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OCOBEHHOCTH IOAXOJ0B HEYETKOI'O MOAEJIMPOBAHUA
ITPU PEHIEHUUA 3ATAY YIIPABJIEHUSA
JEKTPOIHEPTETUUYECKOM CUCTEMOM

I'YJIMEB I'.B.

A3epbaiiddcancKkuil HayuHO-UCCIe008aAMeNbCKULL
U NPOEKMHO-U3bLICKAMENbCKUIUHCIMUMYM SHep2emuKu

BrinonHeH aHanu3 MOAXOJOB IIAHUPOBAHMSA U ONTUMAIbHOIO YHNPABIEHUS PEKUMAMH HHEPrOCHCTEMBI,
OCHOBaHHBIX Ha Teopuu HeueTkod yoruku (HJI) m nHewerkux muHOXecTB (HM). Metoasl ucmnomib3yromue
noaxonsl HJI m HM Beimator pemreHuss npoOJieMbl ONTHMAIBHOTO YIIPABJIEHUS B BHIE IOCIEIOBATEIBHOCTH
npasunl HJI mepemeHHBIX cocTosHUS cucTeMbl. OTCyTcTBHE ydyeTa B cymecTByromux noaxogax HJI m HM
CIy4allHOM H3MEHYHMBOCTH MapaMETPOB COCTOSHHS CHCTEMBI W CIEHOBAaTENBHO BO3MOXKHOCTH OLEHKH
BEPOATHOCTH OLICHUBAEMbIX HEUETKMX pPEIIEHUH MOXET HE COOTBETCTBOBATH IPOLECCY ONTUMAJIBHOIO
ynpasneHust cucteMoi. CdhopMyaMpoBaHbl NPHHIUIBEI MOCTPOEHHUS CHUCTEM HEYETKHX PELICHHH B 3aJadax
aHaJM3a W YNPaBICHUS PEKUMOM 3JeKTpo3HepreTndeckoil cucreMbl (33C) W TpHBEIEHBI HPUMEPHI
HCIIOJIb30BAHMSI CUCTEM HEUETKOI'O MOJIENIMPOBAHUS B PELICHUSX JIEKTPOIHEPIETUYECKUX 3a1aU.

KilloueBble ¢JI0Ba: DJEKTPOSHEPTEeTHYECKass CHCTEMa, HEYETKash JIOTUKa M HEUETKUX MHOXECTB,
(GYHKINS TPUHAICKHOCTH, PETYIATOP HEUETKOH JIOTUKH, HEYETKAs MOJICIIMPOBAHMSL.

Beenenne: Ilocneanue nBa necsTUIETUS pa3BUTHE LHU(POBOTO MOAEIUPOBAHUS MPOLIECCOB,
CO3/1aHH€ HOBBIX MH(OPMALIMOHHBIX CUCTEM cOopa U 00pabOTKU OOJIBLIIMX MAaCCUBOB JAHHBIX
CAEJIaM IIPUBJICKATEIBHBIM NpUMeHeHue meToqoB MU s pemeHus 3agad OLEHUBaHUS
TEKYIIET0 COCTOSIHMSI M ympaBieHust cioxkHeiMu DJC. B Hactosimee Bpemss B O0C c
IIOMOUIBIO armapaTa UCCKycTBeHHOro uHreuiekra (M) ycnemmHso pemaroTcss MHOTHE 3aaadn
IUTAHUPOBAHUSI M MPOTHO3UPOBAHUS PEKUMOB, ONTHUMAJIBHOTO BbIOOpAa MECT pa3MellleHUs
HUCTOYHUKOB AKTUBHOM M PpEaKTHMBHOM MOIIHOCTH, YIPABJIEHUS YCTaHOBUBIIMMUCS U
[IEPEXOHBIMU PEXXUMaMU U JIpyrue 3aaadn. B unciie metonos MM, nonydnBmKX MIUPOKOE
npaktnyeckoe npumeHenne B DOC cnenyer ormetuts Teopuss HJI (Fuzzy Logic) u HM.
PaccmoTpuM KpaTko BayKkHEWIINE PE3yJIbTATHI TOJIYYEHHBIE ¢ TOMOIIBI0 npuMeHeHus HII.

Fuzzy Logic mnoaxon o6nagaeT crnocOOHOCTBbIO NOJYy4aTh pEIHICHUS Ha OCHOBE
MOJICIIMPOBAaHNsl HEONPENEICHHOCTH, HEYETKOCTH, BBIJABATh PE3YJbTAThl B BHJE OLEHOK
IIPEICTABIEHHBIX 110 HOMHMHAJBHOM WIM PAHMOBOM IIKAjJ€ C Y4YETOM HENOJHOTHl U
HETOYHOCTH ucXxoAHOW wuHpopmanuu. [Ipobnema dopmynupyercs He B «TOUHBIX»
KOJINYECTBEHHBIX M3MEPEHUAX, a B (hopMaTe TaKuX ONpPEACICHUH, KaK «Majloe», «CpeIHeey,
«O0NbBIIIOe», «BBICOKOE», «HU3KOe» H T.1 [1-6]. C 1enpl0 TMOSCHEHHS] YKa3aHHBIX
onpenenenui B HJI ucnoneszyercsa annapar HM.

Cymrocts BBeaenuss HM B HJI MmoxHO mosicHUTh Ha cieayromem mnpumepe. [lycts U

ABJISAETCS MHOJKECTBOM M3MEPEHHIl BENMUMHBI HaNpskeHus B ObrToBoi cerm. Ilycts U p

npeaAcCTaBIdaCT co0Ol HEYEeTKOEC MHOXKCCTBO BCIUYMHBI HAIpsKCHUA, B KOTOPOM KaXJ0€
HU3MCPCHHOC 3HAYCHUC BbIPAXKACTCA q)YHKHHCﬁ MNPpUHAJIC)KHOCTU K OJTHOMY M3 onpez[eneHI/Iﬁ
«MUHHUMAJIBHOC», «CPCIAHCECY, ((60JII>HIOG)), «MAKCHUMAJIBHOECH. q)yHKHI/IH MMPUHAAJICIKHOCTHU

OIpeaAc/LICT NPHUHATIICKHOCTD I/I3M€peHI/H71 BenmmunHel U K HCYCTKOMY MHOXCECTBY U A. I[J'If[

IpuMepa JIOIYyCTMM YTO HMMEETCS MHOKECTBO 3aMEPOB HAIPSIKEHUsS, PACIIOJNOKECHHBIX B
HOPMAJIbHO JAOIYCTUMOM 00JIaCTH CYLIECTBYIOILETrO CTaHAapTa, T.€.

U = {230, 228, 226, 224, 222, 220, 218, 216, 214, 212, 210}
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u nycth U A - HeueTKoe MHOKECTBO 3HAUYEHHI BEJIMUMHBI HAMPSHKEHHS, XapAKTEPHU3YIOIIUX €€
B UHTEpBajJe MHHHUMAIbHBIX 3HaueHud (MeHbmie 220B). Torma s cyOBEeKTUBHOM

XapaKTepUCTHKH MHOKecTBO U A GyzeT mpecTaBieHo
u, 210,212,214, 216, 218...

HpI/I 3TOM }IOHYCTI/IM, qTo YCTaHOBJ'ICHa CTCIICHb HpI/IHa}IHe)KHOCTI/I YJICHOB HCYCTHOI'O
MHOYKECTBA B BUJIE
Crenenp NMpUHAIIC)KHOCTH 1,0; 1,0; 0,8; 0,6; 0,4

Orcrona HM U o MoskeT 6BITh TIpeicTaBIEHO B CJIETYIONINM BUIE

U= { Y100 Vo1 0814 *1 0’%18}

rae 0,%10 O3HAuaeT, U3MEPEeHNE BENMYMHBI HanpsokeHus 214V Oyner nmpunamiexars HM

U 5 co crenensio npuHapiexHocty 0,8.

B Hacrosmee Bpems MeTOAbl, OCHOBaHHble Ha anmapare HJI HaxonmsaT mupokoe
IIPUMEHEHHE Ul PEIICHUS 3aa4 yIPaBICHNS U IPUHATHS PELICHUM.

1. XapakTepHble THIbI HeoINpeJeJeHHOCTell NPUHUMAEMbIX NPH MOJAEJHPOBAHMU U
aHaause pe:xxumon IIC

[Ipu pemieHUM MHOTHX 3a/ay B SHEProCHUCTEME BO3HUKAIOT HEOIPENEICHHOCTH KaK B
3aJJaHMM UCXOJHOW MH(OPMALMK, TaK U IPU MOAETUPOBAHUU, BIOOPE METOAA U aJIropuTMa
pelieHusa, a TakkKe TIpd  aHalu3e  pe3yiabTaToB  uccienoBaHus. Mcropuuecku
HEOIPEEJIIEHHOCTH Ha YKa3aHHBIX dTanax MOJEIMPOBAINCH HA OCHOBE Bapualuy, HallpuMep,
B CTOXaCTUYECKUX MOJEJNAX IpPH CIydailHOW BapualMM HArpy3Ku, iymMa B U3MEPEHUSX Mpu
OLIEHKE COCTOSIHUSA, (PIYKTyalUsxX MPH MOJIEIUPOBAHUY [TaPaMETPOB U T.JI.

Ha mnpaktuke HeomnpeneneHHOCTh HECOMHEHHO BO3HHMKA€T OT TOrO, HACKOJIBKO MbI
3HAEM MCIIOJHEHHE CaMOW CHUCTEMBl M YCJIOBHMH €€ JKCIUTyaTalUH. SICHO, YTO peleHus
OOJIBIIMHCTBA MPOOJIEM SIBIISAIOTCS CyObeKTHBHbIMU. Hampumep, oTHOCUTEIbHBIE CTOMMOCTH
HAJE)KHOCTH BapUaHTOB SBJISIOTCA HETOUYHBIMM. Mojenu, Jieamue B OCHOBE CHUCTEMBI,
TaK)K€ TMPEJCTABISIIOTCS  HEONPEIEICHHbIMH, KOTOpPblE BO3HUKIM B  pe3yibTare
anIpoKCUMalUy, JUHEApU3allMd U JOPYIMX JONYLIEHWM, NPUHUMAEMbIX AJI YNPOLIEHUS
pelIeHus 3a1auH.

OBpUCTUYECKHUE, UHTYUTHUBHBIE, DKCIIEPUMEHTAIbHbIE U JIMHIBUCTUYECKUE OIMCAHMS,
OUYEBUJHO, SIBJISIIOTCS Ba)KHBIMHM B 3JIEKTPOdHEpreTuke. BupryanbHo mro0as mpakTuueckas
3ajadya TpeOyeT HEKOTOpbIX '"HeompezeleHHOcTe" B mpobiaeme (GopMyaupoBaHHS U
nocieayouero axanuza. Hampumep, npu IUIaHMPOBaHMM II0JIArarOT, 4YTO IMPOTPAMMBL,
MOJICIUPYIOIIME TPOTHO3MPOBAHMWE HArpy3kd, oOecneuuBaroTcsi HHGpopManmend mnpu
Pa3IUYHbIX IUIAHUPYEMBIX cLeHapusx [7].

HeompeneneHHoctd B HEYETKOM  JIOTUKE  THUIIMYHO  BO3HUKAWOT B ¢opme
HEOMNpPEJECJIEHHOCTH W/WINW KOH(DJIUKTOB, KOTOpbIE HE OTOOpa)K€Hbl B pPEAJbHOCTH B
BEPOATHOCTHBIX paMkax [8]. HeompeneneHHOCTb MOXKET MOSABUTBCS B IIpenenax
BO3MOKHOCTH pa3HO00Opa3us noaxooB. PaccMoTpum o01imii 1 mpocToi BUJ PacCy ACHUN O
cHCTEME MEeXJy KCIepTaMH, 4ToObl CKa3aTh 00Jiee ONpPe/IeIeHHO O COCTOSIHUU 3arps3HeHUs
M30JISIIMOHHOTO Macijia BBICOKOBOJIBTHOTO TpaHchopmaropa. [lpumep HeompeneneHHOCTH
YTBEPKACHUS O TOM, YTO 3TO YTBEPKIACHHE SIBJISAETCS HEUETKUM, U3-3a OTCYTCTBUS TOYHOI'O
U3MEpEeHUs, MOITOMY KOJIMYECTBEHHAs! OLIEHKA COCTOSIHMSI O BJIQXKHOCTH OTPaHUYUBAETCS
HEYeTKUM orpenenenueM. Ha camom nene MokeT ObITh CHOPHBIM, YTO Iepefada Oosblie
nH(pOpMalIUK YeM €IMHCTBEHHOE peajJbHOE U3MEPEHUE BIAKHOCTU Cpa3y ke MOocie TOro Kak
HaOmofaTenb MO KadyecTBY OOECHeYUT TMOJHOM OLEHKOW COCTOSHUS Macia B
TpaHcpopmaTope. SICHO, YTO HEONPENEIEHHOCTh TAaKOr'0 YTBEPXKIEHHUS COCTOUT B TOM, YTO
YPOBEHb BJIAKHOCTH PE3KO BBIIIE CUUTHIBAEMOIO IOKA3aHUs, BKIIOUEHUE TAaKOI'O YpPOBHS
BJIQ)KHOCTH SIBJISIETCS B 00ILIEM HEOIPEAEICHHBIM U TPEOYeT YTOUHEHUS.
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HeueTkue cuctembl NPUAAIOT 0CO00C 3HAYCHHE BAXKHOCTH MOJICIMPOBAHUS MOJTOOHBIX
HeomnpezeneHHocTed. C Takod NOMBITKOM TpaAULIMOHHBIE BEPOSTHOCTHBIE METOJbl MOI'YT
OBITh MPUCTIOCOOJICHBI K PEIICHHIO ATHX 3a7a4. OHAKO MCCIICIOBATENN B 00JIACTH HEUETKUX
CUCTCM HallJl, 4YTO IMPUMCHCHHUEC BCPOATHOCTHBIX METOAOB [JIA PpPCHICHUA 3agad C
HEOIPEICIICHHOCTSIMU TMPECTaBIISAETCS He 3D ()EKTUBHBIM.
HaunOoiiee BakHBIM SBIISIETCS TO, YTO HCUCTKasA CHUCTCMaA CO34aCT TAKHUC PAMKH JIA
MOJICITUPOBaHUS, KOTOPhIE HEBO3MOXXHO OCYIIECTBHUTH CYIIECTBYIOUIMMH BEPOSITHOCTHBIMU
Meronamu. Hambomee ¢opManbHbBle METOABI, TaKHEe KaK, HECOMHEHHBIC TIOKa3aTelln
YBEPEHHOCTH, HE MO3BOJISIET UX MPUMEHSATh KaK CUCTeMaTHYeCKUe METOIbl. Bee ke ocraercs
MOJIEMUKA MEXKTY HCCIICIOBATEIIIMA OTHOCUTEILHO HEOOXOIMMOCTH HEYSTKOM MaTEMATHKU U
pa3zHooOpa3usi METOJIOB TMOSBISIFOIIUXCS B JHEprocucreMe W Habopa mertomoB MU s
aQHAJIOTMYHBIX TIpoOsieM. [lanHas pabora OyneT mIaroM K pa3pelieHud TaKOH TOJEMUKE,
MOCKOJIBKY 3TO CTOUT TOro, 4ToObl OojbiiMe W ycnemHble npumenenuss HJI u npanee,
MOCIICYIONIEE PA3BUTHE PA3IMYHBIX MeT0/10B, HJI yxe urpaer BaXKHYIO pOJib B TIPUBEICHUN
TAKOT0 KJIacca MpoodJieM K paCCMOTPEHHUIO.
s 1mpoBeneHMs  HEKOTOPBIX 0000IICHNH BAXKHBIMU  SBIISICTCSl  CIIEAYIOIIUE
npeuMymiecTBa OT Oyaymniero oOecreveHusi, KOTOPbIE MOXHO JOCTHYb OT TPUMEHCHHS
MOJICITUPOBAHUS B HEYETKOW CUCTEME ITOIXOJI0B:
— MCTOABI MPEACTABIICHUA PCAJILHOT'O COCTOAHUA,
— MOJICTTM HEONPEACICHHOCTH, KOTJa CTaTUCTUKA HEJOCTYITHOW WJIM HE U3MEPSICMO,
WK APYTrUMH CJIIOBAMU, 3aﬂaHHOﬁ B BUJIC UHTCPBaJia BEPOATHOCTHU,

— uH(pOpMAIMOHHAST MOJEIh CYOBEKTHBHOTO COCTOSHHUS (T.€. HEYETKHE HW3MEPEHUs
BEPHOCTH ¥ BO3MOKHOCTH);

— WU3MEepeHHe KadecTBa CYOBEKTHBHOTO COCTOSHUSA (T.e. M3MEpPEHHsT HEeYeTKOU
WHpOPMAIINU, HEOTIPEICICHHOCTH );

— HMHTETPUPOBAHHUE JIOTUYCCKUX M YHCICHHBIX METOJIOB;

—  MOJCJH IIpUu THOKHX OIrpaHUYCHUAX

—  MOJCJH PCUHICHUA ITPU MHOTUX KOH(l)J'II/IKTHI)IX neIiax,;

— CTpOoru€ MareMaTUYCCKHUEC OCHOBBI [JII MAHUITYJIMPOBAHUSA C BbINICHA3BAHHBIMU

MIPEICTaBICHUSMHU.

HC‘ICTKI/IC MOIACIN I/ICHOJ'H:3yeMBIC B 3aJja4yax aHaJin3a
Taobmuma 1

OrpanuyeHus

CocrosHIS 0TKa3a 000pyIOBaHHS
JluneliHas anmpokcUManus
M3mepurensHbii ym

Omnbka n3mMepeHus

BpeMst BO3HUKHOBEHHSI COOBITHIA
YnpouieHHbIe TapaMeTpUIecKre MOACIN
[Iporuo3sr motTpedneHus

JnHamuka cucTemsl

©CoNo~LNE

Hedertkue menu v orpaHUYCHUAS
TaOnuua 2

Jomyctumble puckn 0€3011aCHOCTH

O1eHKa MoTpeOUTENLCKON YIOBIETBOPEHHOCTH
OKOHOMUYECKHE LEITH

Lenu no oxpyxaroweit cpene

[penensl 3arpy>xeHHOCTH 000PYIOBAHHS
[Ipenenbl HOPMATBHBIX YCIOBUH AKCILUTYaTalluy
Ienu kagecTBa 2IEKTPUUECKON SHEPTUU

Ilenu 6e3omacHOCTH

IIpenensl ycroiiunBocTu

©OoNOA~WNE




JIMHrBUCTHYECKHE OIMCAHMs POCTa PAa3BUTHUSA TaKKE KaK OBICTpOE pa3BUThIE, MPOEK-
TUPOBAaHUE II€JIEW TaKuX, KaK YMEHBIICHHE MOTEPh SIBISIIOTCS peajbHO OOBEKTUBHBIM. Tak
KaK, TpaJUIMOHHbIE HH)XEHEPHbIEe (POPMYJIUPOBKU HE OXBAThIBAIOT TAKHE JUHIBUCTUUYECKUE U
3BPUCTUYECKNE 3HAHUS.

OOBbeKTUBHBIE OLIEHKH BbIIICYKa3aHHBIX HEONPEAECHHOCTEH HEOOXOAMMBI AJIs IOJTy-
YEeHUSl pelIeHHs. DTH HEOIPEIeIEHHOCTH MOTYT pasesieHbl Ha JBE OoJbIIve Tpynmsl: 1)
M3MEPEHUsI U MOJIEIN CUCTEMBI U 2) OTPaHUYEHUS U LIEJIM BO3HUKAIOLIME B pOIecce MPUHS-
THUS PEILEHUs.

[Ipumepsl HeolpeaeNeHHOCTEH HMEIoIIMe MECTO B SHEProcUCTeMe OCHOBaHbl Ha
CIIeIYIOINX KJTaccu(UKAIMSIX, TPUBEICHHBIX B Ta0mumax 1 u 2.

2. Knaccuuyeckue mpuMepbl HCHOJIb30BAHHS CHCTEM HEYETKOr0 MOJAeJIHUPOBAHHUS B
pelIeHUsIX JIeKTPOIHEePreTHYeCKUX 3a1a4

HedeTtkue cucTempl HallUTH IPUMEHEHHE BO MHOTHX OOJIACTSAX AJICKTPOIHEpPreTuku. B tadm.3

MIPUBOJUTCS MEpPEUYeHb NPUMEHEHHUs1 B Hanbomee obmux obnacTsax. PaccMoTpum Tpu rpymiib

BKHBIX TIPUMEHEHUI: SKCIIEPTHAS CHCTEMa, OCHOBAHHASI HA HEUCTKOW JIOTHKE; PETYIISATOPHI

HEYETKOW JIOTUKHU; CUCTEMbI IPUHATHS HEUETKUX PELICHUI.

3anaun pemaembie B 99C ¢ nmomouipio annapara HM

Tabmuna 3

AHanM3 pexrMOB ITPU aBapUHHBIX O0TKa3aX AJIEMEHTOB
JlMarHocTrKa COCTOSIHHSI CHCTEMBI B €€ 00bEKTOB
[InanupoBaHue pa3BUTHS paCIpPEaCIIUTENbHBIX CETEH
YacToTHOE yIpaBlieHHE HArpy3KOi

Br100p cocTaBa reHepHPYIONINX arperaTton

Pacuer notokopacnpeneiaeHus

IIporHo3upoBanue Harpy3Ku

YrpaBieHHe peakTUBHOM MOIIIHOCTBIO U HANPSHKEHUEM

N~ WNE

2.1. DkcnepTHbIe 3aK/I04YeHus popMupyemMble Ha 0a3e HeUeTKUX BbIBO0B

B ocHOBe npuMeHeHus1 OOJIBIIMHCTBA SKCIIEPTHBIX CUCTEM JIEKAT METOJIbI HEUETKUX CUCTEM.
3/1ech HEOIPEEIEHHOCTh aCCOLMUPYETCs C KaXKbIM INpaBuioM B 0a3ze mpasui. Hampumep,
paccMOTpUM 3ajiady TUAarHOCTUKU TpaHchopMaTopa, e KOHLEHTPAIs PaCTBOPEHHOTO Ira3a
YKa3bIBAET HA 3apOKAAIOLIMICS 0TKa3. [[j1sl TMarHoCcTUKU COCTOAHUE TpaHC(HOPMATOPa MOKET
OBITh CIIEAYIOLUM: GbICOKUL YPOBEHb 8000PO0A 6 UZ0JIAYUOHHOM MACie mpancghopmamopa
4aACmo CIYACUM NPUSHAKOM 0Y208020 pa3psod.

JIBe HEONpeneNeHHOCTH «4acTO» U «BBICOKOE» JIOJKHBI OBITH CMOJETHMPOBAHHBIMU,
KOTODBIE JIETKO MOTYT OBITh NPEACTABICHbI KaK pa3MbITas Mepa M Pa3MbITOE MHOXKECTBO
COOTBETCTBEHHO. CTporue MaTeMaTHUECKUE METO/bl PA3BUTHI JJISl BHINOJIHEHUS YHUCIECHHBIX
JEeUCTBUM, CBSI3aHHBIX C MOJOOHBIMH HEONPEAEICHHOCTAMU. TEHIEHIMsS AUAarHOCTHKH
0o0OpyIOBaHUS B  BBICOKOM CTENEHHM OKA3bIBACTCSA  IMPHUBJICKATEIBHOM  MOCKOJIBKY
pa3BUBAlOLIEECs TOUHOCTh YUCICHHBIX MOJEIEH JUIsl aBapUIHBIX PEKUMOB SIBISETCA OOBIYHO
HE [IPaKTUYHOM.

TpyaHo 3HaTh, KaK MHOIO JKCIEPTHBIX CHCTEM B DJJIEKTPOIHEPIE€TUKE HCIIONB3YIOT
METOZbl HEYETKOM JIOTMKHM, KaK MHOI'O Pa3BUTBIX CPEIACTB CO34AHO B TEXHOJIOIUAX IS
YIPAaBICHUS HEONPEIEICHHOCTBIO, W MCCIENOBATEINM CaMH HE MOTYT 3HaThb O TOM, 4YTO
UCTIOJB3YIOT HEYETKYIO JIOTUKY. Hanpumep, IIMpPOKO MCIONB3YeMbIi METO KO HHUIIMEHTOB
JNOCTOBEPHOCTH SIBJISIETCSA YAaCTHBIM CIIy4a€M HEUYETKMX U3MEPEHUM.

2.2. HeueTrkue peryJsitopbl

TpaavLMOHHBIM IIPUMEPOM pacdeTa YIPaBIAIOIIETO BO3JECUCTBUS SABIISICTCS CO3JaHUE
MOJIEIIM CUCTEMBI U Pa3BUTHE 3aKOHOB YIIPABICHMA Ul aHaiau3a dToW Moxenu. Perymsatop
MOXET MOJU(PHUIMPOBATECS B pe3yjibTaTe OMNBITOB W JKCIUTyaTauuu. M3-3a cioxHOCTH
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aHaJu3a MHOTHE TAaKHUe PEryJsTOpbl SABIAIOTCS JUHEHHBIMU. [10/1X0/] HEYETKOro peryasTopa,
KOTOPOTO siBiisieTcs: 0OpaTHBIM. OCHOBHOE TPAaBWIIO YIPABICHHUS OTHOCHUTCS K CIIEIUAIBHBIM
cUcTeMaM, OCHOBAaHHBIM Ha OJKCHEPUMEHTE C LEJNbI0 [OCIEAYIOIEro aHalu3a M
MozenupoBaHus. s nmpuMepa paccMOTpUM OOLIEH 3aKOH YIpaBJICHUS JUIsl pEeryJIUpOBaHUS
COCTOSIHUSI CUCTEMBI.

Ecnu owubra mana u nonosxcumenvua M owubra usmensemcs
U sensemcs 6onvwion u ompuyamenvuou, Toeoa ynpasnsemoiil
8bIX00 ABAEMCS MATBIM U OMPUYATNETbHBLM

9T0 MMpaBUJIO MPUHAJICKHOCTH KOHUCIIIWH YIIPABJICHUA AJISA YTBCPIKACHUA JKeraeMoM
MO3UIMKU MW COKpALICHUA YPOBHA YIIPABJICHHUA OO JOCTUIKCHHA YCTAaHOBJICHHBIX 3HAYCHUU
PEryiinpyemMbixX BCJIIMUYNH, COOTBETCTBYIOIIUX COCTOAHUIO IIEPEPECTYINPOBAHUC.

KonuuecTBeHHOE 3HAUCHUE BEIWYHMH «MAJIOKMy WM «OOJIBIIONY SBJISIOTCS HEUCTKHMHU.
HpO@KTI/IpOBaHI/Ie IMOJIHOT'O  YIIPaBJICHUS Tpe6yeT Pa3sBUTHUA CUCTCMbI 0a30BBIX IMpaBUI
YHOpaBJICHUA COOTBCTCTBYIOHNIMX BXOJAO0B MW METOJAa IPOCKTUPOBAHUA KOM6I/IH3.III/II/I BCEX
IIpaBUJlI BbBIBOOOB. TouHOCTH (by'HKLII/Iﬁ HCUYCTKUX HpHHaHHe)KHOCTeﬁ 3aBUCUT OT pPCaJIbHBIX
BCJIMYHMH BXOAOB U OCHOBHOM1 XapaKTCPUCTUKU OTKIIMKA CHCTCMBI. B OHCProCcucTeMe
PETYIIATOPLI HEYETKOM JIOTUKHU B OCHOBHOM MPEAJIONKCHBI JIs YIIPABJICHUA CT&6HJ’IH321LIPICI>1.

2.3. HeyeTkoe NpUHATHS pellIeHUS U ONTUMHU3 AU

[[Iupoxmii Knacc 3azad B DHEPrOCUCTEME, CBSA3AHHBIX C IUIAHUPOBAaHUEM H
SKCITTyaTalueil MpeACcTaBIA0T OO0 3a1aull PUHATHS PEUICHHUs] U ONTUMHU3AINH, KOTOPbIE
BKJIIOUYAIOT B YMCJIE€ MPOYMX [JIAHUPOBAHUE NEpeJadM, aHajau3 0€30IaCHOCTH, ONTUMAIbHOE
MOTOKOpACTIPEICNICHUS], OIICHKA COCTOSIHUSI U BBIOOP pa3MelieHusl. OTH OCHOBHbIE 00JacTH,
KOTOpBIM TPUBJIEKAIOT BHUMAHUE HCCIIEOBATENel CO 3HAUUTENIbHBIMH YCIEXaMH, OJHAKO,
OOJIBIIMHCTBO CHUCTEM €I¢ I[IOJIAraloTCsl Ha TPOMO3IKHUN TMOAXONI OSKCIEPTOB, YeM Ha
COBPEMEHHBIE aJITOPUTMbI ONITUMHU3ALIUY.

BozHukaroT npo0iaembl n3-3a CTpeMIIeHHUs, YTOObI MPAKTUYECKUE 3a]]a4l CMOTJIM BONTH B
pPaMKH JKECTKOH MOJETH CHUCTEMBI, KOTOpPbIE MOTJIM OBl OBITH ONTUMHU3UPOBAHBL. TO
pe3ynbTaThl COKpallleHUus HHPOpMAIMK 00 B BHJE YIPOUICHHBIX OTpaHUYEHUH, OO
neneit. Takoe ympoIieHne MOJETH CHCTEMbI U CYOBEKTUBHOCTH IIEJICH MOXET 4acTo OBITh
Mpe/ICTaBICHHBIM KaK HEOMPEIEICHHOCTh B HEYETKON MOEIIH.

PaccMoTpuM onTuManbHOE noTokopacipeaenaeHue. Llenpo MoxeT ObITh MUHUMH3ALUE
CTOMMOCTH, MHHHMYM HAaCTPOWKH YIpaBJCHHs, MUHUMAalbHas SMHCCHS BBIOPOCOB WIIU
MakCUMyM rpaHul Oe3onacHocTH. Du3nveckn B OrpaHUYEHUS JOJKHBI OBITh BKIFOUEHBI
MOIIIHOCTH T€HEepalliy, BEITUYMHbI HAMPSHKEHUH B y3Jlax HArpy3Kd, IEPEeTOKH MOIIHOCTH T10
JUHUSAM U 00BbEM HEeoOXoauMoro pesepBa. Ha mpakTuke HEKOTOpbIE U3 3TUX OrpaHUYEHMH
WIM TeJIed XOpOIIO HM3BECTHBL. Tem He MeHee, HEOOXOJUM KOMIIPOMHUCC MEXKAY STUMU
pa3HooOpa3ueM pacCMOTPEHHM C TeM, YTOOBI JOCTHYb MpUEMJIEMBIX perieHuil. Hedetkas
MaTeMaTHKa 00ecTieunBaeT MaTeMaTHUYECKYI0 OCHOBY JIJISl 9TUX paccMoTpeHuid. [Ipumenenus
B 9TOM HaIIPaBJICHUS MIPEJICTABISET COOOM MOMBITKY MOJIETUPOBATH TAKUE KOMIIPOMHUCCHI.

3. OcHOBHbIE MOJIOKEHHS HEYeTKO MaTeMATHKHU B PellIeHUSIX JJIeKTPOIHEPreTHYECKUX
3ajau

31ech MPUBOJISATCS HEKOTOPBIC OMpEICIICHUs] HEYeTKOW MaTeMaTuku. Hederkas jormka
o0OecreynBaeT  BBINOJHEHHE  OSKCIEPUMEHTa U OpearnouTeHuss 4depe3  (GyHKIHU
MPUHAICKHOCTH. DYHKIIUN MPUHAICHKHOCTH UMEIOT pPa3IndHble (OPMBI, 3aBUCSIIHE OT
MPEANOYTEHUH 1 ONBITOB, KOTOPbIE BHIOUPAET UCCIIEIOBATEb.

Hedetkne mpaBuia MOTYT OBITH TOCTPOCHBI B BHJIC ONMUCAHUS KaK JIMHTBUCTUYECKAS
B3aMMOCBS3b Tapbl COCTOSTHUHN «ecnu — toraa» (if — then). B ocHOBHOM, mMmeeTcs yeThIpe
MOAXO0/a BBIBOJIA HEUETKHUX MPABWI: 1) M3 OMBITA U MO3HAHUS JKCIEPTOB, 2) U3 MOBEACHUS
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YelIoBeK — omepatopa, 3) W3 HEUETKOW Mojeiau mpouecca u 4) u3  0oOydueHwHs.
JIMHrBUCTHYECKHE TIEpEMEHHBIE JOMYCKAIOT, YTO CUCTeMa OoJiee WM MEHee MOHITHA [Tl He
MOJITOTOBJICHHOTO onepaTopa. TakuM MmyTeM He4YeTKasl JIOTMKa MOET OBITh MCIOJIb30BaHA
Kak 00IIasi METOJ0JIOTHS B OOIIMX TMO3HAHMSX, BPUCTHKH WM TEOPUU B PETYISATOpaxX U
NPUHSATHH PEIICHHH.

MHorue ¢yHAaMEHTAbHBIE METOJIbl HEYETKOTO MHOXECTBA HMEIOT IIHUPOKHUE
BO3MOYKHOCTH B JIOBOJIbHO KPaTKHX 0030pax JaHHBIX HWKe. Majou3BecTHas METOOJIOTHSI
HEYETKOTr0 Kpurepus H WHGPOPMAIMOHHON Teopuu pas3BuBaercs Oonee monHO. bonee
OOIIUPHYIO TPAKTOBKY MaTeMaTHKH MOYKHO HaiTH B [9-15].

HeueTkoe MHOXECTBO 3TO MHOXKECTBO YIOPSIOUYEHHBIX Map COACPIKAIIMX SJIEMEHT U
CTEINEHb MPUHAUIKHOCTH ATOTO dJIEMEHTA. BBICOKas BETMUMHA MPHHAJICKHOCTH CITY)KUT
MPU3HAKOM, YTO 3JEMEHT C 0ojee XapaKkTepHBIMH OCOOCHHOCTSIMH Ui MHOXecTBa. [lyis
HEYETKOTrO MHOXKECTBA A MMEEM:

A={(x,,(x)), xe X} (1)

rme, X — yHuBepcanibHOe MHOKECTBO, [, (X)— QyHKIMS NpUHAIIEKHOCTH M JUIS

HOPMalIM30BaHHOTO MHOXectBa L, (X): X — [O;l]. Hanpumep, MOXHO ompenenurhb

(GYHKIMIO TPUHAIIEKHOCTH 111 MHOXKECTBA yrce, Oombine 10 ciemyronmmM o0pa3oMm:
2

— 2)
100+ x

B GonbmmHCTBE JOTHYECcKUe onepaiuu (epeceueHus, 00beAMHEHUS U AOMOJHEHUS ) Ha
MHO>XCCTBC Ol'IpeI[e.]'IﬂIOTCﬂ KakK

o (X) =

HanB (x) = min(,uA (x), My (X)) (3)
Haos (X) = Max(, (X), 42 (X)) @)
p (X) =1 12, (X) (5)

3aMeTHM, uYTO €ClIM MHOKECTBO BKMIoueHus ompenensercs kak AC Bif Vxe X

U, (X) < 15 (X) , To Beerna monaraercs, 4To

AcAuB u AnBcC A

Jlpyrue omepaTopbl M3 TPEYroJbHOW HOPMBI M KJIACCOB KOHOPMBI MOTYT OBITH Ooliee
MOJIXOIANUMU, YeM BhINIeNpuBeIeHHbIe QyHKkiuu [16]. Hampumep, ucnons3yemMoil mmpoko
aBTOPOM

1

Mg (X) = (6)

e

A A

1 1

1+ | —-1| +| ——-—
1 (X) g (X)

npu A >1. Veenuuenue napamerpa A OyaeT yBeIUUMBATH BbIIAEIECHHUE BEJIUYMHBI MAION
(GyHKIMU TPUHAJICKHOCTH TaKUM O0pa3oM uTO, HANPHMEpP, OJWH BO3MOXKHOE BBIIETICHHE
CBSI3U pacCyKACHUs (YMO3aKIIOUEHHsI), KOTOpas pacCMOTpPEHa C MEHbIIEH BO3MOKHOCThIO0. K
TOMY K€ MOYKHO OTIPEIENUT ONMEPAIHUIO JIOTHIECKOTO ciiokenus gonymenueM A < —1 gacro
HEOOXOJMMO TE€HEPHPOBATH YETKOE MHOXKECTBO W3 HEUETKOT0 MHOXECTBA M MOXKHO
OINPENIEIINTh YKOPOUCHHOE O KakK:

A, ={Xu,(X)>a, xe X} 7)



[Ipy oLeHMBaHMM COCTOSIHHUS CUCTEMBI HOSBISIOTCS HEONPENEIeHHOCTH JMO0 H3-3a
M3MEPEHUs, JINOO OT HETONHOTHI 3HAHUN CHCTEMBI. TpajiuiIMOHHO Takash HEONpPEeACICHHOCTh
MOJIEIUPYETCs B BUJIE CAY4allHOrO IIIyMa W UCHOJIb3YyeTCsl IS YIPABICHHUS BEPOSTHOCTHBIMU
MeToaMu. Pa3mbITas (HeueTkas) Mepa sIBIsIeTCsl 00OOIIEHUEM BEPOSATHOCTHOM MEPBHI, NPHU
KOTOPOH aJAMTUBHOE OrpaHUYEHHUE ycTpaHeHo. PeasbHo, HeueTkass Mepa G ompezaeneHHas
BBIIIIE MHOXKECTBO MOIITHOCTEH COBOKYIMHOCTH X (0003HaueHHbIN Kak P(X)):

G:P(X)—[01] (8)
npu
- G(®@)=0 u P(X)=1 (rpaHlYHbIC YCIOBUS)
- VA BeP(X) ecitu Ac B Ttorma G(A) <G(B) (MOHOTOHHOCTB)
- 1715 J11000M Moce10BaTeIbHOCTH

AcAc..cA rorma
!irg G(A)=G (!IFE A ) (HETPEPBHIBHOCTB)

Nmeetcss Tpu 0COOBIX MHTEPECHBIX CIlIydasi C TaKUM OIPEACIICHUEM HEUETKOH MEphI:
BEpOSTHOE (BO3MOXKHOE), pe/noiokenue (yoexxaenue) (HU3Kuil npeen Bo3sMoxHoro). Ecnu
CJICYIOIIee YCIIOBHE aJJUTHBHOCTU YIOBIETBOpsieTcs, Torma G sBIseTcs BEpOSTHOCTHOU
MEpOM, BbIpAKEHHBIN uepes P:

P(i&l/xj:iP(A)—Zﬂ: ZH:P(Ai AA) ot () "P(ANA,N..NA) (9)

i=1 j=i+l
Ecnu sT0 paBeHCTBO 3aMeHUTH NpuBeIeHHBIM Hike ypaBHeHueM (10), torma G sBnsercs
Mepoii penonokenus, npeacTabieHHbli yepes Bel :

Bel(éAijziBel(Ai)—Zn: Zn:BeI(Ai AA)+..+(-)"Bel(A N A, N..nA) (10)

i1 =i+l
U HakoHe1 Mepoii npasaonogoous 6yaer, eciu 3ameHuts (1.5.9) u (1.5.10)

n n n n
PIl nA [<D PI(A)-D D PI(AUA)+..+(-D)"PI(ALUA, U...U
(A )= ZPIA)-3 SPIA UA) -+ (D PIRUA L.UA)
W HakoHel MOJIE3HBIM SBISETCS O0OOLIEHHE ATHUX YpPaBHEHHH CIEIyIOLMM 00pa3zoMm,
VAe X:
—Bel(A) + Bel(A)<1
—PI(A) +PI(A)>1
—P(A)+P(A)=1
—PI(A) > P(A) > Bel(A)
Otn ypaBHeHuss u aHanmu3 ¢opMm B (10) m (11) BemeT WHTEpHpETANMIO TOATBEPKIACHHUS
IPEeIoIaraeMoro 1 npasaonoJo0HOro MpeCTaBIeHHs JOKa3aTeabCTBa 0€3 MOIEPKKU. ITO
XOpOILIO WITOCTPUPOBAHO PACCMOTPEHUEM OINUCAHUS COCTOSIHMS AJI KaXKI0H Mepbl, Korja
HUYEr0 HEU3BECTHO O CHCTeME (COCTOSIHME IIOJHOCTBIO  MrHopupyercs). Mepa
npaBaonooous OyaeT oJHa A BCEX HEMYCThIX MHOXECTB; MEpa MpeArnookeHus Oyner
paBHa HYIIO JUIsl BCEX MHOXECTB 3@ MHCKIIOUEHUEM YHHUBEPCAJIBHOIO MHOXECTBa X .
HaoGopot, Obu10 OBl THUNMYHO NPU HPABAONONOOMU MPHUHITH MOCTOSHHOE (HEU3MEHHOE)
pacmpeseieHue A TOro, 4ToObl BCE COCTOSIHUS OBUIM OJMHAKOBBIMH. TakuMm o00pazom,
Ba)KHOW pa3HUIIEH B MCIIOJIB30BAHMM HEUYETKOW MEphI SBJISETCS TO, YTO OHA BBIPAKAETCS B
TEPMHUHAX IPEJCTaBICHUS O TOM, UTO HEU3BECTHO.

Hcnonp3oBaHue BbIlIEyKa3aHHON CTPYKTYphI B MPOOJIEMe BO3MOXKHO ISl TOIO, YTOObI
COCPEIOTOUYUTh HAXOXKICHHE PELICHUS MpOoOJIEMbl C ONPEAEICHHBIMU IlIAraMu IyTeM
MIPUHSATHUS TPEINOIOKEHUS O TOM, YTO COCTOSTHHE BCETO 000pyI0BaHUsA (OOBEKTOB) SBIISICTCS
BO3MOXHBIM (Mepa MpaBAONOAOOMS OJHOTO M3 COCTOSHMI), HO He crenuduyeckoe

COCTOSIHUE MOXET IpearnosaraThCcs (Mepa MpeosioKeHue HyseBasi), T.€. OJHO HaydajbHas
9
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¢dopma cocTossHUS - He3HaHHe. [loaTBepXkIeHUs MpeCTaBiIseT NMPUOOPETEHHbIE B MEPUOJ
JMarHo3a, MOJIEPKUBAIOLINE OYEBUAHOCTH OYAET YyBEIMUYMBATh 3HAYEHHUE MPaBIONOA00us
OIPEJIEJIEHHOI0 COOBITUS U HE MOoJiepkKHUBaeMble (pakThl OyAYT yMEHbIIATh MPaBIONOA00HE
JIPYTUX COOBITHH.

4. IlpuMep MCNOIB30BAHUS HEYETKOM JIOTMKH B yIIPaBJIeHUH

VYnpaBieHue ¢ HeYeTKOM JOrMKoi B OCHOBHOM IPHUMEHEHO K CIIOXKHBIM CHCTEMaM, KOTOpbIe
HE TpeOyIOT TOYHOTO peryiaupoBaHus. J[aHHBIA pa3znen paccMaTpUBAET NMPHUMEHEHHUE IS
peryJaupoBaHMUs SHEProCUCTEMBbl IIOCIE BO3MYILIEHMH, KOIJa AakLUEeHT JieJaeTcss Ha
CTa0MIIM3aLMIO TIpOLlecca B MEpPUOJ ISHCTBUS M cpa3y mocie aBapud. bombmas cioknas
SHeprocucTeMa JI0JKHa MOJJIEPKUBATh HAPSXKEHUE U CUHXPOHHYIO 4acTOTY BHYTPU OYEHb
y3Koro mpenena. BrmoOaBok, Harpy3odHble OrpaHHYEHHUS HA OT/ACIbHBIE KOMIIOHEHTHI
CHCTEMBI JIOJIKHBI ObITh HabmogaeMbl. CucTemMa MOCTOSHHO MOJIBEPraeTcs BOZMYILECHUSIM U3~
3a HE3HAYUTENBHBIX (PIyKTyaluidi B HArpy3Ke, TeHepalnu U TaK Jiajee, KOTOpbIe MPOUCTEKAI0T
B BUJIE MaJIbIX OCLMJUIALIMHI, €CIIM CUCTEMA HE CIUILIKOM CHJIBHO HarpyxeHa. MlHorja cucrema
UCTIBITHIBAET OoJiee TSDKETble BO3MYIICHHS OT TOBPEXKICHUH JIMHUA Tepelavyd WiH
MOBPEXJICHUNA Jpyroro obopynoBaHusa. B mporecce 3TMX MOBpEXAECHUH M B OCOOEHHOCTH
KOTJla CHUCTeMa CWJIBHO Harpy)keHa peryJupOBaHHE T'E€HEpaTOpPOB JIOJHKHO pPearupoBaTh
JOCTAaTOYHO OBICTPO, 4YTOOBI MOAJAEPKaThb CHUHXPOHM3M U YIYyYUIUTh JAeMI(pupoBaHUE
kosebanmii. CucreMHusle crabmm3aTopsl (PSS) mMpoeKTHpyIOTCss IMEHHO Uit ATHX LEJICH.

PSS yBenuuuBaer wiM yMmeHbIIaeT BO30YXJEHUE I'eHepaTopa B COOTBETCTBUU C
bykTyanusiMu (OTKJIOHEHHSIMH) YacTOThL. [IpoOiieMa peryiaupoBaHUs SBISETCS CIIOKHOM,
IIOCKOJIBKY aBapusi MpPEJCTaBIseT COOOH BHE3aHOE HEU3BECTHbIE U3MEHEHMS B JUHAMUKE
CHCTEMBI, & TaK)X€ B €€ YCTAaHOBMBIIMEMCS IOCJI€aBapuiHOM pexkume. TpaauiroHHO, 3Ta
npobiema pemaercss JUHeHHbIMU MeToaaMu Uit PSS u TpeOyeT mojaHOro MoaeaupoBaHUs
BO3MOJKHBIX BO3MYILIEHUN U TIOCJenyronux HacTpoek [17, 18]. Perynstop He4eTKO# JTOTHKH
(PHJI) mpenoctaBisieT BO3MOKHOCTh JUJIsl 3TOIO MIPU MPOEKTUPOBAHUU PEryisaTopa, KOTOpOH
cocpenoroueH Ha ponu PSS ¢ Tem, 4T00BI 00ecreunTh CHHXPOHU3UPYIOMIMK Bpamalonini
MOMEHT, YeM CJI0XKHOCTb IPOOJIEMBbI HANIPABICHHbII HA MOBBIIIEHUE TOYHOCTH.

JIBe MIPUYUHBI MOKHO BBLICIUTH JUISl OCYIECTBICHHUS HEYETKOTO PETYIUPOBAHUS — 3TO
’KeJlaHUE BKJIIOYUTH B MPOLIECC YNPABICHHs JIMHTBUCTHUECKUE NpPaBUIIa PETyIUpPOBaHUSA U
HEOOXOMMOCTh MPOEKTUPOBAHUS PETYIATOpa 0€3 yCOBEpPIICHCTBOBAHUS TOYHOCTH MOJIEIH
cucreMbl. BaxHo ormeruts, uro PHJI momHocThIO sIBiIsieTCSl BBIpa)K€HHOM B TOM, YTO OH
MOKET PaBHOMEPHO ammpoOKCHUMHUPOBATH JIIOOBIE YCIOBUS OTOOPa)KEHHBIE C MPOU3BOJILHON
ToyHOCThIO. TakuMm oOpa3oM, cmocoOHocTh mnoxaxona HJI mpoucxoautr ot cnocoOHOCTH
JMHTBUCTHYECKOTO OMUCAHUS MPABWII YIIPABICHUS JUIsI MOJENIeH caMbIX cucteM. [lns Hadanma
MPEIOI0KHUM, YTO IPAaBUJIA YIPABICHUS JJI1 CUCTEMbI MOTYT OBbITh a1eKBaTHO BBIPAYKEHbI HA
OCHOBE 4YEJIOBEUeCKOro ombita. Paza NMPOESKTHPOBAHUS Jajliee KacaeTcsl YIYYIIeHHS STHX
NpaBUI  YNpaBJIEHUS U  TOCJIEJOBAaTEIbHOE MPEINOJIOKEHHe O Ipouecce. 37ech
nperoaraeTcs, 4yTo MpaBWia YIpaBIeHUs O00O0OIIEHBI W 3aJaHbl. Perymstop mpu Takom
pPacCMOTPEHUH MOXET ObITh KJIACCU(UIMPOBAH KaK NPAMOM aJanTHBHBIM HEUSTKHM
PEryJsTOp, TIe TOJIBKO PEryiIsaTop, a He CUCTeMa cMojieupoBana Ha ocaose HJT [19-21].

Iockonbky Metonasl HJI nmeror 000CHOBaHHBIM TeopeTuueckuil 6a3zuc, OONBIIMHCTBO
npumenennii PHJI TpeOyroT HekoTopyio (opMy UYHCIEHHOW HACTPONKH OIpeIeTIeHHOM
CHCTEMBI C T€M, YTOOBI MOJIYYUTh IPUEMIIEMOE UCIIOJHEHHE. Takas YuCiIeHHasi HaCTpOWKa B
o0IIeM BKIIIOYAET 3HAYUTENbHBIE YCWJIMSA M MOTYT OBITh OrpaHMYEHBI Y3KUM JHAIa30HOM
PEKUMHBIX YCIOBUNA. DTO MO3BOJISET IPOBECTU UX HKCIEPTHYIO OLIEHKY, BEIPRXKEHHYIO B BUJIE
JIBYX BO3MOXXHOCTEH: OOIIME TpaBWiIa YIPABICHUS DPETYISITOPOM M JKEIaeMbId OTKIUK
CHCTEMBI.

4.1. MeTomoJ10rusi NPOEKTUPOBAHMS PEryJsiTOPa HEYEeTKOM JIOTUKHU
B o6uem, npoextupoBanue PHJI cocTouT U3 ciieayronux 3Tanos:
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— WICHTU(UKALUHU BXOJIHBIX U BBIXOJHBIX IEPEMEHHBIX;

— COCTaBJICHHME IIPABUJI YIIPABIICHUS;

— YCTaHOBJIEHHE NOJAXOAA AJI ONHUCAHUS COCTOSHUSI CUCTEMBI B TEPMHHAX HEYETKOI'O
MHOXECTBa, T.. co37daHue Merojna (azzupukamuu U QYHKOMA HEYeTKOH
IIPUHAAJICKHOCTH;

— 0TOOp KOMITO3UIIOHHBIX MTPABUJI BEIBOJIOB;

— Merton nedazzudukanuu 1.€. TpaHcHopMaIHs YTBEPIKICHUS HEUETKOTO YIPABJICHUS B
JeMcTBUE XapaKTEPHOTO yIpaBJICHUS.

Oransl 1 u 2 mpeacTaBisiioT coO0l 0coboe TpUMEHEHHE U SABISIOTCS OOBIYHO
HENOoCPEICTBEHHbIMU. VMeeTcss HeCKOJIbKO MOAXO0I0B 1O 3TanaM 4 u 5, HO B OOJIBIIMHCTBE
nyOJIMKauuii UCIONB3YIOT MUHHMAJIBHYIO HMIUTMKAIMIO (BKIIOYEHHE) M LEHTP TSKECTH
nedazzudukamuu. MeTomonoruss  NPOSKTHPOBAHHUS B OTOM  OOydYarwImeM IEHTpE,
dopmupyromem oOmme npaBwia (QYHKIMNA MPUHAUICKHOCTH M 3aTEM  ONPEACISIONINM
napaMeTpbl Ha OCHOBE OTKJIMKA, HA0JII0JaeMOTr0 IPH BO3MYIICHUU.

bnok cxema PHJI nokazana Ha puc.l. Perynsarop umeer nsa Bxona (omuOka€ u omudka
usmenenns €) m ommu Beixox U . Jlng perynsropa, NpEORKEHHOrO 31€Ch BCE TPH
MIEPEeMEHHBIC JIOJDKHBI JieXkaTh B MHTEpBane [-1;1]. DTo mocturaercst MacmrabupoBaHUEM
NEpPEMEHHBIX (DU3MYECKOW CHUCTEMBbl ITyTE€M HCIIOJIb30BAaHUS NPUEMIIEMBIX IMOCTOSHHBIX H,
€CJIM He00X0IMMO, OTPAaHUUYEHUEM PE3YJIbTUPYIOIIEH BETUUNHOM.

ke > Ta0muna
MIPaBUIT
+ » Kk » Plan
Hedazzud
d /dt — ke_ > U-KaToD

Puc. 1. Baok — cxema perynstopa HEUETKOM JIOTUKH.

Tpa,Z[I/II_[I/IOHHHﬁ PETYIATOP HEYETKOH JIOTUKH C JABYM:A BXOOAaMHU UCIIOJB3YCT IIPpaBUJIa

R; : ecnu €saensemea A u € aensemes B, moecoa U sensemcs C, (13)

rae, A, B, u C; npencrapnsior BeImyKI0€e HEYETKOE MHOKECTBO.

VrpaBneHue BBIXOJOM OINpEAENSIETCS MyTeM MHUHMMH3AIUA HEYETKOTO JIOTUYECKOTO
BBIBOJIA M IIEHTpA TsDKecTH Aedazzudukanuu. s « n» mpaBui

3, min(u, (6,45, ©)

ue,e) = (14)

n

> min{u, (€), 41, (6)

C, onpenenser Benmunny « U », koraa Heyetkoe MHOkectBo C mocturaer makcumyma (Mimu

CpeaHsisi MHTEpBaIa MPU KOTOPHIM JIOCTUTHYT MakCUMyM). JIJisi pa3BUTHSL B JaHHON MOJIETH,
GYHKIUSMH — TPUHAJUIKHOCTH — SBISETCS  TPEYrojibHbIE  (OPMBI, HOPMAIU30BAaHHBIC
M300pakeHus KOTOphIX B mHTepBaie [-1;1] mokazanmsr Ha puc. 2. IlpaBuma ynpaBieHUs
MOKa3aHbI B Ta0I. 4.
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LN MN SN ZE SP MP LP

A
v

Puc. 2. HopmupoBaHHEIH QYHKITHI TPUHATICKHOCTH.

IIpaBuna HEYETKOTO PETYIMPOBAHUS

Tabnuma 4
Tepmbl LN MN SN ZE SP MP LP
LN LP LP LP MP MP SP ZE
MN LP MP MP MP SP ZE SN
SN LP MP SP SP ZE SN MN
ZE MP MP SP ZE SN MN MN
SP MP SP ZE SN SN MN LN
MP SP ZE SN MN MN MN LN
LP ZE SN MN MN LN LN LN

(o603Hauenus: LP — 6onbiroe monoxurensHoe; MP — cpeHee monoXuTenbHOE;
SP — manoe nonoxutenpHoe; ZE — Hyib; SN — Manioe oTpHIIaTeIbHOE;
MN — cpennee otpunatenbHoe; LN - 60bI10€ OTPULIATENBHOE)

Ownbka BXOJOB perynaTopa €, W ommOKa OTKIOHEHMH € HOPMHUPOBAHBI
HOCTOSHHBIMU (KO3()(UIMEHTaMU Ko M K, COOTBETCTBEHHO, M YIPABIAEMbIH BBIX0T «U» -
é

MOCTOSIHHOM K. DTH HOCTOSIHHBIE aHAJIOTUYHBI KO3((UIMEHTaM yCUIIEHUS TPaJULMOHHBIX
PD perynstopa. Ongnako Oosiee MpeamovTUTeNbHEE, YeM pacueTHble KO3(UIIMEeHTHI,
MIPOEKTHPOBIIUKY IPUHUMAIOT PELIEHHE MAaCIITA0OMPOBATh UCXOAS U3 BO3ZMOYKHOW BEJTUYMHBI
BO3MYILIEHUS.

[lonobnast cTpykTypa mnpeioKeHa B JuTeparype, Hampumep [22]. 3mecs K
MOCTOSIHHBIE TPUHMMAaeMble B COOTBETCTBMM C MAaKCHMYMOM JOITyCKaeMO# aOcoioTHOU
BEJIMYMHOM JUIsl IEPEMEHHBIX BHYTPH ONPEJIEIIEHHOIO peXHUMa PadOTHI.

OmnpeneneHue yka3aHHbIX K IOCTOSIHHBIX SIBJISIETCSI HE TPUBHAJIBHBIM U II0 CYHIECTBY
ompenenser pabory peryastopa. Hemoaxonsiiee 3HaueHue A K  TOCTOSHHBIX
BUJOU3MEHSET (TpaHCPOPMHPYET) IpaBuia ynpasieHus u orpannuuBaiotr PHJI. Hanpumep,
Majioe 3Ha4€HHE K, O3HAYacT, YTO NPaBWJIA YNPABJIECHHSA B CpeIHMX pagax Tabm.1.4 Oymer

IIPUMEHSTHCSI B MEHbBIIEH CTENEHW U CcUcTeMa OyJaeT MepeperyjJupoBaHa IpH MallbIX
omuoOkax. JlokHO OBITH PYKOBOASIIEE YKa3aHWE [JIi HHKEHEPOB MMPOEKTUPYIOIIUX
yIOpaBjI€HUE C TEM, YTOObl OTOMpATh TAKUE HE3aBUCHMBbIE IapaMeTphbl AJs IMpaBWil WIN
byHKIMI npuHAANEKHOCTH. B o0miem, 4YHclieHHas HAcTpoilka MOXET moTpedoBaTh
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3HAUYMUTEJIbHBIX BBIYMCIIMTENIbHBIX YCUIIMN U BEJIMYMHA PE3YJbTUPYIOUIETO MapaMeTpa MOKET
OBITh HEMPABOMEPHOH JIJISl IUPOKOTO JUANa30Ha N3MEHYMBOCTH YCIOBUI SKCILTyaTalHH.

[Ipo6nemsbl, Kacatoiuecsi B 3T0il pabore TpeOyroT uTOObI MapameTphl UMENIU CHUITY B
TEYCHUHM BO3MYIICHUS, KOTJAa IMapaMeTPbl CHUCTEMBI OYyJET BapbUPOBATHCS B IIMPOKHUX
npenenax TakuM o0pa3oM, YTOObI HACTPOMKA I OTAENIBHBIX TOUYEK PEKMMa MOXKET ObITh HE
obocHoBaHHOU. [IpemioKeHHBI MOAXO MPABUI 10 HAOIOJCHHUIO OTKIUKA OTHOCUTEIIBHO
MIPOIMOPLMOHAILHOTO YCUJICHHUS OOpATHOM CBSA3U PEryisiTopa cleayroliee:

1. PHJI 3amensieTcs perynsaTopoM MOCTOSIHHBIM Kod(urmenToM ycunenus K.

2. OTKIMK Ha MHOECTBO BO3MyIIeHHH, d ,iel, HabmomaeM AaIs OTOOpPaHHBIX

3HaueHnd K i 3aJaHHOrO MHTEpBaIa T .
3. Apyrue K moOCTOSIHHbBIE BBIYMCIIAIOTCS KaK

=)

K= max e, (15)
-1

Ko=| max &0 (16)

Hecmorps Ha TO, 4ro mpenmonaraemas MOJENIb JAaHHOTO MOAXOJa pPaccMaTpUBAETCS
MIPUEMIIEMOH, TOCTOSIHHBIE MOTYT OBITh TAK)KE€ OMPEAEIICHBI [0 TAHHBIM PEAIbEHON CUCTEMBI.

Takum oOpazom, HJI sBnsercs Haumbosiee parMOHAIBHBIM TOAXOAOM K CHHTE3Y
PETYIATOPOB Ha OCHOBE KadecTBeHHOW MHpopmanmu o cucteme. Kpome Toro, peryisiTops
WM KOHTpOJUIephl, nelictBytomue Ha ocHoBe HM m HJI He TpeOyroT 3HAHHMS TOJHON
MaTEeMaTUYEeCKOW MOJENH YIPABISIEMOW CHCTEMBI, SIBISIOTCS POOACTHBIMU K JCHCTBHUIO
MapamMeTpU4eCKUX U CTPYKTYPHBIX BO3MYIIEHUN U CTIOCOOHBI (DYHKIIMOHUPOBATH B LIMPOKOM
JUana3oHe PeXKUMOB PabOThl CUCTEMBI.

4.2. MimocTpanuu K NpuMepy

Huxe paccmaTpuBaeTcs mpuMEHEHHE BBIMICH3I0KEHHOW METOM0JIOTHMH MOJEIUPOBAHUS
st PSS. TloctossHHble HeueTkol PSS HaiineHbl myTeM MOAENINPOBaHUS U3MEHEHUS BXOAHON
MEXaHWYECKOM MOIIHOCTH, 3a7aBacMOM B BHJIE HEIMHEMHOW Monenu [23-25] nus
OJTHOMAIIMHHOW CHCTeMBl C IIMHAM OECKOHEYHOW MOIMHOCTH [26-28]. Pesynbrarhl
ynpasienus: PSS, 3amaBaemoit B Buse moaenu HJI mokazansl Ha puc.3. 3necs npeacTaBiieHa
JUHAMHKa U3MEHeHus nporiecca 6e3 PSS.

4000

3000

a)

DepHEOT ABEAPHHE

4000 T T T
m_ ...........................
€ He9eTKoH PSS
E i : T i
1000 1 | I |
o 5 10 15 20 25

o)

Puc. 1.5.3. KpuBsie u3aMeHeHUs TOKA
a - 6e3 PSS; 0 - ¢ neuerkoii PSS.
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Mogenpb HeueTkol PSS mokaspiBaeT mpeBOCXOJCTBO MO CPABHEHUIO TPAJAULIMOHHOMY K
peryasTopy ¢ mapameTpamu, BBIOpAaHHBIMH TOYHO ONKMCAHHOW Meromosiorueit. s Goree
TSDKENBIX  BO3MYILEHUM HeueTkud PSS perynstop MMeer 3HAYMTENBHO — JIydIlUe
XapaKTEPUCTHKH U MPOLIECC IPOESKTUPOBAHUS MIPEICTABISETCS CYIIECTBEHHO MPOILE.

3AKJIFOYEHUA
1. IlpuBeneHsl pe3yabTaThl aHAIW3a MOXO0/I0B IJIAHUPOBAHUS M ONTHMAJIBHOIO YIPABICHUS
peXUMaMU SHEPTOCHUCTEMbI, Oa3MPOBAHHBIX HA TEOPHUH HEUETKOW JIOTUKH M HEYETKHUX
MHO)ecTB. [lokazaHo, 4TO OTCyTCTBHE ydyera B cyulecTtByroumx noaxomax HJI n HM
CIIy4aiiHOM M3MEHUYHUBOCTH MapaMeTPOB COCTOSIHUSI CHCTEMBI U CJIE0BATEIBHO BO3MOKHOCTH
OIICHKM BEPOATHOCTH OIECHMBAEMBIX HEUETKHUX PEUICHUM MOXKET HE COOTBETCTBOBATH
MPOLECCY ONTUMAJIBHOTO YIIPABJICHUS PEKUMaMU SHEPTrOCUCTEM.
2. CdopmynupoBaHbl OCHOBHBIC TIOJIOKCHUS HEUYETKOW MATEMAaTHKH W TPUHITUIIBI
MOCTPOEHUSI CHCTEM HEYETKUX PEUIEHW B 3aJadyax aHalIn3a W YHPABICHUS PEKUMOM
3JICKTPOIHEPTreTUYECKON CUCTEMBI.
3. IlpuBeneHsl MpuUMEPHl UCIOJIB30BAHUSL CHUCTEM HEYETKOTO MOJCIHPOBAHUS B PEHICHUSIX
AJIEKTPOIHEPreTUUECKUX 3aJlad Ha MpUMeEpe HedeTKoro MojenupoBanus aia PSS. Jlunamuka
W3MEHEHHUsl TMpollecca yhpaBieHus ¢ HedeTko PSS mokaspiBaeT mpeBOCXOJCTBO TIO
CPaBHEHHMIO TPAJUIMIOHHOMY PpETyIsTOpY C MapaMeTpaMH, BBIOPAHHBIMH OMHCAHHON
METOJIOJIOTHUCH.
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ELEKTROENERGETiKA SiSTEMiNiN iDARaETMa MOSOLOLORININ HOLLI
ZAMANI QEYRI-SOLIS MODELLOSDIRMO YANASMALARININ
XUSUSIYYOTLORI

QULIYEV H.B.

Enerjisistemin rejimlorinin geyri-salis montiq (QSM) vo geyri-salis c¢oxluglar (QSC)
nozariyyslorino asaslanan optimal idaroetmo vo planlagdirma yanagsmalarinin analizi yerino
yetirilmisdir. QSM vo QSC yanasmalarini istifado edon Usullar sistemin voaziyyatini ifads
edon dayigonlorin QSM qaydalar1 ardicilligr soklinds optimal idarsetma probleminin hallini
verir. Movcud QSM vo QSC yanasmalarinda sistemin voaziyyst parametrlorinin tosadiifi
doyismalari vo uygun olaraq geyri-salis hallorin ehtimal giymatlondirmalori sistemin optimal
idaroetmo prosesino uygun olmaya bilor. Elektroenergetika sistemi rejimlorinin analizi vo
idaroedilmasi  mosoalolorinds  qgeyri-salis  hallor  sisteminin  qurulmasit  prinsiplori
formalasdirilmis vo elektroenergetika moasalalorinin  hallinds geyri-salis  modellosdirma
yanasmalarimin istifado nliimunalari verilmisdir.

Acar sozlar: elektroenergetika sistemi, geyri-salis montiq vo geyri-salis ¢oxlug, mansubiyyot funksiyasi,
geyri-salis tonzimloyici, geyri-salis modellagdirmo.

FEATURES OF APPROACHES OF FUZZY MODELING IN SOLVING
THE PROBLEMS OF CONTROL OF ELECTRIC POWER SYSTEM

GULIYEV H.B.

The analysis of approaches to planning and optimal control of power system modes based on
the theory of fuzzy logic (FL) and fuzzy sets (FS) is carried out. Methods using FL and FS
approaches give solutions to the optimal control problem in the form of a sequence of CL
rules for system state variables. The lack of consideration in the existing approaches of FL
and FS of the random variability of the parameters of the state of the system and, therefore,
the possibility of assessing the probability of the estimated fuzzy decisions may not
correspond to the process of optimal control of the system. The principles of constructing
systems of fuzzy solutions in the problems of analysis and control of the regime of the electric
power system are formulated and examples of the use of systems of fuzzy modeling in the
solutions of electric power problems are given.

Keywords: electric power system, fuzzy logic and fuzzy sets, membership function, fuzzy logic
controller, fuzzy modeling.
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Energetikanin problemlori e Ne2 e 2020 e [IpoGnembl SHEPreTUKU

UOT: 621.31

BEYNOLXALQ TOCRUBONIN TOTBIQi NOTICOSINDO ELEKTROENERGETIK
SISTEMIN REAKTIiV ENERJIDON iSTIFADONIN SOMOROLILIYININ
ARTIRILMASININ iQTiSADI EFFEKTIVLIYININ QiYMOTLONDIRILMOSI

KULIYEV 9.M.

Azarbaycan Doviat Neft va Sanaye Universiteti
Azarbaycan, Baki AZ 1010, Azadliq prospekti, 20
asker.kuliyev@gmail.com

Miisllifin avvalki tadqiqatlarinda miioyyan edilmisdir ki, abonentlorin izafi vo lazimsiz reaktiv enerjinin
istehlak1 bir ildo 100 mln. manatdan artiq toskil edir. Olkonin Energetika vo Sonaye Nazirliyino daxil olan
hesabatlar gorsadir ki, ancaq Baki soharinin elektrik sobokasi lizro aktiv enerji itkilori bir ildo 60 min. manat
toskil edir. Olkonin digor regionlarnda bas veron aktiv enerji itkilorini 30 mln. manat mablogindo
giymotlondirmok olar. Umumilikdo &lkenin Elektroenergetik sistemi bir ildo 190 mlIn. manat zoror gokir.

Acar sozlar: strateji yol xaritasi, reaktiv enerji, beynolxalq tacriibs, iqtisadi effektin qiymotlondirilmosi.

Milli iqtisadiyyat vo iqtisadiyyatin osas sektorlart iizro Strateji Yol Xoritosinin tosdiq
edilmasi haqqinda [1] Azorbaycan Respublikasi Prezidentinin 2016-ci il 06 dekabr tarixli
1138 ndmrali Formaninda doyisikliklor edilmosi barodo Azorbaycan Respublikasi
Prezidentinin 2018-ci il 17 iyul tarixli 210 nomroli Formanina uygun olaraq 3.3.1.-Ci
yarimboandinin «Reaktiv enerjidon istifadonin somoraliliyinin artirilmasi barads arasdirmalarin
aparilmasma dair 13-cii vo “Arasdirmanin naticosindo tokliflorin hazirlanaraq toqdim
edilmasi”na dair 14-cii alt bandlorinin icrasi olduqgca vacib vo aktual problemlordir, xiisuson
bizim 6lkonin elektroenergetik sistemi {igiin.

Misllif terofindon aparilmis elmi-todqiqat arasdirmalar1 qoyulan problemlorin hallino
imkan verir.

13-cii alt boandindo masslonin qoyulusu tamamilo aydin vo diizgiindiir. Birinci novbado
reaktiv enerjinin real, mdvciid istifadesinin dyronilmasi tolob olunur. Reaktiv enerjinin osas
istifadagilori geyri-ohali abonentlordir (bundan sonra — abonentlor).

Miiollif “Azorisiq”ASC-do miiqgavilo asasinda 10 ildon artiq texniki masolalor {izro
maslohatgi-professor isloyarak miizakira olunan problemlorlo masgul olmusdur [2-8].

Ik dofs 2800-0 yaxin abonentlor iizorindo ¢oxsayli arasdirma todgiqatlar1 aparilmisdir
[3]. Aparilan todqiqatlar vo arasdirmalar gostordi ki:

1. cose-nin orta ¢okili qiymatlari genis sokilds (0,99-dan 0,1-o qader) doyisilir.

2. Abonentlorin konkret halindan asili olaraq 50, 60, 70 vo 80%-nin giic omsal1 0,95-don
asagidir.

3. cose-nin qiymatlori agag diisdiikds (0,7-don kigik qiymatlordo) abonentlorin reaktiv
enerji istehlaklari aktiv enerji istehlakina nisboton xeyli artir, belo ki cose-nin 0,4-0,3
qiymatlorinds reaktiv enerjinin istehlaki 2-3 dofs artir.

Bu faktlar1 yoxlamaq vo tostiglomok iiclin miiollif 2016-ci ildo ‘““Azorisiq”-1n
rohbarliyino rosmi monitoring kec¢irmok haqqinda miiracist etdi. Miiraciot gqobul edildi vo
“Azorisiq”-1n tocriibali mithandislori miisllif ilo birlikds belo bir rosmi monitoring kegirtdilor.
Abonentlor elo segildi vo onlar abonentlorin imumi sayinin vo ndviiniin niimayandoliyini
tomsil etsinlor. [7]-do monitoring hagqinda molumatlar verilir. Monitoringin naticalori:

- giic omsal1 0,99-dan 0,3-5 qodor dayisir;

- abonentlorin 65%-1n cos@-nin qiymatlori 0,95-don asagidir.

Umumiyyatlo aparilan aragdirmalarin diizgiinliiyiinii monitorinqin naticalori tasdiq etdi.
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Ilk dofs miioyyon edilmisdir ki, dlkomizda bir ilde izafi vo lazimsiz 100 (yiiz) mln.
manatdan artiq doyari olan reaktiv enerji istehlak olunur [6, 7].

Miisllif torofindon reaktiv enerjinin 6donilmosi {igiin {i¢ varianta baxilmis vo toklif
edilmigdir [6]:

1. Beynolxalq tacriibays uygun: Reaktiv enerjinin istehlaki miisyyon soviyyado
mohdudlagdirilir. Soviyyo asdiqda reaktiv enerjinin tarifino vo yaxud corimo sanksiyasina
uygun olaraq 6donis edilir .

2. Sovet hokiimoti vaxtinda. Reaktiv enerjinin istehlakina miioyyon soviyyado
mohdudiyyst qoyulmusdur. Bu soviyyadon asdigi oldugda miioyyan edilmis sistemo uygun
olaraq aktiv enerji tarifi artirilir vo yaxud cos@-nin qiymati toyin olunmus saviyyadon yuxari
olduqda iso tarif azaldilir.

3. Movcud sistem. Reaktiv enerjinin istehlakina no mohdudiyyat, no tarif, no do corima
sanksiyalart qgoyulmayib.

2016-ci ilds ilk dofs olaraq reaktiv enerjidon istifadonin somarsliliyinin artirilmasi {igiin
beynalxalq tocriibonin 6lko elektroenergetikasina transferi (totbiqi) toklif olunmusdur [6].
Beynolxalq tocriibanin tatbiqinde nozords tutulur ki, reaktiv enerjinin istehlaki mohdudlas-
dirilir, yani izafi reaktiv enerji istehlaki olmasin[7].

Beloliklo 100 mIn. manatdan artiq iqtisadi effekt oldo olunacaq vo bununla yanasi {i¢
texniki-igtisadi effektds alds olunacaqdir:

- aktiv enerjiitkilori azalacaqdir;

- gorginlik diiggiileri azalacaqdir;

- elektrik verilis xatlorinin giic 6tiirma qabiliyysti artacaqdir.

Birinci texniki-igtisadi effekti nozordon kegirak vo qiymatlondirak.

Qeyd olunan 100 mIn. manatdan artiq reaktiv enerji paylayici vo otiiriicli sobakolordon
kegon zaman molum ifadoys osason kiilli miqdarda aktiv giic vo enerji itkisino sobab
olacaqdir:

P%R
AP = 2.
U2 (coscpor_gl)

2
Masaloni sadalogdirmak Ugtin forz etmok olar ki, P, R, U-nun giymatlari doyismir va %
U

ovaz edok bir A-sabit komiyyatlo [4].Onda ifads bels bir sads sokilds olacaqdir

1
AP

(cos@ore)”

Iki varianta baxaq: cosg=0,95 va cosg=0,5. Cosp=0,95 olan halda aktiv giic itkisi
cosp=1, ideal hala nishaton AP«=1,11, yani 11%. Cosp=0,5 olan halda AP+=4, aktiv gic itkisi
4 dofo artacaq, yoni 400% cox olacaqdir. Sokil 1-do AP=-nin orta-gokili cose-don asililig
verilir, yani AP==f(cosp). Asililigdan goriiniir ki, cosp-nin giymoti asagi diisdiikco, AP=-nin
giymatlari dofalorlo artir [4,5]. Sokil 1-doAP-=f(cos¢) asililig: verilir.

Olavads Sabiq Senaye vo Energetika Naziri conab Natiq Oliyevin bas nazir conab A.
Rasi-zadoys 02.07.2012-ci il tarixinds tinvanlandirilmis moktubu toqdim olunur. Muzakirs
etdiyimiz movzu ilo bu moktubun mévzusu arasinda six bir alago vardir. Moktub bir nega
goriinlisdon ¢ox maraqlidir:

1. Nazir yazir ki, ¢oxlu miqdarda reaktiv enerjinin istehlaki movciiddur.

2. Nazir molumat verir ki, reaktiv enerji 40 mln. manathq aktiv enerji itkilori yaradir.
Qeyd: 2012-ci ildo 1kVt/saatin qiymoti 6 qopik idi, indi iso 9 qopikdir. indiki tariflo aktiv
itkilorin qiymati 60 mln manat olacaqdir.

3. Nazir burada gostormir ki, hansi sobablora gore reaktiv enerji belos yiiksokdir.
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Hoqigatdo, 100 mln manatliq izafi vo lazimsiz reaktiv enerji istehlak olunur vo bu 6z
ndvbasindo 60 mln manatliq aktiv enerji itkilori yaradir.

* AP+=f(cose)
7__
A
61 AP+1=1.38(0.85)-1.11(0.95)=0.27
AP+=2.37(0.65)-1.38(0.85)=0.99
. AP+3=4.00(0.5)-2.37(0.65)=1.63
51
41 v
’ (s
AP, =
31 f (cosg)?
A
27 2
\ 4
l l 1 l

Sak. 1.

Bu itkilor ancaq “Bakielektriksoboko”-yo aiddir. Bununla yanasi o6lkonin digor
regionlarinda da “Azoarisiq”-in 107218 geyri-ahali abonentlori mévciddur, yani Bakidakindan
73% coxdur[9]. Bu regionlar iizra reaktiv enerji barods o vaxt doqiq molumat yox idi. Forz
etmok olar ki, regionlarin aktiv enerji itkilori on az1 Baki sohorinin aktiv enerji itkilorinin
50%-ni toskil edo bilor, yoni 30 mln.manat. Onda aktiv enerji itkilori imumlikdo 90 min.
manat toskil edacokdir.

Ovval geyd etdiyimiz 100 mln.manatida nozors alsaq, imumiyystlo Elektroenergetik
sistem hor il 190 mln. manat zorar ¢okir.

Nazir geyd edir ki, energetik sistemin ayri-ayri noqtolorinds giic amsali tgp=0,4-0,72
haddindo doyisir vo hotto bozi yerlordo tgep=1,0-don yiiksok oldugu miioyyon edilmisdir.
Miisllifin apardigi arasdirma todqiqatlar1 tge-nin daha yiiksok qiymetlorini askar etmisdir.
Masalan, [3]-cii maqalonin 3-cii codvalininazardon kegirak. 225 abonentdon 31-nin tge-si 2 vo
ondan yuxaridir, mosalon 3, 4, 5 vo bozi hallarda daha ¢ox olanlar da movcuddur.

13-cii alt bondinin aragsdirma todqiqatlarinin noticolori asagidakilardir:

1. Reaktiv enerji haqqinda movcud real vaziyyot dyronildi vo miisyyen edildi ki, reaktiv
enerjidon istifadonin somorsliliyi ¢cox asag1 soviyyoadadir:

- reaktiv enerjinin istehlakinda mohdudiyyot yoxdur, yoni abonentlor ondan istonilon
hocmdos va 6donissiz istifados edirlar;
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- 0donissiz 6na gors ki, ganunvericilikdo bosluq amolo galib vo reaktiv enerjiys tarif vo
ya carima sanksiyalar1 yoxdur;

2. cose-nin orta ¢akili qiymatlori genis sokilds (0,99-dan 0,2 gador) doyisir.

3. Abonentlorin konkret kateqoriyasindan asili olaraq 50, 60, 70 vo 80%-nin giic
omsallar1 0,95-don asagidir.

14-cii alt bondinin aragdirmasi naticosindo verilon tokliflor asagidakilardir:

1.  Abonentlor iglin  reaktiv  enerjinin  istehlaki  miioyyon  soviyyado
mohdudlasdiriimalidir;

2. Abonentlorin istehlaki bu saviyyadon yiiksok olduqda, onlara qars1 ya reaktiv enerjiyo
tarif vo yaxud corima sanksiyalar1 totbiq olunmalidir.

Bu da tam monada beynoslxalq tocriibays uygundur.

Qeyd etmok lazimdir ki, 13-cii alt bondinin icrasi yalniz misllif torafindon aparilmig
aragdirma todqiqatlarina asason verilmisdir [3]. 14-cii alt bandinin icrasinda miiellifin toklifina
osason beynolxalq tocriibadon istifado etmaklo aparilmisdir.

2018-ci ildo miiallif ADNSU-nun rohbarliyine “Azaerbaycan Elektroenergetikasina
reaktiv enerjinin 6donilmasinds beynoalxalq tacriibanin vo texnologiyanin totbiqi mosalalori”
adl1 elmi-tadqiqat isini toqdim etdi. ADNSU-nun rohbarliyi 01.06.2018-ci ilds isi Energetika
Nazirliyinin rohbarliyins tinvanlandirdi.

12 oktyabr 2018-ci il tarixindo Energetika Nazirliyindo aidiyyati olan qurumlarin
niimayandalarinin istraki ilo elmi-tadqiqat isinin toqdimati kegirildi. Togdimatda ADNSU-nun
rektoru, professor Mustafa Babanli, Energetika Nazirliyinin nazir miiavini vo diger soxslor
cix1s etdilor. Iclasin qorarma osasan toqdim olunan elmi-todgiqat isi totbiq olunmalidir.

Strateji Yol Xaritosinde 3.3.1-ci yarimbandinin 13-cii vo 14-cii alt bandlorinin icrast ilo
baghh 15.11.2018-ci ildo Energetika Nazirliyinin tabeliyindo olan Enerji Masalolorini
Tonzimloma Agentliyi torafindon Alt is¢i qrup yaradildi. Miisllif bu Alt is¢i qrupun torkibine
daxil edilmisdir. 13-cii Alt bondin icras1 ilo bagli Alt is¢i qrupu miisllifin apardigi aragdirma
tadqiqatlarindan istifade etdi. Alt is¢i qrup torafindon abonentlorin reaktiv enerjinin istehlaki
c0sp=0,92 saviyyasinds gobul edildi. Alt is¢i qrup, 6nco miisllif toklif verdiyine uygun olaraq
[6], 14-cii alt bandinin icrasi ilo bagli beynalxalq tocriibanin totbigindon istifads etdi. Oslindo
Alt is¢i qrup mioallifin 2018-ci ildo toqdim etdiyi elmi-tadqiqat isini tokrar edib onun
diizgiinlilyiinii birdo tosdiq etdi, yoni miiollifin isi olavo Energetika Nazirliyi soviyyoasindo
ekspertizadan kecdi. Bu bir torafdon iso yaxsidir, digor torofdon totbiq masalolori iki ilo yaxin
longidi.

Qeyd etmok lazzimdir ki, beynalxalq tacriibonin totbiqi qeyri shali abonentlorin 6zlorine
do olduqca sorfolidir. Forz edok ki, abonent kompensasiya qurgusuna x; manat xorc ¢okib.
Kompensasiyasiz abunentin ayliq elektrik enerji sorfiyyatinin hesab fakturasi x, manat togkil
edirdi. Kompensasiyadan sonra abonentin homin ayliq hesab fakturasi x3 manat toskil
edacakdir. xz ilo x3-iin arasindaki forq (x2-X3), orta hesabla toqribon 15-20% toskil edacakdir.

Umumi halda, no godor kompensasiyasiz vo kompensasiyali rejimlorin giic omsallarinda
forq cox olarsa, o qgodor (X2-X3) hesab fakturalarin forqi ¢ox olacaqdir. Demosli, miioyyon
zaman orzindo Xi xorci (xz-X3) forqi ilo Odonilocokdir vo noticodo abonent ancaq
kompensasiyanin xeyrini gorocokdir.

Strateji Yol Xoritosino [1] uygun olaraq kompensasiya moqsadi ilo gotiiriilon kreditlor
giizostli sokilds olmalidir.

NOTICOLOR
1. Beynolxalq tocriibonin totbiqi asasinda reaktiv enerjidon istifadonin somorsliliyinin
artirllmasi noticosindo hor il 6lkonin Elektroenergetik sistemi 190 mln. manat iqtisadi effekt
olda edocokdir.
2. Birinci bondlo yanasi geyd etmok lazimdir ki, kompensasiya qurgusunun
quragdirilmasindan sonra abonentlorin ayliq aktiv enerji sorfiyyatinin hesab fakturasi
kompensasiyasiz olan hala nisbaton orta hesabla toqriban 15-20% azalacaqdir.
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3. Totbiqi islor miimkiin gador tez baslamalidir, ¢iinki onlarin hor giin gecikdirilmasi
olkonin Elektroenergetik sistemina 0,5 mln.manatdan artiq zarar verir.

4. Miellif bu sahado 2007-2019-cii illords apardigi vo rohborlik etdiyi elmi-todqiqat
islori [2-8] vo 2018-2019-ci illordo Energetika Nazirliyi torofindon miislliflo birlikdo hokiimot
soviyyasindo [1] elmi-todqiqat islorinin aparilmasi bu problemi kifayat qodor aydinlasdirdi vo
totbiqi islorin baglanmasina imkan yaratdi.

5. Totbiqi islorin baslanilmasi iiclin salahiyyatli qurum torofindon, masolon, Nazirlor
Kabinetindon vo yaxud Energetika Nazirliyindon bu sahado hokiimat soviyyali qorar qobul
olunmalidir.
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OIEHKA OdKOHOMHNYECKOI'O D®PEKTA
JEKTPOIHEPTETUUYECKOM CUCTEMBI OT BHEJIPEHUS
MEXIAYHAPOJHOI'O OIIBITA 11O PAITUOHAJIBHOMY HCIHIOJIB30BAHHUIO
PEAKTUBHOM YHEPTUH

KYJIMEB A.M.

B mpenbiayniux HCCIIEOBaHUSAX aBTOpa OBLIO YCTAHOBJICHO HEOINPABIaHO-BBICOKOEC
norpedieHne a0OHEHTaMU PEAKTUBHOM SHEPTHH, KOTOpoe cocTapisieT 6onee 100 MIILITHOHOB
mMaHat B roa. Ilo pacuyeram, mTOCTYnMBIIMM B MHMHUCTEPCTBO JHEPreTHKH U
MIPOMBIIIJICHHOCTH CTPaHbI, MIOTEPH AKTUBHON SHEPTUU COCTABUIIM TOJIKO TIO JJIEKTPOCETH
ropoga baky 60 mmwummoHoB MaHat B roj. OlieHKa MOTePh aKTUBHOW DHEPTUU IO JIPYTHM
permoHaMm CTpaHbl oleHuBaercs B 30 MWUIMOHOB MaHaT B Toj. B o0mem OT u3muIIHU
HEHY)KHOT'0,BBICOKOTO TOTPEOJICHHUS PEAaKTUBHONW SHEPTUM W BBI3bIBACMBIC €H0 AKTUBHBIC
MOTEpH OIlIeHUBaOTCs yiiepobom B 190 MWUIMOHOB MaHAT B TOJ ISl IHEPreTUYECKOU
CUCTEMBI CTPAHBI.

KiioueBble cioBa: crpareruyeckas JAOpOXKHas KapTa, PEaKkTHBHAsh SHEPTHsl, MEXIYHapOJHBIH OIIBIT,
OIIeHKa SKOHOMIYECKOTO 3¢ dekra.
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EVALUATION OF THE ECONOMIC EFFECT OF THE ELECTRIC POWER
SYSTEM FROM THE IMPLEMENTATION OF INTERNATIONAL EXPERIENCE
ON THE RATIONAL USE OF REACTIVE ENERGY

KULIEV A.M.

In previous studies of the author, it was found that subscribers have unreasonably high
consumption of reactive energy, which amounts to more than 100 million manat per year.
According to calculations received by the Ministry of Energy and Industry of the country,
losses of active energy amounted to 60 million manat per year only in the Baku city electric
network. The estimate of active energy losses in other regions of the country is estimated at
30 million manat per year. In general, changes from unnecessary high consumption of
reactive energy and the active losses caused by it are estimated at 190 million manat per year.
for the country's energy system.

Keywords: strategic roadmap, jet energy, international experience, economic effect assessment.
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GUNOS PANELLORININ ENERGETIK
GOSTORICILORININ ARTIRILMASINA DAIR

THUMBOTOV R.T.,2NAMAZOV M.B.
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ramiz.humbetov@customs.gov.az
2Baki Miihandislik Universite
mnamazov@beu.edu.az

Ginos energetikasinda holl olunmasi vacib masalalardon biri Giinosin somadaki mdvqgeyindan asili olaraq
glinos enerjisini elektrik enerjisino ¢eviron panellardon giin arzindo daim maksimal mumkin olan enerji alds
etmoakdir. Bunun 0glin giinas panellordon alman enerjinin cari qiymstina mitonasib olaraq onlarin vaziyystini
biri-birino perpendikulyar yerlosdirilmis iki iifiiqi ox otrafinda doyismoklo giinas siialarinin panellorin (izorins
daim diiz bucaq altinda diismoasini tamin etmok toklif olunur. Panellorin vaziyystinin bu gaydada idars edilmosi
Yer sothindo yerlosdiklori mokandan, ilin mdvsumlsrindon Vo giinlin saatlarindan asili olmayaraq giinosg
stialarindan daim maksimal miimkiin olan enerjini aldo etmok imkani yaradir.

Acar sozlar:giines siialari, giinog panellori, elektrik enerjisi, gliciin 6lciilmesi, maksimal enerji, idaroedici
kontrollerlor.

Glnasin enerjisini stasionar dayaqlar tizarinds yerlosdirilmis giines panellarinin Kdmayi
ilo elektrik enerjisino gevira bilon mixtalif qurgular moévcuddur [1]. Bu qurgularin
catismazliglart ondan ibaratdir ki, onlar isiql giiniin yalniz bir miiddati arzinds (glinos siialari
panellorin Gzarino 90%ys yaxin bucaq altinda diisorkon) enerjini yiiksok somaro ilo cevira
bilirlor. Digor torofdon belo stasionar qurgularin isinds Glnosin somada harokot
trayektoriyasinin ilin fasillorindon vo cografi mokanin xisusiyyetlorindon asili olaraq
doyismasinin tasirini nozars almag mumkin olmur.

Moalumdur ki, Yer Uzorinda istonilon mokanda giinos panellorinin enerjini gevirmo
effektivliyi Glnosin somadaki cari voziyyastindon (siialarin diismo bucagindan), horokot
trayektoriyasinin doyismasindan, otraf mihitin temperaturundan va elaca das ilin fasillarindon
asilidir. Sokil 1-do Almaniyanin Berlin sohori {igiin, sokil 2-do Misirin Qahira sahari Ugtin [2],
sokil 3-ds iso Azorbaycanin Baki gohari Ugtin Glinasin giin arzinds mévgeyinin doyismasinin
diaqramlar1 gostorilmisdir.
$5 $ cs c ca a 56 Diagramlarda  SS-simal-sorq, CS-
- b inlassciniticuti conub-sarg, CQ-canub-garb, SQ-simal-garb,
e, S,C va Q iso miuvafiq qutblor anlayislarini
21 apral T e . . o es as .
et verir. Bu diaqramlardan aydin goriiniir ki,

“ Yer (zorindo ayri-ayr1 mokanlarda gin
arzinds Glinasin somada harokat
trayektoriyast ham do moévsimdon asili
olaraqg ohomiyyatli doracodo doyisir. (Bu
ifado mona baximindan sorti Xarakter
dasiyir, aslinds isa proses Yer kirasinin
Glinos otrafinda dovr etmasi ilo baglidir).

21 fevral

21 dekabr

Giinagin ifiq Gearinda vaziyyati (daracalarla)
g

Ginasin nzimul bacagy

Sok.1 Almaniyanin Berlin sohari tgiin
Glnasin mdvqgeyinin diaqramu.

Ona goro do maksimum enerji oldo etmok Gglin bu amil gines enerjisini elektrik
enerjisina geviron qurgularin isinde mutloq nazars alinmalidir.
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Gilnagin iifiiq Gzarinds vagivyatl {(daracalarl)

Qrinvic meridian vaxh + 2 saat
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Sak. 2. Misirin Qahira sohari tiglin Glinagin

21 yun

21 aprel
2 mat __f,

21 fesural

CGiinagin azimut bucag (daracalarla)

movqgeyinin diaqrami.

Daha somorali isloyon  qurgular
mitohorrik dayaqglar Gzorinds yerlosdirilon
vo Glnosin somada movgeyindon asili
olarag program  vasitosilo  panellorin
vaziyyatini doyisdirilmasine imkan veran
qurgulardir [3,4,5].

Belo qurgular yalniz Giinasin Sorqdon
qalxib Qorbdo batdigi ekvatora yaxin
zonalarda somorali isloya bilarlor, ¢lnki bu

50

YoV v",, zonalarda Giinosin somadaki mévgeyine

goro  panellarin Ufligi  ox otrafinda
firladilmas1 hesabma isigli giin oarzinda
homiso giines siialarinin onlarn sathina 90°-
ya yaxin bucaq altinda diismasi tomin edilir.
Ekvatordan konar zonalarda Gilinoasin

somada harokat trayektoriyasi hor mévsimda doyisdiyina goro belo yanasma lazimi somarani
vermir, ¢unki gun arzinds isiq stialarin1 daim diiz bucaq altinda panellarin sathina yonaltmok

Cinayin fifig zarinda vazivyoti (daracalarla)

galdirmaga imkan verir.

58

$ c$ [ [o1+]

Qrinvig meridian vaxt + 4 saat

2 yun

| 2taprel T

21 mart T
Gk

21 fewral

G:inagin azimul bucag

mumkun olmur.

d___& Basqa bir qurgunun isindo azimuta vo
- zenito gOro izloma prinsipi osasinda
panellarin vaziyystinin idars edilmasi tgin
Glinosin somadak1 voziyyatini geyd edon 4
mistovido  muxtolif bucaqglar  altinda
yerlosdirilmis 5 fotoelementdon istifado

olunur [6].
Gunasi izloyon daha bir sistemin isindo
. iki: statik voziyystdo olan vo mutohorrik
- vericilorin fotoelementlorinin signallarinin
migayisa edilmasindon oldo edilon forq

Sok.3. Azarbaycanin Bak1 sohari igiin signalindan istifado edilir vo panellorin

Glinoesin mévqeyinin diagramu.

vaziyyoti azimuta vo zenito goOro idars
olunur [7].

Bu qurgularin isindo panellorin voziyyatinin idaro edilmasi bilavasito onlardan alinan
enerjinin cari giymotino deyil, dolay1 yolla oldo edilmis hor hansi bir gostariciya mitonasib
olaraq hoyata kegirilir.

Toklif edilon qurgu bu catigmazligi aradan
Bu, mokanin cografi

movqgeyindan, ilin fosillorindon, alinan enerjinin
doyismasindon vo Ginasin somadaki movgeyindon
asil1 olaraq gilinos panellarinin vaziyyatinin hom 1-
ci, hom do ona perpendikulyar yerlosdirilmis 2-ci
uftigi oxlar otrafinda doyigsmokla glin orzinds daim
stialarin  panellorin  sothino diiz bucaq altinda
diismasinin tomin olunmasi hesabina alds edilir.
Qeyd edildiyi kimi, Yer kirasinin sothindos
ekvator otrafi orazilor istisna olmaqgla cografi
movgedon asili olmayaraq hor bir orazido Gilinosin
somada movgeyi ilin  fasillorindon vo gunin
saatlarindan asili olaraq doyisir (sokillor 1-3). Bunun
naticasindo  muxtalif movsimlarde Gilinosin  hor
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Sak. 4. Horizontal Sz va glinos
siialarina
perpendikulyar olan S; sathinin
stialanmas1 sxemi



hansi oaraziys diison siialarinin enerjisi do doyisir. Giinas panellorinin tizarino diison siialardan
maksimal enerji oldo etmok iiciin siialar panellorin  sothino daim 90°%lik bucaq altinda
dismolidir.

Sakil 4-da horizontal S; va glinos siialariin diisma istigamatina perpendikulyar olan Sz
sothino stialarin diismoasi sxemi gostorilmisdir. Sxemdon gorindr Ki, har iki satho eyni
migdarda gunes siialar1 diistir. Sothlora diison siia enerjisinin giymatini toyin etmok Ugln
E1S1=E>S2 gobul etsok [2], S2=Sicosp = Sisinaoldugundan

E>=Ey/ sino > Eialinr.

Burada E1 horizontal satho, E siialara perpendikulyar olan sotho diison siia enerjisidir.

GOrundiyd kimi, giinoes stialarina perpendikulyar olan satho diison siialanma horizontal
Sotho diison siialanmadan ¢ox olur. Bunu siibut etmok fiigiin yuxaridaki ifadoni E1 = E2 cosf
kimi ifado etsok, Sz va Si sothlori arasindaki £ bucagi azaldiqca Si Sothino diison siia
enerjisinin giymotinin nozors carpacaq dorocodo artacagini (8 = 5° cosp = 0,9962, B =10°,
cosp = 0,9848, B =15° cosp = 0,9659, B =20°, cosp = 0,9397) miisahido edorik. Bu fakt
glinos panelloari ilo enerji aldo edan sistemlorin isinds nazoro alinmalidir. Sathin yonaldilmosi
alinan enerjini ¢oxaldir. Bu, xiisuson siialar kigik diismo bucagi vo yuksak cografi en dairasi
olan hala aiddir.

Gunas stalar

M

Panellarin vaziyyatini . Gilinas panellari bloku 4 Panellarin vaziyyatini
1-ci ufligi ox atrafinda 2-ci ufluigi ox atrafinda
dayisen blok  , [—* 1 [ dayisan blok 3
I L
I I Elektrik enerjisinin 5 I I
1-ci idaraedici parametrlarini 6lcen blok 2-ci idaraedici
kontroller ’,"3'" kontroller
8 Yaddas |« Gici |44 3
bloku dlgan blok
12| 11
v v YV
1-ci idaraetma signali Miigayisa bloku »| 2-ci idarsetma signali
formalasdiran blok )] formalasdiran blok
5 13 - 7
Elektrik enerjisini Elektrik enerjisini
sobakaye . ceviran blok =
otliran blok <« (konvertor-cevirgec) ||
10 4

'

Sak. 5. Qurgunun blok-sxemi.

Ona gors do gunas panellarinin voziyystini daim Ginosin somadaki movqeyindon asili
olaraq bu vo ya digar istigamotdo doyismak vo siialarin daim 90°-lik bucaq altinda panellorin
sathina diismasini tamin etmoak talob olunur.

Toklif edilon qurgu bu moQgsado nail olmaga imkan verir. Onu digor mévcud
qurgulardan forglondiron cohat odur ki, giines panellarinin sothina diison enerjinin cari
giymatindon (doyismosindon) asili olaraq panellorin voaziyysti 1-ci Ufigi ox otrafinda
doyisdirilir vo onlar isighh giin orzinds daim Gunesin somadaki mdvqeyins dogru
istigamatlonir, eyni zamanda panellorin voziyyatini 1-ci fligi oxa perpendikulyar olaraq
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yerlosdirilmis 2-ci (ifiiqi ox otrafinda azaciq doyismoklo Giines siialariin onlarin iizorina 90°-
lik bucaq altinda diigmosi tomin olunur.

Qurgu giinas panellori blokundan (1), onlarin vaziyyatini 1-ci fligi ox otrafinda doyison
blokdan (2), onlarin vaziyyatini 1-ci tftiqi oxa perpendikulyar yerlosdirilmis 2-ci Ufuqi ox ot-
rafinda doyison blokdan (3), glines enerjisindon alinmis elektrik enerjisini ¢eviran konvertor-
dan (gevircokdon) (4), alinan enerjinin giiciinii 6lgon blokdan (11), yaddas blokundan (12) va
miqayisa blokundan (13) ibarat olan elektrik enerjisinin parametrlorini 6lcon blokdan (5),
idaraetma signallarini formalasdiran bloklardan (6 va 7), idarsedici kontrollerlordon (8 vo 9)
V5 elektrik enerjisini sobokoays 6tiiran blokdan (10) ibaratdir (sokil 5) [8].

Qurgu asagidaki qaydada islayir. Hor hansi bir arazide Giinasdon maksimal enerji alda
etmok ti¢iin qurgunun giinas panellori bloku (1) Glinasin somada mdvgeyina gors yerlosdirilir
Vo iso salinir. Giinas siialarinin ¢evrilmasindon alinan elektrik enerjisinin parametrlori daim
(5) bloku vasitasilo 6lgilir vo glinorta vaxtina uygun maksimal enerjinin qiymati  yaddas
blokunda (12) saxlanilir. Giinos somada movqgeyini doyisdikca enerjinin azalmasi giicti 6lgon
(11) bloku vasitssilo geyd edilir, enerjinin cari giymoti yaddasda saxlanilan maksimal
giymotlo miigayiso edilir, mugayisa naticasinds alinan forg signallari hesabina (6) vo (7)
bloklarimin giriglarine mutonasib signallar étardlir. (6) vo (7) bloklarinin signallart idarsedici
kontrollerlor (8 vo 9) torafindon panellor blokunun (1) vaziyyatini doyismok Uglin miivafiq
idaroetms signallar1 formalasdirilmasina gotirib ¢ixarir vo  bu signallar mivafiq olarag
panellorin voziyystini 1-ci vo ona perpendikulyar yerlosdirilmis 2-ci iifiiqi oxlarin otrafinda
doyison (2) va (3) bloklarina otiirtiliir. (2) va (3) bloklar1 miivafiq qaydada panellar blokunun
voziyyatini hom 1-ci Ufligi ox otrafinda (Giinesin doyismis mdvqeyina gors), hom do 2-Ci
iifiiqi (stialarm 90°-lik bucaq altinda diismaesi (iglin) ox otrafinda doyisirlor.

Glnas panellarinin vaziyyatinin 2-ci Ufugi ox otrafinda doyisilmasi zorurati mohz
onlarin sathinin muxtalif mdvsimlords vo mokanlarda glnos siialarina diiz bucaq altinda
yonaldilmasinin tomin olunmasini nazardo tutur.

Belaliklo, giin orzinds daim isiq siialarinin panellorin sothins diiz bucaq altinda diismosi
hesabina enerjinin ¢evrilmasinds maksimal somars alds edilir.

Belo yanagsma enerji ¢eviricilorinin isindo hom onlarin yerlosdiyi cografi mokani, hom
maovsim doyisikliklarini, ham do giiniin saatlarin1 nazors almagla yiuksok somoras aldo etmoak
imkani yaradir.

Bu imkan giinos panellarinin yerlosdiyi dayaq qurgularina mexaniki tasir gostorarok
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Sak. 6. Qurgunun giinas panellarinin sahar (a), ginorta (b) ve axsam (c) saatlarindaki voziyyatlori.
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onlar1 ¢evrilon enerjinin azaldig1 soraitdo bu vo ya diger istigamotdo horokat etdirmok yolu ilo
oldo edilir.

Praktikada glinos panellorindon alinan enerjinin giiciinii 6lgon blokun ¢ixislarindaki
glicun cari giymatlorini Wi-Fi prinsipi asasinda isloyan 6turicl vasitesilo birbasa stansiyanin
morkoazina Otlirmok vo bu yolla gin orzinds hasil olunan enerjinin miqdarinin ugotunun
aparilmasi mimkiindiir.

Qurgunun 20 giinas panelindon ibarot nimunasinin  sxematik goriiniisii sokil 6-da, is
algoritmi isa sokil 7-do gOstorilmisdir.

Gunos panellari (1) torpanmoaz dayaglar (2) tzarindaki yastiglara (3) soykonon 1-ci Ufliqi

=I Gin erzinde glicln cari giymatinin lglimasi |'l

Glcin gin erzinds maksimal
qiymatinin yaddas blokunda
saxlanmasi

L

v

1
Cari giymatle maksimal giymatin migayise edilmasi |
|

Pc=Pm
Po<Pm Cari giymatlarla (Pc) maksimal
giymetin (Pm) nisbali necedir?
Pc=0<<Pm
h 4 v

Panellarin vaziyystini deyismak Panellarin vaziyystini aks Panallarin vazivystinin sabit
Gein sianal formalagdiriir istigamatda dayigmak saxlanimasi Ugun signal formalagdinhr
l Ogln signal formalagdinlir
I ¥

| Kontrollerlsr isa salinir | Kontrollerlar aks [ Kontrollerlar dayandinliv l
| istigametde ise salinir |
h 4

b4
[ Panellarin vaziyyati dayisdirilir l Panellar g;nu” saher
[ vaxtina uygun vaziyysta i

h ok
| Gleln eari giymsti dayisir | getilic | Glcln cari giymati dayismir

Panellarin veziyyati deyismir l

v
Son

Sok. 7. Glinas panellarinin vaziyyatinin giin arzinds idars edilmasi algoritmi.

oxlarin (4) tizarinds yerlosdirilmisdir. Dayaqlar (2) ham do panellorin strafinda asagi vo
yuxari istiqgamatlords harokat eds bildiyi 1-ci oxlara perpendikulyar olan 2-ci tGftqgi ox rolunu
oynayir. Panellar 1-ci oxlarin strafinda soldan saga va aksina hoarokat etmok (firlanmaq)
imkanina malikdirlor. Bu, panellarin vaziyyatini 1-ci iifiiqi oxlarin atrafinda doyison blokdan
(5) daxil olan signallarin hesabina bas verir. Panellarin vaziyyatini 2-ci 0ftigi oxun strafinda
asagi-yuxari istigamatlords doyismasi iss (6) blokundan daxil olan siqnallarin hesabina hoyata
kecirilir. Panellorin vaziyyatini 1-ci vo 2-ci tGfuqgi oxlar otrafinda doyison (5) vo (6) bloklari
qurgunun tarkibina daxil olan (sokil 5-0 bax) kontrollerlardan (8 va 9) alinan signallarin
giymatino mitonasib olaraq panellarin vaziyystini doyisirlor.

Sok. 8. Panellarin voziyyatinin 2-ci Ufligi ox otrafinda doyigsmasinin (yandan goriiniig) sxemi
(1-iyun ayina, 2, 3, 4, 5 - digar movsumlara aid vaziyyatlordir).
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Eyni zamanda (6) blokundan daxil olan signalin hesabina panellarin voziyyatinin 2-Ci
ox otrafinda azaciq doyisdirilmasi hesabina (sokil 8.) glinas siialarinin giin arzinds panellarin
sothina daim 90°lik bucaq altinda diismosi tomin edilir. Geco vaxt1 panellor yenidon ilkin
vaziyyata gatirilir,

Praktikada hor hansi bir konkret regionda vo orazido yerlosdirilmis qurgunun igindo
birillikistismar naticosinds panellarin voziyyatinin idaro olunmasini oks etdiron gostoricilori
tohliletmoklo.

Bu signallar iso panellardon gun orzinds alinan elektrik enerjisinin maksimal giymatinin
cari giymatlo mugayisasindan alds edilon forq signali asasinda formalasdirilir. Belalikls, sohar
vaxti lifigdon galxan Glnaso nisbaton toxminon diiz bucaq altinda yerlosdirilon panellor
alinan enerjinin cari giymatinin doyigsmasi naticesinds isiqli giin arzindo (4) oxlar1 otrafinda
saat oqrobi istigamotindo firlanaraq giin batana yaxin &z vaziyyatlorini  90°%yas godor
doyisirlar. program tortib etmok va sonraki illords har mévsiim vo yaxud ay arzinds panellorin
vaziyyatini bu program vasitasilo idaro etmok olar. Qurgunun istismara hazirlanmasini vo
sazlanmasini, eloco do tomir islorini hayata kecirmok Ggtin panellor kompleksinin vaziyyatinin
ol ilo idaro etmok imkanlarinin yaradilmasi da nazords tutulmusdur.

Bu clr panellor kompleksinin konstruktiv baximindan stasionar qurgulardan forgli
olaraq yer sathindon miayyan hiindurlikds yerlasdirilmasi zarurati onlarin méhkom dayaqglar
Uzorinda barkidilmasini vo xarici tesirlordon, masalon kiloyin asira bilmosindon mihafizo
edilmoasini  (mohdudlasdirici dayaqglarin (7) (sokil 6.) nozords tutulmasini) tolob edir.
Panellorin glin arzinds otrafinda firlandiglar1 1-ci iifiiqi oxlarin arasindaki mosafa elo secilir
ki, sorti olarag glinos siialarina an yaxin (6n planda yerlosdirilmis) olan panellor istor sohor
saatlarinda Giinos iifiigdon galxanda, istorso do axsam vaxti qiiruba enands onlardan sonra
yerlosan panellarin sothina kélgs salmasinlar.

Glnoas panellori bloku modul prinsipi osasinda teleskopik sistem kimi qurulur, har
cargada panellorin say1 modullarin sayin1 miiayyan edir. Har cargads panellorin say1 artdigca
onlarin 2-ci Ufliqi ox otrafinda yerdoyismo bucagi da bdoyiiyacokdir. Belo halda bitin
konstruksiyanin Yer sothindon nisbaton daha yiiksok saviyyado yerlosdirilmasi  zorurati
yaranacaqdir. Tobiidir ki, modullarin saymin sonsuz dorocodo artirilmast  imumi
konstruksiyanin dlgiilarinin va ¢okisinin artirilmasina va qurgunun istismarinin ¢atinlogsmasina
gotirib ¢ixaracaqdir. Belo hallarda bir neco paralel isloyon qurgunun istismart daha
magsadouygundur. Bu zaman onlarin hamisi vahid alqoritm asasinda faaliyyat gostoracayi vo
idars olunacagi nazardo tutulur.

Qurgunun totbiqi zamani onun biitiin bloklarinin, o ciimlodon panellarin vaziyyatini

doyison intigallarin enerji tominatinin bilavasito glinas panellorindon alinan elektrik enerjisi
hesabina hayata kecirilmasi qurgunun isini daha da somarali edir.
Stasionar mdvgelords yerlosdirilmis gilinos panellorinin yer sothino yaxin olan hissalori
yuxaridaki hissalora nisbaton daha ¢ox qizdigina géra panellorin isina muxtalif doracads tasir
gostarirlor. Toklif olunan qurguda bu c¢atismazliq tamamilo aradan qaldirilir — panellorin
sathinin temperaturu har yerds eyni olur.

NOTICO

Glnas panellarinin energetik gostoricilorinin artirilmasi magsadilo onlarin vaziyyatini
biri-birino perpendikulyar olan iki 0fuqgi ox otrafinda bilavasito panellordon alinan enerjinin
giymatindon asili olaraq doyismoys imkan veron qurgunun isinin nazori asaslari vo qurulma
prinsipi sorh edilir. Qurgunun isindo panellori daim giines siialarina diiz bucaq altinda
yonaltmok vo bu yolla onlarin yerlogdiyi cografi mokandan voa ilin mévsimiindon asili
olmayaraq isiqh giin arzinds panellordon daim maksimal mimkin olan enerjini oaldo etmoak
imkani yaradilir.
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O MOBBILIEHUU DHEPTETUYECKHUX
IMOKA3ATEJEN COJTHEUYHBIX TAHEJIEN

I'VMBATOB P.T., HAMA30B M.b.

[Ipenyaraercs B 3aBUCHUMOCTH OT MPSIMOTO 3HAYEHHS TOJTYYEHHOM SJIEKTPUUYECKOU
SHEPTUU H3MEHATH TOJOKEHUE MPeoOpa3yIOIIMX COJHEYHYIO HHEPTUI0 B AJIEKTPUUYECKYIO
COJIHEUHBIX MaHeNel BOKPYT JBYX, PACIOJIO0KEHHBIX MEPICHAUKYISIPHO OTHOCUTEIBHO APYT
JIpyra TOPU30HTAIBHBIX OcCeid, oOecreunBasi TeM caMbIM MaJeHHUE JIyueld Ha MOBEPXHOCTb
naHeneld MmoJ MPSIMBIM YIJIOM U TMOJIyYeHHE MaKCHUMaJIbHO BO3MOXKHOM SHEPTUU B TCUCHHE
nus. Takoi moaxod co3gaeT BO3MOXKHOCTh HE3aBHCHMO OT HX Treorpauueckoro
PACIIOJIOKEHHUSI HA MECTHOCTH, BPEMEH T'0JIa U YACOB JIHS MOCTOSHHO MOJIYYUTh MAaKCUMAaJIbHO
BO3MOXKHYIO SHEpruto ot aydeit ConHua.

KiroueBblecsioBa: COJTHEYHBIE JIyIH, COJTHEUHBIE TAHENH, JICKTPUYECKasi JHEPTus, H3MEPEHUE MOLTHOCTH,
MaKCHMaJIbHast SHEPTHs, YIIPABISIONINE KOHTPOJUIEPHI.

ABOUT INCREASING OF ENERGY PARAMETERS OF SOLAR PANELS
HUMBATOV R.T., NAMAZOV M.B.

Depending directly on thevalue of the electricalenergy, by changing the position of solar
panels, which convert solar energyinto electrical energy, around two horizontal axisesper
pendicularly, it ensurestoplace solar beams panel sunder the rectangular bottom and get the
maximum possible energy during the day. This approachgivesyouopportunityto get maximum
possible electrical energy from the solar panels not depending on the irposition on Earthor the
seasons of the yearor the daily hours.

Keywords: solar beams, solar panels, electricalenergy, measurement of power, maximum energy,
operating controllers.
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Energetikanin problemlori o Ne2 e 2020 e [IpoOiembl HEPTETHKH

UOT: 621.019
ISTILIK SOMOROLILIYi EHTIYATININTOHLILI
RUSTOMOVA A.O.

Azarbaycan elmi tadqiqat va layiha-axtaris energetika institutu,
Baki sahari, H.Zardabi pr.94

Istilik elektrik stansiyalarmisinin effektivliliyinin artirilmasmnim aktual problemi zamanla noinki azalmur,
hotta artir. Belo doyisikliklor bir sira amillordon asilidir. ©On ohomiyyotliamillordon biri hesablanmis xidmaot
miiddatino toxminan borabar olan vo ya onu 6ton osas avadanligin paymin artmasidir. Osas avadanliga ilk
ndvbado qazan qurgular: aiddir. Hal-hazirda qazan qurgularinin isinin effektivliyinin artirilmasi, asason,istilik
somoraliliyi ehtiyatinin reallasdirilmasi yolu ilo hoyata kecirilir. Texniki-igtisadi gostericilorin normativ
qiymatlorinin hesablanmasi {izro rohbaor tolimat, istilik somoraliliyi ehtiyatinin istifads doracosinin hesablanmasi
metodologiyasi, elektrik stansiyalarmin istilik somarsliliyi barade metodik gdstariglarin tortib edilmasi qaydalari
vo bir sira digar sonadlor iglonib hazirlanmigdir.Qeyd edilir ki, istilik somoraliliyi ehtiyat1 avadanligin texniki
vaziyyatindon vo istismar soviyyesindon asilidir. Vo ogor razilagsaq ki, istismar soviyyesi istilik somoraliliyi
ehtiyatinin miqdarma avadanhigm texniki voziyyetino nazoran az tosir edir, onda bels bir tobii sual yaranir:
asinma komiyyoti niyo ehtiyat adlanr? O, istismarda istifado edilon ehtiyat voziyystine tamamils
ziddir.Géstorilmisdir ki, TIG-in doyismosi praktiki olaraq sorti yanacagim xiisusi sorfinin vo f.i.0. doyismosing
tosir etmir. Bundan slave, onlarin qarsiligh olagesi saglam diisiincs ilo ziddiyyst toskil edir. Qeyd edilir Ki,
enerjiblokun iginin somorosliliyinin artirilmasma “istilik somoroliliyi ehtiyatinin”istifado etmok istoyindon
enerjibloklarin miiqayisasi, onlarin siralanmasi, “zaif bandlor”in toyin edilmosi vo is¢i heyatin ixtisasini artirmaq
imkanlarina kegmokls alds edils bilar.

Acar sozlar: effektivlik, istilik somoraliliyi ehtiyati, korrelyasiya, gostoricilor, yeni tisul.

1. Mbosalonin qoyulusu.istilik elektrik stansiyalarinin  (IES) isinin semarsliliyinin
artirilmasinin asas yollarindan biri istilik somaraliliyi ehtiyatinin reallasdirmasidir [1]. Amma
bu reallagdirma he¢ do homiso gozlonilon effekti vermir vo bu tosadiifi deyil. Avadanliq vo
qurgularin istifado miiddestinin artmasi eyni zamanda onlarin qaliq resurslarinin artmasi da
demokdir. Osaslt tomirlo onlarin qiisur vo zodslonmolorini aradan qaldirir. Amma qaliq
asinmani ovozetmd yolu ilo aradan qaldira  bilorlor, ogor miivafiq vesaitloro
malikdirlorse.Qaliq  asinmaninagkar niimunosimetalin  yorgunlugu vo izolyasiyanin
kohnolmosidir. Bu asinmanin diizgliin nozoro alinmamasit avadanligin  hoddon artiq
yiklonmasino gatirib ¢ixarir. Masalon, ogor vaxtinda turbogeneratorlarin istilik sinaqglarin
aparilmirsa, onda stator vo rotor lizro miimkiin yliklonmolorin agmasi artiq buradan biitiin
sonraki naticolorls izolyasiyanin geyri-xatti asinmasina sabab olur.

Bu soraitdo energetik xarakteristikalarin [2] geyd olundugu kimi, togdim edilon taloblors
uygunlugu pozulur. Enerjiblokun faydali is omsali () vo sorti yanacagin xiisusi sorfi (bi)
coxsayli gostaricilordon asilidir. Bu gostaricilorin rejim {izro vo ya avadanligin texniki
vaziyyetinin doyisikliklor sobabindon doyismasi bj vo n kemiyyatlorine hamise birmanali tasir
gOstormir, ¢ilinki onlar "sinxron" doyismirlor.Vo agor onunla razilagsaq ki, texniki-igtisadi
gostoricinin faktiki qiymotinin vo onun normativ qiymetinin arasinda ayrilma istismarin
soviyyasindon yox, daha ¢ox avadanligin texniki voziyyatindon asilidir, onda heg bir “ehtiyat”
dan s6hbat geds bilmoz.

Ehtiyat-bu, operativ istifadoys imkan veran voziyyatdir.Yaxsi,enerjiblokun, transfor-
matorun va ya elektrik miiharrikinin ehtiyat voziyyoti malumdur. ©gor avadanliq aginmanin
borpasina ehtiyact varsa vo ya onun modernlogdirilmasi miimkiindiirss, onda ag¢ilan imkanlar
ehtiyat deyildir. Bu, sadoca aginmanin barpasi vo ya modernlosdirilmasidir (enerjiblokun ayri-
ayr1 elementlorinin daha miiasirlari ilo avoz olunmast).
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Olbotto ki, he¢ bir sokildo istismar soviyyosinin shomiyyatini azaltmaq istomirik.
Bundan slave biz ominik ki, xidmat miiddsti normalasdirilmis qiymats ¢catmis vo ya artiq olan
avadanliqlarla isloma prinsiplori {izrs kadrlarin hazirligi, texniki xidmotin vo enerji bloklarinin
asinmanin borpasinin somoraliliyinin artmasinda ohomiyyetli rol oynaya bilor. Amma ki,
intuitiv fikirlordon nazori cohoatdon asaslandirilmus diisiincalors kegmok ticiin vacibdir:

—normalasdirlmis texniki-igtisadi gostaricilorin (TIG) bi vo n komiyyatlori ilo faktiki
qarsiligh alags (korrelyasiya) doracasini tayin etmok;

—ayri-ayri enerjiblokun, eloca do biitovlikds elektrik stansiyasinin isinin samaraliliyinin
artirtlmasina yeni tisullarin toklif edilmasi.

2. Normalasdirilmis TiG-in qarsihgh slagalarinin  tahlili. Normalasdirilmis  TIG-in

arasindaki alagenin tohlili, gaz-mazut yanacag ilo isloyan 300 MVt-liq enerjiblokun TiG-in
orta ayliq gqiymatlarina asason aparilir. Bu molumatlar cadval 1-do nimuna kimi gostarilir.

300 MVt enerjiblokun qazan qurgularinin texniki-iqtisadi gostoricilorinin orta ayliq qiymatlori

Codval 1.
- Enerjibloklari nomralori
Istismar
gostaricilori 1 > 3 5 7 8

Bosloyici suyun temperaturu, Trs, °C 228.5 230.4 240.4 236.8 241.8 238.7
RHQ-dan sonra temperaturu Tp, °C 270.7 278.2 278.4 292.8 289.9 278.7
Cixan qazlarmn temperaturu Tcq, °C 108.7 116.8 102.9 128.5 117.3 105.7
Havanin artiqliq emsali a 1.191 1.144 1.18 1.155 1.167 1.203
Havanm sovurmalar1 AS, % 42.3 39.8 38.6 38.7 39.9 41.0
F.1.9. (brutto) 1, % 90.98 90.95 91.05 90.95 90.8 91.07
Xiisusi sorfiyyata elektrik enerjisinin
sorfi WE, % 241 221 2.26 2.4 2.05 1.97
Xiisusi sorfiyyata istilik enerjisinin sorfi 1.46 147 141 158 154 14
Wys, %
F.1.D. (netto) 1,,, % 84.60 84.85 84.90 84.54 84.92 85.39
Sert yanacagin xilsusi sarfi b, 3307 | 3341 330.3 3324 | 3320 | 3306
q/(kVts)

Qeyd. 4 va 6-c1 enerjibloklar ehtiyatdadir.

Pirson korrelyasiya amsalinin hesablanmasi aparilmisdir.Bu verilonlorin tohlili gosterir
ki,bazi naticalor sadaco fiziki qanunlara uygun golmir. Masslon, niys hava sovurmalarinin
artmasi bj-nin azalmasina gatirib ¢ixarir vo ya niys havanin artiqliq eamsalinin artmasiyla b
azalir, 1 iso artir. Bu suallara cavab vermok iiciin il orzindo TIG-lorin korrelyasiya omsali
hesablanmigdir. Hesabatin naticalori codval 2-do gdstorilmisdir. Burada korrelyasiya omsali
qiymatlorinin doyisms intervallart verilmisdir.

Cadval 2-do verilonlors asasan, qarsiligh slagenin doyisme xarakteri (onu korrelyasiya
omsalimin isarosi miioyyon edir) yalniz Wilo bi, vo Wy ilo 1, qarsiigh olagolor iigiin
eynitiplidir. Qalan biitiin olagalor {igiin onlar tosadiifi doyisirlor. Biitiin bunlar yalniz bir seyi
gostarir: TIG-in yaxsilasdiriimasi zamani bi, 17,, vo 17,-nin shomiyyatli doracads pislosmasi ola
bilor.Nozors alaraq ki, olave vesayit sorf etmodon TIG- in normativ giymato yaxinlasmasi
geyri-xotti asinmaya aparir, istilik somarsliliyinin "ehtiyat" reallasdirmasi yolu ilo enerji
bloklarinin isinin somoraliliyinin artirilmasi ehtimali haqqinda fikir sohv hesab edilmalidir.
Bu fikirin glizostsiz xiisusiyyati nainki oalava dalillar, hatta enerjiblokun isinin somaraliliyinin
artirilmasi tisulunun tokmillosdirilmasi tizra tokliflar tolob edir.
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TIG-lorin korrelyasiya omsallarinin qiymaotlorinin il oarzinde doyismo intervali

Cadval 2.

TIG TIG-lorin doyisms intervali

b B M

min max min max min max
Ty -79 +59 -30 +86 -50 +72
Th -75 +53 -69 +76 -56 +73
Teq -79 +70 -67 +60 -59 +55
o -39 +72 -64 +76 -71 +53
AS -66 +61 -64 +99 -40 +75
WE +4 +98 -99 +66 -98 +56
Wi -29 +95 -92 -6 -89 +56

3. Bazi nazari naticalor.Hor seydon owval, Kkorrelyasiya omsallariin doyisikliyinin
intervallart haqqinda sual yaranir. Sokil 1-do dofolorlo formalagdirilan iki ny hacmlo mistaqil
segcmo arasinda Pirson korrelyasiya omsalinin (p) miimkiin reallagdirmalarin fidusial
paylanmasinin statistik funksiyasi gostorilmisdir. Xatirladaq ki, gostoricilorin  tosaduifi
komiyyatlorinin miimkiin reallasdirmalarmin paylanmasi fidusial paylama kimi xidmat edir.
Bizim voziyyotimizdo bu korrelyasiya omsalinin reallasdirmalaridir. Vo fidusial interval
inaml intervalindan farglidir. Malum vo ya giman edilon paylama ganunlar ilo bir 6l¢uli
tosadifi komiyysatlor tUgtin qurulmur. Fidusial interval paylanma ganunu gozlonilmaz sokildos
doyison coxdl¢ili tasadifi kamiyyatlor Gglin qurulur.

Mdastaqil ~ segmalorEHM-do  modellosdirilmis, korrelyasiya omsali  avtomatik
hesablanmis vo onun reallagdirmalar1 siralanmisdir [3]. Bu sokil gostarir ki, Kicik ny cin
olagalor noévinin tosadifi doyismasi Vo p doyismosinin boylik intervallari tobiidir. Onlarin
codval 3-doki verilonlorlo tam oxsarhg TIG-in bi, 1,, Vo n,, 6lcllordonmiistaqilliyi haqqinda
forziyyonin etibarliigimi gostorir. Bu notico homginin normativ TiG-nin eksperimental
giymatlondirma xususiyyatlarindoan ds irali galir.
£
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Sak. 1. Pirson korrelyasiya amsalinin ny=35 ti¢iin fidusial paylanmasi.

4. IES-in enerjiblokunun isinin somarsliliyinin artirllmasi. Hor seydon oavval, geyd edok
ki, isin effektliliyinin altinda etibarliliq, samaralilik vo tohliikasizlik taloblorinin yerina
yetirilmasi nazardos tutulur. ©gar etibarliliq (imtinasizliq, tomira yararliliq, uzun dmiirliilik va
saxlama) vo somoaralilik mosolosi ¢ox tamisdirsa vo mivafig komiyyat gostoricilorine
malikdirsa, onda ¢ox yoOnlii olmasi sobsbindon enerji bloklarimin tahllkasizliyi muayyan
dogiglosdirmoni tolob edir. Avadanliq vo qurgularin zadoalonmasi va 0 cimladan,
alovlanmalar1 tohllikasi, onlarinasginmasinin icaza verilon giymatin maksimum haddoan artiq
olduqda bas verir [4].
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Isin effektliliyinin bu xiisusiyyatlorinin borabar hiiquglu nazoro almmasi xidmot
muiddati normativdon artiq olan enerji bloklari tiglin xiisusilo shamiyyatlidir. Enerji sisteminin
eyni tipli obyektlorinin isinin somaraliliyinin artiritlmasi moasoalaloari [5, 6]-da baxilmisdir.

Osas mosalolor:

— eynitipli obyektlorin isinin somaraliliyinin inteqgral gostaricilorinin tayini;

— eynitipli obyektlorin siralanmast;

— hom ayri-ayr1 obyektds, hom do onlarin cominds “zsif bondlorin” agkar olunmasi

— on kigik istismar xarclori ilo elektrik stansiyasinin onyiiksok isin effektliliyini tomin edon

tipik asinmalarin barpasi konsepsiyast:

Xdsusilo, eyni tipli obyektlorin siralanmasi isin effektivliliyin artirilmasinda TIG-in
faktiki giymotlorini normativ giymotlorlo muiqayiso etmokdon, obyektlorin integral
gostaricilorinin mugayisssine kegmoys imkan verir. Bu halda enerji bloklarinin vo ya ayri
elektrik stansiyalarmin TIG-in reallagdirmalarinin orta qiymotlori normativlor kimi xidmot
edir.

NOTICOLOR

1. Elektroenergetik sistemlorin isinin somaraliliyinin artirilmasinin aktualligi nainki azalmur,
hotta artir. Vo bu da, osason, xidmot middoti normativo borabor olan vo ya 6ton
avadanliglarin texniki vaziyyati ilo alagalidir.

2. Qaz-mazut yanacag ilo isloyon 300 MW-liq enerjiblokun qazan qurgularinin
normalagdirilmig texniki-igtisadi gostoricilorin onlarin sorti yanacagin sorfi vo faydali is
omsalindan asili olmamasi eksperimentalyolla miioyyon olunmusdur.

3. Bu asili olmama “istilik somaraliliyi ehtiyati” Kimi gostoricilorin yararsizligini siibut edir,
hamginin bu, ehtiyat deyil, kdhnalmodan yaranan TiG-larin normativ giymatindan moacburi
forglilikdir.

4. Istismar xorcloriniohomiyyatli azaltmag obyektin biitiin asinmalarinin berpasindan elektrik
stansiyanin biitiin eyni tipli obyektlarinds biitiin eyni tipli asinmalarinin aradan qaldirmasi
yolu ils nail olmag olar.

5. Enerjiblokun isinin somoraliliyinin artirilmasinin on vacib sorti onlarin somaraliliyini
mugayiss etmoak Vva isin samaraliliyinin miigayiss etmok va siralanmaq qabiliyyatidir.
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AHAJIN3 PE3EPBA TEILJIOBOM SKOHOMUWYHOCTHU

PYCTAMOBA A.A.
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AxtyanpHas ~ mpoOsieMa  THOBbIIEHUS — 3(P@EeKTUBHOCTH  pabOThl  TEIUIOBBIX
JIEKTPOCTAHLIUI CO BPEMEHEM HE TOJIBKO HE CHMKAETCsA, OHA BO3pacTaeT. Takoe U3MeHeHHue
00ycCJI0BJIEHO LEIbIM psaoM (akTopoB. OnHUM U3 Haubojee 3HaYMMbIX (AKTOPOB SIBISETCA
YBEJIMYEHUE JO0IM OCHOBHOIO OOOPYAOBaHUS, CPOK CIIy>KObl KOTOPOrO INPUMEPHO pPaBEH
pacueTHOMY WM IpeBblnaeT ero. K ocHoBHOMY 000pyJOBaHUIO, IPEXkJE BCEro, OTHOCATCS
KOTeNbHbIEe ycTaHOBKH. lloBeimenne 3¢dexTnBHOCTH pabOTHl KOTEIBHBIX YCTAHOBOK B
HACTOsIIee BpeMsl IPEUMYIIECTBEHHO OCYILECTBIIAETCS IMyTeM pealn3aluy pe3epBa TeIIoBoH
SKOHOMHUYHOCTHU. Pa3zpaboTaHbl pyKOBOACTBO IO pacdyeTy HOPMATUBHBIX 3HAUEHUH TEXHMUKO-
HSKOHOMHMUYECKMX IIOKa3aTejei, MeTOJMKa pacueTa CTENEeHHM MCIIOJIb30BaHUsS PpPEe3epBOB
TEIUIOBOM  3KOHOMUYHOCTH, METOJMYECKHE yKa3aHUS 10 COCTAaBJICHHUIO  OTYETOB
JIEKTPOCTAHLIMI O TEIJIOBOM SKOHOMUYHOCTU U psJl IPYTUX JOKyMEHTOB. OTMedaercs, uTo
pe3epB TEIJIOBOM SKOHOMMYHOCTH 3aBUCUT OT YPOBHSI AKCIUIyaTallMM U TEXHUYECKOI'O
COCTOSIHUSI 00OPYAOBaHUs. A €ClIU COIVIACUTHCSA C TEM, YTO YPOBEHb IKCIUTyaTallUH BIUSAET HA
pa3Mepnl pe3epBa TEIUIOBOM HSKOHOMMYHOCTHM MEHBIIE, 4YE€M TEXHHUYECKOE COCTOSHUE
000py/JI0BaHUs, BO3HUKAET €CTECTBEHHBIM BOIPOC: MOYEMY BEJIMYMHA HM3HOCA HA3bIBaeTCA
pe3epBoM. OHO MOJIHOCTBIO NPOTUBOPEUUT HCHOIB3YEMOrO B IKCIUIYaTALlUU COCTOSTHHIO
pesepBa. Jlamee TOKa3aHO, YTO HU3MEHEHME HOPMHUPYEMBIX TEXHUKO-3KOHOMUYECKHX
NOKa3aTelell MPaKTUUECKU HE BIUSAET Ha U3MEHEHHE YAEIbHOIO PACX0/a YCIOBHOIO TOIUIMBA
1 K03 UIMEHTa M0JIe3HOro JAeHCcTBHs. bojee Toro, UX B3aUMOCBSI3b MOKET IPOTHUBOPEUHUTH
31paBoMy cMbiciy. OTMmedaeTcsi, 4To MoBbImeHHe 3(deKTnBHOCTH pabOTHl YHEPrOOIOKOB
MOXET OBITh JIOCTUFHYTO HEpPeXOJOM OT CTPEMIIEHUS OCBOMTH «pPE3EPB TEIUIOBOH
SKOHOMHUYHOCTH» K BO3MOXXHOCTH CpaBHEHHMS OJHEProOJIOKOB, HUX PaHKUPOBAHUS,
OIpeJIeJIEHUs «CJIA0bIX 3BEHbEB» U MOBBIIIEHUS KBAIN(UKALIUK [TepCOHAIa.

KawueBbie cioBa:3(pHEeKTUBHOCTh, PE3CPB TEIIOBOH 3KOHOMUYHOCTH, KOPPEIAIHMS, IOKA3aTeiH,
HOBBIA METO/I.

ANALYSIS OF THE RESERVE OF THERMAL PROFITABILITY
RUSTAMOVA A A.

The actual problem of increase of an overall performance of thermal power stations in
due course not only does not decrease, it increases. Such change caused by many factors. One
of the most significant factors is the increase in a share of the capital equipment which service
life is approximately equal settlement or exceeds it. Boiler installations, first of all, concern to
the capital equipment. Increase of an overall performance of boiler installations now mainly
carried out by realization of a reserve of thermal profitability. The design procedure of a
degree of use of reserves of thermal profitability, methodical instructions on drawing up of
reports of power stations about thermal profitability and a number of other documents are
developed a management by calculation of normative values of technical and economic
parameters. It is marked, that the reserve of thermal profitability depends on a level of
operation and a technical condition of the equipment. And if to agree that the level of
operation influences the sizes of a reserve of thermal profitability less, than the technical
condition of the equipment, arises a natural question: why the size of deterioration refers to as
a reserve. It completely contradicts used in operation to a condition of a reserve. Further,
shown, that change of normalized technical and economic parameters practically does not
influence change of the specific charge of conditional fuel and efficiency. Moreover, their
interrelation can contradict common sense. It is marked, that increase of an overall
performance of power units can be reached by transition from aspiration to master «a reserve
of thermal profitability» to an opportunity of comparison of power units, their ranging,
definition of "weak parts» and improvement of professional skill of the personnel.

Keywords: efficiency, a reserve of thermal profitability, correlation, the parameters, a new method.
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ANALYSIS OF RESEARCHES OF ELECTRIC STRENGTH OF HOMOGENEOQUS
AND COMBINED INSULATION AT LOW TEMPERATURES

SAFIYEV E.S., IBRAHIMOVA O.B., ALIYEVA S.N.

Azerbaijan State Oil and Industry University
Azerbaijan Technical University

It was investigated the electrical strength of single-layer and multi-layer dielectrics at low temperatures.
The possibility of their thermal breakdown is revealed. It was found that the electric strength at low temperatures
depends on various factors: the thickness of the material or the number of layers, the nature of the voltage, the
shape of the electrodes, the pressure of the cryogenic liquid, moisture (absorbed material), etc.

Keywords: electrical strength, liquid nitrogen, liquid helium, dielectric, combined insulation.

With decreasing temperature, the dielectric loss decreases, and the dielectric strength
increases. Along with lower dielectric losses at low temperatures, the thermal conductivity of
the dielectric also decreases, which worsens the conditions for heat removal. Fig. 1 shows the
temperature dependence of thermal conductivity for polyphenylene oxide at temperatures
below 90K. As can be seen from the figure, with a decrease in temperature from 60 to 10K,
thermal conductivity decreases four times. Therefore, at cryogenic temperatures, thermal
breakdown of dielectrics is also possible
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0,061

)

o 20 40 60 80 %

Fig. 1. The dependence of the thermal conductivity of polyphenylene oxide from temperature.

Table 1 shows the electric strength Epr values of various materials under alternating
and constant voltage in various environmental conditions. As can be seen from the table, for
many dielectric materials, liquid nitrogen is the best medium for obtaining high dielectric
strength of solid dielectrics, despite the fact thatEprmaterials in vacuum is higher.

At large distances between the electrodes, the electric strength of the vacuum is
significantly reduced, and currently, cryogenic high-voltage cables use layered insulation
impregnated with cryogen liquid.

At low temperatures, many different factors can affect the dielectric strength. With an
increase in the thickness of cryogen isolation, a decrease in its electric strength is observed.
For a fluoroethylene propylene film with a thickness of 30 pm, Ep in liquid nitrogen is 115
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and with a thickness of 275 Helium, it is 75 MV/m. Table 2 shows the values of electric
strength depending on the thickness of some dielectrics in liquid nitrogen and helium.
Electric strength is calculated for maximum breakdown voltage.

Eletrical strength of various dielectrics, MV/m. Stainless steel electrodes: spherical
(with a diameter of 30 mm )and flat (with a diameterof 25 mm). Dielectric thickness100um.

Table 1.
AC voltage Constant
(60 Hz) voltage
Materal
Air | Nitrogen Nittogen | Helum | Helum | Vacuum Nitrogen. | Nitrogen | Helium | Helium gas
293 llquid o liqusd gas 1K liquid o8 liquid 42K
K 1TK 41K 42K MK 7K 12K
Polyethylene terephthalate 119 m 99 120 85 212 210 160 210 150
Polytetrafluoroethylene 113 114 97 134 99 320 200 170 20 140
Polyethylene 102 155 106 92 70 143 180 120 40 160
Polyamide 110 127 99 111 73 200 200 180 240 160
Polyvinyl chloride 112 109 97 105 75 182 100 - 200 150
Polyimide 140 198 127 163 127 317 M0 180 260 190
Kraft paper 13 % 18 38 2 - 60 30 4 40
Mica paper 64 76 62 55 30 - 110 93 83 70

For layered insulation, Eyr also decreases with an increase in the number of layers. For a
semi-carbonate film 30 microns thick for one layer in liquid nitrogen, Eyr is 150, and with
eight layers, 100 MV/m.

The dependence of the electric strength and breakdown voltage on the thickness of the
cryogen insulation is:

E,,=AA™ .U,,=BA™,

where A, B, n, m are constant coefficients, n = 1-m.

For wound polypropylene paper and KMTU-080 paper A = 25 MV/m, n = 0.59 with a
thickness of 0.3-1.0 mm in liquid nitrogen, and when tested with a pulsed voltage A,
respectively, 44 and 46 MV/m with n = 0.7.

For a polyethylene film 100 microns thick with the number of layers from 5 to 11 U
65 kV and m = 0.7, if the insulation was punched in liquid nitrogen, and B = 17 kV and m
0.8 when the breakdown of insulation in liquid helium.

With an increase in cryogen fluid pressure, the breakdown strength of the impregnated
insulation increases. The study of coiled insulation from cable paper KV-120 showed that its
electric strength increases by 30% with an increase in pressure from 0.1 to 0.6 MPa. For
wound insulation made of polyimide and polypropylene with an increase in pressure from 0.1
to 0.3 MPa, Eyr increases from 66 to 102 MV/m and from 73 to 109 MV/m, respectively. In
fig. 2, one can trace the change in Enr of some dielectrics in liquid helium as a function of
pressure. An increase in the dielectric strength of the impregnated insulation with an increase
in the pressure of the cryogen liquid is explained by an increase in the dielectric strength of
the cryogen liquid itself as a result of eliminating the boiling of the liquid and the formation
of gas bubbles in it. An increase in the pressure of liquid nitrogen while maintaining its
temperature at the level of 70-77K helps to obtain high working stresses.
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Ebr solid insulation in liquid nitrogen can rise significantly with increasing pressure only to
0.8 -1.0 MPa, because with a further increase in pressure, the strength of liquid nitrogen itself
rises slightly.

Electrical strength of some dielectric materials of various thicknesses in liquid nitrogen and
helium

Table 2.
Electricalstrength, MV/m
Material Thickness, mkm AC voltage(60 Hz) | Constantvoltage
Liquid
Nitrogen Helium Nitrogen Helium
50 263,8 182,9 340,4 182,9
Polyethylene 100 184,3 119,1 234,0 170,2
200 1418 70,9 1773 102,8
200 56,7 21,2 74,4 -
TYVEK 300 49,6 21,2 63,8 -
500 43,9 22,6 56,7 -
30 212,7 - - -
Polyester 50 156,0 - 226,9 -
100 102,8 - 1418 -
200 65,6 - 93,9 -

Electrical insulating materials are able to absorb moisture from the environment, which
leads to a decrease in their electrical strength, especially at elevated temperatures and high
values of relative humidity. The study of the effect of air humidity on cryogen isolation is also
of practical interest. The study of the effect of humidity on Ep of polyamide and
polyethylene paper in liquid nitrogen (before testing, depending on the nature of the
experiment, the samples were either at equilibrium room humidity of 40-50%, or kept for 100
hours in an atmosphere of 100% humidity, or blown for several hours with a stream of dry
nitrogen) showed that humidity does not have a noticeable effect on the Epr of the tested
dielectrics. The results of studies of overlapping on the surface of wound insulation in liquid
nitrogen are given in table 3.

The overlap surface electric strength of some dielectrics in liquid nitrogen

Table 3.
Dielectricmaterial The distance between the Overlap surface electric
electrodes, mm strength, MV / m
Polypropylene 6,3 8,0
Polypropylene 7,2 8,0
Polypropylene 8 75
Polyimide 8 7,4
Polyimide 8 59

With an increase in insulation thickness and nitrogen pressure, the overlap tension
increases. The practical use of insulation at low temperatures should take into account the
results of all the above experimental studies.

Conclusion
It was investigated the electric strength of single-layer and multi-layer dielectrics at low
temperatures. The possibility of their thermal breakdown is revealed. It was found that the
electric strength at low temperatures depends on various factors: the thickness of the material
or the number of layers, the nature of the voltage, the shape of the electrodes, the pressure of
the cryogenic liquid, moisture (absorbed material), etc.
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ASAGI TEMPERATURLARDA BiRCiNS VO KOMBINO EDILMI$
IZOLYASIYANIN ELEKTRIK MOHKOMLIYININ TODQIiQININ
ARASDIRILMASI

SOFIYEV E.S., IBRAHIMOVAO.B., OLIYEVAS.N.

Asagl temperaturlarda birqat vo ¢oxlayli dielektrik materiallarin elektrik mohkomliyi
todqiq edilmisdir. Onlarda istilik desilmasinin miimkiinlilyii askar edilmisdir. Miiayyan edil-
misdir ki, asag1 temperaturlarda elektrik mohkomliyi muxtalif amillordon: materialin qalinligi
Vo ya tobagolorin sayindan, elektrik gorginliyinin xaraktrindon, elektrodlarin formasindan,
kriogen mayenin tozyigindon, namlikdon va s. asilidir.

Acar sozlar:elektrik méhkomliyi, maye azot, mayehidrogen, dielektrik, kombins edilmis izolyasiya.

AHAJIN3 UCCJEJOBAHUM JEKTPUUEKON MTPOYHOCTH OJJTHOPOTHOM 1
KOMBHUHNUPOBAHHOM U30JIAIIAN ITPU HU3KUX TEMIIEPATYPAX

CA®UEB)D.C., UIBPATUMOBAO.b., AIMEBAC.H.

HccnenoBana snexkTpuyeckas IPOYHOCTh OAHOCIOWMHBIX M MHOTOCJIOMHBIX JHIJIEKTPUKOB
IIPU HU3KUX TeMmiepaTypax. BblsiBieHa BO3MOXKHOCTb X TEIUIOBOTIO Mpo0Os. YCTaHOBIEHO, UTO
JIEKTpUYECKass MPOYHOCTh IPU HHU3KUX TEMIepaTypax 3aBUCUT OT pa3iM4yHbIX (aKTOPOB:
TOJIIIMHBl MaTepuana WIM YHUCIAa CJIOEB, XapakKTepa 3JEKTPUUYECKOro HaIpsKeHHs, (Hopmsl
3JIEKTPOOB, JIaBJIEHUS] KPUOTEHHOM XKHUJIKOCTH, BIIard (BIUTHIBAEMON MaTepHUajIoM) U T.1.

KiaioueBble cioBa: DdIeKTpUYeKas MTPOYHOCTh, JKAIOKUH a30T, JKUAKHHA BOIOPOJ, TUIJICKTPHK,
KOMOWHUPOBAaHHAS U30JISAIHSL.
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BOYUKGUCLU GoMi KOMOKCi SUKANQURGULARININELEKTRIK
INTIQALLARININ ISOSALINMASI USULLARININTODQIQI

SULTANOV E.F., ABDULLAYEV A.N., BAYRAMOVA 1.P.

Azarbaycan Déviat Doniz Akademiyast (Az1000 Baki s. Z.Oliyeva kii¢.18)
elshen_sultanov@mail.ru,
abdulla8 1974@mail.ru,
genclik76@mail.ru

Mogalodogomi kémokei sitkan qurgularmin elektrik intiqallarinda istifade olunanbdyiik giiclii asinxron
miihorriklorinin isesalinmasi iisullar1 tohlil olunmusdur. Idaroetmo sistemlorinin etibarhigmni yiiksoltmok vo
elektrik enerjisinin sarfini azaltmaq mogsadile boyiik giiclii asinxron miiharriklorin tezlik ¢eviricilori vasitasila
igasalinmasitaklif olunur.

Agar sozlar:gomi, komoakgi siikan qurgusu, asinxron miihorrik, elektrik intiqali, tezlik geviricisi.

Giris:Gomilorin manevretmo qabiliyyatini artirmaq iiclin osas siikan qurgusundan
basqa,slavo idaroetmo vasitolorindon do istifado edilir. ©lave idaroetmo qurgulari, ssason,
gominin korpiliya yan almasi, dar kanallarda horokoti vo manevr rejimlorindo totbiq edilir.
Olavo idaroetmo vasitolorino burun hissosinin siikani, istigamatlondirici basliglar, aktiv
siikanlar, komok¢i silkan qurgusu vo komokei siikkan basliglart aiddir. Komokgi siikan
qurgusu, 9sasan, gominin burun, bozon iso arxa hissasindo yerlogdirilir. Bu qurgu gominin
diametral miistovisina perpendikulyar, icorisinde avar vintli, vo ya parli harokatverici olan
borudan ibarotdir. Gomilords istifado olunan miixtolif is¢i mexanizmlorin normal is soraiti
onlar1 harokoto gotiron elektrik intigallarindan asilidir. Miiasir dévrde layihalondirilon va
hazirlanan gomilorin elektrik intiqallarinin idarsetms sistemlorinin tokmillosdirilmasing
toloblor artir. Hal-hazirda istismarda olan gomilorin bdyiik hissasindo elektrik intigallarinin
avtomatik idaroetmo sxemlorindo istifado olunan rele-kontaktorsisteminin uzunmiiddatli
islomosi yiikkdon vo qosulma tezliyindon asilidir [1, 2].

Osas hissa:Boyiik giiclii gomi elektrik intigallarinda totbiq olunan asinxron

muharriklorin igo buraxilma xassalori miiharrik tiglin vacib masalalordon biridir. Bu xassalar,
osason, igaburaxma coroyanivomomenti ilo xarakterizo olunur. Boyiik giiclii gomi elektrik
intiqallarinda asinxron miihorriklorinin iso salinma xassolori, adoton, onlarin rotorlarinin
qurulusundan asilidir.
Oksor hallarda az giicliiqisa gqapanmis rotorlu miharriklords bilavasito isa buraxmadan
istifado olunur. Belo isosalma cox sado vo tez olur.Bu on sadoiso buraxma tisuludur.
Buradastator bir basa gidalanma sobokosino qosulur. Miihorrik 6z tobii xarakteristikasi lizro
g0 buraxilir [3, 4].

Miiharrikin rotorunun torpenmoz vaziyyetindon (S=1) nominal firlanma tezliyinin
(S=Sn) vo yaxud yiiksiiz firlanma tezliyino (S = 0) c¢atdirilma prosesino onun iso salinmasi
deyilir.

Isosalma prosesindo miiharriko asagidaki osas toloblor qoyulur:

1. Isesalma momentiM;, s miimkiin gador bdyiik olmalidir;
2. Isosalma corayani Zi; smiimkiin godor kicik olmalidir;
3. Isosalma sxemi mimkiin godor sado olmalidir.

Bundan bagqa miiharrikin isosalma miiddoti miimkiin godor kigik, isosalma prosesi salis

va gonaastli olmalidir.
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Miihorrik igo buraxilan zaman, rotor qofosi kimi yigilmis, kicik miigavimatli rotor
dolag1, ikinci torafi kicik miiqavimotlo qisa qapanmis transformator kimi isloyir. Rotorda
yaranan corayan qidalanma sobokosinds ifrat coroyan yaradir. Iso buraxma corayan: nominal
coroyandan toqribon 5-7 dofo artiq olur. Iso buraxma momentinin orta qiymoti (Misp,) is9
nominal momentin (M) 0,5-1,5 hissasina barabardir.

Umiimiyyotlo, isosalma sobokonin giiciindon asihidir.Boyiik giiclii gomi elektrik
intigallarinda totbiq olunan asinxron miihorriklords igosalma coroyanini azaltmagq iigiin bozon
stator dolaglarina ardicil induktivmiigavimatqosurlar [3, 4].

Avtotransformatorla igo salmametodu da bu moqsadlo edilir. Miihorrikin statoruna
verilon gorginlik avtotransformator vasitosilo algaldilir. Iso salindiqdan sonra gorginlik
todricen artirilaraq nominala catdirilir. Belo metod, toxminon, 20 kVt-a qador giico malik olan,
rotoru gisagapanmig asinxron miihorrikin iso salinmasin da istifado olunur.

Faza-rotorlu asinxron miiharriklords iso iso salma reostatindan istifado edilir.Miiharrik
sobakaya qosulmazdan avval igo buraxma reostatlarinin dastayi els vaziyyeta gatirilir ki, rotor
dovrasinin miigavimoti maksimum olsun. Bu voziyyotdo elektrik miihorrikini gobokoya
qosduqda, rotor dovrasinin miiqavimoti bdyiik oldugundan stator dolaglarindan axan
coroyanin da qiymoti nominaldan az olur. Rotorun siirotini artirmaq ti¢lin reostatin dostoyini
horokot etdirmoklo, miigavimotlor todricon dovradon ¢ixarilir. Miiharrikin siiroti nominala
catdigdan sonra is9, reostatin miigavimatlori tamamilo dévrodon ¢ixarilaraq rotor dolaqglarinin
uclari qisa qapadilir [3, 4].

Indi iso asinxron miihorriklorin isoburaxma iisullarin arasdiraq.

1. Asinxron muharrikin birbasa isaburaxilmasi.Bu Usul ilo isoburaxma zamani qurgunun

sadaliyi, ylksok iso buraxma momenti yaratmanin miimkiinliyi, isesalma muddatinin digor

usullara nisbaton az olmasi, qiymoatCo ucuz basa golmasi, xiisusi qulluga ehtiyacin olmamasi,

istismar middatinin uzun olmasi vo S. kimi Ustlinluklori vardir (sokil 1). Lakin birbasa

isoburaxma yalniz asagida gostarilon hallar ligiin uygundur:

- Miharrikin giici sobokonin gliclino nisbaton azdirsa(bu halda ifrat coroyanin giymoti
mohdudlasir);

- Horokato gatirilon intigal todricon suratlonmoni tolob etmirso,vo ya elektrik intigali iso
buraxma zamani tokanlarin hamarlanmasimi tomin edon dempfer qurgusuna malikdirss;

- Miuharrikin iso buraxma momentinin yiuksok giymotdo olmasi miihorrikin, yaxud is¢i
mexanizmin normal is rejiminamanfi tosir etmirsa.

o o

01 ihae
FAS-A Mo .
al M M irladict
[N ’
KM C; ‘-3 5
\-2_\\_4_\ ]

Sok.1. Asinxron miiharrikin birbaga igasalma sxemi vo mexaniki xarakteristikasi.
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Asinxronmuharriklarinbirbasaise buraxilmasininmonficahatiloriasagidakilardir:

1. Miiharrikin iso buraxma corayam (lis».), onun nominal corayanina (in) nazaron gox boyiik
olur;

2. Mihoarrik iso buraxilan anda ¢ox boyiik mexaniki zarbalor yaranir.

Tocribadagox zaman, glcl 5 kVt-dok olan ti¢fazali asinxron miiharriklorin birbasa iso
buraxilmasi normal hal kimi giymatlondirilir.
2. Asinxron muiharrikin ulduzdan iicbhucaga ke¢mokls isasalinmasi. Bu isosalma Gsulu,
yalniz statorun dolaglarinin tigiiniin do har iki sonlugu sixac qutusuna ¢ixarilan miiharriklordo
mimkiindiir  (sokil 2). Homginin, dolaglarin hor biri, ayri-ayriligda, soboko
gorginliyininnominalgiymotino hesablanmis olmalidir. iso buraxma, avvalco dolaglarm ulduz
birlosmoa sxemi ilo reallagdirilir. Bu zaman,har bir stator dolagina sobakadon verilon gorginlik

nominaldany3 dofo az olur (380V/v/3=220V). Coroyanin yiiksok giymatidebu halda v3dofa
azaldilmis olur, yoni Iuisp=(3 =+ 5)In. Muharrikin isoburaxma momentinin giymati iso bu
zaman togriban 3 dofo azalmis olur.

Miihorrikin siiroti miigavimot momenti ilo firlanma momenti barabarlogonds stabillosir,
bu adoton nominal siiratin 75-85% do alds edilir. Sonra dolaglar tigbucaq sxemi ils qosulur vo
miithorrik 0z is¢i xarakteristikalarina catir. Ulduzdan tigbucaga ke¢id, zaman relesivasitosilo
yerino yetirilir vo kecid miiddoti elektrik miihorrikinin giiciindon vo intigalin tipindon asl
olaraq, toqribon 3-7 saniya qurulur. Fazalar arasinda qisa gapanmanin qarsisint almagq {igiin
licbucaq sxemin kontaktoru ilo ulduz sxemin kontaktoru arasindamexaniki vo (vo ya) elektriki
bloklama qurulmalidir.Ulduz sxemin kontaktoru acildigi anda, dolaqda ceroyanin axini
dayanir vo iigbucaq sxemin kontaktoru gapananda borpa olunur. Ugbucaq sxemino kegid
aninda miiharrikds yiliksok saviyyali, amma qisamiiddatli oks EHQ yaranir [3, 5].

Asinxron mihorriklorin ulduzdan tigbucaga kegmoklo iso buraxma tisulunun monfi
cohotlori agagidakilardir:

1. Muhorrikin ulduz sxemindan Ugbucaq sxemins keg¢idi aninda, caroyan sigrayisla boyiik
giymat alir;

2. Muiharrikin igo buraxma momentinin nominala nisbatoan tagriban 3 dofs kigik olur;

3. Ulduzdan tigbucaga ke¢id aninda mexaniki zorbalor yaranir.
Butlin bunlari nazars alaraq, valinda boyiik yiiklo iso salinan elektrik miiharrikinin ulduz-
ugbucaq sxemi ilo qosulmasi maslohat goralmr.
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Sak.2. Asinxron miihorrikin ulduzdan ticbucaga kegmokls igoburaxilma
sxemi vo mexaniki xarakteristikalar1.
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3. Asinxron muharrikin avtotransformatorla issburaxma Usulu. Asinxron muhorrikin
dolaqglarimin ticbucaq qosulmasi zamani is¢i gorginliyi soboka gorginliyino borabar olmayan
muharriklor ulduz-tgbucaqg sxemi ilo igo buraxilmir. Bu tip miharriklor avtotransformatorla
iso buraxilir (sokil 3). Ulduzdan-iigbucaga kegmoklo iso buraxilma iisulunda iso salma
carayani nominaldan 33,3 %-o godor az olurdusa, bu rogom avtotransformatorla iso buraxilma
zamani 65%-2 goadar toskil edir. Avtotransformator bir necos pillali olur va isosalma zamani bu
pillolor mivafiq aparatla ndvboli olarag dovrodon ¢ixarilir. Ogor miharrikin is¢i sxemi
ucbucag birlosmoya hesablanibsa, iso buraxma muddatinds onun dolaglari miivoqqgoti olaraq

ulduz birlosdirilir. Bu zaman mihorrikin dolaglarina verilon gorginlik +/3 dofo azaldilmis olur

ki, bu da faza coroyanlarinin V3 dofo, xotti Coroyanlarin iso 3 dofo azalmasina sobab

olur.isoburaxma prosesinin sonunda dolaglar yenidan tichucag sxemi tizra qosulur.

Pillali olaraq sarinmis avtotransformatorun 2-ci torof dolaqlarinda induksiyalanan EHQ
muharrikin nominal isloma gorginliyindon daha kigik giymotlordo olur. Belo ki, tigfazali
avtotransformatorla asinxron muharrikin isoburaxilmasi aninda, totbiq olunan gorginlik
nominal miharrik garginliyinin 50%, 70% vo ya 80% -i godor Kigik bir gorginlikdir. Buna
misal olaraq, agor birbasa iso buraxilma zamani miiharrik sobokadan nominaldan 5-7 dofo
artiq coroyan alirsa, avtotransformator vasitasilo muharrikin igo buraxilmasi zamani onun
statoruna nominal gorginliyin 50% -i totbig olundugda muharrikin avtotransformatordan
aldigicorayan nominaldan 3 dofs artiq olar. Avtotransformatorun sabokoadon aldigicarayan iso
2-Ci torofdo 50% az gorginlik totbiq etdiyimizo goro 2-ci torof dolaglarindan axan coroyanin
yarist qadar olur. Belolikls, muharrikin iso buraxilma zamani sobokodon aldigi caroyan
nominaldan 1.5 dofs artiq olur. Buda sobakods kegid prosesi zamani bas vera bilocok corayan
dalgalanmalarint minimuma endirir [3, 5].

Bu tsulun tmumi manfi cahatilori asagidakilardir:

1. Avtotransformatorun sargilar saymin pilloli doyisilmosi zamani stator coroyani
qisamiiddatli kasilir. Bu anda muharrikin rotoru firlanir vo rotor caroyaninin yaratdigi
maqnit sahasi stator dolaqlarini kasarok EHQ induksiyalayir. Bu zaman avtotransformator
vasitasilo statora gorginlik tatbiq olunduqgda bu iki gorginlik toplanmis sokildo eyni fazada
ola bilar. Buda stator dolaglarindan ifrat carayanlarin kegmasina saboab ola bilir;

2. Muharrikin isoburaxma vo maksimal momentlori stator dolaglarina totbiq olunan
gorginliyin kvadratina miitonasib oldugu {i¢iin avtotransformatorla isoburaxma zaman
homin momentlorin giymotlori koskin azalmis olur. Bu sobobdon do belo isoburaxma
metodu yalniz valinda az yiikii olan asinxron miiharriklarinds istifads oluna bilar.

3. Avtotransformatorla isaburaxma tGsulu ham igtisadi cahatdoan alverissizdir, hom da Xx{susi
qulluga ehtiyac olur.
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Sok.3. Asinxron miiharrikin avtotransformatorla igaburaxilma sxemi vo mexaniki xarakteristikalari.
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4. Asinxron muharrkin yumsaq isoburaxicilar vasitasilo isaburaxilmasi. Asinxron
muharrikin statoruna totbiq olunan gorginliyi asagi salmaqla igoburaxma metodlarindan
muasir dovrds an cox istifado olunanlardan biri domikroprosessor idara sistemlori ilo tochiz
edilmis yumsaq isoburaxma metodudur (sokil 4). Yumsaq isoburaxicilart noazori olaraq
muiharrikin isosalma dovrasine ardicil qosulmus miigavimot kimi basa diismok olar. Yumsaq
isoburaxicilarda eyni ilo diger igoburaxma tisullarinda oldugu kimi isesalma coroyanini tonzim
edir. Bu Usulun digor metodlardan asas Ustlin cohoti muharrikin he¢ bir mexaniki zoarbs
olmadan igo buraxilmasi vo tormozlanmasidir. Digar Ustlin cahat iso gostorilon iisullarin heg
birindo movcud olmayan coroyan-moment xarakteristikasinin salis tonzim oluna bilmosidir.
Yumsaq igoburaxict mithorrikin igoburaxilmasi zamani statora totbigq olunan garginliyi 30% -
don 100% -o godor salis sokildo artiraraq miiharrikin igsasalma coroyanini tonzim edir.
Isoburaxilma zamani eyni zamanda mikroprosessor vasitasilo miharrikin corayan-moment
xaraktersitikasida tonzim edilir ki, bu yumsaq isoburaxicinin asas (stiin cohotlorindan birdir.
Yumsaq igsoburaxicilar hor fazada qosulmus triyak, reversiv birlosmis diod-tiristor ciitlindan,
Vo ya on cox istifado olunan reversiv birlosmis tiristor ciitiindon ibarst olurlar.
Mikroprosessorla idara olunan bu yarimkegirici ciitiino mihorrikin igoburaxilmasi anindan
baglayaraq idaro siqnallar1 gondorilir. Bununla da, miharrikin statoruna totbiq olunan
gorginlik tonzim olunur. Miharrikin isoburaxilma xarakteristikast bu tsulla ideal vaziyyato
gotirilo bilir. Isoburaxma prosesi basa catdiqdan sonra yumsaq isoburaxici suntlayic
kontaktor (By pass kontaktoru) vasitosilo dovradon ¢ixarilir. Bu {isulun manfi cohoti igtisadi
cohotdon samarali olmamasi Vo idars oluna bilon yarimkegiricilords bas veran gc itkilarinin
olmasidir [5, 6].
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Sok.4. Asinxron mithorrikin yumsaq igoburaxicilar ilo igoburaxilma sxemi vo mexaniki xarakteristikalari.
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5. Asinxron muharrikin tezlik ceviricilori ilo isaburaxilmasi. Gomilordo yumsaq
isoburaxicilarla yanagi boyiik giiclii gomi elektrik intiqallarinin igo buraxilmast va stiratinin
tonzimi Ucln tezlik cevricilori do totbiq olunur. Mikroelektronikanin, yarimkegiricilordon
hazirlanan elektrik ¢evricilorinin inkisafi vo muasir texniki inkisafla olagodar olaraq, gomi
elektrik avadanliginin qurulusu tokmillosir, istismari asanlasir vo avtomatlasma doracasi artir.
Toxminon, 1990-c1 illordon baslayaraq gomilor Al avtomatlasma (tam avtomatlasma)
doracasine malik olurlar. Belo gomilorin bas miiharriklori vo elektrik stansiyasinin
generatorlarinin mikroprosessorla idara olunmasi vo bunlarda tatbiq edilon guc ceviricilorinin
hom say1, ham do giic diapazonu artmigdir. Belo gomilords firlanma siiratinin tonzim olunmasi
tolob olunmayan boylk giiclii rotoru qisa gapanmis asinxron miharriklorinin igo buraxilmasi
da tezlik ceviricisi vasitoasilo yerina yetirilir [1, 2].

19619 layiholi “Prezident Heydor ©Oliyev” tankerindo dord odod yiik nasoslarini
horokato gotiron giiclori 200 kVt olan asinxron miiharriklorinin tezlik ¢eviricisi vasitosilo
avtomatik iso salinmasi da buna misal ola bilor.

Tezlik cevricisi Ug asas hissadan ibaratdir:

o duzlondirici;
o filtr;
e invertor (gevirici).

Sobokadon alinan iigfazali doyison corayan duzlondirici vasitasilo sabit coroyana
cevirilir.Sabit caroayan filtrdon kecdikdon sonra invertora oturultr. Tezlik gevricisinin sonuncu
hissasi invertordur. Invertorda, giicii miiharriko Otliron tranzistorlar vardir. Miiasir tezlik
cevricilorinds bu mogsadlo IGBT (insulated-Gate Bipolar Transistor-Kegidi izolo edilmis
bipolyar tranzistor)tranzistorlarindan istifado olunur. IGBT tranzistorlar saniyoda min
dofalorlo agilib-baglanaraq coroyanin salis bir sokildo muharrika verilmasini tomin edirlor.
IGBT tranzistorlar, istanilon tezlikds enina impuls modulyasiyasi (EIM) {i¢iin(PWM - Pulse
Width Modulated) texnologiyasini istifado edirlor.

Tezlik cevricilarinin totbiqi zamani, miiharrik avvalca alcaq tezlikls iso buraxildigr ti¢iin
onun sixaclarina verilon gorginlik doa tezliya miitonasib olaraq az olur [6, 7].

Kicik goarginliklo iso buraxilan miiharrik, molum oldugu kimi sabokodon az corayan
tolob edir. Sonra isa todricon artirilan tezlik vo goarginlik muharrikin va uygun olaraq, isci
mexanizmin 6z nominal siiratini almasina sabab olur.

600
Diizlondirici e %

560 gy
Kondensator 400 A N

Tam yiik carayanm, %
w
8

g
i

Invertor

g

=

0 10 200 30 40 50 60 70 80 90 100 n, %

Sinxron firlanma tezliyi

Sok.5. Asinxron miharrikintezlik cevricisi ilo igoburaxilma sxemi vo mexaniki xarakteristikalari.
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1.
2.

Tezlik gevricilorin monfi cohoatlori asagidakilardir:
Igtsiadi cohatdon alverisli olmamast;
Tezlik cevricisi istifado etdikdo, tezlik cevricisindon elektrik muharriklorino golon
harmonik garginliklarin vo caroyanlarin tosiri ilo miharriklordo domir ve mis itkilarinin
artmasidir. Bu harmoniyalar, intigalin somaraliliyina vo momentina tasir edib, muharrikin
asir1 qizmasina sobob olur;
Eyni bir sobokays qosulmus birdon artiq tezlik ¢eviricilori qosuldugu sobokods do yiiksok
harmoniyalarin yaranmasina sobob olur ki, bu da belo sitemlords alavs filtr qurgularinin
quragdirilmasini vacib edir.

Yuxarida geyd edilonlori nazoro alarag, boyik glclii gomi elektrik intigallarinin igo

buraxilma tsullarina goro bazi parametrlorin mugayisasi codval 1-do verilmisdir. Cadvaldon
do goOrinduyd Kkimi, biitiin ¢atigmazliglarina baxmayaraq, digor isoburaxma isullarina
nisboton bir ¢ox TUstiinliikloro malik olan yumsaq isoburaxicilar vo tezlik g¢evricilori gomi
elektrik intigallar1 tigiin on ideal se¢imdir[6, 7].

Cadval 1
Birbasa isa | Ulduz-lgbucaq Avtotransforma- Yumsagq iso Tezlik cevricisi
buraxma isa buraxma torla isaburaxma buraxma ila isa buraxma
Qiymat + ++ +++ +++ ++++
Isa buraxma 1 i s . .
5_10 Inom 2_3 Inom 17_4 Inom 4_5 Inom Inom
carayant
Gorginlik . Kegid prosesindo - - -
enmosi Yiiksok yitksok Asagi Asagi Asagi
I Tox. 0.5
sﬁnlgrl’:gﬁzla 2.5 Mrom 0.2+ 0.5 Myom Tox. 0.5 Mnom ijl(nom 1.5+ 2 Miom
Isa salmalarmn |\ 4 g 2-3dofs 3-4 dofs Mohdud Mohdudiyyot
sayt yoxdur
Mexaniki C ox Orta Orta Orta Zoif
zarba yiiksok
NOTICO

Aragdirmalar zamanit molum olmusdur ki, boylk giicli gomi komokgi siikan

qurgularinin elektrik intigallarinin moveud tsullarla isoburaxilmasi zamani rele-kontakt
aparatlart miitomadi olaraq qulluq talob edir, elektrik enerjisi sorfi boyiik olur vo istismarda

kifayat qodor etibarli olmur. Elektrik enerjisinin itkilorini azaltmaq vo etibarlilig1 yiiksoltmok
mogsadilo gomi komokei siikan qurgularinin elektrik intiqallarininorta gorginlikli tezlik

ceviricilori ilo isoburaxilmasi vo idarsedilmosi toklif olunur.
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HCCUIENOBAHHE METO/IOB 11YCKA CY/OBbIX 9/IEKTPOITPHBO/IOB
HOAPYJ/IMBAIOIIUX YCTPOUCTB BOJIBIION MOIIIHOCTH

CYJITAHOBE.®., ABJIYJIJIAEBA.H., BAMPAMOBAW.II.

B crarbe npoBeneH  aHanM3  METOJOB  INycKa  MOIIHBIX  ACHHXPOHHBIX
JIBUTATENIEHAIIEKTPOIIPUBO/Ia CYAOBBIX MOJAPYIMBAIOIIMUX ycTpoiicTB. Ilpemnoxen meron
IyCKa MOIIHOIO AaCHUHXPOHHOTO JBHUraTeisi 4YacTOTHBIM IpeoOpa3oBaTelieM C  LEJbIo
MTOHMKEHUS Pacxo/ia 3JIEKTPOIHEPIUH U MOBBIILIEHUS YCTOMUNBOCTH CUCTEMBI YIIPaBJICHUSI.

KioueBblie ci10Ba: CyIHO, IOJPYIMBAIOIICE YCTPOUCTBO, ACHHXPOHHBIN IBUTATEIb, HIEKTPOIPHBOIL,
YaCTOTHBIH peoOpa3oBaTeb.

THE RESEARCH OF ELECTRICAL DRIVES STARTING WAYS
OF THE LARGE STRONG WESSELS AUXILIARY STEERING GEARS

SULTANOV E.F., ABDULLAEV A.N.,BAYRAMOVA I|.P.

The methods of starting powerful asynchronous electric motors for ship thrusters have
been analyzed in the article. The starting method is offered with an aim of reducing the
consumption of electric energy and increasing the reliability the control system of the
powerful asynchronous motor with a frequency converter.

Keywords:ship, auxiliary steering gear, asynchronous motor, electrical drive, frequency converter.
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AVTONOM KULOK ENERJiSi QURGULARININ iSLOMO REJIMLORININ
ENERJi EFFEKTIVLIYININ QALDIRILMASI YOLLARI

KORIMOV E.O., MUSAYEVA S.N.

Azarbaycan Déviat Neft va Sanaye Universiteti, Azadlig pros. 16/21, AZ 1010
Azarbaycan Texniki Universiteti, H. Cavid pros. 23, AZ 1073
E_Kerimov.fizik@mail.ru

Kiilok elektrik stansiyalarinda yiikiin giicliniin nizamlanmasinin avtoballast sistemlorinin istifado
olunmas: texniki — igtisadi cohatdon do mogsadouygundur. Kiiloyin orta siiratlorinde moisot yiikiinii qidalandiran
avtonom kiilok elektrik stansiyalar1 ii¢lin aparilan hesablamalar gdstorir ki, enerji hasilatini toxminon 30-40%
artirmaq miimkiindiir. Bu zaman KES-in qiymeti yalniz 10-15% artacaqdir.

Acar sozlar:kiilokgeviricilari,avtonom,akkumulyator, batareya, artiq giic, yiik, qeyri-stasionar, stasionar.

Son on il kiilok enerji stansiyalarin (KES) praktiki istifado olunmasi sahasinds oldo
olunmus naliyyatlorlo xarakterizo olunur. Bu giin iri kiilok enerjisi stansiyalar1 sobakolorinin
hasil etdiyi elektrik enerjisinin qiymati istilik elektrik stansiyalarinin enerjisinin qiymati ilo
miiqayiso olunandir. Izolo olunmus istehlak¢iya isloyon kicik KES-in iqtisadi effektivliyi iso
holo belo bir soviyyoyo qalxmamisdir. Bu gerilomo osason iki soboblo izah oluna bilor:
qurgularda enerjinin akkumulyasiyasinin vacibliyi va istehlak¢inin elektrik qabuledicilorinin
yukintn grafikinin geyri-barabor olmasi.

Enerjinin akkumulyasiya qurgulart kimi an genis totbiq olunani asason akkumulyator
batareyalaridir. Akkumulyator batareyasi istehlak¢iya kifayot qodor giic vera bilmasi ilo
xarakterizo olunsa da enerjinin y181lib saxlanilmasi yiik corayaninin qiymeati ils toyin olunan
giic soviyyosindo miimkiindiir. Demoli, kiilok generatorunun yiik vo akkumulyator batareyasi
torofindon istehlak olunan artiq giicii oksor hallarda faydali sokilds istifads oluna bilmir.
“Artiq” giic kiilok miihorrikinin firlanma tezliyinin artmasina sorf olunur.

Kilok aximinin giicii ilo yiikiin giiciiniin uygunsuzlugu yiik grafikinin doyison xarakteri
Vo kulok axinmin qeyri-stasionarligi ilo toyin olunur. Kiloyin suroti osason, At zaman
muiddstinds kiloyin maksimal siratinin elo bu intervalda kilayin orta slratino olan nisbati
kimi toyin olunan Kq - slrot doyiskonliyi omsali ilo xarakterizo olunur. Qurgu vasitalorlo
soboko meteoroloji miisahidolorin metodikasi kiiloyin 10 dogigo miiddstinds orta vo sonraki 2
dogigoda maksimal siratlorini toyin edir. Olkomizin killok potensialnin todgiqatlarinin
naticalorinin miqayisasi gostarir ki, kuloklorin orta illik siirsti asasan 5 m/s-dak taskil etdiyi
halda, bu Abseron yarimadasinin donizsahili orazilorindo 6-8 m/san (8.6m/san) arasinda
doyisir. Burada kiilayin surati 15 m/s va daha ¢ox olan gunlarin say1 100-145 gun toskil
edir. ©Ogor nozoro alsaq ki, kulok muharrikinin gict kilayin surstinin kubu ilo diz
mitonasibdir, onda kiilok axinlarinin enerjisinin istifado olunmasi kiilok elektrik stansiyalari
torofindon generasiya olunan enerjiys vo glica nozorogarpacaq dorocods olava veracokdir.
Enerji hasilatinin artmasi digor borabor sortlor daxilinds onun giymotinin azalmasina va
stansiyanin biitiin iqtisadi gostaricilorinin yaxsilagmasina gatirib ¢ixarir[1].

Yiiklor torofindon istehlak oluna bilmoyon KES elektrik enerjisinin utilizasiyasi
stansiyanin generatorunun ¢ixigina real elektrik gobuledicilorine paralel birlogdirilmis idaro
olunan ballast yiik vasitasi ilo avtomatik surstdo hoyata kecirilir. Ballast yiiklor kimi
istehlakc¢ilarin isti suyunu va elektrik su qizdiricilarini tomin edon elektrik qizdiricilarindan
istifado olunmasi daha magsadouygun hesab edilir.
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Bir sira kiilok diapazonlari {igiin siirat doyiskonliyi omsalinin qiymatlorinin faizo goro
paylanmasi statistikas1 idaro olunan ballastli KES-in elektrik enerjisinin miimkiinola bilon
istehsalini toyin etmaya imkan verir. Kiiloayin siirat doyiskonliyinin K¢ = 1 — 1,4 diapazonunda
bu 54%, Kg=1,5-1,9 — 21,8%, K4 = 2,0 - 2,4 — 13,8% toskil edir.

Akkumulyator batareyasinin yiik giiciiniin kiilok generatoru sisteminin artiq giicii ilo
uygunlasdirilmast akkumulyator batareyalarinin sayini vo demoli, batareyanin tutumunu
uygun idarsedici qurgunun komayi ilo nizamlamaga imkan verir.

Akkumulyator batareyalarinin sayr nizamlanan KES-in struktur sxemi sokil 1-do
verilmisdir. Sxemdo KM - kiilom miihorriki; G — kiilok elektrik stansiyasinin elektromasgin
generatoru; D — diizlondirici; Y - faydali yiiklor bloku; IQ - idaroedici qurgu; AB -
akkumulyator batareyalar1 blokudur.

IQ

AB

Sok.1. Nizamlanan akkumulyator batareyali kiilok elektrik stansiyast.

Togdim olunan elektrik monba sisteminin forqlondirici xiisusiyyati idarsedici qurgunun
komoyi ilo masin-ventil generatoruna birlosdirilmis akkumulyator batareyalarinin
tutumlarinin nizamlanmasinin hoyata kegirilmosidir. Bu, akkumulyator batareyalarinin yiik
corayanini nizamlamaga va demali kiilok miiharrikinin biitiin giiciinii kenarlagdirmaga imkan
yaradir.

Su va ya kiilok turbinlori kimi elektrik enerjisinin avtonom generasiya sistemlorinds is
rejiminin nizamlanmasinin avtoballast sistemlorinin yayilmasi genis yer almisdir. Adoton,
ballast yiiklor elektrik stansiyasinin faydali yiikiino paralel birlosdirilmis sinxron vo ya
asinxron generatorun c¢ixisina ventil nizamlayicisit vasitosi ilo qosulur [2]. Ballast yiiko
stansiyanin miixtalif istilik ytliklor soklinde olan faydali yiikiine olave kimi baxmaq olar.
Belolikls, enerji qurgularinin ballast nizamlanmasi ilkin monbonin enerjisinin sonradan istilik
enerjising ¢evrilmakls utilizasiyasinin effektiv iisulu kimi baxila bilar.

Tipindoen, ilkin enerji dasiyicisinin Py giiciiniin doyismosi xarakterindon, Py ballast
giiclinlin nizamlanmas1 qanunundan asili olaraq elektrik enerjisinin generasiyasi ilo bagh
elektrik stansiyalar1 miixtolif masololori holl eds bilir. Masalon, avtoballast nazamlama
generatorun ¢1x1$ gorginliyinin qiymatinin v tezliyinin stansiyanin Py faydali yiikiiniin vo ya
Pg vo Py giiclorinin doyisilmasi soraitinds stabillogmasini tomin eds bilor.

Turbin-generator sisteminin iglok rejiminin stabillosms funksiyasindan slava avtoballast
sistemlor digor mosalalorin do 6hdasindon golo bilir. Masalon, kiilok elektrik stansiyalarinda
belo sistemlor elektrik qgabuledicilorinin yiliklonmalorinin real qrafiklori zamami kiiloyin
doyiskon enerjisindon maksimal istifado olunmasini tomin edir. Belo rejim tigiin kiilok elektrik
stansiyalarinin giiclor balans1 asagidaki barabarlikls tosvir olunur:

48



Pg: Py+ Pb.

Sakil 2-do avtoballast nizamlanma sistemi olan KES-in struktur sxemi verilmisdir. T —
kiilok turbini; G — generator; GN — gorginlik nizamlayicisi; D — diizlondirici; BN — ballast
nizamlayicisi; GB — ballast garginliklor bloku; AB — akkumulyator batareyasi; 1 — invertor; Y
— faydali yiikdiir.

Toklif olunan KES-in mévcud KES-don forqi bu stansiyaya olavo olaraq, generatorun
16vbar dovrasina qosulmus ballast giiciiniin nizamlayicisinin daxil edilmasidir.

ii:> @ GN D

GB AB

EN i

Sok.2. Avtoballast nizamlayicili KES-in sxemi.

Verilmis sxemdo avtoballast sisteminin asas tayinati kiilok turbininin kiiloyin istonilon
islok parametrlorinds maksimal giiciiniin utilizasiyasidir. Avtoballast sistemin tosirinin alavo
effekti kiilok turbini — generator sisteminin firlanma tezliyi diapazonunun mohdudlanmasidir
ki, bu effekt do onun mexaniki moéhkomliyino qoyulan toloblori asagi salir vo elektrik
magininin aktiv hissolorinin istifado olunmasini yaxsilasdirir.

Ballastin giicliniin nizamlanmasinin parametrlori qismindo faydali yiik torofindon
istifado olunan giicli vo kiilok turbininin giiciinii miioyyonlogdiron kiiloyin siiratini istifado
etmok daha moagsodouygun sayilir.

Lazimi keyfiyyot xarakteristikalar1 olan gorginliyin formalasmasi vo stabillosmasi belo
sistemlords ikinci enerji monbalorinin — adaton diizlondirici-invertor ¢eviricilorinin komayi ilo
hoyata kegirilir. Sabit coroyan monbali ¢eviricilor moalum olan dstiinliiklordon olave
akkumulyator batareyali kiilok elektrik stansiyalar1 {i¢iin daha olverislidir.

Ballast yiikiin yarimkegirici nizamlayicilarinin giic sxemlori miixtolif saxoli ola bilor.
Prinsipial cohotdon tosirino gors forglonon iki tip nizamlayici qeyd etmok olar: gilico goro
dozalasdirilmis ballast yiiklordon ibarat nizamlayicilar va istilik yiikiinds giicii nizamlayan
faza nizamlayic1 qurgular.

Diskret ballastin kommutatorunun ventillorinin ¢evrilmasi adaton tobbi olaraq bas verir,
ona goro do yarimkegirici agarlarin bir sira sxem hollori {i¢iin generatorun gorginliyinin tohrif
olunmus formasinin olmamasi xarakterikdir. Elo bu xiisusiyyat yarimkegiricili kommutatorlu
avtoballast sistemlorin miihiim stiinliyiidiir.
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Belo sxemlorin c¢atismazliglar1 bdyiikk sayda idaroolunan ventillordon istifado
olunmasidir ki, bu da 6z ndvbasindo nizamlama sistemlorinin qiymstini artirir vo onlarin
qurulusunu ¢otinlosdirir. Stabillosmonin yliksok doaqiqgliyini olde etmok iigiin ballast yiikiin
dozalasdirilmis pillalorinin say1 on az1 15 olmalidir [3,4]. Sxemin miirokkoblogmasindon alavo
ballastin bir ne¢o doqiq dozalasdirilmis pillalora pargalanmasi onda sopilon giiciin faydali
sokildo istifado olunmasini g¢atinlosdirir. Belo olan halda deys bilerik ki, o gader do bdyiik
giico malik olmayan — bir neco kVt tortibindo qurgularda yarimkecirici kommutatorlarin
tatbiq olunmasi1 daha magsadauygun sayilir.

Faza nizamlayicili avtoballastlar gdstorilon catismazliglardan kifayat qodor konarda
olsalar da generatorun coroyan vo gorginliyinin oyrilorinin formasina nozoragarpacaq tohriflor
edirlor. likinci elektrik coroyan monboyinin olmasi generatorun gorginliyinin tohriflori yiikdo
olan gorginliyin keyfiyyatino praktiki olaraq tosir etmir, ona goros do coroyan vo gorginliklorin
geyri-sinusoidalligi osason elektromasin generatorunda olan itkilors tosir edir.

Avtonom elektrik stansiyalarinin sadslik, etibarliliq vo ucuzluq kimi gostericilorinin
vacibliyini noazoro alaraq, enerji qurgularinin yiiklorinin elektrik giiciiniin ballast idaro
olunmasi faza nizamlayic1 sistemlorinin perspektivliyini qeyd etmok lazimdir.

Avtoballast  sistemlorin  energetik  xarakteristikalarin1  yaxsilasdirmaga  cohd
nizamlanmanin 6ziinds diskret vo faza nizamlanma prinsiplorini birlogdiron kombina olunmusg
sistemloro gotirir. Belo enerji qurgusunun struktur sxemi sokil 3-do verilmisdir [5]. Sxemin
0zalliyi ballast yiiklii vo idaraedici bloklu faza nizamlayicilt BY ballast yiiklii kommutatorun
yer almasidir.

Diskret idaraolunma
bloku

Diskret idarsolunma
bloku

Diskret idarsolunma
bloku

Meantiq bloklar

Aktiv giiclin faza
idaraohimma bloku

Camlayici FN

Reaktiv giiciin faza
idaraeolimma bloku

Sok.3. Aktiv vo reaktiv giiclorin ayrica nizamlanmasi olan kombins avtoballast sistemi.

Belo sxem diskret ballastin pillalorinin sayini1 azaltmaqla yanasi eyni zamanda ballastin
faza nizamlayicis1 olan hissasinin hesabina nizamlanmanin hamarliin1 tomin edir. Faza
nizamlayicili ballastin giliciiniin nisbi kigilmasi generatorun gorginliyinin tohriflorinin asagi
saviyyasini tomin edir.

Toqdim olunan ballast yiikiin kombino nizamlanmasinin yeni sxeminin
ozlinomaxsuslugu ballast ylikiin aktiv vo reaktiv toplananlarinin ayriligda nizamlanmasinin
miimkiinliiylidiir. Bu generatorun is rejimini daha doqiq nizamlamaga imkan verir. Belo
xiisusiyyot qisa qapanmis rotorlu asixron masinlar {i¢iin daha qiymatli sayilir.
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Qurguda dozalasdirilmis ballast yiiklorinin birlosmasini hoyata keciron kommutator vo
iki faza idaroedici blok yer alir. Baxilan sxemin Ustlinliiyli alavo olaraq montiq blokundan
idars olunan, ¢ixis signallar1 comlonon va ventil FN faza nizamlayict qurgunu idars edon aktiv
va reaktiv giiclorin idara olunmasinin faza bloklar ilo tomin olunmasidir.

Ballastda sopilon giiciin toplananlarinin ayriligda nizamlanmasinin miimkiinliiyii tam
idara olunan ventillor iizorinds qurulan yarimkecirici faza nizamlayici blokun yer almasidir.
Kiilok elektrik stansiyalarinin (KES) isloma rejiminin toqdim edilon nizamlanmasi sistemi
elektrik giicliniin daha doaqiq nizamlanmasindan olava generatorun gorginlik oyrisinin
formasinin az tohrif olunmasini tomin edir.

Kiilok elektrik stansiyalarinda asason do aerodinamik nizamlanma kiilok miihorriklori
yer almis stansiyalarda avtoballast sistemlorin sonraki inkisafi generatorunun istilik rejimino
nozarat olan KES-dir. Belo sistem elektrik masininin dlgiilorinin giiclinii maksiaml soviyyado
istifado vo elektrik enerjisinin maksimal olaraq emali vo utilizasiyasini tomin etmoyo imkan
yaradir.

Temperatur vericisi olan kiilok elektrik stansiyasinin struktur sxemi sokil 4-do
verilmisdir. Burada TV — temperatur vericisi; KTOB — kiilok tokaorinin oriyentasiya blokudur.

KTOV vV

Sok.4. Temperatur vericisi olan KES-in struktur sxemi.

Sxemin 0zslliyi generatorun statorunun sargilariin kiiloyin siirstinin ¢ox boyiik
qiymatlorinde qizmasini nozaratds saxlayan temperatur vericisinin olmasidir.9gar temperatur
maksimal qiymot almayibsa, kiiloys uygun biitiin giic kiilok tokorindon tam olaraq gotiiriiliir.

Beloliklo, ventilli avtoballast sistemlor turbin — generator sisteminin is¢i rejiminin
nizamlanmast giiclii aloti sayila bilor vo avtonom kiilok elektrik stansiyalarinin enerji
effektivliyini artirmaq ti¢iin istifados edilo bilar.

KES-ds yiikiin giicliniin nizamlanmasinin avtoballast sistemlorinin istifado olunmasi
texniki — igtisadi cohatdon do magsadouygundur. Kiiloyin orta siiratlorindo moisot yiikiinii
qidalandiran avtonom kiilok elektrik stansiyalari ii¢lin aparilan hesablamalar gostorir ki, enerji
hasilatin1 toxminan 30-40% artirmaq miimkiindiir. Bu zaman KES-in qiymoti yalniz 10-15%
artacaqdir.
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IIYTHU NIOBBIINEHUSA 9PPEKTUBHOCTU PABOYHUX PEKUMOB
ABTOHOMHBIX BETPAHBIX DQHEPTETHYECKHUX YCTAHOBOK

KEPUMOB 2.A., MYCAEBA C.H.

TexHuKo-35KOHOMHYECKAs 11eIECO00PA3HOCTh UCIOIB30BAHUS aBTOOAIIIACTHBIX CUCTEM
pEryJIMpoBaHMsl MOIIHOCTH HArpy3KdM B BETPSHBIX DJIEKTPOCTAHLMAX Ha JUUO. Pacuersl,
IIPOBEJICHHBIE I aBTOHOMHOIM BETPO3JEKTPOCTAHIUH, MUTAIOUINI OBITOBYIO Harpysky B
YMEPEHHBIX BETPOBBIX YCJIOBHUSX, MMOKAa3ald BO3MOKHOCTh YBEIMUYEHUS BBIPAOOTKH SHEPTHU

Ha 30-40%. [Ipu 3TOM CTOMMOCTH BETPOIJEKTPOCTAHIIMU YBEIWYMBAETCA HE Oojiee ueM Ha
10-15%.

KawueBble cioBa:BeTpsiHble IepeoOpa30BaTeId,aBTOHOMHBIN,aKKYMYJIATOP,  OaTapes,  JIMIIHS
MOIIIHOCTh, Harpy3Ka, HECTAllMOHAPHBIN, CTALIMOHAPHBIH.

WAYS TO INCREASE THE EFFICIENCY OF WORKING MODES OF
AUTONOMOUS WIND POWER INSTALLATIONS

KERIMOV E.A., MUSAYEVA S.N.

Technical and economic feasibility of auto-ballast control systems for load power in
wind farms on the face. Calculations carried out for an autonomous wind farm supplying
household load in moderate wind conditions showed the possibility of increasing energy
production by 30-40%/ At the same time, the cost of a wind farm increases by no more than
10-15%.

Keywords: wind converters, autonomous, battery, excess power, load, non-statioary, stationary.

52



Energetikanin problemlori e  Ne2e 2020 elIpoGnemblaHEpreTUKU

UOT:620.9:004

KIiBER TOHLUKOSIZLIYIN TOSKILI UCUN ©SYALARIN
INTERNETI TEXNOLOGIYASININ TOTBIQI

ROHIMOVA N.O., ABDULLAYEV V.H., ABUZOROVA V.9.

Azarbaycan Doviat Neft va Sonaye Universiteti, Baki

Moaqalo Informasiya texnologiyalar1 sahosinds Oziinomoxsus yer tutan Osgyalarin interneti (IoT)
texnologiyalarinda tohliikesizliyin tomini problemlorine hosr olunmusdur. Burada ogyalarin interneti
texnologiyasi, onun bu giinkii diinyada rolu, tohliikesizlik problemlari vo tohliikasizliyin tomini kimi mosalalora
toxunulmusgdur.

Acar sozlor: 10T; ogyalarmn interneti; tohliikosizlik; informasiya texnologiyalari; 0T tohliikasizliyi.

Giris:Internet inkisaf etdikco texnologiyalarla qarsiligh miinasibotin yeni formalari
meydana ¢ixmaga baslayir. Internetin osas mogsadi cihazlar arasinda molumat miibadilosi
vasitasilo nozarat vo gorarlarin qabul edilmasinin yaxsilagdirmaqdir.

Biz insanlar hoyat torzimizi asanlagsdirmagq tigiin ehtiyaclarimiza uygunlasdirilmis ¢ox
sayda obyekt yaratdiq. Bozi obyektlorin texnologiyasi belo bir sokilds inkisaf etmisdir ki,
onlar Internet vasitosilo tokco bizimlo deyil, hom do bir-biri ilo slaqo saxlaya bilirlor. Bu, da
yuxarida bahs etdiyimiz “ slagali cihazlar “ anlayisini ifads edir.

Isyalarin interneti

Son zamanlar “Osyalarm Interneti” (Internet of Things - {0T) termini genis istifado
olunur. IoT anlayis1 1998-ci ildo yaranmisdir va 1999-cu ilds "The Things of Internet" termini
ilk dofs Kevin Ashton torofindon islodilmisdir. [1]. Osyalarin Interneti (81) roqomsal
texnologiyalarin giindolik hoyatimiza niifuz etmosinin tozahiiriidiir. Bir-biri ilo olagoali
kompiiterlorin eyni zamanda osyalar ilo bagliligin1 gdstorir. Zaman kegdikco indiki Internet
miihitindon farqli olaraq, bizi ohato edon biitiin osyalarin Interneto qosulmasi OI-ni
reallagdiracaqdir.

Todqiqatg1 J.Pascual-Espadanin fikrinca: "loT-un magsedi odur ki, miivafiq formada
istifado olunan hor hansi ogya vo ya obyekt ona bonzor formada istifado olunan diger
obyektlorla Internet vasitosilo olaqo yaradir". Bu iso bir vo ya bir ne¢o osyanin faaliyyatini
digor osyalar ilo alagelondirir. Masalon, soyuducudan gotiiriilmiis siid onlayn sokilde yeni
stidiin sifarisino imkan yaradir.

[oT texnologiyasi yeni sonaye ingilabidir. Burada obyektlor onlayn olaraq 6zlori dzlorini
tanida bilir, istifadogiloro 6zlori haqqinda verilonlori ¢atdirir vo digor obyektlorlo baglh
molumatlar1 goebul eds bilir. Belslikls, agyalarin interneti istifadagilor vo obyektlor arasinda
ixtiyari zaman aninda sabokadon istifads etmokls slage yaradilmasina imkan verir.

Ogyalarin interneti sensorlardan istifado etmoklo, informasiyanin Otiiriilmasine,
saxlanmasina, axtarigina, emalina vo tohliikosizliyinoe kimi bir ¢ox texniki saholora inteqrasiya
olunmus bir texnologiyadir. [1]

Ogyalarin interneti real alomdo obyektlorin qarsiliqlt slagasini tomin etmoklo yanasi
enerji, logistika, aerokosmik, kond tosarriifat va s. kimi sahalords do totbiq olunur.

“IEEE Internet of Things” jurnalinin molumatina goro, [oT sistemi intellektual sistem
sobokesidir ki, burada, adoton ¢ox sayda qurgular kommunikasiya infrastrukturu vasitasilo
zongin informaiyanin emal1 vo miixtalif totbiqlor {i¢iin idarsetmoni sadslosdirir. Bundan alava,
osyalarmn interneti - giindolik fiziki obyektlorin Interneto qosulacagi vo miioyyon monada
0zlorini digor cihazlara tanidacaq bir golocoyi tosvir edon kompiiter konsepsiyasidir. [2]
Jsyalarin interneti texnologiyasinin is prinsipi
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Ogyalarin interneti texnologiyasinin islomasi {i¢iin lazim olan bir ne¢o element var,
bunlar arasinda asagidakilar1 qeyd etmak olar:

Sok.1. Osyalarin interneti texnologiyasi lazim olan elementlor.

Internet vasitosi ilo obyektin idara olunmasi iigiin miixtalif funksiyalar1 yerino yetiron
sensorlardan istifads olunur [4]. Buludda verilonlorin miibadilasi vo emal protokollari, Big
Data funksiyalar1 ilo bagli miivafiq todbirlori miioyyon etmoays imkan verir. Bundan sonra
lazimli molumatlar1 basa diisiilon tobii dilds istifadsgi interfeysino gondormok miimkiindiir.
Osyalarin interneti texnologiyasindaki problemlar

OI texnologiyalarmin son on ildo bdyiik doracods artmis olmasina baxmayarag, bir cox
mosalolor holo do agiq vo holl olunmahdir. Bunun davami olaraq, ©l-nin problemloring
arxitektura, gizlilik vo tohliikesizlik, xidmot keyfiyyoti, kommunikasiya protokollari, GIS
bazal1 vizuallagdirma va s. daxildir. Bunlar arasinda on vaciblorindan biri sayilan tohliikesizlik
problemidir. Tohliikasizlik problemins kegmoazdon ovval bazi problemlari asagidaki kimi qeyd
etmoak olar:

1. Arxitektura. IoT dord nov arxitektura ilo toyin olunur. Bunlar, “simsiz sensor
sobokalorinin  perspektivlori”, “Avropa Birliyinin  SENSEI layiholori”, “Osyalarin
Internetindo bulud arxitekturas”. Ancaq bunlar hor bir totbig sahasi Gi¢lin an yaxs1 se¢im
ola bilmoz. Oi-nin 6ziniin arxitekturasinin  secilmasi  boylk problemdir. Yeni
arxitekturani inkisaf etdirmok vo mévcud arxitekturani doyisdirmok {igiin yol agir.

2. Xidmatin keyfiyyati (Q0S). ioT programlarinin QoS géstaricisi verilonlorin 6tirtilmasila
xarakterizo olunur. Bulud texnologiyasinda xidmotin keyfiyyati gostoricisi boyik bir
todgigat sahasidir. Bu, forqli soboka vo daha yaxsi resurslarin yerlosdirilmasi vo idars
edilmasi G¢lin idars olunan, optimal yanagsmanin inkisafina gotirib ¢ixarir.

3. GIS bazasinda vizuallasdirma. Virtual insiyyst IoT programlarinda isloyan vo bundan
istifado edon har bir insan ti¢ilin ¢ox faydali vo basa diisiilondir. Yaranmig 3D ekranlar ilo
bu sahods albatto ki, daha ¢ox tadgigat vo inkisaf imkanlarit mévcuddur. Osyalar vo ya
cihazlarla slagali malumatlar homiso vizuallagdirma tgiin istifado edilmays hazir deyil.
Informasiyanin vizuallasdirmasimi hazirlamaq iiciin onlarm emal1 tolob olunur. Mixtalif
novlu verilonlor kimi molumatlarin vizuallagdirmadan owvval islonmasi Ugln gucli
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usullara ehtiyac var. 3D landsaftda miixtolif novli sensorlarin miivaqgoti olaraq
doyismasi U¢un yeni vizual sxemlor inkisaf etdirilmalidir.
9syalarin interneti texnologiyasinda tohliikasizliyin tomini vo problemlori

Bir ¢ox cihaz vo ya ogyalardan ibarat olan sobokods tohliikasizlik bdyiik bir narahatliq
dogurur. Sistems edilo bilocok kiber hiicumlar ii¢iin bir ¢ox yol vardir; sobako mévcudlugunu
aradan qaldirmaq, yanlis malumatlar1 sobakoys daxil etmok va soxsi molumatlara ¢catmaq va s.
bunlara daxildir.

Smart Home, Smart City kimi infrastrukturlarda totbiq sahasi tapan Osyalarin interneti
texnologiyasiin tohliikesizliyi olduqca vacibdir. Son zamanlarda {imumi kiber tohliikosizlik
anlayislar1 arasinda {oT tohliikosizliyi siiratlo yiiksolmoyo baslamisdir. Eyni zamanda, {oT vo
EOT (Enterprise of Things) kimi tendensiyalar kiber tohliikasizlik problemlorinin osasini
toskil edir. Potensial IoT hiicumunun qarsisin1 almaq iigiin toskilatin daim izlonmosi, talim
ke¢mis miitoxossislor vo zaifliklorin qarsisinin alinmasi lazimdir. [3] Bir sira problemlor 81
cihazlariin tomin edilmosino vo OI miihitinds sona qodor tohliikesizliyin tomin olunmasina
mane olur. Sobako cihazlar1 vo digor asyalar ideyasi nisbaton yeni oldugundan, bir mohsulun
dizayn morholoasinds tohliikasizlik homigo prioritet hesab edilmomisdir.

Bundan olava, IoT yeni yaranan bir saho vo ya digor bir sdzlo, bir ¢ox mohsul
dizaynerlori vo istehsalgilart ovvoldon tohliikasizlik yaratmaq {ig¢iin lazimi addimlar
atmaqdansa, mohsullarin1 tez bazara c¢ixarmaqda daha ¢ox maraqlidirlar. Istehsal¢inin
nogteyi-nazorindon tohliikasizlik qurmaq avvoldon baha basa golo bilor, inkisafi longidor vo
cihazin lazimi soviyyads islomomasina sabab ola bilor.

Ol texnologiyasinda tohliikosizlik problemlorinin do yaranmasmin miixtolif sobeblori
vardir. Burada olaqpali tohliikasizlik pozuntularina sobab ola bilocok sabit kodlu vo ya standart
parollarin istifadosidir. Sifrolor doyisdirilso belo, onlar infiltrasiyanin qarsisini ala bilocok
doaracads giiclii deyillor.

Ol cihazlarinin qarsilagdigr diger bir iimumi problem, ¢ox vaxt resurslarin mohdud
olmasi vo giiclii tohliikasizliyi hayata kec¢irmok ii¢iin lazim olan hesablama manbalarini ehtiva
etmomoasidir. Buna gora bir ¢ox cihaz inkisaf etmis tohliikasizlik xiisusiyyatlorino malik ola
bilmir.

Ol iiciin nozorde tutulmayan kohno aktivleri birlosdirmok basqa bir tohliikesizlik
problemidir. ©vvalki infrastrukturun qosulmus texnologiya ilo ovoz edilmasi miisyyon qodor
xorclidir, buna goro bir ¢ox aktiv agilli sensorlarla yenidon tochiz edilmolidir. Bununla
birlikdos, ehtimal ki, yenilonmomis vo ya miiasir tohdidlors gars1 tohliikasizliyi olmayan kdhno
aktivlor oldugu ti¢iin kiber hiicum tohliikosi boyiikdiir.

Tohliikesizlik miitoxossislori, ©I konsepsiyasi ilk dafs 1990-c1 illorin sonlarinda
yaranandan bori interneto baglanmis ¢ox sayda cihazlarin ola bilocayi tohliikasi barado uzun
miiddot xobordarliq etmislor. Qeyd etmok vacibdir ki, I hiicumlarmim g¢oxu cihazlarn
ozlorini hodofs almirlar, oksino daha bdyiik sobokoys giris noqtesi kimi Ol cihazlarindan
istifado edirlor.

Ovvalds do geyd etdiyimiz kimi, sobokoya qosula bilon agilli cihazlar 6zlori ilo birlikdo
kiber tohliikasizlik risklori gotirir. Tohliikasizlik todbirlorini on yiiksok saviyyods saxlamaq
ti¢ilin istehsalgilar, sistem miitoxassirlari va istifadagilor bir sira vazifalora malikdirlar.

Avtomatlasdirma vo IoT cihazlar sayasinda getdikco daha ¢ox cihaz sobokoys qosulur.
Ancaq bu voziyyet tohliikesizlik sahosindo yeni risklor gotirir. Miitoxassislorin fikrincs,
tohliikasizlik mosalasing goldikds, istehsalgilarin, saticilarin va istifadagilorin yerino yetirmoli
oldugu osas vozifolor var.

Istifadoci ndqteyi-nozarinden baxdiqda vo OI cihazlarma olan tohdidlori nozers alsaq,
istehsalgilarin mohsullarinda tohliikesizlik {iciin daha ¢ox faydalar vurgulanir. Istifadogi
tohliikosizliyi liciin istehsal¢ilar mohsullarin konfiqurasiyasini vo moahsullarini miimkiin qoder
etibarli etmolidirlor. Tohliikasizlik todbirlorini an yiiksok soviyyado saxlamaq vo sistemlori on
etibarl1 gokildo konfiqurasiya etmok iiclin bolodgi totbiqi vo avtomatik tohliikasizlik
yenilomasi kimi xidmatlori gostormok lazimdir [5].
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Kiber tohliikesizlik — milayyan gaydalardan ibarot bir prosesdir. Miitoxassislorin
fikrinca, istifadagilorin eda bilocayi on vacib iki sey; Ol cihazlarinin firmware proqramini on
son versiyaya yenilomok vo cihazlarinin default standart sifralorini doyisdirmokdir.

Miitoxassislor, istifadogilorin mohsul vo texniki yanagma ilo 6zlorini xakerlordon qoruya
bilocoyini soyloyirlor. Bir mohsul secorkon, identifikasiyanin neco edildiyi, bulud osash
olmasi, sifroloma giicii vo faaliyyato girig kimi amillori nazars almagq tovsiys olunur. [5]
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[ defanlt ) paraly
Drazeili ve zeariel ; s ;
sabakalardan ?I cihazlan ila alagali
cthazlann sabaka — 2CIM h.l: .ut_lla.t_ TR
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mnreta Tas T T AT SyRT b
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Sak. 2. Miitoxassis tovsiyyalori.

Qeyd etmok lazimdir ki, veb serverlordon, kompiiterlordon, smartfonlardan vo digor
tohliikosiz Interneto qosulan cihazlardan farqli olaraq, bir ¢ox IoT cihazlarinda osas
tohliikesizlik divar1 (firewall) vo ya giiclii parol kimi daxili tohliikesizlik xiisusiyyatlori
yoxdur. Nohayot bu, IoT cihazlariin tohliikesizliyini kritik hala gatirir. [6, 7]

“IoT Security: 42 Top Internet of Things Security Solutions” mogalosine osason on
yaxst 42 Osyalarin Interneti Tohliikasizlik Hollori asagidaki kimi siralanmigdir:

1. BlackBerry — Tohlukasizlik Proqrami Xidmatlori

BlackBerry miiossisalora vo hokumotloro Osyalarin Internetini tomin etmok iiciin lazimi
program va xidmatlari toqdim edir.

2. Cisco — Osyalarin Interneti (10T) Hallori vo Xidmotlori

Cisco — Osyalarminterneti mohsullar1 va holleri, IoT cihazlarinizi birlosdirmoys, 10T
baglantisini tomin etmays vo IoT molumatlarin idaro edilmosini ¢ixarmaga vo hesablamaga
imkan verir.

Cisco 1984-cii ildo Stanford Universitetinin ki¢ik bir qrup kompiiter miitoxassisi
torofindon yaradilib. Yarandig: giindon beri, Cisco miihandislori internet Protokol (IP) asasl
soboko texnologiyalarinin inkisafinda liderdirlor vo s.

Umumi OI tohliikesizlik todbirlorine asagidakilar daxildir:

e Tohlikasizliyin dizayn marhalasinds daxil edilmasi.ioT developerlori, hor hansi bir
istehlak¢inin, miiossisanin vo ya sonaye asasli cihaz inkisafinin baslangicina tohllkasizliyi
daxil etmolidirlor. ©On son amaliyyat sistemlarini tomin etmok vo etibarli qurgu istifado
etmoklo yanasi, tohllikasizliyi standart olarag tomin etmok vacibdir.
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Sifrali etimadnamolor he¢ vaxt dizayn prosesinin bir hissssi olmamahdir.
Developerlorin edo bilocayi olava bir todbir, cihazin islomasindon ovval istifadagi
molumatlarinin yenilonmasini talob etmokdir. Bir cihaz standart etimadnamasini olda
edorso, istifadacilor gucll bir parol va ya coxfaktorlu identifikasiya vo ya biometrikadan
istifads edarak onlar1 yenilomalidirlar.

PKI va ragamsal sertifikatlar. ictimai agar infrastrukturu (PKI) vo 509 rogomsal
sertifikat, tohllikasiz sifralomo agarlarimin yayilmasi vo miayyoan edilmasi, sobokalor
Uzorindo molumat mubadilasi vo soxsiyyatin tosdiglonmasi {igiin lazim olan inam vo
noazarati tomin edorak, tohliikesiz 0T cihazlarinn inkisafinda miihiim rol oynayur.

API tahliikasizliyi. Totbiq performans indikatoru (API) tohliikesizliyi, ioT cihazlarindan
arxa sistemloro gondarilon molumatlarin biitovliiyiinii qorumaq va yalnmz solahiyyatli
cihazlara, developerlara va tatbiglora API-larla alage qurmagq tgiin vacibdir.
Identifikasiyamin idarsedilmasi. Hor bir cihazin dziinamoxsus identifikatoru ilo tomin
edilmasi, cihazin no oldugunu, neco davrandigini, qarsiligh slagads oldugu digor cihazlari
V5 bu cihaz tiglin lazimi tohliikasizlik tadbirlorini basa diismok Uciin vacibdir.

Giiclii sifraloma. Giiclii sifroloms qurgular arasinda slagoni tomin etmok tgiin vacibdir.
Istirahat vo dasmnma zamam molumatlar kriptografik algoritmlorden istifads edilmoklo
tomin edilmalidir. Bura acar hayat dévrinin idars edilmasindan istifado daxildir.

Sebaka tohliikasizliyi. Bir IoT sobokasini gorumag, port tohliikesizliyini tomin etmok,
limanin 6tiiriilmasini dayandirmaq vo lazim olmadigi miiddstds heg vaxt liman agmamag;
antimal program, firewall vo midaxilalorin askarlanmasi sistemi / miidaxilalorin garsisinin
alinmasi sistemindon istifado; icazosiz IP tinvanlarini1 bloklamag; vo sistemlorin yamaq vo
miiasir olmasini tomin etmokdon ibaratdir.

Sobaks girisine noazarat (NAC). NAC bir sobokoyo qosulan IoT cihazlarim
muoayyanlosdirmoaya Vo inventarlagdirmaga komak eda bilor. Bu cihazlar izlomak Gglin bir
asas tomin edacokdir.

Birbasa Interneto qosulmaq lazim olan IoT cihazlan 6z sebakalorine boliinmali va
Korporativ sobokaya girisi mohdudlasdirilmalidir. Soboka segmentlori problem askar
edildikds bas vera bilocok anormal faaliyyatlora nazarst etmalidir.

Tahlukasiz sabaka kecidlori.loT cihazlar1 vo soboko arasinda vasitogi rolunu oynayan
tohliikesizlik kecidlori (tohlilkasiz soboko kegidlori), IoT cihazlarinin 6ziindon daha gox
emal gliciine, yaddasa vo imkanlara sahibdir ki, bu da onlara xakerlorin qosulan ioT
cihazlarina daxil ola bilmamoaloarini tomin etmok Ggtin firewall kimi xisusiyyatlori hoyata
kecirmok imkan1 verir.

Yamaq idarsetmo davamh proqram yenilomalari. Soboko baglantis1 iizorindon vo ya
avtomatlagsdirma vasitasi ilo cihazlart vo program tominatlarini yenilomak vasitalorini
tomin etmok vacibdir. Zsifliklarin slagelondirilmis agiglanmasina sahib olmagq, cihazlar
mimkin godor tez yenilomok tgiin do vacibdir.

IoT va amaliyyat sisteminin tahliikasizliyi bir cox mévcud tahliikasizlik komandasi
dcun yenidir. Tohlukasizlik iscilorini yeni vo ya namalum sistemlorlo alagelondirmok,
yeni arxitektura vo programlasdirma dillorini  Oyronmok Vo yeni tohlukasizlik
problemlorino hazir olmaq vacibdir. C saviyyali vo kiber tohllkasizlik qruplari miiasir
tohdid va tohliikasizlik todbirlori ilo ayaglasmaq ti¢tin miitomadi tolim almalidirlar.
Inteqrasiya edon komandalar. Tolim ilo yanasi, sassiz komandalar1 ayr1 vo miintozom
olaraq birlosdirmok faydali ola bilor. Masalon, proqramlasdirma tortibatcilarinin
tohlukasizlik mutoxassislori ilo islomasi, inkisaf morhalasinds cihazlara diizgin nazarat
edilmasini tamin edo bilar.

Istehlake1 tohsili. Istehlakcilar, 10T sistemlorinin tohliikelorinden Xxobordar olmali va
etibarliligin1 tomin etmok {igiin addimlar atmalidirlar, masalon standart etimadnamasini
yenilomak vo program yenilomalorini totbiq etmok. Istehlakcilar, cihaz istehsalgilarindan
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etibarli cihazlarin yaradilmasini tolob etmokds va yilksok tohliikasizlik standartlarina cavab
vermoayanloari istifado etmokdan imtina etmakda ds rol oynaya bilor.

NOTICO

Ogsyalarin interneti texnologiyast miiasir dovriin 4-cii sonaye inqilabidir. Bu texnologiya
0ziindon ovvoalki sonaye inqgilablarinin imkanlarindan on somarsli sokildo 6ziinii dostokloyir.
Gostorilmisdir ki, avadanliq tohliikosizliyi vo identifikasiyasi 10T sistemlorinin istifadogilori
ticlin osas todbirlordir. Eyni zamanda, sistemlori yenilomasi, zorarli programlart minimuma
endirilmosi, infrastrukturun test edilmosi vo qorunmasi vacib masalalordon biridir. Togdim
olunan mogqalodon goriindiiyli kimi, osyalarin internetinin tohliikesizliyi problemlori genis
cesidli alotlor vo texnologiyalardan toplusundan toskil olunmusdur.
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IMPUMEHEHUE UHTEPHET BEIIEMH (ioT)
JIJIS1 OPTAHU3AIIMM KUBEP-BE3OITACHOCTH

PAT'UMOBA H.A., ABAYJIJIAEB B.I'., ABY3APOBA B.A.

Craths mocBsleHa npobnemMam OezomacHocTu B MHTepnere Bemeit (IoT), xoTopsrii
3aHUMaeT o0co0oe MecTo B 00JacTH MH(OPMAIMOHHBIX TEXHOJOTHH. 37ech 00CyKAaroTcs
TaKWe BOIPOCHL, Kak TeXHoyorusi IHTepHeTa Bemiei, ee poiib B COBPEMEHHOM MHUPE, BOTIPOCHI
6e301macHOCTH U 0€30IaCHOCTH.

KaoueBble cjioBa: IoT,HHTepHeTe BeIIei,0e301acHOCTh, MHPOPMAITHOHHBIE  TEXHOJIOTHH; foT
0€30I1aCHOCTE.

APPLICATION OF THE INTERNET OF THINGS (loT)
FOR THE ORGANISATION OF CYBER SECURITY

RAGIMOVA N.A., ABDULLAYEV V.H., ABZAROVA V.A.
The article is devoted to the problems of security in the Internet of Things (1oT), which

has a special place in the field of information technology. Issues such as Internet of Things
technology, its role in today's world, security issues and security are discussed here.

Keywords: 10T, internet of Things, security, information technology, 10T security.
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INOBBIIIEHUA HAAEKHOCTH TAT'OBOT'O 3JIEKTPOCHABKEHUSA
HNEPEMEHHOTI'O TOKA 27,5xB

PAT'UMOB P.I'.,AJIMEB B.U., PATUMOB C.P., PATUMOB A.P.

"ATE® [pynna komnanuii "
ragim1953@ mail.ru

IIpousBeneHo aHamu3 pabOTHI CUCTEMBI TATOBON 3JIEKTPOCHAOKCHUE, YCTAHOBJICHO OJHOM M3 MPUYUHBI
MOSIBJICHUE TIOTEPH JIEKTPOSHEPTUH B CHCTEME IMPOMCXOAWT 110 NMPUYMHEINOSBICHUE YPaBHHUTEIBHBIX TOKOB
MEXJY TIrOBBIMU TpaHchopMaTopaMl Ha CYIIECTBYIOLIMX TMOACTaHUMAX. [IpemioxkeHo  HOBas cxema
ANIEKTPOCHAOKECHUS TIEPEMEHHOT0 ToKa 27,5kB  MCKITIOYArONIuil MOsBIICHHE YPABHUTECIBHBIX TOKOB HIIOTEPH
SHEPIHUU.

KiaioueBbie ciioBa: TATOBBIC TIOACTAHIUMU TEPEMCHHOI'O TOKa, YPAaBHUTCIIbHBIC TOKH, IOCTBI
CCKIIMOHUPOBAHUA KOHTaKTHOM CCTH, MOMEPEYHBIC DJICKTPUICCKUE COCTUHUTEIIN, H€I71Tp3J'IBHBIG 30HBI.

TsaroBas ceThb BKIIOYAET PEIbCOBYIO CETh M KOHTaKTHYIO ceTb.KoHTakTHas ceTh
CEKI[MOHUPOBaHA HEHTpPAJbHBIMH BCTaBKAMH B CEpEJUHE MEX IOJICTAHIIMOHHBIX 30H W
MIPEJICTABISAET COOON OTIENbHBIE NEKTPUUECKU Pa3ieIeHHbIE CEKIIMM KOHTAKTHOU CETH.

CucreMasnekTpocHaOKEHUSI TaK JK€ BKIIOYAET B Ce0S BHEIIHIOK CETb C PE3KO

WU3MEHSIOIIEICS, MOIITHON HETMHEWMHON M HECUMMETPUYHON HArpy3KOH.
OO11en3BecTHO, 4TO B pabOTE CUCTEMBI TATOBOTO 3JIEKTPOCHAOKEHUS KEJIE3HOH J0poru
nepemMeHHoro Toka 25 KB B crtpanax CHI' wucnone3yrorcs cuctemMa ¢ TpexdasHbie
TPEeXOOMOTOUYHBIE TATOBBIE TpaHC(HOpPMATOPHI Ojarojapst BO3MOXKHOCTH MUTAHUSA, Kak
TATOBBIX HArPy30K, TaK U TpeX(a3HbIX HE TATOBBIX MOTPEOUTENECH.

JlnutenpHash BpeMs  HCIOJIb30BAaHHE BCHCTEME C  TPEXOOMOTOYHBIE — TSTOBBIX
TpaHcpOopMaTOPOBIOKA3AJI0, YTOCHCTEMA HIMEETHETATUBHBIM SIBICHUEM, TAKHX KakK;

® 110 3TOH MNpPUYMHE HEPAaBHOMEPHOM3ArpyKEHHOCTH OOMOTOK, MPOUCXOAUTH pa3HOe
3HaYeHHE U3HOCA UX M3OJISALHH.

® YACTHIM OTKa3 TATOBBIX TPaHCPOPMATOPOB ¢ HAMOOJBIINM M3HOCOM H3OJSIUU TATOBBIX
00OMOTOK.

® CIE/ICTBUE MOBPEKACHUS U3OISAIUH 0OMOTOK TATOBOTO TpaHC(hopMaTopa, padoTaromuX B
CHUCTEME TATOBOTO JJIEKTPOCHAOKEHHUS JKEJIE3HOM TOPOrd TMepeMeHHOTo Toka 25 kB,
CHIDKaeTcs (akTudeckuii cpok ciyxkObl. CpemHell Cpok ciykObl TpexOoOMOTOUHBIX
TATOBBIX TPAaHC(HOPMATOPOB COCTABIISIET HE Oosee 12 ner.

® C [EeJbI0 PAaBHOMEPHOH 3arpy3KH MUTAIOMIEH CHCTEMBbI BBIHY)XKICHHO TPUMEHSIOTCS
CXEeMbl HEOJMHAKOBOTO TPUCOEIWHEHUS TMOJACTaHIMNA K (aszam ceTell BHEUIHETO
(mMTaromero) HampsDKEHUST — TaK Ha3bIBAEMOM CXEMBbl «BHUHTA», HAINPAaBICHHOW Ha
CUMMETPHUPOBAHUE HAIPY30K TATH B 3TUX CETAX HE J1aJI0 MOJI0KUTEIBHOTO d(deKTa.

® HEOJWHAKOBHI YIIBl CIBUra MEXIy BEKTOpaMH TOKOB M HampshKeHHH Qa3
TpaHc(hOpMaTOpPOB.

e Tak, Ha «oTctaromed Qasze» Takoil yroa gocturaer 56 TpagycoB, UYTO BBI3BIBACT
MOBBIINICHHBIE TIOTEPU HANPSDKEHHWS Ha ITHX (a3zaX, B TATOBOM CETH U CHIDKCHHE
CKOPOCTH JIBIXKEHMS II0€3/10B, IPAKTHUUECKU JIMHEHHO 3aBUCAIIEH OT YpOBHS
HaTPSDKCHUS HA TOKOTIPHEMHHUKAX.

® HECHUMMETPHUYHOCTh NPUCOCTUHEHHUS TITOBBIX HArpy30K K CHMMETPHYHBIM CETSIM
BHEIIHETO 3JIEKTPOCHAOKEHHS yepe3 TpaHC(HOPMATOPHI TATOBBIX MOJCTAHIINM, BbI3BIBAET
MOSIBIICHME TOKOB M HANpSHKEHUH OOpaTHON IMOCIenoBaTEeIbHOCTH, X y/IIAIONIIX
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KaueCTBO AJIEKTPUYECKON SHEPruu M MOBBIIAIONIMX €€ NOTepU B NUTAIOLIEH CEeTH M
tpancpopmaropax TII Gonee 25% B 3aBUCUMOCTH OT COOTHOIIEHHUS TOKOB ITJIeY.

OO0111en3BeCTHO, YTO MO MPUYHHE MEPEUUCICHHBIM HETaTUBHBIM (PaKkTaM O0TKa3 TATOBBIX
TpaHc(HOPMATOPOB CYIIECTBEHHO BO3POCIIO. Y CTAHOBIECHO,4YTO Tocie 8-12 JeT sKCIuTyaTaum
u B 20% ciydaeB MOBpEkKAAETCS TATOBbIE OOMOTKH TpaHC(HOPMATOPOB.

OpHOlt W3 CcmOCOOOB CHIDKEHHWE HE CHMMETPUH B TATOBBIX OOMOTKAax SIBIISETCS,
ocymecTtBiaeHuss nutanue TII ot cereit 110 kB kpaliHe BaXHO BBIIEPKUBATH MEXKIY
MOJICTAHIIUSIMU PACCTOSIHUS B TIpHUaenax 45—-55 KuaoMeTpoB.

B cymectByromux cxemMax MO YCIOBUSIM 3alllUThl (PHUIEPOB KOHTAKTHOM CETH
BBIHY)KJICHO MPUHUMATh B KOHTAKTHOW CETH MOCEPEIUHE KaXAOU MEXIY MOJCTAHIIMOHHOMN
30HBI IOCTHI CEKIIMOHUPOBAHUSI.

[TocThl cexnmoHMpOBaHKUE 0OECTICUNBACT ABYXCTOPOHHEE MUTAHUE KOHTAKTHOUN CETH B
bunepHbix 30Hax. [IpuMeHeHus mocTa CeKIIMOHUPOBAHUH Ha KOHTAKTHOM ceTH, Ha (PUIepHBIX
30HaX BOCHOBHOMH3-3a M3MEHEHMs HamnpsbkeHui Ha mmHax 27,5kB, mnosBisercs
ypaBHUTENbHBIE TOKH (YP) B 00MOTKaX TATOBBIX TpaHC(HOPMATOPOB.

Hanuune ypaBHUTEIBHBIX TOKOB B TSTOBBIX CETAX MEXAY MOJCTAHIIMOHHON 30HBI
(BBI3BIBAEMBIX HEPABEHCTBOM HAIPSKEHUH Ha BBOAAX TATOBOM MOJCTAaHIUH, MHUTAIOIIUX
MEXKy MOJICTAHIIMOHHBIE 30HbI) BEJIET K JIOMOJIHUTEIBHBIM MMOTEPSIM SHEPTUH, YIUTHIBAEMbBIM
CYETUYMKAMU HYHEPIrUU Ha TATOBOM MOJACTAHIUH, IOMOJHUTEIBHO K YHEPTUU PACXOIyeMON Ha
TATY TOE€3/10B, 3aBbIIIasl JAHHBIE PACX0/a YHEPTHUH.

B TAroBoil cetm MNEpPEeMEHHOrO0 TOKa CYHIECTBYIOIIMHBH TOTEPU MOIIHOCTH,
00YCIIOBJICHO KakK repeadell peakTUBHOM SHEPTUH, TaK U HAJIMYUEM BBICIIUX TapMOHUK. st
MUHUMU3ALUN 3TUX MOTeph HEOOXOAUM OMNEPATUBHBIN KOHTPOJIb AaKTHUBHOW, PEaKTUBHOU U
MOJIHOW MOIIHOCTH B CETH, YPOBHS TapMOHUK HAMNpPsKEHUH, TOKOB W CO3JaHUE HOBBIX
TEXHUUYECKUX CPEACTB, B YACTHOCTH, KOMIICHCUPYIOIIUX YCTPOMCTB, padOTaloIUX B
peryaupyeMoM pekume. EMHCTBEHHBIH CTaHAApT, OTHOCSAIIMICS K JAaHHOW mpobieMe — 3TOo
craugapt IEEE 1459-2000

K coxanennro, Ha CyIIeCTBYIOUIMXKEIE3HbIX foporax B ycrtpoucreax PIIH n KV-
27,5kB cHM)KEHNE HE CUMMETPUU B TATOBOM CETH, 3T YCTPOMCTBO C OMOIIBIO aBTOMAaTUKHU
He ympasnsiercs. lloaTomy namee I8 BO3MOXKHOCTH pEaIbHOW peanu3anuu  OyneMm
paccMaTpuBaTh CUCTEMY TATOBOTO JIEKTPOCHA0KEHHSI 0€3 YCTPOUCTB PEerylInpPOBaHHUS.

OrmpeziesieHUs] TOBBIIICHHBIX 3HAYEHUW  YpaBHUTEIBHOTO TOKAa TATOBOM  CETH
MIEPEMEHHOI0 TOKA C JIBYXCTOPOHHUM IMUTAHHUEM OT JABYX CMEXHBIX TATOBBIX MOJCTAHLMM C
TpaHcopMaTopaMu HANPsDKEHUH Ha muHAX 27,5 kB myTeM CpaBHCHHS HAINPSKCHHMA
OJTHOMMEHHBIX (a3 CMEKHBIX TOJCTAHIINI C OMpe/IeIeHHEM UX Pa3HOCTH.

Jnst cCHWKEHHMS KakKyl0 Ta 4YacTh YPaBHUTEIBHOTO TOKa HEOOXOAMMO MPUMEHSTH
ABTOMATHUKY PETyJIUPYIOIIUX YCTpoicTB, Hampumep, aBroMatuky PIIH u KVY kortopas B
HACTOSIIIEE BPEMSI HE TPUMEHEHO B CUCTEME TATOBOTO JIEKTPOCHAOXKEHHSI KEJIE3HBIX JIOPOT.

[Ipenyaraercs BbIpaBHUBATH HE MIHOBEHHBIE 3HAYEHUE YPABHUTEIBHOIO TOKA, a
JEUCTBYIOIIEE 3HAUCHUS 32 3aJIaHHBIN TIEPUO/I.

JlelicTByro1ee 3HaU€HNE YPABHUTEIBHOIO TOKA ONPEAEISIETCS U3 BBIPAXKCHUS;

Iy23=IyZ+D (Iy)1y23

-rze [,- cpejiHee 3HaYeHNE YPABHUTEIBHOIO TOKA,
—D(l,) - mucniepcust ypaBHUTEILHOTO TOKA.

Cpe}:[HI/Ie 3HAa4YCHUA 6y)leM OMpeaCATL 3a AOCTATOYHO OoJbIIIME nepuoabl, HCACIA,
MECAI U T.1O.
AKTHBHbBIC MOoTepU MOIIHOCTH OT YPABHUTCIIbHOT'O TOKA paBHbI

AP= ( I7+D(1,)Rye
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raeR,, .- aKTUBHOE CONTPOTUBJICHUE TSITOBOU CETH.
Cpennuii TokK Iy OTIpeIeIIACTCS 3aIITUTEIBHBIA ITepruo1 pabOThI TATOBOM IMOJCTAHITUH.

13 npoBeieHHBIX UCCIIEIOBAHUI YCTAaHOBIJIEHO, YTO YPAaBHUTEIbHBIC TOKH, 3arpyxkas 0OMOTKH
TpaHC(OPMATOPOB, YBEIMYMBAIOT MOTEPU HHEPrUM U CHUXKAIOT CYMMapHYIO MOIIHOCTb
[IOJICTAHIIMH, [1I03TOMY IIPOTEKAHNE UX HEAOIYCTUMO. YPaBHUTEIbHbBIE TOKU MOSBISAIOTCS HA
Py U3BECTHBIX MPUYUH, TaK K€ IPHU HepaBHOU Ko3((PULMEeHTOB TpaHC(HOpPMALIUU TITOBBIX
TpaHc(hOpMaTOPOB MPH BKIIOYEHUM B MapajuIeibHYIO PabOTy MPHU BBIHYXKJICHHBIX pEXHUMax
paboOTHI TATOBOM CUCTEMBI.

B cBa3u ¢ atum I'OCT 11677 - 65 ycTaHoBuII, 4TO Y TpaHC(POPMATOPOB, BKIFOUAEMBIX
Ha MapajuIeNibHYI0 paboTy, KO3(PGUIMEHTH TpaHCc)OpMallMK, HE MOKHBI OTIUYATHCS
HOMHHAIBHOM Oomnee ueM HA 5 % .

C uenpio ycTpaHEeHHE YpPaBHUTENIbHBIX TOKOB MEXY TATOBBIX TpaHCHOpPMATOPOB Ha
CMEKHBIX TATOBBIX IMOJICTAHLMAX, pazpaboTaHo MHoro crnoco0oB B cetu gopor CHI', Ho Hu
0JIHA U3 CIIOCOOOB HE MPOSBUI c€0sl MOJHOCTHIO C MOJIOKUTEIBHON CTOPOHOM.

[lpeyaraemass cxema 3JI€KTPOCHAOKEHHE  HCKJIIOYAET IOSBICHUE YPAaBHUTEIbHBIX
TOKOB MEXK/Jy CMEXHBIMU TSATOBBIMU MMOJCTAHIIUSIMH.

Jlis 4ero, B CYHIECTBYIOIIUX CXEMax TATOBOTO AJIEKTPOCHAOXKEHHE B CPeIMHE ydacTKa
Ha KOHTAKTHOM CETHM MECTO HW30JIMPOBAHHON BO3AYIIHOTO MPOMEXYTKA MOHTUPYETCS
HelTpabpHas BCTaBKa. [[pon3BoauTCS M3MEHEHMs B CUJIOBOM CXEME II0CTA CEKIIMOHUPOBAHUS
KOHTaKkTHOU ceTH. [locne n3amMeHenue nocra CEKIMOHNPOBAHUE, KOHTAKTHOM CETH CTAHOBUTCS
KaKk JBa mnapajiesbHo paboTaromuii cxemsl (Cm.puc.2). [Ipu IByXImyTHOM ydacTKe YETHBIN
Y HE YeTHBIN IyTU COEIUHAETCS MEX]Ly COOON yCTPONUCTBOM MONEPEYHONU COETUHUTEIIEM.
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YcTaHOBNIEHO, YTO CcpeAHee 3HAuYeHHWE TMOTepPh JIIEKTPOIHEPTHMH OT NPOTEKAHUS
YPaBHUTEJIbHBIX TOKOB IO KaXKIOW MeEXMNOJCTaHIMOHHOW30He 1o ctaHam CHI' cocraBnser
cpeaHeM B roJi 0kojo 360 Teic. KBT-u.

[lokazarenn KkadecTBa JJIEKTPUYECKOM SHEPruM, OTIYCKAEMOW MOTPEOUTENAM,
MOJIYYAIOIUM MMUTAaHUE OT IIHUH TATOBBIX MOJICTAHIUI, TPEBHIIIAIOT HOPMATBHO JOMYCTUMBIE
3Ha4yeHwus1, ycranoBienusie o 'OCT 13109-97.

MortiHocTh  Tpex$a3zHOil MOIIHOCTH KOPOTKOTO 3aMbIKaHUSI Ha IIMHAX BBICIIETO
HAIpsDKEHUS TATOBBIX IMOACTAHLUAX A3epOaillIIKaHCKUX JKEJE3HbIX Joporax JOJDKHO
npesbimath 1000 MB A. Torma u ko3¢ dunueHT oOpaTHON MPOMOPIIMOHATBHOCTH (a3 He
OyzeT MpeBBIIaTh MPHUJIEIBHOE JOMYCTUMYIO paBHOW 2%,4TO COOTBETCTBYET HOPMATHBHBIM
JTAHHBIM 110 KauecTBY nepenaun snekrposreprun(Cm.I'OCT 32144-2013).

3AKJIFOYUEHHE

1. IIpenyaraemast cxema TSATOBOTO AJEKTPOCHAOKEHUSI YCTpAHSET MOSBICHUE YPaBHUTENb-
HBIX TOKOB. YMEHBINIAETCSI M3HOC OOMOTOK, 3TO MPHBOJHUTH YBEIMYCHHIO CPOKA CITYKOBI
cwIoBOTO Tpanchopmaropa. [loBbImaercs HaIe)KHOCTH PabOTHI TATOBOH CETH.

2. TAroBble MOJACTAHIIUU MUTAIOT KOHTAKTHYIO TOJBECKY (UIAEPHONW 30HBI aBTOHOMHO, TaK
KaKk BKJIOYEHBI HE BCTPEUYHO, a pa3/ielbHO. B TakoMm ciydae HCKIIIOYAeTCs cllydau
OIMMOOYHON MOJaYM Ha BBOJ TSATOBOHM IMOJCTAHIMH, HE (a3UpOBAHHON HANPSDKCHHM, MPU
ABAPHUITHOM OTKJIFOUEHUU OJHOM U3 MOJCTAHIINH.

3. KoHtakTHass monBecka oOOMX MyTEeH COCAMHSETCS MEXIYy COOOW TOMEepeyHON coeau-
HUTEJIEM,YTO B CBOIO OYEPE/Ib CHIXKAECT TATOBOM CONMPOTUBIECHUN CUCTEMBI. DJIEKTPOBO3BI
MOJTYYarOT MTUTAHUS OT IBYX (DUIEPOB OTHOBPEMEHHO.

4. Tlpennmaraemasi cxemMa TSATOBOTO AJIEKTPOCHAOKECHHS YIPOIIAECT CXEMY, YCTPaHSIET MOTepU
SHEPryU NMPOTEKaHNE YPABHUTEIBHBIX TOKOB, €CJIM CYUTATh, YTO CPEAHEE 3HAUECHUE MMOTEPh
AJIEKTPOIHEPTUU OT MPOTEKAHUS YPABHUTEIBHBIX TOKOB 110 KaXJI0W MEX MOACTAaHIIMOHHON
3oHe mo CHI coctainsieT B roa B cpeaneM 360 Toic.kBT-u.
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27,5kV DARI ELEKTRIK TOCHIZATININ DAYANIQLIGININ ARTIRILMASI
ROHIMOV R.Q., OLIYEV V.i., ROHIMOV S.R., ROHIMOV A.R.

Dart1 elektrik tochizatinin isindo aparilmis analiz naticasindo mioayyan edilmisdir ki,
elektrik itgisinin  amalo golmasinin sabablorindon biri do moévcud darti transformatorlar
arasinda boraborlosdirici corayanin omolo golmasidir. 27,5kv doyison coroyan  enerjisi
itgisinin aradan galdirilmas1 vo barabarlogdirici corayanin amolo golmasi soabobinin aradan
qaldiriimasit mogsadilo yeni darti tochizati sxemi toklif edilib.

Acar sozlar:doyison coroyan dartt yarimstansiyalari.Boraborlosdirici coroyan.Kontakt sobokaosi
seksiyalagdirma montoqasi. Enino birlosdiron elektrik birlogdiricisi. Neytral zonalar.

IMPROVING THE RELIABILITY OF TRACTION POWER SUPPLY
OF ALTERNATING CURRENT 27,5kV

RAGIMOV R.G.,ALIYEV V.I,, RAGIMOV S.R., RAGIMOV AR.

An analysis of the operation of the traction power supply system has been made, one of
the reasons has been established that the loss of electricity in the system occurs due to the
appearance of surge currents between traction transformers at existing substations. A new
27.5 kV alternating current power supply circuit is proposed, eliminating the appearance of
surge currents and energy loss.

Keywords: AC traction substations, surge currents, contact section sections, transverse electrical
connectors, neutral zones.
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PORCIMLI PERFORASIYALI PANELIN KOVROK DAGILMASI

YOHYAYEYV D.D.

Azarbaycantexnikiuniversiteti
yahyayev.cosqun@mail.ru

Burada dairovi desiklorlo yumsaldilmis qeyri-mohdud izotrop elastik 16vho nozorden kegirilir. Desik
konturlarindan absis oxunun kasiklori boyunca simmetrik diizxoattli ¢atlar ¢ixir. Dairovi desiklorin konturlar1 vo
catlarin konarlar1 konar(xarici) yiiklordon azaddir. Enino sortlik qabirgalar1 diskret(mohdud) noqtslords panels
kiplogdirilir. Elastik panel vahid dartilma gorginliyino O moruz qalir. Tortibat sxeminds parg¢imlonmis

sartlogdirici gabirgalarin faaliyyati barkitmo ndqtalorinin yerlogsmosinds totbiq olunan geyri-miioyyon comlonmis
qiivvalor torofindon modellogdirilir. Kévrok dagilma mexanikasmin halli yolu iki cobri sistem vo tok inteqral
tonliyin hallina asaslanir. Yaranan cabri sistemlor sayca kasma va asas element se¢imi lizra Qauss metodlart ilo
hall olunur. Gorginlik intensivliyinin amsallar1 vo maksimal yiiklor par¢cimli perforasiyali panelin geometrik vo
fiziki parametrlorinden asili olaraq hesablanir.

Acarsozlar: porgimli perforasiyali elastik panel, diizxotli catlar, toplanmig qiivvalor, biroxlugorilma,
gorginlik intensivliyi omsallari, maksimal yiiklor.

Giris: Nogliyyat masingayirmast vo bu kimi miixtolif texnologiya sahalorindo
konstruksiyalarin maddi istehlak xorclorinin azaldilmasi, onlarin istismar etibarliliginin
dayanighigini artirmaq mogsadilo elastik elementlorlo panellorin méhkomlondirilmosi genis
sokilds totbiq olunur[1]. Bununla yanasi, sortlik gqabirgalart homginin tomir yamalari soklindo
istismar catlarinin agskarlanmasindan sonra borkidilo bilor. [2]. Son illor istifado resurslarini
yiiksoltmoyo xidmot edon tohliikosiz-zodslonmis konstruksiyalar1 6ziinds ehtiva edon miixtolif
nogliyyat masingayirma mohsullarinin layihslosdirilmasindo yeni prinsiplorin totbigino nail
olunmusdur [1 - 8].

Bir ¢ox masinlarin, konstruksiyalarin kévrok dagilmasi tohlili dagilmanin, bir gayda
olaraq, miixtalif desiklor, qatlar (laylar), yuvalar vo digor konsentratorlarn sathindon amals
goldiyini 1izo ¢ixarir. Konar yiiklorin doyismasinin miioyyon rejimlorindo foaliyyot gdstoron
konstruksiyalar vo quruluslarda davamli catlarin movcudlugu ohomiyyotli sokildo daha az
tohliikoni saciyyalondirir, odur ki, bu ciir konstruksiyalarin siini giiclondirilmosi onun istifado
miiddotinin uzadilmasinda rol oynaya bilor (catlarin artmasi gedisatinda porcim, sortlik
gabirgalarinin qoyulmasi hesabina).

Miiasir naqliyyat miithondisliyinds, sortlik qabirgasi ilo mohkomlondirilmis va desiklorlo
yumsaldilmis nazik divarli struktur elementlori (panellor) genis istifado olunur.Sortlik
qabirgalar1 gorginlik konsentrasiya soviyyasini azaltmaq vo panel sortliyini artirmaq {igiin
istifado olunur.Sortlik gabirgalar1 vo qiisurlarin qarsiligli olaqesinin xarakteri biitovliikdo
qurulusun (panelin) movcud gorginlik-deformasiyali voziyyatini miioyyonlosdirir.Nazik
divarli elementlorin (plitolorin) islomo qabiliyyoti bir ¢ox hallarda nazik divarli elementdo
catlar kimi qiisurlarin olmast ilo 6ncodon miioyyon edilir.Bu ciir qiisurlarla birgo, panel
deformasiyas1 prosesindo yiiksok gorginlik konsentrasiyast yaranir ki, bu da plastik
deformasiya zolaglarinin yaranmasi vo inkisafina, paneldo mdvcud ¢atlarin meydana golmasi
vo bdyiimosina sobob olur. Inco divarli tikinti elementlorindo ¢atlarin  artimim
mohdudlagdirmaq  {iglin moéhkomlondirici  elementlorin  istifadesinin  effektivliyini
gqiymatlondirmok miihiim maraq dogurur.Buna goro do méhkomlondirici sortlik qabirgalariyla
gliclondirilmis ¢atlara malik olan 16vholor iiglin dagilma mexanikasinin halli yolu boyiik
nozori vo praktiki maraq dogurur.
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Masalanin qoyulusu. Burada Pm = mao(m = 0, £1, £2, ...), &= 2 noqtalorinds Aradiusu
vo morkazlorine malik doyirmi desiklorlo yumsaldilmis sonsuz izotrop elastik 16vho nozardon
kecirilir. Desik konturlarindan absis oxunun kasiklori boyunca simmetrik diizxottli ¢atlar
cixir. Dairovi desiklorin konturlar1 va ¢atlarin konarlari konar (xarici) yliklordon azaddir.

Panelo Z=mL +iny, (m = (2k —1); k=12,..n=+1+ 2,...)n6qtslarind9 digor
materialdan enino sortlik qabirgalari borkidilir. Koordinat sistemi se¢imi vo toyinati sok.1-do
izah olunmusdur. Bircinsli dartilma gorginliyi O';',O = 0 sonsuzluqda foaliyyat gostarir.

Tortibat sxemindoki par¢cimlonmis borkidilmis qabirgalarin faaliyyeti por¢imlorin
yerlosmo yerinda totbiq olunmus toplanmis qlivvalorls avazlonir (sokill). Toplanmis qlivvonin
miqdart Fmnmalum deyildir vo masalanin halli prosesinde miiayyanlosdirilmalidir.

IanT T IFln TyAT IFln T O'OT IF2n

-, Ie. I, I-.
I F IFH I P IFzz
N by Lo b
Ile R I; : f IFn IFX
O A I T
e, L . Ir.
IR LI,

Koordinat oxuna simmetrik nisbotdo deformasiya vo dagilma proseslori tosvir
olunmusdur.

Verilon elastik mosoalodo sorhad sortlori formaya malikdir:
o, —i7,, =0 desik konturunda

o, — iTXy =0 cat konarlarinda @
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Sorhad masalasinin halli. Sorhad sortlori simmetriyast vo D oblasti geometriyasi
osasinda panel materiali ilo aldo olunmus gorginlik @miiddati ilo periodik funksiyalara
maoxsusdur.

Kolosov-Musxeligvili diisturu[1] vo desik konturlar1 ilo ¢at konarlarindaki sorhad

sortlorino osaslanaraq mosalo konar(sorhod) sortlordon 2 analitik funksiyanin (D(Z) " LI’(Z)
formalasmasina gotirib ¢ixarir;

O(7)+D(7)-[ 7D (7)+¥(r)]e* =0, 2)

O(t)+P(t)+Td'(t)+W¥(t)=0, (3)

harada 7 = 1€ + mw, (m =0,+1 £ 2, ), t — catlarin konar noqtolorinin affiksi hesab

olunur.
Sorhad mosalasinin halli (2) — (3) bu sokildas tapilir

D(2) = @y(2)+ @, (2)+ @, (2), P(2)="¥,(2)+ ¥, (2)+ ¥, (2) @)

Burada CDO(Z) vo ¥, (Z) potensiallari tam 16vhads gorginlik vo deformasiya sahasini
miloyyan edir vo asagidaki diisturlarla toyin olunur

1 1 , 1 1
CDO(Z):ZGO_—)her; an|: :|’

2r(1+ » z—mL +iny, - z—mL —iny,

1 i 1 1
IPO(Z)_EO-O_IL)I,]Zlan{ :|+ (5)

2 (1+ » z—mL +iny, z —mL —iny,
N [ Z'an Lm—m_y0 __ mL+|n-yO :
27 (1+ x)h i (z—mL—iny,)” (z-mL+iny,)
burada F, - zZ=mL+iny, (ssk. 1), ;(:(3—V)/(1+V)n6qtalarind9 totbiq olunan
toplanmis qiivvalor; V — l6vho materialinin Puasson omsalidir.
1 V4
®,(z)=—1/|g(t)ctg—(t —z)dt, 6
(2) 2w{g()gw( ) ©)
iz

¥i(z)=-

. VA

t)sin™ =(t - z)dt,
> j g(Dsin”—~(t-2)

(6) —da verilon inteqgrallar L = {[—K : —ﬂ,] + [/1, l ]} xatti lizra gotiiriiliir.

Burada nozordo tutulan funksiya g(x) c¢at konarlarinda hasil olunan téromolorin
kasilmasini tasvir edir

+1 0 -
22900 =—| 0" (x0)-v"(x0)].
Y7, OX

burada «+» vo «—» isaralari lizro gatlarin alt vo {ist konarlarina miivafiq olaraq qobul edilmis
sorhad doayarlarin geyd olunur.

Qeyri-miioyyan g(x) funksiyasi vo CDZ(Z) ilo ‘PZ(Z) potensiallar1 (2) — (3) konar
sortlori vasitesilo miioyyon olunmahdlr.CDZ(Z) vo Y, (Z) funksiyalarinin tapilmasi iiciin
asagida verilmis formada sorhad sorti togdim olunur(2)
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@2(7)+m—[ﬂ)’2 (r)+‘{’2(r)Je2i9 = 1,(6)+if,(0)+ . (0)+ip,(0)(7)
£,(0)+if,(0) = @, (r) - D, (r)+ [z @, (r)+ ¥, (z)]e?* ®)
(P1(9)+ i?’z(e) = _®1(T)_ D,(7)+ [fq)i (7)"' ‘Pl(f)]em 9)

Sorhad masaloasinin halli iigiin (7) @2(2) vo W, (Z) funksiyalarin1 asagidaki sokildo

tapmagq olar

" 222 (@) (4
(Dz(z) =t éa2k+2(2|;0—+1)5)

0 /12k+2p(2k)(z) © /12k+28(2k+1)(z)
Y (z)= —_—— 10
2( ) éﬂzmz (2k+1)! kz_:,)azmz (2k+1)! (10)
2 1 2
Buradap(z):(z) sin‘z(zzj——(zj :
@ @ 3\w
P 2z 1
S(z)= '"—m - _ =
O-E\eerwn ]
Koordinat oxuna nisbaton simmetriya sortlorindon tapiriq ki,
Ima,, ., =0, Img,,., =0 k=0,1,2, ... (11)

Gorginliyin dovriliyi, eloco do ndqto D-do iki barabar ndqtoni birlogdiron qovsdo
2
e . T
mévceud olan biitiin qitvvalorin baslica vektorunun sabitliyi sertlorindon &, = N ,Bzﬂ,z
alinir.

Qeyri-miiayyang(x) funksiyasi voar,, , [3,, amsallari (3), (7) sorhad sortlorinden
mioyyanlosdirilmalidir ki, bununla da periodiklik sorti 6denilir, belo oldugu halda serhad

r=2e" )
sortlari sistemi (7) niimuns kimi Ly ( konturunda bir funksional tonliys ¢evrilir,
o climlodon kaonar sartlor sistemi (3) L xatti {izro sorhad sortino gevrilir.

f, +if,vo ¢, + i, funksiyalarina nisbatdo onlarm‘z" = A konturunda Furye

siralarina parcalandigini toxmin etmok miimkiindiir. Simmetriya sayasinds bu siralar
asagidaki formaya golib ¢ixir.

£(0)+if,(6)= ki A ImA, =0 (13)
A, = %j (1(0)+if,(0)e?do  (k=0,+1+2,..) (14
0(0)+ip,(0)= ki B, %, ImB,, =0 (15)
B, - gf(%(ﬁﬁ i0,(0))e 7740 (k=01 +2...) (16)
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Qaliq nazariyyasindan istifado edorak inteqrallari hesabladiqdan sonra (8) -i (14) ilo
avaz etmakla,

1 1 2ny
- o, +——S'F | —=20 | 17
% 270 7r(1+;()h§‘ m”(m2L2+n2y§j an
1 1 , A%sin3 sin sin3
hto-— b, [0, 2ng_sinde ]
2" z(l+x)h ) P P
A%sin(2k + g
F 1
A2k 1"‘)( Z { p12k+1

( 2)(-3)...(- 2k)ﬂ,2k5|n(2k +Dg
(2k 1)| 2k+1

Sk =Dy (2)(-3)...(- zmz“sm(2k+1>¢1}

p12k -1 (2k 2)| 2k+1
(k=2,3..)
1 A%sin(2k + 1)
A, =—--)>'F L k=12,..),
=2k 72'(1+Z)h % mn pl2k+1 ( )
P = \/ (mL) (nyo) arctg yo tapiriq.

Analoji sokildos, (9)-u (6) nozora alinmagla (16) ilo ovoz etsok vo avvalki
arqumentloari tokrar edorak, verilon amsallarla toyin olunan qarsiligh slags hasil olunur

1
Bt = 5] IO fa O (18)
12
harada  f,(t)=2y(t), f,(t)= =3 y2(), (19)
ﬂZK(Zk _1) ﬂZk*Z B
fo(t)=— (2k) (2k-2) _
f (t)——’l—2k @9(t) (k=12..); (t)=ctgZt
-2k - (2k)|7/ T S )y Y - g ®

(13) vo (15) i sarhad sartila (7) evezlessk,CDz(Z)va Y, (Z) miirokkab potensiallarinin

Dok, P Kimi geyri-molum omsallarinin miioyyanlosdirilmasi {igiin ‘T‘:ﬂ konturunda
sorhad sartini alariq
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@2(T)+m—[ﬂ) (7)+ ¥, ( ] e’ = Z M, e*", (21)

haradaM,, = A, + B, (k=%1,+2,£3,..)
Burada A, vo B,, kemiyyotlori uygun olaraq (17) vo (18) ilo qarsihqli sokilde
miioyyanlogdirilir.
D,(7), D,(r), D,(r)vo¥,(7)ovozins sorhad sortinin (21) sol torafi ilo onlarin 0

noqtasi yaxiligindaki Loran sirasma boliinmasini avoz etsak vo bir sira yerdayigmalardon
sonra eyni doracado exp(i@)amsallan miiqayiso etsak,,, , [3,, omsallarma nisbaton iki

sonsuz xatti cabri tonliklor sistemi almig olariq.

Qo = zAj,ka2k+2 +bj (J =0, 1, 2, ) (22)

12k+4

> Serd n
22k+4 *Zk 2

k=0
’ (2J +1)'Ab gj+1ﬂ’2j+2 - 2J + 2k +3) gj+k+2/12k+2j+4 '

Ao = Ay + By
7[2 1 i j+2Kk+
kl:l_Eﬂvz, gj:ZﬂF’ Aj,k:(zj'l'l)]/j’k/lzj 2k+2
3 = (2i+1) g7 A"
70,0 zggziz +Z( 2)4i+41 ’

i=1
(2j+2k+2)1g,,,  (2i+2k+4)g,,, A2
(2j +1)I(2k +1)|22j+2k+2 (2] +2)|(2k+2)!22j+2k+4
+§: ZJ i 2I +1) (Zk + 2| +1) gj+|+1gk+|+l/,i4|+2
(20 +1)1(2] +1)( 2k +1)( 212202k

- A? 2
Dy =0. bj,=0. by = Jiades (1+ 2k4 j

Vik =~

+bjyk

22]+2k+4 k]_
2
k=2 i=12.) k=12..)
2 24 (] ) ( )
12k+2
—A + Zzgk22k+2 azm} (23)
k=0

2 j+2k+4
ﬂ, J

(2j+2k+3)!g..,.
ﬁ21+4 (ZJ +3 a21+2+z 2J+2) (2k +Jl;!2221+2k+4 o2

Funksiyalarin (4) sorhad $31't1n1 (3) tomin etmosini tolob edon bozi doyisikliklordon

- A

L 2j-2

sonra 9(x) funksiya {igiin tokrarsiz inteqral tonlik alds etmis oluruq
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L [g(tetgZ(t—x)dt+H () =0 (24)
(0] L (0]

Burada
H(X) =D (X)+ D (X)+ XD (X)+¥,(X)
(25)
D (X) =Dy (X)+D,(X), W (X)=W,(x)+¥,(x)

Toplanmis qiivvolorin komiyyotinin toyin edilmasi. Tokrarsiz inteqral tonlik(24),
eloco do (22), (23) —do tesvir olunmus sistemlor toplanmuisF (m =1, 2, ...;n=1, 2, ...)

qiivvelarinin geyri-miioyysn miqdarlarini ehtiva edir.
Bu miqdarlart toyin edok. F_ qiivvesinin miqdarimi toyin etmok mogsadilo Huk

qanunundan istifads edirik. Bu ganuna gora, sartlik gabirgasi torafinds hor bir parcim (slago
ndqtasi) tizorinds horakat edon konsentrat qiivvenin axtarilan dayari F_ = berabardir

=Ry
mn 2y0n

belo ki, Eg — sortlik gabirgas: materialinin Yunq modulu, 4 —qabirganin enins kosismo saho-

Av

(m=12,.., n=12,..), (27)

mn

si, 2y,N — pargimlorarasi moesafo, Av,,, — per¢imlorin qarsiliglt yerdoyismosi, bu da sortlik
gabirgasinin miivafiq hissasinin uzanmasina barabardir. Por¢imin @, radiusu vasitosilo nozor-

don kegirok. Nozords tutulan mosalodo zZ =mL + i(l’]y0 — ao) vo Z=mL—i (nyo — ao)

noqtalorinin qarsiligh yerdoyismasinin AUpy par¢iminin gostorilmis qarsiligh yerdoyismasi-
no borabar olmasi barads osasli ehtimali yaddan ¢ixarmamaliyiq. Yerdoyismolorin uygunlugu
iclin bu olave sort yuxarida gostorilon problemin somaroli hallini tapmaga imkan verir. Bu
mogqsadla qoyulan mosalodo Z =mL + i(nyO — ao) vo Z=mL -1 (nyo — ao)nt')qtelarinin
garsiligh yerdoyismasini tapmaq gorokdir .

Elementar, bir qgodor do dorin hesablamalardan sonra Kolosov-Musxelisvili
miinasibatlori [9] vo (4), (5), (6) formullarindan istifads edorok verilmis noqtslorin qarsiligh
yerdoyismosini Av_  asagidaki sokilds ifado edo bilorik.

m,n

Av,, = A0 + ALY, + ALY (28)

S F (p-miLva;

oL +[(r=n)y, —a,]

+2(r—n)yo[(r—n)yo—ao]<2|o(|o—m)L2+ao[(r—n)yo—ao]>
((p=my L2 +[(r =y, —a,]" ) (p-m)*L* + ¢ |

(29)

+26—;(1+;()(ry0—a0),
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Au&)r:l—l{ jg(t)<arctg[ctg ('E—IOL)th (Cyo )}_

—arctg[tg ”—pl‘thz(cyo —~ ao)}>dt}— (30)
w

w

(cyo—ay) 1 Ig(t)[ sinzal(ch2a1+sh2al) ]dt
Y7

H) 2 2 2
27 sin“ ¢, ch®a, +cos” ¢, sh”ey,

1 = A% 2sin(2k + D
Av® ==|(y-1 - 1
Up’r |:(;( )(ryO aO)aO +()(+ );a2k+2 (2k +1)p2k+1

0 r.
—1)> 0y AEY L pEsin(2 ) + Do - (31)
k=0 2] +1

® A2 sin(2k + D) & P o 2
= Bows T Lo AT ) Msin2j+Da +
Z 22 (2K +1) p2t kZ; 22 §21+

(2j+2k+2) 2j41

"‘Z(Zk + 2)052k+222k+22 Fi kP2

= 2j+1

sin(2 j +1)a},

Harada ki, o, =—(t—pL), c=r—-n,
=2 o)

= (P (o -a0)'s @ =arctg R

F ., qiivvesinin axtarilan qiymoti sonsuz cabri sistemdon (27), (28) — (31) diisturlar: vasitasile

miioyyonlosdirils bilor.
—m)’L% +a?

Fpr_4 (1+Z uhry, mzﬂ; mn[ (p—m)(2pL2+[)(r—n)a:/00—a0]2
(p+m)’*L* +a

(p+m)2L2+[(r—n)yo—a0]2

2 =ye[(r-n)y, -~ }(2p(p-m)L + &, [(r -y -a]) |
((P=my?L?+[(r =)y, —a]")[ (p—m)*L* +a¢ |

L2 =yo[(r=my, —a (2p(p+ )L + & [(r -y, —ay])
<(p+m)2L2+[(r—n)y0—a0]2>[(p+m)2L2+a§}

L2y [+ )yo - ](2p(p-mL + &y [(r+ )y, —a )
((p=my?L2 +[(r+ )y, — )" (p—m)?*L* +a¢ |

+xIn

(32)
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(p-m)°L* +a;
(p-m)*L>+[(r+n)y, - a)’
(p+m)’L* +a
(p+m)2L2+[(r+n)yo—a0]2

+xIn

+xIn +

2T+ [( 4 )Y, -~ ](2p(p )L + &g [(r + )y, -]}
<(p—m)2L2 +[(r+n)y, —ao]2>[(p—m)2L2 +a§]
L 2Ar+n)yo[(r+m)yy —a](2p(p+ L + 3 [(r+n)y, —ay])
<(p+m)2L2 +[(r+n)y, —a0]2>[(p+m)2L2 +a§]
N ESAGO(;(+1)
2y, rdu

- A% %sin(2k +1
(-8 (2D S A D

_1)Za2k+212k+22 2] S pysin(2 + Do~
k=0 02)+1

e A2 2sin(2k +Dar . .
=0

+§}2k+aaﬂﬂx“”§jaj+2ﬁfa mp?”&n&j+ba+
i=0

N ESA()(-i-l
2Y,ru

—arctg [tg %pl'th%(cyo -, )D dt —

» jL‘ g(t)<arctg[ctgg(t —~ pL)thg(cyO —~ ao)} —~

EA(cy, —a) 1I , sinzal(ch2a1+sh2a1) i
2y,ru 207 sin® o, ch®a, +cos® o, sh’ay

Beloco, aldigimiz (22), (23), (32) tonliklor sistemivavahidinteqraltonlik (24)
olagolondirilmali vo birlikdo hall olunmalidir. Bunlari holl etmoklo, nozords tutulan ¢(X)

funksiyasi, F._(m =1, 2, ...; n=1, 2, ...) qlivva toyinati, ham¢inin qeyd olunan «,,, [,

>7 mn
omsallar1 miioyyonlogdirilir.

Tak inteqral tanliyin halli. Fpr qiivvesinin qiymatinin tapilmasindan sonra inteqral

tonliyin (24) va (22), (23) tonliklor sisteminin hallini davam etdirmak miimkiindiir.

ogor
T, T > Al . ,
—Clg—z=—- z 0.1 —37:7 parcalanmasindan istifado etmis olsaq,
0o o 7 o @ o
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onda (24) tonliyi asagidaki sado formaya diisor.
g (t)dt 1
j —jg(t)K(t—x)dt+H(x) =0, (33)

t2]+1

K(t) - Zgﬁl 2]+1

Toqribi holhnln tapilmasi ti¢iin inteqral tonliyi (33) daha rahat sokilo saliriq.
g(x)=-g (—X) nazaro alaraq, (33) tonliyi

d
J )ds le (£.8)p(E)dE+H(E)=0 ”
5 50 11

Ko(E,8)=K(E-&)+K(E+), p()=g(), 5=%, £ =

A=A A <E L1
H(&) = ®*(§0€)+ q)*‘fof )+ (fOE)CD; (§0€)+ P, (§0€) diistur soklindo ifado

olunur.

~ | x

Dayisonlori ovaz etsak,

Fou=T A )R =R 1) A 3)

Bununla yanasi inteqrasiya kosimi [il, 1] [— 1, l] araligina kecir, ortaya ¢ixan tonlik
(34) adi formaya diisiir.

leJrijp(T)B(U,T)dHH*(ﬁ):O (36)

=
A —(2)+1)+ QIFDRDQI- 1){ }
1.2-3 U,
+(21+1)(2j)(2j—1)...[(21+1)—(2j+1—1)]_(gj"
1.2-3...(2)+)) U

Qeydlorin sadalegdirilmasi iigiin H*(n) =H (éto) forz edok.Xatirladaq ki, H, (77)

funksiyas1 toplanmig qiivvelerin geyri-miloyyan kemiyyatini, «,,, [3,, omsallarini 6ziindo
ehtiva edir. Vahid inteqral tonliyin (36) holli asagidaki boraborlikds togdim olunmusdur.

P (77) (37)

S
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Burada po(n) [—l, 1] , araliginda Holder iizra keosilmoz olmaqgla yanasi po(n)

funksiyas1 Cebisev qovsaqglar1 asasinda qurulmus Laqranj interpolyasiyali ¢goxhadlisiyla ovoz
edilir;

1M i1 _0COSM@-sing
L nl==—» (-D)* k. 38
n[po 77] Mé( ) Py c0s6 — cosé, (38)
n =co0sd, pk po(ﬂk) My =C0SO,,
2m-1
= Vs m=1,2..,M
2M

(30) vo onlar arasindaki alagolordan istifads edorak

_I cosMzdz _ sinMé@
5 COST — coséd  sind
j F(T)dT —ZF(cose )
1V1-172
kvadrat dusturlar aldo olunur

p(r)df
27z'[

0<f@<rxm, Mm=1,2, ..

cosmé, sinmé 40
" Msin 92 Py z (40)

1 ¢ 1
= B(n,7)dr =— p°B(n,
7] POB(7.7)dz ZM;pV (n.7.)

Dustur (40) xotti cobri tonliklor sisteminin inteqral tonliyini (36) nisbi olaraq qovsaq
noqtolords nozordos tutulan p\? funksiyasinin toqribi doayari ilo avoz etmok imkani yaradir . Bir

sira doyisikliklor noticosindo tok inteqral tonlikasagidaki cobri tonliklor sistemi ilo ovoz
olunur:

M
Zamvp3+1H*(nm):0 m=12 .., M-1 (41)
P} 2
1] 1 6. + (-1,
Ay =— ct +B(z,,7, 42
™ =M | sing, g 5 (T:72,) (42)

Qoyulmus mosolodo ¢at vahid ucda sorbast desik sothino ¢ixir. Yarigin bu ucdaki
gorginliyi mohduddur. Buna goéro doalinan (41) — (42) tonliklor sistemino asagidaki tonliyi
olavo etmok zoruridir

M
k+m 0 gk
tg—£ =0, 43
Z ; (43)

k=1

X = £ 4 noqtalorinds gorginliyin sonlulugu tomin olunur.Xatirladaq ki, Kosi daxilindoki forgli
xiisusiyyatlorlo yanasi tokinteqral tonlik (36) 77 =7 =—1 noqtosindo sabit xiisusiyyatlora
malikdir. Inteqral tonliklor tipinin (36) tosvir olunan toqribi holli {isulu konkret niimunalords

tosdiqlonmis olsa da (bax. hamgininmonogqrafiya [11]) 77 =—1 sonunda IO(77) funksiyasinin

osl xiisusiyyati tozahiir olunmamisdir. Umumilikdo xarakterizo etsok, bu xarakterik
xiisusiyyot inteqral tonliyin analizindon qurula bilor vo sorbost riyazi problemi tocossiim

etdirir.  Movcud  vaziyyatdo B(77, T)VQH (Iy)funksiyalarl liglin ifadolor bol sayda
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oldugundan xarakterik xlisusiyyatin toyini asan basa golmir. Digor torofdon, sonlarda
saciyyovi xiisusiyyotin se¢ilmosimetodun yaxinlagsmasina tosir gostorso dogorginlik
intensivliyi omsalina ciddi tosir gdstormir.

Kovrak dagilma mexanikasinda ¢at sonu otrafindaki gorginlik intensivliyinin amsali
xiisusi maraq dogurur.

Cat iistiindoki gorginlik intensivliyinin omsali {igiin diistur belo olacaq

Ky ==lim| \J2z[x~ g (¥ | (44)

g(X) funksiyasinin tapilmasi {igiin K, gorginliyinin intensivlik omsali asagidaki
formulla ifads olunur.

M
K, =/l 1- A2 ﬁZ(—l)v pfctg% (45)
k=1

Olaqo (45) doyisenlorin ovoz olunmasi ti¢ilin istifado olunan disturlar, distur (44) vo

Po (77) funksiyas1 U¢ln Lagranj interpolyasiya ¢oxhadlisi nozars alinmagla yaranir.
Qriffits-Irvin K, = K kovrak dagilma kriteriyalarindan istifado edorok( K- materia-

lin i¢indoki catlarin paylanmasina miigavimoti daim xarakterizo edir), por¢imli paneldo
yarigin uzunlugunun totbiq olunan yiiklorden, o climlodon sistemin elastik vo geometrik
parametrlorindon asili olmasi naticasinag goalib ¢ixiriq.

Hollin tahlili. ©dadi hesablamalar tigiin M = 30, M =40 vo M = 60 oldugunu forz
etsok, intervalin miivafiq olaraq 30, 40 vo 60 Cebisev qovsaqlarina boliinmosini ehtimal etmis
olariq. Hesablamalar asas element se¢imi ilo Qauss metodu ilo tamamlanir.Hallin doqiqlikls
dordiincii xarakters uygun goldiyi malum oldu.

Gorginliyin intensivlik amsali {igiin

K, =0y 7! (1 — 212 ) F (/1, l, 8) hesablayiriq (46)

Cadvoal 1.Cadval 2.

=015 =0,25
[ A 1=03 | 2=05 tfA 1=03 | 41=05
F(Ale) | F(ALe) F(Ale) | F(Ale)
1,20 3,776 3,997 1,20 3,588 3,810
1,30 3,549 3,789 1,30 3,299 3,539
1,40 3,334 3,594 1,40 2,988 3,246
1.50 3,018 3,298 1,50 2,558 2,831
1,60 2,401 2,692 1,60 1,899 2,170
1,70 1,296 1,375 1,70 1,611 1,973
1,80 1,043 1,068 1,80 1,206 1,381
1,90 0,381 0,438 1,90 0,983 1,074
2,00 0,377 0,417 2,00 0,679 0,823

Asagidaki sorbost parametrlorin doyori tigiin @,/L=0,01, v=0,3, e=y,/L=

0,15; 0,25; 05, 41=0,3; 4=0,5; N=5 yangin uzunlugu doyisdikdo F(i’ 2 g)
funksiyalarinin gorginliyinin intensivlik omsalina dair hesablamalarinin naticolori 1-3-cU
cadvallards oks olunmusdur.
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Cadval 3.

c=0,5
t/A 1=03 1=05
F (1,1, g) F (/1,1, e)
1,20 3,301 3,468
1,30 2,979 3,224
1,40 2,731 3,006
1,50 2,469 2,782
1,60 2,211 2,533
1,70 1,912 2,519
1,80 1,431 1,758
1,90 1,079 1,397
2,00 0,812 1,116

Sortlik gabirgasinin A/ -polad qarisigindan, (Vf —40%), panelin iso orintidon B95,

E= 7,1-104MHa, E; =115 10* MITa hazirlandig1 nozords tutulur. Sadolosdirma iigiin

F/y,h =1qobul edilmisdir.

11 4%
0
A\
/R
1, | A
AN
\ v
09\ \ \\
\ AR 3
\‘ S
o8 N NS s
\\ i \\\\\ o 2 — £=0,25
\ : ~ .\\\N_ _ \\
= T \\-/
o.r \\ E &0,5
A
N
0,6 TS
! N
| N
0,b } T~
| ‘5..
| -~
I
0.4 I
|
I
|
I O+
| :
0 0,2 " 0,4 0,6 0,8 1,0
Sak. 2

Sakil 2-do dlgiistiz maksimal yiikin o, = o,V 7@ / K. asagidaki sarbast parametrlor
v =0,3;1=0,5vo parametrin forqli giymetlori ii¢in &=1Y,/L=0,25;0,5; N =5,

yarigin 0l¢iisiiz uzunlugundan b= (ﬁ B ﬂ)/ A astlilig1 tosvir olunmusdur.
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Burada mohkomlondirici sortlik qabir§asinin  olmamast sobabilo oyrilik tosvir
olunmusdur.

Hesablamalarin noticosino asaslanaraq bir ne¢o noticoys golmok miimkiindiir. Molum
oldugu kimi, sabit-eynigokili voziyystdo saxlamaq ti¢lin zoruri olan gorginlik yarigin
uzunlugunun artmasi ilo artarsa, cat sabit olur. Yarigin davamli sokilds artmasi tiglin bu sort
odonmolidir:

oK,
ol

Todqiqat gostordi ki, normal qirilmaya meruz yariginartmasi avvalca qeyri-sabitdir
(miqdar1 artir), sonra ¢atsartlik gabirgasina (sixlasdirilmis gorginlik zonasi) yaxinlasdiqda
sabitlosir.

Yan@in istii sortlik elementindon konarlasdirildigda yari@in sothi iizorindo gorginlik
intensivliyinin azalmasi1 daha az 6ziinii gosterir, odur ki, 16vha iizerinds mdvcud olan yiikiin bir
hissasini gobul edon tikinti elementi kimi sortlik gabirgasinin effektivliyi asagi diisiir. Sothin
sortlik gabirgasina dogru yanasmasi ilobu azalma getdikco agirlasir vo ¢at birbasa sortlik
gabirgasi xottini kegondo maksimum doyars catir.Yari@in daha da iralilomosi ilo giiclondirici
elementin tasiri yenidon azalir. Garginliyin intensivlik omsalinin azalmas1 davam edir, ¢ilinki
sortlik qabirgast yarigi gapamaga meyillidir.Azalma dorocosi no qgodor bdyiikdiirso,
mohkamlandirici elementin sartliyi do bir o qodar yiiksakdir va par¢imlor 6z aralarinda daha six
yerlogdirilir. Alinan naticalora asason, poar¢imli méhkomlondirici sortlik gabirgalarinin yarigin
artmasina maneo torodon vo konstruksiyanin istifade shomiyyetli derocads uzatmaga sorait
yaradan ¢ox tosirli bir vasito kimi xidmat edo bilocoyini diisiinmok olar.

<0

NOTICOLOR

Gorginlik intensivliyi eamsallarinin v garilma yiikiiniin maksimal (dagidic1) giicii sartlik
qabirgasi, por¢gim (qovusma noqtosi), desiklor, yarigin uzunlugu vo panelin fiziki
xuisusiyyatlorinin qarsiliqlt vo slagali sokildon nizamlanmasindan asilidir. Miioyyan edilmis
sortlordo (¢at uzunlugunun nisboti, desiklorin radiusu, sortlik qgabirgalar1 vo porgimlor
arasindaki mosafo) ¢atlarin atmasinda sabit bir morholonin mdvcud oldugu miisyyon
edilmisdir.Desiklorin,  sortlik  gabirgalarinin =~ vo  borkitmo  ndqtolorinin  garsiligh
tonzimlonmasinin ¢atlarin artma meyarina tasiri tadqiq olunmusdur.
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XPYIIKOE PA3PYIIEHME KJENAHOI NEP®OPUPOBAHHON MAHEJIA
SIXBSIEB JI.J1.

PaccmarpuBaercss HeorpaHWYEHHAsh M30TPOINHAs YHIpyras IUIACTHHA, OCiIa0iIeHHas
KPYTOBBIMU OTBEpCTUSIMH. M3 KOHTYpPOB OTBEPCTHM HMCXOIAT CUMMETPUYHBIE MPSIMOJIU-
HEWHBIC TPENIVHBI BJIOJIb OTPE3KOB ocH adciuce. KOHTYphI KpyroBbIX OTBEPCTHH U Oepera
TpeIlMH CBOOOJHBI OT BHEIIHUX Harpy3ok. K mMmaHenu NpUKpEIUIeHbl ToIepedHble pedpa
KECTKOCTUM B JUCKPETHBIX TOYKaxX. YHOpyras IaHellb NOJABEPraercs OJHOPOAHOMY paACTS-

TUBAIONIEMY HANPSIKEHHIO O,. JleliCTBHE NPHKICNAHHBIX HOAKPEIUIAIOMUX pebep B

pacueTHON cxeMe MOJETHPYETCs] HEU3BECTHBIMH COCPEJOTOUYEHHBIMH CHJIAMH, HPUIIOKEH-
HBIMH B MECTax pPAcCHOJOXKEHHsS TOUEK KpeIuleHus. PerneHue 3amaum MEXaHWKH XPYIKOTO
pa3pylIeHus] CBOAMUTCS K PEIICHHUIO JIBYX alredpanyeckux CUCTEM M OJHOMY CHHTYISIPHOMY
MHTETpaIbHOMY ypaBHeHHI0. [lomydeHHbIe anreOpandecKie CHCTEMBl PEeIlaiCh YHCICHHO
MeToZaMH ype3aHus u ['aycca ¢ BBIOOPOM TJIaBHOTO 3JieMeHTa. BrrauciaeHs! KodhGUIHMeHThI
MHTEHCUBHOCTH HAIIPSHKCHUI U TIpeleNbHbIe Harpy3KH B 3aBUCHMOCTH OT T€OMETPUYECKUX U
¢bu3nUecKux nmapamMeTpoB KienaHoi nephoprupoBaHHON MaHENH.

KnroueBble cjoBa: ynpyras kiemnaHas mnep(opupoBaHHas MaHENb, MHPIMOIMHEHHBIC TPEIIUHBL,
COCPEIOTOUYEHHBIE CHJIBI, OJHOOCHOE PacTsHKeHUe, KOd(P(GHUIMEHTH NHTEHCUBHOCTH HAIPSHKEHUH, TpeiesbHbIe
Harpysku.

FRAGILE COLLAPSE OF RIVETED PERFORATED PANEL
YAHYAYEV D.D.

An infinite isotropic elastic plate softened with circular holes is considered here.
Symmetrical linear cracks emerge from the contours of the hole along the sections of the
abscissa axis. The contours of the circular holes and the edges of the cracks are free from
external (external) loads. Transverse stiffness ribs are sealed to the panel at discrete (limited)
points. The elastic panel is subjected to a uniform tensile stress. In the design scheme, the
activity of riveted stiffening ribs is modeled by the indefinite concentrated forces applied at
the location of the fastening points. The solution of fragile collapse mechanics is based on the
solution of two algebraic systems and a single integral equation. The resulting algebraic
systems are solved by Gaussian methods of numerical intersection and selection of the main
element. The coefficients of stress intensity and maximum loads are calculated depending on
the geometric and physical parameters of the riveted perforated panel.

Keywords: riveted perforated elastic panel, linear cracks, accumulated forces,undulating stress, stress
intensity coefficients, maximum loads.
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Energetikanin problemlori e  No2e 2020 eIIpoOneMbIdHEPTreTHKH
V]K: 621.316.3

TEXHUKO-OKOHOMHNYECKHNE ACIIEKTbI OHPEI[EJIEHI/I}I
CTATHYECKHUX XAPAKTEPUCTHUK HAI'PY3KH B Y3JIAX
IJIEKTPUYECKOU CETH

BEJIMEBA T./.

Aszepbaiioscanckuii I'ocyoapcmeennviii Ynusepcumem Hegpmu u [Ipomvruunennocmu
veliyeva.tarana@mail.ru

PaCCMOTpeHBI METOABI IOCTPOCHUS CTATUYCCKUX XaPAaKTCPUCTHUK Y3JI0B HArpy30K C HCIIOJIB30BAaHUEM
METO/Ja MaCCUBHOI'O 3KCIIEPUMCHTA U BO3MOXKXHOCTb OLICHKH 10 HUM 3allaca YCTOI\/'I‘II/IBOCTI/I, CYMMAapHBIX IOTCPb
MOIIHOCTU W DHEPruM MU IMOCTPOCHHA SKOHOMHUYECKUX XAPAKTECPUCTUK I10 HAIPAKCHHIO. 21_1'[5[ HUCCIICA0OBAHUA
OKOHOMHUYHOCTH TIAUTAKOIINX DJJIEKTPHUICCKUX cereit MIPUMEHACTCA METOIX (baKTOpHOI‘O TUTAaHUPOBAHU L
OKCIICPUMCHTA, KOTOpI:Iﬁ TMO3BOJIACT CO34aTh IMPOCTHIC CPCACTBA I aBTOMATHU3allUM YIIPABJICHUA PCKUMaAMU
CCTHU IO HAIIPSIXKEHUIO U pCaKTHBHOﬁ MOIIITHOCTH.

KiroueBble cj10Ba: CTaTHYECKHE XapaKTCPpUCTUKH, Y3€JI HArpy3Kud, METOJ MACCHUBHOI'O J3KCICPHUMCEHTA,
3ariac YCTOI\/'I‘H/IBOCTI/I, NOTEPU MOMNIHOCTU W DOHEPIrUH, DIJICKTPUUCCKaAsd CCTb, aBTOMaTU3alusd, YIIPaBJICHUC
PEKUMaMU CCTU, HAIIPSHXKCHUC, pCaKTHUBHAsA MOIIHOCTD.

Crartuueckue XapakTepUCTHKU y370B Harpy3ku (YH) - 3To 3aBUCHMMOCTH MX BXOIHBIX
AKTUBHOW M PEAKTUBHOW MOIIHOCTEH OT HAINPSIKEHUS. DTH XapaKTEPUCTUKU OMPENEISIOTCS,
KaK MpaBWIO, B OOJACTH JOMYCTUMBIX W3MEHEHMI HampspkeHus Ha 3axumax U = (0.9 +
1.1)U,on. Popma 3THX XapaKTEPUCTHK 3aBHCUT OT KOH(PHUTYpaIlMU CETH 3JIEKTPOCHAOKEHUS,
yicia TpaHcGopMalMi SHEPrMM M COCTaBa MOTpeOUTeNeill PHepruu - ACHUHXPOHHBIX U
CUHXPOHHBIX JBUTaTelied, OCBEUICHMs, OJJIEKTpUdeckux nedeil u ap. Cratudeckue
xapaktepuctuku P(U), moryt OBITh 3aJaHbl TpaduYecKu WIM aHAUTUTUYECKH. OTH
XapaKTePUCTHKH YacTO UMEIOT V-00pa3Hylo, HEJIMHEHHYI0 (hopMy, coepkaT B cebe LIEeHHYIO
nadopmanuo 06 YH. OHu HEoOXOmMMBI TMpHU pacdyeTax CTATHYECKUX MU JUHAMHUYCCKHUX
PEKUMOB SHEPrOCUCTEMBI, IIPU CUHTE3€ CXEMBI 3aMelieHus Y H, rpu onpeneieHun akTUBHOU
U PEAKTUBHOM MOIINHOCTEH B Yy3J€ M HUX IMOTEPb, I IOCTPOCHUS HKOHOMHYECKUX
XapaKTEepPUCTHUK, pacyeTa CTaTUYeCKor ycronuusoctd YH u np.

B o6mem cimydae YH mnpencraBnseTcs Kak MHOTOIIOJFOCHUK CO MHOTUMH TOYKaMHU
COeIMHEHUs ¢ cucteMoil. B wactHoM ciyuae YH MokeT OBITh ABYXIIOJIIFOCHUKOM, T. €. UMETh
OJTHOCTOPOHHEE MMUTAHHUE.

Cratnueckue xapakTepucTUKH YH MOTYT OBITH OIpeIeIeHbl CIEeAYIOIIUMU METOIaMU:
1) aHamUTHYECKHM;
2)METOJIOM aKTUBHOTO SKCIIEPUMEHTA;
3)MeT0/10M MaCCUBHOT'O HKCIIEPUMEHTA.

AHanuTUYECKUH METOJ OCHOBaH Ha M3BECTHOM COCTAaBE HArpy3Kd y3ja - cXema
CUCTEMBI JIEKTPOCHAOKEHHSI U KOJIMYECTBEHHOM COCTaBe MOTpeOUTENel 3HEpPruu, TO €CTh
COCTABJISIETCSL CXeMa 3aMelleHus YH, 171 KOTOpoi onpenenstoTCs 3aBUCUMOCTH AKTUBHOU U
PEaKTUBHON MOIIIHOCTEN OT HANIPSIKEHHUS.

OTOT METOJ IMIMPOKO NMPHUMEHSETCA HAa YPOBHE IPOEKTUPOBAHUS IHEPrOCUCTEM U CH-
CTEM DJICKTPOCHAOKEHHS.

JI1st MOCTPOEHMS CTATUYECKUX XapaKTEPUCTUK Y H METOJI0M aKTMBHOIO 3KCIIEpUMEHTa
HEO0OXOJIMMO HMMETh BO3MOYKHOCTh PEryJIHUpOBaTh HE3aBUCHMYIO MEPEMEHHYI0, HaNpsKEHUE
Ha BXOJIHBIX 32)KMMaXx y3ia Harpy3ku B pomyctumoit oonactu (0,9-1,1) Uyow ¥ UTS KaXKIOTO
3HaueHus U 3amucath yctaHoBuBmuecs 3HadeHust P u Q[1,2]. IIpu nmpoBeaeHNM 3KCIIepUMEH-
TOB HAJO0 COOJIIOJATh YCIOBHS, 4YTOOBI Bce npyrue ¢Gakropel, Biusiomme Ha P, (O,
OTCYTCTBOBAJIM WJIM OBbUTM MUHUMAJIBHBIMU IO CPaBHEHUIO C BiusgHueM U.
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[lepuon cramuoHapHOCTH MoIIHOCTeH P, (0 MOXHO ONpeNeIuTh CTaTUCTUYECKUM
obcnenoBanueM rpadukoB Harpy3ok P(t), O(t) mjis THIOBBIX CyTOK (paboune u Hepabouue
IHU JaHHOTrO ce3oHa). OOBIYHO ATOT MEpPHOJ COBMAAaeT ¢ paboyeil CMEHOW, HCKIoYas
Hayajo U KoHell paboueld CMEHBI, a TaKXKe MepepbIBbI B padoTe. TakuM 00pa3om HUCKIIOYAETCs
BnusiHue ma P, O Bcex Jpyrux (akTopoB, KpoMe HampspKeHus, W 3anucbiBaercs 8-10
3HaueHuii P, Q npu peryiaupoBanuu u B uatepBaie (0,9-1,1)Uyon. ITH TOUKH UMEIOT pazopoc
CIIy4aiiHOro Xxapakrtepa OKoJio Mckomoi (akruyeckoii 3apucumoctu P(U),Q(U), u mostomy
HaXOXXJCHHE CTAaTHYECKOH XapaKTepUCTUKH MO JTUM OMNBITHBIM TOYKAaM IPOU3BOIUTCS
METOJIaMU MaTEMaTHYECKON CTaTUCTUKU, HATIPUMEDP, METOJIOM HAUMEHBIINX KBaIPaTOB.
HenocratkamMu mOCTpOCHHS CTATHYECKUX XapaKTEPUCTHK y3J1a Harpy3Kd aKTUBHBIM METOJIOM
SBIISIOTCS:

a) TPYIHOCTH PETYJIMPOBAHHS HAMPSHKEHHS Ha BXOIHBIX 3akumax B uHTepBaie (0,9-1,1)
UHO.M;

0) TPYAHOCTH MOCTPOEHUS XaPaKTEPUCTHK IJII BCEX HEOOXOAUMBIX PEKHMOB U CTPYKTYPHI
y3J1a Harpy3KH.

[Ipu mocTpoeHuM CTaTMYECKUX XapaKTEPUCTHUK y3Jla Harpy3ku METOJOM IaCCHBHOTO
SKCIIEPUMEHTa HET HEOOXOIMMOCTH PEeryIHpoBaTh HAMpsHKEHHUE HA BXOJTHBIX 3a)KMMax y3ia
Harpy3ku. Ilpu STOM BBIJENSIOTCS M PErMCTPUPYIOTCS HU3KOYACTOTHBIE COCTABJISIOIINE
GbaykTyallioHHbIX W3MeHeHui U, P, O Nmpu HOpPMaJbHOM CTallMOHAPHOM PEXHME pabOThI
y3na Harpy3ku. [lo u3BecTHBIM 3HaueHMsIM MotHOCTeH P,Q u perynupytomux 3¢ dexron Kp,
Kq MOXHO ompenenuTh CTaTHUECKHE XapaKTePUCTUKH y3Jla HArpy3KH IyTeM OIpeaesIeHUs
[apaMeTPOB CXEMbI 3aMEIIECHUs y3/1a HAarpy3KM METOJaMH CHHTE3a WJIH HCIHOJIb3YS M3-

2 2
BECTHBIC ypaBHEHHMs perpeccun, cessbiBatonme Kp, KocK,', Ky', e K, = % Ko = % .
dopma 3KcIIepUMEHTANIBHBIX KPUBBIX cTaTHueckux xapakrepuctuk P(U), Q(U) moxoxa
Ha V-o0pa3Hble JUHUU. AHAJIUTUYECKH 3TU KPHUBBIE B OOJACTH JOMYCTHUMOI'O HU3MEHEHUS
HanpsokeHus (0,9-1,1) Uyon MOTYT OBITh aLIIPOKCUMHPOBAHBI:

a) MOJIMHOMaMU BTOPOTO MOPSJIKa;

0) 3aBUCHUMOCTSIMH, COOTBETCTBYIOIIMMH BBIOPAHHOW CTPYKTYpE CXEMbI 3aMEICHHS
y3J1a Harpy3KH.

[TomMHOMBI BTOPOrO MOPSAKA:

P = Py(ay + ajky + azkf) )

Q = Qo(by + biky + byk{)(2)

I'ne ky = U/Uy; Uy, Py, Qo—3HaUCHUSHATIPSKEHHUSI, AKTUBHOW H PEaKTUBHON MOIIIHOCTH
Ha BXOJHBIX 3axnMax YH B UCXOZHOM HOpMallbHOM pexume; P,Q— Tekylire3sHaueHus
MOIIIHOCTEH, COOTBETCTBYIOIINE TCKYIIIUM 3HAUCHUSAM HanpspkeHus U.

Jns konkpetHoro YH ko3¢h(duIIMEHTH MOIWHOMOB ONPEACNSIOTCS Ha OCHOBE
AKCIIEPUMEHTAIILHO TIOJYYCHHBIX CTAaTUYCCKMX XapaKTEPHCTUK METOJIOM HAUMEHBIIHNX
KBapatoB. /[y yIOBIETBOPEHHUSI YCIOBUSAM MPOXOXKICHHS MOIMHOMOB depe3 Touku P(Ug)=1
n Q(Uop)=1 HeoOXomuMo cOONIOAATH YCJIOBUS OTpaHWYeHHs Qo+ a;+a, =1, by + by +
b, = 1.

[oncrasnss >t yenosus B (1), (2), monyuaem

P
o =1-a;(1—ky) — az(1 - kf);
0

QQ —1— by (1 - ky) — by(1— k).
0

HCHOJ’IL?;}UI ONBITHBIC TOUYKU CTATUYCCKUX XAPAKTCPHUCTUK, HAXOJUM KOB(b(l)I/IIII/IeHTBI ai,
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az, b1, bz »tux BeIpaxkenun, a 3atem ap u b, CpeaHexBaxpaTHYecKas IMOTPEITHOCTh
anmnpoKcUMupyrommx Kpusbix (1), (2) onpenenseTcst U3 BbIpakeHUN

I'ne P, Q,, Pp, Qp —3KCIIEPUMEHTAJIBHBIE U PACUETHBIE 3HAUEHUSI MOILLHOCTEM; /1 - YUCIIO
ONBITHBIX TOYEK.

[To 3Ha4yeHussM OpWO, [IENACTCA 3aKIIOYEHUE O JOMYCTUMOCTH HCHOJIb30BaHUS
anmnpokcuMupyromux BelpakeHuit (1), (2). Hexoropsle pekoMeHAyeMble 3HAa4YCHHUS
ko3 dunreHToB a; ,bi[3,4,5] mpuBoASTCS HIKE.

[pubnnxeHHbIe 3HAYCHUS:

P = P,(0.83 — 0.3ky + 0.47k%) @3)
Qi10x8 = Qo (3.7 — Tky + 4.3k{) (4)
Ocs = 0o(4.9 — 10.1ky + 6.2k2) )

VYTOYHEHHLIE 3HAUECHUS :

Q = Qo(5.6 — 12.3ky + 7.7k2) (6)
Q = Qo(6.7 + 15.3ky + 9.55k3) ©)

ipu cos ¢, = 0,85;

=0, |22 _ 25 >3 2
Q= Qs Zky + (35 +1) kB (8)

MIPU Pa3HBIX COS .

N3BecTHO, uTO B OOJIBIIMHCTBE ClIydaeB KOMIUIEKCHass Harpy3ka YH cocrout wu3
COBOKYITHOCTH aCHUHXPOHHBIX, CHHXPOHHBIX JIBUTaTele U MacCUBHOW HArpy3ku (Tedu, ocBe-
uieHue, cBapka u Ap.)[6]. [loaromy B KauecTBe cXeMbl 3aMEIIEHUS MOXHO MPUHATH 3TU TPHU
AKBUBAJICHTHBIX djieMeHTa (puc. 1).

[Mutaromas cetb B OO0IIEM Ciydae MMEET CJIOXKHYIO KOHQHUIypalui CcO MHOTHMMHU
CTYMEeHIMUTPAHCHOPMAIIUH DHEPTHH MOXKET OBITh mpejcTaBieHal -00pa3Hoil cXemMoil ¢
IIPOJOJIbHBIMAKBUBAJIECHTHBIMCONIPOTUBIIEHUEMZ . = R + jX,
UIIOTIEPEYHBIMPEAKTUBHBIMCOIPOTUBIIEHUEM ~ Xm,  IPEACTABIAIOIIMM  cO0Oll  BETBB
HaMarHU4MBaHUs CETEBbIX TpaHchopmaropoB (puc. 2). B cBow ouepenb acCHHXpOHHAA
Harpy3ka npexacrasisercs [-oOpasHoit cxemoll 3amemieHust (puc.3), CHUHXpOHHas —
compotuBneHmsiMuXg u OJIC Ey (puc.4), a maccuBHas Harpy3ka — CONPOTUBJICHUEMZn
COCTOSIIUM U3 apaJuIeIbHO COeAMHEHHBIX Ry 1 Xn(puc.5).

Torna skBuBaneHTHOM cxeme 3amerneHus (puc.l) ans YH Oyayr cooTBeTCTBOBATH
CJICIYIOIINE AaHAIMTUYECKHE BBIpaXEHUs MoImHocTed P,Q Ha BXOIHBIX 3a)XKMMax Yy3ia
Harpy3Ku:
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1 Suow\ 3H

P=P ke

HOM
1 _Suo,w

kG

+ Py + Pykl + + APkt + Pkt (9)

Kt —p2\ 0 A
Q = Qo.kj — Qlc( 1U_b2 ) + Qack( + Quky + 2{11]11 + AQOHkgl (10)

3necb PiH, Pcn- mone3sHas MOIIHOCTh Na Bajly AKBHUBAJEHTHOIO ACHHXPOHHOTO U
CUHXPOHHOTO JBUTATENICH MPH HOMUHAIHHOM HarpsikeHuu; Pn,Qn- akTUBHAsS W peakTHUBHAsS
MOIIIHOCTH, TOTpeOsieMble SKBUBAJICHTHBIM IACCUBHBIM 3JIEMEHTOM IPH HOMHUHAIHHOM
HanpsokeHud; Pon, Qon-akTMBHAass W peakTHBHAs HAMarHWYMBAIOIIAE  MOIIHOCTH
SKBUBAJICHTHOIO ACUHXPOHHOI'O [BUTIaTels IPU HOMHUHAIBHOM HanpspkeHuw; APyy, AQoy-
aKTUBHBIE W PpEAKTUBHBIC HArpy304HbIC TOTEPU, BBHI3BAHHBIE TOKOM HAaMarHUYMBAHHS
SKBUBAJICHTHOTO ACHHXPOHHOI'O JIBUraTejsi MpPU HOMHUHAJIBHOM HampsokeHuw; Py, Q1y-
aKTUBHBIE M pPEAKTHUBHBIC HAarpy30uHble MOTEPH, BBI3BAaHHBIE HArPY30UHBIMH TOKaMH
SKBUBAJICHTHBIX ACHMHXPOHHOTO W CHUHXPOHHOro JABurateneut; Qq., Q.- peakTuBHas
MOIIIHOCTh SKBHUBAJIEHTHOTO CHHXPOHHOTO JBUTATENsl, TCHEpUpyeMas U moTpedisemMas mnpu
HOMHUHAJILHOM HANpsOKCHHH;, o, o1- KodhdumumeHtel; a =2+4, a; =2+6; [y
KO3 PUIUEHT, XapaKTEPU3YIOIUH MOMEHT CONPOTUBJICHUS MPUBOJAMMOTO MEXaHHU3Ma; b -
KO3 (ULIMEHT, YUUTHIBAIOLINI BIUSIHUE CTENICHH 3arPy3KU U TOKA BO30YKIE€HUSI CHHXPOHHOM
HATPY3KHU; Syou- CKOJIBXKEHHE DKBUBAJCHTHOT'O aCMHXPOHHOTO JIBUTATENsl MPH HOMUHATHHOM
HanpsbKeHUU. Bece MOUTHOCTH BBIpaKeHBI OTHOCUTENBHO X 3HaUeHUN TpU Ugow.

[IpeumymectBom moaeneit YH B Bune (9) u (10) siBnsieTcss BO3MOXKHOCTH ONPEIeNICHUs
COCTAaBIISIIOIIMX MOUIHOCTEH B 3aBUCUMOCTH OT HANpsKEHHUs, BO3MOKHOCTh CHHTE3a
MapaMeTpoB CXEM 3aMELICHUs 3KBUBAJICHTHBIX JJIEMEHTOB JUIsl pacyeTa JUHAMUYECKHUX
xapaktepuctuk YH. Bce 3To BecbMa CyIIECTBEHHO TIpH PEIICHWH 3a7ad B 00JIacTH
ONTHUMH3ALNN KaueCTBA HAMPSKEHUsSI CeTH (y3J1a) U HAXOKJIECHUU 'KPUTUUECKUX HAMPSIKEHUN
JUTSL aHAJTM3a YCTOMYMBOCTH paboThl Y H.

OdeBHUIHO, YTO IS 33JaHHON CTAaTHUYECKOH XapakTtepucTuku YHrpu HeoOXomauMocTH
MOYHO TEPEUTH OT aHATIUTUIECKON (DOPMBI TOTMHOMOB K 3aBHCHUMOCTSIM (9) u (10).
Omnpenenenre KOXPHUIUECHTOB aHATUTUIESCKUX BhIpaxeHui MomrHocTel P u Q mo (1), (2) u
(9), (10) MOXXHO TPOBOANTH U3BECTHBIMU MeTOaMu [7,8,9].

Jlns monyueHusi 000OMICHHBIX BBIPAXCHUU @i,Di, MPUromHBIX B TeUCHHE IIUTEIHHOTO
BpPEMEHH, MOXHO MCIOJB30BaTh METOJ ()aKTOPHOTO TUIAaHWPOBAaHUA dKcriepuMeHTa. [Ipu saTtom
B KaueCTBE OCHOBHBIX BIHSIOIINX (paKTOPOB Ha 3HaueHHs ai,bi, kak cienyet u3 (9) u (10),
paccMmaTpuBaloTCs MapameTpbl coctaBa YH: noneBoe ywacTHe Kaxaoro oO0OOLIEHHOTO
JNIeMEHTa &; + €3 B dKBHUBaJeHTHoUW cxeme YH [acunxponnas (A), cunxponHas (C) u
naccuBHas (II) Harpy3ku] W mokasaTelb & MOMEHTa COINPOTHUBIEHUS ACHUHXPOHHBIX
nsuratesnei. [l aTux GakTopoB OBLIM MPUHSATHI cieaytonie 6a3oBeie 3HaueHus: 50, 10, 40,
1,5% w npenensl ux Bapuarnuu: +20, +10, £30, £1,5%. ba3oBbie 3HaueHHS U TpeACbI
BapHaIllK MaCCUBHON HArpy3KH OMpPEEsUIUCh N0 YPAaBHEHHUIO:

M=100-(A+C)
B sToM ciyuae octarorcs Tpu He3aBHCUMBIX (paktopa: 4, Cu .
Ha ocHoBe MeToja MiIaHMPOBAHUS HKCHEPUMEHTOB IOJIYUYEHBI CIIEIYIOLINE YPaBHEHUS

A aiy bi,:
1) npu KOIAUPOBAHHBIX (OTHOCHUTEIBHBIX) 3HAYEHUAX apTyMEHTOB:

ao = 0729 + 0264‘81 + 0.1682 - 0.04‘84 - 0.0548184
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a, = —0.535—-0.178¢; — 0.069¢, + 0.057¢, + 0.042&,&, + 0.103&;6, + 0.036¢,¢64
+ 0.06&1 6564
a, = 0.807 — 0.86¢; — 0.091¢, — 0.018¢4 — 0.035¢,&, + 0.02¢, 64 — 0.049¢, ¢,
—0.032¢16564

b, = —13.6 — 1.39¢, — 0.576¢, + 0.487¢,&,, — 0.7082

b, = 8.6 — 0.186¢, + 0.31e, — 0.25¢,&,¢, + 0.425¢2

2) TpU UMCHOBAHHBIX ((PaKTUYECKUX) 3HAYCHUSIX apI'yMEHTOB!

a0=_

0.186 + 1.594 + 1.6C + 0.062p — 0.1782Ap

a; = 0.17 — 1.3154 — 0.6C — 0.0578 — 0.9AC + 0.14248 — 0.75CS + 1.98ACB

[lo pe3yapTaTam MaTEeMaTHUYECKHX SKCIIEPUMEHTOB OINpeAeseHbl KO3(p(PUIUEHTHI
NOJMHOMOB D1 1t mckoMbix mapameTpoB Y ODKBHBAJICHTHOH CXEMBbl 3aMEIICHHS Y3JIOB

Harpy3ok

Y = by + 213, biX;

(11)

I'me Xi- xogupoBaHHbIE (AKTOPHI (KOJMPOBAHHbIE 3HAYEHUS HMPUHATHIX TUCKPETHBIX

TOYEK CTAaTUYECKUX XapaKTEPUCTHK).

3HaveHus ko3 duunenToB nomHoMoB (11) nmpusenens! B Tabnuue 1.
B pe3ynprare pacdyeToB OBLJIO YCTAaHOBICHO, YTO C BEpOSTHOCTHIO p=0,95 mapameTpsl
SKBMBAJIEHTHOTO ACHHXPOHHOTO M CHUHXPOHHOTO JIBUraTelled IJs paccMaTpUBaeMOIo
tunoBoro YH umerot crienyromniue 10BepUTENbHbIE HHTEPBAJIbIL:

Rk=Rk0i25%' Ed=Ed0i5%’

Xk:Xk0i21%; Xd:Xd0i4%;

RxZT‘in‘ZO%,5=5Oi‘5%,

Xk = XO i_ 5% .
Tabmnma 1.
KOS(i)(i)I/IHI/IeHT HapaMeprI 3KBUBAJICHTHBIX 3JICMCHTOB
IIOJINMMOHOB Rk Xk RO- XO Ed Xd 5
by 0,0364 0,2684 0,1224 1,0244 4,037 3,0616 0,1988
by 0,0047 0,0026 -0,0005 -0,0322 0,0241 0,0232 -0,0030
b, 0,0069 -0,0448 -0,0004 | -0,0266 -0,001 -0,0016 | -0,0026
b 0,0024 0,0288 0,0030 0,0030 0,0011 0,0002 -0,0035
b, 0,0021 0,0022 0,077 -0,0204 0,0126 0,0120 -0,0014
bs 0,0003 0,0079 0,0155 0,0056 0,0089 0,0076 -0,0054
bg -0,0014 -0.0033 0,0002 -0,147 -0,0280 -0,0277 0,0006
b, -0,0020 -0,0017 -0,0006 -0,0083 -0,0098 -0,0046 | -0,0003
bg -0,0003 0,0247 -0,0059 -0,0098 -0,0280 -0,0274 | 0,0013
bq -0,0022 -0,0553 0,0217 -0,0106 -0,0334 -0,0333 0,0002
big -0,0010 -0,0013 0,0230 -0,0057 0,0080 0,0076 -0,0013
b1 -0,0029 -0,0021 -0,0019 -0,0089 -0,0209 -0,0153 0,0001
by, -0,0018 -0.0003 -0,0042 -0,0079 -0,0176 -0,0181 0,0006
b1 -0,0043 -0,0041 -0,0002 -0,0044 0,0195 0,0191 -0,0017
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OTU peXUMHBIE M CTPYKTYpHBIE MapaMmeTphbl YKBUBAIECHTHBIX 31eMEeHTOB YH moryt
OBITh pa3/ieNICHBI Ha JIBE TPYIIIIHL:

a) mapaMeTpbl, OMpeleNsIoNIe TEeXHUKO—IKOHOMHUYECKuenokazarenu YH (morepu
MOIIHOCTH, IIOJIC3HAs MOIIHOCTh, JKOHOMHYCCKHE XapaKTCPUCTUKA H Jp.) U Oolee
YyBCTBUTEJIbHBIC K Bapualuu (IMOTPEIIHOCTH) AKCIIEPUMEHTAIBHBIX TOUeK. Jl0OBepUTEIbHOMY
WHTEPBAITY OIBITHBIX CTATUYCCKUX XapakTepucTUK +10% COOTBETCTBYET IOBEPUTEIIBHBIN
MHTEpBaJ 3TUX NapaMeTpoB okojio +20%;

0) mapameTpbl, ONPEIENAIONINE YCTOHIMBOCTE y371a Harpysku -6, Eg, Uy, =/ 2PgX) n
Pa aCHHXpOHHBIX M CHHXPOHHBIX JBHUTATENeH, cIa00 3aBUCSIINE OT BapUallMd CTAaTHUECKHUX
XapakTepucTuK. MHTepBally U3MEHEHHsI CTaTHUECKHX XapaKTepUCTUK y3na Harpy3ku +10%
COOTBETCTBYET MHTEPBAJI U3MEHEHUS ITUX IMapaMeTPOB OKOJIO £5%.

TakuMm 00pa3zom, TpU PEIICHUU TEXHUKO-DKOHOMHUYECKHUX 3a/1ady HEOOXOAMMO YIEIUTh
MOBBIINICHHOE BHUMAaHHE TOYHOCTH TIOJNYYCHHsS] OKCIEPUMEHTAJIbHBIX  CTATHYCCKHUX
XapakTepucTuk. llpm  pemieHun 3aga4  YCTOWYMBOCTH W HAAEKHOCTH  pa3dpoc
AKCTICPUMEHTAIBHBIX CTATHUECKUX XaPAaKTEPUCTUK HA PE3YNIbTAThl PACYCTOBBIHSIET C1a0o0.
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ELEKTRIK SOBOKOSININ QOVSAQLARINDA YUKUN STATIK
XARAKTERISTIKALARININ TEXNIKI - iQTiSADI ASPEKTLORININ
OSASINDA MUDYYON EDILMOSI

VOLIYEVA T.D.

Passiv eksperiment Usulu osasinda dityiin gorginliklorinin statik oayrilorinin qurulmasi
metodlarina baxilmig vo dayanigliginin ehtiyaci, gorginliyin vo enerjinin itkilori, gorginlik
osasinda iqtisadi oyrilorin qurulmasi mosalolori todbiq olunmusdur. Faktor eksperiment
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planlasdirma iisulundan istifads olunmusdur, gorginlik vo reaktiv glic osasinda elektrik
sobokalarinin idarosetmasinin avtomatlasdirilmast masalalarinin istifadesi Uclin daha sads
metodlarin yaradilmasi toklif edilmisdir.

Acar sozlar: statik ayrilori, diiyiin gorginliyi, passiv eksperiment isulu, dayanigliginin ehtiyaci, giic vo
enerji itkilori, elektrik soboks, avtomatlagdirilma, sobakanin idaroetmasi, garginlik, reaktiv guc.

TECHNICAL ECONOMIC ASPECTS OF THE DEFINITION
A STATIC WORK IN THE ELECTRIC NETWORK

VELIYEVA T.D.

Methods of constructing static characteristics of load node using the passive experiment
method and the ability to assess their resilience, total power loss and energy and economic
characteristics by strain are considered. To investigate the cost-effectiveness of power-grid
trich networks, the method of factor planning of the experiment is used, which allows to
create simple means for automation of control of network modes at voltage and reactive
power.

Keywords: static characteristics, load node, passive experiment method, resilience, power loss and
energy, electric network, automation, network mode management, voltage, jet power.
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Ha 6a3e pa3BuTHs TeopruH ONEpanMoOHHOTO MCUMCICHHMS IpeAcTaBieH 0OOOMICHHBINH YNCICHHBIH METOX
JUIS  KOMIBIOTEPHOTO MOJEIHPOBAHUS HECTAIMOHAPHBIX IPOIECCOB B MAaruCTPaJbHBIX Ta30IpPOBOAAX.
ITomydeHb! HOBBIE TPOCTBIE PEKYPPEHTHBIE COOTHOIICHHS, JIETKO PEATN3yeMbIe Ha KOMITBIOTEDE.

KiioueBble ci10Ba: YHMCICHHBIA METOJ], MArUCTPAIBHBII Ia30POBO/I, KOMITLIOTEPHOE MO/ICITHPOBAHHUE.

BBenenne: Kak mokaspiBaeT MpOBENCHHBIN aHANN3, PEeXUMBI pabOThl MaruCTpaIbHbBIX
ra3onpoBOJIOB B MPOIECCE IKCILTyaTaI[lK, B OCHOBHOM, SIBJISIIOTCSI HECTAIIMOHAPHBIMH [ 1-4].

[TpuuuHBl, BRI3BIBAIONINE JUHAMHUECKHE PEKUMBI B YKa3aHHBIX CHCTEMax, MOT'YT OBITh
Pa3IUYHBIMU: MYCK WJINM OCTAHOBKA OJJHOTO WJIM HECKOJBKHUX KOMIIPECCOPHBIX arperaToB Ha
KOMIIPECCOPHBIX CTaHUUAX, BHE3AIIHOE OTKPBITUE W 3aKPBITUE 3a/IBMXKEK, BKIIOUYEHHE U
OTKJIFOUEHHUE OTBOJOB U T.JI.

DTO MOXET BBI3BaTh PE3KHUE M YACTO OMAacHbIe KojeOaHUs AaBleHUS U (CKOPOCTH)
pacxoia MepeKaunBaeMoro ras3a, CO3JAIOIIEro B MarucTPaJbHOM Ta30MNpOBOJIE aBapUITHbIE
CUTYyallMM-HAPYIIEHUs] TE€PMETUYHOCTU Ta30lpoBOJA, pPa3pyLIEHHUE TEXHOJIOTHYECKOTrO
obopynoBanus [1-5].

B cBsi3M ¢ 3TMM, co3gaHME METOAOB pacyeTa HECTAalMOHAPHBIX IPOILIECCOB B
MarucTpajibHbIX ra30IIPOBOAAX MPEICTABISIET BA)KHOE HAYYHOE M MPAKTUYECKOE 3HAUECHHE C
nenbpio obecrieyeHuss TpeOyeMoro pexuma MepeKaykd raza M 3allUuThl MarucTpalbHOTO
ra3onpoBojia OT YAApHBIX BOJH JABJCHUS, BO3HMKAIOUIMX B Pa3IUYHbIX IUIAHUPYEMBIX U
ABApUIHBIX PEKUMAX.

B ycnoBusx mupoKoro BHEAPEHHs] KOMIIBIOTEPHON TEXHUKHU B MH)KEHEPHOM IPAKTHUKE,
B HacTosilllee BpeMs HauOoJiee TMEpCIeKTHBHBIM [JIsi pEeHIeHHus 3a7ad JAWHAMUKH B
MarucTpajbHBIX ra30MPOBOAX SBISCTCS UCIOIb30BAaHUE YUCICHHBIX MeTO/I0B [1-3, 5, 6].

O PeKTUBHBIMU YHUCICHHBIMH METOAaMH JJii KOMIIBIOTEPHOTO MOJEIUPOBAHUS
MIEPEXO/IHBIX MPOLECCOB B OOBEKTAaX € pACIpeeSIEHHBIMU MapaMeTpamH, OMHCHIBAEMBIX
YpaBHEHUSMH B YAaCTHBIX IPOU3BOJHBIX THIEPOOIUUYECKOr0 M MapabOoIMUecKOro THIIOB,
SIBJISIFOTCSL YMCIIEHHBIE MeTO/IbI [7-10], OCHOBaHHbBIE Ha MCTOIB30BAaHUH JUCKPETHOTO aHAJIOra
HMHTErPAIIbHOTO YPaBHEHUS CBEPTKH.

[IpenmymiecTBOM yKa3aHHOrO IOAXOJAA SIBISETCS TO, YTO OH IO3BOJSET HAWTH
JTUHAMHYECKHE MPOIIeCChl, BO3HUKAIOIINE B 00BEKTaX C paclpeeieHHbIMU IMapaMeTpaMu 0e3
nepexoja B 00JIaCTh AUCKPETHBIX M300pakeHHi [5, 6], a TakKe OCYIIECTBIATH MEPEX0a OT
JlannacoBeIX HM300pakeHUH HMCKOMBIX (YHKIHMHA B OOJACTH OpPUTHMHAIOB 0€3 HaXOXKIACHHUS
KOpPHEH XapaKTepUCTHYECKHX YpaBHEHHH, 0€3 pas3iokeHHsl OonepaTUBHOro koddduimeHra
pacnpoCTpaHEHUs BOJIHBI M ONEPATOPHOTO BOJHOBOI'O CONPOTUBIEHHUS B pAIbI, YTO
3HAYUTENIBHO YIIPOUIAeT MaTEMaTUYECKUE BBIKJIAJKU U MOBBIIIAET TOYHOCTH pacueToB. Kpome
TOTO, NMPEJJI0KEHHBIN HOBBIM noaxoa [7-10], B oTauuKe oT CylecTBYOMUX MEeToA0B [1-6], B
3aBUCHUMOCTHM OT TOYHOCTH pacyeTa, I103BOJISIET 3aMEHUTh OIEpaliio HEIpepbIBHOTO
MHTETPUPOBAHUS CYMMHUPOBAHUEM, MOJIB3YsICh (GOPMYIaMU HE TOJIBKO MPSIMOYTOJIBHUKOB, HO
u Tparneuui, CUMIICOHa.
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Bompockl  KOMITBIOTEPHOTO  MOJCIUPOBAHHS TEPEXOJHBIX IPOIECCOB B CHUCTEMax C
pacIpe/IeICHHbIMU MapaMeTpaMu MPH 3aMEHE OMEpallii HENPEPHIBHOTO WHTETPHUPOBAHHMS
CYMMHUPOBAHHUEM, TOJB3YICh (QOpPMyJaMU MPSIMOYTOJIBHUKOB, Tparenud, pacCMOTPEHBI
B paborax [7-10].

B nmaHHOW cTaThe BIIEpBBIC B HAYYHOU JIMTEpaType pPacCMaTPUBAIOTCS BOIPOCHI,
CBS3aHHBIE C JallbHEHIIMM pa3ButueM pador [7-10], mns  pa3paboTku 0OOOIIEHHOTO
YHCJICHHOTO METOJA JJIi KOMITBIOTEPHOTO MOJIEIIMPOBAHUS HECTAIIMOHAPHBIX MPOILECCOB B
MarucTpajbHbIX Ta30MPOBOJAX IPU TPOM3BOJBHBIX 3aKOHAX HM3MCHEHHS JaBJICHUI Ha
KOHIIax TpyOomnpoBoja (puc. 1), B oOmieM ciyyae NpH 3aMEHE OIEpalMd HENPepPhIBHOTO
UHTETPUPOBAHUS CYMMHUPOBAHHUEM, MOJb3YsCh (popmynoir CumicoHa.

P, (t) ¢, D
P (t)

[ J [ ]
x=0 X=/

Puc.1

B npuBeneHHONW IOCTaHOBKE HECTALlMOHApHbIE MPOILECCHI, MPOTEKaloLe B
MarucTpajbHOM ra3omnpoBOJI€, ONMCHIBAIOTCS TeJerpa(HBIME ypaBHEHUSIMU:

P _ k9P ke D)

X ot 0<x</
_0o _ P

OX ot

rie P =P(x,t), ®=@(X,t)- cOOTBETCTBEHHO IaBICHUE M OCPEIHEHHAS 10 CEYEHHIO CKO-

pocts nemwkenns; K, = p, K, =—, K; =2ap, p- miotHocTs rasza; C- CKOPOCTh 3ByKa B
oC

rase; 2a=na,, /2D -xosdduument , nuneapuzosannbiii o M. A.Yapuomy; 77- kodsdduument

TH/PAaBIMYECKOro conporusinenus; D - BHyTpeHHu# auamerp TpyObI, @, - CPEIHssA MO

CCUCHUIO CKOPOCTDb TCUCHUS I'a3a B CTATUOHAPHOM PCIKUMC!

2 @0+ ww — 2w
_c 0 ()
@y, = ),
3 W, — @,

@,,®,- YCTAaHOBUBINMECS 3HAYCHHs CpPEIHEH CKOPOCTH, COOTBETCTBEHHO, 1O U IMOCIE
HECTALMOHAPHOrO Tpoliecca; ¢ - JIMHA ra30IpOBOJIA.

B cucreme nuddepennmansapix ypapuenuii (1) mox P(X,t), @(X,t) moapasymesarorcs
UX M30BITOYHbBIE 3HAYCHUS HAJl CTAIIHOHAPHBIMH.
JIJst TaHHOM 3a/1au HaYadbHbIE YCIOBHS IPHHUMAIOTCS HYJIEBBIMU:
P(Xlt)t:O = 0’ a)(xit)t:O = 0

['panMYHbIE YCIOBHS UMEIOT CIIEAYIOMINI BULI:
P(xt),., = P, (), P(xt),., = R.(t),

rae P, (t), R, (t) - npon3BoibHBIC 3aKOHBI H3MEHEHHUS TAaBICHNI Ha KOHIIAX TPYOBI.
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Pemenne cuctembl auddepeHuManbHbIX ypaBHEeHMH (1) mpu OpPUHATHIX HayalbHBIX U
T'PAaHUYHBIX YCIOBHSX MMO3BOJISIET MONYYUTh MOJTHYIO HHOOPMAIMIO 00 W3MEHEHHUHU JIaBJICHHUS
Y CKOPOCTH Kak 110 JIJIMHE Ta30IPOBO/Ia, TaK U 110 BPEMEHH.

CornacHo npemioxenHomy noaxoay [7-10], npu perieHun MoCTaBACHHON 3aja4yM Ha
[epBOM 3Tare HeoOXoauMo monyduTh JlammacoBo wuzobpaxenue it Qynkoumii P(X,t),
@(X,t) B oneparoproii GpopMme.

B cBs3u ¢ 3TUM, IpU yKa3aHHBIX HAyaJbHBIX U TPAHUYHBIX YCIOBHUSX, U3 pEIICHUS
cuctembl ypaBHeHHH (1) mosyyaeM ciieqyromiue BbIpaKEHMs JUIsl YKa3aHHbIX (YHKIUH B
orepaTopHoi opme:

P(x,s) = %ZX)PH (s) +§E—7; P.(s), (2
1 chy(¢—x) _ chyx 3
0(69) =55 Tanyr T O ~gnyy D, 3)

1
rpe y = qu S(S + 28.) - oneparopHas HOCTOSHHAA paClpOCTPAHCHUS BOJIHBI,

+2
b(s) = pc /S 5 a. OIIEPAaTOPHOE BOJIHOBOE CONPOTHUBIIEHUE ra30IPOBO/IA; S—OIIEPATOP

npeobpasoanus Jlamnaca; P(X,S), @(X,S), P, (s), R, (S) - JTamacoBo usobpaxkenue GyHKumi
P(x,t), o(x,t) P, (t), R(t).
Bropoil sTan pemieHuss NaHHOW 3aJa4yd CBS3aH C OCYLIECTBICHHUEM IEPEXoaa OT
n3o0paxenuii (2), (3) B 061acTh OPUTHHATIOB.
B cBsi3u ¢ 3THM, COracHO HOBOMY MOJXOAY, MpeasiokeHHoMY B [7-10], B BeIpaKeHUIX

mns pyaxmuii P(X,8), @(X,S) u3 (2), (3), mepexoas OT rumnepOONUUecKuX (QYHKIUH K
CTENEHHBIM (QYHKIHUSIM, B CHCTEME OTHOCHTEIIBHBIX €IUHHMIL, OTYyYHM:

P1(8,5) | = Ky(9)] = [K2(5) = K3 ()1Pia(s) + [Ka(s) — K5(5)]Pyic(),(4)

01(8,5) |2 = K1 (9)] = [Ks(5) + K7 ()IP1s (5) — [Ka(s) + Ko()]Pyic(5),(5)

rae
e—ny —2y46 e—2y€(1—6)
Ki(s) = ——,K,(s) = K3 (s) = ——,
S S
: o—vt(1-25) o VL(1+25) 1 res
Ky(s) = ———, Ks(s) = ———,K¢(s) = ——=e77"*°,
! S ° S ° \s(s + 2a)

1

Js(s + 2a)
1

_ o —VE(1+25)

Kr(s) = e~2r0-8) Ko (s) = e 71029, Ko (s)

1
\Ss(s + 2a)

\s(s+ 2a)

89



Pi(8,5) = @’Pﬂ(s) = PH_(S)'PM(S) = —PK(S),w1(6, s) = ©(0,5)

vg Pyg Pyg Wy

X
P, = Cow, - ynapHoe [aBjieHue, o = eYR

Ha ocHoBe Teopemsbl cBepTKH [7] , mepexos oT ypaBHeHU (4), (5) OTHOCUTETHHO

1/1306pa>1<eH1/1171 K YPaBHCHUAM OTHOCUTCIIBHO OPUTMHAJIOB, ITOJTYUYUM:
t t t t

fpl(t —6,5)1(8)do — fPl(t —6,8)K,(0)do = fPlH(t — 0)K,(0)d6 — f Py (t — 0)K5(8)dO +
0 2¢ 246 2¢(1-6)

c c c
t t

+ f P, (t — 0)K,(8)d6 — f P (t — 0)Ks(0)d6 6)

£(1-268) £(1+29)
T ¢

Jy w1(t = 6,8)1(6)d6 — fzew; (t — 6,8)K,()d6 = foes Pyy(t — 0)Ks(6)dO +  faeci-s) Py (t —
0)K,(0)d0 — [st1-28) Py (t — 0)K5(0)dO — [tarzs) Pyxc(t — 0K, (6], (7)

K, (t),....., Kq(t) - m3BecTHBIC OpurnHaNe! tepeaatoynsix GyHknuit K, (s),....., Ky(S) :
( 2¢
0 nput < =

L N C el

e ca+?afe‘at = dt
| £ 2~ (%)
oput > 2{
( 246
0 nput < —
c
2052
KO=9 205 [ 4 <a\] t - (T) >
e_7a+7a ]e‘“t —=dt
208
| 2 2~ (%2)
noput > %
( 2¢
0 nput < 7(1 —90)
20
KO- L o afefr-(Fa-0)?)
e 1792 L 2 (1~ §)a f e~ at dt
¢ 24 2 2¢ 1 b} 2
k “G-5) 2= (Fa-9)
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Ky (t) = A

\
HpI/It>§(1—2

K<(t) =«

'
0 nput < E(l — 26)
t L a\/tz—(ﬁ(l—Z(S))z
~2{1-28)a ? _ ¢
e c + - (1 - 25)61 e at
Cc ? 2
f125) J 2 - (2(1-20))

dt

8)

( £
0 nput < p (1+26)

t A(a\/tZ— (§(1+25))2>

¢ £
e c(1+20)a - (1+28)a f e~at

dt

? 2
\ ‘1426 \/tz - (; 1+ 25))

mpu t >=(1+26)

¢
pu t>2?6

( ld
| 0 nput < e é
Ke(t) = 4 2
2¢
[e [y | a [t2 — (—6)
k c
( 2¢
| 0 npnt<7(1—6)
K,(t) = 4 2

Le‘atlo a\/t2 — (ZC—{) (1- 6))

mput > (1-6)

HpI/It>§(1—2

?
0 nput < E(l —290)

e a\/t2 — (g (1- 26))

2

(
Kg(t) = {
|
\

6)
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t
0 nput < E(l + 26)

e, a\/t2 — (g 1+ 26))

2

(
Ko(t) = {
l

mpu t > = (1 + 26)

WNuterpanpapie ypaBaenus (6), (7) MOTYT OBITH peIIeHBl YUCICHHO, €CIH 3aMEHUTh
MHTETpasbl CyMMaMH.
B cBs13u ¢ 3THM, UCTIONB3YS CBSA3b MEXKAY HENPEPHIBHBIM BpeMEeHEM t 1 TUCKPETHBIM N

(n=0,1,2,....)BBuge t=nT/A[7-10] (rae T =27, 7 = L. BpeMs paclpoOCTPaHEHUsI BOJIHBI;
¢

A - m000e 11e710€ YKCio0), MPOU3BOAUM AUCKpeTU3aluio ypaBHeHui (6), (7) npu BeIOpaHHOM
uHTepBaie T /A 3aMeHss ONepaluio HENPEPHIBHOTO WHTEIPHUPOBAHUS CYyMMHPOBAHHEM IO
MeToay CUMIICOHA.

B paccmarpuBaemom citydae, cornacHo ¢dopmyne CHMIICOHA, MPOIECC BBIUMCICHUS
t

HHTErpaja I f(0)d@ B pemreruaroii popme npeacTaBnsercs B Buae [9]:
0

jf(@)d&z%i(f[m]+4f[m—l]+f[m—2]) (8

[Tpu sTom B cuctemax (6),(7) MOKHO BBIICIHUTH [[Ba BHJA WHTETPAIBHOTO ypaBHEHUSI.
t

HNHuTterpanbHOE ypaBHEHUE BUA I f,(0)f,(t—6)dO OTHOCUTCA K IEPBOMY BUAY, & HUHTEIPAJIb-
0

t
HOE ypaBHEHHE BU/A I £1(0) £, (t—6)do

Vi

_ 20 205 2((1-9) ((1-29) £1(1+2§)) KO BTOPOMY
, . s - y c [l c .

(rme v,

t
Torna B cucremax (6), (7) B o01meM ciaydae HHTETPATbHBIN BU]T J' f.(0)f,(t—0)doc
0

yuétoM (8) B peméTuaToit popmMe MOKHO NMPEICTABUTH B BHJIE:

j f,(0)f,(t-0)dg = ;—ﬂ(fl[m]fz[n —m]+4f[n-m+1]f,[m-1]+ f[n-m+2]f,[m-2) (9)

I[J'I}I NpEACTABJICHUA HUHTCTPAJIbHOTO YPABHCHHA HHTCIPAJIBHOI'O YPABHCHUA BTOPOIO

t
BUJA _[ f1(0)f,)(t—0)d0 B pewéruaroii dopme Ha Gase dopmynst Cumrcona (8) B

I[I/ICerTHOI\/'I CHUCTEME €TI0 MOXXHO IMPECACTABUTH B CICAYIOLIEM BUIC:
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t n
j £1(6) f5(t—6)do = ;7Z(ff[m]f;[n—m]+4f11[m—1]f;[n —m+1]+ fm-2]f;[n-m+2))10)
rae V! = 4, 18, A(L- ), 0,54(1-6), 0,54(1-26), 0,51(1+ 25).

Torga unrterpanbHble ypaBHeHus (6), (7) ¢ yuérom (9), (10) B peméruatoii popme
MOJKHO TPEJICTABUTH B BHJIC:

%-%mznlo(li’l[n—m,é]l[m]+4-l[n—m+1]P[m—1,§]+1[n—m+2]Pl[m—2,5])—
—%-%m;(F’l[n—m,5]Kl[m]+4K1[m—1]Pl[n—m+1,5]+ K,[m—2R[n—m+2,5]) =
=37 2 ®uln-mlK, [m] 4K, [m 1R, [n - m 1]+ K;[m - 2JR, [n-m 2] - (11)
_%%(()p [n—m]K,[m]+ 4K, [m—1]R,, [n—m+1]+ K,[m - 2]R,, [n—m+2])) +
%'%m_o;u% [n - mIK, [m]+ 4K, [m—1]R, [n—m+1]+ K,[m - 2]R, [n—m+2) -

_%%mzo ;ﬂ?ﬂk [n—m]Kq[m]+ 4K [m—1]R, [n — m +1]+ Ky [m - 2]R, [n—m + 2,

LT (Pig[n — m]Kg[m] + 4Kg[m — 1]Pyx[n — m + 1] + Kg[m — 2]Pix[n — m + 2]) —
3 ﬂm=0.5/1(1—25)
‘%'%ZLo.sauna)(Pm[n —m]Ks[m] + 4Ks[m — 1]Pyx[n — m + 1] + Ko[m — 2]Pyi[n —m + 2])(12)

rac

0 npun < A

Ki[n] = e—aT_i_ﬂ z (B,Im] + 4B;[m — 1] + B;[m — 2])

nmpun > A
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0 npun < A6

n
= TS
folnl =1 g-ars +aT Z (By[m] + 4B,[m — 1] + By[m — 2])
m=4i5+1

npu n > Ad

o, 1 (L)

By[n] =e 7"
Jn? — (16)?
0 npun < A(1—6§)
= al(1-6
Ksln] =3 g-ara-s) + % (B3[m] + 4B3[m — 1] + B3[m — 2])

m=1(1-6)+1

mpu n > A(1—6)
e, 4 (— n? —[A(1 - 8)]?
Bi[n] =e - \/
JnZ —TA(1 - 8)I?
0 npun < 0.54(1—26) +1
K4[n] - {e—O.SaT(l—zs) + —O.SQT(; —29) (B4[m] + 4-B4[m - 1] + B4[m - 2])
m=0.51(1-28)+1
npun > 0.54(1 —26) +1
ar [1(—\/112 [0.54(1 — 26) + 1]?)
By[n] =e
JnZ — [0.54(1 — 26) + 1]2
0 npun < 0.5A4(1+26) +1
Ksln] = {eo-sam% 4 25AC 20 (Bylm] + 4B;Im — 1] + B[ — 2])
m=0.54(1+268)+1

npu n > 054(1+28) +1

_ar, ]1(—\/n2 [0.5A(1 + 26) + 1]2)
Bin]=e 1"
JnZ = [0.54(1 + 268) + 1]2

0 npun < A6
Koln] = {e_a_}nlo(% n? — [A5]?)
npu n > Ad
0 npun < A(1 - 96)
(ST D))

K;[n] = {

npun > A(1—6)
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Kg[n] =

0 n < 0.54(1 — 26)
aT T
[eTnIO (“7 J7Z — 05401 = 25)]2)
mpu n > 0.54(1 — 26)

0 npun < 0.54(1 + 26)

Ko[n] = e‘%”lo (%\/nz —[052(1 + 26)]2>

npu n > 0.54(1 + 29)

rae P[n, 8], w[n, §] — 3snauenne ucxonusix GyHKnuil B pemeruaroit popme; K, [n], ...., Ko[n]
- pemeTyaThie PYHKIIUH.
3nech

Z (1[m]P,[n —m, 8] + 4 1[n — m + 1]P,[m — 1,8] + 1[n — m + 2]P,[m — 2,8]) = P,[n, 5] +
m=0

+ 30 (A[m]Pi[n—m, 8] + 4-1[n—m+ 1]P;[m — 1,6] + 1[n — m + 2]P,[m — 2,6])(13)

z (A[m]win—m, 81+ 4-1[n—m+ 1w (m—1,8] + 1[n —m + 2]w,[m — 2,8]) = wy[n, 6] +
m=0

+Y%_(1[mlwi[n —m, 8] + 4- 1[n — m + 1w, [m — 1,6] + 1[n — m + 2]w,[m — 2,5])(14)

Boipaxkenus (11), (12) c yuerom (13), (14) MOXKHO npeCcTaBUTh B BUJE:

n

Pl[n,(ﬂ = Z (PlH[n_m]Kz[m] +4K2[m_ 1]P1H[n_m + 1] + Kz[m_ Z]PlH[n_m+ 2]) -
m=168

m=A(1-9)

+ Z (PigIn — m]Ky[m] + 4Ky [m — 11Pjg[n — m + 1] + Ky[m — 2]Py[n— m + 2]) —
m=0,5(1-26)
— 2 —o.sx1426)(Pik[n — m]Ks[m] + 4Ks[m — 1]Py[n — m + 1] + Ks[m — 2Py [n —m + 2]) + (15)

+ Z(Pl[n—m,(S]Kl[m] +4K;[m — 1]P;[n —m + 1,6] + K;[m — 2]P;[n —m + 2,6]) —
m=A4

- Z (1[m]Py[n — m, 8] + 4+ 1[n —m + 11P;[m — 1,8] + 1[n — m + 2]P,[m — 2,5])

m=1

n

w1[n, 8] = Z (Pig[n — m]Kg[m] + 4Kg[m — 1]Pig[n — m + 1] + Kg[m — 2]Pyy[n —m + 2]) +
m=16

+ Z (Pyg[n —m]K,;[m] + 4K;[m — 1]1Piy[n — m + 1] + K;[m — 2]Pyy[n —m + 2]) —
m=A(1-6)

— Sn—054(1-26)(Pik[n — m]Kg[m] + 4Kg[m — 1]Py[n — m + 1] + Kg[m — 2]Py[n — m + 2]) — (16)

- Z (Pyi[n — mIKo[m] + 4Ko[m — 1]Pyln — m + 1] + Ko[m — 2]P[n — m + 2]) +
m=0,54(1+26)

+ Z(a)l[n—m,(S]Kl[m] + 4K [m — 1Jwi[n—m+ 1,8] + Ky [m — 2]Jw[n—m + 2,6]) —

m=A
n

- Z (wi[n=m,6]1[m]+ 4-1[n—m+ 1w, [m—1,6] + 1[n — m + 2]w,[m — 2,8])

m=1
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[TorpentHocTh pacuéToB cBsi3aHa B BeMUUHON A . Uem OobIie BEIOpaHO Ynucio A, TeM

B MEHBIIEH Mepe XapaKTepUCTUKHU HENpPEpbIBHOW (DYHKIUHM OTIMYAIOTCS OT COOTBEET-
CTBYIOIINX XapaKTEPUCTUK PEHIETYATHIX (PyHKIIUH.

[lony4yennsle pekyppeHTHble cooTHoIIeHus (15), (16) B KOHEUHOM HMTOTe MO3BOJISIIOT

3HAYUTCIIBHO IIOBBICUTH TOYHOCTH paCLIéTOB npu OIpCACJICHUU HN3MCHCHUA HAaBJICHUA U
CKOpPOCTH ABHXCHUA TI'a3a B M000H TOYKE MarucTpajJibHOTO ra3onpoBolia B HpOI/I3BOJIBHLII>'I
MOMCHT BPEMCHHU U JICTKO PCAIIM3YIOTCS Ha KOMIIBIOTCPCE.

Pe3y.]'IBTaTBI JTaHHOM pa6OTLI MOTYT OBITh MCIIOJB30BAHBI KaK IIpu MPOCKTUPOBAHNHU, TaAK

U TIPH DKCIUTyaTal[ii MarucTPaibHbIX ra30mpoBoaoB [1-8].
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MAGISTRAL QAZ KOMORLORINDO QEYRI STASIONAR
PROSESLORIN KOMPUTER MODELLOSDIRILMOSI

CAVADOV N.H., MOMM®ODOV A.i.,, RZAYEVA M.A.

Moqalads magistral qaz komaorlorindo bas veran qgeyri-stasionar proseslorin kompiiter

modellogdirilmaosi iisulu toklif edilmisdir.

Acar sozlar: geyri-stasionar, kompiiter modellosdirilmoasi, qaz komori.

THE COMPUTER SIMULATION OF NONSTATIONARY
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PROCESSES IN MAGISTRAL GAS PIPELINES
JAVADOV N.H.,, MAMEDOV A.l.,, RZAYEVA M.A.

In the artice was offered the computer simulation of nonstationary processes in magistral
gas pipelines.

Keyword: computer simulation, gas pipelines, nonstationary processes.
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Energetikanin problemlori e  No2e 2020 eIIpoOneMbIdHEPTreTHKH

V]IK: 622.324.0025

YUCJEHHBINA METO/I IJISI KOMIBIOTEPHOT'O MOJIEJIUPOBAHUS
HEPEXOJHBIX NPOLECCOB B QJIEKTPUYECKHUX LEIIAX C
PACITPEAEJEHHBIMU ITAPAMETPAMMU

HNBAJIOB A.A.

Hnemumym Kocmuueckux Hecnedosanui Ipupoonsix Pecypcos HAKA
Ibadov-anver@mail.ru

Ha 6a3e pa3BuTHA TEOpUH ONEPALMOHHOTO MCUMCIICHUS, MIPEICTABICH YIIPOLICHHbBIN YHCICHHBIA METO
JUIl KOMIIBIOTEPHOI'O MOJENIUPOBAHMS IIEPEXOAHBIX IIPOLECCOB B BJIEKTPUYECKUX LEIAX C PacIpele/IEHHbIMU
napamerpamu 0e3 ydera oTepb. [1oaydeHbl HOBBIE ITPOCThIE PEKYPPEHTHBIE COOTHOIICHUS, JIETKO peai3yeMble
Ha KOMIIBIOTEpE.

KiaroueBble cioBa: NEPEXOAHBIC IPOLECCHI, ONCPAUOHHOC HWCYHCICHHUE, OJJICKTPUYCCKaA 1LIEIb C
pacOopeaCJICHHbBIMU IapaMEeTpaMu.

BBenenne: I[IpoGiemMpl JMHAMHUKH B SJEKTPUUECKUX IEMAX C paclpeelicHHbIMU Tapa-
METpaMH WMEIOT Ba)XHOE HAyYHOEC W TMPAKTUYHOE 3HAYEHHUE B PEIICHUH BOIPOCOB
MIOBBIIICHHSI YPOBHS WX MPOEKTUPOBAHMS M DKCIUTyaTallMu. B Hacrosiiee BpeMs, B CBS3H C
[IUPOKUM BHEIPCHUEM KOMITBIOTEPHOW TEXHHKH B TIPAKTUKy WHXKEHEPHBIX pacueTOB
CO3MaHHE YHUCJICHHBIX METOJIOB Ui KOMITBIOTEPHOTO MOJCIHUPOBAHUS TEPEXOTHBIX
MPOIECCOB B DIIEKTPUYECKUX IEMSAX C paclpeleliCHHBIMH TIapaMeTpaMu, YAeseTcs
npucTtaibHoe BHUMaHue [1-6,9].

OnHuM U3 Y3PPEKTUBHBIX MOIXOA0B JJIsi KOMITBIOTEPHOTO MOACITUPOBAHHS MTEPEXOIHBIX
MPOILIECCOB B DJIGKTPUYECKUX IEMAX C pPACHpeleieHHBIMH IapaMeTpaMu, SBISIOTCS
YHCJICHHBIE METOBI, MPEUIOKEeHHBIE B paboTax [14-19], cylIHOCTh KOTOPOTO OCHOBHIBACTCS
Ha UCTIONBL30BaHUU TipeoOpazoBanuii Jlamnaca, a Takke JUCKPETHOTO aHAJIOTa HHTETPAIIBHOTO
YpaBHEHHS CBEPTKH.

[MpenmyrecTBOM yKa3aHHBIX YMCICHHBIX METOJIOB SIBJISIETCS TO, YTO OHU ITO3BOJISIFOT
MPOM3BECTH KOMITBIOTEPHOE MOJICIIUPOBAHUE TEPEXOAHBIX TMPOIECCOB B  YKa3aHHBIX
cuctemax, 0e3 HAXOXKIEHHUS KOPHEH XapaKTepUCTHUUYECKHX YypaBHEHWH, MHHYS CTaIHIO0
WCTIOIB30BaHUS TEOPEMBI PA3IIOKEHHS.

\\ R, r'_g‘_"'

— ] (1) - i.(8)

Ue® T

(o]
Ug(t)

Puc.1. PacuerHas cxema 3J€KTPUUECKOM JIMHUU C EMKOCTBIO Ha KOHIIE.

B naHHOIl cTaThe paccMaTpHUBAIOTCS BOMPOCHI, CBS3aHHBIC CHATBHEWUIIIEM Pa3BUTHEM
TEOPHUH OTEPANMOHHOTO MCUUCICHUS, a Takke 00o0menueM padot [14-19] ais pa3paboTku
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YUCJIIEHHOTO MeETOoAa JUIsi KOMIIBIOTEPHOTO MOJEIUPOBAHMS MEPEXOJHBIX IPOLECCOB B
SJIEKTPUYECKUX LENSAX C PaCcHpeleiCHHbIMUA [apaMeTpaMH, IpU 3aMEHE ONepauuu
HEMPEPHIBHOT'O MHTETPUPOBAHUSI CYMMHUPOBAHHUEM M0JIb3YACh (hopmynnoit CUMIICOHA.

1. TlocranoBka 3amaun. PaccMOTpuM Mporiecc BKIIOUEHHUS HArPYKEHHOM 3JIEKTPUUYECKON
Henu ¢ eMKOCThI0C, B KOHIIE, K ICTOYHUKY MPOU3BOJILHOTO HampspkeHust Uy (t), yepe3
COCpeoTOUeHHOE conpoTuBieHueR, (puc.l).

[Tepexognbpie TpoOIECCHI, MPOTEKAIOIIME B JJIEKTPUYECKONM WUENH C pacupeicieHHbIMU
rnapaMeTpamu, ONHUCHIBAIOTCS BOJIHOBBIMU YPABHEHUSIMU

o _
ox ot

0i _ U .
ox ot =X= D

rne U =U(x,t), i =i(x,t)- COOTBETCTBEHHO, W3MCHCHHE HAMNPSHKECHUSI H TOKa B
MIPOU3BOJIBHON TOUKE JAHHOM IIENH B JTI000 MOMEHT BpEMEHU;

L, C- "HIYKTUBHOCTh U €MKOCTh Ha €IUHUILY JJIUHBI,

- nauHa nenu
HavanbHble ycjioBuA

U(x,t)e=o = 0, i(x,t)¢=0 = 0.
I'panu4Hble ycnoBus

. dU(x, t)x=l
U, t)x=0 = Uy(t),  i(x,)xz = C; —a
2. Pemrenue 3anaun.
CornacHo MpeIoKEHHOMY TTOIXO01y, IPY PENICHUUIaHHOM 3a/aul Ha IIEPBOM JTaIle
HEOOXoaMMO  moayuuTh JlamuracoBo —m3obOpaxkenume uis  Gyakmmidi(x,t), U(x,t) B
OIepaToOpHO GopMme.

e—2v18  P=A,—2v1(1-6)

. 1 a
i(x,p) = —— e Un (), 2)
p+a
e—2vls _P=42,—-2vl(1-6)
+a
UC,p) = ——=a;=— Un(P), 3)

p+a
X 9 1, [4
rae 6 = -, HOCTOAHHBII kod(durmeHt; a = o V= pVLC = 5~ kod(durmeHT pacnpoct-
2

L
paHEeHUs BOJIHBI; p = \/; — BOJIHOBOE COTPOTHBIICHUE LIETIU C pacHpeIeICHHBIMU TapaMeTpa-

1
MU; p—omeparop npeobpaszoBanus Jlamnaca; v = Jic ~ CKOPOCTb PaclpOCTPaHEHHs BOJHbI

i(x,p), U(x,p), Uy (p)-JTamnacossl nzodpaxenune mis yuxumii i (x,t), U(x, t), Uy (t).
Bripaxkenus (2),3) coriiacHO moaxoAy, npeayioxeHHomy B [ 14-19], MokHO TIpeACTaBUTH
B BUJIE:

i6p) |7 = Ki(®)| = 2 [Ka () + K (@)U (p), “@

1
p
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U6 [ - K] = [60) + K )10 p), ®)

- 1 _ 1 _ _
rae K1(P) = p:e 2vl, K. (P) _; 2vl8§ K (P) p+ae 2vl(1 5);

K, (p) ,K,(p) , K3(p) — nepenarounsie GyHKIHUH.
Ha ocHoBe Teopembl CBEpTKH, Tepexoja OT ypaBHeHui (4), (5) OTHOCHTEIBHO
M300paKeHUI K ypaBHEHHUSIM OTHOCUTEIHLHO OPUTHHAIIOB, IMOTYIHUM:

t t

f i(t—0,6)1(0)do — f i(t—6,6)K.(0)do =

0 2l
1 t t
=2 fUH(t — 0)K,(0)d6 + f Uy (t — 0)K5(0)d0 |, (6)
2ls 21(i-5)
t t
j U(t—6,56)1(0)do — f U(t—6,6)K,(0)do =
0 2l
= Jes Un (¢ = )K2(0)d0 = fat,_s, Un(t = O)K:(0)d0, )

raek; (t), K,(t), K5(t)- M3BECTHBIE OPUTHHAIBI TIepeaaTodnbix Gpynkuuit K (p), K, (p), K5 (p).
WNuTerpanbupie ypaBHeHus (6), (7) MOTyT OBITh pelIeHbl YUCICHHO, €CJIM 3aMEHHUTh
WHTETPaJbl CyMMaMH.
B ¢Bsi31 ¢ 3THM, HCTIONB3YS CBSA3b MEKIY HEIPEPHIBHBIM BpEMEHEM t U TUCKPETHBIM NB

nT o
BUsIE T = —~ [9,14-19], npou3BoIUM JAUCKPETU3AIMIO HHTETPAIBHBIX ypaBHeHHH (6), (7) mpu
T
BbIOpAaHHOM  HHTEpBaJe 7> 3AMCHSEM  ONEPAIMIO  HETPEPBIBHOIO  MHTCTPHPOBAHHS

CYMMHPOBAaHHEM, B JTAHHOM cllydae MmoJb3ysch popmyioil Cumrcona [7]:

ff(9)d9—— m=o(f[m] + 4f[m — 1] + f[m —2]) (8)

[Ipu sToMB cuctemax (6), (7) MOKHO BBIZICUTH JBA BUJla UHTETPAIHHOTO YPaBHEHUS.

HHTerpanbHOe ypaBHEHHE BHIA f ¢ f1(@)f;(t — 6)dO ortHOCHTCS K TEPBOMY BHIY, a

HHTETpaibHOC YpaBHEHHE BHIA f f1 @) (t—6)do (roe v, = 2_1 E 2—l(l —6)) Ko

BTOPOMY.
Torma B cucremax (6), (7) B oOmem ciydae HWHTETpaIbHOE YpaBHEHUE BHIA
fot f1(8)f,(t — 6)dO ¢ yuerom (8) B pemieTyaroii opMe MOKHO MIPEACTABUT B BUIE:

t n
[ A @5 - 0220 = 2 3 BlmIpn—m] +4ffn—m + 11m — 1] +
0 m=0

+filn —m + 2]f;[m - 2]) 9
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JIJist IpEICTaBIEHUS] MHTErPAJIBHOTO YPABHEHUS BTOPOTO BH/IA T.€.
t . .
fv (@) f(t —60)dO B pemeryaroii popme, Ha 6aze popmyisl (8) B IUCKPETHOH cucTeMe
1

€0 MOKHO IMPCACTAaBUTH B CJICAYIOIIEM BHUAC:

ffl O)fS (t—e)d9—3/1 Z (fitmlfin—ml + 4fi m - 11 [n —m+ 1] +
i = 20f3n o + 2D, (10)
rae vy = 4, 18, A(1 - §).

[Tpu aToM BMecTo (6), (7) moydnm:
T & .
QZ(l[n—m,(ﬁ]l[m]+4-1[n—m+1]1[ — 1,8l +1[n—m+ 2]i[m—2,6]) —
T Tl
—72 (ky[mli[n —m, 61 + 4 - ky[m — 1]iln — m + 1, 8] + ky[m — 2i[n — m + 2, 6]) =

SAp(Z(kZ 1Uuln—m] +4-ky[m = 1JUy[n —m + 1] +
+ky[m = 2]Uy[n —m + 2])

+ Z (ka[m]Uy[n —m] + 4 - ka[m — 1|Uy[n —m + 1] +
m=A(1-6)
+ks[m — 2]Uy[n —m + 2])), (11)

%;0((][”_’"'5]1[7”] +4-1[n—m+1]U[m —1,8] + 1[n — m + 2]U[m — 2,8]) —
; (ky[m]U[n —m, 8] + 4 - ky[m — 1]U[n —m + 1, 6]
m=A

+ ki[m—-2]U[n—m+ 2,6]) =

= % Z (ky[m]Uy[n — m] + 4 - ky[m — 1]Uy[n —m + 1] +

m=A~6
+iy[m — 2Uy[n —m + 2]) — ;7 Z (ks [m] Uy [n — m] +
m=A(1-6)
+4 - ks[m — 1|Uy[n — m + 1]4+kz[m — 2]Uy[n — m + 2]), (12)

rae kq[n], k,[n], k3[n]- ussectHbie pemeTyarbie GyHKIMH;

kaln] = (=14 2¢” Tin- MN1ln =121, kyln] = 1[n - 28],

ks[n] = (=1 + 2¢” Fin-20- M 1ln - 201 - 5))
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3nech
n

Z (A[m]i[ln —m, 6] +4-1[n—m+ 1]lilm—1,8] + 1[n —m + 2]i[m — 2,6]) =

m=0
n6]+2(1 i[n—m,8] +4-1[n—m+ 1]i[m —1,8] +
+1[n m+ 2]i[m — 2,6]) (13)
Z(l[m]U[n m,§l+4-1[n—-m+1JUm—-1,6]+1[n—m+2]U[m - 2,6]) =
m=0
=U[n,5]+Z(l[m]U[n—m,(S]+4-1[n—m+1]U[m—1,6]+
F1[n—m + 2]U[m — 2.6 (14)

Bripaxenwue (11) ¢ yuetom (13) Oyner:

n

i[n, 8] + Z (A[mli[n —m, 8] + 4 - 1[n — m + 1]i[m — 1,6] +

m=1
+1[n —m + 2]i[m — 25)—Z(k1 iln—m,8l+4-km—-1]iln—m+1,8] +

+ki[m —2]i[n —m + 2, 6])

_ %( Z (ky[m)Uy[n — m] + 4 kyfm — 1]Uy[n —m + 1] +
m=A§

Hley[m — 2]Uy[n —m + 21)

+ z es[m]Uy[n —m] + 4 - ks[m — 1|Uy[n — m + 1] +
m=A(1-6)
+ks3[m — 2]Uy[n —m + 2])) (15)

Orcroza MoJydYaeM CIEAYIONIEE PEKYPPEHTHOE COOTHOLIEHHE JJIs ONPEAEIICHUS
3HaueHus Toka i[n, &]:

i[n, 8] p(Z(kz 1Uyln —m] + 4 ky[m — 1]Uy[n —m + 1] +
+k,[m — 2]Uy[n — m + 2])

+ z es[m]Uy[n —m] + 4 - ks[m — 1|Uy[n — m + 1] +
m=A(1-6)

s [m — 2]Uy[n — m+2]))+Z(k1 liln —m, 8] + 4 ky[m — 1]i[n —m + 1,8] +

+ky[m — 2)i[n — m+26)—2(1 in—m 8] +4-1[n—m+ 1]i[m — 1,8] +

m=1

+1[n —m + 2]i[m — 2,6]) (16)
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Bripaxkenue (12) ¢ yuetom (14) Oyner:
n

Uln, 8] + z(l[m]U[n —m, 8] +4-1[n—m+1|U[m — 1,5] +
m=1

+1[n—m+ 2]U[m — 2,6]) — Z(kl[m]U[n—m,d] +4-kym—-1U[n—m+1,6] +
m=A

+ki[m—2]U[n—m+ 2,6]) = Z (ky[mlUyn —m] +4-kym —1Uyn—m + 1] +
+k,[m — 2]Uy[n — m + 2373:/15

_ z (ks[m]Upn — m] + 4 - ks[m — 1]Uy[n —m + 1] +
m=A(1-6)
+ks[m — 2]Uy[n —m + 2])1 @an

Orcroma MojaydaeM CIEQYyIOIee PEKYPPEHTHOE COOTHOLIEHUE MJIs  ONPEAEICHHs
3naueHus Hanpsokenus Uln, 6]

n

Uln, 8] = Z (ky [m]Uy[n — m] + 4 ky[m — 1Uy[n —m + 1] +
" ko m = 20Ul —m + 2])

_ Z (ks [m]Uy[n —m] + 4 - ky[m — 1Uy[n — m + 1] +
m=A(1-6)

+ks[m — 2]Uy[n—m+2]) + Z(kl[m]U[n—m,S] +4-kym—-1]U[n—m+1,6] +

m=A
+hy[m - 2]U[n —m +2,8]) — Z(l[m]U[n —m, 8] +4-1[n—m+1|U[m —1,5] +
m=1

+1[n —m + 2]U[m — 2,6]) (18)

[TorpemHocTh pacueToB cBsi3aHa ¢ BenuunHOM A. Uem Oombliie BhiOpaHa BennuuHa A, TEM B
MEHBIIEH Mepe XapaKTEPUCTUKU HENPEPHIBHBIX (DYHKLIUN OTINYAIOTCS OT COOTBETCTBYIOIIUX
XapaKTePUCTHK PelIeTUaTHIX.

[Tonyyennbie pexyppeHTHble cooTHomieHus (16), (18) mMO3BONSIOT OmMpeaenuTh
W3MEHEHHE TOKAa U HalpsHKeHHS B TPOU3BOJBHOM TOUKE DIEKTPUYECKOW Lemu ¢
pacmpesieICeHHBIMUA TTapamMeTpaMHu B JTI000M MOMEHT BPEMEHH W JIETKO PeaM3yroTcs Ha
KOMIIBIOTEPE.

B PEKYpPpEHTHBIE COOTHOULICHUS (16),(18) BXOJSIT HEN3BECTHAs
bynkualUy (n). OnpenencHue ee 3HAYCHHS OCYIIECTBIIAETCS TI0 CIETYIOIIENH METOIMKE.

CormacHo puc.l, 18 Ha4yagpHOM TOYKM JAHHOM JJIEKTPUYECKOM ILemH C
pacnpe/ieIeHHBIMH ITapaMeTpaMy MOKHO MPEACTABUTH CIIEAYIOIIEe YpaBHEHUE:

Uo(t) = Riy(t) + Uy (0), (19)
riae iy(t)- u3MeHeHrne TOKa B HAYalbHOM TOYKE DIICKTPHUUECKOMIIENH C paCIpe/Ie/ICHHBIMU

napaMeTpamH.
Beipakenus (19) B pemerdaToit popMEMOKHO MPEICTABUTH B BUJIE:
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Up(n) = Riy(n) + Uy(n), (20)

CornacHopekyppeHTHOMY cooTHomeHuo (16) mpu 6 =0 a9 TOKa MOXKHO
NPEJCTABUTH CIICAYIOIICE BIPAKEHUE:

in(n) = Uy (n) + By (n), (21)

rac

n

B;(n) = %(Z(ké[m]UH[n —m] +4k,[m —1]Uy[n —m + 1] +

m=1

ey [m — 21Uy[n — m + 21) + Z (ks [m]Uy[n — m] +4k;[m — 1Uu[n —m + 1] +

m=A

+ks[m — 2)Uy[n —m + 2])) + Z(kl[m]iH[n —m]+4-ky[m-—1lig[n—m+ 1]+
m=A2

+ki[m — 2]ig[n —m + 2]) — z(l[m]iH[n —m]+4-1[n—m+1]ig[m—1] +
m=1

+1[n —m + 2]iy[m - 2]),
kyn] =1[n],  kz[n] = ky[n]

B pexyppenTHOM cooTHOeHUH (21) BeIpaxeHue
n

> (kalmlUy[n = m] + 4kylm = 11U [0 = m + 1] + keym = 2]Uy[n = m + 2])

m=1

C yuetom (9) MOKHO MpECTaBUTH B BUJIE:

(k‘z[m]UH[n —m] + 4k,[m — 1|Uy[n —m + 1] +

m=1

+k,[m — 2]Uy[n —m + 2]) = B,[n] (22)

B xoHeuHOM HTOTE peKyppeHTHOE cooTHOIIeHHUE (21) cyueTom BbipakeHus (22) MOKHO
MIPEACTaBUTH B BUJIC:

iy[n] = Uy[n] + Bs[nl, (23)

TIE

By[n] = %(Bz[n] + Z (ks [mlUy [n — m] +4k;[m — 11Uy [n —m + 1] +

m=A

+ks[m — 21Uy[n —m + 2])) + Z(kl[m]iH[n —m]+4-k[m-—1lig[n—m+ 1]+

m=A

+ki[m — 2]ig[n —m + 2]) — z(l[m]iH[n —m]+4-1[n—m+1]ig[m—1] +
m=1

+1[n —m + 2]iyg[m — 2])
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Bripaxkenue (20) ¢ yuetom (23) Oyner:

Unlnl = —5{Uo[n] + RBs[n]} 24

TakuMm o0Opasom, ompenenss U3 BolpaxkeHus (24) 3HaueHus Hanpsbkenus Uy[n],
OCYILECTBISIETCS MEPEX0]l K HAXOXKICHUIO M3MEHEHHUs] TOKa M HaINpsKEHMs BIIIOOOH TOuke
JTAHHOW AJIEKTPUYECKOH IIeNH C pacrpeieleHHbIMU MapaMeTpaMu B MPOU3BOJIBHBI MOMEHT
BPEMEHHU C ITOMOIIBI0 PEKYPPEHTHBIX cooTHOowEeHuH (16), (15).

[IpenmyriecTBOM MOTYyYEHHOTO Ha 0a3e pa3BUTHS TEOPHH ONEPAIIMOHHOTO UCUUCTICHUS
YHUCJACHHOTO METOJ[a MO CPAaBHCHHMIO C YHCJICHHBIMA METOJaMH, NpuBeAcHHbIMU B [1-13],
SIBJISIETCS TO, YTO MPH BO3JICHCTBHH HAIPSKEHHS IPOU3BOIBLHON (opmbl Uy (t), OH mo3BosIseT
ONPEACIINTh IEPEXOAHBIE IIPOLECCHl B JJIEKTPUYECKUX LEMAX C pacHpele’eHHbBIMU
napameTrpamMu 0e3 rmepexojia B 00J1aCTh AUCKPETHBIX M300pa)KEHUM, a TaK)Ke OCYIIECTBISAThH
nepexof oT JlammacoBelx M300pakeHU MCKOMBIX (DYHKIMH (TOK, HANpsDKEHHE) B 00JacTb
OpPUTHHAJIOB, 0€3 HaX0X/ICHUS KOPHEH XapaKTepUCTUUECKUX YPaBHEHHH.
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PAYLANMIS PARAMETRLI ELEKTRIK DOVROLORINDO
BAS VERON KECi.D .PROSE.SI__JBI"UNiN KOMPYUTER
MODELLOSDIRILMOSi UCUN oDoDi USUL

IBADOV 9.9.
Maogqalada itkilori nazars almadan operasiya hesablama nazariyyosinin geniglondirilmasi
ilo paylanmis parametrli elektrik dovrolorindo bas veron keg¢id proseslorinin kompyuter

modellasdirilmasi tiglin adadi tisul toklif edilmisdir.

Acar sozlar: kecid proseslori, kompyuter modellosdirilmasi, adadi tisul.

NUMERICAL METHOD FOR COMPUTER SIMULATION OF TRANSITION
PROCESSESIN THE ELECTRICAL CIRCUIT WITH
DISTRIBUTED PARAMETERS
IBADOV A A.

The development of the operator calculus theory, we present a numerical method for
computer simulation of transition processes in electrical circuit with distributed parameters.

Keyword: simulation, transition processes, distributed parameters.
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ENERJISISTEMLORDO YUKBOSALDICI
AVTOMATIKANIN IDARDEDICI DOZALARI

HOSONOV Q. 9.

AzTU, Azorenerji
garahasanov@gmai.com

Simala goro Qafqaz arxasi sayilan Glkolorin on boyiik enerji potensialma malik olan Azaorbaycanda
energetika vo elektroenergetika sonayesi daha ¢ox inkisaf etmisdir. Bununla belo halo do Rusiya, Iran vo Tiirkiyo
kimi daha iri enerjisistemlora vo birlogsmalors malik olan Glkolorlo enerji miibadiloslagalorimizdaproblemli
rejimlor yasanir. Xiisusio paralel igloyon hallar daha mosuliyystli miihafizolorin qurulmasmi toleb edir. iri
Enerjisistemlor va giicii 10 QVt-dan boyiik olan iimumi enerjisistem birlogsmoalorinde 200-300 MVt-liq bir
generasiyanin itirilmasi tezlikds elo bir shamyyatli doyisikliys sabab olmasa da, Azarbaycanda bu hallar tezliyin
on dofs daha ¢ox vo ya 1-2 Hs azalmasina sobob olur.Ona goro, enerjisistemin dayaniqliginin saxlanmasi {igiin
va qonsu Glkolarlo enerjimiibadila rejimlorinin xiisusi yiikbosaltma avtomatikasi segilmolidir. Burada tezliyin
doyismosinin yiiklorin tonzimloyici effektindon asililigr ilo yanasi, bosaldilan giliciin imumi enerjisistemdoki
paymin da diizgiin se¢ilmoasi vacibdir. Bu massalads 330-500 kVétiirmalorlo yanagi, 35-110 kV-luq paylayict
sobokalorin do istiraki vo rolu vardir.Moqalodo bu istigamotdo aparilmig nozeri, elmi-tadqiqat islorinin
naticoloritogdim edilir.

Acar sozlor:Enerjisistemlor, yiikbosaldici vo boliicii avtomatika, tokrar qosulma, generasiya, tezlik
doyiinmasi, yirgalanma, zoif olaqo xotlori, giiclii alago xotlori, asinxron rejim, lokallasma, sinxrondan diismo,
barpa olunma.

Umumilikds enerjisistemin diiyiinlorino cox miixtolif xarakterli yiiklor qosulur. Elektrik
sobakasindo tezlik doyisdikde qosulan istifadagi yiiklorinin giici do doyisir. Ayri-ayri
isladicilorin, enerjisistemin  diiyiin  noqtalorindaki  doyison yiiklorinin statik  tezlik
xarakteristikalar1 dedikds, onlarin aktiv vo reaktiv giiclorinin tezlikdon asililig1 basa diisiiliir:

Pyik=0(f), Oyik= ¢(f), (1)

Asililigin rejimina gora asag siiratli doyismasi halinda toyin edilon bu xarakteristikanin
hor bir ndqtosino gorarlagmis rejim kimi baxmaq lazimdir. Bu xarakteristikalarin analizindo
hesabat metodlari, tocriibalor, fiziki modellords vo enerjisistemlords aparilmis elmi todqiqat
islorindan istifado edilmisdir [1-3].

Aktiv yiiklorin doyismasi halinda, tezlikdon asililiglar1 daha ¢ox dyronilmisdir. Ovvalca
yiiklorin qosuldugu noqtonin gorginliyinin doyismoz oldugu hallara baxaq (U=const).
Isiglanma vo moisot cihazlari, diizlondiricilor vasitesilo gidalandirilan islodicilor, miiqavimotli
vo qOvslii sobalarin aktiv giiclori praktiki olaraq tezlikdon asili olmur sok.1.3, Pyi =const,
belo yiiklor yalniz gorginlikdon asili olur, Pyu=koUP, burada ko —sabit omsal, b kozormo
lampalar1 {igilin 1.6, R=const miiqavimatli sobalar iigiin 2, imumilikdo iso 1.8-2 borabor
gotiiriilon sabit kamiyyatdir.

Liiminesent lampalarin aktiv giiclori tezlikdon asili olaraq 1% azalan tezlik
doyigmasinds 0.5-0.8 % azalir, gorginlikdon iso praktiki olaraq asili deyildir. Miharrik
yiiklorinin statik tezlik xarakteristikalart miixtalif olur. Asililiglar asason onlari harokato
gatiron intigal mexanizmlarinin névlarils toyin edilir sok.1, 3 vo 4 ayrilari.

Firlanma tezliyi soboko tezliyino borabor olan sinxron miiharrikin elektromaqnit
momenti vo ona barabar olan harokat intiqal mexanizminin miigavimat momentlarinin giicdon
asililigr asagidaki malum ifads ils toyin edilir:

M=Mmiq= P/(kw) (2)
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burada k sabit odod, w- firlanma bucaq tezliyidir (siirati).

1.0/misbivanid
P, ' )
0,8
2
0,6
3
0,4
4
0,2
/ w

0 0,2 0,4 0,6 nishivahid

Sok.1. Miixtalif islodicilorin aktiv giiclorinin statik tezlik xarakteristikalari,
1-k6zormo lampalar1, miigavimatli vo qovslii sobalar,
2- luminesent lampalar, 3-porsenli nasoslar, sarli doyirmanlar, metalkoson dozgahlar,
4-moarkozdongagma dozgahlart vo ventilyatorlar

Kifayat godor doqiqlikls asinxron miiharriklorin do firlanma tezliyinin sobaka tezliyino
miitonasib oldugunu gobul etdikdo (2) ifadosini onlar iigiin do dogru saymaq olar. Yuxarida
saydigimiz porsenli nasoslar, qaldirict masinlar, digor mitharrik vo nasoslarin  miiqavimat
momentloari elektrik mitharriklorinin firlanma siiratlorindon asili olmur:Mmig=const. (3).

Yuxarida geyd ediliyi kimi, enerjisistemoa qosulmus islodicilorin ¢ox miixtolif névlori
olur. Onlarin giiclorinin fordi hesabatlar ilo, diiylinlordo kompleks yiiklorin aktiv giiclorinin
va biitlin enerji sisteminin yiikiiniin tezlik asililiqlarini toyin etmok olar. Yuxarida verilmis
biitlin islodici qruplar tgiin yiiklorin aktiv giiclori, gorginliyin sabitliyi sortindo asagidaki
polinom soklinds toyin edilir:

w w? w3
Pyﬁk = a9 Piom + a1 Buom Onom + azPiom w2 + azBiom 3 4)

nom nom

burada ao, ai, a,, asz yiklorin tezlikdon asili olmayan uygun istiraklarinin hissopay
omsallaridir. Enerjisistemin com dilylin yiiklori iiclin nominal tezlikdo bu omsallar, uygun
olaraq tezlikdon birinci, ikinci vo ligiincii tortib asililiga malikdir.

Tezliyin doyismasilo, yliklorin doyismosini xarakterizo edon komiyyot yiikiin tezliyo
goro tonzimloyici effekti adlanir. Dilyiin gorginliyinin doyismoz oldugu halda, yiiklorin aktiv
giiclorinin tonzimlayici effekti asagidaki ifads il toyin edilir:

. oP 0P w w?
kyiikz _=_w=a1 +2a2 +3a3w2— (5)

of 0 Wnom nom
(5) ifadasindon goriindiiyii kimi, tezlik doyisdikdo K yakdoyisir va m=wmnom oldugda
K yik = a1+2az+3as olur. (6)

Yuxaridaki ifadslords diiyiin yiiklorinin tezlik xarakteristikalari, diiylin gorginliklorinin
doyismoz oldugu hallar {i¢iin verilmisdir. Lakin aktiv glic defisitindo tezliyin azalmasi ilo
kecon rejim, bir qayda olaraq aktiv giicin do azalmasi ilo miisahiyat olunur. 9ksqoza
avtomatikasi vo goza kecid prosesinin gedisatinin analizi tiglin praktiki masaloalorin hallindo
osas masalo, islodicilorin giic xarakteristikalarinda gorginlik vo tezliyin eyni zamanda
doyismolorini nozors almaqdir:
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P=o[(f, U)] (")

burada U=¢(f) gorginliyin 6ziiniin da tezlikdon asili oldugunu gostarir.

Diiylin noqtolorine qosulmus asinxron vo sinxron miihorriklorin, kompleks statik
yiiklorin xarakteristikalarinin analizino baxaq. Bir cox hallarda kompleks diiytlin yiiklori,
kifayat qodor doqiqliklo bu komponentlordon togkil olunur. Diiyiin yiiklori sonsuz giiclii
monbolordon qidalandig1 tiglin yiik xarakteristikalarina bilavasito iglodicilorin sinlorinds
baxilir. Paylayici sobokonin miiqavimatlori nozordon atilir. Lazim goldikds, yiik
xarakteristikalarini, sobokonin r+jx miigavimotindon sonra qosub hesablamaq olar. Hesabatlar
nisbi vahidlorlo aparildiqda bazis komiyyast kimi U=Unom (U=1,0) vo f=fhom (f=1,0) sortindo
diiyiin yiiklorinin giiclori gdtiiriiliir. Asinxron miihorrikin elektromaqnit momentini nominal
stirlisma otrafinda xottilosdirdikds asagidak: ifadoni yazmaq olar:

M U?  faom S

Mnom U%oml f Snom

Bu ifadanin doqiqliyi yiiklorin statik xarakteristikalarinin analizi ti¢ilin kifayatdir.
Miiharrikin valinin miigavimoat momentinin firlanma tezliyindon asililigint Mmuq =¢(®)
approksimasiya ilo xattilogsdirmok olar:

B AMmiq
Mmuq = Mmiiq,o + ( o )wzwo (w — wg) 9)

Gorunduyd kimi xattilosme miiharrikin U=Unom (U=1,0) vo f=fnom (f=1,0) sortindo vo
wo firlanma siirotinds, imumilikds nominal giicdon forqli giiclorde aparilmisdir. Asagidaki
Mmiig,0

avazlomani gobul edok: kyix o = - nominal tezlik vo gorginlik sortlorindo miihorrikin

a)o . (deuq
dw

yliklonmo omsalidir; &g,5n= ) , ®o noqtosindon horokoto gotirilon
wW=wq

Miniiq o
miiharrik mexanizminin moment - siirat xarakteristikasinin nisbi dikliyidir.
(8) vo (9) ifadolorindon ixtiyari f, U, Kyu ove horokoto gotirilon ixtiyari mexanizm {igiin,
miihorrikin siirlismo omsali asagidak: kimi ifads edilir:

f f
Kyiiko (1_°(amiih+°(amiih +XgmiihKyiiko Snom)
_ fnom fnom

- U2fnom
Uéom-f-Snom

(10)

f
+k . 1o’ PSR S
yiko amuhfnom

Ifadoni (8) do nozoro alsaq, miihorrikin elektromagnit momentini vo uygun olaraq giiciinii
(itkilori nozoro almadiqda) ixtiyari qidalanma sorti iiclin hesablamagq olar:

f Snom)

fnem (11)

f f
P ™ Trom ko (1_“amuh+°(amﬁhm+°(amﬁhkyuko

Phom  fnomMnom 1+ szno¢kyuko'“amﬁh5nom
nom-

(11) ifadesindo miiharrikin siirlismosi Snom vahiddon ¢ox kigikdir.
U=Unom, f=fhom (11) ifadesino uygun P=Kyukooldugunu val%oc ~ 1— avazlomoasini nazors
alaraq asinxron yiiklor li¢iin asagidakilar yazilir:

f2
P=f [(1 —Xgmih%amin [ +Xamin kyiikOfSnom) - ﬁkyﬁko "X amiih”

Snom(l _oca,muh‘l'oca,muh f)] ~ f[l _ocamuh‘l' f 'ocamiih] (12)
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Sinxron miihorriklor iiclin gorarlagmis rejimlorde firlanma tezliyi, sinxron siirato o
borabor vo gorginlikdon asili olmayir. Ona goro (11)-i nozoro alaraq, wonom noqtasindo
xottilogdirilmis moment-siirat xarakteristikasi li¢iin asagidakilar yazilir:

Mmiiq — Mmiiq,o + (deiiq> i wmﬁqnom Mmiiq,o < wmﬁq _ 1)
Mnom Mnom dw W=Wmiignom Mmiiq,o Mnom wmiiqnom
f
= kyiko [1 + % nigmin <_ - 1)] (13)
fnom

Nisbi vahidlords aktiv giiciin ifadssini yuxaridakilara analoji olaraq yazmaq olar:

fMmi
P = m = f[l ~Xmiigmint f Ocmiiqmiih] (14)
(14) ifadasi Snom =0 qiymati {igiin (12) —ys analojidir.

Yiiklorin torkibindo olan asinxron, sinxron miiharriklor vo statik yiiklor asagidaki
nisbatlorls ifads edilir:

k = Pamﬁh -k _ Psmﬁh .
ih = ; in = ’
ami PamintPsmin + P’ " PomintPsmin + Pst
— Pst . . ) —
kSt - PamintPsmintPst ’kamUh+ksmUh+kSt 10 (15)

Onda (12), (14) ifadaleri va yiikiin gorginlik asililiglarindan yazmagq olar:

P = kamﬁhf[]- —Xgmiin T f ocamiih] + ksmuh[]- —Xsmiip T f ocsmuh] + kg - UP =
kmanf (1 —a + af) + kg - U® (16)

~ C kamin Ksmiih
burada kmin=Kamun+Ksmin ; a= 2 - dtgpn + 27
miih mih

mihorriklorin ekvivalent moment-siirot xarakteristikalarinin dikliyidir. (16) ifadosi kritik
gorginlikdon bdyiik gorginliklordo, ixtiyari f vo U licilinaktiv yiiklori toyin edir.

Gorginliyin doyismoz qiymoatindo diiyiin yiiklorinin aktiv giiclorinin tezlik asililiglarinin
tonzimloyici effektlori vo aktiv giiclorin gorginliys gore analoji tonzimlayici effektlori malum
oldugda, yiiklorin qiymatlori va xiisusiyyotlori toyin edilir:

Asmins- baxilan diylino qosulmus biitiin

(5) = lemian (140) ; (5

) = kB
of U=Un0m’f=fn0m, ou U=Unom:f=fnom,

Kmintkst=1,00ldugundan

_ 1 (0P __1 (oP
min = 1 =25y = loan a0 |
U=Unom.f=lnom, mith U=Unom.f=fnom,

Beloalikls, diiyiin yiikiiniin tezlik vo gorginlikdon asililig1 gorginliyin sabitliyi sortinde molum
olduqda, diiyiin yiikii giiclinlin torkibi vo ekvivalent moment-siirot xarateristikasinin dikliyi
toyin edilir. Diiylin yiikii ilo qida monboyi arasindaki xarici Z miiqavimati ki¢ik olduqda,
yuxarida alinmig ifadelor dogru olur. Ona gore elektrik Gtiiriicii xatlorin konstruksiyalarinin
kompakt olmasi, induktivliyin kigik, tutum yiiklorinin iso boylik olmasi ilo dalga
miiqavimatinin azaldilmas1 kimi iisullar totbiq edilir.

Aktiv glic geyribalans: sortinds tezliyin doyismasi tokca yiiklorin tezlik xarakteristika-
lar1 ilo deyil, hom do turbin aqreqatinin tezlik xarakteristikalarindan asilidir. Bu xarakteristi-
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kalara tezliyin azaldig1 sortlords xiisusi sorfiyyat aqreqatlarinin mohsuldarliginin doyismodiyi
hal kimi baxilir. Aktiv buxar turbini {igiin onun valinin mexaniki momentinin sabit yanacaq
verimi sartlorindos firlanma bucaq tezliyindon asagidaki asililiq toskil edir:

M=B-(ky Wpom —w) =A— Bw a7
burada wnom — nominal firlanma bucaq tezliyidir, A vo B turbinin konstruktiv parametrlori,
buxarin sarfiyyat1 vo parametrlori ils toyin edilon sabit amsallardir.

Bucaq tezliyinin sifra barabor oldugu halda, turbinin horokot momentinin ifadasi

A=M,—o = kaMpom = kaBwnom (18)

burada Mnom— @nom nominal bucaq tezliyindo turbin aqreqatinin firlanma momentidir; k, =

My=¢

ifadosini (17) vo (18) ifadslorinds nozors aldiqda, turbinin tezliyo goro doyison giiciinii

asagidaki kimi yazmagq olar:
P=Mw = B(kywnom — 0) = (A — Bw) - (19)

Sok.2-do sabit enerji dasiyicist (qaz vo buxar) verildiyi halda turbin valinin giicii vo
momentinin  firlanma tezliyindon asililiq oyrilori  verilmisdir. Baxilan  voziyyat
tonzimlonmoayan turbinin statik xarakteristikas: adlanir. Xarakteristikadan goriiniir ki,
moment tezlikdon asili diizxatli qanunla doyisir vo tezlik azaldigca azalir. Aqreqatin giicii iso,
nominal tezlikde maksimal qiymato ¢atir, onun nominaldan saga vo sola doyismasinds iso,
azalir.

2,0

PIP,...;MIM
1,6
1,2 1
D 2
0,8
04
w/wnom

0 04 08 12 nishivahid

Sok.2. Aktiv buxar turbininin statik tezlik xarakteristikasi (ka=2),
1-firlanan valin moment xarakteristikasi,
2-turbinin verdiyi giic xarakteristikasi.

(18) vo (19) ifadolori vo xarakteristikalar1 turbino verilon ilkin yanacaq vo buxarin
stabilliyi sortindo dogrudur. Oslinds iso biitiin turbinlor firlanmanin avtomatik tonzimloyici
qurgulart ilo tochiz edilmisdir. Aqreqatin firlanma tezliyini doyisdiron tonzimloyici qurgular
turbinin tonzimloyici orqanina tesir edirlor. Istilik turbinlorindo bunlar buxar tonzimloyici
klapanlar, hidro turbinlords iso su yonoldici aparatlardir.

Firlanma tezliyi artdiqda tezlik tonzimloyicisi turbinin tonzimloyici orqaninin
Klapanlarin1 baglayir vo buxar verimini qisir, oksino firlanma azaldiqda klapanlar1 agaraq
buxar verimini artirir. Istilik elektrik stansiyalarinda bir ¢ox aqreqatlar turbin yiikiiniin
doyisdiyi, lakin yanacaq verilisinin sabit oldugu, avtomtik tonzimlomos olmadan istismar
edilir. Basqa sozlo firlanma ehtiyati dedikdo, firlanma siirotinin doyigmosi deyil, hamin
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siirotdo generatordan alinan aktiv giliciin miqdar1 basa diisiilir. Ona goro yiikkii az olan
generatorun firlanma ehtiyati ¢ox olur.

Enerji dasiyicisinin qazana sabit verildiyi halda, firlanma tezliyinin tonzimloyicisi olan
turbin aqreqatlarinin statik xarakteristikalar1 sok.3—do verilmis 1-6 statik xarakteristikalar
ailosindon tapilir. Xarakteristikalarin hor birisi tonzimloyici orqanin bir voziyysting uygun
golir. Masalon, Po gliciino wotezliyi uygun olur (2-oyrisi). Firlanma siirati artdiqda turbinin
tezlik tonzimloyicisi klapani qapayaraq ws 3 xarakterisikasina uygun vaziyyato kegir ki, bu da
aktiv giicl P3 -2 borabor edir. Analoji olaraq tezlik ws, ws, ws, qiymatlorine qador artdigca,
turbinin tezlik tonzimlayicisinin tasirilo giiclori P4, Ps, Pskimi doyisacakdir.

Tezliyin w1 - o godar azalmasi va aqreqatin firlanma ehtiyatinin oldugu halda turbinin
tonzimloyici orqani acilir vo agor yeni voziyyat 1 xarakteristikasina uygun olarsa, turbinin
gucl Piolar. ©gor firlanma ehtiyati tilkkonmis olarsa, tezliyin sonraki azalmasi ilo turbinin
giicii tonzimlonmoyon xarakteristika tizra, 1 oyrisi ilo doyisdiyindon (w'1, P") olar. Beloliklo,
tonzimlonon turbinin xarakteristikas1 gfabcde oyirisi lizro doyisir vo firlanma tezliyi
tonzimloyicisinin isi fabcde ilo gostorilir.

0

Sok.3. Firlanma tezliyinin dayismasils, tonzimlonan turbinin giicliniin doyismasi.

Xarakteristikadan goriindiyii kimi, aqreqatin giicii doyisdikco, tonzimloyicinin tasirilo
ilkin tezlikdon forqli tezliklor qorarlasir. Tonzimlonon turbinin statik xarakteristikalarinin
oyrisinin mailliyi firlanma tezliyinin tonzimlayicisinin statizm xarakteristikasi adlanir: o, =
i;—(: . f—;’) , Vo ya turbinin statik xarakteristikasinin dikliyi k; = U—lg kimi ifado ediir. Firlanma
tezliyi tonzimloicisinin statizmi na qodar az olarsa, turbinin yiikiiniin doyismasi onun tezlik
doyismosino bir o qodor az tasir edacokdir. Normalda tezlik tonzimloyicisinin statizmi 4-5%
don ¢ox olmamalidir.

Enerjisistemdagiiclorin geyribalans sortinds, tezliyin zamana gora doyismesine dinamiki
tezlik f/=¢(t) xarakteristikas1t DTX deyilir. DTX-1 tezliyin azalma prosesinin gedisat1 haqqinda
oyani tosovviir yaradir. Eyni zamanda qozalarda tezlikdon yiik agmalar1 TYA iigiin se¢ilmis
avadanligin effektivliyino dair, kegid proseslorino miixtolif amillorin tosiri vo qozalarin
analizlori {i¢lin ¢oxlu sayda molumatlar alinir.

Dinamiki tezlik xarakteristikalarini toyin etmok iiclin turbin aqreqatinin firlanma
tezliyini, onun valinin momentils slagalondiran harokat tonliyine baxaq:

JE = Mr — Myiik miiq’ (20)

burada Mt — turbinin firlanma momenti, Myik miq — yiiklorin miiqgavimot momentlori, j- turbin
aqreqati va yiiklorin firlanan kiitlolorinin com otalot momentloridir.
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Turbin-aqreqat sisteminin otalot momenti j vo mexaniki otalot sabitlori 7j arasinda
asagidaki sokilds slags tonliyi ifado edilir:

.wz .w
Tj — J@nom _J nom;(21)
Pnom Mnom

Hor bir aqreqat iigiin mexaniki otalot sabiti agagidaki kimi ifado edilir:

_ 2.746D*n?107°

Tjagr = ; [san] (22)

Pnom

burada GD? —aqreqatin otalot momenti, th-m?, n- firlanma siiroti (tezliyi), doévi/daq , Pnom -
agreqatin nominal giiciidiir, MVt.

Enerjisistemin mexaniki otalot sabiti biitiin aqreqatlarin otalot sabitlorinin comi kimi
tapilir. Enerji hasilat aqreqatlarina turbin — generatorlar, miihorriklor vo onlarin horakoto
gotirdiklori mexanizmlor aiddir. Enerjisistemin mexaniki otalot sabiti bazis kimi se¢ilmis ilkin
yiik giiciina gotirilir:

Prnom Z(Tturb +T9)Pgn0m+Z(Tmﬁh+fmex)Pmijh
J 2 jaqr p, . Pyiko Tg yiik (23)
Y(tturp+7g)P 3 (Tmiih +FTmex) Pmis
burada ur gJ) gnom _ TTg vaTyuk — mih ™ tmex muh.

p yiik,0 p yiik,0
(23)-don goriiniir ki, enerjisistemin atalot sabitinin birinci toplanani qosulmus generatorlarin
saymin doyismasilo, ikinci toplanani iss yiiklorin doyismasils toyin edilir.

Qozalarin bir ¢ox amillordon asili olaraq miixtalif torzlordo kegmosi, generasiya giic
defisitlorinin forqli qiymatlorindo vo goza prosesinds onun doyismosi (mosalon, aqreqatlarin
bir hissosinin agilmalari), qoza prosesindo miixtolif qiymotli vo xarakterli yiiklorin agilmalari
(avtomtik, ollo vo ya 0z-6zilino), enerjisistemin otalot sabitlorini do forqli doyisdirir. Yuxarida
deyildiyi kimi avadanligin vo yiiklorin torkiblori, qiymotlori bir sira tosadiifi amillorin
funksiyalaridir. Mexaniki otalot sabitinin doyismosinin tosadiifi tobioting, belo sortlor {iciin
goza acilmalariin adaptivliyi tolob edilir. Ona goro komiyyatlorin doyismasinin tosadiifi
xarakterindo isin effektivliyi tomin edilmalidir.

Otalot sabitinin turbin-generatora aid olan birinci toskiledicisi ikincidon xeyli boylik
olur. Onu turbin-generatorun vo elektrik miiharriklorinin pasport gostoricilorindon tapmaq
olar. Horokot etdirilon mexanizmlor {i¢lin otalot sabitlorini iso toqribon, tocriibi
gostaricilorindon tapmaq olar. Miihorriklorin vo horokot etdirilon mexanizmlorin dinamiki
parametrlori namolum olduqda, onlar ii¢lin ortalama zyu = 2 - 3 san gétiiriirlor. Enerjisistemin
mexaniki otalot sabitini tocriibalordon do tapmagq olar.

Kegid prosesinds tezliyin zamandan asili olaraq doyismosini (20) tonliyinin hollindon
tapmagq olar. Lakin bu zaman tonlikdoki firlanma momenti Mt va yiiklarin miigavimat Myukmiq
momentlorinin tezlikdon asili funksiyalar1 molum olmalidir.

Turbin aqreqatinin firlanma ehtiyatinin olmadig: hal, firlanma tezliyina tonzimlayici
tosirinin nozordon atildigi haldir. Sadolik igiin, tezlik doyisdiyi zaman aqreqatin xiisusi
sorfiyyatinin mohsuldarliginin sabit oldugunu va turbin aqreqatinin firlanma momentinin (19)
asililiginin sabit enerjidasiyict sortini gobul edirlor.

Ogor yik giiclinlin aqreqatin firlanma tezliyindon asililigi (5) polinomu kimi gobul
edilso, moment va giic arasinda (2) slago ifadosini (20) —do nozors alsaq, geyrixotti diferensial
tonlik alinir. Bu tonliyin halli {i¢lin, yilikiin giiciiniin tezlikdon asililigini asagidaki sokildo
yazmaq lazimdir:

Mqu:C+D'CU (24)
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Ifadolori birlikde nozars aldiqda sabit amsall1 birinci tortibli diferensial tonlik yazilir:

dw

r]-E+(B+D)-w+(C—A)=0; (25)

Toniliyin iimumi halli agagidaki kimi ifados edilir :

aec _B+D

_ 4a- Tj

w=_—+cie (26)
. e - . A-C

C: inteqral sabitini baglangic sortindon tapmagq olar, Ci=wg — 1D

Belolika kegid prosesinds firlanma tezliyinin zamandan asililig1 asagidaki kimi ifados edilir:

w=ﬂ+(wo—%)-e_é (27)

B+D

Bu tonliyin halli enerjisistemin dinamiki tezlik xarakteristikasidir. 7j — tezlik doyismasinin
zaman V9 ya tezlik sabitidir gok.4.

w, f

ZD'/],fo

N f

fmin

e

Sok.4. Enerjisistemin dinamiki tezlik xarakteristikasi.

Tezlik sabiti zr agagidaki kimi hesablanir:
_ Y
Y = B+p

(28)

A, B, C, D amsallar1 generator Pg va yliklorin Pygkgiiclori ilo ifads etmok olar:
. . _ Pg _ kA-wnom-Pg
(25) va (26) ifadolarindon B = T —ara VP A= T —are olur.
C vo D omsallart yiik giiclorinin tezlik vo tezliyin kvadratina miitonasib ifadslorlo: - C =

C.Pyq D.Py; . oy . - . -
2Ky D = w—Jz'k kimi tapilir. Adston, yiiklorin tonzimloyici effekti molum oldugundan

onlar kyiik = (dl;z)ﬁk) = C + 2D ifadasilo slagolondirir vo C+D=1,0; D.=D; C.=C

W=Wnom

yazaraq D.=kyik-1 vo C.=2-kyik alinir.o= wgr qorarlagmis rejim t¢lin homiso (B+D)wgor
=A-C olur. C=C«Mnom oldugundan (B+D)wg.-=(ka-C+)-Mnom alinir. Ilkin gorarlasmis rejimdo
ka=2 vo w= wnom li¢lin agagidaki hesabat ifadosini yazmaq olar:

t t
w=ow Z(Pg'O—APg)_C*PbaSO (1 —e Tf) + e Tfl (29)

oM (py 6—APg)+DyPpaso

Defisit yarandiqdan sonraki gorarlagmis rejimdos (t— ) tezlik wg,, = g olur. Wger
tezlikli gorarlasmis rejim ticlin:
C'wqar +D'w2q3r :Pg‘O'APg (30)
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Qorarlagmis rejimdos tezlik meyletmasi

quar - Pyiiko'kyuk (31)
w= wo tezlikli ilkin rejim {igiin analoji olaraq asagidaki ifadoni yazmaq olar:
Pg.0=C" @wo+D ®?0 =Ppas0 (32)

Enerjisistemlordo aktiv giic geyribalansinin yaranmasi hali, hom generatorun firlanma
giic ehtiyatinin olmadig1 halda turbinin sabit giiclinds, ham do firlanma giic ehtiyat1 oldugu
halda, firlanma tezliyinin tonzimloyicisinin tosiri altinda doyison giiclordo 6yronilmalidir.
Hoqiqgatds iso, giic ehtiyat1 ya catigsmazliq toskil edir vo ya he¢ olmayir. Ona gora aktiv giic
defisiti olduqda, tezliyin azalmasi ilo turbinin mexaniki giicii vo generatorun elektrik giicii
azalir.

Yiiklorin vo generasiya xarakteristikalarinin miioyyon vo geyrimiinasib nisbatlorindo,
giic defisitinin yaranmasinda enerjisistemdo bu rejim birlosmoalorinds, uzunmiiddatli vo asagi
tezlikli gorarlasmis rejim yarana bilor. Bu xarakteristikalarin uygunsuzlugu halinda iso,
turbinin giiciiniin azalmasi ilo gilic defisiti artir va bu proses tezliklorin sel ugqunu soklinda
sobokaya yayilir sok.5.

YUk

fo froofrf!
Sak.5. Tezlik ugqunu prosesinin izahat sxemi, 1-2 firlanma tezliyinin avtomatik
tonzimloyicisi olan turbin-generatorun statik xarakteristikasidir;
2-3 tonzimloyici orqanin tam agiq oldugu halda turbin-generatorun statik
xarakteristikasi; 2-3'tezlik azalmasi zamani, elektrik stansiyasinda, x{susi
sorfiyyat mexanizmlori torafindon turbinin giiciliniin azaldildig1 halda
turbin-generatorun statik xarakteristikasi; Pyuk1,0 baslangic rejimde generator vo
yiikiin giiclori; Pyiki; Pyike; Pyiks; Pyika, Puks miixtalif artimli yiiklorin xarakteristikalari;
A, B, C —dayaniqli rejim ndqtslori.

f

.

Sok.6. tezliklor u¢qunu prosesinin inkisafi.

Bu zaman yaranan ilkin tezlik meyletmolori todricon ¢oxalir vo miioyyon andan sonra
tezlik koskin azalir, bu iso 0z ndvbosindo biitiin elektrik stansiyasinin dayanmasina vo
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istehlak¢ilarin acilmasina sobab olur. Keyfiyyotco bu hadisonin giic ehtiyati ¢ox olan
enerjisistemda, miixtolif yiiklonmlar va giic doyismalari halinda inkisafina baxaq sok.6.

Bu zaman yalniz generasiya vo yliklorin statik xarakeristikalarina baxilir. Pygk1 -0 uygun
olan baslangic gorarlagsmis rejim vo uygun tezliyin f 'qiymoati generasiyanin 1-2 oyrisilo A
noqtosinds kasismosindon alinir. Yiikiin boyiik artimlart halinda Pyikz, Pyiks, yeni gorarlagsma
noqtalarina B va C tezliklorin do yeni gorarlagmus f*, f "' qiymotlori uygun olur.Pyik1 -0 uygun
olan baslangic gorarlasmis rejim vo uygun teziyin f 'qiymoti generasiyanin 1-2 oyrisilo A
noqtesinde kasismasindon alinir. Yiikiin Pyus oyrisi ilo toyin edilon koskin artimlarinda,
generasiyanin tezlik xarakteristikas1 2-3' tohrif olunmus sokils diisiir vo istehsalin azalmas ilo
vo ya xiisusi sorfiyyat mexanizmlorinin iginin pozulmasi ilo yiik vo generasiya giiclorinin
oyrilari kasigsmir vo dayanigli rejim do mdéveud olmur.

Yiik balansinin hals méveud oldugu generasiyanin kritik hadd rejimi 0 ndqtasina, tezlik
iso furgiymatino uygun (Pyius — yiik xarakteristikasi) olur. Bundan sonra miioyyon zaman
orzinds tezliyin sonraki azalmasi u¢qun soklino diislir vo prosesin tonzimlonmasi miimkiin
olmur. Analoji hadisolor enerjisistemdo generasiya giiclorinin  xiisusi  sorfiyyat
mexanizmlarinin pozulmast ilo slagadar azalmalarindan basqa, istilik elektrik stansiyalarinda
bloklarin miixtolif texnoloji proseslorin miihafizo torofindon agilmalart (masolon, qazan
barabaninda suyun soviyyosinin azalmasi), sistem rejim avtomatikasinin tosirilo agilmalar,
qoza prosesindo heyystin apardigi yanlis omoliyyatlar, enerjisistemds defisiti artiran sokildo
tasirlor, sistemin boliicii avtomtika ilo hissalora ayrilmasi vo digor ¢evirmolorinds ola bilor
sok.7.

N\ N
Bolucu avtpmatika zopas® 24

HX -4

Sok.7. Giiclarin mobilizasiyasi vo boliicti avtomatika variantlarinin sxemi.

Beloliklo, tezlik ugqunu vo onun bu prosesinin hansi zamanda bas veracoyi, ¢coxlu sayda
miixtolif amillordon asilidir. Bu amillor iso tosadiifi xarakter dasiyir. Yuxarida gostorildiyi
kimi, tezliyin azalmasi, gorginlik ugqununa vo kiitlovi xaotik acilmalara gotirdiyi {igiin,
moasalo bir az da ¢otinlosir. Tezlik vo gorginik ugqunlar1 arasinda olan bu olagalor vo birinin
digorino sobobiyyat olmasi prosesin vo iri hocmli gozalarin tesadiifi xarakterini bir daha
tosdigloyir. Ona goro, goza agilmalarinin prinsipi, tezlikdon yiikk atma avtomatikasi vo bu
sortlordo enerjisistemin normal iginin barpast li¢lin avtomatik tokrar qosulmalarin diizgiin
sec¢ilmasi vacibdir.

Tezlik u¢qunlar: enerji defisiti yaranan, biitiin enerjisistem vo rayonlarda daha ciddi veo
tohliikali gaza sayilir. Bu gazadan sonra sobokonin normal vaziyyoto donmasino do (xlisusilo
istilik elektrik stansiyalar1 olan enerjisistemlordo) xeyli zaman lazim galir.

Azarbaycan Enerjisistemlorindo TAA asas prinsiplori. Enerjisistemlorin boyiidiilmo-
si vo onlarda iri hocmli yiiklorin toplanmasi ilo tezliklorin sistemi biiriiyon, dorin diismosinin
qarsist alinir. Bu tisulun 6komizds totbigi miioyyan gadar ¢atindir. Clinki on iri aqreqatlarimiz
150, 300 MVt giiclorin mobilizasiyast iso mohdud oldugundan agilma tezliyin doyismosino
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xeyli tosir edir. Masalon, 2500 MVt giici vo yiiklorin tonzimloyici effekti 2.5 olan bir
sistemdo 150 MVt-liq agilma tezlikdo asagidaki doyisikliya gotirir (31):

AP from _ 15050

= =1.2Hs
Pensistkyiik 2500 - 2.5

Af =

Uygun olarag 300 MVt-lig bir acilmada tezlik azalmasi 2.4 Hs olacaqdir. Bu
azalmalarin birincisi miimkiin hodd hesab edilso do, ikincisino he¢ yol vermok olmaz.
Olkomizdo giiclii elektrik stansiyalarimizin 450, 780, 2400 MVt va s. bloklarimin paralellosma
va komponovkast bels, imumi monada tezlik tonzimlonmasi imkanlarini yaratmur.

Deyilonlori nozoro alaraq Olkomizdo tezliyin tonzimlonmosi {i¢iin, stansiyalarimizin
gliclorinin toplanmasi iisulunun az effektli oldugu goriiniir. Ona gora, asas tezlik tonzimlayici
stansiyalarimizin giiclorinin bir yero toplanmasiilo yanasi, borpa olunan enerji vo ya digor
olavo generasiya monbalori ilo onlarin yiiklorinin vo yanacagin azaldilmasi kimialternativ
yollar sec¢ilmolidir.
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YIHPABJISIEMASA 103A ABTOMATUKU CHATHUE
HAI'PY3KH B OQHEPTTOCUCTEMAX

I'ACAHOBT. A.

Cpenu 3akaBka3ckux cTpaH AszepOaiikaH sBisieTcss Hanbosee pa3BUTON CTPAHOU Kak B
00JacTH PHEPreTHKH, TaK U B AJIEKTPOIHEPreTUUECKONW MpoMbIluIeHHOCTH. HecmoTps Ha 310
Bce emE JKHMBETCS TpOOJIeMbl Mpu dHEprooOMeHe co crpaHamu Poccusi, Hpanckas
Pecnyommka wu  Typrusi, KoTopble OOJadarOTKPYMHBIC OSJEKTPOCETH W OOJbIIHe
sHeproMourHocTH. OcoOeHHO TpelyeTcsi MOCTpoeHue Oosiee OTBETCTBEHHOW 3aIlUTHI MpPU
napauienbHoi pabore. B KpymHBIX 3HeprocucteMax, ¢ MomHOCThI0O Oonee 10 I'BT u B
sHeprooObenuHeHusax notepu momrHoctd 200-300 MBT HE mpHBOIAT K CTOJH OOJIIHUX
M3MEHEHUH B 4acTtoTe. Ho moTepw Takoil MOIIHOCTH B JHeprocucreme AszepOaiimkaHa
MPUBOIUT K CHWKEHHIO 9acToThl B 10 pa3 OGousbmie, To ecthbHa 1-2 I'm. TlosTomy mist
COXPAaHEHUS YCTOWYMBOCTH SHEPTOCUCTEMBI U JUIsl YHEProoOMEHa C COCEAHHUMH CTpaHaMH
JOJKHBI BBIOUPAThCS OCOOCHHBIE BHIBI 3AIUTHI M Pa3ICIUTEILHON aBTOMATHUKU. 3/1€Ch,
Hapsily C 3aBUCHUMOCTBIO PErylupylomux 3(Q¢eKToBHArpY3KH HEOOXOIUMO MpPaBUIIbHBIN
BBIOOp OTKIIIOUAEMOl MOIMHOCTH M €€ JOoJieBOe ydacThe B o0Imiei sHeprocucreme. B
moJOo0HBIX 3aJadaxX »dJIEKTPOIHEPreTHKH, Hapsaay ¢ mnepemauedn JIDIT 330-500 kB,
ONIPENICIICHHOW PO WrpaloT u pacnpenenurenbubie cetd 35-110 kB. B crartse
MIPE/ICTABISIOTCS Pe3yJbTaThl MPOBEACHHBIE HAaYYHO-UCCIIEAOBATEIbCKUX U TEOPETHUYECKUX
paboT B 3TOM HaIPaABICHHH.

117



KiioueBbie CJIOBa:aHepFOCI/ICTeMa, pa3rpy3odyHasd HW pas3AciiUTCiibHAasA aBTOMAaTHKaA, I[OBTOPHOC
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CONTROLLED DOSE OF AUTOMATION LOAD
REMOVAL IN POWER SYSTEMS

HASSANOV Q.A.

Among the Transcaucasian countries, Azerbaijan is the most developed country both in
the field of energy and in the electric power industry. Despite this, there are still problems
with energy exchange with the countries of Russia, the Iranian Republic and Turkey, which
have large electric networks and large energy capacities. Particularly required is the
construction of more responsible protection during parallel operation. In large power systems,
with a capacity of more than 10 GW and in power systems, power losses of 200-300 MW do
not lead to such large changes in frequency. But the loss of such power in the energy system
of Azerbaijan leads to a decrease in frequency by 10 times more, i.e. by 1-2 Hz.Therefore, in
order to maintain the stability of the energy system and for energy exchange with neighboring
countries, special types of protection and separation automation should be selected. Here,
along with the dependence of the regulatory effects of the load, it is necessary to choose the
right cut-off power and its share in the overall power system. In such tasks of the electric
power industry, along with the transmission of power lines of 330-500 kV, distribution
networks of 35-110 kV also play a certain role. The article presents the results of research and
theoretical work in this direction.

Keywords: power system, unloading and isolation automatics, repeated switching on, generation,
frequency sweep, swing, weak communication lines, strong communication lines, asynchronous mode,
localization, loss of synchronism, recovery.
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INTEQRAL CEVIRMOLOR METODU iL9 QEYRI STASIONAR
QOVS PROSESININ HESABATI

ROHIMLI i.N., PIRIYEVA N.M., SULEYMANOV E.E.

Azarbaycan Dovilat Neft va Sanaye Universiteti
necibe.piriyeva@mail.ru

6-35kV gorginlikli enerji 6tliron hava Xstlorinds yaranan geyri-stasionar qovs proseslori olduqca yayilmig
bir gozadir. Bir fazli qdvs qapanmasi prosesi yanib sonan qovsle izlenilir. Cox zaman bu gobokoalor daha az
mosafolordo hoyata kegirildiyino géra homin dovralor toplanmis parametrli dévralor Kimi nozoro alinir. Qisa
gapanma sistemi inteqralli diferensial tonliklorlo hesablandigima goéra, homin mosolalorin hallino lazim olan
sorhad va baglangic sortlorins diqqot verilmolidir .

Magalads inteqral ¢evirmalor metodu ilo geyri stasionar qovs prosesinin hesabat formasi verilmisdir.

Acar sozlor: qeyri-stasionar, diferensial, inteqral, qisa-qapanma, elektromagnit, neytral, qovs,
kommutasiya

Neytral1 izols edilmis sobakonin bir fazli qisa qapanma rejimi sokil 1-do verilmisdir.

| e,

ta

{f:-( —n-(._-.—:

/
.-"’Ir.I =7
A T :f.-"";;.-’r
!

fa
e e
= e

| R

\:!_ = @f\"‘/‘\

k .1';|:
AN
:;"
| Ry /

Sok.1.Neytrali izola edilmis sobokonin bir fazli qisa gapanma rejiminin hesabat sxemi.

Belo sobokodo qgisa gapanma zamani yaranan qovs yanib soniir vo bu miiddotdo xott
doyison gorginliklo yiiklondiyino goro, elektromaqnit dalgalart meydana golir. Elektrik
sistemlorinda yerls izols olunma neytrala totbiq olundugu hallarda 10-30 A-o gadar kigik qdvs
coroyanlart meydana golir. Neytralina torpaqlama totbiq edilmis sobokolordo iso, ¢ox bdyiik
coroyanlar meydana golir. Nohong coroyan qruplart elektrik tochizatlarina ziyan vurmadan
onco rele qorunmasi sayosindo agilirlar. Neytralina izolyasiya totbiq olunmus yaxud da
neytrali qovsii sondiiron reaktorlarla torpaglanmis sistemlordo meydana galon qovs, elektrik
axinlan prosesi li¢iin elo bir tohliikko meydana gotirmir. Bu soboblo rele qorumast bu qozaya

sobob olmur vo qovs yenidon faaliyyatini davam etdirarak, yanib sonmoklo foaliyyatini davam
etdirir [2].
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Bela voziyyotdo meydana golon elektromaqnit dalgalarinin, inteqral ¢evirmalor Usulu vo
6 (t)-kimi umumi xiisusiyyatlorinin totbiq olundugu, Borel tonliklorinin hallinin nazordon kegi-
rilmasi mogsadouygun olar. Nozora alaq ki, sobokoys sabit vo ya doyison gorginlik tosir
gOstorir. Qdvs qapanmast vaziyyatindo kommutasiya sxemina yiiksok tezlikli garginliklor tasir
gostorir, inteqral ¢evrilmalor vo ayilma teoremi hom toplanmis, hom do paylanmis parametrli
dovralarin hall {isulunda totbiq oluna bilar. Nozordon kegirilon soboka sisteminin strutkturuna
osason, totbiq olunan gorginliyin tosvir edilmis sinusoidal funksiyasina goérs, asagida
gostarilon operator formulunu yazmaq miimkiindiir:

UORSGR (1)

Bu funksiyanin ilkin formas1 ardicil sadalogsma va barabarlagdirilms Gsulu ilo askar
olunur. Ilk 6nca gOstorilmis sxema asasan Z(p) operator funksiyasindan ilkin adadlor sirast
tapilir:

~2(p) = 5 = 2(0) @

Hesabatlar asagidaki rekurent ifads lizro yerino yetirilir:

2(t) = z[n] = 22 — g Al 3)

Daha sonra uygun sokildo operator formasinda olan coroyan funksiyast:
I(p)=E(p)/Q(p) (4)

vo onun ilkin versiyasi tapilir:

el apoq dnlgln-m]
L[n] - Tq[O] Zm—O q[O] (5)

On sonda iso gorginliyin asagidaki ifadasi toyin edilir.

Uln] =T Xh=oi[n] - z[n — m] (6)

Verilmis diisturdaki F(p), E(p) funksiyalarina ilkin va sorhad sartlorinin biitiin baglangic
giymotlori aid edilir. Homin qiymatlorin hesabati diqgoto alinan qoza vo ya planlagdirilmig
kommutasiya formalarindan tapilir. H(p) funksiyasi xottin baslangici vo sonuna qosulmus ele-
mentlarin tanliys daxil olunmasi ila saciyyavi xiisusiyyatini formalasdirir. Bu tisul ilo meyda-
na golon qovsiin hom bagslica, ham do yiiksok tezlikli qurucularina gérs yanan vo sénon forma-
larin1 tapmaq miimkiindiir. Bu nazordon kegirilon iisulun dstiin cohatlorindon biri hesab
olunur.

Hesabat mogsadilo nozordon kegirilon sxemdo transformatorlarin vo xottin tutum va in-
duktivliklari, eloco do sxemin farqli ndqtaloring toyin edilmis aktiv miigavimatlors digqgat yeti-
rilmisdir. ilkin formada aktiv miigavimatlor, xotti sxemdoki kimi sabit qobul olunur. Inteqral
cevirmolor metodunda, sorhadloyici iistlii funksiyalardan yararlanilir. Hesabata osason tortib
olunan sxemoa gora operator formasinda inteqral - diferensial tonliklor tortib edilir. Bu tonlik-
lora, goza vo ya kommutasiya voziyyatine miivafiq sokilds, tutumlarda olan ilkin gorginliklor,
induktivlikds olan corayanlar aid olunur. Ilkin oblastda baslangic sortlor biitiinlosdirilmis mo-
dellogdirici 6*(t) vo &(t) funksiyalari ilo hesablamalara daxil olurlar. Bununla da, qovsun
yanib-sonmasi vaziyyatinds baslangic sortlor nozars alinmur. Daxil olunmus ilkin gorginlik vo
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corayan qovsiin yanib-sonmasi vaziyyatindon hesablanir. Mashur nozariyyslors gors, faz cors-
yanlarmin ilkin giymatlori sifir kimi nozors alina bilar, buna sobab qovs coroyani sinusoidinin
sifirdan ke¢gmasi ilo sonmaosidir.

Tartib edilmis hesabat sxeminda corayan vo garginlik xassolorino géra operator sxemina
baxmaq mogsadouygun olacaqdir. Bu halda, operator sxeminda diizgiin sokildo doyison vo
kasilon impulslar formasinda olan gorginlik U+(p)=U.(p) va carayanlar I+(p)=I.(p) manbalari
olaraq nozors alinir.

Impuls sociyyali monboalor operator sxemino 6z amplitud giymotlori ilo aid edilirlor.
Ilkin oblasta kecid —L ganuna uygunluguna miivafiq olaraq hoyata Kegirilir. -L+ impuls
monbalardan ilkin funksiyalara ottrilmasinds L+[ 6(7)]=0 funksiyasinin kdmayi ilo impuls
monbolor operator sxemindan uzaqglasdirilir. Homin amoliyyat prosedurun fiziki osaslarina
miivafiq olur. Buna sobab, A fazasiin yerls izols olunmasindan sonra saglam fazlarin yers
gora tutumu Sy, t1 gapanma anina Kimi Us(t1) gorginliyino malik olmasidir. A fazasi yerls izolo
olundugu andan, saglam fazanin Uc(t1) gorginliyi, Uca(t1) gorginlikli fazlar arasi Cral tutumu
ilo paralel sokildo birlosir. Paralel birlosmis iki tutum arasinda ani miiddotdo gorginliklor
eynilosir vo Upys qiymato kimi ¢atir [1].

Bu gorginliyin qiymati yiiklorin balansina gors asagidaki kimi hesablanir:

U _ CrUc(t1)+Crqa[Uc(t1)—Uq(tq)
nah = Cf+Cfa

L= Ut — ke Ug(ty) ™
burada

Cox zaman Sta=(0.25+0.3)St vo k=0.2+0.25 giymatlorinds olur. Us(t1) va Ua(t1) ani
garginliklori forqli isarali qiymotlords olurlar. Sokil 3.1 hesabat sxemins osason, tam sistem
tonliyi asagidaki formada yazmaq olar. Verilmis sistem sokilli tonliklorde C"= St + Sta - EOX
moftillori va izolyasiyasinin faz v fazlar arasi tutumlarimin dmumi giymatidir.

1

1) = [pCT + (- + )] Ua®) = 2 = pCng Uy () = Py U ()

Rq 14
o1 U,(0)
() = ~pCngUalp) + (PC¥ + ) -Up(P) === = Py Up)
.1 U.(0)
Ic(p) = —pCinpUa(p) — PCinsUp(p) + (pC” + R—) Ue(p) ——
c
psing, + wcos@, pL,
U,(p) = E ( ) _u . Pla
o) = En 77t w2 (@) +1,(p) 1T R./pL.
psin(p, — 120 + ¢p) + wcos(p, — 120 + ¢,,)
Ub(p) = Em pz + w2 -
pLp
2(®) + 1.(p) 15 R, /oL,
psin(p, + 120 + ¢.) + wcos(p, + 120 + ¢,)
Uc(p) = Em pz + 0)2 -
PLc
—Up(p) + I(p) - ———
n(0) +1(p) 7 R./pL.
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Ua(®)+Up(0)+Uc(p)
Io(p) = LA ©

Xatdo bir fazli qovs qapanmasi meydana golon zaman bu tutumlar ardicil sokilds
birlosir.

R4 - parametri, qévs meydana galon zaman nozardon kegirilon sistemin neytralina torpagin
tasirina asasan aldos olunan migavimatdir. Ra, Rp, Rs, - sxemds ardicil birlogdirilmis monba
Vo transformatorun sargilarinin miigavimatloridir.

Tanliklarin ilkin oblastinda toyin olunmasina gora, iki tosvir funksiyasinin hasilinin ilkin
formaya kecid diisturundan yararlanilir. Homin ifads osason biikiilmo teoremina daxil olan
Borel inteqrali ilo tapilir. Operator formasinda tortib olunmus (8) va (9) diisturundan ilkin ob-
lasta kegid soviyyslarlo hoyata kecirilir. Bu halda Laplas ¢evirmasinin xattilik sociyyasindon
yararlanilir [1].

[lkin oblasta kegdikda, tosvir oblastinda kosr formasinda olan funksiyalar adi toplanan-
lardan togkil olunmus ifadolorin hasili kimi gatirilir. Dyuamel inteqral dsulu da, iki inteqral
alti funksiyanin hasili soklindo hesablama formalarina daxil edilir. Ancaq burada 6tiirmo
funksiyasindan téromo oldo olunur vo bu funksiya daha garisiq bir kosr formasini alir. Bu tisul
toplu parametrli sistemlordo analitik tsulla inteqrallanan funksiyalarin hesablanmasinda
mogsado uygun sokildo hoyata kego bilor. Paylanmis parametrli sistemlor vo miirokkob 6tlirmo
xiisusiyyatlori ilo saciyalonon toplu parametrli sxemlords iso Dyuamel adlanan integral 6zinu
dogrulda bilmir. Buna misal olaraq baxilan voziyyatdo g¢ox tortibli tonliklor sistemini bu
metodla hoall etmoyin ¢atinliyini gdstore bilorik. Borel teoreminin totbiqi ilo zaman oxunda
gostarilon inteqral tonlik, xatt maftilinin bir fazali qisa qapanmasi aninda yanib - sénon qdovs
foaliyyotinin hesabati vo analizi iigiin toqdim olunur. Indi ise, 8 vo 9 sistem tonliyinin
operator sxemini yaradaq. Burada Laplas ¢evirmasinin xottiliyi oldugu kimi galir. Tonliyi
biraz daha sadolosdirmak ii¢iin sag va sol torofi p-ys bélmok mogsadouygundur.

Qruplasdirdigdan sonra corayan vo gorginliyo osason asagida gostorilon tonlik tortib
edilmoalidir:

- Corayana goro.

1 1 1 U,
(p) [C“ <Rd R)] Ua(p) — Ciny[Up (p) — ()\
bo)__, i Ua®) + (€4 ) Upp) = g Vo) = ;(0)

- (10)
I 1 U,(0
2 o o a(p) = Gy U ) + (677 =) 0 — 22
Iy(p) U,(p) + Uy(p) + Uc.(p)
p 3pRy )

Gorginliklora asasan tartib edilon tonliklordo monbayin ilk fazalarinin, elocs do aktiv vo
induktiv migavimatlorinin simmetrik olmasi gobul olunur:

Lo=L,=Ls=L. (11)

Uap) _ . [PSIN@a  _wCOSPq _ﬁh@)+1(). pL
p "lp? + w?  p(p? + w?) p ) I R/L
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Uy (p) [sin(pg — 120°)  wcos(p, — 120)] U, (p) pL
——=Ep - +1,(p) -
p | p? tw? p(p? + w?) p+R/L
U.(p) sin(p, +120°)  wcos(p, +120)] U, (p) pL
=En - +1.(p)  ——
p | prtw? p(p? + w?) p+R/L
Un(p) = Uy (p) + U, (p)+U,.(p) (12)

Neytrali izols edilmis (ligfazli A, B, C) elektrik verilis xatlorinds (EVX) birfazli qovs
gapanmasi zamani garginliklorin vo carayanlarin hesablanmasi ardicilligi gostorilmisdir.

Deyilinlors asason qisa qapanmaya kimi olan simmetrik isloma sistemindo baslangic
gorginlik sifira barabar olur -Uqq(t1)=0. (8 - 12) sistem tonliyin 4-cl ifadosindon do aydin
oldugu kimi, neytral ndqtonin gorginliyi qisa qapanmadan sonra, faz gorginliyinin har birinin
ani giymotlorinin comindon toskil olunur. Hesabatlar qisa qapanmis fazanin coroyan vo
gorginliyindon baglayir. Tutaq ki, A fazasinda qovsiin yanmasi ¢, = 270° dairslorinds bir
noqtads baslayir. Onda,

Ua(t1)=-Urt;us(t1)=0.5Uf; Upay=(0.5+K)Us > us(t1).

Bu zaman yaranmis qisa qapanma noqtosindon I = 3wS; Uy inteqralin hall olunmasina
goro hesabat addimi gotirilir. Bunun idgiin 1/VLC"” -0 mivafiq zaman sabitindon

yararlanmaq miimkiindiir- T = I - VLC”. Zaman sabitini gétiirdiikdon sonra onu Ni-o bélirlor.
N1=10+20 arasinda doyison tam odoaddir, onun yardimi ilo ylksok tezlikli sarbast ragslor
grupunu hesablamagq mudmkindir. T=t/N; isarasi hesabat addimidir vo onun totbiqi ilo
inteqral ifadslorin hesablanmasi hoyata kegirils bilar [2].

A fazasinda ixtiyari zaman ligiin garginliyin qiymaoti asagidaki kimi hesablanacaqdir:

t

f 1(t — U, (t)dt = E,, [sing,sinwt + cos@,(1 — coswt)] —
0
— [J1(t = DU@®dt + L [ ig(t) - [exp(—(t — T)R/L)]'dt(13)

Hesabatlarin aparilmasi zamani asagidaki nisbi vahidlori gabul olunur:
@qa = 270° Vo sos@, =0, sing, = -1, w=1E, =1,

R, /WVQ L, :wL/W

Moxsusi tezlik hesabati:

(14)

1 1

- . . -9
\/L(Cf+Cfa) V4-9-10

Wy = = 10*/v/3.6 ~ 5200Hs

Sabit addim secildikdon sonra hesabatlar diskret parametr n-don asili olacaqdir. Bu
parametr vo yaxudda secilmis nisbi vahidlorin komoyi ilo asagidaki ifadslordon hesabat
aparilir:

Uy[n] = —(sint) —
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T ZpcoUn[n] = TR, e ialn] - exp [ () - (n = m)| -

(13) ifadssinda sag torofdoki U,, /P va

PL
P+R/L

nm_=10 Uq [n]

(15)

kimi hadlorin orijinallari, A fazasi Ugun

namoalum corayana aid olan hadlorls eynidir. Ona gors ia[n] —in hesabati ii¢iin (12) ifadasinin
birinci tonliyi totbiq edilir vo U, (t) toyin edilir. Alinan noticoys gors (12) ifadasinin birinci
tonliyini hesablamaq olar. Lakin bunun (g¢in ia [n] -nin hesablanmasinda avvalca Us[n] va
Ub[n] malum olmalidir, inteqral tonliklor nozariyyasino géro bu komiyyatlor asagidaki kimi

hesablanir:

Usln] = Ugg[n] = Ug(t) - (1= K) - e % - sos

Upn]l = Upyln] — Uy (ty) - (1 — k) - e_(T

nT)R

nT)

nT \
05 (=7 )

Bu halda hesabatlar (12) va (13) sistem tonliklarinin ikinci tonliklari ilo aparilir.
Hesabatin aparilmasinda 6(10) kV sobokolorin asagidaki parametrlori istifado
edilmisdir. Homin parametrlor codval 1-do gostorilmisdir [3].

6-10 kV soboko tgln istifads edilon hesabat parametrlori

(16)

Codval 1.
Nominal gorginlik, R L
kv qovsy mon; i
om mHn Ct, mkF Cta, mkF Riz, Om
6 0,01-1 0,2-5 1-9 0,33-3 |18-150
0,01-2,5 1-5 0,3-1 50-150
10 0,2-12

Hesabata asason gotiiriilmiis 10 kV elektrik verilis xattindo vo sobaka sxemindo, bir

fazli qisa gqapanma sisteminds qoOvsilin yanib - sonmosi miiddotinde coroyan vo gorginlik
doyismolori 5200 Hs moxsusi tezliklo hoyata kegir.

»ow

NOTICO
Neytrali izolo edilmis sobokonin birfazli qisa qapanma zamani yaranan qeyri-Stasionar
qovs proseslarinin hom toplanmis, ham do palanmis, parametrli dovralarin hallinds inteqral
cevirmalor metodu vasitasilo hesablanmisdir.

. Nozordon kegirilon soboko sisteminin strukturuna osason totbiq olunan gorginliyin

sinusoidal funksiyasina goro operator formulundan istifads edilmisdir.

Bu Usul vasitasilo yaranan govsiin ham baslica, hom do yiksak tezlikli mirokkabalorine
g0Ora yanan va s6non formalarini tapmaq miimkiindiir. Bu nozardan Kkegirilon sulun Ustiin
cahatlarindan biri hesab olunur.
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OTYET O HECTAIMOHAPHOM ITPOLHECCE AYT'M METOJ10OM
UHTEI'PAJIBHBIX TIPEOBPA3SOBAHUI

PATMMJIA U.H., TUPUEBA H.M., CYJIEUMAHOB E.E.

[Ipoueccyl HECTaMOHAPHOW AYT'M, BO3HMKAIOIIME HA BO3AYIUHBIX JIMHHUIX NEpeaadu
SHEPruy HalpsbkeHueM 6-35 kB, SBisA0TCA NOBOJIBHO pacnpocTpaHeHHOU aBapuel. IIponecc
3aMBIKaHUsI OJMHO(A3HOW AYrd KOHTPOJHMPYETCS ¢ MuUraromend ayrod. YacTto HTH cXeMbl
paccMaTpUBAIOTCS KaK CHUCTEMa IapaMeTpoB, COOpaHHBIE H3-3a TOrO, YTO OSTH CETH
BBINIOJIHAKOTCS HA MEHBIIMX paccTOsAHMX. [IOCKONBKY cHucTeMa KOPOTKMX 3aMbIKAHUI
paccUuTHIBaeTCA HMHTErPAIbHBIMU U (GEpEeHINaTbHBIMU YPaBHEHUAMH, TO HEOO0XOAMMO
oOpaTUTh BHUMaHUE Ha TPaHMIIBI U YCIIOBUS Havasia, HEOOXOAUMBIE JIJISl PELIeHHs] 3TUX 3a/1a4.
B cratee mpexacraBieHa ¢opma oT4eTa O HECTALMOHAPHOM IIPOIECCEe JAYTH METOA0M
MHTETpaIbHBIX IPeoOpa30BaHUIl.
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REPORT OF THE STATISTICAL WASTE PROCESS WITH
THE INTEGRAL CURRENT METHOD

RAQIMLI I.N., PIRIYEVA N.M., SULEYMANOV E.E.

Nonstationary conductivity process on the lines 6-35 kV. Well the process of unilateral
locking duplicate duplicate offset numbers. After all, the set is loaded with a set of constants,
the meat cycle is calibrated as the cycle parameters. As the system fails to override the
integral differential equilibrium, so do not move on the gradient and startup method, translate
into unobservable. In the form provided by the report, an integrated non-recursive process of
the method is integrated.

Keywords: unmanaged, differential, integral, point-to-point, electromagnetic, neutral, number, overlap
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EES OBYEKTLORININ TOHLUKOSIZLiYINI TOMIN ETMO
SISTEMIN EFFEKTIVLiYi

YUSIFLI R.F.

Azarbaycan Eltmi-Tadgiqat vo Layiha-Axtaris Energetika Institutu,
yusifli.revan@mail.ru

Elektroenergetika sistemlori obyektlorindeki heystin hayatini itirmasine, ekologiyanin pozulmasina va
boyiik maddi xarclore gotirib ¢ixaran ¢oxsayli yanginlar Yangin Tohliikesizliyi Qaydalarmin icrasma noazarst
metodlarmim tokmillosdirilmasini tolob edir. Yangin tohliikesizliyi Qaydalar1 avvela yanginlarm yaranma
sobablorini nozere ¢arpacaq derocodo mohdudlagdirir. Buna goro do obyektlorin yangin tohliikesizliyinin tomin
vo nozarat sisteminin effektivliyinin artirilmasi elektroenergetika sistemlori rohborliyinin vacib masolalorindon
biridir. Ogor nozoro alsaq ki, tohliikasizlik elektroenergetika sistemlorinin isinin effektivliyinin osas
xarakteristikalarindan biridir, onda yangin tohlilkesizliyinin tomin olunmasi, misal iigiin, elektroenergetika
sistemlorinin avadanliq ve qurgularmm imtinasizligl, tomirayararlilifl, uzundmirliiliiyi ve qorunub-
saxlanmasmin tominindon az omok sorfi tolob etmir. Bu istigamotds on vacib morhsalo yangm tohliikesizliyinin
komiyyatco giymotlondirilmosidir. Indiyo kimi bu giymotlondirmo keyfiyyat soviyyasindo aparilir ki, bu da
eynitipli obyekt vo miiassisolorin yangin tohliikesizliyini yaranan biitiin naticalor ilo miiqayise etmok imkanlarini
ohomiyyatli doracodo mohdudlagdirir. Yangin tohliikasi haqqinda malumatlarin ¢oxdlgiilii xarakterli olmasi vo bu
molumatlarin kigik hacmo malik olmasi sobabindon anonovi statistik tohlil metodlarindan istifads yanlisdir. Bu
moqalo mohz yangin tohliikesinin qiymotlorinin  miiqayisesi metodlariin islonib hazirlanmasma hosr
olunmusdur. Imitasiya modellosdirilmosing, fiduasial yanasma vo statiki farziyyolorin sinanmasi nazoriyyasind
osaslanan yeni miiqayiso metodu toklif olunur

Acar sozlar:yangm tohliikesizliyi, komiyyatco qiymotlondirmo, miiqayiso, effektivlik, fiduasial interval,
forziyyslorin yoxlanmasi, meyarlar.

Terminlor, anlayislar, faktlar. Yangin tohliikkasi — yanginin saoboblorinin artmasina
sorait yaradan hadisa. Yangmn tohliikkosi Yangin Tohliikasizliyi Qaydalarinin (YTQ)
pozuldugda yaranur.

Yangin tohliikasizliyi - YTQ pozulmalarinin olmamasidir.Bu anlayis birmonalidir va o
keyfiyyato malik deyil. Elektroenergetika Sistemlori (EES) obyektlorinin yangin tohliikasiz-
liyinin tomini EES-in tohliikosizliyinin vacib masalorindon biridir.

EES obyektlorinin faktiki xidmat muddotini agsmasi, texniki xidmat va tomir sisteminin
normativliyi vo doyismomozliliyi yanginlarin yaranma ehtimalinin artmasina gotirib ¢ixarir.
EES obyektlorindo bdyiik yanginlar oksor hallarda soyuq vaxtlarda bas verir ki, bu zaman
onlar boylk yuklanms ilo islayirlor [1]. Elektrotexnika kompleksindaki yanginlarin timumi
saymin 36,5%-ni transformator yarimstansiyalarinda bas vermis yanginlar toskil edir. Elektrik
qurgularindaki yangin hallarinin 43%-i qisaqapanma, 33,5%-i xarici manbodon qizma, 12%-i
iSo artiq yiiklonmo naticasinds bas verir [2].

1.Moasalonin qoyulusu. EES-in yangin tohliikkosizliyino nail olmaq boylik soyloro
baxmayaraq “xos arzu” olaraq qalmaqdadir. Heyatin travma almasina vo hoyatini itirmasina,
ekologiyanin pozulmasina vo bdylik maddi xorclora sobob olan ¢oxsayli yanginlar bunun
tosdiqidir.

Xatirladaq ki, energetikada tohliikasizlik isin effektivliyinin osas xarakteristikasina
aiddir [3]. Bununla bels, ogor imtinasizliq, tomiroyaraliliq, uzunomiirliiliik, vo qorunub
saxlanman kimi xiisusiyyotlorin hom metodiki, hom do molumat baximindan komiyyatco
qiymatlondirilmasi artiq bdyiik cotinliklor yaratmasa da yangin tohliikesizliyinin do daxil
olmagla tohliikesizliyin qiymotlondirilmosi ovvalki kimi keyfiyyotco xarakterizo olunur.
Olbotto, heyatin holak olmasi haqqinda olan molumatlar osasinda yangin tohliikasinin
komiyyotco qiymotlondirilmosi cohdlori molumdur. Ancaq bu, bizim fikrimizco yanlisdir,
c¢linki faciovi yangin hadisoalorinin 6zii yolverilmozdir.
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Qeyd etmok lazimdir ki, misal igiin, obyektin avadanliq vo qurgularinin tomiro
yararliligint vo uzundmiirliiliiyli vo obyektin yangin tohliikkesizliyini tomin edan heyatin
sayinda vo xorclordo ciddi forq var. Vo bu o soraitdo ki, energetikada tohliikosizliyin
pozulmasinin naticalorinin niimunalari bu hadisalarin yolverilmazliyins sahidlik edir.

Bu giin do, illor avval oldugu kimi, tohliikssizlik Qaydalarinin icrasini yoxlayan sébonin
miifattislori tasdiq edilmis cadvals va segmo Qaydalar siyahisina uygun olaraq, enerji sistemin
biitin miiassisolorindo onlarin icrasina dair illik monitoringlor aparirilar. Yoxlamanin
naticaloring asason tohliikasizlik Qaydalarinin agkar edilmis pozulmalarinin oksini tapdig akt
tortib edilir. Burada pozuntularin aradan qaldirilmast miiddoti do gostorilir. Tohliikosizlik
Qaydalarinin pozulmasinin tohlili onlarin ¢ox sayda olmasi, zohmot tolob etmosi, boyiikliiyt
vo eynitipli obyektlorin tohliikesinin miiqayiso vo siralamasi imkanini yaradan metodiki
gostarislorin olmamasi sababilo aparilmir.

Asagidaki aksioma asasinda hor bir YTQ-nin nozars almasi toklif olunur:har bir yangin
tahliikasizliyi Qaydasinin pozulmas: yanginmin sabablorinin artmasina gatirib ¢ixarir. Qayda
pozuntularinin sayt na qadar ¢ox olarsa yangin tahliikasi bir qador artir.

Eyni zamanda, obyektlorin YTQ pozuntularinin say1 obyektin yangin tohliikasinin kimi
xidmot edir. Oz ndvbasinde, hor bir konkret Qaydadan Qayda pozuntulari saymna kegid,
yangin tohliikosizliyino nozarot sisteminin doyismosino sobob olur. ©Ovvola, se¢monin
hacminin osaslandirilmast vo icrasina nozarst iiclin EES obyektlori {igiin fordi Qaydalar
secmosinin avtomatlagdirilmis formalasdirilmasina kegid [4], eloco do, eynitipli obyektlorin
vo miiossisalorin yangin tohliikesinin avtomatlagdirilmis miiqayisasi vo onlarin siralanmasi vo
qruplasdirilmast toklif olunur.

Bu mogalodo Qaydalarin pozulmasi ehtimalinin giymatlondirilmosinin tohlilinin bozi
masalalarini nozardan kegirocoyik. Moahz:

— muoyyan edilmis pozuntularin verilmis xiisusiyyatloro goro tosnif edilmasinin
moagsadouygunlulugu;

— EES obyektlorinin yangin tohlUkasi voziyyati barodo forziyyslorin yoxlanilmasi
meyarlari;

— yangin tohllkasi ehtimalinin giymatlondirilmasinds fidusial intervalin giymatlondiril-
mosi;

— obyektin, misassisonin vo EES idarssinin yangin tohlikasinin komiyyatco qiymaot-
londirilmasinin mugqayisasi.

EES-do hor bir yangin hadisasinin tohlilinin shamiyyatini he¢ bir sokilde azaltmadan,
tovsiyo olunan yanasma EES idarosinin eynitipli miiossiss va obyektlorinin yangin
tohliikesinin obyektiv siralanmasini aparmaga imkan verir. Naticodo on bdylik yangin
tohliikasi olan obyektlori vo miiossisoloriayirmaq miimkiindiir. Askar olunmus pozuntularin
osas olamotlori do az shamiyyatli deyildir. Misal {igiin, yiiksok gorginlikli elektrik sobokolori
idarasi tiglin bu slamatlors aiddirlor: obyektlordoki transformatorlarin (avtotransformatorlarin)
say1, gorginlik sinfi va s.

Bundan basqa nozoro almaliyiq ki, EES idarosino vo miiossolorin masul icragilar
olduglar1 YTQ-lorin pozulmasi eynitipli obyekt vo miiassisalords Qayda pozulmalariin
imumi sayinda daimi toskiledicini miioyyanlosdirir. Siralamanin naticolori doyigsmass do
bununla bels o daha aydin goriiniir.

Yuxarida gostorilon miixtolif olamotlorin intiutiv tosiri basa diisiilondir. Hoqigoton do,
transformatorlarin (avtotransformatorlarin) say1 no qodor ¢ox olarsa, 6l¢ii corayan va garginlik
transformatorlarinin vo yag acarlarinin sayr no qodor ¢ox olarsa yangin tohliikosi do bir o
qader ¢ox olar. Yarimstansiyanin gorginlik sinfi no qador yiiksokdirsa, bu avadanliglarda olan
yag hocmi do bir o godor yiiksokdir vo yangin tohliikosi do o godor yiiksok olar. Ancaq bu
ortalama qanunauygunluqglardir. Onlar ki¢ik hacmli ¢oxdl¢iilii melumatlarin digor amillare vo
digor qanunauygunluqlara giiclii tesirin mdvcudlulugunu istisna etmirlor. Ustolik se¢gmolorin
kicik hocmi yangin tohliikesinin miiqayisoolunan qiymotlori arasinda  tosadiifi
uygunsuzluqglara gotirib ¢ixara bilor. Buna goro do, YTQ pozulmalarina dair statistik
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molumatlarin tosnifatlagdirilmasinin moagsodosuygunlulugunun qiymstlondirilmosi tigiin iisul
va meyarlarin iglonib hazirlanmasi bu qoador vacib va aktualdir. Kompyuter texnologiyalarinin
totbiqi, metodoloji dastoyin avtomatlasdirilmasina vo obyektivliliyin artirilmasina imkan
yaradir.

2. Yanginlarin yaranma tdhliikasino goro miiassisonin eynitipli obyektlorinin
qruplasdrilmasi.

2.1. Moévcud tahlil metodlari.Miisssisonin eynitipli obyektlorindo orta hesablail

orzinda X; YTQ pozulmalarinin tezliyi

Mip v1

T ;
Z n Mip.v 7\,*

Jii
7\’* =1 i=l

. Mib,vl'T’Nv B i=1 MTb,

diisturu ilo hesablanir vo tosadiifi xarakter dasiyir. O, hom sokkiz obyektin har birindo YTQ
pozulmalarinin  tezliyinin qiymotindon hom do, qurasdirilmis transformatorlarin
(avtotransformatorlarin) sayindan, gorginlik sinfindon vo balke do digor miixtalif alamatlor
iiclin qiymotlordon asili olaraq forglonirlor. Bu baximdan iki masalo maraq dogurur:

1) oldo olan statiki molumatlar ti¢clin onlarin miixtolif verilmis vo ya toyin edilmis
olamatlora gora tosnifatlagdirilmast no qodor magsads uygundur;

2) verilmis bir sira biitiin miixtolif olamotloro goéro statik molumatlar moacmusunun
tosnifatlagdirilmasi no gqador mogsads uygundur.

Birinci masalo slamatin hor ndviina goéra YTQ pozulmalarmin tezlik qiymatlorinin
miiqayisosindadir. Ogor misal {igiin, alamotin miixtolifliliyinin say1 (p) ikiyo borabordirso,
onda bu masolo malumdur, onun komiyyat halli bir sira islordo gostorilmisdir [5,6 vo s.]. Hall
birlosmis slamatlor cadvalina asaslanmisdir, irihacmli va tolob edondir. Bu ¢atismamazliglar
olamatlorin miixtolifliliyi sayr p>2 olduqda o6ziinli gostorir. Hesablama alqoritmini
optimallasdirsaq da eyni sokilds bu problemin praktiki holli ¢ox ¢otindir. ©gor nozors alsaq
ki, slamaotlorin miixtalifliliyinin ¢oxdl¢iilii malumatlarin tosnifatinin hor morhslssinds doyisir
vo yenidon tokraron giymsotlondirilmalidir, onda bu maosalonin hallinin ¢atinliyi aydin olur.

Ikinci mosalo molumatlarin tosnifati zamani yaranir vo Oz tortibati ilo forqlonir.
Molumatlar macmusu {izro hesablanan YTQ pozuntularinin tezliyinin ortalama giymati yoni,

7»*“ vo verilmis miixtolif olamotlor {izro molumatlarin tosnifatlagdirilmasindan sonra
hesablanmis (7»? j) har bir obyektin YTQ pozulmalarinin tezliyinin qiymsati ilo miigayiso

olunur. Bu masalonin qoyulusu vo halli [7, 8, 9 vo s.] nozordon kegirilmisdir.

Asagida yuxarida gostorilon masalolorin har birinin hollinds istifads edilo bilon yeni bir
usuldur.

2.2. Tovsiya olunan metod. YTQ pozulmalarinin tezliyinin qiymatlorinin miiqayisasi
ilk novbado bu vo ya diger forziyyonin gobul edilmosi meyarinin formalagdirilmasini tolob
edir.Asagidaki forziyyolora (H) nazar salaq:

H=Ho,ogorh, u A, - tosadiifon forglonirler
H=Hi, ogorA: <A - uygunsuzlug tesadiifi deyil Q)
H=H,, ogor A, >A. - uygunsuzlug tesadiifi deyil

Burada «=> » indeksi uygunsuzlugu gostarir.
Forziyyonin yoxlanmasinin névbati meyar1 toklif olunur:
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agar\; < A———>oks halda A >

\G) 7»: < A, ,onda H= Hioks hf%llda, ogar 7»; <A;, onda H=H> 2

m,o 2

oks halda H= Ho oks halda H :>i Ho

Burada XIO o - Mo obyektlorinin statistik molumatlari mocmusundan hesablanmis YTQ

pozulmalarinin tezliyinin qiymeti “transformasiya olunmus” (1) fidusial intervalinin asagi
sorhaddidir. “Transformasiya” ndvbaeti ¢cevrilma yolu ilo aparilir.
Ogor nazars alsaq ki:
— konkret i-ci obyekt tigiin YTQ pozulmalarinin tezliyi asagidaki ifado asasinda toyin
olunur:

x::ini,j/(o'Nv):ni/Ni,Tl ©)

burada nij — YTQ pozulmalarinin toyin olunmus sayi, i-ci obyektindo , j-inci ilde, T —
miisahido illorinin sayi, Ny — Qaydalarin nazarat se¢malorinin say1, Nijt—T miisahido ili
orzinds i-ci obyektin yozlanilan Qaydalarinin cobri comidir.

— eynitipli Mgyobyektlorinin macmusu tigiin YTQ pozulmalarinin tezliyinin orta qiymoti
borabordir:

| ip I T

7‘: 227‘: ZZ‘,Z”LJ‘/(\I ib 'T'Nv): n; /(Mib'o' Nv) (4)

i= i=l j=

Kw " R - fidusial intervalin yuxar1 vo asagi sorhadlorinin qiymatloridir.

k; giymatinin transformasiyasi asagidaki ifado osasinda aparilir:

ogor; <A, ,ondax; =1 ={INT[n, /1 ,,]+1}/N,, (5)
ogorA; >A ondai; =2 ={INT[n, /I ,]}/N,,

Meyarin 0Oziiniin sadslogdirilmasine verilmisa-da YTQ pozulmalarinin tezliyinin fidusial
intervalinin 6l¢ilisii nozors alinmagqla nail olunmusdur.

Qeyd etmok lazimdir ki, glivon vo fidusial intervallarin fiziki menalart kokiindon
forqlonirlor. Gilivon intervali tosadiifi doyisonlorin imumi bir macmusunun moévcudlugunu va
gostoricinin  haqiqi  doyerinin xilisuson YTQ pozulmalarinin tezliyini vo miioyyon bir
ohomiyyati olan o-no ehtiva edir yoni, onu bu ciir hesablama hallarinin 10%(1-0)% -do onu
ohato edir.

Imitasiya modellosdirmosi YTQ pozulmalarmin tezliyinin qiymatinin tosadiifi doyison
miimkiin realizasiyasini aldo etmays imkan verir. Paylama ganunu molumdursa, giivon va
fidusial intervallarinin sorhod qiymotlori “mexaniki” sokildo ist-listo diisiir. Gostoricinin
paylanmast ganunu molum deyilsa (misal iiclin, kompleks) vo onun giivon intervali bozi
forziyyalor {iglin hesablanir (misal tgilin, gostoricinin paylanmasinin normal ganuna
uygunlugu), onda giivan va fidusial intervallarin sorhad qiymatlori forglonacakdir.

Sonda qgeyd edirik ki, YTQ pozulmalarinin tezliyinin miiqayisali qiymatlondirilmasinin
sinaq saylar1 arasindaki forqin “transformasiya” ilo aradan qaldirilmasi tovsiye olunan
metodun hall olunan masalanin néviindan azad edir.

YTQ pozulmalarmin iki tezliyi arasindaki uygunluzlugun tebiotini qiymstlondirmok
iiclin alqoritmin blok diaqrami sokil 1-do gdstorilmisdir. Algoritmin asanlasdirilmasi iigiin
N1<Nzsorti qabul edilir, burada N — yoxlama Y TQ-nin sayidir.
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[lkin verilonlor
n1; N1; n2; N2

n; =INT[A;-N,] ny =INT[A;-N,]
wl:n;/Nl }\‘lenZ/Nl
A 4 \ A 4
hesabat A, hesabat A, hesabat A, hesabat A,
l ) (
A <AS A <Ay, Ay Shy,
: / A
9
H=H: H=Ho
yox —yox—>| “—Hhs3

F 1

Sok.1. Iki YTQ pozulmalarinin tezliklorinin miigayisosinin alqoritminin boyiidiilmiis
blok-sxemi.

NITICO

1. Yangm tohliikesizliyi gaydalari nlimunosindo Tohliikosizlik Qaydalarinin icrasinin
yoxlanilmasinin naticolarini tohlil liglin movcud metodlar miisyyon bir obyeklo mohdudlasir.
EES-in eynitipli obyektlorinin Enerjisistemin idarasinin eynitipli miiassisolorinin tohliikasinin
hor idaronin vo EES-in biitovliikdo tohliikesizliyi soviyyasinin giymatlondirilmasi m&éveud
deyil;

2. Biitlin bunlar tohliikesizliyin tomini tlizro soylori ohomiyystli doracods azaldir.
Imtinasizligin, tomirayararhiligin  vo uzundmiirliiliiyiin tomini xorclori nozers carpacaq
dorocado tohliikesizliyin tomini xorclorini Ustoloyir. Tohliikesizlik Qaydalarina omal
edilmomasi yolverilmoz noticoloro sobab olur — heyotin travma almasi, holak olmasi,
ekologiyanin pozulmasi, bdyiik xorclor;

3. Tohliikesizlik Qaydalarmin icrasina nozarstin effektivliyinin artirilmasi eynitipli
obyektlor {i¢lin eyni yangin tohliikosizliyi Qaydalar1 segmasindon hor eynitipli obyekt {i¢iin
fordi se¢molorin modellasdirilmasing kegid talab edir.;

4. Mixtoli olamotloro goro yangin  tohliikasizliyi  pozulmalarimin  tohlilinin
tosnifatlagdirilmasina kompyuter texnologiyalari ilo kegid zoruridir;

5. Askar edilmis pozulmalarin tezliyini miigayise etmak {i¢iin yeni metod hazirlanmigdir
ki, bu da enerjisistemin eynitipli obyekt vo miiossisolorini siralamaqla yanagi tohliikosizlik
xarclarini do minimuma endirmays imkan verir.
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IOPEKTUBHOCTDb CUCTEMBbBI OBECIIEYEHUA
BE30OITACHOCTHU OBBEKTOB 23C

IOCHDJIN P.D.

MHOT0YHCIICHHEIC MOXXaphbl Ha o0BeKTax SJICKTPOSHEPICTUICCKUX CHUCTEM,
NPUBOAAIIME K THOETN NMEepCcoHaja, K HapyLICHHIO SKOJOTHUM M OOJBIIMM MaTepUalIbHbIM
3aTparam, TpeOYIOT COBEPIIICHCTBOBAHMS METO/I0B KOHTPOJISI BhINoJaHEeHUs [IpaBuit nmoxxapHou
6e3onacHocTy. [losToMy noBelieHHe 3((EKTUBHOCTH CHCTEMbI KOHTPOJS M oOecredeHus
MOXKapHOW  0€30MacHOCTH OOBEKTOB  SIBIISICTCSI  BaKHEWIIEW 3amadeil  pyKOBOJCTBA
3JIEKTPOIHEPIeTUYECKUX CUCTEM. A €CJIM y4yecTb, UYTO 0O€30MacHOCThb SIBISETCS OAHOM W3
BOXHEUIINX XapaKTEPUCTHK I(P(PEKTUBHOCTH PAaOOTHI AIIEKTPOIHEPTETHUECKUX CHCTEM, TO
obecrieueHHe NOXapHOW Oe30macHOCTH TpeOyeT He MEHBIIMX YCWIMH, uYeM, Hampumep,
obecrieueHne OE30TKa3HOCTH, PEMOHTONPHUIOJHOCTH, JOJITOBEYHOCTH M COXPaHSIEMOCTH
000pyJIOBaHUSI U YCTPOWCTB 3JIEKTPOIHEPreTUUECKHX CHUCTEM. BakHeHmmm 3Tamnom B 3TOM
HAIpaBJICHUU ABJIACTCA KOJIMYCCTBCHHAA OLICHKA HO)K&pHOﬁ OIIaCHOCTH. ,}10 CUX IIOp 3Ta
OLICHKa IIPOBOAMTCS HAa KAYECTBEHHOM YPOBHE, 4YTO CYIIECTBEHHO OIPAHUYUBAET
BO3MOXHOCTH CPAaBHCHUA HO)KapHOfI OIIaCHOCTH OJHOTHUIIHBIX 00BEKTOB U HpCI[HpI/ISITI/If/'I CcO
BCEMHU BBITEKAIOLUIMMH OTCIOJA MOCIECACTBUAMU. BBUy MHOTOMEPHOIO XapakTrepa CBEICHUN
(0) HO)K&pHOfI OIIACHOCTH M MAaJIoro o0beMa DdTHX AAaHHBIX, MPUMCHCHHUEC TpaJUIIMOHHBIX
METOJIOB CTaTUCTMYECKOr'0 aHaju3a OmuOouHOo. VIMEeHHO pa3paboTke METOJ0B CpaBHEHMS
KOJINYECTBCHHBIX OICHOK HO)KB.pHOﬁ OIIaCHOCTH H IOCBAIIICHA HacToAIlasA CTaTbhi.
IIpennaraercs HOBBIII METOJ CpPaBHEHUS, OCHOBAHHBIM HAa MMHUTAallMOHHOM MOJCIIMPOBAaHUH,

buayanuaabHOM TOIX0/IE M TEOPUU TPOBEPKU CTATHCTUICCKUX TUTIOTE3.
KiioueBble cioBa:nokapHas O€30MacHOCTb, KOJIMYECTBEHHAs OlIEHKA, CpaBHEHHE, d(P(EeKTHBHOCTB,
GuIynuaIbHBII HHTEPBAJ, TPOBEPKA IPEIOJI0KEHUH, KDUTEPHH.
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EFFICIENCY OF THE SYSTEM OF SUPPORT SAFETY
OF OBJECTS OF EPS

YUSIFLI R.F.

Numerous fires on objects of the electro power systems, leading to ruin the personnel,
to infringement of ecology and greater material inputs, demand perfection of a quality
monitoring of performance of Fire prevention rules. Fire prevention rules, first of all,
essentially limit consequences of occurrence of fires. Therefore, increase of a system
effectiveness of the control of fire safety of objects is the major problem of a management of
electro power systems. And if to consider, that safety is one of the major characteristics of an
overall performance of electro power systems maintenance of fire safety demands not smaller
efforts, than, for example, maintenance of non-failure operation, maintainability, durability
and a retentivity of the equipment and devices of electro power systems. The major stage in
this direction is the quantitative estimation of fire danger. Until now, this estimation is spent
at a qualitative level that essentially limits opportunities of comparison of fire danger of the
same objects and the enterprises with all consequences following from here. In view of
multivariate character of data on fire danger and small volume of these data, application of
traditional methods of the statistical analysis wrongly since here. Present clause also is
devoted to development of methods of comparison of quantitative estimations of fire danger.
The new method of comparison based on imitating modelling, fiducially the approach and the
theory of check of statistical hypotheses offered.

Keywords:fire safety, a quantitative estimation, comparison, efficiency, fiducially interval, check of
assumptions, criteria.
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MUOSLLIFLORIN NOZORINO

1. Umumi gaydalar.
“Energetikanin  problemlori” “jurnalinda energetikanin kompleks problemlori,

elektroenergetika, istilik energetikasi, elektrofizika, elektrotexnologiya, informatika vo yeni
texnika saholorino hosr olunmus elmi-texnki moqalolor dorc edilir, eyni zamanda cari xronika
da verilir.

Jurnalin asas mogqsadi yiiksok elmi keyfiyyat kriteriyalarina cavab veran orijinal elmi-

texniki maqalolorin dorc edilmasidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktoblor, iimumiyyotlo elmi

hayatda corayan edon hadisalor hagqinda molumatlar1 da dorc edir.

Redaksiya heyoti, bu vo ya digor soboblordon, jurnalin toloblorini tomin etmoyon

magqaloalori dorc etmoamaok hiiququnu iiziinds saxlayir.

2. Mbagqaldlorin taqdim edilmasi.
Biitiin mogalolor asagida qostorilon linvana, jurnalin redaksiyasina gondorilmalidir:

Azarbaycan, Az-1143, Baki, HuseynCavidprospekti, 33
AzarbaycanMEAFizikalnstitutu
Tel.: (994 12) 539 — 41 - 61; (994 12) 539 — 44 - 02; Faks: (994 12) 447 - 04 -56

E — mail : arif @ physics.ab.az ;
Mbosul katib Qurbanov Kamil Baxtiyar oglu.

3. Maqalalarin matninin dili.
Mogqalslor azorbaycan, rus vo ingilis dillorinds gobul edilir. Respublika miislliflarinin

moqalolori yalniz azorbaycan vo ya rus dillorinds, yaxin xarici 6lkolordon olan miislliflorin
magqaloalori yalniz rus dilinda, uzaq xarici 6lkelorin miislliflorinin maqalalori iss yalniz ingilis
dilinds gobul edilir.

4.1.

4.2.

4.3.

4. Maqalolarin tirtib edilmasi qaydalar.

Magqalalar, jurnalin redaksiyasina disket toqdim etmokls, fordi kompyiiterds, A4 formath
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm mosafo ilo, Times New Roman 12 sriftinde yazilarasq, 1 niisxado, sotir aralif1 1
interval olmaq sortilo ¢ap edilorok, qosulmus CD disk ilo toqdim edilir.

Mogalslorin timumi hocmi, grafiki materiallar, fotolar, cadvallor, diisturlar, adabiyyatin
siyahis1 vo xiilasalor do daxil olmagqla 8 sohifodon yuxari olmamalidir.

Mogqalslorinin birinci sohifasinin sol kiinciindo Universal onluq tosnifati (UOT) tizro
indeksi gostorilmalidir. Sonra 1 interval asagidan, qalin va bdyiik hariflorlo moqgalonin
ad1 yazilir. Sonra 1 interval asagidan, qalin vo boyiik horiflorlo muellifin (muslliflorin)
soyadi, ad1 vo atasinin adinin bas hariflori yazilir. 1 interval asagidan moqaloni toqdim
edon togkilatin adi yazilir. 1 interval asagidan, moqalonin matninin diline uygun olan,
hacmi 10 satirdon ¢ox olmamagq sortilo, 10 srifti ilo cap edilon xiilase, agar siizlor (5-6
s0z), maqalonin asas matninin Oniinds verilir. Sonra 1 interval asagidan mogalonin osas
motni 12 srifti ilo ¢ap edilir. Bilavasits moqalonin matninin davami olaraq, he¢ bir
basliq vermodon, yalniz 20-25 simvolluq xott ¢okorak, say sirasi ilo istifade edilon
odabiyyatin siyahis1 verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis
dillorinds olan xiilasalor vo agar sozlor (10 srifti ilo ¢ap edilorak) verilir. Mogalonin
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moatninin sonunda, alago telefonlari, telefakslar vo E — mail-1 gstormaklo, miialliflor
maoqaloni imzalayirlar.

4.4. Moqalonin qrafiki materiallari, fotolar, codvallor, diisturlar motno uygun yerlords
yerlosdirilmolidir. Qrafiki materiallarin sorhino aid olan yazilar mogalonin motnindo
verilmalidir. Qrafiki materiallarda adodi va ya harfi isarslor gostarilorak, uygun izahatlar
matnin igarisindo verilmolidir. Qrafiki materiallarin asag1 hissosindo say siras1 verilir vo
ad1 yazila bilor (misal ii¢lin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say sirast geyd edilmokla, orijinalin dilinds verilir. Miislliflorin soyadi, adi
vo atasinin adi1 kursivdon istifado etmoklo yazilir. ©dobiyyatin siyahisi asagida verilon
niimunalor {izrs tortib edilir.
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Energetikanin problemlori ¢ Ne2 e 2020 e IIpoGsieMbIIHEPreTUKU

K CBEAEHHIO ABTOPOB
1. O6mme npaBua.

B xypnane “IIpoGiieMbl DHepreTuku” MyOJUKYIOTCS HAyYHO - TEXHUYECKUE CTAaThH B
00JacT KOMIUIEKCHBIX MpPOOJEeM SHEPreTHKH, 3JIEKTPOIHEPreTHKH, TEIIOIHEPTreTHKH,
3JIEKTPO(U3UKH, HIEKTPOTEXHOJIOTUH, MHPOPMATUKU U HOBOM TEXHHUKH, a TAKXKe MPUBOIUTCS
TEKyIasi XpOHUKA.

OCHOBHOH 1LIETIBIO JKypHAJIa SIBJISETCS MyOJMKalMsg OPUTMHAJIBHBIX HAyYHO-TEXHHYEC-
KHMX CTaTel, OTBEYAIOLIMX TPEOOBAaHUSAM BBICOKOTO HAYYHOI'O KayecTBa.

B xypHane npuBoasTcs cBeneHus o pabore KoH(epeHIUH, CHMIO3MYMOB, Pa3IMYHbIX
HAy4YHBIX IIKOJI, a TAKXKE 00 MHTEPECHBIX COOBITUSAX, IPOUCXOIALINX B HAYYHOM MUPE.

Penaxiust coxpansieT 3a co0oii paBo He MyOIMKOBAaTh MaTepuasbl IO TEM WJIW HHBIM
[IPUYMHAM, HE Y/I0BJIETBOPSIOLIUM TPEOOBAHUAM KypHAJa.

2. Ilpencrasiienue crareit.
Cratbu TOJDKHBI OBITH IPE/ICTABJICHBI B PEAAKIIUIO )KYpHAJIA 10 CJIEAYIOLIEMY aJpecy:

AzepbOaitkan, A3-1143, baky, mip. I'. IxaBuna, 33
HNucturyr ®usukn HAH AzepOarimkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®axc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OtBeTcTBeHHBIN cekpeTaps - ['ypbanoB Ksamuinbs baxtusip orisl.

3. sI3bIk cTaTeii.

CraTbu MPUHUMAIOTCS Ha a3epOaiHKaHCKOM, PYCCKOM U aHTJIMMCKOM SI3BIKaX, IPHYEM
CTaThbU aBTOPOB U3 A3epOaiikaHa TOJKHBI OBITH MPEACTABICHBI HA a3epOail’KaHCKOM WU
PYCCKOM si3bIKax, cTaTbu aBTOpOB U3 cTpad CHI' - TOIBbKO Ha pyCCKOM SI3BIKE, CTATHhU AaBTOPOB
U3 JaBbHET0 3apyOesKbs - TOJIBKO Ha AHTJIMHCKOM SI3BIKE.

4. IpaBuaa opopmiienus crarei.

4.1. B pemakiuio >xypHaja MpeACTaBIsSIOTCS CTaTb, HAOpaHHBIC U HAIllEYaTaHHBIE B OJJHOM
IK3EMIUIApPE Yepe3 OJIMH MHTEPBAT Ha MEPCOHAIBHOM KOMITBIOTEpE, Ha Oenoi Oymare
dbopmata A 4, mpudtom Times New Roman, pasmep mpudra 12, a Takxke
npeacTapisieTcss B AeKTpoHHOM Buae Ha CD mucke. Ilonst cBepxy U CHUBY - 2 cM,
cleBa u cipasa - 2,5 cMm.

4.2. O0beM cTaThbHHE JODKEH MPEBBIIATH 8 CTPAHUII, BKIOUYas TpaduuecKue MaTepHuabl,
¢doro, Tabmuipl, HOpMYIIbI, CIIUCOK JTUTEPATYPbI U AHHOTALINH.

4.3. B BepxHeM JIEBOM YIIIy MEpPBOW CTpaHUIIBI CTaThU yKasbiBaeTca nuaekc Y K. Uepes 1
MHTEpBaJl HUKE IOMENIAETCsl Ha3BaHUE CTaThU )KUPHBIM M 3ariaBHbIM mpudToM. Yepes
1 unaTepBan nomeniaercs pamunus (HaMuIInm), 1 UHUIHAIBI aBTOPa (aBTOPOB) KUPHBIM
1 3arnaBHbIM mpudToM. Uepes 1 nHTepBan ykas3plBaeTCsl HAMMEHOBAHUE OpraHU3alllu.
UYepe3 1 mHTEpBaJ MOMEIIAETCSl aHHOTAIMs Ha SI3bIKE cTaThl 0ObeMoM He Oosee 10
CTPOK M KitoueBble cioBa (5-6 cmoB) mpudrom 10. YUepe3 1 mHTEpBaN MOMENIaeTCs
OCHOBHOE cojiep)kaHue cTatbu mpudrom 12. B KOHIIE OCHOBHOTO TEKCTa CTaThH
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4.4.

NPOBOAUTCS Tpoyepk anuHOW 20-25 CHMBOJIOB, IOCJIE YEro MOMENIAETCS CHHCOK
auTepaTypsl 0e3 Kakoro-muO0 Ha3BaHHS, B TOPSIKE HyMEpalldd CCHUIOK B TEKCTE
crateu. [locie storo uepe3 1 MHTEpBan MOMEINAIOTCS AHHOTAIMM HA JBYX JAPYIHX
SA3BIKaX — PYCCKOM (WJIM a3epOaiipkaHCKOM), aHTJIMHCKOM M KIItO4YeBbIe cioBa (5-6
cioB) mpudTom 10.

B camoMm KoHIIe CTaThbM MOMEMIAIOTCS KOHTakTHBIE TenedoHsl, pakcel m E — mail, a
TaKKe TMOJIMICH BCEX aBTOPOB.

I'papuyeckne  marepuansl, (oro, TaOaUIKEL,  (GOpMYJTbl  TOMEIIAIOTCS B
COOTBETCTBYIOLIMX pa3zeniax TekcTa craTbu. Haammcu, oTHOcsmmecs K rpadguyeckum
MaTepuasiaM, IOMEINAIOTCs B TEKCTE cTaTbU. B rpaduyeckoM MaTepualie yka3bIBalOTCS
OyKkBeHHBbIC M IU(PPOBBIE 0003HAYCHMSA, & UX KOMMEHTapHUU IOMEIIAIOTCS B TEKCTE
cTaTbu. B HMKHEW yacTu rpauueckoro Marepuana yKa3blBA€TCs HOMEP U MOXKET
yKa3bIBaThCS Ha3BaHUE MaTepuaina (Hamp., Puc.3. Cxema ycTaHOBKH. . ..)

4.5. Cnucok UMTUPOBAHHON JIUTEPATyphl NPMBOJUTCS HA A3bIKAX OpUIHHANIOB. DaMuiuu u

WHHIIMAIB aBTOPOB TedYaTaroTcsi KypcuBoM. CHHCOK JuTeparypbl o(OpMIISETCS O
00pa3iry, IpUBEJCHHOMY HIKE:

Kuourn

1. Pasesue /[.B., Cokonosa M.B. Pacuer HadaJbHBIX U pa3psAOHBIX HANPSIKEHUI Ta30BBIX
npoMexxyTkoB. M.: Dneprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Kypnaabl

3. Aeanos B.I'., Pazesue J[.B. // DnextpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Ansaxosapos O.3. /| duznuka-1999-Ne 3- ¢.44-49.

HeHOHI/IPOBaHHbIe PYKOIIUCH

5. Usanoe JI.I1. M., 1985. 40c. - len. 8 BUHUTU 25.10.85, Ne19233.

JAuccepranumn

6. Ilempos B.I. [uc. xaun. ¢us.-mar. Hayk. JI.: HHCTUTYT BBICOKOMONEKYISPHBIX
coenuHeHui, 1985.
7. Cuoopos H.B. [luc. n-pa xum. Hayk. HoBocuOupck: Uucturyt Xumuu, 1979.

ABTOpCKl/Ie CBUACTCJIbBCTBA U NATCHTDI

8. Anues C.I"., /[cananos K.X. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50
9. Ilat. 3386968 CIIIA // PXX. ®U13. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L.Pat. 4759776, USA, 1988.

Kondepenmum, cumMno3nymsl

11. Meoseoes I1.T. // Tes. noki. 111 Bececoros. Cosent. mo mpoOiaeMaM SHEPTETUKH.

JI.: U3n. JITIN, 1984, ¢.30.
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FOR THE ATTENTION OF AUTHORS
General Rules.

The Journal of Electric Power is dedicated to publicize scientific research articles
reflecting the current problems in the electric power systems, heat transfer, technology and
information technology, and digests.

The main purpose of the Journal is publishing of the original scientific articles, meeting
high quality requirements.

The journal also informs about the results of conferences, seminars, various scientific
schools, and the events taking place in the scientific society.

The editorial board reserves the right not to publish the submitted documents, which for
various reasons do not satisfy the requirements of the Journal.

Submission of the papers.
The papers must be submitted to the editorial body at the following address:

Azerbaijan, A3-1143, Baku, pr.G.Javid, 33
Institute of Physics of the National Academy of Sciences of Azerbaijan
Tel: (994 12) 539-41-61 ; 539-44-02; Fax : (994 12) 447-04-56
E-mail: arif@physics.ab.az;
For the Attention of K.B.Kurbanov — the Responsible Secretary

The Language

The papers can be accepted in either of Azeri, Russian or English. The papers submitted
by Azerbaijani authors must be submitted in Azeri and Russian, the papers of those from
CIS countries—in Russian, and those originated from the countries outside CIS-in English.

The papers must be submitted in the following format.

4.1. The hard copy of the paper must be submitted on the A4 format in 1-line interval, typed

in “Times New Roman”, in 12 font, with the borders from top and bottom — 20 mm, from
left and right — 25 mm. The electronic copy on a CD-disk should be submitted along with
the hard copy.

4.2. The paper must not contain more than 8 pages of text, inclusive of any graphs, photos,

formulas, reference lists and annotations.

4.3. In the upper left corner of the paper the index of UDC must be indicated. Below that,

omitting one line, the name of the article must be placed printed in a BOLD CAPITAL
LETTERS. Underneath the name of the paper, omitting 1 line, the name of the author(s)
printed in capital letters must be printed. Below that, omitting 1 line, the name of the
organization must be indicated, which supported the research. The abstract follows that,
leaving 1 line of blank space, which must be no more than 10 lines,and keywords (5-6
words) of font 10. The text of the paper follows the abstract, leaving 1 line. Drawing a
line with the length 20-25 symbols must indicate the end of the text. The reference list is
printed below the line, following the same order as it was referred to in the text. Below
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the reference list, the summaries and keywords (5-6 words) in Russian and English must
follow.

At the end of the paper, the contact details must be placed, and also all the authors must
put their signatures.

4.4. All graphic materials, photos, tables, formulas must be placed in the corresponding place
of the text. The legends must be placed in the text. All the keys to the symbols must be
given in the text of the paper. Below the graphic material the number can be indicated
followed by the name of the material (e.g. Fig. 3. Schematic drawing of the
installation...)

4.5. The cited materials must be referred to using their original language. The names of
authors must be given in italics. The reference list must follow the example below:

Books

1. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.
Journals

2. Price D.A.,Lucas I.L., Moruzzid.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.
3. Anaxospos O.3. /| Puznka-1999-No 3- ¢.44-49.

Patents

4, Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

141



Energetikanin problemlori ¢ Ne2 o 2020 e IIpoGiieMbI9HEPreTUKU

QEYD UCUN

142



Energetikanin problemlori ¢ Ne2 e 2020 e [IpoGiembl 3HEPreTHKU

JJI51 BAMETOK

143



ERGETIKANIN PROBLEMLORI

elmi — texniki jurnal
Ne 2 2020
Jurnal asagidaki omokdaslar torofindon y181lib, nosro hazirlanmisdir:
Az. MEA - nin Fizika Institutu - Z.A.Tagiyeva
Qeydiyyat Ne-si: B 507 Tiraj50 niisxo

Baki, «EIm» nasriyyati

Redaksiyamn iinvanlar: :Baki, Az-1143, H.Cavidprospekti, 33, Az.MEAFizikalnstitutu

Baki, Az -1602, H.Zardabiprospekti, 94, Az. ETEvoELI

144



	Redaksiya heyyəti
	ПРОБЛЕМЫЭНЕРГЕТИКИ
	научно – технический журнал

	1. Суднова В.В. Качество электрической энергии. M.: ЗАО Энергосервис, 2000. 80 с.
	2. Карташев И.И., Тульский В.Н. Управление качеством электроэнергии М.: Издательский дом МЭИ, 2006. – 320 с.
	3. Гуревич Ю.Е. Применение математических моделей электрической нагрузки в расчетах энергосистем и надежности электроснабжения промышленных потребителей. – М.: ЭЛЕКС-КМ, 2008. – 248 с.
	4. ЖелезкоЮ.С. Потери электроэнергии. Реактивная мощность. Качество электроэнергии М.: ЭНАС, 2009. - 456 с.
	5. Ананичева С.С., АлекссевА.А., Мызин А.Л. Качество электроэнергии. Регулирование напряжения и частоты в энергосистемах. Екатеринбург: УрФУ. 2012. 93 с.
	6. Илюшин Д.Б., Квашнин Д.Г., Семенов А.Ю., Борно О.И. Влияние параметров качества электрической энергии на промышленную безопасность на опасных производственных объектах. ООО «ИКЦ «Экспертриск», г. Нижний Новгород, Российская Федерация  Электрон...
	7. Карманова Т.Е. Приемники и потребители электрической энергии систем электроснабжения: учебное пособие. – Архангельск: САФУ имени М.В. Ломоносова, 2015. – 120 с.
	8. Куско А., Томпсон М. Сети электроснабжения. Методы и средства обеспечения качества энергии.Саратов: Профобразование, 2017. - 334 c.
	9. Савина Н.В., Бодруг Н.С. Оценка возможности обеспечения качества электроэнергии в части отклонения напряжения потребителями // Известия высших учебных заведений. ПРОБЛЕМЫ ЭНЕРГЕТИКИ. 2018. Т.20. №11-12. С. 3-15. Амурский государственный университе...
	1. Под редакцией Веникова В.А. «Электрические системы», Москва, «Высщая школа» 1982 г.
	2. Под редакцией Веникова В.А. «Управление переходными режимами электроэнергетических систем» Москва, «Высщая школа» 1983 г.
	3. Həsənov Q.Ə. “Turbin generatorlarda keçid proseslərinin bəzi rəqəmsal idarə məsələləri” Energetikanın problemləri Bakı, Elm 2019, N 4 il.
	4. Шимони К. «Теоретическая электротехника» Издательство «Мир», Москва 1964.
	5. Рабинович «Автоматическая частотная разгрузка»Москва, Энегоатомиздат 1973.
	6. Цыпкин Я.З., Попков Ю.С. «Теория нелинейных импульсных систем», Издательство «Наука», Москва 1973 г.
	7. Yusifbəyli N. “Elektrik sistemlərində keçid prosesləri” Bakı, Elm 2008 il.
	ГАСАНОВ Г. А.
	E – mail : arif @ physics.ab.az ;
	Jurnallar
	Dissertasiyalar
	Müəlliflik şəhadətnamələri və patentlər
	Konfranslar, simpoziumlar
	Азербайджан, Аз-1143, Баку, пр. Г. Джавида, 33
	Книги
	Журналы


	Депонированные рукописи
	Диссертации
	Авторские свидетельства и патенты
	Конференции, симпозиумы
	Azerbaijan, Аз-1143, Baku, pr.G.Javid, 33
	Institute of Physics of the National Academy of Sciences of Azerbaijan
	Tel: (994 12) 539-41-61 ; 539-44-02; Fax : ( 994 12 )   447-04-56
	For the Attention of K.B.Kurbanov – the Responsible Secretary

	Books
	QEYD ÜÇÜN
	ДЛЯ ЗАМЕТОК
	ERGETİKANIN PROBLEMLƏRİ

