tpetuil 1 mociaeAyoOWUA 3Tanbl Pa3BUTUS PHIHOYHBIX OTHOLIEHUN B 3JEKTPOSHEPIrEeTUKE IOJKHBI
0a3upoBaThCs HA pe3yIbTaTaX pealn3alii MEePBhIX ABYX.

Ha mpemvem 3mane HeoOX0quUMO OyJeT MPUHATH 3aKOHOAATENIBHBIA aKT 00 OTKPBITOM JIOCTYIE K
Nepealonii CeTH MPOU3BOAUTENEH 3SJEKTPOIHEPIUH, paclpeleIUTeIbHbBIX KOMIIAHUH U KPYIHBIX
norpeduTenel; mpoBectu oObeAWHEHHE (eIepallbHOTO ONTOBOTO W PETHOHANBHBIX PHIHKOB; CTPYKTYPHO
pa3enuTh TEHEepalrio U Mepefady dJIEKTPOIHEPTHH; OCYIIECTBUTh BBIBOJ HA OOIIUI ONTOBBIA PBHIHOK U
obecreynTh CBOOOAHBINH JOCTYI K HEMY BCEX WIIM OOJILIIMHCTBA AJIEKTPOCTAHIMN Ha KOHKYPEHTHOH OCHOBE.
PacnpenenurensHple KOMOAHUM MONY4YaT OTKPBITHIA AOCTYN K MEpPEJAIOLIEH CETH ONTOBOrO PBIHKA, HO
COXpaHAT MOHOIIOJIGHOE TIPaBO Ha DJJIEKTPOCHAOXKEHHWe KOHEUHBIX morpedutenei. Ilpm sTom
KOHKYPEHTHBIMH YacTSMH PbIHKa OyJeT reHepanus dJIeKTPOIHEPTHHA U PO3HUYHASI TOPTOBIIS €10, B TO BpeMsI
KaK CHCTEMa Mepeladyd U paclpeiesieHus OCTAaHYTCs PEryJupyeMbIMU YacTSIMU PbIHKA. B 3TUX ycIoBHSX
HEUTpaIbHBIM aIMUHICTPATOPOM IPOIIECCOB YIPABICHUSA, TUIAHUPOBAHUS U (DYHKIIHOHUPOBAHUSI OMTOBOTO
pPBIHKa MOJKET BBICTYNATh CeTeBas KOMIIAHHUM, KOTOpas CyMeeT 00ecleduTh yCTOMYMBOCTh M HaEeKHOCTh
paboThI Beeit cucteMbl, TMO0 HE3aBUCHMBIN OIIEPATOpP PHIHKA.

OObenuHeHne ¢eaepaibHOro U PErnOHaIbHOTO PHIHKOB AJIEKTPOIHEPIHH CTAHET UTOTOBBIM (pakTopoM
C TOYKH 3pCHUS BEIpaBHUBAaHUS Tapu(pOB HA IEKTPOIHEPTHIO AJisl oTpedureneld Poccnu, Haxosmuxcst Ha
pa3INYHBIX €€ TePPUTOPHUSIX, U 3TO OyAET COMyTCTBOBAThH IIENISIM M TEHIEHIUSIM, KOTOphle UMEIOT MECTO B
JIPYTUX CTpaHax MUpa.

Hakonen, ©Ha uemeepmom 3Imane Bce TOTpEOWTENH TIONy4aT IMPaBO BHIOOpPA ITOCTABIIHKA
3JIEKTPOIHEPTUHU U JUIA HUX MOSABUTCSA OTKPBITHIM JOCTYI KaK K MEpeNaroliel, Tak U K paclpeneanTeIbHOI
cetu. [Ipu obcmyxuBaHNY OOJBIIOTO KOJIWYECTBA CAEIOK, KOTOPBIC JOJDKHBI MTPOU3BOAUTHCS IS KaXI0TO
yaca WM TI0JIydaca, MOTpeOyeTcsl co3JaHne MOITHOW WH(OPMAIMOHHOW HH(PACTPYKTYpPHI PEeaTbHOTO
BpEeMEHH W COBPEMEHHOTO MporpaMMHoOro obecriedeHusi. Takum o0pa3oM, 4YeTBEpTHIA dTam OyneT
XapaKTepH30BaThCAd TOJHOLEHHBIM PBIHKOM JJIEKTPHUECKON SHEPruM W MOIIHOCTH, MpPH KOTOPOM B
OpraHM3alid KOHKYPEHIIMH YYaCTBYIOT Bce CyOBEKTHI PhIHKA, BKIOYAs MOTpEOUTENEH, KOTOPhIE B 3TOM
HEIMOCPE/ICTBEHHO 3aWHTEPECOBAaHBl M MOTYT peaJbHO OKa3bIBaTh BIWSHHE Ha MPOU3BOAMUTENECH U
MOCTABUINKOB SHEPTUH.

[lepexox OT COBPEMEHHOI'O COCTOSIHUSI PHIHOYHBIX OTHOLLICHUN B DJIEKTPOIHEPreTHKe (IMEepBBIM 3TaIl) K
MOJTHOLICHHOMY DBIHKY (YETBEPTBIM 3Tall) pacTsHercs Ha jaecaTh u Oonee jer. Ilpu 3Tom mepexoxm ko
BTOPOMY JTally HE 3aTPOHET IpaBa COOCTBEHHOCTH CYOBEKTOB pBbIHKA M OyleT CBsi3aH JHWIIb C
YIOPSZIOYEHNEM OTHOIICHUH CyOBEKTOB Ha ()e/iepaibHOM ONTOBOM U Pa3JIMYHBIX PETHOHAIBHBIX PHIHKAX, &
TaKke oTHowmeHuH ¢ denepanbHON U pETHOHATIBHBIMU 3HEPT€TUYECKUMH KOMUCCHSIMH.

[Iporecc cTaHOBIEHHS Pa3BUTHIX KOHKYPEHTHBIX OTHOIIEHHH MEXIy cyObeKkTamu (enepaibHOTO U
PETHOHAILHOTO PHIHKOB AIIEKTPUYECKOIN SHEPTHMH M MOITHOCTH W B MPOM3BOACTBE DJIEKTPOIHEPruu Oymer
3aBHCETHh OT OOIIEH IKOHOMHYECKOH OOCTaHOBKM B CTpaHE, CKJIAJBIBAIOIIUXCS MEXaHU3MOB YIPABJICHUS €€
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9KOHOMHUKOH, a TaKKE OT TOTO, HACKOJIBKO YAaYHBIMU OKQXKYTCS PEIICHHUS MO YHOPSJAOYCHUI0 OTHONICHHN
MEXJy CyOBEKTaMU PhIHKA.

HeoOxomumeiM ycitoBueM 3Gh(OEKTUBHOCTH peaM3aIlii MpeoOpa3oBaHU Ha TPETHEM W YETBEPTOM
JTamnax SBISCTCS YIpeKIaromas pa3paboTka Bcel TpeOyeMolW HOPMaTHBHO-TEXHUYECKON 0a3bl, a Takke
PETYJIMPYIONIUX U PHIHOYHBIX IPABHJI pa0OThI CyOBEKTOB X03siicTBOBaHMs B pamkax EQC Poccun.

Tema 2.2. [IpunsiTHe U 000CHOBAHHE PelIeHUIT M0 pa3BuTHI0 IIC

WntencuBnoe pasButHe 3mekTposHepreTuku B 1950-1970-e rr. BbI3BaI0 HEOOXOAMMOCTH AKTHBHOM
pa3paboTku Metononorud obocHoBaHus pa3Butus DOC, koTopas GopMHpPOBaNacCh Ha OCHOBE CHCTEMHOTO
MOIX0J1a, OTPAXKAIOMIETO HepapXuio 3afad pa3Butus DDC, B3aWMOCBSI3U DIIEKTPOIHEPTETHKH C APYTUMH
oTpacisiMH JKOHOMHUKHM (TIpeKAe Bcero, ¢ TOIUIMBHBIMU oTpacisimu  TOK), mnpunnuma ydera
HEOMPECICHHOCTH YCIOBHI, UCIOJIB30BaHNS MaTeMaTHYECKHX MoOAeel Uil 00OCHOBaHUS pEIleHHH 0
pazeutuio O23C w ap. 3a pyOekoM aHANOTHYHOE CHCTEeMHOE IUIaHupoBaHne pazButua DC
c(hopMHPOBANIOCH B BUE TEXHOJIOTUH HHTEIPUPOBAHHOTO IUNIAHUPOBAHUS PECYPCOB.

JInGepanuzanusi X03sIMCTBEHHBIX OTHOLICHUI B 3JCKTPOIHEPTETHKE CYIIECTBEHHO M3MEHMJIA YCIOBHS
obocHOBaHusl ee pa3BuTHsi. Ha mpunstne pemenuit mo passurnio OOC BIHAIOT MHOTHE CYOBEKTHI
OTHOLICHHUH: MPOM3BOIAUTENN JIEKTPOIHEPTUH, €€ IOTPeOUTENH, WHBECTOphl, (eaepaiabHble U
peruoHaNIbHBIE OpraHbl BIACTH U T.J. OCHOBHBIE WHTEpeCHl (M COOTBETCTBEHHO KPUTEPHUH OTCIICKHBAHUS
9THX HMHTEPECOB) DHEPreTHYECKHX KOMIIAHMH W HWHBECTOPOB CBS3aHBl C TMOJYYEHHEM MaKCHMalbHOM
npubbUIl  OT uX AeATensHOCTH. lloTpeOuTenu 3amHTEpecoBaHbl B MHHUMAJIbHBIX Tapudax Ha
ANEKTPOIHEPTHUIO, 00ECTICYCHUH HA/Ie)KHOCTH U KauecTBa dJeKTpocHabxeHus. Opranbl BIaCTH CTPEMSTCS K
MaKCHUMaJbHBIM TOCTYIUICHHSIM B COOTBETCTBYIOIIUE OIO/KETH, MUHHUMYMY SKOJIOTHYECKOTO BIIUSHUS
SHEPreTHYECKUX OOBEKTOB Ha OKPYKAIOIILYIO Cpedy, 00eCIeUCHUIO SHEPreTHYECKOI 0e3011acCHOCTH CTPaHbI
1 (MJTM) peTHOHA U JIp.

OOBEKTUBHO HMMEET MECTO HECOBIAJCHHE WHTEPECOB (M COOTBETCTBEHHO KPUTEPUEB) CYOBEKTOB
OTHOILICHUN: MEXJY SHEPrOKOMIIAHUSIMUA — MPOU3BOIUTEISIMU 3JICKTPOIHEPTUH, MEKAY (eaepalbHbIMU U
PETMOHAIBHBIMU OPraHaMH BJIACTH, MEXAY NMPOU3BOIUTEISIMHU JIEKTPO3HEPTHH M MOTPEOUTENSIMH H T.I.
HecoBnanenuss MHTEpPECOB MOTYT OBITh HEAHTArOHUCTHYECKHMH WM AHTAarOHUCTHYECKHUMH, MPH 3TOM
pemienus no pa3BuTHI0 DIC TOCTUTAIOTCS B pe3ysIbTaTeé MHOTOCTOPOHHUX KOMIIPOMHCCOB.

B T0 ke BpeMsi CyIIeCTBYIOT NPEANOCHUIKH i1l POPMUPOBAHUS OOIIUX HHTEPECOB MEXIY PA3THUHBIMU
CyObeKTaMH OTHOLICHUH, HAIPUMEP, MEXKAY MPOU3BOAUTEISMHU 3IEKTPOIHEPTUH, MEXAY (eaepaabHbIMU U
pPETHOHAILHBIMU OpraHaMH BIACTH M JPYTUMH, YTO BHOCHT CYIECTBEHHBIE KOPPEKTHBBHI B OOOCHOBaHHE
pemennit mo pazsutHid OOC. Kpome TOro, B3aMMOOTHOMIEHUS MEXAY CYOBEKTaMH pETyIUPYIOTCS
rocymapctBoM uepes ®OK u POK, mpodunpHbBIE MUHHCTEPCTBA W HCIOIB30BaHHE AKOHOMHUYECKHX U
NPaBOBBIX MEXaHW3MOB. JTO, a TakKe 4YacTO HMEIONIMA MEeCTO HEaHTATOHUCTHYECKHH XapakTep
NPOTUBOPEUNH MEXY CyOBEKTaMH OTHOLICHUH W WX TPYIIaMH MPHJIAET B3aHMOOTHOIICHHSM CyOBEKTOB B
nporecce 000CHOBaHUS pemmeHni 1o pa3BuTHi0 D9C KOPIIOPATUBHBIA XapakKTep.

Tema 2.3. Cxema 06ocHoBaHusA pa3putus IIC

[Ipu pa3zpaboTke cxembl 0OOCHOBaHWsA paszputuss 2DOC HEOOXOIWMO palMOHAJIBHOE COYeTaHHE
PHIHOYHBIX ~MEXaHWU3MOB Pa3BUTHUA U TOCYJAPCTBCHHOTO PETyJHUPOBAHUS, peEaU3yeMbIX 4epes
COOTBETCTBYIOIIYI0O HOPMATHBHO-TIPABOBYIO 0a3y. C y4eTOM MHTEPECOB Pa3IMYHbIX CyOhEKTOB OTHOIICHUH
KOMIUIEKC paboT 1o oOocHOBaHMIO pa3BuTs DDC pacmagaercs Ha TPU KPYIHBIX IOCITIEIOBATEILHBIX
HarpaBJICHUS.

B3anmocoryiacoBaHHbIE€ CTpPaTernd M NPOrpamMMbl Pa3BUTHA 3jeKTpodHepreTuku U IIC Ha
(denepaibHOM H permoHAJLHOM YPOBHSAX. [Ipu 3TOM pa3pabarhiBalOTCs TOCYJapCTBEHHAs IOJUTHKA B
pa3BUTUH ANeKTpodHepreTHkd W OJC Ha MNPUHINWIAX PANUOHATIHHOTO COYETAaHUS KOHKYPEHIIMH U
KOOpJMHAIINY, a TAKXKE MEXAaHU3MbI pealiu3aliy 3TON NOJUTHUKH.

CrpaTreruvyeckde IUIaHBI PAa3BUTHS JHEProKOMNAaHMii. 37ech pa3padaTHIBAIOTCS HANpaBJICHUS
pa3BUTHUS AIEKTPOIHEPTreTHKH U DDC, BXOAAIUX B chepy MHTEPECOB IHEPTOKOMITAHUH C YYETOM COCEIIHUX
SHEPrOKOMIIAHUH W JPYTHX CYOBEKTOB OTHOIICHWH, KOHKPETH3UPYIOTCS IPEIJIONKCHHUS CTpaTeruid M
MPOrpaMM ¢ MO3UIHI HHTEPECOB CYObEKTOB

HHBeCTHIIHOHHBIE MPOEKTHI MO Pa3BUTHI0 KOHKPETHBIX JHEPreTHYECKHUX O00BEKTOB,
pealM3yIONIKe MPeIOKESHUS CTPATETUH, TIPOTPAMM U CTPATETUYECKUX TUIAHOB Pa3BUTHS SHEPTOKOMITAHUH.

Bo Bcex ciydasx mpUHIMNHAIBFHO BaXHO paccMoTperre DOC Kak TEXHWYECKH €JUHOW CHCTEMBI C
Y9eTOM BO3HHMKAIOUINX MPH 3TOM CHCTEMHBIX 3((}ekToB. TeM caMbIM B rOCylIapCTBEHHBIE CTPAaTETHH U B
nporpammbl pazButus DIC 3aKIIabIBAIOTCS MOJIOKHUTEIbHBIE (DaKTOPHI KOOPAUHAIIMY Pa3BUTUS OTAEIbHBIX
SHEPrOKOMITAHUH U SHEPTOOOHEKTOB.
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B mportiecce 000CHOBaHMS CTPAaTErMUECKUX TIAHOB U MHBECTUITMOHHBIX TPOCKTOB aHAJIN3 CHCTEMHBIX
a¢hdekToB sBuseTcs HeoOXomuMbiM crenmduueckuMm it 9OC MONOTHEHWEM B OOIIEH METOIUKE HuX
000CHOBaHUSI.

B mmbepammzoBanueix DOC CyIMIECTBEHHO BO3pacTaeT HEOIPEACICHHOCTh (DaKTOPOB BIUSHUSA H
yCIIOBUII B miepcriekTuBe. HamOonbpiass CTENEHb HEONPEJCICHHOCTH TMPHUCYIIA MapaMeTpaM PBIHKOB
snekTposHeprud. OGOCHOBBIBaEMbIE peleHHs 1o pasBuTHio DIC  IOKHBI OBITH POOACTHBIMH K
HEOTPEICTICHHOCTH.

Tema 2.4. OcHOBHBIE cocTaBJIsIIONHe 000CHOBaHUS pa3BuTus 3C
MeTtoandeckrne OCHOBBI IUTaHUpPOBaHUs pa3BUTUsA DOC B yCIOBHAX NTUOepaan3aluu 0asupyroTcs Ha
PacCMOTPEHUH COBOKYIIHOCTH B3aMMOCBSI3aHHBIX 3a/ad, IIar 3a LIaroM YTOYHSIOIIUX pELIeHUs II0
pasBuTuio cuctembl. OOOOMEHHAs CTPYKTypa W OCHOBHBIE COCTABIIAIONINE OOOCHOBaHMS pazButus DIC
MIpeJICTaBJIeHbl Ha puc. 2.1.

Cramm Crpareruu 1 nporpaMmbI CymmecTBeHHbER
OOOCHOBAHUST YUUTBIBACMbE
peIeHuit HBEeCTHIIMOHHBE TIPOSKTHI YCIIOBHST
Perynmmposanmie ] Pazpaborka MexaHH3MOB
peleHuii PEryIIMPOBAHNST PELLIEHMIA
| | dopmHpOoBaHHE CLICHAPUEB
BHEIIHMUX YCJIOBUI
dopmHpoBaHHe
PpelteHi | |  dopmMMpoBaHHE BAPHAHTOB
pereHuii
il et e e e VYuer
VYuer _
] et OOC Heorr J]I/IP;SIB]X
3J1€] HEPIeTHKH 1
KTPOSHED! pere-
Tpen-
| | Anxamms paboTocnocoOHOCTH JICHHO- [ouTe-
AHa]'H/Bv 90C CTH -
pereHuii
Anarm3 (PMHAHCOBBIX,
| TEXHUYECKHX, SKOJIOTUYECKHX 1
JpYIMX NoKazaresie
4 AHIT3 PHICKOB
PereHne KoopIMHAIMOHHBIX
lueﬂnﬁ | 3a/1a4 passutist DO0C u
pe DHEPrOOOBEKTOB
OMeKTPOsHEPreTHUeCKUE OOBCKTHI

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

B npomnecce obocHoBaHus pazButHs 3OC MOXHO BBLIETUTh HECKOJIHKO B3aMMOCBSI3aHHBIX CTaIIHIA:
peryiupoBanue, (GopMHpOBaHME, aHAIM3 M KOOpAMHAILMA pernieHuid. Ha KaxaoW CTaguu pemiarTcs
COOTBETCTBYIOLIME 3ajlaul, NepedeHb KOTOPhIX MokazaH B IieHTpe puc. 2.1. CoxmepkaHue 3THX 3anad
paccMOTpeHo Huxe. (s yTOYHEHUs! YCIOBUU pelIeHUs TOM WM MHOM 3a/ayd BO3MOXKEH LUKINYECKUU
BO3BpaT K NMPEAIECTBYIONUM CTaIusAM Wi 3afayaM. OcOOEHHOCTH MTOCTaHOBKM KOHKPETHBIX 3a7a4 3aBUCAT
OT TOTO, paccMaTpHBaeTCs U cTpaTerus pa3zButus IIC, cTpaTerHUeCKuil TUTaH Pa3BUTHS YHEPTOKOMITAHUH
WJIH WHBECTUIIMOHHBIN TIPOEKT KOHKPETHOTO SHEPTOOOBEKTA.

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

Pezynuposanue pewenuit. K 3amagaM 3TOW CTaguu OTHOCUTCS KOMIDIEKC TMPOOJIEM, CBSI3aHHBIX C
rOCyJapCTBEHHBIM pErynupoBaHueM mpouecca pa3Butus I3C. ITo0 MOryT OBITH JBIOTHBIE HAJOTOBBIE
YCIIOBUSL JAJI1 IPOTPECCUBHBIX JHEPreTUYECKUX TEXHOJIOTWH; TOCYyNapCTBEHHBIE [OTAllMM, HaIpUMED,
HE3aBUCHMBIM TIPOM3BOJMTEISIM DIIEKTPOIHEPTHU; PEryJIMpOBaHHE Tapu(pOB Ha SJIEKTPOIHEPIHIO, IICH Ha
HEKOTOpbIE BHUABl TOIUIMBA JUISl DJEKTPOCTAHIMN; CTaBKA JUCKOHTUPOBAHUS s OOOCHOBaHUS

" OT aHIMIACKOTO «robust» — CUNbHbIN, KPENKMiA, yCTOMUMBDIIA.
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WHBECTUIIMOHHBIX DJIEKTPOIHEPreTUUECKUX MPOEKTOB U Ap. AHAINW3 METOAOB PEUICHUS! COOTBETCTBYIOIINX
3a1a4 TpeOyeT CrenuaabHOro pacCMOTPEHUSI.

PaccmoTpum B KadecTBe mpuMepa JIMIIb OAHY 3ajady, a MMEHHO IUIaTy 3a MCIOJIb30BaHUE
EKTPO’HEPreTUYeckux  pecypcoB. locymapctBo  BopaBe  B3uMaTh 3Ty  IUIATY,  IIOCKOJBKY
9NEKTPOIHEPIeTHKA SBISIETCS OJHHUM W3 OCHOBHBIX IIOJIb30BaTeleld JaHHBIMH OOIIEHAIIMOHATBHBIMU
IPUPOAHBIMU pecypcaMu. MeTo SJKOHOMUYECKOM OLIEHKH 3JIEKTPOIHEPIETHYECKUX PECYPCOB UCIIOJIB3YET B
Ka4yecTBE TEOPETUYECKOM OCHOBHI nuddepeHInanbHyl0 peHTy. B maHHOM ciydae OHa ompenensercsl Kak
SKOHOMHYECKH 3((eKT, MoTydaeMblii SHEPrOKOMIAHUEH 3a CYET HMCIOJIBb30BaHUsI THAPOIHEPrOPECYPCOB.
OtoT 3pdeKT onpenensieTcsi pazHULEH MEKAY HpPEACTIbHO AOMYCTUMBIMHU (3aMBIKAOIIUMHM) 3aTpaTaMu M
3aTpaTaMH Ha BOBJIEUEHHE B 00OPOT THAPOIHEPTETHUECKUX pecypcoB (coopyxkenne u dkcruryaranus [ IC).
OTH 3aTpaThl MOTYT PAaCCUUTHIBATHCS KaK CyMMapHbIe IMCKOHTHPOBAaHHBIE, TaK U MPHUBEICHHbIC. B mepBoM
ciydae OyzAeT ompelesieH MOJHBIH 00beM THAPOIHEPreTHUECKOW PEHTHI, 00pa3ylolieicsl B TeUeHUE BCETO
cpoka ciryx0s1 ['OC, a BO BTOpOM — roJJ0oBOi 00HEM PEHTHI.

Dopmuposanue peuwtenuit. I1a cTagys, Kak BUIHO U3 puc. 2.1, BKIrodaeT (opMUPOBAaHUE CLIEHAPUEB
BHEIIHUX yCJIOBUH M BapUAHTOB PELICHUH, OTPAKAIOMINX HEONPEAEICHHOCTh Oy IyIINX YCIOBUM U HAJTHMYHE
Pa3IMYHBIX MPEANIOYTEHUH CyOhEKTOB OTHOIIICHHA.

dopMupoBaHHEe CIIEHAPUEB BHEUIHWX YCIOBMHA W BapuUaHTOB peIIeHWH g 3amad pazsutus 29C
OCYIIECTBIISIETCS, KaK MPaBHIIO, SKCIEPTHO C MCIOIb30BAHMEM HEKOTOPBIX (popMaTn30BaHHBIX MOJAXO0B, a
TaKXe MOJeNel TeppPUTOPHAIbHO-IIPON3BOACTBEHHON CTpyKTyphl TOK mnu ontumuzanuu paszsutus 29C.
Hns uccrnenoBanust pabotocrmocobHocTH 2DDC mMeercss 3¢ (deKTHBHAs TEXHOJOTHS BBIOOpAa PaCcUETHBIX
YCIIOBUH CXeM, PEKMMOB, BO3MYILIEHH, OCHOBaHHAs HA METOJaX CTPYKTYPHOTO aHan3a.

UccnenoBanne pa3BUTHSL SJIEKTPOIHEPTETHKH Ha MOJAESX TEPPUTOPHUATBLHO-TIPOU3BOICTBEHHOM
cTpyktrypel TOK 10O3BOJISIET OLICHUTH OCHOBHBIE NPONOPLHH €€ Pa3BUTUSL BO B3aUMOCBSI3U C APYTHMHU
SHEPreTHYECKUMHU OTPACIIMH M YTOYHUTh MHOXKECTBO CLIEHApUEB, BO3MOXHBIX BHELIHMX YCIOBHH H
BapUaHTOB Pa3BUTHS P OOOCHOBAHHUH YHEPTETUIECKUX OOBEKTOB.

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

Ananu3z pewrenuii. Pa3nooOpa3zHbple METOAUYECKHE MOJICIM U METO/Ibl aHATN3a PELICHUH IO Pa3BUTHIO
O2C MOXHO YCJIOBHO pa3leiuTh Ha TPYIIBI 337a4 TEXHUKO-PKOHOMHUYECKOTO aHajlM3a PElleHHH, ydera
HEONPEICICHHOCTH U y4YeTa Pa3IMYHbIX IPEANOYTCHUI CyOBhEKTOB OTHOIICHHH.

Texnuko-IxoHomuueckoe ob6ocHosanue 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
JSHEPreTHUYECKHUX OTpaciIei;

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

B kadecTBe OCHOBHOIO KpUTEpuda HCIOJIbB3YIOTCA TIMPUBCACHHBIC 3aTpaTbl Ha pa3BUTUC H
(GYHKIIMOHUPOBAHUE CUCTEM.

Takast moOCTaHOBKa 3aJa4d IpaBOMEpHa B YCJIOBUSX M IUIAHOBOM M PBIHOYHOW SKOHOMHMKH. B
NOCJIEHUE TOABl MOAETH OOOMX YPOBHEH MOJyYMJIM CYIIECTBEHHOE Pa3BUTHE. DTOT IMOAXO IO3BOJISET
000OCHOBATh PAlMOHANBHYIO CTPYKTYpY TIEHEpHPYIOIIMX MOIIHOCTeH 1O THIaM 000pyaoBaHUs,
Pa3sMELIEHUIO JIEKTPOCTAHIUM IO pernoHaM, TpeOOBaHUAM K HPOITYCKHBIM CIIOCOOHOCTSM MarucCTpaibHBIX
CBsI3€l.

B pBIHOYHBIX yCNOBUSX JUII MHOTHX 337ad OOOCHOBaHMS pemeHHd mo pa3Butuio DIC Oonee
MMPEATIOYTUTCIICH MCTO/, OCHOBaHHBIA Ha IMPpUHOHUIIAX SKOHOMHUYCCKOI'O pPABHOBECHUA. HpI/I 3TOM
NPEAIoIaraeTcs, YTO CIPOC Ha EKTPOIHEPTHI0 (PUKCHUPOBAH M YPABHOBEIIMBACTCS €€ BBIPAOOTKOH INpH
onpesieiecHHON paBHOBecHOW IieHe. Pemenne mo pasutuio DOC B TOUKE pPAaBHOBECHS YJOBIETBOPSET
pacTynuii Cpoc Ha dIIEKTPOIHEPTHIO C YUETOM U3MEHEHHsI YPOBHS IICH Ha Hee.

[Ipobnema TEXHWKO-3KOHOMHYECKOTO OOOCHOBAaHHs PEHICHHH IO Pa3sBUTHIO OTIENBHBIX OOBEKTOB
SIIEKTPOIHEPIeTUKU peIlaeTcs cleaAyromuM obpasoMm. CHadana aHaIM3UPYIOTCS MMOTEHIHMAJIbHBIE PHIHKH
cOBITa 3JIEKTPOIHEPTUH Ha OCHOBE IMEPCIEKTHBHBIX dHeprodanancoB D9C, B paMKax KOTOPBIX UCCIEyeTCs
JAHHBI 00BEKT. JIJ1s1 3TOro MOTYT OBITH MCIOJIB30BAaHBI TPAJAHIIMOHHBIE MOJICIH ONTUMH3AIUN CTPYKTYPHI
TEeHEPUPYIOLIMX MOILIHOCTEH H PpEXUMOB HMX paboThl. 3aTeM  OLEHMBACTCA  CpaBHHUTENbHAs
9HEProdKOHOMHYECKast Y3HPEKTUBHOCTE 00beKTa AB; BapuaHTa i, JUIsl 4ETO C UCIIOJIb30BaHHEM PE3yJIbTaTOB

MEPBOro 3Tana (GOPMHUPYIOTCS KOHKYpUpYIOIIHe BapuaHTbl. OHHM COIMOCTABIISIOTCS HAa OCHOBE OLICHKH
YUCTOTO JUCKOHTHPOBAHHOTO 3 dexTa:
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rae C;, - KanuTalbHBIE M EKETOIHBIC U3IEPKKH B KOHKYPHPYIOIIME OOBEKTH Bapuanta i B romy ¢; Cj° -

TO € B 00OCHOBBIBAEMBIE OOBEKTHI BAPUAHTA [ B TOAY ¢; d - CTaBKa JUCKOHTHPOBaHUS; 7 - PacUETHBIH
nepuon; / - KOJIMYECTBO PACCMAaTPUBAEMBIX BAPUAHTOB.
Ecnu nnsa o6ocHoBBbIBaeMoro oowekra AB;, >0, To JaHHBIH OOBEKT CIEAYyEeT CYMTATh SKOHOMHUYECKH

3¢ PEeKTUBHBIM.

HUccneoosanue pabomocnocoonocmu 33C SBiseTCS BAXKHOW COCTABIISIONICH 000CHOBAHUS PEIICHUIN
M0 Pa3BUTHUIO CUCTEM U 3JIEKTPOIHEPTeTUIECKUX OOBHEKTOB.

[TpoGiiema 3akmodaeTcs B MPOBEPKE TOMTYCTUMOCTH PA3IMYHBIX PEKMMOB PACIPEEIICHHUs TIOTOKOB B
SNEKTPUYECKOW CeTH C YYeTOM OTpaHMYCHHWI Ha OOMEHBI MOIIMHOCTAMH IO CBA3IM M Ha 3arpysky
TeHEePHUPYIOLIEro O00OPYAOBaHMS; B ONpPENEICHUH MpPEACTbHBIX BO3MOXXHOCTEH Mepeqadyd MOIIHOCTH 10
OTJENBHBIM CEUCHUSIM; B OLIEHKE YCTOMYMBOCTU M HanexkHocTu DOC; B BHIOOpE CPEACTB PErylMpOBaHUs U
yIpaBIeHHs U1 00€CIIeYeHHUs JOIMYCTUMOCTH PEXUMOB, YCTOWYMBOCTH U HajexxHocTH DOC.

OmuH ©3 BO3MOXHBIX METOJOB pEHICHHUS TMEPEYHCICHHBIX 33Jad OCHOBAaH Ha BBIABICHUU U
WCCIICIOBAHUU TaK HAa3bIBAEMBIX PACUETHBIX YCIOBUH, MNPENCTAaBISIOMINX IOJMHOKECTBO COUCTAHUM
BHEIIHUX YCJIOBHU pa3BUTHS M (yHKIHOHUpOBaHM Oymymux 3DC, BKIIOUYAIONINX WX HAWOOJee OMacHbIe
COYETAaHMS C TOYKH 3PCHHS pabOTOCIIOCOOHOCTH CHCTEMBI.

B pBIHOYHBIX yCTOBHSIX 3ajada YCIOXKHSAETCS B CBS3M C POCTOM HEONPEACICHHOCTH IMapaMeTpoB
PBIHKOB 3JICKTPOSHEPTUU B MEPCIEKTHBE, YTO 3aTPYAHSET BBIOOP pacueTHHIX ycioBud. OOMIKUM MpH STOM
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 HeonpedeinenHnocmu. IlepBoHaYaIBHO JKENATEIFHO COKPATUTH
YHUCIIO 3a/1aBaGMBIX COYCTAHMH HWCXOAHBIX JAHHBIX M YHPOCTHTh HX (YMEHBIIUTH KOJUYECTBO
HEOMpECTICHHBIX MOoKa3aTelel B KaKJ0M COYETaHHU ). ITO MOXKET OBITh CAETaHO KOPPEKTHO (0€3 CHUKEHUS
YHCIa YYUTHIBAEMBIX HEOIPEACICHHBIX (aKTOPOB) B HECKOJIBKO JTalloB IIyTeM IEPEeHOCa YacTH
HEOTIPEIeTICHHBIX ITOKa3aTeNel U3 COYeTaHNH MCXOMHBIX TAaHHBIX B JIEMEHTHI TUIATEKHOW MATPHIBI, KOTAa
MOCJIeTHHE TIPE/ICTABISIOTCS B BU/IE HEYETKUX MHOYKECTB.

Ha nepsom smane BcE MHOKECTBO HEONPEACICHHBIX TEXHHKO-YKOHOMHUYECKUX JaHHBIX pa3OuBacTCs
Ha JIBa TIOJIMHOXKECTBA!

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

0) TEXHHKO-DKOHOMHUYECKHE I10KAa3aTeM BapHAHTOB PEUICHUH (KalMTaJOBIOKEHUS, €XKETOIHbIE
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 3neMEHTHI BTOPOTO ITOJMHOMKECTBA 33/Ial0TCS OKCIEPTHO B (OpME HEUSTKHX
BEJINYMH COOTBETCTBYIOIIUMH (QYHKIUSMH MPUHAIICHKHOCTH.

Ha uemeepmom >mane BBHIIOIHSETCS aHAU3 HEYETKOHM IUIATEXKHOW MATPHIBI JJs OOOCHOBAHHS
3¢} pexTHBHBIX BApUAHTOB PEIICHUI C HCIIOJIb30BAHIEM KPUTEPHUS MATEMAaTHIECKOTO OXKHIaHUSL.

JInst Kak1oro BapWaHTa PEUICHUs BBIYMCISIETCS HEYETKOe 3HAa4eHHE MaTeMaTHYeCKOTO OKUIaHUS
3atpaT (3QQeKTa), KOTopble 3aTeM CpPaBHUBAIOTCS JIPYT C APYroM TOCPEJACTBOM MPU3HAKOB CpaBHEHHS
HEYETKUX BEJTMYMH. BoNbIINiA 13 CpaBHUBAEMBIX IPU3HAKOB COOTBETCTBYET Jy4lIEMY BapPHAHTY PELICHHS.

K rpynme aHanmm3a pemieHusi OTHOCSATCS TaKKe 33/1aud OLCHKH M aHaiu3a (PMHAHCOBBIX IOKa3zaTelel
33C ¥ 37EKTPOIHEPreTHUECKNX 00BEKTOB, HHAMKATOPOB YHEPTeTHUECKON, IKOJIOTUIECKON B IPYTUX BHOB
0€30MacHOCTH, a TaKXKe OIEHKAa W aHaJi3 COOTBETCTBYIOIIUX PHCKOB ((PHHAHCOBOTO, HKOJIOTHYECKOTO M
T.IL).

Hanpumep, 3agaya (uHAHCOBOTO aHanmM3a W 3ajlada OICHKH (MHAHCOBOTO PHUCKA COOPYKEHHUS
ANEKTPOIHEPTETHYECKOTO O0BEKTa BKIIFOYAIOT: aHAIW3 YCIOBUU M MCTOYHHKOB WHBECTUPOBAHUS; aHAIN3
(MHAHCOBBIX BO3MOXHOCTEH peanu3alui MPOEKTa; ONpelesIeHHe OTIIYCKHOM IEHbI 3a 3JIEKTPOIHEPTHIO;
aHamM3 JUHAMHUKH TOJTYyYeHHs M BO3BpaTa KalWTalla, uccieloBaHue (UHaHCOBOro pucka. llpm anammze
HCIIONIb3yeTcs (popMyiia YUCTON AUCKOHTHPOBAHHOMN MPUOBLIH:

T ~ ~
=3 € ~R,_€+d_", (2.2)
t=1
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rae /[, - 10XoJ, MIPUHOCUMBII 00BEKTOM B rof ¢ ; R, - pacXojbl Ha COOPYKEHUE U IKCILTyaTalHI0 00bEKTa

BIOJ /.

Bricokas 3¢dexTuBHOCT 000CHOBBIBAEMOr0 00BEKTa (BBICOKAs YHCTas MPUOBUIL HPU NPUEMIIEMOH
OTITyCKHOHM ILIEHE Ha D3JICKTPOIHEPTHIO, Mallbld CPOK BO3BpaTa KamuTana U T.A.) JaeT OCHOBAaHHS IPH
ONAaronpUATHBIX 3HAYCHUSAX JPYTHX IIOKa3aTeNeld UIl NPUHATHA pEIICHHS O €ro INPOEKTHPOBAHHH H
HOCJIEIYIOLIEM CTPOUTEIBCTBE.

MmuozokpumepuanvHuplii  GHANU3  pewleHUll 6 YCI08UAX MHOUX npeonoumenuil. 3anaqa
paccMaTpUBaeTCsl NPU 3aJaHUM J CLEHAPHEB BHEIIHHUX YCIOBHH, XapaKTEPU3YIOIIMX HEOIPEICICHHOCTh
pasBurus OOC, 1 K KpUTEpUEB OLEHKU KaXJ0ro U3 | BapUaHTOB pa3BUTHUsA cucTeMbl. Kaxxablil crieHapuit
MOKET JKCIIEPTHO OLIEHHMBATHCS BEPOSTHOCTBIO €ro peamu3anuu. Ilo pesympraTtaM wHCCleOBaHWN B

3alaHHBIX yCIoBUAX Qopmupyrorcs K wMatpuil pasmepoMm [ xJ Buma X k= %’ ,i=11, j=1J,

k=1K , roe xlzjf- - YUCJICHHAs OLICHKA j-TO BApHAHTa Pa3BUTHUS IO KPUTEPHUIO Kk INPH pealu3alyu j -TO

CIIeHapHsI BHEITHUX YCIIOBHIA.

UucneHHble  OIGHKM  MCHOJNB3YIOTCS IS pelleHds 3aJadd  BbIOOpa € MPUMEHEHHEM
MHOTOKPHTEPUANBHBIX (QYHKIHHA mosie3HocTH. CHavYama HaxOAATCSl COCTABISIOMINE €€ (PYHKIUH MMOJIE3HOCTH
JUISL K&XKJI0TO KPUTEPHsI, a 3aT€M OLICHWBAIOTCS Beca JUISI CPABHEHHS OTHOCHUTEIBHON BAKHOCTH KPUTEPHEB.
Jst peanmuzaiiuy 3TUX JBYX 3TAIOB B CBOE BpeMs ObUTH pa3padoTaHbl 3((hEeKTUBHBIE aITOPUTMBI.

[Ipu pemeHnn 3amaun BEIOOpa HA OCHOBE MHOTOKPUTEPHATBHON (DYHKIHHW MOJE3HOCTH HEOOXOAMMO
OIIPEACTUTh OTHOIICHHE TPEIIIOYTSHUS [UISl JINIA, MPUHUMAIONIETO pelleHns (3Kcrepra). Bun oTHOmeHMs
NPEANOYTEHHS 3aBUCHT OT OTHOCUTEIBEHON 3HAUMMOCTH JUTS KCIEPTa KaXkKI0T0 U3 YUYUTHIBACMbIX CLICHAPUCB
BHCHUIHUX YCHOBHﬁ. B ocHoBe Moxker 6I)ITB BCPOATHOCTHAA HACOJIOTHA, KOIrJa 3HAYUMOCTL KaXXI0I'o
CIICHApHS JUIsl SKCIIEPTa OILICHUBAETCS €T0 BEPOSATHOCTHIO, WIIH UACOJIOTHS PUCKA, XapaKTepHast JUIs CITy4aes,
KOT/Ia HEKOTOpBIE CLIICHAPUU BHEIIHHX YCIOBHH MMEIOT OYCHb MAalyl0 BEpOSTHOCTb, HO MX BIMSHHE Ha
BBIOOp pelieHuss HEOOXOMMO YUECTb.

Koopounayusa pewenuii. Jlns 000CHOBaHUs BApHaHTa KOOPAMHAIMH TPEOYIOTCS: OlICHKa ee d3PPEeKTOB
U UL KaXIOro YYacTHMKAa B OTHENBHOCTH, M Ui TPYNIBl yYacTHUKOB B IIEJIOM; ONpEIeNICHUe
palMOHAJIBHOIO COCTaBa YYacTHHKOB M  IeNecooOpasHOrO paclpeieieHHs 3aTpaT MEXIy HHUMH.
[IpenycmarpuBaeTcs 0OMeH nH(GOPMAIUE MEXY YUaCTHUKaMU OOBEAMHEHUS U 3aKIIIOUCHUE MEKIY HUMHU
B3aMMOBBITO/JTHOTO COTJIAIICHHSI.

PA3JIEJI 3. KOMIIJIEKCHBIE 3AJIAY OBOCHOBAHMUSA PASBUTUSA
IJIEKTPOOHEPI'ETUYECKUX 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 oTpacisiMu  TOK, 3HepromammHOCTpOEHHUEM,
3JIEKTPOTEXHUYECKON IMPOMBIIIICHHOCTHIO, TEIJIOBBIM XO3SHCTBOM, C YY€TOM HayYHO-TEXHHYECKOTO
nporpecca. [lpuopureramu npu ee pa3paboTKe SBIAIOTCS OOLIETOCYIapCTBEHHBIE MHTEPECH! (COLMAIBHO-
9KOHOMHYECKOTO pa3BUTHs, HAIMOHAIBHOH OE30MacHOCTH, KadecTBa OKpYXKalolled cpeabl H  T.II.).
CoOTBETCTBYIOIIME TPUOPUTETHI 3aKJAAbIBAIOTCS HAa CTaAMM PETYIUPOBAHUS PEUIEHUH MOCPEICTBOM
rOCyJapCTBEHHOW IIOJUTUKA B HAJIOTOBOH, KpPEAWTHOH, SKCIOPTHO-UMIOPTHOW, LEHOBOW W APYIHX
00acTsIX.

Ha craguu QopmupoBaHust penieHuil aHaIM3HpPYyeTCS 30HA HEONPEAEICHHOCTH BHEIIHUX YCIIOBHIM:
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 MPEANIOUTEHHSI, OTPayKArOIIUe 00MeHAIHOHATbHBIE
MHTEPECHl, HaNpUMEp, I'OCYAapCTBEHHAs MOJAEP’KKA YTOJbHOW MPOMBIILIJIEHHOCTH WIM OTEYECTBEHHOTO
sHepromammnHocTpoenus. [Ipouecc GopMupoBaHus pemIeHU OCYIIECTBISETCA KaK SBPUCTHUECKH, TaK U C
WCIIOJIb30BAaHHEM MOJIETIeH ISl WMCCIEeNOBaHMS B3aUMOJCHCTBHS DSJIEKTPOIHEPTreTHKH C JKOHOMHKOW U
connagbHON cepoit, TormmmBHBIME oTpacisimu TIOK u ap.

Ha cragum aHanm3a pemieHui ONpenessroTcsl CTPYKTypa TEHEPHPYIOIIUX MOIIHOCTEH MO BUAAM
o0opymoBaHUs, pa3MEIIEHHE HOBBIX OJEKTPOCTAHIMK 10 pEruoHaM, TpeOOBaHHWS K MPOIMYCKHBIM
CIOCOOHOCTSIM MEKCHUCTEMHBIX CBsi3eil. [Ipu 3TOM MCHONB3yr0TCA, TIaBHBIM 00pa3oM, CUCTEMHBIE MOAETH
TEXHUKO-3KOHOMUYECKOTr0 00OCHOBAaHUS PELICHUH. YUeT HEONpPEAeICHHOCTH BHEIIHUX YCIIOBHI BO3MOXKEH
Ha Oa3e muarexHoil Mmarpuubl. Becbma ympomeH 3geck n aHanu3 paborocnocobnoctn EDC Poccun,
MIOCKOJIBKY €e oOecredeHne MOXKET OBITh peasm30BaHO Ha Ooyiee ONMM3KMX BPEMEHHBIX WHTepBajax. He
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TpeOyeTcs Ha 3TOH CTaaul W JOMOJHHUTENBHBIA YUYeT pa3iIM4YHbIX NPEANOYTCHUI CyOBEKTOB OTHOILLICHHH.
Amnanu3 (UHAHCOBBIX MOKa3aTeNiel B 3TOW 3aJaue OrpaHMYMBAETCS] OOBIYHO OLEHKOH OTITYyCKHOHM IIEHBI Ha
ANIEKTPOIHEPTHIO B Pa3IMYHBIX 30HaX EDC, a Takke BO3MOXKHBIX MCTOYHUKOB M YCIIOBUII MHBECTHPOBAHUS
Pa3BUTHA YHEPrOOOBETNHEHHS.

Cramusi KOOpAMHAIIMM PEIICHHH MOXKET OBITh peaJn30BaHa Ha YPOBHE MHOTOKPUTEPHATBHBIX
MIOCTAaHOBOK 3a/1ad, JJIsl 4ero HeoOXOIMMO HCIIOIb30BaTh JOMOIHUTENBHBIC MOJICNH ISl OLICHKH BaPHAHTOB
pasButuas EDC mo npyruM, HEPIKOHOMHYECKMM KpHTepusiM. K HHM cieayeT OTHECTH MOJETH OLECHKH
Ha/Ie)KHOCTHU AJIEKTPOCHAOKEHHS TTOTpeduTeneit, skonoruueckoro BausHuga DOC Ha OKPYKaIOUIYIO Cpedy U
np. Craguu aHanmM3a U KOOPAWHAILIMH PELICHUH MPH 3TOM (DaKTHUECKH COBMELIAIOTCSI.

Bo MHOTHX Ccity4asx, 0cCOOEHHO TIPH paCCMOTPEHHH TEePCIEeKTHBH Ha 20-25 meT, MHOTOKpUTepraTbHAS
3ajaya BBIOOpAa HE paccMmarpuBaeTcs. B KauecTBe €AMHCTBEHHOTO IIOKAa3aTelsl  HMCHOJb3YyeTCs
9KOHOMHYECKHI KPUTEPUHA B TOM WM HMHOM BHJE, a OCTaJbHBIE KPUTCPHUH MEPEBOISATCS B pPaHT
OrpaHUYCHUH.

Tema 3.2. CTpaTerndeckuii nj1aH pa3BUTHA JHEProKOMIIAHMH,
padoTaroieii B cocTaBe YHEProoodbeTnHEeHU

Crparterus pa3BUTHS JHEPrOKOMIIAHHMH, padoTalomeld B COCTaBE JHEProOOBCIMHCHHS, 3aHWMAET
MIPOMEKYTOYHOE TOJ0KEHUE MEXIY TOCYIapCTBEHHBIMU CTpaTerus MM U mporpaMMamu pasutus O0C u
WHBECTUIIMOHHBIMU TMPOEKTAMH KOHKPETHBIX 3JEKTPOIHEpreTHUecKnx o0bekToB. ComepikaHHe pelraeMbIX
3aJa4 3aBHCUT OT BHJA 3HEPrOKOMIIAHUM (BEPTHKAJIBHOTO MHTEIPHUPOBAHUS, 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 sBIseTCS MONyYeHHE MPEACTABICHUI O 1es1ecoo0pa3HbIX
HaNpaBJICHUSIX Pa3BUTHs SHEPrOKOMIIAHMHM C yYETOM HEOINPEIECJICHHOCTH BHEIIHUX YCIOBHM, Pa3IUYHBIX
NPEINIOKEHUH CyOBEKTOB OTHOUIICHWH, MPUHLIUIMHAIBHBIX MOJOKEHUH CTpaTernii W MporpaMM pa3BUTHSA
90C.

3amauu peryJupoBaHus PELICHUI B pacCMaTpUBAEMOM CJIydae B 3HAUUTEIBHON Mepe criequ(puIHbl 11s
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 MCHOJIb30BaHUE THUAPOIHEPTETHUECKUX PECYPCOB. DHEPrOKOMIAHUSIM
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 moTpedurtenei. [y cereBoil KOMITaHUU BaKHA
MOJIMTUKA PETYIMPYIOLIMX OPTaHOB B OTHOLIEHUH Tapu(OB Ha yCIyTH IO Nepenade 3JIeKTposHepruu. Bo
BCEX Clly4yasix pEryJupoOBaHUE PEUIEHUH TMO3BOJIIET KOJIWYECTBEHHO OLEHUTHh BIIMSHUE TOJUTHUKHU
PETYIHPYIOLINX OPraHOB HAa pacCMaTpPUBAaE€MbI€ 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'M€ BHCUIHUC
YCIIOBUS ¥ MIPEIIOYTEHHS CYOhEKTOB OTHOIIICHUH YK€ OIpe/IeNieHbI PH pa3paboTKe CTpaTeruid 1 MporpaMm.
31ech NpOSIBISIOTCS HOBBIE aCHEKTHl HEONPEAECICHHOCTH BHEIIHUX YCJIOBUH M Pa3IMYHbIX NMPEIIOYTEHUH C
MO3MLMI aHAM3UPYEMOH SHEPTOKOMIIAHHWHU, CBS3aHHBIE C HEONPEAEJICHHOCTHI0 MOTHBALMHA U TOBEICHUS
JPYyruX CyOBEKTOB OTHOIICHHUH: JIHEPrOKOMIIAHWH, pPErHOHANBHBIX W (elepalibHBIX OpPraHoB BIIACTH,
noTpeOuTeNell ANEKTPOIHEPTUH, OOIIECTBEHHBIX IBMKEHUH U Ap. HekoTopsle acekTsl (GopMaIu3yIoTcs Ha
cTaguu (YOPMHUPOBAHUS PEIICHUH, IPyTUe aHAIN3UPYIOTCA Ha Oosiee MO3HUX CTalusX.

I'nmaBHas cnenmpuyeckas npobneMa Takux 3ahad - MOJEIMPOBAHHE W Y4YEeT PBHIHOYHBIX ACIEKTOB
¢byHkuMoHUpoBaHusT W pa3Butus  DDC, OlLEHMBAaHHE HEMOCPEICTBEHHBIX IapaMeTPOB  PHIHKOB
9JIEKTPOPHEPTHH, MOTHBALMS U IOBEACHUE IPYrUX SHEPrOKOMIIAHMA W T.I. DTH HEONpEIesICHHbIE
PBIHOYHBIEC BOIIPOCHI 06OCHOBaHI/I$[ peH_IeHI/Iﬁ IJIA  OHEProKOMIIaHMMU JOJDKHBI YYHUTBIBATHCA UYCPE3
(hOopMyJIUPOBAaHUE COOTBETCTBYIOIIMX OrPAHUUCHUI M KpUTEpHUEB. 31IeCh BAXKCH aHAJIU3 11EJIeCO00Pa3HOCTH
(MHAHCOBBIX U ApPYyrux mnokaszareneil IDC, pUCKOB, MO3BOJAIOUINX YTOUHUTD PEIICHUS, NMPUHUMAeMble JUIs
JTABHENIIIETO PAaCCMOTPEHUS.

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, MOCKOJIbKY PELIEHHS IPYTHX SHEPTOKOMIIAHUH CYIIECTBEHHO BIMSIOT Ha pEIICHNE
aHAIM3UPYEMOI SHEPTOKOMITAHUH U HA00O0POT.
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Tema 3.3. UHBecTHIIHOHHBIN IVIAH PA3BUTHS
3JIEKTPOIHEPreTUIECKOro 00beKTa

IIpu oOocHOBaHMM WHBECTUIMOHHOIO IUIaHA Ppa3BUTUS JIEKTPOIHEPIreTHYECKOro OObEeKTa B
JONOJIHEHHE K  OOLIMM  IOJOXEHUSAM  JIOJDKHBI — IPUBJIEKAThCS  crenuduyeckue 0COOCHHOCTH
9NEKTPOIHEPTETUKH U YCIOBHS Pa3BUTHsI M (YHKIMOHUPOBAHUS aHAIN3UPYEMOTo o0bekTa B coctaBe DIC.
B kauecTBe 00BEKTa MOTYT paccMaTpuBaThCs diekTpoctanius, JIOII mbo rpymma 37aeKTpocTaHIui TN
JIDIL.

ObocHoBaHue mpoekTa TpeOyeT pelleHHsT KOMIUIeKca 3a/Jad, KOTOphle OOBEKTHUBHO CBSI3aHBI C
HEOOXOTUMOCTBIO PAacCMOTPEHHMsI OOBEKTa B pa3NMYHBIX achekTax. lIpexxae Bcero MoMMKHA OBITH
HCCIIEI0OBaHA POJIb OOBEKTAa Ha PETMOHAIBHOM U MEXPErHMOHAJIbHOM PBIHKAaX 3JEKTPOIHEPTUH, OCHOBAHHAS
Ha MPOTHO3aX 3JIEKTPONOTPeOSeHHs, BapHaHTaX ero oOecleveHUs] KOHKYPHPYIOIMIMMH HCTOYHHUKAMHU,
BO3MOKHOCTSIX TOJyYEHHSI DICKTPOSHEPTHMH M3 JpPYrux 30H (PETHOHOB) H Op. 3aTeM CledyeT
[IPOaHAIM3UPOBAaTh HCTOYHMKM MHBECTHPOBAaHUS OOBEKTa MU BHIOpaTh HambOosiee PALMOHAIBHYIO CXEMY
MHBECTUPOBAHUS, JAOLIYI0 CaMble IIPUEMIIEMbIE SKOHOMHUYECKHE ITOKA3aTEIN COOPY>KEHHUS U 3KCILTyaTalluu
ANEKTPOIHEPTETUYECKOTO 00BEKTA 0 CPABHEHHIO C MHBIMHU PEILICHUSAMH 10 00ECTICUEHUIO MOTPEOHOCTEH B
3JIEKTPO3HEPTUH; OLEHUTh SKOHOMHUYECKYIO 3(G(EKTHMBHOCTh MPOEKTa Ul IMOTEHIHMAIBHOIO HHBECTOpA.
Takast oLeHKa IpenycMaTpuBaeT y4yeT, COIOCTABICHWE M AaHANM3 Pa3iIM4YHBIX II0Ka3aTeNed AMHAMHKH
BJIO’KEHUS M BO3BpaTa MHBECTHLINM.

PerynmupoBanue  pemienuii  mpu = 0OOCHOBaHMM ~ HMHBECTUIHMOHHOTO  MPOEKTAa  Pa3BUTHA
3JIEKTPOIHEPIeTUIECKOr0 00BEKTA CBA3AHO C YPOBHSAMH OTUHCICHHH B (eAepalbHBI M PETHOHAIBHBIN
OIO/KEThI, PEHTHBIX IUIATEeXeH, Tapu(oB Ha DIEKTPOIHEPTHIO; C KPEAUTHOW TONUTHUKOW M JPYTUMH
BOIMPOCaMH, OTPEIEIAIOUIMMU MPUOPUTETHI TOCYJApCTBa OTHOCHTENBHO paccMaTpuBacMoro oobekra. [Ipu
(hopMUPOBaHUY PELICHUI HEOOXOAUMO yUECTh BCE OTMEUEHHOE BHIIIEe pa3HOOOpa3ue (pakTOpOB U YCIOBHUH,
KOTOpOE OTpeAeIsieT He0OX0IMMBIN HaOOP ClIeHApHEB BHEITHUX yCJIOBHU W BAPHAHTOB pellieHnid. B qaHaOM
cllydae aHaJIM3 PEHICHUH BKIIOYAET KaK CUCTEMHBIE OICHKH POJIM B dPQPEKTHBHOCTH paccMaTpUBAEMOTO
oobekta B  DODC ¢ COOTBETCTBYHOIIMMH TEXHHUKO-PKOHOMHUYECKHUMH  IOCICACTBUSIMU, aHAJIM3
paboTOCIIOCOOHOCTH CHUCTEMBI M T.[., TAaK W OIpeAeieHHne Moka3aTtened ((PHUHAHCOBBIX, SKOJOTHYECKHUX,
COLMANIBHBIX M JPYTHX), XapaKTepH3YIOUINX PacCMaTpPUBAEMBbIH AIIEKTPOIHEPIeTHUCCKUH OOBEKT, a Takke
YPOBHU COOTBETCTBYIOIIUX PHCKOB. ConepmaHHe CTagnuyu KOOpAUHAIIUH pCI]_ICHI/Iﬁ 3aBUCUT OT KOHKPETHOI'O
MHBECTOpA: €ClI 00BbEKT HHBECTUPYET SHEPrOKOMIIAHUS, TO KOOPAMHALMS OCYLIECTBIAETCS Ha €€ YPOBHE U
CBSI3aHA C MHOTOKPUTEPUAIbHON OLICHKOH MHBECTHLHOHHOI'O MPOEKTa, & €CJIM He3aBUCUMBIA MHBECTOP, TO
HGO6XO[II/IMO YUYUTBIBATHL MOTUBALIUMIO TIOBCACHUSA JAPYIUX 3aWMHTCPECOBAHHBIX Cy6’b€KTOB U MOXKET
noTpe0OBaThCA UTPOBAs IIOCTAHOBKA 3a4a4H.

PA3JAEJ 4. MATEMATHYECKOE MOAEJIUPOBAHUE PA3ZBUTUSA
SJIEKTPOOHEPTETHYECKNX CUCTEM
B COBPEMEHHBIX YCJIOBUAX
Tema 4.1. IIporpaMMHO-BbIYMCIUTENBHBIH KoMILTIeke «COIO3»
JJIS1 ONTUMHU3AIMHU CTPYKTYpbI IIC

Benymeii TenaeHmer coBepIeHCTBOBAHUS MaTEMAaTHUECKIX MOAEIEH AT peLlieHNs] OCHOBHOM 3a1a4H
pasButus DOC — BBIOOpa €€ PalMOHAIBLHON CTPYKTYPbl — OCTAeTCA CTPEMJICHHE K JOCTAaTOYHO TOYHOMY
OTIMCaHHIO PEKUMOB pabOThI TEHEPUPYIOIET0 00OPYIOBAHMUS C LENBIO YUeTa TEXHHYECKHX OTpaHHMYCHUH, a
COOTBETCTBEHHO M NMPHUEMJIEMOM TOYHOCTH OLIEHKH 3aTpar Ha (yHKUHOHHpoBaHue U pasButue IIC. OgHa
U3 TakuX ONTUMH3ALMOHHBIX MAaTEeMaTU4YeCKUX MOJeNeH, YAOBJIECTBOPSIOMIAS YKa3aHHBIM  BBILIE
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
TUNIAM 00OPYZOBaHUS M YKPYITHEHHON CXEMBbI MEKCHCTEMHBIX dJIEKTPUUYECKHUX CBs3eil Ha mepcrexkTuny 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 OTPAaHHMYCHHS Ha MacIUTaObl Pa3BUTHS
T€X WM WHBIX THUIOB OJIIEKTPOCTAaHIMKA (10 BUIAM TOIUNIMBA) W OOBEMBI HCIOIH3YyEMOTO TOIUIMBA,
dopmupyembie B TOK cTpaHbl Wik peruoHa.

B ocnoBy kommuiekca «COIO3» monoxeHa marematudeckas mozens DOC (CTaTWYecKHil BaphaHT),
MMEIoIIas CIeIyIoIIe OCHOBHBIE XapaKTEPUCTHKH.

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 peanbHble MEXKY3JIOBBIEC JIMHUM 3JIEKTpoIepeadyd OOBbeIUHSIOTCS B
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«OKBHBAJICHTHBIE MEXCHUCTEMHBIE CBS3M» C BO3MOXKHBIM IOJIPA3/IEICHUEM UX MO THIaM B 3aBUCHMOCTH OT
NPUHATHIX TEXHUKO-SKOHOMHUYECKHUX ITOKa3aTeIeH.

2. Jlns pmocraTodyHO TOYHOTO YydeTa crnenupukd GyHKIHoHUpoBaHWs B OOC pa3HBIX THIIOB
000pyIOBaHUS MPEIYCMOTPEHO OMHCAHWE HECKOJBKUX (10 YETHIPEX) CYTOYHBIX MHOTOY3JIOBBIX PEXKHMOB
COBMECTHOM paboThI TeHepupymomero odbopynosanus u JISII ¢ yuetom equHOro KajaeHAapHOTO BPEMEHH.

3. B Momenu onMchIBarOTCA MPUHITUIB (POPMHUPOBAHKS U pa3MEIeHHUS aBAPHITHOTO PE3epBa C YIETOM
BO3MOYKHBIX MaJIOBOJHBIX CE30HOB Ha peKax; HEMMHEHHBIN Xapaktep moteps B JIOII u 1.11.

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

[IBK nocTpoeH no MOAyiabHOHM cxeMe, YTO AA€T BO3MOKHOCTh BapbUPOBAaHUS IMOCTAHOBOK pELIAEMBbIX
3agad. [lomp3oBaTens MMeeT BO3MOXHOCTH BBIOOpPa TOYHOCTH YdeTa CIEAYyIOUHX (pakTOpoB B MOAETH:
pekuMa paboTel 000pyIOBaHUS, CIIOCOOOB ONMKMCAaHUs  DJIEKTPOCTAHIMHA W MEXKCHCTEMHBIX  CBs3eH,
tepputopuabHoil muddepentmanuu 93C u ap. - 3a cueT BKitodeHus B [IBK H30BITOYHOTO pacimpeHHOTO
Habopa TUTIOBBIX OJIOKOB MOJICITH.

[Tonp3oBaTenb BBOAUT UCXOJHBIE JAaHHBIE B JMAJOrOBOM PEKUME C MPHUMEHEHHEM CHCTEMBI MEHIO H
COOTBETCTBYIOITNX 3KpaHHBIX (hopM. DPOpMBI BBOJA NAaHHBIX W BBIAAYM PE3yNbTATOB pacyeTa ONMU3KH K
MIPUMEHSEMBIM B PEaNbHOM MPAKTUKE W HE CBSA3aHBI C BHYTPEHHUM TNPEACTaBICHHEM STOi WH(MOpMaIuu B
MOJIETH.

Kommiekc «COHO3» BkItouaeT B ce0sl CIAeAYIONIUE TPOTPaMMBbIL:

1) MOJIEJIb - nns BBoma wicxomHOW WHGOpPMAUM W TpeoOpa3oBaHUsS €€ K BHAY, TpeOyeMoMy Ui
OIITUMU3ATOPA; BBOAUMEBIE TaHHBIC TTOJIBEPTAOTCS JIOTHUESCKOMY KOHTPOJTIO;

2) OIITUMU3ATOP - nns pemieHUs OCHOBHOM ONTHMHU3AIIMOHHOM 3a1a4ydl (BO3MOXKHBI Pa3iUYHbIC
pexumbl pabotel OIITUMU3ATOPA: mepBuuHBIN cuUeT, MPOAODKEHUE CUeTa paHee HadaTOW 3alayud,
YCKOpEHHBI TepecyeT pelIeHds TMpH W3MEHEHHH YacTH WCXOAHOW WHGOpMAIK, KpOMe TOTO,
OIITUMUM3ATOP ucnonb3yercs s BBIIAYU JBOMCTBEHHOT'O PEIICHMS 331a4H);

3) BBIBO/J - pacmudpoBbsiBaeT HOIYYCHHOE peElICHUE, QOPMHUPYET TpeOyeMble pPe3ybTHPYIOIINE
MOKA3aTeNX U BBIJIAET WX TI0 3aKa3aHHBIM TI0JIH30BaTEIeM TAOIMIHBIM U rpadrdeckuM Gpopmam (pe3yabTaThl
cyeTa MOTYT UMIIOPTHPOBaThes B (aitn tTadmmynoro mporeccopa QUATTRO PRO s npoBeneHus
aHaJIM3a MHOTOBapUAHTHBIX PacYeTOB);

4) JUCIIETYEP - xoopaunupyeT padoTy ocTanbHbIX nporpamm [I1BK.

[IBK «COIO3» mmMeer cpencTtBa cBsi3u ¢ 0a3aMu JaHHBIX 110 Pa3BUTHIO JJIEKTpOCTaHIi Poccuu u
TEXHUKO-I)KOHOMUYECKUX ToKa3arenel reHepupymoiero odopyaosanus. [lpexycMaTpuBaeTcs opraHu3anus
TaKOW CBS3W C JOPYrUMHU pa3pabaThiBaeMbIMH 0Oa3aMH NaHHBIX Pa3BUTHS DIIEKTPOIHEPTeTHKH. Komruiekc
MOKeT (YHKIIMOHHUPOBATh Ha MepcoHATbHONH DBM HEOONBIION MOITHOCTH, OCHOBHBEIE (DYHKIIMOHAIHHBIE
IPOTrPaMMBbl IIBK HaIlMCaHbI Ha
®OOPTPAHe, cepBuchrbie cpencta - Ha TYPBO-ITACKAJIE. Bpems cueta cpenueit 3agaun Ha [IDBM ¢ 486
nporeccopoM He npesbimaeT MuHyThl. [IBK « COKO3» anpoOupoBan Ha MHOTHX peajibHbIX 3aadax.

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

Tema 4.2. MaTtemaTn4deckas MmojeJb paspurus 33C

Marematnueckas Mojenb pazputus DIC mpeacTaBiIsieT co00i MHOTOY3JIOBYIO CETh, Y3JIaMU KOTOPOI
SIBJIIIOTCSL SHEPreTHUECKUE 00BEKTHI (00bEIUHEHHBIC U perruoHalibHbie DDC WM UX YacTH — B 3aBUCHMOCTH
OT TEPPUTOPHATILHOTO YPOBHS HccienyeMoir D9C U IeTalbHOCTH €€ MPEACTaBICHHs), @ MEKY3JIOBBIE CBSI3H
0TOOpaXKar0T COBOKYNMHOCTh KOHKpeTHHIX JIDII. DnekTpocTaHIMK SHEPTrOy3JI0B ONMCHIBAIOTCS MHOKECTBOM
TPYNIT OJHOTHITHBIX arperaToB, HMEIONINX OJIM3KWE TEXHUKO-dDKOHOMHYECKHe ToKazarend. Mojenb
«COHO3» umeer OJOYHYHO CTPYKTYpy M BKJIHOYaeT B ceOs OJOoKM OajlaHCOB MOIIHOCTH, OaJlaHCOB 30H
CYTOYHBIX Tpa()MKOB Harpy3ku, NEPETOKOB MO MEXY3JIOBBIM CBS35IM, a TaKKe OJIOKH, ONHUCHIBAIOLINE
(GYHKIIMOHUPOBAHUE W Pa3BUTHE PAa3HBIX THIIOB TeHepupyroliero odopynoBanus: mukosele KOC, KOC n
ADC ¢ omHO30HHO# 3HEpreTHueckoi xapakrepuctukoit, TOLl, I'DC, TADC.

B o0miem ciyuae B MoJiesib BKIIIOYEHO U OTNIMCAHKUE MOTpeOUTENIeH dIIeKTposHeprun. B 3aBucumoctu ot
LEJI UCCIIEAOBAHMS UCTIONB3YIOTCS CIEAYIOIINE OJIOKH:
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e MpPH pEUICHUH TPaJUIMOHHOW 3aayd BbIOOpa pPAaLMOHANBHOW CTPYKTYpBl TEHEPUPYIOIUX
momrHocteld 9DC NMOTpeOHOCT B 3JIEKTPOIHEPTUH IPEAIIOaraeTcsl 3aJaHHOW U (PUKCHPOBAHHOM; PU 3TOM
He TpeOyeTcsl BKIIOUECHUs B MOJEIb OJIOKOB MOTPEOUTENEH 3JIEKTPOIHEPTUH;

e IS aHamu3a BapuaHTOB pa3BUTHA DOC B JEHUIUTHBIX W KPUTHUYECKUX CHUTYyarusaX, KOTraa
BO3MOXXHOCTEH DHEPrOCUCTEMBI JUIS TOKPBITHS DICKTPUYECKOW HArpy3KH HEJIOCTATOYHO, B MOJCIH
UCTIONIB3yeTCs  ONOK  «aedurmra TOTpeOUTeNel  AIEKTPOIHEPTHM», WMHUTHPYIOIIUHA  HEJOOTITYCK
ANEKTPUYECKON SHEPTUU M MOLIHOCTH.

Maremarndeckoe onucaHue mocienHero 0xoka anamorudno 0oky KOC mMomenu ¢ cooTBeTCTBYOIIEH
UHTEprpeTanued Kod3puIMeHToB (QyHKIMOHAIa ¥ MATPUIBl OTPaHWYCHUN Monenu. JIns BBISABICHUS
JNeUIUTHON cUTyanuyd KO3(QQUIMEHTH (PyHKIMOHATa OepyTcs 3aBEJOMO OOJBIIMMHU, YEeM 3aTpaThl Ha
refepupytoniee odopymoBanue. s pemieHus 3aJadd CHHTE3a CTPYKTYPBl CHUCTEMBI C ONTHMAJIbHBIM
YPOBHEM HAJEKHOCTH 3TH KO3()OUIIHMEHTHI JOKHBI COOTBETCTBOBATH PEAlbHBIM 3HAYCHUSAM YACITBHBIX
yiepOoB NoTpeduTeNeii 0T HETOOTIIYCKa IIEKTPHUYECKON SHEPTUU U MOLITHOCTH.

Munumusupyemulii yynkyuonan B o0IIEeM ciydae MPEACTaBIsSET CyMMapHble MPUBEICHHBIC 3aTPaThl
Ha pasButHe ® (yakomonmpoBaHne OOC W HCCIEAYEeMBIX  TOTPEOUTENeH-perysiTopoB U
3HEProcOeperaronX TEXHOIOTHA:

Z Jist leT ZC]ZiX]Zi"‘Z;C}?iX;Ii"'

Jist Ji ( 4 1)

+ Z C: = X + Z CLX],

ll ll

rle j - HOMep rPpYyNIbl OAHOTUITHOTO TeHEPUPYIOLIETO 000PYAOBAHHS WIIH TIOTPEOUTENS DJICKTPOIHEPTUH; |
- HOMEp OJHeproysia, § - HOMEp XapaKTepHOro CYTOYHOro Trpaduka Harpy3kd; 7 - HHAEKC
(IIPOJOIKUTENIBHOCTE) 30HBI HAIPY3KH B CYTOYHOM rpaduke; X ;. - Harpyska j-ro Thiia 000pyAOBaHHS B
y3/e [ B CYTOYHOM pEKHME S B 30HE NPOJODKUTEIBHOCTBIO 7 YacoB JMOO MOIIHOCTH (CHIDKCHHE
Harpy3Kd) TOTPEOHUTENICH-PETYISTOPOB WM 3HEProcOeperarolnx TEXHOJIOTHH, JHUOO0 OIS MOIIHOCTH
Harpy3kd, He oOecrieynBaeMON SJIEKTpodHepruei B AepuUUTHBIX pexumax; C jist - COOTBETCTBYIOILHE

yIeNbHBIE IEPEMEHHBIE 3aTpaThl; X le v X " - BBIOMpaeMble YCTAHOBJICHHAS MOIIHOCTb M HOBast (BBOAUMAST)

MOIIHOCTh j -TO 00OpyAoBaHMs (OTpEOHTENS) B y3Ie || Cjzi, C;‘li - yJeJbHbIE TIOCTOSIHHBIE €KETOHbIe
U3/IEPXKKH M TIPUBEACHHbBIC KAIUTAIOBIOXKEHHS B 3TO 00OpynoBaHme;, X 5, - TPOIYyCKHAsl CIIOCOOHOCTh

MEKCHCTEMHOM 2IEKTPHUYECKON CBS3M MEXKAY y3lIaMu [ Hu I | Cf., - YJENbHBIEC IOCTOSHHBIE €KETOJHBIE

!

3aTpaThl Ha 3Ty CBS3b; X l'll - HOBas (BBOJUMAs) MPOITyCKHASI CIIOCOOHOCTh MEKCUCTEMHOM CBSI3U | H [
C 17 - COOTBETCTBYIOIIHEC YCIbHBIC TIPUBEICHHBIC KATUTATIOBIOKCHISI.

31ech W HIDKE TIPU OMUCAHWH MOJIENH ONTHMHU3WMPYEMBbIe TepeMeHHbIe 0003HaueHBl OYKBOW X C
COOTBETCTBYIOIIUMH HHIEKCAMH.

[lepBbie ABE CYMMBI B 1I€JIEBOM (DYHKIIMN ONMPEACIAIOT I'OJ0BbIC IIEPEMEHHBIC U TIOCTOSIHHBIC M3ICPIKKH
Ha OJICKTPOCTAHIMAX M  MOJCIUPYEMBIX IOTPEOUTENSIX, TPEThS COOTBETCTBYET IPUBEICHHBIM
KalUTANOBIOKECHHSM B WX pEANIN3allhi0, TOCIEAHUE B CYMMBI ONPEACINSIOT TOJOBBIE IMOCTOSHHBIE
W3JIEP)KKA U TIPUBECHHBIE KAIIUTAIOBIOXEHHS B MEXKCUCTEMHBIE SJIEKTPHUECKUE CBSI3U.

OCHOBHBIC OT'PaHUYCHUS MOJICTTH UMEIOT CIICIYIONTUI BU/;

A. Bananc MOIJ_IHOCTI/I y371a i B yac ¢

Zﬂji Z zzt Z lll‘_ B+ Ry i=L..1, (4.2)
J

roe X le - YCTAHOBJICHHAS] MOIIHOCTH 3JiekTpocTanImii (s ['DC — pacnonaraemasi MOITHOCTH IO YCIIOBHSIM

MAJIOBOJHOTO TOA@), WM IHOTPEOMTENEH-PEryIsTOPOB, MM SHEProcOeperaromyx TeXHOIOrHH; /[

K02 GHUIHEHT TOTOBHOCTH 000pynoBaHus; X 5 , X ’,5 - 0aJaHCOBBIC MEPETOKHU MOIIHOCTH B Yac [ W3 y3Ja

i B i’ uobOpaTHO; P, - HeperyisipHas Harpys3ka y3na i B 4ac f; R; - HOTpeOHOCTb B aBapuUiTHOM pe3epBe

MOIIHOCTH y371a I .
Banancel MomHOCTH y3710B (OPMHPYIOTCSI JJIsi 4aca COBMENIEHHOT0 Makcumyma Harpy3ku DOC B
LEJIOM M OTJIMYHBIX OT HETO YaCOB MAaKCUMYMOB HAarpy3Ku 3HEProys3JIoB.
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b. HeoOxoauMelii aBapuitHBINA pe3epB MOLTHOCTH
us e3 e3
R, =R’ - ka xLe, (4.3)
1

rae R;° - TpeGyeMblii aBapHitHBIN pe3epB MOIIHOCTH y3J1a i TIPH €r0 H30JUPOBaHHOI paboTe, a cymMa

pe3
Z,jkp“Xl.,i <R — R (4.4)

1

. e3
OTIMCHIBAaET BO3MOKHOE CHIDKEHHE MOTPeOHOCTH B pe3epBe y3la [ 3a cueT pa3BuTusi X Z.I,)l. MPOITYCKHBIX

CIIOCOOHOCTEH CBA3EH 3TOrO y3/1a cO CMEKHBIMM y31aMu i . 3neck kP - ynenbnoe cumkenue Tpebyemoro
KOHY
i

pesepBa DOC, paccmaTpuBaeMasl Kak KOHIIEHTPUPOBAHHAsSI, MPUXOASAIIASCS Ha JOJIO0 3JICKTPOCTAHLHUHA y3i1a

l.

pe3epBa y3ia Ha €AMHHILy MPHUPOCTA MPOMYCKHOW CIHOCOOHOCTH MEXKCHUCTEMHOW CBsi3H; R - 9acTh

Kak cnemyer w3 ommcaHusi OaaHCOB MOIIHOCTH B MOJENH, WUMEETCS BO3MOXKHOCTH HEOOXOIUMOTO
CyMMapHOTO aBapHHHOTO pe3epBa MOITHOCTH 3a CYET Pa3BUTHS MEKCHUCTEMHBIX CBSI3€H M ONTHMAIBHOTO
pa3MeIleHus 3TOTO pe3epBa.

Tema 4.3. [IpuHIMN «MO30HHOI ONTHMHU3AUID
MPH MOJEJTUPOBAHUM CYTOYHOTO PeKAMA
U YACOBBIX MEPETOKOB MOITHOCTH

TomoBoli GanmaHc SHEPTUU SHEPrOY3JIOB B MOJETHM ONKCHIBACTCS COBOKYIMHOCTBIO OallaHCOB 30H
NPECTaBUTENBHBIX CYTOYHBIX IPAUKOB NEKTPHUCCKON HAIPY3KHU C MIEPEXO0JIOM K TOJIOBBIM MMOKA3aTEeIsIM B
(byHKIMOHAJIE MOJIETTH Yepe3 KOAPPHUIMEHTH «IKBHBAJICHTHOTO YHCIIA CYTOK B TOMy». [Ipu MonenupoBaHun
CYTOYHOTO PEKUMa HCIOJIL3YETCsl MPHUHIUI «ITO30HHOW ONTHMHU3AIMM» B COOTBETCTBUU C pPa3OHEHUEM
CyTOYHOrO Tpaduka HaArpy3ku Ha TOPHU3OHTAIBHBIC 30HBI  IMPOJOJDKHTEILHOCTBIO 7  YacoB,
COOTBETCTBYIOIIHE MPHUPOCTaM HArPY3KHU B pa3HbIC Yachl CyTOK (puc. 4.1).

Jlns ydera KaleHIApPHOTO BPEMEHH CYTOK, KOTJa 3TO HE0OXOJUMO, HCIIONIb3YIOTCS COOTBETCTBYIOIIHE
MEPEMEHHBIC C WHICKCOM f -KaJCHIapHBIM YacoM rpaduka Harpy3ku. Huwke npuBeneH (pparMeHT 3amucu

. .r [1 t2 .
GallaHCOB 30H CYTOYHBIX IPaUKOB HArPy3KH JBYX Y3/IOB [ U i’ C y4eTOM IEpeTOKOB X 5, X 7 U3 y3na i

. ’ 1
By3en /' BUACKI #) W f, M 0OPATHBIX NepeTokos X 1, X 2:

125 1

t t
ZXJ‘”-_Z +X1, _X% :PiT—Z
J

i'i 1

¢ ‘ t t
X jira =X+ X + Xif = Xif =P
J

t
2 Xjir - Xif + X =By (4.5)
J

2 I _
Zin'r—l _Xi," + Xl"l' _Pi'r—l
J
i i 2 fr _
J

i'i

il i’

Zin'T+1+X?:'L’ —Xt]; =P (4.7)
J
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Puc. 4.1. Nnmoctpanus BeIIEICHAS 30H CYTOYHOTO
rpaduka Harpy3Ku

3mech mepBas cymMMa B KaXIOM YPaBHEHHH — Y4acTHE BCEX DJIEKTPOCTAHIWHN y3ia (M moTpeduTeei-
PETYIATOPOB, W DHEPrOCOEPETAIONINX MEPONPUATHI) B MOKPHITHH 30HBI OTIEIBHOTO CYTOYHOTO Tpaduka
(uHOekc s cyTok M Kodp¢unmeHTtsl noteps B JIOII ams ympolumeHHsl OmMyIIeHBI), a MpaBble 4YacTH —
MOIIHOCTH 30H CYTOYHOTO TpaduKa.

Kak BuaHo u3 »TOM 3amucH, MNpH OMUCAHMM YAacOBBIX IIEPETOKOB MOIIHOCTH HCIOJIb3yeTCs

t . .
«TpaHcopmanms» 30H rpaduka Harpy3ku. Tak, meperox X l.l.l, Byac #; u3 y3na [ By3sen i (puc. 4.2)

IPUBOJUT K CHIKCHHUIO TOTPEOHOCTEH B MOKPBITHU 30HBI JUIUTENBHOCTBIO 7 —2 YacOB, K CHU)KCHHUIO
MOTPEOHOCTH MOIIHOCTH CMEXKHOM 30HBI JUTUTEIBHOCTBIO 7 —1 9YacoB B y3ile [ W COOTBETCTBEHHO K
CHUXKCHHUIO HOTpe6HOCTI/I MOIIHOCTH 30HBI T+1 " YBCIIMYCHUIO 3TOM BEIUYHUHBI B 30HE T IIPUHUMArOIICro
y3na i

Tema 4.4. MoaenupoBanue pa3BUTHA 3JIeKTPOCTAHIIUI
CyMMapHasi CyTOYHasi Harpy3ka KakKIoW TPYIIbl OJHOTHIIHOTO T€HEPUPYIOIIEro O0OpyIOBaHHS B
MIPOCTEMIIEM CITydae OrpaHNYUBAETCS 3HAYEHUEM MOIIIHOCTH, TOTOBOM K HECEHUIO HArPy3KH:

>
> X jise < BisXi- (4.8)
T

Jnsi pasHBIX THUIOB TEHEPUPYIOMIETO OOOPYIOBAaHUS YUUTHIBAIOTCA CIEHU(PUUECKUE OTPaHUYCHUS
PEKMMOB HMX Pa0OTHI: BO3MOXKHOCTH ITYCKOB-OCTAHOBOB, TEXHHYECKHH MHUHMMYM Harpy3ku minst KOC,
MaKCHUMaJbHasl 0a3uCHasi Harpy3Ka 1 BO3MOYKHOCTD BBIPAOOTKH 3JIEKTPOIHEPruM 1o ce3oHaM roga s ['9C,
pexxumbl 3arpy3ku TOLI o TeropuKamoHHOMY IUKITY H Ap.

Jta TADC pexum 3apsiia OMMCBIBAETCS IEPEMEHHBIMH [TOYACOBOM 3arpy3ku. [Ipu 3ToM Uit HUX, Kak H
npu onucanuu neperokoB no JIDII, mpumensiercst aHanornyHas «TpaHcdopmMamus» 30H B OajaHcax 30H
rpaduka Harpy3ku. [Ipu orpanuueHusx Ha 3arpy3ky 'ADC B TypOuHHOM pexxume Buna (4.8) MOLTHOCTB
I'ADC B HACOCHOM peKUME B KKIBIN 4ac ¢ OrpaHUYMBAETCS 3HAUEHUEM

Hac Hac
st SVji 2 Xjiseo (4.9)
T
IIPY COOTHOILLIEHUY 3HAYEHUI T€HEPUPYEMOH U AKKYMYJIUPYEMOH IIEKTPOIHEPTUH -
Hac
27X jise S0 2 X jist » (4.10)
T

T
Npy OrpaHHYeHUH 1Mo 00beMy BepxHero Bojoxpanminma [TADC depe3 cpeHECyTOUYHOE YUCIO YacoB €

HCIIOJIb30BaHUA -

s
> XTist <hjiBisX i (4.11)
t
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I'lepeToxu moHOCTH MompHocts
Y3t Yaby Yacly 30H
Pi‘r—Z
Piit1
Pr it
Vzen
23 Pi‘l'-l
Piit
Prit1
' Pit
Prit Piz>
Piit
Vaen Pic
[ Prin
Piit1 Pi 41

Puc. 4.2. nmoctpanusi ONMCaHUsI MEKY3IOBBIX
HEPETOKOB

nac
Ji
I'ADC; n Ji - KH)—I;

h ji - IPEEIBHOE YHCIIO YaCOB HCIIOJIB30BAHMS ycTaHoBJIeHHOH MomHocTH TADC.

B coorHomenusix (4.9)-(4.11) y - COOTHOIIIEHNE MOIIHOCTEH B HACOCHOM W TYpOWHHOM peKnMax

VYciioBus pa3BUTHS BCEX TUIIOB 3JEKTPOCTAHIIMI UMEIOT BUJ

X5 - X% < NG npn NP < X5 <N, (4.12)

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

min

YCTAHOBJICHHASI MOIIHOCTD; N]l , N;l;lax - MNPCACIIbHBIC 3HAUCHUSA YCTaHOBHeHHOﬁ MOIIHOCTH OJaHHOTI'O

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

XL o+ XL <xZ, (4.13)
s 1S 11
® X 6aJ'IaHCOBBIMI/I NepeTOKaMu B 6anchaX MOIIIHOCTHU
X%, + XS +XPP <X, (4.14)
it it i1 113

28



® 0COOEHHOCTSIMH Pa3BUTHS KOHKPETHBIX JJICKTPUICCKUX CBSA3CH
X5 - X! <N npn NI < X2 <N (4.15)

rae N;?W , N l.?}m, NlIlnaX - CYIIECTBYIOIIUH ¥ BO3MOXHBIN JMANa30Hbl 3HAUCHUH TIPOIYCKHOM CIIOCOOHOCTH
3JIEKTPUYECKOM CBS3H.

I[J'IH BCCX BHGKTPOCTaHI_II/Iﬁ BBOIATCA TAKXKE HMHTCPBAJIBHBIC Or'paHUYCHUSA II0 T'OJAOBOMY pacxonmy

TOIUIMBaA PAa3HbIX BUJAOB W HA PA3BUTUC OTACIBHBIX BUIAOB T'CHECPUPYIOUICTO 060pyI[OBaHI/I$I B Ppa3/IMYHbIX
OHEProysjiax WM I'pynmnax y3JOB.

PA3JIEJI 5. MATEMATHYECKHUE MOJEJIN U METO/IbI JIMHEMHOI' O
IMPOI'PAMMMPOBAHUS
Tema 5.1. IlocTaHOBKAa OCHOBHOI 3a1a41 JIMHENHHOI0
NporpaMMHupPOBaHUA
OcHOBHas 3aja4a JJMHEHHOT0 TPOrpaMMHUPOBaHUS (POPMYIUPYETCS CIEAYIONIIM 00pa3oM:
IIpn u3BeCTHBIX 3HAYEHHAX MEPEMEHHBIX Xi,...,X, HAWTH TaKHe HEOTPHUATEJIbHbIC 3HAYCHHA

3THX HepeMeHHbIX x; >0, j=1..,n, KOTOpbIE YIOBIETBOPSLIN ObI CHCTEME JIMHEHHBIX YPaBHEHMUI

a1 Xy + apoxp + ...+ ay,x, =by,

as1 X1 +aooXo + ...+ an,x, =bo,
211 2242 2n*n 2 (5.1)

ApaX1 + AyoXo + oo+ Ay X, = by,
H 00palaJId B MUHUMYM JIMHEHHYI0 (PYyHKINIO
Z=c1x +...+C,x,. (5.2)
Crydaii, xoraa nTUHEHHYI0 (QYHKIHIO HaJo oOpaTuTh B MaKCHUMYyM, CBOJAUTCS K MPEABbIAYIIEMY, €CIIU
W3MEHHTH 3HAK LIENEeBOH (YHKLIUHU HA POTUBOIOIOKHBIN:
’
L'=—Z=—C1X) —...—CpyX, .
[TosToMy B naspHelIIEM MBI OyJIeM TOBOPUTH TOJIBKO O TOMCKE MUHUMYMa QYHKIMU Z .

Tema 5.2. O0s1acTH JONYCTHUMBIX pPellIeHUH

Hdonycmumoim  peuieHuem OCHOBHOM  3aJladyd  JIMHEWMHOIO INPOrPaMMHUPOBAHMS  HA3bIBAETCS
COBOKYIHOCTb NEPEMEHHBIX X ; = 0, j=L1..,n, ynoBueTBopsIoas CUCTEMe THHEHHBIX orpaHrnyeHui (5.1).

OntumaneHBIM PEIIEHUEM Ha3bIBACTCS TAKOE JOITyCTUMOE PElieHHEe, IPU KOTOPOM JHHEHHas QyHKIus
uenu (5.2) obpamaercs B MUHUMYM. Eciii 4nciio orpaHMYeHdd paBHO YUCITY NMEPEMEHHBIX, T.6. M =n, U
ypaBHeHus (5.1) He MPOTUBOPEUMBEIL, TO 1ieieBast (PYHKLUS UMEET EAMHCTBEHHOE PEIICHHE.

Jns ONTHMHU3ALMOHHBIX 3aJad BaKeH cilydyail, korma m<n. Torma cymectByeT MHOKECTBO
JOIyCTUMBIX PELICHUH, Cpeau KOTOPHIX HAXOMUTCA W ONTHMajbHOE, NpPUBOJsIIEe K MHUHUMYMY (5.2).
O0603HauuM 4KCciIO CBOOOMHBIX MEPEeMEHHBIX 7 —m =k . PaccMoTpuM ciydaid, KOTOpBI MMEET MpocToe
reoOMEeTPHUYECKOe TOIKOBaHUE: 1 —m =k =2. BeiOepeM /Be epeMeHHbIe X| U Xp B Ka4eCTBE CBOOOAHBIX U
BBIPa3UM Yepe3 HUX OCTAJIbHBIC 71 3aBUCHUMBIX NEPEMEHHBIX. DTH M TEPEMEHHbIX IOJIyYHIM Ha3BaHUE
0azucHuIx:

X3 =azx +agpxp + [,

X4 =agx +agxy + P, (53)

Xp =X+ aypxo + By
Otnoxum 1o ocsim Oxyum Oxp (puc. 5.1) 3HaueHust cBoOOAHBIX mepeMeHHbIX. IlockonbKy Bce

INEpEMCHHBIE  Xq,...,X;,; AOJDKHbI OBITH HEOTPUUATEIIbHBI, TO JAOIIYCTUMBIC 3HAYCHUSA X, U X)o 6y}IYT

pacmojoKeHbl B TMEPBOM KBaapaHTe. DTO Ha puc. 5.1 MOKa3aHO CTpeNKaMH, HANpaBI€HHBIMH BHYTPh
JOITyCTUMOI1 001acTH.
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X2 A

o

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

HeoTpHuuaTenbHOCTb OCTAIbHBIX HEPEMEHHBIX X3,...,X, BIE€UET 32 COOOH BBIMOIHEHHE YCIOBHMA
X3 =agxy +agpxp + 320,
X4 =amxy +agxy + Py 20,
X, =a,1x1 +a,pxy + B, =20.
OTH yCIIOBUS TaKXKe MOTYT OBITh ITOKa3aHbI Ha m1ockocTu x10x, . BozpmeM nepsoe ycnosue
X3 =daz1x] +azpxo + ﬁg >0.
D710 ypaBHeHHe NONyIIOockocT. IIpu x3 =0 MBI HOTy4lM ypaBHEHUE NPSAMOM Ha IIOCKOCTH X1 0x5:
azix) +azpxy + ﬁg =0.
ITo ogHy cTOpOHY OT Hee pacrojaraercs HONYMIOCKOCTb, rae x3 >0, Ho Apyrylo — HOIyIIIOCKOCTb,
rae x3 <0. JlomycTumble 3HaueHHs X3 pacrojararorcs tam, rae x3 = 0. ITokaxkem 310 cTpenkoi (puc. 5.1).
Takum xe 00pa3oM MOTYT ObITH IOCTPOEHBI U BCE OCTalbHbIC Hpsmble x4 =0, ..., x, =0 U oTMeueHsl
JoIycTiMble obmacT. Beimykieiit MHOTOyronsHUK OABC ymoBIETBOpsET cucTteMe orpaHuueHuit (5.1),

IpUYEM BHYTPU HETO U HA FPAaHMIE BCE NMEPEMEHHBIE Xi,...,X,, HEOTPHLATENbHBI. JTa 00JACTh IONy4HIIa

Ha3zBaHUe oonacmu oonycmumuix pewrenuii (OJ1P).
Cpenu BcexX NIOMYCTHUMBIX DEHICHHH HaM HEOOXOAWMO HAWTH ONTHMANBbHOE, T.e. TaKoe, KOTOpOe
oOpamiaer B MUHUMYM JHHEHHYI0 GYHKIUIO Z W 3aBHCUT TOJIBKO OT JBYX CBOOOJHBIX MEPEMEHHBIX X{ U

X9
Z=yo+r1x +72x2. (5.4)
CBOOOAHBIN ulleH y( MOSBUICS IIPU MEPEXOJe OT HEPEMEHHBIX Xi,...,X, K CBOOOJHBIM IEPEMEHHBIM
X1 ¥ Xp. MuHMMYM JuHelHOH QyHKumu Z' = Z — ¥y NOCTUIaeTCs MPYU TeX XK€ 3HAYCHHSX NEPEMEHHBIX X{
U X7, 4TO U MUHUMYM GYHKIMH (5.4) ¥ OTIMYAETCSA OT HErO Ha BEJIMYMHY CBOOOJHOIO YjeHa ).
Haiinem reoMeTpu4yecKkuM IyTeM STH 3HAueHUS X7 M Xp. [IpupaBHseM QyHKIMIO Z' K HEKOTOPOMY
MOCTOSTHHOMY 3Ha4eHHIO L:
Z’Z]/lxl +)oX2 =L. (55)
Mgl nosryunnu ypaBHeHue npsMoil Ha miockoct xp0xy. OHa orcekaer Ha ocu Ox; OTpe30K, paBHBIHA
L/yq1 , anaocu Ox, - OTpe3oK, paBHbiii L/yo (puc. 5.2).
Ecnu npuHsaTh 3HaueHne Z' paBHBIM HEKOTOPOW HOBOI IOCTOSIHHOM L, TO WpsiMast y1Xp + YoXp =14
NepeMecTUTCS MapajliesIbHO MEPBOI NpsSMON, IpUYeM Ha ocsAX OyIyT OTCEYEeHBI OTPE3KH COOTBETCTBEHHO

Ly w Lifys.
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Li/n

Z' =L
Ly
o / /\ >
Ly, Ly,

Puc. 5.2. Jluauu ypoBHs 11e7eBON QyHKIHN

Takum 00pa3oM, pa3nuYHBIM 3HAYCHUSIM Z' COOTBETCTBYIOT NPSMBIEC, TapajielbHbIe MEXTy COOOM.
OHU Ha3BIBAIOTCSA AUHUAMU YPOGHA UeNesoll hynkyuu (puc. 5.3).

Hanpasnenne yObBanust Z' omnpenensiercs 3HaKaMd Kod(GQUIMEHTOB yq M y,. BsaumHoe
pacnonoxenne OJIP, cooTBeTcTByIOMmIEH ypaBHEHUSIM (5.3), 3aBHCUT OT 3HAKOB KOA(PPHUIMEHTOB MPSIMBIX
(5.3) m (5.5). Crpenxamu yka3aHO HampaBJIeHHE YObIBaHWS I€NIeBOM (YHKIHMH, ITyHKTHPOM - €€ JIMHUAU
YPOBHS IIPH Pa3iIM4HBIX 3HAUCHUSX Z'. 3HA4eHMS X; U Xp, YJAOBICTBOPSIOIIME OJHOBPEMEHHO CHCTEME
OrpaHMYCHHI U JAIONMe MUHUMYM JIMHEHHON QyHKIMU Z' (a 3Ha4YMT, U Z ), COOTBETCTBYIOT KOOpIMHATAM
TOYKE B—X{ppm U Xopmm- Ha puc. 5.3 mHOKa3aH ciydad, KOrJa ONTHMAalbHOE PEIIEHWE SBIACTCS
earHCTBeHHBIM. OJHaKO Tak ObIBaeT HE BCETAA.

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

Ecnmu nuanm ypoBHS 1eneBoi GpyHKIMH pacroyararoTcs MapajuieIbHO TOW CTOPOHE MHOTOYTOJbHHKA
JOIYCTUMBIX PEIIEHUI, HA KOTOPOH AOCTHTaeTCsl MMHUMYM, TO ONTHMAaJIbHOE PELICHHE OKAa3bIBACTCS HE
eanHCTBeHHBIM. Ha puc. 5.4 moka3zaH MMEHHO TakoH Ciy4aid, KOrjia MUHUMYM JOCTUTAaeTCs HE B TOUKE, 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
orpanudeHa (puc. 5.5).

Ecnu xe ypaBHEeHHs orpanudeHuii mpotuBopednssl, To OJIP moxeTt He cymecTBoBaTh. Takoil mpumep
MIOKa3aH Ha puc. 5.6, r;1e OTCyTCTBYET 00J1acTh, OAHOBPEMEHHO yIOBIETBOPAIOLIAS BCEM OTPAHUUCHUSIM.
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2=0 X3:0

Puc. 5.5. O6macTh TOMyCTUMBIX PENISHUI HEe OTpaHUYeHA
B HampaslieHHN YObIBAaHUS LeNICBON (QYHKIIUH

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

Tema 5.3. Ilouck oNTHMAJIILHOTO pelIeHUs!
Jist HaxOXJIeHHUS ONITUMAJIBHOTO PEILLeHHUs JOCTaTOYHO nepedpaTh Bee BepunHbl O/IP u BHIOpaTh Ty U3
HUX, IJ1e 1eneBas QyHKIHUS UMeeT HanMeHblee 3HaueHre. Takoi mepedop MoxeT OBITh C/IeIaH 32 KOHEYHOE
YHCJIO IIAr0B NP OTPaHUYEHHOH 007aCTH JOITyCTUMBIX PELIEHUH, TOCKOJIBKY YHCIIO €€ BEPIINH KOHEUHO.
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Pemenwue, nexaimee B onHol u3 BepmnH OJIP, Ha3piBaeTCs onopHbimM peutenuem, a cama BEpIIMHA —
ONOPHOU MOUKOU.

Ecnmn uumcno cBOOOAHBIX TEpeMEHHBIX k& =2, a uyncino Oa3WCHBIX IEPEeMEHHBIX pPaBHO M H
ONTUMAIBHOE PEIICHUE CYIIECTBYET, TO OHO BCEIJ/Ia JIOCTHTacTCsl B OMOPHON Touke. B kaxmoil onmopHOi
TOYKe, [0 KpallHel Mepe, 1B U3 MepEMEeHHBIX 00palatTcs B Hyllb. B camoM fiene B M000W OTIOPHOM TOUKE
IIEPECEKArOTCsl HE MEHEE JIByX OIPaHMYMBAIOMIMX NpsAMbIX (Hanpumep, 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
éviposcoennvim (puc. 5.7). Tak, B onopHOI Touke B mepeceKaroTcs He ABe, a TpH npsambIx: x3 =0, x4 =0

u x5 =0. Bce 3TM 3aKOHOMEPHOCTH MOTYT OBITH PAacHpOCTpaHEHbl U Ha Oonee OOIMI ciydail, Koraa
k=n—-m, k>2.

X2 A

Puc. 5.7. BeipoxneHHbIN Cllydaii

OtMeTnM o01IKe 3aKOHOMEPHOCTH TPH MOUCKE ONTHMAIBHOTO PEIICHUS:

1. OntumanbHOE pelieHne, eciii OHO CYIIeCTBYeT, He MoXkeT jexaTts BHyTpu O/IP, a pacmomaraercs
TOJIBKO Ha €€ TPaHHLIE.

2. OnTuManbHOE pelleHre MOXKET ObITh He eIWHCTBEHHBIM. B 3TOM cilyyae NWHMH YPOBHSI IIETIEBOH
(GYHKIUM pacnojararoTcsl napayiesibHO TOM CTOPOHE MHOTOYTOJIbHHUKA JOMYCTUMBIX PEIICHHH, HAa 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 BCErza JIOCTUTaeTcs B OAHOM M3 BEpIIMH MHOTOYTOJIBHHKA JOMYCTHUMBIX
pemeHuii. Ecnu ke peleHne JOCTUraeTcsl Ha LEN0i CTOPOHE, TO OHO AOCTHUTAeTCs M B KaXI0M U3 BEPILVH,
yepe3 KOTOpbIEe IPOXOANT 3Ta CTOPOHA.

PA3JEJI 6. OITUMU3ALIUOHHBIE MOJIEJIN
JUISA IINTAHUPOBAHUSA PASBUTUSA DJIEKTPOOHEPTETHYECKUX CUCTEM
Tema 6.1. Knaccupukanus moaesei niaanupoBanus pazsutus 33C

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

1) pa3BuTHE CTPYKTYPbI FCHEPUPYIOIINX MOIIHOCTEIA;

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-ONITUMHU3AIMOHHEIE H
OILICHOYHBIE.

B onmumuzayuonnvix moodensx nomycTiMoe MHOXECTBO IIEPEMEHHBIX 3a/aeTcsi B IIpeaenax
HEKOTOPBIX JMAra3oHOB. B Momenu B mpezenax 3THX IWANa30HOB CHHTE3UPYIOTCS JOMYCTUMBIE BapHUAHTHI,
MIPOM3BOANTCA UX DKOHOMHYECKas OLIEHKA B COOTBETCTBUU C TPHUHATHIM KPUTEPHUEM ONTUMAIBHOCTH U
0TOMpaeTcs HAWTYUIINK 10 JTaHHOMY KPUTEPHIO IOIyCTUMBIN BapHAHT.

B owuenounvix (pacuemmnwvix) modenax JONYCTUMOE MHOXKECTBO IIEPEMEHHBIX  3aJaeTCs
MIPOEKTUPOBILIMKOM B BHJIE OJHOTO WJIM HECKOJIBKUX COCTaBJIECHHBIX BapuWaHTOB. B Mozenu 3TH BapuaHTHI
MOJIBEPraroTCsl TEXHUUECKOMY aHaJIN3y ¥ SKOHOMUYECKON OLIEHKE.
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B ouenouno-onmumuzayuonnvix mooensax 3Ha4UEHUS OCHOBHBIX UCCIIELYEMBIX IEPEMEHHBIX 3a1aI0TCS
B BHJIC BAPHAHTOB, a OCTAIbHBIC [IEPEMEHHBIE MOTYT OBITH BBIOpaHBI B Mpeeiiax HEKOTOPOTro JHana3oHa ux
WU3MEHEHUs, 4YTO TIO03BOJSET ONTHMU3HPOBATh HUX 3HAa4eHHA. Takue MOAENM [alT BO3MOXKHOCTh
COIOCTABJIATE 3aJaHHbIE IPOEKTUPOBIIMKOM BAPUAHTHI C YYETOM ONTHMANIBHBIX IS KaXJOr0 W3 HUX
YCIOBUN (PYHKIIMOHHUPOBAHUS U PA3BUTHSL.

HauOonee nmpocTeiMu SIBIASIOTCS MaTeMaTH4YeCKUe MOJIEJU NMPH ACTCPMUHMPOBAHHON MH(pOpPMAIMH O
Oyaymux yciuoBusX pa3BUTHs dHeprocucteM. OHM MO3BOJIIOT MOJYYUTh PELICHUE, ONTHMAIbHOE IPHU
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 BO3MOXKHBIX COUYETaHUI MCXOIHBIX
ycnoBuid. HWmest >QQeKTuBHBIA adropuT™, CO3JaHHBIA Ha 0a3e JACTCPMHUHUPOBAHHOM HWCXOJHOMN
MHQOPMAIUK, MOKHO MYyTEM MHOTOKPAaTHOTO PEIICHMS 3aJaud MPH Pa3IHYarOIIUXCs UCXOJHBIX YCIOBHUAX
MOJTyYUTh TaKyl0 00JIacTb.

OxoHYaTeNbHOE PELICHHE O Pa3sBUTUU PHEPrOCUCTEM NPUHHMAET TPYIINa CHEIHATNCTOB-3KCIEPTOB,
YUMTBIBAIOIAS. KAaK PEKOMEHJALMM, BBITEKAIOIIME W3 PAcyeToB, TaK U JOIOJIHUTEIBHBIE CBEIACHUS,
MIPUBIICYCHHBIEC U3 OMBITA JKCIIITYaTal1H.

Tema 6.2. OnTHMHU3AMUOHHBIE MO/IEJIH [JIsl MOMCKA CTPYKTYPHI
reHepUPYIOIIUX MOIIHOCTEH

OnTuMu3anus CTPYKTYpbl F€HEPUPYIOUIUX MOILIHOCTEW MPOU3BOAUTCS ABaxAbl. IlepBrlil pa3 — mpu
ONTHMH3ALUU TOIUIMBHO-3HEPIreTUUYECKOT0 KOMIUIEKCA CTpaHbl, TJE 3JEKTPOIHEPTeTHKa paccMaTpHUBAETCs
KaK TMOJcHUCTeMa B OOIIEIHEPreTHUECKONW CHCTEME CTPaHbl; BTOPOH pa3 — MpHU ONTHMHU3ALMH Pa3BUTHS
OTpAaCIIH.

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

a) UCKOMasl TIPOU3BOIMTEIILHOCTD TOIUIMBOTIEPEPa0aTHIBAIOIINX PEANPUATHIA W UX TPYIIIT;

0) MOIIHOCTH Pa3HBIX THUIIOB 3JICKTPOCTAHIIHIA;

B) IPOMYCKHAsI CIOCOOHOCTh MarucCTpalbHBIX TpyOompoBoaos u JIOII;

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

Kputepnem ONTUMaNBHOCTH CIIy’)KHT MHHMMYM CYMMAapHBIX HapOAHOXO3AHCTBEHHBIX 3aTpaT Ha
n00bI1y, mepepaboTKy, HpeoOpa3oBaHHE, pAcHpeleieHHe W HCHOJIb30BAaHME TOIUIMBA HPU YCIOBUHU
YIOBIETBOPEHHUSI PAIMOHAIBHOW TOTPEOHOCTH HApOJHOTO XO3SHCTBa B Pa3IMUHBIX BHUJAX TOIUIMBA W
SHEPIMM. YUNTBHIBAIOTCA TaKXE OTPaHUMYEHUs 10 KaNWTAJIOBIOXKEHUSIM, TpPYAOBBIM pecypcaM,
JUMUTUPOBAHHON 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'OBapHaHTHBIE ONTHMH3ALMOHHBIE PACUEThl, YTO TO3BOJISIET MCCIEA0BATH 30HY
HEOMPEICTICHHOCTH ONTUMAIIBHBIX PELICHUH, BEISIBUTH COCTAB YCTOWYHMBBIX PEIICHHH, ONPEIeTUTh (aKTOPEHI,
BJIUAOIINE Ha HGyCTOfI'—IPIBBIG peuicHus, HaiiTH HauboJIee HpeI[HO‘ITI/ITeJ]LHHﬁ BapHUaHT pa3BUTUA TOILJIMBHO-
SHEPreTHYECKOTO KOMIUIEKCA;

2) BBIIIOJHSIETCS COTJIaCOBAHUE IUIAHOB Pa3BUTHUS TOIUTUBHO-3HEPI€THUECKUX OTpaciel Mexay co0oid, a
TaK)ke ¢ 6aJlaHCOM BCEro HApOJIHOTO XO3sICTBA;

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

B ocHOBe ONTHMHU3AIMOHHONM MaTeMaTHYEeCKOM MOJEIHN JISKUT CHMIUIEKC-METOJ[ JIMHEHMHOTO
[IpOrpaMMHUPOBAHUA.

Hcxonnas napopmanus Ui peLIeHus JaHHOH 3aauu caenyomas:

e 00BEMBI HCIIOJIB3YEMBIX IHEPTOPECYPCOB JIJIsi BHIPAOOTKU 3JIEKTPOIHEPTUU IO CTPAHE B IIEJIOM H
10 OT/ICJIbHBIM pailoHaM;

® pPOCT MOTpPeOJIEHUS] ANEKTPOIHEPTHH W TEIUla B MacliTabe CTpaHbl B IIEJIOM M MO KaXIOMYy
SHEPTOY3Ty JJIS KaXKI0TO pacCMaTPUBAEMOT0 IIEpHoia BPEMEHH;
PEKUMBI 3JEKTPOIIOTPEOICHHS AJIS1 pa3IMYHbIX YPOBHEH HepapXHu;
CTPYKTypa AEHCTBYIOLINX T€HEPUPYIOLINX MOIIHOCTEH U COCTaB CTPOSIINXCS SHEPTOOOBEKTOB;
TEXHUYECKUE U IKOHOMUYECKUE XapaKTEPUCTUKN BHOBb BBOJUMOTO 000pYyJOBaHMUS;
00bEM PEMOHTHPYEMOT0 000PYyIOBaHUSI.

3aoaua cmasumcs credyrouum oopazom:
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Hcnonb3ys mepeyucieHHbIe BBIIEC UCXOAHBIC AAHHBIC, HAUTH JUIsl KaXIOTO TEPPUTOPHUAIBHOTO y3ja
O3C TakuMe 3HAUCHUSA CYMMAPHBIX MOIIHOCTEH TPYII 3JIEKTPOCTAHIMM, KOTOpPHIC OTIMYAIOTCS BHUIIOM
SHEpropecypca, THIIOM M MaHEBPEHHOCTHIO 000PYAOBaHUS, U HANTH 3HAYCHHS MPOIMYCKHBIX CIIOCOOHOCTEN
JUHAH, IPA KOTOPBIX JOCTUTAETCS MUHIUMYM CYMMAapHBIX IPUBEIEHHBIX 3aTpaT M0 YHEPTOCHUCTEME.

Henuuelinpie 3aBUCUMOCTH MEXAY MEPEMEHHBIMU OTPAXKAIOTCS C IMOMOIIBI0 KYCOYHO-JTMHEHHOU
anmpokcuManud. s Kakaoro sHeproysia (puc. 6.1) 3ammceiBacTcs YCJIOBHE OajaHca MOITHOCTH JIIsI
MOMEHTa MaKCUMAIIbHBIX Harpy30K.

Xrfi Xefi

Pri + Ppesi Prj + Ppesi

Puc. 6.1. DxkBUBaJICHTHOE TIPEJICTABIICHUE SHEPTOYy3/1a

VcnoBus ananca MowHoCMu AMEIOT BUJT
2Pi -2 h +Z(ﬂl] ]IZP +Ppe31’ (6.1)
rf J

e Prﬁ - HMCKOMasi MOIIHOCTh JJIEKTPOCTAHIMKM B y3Je THma F, paboraromeid Ha TommBe Buaa f,

pasmelleHHoi B ysne i; Fj; - MOWHOCTb, mepejasacMas U3 ysna i B ysen J; (/)5 - ko3 dunment,
y‘II/ITI)IBaIOH_[I/II/I IoTepu aKTHUBHOM MOIIHOCTH B BO3AYHIHBIX JIMHUAX MCKAY y3JIaMU | u J, mi - MAaKCUMYM
HATPY3KH y371a i; Pp,;; - IOTPEOHOCT y371a i B pe3epBHO MOLIHOCTH.

Bropoe 6anancoBoe ycnoBue Ui KaxI0T0 y3Jia — 3TO Hananc IHepZuu:

Z merf 2911 +z¢)lj3jl—9 (62)
i€ T,y - TOAOBOE YHCIIO YaCOB HCIONBb30BAHNS MAKCHMAIBHONH MOILIHOCTH SJIEKTPOCTAHLMH B y37I€ i; 9y
u D j; - MEXKY3JOBbIE IOTOKH SHEPIUH; (05- - K09 GHUIUCHT, YYUTHIBAIOIINH OTEPH YHEPTUH MIPH TIepeaaye;
.

; - TOJI0Basi MOTPEOHOCTH B JIEKTPOIHEPTHHU B y3JI€ I.

VYcnoBue Oananca OHEpPruu JIMHEHHO TOJIBKO B TOM CJIydac, Koraa peKum paGOTBI SHGKTpOCTaHHI/Iﬁ
n3BeCTeH. B IIPOTHBHOM CJIy4a€ BCJIMYMHA Tmrﬂ SIBIIICTCS HEM3BECTHOM HepeMeHHOﬁ, a yCJIOBHC OanaHca

SHEPruu — HenuHeWHo. 14 mepexoja K JMHEWHOMW MOCTAaHOBKE MCKOMAash MOIIHOCTb 3JIEKTPOCTAHLIUNA
3a1a€TCS B BUJE CYMMBbI HECKOJIBKUX COCTaBJISIIOLIUX:

Py—pP® 4 2y p,
l’ﬁ i i it
Ka)XIast U3 KOTOPBIX XapaKTepPH3yeTCsl 3aJaHHBIM YHCIIOM YacOB HCIIOJIb30BaHMS IOJJOBOI0 MAKCHMyMa:
7@ 2 (n)
Toufi =T T Doty Tt 1
B Takom ciryuae rogoBoit 6anch SHEPrHUH y3J1a | 3aMUIIeTCs B BUIIE
@ (2) (n)
> i P +.. +P i 23,] +Z(pl]3ﬂ >0;.
rf
B pE3YIbTATE PCIICHHUA 3adadd OIITHUMaJIbHasA MOIIHOCTb Ka)KZIOI‘/lI QJICKTPOCTAHIIUN OIPEACTIACTCA
CYMMHPOBaHHEM COCTABIAIOUNX P !

.
(;(j}) +PD v PO T = POTO + POTE, o+ POTE),

OTKy1a
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@@ (2)7(2) (n) o (n)
P T + P Tmrﬁ+...+Prf’; Tm’;ﬁ

@ ) (n)
Prﬁ +Prﬁ +...+Prﬁ
HpI/I TITIOHUCKEC peH.ICHI/If/’I y‘lI/ITI:IBaIOTCSI TAKXKC TCXHUYCCKUC OFpaHI/I'{eHI/IH:

1) mpeaenbHOE YUCIIO YaCOB MCIIOIB30BaHUS MOIITHOCTH DIICKTPOCTAHITNI pa3HBIX THIIOB;
2) mpenenbHAas MOITHOCTB M OTITYCK DIIEKTPOIHEPTHH DIEKTPOCTAHITHI:
npeo
<
Prfi < By

PrﬁTmrﬁ <D

Ty =

npeo
i

3) npenenbHas MPOMYCKHAsE CIIOCOOHOCTD CYIIECTBYIOUIMX M BHOBb BBOAMMBIX JIDIT Mexny y3namu i u
j 10 MOIITHOCTH U DHEPTUU:

HO8 aw
Py +P; =P <Py

04+ =B Tyyy < BTy,

i i

rae Plj’f"g - MCKOMas BEJMYMHA MPOIMYCKHOW CITOCOOHOCTH BHOBL BBOJMMOM JIMHHH MEXAY y3JaMmu | | j;
oy
By
YaCcOB HUCIOJIB30BAHMS MTPOIYCKHOH CITIOCOOHOCTH;
4) nmpenenpHOE 3HAYEHUE YHEPropecypca
2 P Tyypiby < By
r.f

- MMPOITyCKHad CIIOCOOHOCTH CYIIECCTBYIOIIUX JIMHUM MCXKAY 3THUMHU Yy3JIaMH; Tml] - r'OJOBOC YHCJIO

rae b, - yACIbHBI paCcXO TOILINBA f anekTpocTaHIMY TUMA I B y3II€ | IPU YUCIIC YaCOB UCIIOIb30BAHHUS €€

MOWHOCTH 7, ; By - 3a/1aHHOE 3HAYEHHE OTPAHMYEHHOTO SHEPTOPECypPCa;

5) pa3Mep KamuTaOBIOKEHUH, BEIIETICHHBIX HA BBOJI HOBBIX DPHEPTOOOBEKTOB B SHEPTOCHUCTEME,
)y kr iprﬁ = Knpea ,

l.?r)
rae k,; - yACIbHBIC KAIIMTAIOBIOKCHHUS I10 SIEKTPOCTAHIMH I Ha TOILINBE f, pacnionosxeHHOM B y31€ .

B sHeprocucremax ¢ CyIIECTBEHHOH HEPaBHOMEPHOCTHIO TPaUKOB HArpy3KH MOJB3YIOTCS Ooee
CIIOXKHBIMH MOJIEIISIMH, B KOTOPBIX YYWTBHIBAIOTCS YCIIOBUS BKJIFOYCHHS WCTOYHWKOB C OTPaHHYEHHBIMU
3aracaMu 3HepropecypcoB B rpaduk Harpy3ku OOC M TEXHMYECKHUE OTPAaHUYCHHUS HA PEXKUMBI PabOThHI
ANEKTPOCTAHLUH.

4.3. JJabopaTopHble padoThI

Y4eOHBIM MIIaHOM HE MPEAYCMOTPEHO

4.4, llpakTUyecKue 3aHATUSA

Buo
3aHAMUA 6
Home, Haumenosanue mem UHMEPAKMUGHOIL
No P . Obvem P .
i paszoena RPAKMUYECKUX 3AHAMUIL (wac.) akmuenol,
OUCYURIUHBL ) UHHOBAUUOHHOU
dopmax
(uac.)
OnTtumManbHOE pachpeesieHue aKTUBHOU paszbop
1 4. MomHocTH Mexay TOC rpaiueHTHBIM 4 KOHKPETHBIX
METOIOM cutyanuii (24ac.)
N paszbop
OntumanbHOE pacrpeiesieHue aKTUBHOU
2 4, 4 KOHKPETHBIX
motrHocTu Mexay TOC metomom HerotoHa N
curyaunii (24ac.)
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BTOPOIO MOPSAKA
pazbop
3 5. JIuneliHOE IPOrpaMMHUPOBAHKE 9 KOHKPETHBIX
curyamuii (1gac.)
UTOro 17 5

4.5. KoHTpoJIbHbIE MEPONIPUSITHSA . KypcoBasi padoTa

Tema:  «OnTUMHU3aIUS PA3BUTHUS IIEKTPOIHEPTETUICCKIX CUCTEM)

Ilens KypcoBodi pabOThl — NPHOOPETCHHE HABBIKOB HCIOJIb30BAHUS METOMIOB
MaTEeMaTHYECKOTO MPOrPaMMHUPOBAHUS ISl PEIICHUs 33734 BBIOOpA CTPYKTYPHI T€HEPUPYIOIIUX
MotHocTerd 99C 1 BIOOpa ONTUMATIBLHON KOH(PUTYpAIIUU AJIECKTPUICCKON CETH.

[Ipy BBIIOJIHEHWH KYpPCOBOH pabOThl HMCHONB3YeTCS CIEUHUAIbHOE IMPOTrPAMMHOE
obecrieueHre, MO3BOJISIONICE pEIIaTh 3aJavyd YIPABICHUS Pa3BUTHEM JJICKTPOIHEPIETHUCCKUX
CHCTEM.

Pexomenayemeorit oobeM: [losscHutenbHas 3anucka oobemom 20-25 cTpaHMI TOKHA COACPIKATh
TUTYJAbHBIA JIUCT, 3aJaHWE, OIUCAHHWE BBIMOJHACMBIX JIEHCTBUH TIO KaXIOMY pasieny u
MOJTYYCHHBIC PE3YJIbTATHI.

Brigaua 3ananus, 3amura KP mpoBoauTcst B COOTBETCTBUU C KAJICHIAPHBIM YYeOHBIM rpauKoM.

Ouenka Kpurtepun oueHKku KypcoBoii padoTsbl

OTJINYHO COOTBETCTBUE TPEOOBAHUSAM IO CTPYKTYPHOMY COJEPKAHUIO U 00BEMY
pa6OTI)I; MMPaBHUJIILHOCTL BBIIIOJIHCHUA 3aJJdaHus, COIPOBOKAAIOIICTOCA
cxeMaMu, Tabmuiamu, (GopMyiaaMu, CaMOCTOSTEIBHOCTH BBINOJHEHUS;
opopmierne pabOTHl ;COOTBETCTBYET TpeOOBaHUSM, T'PaMOTHOCTH,
OTCYTCTBUE CTHJIMCTUYECKUX OMIMOOK; YBEPEHHOE BJIAJCHUE MaTEPHAIOM
IIPHY 3alInTe.

XOPOIIIO COOTBETCTBUE TPEOOBaHUSAM IO CTPYKTYPHOMY COJICPKAHHIO U 00BEMY
pa6OTI)I; MMPaBHUJIILHOCTL BBIIIOJIHCHUSA 3aJaHus, COIPOBOKAAIOIICTOCA
cxemaMmu, Tabnuiamu, (GopMyramH; CaMOCTOSTEIBHOCTh BBHITIOTHEHUS,
obopmiieHHe palbOThl, HE TOJHOCTBIO COOTBETCTBYET TpPEOOBAHMSIM,
IPaMOTHOCTh, OTCYTCTBHE CTHIIMCTUYECKHX OLIMOOK; XOpOIlIee BiIaJeHUE
MaTepUaIOM IIPH 3aIUTE.

YIIOBJIETBOPUTEIHLHO HE TMOJIHOE COOTBETCTBUE TPEOOBAHUSAM IO CTPYKTYPHOMY COJEPKAHUIO U
00beMy paboThI; HETOYHOCTh BBITIOJIHCHUS 3a/1aHMUS,
COTMPOBOXKIAIOIIETOCS CXeMaMH, Tabnuiamu, GopMyliaMu, MepexoaHbBIMU
XapaKTePUCTUKAMHU, YaCTHYHAsS  CaMOCTOSATEIHHOCTh  BBITTOJIHEHUS;
opopmieHre pabOThl; HE TOJHOCTHIO COOTBETCTBYET TpPEOOBAHUSM;
HAJTMYUE HEKOTOPHIX CTHJIMCTUYCCKUX OIMMOOK; HE YBEPCHHOE BIIaJICHUE
MaTepuaIoM MpH 3aluTe.

HEYJIOBJIIETBOPUTEIHHO | HECOOTBETCTBHUE TPEOOBAHUAIM IO CTPYKTYPHOMY COJIEPKAHUIO U 00bEMY
paloThl; HENPaBWJIBHOCTh BBIMOJHEHHUS 3aJaHUs, COMPOBOKIAIOIIETOCS
cxemaMmu, Tal0nuuamu, QopmyiaamMH, MEPEXOJHBIMH XapaKTePUCTUKaMH,
OTCYTCTBHE CaMOCTOSITEILHOCTH BBITIOJIHEHUs; oopMieHrne paboThl; He
COOTBETCTBYET TpeOOBaHUSAM; OTCYTCTBHE BIAJIEHUS MaTepHaJOM IpHU
3allHUTE.
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5. MATPAIIA COOTHECEHUS PA3JIEJIOB YYEFHOU JUCIHUAIIJIMHBI K ®OPMHUPYEMBIM B HUX
KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIUIIJINHBI

Komnemenyuu Komnemenyuu X Buo
Ne, na HOGAHUE Kom | 1., uac y . Ouenka
pazoenoe OwcyunJIuHbl Kon-¢o n YUCORDIX 3ARANUMU pe3ynomamos
uyacoe OIIK 1K
1 2 3 4 5 6 7 8
1. OnTuMu3anyvoHHbIE 337a41 16 + + 2 8 JIk, CPC 3auet, KP
2.0cobennocTtu pa3BUTHS 17 + + 2 8,5 JIk, CPC 3auet, KP
COBPEMEHHBIX
JIEKTPOIHEPTCTUICCKUX CUCTEM
3.KommiekcHbie 3aJa4u 14 + + 2 7 JIk, CPC 3auet, KP
000CHOBaHHUS pa3BUTHSA
AIIEKTPOIHEPTECTHUECKUX CHCTEM
4 MaremaTH4ecKoe 22 + + 2 11 JIk, I13, CPC 3auet, KP
MOJICTTUPOBAHUE pa3BHUTHS
AIEKTPOIHEPTETUUECKUX CUCTEM
B COBPEMEHHBIX YCIIOBHSIX
5.MareMaTH4ecKue MOJEIH U 25 + + 2 12,5 JIk, I13, CPC 3auet, KP
METOObI JIMHEHMHOTO
MPOrPaMMHUPOBAHHUS
6. OnTUMH3AIMOHHBIE MOJIEIH 14 + + 2 7 JIk, CPC 3auet, KP
JUIST  TIJTAHUPOBAHUS  Pa3BUTHS
AIIEKTPOIHEPTETHUECKUX CHCTEM
6cezo uacoe 108 54 54 2 54




6. HNEPEYEHb VYYEBHO-METOIMYECKOI'O OBECHEYEHHUS I
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 MPOSKTHPOBAHUIO IIEKTPUUYECKHUX CeTei: crpaBouHoe u3nanue / Iloxg pen.
J1. JI. ®aitbucosuua. - Mocksa: HL[ DHAC, 2006. - 320 c.

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

Buo | Konuuecmeo
sana- | 2K3emnnapoe | Obecneuen-

No Haumenoeanue uzoanusn
mus 6 HOCHb,
(Ix, 113, | Oubnuomexe, | (IK3./ 4eJL.)
KP) 1T.
1 2 3 4 5
OcHoBHag JuTepatypa
1. Crpymensk, A.B. DOnextposneprermueckue cuctemsl u | Jlk, 113 73 1

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

2. Hrnatees, 1.B. MHOroKpuTepHanbHblil aHAIW3 BAPUAHTOB
pa3sMEIICHUS SHEPreTHUECKUX OOBEKTOB [DJICKTPOHHBIN
pecypc]: monorpadus / . B. Urnartees, B. A. Illakupos. -
Bbparck: bpl'V, 2011. - 145 c.- JIx, KP 1(2OP) 1
http://ecat.brstu.ru/catalog/Monorpadun/Uruarees%201.B
.MHuorokpurepuanbubiii%20anann3%20Bapuantos%20pa3
MemeHns1%20suepreruueckux %2000bexroB.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  mpoekTtupoBanume 1O KP 1(QY) 1
AIIEKTPOCHAOKEHUIO  MPOMBIIIJICHHBIX — MPEINPUITAR
yueOHOe Tmocobue / E.AOpamoBa ; MuHHCTEPCTBO
oOpasoBanuss W  Hayku Poccuiickoii ~ Dezaeparuu,
denepanbHoe rOCyJapCTBEHHOE Or0JKETHOE
o0pazoBareiabHOE yUpexaAeHUE BBICLIETO
po¢eCCUOHANTBHOTO o0pazoBaHus «Openbyprexuit
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. Kypbamnkuit, B.I'. MeTtogsl u MOAeNd ONTHMHU3AIUU
Pa3BUTHSL  DJIEKTPOIHEPTETUYECKHX CHCTEM: ydeOHoe
nocobue / Kypbankuit B.I'., Pogmna C.U. — Bpatck:
bpI'TY, 2003 — 108 c.

KP,.IT3 87 1

6. Urnarses, n.B. IIpoekTupoBanue paiioHHON KP 112 1
JNEKTPUYECKON CeTH:  METOJIWYEeCKHe  YKa3aHusi K
BBHITTOJIHEHHIO KypcoBoro npoekta / M. B. Urnatees, A. B.
Crpymensik. - bparck: bpl'Y, 2014. - 82 c.

7. UrnateeB, U1.B. Mogenu u MeToapl HACTPOHMKH CHUCTEM
perynupoBaHrs BO30YXXIEHHS TEeHepaTOpOB Ha OCHOBE
SKCIIEPUMEHTAITBHBIX JaHHBIX [TekcT] : Hay4HOe M3/aHue / JIx 11 0,5
. B. Urnatsees, 0. H. bynaros. - bparck : bpl'V, 2016. -
278 c.
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http://biblioclub.ru/index.php?page=book&id=259181
http://biblioclub.ru/index.php?page=book&id=259181

8. INEPEYEHb PECYPCOB NH®OPMALMOHHO -
TEJEKOMMYHUKAIIMOHHOU CETHU «MHTEPHET» HEOBXOAUMBbIX JJIA
OCBOEHUA JUCHUITJINHbI

1.OnexTpoHHbId Katajmor 6udimoreku bpl'yY
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z21ID=.

2. DnextponHas 6ubmmoreka bpl'Y http://ecat.brstu.ru/catalog .

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

4. DnekTpoHHO-OMOMOTeUHas cuctema «M3narenberBo «Jlanpy hitp://e.lanbook.com .

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

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

7. Yuupepcurerckas undopmarmonHnas cuctema POCCHUSA (YUC POCCHA)
https://uisrussia.msu.ru/ .

8. HanmonanpHas 3iektponHas oubimmorexka HIb http://xn--90ax2c.xn--plai/how-to-search /

9. METOAUWYECKHUE YKA3AHUSA 51 OBYYAIOILIUXCA MO OCBOEHMIO
JUCIHUIIVINHBI

9.1. Meroanuyeckue yKa3aHus 1Jis1 00y4alOIIMXCS 110 BHINOJHEHHI0 NPAKTHYECKUX padoT

IIpakTnuyeckoe 3ausaTue Ne 1
Onmumansvhnoe pacnpeoenenue akmugHoi mougpocmu mexcoy TIC zpaoueHmusim memooom

1.1. ITocTanoBka 3axaumn

Haiitn MuHEMYM (QYHKIUH H37epkeK Ha TorwmBo M(Z) mpu ydere orpaHuueHHi OanaHca
mortaoctd B DOC W(Z) = 0. Bektop Z siBisercst BeKTopoM mapamerpoB pexxuma D9C, a W —
BEKTOP-QYHKIIUS 0aTaHCOBBIX OTPAaHUYCHUH.

['paavieHTHBIN METO/ ONTUMH3AIIMN OCHOBAH HA BHIYMCICHUN TPAJUCHTA [IEeIeBOU QYHKIIUU U
MOIIArOBOTO JBW)KCHUS B HAMpaBICHUM YIy4IIeHUs 1eneBo QyHkuuu. [Ipum HaxoxIeHUn
MUHUMYMa TeIeBON (DYHKIIUH JIBYDKCHUE BEACTCS B HAITPABJIICHUN aHTHTPAIUCHTA.

MeTo0M MPUBEACHHOTO TPAJIMEHTA HA3bIBACTCS METOJl ONMTHUMM3AINH, B KOTOPOM T'PaUEHT
OTIPE/ICIIICTCS C TOMOIIBI0O TEOPHH HESBHBIX (YHKIUH, TPH pa3ICiICHHH TEPEMEHHBIX Ha
3aBUCHMBIe U HezaBucuMmbie Z = (X,Y).

PaccMoTpuM mpumep pacmpeieieHuss aKTUBHOW MOITHOCTH MEXAY CTaHIUSIMH METOJIOM
MPUBEICHHOTO T'PAJUeHTa, B KOTOPOM ypaBHEHHUS OTPaHUMYEHUN YYUTHIBAIOTCS B CaMOM IPOCTOM
BUJIC — YpaBHEHHs OajlaHCa aKTUBHOW MOITHOCTH IO CUCTEME B II€JIOM 0€3 ydJeTa MmoTeph MOIIHOCTH
B CETH.

1.2. Pemienue 3aaaum pacnpejaejieHusi aKTUBHOH MOIIHOCTH 0e3 ydera M3MeHEHMs
NnoTepb B CeTH

[TpeneOperast moTepsiMH, HaliJIeM ONTUMAIBHYIO 3arpy3Ky MO aKTMBHOW MOIIHOCTH CTaHIUI
JUISL CXeMBI Ha puc. 4 METOIOM MPHUBEACHHOTO rpagueHTa. CxeMa Colep>KUT TPHU CTaHUUU (y3Jbl 1,
2 u 3). Harpy3ka cocpenotoueHa B ysne 2. P, = 200 MBt. XapakTepucTUKH OTHOCHUTEIBHBIX
MPUPOCTOB JJIs ATUX CTaHIIMH 3a/1aHbl, pyo/kBT u:

g, =3+0,2P, + 0,004 P?,
g, =2+0,4P, +0,002P?,
g, =4+015P, +0,003P7.
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O QM@

Puc. 1. Cxema 99OC
Pewenue
3anuiem ypaBHEHHE OanaHca MOITHOCTH B CUCTEME:

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

Paznenum Bce mepeMeHHbIC JaHHOW 3a/Ja4d Ha BEKTOp Y HE3aBUCHMBIX MEPEMEHHBIX U Ha
BekTop X 3aBUCHMBIX. [1OCKONBKY cHCTeMa YpPaBHEHUH YCTAaHOBHMBIIETOCS PEXHMa COCTOUT W3
OJTHOTO YpaBHEHHUs, TO B BekTope X Oyzaer Bcero ogna komrnoneHnta X = (P3), a Bektop Y = (Py, P3)
(MOYXHO IPHHSATH U JIFOOYIO IPYTyI0 KOMOHHAITHIO).

1) 3agaem ucxoanoe npudamwkenue Y = (P, P3):

P; =50 MBT; P3 =50 MBT.

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

3) Beruucnsiem rpaueHT B UCXOTHOM TOUKE:

oM _oM| oM oX
oY aY|, oxay’

rze
ou| (oH ou ~ on
= ’ = (:]_l 83 L A 821
aYl, \or’ op, oX
a M3 ypaBHEHHsI OajlaHCa MOIITHOCTH
oX _ oP, | oP, _ ‘_1’_1\.
oY | op’ op -
Takum oOpa3zom,
o ol _ oM oM

—=——=¢ —&,;, — =——=8€;—&,.
oy, ok, *+ ¥ oy, op, ° ?

OTHOCHUTEILHBIC MMPUPOCTHI ITPU TCKYIIUX MOITHOCTAX CTaHIUK PpaBHBI:

pyo . . _ o PY6 . g _PYO

g =23 ; €, = ;€5 = :
MBr - g MBrT -1 MBrT -u
Bekrop-rpanuent grad(#) paBen
oh, (oH
oy, | |oR | (&8 -39
AN on |=| o (M@
oY, 8P3

Mepoii cXOQMMOCTH Tpoliecca pelleHus] BblOepeM BEJIMYMHY KBajpaTa HOPMbI BEKTOpa-
rpairenTa (CyMMa KBaJpaToB dIEMEHTOB BEKTOp-rpajnenTa) A> = 3370.

4) BriOupaem mnpoOHbI mar t = 0,5 (Ipou3BONBHO) M OMNpeAesieM HOBbIE 3HAYEHUS
NEPEMEHHBIX:

P =P —t-grad(#7), =50-0,5-(-39) = 69,5 MBr;
P, =P, —t-grad(#), =50-0,5-(—43) = 715 MBr;

P, =Py—P1—-P3=200-69,5-71,5=59 MBT.
MM cOOTBETCTBYIOT OTHOCUTEIIBHBIE IPUPOCTHI:
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£ =361 . o _3pe50 PO . . 30062 PO
MBrT -4 MBrT -4 MBrT -4
Bekrtop-TpanueHt u ero Hopma:

3,659
d(H) =
grad(i1) (_2,5

bynem mnponmomkaTh mOponecc BBIYMCIEHUH, JABUTasChb B HANpaBICHUM TEKYIIETO
AHTUTPAZMEHTA IO TEX IOp, IMOKa KBaJIpaT HOPMbI BeKTopa-TpaaueHTa He Oyzaer menbuie 0,1. Ilpu
9TOM OTHOCHUTEJIbHBIE MPUPOCTHI JOIHKHBI OBITH PaBHBI MEXKIY COOOI.

Bynem noBTopsATh NyHKT 4, IOKa HE BBIIIOJIHUTCS 3a/laHHOE YCIIOBUE.

[Ilar B HampaBieHUU IBUKEHUS OyJneM BbIOMpaTh U3 YCIOBHUS MHUHHMYMa KBaJpaTa HOPMBI
BEKTOpa TpaJueHTa, 3aBUCHUMOCTh KoTOporo oT t Oyzem cumrtath mapabonuueckoit. s
MHTEPIIONSIINY TaKOH 3aBUCUMOCTH Tpebyercst Tpu Touku. OfHa U3 HUX BCErja €CTh — 3TO KBaJpar
HOpPMBI, BBIYMCIEHHBIH B KOHILE npeasiaymero mara (t = 0). JBe apyrue MOXHO B3STh AJIs
pou3BOJIbHBIX 3HaueHuW t. J[ms mpocroTel BeiOepeM Touku t = 0,5 m t = 1. O6o3HAUMM
MHTEPIIOIMPYIOLLYIO KpUBYIO Y = Ag + Agt + Aqt?. MuHMMYM 3TOH TapaboIIbl COOTBETCTBYET TOUKE:

2A,

Koadduumentsr A; u Ay U1 BBIOpaHHBIX Y3J10B HHTEPIIOJISINN HAXOATCA IO (hopMysIam:
A ==3Yy,+4Y, -V,

A =2€,-2y,+Y;,

rae Y; cootBeTcTByeT t = 0, T.e. 15 JanHou utepanuu Y1 = 19,64; y, coorBerctByer t = 0,5 Y,
=8,27uysTouke t = 1y3 = 3,188.

s nonydeHHbIx 3HaueHuit umeeM A; =29,025; A, = 12,116 ut=1,154.

KBazpar HOpMbI BEKTOpa IpaJlieHTa yMeHblaeTcs 10 2,851.

Bce pe3ynbTarhl MOCIEAYIONIMX UTEPAIIU CBEJICHBI B TAOJUILY.

j, A=4,432, A*=19,64.

Urepanus t P, P, P3 £ £ €3 A?

HauvansHoe B 50 100 50 ’3 6 19 2370
MPUOJIKEHUE
gﬁ:@m 05 | 695 | 59 | 715 |36,22 32,56 | 30,06 | 19,64

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

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

‘;ZTrBepTHP“I 1,154 | 64,83 | 59,41 | 75,76 | 32,79 | 32,58 | 32,83 | 0,062

ITocne yeTBepTOroO 1MI1ara NTEPaAMOHHBINA ITPOLIECC MOYKHO 3aKOHUYNTH, TAK KaK KBAJPAaT HOPMBI
MIPAKTUYECKU CBEJICH 10 HYJISA U 3HAUYEHUS OTHOCUTENIBHBIX IIPUPOCTOB CTAJIA PABHBI APYT APYTY.

3ananue

Haiitn omruMansHOE pacmpesielieHne aKTHBHBIX MOIIHOCTEH TEHEpaIlMH MEXIY YEThIPhbMs
TOC nmo mMeToay MpUBENEHHOTO TpagueHTa Ui puMepa Ha puc. 5 (6e3 yyeTa U3MEHEHHUS MOTeph
MOIIIHOCTH B CETH).
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P,

Puc. 2. Cxema DDOC s 3amanus

Harpyska cocpenorouena B y3ine 4. Py = 300 MBt. XapakTepucCTHKH OTHOCHTEIIBHBIX
IPUPOCTOB JIJIsl THX CTAHIUH 3aJaHbl B BUe QpyHKImi B Hotaruu Mathcad, py6/kBr u:

ey Py =3+.2-Pp+4-10 °.py°

g) Py =2+ 0.4 Py + 0.002 P,?

eg P3 :=4+0.3-P3+3- 107 3. pq?

—3 2
4Py :=5+0.3Pg+2-10 ~-Py

Jlist ymoOcTBa MPOBEPKH PAcCUETOB PEKOMEHAYETCS B KA4eCTBE HAYAIBHBIX MPUOMIKESHUH B3STh
MOIITHOCTH:

P, :=80, P3:=80, P4 :=80, P, :=60.

31eck 3aBUCUMOI IepeMeHHO siBnsieTcs Po.

OcHoBHas nuTepaTypa
1. Crpymensk, A.B. DrnekrposHepreTHueckre CHUCTEMBl W CeTH: ydeOHoe mocobue / A.B.
Crpymensk. — bparck: bpl'Y, 2014. — 186 c.
JlononHuTEeNbHAS IUTEPATYypa
1. Kypb6amkwmii, B.I'. MeTompl W MOJENM ONTHMHU3AIMH PA3BUTHS DJICKTPOIHEPTETUUECKUX
cucreM: yaeoHoe nocooue / Kypoankuii B.I'., Pogquna C.1. — bparck: bpI'TY, 2003 — 108 c.

IIpakTuuyeckoe 3ausaTue Ne 2
OnTumajabHOe pacnpeejieHue akTUBHON MomHOCcTH Mexkay TIOC meronom HeoToHa
BTOPOI0 NMOPsiAKA

2.1. llocTaHOBKA 3aa4M

Haiitn mMuHHMYM (QYHKIUU U37epkeK Ha TommBo M(Z) mpu ydere orpaHuveHHid OanaHca
motrHocTr B DOC W(Z) = 0. Bektop Z siBisieTcst BEeKTOpoM mapaMeTpoB pexkuma I99C, a W —
BEKTOP-(pyHKIIMS OaJIaHCOBBIX OrPaHUYECHHH.

Meton HproToHa BTOpOro mopsiika OCHOBaH Ha KBaJpaTUYHOM amnpOKCHUMAIlUM IIEJIEBOM
(GYHKIIMM U BBIYMCICHHH JKCTpeMyMa Mapabojoujbl, KOTOpas B OONbIIEH CTETeHU MPUOIHKAET
npouecc K Touke pemeHus. Ha kaxmoil uTepanuu BBIUMCIMTEIBHOTO IPOIIECCa BBIIOIHSAETCS
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ouepelHas AaIllpOKCHUMAlMsg M PEUICHHE HAXOMUTCSA IIyTeM pEIICHUs CHCTEMBl JIMHEHHBIX
YpaBHEHMIA, B KOTOpPOW IMpaBble YACTH SIBJSIOTCS TI'PAJAMEHTOM IeJeBOH (YHKIMH, a MaTpHUIeh
koa(durmentor — marpuna ['ecce.

['panuent u matpui I'ecce MOryT OBITH MOJIyYEHBI C TIOMOIIBIO TEOPUU HESIBHBIX (DYHKIIHH,
IpH pa3eICHIH IIePEMEHHBIX Ha 3aBUCHMBIe U He3aBuchMbie Z = (X,Y).

HAy = —grad(#7(X,Y)),
rne H — marpunma I'ecce (MaTpuia BTOpBIX NPOW3BOAHBIX IETEBOKH (PYHKIUH); X — BEKTOp

3aBUCHUMBIX IIEPEMCHHBIX] Y — BCKTOP HC3aBUCHUMBIX IIEPEMCHHBIX, Ay — HEBA3KHW K HE3aBHCUMbIM
INEPEMCHHBIM.

2.2. PemeHue 3aja4yu pacrnpejesieHHsl AKTUBHOW MOIIHOCTH 0e3 y4deTa HM3MeHEHUSs
NnoTepb B CeTH

[IpenebOperas notepsiMu, HaliieM ONTUMAJIBHYIO 3arpy3Ky 110 aKTHUBHOM MOIIHOCTH CTaHIMH
JUIsL CXeMbI Ha puc. 6 metogoM HproToHa Broporo nopsaka. CxemMa coOAepKUT TPU CTAHLUU (Y3JIbI
1, 2 u 3). Harpy3ka cocpenorouena B y3ie 2. Py = 200 MBT. XapakTepuCTHKH OTHOCHTEIbHBIX
NPUPOCTOB IS 3TUX CTAHIMHN 3a7aHbl, pyo/KBT u:

e, =3+0,2P, +0,004 P,
e, =2+0,4P,+0,002P/,
£, =4+015P, +0,003P/.

1 2 3

ORI ML

Puc. 1. Cxema 9OC

Pewenue
3anuiieM ypaBHEeHUE OanaHca MOLTHOCTH B CUCTEME:

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

Paznenum Bce mepeMeHHBIC TaHHOM 3a/ladll HA BEKTOp Y HE3aBHCHUMBIX MEPEMEHHBIX M Ha
BeKTOp X 3aBUCUMBIX. [IOCKONIBKY cHCTEMa YpaBHCHHH YCTAaHOBHUBIIETOCS PEXKHUMa COCTOHUT W3
OJTHOTO YpaBHEHHs, TO B BekTope X Oyzaet Bcero ogxa kommnonenta X = (P;), a Bektop Y = (Py, P3)
(MOXXHO IPUHSATH U JIFOOYIO IPYTyI0 KOMOUHAIIUIO).

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

P1 =50 MBT; P3 =50 MBT.

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

3) Beruucisiem BEKTOp-TPaAMEHT B 3aJJaHHON TOUKE:

O _oH| , oM OX
oY ~aY|, ox oy’

rac
on| (oM oH ~ on
= ’ = (:11 83 v A T 821
oY|, (ar ' oP, oX
a U3 YpaBHCHUA 6aHcha MOIITHOCTHU
OX (2P, OB _ g 4
o | R’ op =

Takum oO6pazom,
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onu ou . onu onu
—:—:81—82’ —:—:83
oY, OF oY, 0P,
Bexrop-rpanuent grad(#) paBen

on on

aY, |_| P, sl—szj

—€,.

9rdUD =) a1 |=| ont || e, e,

o, | | op,
4) Beruucnsiem snemeHTsl MaTpulibl ['ecce H.
5) PemaeM cucteMy JMHEWHBIX ypaBHEHUN OTHOCHUTEIBHO HEBSA30K [0 HE3aBUCHUMBIM

IIEPEMEHHBIM AY.
6) Haxonum HOBBIE 3HAUYEHUSI HCKOMBIX NIepeMeHHbIX Pq, P3

P =R +Ay,;

P, =P+ Ay,;

u 3ateMm P, = P, — P, — Ps.

7) Ecnu mony4deHHbIE 3HAUEHHUE YIOBJIETBOPSIOT 33JaHHOM TOYHOCTH pacuera, TO MpoIiecc

3aKaHYMBAETCS, B MPOTUBHOM CJIy4yae pacueT MOBTOpsEeTCs, HauuHas ¢ 1m.3. Mepoil cxoaumocTu
2
mpolecca pelieHus MOXKHO TaKKe BbIOpaTh BEIHMUMHY KBajJpaTa HOPMbI BEKTOpa-rpagueHTa A”.

3ananue

Haiitu ontumanbHOe pacnpeiesieHue akKTHBHBIX MOIIHOCTEHW renepanuu Mexay tpemst TOC
no meroxy HeioToHa BTOpOro mopsjaka aisi mpuMepa Ha puc. 6 (6e3 ydera U3MEHEHUs MOTeph
MOIIIHOCTHU B ceTu). Jlyist aToro:

1) BseiBect GOpMyaBl JUIS  TOJIYYEHHS DJICMEHTOB MATPHUIBI BTOPBIX IPOU3BOIHBIX,
OCHOBBIBASICh Ha CIIOCOOE IOJIYYCHHS MPOU3BOJHBIX OT HESBHBIX (QYHKIHH (CM 1. 3
aIropuTMa pacyera IJis rpagucHTa).

2) Tak, eciu

an
P & (R)—¢,(R,)
grad(Z(X,Y)) = G_P} = (gi(é) B 822 (PZZ) , TO KaK BBIYHCIIUTD
OP,
o°’u oM
oP?  OPOP,

oPOP, 0P}
3) Pemienue cucteMbl ypaBHEeHU (11. 5 alropuT™a)
HAy = —grad(271(X,Y)),
MO3KHO CJIENATh [0 COOTHOILIECHHUIO:

Ay, 1( H,, —Hy ) grad,

Ay, A\-Hy H; )Jgrad,

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

OcHoBHas nuTepaTypa

1. Crpymensk, A.B. DnekrposHepreTHyeckue CHUCTEMbl M ceTd: ydeOHoe mocobue / A.B.
Crpymensk. — bparck: bpl'Y, 2014. — 186 c.
JlononHuTenpHas Mreparypa
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1. KypOankuii, B.I. MeTompl M MoAenu ONTHMHU3ALMU PAa3BUTHS 3JICKTPOIHEPTETHUECKHUX
cucreM: yaebnoe nocodue / Kypoaukuii B.I'., Pogquna C.1. — bparck: bpI'TY, 2003 — 108 c.

IIpakTnyeckoe 3ansitue Ne 3
JInHeliHOe MporpaMMHupoBaHHe

3.1. ®opMbI Mo1eIM 32/1a4H JJMHEIHHOT0 MPOrpaMMHUPOBAHMS

Mogenb 3aadd JIMHEHHOTO TMPOrPAMMHUPOBAHUS MOXKET OBITh 3aJaHbl B OJHOW U3
CIEeIYIOMHUX GopM:

Kanonnueckas ‘ CranjapTHas ‘ O61mas
1. Orpanuuyenus
YpaBHeHUs HepaseHcTBa YpaBHEHMS M HEPABEHCTBA
<
n n n
Zaikxk :bi Zaikxk < bi Zaikxk = bi
k=1 k=1 k=1
>
(i=1,...,m) (i=1,...,m) (i=1,...,m)
2. YcnoBUEe HEOTPULATEIAbHOCTH
Bce nepemennbie Bce nepemennbie YacTp nepeMeHHbIX
Xx>0(k=1,...,n) Xx>0(k=1,...,n) Xx>0(k=1,...,8,5<n)
n
3. Hens 3agaun L= ZCka
k=1
max L | max L mmi min L | max L umm min L

3.2 OcHOBHBIC IOHATHA

L — neneBas ¢pyHKIuUsA (GYHKIMS LIETH).

Marpuueid cuctembl JIMHEWHBIX YypaBHEHMI Has3blBaeTcsi TaOjiMIla, COCTaBJIEHHAs W3
ko3 dunuentos ai (i=1,...,m; k= 1,....n) opu Xy, Xg,..., Xn.

PacmimpeHHON MaTpuued CHUCTEMBl JIMHEHMHBIX YPABHEHUN HA3bIBACTCS Ta K€ MAaTpula,
JIOTIOJIHEHHAs CTOJIOOM CBOOOIHBIX YieHOB Dy, by,....bn.

I — paHr MaTpuIilbl — HAMOONBIINN TOPAIOK OTIIMYHOTO OT HYJIS ONPEACIUTENs, KOTOPHIN
MO>KHO MOJYYHTh, BHIYEPKUBAS U3 MATPHUIIBI KAKME-TO CTPOKHU M KAKUE-TO CTOJIOIIBI.

Ecnu cucrema ypaBHEHUI-OrpaHUYEHHI 3a/1a4d JTMHEWHOTO MPOrpaMMHUPOBAHUSI COBMECTHA,
TO MaTpHIla CUCTEMBI U €€ PACIIMPEHHAs MaTpULla UMEIOT OJUH U TOT XK€ PaHTr.

DTOT OOIIMI paHT I' HA3BIBAETCSI PAHTOM CHCTEMBI; OH MPEJICTABIIAECT COOOM HE UTO MHOE, KaK
YUCTIO TUHEUHO He3A8UCUMbIX YPAGHEeHULl CPETU HATOKEHHBIX OTPaHUYCHUN.

Yucno ce0600HbIx (HE3aBUCUMBIX) TEPEMEHHBIX PaBHO N — I; OCTajbHBIE I' MEPEMEHHBIX
HA3BIBAIOTCS OA3UCHBIMUL.

3.3 'paduyeckoe pemeHue 3a1a4u JUHEHHOT0 MPOrPaMMHIPOBAHUS
['padmuecku MOryT pemaThes:

o 3a/laud, 3aJaHHbIe B KAHOHUYECKOW (popme ¢ UnciIoM CBOOOJHBIX MEPEMEHHBIX N
—-r<2;

. 3amaud, 3aJaHHbIE B CTaHIApTHOW (¢opme, conaepxkamme He Ooyee ABYX
IIEPEMEHHBIX;

o 3a/1ayu 00IIero BUa, KOTOPHIE TOCIe MPUBEACHHS K KaHOHHUECKOH dopme OyayT

cojiepKath He 0ojiee ABYX MEePEeMEHHBIX.
Pemennie 3a71aun BBINOJHSETCS B JIBa 3Tama: MOCTPOCHHUE OOJACTH JOMYCTUMBIX pelIeHUit
(O1P) u HaxoXAeHuE B 3TON 00JIACTH ONTUMAIBHOTO PELICHHUS.
[Tpu noctpoernu O/IP MoKeT BCTPETUTHCS OJUH U3 CIEAYIOIUX CIyYaeB:
. mycrasi 00J1acTb;
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o BBIITYKJIBIII MHOTOYTOJIBHHK;
. HEOrpaHUYEHHAs! BBIMYKJIasi MHOTOYTOJIbHAs 00JIaCTb.

B nepBom ciyuae 3ajaua He UMEET PEIICHUS U3-32 HECOBMECTHOCTH CUCTEMBI OTPAaHUUYEHUN B
O/IP; Bo BTOpOM ciydae 3ajada BCErja MMEET ONTHUMAJbHOE PEIICHHE; B TPEThEM Ciydae, B
3aBHCUMOCTH OT HampasieHus Bektopa C (oT kodpduumentoB Gpynkiuu L), 3amaua MoxeT UMETh
WIN He UMeTh peuieHus. [locieanee cBsA3aHO ¢ HEOrpaHMUEHHBIM Bo3pacTaHueM (Lmax — ) mm
yobiBanueM (Lpyin — —0) ¢pyukuuu L 8 O/IP.

3amaya MOXET MMEThb €AMHCTBEHHOE ONTHUMAJIbHOE PELICHHE, COBIAJAIOIIEE C OJHOW H3
BEPILIMH 00JIaCTH, U OECUMCICHHOE MHOXKECTBO pEIICHUH (alIbTepHATUBHBINA onTuMyM). B crmyuae
QJIBTEPHATUBHOIO ONTUMYMa U OTPaHUYEHHOW O0JACTH ONTUMAJIbHBIE PELIEHHUS COOTBETCTBYIOT
BCEM TOUYKaM OTPE3Ka, COSAMHSIONIETO JIBE BepIINHBI 007acTu. B ciyyae HeorpanndeHHoi 001acTi
MOJKET OKa3aTbCs, YTO CPEAM MHOXKECTBA ONTHMAIbHBIX DPEIIEHUH TOJIBKO OJHO COBIANAET C
BEPIIMHON 00J1acTy.

3.4 Ilpumep rpadguyeckoro pemeHus 3aJa4u JUHEHHOTr0 MPOrpaMMHUPOBAHMSI

PaccmoTpuMm 3aady, 3anMcaHHYIO B KAaHOHUYECKOH (opme.
Haiitn MuHMMYM TUHEHHON QYHKIIMHM CeMH MepeMEHHBIX
L =Xy —Xo + 2X3 — X4 — 3X5 + Xg — 2X7.
YpaBHEHHs OTPAaHUYECHHN:

X, — X, + X, =4,

2X, — X, — X3 — X, = =D,

X + X, — X =4,

X, + X5 =95,

2X, — 2X, — Xg + 2X, = 1.
Xk>0(k=1,...,7)

Pemenue. BriOepeM B KadyecTBE CBOOOJHBIX IEPEMEHHBIX, HAPUMEP, X1 U X2 U BBIpa3uM
yepe3 HUX OCTalIbHbIe (0a3uCHBIC) IEpEMEHHBIE: X3, X4, X5, X6, X7. VI3 IEpBOTO YpaBHEHUS HMEEM:

X, ==X + X, +4.
N3 tperbero
Xs =X + X, +4.
N3 yeTBepToro
Xg = —X, + 9.
[ToncraBisist X3 BO BTOPOE ypaBHEHHE U Xg — B IIOCIEIHEE U pa3pellasi OTHOCUTENIBHO X4, X7,
UMEEM:

X, =3X —2X, +1,

1
X, :—xl+§x2 + 6.

OJIP mosy4aercsi HOCTPOCHUEM TMPSIMBIX, OTPAHUYMBAIOIIUX 00J1aCTh, B KOTOPO# Xk > 0 (K =
1,...,7).
[Moacrasinss mony4deHHbie BoipakeHust st Xk (K= 3,...,7) B neneByro QyHKIUIO, UMEEM:

L =-5x —-2x, -12.

OcHoBHas npsiMast L’ otinyaercs ot L oTcyTcTBHEM CBOOOIHOIO WiieHa

!
L"=-5x —2X,.
[Tpsamas L’ = 0 mpoXoauT yepe3 Havaio KOOPAMHAT U JJIS €€ TOCTPOCHUsI HEOOXOAUMO B3ATh
KaKylo-T1M00 eIlle TOuKy, JIeXkallyld Ha 3TOH mpsaMoil: mycTe X1 = —2, torma X = 5. Ilpu

nepeMeleHNH TpsSMON 1eNeBOM (YHKUMM mapamiensHo camoil cebe ¢ynkuus L Oyzmer
YBEIIMYMBATHCS WJIM YMEHbIIAThbcsa. B Hamem ciydae TpeOyercs MUHUMH3HPOBATH IIEJIEBYIO
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¢byakuro. CoBepUIEHHO SICHO, YTO ISl TMOJOKUTEIBHBIX X1 U X2 YMeHblleHue ¢yHkiuu L Oymer
IPOUCXOIUTH MPU NEPEMELICHUH NPSMOIl B HalpaBiIeHUH BIpaBo U BBepX. [locnennss Touka O/IP,
KOoTopas emie Oynaer JiexaTb Ha MpsAMOM 1eneBoil (DyHKIMU, HaXOIUTCS Ha MEPEeCeYeHUU ABYX
npsiMeix Xg = 0 u X; = 0. KoopauHaTel 3TOM TOYKM W JAIOT ONTUMAJIbHOE PEIICHUE 3aJauu
JUHEHHOTr0 MPOrpaMMHUPOBAHUS.

3aganue 1
Haiinmure munumym neneBoid yukimu f(X,y) = ax + by npu orpannueHusx.

Ne f(x,y) OrpaHnyeHus

1 3x + 2y X+y<4 X+2y>5 2X+y>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<g X+2y>8 2X+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<e6 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
8 3x + 2y Xx+y<ll X+2y>11 2x+y>11 x>0 | y>0
9 3X + 2y X+y<9 X+2y>9 2X+y>9 x>0 | y>0
10 3X + 2y X+y<10 X+2y<10 2x+y<10 x>0 | y>0
11 2X + by 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 2Xx+y<13 x>0 | y>0
14 2X + by 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 + By X+y>6 X+2y<11 2X+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

I[Tpumevanue. IIpu nocrpoenun OJIP M3 Kaxkaoro HepaBeHCTBA BBIPA3UTH Y uepe3 X,
npoBecTH npsmyto Y = f(X) u cunTare momycTMoil Ty o0iiacTh OT mpsiMoM, rae Y > 0. Yka3zatsb
HITPUXOBKOW CTOPOHY TOIIYCTUMBIX 3HAYEHUH.

BobruricnuTh ontuManbHblEe 3HAUEHUS MEPEMEHHBIX U 3HAUE€HHE 1eeBOM (YHKIMH B TOYKE

ONTUMYyMa.

Xa (%, = :p

—W\ A S o
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Puc.1. I'padnueckoe pemenne 3JII1 s mpumepa

3aganue 2

Jis 3a1a4u TMHEHHOTO MPOrpaMMUPOBAHMSI, 3aIIUCAHHON B KaHOHUYECKO# (hopme, BHIOpaTh
cBOOOJIHBIEC TIEPEMEHHBIE U BBIPA3UTh 4Yepe3 HUX Bce ocTanbHble nepemeHHsle. [loctpouts OJIP
WIM IIOKa3aTh, YTO OHA HE cyulecTByeT. B ciyuae cymectBoBanus O/IP HaiiTu MUHMMYM Lien€BOI
(YHKLMU WM 110Ka3aTh, YTO 33/1a4a HE UMEET PEIICHUs.

BapuanTsl 3a1aHus 2 BbIIAIOTCS IPENOJABATENIEM.

OcHoBHast TuTeparypa
1. Crpymensk, A.B. DrnekrposHepreTHyeckre CHUCTEMBl W CeTH: ydeOHoe mocobue / A.B.
Crpymensik. — bparck: bpl'Y, 2014. — 186 c.
JlononHuTenpHas IMreparypa
1. KypOanxkwii, B.I'. Meroapl M Momenu ONTUMM3AIMU PA3BUTHUS AJIEKTPOIHEPTETUUCCKHX
cucreM: yaeOoHoe nmocobue / Kypoankuii B.I'., Poquna C.1. — bparck: bpI'TY, 2003 — 108 c.

9.2. MeTonnueckne yKa3aHHs M0 BHINOJHEHUIO KypcOBOii paldoThl

KypcoBast pabora «OntuMuzanusi pasBUTHS SIIEKTPOIHEPTETUUECKUX CHCTEM» IOCBSIICHA
MaTeMaTHYECKUM MOJEJSM U METO/laM BbIOOpa TUIA U OYEPEHOCTU COOPYKEHHUS DIICKTPUUECKUX
CTaHLUH M METOZaM BbIOOpa ONTHUMAIHHON KOH(UTYPAIIUH SJEKTPUIECKOM CETH.

3ajjaHne BKIIIOYaeT B ce0sl CeyIoNue pa3aesbl:

1.®omupoBanue MosieIU BbIOOpA CTPYKTYPhl FEHEPUPYIOLIUX MOLTHOCTEH.
2.Bo16op ontumansaoit CI'M npu nomomu nporpammsel OSGM.

3.AHanu3 NOJYYEHHOU CTPYKTYPHI T€HEPUPYIOIINX MOIIIHOCTEH.

4.Bp16op ontuManbHOU KOHGUTYpaLUU ceTH mpu noMoinu nporpamMmmel OPTIMUM.
5.Bb100p onTUMabHON KOH(PUTYpaIlK CETH MPH oMolu nporpammel OptiLine.

PacueT npou3BOAUTHCS KaXIbIM CTYACHTOM MHAWBUIYAIBHO, IO BAPUAHTAM.

Cnucok nuTeparypsbi:

1. Urnarees, 1.B. MHOrokpuTepuaibHblii aHaJIM3 BapHAHTOB pPa3MEIIEHUS SHEPreTHUECKUX
00bekTOB [DnekTpoHHblt pecypc|: moHorpadus / WM. B. Urnaree, B. A. Illakupos. -
bparck: bpl'V, 2011. —
145c.http://ecat.brstu.ru/catalog/Monorpaduu/Uraatees%201.B.MuorokputepuanbHbIi %2
Oanannz%?20BapuantoB%20pa3meniennsn%20sueprerudecknx %2000bexkroB.2011.pdf

2. AopamoBa, E. KypcoBoe mNpoeKTHpOBaHHE TIO 3JIEKTPOCHAOKECHUIO TPOMBIIUICHHBIX
npeanpusThii : yuebnoe nocodue / E. A6pamoBa ; MUHUCTEpCTBO 00pa3oBaHUs M HAYKU
Poccuiickoit deneparuu, denepaibHOe TOCyIapCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE
yUpEXKIEHUE BBICILIETO po¢ecCHOHATBLHOTO o0pa3oBaHUs «Openbyprexuit
roCyIapCTBeHHBI yHUBepcHuTeT». - OpeHoOypr : OI'Y, 2012.-106¢c. To ke [DNeKTpOHHBIN
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=259181 (02.03.2018).

3. Kypbaukwmii, B.I'. MeToasl u MOAETH ONTUMHU3AIMH PA3BUTHUS AIIEKTPOIHEPTETHUECKUX
cucreM: yueOHoe nocobue / Kyp6auxwuii B.I'., Poquna C.1. — bparck: bpI'TY, 2003 — 108 c.

4. Wrnatees, 1.B. [IpoexktupoBanue paitOHHON JIEKTPUUECKON CETH: METOJINYECKUE YKa3aHUS
K BBINOJIHEHHIO KypcoBoro npoekta / M. B. Urnatees, A. B. Ctpymensk. - bparck: bpl'V,
2014. - 82 c.
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10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOTUI, UCIOJIb3YEMBIX ITPH
OCYHECTBJEHHUU OBPA3OBATEJIBHOT'O ITPOLLECCA IO JUCHUTIJIMHE
1. Tlaker mpukiamusix nporpamm  Microsoft (Microsoft Word, Microsoft Excel, Microsoft
PowerPoint, Microsoft Visio u ap.)

2.0CWI

3. Cpena pa3pabOTKH U HCHOJIB30BAaHUS SIEKTPOHHEIX 00yJaromux pecypcos iLogos

NDOWS

4. IMporpammusie komiuiekcst OPTIMUM |, OptiLine , OSGM.

11. OMACAHUE MATEPHUAJIbHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOUN
JJI51 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA 1TO JUCIUIIJIMHE

Haumenosanue
Buo Ilepeuensy ocnosnozo No JIP unu 113
ayoumopuu
3anamus 0bopyoosanus
1 2 3 4
N VYyebnas MeO0erb.
JIk JlucnneHbIi Kiace
HNuTepakTriBHAs 1O0CKa
N VYyebnas mebenb.
113 JlucrnimeHbIn Kiace
HMuTepakTrBHAs JOCKA
Cp UuranbHbii 3a11 Ne3 VYuebnas mebensb. -

O6opynoBanue 15-

CPU 5000/RAM
2Gb/HDD

(Monutop TFT 19 LG
1953S-SF);

npunrep HP  LaserJet
P3005

OOHJA ONEHOYHBIX CPEACTB AJId ITPOBEJAEHUA

Ipunoxenune 1

MPOMEXYTOUHOM ATTECTAIIUUA OBYYAIOIUXCA IO IUCIUILJINHE

1. Onucanue ¢oHaa OLIEHOYHBIX CPEACTB (IACHOPT)

Ne
KOMIIEeT Jaement Paznen Tema DOC
eHIHH KOMIICETCHINH
Croco0OHOCTE 1. 1.1.Bunsr ONTUMH3AIHOHHBIX
YUUTHIBATH OnTuMM3aKo | 33124 ¥ OCHOBHBIE CIIOCOOBI
COBPCMCHHBIC HHBIC 3a/1a4u UX PCIICHUS
TEHJICHLIUH 1.2.0cHOBHBIE  TOAXOABI  TpHU
pa3BUTHUS PEIICHUH ONTUMHU3AIMOHHBIX 3a]1a4
3JIEKTPOHMKH, B DJICKTPOIHEPIETUKE Bormpocsl k 3aueTy
U3MEPUTEIbHOM 1.3.MartemaTnueckas TOCTaHOBKa 1-4
u OTNITUMHU3AIIMOHHBIX 3a7a4 B
OIIK-7 | BBIYMCIUTEIBHO JIIEKTPOIHEPIETHKE
71 TCXHHKH, 1.4.0nTuMH3aIMOHHBIE 3a0a4d KaK
I/IH(bOPMaHI/IOHH 3aJla4u MaTEMaTU4YECKOro
BIX TEXHOJIOTMI IPOrPaMMHUPOBAHHS
B CBOCH | 2, 2.1.9rtanbl pa3BUTHSA
npodeccuoHanb | OcoGeHHOCTH | BIeKTpodHepreTHKH Poccun Bonpocgl_é( 3aaeTy
HOM pa3BUTHUs C YY€TOM PBIHOYHBIX OTHOIIEHUI
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[1K-6

NESITEIbHOCTH coBpeMeHHBIX | 2.2.Ilpunsitue 1  00OCHOBaHUE
ANEKTPO3HEPre | pemeHuil no pa3Butho 39C
CrnocoGHOCTh TUYECKUX 2.3.Cxema 00OCHOBaHHS Pa3BUTHS
MIPOU3BOJUTH CUCTEM 20C
pacyeTbl u 2.4.OcHOBHBIC COCTaBJIAIOLIME
MIPOEKTUPOBAHU obocHoBaHus pazsutusi 29C
¢ OTACJIBHBIX | 3, 3.1.Crparerust pasButus Enunoii
0710K0B u | Kommekcueie | D9C Poccun
YCTpO¥CTB 3a1a44 3.2.Ctparernueckuit IJ1aH
CHCTCM 00OCHOBaHHUsL | pa3BUTHS PHEPrOKOMITAHNH,
aBTOMATHU3alMU | pa3BUTHUS paboratoreit B COCTaBe Bonpozmlxi ety
1 YHOPABJICHUA W | 3]IEKTPOIHEPIE | sHEProoOHEAUHCHHS )
BbIOMpATH TUYECKUX 3.3.MlHBeCTUIIMOHHBIH UTaH
CTaHIapTHBIC CUCTEM Pa3BUTHS BJIEKTPOIHEPIETUUECKOTO
Cpeactea 00BeKTa
aBTOMATHKH, | 4, 4.1.TTporpaMMHO-BBIYHCIIUTENBHBIH
VSMCPUTCIBHON | MartemaTiyeck | KOMILIEKC «COIO03» ISt
a oe ONTUMH3ALMH CTPYKTYpbl DOC
BBIMUCIHUTCILHO | \jonenuposanu | 4.2.Marematudeckas MOJIENb
W TCXHHKH A1 | e paspurmsa | pasurus DIC
HPOCKTHPOBAHN | 5jexTposHepre 4.3 IlpuHnun «IIO30HHOMH Bompock! K 3auery
i CHCTEM | Tyyecknx ONITHMH3ALIHI py 12-15
ABTOMATU3AIMHI | cperem MOJIETHPOBAHKH CYTOYHOTO
1 ynpasJIcHUA B peKMMa M YacOBBIX IEPETOKOB
COOTBETCTBUHU C | B MOIHOCTH
TEXHUYECKUM COBPEMEHHBIX [ 4 MozienupoBanne pasBHTHA
3aJlaHuEM YCIIOBHSX SIEKTpOCTAHIHi
5. 5.1.IToctaHOBKa OCHOBHOM 3amayu
MareMarnyeck | JMHEWHOIO IPOrpaMMHUPOBAHUS
e MOJEIU U 5.2.00mactu JOMYCTUMBIX Bompock! K satery
METOIBI pereHui 16-18
JTMHEWHOTO 5.3.Ilouck oNTUMAaTBLHOTO PEIIeHuUs
MPOrpaMMHPOB
aHus
6. 6.1.Kmmaccuduxarnms MojIeIe
OnTtumuszanuo | miaHupoBaHus pazButus 39C

HHBIE MOJENHU
TUTST
TJIAHUPOBAHUS
pa3BUTHS
AJIEKTPOIHEPTe
TUYECKHUX
CUCTEM

6.2.0nTHMHA3aIOHHBIE
JUIS1 IOMCKA CTPYKTYPBI
TEHEPUPYIOLINX MOIIHOCTEN

MOACIHN

Bomnpocsl k 3auety
19-20

2. Bompocsl k 3aueTy

KoMmnerenuun
No Ne 1 HaumeHOBaHHUe
l'l/;'l BOIIPOCHI K 3AYETY pasnena
Kon Onpenesienune
1 2 3 4 5
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CrocoOHOCTD

1.Buasl onTUMH3AIMOHHBEIX 33a74a4 U

1. OnTuMH3aIlMOHHBIE

YUUTHIBATH OCHOBHBIE CITOCOOBI 3a1aun
COBpPEMEHHbIE WX pelIeHus
TEHICHIINH 2.0CHOBHBIE TOAXOJBl TPHU PELICHUH
pa3BUTHUSA ONTHMH3AIIMOHHBIX 3amaq B
AIIEKTPOHUKH, AIIEKTPOIHEPTETUKE
OIIK- | u3mepuTenbHOl U | 3.MaTtemaTnueckas IOCTaHOBKA
7 BBIYMCIIMTENILHON | ONTHMHU3AIIMOHHBIX 3a1a4y B
TCXHHUKHU, DJICKTPOIHEPI €TUKE
I/IH(I)OPMaLII/IOHHBI 4.0OnTuMU3aMOHHBIE 3a4auld KakK 3a1adu
X TEXHOJIOTHA B | MATEMAaTHYECKOTO MPOrPAMMHPOBAHHUS
CcBOCH 5.0Tanbl pa3BUTHUS INEKTpodHEpreTuku | 2. OcoOeHHOCTH
Npod)eCCUOHAIBH | Poccuu ¢ YYETOM PHIHOYHBIX OTHOIICHUM | Pa3BUTHS
Ol NEATENBHOCTH | 6 TIpuHATHE W 060CHOBAHHIE PEIIEHHIT 110 | COBPEMEHHBIX
pazButuio 20C AIEKTPOIHEPTETUUECK
7.Cxema o6ocHoBaHus pazButus 29C UX CUCTEM
CnocoOHOCTD
MIPOU3BOIUTH
p— " 8.0cHOBHBIE COCTAaBIISIIOLIIE
POCKTHPOBAHHE obocHoBaHus pa3zputus I9C _
R 9.Crparerus pasputus Enunoir 33C | 3.KomruiekcHbie
6TOKOB 4 | Pocenn _ 3amaun  00OCHOBAHUS
yYCTPOHCTB 10.Ctparernueckuii  TUIaH  Pa3BHUTHS | Pa3BUTHA
1 J—— SHEpFOKOMl'IleI/II/I, ANEKTPOIHEPTETUYECK
aBTOMaTH3amuy y | PAO0OTAOIeH B cocTaBe | UX CUCTEM
[K-6 | yrpasenus - 3Hepr006’be,[[I/IHeHI/I}IU
BEIOUPATE 11.MlHBeCTULIMOHHBIA IUIaH  Pa3BUTHUS
CTAHAPTHBIE AIIEKTPOIHEPTETUYECKOTO 0OBEKTA
cpencTaa 12 .ITporpaMMHO-BBIYUCITUTEIBHBIN 4 MatemaTH4ecKoe
ABTOMATHKH, koMmiuiekc «COMO3» nisi onTUMHU3aMU | MOJIETUPOBAHUE
M3MepuTenbHON 1 | CTPYKTYphl 39C pasBUTHA
BEunCanTensaoi | 13.-MareMatudeckass MOJEIb Pa3BUTHsI | DJIEKTPOIHEPIreTUIECK
TEeXHUKU hinié:e 29C HUX CHCTEM
IPOEKTHUPOBAHUS 14 ITpuHIMI «TTO30HHON ONTUMM3AIUN
CUCTEM MPU MOAETUPOBAHUU CYTOYHOTO PEKUMA B COBPCMCHHBIX
aBToMaTtu3anuyu u | ¥ HaCOBBLIX NIEPETOKOB MOIMIHOCTH ycnosmax
YIIpaBJICHUS B | 15.MonenupoBanue pa3BUTHSA
COOTBETCTBUHU C | DJIEKTPOCTaHLIUN
TEXHUYECKUM 16.ITocTanoBka OCHOBHOM 3amaun | 5 MatemaTtnueckue
3a/IaHUEM JUHEHHOTO TPOrPaMMHUPOBAHUS MOJICTT i METOJIbI
17.065acT JONyCTUMBIX peIIeHUH JUHENHOTO
18.TTouck oNTUMAaNBHOTO PEIICHUS MIPOTPaMMHUPOBAHUS
19.Knaccuduxamms Mojienei | 6. OnTUMHU3aIMOHHBIE
rIaHupoBanus pazButus 29C MOJIeIIN s
20.0nTUMHM3AIMOHHBIE  MOJENH  JUIsl | TUIAHUPOBAHUS
MOVCKA CTPYKTYPBI ANEKTPOIHEPTETUUECK
T€HEPUPYIOIINX MOIIHOCTEH HAX CUCTEM
3. OnucaHue noka3arteeii U KpUTepHeB OLlEHUBAHUS KOMIIETeHIIUI
Ilokazarenu OneHka Kpurepun
3HaTh 324YTEHO CTyneHT  JOJDKeH  IOKa3aTh
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(OIIK-7): 3HaHUS IPOTPaMMHOTO

- mporpamMMmHOe oOecrieueHue 3aaad oOecrieueHus 3agauu
3JIEKTPOIHEPTETHKH; YIPaBJICHHS pa3BUTHEM
(TIK-6): 3JIEKTPOIHEPTrETUUECKUX CUCTEM.

- OCHOBHBIC IIOJIOKCHUA TCOPHUU

MHOT'OMCPHBIX n MHOTI'OCBA3HBIX

CHCTEM yIpaBJieHus
3JIEKTPO3HEPTE€TUYECKUMU
CHCTEMAMH.
v Ha Bompochkl CTyseHT OTBedYaeT
MeTh
_ HEyOeIUTENBHO. Ha
(OIIK-7):
He 324TeHO JOTIOJTHUTEIBHBIE BOIIPOCHI
- paccuuTBHIBaTh PEKUMBI PabOTHI
N NPEno/aBaress Tak)Ke HE MOKET
3JIEKTPUYECKUX CETeH € IOMOIIbIO
OTBETHUTb.

IIPOrPaMMHBIX KOMIUIEKCOB,;

(TIK-6):

- IIpousBoauTh pacy€Tsl u
IPOEKTHUPOBAHUE OTAEIbHBIX OJIOKOB

U YCTPOMCTB CHCTEM aBTOMATH3ALUU
U YIPaBJICHUS.

Baaaers

(OIIK-7):

— JO0CTAaTOYHBbIM YPOBHCM 3HaHUU
Uit coopa W aHANIM3a UCXOIHBIX

JaHHBIX JJIA pacdcTa nu

IMPOCKTUPOBAHUA

3JICKTPOSHEPIr€TUYCCKUX CUCTEM,
(TIK-6):

- MeToJaMH BBIOOpa CTaHIAPTHBIX
CPEICTB BBIYHCIUTEIBHON TEXHUKH
VIS MIPOEKTUPOBAHUS
AJIIEKTPOIHEPTETUUECKUX CUCTEM.

4, MeToauuecKkue MaTepuajbl, onpeac/Jsaomue nNpoucaypbl OouCcHUBaHUuA 3Hal—[l/[]7[,
yMeHHﬁ, HaABBbIKOB U OIIbITA AC€ATCIbHOCTH

Hucuunnuua [IporpammHoe obecrieueHHe 3aad AJIEKTPOIHEPreTUKH HalpaBieHa Ha
dopMUpOBaHHE Yy CTYAGHTOB IIEJIOCTHOIO TPEJCTABJIEHUS O CHOCO0ax MIPUMEHEHUs
MaTeMaTUYeCKUX METOAOB B IUIAHUPOBAHMM PA3BUTHUSL  AJIEKTPOIHEPIe€THUECKUX CHUCTEM,
MOCTPOEHUS MOJIEIIEH [Tl MPOTHO3UPOBAHUS UX PA3BUTHS.

JucnunnuHa AomkHa obOecrieunBaTth (GopMUpoBaHuE (yHIAMEHTa MOJATOTOBKH OYIYyIINX
CIIEIUATTUCTOB B 00JIACTH yNPaBJICHUS TEXHUYECKUMH CUCTEMaMH.

WNzydyenne mucnumubel  [IporpammHoe  obecriedeHuwe 3aJad  AIIEKTPOIHEPTETUKU
MpeayCMaTpUBAET:

— JIeKIUH,

— MPAKTUYECKUE 3AHSITHS,

— KYypCOBYI0 paboTy,

— CaMOCTOSITENBHYIO PabOTy CTYIEHTA,

— 3ayer.

B mpouecce mnpoBeneHHs NPAKTUYECKUX 3aHATHN MPOUCXOAHUT 3aKpEIJICHHE 3HAHUWU,
dbopMUpOBaHNE YMEHU U HABBIKOB pacueTa MoJIeJei pa3BUTHS HIEKTPOIHEPTETUIECKUX CUCTEM.

[Ipyn moarotroBke K 3a4eTy peKOMEHIyeTcs 0co00e BHUMAHHE YACIUTH (DOPMUPOBAHUIO Y
CTYJEHTOB IIEJIOCTHOTO TPEJACTABICHHUS O CHoco0ax UCCIENOBaHHUS MOJENeH pa3BUTHUSA
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JNEKTPOIHEPTETUUECKUX CHCTEM.

PaGota c¢ nuTeparypoil SBISETCAs BaKHEHIIUM 3JIEMEHTOM B MOJYYCHHH 3HAHUU 10
mucuuiuivge. IIpexnae Bcero, He0OXOAMMO BOCIIONIB30BAaThCS CIIMCKOM PEKOMEHIYEMO 1O JaHHOU
JUCLUIUINHE JUTEpaTypol. JlONOJIHUTENbHBIE CBEACHUS MO M3ydaeMbIM T€MaM MO>KHO HaWTH B
nepuoauyeckoit neyatu u urepHere.
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[puioxenune 2

AHHOTAIUSA
padoueii mporpaMMbl THCIIUTITHHBI
IIporpammHoe odecriedeHue 3a/1a4 FJIEKTPOIHEPTeTHKH

1. Hessb u 323244 JMCHUILVIMHBI
Lenp muctMmianHbl MOJydeHHE OakalaBpaMy 3HAHUK IO MPUMEHEHHI0 MaTEeMaTHYECKHX
METOJOB B IUIAHUPOBAHMM PAa3BUTUSA DIIEKTPOIHEPIeTUYECKUX CUCTEM, II0 MCIOIb30BAaHUIO
IPOTPaAaMMHOTO 0OecrieueHus Ul TPOrHO3UPOBAHMS UX PA3BUTHSL.
3amaueil TUCLHUIIINHEI SIBISIETC .
- U3y4ECHHE METOJIOB IIOCTPOCHUS MOJECIICH MUl IPOTHO3UPOBAHUS U IUIAHUPOBAHUS PA3BUTHS
U QYHKLIMOHUPOBAHUS 3JIEKTPOIHEPIeTUYECKUX CUCTEM;
- o3HakomiieHue ¢ ocHoBaMH CAIIP 351eKTpo3IHEepreTH4ecKuX CUCTEM;
- HW3Y4YCHHE HEPAPXUUYECKOM CTPYKTYphl DJIEKTPOIHEPIeTUUYECKUX CHCTEM M CHUCTEMBI
YIIPABJICHUS UMU.

2. CTpyKTypa IHCHMIIJIHHBI
2.1 PacmpeneneHue TPYIOEMKOCTH IO OTIACIBHBIM BHJAM Y4YeOHBIX 3aHSATHHA, BKIIOYAs
camocTosTeNnbHy0 padoty: JIk — 17 vacos, I13 — 17 yacos, CPC — 74 yaca.
OO01mas Tpy10eMKOCTh TUCIUIUIHHB cocTarisier 108 wacoB, 3 3adeTHBIC CIUHUIIBL.

2.2 OCHOBHBIE pa3/ielbl TUCIUIUIUHBIL:

1. OnTumu3aoOHHbIE 3a/1a41

2. OcoOeHHOCTH Pa3BUTHS COBPEMEHHBIX AIEKTPOIHEPTETUIECKUX CUCTEM

3. KommekcHsle 3a1a41 000CHOBaHMSI Pa3BUTHS AIEKTPOIHEPIETUUECKUX CUCTEM

4. MaTemaTuyecKoe MOJEINPOBAHUE PA3BUTHUS AIEKTPOIHEPIETUUECKUX CUCTEM

B COBPEMEHHBIX yCIOBHSIX

5. Maremarnyeckue MOJENN U METO/Ibl TMHEMHOTO IPOrpaMMHUPOBaHUS

6. OnTuMU3aIMOHHBIE MOAEIH JUIS IUTAHUPOBAHUSL Pa3BUTHS AJIEKTPOIHEPIeTUUECKUX CUCTEM

3. Ilnanupyemble pe3yJibTaThl 00y4eHHs (IepedyeHb KOMIETeHIHI)

[Tpouecc u3yueHus: AMCUUILIMHBI HaNpaBiieH Ha (OpMHUpPOBAHHUE CIAEAYIOUIUX KOMIIETEHIUI!

OIIK-7 - CnocoOHOCTh YYHMTHIBaTh COBPEMEHHbBIC TEHICHLMU DPAa3BUTUSA 3JIEKTPOHUKH,
U3MEPUTENIbHOM U BBIYUCIUTENBHOM TEXHMKH, WH(OPMAIMOHHBIX TEXHOJOTUH B CBOEH
npodeccHuoHaIbHOMN J1eSTeTbHOCTH;
[IK-6 - CrnocoOHOCTh TPOM3BOAMTH pacyeThl W MPOCKTHPOBAHWE OTNENBHBIX OJOKOB H
YCTPOMCTB CHCTEM aBTOMAaTH3allMM M YIOPABJICHUS W BbIOMpaTh CTaHAAPTHBIE CpEICTBA
ABTOMATHUKH, W3MEPUTEIBbHOM M BBIYMCIUTENIBHON TEXHUKH I MPOEKTUPOBAHUS CHCTEM
aBTOMATHU3ALlMM U yIIPaBJICHUS B COOTBETCTBUU C TEXHUYECKUM 3a/IaHUEM.

4. Bua npomeskyTouHoi arrectamuu: 3a4et,KP.
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IIpunoxenue 3

Ilpomoxkon o dononneHusax u U3MEHeHUAX 6 padoueil npozpamme
Ha 201 _-201 _ yuebnwuii 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUIUE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy o AUCUUIIIMHE BHOCATCS CIEAYIOIIUE U3MEHEHUS:

IIporokon 3acenanus kadeapbl Ne OT «__ » 201 1.,

(paspabomuux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)

56



[IporpamMa cocTaBieHa B  COOTBETCTBUM C  (peAepajibHBIM  TOCYIapCTBEHHBIM
00pa3oBaTeNbHBIM CTAHIAPTOM BBICHIET0 OOpa30BaHUS MO HampaBlIeHUIO MOAroToBKU 27.03.04

VYrpasneHre B TEXHUYECKUX cucTeMax oT «20» okTsops 2015 . Ne 1171

st Haoopa 2017 roaa: u yueoHbsiM rianoM OI'BOY BO «bpl'Y» miis ouHoit popMbl 00ydeHHS OT
«06» 03.2017 1. Ne 125, 3a0unoii popmbl 00yuenus ot «06» 03.2017 r. Ne 125 s 3a09HOM HOPMBI

(yckopennoro ooydenus) ot «04» 04.2017 r. Ne203.

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

PaGouast mporpamMma paccMOTpeHa U yTBepkIeHa Ha 3acenanuu kadenpory TC

oT «28» nekabps 2018 r., mpoTokoa Ne 6

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

3aBenyronuii BeITycKaromiei kageapoi N.B. Urnatrnes
Hupexrop OuOIMOTEKH 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

57



