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No industry can be developed without significant
improvement of the fuel — energy complex.

Islam Karimov




V3BEKUCTOH PECHYBJIMKACH SHEPTETUKA BA3SUPJIUTH

V3BEKUCTOH PECIHYBJIUKACHU OJIUA BA YPTA MAXCYC
TABJIUM BA3SUPJIUTHU

TOIKEHT JABJAT TEXHUKA YHUBEPCUTETHU

SHEPT'HAA BA PECYPCJIAP TEKAIL
NJIMHHU-AMAJINA BA YKYB MAPKA3H

«IHEPT'US TEXKAMKOPJIUT'M BA KAWUTA TUKJIAHYBUAH
IHEPI'USI MAHBAJIAPW» NIIMHUU - TAIKUKOT JJABOPATOPUACHU

«MYKOBWI EKWJIFU BA DHEPTMSI KOPXOHAJIAPH»
ACCOLMALIUSICH

ISSN (print) 2091-5985
ISSN (online) 2181-1946

JHEPI'MA BA PECYPC TEKAII

MYAMMOJIAPA
Kypnana 2002 itniga Wunura 4 mapra
TAIIKWJI KMJIMHTaH 4o ITHJIAAH
2021 i. Nel

TOILHKEHT - 2021



TAXPUP KEHI'ALLIK AB30JIAPU
Axkan. A.Y.Canumos (pauc), akan. P.A.3axunoB (pauc ypun6ocapm), akan. T.X.Hacupos,
akazn. H.P.lOcynbexos, T.¢.1., npod. Ix.H.Myxunauaos, T.¢.1., mpod. C.M.TypabmkaHos,
T.¢.1., mpod. XK.b.Tomos

TAXPUP XAUBATH
Bow myxappup: akaz. Anmaes K.P.
Bom myxappup ypunéocapu: mpo¢. Curaukos P.A.
HNamuii koTHO: non. Paxmonos I1.Y.

TAXPUP XAIWBATH AB30JIAPU:

DJIEKTPOHEPI'ETHKACH
T.¢.1., mpod. T.1L. I"aiin6GoB Poc @A myx0up avzocu H.W. Bopomaii (Poccust)
T.¢.1., mpod. A.JI. Tacaumor T.¢.1., mpod. M.III. Mucpuxanos (Poccust)
T.¢.1., mpod. M.K. Boboxanos Yxpanna MOA akan. A.®. Bepnans (VkpanHa)
T.¢.1., mpod. M.U. Ubaaynnaes mpod. Christian Kreischer (I'epmanus)
HCCHKI/IHK BA ATOM SHEPI'ETHKACH
T.¢.1., mpod. P.IT. boboxamxkaes KP M®A akan. b.K. Anuspos (Ko3orucToH)
T.¢.1., mpo¢. P.P. Aesos KP M®A axkaz. C.A. Kemryos (Ko3oructon)
T.¢.1., mpo¢. M.1. CansikoB T.¢.1., mpod. XK.C. AbaumypatoB (Kozoructon)
PhD, mom. IILII. A6aymanukoB benP M®A akan. A.A. Mexanesuu (benopycust)
DOHEPI'HA CAMAPA/IOPJINTH BA SHEPI'MAIHHU TEKAILL
T.Q.1., mpod. ©.A. Xommmos T.¢.1., mpod. H.ILI. Yembopucosa (Poccus)
T.¢.1., mpod. T.C. Kamanos T.¢.1., mpod. H.JI. HoBukos (Poccust)
T.¢.1., mpod. H.Bb. ITupmaTon npoo¢. Ekkehard Bolte (I'epmanus)
T.¢.1., mpod. X.M. Mypatos mpo¢. Wilfrid Hofmann (I'epmanmst)
MYKOBHJI BA KAHTA THKJIAHYBYH SHEPTHA MAHBAJTAPH
T.¢.1., mpod. M.M. MyxaMmMazanes PhD, mpod. Kyubock Lee (XKanyouit Kopest)
T.¢.1., mpo¢. H.P. Ae3osa T.¢.1., mpod. XK.O. Turora (Poccust)
T.¢.1., mpod. I'.H. V3akos PhD, pod. Rhee Young Woo (JKanyowuit Kopest)
T.¢.1., mpod. A.M. Mupzabaes mpog. Peter Schegner (I'epmanus)
HE®Tb BA I'A3. EKHJIFH PECYPC/IAPH

T.¢.1., mpod. H.C. Maxmymos T.¢0.1., ipod. A.®. Makcumenko (Poccus)
T.¢.1., mpod. Y.C. Hazapos T.¢.1., mpod. ®.I". XKardapos (Poccust)
T.¢.1., mpod. @.5. Ymapos T.¢0.14., ipod. W.T'. Kanrapxu (Poccus)
K.T.H., 1oul. M1.X. XanucmaTtoB PhD, nou. A.C. Kysnues (Poccust)

OKOJIOTHA BA CYB DHEPTETHKACH MYAMMOJIAPH
T.¢.1., mpod. IIL.K. Paxumos PhD, pod. Lee Young-Seak (Kanyouit Kopest)
T.¢.1., mpod. 2.2K. MaxmymoB T.¢.1., mpod. 1.C. AxmetbaeB (Kozoructon)
T.¢.1., mpod. O.5. I'moBarkuit T.¢.1., mpod. B.A. Xoxmnos (Poccust)
T.¢.1., mpod. B.Y.Vpumies PhD, npod. Namgee Jung (JKanyouit Kopest)

Taxpupuam manzunu: 100095, Towxenm w., Ynusepcumem xyuacu, 2, Tow/[TY, DD bunocu,
220-xona. Ten. +99871-246-08-04; E-mail: tstu_energy@list.ru

Kypuan Towxenm waxap Mambyom ea axbopom 6owkapmacu pyuxamuea 0IuHean
2007 iun 12 ausap, 02-0044 eysoxnoma, ISSN 2091-5985.



MYH/IAPHKA
IJIEKTP DHEPI'ETUKACH
K.P. AnnaeB. JKaxon Ba Y36eKHCTOH SHEpreTHKaCHHH TPaHC(OPMAIMSIALIHIHT 3aMOHABHH
CLHEHAPHIMIIAPHL .+ . v o v vt et ettt et et ettt et e ettt e e e
AM. Ilnaxtues, I''A. T'azueB, SI.A. Meauboes, O.Y. JJonuépos, /I.III. Hopxoaboes.
TakcuMiraHraH MarHWT mapaMeTpiiapu OyiraH IOKOPH y3rapMac TOKJIApHHM KOHTAaKCHU3
(eppOMarHuT Y3rapuKUWIAPHIHT KOHBEPTOPJIAPHHUHT MaTEMaTUK MOJEIUIAPH. . . . . .. ... ...
I1. Pennga, Y. Kpencuep. ['epmManns pakamiu TapMOKJIAPHHUHT TajabiIapy: UKKU ITOFOHAIH
reHepaTopiapra acociaHraH IIaMoN SHEPrHs Y3rapTUprUd TH3MMIApHUAArd MyaMMollap Ba
CTPATETHISIIIAD .+« « o v vt et ettt ettt ettt e et e e et ettt e et s
HNCCHUKJHUK BA ATOM DQHEPT'ETHKACH
O.M. bob6oxanos, T.III. Aaubéexoa, HN.U. Bbaxagupos, A.JI. Hcmanausipos.
Ko30HXOHaTapHH MUHH U3M Japra MOAEPHH3AIMANAI KAPAEHUHUHT TaXIMIH . . .. .. .. ...
SHEPTUSA CAMAPAOPJIMT'Y BA DHEPI'MSITHU TEXKAL
AJI. Tacaumos. TakCHUMIIOBUM 3JEKTp TapMOKJIap HapaMeTpiapUHU TEXHUK-UKTHCOAUM
TAXJIVUTH BA OIITHMAUIAIITHDPHIIL . .« « .\ v v v v vt vt e ettt e e e et e e e e e et e e e e
J.A. PucmyxamenoB. Kyromapu sSKuH HUCOATIH KyTONapu y3rapyBuaH 4yJFamyIapHH HIILTa0
YUKHUII BA TAAKHAK KHITHII . . . . oottt et e et ettt e e e et et e e e et e e e e
O.C. Axmer6aeB, A.P. J[IxanauryioB, A.JI. Axmer6aeB. TakCcUMIOBYH D3JICKTP
TapMOK/IApUIa KOMIICHCAIMSUIOBYM KypPHJIMAIApHUHT OKOMIAIIyB YpHH Ba KyBBAaTHHHU
D14 (o701 c: 141
M. Cabayanae, M.K. Bo6oxanos, P.U. Kapumon. Konnencarop OGarapessiapyuHUHT
KyBBaTHHH aBTOMATHK pOCTJAll YYyH KOHTaKTCH3 OOIIKapyB KypHIMAacHHH SpaTHII Ba
IKCTICPUMEHTAI TAIKHK KHIIHIIL . .« . v vt oe et ettt ee e e e e e et e et a e e
B.I1. UBanoBa, B.B. lipinkuna, /[.H. Ucamyxamenos, A.Y. TypaGexos, ®.A. AxOapoB.
IOk K¥inIn MamMHACHHUHT 3JICKTPUK XaéTH YIyH YMYMUH TanaOJapHUHT PHBOXKIAHUIIM. . . .
O.B. PagmonoBa, P.A. CuTAuKOB. DIEKTp TapMOFMHHHT pPEXKHMH Ba XOJAaTHHU
MOHHTOPHHTH XAKHIIA .« © .+« « o v ettt e et sttt et e et et e e e e e
C.T. Bouaraes, b.b. Paxmonos, K.®. Kypoanos, M.IO. Xokum:xkonos, J.111. ’Konukyios..
VTHII aBTOMATHK CHIHANM3ALMA TH3MMHHH BA YHHHT SHEPTHS CAMAPAJOPIMIHMHH OLIMPHII
DEAYAI DI} 070505 1Y (01 (SN 1) 11600 %103 %1 1
MYKOBWJI BA KAMTA TUKJIAHAJIATAH SHEPTUSI MAHBAJIAPH
ASl. Kymaes. ©oToBONTaUK KyENI CTAaHLMUIApUAAH MapKasjalliMarad 3J1eKTp TabMUHOTHA
(DOMITATIAHUIIT XYCYCHATIIAPH .+ .+« « v v v et ettt et et et et et et e e et et e s
HE®T BA T'A3. EKWJIFU PECYPCJIAPH

B.1II. Axpamos, II1.X. Ymenos, 7K.®. Hyputaunos, T.0. Komunos. Myngom nedr razunn
YTHIIH3AHS KHIHIIA SHEPTUS TEKOBYU TEXHOJOTHSMIAD . « v v o v vvvvvvoe e
Y.C. Hazapo, B.M. IllleBuoB. Slpoxcu3 Tabuuii ra3 KOHJIAPUHU PUBOXJIAHTUPUIIHU
JIOWUXQJIAIIHUHT STHIUYA EHIAIIYBIIAPH « . « . o e vove ettt e ettt e e e e e

CYB-DHEPTETUKA MYAMMO.JIAPHU BA DQHEPI'ETUKA EKOJIOT'USICH
I.®. llepky3ueBa, A.M. FOcynxy:kaeBa, JI.H. Xeraii. DHepreTrka MyaMMOJIapUHH €UUIIIIA
CYB OOBEKTIIAPHHUHT AXAMHUITH « .« . . o oottt e ettt et e et et e e e e e
H.HU. U6parumos, P.P. McanoBa. DieKTpUK Ba SJIEKTPOH YHKWHAWIAPHU KaiTa WIUIAIIA
pecype TeKaMKOPIUK YCYIT Ba TEXHONOTHSIIIAD . . oo vttt vttt e e tieee i ae e e eee e e e

WJIMMI1 XABAPJIAP
H.W. Boponaii. DyexTp 3HepreTyka THU3UMJIAPUHU HHHOBAIIMOH TEXHOJIOTHsIAp TabCUPUIA
Y3rapTUPHUII TEHICHCHSIIAPH BA MYAMMOIIAPH .+« « o o vt v vttt et e et et e e e e e e s
BU3HUHI FOBUJISIPJIAP

ITaBkat HazapoBuuy MamapumnoB (80 GHUTHITTA) . .. ... ovvnet it

Pamx:ka0oB AGypaxmaH - 0JIMM, TIEAaror, xamoar apooou (TYFUIITaHIUTHHUHT 75-HUJTHrura
GAFMIIITAHTAH) « .+« « e v e v v et et et e ettt e et e e e et e e e et e e e e e

11

28

36

51

60

74

85

97

107

115

122

137

146

156

171

180

190

193



MUHHUCTEPCTBO DHEPTETHUKU PECITYBJIUKHU Y3BEKUCTAH

MUHUCTEPCTBO BBICHIEI'O U CPEJJHEI'O CHEHHUAJIBHOT'O
OBPA30BAHUS PECITYBJIMKU Y3BEKUCTAH

TAIIKEHTCKHUI TOCYJAPCTBEHHBIA TEXHUYECKHWI YHUBEPCUTET

vHAY‘IHO—HPOI/I?.BOI[CTBEHHbIﬁ n
YUYEBHBIU HEHTP DOHEPT'O- U PECYPCOCBEPEXEHUA

HAYYHO-UCCJIEJOBATEJIBCKAS JIABOPATOPUSA
«HEPT'OCBEPEXXEHUE U BO3OBHOBJIAEMBIE NCTOYHUKHA SHEPT UN»

ACCoOIMNAIUA «TPEAIIPUATUSA AIBTEPHATUBHBIX HCTOYHUKOB
TOIVINBA 1 DHEPTUN»

ISSN (print) 2091-5985
ISSN (online) 2181-1946

ITPOBJIEMbI DOHEPI'O- U
PECYPCOCBEPEXEHUSA

JKypnan ocHoBaH H3paéres 4 pasa
B 2002 rony B Iojg

2021 r. Ne 1

TAIIKEHT - 2021



PEJAKLIMOHHBIN COBET
Axanemuk A.Y.CamuMoB (mpeacenarens), akaa. P.A.3axunoB (3amecTuTeNs NpeiceaaTeNs), aka.
T.X.Hacupos, akan. H.P.FOcyn6ekos, n.1.H., mpod. Jx.H.MyxunauHos,
O.T.H., nipod. C.M.TypabmxaHoB, A.T.H., mpo¢. JK.b.Tommos

PEJAKIONOHHASA KOJJIEI'NA

I'siiaBHBIH pegakTop: akaz. Anmaes K.P.
3amecTuTEJ b I1ABHOTO PeJaKTOpPAa: npod. Curaukos P.A.
Yuenblii cekperapsb: non. Paxmonos 1.Y.
YIEHBI PEJAKIIUOHHOM KOJLIETH:
DJIEKTPOSHEPI'ETHKA
I.T.H., npod. ["aitn6os T.111. yi.kopp. AH P® Bopomnait H.U. (Poccust)
I.T.H., mpod. Tacnumon A.Jl. J.T.H., mpod. Mucpuxanos M.ILI. (Poccus)
I.T.H., mpod. boboxanos M.K. akag. HAH Ykpauns! Bepnans A.®. (Ykpauna)
I.T.H., mpod. Ubanymnaes M.U. npod. Christian Kreischer (I'epmanusi)
TEILIO H ATOMHAA SHEPI'ETHKA
I.T.H., nipod. boboxamxkaes P.I1. akag. HAH PK Ammspos b.K. (Kazaxcran)
I.T.H., ipod. ABe3oB P.P. akag. HAH PK Kemryos C.A. (Ka3zaxcran)
I0.T.H., ipod. Cagsiko 1.U. I.T.H., ipod. A6mumyparos XK.C. (Kazaxcran)
PhD, nou. A6aymanukos II.111. akageMuk HAH Pb MexaneBua A.A. (bemopycus)
SHEPIO3®®EKTHBHOCTbH H DHEPI'OCBEPE’KEHHE
I.T.H., mpod. Xomumos D.A. Yemb60pucona H.III. (Poccust)
I.T.H., mpod. Kamanos T.C. Hosuxkos H.JI. (Poccust)
I.T.H., mpod. [Tupmaros H.b. npo¢. Ekkehard Bolte (I'epmarms)
I.T.H., mpod. Myparos X.M. npod. Wilfrid Hofmann (I'epmanus)
AJIBTEPHATHBHBIE H BO3ObHAB/IAEMBIE HCTOYHUKH D)HEPTHH
I.T.H., ipod. Myxammannes M. M. PhD, npod. Kyubock Lee (FOxnas Kopes)
I.T.H., ipod. ABe3zosa H.P. I.T.H., ipod. Turosa XK.O. (Poccust)
I.T.H., ipod. Y3akos ['.H. PhD, npod. Rhee Young Woo (FOxnas Kopest)
I.T.H., ipod. Mupzabaes A.M. npod. Peter Schegner (I'epmanus)
HE®Tb H I'A3. TOIIVINBHBIE PECYPChI
I.T.H., npod. Maxmymaos H.C. JI.T.H., mpod. Makcumenko A.®D. (Poccus)
I.T.H., npod. Hazapos V.C. J.T.H., pod. XKardapos ®.I". (Poccus)
I.T.H., ipod. Ymapos @ 4. J.T.H., mpod. Kanrapxu U.I'. (Poccust)
K.T.H., foll. XamucmaTtoB M. X. PhD, nou. Kynues A.C. (Poccus)
OKOJIOTHYEHCKHE H BOJHO-HEPI'ETHYECKHE ITPOBJ/IEMbI
I.T.H., mpod. Paxumos I1.K. PhD, mpod. Lee Young-Seak (FOxuas Kopest)
I.T.H., ipod. Maxmymnos 2.2K. I.T.H., ipod. Axmeroaes J[.C. (Kazaxcran)
I.T.H., npod. ['moBarkuii O.51. I.T.H., ipod. XoxiuoB B.A. (Poccust)
I.T.H., ipod. Ypumes b.VY. PhD, npod. Namgee Jung (FOxnas Kopest)

Aopec peoaxuyuu: 100095, e. Tawxenm, ya. Yuusepcumemckas, 2, Tawl TY, kopnyc D@,
xom. Ne 220. Ten. +99871-246-08-04; E-mail: tstu_energy@list.ru

JKypuan 3apecucmpuposan ¢ Ynpasienuu nevamu u ungpopmayuu 2. Tawxenma 12. 01. 2007
200a, peaucmpayuonroe ceuoemenvcmeo Ne 02-0044, ISSN 2091-5985.



COJIEPKAHHUE

JIEKTPOOHEPTETUKA
K.P. AnmaeB. CoBpeMeHHEIE ClieHapHH TpaHC(OpMaIy SHEPTeTHKH MUpa M Y30EeKHCTaHa . .
AM. IlnaxtueB, I''A. T'azueB, SI.A. Meau6oe, O.Y. [loneposn, /I.III. Hopxondoes.
MareMaTtnueckue MoOJETH OECKOHTAKTHBIX (DeppOMArHUTHBIX INpeoOpasoBarenied OONBIIHX
MOCTOSIHHBIX TOKOB C IIPOJIONBHO pacipeeIeHHBIMI MATHUTHBIMH MapaMETPaMHt . . . . . ... ...
II. Peitnpa, Y. Kpaiimep. TpeOoBaHus HEMEIKOTO CETEBOT0O KOJIEKca: MPOOIEeMBI U CTpaTeTUN
IUIsL CHCTEM IIpeoOpa3oBaHUsI SHEPTMH BeTpa HAa OCHOBE HMHAYKLMOHHBIX TI'€HEPAaTOpOB C
JIBOMHBIM ITHTAHHEM .+ 4 v v v v vttt et e et e e e e e e e et e e e e e e e
TEIIJIO U ATOMHAS DHEPTETUKA
IO.M. BoOoxanos, T.III. AimbexoBa, .. Baxagupos, A./l. UcmanausapoB. Anamus
Ipolecca MOJEPHU3aUK KOTeIbHBIX BMurn TOLT . ... ... oo o oo
OHEPTO3®P®EKTUBHOCTDb U DHEPI'OCBEPEKEHUE

AJ. TacaumoB. TexXHHUKO-DKOHOMHUYECKUII aHamIu3 M ONTUMH3AaLUA  I1apaMeTpOB
pacHpeeUTEeNbHBIX AMEKTPUIECKHIX CETEH . . . oottt ittt et
J.A. PucmyxamenoB. Pa3zpaGoTka M HccieqOBaHHE IIOJIOCONEPEKITIOYACMBIX OOMOTOK Ha
OIIM3KOE COOTHOIICHHUE TIOMTEOCOB . . .« o v vttt s et e ettt et e et et e e e e e
A.C. Axmer0aeB, A.P. :kannurynos, A.JI. AxmerdaeB. K pacueTy MOIIHOCTH M MecTa
YCTaHOBKY KOMIICHCHPYIOIIUX YCTPOHCTB B PACIPeIeIUTENEHOM JIEKTPUIECKOH CeTH . . . . . . .
M. Casbpyiiaaes, M.K. Bo6oxanos, P.Y. Kapumon. Co3gaHue u 3KCIEpUMEHTAIbHOE
HccieoBaHue OECKOHTAKTHOTO YCTPOMCTBA [UISi aBTOMAaTHYECKOTO PETyIUPOBAHUS MOIIHOCTH
KOHIEHCATOPHBIX OATAPEH. . .+« ottt ettt e et et ettt e e
B.Il. UBanoBa, B.B. llpinkuna, /I.H. Ucamyxamenos, A.Y. Typadekos, ®.A. AxbapoB.
Pazpabotka 0000UICHHBIX TPeOOBAHUH, MPEIBABIACMBIX K 3JIEKTPONPUBOAY MNPIMOTOYHOU
DETONI (032 070052 (0] 4 0L 611117 . (O
O.B. PaguonoBa, P.A. CuraukoB. O MOHHTOPHHTE PEKHUMa M COCTOSHUS IJIEKTPUUECKON

C.T. Bouaraes, B.b. Paxmonos, JK.®. Kypoanos, M.IO. Xokum:xkonos, J.111. 2Konuky.ios..
MopenmupoBanue Iepee3qHOM CHCTEMBl aBTOMATHYECKOH CHTHAIM3allMd ¥ CIIOCOOOB
TIOBBIIICHHUS €€ SHEPTOIMMEKTHUBHOCTH . « .« « « v o vt vee et et e et e et e e e e e e
AJIBTEPHATHBHBIE U BO3OBHABJISIEMBIE HCTOYHUKHA SHEPT U
AJO. I:kymaeB. OcoOEHHOCTH HCIONIB30BAaHHUA (POTOIIEKTPUIECKUX CONIHEYHBIX CTAHIHU B
JETEHTPATTM30BAHHOM DJIEKTPOCHAOIKEHII . . . . ot oo tve et e et et et e e
HE®Tb U T'A3. TOIIVIUBHBIE PECYPCbI
B.1. Axpamos, I1.X. Ymenos, K.®. Hyputaunos, T.O. KomumwioB. Jueprocoeperaromme
TEXHOJIOTHU YTHIIU3ALHH TIOITYTHOTO HEPTIHOTO TA3A . « .\ v v vt e et ee e e e e
Y.C. Hazapos, B.M. IlleBuoB. HoBble mMOAXOABI K MPOSKTHPOBAHHIO J0OPA3paOOTKH
HCTOIIEHHBIX MECTOPOMKACHIH HPHPOTHOTO TA3BA. .« . . oot e vttt e e e tee et e e e e e
BOAHO-D3HEPTETUYECKHUE MPOBJEMBbBI U 3KOJIOI'UsSA SQHEPTETUKHN
I.®. lllepky3ueBa, A.M. IOcynxykaeBa, JI.H. Xeraii. 3HaucHue BOIHBIX OOBEKTOB B
PEIICHUM TTPOOIIEM DHEPTETHKE . « . . o e et v vetee et ettt e e e et e
H.A. H6parumos, P.P. HcamoBa. PecypcocOeperaromye MeTOAbl M TEXHOJOTHH HPHU
nepepadoTKe IEKTPOHHBIX U AMEKTPHUCCKIX OTXOMOB. « . « vt v e vveveeneeee e ne o
HAYYHBIE COOBLIEHUA
H.U. Boponaii. Ternerunn u mpodaeMsl TpaHCHOPMALIUH dJIEKTPOIHEPTETHUECKAX CHCTEM
TIOJ] BIUSTHUEM HHHOBAIMOHHBIX TEXHOMOTHH ... v vttt et e e e e e e e e
HAIIH IOBUJISIPBI
IlaBkat HazapoBny MamapumoB (K 80-JT€THIO) ... .. ..ot vttt e

Pamx:kaGoB AOaypaxMaH - yYeHBIH, meaaror, OOIMECTBCHHBIN NesTenb (K 75 JEeTHI0 cO IHS
o0 91 (<31 §

11

28

36

51

60

74

85

97

107

115

122

137

146

156

171

180

190

193



MINISTRY OF ENERGY OF THE REPUBLIC OF UZBEKISTAN
THE MINISTRY OF HIGHER AND MIDDLE EDUCATION OF
UZBEKISTAN

TASHKENT STATE TECHNICAL UNIVERSITY
SAVING ENERGY AND RESOURCES SCIENTIFIC-PRACTICAL AND
EDUCATIONAL CENTER

THE SCIENTIFIC RESEARCH LABORATORY OF "ENERGY SAVINGS
AND RENEWABLE SOURCES OF ENERGY™"

ASSOCIATION OF ALTERNATIVE FUEL AND ENERGY
ENTERPRISES

ISSN (print) 2091-5985
ISSN (online) 2181-1946

PROBLEMS OF
ENERGY AND SOURCES SAVING

The magazine founded Printed 4 times
in 2002 ayear
2021y. Nol

TASHKENT - 2021



EDITORIAL COUNCIL
Academician A.U. Salimov (chairman), acad. R.A. Zakhidov (deputy chairman), acad. T.Kh.
Nasirov, acad. N.R. Yusupbekov, DScTech, prof. J.N. Mukhiddinov, DScTech,
prof. S.M. Turabdzhanov, DScTech, prof. Zh.B.Toshov

EDITORIAL TEAM

Chief Editor: acad. Allaev K.R.
Deputy Chief: prof. Sitdikov R.A.
Scientific Secretary Editor: docent. Rakhmonov 1.U.

MEMBERS OF THE EDITORIAL COLLEGE:
ELECTRIC POWER

DSc, prof. Gayibov T.Sh. Corr. member AcSc RF Voropay N.I. (Russia)
DSc, prof. Taslimov A.D. DSc, prof. Misrikhanov M.Sh. (Russia)
DSc, prof. Bobozhanov M.K. NASc RU Verlan A.F. (Ukraine)
DSc, prof. Ibadullaev M.I. prof. Christian Kreischer (Germany)
HEAT AND NUCLEAR ENERGY
DSc, prof. Bobokhadzhaev R.P. acad. NASc RK Aliyarov B.K. (Kazakhstan)
DSc, prof. Avezov R.R. acad. NASc RK Keshuov S.A. (Kazakhstan)
DSc, prof. Sadykov I.1. DSc, prof. Abdimuratov Zh.S. (Kazakhstan)
PhD, dots. Abdumalikov Sh.Sh. acad. NAS RB A.A. Mekhelevich (Belarus)
ENERGY EFFICIENCY AND ENERGY SAVING

DSc, prof. F.A. Khoshimov DSc, prof. Chemborisova N.Sh. (Russia)
DSc, prof. Kamalov T.S. DSc, prof. Novikov N.L. (Russia)
DSc, prof. Pirmatov N.B. prof. Ekkehard Bolte (Germany)
DSc, prof. Muratov Kh.M. Prof. Wilfrid Hofmann (Germany)

ALTERNATIVE AND RENEWABLE ENERGY SOURCES
DSc, prof. Mukhammadiev M.M. PhD, prof. Kyubock Lee (South Korea)
DSc, prof. Avezova N.R. DSc, prof. Titova Zh.O. (Russia)
DSc, prof. Uzakov G.N. PhD, prof. Rhee Young Woo (South Korea)
DSc, prof. Mirzabaev A.M. prof. Peter Schegner (Germany)

OIL AND GAS. FUEL RESOURCES

DSc, prof. Makhmudov N.S. DSc, prof. Maksimenko A.F. (Russia)
DSc, prof. Nazarov U.S. DSc, prof. Zhagfarov F.G. (Russia)
DSc, prof. Umarov F.Ya. DSc, prof. Kantarzhi 1.G. (Russia)
Ph.D., Assoc. Khalismatov 1.Kh. PhD, Assoc. Kuliev A.S. (Russia)

WATER-ENERGY PROBLEMS AND ENERGY ECOLOGY
DSc, prof. Rakhimov Sh.K. PhD, prof. Lee Young-Seak (South Korea)
DSc, prof. Makhmudov E. Zh. DSc, prof. Akhmetbaev D.S. (Kazakhstan)
DSc, prof. Glovatsky O. Ya. DSc, prof. Khokhlov V.A. (Russia)
DSc, prof. Urishev B.U. PhD, prof. Namgee Jung (South Korea)

The address of edition: 100095, Tashkent, University str., 2, TSTU, EF building, room 220.
Telephone: +99871-246-08-04; E-mail : tstu_energy@list.ru

The journal is registered in the Printing and Information Management of Tashkent, the registration
certificate M 02-0044 on 2007.01.12, ISSN 2091-5985.


mailto:tstu_energy@list.

CONTENTS
ELECTRIC POWER
K.R. Allaev. Modern scenarios for the energy transformation of the world and
UzZbeKiStan. ... .. oo 11
A.M. Plakhtiev, G.A. Gaziev, Ya.A. Meliboev, O. Ch. Donierov, D.Sh. Norholboyev.
Mathematical models of non-contact ferromagnetic converters of large direct currents

with longitudinally distributed magnetic parameters .. ........... ... ... ... ... .... 28
P. Reindl, Ch. Kreischer. German grid code requirements: challenges and strategies for
wind energy conversion systems based on doubly-fed induction generators ............ 36

HEAT AND NUCLEAR ENERGY
Yu.M. Bobojanov, T.Sh. Alibekova, I.I. Bakhadirov, A.D. Ismandiyarov. Analysis of
the process of modernization of boiler houses inmini TPC . ......................... 51
ENERGY EFFICIENCY AND ENERGY SAVING
A.D. Taslimov. Techno-economic analysis and optimization of the parameters of

electrical distribution Networks . . . ... . 60
D.A. Rismukhamedov. Development and research of pole-switched windings for close
POIE FALIO. . . oottt 74
D.S. Akhmetbaev, A.R. Dzhandigulov, A.D. Akhmetbaev. Calculation of power and
installation location of compensating devices in the electrical distribution network . . . . .. 85
M. Sadullaev, M.K. Bobozhanov, R.Ch. Karimov. Creation and experimental study of a
non-contact device for automatic power control of capacitor batteries. .. ............... 97

V.P. Ivanova, V.V. Tsypkina, D.N. Isamukhamedov, A.U. Turabekov, F.A. Akbarov.
Development of generalized requirements for the electric drive of a direct-flow drawing

MAChINE.. . . 107
0O.V. Radionova, R.A. Sitdikov. About monitoring the mode and state of the electrical
NEIWOTK . . 115
S.T. Boltaev, B.B. Raxmonov, J.F.Kurbanov, M.Yu. Khokimjonovl,E.Sh. Jonikulov.
Modeling the crossing automatic signaling system and ways of its energy efficiency. . . .. 122

ALTERNATIVE AND RENEWABLE ENERGY SOURCES
A.Y. Jumayev. Features of the use of photovoltaic solar stations in decentralized power

OIL AND GAS. FUEL RESOURCES
B.Sh. Akramov, Sh.Kh. Umedov, J.F. Nuritdinov, T.O. Komilov. Energy-saving

technologies for utilization of associated petroleumgas. . ......... ... ... o ... 146
U.S Nazarov, V.M. Shevtsov. New approaches to the project of additional development
of depleted natural gas fields.. . . ....... ... 156

WATER-ENERGY PROBLEMS AND ENERGY ECOLOGY
G.F. Sherzieva, A.M. Yusupkhjzhaeva, L.N. Hegai. The role of water facilities in

solving energy problems. . .. ... 171
N.I. Ibragimov, R.R. Isanova. Resource-saving methods and technologies for the
processing of electronic and electrical waste. . . ........ ... .. 180

SCIENTIFIC REPORTS
N.I. Voropay. Trends and problems of transformation of electric power systems under

the influence of innovative technologies . . .......... ... ... i 190
OUR ANNIVERSARIES

Shavkat Nazarovich Masharipov (on the occasion of his 80th birthday) ............ 193

Radjabov Abdurakhman - scientist, teacher, public figure (on the occasion of his 75th

birthday) . . ... 196

10



SJEKTPOOHEPI'ETUKA

YIK 620.3
COBPEMEHHBIE CHEHAPUU TPAHC®OPMAILIUU DHEPTETUKHU
MUPA U Y3BEKUCTAHA
K.P. Aii1aeB

Maqolada Xalgaro energetika agentligi (IEA) tomonidan ishlab
chigilgan dunyo energetikasini rivojlantirishning zamonaviy stsenariylari
keltirilgan.

Amaldagi siyosat senariysida (CPS) fagat 2019 yil o'rtalariga gadar
gabul gilingan choralar va garorlar hagiqiy hisoblanadi va energetikani
rivojlantirish  bo'yicha boshga choralar amalga oshirilmaydi. Ushbu
stsenariyda texnologik o'zgarishlar ancha sust (barcha ko'rib chigilgan
stsenariylarning eng susti) deb taxmin gilinadi, chunki dunyo energetikasini
rivojlantirish bo'yicha yangi choralar go'llanilmaydi.

Davlat siyosati ssenariysi (SPS) jahon energiya bozorlariga ta'sir
ko'rsatadigan chora-tadbirlarni hisobga oladi.

Bargaror rivojlanish stsenariysi (SDS) energetika sohasi yo'lini tagdim
etadi, bu energetika sohasidagi siyosat asoslarini BMTning Bargaror
rivojlanish magsadlarining (SDG) muhim ustunlari bo'lgan uchta yagin, ammo
aniq siyosat magsadlari bilan birlashtiradi.

Future Is Electric Scenary (FIES) stsenariysi WEO-2018da dunyodagi
elektrlashtirishni rivojlantirishga qaratilgan. Stsenariyda kelajakda elektr
energiyasiga bo'lgan talab uchun noaniglikning asosiy yo'nalishlari o'rga-
niladi. Noaniglikning asosiy turlaridan biri yangi yoki kengaytirilgan energiya
ehtiyojlari uchun elektr energiyasiga bo'lgan ehtiyojning oshishi bilan bog'lig.

450 stsenariysi havoning million gismiga 450 gism CO, degani, (450
ppm). Ushbu CO, kontsentratsiyasi dunyo miqyosidagi haroratning 2 ° S dan
yugori ko'tarilishini saglab golish ehtimoli 50% ga to'g'ri keladi. Parij kelishu-
vi 1,5°C ga yo'naltirishni tavsiya giladi.

Shu bilan birga stsenariylarning giyosiy bahosi berilgan va ularni tavsi-
flovchi parametrlar hamda O'zbekistondagi energetika sohasini o'zgartirish va
rivojlantirish stsenariysi berilgan.

B cmamve npusoosmcs cospemenHvle cyenapuu mparcgopmayuu dHep-
eemuxu  mupa, paspabomannvie  Meocoynapoouvim — DHepeemuyecKum
Aeenmemeom (MDA).

B cyenapuu mexyweii nonumuxu (CPS) Oeticmeyrom monvko me mepbol u
peuieHusi, Komopule ObiiU NpuHAMbL 00 cepedurvl 2019 2o0a u opyaue mepvl no
PA36umuio SHepeemuKuy He peanu3yiomcs. B dannom cyenapuu mexnonozuye-
CKUe U3MeHeHUs: npeonoaa2armcs 0080JbHO MEONeHHLIMU (CAMblll MeOIeHHbLI
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U3 6cex pacCMOMPEHHbIX CYeHapues), maKk KAK HO8ble Mepbl N0 PA3eUmMuIo
9HEpeeMmuKY MUpa He npUMeHsII0Mcs.

Cyenapuii cocyoapcmeennou noaumuku (SPS) yuumvlieaem mepol no pe-
anuzayuu, eIuslowUe Ha IHepeemuyecKue polHKU Mupa.

Cyenapuii ycmouuusoeo pazeumus (SDS) obecneuusaem nyms snepee-
MUYECKO20 CeKmopd, KOMopbulil 00beOUuHsienm OCHO8bl CEeKMOPAlbHOU dHep2e-
MUYeCKoU NOIUMUKU C MPeMsi MeCHO CEA3AHHbIMU, HO PASTUYHBIMU NOJUMU-
yecKuUMU yenamu, Komopwie asaaiomcs sadxcHetiwumu onopamu yenet OOH &
obnacmu ycmotuiuugozo pazeumus (L{YP).

Cyenapuii «byoywee - smo snexmpuyeckuii cyenapuiiy (FiES), paspa-
ooman 6 WEO-2018 cneyuanvhio 0nsi 0c06020 6HUMAHUSL K PA3GUMUIO DJIeK-
mpughuxayuu 6 mupe. Cyenapuii ucciedyem Kirouesvie 001acmu HeonpeoeneH-
Hocmu 07151 Oyoyujeco cnpoca Ha snekmpodnepauto. OOuH U3 OCHOBHLIX MUNOS
HeonpeoeeHHOCMU C83aH C V8eluyeHUueM CHpoca Ha 3JIeKmpodIHepeuio OJis
HOBBIX UNIU PACULUPEHHBIX NOMPeOHOCMEN 8 IHEPSU.

Cyenapuii 450 (450 Scenario) o3nauarowuil, ymo Ha MULIUOH Hacmell
6030yxa npuxooumcs 450 uacmeti CO, (450 ppm). Takasa xonyenmpayus CO,
coomseemcmayem 50%-HOU 6epoOAMHOCIIU NOOOEPHCAHUS CPEOHE20 2100AbHO-
20 nosviuenus memnepamypul nudxce 2°C. Ilapuocckoe Coznawenue pekomen-
dyem opueHmuposamuvcs Ha 1, 5°C.

Haemca cpasnumenvHas oyenka cyenapusm u npugedeHvl napamempol,
ux xapaxkmepusyrwue, a makdxice CyeHapuil mpaxchopmayuu U pazeumus
oHepeemuku Y3bexucmana.

The article presents the modern transformation of the world energy sce-
narios developed by the International Energy Agency (IEA).

In the current policy scenario (CPS), only those measures and decisions
that were taken before mid-2019 are valid and other measures for energy
development are not implemented. In this scenario, technological changes are
assumed rather slow (the slowest of all the scenarios considered), as it does
not apply new measures to promote energy world.

The Public Policy Scenario (SPS) takes into account the implementation
measures affecting the world's energy markets.

The Sustainable Development Scenario (SDS) provides an energy sector
path that integrates sectoral energy policy frameworks with three closely relat-
ed but different policy goals that are essential pillars of the UN Sustainable
Development Goals (SDGS).

The Future Is Electric Scenario (FIES) scenario was developed in WEO-
2018 specifically to focus on the development of electrification in the world.
The scenario explores key areas of uncertainty for future electricity demand.
One of the main types of uncertainty is associated with an increase in electrici-
ty demand for new or expanded energy needs.

12



SJEKTPOOHEPI'ETUKA

The 450 Scenario means 450 parts CO2 per million parts of air, (450
ppm). This CO2 concentration corresponds to a 50% chance of maintaining a
global average temperature rise below 2 ° C. The Paris Agreement recom-
mends targeting 1.50C.

The comparative assessment of scenarios and options are given, they are
characterized as well as the scenario of transformation and development of the
energy sector in Uzbekistan.

JHepreruka mupa. B [1] otmeuaercs, yto MexayHapoiHoe DHepreTu-
yeckoe AreHtctBo (MDA) ¢ 1993 rona mpenocraBisieT CpeJHECPOUHBIE U
JIOJITOCPOYHbBIE SHEPIrEeTUUECKHUE TPOTHO3BI C UCII0JIb30BaHHEM MUpPOBOI 3HEp-
reruyeckoii momenu (World Energy Model - WEM). Mogenb npeicraBisieT
co00i1 KpylmHOMacIITaOHYI0O MMUTALMOHHYIO MOJEJIb, MPEJHA3HAUECHHYIO IS
BOCIIPOM3BEJICHUSI TOT0, KaK (YHKIMOHMPYIOT HSHEPreTHUECKHUE PBIHKH, WU
ABJIIETCS OCHOBHBIM MHCTPYMEHTOM, MCIOJIb3YEMBIM JJIsl T€HEpaluu MOogpo0-
HBIX OTPACJIEBBIX U MEKPETHMOHAIBHBIX MPOTHO30B JIJISl €KETOIHO MOrOTaBIH-
BaeMbIXx oruyeToB «llepcnextuBel MupoBoit Ouepreruku» (World Energy
Outlook - WEO). Mozesb COCTOUT U3 TpeX OCHOBHBIX MoayJei [1]:

- KOHEYHOE MOTpeOIeHHe PHEPrUM (OXBaThIBAIOIIEE MPOMBIIIIEHHOCTD,
TPAHCIIOPT KHUJIbIE TOMEIIECHUS, CeJILCKOE XO035HCTBO, cephl YCIyT U HEeIHEP-
TEeTUYECKOE MCTIOIB30BaHHUE);

- npeoOpa3oBaHUe PHEPTUHU, BKIIIOUasl IPOU3BOJICTBO JEKTPOIHEPTUU U
Teria, nepepaboTka U Apyrue npeodpa3zoBaHus;

- SHEProcHabXeHHUE.

WEM - 510 Moaensb ¢ 6onpiuM 005eMOM JaHHBIX, OXBATHIBAIOIIAS BCIO
IJ100aJIbHYIO SHEPreTUYECKYI0 CUCTEMY, OCHOBBIBAETCS HA CUCTEMHOM IO/XO-
JI€ K MIOCTPOEHUIO BCEX AaHAIUTUYECKUX JOKYMEHTOB MDA, B TOM 4ucIe clie-
HapHeB.

Cuenapuu WEM 1O3BOJSIOT OLEHUTh BIMSHHE KOHKPETHBIX Mep Ha
CIPOC Ha JHEPTUI0, MPOU3BOJICTBO, TOPTOBIIO, MHBECTUIIMOHHbIE MOTPEOHO-
CTH, 3aTpaTbl Ha CHaOXeHHE M BBIOPOCHI, NETATU3UPYs MapameTpsbl, Kacaro-
IIUXCSI BO30OHOBIIIEMBIX HMCTOYHUKOB SHEPrHM, HHEProd(p@PeKTHUBHOCTH U
M3MEHEHUs KJuMaTta u Jp.

Brnepssie World Energy Outlook 2019 (WEO-2019) ny0GnukyeT kitoye-
BbI€ pe3y/lbTaThl C BPEMEHHBbIM Tropu3oHTOM 10 2050 roxa (B mpeabLayIINX
Bepcusx paccMmarpuBaiics nepuon 10 2040 roga). DTo pacmmpseT BO3MOKHO-
CTH JJI1 OTPpa)KE€HUS B MOJEJIIMPOBAHUU 3asIBJICHUM, CIIETaHHBIX HECKOJIbKUMU
CTpaHaMU AJIs AOCTHXKEHUsI YTIepoaHON HelTpanbHOocTH K 2050 roxy [1].

Heo0xoaumMo OTMETUTH, UTO B MUPE HA CETOTHSIIHUM JIEHb CYIIECTBYIOT
MHO)XECTBO CLIEHAPHEB W MOJENEH pa3BUTHA MHPOBOH sHepreTuku [5-10],
pa3pabOTaHHBIX Pa3IMYHBIMU MEXJIYHAPOJHBIMHU  CIEHUATU3UPOBAHHBIMU
SHEPreTUYeCKUMH OpPraHMU3alMsIMHU U TO3BOJISIIOIIUX OCYLIECTBUTH MPOTHO3U-
pOBaHUE Pa3BUTHS YHEPreTUUYECKOH CHUCTEMbl HAa MHUPOBOM U HAllMOHAJIHHOM
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ypoBHsix. Hanbosee coBepiieHHbIE CIEHAPUH U MOJICNIA PA3BUTHUS SHEPTETHUKU
mupa-3to WEM, MARKAL, PRIMES, SCANER, POLES, NEMS u npyrue
[8,9], omimuaromyecss pacCMOTPEHHBIMU IE€pPUOJAMH, BHUAAMU IEPBUYHOMN
SHEPIrHH, CTUMYJIAMH TEXHOJIIOTUYECKOTO Pa3BUTHSL.

Tabnuna 1
OnpezencHus U HEIH CLIICHAPUEB pa3BUTHS dHepreTuku mupa MDA - 2018 [2]

Cuenapuit Cuenapuii Cuenapuii ycroi- Cuenapuii
TeKyIIeH roCyJapCTBEH- YHBOI'O Pa3BUTHSA Oynyuiee -
MTOJTUTHKH HOU TIOJIMTHKH (SDS) AIEKTPHUECCTBO
(CPS) (SPS) (FIES)
Ompe | Ilonutuka CymiecTByto- KommnnekcHslit DIIeKTpUYECKUE
ne- IIPaBUTENb- 1ias HOJWTUKA | CLIEHAapuil, ompene- | TeXHOJIOTHU
JIEHUSI | CTBa, KOTOpas | COXpaHsIeTCA U | JISIOUIUM MyTbh, OyayT HIMPOKO
ObUTa IPUHS- | HEAABHO 00B- HaIpaBIICHHBIN HA: | pacHpocTpaHe-
Ta WM [IpU- SIBJICHHBIE o0ecrieueHue HBI, KaK TOJIBKO
HSTA K cepe- | 00s3aTenbeTBa | YHUBEPCAILHOTO OHM CTaHOBATCS
nune 2019 W IUTIAHBI, B TOM | JAOCTYyIa K HAJEXK- KOHKYPEHTOCIIO-
rojia, OCTaeT- | YUCIe Te, HBIM, YCTOHUYUBBIM | COO-HBIMH I10
CSl HEU3MEH- | KOTOpBIE €l U COBPEMEHHBIM CTOUMOCTH.
HOM. He OblIH OQU- | SHEPreTUYECKUM
LUAJILHO yciyram k 2030
MIPHUHSTHI, rojy; CylIecTBEH-
peanu3yloTcs ¢ | HOe CHHKEHHUE
OCTOPOXKHO- 3arpsi3HEHHS BO3-
CTBIO. NyXa; IpUHITHE
3¢ (HEeKTUBHBIX Mep
o 6oproe ¢ u3Me-
HEHHEM KJIMMaTa.
Hemn | Ob6ecrieunts | OOGecneunTh IIponemoncTpupo- | U3yuuts, 4to
0a3oByI0 OPHEHTHp AJsl | BaTh NPaBAONOA00- | MPOM30HAET,
JIMHUIO, OLICHKH MOTEH- | HBIA MYTh JUIS €CITM KOHKpeT-
KOTOpas UATBEHBIX OJTHOBPEMEHHOI'0 HBIE MEPHI U
MOKAa3bIBACT, | JOCTWXKEHHWH (M | JOCTHXKEHHUS COKpalleHUE
KaK pPBIHKH OTpaHWYeHMI) | BCeoOIIero JOCTyma | 3aTpaT Ha TeX-
SHEPTUi HE/IaBHUX K SHEPTUH, [IPOJIO- | HOJIOTUH JOJIK-
OyayT pa3BHu- | U3MEHEHHH B XKHUTb IMyTh K J0- HBI OBUIH TIPUBE-
BaTbCS, €CIIM | DHEpPreTHYe- CTIDKEHHIO TIeTIei CTH K Ooee
OCHOBHBIE ckoil m kmuma- | Ilapukckoro co- ObICcTpOMY
TEHIEHIMU B | THYECKOH ryameHus 00 TEMITY
cIpoce Ha MOJIUTHKE. M3MEHEHWH KJIMMa- | poCTa CIpoca Ha
SHEPTUIO0 U Ta U 3HAYUTEIBHO 3JIEKTPOIHEP-
MOCTaBKa HE YMEHBIIUTH 3a- THIO.
W3MEHNIIACh. TpA3HEHHE BO3AyXa.
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B nannom cinyqae B WEO-2019 cmoaenupoBaHbl U MPEICTABICHBI MO-
JIPpOOHBIE TIPOTHO3HI IS TSITH clieHapues [ 1]:

- cieHapwuii texymieit monutuku (Current Policies Scenario-CPS);

- crieHapwmii rocyaapcTBernoi monutuku (Stated Policies Scenario-SPS);

- crieHapuii ycrouuBoro passutus (Sustainable Development Scenario-
SDS);

- crieHapuit Oyayiee - anektpudectso (FIES);

- cueHapui 450.

B Tabxn. 1 npuBeneHsl onpeaeneHus U Lenu cueHapueB MDA 1o pa3Bu-
THIO SHEPTETHKU MHPA.

Cuenapuu pa3jinyaroTCsi B OTHOLIEHUU TOTO, YTO MPEAINOoJaraercs B oT-
HOILIEHUU OyayIieid rocyJapCTBEHHOH IMOJUTUKH, CBSI3aHHOM C JHepreruye-
CKHM CEKTOPOM.

B Tabn. 2 npuBeneHbl JaHHBIE MUPOBOTO CIIPOCA HAa SHEPTHUIO B 3aBUCH-
MOCTH OT CLIEHAPUEB PA3BUTHUS YHEPTETUKH MHUPA.

CueHapuii Tekywed NOJMUTHKH. B creHapuum Tekyuend MHTOJIUTHKA
(Current Policies Scenario-CPS) neifcTByIOT TOJBKO T€ MEPbI U pEIICHHS,
KOTOpBI€ ObUIM NPUHATHI 10 cepenunbl 2019 rona, npyrue Mepbl 10 pa3BUTHUIO
SHEPreTHKU He peanusyrores [3,11].

Tabmuma 2
CHpOC Ha SHEPruro B 3aBUCUMOCTH OT CLCHAPUCB PA3BUTUA DHCPICTUKU MUPA
[3.4]
Tomer 2017 2040
Texymmait Tocvmaper- | Ycrofismeoro
Cuenapun HOMHTHEH CTIEEHHOHR Da3EHTHA
(CPS) OOTHTHEH (SDS)
(SPS)
Exmamep. M. Yo Mmn. % Momm. % Momm. %%
JHEproHOCHTEN,
Vroms 3750 | 26,8 | 4769 | 246 | 3809 | 215 | 1597 116
Hedts 4435 | 31,7 | 5570 | 28,7 | 4894 | 276 | 3156 23.0
Tlpupogueii raz 3107 | 222 | 4804 | 248 | 4436 | 250 | 3433 250
ADBC 688 5.0 951 3.0 971 3.5 1293 9.3
IacC 333 2.5 5314 2.7 331 3.0 601 44
Buosueprua 1385 | 99 | 1771 | 9.2 1851 | 104 | 1504 11,0
Jpvrue BH3 254 1.9 048 3.0 1223 | 7.0 | 2132 155
Hrore Mup: 13972 [ 100 | 19329 | 100 | 17715 | 10 13716 | 100
Briopocer CO3 322 437 36.6 17,6
Jona uckon. tonmmea | 8§1% 79% T4% 38%

CPS - Current Policy Scenario, SPS - Stated Policies Scenario.
SDS - Sustainable Development Scenario. Mcrounuk: IEA WEO 2018.

KpaTko paccMOTpuM /1aHHBIE CLIEHAPHH.

B nanHoMm cuenapuu notpebienue yris no cpaBHeHuto ¢ 2017 rogom
yBenuuuBaetTcs Ha 28%, Hedtu Ha 26%, mpupoaHoro rasa Ha 55%, sHeprus
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ADC na 38%, sneprus ['OC na 46%. Bo3oOHOBIIsSIeMbIE HCTOUYHUKHU YBEITUYH-
BaroTCs Ha 66%. Beiopockl CO, Bo3pactaroT ¢ 32,2 I'T B 2017 rogy mo 43,7 I't
B 2040 rony. [lons mckomaeMoro TOIUIMBA B dHeprodanance cocrabiseT 79%
[3].

B cuenapum Tekyiiei MOJIUTUKYA TEXHOJOTHYECKUE M3MEHEHUS TPEeAro-
JararoTcsl JI0BOJBHO MEJUICHHBIMHU (CaMblii MEJUIEHHBIH M3 BCeX Jajiee pac-
CMOTPEHHBIX CIICHApHEB), TaK KaK HOBBIE MEPHI MO Pa3BUTHIO SHEPTETHUKH
Mupa He npuMenstoTcs. Ho u3-3a Gosee BBICOKHMX IIEH HAa SHEPrOHOCHUTENN
TaK)K€ B 3TOM CLIEHAPUH MPOUCXOAIT TEXHOJOTHYECKHE U3MEHEHHUS, 0COOEHHO
B OTHOIIICHHH dHeprodddexrusHoctH [3].

Tem He MeHee, JaHHBIN CLiEeHApUil BOIJIOLIAET TEXHOJIOTMYECKUE YIyd-
menus. CueHapuil mpegHa3sHauyeH JJs TOTO, 4TOOBI NMPEUIOKUTH 0a30BYIO
KapTUHY Pa3BUTHUS TJI00abHBIX YHEPreTH4ecKux pbIHKOB. IlosTomy, kak pe-
3y/ibTaT, 3TO MPUBEJET K YBEIMUEHUIO HArPY3KH MIPAKTUUECKHU HA BCE ACIEKTHI
SHEpPreTU4ecKoil 0e30MacHOCTH M 3HAYMTEIbHOMY JIOTNOJHUTEIBHOMY YBEIH-
yeHnto BbIOpocoB COy, CBSI3aHHBIX C SHEPTETUKOM.

Taxkum 00pa3om, JaHHBINA CLIEHApUH CITY)KUT 3TaJIOHOM, 10 0a3ze KOTopo-
T'0 MOXXHO OLIEHUTD BIIHMSIHAE PA3IMYHBIX (PAKTOPOB HA MUPOBYIO DHEPTETHKY.

CueHapuii rocyiapcTBeHHOM MoUTHKH. CleHapHil rocy1apCTBEHHOM
nonutuku (Stated Policies Scenario-SPS) - neHTpanbHBIN clieHapuid, KOTO-
pbiii panee Hocun HasBanue «CueHapuii HoBoii mosmtuxku (New Policies
Scenario-NPS)» [2] - yuuTbIBaeT Mephl [0 peanu3aliy, BIUSIOIINE Ha dHEp-
FeTHUYECKHE PBIHKH, KOTOPbIE ObUIM MPUHATHI ¢ cepeaunbl 2019 rona, BmMecre ¢
COOTBETCTBYIOLUIUMH TNPEAJIOKEHUSIMA TIOJIUTUKH, JaKe €CIM KOHKpPETHbIE
Mepbl HEOOXOAMMBIE JISl X pealIn3allii €11e He TOJHOCThIO pa3paboTaHsbl.
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Puc.1. Mupossie BeiOpocsl CO; oT sHepreTudeckoro cexropa [17]
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Ha puc. npuBenensl TuHaMUKa U3MEHEHUS MUPOBBIX BbIOpocoB CO; ot
DHEPreTHUUECKOro cekropa. M3 puc.l BuAHO, HENpepBIBHBI POCT BHIOPOCOB
COg, 4TO U XapaKTepU3yeT JaHHbIN CLICHAPUIl.

B nanHom crieHapuu motpebiieHue yris no cpaBHenuio ¢ 2017 rogom K
2040 rony yBenuuuBaercs Ha 1,6%, nedtu Ha 10%, mpupoaroro rasza Ha 43%,
sueprusi ADC Ha 41%, sneprust ' 9C Ha 50%. Bo3oOHOBIsIEeMble HCTOYHUKH
yBenuuuBarorces Ha 87%. Boiopocsl CO, Bo3pactatot ¢ 32,2 I't B 2017 roay 1o
36,6,7 I'tr B 2040 roxy. /loyist nckommaeMoro TOTUIMBA B YHEProOalaHCe COCTaB-
nser 74% [3].

B stom cuenapuu (SPS) MDA npunepxuBaercss B I[EJIOM OCTOPOKHOTO
B3IJI511a HA CTENEHb U CPOKU peasIM3alliy MPEII0KEHHUI.

K 2040 roxy B JaHHOM CIieHapUU TIIOOANBHBIN CIIPOC HA YHEPTHUIO BO3-
pacraet Oosiee yeM Ha 25%, HaceneHre 3eMiIM YBEIUUYUTCS Ha 1,7 mumuapa
YeJIOBEK, B OCHOBHOM B TOpPOJICKMX palloOHax pa3BUBAIOLLUXCS CTpaH. YBelu-
YeHHE CIpPOCca Ha PHEPTrHI0 OyJeT BABOE OOJbllle, HE YUUTHIBATH MOCTOSHHOE
MOBBIIIEHUE SHEProdPPEKTUBHOCTH, MOUIHBI HMHCTPYMEHT ISl pEIICHUs
npo0JieM PHepreTHYecKoil 0e30MacHOCTH U ycToiuuBoctH [3,12].

Becb pocT nmpoucxoaut U3 - 3a pa3BUBAIOLIMXCS CTpaH Bo riase ¢ MHau-
eil. B 2000 roay, Ha EBpony u CeBepuyro Amepuky npuxouiock 6onee 40%
MHPOBOI'O CIIpOCAa HA PHEPIUI0, @ B Pa3BUBAIOLIMXCSA CTpaHaXx A3HMM - OKOJIO
20%. K 2040 rony sTa cutyanus NoJIHOCTBIO U3MEHUTCS.

K 2040 roxy HM3KOYIJIEpOIUCThIE TEXHOJIOTUH, OCHOBAaHHBIE HAa BO300-
HOBJISIEMBIX MCTOYHHUKAX SHEPrUM M HMPUPOAHOM Trase, obecneuar Goiee 80%
pocTa MUPOBOTO CIIPOCa.

Taxum 06pa3om, crieHapuii rocynapcTBeHHoN monuTuku (SPS) 3anumaer
LIEHTPaJIbHOE MECTO, MIOCKOJIbKY OH ITOKa3bIBA€T HAIIPABIICHUE, Ky/1a IBUIKETCS
HHEPreTUUECKUN MUP U MTOYEMY.

Cuenapuii ycroiunsoro paspurusi. ClieHapuil yCTOMYHMBOIO pa3BUTHS
(Sustainable Development Scenario - SDS), BrnepBbie NpeacCTaBICHHbIH Ha
WEO-2017, obecrieunBaer myTb 3HEPreTHUECKOT0 CEKTOPa, KOTOPBIA 00beau-
HSIET OCHOBBI CEKTOPAJIbHOW HHEPreTUUYECKOMN MOJMTHUKH C TPEMs TECHO CBS-
3aHHBIMM, HO pa3JIMYHBIMHM IIOJIUTUYECKUMHU LEISAMHU, KOTOPBIE SIBIISIFOTCS
BakHenmuMu oropamu neneid OOH B obmactu ycroiunBoro pazsutus (LY P)
[1].

Bo-nepBbIX, B HEM ONMCaH MyTh K JOCTHXKEHHMIO BCEOOILIETro JOCTyNa K
COoBpeMeHHbIM 3HepretuyeckuM yciyram k 2030 rogy (LUYP 7), Bkitouas He
TOJIBKO JJOCTYII K 3JIEKTPUUECTBY, HO U YUCTOE MPUTOTOBJICHUE MTUIIH.

Bo-BTOpBIX, OH pHCYET KapTUHY, KOTOpasi COOTBETCTBYET HAIpPaBJICHHUIO,
HeoOxoauMoMy st Joctrxkenus ueneit [lapmwkckoro cornamenus (LIYP 3.9),
BKJIIOUasi MUK BBIOPOCOB, TOCTUTaeMbIil KaK MOXKHO CKOpee, 3a KOTOPBIM Clie-
€T CYLIECTBEHHOE CHI)KEHHUE.

B-TpeTbux, OH mpeanonaraeT 3HAYUTEIbHOE COKpAllleHUuEe APYTUuX CBS-
3aHHBIX C DHEPIETUKOMN 3arpsI3HUTENEN, YTO COIJIaCyeTCsl C PE3KUM YyJIydllIeHH-
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€M KauecTBa BO3JlyXa B MHUpPE M, KaK CICACTBUE, COKpPAILICHUEM IMPEKIEBpE-
MEHHBIX CMEpTeH OT 3arps3HeHus Bo3ayxa B gomax (L[YP 13). Llens cocTout B
TOM, 9TOOBI pa3paboTaTh KOMIUIEKCHYIO CTPATETHIO C HAUMEHBITUMH 3aTpaTa-
MU JJIS1 TOCTHKEHHUS 3TUX BAXKHBIX IeJIel MOJUTHKHU, HAPSAY C SHEpreThde-
CKOM 0€30MacHOCThIO, YTOOBI TOKa3aTh, KaK MOXHO COTJIACOBATh COOTBET-
CTBYIOIIIUE ISJTU C YIETOM MOTEHIIHATBHO KOHPIUKTYIOIUX PHOPUTETOB, [1].

B nannom cruenapuu notpebnenue yris, no cpaBuenuto ¢ 2017 romom, k
2040 roxy ymensiaercs 10 60%, nedtu 10 71%, npupoaHbIi ra3 pacTeT Ha
10%, sneprus ADC na 88%, sneprus 'DC na 50%. BozoOHoBIsIeMbIE HCTOY-
HUKU yBenuuuBaroTcs Ha 220%. Beibpocsr CO; cumxkatotes ¢ 32,2 I'T B 2017
roxy no 17,6 I't x 2040 roxy. Jlons uckomaeMoro TOIJIMBA B dHeprobdanaHce
cocraBisgeT 58% [3].

Ha puc.2 npuBenena nuHamMuKa NOTPEOHOCTH B MEPBUYHON SHEPTHH I10
creHapuro ycroiuuBoro paszsutus (SDS). Kak BUAHO M3 MpUBENEHHBIX JaH-
HBIX, nocsie 2017 roga noTpedHOCTh B He()TU U yIiie HEMPEPHIBHO CHUKACTCS,
a IPUPOHOTO Ta3 pacTerT.

Mnpa. T.

4 e

\

W

P
L

\

0 Froabl
2000 2010 2020 2030 2040

Puc.2. [TorpeGHOCT B IEpBUYHON SHEPTHH 10 CIIEHAPUIO YCTOHYMBOIO pas-
ButHs (SDS) [14,15]: 1 — HedTh, 2 — IPUPOIHBIIL Ta3, 3 — yroyib

AKIIeHT B 1aHHOM crieHapuu (SPS) memaeTcs Ha TEXHOIOTUAX C KOPOT-
KAM CPOKOM pEajH3allid TPOEKTOB, B YAaCTHOCTH, B CEKTOpaxX JHEPTeTHKH,
TaKUX KaK BO30OHOBIISIEMBIE HCTOYHHKH YHEPTHH, B TO BpeMs Kak Ooee J0J-
TOCPOYHBIA XapakTep W3MEHEHHs KIUMara JOMYCKaeT Ipyrue TEXHOJIOTHH.
Tpaektopust BbIOpocoB B ClieHapUM yCTOMYMBOIO Pa3BUTHUS MOJHOCTHIO COOT-

BCTCTBYCT HOCTUKCHHUIO HOJIIOCPOYHBIX ueﬂeﬁ HapI/I)KCKOFO COorJiIallICHUus
[3,12,14-16].
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HoJust 3siekTpo3nepruu, %
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Puc.3. Jlons snexTposHepriu B 001IeM KOHEYHOM MOTPEOJICHIH SHEPTHH B
3aBUCUMOCTH OT cLieHapuil pa3BuTHs sHepreTuku mupa [17]: 1 — CPS, 2 —
SDS

Uto0bl AOCTHYL Pe3ylbTaTOB ATOTO CIEHAPHS, SHEPTETHYECKHI CEKTOP
IPOJIBUraeTcs Jajbliie U ObIcTpee MyTéM pa3BEPTHIBAHUS I'€HEPALUU C HU3KUM
ypoBHEM BBIOpOCOB. TexHOJOrMM BO30OHOBISEMBIX MCTOYHHKOB DHEPTHH -
OCHOBHOHM MyTh K 00€CHEUEHHIO YHHBEpPCAILHOTO JocTyma K sHepruu k 2040
rofy.

OnexTpuuKanys KOHEYHBIX MOTpeOUTENIeH CHIIBHO PacTET, HO TaKkXke
pacTér W MpsAMOE HCIIOJIb30BaHHE BO30OHOBISEMBIX HCTOYHHUKOB JHEPIHU -
OMOd’HEPTUH, COTHEUHOTO U Ne0TEPMAIbHOTO TEIUIa - [l 00eCIeyeH s Teria
1 MoOubHOCTH [12]. [{ons BO30OHOBISIEMBIX HCTOYHUKOB YHEPTHU B CTPYKTY-
pe sHepronoTpedIeHNs BO3PACTAET C OAHON YETBEPTH CETOHS JI0 IBYX TpETeH
B 2040 rony; npu obecriedeHnu TeraoM oHa yBeianuuBaercs ¢ 10% ceroaHs 1o
25%, a ripu TpaHCTOPTUPOBKE - ¢ 3,5% ceroaus a0 19%.

MDA Ttaxxe paccmaTpuBaeT Ipyrue cueHapuu. OQHUM U3 BaKHBIX SIB-
JSIETCS CLIEHApUH, MTOCBSAIIEHHBIN Pa3BUTHIO IIOCTABOK IEKTPOIHEPTUH.

Bynymee - 310 31exkTpudeckuii cuenapuii. Cuenapuii «bynyiee - 31o
anekTpuueckuii crienapuiiy (Future is Electric Scenario - FIES), paspaboTan
B WEO-2018 crenanbHo 1151 0c000ro BHUMAHUS K Pa3BUTHIO dIIEKTpUpUKa-
nuu B mupe. CrieHapuil UCCleyeT KIII0UeBble 00J1acTh I OyIyIIero cripoca
Ha 3JeKTpodHepruto. OIUH U3 OCHOBHBIX THUIIOB HEONPEAEICHHOCTU CBSI3aH C
YBEIIMYEHUEM CIIPOCAa HA AJIEKTPOIHEPIHIO JJIsl HOBBIX WJIM PACIIUPEHHBIX
noTpeOHoCTeH B sHEprHH [ 12].

Ha snextposnepruto ceronnst npuxoaurcsi 6onee 19% ot obmero xo-
HEYHOro MOTPeOJeHHsI HEPruu, U 3Ta J0js OyAeT pacTH, MOCKOJIBKY POCT
CIpoca Ha 3JIEKTPOIHEPTHUIO ONEPEKACT BCE OCTAJbHBIC BHJbI TOIUIUBA: I10-
TpeOJICHHE SJEKTPOIHEPTUU PaACTET BIBOE OBICTpee, YeM OOIIMH CIpoc Ha
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srepruto [12]. ITo atoit npuuune B nanHoM cuieHapuu (FIES) usyuaercs, kakue
Mepbl HaJI0 NPUHATH AJS MOJHOW 3JIEKTPUPHUKALMU TT100ATBHBIX 3HEProcH-
CTEM.

OcCHOBHBIE Pe3ybTaThl NEKTPUPHUKALIMA KOHEUHBIX OTPEOUTENIEH - 3TO
MHOT'000CMIAIOLINHA MyTh K 00€3yrIIepOKUBAHUIO UCIIOIB30BAHUS YHEPTUH.

K 2040 romy, mo crenapuii rocymapcrBenHoi monutuku (SPS), mosns
anekTpudukanuu qocturHeT 24%, 4To Jalieko OT MOJHOH 3ieKTpupuKanuu.
Heo6xonnmMo nMeTh BB, YTO HE BCE KOHEYHBIE MOJb30BATEIN MOTYT OBITH
JIETKO AJEKTPUPHUIUPOBAHBI, HAIIPUMEpP, TOTPEOHOCTh B TEIIE MPHU BBICOKUX
TeMIIepaTypax B IPOMBIIIJIEHHOCTH, AaJbHEMAarucTpaabHOM aBUAllUU U CYyJ0-
XOJICTBE, I'/Ie MEKTPUPHUKALMU TPYAHO JOCTHUYb M3-3a 3KOHOMUYECKHMX WU
TeXHUUYeCKHX Oaprepos [1,3,14].

Ha pas3BuBatomuecs: crpanbl OyJIeT NPUXOIUTbCS HauOoJbIIas A0S HO-
BOTO crpoca, 00ycIoBiIeHHAss OBICTPHIM SKOHOMHYECKHM POCTOM H POCTOM
HaceJIeHUs, NOTPEOHOCThIO B OOJIBLIIEM KOJIMYECTBE TOBAPOB U YCIYT, YCUIIH-
BAIOMIMMCSl pa3BuTHEM s3JekTpudukammu. Hanpumep, k 2040 roay Ha siek-
TPUYECKHE MAIMHBI, UCIOIb3yeMble TOJIBKO B KUTAHCKOW MPOMBIIIJICHHOCTH,
Oynet npuxoautkes noutu 20% pocra MUPOBOIO CIIPOCA Ha AJIEKTPOIHEPTHUIO.
AHaJIOTUYHOE YBEJIMYEHHE OXKUAAETCS M3-3a PaACTyIIUX MOTpeOHOCTEN B
OXJIXK/ICHUH, KOTJIa YHUCIO JIOMAIIHUX KOHAWIMOHEPOB B PA3BHUBAOLIMXCS
CTpaHax BO3pacTeT 110 2,5 MUIINapI0B €AUHMIL IO cpaBHeHUIo ¢ 600 Mumumo-
HaMM CErojiHs. YCKOpPEHHE OCBOCHMS DSJIEKTPOMOOMIIEH M 3IEKTPUUYECKHX
BOJIOHArpeBaTelNIeii MOXKET MPUBECTH K eIlle OOJBbIIEMY POCTYy CIpoca B pa3BH-
BAIOIIMXCS CTPaHaX.

Hosenenue snexrpomoduiiert 10 100% mnpogak HOBBIX aBTOMOOWIJIEH B
CTpaHax ¢ pa3BUTON SKOHOMUKON K 2040 rofy yBeIHMUUT POCT CHPOCA HA IIEK-
TpOdHEpruto B cpeanem 10 1,1% B roj, Tak Kak AJIEKTPOMOOUIN Oojiee YeM B
nBa pa3za 3¢ dexTuBHee, yeM 0ObIUHbIE aBTOMOOHIIN.

[Tpon3BOACTBO ANEKTPOIHEPTUU U3 BO3OOHOBIISIEMBIX UCTOYHHUKOB SHEP-
MM BO3pPAcTaloT Mo4TH B TpU pasza K 2040 roay, u cocraBut 6oinee 40% ot
oOmiero mnpousBojcTBa. braromapss HempepbIBHOMY CHMXKEHHMIO 3aTpar Ha
COJTHEUHYIO SHEPTeTHKY, MPOU3BOJICTBO JJIEKTPOIHEPruu Ha ocHoBe PV mpe-
BBICUT TPOM3BOJICTBO AJIEKTPOIHEPTUM Ha OCHOBE BETPOYCTaHOBOK K 2025
roay, a Ha yrie B cepeauHe 2030-X rojoB, U CTaHET BTOPBIM MO BEIUYUHE
YCTaHOBJICHHOM MOIIIHOCTH B MHp€, Mocie ra3a. ['a30Bble MOIIHOCTH OOTOHST
yToJbHBIE MOIITHOCTH 3300 110 2030 rona [3,14].

VYronb ocTaeTcs KpyMmHEHIIUM HCTOUHUKOM BBIPAOOTKH 3JIEKTPOIHEPTHH,
XOTSl €r0 JIOJISI CO BPEMEHEM CYIIECTBEHHO MaJaeT, a ra3 IMOYTH 3aKphIBaeT
3TOT pPa3pbiB. [ MApOIHEpreTMKa OCTaeTCsl KPYMHEHIIUM HCTOYHUKOM 0Oe3
YTJIEPOHOTO DJIEKTPUYECTBA, 32 KOTOPBIM CIEIYIOT SHEPTHs BETpa U COJHEY-
Hast SHEPTHsL.
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BripaboTka anekTposneprun Ha ADC yBeTnYMBaeTcs YMEPEHHO, CO 3Ha-
YUTENbHBIM Teorpa)u4eckuM CABUTOM. Pa3BUTHE sSIEPHOM SHEPTeTUKH BO3-
rnasisitoT Kurait, Manus, Poccus u pa3BuBarominecs CTpaHsl.

Mepsl 1o noBbIIeHHIO dHEProdddexTuBHOCTH, TpuHATEIE ¢ 2000 rona,
no3BOJHIM COKOHOMUTH TouTtH 1800 TBT*4y B 2017 romy, 4TO SKBHBAJICHTHO
npumepHO 20% OT 00I1Iero TeKyIIEero MOTPeOIeHUS FIEKTPOIHEPTHH.

Coznanue THOKHX dHEprocucTeM sl oOecredueHus mepexoja Ha Oolee
ANEeKTpU(PUIIMPOBAHHBIE, HU3KOYTJIEPOIHbIE U OLU(POBAHHBIE DJIEKTPUUYECKHE
cHUCTEeMBI Oynymero OyJeT MMEeTh pellarollee 3Ha4eHue i oOecredeHus
HAJCKHOCTH JJIEKTPOCHA0KEeHHs. [ MOKOCTh HEOOXOAMMO paccMaTpuBaTh Kak
KJIFOYEBOM KOMIIOHEHT MPOEKTUPOBAHMSI M YIpaBieHMs] OyAyllell 3JeKTpo-
JHEPreTUYECKON CUCTEMOM.

Cuenapuii 450. Crenapuii 450 (450 Scenario) Obul mpeacTaBicH B
WEO-2009 [2]. Torma muckyccuu Mo KJIMMAaTHYSCKOW TOJUTHKE ObUTH cocpe-
JIOTOYEHBI Ha IeJIeBOM ypoBHE cTabunuzanuu koHueHtpanuu CO;. CueHapuii
nosyunn HaszBaHue «CueHapuii 450», 03Ha4aOIMKN, YTO HA MMJUIMOH YacTel
Bo3ayxa npuxonutcs 450 gacteit COz, (450 ppm). Takas konuentpanus CO, B
TO BpeMsi cooTBeTcTBOBaja 50%-HON BEpOSATHOCTU NOJJEPKAHUS CPEAHETO
[J100aTbHOTO MOBBIIIEHUS TeMmepaTypbl Huxke 2°C (10 CpaBHEHHUIO C JOUHIY-
cTpuajabHbIM ypoBHeM). Ilapuxckoe CornamieHue peKOMEHIYET OPHUEHTHPO-
athest Ha 1,5°C. TeM He MeHee, B Golee PaHHUX MPOTHO3aX 3TO OBLI OCHOB-
HOWM creHapuil nexapOonuzauuu. [Ipenpinymue pes3yiabTaTbl HUCIOJIB3YIOTCS
JUISl CPABHEHUSL.

OHepro3¢p(HeKTUBHOCTh U BO30OHOBIIsIEMasl SHEPreTUKA 3HAUUTENBHO CO-
KpaIlaloT 3arps3HeHHe BO3AyXa M BBIOPOCHI MAPHUKOBBIX ra30B. DJIEKTPOMO-
OuIIM, C OHON CTOPOHBI YMEHBIIAIOT 3arpsi3HEHUE BO3/yXa, HO B TO YK€ BpeMs
yBenuunBaroT odmue Beiopockl COy, ecny He IpeANnpPUHUMATE MapauIeTbHbBIX
YCUIIMH 1O JIeKapOOHU3aIMK YHEPreTHIECKOro cexropa [3].

[ToaTomy crieHapuii npeanoaaraeT NpUHATUE COOTBETCTBYIOIIMX MeEp /10
2020 roxa, a 3aTeM IieleBble MOKa3aTeNu BEIOPOCOB B MaciTabax Bcel SKOHO-
MukH Ha 2035 rog u nocneayronuit nepuo, st ctpan O3CP u qpyrux kpyr-
HBIX DKOHOMHUK.

B Tabn. 3. mpuBeneHsl JaHHBIE MHPOBOM MOTPEOHOCTH B TMEPBUYHOMN
SHEPIHUU MO clieHapusM, U BbIOpockl CO2, CBA3aHHBIE C SHEPTETUKOM.

B cruenapun 450 HU3KOYTJIEpOAHbBIE BBl T€HEpALMU JTIOMUHUDPYIOT. B
YaCTHOCTH, JIOJISI THAPOIHEpPreTHKH cocTtaBuUT 20%, aTOMHOM JHEPTeTHUKU -
18%, Betposnepreruku - 18% u conHeuHoi sHepreTuku - 9%. IlponsBoacTeo
AMIEKTPOIHEPTHUHM U3 TPAJUIMOHHBIX BUAOB TOIUIMBA JOJIKHO DPE3KO YMAcThb:
raza - 10 16%, yrus - mo 9%, vedtu - 1o 1%. OcraBimecst 9% TOMKHBI MPO-
M3BOJUTHCS U3 IPYTrUX HU3KOYTIIEPOAHBIX HCTOYHUKOB [ 13].

K 2040 roxy HeoOXOQMMOCTb B aTOMHOM SHEPreTUKE COXPAHMTCS, TaK
KaK OKUJaeTcs Ipyrol YpoBEeHb 3aMbIKaHUs TOIJIMBHOTO IMKIIA 3a CUET Ooliee
HIMPOKOT'0 PAa3BUTHS TEXHOJIOTUU PEAaKTOPOB Ha OBICTPBIX HeWTpoHax [13].
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Tabnuua 3
MupoBasi TOTpeOHOCTh B IIEPBUYHOM SHEPTUU 110 CLIEHAPHUSIM, U BEIOPOCHI
CO2, cBsa3anHbIe ¢ SHEPreTUKOH [14]

Toxmet 1990 | 2017 2040

CroeHapHH CPS NPS SDS

En. u3mep. MIpZ | Mapa. | Mapd | Mupa | MIpA. | MAPA. | MIPA. | MIPA. | MAPA. | MIpPA.
TH2 | T.CO;| T.H3 | T.COy | T.H.3 | T.CO; | T.HA | T.CO; | T.HA | T.CO,

Ileppuunas

3HEPrUd H 7,7 20,7 | 13,7 | 32,6 | 188 | 425 | 17,5 | 364 | 138 | 17,6

BEIOPOCEL

CO;

ATOMHAsi SHEPreTHKa MMEET TPATUIMOHHO BBICOKHH K03 duiment ro-
TOBHOCTH U KO3()(PULMEHT NCIOIb30BAHUSA MOLIHOCTEH - MEPBBIA MPEBbIIIACT
90%, BTOpOIi - 80%. C BEeTPOBBIMHU AJIEKTPOCTAHIUSAMHU MBI IMeeM K03 duiim-
CHT HCIOJIb30BaHUs YCTAHOBICHHBIX MOIIHOCTeH Ha ypoBHe 15-25% [13].
OueBuHO, YTO MJIs1 BBIPAOOTKH OJMHAKOBOTO O00BEMA AJIEKTPOIHEPTHH C
MIOMOIIbIO BETPOBOW U COJHEYHOM reHepanuu norpedyercs B (2-3) pasza 60:1b-
nie MOIIHOCTEM, 4eM ¢ aTOMHOW. Ha KMIIOBaTT yCTaHOBIEHHOM MOIIHOCTH
3¢ (EeKTUBHOCTh AaTOMHOM I'€HEpaLluy BbIIIE, U 3TO OAHO U3 €€ KOHKYPEHTHBIX
IPEUMYIIECTB.
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Puc.4. Mupossie Bbiopocsl CO2 1o clieHapHsiM, CBSA3aHHbBIE C SHEPTeTUKOM
[14,15]. 1-texymeii nomautuku (CPS), 2-nosoi monutuku (NPS), 3-0yaymiee
anextpudectBo (FIES), 4-Oyayiee 51eKTpu4ecTBo ¢ AeKopOaHu3almei sHep-
rerudeckoro cekropa (FIES), 5-ycroiunoro passutus (SDS)

DHepreTU4ecKuil CEeKTOp SIBISIETCS OCHOBHBIM MCTOYHHUKOM TJI00ATBHBIX
BbIOPOCOB MapHUKOBBIX ra3oB. CeroiHsi BEIOPOCH! MapHUKOBBIX ra30B, CBsI3aH-
HBIE C DHEprueu (BKJIOYasi METaH, 3aKHCh a30Ta, a Takxke CO,), cocTaBusioT
okouio 39 I't B skBuBanente CO,. Camas OoJbiniasi KaTeropys Ha CETOTHAITHUN
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JI€Hb - 3TO YroJIbHas 3HEpreTHKa, Ha KOTOPYK Npuxoautcs 27% BbIOPOCOB.
31aHus COCTaBJIAIOT OYTH 9%, 32 KOTOPBIMM CIELYIOT OKOJo 8% s aBToO-
MoOwIIel, paboTaromux Ha raze u OeH3uHe. BBIOPOCH OT MPOM3BOJCTBA IiE-
MEHTa U He(TEera3oBbIX ONEpaLuil COCTABIAIOT 7% KaXAbli, IpU 3TOM Ipy30-
BbIC aBTOMOOWJIM COCTaBISIIOT 6%, a MPOU3BOACTBO CTAall - OKOJIO 5% oOT
obmero oobema [1].

Cuenapuii ycroitunBoro passutus (SDS) monHOCTBIO coryiacyeTcs ¢ 1e-
abto [lapuKCKOro corvameHusi «CAep’KUBaTh IMOBBIIMIEHUE CpeaHEeH Iiolab-
HOM TemmepaTypsl HamMHOro Huxe 2°C Bplllle JOMHAYCTPUAIBHOIO YPOBHS U
OPEANpPUHUMATh YCUJIUS 110 OTPAaHWYEHHUIO TOBBILIEHUS TEMIIEpPaTyphl 10
1,5°C». Cuenapuii HaXOIUTCS B MpEJEIax OXBaTa CIICHAPUEB, IIPEeayCcMaTpHu-
BAIOIIMX IOBbIIIEHHE TemnepaTypbl Hike 1,5 © C, 4yTo olleHuBaeTcs B MOCie/-
HeM crierainbHoM Jokiaane MI'OUK o 1,5 © C [11].

OtH ycnoBus BeIONHAOTCS B ClieHapun ycroiunBoro passutus (SDS),
B KoTOpoM rnobanbHbie BhIOpockl CO2 nocturaroT nuka mnpumepHo B 2020
rony, a 3areM pe3ko cHukarorcsa kK 2040 roay U HaXoAsTCsS Ha MYyTU K YUCTHIM
HYJICBBIM BO BTOPOH MOJIOBHHE CTONETHS (pHUC.4).

B cuenapun ycroitunBoro paszsutusi (SDS) BeiOpocs! I1I', cBsi3anHBIC C©
sHepruei, manarT npumepHo 10 21 I't CO,.

Uto0bI BEIBECTH MHpP Ha TpaeKToputo cueHapus SDS, HeoOXoanMer 3Ha-
yuTeNnbHbIe NanbHeimue aeiicteus. B 2015 rony MDA Obutn onpeneneHs! 5
BO3MO>KHOCTEH, KOTOpbIE MO3BOJSAT AOCTUYb PAHHETO MHKa BHIOPOCOB MapHU-
KOBBIX T'a30B, CBSA3aHHBIX C YHEPreTUKOM, 0€3 KaKUX-THOO JOMOJHUTEIbHBIX
3aTpar AJs SKOHOMUKH:

- IOBBILLIEHUE HEPTOIPPEKTUBHOCTH KOHEUHBIX MOTPEOUTENEH;

- YBeJTMUEHUE NHBECTHLIMI B BO3OOHOBIISIEMbIE HCTOUHUKU YHEPTUH;

- IO3TAINHBIM 0TKa3 OT HauMeHee 3(PPEKTUBHBIX JIEKTPOCTaHIUM, pado-
TalOIIMX Ha yTIIe;

- TIOATANHBINA 0TKa3 OT HEAPPEKTUBHBIX CYOCHIUN HA MCKOMAEMOE TOII-
JMBO;

- COKpallleHHue BEIOPOCOB MeTaHa OT T0ObIYM HeTH U Tasa.

[Toutn mosOBHHA COKpaIeHUs BBIOPOCOB, HEOOXOAUMBIX B SDS, Moxer
OBITh TOCTUTHYTA IyTEM OBICTPOI pea3aIiy dTHX 5 KIFOUYEBBIX Mep.

JlocTikeHue Apyroi MOJOBUHBI COKpalleHus: Tpedyer Oosee riryboKoro
OCYILECTBIICHHS 3TUX K€ MEp, a TaKXKe LIMPOKOr0 BHEAPEHHS IPYTUX TEXHO-
JIOTHA B 00JTACTH DKOJIOTHYECKU YHCTOW SHEPTHH, TAKUX KaK MIUPOKOE MPHMe-
HEHUE aTOMHOM DHEPrHH, yJIaBIUBaHUE U XpaHEHHUe yriepoja (carbon capture
and storage- CCS) u ynaBnuBaHue, yTHIM3alUsS U XpaHeHHe yrieposa (carbon
capture, utilization and storage — CCUS) [1].

Takum oGpaszom, pa3paboraHHbile MDA crieHapuu pa3BUTHUS SHEPTETHKU
MHpa, YETKO ONpe/essieT HalpaBiIeHus, YIydllaomue 3HeprodHekTHBHOCTh
SHEPTEeTHKHU U CHUXKEHUs BEIOpocoB 10 2040 roma.
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JHepreTuka Y30ekucrana. CTpaTermueckoe pa3BUTHE TOIUIMBHO-
SHEPreTUYecKOro KoMIUiekca Y30ekucTana Oy/eT OCHOBAHO HA COBMECTHOM
NpUMeHeHun (CUMOHO03€e) ATOMHOH M BO300HOBJISIEMOIl HCTOYHUKOB HEP-
reTMKH, riyOokoil mepepaboTKe YIJIeBOAOPOJOB U IMPOU3BOJICTBE BOJIOPOA,
pa3pabOTKe CIAHLEBBIX MECTOPOXKJIEHUN M HMX NPUMEHEHUH B DHEPIETHKE
pecnyOauKy, MpU MHTCHCHU(UKAIIMK METOJIOB IMOBBIIMICHHUS YHEProdhHEeKTHB-
HOCTH IPOM3BOJACTBA M HX HCIOJIb30BAHHUU B OTPACIISIX 3KOHOMHUKHU Tocyiap-
CTBa.

B VY30ekucrane Hayathl MacmTabHbIe paOOTHI IO MCIOIL30BAHUIO BO3-
OOHOBJISIEMBIX MCTOYHHUKOB SHEPTUU - COJIHLIA, BETPa U JAPYTUX BHUJIIOB, peaib-
HBII MOTEHIIMAN KOTOPBIX B MEPCIEKTUBE olleHnBaeTcs npumepHo B 8000 MBT
(COC - 5000 MBT, BOC - 3000 MBT).

B V36ekucrane Brepssie B peruoHe LleHTpanbHOM A3uu IUIaHUpYeTCs K
2030 rony CTPOUTENHCTBO ATOMHON 3JIEKTPOCTAHIIMM CYMMAapHONW MOLIHOCTBIO
2400 MBT, ¢ nByms arperaraMmu BBOP-1200 nokonenust «3+», MOIIHOCTBIO
1200 MBT kaxapiii. ITO HE TOJIBKO O0ECreYUT Y30EKUCTaH HEJOPOTON K-
TPOIHEPTUEH, HO TaKXKe JACT TOTYOK PA3BUTHIO HAYKH U 00pa30BaHUs, B TAKUX
HAIPaBIICHUAX, KaK (DyHIaMEHTAJIbHAS HayKa, sSACpHAs M XUMHUYECKas IMpo-
MBIIUIEHHOCTh, MAITUHOCTPOEHUE, CTPOUTEIBCTBO U APYTHUX.

B HacTos111€€ BpeMsi OCHOBHBIM MCTOYHMKOM I'eHepaluu B Y30eKucTaHe
spisitorest 11 TOC, B Tom yucne 3 TOLI. Ha 01.01.2020 roay ycTtaHoBiIeHHas
MOIIIHOCTh 3JEKTpOCTaHIMi Y30ekucrana cocraBuia 151 mmH kBT, B ToMm
gucae TOC — 13,5 miH kBT.

B nenoMm, B CTpyKType CyMMapHOW YCTaHOBJIECHHOW MOIIHOCTH IO TUITY
cranuu, nonst TOC/TOIl maxomutcs BOmm3u 90%, a ynenbusiii Bec ['DC
oneHuBanachk okoso 10%. Ha TOC/TOL] B kauecTBe TOIIMBA MCIOIb3YETCS
npupoaHsii ras (90,8% cymmapHOoro notpedieHnsi MUHEPaJIbHOIO TOIJIMBA B
ANEeKTpodHepreTuke), yroiab (7%), maszyr (2%) W yroiapHBIM CHHTE3-ra3
(0,2%) [18].

B 2000-2019 roasl mpon3BOJCTBO 3JIEKTPOIHEPTHH YBEIMUMIOCH Ha 1/4
u nocturio 6onee 62 mapa. kBr*4. Bayrpennee notpebiieHne 3eKTpOIHEp-
UM PUMEPHO COOTBETCTBOBAJIO €€ MPOU3BOJCTBY. JlaHHbIE O BBIpaOOTKe
3JIEKTPUYECKOM SHEPTUH 3a ITOT MEePUOJ MPEICTABIEHBI HAa puUC.S.

MUHUCTEpCTBOM JHEPreTHKU Y30ekucrtana paspadborana Konuemnius
pa3BUTHS TeHepUpyronux MomHocTer Ha nepuoa 2020-2030 rojel, ¢ yaeTom
MepPeI0BOr0 MUPOBOTO OIbITA U COBPEMEHHBIX TEHJEHIMU Pa3BUTHUSI MUPOBOM
anektposHepretuku [18]. IlpemycmarpuBaercs peanu3amnus KpPYMHBIX HHBE-
CTUIIMOHHBIX IPOEKTOB IO YBEIMYEHHUIO FEHEPUPYIOLIUX MOIHOCTENH CO CTPO-
WUTEITHLCTBOM HOBBIX HHEProOJIOKOB CYMMapHOW MOIHOCTBIO okojio 29,5 I'Br,
Ha OOIIyI0 CyMMY OKOJIO 35 MJpJ. JOJ/UTapOB, C BBIBOJIOM M3 IKCILTyaTaIluu
MOpaTbHO M (PU3UYECKH YCTAPEBIIMX SHEPTroOJIOKOB Ha TEIUIOBBIX AJIEKTPO-
CTaHIUAX 00IIe MOIMHOCTEIO 6,4 I'BT; coBepiieHCTBOBaHUE CUCTEMBI Y4ETa
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AIEKTPOIHEPTUH, AUBEPCU(UKAIINYN TOIUIMBHO - SHEPreTUUYECKHX PECYpPCOB C
pa3BUTHEM UcToyib3oBaHusi BUD.
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Puc.5. BripaboTka 35IeKTpOIHEPT UM dIEKTPOCTAaHIMsIMH Y30ekucTana [ 18]

Konuenmus onpenenser 1eau U HapaBJIeHUs! pa3BUTUS 3JIEKTPOIHEpre-
tudeckoir orpacau 10 2030 roxa, mpHOPUTETH M OPUEHTHPHI, a TAKKE MeXa-
HU3MBI obOecriedueHus] APPEKTHBHOCTH TOCYIAPCTBEHHONW HSHEPreTUYECKOi
MOJIMTUKU Ha OTJEIbHBIX dTanax €€ MPaKTUYEeCKOW peaju3aluu, rapaHTupylo-
IIMe JOCTIKCHUE HaMEUeHHBIX 1eseit [18].

3arutanupoBaHo, uto k 2030 rogay meobxomumo [19]:

- YBEJIMYUTH MOLTHOCTH ¢ 70 29,5 'BT, a Npou3BOJACTBO 3JIEKTPOIHEPTUU
¢ 63,6 muipa kBt*u 10 120,8 kB1*y;

- COKpaTUTh MOTpeOJIeHUs MPHUPOJIHOro rasa ¢ 16,5 mipa. M 0 12,1
MiIpa. M

- CHM3HUTh IOTEPU NpH Mepefaue 3J1eKTposHepruu Ao 2,35% u notepu
npu pacnpeaeneHun — a0 6,5% (B 1,85 paza menbie yposusa 2019 roga) u np.

Peanuzanus nHameyannsix B Konuenmuu 3agau npusenet k 2030 roay k
creayronmM pesyastatam [18].

YcTraHoB/IeHHAs MOIIHOCTH 3HEProcucTeMbl Y30eKHcTaHa, CyMMap-
Has - 29,2 teic. MBT, B Tom uncne: TOC, ncnonp3yromme NpupoaHbIi ra3 —
13,4 teic. MBT (45%), TOC, ucnonp3ytomue yroib — 1,7 teic. MBT (5,9%),
I'SC — 3,8 Teic. MBT (13,1%), ADC — 2,4 tIc. MBT (8,3%), BOC — 3 ThIC.
MBrT (10,4%), COC — 5 1BIc. MBT (17,3%), B TOoM umcne 1 teic. MBT ¢
YCTPOMCTBAMM XPAHEHUs DJIEKTPUUECKOW SHEPrHM JUIsl aKKyMYJSLUU €€ B
COJIHEYHBIE Yachl M HCIOJIb30BaHMSI HAKOIUIEHHOM 3JIEKTPUYECKON SHEPTUU BO
BpeMs OTCYTCTBUS COJIHLIA M BEYEPHETO MaKCUMyMa Harpy3ox.

O0bemMbl CyMMapHO#i BBIPA0OTKM 3JIeKTPUYECKOH HEPruM JOCTHUT-
vyt 120,8 Mapa kBt-4, B Tom uncne: TOC — 70,7 mapa. kBtu (58,5%), I'9C —
13,1 mapa. kBt (10,8%), ADC — 18,0 mupa. kBtu (14,9%), C3C — 9,9
mipa. kBt (8,2%), BOC — 8,6 mupa. kBru (7,1%), Omok-cranmuu — 0,6
mipa. kBtu (0,5%).
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Takum 00pa3oM, B pe3ysbTaTe peaju3alid KOMIUICKCHBIX M MacliTad-
HBIX MEp, OCHOBaHHbBIX Ha YKa3ax, [loctaHoBIeHHSX ¥ penieHusx [Ipe3umenra
u [lpaButennpcTBa Y30ekucTaHa, SHEPreTHKa roCyJAapCTBa MOJYYUT MOITHBIN
TOJYOK Pa3BHUTHS, a CTPYKTYpa BhIPAOOTKH 3JCKTPOIHEPTHH CTAHET JUBEPCH-
(GUIUPOBAHHOM, YTO 00ECTICYUT PECIyOIHKe YHEPIreTHUECKYIO 0€30MacHOCTh U
YCTOWYHUBOCThH Pa3BUTHUS.
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UDC 621.317.714

MATHEMATICAL MODELS OF NON-CONTACT FERROMAGNET-
IC CONVERTERS OF LARGE DIRECT CURRENTS WITH LONGI-
TUDINALLY DISTRIBUTED MAGNETIC PARAMETERS

A.M. Plakhtiev, G.A. Gaziev, Ya.A. Meliboev, O. Ch. Donierov,
D.Sh. Norholboyev

Maxonaoa 6uz maxkiugh Kuiean eapuanmiapoan OUpUHU UULIAO YuKuL
Hamuodicanapu Kypcamuieat, Xap Xui Ky3amye 6a 0ouKapuul musumiapu yuyH
KeHeaumupuiean OUuana3ouau YHUBEpCanl mypUuOaH-myepu OKUMIAPHUHS
2ANBAHOMACHUMUK KOH@epmopiapu 6a Xucobnaw xamoaukiapuoa 5 % oaw
owMatiouean Y3yHAama maKCuMIaHean Mazuum napamempiapu 6ynean Kopu
y3eapmac moKIapHUHe KOHMAKMCU3 GeppomacHumuK KOHEEPMOPAapUHUHR
mMamemamux  mooennapu Kypcamunean. Mawvaym 6yneannapoan  papxiu
VIapox, uwinab YuKuieaH KOHBEPMOPHUHE AHUKIUSU 84  Ce32Upiu,
MEXHONI02UK OUZAUHU 84 MAMEPUATHUHE KAM CAPOIaHUWU 64 MAHHAPXY OUIAH
KUYUK 6A3H 64 YIUAMIAPU OWRAHU KYpCamuieaw. YHuHe uwl OuHamuxacu
Vpeanuimoxoa. Mazenemomooynayus KOHMAaKmcus3 geppomacnum
KOHBEPMOPIAPHUHE OUHAMUK XYCYCUsimaapu Kypub qukunaou. Yinapuuue
MAOKUKOMIAPYU — HAMUdCANApU — Kelmupuiean. Yaap yuyH 6aKmuHyanux
ocapaénnune sakmu Kyssam uacmomacu oaspurune 0,025 ea mewne sxaniucu
kypcamunean. Lllynune yuyn ynapnu amanoa xapaxayuz o0ebO xucobnaut
MymMKuH. HMwnab uuxapunean KoHeepmep 31eKMpPOMeXHUKAa UHUWO0OMIapuoa,
Menuopayus 6a Cyeopuwioa, Ccy8 MmMAabMUHOMU, CaAHOam, memup Uyl
MPAHCROPpMuUOa, UIM-(an, MexHoI02UsA0a 8a IJNeKmp XUcoOnaudiapHu
Mygpuoan-myzpu 6a y3eapyeuan moxiapHu OowKapuul Y4yH ViapHu YPHAmuul
HCOUNAPUOQ MEKWUPUULOA KeHS KYTIAHUTUUU MYMKUH.

B pabome nokazanvi pesyromamvi pazpabomku 00HO20 U3 8APUAHMOS,
NPEONIONCEHHBIX HAMU, YHUBEPCANbHLIX OECKOHMAKMHBLX 2ANb8AHOMACHUN-
HbIX npeobpazosameneil 6OILUUX NOCIOSHHBIX MOKO8 ¢ PACUUPEHHBIM OUd-
RA30HOM OISl PA3IUYHBIX CUCMeM KOHmpPoas u ynpasnenus. I[lonyuenvt mame-
mamuuecKkue Mooeiu 6eCKOHMAaKMHbIX (eppoMaAcHUMHBIX npeobpazosamerell
OONLUUX NOCMOSIHHBIX MOKO8 € NPOOOILHO PACNPEOCNEHHbIMU MACHUMHbIMU
napamempamu ¢ NO2PeutHocmolo pacuema, ne npesviuiaiouen 5%. Iloxkasano,
ymo pazpabomannvlil npeodpazosamens 6 OMIuYUe Om U3BECHHLIX UMeen
NOGbIUEHHbIe MOYHOCHb U YYECMBUMENbHOCb, MEXHOIOSUUHYI0 KOHCPYK-
Yuio u manvle Maccy u 2abapumol npu HU3KUX MAMEPUATOEMKOCIU U CIOUMO-
cmu. Hccnedosana ezo oumamuka pabomwl. Paccmompenvt ounamuuecxue
Xapakmepucmuku MazHUmoMOOYIAYUOHHBIX OECKOHMAKMHbIX peppomasHum-
HbIX npeobpaszosamenei. Ilpusedenvl pezyiomamsl ux ucciedosanuil. Ilokasza-
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HO, Ymo epemMsi nepexooHo2o npoyecca y Hux cocmasasem 0,025 wacmu nepuo-
oa npomvlulieHHou yacmomsl. [losmomy ModcHo cuumames ux NPaKkmuiecku
be3unepyuonnvimu. Paspabomanmneiii npeobpazosamenb Modcem UUPOKO
NPUMEHAMbCA 8 IJIeKMPOCUCEMAX 8 SUOPOCPOUMENbCMEe, MEeIUuopayuu u
uppueayuu, 8 8000CHADICEHUU, NPOMBIULIEHHOCIU, HA JHCeNe3HOO0PONCHOM
mpancnopme, 6 HayKe, mexHuke u Ol NOGEPKU IIeKMPUUECKUX CUeMYUKO8 HA
Mecme ux YyCmauo8Ku 0711 6eCKOHMAKmMHO20 KOHMPOJIsi NOCMOAHHbBIX, a4 MAKHce
U nepemMenHbIX MOKO8.

The work shows the results of the development of one of the options pro-
posed by us, universal contactless galvanomagnetic converters of large direct
currents with an extended range for various monitoring and control systems
and obtained mathematical models of non-contact ferromagnetic converters of
high direct currents with longitudinally distributed magnetic parameters with a
calculation error not exceeding 5%. It is shown that the developed converter,
in contrast to the known ones, has increased accuracy and sensitivity, techno-
logical design and small weight and dimensions with low material consumption
and cost. Its dynamics of work is investigated. The dynamic characteristics of
magnetic modulation contactless ferromagnetic converters are considered. The
results of their research are presented. It is shown that their transient time is
0.025 of the power frequency period. Therefore, they can be considered practi-
cally inertial free. The developed converter can be widely used in electrical
systems in hydro-construction, land reclamation and irrigation, in water sup-
ply, industry, in railway transport, in science, technology and for checking
electric meters at their installation site for contactless control of direct and
also alternating currents.

Currently, a large number of separate non-contact converters and meters
of large direct currents are known [1-22]. However, in practice, the most wide-
ly used are galvanomagnetic non-contact ferromagnetic converters of high
direct currents [32], but the known converters have a number of disadvantages,
the main ones being: a narrow controlled current range, low accuracy and
sensitivity, large dimensions and masses. Therefore, the elimination of these
disadvantages is an important necessity.

We have developed a number of lightweight universal energy-saving
non-contact galvanomagnetic converters of large direct currents (LDC), which
allow without breaking the circuit to convert both direct and alternating large
currents in various monitoring and control systems, in which special designs
are used split closed magnetic circuits with transversely and longitudinally
distributed magnetic parameters and increased length of the path of the work-
ing magnetic flux over steel [33].

One of the developed is LDC, shown in Fig. 1. Let's consider its features
and mathematical model. LDC contains a closed magnetic circuit, consisting of
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separate ferromagnetic elements 1 and 2. Ferromagnetic elements 1, as well as
ferromagnetic elements 2, are installed with longitudinal gaps distributed along
the entire length of the split magnetic circuit. Adjacent ferromagnetic elements
1 and 2 form between n pairs of transverse gaps, in which Hall elements 3 are
located. In this case, the ferromagnetic elements 2 are rigidly fixed on an annu-
lar insulating plate 4, which can be fixedly moved at set distances, changing
the spacing between the ferromagnetic elements 1 and 2, i.e. parameters of
transverse clearances. The closed magnetic circuit together with Hall elements
3 is placed in an insulating case 5, which, during the measurement, covers the
bus 6 with controlled current. The current electrodes of the Hall elements 3 are
connected to a current source. Hall electrodes of the Hall elements 3 are con-
nected in series with each other, and the Hall electrodes of the Hall elements 3
located in each pair of transverse gaps formed by one ferromagnetic element 2
and adjacent ferromagnetic elements 1 are connected oppositely. To indicate
the measurement results, a recording device (not shown) is included in the
circuit of Hall electrodes of Hall elements 3 connected in series. formed by one
ferromagnetic element 2 and adjacent ferromagnetic elements 1, are included
in the opposite direction. To indicate the measurement results, a recording
device (not shown) is included in the circuit of Hall electrodes of Hall elements
3 connected in series. formed by one ferromagnetic element 2 and adjacent
ferromagnetic elements 1, are included in the opposite direction. To indicate
the measurement results, a recording device (not shown) is included in the
circuit of Hall electrodes of Hall elements 3 connected in series.

: : / I
Fig.1. Energy saving non-contact galvanomagnetic high dc converter

The device works as follows. After wrapping the bus 6 with a controlled
direct current in the magnetic circuit with a controlled current, a constant mag-
netic flux Phi is created, which, penetrating the Hall elements 3, causes the
Hall EMF to appear on their Hall electrodes, which, in turn, due to the opposite
connection of the Hall electrodes of the Hall elements 3, are summed up, caus-
ing appearance at the output of the circuit of series-connected Hall electrodes
of Hall elements 3 of the total output EMF E and Hall, proportional to the
value of the controlled direct current. The value of this total EMF Ei Hall is
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measured using a recording device. An increase in the upper limit of measure-
ment of large direct currents is made by increasing the gap between stationary
1 and movable 2 ferromagnetic elements by means of a fixed transition of plate
4 with ferromagnetic elements 2 to set distances, which leads to an increase in
longitudinal gaps, and, consequently, in working magnetic fluxes, which al-
lows change the sensitivity of the transducer over a wide range, i.e. make the
device multi-range.

To study the main characteristics of the BGP, we obtain a mathematical
model of the distribution of magnetic fluxes in the BGP.

Non-contact ferromagnetic converters with longitudinally distributed
magnetic parameters are magnetic circuits in which the magnetic parameters -
the linear values of the magnetic conductivity g of the longitudinally distribut-
ed air gap and the magnetic resistance rp of the ferromagnetic elements ru are
distributed in a direction parallel to the axial line of a split closed magnetic
circuit. Such a magnetic circuit contains the BGP shown in Fig. 1. Consider the
features of calculating these circuits and investigate the laws of distribution of
magnetic fluxes and magnetic potential differences using the example of a
magnetic circuit with longitudinally distributed magnetic parameters, shown in
Fig. 2, which is an analogue of the BGP magnetic circuit (Fig. 1).

T

g Hm
X dx
E Po D, = Doy + AP, Z, D
[
y G, b,—= | ed,rdb, | z| (

Fig.2. Section of the BGP magnetic circuit with longitudinally distributed
magnetic parameters

In order to simplify the analysis of the magnetic circuit, we will consider
the linear values of the magnetic conductivity g of the longitudinally distribut-
ed air gap and the magnetic resistance ru of the ferromagnetic elements to be
constant, and to take into account the nonlinearity of the magnetization curve
in the first approximation, we will use the average the value of the specific
magnetic resistance pn, Cs, defined as

Prare ~ P )

pmcp = pmwuu + 2 !
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where pm min and pm max are, respectively, the minimum and maximum
values of the specific magnetic resistance corresponding to the lower and upper
limits of the change in the working magnetic induction. Then the average value
of the linear magnetic resistance of the longitudinal rods is

Vucp = /;m—cp’ )
where S, is the cross-sectional area of the longitudinal ferromagnetic rods of
the BGP, which in turn is found from the expression

Ser = bhy. (3)

Here b and h1 are, respectively, the thickness and width of the longitudi-
nal ferromagnetic rods of the BGP.

The magnetic resistance of the transverse air gap 6 between the ends of
the elements is taken to be equal to Zy, and the resistance of the magnetic
circuit in the same section is Z,. The current x-coordinate ranges from 0 to X,

For the convenience of determining the current values of the magnetic
fluxes @1 and d,, and the difference in magnetic potentials F, created by the
converted direct current, the coordinate x in the considered section of the mag-
netic circuit will be read to the right. Differential equations, composed accord-
ing to the first and second Kirchhoff laws [211], have the form

do, =—-gF dx, 4)
do,, =gF,dx, (5)
dF, =r,, (@, — &, )dx. (6)
The total magnetic flux in the magnetic circuit is
Dy =D +D, =Dy+D,, (7)

where @, is the magnetic flux passing through the transverse air gap;

@y, is the magnetic flux at the base of the magnetic circuit in the section
of the transverse air gap.

Differentiating equation (6) and substituting (4) and (5) into the resulting
expression, we have

!

F —2r”qﬂgFX =0, (8)

X

Linear homogeneous differential equation of the second order (8) has a
general solution

F = Ae” +Be ™, (9)

where vy is the coefficient of propagation of the magnetic flux in a mag-
netic circuit with longitudinally distributed magnetic parameters, equal to

y=4/21,,9 (10)

Solving (6) and (7) together and finding the integration constants A, B
from the boundary conditions, we find the distribution laws of magnetic fluxes
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@, Dy along the elements of the magnetic circuit and the difference in mag-
netic potentials Fy between these elements in the form

_IgX, . 1
YK np?
1K, [+ Ky, J1—chp)—ashp - p(1- K, Jehpx, —chp@-x, )l (11)
_lgx, | 1
T K np?
1K 5[+ K, J1—chp)—4shp - pK;[1- K, Jehpx, —chpd—x, )]}; (12)
F, = # {Kﬁ(l_ Kz[J IShﬂXo + Shﬂ(l_ Xy )]}' (13)
Where
K= K, (L+ K, +2K,K, J1-chpB)-2|K,[L+K,, )+2khs. (14)

In the expressions obtained, the following designations are introduced:
x,=x/X - coordinate of the considered section of the element in rela-
tive units;
K, =Z,1Z, - coefficient characterizing the ratio of the resistance of the

transverse air gap to the magnetic resistance of the magnetic
circuit in the same section;

.,

n=———— - the number of ferromagnetic elements in the upper or lower
206+X,)

parts of the magnetic circuit (n=1, 2, 3, ...);
K, =561X, -coefficient characterizing the ratio of the length of the trans-
verse gap to the maximum value of the current coordinate.
Experimental studies of the distribution of magnetic fluxes along the rods
of the BGP magnetic circuit at n = 10, Kz, = 5000 and various values of 3 and
Ks; showed that the maximum deviation of the experimental

ence Id;‘ (Xo) of the calculated one is 3.8% at p =2 and 5% at 3 = 4.
g

M

The study of the flux distribution in the BGP was carried out on an ex-
perimental model of the magnetic circuit, which has the following dimensions
and parameters: 8 = 1.15 - 10" m; K5 = 0.8; p,, =125 m/Gn; Hy = 1.44 * 107" m;
Dy = 1.65-10" m; n =10; | = 273 A. A B = 2 h = 465-10° m;
g=405-10"Gn/m. Atp=4h=1.16- 10-*m; g = 162.8 - 10" H/m.

The analysis of the obtained curves shows that the sum of the magnetic
fluxes @15 + Dy for any given B and K does not depend on the coordinate x,,
and at x, = 0.5 the magnetic fluxes in the cores of the magnetic circuit are
equal to each other.
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UDC 621.311.24

GERMAN GRID CODE REQUIREMENTS: CHALLENGES AND
STRATEGIES FOR WIND ENERGY CONVERSION SYSTEMS
BASED ON DOUBLY-FED INDUCTION GENERATORS

P. Reindl, Ch. Kreischer

In most of the Western countries wind energy conversion systems
(WECSs) are currently accounting for the largest share in newly installed
renewable energy (RE) power stations, being dominated by two concepts: The
direct drive synchronous generator (DDSG) with full-sized converter and the
doubly-fed induction generator (DFIG) with rotor-sized converter. While the
DDSG offers the advantage to be operated without gearbox and hence larger
corresponding maintenance intervals, the DFIG concept offers several concep-
tual advantages like participation in frequency stabilization via its rotor iner-
tial response and a lower cost factor for power electronics. As during the last
decade grids have become more volatile due to an increase in distributed
power generation like WECS, GRID CODE requirements for these decentral-
ized power stations have increased drastically.

While most research on DFIG WECS focuses on behavior and strategies
during grid faults, the presented paper also deals with other aspects like power
quality and voltage stability. The key requirements from the current German
high voltage (HV) GRID CODE VDE-AR-N 4120 are presented along with
performance and strategies of a DFIG WECS. Quasi-statical requirements are
evaluated by analytical relations, while transient events are assessed using
electromagnetic transients (EMT) power system simulations within the
PLECS® BLOCKSET integrated in MATLAB® SIMULINKTM. A comparison
between dynamic behavior of a DFIG and a DDSG WECS is made by means of
these simulations. Index Terms - grid code, fault ride-through, voltage stability,
wind energy, dfig

Over the recent last years, modern power systems have become more
penetrated by distributed generation (DG) in the light of renewable energy
source (RES) expansion, especially by wind energy conversion systems
(WECSSs). At the same time large central power plants utilizing conventional
energy sources like fossil and nuclear fuels are shut governed by the VDE,
resulting in separate documents for low voltage (LV), medium voltage (MV)
and HV grids. As many wind farms are connected to HV grids, e. g. on 110 kV
level, this paper will focus on requirements from the corresponding guideline
VDE-AR-N 4120:2018-11 [1]. Modern WECS have to be designed in order to
meet all contained GRID CODE requirements and at the same time allow for
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cost-optimized energy vyield, which is why only few concepts have gained
broad acceptance nowadays. From [2] it can be identified that during the last 15

years the DDSG and DFIG concepts always have been the predominant WECS
technologies, which is because of their ability to fulfill several GRID CODE
requirements, if designed and controlled properly. As the FRT requirements are
usually the most demanding GRID CODE requirements for any type of power
plant, many scholars thus research on improving the behavior of DFIG WECS
during such events. While [3] gives a concise overview on several GRID
CODES in Europe and researches on a DFIG WECS’s behavior during FRT
events, the authors of [4] and [5] introduce some major improvements on the
behavior of such plants under transient grid conditions. In the upcoming sec-
tions the most challenging GRID CODE requirements for DFIG WECS acc. to
VDE-AR-N 4120 [1] are presented along with strategies for this plant type
yielding compliance. First a short introduction to the operating principle of a
DFIG WECS is given.

Il. DFIG OPERATION AND CONTROL

The main operating principle of a DFIG is based on the ability to vary the
machine’s slip in a wide area due to the rotor-side converter (RSC). In general

the slip of an induction machine (IM) is defined as
nsyn —n

Ngyn (1)
Using this definition, the rotor power without losses can be described by
the equation

S =

Following this equation, the turbine has to provide at least
Pmech:Ps"'Pr:(l_S)Ps (3)

It can be seen that the total dispatched active power is shared between
stator and rotor (i.e. RSC), depending on the current slip. If s> 0, power is
extracted from grid to rotor and if s < 0, power is fed to the grid. Usual slip
operating ranges are +20 % up to £40 %. This behavior makes it possible to
operate the DFIG within a variable speed wind turbine (WT) with its stator
directly coupled to the 50 Hz grid. In Fig. 1 a general overview of a possible
DFIG control structure including measurements and interconnections is given.
The electromechanical part consists of a variable- speed pitch angle controlled
WT including gearbox and shaft system, a pulse-width modulation (PWM)-
controlled AC-DC-AC-converter with filter impedance and a direct current
(DC) link brake chopper (CH). Converter and DFIG stator are coupled to the
grid via a three-winding transformer. The control system is divided into inner
machine-side converter (MSC) and outer grid-side converter (GSC) current
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control loops with superordinate WT and reactive power control. Within the
depicted control structure the GSC’s main task is

Gearbox
. Transformer
| ' Grid
’ MSC CH GSC Filter ﬂ_@
] — - L ! = , _...}_ i .
CB{ i LF Té = L
E : iud- : T.fﬂli
W [MSC| ] GSC = i}
Control Control <
B ™
Q. Q,
* Q.
o P et or
Control $ Control

Fig. 1. Typical DFIG WECS plant and control structure [6]

to control the DC link voltage, while it is able to provide some additional
reactive power [6]. The MSC controls the DFIG’s rotor current (i. e. the ma-
chine’s slip) and is thus responsible for stator active and reactive power con-
trol. During grid dynamics — such as FRT events — the DC link voltage may
rise above its nominal value for a severe amount of time, what is overcome by
the DC link brake copper that dissipates excessive DC power into a switched
resistor. If rotor currents increase above certain limits (e. g. due to voltage
dips), a crowbar (CB) is connected to the rotor circuit as backup protection,
which however makes the machine behave as an ordinary squirrel-cage IM.

I1l. GRID CODE REQUIREMENTS FOR WECS

A. Power Quality

One basic measure of a grid’s power quality is the amount of harmonic
currents. These account for additional thermal losses and may cause malfunc-
tion of almost any electrical equipment. For this reason grid operators demand
power plants to keep their respective emission of harmonic currents at low
limits. In order to account for most grid connection situations, VDE-AR-N
4120 [1] rates these limits to the short circuit power of the grid the plant is
connected to. Before evaluation, these limits have to be converted to the re-
spective Point of Connection (PoC) by means of the grid’s short-circuit power
S which is provided by the HV grid operator:
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1" SA

I v, permitted — iy, permitted Sk g
ref

(4)
In this equation, SA is the respective plant’s sum of apparent powers and
Srer IS the theoretical maximum apparent power that can be connected to the
respective PoC (usually the rated power of the step-up transformer). As shown
in Fig. 1, the DFIG’s rotor is connected to the grid via power electronics,
which account for harmonic injection to the grid. These harmonic currents
mainly result from the high-frequency switching operations of the RSC, but
also from the non-sinusoidal distribution of rotor and stator windings of the
DFIG. Despite of their source, harmonic currents can be influenced and damp-
ened by several filter techniques. Passive filters consisting of resistances, in-
ductances and capacitors are most widely used [7]. One common configuration
Is the so-called LC lowpass filter and its topology is shown in Fig. 2. The trans-
fer function of this topology can be described in

~Lgsc —grid

Fig. 2. LC filter topology for DFIG GSC.

the LAPLACE domain using the well-known voltage divider equation:
Ugsc(s) Lfo32 +R;Crs+1

()
The parameters cut-off frequency wc and damping ratio { are of special
interest for filter design. These can be expressed by

w
fo= 5~

T or 27w/ Li C (6)

ot T
9 Ly (7)

In accordance with [8], in order to avoid resonance problems the cut-off
frequency should satisfy the condition
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1
10 foria < fe < 3 frwm.
(8)

Egns. (5) and (6) are underdetermined, which requires other constraints
as starting points for filter design. As the filter’s inductance Ly is used to mini-
mize ripple in the GSC current, a maximum ripple current of e. g. 20 % of the
converter’s rated current can be stipulated as design value. In case of the DFIG
the converter current equals the rotor current. Following [8], the inductance can

be estimated as
Ubc

8 fewm Jnr - 0.20 (9)
while aside from that Lf may not be too high in order to avoid a large
voltage drop on the alternating current (AC) side, which yields the constraint
N -
= — Usg
2 ™ .fﬁyn iy 3 (10)
In the next step, a constraint for the filter’s capacitance Cf is found by
limiting its maximum reactive power to a desired value, keeping in mind that

large capacitances are expensive. It is therefore usual to limit the capacitive
reactive power to 5 % of the converter’s rating [8], resulting in the equation

P
Cr < 0.05 ’
= 27 forid UHQ‘,

/ Prsssstsssisssnar sy !

I 1

' 12

! 'z

1 1=

] ]

' 1
1

Ly

Ly <

(11)
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Fig. 3. BODE plot for exemplified filter design and variation in Rf

When dimensioning of L and Cy, the cut-off frequency always has to be
considered. After having found a pair of values, it has to be made sure that
condition (8) is always fulfilled. Regarding the design of the resistor it is im-
portant to notice that the whole rotor current passes it. Hence it is vital to keep
its design value as low as possible in order to limit thermal losses. If for exam-
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ple the ohmic losses of the filter resistor shall be limited to roughly one percent
of the rated power, this yields the following design criteria:
2

U[l S
Ry <0.01 —
Pn,r
As this constraint is not related to the filter’s performance itself, the
influence of the resistor is evaluated graphically drawing a BODE plot of the
filter response acc. to its transfer function in Eqn. (5) (see Fig. 3). Magnitude
and phase for an exemplified filter design are depicted in Fig. 3 for multiples of
the maximum value from Eqgn. (12). It can be deduced that for higher values of
Rf the attenuation for frequencies immediately around fc is better, while there
is no influence on attenuation of higher frequencies, which however is the
actual purpose of the LC filter. Keeping in mind that ohmic losses increase
linearly with the resistance, it should be kept at the lowest possible value con-
sidering the fact that the cut-off frequency is in a safe region if it is chosen acc.
To Eqn. (8). The attenuation around the switching frequency of in this case 2.7
kHz is roughly —30 dB, which is an acceptable damping ratio. The filter design
method described before is now applied to an exemplified EMT simulation
where a wind farm consisting of six P, = 2MW DFIG WECS is connected to a
Uc = 110 kV grid with a short-circuit power of 5, = 2.5 GVA via a S = 30
MVA step-up transformer (see Tab. I). The resulting harmonic spectrum with
and without filter is shown in Fig. 4. The graph was obtained applying an fast
Fourier transform (FFT) to the currents on 110 kV side which shows clearly
that the proposed LC filter enables the wind farm to meet the requirements of
VDE-AR-N 4120 [1] regarding harmonic currents.
6T T T T T T T T T

1

——T T T
I Without Filter
14 + I With Filter
I Permitted

I, in A

0 | I A A A I I Y le n

35 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Harmonic order
Fig. 4. Exemplified permitted and actual harmonic current spectrum for a
6 - 2MW DFIG wind farm

B. Provision of reactive power
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In grids with a high level of DG penetration, voltage stabilization plays a
major role as the few remaining large centralized power stations are not longer
able to maintain voltage in admissible ranges for every node of the grid. Volt-
age stability is maintained by certain reactive power control strategies, which
are also required from DFIG WECS. Amongst others, these include cos(p) =
f(P) or Q = f(U) characteristics which are usually implemented within a super-
ordinate park controller acting on all WECS in one park by means of reactive
power set-points. While the implementation of these controls is not critical, the
quasi-stationary Q-P operating range demanded by the GRID CODE has to be
considered in the respective generator’s design process at an early stage. VDE-
AR-N 4120 [1] for example requires any power plant to be servicable in one of
the areas depicted in Fig. 5, while the responsible grid operator chooses one of
the areas. In order

-1,00 4

Py in p.u.

-0.20 1 M
-0,10 -

-048  -0.41 -0,33 -0,10 0,10 0,23 0,33 0.41

<— underexcited Qs in p.u. overexcited —

Fig. 5. Q-P area for quasi-stationary operation acc. to VDE-AR-N 4120

[1]

to evaluate the ability of a DFIG WECS with regard to this requirement a
closer look has to be taken at its reactive power capability. Following [9] and
[10], the corresponding limits can be expressed by a capability curve in the Q-P
plane, similar to synchronous generators. This capability curve is based on
limits for rotor and stator currents, which are usually chosen to be

Imax,s ~ In,s (13)

Imax,r ~ 1.1 Iﬂsf (14)
Based on the stator current limit Imax,s, the stator’s maximum permitted
apparent power has to fulfill the condition

. Iq :Pg ] sg_*i*
SiIs) = P +jQs < U I (15)
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with Ps being dependent on the slip s with regard to mechanical turbine
power (neglecting losses):

Pmech

L—s (16)
Therefore Eqgn. (15) can be rewritten and represented in absolute values:

Ps-:

-Pmech ? 2 2
(l _ S) + Qg S (Us Imax,s)

(17)

As long as this inequation is fulfilled by the current Ppecn and Qs pair of

values, the machine’s stator current limit will not be exceeded. In the next step,

the rotor current limit acc. To Eqgn. (14) has to be considered. In order to be

able to evaluate both rotor and stator current limits within one plane, the so-

called hybrid parameters approach [11] can be used. Without mathematical

derivation (which can be found in [10]) the total generated apparent power

depending on the rotor current and the corresponding condition for the admis-
sible rotor current becomes

. E XLh
§S(IF) - PS +.] QS S Qslmax,r S
Xscr + Xsh (18)
It is moreover assumed that the DFIG’s magnetization current is generat-
ed solely by the rotor, which is why this has to be considered in Eqgn. (18). The
corresponding magnetizing reactive power is expressed by

Xsc' + Xsh (19)

Inserting Eqgn. (19) into Eqgn. (18) and again taking into account slip de-

pendence of active power acc. to Egn. (16), the rotor current condition can be
represented in absolute values, similar to the stator current condition:

Pmech ? 2 ( th )2
+ S + m S Us Imaxr —
(1 - 3) (Q Q ) ' Xscr + Xsh (20)

The limits presented in Eqn. (17) and Eqn. (20) eventually lead to a ca-
pability curve in the Q-P plane as depicted in Fig. 6. As could be shown above
(Eqgn. (16)), the capability curve further depends on the current slip. In Fig. 7
the GRID CODE requirements from VDE-AR-N 4120 [1] are contrasted with
the actual capability of an example DFIG WECS the parameters of which are
presented in Tab. I (neglecting losses Pi: = Pmech). It can be seen that only one
small portion of the requirement in the overexcited area at nominal power (s =
—0.2) is outside the machine’s capability curve. This can however be overcome
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by compensation measures, which are present in wind parks anyway due to the
usually long cable traces.

F; in p.u.
Rotor current limit\ Stator current limit
’ , PR S ~L_ Turbine Power
___________ —Z RSN A
~
hY
Y
hY
Operating area \
\
\
\
" | .
>
+ underexcited s in p.u. overexcited —

Fig. 6. General capability curve of a DFIG, constructed of rotor, stator
and turbine limits

5= —0.2
1.0+

084 5=10.0

s =0.2
0.6 4

P in p.u.

0.4+

0.2+

VI
0.0

-1.5 -1.0 -0.5 0.0 0.5 1.0 L5

+— underexcited Q¢ in p.u. overexcited —

Fig. 7. Slip-dependent capability curve of a DFIG along with require-
ments from VDE-AR-N 4120 [1]

C. Grid faults

Aside from quasi-stationary requirements described before, VDE-AR-N
4120 [1] also demands power plants to participate in dynamic grid support,
which specifies a certain behavior during FRT events. While voltage dips (low
voltage ride-

through (LVRT) events) have been issued in many GRID CODES for a
long time already, one comparatively new requirement deals with voltage
swells (high voltage ride-through (HVRT) events). When it comes to these
requirements, a distinguishment is made between plants with synchronous
generators (SGs) directly coupled to the grid (“Type 1) and all other plants
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that fully or partially rely on power electronics for grid connection (“Type 2”).
WECS are Type 2 plants and the respective requirements by means of voltage-
time- curves are presented in Fig. 8. VDE-AR-N 4120 [1] demands power
plants to stay connected during all kinds of voltage dips or swells within the
limiting curves indicated in Fig. 8. In addition, all Type 2 plants are obliged to
support grid voltage by feeding in a reactive current iq proportional to the grid
voltage dip depth Auc with a variable factor k:

iq = k Aug
(21)
This k factor has to be adjustable in a range between 2 <k < 6, depending on the

respective grid operator’s choice.In order to meet the named specification, the
DFIG WECScontrol system has to be designed and tuned in an appropriate

1.30 am HVRT limit
L

L1011 N0
0.90 : LVRT limit (3-phase faults)
0.70 :
0.50 :
0.30 : LVRT limit (2-phase faults)
0.10 4

D.UJL ﬂ.li I.I() ].‘5 2:0 2I.5 3.0 ’ h[;.()

0.15 022 tins

Fig. 8. FRT requirements for WECS from VDE-AR-N 4120 [1]

way. Taking a closer look at the exemplified control system depicted in
Fig. 1 it can be seen that the MSC is responsible for control of the DFIG’s rotor
current, while the GSC has to keep the DC link voltage near its nominal value.
The MSC is operated in flux-oriented control mode, aligning the d-axis of the
stator voltage and rotor current with the stator flux vector, which is in turn
estimated from stator quantities. With this choice of reference, the air-gap
torque Ts and hence the rotor speed only depend on the rotor current’s q com-
ponent, while the d component is used to influence the stator’s reactive power
[12]. The corresponding control structure is shown in Fig. (9). During faulty
conditions (Fault = 1), the reactive power set-point changes from nominal to a
value calculated from a superordinate voltage controller depicted in Fig. 10.
The reactive power error is fed into a PI controller, which provides the corre-
sponding d-axis rotor current set-point i ;. Another PI controller regulates the

d-axis current and the output is added to a decoupling and damping term. The
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voltage controller acc. to Fig. 10 ensures a proper k factor for reactive power
provision and contributes to machine’s stability by means of reactive power
operational limits (cp. Fig. 7). Moreover it allows for reactive power sharing
between IM and GSC. After having briefly introduced a control strategy that
enables a DFIG WECS to meet the FRT requirements from VDE-AR-N 4120
[1], its performance shall be compared to that of a field-validated DDSG
WECS of the same size in the same grid situation (cp. Appendix) by means of
transient simulations.

_'ir.d Ra - 7:t:q La (wcl - wr)
Fault ird —I

ar o N
qQ . 5_} 9, rd

Usg — Vg Lm

7'qu Ry + trg Lo ('—Uel 1

Fault zrq
NI

Wy 1
1.5V, 4ps I L]
Wy
Usg — Weg wr
g k *2
T Kopt W,

gn

Fig. 9. DFIG MSC controller responsible for rotor speed and stator reac-
tive power control [13]

k factor (-r):,.max

'u,: — - 7+L - P ey X /_ - Q:
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Uy : - (v)h.mu.\;

Qg max
Q. —0 f Q:
_(-Jg.max

Fig. 10. Superordinate DFIG voltage controller [13]
The DDSG model used for reference simulations and its validation is

documented in [14]. At first a grid voltage dip down to 50 % nominal voltage
for 2 s with k = 2 is evaluated, see Fig. 11. With Auc = 0.5 and k = 2 Eqn. (21)
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Fig. 11. Grid voltage dip down to 50 % nominal voltage for 2 s with k = 2

leads to a reactive current set-point of i; = 1 p.u., which is fulfilled by both
WECS types. Eventually, a grid voltage swell up to 120 % nominal voltage for
2 s with k = 4 is evaluated, see Fig. 12. With Au; = —0.2 and k = 4 Eqn. (21)
leads to a reactive current set-point of i, = —0.8 p.u., which is fulfilled by
both WECS types.

With regard to the simulated cases, two major differences between both
plants can be identified. Firstly, the iy and P transients are faster in case of the
DDSG which can be explained by the generator being completely decoupled
from the grid.

Thus almost no electromechanical processes are involved resulting in
faster response on electrical side. On the other hand the DFIG’s reactive cur-
rent response is smoother with less overshoots, especially after fault. Publica-
tions however indicate that the DFIG is able to react much faster and to cope
with the DDSG [15]. Secondly, the DDSG does not have to reduce its active
power as much as the DFIG.

This is due to the fact that the DDSG’s reactive current capability only
depends on the converter’s rating while the DFIG’s capability mainly depends
on the machine itself (see Fig. 7).
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Fig. 12. Grid voltage swell up to 120 % nominal voltage for 2 s withk =4

IV. CONCLUSION

This paper researches on the feasibility of the DFIG WECS concept
against the background of German HV GRID CODE requirements from VDE-
AR-N 4120 [1]. While harmonic currents, especially caused by the RSC, can
be attenuated by a properly designed filter, extended reactive power capabil-
ityhas to be considered already in an early stage of generator design. Regarding
the DFIG WECS’s capability during transient FRT events, EMT simulations
indicate a satisfactory behavior with respect to the demanded k factor. It how-
ever shows drawbacks in the reactive current response time compared to the
DDSG, which in turn leads to a smoother response with less overshoots. All
presented strategies however do not deal with the gearbox being one of the
concept’s major drawbacks leading to high operational expenditures. Therefore
future research should focus on machine design not only with regard to GRID
CODE requirements but also on feasibility of a high- pole DFIG with potential
omission of the gearbox.

V. APPENDIX

The following table contains exemplified model parameters used in the
evaluations presented in this paper. Moreover the converter’s PWM frequency
was chosen to be fpwwm =2.7 kHz at a DC voltage of Upc = 1.15 kV. The 50 Hz
grid for dynamic simulations is operated at U, = 110 kV with a short-circuit
power of S;'= 2.5 GVA.
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TABLE 1
EXAMPLE SIMULATION PARAMETERS [12]
Symbol | Description | Value Unit
Generator Data
5, . Stator nominal apparent powe 2.22 MVA
P, . Stator nominal active power 2.00 MW
cosp_ Nominal power facto 090 |-
f.. L Stator synchronous frequenc 50 Hz
U, Stator nominal voltage 690 \/
I, Stator nominal current 1860 | A
S max Maximum slip 0.20 -
P, Rotor nominal active power 0.60 MW
u,, Rotor nominal voltage 480 \Y
I, Rotor nominal current 620 A
P Stator number of pole pair 2 -
X, Stator leakage reactance 37.70 | mQ
R, Stator resistance 22.00 | mQ
X Rotor leakage reactance 15.70 | mQ
R, Rotor resistance 180 | mQ
X; Main field reactance 911.11 | mQ
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YAK 620.91

AHAJIN3 MTPOLIECCA MOJEPHM3ALIMY KOTEJBHBIX
B MUHH TDI|

FO.M. Bob6o:xanos, T.I. AimbexoBa, U.A. baxaaupos,
AJl. UcmanausipoB

Maxkonaoa maeacy0 KO30HXOHANAPHU KUYUK UCCUKIUK DIEKmp Map-
kaznapuea (munu HMOM) modepuuzayus Kuiuwi dHcapaéuu maxiuiu Keamu-
punean. Taxaun xuruwoa Hcukasa ouazpammacunu Kypumwea acocianean ycyi
kynnanunean. Ilpogeccop Hcuxasa momonuoan maxnug) KuiuHean cxemaoa
uwnad yukapuwl JHCapaéHaapu  cugpamuHu owupuwl OyuuYa UWIaAp aHuK
Kypcamunean. By, axcapusm cugamau eocumanap cuneapu, Maviym oup
MYAMMOHU  MYULYHIMUPUWL 84 SKYHUL MAWXUCTAWHU MYHMA3AM  PAGUULOA
OCOHAQUIMUPAOU2AH OUNUMIAPHU MACAB8Yp KUIUWL 8a mapmubea coauu
socumacuoup. bynoaii ouacpamma mypau omuniap ypmacuoazu acocuii MyHo-
cabamuapHu aHUKIAWR2A 64 YP2AHUIAEMaH HCAPAEHHU AHUKPOK MYULYHUUA
UMKOH Oepaou. JJuazpamma Kypub 4ukuiaémean MyammoHune PUSOINCIAHULU-
2a 9He KAmma mavCup Kypcamaouean acocuti OMULIApHU AHUKIAWRSA, WYHUH-
20eK Yulby OMUIIAPHUHE MALCUPUHU OTOUHU OTUM2A EKU VIAPHU UYK KUTUUea
époam bepaou. Acocuti myammo 6apua MyMKuH Oyiean mavCupiapHu Kampao
onaouean yumaoau ormumaeada 6ynean acocutl moughanapea 3ea Oyiuuoup.
Hapxaxuxam, OyHOaul O0apaxmHuHe MAKCUMAan YyKypaueu mypm éxu Oewl
nogonaza emaou. bynoaul waxnnanean ouaspamma myeannaneaHoaw cyHe, y
MYQusH MyaMMOHUHe 6apua MymMKuH Oynean cababaapu xaxuoa xHcyod
MYAUKMABIYMOMHYU  aKC smmupaou. JluazpamMmanu Kypuus yciyou, YHUHZ
UMKOHUAmMIAapu 6éa agp3zanrntuxiapu kexmupunean. Mcukasa ouazpammacu mym-
KUH OYI2aH OMULIAPHUHE MABLCUPUHU KYPUWL 64 VIAPHUHE MABLCUPU AHUK
oKUbamMIapHU Kermupub YuKkapaouean 6a OOWKANaApuoan 3He Myxum cabao-
JIApHU MABKUOAAWL VUYH AHATUMUK 80cUuma cugamuoa uwinamunaou. bupunuu
b6op ukku nozonanu Hcukasa ouazpammacu Kypuiean 6d KO30HXOHANAPHU
munu UOM ea modepruzayusnawiea yXuiaean MYAMMOLAPHU eduuoasu ma-
PAKKUému, YHU OaxcapuiuwuHu Kypcamyeuu 6a oyub Oepysuu acocuil
OoCKUUIApU KYPCaAMUIeaH.

In paper the analysis of process of modernization of existing boiler-
houses in small Thermal Power Centre (mini-TPC) is presented. For the analy-
sis the method based on construction of the diagram of Isikawa is used. The
scheme proposed by Professor Ishikawa clearly shows the work to improve the
quality of production processes. It, like most quality tools, is a means of visual-
izing and organizing knowledge, which in a systematic way facilitates the
understanding and final diagnosis of a specific problem. Such a diagram al-

51



Ne 1 IMPOBJIEMbI DHEPI'O- U PECYPCOCBEPEKEHU S 2021r

lows you to identify the key relationships between various factors and more
accurately understand the process under study. The diagram helps to deter-
mine the main factors that have the most significant influence on the develop-
ment of the problem under consideration, as well as to prevent or eliminate the
action of these factors. The key challenge is to have three to six main catego-
ries that cover all possible influences. In fact, the maximum depth of such a
tree reaches four or five levels. When such a generated diagram is complete, it
reproduces a fairly complete picture of all the possible root causes of a partic-
ular problem. Describes the methodology for constructing a diagram, its capa-
bilities and advantages. The Ishikawa diagram is used as an analytical tool for
viewing the action of possible factors and highlighting the most important
causes, the action of which generates specific consequences and is managea-
ble. For the first time the double-lever diagram of Isikava is built and its per-
ceptivity is shown at the solution of such problems, as a problem of moderniza-
tion of boiler-houses in mini-TPC, showing and opening basic stages of its
performance.

B cmamve onucvieaemcsa ananuz npoyecca MOOEpHU3AYUU CYUeCm8yio-
WUX KOMeNIbHbIX 8 Maible menjiosvle dlekmpuyeckue yenmpanu (munu-T13L]).
s ananuza ucnonv3yemcs Memoo, OCHO8AHHbIU HA NOCMPOEHUU OUASPAMMbL
Hcuxaswi. [Ipeonosicennasn npogeccopom Hcuxasoil cxema sicHO nokasvieéaem
pabomy HAO yiyuuleHuem Kaiecmed npouzeo0cmeenHuix npoyeccos. Ouna, Kax
U OONBUUHCMBO UHCIMPYMEHMO8 KAYecmad, AGIAemcst CPeOCmeom U3y atu3a-
Yuu U OpeaHu3ayuU 3HAHUl, KOMopoe CUCmemMamuieckum oopasom obecuaem
NOHUMAHUE U KOHEUHYIO OUACHOCMUKY onpedenénnoil npodnemvl. Takas oua-
2pamMma Nno380JsAen GblAGUMb KIIOUeBble B3AUMOCEA3U MeNHCOY PA3TUYHBIMU
Gaxkmopamu u 0Oonee MoOUHO NOHAMb uUcciedyemvlil npoyecc. Juacpamma
cnocobocmeyem onpeoenenuio 2IasHbIX (HaKmopos, oKa3blearWUx Hauboiee
SHAYUMENbHOE GIUAHUE HA PA3GUMUE PACCMAMPUBAEMOU NPOOIEMbl, A MAKICE
npeoynpedtcOeHur0 Uiy yCmpaneHuro 0elicmsus 0anHulx gaxmopos. Knouesas
3a0a4a 3aKaOYAemcsi 8 MoOM, YmoObl umems om mpéx 00 ulecmu OCHOBHbLIX
Kamez2opuil, KOmopbvie 0X8amvl8alom 6ce 803MOdCHble auaHud. Daxmuyecku
MAKCUMANbHAsA 2IYOUHA MAaKko2o oepesa 0ocmuzaem Yemvlpéx uiu namu ypos-
Heti. Koeoa makas cozoasaemas ouazpamma aeisemcs noiHoll, OHA 0CHPOU3-
800UM O00OCMAMOYHO NOIHVIO KAPMUHY BCEX B03MONCHLIX OCHOBHBIX NPUYUH
onpedenénnol npobremvl. Onucviéaemcs Memoouxka NOCMpoeHus OUAZPamMMbl,
€20 603ModcHocmu U npeumywecmea. /uacpamma Hcukagvl ucnonvzyemcs
KAK AHATUMUYecKull. UHCMpyMeHm Oisi NPOCMOmMpa Oeucmeus B03MONCHLIX
Gaxkmopoe u evidenenue Hauboiee BANCHLIX NPUUUH, Oeliceue KOMOPbIX
nopoodicoaem KOHKpemHvle C1e0CmeUus u noooaemcs ynpaeieHuro. Bnepevle
nocmpoena 08yxypoenesas ouazpamma Hcukagvl u noxkasana eé nepcnekmug-
HOCMb NPU peueHuu maxkux npoonem, Kak 3a0a4a MoOepHU3ayuy KOmeabHbiX 8
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MMHM'TSL(, nokasslearowasd U pacKkpslearouiasl OCHO8Hble dnansvl eé gvinonme-
HUA.

OcHoBHOU (OHJT KOTEIBHBIX B Hallel cTpaHe ObUT BBEAEH B IKCILITyaTa-
nuto 6omnee 30-40 ner Hazan. ITO COMUIHBIN BO3PACT I TaKUX SHEpPreTHYC-
CKHUX YCTaHOBOK, IOITOMY OOOpYyZOBaHHE OOJBIIMHCTBA KOTEIBHBIX HMEET
buznyeckuit 1 MOpaJIbHBIM U3HOC. MOJiepHU3alUs KOTEIbHBIX - 3TO aKTyallb-
Has 3aja4a Ha cerogHsmHui neusb [1-5]. [Ipu 3TOM CyliecTByeT MHOXECTBO
apryMeHTOB B 3alllUTy BbIOOpaA AJIsi MOJEPHU3AIMH KOT€HEPAIIMOHHBIX TEXHO-
noruii. Koreneparopsl - MuHH-TemiodnekTpoueHtpann (TILl) obnagaror
3aMeyaTeNbHBIMU OCOOCHHOCTSIMH: JIEUIEBU3HOM 3JEKTPO - U TEIUIODHEPTHH,
OJIU30CTHIO K MOTPEOUTEIIO, OTCYTCTBUEM HEOOXOAMMOCTH B [UIMHHBIX JTMHUSX
anekTponepenaun (JIDIl) m moacTaHIMAX, SKOJIOTUYECKON OE30MacHOCTHIO,
MOOHJIBHOCTBIO, JITKOCTHIO MOHTa)Ka U MHOTUMH JApYruMu (pakropamu [4-6].

U3 BhIlIIEyKa3aHHOTO OYEBUIHO, YTO MOJICPHHU3AIIHS JII000I KOTENbHOM B
MuHU-TOL] sBIsIeTCS MpoleccoM, KOTOPYKO MOKHO IPEACTaBUTh B BUAE MPO-
OlieMbl, HMEIOIIEeH NPUYMHHO-CIECICTBEHHBIH XapakTep. HWcciemoBanue u
aHaJM3 OCOOEHHOCTEW STOro MpoIecca MOXKHO OCYHIECTBUTH Pa3TMYHBIMU
crocobamu, HarmpuMep, Mpy MOMOIIY HCIIONIb3yeMO B MUpPE JJIsl TaKUX Iienei
«nuarpammsel Mcukassn» [3].

Juarpamma McukaBbl (Ha3BaHUE [0 UMEHH €r0 aBTOpA, SIMOHCKOTO yye-
HOT0) - rpaMuecKuil crocod HccieoBaHus U ONpeieeHus: Hauboee cylie-
CTBEHHBIX MPUYMHHO-CJIEJCTBEHHbIX B3aMMOCBs3eil Mexay (akropamMu u
MOCJIC/ICTBUSIMU B UCCJIEAYEeMON cUTyaluu wid npoosieme. OHa, Kak U 00Jb-
IIMHCTBO MHCTPYMEHTOB, SIBJISIETCS CPEICTBOM BU3YaJIM3allUM U OpraHu3aluu
3HaHMUH, KOTOPOE CHUCTEMaTHYEeCKUM 00pa3oM o0Jeryaer MoOHMMaHUE U KOHEeY-
HYIO JIMarHOCTUKY ompeAenéHHoll mpobiemsbl. Takas nuarpaMma IO3BOJISET
BBISIBUTH KIIIOUEBBIE B3aMMOCBSI3U MEXAY pa3iMuHbIMH (akTopamMu U Oosee
TOYHO MOHATh 0COOEHHOCTH mpoliecca. J(narpamma crocoOCTBYeT orpejerne-
HUIO TJIaBHBIX (DAaKTOPOB, OKa3bIBAIOLIMX Hanbosee 3HAUUTEIbHOE BIUSHUE Ha
pa3BUTHE paccMaTpUBacMOW MpoOIeMbl, a TaKKe MPEeIyNpexICHUI0 WU
YCTpaHEHUIO JEHCTBHs OTPHUIATENbHBIX (GakTopoB. [loaToMy cxema HaxoauT
HIMPOKOE NMPUMEHEHHE NMPHU pa3pabdOTKe pa3INYHbIX MPOOJIEM, C IEJIbIO BBISB-
JIeHUs 3HAYUMBIX (aKTOPOB, JEHCTBHE KOTOPHIX OKa3bIBACT BIHMSIHME Ha 00-
nwmit 3@dexr. K nocromncram aumarpammsl McrukaBel OTHOCAT TO, YTO OHA
MO3BOJIIET HAIUIAHO IOKa3aTh CBS3M MEXKIY IOJIYYEHHBIM PpE3YyJlbTaTOM U
BBI3BABIIMMU €0 MPUYMHAMM, a TaKK€ [MPOBECTU aHAINU3 BCEH 1I€MOYKH, BO3-
JeicTByromuX Ha npobiemy (puc.l).

CocraBnenue nuarpamMMmbl VcukaBbl (MHOTJa €€ Ha3bIBAIOT «PHIOBHMY
CKEJIETOM) MPOBOJIUTCS MOIIAr0BO:

- He00XOIMMO MaKCHMaJIbHO YETKO OINpPENETUTh MpeIMeT U3yUeHUs WU
npobiemy;

53


https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F

Ne 1 IMPOBJIEMbI DHEPI'O- U PECYPCOCBEPEKEHU S 2021r

|KaTeropun 1||Kateropus 2| Kareropua 3

", A
- ™, .
",
=,

", T,

-, *,

1"‘-]'I'll:ucrﬁnnz ma|

- -
o

[Kateropun 4] [Kateropnn 5|

Puc.1. Obmas crpykTypa nuarpammsl MlcukaBbl

- 3anucath (OpPMYIUPOBKY HPOOIEMBbI C MPaBON CTOPOHBI (B MPSMO-
yroyibHUKE, puc.l);

- OT ATOTO MPSIMOYTOJIbHUKA BJIEBO HYXHO MPOBECTH MPSIMYIO TOPHU30H-
TalIbHYIO JTUHUIO;

Kateropuna

¥ Mpobnema
OCHOBHAA NPMYMHE 1 ——?f

DEHGBHAR NPHYAHE 2 4/’(“

/
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!
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Puc.2. Ilponiecc moctpoenus nuarpammbl VlcukaBbl

- Ha/l TOPU3OHTAIBHOMN JIMHUEHN U MOJA Hell yKa3bIBaIOTCs IPYIIbl (PaKkTo-
POB, BIMSIOIIUX Ha pe3ynabTar (KaTeropum); B KaTEropusAx yKa3bIBAIOTCS TPYII-
bl IPUYUH, CBA3AHHBIX C 3TUMHU KaTteropusMu. HeoOs3aTenbHO HCTIONB30BaTh
B paMKax OJHOIO HCCIIEIOBAaHMS BCE KAaTErOPUHU Cpa3y, HO HEXKEIATEIBHO
OTPaHUYMBATHCA OJHOM WM JBYMS; HY)KHO HCXOJUTh U3 COOOpa’keHu# pa-
3YMHOH JJOCTaTOYHOCTH; BHIOpaHHbIE KATETOPHH BIHMCHIBAIOTCS B MPSMOYTOJIb-
HUKH, OT KOTOPBIX IPOBOJATCS HAKJIOHHBIE JIMHUM K NUMEOLIENCS TOPU30HTAIN
(puc.2).

- IPUYUHBI U3y4aeMOU MpoOJIeMBbl WIH JIEUCTBYIOMUE (HDAaKTOPHI pacipe-
JIEJISI0TCS 110 YCTAHOBJIEHHBIM KaTEropUsM M YKa3bIBAIOTCS HAa JUarpamme B
BH/IE JIMHUH, IPUMBIKAIONIUX K JIMHUSIM KaTE€rOpui;
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- KaXJas U3 IPUYUH pasiiaraeTcsi Ha COCTaBJISIIOIIME B BUJE BeTBEl 00-
Jee HU3KOTO YPOBHS (IETaju3alysl MPUYUH MPOAOIDKACTCA J0 OIpEIeICHUs
«KOPHEBBIX» MPUUHH);

- W3 YHCla MEepBONPUYMH BBLICISIOTCS Hambosiee 3HaUYMMbIe (aKTOPHI,
KOTOpBIE BIUSIOT HA U3y4aeMylo poliemy.

Ha puc.3 nokaszan npumep AByxXypOBHEBOW quarpammbl cukaBbl.

Bun nuarpammsl py pacCMOTPEHUU TOJISL UCCIIETyeMOM MPoOIeMbl Aeii-
CTBUTEJIBHO HAIIOMHUHACT CKeJNeT phIObl (T71a3a OOBIYHO JBHXKYTCS CJeBa
HAINpPaBo, KaK MPH YTEHUU CTPOKU TeKkcTa). [I[pobrema o0o3HaUaeTcs B TOJIOBE,
cripaBa OT OCHOBHOM, rOpU30HTAIbHOM JuHUU. Ha puc. 3 orpaxen mpumep c
JIBYMsI YPOBHSIMH KOCTEH: HAKIOHHBIMU JTUHUSMU 0003HA4YeHbI 1-ii ypoBEHb -
riaBHbIe (KOpeHHbIC): &, b, C, d, a BepTHUKaIbHBIMU 2-i YPOBEHb — YIIYOJIEH-
HbIe (JeTanu3upyromue) NpuduHbl ((HaKTOphl) HCCIEAYEMOrO BIUSHUS Ha
pe3ynbTar (cpeau GakTopoB 2-TO YPOBHS SBISIOTCS, Kak T€, KOTOPBIC YCHIIU-
BaroT jeiictBue 1-ro yposus — e, f, g, h, i, |, m, o, p, Tak u te, 4ro eé ocnad-
asiroT — K, n). [anee yriryOusitoT pa3zaeieHue o0HapyKEHHBIX (akTOpPOB MO MX
BO3pacTaieil crnenuUuIHOCTH IO TeX IMOp, MOKa BETBU MPOOIEMBbI MOABEP-
raroTCs JOTOJIHUTEIBHOMY pa3aeny (IIpu 3TOM HEOOXOAMMO BBISBIATH UCTHH-
HbI€ IIPUYHHBI, @ HE CUMITTOMEI) [7-12].

e f q
a i
g(a,b,c,d)

k

o P

(baxTopsl npobiema

Puc.3. HpI/IMCp AuarpaMmbl IMIPUIUHHO-CIICACTBCHHBIX CBs3€H C 1/1306pa>1<eH1/1-
M ,Z[ByxypOBHCBOfI CTPYKTYPBI JUarpaMMbl HcukaBsl

KiroueBas 3aiava 3aKir04aeTcsi B TOM, 4YTOOBI UMETh OT TPEX 0 LIECTH
OCHOBHBIX KaTeropuil (HaKJIOHHBIX JIMHHIA), KOTOPhIE OXBATHIBAIOT BO3MOXHbBIE
BiusiHus. [Ipn moapoOHOM aHanM3e MakCHMMaibHas TIyOWHAa Takoro JepeBa
JOCTUTracT qupréX HJIN ITATH ypOBHeﬁ. KOF}Ia co3aaBacMas auarpamMma sBJIs-
eTcsl 3aBEepIIEHHOM, OHA BOCIIPOM3BOIUT JOCTATOYHO IOJHYIO KaPTHHY BCEX
BO3MOYKHBIX OCHOBHBIX KOMIIOHEHTOB OTIPEICTIEHHON MPOOIEMBI.

Takum oOpa3zom, paboTy ¢ nuarpammoi McnkaBel MOYKHO TaKKe OXapak-
TEPU30BaTh CIEAYIOMUMHE Iiaramu [11-16]:
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e BBISIBJICHHE M COOp BceX (PaKTOpOB M NMPHYMH, KaKUM-IHOO 00pazoM
BIIMSIOIIMX HA MCCIIEyEeMBIl PE3ynbTaT,

e TPYNIHMPOBKA (PAaKTOPOB IO CMBICIOBBIM U NPUYUHHO-CIIEACTBEHHBIM
O0KaMm;

 PaH)XMPOBaHUE 3TUX (PAKTOPOB BHYTPH KaXKAOro OJIOKa;

e QHAJIU3 MTOJIY4YCHHOW KapTUHBI,

* «OCBOOOXKIeHHE» (PAKTOPOB, HA KOTOPBIE MBI HE MOXEM BJIMST;

e UITHOPUPOBAHKE MAJIO3HAYMMBIX U HETIPUHIUITHAIBHBIX (PAKTOPOB.

OOBIYHBIMU MPEANOCHUIKAMHA K MOJEPHU3AIMH KOTEIbHBIX B MUHU-TIL]
SIBIISTFOTCSL:

- BBICOKAs CTEIIEHb U3HOCA 000PYI0BAHUS;

- cxeMa paboThl KOTEIBHOH 10 «OTKPBITOMY» ITUKITY;

- HapyILLEeHHs TeMIepaTypHbIX I'paUKOB [10/1a4H Tera;

- BBICOKasi CE0ECTOMMOCTH BBIPA0OTKH TEILIa,

- OTCYTCTBUE (DMHAHCOBBIX BO3MOXHOCTEH AJIi CTPOUTENHCTBA HOBOM
TOLL;

- BbICOKas 3()()EeKTUBHOCTh KOT€HEPallMOHHOIO LHUKJA (OJHOBPEMEHHAs
BBIPA0OTKA DJEKTPUYECKON M TEIUIOBOW SHEPTHH) MO CPABHEHUIO C TEIIO(hH-
KallMOHHBIM;

- IOBBIIIEHUE HAC)KHOCTH JIEKTPOCHAOKEHUS paiioHa;

- YMEHBIIIEHUE MOTEPh NEKTPUUECKON PHEPTUU B paclpelleIUTEIbHBIX
CeTsX;

u apyrue, Takue kak Hu3kuil KI1JI, n3HomeHHble ceTr, MopallbHOE yCcTa-
peBaHue 00opyI0BaHUS U TIp.

[IpuMeHUM 3TOT METOA U MOCTPOUM Juarpammy VcukaBbl Ajis perie-
HUSA 33/1a44 MOJCPHH3AIIMN KOTeIbHOM B MUHU-TOL.

VYcrapesiiee o0opy0BaHue, Iepedbou B Mojjaue Teria, BbICOKasi aBapuit-
HOCTh M Y)KECTOUCHHE HKOJIOTUYECKUX HOPM IO BPEIHBIM BEIOpOCAM B aTMO-
cdepy SABIAIOTCS OCHOBHBIMU MPUYMHAMU MOJIepHU3aluu. TexHuyeckoe nepe-
OCHAIIIEHUE KOTEIBHBIX TPEeOYeT 3HAYMTENbHBIX KANHMTAIbHBIX BIIOKEHHUH, HO
3TH BIOXKEHHUs OBICTPO oKymaroTes [ 17-20].

HenocpencTBeHHO mpoiiecc MOJCpHU3AINH POU3BOIAUTCS B HECKOJIBKO
ATAIOB, BKIIIOYAIOIIUX B €05 CIEAYIOIINE OCHOBHBIE MEPOIIPUATHS:

- IPOEKTUPOBAHHE;

- BbIOOp 000pyAOBaHUS;

- IEMOHTaXHbI€ paOOTHI;

- IOCTaBKa U MOHTaX 000pyIOBAHUS;

- IyCKOHAJIaI0YHbIE pabOTHI U cjaua 00BEKTa.

[Tpu mpoBeneHNN MOJIEPHU3AIME 0CO00€ BHUMAHHE YAEISEeTCs BBHIOOPY
OCHOBHOT'O DHEPTeTHYECKOT0 000pymoBaHus. IMEHHO OT HUX B MEPBYIO Ode-
pens 3aBUCUT 3¢ dexkTuBHAsS U OecriepeOoifHas paboTa BCeil CUCTEMbI SHEPro-
cHaOXeHusl.
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MoaepHu3alHA
KOTeILHOIi B
MuHH-T3IT
3
HEPEHO,EIFOTOBREI H
HOBBIIEHHE |T1111 KOreHepAHOHHOI0 IHKIIA |
KBAJTH(pHKANHH
Moaoasie
CHHeMHAJTHCTEL
-  »

| Tasopas TypGHHa |

Bribop cxeMbl

Telmw1o(pHKRAHA
—

H3sygenne yaean-
HBIX HOPM, TApH-
(o u men

Pacuer Toroe K3 n
™. | BBIG0p 06opyaoBanms

IoarotoBka
mepcoHAIa \an-m}mnnaunﬂ

BoiGop cxemsl
MOJEePHH3AHA

be3 ocTaHOBKH
PadoThI KOTeILHOH

Omnpenenenne GHPM - bankoeckae
= CxeMa BBIIAYH
HCIOJTHATeJIeH w_ | mEBecTHUHH !
<

3JeRTPHIECKOH
\ U= MOITHOCTH
<
IlocaenoBaTebHOCTE H \ 3apy6emubie
cXeMa JeMOHTaKA cTaporo HHBeCTHIHH
oGopynoBanns / 4\—

H[)OBE,EIEHHE OHPE,EIEJIEHHE HCTOTHHROB
JHEPreTHIECROrO, [])HHSIH(‘H[)OBSIHHH NpoerTa
TEXHOJTOTHIECKOTO
AYIHTOB

Puc.4. IIpumep auarpammel McukaBsl 1u1st perienust o01ieit 3a1a4u MoIepHU-
3auuu KotenbHoM B MUHH-TOL;  (*I'YII — rocynapcTBeHHO-4acTHOE MapT-
HEpPCTBO)

MopnepHu3zanus KoTenbHO B MUHHM-TOLl nmoapasymeBaeT Takxke 3aMEHY
M CO3[JaHME OCHOBHBIX CHUCTEM: TOIUIMBOIOJAYM; BOJIOMOJATOTOBKH; 3JIEKTPO-
CHa0KEHUs; CXEMbl BBLAAYM DJIEKTPOIHEPTUHU; aBTOMATUKH U O€30MacHOCTH;
U IpYTUX.

[Ipu npuHATHM pelIeHUs 0 MOAEPHU3ALNN KOTEIbHOU IPOBOJUTCS KOM-
IUIEKC MEpONPUATUHN, MPU3BAHHBIX OLEHUTHh IyOMHY MOJEpPHH3ALMU M Mac-
mITadbl MPEACTOAINX padboT (puc.4), B TOM YHCIE:
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- SHEPreTHYECKOe, TEXHUYECKOE M IKOJIOTHYECKOe 00CIIeZIOBaHUE BCETO
000py10BaHUs KOTEJIbHOM;

- aHAJIM3 CYNIECTBYIOIIUX TEIUIOBBIX U AJIEKTPUYCCKUX HATPY30K;

- OLIEHKA BO3MOXKHBIX MEPCIEKTHBHBIX HATPY30K U CO3JIaHHE HEOOXOIH-
MOTO pe3epBa MOIIHOCTH;

- pacueT 3KOHOMUYECKoi () (HEKTHBHOCTHU TPOBEACHUS MOJACPHU3AIINH.

Takum 00pa3oMm, HCIONB30BaHUE auarpamMmbl VICHMKaBbl JUIsl aHaU3a
npo6aeM MOJepHHU3ANN KOTEIbHBIX B MUHU-TOL] M03BOJIUT pa3BUTh U peasiu-
30BaTh OOIIYIO KOHIICTIIIUIO PEIICHHUS TEXHUKO-I)KOHOMHYECKUX BOIPOCOB HX
MOJICpPHU3AIUH.

BriBoa:

B pecnyOnuke umeeTcsi 3HaYUTENbHOE KOJIUYECTBO CTAPBIX KOTENbHBIX,
KaK IPOMBINUICHHBIX, TaK W OTOIIUMTCJIIbHBIX, Tp€6YIOH_II/IX MOACPHU3AIUU.
[Toaromy B Macmrabax pecnmyOIMKA MX PEKOHCTpYKIusS B MuHH-TOLl mact
oompmroi 3¢ dekrt: moseicut KII/, obecieunT HanE)HOCTH pabOTHI 000PY/I0-
BaHUS M DHEProCHAOXKEHHUsS, CO3JacT ONTHUMAJbHBIE PEKHUMBI PabOTHI; MpHU
9TOM YMCHBUIATCA MOTCPU IJICKTPOSHECPIUU C CCTAX, COKPATATCA TOIJIMBHBLIC U
9KCILTyaTAllMOHHBIE PACXOJbl, 3HAYUTEIBLHO CHM3STCS BBIOPOCHI BPEIHBIX
BEIIECTB B aTMocdepy.
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YK 691.316

TEXHUKO-SKOHOMHUYECKHWHN AHAJIN3 U ONTUMHU3ALIUS
IHAPAMETPOB PACHIPEJAEJIMTEJ/IBHBIX
JEKTPUYECKHUX CETEM

AJl. TacaumoB

Kabenv kecum 13anrapu COHUHU WAKIIAHMUPUUL  KOHYHUSIMIADUHU
ONMUMU3AYUOH MAaXauiu bowxa napamempiaap ounan oupea bapua mawvcup
IMYUU Ye2apaIAHUWIAPHU XUCc002a 0JI2aH X010a aMaled OWUPUTUWLY TO3UM.
by sca Kabennap Kecum I03GNAPUHUHE YYKYD He2apanaHean COHUHU
UKMUCOOULL TMOMOHOAH MaKcaoea My80QUKIUSUHU AHUKIAUL UMKOHUHU 84
ONMUMATIAWMUPULL MACANACUOA VHUDUKAYUAHU XUCOO2a OTUD KYNMEbIOHIU
baxonawHu Kyuiaw 3apypiueunu acociab 6epadu. Ypeanuwinap waxap
makcumnosyu  onekmp mapmoxiapunune(T3T) mononocuk moodenu 6a
mavmunom manbacuoan mavmunianaemear 10 kBau waxap makcumioguu
NEKMp MAPMOKAAPU Y4ACKALAPUHUHE KOMNIEKC MEeXHUK-UKMUCOOUL MOOenU
acocuoa amanea owupunean. Komniexc mexnux-uxmucoouti mooen xabeuiap
Hapxu(yiapHu uwiab yukapuweda cap@pianean Xapaxcamiapuu Kucobea oauo)
64 YIAPHU UUUW 64 KYPULL YUYH COTUWMUPMA XAPANCAMIAD ACOCUOd, XamMoa
2e0MempUK Npopeccusi MamouuIu oyuuya y3eapmac kaoam Ounan Kypuieam
cmanoapm Kecum 103a1apu KamopuHu Kyiiaul OUlaH WaKiIaHMUpUIeaH.
Mooennu waxkiiaumupuuoa anvbaHa8UU MAXMUHLAP: WAXap mypap-icou
Xyoyonapu MatooHu OYUuYa 21eKmp KIAMALAp 3UYIUSUHU V32apMACIucU 8d
mavmunom maunbacuoan yuxyeuu 10 xBau aunusnap 6ow yuackanrapu xecum
103aNapuHUHe  Oup Xuinueu Kaodyn Kuiuumean. Yuuguxayus napamempuru
TOTnune b6owka napamemprapu Ounan Oupea ye2apaiaHUWIApHU Xucobea
0O ONMUMATIAUIMUPULL YYYH MEeb30HAU MAXAUL YCYau Kyananuiean. by sca
BaAPUAHMIAPHU XUCOONAMAL ONMUMAT NAPAMEMPIAPHU AHUKIAUW UMKOHUHU
bepean. Mev3onnu maxaun ycyau epoamudd OnMuMALIAUMUPULIAeMeaH,
VHUpUKAYUATQWMUPULIAemean — NApamMempiap  6a  XapadcamiapHuHe
UKMUCOOULL MAKCA02a MYBOQDUK KUUMAMAAPU AHUKIAHAOU, KOMNJIEKC MeXHUK-
UKMUCOOULL MOOETHUHS MYPYHAUSU 84 ONMUMAL NAPAMEMPIAPHU OUpIAMUU
MABIYMOMAAP Y32apuiluea ce32upauy maxiuiy amaied OWUpuilaou, oOauHeam
napamempnapuu 10 kBau TOT yuym kyanaw Oytiuua maecusiap(waxap
TOTnapunu snexmp roxknamanap 3udaueu 6>10 MBA/kn? oyneanoa oup exu
UKKU cmaHoapm Kecum 103aiu Kabeuiap ounan wkiamanap sudiueu <10
MBA/kw? oyneanoa sca 2-3 cmanoapm Kecum 103anapu OUNaH Kypuul Onmumal
xucobnamaou) oepunaou. TexHuk-ukmucoouul @QYHKYusIHUHe Kaben Kecum
1o3anapu conuea bapxapopaueu 10 kBau waxap TOT kabenu kecum ro3anapumu
YYKYD YHUDUKAYUAIAW MYMKUHIUSUHU KYPCAMAOU.
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Onmumu3ayuoHHblll aHaIU3 3aKOHOMepHOCmel GopMuposanus Koauye-
CMBa NpuMeHAeMblX ceueHull Kabeneu O0NXHCEeH NPOBOOUMbCA 8 KOMNIEKCe C
UHBIMU NAPAMEMPAMU U YYUEMOM 8CeX GIUAIOWUX OSPAHUYEHUN, YO NO360.15-
em 8blABUMb IKOHOMUUECKVIO YeecO0Opa3ZHOCMb NPUMEHEHUSI 02PAHUYEHHO20
YUCIA NPUMEHAEMbIX cedeHull Kabenell u noomeepicoaem HeoOXO00UMOCHb
NpUMEHeHUsT MHO2OKPUMEPUATbHOU OYEeHKU 6 3a0aye ONMUMU3AYUU ¢ yY4emom
VHUuguxayuu. H3yuenue npoeoounocb Ha OCHO8e MONONIO2UYECKUX Mooeel
20poOcKux pacnpederumenbHulx dnekmpudeckux cemeti (POC) u xomniexcrHotl
MEXHUKO-IKOHOMUYECKOU MOOeNU Y4acmKo8 20pPOOCKUX PACNpeOenumenbHblx
anexmpuyeckux cemetl 10 kB, numarowuxca om ucmounuxa numanus. Kom-
NJIeKCHASL MEeXHUKO-9KOHOMUYECKAs MOOelb (opMUpo8anacs Ha OCHO8e CMouU-
Mocmu Kabenel (¢ yuemom cmoumMocmu npouz8o0cmeo Kabeeti) u yoeibHulx
PAcxo008 Ha 31eKMPOMOHMANCHbIE U CmpoumenbHbvie pabomvl, A Maxice ¢
UCNONIL308AHUEM PAOA CIMAHOAPMHBIX CeYeHUll, NOCMPOEHHO20 C NOCMOAHHBIM
wazom no npuxHyuny ceomempudeckou npoepeccuu. llpu gopmuposanuu mo-
oenu NPUHUMATUCL MPAOUYUOHHBIE OONYWEHUS O HEeUIMEeHHOU HIOMHOCMU
INEKMPULECKUX HASPY3OK NO NIOWAO0U PACCMAMPUBAEMBIX VUACMKO8 HCULBIX
Ppaiionos 20poda u 0OUHAKOBLIX CeUeHUsX 20JI08HbIX Y4acmKos ecex aunull 10
KB, omxoosawux om ucmouHuka numauus. /[nsa onmumuzayuu napamempa
VHUpukayuu 6 komniekce ¢ opyeumu napamempamu POC u ¢ yuemom oepa-
HU4eHUll UCNONIb308AH Memoo0 apmepuaibHo20 aHAIU3A, NO38ONAUWUL Gbl-
ABUMb ONMUMATIbHBIE NAPAMEMPbL Cemu, He npubezas K 6apUaHmHOM) pacye-
my. C nomowpbio Memooa KpumepuaibHo20 aHaIu3a onpeoesitomcs 3KOHOMU-
YecKu YenecooopasHvle 3HAYEHUs. ONMUMUUPYEMBIX U YHUDUYUPYEeMbIX napa-
Mempos u 3ampam, nposoOUMCs AHAIU3 YCMOUYUBOCMU KOMNIEKCHOU MeXHU-
KO-9KOHOMUYECKOU MOOeNU, 4YBCMEUMENbHOCMU NAPAMEMPO8 K U3MEHEHUIO
UCXOOHBIX OAHHLIX (K aHAAU3Y GIUAHUSL NOSPEUHOCHEN UCXOOHBIX OAHHbIX) U
0armcs peKoMeHOayuy no UCNOAb308AHUI0 NOTYYEHHBIX ONMUMATbHLIX NApa-
Mempos 0711 pacnpedenumenvhvix dnekmpudeckux cemei 10 kB (nocmpoenue
20pPOOCKUX pacnpedenumenbHblX SNEKMPUHECKUK cemell  npu NIOMHOCIU
anekmpudeckou Haepysxku 0>10 mBA/Kkm® sxonomuuecku yenrecoobpazno npu-
MeHeHue 00H020-08YX CMAHOAPMHBIX CeueHUll Kabeneu, a npu NIOMHOCSX
Hazpysku o<I10 MBA/KM? onmumansnbiv sersiemcs npumenenue 2+3 cmaw-
oapmHulx ceueHull — Kabeneti). 3HauumenvHas YCMOUYUBOCHb MEXHUKO-
9KOHOMUUECKOU (PYHKYUU K NAPAMEMPY YUCLA NPUMEHAEMbIX ceyeHull Kabenell
NOKA3bI8AEM GO3MONCHOCMb 21YOOKOU YHUPUKAYUU cedenutl Kabeneu 20poo-
cKkux pacnpeoeaumenvuvix cemeti 10 kB.

In the article, an optimization analysis of the regularities was carried out
to form the number of cable sections used in combination with other parame-
ters, taking into account all the influencing constraints, which revealed the
economic feasibility of applying a deeply limited number of cable cross-
sections and confirmed the need for multi-criteria evaluation in the optimiza-
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tion problem taking into account unification. The study was carried out on the
basis of topological models of city distribution electric grids and a complex
technical and economic model of sections of urban electrical distribution
networks up to 10V, powered by transformer substations. The complex tech-
nical and economic model was formed on the basis of the cost of cables (taking
into account the cost of their production) and unit costs for electrical and
construction work, as well as using a number of standard sections built with a
constant step on the principle of geometric progression. During the formation
of the model, traditional assumptions were made about the constant density of
electric loads in the area of the considered sections of residential areas of the
city and the same sections of the head sections of all lines up to 10V, which
depart from the bus-transformer substation. To optimize the unification param-
eter in combination with other parameters of the RS and taking into account
the limitations, the criteria analysis method is used, which makes it possible to
identify optimal network parameters without resorting to a variant calculation.
With the help of the method of criteria analysis, economically expedient values
of optimized and unified parameters and costs are determined, the stability
analysis of the complex technical and economic model, the sensitivity of the
optimal parameters to the change in the initial data (to the analysis of the
influence of the errors of the initial data), and recommendations for using the
obtained optimal parameters for distributive electric networks up to 10 xV
(construction of city distribution electric networks at density of el (5) MW /
km2 is economically feasible with a uniform (unified) cable cross-section, and
with load densities of <10 MW / km2, the use of 2 =+ 3 cable sections is opti-
mal). A significant stability of the technical and economic function to the pa-
rameter of the number of cable sections used shows the possibilities of deep
unification of the cross-sections of cables of urban distribution networks up to
10 kV.

Pa3BuTHe 35ekTponoTpedieHns B ropoJax U CUCTEM UX AJIEKTpocHalxke-
HUSL OOBSACHSET HEOOXOJMMOCTh MOBBIIIEHHOINO BHUMAHHUS K NPUHIMIIAM
ONTUMAJIFHOTO TMOCTPOEHUS paclpeeTUTENbHbBIX IEKTPUUECKUX CeTel ropo-
JIOB, BIUSIHUE OTUX NPUHLMUIIOB Ha OOMIMHA MOAXOJ K MOCTPOEHHUIO CHUCTEM
anekTpocHadkeHust ropoaoB [1]. PacnpenenurenbHbie 21€KTpUYECKUE CETH B
ropoJiax COCTaBIIIOT CYIIECTBEHHYIO YacThb HUX OOIEH CHCTEMbI 3JIEKTpO-
cHaOxeHus: TopoioB. Beicokue temnsl pazButusi POC 00yciioBieHbl pocToM
JNEKTPUYECKUX HArpy30K M MOSIBIEHHEM HOBBIX MOTpeOUTENEH 3JeKTpoIHep-
UM, ONPEAEISIOT 3HAYMUTENbHBIE 3aTpaTbl (PMHAHCOBBIX M MaTepHUaTbHBIX
pPECYpCcOB Ha WX MOHTaX W JKCIUTyaranmio. [Ipm sToM He Menee 2/3 3arpar
pacxoayercst Ha POC 0,4-10 xB. Kak moka3piBatoT MpoeKTHBIE pa3pabOTKH,
9TH 3aTPaThl U B MEPCHEKTUBE OCTaHYTCSl BEChbMa BBICOKMMHU U MO3TOMY IpO-
O5eMa SKOHOMMYHOCTH 1€JIeCO00Pa3HOr0 MOCTPOEHUS ITHX CeTei MpeacTaB-
JsieTCsl BeCchbMa aKTyalbHOW. B 3THX yclnoBHsIX 0COOEHHO BaKHBIM CTAaHOBHUTCS
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KOMIUIEKCHBINA MOJXO0J K IUIAHUPOBAHUIO ONTHUMAJILHOTO Pa3BUTHS U NMPOEKTHU-
poBanuto POC, yunuThIBaIONIMiA, C OTHOW CTOPOHBI, TPEOOBAHUS KOMILJIEKCHOTO
U TOJIHOTO pPEelIeHMsl 3aJla4 MPOEKTUPOBAHMS U BHIOOpPA COBOKYIHOCTH Iapa-
MeTpoB POC, a ¢ apyroil CTOpOHBI - BO3MOKHOCTh TUITH3AIMU ¥ YHU(DUKAITUN
COOpYXKaeMbIX JMHUM M MOJACTAHUMI JUIsi o0ecniedeHnus HWHAYCTpUAIUu3aluu
CTPOUTENIbCTBA, MOHTAXka U HKCILTyaTall|H.

Heo6x0auMoCTh KOMIUIEKCHON ONTUMU3ALMK MapaMEeTPOB paCIIpeIeiu-
TEIbHBIX CETEeH OmpezeNseTcs TeM, YTO BCe MapaMeTpbl (PYHKIMOHAIBHO U
TEXHUKO-OKOHOMHUYECKH B3aUMOCBS3aHbI MKy CO00H pekuMaMu repeavn u
pacnpezeneHust SIEKTPOIHEPTUU U TEXHUKO-DKOHOMHUYECKash MOJEb JOJIKHA
OTpaXkaTh JAHHBIC CBA3U. AHAIIN3 KaKOro-nmubo oanoro napamerpa POC sBns-
€TCsl OJHOCTOPOHHUM U MOKET MPEJCTAaBIATh UHTEPEC JUIIb B CHEIHATbHBIX
ciyyasx [2,3,4,5,6].

OnTumuszanus napaMeTpoB yHHU(PHUKAIMM B KOMILUIEKCE C MHBIMHU Mapa-
metrpamu POC 1 yder KomIuiekca orpaHuueHui TpeOyeT sl perIeHusl IOCTaB-
JICHHOM 3aJ]aud MPUMEHEHUsI METOJa MaTeMaTHYECKOTO MPOTrPaMMHUPOBAHUS U
OBM. Takum METOJOM SIBJISIETCS METOJ| KPUTEPUATIBLHOTO aHajlu3a WIH IPo-
rpaMMupoBaHus [6,7,8,9], MO3BOJISIIOIIMNA PENIUTh KOMIUIEKC 3a/1a4 ONTUMHU3A-
uuu 1 yHupukauuu. Ilpu 3ToM Merone aHanu3 nmapaMeTpoB (B TOM 4HUCIIE
napameTpoB yHUuKanuu) POC BeInonHseTCA B BUIE KOMIUIEKCHOW ONTHMHU-
3allMM  [apaMeTpoB, HCXOJs U3 TIJIOOATBHOTO MHMHHMyMa TEXHHUKO-
SKOHOMHUECKON (QyHKIMH. [I[puMeHeHne 3Toro MeToia aHaiau3a J1aeT BO3MOX-
HOCTb BBISIBUTH ONTHMAaJbHbIE TAPAMETPhl CETH, HE Tpuderas K BApMaHTHOMY
pacuery. Ipyrum Ba)KHBIM JOCTOMHCTBOM METOJa KPUTEPUAIBHOTO aHaIM3a
ABJIIETCS TO, YTO HEKOTOpbIE 3a/1auyll KOJMYECTBEHHOI'O aHaiu3a (Hampumep,
YCTOHYMBOCTH TEXHUKO-DKOHOMUYECKOW (YHKIIMH K IapaMmerpam, 4yBCTBU-
TEIbHOCTH ONTHUMAJIbHBIX PEUICHUH K MCXOAHBIM JIaHHBIM) PEIIAOTCS HE 3Has
YHUCJICHHBIX 3HAYEHHI UCXOJHBIX JaHHBIX. Kpome TOoro, JaHHbI METOA MO3BO-
JSET OCYLIECTBUTh MHOTONAPAMETPUUYECKYIO ONTHUMHU3ALHUI0 C YUYETOM KOM-
TIeKCa OTPaHUYEHHH, IS 4ero B paboTe MCIONBb3yeTcsl MporpaMMa ONTHMHU-
3allUd HETWHEWHBIX (QYHKIUM C HEJTUHEWHBIMHU OTPAaHUYEHUSMH METOJIOM
KpHTepUabHOTO nporpammuposanus [10,11,12].

PaccmaTpuBaeMylo 3aaqyy MOXKHO PEIIUTh HE MOCTPOCHUEM KOMILJIEKC-
HOM TEXHMKO-3KOHOMHUYecKOoN Mmonenu POC, a paccMOTpeHMEM pa3iMyYHBIX
BapHAHTOB HCIIOJIHEHUS CETH MPU Pa3IMUHbIX 3HAYECHUSIX KOMILIEKCa [apaMeT-
poB. Ho maHHBI myTh SBJISIETCS BECbMa TPYIOEMKHM MU HE OOecreunBaeT
JIOCTOBEPHOCTh pe3yibTaToB. B To ke Bpems, 0a3upysch Ha ONpeIeTIeHHbBIX
JOMYIIEHUAX MOXHO MAaTeMaTHUYECKU OINUCAaTh TEXHUKO-DKOHOMUYECKYIO
MoOJielb CETH, YTO JaeT BO3MOXKHOCTh PELICHMs 33/Ja4d B oOlIeM BUJE Ha OC-
HOBE MJICAIM3UPOBAHHBIX MOCTPOCHUU. IIpH 3TOM TEXHMKO-3KOHOMHYECKHE
Mozaenu OyayT popMHUpOBATHCS Ha OCHOBE OINTOBBIX II€H Ha CHJIOBBIE KaOean
10 kB, ynenbHBIX pacxo/l0B Ha 3JEKTPOMOHTAXHBIE U CTPOUTENbHBIE pabOTHI.
Taxxe ncnonp3yeTcsl TonojIoruueckas Mojienb yuyactkoB cereit 10 kB (puc.l),
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nuTarmuxcs ot ucrounuka nuranus (UI1), u psn cedennit kabeneid, mocTpo-
EHHBIN C TMOCTOSHHBIM IIArOM [0 MPHUHIUIY T'€OMETPUUYECKOW MPOTPECCHUHU.
[Tpu dopmupoBaHuM Mojeleldl NPUHUMAINCh TPAJAULMOHHBIE JOMYIIECHUS O
HEU3MEHHOM IIOTHOCTHU 3JIEKTPUUYECKOW HArpy3KH IO IUIOLIAIH KUJIOTO pano-
Ha, OJIMHAKOBBIX CEYEHUU T'OJIOBHBIX y4acTKoB JiMHUK 10 kB, oTxoasumx ot
WIT [13,14,15].

NI ,<

Puc. 1. Tononornueckas monens yuactkoB POC 10kB B npenenax ognoro UIT

C yuéToM TEeXHHUKO-IPKOHOMUYECKUX MOJIETIeN CyMMAapHBIX KaUTaJIbHbIX
3aTrpar (CTOMMOCTH Kabesel, 3JIEeKTPOMOHTaKHBIX U CTPOUTENIBHBIX padoT),
3aTpaT Ha JKCIUTyaTallMl0 W CTOMMOCTH THOTEPh 3JIEKTPOIHEPTUHU IOJIyYeHa
KOMIUIEKCHasl TEXHUKO-PKOHOMUYecKas Mojensb 3atpar Ha POC 10 kB B mpe-
nenax oxnoro UIT [7,11]:

Zo= Zc(l)o_—o,ss;g(zé)szgsMg,s + Z(z)o'_o'ss(r)}?(ly)sz%gMéoe Fre+ (1)
0,3'

-0,5¢-0,88 1,38 -0,13 -1 -0,5¢ 0,04 2,46 -1,21—-1
+ZC(3)G STH(Y)SHHMC FreNegc +ZC(4)O- STH(Y)SI/IH M "F reNg e
riae Zcg, — ucxonHsle AaHHblE; Ni c,~-KOIMYECTBO CTaHAAPTHBIX CEYECHUI
ka0eneii; Fr ¢, - cedyeHus TOJOBHBIX y4acTKOB KaOenbHBIX JuHMMA 10 KB, MMZ;
M, — Konmu4ecTBO NUHMH, oTXoaamux ot oxHoro UIL; S, - mommocts UII,

MBA; S;/(y)- YCTaHOBICHHAs MOILIHOCTH TpaHchopmaropos, KBA; o - mior-

HOCTb JJIEKTPUYECKON Harpy3Ku, OTHECEHHas K muHam UII, MBA/kM?.

B kauecTBe KOMIJIEKCHO-ONTUMHU3UPYEMBIX MTAPAMETPOB MPHUHSATHI: YHC-
1o muauil otxoasmux ot UIT (Mc), ceuenue ronoBHoro yvyactka nuauid 10 kB
(Fr.c) u xonuuecTBO mpuMeHsieMbIx ceuenuil kabeneit 10 kB (Ng¢), mo koto-
pbiM B MozienH (1) oOpazoBaHbl «KOHKYpHpYyomue 3h(eKToi».
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Tak kak, mojydyeHHas MOJIeJb SBJSETCS KAaHOHMYECKON M MaTpula pas-
MepHocTel Gynknmu (1) umeer HeOONBIION TOPSAAOK, TO PEIICHUE OCHOBHBIX
3a]1a4 TEXHUKO-3KOHOMHYECKOT0 aHalln3a (B YaCTHOCTH, YHU(DUKALIMY CEYSHUI
KU Kabenel) OCyIIecTBIAETCS ¢ IOMOUIBIO KJIACCHYECKOT0 armapara MeToa
KpUTEpHAILHOTO aHaau3a [16,17,18].

C nmomo1po0 METoa KpUTEPHAJIBHOTO aHAJIM3a IIPOU3BEIEHA ONTUMU3a-
st Mozenu(1l) u mosydeHs! (OpMyIIbl, O3BOJISAIONINE ONPEIENIATh SKOHOMU-
YeCKHE 3HAUEHUsl ONTUMU3UPYEMbIX NapameTpoB U 3aTpat aias POC 10 kB:

2 1,58 —1,553 0,763 -0,79 —1,579
N FCc — 1,405- ZC(l) : ZC(Z) . ZC(3) : ZC(4) . STH(.V)

2)

2 1,743 —1,261 —-0,112 —0,372 —0,742
Fr,c = 0,544- ZC(l) . ZC(Z) : Zc(s) . Zc(4) : Srn(y) (3)

€) 1,327 0,465 0,2 0,664 0,327
MC = 1,529 ZC(l) . ZC(2) : Zc(g) : Zc(4) . SI/IH ) STIY(Y) (4)

3neck Zcg), L), Le)r Lo — 0000mennsie kodddunuentsr POC 10 kB,
BKJIIOUAIOIINE B ce0s1 UICXOAHYIO HH(OPMALIUIO.

Boipaxxenus (2) — (4) no3BOJIAIOT HPU HU3BECTHBIX MCXOJHBIX JAHHBIX
ONpenesaTh S3KOHOMUUYECKHE 3HAUEHUs OCHOBHBIX IapameTpoB M 3arpar POC
10 xB.Ilpu npuHSTBIX HCXOJIHBIX AAHHBIX, ONpeAeNeHHBIX 1o (2) — (4), 3Ko-
HOMHYECKHE 3HaueHus mapameTpoB N c, Fr.c, Mc , B 3aBUCUMOCTH OT MOIIIHO-
CTH TpaHC(HOPMATOPOB JIJIsl pa3HBIX BUJIOB CXEM, IIOKa3aHbl HA puUC. 2a,0,B.

AHanIu3 MOJIyYEHHBIX PE3YJbTAaTOB MPUBOAUT K BBIBOLY O TOM, YTO IO-
CTpPOCHUE pacmpenenuTenbHbix ceTeil 10 kB, mpu 00oNbIIMX TIOTHOCTSIX AJIEK-
Tpuueckoi Harpy3ku (6<10 MBA/KMZ) 1 momuoctH TII (S7774)=400-1200
kBA) nenecooOpa3HO MpPUMEHEHUE JIBYX-UETBHIPEX THIIOB CTaHIAPTHBIX ceye-
muii, a mpn 6>10 MBA/kM® B Sr74)=1200-2000 KBA 11esecoo6pasto - IByx-
TpeX THUIIOB CTaHJAPTHBIX CeYeHUU KaOeneil. PekoMeHIOBaHHbBIE 3HAYCHUS
CTaHJApTHBIX CEYEHMI cocTaBisAOT: 185 mim 150 MM, IIpu sTOM pacmpe-
nenurenbHble ceTd 10 KB BBIMOMHAIOTCS ¢ pa3Nu4HBIMU 3HAUEHUSIMU SKOHO-
MUYECKH I1efiecoodpaznoro uncna orxoasamumx ot Ul nunuit Mc (puc. 2B).

[Tonryuennsie 3xoHoMuueckue napamerpsl POC 10 kB moryt He ynosie-
TBOPSITb OCHOBHBIM TEXHMYECKHUM OIPAHMYEHHUSM BBINIOJHEHHS paclpeneu-
TeNbHBIX AekTpuueckux cereil. [nsg POC 10 kB Takumu sSBIAIOTCA OrpaHU-
YEeHHUs 110 HarpeBY TOKOM IOCII€aBapUIHOIO PEKUMA U 10 TOIYCTUMOM MOTepe
HanpsokeHus. [Ipu OGONBHIMX TUIOTHOCTSIX JJIEKTpUUeckod Harpy3ku (6>10
MBA/KMZ) TEOPETUYECKHE SKOHOMMUYECKHUE 3HAYEHUS KOJIMYECTBA ITPUMEHsIE-
MbIX cedeHui kabeneit 10kB MoryT okazarbcs MEHbILIE €MHUIIBI, YTO HE UMe-
€T CMBICIIA.
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[ToaTOMY, KpOME TEXHMYECKUX OTrPAHUYECHUM, TOMOJHUTEIBHO paccMart-
puBaetcst orpannueHue Npc>1. [lns penieHust NpuBeIEHHBIX CUCTEM ypaBHE-
HUW HWCIIOJIb30BaHa crelnuaibHas mporpamma Ha OBM, paspaborannHas mis
peleHns 3a/a4 ONTUMHU3AIMH HEIMHEHHOHN 11eNeBON (YHKIUU C HEJIHMHEHHBI-
MH OTPaHHUYCHHUSIMHU METOIOM KPUTEPUAILHOTO MporpaMmupoBanus [18].

Oco0eHHOCTh JaHHOM MpOrpamMMbl COCTOMT B TOM, YTO OHa INpeaBapHu-
TEJIbHO OCYLIECTBIISIET IPOBEPKY AKTUBHOCTHU PACCMaTPUBAEMBIX OrpaHUYe-
HUH, [TOCKOJIbKY HaJIMYME€ HEAKTHBHBIX OTPAaHMUYEHUI NMPUBOJUT K U3MEHEHUIO
ONTUMU3HPYEMBIX IAPAMETPOB.

BiusiHue TeX WM HMHBIX aKTUBHBIX OTPAaHUYEHHl Ha SKOHOMUYECKHE
3HaueHus napameTpoB Nr ¢, Fr.c 1 M noka3ansl Ha puc. 2a,0,B.

PesynbTarsl onTuMH3anMy MOKa3aiy, 4TO B JAHHOM 3aJaue OrpaHUYeHNe
no HarpeBy kabeneii POC 10 kB mpakTuuecku BO BceX paccMaTpUBAEMBbIX
ClIy4asiX aKTMBHO, & OTpaHUYEHUE 110 J0IYyCTUMOM norepe HanpsixeHus B POC
10 kB akTuBHO MpH HEOONBIIUX MIOTHOCTSX dJEKTpHUUEcKol Harpy3ku (6<10
MBA/KMZ). Jlj1g IeTeBBIX CXEM CeTeil, Mpu HEOONbIINX MIIOTHOCTSX HAarpy3KH,
yCIIOBUE JOMYCTUMOCTH MOTEPU HAIPSHKEHUS SBIsieTcs 0ojiee CHIbHBIM, YeM
yCJIOBUE OTpaHMUYEHUs 0 HarpeBy kui kadenei. Ilpu atom, skoHOMHUUECKHE
3HaueHus Frc ONM3KM K 3HaUeHMSIM, JOIYCTHUMBIM 10 HArpeBy KU Kabenei
10 xB B mocneaBapuitnom pexume. J[OMOJHUTENIbHOE OTpaHUYCHHE aKTUBHO
npu OONBIIMX IUIOTHOCTAX Harpysku (6>10 MBA/kM?). ITpu stom, ycioBus
BBITOJIHSETCS HE 3a c4eT yBenudeHus Frc, Kak 3TO NPUHATO B MPaKTUYECKOM
IPOEKTHUPOBAHUU (YBEIMYEHHE CEUYEHUS MPHU HEJOMyCTUMOCTH Harpesa), a 3a
cuer yBenuueHus yucna orxoganmx ot UII nunuii 10 xB. npu sToM 3HaueHue
Fr.c HECKOJIBKO CHMIKaeTcs MO CPaBHEHHUIO CO 3HAUYEHHUEM, IOJy4YeHHbIM 0e3
ydeTa OrpaHUYEeHHs 10 HarpeBy. TO B CBOIO Ouepe/lb MPUBOJIUT K YMEHbIIIe-
HUIO 3HaueHUs Npc, OCOOEHHO 3TO 3aMETHO MpPHU HEOONBIIMX IUIOTHOCTAX
Harpy3ku 6<10 MBA/kM’ (puc. 2a,6,8). MOXHO NpPEANOI0KUTh, YTO BBINOJI-
HEHHUE YCIIOBHUS JOIYCTMMOCTH HarpeBa B IIOCIEAaBAPUIHOM pEXHME aBTOMa-
TUYECKU 00eCTeYrBaeT JOMYCTUMOCTb TOTEPH HATIPSIKEHUS B 3TUX CETSIX.

Takum o6pazom B POC 10 kB mpu 6<10 MBA/kM? u Sr7)=400-1200
kKBA 1nenecoobpa3Ho npuMeHEeHHE ABYX-TPEX THUIIOB CTaHAAPTHBIX CEUEHHH, a
pu 6>10 MBA/kM® 1 S11147»=1200-2000 kBA nemecoo6pazHo — 0HOTO-IBYX
TUIIOB CTaHJApTHBIX cedyeHui kalenel. PexoMeHnOBaHHbIE 3HAYEHMS CTaH-
JIAPTHBIX c€YeHUU cocTaBistoT: it IuHU 10 kB -185 wm 150 MM,

Heo6xoaumo ykaszaTb, 4TO TMOJY4YEHHBIE PE3yIbTaThl SBISIOTCS IpOMe-
JKYTOYHBIMH, TaK KaK OHM MOJy4yeHbl O€3 yuyeTa YCTOMYMBOCTH U 30HBI PaBHO-
HKOHOMHYHOCTH TE€XHUKO-IKOHOMHUECKOW QpyHKIuuU. MccnenoBanue ycroitun-
BOCTH TE€XHHKO-3KOHOMHUeckol (3atpar) monenu POC 10 kB B obnactu ee
MUHUMYMa IpPEIIOoJaracT aHaJIW3 NPUMEHUMOCTH IHUCKPETHBIX CTaHIapTHBIX
3HaYEHUI HKOHOMHUYECKHX IapaMeTpoB B 0OJAaCTH PaBHOAIKOHOMUYHOCTHU
TE€XHUKO-DKOHOMUYECKOH (YHKIMHU, HEOOXOIUMOCTH MM BO3MOXKHOCTU IMPH-
MEHEHHS JIOMOJHUTENbHBIX KPUTEpUEB Il OJHO3HAYHOTO BHIOOpa MapameT-
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POB M CO3/1aeT MPEINOChUIKU Ui JaibHeWmed yHudukanuy AaHHBIX Mapa-
MeTpoB. s uccnegoBaHusi SJKOHOMHYECKOM YCTOMYMBOCTH 3alUIIEeM O0IIee

KpUTepHaibHOE ypaBHeHUE i1 cet 10 kB cneqyromum Bue:

%1,06 «—0,13 *—1,21 _

« 0,5 . « 1 1403
Zi=nm,Mi +m,,Mi Fai+tm,Mi F ,*N¥ri+z, ,Mi F2iN

F,I’ (5)
«*y - 0O3HA4YacCT, 4TO BCC MapaMCTPhbl BBIPAKCHBI B OTHOCUTCIILHBIX COU-
HUIIaX OT UX DKOHOMHNYECKUX 3HAUEHUH.
TAC T5,T25, T35, T4y, — KPUTCPUU HOI[O6I/ISI OKOHOMHYCCKUX BAPHUAHTOB.
KpI/ITCpI/IH HOI[O6I/IH B MaTpu4HOM BHJC OIPEACTIAIOTCA I10 (bopMyne:

T :(aT)il"B :

o, .. Ay 7Ty 0
T — —_— —_—
e = Ty p=
anl . amn ) . ) .
-1 . . -1 T -1

31ech a’-MaTpHILa [OKa3aTeleil CTENeHN ONTHMHU3HPYEMbIX 1aPaMETPOB;
T, — CTOJI00Bas MaTpuUIla KPUTEPHUEB MOO0HS; M- KOJIUYECTBO COCTABIISFOIINX
CYMMapHBIX 3aTpar; N- KOJINYECTBO ONTHMHU3UPYEMBIX TapaMETPOB.

Jns monenu (1) coctaBuM M3 mokaszaTenell CTENEeHU ONTUMHU3UPYEMBIX

HapaMeTpOB TpaHCHOHHpOBaHHyIO ManI/IHy (ZT Hu Haﬁ,}]eM O6paTHy1'O ManI/IIIy
(a’)*.
0 0 -1 03
o1 1
“los 106 —013 -12
1 -1 -1 -1
[Tpu 5TOM SKOHOMHUYECKHE 3HAYCHUSI KPUTEPHUEB TIOJI00HS B MATPUIHOM
BHUJIC COCTABJIAROT.

m,| [-1579 -1743 1327 -0336] |[0] [0,33
7| | 1553 126 -0464 -0232 [0 [0,23
7| |-0763 0111 -0199 -0l | [o| | o1

45 0,79 0372 -0,664 -0,332 |- 0,332

Takum 06pa30M, OKOHOMHYCCKUC 3HAYCHHUA KPUTCPHUCB I'IOIIO6I/I}I COoCTaB-
JIAROT:

r,., =0336; x,,=0,232 7y, =01: 7,,=0332,

C yderoM 3Ha4YeHHI KpHUTepueB MOAOOMS KpUTEpUAIbHOE YpaBHEHHE
[IPUHUMAET BUJL:
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Z—0336M°5+0232M1°6F +01M °3F N‘1+0332M‘“1F N*®
! NSRS “ri~ i (6)

N3 ypaBHEeHUS (6) MOTydUM BBIpa)KeHI/I}I, KOTOpre HeHOCpeI[CTBeHHO HC-
MOJB3YOTCA Il MCCIEIOBAHUS HSKOHOMHYECKOW YCTOMYMBOCTU LIEJIEBOM
byHKIHH:

mpu M =1 F =1Z" =0568+0,IN " +0,332N""

I *j *Fi *Fii ) (7)
mpu M =1 N =127 =0336+0332F +0332F"
i e Ej * i * I * I , (8)
npu Er' =1,
N 12" =0336M"°+0,232M""+01M *+0,332M )
* F *i * i * * * )
Ly
M “ M
AL Zay 7.
7N 1,07
' e Puc.4. ccnenoBanue

1,06 )
YCTOMYMBOCTH (yHK-

""""""""" N\ By S < A e A LUHA CYMMapHbIX

¥ e 3aTpar K

e T /4 52 (74 {6/ 872 1/ Suibin OTKJIOHEHMSIM Tapa-
‘ METPOB OT UX IKOHO-
Poboowe MUYECKUX 3HAUYEHUN
; L M

AHaJn3 5KOHOMHYECKON YCTOMUMBOCTH TEXHUKO-3KOHOMHUYECKOH (PyHK-
IIUU K U3MEHEHUSAM SKOHOMHMYECKUX MapaMeTPOB BHIIIOIHUM IO 3aBUCUMOCTSIM
pHC. 4 TOCTPOCHHBIM 110 KPUTEPHATBHBIM YpaBHeHUsIM (7)-(9).

3aBUCUMOCTH pHUC. 4B MO3BOJIAIOT ONPEAEIUTh CTENIEHb 3KOHOMUYECKON
YCTOMYMBOCTH TEXHUKO-d3KOHOMHUYECKO# ¢yHkuuu 3arpatr Ha POC 10 kB x
M3MEHEHHUSM OTJIEIbHBIX [TAPaMETPOB.

U3 puc.4 cnemyert, 4To TEXHUKO-?KOHOMHUYEcKast (PYHKIHSI B HAHOOIIb-
1iei cTeneHu ycToluuBa K u3MeHeHusaM napamerpos Neiu Fr; 1 BHaUMEHb-
HIel cTeneHu — K u3MeHenuto napamerpa M B nienom napamerpsr Ngji u Fr;

HUMEIOT CYLIECTBEHHYIO 00JIaCTh PABHOIKOHOMUYHOCTH; HApuMep, pu
Z =105:N"’=037-16,Fr;=045-19.

* Fii
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Takum o00pa3oM, CyIIECTBEHHAs PABHO’KOHOMHYHAS 30HA TEXHHUKO-
sKoHOMHYeCcKOW (yHkmuu 1o mapamerpaMm Ngiu Fr;, ¢ onHOI CTOpOHBI cO-
3MaeT TPEANOCHUIKH ISl «1yOOKON» yHU(DHKAIMKU ceYeHUN Kabeneu, ¢ Apy-
rol CTOPOHBI - HE IO3BOJIAET OJHO3HAYHO BHIOPATH JIaHHBIC MapameTpbl —
KOJIMYECTBO M 3HAYCHUsS CTaHIAApTHHIX cedueHmit kadeneir POC 10 kB. B atom
Cly4yae  HCIOJB3YIOTCS JOMOJHUTENIbHBIE KPUTEPUU MJIi OKOHYATEIHHOTO
BBIOOpA JAHHBIX MTAPaAMETPOB.

N*F,i ‘
1,4
1,3 Zi
1,2 — )
{1
__________________________ =
............................. .
0,9 T Z'lld)
“r
0’7 0,97-1,03 Z‘i(z)
Z*i
0 06 07 08 09 1,0 11 1,2 1,3 14 »
a)
Py A
1,4
1'3 z'ﬂ)
1.2 5
1,1 0,94-1,04
0,9
“
07 097-1,03 Iy
0 06 07 08 09 1,0 1,1 12 13 14 Z"
#
0)

Puc. 5. UyBCTBUTEIHHOCTH KOJIMUECTBA TPUMEHSIEMBIX CEUCHUM
kaberneii(a), cedeHus TOJIOBHBIX Y4acTKOB TUHUHN(0) K M3BMEHEHUSIM HC-
XOJIHBIX JTAHHBIX

HOJ’Iy‘-IeHHI)Ie OKOHOMHYCCKUC 3HAYCHUS MapaMETPOB 3aBUCAT KaK OT HUC-
XOAHBIX AAaHHBIX, TaK OT IIOJJHOTBI U TOYHOCTH TEXHUKO-PKOHOMHUYECKOH MO-
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nenu.Ilpy dopMupoBaHUH KOMIUIEKCHOW TEXHHKO-DKOHOMHUYECKOH MOJIEIH
pactpenenuTenbHbIX ceTeid 10 kB B pyHKIMH OT KOJIWYECTBA MPUMEHSIEMBIX
cedyeHui Kabesei cuenaH psija TONYIMIEHUH W allllpOKCUMAIIUA, KOTOPbIE OTpa-
3MJIUCh HA 3HAUEHUAX 0000LIeHHBIX K03(dHuLueHToB 3. Kpome Toro, Bius-
HUE MOTPEIIHOCTH UCXOJIHBIX JaHHbIX Ha nmapameTpsl POC 10 kB Hy)kHO yTOU-
HUTH 75 IpakTudeckux neneil. [loaToMmy HeoOX0IMMO HCCIeI0BATh BIHSIHHEC
BO3MOJKHBIX M3MEHEHUN HCXOJHBIX JNaHHBIX (00O0OIIECHHBIX KOA()(PHUIIMEHTOB)
Ha 3HAYCHHSI ONTUMHU3UPYEMBIX TTapaMETPOB, TO €CTh YYBCTBUTEIHHOCTH KO-
HOMHUYeckux napamerpoB Neji, Friu M; u3 (2)-(4) nonyunm:
71,58 0,763
N =0 i@
Sp | 71887079 (10)
Ti@2) T4
Zl,743
* (1)

F = 11
v ri Z1,26120,11220,372 ) (11)

i) T *i4)
70:465 70,2 0,664
_ i@ *iE *i@)
M - Z1,317 , (12)
T

rje i=H, C.

Bripaxenus (10)-(12) mokas3siBaroT, KakuM 00pa30M BO3MOKHBIE JHaria-
30Hbl U3MEHEHHUS MOrPEUIHOCTH OOOOIIEHHBIX KOHCTAHT (MCXOJHBIE JaHHBIC)
BIUSAIOT HAa 3KOHOMHYECKHE 3HAUEHUs ONTUMU3UPYEMBbIX mapameTrpoB. [lo
(10)+(12) moctpoensl rpaduku 4yBCTBUTENBHOCTH ( puc. 5a,0).

Kak BunmHo u3 puc. 58 uucno orxonaaumx jgunuid 10 kB Mc¢ (ot UII)
HanOoJee YyBCTBUTEIBHO K M3MEHEHHIO 000OIEHHBIX KOHCTAHT 3¢(1), ONpee-
JSIEMBIX TIOCTOSITHHOM YacCThIO yJENbHOW CTOMMOCTH KaOenbHbIX JuHHi 10 kB,
cootBeTcTBeHHO. C pocToM 3c(1y PKOHOMUYECKHE 3HAYEHHs napameTpoB Mc
3HAYUTEILHO YMeHbInaroTcs [17-18].

DKOHOMHYECKHUE 3HAYCHHS CEYCHUH TOJIOBHBIX yUaCTKOB KaOeIbHBIX JIU-
Huil 10 kB (Fr;) B HaubosnpIiel creneHy 4yBCTBUTENbHBI K U3MEHEHHIO 0000-
IIEHHBIX KOHCTAHT 3j(1), 3i(2) 1 HAUMEHBILIEN CTENECHU — K U3MEHEHHUIO KOHCTAHT
3i@) ¥ 3i@4), TO €CTb YKOHOMHMYECKOE 3HaueHue mnapamerpa Fr; B OCHOBHOM
OTIpENIEeTISIeTC. CTOUMOCTHBIMU XapaKTepUCTUKAMHU KaOCJbHBIX JMHUN (pHC.
50).

Kak BuaHO M3 puc. 5a, 59KOHOMHYECKOE 3HaYEHUE KOJUYECTBA TPUMEH -
embIx cedeHuit kabeneit 10 kB (Ngj) B HanbombIeil cTeneHn 4yBCTBUTENBHO K
U3MEHEHHMIO 00OOLIEHHBIX KOHCTAHT 3j(1) U 3j(2), ONpPENEIsAEMbIX CTOMMOCTHBI-
MU XapaKTepucTHKamMu kabenbHbix muHuil 10 kB. Tak Hanpumep, npu u3MeHe-
HUM Kod(puuuentoB 3i1) B mpenenax 0,97+1,03 skoHOMHYECKOE 3HAYECHHE
napaMmerpa Nr; u3mensercs auib B npeaenax 0,98+1,05. [loatomy Bo3MOX-
HBIM JIuana3oH W3MEHEeHWs mapameTpa Ngj JISKUT B JIOMYCTHMBIX TMpeenax
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IpU IHAPOKOM HM3MEHEHHHM HCXOJHBIX JaHHBIX (0000mIEeHHBIX KO3 UIINCH-
TOB). Binsinue npyrux o6o0menHbix kodddunnentoB (3igz) 1 3is)) Ha 3Haue-
HUe napameTpa yaudukanuu Ngj He3HAaYUTSIbHBI(pHC. 5a,0,B).

Takum 00pazom, TOCTOBEPHOCTH ONpEAETICHHUS SKOHOMUYECKOTO 3Haye-
HUs apaMmerpa M; B HanOoubleit Mepe 3aBUCUT OT HOTPEIIHOCTH MOCTOSHHOM
COCTaBIISIFOIIEH XapaKTEPUCTUKA CTOMMOCTH KabenbHBIX HUK 10 kB, a Tou-
HOCTb onpenenenus napameTpoB Friu Nej B HauOoJbIIel cTeneHy 3aBUCUT OT
MOTPEIIHOCTH OTIPENIEICHUSI CTOMMOCTHBIX XapaKTEPUCTUK KaOCIbHBIX JTMHHMA.

3akarouenue: OnTUMH3AINS TAPAMETPOB C YUETOM YHH(PHUKAIUU MOKa-
3bIBaeT, yto nocrpoeHue POC 10 kB npu OonpmIMX IUIOTHOCTSAX Harpys3ku
SKOHOMHYECKU IIeJIeCO00pa3HO C OTpaHHYEHHBIM YHCIOM CEYEeHUU, a MIpH
HEOOJIBIINX TIOTHOCTSIX HATPY3KH - C MEHEE KECTKUMH OTPAHUYCHUSIMU YUCIIa
MPUMEHSEMbIX CEUCHUN. AHAIU30M XapaKTEPUCTUK KOMIUIEKCHON TEXHHUKO-
skoHomuyeckor mozaenu POC 10 kB ycTaHOBII€HO, YTO JOCTOBEPHOCTH OIpe-
JIEJIeHUs SKOHOMHYECKOro 3HaueHus mapamerpa Mi B HauOoJbliel Mepe 3aBu-
CHT OT MOTPEITHOCTH IMOCTOSIHHOM COCTaBIISIONICH XapaKTEePUCTUKH CTOUMOCTH
KaOenbHBIX JIMHUW, a TOYHOCTH onpeaeneHus mapamerpoB FI,i m NF,i B
HanOOJIbIIeH CTENEHH 3aBUCHT OT IMOTPEIIHOCTH OINPENEICHUS CTOMMOCTHBIX
XapakTepucTUK kabenpHbIX NuHUN 10 kB. 3HaunTenbHas yCcTOMYUBOCTH TEX-
HUKO-3KOHOMHUYECKON (YHKIIMHM K IapamMeTpy YHuclia IPUMEHSIEMbIX CEUYCHUN
CO3/aeT MPEANOCHUIKY Ui JajbHeield yHu(PUKAIUU CeYeHU (IpUMEHEeHHe
OJIHOTO-JIBYX CTaHJIapTHBIX ceueHui) kabeneit POC 10 kB.
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YAK 621.311.721

PAZPABOTKA U UCCJIEJOBAHUE
MHOJIOCOHNEPEK/IIOYAEMbBIX OBMOTOK
HA BJIN3KOE COOTHOIIEHME ITOJIIOCOB

J.A. Pucmyxamenon

Maxonaoa Kymonap conu yzeapysuan uyi2amiapoar amaiutl gouoa-
JIAHMACIUKHUHE cababnapu, 21eKmp SHePeUACUHU 64 MaOUull pecypciapHu
meogicaut, WYHUH2OeK, Kamma Ky88amiu 1eKmp MOMOPIAPUHU UWEA MYUU-
PULWL HCAPAEHUHU OCOMIAUIMUPULL HYKMAU HA3APUOAH VIAPHU UWLA0 YUKULL
3apypaueunu acocianeaw, "yuma yu ¢ghazanu 010y3" éa "kywumua waxodouanu
yuma yu ¢hasanu onoysnap” b6azasuii cxemanapu acocuda 54 naz cmamopea
arcypmu kymo6 nucoamu 10/12 6ynean Kymonap conu yeapyuan yyiam Kypuul
yeynu mascugpaanean, OOUWNAHUY YYI2AM CUDAMUOA UKKUMA UKKU KAMIAAMIU
XAIKACUMOH M-30HAIU Cmamop 4dyiamu oauxud, xymonap conu 2p1=10
oyneanoa bumma Kymo6 ea azaea moc naziap conu xacp, 2p;=12 6yneanoa
aca kymb ea ¢hasaca moc naznap comu OymyH Oynean 54 naziu cmamopea
aorcounawmupunaou. MIOK waxknunune eapMOHUK mMapKuOuHu maxaui Kuiuu
Hamudcacuod UKKaia Kymo MOMOHUOA Xam —OKOpU — 2apMOHUKALAD
MasxCcyonuey — AHUKIAHOU,  AMMO  VIAPHUHE — AMIJAUMYOAcu, — 4ya2am
K03 puyuenmiapuru xucobea onean X010a Kamasou a MOMOPHU ULAAWUSA
cesunapau  mavcup Kypcammauou, ONUHESAH KYymOaap COHU Y32apy8YaH
yynzamHu 2pi Kymé momoHOa Oup Xui amnaumyoanu oup xui gazanraprumne
waxooduanapu opacuoaeu IFOK sexmoprapunu apxu masxcyo 6yiubd, b6y sca
yynzam Koapguyuenmnapu ¢hapkuea oaud xeimanou 6a meHAAUmupysdu
MOKAApHU Navoo Oynuwuea oaud Kemauou, 2p; KymbO momoHOa dca
MABMUHLAU MAHOAU2A HUCOAMAH MYMAAKO HOCUMMEMPUKOUD.

Hwnab  uukunean — Kymoaap — COHU — Y32apy8uaH — UYIARAMHUHE
NEKMPOMASHUM XYCYCUAMAAPUHU MAaXAun Kuauw wyHu Kypcamouxu, MIOK
wak axwunanean 6a I épeec Oouacpammacu ainana 0yunab oup mexkuc
MAaKCUMIaH2aH, Oy 3¢ca 10KOpU 2apMOHUKANAD MABXHCYONUSUHU NACAUUU2a 84
ouggpepenyuan couunuwl KoeguyuenmiapuHune nacauuwuea oaub Keiaou,
WYHUHeOEK UKKAnd Kymb mMOMOHOA Xam 6UOpoaxkycmux Xycycusmiapu
AXWULAUL XUCOOTAHAOU.

Uxkana Kkymb6 momonoan xaso opanuzuoacu MacHum uHOVKYUSIAPHUHS
mysournueunu ypeanuwoa "yuma yu ¢hazanu 1010y3" 6azasuii cxemacuea
AcOCNaHean YYNeaMHU 10K KYMapui-mpancnopm Mexanuzmiapuoa 6a uuiea
MYywuwL Hcapaénu oup Oyiean Mexanusmod, si’oHu MOMOPHU NACM Me3NUKOA
IoKopucuea Hucoaman xamma €Ky meHe MOMeHmea 32a OyneaH, WyHUH20eK
BEHMUIAMOPAU TOKAAMA2A 32a 0YIeaH MEXAHUSMAAP VUVH HOKOPU Me3nuKod
MOMOHOA MAUIUHAHU AKMUE KUCMOAH T10KOpU 0apaxcaoa oudaraHuuHu
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MALMUHAAUL YYYH DNeKMPOMASHUM XYCYCUSMIAPUHU AXWULA2an "Kyuumia
waxobuana  YYY/YYY" uyneam cxemacuoan — ouioanranuwi  maxcaoea

Mysoguroup.

B cmamve coenan ananuz npeocmagieHvl NPUYUHbL OMCYMCMBUSL NPAK-
MUYECK020 NPUMEHEHUs. NONIOCONEPEKNIUAeMblX 0OMOMOK U 000CHO8AHA
HeoOX00UMOCMb UX pa3padoOmKu 8 Yesx SKOHOMUU INeKMPOIHEPSUU U Npu-
POOHBIX pecypcos, a makdce Oas 0OnecdueHus npoyecca nycka MOUHbIX
anekmpoosueameneu. Onucana memoouxa noCmpoenus Noarconepexiiae-
MBIX 00MOmMOK ¢ coomuoweHnuem nap noatocos 10/12 npu 54 naszax cmamopa
Ha OCHo8e 6A308bIX cxeM «mpu mpexgasuvie 36e30bl» U «Mpu mpexgasuvie
36e30b1 ¢ OONOTHUMENbHLIMU GEMBAMUY», 34 UCXOOHbIE O0OMOMKU KOMOPbIX
8351mMbl 068€ 0BYXCIOUHblE nemiedvle M-30HHbLIE 0OMOMKU Cmamopa, pazme-
wennvie 8 54 nazax cmamopa, npu yucie noaocos 2p1=10 ¢ opodbHvim wuciom
nazoe Ha nomoc u ¢asy, a npu 2pr;=I12 ¢ yervim yuUCIOM NA308 HA NONIOC U
@azy. B pezyremame ananuza capmounuuecxkozo cocmasea xapmun MJC
8bISIGIIEHO, UMO CO CMOPOHbL 00eUX NOJNIOCHOCMEL NPUCYMCMEYION 8blC-
wue 2apMoHuyecKue, Ho UX AMIIAUMYObl C YUemom 0OMOMOUHBIX KO -
Quyuenmos ymenvuiaemcs u Ha pabomy Oeucamensi CYuecmeeHH020
eauAHUA He okazvigarom. llonyuennvie nonconepekiouaemvie 0OMOMKU CO
CMOpoHbL 2p1 umerom pacxoxcoeHue cymmapHvlx eexkmopos IC no ¢aze
MexHcOoy 6emeiaMU OOHOUMEHHBIX (ha3 Npu OOUHAKOBOU AMAUAUMYOe, UMO He
nPUBOOUM K pasiuduio 0OMOMOUHBIX KOIPOUYUEHMO8 U He 6bi3blaen NOsG-
JIeHUsl YPABHUMENbHbIX MOK08, d CO CMOPOHbL 2p2 NOIIOCHOCMU 0OMOMKA
AOCONOMHO CUMMEMPUUHA NO OMHOWEHUIO K UCIOYHUKY NUMAHUSL.

Ananuz  d1eKmpoMacHUMHBIX — C8OUCME, Pa3pabOMAHHBIX NOTIOCONe-
PEKoUaemMblx 0OMOMOK NOKA3AL, MO OHU UMEIOMm YIVYULEHHble KAPMUHDBL
MJIC u pasnomepHo-pacnpedenénuvie no okpyscHocmu ouacpammul I épeeca,
YUMo NpuBOOM K YMEHbUICHUIO NPUCYMCMEUS. BbICUUUX 2APMOHUYECKUX U
VMeHbUeHUIO Kodgguyuenmos oughghepenyuaibHo2co paccesiHus, a makxoice K
VAYUUEHUIO 8UOPOAKYCMUYECKUX XAPAKMEPUCTUK CO CIMOPOHbL 00eux Noac-
Hocmell.

IIpu uccredosanuu coenaco8aHHOCMU MAZHUMHBIX UHOYKYULL 8 030U~
HOM 3d30pe CO CMOpPOHbI 00eux NONOCHOCMEU BblABNIEHO, YUMo 0OMOMKA HA
0CHO8e DA3080U cxeMbl «MpU MpexghazHvie 36e30bl» MONHCEN HAUMU NPUMEHe-
HUe 8 NOOLEMHO-MPAHCNOPMHBIX MEXAHUSMAX U 8 MEeXAHUZMAX C MANCENbIM
NYCKOM, NPU KOMOPbIX 08Ucamenb Ha MeHbUel CKOPOCIU OOIHCEH PA36UBAMb
bonvuuue Uy paghvie MOMEHmMbL N0 OMHOUEHUIO K 8blculell, a OJi MeXAHU3MO8
C BeHMUIAMOPHOU HA2PY3KOl, 20e mpebdyemcs obecnederus 6biCOKO20 UCNONb-
306aHUA AKMUBHOU YACMU MAUUHbI CO CMOPOHbBL BbICULE CKOPOCMU Yeleco-
0bpaszno ucnonvzoeamv oomomxu no cxeme «YYYIYYY ¢ Ooononnumenvuvimu
8emMeAMIUY, KOMOpble UMeIOm VIYUuleHHble dJIeKMPOMAcHUMHblEe CE0LCMEA.
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The article presents the reasons for the lack of practical application of
pole-switched windings and justifies the need for their development in order to
save electricity and natural resources, as well as to facilitate the process of
starting powerful electric motors, describes a method for constructing pole-
switched windings with a pole pair ratio of 10/12 with 54 stator slots based on
basic circuits "three three-phase stars" and "three three-phase stars with
additional branches", for the initial windings of which two two-layer loop m-
zone stator windings are taken, placed in 54 stator slots, with the number of
poles 2p; = 10 with a fractional number of slots per pole and phase , and at
2p, = 12 with an integer number of slots per pole and phase. As a result of the
analysis of the harmonic composition of the MDF patterns, it was revealed that
higher harmonic ones are present on the side of both poles, but their ampli-
tude, taking into account the winding coefficients, decreases and does not
significantly affect the operation of the motor, the resulting pole-switched
windings from the 2p; side have a discrepancy in the total EMF vectors in
phase between the branches of the same phases at the same amplitude, which
does not lead to a difference in the winding coefficients and does not cause the
appearance of equalizing currents, and from the 2p, side of the pole, the wind-
ing is absolutely symmetrical with respect to the power source.

Analysis of the electromagnetic properties of the developed pole-
switched windings showed that they have improved MDF patterns and uni-
formly distributed around the circumference of the Herges diagram, which
leads to a decrease in the presence of higher harmonic and a decrease in
differential scattering coefficients, as well as to an improvement in vibroacous-
tic characteristics from both poles.

When studying the consistency of magnetic inductions in the air gap from
the side of both poles, it was revealed that the winding based on the basic
scheme "three three-phase stars™ can be used in hoisting-and-transport mech-
anisms and in mechanisms with a heavy start, in which the motor is at a lower
speed should develop large or equal moments in relation to the higher one, and
for mechanisms with a fan load, where it is required to ensure high utilization
of the active part of the machine on the side of the higher speed, it is advisable
to use windings according to the "three three-phase stars with additional
branches™ scheme, which have improved electromagnetic properties.

K BakHBIM BOIpOCaM TNpW pealu3anud 3a7ad yKa3aHHBIX B CTPaTETHH
neiicTBUi Mo AanbHeleMy pa3BuTtHio PecriyOnuku Y30ekucran Ha 2017-2021
TOJBL: «...COKpAWEHUE IHEP2OEMKOCMU U PECYPCOEMKOCIU IKOHOMUKU, UUPO-
Koe 6HeOpeHue 8 Npou3Bo0Cmeo dHep2ocbepe2aroyux mexHoI02utl, ...» OTHO-
ciaTCs pa3paboTKa M MCCIIEOBAHNE HOBBIX IOJIFOCOTIEPEKIIIOYAEMBIX 0OMOTOK
(IITTO) ans aByxckopocTHBIX nBurateneit (JI/1) mpon3BOACTBEHHBIX MEXaHU3-
MoB. MHorue u3 paspaborannbix 11O He HAXOAAT MHUPOKOTO MPAKTHUIECKOTO
NPUMEHEHHS HM3-32 OOJBIIOr0 KOJUYECTBA BBIBOJHBIX KOHIIOB, MEPEKIIIOYAI0-
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IIUX KOHTAKTOB, YXYAIICHHBIX JICKTPOMAarHUTHBIX CBOMCTB, a TAKXKE CIIOKHOMN
TEXHOJIOTHH U3TOTOBJICHHUS, CBSI3aHHOW C BBIMOJTHEHUEM KaTYIIEK Pa3HOBUTKO-
BBIMHU U C Pa3HbIMH miaramu [1, 2].

Cozpmanne J1JI, mpuOIMXKAIOMUXCA MO CBOUM JHEPreTHYECKUM M Mac-
corabapuTHBIM IOKa3aTeIsIM K OOBIYHBIM OJHOCKOPOCTHBIM MAIlIMHAM JAeT
BO3MOKHOCTh YCOBEPIICHCTBOBATh CYIIECTBYIOILIUE 3JeKTpornpuBoaa ¢ A/ u
3aMEHUTh HEKOTOPBIE OJIHOCKOPOCTHBIC JBUTATEIN C IEIbI0 YIKOHOMHH IJICK-
TPOSHEPTUU U MPUPOTHBIX PECYPCOB B MAIO3arPYKCHHBIX PEKHUMAX, a TAKKE
JUTs 00JIeTYeH sl ITpollecca MycKa MOIHbBIX ABurareneii [6, 7, 8, 9].

Ha ocnoBe meronma «JIMCKpeTHO—3aJaHHBIX MPOCTPAHCTBEHHBIX (YHK-
ity (J311D) 6buto pazpaborano muoxectBo cxem [1I10 Ha mmpokuii quama-
30H COOTHOIIEHUS IOJIOCOB M (a3, MPUOIMIKCHHBIC TT0 CBOMM CBOMCTBaM K
00MOTKaM OJTHOCKOPOCTHBIX JIBUTATENIEH CEpUITHOTO ucoiHeHus |3, 4, 5].

Paccmotpum nocrpoenue I1110 Ha Hanbomnee akTyanbHOE COOTHOILIECHUE
nosrocoB 10/12, pa3merneHHyro B 54 maszax cratopa.

3a ucxoaHble OOMOTKH BO3bMEM JIBE JIBYXCIIONHBIC TIETIEBbIE M-30HHBIC
0OMOTKH cTaTopa, pa3MelieHHble B 54 ma3ax, ¢ yuciaMu mojitocoB 2p1=10 u
2p,=12, npuuem g 2p;=10 oOMOTKY ¢ ApOOHBIM YUCIIOM Ma30B Ha MOJIIOC U

dba3zy =335 4 it 2P,=12 00MOTKY € IEJIBIM YHCJIOM Ta30B Ha IOJIIOC U
¢hazyq,=3 ¢ marom y;=1-6, u y,=1-5, coorBercTBenHo [10, 11].
PacnionoxuB HIKHUN Psii KaXKI0M 0OMOTKH, IpYT MOJ Apyrom (tadi.l),
110 HAMMEHOBAHMIO (a3bl B M1a3e ¢ OJHOM U Jpyroil 0OMOTKON, MOYKHO OIpesie-
JIMTh BETBb, KOTOPO# COOTBETCTBYET TOT MJIK MHOW HOMEP KaTYIIKH.
Tabnuna 1
Pa3zmMenienne 0OMOTOK B ma3ax craropa

[Ta3sI craropa

112 |3 |4 6 |7 (8 |9 (10|11{12|13|14|15|16(17|18{19|20|21|22|23|24|25(26|27
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d elele|f |f|f|d|d|d]|e|e|e (f |f |f |d|d]|d|e |e|e |f |f |f [2p,=12

[Ta3bI cTatopa

28(29|30|31|32|33|34|35|36|37|38(39(40(41|42|43|44|45|46|47|48|49|50(51|52| 53|54

o
O
(¢]
o
o
o
[
[
[
o
o
o
o
o
o
o
o
[
[
[
o | o
O
O
O
(¢]
o
o
_8.)
=
5

OO0beauHEHNE TPYMI KaTyImIeK B OOMOTKY OCYIIECTBIISIETCS B COOTBET-
crBun ¢ coequHeHussMu karymek B BC«YYY/YYYy. Ilpuuem, maz Nel npu
2p1=10 momrocHOI 0OMOTKH cooTBeTcTBYeT (haze A, a mpu 2p,=12 dazeD,
CJIeZIOBAaTENIbHO, MPUHAMIEKUT BeTBH D-A. OCHOBBIBasCh Ha 3TOT CIIOCOO,
rpynnupyem karymiku (tadi. 2) B Bersu bC [10, 11].
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Ta0nuua 2
Pacrnipenenenne karymiek B BETBSIX 0a30BOM CXEMBI
Bersu BC YYY/YYY
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[Tonydyennas IIIIO co cTopoHbI 2p; UMEET PACXOXKAEHUE CYMMAapHBIX
BekTopoB DJIC mo daze mexay BerBsiMu ogHOMMeHHOU (a3el A-D u A-E nHa
20,18 1. rpanycos, a A-E u A-F na 0,18 »n1. rpagycoB npu oMHAKOBOIl am-
IUTATYJe, YTO HE TMPUBOIUT K PAa3IMYHI0 OOMOTOYHBIX KO3(PPHIIMEHTOB (CM.
Taba. 3) U He BBI3BIBACT IMOSBJICHUS YPAaBHUTEIBHBIX TOKOB, T.K. TaKOE K€
pacxo’KAeHHEe MOBTOPSETCS M Ha BETBSIX ofHOMMEHHBIX a3 B-D u B-E, B-E u
B-F, C-D u C-E, C-E u C-F, npuuem cymmapusie 3JIC BekropoB a3 A-D, B-
D u C-D orcratot apyr ot apyra Ha 120 si1. rpagycoB, KOTOPOE TOBTOPSAETCS U
B 3Be31ax A-E, B-E u C-E, A-F, B-F u C-F. a co cropoHnbl 2p,noatocHOCTH
a0COJIFOTHO CHMMETpPHUYHA 110 OTHOIICHHIO K MCTOYHUKY nuTanus (tadn.4) [10,
11].

Tabnuna 3
OOMOTOUYHBIE JaHHBIE CO CTOPOHBI 2p1=10
Bersu BC YYY/YYY
A-D B-D C-D A-E B-E C-E A-F B-F C-F
10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00
Koo 0,833 0,833 0,833 0,833 0,833 0,833 0,833 0,833 0,833
36,57 156,57 83,43 56,76 176,76 63,24 56,57 176,57 63,43

Tabnura 4

OOMOTOUYHBIE JaHHBIE CO CTOPOHBI 2pp=12
Beteu BC YYY/YYY
D-A| E-A F-A D-B E-B F-B D-C E-C F-C
A 997 | 997 9,97 9,97 9,97 9,97 9,97 9,97 9,97
K.w| 0,831 0,831 | 0,831 | 0,831 | 0,831 | 0,831 | 0,831 | 0,831 | 0,831
Q 50,0 | 170,0 70,0 50,0 170,0 70,0 50,0 170,0 70,0

Amnanmu3 rapmonudeckoro coctaBa kaptuH MJIC (puc. 1) mokasadn,
YTO CO CTOPOHBI 00EHX MOJIOCHOCTENH MPUCYTCTBYIOT BBICIINE FAPMOHH-
Yyeckue, HO HUX aMIUIUTyJa C Y4eToM OOMOTOYHBIX KO3(P(PUINEHTOB
yMEHbIIAeTCd W Ha paboTy ABUTATENs CYLIIECTBEHHOrO BIIUSHUSA HE
OKa3bIBaeT, MPUUYEM CO CTOPOHHBI 2p1=10 MOTOCOB OTHOCUTENBHO K IEp-
BOW rapMOHUKHU aMILUIMTYAA BBICIIUX FapMOHUYECKUX paBHa: A2=0,64%,
As5=0,75%, As=0,42%, A7=0,59%, a co crtoponsl 2p,=12 moisrocoB
A2=1,28%, As=0,77%, A7=0,37% [10, 11].
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Puc. 1. Kapruast MJIC nipu 2p1/2p,=10/12 Ha ocHoBe BC «YYY/YYY»
a) st 2p;=10, 0) st 2p,=12

Koo duuument nuddepeHnnanbHOTo paccesHusi oy (B BO3IYIIHOM 3a30-
pe) SABIAETCS OJTHUM M3 KPUTEPUEB MPU OLIEHKE CBOMCTB OOMOTKH, 2 UMEHHO
IIOKa3aTeleM OTHOIICHHS PEaKTUBHOT'O CONPOTHBIICHUS BBICHIMX T'apMOHHYE-
CKHUX K I'NTaBHOMY PCAKTUBHOMY COIIPOTHBJICHUIO OOMOTKH.

Pacuér koadpdunmenrta nuddepeHInanTb-HOro paccesHus IPOBOIUTCS HA OCHO-

Be TeopeMbl KpOHUIA ¢ HMCIIOIB30BaHHEM MHOTOYTOJbHMKA HAaMarHHYMBAaIO-
mux cui (HC) I'épreca [12].

a) 0)

<

Puc. 2. lnarpammsl ['épreca npu
2p1/2p,=10/12 na ocaoBe BC «YYY/YYY»
a) st 2p1=10, 0) ms 2p,=12

% +

Ha puc. 2 nokaszansl auarpammsl ['épreca mia IIIIO Ha ocnoBe BC
«YYY/YYY» na coornomenue nontocoB 10/12 B 54 nazax craTopa mpu miare
oOMoTKM y=5. 3HaueHus K03(pPuureHToB IuPEpEeHIINATLHOIO paccesHUus
utst 1utst 2p1=10 croponsr op=7,31%, s 2p;=12 cTopoHb! 6p=5,86%.

CornacoBaHre MarHUTHBIX MHIYKIMHA B BO3AYIIHOM 3a30p€ MOXET OBbITh
JIOCTUTHYTO TOJIBKO 3a CUET HEOOJBIIOW Pa3HUIbl B 3HAYCHUSX OOMOTOYHBIX

K03 PUIIUEHTOB, TIpU4eM ¢ 2p; U 2p2 TOJOCHONH CTOPOHBI COOTBETCTBEHHO
paBHEI Ky57=0,833 1 K,424,=0,831 [10, 11].
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OTHOLIEHNE MAarHUTHBIX MHAYKIIMI B BO3YILIHOM 3a30pe€:
Bi _PakosaWy _6-0833-6 _
By pPikogzwz 5-0831-6

Kak BuHO, Hapsay ¢ HECUMMETpUEH B 3TOH OOMOTKE HE COTJIACOBAHBI
MarHuTHbIE MHAYKIMH B BO3YIIHOM 3a30pP€, YTO BEIET K HEAOUCIIOIb30BAaHUIO
AKTHBHOHM YacCTH MAallMHbl HAa BBICIIEH CKOPOCTHU BpallleHUs, KpOME TOro He-
paBHOMepHO pactpeneneHnas kaptuna MJIC co croponsl 2p1=10 npuBOIuT K
MOSBIICHHIO IITyMa U BUOpAIiK B paboTe IBUTATEIS.

PazpaboranHas 0oOMOTKa MOXKET HAWTH NpPUMEHEHHUE B TMOJHEMHO-
TPAHCIIOPTHBIX MEXaHU3Max M B MEXaHHU3MaxX C TSKEJbIM IIYCKOM, IpU KOTO-
PBIX JIBUTaTellb HA MEHbIIEH CKOPOCTU JOJKEH Pa3BUBATh OONbINKE WIN PaB-
HbIE MOMEHTHI 110 OTHOLIEHUIO K BbICIIEH. B TaHHOM ciyyae MOLIHOCTh JBUTa-
TeJs, pa3BUBAaEMasi Ha BBICOKOM CKOPOCTH COM3MEpPHMA C MOLIHOCTBIO HA HHU3-
KON CKOpOCTHU. {711 MEXaHM3MOB C BEHTWJISITOPHOM HAarpy3Ko JaHHas oOMOT-
Ka He MPUTOJHA, TaK KaK MOIIHOCTb, MOTpebdisieMas MEXaHU3MOM, MPOMOPIIU-
OHaJIbHA KyOy CKOPOCTH BpalleHMs IPUBOJHOTO JBUTATENs, @ MOMEHT COIpO-
TUBJICHHS MEXaHH3Ma IMPOIMOPIUOHAIICH KBAJAPaTy CKOPOCTH BparieHus [13,
14].

Jnis ynydieHus: 3JeKTPOMAarHUTHBIX CBOMCTB U OOECTIeUeHUs] BHICOKOTO
WCIIOJIb30BAaHUsl AKTHMBHOW YacTH MAIMHBI CO CTOPOHBI BBHICIICH CKOPOCTH
(ocoOeHHO sl ABUTATENEe MEXaHW3MOB C BEHTUJISITOPHOW HArpy3Kom) Ierne-
co00pa3Ho ucnoap30BaTh 00MOTKH 1O cxeme «YYY/YYYC IomonHuTenbHbI-
MU BETBSIMU», OHHM TaKXe OYEHb yIOOHBI B SKCILTyaTaluu, T.K. OTCYTCTBYET
JIONOJTHUTENIbHOE KOMMYTHpYIOIIee ycTpoiicTBo [3, 11].

Ha ocHoBe maHHBIX mpenbiayiiero npumepa (tadm. 1) moctpoum II1O mo
cxeme «YYY/YYY ¢ 10TOTHUTEIbHBIMUA BETBSIMHE.

JIJist 5TOrO MCKIIIOUMM IO OJHOM KaTyIlIKe U3 Kaxaou (as3bl MOIrOCHOU
30HBI CO CTOPOHBI MOJTIOCHOCTH 2p;. COOTBETCTBEHHO, CO CTOPOHBI MOJIFOCHO-
CTH 2p2 3TO MOTYT OBITh KaTyIIKM B Ma3ax Mmoja HoMepamu: Juist ¢azer D — 12,
30, 48; nnsa daszer E — 6, 24, 42; nnsa daszer F— 18, 36, 54 (B Tabn. 1 onu moju-
YepKHYThl CHHU3Y). DTH KaTYIIKH BBIBOASTCS B JOMOJHUTEIbHBIC BETBU W,
nepepacnpesieNisaach 1mo (asam, ydacTBYIOT B CO3JIaHHHM MArHUTHOTO TIOJIS
MOJIIOCHOCTH 2p,. B manHOM cnywae, B3aumoxommencanus JJC momonHu-
TEBHBIX BETBEH OCYIICCTBIIICTCS NMPU COCIWHEHUW KATYIICK JOMOJIHUTETh-
HBIX BETBEW MOCIENOBaTEIbHO U paclpeiesieHud MO OKPYKHOCTH MarHuTO-
MPOBO/Ia ¢ OTCTAaBAaHUEM IO OTHOIICHHUIO IPYT K JAPYTY Ha yroJl CIBUTA, PaB-
HbIid 120 311 TpagycoB MpU MOMENIEHUH OOMOTKH B MarHUTHOE MOJIe C MEHb-
IITAM 9HCIIOM TToTrocoB [11].

OObenuHeHNe TPYNN KaTyIIeK B OOMOTKY OCYIIECTBISIETCS B COOTBET-
CTBHU CO CIOCOOOM TMPENBIAYIIEro TMpUMepa C COCTUHCHHSAMH KaTyIIeK B
BC«YYY/YYY c 10nOIHUTETBHBIMUA BETBAMEY (TA0I. 5).
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Tabnmnma 5

PacnpeneneHI/Ie KaTYHICK B BETBAX 6330BOI>1 CXCEMbI
y Bereu BC YYY/YYY ¢ IONOIHUTENBHBIMHA BETBSIMHU
GEIJ Do | D-A| DB |D-C | E,y | EFA |EB |E-C |Fi | FFA | F-B | F-C
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[Toryuennas I1I1O cumMmeTpuyHa O OTHOIIEHUIO K UCTOUYHUKY MMUTAHUS
CO CTOPOHBI 2p7 TIOITFOCHOCTH (TabI. 7), @ CO CTOPOHBI 2p1 UMEET PaCXOKIACHUE
cymmapHbix BekTopoB D/IC (Tabin. 6) Mexy BeTBIMU OJHOMMEHHOH (a3bl D-
A u D-B no ammumaryne Ha 6,2% u o ¢aze Ha 6,91 351. rpaaycoB, H COOTBET-
CTBEHHO, 3TO TIPUBOJIUT K PA3IHUUI0 OOMOTOYHBIX KOAPPHUIIUECHTOB.

Tabnuua 6

OOMOTOYHBIE JaHHBIE CO CTOPOHBI 2p1=10
Betsu BC YYY/YYY ¢ 10n0JHUTENBHBIMU BETBSIMU
D-A D-B D-C E-A E-B E-C F-A F-B F-C
A |8,12 8,66 8,21 8,12 8,66 8,21 8,12 8,66 8,21
kosv 0.821 | 0.866 | 0.821 | 0.821 | 0.866 | 0.821 | 0.821 | 0.866 | 0.821
¢ |2081 |27,72 | 11,06 | 140,81 | 147,72| 131,06 | 99,19 | 92,28 | 108,94

Tabmmma 7
OOMOTOUYHBIE TAHHBIE CO CTOPOHBI 2p,=12
Bereu BC YYY/YYY ¢ n0onoiHUTETbHBIMA BETBAMU
A-D A-E A-F B-D B-E B-F C-D C-E C-F
A 13,24 13,24 13,24 13,24 13,24 13,24 13,24 13,24 13,24
Koeu| 0,827 0,827 0,827 0,827 0,827 0,827 0,827 0,827 0,827
¢ |61,03 |5897 |178,97|61,03 |58,97 |178,97|61,03 | 5897 | 178,97

Amnanmu3 rapmonundeckoro cocraBa kaptun MJIC (cm. puc. 3) moka-
3aj, YTO CO CTOPOHBI 00EUX MOJIOCHOCTEH MPUCYTCTBYIOT BBICIIHME rap-
MOHHYECKHE, HO UX aMILUIUTYJla C YUeTOM OOMOTOYHBIX KO3(P(HULIHEHTOB
yMEHbIIAETCd W Ha paboTy ABUTATENs CYLIECTBEHHOrO BIIHUSHUSA HE
OKa3bIBA€T, IPUYEM CO cTopoHbl 2p;=10 MOIIOCOB OTHOCHUTEIHBHO K
nepBOoil TapMOHUKM AaMIUIUTyAa BBICHIMX TapMOHHUYECKUX paBHA:
A2=1,08%, A3=1,37%, As=0,72%, As=0,39%, A7=0,38%,a co cCTOpOHEI
2p2=12 momocoB A,=1,29%, As=1,22%, A7=0,37%.

81



Ne 1 IPOBJIEMbI DHEPI'O- U PECYPCOCBEPEKEHUSA 2021r

- Tlassz cratopa
e Li2f3[4[5)6]7 8] |10LL{12)13]14|L3[16[17]18{19)20]|21|22[23[24 23 26 ]?1§|3§ 30|31[32]33|34 35|36 |37|33 |39 A0[41 |42 |43 |44 {4346 |47|48|29|30 |51 |52 |33
Jlalala|b|b|0|b]cfc|c]aftfala|b]b|b|0]c]c]c a|0]a|b[b]b]c]0]c alala|0|b]|b|blc|c|O]c]afafa|b|0]b]|b]c <
Tlefefe]c]|0fafa]alt]efo]elcle]elafolalalb|Ele]o]e]c]clalalo]a]blelb]cl0fc]c]alalalo]elu]]lclc]olc]alala]L]0

a)
N Tlast crazopa Tomoc
PETTE T8[9 [To|I1|12{13[14]15|16|17[18]19{20{21|22]|23|24 25|26 JTJ-I 35 44 |45 |45 |47 33 (54| mocTe
T [ald|e fle|e(aaldle]ele[f|E]E[a[a[a o [F[F G HEEOE o
1lelelf dld|e|efe|f[E[f|d[d]|d|eele|E|£[f]d]d]|d d|d dlefe|e ks

Puc. 3. Kaptunst MJIC npu 2p1/2p,=10/12 na ocaoe bC
«YYY/YYY ¢ I0oNnOJHUTEIBHBIMA BETBAMUY, a) IS

Ha puc. 4 nokazanbl auarpammsel ['épreca mna IIIIO nHa ocnoBe BC
«YYY/YYY ¢ IOnOIHUTEIBHBIMU BETBSIMUY» Ha COOTHOIIEHHE TorocoB 10/12
B 54 masax craropa mpu mare oOMOTkH y=5. 3HaueHus KodhduueHToB aud-
depeHnuanpHOr0 paccessHus s 2p;=10 croponbl 0p=5,36%, mis 2p;=12
croponsl 0p=6,89% [11].

a) 0)

o
K
A7 e pa
Puc. 4 — lnarpammsl ['€precanpu 2p1/2p,=10/12

Ha ocHOBe bC «YYVY/YYY ¢ 10NOJHUTEIbHBIMA
BETBSIMI» a) 1t 2p1=10, 6) m1st 2p,=12

Karymku 10monHUTeNbHBIX BETBEH 11€71€CO00pa3HO BBIMOIHUTE MPOBO-
JIOM C C€YEHHEM B TPU pa3a OOJNBIIUM (B 3TUX KaTYIIKaX MPOTEKAET TOK B TPU
paza 60JbIINKA O BETMYKMHE) U COOTBETCTBEHHO C YMCJIOM BUTKOB B TPHU pasa
MEHBIIIUM, YEM B OCTIBHBIX KaTymikax. [Ipu sToM OyJeT TOCTUTHYTO paKTH-
YECKH MOJIHOE COTJIACOBAaHME MATHUTHBIX MHIYKIUH B BO3YLIHOM 3a30pe, IpU
KOTOPOM OTHOILIEHHE MarHUTHBIX MHIYKIHUNA JTOJDKHO OBITh KaK MOXKHO OJMKe
k equnuie [13, 14]:

B: paikograwy 6-0833-5

== = =101
By Pikogawz 5-0,827-6 :
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[ToryuenHnass 0OMOTKa MOKET HAMTH MPUMEHEHHE B MEXaHH3MaX C BEH-
TUJISTOPHBIM MOMEHTOM HArpy3KH, TaK KaK MOIIHOCTh MU MOMEHT JIBHTATEIls
BO3PacTalOT 0OPATHO-MIPOMOPLIUOHAIBHO YUCITY MOJIIOCOB.

Takum obOpazom, paspadortanusie [IIIO UMEIOT ymydlIeHHBIE KapTHHBI
M/IC u paBHOMEpHO-pacnpeeIEHHbIE TT0 OKPYKHOCTU Auarpammel ['épreca,
YTO MPUBOJUT K YMCHBIICHUIO TPUCYTCTBUS BBICIIUX TAPMOHHUYECKUX U
yMEHBIIEHUI0 KO3 duimeHToB nudhepeHImanbpHOr0 paccesHus, a TakkKe K
YIAYYIIEHUIO BUOPOAKyCTUYECKUX XapPaKTEPUCTUK CO CTOPOHBI 00EUX MOJIIOC-

Hocreii [15, 16] .
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YK 621.311. 016

K PACYHETY MOIIHOCTHU U MECTA YCTAHOBKHA
KOMITEHCHUPYIOIIUX YCTPOMCTB B PACIIPEJIEJIUTEJIbHON
JEKTPUYECKOMN CETH

H.C. Axmer0aeB, A.P. [Ixanauryios, A./l. AxmeroaeB

Ilpu evibope cpedcme Komnencayuu, YCMaHasIu8AemMvlx 8 pacnpeoeu-
MENbHBIX CemsX, NPeOnoaazaemcs, Ymo HepeOCUCMEMOlL 3A0aAemcs IKOHOMU-
yecku 0OOCHOBAHHASL HAUOONLUIAL BETUYUHA PEAKMUBHOU MOWHOCMU, KOMO-
pas modxcem Oblmb NepeoaHa U3 CUCMembvl 8 pedcume HAubOIbUUX HA2PY30K
PACHPeOenumenbHol cemu, a MakKdice HAUMEHbUAS BeIUYUHA PeaKMUBHOU
MOWHOCMU, KOMOPAs Moxcem Oblmb nepeoana u3 cemu HepeoCUcmemvl 8
pedicume ee HauMeHbuux Hacpysokx. Ilpu smom sHepeocucmema cuumaemcs
IKBUBANICHMHBIM IKOHOMUHLECKUM UCTNOYHUKOM DeaKmugHou MowHocmu. B
SMUX  YCAOBUAX — 3A0ay¥a  ONPeOeleHUss  MOWHOCMU — KOMNEHCUPYIOWUX
YCMPOUCmMe U mMecma ux YCmamo8Ku c800Umcsi K obecnedeHuro Hauboavueu
9KOHOMUYHOCMU NpU COON00eHUU 8cex mexunuueckux oepanuvenuil. Cyuje-
CMBYIOWAsE MeMo00I02Usl pacyema MOUWHOCMU KOMNEHCUPYIOWUX YCmMpOUcme
He NpedycmMampusaem 603MONCHOCMU ONPedesieHUsl UX 83AUMHO20 GIUSAHUL HA
PedcUMbL HanpaxceHus pacnpedeaumenshol cemu 8 yenom. Illosmomy mpeo6y-
emest paspabomra H08020 Memooa, NO360IAIULE20 PeuUms 3a0ayy onpeoee-
HUSL MOWHOCMU KOMNEHCUPYIOWUX YCMPOUCME U Mecma ux YCMAHOBKU C
RO3UYUU CUCMEMHO20 N00X00a K 3motl npobaeme. /s peanuzayuu OAHHO2O
no0xo00a NpUMeHAemcs MONOJOSUYECKULl MEeMOO C UCNONb308AHUEM KOIPPu-
YUeHmos pacnpeoesierus 3a0aruux moKoes.

B pabome uznacaemcs memoouxa pacyema MOwHOCMel KOMNEHCUPYio-
WUX YyCmpoucme Ha 0CHO8e MONOJ02UU pacnpederumenvHou cemu. Ilpu smom
VUUMBLBAIOMCSL PENHCUMHBIE 0COOEHHOCMU PACIPedelumenbHblX cemetl, KOmo-
pble MO2Ym CYueCmeenHo YnpoCcmums monoaocudeckue svipaxcerus. Ilpugo-
oamcs npeobpaz0eaHuvie MONON0SUYECKUE VPAGHEHUS HANPANCEHUL V37108
INEKMPUYECKOU CeMU COHCHOU CIMPYKMYPbl OMHOCUMENbHO MOUWHOCMU KOM-
nencupytowux ycmpoticme. Paspabamvisaromces aneopummsl noucka u onpe-
OelleHUsi BO3MOMNCHBIX U CHeyuhuueckux 0epesvbee HANPAasieHHo20 2paga
CNI0dICHOUL pacnpedenumenvrol cemu. Paspabamvisatomes ancopummel pacue-
MO8 PeaKmuHblX MOWHOCMEN KOMNEHCUPYIOWUX YCMPOUCm8, HeoOX00UMbIX
0711 0obecnevenus 0ONYCMUMbIX OMKIOHEHUU HANPANCEHUS, C NOZUYUU CUHME3d
pedrcumos no Hanpsicenuro. Ilpu smom cocmasnsiemcs u peuiaemcs cucmema
JIUHENHbIX  YPABHEHUU  OMHOCUMENbHO MOWHOCIMU  KOMNEHCUPYIOUWUX
yempoticme.  Tlonyuennvle ypasHeHus 02paHudeHull Oaiom 603MONICHOCHb
Ppaspabomku Ho8020 NO0X00a K pewenuio 3a0auvu ONMmuMU3ayuu pacnpeoeu-
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MeNbHbIX cemell PAaA3IUYHOCO HA3HAYEHUS C OCPAHUHYEHUAMU NO MEXHUUECKUM
yciaosusim.

When selecting the means of compensation installed in distribution
networks, it is assumed that the energy system sets the economically justified
maximum value of reactive power that can be transferred from the system in
the mode of the highest loads of the distribution network, also, the smallest
amount of reactive power that can be transferred from the energy system net-
work in the mode of its lowest loads. In this case, the energy system is consid-
ered an equivalent economic source of reactive power. Under these conditions,
the task of determining the power of the compensating devices and the place of
their installation is reduced to ensuring the greatest efficiency while observing
all technical restrictions. The existing methodology for calculating the power
of compensating devices does not provide for the possibility of determining
their mutual influence on the voltage modes of the distribution network as a
whole. Therefore, it is required to develop a new method that allows solving
the problem of determining the power of compensating devices and the place of
their installation from the standpoint of a systematic approach to this problem.
To implement this approach, a topological method is applied using the distri-
bution coefficients of the driving currents.

The paper describes a methodology for calculating the capacity of
compensating devices based on the topology of the distribution network. In this
case, the regime features of distribution networks are taken into account,
which can significantly simplify topological expressions. The transformed
topological equations of the voltages of the nodes of the electrical network of a
complex structure with respect to the power of the compensating devices are
given. Algorithms for searching and determining possible and specific trees of
a directed graph of a complex distribution network are being developed. Algo-
rithms are being developed for calculating the reactive powers of compensat-
ing devices necessary to ensure permissible voltage deviations from the stand-
point of the synthesis of voltage modes. In this case, a system of linear equa-
tions for the power of compensating devices is drawn up and solved. The ob-
tained equations of constraints make it possible to develop a new approach to
solving the problem of optimizing distribution networks for various purposes
with constraints on technical conditions.

KomneHcanysi peakTUBHOM MOIIHOCTH B PacCHpENeIUTENbHBIX CETAX
pacnpocTpaHsieTcsl Ha BceX MOTpeOuTeNel 3JeKTPOIHEPTun U ABJseTcs 00s3a-
TEJILHOM /1711 BCEX PHEProcHaOXKaloIIMX OpraHM3aliil He3aBUCHUMO OT MX Be-
JIOMCTBEHHOHM TIpuHaIe)KHOCTH [1,2]. M3BecTHO, 4TO mepenavya peakTUBHON
MOIIHOCTH U3 ceTU 6- 35 KB B HU3KOBOJIBTHYIO CETh, KaK MPABUJIO, OKA3bIBACT-
Csl DKOHOMUYECKH HE BHITOJHOW. (OCHOBHBIE TTOTPEOUTENHN PEAKTUBHON MOTII-
HOCTHU npucoenuHstores k cetsam 10 1000 B. Komnencauus peakTHBHON MOIII-
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HOCTHU 3TUX MOTpeOUTENIEeH MOXKET OCYHIECTBIATHCS MPU MOMOIIN CHHXPOHHBIX
JBUTATENICH U OaTapen CTaTUYECKUX KOHACHCATOPOB, MPUCOCIMHEHHBIX HEMO-
cpeacteeHHo k cetsiMm g0 1000 B. B 1o ke BpeMs, peakTMBHAas MOIIHOCTh B
cetb 10 1000 B mosxer nepenaBarbesi co cTOpoHbl ceTh 6-10 kB oT BrICOKO-
BOJIbTHBIX CHUHXPOHHBIX JBHUratesnei u Oatapeidl cTaTUYeCKHX KOHIEHCATOPOB.
HeobxonuMo o0paTuTh BHUMaHUE HA TO, YTO BBICOKOBOJBTHBIC MCTOYHUKH
PEaKTUBHOM MOIIHOCTH, yCTaHABJIMBaeMble Ha CTOpoHe 6-10 kB, sxoHOMUYHEe
Oartapeu KoHjeHcatopoB Ha HampsbkeHue g0 1000 B [3]. Ognako, nepenaya
PEaKTUBHOM MOIHOCTA MOXKET MPUBECTH K YBEITUYCHHUIO MOIIHOCTU TpaHC-
dopmartopoB 6-10/0,4, 9TO COMPOBOKIAACTCS C YBEIUICHHEM MOTEPh AIICKTPO-
SHEPIHH KakK B CETH, TaK U B TpaHcopmaTopax [4].

C uenpro obecrieyeHns HOPMAaTUBHBIX TTOKa3aTeNield KauecTBa AJIEKTPO-
SHEpruu TpeOyeTcss HEMPEePBhIBHOE YIPaBICHUE PEKUMAMU KOMIIEHCUPYIOLIUX
YCTPOMCTB, KOTOPOE CBA3aHO C OOJBIIMMU TPYAHOCTAMH H3-32 B3aUMHOIO
BIIUSTHUS M pa3HOOOpa3usix pexkuMoB [5]. HampspkeHue B pa3HBIX TOYKax pac-
MPEACIUTENBHBIX CETeH Pa3jIMYHO M 3aBUCUT OT MapaMeTPOB CETH U PEXHUMa
notokopacmpeaeneHus. XKectkue TpeOOBaHUS K MOAIEPKAHUIO HAMIPSIKEHUS B
TEXHUYECKU OMPEEICHHBIX MpeiesiaX BbhI3bIBAET HEOOXOAMMOCTh €r0 aBTOMa-
TUYECKOT0 peryiaupoBaHusi. OIHUM M3 OCHOBHBIX CIIOCOOOB PEryIWPOBAHUS
HANPSDKEHUS B DJICKTPUUSCKUX CETSAX SIBISICTCS MPUMEHCHHE KOMIICHCHUPYIO-
[IMX YCTPONCTB HA MOHMKAIOUIMX MOJCTAHIUAX, PaOOTAIONIMX HA MPUHIIUIIE
cTabunu3anuu HanpspkeHus [6,7]. YcraHoBKa KOMIIEHCHPYIOLErO yCTPOKWCTBA
B MPOM3BOJILHON TOYKE CETHU MPUBOAUT K TMEPEepacHpeIeieHuI0 PeaKTUBHON
MOIIIHOCTH TIO PaCIpEeACIUTEeILHON CeTH B IeOM. J[OCTI)KEHHE KelaeMoro
YPOBHSI HAMpsDKEHUS MPU TOM, CTAHOBHUTCS JIOCTATOYHO CIOXKHOW 3aiadyei.
[ToaToMy pa3paboTka CHCTEMHOTO METOJa OMpeaesieHUs] HeOOXOIMMON peak-
TUBHOI MOIIHOCTH KOMITEHCUPYIOLIUX YCTPOWCTB SIBIISIETCS aKTyalbHOU 3aja-
4yell B yCJIOBHSX HMUGPOBU3ALNU YIIPABICHUS HAMPSKEHUEM B DJIEKTPUUECKUX
CeTsX.

B pabote [8] pa3paboTana Meroaunka pacdyera KodhPHUIIMEHTOB pacmpe-
JIeNIeHHsT 3a1al0IMX TOKOB Ha OCHOBE TOMOJIOTHHU 3JIeKTpUuUecKoil cetu. Paspa-
OoTaHHbBIE AJITOPUTMBI PC€AJIM30BaAHbI B BUC ITPOrpaMMHOI0 KOMILJICKCA ITOMCKa
U OTIpeJIeNIeHUs] BCEX BO3MOXKHBIX M CIIEHU(UUECKUX JI€PEBbEB HAIPABICHHOTO
rpada croxnoit anextpuyeckoit cetu [9,10]. Koadpdumuentsr pacnpenenenus
3aJal0IIUX TOKOB (hOPMAIM3YIOTCSI Ha OCHOBE TOIOJOTHYECKOTO BBIPAXKEHUS

[8]:
Cy- )
rueZFij - anreOpamueckas cyMMa CHenu(pUYecKuX IepeBbEB |-OW BETBH

OTHOCUTEILHO | -TO y31a;
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z F - apupmeTnueckas cymma Bo3MOKHBIX JIepeBbeB rpada.

s pacupenenuTeNnbHbIX CeTel TOIOJIONMYECKOE BBIPAKEHUE DJIEMEHTA
MaTpullbl TOKOpachpeneneHus (1) cylecTBeHHO YIpOIIaeTcsl U ONpeaeseTcs
BBIpakeHueM [9]:

C=M",
rae M - mepBast MmaTpuIla MHIUJACHIIUN, COCTABIIsIEMAst 110 TOTIOJIOTUH JIEKTPH-
YECKOH CETH.
Y3110BBIC HANIPSKCHHSI ONIPEACTISIOTCS BRIpOKEHUEM, (hOpMaTH30BaHHBIM
Ha OCHOBE TOIOJOTHH AekTpuyeckout cetu [10,11]:
U=U,-c'z,0J,s, )
rne C- wmarpuma ko>pHUMEHTOB pacmpefelneHuss 3aJalollUuX TOKOB;

Z, —MaroHajipHas MaTpula KOMIUIEKCHBIX CONPOTHBJIEHMH BeTBed; U, -
HanpspkeHue OasucHoro ysina;U, — auaroHanspHas MaTpuua CONPsKEHHOTO

KOMIIJICKCA Y3JIOBBIX HaHpﬂ)KeHHﬁ; S - CTOJ'I6I.[€B8.H MaTpuna COprI)KéHHOl"O
KOMIIJICKCA Y3JIOBBIX HAI'PY30K; t —3Hak TPaHCIIOHUPOBAHUA MAaTPUIIbI.

[IpeanonoxuM, 4To oOecrneueHne TpedyeMOoro HarpsiKeHus J10-
CTHTaeTCsl BKJIIFOUEHHUEM CTAaTHYECKUX KOHICHCATOPOB Ha IIMHAX 00-
MOTKH HU3KOTO HampspKeHUs TpaHchopmaropa. CrenoBaTeNbHO, 3HA-
YEHUS JKEJIAEMOTr0 HAINPSHKEHUS Ha MIMHAX MOHMXKAKOWIEH IMOICTaHIINH
MOKHO CYMTaTh 3aJaHHOW BenuyuHOW. Torma, TpeOyeTcss HaWTH
morHocTu KY, ycTaHOBiEeHBI Uisi 0OECIICUCHHSI JKETTaeMOT0 YPOBHS
HaIPSKEHUS Y3JI0B.

AHaJMTHYECKass 3aBUCUMOCTb MEKJY MOIIHOCTSIMH KOMIICHCH-
PYIOIIMX YCTPOWCTB M TapameTpaMH PEeXHMa U CETH MOXKET OBbITh
yCTaHOBJICHA HAa OCHOBE MpeoOpazoBaHus ypaBHeHUs (2).

PaCCMOTpI/IM CJIO)KHYIO 3JICKTPHYCCKYHO CE€Th S9HCPIrOCUCTECMbI, I'/IC KEJIa-
TEJIbHBI 3HAYEHUS HANPSHKEHUH y3710B 00€CIIeUNBAIOTCS IIyTEM PETyJIUPOBAHUS
momHoctu KY. Torna ypaBHenue (2) 3anumercs B Buae [10,11]:

Uy, =Up-33CIZ,C U8 -S> ClzC UntiQe, @

i=1 j=1 i=1 j=1
rae L_Jiwc - KOMIUIEKCHOE KeJIaTeJIbHOE 3HAUCHHE HANIPSKCHUS 1-T0 y3I1a;
ij - MotHOCTh KV j—r0 y3mna.
VYpaBuenue (3) MOXKET OBITH 3aITUCAHO B ManI/I'-IHOI/I dopwme [2]:
— t -1 t
U,.=UE-C'ZzCULS+cizcUl jq,, @)

rae E - emunnunas marpuna;
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c'zCc= Z - MaTpHIa y3JIOBbIX CONPOTHBIICHHI.
HewusBectHpiME napameTrpamu B BelpakeHUsiX (3) u (4) sBustrores  Qassl
Y3JIOBBIX HaInpsikeHuit (O ) u Momuocty KY (Qk ).

Henuneitnbie ypaBHEHUS! OTHOCUTENIBHO BEIIECTBEHHON U MHUMOM YacTH
OanaHca HaMpsKCHUs I—To y37a onpenesstorces u3 (3) B cieayromieM Buze [12-

15]:
a)u_,(§,Qk) =—U,,, €053, +Ug - Y U ;€08(8; =, +) = > ZiU 7 Qi sin(3; +y7;,), ©)
4| j=1 j=1

0+ (6.Q) = Uy sinG + DU yjSin(8; -, +y7) - 3 ZyU Qi COS(8; +¥7 ) (6)
= j=1

rae Zij:\/(Reic—:iktzjgjj)z+(Imic—:iktzjc—:jj)2 -MOAYJIb B3aMMHOI'0 Y3JI0BOI'O
j=1 i=1

COTIPOTHUBIICHUS,
—o.1-1l [b2.A2 .
U Al = Z “U e [Pj +Qj MOJ1yJIb YACTHYHOTO Y3JIOBOTO MaJICHUSI HAIPSKEHUS

I-ro y3i1a;

U,,. - KeIaTenbHOe HalPsHKCHUE I-T0 y31a;

Pj ,Q j - AKTHBHAS M PEAKTHBHAs PACYETHBIE MOLIHOCTH I-ro y3ia;

Ui',Ui" - BCIECTBEHHAss U MHUMas YaCTH KOMILUICKCHOTO HANpsDKEHHS I—TO
y3Ia.

U3 (5) u (6) BUAHO, 4TO JUISl CIIOKHOM CXEMBI 3JIEKTPUUYECKOM ceTH, co-
CTOALLEN M3 N HE3aBUCUMBIX Y3JIOB, COCTABIIAETCA CUCTEMA U3 2N YPaBHEHMM C
2N HEN3BECTHBIMU, KOTOPYIO MOXHO PEIIUTh MeTo1oM HrioToHa.

Marpuity SIko6u NmpH TIEpEMEHHBIX O, Qk MOYHO 3aIucarh B OJIOYHOM

BUJC, CICAYIOIUM 06pa30M:
00,(6.Q) 00,(5,Q)

W, (x)_| 90 oQ, ()
X 100,(5,Q) 00,(5.Q)|
o6 aQ,

rac
aa)l)i' (5, Qk) . R -1
— =U;,.sino; =U ,; sin(d; — g, +v;;) + Z;iU.Q,. €0S(0; +v;;) —
=2 U Sin(3; - +y)+ 3. ZijU ;'Q cos(S; +yy):

j=1 =1

j#i j#i

aw"f (5’Qk) n

1 o .
an :;;ijUjMSIn(5j+W;’j)’
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80),,"(5’Qk) .
I6—5: -U,,.€0s0; +U i cos(0; — @, +y ;) + ZiiU Qki sin(o; +y,;) +
+ZUA|J cos(d; (0,+W.,)+ZZIJU 1ij sin(d; +v7;)
j#i j¢|
0w, ,(6,Q,) " B L .
éT__z;ijUj o}c C05(5j+‘//y') - DJIEMEHTHI I-0M CTPOKU OJIOUHOMU
k =

MaTpuLbl Skoou.

[Tonmatpuisl (7) — KBagpaTHbIe, N —TO MOPSAIKA.

Ecnu npenebpeus BausHUSIMHU (a3 y3JIOBBIX HANPSHKEHUM HA 3HAYEHUS
3a/1al0IIMX TOKOB, TO PACUETHBIE BBIPAXKEHUS JISI YACTHBIX IPOU3BOAHBIX
MaTpHUIbl SIKoOH yIpoIarTces, Tak KaK ypaBHCHHsSI OaaHca ACHCTBUTEIHLHONU 1
MHHUMOMW YacTH HANPSHKCHUS I-T0 y3i1a 3anuuryres B Buze [16,17]:

@,(8,Q) =-U,,5in 5 +Ug zumjcos( 0, +V,)- ZZ,JU‘leJSIm// =0,(8)

0(8,Q) = Uy, SING; - ZUA”sm( P +y;)- ZZ,JU Qi cosy; =0 (9)

A amst DIEMEHTOB MaTpHIbl SIKOOM CIpaBeIMBBI CIEAYIONINE BBIpaxKe-

HHUA:
56007 (5, Qk) - . 860[)' (5! Qk
— a5 = JiaeSING; T, ZZIJU Qi SINYy;
Hp
0w, (5,Q,) . 00,(6,Q)
Tk:_uim 0S5, an —ZZ,JU 2 Qyj COSY/;.

U pacu€rax paclpeleIUTENIbHbIX CeTeH MOXKHO npeHe6peqL MOTIEpEeYHOMN COo-
CTaBIISIONICH MaJCHUSI HAMPsDKCHUs, TOrga OajlaHC HANpsDKeHUs I-To y3na
ONMChIBaeTCs ypaBHeHHeM Buja [18]:

@, (Q) = U, +Ug - 2 U 55 €08(~9; ;)= 2 ZilU Qi siny; =0 (10)
= =1 =1

WM B MAaTPUYHOU Qopme:

W(Q)=-U, +U;—Re(C'-Z,-C-U,L-S)-Im(C"-Z,-C-JU1-Q, (1)
rae U, - martpuna CTOJ‘I6eH JKETAeMBIX y3JIOBBIX HANPSHKCHU;

Re(C_)t -Z-C ~Ud‘gl .S ) -IIPOJIOJIbHBIE COCTABIIAIOLIME KETAEMBIX Y3JIOBBIX

MaJICHUI HaNIPSKEHUI;
Im((_:t -Z -C_:) -Ud‘gl -KBaJjpaTHasi MaTpuila KO3 (HUIMEHTOB MPU MOITHOCTH

KOMITIEHCUPYIOIIUX YCTPOMCTB.
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4. Ilpumep pacyera MOIIHOCTH KOMIIEHCHPYIOIIHMX YCTPOMCTB

B kadectBe mpumepa MPHUBOIATCS PAcCUEThl HEOOXOIUMBIX MOIIHOCTEH
KY nns ywyactka peanbHoil pacnpenenutesbHoil cetu 10 kB «BanuxanoBay,
n300pakeHHOH Ha puc. .

AC-50 1 AC-50 2 AC-50 3 AC-50 4 AC-50 5 AC-50 6 AC-50

| 2.3KMm :F 2.8KM % 3.1KM <T> 4 7xkM {.» 2 38k :} 2458 % 3.3KM
TM—ZSO@ TMQSO@ TM-400 @ TM—400@ @ @ - @
Puc.1. Cxema cetu 10 kB
HapaMeTpH, H€O6XOIII/IMI)I€ JI BBITIOJTHCHHU A pvaeTOB, HpeIICTaBJIeHI)I B

MaTpU4HOM opme:
-COIPOTHUBJICHUS BETBEU, MOIITHOCTH Y3JIOBBIX HArpy30K:

TM-250 TM-400

r1.368 +j0.9027 Sp1]  [0.123 + j0.0341

1.666 +j1.098 Sp2 0.12 +j0.031

1.845 +j1.215 Sp3 0.189 + j0.042

2.499 +j1.646 S 0.185 + j0.052
Zg = : ;s =| P = ]. ;

1.416 +j0.933 S,s| [0-111+j0.037

" " S " "
[1.749 +j1.152 SP; 10.126 + j0.031.
[5ps ]

-K03(HULIMEHTBHI paclpeIelICHUs y3IOBBIX TOKOB

—1 -1 -1 —-1 -1 -1 -1 -1
o -1 -1 -1 -1 -1 —-1 -1
o 0o -1 -1 -1 -1 -1 -1
_wm-i_l0 0 0 -1 -1 -1 -1 -1
c=M"= o 0o o0 0 -1 -1 —-1 -1f
o o 0o 0 0 -1 -1 -1
0o o 0o 0 0 o0 -1 -1
lo 0o o 0 0 ©0 0 -1

[Mpunumas Ug=10,5 kB, onpenenum 3Ha4eHUH y370BbIX HaNpsKeHUH 0e3
KoMITeHcaruu o popmyie (2):

10.302 — j0.066]
10.085 — j0.138
9.87 — j0.209
U=U,—CT-Z;-C-U-S= 9:5333_ j]ﬂcfla; KB.
9.444 — {0.347
9.371—0.373
[ 9.346 —j0.382 |
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W3 npoBen€HHBIX pacy€TOB BHUJIHO, YTO Y3JIOBbIE OTKJIOHEHUS HaIpshKe-
HUS JIeXKAT B JOMYCTUMBIX MPEeIax TONBKO I TEPBBIX MATH y3JI0B (pUC 2).
Ha ocHoBe pa3paboTaHHBIX aIrOPUTMOB OMPEIENIAIOTCS 3HAYEHHs] HEOOXOau-
MbIx MomqHocTer KV ¢ mo3unmu cuHTe3a pexxuma 1no HanpsokeHuro. [Ipenro-
JIO)KUM, YTO KeJIaeMble 3HAUCHHUsS HampspDKkeHus y3ia0B 3amanbl: U= 10.325
kB, U,,=10.136 kB, U3,=9.953 kB, U44x=9.758 kB, Us,=9.679 kB, Ue,=9.618
kB, U7,=9.582 kB, Usg;=9.58 kB u TpeOyercs HalTH MOIIHOCTH KOMIICHCUDY-
IOIUX YCTPOMCTB.

Pemenue cucremsr (11) B marpuuHoil popmMe MOKeT OBITH 3alIMCaHO B
BUJIC:

dore

Q[m(e- 2 0 0:] bl z vz 8] @

Momnoctn KV, obecrieunBaromiyie 3alaHHbIM JKETaeMbI PEXUM IO
HaINpPsOKEHUIO ONPENIeNIAI0TCS pelleHueM cucteMy (12), KoTopble paBHBI:
r 0.075 7

0.069

0.074
—0.148
Qe =| 9319 [MBAP:

0.12
0.005

—0.144-
VYcranoBka KY ¢ MOMIHOCTSIMHM ONpeeeHHbIMU BBIILIE, JOJIKHBI 00ec-

MEYUTDH KEJIaeMble 3HAUEHUS HaNpsoKeHUi ys3noB. HeTpyaHo 3aMeTuTh, 4TO
py 00ECTICUCHUH KEJIAEMBIX HANIPSDKEHUH y3JI0B HCCIISyeMOW CeTH BO3HUKA-
€T HEOOXOAMMOCTh YCTAaHOBKH IIYHTHPYIOIINX PEAKTOPOB.

C 1menpio MPOBEPKH MPABUIHLHOCTH BBITIOJTHEHHBIX PAacyeTOB OMpeeIie-
Hus MorHocty KV, mpoBeseM pacueTsl pexxuma HalpsHKeHHH C YU4EeTOM peak-
THUBHBIX MOIIIHOCTEH KOMITIEHCUPYIOIIUX YCTPOUCTB 1o hopmyiie (2).

Martpuiia y310BBIX MOITHOCTEH C Y4€TOM KOMIIEHCHPYIOIIUX YCTPOHUCTB
UMEET BUI:

[Sp1]  0.123 —j0.041-
Spa 0.12 —j0.038
Spa 0.189 —j0.032
S 0.185 + j0.2
= p4 =
S See| |0111—j0.282 MBA,

g 0.184 —j0.063
p&E

s | [0-193—j0.042
o | loize+jo.171]

L pS_

a 3HAUCHHsI HAPSHKEHUH y3710B OyIyT paBHBIMU:
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[10.3357

10.151
9.964
_ T.o .c.1=l.c— | 9753

U=U,— €T 2z C Uz S=| o227 [xB.

9.591
9.501

- 9.5 -

Kak BUIHO, U3 MOJIy4E€HHBIX PE3y/lbTaTOB pacyeTa HAIpPsUKEHUHN Y3JI0B,
YTO MX 3HAYEHUs HE3HAYUTEIbHO OTIMYAIOTCS OT COOTBETCTBYIOIIUX JKElae-
MBIX BennuuH. Ha puc.2 mpencraBieHsl rpadudeckine H300paskeHHs Hamps-
KEHUH y3710B 0€3 yyeTa U ¢ y4eTOM MOIIHOCTH KOMIIEHCUPYIOIUX YCTPOMUCTB.
HerpyaHo 3ameTuTsb, 4To A1 0OECIIeUeHuUs KeIaeMbIX 3HAUCHUN HANPSKEHUS
B y31ax 4 u § TpeOyroTcsa peKTOpHbIe YCTaHOBKU. PacueTsl 0e3 yuyera IIyHTH-
PYIOIIKMX PEaKTOPOB IPUBOJUT K IOBBIIIEHUIO HANPSKEHUH Y3J0B, KOTOpBIE
HaXOJATCS B IpeJieNax UX JOMyCTUMBIX 3HauUeHHi (puc.2).

10,
U’ kB 10.4
10.3
10.2
10.1

10
9.9
9.8
9.7
9.6
9.5
9.4
9.3

1 2 3 4 5 6 7 8

—— U, kB —— U, vB Upacu i, kB

Puc 2. I'paduku OTKIIOHEHUS HANPSHKEHUM
JI71st HarAIHOCTH aHAIK34, TTOJIYYeHHBIE PE3YNbTaThl MPEACTABIEHBI B Ta0MI. 1.

Tabmuna 1
CpaBHHTENBHAS OLIEHKA PacYeTOB
Ne | MomHOCTH Hampaz. Hemaemrure MomH=oCTH Y3moeme Pacuets. Ilor-
V3IO0ERIX VIIOE 9‘:?;3. SHAYCHHA EOMIIEHC. MOIDHOCTH C | SHAYCHHA pemo-
HAarpy30K VHETA V3IIOEEIX }'CTpOﬁCTB= VHETOM KOMIIEHC. | HETIEMEINH HOCTH
KOMIIEHC HANPLE. VCTpoHCTE ANPAE.
P+Q. MBA Qv Meap %
U.xB Ux. 5B P+(Q-Qxy). Uszp.sB
MBA
1 [0.123 +0.034 10.3 10.325 0.075 0.123 —j0.041 10.335 0,01
2 | 0.12 40.031 10.085 10.136 0.069 0.12-50.038 10.151 20,015
3 | 0.189 40.042 9.87 9.953 0.074 0.189 —j0.032 9964 -0.011
4 | 0.185 40.052 9.633 9.758 -0.148 0.185 +j0.2 9753 0,005
5 | 0.111 +0.037 9.53 9.679 0.319 0.111 —j0.282 9.678 0,001
6 | 0.184 40.057 9.444 9.618 0.12 0.184 —j0.063 9.591 0,027
7 | 0.193+0.047 9371 9.582 0.005 0.193 —j0.042 9.501 0,081
8 | 0.126 40.031 9.346 9.58 -0.14 0.126 +j0.171 9.5 0,08
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Pe3ynbpTaThl NpOM3BEAECHHBIX PACYETOB MOJATBEPXkAAIOT IPABHIBHOCTh
paboThl pa3pabOTaHHBIX AJITOPUTMOB ONPEACICHUS MOIIHOCTH KOMIIEHCHPY-
IOIMX ycTpoHCTB. I1oBbIIeHNe 3pHEKTUBHOCTH TOMOJOTHYECKOr0 aJIrOPUTMa
OTpeNeNieHUs HEOOXOIUMBIX MOIIHOCTEH KOMIIEHCHUPYIOIIUX YCTPOMWCTB,
HaOJI0AaeTcsl IO Mepe YCIOKHEHHUS YCIOBUH O0OECHeueHMs JKElIaeMbIX
HAIpsDKEHUN B y3J1aX pacHpelesIUTENbHBIX ceTell. OTO JaeT BO3MOXKHOCTb
pa3paboTKN ONTUMAJIbHBIX aJIrOPUTMOB YIPABICHUS PEKUMaMM HalpsHKEHUS
Ha OCHOBE MMHMMM3ALMH IPUBEACHHBIX 3aTparT.

BriBoapbr:

1. Pa3zpaboTaH TONOJOrMYECKHMII  METOJ  pacyeTa  MOIIHOCTH
KOMIIEHCUPYIOIIUX YCTPOUCTB C MO3ULMU CHHTE3a PEXKUMOB 110 HANIPSHKEHUIO.

2. PazpaGoran anropuT™ TIOMCKA U  OMNPEICICHUS  BEJIMYUH
HaIlpaBJIEHHBIX JIEPEBbEB Ipada.

3. Paspabortana mnporpamma pacyeTa MOIIHOCTH KOMIICHCHUPYIOIIUX
YCTPOMCTB Ha OCHOBE TOTIOJIOTUYECKUX BBIPAXKEHUN CETH.

4. PazpaboTaHHas mporpaMma MOXeET OBITh HUCIOJb30BaHA IS
OIpeieNIeHUs1 MOLIHOCTH U MecTa ycTaHoBKU KV 1111 oGecnieuenus xenaemMoro
YPOBHSI HANIPSDKEHHS B CUCTEMaX AJIEKTPOCHAOKESHHSI.
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YAK 621.311.721

CO3JAHME U SKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE BEC-
KOHTAKTHOI'O YCTPOHCTBA J1J11 ABTOMATHYECKOI'O PE-
I'yJIMPOBAHUA MOITHOCTU KOHAEHCATOPHbIX BATAPEU

M. Cabayanae, M.K. boooxkanos, P.U. Kapumosn

Ywby maxonaoa snexmp mavmunomu muzumiapuoa peaxmue Ky86amHu
pocmaaul Y4yH a8mMoMamuk Kypuimaiapuea ouo aoabuém manHbarapunu
Maxaun — KUIuw — Hamuoicanapu — Oyuuya  Mamepuaniapu  Keamupuiea.
Komnencayuanosuu Kypuimaniapuuue Ul pexicumu  2NeKmp — dHepeusicu
UCEbMOTYUIAPUOA PYXCAM IMULCAH KVUIAHUW OUULIAPUHU XUcobea 01eaH
xonoa anuxnanaou. bowkapys napamempaapu cugpamuoa KyuiaHud, 10KIama
MOKU, PeaKmug Kyeeam UYHAIUULIAPY, KYeeam Ko3puyuenmu, mavMuHoOm
KVUIAHUWU 84 T0KIAMA MOKU opacudazu ¢aza yzeapuus Oypyazu, uyHUH20eK
6aKm uwiamuiuwu Mymkux. Bywoan mawkapu, Maxoiada KOHMAKmMcu3
KYPUIMALAPHUHE UWLA0 YUKUT2AH CXEMANAPUHU ULAUUSA OUO MAePUAIIap
6a ynapoar (ouoaianean Xo10a KypuiMaiapHuHe UIauuHu 9KCRepUMenmal
maoxuxu kexmupuneau. Ly maxcaooa, HUcnom Kapumos nomuoaeu Towikenm
oasnam mexnuka yuueepcumemu "Onekmp mavmunomu" kagheopacu ea
Hasouii oasnam xonuunuxk uncmumymu "Onekmp suepeemuracu’ xagedpacu
nabopamopusnapuoa CUHoO80aH VMKA3UleaH KOHOeHcamop 6amapesnapu
KY88AMUHU POCMIIO8YU KOHMAKMCU3 KYPUIMAIAPHUHE Maxcpuba Hycxanapu
apamunou. Lllynunedex, mypau Xui uwl pexrcuMIaApuda KOHOAHCAMOp
bamapesnapuHune Ky66AMHU ABMOMAMUK POCMIAW  VYYH KOHMAKMCU3
KOMMYMAYUsiogYU KYPUIMAHUHE MANCPUOA HYCXACUHUHE IKCNEPUMEHMATL
maokuku  oyuuya xam  mamepuainap — Kexmupuneaw. Kounoemcamop
bamapesiiapu Kye8amunu KOHMAKMCU3 O0wKapuul Kypuimailapu maxcpuba
HYCXACU-HUHE IKCNEPUMEHMAT MABIYMOMAAPUHU OIUWL 84 KAUMA ULLAUL YYYH
"Fluke" oacmyputi-nazopam ynuoe gypuaimacu uwniamunear. Konoawncamop
bamapesnapunu Ky8eamuu asmoMamuK pOoCmiaul V4yH SHSU KYPUIMAHUHS
IKCHEPUMEHMANL  MAOKUKOMAAPU —HAMUNCANAPUHU  YMYMAAUWMUPUO, YHUHE
OyHOall Kypuimaiapea Kyuuiaouean manadiapea mynuk i#casob dbepuwiuHu ea
meauuLiy Kyeeam Kodpguyuenmu Ounan 31eKmp mavMuHOmMu mapmMoSuHUHe
UWOHYTIU UUNAUUHU MABMUHIAU OTUUUHU MABKUOLAUL MYMKUH.

B oannoui cmamve npedcmagnen mamepuan Ha OCHOBE pPe3Vibmamos
aHanu3a aumepamypHviX UCMOYHUKO8 NO A8MOMAMUYECKUM YCMPOUCMEAM
0J1A pe2yIupo8aHusi peakmusHOU MOWHOCIU 8 CUCINEMAX INeKMPOCHAOIHCEHUSL.
Peoxxcum pabomul komnencupyrowux ycmpoucme onpeoensiemcs ¢ yuyemom
OONYCMUMbIX OMKIOHEHUU HANPANCEHUS HA 3AHCUMAX NPUEMHUKOG DNIEKMPO-
oHepeuu. B kauecmee napamempos ynpaenenus mo2ym UCHONb308AMbCS
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HanpssjceHue, MoK Ha2py3Ku, HanpasieHus peaKxmueHol MOwHOCMU, Koaghgu-
YUEHM MOWHOCMU, Y20l cO8U2a (has mexncoy Hanpaxcenuem numarowel cemu
U MOKOM Hazpy3Ku, a maxice epems. Kpome smozo, 6 cmamve npedcmasnena
ungopmayus KacamenbHo pabomocnocooHocmu paspabomaHuvix cxem bOec-
KOHMAKMHBIX YCMPOUCME U NPOBEPKU IKCNEPUMEHMANbHO20 UCCIe008AHUS
pabomul yCMAHOBOK ¢ UX npumeneHuem. Jnsa s3motul yeau Ovliu co30aHbl ONbLM-
Hble 00paszybl 6ECKOHMAKMHBIX YCMPOUCME pe2yIUposaHus MOWHOCMU KOH-
O0eHcamopHulX bamapeli, Komopbvie OblIU UCNBIMAHLL 6 J1aO0pPaAmopusx
kageopvl  “OnekmpocHnaboicenue”  Tawkenmckoco — 20cy0apcmeeHH020
mexHuuecko2o yHusepcumema umenu HMcrama Kapumosea u kagedpwvi
“Onexmposnepeemuka’ Hasouiickoeo 20Cy0apcmeenHo20 20PHO020
uncmumyma. Takoce npeocmasnen mamepuan 06 9KCnepumMeHmailbHOM uccie-
008aHUU ONBLIMHO20 00pPA3YaA OECKOHMAKMHO20 KOMMYMAYUOHHO20 YCMPOIl-
cmea Onsd a8MOMAMUYEcKo20 pe2yaupo8aHus MOWHOCMU KOHOEHCAMOPHbIX
bamapeti 8 pazIudHbIX pedcumax pabomwi. /s cHaAmus u 00pabomku Kcne-
PUMEHMATLHBIX OAHHBIX ONBIMHO20 00paA3ya OeCKOHMAKMHBIX YCMPOUCME
pe2yiupo8anus MOWHOCMU KOHOEHCAMOPHbIX Oamapeti Obllo UCNOIb308AHO
usmepumenbHoe YCmpoucmeo ¢ npoepammusim ynpaenenuem “‘Fluke”. Pesto-
MUpys pe3yibmamovl IKCHePUMEHMATbHbIX UCCTIe008AHULL HOB020 YCMPOTICMEa
ABMOMAMUYECKO20 DPe2yIUPOBAHUs. MOWHOCMU KOHOEHCAMOpHuIX bamapell,
MOJHCHO KOHCMAMUpO8ams, 4mo OHO NOJHOCMbIO YO08/lemeopsiem mpedosa-
HUsl, npeovasisaemMble K MAKUM YCMPOUCMEAM U Modcem obecneuums HA0edxc-
HY10 pabomy cemu 31eKMPOCHAOI’CEHUsL C COOMBEMCMBYIOUUM KOIPpuyuen-
MoM MOWHOCMU.

This article presents material based on the results of the analysis of liter-
ature sources on automatic devices for regulating reactive power in power
supply systems. The operating mode of the compensating devices is determined
taking into account the permissible voltage deviations at the terminals of the
electric power receivers. Voltage, load current, reactive power directions,
power factor, phase angle between the supply voltage and load current, as well
as time can be used as control parameters. In addition, the article presents
material regarding the operability of the developed circuits of contactless
devices and an experimental study of the operation of installations with their
use. For this purpose, prototypes of non-contact devices for regulating the
power of capacitor banks were created, which were tested in the laboratories
of the Department of Power Supply of the Tashkent State Technical University
named after Islam Karimov and the Department of Power Engineering of the
Navoi State Mining Institute. Also presented is material on the experimental
study of a prototype of a contactless switching device for automatic power
control of capacitor banks in various operating modes. To record and process
experimental data of a prototype of non-contact devices for regulating the
power of capacitor banks, a measuring device with programmed control
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“Fluke” was used. Summarizing the results of experimental studies of a new
device for automatic power control of capacitor banks, it can be stated that it
fully meets the requirements for such devices and can ensure reliable operation
of the power supply network with an appropriate power factor.

B nocnennue rogsl B cucreMax 3JEKTPOCHA0KEHUS! KPYITHBIX MPOMBIII-
JICHHBIX ¥ KOMMEpPYECKUX MOTpeOuTeNiell BHEAPSIIOTCS YCTPOHCTBA KOMIIEHCA-
UUM PEAKTUBHOM MOIIHOCTU C ABTOMAaTUYECKHMM PETYJUPOBAHUEM. | JTaBHOM
MPUYMHON TAaKOro MPUMEHEHHUsl CTajla HEOOXOAMMOCTh MOJAEpKaHUS Hamps-
YKEHUS CETU Ha MPUEMIIEMOM YPOBHE M KOMIIEHCALIUM PEAKTUBHOM MOILHOCTH
JUISl CHUYKEHUS IIOTEPh B PaCIPEACIIUTEIbHBIX CETSIX CPEeIHEro HanpsuKeHus [ 1,
2].

Jns obecnieuenuss Hambojaee SKOHOMUYHBIX PEKHMOB PaOOTHI CHCTEM
AJIEKTPOCHAOKEHUS IPUMEHSETCSI PETYIMPOBAHUE MOIIHOCTH KOMIIEHCHUPYIO-
HIMX YCTPOMCTB. PerynupoBaHue reHepupyemMoil KOHAEHCATOPAMU PEaKTUBHOM
MOIIHOCTH MOXKHO BECTH CTYIEHSIMHU IyTEM JeneHus Oatapel Ha yactu. Yem
0OJIbIIIe YMCIIO TAKUX CTYNEHEW, TEM COBEPIICHHEE PEryIupOBaHUE, HO TEM
0oJbIlIe KanuTaldbHbIE 3aTPaThl HA YCTAHOBKY IEPEKIIOYaTeNed M 3allUTHON
anmnapartypsl [2, 3].

Pexxum paboThl KOMIIEHCUPYIOLIUX YCTPOMCTB OMPEIENAETCS C YUETOM
JOIYCTUMBIX OTKJIOHEHUH HANpsOKEHMs] Ha 3aXKUMaX NPUEMHUKOB 3JIEKTPO-
sHeprun [3]. B kadecTBe mapamMeTpoB YIPaBICHHUS MOTYT HCIOJIH30BATHCS
HalpsDKEHUE, TOK Harpy3KH, HallpaBJIEHHWsS PEaKTUBHOM MOIIHOCTH, KO3(-
(UIMEHT MOIIHOCTH, YroJl cABUra (a3 Mex1y HamnpsyKeHUEM MUTAroIel ceTH
Y TOKOM Harpysku, a Takxe Bpems [4].

PerynnpoBanue MOIIHOCTH KOMIIEHCHPYIOIIUX YCTPOWCTB IO HaIpshKe-
HUIO OCYHIECTBJISIOT B 3aBUCHMOCTH OT OTKJIOHEHUs HanpspkeHus. IIpu stom
yIpaBJIeHUEe KOMIIEHCUPYIOIIUMHU YCTPOHCTBAMHU JIOJIKHO OBITH COTJIACOBAHO C
perylIMpoBaHUEM BETMYUHBI HAPSYKEHUS C IPYTUMH CPEICTBAMHU.

HauOonee mpocTbiM crocoOoM sIBIsieTCs yIpaBiieHHEe NO BpeMeHH. B
ATOM CIIy4ae PeKUM pabOThl CUCTEMBI 3JIEKTPOCHAOKEHUS JOKEH ObITh U3Y-
YeH MPEeBAPUTENBHO [4, 5].

[To cyrouHomy rpaduky noTpediieHuss peakTUBHON MOIIHOCTH JOJKHO
OBITH OIpEJENIEHO, YTO OJIHA YacTh OaTapell KOHJIEHCATOPOB BKJIKOYAETCS MO-
CTOSTHHO B Te€YeHHE 24 4YacoB, a BTOPYIO BKJIIOYAIOT MO TpauKy HArpy30K
TOJIBKO Ha OIpeAeIeHHOE BpeMms 1j.

Crynenuatoe perynupoBaHue MomHocTH Kb mpuBOIWT K 3HAYUTEINb-
HOMY YCIJIO)KHEHMIO CXEM YIPAaBJIEHUS MOATOMY i HampsbkeHuit 1o 1000 B
PEKOMEHIyeTCsl IPUMEHSATh KOMIUIEKTHbBIE KOHIeHcaTopHble ycTaHOBKU (KKYVY)
eauHoil momHocteio 75, 100, 150, 200, 250, 300 kBAp B eaunune, a npu
HanpspkeHun 6-10 kB — KOMIUJIEKTHBIE KOHJEHCATOPHBIE YCTAHOBKH €OUHOMN
momHocthio 300, 450, 600, 750, 900, 1050, 1200 kBAp ¢ nmpucoenuHeHrem
yepes OTIETbHBIN BRIKIIOUaTensb [4, 5, 6].
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TpeboBanue norpeOuTeneil MPOMBIIUIEHHBIX MPEINPUATHI M0 obecre-
YEHUI0 MUHUMAJIBHOTO OTKJIIOHEHHUSI pab04ero HampspKeHUs OT HOMHHAJIBHOTO
MOYKHO YAOBJIETBOPUThH TAKXKE PETYIUPOBAHMEM MOIIHOCTU KOHJEHCATOPHOMN
OaTtapeu B 3aBUCUMOCTH OT Hampspkenus [4, 7]. B atom cnyuae Kb napsny c
OCHOBHOH (yHKIIMEH — MOBBIIICHHEM K03 (uIlnenTa peakTuBHOW MOIIIHOCTH
HPENPUATHS UCIOIb3YIOTCS TAKKE AJIS peryJIMpOBaHus HalpspkeHus [6, 8].

B yacel MUHMMaJIBHON HAarpy3KH, KOrJa HalpsyKEHHUE BBICOKOE, BKIIIOYE-
HUE KOHJEHCATOPHbIX OaTapeil NMPHUBOAUT K CBEPXJONYCTUMOMY 3HAUCHHIO
HanpspkeHus. [loaTomy mid mojaepaHusi HOMMHAJIBHOTO HANpPsDKEHUS Ha
HIMHAX [OJCTaHLMN, KOHJCHCATOpHbIE OaTaped OTKIIYAIOT MPU MOBBIIIEHUU
HaAIPSDKEHUS CBEPX JIOIYCTUMOIO 3HAYEHUS, a IPY MOHMWKEHUN HAIIPSKEHUS —
BKJIIOYAIOT [6, 9].

B cucrtemax 3neKkTpocHa0KeHus 11 KOMIIEHCAlUU PEaKTUBHOM MOIIHO-
cti (PM) ucnonp3yroTces enié aBToMaTu3upOBaHHbIE HU3KOBOJIBTHBIE YCTAHOB-
KA C KOMMYTalMel cTyneHer KoHneHcatopHbix Oarapeir (Kb) co crermanb-
HBIMH 3JIEKTPOMEXaHUYECKUMU KOHTAKTOPaMH.

BpemenHoil nHTEpBas 3a7€pKKU NEPEKIIOUEHUs! CTyNEHEeH (B cpeaHeM
okoji0 60 c.), o0ycnoBieHHbI TpeOOBaHUAMU CTaHAApTa K YPOBHIO paspsja
Kb nepex MOBTOPHBIM BKIKOYEHHEM M OTCTPOMKOM OT KpPaTKOBPEMEHHBIX
kosiebanuit PM B KoMIleHCHUpYeMOH CeTH, OrpaHUYMBAECT IPUMEHEHUE JaHHBIX
KY nana OGonpmmx rpynm TEXHOJIOTHYECKOTO 000pynoBaHUS (CBAapOYHOTO,
HOIbEMHO-TPAHCIOPTHOT0, Ky3HEUHO-IpeccoBoro u T.4.) [8, 10].

IToaTOMy IpH pe3KONEPEMEHHOW MHAYKTUBHOW HAarpy3Ke IPUMEHSETCS
Tak HasbIBaeMas "nmuHamuueckas kommeHcanus PM" - Dynamic Power Factor
Correction, T.e. komneHcanuss PM B pexxume pearbHOT0 BpEMEHH, CYIIECTBEH-
HO pacumpsmomas (yHKIHOHAIbHbIE BO3MOXXHOCTH Hcmosb3oBaHus KY, HO
TpeOyroiasi KOMIUIEKTAllUW YCTAaHOBKH CHEIHATbHBIMU THIIAMU TOJTYIPOBOI-
HUKOBBIX ITycKareneil u perynsaropos PM [2, 6, 11].

Kpome 3Tor0, BBILIENPUBEIEHHBIE YCTAHOBKH UMEIOT Psii HEOCTATKOB,
CBSI3aHHBIX C MOSBJIECHUEM AYTH NPU KaKJOW KOMMYTAlUH, U3HAIIMBAHUEM U
IPWINIAHUEM KOHTAKTOB, IIyMOM IpU padoTe, a Takke MOTePSIMHU 3JIEKTPO-
HHEPrUM HA KAaTyIIKE KOHTAaKTOPOB.

[anee ananu3upyem yCTpOMCTBAa aBTOMATHYECKOTO PETYyIUPOBAHUS
MOITHOCTH KOMIIEHCUPYIOLINX YCTPOMCTB C MCMOJIb30BAHUEM OECKOHTAKTHBIX
seMeHToB [5, 8, 12].

B Mupe BenyTcs HaydHbIE UCCIIEOBAHUS MO Pa3pabOTKe M YCOBEPIICH-
CTBOBAHHIO PETYJISATOPOB PEAKTHUBHOW MOIIHOCTH M YJIYYIICHHUIO 3KCIUTyaTa-
IIUOHHBIX XaPAKTEPUCTUK OCCKOHTAKTHBIX KOMMYTHUPYIOUIMX yCTpOHCTB. [Ipu
3TOM CO3[aHHEe OECKOHTAaKTHBIX YCTPOMCTB JUIsl aBTOMATUYEC-KOTO PEryaupo-
BaHUsI MOIIHOCTH KOHJEHCATOPHBIX Oarapeid M KOMMYTAIlMM PAa3JIUYHBIX I10-
TpeOuTenel, paboTalomuX B HANPSHKEHHOM PEKHMME C YacThIMHU IMEpeKirode-
HUSIMHU, CYUTAETCS OJTHOM U3 BAKHBIX 3aj1ad4 [3, 8, 13].
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s mpoBepku paboTOCIIOCOOHOCTH pa3pabOTaHHBIX CXEeM OECKOHTAaKT-
HBIX YCTPOWCTB U JKCIEPUMEHTAIBHOTO HCCIEAOBAHUS YCTAHOBOK OBUIH CO-
3JIaHbI OTIBITHBIC 00pa3Ibl OECKOHTAKTHBIX YCTPONCTB PEryJIMPOBAaHUS MOIIHO-
CTH KOHJIEHCATOPHBIX Oartapeii [2, 6, 9, 14].

Ha ocHoBe cxembl Tpex@a3zHOro OECKOHTAKTHOTO aBTOMAaTHYECKOTO pe-
TyJsTOpa MOIIHOCTH KOHJCHCATOPHBIX Oatapeit [2, 15], koTopas paGoraeT B
3aBUCUMOCTH OT yIJIa CABHIa (@ W MO HAMPSDKEHHIO B TOYKE MPUCOCAMHEHUS,
OBLJT CO3/IaH OMBITHBIN 00pasell.

Cxema OECKOHTaKTHOTO pelie HampshKeHHUs coiep uT konaeHcatop Ci,
KOTOPBIN MOCIIEIOBATEIIEHO COSAUHECH C JBYMS MaJIOMOIIHBIMH THPHCTOPAMH
VS, VS;. ympaBnsiomuid 37eKTpo]l TUpucTopa VS; MOAKIIOUYEH K BTOPHUYHOM
00MOTKe TpaHcopMaTopa dyepes Mocie0BaTeIbHO COSAMHEHHBIN pe3nuctop Ry
u quon VD, a ympapnstomuit anekTpoa tupuctopa VS; uepes pesuctop Ry u
tupuctop VS; Takke MOIKIIOYAeTCsS K 3TOW 00MOTKe TpaHchopmaTtopa. Pene
paboTaeT CcIeIyrIIUM 00pa3oM: MPH ONPEACICHHOM 3HAYCHHUU HAIPSHKCHUS
CeTH YNPAaBJIAIONIMI CUTHAI OTKpbIBacT Tuprctop VS; mox yriom 90°. TTocie
3TOro OTKpoeTcs Tupuctop VS, u konaencarop Cp 3apsxkaercs 10 MaKCUMallb-
HOTO HaNpsHKEHUsT BTOPHYHON 00MOTKH TpaHcdopmaropa [1, 16].

A B c
VD1-VD4 VD1- VD1-VD4
Vs Vs Vs
R, R
1 I 1
e R
C C
I I
Cs
I
R
—
e

Puc.1. IlpuHnunuanbHas cxeMa BKIFOUEHUSI CHJIOBBIX KOHJICHCATOPHBIX yCTa-
HOBOK

TupucTtopHOe YCTPOHUCTBO AJIS BKIIOYECHUS M OTKIIOUEHUS KOHACHCATOP-
HBIX OaTapeil, COOpaHHBIX MO CXeMe TPEYTrOJbHUKA, COACPKUT JHOIHBIE MO-
CTBI, B JIMarOHaJh KOTOPBIX BKJIFOUEHBI YIPABISIIONIMNE CHUIOBBIE TUPHUCTOPHI
(puc.1).

K ympaBnsromuM 37eKTpoaM TUPUCTOPOB B IETIH CHIIOBBIX KOHJACHCA-
TOPOB CHUTHAJIBI TOJAIOTCS 4Yepe3 TOHIDKAMIMK TpaHchopMaTop U OECKOH-
TakTHOE pene HampspkeHus. Kommyrtanus TpexdasHbIX KOHJEHCATOP-HBIX
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Oarapeil B GyHKIUS HaNpsHKEHUS OCYILECTBISETCS C MOMOIIBIO JIBYX TaKHX
pelie, HACTPOCHHBIX Ha pa3HbIe HANPsDKEHHs cpabarbiBanus [3, 9, 17].

Br160p 351eMEeHTOB pacCMOTPEHHOM CXEeMBbI pelie HalPsHKEHUS OCYILECTB-
JICH C YYETOM MOIIHOCTU Harpy3KH, HaMpPsDKCHUS BTOPUIHOW OOMOTKH TpaHC-
dbopmaropa, paboune U yrnpasisione TOKd THPUCTOPOB [18].

DKCIepuMEHTalbHbIE UCCIIEIOBAaHNS HOBOTO YCTPOMCTBA MOKa3ajiu, 4TO
KOHJICHCATOpHbIE OaTapey BKIIOYAIOTCS B OJHO(A3HYIO CETh MPHU HAMPSHKEHUU
140 B, a npu HanpspkeHun 190 B oHU 0TCOEIMHAIOTCS OT CETH.

Ha pwuc.2 mokaszan oOmuii BU YCTpOHCTBA aBTOMATHUYECKOTO PEryupo-
Banus momHoctu Kb no yriy casura ¢ u no HanpsikeHuto. Cxema COCTOUT U3
3JeMEHTOB co cienyromumu: R1=3,9 Om, Ry=2 kOM, R3=560 Om, R4=470 Om,
Ry=1000 OMm, R7=Rg=Rg=330 Om, Tat MJIT-2; VS¢, VS, VSg - KV202H; KoH-
nencatop U=50 B ¢ émkoctpio C1=220 Mx®; Kongencaropbl Cio=Co3=C31=1
Mk® Ha 400 B; VSy, VS,, VS, VSy, VSs - KY202H; VD, — /[226F. UanyKkTHB-
Hasi Harpyska - TpaHchopMarop B pexume xoioctoro xoma S,=160 BA.
U,=220 B. AktuBHas Harpy3ka - peocrat R=1000 Owm, |,=1,4 A [5, 6, 19].

Puc.2. O6mwuii BUJ ycTpoiicTBa aBTOMAaTHYECKOTO
PETYJINPOBAHUS MOIIIHOCTH
Kb 1o yrury casura ¢ u o HanpsKeHHUIO

Hcnonb30BaHue TaHHOTO YCTPOMCTBA /17151 OECKOHTAKTHOTO BKIIIOYECHHUS U
OTKIIIOYCHHSI KOHJICHCATOPHBIX Oarapeil CIOCOOCTBYET ONTHMAaJIbHOMY HC-
MOJIb30BAHUIO MOIIIHOCTH KOHJICHCATOPHBIX OaTapeil 1 yMEeHbIICHUIO Ae(uiin-
Ta PEaKTUBHOW MOIIHOCTH. [Ipu 3TOM JOCTHTaeTcsi SKOHOMHUSI OIpeaesIeHHON
BEJIMYMHBI DIIEKTPO’HEPIUU. PerynupoBaHMe MOIIHOCTH KOHJIEHCATOPHBIX
Oarapeil Ha TPOW3BOACTBEHHBIX MPEINPUATHSIX JAa€T BO3MOXKHOCTH Pa3rpy-
KaTh CUCTEMY OT peaKTUBHOM Harpys3ki [5, 9, 20].

OnbITHBIE 00pa3Lbl HOBBIX Pa3pabOTOK OBLIM UCHBITAHBI B TA0OPATOPHSIX
kadenpsl “OnexrpocHabkeHue” TalIkeHTCKOro ToCcyJapCTBEHHOIO TEXHUYeC-
KOTo yHHBepcHuTeTa 1 HaBomiickoro rocy1apcTBEHHOT0 TOPHOTO MHCTHTYTA.

ABToMaTuydeckue perynsatopsl MomHocTH KB, KOTOpHIE 3aBHCAT OT 3Ha-
YeHus yria ciBura a3 ¢ 1 OTHOBPEMEHHO OT HaNpsDKEHUsS Ha Harpyske, JaroT
BO3MOXXHOCTh K TIOBBIIICHUIO HAJCKHOCTH M YIYUYIICHHIO KadecTBa paboThHI
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JIEKTPUUECKUX allllapaToB, YMEHbIICHHIO BecorabapuUTHBIX MOKa3areneu [3,
4].

Ha puc.3-7 nokazaHbl XapaKTEPUCTUKH 3KCIIEPUMEHTAJIBHBIX HCCIIEN0BA-
HUW yCTPOMCTBAa aBTOMAaTUYECKOro peryiupoBanus mouHocty Kb no yriy
CABUIa ¢ W IO HAINpPSDKEHHWIO, KOTOPBIM OBII CO3/1aH Ha OCHOBE CXEMbI
IIPUBEIEHHON Ha puc. 1.

Jlis peructpanuu U 0OpabOTKU SKCIEPUMEHTAIbHBIX JaHHBIX ObLT HC-
MOJIb30BaH amnmapar ¢ MporpaMMHbIM yrpasieHueM “Fluke”. Kpusbie usmenenus
TOKa 1 HanpsbkeHus IPU IPe00J1alaHuy AKTUBHOM Harpy3KH IpHBeieHa Ha puc.3.

Puc.3. KpuBble n3aMeHeHHs TOKa U HANPsDKEHUS NIPU aKTHBHOM XapakTepe
Harpys3ku

Puc.4. KpuBble n3aMeHeHHs TOKa U HANPsDKEHUS MpH Koadunmente cosp=0,98

B stom cnyuae, npu U=224 B BennuuHbl NOTpeOIIEMBIX aKTUBHOM U pe-
AKTHBHOM MOIITHOCTEW OBIM COOTBETCTBEHHO paBHbl 138 BT m 28 BAp, a
BEJIMYMHA MOJIHOM MouiHocTH cocraBuia 141 BA. Ha puc.4 npusenens! kpu-
Bbl€ U3MEHEHHUS TOKa (CHHSS JIMHUS) U HamlpshKeHUs (KpacHasi) Ui BbIILIECONHU-
CaHHOTIO CiIy4Yasl.

B sTOoM pexxume paboThl yrosl OTKpbIBaHUS TUPUCTOPOB PABEH 13° i Be-
anuuHa ko3¢ uimenta MomHoctu cocrtasuia 0,98 [9]. Ha puc.4 u 5 npusene-
Hbl KpUBbIE U3MEHEHUS TOKa M HANPSDKEHUS, a TaK)Ke yKa3aHbl yroJl OTKphIBa-
HUS THPUCTOPOB U BEJIMYMHA KO3()(PUIIMEHTA MOIITHOCTH.
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Ne 1l

—120
Puc.5. KpuBble u3meHeHus TOKa ¥ HaNpsKeHus npu ¢p=13

[Ipu ymeHbIIEHHH aKTUBHON HArpy3Kd COOTBETCTBEHHO YMEHBIIAETCS
BEJIMYMHA cos@ N0 3HaYeHHs cpabarbiBaHus ycTpoiictBa (cosg < 0,95). Ilpu
9TOM OECKOHTAKTHBIA PETYNIATOP aBTOMATHYECKH BKIIOYACT KOHJICHCATOPHBIC
Oarapeu B ceTb. Kaxkmas Kb nmeer emxocts 1 Mk® miist Hanpspkenust U=400 B.

B stom cnyuae 3nauenus momHocteir P=61 Bt, Q=34 Bap u S=70 BA,
BEJIMYMHA yrja CIBHUra MEX]y HampsHKEHHEM M TOKOM Harpy3kd COCTaBHIIA

9=30" u cosp=0,87 [6, 9].
Ha puc.6 npuBeaeHbI KpHBBIE H3MCHEHHS TOKA W HANPSUKEHHS IPU

BrirroueHHou Kb.

A

Puc.6. Kpuble u3meHeHus Toka U HanpskeHus npu BkitoyeHun Kb

Jlanee OblIM McceIOBaHbl KPUBBIE M3MEHEHHUS TOKAa W HANpsDKEHUS B
Kax10i ¢ase Bo Bpems Bkitouenus Kb [5, 6, 13].

Ha puc.7 noka3aHbl M3MeHEHHUs TOKa M HampsbkeHHs B (aze A npu
BritoueHuu Kb, B aApyrux ¢azax KpuBble IMEIOT aHAaJOTHYHBIN XapakTep.
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Puc.7. KpuBbie n3MeHEeHHsI TOKa M HanpspKeHUs B Gasze A npu BkiroueHun Kb

HccnenoBanus ONBITHOrO 00pa3la OECKOHTAKTHOTO PEryJlINpOBaHUS
MOIIHOCTH TpeX(a3HbIX KOHIEHCATOPHBIX Oarapell MO HANpPSDKEHUIO U yria
“@” Harpy3KH NOKa3ali, 4YTO NMpH 00eCreueHHH MOJHOTO (PYHKIMOHUPOBAHUS
OIBITHOTO 00pa31a yCTpONUCTB, OH OTJIMYAETCsl CBOEH MPOCTOTON YIPaBICHHUS.

[TpoBeneHbl 3KCIIEpUMEHTAIbHBIE UCCIIEAOBAaHMS B Ja0OpAaTOPHBIX M B
IPOM3BOJCTBEHHbIX  YCIOBHUAX  OIBITHOrO  obOpa3na  OECKOHTaKTHOI'O
yCTpOMCTBa Ui PEryJUpPOBaHMSI MOIIHOCTH KOHJEHCATOPHBIX Oarapeil u

CHSATBI OCLMJIJIOTPAaMMBbl U3MEHEHHSI HAPSKEHUS], TOKA U IPYTUX IOKa3aTesei.
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VJIK 621.3.048 (075.8)

PA3BPABOTKA OBOBIIEHHBIX TPEBOBAHI/£I7I IIPEIbSIB-
JIIEMBIX K QJIEKTPOIIPUBOAY MPSIMOTOYHOM BOJIOYNIb-
HOUW MAIIIUHBI

B.I1. UBanoBa, B.B. llpinkuna, /I.H. Ucamyxamenos,
A.Y. Typadoexkos, ®.A. AxOapoB

Maxkonaoa uusuw mexHoNOUACUHUHE VMKA3Y8UAH VMKA3UYLAp cuga-
muea mavcupu xaxuoa cy3z oopaou. Tyepuoan-myepu oKumM 4u3uil MauiuHacu-
HUHZ A8MOMAMAAUUMUPUNICAH DTIEKMP XAt008YUCULA YMYMIAUMUPUT2AH Ma-
nabnapHu uwnad YuKUWOa Yu3uuL HCapaéHu 8a MexXHON02UK JHCUXO3NAPHU
Xucobea onean Xo10a J1EKMPOMEXAHUK MUSUMHUHS UWLAUWL XYCYCUAMIApU
xucobea onuHuwiy wapm. Yuzma MAWUHACUHUHE ABMOMAMAAUMUPUTICAH
9NIeKMp XAtl0OBYUCUHUHE ULIAUU2A KYUULAOUSaH MAla0IapHu mygpu my3uid
sazughacu KuliuH 6a YHU XAl KUIUWL MEXHOJIO2UK VCKVHAIAPHUHS dNeKMmp Xali-
0osuuCUHU  OOWKApUWL MUSUMUHU  KYPUWHUHS —ACOCULL  MAMOUULIAPUHU
anuknawea — UMKOH — bepou.  Makonaoa — xaben — UUSUTUWLIADUHUHE
INEKMPOMEXAHUK MUSUMAAPYU Ypmacuodzu acocuti (apkiap ypeanuiea.
Tyepuoan-myepu OKUM YU3UWL MAWUHACUHUHZ MY3UT2AH (QYHKMCUOHAT
oUazpamMmacyu CuMy MAWUHACUHUNHS DJIeKMP KV32AIUWU 6d YHU OOWKAPULUHU
bowKapuw MUsUMUHUHZS ACOCULL YCYIIAPUHU KYPpUd yuxuuiea uUMKoH Oepou.
Yusuw xcapaénunu 6owKapuus musuMuHUHE 21eMenmiap 0asacuHu myzpu
MAHIaUWl HCAPACHHUHS ACOCULL MEXHOJI02UK napamempiapuHu 6a "mynaw
bapabanu - ynoupysuu Oapaban” muzumuoacu CUMIAPHUHE KYUJIAHULL
oapaxcacunu Hazopam KUIUWHU MAbMUHLAW  WAPMIAAPDUHU — AHUKIAOU.
Yexynanune uwnawu myepuoan-myepu okum 4usuul MAWUHACUHUHS DJIeKMp
KV3AMUWMUHY  KYIIAHUIAOU2AH — OowKapuwl — MUusUMUHUHZ mMypu  OulaH,
WYHUH20EK — aAcOCUll  MeXHON02UK  napamemprapuu — mapmubea  conuul
doupacunu  mygpu  Oeneunaws OUNGH — AHUKIAHAOU:  OOWKAPUIAOUSAH
KOOPOUHAMANAap COHU, ONUHAOUSAH CUSHATl MYPU 84 YCKYHAHUHS AHUKIUSU YUVH
mexuono2us manabnapu. Taokukomaap Hamudcarapuea Kypd, myepuoam-
Mygpu  OKUM  YU3UW  MAWUHACUHUHS — ABMOMAMIAUIIMUPULSAH  DJIeKMD
Xau0084UUCUHUHE MOOEPHUZAMCUS KUTUHSAH MUSUMU, HAMUNCA0a Kaben 8a cum
MaxcyiomuapuHune OKUM YMKA3y8uu s0pocu cughamuea uxicobuti mavcup
Kypcamaouean — HAMUMCANAPHU — ONUWL  UMKOHUMU  OepOu.  acocuil
bowKapunaouean KoopouHamanap cugamuoa mexHoao2uKk musumod 3apyp
Oynean cumau  KyYlaHuwi —OpaiueuHu MavbMuHaAQuW OUIaH MexXHOIO02UK
HCAPAEHHUHS XO03Up2U  WAPOUMIAAPU VUYH  INEKMPOMEXAHUK  MUSUMHUHR
anemenmap 6a3acunu Mauiauiea UMKOH 0epaoucan maKoMUIIAUmMUpuiIean
musumuu sapamuwiea. Taokuxom Hamudicaniapuuu maxaun KUiuul myepuoam-
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mMyepu OKUM YU3UUL MAWUHACUHUHE DNEeKMPOMEXAHUK MUSUMUHUHS UULIAUUA
uwnad yukapuwl XycycusmiapuHuHe YCUWUHU Xucobea Ofean X0a0a uuiaab
YUKULeAH — YMYMIAUIMUPUTISAH — MALaOIapHute  MypuiueuHu  Kypcamou.
Llynuneoex, maxonaoa xaben 8a cum Maxcyiomiapuiy Ui yuKkapuuioa 6a
YMYMaH Kaben canoamuoa pecypc 6a SHepeusi meicauoa axuiu HamudxicaiapHu
MABMUHLALAH UTMUL MAOKUKOMIAPHUHE ACOCUTL HAMUNCATAPY KENMUPUTSAH.

B cmamwve paccmampuearomes 60npocul 8IUAHUSL MEXHOLO2UU B0T0YECHIUSL
HA Kauyecmeo moxkonposoosuwux sxcui. Paspabomka 0606wennvix mpebosanuil
K a8MoMamu3upO8aHHOMY DJeKMPONpU8ooy NPAMOMOYHOU BOLOUULLHOU
MAwuHbl 8 0053aMenbHOl Mepe OO0JINHCHA YUUMbleams 0COOEHHOCMU pabomul
INEKMPOMEXAHUYECKOU CUCEMDbL, C YYENOM NPOYeccd GOJ0UEHUsl U MEXHONO0-
2uuecko2o 060py0osanus. 3a0ava nPasuIbHOCMU COCMAGIeHUs: MPedOBanUll K
pabome  asMoOMAMU3UPOBAHHO20 INEKMPONPUBOOAd BOIOYUILHOU MAUUHDL
ABNAEMCA CONACHOU, A ee peuleHue NO360JUL0 ONPeOelums OCHOGHbIE NPUHYU-
nbl NOCMPOCHUSI CUCEMbl YAPAGIEHUS INEKMPONPUBOOOM MEXHOLOUYECKO20
0bopyoosanus. B cmamve uzyueHvl OCHO8Hble OMAUYUSL INEKMPOMEXAHUYECKUX
cucmem xabenvhvlx acpecamos. Ilocmpoennas GynkyuonaibHas cxema npsi-
MOMOYHOU BONOUUNLHOU MAUUHBL NO360IUNA PACCMOMPENb OCHOBHblIE CHOCO-
Obl cucmemvl YnpagieHusi NeKmponpueo0oM KabeabHOU MAWUHbL U ee KOH-
mpons. Ilpasunvusiii 66100p d1eMeHMHOU 6A3bL CUCTEMbl YNPABTIeHUs NPOYec-
ca 80104eHUs. ONpedenuna Yciosus 0becnedyeHus KOHMpOJis OCHOBHbIX MEXHO-
JIO2UYECKUX Napamempos npoyecca U YPOG8Hsi HAMSICEHUS NPOBOJIOKU 6 CU-
cmeme «omoarowuil bapaban — gunvepa — manywull oapabany. Ycmanoeie-
HO, Yymo paboma 060py008aHuUsi ONPeoessimcs UOOM NPUMEHAEMOL CUCTEeMbl
VAPABLEHUsL INeKMPONPUBOOOM NPAMOMOUHOU BOLOUUTLHOU MAWUHYL, A MAK-
JHce NPasUbHbIM onpedeieHuem OUana3ona pe2yiupo8aHusi OCHOBHbIX MEXHO-
JIO2UYECKUX Napamempos; KOAUdeCmeo KOHMPOIUPYEMbIX KOOPOUHAM, 6UO
CHUMAEMO20 CUCHANA U NpedbssisieMble MPebO8aHUsl MEXHOI0SUU K MOYHOCIU
pabomuvl 0bopyoosanus. [lo pesynemamam npoedeHHuIX UCCAe008AHUN MO-
OEPHUBUPOBAHHASL CUCMEMA ABMOMAMUZU-POBAHHO20 NEKMPONPUBOOd Npsi-
MOMOYHOU BOJIOUUILHOU MAWUHBL NO3BONULA NOJYHUMb PE3YIbIMamyl, KOmMo-
pble OKA3bl8AIOM 8 KOHEYHOM UMO02e NONONCUMENbHOe GIUSAHUE HA KAYeC8O
moxogedywell Huibl KabeibHO-NPOBOOHUKOBOL NPOOVKYUU 30 CHem CO30aHUs.
YCOBEPULEHCIBOBAHHOU CUCEMbL NO360AI0WEN OCYWeCmeums noobop sie-
MEHMHOU 0a3bl IIeKMPOMEXAHUUECKOU cUcmembl OISl OeliCmEYIoOuUx Yca08uUll
MEXHOI02ULEeCK020 npoyecca ¢ obecneyenuem mpedyemoeo Ouana3oHa Hamsi-
JHCEeHUsl NPOBOJIOKU 8 MEXHONIOSUYECKOU cucmeme, KaK OCHOBHOU pe2yiupyemou
KOOpOuHamul. AHanu3 pe3yibmamos UCcied08anus NOKA3al NPAGUTbHOCTb
paspabomaHubix 0000WeHHbIX MPeboBaHUll K pabome 31eKmMpOMeXaHUUecKol
cucmembvl NPAMOMOYHOU 80JIOYUTLHOU MAUUHBL C Y4eMOM NOBbIULEHUS. IKCIILY-
amayuorHevlx xapakmepucmux. Taxoce ¢ cmamve npugedeHvl OCHOBHbIE pe-
3YIbMamyvl HAYYHLIX UCCLE008AHUL, KOMOpble 0becneyunu Xopouiue pesyilb-
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mamvl NO pecypco- U 3IHep2ocOepedceHurd 8 npoussoocmee KabenbHo-
NPOBOOHUKOBOU NPOOYKYUU U 8 KADENbHOU NPOMBIULIEHHOCMU 8 YETIOM.

The article discusses the influence of drawing technology on the quality
of conductive conductors. The development of generalized requirements for an
automated electric drive of a direct-flow drawing machine must necessarily
take into account the peculiarities of the operation of an electromechanical
system, taking into account the drawing process and technological equipment.
The problem of correctly compiling the requirements for the operation of the
automated electric drive of the drawing machine is difficult, and its solution
allowed us to determine the basic principles of building a control system for
the electric drive of technological equipment. The article studies the main
differences between the electromechanical systems of cable assemblies. The
constructed functional diagram of the direct-flow drawing machine made it
possible to consider the main methods of the control system for the electric
drive of the cable machine and its control. The correct choice of the element
base of the control system of the drawing process determined the conditions for
ensuring control of the main technological parameters of the process and the
level of wire tension in the system "payoff drum - die - pulling drum™. It has
been established that the operation of the equipment is determined by the type
of the applied control system of the electric drive of the direct-flow drawing
machine, as well as by the correct determination of the range of regulation of
the main technological parameters: the number of controlled coordinates, the
type of signal being picked up and the technology requirements for the
accuracy of the equipment. According to the results of the studies, the
modernized system of the automated electric drive of the direct-flow drawing
machine made it possible to obtain results that ultimately have a positive effect
on the quality of the current-carrying core of cable and wire products due to
the creation of an improved system that allows the selection of the elemental
base of the electromechanical system for the current conditions of the
technological process with the provision of the required the range of wire
tension in the technological system, as the main controlled coordinate. The
analysis of the research results showed the correctness of the developed
generalized requirements for the operation of the electromechanical system of
the direct-flow drawing machine, taking into account the increase in
operational characteristics. Also, the article presents the main results of
scientific research, which provided good results in resource and energy saving
in the production of cable and wire products and in the cable industry as a
whole.

OCHOBHBIM KOHCTPYKTUBHBIM 3JICMCHTOM OOJIBIIMHCTBA KaOEIIbHBIX H3-

nenuii siBigercs tokonpoBonsmas ckuna (TIDK), koTtopyio M3roraBmmBaroT
IyTeM XOJIOJAHOTO BOJIOUEHHs Ha BOJOYMWIbHBIX MamuHax (BM). Iognepxka-
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Hue kadectBa TIDK Ha BBICOKOM ypOBHE 0OecreunBaeTcs KeCTKUM COOIIoe-
HUEM TEXHOJIOTMYECKHX M TEXHUYECKUX TpeOOBaHMA, MpPEIb-SBISEMBIX K
TEXHOJIOTHYECKOMY IPOLIECCY BOJIOUEHUS, a HMEHHO: PeryJIupoBaHUe HaTsXKe-
HUS TIPOBOJIOKH, KOHTPOJIb IETIC00pa30BaHus, OTCYTCTBUE MEPETITOB U 00-
PBIBOB, KOHTPOJIb HATSKEHUSI OTBOJIOYEHHOTO M3/ETUS U MUHUMU3ALUs OTHO-
CUTEJILHOTO YJIMHEHHS IMPOBOJIOKH, a TAaK)KE YCIOBUSMH JKCIUTyaTaluu Oy-
ayuiero kabeiapHOro m3nenus. Bee BwlenepeyncieHHbIe TpeOOBaHUS periia-
MEHTUPOBaHbl B HOPMATUBHO-TEXHHUYECKOW AoKyMeHTaruei. TexHomoruue-
CKas CiIyX0a Liexa B CBOIO 04epe/b OCYLIECTBIISIET KOHTPOJb 3a UX coOtoze-
HUEM B TEXHOJOTMH M3TOTOBJICHUS KaOeNbHOH MpOayKIHH. BeimonHeHue
TpeOOBaHUI IyTeM KOHTPOJISI TEXHOJOTHUYECKHX MapaMeTpoB B TpeOyemMom
JUana3oHe MO3BOJISIET B KOHEYHOM UTOTe MOMYYUTh Ka4eCTBEHHYIO KabeIbHYI0
HPOAYKINIO — KaOeIb HITH MPOBO/I.

Pa3zpabotka 0000mIEHHBIX TpeOOBaHMS K IPOIECCY BOJOYECHHS, TaKKe
3aBUCHUT OT KOHCTPYKTHUBHBIX ocoOeHHOcTell BM, KoTOpble yuuTBHIBarOT OCO-
OeHHOCTH paboThI AnekTpoMexanndeckoi cucteMsl (OMC). [lanHbie TpebGoBa-
HUS SIBJISIFOTCS. OMPEIENSIONIUMU AJIs1 pad0Thl aBTOMATU3UPOBAHHOTO AJIEKTPO-
npusoga (ADII)[1]: cornacoBanue ABMKeHUs pabouux opranoB BM, myck u
OCTaHOB; PEryJIupoBaHue paboyeil CKOPOCTU B 33JJaHHOM JTUaNa30He; Peryiu-
pOBaHWE HATSHKEHUS TIPOBOJIOKU M CTAOMIIM3aLUsl pABHOMEPHOCTH PACKIAIKH;
pEryJIMpoBaHUE HATSDKEHUS M JMaMeTpa MPOBOJOKH; oOecreueHHe BBICOKOM
HAJIKHOCTH AJIEKTPOOOOPYIOBAHUS; CTAOWMIIM3AIHNS JHaMETpa MIPOBOJIOKH U €€
OCTaTOYHBIX Aedopmaruii, GpuKcUpoBaHHAs BBITSKKA Ha 3aJlaHHBINA JUAMETp
TOTOBOT'O M3/ENHUs, COOIOIEHUE MaplIpyTa BOJIOYEHHUS, NETIe00pa3oBaHue U
OOpPBIBHOCTB, IUIABHOCTb IIyCKA M TOPMOXEHHUS, a TaK K€ BKIIOUEHHE peKuMa
aBapUIfHOTO OCTAHOBA TEXHOJOTHYECKOTO 000PYIOBAHUSI.

Takum oOpazoM, Borpoc pazpadbotku TpedoBanuii k ADIl BM sinsitoTcst
CJIOKHOM 3ajiaueil, perieHne KOTOpor MO3BOJIUT OMPEAETUTh OCHOBHbIE PUH-
[UIIBI TIOCTPOCHHS CUCTEMBI yIpaBiieHus anekTpornpuBogom (CY DII) BM.
Taxoxe cienyeT OTMETUTb, YTO HYXKHO YAETATh 0co0oe BHMMaHHe TUily BM,
KOTOpPBIN ONpesensieTcss 0COOCHHOCTSIMU KOHCTPYKTUBHOI'O UCIIOJTHEHUS (IIpsi-
MOTOYHasl, CO CKOJIbKEHUEM, 0€3 CKOJIBXEHUS U T.JI.).

Kpome Bcero, OCHOBHOW OTJIMYMTEIBHON YEPTOU AIIEKTPOMEXAHUUYECKON
CHCTEMBI JTI000ro KaGenbHOro arperara (BOJIOUMJIbHAS, KPYTHIIbHAS MAIIMHBI,
AKCTPY3UOHHAS JIMHUS, TIEPEMOTOYHBII CTaHOK) SIBIISICTCS CTAOMIIM3AIMsI CKO-
poctu aswxkeHus nposoioku (TIDK, cepneunuka, kaGenbHOro M3Jenusi), Ko-
TOpasi JOCTUTaeTCs MyTeM YMEHBIICHUsI YacTOThI BPALEHUS Bajia dJIEKTPOIBH-
raTessi, CBSI3aHHOTO C OChIO MPUEMHOro O6apabaHa yepe3 peayKTop ¢ obecreue-
HUEM aBTOMAaTHYECKOT'O PeryJIMpOBaHMs YacTOThl BPALLlEHUs ABUraTeNs U, KaKk
CJICZICTBHE, MOITICP)KaHNE HATSDKEHUS! U BBITSHKKH M3TOTABIMBAEMOTO U3IICITUS
B TpeOyeMoM Jinana3oHe.

Pa3zpaborka tpeboBanuit k ADII mpsmorounoit BM mo3Bosar obecrie-
YUTh KOHTPOJIb U YIPABJICHUE OCHOBHBIMHM TEXHOJOTHUECKUMH MapaMeTpamMu:
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JUIMHA U JIHaMEeTpP MPOBOJIOKHU, HATSHDKEHHE, YUCIIO BUTKOB Ha TAHYIlEeM Oapa-
OaHe, IUIABHOCTh pa3roHa u TopMmoxeHus (puc.l). Pemenue Bonpoca cornaco-
BaHUS CHHXPOHHOM pPalbOTHI BCEX TSHYIIMX OJIOKOB U Y3JIOB, BXOJSIIUX B
COCTaB KaOEIIbHOT'O arperara, sIBJISIONIeecs OCHOBOW OecrnepeO0oitHOi paboThl
OMC npsimoTtouHoit BM.

1 Tagymui 6apadan

CHcTeMa
BCOOMOTATEIbHBIX
¥CTpolcTB

PeaykTop

CHcTeMa
JAATYHKOB

WYvvvy

*

TpeoGpa3oBaTeb
(vemraTems MomEocTH)

CHCTeMa PeryTHPOBAHHA MPOMECCOM
BOJIOY1EHHA

Puc.1. ®ynkunonansHas cxema CY Ol npamoTtounoit BM

[Toctpoenne (PpyHKUIHMOHAIBHON CXEMbI OCYILECTBISETCSI HA OCHOBAaHUU
00001meHHbIx TpeboBanuii k D11 npsmorounoit BM. Ilpu stom pabota ¢yHK-
nuroHanbHOM cxembl CY OII npsimotounoit BM (puc.1) ctpoutcst Ha ycunure-
JY MOIIHOCTH, KOTOPBII MOCTPOEH HAa OCHOBE THPHCTOPHBIX/TPAH3UCTOPHBIX
npeoOpazoBareneii. Beibop narumkoB cuctemsl 3aBUcHT OT Buga CY III mps-
MoTouHOW BM: KkosnndecTBa KOHTPOJIMPYEMBIX KOOPJIMHAT, BUIAA CHUMAEMOTrO
curHana, tpeboBaHuii k TouHocTu. Paspaboranbl ADII mpsimorounoit BM
JIOJDKEH OO0ECTeYUTh KOHTPOJb OCHOBHBIX TEXHOJOTHYECKUX IapaMeTpoB
nporiecca BOJIOYEHHUS C OJTHOBPEMEHHBIM KOHTPOJIEM YPOBHS HATSKEHHSI MPO-
BOJIOKH Ha TOCJIEYIOUIEM TSHYIIeM 0apabaHe: JUTMHbI TPOBOJIOKU U AMAMETPa,
OKPYXKHOW M JIMHEWHOM CKOpoCTeH M yucia BUTKOB. CorjiacoBaHMe CKOPOCTEH
6apabaHOB M MCKIIOYEHUE MEPEHATSHKEHUS BBIOIHSIIOT MEeTIe00pa3oBaTeny —
(TaTYUKK HATSDKEHUS), OHM JIal0T BO3MOKHOCTh YMEHBIIUTH YYBCTBUTEIb-
HOCTh CHCTEMBl K YNPYrOCTH MeTajula, a CUTHajl, MOJy4daeMbl ¢ JaTduka
HATSDKEHUsSI, OIICHUBAET BEIIMYMHY HATSHKCHUS W IO3BOJISIET CHUCTEME OIepa-
TUBHO YIPaBJSITh HATSDKEHHEM W UIASHTH(PHUIMPOBATH ApPYrue MapaMmeTpsl
npoliiecca BOJOUEHHsI, KOTOPBIE HEJOCTYIHBI TIPSMOMY H3MepeHuto [6, 7, 8].

[Tporiecc HaMOTKM OTBOJIOYEHHOH IPOBOJIOKM Ha TAHYIIMNA OapabaH
NPUEMHHIKA OCYIIECTBIISIETCS] YCTPOHCTBAMU C KOHTAKTHBIM U OE€CKOHTaKTHBIM
U3MEPEHUEM painyca HAMOTKH (MTPSIMOM M KOCBEHHBIH criocoOsr) [8, 7].

KoHTakTHBIN CIIOCOO HE MOXKET 00ECTIEYUTh BHICOKYIO TOYHOCTH M3MeE-
pEHUN TEKyIIero paguyca HaMOTKH (IKCHEHTPUCUTET OapabaHa), MOITOMY
NPENOYTUTEIEHBIMU SIBIISIIOTCSL YCTPOWCTBA, PEATH3YIONUE OCCKOHTAKTHBIE
crocoObl M3MepeHusi paauyca (KOCBEHHas OIEHKa OTHOIICHHS JIMHEHHOMN
ckopoctu OapabaHa K OKpYKHOW, M3MepeHHe pajuyca OapabaHa Kak JJIHMHBI
HaMaThIBa€MOIl MPOBOJIOKH MpHU MOBOpOTE OapabaHa HAa yroJl paBHBIA OJTHOMY
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panuany). B coctaB ycTtpoiicTBa BXOJAT: UMITYJIbCHBIE JATUUKU YAaCTOThI Bpa-
LICHUS HaMaThIBAOLLEro Bajia. /[JIMHa HAMOTaAaHHOW IPOBOJIOKHU ONPEHEIISIETCS
KOJIMYECTBOM HMITYJbCOB HAIPSDKEHHsA HAa BBIXOAE JAaTYMKa C JOCTaTOYHO
BBICOKOM TOYHOCTBIO.

HatspkeHHne NPOBOJIOKM SIBIISIETCA OCHOBHOM PETYJIMPYEMOM KOOpAHMHA-
toit ACY DIl npsimorounoit BM u cOOTBETCTBEHHO ONpENEIISAET CBOMCTBA €€
anieKTpoMexaHudeckoi cuctemsl [2]. Cuctema peryinupoBaHHUs HaTSDKEHUS
peam3yeTcsl Ha IPUHIUIAX KOCBEHHOIO U IPSAMOI0 perylupoBaHus. ABTOMa-
TU3AIUS ¥ ONEPATHBHBIA KOHTPOJIb TEXHOJIOTHUECKUX PEKUMOB paboThI 000-
pYZOBaHUS B OOLIEM Cllyyae pealu3ylTCsl CUCTEMOW YIPAaBJIECHUS 3JIEKTPO-
IIPUBOAOM HPSAMOTOYHOM BM C HCHONB30BaHUEM [BYXKOHTYPHBIX CHCTEM
IOJAYMHEHHOI'O PEryJUpPOBaHUS YacTOThl BpALICHHUS JBHUraTelled TIHYLIMX
6sokoB BM u npuemHuka. [IponopunoHaibHO-UHTETPAJIbHBIE PETYJSTOPHI
(ITU-perynaTopbl) MO3BOJISAIOT BO BHYTPEHHEM KOHTYpe TOKa apuraresecii BM
TAHYIIUX OJOKOB M IPHUEMHHKA KOMIIEHCUPOBAaTh MHEPLUOHHOCTH CHIJIOBOM
uenu U GpopMupoBaTh NMEPEXOHBIN Mpolece B KOHType Toka. PaboTa ycTpoii-
CTBa OCHOBaHAa Ha crioco0e yIpaBlieHHUs IUNIOTHOCTbIO HAMOTKH (ApXuMenoBa
criupans) [3], dopMupoBaHHEM, B COOTBETCTBUU C 3aKOHOM PETYJIUPOBAHUS,
HaTSDKEHMsI IPOBOJIOKU B (DYHKIIMU CHUTHAJa Pa3HOCTU (PAKTUUYECKOIO U Teope-
TUYECKOI'0 pauyCcoB HAMOTKH, IOCTYHAIOLIEr0 4Yepe3 HMHTErparop Ha BXO.
3aaTuMKa HaTsOKeHHs. CUTHAIIBI ONIEPAaTUBHOIO KOHTPOJISI CKOPOCTH HAMOTKH,
JUIMHBI IIPOBOJIOKHM, €€ HaTSKEHUs, IO0Ka3aTelIu PaBHOMEPHOCTH DPACKIAAKH,
panuyca 6apabaHa U yKcia BUTKOB MOCTYNAIOT B YIpaBIISOLIee YCTPOMCTBO U
o0OecrieunBarOT BbIJAUy TEKylledl HHQOpMAMK O XOJA€ TEXHOJIOIMYECKOIo
mporecca.

[Tpu BbIOOpE BapuaHTa MOCTPOEHHSI CUCTEMBI YIPABJICHUS IPOLECCOM
BosioueHus [4, 5, 6, 13, 14], KOTOpBIN CTPOUTCS HA pa3padOTaHHBIX 00O0OIIEH-
HbIX TpeOoBaHusa K pabore OII mpsamorounoit BM, HeoO6XonumMo y4yuTHIBAThH
JUHAMHYECKHE XapaKTEPUCTUKH OOBEKTa YIpaBJIeHMs, KOHTYpa peryjinpoBa-
HUSl HaTsDKEHHEM OOBEKTa BOJIOUEHHs, KOHTYp PEryJupOBaHMs IUIOTHOCTH
HaMOTKH.

[TpoBenennsii ananus [15, 16, 17, 18, 19, 20] mo3Boiu cienarh BEIBO
0 TOM, 4TO TNpaBWiIbHO BBIOpaHHBIN Bapuant CAY OII mpsmorounoit BM,
KOTOPBII 3aBUCHT, MIPEXKJIE BCEro, OT pa3pabOTaHHBIX 0OOOILIEHHBIX TpeOOoBa-
Hult k padore OMC npsmorounoit BM, u mo3BOJUT NOBBICUTH AKCILTyaTalll-
OHHBIE XapaKTepUCTUKHU npsMoToyHoi BM Ha 10% mo cpaBHeHUIo ¢ umero-
muMucs. [Ipu 3Tom OyzneT JOCTUrHyTa CYIIeCTBEHHAst 3KOHOMHUS ME/IM 3a CUeT
YMEHBUIEHUS YUCJIA ABAPUHWHBIX OCTAHOBOB, COKPAILEHUE 3alPaBOYHBIX KOH-
IIOB M, KaK CJEJICTBHE, BHEIPEHUE MPOTPaMMbI PECYpPCO- U SHEProcOepekeHUs

B TEXHOJIOTHIO W3TOTOBJICHUS KaOeIbHO-TIPOBOJHUKOBOM mpoaykmuu [9, 10,
11,12].
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YK 620.9: 621.316

O MOHUTOPHUHI'E PEXKUMA U COCTOSIHUSL
IJIEKTPUUYECKOU CETHU

O.B. Paauonona, P.A. Curtaukosn

Maxkonaoa snekmp mapmokiapuHuHe camapacopauesut OWUPUUL Myam-
MONAPUHU XAN KUTUWL YYYH YIAPHUHE DeXCUMU 64 XOIAMUHU KY3amuil 3apyp-
aueu acociab bepunean. Ouepeusi mexkwiupyeiapu (dHepeemux ayoumiap)
8aKMUOA INIEKMP MAPMOKAAPU PEHCUMAAPUHUHE MAACOYPUTL MOHUMOPUHSUHU
ymxazuwt maxiugh smunaou. Xozupau axmoa 31eKmp mapMOKIAPUHUHE IHep-
2emuK ayoumunu Ymxauuoa YiapHuHe 3j1eKmp pexcumiapu 0yuuua xucoo-
Kumoobnap amanea OwupuimMaiou, 4yHku OyHOa SHepeemuKk ayoum YmKazuul
Kouoanapu éa ycyniapu Hazapoa mymuimazan. J1eKmp mapMOoQUHUHE IHepIUsl
camapaoopiueu 64 UWOHYIUIUSUHU OWUPUWL VUVH Dedll 8AKM PedCUuMuod
V3AYKCU3 MOHUMOPUHS YMKAZUUL 3aPYD.

B cmamve obocnosvisaemcst He0OX0OUMOCHIb MOHUMOPUHSA PENCUMA U
COCMOSIHUAL DNIEKMPpUYecKux cemeul OJis peuweHus 3a0ay NoGbluleHUs ux 3¢-
Gexmusnocmu. Ilpednacaemcsi npogooums 00653amenbHbIL MOHUMOPUHE pDe-
HCUMOB INEKMPUYECKUX cemell NPU NPoBedeHUl IHepeemuieckux o0cniedosa-
Hutl (3Hepeoayoumos). B nacmoswee epems npu nposedenuu sHepeoayoumos
INEKMPUYECKUX cemell pAciémbl UX NeKMPULECKUX PEHCUMO8 He NPOBOOAMCS,
MAaK Kak 9mo He npedycmampueaemcs NPaAsuiIamu u MemoouKamu npoeeoeHus
aHepeoayoumos. s nosviueHus dHepeo3ph@ekmusHocmu u HAOENCHOCMU
INEKMPUYECKOU cemu  HeoOX00UMO NPooOUMb NOCMOSHHBINL MOHUMOPUHS 8
pedicume peanbHO20 PEMeHU.

The article substantiates the need for monitoring the mode and state of
electrical networks to solve the problems of increasing their efficiency. It is
proposed to carry out mandatory monitoring of the modes of electrical net-
works during energy surveys (energy audits). At present, when conducting
energy audits of electrical networks, calculations of their electrical modes are
not carried out, as it does not provide for the rules and methods of conducting
energy audits. To improve the energy efficiency and reliability of the electrical
network, it is necessary to conduct constant monitoring in real time.

BBenenue. HeorbemiieMol 4acTeio J1H000M TTPOrpaMMbl, HAMpaBICHHON
HAa DKOHOMHIO SHEPTUH, SBJSIETCS DHEPreTHdeckoe oOclefoBaHHe, KOTOpoe
MO3BOJISIET OMPECIUTh CYIIECTBYIOIINI YPOBEHh YHEPTETHUECKUX PACXOJIOB,
BBISIBUTH CEKTOpa ¢ HAaUOOJIBIIMMHU MOTEPSMU DHEPTUHU, ONPEACTUTH MOTEHIU-
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aJl JUIsl SHEprocOepex eHus M, Ha OCHOBE IOJYYEHHBIX JAHHBIX, PEaTU30BaTh
pOTpaMMy BHEJPEHUS SHEProcOeperarux MeponpusTHA.

AHau3 IpoBEAEHUS PHEPreTHMYECKUX ayIauToB (0OcienoBaHMi) 3JeK-
TPUUECKUX CETEM M MX 3JIEMEHTOB I10OKa3bIBAET, UTO IPOBEICHHUE MEpUOaNYE-
CKHUX, HO JJOCTAaTOYHO PEAKHX SHEPreTUYECKUX ayJUTOB B COBPEMEHHBIX YCIIO-
BUSIX JIMIIb YaCTHYHO YJOBJIETBOPSET PEIICHHUIO 33Jau MOBBIICHUS SHEProd -
(EKTUBHOCTH U SHEProcOepex eHns. ITO CBA3aHO C YKPYITHEHUEM U UHTEIJIeK-
Tyalu3aluen dJeKTPUIECKUX CeTed, YCIOKHEHHEM PeXUMOB, HOBBIMH TpeOo-
BaHUAMH K 3(()EKTUBHOCTH U HaAEKHOCTH UX (QyHKIIMOHUpOoBaHus [1-4].

TpagunuoOHHbIE METOAbl NPOBEACHMSI SHEPreTUYECKUX O00CIe10BaHu
JNIEKTPUUECKUX CETEH PeriaMeHTHPYIOTCS COOTBETCTBYIOIIMMU HOPMATHUBHO-
NPaBOBBIMHU JIOKyMEHTaMH, B TOM 4ucIie U B Y30ekucrane [5]. st momydeHus
IOJTHOM KapTUHBI OajlaHCca 3JIEKTPOIHEPIHH Ha ATallax ee Mepeaaydu, pacrupese-
JICHUS ¥ TOTPEOJICHHsI, BKIIFOYasi OallaHChI 10 oObekTaM (moactanmuu, JIDIT),
YPOBHSIM HaIpsKEHUsI, COOCTBEHHBIM HYXXJaM U T.J., HEOOXOIUM MOCTOSIHHBIN
MOHUTOpPHHT 3JekTpuueckux cereid (OC) m mx oObekroB. Takum o0Opaszom,
HE00XO0IUMO MEpPEeXOJuTh OT TPAJULMOHHBIX MPaBWJI U METOJIOB HPOBEIECHUS
SHEPTOoayAUTOB K HEMPEPHIBHOMY MOHHTOPUHTY 3((EKTUBHOCTH DIIEKTpUYE-
CKOM ceTH, €€ peKUMOB U COCTOSIHUS 3JIEMEHTOB.

HenpepbiBHBIIH MOHMTOPHMHI JJIeKTpH4eckol ceTH. lcronb3oBaHue
OINEPATUBHOIO MOHUTOPUHIA IPH MPOBEJCHUU SHEPreTUUYECKOIo ayJauTa IM03-
BOJISIET HENPEPHIBHO WJIM C 3aJaHHBIMU MHTEPBAJaMHU BPEMEHHM KOHTPOJIUPO-
BaTb COCTOSIHUE DJIEKTPUYECKON CETH M €€ DIIEMEHTOB, a TAK)KE PEXKHUMBI, U
NPUHUMATD PEIICHUS M0 TIOBHIIEHUIO 3()PEeKTUBHOCTH MX (HYHKIIMOHUPOBAHUS
[6-9].

C TOYKM 3peHusl TEXHOJIOTHH 3HepreTndyeckoro ayauta (JA), HerpepbIB-
HbIi MOHUTOPHUHI JIEKTPUUYECKON CETH SIBISETCS OJHUM M3 BapUAHTOB Jallb-
HEUIIero pa3BUTHUS SHEProoOCIe0BaHNs MYyTEM COKpAIIEHUs NIEpUOI0B U3Me-
PEHMI, IIPU MOCTOSHHOM HCIIOJIB30BAHUH IPUHLIMIIOB IIEJIEBOIO DHEPreTHYe-
ckoro mouutopunra (LIOM). Ha3zpanue «ieneBoil 3HEpreTUYECKUd MOHUTO-
PHHD» MPOM30IILIO OT MEepeBoia MEXIyHAPOAHOTO TepMuHa «Energy monitor-
ing and targeting» (M&T) [8,9]. HenpepbiBHBII MOHUTOPHHT COCTOSIHUSI U
PEKUMOB IEKTPUYECKUX CETEN U UX DJIEMEHTOB I103BOJISIET KOHTPOJIUPOBATh U
YIOPaBIATh 3HEProdP(EKTUBHOCTHIO U HAJEKHOCTHIO (YHKIIMOHUPOBAHUS B
pexume “on line”.

Ha puc.] noka3zana ynpoméHHasi CTpyKTypa JIEKTPUYECKON CETH, SBIIS-
IOLIEHCS CBA3YIOIMM 3BEHOM MEXKIY MCTOYHHMKAMH T'€HEpaluH 3JIEKTPOdHEP-
TUH U IOTPEOUTENAMHU.

Metox M&T nocTaroyHO MIMPOKO MPUMEHSETCS B MMPOMBIIUIEHHOCTH U
SHEPTeTHKE PA3BUTHIX CTpaH [7], B TOM 4YHCIIe W JUIsl TIOBBIMICHHS SHEPTOd (-
(EKTUBHOCTH DJIEKTPUYECKUX CeTe. DTO CTAHOBUTCS OCOOEHHO BaXKHBIM B
CBSI3M C CO3JaHMEM «YMHBIX)» CETeH, KOTJa MacCUBHAsl POJib CETEH MepexouT B
AKTUBHYIO KaTETOPUIO U CTAHOBUTCS OINPENEIAIONIEN B LIENIOUKE «reHepauus -
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pacnpeziefieHue — MoTpeOIeHrne» AIEKTPOIHEPTUU. Y COBEPIICHCTBOBAHHBIC U
pacmupeHable BO3MOXKHOCTH ME&T KpUTHYECKH BaKHBI ISl TOTO, YTOOBI
rapaHTupoBath Oecniepe0oifHOe 3IeKTPOCHAOKEHUE U OJJTHOBPEMEHHOE MOBbI-
[IEHUE Y9KOHOMUYHOCTHU JIEKTPUUECKUX CETEH.

Puc.1. YopouieHHast CTpyKTypa 3J€KTpUUECKON CEeTH

N3BecTHO, YTO pacuéThl MOTEPh EKTPOIHEPIHMU MOAPA3JEIAIOTCS Ha
Tpu Buaa [9]:

- PETPOCIEKTUBHBIE;

- IEPCIIEKTUBHBIE;

- OIIEpaTUBHBIE.

PerpocniekTuBHBIE pPacyETHl ONPEAENSAIOT MOTEPU DJIEKTPOIHEPTUU 3a
IIPOLIEIIINE UHTEPBAJIBI BPEMEHU U CITy’KaT AJIs ONPEACIEHUS:

- CTPYKTYpBI IOTEPH IJIEKTPOIHEPTUH;

- OLICHKH KOMMEPYECKHUX MOTEPB;

- BBISIBJICHHE IPYII 3JIEMEHTOB CETH C MOBBIIIEHHBIMH ITOTEPSMHU.

[lepcrieKTHBHBIE pPACUETHI OMPEAEIAIOT OKUIAEMBIE ITOTEPHU DIIEKTPO-
SHEPruM Ha CIEAYIOLUE MEePUOJbl (MECSIbl, TOJIbl) U CIy>KaT OCHOBHOM st
HOPMHUPOBAHHUS NOTEPH JIEKTPOIHEPTUHU U ITUIAHUPOBAHUS PA3BUTHS DJIEKTPU-
YECKUX CETEH.

Kak perpocnekTuBHbIE, TaKk U NEPCIEKTUBHBIE IOTEPU OCHOBBIBAIOTCS HA
OTIepaTUBHBIX U3MEPEHUAX U pacyETax.

ITpu onepaTUBHBIX pacdy€Tax ONpPENEISAIOT MOTEPU 3a TEKYLME UHTEPBA-
Jbl BpEMEHU; U OHH CIIYyKaT JUIsl KOHTPOJIS TEKYUIMX 3HAUYE€HUH MOTephb dJeK-
TPOSHEPTUH, ONEPATUBHOM KOPPEKLHU DPEKUMa I YMEHBIIECHUS MOTEPD,
dbopMupoBaHus 6a3bl TaHHBIX IO TOTEPSM H T.1.

Hampumep, neneBbiMH 3a1auaMyd MOHUTOPUHTA MTOTEPH IEKTPO3HEPTUU
[10,11] siBnstroTCS:

— MOHHUTOPHHI IapaMeTPOB PEKHUMOB 3JIEKTPONOTPEOICHUS B TOYKaX
MOCTaBKM Ha rpaHuile OadaHCOBOM MPHUHAMJIEKHOCTH C IMOTPEOUTENs MU, a
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TaK)XKe B TOYKAX TEXHUYECKOTO YUYeTa 3JIEKTPOIHEPTUH B SJIEKTPUUYECKON CETH B
ONIEPATUBHOM DPEXHME, Ha OCHOBE WH(pOpPMAIMH, MOJIy4aeMOH B TEMIIEe MpPo-
[ecca C YCTAHOBJICHHBIX Ha NPHUCOCAUHEHUAX TMOJACTAHUMN JaTYUKOB M
CpPEACTB U3MEPEHHI BCEX BUJIOB;

— OIEPAaTUBHBIA KOHTPOJIb TEKYIIEr0 YpoBHS (DaKTUUYECKUX MOTEPh MpHU
TPAHCHOPTE DJCKTPOIHEPTHH HA y4acTKaxX CETH, KOTOpPhIe 0OeCIeueHbl Cpe-
CTBaMU MU3MEPEHUN W/WIIH ydeTa dJIeKTPOIHEPTUH;

— TIOBBIIIEHHE TOYHOCTM M OOOCHOBAHHOCTH PE€3YJIbTATOB pacuyeToB
CTPYKTYPHBIX COCTAaBJISIOUIMX OallaHCOB JJIEKTPOIHEPIHH, TEXHUYECKUX U
HETEXHUYECKUX MOTEPh IEKTPOIHEPTHU B CETAX, B COOTBETCTBUU C YPOBHEM
00eCreYeHHOCTH UX CPEACTBAMH U3MEPEHUN W/WIIN yueTa dJIeKTPOIHEPTUH;

— BBISIBJICHHE MECT M aHAJIU3 NMPUYMUH MOBBIIICHHBIX TEXHUYECKUX U He-
TEXHUYECKUX MOTEPh MOLIHOCTH U AJIEKTPOIHEPIHH B CETAX B LIEIAX MPUHATUS
OTIEPATUBHBIX MEP MO UX CHIHKCHHIO;

— mnoBbilIeHHE 3((HEKTUBHOCTU HCIOIB30BAHUS TEXHOJOTUYECKOW HH-
dbopmaru, IpeaoCTaBIIeMON CPECTBAMU aBTOMATU3AIMH IS 1eJe MOHU-
TOPHUHIa, KOMMEPYECKOIO U TEXHUYECKOT0 yUeTa JIEKTPOIHEPTUH B CETSIX;

— HepexoJl OT KOHTPOJI YPOBHS NOTEPh B 3JIEKTPUUECKOM CETH B LIEJIOM
K OTPEIEIICHNI0 00BEKTa C 0Yarom rmoTephb;

— (opmMupoBaHue OATAHCOB AJIEKTPOIHEPTUN C ABTOMATHICCKUM O(hOpM-
JIEHUEM PE3yJIbTaTOB KOHTPOJIS.

OTMmeTHM, YTO 10 OCOOEHHOCTSIM CXEM U PEXKUMOB AIEKTPUUECKUX CETEH
V36ekucrana, ux HHPOPMALMOHHON OOECIIEYEeHHOCTH BBIIENAIOTCS YeThIpe
rpynmnsl ceTed, pacyéT MoTeph B KOTOPHIX B HACTOSIIEE BPEMs MPOU3BOMST
pa3IMYHBIMU MeTOoJ1aMu [9]:

- TpaH3uTHBIE ekTpuyeckue cetu 500 — 220 kB u otaensubie JIDII 110
— 35 kB, Bxoad111e B TPAaH3UTHYIO CETh;

- pacnpenenutenbHbie (pazomMkHyThie) ceT 110 — 35 kB u oTaenbHbIC
muany 220 kB;

- anektpuyeckue cetu 6 — 10 kB;

- anexktpuueckue cetu 0,4 kB.

Bbananchl 3J1eKTpPOIHEPrun. DHEPreTUUYECKUN OanaHC SIBISAETCS BaX-
HOM XapaKTEPUCTHUKON COCTOSIHUS 3JEKTPUUYECKOM CETU U OTPAXaeT MOJIHOE
KOJIMYECTBEHHOE COOTBETCTBHE MEXJy CYMMOM MOJBEACHHON 3HEpruu (Ipu-
XOJITHOM 4YacThl0), C OJHOM CTOPOHBI, U CYMMOMW MOJIE3HOW 3HEPTMU U IOTEPb
(pacxomHoi 4acThio) - ¢ apyroi [8,12]. TloaToMy MOHHUTOPHHT TapameTpOB
HHEPreTUUecKuX OaNaHCOB CeTel U COOTBETCTBYIOIUX Ipa)uKOB Harpy3Kku, BO
MHOTOM OIpPENENSIOT UX dHEPro3PPeKTUBHOCTh U MOTEHIMAIBI 3HEprocoepe-
JKEHUS.

DNeKTpoIHEpreTHIecKre OanaHChl XapaKTepu3yloTcs OallaHcaMU aKTHB-
HOM M PEaKTUBHOM MOIIHOCTEN (M PHEPrUM) B UCCIENYEMOM INEPUOJE BpEMeE-
HU.

118



SHEPTO3®PEKTUBHOCTDb U SQHEPI'OCBEPE)KEHUE

YcnoBus 6anaHca akKTHBHOM SHEPTUH OMPEIEISIOTCS TEM, YTO MPUXOJI-
Hasi 4acTh JIOJDKHA PaBHATHCS CYMME Bced MOTPEOJISIEeMON AJIEKTPOIHEPTHH,
BKJIFOYAsi CyMMapHbIE TTOTEPHU B CETH, IMPE0Opa3oBaTEIbHBIX yCTAHOBKAX, pac-
XOJIbI COOCTBEHHBIX HYXK]l M HEMIOCPEJACTBEHHO IEPeIaBaeMyIO TIOTPEOUTEIISIM,
KBT.4:

w,, :Zl:wni JFZ;Wj i=(@..,n),j=@..,m)
i= j=

rae:  Whp - DpUXo/iHas yacTh OanaHca;

Wi - oJ1e3HBIH pacxo/] 3MEKTPOIHEPTUHU 1-MHU OTPEOUTEIIMH;

W - noTepu 21€KTPOIHEPIHU B PA3IMYHBIX j-X 2JIEMEHTaX CETH.

[Tpu pemienuu npo6GsieMbl KOMIEHCAMH PEaKTUBHOM MOLIHOCTH U CBS-
3aHHBIX C HEHl BOIPOCOB CHMKEHUS NOTEPh 3JIEKTPOIHEPTUU B PA3IUUYHBIX
3JIEMEHTaX CETH M MOBBIIIEHUS KayecTBa 3JIEKTPO3HEPruH, COCTaBiseTcs Oa-
JIaHC peaKTUBHON MOIIHOCTH. [Ipu 3TOM OanaHc peakTHBHON MOILHOCTH OIpe-
JIeNIsieTCsl YCIOBUEM DPABEHCTBA I'€HEPUPYEMBIX PEAKTUBHBIX MoIHOcTed Qr
CyMM€ BCEX TMOTPEOISIEMBIX MOITHOCTEH, C YI€TOM MOTEPh PEAKTUBHON MOIII-
HOCTH B CETH U APYruxX e€ 3neMeHTax, kBap:

Qr =2Qi +2Q;;
rae: Qi - peakTUBHAS MOIIHOCTb, HOTpebsiemMast i-MH MOTPEOUTENIMU;

Qj - HoTepU peaKTUBHOM MOIHOCTH B j-X JIEMEHTAX AJIEKTPOCETH.

3nadyenue Q. OyneT onpenensiThCsi peaKTUBHOM MOIIHOCTBIO, T€HEPUPY-
€MOM JHEProCUCTEMOM B JAHHOM Y3JI€ CETH, PEAKTUBHBIMH MOUIHOCTSIMH
KOMITEHCUPYIOIUX YCTPOUCTB (CHHXPOHHBIE KOMIIEHCATOPhl, KOHJIEHCATOPHbIE
ycTaHoBKH, anuHHbIe JIDII u ap.). OCHOBHBIMH NOTPEOUTENAMU PEAKTUBHOM
MOITHOCTH SBJISIIOTCSI CUJIOBBIE TPaHC(HOPMATOPbI, ACHHXPOHHBIE JIEKTPOIBU-
raTeNu, Ha JOJII0 KOTOphIX mpuxoautces 10 80% Bceil peakTUBHOM MOIIHOCTH,
noTpedIseMOil OT CeTH, OCTajlbHAsl 4YacTh NMPUXOAMTCS HA JOJIO Pa3IMYHBIX
MHAYKIIMOHHBIX alllapaToB, BO3AYIIHBIX JIEKTPUUYECKUX CETEH U T.J.

B o6mem cinyuae 3¢ ekt oT mocTpoeHus, pacuera U aHaiau3a JIEKTPo-
Oamanca OyleT MOJy4eH TakXe MpU YCIOBMM MOHHUTOPHMHIA IOKa3aTelseH,
XapaKTEepU3YIOMINX 00BEM 3JIEKTPOIHEPTUH, UCIOIb3YyEeMOU JIsl COOCTBEHHBIX
Y XO39MCTBEHHBIX HYX].

MouuTopuHr kadecTBa iekTpodneprun [10,13,14] Takxe OTHOCHUTCS K
LIEJIEBBIM 33JjauaM MOHUTOPHHIA 3JeKTpuueckux cereil. [Ipum atom npousso-
TSITCSL:

— MOHHTOPHHI TEKYILErO COCTOSIHMS KayecTBa IEPENaBacMON 3JIEKTPO-
SHEPruM, BBISBIEHHUE MPOOJIEMHBIX YYaCTKOB M aHAIM3 NPUYUH OTKIOHEHUS
MOKa3aTelel KauecTBa 3JIEKTPOIHEPIUH;

— IEepexo]l OT KOHTPOJIS KauecTBa 3JIEKTPUUECKO SHEPTUHU B OTIEIbHON
TOYKE NMPHUCOEAUHEHUS, K KOHTPOJIIO M aHAIM3y B MacuTabax sHepropaioHa
(ucnionb3oBanue BozmoxkHocTelt AUMICKYD);
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— BBISIBJICHHE BUHOBHHMKOB U ONpEICIICHHWE CTENEHU WX BIUSHUS Ha
YXYIIIEHUE KaueCTBa AIEKTPOIHEPTHH;

— ¢opMUpOBaHUE CTIEUATHLHON KapThl KAUeCTBa IEKTPOIHEPTHUH HA OC-
HOBE HEMPEPHIBHBIX M3MEPEHUH C aBTOMATUYECKOH (HKcauuell pe3yabTaToB
KOHTPOJIS;

— aBTOMAaTH3MPOBAHHOE BBISBICHUWE HAPYHIICHWH HOPMATHBOB Ha Kade-
CTBO 2JICKTPOIHEPTHH U MIPUUMH HAPYILICHUH;

— BbIpabOTKa ONEPAaTHBHBIX U MEPCIEKTUBHBIX MEPOIPHUITUN IO TOBHI-
HICHUIO KauyecTBa DJIEKTPOIHEPTUU B CETH (HEOOXOAMMOCTH MOJKIIOYCHUS
PETyIUpPYIOMHUX (UIBTPOB).

B nanbHelinieM BO3MOXHO pEIICHHUE COMYTCTBYIOIIUX MOHUTOPUHTY 3a-
Jay:

— OOBEKTUBHOE M KOHCTPYKTHBHOE B3aMMOJCUCTBUE C MOTPEOUTEIIMHU
10 BOTIPOCaM KadecTBa dJICKTPOIHEPTHH;

— paspaboTka (akTyaau3anus) HOPMATUBHO-TIPaBOBOW 0a3bl, HaIpaB-
JICHHOW Ha TOBBIIICHUE KAYeCTBA JIEKTPOIHEPTHH U CHIYKEHHUE TIOTEPB;

— IJIAHUPOBAHUE PEMOHTOB, MEPCIIEKTUBHOTO PA3BUTHS CETH;

U JIPYTHUX.

3akirouenue. BHeapeHre HEMpepbhIBHOIO MOHUTOpUHTA pekuma [15] u
COCTOSIHUS DJICKTPUYECKUX CETEH, MPOU3BOANMOE OJHOBPEMEHHO C IPOBEE-
HUEM DHHEpProayauTOB, MO3BOJUT 3HAYUTEIHHO TMOBBICUTH 3()PEKTUBHOCTH
(YHKIMOHUPOBAHUS DJEKTPOCETEH, KA4eCTBO OJIIEKTPUUYECKOW DSHEPrud U
HaJEKHOCTh 3JIeKTpocHaOkeHus [16]. Pa3BuTue MeTo0B MOHUTOpPUHTA MaéT
BO3MOXXHOCTh HCIIOJIB30BAThH TEPEIOBYI0 TEXHOJOTHIO «YMHBIX CETei» U CO-
BpPEMEHHYI0 MH()OPMAIIMOHHYIO0 0a3y Ul ONepaTUBHON pa3pabOTKU, KOppeK-
U ¥ BHEJPEHUS YHEProcOeperaroninx MEpONpHUsTHiA, HanOoIee TOAX OIAIIIX
JUISL TOCTHXKEHUSI MAKCUMAJIbHOTO pe3yJibTaTa Mo NMPUHLKIY «3/eCh U celyacy,
a TakKe JUTSl TTAHWPOBAHUS TIEPCTIEKTUBHOTO Pa3BUTHS AJIEKTPHUECKUX CETEH.

Jlureparypa

1. 3akon PecnyOnuku VY36exuctan «O palnoHaJIbHOM HCIOIb30BaHUU
sHeprumn», —TamkeHT. 1997. 25 anpens 1997 r., Noe 3PVY-412-1.

2. 3akoH PecnyOymmkum Y30ekuctan «O BHECEHWH M3MEHEHHM M JOTIOJI-
HeHuil B 3akoH PecnyOnmku Y3bekucrtan «O paloHaIbHOM HCIIOTb30BAHHUH
sHeprum»», —Tamkent, 14 urons 2020 r., Ne 3PY-628.

3. 3akon  PecmyOnmuku  Y36ekucran «OO0  DIEKTPOIHEPTETUKE)
30.09.2009 r. Ne3PY-225.

4. Konuenmusi obecnieueHus: PecyOonuku Y30ekucTaH >IEKTPHUYECKO
suepruei Ha 2020-2030 roasl. —Tamkent. 2020.

5. TunoBasi mporpaMMa MPOBEACHUS JHEPreTUUYECKUX O0OCIeI0BaHU
ANIEKTpUYECKHUX ceTeil. — TamkeHT: Y33uepronanzop. 2006.

120



SHEPTO3®PEKTUBHOCTDb U SQHEPI'OCBEPE)KEHUE

6. 3arockun P.U., I'yk A.A. OnbIT 3KCIUTyaTallud CUCTEM MOHUTOPHHTA
BBICOKOBOJIBTHOTO 00opynoBanus Ha o0bekTax [TAO «DCK EDC» // Dueprus
equHoM cetn. —2016. —Neo 5(28). —C.48—54.

7. European Smart Grids Technology Platform. Vision and Strategy for
Europe’s Electricity Networks of the Future. — Luxembourg: Office for Official
Publications of the European Communities. -2006.

8. Curoukos P.A. DHepreTHuecKkue OOCIEAOBAHUS TNPEATPHIATUHN
sHepreTudeckoii orpaciu Ysbekucrana / Hacupos T.X., CutaukoB P.A. —
Tamkent. -2014. -280 c.

9. Hacupor T.X. Metonpl moBbIIIeHHS 3(()EKTUBHOCTH PEKUMOB
annektpudeckux cereil sHeprocucreMm. / T.X. Hacupos, T.II. TIaitnbos, P.A.
CutnukoB, B.I.BacunbeB. —T.:MIlHHOBalMOH pHBOJAHUII HaMPHET-MaTOaa
yitu. 2020. -276 c.

10. XKenesko FO.C. Ilotepu anektposnepruu. PeakTUBHAs MOIIHOCTb.
KauectBo 3nekTposnepruu: PykoBoncTBo mis mpaktudeckux pacuéros / XKe-
ne3ko FO.C.—-M.:DHAC, -2009. - 456 c.

11. [DnektponHblii pecypc]. http://www.oe.energy.gov/smartgrid.htm]
(mara obpamenus: 15.02.2016).

12. Boportaunxkuii B.3. DHeprocoepexeHre 1 MOBBIIICHUE YHEPTeTHYIEe-
ckoil 3G (}EeKTUBHOCTH B dJEKTpUUecKUxX ceTsax: CrnpaBOYHO-METOIUYECKOE
u3nanue / mox obOmel pemakmmer A.l'.Bakynko. —M: HMHTEX9HEpromsaar -
Temnosnepreruk. 2016. -336 c.

13. Ammaes K.P. Mup3abaes A.M., lllancmaror C.D. u ap. OGecneue-
HUE Ka4uecTBa IeKTpuyeckoil saHepruu. —I.: ®an Ba TexHonorus. 2019. -196 c.

14. Marepuansl 3nekrpoHHoro sxkypHaiga OCKO [DnexTpoHHBIH pe-
cypc]. http://esco-ecosys.narod.ru (mara oopamienus: 17.05.2019).

15. Hacupos T.X. IlpumeHeHue y3ja0BOro METO/a B 3ajjadyax aHalu3a
pexxuMoB anekTpodHepreruyeckux cucreM. / T.X. Hacupos, T.I. Iaiin6os,
O.B. Paguonosa. —T.:®@an Ba TexHonorus. 2019. -260 c.

16. HazaperueB A.H. Hange:xHOCTh U OIIEHKA TEXHHYECKOTO COCTOSTHHS
obopynoBanus cucteM sekTpocHadxkeHust. /A.H. Hazaperues, J[.C. Kpynenes.
—HoBocubupck:Hayka. 2020. -224 c.

IIpeocmasneno Tawkenmcxum
20CY0apCmMBEeHHbIM MEeXHUYECKUM YHUBEPCUMENOM

121


http://www.oe.energy.gov/smartgrid.html
http://esco-ecosys.narod.ru/

Ne 1 IMPOBJIEMbI DHEPI'O- U PECYPCOCBEPEKEHU S 2021r

UDK 656.259.12

MODELING THE CROSSING AUTOMATIC SIGNALING SYSTEM
AND WAYS OF ITS ENERGY EFFICIENCY

S.T. Boltaev, B.B. Raxmonov, J.F.Kurbanov,
M.Yu. Khokimjonov1l,E.Sh. Jonikulov

Hyn xecuwmacu memup tiyn 6a agmomobun iyniapunune 6up 0apaicada
Kecuwumuoan xocun oynaou. by sca uyn xecuwmanapoazu Xas@cuziukhu
MABMUHLAUWL 84 NOE30NAPHU UYL KeCUWMALApea SAKUHIAUUO Keaul 6aKmMuHU
64 AKUHAQUIUWL VYACMKACUHU V3VHIAUSU UYL KeCUUMAnapuoazu mexHux
Govoananuw Kouoarapuru maiadbrapuoan Keaub YukKam Xoa0d MmMaHiaHaou
6a MakKonada Keumupuiean MamemMamux ugooarap époamuoa xucooiad
monunaou. by maxonaoa mypau xun yuacmxanapoacu uyn KecuwimManap yyyH
UYN  KeCUUMANAPHURE — A8MOMAMUK  CUSHAIAUIMUPUWL  MUUMU  UWLIAW
mamouunu Ilempu mapmosu mamemamuracu époamuoa mexHuk Gouodaianuul
Kouoaniapu manabaapunu 6axicapean X010a MoOeilaumupulean

Ilepee30 — smo nepeceueHuel’cene3HbIX U aA8MOMOOUTbHBIX O0PO2 HA
00HOM YpoeHe. Omo o03Hayaem, uymo 0e30NacHOCmMb nepee3oa U 6pems
uzgeujenus noe3008 K nepee3dy u ONUHbL YHACMKOS U3BEUeHUsL bLOUPATOMCS
ucxo0s  u3  mpebOBAHULl  NPABUL  MEXHUYECKOU  dKChayamayuu U
PACCUUmMblearomess ¢ UCHONb308AHUEM — MAMEMAMUYECKUX — BbIPAdICEeHULL,
npusedeHuvlx 8 cmamve. B pabome moodenupyemcs npunyun padbomol
cucmembvl A8MOMAMUYECKOU Nepee30HOl CUSHATU3AYUU C UCNOIb308AHUEM
mamemamuyeckou cemu Ilempu, ¢ cobnodenuem mpebosanuli Npagul
MEXHUYECKOU IKCNILYamayuu 0isi nepee3008 Ha PA3IUdHbIX YUACMKAX.

Crossing occurs at the intersection of railways and highways to some
extent. This means that the safety of the crossing and the time of approach of
trains to the crossing and the length of the approach section are selected based
on the requirements of the rules of technical operation of the crossing and
calculated using mathematical expressions in the article. In this article, the
principle of operation of the automatic signaling system of the crossing for
crossings in different sections is modeled using Petri Nets mathematics in
compliance with the requirements of the rules of technical operation.

Introduction
Ensuring the safety of train traffic at railway crossings remains one of the
most pressing issues today. At present, JSC "Uzbekistan Railways" has 580
crossings on the railways, of which 28% fall into the category of guarded
crossings [1]. In order to ensure the safety of vehicles and trains on the
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crossing, the approach of the crossing to the crossing is considered to be a
crossing section for the timely closure of the crossing [2-14]. Based on the
rules of use of the equipment, the following requirements are taken into
account: the guaranteed time required for the operation of the system of
automatic signaling (PAS) of the train as soon as the train enters the approach
area, the vehicle entering the crossing at the time of PAS how many roads and
railway tracks are crossed, the maximum length and speed of the moving
vehicle on the crossing are taken into account.

Mathematical calculation of the crossing approach plot
The approach time of the train to the crossing is calculated as follows
t=t +t, +t,; (1)
where is:
t; — the time it takes for the car to cross the crossroads, c;
t, = 4c — the operating time of the crossing signaling device control devices and
the approach signal transmission chain, c;
t3 = 10c— backup warranty time, c;
tythe time is determined by the following formula:
L+ (2)
1 1
Vp
where is:

l,— the length of the crossing, ie the distance from the crossing stoplight (or
half-barrier) farthest from the edge of the rail to the edge of the rail on the
opposite side, plus 2.5m, u;
l,=24 m— the length of the vehicle;
lo=5 m — the distance from the crossing traffic light to the parking lot;

v, = 1,4 m/c-the speed at which the vehicle crosses the crossroads.

The approach to the crossing is determined as follows:

Vi

|, + Ip +1, ]
L, =0,28v,,t. =0,28v,, | ———+t, +t; | ; (3)
where is:

0,28 coefficient of speed conversion fromkm/htom/s;
Vmax— Set section speed for train movement on the crossing section,
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Fig.1. Crossing's road plan

The crossing closes when the train enters the approach section (NP or

ChP), the crossing opens when the crossing clears the crossing busy area (PP).
The approach signal is sent by the rail chain (Figure 1a) or the switch
counting system sensors (Figure 1b). If the crossing is located on a haul
equipped with an auto-lock, the approach message is sent from the auto-
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blocking rail chains or sensors, if the crossing is located at a station, the
approach message is sent from the station rail chains, sensors and signal relays.

If the approach track does not include station tracks, the crossing can be
equipped with a white indicator at the crossing, regardless of the location of the
crossing, if there is no barrier stop on the railway and the crossing is located on
the haul, then the end of the train is 150 m from the crossroads. (1v, d-picture).

Calculation of the section approach to trains for trains of different
categories
The above methods are not ideally suited for sections where high-speed
traffic and normal traffic are carried out together, ie if the approach point is
designed for high-speed trains, there will be a lot of waiting at the crossing
during normal train traffic, resulting in traffic congestion. can come out. If the
approach section of the crossing is calculated for trains in normal motion, then
the scheme of setting the high-speed traffic mode is additionally added to the
automatic signaling system of the crossing. The high-speed mode is set by the
nearest station attendant (DSP) by pressing the "high-speed” button on the
remote control. When switching to high-speed mode, the message to approach
the crossing comes with the train entering 2NP (2ChP). At other times, the
message to approach the crossing comes with the train entering 1NP (1ChP)
(Figure 2 a, b). The length of the 2NP (2ChP) section is calculated according to
the velocity using formulas (1), (2), (3).

a) %
2411 - 1411 _ T 1HO 2HII

i
1
] i
A section approaching the ! A section approaching the
crossing for normal movement ] | ] crossing for normal movement
i
i
i

Crossing approach area for high speed movements Crossing approach area for high speed movements

L- crossing idle employment control section

. +
2un 141 nn } 1HI 2HII
A section approaching the : A section approaching the
crossing for normal movement I ] : ] I crossing for normal movement
Crossing approach area for high speed movements J : L \ﬂ: Crossing approach area for high speed movements
i

L- crossing idle employment control section

Fig.2. Crossing road plan with high speed movement mode added
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Fig. 3. The road plan of the crossing in the proposed way

Adding a high-speed motion mode depends on the human factor. To
eliminate these shortcomings, the following should be done: Depending on the
classification of the train, the crossing should be closed and opened, and
information on the status of the crossing should be sent to the train driver.

This article proposes to address this issue as follows. In the proposed
method, the approach section is extended due to the addition of train speed
detection sections on the approach section of the crossing (Figure 3 a, b)

In this way Lx.un(Lx.mm)the length of the approach plots is also
calculated for the maximum velocity determined on the plot using formulas (1),
(2) and (3). Speed detection plots L ;,u(Lm)andLz..(L2.,). When the train enters
the speed detection section, the time counting device is activated on the
automatic signaling devices of the crossing and the train L, .,(L, .,)counts until
it enters the section.

2
S, = Vyt, +% (4)
where is :
S1—Lun(L 1m)sECtION lEngth, a;
ti—L ;.n(L:n)the time it takes for the train to cross the section, ¢;
Voi— L7un(L1s)the initial speed of the train on the section, w/c;
a— acceleration of the train.

at?
S, =Vyt, +—=
2 02%2 2

()
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where is :
So—Lun(L2ss) Section length, a;
to—L2un(L2:m)the time it takes for the train to cross the section, c;
Voz— Lun(L2ss)the initial speed of the train on the section, w/c;
Vo = Voy + a4 (6)
Using (4), (5) and (6), find the acceleration a and velocity v02 of the
train.

t2
S, = Vgt + 373 (7)
Vo, =V, +at, (8)

where is :
Sz — Ly.un(Ly.n) Section length, a;
t3 — Ly un(Ly.n)the time it takes for the train to cross the section, c;

Using (7) and (8), the time taken for the train to reach the crossing is t3.

We find the difference At by subtracting the approach time tc from the
calculated t3 time and give a time delay At for the operation of automatic alarm
devices.

Modeling the principle of operation of the PAS system

Considering the above methods, we consider the modeling of the
principle of operation of the PAS system for simple moving trains using Petri
Nets.

Table 1 shows the state of the devices in the transition, Table 2 shows the
process of transition of devices from one state to another, and Figure 5 shows a
graph of modeling the operation of devices in the transition using Petri Nets.

In accordance with the graph shown in Figure 5 P = {Py, Py, ..., P1g} —
the state of the devices in the pereez andT = {t3, ty, ... , t,3} — represents the
processes of transition of devices from one state to another.

4

HI1

Fig.4. Equipping the cossing with devices
1 - video cameras for recording the movement of vehicles, pedestrians and
trains; 2 - floodlight for lighting the crossing; 3 - crossing traffic lights and auto
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barriers; 4 - locators signaling the absence of vehicles; 5 - audible warning
device (siren); 6 - SPD; 7 - pedestrian crossings; 8 - electronic information
boards

P17 23

Fig.5. Modeling the operation of devices in Crossing using Petri Nets

The set can be represented using two matrices in the form of Petri Nets |
and O [15-18]. Each matrix is placed in a column of the states of the devices at
n = 18 intervals and in a series of processes of transition of the devices at k =
23 intervals from one state to another. The acceptance of the value 0 or 1 by
the elements of the matrix varies according to the fulfillment of the conditions
of expression of the corresponding elements (9) and (11).
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Table 1
Crossing device status

Ne | P; | Many positions Ne | P; | Many positions
Checking the condi- Monitoring the condition of
tion of the section of locators at the crossroads
1 | Py | the train approaching 10 | Py
from the odd direction
to the crossing
Checking the status of Checking the status of barrier
2 | P, | the crossing vacancy 11 | P11 | devices in the crossing
detection plot
Checking the condi- Check the status of the table
tion of the section in crossing
3 | P3 | where the train ap- 12 | Py
proaches the crossing
from two directions
Check the condition of Checking the condition of
4 | P4 |the beam atthe cross- | 13 | Py3 | traffic lights in two directions
ing
Monitoring the condi- Check the status of the obsta-
5 | Ps | tion of barriers at the 14 | P14 | cle stoplight in two directions
crossing
Checking the status of Control the position of the
61 p the audible signal at 15 | p push-button when the cross-
® | the crossing > 1'ing is not released from the
vehicle
Check the status of the Checking the condition of the
7 | P; | audible alarm switch 16 | Py | obstacle stoplight in the
button on the switch single direction
Check the status of the Checking the condition of
8 | Pg | emergency exit button | 17 | Py7 | traffic lights in the single
direction
Check that the cross- Checking the condition of
9 | Py |ingisnot unloaded 18 | Pyg | traffic lights at the crossing
from the vehicle
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Table 2
Conditions for the transition of devices in the transition from one state to
another
Ne |t Multipletransfers Ne |t Multipletransfers
Crossing from the Switching from the posi-
crossing section to the tion of the obstacle stop-
1 | t; | crossing in the odd 13 | ty3 | lightin a double direction
direction to the position of the stop-
light in a double direction
Crossing crossing the Switch from the position
intersection approach- of the obstacle stoplight in
2 | ty |ingthe crossingina 14 | ti4 | the double direction to the
single direction position of the sign on the
crosswalk
Crossing is the passage Switching from the push-
of a pair of directions button position to the
from the intersection double-barrier stoplight
3 3 ) 15 tis F
approaching the cross- mode when the crossing is
ing to the crossing to not released from the
determine the vacancy vehicle
Crossing is the passage Switch from the position
of a crossing approach of the barrier devices in
4 |t to a crossing in a dou- 16 | t the crossing to the position
* | ble direction to a vacant 16| of the board in the crossing
employment detection
section
Go from the crossing Switch from the position
vacancy detection of the locators on the
5 | ts | section to check the 17 | ty7 | crossing to the position of
condition of the beam the barrier devices on the
crossing
switch from checking Switch from the position
the condition of the of the barrier devices on
6 | ts | crossing beam to check- | 18 | tig | the crossing to the position
ing the condition of the of the locators on the
barrier crossing
go from the crossing Transition from the posi-
idle detection section to tion of the crossing to the
7 | t; | check the status of the 19 | ty9 | position of unloading the
emergency opening crossing
button
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Switch from checking Switch from checking the
the status of the emer- status of the emergency

8 | tg | gencyrelease buttonto | 20 | ty | release button to the status
checking the status of of the barrier devices on
the barrier the crossing
switch from the posi- Switch from non-exit
tion of the crossing mode to push button mode
sound signal switch

9 | % | putton to the position of 2L
the crossing sound
signal
Switch from checking Switching from the posi-
the position of the tion of the push-button to
barrier to the position the position of the barrier

10 | tyo | of the table in crossing | 22 | ty, | stoplight in an odd direc-
tion when the crossing is
not released from the

vehicle
Switch from the posi- Switch from single-lane
tion of the sign on the barrier traffic lights to

11 | ty; | crossing to the position | 23 | ty3 | single-lane traffic lights
of the traffic lights at
the crossing

Switch from the posi-
tion of the obstacle

12 | ty2 | stoplight in the odd
direction to the position
of the crossing table

According to the matrix method of Petri Nets mathematics, j is equal to
the ije element at the intersection of the row and e is the column, if pe is an arc
from the top of the place and tj is an arc from the top of the transition,
otherwise it is zero. The oje element standing at the intersection of the j-row
and the e-column is equal to tj if there is an arc from the transition vertex to the
top of the pe point, and zero if there is no arc from tj. If there is a bow from tj
to pe, Petri Nets will not exist. It is possible to write in the form of expressions
(9), (10) - input, (11), (12) - output conditions of the conditions of transition of
devices in the transition from one state to another state of Petri Nets
mathematics.

The inputs for checking the transition conditions of the devices in the

crossover from one state to another are as follows: (I(t,)={Pp,, Ps: Py, Pis} -

H(t)={p},  1(t)={p}.  1(t)={PsPs PP},  1(t)={p.},
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I (to)=1{Ps},

1(t)={P.}

I(ty)

L(ts)={p:}.

(t)={pe} .
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H(t)

{p14}’ I(t15):{p15}’

{Put (k)

) 1(ts)

(ot (k)
{Pis}: 1(ts)={Ps})- (9) corresponding to expression

{Po}, 1(t)
{Puf 1)
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01001000O01000O0O0ODO0OT0?1
1 0000O0OO0DOOOOOOOOOOOODQO
00100O0OO0OO0OO0ODOOOOOOOOOTGO
01 001000010O0O0OO0OO0OO0CBO0T1
01 000O0OO0OO0ODOOOOOOOOOOTGO
00010O0O0O0OO0ODO0OOOOOOOOOO
01 00O0O0OO0OO0OO0ODOOOOOOOOOTGO
0 00O0O0OO0O1IO0O0OOOOOOOOOO
0 00OO0O0OO0O1IO0O0OO0OOOOOOOOOTGO
0 0001O0O0O0OO0ODO0ODO0OO0OO0OO0OOOOOO

0 00O0OO0OOOOOO1IO0OO0OO0OO0OO

0 00O0O0O0OOOOOOOOOOI1IO0O

0 00OO0OO0OOOOOOOOO11LO0O0O0O

000O0O0OOOOOOOOO11O0O0OOCO

0 00OO0OO0OOOOOOOOOO11LO0O0O

0 00OO0OO0OOOOO11IO0O0OOOO0OOO

0 00OO0OO0OOOOI1IO0O0OO0OOOOOO

0 00O0OO0OOOOOO11IO0O0OOOOOGO

01 000O0OO0OO0OO0ODO0OOOOOOOOOO
0 00O0O0O0OO0OO0O1IO0O0OOOOOOOOOTG®
0 00OO0OO0O0OOO0O1IO0O0OO0OOOO0OO0OO0OO

0 00O0O0OOOOOOOOOOI1IO0O0OTGO

0 00O0O0OOOOOOOOOOI1IO0O

I

The output on the verification of the transition conditions of the devices
in the transition from one state to another is as follows: (O(t,)={p,},

{1, Ps: Ps: Prgs Pizs Pig ) -

{ P21 Pss Pe» Pros Pros Ps | - O (L)

o(t,)
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O(t,)={pa}.O(ts) ={p.} . O(ts) ={ps},O(t;) ={pa} . O(ts) = { ps}.
O(ty)=1{Psf O(tio) ={Prz} . O(ts) = { Prs} O(t,) ={ Pro} O (tis) ={ Ps}
O(ti) ={Pi} O(tis) = {Pre} . O(tis) = { P2} O(tir) ={ Prs} . O(tig) = { Pro}
O(tg)={Py} O(ty)={Pu} O(ty) ={Pis} O(tr) ={Pss} O(tre) ={ Py }).

(11)
according to expression (12) the expression forms a matrix in appearance.
1, acap —p, ePOtj s eT'pg,
0 = 0 I (12)
0,aeap —p, ¢ P't;t; ¢T p,.

The matrix values in the form of expressions (10) and (13) are given in
terms of checking the transition conditions of the devices in the transition state
from one state to the next state.

A value of 1 in the matrix indicates that the state of the devices in the
switch is performed on the condition that they pass from one state to the next.

A value of 0 in the matrix, on the other hand, indicates that the state of
the devices in the matrix has not been met on the condition that it passes from
one state to another.

(13)

|
O O O O O O O O O O O O O O O O O O o o o O -
O O O O O O O O O O O O O O oo oo o OoLer k+» o
O O O O O O O O OO OO O O O o o oo kr oo o
O O O O O O O O O O O O O O O o o okr oo o o
O O O O O O OO0 O O 0O oo ookr OPFr O ok +» o
O O O O O O O O O O O O O O kFPFr O O oOoOOoOOoOOo o o
O O O O O O O O O O OO O O OO oo oo o o o
O O O O O O O O O O O O OO o oo kr oo oo o o
O O O O FP O O OO O O O O O OO oo OoOo oo o
O O O O O P OO0 O O O 0O 0O O oo oOooOoLr +» o
O O O Fr OO FPF OO0 O O OO OO0 O oo OoLer oo
O O O 0O 0O O O kFr O FPF OF OPF OO0 oo OoOOoOoOoer o
O O O O O O OO O O F OO0 O OO OoOOoOOoOOo o o o
O O O O O O O O P OO O O O OO O o OoOOo oo o
O O P O O O O O O O O O O OO OoOoOOoo oo o o
O P O O O O O O O O O 0O 0O OO0 oOoOoOo o o kr o
P O O O O O O O O O O O OO O oo oo oo o o
O O O O O O O O O O O O FPr O O O O O O O O o o
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Results

Here we determine in which direction the train is approaching the
crossing using [19-21]cases P1 or P3, as shown in Table 1 and Figure 5. The
vacancy or busyness of the transition is determined by the position of P2 (or
depending on the transitions t1, t2, t3, and t4, respectively). After that, if the
crossing is busy, the control of the state of non-discharge of the crossing from
the motor vehicle by switching to t19 is switched to position P9. Then the shift
officer presses the button P15, which is pressed when the crossing is not
released from the vehicle, by passing the button t21, which is pressed when the
crossing is not released from the vehicle. After pressing the button when the
crossing is unloaded from the vehicle, the obstacle stoplights in the single or
double t22 or t15 direction change to the P16 and P14 position, depending on
which direction the direction of movement is from, and the driver of the train
approaching the crossing from the t2ve or t13 stop in the single or double
direction. sees the directional stop lights switched to the stop light in P17 or
P13 position. In this case, the train stopped at the approaching section of the
train until the fault or obstruction in the crossing was eliminated.

For the normal operation of the PAS system, the condition of the devices
on the crossing and the conditions of transition of the crossing devices from
one state to the next state work in accordance with the rules of technical
operation.

Conclusion

In particular, the introduction of high-speed trains leads to an increase in
the time of approach to the crossings located on the railway sections. This leads
to an increase in waiting times for vehicles at crossings. With this in mind, it is
possible to reduce the waiting time of vehicles on the crossings and calculate
the optimal approach time for each train approaching the crossing by
calculating the approach time of trains to the crossings based on the dynamic
parameters of trains. With this in mind, the principle of operation of automatic
signaling of the crossing was modeled using Seth Petrie's mathematics. The
values given in expressions (10) and (12) are shown in Figure 4 showing the
interrelationships of the transition devices. Here, the conditions for the
transition of the device from one state to another are based on the rules of
technical use, and under what conditions the transition should be in what state.
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AJIBTEPHATUBHBIE U BO3OBHABJISIEMBIE HCTOYHUKHU DQHEPI' N

UDC 621.472 001.5

FEATURES OF THE USE OF PHOTOVOLTAIC SOLAR STATIONS
IN DECENTRALIZED POWER SUPPLY

A.Y. Jumayev

B pabome npedocmaénen amanuz ucCnonb308aHus (Homod1eKmpuiecKux
COTHEYHBIX CIAHYULL 8 0eYEHMPAIUZ0BAHHOM INEKMPOCHAOINCEHUU 8 PeCUOHAX
Typkmenucmana. Ha ocnoee npogedenHbIX pacuemos cOnHeuHol paouayuu 8
peeuonax Typkmenucmana nonyuena oyeHKa KoIuvecmed naoaioujell coaiHey-
HOU SHepauu, NOCMynarwas Ha N08ePXHOCMb coaHeunol naneau. OnpeodeneHul
Kpumepuu 0Jis1 OYeHKU PAYUOHATILHO2O PedcUumMa pabomol (pomosneKmpuiecKux
COTTHEYHBIX CIMAHYULL U 0dHCUOAeMOe KOIUUEeCMB0 8bIpADOMKU JJIeKMPOIHEPSUU
CONHEYHbIMU NAHEIAMU. DKOHOMUYECKU Yenecoodpaznoe npumeHerue Gomo-
INEKMPUYECKUX COTHEUHbIX CIAHYUL BO3MONCHO NPpU 0OOCHOBAHHOM ONpede-
JIeHUU MOWHOCMU U COOMHOULEHUS] UCIOYHUKO8 dHepeuul Oisi d1eKmpOoCHAD-
JHceHUss 00BbEeKmMo8 U meppumopuu. Imo MONCHO OCYWeCmeumyp, UCHONb3Y5
00CMoBepHblEe OAHHBIX 0 NOMEHYUANE COHEYHOU IHEPeUl 8 3a0aHHOU 2e02pa-
@uueckoii mouxe, ¢ yuemom HeNOCMOSHCMBA e20 NPOsGIeHUs (8 YACMHOCU
npUX00a CONHEYHOU paouayul), a Mmakice MHO208APUAHMHOCMU PACNOLOMNCE-
HUSL UCIMOYHUKOG 2eHepayuu Ha paccmampusaemol meppumopuu. Ilonyuums
uHgopmayuro 06 UHCONAYUU MOICHO, HANPUMED, HA MEmMeopOL0ULECKUX
CMAHYUAX, OOHAKO OHA MOXMCEeMm O2PAHUYEHAd MeCmOM UX PACHOJIONCEHUS.
Kpome moeo, unmencusHocms nOMOKA CONTHEUHO20 U3LYYEHUSL MOICHO Onpe-
oenums pacyemubiMu Memooamu, HO OHU MPYOOeMKU U mpedyiom OONOIHU-
menvHol gepugpuxayuu pe3yromamos. To ecmb, 803MONCHO OISt OYEHKU HO-
MEHYUANA CONHEYHOU IHEPeUU Ha NPed8apumenbHOM dmane npoeKmupo8aHus
POMmMOIIEKMPUUECKUX COTHEUHBIX CIMAHYULL 6 000U MOouKe HA Meppumopuu
obnacmu Mo2ym UCHOIb308AMbCL OAHHLIE 00 UHMEHCUBHOCTU COTHEYHO20
u3nyuenus 8 e€ oo1acmHoOM yeHmpe.

The paper presents an analysis of the use of photovoltaic solar stations in
the decentralized power supply in the regions of Turkmenistan. Based on the
calculations of solar radiation in the regions of Turkmenistan, an estimate of
the amount of incident solar energy entering the surface of the solar panel is
obtained. The criteria for evaluating the rational mode of operation of photo-
voltaic solar stations and the expected amount of electricity generated by solar
panels are defined. Economic feasibility of applying of photovoltaic solar
stations is possible with a reasonable definition of power and ratio of energy
sources for power supply of objects and territories. This can be accomplished
using reliable data on the solar energy potential in a given geographic loca-
tion, taking into account the variability of its manifestations (particularly solar
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radiation inflow), as well as the multi-variant of generation source location on
the territory under consideration. It is possible to get information about insola-
tion, for example, at meteorological stations, but it may be limited by their
locations. Furthermore, the intensity of solar radiation flow can be determined
by calculation methods, but they are cumbersome and require additional veri-
fication of results. In other words, to assess the solar energy potential at the
preliminary phase of designing solar power plants anywhere in the region
there can be used date on solar radiation intensity in its regional center.

The resolution of the President of Turkmenistan dated December 4, 2020
approved the "National Strategy for the Development of Renewable Energy
until 2030". The national strategy of Turkmenistan for the development of
renewable energy was developed with the aim of diversifying fuel and energy
resources, increasing the export potential of natural gas and electricity, provid-
ing remote regions with low-cost and clean energy, improving the living stand-
ards of the population and developing industry, as well as achieving the Sus-
tainable Development Goals and the Paris Climate Agreement [9, 10].

Turkmenistan has a great potential to widely developed the solar elec-
tric generating systems. This huge energy resources will significantly lead the
country to support the international efforts to reduce the emissions of green-
house gases (GHGs). The renewable energy resources provide a reliable alter-
native to mitigate the unwanted consequences of climate change, to produce
the safe energy and achieve sustainable development. The main objective of
this report is to plan the best locations to develop the solar electric generating
systems in Turkmenistan based on geoinformation system and satellite remote
sensing [8].

According to climate conditions, the structure and needs of agricultural
development, Turkmenistan is one of the most promising regions in the world
where the use of solar energy can and should find practical implementation.
This applies primarily to the desert part of the territory, which is remote from
the cultural zone, where there are no energy and water sources. There are two
ways to involve the potential of the desert territory in the development of agri-
culture: industrial and autonomous micro-complexes [18, 19, 20].

The methods applied in this article are inspired by a research conducted
in Russia, where the values of the solar radiation intensity were calculated for
urban districts of the Rostov region and there were determined the distances at
which you can reliably use these calculated data, based on the geographical
coordinates of the cities along the lines of latitude and longitude. Calculated
insolation in each of them was compared with similar values for the regional
center — the city of Rostov-on-Don, where the weather station is located. The
calculation results revealed that the annual insolation values for cities that are
centers of districts and regions do not differ significantly and are in the range
of 0,2-2,4 %. In other words, the study concludes that to assess the solar energy
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potential at the preliminary phase of designing solar power plants anywhere in
the region one can use data on solar radiation intensity in its regional center-the
city of Rostov-on-Don [1,4,5,6,11,12].

To ensure the capacity of the power plant required a total area of solar
panels is determined based on the data about the efficiency of a photovoltaic
array and a specific level of illumination of the surface of solar panels, which
in turn depends on the time of day, latitude, climate and slope of the photocon-
verter with respect to the horizontal surface [13, 14, 16, 17].

The initial data for determining the economic efficiency of using photo-
voltaic solar stations (FSS) are:

- average monthly daily amount of solar radiation E, kW-h/m?;

- the average annual amount of total solar radiation on a horizontal sur-
face Eyear, KW-h/m?

- average monthly amounts of total solar radiation per horizontal surface
Emonth, kW'h/mZ;

- average monthly daily energy illumination E, kW/m?.

The technical acceptable level of solar radiation at present can be deter-
mined from the expression [13]

E > 0,2 kw/m* (1)

In a decentralized power supply, for the production of AC electrical en-
ergy of standard parameters, in addition to the photovoltaic converter itself, a
semiconductor DC voltage converter, an electric power storage device — a
battery (AB), a controller, switching equipment, etc. are required. The unit cost
of a complete FSS increases in accordance to Kynit cost = 800-1000 dollars/kW
installed capacity [13].

To determine the required power of photovoltaic converters, it is advisa-
ble to use data not on the total installed power of electricity consumers of the
power supply facility P, but on the average daily electricity consumption W.

The use of an autonomous FSS in a decentralized power supply in the
mode of long-term continuous operation assumes the absence of periodic re-
charging of the AB from an external source. In this case, the photovoltaic
converter is the only source of energy in the system, which, at a minimum of
its peak power, should fully provide electricity to the autonomous object.

To determine the power of the FSS, it is necessary to calculate the total
amount of electricity that can be generated by one solar panel over the estimat-
ed period of time. The calculation will require the value of solar radiation,
which is taken during the operation of the station, when solar radiation is min-
imal Emonth. In the case of year-round operation - this is December.

By determining the value of solar radiation for the period of interest and
dividing it by 1000, we get the so-called number of pick hours, i.e., the condi-
tional time during which the sun shines with an intensity of 1000 W/m?.
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A solar panel with a power of Ppanel Will generate the following amount
of energy during the selected time period:
Wpan = ﬂ( ° Ppan * E)/]OOO y kW'h, (2)

where E is the value of the insolation for the selected period in kW-h/m?% k — a
coefficient that takes into account the correction for the loss of power of solar
panels when heated in the sun, as well as the oblique incidence of rays on the
surface of photovoltaic converters during the day.

The value of k is assumed to be 0,5 in summer and 0,7 in winter. The
difference in its value in winter and summer is due to less heating of the panels
and less solar insolation in winter.

The total power of the FSS panels is determined from the expression:

PFSS = (30'W/Wpan) 'Ppana kW, (3)
where W is the average daily electricity consumption of the power supply
facility, kwh.

Table 1 shows the average monthly daily amounts of solar radiation,
monthly and total annual values of solar radiation (kW-h/m?) for cities and
etraps of the Akhal Velayat of Turkmenistan, as well as with gradation at
different angles of inclination of the surface of solar panels relative to the
horizontal surface.

In a scientific article [8] direct solar radiation incident on a horizontal
surface (Direct Normal Irradiance, DNI) is being studied and a large energy
potential for the introduction of FSS in the territory of Turkmenistan has been
identified. The data obtained in 2012 by the SRTMV2 (Shuttle Radar
Topography Mission) and MODIS (Moderate Resolution Imaging
Spectrometer) methods showed that the solar radiation falling on the horizontal
surface during the year is about 1800 kW-h/m? and 75% of the territory has a
high potential, 11,5% of he territory has an average potential and 13,5% of the
territory has a low potential for implementing the FSS.

The criterion for determining the rational mode of operation of the FSS
(year-round or seasonal) can serve as data on the total radiation to the earth's
surface:

Krad = Eyear I Emonth [4]
where Eye, is the average annual amount of total radiation on a horizontal
surface, kW-h/m?; Emont iS the average monthly amount of total radiation on a
horizontal surface, the minimum during the year, kW-h/m?2. If the Kag Value is
greater than 50, only seasonal application of the FSS is possible.
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Table 1.

Average monthly daily amounts of solar radiation, kW-h/m?
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The applied spatial data consisted of DEM (Digital Elevation Model),
land use data, road network, the water bodies. The DEM of Turkmenistan was
extracted from SRTM V2 to generate slope, aspect, and solar map. The rest of
the spatial data was extracted from MODIS satellite image for the year 2012.
The data was used to conduct a model based on MCE (Multi Criteria
Evaluation) subsequent to data standardization by fuzzy set membership
function. The outcomes addressed the most and least suitable areas to plan the
best locations for solar electric generating systems|[8].

The intensity of solar radiation falling on the surface of a solar battery
tilted relative to the horizon at the optimal angle in the territory of
Turkmenistan varies from 1819,882 kW-h/m? annually for Balkanabat to
1897,407 kW-h/m? annually for Mary city[7 2, 3]. Table 2 shows the values of
the criteria for determining the rational mode of operation of the FSS for the
cities and etraps of the Akhal Velayat of Turkmenistan. The results of the study
showed that the value of K varies from 15 to 32. This shows the possibility
of year-round use of the FSS.

Table 2.
K,a Criteria for determining the rational mode of operation of the FSS

Ne Vela- | City, Inclination The average Average monthly K, criteria for
yat etrap of the panel | annual total amount of total ~ [determining the
relative to radiation entering [radiationcoming |rational mode of
the horizontal| the inclined to the inclined operation of
surface, surface of the surface, minimum |the FSS
degrees solar panel, during the year,
kW-h/m* kW-h/m*
1 |Ahal |Ashgabat 0 1618,34 64,48 25,1
36 1825,455 113,863 16,03
2 |Ahal [Tejen 0 1641,24 62,93 26,08
36 18442 115,477 15,97
3 | Ahal | Gokdepe 0 1606,43 60,76 26,44
36 1803,932 107,91 16,72
4 | Ahal | Baherden 0 1585,52 61,69 25,7
36 1789,887 110,178 16,25

We will consider the areas of the Akhal Velayat for the possibility and

feasibility of installing solar power plants in the private sector, and also con-
sider the possibility of using the FSS in settlements isolated from the central
power supply. Table 3 lists the average data values of the intensity of solar
radiation incident on an inclined surface solar panels at different angles of
inclination to the horizon for areas of Ahal velayat [7, 15].
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Table 3.

Average annual total radiation entering the inclined surface of the solar panel

Geographical
coordinates, degrees

Average annual total radiation
Velayat in City or entering the inclined surface of the
Turkmenista solar panel, kW-h/m?
n etrap Nor_thern Egst
Latitude longitude
Inclination Inclination angle
angle p=36° p=38°
Ahal Gokdepe 38,2 58,0 1803,932 1802,125
Baherden 38,4 57,4 1789,887 1785,711
Ashgabat 37,9 58,3 1825,455 1816,144
Tejen 37,4 60,5 18442 1827,226

We determine by the formula (2) the total amount of electricity that can
be generated by one solar panel. For a solar panel with a capacity of 250W, the
value of the Wpan will be 21,106 kW-h for the Gokdepa etrap, 21,265 kW-h for
the Baharden etrap, 21,611 kW-h for Tejen etrap and 21,45 kW-h for Ashgabat,

respectively.

With an average daily electricity consumption of 3570 kW-h (Ahal

velayat Gokdepinsky etrap village Bori) and 240 kW-h

(Ahal velayat

Gokdepinsky etrap village Yandakli), the required total power of the FSS
calculated by formula (3) will be about 1269 kW and 85 kW, respectively

(Table4d).
Table 4.
Total power of the FSS
City or etrap Name village in Countof | Average daily electricity Power of the
etrap house consumption, kW-h FSS, kW
Baherden Kirpili 177 2655 936
Gokdepe Gorya 10 150 53
Gokdepe Bori 238 3570 1269
(Derveze)
Tejen Garajaowlak 79 1185 411
Baherden Hajyolen 12 180 64
Gokdepe Yandakly 16 240 85
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YK 665.6

HEPI'OCBEPET'AIOIIME TEXHOJIOI'MU YTUIN3ALIUHU
INOIIYTHOI'O HE®TAHOI'O I'A3A

Bb.11I. Akpamos, II1.X. Ymenos, ’K.®. Hypuraunos, T.O. Komuios

Maxonaoa Hlumonuu [Llypman konu muconuda Hegpm 6a Hepmeas Kow-
JIAPHU UWIAMUWL HCAPAEHUOA UYI00UL 2A3HUHE YMUTUZAYUS KUTUW MACALANA-
pu kypub uuxunean. Mymoow uepm 2azudan onuHadueaH Maxcyiomaap
cugpamuoa KypyK 2a3z 6a CyrIMUpUnean y2ieeo0opoo 2asiapu OeiuilaHeaH.
Jlynéoa cyronmupunean y2ne6000pood 2azuea 3Xmuéxc opmub bopuuiy 6a YHUHS
PUBONCTIAHUUU, XOMAWE MYCMAKUIIUSUHU MALMUHIAU UMKOHUSIMUHU Oepaou.
Air Visual komnanuacunune mMaviymomuea Kypd, Xa60HUHS UGioCIaHeanIuU
oyiiuua  Ybexucmon 16-ypunnu  seannaiiou. Iy cabab, inoow easuu
uyKomuw Hegpm 8a 2az coxacuoda acocuil Myammonrapoan oupu xucoonanaou.
2004-tiuneaua Ybexucmonoa mabuuii 1yn0ow 2az MAwbaniapod mynux
éxunapou. by owcapaén ounan xypawuw maxcaouoa 2013-tiunea 6opuo,
mabuuti uyroow easHune 75 %, 2018-tiunoa sca 83 % ymunuzayus
KuauHuwiuea s3puwunou. Tabuutl tiyroow Heghbm 2a3uHu Yymuauzayus KUIUUL 6d
VHUHZ CamMapadopaucunu Owupuul makcaouoa kyuuoacu 4 ma acocutl omun
Mmascust IMULOU; KOH IHCOULAWAH XYOYOHUHS UHDPAmy3uimMacu, KOHHUHE
wwnamunuw OOCKUYU 68a 2a3HUHe COoHau 6a cugamau mascughu. Tabuui
UYI0ou 2a3Hu YMuau3ayus KUiuuoa SHepeus menCamKOpIueUHuHe sAHa oup
UCTMUKOONIY TYHATUWAAPUOAH XUCODNaHeaH 2a3Hu ékmatl mypub, oemanoep-
2eHepamop azpezamiapu €époamuoa uynooul 2az0an Gouoananud, 3K0a02UK
mo3a 2nekmp 3Hepeus uwiab uukapuwl ycyau maecus smunean. by ycyn
Mazucmpan 2as Ky8ypu musumMuod 2dasHu y3amuul 6d makCuMaIauoazu
OOCUMHUHE MEXHON02UK Y32apuuiued acoCiaHean. Xozupeu KyHoa mabuuil
wynoows Heghpm 2azuHUHZ MAWBALIAPA EKUTUUU KeCKUH Kamauean oyaud, 0y
2a3 acocam 9NeKmp SHepeusicu uwnab uyukapuwi éxu Kauma uuiauoa
Gouoananunaou. Hwinab yuxunean s1ekmp OSHepUsHU 2A3 KY8YPIAPUHUHE
INEKMP-KUME XUMOACUHU MYXMOBCU3 MALMUHAAUOAU IHEPeUsi MABMUHOM,
2a3 maxcumuacuy CMAaHyusnapu 8a 2ds OUlaH MAbMUHIQWHUHE OOWKa
obvexmaapuoa xucobaazuy acbobrapunu mavmuniawoa Rotaflex mypudacu
HACOC YCKVHANAPUHU UWAAMUWOA XamMod Y3 JdXmuescued Uwiamuuea
capghnaus MyMKuH.

B cmamve paccmompensvi 80npocwl dHepeocOepearouux mexHouoUull
VMUIU3ayuy NonymHoz20 He@maHo20 2aza npu paspabomke HeQmMAHbIX U
Heghmezazosbix mecmopoxcoenuli Ha npumepe mecmopodicoenus Cesephbill
Ulypman. Ilokaszano, yumo mosapHviMu, HPOOYKMAMU, NOIYHAEMbIMU U3 HO-
NYMHO20 HeMAHO20 2a3a, AGNAIOMCA. CYXOU 243, BUObl COHCUNCEHHBIX V2le60-
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00pooHbIX 2a308. CNpoC HA CoCUIICEHHbIE Yelle8000POOHbLE 2A3bl 8 MUpe No-
CMOSAHHO pacmem, y8eludeHue e20 Npou3so0Cmed MOdiCem cOelams waz 8
CMOPOHY HE3ABUCUMOCU OM CbIPbLEBOU HIKOHOMUKU. OmMmeueno, umo no Kave-
cmay 6030yxa no oaunvim komnanuu Air Visual, Vzbexucman 3ansn 16-e me-
Ccmo 8 mupe no 3acpszneHHocmu 6030yxa. Ilo smou npuuune coicueanue no-
NYMHO20 HepmAHO20 2a3a AGNAemcs OOHUM U3 OCHOBHLIX Npobiem Hauiell
Hepmeeazosoii chepol. Ecau 0o 2004 2o0a 6 Y3bexucmane nonymuwiil 2a3
HOJIHOCMbIO Coicueancs Ha ¢akenax, mo na nayano 2013 2oda docmuenyma
ymunuzayus 0o 75 %, a na nauano 2018 200a 0o 83 %. Ilpeonoscenv uemvipe
OCHOBHbBIX Kpumepus, onpeoeisiouue 8blO0p Meponpusmull no Ymuau3ayuu
He(hmAHO20 2a3a U OYEHUBAIOWUM €20 PEeHMAOENbHOCIb. UHGPACMPYKMYpa
PAliona pacnonodiCeHus Mecmopo*COeHUs;, Cmaous paspadomKu Mecmopodxc-
Oenusl; KOIUYeCmB8eHHAas U KayeCmeeHHas xapakxmepucmuxu 2aza. Ipeonooice-
HO OOHO U3 NEPCHeKMUBHbIX HANPAGIEHUN IHePeOCOepedtCceHUss — NPUMeHeHUe
0emanoep-eeHepamopHbIX azpecamos 0Jisi GblpabOMKU IKOJLOSUYECKU YUCMOT
anekmposnepeuu (6e3 cocueanusi Moniuea) 3a C4ém UCNOIb30BAHUS MEXHONO0-
2UUeCKo20 nepenaoa OagieHUs 2a3a 6 CUCMEMax MA2UCMpaibHO20 MPAHCHOp-
ma u pacnpeoenenuss NpUpooHo2o 2aza. Buiasieno, umo na ce2oOHAWHUI OeHb
NONYMHbLL HeQPMAHOU 2a3 CMALU CIHCUSAMb HA (haKenax ece pedce, a, 8 OCHOG-
HOM, OH UCNOIb3YEeMCs HA 9NeKMPOCMAHYUAX ULU NOCMYnaem Ha 2a3onepepa-
bomky. BuipabomanHyro 21eKmpo3HepeUur0 peKoOMeHO08AHO UCNOIb308AMb OJlsl
becnepeboliH020 21eKMPOCHAONCEHUs CPeOCME INEeKMPOXUMULECKOU 3auuUmbl
HA JTUHEUHOU 4acmu 2a30npo8ooos, Npubopos yuema 2aza HA 2a3opacnpeoe-
JIUMENIbHBIX CMAHYUAX U Opyeux 00BbeKmos 2a30CHabyceHus (bausnexcaujux
00beKmMo8 8 2a30pe2yNAmoOpPHbIX NYHKMAX), Npu IKCALYAMAayuu HACOCHLIX
yemanosok “Rotaflex”, a maxoice na cobcmeenmvie nysicowl.

The article addresses the issues of energy-saving technologies for utiliza-
tion of associated petroleum gas in the development of oil and oil fields using
the example of the North Shurtan field. It is shown that the commercial prod-
ucts obtained from associated petroleum gas are: dry gas, types of liquefied
hydrocarbon gases. The demand for liquefied hydrocarbon gases in the world
Is constantly growing, an increase in its production can take a step towards
independence from the commodity economy. It was noted that according to Air
Visual, Uzbekistan took 16th place with air pollution. For this reason, associ-
ated petroleum gas combustion is one of the main problems of our oil and gas
sector. Until 2004, in Uzbekistan, associated gas was completely burned on
flares, then at the beginning of 2013 recycling was achieved up to 75%, and at
the beginning of 2018 up to 83%. Four main criteria were proposed that de-
termine the choice of events for the utilization of petroleum gas and assess
their profitability: infrastructure of the field location area; development stage
of the deposit; quantity of gas and quality of gas. One of the promising areas of
energy saving is the use of expander-generator units for the generation of
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environmentally friendly electricity (without fuel combustion) due to the use of
technological gas pressure drop in main-line transport and natural gas distri-
bution systems. It was revealed that today associated petroleum gas began to
be burned on flares less and less often, and mainly it is used at power plants or
goes to gas processing. It is recommended to use the generated electricity for
uninterrupted power supply of electrochemical protection devices on the linear
part of gas pipelines, gas metering devices at gas distribution stations and
other gas supply facilities (nearby gas control points facilities), during the
operation of Rotaflex pumping plants, as well as for their own needs.

Mmuorue HedTen00bIBaAIONINE CTPAHBI MUpPA CTaBAT Mepea coOoi 3amady
BEJICHUSI YKOHOMUYECKH, TEXHUYECKHM M DKOJIOTMYECKM OOOCHOBAHHOH nes-
TeNbHOCTU Tpennpusituii HedrsHoro 6usneca [1-7]. CymecTtByer psa dakro-
POB, OIpaHUYMBAIONINX BO3MOXKHOCTH OCYIIECTBICHHS MaKCHUMaJIbHO 3(]dex-
TUBHOH, palMOHAIbHOW W 0E30MacHON Al OKpYy)Kawolled cpenbl I00brYH
IPUPOJIHBIX UCKOMAEMbIX. B CBSI3U € 3TUM KaXKblil roJl BBOJAATCS HOBBIE HOP-
MaTHUBHO — IIPABOBBIE aKThI, KOTOPbIE y>KEeCTo4yaloT TpeOoBaHUs K HedrTerazo-
BBIM KOMIIAHHMSM IO BOIPOCAM YTWJIM3AaLMU CBOOOJHOTO HE(PTSIHOTO ras3a, B
YaCTHOCTH, MPEIyCMAaTPUBAIOT YyBEIWYEHHE Hajlaraemblx ImTpadoB 3a
CBEPXJIMMUTHOE C)KUTAHWE HU3KOHAIOPHOTO Ta3a Ha (PaKeTbHBIX yCTAaHOBKAX
[14-19].

Ha ceroansimnuii eHb BO3pacTaeT aKTyaJbHOCTh IOJIE3HOTO MCIONIb30-
BaHUs CBOOOJHOr0 HE(PTSIHOTO rasza Ha He(TeT0OBIBAIOIIUX MPOMBICIAX, TaK
KaK B pe3yJbTaTe €ro CXKUraHusi B aTMoc(epy BbIOpachIBa€TCs 3HAUUTEIbHOE
konuuecTBO COy, TepsieTcs NOTEHUUANbHO BBITOJHAS YHEPTUS, KOTOPYIO MOX-
HO HalpaBUTh Ha pabOTy pazIUYHBIX T'€HEPATOPOB, OKAa3bIBAECTCS HEraTHUBHOE
BIIMSHUE HA U3MEHEHHUe KiaumMaTa [12-14].

B 2012 r. B P® Ha HeTSIHBIX IpOMBICTAX KaXAbIH roJl CKUTAaeTcs MO
HOCIETHUM JaHHbIM A0 20-25 mMiapa. KyOOMEeTpoB MOMYTHOTO HE(TSIHOro rasa
(ITHT'). Eme mo 12 mupa. ky0. MEeTpoB monagaeT B arMocepy uepe3 KiamaHsbl
pesepByapoB Heprexpanuauml. 1 Teic. M ky0. ITHI' mpubnusurensHo >KBUBa-
neHTHa 1 T 0OpIYHOM HE(TH, TO €CTh CUET UIET Ha MUJUITMOHBI TOH ChIPbs. B TO
Bpems kak B CIHA m HopBerum 3ampemnieHo 3aKkOHOM ckuranue 6onee 3%
[THT'. FOpwmit TpytHes [8-22] oTmeuaer, uto oT nepepadotku [THI' B rocynap-
CTBEHHBIN OIOJKET MOTJIO TIOCTYNAaTh 362 M. pyOsiel eXeroaHo, HO BMECTO
3Toro skoHoMuyeckuil ymep6 ot cxkuranus ITHI cocraBmsn 139,2 mupga.
py6neii. ToBapHble MpoaykThl, moiay4daemble u3 [THI, sBistorcs: cyxoit ras,
BHUJIBI CXKMKEHHBIX yrieBoaopoanbix razoB (CYID). Cmopoc va CYID B mupe
IIOCTOSIHHO pacTeT, YBEJIMYEHHE €ro IPOU3BOJCTBA MOXET CHenaTh IIar, B
CTOPOHY HE3aBUCHMOCTH OT CHIPhEBOI SKOHOMUKH [8-22].

Ho, B mocnennue roapl poccuiickue HEQTIHUKH CTaparoOTCsl UCHOJIb30-
BaThb COOCTBEHHOE TOILJIMBO, JJI1 CHAOKEHUS 3JIEKTPOIHEPTrUel U TEIUIoM, Kak
JAJIEKE MECTOPOXKJEHUS, TaK U MPEANPUATHS, PACIIOIOKEHHBIE B KPYIHbIX
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IIPOMBINUIEHHBIX LeHTpax. Cnexyer ormeTuth, uro [IHI' cramm cxurare Ha
¢axenax Bce pexe, a, B OCHOBHOM, OH HCIIOJIb3YETCSl HA AIIEKTPOCTAHLUAX UITH
MocTynaer Ha ra3omnepepadoTky. CTUMYIOM pallMOHATBHOTO HCIOJB30BaHUS
[THI" B Poccus crano noBeienne mrpagos 3a ero CBEpXHOPMATUBHOE CIKUTA-
Hue. Ilo nanapiM Beemupnoro 6anka B 2018 romy Poccust cranma nuaepom 1o
CHIKEHHIO 00beMoB cxkuranus [THI (2,5 mapa. ky6.m.).

[To mamueiM kommanmu Air Visual kauectBo Bosayxa B Y30eKHCTaHe
cHu3uioch 10 16-ro mecra. Ilo atoit npuunne cxuranue ITHI sBnsiercsa on-
HUM U3 OCHOBHBIX NMpoOJieM Hamiei Hedrerazopoit cheprl. Eciim 1o 2004 roga
B Y30eKkucTaHe MONMyTHBIN ra3 MOJHOCTRIO CKUTAICSA Ha (akenax, TO Ha Hada-
10 2013 roga nocturnyra yrunuzauus a0 75 %, a Ha Hayano 2018 roga go 83
%. B pe3synbrare, 3a c4eT yTHIM3ALUHU MOIYTHOTO ra3a Ha He(Tera3oKoHIeH-
caTHOM MecTopokaeHnn Kokaymanak BRIOpOC BpeIHBIX BEUIECTB B aTMOChEpy
Obu1 cokpameH Ha 37828,45 T (puc.1), Mybapekckasi rpyrmna MecTOpOXKACHUI
—Ha 2053,3 1 (puc.2), mecropoxxaenue [lakapoynak — Ha 243,4 T B rox [1-4].

[Tpu pa3paboTke HEPTAHBIX U HEPTETa30BBIX MECTOPOXKICHUIN OJHUM H3
npo0JieM ABISETCS YTHIM3alUs MOMYTHOTO ra3a. B 3aBucHUMOCTH OT cmocofa
M00BIYM HETH MOIMYTHBIN ra3 MOKET UMETh Pa3JINIHBIC BEIIMYNHBI.

Ha ceromusuiHuii JeHb CYIIECTBYIOT pa3iM4YHbIE CIOCOOBI YTHUIIM3AIUU
normyTHOro HeTsiHOTO ra3a. B cBOIO odepe/b, 3TH METOJBI IMO3BOJISIOT OTKa-
3aThCSl OT CXKUTAHUs LIEGHHOTO pecypca. B maHHON cTaThe npeasiaraercs mpu-
MEHEHHE MOMYTHOro0 HETSIHOro raza JMUOo A BHIPAOOTKHU 3JIEKTPOIHEPIUH,
100 A7t BOJOTa30BOT0 BO3ACHCTBHSI Ha TIIACT.

OueHuBasi peHTaOEIBHOCTh MEPONPHUATHH O YTUIU3AIUHU TOITYTHOTO
HE(TSAHOTO ra3a, Ha MPAKTUKE CYIIECTBYIOT HECKOJIBKO OCHOBHBIX KPUTEPHUEB,
KOTOpBIE OMPEIEISIIOT BHIOOP TOTO WJIM MHOTO Ccroco0a: cTaausi pa3paboTKw,
PacnoIoKEHUE MECTOPOKICHUS, KOJTMUECTBEHHAsI U KAYECTBEHHAsA XapaKTepHU-
CTHKa Ta3a.

B MHupOBO# NMpakTHKE CYIIECTBYIOT YETHIPE OCHOBHBIX KpUTEpHSs, OIpe-
JENAIONINe BEIOOP MEPOINPUATHI MO YyTUIHM3AIMK He(DTIHOTO Ta3a U OICHHUBA-
IOLIUM HMX PEHTAa0ENbHOCTh: MH(pPACTPyKTypa pailoHa pacIoyIOKEHUsSI MECTO-
POXKICHUSI; CTaAusl Pa3pabOTKU MECTOPOKIEHUS; KOMUYECTBEHHAs M Kaye-
CTBEHHAs XapaKTEPUCTUKH Ta3a.

Ha mecropoxnenun Cesepnbiii IllypraH, xapakTepucThka MNOMYTHOTO
ra3a, COMVIACHO BBINOJIHEHHBIM aHAIU3aM M0 COAEpKAHUI0 MeTaHa U €ero
rOMOJIOTOB, OTHOCATCS K KATEerOpHH CYXHX METAHOBBIX MECTOPOKICHHIA
(puc.1). Ilpu sTOM conepxaHue MeTaHa B HHMX H3MeHsercs oT 86,61% no
89,2%, a cymMmMapHOe coJiep>kaHue ero ToMoJIoroB cocTanisieT 8,37% - 9,71%.
OtHOcHUTENbHASA TJIOTHOCTh ras3a Mo BO3AYyXy HM3MeHsieTcs B mpeaenax: 0,65 -
0,654.
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Puc.1. CocraB monyTHOTO HEPTSIHOTO raza MECTOPOKICHUS
Cesepnbiii Lllypran

B wuccrenoBaHHBIX MpoOax YCTAaHOBIEHO TakKe HalMYUEe HEYT-
JEBOJAOPOAHBIX KOMIOHEHTOB. OJHAKO, B ILIEJIOM IO 3aJieKu HaOIromaeTcs
MOHWKEHHOE coJiepkaHue MmeTtaHa — oT 75,44 no 87,96 % u MOBBIIIEHHOE
cojziepkanue ero romosoros — 9,46 - 16,7 %. Conepxanue azora 0,94 - 6,2 %,
yriekuciuoro rasza - 1,23 - 1,83 %, cepoBonopona — 0,02 - 0,07 % (mo pe-
3yJIbTaTaM MoJieBbIxX omnpeaeienuit — 0,29 %).

Eme onHO M3 HampaBlieHUN 3HeprocOepexeHus — MPpUMEHEHHUE JeTaH-
nep-renepaTopHbix arperatoB (JII'A) mist BIpaOOTKH SKOJOTHYECKH YHUCTOU
3eKTpodHeprun (0e3 CKUraHusl TOIJIMBA), TO €CTh 3a CUET HCIOJIb30BAHUS
TEXHOJIOTMYECKOr0 Tepenana JaBleHUs rasa B CHUCTEMax MarucTpallbHOTO
TpaHCHIOpPTa U pacupeAesieHus NpupoHoro rasza. [Ipu cymecrByromen B pec-
nyOlMKe CHUCTeME ra30CHaOKEHUs CHU)KEHHE NaBJICHUS TPAHCIOPTHPYEMOTO
MPUPOIHOTO Ta3a MPOU3BOAUTCA OOBIYHO B JIBYX CTYNEHSIX — Ha razopacnpese-
mutenbHbIX ctaHiuax (I'PC) m Ha razoperymsropubix nyHkrax (I'PIT) u ocy-
HIECTBIIsIETCS 3a cueT apoccenupoBanus. [Ipumenenue smecro npoccens A
MO3BOJISIET MOJIE3HO UCIOJIb30BaTh 3TOT IMepenaj JaBJIeHUN AJis TPOU3BOACTBA
3JIEKTPUYECKON IHEPTUU.

B MHpoOBO# IpakTUKE HAKOIUIEH 3HAYUTEIBHBIA ONBIT YCHEIIHOM JKC-
mnyatauuu JI'A. Jletanaep-reneparop NoAKIIYaeTCs NapaJuieNIbHO IITATHBIM
perynaropamM aaBieHusi. Takum o0pa3oM, 4acTh rasza, nocrynaromiero Ha ['PII,
MPOXOJUT 4Yepe3 JeTaHjaep, NMPUBOASIIMN BO BpallleHHWE 3JIEKTPOTreHepaTop.
Perynsitop naBieHus, HAXOAAIIUICS 3a IeTaHAep-TeHEPATOPOM, 0OecrieurBaeT
noj/iepKaHue CTaOWIHHOTO JaBiieHHs Ta3a Ha Beixone w3 ['PII. B ciyuae
BO3HUKHOBEHHUSI BHEILTATHBIX CUTYallMil HOPMaIbHO 3aKPBITHIM 3JEKTpOMar-
HUTHBIN KJIanaH aBTOMATHYECKH 3aKPBIBAETCS, MPEKpaIias MpoxXoKIeHUEe ra3a
yepe3 OaiinacHyro (00BO/IHYIO) JIMHUIO.
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JI'A — 5T0 yCTpPOWUCTBO JIsl TIOJYYCHHSI DJIEKTPOIHEPTUH 32 CUET PaOOTHI,
COBEpIIIACMOM PaCIIUPSIIONTUMCS TPUPOIHBIM Ta3oM (0e3 ero cxkuranwms). A
COCTOMT U3 JIeTaHJiepa, TeHepaTopa, TeII000OMEHHUKA, CUCTEMbl KOHTPOJIL U
perynupoBaHus MapaMeTpoB Ipoluecca. B netanaepe 3Heprus ra30Boro noToka
npeoOpaszyeTcsi B MEXaHWYEeCKyl0 paboTy, KOTOopas, B CBOIO OYepeib, MOXKET
OBITh MpeoOpazoBaHa B IEKTPUUECKYIO SHEPTHIO B COCIMHEHHOM C JETaH/e-
pom renepatope. [Ipu paboTe TakuxX yCTaHOBOK €CTh BO3MOKHOCTbH ITOMHMO
AJIEKTPO3HEPIUHU NOJIy4aTh TEIIOTY WIN XOJI0/.

Peanu3anus 9T0# TEXHOIOTUU B MPOCTEHIIIEM BHUIE OCYIIECTBISIETCS Y-
teMm BiiIrodeHHs napauiensHo ['PC (I'PIT) razomposona JII'A, paborarorero
Ha nepenaje naienuii raza Ha ['PC (I'PII).

3a CKUTaHHWEM TOIUIMBA CIEAYEeT psAJ OTPULATEIbHBIX BO3ACUCTBUN Ha
9KOJIOTHIO, TIOSTOMY HYKHO YIENSITh BHUMaHHE MPOU3BOACTBY AKOJIOTMUYECKU
YUCTOW 3eKTpodHepruu. [Ipumensst neHTaHaep-TeHepaTOpHbINA arperar, mo3-
BOJISIET BBIPA0OTATh DIEKTPOIHEPTHUIO IMYTEM HCIIOIb30BAHUS TEXHOJIOTHYECKO-
ro nepenaja JaBjeHusl B CUCTEMax MarucTpaJbHOIO TPAHCIOPTA U IPUPOIHO-
ro raza (puc.2.). CymecTByeT BO3MOKHOCTbh 3((HEKTUBHOIO HCIIOIb30BAHUS
nepenana JaBICHHS U BBIPAOOTKHU IIEKTPOIHEPTUU — ITO 3aMeHa JIPOCCENs
Ha JI'A.

OcHoBHOE OcHoBHas nuHuA Knanan-perynarop Pl
nomeuexve MPM PeayunpoBaHun rasa

@ 2le

e

\ |&T -

TexHonoruyeckoe
nomewenue MPN

@

)

Morpeburens

cyary

AKB

/ Aara Knanan-perynsvop ArA

AneKTpoMarHuUTHbIR
KnanaH ynpaenenus ArA

Puc.2. Cxema nogkmtouenust J{I'A Ha JTMHUIO ra30peryisITOPHBIX IYHKTOB

Oxcmutyarauusa JAI'A npumeHsieTcss B MUPOBOM IPAKTHKE JTOBOJIBHO M-
TEbHBIN MEPHUOJI, 32 KOTOPBIM OBLJI HAKOIUIEH 3HAYUTENbHBIN onbIT. B 3apy-
0eKHOI HayYHO-TEXHUYECKOH NMeproANYecKOi InTepaType MoKa3aHa BhICOKast

OILICHKa B(I)Q)CKTI/IBHOCTI/I I[FA, KOTOpasa OMMpeaAcCiIACTCA MPEKAC BCETO MCHBIITU-

MU YAEIbHBIMH KalUTaJIbHBIMU 3aTpaTaMu U yJEIbHBIMU pacXoJamMH TOILIMBA
Ha BBIPAOOTKY 3JIEKTPOIHEPTHH, YEM Ha MapoTypOUHHBIX 3Heprooyokax. [lpu
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paboTe TakuX yCTAaHOBOK €CTh BO3MOXKHOCTbH, KPOME 3JICKTPOIHEPTHH IOIY-
9aTh TEIUIOTY WM XOJIOI.

O0bem momyTHOro He(TSAHOTO Ta3a, JOOBIBAEMOTO Ha MECTOPOKICHUU
Cesepnblii Lllypran cocrasnser 175,2-193,9 mun. M? B rox.

Y THIU3UPOBAHO: HA TPEANPHUATHIX UCHOIB3YIOTCS TEUYH VIS TI0JI0rpeBa
— 1,58 muH. M* B Tox; Ha dakenax — 159,3-178,1 mun. M* B roa. Ucxons, u3
BBIIICH3JIOKEHHBIX 3HAYCHHI OBUTA IPOM3BEICHBI PACYEThl MPUOIHU3UTEITHLHOTO
Cpoka okyrnaeMoctu paccMmarpuBaemoil ycraHoBku JII'A. ITomoOpansr xapak-
TEPUCTHKH JeTaHACP-TEHEPATOPHOTO arperata ¢ HOMHHAJIbHONH MOIIHOCTBIO
300 kBt (Tabsn.1.).

Tabnuna 1
OcHoBHble XapakTepuctuku [AI'A

Pox Toka NIEPEMCHHBIH
Hanpsoxenne, B 400
HomunaneHast MOIIHOCTE, KBT 300
Pacxon raza, THIC.HM /4 15....20
JlaBieHue ra3a Ha BXOJIe, aTM 3,0...35
JlaBlieHue ra3a Ha BBIXOJIC, aTM 0,3—12
[epenax Temmeparyp npu AaBICHUN Ha 60
Bxoze 3 atm, C

HomuHanbHas 9acToTa BpamieHus 30 000
poTtopa, 00/MUH

I"aGapuTs! 610Ka neTaHaepreHepaTopa, 2900x1200x1300
MM

["aGapuThl 6110Ka yrIpaBJIeHUs,, MM 4000x300x2000
Macca 0110Ka JieTaniepreneparopa, Kr 1500
Macca 0110Ka ynpaBiieHus], KT 500

B 1a611.2 npuBeneHs! pe3yabTaThl pacueTa OCBOeHHs U oKkymnaemocTH JII'A.

Tabnuna 2
[Tpubnu3uTenbHpli cpok okyrnaemoctu JAI'A
BripabaTeiBaeMast 31€KTPOIHEPTrHst 3,9 MJIH. KBT*u/rog
CpoK 0CBOEHUS MPOEKTA 1 roj
Cpok OKynaeMOCTH MPOEKTa 5 JeT

BeipaboTaHHYIO DIIEKTPOIHEPTHI0O MOXHO HCIOJIB30BAaTh IS Oecriepe-
OOMHOI0 AMEKTPOCHAOKEHUS CPEJICTB AIIEKTPOXUMHUYECKOM 3aIUThl HA JTMHEH-
HOW YaCTH Ta30MpOBOOB, MPUOOPOB ydeTa ra3a Ha Tra30paclpeleTUTEbHBIX
CTaHIMAX U ApYTUX o0BeKTax razocHabxkeHus (omusnexammux oobekTax ['PIT),
IpH 3KCIUTyaTallMd HACOCHBIX ycTaHOBOK “Rotaflex”, a takxke Ha coOCTBeHHBIE
HYXKIBL.
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[TpoMBICTIOBBIH OMBIT TMOKAa3bIBAE€T, YTO BOJIOTA30BOE BO3JEHCTBHE Ha
IUTACT KaK METOJ MOBBIIIECHHS HEPTEOTIaul COUYETAeT B ceOe MOI0KUTEIbHBIC
CTOPOHBI TEXHOJIOTHH BBITECHEHUS HE()TU ra30M BBICOKOTO JAaBJICHUS U TEXHO-
noruu pa3paboTku 3anexu HedTH 3aBomHeHUEeM. J[aHHBI MeTon ObUT OBl
oueHb 3 dexTuBHBIM Ui MecTopoxkaeHus Cesepublii Llypran, Tak kak oH
UMEET psJ] IPEUMYIIECTB.

Jns 5hdexTUBHOro HCMONb30BaHMS MOMYTHOTO HEPTSHOTO raza peKo-
MEHJIyeTCsl TaK)Ke NMPUMEHEHHUE CIEIYIOIEero KOMIUIEKca 00OpYyAOBaHUs, KO-
TOpOE MO3BOJIAET MPUMEHITh YHEPIeTUYECKUIN MOTEHIIMal MOMYyTHOTO HedTs-
HOTO ra3za Jiisl oAorpesa miactoBoil Boasl. [Ipu Heobxoaumoctu o6opyaoBa-
HUE MOXKET OBITh OCHAIICHO (DYyHKIMEH moaorpeBa He()TH U YTHIM3ALHUU CTOY-
HBIX BOJ, IPOM3BOJICTBA TEIJIOBOW M 3JIEKTPO3HEPIUU C BO3MOKHOCTBIO HC-
MOJIb30BaHUS HAa COOCTBEHHBIC HYXKIbl WM TMOAAYU B IICHTPAIbHYIO CETb.
Kommieke ucmonb30BaHus MONYTHOTO HEPTSHOTO rasa sl MOJOorpeBa Iuia-
CTOBOM BOJIbI CIIOCOOCTBYET MOBBIIICHHIO HEPTEOTAAYM MECTOPOXKICHUS 3a
c4€T TEPMUYECKOT0 BO3JEHCTBUS Ha IIacT. biaronapst 3ToMy yBeIMUNUBAIOTCS
U3BJIEKAEMBbIE 3aachl U3 MECTOPOKACHUIA.

OCHOBHBIM 3JIEMEHTOM YKa3aHHOTI'O BbIIIE KOMIUIEKCA SIBJISIETCS IIUKIOH-
HBIl PEaKTOp C YCTAaHOBJIEHHBIMU B HEM JBYMA fpyCaMU C TOPEIOYHBIX
YCTPOMCTB, IIPHU MOMOILIM KOTOpbIX co3naercs temmneparypa no 1200°C. Jlan-
HBII TeMIepaTypHbIM pexuM oOecreurBaeT MOJHOE CTOpaHUe YIIIeBOI0POI0B
Y IPAaKTHUYECKU CBOAMT Ha HET 00pa30BaHME CaXM U OKUCIOB azora. OOpa3o-
BaBIIIMECS B MpoIlecce TEPMOOOPaOOTKU JBIMOBBIE I'a3bl MOCTYHAIOT B PEKyIIe-
paTUBHBINA OJIOK, B KOTOPOM IPOUCXOJUT HArpeB TEIUIOHOCUTENS AJISl PEryiu-
pOBaHUS TeMmIepaTrypbl B KOHType. Ha BbIXoge M3 pekynepaTUBHOIO Oioka
YCTAHOBJIEH alllapar BO3AYLIHOTO OXJIaxaAeHus. Jlajnee HarpeThlil TEerniIoHOCH-
TeJb MoMajaeT B TpyOHOE MPOCTPAHCTBO, a IUIACTOBAask BOJA — B MEXTpyOHOE
IIPOCTPAHCTBO TeruiooOMeHHuKa. [ImacToBas Boja HarpeBaeTcst 10 TeMIepary-
pbl 70-75°C m 3aTeM 3akauuBaeTCs B IUIACT moj AaBieHuem 150-200 atm. [8-
15].

Takum 00pa3om, KOMIUIEKC pelaeT cpazy HECKOJIbKO MpolieM, momora-
eT u30exaTh BBIIIAT B KPYIIHOM pa3Mepe 3a HEeraTuBHOE BO3/CICTBHE Ha
OKPY’KAIONIYIO Cpelly M PallMOHAIBHO UCIIOJIb30BaTh MOMYTHBIN HEPTAHOM ras,
MOBBIIIAET HePTeoTAauy 3a CUET TEPMOBO3JIEUCTBUSA Ha IUIACT, IO3BOJISIET
HKOHOMHYECKHU BBITOJTHO UCIOJIB30BATh MOMYTHBIM HeTsAHOMN ra3 6e3 Bpeaa Ha

OKPYKaIOMIYIO Cpemy.
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YAK 622.279.23/4.001.24

HOBBIE ITIOAXO/1bl K HPOEKTUPOBAHUIO TOPAZPABOTKH
NCTOMEHHBIX MECTOPOXIEHHUU ITPUPOJHOI'O I'A3A

¥.C. Hazapos, B.M. llleBuoB

Vuby maxonada Yzbexucmon xyoyouoa y3oK eaxkm — 0asoMuod
wwnamunaémear emmuma xounapuu (Anan, 3esapou, Kynmax, Ypmabynox,
Heneuskyn, Comonmena, Kawmybuii Kemauu) uwinab yuxuwmnume icopuil
xonamuea oud MamepuailapHy MU3UMIY MAXIUL KUIUWL acocuod, 3axupaiapu
Kamauub Koneaw KOHAApHU — UWNA0  HYUKUWHU — OXUpuea  emKa3uiHu
JoUUXanaumupuulL  Hcapaénuea OyHoau O00beKMAAPHUHE KONOUK 2e0l02UK
3AXUPANAPUHU MAKCUMAT OApas#Ccaa camapan YuKapud oiuuea Kapamuieam
AHSU MEMOOON02UK EHOAULYBNAD MAKIUPD KUTUHSAH.

Konnapnune moughacuea (uwinab uuxunaémean, mauépiamean Exu
KUOupy8 KoHu) Kapad, 2a3z Kasub YuKapuuiHuHe dHe Camapanu cypbamiapuru
NPOCHO3NAUIHURE MYpau EHoautyenapu masdcyo. by coxadacu kyn uunnux
amanuém  Kypcamuwiuya, uwnab — YuKuiaémean KOHAAPOAH —Xap — Xuil
EHOaWLYBIapHY KYTLIAean X0a0d, 2a3 Ka3ub Yukapuul XajiCMIAAPUHU OUUPULUL
MYMKUH 8a Oy KOHIAPHU Y3aauimupuul 6ockuuuea 6oenux (maxcpuba-canoam
mapsuda uwnamuw (TCH), canoam map3uoa wwinab uuxuu 6a uuwinab
yuKuwHU oxupuea emxaszuwt). Maxonaoa ypeanub wukuiaémeaw, y3oK 6axm
oasomuoa uwIamuaud, YHUHe SAKYHUll (Uunad 4ukuwHu oxupuea emxasuil)
bockuuuoa Oynean Kownapoaw mabuull 2az Ka3ub uduxapuul cypvamiapu,
00amoa, KOHOAa YPHAMUIZAH KOMAPeccop cmanyusacuea 602nuk oynaou, 4yHKu
AHeU uwiamuwl KyOyKaapuHu Oypeunaul ycyau 3HOUNUKOA KYLIAHUIMAUOU.
Kasub uyuxapunaémean easnu yzamuw 6a mauépraw Oyuu4a Masxcyo
MUSUMIAPHU — JHCUXO3TAWHU — (MOOEPHUZAYUAIAWHY) — OXUpUea — emKa3uil
AHCAPACHIAPUOA XaM WLYHEA YXUAW EHOAULY8Nap KYIIAHULAOU.

[y mavHoOa, wwinamuw KyoOyKlapuuu OVpRULAWHU SHA 0AB0OM
ommupuwi, Kkupuws 6ocumu nacm CKCuu wuwea mywupuw, Kazub
YUKApULAémean 2a3Hu  y3amuul 8a Mauépiaul MusUMUHU KeHeaumupuul
xucobuea xamiaam Oocumu yma nacm O0yIeaH Wapoumiapuoa y3o0K 6aKm
UWIAMUIAémean — KOMNAPHU — UWIAO — YUKUWHU — OXUpUed — emKA3UUWHU
Jotuxanauiea UMKoH bepaouean aHeu UHmMezpailauiean EHoauyenap maxkiug
KUTUHSAH.

Kypub uukunaémean emmuma xonnapoa 2az Kazub yukapuul YCUMUHUHS
NPOCHO3 KUMUHEAH KYypcamxuyiapuea spuwuws dopacudazu maoodupiapHu
uUKmucooutl b6axonraus HAMUNCAIApU Kypcamuwuda, 2a3 Ka3ub yukapuul
KYOyKIapuuu oypeunauwt éa xauma muxiaw, KoHaapuu (wnetigpaap, CKC sa
Wi.K.) Kywumya cuxoznaws uwnapuea scamu 417,7 man. AKII odonnapu
Muxoopoa mabnaz capgranaou. Aunu navumoa, Kyuumda pasumioa Kasuo
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yukapunean casnune (41661,6 man. m®) xuiimamu 6249 man. AKII donnapunu
MAWKUL KU1aou, 0y sca Kypub yukuiaémean Kowiapoa dypuiaut, KyoyKiapHu
MUKIQW WWLAPUHU 6adcapul 6a KOHJIAPHU JiCUX031auea cap@ranaoucan
KYmumyua kanumain xapasxcamiap muxoopuoar 15 6apasap opmuxoup. Atinaw
aMa wy HCuxam KOMIAPHU JTOUUXANAUL 64 UNA0 YUKUWMHU OXUpUea emKa3ull
VUYH  AHeU ~ MemOOONOUK — EHOQuLenap  KYLIAHUIUWU V30K — 8aAKM
uwamuiaémean madouull 2a3 KOHAAPUOAH KONOUK 3aXUpPANApHU YuKkapuo
ONUWOA FOKOPU UKIMUCOOULL caMapa KelImupumuoar oaioiam oepaou.

B cmamebe, Ha ocHo8e cCUCMEMHO20 QHAMAU3A (hAKMUYECKUX Mamepua-
/108 MeKywe2o COCMOAHUA pa3pabomku 0aUMesnbHO-3KCrAyamupyemsix
cemu mecmopoxoeHuli npupodHozo 2a3a Y3bekucmaHa (AnaH, 3esapobi,
Kynmak, Ypmabynak, eHau3Kkynb, CamaHmene, HOxHbili Kemayu), npedsno-
HeHbl Hosble MemooOoso2u4ecKue nooxoobl K MPOeKmMuposaHuto 0opaspa-
60mMKU UCMOWEHHbIX mMecmopoxdeHuli, HaNpPasaeHHblE HA MAKCUMAbHO-
ahpekmusHoe u3Bae4YeHUe OCMAMOYHbIX 2e0/02U4eCKUX 3aMacos 3Smux
0bveKkmos.

B 3asucumocmu om kamezopuu mecmopodicoenuil (pazpabamoisaemvie,
no020mosieHHble U pazeeoblieaemvle) UMEIOMCs pasiuyHble NooxXoo0bl K
nPocHO3Uposanuro Haubonee dgpexmusnvix memnos omoopa easza. Kaxk noxa-
3bl8aem MHO2ONEMHAS NPOMbBICIO8AsL NPAKMUKA, 000blYa 2a3a U3 papabamul-
BAEMBIX MECMOPONCOCHULL MONCEM HAPAUWUBAMBCS PASHBIMU NOOX00AMU - 6
3a6UCUMOCU OM CIMAOUU UX OCBOEHUSL. ONIMHO-NPOMbBIULIEHHAS. IKCHIYAma-
yus (OI13), npomvruunennas paspabomra u oopaspabomxa. Ha 3asepwaroweri
cmaouu (0opazpabomia), 8 KOMopou HAX0O0AMCA UCCledyemble 8 HACMoswell
pabome OIUMENbHO-IKCNILYAMUPYeMble MECHOPONCOCHUT NPUPOOHO20 2d3d,
memnbl €20 000bIYYU MPAOUYUOHHO 00YCI08IEeHbL MOUWHOCTBIO YCIMAHOBIEHHOU
KOMNPECCOPHOU CMAHYuu, NOCKOIbKY OypeHue HOBbIX IKCNILYAMAYUOHHBIX
CKBAJICUH, KAK NpAsuno, He Npakmuxyemcs. Anonocuunvie nooxoovl uUMeom
Mecmo U 8 OmHOWweHUu 0000ycmpolcmea (Modepuuzayus) cywecmayouel
cucmembvl RPOMBICI08020 MPAHCNOPMA U NOO2OMOBKU 000bI8AEMO20 2a3d.

B smoii c6s3u, npednodicenvt HOGble UHMESPUPOBAHHBLE MEeMOO0I02UY e-
CcKUue nooxoovl, KOMopvle NO3680AI0M NPOEKMUPO8ams 00paspabomxy OJu-
MeNbHO-IKCHIYAMUPYEMBIX MECIMOPOHNCOEHUI C NOOOepAHCaHuem 00CMUSHYmo-
20 YpOoBHs 000bIUU NPUPOOHO20 2A3d, 8 YCIO0BUSIX NPeOelbHO HUSKUX NAACMO-
8bIX O0aGleHUll, 3a cuem OalbHeuule2o IKCNIYAmayuoHHo2o0 OypeHus, 68004
HKC ¢ Hu3Kum 6X00HbIM Oa6leHUeM U PACUWUPEHUs CUCTIEMbl NPOMBICIO0B8020
MPAHCNOPMa U NOO20MOBKU 000bIBAEMO20 2d3A.

Kak nokasvisarom pesyibmamsi 3KOHOMUYECKOU OYEHKU MePONpUusimull
HO 0OCMUMNCEHUIO NPOSHO3UPYEMO20 Npupocma 000bluU 2a3d UCCIedyeMblX
cemu MecmopoXcOeHuUll, Cymmapuvie 3ampamsl Ha OypeHue u 80CCMaHOBIeHUue
2a30000b618AI0WUX CKBAINCUH, HA OONOJTHUMENbHOE 00YCMPOICNEO NPOMbBICIO8
(wnetgol, [IKC u m.o.) cocmasnsarom 417,7 man. ooan. CILIA. B mooice epems
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CMOUMOCHL dOnOTHUMENbHO 000bImMo20 2aza (41661,6 man.m®) oyenusaemcs 6
6249 man. oonn. CLLUIA, umo 6 15 paz npesviwiaem 0onoiHumenbHvle Kanu-
mainbHbie 3ampamsl Ha Oypenue, 80CCMAHOBIEHUE CKBANCUH U 00YCMPOUCMBO
NPOMbBICIIO8 paccmMampusaemvix mecmopodcoenutl. Ilocieonee obcmosmens-
Cmeo yKasvleaent HA 6blCOKYH IKOHOMUYECK)YIO 3(1)¢€Kmu6HOCWZb uszejleyerusd
OCMAMOYHbIX 3aNACO8 OAUMETbHO IKcnyamupyemslx MecmopoofcdeHuﬁ npu-
POOHO20 2a3d, 0AHCUOAeMYI0 OM NPUMEHEHUST HOBbIX MEmOO0NI02ULEeCKUX NOO0-
X0008 K NPOeKmupo8aHuIo ux 0opapabomxu.

In the article, based on a systematic analysis of the actual materials of
the current state of development of the long-term-operated seven natural gas
fields of Uzbekistan (Alan, Zevardy, Kultak, Urtabulak, Dengizkul, Samantepe,
South Kemachi), new methodological approaches to the design of additional
development of depleted fields are proposed, aimed at the most efficient extrac-
tion of the remaining geological reserves of these objects.

Depending on the category of fields (developed, prepared or explored),
there are different approaches to predicting the most effective rates of gas
extraction. As long-term field practice shows, gas production from developed
fields can be increased by different approaches-depending on the stage of their
development: pilot operation (OPE), industrial development and additional
development. At the final stage (additional development), in which the long-
term-exploited natural gas fields studied in this work are located, the rate of its
production is traditionally determined by the capacity of the installed compres-
sor station, since drilling new production wells is usually not practiced. Simi-
lar approaches are taking place with regard to the arrangement (moderniza-
tion) of the existing field transport system and the preparation of the extracted
gas.

In this regard, new integrated methodological approaches are proposed
that allow us to design additional development of long-term-operated fields
with the maintenance of the achieved level of natural gas production, in condi-
tions of extremely low reservoir pressures, due to further production drilling,
the introduction of DCS with low input pressure and the expansion of the field
transport system and the preparation of the extracted gas.

According to the results of the economic assessment of measures to
achieve the projected increase in gas production of the seven fields under
study, the total costs for drilling and restoring gas production wells, for addi-
tional development of fields (plumes, DCS, etc.) amount to 417.7 million US
dollars. At the same time, the cost of additional gas produced (41661.6 million
m3) is estimated at 6249 million US dollars, which is 15 times higher than the
additional capital costs for drilling, well restoration and field development of
the fields under consideration. The latter circumstance indicates the high
economic efficiency of extracting the remaining reserves of long-term exploited
natural gas fields, expected from the application of new methodological ap-
proaches to the design of their further development.
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JlanbHeliee yBelWYeHUE MPOMBIIUIEHHOTO MoTeHuuana PecrmyOmuku
VY36ekucrana BO MHOTOM OOYCIIOBIIEHO POCTOM €€ SHEPreTHKH, MOCKOJIBKY B
cpennecpounoit nepcrnektuse (2021 — 2025 rr.) okono 90% oOGmepecny0u-
KaHCKOM NOOBIMM Ta3za OyAyT IOCTaBIATHCS HA TEIUIOAJIEKTPOCTAHIUH JUIS
BBIPAOOTKH 3JIeKTpodHepruu, a ¢ 2026 mo 2035 rr. mus 3Toi nenu Oyaer mo-
TpebiaThes: He MeHee 61%. [lpu sTOM, yBenmuMyeHHUE MOCTABOK MPUPOIHOTO
raza oOyciiaBnuBaeT He0OX0IMMOCTh MHTEHCHU(UKAUK TOObIYM ra3a U3 BCeX
KaTeropuil MECTOPOXKACHUH, Pa3InYaOLINXCsl BBIPAOOTaHHOCTHIO 3amacoB [1].

B aT0ii cBs3u TpeOyeTcst BBIpaOOTKA HOBBIX METOJIOJIOTUYECKUX MOAXO0-
JIOB K MPOEKTUPOBAHMIO TOPa3pabOTKH, HANPABICHHBIX Ha yIEpXKaHHE 00be-
MOB JOOBIUM ra3a M3 UCTOIIEHHBIX MECTOPOKJIEHUH, OOYCIOBICHHBIX CIEIY-
IOMMMA  (aKTOpaMHU: TeOJOrMYecKhe (CTpOeHHWe, 3amachl); TEXHUYECKHE
(CKBa)XMHBI, TPOMBICTIOBasT UH(MPACTPYKTypa); TeXHONOTHs ((hOHTaHHAS, KOM-
npeccopHas A00bIYa); HAJIMYUE NOTPEOUTENsl, SKOHOMHUYECKas pPEeHTa0emb-
HOCTb.

Ha pa3sbIx cTanuax pa3paboTKy nepedrcieHHbIe BbIlE (PaKTOPhI B pas-
HOM CTeNeH! BIUAIOT HAa AMHAMUKY 00BEMOB TOOBIYM ra3a U3 MECTOPOKIACHHIA.
Ecnu reonoruueckne 1 3KOHOMHUYECKUE (PaKTOPbl HA BCEX CTAIUAX pa3paboTKu
SBIIIOTCS ONPECISIONIMMU, TO 3HAUMMOCTh TEXHUYECKHUX U TEXHOJIOTUYECKUX
(akTOpoB BapbUpYeET IO Mepe YriyOjeHus: BbIpaOOTAHHOCTH 3allacoOB MECTO-
pOXIIeHUH [2].

B nacrosimiee BpeMs B Y30ekuctane OTKpbITh 220 MECTOPOXKIECHUN MTPU-
POJZIHOTrO ra3a, KOTopble BhIpaObOTaHbl B cpeHeM Ha 55,9 %, 82 u3 Hux, uMero-
1€ cyMMapHble TeKylue 3anacel 55,3 % oT obmepecnyOnMKaHCKUX 3aMacoB,
OXBaveHbl pa3pabOTKOM U B cpe/iHeM BbIpaboTaHbl Ha 69,2 %.

B nmoarotoBiieHHBIX K OCBOCHUIO YUCTATCS 77 MECTOPOXKIECHHUIN C BbIpa-
O6oTaHHOCTHIO 5,1 % ¥ TeKylnMu 3anacamu, coctaBisirorumu 38,1% oT BbIsAB-
JeHHbIX B Y30ekucrane 3amacoB. Okono 50 MecTOpOXIEHHIl ¢ TeKyIIMMH
3arnacamu 6,3 % oT oOuiepecnyOIUKaHCKUX OXBaueHbl pa3BEAOYHBIMH Pabo-
tamu (I'PP) u BoipaboTansl Ha 3,2%, 3a cUET COBMEIIEHHUS CTaUil pa3BeKU U
paspabotku. Kpome toro, umerorcst 7 mectopoxkaeHuii B koncepBauuu (0,2%
3aracoB OT 001IepecyOIMKaHCKIX ) ¢ BBIpaOOTaHHOCTHIO 3anacoB 41,6%.

B 3aBucumocTu oT KaTeropuu MeCTOpoKaeHuH (pazpadbaTbiBaeMble, O-
TOTOBJICHHBIE UJIM Pa3BEIbIBAEMbIE) UMEIOTCS PA3JIMYHBIE TOJXObI K MPOTHO-
3UpOBaHUI0 HamOoisiee 3(PPEeKTHBHBIX TeMMOB oTOOpa raza. Kak mokassiBaeT
IIPOMBICIIOBAs IPAKTHKA [3, 4] TeMIbl OCBOEHUS NMOATOTOBIEHHBIX U HaXOAs-
mmxcs B ['PP mecTopoxaeHnit MOryT YCKOPHUTBCS IPU HATUYUH OJTU3JIeKaAITUX
ra3onpoBojioB (morpeOuTeneil raza) wiM JeWCTBYIOIUX TIa30J00bIBAIOLINX
IIPOMBICIIOB € pa3BUTOM MHGpacTpykTypoil. [loObiua raza mo paspabaTbiBae-
MBIM MECTOPOKIEHHUSAM MOXET HapalllUBaThCA Pa3HbIMM IIOJXO0JaMH - B 3aBU-
CUMOCTH OT WX CTaJIUM: OINBITHO-TIPOMBINUIeHHAas 3kcrutyatanus (OI13), mpo-
MBILIIEHHAs pa3paboTKa 1 Jopa3padoTKa.
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Ha craguu OIID 1 npoMbIIIIICHHOW pa3pabOTKU TEMITbl JOOBIUM Ta3a U3
3aJeKell HapalMBalOTCS ¢ COONIOIEHHMEM 3aKOHAa 00 OXpaHe Hexp, 3a CUeT
OypeHHsI HOBBIX AKCIUTYaTaIl[MOHHBIX CKBa)KUH, 10 SKOHOMHYECKH 00OCHOBaH-
HOro aeiicTBytomero ¢onma. Ha 3aBepmaromeii craauu pa3pabOTKU MeCTO-
POXKICHUM - TeMIbl JOOBIYM Ta3a TPAJAULKMOHHO OOYCIOBJIEHBI MOIIHOCTBHIO
ycTaHOBJIeHHOU KommpeccopHoit craniuu (KC), mockonbky OypeHue CKBaXHH,
KaK MpaBUJIO, YK€ He mpakTukyetcs [4,5]. Ucxons u3 3TOro ObUIH BHIMOTHEHBI
MCCJIEIOBAHMSI 110 BBIBICHUIO IYTEH yAep)KaHUsS WIM HapallMBaHUS TEMIIOB
n0OBbIUM C yriTyOJieHHeM BhIpaOOTAaHHOCTH 3alacoB Tas3a JUIMTEIbHO pa3pada-
THIBAEMbIX MECTOPOKICHUH.

[To pe3ynbraTaM aHamu3a COCTOSHUS Pa3pabOTKH mecTtopoxiaeHuit AO
«Y30ekHedTera3z» ObUTH BBIIEIEHBI 7 JUIMTEIBHO JKCILTyaTUPYEMBIX MECTO-
poxaenuii (Anan, 3eBapabl, Kynrak, Yprabynak, Jlenruskynb, Camanrtene,
FOxwup1it Kemaun), xapakTepu3yrommxcsi TIyOOKOW BBIPaOOTaHHOCTBIO (J10
86,6% - I'KM 3eBapabl) u, B TO k€ BpeMsl, C OTHOCUTEIBHO BHICOKUMHU OCTa-
TOYHBIMM 3amacaMu raza. Ha 6a3e reosioro-mpombICIOBBIX JAHHBIX 3TUX Me-
CTOPOKICHHUI OBLIM BBIMOJIHEHBI CHCTEMHBIC HMCCIEIOBAHUS 1O BBISIBICHUIO
BO3MOXXHOCTH 00Jie€ MHTEHCHBHOM U TIIYOOKOH BBIPAOOTKM HMX OCTATOYHBIX
3aracos.

Mecropoxaenue AllaH BBEIEHO B pa3paboTKy B 1979 r., MakcumasibHas
romoBast 1o0bIda raza - 13085 mua.m® Gbita nocturayra B 2005 r. neicTByro-
M GoHIoM U3 37 CKBaXHMH CO CpeIHHM AebutoM 585 Teic.M%/cyTku, mpu
Jenpeccuu Ha mact 31 krc/em? B 2020 T. 66UT0 106BITO 2,6 anz[.M3 rasa
neiictByromuM  (GoHAOM U3 76 CKBaXHH €O CpeagHuM jaedutom 93
ThIC.M%/CyTKH, TIpK Aenpeccuu Ha maacT 10 xkrc/cm?. Ha 01.01.2021 r. ¢ Hayana
pa3pabotku 100eITo 194,9 mupa.m® raza mmm 83,0% OT €ro reoNorH4ecKux
3amacoB. B 2015 rogy npu ot6ope 79,6 % oT 3amacoB rasa, B CBA3H 3aMETHBIM
NaJicHUeM TEMIIOB €ro J00bIYM M OTCyTCcTBHEM 3(@deKkTa OT BBOAA HOBBIX
CKBaXXMH, MECTOPOXJIeHHE AJlaH OBUIO MEPEeBECHO Ha KOMIIPECCOPHYIO JKC-
tyaTanuio [6]. 9To Mmeponpustie no3onuio B 2016 roay yBenuuuTh 10019y
raza moutu Ha 500 mun.M3, B cpaBHennu ¢ 2015 T. (puc.1), HeCMOTpS HA CHHU-
JKeHHe JIeHcTByoIero Gpoxaa ckBaxxuH. To ecTh, mpupocT A00b1uM raza B 2016
r. odycnosieH Toiabko BBojgoM JIKC. Ilpu 3Tom peanuzaiusi JONMOJHUTEIBHO
JTOOBITOrO raza MOJHOCTBIO OKYIWJIA 3aTpaThl Ha CTPOUTENHLCTBO AJIAHCKOM
JAKC.

Jlis yBenM4eHUs TEMIIOB JOOBIYM ra3a U3 MECTOPOXKACHUs AjaH ObUIH
BBITIOJIHEHBI UCCJIEIOBAHMS MO OLICHKE BIWSHUS JIaJbHEUIIEro HapaliuBaHUs
nercTBytomero (oHaa CKBaXWH M BBojAa AomoiHuTenbHOU JIKC ¢ HU3KUM
BXOHBIM jaBjieHneM (1 Krc/cM?) Ha yCKOpeHHe M3BIEUEHHS €ro OCTATOYHBIX
3aracoB U TIyOMHY MX BbIpaOOTKH. B pesynbrare 3THX HcclenoBaHHUM ycra-
HOBJICHO, YTO OypeHHe U BBOJ B dKCIUTyaTaluio 22 cKkBakuH B TeuyeHuu 2019-
2021 rr., m myck JIKC-2 B nagane 2021 r., mo3Bomsat 3a 2019-2030 rr. 100bITH

u3 mectopoxaenus Anan 23705,8 MIH.M® ra3a, uyto Ha 5780,6 MiaH.M° BbIIIE

160



HE®Tb U I'A3. TOIIVIMBHBIE PECYPCBI

MPOrHO3a JOOBIYM TPH COXPAHEHHWH TEHJCHIIMU €ro pa3pabdOTKH, CIIOKHB-
meiics k Havany 2020 r. (puc.1).
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yaepskanus 1o0bran raza Ha ['KM Anan

Bcero ¢ nauana paspaborku I'KM Anan k koniy 2030 r. nporuo3upyercs
otobpats 212,8 mipa.m® raza unu 96,5% ot ero 3amacos. To ecTh mpennarae-
MBI CHCTEMHBIN MOAXO0/1 K 10pa3pabOTKe MECTOPOKIEHUS AJIaH MTO3BOJISIET HE
TOJIKO YCKOPHUTb TE€MIIbl PEHTA0EIbHOTO M3BJICUEHHUS €0 OCTaTOYHBIX 3ara-
COB, HO M YBEJIMUUTH UX BbIpaboTaHHOCTH Ha 10,8%.

Mectoposxaenue 3eBapabl BBEACHO B pa3paboTKy B 1978 r., MakcuManb-
Has 706b4a Taza - 10584 mmH.M® O6blma gocTurHyTa B 1996 T. meiicTByomum
doHmoM U3 74 cKBaXMH cO cpenHUM aebuToM 390 ThIC.M>/CYTKH, IPH Jempec-
cuu Ha wiact 10 kre/em? B 2020 r. 66010 1066ITO 2,5 anz[.M3 rasa JICCTBYy-
FOIUM (OHAOM M3 78 CKBAKHH CO CPETHUM AeOHTOM 89 THIC.M/CYTKH , MpH
nenpeccuy Ha mwiacT 6 xkrc/cm?. Ha 01.01.2021 T. ¢ Havana pa3paboTKH JOOBITO
269,0 MJ'Ip,Z[.M3 ra3za unu 88,2% ot ero reonoruuyeckux 3anaco. B 2007 roxy
npu otoope 72,8% oT 3amacoB rasza, B CBSI3M C 3aMETHBIM TAJCHHUEM TEMIIOB
€ro J00BIYM MECTOpOXkIeHUE 3eBapAbl ObLIO MEPEBEICHO Ha KOMIIPECCOPHYIO
JKCILTyaTaluio. IT0 MeponpusiTue no3Bosnio B 2007 roy yBeIMuuTh JOOBIYY
raza Ha 127 maa.m3, a B 2008 rony — Ha 1372 mMmn.M3, B cpaBHenuu ¢ 2006 T.
(puc 2). IIpu sToM, peanuzanusi AONOJHUTENBbHO A00bkIToro B 2007- 2008 rr.
ra3a IOJHOCTBIO OKYIIHJIA 3aTpaThl HA CTPOUTENBCTBO 3eBapAauHckoil JIKC.

Jlns yBenu4eHust TEMIOB J00BIYM T'a3a U3 MECTOPOXKACHUS 3eBapAbl Obl-
JM BBITIOJTHEHBI MCCIIEAOBAHMS 1O OLIEHKE BIMSHUS AajbHeWiero OypeHus u
BocctanoBieHus1 (KPC) ckBaxuH, a Taxke BBojma JIKC-2 ¢ HU3KMM BXOIHBIM
nasienneM (1 krc/cm?), Ha YCKOpEeHHE U3BIEUYEHHS €r0 OCTATOUHBIX 3aIlacoB U
r1yOuHy uX BbIpaOOTKH [7]. B pe3ynbTare 3THX HCClIeI0BaHUI YyCTaHOBIIEHO,
4yto OypeHue 2 u BoccTaHoBleHUe 6 ckBaxxuH B 2019-2020 rr., a Takke BBOJ
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JKC- 2 B xonre 2021 r., mo3Bosat 3a 2019-2030 rr. g00BITE U3 MECTOPOXKIE-
Hus 3eBapabl 27226,0 wiH.M° rasa, uro Ha 10040,1 muH.M® BbIIIE MPOTrHO3a
JOOBIYM TIPU COXPAHEHUHW TCHJICHIIMM €ro pa3pabOTKH, CIOXKHUBIIEHCS K Hava-

ay 2019 r. (puc 2).
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Puc 2. IIporuo3 go0b14u pH peann3aini CHCTEMHBIX
MEPOMPUATUI TIO YBEIIMUCHHUIO TEMITOB JOOBIYM Ta3a Ha
I'KM 3eBapapi

Bcezo ¢ nauana paspabomxu I'KM 3esapovt k konyy 2030 2. npoecnosu-
pyemca omobpamv 291,1 mapo.m® caza unu 95,5 % om ezo 3anacos [1]. To
ecmsb, npeodnazaemvlli CUCMeMHbIN N00X00 K 00pa3pabomre Mecmopo#COeHUs.
3esapovl nossosem He MOAbKO YCKOPUNMb MeMnbl U3GLeYeHUs €20 OCMAamoy-
HbIX 3aNAco8, HO U Yeeaudums ux evipabomannocms Ha 8,9 %.

Mecropoxaenue Kynrak BBeneHo B pa3padoTky B 1978 r., MakcumanbHas
rojgosas noOb4a rasza — 2,4 MJIpI[.M3 Obl1a gocturnyta B 1994 r. neicTByro-
M GoHmoM U3 21 CKBaXKMHBI CO cpemHuM aebutoM 300 Thic.M>/cyTKH, mpH
Jenpeccuu Ha mact 63,1 kre/em? B 2020 r. 65010 1066ITO 638 MJ'IpI[.M3 rasa
nerctByromuM  ¢GoHAOM U3 17 CcKkBakMH co cpeaHuM aedbutom 103
THIC.M®/CYTKHM , P JIeTIpeccuu Ha iact 75,6 kre/cm?. Ha 01.01.2021, ¢ Hava-
na pazpaboTku 106sITo 58,2 Mapa.M® raza wm 81,1% OT ero reoNorHdecKux
3aracos.

B 2011 roxy mpu ot6ope 69,6% oT 3amacoB rasa, B CB3U C 3aMETHBIM
CHIDKEHHEM TOJI0OBOM J0ObIUM Ta3a B NPEeAbLAYIIHE TO/AbI, MECTOPOXKICHUS
Kynrak O6bu10 epeBeieH0 Ha KOMIIPECCOPHYIO IKCIUTyaTallio ¢ KOMIPUMHUPO-
BaHueM ero rasa Ha JIKC cocennero mecropoxxaenus [lamyk. 9to meponpus-
tre mo3Bommwiio B 2011 u 2012 rr. yBenmW4YuTh TOJI0BOM OTOOp rasza, COOTBET-
ctBenHo, Ha 0,1 1 0,2 mupa.m® B cpasrennu ¢ 2010 rogom (puc 3), mpu  Heus-
MEHHOM JecTBYoIIeM (HoHE 13 18 CKBaXUH.
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Puc 3. IIporuo3 1o0b1uu npu pean3aluu CUCTEMHbIX
MEPOTPUITHH 1O YBEIIMUECHUIO TEMIOB A00buM raza Ha ['KM
Kynrak

Jns yBenmuenust TemnoB A00brun raza ['KM Kynrak ObuiH BBITIONHEHBI
UCCIICIOBaHMS 110 OLIEHKE BJIMSHUS YBEIMUYEHMs JeicTBYIOIIEro (oHIa 3a cueT
BoccTaHoBieHus JByX ckBaxuH (KPC, 2019-2020 rr.) u BBoga JAKC-2 (B
koH1e 2021 r.) Ha yCKOpeHue U3BJIEYEHUs €r0 OCTAaTOYHBIX 3alacoB U IIyOUHY
ux BbIpaOOTKH [8]. B pesynbrare 3THX UCCIICJOBaHHI YCTAaHOBJICHO, YTO YKa-
3aHHble Bie Meponpusatus — BBoJ JAKC-2 n KPC nByx ckBaXuH, TO3BOJIAT 3a
2019-2030 rr. 1o6wITe n3 KM Kynrak 6741,5 moma.m® rasa, g9to Ha 1525,2
MIH.M3 BBIIIE, IPU COXPAaHEHHH TEHAEHIHH ero pa3spaboTKH, CIOXKMBIIEHCS K
Havaiy 2020 r. (puc 3).

Bceero ¢ nauana paspabotku I'KM Kynrak koniy 2030 r. nmporHosupyet-
ca oTobparhk 63612,5 mma.M® raza umm 88,7% ot ero 3amacos [1]. To ects,
npejiaraeMblii CUCTEMHBIN MOAX0J K Jopa3paboTke MecTopoxaeHus Kynrak
MO3BOJIIET HE TOJIBKO YCKOPHUTH TEMIIbl U3BJICUEHUS €r0 OCTATOYHBIX 3aIacosB,
HO U YBEJIMYMTb UX BbIpaboTaHHOCTH Ha 9,4%.

Mecrtopoxaenue Ypralynak BBeIeHO B pa3paboTky B 1973 r., makcu-
ManbHas rojoBas 106b¥a rasa — 4,6 mMupa.m® Oblia mocTurayra B 1981 T
nerctByromuM  GoHAOM U3 34 CKBaXHWHBI CO cpemHuMm aedoutom 370
THIC.M°/CYTKH, TIpH JAenpeccud Ha mmact 76,0 krc/cm? B 2010r. no6b4a rasa
ObITa IPHOCTAHOBIIEHA, IPH 0TOOpe 68,2 MIpA.MS M 66,4% OT ero Hadallb-
HBIX 3aI1acoB, MO0 NPUYMHE HU3KOrO paboydero YCThbEBOTO JaBJICHUS U HEBO3-
MO>XHOCTH, B 3TOU CBS3M, moja4yu raza Ha Mybapekckuii ['TI3. B 2013 roay ¢
BBOJIoM J[IKC «Yprabynak» n00b4a ra3a Obu1a Bo30OHOBIEHa, a B 2020 roxy
66110 106BITO 973 MaH.M® rasa geifcTByromuM (QOHAOM U3 24 CKBAXHH CO
cpemaum ae6utom 111 Teic.M%/cyTku, mpu nenpeccuu Ha mact 6,0 krc/cm?.
Ha 01.01.2021 ¢ ravana pa3paboTku 1066ITO 74,6 Mpa.M° raza umi 72,8 % ot
€ro T€0JIOTMUECKUX 3aI1acoB.

Brox JIKC «Ypralynak» u 4aCTUIYHOE BOCCTAHOBJICHUE JEHCTBYIOIIETO
¢doHIa CKBaXXHMH MO3BOJIWIM B 6,3 pa3a yBenuuuTh 100buy raza B 2013r. (632
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MiH.MY), B cpaBHeHHH ¢ 2009r. (109 muH.M®) - HOCIEIHUM rojoM ero Gec-
KOMIIPECCOPHOH SKCIUTyaTalluu, ¥ J0BecTH n00by 10 908 mmm.m® B 2015r.
(pucyHOK 4), TpH HEM3MEHHOM JeicTBYIOIEM (oHE U3 17 CKBaXKHUH.

st yBenudenust TemrnoB 1o0bran raza [KM YpraOynak Obutd BBITIOJ-
HEHBI UCCIICIOBAHMS 110 OLIEHKE BIUSHUS YBETUYECHUS JeiicTByroero ¢ouHaa,
3a cyet BoccTanoBieHus Tpex ckBaxuH (KPC, 2020 r.), u nanpueiimero oype-
HUsA BochbMU ckBaxkuH (2019-2021rr.), u BBoma JIKC-2 (B saBape 2024r.), Ha
YCKOpPEHHE HM3BJICYCHHS €r0 OCTATOYHBIX 3alacoB M TIIyOMHY MX BBIPAOOTKH
[8]. B pe3ynbTaTre 3THMX UCCIEIOBAHMI YCTAHOBJICHO, YTO YKAa3aHHBIC BBIIIE
MEPOTIPUSITHS — BBOJI
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Puc 4. ITporao3 no0b4u Ipu peann3alil CUCTEMHBIX  [osl
MEPOIIPUSTHII IO YBETMYEHUIO TEMIIOB 1I00BIYH ra3a
Ha ['KM V¥pradymnak

JKC-2, KPC Tpex ckBaxkuH u OypeHue 8 CKBakMH, M03BOJAT 3a 2019-
2030 rr. 106BITE 13 KM Vprabynak 11572 mna-M° rasa, uto Ha 6245 Maa-M
BBIIIIE B CIIy4ae COXPAHEHMs TEHJIEHIIMM €ro pa3padOTKH, CIOXKUBIIEHCS K
Havyaiy 2019 r. (puc 4).

Bceero ¢ nauana paszpaborku 'KM VYpradbynak xoniy 2030 r. nporsosu-
pyercst oTo6paTh 84509 MmH.-M° Taza wim 82,4 % ot ero 3amacos [1]. To ecT,
npeiaraeMblii CHCTEMHBIN MOIXO0/ K J1Iopa3paboTKe MECTOPOXKAeHUs YpTady-
JIaK MO3BOJISIET HE TOJIBKO YCKOPUTH TEMITbI U3BJICUEHUS €r0 OCTaTOYHBIX 3ara-
COB, HO M YBEJIMYHUTh UX BbIpaboTaHHOCTH Ha 9,7 %.

Mectopoxaenue JleHruskynp BBe€HO B pa3paboTky B 1981 r., Makcu-
MaJlbHasi TOoBast 100bua raza — 4524 miH.-M° Gbuia Jocturuyrta B 1994 r.
nerctByromuM  GoHAOM U3 44 CKBaXHWHBI CO cpeaHuMm paeoutom 280
THIC."M°/CYTKH, TIpU Jenpeccuy Ha mmacT 33,1 krc/cm? B 2020 r. 66110 106HITO
1785 muE-M® Tasa ¢ JnercTByomuM (GoHIOM W3 32 CKBaXHHBI CO CPEIHUM
ne6utom 153 Teic-M%/cyTku, mpu mempeccunm Ha mmact 41,5 krc/em?. Ha
01.01.2021 ¢ mavama pa3pabotku 106sTo 120,3 Mapa.-m° raza wm 75,2 % ot
€ro T€0JIOTMUECKUX 3aI1acoB.
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B 2010 roxy npu or6ope 102412 mun.-m3 wiu 64,0 % OT 3amacos Tasa, B

CBSI3M C 3aMETHBIM CHUXEHHEM JeOUTOB U pabovMX YCTHEBBIX JABJICHHII ra3o-
NOOBIBAIONIMX CKBAXHH. JTO Meporpustue mo3zomwio B 2010 u 2011 rr.
YBEJIMYHTH T'OJI0BOH OTGOpP ra3a COOTBETCTBEHHO Ha 15 u 208 MuH.-M° B cpaB-
HeHuu ¢ 2009 rogom (puc.5), MpHU CHUKEHUU KOJIMYECTBA JIEHCTBYIOIIUX
CKBa)KUH IO MIPUYMHE UX OOBOJAHEHHS.
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Puc 5. ITporao3 no0b4u mpu peanns3aiil CHCTEMHBIX

MEPOIIPUSTHII ITO YBEIMYEHIIO TEMIIOB NOOBIYH Ta3a
Ha ['KM JlenrusKkynb

Jns yBenuueHust TeMnoB A00brun raza 'KM JleHruskysab OblIH BBINOJ-
HEHbl MCCIIEI0BAaHUs 10 OLIEHKE BJIMSHMS YBEJIUYEHMs JAEUCTBYIOIIETro (oH/a
3a cueT BoccraHoBieHUs ATH ckBakuH (KPC), OypeHus nByX CKBaXHMH B
2019r. u BBoga JIKC-2 (B koHnue 2021 r.) Ha yCKOpEHUE U3BJICUYCHHS €ro OCTa-
TOYHBIX 3aI1aCOB M ITYOUHY UX BeIpaOoTkH [9]. B pe3ynbrarte 3TuX HccieqoBa-
HUN YCTAHOBJICHO, YTO YyKa3aHHBIE BBIIIE MEPONpPUITHUs (yBeIUYEeHUE Aei-
crBytouiero ¢onna u BBog JIKC), mospomisttor mporHosupoBaTth 3a 2019-
2030rr. no6say raza w3 [KM Jlenrmskyns B oobeme 17439 mma.M3, uto Ha
3634 wmutH.M® BBIlIE TPH COXPAaHEHWH TEHACHIUH €ro pa3paboTKH, CIOXKHB-
meiics k Havany 2020 r. (puc.5).

Bceero ¢ nayana paspaborku 'KM Jlenruskyns koHiy 2030r. nporsosu-
pyercst oto6path 134367 maa.M° raza umn 84,0 % ot ero 3amacos [1]. To ecTs,
npeiaraéMblii CHCTEMHBIN MMOJIX0J] K J0pa3paboTKe MeCTOpoXxaeHus JleHrus-
KyJlb TO3BOJISIET HE TOJBKO YCKOPUTH TEMIIbl U3BJIEUYEHUS €r0 OCTATOYHBIX
3aracoB, HO ¥ YBEJIMYHUTh UX BbIpaboTaHHOCTh Ha 10,9%.
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Puc 5. TIporuos 100s14u npy peanu3anuy CHCTEMHBIX
MEpOINPHUATHH MO YBEJIIMYEHUIO TEMIIOB J00BIUM Tra3a Ha
I'KM /[lenruskyinb

Mectopoxaenne CamaHrterne BBEACHO B pa3paboTky B 1986 r., Makcu-
MajbHas TO/0Bas J00bYa Taza — 3372 MuH-M® 6bITa AOoCTHrHYTa B 1991T.
neiictByromuM  GoHaoM U3 28 CKBaXUHBI cO cpenHuM naebutom 330
THIC.M°/CYTKH, TIpH JeTipeccuu Ha mmacT 63,1 xkrc/cm?. B 1993 roxy mo6srdaa
rasa u3 MecropoxxaeHuss Camanrene Oblla IPUOCTAHOBIIEHA B CBSI3U C OTpaHU-
YeHHEM TpHeMa BBICOKOcepHUCTOTO Taza MyOapekckum [TI3. Pa3zpabotka
MeCcTOpOKIeHUs (ydacTka Ha Tepputopuu PY3) BozoOHOBIeHa B 2006 roay,
MpU ATOM MaKCHMallbHasi 100bIua raza Obuta nocturaHyra B 2014 r. B oObeme
4354 mia.-M®  pefictByromuM GonaoM u3 40 CKBaKHH CO CPEIHHM AeOUTOM
300 TeIc-M>/CyTKH, Tpu jgempeccuy Ha mmact 53,1 xrc/cm? B 2020 1. 6b110
1066ITO 2585 MiH-M® Taza AeHcTByIOmUM GOHAOM 13 42 CKBAKHH CO CPETHUM
ne6utom 168 TeIC.M%/CyTKM , TpM Aempeccum Ha mmact 75,7 xrc/cm?.  Ha
01.01.2021 ¢ nauama pa3paboTKM yuyacTka MecTopoxkaeHus CamaHTene Ha
Tepputopun PY3 1066T0 42,3 Mupa.-m® Taza wam 59,7% OT ero reoiorude-
CKHX 3aIl1acoB.

B asrycte 2019 r. mecropoxnenune Camanrerne ObLIO MEPEBEACHO HA KOM-
TIPECCOpHYI0 106bIYy, Hpu oT6ope raza 38582 wmum.-mM® umm 54,5 % oT ero
3aracoB, B CBSI3M C 3aMETHBIM CHUXEHHEM O00bEMOB JOOBIUM ra3a, IpU HEU3-
MEHHOM JeicTByromeM ¢onae ckBaxuH. Bron JIKC no3sommn yxe B 2019 r.
JOIIOJIHUTEILHO T00BITE 464 MUTH."M° rasza, a B 2020 r. 1020 MJ'IH'M3, B CpaB-
HEHHMHU C MPOTHO30M JIOOBIYM MPU COXpaHEHHH ee TeHJeHIMH 110 BBoja JIKC
(puc 6). nsa yBenuuenus temnoB fo0buu raza 'KM Camanrtene Obuid BbI-
MIOJIHEHBI HccieoBaHus 1o oneHke BiusiHus BBojga JAKC n yBennueHus nei-
cTByMoIero (ouzaa, 3a cuer BoccranoBneHus asyx (KPC, 2020 r.) u Gypenus
Tpex ckBaxuH (2019-2020 rr.), Ha yCKOpPEHHE HM3BJICYCHHS €r0 OCTATOYHBIX
3armacoB " rIyOuHYy uX BeIpaboTKH [11].
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B pe3ynbTate 3THX MCCIEI0BAHUI YCTAaHOBIICHO, YTO YKa3aHHBIC BBIIIE
meponpusatus (BBog JAKC u yBenmuyeHue naeicTByromero GoHaa), Mo3BOJSIOT
nporuo3upoBats 3a 2019-2030 rr. o6sruy raza u3 'KM Camantene B o6beme
24185 M.]'IH.'M3, uro Ha 4220 MiH.-M° BbIIIE B Clydyae COXpPaHCHMS TCHJCHIUU
€ro pa3paboTkH, ciaoxuBmieics K koniy 2019 r. (puc 6).

Bcero ¢ nauana paspadotku ['KM Camanrtene k koHity 2030 r. mporso-
3upyercst otob6path 61396 mun.-m3 rasa wm 86,7 % ot ero 3amacos [1]. To
€CTh, MpeJJlaraeMblii CUCTEMHBIH MOAXOJ K J10pa3paboTKe MECTOPOXKIACHUS
JleHTu3Kyab MO3BOJISIET HE TOJIBKO YCKOPUTH TEMITbI U3BJICYCHHS €T0 OCTaTOY-
HBIX 3aM1aCOB, HO 3aMETHO YBEIMYUTh UX BBIPAOOTAaHHOCTH - Ha 32,2 %.

Hedrerazokonnencataoe mecropoxkaenue KOxupiii Kemaun BBeeHO B
skcryaranuio B 1980 r. u 1o 2004 r. ocymiecTBisiack pa3padoTka TOIbKO €ro
HedTsHOH 3anexu. B 2004 r. Hayanack coBMecTHas 100bda HEPTH U CBOOOI-
HOT'O raza W3 ra3oKOHJEHCATHOU 3anexu mectopoxaeHus HOxubeiii Kemaun,
HayyHO 000CHOBaHHas B pabore [16]. MakcumalnbHas Tof0Bas 00bIYa ra3a B
oObeme 4567 miH.-M° OblIa nocturayta B 2013 r. geiicTByronmm GOHIOM U3
23 CKBaXKHH CO CPETHUM IeOHTOM 544 ThIC.M®/CYTKH, IPHU JAENPECCHH HA IIACT
31 krc/cm? [17]. B 2020 r. 6su10 106BITO 2969 MIH.-M° rasa JENCTBYIOIIUM
(boHIOM M3 92 CKBaXXMH CO CPEHHM JeOMTOM 88 THIC.M/CYTKH, IPHU Jempec-
cuu Ha mact 8,5 xrc/cm?. Ha 01.01.2021 . ¢ Hayana pa3paGoTKH J0OBITO
56,0 anJI-M3 raza unu 70,7 % OT ero reo0rnuecKux 3amacos.

a, MIpJL. M3
[=)
o

Ro
[=}
)

[=)
S

g06b1qa ras
[E

[=}
S

2006 2010 2014 2018 2022 2026 2030
—@— C y4eToM CIOKMBILIEHC . .. Tozpl
Puc 6. [Iporao3 n00b14u npu peanusanuu
CHUCTEMHBIX MEPOIPUATUN IO YBETUUYEHHIO
temnoB g00bun raza Ha 'KM CamanTtene

B 2017 rony, B CBSI3M 3aMETHBIM IaJICHUEM TEMIIOB JOOBIYM Ta3a U OT-
cyrcTBUeM 3¢ (deKTa OT BBOAA HOBBIX ra30/100bIBAIOIINX CKBAaXUH, Oblila BBE-
nena JIKC, npu ot6ope 42235 mumn.-m® rasa uma 52,5 % ot ero 3amacos. ITepe-
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BOJ CKBaXUH MecToposkaeHus KOxupiii Kemaun Ha KOMITpeCCOpHYIO dKCILTya-
TaIUIo MO3BOJIMI MOoay4duTh B 2020 r. mpupocT mo0brym raza B oowseme 270
MITH.-M, B CPaBHEHHH C HPOTHO30M €ro J00BIYH TIPH COXPAHEHHH TEHISHINH,
cnoxusiencs k 2018 r. (puc 7).

Jlisa yBenmu4eHusi TEMIOB JOOBIUM raza M3 ra30KOHICHCATHOM 3aliexu
mectopoxacHus FOxubiii Kemaun, ObUTH BBITIOTHEHBI HCCIIEAOBAHUS 110 OICH-
K€ BIIMAHUA JNajbHEHIEero HapamlMBaHUs JEHCTBYIOIIEro (OHIa CKBAXKUH U
BBOJIa JonojHuTensHON JIKC-2 ¢ HU3KuM BXOJHBIM JaBiieHreM (1 KI‘C/CMZ) Ha
YCKOpEHUE HM3BJICUEHUS] €r0 OCTATOYHBIX 3alacoB U TNIYOWHY MX BBIPaOOTKH
[12, 18]. B pe3ynbTaTe 3TUX UCCIEAOBAHUI YCTAaHOBJIEHO, YTO BOCCTAHOBIICHUE
(KPC) tpex ckBaxun (2019, 2020 rr.), Oypenue mectu ckBaxuH (2019,
2020rr.) u myck JIKC-2 B xonme 2021 r., mo3Bosst 3a 2019-2030 rr. 1oObITH
n3 mectopoxaenus FOxublii Kemaunm 24333 MJTH. ' M° raza, yro Ha 11318
MITH.-M° GOJIbIIE TIPOTHO3a €ro JOOBIYM TIPH COXPAHEHHM TEHJCHIMH pa3pa-
00TkH, crnoxuBmieics k Hayany 2019 r. (puc 7).

Bcero ¢ nauana paspaborku ['KM FOxnb1it Kemauu k koniy 2030 r. npo-
rHo3upyeTcs 0To6path 74271 mmaa-M3 rasa umm 92,3% ot ero 3amacos [1]. To
€CTh TpeajiaraeéMblii CHCTEMHBIH TOAXO0J] K J0pa3pabOTKe MECTOPOXKICHUS
HOxubiii Kemaun Mmo3BojisieT HE TOJBKO YCKOPHUTH TEMITbI H3BICUYCHHS €T0
OCTaTOYHBIX 3aM1acoOB, HO ¥ 3aMETHO YBEJIMYUTh UX BbIpadoTaHHOCTH Ha 30,3%.
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Ha [KM HOuef Kenmaan

B nenom no paccMarpuBaeMoi rpymme U3 7 MECTOPOXKACHHUH, 3a CUET
KapAMHAIBHOTO TIEPECMOTpa CIOXKUBIIEHCS METOJOJIOTUN TPOESKTUPOBAHUS MX
nopas3pabotku, 3a nepuox 2019-2030 rr. mporHosupyercs 100wt 135206
MITH.M® Ta3a, uTo Ha 42762 mma.m® unm Ha 46,2 % BEIIIE UX CyMMapHOH J10-
6b1un (92443 MmH-M®) 3a STOT MEpPHOM TPH COXPAHEHHH CIOXKHBIIEicS TeH-
neHuu ux paspadotku. K koniy paccmorpennoro cpoka (2030 r.) razootnaua
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MecTopoxacHuii Oyner noseneHa mo 82,4 % (KM Vprabymak) — 96,5 %
('KM Amnan). C 3T0¥ 1elbl0 HEOOXOIUMO IO pacCMaTpPUBAEMOM TpyIIe Me-
cropoxkaenuit BocctaHoBuTh (KPC) 21 u mpoOyputh 43 CKBaXWHBI, BBECTH O
JIKC ¢ HuskuM BxoxabM napienueM (1 xre/cm?) [1].

Jst nocTrKEeHUs BBIIIEYKA3aHHBIX TPOTHO3HBIX MTPUPOCTOB JOOBIUM ra3a
npeJiaraeTcsi HOBBIM MOJIX0J K MPOEKTUPOBAHUIO TOPa3pabOTKH, Mperycmar-
PUBAIONINI HapalllMBaHUE TEMIIOB JI0OBIUM ra3a - 3a CUET JOMOJHUTEIBHOTO, B
CpPaBHEHHMH C JIEUCTBYIOIIMM IPOEKTOM, OypeHus u BocctaHoBieHus (KPC)
ra3of00bIBAIOIINX CKBAXKWH, PACHIMPEHHUS Ta30TPAHCIOPTHOM CHUCTEMBI U
MIPOMBICIIOBOTO 00YCTpPOICTBa, YCTAHOBKU KOMIIPECCOPHBIX arperaToB ¢ BXO/I-
HBIM JaBIEHHEM | Krc/cM?, 4TO OTIMYAeTCs OT TPAJMIMOHHOTO ITOAX0Ma K
MPOEKTUPOBAHUIO TOPA3PAOOTKU MECTOPOXKIACHHI MPUPOIHOTO raza Ha 3aBep-
matomieit craauu [3, 15].

BbiBoa. PaccmoTpeHnHble B HacTosIIeH padoTe MNPEeAsioKEHUs: IO YBEIH-
YCHHUIO TEMIIOB JIOOBIYM ra3a Ha 3aBEpUIAIONICH CTaauu pa3pabOTKH 7 MeCTo-
poxaenuii (Anan, 3eBapabl, Kynrak, Yprabynak, Jlenruskynb, Camanrene,
IOxupiii KemMaumn) SIBISIOTCS HOBBIMH METOJOJIOTHYECKUMHU TMOJIXO0JIaMU K
MPOEKTUPOBAHUIO JOPa3pabOTKU JUIMTEIBHO SKCIUTYaTUPYEMbIX MECTOPOXKIE-
HUW, KOTOpBIE PAJAMKAIBbHO IEPECMATPUBAIOT CIOXKHUBIIYIOCS CHCTEMY UX
pa3paboTKu, M, B TOXE BpeMs, 00yCIaBIMBAIOT PEHTA0ENbHOCTH JOMOIHU-
TETBHOM JOOBIUU TPUPOTHOTO Ta3a, TAK BOCTPEOOBAHHOTO MPOMBIIIJIEHHOCTHIO
HaIlIel pecmyOInuKH.
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YK 504.4.062.2.

JHEPI'ETUKA MYAMMOJIAPUHHA EYNIIIA CYB
OBBEKTJIAPUHUHI' AXAMUATHU

I'.®. lllepky3ueBa, A.M. FOcynxyxaeBa, JI.H. Xeraii

Axonu conunue ycumiu 6a CaHOAMHUHS PUBOICAHUUIU CV8 XAB3ANAPUHUHS
KeCKUH ughrocianumued, xamoa cy8 00beKmaiapuoan camHoamoda Xom auié
cupamuda  ¢houodananuwi Xxycycaw 3Hepeemuxaoa ouoanianuul xo3upeu
KVHHUHZ 00713ap6 Myammocu Xucobranmoxoa. Ymean acpuume S0-iunnapu
ypmanapuoa — dHepeemMux — MUUM  OUPIAUUMATAPUHUHE VYUY
2UOPOINeKMpOoICepeUsi UWIA0 YUKapuwHutHe ymymuil xaxcmunu Mapkasui
Ocué 6a Kozuzucmomnoa 14%nu mawxun smub, cooux Ummugox oyiiuua 2-
ypunnu seannaou. I'2Cnapuune Hopun-Cupoapé kackaou (2,7 man. kBm)
MAMIAKAMHUHE dHe UUPUK beuumanuauea Kupap 30u.

Xosupeu  eakmoa  0aiamiapuHuHe — UKMUCOOUL  ACOCAAHEAH
euoposHepeemux nomenyuanru 173 mapo. xkBm.c/tiun o6unan 6axonanaou,
yaapoan 84%u Mapkazuti Ocué oOasnamnapuea myzpu xenaou. AtHukca
MAsKyp 0asnamiap yyyH 2UOpPOIHEpeemux NOMEHYUANHY  Y3AAUmupuil
ucmukboniu o6ynud xucoonanaou. Kyniab oapé oxumaapuoa ['ICnaprnu
aApamuneauaueuea Kapamacoat, Mapraszuii Ocuéoazu oapénap oKUMIAPUHUHR
OHepeemuK UMKOHUAMAAPUOAH (OUOANaHUWL  FOKOPU — 0apaxcaoa dMac.
T'uoposnepeemux nomeHYyuUaIHu KyulawHy amanoazu 0apajicacu 10Kopu amac,
macanan Maprazuii Ocuéoa 18%, Kozoeucmonoa sca 14%nu mawkun smaou.
Poccusanune Eépona xucmu, Ypanoa 6y xkypcamxuu 70%mnu mawxun 3maou.
Hlynoaini xunu6, Mapkaszuti Ocué Oaeramiapurune pecypc mabMuHoOm
Myammocu —— maxcmyasuti  0yaub, y V3 uuuea Ccy8  UCmebMOju,
9IeKMpoIHEpeemuKa 8a  2da3  MALMUHOMUHU — Kampab  onaou.Kevuneu
uunapoacu YUKUHOU CY8 MAapKUOUHUHE MAXIul KUIUHUW Hamudcanapuoa: 1
aump cyeoa myannak moooanrapuu 1,56 2 sxaumaueu, opeaHux Moo00arapHuHe
oxcuzenza ouoxumux manaou 40120 me, oxkcucenza xumux marab 400750 me,
Hepm  maxcyromaapunu 2025 me ea opmeanaueu  kypunaou. Cys
obvexmaapunune cyeunu 2015-2017 tiunnap ounamuxacuoa canumap Kumésuii
MAaxaul —YYyH ONUHSAH HAMYHANAp 64  VIApHUHZ 1a00pamopus maxiul
Hamuxcanapu. 2015 uun ymymuu onumean HamyHaaap coumu 90 ma
oynuo,ynapoan 36 macu (40%) eueuenux manaonrapea sxaeob bepmazcan. 2016
uunoa ymymui Hamyuaiap conu - 90 ma 6yaub, ynapoan - 30 macu (33,3%)
6a 2017 uunoa sca ymymui namynarap -90 ma 6yaub, yrapoan - 42 macu
(46,6%) mevéprapea myspu reamacan. 2016-2017 turnapoa xam azom
AMMUAK OOWKA Kypcamxuuiapea HUcOaman cCanumapus Mmewvépaapea Moc
keamazan xycycan 15,5% ea 16,6% wmoc pasuwoa mawkun 3mou.Cyg
Xas3anapunune U@PaoCIanul 0apaxicacunu OOUMUL pasuod MOHUMOPUHSUHU
onub Oopuwida ynapuuHe Jnabopamopus MmeKwupuu maxcadea MyoQux
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xucobnaunab, npoguiakmux yopa maodoupaap uwiiabd Yukuwoa —8a UIMUll
acocuauoa Myxum poib YUHAuou.

Pocm nacenenus, pazeumue npomviuiieHHOCmu U UCNOIb308AHUE 800HbIX
00beKmo8 OJisi NPOMBIUIEHHBIX HYHCO, OCOOEHHO 6 001acmu dHepeemuKu,
ABNAIOMCS AKMYATbHLIMU NpoOaemamu cospemennocmu. B cepedune 1980-x
20008 HA 000 CUCmeMbl dHepeemuKu npuxoounoce 14% obweti svipabomru
euopoanekmposnepeuu 6 Llenmpanvron Asuu u Kazaxcmane, 3anumarowux
emopoe mecmo 6 oOviguwem Cosemckom Cowse. Hapwin-Coipoapvurckuil
Kackao euopoanekmpocmanyutl (2,7 MiH kKBm) éowen 6 namepky kpynuetiuiux
6 cmpate.

B Hacmosujee epemsl IKOHOMUYECKU 000CHOBAHHbBIU
2uOpoIHepeemuyeckulli. nomeHyual cmpau cocmaeigem 173 muniuapoa
oonnapos kKBmu/200, uz xomopwix 84% npuxooumcs Ha Cpeouwoio A3uro.
OcobenHo 011 omux cmpaH nepcneKmueHo pazsumue 2UOPOIHEPeemuiecKo2o
nomenyuana. Hecmomps na cozoanue 2uopoIneKmpocmanHyuii. Ha MHO2UX
peKax, sHepeemuyeckull NOMmeHyual peyHvlx nomoxos 6 Llenmpanvhoti A3uu
UCnonvL3yemcs. Ha HeOOCMAmMOYHO BblCOKOM ypoeHe. Texkywuii ypoeenb
UCNONIL3068AHUSL  2UOPOIHEP2EMUYECKO20  NOMEHYUANd  He8blCOKUU,  MAK,
nanpumep, 6 Llenmpanvnou A3uu on cocmasnsiemlI8% u ¢ Kasaxcmane 14%. B
esponetickou wacmu Poccuu u na Ypane noxazamenv cocmasnsem 70%.
Taxum obpazom, obecnewenHocms pecypcamu 8 Llenmpanvnoii A3uu sensemcs
COJHCHOU NpobneMoll, éKIouarouerl nompeobieHue 800bl, 1eKMpPOIHEPLUU U
eaza. Amanuz cocmasa CMoOYHuIX 800 3a NOCAeOHUe 200bl NOKA3blEAem, Ymo
cooepoxcanue 638euleHHbIX eewjecms 6 1 aumpe 600vl cocmasnsiem 1,56 e,
buoxumuyeckas NOmpeoHOCmMs 0p2anuiecKo2o eewecmaa 6 kuciopoode - 40120
Me, xumudeckas nompeonocms 6 Kuciopooe - 400750 me, negpmenpodykmei -
2025 me.

Ilposeden  pempocnekmusHvlll  aHANU3 — PE3VIbLMAMO8  3A2PASHEHUs]
B00HBIX 00bEKMO8 HaceneHHbIX nynkmog 3a 2015-2017 ze. Ycemanosneno, umo
OONbUWUHCINBO NPOO NO XUMUYECKUM NOKA3AMENIM He COOMEEemcmeyiom
eUCUCHUYeCKUM MPeO08aHUAM, YMO C8UOemeNbCmayem o0 HeobdX00UMocmu
paspabomxu npoQUIAKMUYecKux Meponpusimull.

Bceeo 6 2015 2. 6vi1o omobpano 90 npob, uz komopwix 36 (40%) ne co-
omeemcmeosanu eucuenudyeckum mpebosanusim. B 2016 200y odbwee xonruue-
cmeo obpasyos cocmasuno 90, uz nux 30 (33,3%), a 6 2017 200y 90, uz komo-
povix 42 (46,6%) ne coomeemcmeosanu cmanoapmam. B 2016-2017 2ooax
azom u aMMUaK He COOMEEemcmae08an canumaphovim Hopmam 6 15,5% u 16,6%
COOMBEMCmMBEHHO 200aM. B yensiax MOHUmMopuHea ypoeHs 3a2psi3sHeHUs. 600HbIX
00beKmo8  yenecoobpasHvl  pezylsApHvle  1aOOpAMoOpHble  UCCIeO08AHUS
Kayecmea 600bl, Uparuwjue 6adcHyl0 polb 6 paspabomke U HAYYHOM
000CHOBaHUU NPOPUNAKMUYECKUX MeD.
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Population growth, industrial development and the use of water objects
for industrial needs, especially in the field of energy, are urgent problems of
our time.

Currently, the economically viable hydropower potential of the countries
is $ 173 billion kWh / year, of which 84% is in Central Asia. The development
of hydropower potential is especially promising for these countries. Despite the
creation of hydroelectric power plants on many rivers, the energy potential of
river flows in Central Asia is used at an insufficiently high level. The current
level of utilization of hydropower potential is low, for example, in Central Asia
it is 18% and in Kazakhstan 14%. In the European part of Russia and the
Urals, the figure is 70%. Thus, resource endowment in Central Asia is a com-
plex issue involving the consumption of water, electricity and gas. Analysis of
the composition of wastewater in recent years shows that the content of sus-
pended solids in 1 liter of water is 1.56 g, the biochemical oxygen demand of
organic matter is 40 120 mg, the chemical oxygen demand is 400 750 mg, and
oil products are 2025 mg.

A retrospective analysis of the results of pollution of water bodies in set-
tlements for 2015-2017 yy. was carried out. It was found that most of the sam-
ples do not meet hygienic requirements in terms of chemical parameters, which
indicates the need to develop preventive measures.

In total, 90 samples were taken in 2015, of which 36 (40%) did not meet
hygienic requirements. In 2016, the total number of samples was 90, of which
30 (33.3%), and in 2017, 90, of which 42 (46.6%) did not meet the standards.
In 2016-2017, nitrogen and ammonia did not meet sanitary standards at 15.5%
and 16.6%, respectively. In order to monitor the level of pollution of water
objects, regular laboratory studies of water quality are advisable, which play
an important role in the development and scientific justification of preventive
measures.

Mapkazuii Ocu€ MUHTaKacuAard HaBiaTiapHU CyB OWJIaH TabMHUHJIAII
MyaMMOCH — 3aMOHAaMHU3HHMHT ¥yTa MyXUM Ba J0i3ap0 MyamMolapHaaH
oupuap. Maskyp myammo ¥3 HaBOaTtuaa Karop Oyaumiiapra 6YiuHuO, yHUHT
acocuii TapkuOuil KucM 0Ynr0, aXxOIMHN MauIIUK Ba XY KAIUK MaKcajiapu Ba
MUHTAKaJard XajakK Xamaa KUIUIOK XY KaJIWTH, UILIa0 YUKAPHUIIT TAPMOKIAPHHI
TO3a MYMMJIMK CYBM OWIIaH TabMUHIANI; YOy Ba3udamapHd Xad STHUII
apaéHuJa ro3ara KelaJuraH 5KOJIOTMK MyaMMOJApHU €4YuIl XHCOOJIaHaIH.
MyaMMOHUHT MYpaKKaOIUTHHH XHCOOTa OJraH XojjJa KUCKaya YHUHT
WOKTUMOMH acrmekTiapura Tyxtamub yramus. XX acpHHHT ypTanapura Kenuo,
CyB MyaMMOCH siHa CE3UJIapJiM Japaxajaa Kydailau. by TamkapugaH KaparaHia
¥3apo Oornuk Oyiamarad kapaéniap OwiaH ro3ara Kenau. bupuHunnaH, sHrA
TEXHUK UMKOHUSTIIAP JKOWHUHT pesibepu Ba Oomka cababmap Tydaiau uiarapu
UMKOHCU3 Oynran cyB MaHOanmapuiaH QoiaasaHuIl HMKOHUHHM Oeplu.
Hatmxana napénan cys onmi Ky kappa ycau. by aca onaun “0ymm érran” ep
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MalJIOHJIapuHU KaJaJl CypbTAa Y3IalUTHUPUIIHU OoLulamra MMKOH Oeplu.
Wxtumounit xonartna OyHpmail y3mamTupuiniap, (aoid XYXKaluK FOPUTHILI
XYAYAJApUHU MOC XOJAa KEHraMTUPHUIIHM Tanad 3TyBUM aXOJIMHU TaOuuit
yeui cypbTHHU YcuO OOpHIIMHY TabMHUHIAIU. KKUHYUAAH, CYFOPUIIAIUTaH
ep MaWJOHJApUHMUHI Ycuimu OwiaH Oup BakTJa [axTa eTHILTHPUILTra
MYJDKaJJIaHTaH €p MaiIOHJapuHU KEHTaWTupuil OwinaH OoFnMK OynraH
TY3WIMaBHI y3rapulliap ro3ara Keiaau. byHaa naxTtauuivMk CaHOATH —3HT KYII
HaMJIMK Tajad 3TaJuraH KULUIOK XYKalIMK SKMHU XUCOOJNaHaaAu Ba y KyI
MapTa CyropuIIHHM Tanald stanu. MppuraiuoH TH3UMIApHU spaTuil Oyiinya
TEXHUK HMKOHUATIAPHM YIHOBCcU3 Ycub Oopuiura KapamaciaH, ymoy
TH3MMIIAPHUHT Y31 SCKUPTaH TEXHOJIOTHSIAP ACOCHA XOCHI KWIHHIH. YTraH
acpHuHr 50-Hwinapuna GunabTpanus yuyH AapénaplaH OJMHAIUTaH CYBHHUHT
50% capdmanca, 60 - ¥nyutapra kenu0, MarucTpalg KaHAJUIAPHHU SPATHINIA
O0eToH muuTanapaaH (oiganaHuIl UMKOHUSTH TYyFuiau, Oy 3ca umpTpanus
JapakacuHU TacalTUpUIIra MMKOH Oepau. Maskyp omwuiap Oupranuxiaa
CYBHUHI' JKOJOIMK MyaMMOCH /10 HOMJAHYBYM SHTU  HWYHAJIUIIHU
MIaKJUTAHUIINTA, IIYHUHTJEK XYXKaAIUK ailllaHMacura >kaja0d 3THINIIM MYMKUH
OynraH cyB 3aXHpallapUHU aMaJIHi KUXATAaH KaMainO KETHIINTA OJTUO KEIIH.
[Mynnait  kunmud Mapkasuit  Ocuémaru  cyB  MyaMMOCH — CE3HJIApId
MyBO3aHATJAIIMaraH OMMJI OYynuO XucoOiaHagw. YHH XyCYCHH CyB
pecypeiaprHM TYJIMK MaBXyJ 3Maciuru Ba OyHaall pecypciapHu TalKapuiaH
Kanod ATUIT UMKOHHUSTUHU aMaJIMi KUXATAaH WYKIUTH OujaH OOFJIMK X0Jijia
aHbaHaBUIl HSKCTEHCHUB Yopa TajOupiap OWJaH Xajl STUII HMKOHCHU3AMP.
MyaMMOHH XaJl 3THII KHUIUIOK XV KaJUTMHU TyOJaH MCIIOX KHWJIHII, CaHoaT/a
CYBHH TEXOBYM Ba CyBJaH KaiTa (¢olganaHUIl HMKOHUHU OepyBUH
TEXHOJIOTMSUIAPHM ~ KyJUIalll, CYBHM 4YYy4YyKJIAIITUPHUII KypwIMajlapu Ba
3aMOHABUU TO3alalll MHIIOATIAPUHM aMaiduérra >KOpuil dTum Ousad
Oenrunanaau. byHmait  jolimxamapra Karta = MHKAOpAAard — MOJMUSBUU
BOCUTAJIapHU cap(UIaHUIIN, MUHTAKaBUIl CAHOAQTHUHI TEXHUK Japakacu Ba
OO0IIKa UKTUCOIUM OMMIUIAp 3apypUATHHHU XUcOoOra oycak, Ma3Kyp MyaMMOHHU
XaJl TN — KeJTa)KaKHUHT UIIHIUD.

Cobuk urtndokaa yrran acpHuHr 80-uimapu Ypramapuaa SHEpreTUuK
TU3UM  OupJamMaiapuHUHT VIAYIIA  TUAPORJIEKTPOIreprusi  HILIad
YUKApPUIIHUHT yMyMHi xakMuHH Mapkasuii Ocué Ba Kosurucronga 14%Hn
Tamkuil 3Tub, cobuk Utrudok Oyiuua 2-ypunuu sramwtanu. ['DCnapHuHTr
Hopun-Cupmapé xackamum (2,7 MiuH. KBT) MamimakaTHMHT SHT  HHpHK
OelTagurura Kupap 3.u.

Xo3upru BAKTAA  JABJATIAPUHUHI  UKTUCOIUM acocCJIaHTaH
THJIpO’HEpPreTuK mnoteHuuanu 173 wmapa. kBr.c/itun Ounan  Gaxomananw,
ymapaan 84%m Mapkasuit Ocu€ naBnaTiapura TYFpH Kenagu. AWHHKca
Ma3Kyp JaBjariap Y4yH THAPOHEPreTUK MOTEHUUAIHU Y3IallTHPHIL
uctukoomm O0ynmub xucoOmanamu. Kymmad napé oxummapuma ['DCnapau
ApaTWIraHJIMITura Kapamacaa, Mapkasuii Ocuénaru napénap OKUMIApUHUHT
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SHEpPreTUK HMMKOHUATIApuIaH (oHJalaHUIIl OKOPH Japaxkaja sMac.
I'mpposHepreTuk NOTEHIMAIHYM KYJUIAIIHUA aMaJllard Japakacu FOKOPH sMac,
Macasian Mapkaszuii Ocuéna 18%, Kozoructonna sca 14%Hu Tamkui sTaiu.
Poccustnunr EBpoma xucmu, Ypanga Oy kypcatkud 70%HM TalIKWid 3Taju.
[yngatt kw6, Mapkasuii Ocué€ [aBlaTIapUHUHT PECypc TabMUHOT
MyaMMOCH — MaxMyaBuid Oynmb, y ¥3 wWuMra CcyB HCTEHbMOJH,
DIIEKTPOIHEPTeTHKA Ba Ta3 TABMUHOTHHH Kampab onaau. by Mapkasuii Ocué
Jasnariaapu Ba KO30FMCTOH MKTUCOIMETH MHTErpAalUsICUHU CYB TabMUHOTH
MyaMMoOcH OuiiaH OOFNIMK OYynraH I0KOpW JapakacMHHM Kypcatanu. KeiwmHru
HwnapAard TeKIUPYBUMIAp YUKUHIM CYB TAPKUOMHMHI TaxJIMJI KUJIMHUILIY:
1 nutp cyBna myamnak MojafanapHu 1,56 r 3KaHJIUIH, OPraHuK MOJJaJIapHUHT
OKcureHra o6moxuMmuk tagadu 40120 mr, okcurenra xuMuk Tanad 400750 wmr,
He(T MaxcynoriaapuHu 2025 Mr ra opTraHiaMrua KypuHagau. Ymly Myammo
V36exucTon pecnybnukacuna Kaupaii axsonga? CyB XaB3aJapHHH acoCHii
uGIOoCIaHTUPYBYM MaHOa caHOAT YMKUHAW CyBJIapu XucoOimaHanu. 14 Ta
HUpHUK caHOAT KOpXOHAJapu O4YMK CyB XaB3ajapura cyrtkacura 600 mMuHr
MeTp KyOJaH Ky UYMKUHAM CYyBJIApHU Tymupaauiap. KeWnHrun HMKKUHUYU
VpUHJA €HI'WJl caHoaT Typaju, WyHAaH 50 Ta eHrun caHoaT KOpXOHajlapu
cyrkacura 200 muHr merp ky6man kyn (mynmaH 80 % Tozananmait
TalUIaHAJAW) YUKUHIM CyB OYMK CYyB XaB3ajapura Tyliupajauiap. YUYUHYU
YpuHAa KOpa Ba PaHITM METaUTyprus Typaau. YuiOy caHoaT KopXoHajlapu
cyrkacura 119,2 muHr wmerp ky0 uumkuHaAu cyeinapHu (myHzpaH 70%
TO3aJlaHMall  TaIllIaHau) Tanulapguiap. Permongaru Tuapo3KOJIOTHK
XOJIATHUHT EMOHJIAIIYBUHUHI acocuid  cababu IOKOpM MHUHepaJIaHraH Ba
udmocmanran 3538 MHHT MeTp KyO UMKHHAM CYBIApHUHT aapénapra
TYLIIUPUINAILIN XUCOOTaHA M.

Ymly MyaMMOHMHI acocuil 3JeMEeHTH-CyBAup. Maskyp miapoutnaa
CYBHU TEKHMH MaxcCyJOT 1e0 XMCOOJallHU J1aBOM STTUPHIMIIN — FOKOpHUAA
KEeJITUPUO YTHIITaH JaBlaTiap UKTUCOAUETUHU Oy3WIIUINNTA Ba yilap ypTacuaa
3UJIMATHU  103ara Kenuium y4dyH OeBocuta #ynmup. Ily cababmu
V36exucTona yméy MyaMMOHH XaJl STHIIA KYd4IM KOHYHUMIIMK SpPATHITaH,
xycycan “CyB Ba cyBaaH ¢oiinananumr” TYFpUcHIard KOHYH MaBXYy/l.
Konynuunr 11 moanmacupa: CyBlapHUHT Ba CyB OOBEKTJIAPUHUHI XOJIaTHTa
TabCUp HTYBUM KOPXOHAJap, HWHIIOOTJIADHM Xamja Oomika OOBEeKTIapHU
KOMNAIITUPHILL, JIOMHMXanall, KypHIll, PEeKOHCTPYKUHUs KWJIMIL, TabMHUpJAIIL,
TUKJIAIl Ba WIIra TYIIUPUII [apTiapuaa Kyiduaarunap Oenrunald KyWuiaras:
CyBiapHUHT Ba CyB OOBEKTJIAPUHHMHI XOJIATUTAa TabCHUP ITYBUM KOpPXOHAJap,
MHIIOOTJIApDHM XaMza OolKa OOBEKTIApHH IKOWIAITHPHIL, JOWHXaJall,
KYpHUIL, PEKOHCTPYKIUS KWIMIL, TabMUPJAII, THUKJIAIl Ba WIITa TYIIUPULIAA,
SHTM TEXHOJIOTUK JKapaHJIapHU >KOPHM OTHUIJIA aXOJMHHUHT COFJIMFUHU
CaKjalml Ba WYMMIIMK CYBHTa OViTraH »>XTHUEKIAPUHU Xamaa MauIui
HXTUEKITAPUHA OMpUHYM HaBOAT/Ia KOHAMPHIL Tanabiiapura puost 3TraH XoJiaa
CyBJlaH OKMJIOHA (poiiaanaHuIl, MIYHUHTAEK KOJUIEKTOP-ApPEHaX CyBJIApUHU Ba
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OKMHJM CYyBJIQPHU YUKApUO IOOOPHUIIHUHI KyJlai peXUMU TabMHHJIAHWUIIH
go3uM. byHpma cyB oObeKTiapuaaH OJMHAOUraH Ba Iy OOBEKTIapra
KaliTapuiiaJurad CyBHU XUCOOIa OJMIIHM, CYBJIApHU OyFIaHUMI, U(IIOCTaHHUIIT
Ba KaMalMO KETHIIIaH CaKJIAlIHK, CYBIAPHUHT 3apapiii TAbCUPHUHUHT OJIMHU
OJIMILIHYU, €PJApHUHI CYB OOCHIIMHM MMKOH KaJap KaMaWTHPUILHU, €piapHU
OIypJIaHUIIIaH, 3ax OOCHIIIaH €Ku Kakpad KonmumigaH Myxodas3a KHIUIIHH,
LIYHUHI/IEK KyJail TaOuuil mapoutiap Ba JaHAmadTiIapHU CakjIad KOJUIIHU
TAbMUHJIOBYM TajOupnap Hazapaa tyrwiaau. Konynununr 56 moanacu:”’Cys
oOBEeKTIapUJaH  caHOaT MakcajylapuJa Ba  HCCHKJIMK  SHEpreTHKacu
IXTUEKITAPU YUYyH doitnananyBuu CyB HACTEBbMOJYWIAPUHUHT
MaxOypustnapu”, xamga 59 MoOJJacuaa: ”CyB 00BeKTIIapuIaH
THJIPOIHEPTETUKA IXTUEKIAPH YIyH (oiaamanui’ 1a Kyluaarmiap Kypcatuo
KyHuiaran:cyB  oOBEKTJIApUIaH  THJIPO’HEpPreTHKa  ASXTUEXKIApU  YUyH
doitgananuil UKTUCOAUETHUHT OOIKa TapMokiapu MaHdaaTiapu xucoOra
OJMHMUO, KMIUIOK Ba CYB XY)KaJUIM OpraHjapu OWJIaH KeJIUIIMIraH XOJJa,
IIYHUHTJEK, arap Y30ekucToH PecryGnmkacu Basupmap MaxxamacHHMHT
Kapopu/a, TErMIUIM XoJulapa 3¢a, KUIUIOK Ba CYB XY »KaJIUIH Xam/ia SKOJIOTUs
Ba arpo-MyXHTHH MyXxodasza KHWIHUII OpraHjJapuHUHT Kapopuia Oomkada
TapTuO Hazapjga TyTWiIMaraH Oyiica, cyBiIapJaH KOMIUIEKC Ba OKHWJIOHA
¢oiinananum Tanabnapura puosi KWIMHTAH XOJJa aMmaira OLIMpUiIaiu.
I'maposHepretrka 3XTHEXKIAPU YuyH Oepub KyHuiaraH cyB oOBEKTIapHIaH
TaOuUK IMIApOUTIApTa, XYKAIUK SXTHEKIAPU Ba y3ra 3XTUEKIApra Kapao,
oIIKa MaKcaIap y4yH XaM (oiinananunanm.Y36ekucTon Pecry6mxacuHIHET
“AX0IMHA CaHuTap —AIHUAEMHUOJIOTHK OCaUUINTAJIMTUHU
TabMUHIANT TyFpucuaaru KonyHHUHT 26-Moanacuaa Kyiunarunap oenrunad
Kyiiwiran: XyKaluk Ba HWYMMIMK CYBU OWjaH TabMHUHJALITAa JIOUP
Tanabnap.”XyxKaluk Ba WYMMIUK CyBHM OWJIaH TabMMHJAIl COXacuaa
daonusATHH amaira OIIMPYBYM IOPUAUK Iaxciap eTka3ud Oepuiaérran
CYBHUHI cudaTH CcaHMTapus KOMJalapH, HOpMajapd Ba THTUeHa
HOpMaTHUBJapura, IIYHUHIJIEK JaBlaT CTaHJgapTiapura MYBOQUKIUTUHU
TabMUHJIAIM IapT.MapkaznamTupuwirad TapTuOAa XYKaJIuK Ba HUYMMITUK
CyBH eTKa3u0 OepuiiafuraH CyB KyBypJlapHu XamJia yJIapHUHT MaHOanapu yudyH
Maxcyc TapTHONIM caHuUTapus Myxodazacu 30Hajapu OenrwiaHud, yinap
MaxaJUIMH JaBiaT XOKUMHITH OpraHjiapd TOMOHMJaH TacaukiaHaau.fOpuauk
Ba OKUCMOHMM IIaxcrmap XyKalMK Ba MaulIMd Makcaap Xamja
MapkazjaliTUpUIMaraH  TapTudna cyB  OWjlaH  TabMHMHJANI  Y4YYyH
dolianaHunaurad CyB XaB3ajapUJard CYBHUHI CaHUTapusi KoWAajapH,
HOpMaJlapu Ba TMTM€Ha HOpMaTHUBJIapUra MyBO(HK OVIMIIMHU TabMUHJIAIIN
mapt.Ymly Mojagaza CyB XaB3alapuJaBH HadakaT MKTUCHIOATAA OaIKuM
axOJMHM TO3a WYMMIIMK CyBH OWJIaH TabMMHJIAIIJA XaM CYB OOBEKTIApUHUT
aXaMUATH KaTTagup. Y36eKicToH Pecy6IikacHHIHT Tabuuii GOIMKIapuias
OupH CyB XaB3aJIapMHUHT HU(IIOCIaHUIINHY OJIIMHH OJIMIIIA KYIJIaHWIaIUuran
qyopa Taa0upiap UIIad YMKUII Ba yJIApHU KyHAAJIMK CaHUTapus Ha3opaTHa
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doiigananumga ssHa OUp KOHYHYHUIMK MehEpuil xyxxkar 0y Can K Ba M
Ne0318-2015"Y36ekucTon Pecrybnukacu Xyayauua CyB XaB3alapd CyBHTa
TUTUCHUK Ba DSNHACMHATa Kapimd Tajadmap’na Oenruinad Kywurad. Yooy
CaHWTapus KOWJAJIapyu Ba MebEpiapura acocaH  cyBnaH (oimgamaHuIr
JKoinapuna CyBHUHT cudar kypcaTkuuwiapura KyHWIaguraH THTHEHUK
Tanaliap Ba KaHJall YMKUHIM CYBJIAPHM CYB XaB3ajJapura Talulall MyMKHH
€k MYMKUH oSmaciurd Oenrmnad kydwnrad.llly Owman  Owupra cyB
XaB3JIAPUHUHT CYBU cUdaT KypcaTKHujapy Ba CyBJaH KaHIail Makcaiapnaa
doiigananuira Kypa cyB 00beKTIIApUHUHT ToHdanapy Oenruaad KyHuiraH.

IOxopunarunapaan kenub yukkaH xosjga 6us Onmaszop TyMaHUJaru cyB
00BeKTIapUHUHT HUpIOCHaHUII XonaTuHu Tekmupauk. Cobup Paxumos
TYMaHU V3CCP Omuit CoBetn [Mpesuauymununr 1970 itun 7 nexkaOpparu
1812-connmu ®apmonwnra acocan OxTsa0pb, Ymnonzop Ba Kupor Tymanmapu
KEeCHMU/Ja STHTU TyMaH Talkui 3tunu6, yara Cooup PaxumoB HoMu Gepumras.
V36exucron Pecny6nukacu Omuit Maxamen Cenatununr 2010 iimn 4
nexkabpnaru  «TomkeHT maxap Cobup PaxyumoB TyMaHMHUHT HOMHHH
y3raptupui Tyrpucuna»ru 133-ITK-connu kapopu 6unan tymanra “Onmazop”
TyMaHu HOMH OepuiraH. TOIIKEHTHUHI MIMMOJHUM-FapOuaa IKOMIAIIraH.
TolKeHT BUIOATUHUHT 3aHTHOTa TyMaHHW, TomkeHT maxpuHuHr FOnycobon
Ba [llaitxoHTOXYyp TymaHnapu OunaH yerapajaoul. Maiigonu 3,45 MHUHT rekrtap,
a1y KymjaaJaH Kykanamsop epiapu 1,8 muHr rekrap. Axomnucu 306,1 muHr
kummm (2009), acocan, y30exinap, IIYHHHTACK, pyC, TaTap, KO30K Ba OoIlKa
MUWIIAT Bakwnapu smaian. Tyman xynynuman Kuukupuk, Jlamapuk,
Kopakamum, KaitkoByc Ba Oomika kaHamuiap okuO yramu. Tymanma 3459 Ta
KOPXOHA Ba TaIIKWJIOT 0Yu0, 12 Ta iinpuk caHoaTt KopxoHacu 60p. 8 Ta HHpHUK
KOPXOHa XaJK UCTEbMOJIM MOJUIapH UILIad ynkapaau. 2929 ta KHUMK KOpXOHa
Ba Mukpodupma, 200 maH OpPTHUK HYET 31 WHBECTOPJIAPH HIITHUPOKUIATH
KopxoHa MaBxyn 200 gaH 3u€n copT MaifloHYacH, S5 Ta CTAAMOH, 7 Ta CY3HII
xaB3acu, 68 cnopr 3amu, 10 Ta TEHHHC MaXMyacH XHU3MaT KypcaTai.
Tymannan obIMO WITYBYM CYB OOBEKTIAPUHU aCOCHM HQIIOCIAHTUPYBUYU
MabHOamap: aBTOMAIIMHAJIAPHU IOBHII IIOXO04Yanapu Ba XyCycHH ceKTopia
SIIOBYN XOHAIOHJIAP XMUCOOTaHAIH.

CyB oOwekTnapununar cyBuHu 2015-2017 #unnmap AwHAMUKacHa
CaHUTap KUMEBUHM TaxJWi yY4yH OJHMHTAH HaMyHalap Ba  YJIApHUHT
naGapaTtopusi TaxJuia HaTwkaizapu. JlaGopatopus Taxiuia HaTWKanapuaa
Kyiuparmwnap ypHarunau: 2015 iiun ymymuil onuHras HamyHanap coHu 90 ta
o0ymuo,ynapman 36 Tacu (40%) rurmeHuk Taymabnapra xkaBoO Oepmara.
OnuHran HaTHXKaJapHU CyB oOBeKIapu Oyiinua TaxXJWI KWIaguraH OyIcak,
Kuukypyk cyB oOBeKkTHIaH a30T aMmuak - 15 ta (16,6%), kxucmopon OyaraH
kuméBuit 3xTHéx (KBKD) - 41a (4,4%) ,opranonentuk KypcaTkuuiaapu O6yitnua
aca - 2 Ta (2,2%) namyna, KankoByc cyB 00beKTHIa 3ca a30T aMMHakka -10 ta
(11,1%), KBKD -7ta (7,7%), xucnopoxn 6ynran 6uonoruk »xtuéx (KbbJ) -1
ta (1,1%) HamyHa rurdeHuK Tanabiapra >kaBob OepmaraH. Ym0y Ky3aTyB
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HuiMaa O4MK CyB XaB3ajapu CYBUHHUHT cu(daT KypcaTKWYWIap SHT KYI a30T
ammuak Oyiimua Kuukupyk Ba KanmkoByc cyB oObekTinapuga Oormika
KypcaTKuuiapra HucOaTaH TMTHEHHK Tajabiapra >kaBoO Oepmaran. 2016 iinn
YMYMHI OJIMHTaH HamyHanap conu - 90 ta 6ynu6, ynmapaan - 30 tacu (33,3%)
Mebeprapra TYFpu Keamarad, sbHu KHukypyk cyB oObeKTHIaH a30T aMMHUaK -
10 Ta (11,1%), KankoByc cyB oObekTHaa 3ca a30T amMMHakka - 4 ta (4,4%),
Kopa kamuinn cyB 00beKTHIaH 3ca a30T amMmmuakka -14 ta (15,5%), KBKD — 7
ta (7,7%), KbbD -5 Ta (5,5%) HamyHamap rurueHuK Tajabiapra >kaBoo
6epmaran. 2017 iun ymymuid onuHrad HamyHanap - 90 ta 6ynu0, ynapnas - 42
Tacu (46,6%) mebépnapra TyFpu KenMmaral, sbHU KHUKypyK CyB OOBEKTHAAH
azor ammuaxk - 11 ta (12,2%), KankoByc cyB o0bekTHIa 3ca a30T aMMHAKKa -
15 Ta (16,6%), Kopa kamui cyB oOBEKTHIAH 3ca a30T aMMHUAKKa OJMHIaH
Oapya HamMyHajmap TWUTUEHUK  Tayadmapra jxkaBoO Oepmaran. 2016-2017
Huinapia xaMm a30oT aMMHak OolIKa KypcaTkuujiapra HucOaTaH caHUTapus
Mebepiapra Moc kenmaraH xycycaH 2016 iwmnna 15,5%, 2017 iunga sca
16,6% HM TaIIKKMII 3TIH.

Oxopuaa onuHran HaTwxanapiaH IOyHH XyJioca KWIHMII MYMKHH,
cyBIaH (oianaHuml >KoMapuaard CyBHHHHUHT CAaHHMTAp KAMEBUH TaXJIHil
HaTWKamapu Oyinya KYNTrMHAa HaMyHajap THUTMEHUK Tanabiapra >xaBoO
Oepmaran,ailHUKCa a30T aMMHUaK KypcaTKu4u Oyiinda, Oy 3ca cyB 00CbKTIapHH
caHuTapus Myxoda3zanaimiga UIMUN acoCiIaHraH 4yopa TaJAOUplIaHu KYIall Ba
axoiii ypracujga CyB oOObeKTIapura OOFIMK KaCAUTMKJIAPHUHT OJAUHHU
OJIMIII/IA, DHEPTeTHKA MacalalapuHU €UHIIa MYXHUM aXaMHsITra Jra.
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YAK: 665.5

PECYPCOCBEPET'AIOIINME METO/AbI U TEXHOJIOI'M I1PH I1E-
PEPABOTKE 2JIEKTPOHHBIX U QJIEKTPUYECKHUX OTXO10B

H.N. U6parumos, P.P. UcanoBa

Ywuby maxonaoa snexmpux 6a snekmpon uukunounap (I239)nu kavma
uwIaw 8a YMunu3ayus KUIuuL Kaou mMacanianap épumuiean.

Ynoa 3294 myepucuoa acocuii mywynuanrap, YiapHu Xocuin Oyauud
maubanapu, mapkubnapu, OYHE OyUuua UuSUIUO KON2aH Xaxcmu Kaobu
manykmomaap épumunean.Maxonaoa  pusodcianean mamaaxamiap AKIII,
Anonus  ea Espoummugpox oasnamaapuoa, BPUKC (Bpasunus, Poccus,
Xunoucmon, Xumoti) mawkuiomuea Kupy8uu MAMIAKAMIApod, OxXupu
iunnapoa Ysbexucmon Pecnybruxacuda xam  Kabyl KuluHean KOHYH 6d
KOHYHOCIU  XYXHCIHCAMAAPU Xamoa Uik 6op uuxapunean Jupexmusanap
kenmupounean. Illynuneoex IO3Ynap moughacuea Kupysuu  yu-py32op
acoobapHuU — COBUMUYNAD, MUKPOMYIKUHAU neynap, Oaenopiap, me@ais
oazmonnapu, 2asz NIUMAIApY, HOH NUUUPAOUSAH NEeYNapHU,  UWLIAW
MyO0amunu ymab oynean 91eKMPOH YUKUHOUNLAD —
KOMNbIOMEPLAp, nPoYeccopiap, RPUHmMepiap, Mooub menegounap,nycxa
0N1a0uean  Kypuimanap,ieKmpon  1amnaiap,mubouém Kypuimaiap,maoa
mMavuwu mexnuxaziap, épyanux KYPUIMANap, meieKOMMYHUKAYUS
KYPUIMANAPUHY Kauma uwiiaw O0yuuda sHeu 3aMOHABUL MEXHON0SUSLAD,
Macanam, KOMNbIOMEPNaAPHUHE OHa nIamanaputu KUCUMLAPUHU
NHEBMOMEXHONOSUANAPHY KYIIA0, NHEBMOCenapanpayus yCuiuoa aicpamuo
ONUMLXAMOA  2UOPOMEMANIYPRUSL  YCUAUOA 3CA  MYPAU XUTL MemAaLIapHU
IPYBUAHIULUHU XUCO02a 0J12aH X0N0a NIAManap mapkubuoan axcpamubd oauul
MYMKUHIIUSY 64 YIAPHU KAUma Uwiad uKKUIaMYu XoM Owlé cugamuoa
uwamuul OYuuya MaviyMomiap KeimupuieaH.

Maxkonaoa 9394 xaspru uyuxunounap mougpacuea Kupuwiu, ampogh-
Myxumea emapau 0apaxcaoa mavcup Kypcamubd o2up caidbuii okubamiapea
0OMUb Kenuuiy MyMKUHAUSU, YIAp MApKUOUOasu 3axapiu mMoooanap KypeouiuH,
cumMob, Xpom, KaOMull, MUWAK KabOu O&up Memaniap 6a Y2i08000po0
opuxmanapu  (xnroppmop  kapobownap éxu  Qpeounap, NOAUXIOPIAHSAH
ougenunnap, NOIUBEHUIXIOPUO, MAPKUOUOA Opom OYleaH AHMUNUPEHIap,
Opomau bupuxkmanap) cysea, mynpokkKa 8a ammocgepa xasocuea Yymuuiuo,
UHCOHNIAPHUHE CORTUSUSA KAMMA 3apap Keimupuuiy Kadu MaryMomiap xam
KeIMmUupuiean.

bynoan mawxapu DO2Y  napnu  sxcnayamayus Kuaumoa, KuUckKa
Myo0oamoa YiapHu 3CKUpubd Koauwu 6a 3aMOHABUI AHeU PYCMIaputu 6030pea
myomanaza wuxkapunuwu, I3Y  kyniab uuuiud Koauwwuea cababyu
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oynaémeanu, 06y 3ca yiapHu YMuauzayus KUIUWOa oup-Kkamop myammoiapHu
KeImupud 4uKkapuuiu XaKuoa Xam myaux MavblyMOmaap Keaimupuiean.

Maxonaoa D2Ynapuu ymunuzayus Kuiuw 6a Kauma uiauoad yem-i
madicpudbacuoan oudaranHuul MyMKUHIUSU MYSPUCUOA XAM MALIYMOMAAP V3
AKCUHU TMON2AH.

B cmamve paccmampusaromes makue 60npocul, Kak nosmopHas nepe-
pabomka u Ymuauszayus 3NeKMpUYeckux U 31eKmpoHHulx omxo0o8 (330). B
HEéM oceeljeHbl  UCMOYHUKU 00pa3osaHnus, cocmas, 0o6vem 390 u npuxsmoie
3aKoHOOamenvhble U Npagosvlie aKkmvl, 8 MoM Hucie enepsvie usoanuvle [u-
pekmugul 8 pazsumulx cmpanax, makux kax CILIA, Anonus, cmpanst Eepoco-
103a, 6 cmpauax, exooawux 6 opeanusayuto BPUKC (bpasunus, Poccus,
Hnousa, Kumaii) u 6 Pecnyonuxe Y3oexucman .Kpome mozo, 6 cmamve npugo-
oamcs MemoObl Ymuauzayuu  ObIMoeol MexXHUKU, OMHOCAUUXCSL K KAme2opuu
D20 - XO0NOOUNbHUKOSB, MUKPOBOIHOBbIX, XJIeOONEKAPHbIX neuell, 2a308blX
naum, OneHoepos, ymioecoe muna Tegans, ¢ ucmekwum cpokom 200HOCHU
9NEKMPOHHLIX 000PYO0BAHULL - KOMNBIOMEPOS, NPOUECcopos, HNPUHMEPOS,
MOOUNBHBIX MenedOH08, 0C6eMUMENbHBIX NPUOOPOE, MENEKOMMYHUKAYUOHHBIX
obopyoosanuil. Hogvie cogpemeHHble mexHOI02UU NOBMOPHOU nepepabomu
000pyoosanus, Hanpumep, pazoeienue yacmel MamepuHcKol niamvl KOMNb-
10Mepo8 NHeBMOMEXHOI02Uell C UCNOIb308AHUEM NHEBMOCeNapayuul, a maxkice
Memoobl 2UOPOMemaypeul, OJisk OMOenNeHUs. pa3IUdHbIX MEemaiios om niam
C Yy4emom ux pacmeopumocmu U UCNONIb308AHUA 68 OdlbHelueM UX 8 Kauecmae
8MOPUUHO20 CLIPDSL.

B cmamwve koncmamupyemcs, umo 330 omHocamces K kame2opuu onac-
HbIX OMX0008, KOMOpble MO2YNM UMeMb CepbesHble He2amugHble NoC1e0Cmeus
Ha oKpydcarowyto cpedy. Hx mokcuunviMu eeujecmeamu A6IA10mcs msoicevle
Memainnvl, makue Kax cuHey, pmymsvs, Xpom, KAOMUll, MbIUbIAK U Ye1e8000P00-
Hble COeOuHeHus (X10pghmopyenepoovl Ul Qpeonsi, NOIUXIOPUPOBAHHbIE,
OugheHunvl, NOAUBUHUIXTIOPUOBL), OPOMCOOepIHCcaUUe AHMUNUPEHDL, OPOMUDO-
8aHHblE COEOUHEHUs), KOmopble MO2Ym Nepexooums 6 600y, nougy u ammo-
cghepubiil 8030YX, HAHOCS OOIBLULON 8PEO OKpYICalouell cpede.

Kpome moeo, kpamkocpounoe ycmapesanue 330 u bvicmpoe enedperue
HOBbIX COBPEMEHHLIX MOOenell HA PbIHOK Npugeiu K OO0NbUOMY CKONJIEHUI
230, umo mosxcem npusecmu K psi0y npoo.aem npu ux Ymuau3ayuu.

B cmamve maxoice npusooumcea ungopmayus 06 ucnonrb308aHuu 3apy-
bedicHo20 onvima npu ymuauzayuu u nosmoprou nepepadbomie 330.

The article covers issues such as recycling and disposal of electrical and
electronic waste (EEE).

It highlights the sources of education, the composition, the volume of
EEE accumulated around the world and the adopted legislative and legal acts,
including the first published Directives in developed countries such as the
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USA, Japan, the European Union, in the countries of the BRICS organization
(Brazil, Russia , India, China) and in the Republic of Uzbekistan. In addition,
the article provides methods for the disposal of household appliances belong-
ing to the category of EEE - refrigerators, microwave ovens, gas stoves, blend-
ers, Tefal type irons, expired electronic equipment - computers, processors ,
printers, mobile phones, lighting fixtures, telecommunications equipment, new
modern technologies for equipment recycling, for example, the separation of
parts of the motherboard of computers using pneumatic technology using
pneumatic separation, as well as hydrometallurgy methods, for separating
various metals from boards, taking into account their solubility and further use
them as secondary raw materials.

The article considers that EEE belongs to the category of hazardous
wastes that can have serious negative consequences if they have a sufficient
impact on the environment, their toxic substances are heavy metals such as
lead, mercury, chromium, cadmium, arsenic and hydrocarbon compounds (
chlorofluorocarbons or freons, polychlorinated, biphenyls, polyvinylchlorides),
bromine-containing flame retardants, brominated compounds) can pass into
water, soil and atmospheric air, causing great harm to human health.

In addition, the short-term obsolescence of EEE and the rapid introduction of
new modern models into the market have led to a large accumulation of EEE,
which can lead to a number of problems during their disposal.

The article also provides information on the possibility of using foreign
experience in the disposal and recycling of EEE.

OTx0/1bI 3aCOPSAIOT U 3aXJIAMIIAIOT OKPYKAIOIIYI0 HAC IPUPOAY U, KpOME
TOTO, OHU MOTYT SIBJIATHCSI UCTOUHUKOM TIOCTYIUUICHUSI BPEHBIX XUMUYECKUX,
OMOJOTUYECKNX U OMOXMMHUYECKHX BEIIECTB B OKPYXKAIOIIYI0 MPHUPOIHYIO
cpeny. [loaTomy pemienue mpoOnemM mnepepabOTKM U YTHIM3ALUU OTXOJIOB,
O0COOCHHO DJIEKTPOHHBIX OTXOJIOB, MPHOOpPETAET 3a IMOCIEIHUE TOIbI MEPBO-
CTEIIEHHOE 3HAYCHUE.

B Teuenue nocieqHUX ABAALIATH JIET KOJIMYECTBO 3JIEKTPOHHBIX U DJIEK-
TPUYECKUX YCTPOMCTB MOCTOSIHHO YBEIIMUYUBAETCSI, YTO OCTPO CTABUT BOIIPOC O
nepepaboTKe ITON TEXHUKH MOCIIE €€ UCTIOIh30BaHUS.

Ha priake Y30ekucrana mpencTaBiieH IMUPOKUA TUANA30H TEXHOJIOTHUN
nepepaboTku 0Tx0a0B. OJHAKO POCT AONHM MepepadaThiBa€MbIX OTXOJ/OB
CIEP)KUBACTCSI OTCYTCTBHEM CHCTEMBI Pa3/IelIbHOTO cOOpa OTXOJIOB, SIBJISIONIEC-
rocs KJIFOUEBBIM YCIIOBHEM TITyOOKOH MmepepadoTKH, a TakKe HeAOCTATOYHBIM
Pa3BUTHEM PBIHKA U HU3KUM YPOBHEM CHPOCA HA MPOIYKIIUIO, POU3BEICHHYIO
Y3 BTOPUYHOTO CHIPbSI.

MHorue pa3BUTBIE CTPAaHbl MPAKTHYECKU MOJHOCTHIO U YCIIEIIHO pellia-
10T 91U 3aaauu. OcobenHo 310 kKacaercs Amonuu, CIIA, 'epmanuu, Opan-
AW, TPUOATTUACKUX CTPaH U MHOTUX JPYTHX.
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Otpacnb nepepabOTKU OTXOOB EKTPUUYECKOTO U AIIEKTPOHHOTO 000-
pynoBanust Bo @pannuu otkpsuiack B 2005 1. ¢ 1eIbI0 OpraHu30BaTh YTHIIH-
3allMI0 3TOro Buja oTxooB. C Toro BpeMeHu ObLIO coOpaHO U mepepaboTaHo
y’K€ 0K0JI0 1,8 MJIH TOHH OTXO/IOB.

O6muit 00BEM OTXO0H0B INEKTPUYECKOro U 3NEeKTPOHHOro obopy-
poBaHue (0D50) B mupe, nmo marepuaaam FOHDII (United Nations Envi-
ronment Programme) cocrasisier okojio 5O MJIH. T B TOJ.

[lo maHHBIM M3 Pa3HBIX MCTOYHUKOB MOXKHO IMOJYYUTH CIEAYIOLIYIO
KapTUHY MO CTpaHaM (K COXaJIEHUIO, HET JIaHHBIX B COMOCTABUMBIX BapHaH-
Tax - UCCIEIOBAHUS M OLIEHKU ITPOBOJUIIUCH B Pa3HbIC TOJIbI, a OOIIUX CBO/I-
HBIX JJAHHBIX HET).

ITo ganubpiM MHcTHUTyTa OoTpaciel mo peuumkiauHry joma (Institute of
Scrap Recycling Industries,- ISRI), B CIIIA B 2011 r. 6put0 06paboTaHo
6onee 4,4 MIIH T TOJIBKO 3JIEKTpOHHOTO jJoMa. bonee 70% »Toro Beca mpe-
BPaTUJIMCh U3 OTXOJOB BO BTOPUYHOE CBHIPHE (UEPHBIC U LIBETHBIE METAILIBI,
IJIACTHUK, CTEKJIO) JJIsS MPOU3BOAUTENICH MaTepHUalioB HOBBIX TOBAPOB.

B ctpanax EC B 2008 r. 6pu10 mpousBeneHo okono 7 MiaH. T 0230
(y’ke ¢ yd€TOoM DJIEKTPUUECKOro 000pyI0BaHUSA), U3 KOTOPBIX IepepadoTaHo
obu10 2,6 MIH. T, Wik 37%). O0muit 1oxoxa - okoso 1 mupxa. eBpo. UucieH-
HOCTb 3aHSTHIX - HE MeHee 10 ThIC. YeToBeK.

B Kutae exeroqHo Ha cBajgkax OKa3bIBaeTCS OKOJO 2 MIH. T XO-
JOIUIIBHUKOB, KOMIIbIOTEPOB | Jpyrux OO000. B Uunnu sta mudpa cocras-
aset okosio 600 Teic.T. bpasunus exerogHo mpou3BoaUT okoyio 680 ThIC.T
0990.

Bce mnpuBenéHubie BbIlIe 0OCTOSITENHCTBA TPEOYIOT 0COOOTO OT-
HomeHUss Kk OO0, BblAeneHus uUX Uil nepepaboTKM M3 MOTOKAa JPYrHX
OTXO/JIOB.

[TpoGnema OorpaHUYEHHOCTH MPUPOJHBIX PECYpPCOB, 3arps3HEHHUS BO3-
JlyXa, BOJIBI U YTHUJIU3AIIMA OTXOJIOB MPUHUMAET rio0ayibHbIe MacimiTadbl. B
EBpone, A3un u CIIIA BcTymamT B JAeCTBHE 3aKOHOJATEIbHBIE HOPMBI,
HalpaBJICHHbIE Ha 3aIllUTy OKPYXKAIOIIEH cpenbl M MEHSIONUE XapaKTep
MPOIIECCOB pa3pabOTKU, MPOU3BOJCTBA, MCIONH30BAHKS M YTUIU3AIUHA Ma-
TEPUATOB BO MHOTHUX OTpaciax. OgHAKO HHUTJE AT MPOOJIEeMBbI HE OIlY-
HIAIOTCS TaK OCTPO, KaK B TPOU3BOJICTBE DJIEKTPOHUKH, TJ€ dTAlbl pa3padboT-
K U CPOKH (CKH3HU» TOBapOB KOPOTKH, C€0ECTOMMOCTH BBICOKA, a pa3pa-
00TKa, MPOU3BOJCTBO U pean3alus MPOJTYKTOB OCYIIECTBISIOTCS 10 BCEMY
MUDY.

[TockOJIBKY 3JIEKTPOHHBIE U DJIEKTPUUECKUE MPUOOPHI UCIOIH3YIOTCS
MOBCEMECTHO W TOBAapOOOOPOT ITOTO0 CETMEHTAa PhIHKA OYEeHb OOJBIIONH,
OTXOJIbI TAaK)KE€ OYCHb BEJIMKU. B MHpe HECKOIBKO y)Ke MPHHATHIX 3aKOHOB B
9TOM 00JACTH HMMEIOT CBOCH IIENbI0 YMEHBIIEHHE KOJIHYECTBAa OTXOJOB 32
CYET CO3/aHMS YCIOBUN JJIsl MX MepepabOTKU M MOOYKIEHUs MPOU3BOIUTE-
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el k Oojee BHUMATEIbHOMY BBIOOPY MaTepuanoB AJiS MPOU3BOJACTBA U
OoJiee TIaTEIBLHON pa3pabOTKe U3IETUH.

B oOnactu HOBOro 3aKOHOAATENbCTBA JUIUPYIOT SIMOHUS U CTpaHb
EBponetickoro Coroza, xotst Kutait 1 CIHIA Takke yKeCTO4alrOT CBOMU Tpe-
0oBaHUS K MPOU3BOJIUTENSAM 3JIEKTPOHHOTO M JIEKTPOTEXHUYECKOT0 000py-
noBaHus. PaccpenoToueHHOCTh HaceleHus EBpombl mo HEOONBIIMM TOpO-
JaM, TIpeo0iiaaHue B HHPPACTPYKTYpEe YTHIM3AIMUU OTXO0J0B METOIO0B CHKH-
raHus ¥ MOJUTHUYECKHUI UHTepec K MpoliieMe OKPYKalolle cpeabl MOMOTIIH
eBpONEHCKUM cTpaHaMm oOecneduTh 3(G(HEKTUBHOE BBITIOJIHEHHE HOBOTO,
y>)KECTOUEHHOTO HKOJOTUYECKOT0 3aKOHOAATeNbCTBA. [lOCKONBKY pBIHOK
AIEKTPOTEXHUUYECKUX U JIEKTPOHHBIX MPUOOPOB TII00ANIEH, HOBBIE 3aKOHO-
JaTeabHbIE HOPMBI OTPAXAIOTCS HE TOJHKO Ha HAllMOHAJIBHBIX MPOU3BOIUTE-
JAX - JIF0OOW MPOM3BOIUTENH 000PYIOBAHKS WM KOMIUICKTYIOMUX TOJKEH
cle10BaTh HOBBIM TpeboBanusaM. [IpakTuyeckoe BbIpa)keHHE ITOTO MOJI0XKe-
HUS COCTOMT B TOM, YTO JKOJOTHYECKOE 3aKOHOAATECIBCTBO MPHUOOpETACT
r100aIbHBIN XapakTep.

B 1998 r. B SInoHuu OBLI MPHUHSAT 3aKOH O PEIUKIMHIE JIEKTPHICCKHUX
ObITOBBIX TIPUOOPOB. Ilepepa®oTKy 3TOro 00OpPYAOBAaHMS OTHBIHE JOJKHBI
OCYIIECTBIATh MPOU3BOAUTENH. Teneph, KaK JTOTHYHBIN pe3ynbTaT BBEACHUS
ATOTO 3aKOHA, MPOU3BOIUTENH CTAPAOTCS U3rOTABIUBATH IPUOOPHI, TIEpepa-
00TKa KOTOPBIX OYJET CTOUTHh MEHBIIIE U Tpole ocymiecTBIsAThes. B 2003 r.
NPUHSAT 3aKOH 00 yTrinu3anuu komibsiorepoB (Personal Computers Recycling
Law), OTBETCTBEHHOCTh 3a yTUIM3aIUI0 OepE€T Ha ceOs MPOU3BOJIUTENb.
[Tonp30BaTenb MOXET U30aBUTHCS OT KOMITBIOTEPA, TUOO CIaB €ro MpPOU3BO-
auTento, mubo obparuBmmch Ha mouty. B 2008 r. fmoHus BeICTynmmia ¢
WHUIAATUBON co3maHusa Oe3zorxonHoro odmecrsa — New Zero Waste Inter-
national Action Plan.

1978 r. Berynuna B cuny HupektuBa EC 78/319/EC ot 20 maprta
1978r. «O TOKCHYHBIX W OIACHBIX OTXOIax».

1989 r. Ilpunsta ba3zenbckas KOHBEHIMS O KOHTPOJE HaJ TpaHC-
TPaHUYHON TIEPEBO3KOW OMACHBIX OTXOJOB M UX yJalleHHeM oT 22 MapTa
1989 r., xoropas paruduuupoBana Poccueit (PenepanbHblii 3aKOH OT
25.11.1994 1. Ne 49-®3).

1991 r. Berynuna B cuny HupektuBa EC 91/689/EC ot 12 nexalps
1991 r. «O6 omacHbIX oTxomax». OTXOABl CTPYNIUPOBAHBI B TPU KJacca -
OomnacHble, HEONacHble, MHEPTHbIE. [IpOMCXOANT nanbHElIIee YyXKeCTOUECHHE
TpeOOBaHUHN K YTUIN3AINH OTXO/I0B.

HupextuBa Coera EDC 91/157/EDC ot 18 maprta 1991 1. 06 akkymy-
JsATOpax W OaTapesix, coAep KallUuX HEKOTOphbIe OMacHble BemlecTBa. B Helt
BIIEPBBIE OBLTIO 3aMPENIeHO UCIIOIb30BAHNE HEKOTOPHIX BUOB aJTKAITMHOBBIX
Oatapeii, coaepKamux onpeaeaéHHOe KOTUIECTBO PTYTH.
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1996 r. Berynuna B cuny JupektuBa EC Ne 96/59/EC ot 16 cenTsabps
1996 r. 0 NMKBUOAIMU MOJIUXJIOPOM(PEHUIOB M MOJHUX- JOPTEPHEHUIIOB
(PCB/PCT).

1999 r. Berynuna B cuny JQupektua EC Ne 1999/31/EC ot 26 anpens
1999 r. «O monuroHax 3aXOpPOHEHHS OTXOJOBY», IpelycMaTpUBarOIIas pas-
JebHBIN cOOp OTX0/10B, OCHOBaHA Ha MPUHLHUIE «3arpsA3HUTENb TUIATHT.

2003 r. Berynmna B cuny JupektuBa EC Ne 2002/96/EC EBpomneiicko-
ro ITapnamenTa u CoBeta ot 27 saBaps 2003 r. 06 0TX0/1ax JIEKTPUIECKOTO
1 3JICKTPOHHOTO 00opyaoBanus (meppas aupektrBa 0330).

HupexktuBa Ne 2002/95/EC Eponeiickoro Ilapmamenta u CoBera ot
27 auBaps 2003 1. 00 OrpaHUYEHUH COJEPKAHHUS HEKOTOPHIX OMACHBIX Be-
HIECTB B SJIEKTPUUYECKOM U JIEKTPOHHOM 000pYyIOBaHHUM (BTOpasi IUPEKTUBA
0920).

OnHako BHUMaHUE K TTpoOJieMe B OOJIBIIMHCTBE CTPaH MUpPa 0ObsICHS-
€TCs HE TOJbKO BHYIIUTEIbHBIMU KOJIMYECTBEHHBIMH Moka3arensiMu. Oco-
Oyl TpEBOTY B Pa3BHUTBIX CTPaHAaX BBI3BIBAET TO, YTO IPH IMPOW3BOJICTBE
D50 3a4acTyr0 HCHOIB3YIOTCS 0CO00 OMAacHbIE BEIIECTBA, KOTOPBIE MPH
MOTIaIaHNHU Ha CBAJKH MPUBOJAT K CEPbE3HOMY 3arpsi3HCHHUIO OKPYIKAOIIE i
Cpebl U HAaHOCAT yiepO 340POBBIO UeloBeKa. BTOPbIM BaKHBIM MOMEHTOM
SIBJISICTCSI OTPOMHBIR 00BEM 3KCTIOpTa 000PYIOBAaHUS W3 PA3BUTHIX CTPaH B
paszBuBaromuecs. [lo HekoTopeiM oneHkaMm, 10 80% He mepepabOTaHHBIX
0530 BEIBO3UTCS B A3uro. HacTHUHO I JajJbHEHIIEro HCHoIb30BaHus, HO
TJIaBHBIM 00pa3oM — i pa30opKu U moclenyromei «HeGopMaabHON» Tie-
pepabotku (310 umeeT mecto B Muauu, B Kurtae). g mMoBBIIIEHHOTO BHU-
MaHug Kk O30 ecTh €€ 0lHO OCHOBaHHUE: MPH MPOU3BOJICTBE JIEKTPOHHBIX
npuUOOPOB MPUMEHSIOTCS IparolleHHbIe U PeJKO3eMelbHbIe METaIbl. 3ama-
Chl PEIKO3EMEIbHBIX METAJUIOB B HACTOSIIEE BpPEeMsl OYCHb OTPAHUYCHBI,
Mo3TOMY Hcmoib3oBaHue ODD B KayecTBE HCTOUYHHUKA CBIPhS SBISETCS
aKTyaJbHBIM, OCOOCHHO ¢ YYETOM 3HAYHMTEIPHOTO IMOBBIIMICHUS I[EH Ha 3TO
ceIpbE[ 1].

Hwmxe paccMOTpUM METOJBI M TEXHOJIOTHU MEePepaOdOTKH JICKTPOHHBIX
OTX0JI0B, B yacTHOCTH TedaTHbIX miaT (I1I1) koMmbroTepHO TEeXHUKH, MeXa-
HUYECKUMH, PU3NUECKUMH U XUMHYECKUMU MeTonamu [2,3,6,13,14,16, 17,18].

[1IT siBnsitOTCA OAHUM M3 KOMIIOHEHTOB KOMIIBIOTEPOB U JIPYTOd TEXHUKHU
Hwxe npuBoaUM IPOIEHTHOE COACPKAHMSI METAIOB U JPYTUX KOMIIOHEHTOB
B IIEYATHBIX TIIATAX:

e Hukens - 3,25 %; cepebpa - 2,50 % - COOTBETCTBEHHO SIBISETCS PEHTA-
6enbHBIM adunax cepedpa;

e Menu - 23,04 %:

e xenesa - 12,30 %:;

e 30510Ta -0,27 %.

® HeMeTaJUTHUeCKHe (hPaKIuu - OCTAIBHOE.
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Otxozpt I1IT oTnnyaroTcst pa3HOPOIHOCTHIO U CIIOKHOCTBIO COCTaBa, XO-
TS YPOBEHb PA3HOPOJHOCTH OTXOJIOB IUIAT C KOMIOHEHTAMHU HECKOJIBKO BBIIIIE.
Martepuanst III1 otnnyarotres ocoObIM pazHOOOpa3reM, Mpu 3TOM KOJIUYECTBO
JIparoleHHbIX METAJIOB, MPUCYTCTBYIOMIMUX B OCAXKJIEHHBIX MOKPBITUSAX pa3-
HOM TOJIMHBI, COCTUHEHHBIX C MEJbI0, MPUIIOSMHU, CIUIABaMHU PA3IUYHOTO
COCTaBa, U3 IBETHBIX M YEPHBIX METAJIOB, OTHOCUTEJILHO HEBEIHUKO.

1. I[IHeBMOTEXHOIOIMH, KOTOPBIE YAAYHO coveTaloT B cede A heKTh
MICEBIOCKIDKEHHOTO CJIOSI, BUOpAIlMM Cpeabl M MHEBMOCEMApAIiK, YCIEITHO
MPUMEHSIIOTCS B CIy4yasiX pa3JesieHus pa3HOO0Pa3HbIX YACTHI] U3 SJIEKTPOHHBIX
otx0/10B. [Ipu 3TOM O4YeHB BaXKHO, YTOOKI 3arpykaeMasi CMeCh ObliIa OJTHOPO/I-
HOM 10 pazMepam (Ppakiiuii, 4To rapaHTHpyeT 3G HEKTUBHYIO CENapaluio.

Uepnble MeTasuibl JETKO OTACISIIOTCS B MarHUTHOM CerapaTope, KOTO-
PBIN UCTIONB3YETCS B METANI000padaThIBAIOIICH OTPACIIH.

2. Iloutu Bce HBETHBIE METAUIBI MOTYT OTIEIATHCA B DJIEKTPOCTaTHYE-
CKOM cemapaTtope Onarojgapst CBOei BBICOKOW 3JIEKTPOMPOBOJAHOCTH BUXPEBBI-
mu Tokamu. Crioco0 pas3zenieHus: ¢ TIOMOIIBI0 BUXPEBBIX TOKOB ObLIT pa3pado-
TaH B OTPACiM YTUIM3AIMH OTXOJOB, KOTJA MOSBUJICS CUIBHBIA MOCTOSHHBIH
AJIEKTPOMArHuT U3 CIUIaBa ejle30-00p-HeoAuM. YCTaHOBKA B BUJE Bpalllaio-
HIETOCsl PEMHS C UCIIOJIb30BAaHHEM BUXPEBBIX TOKOB HanboJee MUpPOKO MpumMe-
HSETCA IS pa3/ielieHus I[BETHBIX METaUIOB Ha (pakiuu. B mporuecce ee npu-
MEHEHHS TIepeMEHHOE€ MarHUTHOE Tolie, (OPMUPYEMOE C MOMOIIBI0 OBICTPO
BpaIIaroIErocs KoJjieca ¢ MPUKPEINIEHHBIMU K HEMY TTOCTOSIHHBIMH MarHUTaMHu
CO3/1aeT BUXPEBBIE TOKU, KOTOPBhIE TEHEPUPYIOT MAarHUTHOE TOJIE, OTTATKUBA-
foleecs OT MEePBOHAYAIBHOTO MarHUTHOro mojisi. Pesynbrupyromas cuna,
o0ecreunBaeT OT/IEJICHHE [IBETHBIX METAJIJIOB OT HETPOBOIAIINX MaTepUATIOB.

3. 'mapomeramtyprudeckuii METo]] pa3feseHusl 3aBUCUT OT N30uparesb-
HOTO pacTBOpeHHs] MeTamnoB, coaepxkammuxcs B III1. DddexTuBHOCTL Beex
TUAPOMETAJUTYPTUUECKUX METOJIOB TOBBIIIAETCS C MCIOJIb30BAaHUEM Ipe/IBa-
PUTENBHOTO M3MENBbUYEHHUS, OJJHAKO 3TO JIETAETCs, MPEXKAE BCEro, NIl CHHXKE-
HUs 00b€Ma HACBIITHOTO MaTepuaia u JJIisi TOTo, YTOObl 00eCIeYUTh OOJIBIIYIO
MOBEPXHOCTh TpaBJieHUs MeTauioB. [IpumeHsss MeTon M30UpaTenbHOTO pac-
TBOPEHUSI, MOXXHO UCITOJIb30BaTh BBICOKOA()(PEKTUBHBIC TPABUIILHBIE PACTBOPHI
Ha OCHOBE XJIOpUJA MEAW WU Cylb(dara aMMOHHS IS PACTBOPSHHS MEJH;
PacTBOPHI HA OCHOBE a30THOM KUCIIOTHI JUIsl pACTBOPEHUS MPUIIOS M IIAPCKYIO
BOJIKY JUISI PACTBOPEHHUS IParolieHHbIX METaJJIOB.

Martepuan U3BJIEKAIOT MyTeM XUMHYECKOUN TepepadoTKu, KOTOpas BKITIO-
yaeT B ce0s razuduxanuio u nuponn3. CylmecTBYIOT pa3indHble TPaJULIMOH-
HbIE ¥ HEKOTOPBIE COBPEMEHHBIE METObI BOCCTAHOBJICHHS IIEHHBIX METAJIJIH-
YEeCKUX U HEMETAJUTMUECKUX (QPAKINI U3 MeYaTHBIX ILIaT.

[Muponu3 npeacTaBiasieT co00M METOJ XUMUYECKON TIepepadOTKH, IUPO-
KO UCIONB3YeTcs IS epepaboTK CHHTETHYECKUX MOTUMEPOB, B TOM UYHCIIE
MOJIMMEPOB, KOTOPHIE CMEIIMBAIOTCA CO CTEKISTHHBIMHU BOJIOKHaMH. [Iuponu3
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TaKUX MOJUMEPOB JaeT rasbl, Macjia U CUMBOJbL. JTU MPOIAYKTHI MOTYT OBITH
TaK)Ke UCTOJIb30BAaHbI B KAUECTBE XUMUYECKOTO CHIPhS MU TOIUIHBA.

bruta pazpaboTanbl METObI, KOTOPbIE UCIHOJIb3YET HEPYAHbIE MaTepua-
JBI TIEYATHBIX TUIAT JUTSl IepepabOTKH B KOMITIO3UTHBIC TUIUTHI. KOMITO3UTHBIE
IUIUTHl HAXOJAAT IPUMEHEHHWE BO MHOTHUX OOJIACTSX, BKIIOYas aBTOMOOWIIH,
Mebenb, 000pyIoBaHNE U JEKOpAaTUBHBIC MaTepralibl. DeHOIbHBIE KOMIIAYHIbI
UCIOJIB3YIOTCSl B TPOU3BOJICTBE PAIMONPUEMHUKOB, KyXOHHON YTBapu M dJIeK-
TPOHHBIX KJIIOUYEH.

[TomMrMO yKa3aHHBIX BBIIIE METOJIOB, HEMETANINYECKUE (PPaKIUU OTXO-
JIOB TAaKXe€ MOTYT OBITh WCIIOJB30BAHBI JUISI TPOU3BOACTBA APMHUPYIOIIUX
HATIOJTHUTENIEH TePMOIUTACTHYHBIX CMOJ METaNIMYecKuX KOMMo3uToB. Heme-
TauTndeckue Qpaknuu ObLTH 3PPEKTUBHO HCIIOIB30BAHBI B Ka4eCTBE apMHU-
PYIOLIMX HAMOJHUTEICH B MOJMIPONUIIEH, TaK KaK OH 00ECIeYMBAET MOBbI-
LIEHHYIO IPOYHOCTh U JKECTKOCTb, ¢ pazmepoM vactul 0,178-0,104 mm.

B HacTosiee Bpemsi CepUIlHO BBIMYCKAIOTCS CUCTEMBI MEXaHHYECKOMH
OUYMCTKH JJI1 TIepepaboTKH pa3sHOOOpPA3HBIX MATEPUATIOB JIEKTPOHHBIX OTXO-
JIOB, BKJIIOYasl TUIAThl C KOMIIOHEHTaMH W MycThie miaaTel. OHA U3 TaKuX CH-
cTeM pazpadborana pupmoit Hamos GmbH B ['epmanuu u npeacrasisier codboit
ABTOMATU3MPOBAHHYIO MHTETPAJbHYIO CUCTEMY MEXaHUYECKOW MepepaboTKH,
BKJIIFOUYAIOLIYIO CJIEAYIOLIUE 3TaIIbI:

® IICPBUYHOE U3MEIbUCHUE KPYIMHBIX (PPAKIUi C MOMOIIBI0 H3MENbUNTE-
JIs C BpaIIAOIIUMHUCS HOKaMU Pa3HOOOPA3HOTO MPUMEHEHUS;

® OT/ICJICHUE KPYITHBIX (PpaKIIHii YEPHBIX METAJLIOB C IIOMOIIBI0 CHITLHBIX
MarHUTOB, PACIIOJIOKEHHBIX Ha/I BHOPHPYIOIIUM KOHBEHEPOM;

® U3MeJbYCHNE B TIOPOIIOK — B ATOM MPOIlecce MIAThI MPEeBpaIlaTcs B
MOPOIIIOK B IIIAPOBOM MEIbHUIIE, B KOTOPOU UCIIONIb3YIOTCS IAphl, YCTOWYHBBIC
K CTUPAHHUIO;

® IPOCEUBAHUE C UCITOJIb30BAHUEM CAaMOOYHIIAIONTUXCS CUT;

® HJIEKTPOCTATUYECKOE pa3felieHne, Mo3Boistoniee (HaKTUYECKH 3aBep-
IINTh pa3fielieHne METAJUTMUECKUX (Ppakiuil MyTeM PEerupKyISuu Qpakiuii
YacTHUIl CPEJTHETO pa3Mepa;

e aNbHEIIIee YMEHBIIIEHUE pa3Mepa, MPEICTaBIAIoNIee cOO0H BTOPHY-
HOE M3MENbYCHHE B MMOPOIIOK IS YMEHbBIIIEHHUS pa3Mepa KPYIHbBIX YaCTHII.

Cucrema Hamos ERP mMoxeT 101OMHUTENBHO BKIIOYATh YCTPOMCTBO st
pasnerieHus (Qpakyi MO TUIOTHOCTH JUIS W3BJICUCHUS ATIOMHUHUS W JPYTUX
metauios [15-20].

B 3axirodeHre MOKHO OTMETHTb, YTO HM3-3a CJIOKHOCTH COCTaBa, Bpej-
HOCTU OTJENBbHBIX KOMIOHEHTOB M HU3KOTO BBIXOJIa YTHJIM3UPOBAHHBIX IMPO-
JYKTOB 3JIEKTPOHHBIX OTXOJIOB, TOBTOPHAs TMEpepadOoTKa M YTUIM3AMUS HX C
HYKOHOMUYECKON TOUKH 3PEHUS HE BCETJIa ONPABABIBACTCS, & C SKOJIOTHYECKON
TOYKH 3PCHUS W OXPAHBI MPUPOTHON CPEIBI UMEIOT BAKHYIO POJIb U TIOITOMY
HeoOXxouMa.
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VK 621.311.1.

TEHAEHIOUH U ITPOBJIEMbI TPAHC®OPMAILIUU DJIEKTPO-
SHEPTETUYECKUX CUCTEM 1101 BAIUAHUEM UHHOBAIIU-
OHHBIX TEXHOJIOT Ui

H.U. Boponaii

Ushbu tizimlarni ragamlashtirish va intellektualizatsiya sharoitida in-
novatsion texnologiyalar ta'sirida elektr energiya tizimlari (EPS) tuzilishi va
xususiyatlarini o'zgartirishning asosiy yo'nalishlari va muammolari ko'rib
chiqildi. Kelajakdagi EESni kiber-fizik tizim sifatida belgilaydigan omillar
muhokama qilinadi. Kiber-jismoniy EESni o'zgartirish uchun kelajakdagi
yangi boshqaruv tizimlarining asosiy roli keltirilgan.

Paccmampusaromesn ocnosHvle Hanpasnenus u npobiemvl mpaucgop-
Mayuu cmpykmypusl U ceoticme 3iekmposnepeemuyeckux cucmem (33C) noo
BIUAHUEM UHHOBAYUOHHLIX MEXHONI02UL 8 YCI08UAX YUDposusayuu u uHmel-
aekmyanuszayuu smux cucmem. Qocyxcoaromces Gaxmopul, onpeoensrouue
6yoyuue 39C kak kubep-gusuyeckue cucmemvl. llpedcmasnsemces knroyesas
POlb  HOBbIX 0YOYWUX CUCMeEM YHPAGIeHUs Nnpeodpa3yiowuxcs Kubep-
Puzuueckux IIC.

Main prospects and challenges of transformation of electric power sys-
tems (EPS) structure and properties under influence of innovative technologies
by digitalization and intellectualization of these systems are considered. The
future EPSs as cyber-physical systems are discussed. Key role of new future
control systems for transformed cyber-physical EPSs are presented.

OnexrposHeprernyeckue cuctembl (33C) MOCTOSIHHO BUIOU3MEHSIOT-
Csl, MEHSIOTCSI UX CTPYKTYypa U CBOWCTBA B MPOILIECCE PA3BUTHUS MOJ BIHUSIHUEM
VMHHOBAIIMOHHBIX TEXHOJOTUI B IPOU3BOJCTBE, TPAHCIIOPTE, PACIPEAECICHUH,
HAKOIUIEHWU U TOTPEOJICHUU 3JIEKTPOIHEPTUH, UHTEHCUBHOTO Pa3BUTHS BO3-
OOHOBJISIEMBIX MCTOYHUKOB SHEPTUM M pacHpeiesieHHON ee reHepalyu, akTH-
BU3allMel moTpeduTenel B mpoleccax MX 3JeKTPOCHa0KeHHs, HOBOM mapa-
JUTMbI KJIIMEHTO-OPUEHTUPOBAHHOM 3JIEKTPOIHEPreTUKH, ponu DIDC Kak Kpu-
TUYECKOU MH(PACTPYKTYPHL, U PAIOM IpYruX (HakTOpOB.

OO1eit CTpyKTypHOU TeHIeHIeH B mporiecce pazputus DIC sBisieTcs
YBEJIMYEHUE TJIOTHOCTU U CII0)KHO3aMKHYTOCTH MAarucTpajibHBIX U pacrpere-
JUTEIbHBIX JIEKTPUUECKUX CETEeH BCIEJCTBUE POCTA HATPY30K U TpeOyemMoro B
CBS3M C ATHM BBOJA JIONOJHUTENbHBIX JIMHUI NpHU OOIIEM COKpalleHWU HUX
JUIMHBIL. B pe3ynbprare B rycToHacelleHHbIX pernoHax (3ananHas EBpomna u np.)
MPOJOHKAIOT Pa3BUBATHCA KOHIIEHTPUPOBAHHBIE 3HEPrOoOOBEAUHEHHUS, a B
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perruoHax ¢ TepputopraibHO npoTskeHHbIMU DDC (Poccus, bpasunus u ap.),
HapsIy ¢ HATMYMEM JJIMHHBIX JIMHUHN, 00pa3yroTcs KOHIICHTPUPOBAHHbIE SHEP-
ropailoHbl, YTO XapaKTEPHO JUIsl CHUCTEM AJIEKTPOCHAOKEHHS] METAlOJUCOB U
NPUBOJUT K TOSBJICHUIO HOBBIX CBOWCTB 3HEProOOBEINHEHHS B IIEJIOM.

Cy1iecTBEHHYIO pOJIb B 00eCIieYeHHH HOpMaibHOU paboTel DIC urpa-
€T camMOaJanTalus CUCTEMbI — €€ CIOCOOHOCTh I'ACUTh BHYTPEHHUE U BHEUTHUE
JecTadmm3upymue  (GakToppl  JACUCTBHEM  peryaupyrommx  dhdexron
Harpy3ky IO HAIpsDKEHUIO M YacTOTE, YACTOTHBIX XAapaKTEPUCTUK Ie€HEepaTo-
POB, a TaK)Ke MHEPLIMOHHOCTHIO BPAIIAIOIIUXCSI MACC POTOPOB ANEKTPUUYECKUX
MaIINH, IeHCTBUEM CUCTEM PETYIHMPOBAHMUS, 3aIUTHI U aBTOMaTuKu. biaroga-
ps 31Ol ciocobHocTr DDC amanTHpyeTcs K BHE3aTHBIM U3MEHEHUSIM PEeKUMa
Y BO3MYILIEHUSIM B JIONYCTUMBIX (pacueTHBIX) AMania30HaxX UX 3HAYCHU, a pu
UX BBIXOJIE 32 JIOMYCTUMbIE Mpeelibl JeUCTBYET CUCTEMa TPOTUBOABAPUITHOTO
yIpaBJIeHUS.

39C 21-ro Beka B pe3ynbTare TpaHcHopMaluud UX CTPYKTYpPbl U aK-
TUBHOT'O HMCIOJb30BaHUSI WHHOBALMOHHBIX TEXHOJIOTMH 3HAYUTENIBHO TEPSIOT
CIIOCOOHOCTH K CaMOaJanTalluy BCIEICTBUE MAaCCOBOTO MCIOIb30BAHUS CUIIO-
BOIl 3JIEKTPOHUKU U BBIIPSMUTEIIBHO-UHBEPTOPHBIX CUCTEM Ui cBsA3U ¢ DOC
BBICOKOCKOPOCTHBIX Ta30TypOMHHBIX arperatoB, BeTpPOreHepaTopoB, (oro-
AIIEKTPUYECKUX YCTAHOBOK, HAKOIUTENEH AJIEKTPOIHEPT U, TUHUN [TOCTOSHHO-
ro TOKa, YaCTOTHO-PETrYJIMPYEMBIX IEKTpoaBHrarenei Harpy3ku. C npyroi
CTOPOHBI, POCT JOJH ClIy4yailHO QIyKTyUpYyIOLleil reHepanuu (BeTpoarperaTsl,
conmHeuHble maHenu, Majibie ['OC) Takke cHIKaeT BO3MOXKHOCTH DDC K camo-
aJanTanuu.

B To ke Bpems, cucTeMbl yNnpaBiIeHUs] MHOTHX YCTPOMNCTB C MCIOJIb30-
BaHueM cwioBoi anekTponuku (FACTS, HakomuTe M 3JeKTPOIHEPTHH U JIP.)
001aJat0T BBICOKOM 3((EeKTUBHOCTBHIO ympaBieHus M ctabuwimszanuu. [Hupo-
KO€ MCIOJIb30BaHUE TaKUX YCTPOHCTB B Oyaymux I9C obecneuuT paguKaib-
HOE MOBBIILIEHUE YIIPABIIEMOCTH dTUX CUCTEM.

Cospemennas 39C — 3T0 CIOKHEHUIIMHA OOBEKT, COCTOSIIUN U3 ABYX
TECHO B3aMMOCBS3aHHBIX MOJCUCTEM: (PU3NUYECKOW (TEXHOJOTHYECKOH) H
uHpopmanroHHo-koMmyHukanmonnoi (MKII). Ve B HacTosiiiee Bpems, a B
oynymmx 99C — emie B O0NbIIEH Mepe, TEXHOIOTHYECKass U HHGOPMAITHOHHO-
KOMMYHHKAIIMOHHAs TIOJICUCTEMBI OKa3bIBAIOTCSI COMIOCTAaBUMBIMHM IO CJIOXKHO-
CTH U OTBETCTBEHHOCTH C TOYKHU 3pEHHS 00ecrieueHnss HOpMalIbHOTro (QyHKIIHU-
oHupoBaHus IIC.

Hudposmuzarus 39C noapasymeBaeT HE TOJIBKO YCKOPEHUE 00padoTKU
uHpopMaluu B IU(POBOM BHJE, HO U NMOBBIIICHNUE 3()PPEKTUBHOCTH TEXHOIO-
rudeckux mnpouneccoB B O9C ¢ NPUMEHEHWEM HHHOBAIMOHHOTO CHIIOBOTO
000pyI0BaHUSI HOBOTO MOKOJICHHS, Pa3pabOTKy HOBOTO MPOTrpaMMHOI0 obec-
NeYeHUs JUIsl YIpaBJIeHUS BHOBb CO3/1aBa€MbIMH LIU(DPOBBIMU MOJICTAHIIUSMH,
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u 1.1. C yuetom 3tux pakropoB 99C HE0OX0AMMO paccMaTpuBaTh Kak CIOXK-
HbIe Kubep-pusnueckue cuctemsl, B KoTopbix MKII Moxer paborars Heanek-
BAaTHO BCJICJICTBHE BHYTPEHHHX AC(PEKTOB (OMMOKH B ajJropuTMax), a TaKkKe
MOXET OBITh MOJIBEP)KEHA HECAHKIIMOHMPOBAHHBIM BHEITHUM BO3JICHCTBUSIM —
kubepatakam. BHyTpeHHHE M, 0COOEHHO, BHEIIHHE (aKTOphl (KHOEpaTaku)
MPeIoNPE LT podnemy kudbepoezonacHocT DIC.

PazButne 39C Ha OCHOBE MHHOBAIIMOHHBIX TEXHOJIOTHI B (PU3HUYECKOM
U MH(POPMAITMOHHO-KOMMYHHUKAIIMOHHON TOACUCTEMAX B YCIOBUSAX HU(POBH-
3allid ¥ MHTEJUIEKTyalu3aluu nporeccoB ¢pyHkimonupoanus 99C u ynpas-
JICHUS UX PEKUMAMHU TPUBEAET K CYIIECTBEHHOH TpaHCchOpMaIK CTPYKTYPHI
U CBOMCTB 3THUX cucteM. B pesynbrare Oynymme 99C mnpuobperyr oOIMK
Pa3BUTHIX MHTEIUICKTYAIBHBIX KHOEP-(PU3NUECKUX CHUCTEM, PATUKAIBLHO OTIIH-
yaromuxcsi oT HeiHemHux 99C. Dta TpaHcdopmaius noTpedyeT CyliecTBeH-
HOTO NEPECMOTpa CIOKUBLIMXCA MPUHLIUIIOB M METOJOB MOJAEIMPOBAHUS
TaKUX CUCTEM, UCCIIEIOBAHUS UX HOBBIX CBOWCTB, 00OCHOBAHUS UX PA3BUTHS U
yrpasieHus: (QpyHKmoHupoBanueM. OCHOBOH HOBBIX MOJENEH M METOMOB,
Hapsily € TPaJAULMOHHBIMHU, TOJKEH CTaTh A(P(EKTUBHBIN ammapar HCKYC-
CTBEHHOTO MHTeJIeKTa. KitoueBast poib B 0OecrieueHur HOPMalIbHOTO (PyHK-
HMOHUpOBaHUs TpaHchopMupyromuxcss I9C NpUHAAIEKUT HOBBIM OyIyIIUM
CUCTEMaM YIPAaBICHUS, MACOJIOTHs MOCTPOCHUS M PabOThl KOTOPBIX IOJDKHA
orepexarb NoTpedHocTH npeodpazyromuxcs kubep-pusndeckux 39C.

IIpeocmasneno Uncmumym cucmem dHEpeemuKu um.
JI.A.Menenmwvesa CO PAH, Hpxymck, Poccust
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INABKATY HAZAPOBUYY MAIITAPUIIOBY -80 JIET

Ucnonusercsa 80 ner co aust poxnaenus lllaBkata Hasaposuua Marna-
pHIIOBA - M3BECTHOI'O SHEpreThka Y30eKHuCTaHa, OAHOTO U3 OpraHu3aToOpoB
HHEPreTUUECKOM CIyX Obl B HU30BbIX AMYAApbH, 3aCIyKEHHOTO SHEPreTHKa
CHI', Berepana sHepretuku PecryOnuku Y30eKHCTHA, TOYETHOTO SHEPreTHKa
CCCP.

[IMaBkat Hazaposny Mamapunos poauincs 23 mapra 1941 roay B ropo-
ne Xazapacn XopesMmckoi o6nactu. Ilocne 3aBeprieHust y4eObl B IIKOJE,
noctynui B 1960 rony B MockoBckuil sHepreTuueckuif MHCTUTYT U ¢ 1966
roja Hayajg paboraTb B XOPE3MCKHUX JJIEKTPUUYECKHX CETAX C JIOJKHOCTHU
3JIEKTPOMOHTEppa penieiiHON c1yObl BBIPOC /10 TODKHOCTH AUPEKTOpA Mpe-
HPUSITHSL.

Eme 6yayun crynentom IllaBkaT MamapunoB ydacTBOBall B CTpOU-
tenbeTBe Yap-Zlappunckoro ruapoysna (p. Ceip-Zapbs) momrHocThio 150
MBT. CTpouTenbcTBO JaHHOTO TMIPOKOMILIEKCAa HUMEIO OFPOMHOE 3HAaueHHE
JUI pa3BUTHA XJionkoBojacTBa CelpaapbuHckoi obnactu u HOxuoro Kazax-
CTaHa. OJTOT ONBIT NPUTOAWICS €My IpU CTPOUTENbCTBE Tysa-MyrOHCKOro
THJIpoy3iia B HU30BbAX Amy-Jlapsu (Xope3mckas 067acTb), ¢ THAPOCTAHIEH
150 MBrT.

B nensx ucnonb3oBanus sHeprun Tysa-MyroHCKOTO ruapoysia 3a Ko-
poTKOe Bpemsi Oblja MOCTPOCHA BCsS dJeKTpoceTeBas MHPpacTpykrypa: JIOII
110-35 kB u TpancdopmaTopHble MOACTAHINH, BbIKJIIOYaTean U T.4. KoHeuHo
3TOT BECh KOMILJIEKC pabOT ObUT BBHIMOJIHEH C aKTUBHBIM yYaCTHEM MOJOJO0TO
pykosoautens IllaBkara HasapoBuua Mamapunosa, nupektopa X0ope3MCKUX
NPEIPUITHH ANEKTPUUECKUX CeTeH.

3a 40 ner pa6ots! LLI.H. Mamapunosa nupekropom XopII2C Obuu mo-
cTpoensl 6onee 50 moacranuuit Hanpspkenuem 220/110/10 kB, Ha 6aze koTo-
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PBIX OBLIN CO3[IaHBl TAKUE MPEANPHUATHS B XOpe3MCKOoi o0nacTu, kak XUBUH-
CKHIl KOBPOBBI KOMOMHAT, HECKOJBKO MPSIMIbHBIX (hadpuk, (ropomax Xasa-
pacn, borart), menkoMmoTtanpHas (abpuka, MacioKUpKoMOUHAT (T. YpreHd).
VYceunenue IeKTPUYECKON CeTH ITO3BOJIWIO YBEJIMYUTh MOLIHOCTh Taxuaram-
ckont TOC.

ITo npennoxxenuto pykoBoxactsa Xop IIDC Obu10 mocrpoeHa u naiee
pacmmpeno Il/ct «Xope3m», uTo mo3BoIIO yKpenuTh CeBepo-3amaHblid
HHEProy3ea SHEPrOCUCTEMbl Y30€KHCTaHa U MOBBICUTh HAJEKHOCTb SHEPro-
cHaOxeHus: HuU30Bbst Amy-Jlapeu. B nHacrosimee Bpemst JIDII Taxwuarar-
bepynu-XopesMm-3apaBman-TamkeHT padoTaeT mo rpaduky AUCHETYEPCKOTO
MyHKTa HEProcucTeMbl Y30ekucraHa. B ctpoutenscTBa JaHHOTO 00BEKTa Kak
KOHCYJIbTAaHT AaKTHUBHOE ydacTUE INMPUHMMAJ 3aciayXkeHHbId sHepretuk CHI
[[TaBkat Hazaposuuy Mamapurios.

OH yJensan 0CHOBHOE BHUMAaHME MTOAITOTOBKE KBAIU(PUKAIIMOHHBIX KaJIpOB
JUISL IPEIIPUATHS, OPTaHU30BAJl HENPEPBIBHYIO JJIsI UHKEHEPHO-TEXHUUECKUX
pabOTHUKOB TEXHUYECKYI0, SKOHOMHUYECKYI0 yueOy. Ilo ero mHunumatuse BO
BCEX pallOHHBIX DJIEKTPOCETSAX CO3/1aBATUCh yUeOHBIE MOIUTOHBI, TEXHUYECKUE
kabuneTsl. Hauanocs nmpuMenenne Bueapenuss ACY B sHeprocucreme, peria-
JUCh 3a/la4ydl ONEPATUBHOTO YIPABJIEHUS B TUCHETUYEPCKOM CiIykOe, OThICKa-
HUs noBpexeHus B cetax 110-220 kumoBoabT, YTO MO3BOJIMIO Oosiee yCTOM-
YUBOM U SKOHOMUYECKOMN pabOThI ANEKTPUUECKON CUCTEMBI.

Bosnbiioe BHUMaHMe yAEIsUI0OCh Pa3BUTHIO TPOM3BOICTBEHHOM 0ashbl - B
11 palioHHBIX 5J€KTpPOCETAX ObUIM MOCTPOECHBI COBPEMEHHBIE PEMOHTHO-
IPOM3BOJICTBEHbIE 0a3bl B3aMEH BPEMEHHBIX CTAPBIX 3/1aHUM.

Pa3BuTHe conmanbHbIX OOBEKTOB TAKXKE IIIO YCHEIIHO - Ui OTIbIXa
nereit sHepreTkoB CeBepo-3anajHoOro Heproysia ObUl MOCTPOEH COBPEMEH-
HBII 03/I0POBUTENIbHBIA KOMIUIEKC C THIIOBBIM TUIABATEIILHBIM OacceiHOM;
npodunakTopuit - canatopuit Ha 150 denoBek, cTooBas U T.1.

B nenom co3naBanack xopoias couuaibHas 6a3a Ui TpyZla U OTIbIXa,
4TO CIOCOOCTBOBAJIO 3aKPEIUICHUIO KaJIpOB TPYAOBOro KojuiekTusa. [Ipennpu-
ATHE TIOCTOSTHHO MOTMOIHSIIOCh MOJIOJBIMU CHEIIUATUCTaMHU.

3a Bpems pykoBojcTBa Mamapunosbsim [II.H. Xopesmckumu npenrpu-
ATUAMU D3JIEKTPOCeTe MOTpeOJeHNEe 3JIEKTPUUYECKOW SHEPrUU B PETHOHE B
IPOM3BOJICTBEHHBIX LIEISIX ObLIO yBeanueHo Oosiee 3,5 pasa, 4TO MO3BOJIUIIO
MOBBICUTH 3JIEKTPOBOOPYKEHHOCTH OoJiee ueM B 4 pasa.

Ha npotsokenun 6onee yem 40 ner III.H. Mamapumnos pykoBoaun Xo-
PE3MCKUM TpeanpusitTueM sekrpoceTeit. On 6osee 30 met u3dbupascs aemyra-
TOM O0JIACTHOTO cOBeTa. 3a Oe3yNpeyHylo cayX0y OH HarpaXKJaeH OpJeHaMU U
MenansiMu PecniyOnuku Y30ekucTaH, MIOYeTHBIMHU FPaMOTaMH MTPaBUTENbCTBA U
['AK V36exanepro,
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B cBou 80 ner IllaBkar HazapoBud BBUISIUT SHEPTUUHBIM, YTO OOBSIC-
HSETCS, T€M, YTO OH M ceiluac aKTUBHO 3aHHMAETCS CIIOPTOM, TBOPYECKH,
yBJIEUEHHO paboTaeT HaJ 3aJauyaMu pPa3BUTHUS SHEPreTUKH Y30eKucTaHa, B
gactHOCTH, CeBepo-3anaHOTO YHEProy3iia SHEPrOCUCTEMbI Y 30eKiCTaHa

[[TaBkar HazapoBuu MamapunoB BCIO KU3Hb CaM YYHUTCS U YUUT MO-
JI0JIeb OBITH MpodeccroHaaMu CBOETO Jena!

MHOTrOTHICSYHBIN KOJIJIEKTUB MUHHCTEPCTBA SHEPreTUkU Y30eKucTaHa,
KOJUIETH, YYEHHUKU U KOJUIEKTUB XOpe3Mckux lIpeanpusaruil dneKTpudecKux
certeii sxenaer IllaBkaty HazapoBuuy MarapumnoBy 310pOBbsi, OBITH OOAPBIM U
MIPOJIOJDKATH Mepeady OMbITa U BOCITUTHIBATH MOJIOACHKD!

I'pynna xomter
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YYEHBIN, HEJATIOI, OBILIECTBEHHbBI JEATEJIb
K 75 - nernemy KOouiero Adoaypaxmana Pagkaoosa (1946 - 2020)

AOGnypaxman PamkaboB pomwica 11 ampens 1946 roma B ropHom Ku-
nuake banang Ocmon (Beicokoe He60) dapumickoro paitona CamapkaHackoi
(upiHe J[xu3akckoit) obmactu. B 1951 roay kornma emy ObIIO MATH JET OH
HauMHaeT yueOy B HaualbHOM IIKOJE B poJHOM kuiiake. [locne 3aBepuienus
yueObl B HayaJbHOW IIKOJIE, C MATOrO Kijlacca MpoJobKaeT yuedy B cpedHen
nikosie Ne2, koTopasi HaXOAWJIaCh Ha PACCTOSTHUU 6-7 KUJIOMETPOB, B COCEHEM
kunuiake OCMOHCOM.

B 1961 romy, OKOHYMB CpeAHIOI IIKOTY, MOJOA0M AOmypaxmaH ¢
15 ner HauMHAET CBOI TPYAOBYIO IEATEIBHOCTh IMOMOIIHUKOM 3JIEKTPOMOH-
tepoM MammHo - TpaktopHoil cranuuu (MTC) B coBxose «@apum». B 1962
roJly OH HOCTYyNaeT Ha (akyabTeT «IIeKTPUPHUKALMS CENbCKOI0 XO03SHCTBaY
TalKeHTCKOro HHCTUTYTa UHKEHEPOB UPPUTrallui U MEXaHU3alMU CEJIbCKOIO
XO0351CTBa, KOTOPBIM YCIEIIHO 3aKaH4YMBaeT B 1967 roay ¢ «KpacHBIM JHILIO-
Mom». [lo okoHuaHuU ocTaeTcst paboTaTh aCCUCTEHTOM Ha Kadeape «IeKTpo-
TeXHUKa». [IpMHMMaeT akTUBHOE ydacTue B OOIIECTBEHHON paboTe MHCTUTY-
Ta. [IposSIBUB CKIIOHHOCTH K HAy4HBIM HcciaeaoBaHusaM, B 1970 roqy nocrymnaer
B acnupantypy THUMNMCX.

B 1973 roagy nmon pykoBoactBoM mpodeccopa I1.B.baiintoka A6aypax-
MaH PamkaboB ycrmemrHo 3amuiiaeT KaHIUAATCKYIO JUCCepTallhi0 Ha TeMy
«MccnenoBanue Tmpoliecca CYIIKM KapakyJeBbIX IIKYPOK C IPUMEHEHHEM
AIIEKTPO3HEPTUN» B MOCKOBCKOM MHCTUTYTE MHKEHEPOB CEJIbCKOXO3SICTBEH-
Horo mpowm3BojacTBa uM. B.IL.I'opstakuna. Pesynbrarhl mccnenoBaHusi ObLTH
BHEJIPEHBI B IPOU3BOCTBO.

C 1973 roma A6nypaxman Pamka0oB paboTaer crapiimM Iperno/iaBare-
JeM, a 3aTreM JOLEHTOM Kadenpsl «ABTOMAaTHKH U  TeJIEeMEXaHUKH»
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TUNUUMCX. B nepuon ¢ 1977 mo 1980 rr sBisics aekaHoMm ¢akyinbTeTa
«OnektpuduKaIms CeIbCKOro Xo3siucTBa». B gexabpe 1979 roma no ero nmu-
HOW MHMLMATHBE co3laercs HoBas kadenpa — kadenpa «lIpumenenue siek-
TPUYECKOM SHEPTUH B CEITLCKOM XO035HUCTBE», KOTOPOMl OH pykoBoauT 10 2004
roja.

3a 24 rona ero pykoBojcTBa (1980-2004), kadenpa moarorosuia 3 mpo-
(deccopoB U TOKTOPOB HaykK, 11 IOLIEHTOB M KaHAWIATOB TEXHUYECKUX HAYK,
ObUIM CO3JaHBl TPH HAYYHO - SKCIIEpUMEHTaJbHBbIE Jabopatopuu. Haydno—
uccienoBarenabckas paboTa MNPOBOAMIACH IO MpoOjIeMaM HCIOIb30BAHUS
AIIEKTPOTEXHOJIOTHIA B CYIIKE W XpaHEHHS IUIOJ0B (PPYKTOB M OBOIIEH, Kapa-
KYyJIEBBIX IIKYPOK, IepepabOTKU XJIomKa-celpia. VX pe3yabTaThl MPOXOIHIN
UCTIBITAHUS B TIPOM3BOJCTBEHHBIX YCJIOBHSX W BHEAPSUIMCH Ha MHOTHX IIPEJ-
OpUATUAX U Xo3siiicTBax PecniyOiinku Y36ekucras.

Hapsny ¢ stum AGmypaxman Pamka®oB MpooikaeT WCCISIOBAHUSA,
CBSI3aHHBIE C TEMOH CBOEH JOKTOPCKOM JAucCcepTallMu, KOTopas OTpaxasa
HOBOE€ HAyyHOE HAINpaBJICHHME W WHHOBALlMOHHOE pEIIEHUE HapOJHO-
xo3siicTBeHHON mpobnembl. B 1991 rony Ha 3acenanun Crienuann3upoBaHHO-
ro YdaeHoro coera YenssOMHCKOTO MHCTUTYTAa MEXaHW3AIMK U dJeKTpuduka-
IIUM CEJIbCKOT0 XO34WCTBa OH 3aIlMIIAET JOKTOPCKYIO auccepTauuto «Meto-
JIOJIOTUYECKUE OCHOBBI HHEpProcOeperaroIiel 31eKTPOTEXHOJIOTHUH  CYILKH
IUIO/IOB U BUHOT'PA/a» U CTAHOBUTCS MEPBBIM JOKTOPOM Hayk B LleHTpaibHOM
Asun no cnienuanbHocTH: 05.20.02 — «OnexTpudukanus celbCKOX035HCTBEH-
HOTo pou3BoJIcTBay. B 1992 roxy emy npucBanBaercs 3BaHue mpogeccopa.

AOnypaxman PamxaboB BHeC OOJBIION BKJIAJ B YKPEIUICHHE CBS3EH C
Hay4YHbIMM U y4eOHbIMHM opranu3auusmu crpan CHI. B 1993 rony cnoco6-
ctBoBall oTKpbITHIO B TUMNMCX CrnenmanusupoBanHoro CoBera 10 3alliuTe
KaHAMJIATCKUX JUCCEePTALUi MO HANpaBlIeHUIO «DNEKTPUPHUKAIMS B CEIbCKOM
XO03sACTBE» W TpencenarenbeTBoBal B 3ToM CoBere B Teuenune 1993-1995
TOJI0B.

B 1992 roay A.PamxaboB HazHauaeTcs MEpBBIM MPOPEKTOPOM IO y4yeo-
Hoil pabote TUMUMCX, B mapte 1995 rona npukazom MuHuCTEpCTBa Cellb-
CKOT0 M BOJHOTO Xo3stiicTBa PecnyOnukn Y30€KUCTaH - MCIOIHSIOMNM 005-
3aHHOCTH pekTopa. HecMOTps Ha CHUIIBHYIO 3aHITOCTh IPOOJIeMaMu HHCTUTYTA,
OH B€JI JIEKIIUOHHBIE 3aHSTHS CO CTYAEHTAMHU.

Ha pykoBoasmux JOMKHOCTAX MHCTUTYTa OH paboTall B TPYyIHBIE TOIbI
nocjie oOpeTeHHsl He3aBUCUMOCTH PecnyOnuku Y30eKUCTaH, aKTUBHO y4acT-
BOBAJI B MEPONPUATHAX, KOTJ[a B PECITYOJIMKE OCYIIECTBIISIICS MEPEXO/T B JIBYX-
CTYIEHUATYIO0 cUcTeMy (OakalaBpHaT U MarucTparypa) MOATOTOBKU KaJpOB C
BbICIIUM 0OpoBaHueM, npuHuMaics 3akoH «O0 OOpazoBanuu» u Harmonasns-
Has [Iporpamma no moAroToBke KajapoB. SBiAACH PEKTOPOM OJHOIO U3 BENY-
HIMX y4eOHBIX 3aBEJCHHMM pecnyOlMKH OH aKTUBHO BHEAPSAJ HOBILIECTBA B
TUNUMCX.

B 2004 rony Bemio IlocranoBnenune Kabunera MunmcTepoB o mepe-
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nMmeHoBanne TUMMMCX B TamkeHTCKUI MHCTUTYT UppPUTallMM U MeIuopa-
i (TUMM) u B ToM rony A6mypaxman Pamxa0GoB (1o mpUYHHE CIIOKHB-
nieiics Ha TOT MOMEHT OOCTaHOBKH) OCTaBIISIET POJAHON MHCTUTYT, CBOUX Yy4e-
HUKOB, Kaeapy, HaydyHYIO IIKOJy, OCHAIICHHBIE CHEIHATN3UPOBAHHBIM 000-
pylnoBaHHeM J1ab0OpaTopuu U MEpexoauT mpodeccopoM TalIKeHTCKOro rocy-
JAPCTBEHHOT'0 arpapHOro yHuBepcurera. B yHuBepcuTeTe OH aKTHBHO Hayu-
HaeT paboTy HaJl OTKPHITHEM CHEIHATBHOCTH «DJIEKTpUUKALIUA U aBTOMATH-
3ammsl CENbCKOTO X03sicTBay. [l pemeHus 3Toi 3a1a4u TpedoBaIoch co3/a-
BaTh BCE C HYJS: HOPMATHUBHO-IIPABOBYIO, y4E€OHO-METOIMYECKYIO0 U Jlabopa-
TOPHYIO 0a3bl, OCYIIECTBISATH MOAOOP MpernogaBaTecii.

[To nuynoit mHnnuatue A. PamkaboBa B TalIkeHTCKOM ToCyqapCTBEH-
HOM arpapHoM yHuBepcurete ¢ 2005/2006 yuebHOro rosa Hayara moAroToBKa
KaJ[poB 10 HarpasieHuto Oakanaspusita 5630200 - «DnexkTpuduxanus u aBTo-
MaTH3alUsl CEIbCKOI0 XO35HCTBa», U B MOCIEIYIONIME TOAbI 110 CIeuann3a-
uuu Marucrparypsl - SA630202 — «Okcmtyaranus 3J€KTPOYCTaHOBOK U TEX-
Hu4eckuit cepsuc». B 2012 roxy Obuta oTkphiTa Kadeapa «IEKTpOIHEPTeTH-
Ka ¥ 2JIEKTPOTEXHOJIOTHH B CEIbCKOM X03siicTBe». PazpaboranHble Hemocpe-
ctBeHHO A.PamxaboBbiM «l'ocynapcTBeHHble cTanaaptbl» (I'OChl), yueOHbIE
IUIaHBl M IPOrpaMMbl JUCHUIUIMH OakajaBpuaTa M MarucTparypbl 3TOTO
HAIpPAaBIIEHUS CETO/IHS IIUPOKO HCIONB3YIOTCS B Y4eOHOM MpoI1iecce.

B 2017 rony nocne Beixoaa nocraHosieHus Ilpesunenta PecnyOnuku
V36ekucran o nepeumenoBanue TUNM B TUMNMCX, A.PamkxaboB BMecTe C
KOJUIEKTUBOM U CTYJEHTaMH BO3BPAILLAETCS B POJHOW UHCTUTYT U MPOJOJIKAET
paboTy B kauecTBe mpodeccopa poaHOM Kadeapsbl.

B cBoeil AesTenbHOCTH OH YMEJIO COYeTal COBPEMEHHBIE MTEPEIOBBIE T1e-
JarOTMYECKNE TEXHOJIOTUH C IyXOM BPEMEHHM, UI€IMU HAIMOHAIBHON HE3aBU-
CUMOCTH. AKTHBHO Y4acTBOBaJ B OO€CIEUEHUH HWHTErpaluu oOpa3oBaHMUs,
HAyK{ M IPOM3BOJICTBA, B U3YYEHUH MOTPEOHOCTEH arpapHOro CeKTopa B Kaj-
pax, B OJArOTOBKE MPEJIOKEHUH IO COBEPUICHCTBOBAHUIO Yy4e€OHOTO IpoLec-
ca, OTKPBITHM HOBBIX HaIllpaBJIEeHUH MOATOTOBKHU KaapoB. Hapsny ¢ o6yueHuem
CTYJIEHTOB O CHEIUAIbHBIM MPEAMETaM, NMPOBOJINI OOJBIIYI0 BOCIIUTATENb-
HYI0 paboTy MO (OPMHPOBAHUIO Y MOJIOJIEKH UYBCTB JIIOOBH M YBAaXKCHHUS K
Ponune, Kk HacneauIo U IEHHOCTSM MPEAKOB U MPUBUTHIO UM BBICOKOM AyXOB-
HOCTH.

[Ton HayuHbIM pykoBoacTBOM AOaypaxmana PamxaboBa 3amunieHo 6
JOKTOPCKHUX, 12 KaHAMIATCKUX ¥ MHOYKECTBO MAaruCTEPCKUX aucceprauuil. Im
ormyonukoBaHo 6osee 300 Hay4yHbIX pabOT, B TOM 4HCIe MOHOrpaguu, y4ueo-
HUKHU U yueOHble TOCOOUS M0 HANpaBJICHUSIM IEKTpU(PUKALUMN U aBTOMATU3a-
MU CEJIbCKOTO XO3SMCTBa, MOJY4eHO Oosee 26 aBTOPCKUX CBUACTEIBCTB U
nateHToB. OH sBIIsS€TCS aBTOPOM Y4EOHUKOB M YUEOHBIX MOCOOMII: TaKHX Kak
«DNEeKTPOTEXHOJIOTU», «BBeneHne B cnenuaibHOCTh», «OCHOBBI 3HEprocoe-
PEXKEHUSD» U IPYIHX, KOTOPHIE HIMPOKO MCIOJB3YIOTCS MPH MOATOTOBKE Kal-
POB 10 TEXHUYECKOMY HAIPABJICHUIO JJIsl arPapHOTO CEKTOpa pecnyOInKu.
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HAIIINX FOBUJIAPBI

Heonenum Britanm A6aypaxmana PamkaboBa B pa3BUTHE HAyKHW U BBIC-
[IeT0 HAIIMOHAIBHOTO oOpa3oBaHus Y30ekuctana. Co3/IaHHBIC MO €r0 PyKO-
BOJICTBOM M JIeHicTBYIOIHKE 110 ceil neHb kadeapsl B Taml AY u TUMNMCX,
Hay4Has [IKOJIa TI0 MPUMEHEHUIO AJIEKTPOTEXHOJIOTHH B CEJIbCKOXO035HUCTBEH-
HOM TIPOU3BOJICTBE — HEOCTIOPUMBIE TOMY JI0KA3aTeNIbCTBA.

Komneru u yuyenuku Bceraa OyayT NOMHHUTH O CO3UIATEIBHOM TPyAe U
HEOIICHUMOM HayutoM BKJaze A. PamkaboBa B 2JIeKTpU(PUKAIMIO HAIIEH pec-
yOJIHKY.

P.A.3axuooe - Axademux AH PY3.,
P.K. Yopues — 0-p neo.nayx, npogheccop,
3.3. Py3uKynoe — KaHo.mexH.Hayx.
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