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1 Ne1 ecenTik — cbI30a KYMBIC

1.1 ZKyMBICTBIH MaKCAThI KIHE MIceJiesiepi

EcenTik — chi30a >KYMBICTBIH MakcaThl aOCONIOTTIK OIpiiKTepAe DIIEKTP
KYKTEMECIHIH TOYJIKTIK JKOHE KBUIIBIK TpaduUKTEepiH TYPFbI3y €CenTepiHe,
OJIapJIBIH TIApaMETPIICPiH aHBIKTAY/1a )KOHE TEXHHUKAIBIK 9/ICOMETIICH )KYMBIC jKacay
MAaIIBIKTBIFBIH 6pO0ITY A A1ePOCCTIKTI IaMBITY .

Ecentik — cpi30a XyYMBIC KYKTeME TpaUKTEpIH TYPFBI3y KOHE HET13r1
nmapaMeTpiepal aHbIKTay HETri3ri MiHAETTepl OOJIBINT €CenTeNeTiH THUMTIK ecell.
EcernTik — ch130a XyMBIC TOMEHJI€ KEATIPUIreH HycKaaap OOMbIHIIIA OPBIHAIAbI.

1.2 Aaramkbl MAJIiMeTTEp

KyMmbICTBI OpbIHAAY YILIIH alifalllkbl MOJIIMETTEpP HyCKajapra CoHKkec

KaObLIaHa bl, MYH/1a Oeple/i:
- )KYKT€MEHIH THUITIK Tpaduri;
- TYTBIHYIIBUIAPAbIH MAKCUMAJIbl )KYKTEMECT Pmax;
- )KYKTE€MEJIEP/I1H Y3aKThIFbI, KbIC - 5Ka3.

EcenTik — cb130a »KYMBICTBI OpbIHAAY YIIIH aJIFAalIKbl MAJIIMETTEP KaTaH KEKe
OepuIreH. Op CTYAEHT 63 TallChIPMAaChIHBIH HYCKACHIH YII HBIIIAH - (PaMUIHSICHIHBIH
OIpiHII opIIl, €CenKe aay KiTammachkl MU(PBIHBIH COHFbI KOHE OHBIH aJlIbIH/IAFbI
caHiapbl OOWBIHIIA OCHl TOHJI OKHTBIH OKY >KbUIBIHAH TOYENJl AaHBIKTaW[IbI.
Anramikpl momimertep 1, a, e cyperrepi, 1.1 xone 1.2 kectenepi OoiibiHIIA
TaH1aJ1a]Ibl.

1.1 kecte - TyThIHYIIBUTAPABIH MAKCUMANIBI )KYKTEMEC] Pmax, MBT

Oky
JKBIJIBI ECCH any KiTaHH_IaCBIHBIH COHYTBI CaHBbI
0 1 2 3 4 5 6 7 8 9
2021/2022 | 10 20 30 40 50 60 70 80 90 100

2022/2023 | 30 40 | 50 | 60 | 70 | 80 | 90 | 100 | 10 20

2023/2024 | 100 | 90 80 70 60 50 | 40 30 20 10




1.2 xecre — JXKykremenep MayChIMBIHBIH Y3aKTBIFBI, KbIC — a3 J>KOHE
KAapaCThIPBUIATHIH Ke3€HHIH Y3aKTHIFBI (KYHIED)
Oky xbutbl | Mayceim | Ecen any KiTanmachlHBIH COHFBICBIHBIH aJIbIH/1aF bl

CaHbI

0 1 2 3 4 5 6 7 8 9
2021/2022 KBIC 2352251215205 |195|185|175| 165 | 155 | 145
Kas 130 [ 140 {150 {160 {170 | 180 | 190 | 200 | 210 | 220
T 221 1229|250 | 258 | 275 (292|298 | 321 | 333 | 344
2022/2023 KBIC 215 1205(195|185 (165 (200|155 | 145|235 210
Kas 150 | 160 | 170 | 180 | 200 | 165 | 210 | 220 | 130 | 155
T 280 | 290|298 | 321|333 |344 | 275 | 260 | 245 | 230
2023/2024 KBIC 210|200 (190|180 170|160 150|140 | 230 | 220
Kas 155 (165 (175|185 (195|205 | 215|225 | 135 145
T 220 | 235|248 | 255|260 | 275|295 | 300 | 310 | 330

EcenTik — Tycinaipy »*az0acel 10 kenemiHae TYCIHIKTI )kKoHE KbIcKa (hopmana
OEM — HiH keMeriMeH A - 4 (210x297) dbopmaThIHBIH CTaHIAPTTHIK MapaKTapbIHAA
xacanbiHaael. JKaz0anma Oapiiblk ecenTep KENTIPUIiN, >KYMbICTa KaObUIIaHFaH
mienriMaepAal TYCIHAIPETIH HET13T1 KaFuajibl OanTap KbICKa *Ka3blTy KEepekK.

1.3 7KyMbICThI OPBIHIAYFA aPHAJIFAH JlicTeMeJIiK HycKayJaap

1.3.1 Xanmer MmomiMeTTep.

benex TYThIHYIIBUTAPABIH 3JIEKTP )KYKTEMECI, oJ1ait 0oJica, SHepPTHsl KYHECIH IS
ANIEKTPCTAHIMSUIAPBIH  KYMBIC PEXKUMIH  AHBIKTAWTBIH  OJApIbIH  KOCBIHIIBI
KYKTeMeci y3umiccid e3repeni. bynm koUTTI JkykTeme TpaduriMeH Ccumarray
KaOBLIaHFaH, SFHU YaKblm OOUbIHULA 31eKMPKOHOLIPbL KYAMbIHbIY (MOSbIHbIH)
e32epy OuaspammacbiMeH.
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TipkeneTiH mapaMeTpiH Typl OOMBIHIIIA 3JEKTP KOHJBIPFBIHBIH aKTUBTIK P,
peakTuBTIK Q,TONBIK (eIeCTEeHTIH) S KyaTTapblHBIH KoHE TOTHIHBIH | rpadukTepin
aitpipazpl. OnerTe, rpadukTep OCNTiIi yakbIT apalbIFbIHAAFbl )KYKTEMEHIH ©3repyiH
kepcerei. Ochl HbIAH OOMBIHIIA ONAPABl TOYIIKTIKKE (24 caraT), MayChIMIBIKKA,
KBUIABIKKA JkoHE T.0. Oeei.

3epTTey OpHBI HEMECE OJiap >KaTaThIH YHEPTHsl KYUECIHIH 2JIEMEHTI OOibIHIIA
rpaduKTEp Il Keaecl TonTapra 0exyre 00abl:

KOCAJIKbI CTAaHIUSIIAPAbIH IIIMHAJIAPBIH/IA AHBIKTATATHIH TYTHIHYIIBUIAP/IBIH JKYKTEME
rpaduKTepi;

KYKTEMEHIH TOpanThlK TpadukTepi — ayJaHABIK >KOHE TYWIHII KOCAJIKBI
CTaHIMSIIAP IbIH ITUHATAPBIHA;

DHEPrus JKYMECIHIH HOTIKENIK JKYKTEMECIH CHUIATTAaUThIH 3HEpPrus xKyieci
KYKTEMECIHIH rpaduKTepi;

AJIEKTP CTAHIMSIIAP KYKTEMECIHIH TpadukTepi.

XKyxreme rpaduKTepiH dMEKTP KOHABIPFbUIAP KYMBICHIH Tajjiay, dJIEKTPMEH
XKaOAbIKTAY JKYHECiH obaay, 3JIeKTp TYThIHY O0DKaMIapbIH KYPacThIpy, sKa0IbIK
KOHJIEYJIl JKOCTapyiay >KOHE DJKCIUTyaTallds TPOLECIHAE KYMBICTBIH KAaJIbIIIThI
PEXKUMIH KYPrizy YIIiH NaianaHabl.

1.3.2 TyThIHyMIbLIAP KYKTEMEJIEPIHIH TOYIIKTIK TpadUuKTEpi.

XKykremeniq ic xy3iHzaeri rpaduri yakbIT OOWBIHINA THUICTI TapameTpaiH
e3repyiH TIPKEUTIH TIPKEYIIl acmanTapiblH KOMETriIMEH alblHAbl. TYTHIHYIIBLIAP
JKYKTEMECIHIH OoJpKaMIbIK Tpaduri xobajay MporeciHae aHbIKTanaabl. OHbI
TYPFBI3Y YIIiH aJIbIMEH JJICKTP KaOBLIIAFBIIITAPABIH KOCBIHIBI HOMUHAJIBI KyaThl
Jen TYCIHETIH OpPHATBUIFAH KyaThl Typajibl MaJiMeTrTep 00y KepeK. AKTHUBTIK
KYKTeMe YIIH: Py, = 2Py

TyTbIHYmIbUTAp KOCAJIKBI CTAHIMSJIAPBIHBIH IWHAJAPBIHAAFbl  JKaJFaHFaH
Kyar:

_ ZPHOM
Py, =———,
ncp,nncp,c

MYHJIA M,, KOHE MNgp. HOMMHAJI/IBI JKYKTEMeNeri TYTBIHYIIbLIAp
AIEKTPKOHABIPFBUIAPBIHBIH XKOHE KePriTiKTI TopanThiH opTa [TOK.

OKcrutyaTanus TOKIpUuOeCiH e 9/IETTE TYThIHYIIbUIAPABIH allFaKThl )KYKTEMeEC]
KOCBIH/IbI OpHAThUIFaH KyaTTaH a3. by skargail Oip yakbITThIK Ko JKoHE KyKTeny ks,
kodpdunmentrepiMmen  eckepuieni. OHOa  TYTBIHYIIBUIAPABIH, ~ MaKCHUMAJIJIbI

KYKTEMeCI YIIiH OpHEKTIH Typl 00a bl

Kok,
Pmax = O—ZPHOM = kCl’lpEPHOM’

ncp,nncp,c
MYHIA K., - TYTBIHYIIBUIAPJBIH KapacThIPLUILIT OTHIPFaH TOOBI YIIIIH

CYpaHbIC KOIPHUITHECHTI.



Cypanbic k03¢ duimenTrepl Oip THUNTI TYTBIHYIIBUIAPILIH AKCIUTyaTaIus
TOXKIPUOECIHIH HETI31H/Ie aHBIKTAJIA/IbI )KOHE aHBIKTAMAIIBIK 9/1IC0METTe KeNTIPLIe/i.

Pmax  Oacka TpadukTi TYpFBI3y YIIIH >KoOallaraHna oNeTTe THUIMTIK
rpaUKTepMEH aHBIKTAJAThIH YaKbIT OOMBIHINA TYTBIHYIIBI KYKTEMECIHIH ©3repy
CUTIATBIH 01Ty KEPEK.

TyYTBIHYIIBIHBIH TUMTIK Tpauri OChIFAaH YKcAac JKYMBIC ICTEN TYpFaH
TYTHIHYIIBUIAPBI 3€PTTEYy HOTIKEIEepl OOMBIHINIA CalbIHAIBl JKOHE a CypeTIHIC
KOPCETUITeH TYPiH/C aHBIKTAMAJIBIK 9/IcOUETTE KeATIpiaeai.

RMBr
P

L— ‘max
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a) 6)

a - TUITIK; O — aTairaH OipJiKTep/Ie.
1.2 cypet — TYThIHYIIIBIHBIH AKTUBTIK )KYKTEMECIHIH TOYJIIKTIK rpaduKTepi

EcenTey bIHFaiisibl 00y YILiH IpaduK CaThUIbI )KacadblHAAbI. ToyiK 1IITHAET1
eH YJIKeH MYMKIH xykreme 100% kaObuinaHazbl, ain rpadUKTiH KaJFaH caTbUIaphbl
TOYJIKTIH 9P YaKbIThI YIIIH CalbICTHIPMAaJIbl MOHIH KOpCETE/I].

benrini Prax — 1€ TpaduKTIH op caThIChI YIIIIH KATHIHACTHI MaiiJaiaHbl, TUIITIK

rpauKTI TYTHIHYIIBIHBIH )KYKTeMe rpadurine aitHanapipyra 0omabl:

n%
P, = max:
100

MyHIa n% —TUNTIK TpadUKTIH THICTI CATHICKIHBIH OPJIMHATACHI, Y.

1.2, 6-cypetinae Pma=20 MBT Oonranaa tuntikTeH anbiaFas (1.2, a cyper)
AJIEKTP SHEPTHS TYTHIHYIIBICHIHBIH Tpaduri KOPCETIITEH.

1.3.3 JKykTeme y3aKThIFBIHBIH JKBULIBIK TPAQUTi.

byn rpaduk KOHIBIPFBIHBIH SPTYPJL KYKTEMEIEPMEH KbLI1 OONBIHIAFbI
YKYMBICBIHBIH Y3aKTBIFbIH Kepcereai. OpauHarTap eci OOibIHIIA THICTI MacIITadTa
XKyKTemenepai, aodciuctep oci OovbiHma 0 — geH 8760 — ka AEHIHTI KBUIABIH
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caraTTapbIH canaibl. ['padukTe *KyKTeMenep i oJapslH a3atobiHa Kapai Pmax - JaH
Pmin Aeiiin xaitracTeipasl (1.3 cyper).

XykxTeme Y3aKTBIFBIHBIH OKBUIIBIK TpaduriH TYpPFbI3y O€Nriii  ToyIiK
rpadukTepiHiH HeTi3iHae xKyprizuieai. 1.4-cypetrte rpaduKTi )KYKTEMEHIH €Kl TOYIIK
rpadukTepiHiH — KbICTHIK (183 KkyH) »koHe ka3awlK (182 kyH) rpadukTepiHiH
OapJIBIFBIHJIA TYPFBI3Y TOCUII KOPCETIITEH.

1.3 cypert - JKykTreme y3aKThIFbIHBIH KBUIIBIK Tpaduri

DJEeKTp  OSHEprusiHblH  KEHIHEH  TaparaH  TYThIHYIIbUIAphl  YILIIH
aHBIKTaMaJIBIKTapAa aKTUBTIK KOHE PEaKTUBTIK )KYKTEMEJEP/iH Y3aKThIK OOMbIHIIA
TUITIK rpaUKTepl KeATIPiIel.

P P\
Pl = Pmax Pl = Pmax
3uma P, P T | P
P3 - 1§ o 1'27 T -] P
<t3 = Py P <~T3= Py
P
P6 .HCTO - - n — T:
- t6 L t4 P 15; - P6
T

0 4 8 12 16 20 244 0 8760 #,4

1.4 cypet - KykTeme y3aKThIFBIHBIH KUK TPA(QUTiH TYPFBI3Y TOCLITI

JKykreme  y3aKTBIFBIHBIH ~ TpaduriH  KOHIBIPFBIHBIH  TEXHUKAJIBIK-
HSKOHOMUKAJIBIK KOPCETKIMITEPIHIH €CENTepIHE, AJICKTP JHEPTUsl IIbIFbIHIAPbIH
€CeNTereHie, XbUl OOWBIHIA >KAaOJBIKTHI MaimanaHyabpl OaraiaraHia XoHE T.0
KOJITaHAaTbI.

1.3.4 Kykreme  rpadukrepiHeH AHBIKTAJIATBIH ~ TEXHUKAJBIK  —
HYKOHOMHUKAJIBIK KOPCETKIIITED.

AKTUBTIK  JKYKTeMe  rpaduridHiq  KUCBIFBIMEH  IIEKTENreH  ayJaH

KApacThIPbUIFAaH MEp3IMJIET1 D3JEKTp KOHIBIPFbl OHJIIPIeH HeMece TYThIHFaH

8



SHEprusFa TeH;
W, =XPT;,

MyHaa Pi — rpadmKTiH 1 CAaTHICBIHBIH KyaThl,
Ti — caThIHBIH Y3aKTHIFbI.
KOHIBIpFBIHBIH OpTa JKYKTEMEC1 KapacThIPbIIATIH Mep3iMe (TOYJIIK, JKbL)

_ W
Po =7
MyHJ1a T - KapacThIpbLIAThIH MEP3IMHIH Y3aKThIFbL;

W, - KapacThIpbUIaTbIH MEP3IMIETT SJEKTPIHEPTUA.
KOHIBIPFBIHBIH KYMBIC Tpa(UTiHIH O1PKaJIBIITHI EMEC TIPEKECIH TOJIBIKTBIPY

ko3 dunreHTIMeH Oaranaibl
W, _ Pg

k3n =

PmaxT Pmax.

Xyxreme rpadurid TONTBIPY KO3(DPHUIMEHTI KapacThIPbUIATBIH MEP3IMJE
(TOyIK, KbLJT) JEKTP SHEPTUSHBIH OHAIPUITeH (TYTHIHBUIFAH) CaHbl, €re€p KOHJIBIPFBI
XKyKTeMecl OapiblK YakbpITTa MakKCUMaabl 0oJica, COJN YaKbITTa OHIIPUIreH
(TYTBHIHBUIFaH) SHEPTUSHBIH CaHbIHAH KaHIIA €ce a3 OOJIFaHbIH KepceTe/l. OpUHE,
rpaduk O1pKanbIThl O0NFaH caibid, Ks; MoH1 Oipre sKaKbIH.

KOHIBIPFBIHBIH KYKTEME TPpaQUTiH CUIATTAY YIIIH MaKCUMAJAbl KYKTEMEHI
naiananyblH [APTThl Y3aKThIFbIH KOJIaHyFa O00naibl:

Wy PCpT
Tmax - - - k3nT

Pmax Pmax

byn miama kapacteipbiiaTeiH 1 Mep3iMiHAe (SJETTE KbUT) KOHIBIPFBI COJI
yaKbIT MEp31MiHIe AJIEKTp dHEeprusiubiy W, alirakThl CaHbIH OHAIPIN (TYTHIHY) YIITH
KaHIlIa caFaT ©3repMEUTIH MaKCHUMAaJJIbl )KYKTEMEMEH KYMBIC 1CTeY KepeK EKEHIH
KOpCeTe/Il.

[c xy3iHIe OpHATHUIFAH KyaTThIH Mainanany Ko3hGUIMEeHTIH Jie

HCMCCC OpHATbIJITaH KYaTThbIH Haﬁz[anaHy Y3aKTbITbIH Ja KOJAaHabI.

Wn
T, =

= k,T.

P yem
K, anbIKTaranna Py, 1en pe3epBTIKTI KOCKaHAAFbI OapIIbIK arperaTTapIbiH KOCHIHIbI
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OPHATBUIFaH KyaTbIH TYCIHY KEpeK.

k, maiimanany kod(hUIMEeHTI arperaTTapIblH OPHATBUIFAH KyaThIH Nai1anany
nopesxkecin cunarraiinel. Opune, k, <1, an 7,.,<T.. Pyen=>Pmax KaTbIHACBIH €CKeEpIIL,
k,<K,. amanpl.

2 EcenTik-cbI30a skyMbIc Ne2
2.1 Ecenrik-cb130a :KYMBICTBIH MAKCAThI KIHE MaceJesiepi

JKyMBICTBIH MaKcaThl: CTYJEHTTEpre KOWbUIFaH TarchblpManap/sl 63 OeTiMEeH
HIEIIIM IIBIFAPYbIH JAMBITY, TEOPUSJIBIK OUTIMIEpIH OasHAbl €Ty, TEXHUKAJIBIK
oneOueTTepACH ajbIHFaH aKmapaTTapAsl TOHKIpUOEMEH YINTACThIpa OTHIPHIM
AIIEKTPIIK CTAHIUATIAPIBIH KYPBUIBIMABIK CYJIOATapBIH TAaHIAY KOHEKYKTEMETEPIiH
OaJIaHCBIH €CENTEY.

EcenTey-cp130a sxymbIc, OYJI TUIITIK €CEM, OFaH KipeTiH Maceenep:

- TEHepaTopJIaplbIH TYPIH, OJapAblH KO3JbIPY KOHE CaJIKbIHJATY KYyienepiH
TaH/IAY;

- CTaHIUSUTAPABIH AJIFAIIKbl KYPBUIBIMABIK CYJIOAaphIH ChI3Y (KYpacThIpy);

- KaJBINTHI PEXUMIE KYKTeMENep/IiH KyaT OajaHChIH ecenTey (KaJbIIThI
pEXKUM/IE).

2.2  Ecenrik-cbI30a :KYMBICTBHIH KOJIeMi K9He Ma3MYHbI

2.2.1 bacrankbl 6epiareHaepi.

EcenTey-cbhi30a KyMBICTBIH OacTankel OepuIreHiaepi HYcKara CoHKec
aJbIHAJIBl, MYHIAFBI OCpiIreHep:

CTaHIUSHBIH KOHE OTBIHHBIH TYPI;
CTaHIUSaFbl TeHEpATOPIIAP/IbIH KyaThl MEH CaHbI;
AIIEKTPIIIK KYKTEMEJIep, OJap/IblH KEPHEY1 KOHE KyaThl,

- DHEPro>KyYMeMEH CTaHUMUSHbI OalIaHBICTBIPATHIH JIEKTP Oepy KeNliJIepiHiH
CaHbl, KEpHEY1 XKoHE Tarbl 0acKa Ja KePeKTl AepeKTep.

XKyxreme rpaduxTepin OipJel €Tl ajbll, ojap KapacThIPbUIATBIH MbICAAa
KEJITIpUIEII.

Ne 2 Ecenrey-chI30aiIbIK )KYMBICTBI OpPBIHJIAyFa apHAJIFAH TaIrlChIpMaiapabiH
HycKamapsl 2.1-kectene kentipinired. Hyckamapmarbsl TamcelpManapibl CTYISHT
©31H1H TOITAaFbI Ti31M HOMIpiHE CoMKec TaHJan anaabl. Meicanbl, OipiHII Tonta 20
CTylleHT Oosica, onap anabiHFBI 20 HyCKajmap TamncChpMAachlH ajajbl, ajl EKIHIII
TONTaFbl CTyJIeHTTep 21-meH opikapail HYCKajap TalcChlpMalapblH ajajibl, T.C.C.
(HycKaapJarbl TarChIpMaliapabl TaHAaFaH 1a TYCIHIKCI3 Macelenep/il OKbITYIILIMEH
KEJIICIM eIy KepeK HeMece TarChlpMaiapAbl OKbITYIBIHBIH 631 aHBIKTaybl MYMKIH).
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2.2.2 EcenTik — cb130a 5KYMBICTBIH Ma3MYHBI.

1) CankplHIATY >KOHE KO3IBIPY Typayibl OapiblK IapaMeTpiiepi KoHe
OepiireHepi KOpCeTLIreH reHepaTopiIapAblH TYpid Tangay [1.2.3.4].

2) DIeKTp CTaHIUSIAPIbIH KYPBUIBIMIBIK CYJIOACBIHBIH 2-3 HYCKACHIH
KapacTelpy. KapacTeIpplmaTelH TapaTy KYPBUIFBUIAPABIH HYCKaJIapbl, OPTYpIi
KepHeyzeri Tapaty KypbutFbuiapaarbl (TK) osnexTpiik skanFaHy cyii0aniapsl,
TpaHnchopmaTopiap (aBroTpanchopmaropiap) OaJaHCHIHBIH KyaThl CAJTBICTBIPMAIIBI
00JTyBI THIC.

3) JKykTreMeHiH TOYJIKTIK ChI30achlH TYPFBI3y, KyaT OallaHChIH aHBIKTAy
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KbLTY BJIEKTP OPTAJIBIFBI

No OTpiH I'enepatopnapasig I'enepatopisik | ©.M. OKTK OKTK Kyxremenin Kyitemen Kemninep
HYCKa | Typi CaHbI XKOHE KyaThl, KepHeyieri LIBIFBI HOMUHAJABI KeJIepiHIH Y3aKTBIFbI, 0aliIaHBICTHI CaHBI J)KOHE
nap MBT JKETUTEPTiH HEl, % KepHeyi, kKB CaHBblI, KbIC/%a3 KENUIEPIIH Y3BIHJIBIFBI, KM
CaHbl, JKYKTEMEHIH HOMUHAJIBI
JKYKTEMEHIH KyaTsl, MBT KepHeyi, kKB
Kyartsl, MBT

1 2 3 4 5 6 7 8 9 10

1 la3 2/32 10/3 5 35 2/8 150/215 110 2125

2 Kewmip 3/32 6/4 11 35 517 160/205 110 2/60

3 Maszyt 3/32 10/3 7 35 2/10 140/225 110 2/55

4 Kemip 3/60 12/3; 10/2 8 35 2/18 150/215 110 2/40

5 la3 3/60 20/4 6 35 2/15 175/190 110 2/65

6 I'a3 3/63 15/5 5 35 3/16 170/195 110 2/55

7 Kewmip 3/63 20/4 10 35 4/10 160/205 110 2/96

8 Ma3zyT 3/63 15/3 7 35 4/15 140/225 110 2/60

9 Kemip 3/63 12/3 12 35 2/20 150/215 110 2/50
10 Ma3zyt 3/60 18/4 7 35 2/20 180/185 110 2/40
11 Kemip 3/60 14/5 13 35 2/25 160/205 110 2/80
12 Maszyt 4/32 10/5 6 35 3/12 150/215 110 2/50
13 Kemip 4/32 15/3 12 35 2/16 180/185 110 2/50
14 Kewmip 4/60 10/1,5 8/5 12 35 4/15 160/205 110 2/45
15 Kemip 4/60 16/4 13 35 4/10 145/220 110 2/65
16 Masyt 4/63 18/4 6 35 2/16 165/200 110 2/60
17 Maszyt 4/63 15/5 7 35 2/12 185/180 110 2/75
18 la3 4/32 8/2 5 35 2/5 170/195 110 2/30
19 Kewmip 4/32 10/1,5 9 35 217 190/175 110 2140
20 Maszyt 3/12 8/1,5 7 35 1/6 180/185 110 2/55
21 las 3/12 6/2 6 35 2/5 190/175 110 2/90
22 Ia3 4/12 5/4 6 35 2/10 165/200 110 2/20

2.1 xecte — EcenTik — ch130a )KYMBICTBI OPBIHJIayFa KEPEKTI HYCKAYJIap TarichbipMasapbl
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1 2 3 4 5 6 7 8 9 10
23 Masyt 4/12 10/3 5 35 2/12 170/195 110 2/45
24 I'a3 5/32 10/4,5/3 5 35 2/15 175/190 110 2/70
25 Kemip 5/32 15/3;10/2 11 35 2/13 190/175 110 2/85
26 Masyt 5/60 12/4; 8/3 5 35 4120 180/185 110 2/110
27 Kemip 5/60 20/4,20/3 12 35 2/25 165/200 110 2175
28 Masyt 5/63 15/6 7 35 2/45 160/205 110 2/90
29 I'a3 5/63 24/4 6 35 4/18 195/170 110 2/115
30 Kemip 5/ 32 20/2 14 35 4/10 190/175 110 2/80
31 Masyt 5/60 15/6 5 35 4/15 180/185 110 2/110
32 Masyt 5/63 20/5 6 35 4/25 165/200 110 2/90
33 Kemip 2/12; 1/32 10/2 11 35 1/6 160/205 110 2/40
34 Masyt 2/12; 1/32 10/1,5; 5/2 6 35 1/12 195/170 110 2/20
35 I'a3 2/32; 1/60 15/2; 8/4 5 35 1/15 175/190 110 2/45
36 Kewmip 2/32; 1/60 14/3; 12/4 10 35 1/20 150/215 110 2/80
37 Kemip 2/60; 1/100 16/5 10 35 3/20 140/225 110 2/70
38 Masyt 2/60; 1/110 14/4 7 35 2/15 155/210 110 2/65
39 Kewmip 2/63; 1/120 15/6 12 110 4/20 150/215 220 2/90
40 I'a3 2/63; 1/120 12/5 5 110 3/15 195/170 220 2/95
41 I'a3 2/63; 1/120 20/4 6 35 4/12 140/225 220 2/82
42 Kewmip 3/3; 1/60 2413 10 35 2125 155/210 110 2/54
43 I'a3 3/32; 1/60 14/2 6 35 2/14 150/215 110 2/64
44 I'a3 3/60; 1/100 14/6 5 35 4/40 155/210 110 2/20
45 I'a3 3/60; 1/100 24/4 5 110 4/25 140/225 220 2/70
46 Kemip 3/63; 1/120 30/4 10 110 2/30 155/210 220 2/115
47 I'a3 3/63; 1/120 10/3; 22/4 6 110 3/24 175/190 220 2/80
48 I'a3 3/12; 1/32 10/1,5; 5/1,0 6 35 2/10 170/195 110 2/40
49 Kemip 3/12; 1/32 14/2 9 35 1/14 175/190 110 2/60
50 la3 4/60; 1/100 10/5 7 110 4/20 150/215 220 2/150

2.1 xecmenin dcanzacoi
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1 2 3 Z 5 6 7 8 9 10
51 Kowmip 4/32; 1/63 8/4; 1012 11 35 6/15 170/195 110 2/70
52 Tas 2/12; 2132 6/5 7 35 3/12 160/205 110 2/65
53 Kowmip 2/12; 2/32 11/3 12 35 2/13 150/215 110 2/80
54 Tas 2132; 2160 2213 7 110 2126 180/185 220 2190
55 Tas 2/32; 2/60 24]2 6 35 2/15 160/205 110 2/55
56 Kowmip 2/60; 2/100 20/4; 10/2 10 110 2125 185/180 220 2/80
57 MasyT 2/60; 2/100 20/5 7 110 4/30 165/200 220 2/150
58 MasyT 4712; 1732 10/1,5; 8/3 6 35 210 150215 110 2140
59 Tas 4/12; 1/32 1212 5 35 4/8 150/215 110 2160
60 Kowmip 4/32: 1/63 2214 10 110 4110 180/185 220 2/80
61 MasyT 4/32: 1/63 16/3 7 110 2014 160/205 220 2170
62 Kowmip 4763; 17100 18/3 11 110 4113 185/180 220 2750
63 MasyT 4/63; 1/100 24]3 7 110 2017 165/200 220 2/80
64 Tas 3/32; 2/60 10/3; 612 5 35 4112 161/205 110 2130
65 Tas 3/32; 2/60 4/5; 14/4 6 35 4/10 150/215 110 2165
66 Tas 3/32; 1/120 8/2; 10/3 7 35 2018 185/180 110 2180
67 Komip 2/60; 2/110 10/3; 10/4 10 110 4120 165/200 220 2/110
68 Komip 4/12: 1/63 14/3 11 35 2/18 150/215 110 2140
69 Tas 4/12: 1/63 6/4 6 35 211 180/185 110 2160
70 Komip 4/32; 17120 18/4 13 110 221 160/205 220 2180
71 MasyT 3/12; 1/63 15/3 5 35 2/10 180/185 110 2160
72 MasyT 4/32: 1/100 6/5; 8/4 6 110 5/13 160/205 220 2/120
73 MasyT 3/60; 1/120 15/6 7 110 415 170/195 220 2/150
74 Komip 2/32; 1/100 10/4 8 35 4115 181/185 110 2130
75 MasyT 3/32; 1/100 10/5 6 35 6/10 180/185 110 2170
76 Tas 4/60; 1/120 12/4; 10/5 5 110 415 165/200 220 2/80
77 Tas 2132 15/3 6 35 2/8 150/215 110 2125
78 Kowmip 3/32 2073 14 35 5/7 160/205 110 2160
79 MasyT 3/32 15/5 6 35 2/10 140/225 110 2/55

2.1 kecmemnin Jicanzacol
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2.1 kecmemnin Jncanzacol

1 2 3 4 5 6 7 8 9 10
80 Kemip 3/60 30/4 10 35 2/18 150/215 110 2/40
81 I'a3 3/60 40/3 5 35 2/15 175/190 110 2/65
82 I'a3 3/63 35/5 6 35 3/16 170/195 110 2/55
83 Kewmip 3/63 40/4 9 35 4/10 160/205 110 2/96
84 Masyt 3/63 30/3 8 35 4/15 140/225 110 2/60
85 Kemip 3/63 35/3 12 35 2/20 150/215 110 2/50
86 Masyt 3/60 32/4 8 35 2120 180/185 110 2/40
87 Kewmip 3/60 28/5 12 35 2125 160/205 110 2/80
88 Masyt 4/32 20/5 8 35 3/12 150/215 110 2/50
89 Kemip 4/32 30/3 11 35 2/16 180/185 110 2/50
90 Kemip 4/60 35/3 13 35 4/15 160/205 110 2/45
91 Kemip 4/60 32/4 15 35 4/10 145/220 110 2/65
92 Masyt 4/63 36/4 7 35 2/16 165/200 110 2/60
93 Masyt 4/63 29/5 8 35 2/12 185/180 110 2/75
94 I'a3 4/32 16/2 5 35 2/5 170/195 110 2/30
95 Kemip 4/32 15/1,5 9 35 217 190/175 110 2/40
96 MasyT 3/12 9/2 6 35 1/6 180/185 110 2/55
97 Masyt 4/12 8/3 6 35 2/12 170/195 110 2/45
98 I'a3 5/32 20/4 6 35 2/15 175/190 110 2/70
99 Mazyt 5/60 40/4 6 35 4/20 180/185 110 2/110
100 Kemip 5/60 30/5 14 35 2125 165/200 110 2/75
101 Masyt 5/63 30/6 8 35 2/45 160/205 110 2/90
102 la3 5/63 30/5 5 35 4/18 195/170 110 2/115
103 Kemip 5/ 32 40/2 13 35 4/10 190/175 110 2/80
104 Masyt 5/60 40/5 6 35 4/15 180/185 110 2/110
105 Masyt 5/63 42/4 7 35 4/25 165/200 110 2/90
106 Kemip 2/12; 1/32 20/2 13 35 1/6 160/205 110 2/40
107 Masyt 2/12; 1/32 20/2 5 35 1/12 195/170 110 2/20
108 Kewmip 2/60; 1/100 32/5 11 35 3/20 140/225 110 2/70
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1 2 3 4 5 6 7 8 9 10
109 Maszyt 2/60; 1/110 28/5 8 35 2/15 155/210 110 2/65
110 Kemip 2/63; 1/120 30/5 13 110 4/20 150/215 220 2/90
111 a3 2/63; 1/120 24/5 6 110 3/15 195/170 220 2/95
112 I'a3 2/63; 1/120 40/4 7 35 4/12 140/225 220 2/82
113 Kewmip 3/32; 1/60 40/3 9 35 2/25 155/210 110 2/54
114 I'a3 3/32; 1/60 28/2 5 35 2/14 150/215 110 2/64
115 I'a3 3/60; 1/100 28/5 6 35 4/40 155/210 110 2/20
116 I'a3 3/60; 1/100 30/5 6 110 4/25 140/225 220 2/70
117 Kemip 3/63; 1/120 40/4 11 110 2/30 155/210 220 2/115
118 I'a3 3/63; 1/120 10/3; 22/4 8 110 3/24 175/190 220 2/80
119 I'a3 3/12; 1/32 10/1,5; 5/1,0 7 35 2/10 170/195 110 2/40
120 Kewmip 3/12; 1/32 8/2 10 35 1/14 175/190 110 2/60
121 I'a3 4/60; 1/100 40/5 6 110 4/20 150/215 220 2/150
122 I'a3 2/12; 2/32 12/5 8 35 3/12 160/205 110 2/65
123 Kemip 2/12; 2/32 12/3 11 35 2/13 150/215 110 2/80
124 I'a3 2/32; 2/60 40/3 8 110 2/26 180/185 220 2/90
125 a3 2/32; 2/60 40/2 7 35 2/15 160/205 110 2/55
126 Maszyt 2/60; 2/100 40/4 8 110 4/30 165/200 220 2/150
127 I'a3 4/12; 1/32 24/2 6 35 4/8 150/215 110 2/60
128 Kewmip 4/32; 1/63 40/2 11 110 4/10 180/185 220 2/80
129 Masyt 4/32; 1/63 32/3 8 110 2/14 160/205 220 2/70
130 Kewmip 4/63; 1/100 35/3 10 110 4/13 185/180 220 2/50
131 Masyt 4/63; 1/100 40/3 10 110 2/17 165/200 220 2/80
132 Kewmip 4/12; 1/63 20/3 10 35 2/18 150/215 110 2/40
133 I'a3 4/12; 1/63 30/2 5 35 2/11 180/185 110 2/60
134 Kewmip 4/32; 1/120 36/3 11 110 2/21 160/205 220 2/80
135 Masyt 3/12; 1/63 30/2 6 35 2/10 180/185 110 2/60

2.3 Kecmenin JHcan2acol

Eckepty — )KyMbICTBI OpBIHAAY OapbIChIHIA KeiOip OepiireH qepeKTep OKbITYIIBIMEH KeiCUIIN 63repyl MyMKIiH.
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2.3 7&KyMbICTHI OPBIHJAYFA apPHAJFaH JicTeMeliK HYCKayJaap

2.3.1 Xyxreme cp30anapblH TYPFBI3Y JKOHE KyaT OalaHCHIH €CerTey.

TpaucdopmaropiapapiH (aBToTpaHcGOpMaTOpiIapAbIH) CaHbl MEH KyaTbIH
TaHAAy XOHE KYPBUIBIMIBIK CYJIOAHBIH COMKEC HYCKAJapblH aHBIKTay OOWBIHIIA
TEXHUKO-IKOHOMHKAITBIK ecenTepi OpBIHIIAY YIIiH TparcopmaTop
JKYKTEMEJIEpIHIH  TOYJIKTIK ChI30amapblH TYpPFhI3y Kepek. byn  ceizbanap
KYPBUTBIMIBIK CYJI0aHBIH opOip HYCKAChIHA KBICKBI KOHE YKa3Fbl Ke3CHIePTe apHAIBII
Kypanajbl. DHEProxyhere Kyar 0epy (Syepigep.(r)) ChI30achl, OHIIPLIETIH KyaTThIH
(Sren.(t)) » TYTHIHYIIBLIAPBIH KYATBIHBIH  (Sym(r)) KOHE O31HIIK MYKTaXKIBIFbIHA
(Scu(t)) KEPEKTI KyaTThIH albIPMAIIBUIBIFBIH €CENTEH OTHIPBII ATbIHAIbI.

Sofcyﬁeﬁep(t) = SeeH(t) - Smym.(t) - Se.M.(t)’ (21)

MYH/Ia

S(t) = P() +jQ(0).

DNEeKTp CTaHIMUIAPIAFbl SJIEKTP YHEPTUSHBI OHAIPYIH allHBIMAJBI ChI30aChI
KEe31H/Ie O31HIK MYKTaXIbIKTHIH KyaT IIbIFbIHBIH [4] TeH aHbIKTayFa 00JIa bl

_ Pi(t)
Pc.H.(t) = (0,4 + 0,6 ) ) PC.H.MQX’ (22)

P yem

myHnaa P, , (t) — yakpITTa CTaHIIUSIHBIH IIMHAFa OepeTiH KyaTbl, MBT;
P;,, — cranmusuiapabiy (0710KTHIH) OenrijieHreH Kyatsl, MBT;
P, . ax — ©31HIIK MYKTQKIBIKTBIH MAKCUMAJIBI KyaThl, MBT;
ToynikTik rpaduxTepal ecenTereHHeH KeiliH 2.1 xoHe 2.2-cyperrtepne
KEJITIPUITEH KYKTeMelep rpadurine ColKec KbICTa KoHe jKa3/la KyaTThlH €H KOFapbl
JKOHE €H TOMEH PEKUMJCPIHAC CTAHLUMSIHBIH O31HIIK MYKTAXKJBIKKA >KYKTEMEHI
€CKepe OTBIPHIN, TpaHCHOPMATOPJIAp APKBIIBI KyaTThIH aFbIHIAPHI aKbIHIATATHIH
KJIBINTHI PEXKUM KYKTEMEJIEpPIHIH TEHIepiMiH OpbIHAAay KakeT. banaHc HbIcaHbI Ke3
kenreH 0oiybl MyMKiH. Ecentey mpIcanbiHia KOpCETUITEeH e 0aJaHCThIH KECTEIIK
(dbopMachlH KOJTaHY BIHFAUIIBI.
MymMKiH OONaThIH TOTEHINE JKaFJaijiapAbl €CKEPEe OTBIPHIMN, KaJIBIITHI
peXUMJIETI )KYKTeMe OanmaHchl TpaHC(hOPMATOPIAPAbIH KyaThlH TaHIAy YIIIH HETi3
oo TabbIIabI, 071 Ne3 ECXK-ma opbiaganasl.

2.4 Ne2 ECK ecenrtey MbIcajbl

bacrankp! Oepinrenaepi: reHepaTopiap caHbl — 4; JKEKEJIEHTeH KyaTbl — 63
MBT; reneparopisik kepHeyaeri xkykreme — / MBT-1eIk 10 sxeni; 35 kBt TK-narst
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Kykreme — 8 MBT-ThIK 6 xkeni; y3eiHabiFel 30 kM eki keni, kepHeyl 110 kB-ThIk
KylieMeH OalaHbICThI, ©31HIIK MYKTaXJIBIKTBIH IIBIFBIHBIH OCNTUICHreH KyaTTaH
10% etin anamb3  (keMipi To3aH Typinge KOO yIriH); TeHepaTOpJbIK KepHEY/Ieri
KEPTUTIKTI )KYKTeMe ChI30achl TOYJIK imriHae e3repmeiini, kpicta — 100%, xa3na —
70%; reHepaTOpiapAbIH KyaT ©HAIpY CbhI30alapbl MEH T'€HEpaTOpPJBbIK KEepHEyAeri
x)oHe 35 kB kepHeyeri KYKTeMe ChI30aIapbl TOMEHIE KOPCETUITECH.

P
100 %
| 1
80 : B
.-.--.....--..i ;.-.'.-..z.
60
40
20
i
caz
0 4 8 12 16 20 24

1 - kpIC, 2 - 3Ka3
2.1 cypet — KOO reneparopiiapbIHbIH KyaT OHJIIPY ChI30achl

. in 1
r l
100 rva |
o | I |
loouooonh.--..-l .-,
60 = Xm o T — - '—E‘ -.:—""
DI R L
40
20 — P
= =
i o | d cas
0 4 b 12 16 20 24

1 - Kpic. 2 - ka3

2.2 cypet — 35 kB-ThIK kKepHEyeri )KYKTEMEHIH ChI30achl
bacrankp! Oepiirenaepine coiikec OpHaTyfa TB®-36-2V3
TypOOTeHEpaTOPhIH KOJIaHaMbI3, cumarramaiapel [1, xecre 2.1]. P, =
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63MBm, S,,, = 78,75MBA,U,,,, = 10,5«B, cos ¢,,,,, = 0,8.
['enepaTopiapablH CaHbIHA JKOHE XKYKTEME KypamblHa coiikec 2.3 xoHe 2.4
CypeTTe KOPCETUIreH KYPBhUIBIMIBIK CYJI0aHBIH HYCKaTaphl OCpiITeH.

c
FHcyKmeme I ( % )

35 xB 110 xB
Kblc " @
T2 J—
[ T3
»eas T4
lO xB
$ '
9 u e M.
9--‘4-< v > 8. M.
Heyxmeme HCyKmeme
G3 G4
2.3 cypet — 1-1mi Hycka
c
HCYXMeEME
T 35 xB 110 xB

o:cymﬂaue @ é) i 9"-‘)’7’1”&“9 Y (~> (N) oo

G3 G4

2.4 cyper — 2-111i HyCKa

BipiH1 HYCKa YIIIiH KyaTThIH aFbIHIapHhI.
Kanpinte! pexxuM yIiH KyaT O0amaHchl 2.2-KecTee KeNTipiiareH.
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2.2 xecte — 1-111 HycKa yIIiH KyaT 0aiaHChl (KaJIbIIThI PEXKUM)

AHBIKTAJIATHIH TAPaAMETP KeuineiH | YakbIThI, CarF.
Ke3€eH]I 0-8 8-18 [18-24

1 I'-1 xone I'-2 KyaTTapbiH 6HIIPY, KbIC 113,4 126 113,4
MBTt ka3 88,2 100,8 | 88,2
2 I'-1 xone -2 .M. )xykTemeci, MBT KBIC 11,85 12,6 11,85

Kas 10,3 11,0 10,3
3 I'-3xone ['-4  TeHeparopiapabiH KBIC 5,92 6,3 5,92
opOipiHiH 6.M.-HBIH XYyKTemeci, MBT )Kas 5,15 5,55 5,15
4 10 xB tarsl xxykreme, MBT KbIC 70 70 70

Kas 49 49 49
5 T-1 xone T-2 xykrenyi, MBT KBIC 31,55 43,4 31,55
(KOCBIHIBICHI) )Kas 28,9 40,8 28,9
6 T-1 xome T-2 KBIC 15,78 21,7 15,78
TpaHchOopMaTOpIapIbIH xas 14,45 20,35 | 14,45
opOipiHiH KYyKTenyl, MBT
7 35 kB-Tarbl xykTeme, MBT KBIC 38,4 48 38,4

ka3 28,8 33,6 |28,8
8 T-3 xoue T-4 10 xB-TBIK KBIC 57,08 56,7 57,08
OpaMBbIHbIH Kas 57,85 57,45 |57,85
Kykrenyi, MBT
9 T-3 xome T-4 35 kB-TBIK KBIC -3,42 -2,3 -3,42

TBIK )Kas -0,05 -3,35 |-0,05

OpaMbIHBIH KYKTenyl, MBT
10 T-3 xome T-4 110 xB-TBIK KBIC 53,65 54,4 53,65
OpPaMBIHBIH )Kas 57,9 61,05 |57,9
Kykrenyi, MBT

Eckeprynep

1 T-1 xone T-2 tpanchopMaTopiapelHbIH KykTemyi, [-1 sxome I-2
reHepaTopiiapblMeH OHJIIPIIETIH KyaTbiHaH, 10 KB-ThIK *YKTEMEHIH KyaTblH KOHE
redeparopiapabiH (I'1, ['2) ©31HA1K MYKTaKIbIFbIHA KEPEKTI KyaTThl IIETEPTeHIe TEH
JIeT ecenTeliHeIl.

2 T-3, T-4 tpanchopmaropiapbiHblH opOipiHiH 35 KB-TBIK OpaMbIHBIH
xKykrenyl 35 kB-1oik xykreme meH T-1 sxoHe T-2 xykTemysiepiHiH apacblHIArbl
allblpMachl pETIH/IE aHBIKTATa/IbI.

3 T-3 xone T-4 tpanchopmaToprapbiHbiH 9pOipiHiH 110 KB-ThIK OpaMbIHBIH
KYKTENyl, FeHepaTop ewipyiHiy xxone T-3 Hemece T-4 Tpanchopmaropsinbiy 35 kB
OpaMbIHBIH JKYKTEIY1HIH, COHBIMEH KaTap reHepaTOpAblH ©31H/1K MYKTaXXIbIF bIHBIH
HIBIFBIHBI apachblHAAFbl abIPMachl PETIH/AE aHBIKTAJIA/IbI.

4 Munyc 6enrici 3JeKTp IHEPTUSHBIH Kal *KaKKa OepieTIHIINH KopceTel
(maptTel Typae). On Oenri KyaTTblH aOCOMIOTTIK MOHI eMec.
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Exinmn Hycka yIIiH KyaTThIH aFbIHIaphl.
Kanpinte! pesxkxum yIiH KyaT 6amaHchl 2.3-KecTeIe KeNTipiareH.

2.3 KecTe — 2-1111 HYCKa YIIiH KyaT OajaHChl (KaJIBIIThl PEKUM)

AHBIKTaNaThIH ITAPAMETP Keuiaeiy | YakbITh, Car.

kesegi |0-8 8-18 |18-24
1 I'-1 xone I'-2 KyaTTapbiH 6HIIPY, KbIC 113,4 126 113,4
MBT Kas 88,2 100,8 | 88,2

2 I'-1 xxone I'-2 o.M. xykTemeci, MBT KBIC 11,85 12,6 11,85
)Kas 10,3 11,0 10,3

3 TI-3 xome I-4 KBIC 5,92 6,3 5,92
reHepaTopJIapAbiH J)Kas 5,15 5,55 5,15
opOipiHiH 6.M.-HBIH XYyKTemeci, MBT
4 10 kB Tars1 xxyxkteme, MBT KBIC 70 70 70
Kas 49 49 49
5 T-1 xome T-2 xyktemyi, KBIC 31,55 43,4 31,55
MBTt Kas 28,9 40,7 28,9
(KOCBIHJIBICHI)
6 T-1 xome T-2 KBIC 15,78 21,7 15,78
TpaHchOopMaTOpIIapIbIH xKasz 14,45 20,35 | 14,45
opOipiHiH XkyKkTenyl, MBT
7 35 kB-Tarbl xykTeme, MBT KBIC 38,4 48 38,4
Kas 28,8 33,6 |28,8
8 Opoip T-1 JKOHE KbICka3 | 3,42 2,3 3,42
T-2 -0,05 -3,35 |-0,05

TpaHchopMaTopiapeiHbIH 35 KB-ThIK
nen6Oipre 110 kB kyart arbiabl

9 T-1 xome T-2 KBIC 19,2 24 19,2
TpaHc(opMaTopiaapIbIH Kas 14,4 168 (144
opOipiHiH 35 KB-ThIK OpaMbIHBIH
KYKTENy1

Eckeprynep

1 T-1 xone T-2 tpanchopmaropnapsiabiH opOipiHiH 110 kB opaMbIHbIH
Kyar arblHbl 35 KB — Teri xxykteme MeH T-1, T-2-nin 10 kB-ThIK opamaapbIHbIH
KYKTEMEJIEPIHIH ailblpMaChIHBIH XKaPThICHI PETIH/E aHBIKTAIAIbI.

2 T-3, T-4 TtpancopmaropiapbiHblH 9pOipiHiH 35 KB-TBHIK OpambIHBIH
xykrenyl 35 kB-teik TK-na OarbiTranran 10 kB xone 110 kB-ThiKk opam
KyaTTapblHbIH KOCBIH/IBICHI PETIH/I€ aHBIKTAIAIbI.
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3 EcenTik — cb130a sxymbic Ne3
3.1 Ne3 ECK-ThIH MaKcaThl :KoHe ecenTepi

JKyMBICTBIH MaKcaThl: CTYACHTTEP/IIH TCOPHUSUIBIK OUTIMIEPIH HBIFAUTY KOHE
HAKThl ecenTepi o3 OETIMEH IIbIFapyJibl JaMbITy, COHBIMEH KaTap TEXHHKAaJbIK
oneOuerTepai, HOPMATUBTIK KOHE TEXHUKAIBIK IapTrapasl koHe DEM (DBM)
KYpaJgapblH JYPHIC Makgalanybl OONBIHIA TOXKIPOUE arybl 00JIbIN TaObLIaabI. by
aymbic No2 ecentey-chi30a JKYMBICTBIH KaIFachl O0JIBIN TaOBLIAIbI.

Ne3 ECXK-1bIH ece0i:

-KYIITIK TpaHc(opmaTopaap by (aBTOTpaHChHOpMATOPIAPBIH) TYPIH, CAHBIH
YKOHE KyaThIH TaHJIay,

-TpanchopmaTopiaapaars! (aBTOTpaHCHOPMATOPIAPIAFH) AICKTP YHEPTUSIHBIH
KBUIIBIK IIBIFBIHBIH €CETITCY

3.2 Ne3 ECK-ThIH Ma3MYHBI KJHE KoJieMi

ECX ecenrtey-TyCiHIKTEMEIEH >KOHE DOJEKTP CTAHIUSHBIH CYJIOACHIHBIH
AIEKTPJIIK JKaJFaHYbIHAH TYPAJIbI.

3.2.1 EcentiH OepisireH MoHAEPI.

Ne3 ECXK-tb1 oppiHzmayra kepekTi MoHAepai ocbl moHHIH No2 ECXK-nma
OpBIHJAJIFaH JIepekTepeH anambl3. OHja:

- CTAHIIMSIHBIH KOHE OTHIHHBIH TYDI;

- CTaHIIMIaFbl TeHepaTopIapIbIH KyaThl MEH CaHbl;

- DJIEKTPJIIK KYKTEMEJIEp, OJIap/blH KEpHEY1 )KOHE KyaThl;

- DHEPro’KyWeMeH CTaHUUSHbI OalIaHBICTBIPATHIH JIEKTP Oepy KeNliJIepiHiH
CaHbl, KEPHEY1 .

- KO0 renepaTopiapbiMeH, 6.M. MEXaHU3MJECPIMEH KyaTThl OHJIPY KecTeci
xoHe 35 kB kepHeyeri KyKTeme;

- KaJBINTHI )KYMBIC PEKUMIHJIE €Ki HYCKA YIIIH KyaT OaJlaHChl OepiITeH.

3.2.2 EcenTik >KYMBICTBIH Ma3MYHBI.

EcenTeMe-TyciHikTeMeHIH Ma3MyHbl HakThl 20-25 0eT KeJleMiHAE >KOHE
ADxbBY crannapteina cait (210x297) A4 dbopmatsl cTaHIapTThl OETIHE KUHAKTHI
TYplle >XKa3plUlybl Kepek. EcenTeme — TyciHiKTeMene OapiblK €CenTey MKYMBICHI
TOJIBIFBIMEH OOJybl KEPEeK J>KOHE OapbhIChIHIA allbIHFaH HETI3rl MmapamMeTpliep,
cumnaTTamasiap KpICKalia KepCceTiIe .

EcenTik-cb130a ’KYMBICTBIH Ma3MYHBI:

- TapaTy KYpbUIFbLIapblH OalaHBICTBIPAThIH KYHITIK TpaHchopMaTopaapabiH
(aBTOTpaHC(hOpMaTOpPJIAP/IBIH) TYPIH, CAHBIH KOHE KyaThIH TaHAAY.
- con TaHJATbIHbIIT aJbIHFaH TpaHchopMaTopiapAarsl
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(aBTOTpaHC(hOpMaTOpAAPIAFHI) IEKTP SHEPTUSHBIH KbUIABIK IIBIFBIHBIH €CETITEY .
- DJIEKTP CTaHLUSHBIH TUIMII  KYPBUIBIMIBIK ~ CYJIOAChlH TEXHHUKO-
IKOHOMHUKAIIBIK CAJIBICTBIPY apKbLUIBI TaHAay (OipeyiH).

3.3 DJekTp CcTaHUUSAJIAPAArbl KYWTIK  TpaHcdopMaTopJapabl
(aBTOTpaHCchOpMaTOpIaApaAbI) TAHAAY

DnekTp CTaHIUSIIAP IbIH KYIITIK TpaHchopMaTOpIapbIH
(aBTOTpaHcopmaropiapblH) TaHIay OJIApAbIH TYpPiH, CaHBIH JKOHE KyaTbIH
aHBIKTayMeH asikTananbl. O TpanchopMaTopiapabiH (aBToTpaHchopMaTopIap IbIH)
KOPCETUITEH MapaMeTpliepl, CoJap apKbLIbl OTETIH KyaT aFbIHBIHBIH MOJIIIEPIHE )KOHE
TYTBIHYIIBLJIAP/IbIH CaHAThIHA (KaTErOpUsChIHA) OANTAHBICTHI.

Kymrik Tpanchopmaropmapasl (aBTOTpaHcpopMaTopiiapibl) TaHAAy YILIH
YCBIHBICTAP:

BipiHmi JkoHE eKIHII KaTerOpusibl TYTHIHYIIBUIAPABl T€HEPATOPJIBIK
KUHAKTAFrbllll  [IMHAJAH  KOPEKTEHAIpPreHae KeM  JIeTeHAe €Kl  KYIITIK
TpaHcdopmaropiap (aBroTpanchopmaropiap) opHaTbLTybl Kepek. by Nel EC)K-na
Oap bIK TYTHIHYIIBUIAPABIH KaTeropusicel — | sxone |l men ecenrenineni.

DNEKTp CTAaHIUSAHBIH TapaTy KYPBUIFbLUIAPHI YII KepHeyieH 6osica 220/110/10
kB, 500/220/10 KB, 500/330/10 KB, OHJIa MYMKIHIITTHIIIE
aBToTpancopmaropnapabl TaHmay Kaxker (110 xB-tan xoraper). Cebebi
aBTOTpaHcpopMaTopaapAbl yUI Opambl KYIITIK TpaHC(OpMATOpIapMEH TEXHHUKO-
HPKOHOMMKAJIBIK €CEINTey AapKbUIbl CalbICThIpFaHAa, aBTOTpaHc(opMaTOpIapIbIH
KYHJIBUTBIFBIHBIH 0aChIM €KEeH/IT OeNrii.

Kymrik TtpanchopmaTopnapasl (aBToTpaHchopmaTopiapbl) TaHAaraHAA,
osapabl 40%-11b1 anaTThIK ACKBIH KYKTEMEMEH JKYKTeyre OOJaThIHIBIFbI €CKeplTyl
KEpeK.

['eneparop meH kymTik TpaHcopmaTop (aBTOTpanchopMarop) OJOKTHIK
OaitnanpicTa OosFaHza, TpaHchopMmaTopAblH KyaThl Keneci  (opmysiaMeH
AHBIKTAIBIHAIBI

SHOM.mp = S6eﬂz.eeH - SMax.Q.M’ (31)

MyHIa S - OJIOKTaFbl TEHEPaTOP/IbIH OenriieHreH Kyatsl, MBA;

Genr.ren

vaxr.v - TCHEPATOPIBIH O31HIIK MYKTaXIBIFBIHBIH MaKCHUMAaJJIbl KyaThl,

MBA.
brnokrarel  aBTOTpaHchoOpMaTOpAbIH  KyaTbl  Kejeci  (opmyliaMeH
AHBIKTAJIBIHAIBL:

S enz.een SMax oM .
S Gere. : (3.2)

aem.HoM — K 4
mun.
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MyH7a K - THUTITIK KyaTTbIH KO3 PUITUEHTI HEMece

aBTpaHchopMaTopiIapIbIH YTHIMIBLIBIK KOI(DUIIUEHTI.
¥ TBIMJIBUTBIK KOI(PHUIIMEHTI Keiecl popMyliaMeH aHbIKTaIbIHAIbL:

U K UO.K

XK

Ko = , .
THII U (3 3)

XK.K

myHna U, - 5KoFapbl KepHEY Meuiepi, KB;
U, . - opta kepuey memnmiepi, KB.

Kansintel  pexumpue KBULy  DJEKTp OpPTAJIbIFBIHIAF bl (K20)
TpaHcopMaTopiaapabIH KOCBIH]IBI KyaThl Kejieci popMyJIaMEeH aHBIKTaIbIHAbI:

SZK;.p = S6eﬂ2.zeH - S’min.ofcykm. - Smax.em' (34)

MYHJA S - TEHEePaTOPJIbIK KePHEY IeT1 )KYKTEMEHIH (TYThIHYIIbLUIAP/IbIH)

min.KikT.
MHUHMMaAb! Kyatsl, MBA.

byn xarnaiina renepatopabiy COS @ , KEPrUTIKTI )KYKTEMEHIH COSQ_ . JKOHE

©31H/IK MYKTQK/IBIKTaFbl dKYKTEMEIEP/IIH COS Q. eCKepllyl Kepek.
(3.4) dopmynama COS¢ reHepaTopiiapja TYTHIHYIIBUIAPFA JKOHE O31HIIK

MYKTaKIbIKThIH KYKTEMEJIEpiHe Oipaen aen aJbIHFaH, SFHA
oS¢, =COSQ,, =COSQ,

T'CH
AmNaTThIK acKbIH JKYKTEMEHI €CKepreHjie KYIUTIK TpaHchopMaTopAbIH
HOMHUHAJIJIBI KyaThl KeJieci (popMyiaMeH aHbIKTaNbIHAIbI [3,4]:

S Smax.afcylcme/we

HoM.mp = m’ (3 . 5)

MYHIA S, peyxmene = QMATTBIK PEKUM KE3IHIEN MAKCUMAIIbI KYKTEMEHIH
KyaThl,
K, - amarTeIK acKplH KykTeMe kKodhdummenti, onerre K

.. =14.

KI0O-narsr TEHEPATOPJIBIK KepHey/Ieri KYLITIK OailnanbiC
TpaHC(hOpPMATOPJIAPBIHBIH CaHbl 9JeTTe 3-TeH acmaiinbl. An OJOKTHIK cysibana
KYIITIK TpaHC(HOPMaTOpIapbIHBIH CaHbI T€HEPAaTOPJIap IbIH CaHbIHA TEH.

Kepueyi 110 kB »oHe omanna >korapbl KepHEyl 0ap TapaTy KYPBUIFbUIAPIbI
O1p-OipimeH ofeTTe aBToTpanchopmaTopiap OainanblcThIpaabl. OnapablH KyaThl €H
ayblp PEXUMJE AaHBIKTAJIBIHATHIH KyaT aFbIHBIHBIH MeJIIEPIMEH ecCenTeNiHel.
KyaTTbl 371€KTp cTaHUUMsIapAbIH 3JEKTP SHEPTUsICHl SHEPTeTHKANBIK Xyilere exi,
KeWJe YII )KOFapblIaTbUIFaH KepHEYyJep apKbLIbl Oepiiei.

Kymrik  tpancdopmaropnapasl  (aBToTpancopmMaropiapibl) TaHIaraHa
24
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OipHerie 6aracel Oipaeit (6aranac) cymdanapIbIH HYCKalapblH KapacThIpy Kepek. by
XKarJaiaa KymTik TpaHchopMaTopiaapAblH CaHbl, KyaThl )KOHE TYpl SpTYpJil OOIyHI
KaXKeT.

3.4 DJIeKTP CTAHUMSAJIAPABIH KYPBUIBIMABIK CYJI0ajapblH TaHAay YIUiH
TEXHUKO-IKOHOMHUKAJIBIK CAJTBICTBIPY

Kymrik tpancdopmaropnapabl  (aBToTpancopmMaropiaapipl) TaHIaraH/a,
kepHeyniH aeHreii (10;35;110;220;500 xB) opTypai Taparty KypbUIFBLIAPABIH €H
OPBIHJIBI (THIM/I1) CYJI0aIapbiH KapacThIpy Kepek.

CynbanapblH 3KOHOMHUKANBIK THIMIUIT  (YTHIMIBUIBIFBI)  KEITIPUITEH
MMHHUMAJIJIBI IIBIFBIHMEH aHbIKTaJIbIHAAGI [1,2,4]:

3=P,-K.+U+Y, (3.6)

myHia P =012 - sxoHOMHKAIBIK THIMIUTIKTIH HOPMATUBTIK KO (UIIMEHTI;
K - a5exTp KOHABIPFBIHBIH FUMapaThIH CaTyFa KYMCAIAThIH KYpei
Kap>Kbl, 111.0;
U - KbUIIBIK MalijaliaHy MIBIFBIHGI, 111.0./5KbLT;
VY - saexTp 3HEprus OepiIMEreHIIKTIH 3aIajbl, 111.0./5KbL.

byn ECK-Tel opblHIaranga mapttel Oipmik  peTinge (m.6.) [1,2,4]
ofieOMeTTEP/IC KOPCETUITCH IEPEKTEP MailfalaHbLIa b,

OnekTp sHeprus OepliMereHaiKTiH 3ananbl (Y) oky-xoOanay >xoHe apOip
HYCKQJIapJibl  calibiCThIpFanjga  eckepuimeiigli. Ce6ebi  (Y)  KOpekTeHaipy
CEeHIMIUIITIHE, amaTThIK  aXbIPaTyAblH MYMKIHIITIHE JKOHE  Y3aKThIFbIHA
OailnanbIcThl. By Maocenenep apHaiibl oeOueTTepae KapacThlpbLIabl.

Hyckanapasl ~ TEXHMKO-3KOHOMHKAJBIK  CaJbICTBIpyJa  TEK  KaHa
albIpMaIIbUIbIFbI oap AIIEMEHTTEP/I1 KapacTbIpy KEpEK. Kymrrik
TpaHchopMaTopiIapasiH (aBTOTpaHcPopMaTopiapabiH) KYHBIH Kenecl hopMyaaMeH
aHbIKTayFra oonasel [1,2,4]:

ecenrT. = KTp.3aBoH1 (37)
MYHJa O - afnnaparTapiblH, [IHHAIAPIBIH, KaOeIbIep/iH, KYPbLIbIC
MaTepUaJIIapbIHBIH KOHE MOHTAXKJAYIbIH OarachlH eckepeTiH koddduiumeHt, [1,

10.3 kecre].
JKbInbIK Malanany MIBIFBIHBI KeJIeCl (JOPMYIaMEH aHBIKTaJIbIHABI:

= Ha + UO + UWblé’blH' (38)

myHna M, + U, = [(Pa +P.)/ 100] - K - aMopTH3alusaFa ’KoHE KbI3MET €Tyre
KETETiH MILIFBIHAAD;
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P, xone P,, - aMOpTH3alMsAFa KOHE KbI3MET €Tyre OOIMHETIH Kapxkbl, %,
[1,2,4].

IIBIEBIH

Bbyn mibiFbiH Keneci GopMysiaMeH aHbIKTaIbIHA b

- OJICKTP SHCPIUSAHBIH 6ip}KBIJ'II[LIK IIBIFBIHEIL.

U . =B-AW, (3.9)
myHa 3 - 1 kBT caraT 3J1eKTp SHEPTUsHBIH KYHBI, 111.0./KBT" carar.
AW - cyn0aHbIH 3J€MEHTTEpPIHACTI 3JICKTP SHEPTUSHBIH IIBIFBIHBI,
KBt carar.

ECXK-upt opeiamaranga [3=0,0115 wr.6./kBr-carar gem amyra 06osajsl
(mwaptThl TYpAe). Kymrik Tpancgopmaropiapaarsl (aBTOTpaHcpopMaTopiapaarsl)
JKBUTJIBIK JICKTP SHEPTUSHBIH IIBIFBIHBIH aHBIKTAY [3] 6 GeriMiHIe KeNTipiJireH.

TeXHUKO-IKOHOMHKAJIBIK €CeNTey/l KecTe TYPIHIe OpbIHAaFraH THIMII e

ecernTenue/Il.
Kypnaeni kap>xbiHbl aHbIKTayFa 3.1 KECTe YCHIHBIIAIBI.

3.1 xecte — KypJiesni KapKbIHbI aHBIKTAY

DJIEeMEHTTEPIiH aTayiaphbl Ecenrteninren 1 HyCcKa 2 HYCKa
KYHBI, 111.0. CaHbl | COMACHI II.O. | CaHBbI COMAacCHI
11.0.
1 2 3 4 5 6
1. Tpauchopmatop
(aBTOTpaHChOpMaTOp)
2. TK-HBIH YAIIBIFBL (SYEHKACHI)
XKBIPATKBIIIIICH
Bbapiibirsl

KypbIabIMIBIK CYJI0aHBIH COHFBI HYCKAChIH (THIMIICIH) Keneci 3.2 KecTe
OOibIHIIIA TaHJIay KEPEK.

3.2 xkecte — KypbUIBIMABIK CYJIOaHBIH COHFBI (THIMIi) HYCKACHI

LIsrFeIHIAD 1 HyCcKa 2 HYCKa
1 2 3
1. Ecenrreninren kypaeni kapxsl, K.,

11.0.
2. AMopTH3anusira >KOHE KbI3MET
eTyre KereTiH (OeIiHETIH) NIBIFBIH

U,+U,,, mé.
3. DnekTp 3HEpPrus IIBIFBIHBIHBIH

kynel, U 1r.6.

UbIELIH °
4. KenTipiireH MUHUMAJIIbI IIbIFbIH,

3, 11.0.
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3.5 Ne3 ECK ecenrey MbIcaJIbl

byn wMoceneni opbiHAay VHIIH «OJEKTp CTaHIMUIAphl MEH KOCAJIKBI
cranmusiiap»y moHIHIH Ne2 ECXK-ma ecenreninren nepekrepai amambiz. Comn
JEpeKTepAlH Heri3iHAe ekl Hycka YIIIH KYITIK TpaHcpopMmaTtopiapasl
(aBTOTpancopmaropnapabl) TaHmaiMbid. On  YIIH KaJdbIIThl KOHE amaTTHIK
PEXUMIEP/I KapacThIPAMBI3.

3.5.1 Bipinmmi HYCKa YIIiH KYILTIK TpaHnc(opmaropiaap bl
(aBTOTpaHC(hOpMaTOpIAp/Ibl) TAaHAQY.

1 Bipinm Kycka yuris TpaacopMaropiap/ bl TaHIay

Tl xonme T2 TtpanchopmaTopiapelHbIH opOipiHIH KyaThl 3.1l-kecrteme
KenTipiiren. OHBI €CKepe OTBIPBIT OJIAPJBIH MYMKIHIIKTEpl (KaOlIeTTUTKTEP1)
KeJIeCi/Iel PeKUMJIEPMEH aHBIKTAIbIHAIBI:

Kansnrsl pexum

PTl,TZ _ 2117
cosop,,, 08

=2712 MBA,

SHOMTI,TZ -

MyH7a coso, . =08 - ecentiH OeplIreHiHe COUKECT] aJIbIHFaH

ATATTBIK peKUMAED:

1) Kpickpl makcumymaa T1 axsipatsinaasl. byn sxkarnaiina T2 apksiisl 43,4
MBT Kyar arbIHBI ©TE, 2.2 KECTeTre COUKECTI.

2) Keickbl MakcumyMmaa ['1 axeipatbuiansl. T1 sxone T2 TpancdopmaTtopiap
apKbUIbl OTETIH KyaTThIH aFbIHbI Kesiecl (POpMYIJIaMEeH aHbIKTAJIbIHAIbI:

[PlO — (Prz _Pc.ﬂ)] — [70_ (63_ 6’3)] —
2

P= 6,65 MBT.

3) [I-3—>T-3 OnorbiHBIH  axbIpaTbllybl.  bynm  karmaiima  T-4
TpaHchopmaTtopbiHIarel 35 KB-TBIK opamagarbl MakCHMMalJbl )KYKTEME €K1 ecere
koOeieni, srau 355-2=71MBm. (2.2 xecte, 35 xB T3 xone T4, ka3rel Me3ri,
yakbIThI 8-18 carar).

I'l, I'2 reneparopnapsiabiy, 10 kB-ThiKk TK-HBIH )KWHAKTaFbIII THHACKIHA €H
KOIl KyaTThl O€peTiH Ke3eH1 (Me3rii):

Kazrpr Mesriige KykTemMe a3 OonraHna (MUHHUMYM) (OYHmAl peXuM
HHEPTeTUKAIBIK JKYHEHIH TUCIIETYEPIHIH TarlChIPMAChIMEH aHBIKTaTybl MyMKiH) T-1
#oHe T-2 apKbUIbl ©TKEH KyaT MeJiepi Keliecl opMyIaMeH aHbIKTalla bl

o _lPu,—-P.)-P)|_[@26-126)-49]

T-1,T-2 ~
2

32,2 MBrT.

CoHzla KyaT aFbIHBIHBIH KOCHIHABICEI 64,2 MBT Gomanbl. An 35 kB-ThiH
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opamaapbl apkpuibl T-3 skoHe T-4 tpanchopmaTopiapeiHblH 110 KB-ThIK
opaMapbiHa OepiJIeTiH KyaTThIH MeJIIepi keneci popMyTaMeH aHbIKTATBIHA/IbI:

(PT—l,T—Z - P351<B.>1<a3,Max) — (6414 - 33!6)
2

=15,4 MBrT.

byn xarmaitna T3 — T4 tpanchopmaropnapbiabiH 110 kB-TeIK opammapbl
apKbLIBI KeJIeC1Ier KYKTeMe OTe/Il:

P =56,7+15,4=721 MBT.

T3,T4 PT3,T4. + PT3,T4.
110¢B 108 358

AmarTtelKk pexumal ecentereHae, 40%-1pl aCKbIH KYKTEME MYMKIHIILIITI
eCKeplIei:

S _ PTl,TZ _ 43’4
hoLT2 " 14.cos 14.08
8-18 1 (pHOM 1 !

=38,75 MBA.

[2,4] oKyJIBIKTapbIH/IA KOFaphl KepHeyi 35 KB-ThIK [o1aH KyaTsl yikeH (kemn) 35/10
KB-ThIK TpaHchopmarop KOK] €Ki opamibl TpaHc(hopMaTopiaapIblH MaKCHUMaIbl
kyatel 16 MBA-re Tten. Conmgeikran TPJIHC-63000-36,75/11/11 «B
TpaHchOPMATOPhI TaHJAAN AIBIHAIABI JKOHE CABICTRIPY YImiH 3.1-cyperreri cyida
Konnaneiaasl. 3.1-cyperre 6ip T1 TpanchopmaTop KepceTireH.

Enpi, ocet TPAHC-63000-36,72/11/11 TpanchopMaTOpblH KaJIBIITHI KOHE
anaTThIK peXUMIepre TekcepyiMmi3z kepek. KambInTel pekumaeri KyaT OajaHChl
KaObuIIanFaH cys0a yuriH cakranaasl (OipHemie T-1, T-2 TpancdopmaTopiapbIHbIH
opHbiHa Oip T-1 anmbiHab).

Bonybl MyMKiH anaTThIK peXUMICP/Il KapacThIpaMbI3/ia, TEKCEPEMI3:

a) Keickpl MakcumyMmaa T1-npiH axeipatelaysl. by skarmaiina I'-1 xone I'-2
redeparopyiapsl 10 kB-TIK Tapaty KypbuirblgaH 70 MBT-TBIK KYKTEMEH1 XoHE
©31H]1IK MYKTQKJIBIKTBIH KYKTeMeEJEpiH KaMTaMachI31aH IbIpaibl.

An T-3 xone T-4-tin 35 kB-thIK opampapsl 48:2=24 MBT XyKTeneTiH
0oJ1aIbI.

06) Kpickpl Makcumymaa ['-1-miH axbipaThulybl. by skarnmaiina 10 kB-Thik
TapaTy KYpBUIFBICBIHAAFBI TYTHIHYIIBUIAPFA JKETICTIEUTIH KyaT T1 apKblibl Oepineni

P, =(P._,—P, )=70—(63—6,3) =133 MBr.

T-3 xone T-4-TiH 35 kB-ThIK opaM1apbl TOMEHACT1ACH KYKTEIETIH 001a1bl
13,3/2+48/2=30,65 MBrT.
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CoHbIMeH, 0apIIbIK PEKUMIEPIET], SFHU KAJIBIIThI )KOHE alaTThIK PEKUMIEP/I
eckeprenge TPJAHC-63000-36,75/11/11 kB Tpanchopmatops! kyMbIC ChI30ACHIH
KaMTaMachI31aH bIPA/IbL.

TPIHC-63000-36,75/11/11 kB TpancgopmMaTOpbIHBIH TEXHUKAJIBIK IEPEKTEPI
3.3-kecrene kentipineni [1,2,4].

3.3 kecre — TPAHC-63000-36,75/11/11 kB TtpaHcpopMaTOPBIHBIH
TEXHUKAJIBIK JEPEKTEpI
Ieirein, kBT U. % 3aBOATHIK KYHBI, MBIH PyOII.
K.m
(TEeHIeMEH ecenTey Kepek)
PG.)K PK.T.T }KK'TK 107
50 250 12,7

T-3, T-4 TpancopmaTopiapbIHbIH KyaThl KAJIBIITHI KOHE allaTThIK PEXKUMIIED
mapthiHaH koHe G3, G4 reHepaTopiapbl KbULIBIH Kail Me3runHiae (Ke3eHIHE)

KyaTTbl OJHEpreTUKajJblK Kylere KkeOipek Oepe anaTblH peXUMAECpPIMEH
AHBIKTAJIBIHATBI
a) KansInTel pexxum:
63
S ap 4 2——= =178,75 MBA :

COSP,0n 0,8

EH ynKeH )KykTeme pesxumi.
0) AnatteiK pexuM ['3-T3 650rs1 axxbipaTbuirad (Hemece ['4-T4):

PTS,T4
os _ (21 — 64,38 MBA.

S — —
o5t 14.co 14-08

Opnaryra Typt TATH-80000-115/38,8/11 kB kymrik Tpancopmatopiapbia
tanaame3 [1,2,4]. On tpanchopmaToOpIbIH TEXHUKAIBIK JepeKkTepl 3.4-KecTene
KOPCETUIrEeH.

34 kecre — TITH-80000-115/38,8/11 B Tpanchopmaropiapabia
TEXHUKAJBIK JIEPEKTEPI
[Ieirpin, kBT U. % 3aBOATHIK KYHBI, MBIH pyOII.
K.m.o

(TeHTeMeH ecenTey KepeK)
[1.,89.550; 5., 2011, 384]

Ps.x Pirr KK-TK KK-OK OK-TK 137

64 365 11 18,5 7
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EYKTeME 2.2
A
iSkB 110 kB

TP TP 3C8 TP4

10 kB

ey iy SIS

AYHTCMe AYKTeME - (34

3.1 cypert — bipinnn HyCKaHBIH KYPBUTBIMIBIK CYJ10aChl
2K

YK TeMe
1 isB 10 xB
Tl T2 E@ b

10 kB

AYETeRE L g -
a1 Gl G2 AR exe a3

3.2 cypet — ExiHmI HYCKaHbIH KYPBUIBIMABIK CYJ10achl

3.5.2 Exinmri HYCKa YIIiH KYIITIK TpaHchopMaTOpIap bl
(aBTOTpaHchOpMaTOpIAP/IBI) TAHIAY.

T1, T2 xymrik TpanchOpMaTOPIAPBIHBIH KyaTbIH KeJecCifel ImapTrapMeH
aHbIKTaiMbI3. O yIIIiH 2.3-KEeCTEeHI eCKepeMis.

Kanbmter pesxxum. T1, T2 — tpancdopmaTopiapbiHbIH 9pOipiHIH KyaThl:

21,7
=27 22712 MBA.

TL,T2 0,
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AmarteiKk pexuM. byn sxarmaiina 40%-apl aCKbIH JKYKTE€ME€ MYMKIHIILIIT
eckepineni. T1 (Hemece T2) kymTik TpanchopMaTopiapsl aXbIpaThUTYAA.

43.4

= =38,75 MBA.
e 1.4-08

I'l, I'2 renepaTopaapbinbiy 10 KB-ThIK TapaTy KYpbUIFBICBIHBIH KUHAKTAFbILII
IIMHAChIHA Oepe ajlaThIH €H KOl KyaThl:

Keicta

126-12,6-70

rir2 0,8

=54,25 MBA.

Kazna

~100.8-11,08—49
o 08

=50,9 MBA.

Ecenteynin wmotmxecingae T1; T2 tpancopmaTopnapsl YiiiH, OpHaTyFa
TATH-63000/115/38,5/11 Tpancdopmaropnapsia KaObuinaimei3 [1,2,4].

3.5 xecre — TATH-63000/115/38,5/11 kB TparncopmMaTOpbIHBIH TEXHUKAIBIK

JepeKTepl
IIIeireiH, kBT U % 3aBOATHIK KYHBI, MBIH pyOJI.
e (TeHreMeH ecenTey Kepek)
[5. 2011, 384.; 1.89.550]
Ps.x Pirr KK-TK XKK-OK | OK-TK
53 290 10,5 18,0 7 126

Exinun BapuanTThiH T3 xkoHe T4 xymrTik TpaHncopmaTopaapsl peTiHIe Typi
TAH-80000/110/10,5 kB [1.2,4] TpancdhopmaTopiiap KaObLIAaHAIBI.

3.6 kecte - TIITH-80000/110/10,5 kB xymTik TpanchopMaTOpIbIH TEXHUKAIBIK

JIepeKTepi
[Ipirpin, KBT U % 3aBOATHIK KYHBI, MBIH PYOIL.
Po.x Pyrr o (TeHremeH ecenrey Kepek), [2,4].
58 310 10,5 65,5

3.5.3 Kymrik TtpanchopmaTopiapaarsi
IIBIFBIHBIH ECETTEY.
CrannusiHbIH reorpadusuibIK opHaacy ayaansl — OpTanslk KasakcraH: KbicC -
200 toymik (K.y.), xa3 — 165 Toynik (K.y.), Xpuiasik 6anama temmepatypachl +10°C.
DOHeprusi MLIFBIHBIHBIH MEHIMKTI KyHbl mapTTel Typae 0,0115 m.6./kBt-car-men
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KaObUIIaliMBI3.

1-mmi "ycka (3.1 cypeT) yuIiH XbUIABIK dHEPrUsl WIBIFBIHBI. TpaHcdopmarop
TP-TPZIHC-63000/36,75/10,5/10,5 xB.

Bonartarbl 3HEPTrUsIHBIH KbUIIBIK IIBIFBIHEI [4,5]

AW, = Py - 8760 = 50 - 8760 = 438 - 103xBm - caz.

Tpanchopmaropasin TK-geri TapmakTanrad MbIC OpaMBIHAAFBl SHEPTUSHBIH
KBUIIBIK IIBIFBIHBI €Ki opamibl TpaHchopMmaTopbeiHAarbiaii TK-meri opammapsl
Oipmedt JKYKTellyl IapT Jell eCenTeNiHin, TeMmeHAeri Gopmyna OOWbIHIIA
AHBIKTATBIHAIIBI

_ Pyt
Y . 2
Skom-Tp * €OS

AWy e (P%P(0_8)3 “to-8)+(18-24) " K, + PZZ"P(18‘24) “tg-18)
K, + Pfpco—g). * t(0-8)+(18-24) oc * Ky + P%P(O—S) “tg-18)oc * Ky) =
250

08 (31,552 - 14 - 200 + 43,42 - 10 - 200 + 28,92 - 14 - 165 +

+40,7%-10 - 165) = 1103,9 - 103kBm - cae.

Toymik iiHAer1 )KyKTEeMEHIH MOH1 OCBI 9/1ICTEMEITIK HYCKayAarbl 2.2-KeCcTe/IeH
anbrHaabl (s ECOK Ne2).

T-3 sxone T-4 tpanchopmaropaapsl TATH-80000/110.

bip TpanchopmaTopabiH 00JATEIHIAFEI SHEPTUSHBIH KBUIIBIK IIBIFBIHBI

AWy = Py - 8760 = 64 - 8760 = 560,6 - 103xBm - car.

Yur opamabl TpaHCHOPMATOPBIH MBIC OpaMBIHIAFbl SHEPTUSHBIH KbUIIBIK
mbireiHbl TK, OK, XK, opOipiHiH opaMIapbIHBIH KYKTEIyiHE ColKec 2.2-KecTe
OOMBIHIIIA AaHBIKTAJIAIBI.

AHBIKTaMaJIbIK MoTiMeTTeH [1,2,4] P =365 kBT.

K. T.KK-TK

P =Pyroc =Pirox =05-P_ =05-365=182,5 KkBr.

K.T.KK-TK K.T.OK =~ ~ K.T.T.XK.

Prr
MWiprk = : (P%—3(0—8)9ic “Lo-8)+(18-24) 'Ky +

2
SHOMT-3¢052¢
+P7_38-18)c * t@—18)c - Ky + PF-3(0-g)ne * L(0-8)+(18-24) - Ky +

182,5
PR s(o-15ye - bo-tae ) = 5oz gz~ (49,42 - 14200 + 54,410 - 200 +

+38,9%2-14-165+41,3%-10- 165 = 849,3- 10® «Bm - ca¥.

182,5 ) 5 5
AW, =W'(3,42 +14-200+2,3-10-200+00,5°-14 - 165 +

+3,35%2-10 - 165) = 2,86 - 103kBm - caa.
182,5

AW, = 5oz gz (30787 - 14200 456,72 - 10 - 200) + 38,95% - 14 - 165 +
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+44,852 - 10 - 165) = 912,2 - 103xBm - ca¥.
AWy 3 7-q = (849,3 + 2,86 + 912,2) - 10% = 1764,36 - 103kBm - car.

2-1111 HycKa (3.2 cyperT) YIIiH KbUIBIK SHEPTUS ILIFBIHBI.

TATH 63000/110 typmeri T-1 sxone T-2 TpancopmaTopiapblHIaFsl
SHEPTHUSHBIH KbULIBIK MBIFBIHGI [1,5] Ten Oy Tpancopmatopnap yiriH Py=53 kBT
P:=290 kBT — nen kaObu1gaiiMeI3.

AWg =53 -8760 = 464,3 - 103 xBm - ca¥,

P =P

K, TOK.K KT.OK P =0,5-P =0,5-290=145 kBr,.

K.T.T.K K. T.KK-TK

145

AW, = gzr—g gz (3427 14200 42,3710 200 + 0,057 - 14 - 165 +

+3,55%2-10 - 165) = 3,66 - 103 xBm - cae,

145

AW, o0k = 0 (17,162 - 14 - 200 + 242 - 10 - 200 + 14,52 - 14 - 165 +

+23,9%.10 - 165) = 194,06 - 103kBm - cae,

145
AW, =—————(15,78%-14-200 + 21,7% - 10 - 200 + 14,452 - 14 - 165
M.M.K. 632 . 0, 82 ( + + +

+20,35%2-10 - 165) = 159,86 - 103xBm - car,

AWyyr_1 -5 = (3,66% + 194,06 + 159,86) - 103 = 357,58 - 103kBm - ca.

Typt TIH 80000/110, T-3 sxone T-4 TpanchopmaTopiapbIiHAAFbl SHEPTUSHBIH
IIBIFBIHBL  KeNeciiel (opMyrnameH aHbIKTaubiHAAbL. [1,2,4] oneOuerrteH Oy
Tparcopmaropnap yiriH Py=58 kBT, P,;=310 kBT — nen kabpuinaiiMbI3.

AWy =58 - 8760 = 508,08 - 103xBm - caz,

10
AW,, = ————- (50,775 - 14 - 200 + 56,77 - 10 - 200 + 38,95% - 14 - 165
M 802 . 0, 82 ( 4 + ) + ) +

+44,85% - 10 - 165) = 1555,9 - 103xBm - car.

3.5.4 O3iHIIK MYKTaXIbIFbIHA KEPEKTI TpaHchopmaTopiapbl TaHAAY
(TEXHUKO-IKOHOMUKAJIBIK CaJIBICTHIPY YIIIiH)

O31HIIK MYKTaXIBIFBIHIAFBl )KYMBIC TpaHC()OpMaTOpIaphIHBIH CaHbI JKOHE
Oepinren cysbana reHeparopiap canbl 4-ke TeH. CanpICThIpyFa apHaJIFaH O1piHII
Hyckana Konnaneuirad ['-1 sxoHe -2 renepaTopiapsl, ©31HAIK MYKTaXABIK AKYMBIC
tpanchopmaropiapbl 10 KB-ThIK >KHMHAKTayIIbl IMMHAFA QXBIPATKBIII aPKbUIBI
Koceaapl, an ['3 (I'4) renmeparop-tpancopmaTop OJOKTHIK CYJIOAaHBIH ©31HIK
MYKTQXJBIKTBIH JKYMBIC TpaHCcpopMaTOpiapbl apaiblK IMIBIKOATAp apKbUIbI
KOCBUIaJbl.  AKBIpATKbIIUTAp/bIH OO0JIybl YII oOpamibl TpaHchopmaTopapbl
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KOJIJTaHyFa MYMKIH/JIIK Oepeil (TeHepaTtopiapibl axbipaTy kesigae 35 kB xone 110
kB-Tbik TK-b1 OaiiiaHbICTBIPaIbI).

TP tpanchopmaropsr TK-meri Tapmakranran opambl 10 kB munamapasig
OPTYPIl CEeKIMsUIapblHA €K1 aKbIPATKBIII apKbUIbl KOChUIFaH. CeKiusiiap apacbiHaa
CEKIUSUIIBIK aXbIpaTKbIn Oap. Ocbunaifima 1-mi HycKaga T€HEpaTOPIbIK KepHEY
YAIIBIKTAp CaHbl — 7, MYHJA ©31HAIK MYKTaXIbIK aKBIPATKBIII €CENKE albIHOANIbI,

OUTKEHI eKi cyy0aja 1a oJap/IbIH CaHbl OipeH.
2-111 HYCKaaa OJIOKTBIK KOCBUTBICTAP/IbI &KbIPATKBIIICHI3 OpHATYFa OOJaIbl,
OUTKEHI TeHepaTOPIBl AXKBIPATY OJOKTHI aXKBIPATyFa OKEIl COFaIbl.
['eHepaTOpJIbIK KEepHEY YSIIBIKTAPBIHBIH CaHbl — 5. O3IHAIK MYKTaXIbIK
TpaHchopMaTopIapblH TEXHUKO-IKOHOMHKAJIBIK CAJIBICTHIPYFa €HI130eiMi3, ce0ell
OJIap/IbIH CaHbl MEH KyaThl CAJIBICTHIPBUIATHIH HYCKajIapia Oipien.

3.5.5 1-mi sxoHe 2-1111 HyCKanap sl TEXHUKO-9KOHOMUKAIIBIK CAIBICTHIPY .

Hyckanapaarbel ecenTi >KEHUIAETY YIIIH KalTalaHaTblH OeJIKTEp €cemke
anbiHOak1p1. CanmbICTRIPYIBI KECTE TYPiHJE XKYprizemis (3.7 kecte).

On yumiH angplMEH 3KOHOMMKAJBIK OpPBIHABUIBIFBIH (1I€J1€COOpa3HOCTh)
AHBIKTAUTBIH KEATIPUIT€H MUHUMAJIBI IIBIFBIHHBIH (DOPMYJIAChIH TaIaliMBbI3 [ 1,2,4]:

MyH7a
K03 puIeHTi;

P =012 -

3., =P -K+N+YV,;

3KOHOMUMKAJIBIK

THIMIUTIKTIH

K - aekTp KOHABIPFBIFAa KYPICHi Kap>Kbl CaBIMbI, MBIH TEHT'C,
N - XbpUTIBIK Maii1aiaHy MIBIFBIHBI, MBIH TEHI€/5KbLT;
Y - ojekrp SHeprusHbl OEpPMEreHIIKTEH KeJeTiH 3aian (3usH), MBIH

TEHI'€/>KBLII.

3.7xecte — Kypaeni Kap»bl CaJIbIMBbIH aHBIKTalMBI3, SFHU K .

HOPMATHBTIK

BipikTig 1 — HycKa 2 — HyCKa
Beunikrepaiy aTayst €CENTIK KYHbI, | Oip.caHbl, | KOCBIHABICHI | Oip. CaHbl, | KOCHIHJIBICHI
11.0. JlaHa 1.0. JlaHa nr.0.
1 Tpancdopmartop TPIHC - ) ) i
63000/36,75/10,5/10,5 10716 ! 1712
2 Tpanchopmarop ) ) i
TJITH — 80000/110 137°1,5 2 411
3 ATK ysweirs! 35 kB 10 1 10 - -
4 XKTK ysmbirst 10 kB 20 2 40 - -
5 Tpancdopmarop )
TJITH — 63000/110 126-1,5 2 378
6 Tpanchopmarop )
TJTH — 800000/110 137°1,5 2 41l
7 ATK ysmeirs! 110 kB 30 2 60
Bappirbl 632,2 849

Kyatst >16 MBA 35 kB tpanchopmaropnap yurin a =16 an kyatst >32 MBA
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110 kB tpanchopmaropaap yuin a=15 [1,2,4].

3.8 xecte — KenTipiireH MUHUMAJIBI IIBIFBIH/IBI @aHBIKTAY KECTeCi

[siFpIHAAD 1 HycKa 2 HycKa

1 EcenTik Kyp/eini Kap>Kbl CaabIMBI, 632.2 849 0
K.II1.0. ' '
2 * AMOpTH3aIHsIFa IIbIFapy
0,084 -632,2 =531 0,084 -849 =71,31
U,+U,, mé.

3 **JHeprust MLIFBIHBIHBIH KYHBI, 3 3

U . wo. 0,0115-619252-10° =71,21 | 0,0115-5771,72-10° =66,37
4 Munnmanzp! wersiaap ecentey | 0,12 - 632,2+53,1+71,21 = 012-849,0+71,31+66,37 =

3.in > WLO. 200,174 = 239,56

*[1,2,4] okymeikrapaan: P, + P, =(6.4+2)% =8.4% =0.084 .

** DHeprust WbIFBIHBIHBIH KYHbI

U =B-AW, B =0,0115w.6./xBm - car;

IBIE.

1 — un Kycka yuris:
AWy = 438 -103 + 560,6 - 103 - 2 = 1559,2 - 103xBm - caz;
AW,, =1103,9 - 103 + 1764,36 - 103 - 2 = 4632,62 - 103xBm - car;
AW = AWy + AW,, = 1559,2 - 103 + 4632,62 - 103 = 6192,52 - 103xBm - cas.
2 - HyCKa YIIIH:
AWg = 464,3-10% -2 + 508,08 - 103 - 2 = 1944,76 - 103xBm - car;
AW,, = 357,58 - 103 - 2 + 1555,9 - 103 - 2 = 3826,96 - 103xBm - cas;
AW = AWy + AW, = 1944,76 - 103 + 3826,96 - 103 = 5771,72 - 103xBm - ca¥.

1-mi  xoHe  2-mm  HYCKaJapAblH  IIBIFBIHJIAPBIHBIH ~ apachIHAFbI
albIPMAaITBIIBIFBl TOMEH/ICT1 OPHEKIICH aHBIKTAIbIHAIBI

23956200174

= .100% =19,67% > 5%.
° 200,174

1-m1i HYCKaHBIH THUIMJAUII KOFapbl OOJFaHIBIKTAH, OHBI KaObLIgayFa
0oJ1aIbl.
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Ma3myHbI

1 | EcenTik-cb130a xymbic Nel 3
1.1 | 12)KyMBICTBIH MaKcaThl jKoHE Macelenepi 3
1.2 | Anrammkel MoTiMeTTEp 3
1.3 | X KyMbICTBI OpBIHIayFa apHAJIFaH OAICTEMENIK HYCKayJiap 4

2 | Ecenrik-cp130a sxymbic No2 10
2.1 | EcenTik-chI30a sKYMBICTBIH MAaKCaThI )KOHE Moceesepi 10
2.2 | Ecentik-cp30a ’KYMBICTBIH KOJIEM1 KOHE Ma3MYHBI 10
2.3 | JKyMbICTBI OpBIH/IAyFa apHAIFAH JICTEMEIIK HYCKayJIap 17
2.4 | Ne2 ECXK ecentey mMbicambl 17

3 | Ecenrik — cb136a sxymbic No3 22
3.1 | Ne3 ECXK-TpIH MaxcaThl MEH ecenTepi 22
3.2 | Ne3 EC)K-HbIH Ma3MyHBI %KoHE KoJieMi 22
3.3 | DneKTp CTaHIMSIAPBIHAAFI KYIITIK TpaHchopMaTopiaap sl TaHAAY 23
3.4 | DnekTp CTaHIUSAIAPIBIH KYPBUIBIMIBIK CYJIOATAphIH TAaHAAY YIIiH 25

TEXHUKO-9KOHOMHUKAJIBIK CAJIBICTBIPY
3.5 | Ne3 ECXK ecentey mbicaiibl 27
OieduerTep TiziMi 36

37




2022 k. KUBIHTBIK >KOCHIapbI, PeTi 5

Enena I'puroppeBHa MuxankoBa
Npuna Cepreesna CokonoBa
Aitza Kaapipskankbi3el JKyHycoBa

SJIEKTP CTAHUUAJIIAPBI MEH XEJIUIEPIHIH SJIEKTP XXABJIBIKTAPBI

6B11201 — «Kopmaran opTanbl KOpFay >K9HE eMIp TIPLILIIK Kay1Ci3iK HET13Aep»
O1miM Oepy OarmapiaamMachIHbIH CTYIEHTTEP1 YILIH €CeMNTIK-ChI30a JKYMBICTAPIbI
OpbIH/IaY OOMBIHIIIA 9/IICTEMEITIK HYCKAYJIBIKTap

Penaxrop: N3reneyosa XK. H.
CranpgapTTay OOMBIHIIIA MAMaH: Amnyapoek XK.A.

bacbuiblMFa KOJI KOWBUIABI . . . [Mimrimi 60x84 1/16
Tapansimer 50 nana. Bacnaxananbik karazNe 1
Kenem — 2,3 oky- 0Oac.o. Tanceipeic  baracer 1150 Tr.

«Fymapbek JloykeeB aTbIiHAarbl AJIMAaThl SHEPIeTUKA JKOHE OailylaHbIC
YHUBEPCUTET1» KOMMEPIHUSUIIBIK EMEC aKIMOHEPIIIK KOFAaMBIHBIH
KelIipMe — KeOelTy 610poChI
050013 Anmartsl, Baiitypceiyisl kemeci, 126/1



