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

Buj nesiTeJIbHOCTH BBINTYCKHUKA
JucuurniauHa — OXBaTbIBa€T KPYr  BONPOCOB, OTHOCAIIMXCSA K  IPOCKTHOMY  BHIY
po(heCcCHOHANTLHOM JIeATEeTHbHOCTH BBIMYCKHUKA B COOTBETCTBUU C KOMIICTCHIMSIMH W BHJIAMH
JIeSATeTLHOCTH, YKa3aHHBIMU B y4eOHOM IUTaHE.
Meab AMCIUATIMHBI
[Tonyyenne OakanaBpaMud 3HAHMH TIO TPUMEHEHHIO MaTEMaTHYECKUX METOJIOB B
IJIAHUPOBAHUM  PA3BUTHS  CIOXKHBIX TEXHUYECKUX CHUCTEM, TIOCTPOCHUIO MOACNeH IJid
MIPOTHO3UPOBAHUS UX PA3BUTHUS.
3agaum AMCHMILIMHBI
- MOJTy4YeHWe 3HaHUH 110 MPUMEHEHHIO MaTEMaTHYECKUX METOJIOB B IUVIAHUPOBAHUU PA3BUTHUS
CJIOJKHBIX TEXHHUYECKHUX CHUCTEM;
- U3y4YEHHUE METOOB MTOCTPOSHHUS MOJIEIEH /ISl MPOTHO3UPOBAHUS M TUIAHUPOBAHUS Pa3BUTHUS
1 G YHKITMOHUPOBAHUS TEXHHUUECKUX CHCTEM;
- o3HakomieHue ¢ ocHoBamu CAIIP TeXxHMYeCKHX CHCTEM;
- H3y4YCHHUE UEPAPXUUYECKONW CTPYKTYpPhl TEICKOMMYHUKAIIMOHHBIX CHUCTEM, CHUCTEMBI
yIpaBIeHUS UMH U CBS3€H C BHEIIHEH cpeioil.

Kon Conep:xanue IIepeyenb mIaHNUpPyeMbIX Pe3yJbTATOB
KOMIIEeTeHIIUH KOMIIeTeHIUH 00y4eHHusI 1O AW CUMILINHE
1 2 3

I1K-11 YMeHHe NpPOBOAUTH TEXHUKO- | 3HATH:
SKOHOMHYECKOE OOOCHOBAHHUE | - OCHOBbI IU(PPOBOH  BBIYMCIUTEIBHON
MIPOEKTHBIX pacueroB C | TEXHUKH, CTPYKTYPbl U QYHKIIMOHUPOBAHUE
HCII0JIb30BAHUEM JIOKQJIBHBIX  BBIYMCIUTEIBHBIX CETEH U
COBPEMEHHBIX IOJIXOJO0B U | robanbHO# cetn HTEpHET;
METOLOB Ymern:

- (opMynupoBaTh OCHOBHBIE TEXHHUYECKHUE
TpeOOBaHUSI K TEIEKOMMYHHKAI[MOHHBIM
CCTSIM U CUCTEMaM,

Baagern:

-HaBbIKaMH KOMHI)IOTepHOFO
MPOEKTUPOBAHUS U pacyeTa aHaJIOrOBBIX,
M (POBBIX u MHUKPOIPOLECCOPHBIX
TEJICKOMMYHUKAIIMOHHBIX YCTPOUCTB.

[TK-15 YMmenue pa3pabaTeiBaTh H | 3HATH:

oopmIIATH Pa3IMYHYIO | - OCHOBHbIE 3aKOHOMEPHOCTH Iepeiaun
MPOEKTHYI0O M TEXHUYECKYIO | HHPOpMAIMK B UH(POKOMMYHHUKAITMOHHBIX
JOKYMEHTAIHIO cucTeMax, OCHOBHbIE BU/Ibl CUTHAJIOB,
HCIOJIB3YEMbBIX B TCIICKOMMYHHKAIIUOHHBIX
cucreMax, 0cCOOEHHOCTH Mepeadu
PAa3JIMYHBIX CUTHAJIOB 110 KaHaJlaM U
TPaKTaM TeIEKOMMYHHUKAIIMOHHBIX CHCTEM;
Ymersn:

-OLICHUBATh OCHOBHbIE poOJIeMbl,
CBSI3aHHBIE C DKCIUTyaTallued U BHEIPEHUEM
HOBOH TEJIEKOMMYHUKAITMOHHOW TEXHUKH
ceTen:

Baaners:

- JlocTaTouHBIM YPOBHEM 3HaHMH 115t cOopa




Y aHAJIM3a UCXOJHBIX JaHHBIX JUISA pacuera
U IIPOCKTUPOBAHUS CUCTEM
TEJIEKOMMYHUKALIMOHHBIX CUCTEM.

2. MECTO [JUCHMILUIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM

ITPOI'PAMMbI

Jucrumuaa b1.B.J/IB.09.01 Metozas! yripaBiaeHus: pa3BUTHEM CIIOKHBIX CHCTEM OTHOCHUTCS
K 3JICKTUBHOM 4acCTH.

Jucuumnnuaa MeTopl YIpaBieHUs Pa3BUTHEM CIIOKHBIX cHCTeM Oa3upyercs Ha 3HAHUSX,
MOJIYYSHHBIX MPH U3YYCHUU AUCHUIUIMHBL Teopus snekTpuueckux uerned u OCHOBBI MOCTPOCHUS
MH(OKOMMYHUKAIIMOHHBIX CUCTEM U CETEH.

OcHOBBIBasiCb Ha HW3YYEHUM TNEPEUMCICHHBIX JAUCHUIUIMH, JUCHUIUIMHA MeToabl
YIOPABJIECHUS PA3BUTUEM CJIOKHBIX CHCTEM IPEJICTABIAECT OCHOBY JUISI M3YYEHHS JIUCLUIUIMHBI
[IpoexTupoBaHue U SKCIUTyaTallMs CUCTEM MEepeaadH.

Takoe cucTeMHOE MEXIUCUMIUIMHAPHOE M3Y4YEHHE HANpaBI€HO Ha JOCTH)KEHUE
tpedyemoro ®I'OC ypoBHS MOJATOTOBKH O KBaTU(PHUKAIIMK OaKaiaBp.
3. PACHPEJEJEHUE OFBEMA JJUCHHUIIVINHBI
3.1. Pacnpenesnenne od0beMa IMCUMILIMHBI IO dopMam 00yUeHH s
Tpyooemkocmob OucyuniuHsl 6 Hacax
§ § Buo
S D
Dopma ; 3 S s Kypcosan npomesicy
© = 3 S padboma Mo4HOI
o0yuenusn S 2 & S X
a 3 g, S 2 o S ammecma
= > S 2 S 2 3 = g 3 uuu
o | S S g : |55 E£8 2 5
S03) 8| 2| B 5§ &% | &8¢
1ol R | T8 |8 KRS | ©of
1 2 3 4 5 6 7 8 9 10 11
Ounasn 4 7 | 108 | 51 | 17 - 34 S7 KP 3ayeT
3aouHnasn - - - - - - - - -
3aounas - - - - - - - - -
(yckopeHHoOe
o0OyueHue)
O4Ho-3204Has - - - - - - - - -

3.2. Pacnpenesnenne o0beMa JMCUMILIMHBI 10 BUAAM Y4eOHBIX 3aHATHH M TPYI10eMKOCTH

6 m.u. 6 Pacnpedene
UHmMEPAKmMue | Hue no
Tpyoo- | moii, akmue- | cemecmpanm,
Buo yueonuix 3anamuii eMKOCmb | HOll, UHHO8a- | uac
(uac.) UUUOHHOUL
dopmax, 7
(uac.)
1 2 3 4
|. KonTakTHasi paboTa 00y4yaromuxcs ¢
npemnoaapareJieM (Bcero) 51 12 51
Jlextmm (JIk) 17 17
[Ipaktuueckue padotsl (I1P) 34 4 34




Kypcosas pa6ora (KP) + +
WnnuBunyanbHble(TPYIOBEIC) KOHCYIbTAIIUH + +
Il.CamocTosiTe/iIbHASA pad0Ta 00y4aAIOIIMXCS 57 57
(CP)
[loaroroBka K mpakTHYECKUM paboTam 17 17
IToaroroBka K 3a4eTy 17 17
Brmonnenne kypcoBoii paboThl 23 23
I11. IpomexyTouHasi aTTecTauusi  3a4eT + +
OG1mast TPy 10EMKOCTb AUCHUIUIMHEI ....... Yac. 108 108
3a4. efl. 3 3

4. COAEP) KAHUE JUCIIUIIVINHBI

4.1. PacnipeesieHue pa3iesioB JMCHUMILVIMHBI 10 BUIaM Y4eOHbIX 3aHATHI
- 11t 04HOM GopMBbI 00yUeHUs:

Buowl yueonwvix 3anamuil, 6Kkouan
CamMocmoamenvbHyo pabomy
Ne odyuarowuxca u mpyooemKocme;
pasz- Haumenosanue Tpyooem- (wac.)
oenau paszoena u Kocmb, yueoHvie anamus camocmon
memul mema OucCyunIuHbl (uac.) npaxmuse me,;bmm
cKue paooma
eRmi pabomol ozy:;c'z'
1 2 3 4 5 6
1. OnTuMH3alMOHHLBIE 321249 11 2 - 9
1.1. Bunpl OINTUMU3ALMOHHBIX
3aJ1a4 ¥ OCHOBHBIE CIIOCOOEI 2,5 0,5 - 2
UX pEelIeHUs
1.2. OCHOBHBIE MONXOMbI  TIpU
pelIeHUH  ONTUMHU3ALMOHHBIX 2,5 0,5 - 2
3a/1a4 B JICKTPOIHEPTETHKE
1.3. MaremaTuueckas IOCTaHOBKA
ONTHUMHU3AIlMOHHBIX 3a7ad B 2,5 0,5 - 2
AIIEKTPOIHEPTETHKE
1.4. OnTuMH3alMOHHBIE 3aa4H KaK
3a/1a4M MAaTEMaTHYECKOTO 3,5 0,5 - 3
IPOrpaMMHUPOBAHUS
2. Ocobennoctu pa3BUTHS
COBPEMEHHBIX TEXHHYECKHX 16 3 4 9
CHCTEM
2.1. | Dramsl pa3BUTHS
aneKTposHepreTuku Poccun 6 1 5 3
c y4eTOM PBIHOYHBIX
OTHOIIICHUH
22. |Ilpuasitue wu  00OCHOBaHHE 6 1 9 3
pemeHuii no pazputuio 39C
2.3. | Cxema 00OCHOBaHHS pa3BUTHS 95 05 ) p
20C ' ’
2.4, OcHOBHBIC COCTAaBJISIOIINC
1.5 0,5 - 1
o6ocHoBaHus pazButusi 29C




3. KoMmmiekcHEIE 3aJa4M
o0ocHOBaHMS pa3BUTHA 13 4 ) 9
CJOKHBIX TeXHHYECKHUX
CHCTEM
3.1. Crparerust passutus Enunoi 5 5 i 3
99C Poccun
3.2. | Crparernyeckuit TUTaH
Pa3BUTHS SHEPTOKOMITAHHH, 4 1 i 3
paboraroiei B cocTaBe
SHEProoObETMHECHUS
3.3. NuaBecTHIMOHHBIHI J1a"
pa3BUTHS 4 1 i 3
AJIEKTPOIHEPIETHUECKOTO
00BeKTa
4, MarteMaTH4YecKoe
MO/IeJTUPOBAHME pa3BuTHS 11 5 i 9
TeXHHYECKHUX CHCTEM
B COBPEMEHHBIX YCJIOBHUAX
4.1. | IIporpammHoO-
BBIUMCIIMTENILHBIM  KOMIIJIEKC
1,5 0,5 - 1
«COKO3» gna onTUMH3AIAU
cTpyKTypbl 99C
4.2, Maremarnueckas MOJECIb
3,5 0,5 - 3
pazButust 99C
4.3. [Tpunnun «II030HHOH
OINTHUMU3ALUH npu
MOJIEJIMPOBAHUU CYTOYHOTO 3,5 0,5 - 3
peXrMa M 4YacOBBIX MEPETOKOB
MOIIHOCTU
4.4. MO[[GJIHpOBaHI/Ift pa3BUTUA 25 05 i 2
3JIEKTPOCTAHIUI
5. MaTteMaTHYeCKHEe MOJEJIH U
MeTOIbI JIMHEHHOr o 15 2 4 9
NPOrpaMMHUPOBAHUS
5.1 IToctaHOBKa OCHOBHOM 3agayuu 35 0.5 i 3
JUHEWHOTO MTPOrpaMMHUPOBAHUS
5.2. O6J1aCTI/£ JOMYCTUMBIX 55 05 ) 3
pereHui
5.3. | Ilouck onTUMAaJIBHOTO PEHICHUSI 6 1 2 3
6. OnTuMHU3aHOHHbIE MOJEJIH
JIA IUIAHMPOBAHUSA PA3BUTHA 42 4 26 12
TEXHHYECKHX CHCTEM
6.1. Knaccudukanus MoOJIelen 5 1 i 4
1aHupoBanust pazputus 39C
6.2. OnTuMu3anoHHbIE MOJIEITH
JUIS TIOUCKA CTPYKTYPBI 37 3 26 8
TEHEPHUPYIOINX MOIIHOCTEN
HUTOIO 108 17 34 57




4.2. Cogepxxanne TUCUMILIMHBI, CTPYKTYPUPOBAaHHOE 10 pa3jejiaM 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

3HAUUTENFHYI0 YacTh HMCCICAOBAHUN B 3JIEKTPOIHEPTETUKE, KaK M B JPYTHX OTPACISIX TCXHHKH,
COCTaBJISIIOT TaK Ha3bIBaCMbIC ONTHMU3AIMOHHBIC 3amaud. 3agadeil ONTHMHM3AIMM  HA3bIBACTCA
SKCTpeMajbHasl 3aja4a, I/ie TIPU PEIIeHUH 33JaHHON CHCTEMBl YPaBHEHHI M HAKJIabIBAEMbIX OrpaHUYIECHUI
HEOOXOIMMO OTIPENETUTh IKCTPEeMyM IieneBoi (yHKuu Z (ee MHUHAUMYM 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
MOKA3aTeNsIM — KPUTEPUSIM ONTUMAJIbHOCTH. B MHOTOAKCTpEeMaNbHBIX ENIeBbIX (YHKIHSX MPUCYTCTBYET
MHOKECTBO JIOKAJTbHBIX KPUTEPUEB, HAUOOIbUIUL U3 KOTOPBIX — 2100ANbHbIL.

s D9C xapakTepHbIMU ONTUMHU3AIIMOHHBIMU 33]]a9aMU SIBIISTFOTCSL:

1) yIpaBleHe HOPMAITbHBIMHI YCTAaHOBUBIIMMUCS pexxumamu DIC;

2) manupoBanue pazputus 99C Ha pa3HyI0 BPEMEHHYIO ICPCIICKTUBY.

[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. [Ipm 3ToM MOMKHO oOecreumMBaThCs MAaKCUMAIBLHO HAallEKHOE
JJIEKTPOCHAOKCHUE TOTPEOUTENCH JIICKTPOIHEPrUe 3aJaHHOr0 KadecTBa 03 IMeperpy3kd OCHOBHBIX
AIIEMEHTOB CHCTEMBI M TP MUHUMAIbHOM BPETHOM BO3ACHCTBUM SHEPTETHKH HAa OKPYXKAIOUIYI0 Cpemdy.
AHanornuHo QopMmynHpyercs W 3amada IJaHupoBaHusi pa3Butusi IIC, TOTBPKO MHUHHMU3HPYIOTCS
CyMMapHbIE 3aTPAaThI [0 CUCTEME, BKIIIOYAs CTOMMOCTh COOPYKEHHS HOBBIX 3JieKTpocTanuui, JIOII u 1.1,

[IpuBeneHHBIC ONTHMU3ALMOHHBIC 3aJaYd YPE3BBIYANHHO CJIOXHBI, YTO CYIICCTBEHHO 3aTpPyIHSCT HE
TOJIBKO WX pelIeHHe, HO ¥ COCTaBJICHHE WCXOJAHOTO MaTeMaThdyeckoro omwmcaHus. @DaxTopamu,
OTIPEACTISIONIIMHE CIOXHOCTh 3TUX 33]1a4, SBJISIOTCS:

1) mHocoxpumepuanbrocmes — HATMYNE HECKOIBKHX KPUTEPHUEB ONITUMATBLHOCTH; B TIPUBEICHHO BBIIIE
3amade ontuMuzanuu pexxuma 99C 3TO SIKOHOMHYHOCTh, YPOBEHD HA/ICKHOCTH, BIUSIHUAE HAa OKPYIKAIOIIYIO
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 TUCKPETHBIM.

Tema 1.2. OcHOBHBIE MOAX0AbI MPH PEIIEHNU ONTHMHU3ANMOHHBIX 32124 B JIEKTPOIHEPreTHKE

B mnpakTHke pemieHUs ONTHMHU3ALMOHHBIX 3aj7[ad IMHPOKO HCIOJB3YIOTCS YIPOINECHHBIC MOIAXOJBI,
TTO3BOJISIONINE OOOUTH CIOXKHOCTH | MONTy4aTh PEICHUs, OJIU3KHE K IEUCTBUTEIEHO ONTHMAIHHBIM.

Bo-niepBbIX, MHOTOKpUTEpHATBHBIE 33a9U CBOJIAT, KaK MPABHIIO, K OJHOKPUTEPUATBHBIM: BHIOUPAIOT
OJIMH U3 KPUTCPUEB B KAa4eCTBE OCHOBHOI'O, & OCTAJbHBIC YUYHMTHIBAIOT B BHJE orpanudeHuii. Hampumep,
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-BTOpPBIX, CIOKHBIC ONTUMHU3ANMOHHBIC 3314 BHICOKON Pa3MEPHOCTH JCJAT Ha PsJl OTHOCUTEIBHO
CaMOCTOSTENBHBIX TI0/33/1a4 MEHbIIIEH Pa3MEepHOCTH, KOTOPHIE PENIal0T pa3fellbHO U MPH HEOOXOIUMOCTH
MOJIyYEHHbIE PCIICHUS aHAIM3UPYIOT. Takoe JIeJeHHEe BO3MOXHO I10 HECKOJBKUM IpPH3HAKaM:
(YHKIIMOHAJILHOMY, BPEMEHHOMY U TEPPUTOPHAIILHOMY. B 4yacTHOCTH, 1O ()YyHKIIMOHAIBHOMY IMPHU3HAKY
3amady onTuMm3anuu pexuma OOC nensaT Ha JBe: SKOHOMHUYECKH Ielecoo0pa3Hoe pacrpeielieHre
aKTUBHOM MOIIHOCTH MEXIY JJIEKTPOCTAHIMSIMH M ONTHMHU3ALMS PEKUMA 0 HAIPSDKEHUIO U PEaKTHBHOUN
MOIIIHOCTH. AHAJIOTHMYHO €IUHYIO 33/1a4y IIaHupoBanus pazputus DIC nensiT Ha TPH:

1) onTuMabHOE Pa3BUTHE CTPYKTYPhI TEHEPUPYIOIINX MOIIHOCTEH;

2) onTUMAIbHOE pa3MEIlCHHE U Pa3BUTHE 3JICKTPOCTAHIIHNI;

3) onTHMaNbHOE PA3BUTHE DIIEKTPUIECKUX CETEH.

B-Tperbux, yuer ciydaiHbiX ()aKTOPOB M HEOIPEICIICHHOCTH HCXOMHON MH(OpPMAIMH MOXKET OBbITh
BBITIOJTHEH C MTOMOIIBI0 METOJ1a CTATHCTUYECKOT'O MOJISIIMPOBAHNS, 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 PENICHWHM ONTHMHU3AINMOHHBIX 33734 AJIEKTPOIHEPIeTHKH, KaK H
JIOOBIX JPYTUX HHXCHEPHBIX 3aJa4, BbIOOP MaTEeMaTHUYSCKOrO OMMCAHHSA M €ro YIPOIICHHE JIOJIKHBI
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6a3I/Ip0BaTI>C$I Ha I‘J'Iy6OKI/IX 3HAHUSIX OOBEKTA HUCCICA0BAaHNM, MO3BOJIAIOMIUX YUYUTBHIBATH CYIICCTBCHHBIC
B3aMMOCBSI3H U Ba)KHCHIIIHE (baKTOpBI, BJIMAOIINC Ha PCHICHUC. B 10 xe BpeMs HE CJIICAYCT 3arpoOMOKAaTh
OTO OIHNCAaHUC HECYIICCTBEHHBIMU (I)aKTOpaMI/I, SHAYUTCIIBHO ITOBBIMIAIOOIMMHU €I'0 CJIIOKHOCTBH, HO
IMMPAKTHUYCCKH HE BIMAIOUNIMMU Ha PCUHICHUC.

Tema 1.3. MaTeMaTH4eCKasi MOCTAHOBKA ONTHMH3AIMOHHBIX
3a/1a4 B 2JIEKTPOIHepPreTHKe
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 KPHTepHs ONTHMAJBLHOCTH, NPEACTABJIEHHOIO0 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 u3BecTHO, 3amayM Ha ITOHMCK JKCTpeMyMmMa (MHHMMyMa WM MakCcMMyMma) (GYHKLIHH IO Mepe
BO3PACTAHHUS CIIOKHOCTH KIACCHPHUIMPYIOTCS CIIETYIONMM 00pa3om:

1) 3amaun Ha 6e3yCIOBHBII SIKCTPEMYM - OTpaHMYCHUS Ha TIEPEMEHHBIC OTCYTCTBYIOT M (hOpMyIUpOBKa
3a/1a4¥ COEPKUT TOoIbKo ycmosue (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 yciaosus (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 Jendrcs Ha JBa Kjacca: 3aJaud JIMHEHHOTO UM HEeTMHEWHOTo
MaTEMaTHYECKOTO MTPOrpaMMHUPOBaHMSL.

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 ronoB amepukaHckuii MmareMaTuk bepHapa Jlanmur pazpaboTan yHUBEpCaIbHBIA METOJ
pelIeHus] ONTUMHU3AIMOHHBIX JIMHEIHBIX 33/1a4 U Ha3BaJ €r0 CUMILIEKCHBIM.

Meroapl JNMHEMHOIO M HEIMHEHHOrO NPOTPaMMHUPOBAHMUS IIO3BOJIIFOT MCCIIEOBaTh CBOMCTBA
SHEPrOCHUCTEM NIPH OMMCAHMH UX HEKOTOPOH MOJENb0. Mojenu MOryT ObITh OnucaTeibHble, GU3NUYECKUE U
MaTemarnueckue. Mojens sBisgeTcd aieKBaTHOM, €CIM Pe3yNabTaThl MOZACIUPOBAHUS IOATBEPIKIAIOTCS
MOBEIEHUEM 00BEKTa U 110 HUM MOKHO IPOTHO3UPOBAThH MPOIIECCH TOBEACHNU 00BEKTA.

OtnenbHO cieqyeT BBIACIUTH WMHUTALMOHHOE MOZEIMPOBAHUE, KOTOpOE MPEJCTaBiseT coOoM
BOCIIPOM3BE/ICHHUE MTPOLIECCOB MOBEACHUS OOBEKTOB BO BPEMEHH.

JInHeHHbIMH MaTeMaTH4YeCKHMM MOJeJsIMU Ha3bIBAIOTCS MOJENH, B MaTeMaTH4eCKOEe OIMCaHHe
KOTOPBIX BXOJAT IIEPEMEHHBIE TOIBKO B IEPBOM TOpsIKe. VX OMMCHIBAIOT B CIEIYIOIIEM BH/E:

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] TOCJIE0OBATEIbHOCTh WM BEKTOp 3HaueHuH. [Ipu 3TOM cucTema JTUHEMHBIX ypaBHEHHI 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. YCIOBHE CHIDKCHUS MO0 YBEITUYCHHUS IEICBOW (PYHKIUU B BBIPAXKCHUU
(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 INapaMeTPOB JHEPIeTHUECKHX OO0BEKTOB. I TakMX ONTHMU3ALMOHHBIX 3a7ay
HIMPOKO UCTOIB3YIOTCSI METOABI HEMMHEHHOTO MporpaMmupoBanus (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
nporpaMMHUpoBaHusl. MIx maremarndeckass GOpMYJIUPOBKA MPAKTHYECKH HE OTJIMYAETCS OT (DOPMYIHPOBKH
3a1a4 JMHEHHOTO MPOrpaMMUpPOBaHMA, OJHAKO IPUBOIUTCA B Oojee MMPOKOi nmoctaHoBke. I1pu 3Tom, ecnu
neneBasi GYHKIUS WK XOTS Obl OJHO M3 OIPaHMYCHUI HE YAOBIIETBOPSIOT TPEOOBaHUSIM JTWHEHHOCTH, 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 HENMMHEWHBI OTHOCHTENILHO MepeMeHHbIX. K HelMHeHHOMY MPOTrpaMMUPOBAHUIO OTHOCST TaKXkKe
3aMa4il ¢ JIMHEWHBIMH OTPAHWYECHVSIMA W JIMHEHHOW T1eneBod (yHKIHWEW, HO TpH JUCKPETHOCTH
MEPEMEHHBIX.

OcHOBHbIE pe3yNbTaThl HEJIWHEHHOTO MPOrpaMMHUPOBAHMS TMOJYYEHBl JUIA 3a1ad C JIMHEWHBIMH
OTpaHUYEHHSIMUA M C KBaJpaTUYHOU IienieBod (yHKIMeH. B Takux 3amavax pelieHHe TakKe MOXeET ObITh
HalIeHO Al y3KOro kmacca ueneBoi ¢ynkumu. Hambonee pacnpocTpaHeHHBIMH METOAAMH SIBISIOTCS
Mmeton 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
TaKKE€ U B3aHMHO-IBOWCTBEHHbIE 3aJa4M, KOTOpble MOTYT OBITb OTHECEHBIl K 3ajadaM JIMHEHHOIo
nporpaMMupoBanusi. [lepBast yacTb 9TOM 3a/1a4u MPOBEPSETCS HA MUHUMYM LIEJIeBOH QYHKIMH, BTOpas — Ha
ee MakcuMyM. [Ipu 3TOM KakgOMy OrpaHHYEeHHIO OJHOM 3aJayll COOTBETCTBYET NMEpEeMEHHasi APYIoH, T.e.
HOMEDp IEePEMEHHOMN COBIAJAaeT C HOMEPOM OrpaHuyeHui. Eciau B UCXOMHOHN 3a1aue 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.



PA3JIEJI 2. OCOBEHHOCTHU PA3BUTHUS COBPEMEHHBIX TEXHUYECKUX CUCTEM
Tema 2.1. ITansl pa3BUTHS JJTeKTPOIHepreTnkn Poccun
€ Y4€TOM PBIHOYHBIX OTHOLICHUM

B HacTosiiee BpeMs U B OJrbKaiinel IepCreKTUBE IIaBHOM 3a1adeil pa3BUTHI U QYHKIHOHUPOBAHHS
aNeKTpodHepreTuku Poccun sBnsiercss coznanue 3QQPEKTHBHONW CHUCTEMBI YNPaBICHHS, COOTBETCTBYIOIICH
HOBBIM 3KOHOMHMYECKHM YCJOBHUSAM, C LEIbI0 OOECIIeYeHHs] HACEeNCHUsS W SKOHOMHUKHU CTPaHbl HAJEKHBIM
JNIEKTPO- M  TEIUIOCHAO)KEHHMEM TpeOyeMoro KauecTBa IIpM HaMMEHbIIMX 3aTpaTax. Pas3sutue
9NEKTPOIHEPTETUKH OYAET OCYIIECTBISATHCS B HECKOJIBKO STAIOB.

Ilepevtii 3man xapakTepu3yeT COBPEMEHHOE COCTOSHHUE, KOTJa B OCHOBY BeAeHHs pexumMoB EODC
Poccun u ODC 3aknagsiBatoTcss OaaHChl YHEPTUH W MOITHOCTH, @ B OCHOBY SKOHOMHUYECKUX OTHOIIEHHH —
NOTPeOHOCTH B 3aTpaTax M NPHUOBUIM HPOM3BOAMTENEH HEPrUM M JHEPrOCHAOKAIOIIMX OpraHU3alui,
ompeJenseMble B mpolecce 000CHOBaHUs Tapu(oB Ha O4YepeTHON MepHoA peryiupoBaHus. Ha sTom atame
OCHOBHOE BHHMMAaHHE YIEIAETCS BOIPOCAM YIYYIIECHHS CUCTEMbI LEHOOOPAa30BaHMSA C LIEJIBI0 YMEHBIICHUS
3aTpaT Ha HPOM3BOACTBO M TPAHCIOPT 3JIEKTPOIHEPIUH, YCTPAHEHUS MEPEKPECTHOTO CyOCHIMPOBAHUS
OJTHUMH MOTPEOUTESIMU APYTHX W BBeAeHus auddepeHnupoBaHHbIX TapudoB A TOTpeduTeneil ¢ yuerom
peanbHbIX 3aTpaT Ha IPOU3BOJCTBO, TPAHCIIOPT U PACHPEAETICHUE SJIEKTPOIHEPTUH.

Bmopoiu 3man npenycMaTpuBaeT BHEAPEHUE KOHKYPEHIIUH MEXIy IPOU3BOAUTENSIMU IEKTPOIHEPT UM
Bo3MmoxxHOH TpencTaBuseTcs cxeMa, KOraa MpOU3BOJUTENN dICKTPOIHEPTUH KOHKYPHPYIOT MEXIy co0oil B
MIPOJaXKe SIEKTPOIHEPTUM KaK TOBapa OJHOM KOHKYPHPYIOIIEH 3HEPrOKOMIIAHMH, B KauecTBEe KOTOpOl Ha
®OPOMe moxer Boictymate PAO «EDC Poccum» B mume 1IJIY EDC. B kauecTBe KOHKYpPHPYIOIIHX
MPOU3BOUTEIIEH BHICTYIAIOT IEKTPOCTAaHIMH, BbIBeeHHbIe HAa DOPDOM, a taxxke u3dbirounsie AO-3Hepro, a
B KauecTBe Nokymnareneii — aedunutasie AO-3HEpro U SHEproeMKue norpedutenu, BeiseaeHHbie Ha DOPOM.
Heo6xonumo, 4T00BI 3aKOHOAATENEHO OBLTM OmpezAeneHsl ycioBusa, npu KoTopbix PAO «EDC Poccumy»
JOJDKHO TIOKYNAaTh 3JIEKTPOSHEPTHIO Y HE3aBUCUMBIX NPOU3BOIUTENICH 3JIEKTPOSHEPrHM, BBIBEICHHBIX Ha
OOPOM. Ha pernoHajbHBIX YPOBHSAX TaKKe MOXKET OBITh pealn3oBaHa CTPYKTypa VIIPaBICHHUS C
€IMHCTBEHHBIM TOKYIIaTeJieM, B KaueCcTBe KOTOPOro BRICTyHaroT oTaeiabHble AO-s3Hepro. Kaxnoe AO-sHepro
JOJDKHO HECTH OTBETCTBEHHOCTH 3a 3JIEKTPOCHAOXKEHHWE NOTpeOuTenell, HaxXo[SIIMXCS HAa TEPPUTOPHH,
o0cmyxuBaeMoii 3tumMu AOQ-3Hepro.

Baxxnelitme 3a1aum Ha 3TOM 3Talle — OpraHU3alMs 3arPy3KH dJIEKTPOCTAHIIMH Ha OCHOBE O0eCIieUeHUsI
HauMeHbpInX 3aTpar B menom no EDC omepatopamu peiHKOB PAO «EDC Poccum» m AO-sHepro u
YCTAHOBJICHUE COOTBETCTBYIOLINX MPUHLMIIOB IICHOOOPa30BaHMsI Ha MOKYIIKY 3JIEKTPOIHEPTUH.

PAO «EDQC Poccuny» B mune LIJIY EDC nomxHo obecnieunBarh OalaHC POU3BOJACTBA U MOTPEOICHUS
AIIEKTPOIHEPTUHU TP MUHHMAJIBHBIX 3aTpaTax M Tpebyemble YPOBHH HAAECKHOCTH M ycTonumBocTu EODC
Poccun B nenom. Ilpu 3Tom o6s13aTenbcTBa IO 00ECIICUEHUIO HAAEGKHOCTH M YCTOWIMBOCTH JOJIKHBI OBITH
pacrpeneneHsl MeXAy BCEMH NPOU3BOAMUTESIMM, B TOM YHCIE B 4YacTH PETryJIMpPOBaHHUA YacTOTHI,
HaNpsDKEHUS, TOJICPKaHWsS OINEpPaTHBHOTO pe3epBa MOIIHOCTH, H JODKHA ObITh  pa3paboTaHa
COOTBETCTBYIOIIAsl CUCTEMA OIIAThI 3THX yciIyr. OCHOBHBIMH 3aJjauaMH BTOPOIO 3Tara sIBJISIOTCS: CO3/1aHue
HOPMATUBHO-TIPABOBOW 0a3bl W PPEKTHBHOW CHUCTEMBI CKOOPIWHHPOBAHHOTO YIPABJICHUS Pa3BUTHEM U
¢dyHkironupoBanueM Oojice yeM 100 COOCTBEHHHMKOB 3JIEKTPOIHEPreTHUECKUX OOBEKTOB, PaOOTAIOIIMX
napajjieibHO, ¥ COOTBETCTBYIOLIMX HPABHWJI UX COBMECTHOM pPabOThI, OOECIIEUMBAIOIIMX ONTHMH3ALHIO
pexxumoB EDC Poccuu; BbimonHeHHe TpeOyeMbIX HOPMAaTHBOB 3JEKTPOCHAOXKEHUS MOTpeOuTenel u
crpaBeIMBOe pacnpeneneHue dd@dexkrta OT ONTUMH3ALUN MEXKAY BCEMH YYaCTHHUKAMH, a TaKke
ycTaHOBJICHHE AU EpeHINPOBAHHBIX M M3MEHSIOIUXCS B 3aBHCHMOCTH OT CTOMMOCTH IPOU3BOJCTBA U
MIOCTaBOK JIEKTPOIHEPIHH B JTaHHBII MOMEHT BpeMEHH Tapu(OB IJIs1 KOHKPETHBIX TOTPEOUTENIEH.

Jnsi HOBBIX YCJIOBHMH (YHKIMOHHPOBAaHUS OdIIeKTpodHepreTnku Poccunm TpeOyeTcs amamtaiust
MMEIOIINXCS HOPMATUBHBIX JIOKYMEHTOB 10 HAJEKHOCTH, PAaCCPEOTOUEHHBIX B Pa3IMYHBIX MaTepuaiax, K
HOBBIM YCJIOBHSM M CO3JaHHE B3aMMOCOIJIACOBAHHOM CHCTEMBI HOPMATHBOB, OOECIIEYMBAIOLINX
panroHaNtbHbIe YPOBHHU HAJICKHOCTHU 3JICKTPOCHA0KEHUS TOTPEOUTETICH.

B ycnosusx o0pazoBaHusi MHOTHX COOCTBEHHHKOB SHEPTETHUECKHX 00BEKTOB, pabOTAIONINX B COCTAaBE
EDC Poccun, o0s3aTenbcTBa MO OOSCHICUSHUIO HAAEKHOCTH JOJDKHBI OBITH pacHpeiesieHbl MEXIy
pasnyHbIMA  coOCTBeHHMKaMH. lIpexxne Bcero 3TO OTHOCHTCS K paclpeliesieHHI0 005S3aTeNbCTB B
OTHOIIIEHWH DPETYJTUPOBAHMS HYaCTOTHI; OOecrieueHus] HeOOXOAMMOTO OIEPaTHBHOTO pPe3epBa MOIIHOCTH,
pe3epBa MOIUTHOCTH ISl IEPBHYHOTO M BTOPUYHOTO PETYIIMPOBAHNS YaCTOTHI, PEryINPOBAHUS HAIIPSKCHHUS;
koopauHanuu cucreM P3 u ITAA, B ToM uucie ycTpoicTB aBTOMaTHYECKOW 4acTOTHOM pasrpy3ku AYUP u
CIEIMaTbHOW aBTOMAaTUKHN OTKITIoueHns Harpy3ku CAOH.

Kaxnaplii cy0beKT phIHKA 10/KEH 00eCeYuTh:

e Haimuyue Ha cBoux arperatax cucreM APUM m HeoOxoaumoro mis ux 3¢QpQekTuBHOro AeUCTBUA
pe3epBa MOIIHOCTH, KOTOPBIN TOJKEH COCTABIATD 2-3% 00IIeii MOITHOCTH PadOoTaIOIIUX arperaTos;
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e Haimuyue Yy palOTaIOIIMX arperatoB pe3epBa MOIIHOCTH, HEOOXOAWMOTO il BTOPHUYHOIO
pETYIUpPOBAaHUSI YacTOTHI, KOTOPBIH JOJDKEH COCTaBisATH 2-3% CyMMapHOW MOIIHOCTH arperaToB
COOTBETCTBYIOIIETO CYOBEKTa PHIHKA;

e HajIH4He ONEPATHBHOTO pe3epBa MONIHOCTH, HEOOXOIUMOTO JUIs 00eCIeUeHHsI TOKPBITHS HArpy3KU
99C ¢ y4eToM ommOKH ee MPOrHO3UPOBAHUS M BO3MOKHOTO aBapUHHOTO BBIX0/1a 000PY/TOBAHMSL.

[Ipu oTCYTCTBHH COOCTBEHHOTO JOCTaTOYHOTO PE3€pBa MOITHOCTH CYOBEKT ONTOBOTO PHIHKA TOJIKEH
KYIIUTB 3TOT PE3€PB Ha ONTOBOM PBhIHKE Y APYTHX CyOBEKTOB PHIHKA Yepe3 OMepaTopa phIHKa.

[lomnepxanue ycTaHOBIEHHBIX YpPOBHEW HANpsSHKEHHWS B ONPEIENICHHBIX TOYKAaX OCHOBHOHM CeTH
SBIISIETCS] TIPEUMYIIIECTBEHHO JIOKATHHON 3a7adeil ¥ JOJDKHO OCYIIECTBIATHCS CPEICTBAME PETyINPOBaHUS
CyOBEKTOB ONTOBOTO PBHIHKA.

BwMmecte ¢ Tem B ycnoBusax aeduuuTa uian u30bITKa PEAKTHUBHOW MOIIHOCTH ONEPATOp PHIHKA MOKET
MIPHUBIIEKATh K €€ PEryJIMpPOBAHHIO PAa3HBIX CyOBEKTOB PHIHKA (B TOM YHCIIE M MOTpeOWTeNeil); UX yCcIyTH
JOJDKHBI OIUIAYMBATHCS B COOTBETCTBHM C YCTAHOBJICHHBIMH JIOTOBOPEHHOCTSIMH 00 OIjiaTe TaKoro poja
YCIIYT.

J1a mpenoTBpalieHusi CHCTEMHBIX aBapHii, YpeBaThIX OOJBIINM yIIepOOM sl BceX (WMITH ST MHOTHX)
CyOBEKTOB ONTOBOTO pBIHKA, TpeOyercs BhIpabOTKa OOMmIEHl WIACONOTMH TIOCTPOSHHSI CHUCTEMBI
MPOTHBOABAPUIHHOTO YIPABICHUS, CTPOTOE COOJIOEHHE KaXKAbIM CyOBEKTOM pBhIHKA 3aJaHMH U KOMaH]
ornepaTopa pbIHKa IO BBIMOJHEHUIO MPOTUBOABAPUMHBIX MEPOINPHUATHM; TIIATEIbHBIA aHallU3 aBapUUHBIX
HapyIIeHWH W BBIpaOOTKa 00S3aTENbHBIX IS HCIIOTHEHHS BCEMH CYyOBEKTaMH pPBIHKA MEPONPHSITHH II0
COBEPILIEHCTBOBAHUIO CUCTEMBI IIPOTUBOABAPUNHOIO YIIPABICHUS.

[IpoTHBOaBapuiiHbIe MEPOTIPUATHS, KOTOPBIE 0053aHBI MPOBOAUTH CYOBEKTHI ONTOBOTO PHIHKA, JTOJKHBI
OBITH OIpEJIENIeHbl COOTBETCTBYIOIINM COTJIAIIEHHEM CyOBEKTOB PBIHKA, a JIOTIOJIHUTENBHBIE MEPOPHSTH,
HeO6XO[II/IMI>I€, HO HC MNPEAYCMOTPCHHBIC IMPCABAPUTCIIBHBIM COTJIAICHUEM, OOJDKHBI COOTBCTCTBYHOIIWM
00pa3oM OIIauuBaThCs 3a CUET CPEACTB, HOPMUPYEMBIX ISl STHX Lelel Ha phlHKE. Tak, 3JeKTpOCTaHIINY,
YYacTBYIOIIAE B TPOTHBOABAPUHHOM YIIPABICHUH, JOJDKHBI IMONyYaTh JIOTUIATY 3a TOBBIMIEHHBIA H3HOC
000pyIOBaHUS, a TAKXKE 32 HATMYHE CPEACTB, OOCCIIEUNBAIOIINX TOTOBHOCTh ANEKTPOCTAHIINH K TIOABEMY C
«Hyns» B cioydae nonHoro noramenus IIC. [lotpebutenu, noakmoyennsie Kk [TAA (CAOH u AYP), a
TaKK€ BKIIOUYCHHBIC B CIIMCKHU HOTp€6I/ITCH€I71, KOTOPBIC MOT'YT 6I>ITI> OTKJIFOYCHBI WJIM Or'PaHUYCHBI I10
MOIIHOCTH M SHEPTUH 10 KOMaHe orepaTopa PhIHKA B aBapUHHBIX CHTYalWsX, JOJDKHBI HMETh CKUAKY Ha
MOKYIaeMyl0 UMM JJIEKTPO3HEPTHIO. B COOTBETCTBYIOIIEM KOHTPAKTE Ha MOCTABKY 3JEKTPOIHEPTHUU WIIH
CHECNMAIBHOM TIOJOKEHUH JIOJDKHBI TaKKe OroBapUBAThCS COTJIACOBAHHOE YHCIO M JUIUTENBHOCTD
ABAPUMHBIX OTKIOYCHUN U OrpaHUYCHUM.

[Ipencroutr ompenenuTs HSKOHOMHYECKH IlefiecooOpa3HOe 3HAYEeHHE KPUTEPHUS CTAaTHYECKOW
Ha/IeKHOCTH, XapaKTEPU3YIOIEro BEPOATHOCTh nosiBlieHns: aedunuta MomHoctd B O9C u EDC Poccun Ha
nepcrekTuBy. s 3Toro HEoOXOAUMBI MCCIIEOBAHUS T10 OIPENEICHUI0 CPEHUX 3HA4YeHHH ymepOoB OT
TIEPEePBIBOB dJIeKTpocHaOXkeHnus norpeduteneii. [IpenBaputeabHO HA OCHOBE MPOBEIEHHBIX HCCIEAOBaHUI
npesiaraeTcs Mpy pacdyeTax Ha/Ie)KHOCTH Ha MEPCIEKTUBY OPHEHTHPOBATHCS HA HOPMATHBBI HA/IC)KHOCTH B
nuamnasone 0,996-0,999 no 2005 roxa ¢ mocneayromuM ycTaHoBiieHneMm Hopmatusa 0,9991.

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

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

[ImarupoBaHre MONTOCPOYHOTO Pa3BUTHS AIEKTPOIHEPTETHKH POCCHM MOIDKHO OCYIIECTBISTHCA Ha
OCHOBE KOOPJWHAINH TPEUIOKEHUH 10 PA3BUTHIO TEHEPHUPYIOIIUX UCTOYHHKOB U DJIEKTPUYECKUX CETeH,
pa3pabateiBaeMbix PAO «EDC Poccum», AO-3HEpro, a Takke MPeIIOKEHUA HE3aBUCHUMBIX
NPOM3BOAMTENEH BIIEKTPOIHEPIHMH TaKUM 00pa3oM, YTOOBI OCYLIECTBISUIOCH HauOoJiee palroHaIbHOE
pasBUTHE 3JIEKTPOIHEPIeTHKH C TOYKH 3pPEHUS] MUHMMyMa 3arpar oOmectBa B mHesnoM. OCHOBOHM ams
IMPUHATHUA PCIICHUA MOTIIN 651 CTaTb OITUMAJIbBHBIC IUIAHBI PAa3BUTHA OJJICKTPOSIHEPIETUKU CTPaHbI,

*

Kputepuit HajeHoCTH n-1 ABnnerca YaCTHbIM cnyyvaem Kputepusa n-i,
rae i = 1,2,3... - KOAMYECTBO OTKAKOUYAEMbIX INEMEHTOB, U BbIMOJHAETCA, ECAU NPU UMetowemca B paboyem COCTOAHMM cocTaBe
obopynoBaHMA CUCTEMA BbIAEPXKMBAET OTKa3 OAHOrO 37emeHTa 6e3 HapyleHus AONYCTUMbIX OFpaHUYeHWin  npwu
bYHKLMOHMPOBAHUM CUCTEMDI.
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MOJTyYEHHBIE B PE3YyJIbTaTe€ ONTHMHU3ALMOHHBIX PACUE€TOB PA3BUTHUSA AJIEKTPOIHEPTETHKH KaK €IUHOTO LENO0T0
MIPH Pa3NUYHBIX HCXOIHBIX YCIOBHSIX.

Ha »tom »rame HeoOXomuMo OyneT BBECTH KOHKPETHBIE TOPTH IIPU CTPOMUTEIHCTBE HOBBIX
MEKTPOCTAHIMM, a TaKkkKe IPU 3aKIIOYEHUU KOHTPAKTOB Ha IIOCTAaBKU HamOoJiee NEIIEBON NPOLYKLIUU
ANEKTPOCTAHIMSIMU Ha (eAepaIbHbIH U PETHOHANBHBINA PBIHKU 3JIEKTPUUECKON SHEPTHH U MOITHOCTH.

Heo6xonumo OyneT pemuTs 3aKOHOAATENIbHBIE U 9KOHOMUYECKHE BOIIPOCH! YIPABJICHUS HAIPY3KOH U
pasBUTHSL COOCTBEHHOI'O IPOM3BOJCTBA TEIUIOBOM W  3JIEKTPUYECKOW 3HEPrUM IPOMBIIIICHHBIMI
PEANPHUATUSIMH.

PaccMotpenHast cTpykTypa yIpaBieHHS Ha BTOPOM 3Tale MO3BOJIUT CHU3UTH PBIHOYHBIM PUCK JUIS
IPOM3BOAUTENEH 3JIEKTPOIHEPIHH, JIydlle COXPAHUTh HMEIOIIMICS 3JIEKTPOIHEPIeTUUECKUM IMOTEHIMAT
CTpaHbl, a TAKXKE PEIINTh OOLIECTBEHHBIC 3a/1a41, B TOM YHCJIe BO3MOXXHOCTH MPOBEACHUS TOJITOBPEMEHHOM
TIOJIMTUKY PallMOHATBHOTO HCIIOJIb30BAHUS IPUPOTHBIX PECYPCOB.

B 3TOT mepuom B AOCTaTOYHO NONHOM Mepe HAayHET HPOSIBISATHCA KOHKYPEHLMs B IIPOM3BOICTBE
JJIEKTPOHEPruH M OyOyT CO3JaHbl YCJIOBUSL A Pa3BUTHSL HOBBIX HE3aBHCHUMBIX IIPOM3BOAUTENCH
anekTposHepru. Ponp dexepanbHONl M pETHOHATBHBIX JHEPIETUYECKUX KOMHUCCHH OyJeT COCTOSTh B
perymupoBannu nesrenbHocTd PAO «EDC Poccum» m AO-3Hepro Kak €CTECTBEHHBIX MOHOIIONWN W B
CO3aHMN 3aKOHOAATEIHHON 0a3bl, oOecreunBaroel KOHKYpEHIINIO U pa3BuTHE HanOomee 3(PPEeKTUBHBIX
MPOM3BOJMTENEH IEKTPOdHEPTHH. B TO e Bpems OyAeT OCYIIECTBISTHCS pa3BUTHE AIEKTPUUCCKUX CETEH,
HEOO0XOUMOE IS BBITMOTHEHHUS CIIEAYIOIIMX TAMlOB PHIHOYHBIX MPE0Opa30BaHuil, a TAKKE MOATOTOBKA BCEH
HE00X0IUMOI HOPMATHBHO-TIPABOBOM 0a3bl IS MOCIEAYIOLINX 3TAl0B PHIHOYHBIX IPE00pa30BaHuUIL.

Tpetnii U MOCHERYIOIUN 3Talbl Pa3BUTHUS PHIHOYHBIX OTHOLIEHUH B AJIEKTPOIHEPIETUKE JOJIKHBI
0a3upoBaThCs HA pe3yJIbTaTax pealu3alii IePBBIX JBYX.

Ha mpemvem 3mane HeoO6xoquMo OyIeT MPUHATH 3aKOHOAATENBHBIA aKT 00 OTKPBITOM IOCTYIlE K
NEepeAAoIIMA CeTH MPOM3BOAMTENEH HICKTPOIHEPIUH, PACIPEACIUTEIbHBIX KOMIAHUH M KPYNHBIX
notpebuTenel; mpoBecTH oO0beANHEHHE (elIepPaTbHOT0 ONTOBOIO M PETHOHAJBHBIX PHIHKOB; CTPYKTYPHO
pas3enuTh TEHEepalrio U Mepefady dJIEKTPOIHEPIHH; OCYIIECTBUTh BBIBOJ HAa OOIIUI ONTOBBIA PBHIHOK U
o0ecrneynTh CBOOOAHBIN JOCTYI K HEMY BCEX HJIN OOJIBIIMHCTBA JIEKTPOCTAHIMN Ha KOHKYPEHTHON OCHOBE.
PacnipenenurenbHple KOMIAHUM MOMY4YaT OTKPBITHIA JTOCTYH K IEpeNarolieil CeTH ONTOBOrO pPhIHKA, HO
COXpaHAT MOHONOJBHOE TMpaBO Ha DJJIEKTPOCHAOXEHHWE KOHEYHBIX morpebureneid. Ilpu sTom
KOHKYPEHTHBIMH YacTAMH PbIHKa OyJeT reHepanus 3eKTPO3HEPTHH U PO3HUYHAsI TOPTOBIIS €10, B TO BPEMsI
KaK CHUCTEMa Iepelauyd M PaclpeieeHus] OCTaHyTCSl PEryJMpyeMbIMH 4acTsAMH pbIHKA. B 3TuX ycnoBusix
HEUTpaIbHBIM aAMUHUCTPATOPOM TMPOLIECCOB YIPaBICHHS, TNIAHUPOBAHUA U (DYHKIIMOHUPOBAHHS OIITOBOTO
PBIHKA MOJKET BBICTYIIATh CETEBasl KOMIIAHHUM, KOTOpas CyMeeT 00ecleunuTh yCTOWYMBOCTb M HalEKHOCTb
paboTHI Beeil cucTeMbl, TMO0 HE3aBUCUMBIN OIepaTop PHIHKA.

O6benuHeHne GenepaabHOro U PErnOHaIbHOTO PHIHKOB AJIEKTPOIHEPTHU CTAHET UTOTOBBIM (DaKTOPOM
C TOYKH 3pECHUS BEIpaBHUBAaHUS Tapu(pOB HA JIEKTPOIHEPTHIO AJisl moTpedureneld Poccnu, Haxomsmuxcst Ha
Pa3INYHBIX €€ TEPPUTOPHSIX, U 3TO OyIEeT COMyTCTBOBAThH LIETSIM U TEHACHLUSM, KOTOPbIE UMEIOT MECTO B
JIPYTHX CTpaHax MUpa.

Hakonen, Ha uemeepmom 3Imane Bce TOTPEOUTENH TMONYYaT TPaBO BbIOOpa TMOCTaBIIMKA
3JIEKTPORHEPTHH U Ul HUX MOSBUTCS OTKPBITHIN JOCTYI Kak K MEPEIarollel, Tak U K pacipeaeauTeIbHON
cetu. [Ipu obcmyxuBaHUK OOJIBIIOTO KOJIMYECTBA CIETIOK, KOTOPBIE JOJKHBI MIPOU3BOAUTHCS VIS KaXKIO0TO
yaca WIM Moiy4aca, MOTpeOyeTcst co3JlaHWe MOIIHOW HH()OPMAIMOHHOW HH(PACTPYKTYpHl pealbHOTO
BpEMEHH M COBPEMEHHOIro MporpaMMHoro ootecnedeHus. Takum oOpa3oM, dYeTBepThId dTam OyneT
XapaKTepU30BaThCSl MOJHOLECHHBIM PBIHKOM BJIEKTPUYECKOM 3HEPrUM M MOILIHOCTH, INPH KOTOPOM B
OpraHu3aliyi KOHKYPEHIIMH YYacTBYIOT BCE CYOBEKTHI PbIHKA, BKIIOYas MOTpeOUTeNeH, KOTOpbIE B 3TOM
HEIOCPE/ICTBEHHO 3aWHTEPECOBAaHBI M MOTYT peaJbHO OKa3bIBaTh BIWSHHE Ha MPOU3BOAMUTENECH U
MOCTABIIUKOB YHEPTUU.

[Iepexon OT COBPEMEHHOTO COCTOSIHUSA PHIHOYHBIX OTHOLIEHHUH B 3JIEKTPOIHEPreTHKe (TEepPBBIN 3Talm) K
MIOJTHOIICHHOMY DBIHKY (YETBEPTHIM 3Tall) pacTsHeTcs Ha jaecsiTh W Oonee jer. [lpm aTom mepexom Ko
BTOPOMY 3Tally HE 3aTPOHET IIpaBa COOCTBEHHOCTHM CYOBEKTOB pbIHKa M OylIeT CBS3aH JHIIb C
YIOPSA0YEHHEM OTHOLICHUH CyOBEKTOB Ha (eiepalbHOM ONTOBOM U PAa3JIMUHBIX PErHOHAJIBHBIX PHIHKAX, a
TaKxe OTHOIIeHUH ¢ DeaepanbHON U PErHOHAIBHBIMU YHEPTETUUECKUMHU KOMUCCHUSIMU.

[Iporecc cTaHOBIEHHS Pa3BUTHIX KOHKYPEHTHBIX OTHOIIEHHH MEXIy CcyObeKkTamMu (enepaiabHOTO U
PETHOHAIBHOTO PBIHKOB 3JIEKTPUYECKOW SHEPrMH W MOIIHOCTH M B MPOU3BOJCTBE SJIEKTPOIHEPTUH OyneT
3aBHCETh OT O0IIel SKOHOMHYECKOW OOCTAaHOBKH B CTpaHE, CKJIA/IbIBAIOIINXCS MEXaHU3MOB YITPAaBICHUS €e
9KOHOMHKOH, a TaKKe OT TOTO, HACKOJIBKO YAaYHBIMH OKQ)KYTCSI PEIICHHUS MO YHOPSAOYECHUIO OTHOIICHHUN
MEXIY CyOBEKTaMH PhIHKA.
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HeoOxomumbiM ycmoBueM 3()(QEKTHBHOCTH peanu3aiu MpeoOpa3oBaHU HA TPEThEM U YETBEPTOM
JTamax sBISETCS YIpeKJaromias pa3padoTka Bcell TpeOyeMoil HOpPMAaTHBHO-TEXHHYECKOW 0asbl, a Takxke
PETYIUPYIONINX W PRIHOYHBIX MPABIII PabOTH CYOBEKTOB X03siicTBOBaHUA B pamkax EQC Poccun.

Tema 2.2. IIpunsaTHe u 000CHOBaHMEe pelieHNi 1Mo pa3BuTHI0 IIC

WuTteHcuBHOE pa3BuTHE 3aeKTpodHepretuku B 1950-1970-¢ rr. BhI3BANO HEOOXOAUMOCTH AKTUBHOM
pa3paboOTKN METOMOJIOTHH 000CcHOBaHUA pazBuTHI DOC, Kotopas hopMHpoBaIach Ha OCHOBE CHCTEMHOTO
MOJX0/1a, OTPAXKAIOLIETO Mepapxuio 3axau pa3utus DOC, B3aMMOCBS3H 3JIEKTPOIHEPTETHKH C IPYTUMH
oTpacisiMH JKOHOMHMKHM (TIpeKAe Bcero, ¢ TOIUIMBHBIMU oTpacisimu  TOK), mnpuxnuma yuera
HEOTIPE/ICTICHHOCTH YCJIOBHH, MCIIONB30BAHUSA MaTeMaTHUECKUX Mojeneil s 0OOCHOBaHWS PEmeHUH 10
paseututo O0C wu ap. 3a pyOeKOM aHAJIOTUYHOE CHUCTEMHOE IUIaHWpoBaHue pazButus DC
c(hopMHPOBANOCH B BU/IC TEXHOJIIOTUH HHTETPUPOBAHHOTO TUIAHUPOBAHUS PECYPCOB.

JInbGepanuzaiusi XO3SMCTBEHHBIX OTHOIIEHUH B AJIEKTPOIHEPTETHKE CYIIECTBEHHO M3MEHMJIA YCIOBHUS
obocHOBaHusl ee pa3BuTHsi. Ha mpunstee pemenuit mo passurnio OOC BIHAIOT MHOTHE CYOBEKTHI
OTHOLICHWH: TPOM3BOJAMUTENN JJIEKTPOIHEPTUH, €€ MOTPeOUTENH, WHBECTOpPH, (eaepalabHble |
perHoHaTFHBIE OpraHbl BiAacTd u T.1. OCHOBHBIE MHTEPECH (M COOTBETCTBEHHO KPHUTEPHH OTCIICKHUBAHUS
3THX HWHTEPECOB) DHEPreTHYECKWX KOMIIAHWH W WHBECTOPOB CBSI3aHBI C TIOTYYCHHEM MaKCHMaJbHON
npuObUIM  OT WX JAeATenbHOCTH. lloTpeOuTenu 3amHTEpecOBaHbl B MHHUMAlIbHBIX Tapudax Ha
ANEKTPOIHEPTHUI0, 00ECTICYeHUH Ha/Ie)KHOCTH U KauecTBa dJeKTpocHabxeHusi. Opranbl BIaCTH CTPEMSTCS K
MaKCHMAJIBHBIM TIOCTYIUICHHSM B COOTBETCTBYIOIIHE OIO/DKETHI, MUHHUMYMY SKOJOTHYECKOTO BIUSHUS
JHEPreTHUECKUX O0BEKTOB Ha OKPYKAIOUIYIO cpelly, 00eCIIeUeHHIO YHEPreTHUECKOl 0e30MacHOCTH CTPaHbI
U (WJIK) pEeTHOHA | Jp.

OOBEKTUBHO WMEET MECTO HECOBIAJCHHEe WHTEpecOoB (M COOTBETCTBEHHO KPUTEPHEB) CYOBEKTOB
OTHOIICHUH: MEXIYy SHEPTrOKOMITAHUSMHU — MPOU3BOIAUTEISIMH AJIEKTPOIHEPTUH, MEXTY (eaepatbHBIMU U
PECruOoHAJIBHBIMU OpraHaMH BJIACTU, MCKAY HNPOU3BOAUTCIIAMU BJICKTPOSIHEPTUUA U HOTpC6I/ITCJIHMI/I u T.O.
HCCOBHa[ICHI/ISI HUHTCPECOB MOTYT 6LITB HCAHTArOHUCTUYCCKUMU WJIN AHTArOHUCTUYCCKHMHU, IIPpU STOM
pemieHus 0o pazBUTHIO IC TOCTUTAOTCS B Pe3yIbTaTe MHOTOCTOPOHHUX KOMIIPOMHUCCOB.

B T0 ke BpeMsi CyIIeCTBYIOT MPEANOCHUIKH Il (JOPMUPOBAHUS OOIINX HHTEPECOB MEXKY Pa3THIHBIMH
CcyObeKTaMHi OTHOUICHUH, HAPUMEP, MEXKAY MPOU3BOIAUTEISAMHU dJIEKTPOIHEPTUH, MEXKAY (heaepaabHbIMU 1
pPETHOHATFHBIMUA OpPTaHAMHU BJIACTH W JIPYTHUMH, YTO BHOCHUT CYIIIECTBEHHBIE KOPPEKTHBHI B OOOCHOBAaHHE
pemennit mo pazsutHid OOC. Kpome TOro, B3aMMOOTHOMIEHUS MEXAY CYOBEKTaMH peTyIUPYIOTCS
rocynapctBoM uepes ®OK u POK, npoduibHbie MHUHHCTEPCTBA M HUCIOJIb30BAHHE 3KOHOMHUECKUX U
MPaBOBBIX MEXaHU3MOB. OJTO, a TaK)Ke€ 4YacTO WMEIONIM MECTO HEaHTATOHHCTUYECKH XapakTep
MPOTUBOPEYHNN MEXKAY CYObEKTaMH OTHOIICHHH M MX TPYINIaMH MPHIAET B3aNMOOTHOIIEHHSIM CyOBEKTOB B
mpoiiecce 000CHOBAHUS peleHui 1o pa3BUTHIO DDC KOPIOPATUBHBIN XapaKkTep.

Tema 2.3. Cxema ob6ocHOBaHusA pa3zBuTus IIC

[lpu paspaboTke cxembl 00O0CHOBaHUs paszputus OOC HEOOXOAMMO pAalMOHAJIBHOE COYETaHHUE
PBIHOYHBIX MEXaHU3MOB pa3sBUTUA U TOCYJApPCTBEHHOI'O  PETYJHUPOBAHUS, pealu3yeMbIX 4epe3
COOTBETCTBYIOIIYI0 HOPMAaTUBHO-TIPaBoOBYI0 0a3y. C y4eToM MHTEPECOB Pa3IMUHBIX CyOBEKTOB OTHOIICHUH
KOMILIEKC paboT mo oOocHoBaHMIO pa3BuTus ODOC pacnasaeTcs Ha TPU KPYIHBIX IOCIEIOBATEIBHBIX
HaIlpaBJICHUA.

B3anmocoriiacoBaHHbIe CTpaTernd M NPOrpaMMbl Pa3BUTHA JJIeKTpodHepreTukn U IIC Ha
(enepanbHoM U permoHaaIbHOM YPOBHsIX. IIpu 3TOM pa3pabaTbIBarOTCA rOCYAapCTBEHHAsl MOJIMTHKA B
Pa3BUTUH DJICKTPOSIHEPIrE€TUKU U 99C mHa IMPUHOUIIAX paldOHAJIBHOI0 COYC€TAaHUA KOHKYPCHIUHU U
KOOpJMHALINH, a TAKKE MEXAHU3MbI pealiu3aliy 3TON MOJIUTHUKH.

Crpaternyeckue IUIaHbI PA3BUTHS 3JHEProKoMNaHMii. 3xech pa3pabaTbIBalOTCsA HAampaBiCHUS
pa3BUTHs dIIeKTpodHepreTHky U DDC, BXOJAIMUX B cPepy HHTEPECOB IHEPTOKOMITAHUH C YIETOM COCETHHUX
SHEPrOKOMITAaHUN M JApPYTruX CyOBEKTOB OTHOIICHHWH, KOHKPETHU3UPYIOTCS TPEAJIOKEHUS CTpaTeruil u
MPOrpaMM C MO3HULUN HHTEPECOB CYOBEKTOB

HNuBecTHMOHHBIE MPOEKTHI MO Pa3BUTHI0 KOHKPETHBIX JHEPreTHYeCKUX O00bEKTOB,
peaNn3yIoNIHe MPeI0KEeHNS CTPATETUH, IPOTPAMM U CTPATETUYECKUX TUTAHOB Pa3BUTHS SHEPTOKOMITAHUH.

Bo Bcex ciywasx mpuUHIMNHAIBRHO BaXHO paccMoTpeHre DOC Kak TEXHWYECKH €IUHOW CHCTEMBI C
YYETOM BO3HHMKAIOIIUX MPH 3TOM CHCTEMHBIX 3¢ ¢eKkToB. TeM caMbiM B TOCYAapCTBEHHBIE CTPATErMU U B
ImporpaMmsbl pa3BUTHUA 90C 3aKJIaAbIBAOTCS ITOJIOKUTCIIBHBIC @aKTopBI KooOpaAHaluK pa3BUTUA OTACIbHBIX
SHEPrOKOMITAHUH U SHEPrOOOHEKTOB.
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B mportiecce 000CHOBaHMS CTPAaTErMUECKUX TIAHOB U MHBECTUITMOHHBIX TPOCKTOB aHAJIN3 CHCTEMHBIX
a¢hdekroB sBIseTcs HeoOXomuMbiM crenmduueckuMm st 9OC MONOTHEHHEM 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 pelleHus 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 pPELIeHUs 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 pa3BuTHs 3DC 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, paccMaTpHuBaeTCs U cTpaTerus pa3zButus IIC, cTpaTerMUECKUil TUTAH Pa3BUTUS 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. ITo 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 i 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 OJAHY 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 UCIIONIB3YET 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 HpPEACIbHO JOMYCTUMBIMHU (3aMBIKAIOIIUMM) 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 MOJIHBIH 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
BHEIIIHUX YCJIOBUH M BapUAHTOB PELICHUH, OTPAKAIOMINX HEONPEAEICHHOCTh Oy IyIINX YCIOBUN U HAJTHMYHE
Pa3IMYHBIX MPEANIOYTEHUH CyOhEKTOB OTHOIIICHHA.

dopMupoBaHHEe CIIEHAPUEB BHEUIHWX YCIOBMHA W BapuUaHTOB peIIeHWH g 3amad pazsutus 29C
OCYIIECTBISIETCS, KaK MPaBHIIO, SKCIEPTHO C MCIOIb30BAHMEM HEKOTOPBIX (hopMaTn30BaHHBIX MOJAXO0B, a
TaKXe MOJeNel TeppPUTOPHAIbHO-IIPON3BOACTBEHHON CTpyKTyphl TOK mnu ontumuzanuu paszsutus 29C.
Hns uccrnenoBanust pabotocrmocobHocTH 2DDC mMeercss 3¢ (deKTHBHAs TEXHOJOTHS BBIOOpAa PaCcUETHBIX
YCIIOBUH CXeM, PEKHMOB, 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 CLIEHAapUEB, BO3MOXHBIX BHELIHMX YCIOBHH U
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. Pa3nooOpaszHple METOAMYECKHE MOJICIIM U METOJIBl aHAU3a PELICHUH 10 Pa3BUTHIO
O2C MOXHO YCJIOBHO pa3leiuTh Ha TPYIIBI 337a4 TEXHUKO-PKOHOMHUYECKOTO aHajlM3a PElleHHH, ydera
HEONPEICICHHOCTH U y4YeTa Pa3IMYHbIX IPEANOYTCHUI CyOBhEKTOB OTHOIICHHH.

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

1) B mpexmenax TeppUTOPUATBHO-IPOU3BOACTBEHHOW Momenun TOK ¢ ydueTom BIHSHUS JPYyTUX
SHEPIeTHUUYECKHUX 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 3a/Ja4d IpaBOMEpHA B YCJIOBUSX M IUIAHOBOM M PBIHOYHOW SKOHOMHKH. 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
NPEAIoJIaraeTcs, YTO CIPOC Ha EKTPOIHEPTUI0 (PUKCHUPOBAH M YPABHOBELIMBAETCS €€ 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-3KOHOMHUYECKOTO OOOCHOBAaHHS PEHICHHH IO Pa3BUTHIO OTIENBHBIX OOBEKTOB
SIIEKTPOIHEPIeTUKU peIlaeTcs cleaAyromuM obpasoMm. CHadana aHaIM3UPYIOTCS MMOTEHIHMAJIbHBIE PHIHKH
cOBITa 3JIEKTPOIHEPTUH Ha OCHOBE IMEPCIEKTHBHBIX dHeprodanancoB D9C, B paMKax KOTOPBIX UCCIEyeTCs
JAHHBI 00BEKT. J[J1s1 3TOro MOTYT OBITH MCIOJB30BAHBI TPAAHIIMOHHBIE MOJICIH ONTUMH3AINN CTPYKTYPHI
TEeHEPUPYIOLIMX MOILIHOCTEH H PpEXUMOB HMX paboThl. 3aTeM  OLEHMBACTCA  CpaBHHUTENbHAs
9HEProdKOHOMHYECKast Y3(H(PEKTUBHOCTE 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 - PacyUETHBIH
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 PEIICHUI
M0 Pa3BUTHUIO CUCTEM U 3JIEKTPOIHEPTeTUIECKUX OOBHEKTOB.

[TpoGiiema 3akmodaeTcs B MPOBEPKE TOMTYCTUMOCTH PA3IMYHBIX PEKMMOB PACIPEEIICHHUs TIOTOKOB B
SNEKTPUYECKOW CeTH C YYeTOM OTpaHMYCHHWII 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
yHpaBIeHHs U1 00€CIIeYeHHUs JOIYCTUMOCTH PEXIUMOB, YCTOWYMBOCTH M HajexkHOoCcTH 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 39C, 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 IEePeHOCa YacTH
HEOTIPEIeTICHHBIX ITOKa3aTeNel U3 COYeTaHNH MCXOMHBIX TAaHHBIX B JIEMEHTHI TUIATEKHOW MATPHIBI, KOTAa
MOCJIeTHHE TIPE/ICTABISIOTCS B BU/IE HEYETKUX MHOYKECTB.

Ha nepsom smane Bcé MHOKECTBO HEONPEACICHHBIX TEXHHKO-DKOHOMHUECKUX 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 >neMEHTHI 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] BBIYUCISIETCS HEYETKOe 3HAYeHHE MaTeMaTHYeCKOTO OKUIaHUS
3atpaT (3QQeKTa), KOTopble 3aTeM CpPaBHUBAIOTCS JIPYT C APYroM TOCPEJACTBOM MPU3HAKOB CpaBHEHHS
HEYETKUX BEJTMYMH. BoNbIINiA 13 CpaBHUBAEMBIX IPU3HAKOB COOTBETCTBYET Jy4lIEMY BapPHAHTY PELICHHS.

K rpymnme aHanmm3a pemieHuss OTHOCATCS TaKKe 33/1a4yd OLEHKH M aHain3a (MHAHCOBBIX IMOKa3zaTelel
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, MPUHOCUMBII 00BEKTOM B rof ¢ ; R, - pacXojbl Ha COOPYKEHUE U IKCILTyaTalHI0 00beKTa

BIOJ /.

Bricokas 3¢dexTuBHOCT 000CHOBBIBAEMOr0 00BEKTa (BBICOKAs YHCTas MPUOBUIL HPU NPUEMIIEMOH
OTITyCKHOHW ILIEHE Ha D3JICKTPOIHEPTHIO, Mallblii 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 YCJIOBHUH, XapaKTEPU3YIOIIMX HEOIPEICICHHOCTh
pasBurus OOC, 1 K KpUTEpUEB OLEHKU KaXJ0ro U3 | BapUaHTOB pa3BUTHUsA cucTeMbl. Kaxxablil crieHapuit
MOKET JKCIIEPTHO OLEHHMBATHCS BEPOSTHOCTBIO e€ro peamu3amuu. Ilo pesympraTtaM wHCClenOBaHWN 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  OIEGHKM  MCHOJNB3YIOTCS IS pelleHds 3aJadyd  BbIOOpa € NPUMEHEHHEM
MHOTOKPHTEPUANBHBIX (QYHKIHHA mosie3HocTH. CHavYama HaxOAATCSl COCTABISIOMINE €€ (PYHKIUH MMOJIE3HOCTH
JUISL K&XKJI0TO KPUTEPHsI, a 3aT€M OLICHWBAIOTCS Beca JUISI CPABHEHHS OTHOCHUTEIBHON BAKHOCTH KPUTEPHEB.
Jnst peanmuzaiiuy 3TUX JBYX 3TAIOB B CBOE BpeMs ObUTH pa3padoTaHsl 3(()EeKTUBHBIE aTOPUTMBI.

[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 SKCIEPTa KaXkKA0T0 U3 YIYUTHIBAEMbIX 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 CLIEHAPUH BHEIIHHX YCIOBHI 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 IS TPYNIBl yYacTHUKOB B IIEJIOM; OMpEeNICHUe
palMOHAJIBHOIO COCTaBa YYacTHHKOB M  IeNecooOpasHOrO paclpeieieHHs 3aTpaT MEXIy HHUMH.
[IpenycmarpuBaeTcs 0OMeH nH(GOPMAIUE MEXY YUaCTHUKaMU OOBEAMHEHUS U 3aKIIIOUCHUE MEKIY HUMHU
B3aMMOBBITO/JTHOTO COTJIAIICHHSI.

PA3JEJI 3. KOMIIVIEKCHBIE 3ATAYY OBOCHOBAHMUSA PA3BUTUSA CJIOXKHBIX
TEXHUYECKUX CUCTEM
Tema 3.1. Ctparterus passutusa Equnoit 93C Poccun

Crparerust passutus Enunoit D3C Poccum paspabaTbiBaeTcsi Kak TOCyJIapCTBEHHAs CTpaTervs Ha
mepcnekTuBy 15-25 gmer BMmecTe co cMexHBIMH 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 W T.I.).
CoOTBETCTBYIOIIME TPUOPUTETHI 3aKJAAbIBAIOTCS HAa CTaAMM PETYIUPOBAHUS PEUIEHUH MOCPEICTBOM
rOCyJapCTBEHHOW IIOJUTUKA B HAJIOTOBOH, KpPEAWTHOH, SKCIOPTHO-UMIOPTHOW, LEHOBOW W APYIHX
00acTsIX.

Ha craguu ¢opmupoBanHust penieHuil aHaIM3HPYyETCS 30HA HEONPEAEICHHOCTH BHEIIHUX YCIIOBHIA:
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 MPEANIOUYTEHHS, OTPAYKAIOIINE OOIeHAIMOHATbHBIE
MHTEPECHl, HaNpUMEp, I'OCYAapCTBEHHAs MOJAEP’KKA YTOJbHOW MPOMBIILIJIEHHOCTH WIM OTEYECTBEHHOTO
sHepromammnHocTpoenus. [Ipouecc GopMupoBaHus pemIeHU OCYIIECTBISETCA KaK SBPUCTHUECKH, TaK U C
WCIIOJIb30BAaHUEM MOJIETIeH ISl WMCCIEeNOBaHMS B3aUMOJCHCTBHS JJIEKTPOIHEPIreTHKH C JKOHOMHKOW U
connagbHON cepoit, TormmmBHBIME oTpacisimu TIOK u ap.

Ha cragum aHanm3a pemieHui ONpenessroTcsl CTPYKTypa TEHEPHPYIOIIUX MOIIHOCTEH MO BUAAM
o0opymoBaHMs, pa3MEIIEHHEe HOBBIX JJEKTPOCTAHIWN 10 pEruoHaM, TPeOOBaHHA K MPOIMYCKHBIM
CIOCOOHOCTSIM MEKCHUCTEMHBIX CBsi3eil. [Ipu 3TOM MCHONB3yr0TCA, TIaBHBIM 00pa3oM, CUCTEMHBIE MOAETH
TEXHUKO-3KOHOMUYECKOTr0 00OCHOBAaHUS PELICHUH. YUeT HEONpPEAeICHHOCTH BHEIIHUX YCIIOBHI BO3MOXKEH
Ha Oasze muarexHoil Marpuubl. Becbma ympomeH 3geck n aHanu3 pabdorocnocobnoctu 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 9ero HeoOXOIMMO MCIIOIb30BaTh JOMOIHUTENBEHBIC MOJICNHN 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 aHamM3a U KOOPAWHALIMH PELUICHUH TPH 3TOM (DaKTUUECKH COBMELIAIOTCS.

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 PaHT
OrpaHUYCHUH.

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

Crparerus pa3BUTHS JHEPrOKOMIIAHHM, padoTalomeld B COCTaBE JHEProOOBCIMHECHHS, 3aHWMACT
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. Llenpio sBIseTCS MONyYeHHE MPEACTABICHUI O 1enecoo0pa3HbIX
HaNpaBJICHUSIX Pa3BUTHs SHEPrOKOMIIAHMHM C yYETOM HEOINPEIECJICHHOCTH BHEIIHUX YCIOBHM, Pa3IUYHBIX
NPEINIOKEHUH CyOBEKTOB OTHOUIICHWH, MPUHLIUIMHAIBHBIX MOJOKEHUH CTpaTernii W MporpaMM pa3BUTHSA
90C.

3amauu peryJupoBaHus PELICHUI B pacCMaTpPUBAEMOM CJIydae B 3HAUUTEIBHON Mepe criequ(pUIHbI 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 MCHOJb30BaHUE THUAPOIHEPTETHUECKUX PECYPCOB. DHEPrOKOMIIAHUSIM
cObiTa (CHAOXKEHYECKNM), OOECTICUMBAIONINM HETOCPEICTBEHHOE DJIEKTPOCHAOKEHHE ITOTpeOHTENeH,
HeO6XO[II/IMO HUMETL MNPCACTABIICHUC O IIOJIUTHUKE PETrHOHAJBHBIX IJSHEPICTHYCCKHUX KOMHUCCHH B 4YacTH
JBTOTHBIX TapuU(OB WK JOTAIMHA IS OTAENBHBIX KaTeropuid moTpedureneit. [ cereBoil KOMITaHUU BaXkKHA
MOJIMTUKA PETYIMPYIOLIMX OPTaHOB B OTHOLIEHUH Tapu(OB Ha yCIyTH IO Nepenade 3JIeKTposHepruu. Bo
BCEX Clly4yasix pEryJupoOBaHUE PEUIEHUH TMO3BOJIIET KOJIWYECTBEHHO OLEHUTHh BIIMSHUE TOJUTHUKHU
PETYIHPYIOUINX OPraHOB HAa pacCMaTpPUBAaE€MbIe BAPHAHTHI PA3BUTHUS SHEPTOKOMITaHUH.

OcHoBHbIE MPUHIMIIEI (POPMHUPOBAHHS PELICHUI OCTAIOTCA TEMH K€, YTO M B NPEABIAYILIEM Clydae.
OTanunst COCTOAT B TOM, 4YTO 30HA HCONPCACICHHOCTU MOXET GBITB MCHBIIC, NOCKOJIbKY MHOI'M€ BHCUIHUC
YCIIOBUS ¥ MIPEIIOYTEHHS CYObEKTOB OTHOIIICHUH YK€ OIpe/IeNieHbI PH pa3paboTKe CTpaTeruid U MporpaMm.
31ech NpOSIBISIOTCS HOBBIE aCHEKTHl HEONPEAECICHHOCTH BHEIIHUX YCJIOBUH M Pa3IMYHbIX NMPEIIOYTEHUH C
MO3MLMI aHAM3UPYEMOH SHEPTOKOMIIAHHWHU, CBS3aHHBIE C HEONPEAEJICHHOCTHI0 MOTHBALMHA U TOBEICHUS
JPYyruX CyOBEKTOB OTHOIICHHWI: 3YHEPrOKOMIIAHWH, 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'maBHas cnenmpuveckas npobieMa TakuX 3a7ad - 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  OHEProKOMIIaHMMW JOJDKHBI YYHUTBIBATHCA UYCPE3
(hOopMyJIUPOBAaHUE COOTBETCTBYIOIIMX OrPAHUUCHUI M KpUTEpHUEB. 31IeCh BAXKCH aHAJIU3 11EJIeCO00Pa3HOCTH
(MHAHCOBBIX U ApPYyrux mnokaszareneil IDC, pUCKOB, MO3BOJAIOUINX YTOUHUTD PEIICHUS, NMPUHUMAeMble JUIs
JTAbHENIIIET0 PAaCCMOTPEHHUS.

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 MOAXO0JIOB, 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.

ObocHoBaHuEe TpoekTa TpeOyeT pelleHHsT KOMIUIEKca 3ajJad, KOTOpble OOBEKTMBHO CBS3aHBI 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 €ro oOecledeHUs] KOHKYPHPYIOMIMMH HCTOYHUKAMHU,
BO3MOKHOCTSIX TOJyYEHHSI DICKTPOSHEPTHMH M3 JpPYrux 30H (PETHOHOB) H Op. 3aTeM CledyeT
[IPOaHAIM3UPOBAaTh HCTOYHMKM MHBECTHPOBAaHUS OOBEKTa MU BHIOpaTh HambOosiee PALMOHAIBHYIO CXEMY
MHBECTUPOBAHUS, JAOLIYI0 CaMble IIPHEMIIEMbIE 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 IpeoycMaTpuBaeT y4yeT, COIOCTABICHWE M AHANM3 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 PELICHUH HEOOXOANMO yIECTh BCE OTMEUEHHOE BHIIIEe pasHOOOpasue (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-DKOHOMHUYECKUMH  IOCICACTBUSIMU, aHAIHU3
paboTOCIIOCOOHOCTH CHUCTEMBI M T.[., TAaK W OIpeAeieHHne Moka3aTtened ((PHUHAHCOBBIX, SKOJOTHYECKHUX,
COLMANIBHBIX M JPYTHX), XapaKTepH3YIOUINX PacCMaTpPUBAEMBbIH AIIEKTPOIHEPIeTHUCCKUH OOBEKT, a Takke
YPOBHU COOTBETCTBYIOIIUX PHCKOB. ConepmaHHe CTaJruu KOOpAUHAIIUH pCH_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 YUYUTBIBATH MOTUBALUMIO TIOBCACHUA JAPYIUX 3aWMHTCPECOBAHHBIX Cy6’BCKTOB U MOXET
noTpe0OBaThCA UTPOBAs IIOCTAHOBKA 3a4a4H.

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

Benymeii TenaeHmer coBepIeHCTBOBAHUS MaTEMAaTHUECKIX MOAEIEH AT peLlieHNs] OCHOBHOM 3a1a4H
pasButus DOC — BBIOOpa €€ PalMOHAIBLHON CTPYKTYPbl — OCTAeTCA CTPEMJICHHE K JOCTAaTOYHO TOYHOMY
OTIMCAHHIO PEKUMOB pabOThI TEHEPUPYIOIETO 00OPYIOBAHUS C LENBIO YUeTa TEXHHYECKHX OIpaHHYCHHH, 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 is pemICHHs] OAHOW W3 OCHOBHBIX 3a7ad MpoekTupoBanus IIC -
BHIOOpa PallMOHATILHOM CTPYKTYPBI Te€HEpUpYIOMUX MolHocTel Enunoit n o6peannernsx 99C Poccun mo
TUNIAaM 00OPYZOBaHUS M YKPYITHEHHON CXEMBbI MEKCHCTEMHBIX dJIEKTPUUYECKHUX CBs3eil Ha mepcrekTuBy 10-
25 ner. Pe3ynbTathl penieHus 3TOM 3alaud WCIONB3YIOTCS MpPU MPOCKTHPOBAHUM pPErrHoHalbHBIX IIC,
NPOTHO3UPOBAHUM PA3BUTHA 3JEKTPOSHEPreTHKH M CMEXHBIX OTpacied (B yacTu TpeOoBaHMH K
SHEPrOMAIIMHOCTPOCHHUIO U Ap.). [Ipy 3TOM yUMTHIBAIOTCA BHEIIHHE OTPAaHMYCHUS HAa MaclITaObl 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),
MMEIONIast CIeyIOIIe 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 MEXKY3JIOBBIC JIMHUM 3JIEKTpOIEpeaayr O0BEIUHSIOTCS 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 OMHCAHNE HECKOJBKUX (10 YETHIPEX) CYTOYHBIX MHOTOY3JIOBBIX PEKHMOB
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 MOAyiIbHOM cXeMe, 4TO JA€T BO3MOKHOCTh BapbUPOBAaHUS [MOCTAHOBOK PEIIAEMBIX
3agad. [lomp3oBaTens MMeeT BO3MOXHOCTH BBIOOpPa TOYHOCTH YdeTa CIEAYyIOUHX (pakTOpoB B MOAETH:
pekuMa paboTel 000pyIOBaHUS, CIIOCOOOB ONMKMCAaHUs  DJIEKTPOCTAHIMHA W MEXKCHCTEMHBIX  CBs3eH,
tepputopuabaoil muddepentmanun 93C u ap. - 3a cyeT BKitodeHus B [IBK H30BITOYHOTO pacmpeHHOTO
Habopa TUTIOBBIX OJIOKOB MOJICITH.

[Tonp3oBaTenb BBOAUT UCXOJHBIE JAaHHBIE B JMAJOrOBOM PEKUME C MPHUMEHEHHEM CHCTEMBI MEHIO H
COOTBETCTBYIOIINX 3KpaHHBIX (hopM. DOpMBI BBOJA NAaHHBIX W BBIAAYM PE3yNbTAaTOB pacdyeTa ONU3KH K
MIPUMEHSEMBIM B PEaNbHOM MPAKTUKE W HE CBSA3aHBI C BHYTPEHHUM TNPEACTaBICHHEM STOi WH(MOpMaIuu B
MOJIETH.

Kommiekc «COHO3» BkItouaeT B ce0sl CIAeAYIONIUE TPOTPaMMBbIL:

1) MOJEJIb - nns BBoja wcxomHOW WHGOpPMAIMN W TpeoOpa3oBaHus €€ K BHIY, TpeOyeMoMy s
OIITUMU3ATOPA; BBOAUMEIE TaHHBIC TIOJIBEPTAIOTCS JIOTHUESCKOMY KOHTPOJIIO;

2) OIITUMU3ATOP - nns pemieHUs OCHOBHOM ONTHMHU3AIIMOHHOM 3a1a4ydl (BO3MOXKHBI Pa3iUYHbIC
pexumbl pabotel OIITUMU3ATOPA: mepBuuHBIN cuUeT, MPOAODKEHUE CUeTa paHee HadaTOW 3alayud,
YCKOpEHHBI TMepecyeT pelieHrs Mpu W3MEHEHHH 4YacTH WCXOAHOW WH(GOpMAIM, KpOMe TOTO,
OIITUMUM3ATOP ucnonb3yercs s BBIIAYU JBOMCTBEHHOT'O PEIICHMS 331a4H);

3) BBIBO/J - pacmudpoBbsiBaeT HOIYYCHHOE peElICHUE, QOPMHUPYET TpeOyeMble pPe3ybTHPYIOIINE
MOKA3aTeNX U BBIJIAET WX 110 3aKa3aHHBIM TI0JIH30BaTENeM TaOMUYHBIM U rpadrdeckuM Gopmam (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 CBS3M ¢ 0a3aMu JaHHBIX 110 Pa3BUTHIO JJIEKTpocTaHIMi Poccum u
TEXHUKO-I)KOHOMUYECKUX ToKa3arenel reHepupymoiero odopyaosanus. [lpexycMaTpuBaeTcs opraHu3anus
TaKOW CBS3W C JOPYrUMHU pa3pabaThiBaeMbIMH 0Oa3aMH NaHHBIX Pa3BUTHS DIIEKTPOIHEPTeTHKH. Komruiekc
MOKeT (YHKIIMOHHUPOBATh Ha MepcoHATbHON DBM HEOONBIION MOITHOCTH, OCHOBHBEIE (DYHKIMOHAIHHBIE
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 peaibHbIX 3aAadax.

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 AJIEKTPOSHEPTHH 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 JIEKTPHYECKUX CBSI3€H, 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 Mozenb pazputus DIC TpeacTaBIsieT 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
0TOOpaXXar0T COBOKYIMHOCTh KOHKpeTHBIX JIDII. DnekTpocTaHIMy SHEPTroy3J0B ONMCHIBAIOTCS MHOYKECTBOM
TPYNIT OJHOTHITHBIX arperaToB, HMEIONINX OJIM3KWE TEXHUKO-dDKOHOMHYECKHe ToKazarend. Mojenb
«COHO3» umeer OJOYHYHO CTPYKTYpy M BKJIHOYaeT B ceOs OJOoKM OajlaHCOB MOIIHOCTH, OaJlaHCOB 30H
CYTOYHBIX Tpad)UKOB Harpy3ku, HNEPETOKOB 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 obmiem ciyuae B MoJiesib BKIIIOYEHO U ONMCAHKUE MOTpeOUTENeH dlIeKTposHeprun. 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 IPEAIOAraeTcsl 3aJaHHOW 1 (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 TOKPBITUS DICKTPUYECKOW HATPY3KH HEJAOCTATOYHO, B MOJEIU
UCTIONIB3yeTCs  ONOK  «aedurmra TOTpeOUTeNel  AIEKTPOIHEPTHM», WMHUTHPYIOIIUHA  HEJOOTITYCK
ANEKTPUYECKON SHEPTUU M MOLIHOCTH.

Maremarndeckoe onucaHue mocienHero 0xoka anamorudno 0oky KOC mMomenu ¢ cooTBeTCTBYOIIEH
uHTEprpeTanue KodpuIMeHToB (QyHKIMOHAIa ¥ MATPUIBl OTPaHWYCHUN Monenu. J[ns 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()OUIMEHTHI JOIKHBI COOTBETCTBOBATH PEallbHBIM 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 SIEKTpodHepruei B AepuuuTHBIX pexumax; C jist - COOTBETCTBYIOILHE

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

MOIIHOCTh j -T0 00OpyAoBaHMs (OTPEOUTENS) B y3ie i ; Cjzi, C;‘li - yJeJbHbIE TIOCTOSIHHBIE €KETOHbIe
U3/IEPXKKH M TIPUBEACHHbBIC KAIUTAIOBIOXKEHHS B 3TO 00OpynoBaHme;, X 5, - TPOIYyCKHAsl CIIOCOOHOCTh

MEKCHCTEMHOM 2IEKTPHUYECKON CBS3M MEXKAY y3/IaMu [ H 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 1IEJIEBOM (PYHKIIUN ONMPEACISAIOT I'OJ0BbIC IIEPEMEHHBIC U IIOCTOSIHHBIC M3JICPIKKH
Ha OJICKTPOCTAHIMAX M  MOJCIUPYEMBIX IOTPEOUTENSIX, TPEThS COOTBETCTBYET IPUBEICHHBIM
KalUTANOBIOKECHHSM B WX pEANIN3allhi0, TOCIEAHUE B CYMMBI ONPEACINSIOT TOJOBBIE IMOCTOSHHBIE
W3JIEP)KKA U TIPUBECHHBIE KAIMUTAIOBIOXKEHHS B MEKCUCTEMHBIE DIIEKTPHUECKUE CBSI3H.

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’ uoOpaTHO; 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
NP MOJEJTUPOBAHUM CYTOYHOTO PeKUMa
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 KOAQ(PHUIMEHTH «IKBHUBAJICHTHOTO YHCIa CYTOK B Toxy». [Ipu MomenupoBanun
CYTOYHOTO PEKUMa HCIOJIL3YETCsl MPHUHIUI «ITO30HHOW ONTHMHU3AIMM» B COOTBETCTBUU C pPa3OHEHUEM
CyTouHOro Trpaduka Harpy3ku Ha TOPH3OHTAIBHBIC 30HBI  MPOJOJDKUTEILHOCTHIO 7  Yacos,
COOTBETCTBYIOIIHE MPHUPOCTaM HArPY3KHU B pa3HbIC Yachl CyTOK (puc. 4.1).

Jlns ydera KaleHIApPHOTO BPEMEHH CYTOK, KOTJa 3TO HE0OXOJUMO, HCIIONIb3YIOTCS COOTBETCTBYIOIIHE
MEPEMEHHBIC C WHACKCOM f -KaJCHIapHBIM YacoM rpaduka Harpy3ku. Huwke npuBeneH ¢parMeHT 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 ) M fp 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 DJIEKTPOCTAHIWN y3ma (M moTpeOuTenei-
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 »3TOM 3amucH, MpH 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 MOKPBITHH 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 O0OpyHOBaHHS 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 HX Pa0OTHI: BO3MOKHOCTb ITYCKOB-OCTAHOBOB, TEXHWYECKHH MHUHMMYM Harpy3ku minsi KOC,
MaKCHUMaJbHasl 0a3uCHasi Harpy3Ka 1 BO3MOYKHOCTD BBIPAOOTKH 3JIEKTPOIHEPruM 1o ce3oHaM roga s ['9C,
pexxumbl 3arpy3ku TOLI o TeropuKamoHHOMY IUKITY H Ap.

Juta TADC pexum 3apsiia ONUCBIBAETCS IEPEMEHHBIMY [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 KOKIBIN 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 10 00beMy BepxHero Bojoxpanminma ['ADC depe3 cpeqHECyTOUYHOE 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 BUJT

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 - MNPCACIbHBIC 3HAYCHUSA 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 NepeToOKaMu B 6anchax MOIIIHOCTHU
X%, + XS +XPP <X, (4.14)
it it i1 113
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® 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 pa3/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 3ajja4a 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
nenu (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 KOTOPBIX HAaXOIUTCS W ONTHMajbHOE, NpUBOJsIIEe 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. IlockonmbKy Bce

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

pacmosoKeHbl B MEPBOM KBaJpaHTe. DTO Ha pHc. 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, BIEUET 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.
9710 ypaBHeHHe NONyIIOcKocT. IIpy x3 =0 MBI HOTyYnM ypaBHEHUE OPSAMOM Ha IIIOCKOCTH X1 0x) !
azix) +azpxy + ﬁg =0.
ITo ogHy cTOpOHY OT Hee pacrojaraercs HONYMIOCKOCTb, rae x3 >0, Ho Apyrylo — HOIyIIIOCKOCTb,
rae x3 <0. JlomycTumble 3HaueHHs X3 pacroararorcs tam, rae x3 = 0. ITokaxkem 3to cTpenkoi (puc. 5.1).
Takum xe 00pa3oM MOTYT ObITH IOCTPOEHBI U BCE OCTalbHbIC Hpsmble x4 =0, ..., x, =0 U oTMeueHsl
JorycTuMble obmacT. Beimykieiit MHOTOyronsHUK OABC ymoBIeTBOpseT cucrteMe orpaHuueHuit (5.1),

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

Ha3zBaHUe oonacmu oonycmumuix pewrenuii (OJ1P).
Cpenu BcexX IOMYCTHUMBIX pEUISHHH HaM HEoOXOAWMO HAWTH ONTUMANbHOE, T.e. TaKoe, KOTOpOoe
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, paBubiii L/yo (puc. 5.2).
Ecnu npuHsaTh 3HaueHne Z' paBHBIM HEKOTOPOW HOBOI IOCTOSIHHOM L, TO WpsiMast y1Xp + YoXp =14
NepeMecTUTCS MapajlieNIbHO MEPBOH NpsSMON, IpUYeM Ha OcsAX OyIyT OTCEYEHBI OTPE3KH COOTBETCTBEHHO

Ly w Lifys.
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X2 A

Li/n

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

Puc. 5.2. Jluauu ypoBHs 11e7eBON QyHKIHN

Takum 00pa3oM, pa3nuYHBIM 3HAYECHUSIM Z' COOTBETCTBYIOT NPSMBIE, TapajieJbHbIe MEXTy COOOM.
OHU Ha3BIBAIOTCSA AUHUAMU YPOGHA UeNesoll hynkyuu (puc. 5.3).

Hanpasnenne yObBanust Z' omnpenensiercs 3HaKaMd Kod(GQUIMEHTOB yq M y,. BsaumHoe
pacnonoxenne OJIP, cooTBeTcTByIOmEH ypaBHeHHUSIM (5.3), 3aBHCUT OT 3HAKOB KOA(PQHHUIMEHTOB 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 IOKa3aH ciydad, KOrZJa ONTHMAalbHOE pEIIEHWE SBIACTCS
earHCTBeHHBIM. OJHaKO Tak ObIBaeT HE BCETAA.

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

Ecnu nuanm ypoBHS 1eneBoi GpyHKIMH pacoyiararoTcs MapajieIbHO 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.

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

Ecnu xe ypaBHEeHHs orpanudeHuil mpotuBopednssl, To OJIP MoxeT 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 MOMyCTUMBIX PElISHUI 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 PEILeHHUs TO0CTaTOYHO 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, nexamee B oqHol u3 BepmnH OJIP, Ha3wiBaeTCs onopHbim peutenuem, a cama BEpIIMHA —
ONOPHOU MOUKOU.

Ecnmn uumcno cBOOOAHBIX TEpeMEHHBIX k& =2, a uyncino Oa3WCHBIX IEPEeMEHHBIX pPaBHO M H
ONTUMAIBHOE PEIICHUE CYIIECTBYET, TO OHO BCETJ/Ia JIOCTHTaeTCs B OMOPHON Touke. B kaxmoil omopHOi
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 PAacHpOCTpaHEHBI W Ha Oojee oOIMMH cioydail, Koraa
k=n—-m, k>2.

X2 A

Puc. 5.7. BeipoxneHHbIN Cllydaii

OtMeTnM o01IKe 3aKOHOMEPHOCTH TPH MOUCKE ONTHMAIBHOTO PEIICHUS:

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

2. OnTuManbHOE pelleHre MOXKET ObITh He eIWHCTBEHHBIM. B 3TOM cilyyae NWHMH YPOBHSI IIETIEBOH
(GYHKIUM pacnojararoTcsl napaiesibHO TOM CTOPOHE MHOTOYTOJIBHHUKA JOMYCTHMBIX PEIICHHH, HA KOTOPOH
JTOCTUTAETCS MUHUMYM.

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

4. OnTuManbHOE PELIeHHE BCErza JIOCTUraeTcs B OAHOM M3 BEPIIMH MHOTOYTOJIBHHKA JOIYCTUMBIX
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
IS INTAHUPOBAHMUSA PA3BBUTUS TEXHUYECKHUX CUCTEM
Tema 6.1. Knaccudpukanus moaeneil niianupoBanus pazsutus 393C

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 nomycTiMOoe MHOXECTBO IIEPEMEHHBIX 33/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
0oTOMpaeTcs HAWITYUIINK 10 JTaHHOMY KPUTEPHIO IOIMyCTUMBIN 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 3a1aI0TCA
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 3aJlaHHbIE IPOEKTUPOBIIVMKOM BAPUAHTHI C YYETOM ONTHMAIBHBIX IS KaXJOr0 W3 HUX
YCIOBUN (PYHKIIMOHHUPOBAHUS U PA3BUTHSL.

HauOonee nmpocTeiMu SIBIASIOTCS MaTeMaTH4YeCKUe MOJIEJU NMPH ACTCPMUHMPOBAHHON MH(pOpPMAIMH O
Oyaymux yciuoBusX pa3BUTHs dHeprocucteM. OHM MO3BOJSIOT IMOJYYUTh PELICHUE, ONTHMAJIbHOE 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 COYETaHUI 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 Pa3sBUTHU PHEPrOCUCTEM NPUHUMAET IPYIIa CHEIHATHCTOB-3KCIIEPTOB,
YUMTBIBAIOIAS. KAaK PEKOMEHJALMM, BBITEKAIOIIME W3 PAcyeToB, TaK U JOIOJIHUTEIBHBIE CBEIACHUS,
MIPUBIICYCHHBIEC U3 OMBITA JKCIIITYaTal1H.

Tema 6.2. OnTHMHU3AMUOHHBIE MO/IEJIH [JIsl MOMCKA CTPYKTYPHI
reHepUpPYIOIIUX MOIIHOCTEl

OnTuMu3anus CTPYKTYpbl F€HEPUPYIOUIUX MOILIHOCTEW MPOU3BOAUTCS ABaxAbl. IlepBrlil pa3 — mpu
ONTHMH3ALUU TOIUIMBHO-3HEPIreTUUYECKOT0 KOMIUIEKCA CTpaHbl, TJE 3JEKTPOIHEPTeTHKa paccMaTpHUBAETCs
KaK TMOoJcHUCTeMa B OOIIEIHEPreTHUECKONW CHCTEME CTPaHbl; BTOPOH pa3 — MpHU ONTHMH3AIMH 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 MaruCTpalbHBIX TpyOompoBoaos u JIOII;

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

Kputepnem ONTUMaNBHOCTH CIIy’)KHT MHHMMYM CYMMAapHBIX HapOAHOXO3AHCTBEHHBIX 3aTpaT Ha
n00bIYy, mepepaboTKy, NpeoOpa3oBaHHME, pACHpEle]eHHEe W HCHOJIb30BAHHE TOIUIMBA IPU YCIOBUHU
YIOBIETBOPEHHUSI PAIMOHAIBHOW TOTPEOHOCTH HApOJHOTO XO3SHCTBa B Pa3IMUHBIX BHUJAX TOIUIMBA W
SHEPIMM. YUNTBHIBAIOTCA TaKXE OTPaHUMYEHUs 10 KaNWTAJIOBIOXKEHUSIM, TpPYAOBBIM pecypcaM,
JMMUTUPOBAHHON MPOIYKIMU APYTUX OTPACICH.

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

1) BBINONHAIOTCS. MHOIOBapUaHTHBIE ONTHMHU3ALMOHHBIE PACcUeThl, YTO IMO3BOJISIET MCCIENOBATH 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-3HEPIe€THUECKUX OTpaciel Mexay coOoid, 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 ONTHMHU3AIMOHHOM MaTeMaTHYeCKOM MOJEIH JISKUT CHMINIEKC-METOJ[ JIMHEHMHOTrO
[IpOrpaMMHUPOBAHUA.

Hcxonnas napopmanus Ui peLIeHus JaHHOH 3aauu caenyomas:

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

e pocT MOTpeOIeHUs] DIIEKTPOIHEPTHMH M TeIUla B MaciiTtabe CTpaHbl B IEJIOM H IO KaXIOMY
SHEPTOY3Ty JJIS KaXKI0TO pacCMaTPUBAEMOT0 IIEpHoia BPEMEHH;
PEKUMBI 3JEKTPOIIOTPEOICHHS AJIS1 pa3IMYHbIX YPOBHEH HepapXHu;
CTPYKTypa AEHCTBYIOLINX T€HEPUPYIOLINX MOIIHOCTEH U COCTaB CTPOSIINXCS SHEPrOOOBEKTOB;
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 3HAYCHUS CYMMApPHBIX 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 TIPEJICTABICHUE 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,

pasMmelleHHoi B ysne i; Fj; - MOWHOCTb, nepejasacMas 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,;; - IOTPEOHOCTD y371a i B pe3epBHOi 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 ClIydac, Koraa pexkum pa60TBI 3J'I€KTpOCTaHI.IHfI
n3BeCTeH. B IIPOTHBHOM CJIy4a€ BCJIMYMHA Tmrﬂ SIBIIICTCS HEM3BECTHOM HepeMeHHOﬁ, a yCJIOBHC OanaHca

SHEPruu — HenuHeWHo. 14 mepexoja K JMHEWHOMW MOCTAaHOBKE MCKOMAash MOIIHOCTb 3JIEKTPOCTAHLIUNA
3a/1a€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

31



@@ (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/ILICHI/ISI:

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) nmpenenbHas MPOMYCKHAsE CIIOCOOHOCTD CYIIECTBYIOUIMX M BHOBL BBOAMMBIX JIDIT Mexny y3namu i u
j 10 MOIITHOCTH U DHEPTUU:

HO8 aw
Py +P; =P <Py

9y +2i — P} T,

oy
i <P,

i
rae Pij’?og - UCKOMasi BEJIMYHMHA MPOIYCKHOW CHOCOOHOCTH BHOBb BBOJMMOW JIMHHHM MEKAY Y3JIaMH | U |;

oy
By
94aCcOB UCIOJIb30BAHUS MTPOIYCKHOMN CIIOCOOHOCTH;
4) nmpenenpHOE 3HAYEHUE YHEPropecypca

2 P Tyypiby < By
rf

- MMPOITyCKHad CIIOCOOHOCTH CYIIECCTBYIOIIUX JIMHUM MCXKAY 3THUMU Yy3JIaMU; Tml] - r'OJOBOC YHCJIO

rae b, - yACIbHBI paCcXO TOILINBA f anekTpocTaHIMY TUMA I B y3JI€ | TPU YUCIIC YaCOB UCIIOJIb30BAHHUS €€
MOWHOCTH Ty 3 By - 3aaHHOE 3HAYCHHIE OTPAHUYCHHOTO SHEPropecypea;

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
CIIOKHBIMH MOJIEIISIMH, B KOTOPBIX YYWTBHIBAIOTCS YCIOBHUS BKJIFOYEHHS WCTOYHHKOB C OTPAHHMYEHHBIMHU
3aracaMu 3HepropecypcoB B rpaduk Harpy3ku OOC M TEXHMYECKHUE OTPaHUYCHHUS HA PEXKUMBI PabOThHI
ANEKTPOCTAHLUH.

4.3. JJabopaTopHble padoThI
Y4eOHBIM MIIaHOM HE MPEAYCMOTPEHO

4.4. IIpakTH4yecKkne 3aHATHS

Buo
3AHAMUA 6
Ao Homep Haumenosanue mem ) Obvem unmepakmusynoﬁ,
/i pazoena NPAKMUYECKUX 3AHAMULL (wac.) axkmuenoil,
OuCHUUNIUHD UHHOGAUUOHHOTL
dopmax
(uac.)
1 4 Pacnpenenenue  akTUBHOM ~ MOIIHOCTH 4 i
Mexay TOC
OntumanbHOE paclpeeieHue aKTUBHOU pasbop
2 4. MomHocTH Mexay TOC rpaaueHTHBIM 4 KOHKPETHBIX
METOJ0M CHTyaHHf/’I (1"IaC.)
3 4 OntuManbHOE PpaclpesieiCcHHe aKTUBHON 4 pasbop
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MomHocTH Mexay TOC meronom HeroToHa KOHKPETHBIX

BTOPOTO MOPSI/IKA curyannii (1gac.)
12 pazoop
4 5. JIuHeitHoe mporpaMMHUpOBaHUE KOHKPETHBIX
curyamuii (24ac.)
5 5. CHUMILIIEKC-METO 6 -
6 5. TpancnopTHas 3aj1aua 4 -
HUTOro 34 4

4.5. KoHTpo/1bHBIEC MEPONIPUATHSA: KypcoBasi padoTa

Tema:  «OnTuMu3anus pa3BUTHS CII0KHOU TEXHUYECKON CUCTEMBI»

[lenp KypcoBOil pabOTBI — TPUOOpPETEHHE HABBIKOB HCIOJB30BaAHUS METOJIOB
MaTEeMaTHUYECKOTO MPOrpaMMHUPOBAHMS JJIsi PEIICHUs 337ad BbIOOpa CTPYKTYpPhl T'€HEPHUPYIOIIMX
MOIIIHOCTEN 99C u BbIOOpa ONTHMAaJIbHON KOH(HUTypanuu MHOT'OKaHaJIbHOI
TEJIEeKOMMYHUKALIMOHHON CETH.

[Ipy BBIMONIHEHWH PAOOTHI HUCHONB3YETCS CIENHMATBLHOE MPOTrPaMMHOE OOECIeUeHue,
MO3BOJIAIOIIEE PelIaTh 33Ja4 YIPaBICHUS PA3BUTHUEM CIIOKHBIX TEXHUYECKHX CUCTEM.

Pexomennyemerit o0bem: [losicauTenbpHas 3amucka oobemom 10-15 crpanull moJpKHA coaepKaTh
TUTYJAbHBIA JIUCT, 3aJaHHE, OMHCAHHE BBIMOJHAEMBIX [EHCTBUI MO KaXIOMY pasieny u
MOJIyYEHHBIC PE3YJIbTATHI.

Brimaua 3aJJaHus, 3aliuTa KP IpOBOAUTCA B COOTBCTCTBHHU C KAJICH AAPHBIM y‘Ie6HBIM rpaq)I/IKOM.

Ounenka Kpurepun onenkn KypcoBoii padoTbl

OTIINIHO COOTBETCTBUE TPEOOBAHUSAM IO CTPYKTYPHOMY COACPNKAHHUIO H 00BEMY
paboThl, TMPaBHILHOCTh BBINOJHEHHUS 3aJ@HHsI, COIPOBOKIAFOIIETOCS
cXemaMmu, Ta0nuiaMu, (GopMyiIamMH, CaMOCTOSTEILHOCTh BBIMIOJTHCHHUS,
oopmieHre pabOThl ;COOTBETCTBYET TpeOOBaHUSM; TI'PaMOTHOCTb,
OTCYTCTBHE CTHJIMCTHUYECKUX ONIMOOK; YBEPEHHOE BIIAJICHHEC MaTEPHAIIOM
TIPU 3aIlUTe.

XOpOIIO COOTBETCTBUE TPEOOBAaHUSAM MO CTPYKTYPHOMY COAEpPNKAHUIO U 00BEMY
paloThl; MPaBWJIBHOCTH BBIOJHEHHS 3aJlaHMsl, COIPOBOXKIAIOIIETOCs
cXeMaMHy, Tabnuuamu, (popMmynamMH; CaMOCTOSITEIIBHOCTh BBIIOJHEHMS,
odopmieHre pabOThl; HE MOJHOCTHIO COOTBETCTBYET TPEeOOBaHMAM;
rPaMOTHOCTb, OTCYTCTBUE CTHJINCTUYECKUX OLIMOOK; XOpOIIee BiaJIeHUue
MaTEpUaIOM IIPH  3aIUTE.

YIIOBJIETBOPUTEIHLHO HE TMOJIHOE COOTBETCTBUE TPEOOBAHUSIM IO CTPYKTYPHOMY COJEPKAHUIO U
00beMy paboThI; HETOYHOCTh BBITIOJIHCHUS 3a/1aHMUS,
COTMPOBOXKIAIOIIETOCS CXeMaMH, Tabnuiamu, GopMyliaMu, MePexoaHBIMU
XapaKTePUCTUKAMH, YaCTHYHAs  CaMOCTOSATEIHHOCTh  BBITTOJHEHUS;
opopmieHre pabOThl; HE TOJTHOCTBIO COOTBETCTBYET TpPeOOBAHMUSIM,
HAIMYUE HEKOTOPHIX CTHJIMCTUYECKUX OIIMOOK; HE YBEPEHHOE BIIaJICHUE
MaTepUaIOM IIPH 3aIUTe.

HEYJIOBJIIETBOPUTEIHLHO | HECOOTBETCTBUE TPEOOBAHUAM MO CTPYKTYPHOMY COJIEPKAHUIO U 00bEMY
paloThl; HENPaBHJIBHOCTh BBIMOJHEHHUS 33JaHUs, CONPOBOKIAIOIIETOCS
cxemaMmu, Tal0numamu, QopmyiaamMH, MEPEXOJHBIMH XapaKTePUCTUKaMH,
OTCYTCTBHE CaMOCTOSITEIIbHOCTH BBIIOJIHEHUs; 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
Ne, naumen e Kon-60 IIK IIK 2 t wac Buo Ouenka
pazoenoe oucuyunaumn uacoe 11 15 Komn. » YUeOHbIX 3aHAmuIl pe3yiomamos
1 2 3 4 5 6 7 8
1. OnTuMu3anMoOHHbBIE 337241 11 + + 2 5,5 JIk, CPC 3auer, KP
2.0cobeHHocTu pa3BUTHS 16 + + 2 8 JIk, CPC 3auet, KP
COBPEMEHHBIX TEXHUYCCKUX CUCTEM
3.KoMmiuiekcHbie 3a7Jauu 13 + + 2 6,5 JIx, CPC 3auet, KP
000CHOBaHUS PA3BUTHS  CJIOKHBIX
TEXHHYECKUX CUCTEM
4. Marematrueckoe MOJIeTHpOBaHUE 11 + + 2 55 JIk, I13, CPC 3auet, KP
Pa3BUTHUS TEXHHYECKUX CHCTEM
B COBPEMEHHBIX YCIIOBHSIX
5.MaTteMaTH4eCKHe MOJICITH u 15 + + 2 7,5 JIk, I13, CPC 3auet, KP
METOBI JIMHENHOTO
MPOrPaMMHUPOBAHHUS
6. OnTUMH3aLMOHHBIE MOJICIIH 42 + + 2 21 JIk, CPC 3auet, KP
JUIST TUTAHUPOBAHMUS pa3BUTHUA
TEXHUYCCKUX CHCTEM
6ce2o uacos 108 54 54 2 54
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6.
CAMOCTOSATEJBHOM PABOTBI OBYUAIOIIUXCS IO JUCIHUIIJINHE

NEPEYEHDb VYYEBHO-METOIUYECKOI'O OBECIIEYHEHUA JJs

1. Kyapun, b. 1. DnexrpocHabkeHUE MPOMBIIUICHHBIX MPEINPUATHH ;| Y4eOHHUK I BY30B /
b. U. KynpuH. - 2-e uza. - Mocksa : Uarepmer Unxunupunr, 2006. - 672 c.
2. CnpaBOYHUK IO MPOEKTUPOBAHUIO JEKTPUUECKUX CeTeil: crpaBouHoe u3nanue / [lox pen.
J1. JI. daitbucoBuua. - Mocksa: HL DHAC, 2006. - 320 c.
7. TEPEYEHb OCHOBHOM W JONOJHUTEJIBHON JINTEPATYPHI,
HEOBXOJIUMO 1151 OCBOEHUS JUCIATINHBI
Buo | Konuuecmeo
N Haumenosaniue u30anus sansa- | 2Kk3emnnapoe | Obecneuen-
mus 6 Hocmb,
(I, oubnuomexe, | (3K3./ 4yei.)
113, KTI) T.
1 2 3 4 5
OcHOBHas JuTepaTypa
1. Crpymensk, A.B. Dnekrposneprernueckue cucreMmbl v | JIk 73 1
cetu: yue6Hoe mocobue / A.B. Ctpymensk. — bparck:
bpl'V, 2014. - 186 c.
2. DneKkTponuTaHnue YCTPOMCTB u cucrem | JIk, 10 0,5
TeJIeKOMMYHUKaIMil: yuyeOHoe mnocobme / B. M. | II3
Bbymyes [u np.]. - Mocksa : ['opsiuast nunusi- TenekoM,
2011.-372c.
JlonoJIHUTeIbHAS JTUTEpaTypa
3. UrnarseB, N.B. Dnexrtpuueckue cucrembl u cetu: | [I3, 142 1
yuebnoe mocobue / U.B. UrnateeB. — bparck: T'OY | KII
BIIO «bpl'¥», 2008. — 210 c.
4. AbpamoBa, E. KypcoBoe mnpoektupoBanue 1o | KII 1(QY) 1
JIEKTPOCHAOKEHHUIO IPOMBIIIJIEHHBIX MPEANPUITUH :
yaeOHoe mocobue / E. AGpamoBa ; MuHHCTEPCTBO
oOpa3oBanuss u Hayku Poccuiickoit ®eneparnumy,
®denepasibHOE roCy/1apCTBEHHOE Or0/1’KEeTHOE
o0pa3oBaTenbHOe yupexaeHue BBICLIETO
npodeccuoHaibHOTO 00pazoBaHusi «OpeHOYpPrcKuii
rocyJapCTBeHHbIN yHuBepcuteT». - Opendypr : OI'Y,
2012.-106¢c. ;
To xKe [D51eKTpOHHBIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=2
59181 (02.03.2018).
S. l'eittenko, E. H.  HWcrounukum  BrOpmuHoro | JIk 30 1
anekTponuTanusa. CXeMOTeXHHMKa M pacueT : ydeOHoe
nocooue mna By3oB / E.H.Ieiitenko. - Mocksa :
Conon-IIpecc, 2008. - 448 c. - (bubmuoreka
WHXKEHEpa).
6. Hrnarses, N.B. IIpoextupoBanue paiionnon | 113 112 1

JJEKTPUYECKON CETH: METOAMYECKUE YKa3aHus K
BBINOJIHEHUIO KypcoBoro mpoekta / WM. B. Urnatbes,
A. B. Crpymensik. - Bparck: bpl'Y, 2014. - 82 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 CETH «MHTEPHET» HEOBXOJINMbIX
JJIs1 OCBOEHUA JUCHUITJIMHDBI

1.2neKTpOoHHBIN KaTajor OnOIMOTEKH bpl'Y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21C
NR=&Z7211D=.

2. DnekTponHas oubiamoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DIeKTpOHHO-OMOIMOTEeUHas cucTeMa «Y HuBepcuTeTckas oubanoreka onliney http://biblioclub.ru .
4. DnexTpoHHO-O0MOIMOTeYHas cuctema «M3aaTenscTBo «Jlanb»

http://e.lanbook.com .

5. HWudopmaumonnas cucrema "ExamHoe oOkHO [ocTyma K 00pa3oBaTelbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snexrponnas 6ubnuoreka eLIBRARY.RU http://elibrary.ru .

7. Yuusepcurerckas nnpopmarmonHas cuctema POCCHUSA (YUC POCCHUSA) https://uisrussia.msu.ru/ .
8. HanmmonanpHast 3nexkTpoHHas oubnmmnorexka HOb

http://xn--90ax2c.xn--plai/how-to-search /.

9. METOJIMYECKUE YKA3AHUS IS OBYYAIOLIUXCS MO OCBOEHMIO
JUCHUTIIMHBI

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

IIpakTnyeckoe 3anaTHe Nel
1. JIuHeliHOe MIPOrpaMMHUpPOBaHUe

1.1. ®opMbI MOI€JIN 321a4H1 JJUHEHHOT0 MPOrPAaMMHPOBAHUSA

Mogenb 3afayd JIMHEWHOTO MPOrPAMMHUPOBAHUS MOXKET OBITh 3aJaHbl B OJHOW W3
CIEYIOIHX (HOpM:

Kanonnueckas ‘ CrangapTHas ‘ O6mas
1. OrpauuyeHus
YpaBHeHUs HepasenctBa YpaBHEHUS U 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 HEOTPUUATEIbHOCTH
Bce nepemennbie Bce nepemennbie YacTp nepeMeHHbIX
Xk>0(k=1,...,n) Xk>0(k=1,...,n) xx>0(k=1,...,5,5<n)
n
3. Hens 3agauu L= ZCka
k=1
max L \ max L umm min L \ max L s min L

1.2 OcHOBHBIC NOHATHA
L — neneBas ¢pyHkuMs (GyHKIUS LETH).
Matpuueit cucreMbl JUHEHHBIX YPaBHEHMH Ha3bIBaeTCsl TaOiMlla, COCTaBJCHHAs U3
ko3 dunmentos ai (1= 1,...,m; k=1,....,n) npu Xy, Xg,..., X.
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PacmmpenHoit Matpuiiell CHUCTEMbl JMHEWMHBIX YpPAaBHEHUW Ha3bIBACTCA Ta K€ MaTpula,
JIOIIOJIHEHHASI CTOJIOIOM CBOOOIHEIX YiIeHOB Dy, b, . .., 0.

I — paHr MaTpuibl — HAUOOJBUINI MOPSAOK OTIMYHOTO OT HYJNS ONpeNeiuTeNsi, KOTOPhIH
MO>KHO MOJYYHTh, BRIYEPKUBASI U3 MATPHUIIBI KAKHE-TO CTPOKHU M KAKUE-TO CTOJIOIIBI.

Ecnu cucrema ypaBHEHUN-OrpaHMYEHUH 3a/1a4ll TUHEHHOTO MPOrPaMMHUPOBAHUS COBMECTHA,
TO MaTpHIla CUCTEMBI U €€ PaCIIMPEHHAs MaTPUIA UMEIOT OJUH U TOT K€ PaHTr.

OTOT OOIMIA paHT I' Ha3bIBAETCS PAHTOM CHCTEMBbI; OH IIPEJCTABIsIET COOON HE YTO MHOE, KaK
YUCTIO TUHEUHO He3ABUCUMbIX YPAGHEHUT CPEJIA HAJIOKEHHBIX OTPaHUYCHHM.

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

1.3 I'pa¢dmueckoe penieHue 3a1a4M JUHEHHOTO MPOrPaAMMUPOBAHUS
['padmyecku MOTYT pemaThCsi:

] 3aJauu, 3aJJaHHbIC B KAHOHUYECKOH (hopMe ¢ 4nciomM CBOOOIHBIX MEPEMEHHBIX N
—-r<2;

. 3a/7aud, 3aJaHHbBIE B CTaHIApPTHOW (¢dopme, couaepxkamme He Ooyee ABYX
NEePEMCHHBIX;

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

coJiepKaTh He 0ojiee ABYX MEePEMEHHBIX.
Pemenne 3amaun BBIOJHSETCS B JBa dTama: MOCTPOSHHE 00JACTH AOMYCTUMBIX pPEIICHUI
(O1P) u HaxoxAeHue B 3TON 00JIACTH ONTUMAJIBHOTO PELICHHUS.
[Tpu noctpoenuu O/IP MoKeT BCTPETUTHCS OJUH U3 CIECAYIOLIUX CIy4YacB:

° mycrad O6J'IaCTb;
° BBIHYKJ'IHﬁ MHOT'OYT'OJIbHUK;
° HCEOTpaHNYCHHAA BBIITYKJIAsd MHOT'OYTI'OJIbHAA 00/1aCTh.

B nepBoMm ciyuae 3a7aua He UMEET PEIICHUS U3-32 HECOBMECTHOCTH CUCTEMbl OTPAaHUYEHUN B
OJIP; Bo BTOpOM cilydae 3ajada BCErJa MMEET ONTHMAJIbHOE PCIICHUE; B TPEThEM Ccllydae, B
3aBHCUMOCTH OT HampasieHus Bektopa C (oT koddduinmentoB ¢pynkuuu L), 3aga4a MOKET UMETh
WM He uMeTh perieHus. [lociennee cBsi3aHO ¢ HEOTpaHUYEHHBIM Bo3pacTaHueM (Lmax — o0) wim
yobiBanueM (Lmin — —o0) dynkuu L 8 OIP.

3amaya MOXET WMETh EAMHCTBCHHOE ONTHMAIBHOE PEHICHHE, COBIAIAIOIICEe C OJHOW W3
BEPIMH 00JIaCTH, U OECYMCIIEHHOE MHOXECTBO pEIIeHMi (aIbTepHATUBHBIN onTUMyM). B cimyuae
QTBTEPHATHBHOTO ONTUMYMa M OTPAaHWYCHHOW OOJACTH ONTHMAbHBIC PEIICHUS COOTBETCTBYIOT
BCEM TOYKaM OTpe3Ka, COEAMHSIIOIIETO 1B BEPIIUHBI 00acTu. B ciiydae HeorpaHinueHHOM 061acTi
MOXKET OKa3aTbCs, YTO CPEAM MHOXKECTBA ONTHMAIBHBIX PEIICHUH TOJHKO OJHO COBMANAET C
BEPILMHOI 00acTu.

1.4 Illpumep rpaduyeckoro peumeHus 3a1a4M JUHEHHOr0 NPOrpaMMHpPOBaHUS

Paccmotpum 3anauy, 3anmMcaHHyro B KaHOHUYECKOU (hopme.
Haiitn MuHMMYM JIMHENHHON (QYHKIIMK CEMU NEPEMEHHBIX
L = X1 — Xo + 2X3 — X4 — 3X5 + Xg — 2X7.
YpaBHEHMs OTPAHUYECHUIA:

X — X, + X, =4,

2%, — X, = X3 — X, =5,

X, + X, =X, =—4,

X, + Xg =5,

2X, —2X, = X, +2X, = 1.
x>0(k=1,...7)

Pemenne. BriGepem B kauecTBe CBOOOJHBIX NMEPEMEHHBIX, HAlPUMEp, X1 U X2 M BBIPa3uM
yepe3 HUX OCTalibHbIe (0a3UCHbIC) IEPEMEHHBIE: X3, X4, X5, X6, X7. VI3 IEpBOTO ypaBHEHUS UMEEM:
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X, ==X + X, +4.
N3 tperbero
Xs =X + X, +4.
N3 yeTBepToro
Xg = —X, +O.
[ToxncraBisis X3 BO BTOPOE YpaBHEHHUE U X — B IIOCIIEAHEE U pa3peliasi OTHOCUTEIBHO X4, X7,
UMEeM:

X, =3X —2X, +1,

1
X, =—x1+5x2+6.

OJIP moay4aercst MOCTPOCHUEM MPSIMBIX, OrPaHHYUBAIOIINX 001acTh, B KOTOpoi Xk > 0 (K =
1,....,7).
[Moacrasisis monyydeHHbIe BoipakeHust i Xk (K= 3,...,7) B neneByto QyHKIIUIO, HMEEM:

L =-5x, —2x, —12.

OcHoBHas npsaMasn L’ oTinuyaercs ot L OTCYTCTBUEM CBO6OI[HOFO YJICHA

, —
L"=-5x —2x,.
[Tpsimast L’ = 0 mpoxoauT yepe3 Hayaio KOOPJAMHAT U JUIsl €€ OCTPOEHUS HEOOXO0AUMO B3SITh
KaKylo-Tu00 eIle TOuKy, JIeXkallyld Ha 3TOH mpsaMoil: mycTe X3 = —2, torma X = 5. Ilpu

IepeMeIleHNH MpsIMOi IeneBoi (GYHKIMM MapaieabHo camoi cebe ¢ynkmus L Oymer
YBEJIMYMBATHCSI WM YMEHbIIAThbcA. B Hamem ciydae TpeOyeTcs MHUHHMHU3UPOBATH LEIEBYIO
¢ynkuuio. CoBEpUICHHO SICHO, YTO JJISl TIOJOXKHUTENBHBIX X1 U Xp yMeHblienue ¢ynkmuu L Oymer
IPOMCXOIUTH NPH NEPEMEIIEHUH NPSMON B HallpaBJIeHUHU BIpaBo U BBepX. [locaenuss Touka O/IP,
KOTOpas emie OyJeT JiexaTb Ha MPsSMOW IeNeBOW (YHKIUHU, HAXOIUTCS Ha MEPECeueHUH ABYX
npsmbix X = 0 m X7 = 0. KoopauHaTsl 3TOH TOYKM M JAalOT ONTHMAIBHOE PEIICHHE 3a/aud
JMHEWHOTO IPOTPAMMHUPOBAHHUSL.

3ananmne 1
Haiiqure munuMyM 1ieneBoit pyuakuuu f(X,y) = ax + by npu orpannueHumsx.

Ne f(x,y) OrpaHudcHHUs

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+y>6 x>0 | y>0
5 3X + 2y X+y<6 X+2y>5 2X+y>3 x>0 | y>0
6 3x + 2y X+y<g 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 X+y<lIl X+2y>11 2x+y=>11 x>0 | y>0
9 3X + 2y X+y<9 X+2y>9 2Xx+y>9 x>0 | y>0
10 3X + 2y X+y<10 X+ 2y <10 2X+y<10 x>0 | y>0
11 2X + 5y X+y>1 X+2y<10 2x+y<10 x>0 | y>0
12 2X + 5y X+y>4 X+2y<12 2X+y<12 x>0 | y>0
13 2X + 5y X+y=>4 X+2y<13 2Xx+y<13 x>0 | y>0
14 2X + By X+y>5 X+2y<14 2Xx+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 + By X+y>7 X+2y<13 2X+y<9 x>0 | y>0
18 2X + 5y 2Xx+y>8 X+2y<15 2x+y=<10 x>0 | y>0
19 2X + By 2X+y>9 X+2y<17 2Xx+y <11 x>0 | y>0
20 2X + 5y 2X+y>3 X+2y<3 2x+y<4 x>0 | y>0
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I[Ipumeuanue. IIpu nocrpoenun OJIP M3 Kaxkaoro HepaBEHCTBA BHIPA3UTH Y uepe3 X,
npoBectu npsamyio Y = f(X) u cuurare momyctumoit Ty obmactk oT mpsmoi, rae Y > 0. Ykazarb
LITPUXOBKOU CTOPOHY JOIIYCTUMBIX 3HAYCHHH.

BbruucnuTth onTUManbHble 3HaYEHUs NEPEMEHHBIX M 3HAYeHHE 11eJIeBOH (YHKLIUU B TOUKE
ONTUMYMa.

X=0 _
%, (X, = 0) Xs=0 X3=0

> ¥ 2
e @ 3 M _
s R M\‘Hx‘x‘x‘ﬂx\\\\\\\’ﬂx\‘x‘@x ‘x‘”&x‘x‘x\\\\\\\h 5=0

oo

I R

X1 (X2 = 0)

Puc. 1. I'paduueckoe pemenue 3JI1 qist npumepa

3aganue 2

Jist 3aa4n TMHEHHOTO TIPOTPaMMHUPOBAHMSI, 3alIMCAHHON B KAHOHUYECKOH (hopme, BEIOpaTh
CcBOOOJIHBIE TIEPEMEHHBIE U BBIPa3UTh 4Yepe3 HUX Bce ocTajbHble nepemeHHsle. [loctpouts OJIP
WIM NIO0Ka3aTh, YTO OHA HE cyulecTByeT. B ciyuae cymectBoBanus O/IP HaiiTu MUHMMYM Lien€BOI
(YHKLMU WM T0Ka3aTh, YTO 33/1a4a HE UMEET PEIICHUs.

BapuanTsl 3aganus 2 BbIIAIOTCS IPENOJaBaTENIEM.

OcHoBHast TuTepaTypa

1. DOnexTponuTaHHe YCTPOWCTB M CUCTEM TEIEKOMMYHUKalui: yueOHoe nocobue / B. M.

Bbymiyes [u np.]. - Mocksa : I'opsiuas nmunus - Tenexom, 2011. - 372 c.
JlononHuTENBHAS IUTEPATYpa

2. DneKTpudecKHe CUCTeMBI U ceTu: yuebHoe mocodme / M.B. UrnateeB. — bpatck: [OY
BIIO «bpl'¥», 2008. — 210 c.

3. UrnareeB, U.B. IIpoektupoBanue paifOHHONH DIIEKTPHUUYECKOW CETH: METOJUYECKUE
yKa3aHMs K BBIOJHEHHIO KypcoBoro mpoekta / M. B. Urnatees, A. B. Ctpymensk. -
Bpatck: bpI'Y, 2014. - 82 c.

IIpakTnuyeckoe 3ausaTue Ne 2

CI/IMHHCKC-MGTOH I HAXOKACHUA PCUHICHUA 3alavun JIMHEHHOT O nporpaMMHupOBaHuAd

2.1. OcHOBHBIC TOHATHSA

Onopnoe peuieHue — pellieHUE, JeKaIee B OJHONW U3 BEPIIMH 00JAaCTH JIOMYCTUMBIX PEIICHUN
(Op).

Cmanoapmuas popma 3anucu ypasHeHul oepaHudeHutl — CACTeMa YpaBHEHUM, pa3perieHHast
OTHOCHUTEJIbHO Oa3MCHBIX MEpeMEHHBbIX C KO3(pQHUIMEHTaMH TpU MEPEMEHHBIX, B3ATBIMH C
00paTHBIMU 3HaKAMU OTHOCUTENIbHO UCXOITHOU CUCTEMBI.
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IIpumep. [1a1p ypaBHEHUI OrpaHUYEHUN C YETHIPbMSI CBOOOIHBIMU TIEPEMEHHBIMHU X1, X2, X3,
X4, PA3pPEIICHHBIX OTHOCUTENBHO ISITH 0a3UCHBIX TIEPEMEHHBIX Y1, Y2, Y3, Y4, V5!

Yo =0 — X X, X + X,
Yo =0, = X + X, + peXs + X,
Yo =Dy — 0y X + X, + UgpXg + X,
Yo =0, = X+ X, + X + X,
Ys =D — 05X, + )X, + ey Xy + gy X,

3mech —a;; = Ly (i=1,...,5;] = 1,...,4)).

Cmanoapmuas mabauya — Ta0IUIA, COCTaBICHHAS U3 KOY(PPUIIMEHTOB CTaHIAPTHOU (HOPMBI
3anycyu ypaBHEHMI orpanudeHuil. IlepBoiii cTonben Tabauibl cOCTaBICH U3 CBOOOAHBIX YICHOB, a
ocTtajbHble M3 KO3(h(GUIMEHTOB IpU CBOOOJIHBIX mepeMeHHbIX. g ymoOcTBa pacueToB B
CTaHJAPTHYIO TaONUIly AO0ABISIIOT CTPOKY KOI(PGUIMEHTOB IS IIENIeBOM (YHKIIUU TaKKe
BBIPQXEHHYIO B CTaHAApTHOH Qopme:

L =co— (O1xX1 + OoXo +02Xo + [aXe), (—Ci= 0y, 1=1,...,4).

Ipumep. s cTaHgapTHOH CHCTEMbl YpaBHEHUM, MPUBEACHHOW BHINIC, C J00aBICHUEM
CTPOKH T KOO (HUIIMEHTOB IEeNeBOM (DYHKIIUM CTaHAAPTHAS TAOJIHMIIA UMEET BHI:

CBOOOIHBIM X4 Xo X Xa
qJIcH
L Co Dl Dz Dg D4
yl bl Dn Dl: DID DID
Y2 b, e | O Uoo | Ooo
Y3 bs Uy | Ooo | Uoo | Ooo
Ya by Oy | O Uop | Qoo
Ys bs Uy | Ooo | Uoo | Ooo

Taxyto TabaHIly Ha3BIBAIOT CUMAIEKC-MADIUYEl.

2.2. AJITOPUTM CUMILJIEKC-METOAa

[Ipu ucronb30BaHUM CUMILIEKC-METO/a 3ajavya JOJDKHA OBITh IpHBEIEHA K CTaHIApPTHOMN
dbopme 3anucy ypaBHEHUI OTpaHUYCHHN U 11eJ1IeBOM (DYHKIIMH M COCTaBJIEHA CUMIUIIEKC-Ta0IHIIa.

[Tpu pemeHMn Ha KaXKIOM ILAre BBIMOJIHAETCS 3aME€Ha OJHON CBOOOJHON MEepeMEHHOM Ha
0JIHY 0A3HMCHYIO, IPU 3TOM KOA(DPHUITUEHTHI CUMIUIEKC-TA0IUIIBI TEPECUUTHIBAIOTCS B COOTBETCTBUU
C QIrOpUTMOM TpeoOpa3oBaHUS KOA(PPHUIMEHTOB CHUMIUIEKC-TAOIMIBL. DTO MNpeodpazoBaHME
y100HO MPOU3BOJUTH, BBIMOJIHAS BCE BCIOMOTATENbHBIE PAcUeThl TYT e, B TaOJHIle, JUIsl Yero
BBIJIETISIETCS] HUJKHSAS 4acTh Ka)KIOM SUEHKH.

Anroput™ 1peoOpa3oBaHus Xj <> Yij CHMIUIEKC-TAOIMIBI CBOJUTCS IPH 3TOM K CIETyIONIHM
olepanusm.

1. Beigenuts B Ta0IuIle paspelnaroldi JIeMeHT ajj. BeraucnnTts ero o0patHyro Beln4uHy [
=1/ ajj v 3anucaTh B HIKHEW YaCTH TOH Ke sTYCHKH (B TIPABOM HIDKHEM YTITY).

2. Bce aneMeHTBI paspelmaromei CTpokH (KpoMme CaMoro ajj) yMHOKHUTh Ha [l pe3ynbTaTr
3anycarh B HUOKHEW YaCTH TOM K€ STYEHKHU.

3. Bce aneMeHTBI pa3pelnaromero cronobmna (KpoMe caMoro ajj) yMHOXKHTh Ha—[l, pe3ynabTaT
3anycarh B HUOKHEW YaCTH TOM K€ STYEHKHU.

4. TlogyepkHyTh (WM BBIACIUTH WHBIM CHOCOOOM) B pa3pellarolieil CTpoKe BCE BEpXHUE
yucia (MPEeKHUE DJIEMEHTHI), 3a MCKIIOUEHHWEM CAaMOI0 pa3pellarollero JJIEMEHTa SYEWKH, a B
paspemiaronieM CTOJIOIe — BCE HIDKHHUE 4YHCia (HOBBIE AJIEMEHTHI), 32 HCKIIOYEHHEM CaMOro
pa3pelaroLero JIeMEHTA.

5. Jlnsg KaxAoro U3 AJIEMEHTOB, HE NPHUHAUIekKAIIMX HHU paspeliaroniedl CTpoke, HH K
paspelianieMy cTo01y, 3aucaTh B HUKHIOK YacTh sUEHKU MPOU3BECHUE BBIJCICHHBIX YHCEl,
CTOSILIUX B TOM K€ CTOJIOLIE U B TOM e CTPOKE, YTO U IaHHBIH 371€MEHT.

6. Ilepenncath TabIUIy, 3aMEHUB:
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— Xj Ha Yj 1 00OpaTHo,

— BJIEMEHTHI pa3peliaoieil CTPOKU U CTONOIA — YUCTIaMU, CTOSIUMHU B HUKHUX YaCTAX TEX
Ke sSUeeK,

— KaXXJIbIi U3 OCTAJIbHBIX JJIEMEHTOB — CYMMOM YHCEJl, CTOSIIMX B BEPXHEN W HUYKHEU 4acTH
TOM K€ TYCHKH.

HaxoxneHne onTUMaibHOIO pelIeHUs 3aJadyd JIMHEWHOIO IIPOrpaMMHUPOBAHUS CUMILIEKC-
METOJIOM pacIaaaeTcs Ha JBa JTara:

1) OrtpickaHHEe OIIOPHOTO PEIICHHUSI.
2) OrtbpickaHWe ONTHMAJIBHOTO pEIICHHs, I[PH KOTOPOM JMHeiHas ¢yHkuus L wmmeer
MUHHUMAJIBHOE 3HAYEHUE.

Haxootcoenue onopnoco pewiernus

. Eciu Bce cBOOOHBIC YICHBI B CUMILJIEKC-TAOIUIIE HEOTPHUIIATEIBHBI, TO 3HAYMT,
YTO OMOPHOE PEILICHUE YKE MOTYUEHO.
. Ecnu HeT, TO ciemyeT BBINOJIHATH IIIar 3a IaroM ajJrOpuTM 3aMeHbl CBOOOIHOM

IIepeMEeHHON Ha 0a3HCHYIO, TIOKa ONOPHOE pPEIICHHE He OyAeT IMOTYyYeHO, WIIH
yOequrcst B TOM, 4YTO ONOPHOrO pelleHust He cymiectByer. [l BbiOOpa
3IIEMEHTOB, ITOJISKAIINX 3aMEHE:

% UILIEM B CTPOKE C OTPHIATEILHBIM CBOOOJHBIM WICHOM OTPHIATENBHBIN 3eMeHT. Eciu
TAKOr0 3JIEMEHTAa HET, 3TO MPH3HAK TOrO, YTO CHUCTEMa YPABHCHUI OrpaHHYCHHIA
HecoBMecTHMa ¢ HepaBeHcTBaMu Xi > 0 (k= 1,...,n).

% TOPENNONIOKHM, YTO OTPHUIATENbHBIA 3JEeMEHT ecTh. Torma BeiOMpaeM cronOel, B
KOTOPOM OH HaXOJHTCS B KAUECTBE Pa3peIIaroNIero.

% Jajnee pacCMaTPHBAIOTCS BCE AJIIEMEHTHI JaHHOTO CTOJOIA, MMEIOLINE OJUHAKOBBIN 3HAK
co CcBOOOTHBIM wieHOM. M3 HHX BbIOMpaeTcs B KadeCTBE pPa3pellarolero TOT, JUIS
KOTOPOT'0 OTHOILICHUE K HEMY CBOOOIHOIO YIeHa MUHHMAIBHO.

OmuvickaHue onmMuUMantbHO20 peulensl
. Eciu Bce cBoOOmHbIe wieHbl (HE cuMTas CTpoku L) B cumIiiekc-tadnuie
HEOTpHUIIATEeNbHBI, @ B CTpoke L (He cumTas cBOOOJHOrO 4iieHa) HET HU OIHOIO
MOJIOKUTEIHHOTO 3JIEMEHTA, TO ONTUMAIIbHOE PEIIEHNUEe JOCTUTHYTO.
. Ecnu B cTpoke L ecTh MONOXKHUTENbHBIN 3EMEHT, a B CTOJI0IIE, COOTBETCTBYIOIIEM
€My, HeT HH OJIHOTO IMOJIO)KUTEIBHOTO JJIeMEHTa, TO NuHeWHas QyHkuus L He
OTpaHWYEHA CHU3Y U ONTUMAJIBHOTO PEIICHUS HE CYIIECTBYET.
. Eciu B 3TOM cTONOIE €CTh MOJOKUTENbHBIE AJIEMEHTHI, TO CIIeAyeT MPOU3BECTH
3aMEHY OJHOW W3 CBOOOJHBIX TEPEMEHHBIX Ha OAHY M3 Oa3UCHBIX, MPUYEM B
KAaueCcTBE pa3pellarouiero B3sATh TOT AJIEMEHT 3TOr0 CToJ0Ia, AJii KOTOPOro
OTHOIIEHHE K HEMY COOTBETCTBYIOIIETO CBOOOTHOTO UJeHa MUHUMAIBHO.
Ecnu B cTonbiie, coaepikaiieM MoJI0KUTEIbHBIA JIEMEHT CTPOKHU L, He HalaeTCss HU OJHOTO
MOJIOKUTEIBHOTO DJIEMEHTA, YTOOBI ClIeJaTh €ro pa3peuaroiiiM, To B 3ToM ciydae QyHkius L He
OTpaHWYEeHAa CHU3Y M 3aj]]a4a JUHEWHOTO MPOrpaMMHUPOBAHUS HE UMEET ONTUMAIBLHOTO PEIICHUS.

3amanmue

Penmmte 3amadyy JHMHEHHOrO MPOrpaMMHMPOBAHUS CUMIUIEKC-METOAOM IS BapHaHTa,
BBIJTAHHOTO TIPETOaBaTeNIeM.
OcHoBHas nuTeparypa
1. DnexTponuTaHHe YCTPONCTB M CUCTEM TelEKOMMYHHKAIMil: yueOHOe mocobue / B.
M. bymyes [u ap.]. - Mocksa : ['opsiuas nunus - Tenekowm, 2011. - 372 c.
JlononHuTEebHAS IUTEPATYypa
2. DIeKTpHuYecKHe CHCTeMBbl U ceTH: yueOHoe mocobue / M.B. UrnarbeB. — bparck:
'OV BIIO «bpI'Y», 2008. — 210 c.

41




3. Urnaree, U.B. IlpoekTupoBanue palilOHHON 3JICKTPUIECKON CETH: METOIUYECCKHE
yKa3aHHs K BBIOJIHEHHIO KypcoBoro npoekra / U. B. Urnatees, A. B. Ctpymernsik. -
Bbparck: bpl'Y, 2014. - 82 c.

IIpakTnyeckoe 3ansaTue Ne 3
TpaHcnopTHas 3a7a4a JMHEHHOT0 NPOrpaMMHUPOBAHMS

3.1 OcHOBHBIC MOHATHUSA

[IyHKTBI OTHpaBIEHUS — IYHKTBI, B KOTOPBIX COCPEAOTOYEHBI 3amachl KakKOro-iudo
OJIHOPOAHOIO Ipy3a.

IIyHKTBI HA3HAYEHUs — IIyHKTBI, [TOJABUINE 3asBKH HA JJOCTABKY Ipy3a.

ITepeBO3KM — KOJIMYECTBO €IMHUL I'Py3a, HAIIPABIIAEMBIX U3 IIyHKTOB OTIPABICHUS B ITYHKTBI
Ha3HA4YCHMUS.

[Tnan nepeBo30K — 1100ast COBOKYITHOCTb IEPEBO30K.

JlomyCcTUMBIN TUTaH MEpPeBO30K — IUIAH, YAOBJIETBOPSAIONINI OaJaHCOBBIM YCIOBHSM: BCE
3asBKU yJOBJIETBOPEHBI, BCE 3aI1aChl HCUEPIIAHBI.

OnopHbIi TUIaH MEPEeBO30K — IUIaH, B KOTOPOM OTJIMYHBI OT Hyls HE Ooyee r Oa3MCHBIX
IIEPEeBO30K, a OCTaJbHbIC MEPEBO3KM paBHBI HYMO (F = M + N — 1, M — KOJMYECTBO MYHKTOB
OTIIPABJIEHMS], N — KOJIMYECTBO ITYHKTOB Ha3HAUEHU).

OnTuMalbHBIN IUIaH NEPEBO30K — IUIaH, UMEIOIUI HAMMEHBIIYI0 CTOUMOCTD BCEX MEPEBO30K
CpenH BCeX JOIYyCTUMBIX IUIAHOB.

TpancnoptHas Tabnuna — Tabnuua, B KOTOPOl B ONpEIENCHHOM IOpAIKE 3alucaHbl BCe
YCJIOBUS TPAHCIIOPTHOM 3a1a4Hu.

3.2 ®opMyJIMPOBKA TPAHCIIOPTHOM 3a1a4u

HmeeTrcss M myHKTOB oTmpasieHus: Aj, Az, ... , An, B KOTOPBIX COCPEIOTOYEHBI 3amachl
KaKoTo-JIM00 OJIHOPOJHOTO Tpy3a B KOJIUYECTBE aj, 82, ..., am eAUHUI. Kpome Toro, mmeercs N
NYHKTOB Ha3HaueHwus: By, By, ..., By, mMogaBIimx 3asgBKH COOTBETCTBEHHO Ha D1, Dy, ..., by eaunun

rpysa.
[Ipenmonaraercs, 4To CyMMa BCEX 3asBOK paBHA CyMME BCEX 3aI1acOB:

Zai :ij .
i=1 ]=1

M3BecTHa CTOMMOCTS Cjj NEPEBO3KH €MHUIIBI TOBApa OT KaXKJIOT0 IyHKTa OTHpaBieHus A 10
Ka)KJI0T0 IyHKTa Ha3HaueHus Bj.

TpeOyeTcsi COCTaBUTh TakOW IUIaH TEPEBO30K, NPH KOTOPOM BCE 3asBKH ObUIM OBl
BBINOJIHEHBI, M ITPU ATOM 00111asi CTOUMOCTb BCEX NMEPEBO30K Oblia Obl MUHUMAJIbHA.

Haxoxnenue ONTUMAIIBHOT'O pelIeHus TPAHCIIOPTHOM 3a71a4u JIMHENHOT O
IIPOrPaMMUPOBAHHUS PACIIPEACIUTEIBHBIM METOAOM BBITNIOJIHAETCS B J1Ba ATAla:

CocraBieHre OopHOro IUIaHa.

VYiydiieHne noxy4eHHOro IlaHa, MUHUMHM3HPYIOLIETo JUHEeHHY0 QyHKIuio L.

Haxooicoenue onopnozo peutenus.

CocraBnsiercs TpaHCIIOpTHAs TabyInLa.

Pacripenensis mepeBo3kM MO 3asiBKaM, COCTaBJIsieM ONOPHBIM miaH. s 3TOro MOKHO
UCIIOJIb30BAaTh CIIOCOO «CEBEPO-3aMaHOTO YIiaay.

Omuickanue onmumanbHO20 peuleHus.

OnpeaenstoTcst IUKIIBI 4711 CBOOOAHBIX SYEEK, KOTOPbIe UMEIOT OTPULIATEIbHYIO IIEHY.

Ecnu Takux 1MKIIOB HET, TO ONTUMAJIbHOE PEIlIeHUe TOCTUTHYTO.

Eciy 1MKIIBI ¢ OTpULATENBHOM LIEHON €CTh, TO OCYIIECTBISAETCS IEPEMELIEHUE TIEPEBO30K 10
ATUM LUKJIaM. [Ipu 3TOM CTOUMOCTH IJIaHA YMEHBIIAeTCS.
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3aganue

Pemuth TpaHCOPTHYIO 3a7auy paclpeneanuTebHbIM METO0M, TPAHCIIOPTHAS TaOnuLa s
KOTOpPOH 3aJlaHa B CIEAYIOIIEM BUJIE:

[TH
I10 3amnacel
B; B, Bs B4 Bs Be

Ay 2 3 6 8 2 10 130

A, 8 1 2 3 5 6 90

As 7 4 4 1 4 8 100

As 2 8 5 1 3 6 140
3agaBKu 110 50 30 80 100 90 460

[Ilpumeuanue. B xierkax TaOnaumbl B MPaBOM BEPXHEM YIJIy YKa3aHbl CTOMMOCTHU
MIEPEBO3KHU €IMHMUIIBI IPy3a.
3ameuanue. [locie cocraBieHHs ONOPHOrO IUIaHA IO METOAY CEBEpO-3allaJHOTO yria
neneBast pyHKIMs 10kHA ObITh paBHa L = 1440.
OcHoBHast TuTepatypa
1. DnexTponuTaHue YCTPOWCTB M CHUCTEM TEIIEKOMMYHHKAIHiA: yaeOHoe mocodue / B.
M. bymyes [u ap.]. - Mocksa : ['opsiuas iunaus - Tenexowm, 2011. - 372 c.
JlononHuTenpHas IUTEPATypa
2. DnekTpuuecKkue cucTteMbl M ceT: ydeOHoe mocobue / WM.B. UrnarbeB. — bparck:
I'OY BIIO «bpI'¥», 2008. — 210 c.
3. HUrnaree, U.B. IlpoekTupoBaHKe paliOHHON AJICKTPUUYECKON CETH: METOIUYCCKHE
yKa3aHUs K BBIOJIHEHUIO KypcoBoro npoekra / U. B. Urnatees, A. B. Ctpymernsk. -
Bbparck: bpl'Y, 2014. - 82 c.

IIpakTH4yeckoe 3ausaTue Ne 4
Pacnpenesnienue akTuBHOM MoIHOCTH Mexay TIC

4.1. OCHOBHbIEe NOHATUA

Onmumanousiti pexcum I3C — pPexXuM, COOTBETCTBYIOIIUNA MUHUMAIBHOMY YAEIbHOMY
pacxo/ly TOIUIMBA Ha M0JIE3HO OTMyIeHHbIH 1 kBT-u.

Pacxoonas xapaxmepucmuxa — 9acoBOM pacxoj yCIOBHOTO TOIUIMBA B BUJE 3aBUCUMOCTH B
= B(P;) (P, — MoIHOCTS TeHEpaIny).

Xapakmepucmuxa OmMHOCUMENbHBLIX NPUPOCMO8 — YacTHas TPOU3BOJHAS OT PACXOTHOU
XapaKTEPUCTHUKH.

IIpunyun pasencmea OMHOCUMENbHBIX NPUPOCMOE — YCIOBHE ONTUMAIBHOCTH pPabOTHI
ANEKTPOCTAHIIUM.

OmHuocumenvHulil. NpUPOCm nomepb MOWHOCMU 6 cemu — YacTHas TPOHW3BOIHAS OT
CYMMapHBIX MOTEPh MOIIHOCTH MO MOLITHOCTH 3JIEKTPOCTAHLIUH.

4.2. PeweHue 3apjaum pacnpenenieHUss akTUBHOM MOLWLHOCTM  6e3 y4eTa
M3MEHEeHUs NoTepb B CETU

YcaoBue ONTUMAIbHOCTH JJI CTaHLII/Iﬁ, paGOTanme Ha OJMHAaKOBOM TOIIJIMBE (OHHHaKOBOﬁ
OCHE 3a TOHHY YCJIIOBHOTI'O TOHJ'II/IBa) COCTOUT B PABCHCTBC OTHOCHUTCJIIBHBIX IMPUPOCTOB CTaHI_II/If/'I.
Ecnmu CUnuTaTb, 4YTO CYMMApPHBIC TMOTCPU MOIITHOCTU APZ U CyMMapHasd MOIIHOCTb Harpys3kKu
IIOCTOSAHHBI, T.C. HC 3aBUCHUT OT UBMCHCHUA MOHIHOCTGI)’I CTaHHI/Iﬁ, TO YCJIOBUE OIITUMAJIBHOCTH:
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_0Bi(R))
R,
W=> P, ->P,—AP =0.

i i

IIpumep
Haiiti onTuManbHy0 3arpy3Ky s IByX napaiienasHo padotaromux TOC. CxeMa coaepxut
nBe ctaHuuu (y3isl 1 v 2) U 0JIHy Harpy3Ky, puc.2 .

o 7, Uy, m=eoa2

TI-1 -2
(o - H)
Pyt iy

Puc. 2. Cxema D0C
Hcxoonvle dannvle: HOMUHATBHOE HanpsbkeHue cetd 220 kB, Harpyska S, = Py, + jQ, = 100 +

j60 MB-A.
PacxonHble XapakTEpUCTUKN CTAHLINAN:

B,(P,) = 200+3P, + 0,1P? +0,001333R%,
B, (P,) = 200+ 4P, +0,075P7 +0,001P5.

Pewenue
Haiinem xapakTepuCTUKH OTHOCUTENIBHBIX IIPUPOCTOB CTAHIIUM.

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

YcnoBrue OITUMAIBLHOCTU
,(R) =¢,(PR,),
1507051
3+0,2P + 0,004 P2 = 4+ 0,15P, + 0,003 P2,
P+P,—P —AP, =0.
st mpocTOTHI TPUMEM MOTEPU MOITHOCTH PABHBIMU HYJIO, TOT/1a
P, =R P,
[ToncraBuMm P, B ypaBHEeHHE paBeHCTBAa OTHOCUTEIBHBIX MPUPOCTOB M MOIYUYUM ypaBHEHHE C
OJIHAM HEU3BECTHBIM Pq

3+0,2P, +0,004P? =4+015(P, - P) +0,003(P, - P).
[Tocne npuBeneHus MoJOOHBIX WIEHOB M nojacTtaHoBKH Py = 100 MBT, monyuum kBajapatHoe
YpaBHEHHE:

P2+ 950 P, — 46000 =0,
pemienue Kkotoporo naet P; = 46,177 MBT, nocne yero Haxoaum P, = 100 — 46,177 = 53,823 MBT.

=idem (i=12...,n),

4.3. PeweHne 3apauun pacnpeneneHus aKTUBHOW MOLLHOCTH C Yy4yeTOoM
U3MEeHeHUA NoTepb B CeTU

M3meHeHnne akTUBHBIX MOIIHOCTEH CTAHLMM JJI JOCTUKEHHS ONITUMAJIBHOIO PEKUMA BIIASET
Ha NoTepud B ceTH. Tak Kak MOTEpH 3aBHCAT OT MOIIHOCTEH CTaHIUM, TO TpedyeTcss BBECTU
OamaHCHUPYIOUIMHA y3ell, KOTOPBIM sBJsieTcss ofHa U3 ctaHuuidi 39C. YciioBre ONTUMANIBHOCTH IS

9TOr0 Ci1y4as 3alruCbIBACTCs CICAYIOIIUM 06p2130M
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B (Py)

. OP. ) )
L= I___ —jdem (1=12..,n-1),
1-— of 1 GAPZ ( )
OP;
a U1 OajaHCUPYIOIIEH CTaHIIUKA ¢ HOMEPOM N
. _ Bn(R,) =idem,
oP..

W=>P ->P,—AP, =0.
i J

VYcnoBue oNnTUMaNbHOCTA JUIsi OalaHCHUPYIOMIEH CTAHIIMM OTIMYAeTCsl OT  YCJIOBHUM
ONTUMAJIBHOCTU OCTaJbHBIX CTAHLUN, TMOCKOJBKY I0JaraeM, 4YTO IOTEPU MOIIHOCTH 3aBUCHT
TOJIEKO OT MOIIIHOCTH BCEX CTAHIIMIA, KpOME OalaHCHUPYIOIICH.

IIpumep

Prl + jer

Puc.3. Cxema 3amemenus 39C

PaccmoTpum ycnoBus mpeaplayiero npuMepa, 100aBiuB K HUM JOMONHUTENbHBIE AaHHbIe: Up
=220 xB, U, =242 kB. R; =2 Om, R, =5 Om, Q1 = 25 MgBap, Q, = 30 Mgap. Cxema 3aMenIcHUs
99C npuseneHa Ha puc. 3. banancupyroieit OyaeM c4UTaTh BTOPYIO CTAHIIMIO.

HOTepI/I aKTHBHoﬁ MOHIHOCTI/I B CETH OyJIeM OINPECIIATh MO BRIPAKEHUIO:

2
APZ + Ql R1 + QZ R2

YciaoBue oNTUMAIBHOCTH B HAIlIEM nmpumepe:

2
3+0,2F1’1 +0,004R" _ 4+015P, + 0,003 P/,
— O

2R
P+P,—-P —AR. =0. HG—F
1

AHaAMTAYECKOE PEIICHUE TOM CHUCTEMBbI YpaBHEHUH 3aTPYAHHUTEIHHO, TTOITOMY €ro JIydIle
PEIUTh TPUOIMKEHHO MOCIIeIOBATETbHBIMU MPUOIMKEHUSIMH K PEIICHUIO.

Hnst nyumedn 3PEeKTUBHOCTH TIpollecca PEIICHUS BBHITIOJHUM HYJIEBOE MPUOIIKEHHE K
PEIIEHUIO CIEeIYIOIINM 00pazoM.

Bnauane nHaiinem pemieHue kak B ciaydae 0e3 ydeTra U3MEHEHHUs MOTeph B CETH, HO HE C
HYJEBBIMH MOTEPSIMH, KaK paHee, a MOMy4YeHHBIMU 110 TOTOKaM MOIIHOCTH B CETH U3 MPEIbIIYIIEr0
pemenusi: P; =46,177 MBt u P, = 53,823 MBT.

[Tomyunm APy, 3aTem HaiineM pacrpeneneHue Harpy3Ku ¢ y4eTOM 3TUX MOTeph:

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

Jlaniee BBIMOIHSIOTCS HECKOJIBKO UTEpALlUi, B KaXkK/I0H 13 KOTOPBIX BBIYUCIISIOTCS:
1) oTHOCUTENBHAS BEIMYMHA IPUPOCTA TIOTEPD C;
2) MomHOCTh P1, myTeM pelieHus ypaBHEHUS

R,
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3+0,2P, +0,004P’

1-o
3) notepu moutHOCTH APy
4) MOIITHOCTH OaJIAaHCUPYIOIEH CTaHITUU

P, =P +AP. P,
IIpouecc BBIYMCIICHUI 3aKaHYMBAETCS, KOTJA MOIIHOCTU CTaHLMM NEPECTaHYT M3MEHATBCS
CKOJIb JTM00 3HAUUTENbHO, HAIIPUMED, Ha Beu4uuHy He 6onee 0,1 MBT.

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

=4+0,15(P. + AP, —P,) +0,003(P + AP, —P)%.

3agaHue

Haiitu ontumanshbiii peskum IOC, cxema KOTOpO# JaHa Ha puc. 3, 0e3 ydeTa W ¢ y4eToM
U3MEHEHUs IOTEPb MOILIHOCTH B CETH.

HcxoaHble JaHHbIE: HOMUHAIBbHOE HanpsbkeHue cetu 220 kB,

Sy =Py +jQy=200+j110 MBA.

U; =220 xB, Uy =242 xB. R1 = 12,5 Om, R, = 9,81 Om, Q1 = 50 MBap, Q2 = 60 Maap.

PacxonHble XapakTepUCTUKU CTaHLUI:

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

OcHoBHas nuTeparypa

1. DnexTponuTaHue YCTPOWCTB M CHUCTEM TEIIEKOMMYHHKAIHiA: yaeOHoe mocodue / B.

M. bymyes [u ap.]. - Mocksa : ['opsiuas iunus - Tenexom, 2011. - 372 c.
JlononHuTenpHas IUTEPATypa

2. DnekTpuueckue cucTteMbl M ceTH: ydeOHoe mocobue / W.B. UrnarbeB. — bparck:
I'OY BIIO «bpI'¥», 2008. — 210 c.

3. HUrnaree, W.B. IlpoekTupoBaHKe paliOHHON AJICKTPUUYECKON CETH: METOIUYCCKHE
YKa3aHHUs K BBIIOJHEHHIO KypcoBoro npoekra / U. B. Urnatees, A. B. Ctpymensk. -
Bbparck: bpl'Y, 2014. - 82 c.

IIpakTnyeckoe 3ansaTHe Ne 5
Onmumanvnoe pacnpedenenue akmuenoi mowypocmu medxicoy TIC zpaduenmuvim memooomn
5.1. NocTaHoBKa 3apauun

Haiitu MuHEMYM (QYHKIUU U3JepKeK Ha TOIMBO M(Z) mpu ydeTe OorpaHHueHHUil OanaHca
mortrHocTr B DOC W(Z) = 0. Bektop Z sBisieTcst BeKTOpoM mapameTpoB pekuma 99C, a W —
BEKTOP-(PYHKIUS 0aTaHCOBBIX OTPaHUYCHUH.

['panMeHTHBI METO/] ONTHMU3AIMU OCHOBAH Ha BBHIYMCIICHUH TPAaIUCHTA TIeNIeBON (YHKIIMU U
MOLIAroBOro JIBWKEHHWsT B HANpaBICHUU yaydlleHus 1eneBod ¢yHkuuu. Ilpu HaxoxaeHuu
MUHHMYMa [eJIeBOH (DYHKIIUH TBMKCHUE BEJIETCS B HATIPABJICHUN aHTUTPAIUEHTA.

MeToa0oM NPUBEIEHHOTO TPaleHTa Ha3bIBAETCSI METOJ ONTHMM3ALMU, B KOTOPOM T'PaJUCHT
OTIpeNeNsieTcsl C TIOMOIIBI0 TEOPHH HESBHBIX (YHKIWWA, TpPU pa3/IeleHUH TEePEMEHHBIX Ha
3aBucUMbIe U He3aBucumbie Z = (X,Y).

PaccmoTpum mpuMep pacmpeneneHdss akKTHBHOW MOIIHOCTH MEXIY CTaHIMSIMA METOJIOM
NPUBEJICHHOTO TPajIueHTa, B KOTOPOM YPaBHEHHS] OTPaHUYEHUI yUUTHIBAIOTCS B CAaMOM IPOCTOM
BUJIC — YpaBHEHMsI OajlaHCa aKTUBHOW MOITHOCTH IO CUCTEME B II€JIOM 0€3 ydeTa MoTeph MOIIHOCTH
B CETH.
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5.2. PeweHne 3apauu pacnpegerieHMs akTUBHOW MOLWHOCTM  6e3 yuyeTa
M3MEHEeHUNA NOTepPb B CETH

[Tpenebperas moTepsiMH, HaiiieM ONTUMAIBHYIO 3arpy3Ky MO aKTUBHOW MOILTHOCTH CTaHIIUN
JUIS CXEMBI Ha pHC. 4 METOIOM TPHUBEIEHHOIO rpaaneHTa. Cxema colepKUT TpU CTaHUuUH (y3Jsl 1,
2 u 3). Harpy3ka cocpenorouena B y3ie 2. P, = 200 MBT. XapakTepucTuku OTHOCHUTEIbHBIX
IPUPOCTOB IS 3TUX CTaHLMH 3a1aHbl, pyO/kBT u:

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

Puc. 4. Cxema D9C
Pewenue
3anuiieM ypaBHEeHUE OanaHca MOITHOCTH B CUCTEME:

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

PaznenuM Bce mepeMeHHbIC JaHHOW 3aJaud Ha BEKTOp Y HE3aBUCHMBIX MEPEMEHHBIX M Ha
BekTop X 3aBUCHMBIX. [1OCKOJIBKY CHCTeMa YpaBHEHHWI yCTAaHOBUBIIETOCS PEXHUMAa COCTOHMT W3
OJTHOTO YpaBHEHHs, TO B BekTope X Oyzaer Bcero ogHa kommnoneHnta X = (P2), a Bektop Y = (Py, P3)
(MOXHO IPHUHSTH U JTIOOYIO APYTYI0 KOMOUHAILIUIO).

1) Bamaem ucxoanoe npudmmkenue Y = (Py, P3):

P, =50 MBTt; P3 =50 MBT.

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

3) Beruncnsiem rpaJiueHT B HCXOHOM TOYKE:

oM _oM| oM oX
oY aY|, "X oy

rac
on| (oM oM ~ ou
= y = ‘:11 83 Y A, = 821
oY|, |\ ar’ oP, oX
a U3 YpaBHCHUA Oamanca MOIIIHOCTHU
X (OB 0P ¢y g
oY |or ' aP, =
Taxum oOpasom,
o ol _ . ou _on

—=——=¢, —§&,, =—— =g, —&,.
oy, op, * oY, op 7
OTHOCHTENBHBIC TIPUPOCTHI P TEKYIMX MOIIHOCTSX CTAHIUI PABHbI:
e, =23 PO . o _gp PYO . o 49 PYO
MBr g’ MBr -4’ MBr-4a
Bexrop-rpanuent grad(#7) paBen
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on on
oy, | |op | (ei-e,) (-39
grad () = ot 1= et |7 = :
€3 — €, —43
oY, ) | op,
Mepoit cxoauMocTH Tpolecca pelleHus BbIOEpeM BEIMYMHY KBaJapaTa HOPMBI BEKTOPA-
rpagrenTa (CyMMa KBaJpaToB 3IEMEHTOB BeKTOp-rpagnenTa) A> = 3370.

4) BeiOupaem npoOHbIi 1mar t = 0,5 (Mpou3BOJBHO) W OMNpENEIseM HOBBIC 3HAYCHHS
MIEPEMEHHBIX

P, =P —t-grad(#), =50-0,5-(—39) = 69,5 MBr;
P, =P, —t-grad(#), =50-0,5-(-43) = 715 MBr;
P,=P,—-P1-P3=200-69,5-71,5=59 MBT.

M COOTBCTCTBYIOT OTHOCUTCIIbHBIC ITPUPOCTHI:

g =36,201—P0 - o _apesp PO . _30060 PYO

MBT1- 4y MBT1- 4y MBT1 -4y
BekTop-rpaaueHT u ero Hopma:
3,659 )
grad(#7) = e | A=4,432, A°=19,64.

bynem nmpomonkaTh TpOIECC  BBIYUCICHWH, JBUTasCh B HANPABICHUH TEKYIIETO
AHTHUTPAJMEHTA JI0 TEX IOp, IMOKa KBaJIpaT HOPMbI BeKTopa-TpaaueHTa He Oyzaer menbiie 0,1. [pu
9TOM OTHOCHUTEIIbHBIC PUPOCTHI JOJKHBI OBITh PAaBHBI MEXTY COOOM.

Bynem moBTOpATH MYHKT 4, TOKA HE BBIOIHUTCS 33J1aHHOE YCIIOBHUE.

[Ilar B HampaBJICHUU JBHKEHUSI OyJeM BBIOMpATh W3 YCIOBHS MHHHMYMa KBaJpaTa HOPMBI
BEKTOpa TpaJMeHTa, 3aBUCUMOCTh KOTOporo oT t OymeM cumrtaTh mapabomudeckoit. s
WHTEPIIOJISIIIAA TaKOH 3aBUCHUMOCTH TpeOyercst Tpu Toukd. OHa U3 HUX BCET/Ia €CTh — 3TO KBaJpar
HOPMBI, BBIYHMCJIICHHBI B KOHIle mpeapyaymero mara (t = 0). JIBe npyrue MOXHO B3SITh JUIs
Npou3BOJIBHBIX 3HaueHud t. Jlms mpocroTsl BeiOepeM Touku t = 0,5 u t = 1. O6o3HAUMM
MHTEPIIOIHPYOLLYIO KPUBYIO Y = Ag + Art + Aot’. MUHIMYM 3T0ii 1apaGoIIbl COOTBETCTBYET TOUKE:

t = _i.
2A,
Koadpunmentst Ay u Ay U1t BBIOpaHHBIX y3JI0B MHTEPIIONIALNN HAXOASITCS 10 popMysiam:
A ==3Yy,+4Y, - Y,
A =2€,-2y,+Y;,

rie Y; cootBeTcTBYyeT t = 0, T.e. 1ys manHOU uteparuu Y1 = 19,64; y, coorBerctByer t = 0,5 Y,
=8,27uysztouke t = 1y3 = 3,188.

Jlist mosrydeHHbIX 3HaueHn nmeeM A; =—29,025; A, = 12,116 mt = 1,154,

KBazpaTt HOpMBI BEKTOpa IrpajeHTa yMeHbIaeTcs 10 2,851.

Bce pe3ynbraThl nocneayomux UTepaluii CBeIeHb! B TaOJIUILY.

Wrepanus t P, P, P3 3 £ €3 A°

Hauansnoe B 50 100 50 ’3 6 1o | 3370
npuOIIKeHNe
g;;(rmm 05 | 695 | 59 | 715 |36,22 3256 | 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

detBepTetit g 154 | 64,83 | 50,41 | 75,76 | 32,79 | 32,58 | 32,83 | 0,062

arar
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[Tocne yeTBepTOrO 1Iara UTEPALMOHHBINA MPOLECC MOKHO 3aKOHYUTH, TAK KaK KBaJpaT HOPMbI
MPaKTUYECKH CBEJICH J10 HYJISl U 3HAUEHUSI OTHOCUTEIBHBIX TPUPOCTOB CTAIU PABHBI APYT APYTY.

3agaHue

Haiitu ontumanbHOE pacrpelieieHue aKTHBHBIX MOILIHOCTEH I'€HEepaluu MEXIY YeThIpbMS
TOC no merony MpUBEICHHOTO IPaJHeHTa UId IpuMepa Ha puc. 5 (6e3 ydyera U3MEHEHUS MOTeph
MOIIHOCTH B CETH).

P,

P1 P2 P
Puc. 5. Cxema D9C s 3aganust

Harpy3ka cocpenotouena B y3ne 4. Py = 300 MBT. XapakTepucTuku OTHOCUTEIBHBIX
IPUPOCTOB JIJIs THX CTAHIUH 3a1aHbl B BUae GpyHKImi B HoTarmu Mathcad, py6/kBr u:

g1 Py =3+ 2.Py+4-10 °.p?

g) Py =2+ 0.4- Py + 0.002 Py2

eg Py =4+ 0.3 P3+3-10 °. Py’

‘ —3 2
g4 Pg :=5+0.3P4+2-10 ~-Py
Jns ynobcTBa MpOBEPKH pacueToB PEKOMEHAYETCS B KayeCTBE HAYAIbHBIX MPHUOIMKEHUN B3SIThH
MOII[HOCTH:
P, := 80, P; := 80, P, := 80, P, :=60.
3/1ech 3aBUCUMON TTepeMEHHO siBIsieTcs Py.

OcHoBHast TuTeparypa

1. DnexTponuTaHue YCTPONCTB M CUCTEM TeJIEKOMMYHMKAIMil: yueOHOoe mocobue / B.

M. bymyes [u ap.]. - Mocksa : ['opsuas nunus - Tenekowm, 2011. - 372 c.
JlononHuTENbHAS IUTEPATYypa

2. DneKTpHuYecKue cucTeMbl U ceTH: yueOHoe mocobue / M.B. UrnarbeB. — bparck:
'OV BIIO «bpI'Y», 2008. — 210 c.

3. UrnarseB, U.B. IIpoexTupoBaHue palOHHON 3JEKTPUUECKOI CETH: METOAMYECKHE
YKa3aHUs K BBIIOJHEHUIO KypcoBoro npoekrta / . B. Urnatees, A. B. Ctpymensik. -
bparck: bpl'Y, 2014. - 82 c.
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IIpakTnyeckoe 3ansitue Ne 6
OnTumanbHOe pacnpenejieHne akTUBHON MomHocTH Mexkay TOC meronom Herotona
BTOPOIO NMOpPsIKa

6.1. lNocTaHOBKa 3agauun

Haiitn MuHuMyM GyHKIMM H3ACPKEK Ha TOIUIMBO M(Z) mpu yueTe orpaHMdeHuil OanaHca
motraocTr B DDC W(Z) = 0. Bekrop Z sBisieTcss BEKTOpOoM mapaMmeTpoB peskuma I9C, a W —
BEKTOP-(QYHKIUS 0aTaHCOBBIX OTPAHUYCHUH.

Meton HbproToHa BTOpOro mopsjaka OCHOBAaH Ha KBaJIpaTUYHOM amIpOKCHMAIlUU IIEJIEBOU
(GYHKIMU M BBIYUCICHHH IKCTpEeMyMa mapalboyioHbl, KOTOpasi B OOJbIIEH CTENEHW MPUOIIKACT
npouecc K Touke pemeHus. Ha kaxmoil uTepanuu BBIUMCIMTEIBHOTO IPOIECCa BBIOIHSAETCS
ouepefHas aNNpPOKCHUMALUMs W PEHICHWE HAXOJUTCA IIyTeM pEHICHUS CHCTEMbl JIMHEWHBIX
YpaBHEHUH, B KOTOPOW MpaBble YACTH SIBJISIOTCS TPaJUEHTOM LieJeBol (DyHKUIMHU, a MaTpHLlen
ko duurentoB — matpuna ['ecce.

['paguent u matpul ['ecce MOTYT OBITH MOJTYYEHBI C MMOMOIIBIO TEOPUU HESIBHBIX (DYHKIUH,
NP pa3/ieicHUH IePEeMEHHbBIX Ha 3aBUCHMBIC U He3aBucumbie Z = (X,Y).

HAy = —grad(#7(X,Y)),
rne H — marpuna ['ecce (mMarpuia BTOpBIX MNPOM3BOAHBIX IeNeBON (yHKIHH); X — BEKTOP

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

6.2. PeweHne 3apgaum pacnpegerieHM akTUBHOW MOLHOCTM  6e3 yuyeTa
M3MEHEeHUA NOTepPb B CETH

[IpeneOperas morepsiMu, HalJIeM ONTUMAJIbHYIO 3arpy3Ky MO aKTUBHOW MOIIHOCTH CTaHIUI
JUIs cxeMbl Ha puc. 6 merogoM HeroToHa BTOporo nopsjaka. Cxema coOIepKHUT TPU CTAHUIUM (y371bI
1, 2 u 3). Harpy3ka cocpenorouena B y3ie 2. Py = 200 MBT. XapakTepucTUKH OTHOCUTENIBHBIX
HOPUPOCTOB IS 3TUX CTAaHLMH 3a7aHbl, pyO/KBT u:

g, =3+0,2P, +0,004 P2,
g, =2+0,4P, +0,002 PZ,
g, =4+0,15P, +0,003P?.

Puc. 6. Cxema D0C
Pewenue
3anuiem ypaBHeHHE OanaHca MOITHOCTH B CUCTEME:

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

PaznenuM Bce mepeMeHHbIC JaHHOW 3aaud Ha BEKTOp Y HE3aBUCHMBIX MEPEMEHHBIX M Ha
BekTOp X 3aBHCHUMBIX. [I0CKONBKY cHUCTeMa ypaBHEHHH YCTAaHOBHUBILETOCS PEKHUMa COCTOUT W3
OJTHOTO ypaBHEHHS, TO B BekTope X Oyzer Bcero ogna kommonenta X = (P2), a Bektop Y = (P1, P3)
(MOKHO MPHUHATH U JIHOOYIO APYT'yI0 KOMOMHAIIMIO).

1) Bamaem ucxoanoe npudmmkenue Y = (Pq, P3):

P, =50 MBTt; P3 =50 MBT.

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

3) BeruucnsieM BEKTOp-TpaIieHT B 3aJaHHOW TOYKE:
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oM _oH| oM oX
oY oY|, exoy’

rac
ou| (ou ou ~ oH
= y = (:11 83 B = 821
aY|, | oR,’ oP, oX
a U3 YpaBHCHUA Oamanca MOIIIHOCTHU
oX _[ P, | P, | _ 11"
oY | oP’oP, -
Takum o6pazom,
oU od Lo _om
e,

~ A 1% T S
oY, OF oY, 0P,
Bekrop-rpanuent grad(#) paBen

on on

_|ov|_| o |_(a-e
grad(#) = o 1= et |7 e e, |

o, | \op,
4) BoruncinsieM aneMeHTsl MaTpuLibl ['ecce H.
5) Pemaem cucreMy JHMHEHHBIX YpaBHEHHUH OTHOCUTEIBHO HEBSI30K IO HE3aBUCHMBIM

[IEpEMEHHBIM AY.
6) Haxoaum HOBBIE 3HaU€HUS UCKOMBIX ITepeMeHHbIX P1, P3

Pl = I:)1 +AY;;
u 3ateMm P, = P, — Py — Ps.
7) Ecnu monydeHHbIE 3HAYEHHUE YIOBJIETBOPSIOT 33JaHHON TOYHOCTH pacuera, TO MpoIlecc

3aKaHYMBAETCS, B MPOTUBHOM CJIy4yae pacueT MOBTOpPsEeTCs, HauuHas ¢ 1.3. Mepoil cxoaumocTu
mpolecca pelieHnus MOXKHO TaKKe BbIOpaTh BEIHUMHY KBaJIpaTa HOPMBI BEKTOpa-TpaIueHTa A%,

3apaHue

HaliTn ontumanbHOE paclpeiereHie aKTUBHBIX MOILIHOCTEN reHepanuu Mexay tpems TOC
no merony HeloToHa BTOpoOro mopsijaka aias mpuMepa Ha puc. 6 (0e3 yuyera U3MEHEHUs MOTeph
MOIITHOCTH B ceTH). [{ns storo:

1) BseiBecT GOpMyabl JUIS TIONYYSHHS 3JEMEHTOB MATPHIIBI BTOPBIX TMPOU3BOJHBIX,
OCHOBBIBASICh Ha CIIOCOOE MOJY4YeHHs MPOM3BOJHBIX OT HESBHbIX (QYHKIMH (cM 1. 3
aJIropuTMa pacyera JJis rpaJueHTa).

2) Tak, eciu

an
P, | [&(P)—&,(R)

grad(Z(X,Y)) = G_Hl :(Si(é)_gz(é) , TO KaK BBIYUCIIUTD
OP,
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o’ oM
6F’12 OP,0P,
o’ oM
OP,0P, 6P32
3) Perenue cucteMsl ypaBHEHHMIA (1. 5 alropuTMa)
HAy = —grad(Z7(X,Y)),
MOYKHO CJIeJIaTh IO COOTHOIIICHUIO:

Ay, 1( H,, —Hy ) grad,

H(HA(X,Y)) =

Ay, A\-Hy H; )Jgrad,

4)  PacueT BBIIOJHHUTH C TOYHOCTBIO 110 KBaApaTy HOpMbI rpaguenta 0,001.

OcHoBHast TuTepaTypa

1. DnexTponuTaHue yCTPOMCTB U CUCTEM TEIEKOMMYHUKAIMi: yueOHOoe mocodue / B.

M. bymyes [u ap.]. - Mocksa : ['opsiuas nunus - Tenexkom, 2011. - 372 c.
JlononHuTenpHas IUTEpATypa

2. DnekTpuueckue cucTteMbl M ceT: ydeOHoe mocobue / WM.B. UrnarbeB. — bparck:
I'OY BIIO «bpI'¥», 2008. — 210 c.

3. HUrnaree, U.B. IlpoekTupoBaHKe paliOHHON 3JICKTPUUYECKON CETH: METOIUYCCKUE
yKa3aHUs K BBIOJIHEHUIO KypcoBoro npoekra / U. B. UrnateeB, A. B. Ctpymernsik. -
Bbparck: bpl'Y, 2014. - 82 c.

9.2. MeToanueckne yKa3aHHs M0 BHINOJHEHUIO KypCcOBOii padoThl

KypcoBas pabora «Onrumm3amus pa3BUTHS CIOXHONW TEXHHYECKOW CUCTEMBI» MOCBSIIEHA
MaTeMaTHYECKUM MOJEJSM U METO/laM BbIOOpa TUIA U OYEPEHOCTU COOPYKEHHUS DICKTPUUECKUX
CTaHLHN u METOJIaM BbIOOpA ONTUMAJIbHOU KOH(Uryparuu MHOTOKaHaJIbHOU
TEJIEKOMMYHHUKAIIMOHHON CUCTEMBbI

3a/iaHue BKIIIOYAET B ce0s CIIEAYIOIINE Pa3/Iebl:

1.domupoBaHue MOETH BBIOOPA CTPYKTYPbI T€HEPUPYIOIIUX MOIITHOCTEH.
2.Br160op ontumansHoi CI'M nipu momontu mporpammbl OSGM.

3.AHanu3 MOJyYeHHON CTPYKTYPbl TEHEPUPYIOIMX MOIIHOCTEH/

4.Bp16op onTuMalibHOM KOH(PHUTYpauu ceTr Tpu oMoty nporpammsl OPTIMUM.
5.Bb160p onTUManbHON KOH(PUTYpALMK CETH Mpu moMoliu mporpammbl OptiLine.

Pacuet npou3BoANUTECS KaXAbIM CTYAEHTOM MHAMBHUIYaJIbHO, [10 BApUAHTaM.

CHucoK IUTepaTypsbl:

1. Urnatee, W.B. Dnekrpuueckue cuctembl U ceTu: yueObHoe mocobue / M.B. UrnareeB. —
Bbparck: 'OV BIIO «bpI'¥», 2008. — 210 c.

2. AGpamoBa, E. KypcoBoe mnpoekTupoBaHHE€ IO 3JIEKTPOCHAOKEHUIO IPOMBIIUIEHHBIX
npeanpustiii : ydeOHoe mocodue / E. AbpamoBa ; MunucTtepcTBO 00pa3oBaHUS M HAYKH
Poccuiickoit @enepanun, PenepaibHOe TroCyAapcTBEHHOE OMOKETHOE 00pa30BaTeIbHOE
YUpEeXKIAEHUE BBICIIETO MPOPECCHOHATBHOTO 00pa3oBaHus «OpeHOYprcKuil rocyaapCTBEHHBIN
yHuBepcuret». - OpenOypr : OI'Y, 2012. - 106 c. ; To xe [DnekrpoHHBI pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=259181 (02.03.2018).
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10. TEPEYEHb UH®OPMAIIMOHHBIX TEXHOJIOT Ui, UCIIOJb3YEMBIX ITPA
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O ITPOIECCA IO JINCHUIIJIMHE

NS

OC Windows 7 Professional;
Microsoft Imagine Premium;
Microsoft Office 2007 Russian Academic OPEN No Level;

AnTtuBupycHoe nporpaMmmHoe obecriedenue Kaspersky Security.

11. OMUCAHUE MATEPUAJIBHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOUI
JJI51 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA 1TO JUCIUIIJIMHE

Haumenosanue
Buo Ilepeuensy ocnosnozo No JIP unu 113
ayoumopuu
3anamus 0bopyoosanus
1 2 3 4
N VYyebnas MeOerb.
JIk JlucrnneHbIi Kiace
WHTepakTuBHAs JOCKA
N VYyebnas mebenb.
113 JlucrnimeHbIn Knace
HMuTepakTrBHAs JOCKA
Cp Uuranbabii 3a11 Ne3 VYuebnas mebensb. -

O6opynoBanue 15-

CPU 5000/RAM
2Gb/HDD

(Monutop TFT 19 LG
1953S-SF);

npunrep HP  LaserJet
P3005
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OOHJA ONEHOYHBIX CPEACTB AJId ITPOBEJAEHUSA

IMpunoxenne 1

MNPOMEXYTOUYHOM ATTECTAIIMUA OBYYAIOIMUXCA MO JUCIHUILJINHE

1. Onucanue ¢poHJa OLIEHOYHBIX CPEACTB (IACHOPT)

Ne
KOMIIeT Jaiement Paznen Tema DOC
eHIHH KOMIICTCHUINH
IIK-11 | Ymenue 1. 1.1.Bunsl ONTHUMH3AIMOHHBIX
MIPOBOAUTD OnTUMM3aKo | 33144 ¥ OCHOBHBIE CIIOCOOBI
TEXHMKO- HHBIC 3a1a9H HUX pCIICHUS
SKOHOMHYECKOE 1.2.0cHOBHEBIE HOJIXOJIbI npu
o0ocHOBaHUE pelIeHnr ONTUMH3AIMOHHBIX 3a/1a4
MIPOEKTHBIX B QJIEKTPO3HEPI€TUKE Bomnpocs! k 3auery
pacyeToB c 1.3.MaremaTnueckass IIOCTaHOBKa 1-4
HCIOJIb30BaHUE ONTHMH3AIIMOHHBIX 3a1a4 B
M COBPEMEHHBIX AIIEKTPOIHEPTETUKE
II0AX010B u 1.4.0nTUMU3alMOHHbBIE 33/1a4u KaK
MCTOAOB 3a1aun MaTeMaTUu4eCKOro
IIPOrPaMMHUPOBAHMUS
2. 2.1.0Tansl pa3BUTHSA
OcobenHoctu | anekTposHepreTuku Poccun
pa3BUTHS C YYETOM PBIHOYHBIX OTHOIICHUN
COBpeMEHHBIX | 2.2.IlpunsiTne U  00OCHOBaHUE
TEXHUYECKUX | pemieHuil no passutuio 39C BOHpOC;Ié( ety
CUCTEM 2.3.Cxema 00OCHOBaHWS Pa3BUTHS )
290C
2.4.0OCHOBHBIE COCTaBJISIOLINE
obocHoBanus pa3zsutus I9C
3. 3.1.Crparerust pazButus Enunoii
Kommexcuele | 99C Poccun
3a/1a4M 3.2.Ctparernueckuit IU1aH
000CHOBaHUsI pa3BUTHS SHECPrOKOMIIAHUH,
N Bomnpocs! k 3auety
PasBUTHSA paboTaromei B cocTaBe 9-11
CJIOKHBIX HHEProo0beJMHEHUS
TEXHUYCCKUX 3.3.lHBeCTUIIMOHHBII T1aH
CHUCTCM pa3BUTHS DJIEKTPOIHEPIETUYECKOTO
0o0BeKTa
4. 4.1.ITporpaMMHO-BbIYHUCIUTENbHBIN
MaremaTuyeck | KOMIUIEKC «COIO3» JUISL
oe ONTUMM3AIMH CTPYKTYpbl DOC
MoJenupoBanu | 4.2.Marematudeckas MOJIETb
e pasButus | pazputus DOC
TEXHUYECKUX 4.3.I1punnun «IIO30HHOH Bompock: k 3auery
CHUCTEM ONTUMM3ALUI npu 12-15
MOJEJIIUPOBAHUU CYTOYHOTO
B peKMMa M YacoOBBIX IIEPETOKOB
COBPEMEHHBIX | /ooty
YCIIOBUSAX

4.4 MonenupoBaHue
ANEKTPOCTAHIIUI

pa3BUTHS
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5.

5.1.ITocTaHoBKa OCHOBHOI 3amauu

MareMarnueck | JIMHEWHOIO IPOrpaMMUPOBAHUS
e MOJIENU U 5.2.00mactn JOTYCTUMBIX
. Bomnpocs! k 3auety
METO/IbI peneHui 16-18
JMHEWHOTO 5.3.ITorck ONTUMAIBHOTO PELICHHUSI
IIPOrpaMMHUPOB
aHus
6. 6.1.Knaccuduxanus MoOJeJIen
OnTtumuszanuo | miaHupoBaHus pazButus 39C

HHBIC MOJECIHU
IS

6.2.0nTuMHU3aOHHEIE
JUTSI TIOUCKA CTPYKTYPHI

MOJEIN

BOHpOCBI K 3a4CTy

IUIAHUPOBAHMS | TEHEPUPYIOIINUX MOIIHOCTEH 19-20
pa3BUTHS
TEXHUYECKUX
cHCTEM
IIK-15 | Ymenue 1. 1.1.Bunst ONTUMH3AIMOHHBIX
paspabarbiBars | ONTHMH3AIKMO | 33144 K OCHOBHBIE CIIOCOOBI
u  obopmwiATh | HHbIC 3a/1a41 UX pelIeHus
pa3IuYHYyI0 1.2.0cHOBHBIE ~ MOAXOABI  HpHU
NPOEKTHYI0 U pELICHUH ONTHMHU3AIMOHHBIX 337134
TEXHUYECKYIO B 3JIEKTPOIHEPIeTHKE Bompocsr k 3auery
JTOKYMEHTAIHIO 1.3.MaremaTtnueckasi TOCTaHOBKa 1-4
ONTUMU3ALMOHHBIX 3a1a4 B
DIIEKTPOIHEPTETHKE
1.4.00TuMH3aMOHHBIE 3aa4l KaK
3aa4n MaTeMaTHIeCKOTO
IpPOrpaMMUPOBAHUS
2. 2.1.0ranb pa3BUTHSA
OcobeHHocTH | AneKTposHepreTuku Poccun
pa3BUTHS C Y4€TOM PHIHOYHBIX OTHOIICHHUIN
coBpeMcHHBIX | 2.2.Ilpunstue u  oOOCHOBaHHE
TEXHUYECKUX | pemeHuil no pa3sutuio 39C Borp chlg ety
CUCTEM 2.3.Cxema 00OCHOBaHWS Pa3BUTHS )
990C
2.4.OCHOBHBIE COCTaBJISIOLINE
o0ocHoBaHMA pa3BuTHI DIC
3. 3.1.Crpareruss passutus Enunoit
Kommnekcnsle | 39C Poccun
3a7a4u 3.2.Ctparerndeckuii IUIaH
000CHOBaHHUs pa3BUTHUS SHEPTOKOMIIAHUH,
N Bomnpocs! k 3auety
Pa3BHUTHA paboTaromei B COCTaBe 9-11
CIIOKHBIX HHEProo0beJMHEHUS
TEXHUYICCKUX | 3.3.1IHBECTHIIMOHHBIH TJ1aH
CUCTEM pa3BUTHS DJIEKTPOIHEPIETUYECKOTO
o0BeKTa
4. 4.1.TIporpaMMHO-BBIYHCIUTEIbHBIN
MareMaTtnueck | KOMIUIEKC «COHIO3» JUTSt
oe ONTUMH3ALMH CTPYKTYpbl DOC
MOJICTTUPOBAHU 4.2.MaTeMaTI/I'-Ie(I))IZ:5[yp MOJEIb Bonpo;rzﬂ_fs?,aqery
e pasButus | pazputus 29C
TEXHUYCCKUX | 4.3.IIpuHImm «TIO30HHOU
ONTUMU3AIMN» npu

55




CUCTEM

MOACIINPOBAHUU CYTOYHOI'O
pexuMa H YaCOBLBIX TICPCTOKOB

B MOIITHOCTH
COBPCMCHHRIX 1 4 4 MonenupoBanue pa3BUTHUS
YCIOBHAX ANEKTPOCTAHIIUI
o. 5.1.IToctaHOoBKa OCHOBHOHM 3ajauu
MaremaTtuueck | TMHEHHOTO MPOTrpaMMHUPOBAHUS
e MOJIEIU U 5.2.00mactn JOTTYCTUMBIX

. Bormpocs! k 3auery
METO/IbI penieHui 16-18
JIMHEWUHOT O 5.3.ITouck oNTUMAIBHOTO PEIICHUS
MIPOrpaMMHUPOB
aHUs
6. 6.1.Knaccuduxanus MoOJeJIen
OnTtumuszanuo | miaHupoBaHus pazButus 39C

HHBIE MOJICIIN
JUIS
IUTAHUPOBAHUS
pa3BUTHUS
TEXHUYECKUX
CHUCTEM

6.2.0nTuMHu3aoOHHbIE
JUTSI TIOUCKA CTPYKTYPHI
TCHEPUPYIOIIUX MOIIHOCTEH

MOJEIN

Bomnpocsr k 3auety
19-20

2. Bompocsl k 3a4eTy

Komnerenmuuu Ne u HaMMeHOBaHHe
Ne BOIIPOCHI K 3AYETY -
w/n pasjiena
Kon Omnpenesenune
1 2 3 4 5
IIK- | Ymenue 1.Buapl  onTUMHM3alMOHHBIX 3agad W | 1. ONTUMM3aLMOHHBIE
11 | npoBoaUTH OCHOBHBIE CITOCOOBI 3a1a4u
TEXHUKO- UX pELICHUs
YKOHOMHUYECKOE 2.0OCHOBHBIC TIOJXOJABI TPH PEIICHUH
000CHOBaHME ONTUMU3ALMOHHBIX 3a1a4 B
IIPOEKTHBIX AIIEKTPOIHEPTETHKE
pacyeToB ¢ | 3.Maremaruueckas [IOCTaHOBKA
UCIIOJIb30BAHUEM | ONTHUMM3ALMOHHBIX 3a1a4 B
COBPEMCHHBIX JJIEKTPOIHEPIETUKE
OJIXO0/10B U | 4,OnTUMU3AIMOHHEIE 3a[a9l KaK 3a1a4u
1 METOA0B MAaTEMATUYCCKOI0 NpOrpaMMHUPOBAHUS

5.0T1ambl Pa3BUTHUS AJIEKTPOIHEPIETUKU
Poccuu ¢ yueToM phIHOYHBIX OTHOUIEHHUH

6.IlpunsiTHE 1 0O0OCHOBAaHUE PEHICHUH IO
pazsutuo 99C

7.Cxema o6ocHoBaHus pazButust 29C

8.0cHOBHBIE
obocHoBaHus pazButusi 29C

COCTaBJIAOIINUEC

2. Ocobennoctu
pa3BHUTHSA
COBPEMEHHBIX
TEXHUYECKUX CUCTEM

Poccun

9.Crpareruss pasButus Emunoit 23C

3.KommiekcHbie
3amaun  00OCHOBaHUS
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10.Ctparernueckuii  mimaH  pa3BUTHUS
HHEPrOKOMITaHUH,

paboTarorei B cocTaBse
HHEProoObETMHEHHS
11.MluBeCTULIMOHHBIN  TJIaH  Pa3BUTHS

SJIICKTPOSIHEPICTHYECKOT'O 00BeKTa

Pa3BUTHA CJIOKHBIX
TEXHUYCCKUX CUCTEM

12 TIporpaMMHO-BBIYHCITUTEIbHBIN
koMmieke «COIO3» mig onTUMH3AUU
CcTpyKTypbl 29C

13.MaremaTnueckass MoOJeNb PpPa3BUTHUS
90C

14 ITpuHIMI «TTO30HHON ONTUMM3AIUN)Y
MIPU MOJIETTUPOBAHUHU CYTOYHOTO PEKUMA
Y YaCOBBIX NIEPETOKOB MOIIIHOCTH

4, MareMaTH4YECKOE
MOJICIIUPOBAHNE
pasBuTUA
TEXHUYECKHX CHCTEM

B COBPEMEHHBIX
YCIIOBUSIX

15.MonenupoBaHue pa3BUTHS
AIEKTPOCTAHIIUI
16.I1locranoBka OCHOBHOH 3agaud | 5 Maremarudeckue

JIMHEHHOT O ITPOrpaMMHUPOBaHUS

MOACIN U METOAbI

17.065acT JONyCTUMBIX peIIeHUH JIMHENHOTO
18.TTonck ONTHMAIILHOTO PEIICHUS MIPOrPaMMHUPOBAHHSI
19.Knaccuduxanus Mozeier | 6. OnruMu3anuoHHbIE
rIaHupoBanus pazButus 29C MOJENN TSt
20.0nTUMH3AIMOHHBIE  MOJEIH  JUIsl | INIAHUPOBAHHUS
MIOVICKA CTPYKTYPBI pa3BHUTHSA
TeHEPUPYIOLINX MOIIHOCTEH TEXHUUYECKUX CHCTEM
[IK- | YmeHue 1.Buapl  onNTUMU3ALMOHHBIX 3afad  u | 1. ONTUMH3AIMOHHbBIE
15 | pa3pabaTeiBaTh ¥ | OCHOBHBIC CITIOCOOBI 3a7a4u
0pOpMIISTH WX pelIeHus
Pa3IUYHYIO 2.0CHOBHBIC TIOJXOJBI TPHU PEUICHUH
MPOEKTHYIO U | ONTHMH3AIMOHHBIX 3a1a4y B
TEXHHYECKYIO DJIEKTPOIHEPTETUKE
JOKYMCHTAIUIO 3.Maremarnueckas MTOCTaHOBKA
ONTHUMM3AIIMOHHBIX 3a/1a4y B
DJIEKTPOIHEPTETUKE

4.0nTUMM3aLMOHHBIE 3a]aui KaK 3a/laud
MaTE€MaTH4YeCKOro NpOrpaMMHUPOBAHUS

5.0Tanbl pa3BUTHSA 3JIEKTPOIHEPTETUKU
Poccu ¢ yueToM phIHOYHBIX OTHOUIEHUH

6.IIpunsaTHE 1 00OCHOBAaHUE PELICHUN O
pazsutuio D9C

7.Cxema o0ocHOBaHUA pa3BuTUs D9C

8.0cHoBHBIE COCTaBJISIOLIME
o0ocHoBaHus pa3BuTH IIC

2. OcobeHnoctH
pa3BUTHS
COBPEMEHHBIX
TCXHHUYCCKHUX CUCTCM

9.Ctpareruss pazsutus Emmuoit 23C
Poccun

3. KomruiekcHbie
3amayd  00OCHOBaHUSA

10.Ctparernuecknii  TUIaH  Pa3BUTHS | Pa3BUTHS  CIOXKHBIX
HHEPrOKOMITaHUH, TEXHHUYECKUX CHCTEM
paboTaroreit B cocTaBse

HHEProoObEeTMHEHHS
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11.MuBeCTULIMOHHBII
AIIEKTPOIHEPTETUYECKOTO 00BEKTA

pa3BUTUA

12.TIporpaMMHO-BBIYHCITUTEIbHBIN 4.
kommuiekec «COIO3» nnga onTuUMHU3auu | MOACIMPOBAHUE
cTpyKTypbl 29C

Marematnueckoe

pa3BUTHUS

13.MatemaTnueckass MOJE€Nb Pa3BUTUS | TEXHUYECKUX CHUCTEM
90C

14 ITpuHIMI «TTO30HHON ONTUMH3AIAN)Y
MIPU MOJIETUPOBAHUHU CYTOYHOTO PEKUMa
Y YaCOBBIX NIEPETOKOB MOIIIHOCTH

B COBPEMEHHBIX
YCIIOBUSIX

15.MonenupoBaHue
AJIEKTPOCTAHIINAI

Pa3BUTHA

16.I1locranoBka
JTUHEHHOTO MPOrPaMMHUPOBAHUS

OCHOBHOH

3amaun | 5 Marematuueckue
MOJIEIN U METObI

17.06mactu TOMYCTUMBIX peleHU

JIMHEHHOTO

18.IToHcK ONTUMAIBHOTO PELICHUS

IIPOrpaMMUPOBAHUS

19.Knaccuduxanus
11aHupoBanus pazputus 99C MOJEIIN JUIS

mozener | 6. OnTuMH3alMOHHEIE

20.0nTuMHU3aIMOHHbBIE
MIOVICKA CTPYKTYPBI
TCHEPUPYIOLIUX MOIIHOCTEH

MOACIIN IJ1A | INIAaHUPOBAHUA

pa3BUTHUS
TEXHUYECKUX CUCTEM

3. OnucaHue nMokaszarteeil 1 KpUTepHeB OLeHUBAHUS KOMIIeTeHIUI

IToxa3zarenun

Onenka

Kpurepun

3Hatp

(MK-11):

- OCHOBBI ITU(POBOM BHIYHCIUTEIBHON
TEXHUKH, CTPYKTYPHI "
(byHKIIMOHUPOBaHHE JIOKQJIbHBIX
BBIUMCIUTEIbHBIX ceTeit u
rio6ansHOi cetn HTEpHET;

(TTK-15):

- OCHOBHBIE 3aKOHOMEPHOCTH
nepeaadn uH(popmManuu B
UH(POKOMMYHUKAI[MIOHHBIX CHCTEMaX,
OCHOBHBIE BU/IBI CUTHAJIOB,
HCIIOJIb3YEMBIX B
TEJIEeKOMMYHHUKAIMOHHBIX ~ CHUCTEMaXx,
0COOEHHOCTH Tepellaud  Pa3IUYHbIX
CUTHAJIOB IO KaHajlaM U TpakKTam
TEJIEKOMMYHHUKALMOHHBIX CHCTEM.
Ymerb

(MK-11):

— (dopmynupoBaTh OCHOBHBIE
TEXHUYECKHE TpeOoBaHUs K
TEIEKOMMYHUKAllUOHHBIM ~ CETAM U
CUCTEMaM;

(TIK-15):

- -OLIEHUBaTh OCHOBHBIE MPOOJIEMBI,
CBA3aHHBIE C  OKCIUTyaTalued U
BHEAPEHUEM HOBOM
TEJIEKOMMYHUKAIMOHHON TEXHUKHU

3aYTCHO

CTy,Z[eHT JOJIZKCH IIOKa3aTb
3HaHHUA OCHOB METOJ0B
YHIpaBJICHUA pa3sBUTHEM
TCIICKOMMYHHUKAIITMOHHBIX

CHUCTECM.

HE 3a4YTCHO

Ha Bompocsl cTyneHT oTBedaeT
HEyOeAUTETBHO. Ha
JOIIOJIHUTCIIBHBIC BOITPOCKHI
NPEeroIaBaTelisi TAKKe HE MOXKET
OTBCTUTH.
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ceTel.

Baagern

(MK-11):

— HaBBIKAMH KOMITbIOTEPHOTO
IPOEKTUPOBAHUS " pacuera
AQHAJIOTOBBIX, U(PPOBBIX "
MHKPOIIPOIIECCOPHBIX
TEJIEKOMMYHHUKAIIHOHHBIX YCTPOHCTB,;
(ITK-15):

- JIOCTaTO4YHBIM YPOBHEM 3HAHUW IS
cbopa M aHaIM3a MCXOJHBIX IAHHBIX
Ui pacdeTa U IPOEKTUPOBAHMS
CUCTEM TEJICKOMMYHHUKAIIMOHHBIX
CUCTEM.

4. MeToauyeckue MaTepHaJbl, onpeaesiione MPoueaypbl OleHUBAHUS 3HAHUI,
YMeHH i, HABBIKOB M ONBITA /IeATEILHOCTH

JucuunimHa MeToapl  yHnpaBiieHUST Pa3BUTHEM  CIIOXKHBIX CUCTEM HampaBl€HAa Ha
dbopMupoBaHHE Yy CTYACHTOB IIEJIOCTHOIO TMPEACTaBICHHUA O CHocobax MpPUMEHEHUs
MaTeMaTUYECKUX METOJOB B IJIAHUPOBAHUM PA3BUTHUS CIIOKHBIX TEXHUYECKUX CUCTEM, IOCTPOCHHU S
MoJeJIel JUIsl IPOrHO3UPOBAHUS UX PA3BUTHSL.

JuctumuimHaa aomkHa obecnieunBath GopMUpoBaHUEe (yHIAMEHTa TOJATOTOBKH OYIYyIIHX
CIEIMAIIMCTOB B 00JIACTH HH(POKOMMYHHUKAITMOHHBIX TEXHOJIOTHI U CUCTEM CBSI3U.

N3yuenune  gucuumuimHael  MeToabl  ynpaBiI€HHS  PAa3BUTHUEM  CIOXKHBIX  CHCTEM
MIpeayCMaTpPUBAET:

— JIEKLIUH,

— NPaKTUYECKHUE 3aHSITHS,

— KYpCOBYIO paboTy,

— CaMOCTOSITENbHYIO PadOTy CTYJEHTA,

— 3a4er.

B mporecce mpoBeneHuss NPaKTUYECKUX pabOT MPOUCXOIUT 3aKperyieHWe 3HaHUM,
(dbopMHUpOBaHKE YMEHUN U HABBIKOB pacdyeTa MoJieJiel pa3BUTHsI CHCTEM TEIEKOMMYHHUKAIUH.

[Ipy moAroToBke K 3a4eTy pPEeKOMEHAYeTcs 0co00e BHUMAHHUE YACIUTh CIEIYIOIIUM
BompocaMm: (OPMHPOBAHHUE y CTYIECHTOB IEJIOCTHOTO MPEJCTABICHUS O CIOCO0ax HMCCIIECTOBAHUS
MoJieiel pa3BUTUS MPEANPUATHI OTpacal HHPOKOMMYHHUKAIHH.

PabGora ¢ nuTepaTypoil SIBISETCS BaXXHEHIIUM DJJIEMEHTOM B TMOJIYYEHHWU 3HAHHUM 110
mucrurinae. [Ipexae Bcero, HEOOXOAMMO BOCIIONB30BAThCS CIIHCKOM PEKOMEHIYyeMOi Mo JaHHOH
JUCIUIUIMHE JIUTEPATypoi. [[OMONHUTENbHBIE CBEAEHUS MO M3Yy4a€MbIM TEMaM MOXHO HAWTH B
nepuoanyecko neyatu u MuaTepHere.
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[puioxenune 2

AHHOTAIIUA
paboueii nporpaMMbl TUCHUANIMHBI
MeTtoabl ynpasiieHUs PA3BUTHEM CJIOKHBIX CHCTEM

1. Heab u 32124y AUCHUTLTHHBI

Lenp AWCHMIUTUHBI TOTy4YeHUE OakalaBpaMu 3HAHWHA 1O TMPUMEHEHUI0 MATeMAaTUYECKUX
METOJIOB B IJIAHUPOBAHUM PA3BUTHUS CIOKHBIX TEXHUYECKUX CHUCTEM, IMOCTPOCHHUIO MOENeH st
MIPOTHO3UPOBAHUS UX PA3BUTHUS.

3amavyeil OUCHUIUIMHBI  SIBISETCS H3YYEHHME METOJIOB IIOCTPOEHHUS Mojeie i
MPOTHO3MPOBAHUS W ITUIAHUPOBAHMS Pa3BUTHS ¥ (YHKIIMOHHPOBAHHS TEXHUYECKHX CHCTEM;
o3HakomJieHHe ¢ ocHoBaMU CAIIP TexHHWYeCKUX CHUCTEM; M3YYEHUE HEPaAPXUUYECKOU CTPYKTYpbI
TEJICKOMMYHUKAIIMOHHBIX CUCTEM.

CTpyKTypa M CUHNIHHbI
2.1 PacrnpenencHre TPYIOEMKOCTH IO OTACIBHBIM BHJIaM YyYeOHBIX 3aHATHH, BKIIIOYas
camocrosTenbHy0 padory: JIk — 17 gacos, 13 — 34 gaca, CPC — 57 gacos.
OO61mas TpyA0eMKOCTh AUCHUIUINHBL cocTaBisier 108 wacoB, 3 3a4yeTHbIC €IUHUIIBIL.

2.2 OCHOBHBIE Pa3/eibl TUCIUIINHBL:

1. OnTuMu3aLMOHHBIE 3a1a491

2. OCOOCHHOCTH Pa3BUTHSI COBPEMEHHBIX TEXHUUECKUX CUCTEM

3. KoMmrutekcHbIe 3a1a4 000CHOBAHUS PA3BUTHS CIIOKHBIX TEXHHYESCKAX CUCTEM
4. MareMaTH4eCKOe MOZICITUPOBAHUE PA3BUTHUSI TEXHUUECKUX CUCTEM

B COBPEMEHHBIX YCJIOBHUSX

5. MaTtemaTHYeCKUEe MOJICITH W METO/IbI JIMHEHHOTO MPOTPaMMHUPOBAHHUS

6. OnNTUMHU3AIUOHHBIC MOJICNN JIJISI ITAHUPOBAHUS PA3BUTHS TEXHUUYECKHX CHCTEM

3. [lnanupyembie pe3yJibTaThl 00yueHUs (MepevyeHb KOMIeTEeHIIUI)

[Tponecc n3yueHust JUCUUIUIMHBI HAallpaBjieH Ha (JOpMUPOBAaHUE CIIETYIOUUX KOMIETEHII:
[1K-11 - ymeHMe NPOBOJUTH TEXHUKO-IKOHOMUYECKOE 0OOCHOBAHME NMPOEKTHBIX PACUETOB C
MCII0JIb30BAaHUEM COBPEMEHHBIX MOAXOA0B U METOJOB;

[IK-15 - VYmMmenue pa3pabaTeiBaTh U O(QOPMIIATH Pa3IMUYHYI0 HPOEKTHYI0 U TEXHHUYECKYIO
JIOKYMEHTAIUIO.

4. Bua npomMe:KyTO4YHO# aTTecTtanuu: 3ayet, KP.
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IIpunoxenue 3

IlIpomoxkon o 0ononHeHUAX U U3MEHEHUAX 8 padoueil npozpamme
Ha 201 _-201 _ yuebnwuii 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

IIporokon 3acenanus kadeapbr Ne OT «__ » 201 r,

(paspabomuux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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Ipunoxenue 4

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

1. Onucanue ¢GpoHJa OLIEHOYHBIX CPEACTB (IACHOPT)

Ne
KOMIIeT Jarement Paznen Tema DOC
CHIUH KOMIICTCHIINH
I[IK-11 | Ymenue 1. 1.1.Bunsr ONTHUMH3AIHOHHBIX
IIPOBOJINTH OnTumuszanuo 3aJ1a4 U OCHOBHBIE CIIOCOOBI
TEXHHUKO- HHBIC 3a/1a41 WX pelIeHus
3KOHOMHUYECKOE 1.2.0cHOBHBIE  TOAXOABI  TIpHU
000CHOBaHUE pelIeHnH ONTUMH3AIMOHHBIX 3a/1a4
MPOEKTHBIX B DJICKTPOIHEPIETUKE Kypcosas pabora
pacuerosB c 1.3.MaremaTtnyeckass IMOCTaHOBKa
WCII0JIb30BaHUE ONTHMH3AIIMOHHBIX 3a/1a4 B
M COBPEMEHHBIX AIIEKTPOIHEPTETUKE
IIOAX00B " 1.4.0nTUMU3alMOHHbBIE 33/1a4u KaK
METOIAOB 3aJa4n MAaTEMaTUYECKOI'O
IPOrPaMMHUPOBAHHUS
2. 2.1.0Tansl pa3BUTHSA
OcobenHoctu | anekTposHepreTuku Poccun
pa3BUTHS C YYETOM PBIHOYHBIX OTHOIICHUN
coBpeMeHHBIX | 2.2.[lpunsitue u  00OCHOBaHUE
TEXHUYECKUX | perieHui mo pa3Butuio D9C Kypcosas paGora
CUCTEM 2.3.Cxema 000CHOBaHHS Pa3BUTHSA
99C
2.4.0OcHOBHEBIE COCTAaBIISIOLIINE
obocHoBanus pazButus 293C
3. 3.1.Crpareruss passutus Enunoit
Kommnekcueie | 93C Poccun
3a/1a4M 3.2.Ctparernueckuit IUTaH
000CHOBaHUsI pa3BUTHSI SHEPTrOKOMITAaHHUH,
pasBUTHA paboratomieit B CcoCTaBe Kypcosas padora
CIIOKHBIX AYHEProoObETUHEHHS
TEXHUYCCKUX | 3.3.1IHBECTUIIMOHHBIH J1aH
CUCTEM pa3BUTHS DIEKTPOIHEPTETUIECKOTO
o0BeKTa
4. 4.1.ITporpaMMHO-BbIYHUCIUTENbHBIN
MaremaTuyeck | KOMIUIEKC «COIO3» JUISL
oe ONTUMM3AIMH CTPYKTYpbl DOC
MOZEIUpOBaHU | 4.2.MaremaTudeckas MOJIEJb
e pasButus | pazputus DOC
TEXHUYECKUX 4.3 .I1punnun «IIO30HHOH Kypcosas pa6ota
CUCTEM OTNITUMHU3ATIHI npu
MOJICTTUPOBAHUH CYTOYHOTO
B peKMMa ¥ YacOBBIX TEPETOKOB
COBPEMEHHBIX | /ooty
yeoBHAX 4.4 MonenupoBaHue pa3BUTHSA
ANEKTPOCTAHIIUI
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5. 5.1.ITocTaHoBKa OCHOBHOM 3agauu

MareMarnueck | JIMHEWHOIO IPOrpaMMUPOBAHUS

e MOJIENU U 5.2.00mactn JOTYCTUMBIX

METOBI pereHnii Kypcosas pabora
JIMHEAHOTO 5.3.TTouCK ONTUMAIEHOTO PEIICHUS

IIPOrpaMMHUPOB

aHMsl

6. 6.1.Knaccuduxanus MoOJeJIen

OnTtumuszanuo | miaHupoBaHus pazButus 39C

HHBIC MOJECIHU
IS

6.2.0nTuMu3aoOHHbIE
JUTSI TIOUCKA CTPYKTYPHI

MOJEIN

Kypcosas pabora

IUIAHUPOBAHUS | TEHEPUPYIOIIMX MOIIHOCTEH
pa3BHUTHS
TEXHUYCCKUX
CUCTEM
I[IK-15 | YmMmenne 1. 1.1.Bunsl orntuMm3anoHHbIx | Kypcosas pabora
paspabarpiBare | ONTUMHU3ALKO | 3a1a4 ¥ OCHOBHBIE CIIOCOOKI
u  obopmwiATh | HHbIC 3a/1a41 UX pelIeHus
pa3IYHYIO 1.2.0cHOBHBIE  TOAXOABI  MpH
MPOSKTHYI0 U pEIICHNN ONTHMH3AIMOHHBIX 3a/1a4
TEXHUYECKYIO B DJICKTPOIHEPIETUKE
JOKYMEHTAITUIO 1.3.MaremaTnueckass TIOCTaHOBKa
ONTUMHU3AIIMOHHBIX 3a/1a4 B
AJIEKTPOIHEPTETHKE
1.4.00TuMH3aMOHHBIE 3aa4l KaK
3a/1auun MaTEeMaTHIeCKOTO
IPOrpaMMHUPOBAHUS
2. 2.1.0ranb pa3BUTHSA
OcobeHHOCTH | AEKTpO3HEepreTuku Poccun
pa3BHUTHS C YYETOM PBIHOYHBIX OTHOIICHUN
coBpeMcHHBIX | 2.2.Ilpunstue u  oOOCHOBaHHE
TEXHUYECKUX | pemeHuil no pa3sutuio 39C Kypcosas padora
CHCTEM 2.3.Cxema 00OCHOBaHHS Pa3BUTHS
29C
2.4.OcHOBHEIC COCTABJISIIOLINE
o0ocHoBaHu pa3BuTH DIC
3. 3.1.Crpareruss passutus Enunoit
Kommniekcueie | 93C Poccun
3a7a4u 3.2.Ctparerndeckuii IUIaH
000CHOBaHHS pa3BUTHUS SHEPTOKOMIIAHUH,
pa3BUTHA paboTaroreit B COCTaBe Kypcosas pabora
CIIOXKHBIX HHEProoObEeTUHEHHS
TCXHUYCCKUX 3.3.IHBEeCTHIIMOHHBIH TJ1aH
CUCTEM pa3BUTHUS DIIEKTPOIHEPTETUUECKOTO
00BbeKTa
4. 4.1.TIporpaMMHO-BBIYHCIUTEIbHBIN
MaremaTuyeck | KOMIUIEKC «COIO3» JUISt
oe ONTUMM3AIMH CTPYKTYpbl DOC
MojJenupoBann | 4.2.Martemaruueckas MOJETb
e pasButus | pazputus 29C Kypcosas padora
TEXHUYCCKUX | 4.3.IIpuHImm «TIO30HHOU
ONITUMU3ALIHI npu
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CUCTEM MOJICTTPOBAHUH CYTOYHOTO
peKMMa ¥ YacOBBIX IIEPETOKOB

B MOIITHOCTH

COBPCMCHHRIX 1 4 4 MonenupoBanue pa3BUTHUS

YCIOBHAX ANEKTPOCTAHIIUI

o. 5.1.IToctaHOoBKa OCHOBHOHM 3ajauu

MaremaTtuueck | TMHEHHOTO MPOTrpaMMHUPOBAHUS

e MOJIEIU U 5.2.00mactn JOTTYCTUMBIX

METOJIBI peueHui KypcoBoit mpoekT

JIMHEHHOTO 5.3.ITouck oNTUMAIBHOTO PEIICHUS

MIPOrpaMMHUPOB

aHUs

6. 6.1.Knaccuduxanus MoOJeJIen

OnTtumuszanuo | miaHupoBaHus pazButus 9C

HHbIE MoAenH | 6.2.0nTuMu3anoHHbIE MOJICIIN

AT JJI1 TOMCKA CTPYKTYPBI

[UIAHUPOBAHKS | FeHEPUPYIOIIUX MOLIHOCTEN KypcoBoii mpoekr

pa3BHUTHS

TEXHUUYECKUX

CUCTEM

2. OnucaHue noKasartejiei u KPpUTEPUEB ONCHUBAHUA KOMIIeTeHLIMii

IlokazaTenu OneHka Kpurepun
3unathb Bo Bpems 3amuThl KypCcOBOTO
(IMK-11): NpOeKTa  CTYACHT  IOKa3all
- OCHOBBI udpoBoi 3HAHUE BCEX OCHOBHBIX
BBIYMCIIUTEIIBHOMN TEXHUKHU, OlpeIE/ICHUH u
CTPYKTYpHl ¥  (YHKIIMOHHUPOBAHUE POJAEMOHCTPUPOBAI yYBEPEHHOE
JIOKAJIbHBIX BBIYHCIUTENBHBIX CETEH YMCHHC HCIOJIB30BaThb MCTO/bI
U rno6anbHON cetu MHTEepHeT; OTJINYHO YIPaBJICHHUS pa3BUTHEM
(ITK-15): CIIOKHBIX TEXHUYECKHX CHCTEM ,
- OCHOBHBIE 3aKOHOMEPHOCTU BJIaJIEHUE JIOCTaTOYHBIM
nepenaqu uH(pOopMaIuu B YpOBHEM TIOHUMAaHUS
MH()OKOMMYHUKAITMOHHBIX CUCTEMAX, MaTepuaira, M  CIOCOOHOCTh
OCHOBHBIE BU/JIBI CHUT'HAJIOB, CaMOCTOSITEILHO BBICKAa3aTh
HCITIOJIB3YEMBIX B MBICIIb Ha HAYYHO-TEXHHUYECKOM
TEJIEKOMMYHUKAIIMOHHBIX CHCTEMaX, SI3BIKE.
OCOOEHHOCTH TIEpe/layul Pa3IMYHbIX Bo Bpems 3amuThl KypcOBOTO
CUTHAJIOB II0 KaHajlaM Hu TpakTaMm IIPOEKTa CTYIEHT IIOKa3al He
TEJIEKOMMYHUKAIIUOHHBIX CUCTEM. X0pOo1110 [IOJIHOE [TIOHMMAaHUE MaTepuala u
Ymersn HABBIKOB BIIQJICHUS
(MK-11): NPaKTUYECKUMHU MPUEMAMHU.
— ¢opmynupoBath OCHOBHBIE
TCEXHUYCCKUC TpC6OBaHI/IH K Bo BpeMs 3aIllUTBl KypCOBOIO
TCJIICKOMMYHHUKAIIUOHHBIM CCTIAM H IIpOEKTa CTYIEHT IoxKasal
CHCTEMAM, YAOBICTBOPUTEILHO cnaboe MOHMMaHHUe MaTepuana u
(TIK-15): HaBBIKOB BJIaJICHUS
- -OICHUBAaTb OCHOBHBIC Hp06JIeMBI, NPaKTUICCKUMHU IIPUEMaMHU.
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CBA3aHHBIC C DJKCIUlyaTaluen u
BHEAPEHUEM HOBOH
TEIEKOMMYHUKAlMOHHON  TEXHUKH
CeTeM.

Baanern

(MK-11):

— HaBBIKAMU KOMITHIOTEPHOTO
MIPOCKTUPOBAHUS i pacueta
aHaJIOTOBBIX, G poBBIX H
MHUKPOIPOLIECCOPHBIX
TEIEKOMMYHHUKAITMOHHBIX YCTPOUCTB,;
(TIK-15):

- JlocTaTOYHbIM YPOBHEM 3HAHUU JJIA
cOopa M aHalM3a UCXOJHBIX JTAHHBIX
JUIsL  pacueTta M MPOEKTUPOBAHUS
CUCTEM TEJIEKOMMYHHUKAITMOHHBIX
CHUCTEM.

HEYAOBJIETBOPUTECJIBLHO

Bo Bpems 3amurel KypCcOBOTO
IIPOEKTa CTYACHT HE
IIPOJEMOHCTPUPOBAI
TEOPETUYECKUX 3HAHUH 10 TEMeE
paboTel, OO HE TMOKazal HHU
KaKUX [IPaKTUYECKUX HaBBIKOB.
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[IporpaMmma cocTaBieHa B  COOTBETCTBHM C  (peiepaIbHBIM  TOCYAapCTBEHHBIM
00pa3oBaTeNbHBIM CTaHAAPTOM BBICIIETO 00Pa30BaHUs 110 HANIPABIICHHUIO MOATOTOBKU

11.03.02 HMHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTHH W  CHUCTEeMBI CBsizu. [Ipoduin
MHorokaHanbHbIE TEIEKOMMYHUKAIIMOHHBIE CUCTEMBI OT «6» MapTa 2015 r. Nel174

s Hadopa 2015 roaa: u yue6usM mianoM @I'BOY BO «bpl'VY» ans ounoit popmbl 00ydeHus ot
«13» urong 2015 r. Ne 475

s Hadopa 2016 roaa: u yuebusm mwianom ®I'BOY BO «bpl'Y» mis ounoit popmbl 00ydeHus ot
«6» nrons 2016r. Ne429

s Hadopa 2017 roaa: u yuebusim mwianom ®I'BOY BO «bpl'Y» mis ounoit popmbl 00ydeHus ot
«6» mapta 2017r. Nel25

IIporpammy cocTtaBmI:
UrnateeB U.B. 3aBenyromuii kapeapoin YTC, noueHr, K.T.H.

Pabouas nporpamma paccMoTpeHa U yTBepxAeHa Ha 3aceganuu kadeapslyY TC

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

3aBenyromnuii kageapoit N.B. UrnatreB
COI''TACOBAHO:

3aBenyronuii BeITycKaromiei kageapoii N.B. Urnatrnes
Hupexrop OUOIMOTEKH T.®. CotHuK

Pabouas nporpamma ogo0peHa MeToIn4eckoil kKoMuccuei gakynprera JuA

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

[Ipencenarens MeToaMYEeCKOH KOMUCCHH (PaKyIbTeTa A.J1.YnbstHOB
COT'JTACOBAHO:

HavanpHuk

y4eOHO-METOIUUECKOr0 YIpaBICHUs I'.II. Hexxesen

Perucrpanuonnsiii Ne

66



