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Energetikanin problemlori ¢ Ne2 e 2017 e TIpoGiembl SHEPTETUKH

UOT 621.311
REAKTIV ENERJIDON iSTiFADO
GOSTORICILORININ QIiYMOTLONDIRILMOSI

PIRVERDIYEV E.S.
"Azarenerji" ASC

Reaktiv giic omsalinin normativ qiymetlori, reaktiv enerji sorfinin hesablanmasi {izra todgigat naticalori
osasinda vo beynslxalg tocriiboni nazoro almaqla mivafiq tokliflor verilmigdir. Toklif olunan metodika va
alqoritm {izro standart sxemlor, enerjisistemin bazi paylayici elektrik sobokslori tigin miivafiq hesabatlardan
alinan naticalors osason reaktiv giic amsalinin miixtalif garginlik pillslori ti¢iin qiymatlori, aktiv enerji sarfino
nisbatds reaktiv enerjinin giymatlondirilmasine dair tovsiyslor verilmisdir.

Acar sozlar: elektrik sistemi vo sobokosi, reaktiv giiciin kompensasiyasi, garginlik, aktiv va reaktiv giic,
giic itkisi, giic omsali, reaktiv giic omsali

Reaktiv giiciin mahiyyatina dair. Reaktiv giic elektrik soboko vo sistemlorin
rejimlorinin miioyyon olunmasinda ohamiyyatli rola malikdir. Ona goro do reaktiv gliciin
fiziki mahiyystinin vo onun elektrik sobokosinin rejimine tosirinin diizgiin basa diisiilmasi
olduqca vacibdir. Halalik reaktiv giiclin vo onun rejims tosirinin tobisti homise kifayst qoder
aydin olmur [1]. Lakin odabiyyatlarda qeyd olunur ki, reaktiv giic xarici dovro torsfindon
tolob edilmoyon, xarici dovrs ilo monba arasinda dovr edon enerjini, basqa sozlo, miivaqqgoti
toplanan sonra iss, manboys verilon tutum vo induktiv enerjini xarakterizo edir. Belo ki,
konsentra olunmus elektrik sahasino malik elementlords (kondensatorlarda) tutum reaktiv
giiclin, konsentrs olunmus maqnit sahosino malik elementlords iso (transformatorlar,
reaktorlar, generatorlar, mitharriklor vo s) induktiv reaktiv giiciin yaranmasi hec bir siibho
yaratmir. Elektrotexnika terminologiyasinda qeyd olunur ki, reaktiv giic tam vo aktiv giiclorin

kvadratlar1 forqinin kavadrat kokiino berabordir, basqa sozlo Q=~/S°—P?. Belo torif

mosalonin mahiyyatinin basa diisiilmosino miioyyon kdomoklik etso do, tam formal xarakter
dasiyr.

Elementlor eyni zamanda tutum vo induktivliys malik oldugundan har iki név reaktiv
giic yaranir vo onlarin giymatlori barabar olduqda bir-birini kompensasiya edirlor. Tutum vo
induktiv reaktiv giiclorin qiymatlori forqlondikds iso, onlarin forqi ils toyin olunan va qiymati
boylik olan reaktiv giicdon bohs edilir. ©dobiyyatlarda reaktiv giic "hasil olunur" va "istehlak
olunur" terminlorindon istifads edilir. Elektrik verilis xatlorinds kicik yiiklor zamani elektrik
sahasi tstlinliik togkil edir vo xatt 6ziinii tutum kimi apararaq sistema reaktiv giic verir, boyiik
yiiklords iso maqnit sahasi iistiinliik togkil edir vo xott 6zilinti induktiv element kimi apararaq
reaktiv giic tolob edir.

Elektrotexnikanin nozari osaslarina dair adabiyyat vo dorsliklords gostorilir ki, reaktiv
giiclin ani qiymati iki dofo boyiik tezliklo doyisir. Bu fikir onunla osaslandirilir ki, ani giic bir-
birindon 90° siiriigmiis coroyan va garginliyin hasili kimi toyin olunur: ¢ =Q,, sin?(wt +90°)
. sin?(wt £90°) ifadoesini (1—cos2wt) —yo ¢evirmoklo belo hesab edilir ki, reaktiv giic ikiqat
tezliklo doyisir. Lakin haor hansi prosesin riyazi interpretasiyast onun fiziki mahiyyastini tam
oks etdirmaya bilor. Belo ki, yuxaridaki ifadodon do goriindiiyli kimi, reaktiv giliciin ani
qiymoti ikiqat tezliklo deyil, coroyan vo gorginliyin doyisdiyi tezlik ilo doyisir. Carayan,
gorginlik, aktiv vo reaktiv giiclor qarsiligh olagelidirlor vo miixtolif tezliklorlo doyise
bilmoazlor [1].

Mosafoyo otliriilon reaktiv giic homiso tutum xarakterlidir vo osason elektrik
stansiyasindan tolobatc¢iya dogru istigamatlonir. Lakin bozon xottin kigik yiiklonmalori zamani
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tutum giic ustilinliik toskil etdiyindon reaktiv giic aktiv glico nisbotdo oks istigamotlona do
bilor. Reaktiv glic anlayisindan istifads edildiyindon va bu giiciin miioyyon zamanda masafoyo
otiiriildiiylindon bohs edilirso, onda "reaktiv enerji" anlayisi da olmalidir. Bozi manbalor iso
reaktiv enerji anlayisini inkar edir vo gostarilir ki, reaktiv enerji saygaclart praktik mogsodlor
iclin tam ohomiyyatsiz olan komiyyati geydo alirlar [2]. Reaktiv coroyanlar aktiv corayanlarla
bir yerds naqillerin slave qizmasi gortlondirir vo reaktiv enerjinin geydiyyati vacib praktik
ohomiyyato malikdir. Qeyds alinan enerjinin qiymaotino goro reaktiv gilicliin kompensasiyasi vo
enerjisistemin rejimlorinin analizi masalslorinin halli {igiin otiiriilon va istehlak olunan reaktiv
enerjinin migdarina dair fikir ytliriitmok olar.

Elektrik maginlart vo elektromaqnit induksiya prinsipi asasinda isloyan digor elektrik
avadanliglarinin sobokodon aktiv giic ilo yanagsi tolob etdiyi reaktiv giic generatorlardan
baslayaraq transformatorlardan, otiirlicii vo paylayici xatlordon kegorok onlarin naqillorinin
gizmasi hesabina enerjinin 6tiirmo vo paylanma sistemlorindo olave aktiv giic itkilori yaradir.
Bununla yanasi reaktiv coroyanlarin soboko elementlorindo yaratdigr yliksok gorginlik
diiskiisti isladicilorin sixaclarinda gorginliyin asagi diismesino vo son noticado elektrik
enerjisinin  keyfiyyoat gostaricilorinin miioyyon edilmis norma hiidudlarindan konara
¢ixmalarina sobab olur. Bu da elektroenergetika sisteminin isini xarakterizo edon texniki-
iqtisadi gostaricilori pislosdirir, basqa sozlo, elektrik stansiya generatorlarinin reaktiv
coroyanla yiliklonmasi yanacaq sorfini, dtiiriicli vo paylayict sabokoalords giic itkilorini, eloco do
gorginlik diskisiini artirir [3-5].

Ona goro do reaktiv enerjidon istifadonin texniki - iqtisadi gostoricilorinin
giymatlondirilmasi metodikasinin iglonmasi vo onun osasinda miivafiq normativ hiiquqi
bazanin yaradilmasi halli vacib olan masslslorden hesab olunmalidir.

Beynoalxalq tacriiba. Olkomizds giivvade olan qanunvericiliys uygun olaraq, elektrik
enerji istehlakeilart Gigiin reaktiv enerji tolobatina gors hesablagmalar nozords tutulmur. Eyni
zamanda yeni istehlakg¢ilarin enerjisistema qosulmalar: {igiin verilon texniki sortlordo adston
reaktiv giiciin kompensasiya qurgularinin quragdirilmasi bandi vo ya bazi sonadlords reaktiv
giic omsalmin tolob olunan soviyyesi tgep =0,22 tomin edilmosi 6z oksini tapir. Iqtisadi

cohotdon inkisaf etmis Olkolordo do reaktiv enerji ilizro tolobatgilardan olave 6domslor
formasinda todbirlorin hoyata kegirilmasi nozordos tutulur.

Reaktiv giic vo ya enerji ilo olagodar masololorin holli mogsadilo ilk ndvbods
enerjisistemo  qosulan istehlak¢ilar {Uiclin  reaktiv  giico  gOro  texniki  sortlorin
diferensiallagdirilmas1 mogsadilo 110 kV va asagi gorginlik saviyyaleri iizro normativ tge —

nin qiymatlorinin miioyyan edilmasi zorurati yaranir. Qeyd edok ki, bir ¢cox xarici dlkalorin
enerjisistemlori liclin reaktiv giic omsalinin normativ qiymotlori toyin olunmusdur vo
Azarbaycan enerjisistemi liclin do tg¢ —nin normativ qiymatlorinin miioyyan olunmasina

ehtiyac yaranmisdir. Yaponiya vo Avropa 6lkalorinds, homginin yaxin dovrlora qgodor ABS-da
reaktiv giic omsali sobokonin sinfindon asili olaraq tge = 0,2...0,4 hadlorinds gobul edilmisdir.

Lakin son illor bir ¢ox sistemlords paylayici sobokalor maksimal yiiklords sifir qiymatli tge
ila (cos @ =1), ayri-ayr xatlor 19 hatta qabaqlayici reaktiv corayanla islayirlor [6].

Hal-hazirda respublikada aktiv enerjiyo goro hesablasma dorocalori Tarif Surasi
torofindon toyin olunmusdur vo istifads olunan aktiv enerjinin 6donisi buna miivafiq surotdo
aparilir. Istehlak¢1 qurgular torofindon tolob olunan reaktiv enerji {iciin iso hesablagmalar toyin
olunmamisdir vo ona gora do har bir istehlakgr torafindon ayri-ayriliqda istifads olunan bu
enerjinin doyori 0donilmir, ancaq no doracods aktiv enerjinin miioyyon edilmis tarifindo
nazara alinib-alinmamasi aydinlagdirilmalidir. ©ksar xarici 6lkalords (Rusiya, Ukrayna, ABS,
Yaponiya vo s) istehlak olunan reaktiv enerjiys goro Odonislor nozords tutulur. Masalon,
Rusiyada miiqavilo ilo toyin edilmis iqtisadi somorali reaktiv giicdon artiq istehlak basg
verarso, elektrik enerjisinin tarifino miiayyon slavalar nozords tutulur. Elektrik enerjisi tarifine
sonaye miiossisalori ticlin 8% hacmindo, kommunal miisssisolori {igiin 6% hocmindo vo s.
olavalor gostarilir. Reaktiv enerjinin istehlakinda enerji tochizat miiossisasinin xidmaoti reaktiv
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gliciin iqgtisadi ekvivalenti ilo qiymotlondirilir vo hal-hazirda 0,06 kVt/kVAr kimi
qiymatlondirilir ki, bu da elektrik enerji tarifinin 6%-1 hacmindoki xidmatine ekvivalentdir
[7,8].

Beloliklo, istehlakgilarin tolob etdiklori reaktiv giiciin (enerjinin) nozors alinmasi ilo
elektrik enerjisino géro Odonislorin hesablanmasi mogsadilo reaktiv giic omsalinin miixtalif
gorginlik soviyyolori {izro normativ qiymatlorinin (somorali reaktiv giiclin) vo reaktiv giiciin
(enerjinin) hesablanma metodikasina yenidon baxilmasi zorurati yaranmisdir.

Enerjisistem iizra somoarsli reaktiv giiciin (enerjinin) toyini metodikasi. Normativ
reaktiv giic omsalinin qiymotlondirilmosi mogqsadilo gorginlik soviyyalori tizro iqtisadi
osaslandirilmis somorali reaktiv giliclin qiymotlori toyin olunmalidir. Reaktiv giiclin
kompensasiyasint (RGK) stimullagdirmaq mogsadilo Q,,-nin qiymoti RGK qurgularinin

quragdirilmasi xorclori vo istifade edilon reaktiv enerjiyo goro hesablagsma sortlorindon tayin
oluna bilor (sokil 1) [9].

AC C-|
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Q
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Sakil 1.1.Xarclorin doyisme ayrilari

Reaktiv glic omsalinin iqtisadi cohotdon osaslandirilmis somersli qiymoti asagidaki

diisturla toyin oluna bilor: tgo,, :F?i
t,max

1)

burada g Psm — somarali reaktiv giic amsali; Ptmx —gsobokanin maksimal yiiklonmasi halinda

tolob olunan aktiv giic; C,, — glicl QKQ =19¢,, - P, olan kompensasiya qurgusunun (KQ)
qurasdirilmasi va istismarina sorf edilon illik gotirilmis xarclor; P, —tolob olunan aktiv giic;

C,— reaktiv enerjiyo goro miioyyon edilon hesablagmalara osason istehlak olunan reaktiv

enerjiya goro illik xorclor.
[6,9]-yo miivafiq olaraq normativ hesablama metoduna goro somoarali reaktiv giic
asagidaki diisturla toyin olunaq biloar:

Qsm :tg¢sm ’ Pr'nax (2)
g9,
burada t = =% 3
9P =\ (0.4d,,, +0,6) @
burada, tg¢g, — reaktiv giiciin baza omsalidir; d,, = S _ sistemin maksimal yiikii zaman
n,rub

tolobatginin bir riib orzindos istehlak etdiyi aktiv enerjinin onun maksimal yiikii zaman1 eyni



zaman ¢orcivosindo istehlak etdiyi aktiv enerjiyo olan nisbatidir; K — ayri-ayr
enerjisistemlords elektrik enerjisinin qiymatlorinin forqini nozars alan amsaldir.

Reaktiv giic amsalinin normativ qiymotlorinin texniki-iqtisadi asaslandirilmasi.
Molum oldugu kimi, enerjisistemdo gorginliyin saxlanmasi, itkilorin azaldilmasi, sistemin
buraxma qabiliyyatinin artirilmasi vo xorclorin azaldilmasi {igiin totbiq olunan idarsolunan
KQ, ham do reaktiv giic omsalinin tolob olunan soviyyasini tomin edir [6,7,10]. Bu mosalonin
holli iiglin iso avvolco RGM-in giicliniin, qurasdirilma yerinin, idaroetmo {sulunun vo
gosulma néviiniin toyini moaqsadilo miivafiq hesabatlar aparilmalidir. Hazirda perspektivli
tisul  hesab edilon coxmogsadli geyri-solis optimallasdirma iisulu paylayici elektrik
sobokolorindo (PES) KQ-nin yerlosdirilmasi tigiin on obyektiv iisul hesab edilo bilor [3, 11].
Usul geyri-salis ¢oxluglar nozeriyyasinin tatbiqine osaslanir [13, 14].

Mosalonin texniki - iqtisadi osaslandirilmasi iiglin enerjisistemin real elektrik sobokosi
iclin rejim hesabatlar1 aparilmisdir. Burada asagidakilar nozordos tutulmusdur: soboko vaxtin
55%-i layiha giicii ils isloyir; maksimal yiik (hesabi yiikiin 110% -i) vaxtin 25%-n1, minimal
yiik 159 (hesabi yiikiin 30%-1) vaxtin 20%-ni shats edir.

Saokil 2-do sabokods kompensasiya todbirlari ilo slagadar yaranan illik xarclorin reaktiv
giic amsalinin qimatlorindon asililiq ayrilori gosterilmisdir. RGM-in alinmasi, qurasdirilmasi
va istismart ilo slagodar C, = f(tg@) oyrisi ilo reaktiv enerjiya gora illik xorc C;, = f (tge)
oyrisinin kasisma ndqtesi reaktiv glic omsalinin iqtisadi gonastli qiymstino uygun golir. Bu
giymot oyridon goériindiiyii kimi tg goizs =0,38 -0 borabor alinir ki, bu da hesabat giymotino

(0,39) yaxindir.
Analoji hesabatlar yolu ilo digor gorginlik pillslori tiglin reaktiv giic omsalinin
qiymatlari toyin edilmisdir vo naticalor codval 1-ds verilmigdir.

C,man/il

80000 AN

70000 \
60000 \
50000 \ — Ck=1(tef)
40000 \ " — Cll=fitaf)
30000

20000 ___./ : \
10000 :

0 - — 0,38

0.1 0.2 0.3 - 0.5 0.6

gf

Sokil 2. 1llik xarclorin tg@ — don asililiq ayrilari

Cadval 1
{g @ —nin tovsiys olunan norma giymatlori
Gorginlik pillosi, tgf-nin giymatlori
kv
110 0,46
35 0,38
6-10 0,31
0,4 0,23

Reaktiv giiciin (enerjinin) toyini iizro hesablama metodikasi. Yuxarida qeyd
olunanlar1 nozoro alaraq, istehlak olunan reaktiv enerjinin hesablanma ardicillig1 asagidaki
kmi toklif edilir:

1) Elektrik enerjisini elektrik tochizat sisteminin birlosmo ndqtosindon alan hor bir
tolobatci ti¢ilin iqtisadi reaktiv giiclin qiymati toyin olunur.
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2) Reaktiv enerjinin 6lgmo sistemindon (saygaclarin vo digor avtomatik nozarot
sisteminin olub-olmamasi) asili olaraq, ayliq vo ya riibliikk reaktiv enerji istehlaki toyin edilir.

3) Odenilen reaktiv enerjinin miqdar1 hesablanir, kVAr-saat.

Enerjisistemin maksimum yiik saatlarinda reaktiv giiclin faktiki qiymoti hesabat vo ya
miivafiq cihazlarin gostorislori iizro toyin oluna bilor. Reaktiv enerjinin hesabatin1 apararkon,
biitiin elektrik tlirma sisteminda reaktiv giic verilisindon yaranan aktiv giic itkisinin qiymati
nozora alinmalidir. Buna uygun olaraq reaktiv enerjiyo goro hesablasma asagidaki kimi toyin

edilo bilar:
C
Tor,r =—" {L} (4)
W kVAr-saat

.
burada, W, -miioyyon zaman intervalinda istehsal olunan reaktiv enerjinin miqdarini gostorir;
C, - reaktiv enerjinin istehsali v 6tiiriilmasi ilo slagodar olan xorclordir, asasan, tolabatcilara
lazim olan reaktiv giiciin 6tiiriilmasindan yaranan aktiv giic itkilori hesabina tayin edilir.

Ogor tolobatgiya lazim olan soviyyado reaktiv giiclin Otiiriilmosi hesabina generasiya
qurgularinda tg¢ -nin qiymoti tg¢,,,— dan yuxari olarsa, o zaman qidalandiric1 sobokoda

olavo olaraq avtomatik idars olunan reaktiv glic monbalori qurasdirmaq lazimdir vo bunun da
giymati reaktiv enerjinin qiymotlondirilmasi zamani kapital xarclorinds nazors alinmalidir [3].

NOTICO
Enerjisistemdo reaktiv giiclin (enerjinin) qiymeotlondirilmasi {i¢iin aparilan todqiqatlarin
noticalori verilmis vo xarici Olkolords olan normativ sonodlors istinad osasinda islonmis
metodika ilo miivafiq tokliflor hazirlanmisdir. Reaktiv giic amsali vo reaktiv enerjinin
hesablanmas1 iizro enerjisistemin miixtolif gorginlik pillolori {i¢lin alinan naticalor ilkin
giymoatlondirmalordir vo bu istigamatds slava todqiqatlarin aparilmasina ehtiyac vardir.
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OLIEHUBAHUE IOKA3ATEJIEN
HCIIOJIb30BAHUSA PEAKTUBHOI DHEPT U

IIUPBEPIUEB 2.C.

Ha ocHOBe pe3ysnbTaTOB HMCCICNOBAHUM JaHbl PEKOMEHIALUMU IO OINPEACICHUIO
HOPMATUBHBIX 3HAYeHUH KO03(pduLMeHTa peakTUBHOW MOIIHOCTH U pacyeTy pacxoja
peakTuBHON »HHepruu mo mnorpedieHuto. Ilo pazpaboTaHHOW METOAMKE MPOBEICHBI
COOTBETCTBYIOIIME KOMITbIOTEPHbIE pacueThl Ul cTaHAapTHHIX cxeM |IEEE u cxem peanbHbIx
pacHpeneUuTEeNbHbIX JJIEKTPUYECKUX CeTe »HeprocucreMel. Ha OCHOBE IONy4YEHHBIX
pe3yIbTaTOB MPEATIOKEHBI 3HaUeHUsI KO (PUIIMEHTa PEaKTUBHONW MOIIHOCTH AJISl Pa3JIMYHbIX
CTYIEHEN HANPSHKEHMS M pacyeTa peaKTUBHON YHEPTUHU 10 OTHOUIEHUIO K AKTUBHOM DHEPTHUU.

KiaioueBble cioBa: OHEProcucTeMa, pacupeACIruTe/IbHad DJOJICKTpUYCCKAasA CC€Th, KOMIICHCAIUA
pCaKTHBHOﬁ MONIIHOCTH, HAIIPAKCHHE, aKTHBHAA W PCAKTHUBHAA MOIIHOCTL, MOTEPU MOIIHOCTH, KOB(I)(l)I/IL[I/IGHT
pCaKTHBHOﬁ MOIITHOCTH.

EVALUATION OF THE
REACTIVE ENERGY USE CHARACTERISTICS

PIRVERDIYEV E.S.

On the basis of research results, the recommendations are given for determination of the
standard values of displacement power factor and reactive energy consumption calculation.
Appropriate computer calculations are performed according to the developed technique for
the standard IEEE schemes and real electrical distribution systems of the power grid. Based
on the obtained results, the values of the displacement power factor are proposed for different
voltage levels and reactive energy in relation to active energy.

Keywords: power system, electrical distribution system, reactive power compensation, voltage, active
and reactive power, power loss, reactive power factor.
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ELEKTRIiK VERILiS XOTLORINDO ELEKTROMAQNIT DALGA
PROSESLORININ HESABATINDA TONZIMLONON SUNTLAYICI
REAKTORLARIN RiYAZi MODELLOSDIRILMOSI

HOSIMOV A.M., BABAYEVA A.R.

Azarbaycan Elmi-Tadgiqat va Layiha-Axtaris Energetika Institutu

Maqalada toklif olunan riyazi model idarsolunan suntlayici reaktorlarin tiplerinden asili olmayaraq
coxmoftilli elektrik verilis xottlorindo soth effekti vo moftillorin taclanmasini nozors alan hesabat tonliklori ilo
birlikde miirakkeb, paylanmis parametrli dovralords elektromaqnit dalga proseslorinin hesablanmasi {i¢iin
yaradilan alqoritmin torkib hissasi kimi istifads oluna bilar.

Acar sozlar: riyazi model, idarsolunan suntlayici reaktor, elektromaqnit dalga prosesi

Elektroenergetika sisteminin rejimlorinin idars olunmasinda asas amil olan cevik idara
olunan elektrik enerjisi verilisi xatlorinin yaradilmasi, idarsolunan (tonzimlonan) suntlayici
reaktorlardan (ISR) istifads yeni ¢ox shomiyyatli istiqgamoat kimi qiymatlondirilir.

Salis tonzimlonon suntlayici reaktorlari onlarin is prinsiplorindon asilt olaraq yiikaltinda
tonzimlonon pillali, maqnit dovrosi magqgnitlonmoklo tonzimlonon vo transformator tipli
reaktorlara boliintirlor [1-4]. Bu reaktorlardan biri, dolagi budaglanmaga malik olan suntlayici
reaktor artiq miiasir tolobloro cavab vermir. Buna baxmayaraq istifado olundugu iigiin vo
yenilorinin Ustlinlikklorinin gostorilmasinde miiqayise moaqsadi ilo onun riyazi modeli tortib
olunmalidir.

Hazirda istifads {i¢lin on ¢ox tovsiyo olunan reaktorlardan maqnit niivosi maqnitlonmao
ilo idaroolunan suntlayici reaktorun idareetma giicli nominal giictin 1-2% toskil edir [5,6].
Transformator tipli idaroolunan suntlayici reaktorlarda iso idarsetmo giicli nominal gliciin
100%-ni toskil edir. Giiclorin bu nisbati reaktorlarin konstruksiyasi ilo baghdir. Bu giiclori
itkilors aid etmak olmaz. Yekunda har iki tip reaktorlarin somaraliyi onun qosuldugu ndéqtenin
imumi sxemo tosiri ilo qiymetlondirilir. Bu baximdan qeyd olunan ii¢ ndv reaktorlarin
tosirinin giymatlondirilmosinin miiqayisoli sokildo aparilmasi vo onun noticosindon asili
olaraq totbiqi haqqinda gorarin verilmasi magsadouygun hesab edilir.

Magqalads har ii¢ reaktor ticlin mogbul hesab edilon riyazi modelin yaradilmasi magsadi
qarstya qoyulmus vo mogsada ¢atmaq liclin bu istiqgamatlo yerino yetirilmis adodi hesablar
ticiin toklif edilmis alqoritmlordan istifads edilmisdir [7-9].

Tonzimlonan reaktorun hesabat sxemi sok.l1 verilmisdir. Sxemdo reaktorun elektrik
verilis xottinin araliq noqtosino qosulmasi hali gostorilmisdir. Digor qosulma noqtalori tigiin
hesabat alqoritmi verilon alqoritm osasinda tortib olunmasi nazards tutulur.

Hesabat sxemino uygun olaraq asagidaki tonliklor sistemin yaza bilorik:

u :dV/1+L diSD

d dt S0 Gt sp " 'sp
dy di :
—Up = dt2 + LID dltD +Iplp 1)
dy di .
—Ugp=—""+L,—2+Tl, i,

KD — dt Lo dt KD
Burada U, U U, ¥, ¥, \/, gorginliyin vo ilismo selinin siitiin matrislori, L,

L r-SD’ r-ID’

L

I'.o induktiv vo aktiv miiqavimot dolaqlarmnin kvadrat matrisidir.

ID* —KD'
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Sok.1 Ugdolaqli tenzimlonen reaktorun hesabat sxemi
SD — soboka dolag; ID — idaraetmo dolagi; KD — kompensasiya dolag;
ATS — avtomatik tonzimloms sistemi; CT — coroyan transformatorun ¢ixisi;
GT — gorginlik transformatorunun ¢ixisi; CS — gevirici sistem

Dayisonlor vo omsallar matris olub, asagidaki sokli alirlar.

U, Yoo, Uko, Wiy Vo
u, =, Upp=|Upp, Uyp =|Uxp, W=V Wy =Wa
u, Uyp, Uy, Vi3 Vs
W v, iso1 iu:1 qu
Wi = W3 V=V, iSD: iso2 iID: ilD2 iKD: iKD2
Va v, iso, i, o,
Ly, O 0 Lo, O 0 Lo, O 0
L= 0 Ly, O L,={0 L, O Lo=| 0 Lo, O
0 0 Ly, 0 0 Ly, 0 0 Ly,
o, 0 O e, 0 O ho, O 0
rp=| 0 Iy, O =0 1y, 0 ho=| 0 o, O
0 0 ry, 0 0 rp 0 0 Iy,

Reaktorun dolaqglarindaki carayanlar asagidaki kimidir:
Isp Tlp Tl =1, (2)
i” - reaktorun magnitlonma coroyanidir.

Reaktorun maqnitlonmos corayanini nozaors almaq {igiin bu ifadodon istifads olunur [10]:
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i, =ay +by"+cy ()
hardaki a=0,15; b=0,18; ¢=0,67; n=9; m=11.
Magnitlonma corayaninin doyismasi

di dl//
= f ()=,
at Wy
hardaki f(y)=a-+bny"" +cmy ™.

Elektrik verilis xottindo idarsolunan suntlayici reaktoru nazors almagla kegid prosesinin
hesabat tonliyinin togkili zamani (1) sistemini asagidaki kimi ¢evirmok mogsadouygundur:

di . d )
dStD = LSD(ud _%_ Mg 'Isdj

di. d _

dItD = ID(_UID - (;/:2 —Ip ‘ISD) (4)
dIKD = LKlDt_uKD - dl/lS —lo - iKD)

dt dt

(3) tonliyini asagidak: sokilde yazmaq olar:

I I I
. o Ho n Hb m
i, =a—"—-w+b—" -y " +c—"y (5)

W, 7 W

J2.u, U, U

harda ki Y, :W, I#b = kf

Burada ,Ub, be uygun olaraq, ilisgmo selinin, gorginlik vo corayan magnitlonmonin

0 H

bazis komiyyatlori; K, - forma smsali; | , — transformatorun ytiksiiz coroyamidir.

iﬂ = f (w) asililigini tosvir etmok iigiin (5) tonliyinin hesabat formulunu asagidaki kimi

yazmagq olar:
i, =Ay+ B(l] -://+C(£j Y (6)
5 Vs
I I I
hardaki A=a—2, B=b-—£, c=c2
Vs Vs Vs
(2) tonliyini (6)-n1 nozars alaraq, bu sokilds tasvir edak:
di, di, di, di " d
s 4 I'D_|_ D — £ — A+B.n£ -1//+C-m£ 7 (7)
dt dt dt dt W, v, dt

di d(//
v E(w) 2
voya (v) it

Vs Vs
Miiayyan gevrilmalar etmoklos, yani (2) sistem tonliyini comlayarak, alariq

11
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§ § B} 3 ) N 17%
leo Uy — L|g> “Up — LKlD 'UKD(leo + Lé + LKlD )__

dt
di 8
- L;T:) “Tsp 'iSD - LTI13 T .iID - L?D “To 'iKD :d_:
dy, dy, dy, dy di dy
burada nazars alinir ki, s 2 = 3 = Tk. —“=F W -7
dt dt dt dt (WSD Yo WKD) dt
Belalikls, ¥ -ni tayin etmok iigiin hasils nozaran hall olunan tanliyi aliriq
d(// _ L;D : (ud —lo Is) - LTé (uID + 15 iID) - L;lD(uKD + I iKD) 9)

A -1 -1
dt Lo+ L+ L +Fy)

Beloliklo, yazilmis (4) sistem tonliyi (9) tonliyini nozoro almagla, riyazi olaraq
suntlayici reaktorun tonliyini EVX-do elektromaqnit dalga proseslorin hesabati zamani riyazi
olaraq modellosdirilir. EVX-do reaktorun qosulma noqtasinds gorginliyin toyini mogsadilo
EVX-nin tanliklarindan istifads olunur.

Elektrik verilis xatlorinds soth effektini vo nagillorin taclanmasini nazors almagla,
hesabat formullar1 bu sokildadir [7,11,12]:

N
[1+ hz) Gy ]ud +(2+124)ig = vp;
=t (10)

N
—(1+ hzZG(Jud +(2+124)ig = vq.

k=1
burada

N

: N U : Z .
v, =U, +12i, +hz ;Gé’(iushuf (1—m)+20k|fm +;Zsk?(k P
= f -

k=1

. N U N 1 .
v, =—u, +zi, —hz ZG{(iUs)qLuf(1—ﬁ)+20k|fm +>7, 7 i
u, k=1 k

k=1 k=1

Burada ur — EVX-do X noqtesinds t-27 aninda goarginlikdir,; ifNT — nagqilin taclanma
modelinin budaglarinda xattin X noéqtasinds i-2t aninda carayanlar; ifse — soth effekti

modelinda Xattin X noéqtasinds t-27 aninda budaglarin corayanmdir.

Gostarilon ifadslor ug, ig garginlik vo caroyanlarin giymatlorini 2z addiminda EVX-nin
Uy Ug .U 0,00 garginlik vo coroyanlarmin malum giymatlorine va soth effekti ilo nagilin
taclanma modellorinin carayan va goarginliklorinin molum giymaotlorine nozoron hesablamaga
imkan verir.

Coxnagilli xatlorda (10) tonliyinin doyisanlori vo amsallar1 asagidak: sokildadir:
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| Ufl Ifl
o, = Uy, i = Iy, i ipz i - Iy, u, = Uy, i- I,
U, la,, b, lg,, U, I,
2, 1, 7, G, - 0 G, 0 0 0
|2 7 Zan| 1 G,, 0 . 0 G, 0 0 |
2., Z., Z. G, o 0 0 G/
Zo ke Loy Xy e Zsy Xk, Oy, 0O O 0
2= Zo, Ny Loy Ky v Ls Xk, o, 0 Gy, o ..0
Zo Kk Zowe Moy ot sy Kk 0 0 0 .o

Coxnaqilli EVX-do soth effektini vo naqilin taclanmasini nozors almaqla, dalga
proseslorin gostarilon alqoritmlori tizro hesablanmasi elektrik dovrasinink EVX-nin araliq
noqtalorindon vo sobokonin diiylin noqtalorindon eyni addim qodor uzaqgligda olan
noqtalarindaki garginlik vo carayanlarin hesablanmasina ayrilir. Naqilin taclanmasini nazara
almagla alinan tonliklor hesabat alqoritminin hesablanmasi zamani genis istifads olunan araliq
Vo diiyiin noqtalorindoki gorginlik vo carayanlara nisboton boyiik dogigliys malikdir, bu da
genis tezlik diapazonunda va ifrat gorginliklardo fiziki model asasinda naqilin taclanmasinin
tezlik vo geyri-xatti xarakteristikalarinin aproksimasiya metoduna gora alda olunur.

(10) tonliklorinin hesabatinin xotalari, uzlagsmast vo dayaniqligi dalga proseslorin adadi
analizlori zamani qiymotlondirilmisdir.

Ceviricisi olan asas Vo ya ehtiyat transformatorlarin tiristorlart bagli oldugu halda
idaroedici sarginin ¢ixislarinda diizlondirici gorginlik olmur, uygun olaraq idaroedici sarginin
magnitlonma coroyani da olmur, buna goro do magqnit sistemi doymamis vaziyyatds olur,
idarsolunan suntlayici reaktor iso adi transformator kimi yiiksiiz isloma rejiminds olur.

Bu halda (1) sisteminin figiincii tonliyindon sifir ardicilliqli coroyan doyismosi {igiin
ifado almaq olar:

di, 1 _

d .
dt __gLKlD_(y/1+WZ+l//3)_rKD y (11)
Iy, +15=0

nozors alsaq ki, Isp =1, +iy, m i, +i
(1) tonliyindan reaktorun har bir faza51 ugun yaza bilorik

d d 1d -
dl/:l =Uu, - SD'F(Wl) dV:l +LSD'L 3 (l//l"H//z'H//s) I'so (ﬂl_HO)
d d L, 1 d

(;/IZIUZ—LSD-F(V/Z) (;[:2+LSD LKlD édt(l/l +V/2+V/3) I'so (;2+| )
dy/ dl// B 1 d - -
dt3 :ug_ SD'F(ws) dts +LSD-LK1D ‘éa(l/ll—i_l//z+y/3)_rSD'(|ﬂ3+|0)

Vo ya matrisa soklinds
d ; .
"” =k l[u reo - (i, + |0)] (12)

harda ki,
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1 ) 1 . 1 )
§ LSD ) LKlD - LSD ’ F(l/ll) g LSD : LKlD g LSD ) LKlD
1 B 1 B 1 _
k= § LSD : LKlD § LSD : LKlD - LSDF(V/Z) § LSD : LKlD
1 _ 1 B 1 _
é LSD ) LKlD é LSD ’ LKlD g LSD ’ LKlD - LSDF(Ws)

Reaktorun soboka dolaginin neytralinin rezistor vo ya reaktorun komayi ilo (1)
sisteminin birinci tonliyi asagidaki sokilds olur:

a) neytralin I' rezistor vasitasilo torpaglanmasinda
d di

d = l//1+LSD SD+rSD
dt dt

hardaki u,, =r, - (i, +i, +i)

u -

o U, (13)

6) neytralin L induktivliyi vasitssilo torpaqlanmast

u, = LHE-(isl +isz +i53)

dt _
vo U, = dthfl + L, -%+QD g
Lo +L, Ly Lo
re L, =|Lg Lo +L, Ly
L, L., Ly + L,
NOTICO

Toklif olunan riyazi model idarsolunan suntlayici reaktorlarin tiplorindon asili olmayaraq
coxmoftilli elektrik verilis xottlorindo soth effekti vo moftillorin taclanmasini nozars alan
hesabat tonliklori ilo birlikdo miirokkab, paylanmis parametrli dovroalords elektromaqnit dalga
proseslorinin hesablanmasi {igiin yaradilan alqoritmin torkib hissasi kimi istifads oluna biler.
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MATEMATHYECKOE MOJAEJIMPOBAHUE YIIPABJISAEMbIX
MIYHTUPYIOHMNX PEAKTOPOB ITPU PACUYETAX 3JIEKTPOMATI'HATHBIX
BOJIHOBBIX ITPOOHECCOB JIMHUU JJIEKTPOIIEPEJIAYU

I'AIIMMOB A.M., BAGAEBA A.P.

IIpenyioxkeHHas B CTaTbe MaTEMaTUYECKast MOJIEIb HE3aBUCUMO OT TUIIOB YIPABIIIEMbIX
LNIYHTUPYIOLIMX PEAKTOPOB HAa MHOIO IPOBOJHBIX JIMHUSAX 3JIEKTPOIEpead COBMECTHO C
pacyeTHbBIMU ypaBHEHMUSMH, YUUTHIBAIOIIUMH MOBEPXHOCTHBIM 3((EeKT U KOPOHUPOBAHHbBIE
IIPOBOJIOB, MOXKET OBITH MCIIOJIb30BaHa KaK 4YacTh AJTOPUTMa pacyeTa 3JIEKTPOMarHUTHBIX
BOJIHOBBIX ITPOLIECCOB B LIETIAX CO CIIOKHBIMH PACIIPEACICHHBIMU IIapaMeTpaMHu.

KiaoueBble  cioBa:  maTemMaTHdyeckas  MOJENb,  YOPABISEMBIH  IIYHTUPYIOIIMH  peaxTop,
9JIEKTPOMAarHUTHBIN BOJIHOBOM IIpoLiecc

MATHEMATICAL MODEL OF REGULATING SHUNT REACTOR IN THE
CALCULATION OF ELECTROMAGNETIC WAVE PROPAGATION IN POWER
TRANSMISSION LINES

HASHIMOV A.M., BABAYEVA AR.

The mathematical model proposed in the article can be used as an integral part of the
algorithm created for the calculation of electromagnetic wave propagation in complex circuits
with distributed parameter together with the design equations, which take into account the
surface effect and corona effect in wires in multi-wire power transmission lines regardless of
the types of regulating shunt reactors.

Keywords: mathematical model, regulating shunt reactors, electromagnetic wave propagation
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VK 621.3.014

CUCTEMA ABTOMATHYECKON HACTPOMKHU COTJIACYIOIIEIO
UMITYJIbCHOI'O TPAHC®OPMATOPA MATHUTHO-UMITYJbCHOM
YCTAHOBKH

I'YJIMEB I'.B.}, ®APXAIOB 3.1.2, UCJIAMOB U.3.2, ATAXAHOBA K.A.?

YUsepbationcancruii Hayuno-Hccnedosamenvckuii u Ilpoexmuo-H3vickamenvcxui
Hucmumym Dnepeemuxu
2Cymeaumcxuii I'ocyoapcmeennuiii Yuusepcumem

[IpencraBnena HedeTKasi CHCTEMa HACTPOMKH, COTIIACYIOIIET0 HMITYJILCHOTO TpaHc(opMaTopa MarHUTHO-
HUMITYJIbCHOW YCTAHOBKH YYHTHIBAIOIIAs BO3MOXKHBIE HETMHEHHOCTH o0bekTa. B maHHOI cTaThe mpemsaraercs
CHCTEMa U AJITOPUTM HACTPOMKHU 3a30pa MeKIy 00padaThIBaeMOM 3arOTOBKOM U MHIIYKTOPOM C HCIIOIb30BaHHEM
TEOPUU HEUYETKHX MHOKECTB. Mcronbp30BaHME METONOB HEYETKOI'O YIPABIEHUS IO3BOJWIO IOJIYyYUTh CUCTEMY
HACTPOWKU  COTNIACYIOIIEr0 HWMITYJbCHOI'O TpaHcopMaropa MarHHUTHO-MMITYJIbCHOM — yCTaHOBKH — 0e3
HCIIOJb30BAaHUS TPOMO3IKUX BBIYUCIUTENBHBIX  IPOLEAYDP, XapaKTEpPHBIX [UIsl KJIACCHUYECKOTO METola
YIpaBJICHUS.

KnioueBble cjIoBa: HMITyJIbCHBIH TpaHchOpMaTop, HEYSTKHE MHOXKECTBO, HEYETKas JIOTHKA,
aBTOMaTHYeCKas HACTPOWKa, (azzudukarus, neda3zupuKrarms

1. BBeaenme: OpHOW U3 BaKHEWUIINX COCTABHBIX 4YacTed pPOOOTOTEXHHUYECKUX
KOMIUIEKCOB TpPH HEOOXOJWMOCTH TIOTOYHOH CHIIOBOW 00paboTKe OOJBIIOro YHcIia
OJIHOTHMIIHBIX JETaJel SBIAETCS YCTPOMCTBA MAarHUTHO-UMITYJbCHOW TEXHUKH, KOTODPbBIE
HY)KJaloTcs B JainpHeidmeMm pa3Butud. Cnenuduka paboThl ycTpoWcTBa MarHMTHO-
UMITYJIbCHOW 00pabOTKM B TOTOYHOM IIPOU3BOJICTBE TAKOBA, YTO ISl JOCTHXKEHUS TpeOyeMoin
CTeNeHH JepopMalii 3arOTOBKH C BBICOKOH TOYHOCTHIO HEOOXOIMMO BBIJIEPKUBATH 3a30D
MEXIy 00pabaTbiBaeMOil 3aroTOBKOM M MHIYKTOPOM. DTO 3acCTaBiIsieT B HACTOsIEE BpeMs
NPEIbSABIATh NOBBILIEHHbIE TPEOOBAaHUS K TOYHOCTH T€OMETPUUYECKUX Pa3MEpPOB 3arOTOBOK,
4YTO HE BCErAa SBJAETCS DKOHOMUYECKH OIpPaBAAHHBIM, T.K. IPUBOJUT K CYLIECTBEHHOMY
YBEJIMUYEHHUIO CTOUMOCTH TEXHUUECKOT0 000py10BaHuUs, IPOU3BOISIILIETO 3arOTOBKH.

2. CTpyKTYypHasi cxeMa CHCTeMbl aBTOMATHYECKOii HACTPOHKH COIJIacyIoIIero
HMIIYJIbCHOIO Tpancpopmaropa MUY

Hcnonp3oBanne B cucteme ynpasiaeHus MWV  cornmacyroomero HMMIyJlIbCHOIO
TpaHcpopmaTopa ¢ peryaupyemMbiM K03(pPHUIIMEHTOM MarHUTHON CBSI3U MEXKIYy MEpBUYHON U
BTOPUYHOM OOMOTKAaMH IO3BOJISIET 3HAYMTEIBHO CHU3UTH TPeOOBAaHHUS, NMPEIbIBIIEMbIE K
TOYHOCTH €ro METPUYECKHX pa3MepoB 3aroToBku [l]. DrTo mocTuraercs ¢ NOMOIIbIO
3aMKHYTOH CHCTEMbI HACTPOMKH UMITYJILCHBIM TpaHCc(HOpMaTOpoOM.

Cuctema aBTOMaTHYECKHI HACTPOWKHU COTJIACYIOMIETO0 UMITYJIbCHOTO TpaHchopMaropa
MUNY coctout u3 ciaenyromux 31eMeHToB (puc.l). UMmynscHOro Tpancgopmaropa, KOTOpbIi
BKJIIOYAET B c€0sl MEPBUYHYIO OOMOTKY, BBIIIOJIHEHHYIO B BHJIE€ IByX MAacCHUBHBIX BUTKOB 1 U
2, coelMHEHHBIX MEXIy co0o0il mepeMbrukoil 3. BropuuHast o0OMoTKa 4 pacnoiaokeHa Mexay
BUTKaMU | u 2 ¥ W30JIMpOBaHa OT HUX M3OJIAIIMOHHOW Mpokiaakoi. K Bropuanoit oOMOTKe €
MIOMOIUIbI0 KOHTAKTHOT'O YCTPOWCTBA NPUCOEINHEH MHAYKTOP 5, BO BHYTPEHHIOK I10JIOCTb,
KOTOpPOTO IoMernieHa oopadbarsiBaemasi aeTaisb 6.

[lepBuuynas oOMOTKa TpaHcopMaTopa C TMOMOIIBIO KOHTAKTHOTO YCTpPOMCTBa
MOJKIIIOYEHAa B I€b EMKOCTHOrO HakomuTens 7 uepe3 kommyratop 8. B monoctu
oOpabaTbIiBaeMOil AeTanyu JaTYUK FEOMETPUUYECKHX Pa3MepoB 9, BBIXOJ KOTOPOTO CBSI3aH C
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omokom 10, Trme w3MepsieTcs JIMHA 3aroTOBKM, W C OmokoM 11, roe ompenemnsercs
MPOU3BOHAS TIO JIJTMHE.

—> 13 —>(14 —> 15 —>

Puc.1. Cucrema aBTOMaTH4ECKOM HACTPOUKH COTJIACYIOLIErO
HUMITYJILCHOTO TpaHchopmaropa MUY

3Ha4yeHUsl JUIMHBI U MPOW3BOJAHAS MO JUIMHE 3aroTOBKM MOCTYMAIOT Ha BXOJA HEYETKOTO
KOHTPOJUIEpa, BBIIEICHHOTO MyHKTUpOM. [locnennuii Bkimodaetr B cebs: ¢azzudukarop-12,
NpeIHa3HAYSHHBIN A1l TpaHC(HOpPMAIMK YeTKUX CHTHAJIOB B HEYETKHE MHOYKECTBA; TAOJIHUIIBI
muarBuctrdeckux npami (TJIIT)-13, T.e. COBOKYITHOCTh HEYETKHUX IMPABUJ, OMUCHIBAIOIIHE
HEYCTKHEC OTHONICHWS MEXIY BXOJHBIMH W BBIXOJHBIMH TapaMeTpamMH KOHTPOJUIEPA,;
nedazsudukarop-14, rae nmoxydeHHbIe HEYETKUE 3HAYEHUS moclie nedas33udukanud B BUIE
YETKOr0 YIPaBJISIONIEr0 BO3ACHCTBHSI OCTYNAeT Ha BX0/ OJ0Ka yIpaBleHUs JBUraTeneM-15
U Ha JBUTATEIH-16.

3. MoaeupoBaHne He4eTKOI0 AJITOPUTMA HACTPOI KM HMIYJIbCHOTO
Tpancdopmaropa MUY

Jnst cuctemMbpl aBTOMATHYECKONM HACTPOMKKM B KAaYeCTBE HEYETKOTO aJTOpUTMA OBLI
BbIOpaH anropuT™M Mamaanu. JlaHHBIN anroputM sBIsieTcs Hanboyiee 4acTo MPUMEHSIEMbIM
Ha [pPaKTUKE, T.K. OYEHb XOPOIIO ce0s 3apeKOMEHI0Bal B psAJE 3a/1a4 yIPaBICHUS B pEXKUME
peaJbHOro  BpeMeHHM. MaTeMaTu4ecku OH  MOXeT ObIThb  ONHCaH  CleAyromien
TIOCJICIOBATEIbHOCTHIO IaroB [2-4].

1. HeueTkocTh: HAXOAATCS CTENIEHN UCTUHHOCTH JUISl IPEANOCHUIOK KaX/10T0

[paBuIa: A1(Xo)vA2(Xo)’ Bl(Yo )’ Bz(Yo)-

2. Hedyerkuil BBIBOJ: HaXOAATCS YPOBHU «OTCEUEHHS» ISl MPEIIIOCHUIOK Ka)I0T0
u3 npasui (C KCIOIb30BaHUEM OIepanuy min):

o = Al(XO)/\ Bl(yo)’
o, = Az(xo)/\ Bz(yo)

IJIe Yepe3 «A», 0003Ha4YeHa orepalys JOTHYeCKOro MuHUMyma (Min), 3aTeM HaxOIATCS
yceueHHbIe (DYHKIIUU TPUHAICKHOCTH
4 —
C = (0‘1 /\Cl(z))v
!
C,= (“2 AGC, (Z))
3. KoMmo3umusi: ¢ MCHoib30BaHHWEM omepanuu Max (o0o3HayaeMoil Kak «V»)
MIPOM3BOIUTCS OOBETUHECHNE HAMIEHHBIX YCEUEHHBIX (DYHKIIUH, YTO IPUBOAUT K TTOITYICHUIO
UTOTOBOTO  HEUYETKOTO TOAMHOXKECTBA I TEPEeMEHHON BbIxoma ¢  (QyHKIUEH

IIPUHAJICKHOCTH
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#. (2)=C(2)=Ci(z)v C;(2)=(eu A C,(2))v (@, AC,(2))
4. HakoHel, NpUBEIEHHUE K YETKOCTH (111 HAXOXKIAEHUS Z,) NPOBOMUTCS HAIIPUMED,
OCHTPOUAHBIM MCETOAOM:
Iz;gz(z)dz

Z,=%——
[ 1. (2)dz
Q

OYHKIMY TPUHAJIC)KHOCTH, WCIIONH30BAaHHBIC B JAHHOW padore, ObLIH, B OCHOBHOM,
YeThIpeX BUJIOB: TPEYTrOJbHBIC, Tpanenenaaabible, S —u Z —o0pa3Hbie. ONUCHIBAIOTCS OHU
cieayronmmu hopmyaamu [2-5]:

S —oOpa3Hble. 3aaeTcs AByMs apameTpamu - a,b

0, X<a,
X—a
X)=4 ——, a<x<b
Hx)=1 T,
1, b<x
Z — oOpa3nble. 3agaeTcs AByMs apameTpamu- b, C:
1, Xx<b
C—X
X)=4——, b<Xx<c
Hx)=1"=,
0, c<Xx

TpeyroabHble. 3aacTcs TpeMs lapaMeTpamu- a, b, c:

0, x<a,

a
E—ﬂa<x<b
ux)=127%

—— b<x<ec
c-b
0,c<Xx

TpaneuenaajibHbie. 3a1aeTCs YETHIPbMSI TTapameTpamu -a, b, b,, C:

0, X< a,
X738 a<x<b
b, —a
u(x)=11, b, <x<b,

C—X

, b, <x<c
c—b,
0, c¢c<X

[Ipu pabGoTe KOHTpoiIEepa MO aIrOPpUTMy MamaaHd B CHCTEME aBTOMATHYECKOU
HACTPOWKH (MOJAepKaHne 3a30pa MEXIy oOpabaThiBaeMOl 3aroTOBKOM M WHIYKTOPOM) Ha
BXOJl HEYETKOT0 KOHTpPOJUIEpa IMOJaBANUCh: BHIUMCICHHOE 3HAYCHHE JUIMHBI 3aTrOTOBKU U
HarpaBJICHUEC HM3MCHCHHA €ro JJIMHBI. C BbIX0JJa CHUMAJIOCHh HaIpaBJICHUC INCPECKIIIOYCHUS
(Bmepen, Ha3al WM HE MEHATH TMOJIOKEHUS) U BPEMSI, 32 KOTOPOE ATO JEHCTBUE TOKHO OBITH
3aKOHYEHO.

Bce BXOaHBIE W BBIXOJHBIC BEIUYUHBI SBISIOTCS UYETKUMU 3HAYCHHUSIMH, TOCKOIBKY
CHUMAIOTCSl C PEAITBHBIX NPHUOOPOB ABTOMATHKH, KOTOpPHIC BBIIAIOT YETKHE 3HAYCHUS
HU3MCPACMBIX  ITapaMCTPOB. I[EUICC, B CaMOM KOHTPOJUICPC, OTH BCIWYUHBI YIKC
npeoOpa3yloTcsi K HEYeTKHMM 3HaueHwWsM. [locie cpaOaThiBaHWsI HEYETKHX IIPABUII,
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MOJIyUYEHHBIE BBIXOJHBIE MEpEMEHHbIE BHOBb MpeoOpa3yloTcsi K UYeTKOMY (HOpMajJbHOMY)

BH]LY.

4. Unentudukanus 4 pe3yabTaThl MOJAeJIUPOBAHUE HEYETKOI0 KOHTPOJJIepa

HACTPOMKHU UMIIYJIbCHOrO Tpancpopmaropa MUY

I[J'IH pa6OTBI HEYCTKOI'0 KOHTPOJIJIEpA HMCIIOJIB30BAIMCh CICAYIOMIUE JIMHIBUCTUYCCKUC

IIEPEMEHHBIE:

a) Ha Bxome koHTposepa (BXOoaHbIC IepeMeHHbIe): JauHa. J[muHa 3aroToBKH u
Junamuka. J[nHaMuKa u3MeHeHus JJIUHbI (Mpou3BoaHas JuinHbl). Heuetkue 3nauenus, OI1
W TapaMeTpbl BXOJHBIX JUHTBUCTUYECKUX IIEPEMEHHBIX IOKa3aHbl B Tabmuie 1, a ux
rpaduveckue npeacTaBieHue Ha puc.2 u 3.

o
= C
<
g diffective very small ( very large
5
E —
S
©
o
8’ Of r r r r r r
O 0.6 0.7 0.8 0.9 1 11 1.2 1.3
Long
Puc.2 Heuerkue 3HaueHus nepeMeHHON «lauHay
= j
ﬁ 1 T T T
) . .
_g neqativ positive
()
e 05~ .
S
]
:‘? 0 r r r
=) -1 -0.5 0 0.5 1
Dinamical
Puc.3 Heuerkue 3HaueHus nepeMeHHON «/IMHAMUKAY
Ta6auna 1
Heuetkue 3nauenust, ®I1 1 mapamMeTpbl BXOHBIX JIHHTBUCTHYCCKUX MMEPEMEHHBIX
3HaueHue nepeMeHHON | DYHKIMS TPUHAAIEKHOCTH | [TapameTpbl
Jauna
OueHb MaJICHbKAS TparnernenJaIbHas (0.7 0.8 0.9 0.97)
MaienbKast TpaneueuaabHas (0.850.951.02 1.05)
Hopwmanbha TpaneuenaabHas (0.931.051.081.14)
Bousbiras TpaneuenaabHas (1.041.1 116 1.21)
Ouenp OostbIIas S-obOpazHas (1.11 1.22)
Z-o0pazHas (0.710.81)
JAunHamuka
OtpunarensHoe Z-o0pazHas (-0,50)
Hynesoe TpeyroyibHast (0,8 0 08)
[MonoxxutenpHOE S- obpaszHas (0 0,5

0) C BBIXOJIa KOHTpOJUIEpAa CHUMAIKMCHh 3HAYCHHS CJCAYIOIIMX JIMHTBHCTHYCCKUX
NepeMEeHHBIX (BbIXOJHBIC nepeMeHHbie): HanpaBaenue-Direct. Hampasiienue ciemyroriero
nepeKiroueHus Asuraresst U [Ipoao/EKuTeIbHOCTh - BpemMs BKITIOUCHUS 3JICKTPOIBUTATEIS
(cM. Tabn.2 u puc. 4 u 5).
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a
E 1k [ [ [ T ]
8 down stop up
€
Q
€ 05 i
IS
)
Q
8 O C r r r r r
O .15 -1 -0.5 0 05 1 15
Puc.4. Heuétkue 3HadeHns nepeMmentoi «HanpaBiaenune»
2
@ 1 L L L L
very's
8 ry short mean long very long
£
)
€ 051 .
©
)
o
g O r r r r [
a 0 0.2 04 0.6 0.8 1

Time

Puc.5. Heuérkue 3HaueHus nepeMeHHOH «IIpoao/EKuTeIbHOCTDY

Taoauna 2

Heuerkue S3HA4YCHU, ®Il u apaMeTpbl BHIXOJAHBIX JHUHI'BUCTUYECCKUX TIEPEMEHHBIX

3HaueHNUE TIEPEMEHHON I DYHKIMSI IPUHAIEKHOCTH I IlapameTpsl
Hanpagjenue
Baepx TpaneuenanbHas (0.5 0.75 1.25 1.5)
BHuus TpaneuenanbHas (-1.5 -1.25 -0.75 -0.5)
Cron TpanenenaapHas (-0.5 -0.25 0.25 0.5)
ITpoaoaKuTEeTbHOCTD
Ouenb Masast Z-o6pasHast 0 005
Kopotkast TparneleHIaIbHast (0005 015 02
Cpenmsist TparneleHIaIbHast (015 02 04 045
Jourast TparneleHaabHast (04 045 085 09%)
Ouensb gonras S-o6pasHast (08 091)

B mporecce paboTsl ObLTH OMPOOOBAaHBI PAa3NUYHBIE BapUAHTHI paOOTHI KOHTPOJLUIEPA.
[To BBIIIE TPUBEEHHBIM MEPEMEHHBIM OBLIO COCTABJICHO 18 TpaBMII HEUETKOTO BBIBOJIA JJIS
JMaHHOW cucTeMbl. JIMHrBUCTHYECKas TabIuIla mpaBuil puBeaeHa Ha Tabmune 3. CUMBOJIBI B
0003HaYCHHSIX TEPMHUHOB 03HAYAIOT:
BP — 6pak; OM — ouenn manenvkas; M — manenwkas; H- Hopmanbhas; b — 6onpmias; Ob —
Ouensp O6onpmas; O — oTpumnarensHoe; Z — HysneBoe; [1 — monoxurensHoe; BB - BBepx; S —
cron; BH — BHu3; K — kopotkas; OK — ouenb kopotkas; [| — nonras; O/l - ouens gosnrasi.

Ta0auna 3
Tabnuna JIMHrBUCTHUECKHUX MTPABUIT

TepMel bBP OM M H b Ob
O S BB BB S BH BH
OK K i o
H S BB S S BH BH
K CP )l o1
I S BB BB S BH BH

K i CP A
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PacueTHble SKCHEepHMEHTHI TIpoBeZeHbl B cpeme Matlab ¢ wmcmonb3oBanrem
nporpaMmmHOro komiuiekca Fuzzy Logic Toolbox.

B npouecce paboTsl ucciaenyeMoid MOAETU OBbLIM MOJTYYEHBI MOBEPXHOCTU MU3MEHEHUS
HAIPaBJICHUS CIEAYIOLIEr0 MEPEKIIOYEHUs] JBUTAaTeNls M IPOJOJIKUTEIILHOCTH BpPEMEHU
BKJIIOUEHUH aniekTponaBurarens. Ha puc.6 mokasaHbl MOBEPXHOCTU U3MEHEHUS HAIpaBICHUS
CIIEYIOIIETO MEPEKIIIOUEHUsl JABUTaTeNlsli U MPOJOJDKUTENBHOCTH BpPEMEHU  BKIIIOUEHUI
JNEKTPOABHUTATENs] B 3aBHUCHUMOCTH OT JUIMHBI U €€ IMpOu3BOJHOW. B pesynbrare anamnmza
MOJIYYEHHBIX PE3YJIbTaTOB OBbLIO BBHISBICHO, YTO HEYETKHA KOHTPOJUIEpP B OOJIBIIUHCTBE
CJIy4aeB COBEpILIAET MEHbIIIEE KOIMUECTBO NMEPEKIIOUEHUN 0 CPABHEHHIO C KIIACCUYECKUM, a
TaKXe TO3BOJISIET BBIACPKHUBATH 3a30p MEXy 00padaThiBaéMOM 3aroTOBKON U MHYKTOPOM.
DTO yMeHbIIaeT Bpems HacTporku MUY u He NpenbsBISET MOBBIIICHHBIE TPEOOBAHUS K
TOYHOCTH T€OMETPUYECKUX pa3MepOB 3aroToBOK. CTOMT TakKe OTMETUTh, YTO YCTpPOICTBa
HA OCHOBE HEYETKOM JIOTMKH OO0JIaJaloOT ellle OJHUM BaKHBIM CBOMCTBOM - CPaBHUTEIBHO
mpocTor pacmupsieMoctbio. JloOaBiieHHE HOBBIX CBOWCTB, HOBBIX (DYHKIITMOHAIBHBIX
BO3MOXXHOCTEH JJii TaKUX YCTPOMCTB JIETKO U HECJIOXKHO. T.e. mpH BO3HUKHOBEHUU
HEOOXOJMMOCTH B JIOMIOJHHUTEIBHBIX (YHKIUAX, BO3MOXKHO J00aBiIeHHE HX B pabory
HEYETKOro YCTPOMCTBa. YCTpOICTBa Ha OCHOBE HEYETKOW JIOTMKH CPaBHUTEIBHO JIETKO U
IPOCTO MOTYT TepenporpaMMHUpPOBAThC TOJ TeKymue Hyxabl. [Iponemypa moOaBieHus
HOBBIX (DYHKIIMOHAIIBHBIX BO3MOXHOCTEH MpocTa U He cioxHa. [loaromy nobaBneHre HOBBIX
(GyHKIMH B ciryyae BOSHUKHOBEHHS TAKOW HAaJOOHOCTH, HE MIPE/ICTABISET CI0KHOCTH.

05

Direct
L]
Time
Law}
on

—_ F

12 12
0

. . = 0g , . = B
Cinamical -1 06 Long Dinamical -1 06 Long
Puc. 6. IloBepXHOCTHBIE 3aBHCUMOCTH BBIXO/HBIX TApaMETPOB

OT BXO/JHBIX NEPEMEHHBIX

BbIBO/IbI

1. B pesynapTaTe wuCcienoBaHU OBUIO TOJYyYE€HO, YTO HEUETKHH KOHTPOJUIED B
OOJIBIIMHCTBE CIy4YaeB COBEPILACT MEHbILEE KOJIMYECTBO MEPEKIIOYEHUH, 0 CPAaBHEHHIO C
KJIACCMYECKUM, a TaKXe I[I03BOJISIET  BBIAEPKHUBATh 3a30p MEXAy o0pabaThiBaeMoit
3aroTOBKOM M MHIYKTOPOM. DTO NMPUBOAMUT K YMEHBILIEHUIO BpeMeHH HacTpoiiku MUY u He
MPEIbSABIISET MOBBIIIEHHBIE TPEOOBAHUS K TOUHOCTH T€OMETPUUYECKUX PA3MEPOB 3ar0TOBOK.

2. VYcrpoiicTBa Ha OCHOBE HEYETKOM JOrMKHM O0JIaZaloT eIlle OJHUM BaXKHBIM
CBOMCTBOM - CPAaBHUTEILHO MTPOCTON paciimpsieMocThio. JloO0aBieHne HOBBIX CBOMCTB, HOBBIX
(YHKIMOHAJIBHBIX BO3MOXKHOCTEH JUIsI TAaKUX YCTPOMCTB JIETKO M HECIO0XHO. T.e. MpH
BO3HUKHOBEHUHU HEOOXOMMOCTH B IONOJHUTENBbHBIX (DYHKIUSAX, BO3SMOXKHO JOOABICHHUE UX B
paboTy HEYETKOI0 YCTpOHCTBA.

3.MoxHO yTBepXkaaTh, UYTO YCTPOWCTBA HA OCHOBE HEYETKOW JIOTMKHA Ooiee
NPEIIOYTUTENBHBl  JJI1  aBTOMATHMYECKOM HACTPOMKM  COIVIACYIOLIEr0  HMMITYJIbCHOTO
tpanchopmatopa MUY, Hexenum ycTpolcTBa Ha OCHOBE 0ObuHOM Jsormku. Cama
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aBTOMAaTHWYeCKass HACTpOWKa COTJIACYIOIIEr0 HMMMYyJIbCHOTO TpaHchopmaTtopa MUY
nojy4aercst 0oyiee KaueCTBEHHAs, KOJIMYECTBO MEPEKIIOUEHUI CHUYKACTCSL.
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MAQNIT-IMPULS QURGULARININ UYGUNLASDIRICI iMPULS
TRANSFORMATORUNUN AVTOMATIK SAZLANMA SISTEMI

QULIYEV H.B., FORHADOV Z.i., ISLAMOV i.Z.,, AGAXANOVA KA.

Obyektin miimkiin geyri-xattiliyini nozore alan maqnit-impuls qurgularinin
uygunlagdirict impuls transformatorunun geyri-salis sazlama sistemi verilir. Maqalado geyri-
solis coxluglar nozoriyyesindon istifado etmoklo emal olunan postahla induktor arasindaki
hava araliginin sazlanmasi sistemi va alqoritmi toklif olunur. Qeyri-salis idaraetma iisulunun
istifado edilmosi klassik idaroetms ligiin xarakterik olan agir hesablama proseduru olmadan
magnit-impuls qurgularinin uygunlasdirict impuls transformatorunun sazlama sistemini sintez
etmoyo imkan verir.

Acar sozlor: impuls transformatoru, qeyri-solis ¢oxlug, qeyri-solis montiq, avtomatik sazlama,
fazzifikasiya, defazzifikasiya

AUTOMATIC ADJUSTMENT SYSTEM OF MATCHING PULSE
TRANSFORMER OF MAGNETIC-PULSE UNIT

GULIYEV H.B., FARHADOV Z.1., ISLAMOV 1.Z., AGACHANOVA KA.

Fuzzy system of adjustment of matching pulse transformer of magnetic-pulse unit,
taking into account possible nonlinearities of the object, is presented. In this paper the system
and algorithm for the adjustment of the gap between the processed work piece and inductor
using the fuzzy sets theory is proposed. The use of fuzzy control method swallowed for
obtaining the adjustment system for the matching pulse transformer of magnetic-pulse unit
without the use of tedious computational procedures that are typical for the classical control
method.

Key words: pulse transformer, fuzzy set, fuzzy logic, automatic adjustment, fuzzification, defuzzification
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OBECIIEYEHUE KAYECTBEHHOI'O TOKOCBEMA B IIOJAI OTOBUTEJBHBIN
HEPUO/J, TP HEPEXOJE C 3KB IIOCTOAHHOI'O TOKA HA 27,5KB
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E-mail: ragim1953@mail.ru

OCHOBBI HCCIICIOBAaHUNA TapaMETPOB B3aWMOJCHCTBHSA TOKONPHEMHHKA C KOHTAKTHOM ITOIBECKOW Ha
yuactke baky-betok xscnk AXJ[, B yacTHOCTH mapaMeTpOB KOHTAKTHOH MOABECKH C YCHJIMBAIOIINM TPOCOM
Ha KayecTBO TOKOChEMa IIPH CKOPOCTH [BMKCHHS IOJBIDKHOTO cOocTaBa B anamazoHe 140 km/4 sBisercs
NMPUMEHEHHE HOBOM KOHTAKTHOM IOJBECKH C YCHJIMBAIOIIMM IIPOBOJIOM IIOJBEIICHHBIM B OJHOM Y3IE.
IIpoananu3upoBaHbl MOTyYSHHbIE SKCIICPUMEHTAIbHO MTHOBEHHBIE 3HAUEHUS] KOHTAKTHOT'O HAXKaTHs aHKEPHOTO
ydacTka C HOMHHAJIbHBIM HaTshkeHHeM Hecymiero tpoca (18 kH) m xonrtaktHOro mposoga 10xH. Ilo
MOJy4eHHBIM T'apMOHHYECKUM COCTABISAIOIIMM MOCTPOEHBI aMIUIMTYIHO-4aCTOTHBIE XapaKTePHUCTUKU IS
UCCIIEyeMOr0 aHKEPHOIO y4acTKa.

KoHTakTHas ceTh MpEACTaBIsACT COOON CTPYKTYpPYy C NMOBTOPSIOIIMMMCS 3JIEMEHTaMH: ONOPBI, CTPYHBI.
CrenoBatenbHO, 3TH 3JIEMEHTHI BBI3BIBAIOT B CHCTEME DETyJSIpHBIC KOJEOaHMS NpPH B3aHUMOJCHCTBHM C
TOKOTIPHEMHHKOM. Y CTAaHOBJICHO YTO BIMSHHE IapaMETPOB KOHTAKTHOH MOJBECKH HAXOAWTCS B JHANa3OHE JI0
10 I'm, 9TO MO3BOJIAET KaUECTBEHHBIN TOKOCHEM IpH ckopocTu 140km/gac.

KnaroueBble cj1oBa. KOHTaKTHas CCTh, HecyH.[I/Iﬁ TpOC; KOHTaKTHBIN MIpoBOJA; Ka4YE€CTBO TOKOCHEMA,
CHCKTpaJ'IBHBIfI aHaJIN3; CPCAHCKBAAPATUYICCKOC OTKIIOHCHUEC KOHTAKTHOI'O HAYKaTUA

XKene3nonopoxxHelii TpaHcnopT A3zepOaiikaHa B CHIIy HEOOXOIMMOCTH HepeMeLeHUs
0onpImIMX OOBEMOB TIpPY30B M MACCAXUPONOTOKOB Ha JajbHUE PpACCTOSHUS SBISETCS
HHEPrOeMKO cCepoil.

Azepbaitmxanckue JKenesnole [loporm (AXK]/]) — oaMH U3 KPYHNHBIX M CTAOMIIBHBIX
notpeduTteneil snepropecypcos B crpane. Ilopsinka 4% BbelpabaTbiBaeMOl €KEroiHO B CTpaHe
anekTposHeprun norpedmser AXK/I.

X03UCTBO 3IEKTpUPUKAIMK U DIEKTPOCHAOXKEHUs SBISETCS BeChbMa BaXXHBIM H
OTBETCTBEHHBIM  3BEHOM  MH(pacTpykTypbl  A3zepOaiipkaHCKMX  JKENEe3HbIX  JOpor,
o0ecreynBaroIUM NepeBo30uYHbIN nporecc. He cinyyaifHo Ha 1010 37€KTpUGUIIMPOBAHHON
JKene3Hou goporu ceromus npuxoautcs 90% obmiero oobreMa nepeBo3oK.

Vyactok baky - Bewk kicuk npoTsxeHHOCTH S03KM ABISIETCSI COCTABHOM 4YacTH
AXI wu xapaktepuzyercss  OONBIIOW  TPy30HANpPSKEHHOCTbIO.  MUpPOBOI  OMBIT
CBUJIETEIBCTBYET O MPEUMYILIECTBEHHOM UCIIOJIb30BaHUU CHCTEMBI 25kB nepemeHHoro Toka
Ha 2JIEKTPU(UIUPOBAHHBIX y4YacCTKaxX >KEJIE3HBIX AOPOr. DIEeKTpU(UIMPOBAHHBIE YYaCTKU
oOecrieynBarOT OOJBIIME IUIFOCHI IPU  [O3TAalHOM  HAapaIlMBaHUM  SHEPreTHUECKUX
BO3MOXKHOCTEH 3JEKTPUYECKON TATH, a IpU HEOOXOJUMOCTH B MX MOHWKEHHUH, HaIpUMeEp,
npu crnajge oObeMOB IEPEBO30K, BAapHUAHTBI AJIEKTPOCHAOKEHUs Npu HampspkeHuu 25 kB
MIO3BOJISIFOT  ONTHMAJIBHO COTJIACOBaTh ITOKA3aTENIM CHCTEMBI C T'PY30HANPSKEHHOCTHIO
y4acTKa.

B »TOl CcBSI3M mpopoiKaeTcsl pa3BUTHE MOJUTOHA 3JIEKTPUPHUIIMPOBAHHBIX Y4aCTKOB
AzepOaiiykaHCKON jKeIe3HON Topord. B 4acTHOCTH 3MeKTpUPUIMPOBAHHBIN HaNpaBICHUS
baky - berok kacuk AXK]] nepeBoautcs ¢ 3 kB nmoctositHHOro Toka Ha 27,5kB mepeMeHHbI
TOK, TIONIOJTHEHUE TATOBBIE TIOJICTAHIIUN YHEProcOeperaloMMi TEXHUYECKUMH CPEJICTBAMU U
HOBBIMH TE€XHOJOTHUSIMU. BO Bcex TATOBBIX moAcTaHUMs Ha cTopoHe 110kB oTkpbITON YacTu
pacrpenenuTeNbHOIO y4acTKa, IPUMEHEHO COBPEMEHHBIE 3JIETa30BbIE BKJINOYATEIU U
pa3beAMHUTENN ,B pacHpeAeIUTENbHbIX ycTpoicTBax 27,5u 10kB mpuMeHeHO BakyyMHBbIE
BKJII0YaTeNu u cyxue tpaicopmaropsl CLIB-10xB.
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B 3TOM KpoeTrcs mepcrnekTUBa AAIBHEMIIEr0 pa3BUTHUS U PACIIUPEHUS IEATEIbHOCTH
XO3SIMCTB  DJIEKTPOCHAOKEHHUSI ~ KEJNEe3HBIX  JIOpOr  Kak  OCHOBAa  OOecledyeHus
3IEKTPOOE30MaCHOCTH MEPEBO30YHOI0 MpOoIecca U KU3IHEAEATEIbHOCTU KEIe3HOI0POKHON
UHPPACTPYKTYPHI.

B AX]] ogHOI M3 MUPOBOM IpakTHKe (BIepBbie B Poccuu) yCIIOBHSIX HapsHKCHHOM
paboTBl 1O MEpPEBO3KE IPY30B U IACCAKUPOB OCYILIECTBIEH IIEPEBOJ] MarucTpajbHOMN
ydyacTka JKejie3HoM pgopord ¢ 3 kB mocrosHHoro Ttoka Ha 27,5kB MNEpEeMEHHbIN
UCTIOJIb30BAaHUEM psiIe HOBBIX ~ TEXHHUYECKHMX pemeHuid. B Xome paboT, CBS3aHHBIX
MEePEBOIOM ydacTKa Ha MEePEMEHHBIN TOK BBIIIOJHEH 00JbIIoi 00beM paboT: Iloctpoeno 12
HOBBIX TSTOBBIX IOJICTAHIIMM ITEPEMEHHOIO ToKa, MOHTHpoBaHOo 110kB JIDII-110xB u 100 xm
( cocraBusier 30% ) oT Bcero o0ObeMa HCHOJIB3YEMBIX B ANEKTPUDUIIMPOBAHHBIX ydacTKax
AXII.

Cormacao goroopy ATE® c¢ AX]I, HEOOXOIUMO MOJHOCTBIO TOCTPOUT 287KM
pasBepuytoii mmHBI(20% u3 obmero oObema) HOBYIO KoHTakTHyl cetb YKC-160. Ha
octanbHbIX ydacTkax 1148km pa3BepHyToi AnuHbl (80%) KOHTaKTHOW CETHU MOCTOSHHOTO
TOKa MPOM3BOAUT  YAaCTUYHOE 3aMEHa JJIEKTPUUECKHUX YCTPOMCTB [y Iepexoja Ha
NEPEMEHHYIO0 TAry, T..  HEOOXOAMMO 3aMEHUTh TOJIBKO KOHTAKTHOW TIOJBECKH U
000pyI0BaHKE, OCTaBIsiA MPH ATOM TOC]E MPOBEPKU pabOTOCTOCOOHBIX >KEIE300€TOHHBIX
OMOp NOCTOSIHHOT'O TOKA JIJIs1 HOBTOPHOI'O UCIIOJIb30BAaHUE B CUCTEME NTEPEMEHHOTO TOKA.

TexHosorus nepexojia Ha nmepeMeHHbId TOK B AXK]], KOpeHHBIM 00pa3oM OTIHYASTCS
TEXHOJIOT'M OCYIIECTBJIEHHBIN B Poccuu nipu nepexojie Ha nepeMeHHbIi ToK. B Hamiem cinyuae
YY4acTKM IIO3TAallHO NEPEBOJUTCS Ha IEPEMEHHBIH TOK, IpPU ATOM HE IPOU3BOJIUTCS
OTpaHUYEHUE JBUKEHHUIO NTOE€3]0B KaK B POCCHIICKOM MeTo/ie Iepexo/ia Ha IEPEMEHHbIN TOK.
[Tocne nepeBojia Ha IEPEMEHHBIN TOK HE MPOU3BOJUTCS HUKAKUX JIOMOJIHUTENbHBIX padoT 110
OOHOBJICHHE CHUCTEMBl JJIGKTPUYECKOM TATH TMEPEMEHHOIO0 TOKa KpPOME 3aMEHBI
Kene300eToHHbBIX o1op B(80%) YacTh KOHTAKTHOM CETH .

B Poccun nepexon Ha mepeMEeHHBIM TOK, KOTOPBIM OCYIIECTBIISUI JKEJIE3HOJOPOKHBIE
npennpustust Munucreperso Ilyreit Coobmenne PO.

B namem cnyuae mnepeBon ~ Ha yuacTke baky - bewK KACHK — OCYyIIECTBHII
cnenuann3upoBaHHblii yacTHas komnanus «ATE® « rpynna koMmaHui.

B Poccuiickoii MeTrone ¢ Hayano MPOU3BOAUTCA PEKOHCTPYKLUS  OJHOM CEKLHH
NOJCTAHIIMM W YCWIMBAETCAd M3OJSIIMS ~ KOHTAaKTHOW CETH IOCTOSHHOTO TOKa C
UCIIOJIb30BAaHUEM H30JISTOPOB MOCTOSIHHOrO ToKa. Ilocne momaun mepeMeHHOro Toka Ha
KOHTaKTHBIM CeTh, HAuyMHAeTcsl paboTa IO MOHTaXy BTOPOW CEKIMM IOJCTAaHIUU.
[TapannenbHO NPOM3BOIUTCSA 3aMEHA CTapbIX KOHTAKTHBIX IMPOBOJIOB MOCTOSHHOI'O TOKA.
Takoil MeToJ1 mepexoja Ha MEPEMEHHBIN TOK, OCJIOKHSET NMPOBEIEHNE MOHTAXHBIX padOT Ha
OCTaBIIEHCS YaCTH ANEKTPUDUIIMPOBAHHBIX y4acTKaX. YCHIMBAET BEPOSTHOCTU TOMAaHUE
HABEJCHHON HAINpsKEHHE OT COCETHEro MyTH padoTarolMX MOHTaXKHUKOB MIpU paboTe Ha
OJIHOM IIyTH B JABYXIIyTHOM ydacTke mnepemeHHoM Toke 27,5kB. C nenbo 3aBepiieHue Beex
OCTaBIIMXCSI AJIEKTPOMOHTAXKHBIX paboT, Tpedyercs orpomHoe koauwdectBo (OKHO)-
BPEMEHU TMOJIHOCTHIO MPUOCTAHOBJIEHWEM WM OTPAaHUYEHUEM B JABUKEHUHU IOE3/I0B, UTO
OTPHUIATENIBHO CKa3bIBACTCSI MPOITYCKHOM CIIOCOOHOCTH M CHUKAET MPUOBLIN TOPOTH.

N3BecTHO, YTO BEPOSITHOCTh OMACHOCTH IOINAJaHUE HABEJACHHOW HAIPSIKEHUE BO

BpeMsI 3aMEHbl KOHTAaKTHOM MOJABECKM OJHOTO MYTH B JABYXIIYTHOM Yy4YacTKE€ B CHCTEMeE
MEPEMEHHOT0 TOKA Ha MOPSIOK BhIIIE, YEM HA IOCTOSTHHOM TOKE.
W3-3a MOBTOPHOTO HCIOJIB30BAHUE OTIENBHBIX YCTPOUCTB ( M30JSATOPOB , Pa3bEeIMHUTENEH,
KOHTaKTHBIX MPOBOJIOB) MOCTOSTHHOTO TOKA MPHU MEePEeX0/ie Ha MEePEeMEHHBIN TOK MPOUCXOTUT
yacToe TIOBPEXJCHUH B CHUCTEME IepeMeHHOro Toka. Bce 7310 YBEJIUYUBAET
HKCIUTyaTal[MOHHBIE PACXO/Ibl U CHIKAET O€30MaCHOCTH JBMYKEHHUE MTOE3/10B.

HeoOxonuMo 3aMeTuT, YTo mepeBol dMEeKTPUPHUIIMPOBAHHOTO yYaCTKa C MOCTOSIHHBIM
TOKOM OCYILECTBJISIETCSI 0€3 OCTAaHOBKM IOE3/I0B pabOTaromuii Ha MOCTOSHHOM Toke. [lns
TOTO 4TOOBI 00ECTEUHUT JTOCTATOYHON HHEPrUeil MOe3/10B CUCTEMBbl IOCTOSHHOIO TOKA U HE
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OTPaHMYMBATh KOJMYECTBO TI10€3/I0B,  HEOOXOAMMO OBUIO YBEIWYUT CEYEHHE HOBOM
KOHTaKTHOM IOJBECKH IEPEMEHHOIO TOKA. YBEIMYEHUE CEYEHHE KOHTAKTHOM MOJIBECKHU
MOKHO OCYIIECTBHUT TOJIBKO JBYMsI CIIOCO0aMU;

1.MoHTHpOBaTh €I1€ OJHOrO0 KOHTAaKTHOIO IIpOBOJA, CIEJIaB TEM CaMbIM IIOJIBECKY C
JBOMHBIMU KOHTaKTHBIMH TpoBoaamu. [Ipu 3Toil crocobe yBenumuuBaeTcs ce0eCTOMMOCTh
KOHTaKTHOM ITO/IBECKHU MEPEMEHHOI0 TOKa B nopsiake 10 30%.

2.Mcnonp30BaTh YCUIIMBAIOLIETO MPOBOJA /JIsl YCUIICHHS CEUYECHUsI KOHTAKTHOM MojBecku. B
KaueCTBE YCHJIMBAIOIIETO MPOBOJIA MCHOJIB30BATh JEMOHTUPYEMBINA CTapblid HECYIIMU TPOC
M120 KOHTAKTHOH NOABECKH MOCTOSIHHOI'O TOKA.

OneHrnB HKOHOMHYECKHH COCTOSHHME, W obecriedeHue Oe30MacHOCTH JIBUIKECHUE
M0€3/10B OBLJIO MPUHSATO PElIeHUEe He MOHTUPOBATh BTOPOIl KOHTAKTHBIN MPOBO/JI, @ YCUIIUBATh
KOHTAaKTHYIO IIOJBECKY C TIIyTeéM IOABECKM YCWIMBAIOLIEro IIpoBoxa. B  kaudectse
YCHWJIMBAIOLLIETO TpOCa HCIIONb30BaTh HECYUIMH TPOC JIEMOHTUPYEMOIO HECYIIEro Tpoca
KOHTaKTHOM ITOJBECKH IIOCTOSTHHOI'O TOKA.

[lo TUIOBOMY pelIEHUIO0 B KOHTAKTHBIX IOJBECKAX YCHJIMBAKOLIUN HNPOBOJ IOJBEUINBACTCA
C II0JIEBOW CTOPOHBI OIIOP KOHTAKTHOM IOJIBECKM Ha CIELMAIbHBIX KPOHIITEHHAX.

[lepBriii cioco® oueHb 3aTPaTHBIM, HEOOXOJUMO OBUIO MOJBEIIMBATH KPOHIITEHHBI,
MOHTHUPOBATh M30JATOPHI U T.1. [Ipennaraemslii aBTopamMu crnocod, o0ecreunBaeT yCUICHUs
CeYeHHE KOHTAKTHOM MOABECKH 03 OCOOBIX JOMOJHUTENBHBIX 3aTpaT C MOJBEHIMBAHHEM
JIOTIOJIHUTEILHOTO IIPOBOJA B OJTHOM Y3JI€ C HECYLIUM TPOCOM.

W3 puc. 1 BUIHO 4TO, B y3Jie KPEIUIEHUSI HECYIIEro TPOCa Ha MOBOPOTHOM 3aKMME MUMEETCS
JIBa THE3/1a JUIsl KPEIUICHHs] YCUIIMBAIOILETO MPOBOA.

B namem cnydae 1jmMHa aHKEpOBKHM YCUIIMBAIOIIETO IPOBO/IA OTPAHUYMBAETCA JITMHOU
IIepPETrOHa.

BnepBrie B MHpPOBOM MpPaKTHUKE IOJBECKA YCHUIIMBAIOMIETO IPOBOJA B OJHOM 3a)XKUME
HECYLIUM TPOCOM B KOHTaKTHOW MOJBECKE BIIEpBbIE ObUIO HCIOJIb30BaHO Ha lllupBaHCKOI
(panble Anu-6aiipamnuHckuil) sHeproydacroke-6 AXKJI (4).

[Ipy mojaBecke yCHMIIMBAIOIIETO TPOCA B OJHOM 3aXMME YCHUJIMBAIOIIETO MPOBOJAA HA
MOJYKOMIIEHCUPOBAaHHOM KOHTAKTHOM IOJBECKE ObLIO 0Oecre4eHO He TOJBKO YCHUJICHHE
CEYEHHUE IOJBECKM , a TAK)KE€ aBTOMAaTUYECKOM KOMIICHCALMM JIMHEHHBIX TEMIIEpaTypHBIX
YIJIMHEHWM HECYIIEro Tpoca U CHIJKEHUE 3HA4YCHHWS aMIUIMTYIbl CTpEIbl IIpOBeca
KOHTAaKTHOTO IIPOBOJ@ B Ipeaeilax MaKCUMAJIbHBIX JUAIla30HaX TeMIIepaTypHBIX
nepeMeleHH MPOBOIOB, YTO B KOHEUHOM 3Tare 00ecneyml KayecTBO TOKOChEeMa B TSKEIbIX
BETPOBBIX ITOTOJHBIX YCIOBHUSAX .

B cBA3M ¢ mOABECKOW YCWIIMBAKOUIETO IMPOBOAA B OJHOM ITOBOPOTHOM 3aXKUME,
Heo0XoauMo Oblla KOPPEKTHPOBAaTh HATSDKEHHE HECYILIEro Tpoca B KOHTAKTHOM IOJIBECKE
[IEPEMEHHOT0 TOKA. B CBA3M NPOM3BENEHO pacyeT IapaMeTpOB KOHTAKTHOM IIOABECKHU , U
HaTsDKEHHE HECYIIEro Tpoca yBenudeHo 10 18 kH , a HaTskeHne KOHTAakTHOTO MpoBOAA IO
MEXaHUYECKUM cBOMCTBaM ocTaBuin Kak ectb 10kH. IIpu 3TOM HaTskeHHE yCHUIMBAIOIIETO
Tpoca coctaBmin  SkH. [locne MOHTa)ka yCHJIMBAIOIIETO MPOBOJIA MPOBEACHO MCCIIEI0BAaHUE
HOBOW KOHTAaKTHOM MOJBECKHU

B HOBOIi MOABECKE C YCUIIMBAIOIIMM TPOCOM IO AHKEPHO 3aKPEIJIEHUS YCHIIMBAOLIETO
TpOCa OCYILECTBIISAETCS, KaK IOKa3aHo cM. puc.l,2.
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YceunuBaromuii NpoBOJ 3aKpeIUIAeTCs ABYyMs 3aXMMaMHM Ha TPOC KOHTAKTHOW IIOJBECKU
OTXOIAIICH aHKEpHOM BeTBU. B mponere, rae OCyHmIECTBIAETCS AHKEPOBKA KOHTAKTHOW
IIOJIBECKH, YCWJIMBAIOIIHMN TPOC 3aKPEILIAETCS HECYLIEMY TPOCY U B IPOJIETE aHKEPHOU BETBU
MOHTHPYET HEMHOIO pacciabieHHOW, C Ielbl0 OOecledeHue [BIDKEHHE MPOBOAOB

KOHTAKTHOM MNOABECKU IO IIPUYUHEC BJIIMAHHC JIMHEWHBIX TEMIICPATYPHBIX y,I[J'II/IHCHI/Iﬁ
IMPOBOAOB AHKCPHOT'O ydaCTKa KOHTaKTHOM IIOABCECKH.
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Kpennerue ycunubaowezo mpoca B aHkepHOM y3ne koMneHcupoBaHHOU kOHMaAkmHoU nogbecku

Puc.2.

Kpurepus kauectBa TOKOChEMa MO U3MEHEHHIO CPEJHEr0 KOHTAKTHOI'O HAXaTHsl U €ro
CPCOAHCKBAAPATUYHOMY OTKJIOHCHHUIO OT SaJIaHHOﬁ BCJIMYHHBI B IIPCACiax HOPMAaTHBHBIX
3HAUCHHUN SBIISICTCS OIICHKAa W KOHTPOJIC 3TOTI0 IMOKAa3aTCjid C MOMOIINBIO H3MCPUTCIIBHBIX
YCTPOMCTB.

Cpennee 3HaueHne koHTakTHoro Haxartus (F) u ero cpemHekBagpaTHUecKOe OTKIOHEHHE
6(F)paccuutsiBaercs 1o Gopmysie.
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F(cp) = M(F) = =2, (F)) (1)
6 (F) = V-3, (F;—Fep ) 2 2

[ne n- xonmuuecTBO M3MEpEHMU: I-HOMEp u3MepeHus. HopmaTuBHBIC 3HAYCHUS CPEIHETO
KBagpaTuyHoro Haxatuss B coorBercTBUU ¢ ['OCT 32204 naxoautcs ot 70-130H. mis
ONpeieJICHUsI PallMOHAIBHOTO HAXaTUs TOKOIMPUEMHHKA HA KOHTAKTHBIM IPOBOJ C ILIEJBIO
yIydllIEeHUE Ka4eCTBO TOKOChEMa HEOOXOIMMO YUUTHIBATH CKOPOCTH BOJHBI

Ckopoctb BosHBbI, (V) 3aBHCETh HEMOCPEICTBEHHO OT HATSHKCHHSI KOHTAKTHOTO MPOBOAA U
Hecyniero tpoca. KauecTBeHHBIN TOKOCHhEM OOECIEUMBAETCS B TOM CJIy4yae €Cld CKOPOCTb

Oerymieil BOJIbHBI, Oonbiie( B MpuAeNax HOPMBI) CKOPOCTH 3JIEKTPOIOJBUKHOIO
cocTaBa(31c).
T+K
V, =3,6 |——— (3)
mr+my

B namewm cnyuae V, = 3,6 ’w = 437xm/yac > 140xm/uac.

I'ne; T-marspkenue Hecymero tpoca, H;  K-HaTskenuss koHTtakTHOro mposoxaa ,H; me-
MOTOHHASI Macca TPoca, KI/M; My~ TOTOHHAsI Macca KOHTAKTHOTO IPOBOJIA, KI/M.

CKOpOCTh pachpoCTpaHEHHUs TOMEPEYHON BOJIHBI VB SIBISETCS OCHOBHBIM JUHAMUYECKHM
napamMeTpoM KOHTAKTHOM mojBeckd. OHa 3aBUCUT OT KOHCTPYKTUBHBIX I1apaMETpPOB,
MaTepuaia U HaTsHKEHUH MPOBOJIOB KOHTAKTHOM MOJBECKU U omperensercs no gopmyse (2).
JomycTtuMasi CKOpOCTh JABMKEHHS JIEKTPOIOJBHKHOTO cocTaBa Varc JoJKHA COCTABIATh HE
6onee 70% OT CKOPOCTH pacpOCTPaHEHHS BOJTHBI.

V, = o7 4)
_VB _Vn
a= Vs +Vy (5)

a -xko3pdunuent Jlomepa; a XapakTepu3yeT BO3MOXKHOCTh KOHTAaKTHOH IOJBECKH IpH
B3aUMOJICHICTBUM C TOKOINPHUEMHHKOM pEaIn30BaTh 3aJaHHYI0 HaumOOJBIIYI0 CKOPOCTh
JIBIDKEHUS 111 KOHTAKTHOM TTOABECKH U ompenensiercs o ¢popmyse (5).

Koadpdumment ormnepa nomken 6siTh He MeHee 0,2 B cootBetcTBHH ¢ [1, 3].

Bnusinue kosdduirenTa oTpaxeHus: Ha Ka4eCTBO TOKOChEMa HECYIIECTBEHHO P YCIOBHH,
YTO Macca M HaTSHKEHHE HECYIEro TPOca COCTABISAIOT HEOOJbIIOE 3HAUEHHE TI0 OTHOIICHHUIO
K Macce M HaTSHKEHUI0 KOHTaKTHOTO MTPOBOJIA.

UeM wMeHblle 3HaYeHHE KOd(PHIMEHTa OTpaKeHHs, TEM MEHBIIE pPa3rpyKaloTcs
CTpyHBI B TOJIBECKE M3-32 BOJIH B KOHTaKTHOM IpoBoje [l] M moBbIIIaeTcs KauecTBO
TokocheMa. B coorBeTcTBHM ¢ TpeOoBanusaMU [1, 3] k03 PUIMEHT OTpaskeHUs JOKEH OBbITh
He 6omee 0,5.

ITo pacyeTaM MOXHO OIPENEIUTh CKOPOCTh paclpocTpaneHune oeryuieil Boiusl V,

Ha yuactke baky-berk kacuk npuMmeHnM Hecymuil Tpoc M 120 1 KOHTaKTHBIN MTPOBOJT
M®100. TexHuueckue XapakTepUCTHKH Hecymiero tpoca MI120 mno3Boiser, yBEIUUUT
HaTsbkeHue 10 18kH ,a kontakTHOrO mpoBoaa 1o 10xH..

ITocne MoOHTa)ka KOHTAaKTHOM MOJBECKU C YCHJIMBAIOLIUM TPOCOM IPOBEAECHO UCCIIEN0BAHUE
YAaCTOTHOM XapaKTEPUCTUK B mpojere. B pe3ynprare mojiydeHO 4acTOTa W3MEHEHUN CHIIbI
KOHTaKTa TOKOIIPMEMHHKA Ha KOHTAaKTHBIM ITPOBOJ B IPUAEIAX JOMYCTUMONH HOpMEI , 1011
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Puc.1. AMIIIATY THO-4aCTOTHASA XapaKTEPUCTHKA aHKEPHOTO Y9acTKa,
I7ie HaTsSDKEHUEM HecyIero Tpoca coctapisiet=18kH

[To ycTaHOBIEHHBIM HOpPMaM, CKOPOCTb Oerymieil BOJbHbI B KOHTaKTHOM IPOBOJIE,
nokHO ObITh B 1,43 pa3a Ooinblie 4eM CKOPOCTH Toe3da. TONBKO B TakoM ciydae
MOJIyUYEHHBI pe3yNbTaT JaeT HaM TapaHTHH, 4YTO OyneT oOecrneuyeHO  KaueCTBEHHBIH
TOKOCHEM IIPH 33JJaHHON CKOPOCTHU JBUKEHHUE MTOE3/I0B

[Hts0
w

¥
1w
0
0
0
Do0m 0 0 0% U5 18HfRek
Puc.2.I'paduk 3aBHCHUMOCTH OT KOHTAKTHOTO Ha)KaTHe MaHTorpad)a OT BPEMEHU B aHKEPHOM YYacTKe,
[ie HATSDKEHUE Hecylero Tpoca coctabiusier=18kH.

B ompiTHEIX moe3nkax B ['epmanum co ckopocThio 10 280xm/4ac Oblia MCCIIEIOBAHO
3¢ (EeKTUBHOCTh YBEIMYCHHSI HATSHKEHUS! KOHTAKTHBIX IIPOBOA, TAKOE U3MEHEHHE MO3BOJIHIIO
YIY4IIUTh KOHTAKTHOI'O HAXKAaTHs TOKOTIPUEMHHUKA Ha KOHTaKTHBIN npoBoy ¢ 220 1o 180H.
Pe3ynbrarel NpoBEpKH MOATBEPAWINA BBIBOJBI O TOM, YTO HATSYKEHUE NMPOBOJOB KOHTAKTHON
MOJIBECKH BIIUSIET HAa CKOPOCTb pPacIpOCTPAaHEHHs IONEPEYHONW BOJIHBI, OJHAKO BBIOOP
PalMOHAIBHOIO COOTHOILIEHUS MEX/1y HATSDKEHUEM HECYILEr0 TpOca M KOHTAKTHOTO IPOBOJA
HE MPOBOIUJICS.

Hns 6onee ckopoctHOro 200-250kMm/9ac nBUMKEHHE MOE3/I0B MO ydacTKy baky - berok
KSICUK HEOOXOAMMO IPOBHUJEHUE  HOBBIX OKCIEPUMEHTOB. /Jlns dYero HeoOX0oaAuMO
MOHTHUPOBATh OoJiee MPOYHbIE MPOBOJA KOHTAKTHON MO/ABECKH, KOTOPBIE JOKHBI 00€CTIeUUT
HaTspKeHue paBHou 18kH.

Takum o0pa3zoMm, aHanu3 ONMyOJMKOBAaHHBIX MCCIEIOBAHUN MO BBHIOOPY MapamMeTpoB
KOHTaKTHOM MOJBECKU IOKa3all, YTO OMNpejesieHne Haubojee palioHATIbHOTO COOTHOILIEHUS
MEX/y HAaTSKEHHEM KOHTaKTHOT'O MPOBOJIa M HECYIIUM TPOCOM TpeOyeT MpoBe/leHNe HOBBIX
HCCJIEIOBAHHUE.

B cucreme nepeMeHHBI TOK, MOBBIMIAETCS CKOPOCTU ABUKEHMS IOE3I0B U 3TO
npUOIIKAeT K AKCIUTYyaTallMOHHBIM XapaKTepUCTUKaM KOHTAaKTHOW CETH K MEKTyHapOIHBIM
HOpMaM M cTaHaapTaM. Bce 3To BiledeT 3a cOOOH yCIOXHEHHE TEXHOJOTHMH MOHTa)XKa C
MPUMEHEHUEM HOBBIX TEXHUYECKHX CPEICTB M MU3MEPUTEIbHBIX MPUOOPOB, a TaKxkKe TpeOyeT
CHeNHaTbHOT0 HH(OPMAIIHOHHOTO COMTPOBOKACHUS.

B coBpemeHHOM 3Tane, MOHTaXHHUKHU MOJIy4al0T YEPTEKU apMUPOBAHHBIX YCTPOUCTB C
cneurUKanusAMU JUId KaXJIOW ONMOpbl M JKECTKOW IMONEepedYnH COo cHenupukanusiMu
YepTerku apMHUPOBAaHHBIX YCTPOMCTB M CHELM(PUKAIMM TO3BOJSIOT 3apaHee MPOU3BOAUTH
KOMIUIEKTAIMIO JleTalieil B y37bl, oOecledynBaTh IPaBUIBHOCTh COOpPKH, CYIIECTBEHHO
COKpPATUTh BpeMsi MOHTAKHBIX paboT. HarisaHOCTh cXeM M03BOJISIET 3HAUUTENbHO 00JIErYuTh
npoliecc 00y4eHHss MOHTaKHOTO U SKCILTyaTallMOHHOTO IIEpCOHAIa.

Jl1s TOro 4yTOOBlI COKPATUTH BPEMSI MOHTA’Ka KOHTAaKTHOHM MO/ABECKHM IMPUMEHEHO HOBasI
TexHosorus. I1o pesyapTaTaM MEXaHMYECKMX PacdeTOB PAaCCUMTHIBAETCS U 3arOTABIMBAETCS
JUINHBl CTPYH ¥ MOHTHUPYETCS CTPOrO IO ONPEICIIEHHBIX MECTaX KOHTAKTHOM IOJBECKH B
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3aBUCUMOCTH OT JJIMH IpOJIeTOB . JIsl 4ero BBINAIOTCS YEPTEKHM PACCTAHOBKU CTPYH B
Ka)KJOM IIPOJIET€ KOHTAKTHOM IOABECKHU.

[Tocne MOHTa)ka CTpYH KOHTAKTHBIM MPOBOJ M HECYLIUI TPOC 3aHHUMAIOT Tpedyembie

I10JIOXKEHHUS OT penbca U o0OecrieueHHe 3aJaHHON TPAeKTOPUM IPOCIIEI0BAHUE
TOKOTPUEMHUKA JOMOJIHUTENIbHAS PETYJIMPOBKA HE TpeOyeTcsl.
OTtka3anuch OT MOHTa)Ka THUIIOBOM AJIi Y4acTKOB IiepeMeHHoro Toka junuu JIIP. Oto
MO3BOJIMJIO MCKIIIOUUTH 3aTPaThl MO MEPEeBOAY MHOTOYUCICHHBIX HE TATOBBIX MOTpeduTeneit
Ha Hanpspkenune 27,5 kB. Ha wmecto JIIP-27,5xkB npumeneno JIDII-10kB BcTpeuno
KOHCOJIbHOM CXE€MOU IMUTaHUsI.

[To ycinoBusSM 3alIUTBl KOHTAKTHOW CETHM Ha BCEX IOACTAHLUMOHHBIX 30HAaX
MPEyCMOTPEHBI IOCThI CEKIMOHUPOBaHuUs Npou3BoaAcTBa ATE®D B konuuectse 11mTyK,
CoopyxeHO HeWTpajibHas BCTaBKa y BceX 12 NOJACTaHIMM MEPEMEHHOIO TOKA, a TAKKE U
nuTatonmx ¢puaepHbIx JUHUN. [Ipon3BeneHo 3aMeHa BceX CEeKIMOHHBIX U30JISITOPOB MOCTOSH-
HOT'O TOKa Ha CEKI[MOHHBIC H30JIATOPHI IepeMeHHoro Toka tura MC-0-80-25/3. YkopaunBanu
IJIEY YYaCTKOB IPYIIIOBOrO 3a3€MJICHUS OIOP /10 HOPM MEPEMEHHOr0 TOKA, CHATO JAHOJHBIE
3a3€MJIMTENH, IPOU3BEACHO 3aMEHa U YCTAHOBKA HOBBIX HCKPOBBIX IIPOMEKYTKOB.

MoHTaXHUKaM BblAaeTCd TaONMIBI MapaMeTPOB YCTAaHOBKU  PETyJIMPOBOYHBIX
9JIEMEHTOB KOHCOJIEH, TaOJMIbl PETYIUPOBKH KOHCOJIEH B 3aBHCHUMOCTH OT TEMIEpPaTyphl
(11 Harpy>)KeHHOTO ¥ HEHarpy)KeHHOTO HECYIIEero Tpoca), MOHTAaXXHbIE KpUBBIE H
MOHTQ)KHBIE€ TaOJIMIBI ISl IPOBOJIOB M TPOCOB B KOHKPETHBIX MPOJIETAX TOXKE MPEICTABISIOT
co00i1 3¢ PexkTUBHOE CPE/ICTBO MOBBIIICHUS KAYECTBA U YCKOPEHUS paOOTHI.

BoiBoabl: 1.Pa3paboTaHo w TpUMEHEHO B  OKCIUTyaTalluu HOBasi CKOpOCTHast
KOMIICHCUPOBAaHHAsI KOHTAKTHAs MOJBECKA C YCUJIMBAIOIIMM MPOBOJOM IOBEIIEHHON B OJHOM
MIOBOPOTHOM 3aKMM€ C HOBBIMU TEXHUUYECKUMHU XapaKTEPUCTUKAMHU, KOTOPbIE 00€CIIeUnBaET
MaKCUMaJIbHOE€ KOJIMYECTBO COKPATUTh MATEPUAIBHBIX PECypCOB W  TPyAO3aTpaTbl Ha
MOHTa)KHble paboTbl. HaliieHO perieHHe NPOMEXYTOUHON AaHKEPOBKH YCHUIIMBAIOIIETO
MIPOBO/Ia HA HOBOM KOHTaKTHOM IOJIBECKE.

2.Ha ocHOBe CIeKTpaJIbHOTO aHaJN3a IKCIIEPUMEHTAIBHO TTOTYYeHHBIX 3HAUCHHI H3MEHEHUS
KOHTaKTHOTO Ha)KaTHs ObUIO MCCIIEJIOBAHO BIUSHUE HATSHXKEHUS HECYIIEro TPOoca Ha KaueCTBO
TOKOChEMa M YCTAaHOBJIEHO KOHTAKTHas MOJBECKA C YCHWJIMBAIOIIMM TPOCOM C HOBBIMHU
napaMeTpamMu OOecTeurnBaeT KauyeCTBEHHBIM TOKOChEM B MpHUAeNax 3aJaHHOW CKOPOCTH
NIBUKEHHUA 1oe3/10B, 1 40xkm/4ac.

3.Ucnonb3oBaHre KOHTAKTHOM MOABECKU C YCHIJIMBAIOIIUM TPOCOM IO3BOJIMT 3HAYUTEIHHO
yMeIllaTh CTPOUTEIbHBIE MaTEpPHAIIbHBIE 3aTPAThI, YCUINBAET CEUEHNE KOHTAKTHOM MO/IBECKU
6e3 ymiep6a Ha KauecTBO TOKOChEMA a TAaKXKe YMEHbILAET IMOTEPH HJIEKTPOIHEPTUH B TATOBOU
CeTH.
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AZORBAYCAN DOMIR YOLLARININ ELEKTRIK DARTI SISTEMININ 3kV
SABIT COROYANDAN 27 kV DOYiSON COROYANA KECIDO HAZIRLIQ
VAXTINDA KEYFIYYOTLI COROYANIN QOBUL EDILMOSININ
TOMIN EDILMOSI

ROHIMOYV R.G., ROHIMOV S.R., ROHIMOV A.R.

Baki- Boylik kosik domir yolu dohlizindo yeni giiclondici naqili kontakt asqisi
quragdirilmig vo siirati 140 km/saat olan qatarlarin corayan gabuledicilori vo kontakt nagqili ilo
olagoasi Oyronilmigdir. Hesablama va tocriiba naticosindo aparici trosun darti qiivvesi miioyyon
edilmigdir. Yeni kontakt asqisinin araliq ankerlomasinin konstruksiyast miioyyon edilmisdir.
Kontakt asqisinin coroyan qobuledici ilo ani tomasi analiz edilmis, coroyan gobuledicinin
kontakt naqilina tasir qiivasinin ani doyisimosinin amplituda va tezliyi xiisusi tensor sensorlar
vasitasi ilo miioyyon edilmisdir. Yeni kontakt asqisinin 3 kV sabit ceroyandan 27,5 kV
doyison corayana kegid morhalasindo istifadosi qorara alinmisdir.

Acar sozlor. Kontakt sobokosi; aparici tros; kontakt naqili; coroyan qobuletmonin keyfiyyoti; spektr
analizi; kontakt naqilinin orta kvadratik sapmasi.

PROVISION OF HIGH-QUALITY CURRENT COLLECTION DURING THE

PREPARATORY PERIOD, WHEN SWITCHING FROM 3KV DC TO 27.5KV

ALTERNATING CURRENT IN THE TRACTION POWER SUPPLY SYSTEM
AZERBAIJAN RAILWAYS.

RAGIMOV R.G., RAGIMOV S.R., RAGIMOV AR.

The fundamentals of research on the parameters of the interaction of a susceptor with a
contact suspension on the Baku-Boyuk section of the Azerbayjan Railways cassette, in
particular the parameters of the contact suspension with reinforcing rope for the quality of the
current collection at the speed of the rolling stock in the range of 140 km / h is the use of a
new contact suspension with a reinforcing wire suspended in one node . The experimental
instantaneous values of the contact pressing of the anchor section with the nominal tension of
the supporting cable (18 kN) and the contact wire 10 kN are analyzed experimentally.
According to the received harmonic components, the amplitude-frequency characteristics for
the anchor section are constructed.

The contact network is a structure with repeating elements: supports, strings.
Consequently, these elements cause regular oscillations in the system when interacting with
the current collector. It is established that the effect of the parameters of the contact
suspension is in the range up to 10 Hz, which allows a high-quality current collector at a
speed of 140 km / h.

Keywords: contact network; Carrying cable; Contact wire; Quality of current collection; spectral
analysis; Root-mean-square deviation of contact depression
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VIIK. 62.50

KOMIIBIOTEPHOE MOJEJINPOBAHHUE IIEPEXOJHBIX ITPOLHECCOB B
HEOJHOPOJHOU CUCTEME KOJIOHHBI BYPUJIBHBIX TPYB C
PACIIPEJAEJIEHHBIMUA ITAPAMETPAMMX

MAMEJIOB A.H., TACAHOB ®.A.

AzepOaiikaHckuii TeXHUYECKU Y HUBEPCUTET

[IpencraBneH 4MCICHHBIH METOJ JUIS KOMIIBIOTEPHOTO MOJCIHPOBAHHBIX MEPEXOJHBIX IIPOIECCOB B
HEOTHOPOIHON CHCTEME KOJIOHHBIX OypPHIIBHBIX TPYIL C PACIPEICICHHBIMY ITapaMETPaMH.
[NomydeHs! MpocThie peKypPPEHTHBIE COOTHOIICHHS JIETKO Peann3yeMble Ha KOMITBIOTEpE.

KaroueBble cioBa: KOJNOHHBIE OYpHWJIBHBIX TpyO, 3BEHO C paclpe/ieIeHHbBIMU IapaMeTpamMu,
HEOJHOPOAHBIX CHCTEMa, YUCJIEHHBIN MeTO/], KOMIIBIOTEPHOE MOAEIUPOBAHHE.

B mnpomecce poropHOro OypeHHs MeXaHHUYECKash 4acTh OypOBOTO 3JIEKTPOIPOBOA
KOJIOHHA OYpUIIBHBIX TPYO sIBISIETCS OOBEKTOM C paciipeneleHHpIMU apamerpamu [1-5, 10].

HccnenoBanre 0COOCHHOCTEH MEPEXOTHBIX MPOIECCOB B KOJOHHBIE OYPHIIBHBIX TPYO
HEOOXOUMO JIJISl PEIICHUSI MHOTOYHCIICHHBIX TEXHUKO-DKOHOMUYECKUX 3a/1a4 BO3HUKAIOIINUX
B MPAKTHKE KCIUTyaTalluu OypOBBIX YCTAHOBOK IPH POTOPHOM crioco0a OypeHHst HEQTSIHBIX
CKBKHUH.

B macrosimee Bpems, B CBSI3M C IIMPOKAM BHEIPEHHUEM KOMIIBIOTEPHON TEXHUKHU
WH)XEHEPHOW MpPaKTUKE, MOSBUIIACh BO3MOKHOCTh UMHTALUHU MEPEXOJHBIX PEKUMOB PadbOT
KOJIOHHBI OypHIIbHBIX TPYO Ha OCHOBE 3()()EKTUBHBIX UMCIEHHBIX METOJIOB.

B paborax [2, 3] mpeacTaBiieH YHCIEHHBIM METOJ pacdyera MEepPeXOIHBIX MPOIECCOB
KOJIOHHE OYpHJIbHBIX TpYyO, NMpH NPEACTaBICHUU €€ KaK OJHOPOJHOE 3BEHO pacrpejelieH-
HBIMU TTapaMETPaMHU.

CyIHOCTh NPEUIOKEHHOT0 YHMCICHHOTO METOJla OCHOBBIBAETCS Ha HCIOJIb30BAaHUU
JMICKPETHOTO aHaJIOTa MHTETPAJIHLHOTO YPABHEHUS CBEPTKH.

[TpeumyiiecTBOM yNOMSIHYTOI'O YMCIEHHOTO METO/a SIBJISETCS TO, YTO OH IO3BOJISET
HAWTH TIepexoTHbIE MPOIIECCH], BO3HUKAIONINE B OOBEKTE C paclpe/ieIeHHBIMU TTapaMeTpaMu
0e3 mepexosa B 00JacTh JUCKPETHBIX M300paXKEHUH, a TaKKe OCYILECTBISET MEepexoi OT
JlantacoBbIX M300paKeHUM UCKOMBIX (PYHKIIMM B 00J1aCTh XapaKTepUCTUUYECKOTO YPaBHEHUH,
YTO 3HAYUTEIHHO YIPOIIAeT MaTEMAaTUYECKHE BBIKJIAJKU U MOBBIIIAET TOUHOCTh PACUYETOB.

OcoOeHHOCTH pPa3pabOTaHHOTO YHUCIEHHOTO Merona [2, 3] sBIseTcs TO, YTO OH
MO3BOJISIET 3aMEHUTH ONEPAIMI0 HEMPEPHIBHOTO WHTETPHPOBAHUS CYMMHUPOBAHHEM, JIUIIIb
HOJIB3YACh (POPMYIION MPSIMOYTOJIEHUKOB.

B pabotax [6-10] Ha 6a3e maiapHEHIIEro pa3BUTHS U OOOOIICHHS YHMCICHHOTO METOJa
[2, 3], mpeniokeH HOBBIN TOXO, B KOTOPBIM B OTJIMUKE 00 CYIIECTBYIOMUX MeTOI0B [1-5],
B 3aBHCUMOCTH OT 3aJaHHOM TOYHOCTH pacueTa, II03BOJISIET 3aMEHUTh OIEpaluio
HETIPEPHIBHOTO HMHTETPUPOBAHHUS CYMMHPOBAHUSAM, TONB3YSICh (OPMYJIOW HE TOJBKO
IpSMOYTOJIbHUKOB, HO U Tpanenuii, Cumrcona, ¥Yauis.

VYkazaHHele CBOWCTBA HOBOro monaxoza [6-10] B mpomecce KOMIBIOTEPHOTO
MOJICIMPOBAHMS MEPEXOAHBIX IMPOLIECCOB B CHCTEMax C pacHpeAelCHHBIMH HapamMeTpaMmH,
CYIIECTBEHHO PACHIMPSIOT KPYT PElIaeMbIX MPAKTHIECKUX 3a/1ad.

Kpowme toro, B psizie ciiydaeB, B YaCTHOCTH, IIPU OYpEeHUH TITyOOKHX M CBEPXTIYOOKHUX
HE(TAHBIX CKBaXHH, IPHU yueTe OCOOCHHOCTEH, CBS3aHHBIX C HEOJMHAKOBBIM XapaKTEpPOM
B3aUMOJICHCTBUSA KOJIOHHBI OYPHUJIBHBIX TpPYO CO CTEHKAMH CKBaXXHHBI, a HEOOXOIMMO
paccMaTpuBaTh, Kak HEOJHOPOJIHYIO CHUCTEMY C paclpellelIeHHBIMH IapaMeTpaMu,
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COCTOSIIIIYI0O M3 Ppa3HBIX [OCJIEJJOBATEIbHO COEIUHEHHBIX YYacCTKOB C pa3IU4YHBIMHU
BOJIHOBBIMH COIIPOTHUBJICHUSIMU [4, 5].

B naHHOll craThe BHEpBbIE B HAY4YHOM JUTEpaType paccMaTpuBalOTCA BOIPOCHI,
CBSI3aHHBIC C JAJIbHEHIIIMM pa3BUTHEM U 00oOmenueM padot [6-10] mist pa3paboTku HOBOTO
YHCIIEHHOTO METOJa /Ui KOMIBIOTEPHOTO MOJETHUPOBAHUSI IEPEXOJHBIX TPOIECCOB B
HArpy>kKeHHOM HEOJHOPOAHOW CHCTEMbI, KOJOHHBI OYpHUJIBHBIX TpyO, COCTOSIIEH U3 IBYX
MOCJIEI0OBATEIHPHO BKJIIFOUEHHBIX Pa3HBIX YYaCTKOB (3BEHBEB) C PACHPECIICHHBIMHU MapaMeT-
pamu 0e3 yuera HoTepb MEKIY KOJIOHHOM TpyO U IITMHHUCTBII pacTBOPOM.

TpeOyercss HaWTH TMEPEXOAHBIE MPOIECCHI, MPOTEKAIINE B JAHHOH CHUCTEME, IMPH
MIPOM3BOJILHOM 3aKOHE U3MEHEHUH YTIIOBOM CKOPOCTH B Hayaje ee.

[lepexomHble MpOIECCHl, MPOTEKAIOIINE B KYCOYHO-OJHOPOIAHON CHUCTEME KOJIOHHBI
OypHIIbHBIX TpyO C pacrpeiieieHHBIMH IapaMeTpaMH, OMUCHIBAIOTCS TuddepeHInaibHbIMU
YPaBHEHUSIMH B YACTHBIX MTPOU3BOIHBIX TUIIEPOOIIMYECKOTO THIIA:

ow; i OM. oM, i OM

™ =k, at', — 6X':k; ati Cia<x <l + 1 (1)

rae i=1, 2 li — qmuna i-ro 3BeHa; @i = wi(X, t), Mi=Mi(X, t) — yrioBast CKOpOCTh M KPYTAIINI

MOMeHT jutsi i-ro 3BeHa; K, ,Kj —COOTBETCTBEHHO KOX((HUIMEHTHl YIPYrOCTH M MOMEHTEI
UHEPLHH JUIA I-T0 3BeHa, mpu i=1, 1i.1=0.

Hauanenbie ycnosus: ai(x, 0)=0, Mi(x, 0)=0.

['paHu4HBIC YCIOBUS UMEIOT BU:

o (0,t) =, (1), M (l,t)=My(t),
o, (1,t) =, (1), o (I +1,,t) =p,M,(1,+1,,t),

rae wi(X, t) — Ipon3BOJIBbHBII 3a/laHHBIN 3aKOH U3MEHEHUS YIJIOBOM CKOPOCTH B Hayaje mep-
BOTO y4acTKa; [ — KO3 HUIIMEHT, Onpe/IeNsIonii CBA3b MEXKIY YIIIOBOI CKOPOCThIO @p(X, t)
U KpyTsimmM MoMeHToM Mz(X, t) B KOHEUHOI#l TOuKe MepBOro y4acTKa ¢ pacrpe/eieHHbIMH
napaMeTpamH.

3anuiieM yciaoBHs COMPSDKEHUS y4aCTKOB B TOUKe X=l1:

o (1;,t)=o,(l,t), M(1;,t)=M,(,t).

[Tpr naHHOM MOCTAHOBKE 3a/layd OCOOEHHOCTBIO pacyeTa MEepeXOAHBIX MPOILECCOB B
UCXOJHOH HEOJHOPOJAHOM CHCTEME KOJIOHHBl OypMIIbHBIX TpyO ¢ pacnpelesieHHbIMU
napaMeTpamH SIBJISIETCSI TO, YTO B TPAHUYHBIX YCIOBHsAX 3HaueHUs] GyHkuuu Mu(t), ank(t) B
Hayaje pelleHus TOCTaBIEHHOM 3aJaud SBJSIIOTCS HEW3BECTHbIMU. VX 3HadeHus
OTIPENIENIAIOTCS TI0 XOAY PEIICHUs TaHHOH 3a/1a4H.

[lpn pemieHuu MOCTAaBIEHHOM 3aJaud HAa MEPBOM JTale HEOOXOJUMO IOJIYYUTh
JlarumacoBo nzo0paxenust st GyHkimid ai(X, t), Mi(x, t).

Hcronb3ys 3TOT METOA, NMpPHU NPUHATHIX HAYadbHBIX W TPAHUYHBIX YCIOBUSX W3
pemieHus cucteM auddepeHnnanbHbIX ypaBHeHHu (1) momydaem cieayronue BhIpaXeHUs B
orepaTopHoii hopme:

1 shy ( ) chy,x

,8)= — 23 o, . (s)+M., (s 1= 2
M,(Xx,s)= chy I 0 (s)+ M ( )ChY1|1 2)

ChYl(Ll X) shy, x
X,S)= S)— 3
o, ( ) chy ., 04(S)—pMy(s) hYll1 (3)

ChYz(Lz - X)+ nghyz(Lz - X)
M,(X,8)=—- z 0,4 (). (4)
P2 shy,l, + M2 chy,l,

2
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Shyz(Lz - X)"’ ;LZChYZ(Lz - X)
,(X,8)= 2 ®,,(8). (5)
shy,l, +He 2 chy,l,

2

1 I
rue p; = /k—} — BOJIHOBOE CONpPOTHBIEHHE I-r0 y4acTka; yli = S7, T, :8—'—BpeM}1 npobera
2

1
BOJIHBI B OJJMH KOHEII I-TO y4acTka; 9, = f — CKOpOCTh PaclpOCTPaHEHHsI BOJIHBI HA I-OM
k,K;

y4acTKe; % — KO3(GOHUIMEHT pacupoCTpaHeHHs BOJHBI Jas i-ro ydactka; @ia(t), Mu(t);
2

L=>.
i=1

Boipaxkenus (2)+(5) MOXHO NpeACTaBUTDH B BUJIE:

Ml(sl,s){hkf(s)}=pi[k;(s)—k;(s)]mm(s)+Mlk(s>[k:(s)+ké<s>]. (6)

(Sl,s)[ +k(s)} [Ki(5)+Ki(S)]ow (5) - p My (5)[KE(s) —Ki(s)] )

Mz(5z’5)[§—e‘“kf(5)}=i[k22(5)+9“’2k§(5)]03m(3)- (8)
P,
1
mz(sz,s)[;—e%kf(s)}=[k§(s)—e‘*’2k§(s)]wm(s) . ©
—251, —25118; —2s11(1-8,) —s1,(1-23,)

Dre ki(s)="—, K(s)="——, K(s)="———, Ki(s)="

—s1,(1+8;) —2s1, 251,85 251,83

e X e e e
ki(s)=——, 8 =—, k?(s)= . k3(s)= . k3(s)=
5(S) S 1=, 1 (s) S 2(s) S 5(s)
1 rE o2 y = 0% X . L o P2 —Hy
SL=1-1,+8,,80=1+L,-5,,8,=—;L,=2,e% = .

l, l, Py + 1,

B paccmaTpuBaeMoOM ciydae 3BEHO-JOJIOTO TMPEJICTaBIsAeTCS B BHUJIE aKTUBHOU
Harpy3KH Bajia ¢ COMPOTHUBIICHHEM L12.

[Tpu cBOOOAHOM KOHIIE KOJOHHBI TPpyO €® = -1. /uIst 3aIIeMJICGHHOM Ha KOHIIE KOJIOHHBI
TpyO p=co, e®=1.

Bropoil sTtanm pemeHus JaHHOM 3a/1add CBA3aH C OCYIIECTBICHHEM Iepexoia OT
n3zobpaxenuit (6)+(9) B 061aCTh OPUTHHAIIOB.

B cBs13u ¢ 3TUM, Ha OCHOBe TeopeMbl cBepTkH [6-10], mepexonas ot ypaBHeHuit (6)-+(9)
OTHOCHTEJIEHO N300paKeHUI K YPaBHEHHUSIM OTHOCHUTEIIEHO OPUTHHAIIOB, TTOJTYIUM:

le(t 0,8 )|(e)+j|v|1(t 0,5, )k (0)do=-1 jk (0)o,, (t—0)do—

(10)

t t t
— [K5(0)w,, (t-0)d0 |+ [ki(0)My (t—0)d0+  [ki(0)M, (t-0)do
20,(1-8,) 1,(1225,) 0,(1+28,)
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jwl(t 0,6 )I(G)+le(t 0,5, )k}(0)do = J'k (0)w,, (t—06)d0+

20, 2038,

(11)
t t t
+ [k3(0)my, (1-0)d0—p,|  [ki(0IMy (t-0)dO—  [ki(0)M, (t-0)do
2/,(1-8,) 0,(1-28,) 01(1+28;)
jM (t—6,5,)1(0)do — e jlvlz(t 0,5, k2(0)do =
2(’
(12)
t t
[K3(0)w,p, (t-0)dO+e”  [ki(0)w,y, (t—0)do
2| 1583 20,83)
jcoz(t 0,5,)I(0)—e" jmz(t 0,5, )k2(0)do =
20,
- (13)

t t
= [K2(0)w (t—0)d0—e” [k3(0)w,y,(t—0)do
Wnterpanbubie ypaBHeHue (10)+(13) MoryT ObITH pellieHbl YUCIEHHO, €CITU 3aMEHUTh
I/IHTGFpaJIBI CYMMaMI/I.

B cBs3u ¢ 9THUM, UCHIOJIB3Ys CBA3b MCIKAY HCIPCPBIBHBIM BPEMCHEM tu JUCKPETHBIM N
2

nT
(n=0, 1, 2,3, ...) B Buze t= EN == [6-10], ren T=27, 1= Zri — Bpems Ipobera BOJIHBI B
i=1
OJIMH KOHEI[ JIaHHOW CHCTeMBI; A — JIF00OE Ieoe YHUCIIO, MPOU3BOIUM JTUCKPETH3AIUIO

ypaBHeHuil (10)+(13), npu BeIOpaHHOM HHTEpBaje e 3aMeHss OIEpalI0 HEIPEPBIBHOTO

MHTETPUPOBAHUS CYMMHPOBAHUEM MOJIB3YSICh (POPMYITOH PSIMOYTOJIBHUKOB.
ITpu aToMm BMmecTe (10)+(13) monydyaem cienyromne peKyppeHTHbIE COOTHOILIEHUSI AJIst
onpeienenys 3HaueHns pemerdatsix dyskumit M;[n,8;], o[n,s;]:

n8]_—( Zk [m] - Zn:kg[m]leH[n—m]+

1 m=rAd m=nA(1-8,)
n n
o Bwme Setm utn-m- )
m=0,5r,A(1-258,) m=0,5r,A(1+23,)

- Zn:kll[m]Ml[n—m,Sl]— M,[n-m,3,]

m=rA
S
rme I, = ?1 ki [n1,ky[n],....ke[n] — u3BecTHBIE pemeTyaThie HyHKIHNY;

ki[n]=1n-rA], ki[n]=1n-r2s,], ki[n]=1n-ra(1-8,)],
ki[n]=1n-05r1(1-25,)], ki[n]=1n-05r1(1+25,)].
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oaltn,esl]:[ Ski[m] + ik;[m]]wm[n—m]—

m=r i3 m=rA(1-3;)
—pl{ D ke [m]+ Zké[m]}'\/llk[n]— (15)
m=0,5r1(1-25, ) m=0,5r1(1+23; )
- Y kilmlon-ms,]- > 1[m]w,[n-m3,]
m=ri m=1
Mz[nlziL S [m] +e” ikﬁ[m]}aw[n—mh
2 \ m=05r,5} m=0,5r,)53

(16)
+ > kI [mIM,[n-m5,]- > 1[mIM,[n-m,35,],

m=r,A

)
rae I, = Tz kZ[n],kZ[n],...kZ[n] —— u3BecTHO pemreryarsie pyHKIMM;

K2[n]=1n-r2], k[n]1=1n-05r18}], kKi[n]1=1n-05rA52], kZ[n]=1n-rA],

wztn,szlz[ Sk [m] —e” Zn:ké[m]]mm[n—mh

m=05r,253 m=0,5r,25 3

A7)
+e% Y ki [m]o,[n-m3,]- > 1[mle,[n-m,;s,]
m=r,\ m=1
B pexyppentasie cootHomenus (14)+(17) Bxomst nHeusBecTtHble GyHKIMH Mik/n/

@2p(t),. Onpeaenenne uX 3HAYECHUI OCYIIECTBISACTCS CIACTYIONIMM 00pa3oM.
[MoacraBmsist B pekyppenTHbie cootHomeHus (15), (17) x=11 momyuum:

oy [n]=A[n]-p, S [MIM,, [n-m] (19)
MZH[n]:piiltm]wm[n—mhun], (19)

rac

Aln]=2 il[m—O,Srlk]mlH [n—-m]+p, anl[m—rQL]Mlk[n—m]—

- anl[m_rl}\‘]wlk[n_m]_nzziwlk[m]'
A, [n] :ie‘Pz anl[m—rzk]anH [n—-m]+
+e znll[m—rzk] M., [n—m]—niM2H [n].
3nech N _
SI[MIM,, [n-m] =M, [n]+ Y I[mIM,,[n-m] (20)
S U[MI 0, [n=m] =0,y [n]+ D 1[I0y, [n—m] (21)
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Beipaxkenue (19) ¢ yuerom ycnowuii conpspkenuid u (20), (21), a Takke BeIpaXeHUE IS
wik/NJu3 (18) MOXKHO MPECTaBUTH B BUJE:

Mlk[n]:nl{piAl[n]+A2[n]_31|[m]M1k[n_m]}! (22)

1 P1
rmemn,=—-—, 9, =—.
M 112, 1 o,

ALn] == I[mla,y, [n-m] + A [n]

2 m=1

ITpu u3BecTHOM 3HadeHMM KpyTsamiero mMmomeHra Mik[N] ocymiecTBisercs nepexon K
HaXOXJIEHUIO YTIIOBOM CKOPOCTH @ik[N]= apH[N] ¢ MOMOIIBI PEKYPPEHTHOIO COOTHOIICHUS
(18).

TakuMm oOpazom, pu 3aJaHHOM IMPOU3BOJIHLHOM 3aKOHE U3MEHEHHS YTTIOBOM CKOPOCTH
aH[N] ompenenwB 3HaueHus pemeTdarhix GyHKuU Mik[n], @pH[N] ocymecTBusercs
nepexo] K HaXOKICHHI0O M3MEHEHHUS KPYTSIIEro MOMEHTa M YIJIOBOW CKOPOCTH B JIFOOOH
TOYKE UCXOTHON CUCTEMBI C TOMOIIBIO PEKYPPEHTHBIX cooTHOMIeHu# (14)+(17).

[TpencTaBieHHbBIN YUCIEHHBII METO/I MOKET OBbITh MCIOJIB30BaH MPU MPOESKTUPOBAHUU
U DKCIUTyaTaluu OypOBBIX CUCTEM IIPU POTOPHOM OypeHUHU HEPTIHBIX CKBAKHH.
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PAYLANMIS.PARAMETRLi BiRCiNsLi OLMAYAN QAZIMA KOLONNASI
SISTEMINDO BAS VERON KECID PROSESLORININ KOMPUTER
MODELLOSDIRILMOSI

MOMMODOV A.i., HOSONOV F.9.

Mogqalados paylanmis parametrli bircinsli olmayan qazima kolonnasi sistemindo bas veran
kecid proseslorinin kompiiter modellogdirilmasi tisulu toklif edilmisdir.

Acar sozlar: paylanmis parametrli, bas veran, kecid prosesi, modellosdirma

THE COMPUTER SIMULATION OF TRAMSIENT PROCESSES IN THE
INHOMOGENEOUS SYSTEM OF DRIL PAPESTRIDI WITH DISTRIBUTED
PARAMETERS

MAMEDOV A.l.,, GASANOV F.A.

The computer simulation of transient processes in the inhomogeneous system of drill
papestridi with distributed parameters.

Key words: computer simulation, tarnsient processes, system, distubuted parametrs.
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Energetikanin problemlori ¢ Ne2 e 2017 e [IIpoGnembl SHEpreTHKH

VK 628.12.15:621.311.22

TEXHOJIOI' UL vCOBMECTHOfI BbIPABOTKH 3JIEKTPOOHEPI'MU U
ONNPECHEHHOMU BO/Ibl HA BA3E JU3EJIBHBIX JIEKTPOCTAHIIUU

ABAYJUUIAEB K.M., MAMEJIBEKOBA P.I'., ATAMAJIMEB M.M., AXMEJOBA JI.A.
Asepbatioscanckuti I ocyoapcmeenusbiii Ynusepcumem Hegpmu u [Ipomvruunennocmu

OnHa M3 COBpPEMEHHBIX MpobieM A3epOaiikaHCKOH peciiyOIMKH B TOW WIIM MHOW (OopMe CBs3aHHAS C
9HEPreTUYeCKOl OTPacibid — 3TO O0ECHEYEHHUE YCTOWYHMBOTO BOJOCHAOMKEHUS MPOMBIIUICHHOCTH, CEIBCKOTO
XO35MICTBA U HACEJICHMs KaUEeCTBEHHOU BOJIOK.

Bo MHoOrmx pernmonax mupa, B ToM uucie B AszepOaimkaHckoil PecnyOiuke MpecHOBOJHBIE PECYPCHI
pacripesieNieHsl  KpaifHe HepaBHOMEPHO. AIIMIEPOHCKUH MOJYyOCTPOB C BBICOKOH IUIOTHOCTBIO HACEJICHUS U
KOHLIEHTPAllMell MPOMBILIUICHHOTO IPOM3BOJICTBA OTHOCUTCS K pPErHoHaM C Ae)UIHUTOM HPECHOH BOBIL.
[IpennpuHIMAaOTCS MEpHI 10 PEMICHUIO 3TOHW MpoOieMbl. [Ipr 3TOM H3y4aeTcsl OMBIT APYTHX CTpaH, KOTOPHIH
MOKA3bIBACT, YTO PaIUKAIBHBIM IIyTEM PEIICHUS JaHHOW MPOOJIEMBI B PErHOHAX C HAIMYHEM OOJBIINX 3aIlacoB
MUHEPaATN30BaHHBIX BOJ (MOPCKHX, OKEAHCKHX M T.J.) SBIICTCS OmpecHeHne 3TuX Box [1]. B aToit cBs3u mis
peciyOIrKi HECOMHEHHBIN HHTEpeC MPEeACTaBIsIeT OlpecHeH e Boasl Kacmuiickoro mopst [2].

KaioueBble ciioBa: MHUHEpalM30BaHHBIC BOJbI, AJIEKTPOIHEPrHs, OOpPAaTHBIH OCMOC, TepMHYEcKas
JUCTUIIIALMSL, AU3ETIbHBIC 3JIeKTPOCTaHIINM, KOMOMHUPOBAaHHOE OTNIPECHEHUE, IepMear.

B 2010 romy mpe3umeHTOM pecryONIHKH OTMeueHa HEOOXOJMMOCTh CTPOUTEIHCTBA
ONpPECHUTENIbHBIX ycTaHOBOK Ha Kacnum mo mpumepy Caynosckoit Apasum, M3pawmns,
Kygseiita u apyrux crpasd. B atoit cBs3u ¢ 2012 roga B CanbsHCKOM palioHE peaau3yercs
NWIOTHBIM MNPOEKT — 3alyllleHa B OJKCIUIyaTalUI0 YCTaHOBKAa OOpPaTHOOCMOTHYECKOTO
OIPECHEHUS] MOPCKOU BOJBI.

AHalu3 CyIIECTBYIOIMIMX TEXHOJOTMH MOKa3bIBAaeT, YTO B HACTOSIIEE BPEMs IIHUPOKO
UCIIOJIb3YIOTCSl JIB€ TEXHOJOTUU OIPECHEHUS — OOpaTHOOCMOTHYECKOE U TEPMHUECKOE.
[lpuyem Ha pom0 obOpaTHOro ocMoca mnpuxoautcs Oomnee 60% ONpeCHEHHOH BOJBI
TepMuuecKkue TEXHOJIIOTUU BKIIOYAIOT OMPECHEHNE MHOTOCTYIIEHYAaThIM BeKkunaHueM — MSF
(Multi-Stage Flash Distillation), mHOorocTynenuateiM BbimapuBanuem — MED (Multi-Effect
Distillation) u mapokommnpeccuonnbiM onpecaennem — VC (Vapour Compression) [1, 3].

Bbi0op TOW MM MHOM TEXHOJOIMH 3aBUCHUT OT KadecTBAa MCXOJHOM BOJbI, HATUYUS
SHEPrOUCTOYHUKOB, MPOM3BOAMTEILHOCTH YCTAHOBKM M psifa Apyrux ¢akropos. Tak st
YCTAaHOBOK cpenHel mpomssoautensHocTH (2000+15000 M3/cyT) SKOHOMHYECKH BBHITOIHEI
MED TexHONOTHH, a JUIS YCTAHOBOK OONBIION mpom3BoauTensHOCTH (>25000 M%/cyT) —
MSF-TexHOoI0THH.

OCHOBHOH HENOCTaTOK TEPMUYECKHUX METOJIOB OINPECHEHHs CBS3aH C MpolieMaMu
HAKUTIEOOPA30BaHUA M BHICOKMM pAcXojioM TemnoBoi sueprum (150+500 MIx/m3 B
3aBHCUMOCTH OT uncia ctynenei). Jlo 50% cebecTouMocTH OnpecHEHHOW BOJBI MPUXOTUTCS
Ha TEIUJIOBYIO COCTaBIISIONIYIO [2].

Texnomoruss ~ obOparHoocMoTHdeckoro  (RO)  ompecHeHust  XapakTepH3yeTCs
JHEpro3aTpaTaMM Ha TMOPAJOK MEHBIIUMH, YeM TepMUYecKHe TexHosoruu. OpHako i
NpeloTBpalleHus] 3a0uBaHUs MeMOpaH MpPUMECSIMU UCXOIAHOM BOJbI, TpeOyeT TIIATEIbHYIO
IpeBapUTENbHYI0O OYHMCTKY. TEeXHOJOrMs XapakTepu3yercss OOJBIIMM KOJUYECTBOM
ocTaToyHOTO KOHIeHTpaTa: oT 30 g0 60% B 3aBUCHUMOCTH OT COJIECOACP)KAHUS HCXOIHOU
Boabl. KpoMe Toro, ocrarouHoe cosiecoaepxaHue onpecHeHHOM Boael gocturaer 100300
MI/J, 4YTO 3HA4YUTENIbHO IPEBBIACT COJECOAEPIKAHUE AMCTUILIATA, IOJy4YE€HHOI'O
TEPMHUECKUM METOJIOM.
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s ycTpaHeHus HeJJOCTaTKOB OTENbHBIX TEXHOJOTUN ONMPECHEHHS M HCIIOIb30BaHUS
UX TIOJIOKHUTEIBHBIX OCOOCHHOCTEH B TMOCIEIHUE TONBI CTalM pa3pabaThBaThCs TakK
Ha3bIBacMble THOPHUIHBIE TEXHOJIOIMH, OCHOBAaHHbIC HAa PAa3IMYHBIX KOMOWHAIUSAX IBYX H
OoJiee MeTo10B ornpecHeHus [4, 5].

Ha wam B3msgg  oanuM  u3  A(QEKTHUBHBIX  HANpaBiICHUM  HCCIENOBaHUIA,
NPEJCTABIISIOMINX UHTEPEC IS HAlllel pecyOIMKH SBISIOTCS paObOTHl B 00JIaCTH pa3paboTKu
JBYXIEIEBBIX CHCTEM, OOECIEYMBAIOUIMX IPOU3BOJCTBO JJIEKTPOIHEPTUU COBMECTHO C
ONIpECHEHUEM MOPCKOM Bojbl. B wactHocTH, B pabote [6] Ha npumepe Boasl CpenuzeMHOro
Mops ¢ cosecoaep:xkanreM 38 T/11 mpeuiaraloT COBMEUaTh MPOU3BOJICTBO AJIEKTPOIHETUN Ha
JM3eNbHBIX JIBUTATENAX C  HCIOJNB30BAaHMEM TNPOAYKTOoB cropamus (500°C)  mus
KOMOMHHMpPOBAaHHOTO  TE€pMHUYECKOro ompecHeHus. Ilpu 3ToM  mpemycmarpuBaeTcs
JBYXCTAJUIHOE OINpEeCHEHHe: OOpaTHBIM OCMOCOM Ha TEpPBOW CTaJWU C TOCIEAYIOUIeH
TEPMHUUECKOHN AUCTUIUIALMEH OCTATOYHOTO KOHIIEHTpaTa — Ha BTOPOW CTaJuU, IPUUEM CTaus
TEPMHUYECKON TUCTUIUISIIUU PEAIU3YETCS C UCIIOJIb30BaHUEM JBeHaauaTucrynenyaroi MED.
s mpenoTBpalleHrs HaKUIeoOpa3oBaHus MPEAyCMaTPUBACTCS UCIIOIB30BaHUE KUCIOTHI U
CIEIUATBHBIX UHTUOUTOPOB.

HccnenoBanust B 3TOM HampaBlIeHUHM MPEACTABISAIOT OONBIION WHTEpec A Hallen
pecnyOJIMKY B TUTAHE CO3JIaHUs JIOKAIBHBIX CHCTEM TI0 TIPOU3BOJICTBY ONPECHEHHOW BOJBI Ha
0a3e AU3eNbHBIX YCTAHOBOK, KOTOPbIE OOECHEUMBAIOT MUKOBBIE HATPY3KH SHEPTOCHUCTEMBI U
BCEr/la BOCTPEOOBAHBI.

B 310l cBsI3u mpeAbIAyIIMME KCCIIEOBAaHUSIMU HaMU OOOCHOBaHa I€1eco00pa3HOCTh
YTUIM3aLKUKU OpOCOBOIO TEIUIa SKCILTyaTUPYEMbIX B HacTosuiee Bpems CaHradajibCKOH U
bakunckoit musenbHbIX dnektpoctaHimii (CADC wm BADC) i onpecHeHUs BOJIBI
Kacnuiickoro Mopsi 1 MOJ3eMHBIX COJIOHOBATHIX BOJ COOTBETCTBEHHO [7, 8].

Kputnueckuii aHanmu3 M3BECTHBIX pabOT B 3TOMl 00nacTH B IIEJIOM TOKa3bIBaeT Ha
BO3MOKHOCTh CO3JIaHHsI 00Jiee TPOCTBIX TEXHOJOTUA KOMOWHHUPOBAHHOTO OMPECHEHHS C
BBICOKHM BBIX0JIOM ONPECHEHHOW BOJIBI.

B mHacrosmieil cratbe NpUBOASTCA pe3yNbTaThl MCCIEAOBAHHUS HOBOTO crocoba
KOMOMHHMPOBAHHOTO OMpecHeHUs Bojabl Kacmuiickoro Mopsi, OTIMYaromiecs OT M3BECTHBIX
MIPOCTOTON Y BEICOKUM BBIXOJIOM ONPECHEHHOM BOBI.

[Ipennaraemslii cioco® ompecHEeHUs, OCHOBAHHBIN Ha CIEAYIOUIMX mporeccax (puc.l)
[9]:

e  OCBETJICHHE M HAarpeB MOPCKOH BOIBI 10 TemmepaTyps 30-+-35°C;

® OIpECHEHHE TOAKUCICHHON MOPCKOW BOJbl Ha OOpPaTHOOCMOTHYECKOW YCTaHOBKE
(OOY) ¢ GaiirmacoM 4acTH €€ U MOCIeAYIOIIUM CMEeNIMBaHueM ¢ KoHIleHTpaTtoM OOV

e Mg-Na-kaTHOHUTHOE JeKaTbIIUPOBAHNE ITOU CMECH;

® TIOANMUTKA JEKAIBIIMPOBAHHOW CMECBHIO IMUPKYISIITUOHHOTO KOHTYpPA, BKIFOYAIOUIETO
OJIHOCTYIIEHYATYIO aArabaTHYI0 UCTIapUTENbHYIO YCcTaHOBKH (1Y) U Temino0OMEeHHUK,
YTHJIM3UPYIOIIHMHA TETUTIO TPOYKTOB CTOPaHUS AU3ETHHON YCTAaHOBKH;

® WCIOJIb30BAaHUE TPOIYBOYHON BOJBI MHUPKYISIHUOHHOTO KOHTYpa I pereHepaluu
KaTHOHUTA,

® KOHJEHCaIUsi OCHOBHOM YaCTH AUCTHILISATA B BBIHECEHHOM KOHJEHCATOpE.

Kak cienyer W3 mpHBEIEHHOW CXeMbI, JUIs TpenoTBpamieHus BoimageHus CaCOz Ha
MeMOpaHaxX TMpeAyCMaTpUBAETCS IMOAKHUCICHHE, BBINMAJCHHE OPraHUYeCKUX BEIIECTB
YCTpaHSAETCS TUITOXJIOPUTOM HaTpus, a BeimageHne CaSO4 B TemI00OMEHHUKE-YTHIIN3aTOPE
MyTeM HOHOOOMEHHOTO JIeKaIbIIMPOBAHHUS MOAMUTOYHOU BOJBI ITUPKYISAIIMOHHOTO KOHTYpA.

Cornacro [10] moBbIeHHe TeMIepaTypsl nuTatensHoit Boasl OOV Ha 5°C ymensmaer
HeoOXxoauMyto Tuiomanab MemOpan Ha 15+20 % W 3HAUMTENBHO YBEIMYMBACT CPOK HX
cayxObl. IloaToMy B cxeMme TMpeaycMOTpeH HarpeB mnuTaTtenbHod Boael OOV ¢
UCIIOJIb30BaHMEM YaCTH Iapa, MOJIYYeHHOTo B aquabatHoM ucmaputene. [lo mpempiaraemomy
croco0y MOpCKasi BOJa TOCTe BBEICHHUS THIOXJOpUTa HaTpus mopaeTcss HacocoMm (1) Ha

39



Mexanudeckuii Guiibtp (2). OcBerneHHas Boja B TeruiooOMeHHUKe (3) HarpeBaercs 10
30+35°C, mocne MOAKHCIEHHS M AEXJOPUPOBAHHS INTyOOKO OYMINAETCS OT MEXaHMUYECKHX
npuMeceii B MaTpoHHOM (uiIbTpe (4) W HACOCOM BBICOKOTO JaaBiieHHs (5) mojaercs Ha
0o0paTHOOCMOTHYECKHI MOTYJIb (6). [Ipu 3TOM yacTh BOJIbI Oaliacupyercs, T.€. CMELINBACTCS
¢ konnentparom OOY. DOra cMmech noasepraercss Mg-Na-kaTHOHUTHOMY JIeKaJIbIIMPOBAHHUIO
B HMOHUTHOM GwibTpe (7) W HUCHONB3yeTCs JUIsl MOANMHUTKH MHUPKYISIHOHHOTO KOHTYpa.
[TocnenHuii BKIIFOYAET MUPKYISIHMOHHBIA Hacoc (8), koren-yrrmim3aTtop (9) Teria npoayKToB
CTOpaHHsi MOJYJSl TU3ETBHOW 3JEKTPOCTAHIINHM, a TAKXKE OJHOCTYIICHUYATBHIA aauadaTHBIN
ucnaputensb (10). B ucmapurene u3 neperperoi BoAbI BeIpadaThIBACTCs Map, KOTOPBIM MOCIE
KOHJIeHcaluu B TertooOMeHHukax (3) u (11) oTBoAUTCS B KauecTBE IEIEBOTO MPOAYKTA —

OHpCCHCHHOﬁ BOJBI.
10
[ —
9
YT

11
x A
3‘ 1
2

e
‘CP

Puc.1. Texnonorudeckas cxema ImpeiaraeMoro croco6a onpecHeHUs] MOPCKOW BOJIBI
J2C — nuzenwvHas snextpoctanims; MB — mopckast Boga; X — xinopupoanue; K — kucinora;
X — nexnopuposanue; 11 — nepmear; I — quctmsr; CP — cOpocHoit pactBop; YI' — yxoasimue ra3sl

hiic’e

Mertonukoit ~ mpoBeleHMs ~— HUCCIENOBaHMHM  TIpeAaycMmaTpuBajiach  pa3paboTka
MaTeMaTUYeCKONd MOJEeNU CHUCTEMBl C MOCIEAYIOUIUM BBIMOJTHEHUEM KOMIIBIOTEPHBIX
(BBIYMCIIUTENBHBIX) 3KCIIEPUMEHTOB Ul YCTAHOBJICHMSI BIUSHHS OCHOBHBIX BXOJHBIX
($akTOpOB Ha BBIXOJIHBIE U BEIOOPA ONTUMAJIBHBIX YCIOBUI OpraHU3aluy Mpoliecca.

B maremaTtnueckyro Mojenb ObUTH BKJIIOUEHBl YPaBHEHHUSI MaTepHUalbHbBIX M TEIIOBBIX
0aniaHCOB, CKPBITOW TEIUIOTHI MapooOpa3oBaHus, Teruionepenadu U aAp. OCHOBHBIE U3 HUX
IIPUBOJATCS HUKE.

YpaBHEHHs MaTepUATTbHBIX 0aJaHCOB MO MOTOKaM U coiisiM i1t OOY:

GOZGnep'l'GK (1)
GO'Soanep'Snep'l'GK'SK (2)
VYpaBHEeHUsI, CBSI3U MEX/y PacX0JaMU ITOTOKOB U KOHIIEHTpAIUsIMH cosei B Hux [11]:
Ss/Sp=a R (3)
Siga / So = (1— o )/ (1-a) (4)

rae Go, Guep, Gk — pacxopl MUTATENBHOM BOJBI, IEpMeaTa U KOHILIEHTPAaTa COOTBETCTBEHHO,
Kr/cex; o — BbIXoA (monsi) koHuentrpara OOVY; So, Spep, Sk — KOHLEHTpamus coieil B
MATaTeILHOM Bo/Ie, IepMeaTa u KoHIeHTpata OOV, mr/i; R — cenekTuBHOCTh MeMOpaH.
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ConeconepxaHue CMECH B TOUKEe cMemuBaHus KoHieHTpata OOV u Oaitnacupyemoit
BOJIbI, MI'/JI:

_¥1-So+ald-v)-S,
y-o—-ay

rae y— aois 6alnacupyeMoi BOJbI.
Jis ycroBHsI TIOCTYIUICHUS TPOAYKTOB CrOPaHMsI B KOTEJ-YTUIIM3AaTOP C TEMIIepaTypoil

()

St

500°C wu BbiXoma B juanasone 120+180°C  (0gp) 3aBMCMMOCTb  KOJMYeCTBa

yTunu3upoBaHHoro Temia (Qyr) oT 9';;0 , MBT:
Qo =10,31-0,0234 - 0¢4 (6)
YpaBHEHHE TEIIOBOTO OaaHca KoTia-yruin3aropa, MBT:

Qym = ka '(t'll(y _t}(y)' Cn ) (7)

rae Giy — pacxoj BOJBI Yepe3 KOTeJ-yTUIM3aTop, Kr/cek; tgg € tgg — Temmeparypa BObI

Ha BXOJI€ U BBIXOJIE€ KOTJIa-yTHIN3aTOpa, oc; Cp — TEII0EMKOCTh BOJIBL, KI[)K/(Kr-OC).
VYpaBHeHHe MarepuaibHOro OajnaHca MO TOTOKaAaM M COJISIM Il aiuabaTHOTO
HCTIApUTEIIS:

GKy:Dn"'Gpeu (8)
Gxy-Sky= Gpeu'speu (9)
rac Dn — pacxoxa 1mapa, TIMOJYUYCHHOTO B HCIApUTCIIC, KF/CCK; Gpeu — pacxon

PELUPKYITHUPYEMOTO PAaCTBOPA, KI/CEK.
YpaBHEeHHE TEIIOBOTO OanaHca UCTIapUTEeNs:

D, r=G -C,-(tiy —t,.) (10)

A€ T — CKpbITas TEIUIOTa MapooOpa3oBaHUs NPH TMPUHATON TeMIlepaType HCHapeHws,
K JIK/KT; tuc— TEMIIEpaTypa KHIIEHHS BOJBI B HcrapuTere, °C.

Cornmacuo [1] 3aBucumocth 1=f(tic) ¢ JMOCTATOYHO BBICOKOW  TOYHOCTBHIO
aTnMPOKCUMHUPYETCS TIOJTUHOMOM:

r=2501,9-2,407-t, +1192-10°-t?, ~15863-10° -t} (11)
VYpaBHEHHsI TETUIOBBIX 0aJaHCOB TOIOTPEBATENSI MOPCKOM BOJIBI M KOHAEHCATOPA:!
D11=GoAtuox'Cp (12)
D2:r=Gox*Ation'Cp (13)
rme D1 u Dy — pacxoApl Tapa Ha MOJOTpeBaTelb HMCXOIHOW BOABI M KOHIEHCATOP,
cooTBeTcTBeHHO; Go M Gox — pacxoa MOPCKOW BOJBI Ha ONMPECHEHUE M OXJIAXKTAIOIICH BOJIBI

KOHJEHCATOPa; Atnox M Alcow — MOBBIIEHHE TEMIEPATYPHl MOPCKOH BOJIBI B MOIOTPEBATENE U
KOHJIEHCATOpEe COOTBETCTBEHHO, C.
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VYpaBHeHUs MaTepHaJbHbIX OaJaHCOB M TEIUIOBOrO OajlaHca sl TOYKM CMEUIEHHUs
YMSATYEHHOU CMECH C IUPKYISALUOHHBIM KOHTYPOM:

GKY:GyM+Gpeu'Gper (14)
GKY'SKY:GyM SyM +(Gpeu‘Gper)'Speu (15)
Geo teo Cp =G te -Cp+(Gaas —Gasa) tazs - Cp (16)

rae Gper — PacXoj pereHepalioHHOTO PacTBOPa; KI/CEK; Syw — CONIECOACPIKAHNE YMATUCHHOU
CMECH, MI/I, Syn=Scu.

Jlns  pacyera  TEIUIOOOMEHHBIX  IIOBEPXHOCTEH  WMCIIONB30BAIOCH  YpaBHEHHE
TeNonepe1aun, M2;

R =Qi/K; At (17)

rie Qi — TemnoBas Harpyska, MBT; Ki — koaddumuent temnonepenaun, kBr/m?-°C; At —
TemmnepatypHslii Harop, °C.
3akirounTeIbHas 4acTh MaTeMaTH4eCKOW MOJIENH BKJIIOYaia CIEAYIOUIUE YAETbHBIC

[IOKAa3aTeNu:

e Bbixon juctwiATa (Gy) OTHOCUTENBHO KOJIMYECTBA YTHJIM3HMPOBAHHOIO TEILIa,

kr/(cex-MBT):
d=Gy/Qss (18)
® BBIXOJ] IepMeaTa OTHOCUTEIHHO PAcX0/1a UCXOJHOW MOPCKOM BOJIBI, Klyep/KTy.z:

digs =Gigs /GO (19)
®  BBIXOJ JUCTWIISATA OTHOCUTEIHHO PACX0/1a UCXOIHON BOBI, KIy/K 'y 5."

e ylenbHBIE TOBEPXHOCTM  HArpeBa  TOJOTpEBaTeNs,  KOTAa-yTHIM3aTopa M
KOHIeHcaTopa, M2/(Kr/ceK):

fis =Fm / Ga (21)
feo =Feo /Gy (22)
far =Fai /Gy (23)

Jns uccnemoBaHWs MOAENW OBUIM TPHHSATHI CIEAYIONINE BXOAHBIE (DAKTOpPBI U
AUAIIa30HbI UX U3MCHCHUA:
e BbIXOJ KoHIeHTpaTa OO0V, 0=0,3+0,5;

e Temreparyphl MPOAYKTOB CTOPAHUs MOCIE KOTIa-yTHIN3aTopa, GHEO =120+180 °C;

e Temmeparypa ucmapenus, t,,—=60+120°C;
e coJslecojiepKaHKe BOBI B Ucnaputeie, Suc—=80+120 r/m;
e 10715 OGaiimacupyeMoi Mopckoi Boibl, Y=0+1.
B kauecTBe HeympaBisieMbIX, HO KOHTPOJIHMPYEMBIX BXOIHBIX (PAKTOPOB CUCTEMBI
OBLTH TIPUHSITHI:
e coJiecojIepKaHue MOPCKO# Boabl, So=12750 mr/i;
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e cenexkTuBHOCTH MeMOpan OOY, R=0,996;
e TeMIeparypa IpoIyKTOB CrOpaHHs Ha BXOJE KOT/Ia-yTuin3aropa, Ogg = 500°C;

e k0> UIMEHT TemIonepeaadn KoTna-yrunusaropa, Kxy=0,1 kBt/(M?-°C);
e kodpdumment Temonepenayn MOAOTPEBATENII MOPCKOH BOABI M KOHJEHCATOpa
ucnapurens — 1,8 kBt/(m%-°C).
B kadecTBe BBIXOIHBIX (YIIPABISIEMBIX) (DAKTOPOB CUCTEMBI OTIPEACIISIIHCH:
e pacxofpl u conecoaepxkanus nepmeata u kKoHeHTpara OOY — Guep, Gk, Suep, Sk;
® KOJMYECTBO YTHIM3UPOBAHHOTO Tera — Qyr, MBT;
e pacxoj napa, reuepupyemoro B 1Y;
e pacxoa Mopckoi Bozasl — Go, KI/cek;
® KOMIUIEKC YAEIbHBIX Moka3zaresneit — di u fi.

AHanu3 pe3yiabTaToOB UCCIICOBAHMI MMOKA3all, YTO AJICKTPUUYECKAs MOIIHOCTh KaXIOTO
monynsa CIDC cocrausier 16,6 MBT, a kx.m.a. — 45%. CrnenoBarenbHO, TEMIIOBBIE BEIOPOCHI
MOyl B BHJE IPOAYKTOB Cropanus ¢ Temmeparypoit 500°C u Temma oTBOAMMOro us3
pyOaliky OXJaXJeHUs TOCPEACTBOM CyXHMX rpaaupeH cocrasimsior — 20,3 MBTt. s
ONPECHEHUSI MOPCKOW BOJBI MPEIIaraeTcsi WCIOIb30BaTh TEIIO IPOIYKTOB CrOpaHHUS.
KonunuecTBo yTUIM3MpyeMoro Termia 1, COOTBETCTBEHHO, MOMy4aeMOro JUCTHILISATA 3aBUCUT
OT MpHUHATONW TeMmueparypbl NpoaykToB cropanus mnocie KY. Ha puc. 2 npusenena
TUCTOTpaMMa, OTpakarolllas BIUSHUE TeMIepaTypsl yXxoAsmux Tra3oB mnocie KY Ha
KOJIMYECTBO YTHIIM3UPYEMOTO TETlIa, BRIPAOOTKY IUCTUILIATA U IIepMeara.
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Puc. 2. Bausiaue TemnepaTypbl yXO4sAImuX razos nocie KY Ha KOITM4ecTBO yTHIN3UPYEMOTO
Teruia, BEIpaObOTKy nucTHLIATa U iepmearta (a=0,4)

o

—Gy; ] — Grep —QyT-

Kak BUIHO M3 MOJNy4eHHBIX NaHHBIX MoBbimenue Ogg ot 120 1o 180°C cnocoberpyer

CHIDKEHUIO KOJM4YecTBa yruiauzupyemoro temna ot 7,4 mo 6 MBt. CooTBeTCTBEHHO
CHI)KaeTcs BBIpabOTKa TUCTUILIATA U nepMmeara. DyHKIMOHAIBHAS 3aBUCUMOCTh MEKIY Grep
u G, oOycinoBieHo TeMm, 4To mpu y=0 TUTATENBHOW BOJOW HUPKYISAIMOHHOTO KOHTYypa
CIYXHUT yMsT4eHHbIH KoHLeHTpaT OOV, pacxoa KOTOPOro 3aBUCHUT OT pacxoja Iepmeara.
Cremyer OTMETHTB, YTO OaIMacCHpOBaHUE YaCTH OCBETIICHHOW MOPCKOW BOJIBI SBIISICTCS
WHCTPYMETOM [UIsl PErynupoBaHus COOTHOMICHUS Grep U Gy ScHO, utO pekumy y=0
co0oTBeTCTBYET Grep—MaX, a pexumy y=1 — Guep=0. BoipaGoTka nuctuiisTa He 3aBUCUT OT
BenuuuHbl Y. M3menenue mnocnenHero B mpenenax 0+1 oka3piBaeT BIUSHHUE Ha TaKHe
noka3areiu Kak Grep, Gk, Scw, @ TaKKE TEXHOJIOTMUECKHUE MTOKA3aTENH CTAAUH YMSITUCHUSI.
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Ha puc. 3 mpuBemena  rpaduueckas 3aBHCHMOCTh IiepMeara, UCTIILUIATA H
OIPECHEHHOMW BO/BI B 1IEJIOM OT BbIX0J1a KOHIIeHTpaTa OOY.
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Puc.3. I'paduueckas 3aBUCUMOCTb PACXOJIOB IIepMeaTa, TUCTHIUIATA U
OnpecHeHHoi Bojbl 0T koHuentpara OOV (y=0, t,.=80°C)
1-Gy 2-Guep; 3— Gonp.

Kak cnegyer W3 mony4deHHBIX NaHHBIX, moBbimieHne o ot 0,3 mo 0,5 mpuBoauT K
CHIDKEHHMIO BBIPAaOOTKU Imepmeara NmpuMepHo Ha 65%. Ilpu 3Tom BbIpaboTKa IUCTHILIATA
IIPAKTUYECKH HE U3MEHSETCS, a pacXo/l OIPECHEHHOW BOJIbI B LIEJIOM CHMXaercs oT 18 1o 8,2
Kr/c. O COBMECTHOM BIIMSHUM TEMIIEPAaTyphbl YXOISIIUX Ia30B IMOCIE KOTJIa-yTUIM3aTopa U
BbIX0J1a KoHIeHTpaTa OOY MOXHO CyIuTh 1o Tadbmue 1.

13 nosmyyeHHbIX JaHHBIX CIEYeT, YTO BhIpaOOTKa AUCTUILIATA U3MEHSETCS B Ipeaeax

ot 2,99 10 2,92 u cnabo 3aBUCHT Kak OT @, Tak U Ogg . Pacxon e mpemeara U3MEHSETCS B

npenenax 4,31-15,22 kr/c mpu 3TOM CYIIECTBEHHO 3aBUCUT OT BEJIUYMHBI 0. OTO XKe
3aKOHOMEPHOCTb OTPA’KaeTCsl Ha YEJIbHBIX T0KA3aTEIAX.

3 PE3YyIbTATOB pACUYCTOB CICAYCT, YTO HE3ABUCUMO OT BCIIMYUHBIL eEO ITOBBIIICHHUEC O

CIOCOOCTBYET HE3HAYUTEIIbHOMY CHUXKEHUIO (2-3%) BbIpaOOTKHM AUCTUIUISTA U CYIIECTBEHHO
CKa3bIBaeTcsl Ha BbIpaboTKe mepmeara. CHHKEHHUIO pacxojia mepmeara CrocoOCTBYET TaKkKe

poct Ogg. CHmkenne pacxona mepeméra ot yBenuuenus Ogy ouenuBaercs ~20 %, a ot

yBenuueHus: o~65 %. OOpamaer Ha ce0sf BHMMaHUEe TOT (PaKT, YTO OCHOBHAas J0JIs
ONPECHEHHOW BO/BI NMPUXOAUTCS Ha EpeMETa.

Tadmuma 1
BrusiHue Teria mpoayKTOB CropaHus M BBIXOA KOHIIEHTpaTa
OOY Ha 0CHOBHBIE IIOKA3aTEJIN
" G y Gnc y Gon ’
QEO C a KF;C KF/?E Kr/g d Grep dx
0,3 2,82 15,22 18,04 0,38 0,70 0,13
120 0,4 2,89 8,43 11,32 0,38 0,61 0,21
0,5 2,92 5,30 8,22 0,39 0,53 0,29
0,3 2,64 14,27 16,91 0,38 0,70 0,13
140 0,4 2,71 7,90 10,61 0,38 0,61 0,21
0,5 2,74 4,97 7,71 0,39 0,53 0,29
0,3 2,46 13,32 15,78 0,38 0,70 0,13
160 0,4 2,53 7,37 9,9 0,38 0,61 0,21
0,5 2,55 4,64 7,19 0,39 0,53 0,29
0,3 2,29 12,37 14,66 0,38 0,70 0,13
180 0,4 2,35 6,85 9,2 0,38 0,61 0,21
0,5 2,37 4,31 6,68 0,39 0,53 0,29
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Ha puc. 4 mpuBeneHa rucTorpaMmMa OTpaXkaromas BIUSHUE COJICCOCPKaHUS BOJIBI B
annabatHOM ucnapurene (Suc) Ha o0l pacxoa Bojbl, mocTynawmuid B cuctemy (Go) u
pacxon ymsrdeHHoU BobI (Gmg-Na).
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T o
60 80 100 120 S, .r/n
Puc.4. Bnustaue cosnecoepskanusi BOJbI B HCIIAPUTENIEC HA PacXof
HWCXOJAHON Y YMSTUEHHOU BOJI

1 — GMg-Na; 2 — GO

CoriacHO MOJIyY€HHBIM PE3yJIbTaTaM MOBBIIICHUE COJIECOACPKAHUS UCTIAPSIEMOM BOJIbI
ot 60 mo 120 r/n cnocoOCTBYeT CHMKEHHMIO pacxojia MCXOAHOM MOpPCKOM BOAbl OT 16,5 1o
11,2 kr/c, a ymsraeHHo BojsI oT 5,3 10 3,6 Kr/cC.

Habnromaercss cnmabasi 3aBUCHMMOCTH BBIPAaOOTKHM JUCTHILIATA OT COJIECOICPIKAHMS
ucrapseMoi BoJIbl U TEMIEpaTyphl UCTIapeHus (puc.S).

W3 monydeHHBIX MaHHBIX CIIEIYET, YTO TMOBBIIIEHUE COJIECOAEPIKAHMS HCIapsIeMOro
pactBopa oT 60 mo 120 1/n mpakTUYECKH HE CKa3bIBAeTCsl Ha BEJIMYMHE BBIPAOOTKU
JUCTHILIATA TIPU TemmepaType ucraperus 60°C. Ypenumdenne TeMmepaTypsl HcnapeHus oT 60
10 100°C crocobcTByeT noBbIeHuto D, B cpennem Ha 7 %.

ConeconepxkaHue UCTApPsIEMOT0 pacTBopa ci1abo BIUAET HAa OJHH YIEIbHBIEC MOKa3aTEIN
U MPaKTHYECKU HE BIMSIET Ha Apyrue (tabmauma 2).

N3 0000menust pe3yabTaToB HCCIACAOBAHUN CIEAYEeT, YTO YCJIOBHIO MaKCUMHU3AIMU
BBIXO/Ia OMPECHEHHOW BOJBI COOTBETCTBYIOT: MakCUMalbHble 3HaueHUS Qyr, Suc, tuc U
MUHHUMAJIbHBIC 3HAYEHUS Ol U .

2
: 4
S tuc=60°C
')._7-4 0
/ tuc=80 C
o -
2.6 4 tuc=100_C
251
244

60 70 8 90 100 110 120
SHC, /1
Puc. 5.1 ‘papuK 3aBUCUMOCTH BBIPAOOTKH JUCTHIIIATA OT COJICCOACPKAHUS

HCHapSIGMOfI BOJBI U TCMIICPATYPbI UCITAPCHU S
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Tabmuma 2
BiusiHue conecomepikaHus UCIapseMOro pacTBopa Ha
OCHOBHBIC TIOKa3aTelH Mpolecca

Sie, T/

Ne Iloka3zarenu

60 80 100 120
1 d 0,37 0,38 0,39 0,40
2 Onep 0,61 0,61 0,61 0,61
3 dy 0,15 0,19 0,22 0,24
4 ficy, M2 145,2 142,1 140,8 140,0
5 Fric, M2 2,5 2,5 2,5 2,5
6 Feon, M2 15,85 15,85 15,86 15,86
7 fo5, M2 163,6 1425 159,2 158,4

OpHako cieayer UMeTh B BUAY, YTO IPU MUHUMAJIbHOM 3HaueHuH 0=0,3 KOHIIEHTpaT
OOV okaszpiBaerca nepecbllieHHbIM 10 CaSOs, 0 4YeM CBUIETENBCTBYIOT PE3YJIbTaTh
pacyeToB, BBIMOJIHEHHBIC 1O KoMmmbloTepHOl mporpaMmme ROSA (Reverse Osmosis System
Analysis) [12].

Kak BuaHo u3 pacueroB no mporpamme ROSA 1npu Bcex 3HAUCHMSIX O CYIIECTBYET
ormacHocTth BhmaneHuss CaCOs Ha memOpaHax, O 4eM CBHJIETEIbCTBYIOT ITOJIOKUTEILHBIC
3HayeHus uHjekca Jlamwxkense. Ilpu o>0,5 cymiecTByeT omacHOCTh BBIIAJEHUS TaKXKe U
CaSOg.

[TosTomy 1enecooOpa3Ho orpanuuuth 0=0,5, aM00 NPEIYCMOTPETh YMsITrYeHHe
MCXOJIHOM BOABI BMeCTO KoHIleHTpaTa OOY.

Yro kacaercs Ha MEpBbIM B3I MNPOOJEMHOTO BOMpPOca O BO3MOXHOCTH
MOHOOOMEHHOTO  ymsrueHuss  KoHmeHTtpata OOV,  KOTOpbIi  XapakTepuszyeTcs
coliecofiep>)kaHueM OKoJo 25 T/, TO cileayeT OTMETUTh, uTto paboramu [13] mokaszana
BO3MOXKHOCTh ~ Mg-Na-KaTHOHUTHOTO  JI€KaJbLUPOBAHUSA JaK€ OKEAaHCKOW BOJBI C
cosecozaepkanueM 35 r/n. OHaKo B 3TOM cilyyae, B KayecTBE MOHOOOMEHHOTO MaTepuasa
BMECTO CUHTETHUYECKUX KaTHOHUTOB Tuna KVY-2 HeoOXoauMo Hcnonb30BaTh 0ojee JelieBbie
MOJIUGUIMPOBAHHBIE TPUPOAHbIE LEOIUTHI. A3zepOaiijkaHckas pecryOiMKa pacroiaraer
OOJBIIMMU 3aracaMu 3TOTO ChIPbs, YTO JEJAeT MEPCIEKTHUBHBIM OCBOEHUE TEXHOJIOTUM
YMSTUYEHUS HE TOJIBKO MOPCKOM BOJIBI, HO M €€ KOHIIEHTPATOB C UCIIOJIB30BAHUEM LIEOJIUTOB.

Pacuer ompecHUTEnbHONW YCTAaHOBKH JJisl YCIOBUI ONM3KMX K onTUManbHbIM (0=0,5;

v=0; OEO =160°C; Cp=100 r/m) mokasan, YTo 3a CYET YTHJIHM3ALUHU TeIa MpPOTyKTOB

cropanus ogHoro moayist CII9C moxet ObITh BeIpaboTano 650,6 T/cyT nmepmeata u 350 1/cyT
muctiisaTa. [Ipu 5ToM BBIXOJ] OTIPECHEHHO! BOJIBI B 11eIoM TipeBbiinaet 70 %.

[Ipn pacdere TEXHHKO-DKOHOMHUYCCKUX ITOKa3aTejlei B COOTBETCTBHH C OONUMHU
pexomeHnanusMu [1] ObUTM TPHHSATH CIEAYIOIIME WCXOJIHBIE JaHHBIC: CPOK CITYXKOBI
ycraHoBKM — 30 JeT; pacxox »iekTposHeprum Ha OOV — 2 kxBruac/m®, ma UY — 1
kB1-yac/m®; crommocTs amkTposHeprum — 0,04 non/kBT-yac; ymembHBIH pacxoj peareHTOB
0,02 mon/(M%/cyT); cMeHa MeMOpaH — Kaxzple 3 roga. COracHO MOMydeHHBIM Pe3yIbTaTaM
(TabMHIa) MOKHO MPOTHO3HPOBATh cebecToMMocTh Tepmeata — 0,58 mom/mMe, aucTHnnaTa —
0,42 mon/m°.

OTHOCUTETHHO HM3Kas CE0ECTOMMOCTh TUCTHILIATA OOBSCHSAETCS TE€M, YTO B OTIIMYHE
OT TPAIAWIIMOHHBIX TEPMHUSCKHUX OIPECHUTEIBHBIX YCTAaHOBOK, B JaHHOM Cjydae
OTCYTCTBYIOT TEIUIOBEIE 3aTPaTHI.

Kax cnegyer u3 maHHbBIX TaOauIkl 3 OCHOBHAas 4YacTh 3arpaT Ha OOY mpuxomurtcs Ha
cmeny memOpan (33 %), amoptuzamuio (26 %) u 3apruiary (24 %). B rtemnoBoit wactu
OCHOBHBIE 3aTpaThl pacHpeleleHbl CIEAYIOUMM o0pa3oM: 3apmiiaTa U amMopTH3alus —
npuMepHo 1opoBHY (~30,5 %), ymaruenue (24 %).
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Tabnuma 3
OCHOBHBIE pe3yJIbTaThl TEXHUKO-IKOJIOTHIECKUX PACUCTOB

Ne 3arpaTsl PasmepHOCTH ooy NY+KVY
1 KanunranosinoxeHus TBIC.JOJT 450 200
2 Hopwma amMopTu3anuu % 6,5 6,5
3 AMOPTH3aIIMOHHBIE OTYUCIICHHUS TBIC.JOJI/TO/ 29,3 13,0
4 DNEKTPOIHEPTHS -"- 15,2 4,2
5 3apmiara -"- 26,4 13,2
6 Pearenrsr -"- 3,8 2,2
7 CMeHa MmeMOpaH -"- 36,2 -

8 VYMmsraenne -"- - 10,5
9 OKCIUTyaTallHOHHBIE PACXOIBI -"- 110,8 43,1
10 | CebecTOMMOCTH ONTPECHEHHOM BOJIBI non/m3 0,58 0,42

CnexgyeT OTMETHTb, 4YTO COIJIACHO HCCienoBaHusM [7,8] mpu HeoOXoIuMoCTH
BBIPAOOTKH ONPECHEHHOH BOBI HA OpOCOBOM Terie MOAYNIbHBIX JIDC MoXxeT ObITh JOBEACHA
no 12450 M3/cyT. Opnako g 3TOro HEOOXOJMMO HCIOJIB30BaTh MHOTOCTYIEHUYATYIO
UCIIAPUTEIbHYIO YCTAaHOBKY, YTO CBSI3aHO C 0oJiee BBICOKMMHU KalUTAJIbHBIMHU 3aTpaTaMH.
Beibop TOro wiM WHOrO BapHaHTa SBISETCS MPEIMETOM CHEIHAlbHBIX TEXHUKO-
HPKOHOMHUYECKUX PACUETOB, YUUTHIBAIOIIMX KOHKPETHBIE YCIOBHUS, B IIEPBYIO O4YEpenb
TpeOyemble 00BEMBbI OTIPECHEHHUSI.

TakuM o0pa3oM, [ YAOBIETBOPEHHUS paAcTyUIMX HOTPEOHOCTEN B JelIEBOM
ONPECHEHHOW MOPCKOM BOJIE HA MPEANPUATUSAX U B HACEJICHHBIX TYHKTAX PacIlOJI0KEHHbBIX HA
nobepexxpe Kacnmiickoro Mopsi  11es1ecoo0pa3HO OCYIIECTBISITh BBIPAOOTKY ONPECHEHHOU
BOJbl C MCIOJB30BAaHUEM TEIUIA MPOAYKTOB CrOpaHUsl OU3ENbHBIX 3JIEKTpocTaHUui. Takue
AIIEKTPOCTAHIINH, o0ecrnieunBaroIue MUKOBYIO INEKTPUUYECKYIO Harpy3sky H
XapaKTepU3YIOIUeCs] BBICOKOW MaHEBPEHHOCTBIO, Bceraa OyayT BOCTpeOOBaHBI B CHUCTEME
«AZORENERI».

BoiBoabl @ Jlns AszepOaiimxaHckoi PecrnyOnuku 0oJbIoil MHTEpec NpeacTaBiser
OCBOEHHUE JIBYXIIEIEBBIX CUCTEM OOECIEUMBAIOIINX BBIPAOOTKY 3JIEKTPOIHEPTHH U JEIIEBOI
ONpPECHEHHOW BOJAbI Ha 0a3e AM3ENBHBIX D3JEKTPOCTaHIMA. B 3Tol cBsA3M mnpemioxeHa
TEXHOJIOTHYECKasi CcXxeMa KOMOMHUPOBAHHOTO OIpecHeHus Boibl Kacmuiickoro Mops c
WCIIOJIBb30BAaHUEM TEIUIA TPOAYKTOB CrOpaHUS MOAYJIEW JAM3ENBHBIX 3JIEKTPOCTAHIUM.
[IpenycMOTpeHO ABYXCTaJAUMHOE OINPECHEHHE C OOPAaTHOOCMOTHYECKHUM OINPECHEHUEM U
TEPMHUUYECKON AMCTUIUILIMEH OCTAaTOYHOIO KOHIEHTpaTa Ha OJHOCTYIEHYAaTOM YCTaHOBKE
MIHOBEHHOT'O BCKMITAHUS C MCIIOJIb30BAaHUEM BOJIOTPEMHOI0 KOTJa-yTHJIM3aTOpa B KauecTBE
rojJOBHOro  mojorpeBatens. Jlns  HCKIOYEHUS  CyAb(paTHOrO  HaKUIeoOpa3oBaHUs
MPEIOKEHO Ha CTaauud OOpaTHOTO OCMOCAa OTPAaHWYUTh BBIXOA KoHIeHTpaTa (0>0,5) u
ocymecTBIATh Mg-Na-KaTHOHUTHOE J1eKalblIMPOBAaHUE KOHIIEHTpaTa OOpaTHOro OCMOCA.
Pa3paborana marematruyeckass MOJEIb MNPEIOKEHHOW TEXHOJOTMH M BBIYMCIUTEIbHBIMU
DKCIIEPUMEHTAMU HCCJIEIOBAHO BIIHMSHHE KOMIUIEKCA BXOJHBIX (PAKTOPOB HA BBIXOIHBIE
TEeXHOJOrnueckue nokasain. OOOCHOBaHBI ONTUMANbHBIE YCIOBUS OpraHU3aluu Ipolecca
ONPECHEHHUS] M €r0 BBICOKHE TEXHHUKO-I)KOHOMHUYECKHE IOKAa3aTEIM — B YaCTHOCTH, HU3KHE
cebecTouMOCTH TiepMeara M jucTwiuiAta. Ilpu BbiOOpe MecTa CTpPOUTENLCTBA HOBBIX
JIU3EIIBHBIX AJIEKTPOCTAHIIUNA TIeJIeCO00pa3HO OPHUEHTUPOBATHCS Ha MOTpeOUTenel MmpecHoi
BOJIbI M IPEYCMOTPETh BO3MOXKHOCTD 3a00pa MOPCKO BOJIbI Ha OIPECHEHHE M YTHIIN3ALUIO
OCTaTOYHBIX PAccoJIOB ITyTEM paccpeOTOUEHHOro cOpoca B MOpeE.
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DIiZEL ELEKTRIK STANSIiYALARI OSASINDA ELEKTRIK ENERJISININ
VO SIRINLOSDIRILMIS SUYUN BiRGO ISTEHSAL TEXNOLOGIYASI

ABDULLAYEV K.M., MOMMODBOYOVA R.H.,
AGAMALIYEV M.M., 9HMODOVA C.A.

Elektrik enerjisinin vo ucuz sirinlogdirilmis suyun birgo istehsalini tomin edon dizel
elektrik stansiyalar1 asasinda ikimagsadli sistemin monimsanilmasi Azarbaycan Respublikasi
licin boylik maraq dogurur. Bununla olagodar dizel elektrik stansiyalarinin modullarinin
tullantt mohsullarinin istiliyinin hesabina Xozor donizi suyunun kombinologdirilmis
sirinlosdirmo texnoloji sxemi toklif olunur. ©ks-osmoslu sirinlogdirmo vo asas qizdirici kimi
su qizdiric1 qazan utilizatordan istifads etmokls birpilloli ani qaynama qurgusunda qaliq
konsentratin termiki distillyasiyasi ilo ikimorhololi sirinlosdirmo nozordo tutulmusdur. Yeni
dizel elektrik stansiyalarinin tikilmosindo sirin su istehlakg¢ilarina goro  yerin
miuoyyanlosdirilmosi, sirinlosdirma  mogsadilo  doniz suyunun goétiirilme ve qaliq
mohlullarinin danizs atilma yolu ils utilizasiyasi imkanlar1 nazars alinmalidir.

Acar sozlor: mineralli sular, elektrik enerjisi, oks-osmos, termiki distillyasiya, dizel elektrik
stansiyalari, kombinolosdirilmis sirinlogdirma, permeat.
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TECHNOLOGY OF JOINT DEVELOPMENT OF THE ELECTRIC POWER AND
THE FRESHENED WATER ON THE BASIS OF DIESEL POWER STATIONS

ABDULLAYEV K.M., MAMEDBEKOVA R.H.,
AGAMALIYEV M.M., AHMEDOVA J.A.

For the Azerbaijan Republic the big interest represents development of dual-purpose
systems providing development of the electric power and the cheap freshened water on the
basis of diesel power stations. The technological scheme combined desalination waters of
Caspian sea with use of heat of products of combustion of modules SDES is offered. It is
provided two-phasic desalination with reverse osmosis desalination and thermal distillation of
a residual concentrate on one-stage installation of instant boiling up with use of a water-
heating copper-utilizer as a head heater. At a choice of a site of new diesel power stations it is
expedient to be guided by consumers of fresh water and to provide possibility of a fence of
sea water on desalination and recycling of residual brines by the dispersed dump in the sea.

Keywords: mineralized waters, electric energy, reverse osmosis, thermal distillation, diesel power
stations, combination desalination, permeate.
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Energetikanin problemlori ¢ Ne2 e 2017 e [IIpoGnembl SHEpreTHKH

662.997:662.93

YASAYIS EVLORINI iSTILIK VO QAYNAR SU ILO TOMIN ETMOK UCUN
GUNOS ENERGETIK QURGULARININ OPTIMAL SXEMINIiN SECILMOSIi VO
ONLARIN MUQAYIiSOLI ANALIZI

SALAMOYV O.M., OMIRASLANOV™ A A.

Azarbaycan Milli Elmlor Akademiyasi, Radiasiya Problemlari Institutu
Az 1143, Azarbaycan, Baki sahari, B.Vahabzada kiicasi 9
“Azarbaycan Respublikasimn Tohsil Nazirliyi, Azarbaycan Memarlq va Insaat Universiteti
E-mail: oktay_dae@mail.ru

Isdo istilik vo gqaynar su tominati {i¢iin giinos energetik qurgularinin sxemlorinin segilmo metaodikast vo
secilmis sxemlorin miiqayisosinin naticolori verilir. Homin sxemlorin miixtolif istehlak¢ilar {igiin totbiginin
somoraliliyi aydinlasdirilir. Istilikdasiyicinin tobii (termosifon) vo mocburi dovraninin totbiq olundugu hallar
nazardon kegirilir, bir, iki vo ¢oxkonturlu sxemlorin, hom¢inin do kombina olunmus qurgularin miisbat vo moanfi
cohotlori gdstorilir.

Acar sozlar: yasti giinos kollektoru, istilikdasiyici, istilikdoyisdirici, qaynar su, soyuq su, termosifon
dovran, mocburi dévran, akkumulyator ¢oni, genislondirici son, dévran nasosu.

Ononavi yanacaq ndvlorinin get-gedo tiikkonmasi vo onlardan istifade zamani hom otraf
miihitin, ham do Yerotrafi atmosfer qatinin hadsiz daracads ¢irklonmasi ilo slagadar olarag,
son zamanlar biitiin diinya olkslorinds istehlakgilarin enerjiyo, xilisuson do istilik enerjisine
olan tolobatlarinin 6donilmasi mogsadils alternativ vo barpa olunan enerji manbalorindon
(ABOEM) istifadoys boyiik diqget ayrilir. ABOEM-nin on ¢ox maraq doguran novlori giinos
vo kiilok enerjisidir, hansilarin ki, ehtiyatlar1 bizim respublikamizda yetorinco ¢oxdur. Bunlari
nazars alaraq, hazirki isdo, qarsiya mogsod kimi istehlakgilarin qaynar su vo istiliklo tomin
olunmasi ii¢lin giinos enerjisindon istifado imkanlarinin aragdirilmasi qoyulmusdur.

Giinosin siia sokilli enerjisini istilik enerjising ¢eviran qurgular asasan ii¢ qrupa bdliintir:

1) yiiksoktemperaturlu giinos qurgular1 (YTGQ);
2) orta temperaturlu giinos qurgular1 (OTGQ);
3) asag1 temperaturlu giinos qurgular1 (ATGQ).

YTGQ vo OTGQ-da giinasin siia sokilli enerjisini istilik enerjisino ¢evirmok mogsadilo
fokuslayici giizgiilordon istifads edilir. Bu zaman YTGQ-da yiiksok konsentrasiya doeracasina
malik parabolik konsentratorlardan (PK), OTGQ-da iso PK-dan ~10+15 dofs az konsentrasiya
doracasine malik parabolosilindrik konsentratorlardan (PSK) istifado olunur.

YTGQ-nin vo OTGQ-nin 6ziino moxsus totbiq sahalori vardir. Belo ki, PK-lar ideal
halda 4000°C-ya qodor temperatur almaga imkan verdiyindon, YTGQ-r1 daha ¢ox miixtolif
kimyavi texnoloji proseslori (metallar1 oritmok vo termik emal etmok, silah ucluqlarini
hazirlamaq, komiir, miixtslif név tizvi maddslor vo biokiitlalordon piroliz vo qazlasdirma yolu
ilo yanar qaz qarigig1 almaq vo s.) reallagdirmagq iigiin istifado olunurlar. PSK-dan istifados
etmoklo iso 500°C-yo qodor temperatur almaq miimkiin oldugundan, onlar ham, morhaloli
sokildo elektrik enerjisi almaq, ham do biokiitlolordon vo miixtalif tizvi maddslordon maye
yanacaq novlori (metanol, etanol vo s.) almaq, xam nefti susuzlasdirmaq [1], siidii pasterizo
etmak [2] vo s. magsadler ligiin istifado olunur. Xiisusi konstruksiyayali helioreaktorlardan
istifado etdikdo YTGK vo OTGQ istilik vo gaynar su tominati mogsadils ilo do istifads oluna
bilorlor. AMEA Radiasiya Problemlori institutunda gaynar su vo istilik tominati magsadilo bir
odod PK-lu giinog istilik-energetik qurgusu islonmis vo ona Azorbaycan Respublikasinin
Patenti alinmisdir [3].
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Qaynar su vo istilik tominatt mogsadilo on genis miqyasda istifado olunan giinos
qurgulart ATGQ-dir, hansilarda ki, gilinosin siia sokilli enerjisini istilik enerjisino ¢evirmok
liclin giinos kollektorlarindan istifado olunur. Giinos kollektorlar1 istifado olunan
istilikdasiyicinin ndviine gora mayeli vo hava kollektorlarina, konstruktiv qurulugsuna goras isa
yast1 giinos kollektorlar1 (YGK) vo vakuumlasdirilmis boru sokilli gilinoes kollektorlarina
(VBSGK) ayrilirlar. VBSGK-nin 6zlori iso konstruktiv quruluglarina goro 4 miixtolif ndvo
ayrilir: 1) laloksokilli absorbers va diizaxinli istilik kanalina malik; 2) loloksokilli absorbers vo
“heat pipe” tipli istilik borusuna malik; 3) koaksial kolbaya vo oksetdiriciys malik, U-sokilli
diizaxinli; 4) koaksial kolbaya vo “heat pipe” tipli istilik borusuna malik kollektorlar [4].

Hazirki halda magsad yuxarida geyd olunan kollektor ndvlerinin deyil, onlarin asasinda
yaradilan vo miixtalif ndv istahlakgilart qaynar su vo istiliklo tomin etmok mogsadi dasiyan
giinas istilik-energetik qurgular1 (GIEQ) otrafli sokilde nozarden kegirimok vo onlarin konkret
soraitdo istifado imkanlarini aragdirmaqdan ibaratdir.

GIEQ asagidaki kriteriyalara osason siniflosdirilir [5-8]:

a) toyinatia goéra: qaynar su tominati (QST) iigiin, istilik tominat: (IT) {i¢iin vo kombina
olunmus (KO) qurgular;

b) istifads olunan istilikdasiyicinin ndviina géra: mayeli vo hava axinli qurgular;

¢) islomo miiddstinin davamiyyatino gora: ilboyu vo movsiimi isloyon qurgular;

d) sxemin texniki hallino gora: birkonturlu, ikikonturlu vo ¢oxkonturlu qurgular.

Asagida mayeli istilikdastyicidan istifads olunan miixtalif név GIEQ nozordon kegirilir.

Ovvala, onu geyd etmok lazimdir ki, mayeli qurgularda istilikdasiyici kimi hom adi
sudan, hom do manfi temperaturda donmayan, faza kegidli mayelordon (antifriz, etilen-glikol,
ammiak, xladon va a.) istifado olunur. Bu zaman, asas kimi GIEQ-nun tatbiq olundugu yerin
klimatik goraiti nozoro alinir.

Giinos kollektorlarmin osasinda faaliyyat gdstoron QST vo IT qurgularinda maye sokilli
istilikdastyicinin termosifon (tobii) vo ya
macburi dovrani totbiq edilir.

Sokil 1-do suyu bilavasito qizdmagq
tictin birkonturlu termosifon doévranh
giinos suqizdirict qurgunun (GSQ) sado
prinsipial sxemi tosvir olunmusdur. Bu
sistemlordo  YGK wvasitosilo isinon su
kollektorun istilik miibadilo borular1 ilo
yuxartya dogru horokat edir vo qaynar su
ticiin akkumulyator ¢oninin (AC) yuxari
hissosing daxil olur. Nisbaton soyuq su iso
AC-nin asag1 hissasindon kollektorun alt
hissosing daxil olur. Bu zaman suyun tobii
axininin bag vermosi gaynar suyun vo
soyuq suyun sixligqlarinin forqindon asil
oldugundan, AC-nin dib hissasi ilo  Sekil 1. Termosifon dévranh, bir konturlu gii-nos
kollektorun yuxari hissasinin arasinda suqizdirict qurgunun prinsipial sxemi:

.. T e 1 1 1- giinos kollektoru; 2- qaynar su {igiin
miioyyan hiindiirlilyiin olrpam vacibdir. akkumul-yator coni (boyler): 3- qaynar su
Oks halda, geca saatlart orzinds qaynar su ligiin ¢1x1s; 4- markazi su xattindon soyuq su
oks istigamotdo axa vo kollektordan bas
veran intensiv istilik itkilorinin sayasindo
comisi bir-ne¢o saat orzinds atraf miihitin temperaturuna qodar soyuya biler. Bu xiisusen qis
aylarinda daha arzulanmayan effekt vers bilor. Lakin, bu hiindiirliikler forqi 0,6 m-don artiq
oldugda, gaynar suyun geco saatlarinda oks istigamatdo axininin qarsisi alinir. Bu prosesin
garsisinin alinmasi tiglin bir-gox sxemlordo soyuq su borusunda oks klapan qurasdirilir.
Eksperimantal olaraq miioyyon edilmisdir ki, hiindiirliiklor forqinin 0,6 m-don az olmasinin
sayasindo GSQ-nun isinin somoraliliyi, yoni f.i.0.-nin orta qiymoti asagidaki kimi doyisir:
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hiindiirliik forqi 0,6 m olduqda - 54,6 %; kollektorun yuxar1 hissesi akkumulyator ¢oninin dib
hissasi saviyyessinde olduqda - 46,4 %; AC-nin hiindiirliiyliniin 2/3 hissasi saviyyesindo
oldugda - 43,8 % [7].

Beloliklo do, giinas radiasiyasmin intensivliyi (GRI) kifayat qoder olduqda kollektorun
dovrasindo istilikdastyicini daimi dévrani bas verir, hansmin ki, siirati va intensivliyi GRI-nin
giymatindon asilidir. Giiniin isiqli vaxt1 orzindo todricon AC-ki suyun hamisi tam olaraq qizir.
Bu zaman istifads ti¢iin qaynar su AC-nin daha yuxari hissasindon gotiiriiliir. Adoaton bu AC-
nin agag1 hissasine ya morkozlogmis su tochizati xattindon vo yaxud da basqi ¢onindon tozyiq
altinda soyuq su vermoklo hoyata kegirilir, belo ki, AC-no asag1 torofdon daxil olan soyuq su,
yuxari torafdon qaynar suyu sixigdirib ¢ixarir.

Odobiyyatda Sokil 1-do gostorilon sxemo kollektorlarin yay movsiimii iigiin termosifon
dovranlt qosulma sxemi do deyilir. Bu YGK-nin daha sado vo ¢ox yayilmis qosulma sxemi
olub, olal xiisus yay movsiimiindo isti dus gobul etmok {i¢iin totbiq olunur. Bu ciir sistemin ev
soraitinda istifade olunmasi {igiin AC-ni evin igarisindo quragdirmaq lazim golir. Daha boyiik
somara aldo etmok iiglin iso kollektorun yuxari hissasi ilo AC-nin dib hissasinin arasindaki
hiindirliik forgi 1 m-o godar, kollektorla AC-ni birlogdiron borularinin diametrlori iso 3/4
diiyiim (xaric1 diametri 25 mm) olmalidir.

AC-ds toplanan suyun soyumamasi vo lazim goldikds, geco saatlarinda da istifade oluna
bilmasi ti¢iin AC galinligi 10 sm olan istilik-izolyasiya gati ilo ortiilmalidir.

Bir konturlu termosifon dévranlt GSQ-nun daha bir miikommal variant1 vardir, hansinin
ki, prinsipial sxemi Soakil 2-ds tosvir olunmusdur.

Bu qurgunun ovvalki qurgudan olan
osas forqli cohoti AC-nin istilik miibadilo
aparatt rolu oynayan olavo silindrik ¢onin
icarisindo yerlosdirilmasi, istilikdasiyicinin
159 mohz homin c¢ondon kecorok ddvran
etmosidir. Silindrik ¢on  xarici torofdon
izolyasiya edici tobago 1ilo Ortiilmisdiir.
Bunun da sayssindo istiliyin istilik dastyici-
dan qizdirilan suya Otiiriilmosi asanlagir,
istilik itkisi minimuma enir vo bu ciir qurgu
istilikdastyict kimi hom adi sudan, hom do,
monfi temperaturlarda donmayan, faza
kecidli mayelordon istifado etmok imkani
verir. Bu qurguda qaynar su ilo istilik-
dastyicinin  bir-biri ilo bilavasito olaqgosi

Sokil 2. Qaynar su ii¢lin akkumulyator ¢oni
slavs istilikdayisdirici hocmin igari-

yoxdur. Bu sobabdon do o, avvalki qurgu ilo sindo yerlagon termosifon dévranli,
miiqayisodo ekoloji cohotdon daha somarali bir konturlu giinos sugizdiricr qur-

sayila bilor. Manfi cohoti ondan ibaratdir ki, gunun prinsipial sxemi:

ovvalki qurgu ilo miiqayisads AC-nin icrasi 1- giinas kollektorlari; 2- gaynar su tligiin
konstruktiv cohatdon gatindir. Isloma prinsipi silindrik quruluslu akkumulyator gani

(boy-ler); 3- akkumulyator ¢oninin

189 9VV91k} qurguda oldggu Kimidir. - ohatosi {izrs icra olunmus silindrik
Sokil 1-do tesvir olunan qurgudan quruluslu istilikdoyis-dirici; 4-

forqli olarag, bu qurguda genislondirici genislondirici ¢on; 5- soyuq su xatti; 6-

¢ondon do istifado olunur, hanst ki, gapali qaynar su xotti; 7,8- istilikdasiyici-nin

kontur {izro dovran edon istilikdasiyict
qizmaqla olagodar genislonmo zamani tozyiqi stabillogdirmek vo istilikdasiyicinin
kollektordan konara ¢ixmasinin qarsisini almaq tiglin bufer hacmi rolunu oynayir. Bu ciir
¢ondon GSQ-nun digar biitiin variantlarinda da istifado olunur.

Istilikdastyicinin termosifon dévrani prinsipine osaslanan daha miikommoal qurgu iki
kontura malik qurgudur, hansinin ki, sado sxemi Sokil 3-da tosvir olunmusdur. Bu qurguda
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YGK-r1, borular vo AC-nin bilavasito

icindo quragdirilmis istilikdoyisdiricidon Akkumulyator
ibarat ayrica gapali kontur vardir. Homin M\ S e
kontur monfi temperaturlarda donmayan Hava klapam
istilikdastyict novii ilo doldurulur. AC \ﬁ
kimi saquli istiqgamotli ¢ondon istifads
olunur, istilidoyisdiricinin borular1 da bu o %
. . . Istilikdasiyicimin
sobabdon spiralvari hazirlanir vo AC-nin dévran borulan
igarisindo saquli istiqgamotds qurasdirilir. I
Bu zaman, YGK-da qizan istilikdasiyict S“sé‘;ﬂté'ﬁf"
istilikdoyisdiricinin  borularina  yuxari Suyun
hissadon daxil olur, istiliyi AC-ki suya {j:} aadidmasey
Otliriir, soyuyur vo asagiya dogru horokot . i
edir, sonra borularin asagi hissasindon > votktonian 5
YGK-nun girisine daxil olur. Bu dévran > P
giiniin isigh vaxtinda, GRi-nin yetorli ~(Genislondirici can

oldugu biitlin miiddst orzindo davam edir —
vo AC-ki suyun tam qizmasi biitiin giin
arzindo todricon bas verir. Istahlak¢iya
gaynar su AC-nin yuxari hissasindon
gotiiriildiiylindon, ¢onds olan suyun tam
olarag hamisinin qizma prosesi basa catmamisdan 6nco do qaynar sudan istifado oluna bilor.
[stilikdasiyict kimi donmayan mayelordon istifads edildiyindon, bu név GSQ ilin biitiin
fasillorindo, o cimlodon do qis foslinds totbiq oluna bilir.

Istilikdastyicinin termosifon dovrami iisulunun catismayan cohoti suyun dovranmin
asaglr otalotli olmasidir. Ondan basqa, bu ciir sistemdo homiso YGK-n1 AC ilo yanasi
quragdirmaq miimkiin olmur vo belo hallarda istilikdasiyicint mocburi ddvran etdirmok
zaruriyyati yaranir vo bunun ii¢lin olavo dévran nasosundan istifado etmok lazim golir. Qs
foslindo, saxtali hava soraitinde iso kollektorun borularindaki suyu bosaltmaq mocburiyyati
yaranir ki, hoamin su donaraq genislonan zaman borular1 mexaniki olaraq siradan ¢ixartmasin.

Totbiq imkanlarma vo miqyasma gore iki konturlu, macburi dévranlt GSQ-r1 nisbaton
daha miikommal hesab olunur. Sokil 4-do belo qurgulardan birinin sxemi tosvir olunmusdur.
Bu ciir sxemlori adaton GSQ-rin qis variant1 da adlandirirlar. Belo GSQ-da YGK-nin biitiin il
boyu, o ciimladon do qis faslindo istifads oluna bilmasi iiglin kollektorlarin istilik miibadilo
borularinin igorisi monfi temperaturda donmayan, faza kec¢idli mayelorlo (masslon, antifriz,
amiak, xladon, etilen-qlikol va s.) doldurulur. Bunun ii¢iin AC-nin dolayis1 yolla qizdirilma
variantindan istifado edilir (Sakil 3-do tesvir olunan qurgudaki kimi) vo istilikdasiyicinin
dovranm1 YGK ilo AC-nin igarisindo quragdirilms istilikdoyisdiricinin borularinin arasinda bas
verir. AC-nin igorisindo olan su is9, bilavasito homin istilikdoyisdiricinin igorisi ilo dovran
edon istilikdasiyict torafindon qizdirilir. Bu zaman istilikdayisdirici istilikdasiyict ilo AC-nin
icorisinda olan su arasinda temperatur miibadilasi prosesini hayata keciron istilik miibadilo
qurgusu rolunu oynayir. Istilikdastyicinin mocburi dévranini reallagdirmaq iigiin bu qurguda
dovran nasosundan istifade olunur. Qurgunun isinin tohliikesizliyini tomin etmok magsadils o
hom do genislondirici ¢onlo tochiz olunmusdur.

Istilikdasryicinin mocburi dévram prinsipindon istifado edildiyindon, bu qurguda AC
yasayis evinin istonilon yerindo, yer soviyyoasindon istonilon hiindiirlitkds vo istonilon hondasi
voziyyatdo qurasdirila bilor. Osas sortlordon biri iso ondan ibaratdir ki, sistem elo sokildo
qurasdirilmalidir ki, istilikdastyicinin istilikdoyisdiricinin borularindaki horokot istigamati ilo
YGK-nun konturundaki tobii dovran istiqgamoti eyni olsun. Ddvran nasosunun iso qosulub-
acilmasi proseslori istiliyohossas elementlori Y GK-nin timumi ¢ixis kollektorunun iizorinds vo
gaynar su liglin AC-nin ¢ixiginda qurasdirilmis differensial istilik relelorinin signallarina
osason xiisusi avtomatik idaroetmo bloku torofindon reallasdirilir vo YGK-nun ¢ixisindaki
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temperatur AC-nin ¢ixisindaki temperaturdan ¢ox oldugu hallarda dévran nasosunun qida
dovrasi gqapanir vo o igo qosulur, AC-ki gaynar suyun temperaturu qurulmus maksimal hoddo
catan zaman iso nasosun isi dayanir. Istilikdastyicrnin YGK-nun ¢ixis kollektorundaki
temperaturunun onun AC-nin yuxari hissesindoki temperaturundan asagi oldugu biitiin
hallarda da dovran nasosu qida
monboyindon agilir  vo  isi
dayanir. Bu onunla xarakterizo
olunur ki, ogor belo halda dovran
nasosu isini davam etdirorsa,
onda suyun qizmasi deyil, YGK-
dan bas veran istilik itkilori ilo
olagadar, oksina onun soyumasi
prosesi bas veror. Bu qurgunun
digor istiinliiyii istilikdastyicinin
mosrafinin GRI-nin giin orzindo
miisahido olunan cari qiymatino
uygun olaraq doyisdirilmasinin
avtomatik reallagdirilmasidir ki,
bunun da sayssindo giiniin hor
bir aninda GSQ-nun maksimal
somors ilo islomasi tomin edilir.
Bu proses iki miixtalif tisulla
reallasdirilir. Birinsi tisul zamani
istilikdagiyicinin moasrofi dovran
nasosunun dévrlor sayin1 GRi-na
uygun olaraq avtomatik sokildo

Nasos stansivasi

Tdaraetma blokn

Membran ¢oni

Oavnar su iiciin cixis

doyisdirmoklo, ikinci iisulda iso u i % . %!
idarsolunan drenaj vertillorindon COENIA T Tayues,
istifado  etmoklo  tonzimlonir. B A =i e
Ikinci iisulun mahiyyati ondan ¥ S“Sg;aténs%@n

ibarotdir ki, bu zaman drenaj
vertilinin kecid kanalinin 6l¢tisti
GRi-nin gin orzindo
doyismosino  uygun  olaraq
avtomatik doyisdirilir vo bu proses oksoron kigik giiclii reversiv mikromiiharrikdon istifads
etmoklo hoyata kegirilir [3]. Beloliklo do, YGK ilo AC-nin arasinda homiso eyni temperatur
forqi saxlanilir.

Iki konturlu, mocburi dévranli GSQ-nin daha miikommol variantlar1 kombino olunmus
qurgulardir. Belo qurgulardan birinin prinsipial sxemi $akil 5-do tosvir olunmusdur.

Sokildon goriindiiyii kimi tohliikosizliyin tomin olunmast vo digor vacib proseslorin
reallagdirilmasi {igiin bu qurgu ¢oxsayli drenaj vertillori vo oks klapanlarla tochiz edilmisdir.
Bu mogsadlo gaynar su iigiin AC-nin hom soyuq su iigiin giris, hom do gaynar su iigiin ¢ixis
xottlorinin {izorinds sarsokilli mexanizmlo tomin olunmus oks klapanlar qurasdirilmisdir. Bu
159 qurgunu asanligla miixtalif is rejimlorino qogsmaga imkan verir. Ondan basqa, bu qurguda
YGK-nun girisi ilo dovran nasosunun araliginda olan kommunikasiya xattinin {izarinds do adi
drenaj vertillorindon basqa, ham do oks axindan miidafis mogsadi dasiyan slave oks klapan
quragdirilmigdir. Qurgu, YGK-nin borularinin istilikdasiyict ilo doldurulmasi ve lazim goalorsa
hom do bosaldilmas1 mogsadi dastyan drenaj ventili vo maksimal tozyiqdon miidafio mogsadi
dasiyan qoruyucu klapanla (QK) da tochiz olunmusdur. Sokil 4-do tosvir olunan GSQ-dan
forqli olaraq, bu qurguda AC-nin icorisindo biri yuxari, digori iso asag1 hissado olmagqla, iki
odod istilikdoyisdiriciden istifads olunur. Istilik miibadilosi prosesinin somoraliliyini daha da
artirmaq mogsadilo AC-nin asag1 hissosindo qurasdirilan istilikdoyisdirici xiisusi konstruktiv
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qurulusa malikdir, yoni o saquli vo maili istiqgamatli iki hissodon ibaratdir. Bu qurguda ovvalki
qurgudan forqli olaraq hom ds ovazedici qizdiricidan istifads nozorde tutulmusdur ve bunun
ticlin hor-hans1 nov enerji monbayindon, o ciimlodon do dizel miihorriki ilo isloyon mini
elektrik stansiyasindan, morkozlosdirilmis elektrik tochizati sobokosindon, homginin do
alternativ vo barpa olunan enerji monbalorindon (giinos-fotoelektrik vo kiilok elektrik coroyan
monbolori) istifado oluna bilor. Bu baximdan da homin qurgu kombino olunmus GSQ-su
hesab olunur. Qurguda asas dovran nasosunun (DN1) qosulub-agilmasi prosesi istiliyo hassas
elementlori YGK-nun ¢ixisinda vo AC-nin orta hissosindo qurasdirilmig differensial istilik
relesinin signallarina osason foaliyyot gostoron tonzimloyici blok vasitosilo reallasdirilir.
ovazedici enerji monbayinin vo onun ddvran xattinin {izorindo quragdirilmis ikinci dévran
nasosunun (DN2) qosulub-agilma prosesi iso istiliyohassas elementi AC-nin st hissasindo
quragdirilmas istilik relesinin signalina asasan idars olunur.
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Sokil 5. iki konturlu, mocburi dévranli, kombina olunmus giines suqizdirict qurgunun
prinsipial sxemi:

GSQ-nin iginin somaraliliyi onlarin ayri-ayr1 hissolorinin yasayis evindo hansi gokildo
yerlagdirilmasindan do xeyli doracads asilidir. Sakil 6-da niimuns olaraq GSQ-nun ayri-ayri
hissalorinin yasayis evinde quragdirilma sxeminin daha miikommal sayilan bir variant1 tosvir
edilmisdir

Sokildan goriindiiyii kimi, sxemda istilikdagiyicint macburi dovrani prinsipinden istifada
olunur. Yasayis evi ligclin bu on miilkommal variant hesab olunur. Belo ki, olava yer tutmamasi
ticiin YGK binanin daminda qurasdirilir vo hor-hansi halda onlarin sothlorinin imumi sahasi
evin daminin sahasinin an ¢oxu 20+25%-1 qodar olur vo ogor, ancaq qaynar su tominati
nazards tutularsa, onda yasayis evinin sahasi na qader bdyiik olsa, bu nisbat bir o qodar kigilir.
Istilik tominatinin lazim goldiyi halda iss, YGK-nin sothlorinin iimumi sahosi, yasayis evinin
timumi sahasi ilo deyil, onun hocmi ilo diiz miitonasib olaraq doyisir. ©vvalki sxemlordon
forqli olaraq, bu halda gaynar su iiclin AC yasayis evinin zirzomi hissosindo yerlosdirilir.
Bunun digor bir miisbat cohati iso ondan ibaratdir ki, AC-nin {izeri no godar istilik izolo qat1
ilo ortiilsa do, ilin qis foslinda, yens do miioyyon miqdarda istilik itkilori bas verir. Lakin, bu
halda, homin itkilordon do somarali sokilde, yoni zirzominin havasimin az da olsa isinmasi
ticlin istifado edilir. AC-nin zirzomido yerlosdirilmasinin digor iistiin cohati iso onun kiiloyin,
xlisuson do Abseron yarimadasi vo Baki sohorindo mdvcud olan giiclii simal vo simal-qorb
istigamotli kiiloklorin tasirindon qorumaqdir. Belo ki, glinos enerjisi vasitosilo gaynar su vo
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istilik tominat1 prosesindo on boyiik istilik itkilori mohz havanin temperaturunun, xiisuson do
giiclii vo soyuq kiiloklorin tosiri naticosindo bas verir.

Bu sxemdo soyuq su xotti kimi
morkozlogsmis su tochizati xottindon
istifado nozords tutulmusdur. Bir ¢ox y = / 3
hallarda, xiisuson do su tachizatinin ‘
¢otin oldugu rayonlarda, xiisuson do
kond yerlarindo su xattinin suyundan
bilavasits istifado miimkiin olmur. Bu 2
sobabdon do, adaton yer sothindon 5+ /

10 m hiindiirliikdo yerlosdirilon basqi =
conlorindon istifado edilir [9]. Lakin, —

bu hal soyuq su ehtiyatinin kifayot
godor olmasi {igiin daha ¢ox lazim
golir. Sakil 6-dan goriindiiyii kimi, bu
sxem birkonturlu, mocburi dovranl
sxemdir. Mohz bu xiisusiyyatino gora
do homin qurgu yuxarida nozordon
kegirilon GSQ novlorinin hamisindan
forglidir. Sxemdos moigotdo istifado Sakil 6. Giinag suqizdirict qurgunun ayri-ayri ele-mentlarinin
olunan su istifadacilerinin har birinin yasay1s evindo qurasdirilma sxemi:

gaynar su xottina qosulmasi sxemstik 1- giines kollektorlari; 2- soyuq su xatti; 3- qaynar su
olaraq gosterilmisdir. Hazirda, bir xotti; 4- istifado ligiin (orta temperaturlu) isti su xatti;

. ) ’ 5- liclin akk lyat i (boyler); 6-
¢ox kond evlorinds su tutumu 50-la qaynar su igiin akkumulyator goni (boyler);

- s nasos stansiyasi v idaraetmo bloku birgoe

godor olan vo elektrik enerjisi ilo

isloyon boylerlar ds kicik dl¢iilii alava

bufer AC-i kimi istifado olunur. Bu

GSQ-nun etibarliligin1 xeyli doracads artirir. Lakin, boylerin 6ziiniin qogulub-agilmasi prosesi
avtomatik olaraq hayata kegirilso do, onun GSQ ilo birge islomasini tomin etmak iiciin slavo
avtomatlasma sxemi totbiq olunmalidir. Bels sxemlordon, biri AMEA Radiasiya Problemlori
Institutunun “Borpa olunan enerji ndvlorinin gevrilmosi laboratoriyasi”nda islonmis vo ona
Azorbaycan Respublikasinin patenti alinmigdir [9] . Bu qurgu hom gaynar su, hom do istilik
tominat1 magsadi dasityan konbino olunmus giinos kiilok energetik qurgusudur, hansinda ki,
YGK voa kiilok elektrik miihorriki asas, elektrik sobokasi isa avazedici enerji monbayi rolunu
oynayir. Qurgunun isi tam olaraq avtomatlasdirilmisdir.

Gortindiiyli kimi yuxarira nozordon kecirtdiyimiz qurgularin hamisi gaynar su tominati
magsadi dastyir. Gilinas kollektorlarindan, o climlodon do YGK-dan 6nce qeyd olundugu kimi
hom da istilik tochizati magsadils istifads edilir. Qaynar su {i¢iin lazim golon istilik yiikiiniin
miqdarmin istilik tominati ii¢lin lazim golon istilik ytikii ilo miiqayisade 5-6 dofa ¢ox olmasi
sobobindon belo qurgular adot {izro kombino olunms (hibrid) qurgular olurlar [10,11]. Bu
mogsadls, ¢ox zaman giinos-fotoelektrik coroyan monboyindaon, kiilok elektrik miiharrikindon
va dizel elektrik miihorrikindon qidalanan elektrik qizdiricilari, yaxud da maisatdo istifado
olunan adi qaz qizdiricilarindan istifads edilir.

Sokil 7 va Sakil 8-do miivafiq olaraq, giines istilik tominati qurgusunun va giines qaynar
su vo istilik tominatt qurgusunun qis variantlarinin sadslosdirilmis (avtomatik idaroetms ilo
olagodar hissalor verilmomisdir) sxemlori tosvir olunmusglar. Sokillordon gériindiiyii kimi, hor
Iki qurgu kombins olunmus qurgudar vo onlarda avazedici enerji monbayi kimi qazla isloyan

19
N

56



qizdiricidan (8 vo 10) istifado olunur.
Sokil 7-ds tosvir olunan qis giinas istilik
tominat1 qurgusu iki konturludur. Birinci
kontur YGK-nun 1 Konturu hesab edilir
vo bu konturda istilikdasiyict “-YGK 1 -
istilikdayisdirici 6 - dovran nasosu 4 -
YGK 1-” qapali dovrasi lizro dovran edir.
Ikinci kontur gazla isloyan qizdiricinin 8
konturudur vo bu konturda istilikdasiyici
deyil AC-nin 2 igerisinds olan gaynar su
“-alava qaz qizdiricis1 8 - AC 2 - qizdirici
element 3 - AC-nin dib hissasi 7 - alava
gaz qizdiricis1 8 -” qgapali konturu iizro
dovr edir. YGK-rin 1 konturunda dévran
edon istilikdasiyict homin kollektorlardan
aldigt istiliyi AC-nin 2 i¢inds olan suya,
spiralvari istilikdoyisdirici 6 vasitasilo,
qizdirict elementin 3 konturu iizro dovran
edon istilikdastyict (su) isa qizdiricidan 8
aldig1 istiliyi AC-nin 7 igorisindoki suya
bilavasito otiiriir. Yekun olaraq, qizdirici
elementin 3 konturu AC-don 2 kegorak
gapandigindan, hamin ¢onds olan qaynar
suyun temperaturu ikinci kontur ilo dovr
edon adi su torofindon qizdirici elemento
3 otliriiliir, sonuncu is9 istilik siialanmast
va konvektiv istilik 6tiirma yolu ilo otagi
qizdirir. Bu sababdon do AC-nin 2 asagi
hissosino daxil olan suyun temperaturu,
onun yuxari hissasindon ¢ixaraq qizdirict
elementin 3 yuxar1 hissosine daxil olan
suyun temperaturundan xeyli doracods az
olur vo homin temperaturlar forqi yaxsi
giinosli hava soraitinds YGK 1, GRI-nin
asag1 oldugu vaxtlarda, homginin do geco
saatlarinda iso qaz qizdiricisi 8 vasitosilo
barpa olunur. Belaliklo do, hom AC-nin 2
isorisinde, hom qazdirici elementdo 3,
hom do isidilon otaqda lazimi temperatur
rejimi sabit olaraq saxlanila bilir.

Sokil 8-do tosvir olunan qurgunun
i prinsipi do analoji sokildadir. Forqli
cohot ondan ibaratdir ki, bu qurgu ham
istilik, hom do gaynar su tominati iigiin
nazordo tutuldugundan, liclincii
konturdan istifade edilir. Qurgunun 6zal
xlisusiyyatlorindon biri ondan ibaratdir
ki, gaynar su tochizati maqsadila slava
min AC-don 3 istifado edilir, hansi ki,
simmetrik  olaraq, osas AC-nin 2
icarisindo yerlosdirilmisdir )

Sokil 7. Giinos istilik tominatt qurgusunun qis variantt:

1- YGK; 2- qaynar su iiglin AC; 3- qizdirict
element; 4- dovran nasosu; 5- genislondirici
¢on; 6- YGK-nun dévran konturuna qosulmus
istilikdoyisdirici; 7- AC-nin dib hissasi ; 8- qaz
qizdiricist; A-A- istilikdastyicinin YGK-nun
konturu iizro dévran xotti; B-B- istilikdasiyici-
nin qizdirict elementin konturu iizro dévran
xatti; 9-istilik-izolyasiya qat

10
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Sakil 8. Giinos qaynar su va istilik tominati qur-gusunun qis

varianti:

1- YGK; 2- qaynar su ligiin AC; 3- qaynar su toc-

hizat1 i¢iin mini AC; 4- AC-nin istilik tizolyasiya
ortiiyli; 5- qizdirict element (batareya); 6- YGK-
nun dovran konturuna qosulmus istilikdoyisdirici;
7- dovran nasosu; 8- genislondirici ¢on; 9- AC-nin
dib hissesi ; 10- qaz qizdiricisy; 11- gaynar suyun
istifads edilmosi tiglin suqarigdirict vertil; A-A- is-
tilikdastyicinin YGK-nun konturu {izro dovran xot-
ti; B-B- gaynar vo soyuq su xattlori; C-C- istilikda-
styicinin qizdirici elementin  konturu {izra dovran
xotti

istehlak¢inin istifado etdiyi gqaynar su, mohz homin ¢onds yerlosir. Bu kombino olunmus



qurgu ii¢lin nozors alinmasi lazim golon an vacib masoaloalordon biridir. Belo ki, oks halda, yoni
gaynar su tominati ti¢iin do asas AC-nin 2 igarisindoki sudan istifado edilsoydi, onda istilik
tochizat1 prosesindo c¢ox ciddi problemlor yarana bilordi. Bu onunla xarakterizo olunur ki,
qurgunun bu sokilds icra olunmasi asas AC-nin 2 igarisinds texniki sudan, lazim golso, hotta
digor n6v maye istilikdasiyicidan da istifado etmoyo imkan verir vo bu zaman mini AC-nin 3
icarisindoki suyun keyfiyyatino he¢ bir zoror doymir. Beloliklo do, bu sxemds do hor sey
ovvalkindos oldugu kimi qalir. Tokco mini AC-nin igorisindaki su onu ohato edon vo YGK 1 vo
olava qaz qizdiricist 10 torafindon qizdirilan su vasitasilo konvektiv istilik miibadilasi yolu ila
quzdirilir. Tobii ki, bu halda timumi istilik yiikii, yuxarida qeyd olundugu kimi 5-6 dofo
artdigindan, YGK-nin sothlorinin {imumi sahasi da, onlarin sayini artirmaq yolu ilo, analoji
sokildo artirilmalidir.

Nohayat, ATGQ-nin bdyiikk maraq
kosb edon bir totbiq sahosi do onlarin,
xlisuson qis movsiimiindos kegirilon idman
yariglart zamani {stiiortilic  hovuzlarin
suyunu isitmok mogsadils istifadoesidir. Bu
mogsadls oksaron YGK-dan, bazi hallarda
is9, hom do VBSGK-dan istifads edilir.

Sokil 9-da belo qurgulardan birinin
sadolosdirilmis sxemi tosvir olunmusdur.
Goriindiiyli kimi, bu qurgu diger qurgular
ilo miiqayisads xeyli doracado sadadir vo
onun is prinsipi do sadadir. Qurguda su
macburi ddvran etdirilir vo homin sistem  §okil 9. YGK-dan istifado etmoklo iistiiortiilii idman
bir konturludur. Qurguda miivafiq giico hovuzlarinin suyunun isidilmo sxemi
malik dovran nasosundan, zaman verici
qurgudan va suyun temperaturundan asili
olaraq dovran nasosunu qosub-agan avtomatik idaroetmo sistemindon (homin sistem sokildo
gostorilmomisdir) ibaratdir. Hovuzdaki su basqa maqgsad ligiin istifade edilmadiyindan bu ciir
sistemlor qaynar su va istilik tominat1 sistemlori ilo miigayisodo daha boyiik somaraliliys vo
f.i.0.-na malik olurlar vo totbiq baximindan miistosna shomiyyat kasb edirlor.

Naticalar:

1. Azorbaycanin biitiin orazisindo, o ciimlodon do qis1 saxtali kecon dagliq rayonlarda
ikikonturlu sistemlor uzun miiddot orzinds etibarli vo somarali sokilds isloyos bilor.

2. Istilikdastyicinin hom termosifon, hom do macburi dovran etdiyi sistemlor genis sokildo
totbiq oluna bilar, lakin onlar1 se¢con zaman totbiq olunduqglart yerin klimatik soraiti, xlisuson
ds ilin on soyuq aylarinda miisahids olunan havanin temperaturu vo aydin giinasli gilinlorin
miqdar1 nazore alimmalidir. Bu baximdan, termosifon sistemlor oksoron Azorbaycanin aran
rayonlarinda, o climlodon do Abseron yarimadasinda, Baki vo Sumqayit sohorlorinds yerlogon
fordi yasayis evlorini gqaynar su ilo tomin etmok mogsadilo daha uygurla totbiq oluna bilor. Bu
halda istilikdasiyicinin macburi dévraninin reallagdirilmasi tiglin ¢okilon olavo xoarclor az bir
miiddat orzinds 6ziinii dogruldur.

3. Istilikdastyicint macburi dévrani prinsiping osaslanan GSQ yalniz qaynar su tominat:
mogqsadilo Azarbaycanin Respublikasinin biitiin arazilorinda totbiq oluna biler. Istilik tominati
magsadils ils iso bu ndv qurgularin aran rayonlarda totbiq olunmasi daha boyiik somaras verir.
Bu zaman iki, lic vo ¢oxkonturlu sistemlordon istifado edilmoli vo, agor qurgu soyuq hava
soraiti olan rayonlarda totbiq olunursa, bu zaman, YGK ilo yanasi, hom do, hor-hansi név
olava enerji monboyindon istifads edilmalidir.

3. YGK-nin ssasinda faaliyyot gostoran va istilikdastyicinin macburi dovrani prinsipine
asaslanan GSQ idman hovuzlarinin suyunun isidilmasi, meyva-toravoz vo agac mohsullarinin
qurudulmasi, sitilxana tipli yerlorin isidilmasi vo s. kimi digor mogsadlor iigiin do istifado
oluna bilor
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AHAJIN3 BO3MOKHOCTEN MCHOJIb30BAHUSI COJTHEYHOM SHEPT UM
JJIA TEIVIOCHABXKEHUSA U TOPAYETI'O BOAOCHABXKXEHUSA

CAJIAMOB O.M., AMUPACJIAHOB A.A.

B pabote npuBoasTCS METOAMKA BHIOOPA CXEMBI COJTHEUHBIX 3HEPTeTUYECKUX YCTAHOBOK
JUISl TETJIOCHAOKEHHSI ¥ TOPAYEro BOJAOCHA0KEHNUS U Pe3yIbTaThl COMOCTABIECHHS BHIOPAaHHBIX
cxeM. BorsicHsieTcss 3 peKTHBHOCTh MPUMEHEHUS 3TUX CXEM Ul Pa3iINYHbIX MMOTpeOuTenei.
PaccmarpuBaroTcs ciiydan IpUMEHEHHs €CTECTBEHHOH (TepMOCH(POHHON) U MPUHYIUTETBHON
LHUPKYJISLIUU TEIUIOHOCUTEINSI, YKa3bIBAIOTCS MPEUMYILECTBA U HEJOCTaTKU OJHOKOHTYPHBIX,
JBYXKOHTYPHBIX U MHOTOKOHTYPHBIX CX€M, a TaK)K€ KOMOMHUPOBAHHBIX YCTAHOBOK.

KuroueBble cinoBa: [110ckuid COMHEUHBIH KOJJIEKTOP, TETNIOHOCUTEND, TEIJIOOOMEHHHUK, ropsdas BOAA,
XOJOAHAs BOJA, TEPMOCHU(OHHAS IUPKYILINUSA, NPUHYTUTEIbHAS MHPKYJISAIHUS, aKKyMyJSITOPHBIH  Oak,
pacmMpUTeNbHBIN 0aK, IUPKYISAIMOHHBIN HACOC.

ANALYSIS OF THE OPPORTUNITIES OF USING SOLAR ENERGY FOR HEAT
SUPPLY AND HOT WATER SUPPLY

SALAMOV O.M., AMIRASLANOV A.A.

The paper presents a methodology for selecting the scheme of solar power plants for heat
supply and hot water supply and the results of comparison of selected schemes. The
effectiveness of the application of these schemes for various consumers is being elucidated.
The cases of natural (thermosyphon) and forced coolant circulation are considered,
advantages and disadvantages of single-circuit, double-circuit, and multi-loop circuits, as well
as combined installations are indicated.

Keywords: Flat solar collector, coolant, heat exchanger, hot water, cold water, thermosyphon circulation,
forced circulation, accumulator tank, expansion tank, circulating pump.
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Energetikanin problemlori ¢ Noe2 e 2017 e IIpoGiieMbl JHEPreTHKH

VJIK 621. 548 (81237 ). BBK 31 .

OCOBEHHOCTHU IIPEOBPA3OBAHUME DHEPI'MU BETPA
B 3ABUCUMOCTH OT BbBICOTbI

KA3bIMOB M.T'.

Haxuwvieancrxoe omoenenue HAH Azepbaiiosicana
AZ 7000 2. Haxuwiean, npocnexkm I'. Anuesa 35
E-mail: mahbubkazimov@yahoo.com

B cratee paccMoTpeHBI BONpPOCH  MPeoOpa3oBaHHUs SHEPTUU BETpa B 3aBUCHMOCTH OT BBICOTHI.
PaccMoTpeHB! BONPOCH! 3aBUCHMOCTH BO3IYIIHOTO IOTOKA OT BBICOTHI M YIIPAaBICHHE MECTHBIMU BETpaMH B
3aBHCUMOCTH OT MECTHBIX YCJIOBHH. PaccMOTpeHBl BONpOCHI CONPOTHBICHHS JOHacTeil BeTpokojeca
BO3JIyLIHOMY IIOTOKY M OOTEKaHWSl BO3IYIIHBIM IIOTOKOM JTHX JIONACTEH. YCTAaHOBJEHO, YTO KOJIMYECTBO
SHEpruu, NpousBereHHoN BOY 3a cueT BeTpa B FOPHBIX YCIOBHUAX, 3aBUCHUT OT IUIOTHOCTH BO3/1YXa, OT IUIOLIAN
OXBAa4YCHHOH JIOMACTSIMH BETpE TYPOMHBI M OT CKOPOCTH BETpa.

KnaroueBrble ciioBa: BeTpﬂHOﬁ IIOTOK, Hp606p8.30BaHI/Ie OHCPIrun, KHHETUYICCKAA SHCPrus, NOTCHIHUAJIbHAsA
OHEPrus, , SOHEPIrus BETpa, MOIMHOCTh BO3AyXa, JIONIACTH.

Berep uzmaBHa HCHONB3YyETCS YENOBEKOM W SBISAETCS OJAHMM M3 HamOojee MOITHBIX
HHEPreTUUECKUX HCTOYHMKOB. Berep mpencramisier coOOM ABM)KEHHE BO3IYLIHBIX Macc
3eMHON armocdepbl, BbI3BAHHOE IEepemazoM TemrepaTypsl B arMocdepe u3-3a
HepaBHOMEpHOTo Harpesa ee CoJHIEM.

Benencteue 0ombInoil MOABMXKHOCTH aTMoc(EpHOro BO3/AyXa Ha BCEX BBICOTAaX B
atMocepe HabOmonaroTcs BeTphl. HampaBieHus IBHXKEHUS BO3JyXa 3aBHCIT OT MHOTHX
(bakTOpOB, HO TJIaBHBIN U3 HUX — HEPABHOMEPHOCTh HarpeBa aTMoc(epsl B pa3HbIX paifoHaX.

Ornenka ckopocteit Betpa B HaxusiBanckoit AP HeoOxomuma a1 pacdera nmoTeHuana
BETPOIHEPTETUUECKUX  PECYPCOB  HMCCIEAYyeMOro pailoHa. BerpoBele  mapameTpsl,
HCIIOJIb3YEMbIE JJI1 BETPOIHEPIreTUKHU, TIOAPA3AEIAI0TCA Ha Tpu Tpymnsl [ 1 ]:

— TepBas BKJIIOYAeT B ce0s 3HAYEHHWE paclpesieieHusi BETPOBBIX PECYpCOB, KOTOpPBIE
MO3BOJISIIOT BBISIBUTH OCOOEHHOCTH BETPOBBIX PEKUMOB HCCIIETYEMBIX

paiioHOB U J1aTh OLIEHKY X YHEPTrETUYECKUM PECYPCAM;

— BTOpas TpyIa npeJHa3HayeHa Jisl yCTaHOBJIEHUS ONITUMAaIbHOTO COOTHOILIEHUS

MEX/y MOIIHOCTBIO BETPOBOTO MOTOKA U MOLTHOCTHIO BOY, uTO OB HaliTH TOYHBIN YpOBEHb
YTUIIU3ALUN BETPOIHEPTETUUECKUX PECYPCOB;

— TpEeThEHN IpyNIE ONPEIEISIFOTCS XapaKTEPUCTUKU BETpPa, KOrJa €ro peKUM He MO3BOJIIET
HCIIOJIb30BAaHUU €r0 JHEPreTHUECKHe PEeCypchl. DTOT pekuM (opMmHpyeTcs MpH ClladbIX,
CUJIbHBIX U OYEHb CHIIBHBIX BETpaXx.

CymMma 3Heprus CTpyHKH BO3IYLUIHOTO MOTOKA B PA3JIMYHBIX CEUEHUSX— KMHETHYECKast
DHEpPrus IMOTOKA, MOTEHUUAIbHAs JHEPIHsl CUJ AABIICHUS, BHYTPEHHAs DHEPIUsl MOTOKA U
SHEPrusl MOJOKEHUS JIONACTH BEJIMYKMHA TOCTOSTHHASL.

Kunernueckast sHeprusi (Ex,) BO3AYIIHOTO TOTOKA, 3TO CHOCOOHOCTBH JBHIKYIIETOCS
BO3/IYLITHOTO [TOTOKA COBEPIIATh padoTy:

KN 2
I'e: m — Macca Bo3yxa, KIc ¢2 M;
V — CKOpOCTh BO3IYIITHOTO MOTOKA, M/C.
CrocoOHOCTh BO3YITHOTO MOTOKA MO IEHCTBUEM CTATUYECKUX CHJIT
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JaBJICHUSI COBEpIIATh paboTy (KIc M) Ha3bIBaeTCsl MOTEHUIMANbHOM 3Hepruei Ep:
Ep, =PFS
I'ne: P— naBnenue Bo3nyxa, Kre/M2:
F— nomane quamerpa jionactei BETpoKoJjeca, ONEPEeYHOro CEUeHNe
CTPYHKH BO3IYIIHOTO IOTOKA, M2,
S — myTh, mpoiiAeHHbIN | KT BO3IyXa yepe3 JaHHOE CEUYCHUE, M.

B 3aBHCcHMMOCTH OT MECTHBIX yCJIOBHM B paiioHax HaxupiBanckoit AP dopmupyrotcs
MecTHbIe BeTpbl. [IpuunHON nX 00Opa3oBaHUs SABISIETCS pa3HbIe TEMIEpPATypHbIE YCJIOBHS B
ropax, yuieJbsX M JIOJMHaX. MecTHble BETphl HMEIOT JIOKalIbHOE PacHpoCTpaHEHUE,
CBsI3aHHOE C reorpaduuecKkuMu 0COOCHHOCTSIMU pailoHoB HaxubiBaHckoli AP u oTim4aroTcs
4acTON MOBTOPSIEMOCTBIO.

Oco0oe BiusiHKE Ha ckopocTh BeTpa B HaxubiBaHCkol AP oka3piBatoT
W3pPE3aHHOCTh U XapakTep penbeda, Kak OOJbIINE U OTHOCUTENIBHBIE BHICOTHI, 3aKPHITOCTh U
OTKpPBITOCTh yYacTKOB TEPPUTOpPUM, (OPMBI CKJIOHOB. YBEIMYEHHE CKOPOCTH BETpa
MPOUCXOIUT B MECTaX CONMKEHHs JIMHUN TeueHUs BeTpa B y3kux aonuHax (T. [xynbda), Ha
BepmimHax Bos3BbimieHHOCTEeW (batabar I[llaxOy3ckoro paiiona, Araepe Opay0anckoro
paiioHa).

[IpensiTcTBHSI Ha TTyTH BETPOBOTO TIOTOKA CIIOCOOCTBYIOT BO3HUKHOBEHUIO BHUXPEBOU U
TypOyJIECHTHON IUPKYISAIUHA BO3yXa JaHHOW MeCTHOCTH. [Ipu compoTuBieHUU NpensTCTBUSL
3aMEJIAETCS] TOPU3OHTAIBHBIA BETPOBOM MOTOK U YBEJIMYMBACTCS BEPTHKAIBHBIN CKOPOCTH
BeTpoBOoro mortoka. I[Ipoucxomuts npedopmanus BO3IYIIHOTO TOTOKA. BeprukanbHoe
JBI)KEHUE BETPOBOTO MOTOKA B TOPHOM pelibede ObIBaeT MHOTO OOJIbIIE, YeM Ha OTKPBITOU
MECTHOCTH.

BerpoBoii mOTOK, ABUTasch 3Ur3arooOpa3HO MO YHIENbSIM W KaHbOHAM, BCTpEYAeT Ha
CBOEM NYyTHU MPEMATCTBUE U OTHACT YacTh CBOEW IHEPrHHM 3TOMY mpensrcTBuio. OOTekas
3Ur3aroo0pa3Ho 4yepe3 3TU MPENsATCTBUE, BETPOBOM MOTOK OTKJIOHSETCS TOPHBIMU CKJIOHAMU
U B Y3KUX MPOX0JIaX YIIETUN CKOPOCTh BETPOBOTO MOTOKa MeHsercs [3, 5] (Puc.1.):

N R

Puc.1. 3urzaroodpa3sHoe ABMKEHHE BO3AYIIHOTO ITOTOKA B YIIEIIbE.

['opusoHTampHOE CKOPOCTH BeTpoBOTO MoToKa (V) ompenensercs mo ¢GopMye
V=Vh(1- K3z)
Fne: Vh — CKOPOCTh BEPTHUKAJIIBHOT'O ABUXKCHUA BETPOBOI'O IMTOTOKA,
K3 — ko3 dunment 3ameyieHnss CKOpoCTH BETPOBOTO IMOTOKA.

Koaddurment 3amennenus Ks onpenensercs mo Gpopmye:
. :
. [ _ h
Ks = Cg + 0.5 C -(1-7)-P, -Z-b-
I'me: Cenut Ceh — K03 PHUIIMEHTHI COMPOTUBIICHUS IOBEPXHOCTH 3€MJIM I CKJIOHOB YIIEIIbS,
Ccr[ = 0,003 nu Cch = 0,6,
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Pg — IIIOTHOCTH yIIETBS,
h, b — cpeansist BEICOTA U IIMPHUHA YIIETIbS;
N — k03P PHUIHEHT MTPOHUKHOBEHHUS BETPa Ha YIIEIIbI.

[Ipy NpOHMKHOBEHUH BETPa B YIIEIHE YBEIUUYECHHUE BBICOTHI yIIieabsi ¢ 15 M 10 30 m
MPUBOAUT K YMEHBIICHUIO CKOPOCTH BETpa HA 3 M.
Macca BO3QyUIHOrO MOTOKa MPOTEKAIOMIET0 4Yepe3 MIMPHHY KaHbOHA WIIU YILENIbs,
paBHO Macce IaHHOTO MOTOKA, IPOTEKAOLIET0 B IIUPOKYIO JOJIUHY:
F
|
F
2
I'me: M1— macca BO3AYLIHOTO MTOTOKA,
F1 — mupuHa yienbs Ui KaHbOHa,
M2 — Macca JIaHHOTO MOTOKA MPOTEKAIOLIET0 B IIUPOKYIO JOJUHY;
F2 — mmpuHa qOTUHBL

K,
= —% = const
4

3HaueHHUE CHUJIBI Halropa BO3AYHIHOI'O IMTOTOKA OIIPCACIIACTCA 110 (bOpMyJ'Iel

X=c LSV’
2

I'ne: P— IDIOTHOCTBb BO3AYIIHOI'O ITIOTOKA,
S- rmiomanab NOIEePECYHOro CCYCHHUA yIIC/IbA UJIM KaHbOHA MZ;

V— CKOpOCTh BETPOBOTO MTOTOKA M/C.
Cx— KO (UIIHEHT CHIIBI JOOOBOTO COMPOTUBIICHUS MPETISTCTBUSI.

MOIIHOCTb BO3AYIIHOTO TOTOKA, IPOXOAANIEro Yepe3 MIomab MOMepedHoro CeueHus
YILENbs B ONPEIeIEHHOM BPEMEHH PAaBHO:
W= p- V3 -F
2
Ine: P — nmotHOCTH BO3MYXA;
F— momas ToNepeyHoro CeUeHns yIenbs NI KaHbOHA M2,
V — CKOpOCTH BO3/YIIHOTO TTOTOKA, M/C.

Cuna Hamopa BO3IYIIHOTO MOTOKA HA HpPEMATCTBHE (| (B KIc/M2) ompesensercs II0
bopmye:

Ine: P - MaccoBas IIOTHOCTB BO3yXa.

[Ipn oOrexanuu jomactei BO3AYIIHBIM MOTOKOM B ONpEAENEHHOW TOYKE MPOUCXOIUT
nepexo] W3 JaMUHApHOTO MOTOKAa TYpOYJIEHTHBIH. DTO 3aBHCHUT OT BSI3KOCTH, JaBJICHHS,
CKOPOCTH BO37yXa, (OpMBI JlomacTed, UX TMOJOKEHUU U OT IIEPOXOBATOCTH MOBEPXHOCTH
nonacrei [ 4 ].

[Ipn yBenuueHUU CKOpPOCTH BETpa IO ONPEAEIEHHON BETWYMHBI BO3AYIIHBIN MOTOK
npruolpeTaeT ObICTPO MEHSIOIIMECS CKOPOCTh, KOTOPbIM MEPHEeHIUKYISPHO K HAIPABICHUIO
MOCTyNaTeapbHOro ABrkeHus. O0pa3yroTcs 6ecropsiIoUHbIN TypOyIeHTHBIA MOTOK, KOTOPBIH
HEMpEePHIBHO MEPEMEIIAETCs] BO BCe HamNpaBieHus. TpedyeTcst 60bII0e KOJIMYECTBO SHEPTUU
Uil TojAepXaHus — OecropsiouHoro  BuxpeBoro nBkeHus. Coznaercs  Oosnbliee
COIIPOTHUBIIEHUE BO3YIIHOTO MMOTOKA ABIKYLIeMycs BeTpokoiecy (Puc. 2.):
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Hanpaenesse seTpa
Joma TpyHonesTEOCTH

Puc.2. Bo3aukHoBeHne Typ6yneHTHOCTI/I BCTPOBOI'O ITIOTOKA

[lepexox BeTpSHOrO TOTOKA OT JIAMHHAPHOTO K TYpOYJICHTHOMY JIBUKCHHUIO
IPOMCXOJUT MIPU KPUTHUYECKOM 3HaueHNH PeitHomnbaca u onpeenstores o gopmyse [ 2 ]:
Vi
K="
I'me: V — cKOpOCTh BO3IYIITHOTO IMOTOKA, (M/C);
| — xapakTep pa3Mepa Tena (Jomacreil BeTpokoieca), (M?);
G — xkuHeTnYecKkuii KO3 PHUIMEHT BI3KOCTH CHUJI TPSHHUS BO3/IyXa.

Ipu 15.0°C Ba3kocTh Bo3myxa cocTapiseT 1.78-107° kr/(Mm c).
[TpeoOpa3oBaHue KHHETHUECKOW SHEPTHH BETPOBOTO MOTOKA B MEXaHUYECKYIO paboTy
MOYKHO PaccuuTaTh 1o popmyie:
3
-p-V'F
W, = &pvF
2

I'ne: & — koadummeHT UCTOIBL30BaHNE PHEPTUU BETpa.

IImoTHOCTE BO3AyXa MEHSAETCS C HW3MEHEHUEM BBICOTBHL. [IIIOTHOCTH  BBICOTHI
MPEACTABISIET COOOW W3MEHEHHUs TEeMIEepaTyphl, JaBIEHUS W TUIOTHOCTH BO3AyXa B
3aBHCHUMOCTH OT BBICOTHIL.

U3 crpaBounuka (bonbinas Poccuiickas sHIMKIIONENS) HAXOIUM TUIOTHOCTh BO3AYyXa
B 3aBUCHMOCTH OT BBICOTHI 719 HaxuniBanckon AP:

— Babexkckwit paiton (1000M. H.y.M.), CyXoif BO3IyX, IOTHOCTS — 1,13 Kr/M°,
ATMmochepHoe naBieHue Haj ypoBHeM Mopsi 690 MM pT. cTosz0a.
— Ilapypckwit paiton (900 M. H.y.M.), CyXO0if BO3/IyX, IIIOTHOCTE — 1,15 kr/™M°,
AtmochepHoe naBienue Haj ypoBHeM Mopsi 700 MM pT. cToz0a.
— IlTax6y3ckwii paiton (1500-2500 M. H.y.M.), CyX0if BO3YX, IIOTHOCTE— 1,03Kr/M°,
aTMocdepHoe AaBieHHe Haja ypoBHeM Mopst 600 MM pT. cTonba.
— Jxynsduackuii paiton (1000-1500 M. H.y.M.), CyX0ii BO3AyX, IOTHOCTE— 1,07 Kr/M°,
aTMoc(epHoe J1aBJIeHHe Ha/l ypoBHEM Mops 650 MM pT. cTomnba.
— Opny6ackuii paitor(2000-3000M. H.y.M.), CyX0if BO3IyX, TOTHOCTh— 0,97 Kr/M°,
aTMoc(epHoe JaBJIeHHe Ha/l ypoBHEM Mopst S60MM pT. cTonoa.

3HaueHHs OJHEPIUM BETpa B CTAHAAPTHBIX YCIOBUAX (IIOTHOCTH-1,225 Kr/m3,
atMocdepHoe maaBieHuEe H.y.M.760 MM ptT. CT.) mpuHAT naHHble JlaTckoi acconuanuu
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npousBoauTeneit BOY. Mcxoas u3 3Toro paccunTanbl 3HAYCHUE SHEPTUU BETpa JJIs pallOHOB
HaxusiBauckoit AP (tabmmma 1.) [ 6 ]:

Tabmuna 1.
Ckopoctp | Crammapt | baGekckuit | [Ixympduuckuit | [axOy3ckmit | Opaybanckmii | Illapypckwii
BETpa palioH panoH paiioH parioH parioH
m/c Br/m® Br/m® Br/m® Br/m® Br/m® Br/m®
1 1 0,6 0,54 0,5 0,5 0,6
3 17 15,5 14,5 14 13 16
5 77 71 67 64 61 73
9 477 416 390 375 354 423
11 815 759 712 685 646 772
15 2057 1924 1806 1738 1637 1958
18 3572 3324 3120 3004 2829 3383
21 5672 5279 4955 4770 4492 5362
23 7452 6935 6509 6266 5901 7057

Pacuernas momtHocts BOY omnpeaensercst nuamerpom BeTpokosieca Dpk, ero
K03 (HUIIMEHTOM HCIOJIb30BAaHUS YHEPTUH BETpa & U pacueTHOM CKOPOCTHIO BeTpa Vpacu.-
PacueTHas MOLIHOCTH BETpOKOJIECa:

w =481D% V>, &-107*

pacy.BK pacu.
I'ne: Dpx — nuamertp BeTpokoiieca, M;
Vpaca — pacueTHasi CKOpOCTh BETpa, M/C;
& — koaddunueHT ucnonanzoBanus Berpa (0,45-0.48);

Onpenenum nuametp BeTpokosieca st S00 kBT B 3aBUCMMOCTH OT BBICOTHI, JIJISt
paifonoB HaxusiBanckoii AP (cpeane romoBasi CKOpoCcTh BeTpa V = 6m/cek):
1- babexkckuii paiion — [ =11.6m ;
2—ropon JIxyneda — 1 =11 m;.
3— axOy3ckuii paiton — [ = 12,3 m
4— Opny6anckuit paiton — J1 = 12,6 m
5— [apypckwuit paiton — J[ = 11,5 m

Omnpenenum MomHOCT, BOY B 3aBUCHUMOCTH OT BBICOTHI, 1715 paiioHOB HaxubIiBaHCKOM
AP (cpenne royoBast CKOpocTb BeTpa V = 6M/cek, iuameTp BeTpokoseca [ = Im):
1 — baGekckuii paiton — W = 296 kBr;
2 —ropox bxynepa — W = 282 kBr;
3 — lax0y3ckuii paiion — W = 269 xBr;
4 — OpnyOanckuii paiion — W = 255 kBr;
5 — lapypckwuii paiton — W = 303 kBr.

BriBojpbr:
1. PaccMoTpeHbl OCOOCHHOCTH MECTHBIX BETPOB B 3aBHUCHMOCTH OT BBICOTHI, IJIOTHOCTH,
JaBJIEHUs, pesibeda MECTHOCTH | reorpaduaeckoil ocobeHHocTH Hax4upIBaHCKON KOTIOBHHBI.
2. AHanM3UpPOBAaHO AMHAMUKA TIOTEP CKOPOCTH BETPOBOTO TMOTOKA MPHU BCTPEUYE HA CBOEM
MyTH Pa3HbIX MPEMSITCTBUM U BIUSAHUE 3TUX MOTEP HA XapAKTEPUCTUKY BETPOBOIO MOTOKA.
3. Iloka3zaHbl pe3ynbTaThl HAYYHBIX MCCIIEOBAHUN IUISI HUCIOJIB30BAHMS SHEPIHMH BETPa B
BeTposHepreTuke HaxubiBanckon AP.
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KULOK ENERJISININ DIGOR ENERJIYD CEVRILMOSININ
YUKSOKLIKDON ASILILIGI

KAZIMOV M.Q.

Mogalods kiilok enerjisinin digor enerjiya c¢evrilmasinin yiiksoklikdon asililigi
mosalolorine baxilmisdir. Kiilok axininin yiiksoklikdon asililigi vo yerli kiiloklorin yerli
soraitdon asili olaraq idara edilmo masalalorine baxilmisdir. Kiilok ¢arximin parlarinin hava
aximina garst miigavimoti vo bu axmin kiilok c¢arxmin otrafindan axma proseslori
arasdirilmigdir. Toyin olunmusdur ki, dagliq orazilordo KEQ torafindon hasil edilon enerjinin
miqdart kiiloyin sixligindan, siiratindon va kiilok parlarinin shats etdiklori sahodon asilidir.

Acar sozlor: kiilok axini, enerjinin gevrilmoasi, kinetik enerji, potensial enerji, kiiloyin giicii, kiilok
enerjisi, ganad.

DEPENDENCE OF THE TURN TO OTHER ENERGY
OF THE WIND FROM HEIGHT

KAZIMOV M.G.

Dependence of the turn to other energy in the article of the wind energy have been
considered problem from height. Dependence of the wind flow from height and he have been
considered of the local winds to problem of manage depending on the local condition. The
opposition and processes of flowing from surroundings (about) of the wind wheel of this flow
have been investigated against the air flow of the wings of the wind wheel.

He have been specified that quantity of the energy made in upland territories by KEQ is
dependent (on) from (the) density, speed of the wind and area that/where wind wings
surrounded.

Key words: flow around a body, kinetic energy, potential energy, energy wind, strength wind? wing.
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Energetikanin problemlori ¢ Ne2 e 2017 e IIpoGnembl SHEpreTHKH

GUNOS ENERJISI VO ONDAN iSTiFADO

HOZIYEV Q. 9.

Azarbaycan Milli Elmlor Akademiyast Nax¢ivan Bélmasi
Az 7000. Nax¢rvan sahari, Heydar Oliyev prospekti 35
ATCC55@mail.ru

Yer kiirosindo hoyatin méveudliigii tigiin Giinesin ovozolunmaz rolu vardir. Bizim planetimizin biitiin
tizvii alomi 6z varligi ii¢iin Giinogo borcludur. Giinss giindslik hayatimizda isiq ve istilik monbayi olmagla
borabar, hom do digar enerji dastyicilarin (neft, komiir, su, kiilok vo s.) da ilkin enerji monboyidir. insan Yer
iizorindo peyda olandan etlbaron Giinos enerjisindon istifado etmoyo baslamisdir. Arxeoloji qazintilar onu
gostarir ki, qodim insanlar daldalanmagq, ev tikmok {i¢iin sakit, kiilok tutmayan vo Giinog sualarina agiq yerlora
daha cox tstiinliik vermiglor.

Acar sozlari: Giinos kollektorlari, fotoelektrik sistemlor, enerji, kollektor

Diinya ohalisinin elektrik enerjisine ehtiyaci problemi bu giin ¢ox bdyiik aktualliq kasb
etmokdadir [1]. Bu problemin hollinin osasinda Giinos enerjisindon istifado perspektivlori
durur. Miixtalif aktiv vo passiv Glinos qurgularindan istifado etmoklo Giinog radiyasiyasini
sorfoli enerji ndvlorine ¢evirmak olar. Passiv Gilinos qurgularindan istifads miixtalif toyinatl
binalarin proyeklosdirilmasi vo tikinti materiallarinin se¢ilmasi vaxti hoyata kecirilir. Bu vaxt
binanin qurulusu, yeri, istifado edilocok tikinti materiali, otraf relyefo goro yerlosdirilmasi vo
s. elo secilir ki, Gilinos enerjisindon maksimum faydalanmaq miimkiin olsun. Aktiv Giinag
qurgularina iso Giinos kollektorlar1 vo fotoelektrik sistemlor aiddir. Fotoelektrik sistemlor
Giinos enerjisinin birbasa elektrik enerjisine ¢evrilmasino imkan verir. Enerji ixtiyari istehsal
sahasinin asas horakatverici qlivvasidir. Mahz nisbaton ucuz enerji manbalarinin alds edilmasi
Vo 139 salinmasi insan comiyyatinin ¢ox siiratli texniki inkisafina sobab olmusdur.

Giinas enerjisindon passiv istifada: Glinos enerjisindon passiv istifado o demokdir ki,
hes bir alavs texniki qurgulardan istifado etmomaoklo binalarin vo digar tikinti subyektlorinin
(mosolon, oranjeya va istixanalarin) qizdirilmasinda, soyudulmasinda va isiqlandirilmasinda
Giinos enerjisindon maksimum faydalanmaq miimkiin olsun. Bu mogsadlo binalar
proyektlosdirilorkon bir sox faktorlar, masalon, binanin tikilocayi yerin relyefi, otraf miihiti,
cografi koordinatlari, tobii iqlim 10oraiti vo s. nozora alinmalidir. Bu faktorlarin nozors alinmasi
tikinti materiallarinin se¢ilmosindos, désomolorin qurulusunda, pancorslorin istigamatinds vo s.
mosalalorda 6ziinii gostorir. Oksar hallarda belo binalarin tikilmasi ansnavi qaydada yerino
yetirilir vo he¢ bir olava vosait tolob elomir. Bozi hallarda iso binalarin tikintisi olave vosait
goyulusu tolab edir ki, sonralar bu slavo vasait enerji gonasti hesabina kompensasiya olunur.

Giinos enerjisindon passiv istifadonin tarixi elo insanligin yaranma tarixidir. Insan
hoyatinin elo bir sahasi olmamisdir vo yoxdur ki, bu vo ya digor formada Giinos enerjisindon
istifado olunmasm. Aydin masaladir ki, insan comiyyeti inkisaf etdikco enerji tolobati da
artirdi vo yeni enerji manbalaring, enerjigevirici qurgulara vo alds olan enerjidon somarali
istifads etmak iisullarina ehtiyac yaranirdi. ©gor desak ki, basariyyatin inkisaf surati, toraqqisi
bir ndv onun enrjidon istifads etmok bacarigi demokdir, balko do sohv etmorik.

Glines enerjisindon passiv istifadonin osas istiinlilyli ekoloji  promlemlarin
yaranmamasi, enerji tominatinin sabitliyinin vo geyr-asililiinin miitloq monada tomin
olunmasidir [2].

Giinas enerjisindon aktiv istifads: Gilinos enerjisindon aktiv istifado Giinos
kollektorlarmin va Giines enerji sistemlorinin totbiqi ilo hoyata kecirilir. Giinas enerji
sistemlorindo do kollektorlardan genis istifado olunur. Kollektorlar Giinosin is1q enerjisini
udaraq onu istilik enerjisino ¢evirir. Su vo ya hava vasitosi ilo istilik enerjisi istilik
stansiyasina verilir vo miixtolif mogsadlor {i¢lin — binalarin qizdirilmasi, moisotdo istifado,
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elektrik enerjisinin alinmasi vo s. istifado olunur. Giinos kollektorlarindan enerji monbayi
kimi praktiki olaraq istilik talob olunan biitiin proseslorda istifade etmak olar.

Giinos kollektorlar1 1908-ci ildo ABS-in “Carnegie Steel Company” sirkotinin
omokdast Vilyam Beyli torofindon icad edilmisdir. Vilyam Beylinin kollektoru
istilikke¢irmoyon korpusdan vo mis borulardan ibarat idi. Miiasir Giinos kollektorlarinin is
prinsipi Vilyam Beylinin kollektorundan demok olar ki, forqlonmir. Tipik kollektorlar Giinog
enerjisini binalarin daminda quragdirilmis boru vo metal I6vhalordon diizoldilmis modullardan
ibaratdir. Modullar adoton Giinos
radiyasiyasinin maksimum udulmasi {igiin
qara rongds ronglonir. Modullar siiso vo ya
plastmas korpuslarin igorisindo yerladirilir
vo Glinos sualarin daha ¢ox gobul edilmasi
licin  conub  istigamotino  ydnoldilir.
Beloliklo, kollektor kigik bir istixana kimi
isloyir. Kollektorun sothi no qodor bdyiik
olsa, bir 0 godor faydali olar. Hans1 magsadla
istifads edildiyindon asili olaraq kollektorlar
miixtolif Ol¢iilii olurlar. Moisotdo onlardan
paltar yumag, yuyunmag, yemok
hazirlamaqdan 6trii isti su aldo etmok iigiin Sokil 1. Binanin dam ortityiinds qurulmus iki
istifado olunur. Bundan slavo boazi hallarda panelli miistovi Giinos kollektoru
enerjiys gonaot iiciin suyun ilkin qizdirilmasi ii¢lin do kollektorlar totbiq olunur. Giiniimiizds
kollektorlarin ¢oxlu sayda variantlar1 mévcuddur. Prinsipco kollektorlarin qurulusuna goro
asagidaki modellori vardir:

1. inteqral kollektorlar. Giinos kollektorlarinin an sada variantidir. Bu tip kollektorlarda
kollektor paneli eyni zamanda hom ds isti su baki oldugundan, bunlara bozon “hacmli” va ya
“termosifonlu kollektor” da deyilir. Bu ciir kollektorlardan suyun ilkin qizdirilmasi tiglin
istifada olunur ki, sonradan da isti su snanavi qurgularla (masolon, qaz kalonkasi ils) lazim
olan yiiksok temperatura qodor qizdirilir. Bununla suyun qizdirilmas: ii¢lin sorf olunacaq
enerjiyo miioyyon qodor gonaot edilmis olur. Belo kollektorlarda horokot edon hissolordon
(nasoslardan) istifado olunmamasi, texniki xidmotin minimum saviyyads olmast vo istehlak
xorclorinin yoxlugu onlarin aktiv Giinas suqiadirici sistemlorine ucuz basa golon alternativ
qurgular kimi tatbiq olunmasina sobab olmusdur.

2. Miistavi kollektorlar. Bu kollektorlar moisot suqizdiricilarinda va istilik sistemlorindo
istifado edilon on ¢ox yayilmis Giinos kollektorlaridir. Belo kollektorlar istilik kegimoyon
materiallarla izolo edilmis miistovi-metal qutulardan ibarstdir (sokil 1). Qutularin qapaqlari
slisodon vo ya plastmasdan hazirlanmigdir ki, qapagin igorisindo do qara rongli absorber
16vhasi (sua uducu) yerlosdirilmisdir. Qapagin 6zii ancaq is181 kegiron vo azca domir qarigigi
olan xiisusi siiso materialdan hazirlanir. Kollektorun dibi vo yan divarlan istilik ke¢cimayon
materiallarla izols edilir ki, bu da izafi istilik itirilmasinin garsisini alir [3].

Giinos istilik sistemlari: Giinos enerjisindon birbasa istifadonin on ¢ox totbiq olundugu
saha qizmar su alds olunmasidir. Bu magsadls istifads olunan tipik Giinas istilik sistemlari bir
vo ya bir ne¢o miistovi kollektordan vo isti suyu saxlamaq xiisusi hazirlanmig bakdan
ibarotdir. Hotta giinosli giinlorin say1 nisbaton az olan regionlarda (mosslon Simali Avropada)
belo isti suya olan tolobatin 50-70% mohz Giinos istilik sistemlorinin hesabina 6donilir.
Avropanin conub hissalorindo bu gostarici 70-90%-o ¢atir. Giinog enerjisi ilo qizmar suyun
alinmas1 praktiki vo iqtisadi cohotdon ¢ox olverislidir. Bu maogsadlo istifade olunan
fotoelektrik sistemlorin faydali is omsali 10-15% oldugu halda, Giinos istilik sistemlorinds bu
parametrin qiymoti 50-90 %-o catir. Komok¢i enerji monboyi kimi az miqdarda odun
yanacagl todariik etmoklo, faydali qazinti monsali enerji monbolorindon istifado etmodon
Giinos istilik sistemlori vasitasi ilo il boyu isti suya olan ehtiyaci tomin etmak olar. Miiasir
Giinos istilik sistemlorini osason 2 qrupa ayirmagq olar:
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1. Termosifonlu Giinas istilik sistemlori. Bu tip Giinosg istilik sistemlori istilikdagiyici
aqreqatin tobii sirkulyasiyast osasinda qurulur. Bunlardan asason qis faslinin miilayim keg¢diyi
bolgolords istifado olunur. Biitévliikdo termosifonlu sistemlor on effektli sistem olmasa da,
istismar1 asan oldugundan genis istifado edilir. Istilikdasiyici aqreqatin termosfen
sirkulyasiyas1 temperaturdan asili olaraq suyun 6z sixligin1 doyismosinin hesabina bag verir.
Termosifon sistemlor 3 osas hissodon ibaratdir: miistovi kollektor (absorber), birlogdirici boru
xotti vo isti su igiin toplayict bak (sokil 2). Kollektorda qizan su yuxari qalxaraq toplayici
baka tokiiliir, isti suyun yerino iso toplayici bakin alt hissosindon soyuq su daxil olur. Buna
goro do kollektor bakdan asagida
goyulmalidir vo birlosdirici borular
etibarli suratds izolyasiya olunmalidir.

2.Giinos istilik elektrostansiyalari.
Gilinos radiyasiyasinin kifayot qodor
yilksok  oldugu bdlgolordo  Giinog
enerjisinin komakliyi ilo suyu asanligla
buxara ¢evirmok olar ki, alinmis buxar
vasitosi ilo firlanan turbin do elektrik
enerjisinin monboyi ola bilor. Iri
hocmdo elektrik enerjisi istehsal edon
Gilinos istilik elektrik sistemlori digor
elektrik enerjisi monbalari ilo rogabot
etmok qabiliyystino malikdir. Bu
texnologiyanin sonayeds irimiqyasl
totbigi XX osrin  80-c1 illorindon
baslamis vo gilinlimiizo qodor kifayst
godar inkisaf etmisdir. Bu giin artiq
ABS-da Giinos istilik elektrik stansiyalarinin imumi giici 400 meqavattdan artiqdir ki, bu da
ildo 2,3 milyon barrel nefto ekvivalentdir. ABS-da bu texnologiya kifayat qodor inkisaf
etmisdir vo rosmi moalumatlara goro elektrik enerjisi istehsal edon ononavi vasitalarle ragabot
apara bilor.

Boyiik giizglinliin ndqtovi vo ya xotti fokusunda yerlosdirilmis soffaf qabdaki su az
miiddat orzinds ¢ox siiratlo qaynayir vo alinan buxarin enerjisi turbini firlatmaq tigiin kifayot
edir. “Luz Corp” firmasimin Kaliforniya sshralarinda xeyli boyiik bir orazide qurdugu bels
giizgiilordon ibarot Giinos istilik elektrik stansiyasi 354 meqavatt giiciindadir. Bu sistemin
faydali is omsal1 15%-0 godor olur. Giinos sualarin1 konsentrasiya etmok tigiin 3 nov glizgii
sistemlorindon istifado olunur: parabolik konsentratorlar, bosgab tipli konsentratorlar vo
qiillali glizgii sistemlori [4].

Bu giin Giinos enerjisini elektrik enerjisino ¢eviron qurgularin, o ciimlodon Giinog
istilik elektrik sistemlorinin mohdud miqyasda olsa da kifayot qodor totbiq saholori vardir.
Ancaq Glinas radiyasiyasinin Yer kiirosing gatirdiyi enerjinin ¢ox ciizi bir hissasindaon istifado
edirik. Bunun asas sobobi effektli ¢eviricilorin olmamasi vo movcud geviricilorin baha basa
golmosidir. Bunun da naticosindo geyd edildiyi kimi Giinos elektrik qurgularinin faydal is
omsal1 15%-1 asmur.

Umumiyyatls, comiyyatin texnoloji inkisafinin bu giinkii soviyyasi belo bir fikir iroli
stirmaya imkan verir ki, yaxin 10-15 il arzinds bu sahodoki problemlor 6z hollini tapacaq vo
Giinos enerjisi istifads etdiyimiz biitiin enerji ndvlorinin tiikonmoaz monbayina ¢evrilocokdir.

Sokil 2. Termosifonlu Giinas istilik sistemlorindon
birinin binanin daminda qurulmus vaziyyati
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COJIHEYHASA DOHEPI'US U EE UCITOJIB30OBAHUE
I'A3BHUEBT. A.

ConHlile UrpaeT UCKIIOYUTENBbHYIO POJib B )KM3HU 3eMil. Beck oprannueckuil Mup Haien
rwiaHeTsl 00s3aH ConHily cBoMM cyiecTBoBaHUeM. CoOJHIIE — 3TO HE TOJBKO HCTOYHUK
CBETa W TEIUIa, HO M NEPBOHAYAJIbHBIN UCTOYHUK MHOTUX JPYTUX BUAOB dHEPIuUu (SHEPrUH
He(TH, yriis, BoJbl, BeTpa). C MOMEHTa MOSIBJICHHs Ha 3eMJI€ YeJIOBEK Hayall MCIOJIb30BaTh
9HEpruro conHua. I[1o apxeosornyeckum JaHHBIM M3BECTHO, YTO JUIS JKWJIbS IPEINIOYTCHHE
OTJIaBaJIM TUXUM, 3aKPBITBIM OT XOJIOJHBIX BETPOB U OTKPBITHIX COJIHEYHBIM JIy4aM MECTaM.

KiaroueBble ¢J10Ba: COJIHCUHBIC KOJIJICKTOPBI, (I)OTOBJ'IGKTPI/I‘IGCKI/Ie CHUCTCMBI, SHCPI'UAd, KOJIICKTOP

SOLAR ENERGY AND ITS USE
HAZIYEV G. A.

The sun plays an exceptional role in the life of the Earth. The whole organic world of our
planet owes the Sun its existence. The sun is not only a source of light and heat, but also the
original source of many other types of energy (energy of oil, coal, water, wind). From the
moment of appearance on earth, man began to use the energy of the sun. According to
archaeological data it is known that for housing preference was given to the quiet, closed from
cold winds and exposed to sunlight places.

Keywords: solar collectors, photovoltaic systems, energy, collector
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UOT 629.429.3:621.313

METROPOLiTEN ELEKTRiK QATARLARI iNTiQALLARININ
IS REJIMLORININ TOoDQIiQi

ABDULLAZAD® C.A., VAHABZAD® I.M.

Azarbaycan Texniki Universiteti
AZ1073, Bakt s.H.Cavid pr.25,
ilahe.vahabzade@mail.ru

Mogalodo metropoliten qatarlarinin intigallarinin is rejimlorinin todqiqi mosolasine  baxilmisdir.
Metropolitenin elektrik qatarlarmin miihorriklorinin iglomo sortlorine uygun olanlarini segmok ii¢lin asinxron
miiharrikin biitiin is rejimlori nozordon kegirilmisdir.

Acar sozlar: elektrik intiqalinin is rejimi, asinxron miiharrik

Metroplitenin elektrik qatar1 — miirokkob, ¢ox ¢okili sistem olub, bir ne¢o 6z aralarinda
qarsiligh tesirdo olan motorlu vo motorsuz vaqonlardan ibaratdir. Vaqonlar arasinda oslago
geyri-xattlidir. Qatarlarin idars edilmosindo asas problem harokat prosesinds qatarin torki-
binds olan vaqonlara giymat va istigamoatco forqli olan xarici qiivvalar tosir etmasidir. Bu
qiivvalara harokato barsabar tasiredici miigavimat qiivvalori, dart1 vo ya tormozlanma qilivvasi
aiddir, homginin vaqonlar arasi birlogmo reaksiyasindan ibarotdir. Sadalanan faktorlarin
tosirindon qatarda uzununa rogslor yaranir. Buna gdro do bels sistemin idars etmo {isulunun
secilmasing digqgot etmok lazimdir.

Metroplitenin elektrik qatarlarinin elektrik tormozlanmasi vo ya darti qilivvesinin
yaradilmasi li¢iin motorlu vaqonlarda qurasdirilan darti elektrik intiqalindan istifads edirlor.
Dart1 elektrik intiqali dart1 elektrik miihorrikinin valinda firlanma momenti yaradir (vo ya
elektrik tormozlanmasi zamani tormoz momenti), hans1 ki, sonra darti 6tiirmasi vasitasilo
dart1 qiivvaesine vo ya gatarin tormozlanma qiivvasing gevrilir.

Asinxron dart1 intigalimin keyfiyyatli isi {i¢lin asinxron miiharrikinin vektor idars etmo
sisteminin diizgiin sazlanmasi lazimdir. Bunun ii¢clin emal morholosindo imitasiya edilmis
modellosdirilmosi vasitosilo elektrik intigalinin proqram-aparat simulyatorundan istifado
edilir. Modellordo siirot vo coroyan tonzimlayicisinin, analog-rogom geviricisinin
diskretliyinin vo enino impuls modulyasiyasinin vektor aqoritmlarinin sazlanmasi yerino
yetirilir. ~ Verilmis isdo modellosdirmo sistemindo genis totbiq edilon MatLab-Simulink
imitasiya modellagdirmasindan istifads edilir.

Miiharriklarin idara edilmasini yering yetiran tristor tonzimlayicisinin funksional sxemi
sokil 1-do gostorilmisdir. O tristor agarlarindan, idaro impulslar1 formalasdiricisindan, idaro
etma bloku, miihafizo bloku va lovbar corayani vericisindan ibaratdir.

Tristor tonzimloyicisinin idaro etmo bloku akkumulyator batareyasindan qidalanir,
onun idareetms giriglorinin birindon masinist kontrollerine signal daxil olur, digor idarotmo
girisindon 1s9 -signal oks olaqa ilo 16vbar corayami vericisining daxil olur. Tristor acarinin
idars etma girislori idars etmo impulslar1 formalasdiricist vasitosilo idars etmo blokunun ¢ixist
vo miihafizo blokunun ¢ixisi ilo olagolidir. Tristor agarlar1 bilavasito darti miihorriking tosir
edir.

Asinxron dartt intigalinin totbiqi elektrik enerjiyo gonaot olunmani tomin edir. Bu
intiqal tormozlanma halinda generator rejiminds isloyarak enerjinin sabakaye rekuperasiyasini
yerind yetirir.

Asinxron dart1 intiqalinda yiikok etibarli yarimkegirici cihazlarin totbiqi onlarin texniki
xidmotindo istismar xoclorini azaldir. Asinxron darti intiqall1 qatarlarda tomirlorarasit miiddot

70


mailto:ilahe.vahabzade@mail.ru

coxdur. Belo intiqalin xiisusi diaqnostika sistemi vardir. Intiqalin sazlanmasi vo periodik
olaraq yoxlanmasi xiisusi stend ils yerina yetirilir.

T Sebaks Tristor tenzimlavici
Tristorlu agar Mlithafizs blolu
Dart alaktrik
mitharriki ]

Idarz stma

impulslarmm
formalasduneilan
|
Lévbar caravam Idars stma blokn Maginist
vericisi kontrollari
i
Akbumulvator
batarevas:

Sokil 1. PT-300/300A tipli tristor tonzimlayicisinin funksional sxemi

Metropolitenin elektrik qatarlarinin miihorriklorinin iglomo sortlorine uygun olani
se¢cmak liglin asinxron miihorrik biitiin is rejimlorine baxagq.

Standart asinxron mitharriklor uzunmiiddatli is rejimi tiglin nazards tutulmusdur (sorti
isarasi S1), hans1 ki, vala verilon yiik vo miiharrikin soyudulmasi zaman aralifinda praktiki
olaraq sabitdir.

Qisa miiddatli rejimi (S2)-bu rejim sabit yiiklonmo halinda islomo miiddstinds istilik
barabarliyina ¢ata bilmir va fasilo miiddstinds straf miihitin temperaturuna qadar soyuya bilir.
Tokrar-qisa middoatli rejim (S3)-tsiklin  (10doq) davametmo miiddoti igoburaxma
miiddotindon boyiikk oldugu is rejimi tglin xarakterikdir (isosalma zamani kecid prosesi
miiharrikin qizmasina tasir etmir vo nozors alinmir).

S4 — igosalmaya osaslnana tokrar qisamiiddotli yliklonmo rejimidir, bu rejimdo tsilkin
davamliligt o qodor kigikdir ki, isosalma zamani bas veron prosesslor masinin qizmasina
bilavasito tosir edir. Bu halda tsiklin uzunlugu tsikl miiddotindon faizlorlo is¢i miiddotin
davamlilig1 vo saatda qosulmalarin sayindan toyin edilir.

S5 — elektrik tormzolanmasina osaslanan tokrar qisamiiddatli yiiklonmo rejimidir. Hor
bir is tsikli oxsar olub, iso diisma, sabit yiik altinda isloma, elektrik tormozlanma vo harokotsiz
voziyyatdo ayrilma periodlarindan ibarstdir. Bu periodlarin davamliligi bir is tsikh
miiddstinda istilik tarazliginin alinmasi Giciin  kifayot etmir. Bu halda qosulmanin davamlilig
elektrik tormozlanma miiddstini nozere almaqla hesablanir.

Dayison yiik altinda davamli is rejimi (S6) (S3)-iin 1§ rejimini bu rejimds elektrik
tormozlanmasi va ya bagqa firlanma siiratine kegmaklo revers edilmasini nozars almaq sortils
tokrarlayir. Miiharrikin qizmasinda iso salma itkilorinin hesablanmasi aparilmur.

Elektrik tormozlanmaya osaslanan davamli yiiklonmo rejimi (S7), (S4) rejimini bu
rejimdo elektrik tormozlanmasi vo ya basqa firlanma siirotino kegmoklo revers edilmosini
nazars almagq sortils tokrarlayir.

Firlanma tezliyinin vo yiikiin periodik olaraq doyismosi (S8) rejimi (S7) rejminin
sortlorini tokrarlayir. Lakin burada valdaki yiikiin miixtolif qiymotlorinde miixtalif firlanma
tezliyi ilo miiharrikin igo buraxilmasi nozors alinir

Metropliten elektrik qatarlarinin vaqonlarinin asinxron miharriki {iglin tokrar qisa
miiddatli yliklonmao rejimi xarakterikdir.

Elektrik tormozlanmasina asaslanan tokrar qisamiiddotli yiiklonma rejimins baxaq. Hor
bir is tsikli oxsar olub, iso dlisma, sabit yiik altinda isloma, elektrik tormozlanma vo harokotsiz
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voziyyatdo ayrilma periodlarindan ibarotdir. Bu periodlarin davamliligi bir is tsikli
middatindo istilik tarazliginin alinmasi iiciin kifayat etmir. Verilmis is rejimi metropoliten

elektrik qatarinin intigal tigiin xaraktetikdir. Idaroetmo sisteminin girisino verilon signal sokil
2-da gostorilmisdir.

., rad/san

a0

0 -

o

t, san
Sokil 2. Tokrar qisa miiddatli tokrar olunan is rejiminds giris signali

Giris tosiri trapesiya formasinda olduqgda siirotin zoif artim1 modellosdirilir. Miiharrikin

dayanmasi1 da siirostin zoif azalmasi ilo hoyata kegirilir. Belo giris tosiri sokil 3-do
gostorilmigdir.

@, rad/san

1. san

Saokil 3. Trapesiya formasinda giris tasiri

1. TexHuko-3KCIUTyaTallMOHHBIE TMOKa3zaTteau wMerpornoiauteHoB 2015 rox // Odwu-
LUAJBHBIN CAalT MEeXTyHApOIHOU accouuannu «MeTpo». [DIeKTpOHHBIN pecypc].
2. DmexktpoaBuratenu TiAroBele acuHXpoHHBIE JATM-1V1 u JATM- 2V2 //

Odunmansubiii calt  OAO  "IICKOBCKMI  3IIEKTPOMAIIMHOCTPOMUTENbHBIM  3aBox"
[DnexTpoHHEbIH pecypc].
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NCCIEJOBAHME PEXXUMOB PABOTBI ITPUBO/1OB
SJIEKTPOIIOE3JIA METPOIIOJIMTEHA

ABAYJJIA3AIE T:xx.A., BAXAB3A/JIE .M.
B cratee paccMaTpuBaeTCs BONPOC HCCIEJOBAHUE PEKUMOB PabOThl MPUBOJIOB
3JIEKTPOIIOE3/la METPOIOJUTEeHA. PaccmaTpuBaroTCsl  BCEBO3MOXKHBIE PEKUMBI  PaOOTHI
ACHHXPOHHBIX JBUTaTesed, 4yTOOBl BHIOpATh TakWe, KOTOPHIE COOTBETCTBYIOT YCIOBHUSM

pa6OTBI I[BPIFaTGJ'IGfI QJICKTPOIIOoE€3aa MECTPOIIOJIUTCHA.

KaroueBrble ciioBa: PEKUM pa6OTI)I QJICKTPHUUICCKUX MPUBOIOB, aCI/IHXpOHHHﬁ JBUI'aTClIb

THE SUBWAY ELECTRIC TRAINS DRIVES OPERATING MODE RESEARCH

ABDULLAZADE J.A., VAHABZADE |.M.
The subway trains drives operating mode research issue has been considered in the
article. In order to select the one appropriate for the working conditions of the subway electric
trains engines, all the operating modes of the asynchronous engine have been considered.

Key words: operating mode of the electric drive, asynchronous engine.
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Energetikanin problemlori ¢ Ne2 e 2017 e IIpoGnembl SHEpreTHKH

KO9SiCi QURGULARDA YUKSOK XARAKTERISTIKALARA MALIK
OLAN XOTTi MUHORRIKLOR

KORIMZAD®O G.S., MOHORROMOYV E.A.

_ Azarbaycan Déviat Neft va Sonaye Universitetil
Unvan : Azarbaycan ,Baki AZ 1010, Azadlig prospekti, 20
E-mail : gulaya68@mail.ru

Xotti mithorriklorin (XM) bir ¢ox tiplori, mosolon, asinxron, sinxron vo sabit corayan , 6z is prinsipine
goro uygun olaraq, firlanma horakotli miihorriklordir, digor tiplori iso - firlanma horokotli mithorriklor kimi ifaya
malik deyildirlor. Xatti mitharriklorin bir ¢ox tiplari iglonilmisdir, masalon, xatti asinxron mitharriklor (XAM),
xatti sinxron mitharriklor (XSM), xatti elektromaqnit miiharriklor, maqnitelektrik, pyezoelektrik miiharriklor va
s. XM-in totbigi ilo elektrik intigalmin genis vo maraqli inkisaf perspektivlori alagelenir. Istehsalat qurgu vo
mexanizmlorin  oksoriyyotindo is¢i mexanizmlor horokotedici vo gaytarma-horokotedici olurlar. Bu
mexanizmlarin intiqali kimi mexaniki 6tlirmolorin xiisusi novlorilo birgo adi XM totbiq olunurlar, hansilar ki
miiharriklorin firlanma horokotlorini is¢i orqanin xatti horoketino ¢evirirlor. XM totbiqi mexaniki Otiirmonin
sadologdirilmo vo tamamilo istisnasina, etibarlifin , intiqal vo istehsalat mexanizmlorin iglorinin iqtisadi
artirtlmasina imkan yaradir.

Acar sozlar : kosici qurgu, elektroerozion dozgahlar, presizion avadanliq, xotti mithorrik, silindrik xotti
miiharrik, sabit magnit.

Xotti mitharrik (XM) —maqnit sistemin bir elementi a¢iq vo maqnit sahasini yaradan
aciq dolag1 olan , digor elementi iso onunla qarsiliqli slagads olan vo miiharrikin harokot edon
hissasinin xatti yerdoyismosini tomin edon istiqgamatlondirici kimi yerina yetirilmis elektrik
miuhorrikidir. XM elektrik noqliyyatinda, miixtolif = momulatlar yiiklorinin naqlinin
mexanizmlorinin intigali iiglin genis totbiq olurlar. XM  kosici qurgularda yiiksok
xarakteristikalar gostormisdir. Bundan bagqga XM —do ham do elektrik sxemlorin yi8ilmasi
liclin dozgahlar 6z hallini tapmiglar [1-3]. Asinxron vo sinxron XM on genis totbiqlorini
nogliyyat vo bdyiik xotti yerdoyismolordo tapmuslar. isci organlarm kicik yerdoyismalorinin
alinmasi tiglin vo yiiksok doaqiqlik, agirliq qilivvalorin tomin olunmasina goro sabit coroyan
XM va elektromaqnit XM daha ¢ox istifado olunurlar. Totbiq sahasindon asili olaraq, XM {i¢
qrupa ayirmagq olar :

1) mexaniki qiivvenin alinmasi T{iglin — isoburaxma qiivvesi toyinedici olan
miihorriklords; onlarin gedisi qisa vo ya sifira barabor olur, horokot siiroti asagi , isi
qisamiiddatli olur, energetik xarakteristikalar zoruri deyil ;

2) mexaniki enerjinin alimmasi ii¢lin, yoni mohdudlagsmis yolda maksimal enerjinin
alinmasi tiglin ;

3) mexaniki giiclin alinmasi liglin — naqliyyat sistemlorin miihorriklori vo yiiksok
middatli qosulmasi olan va ya kesilmadan isloyon sanaye elektrik intiqallari.

Elektroerozion dazgahlarin tokamiiliiniin yeni morhalasi — silindrik xotti miihorrikdir.
Dazgahlarin intiqal hissaesindo bas veron asas doyisikliklor miiharrikin todricon is¢i organa
yaxinlagdirilmasidir.Miiasir dozgahlarin intiqallarinda XM —in totbiqi els qanuna uygun
naticadir, hansina ki son bir neco illor orzindo onlar1 tokamiil gotirmisdir. XM-in totbiqi
presizion avadanliq li¢iin 6z tosdiqini tapmislar o halda ki, intiqalin dinamiki xarakteristikasi
boyiik rol oynayir: maksimum buraxilabilon tocillor, maksimum vo minimum buraxilabilon
siirotlorin  komiyyatlori. Dozgahlarda on genis diiz XM istifado olunurlar. Niivonin
movcudlugu bu tip miiharriklorin tipine xarakterik olan ndqsanlarin asas monbayidir: isloma
zamani xeyli istilik ayirma, maqnitdartma sabit qlivvonin moévcudlugu, horokatin solistliyino
goro mohdudiyyatlar, konstruksiyanin timumi qeyri effektivliyi. Biitiin bu sadalanan diiz XM-
in nogsanlar1 silindrik XM-no uygun deyil. Silindrik XM-in prinsipial sxemi sok.1-do
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verilmisdir. Onun konstruksiya xiisusiyyoti ondadir ki, dolaglar 2 silindr kimi formalasan
sabit maqnitlor (1) ohatosinds yerlogdirilmisdir, niiva iso prinsipco mdévcud deyil.

2

Sok.1 Silindrik xatti miitharrikin prinsipial sxemi.

1. XM xiisusi ayr1 soyuma sistemini tolob etmir. Dolaglardan ayrilan istilik iso otraf
miihitlo effektiv olaraq otiiriiliir vo dozgah masasina onun bir hissasi otiiriiliir, konstruksiyada
ddvra corayanlarin tasirils alave qizma monbayi — niivo mdveud deyil (sok.2).

Sok.2 Silindrik xatti miiharrikds istilikotiirma sxemi

2. Horokot solistliyina goro mohdudiyyatlor moveud deyil. Islomo zamani horokot
solistdir, ylkiin vo siirotin si¢rayisi yoxdur, silindr vo dolaqglararasi olavo qiivve tosirlor
yaranmir.Simmetrik konstruksiyaya vo niivonin mdvcudsuzluguna gors araligin qiumatinin
doyismasi XM-in isino tosir etmir, bu da onun yigma vo hazirlanmasini asanlasdirir .

3. Magqnit selinin effektiv istifadosi olave iqtisadi iistiinliilys imkan verir (sok.3).
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4. Tomira yararliliq, ¢linki mexaniki kontaktin mévcud olmadigindan , yaglamaya ehti

Sok.3 Magqnit selinin effektiv istifadosi

yac olmur, mithorrik sassiz isloyir vo aginmaya diigar olmur (sok.4,5) [3] .
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Sok.4. Siirat xatasi (yiiksok siiratlor sahasi)
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XM metalkosici avadanligda da yiiksok xarakteristikalar gostormisdir. Cilalayici

dozgahlarda, elektroerozion dozgahlarda, lazer-keosici dozgahlarda, elektrik sxemlorin yigma
dozgahlarinda da XM qurasdirilirlar. XM-in bir névii do magnithidrodinamik nasosdur,
hansilar ki, elektrik kegirici mayelorin naqli, qarigdirilmasi va dozirovkasi ti¢lin totbiq olurlar.
Bu nasoslarin {istlinliiyli horokotedici mexaniki hissolorin moévcudsuzlugu, metalin noql
kanalinin hermetiklik imkanidir. XM-in elektrik naqliyyatinda genis totbiqi bu miiharriklorin
bir sira Ustiinliiklorine isara verir: ikinci elementin horokatinin diizxottiliyi, konstruksiyanin
sadaliyi, siirtiinen hissalorin movcudsuzlugu, maqnit sahasinin enerjisinin mexaniki enerjiyo
cevrilmosi, bu da yliksok etibarliq vo faydali is omsalina nail olmaga imkan verir. Xotti
asinxron miiharriklor ham do miixtalif yiiklor naglinin mexanizmlorinin intiqal liglin genis
totbiq olurlar. Belo konveyer metal lento malikdir ki, bu da ikinci element olaraq, XM-in
daxilindon keg¢ir. Bu halda XM-in totbiqi lentin ilkin dartmasinin azalmasina, onun
stirligmosinin aradan galdirilmasina vo konveyer isinin siirat va etibarligina imkan verir.
XM zarba harokotli masinlar iigiin do totbiq olurlar (tikinti vo yol-harokat islorinds). XM-in
statoru ¢okicin atic1 oxunda yerlogdirilir vo bu sokicin zarbs hissasi homdo miihorrikin ikinei
elementidir. Cokicin zarbo hissasinin qaldirilmasi ii¢lin mithorrik elo qosulur ki, qagan saho
yuxari istiqamotlonir. On yiiksok yuxari voziyysto yaxenlasdiqgda miiharrik soniir vo zarba
hissasi agirliq qiivvasi tesirilo asag diisiir. Bazi hallarda miiharrik sonmiir vo revers edir, bu
da zarbos enerjisinin artmasina imkan verir.

NOTICO: Silindrik xotti miihorrikler - elektroerozion dozgahlarm tokamiiliiniin yeni
morholosidir. Silindrik XM tatbiqi qabaqcil idaraetms texnologiyasinin islonilmasi va totbiqini
tolob edir. Bu idaroetmo doaqiqlik vo texnoloji imkanlara malikdir ki, onun da asas tistiinliiyii —
genasteilik vo az cari xorclordir.

1. Usanywrun B.A. u Op. CTpyKTypHOE MOJEIUPOBAHUE JJIEKTPOMEXAHMYECKUX CHUCTEM U
anemenToB .2000 - 310 c.

2. Becenoscxuti O.H. v np. JIuneliHbie aCHHXPOHHBIC IBUTATENN . MOCKBa, DHEProaToM
n3gat. 199 - 256¢.

3. Korimzads G.S., Maharramov E.A. Xotti mihorrikli kosici qurgularin islonilmosi. //
Azorbaycan Ali Texniki Moktablorinin Xaoborlori . Baki. 2017 - Ne 3-5.21-26.

JUHEMHBIE JIBUTATEJM , OBJIAJAIOIUE BBICOKUMUA
XAPAKTEPUCTUKAMM B PEXYIIUX YCTAHOBKAX

KEPUM3AJE I'.C., MATEPPAMOB 3.A.

Hunuunpuueckue nuHedHble nauratenu (JIZI) — HOBbIM 3Tam  3BomoLMU
AIIEKTPOIPO3UOHHBIX CTaHKOB. [Ipumenenue mwmHapuueckux JIJI tpeGyeT pa3paboTKy u
IPUMEHEHHE NEePEJOBON TEXHOJIOTUH YIPABICHUs . DTO YIpPaBICHHUE 00J1a1aeT TOUHOCTBIO U
TEXHOJIOTMYECKUMU BO3MOKHOCTSAMHU, IPEUMYIIECTBO KOTOPOI0 — 3KOHOMUYHOCTb U MaJlble
TEKYILHE PACXOBI.

KiroueBble cjIoBa : pexyllas yCTAaHOBKA, JICKTPOIPO3HOHHBIC CTAHKH, IPEIU3NOHHOE 000pyI0BaHUE,
JUHENHBIN ABUraTeNb, UWIMHIPUUECKUN TUHEHHBIN JBUTATENb, TIOCTOSHHBII MarHuT. .
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LINEAR MOTORS WITH HIGH PERFORMANCE IN
CUTTING PLANTS

KERIMZADE G.S.,, MAHARRAMOV E.A.

Cylindrical linear motors (LD) - a new stage in the evolution of electro erosion machine
tools. The use of cylindrical LD requires the development and application of advanced control
technology. This management has precision and technological capabilities, the advantage of
which is economy and low running costs.

Key words: cutting unit, EDM, precision equipment, linear motor, cylindrical linear motor, permanent
magnet.
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Energetikanin problemlori ¢ Ne2 e 2017 e IIpoGnembl SHEpreTHKH

MUASIR ELEKTROFIZIKi CiIHAZLARIN BAZA 9SASLARI
OKBOROV H.K.

AMEA Fizika Institutu, Baki, Azarbaycan

Isdo iizvii yarimkegiricilorin perspektiv material kimi diizlondirici qurgularin, tenzoétiiriiciilorin,
termorezistorlarin, elektrofotoqrafiya ii¢lin hassas tobogolorin genis istifadesindon bohs edilir.

Acar sozlor: lizvii yarimkegirici, fotokimya, radiasiya kimyasi, hocmi yiiklor, fotoelektrik hassasligi,
radioaktiv siialar

Uzvii yarimkegiricilor birlosmis molekullar sistemi ilo xarakterizo olunurlar. Bu
yarimkegiriciloro aromatikbirlosmolorin molekulyar kristallari, boyaqlari, pigmentlor, qosa
olago sistemli polimerlor vo s. daxildir.

Uzvii yarimkegiriciloro dair ilk todgigat holo 1888-ci ildo Stoletov torofindon
apartlmisdir. Bu yarimkeciricilorin genis vo hortorofli todqiqi XX osrin 50-ci illordon
baslamigdir.

Uzvii yarimkegiricilor monokristal, polikristal, amorf, ovuntu vo nazik tobaqo
sokilindo movcud olurlar. Bunlar termik emalla vo bir sira polimerlorin siialanmasi
noticosindo almir. Otaq temperaturunda bunlarin xiisusi miigavimati 10*® Om.sm —den 107
Om.sm-o gador olur vo temperaturla doyisir. Bu ciir yarimkegiricilordo termoelektrik horokot
qiivvesinin (t.h.q.) miixtalif isarali olmasi onlarin elektron vo desik kegiriciliyine malik
olmasini bir daha tosdiq edir. Bozi ilizvii yarimkegiricilordo (mis ftalosialindo vo onun
polimerlarinda) Holl effekti miisahido olunmusdur.

Uzvii yarimkegiricilor fizikasi bir neco elmin — yarimkegiricilor fizikasinin, iizvii
kimyanin, fotokimyanin, radiasiya kimyasmin vo biokimyanin sorhaddindo yerlosir. Bu
yarimkegiricilorin tadqiqi ilo diinyanin bir ¢ox akademik vo sonaye laboratoriyalart mosgul
olur. Bunlarin todqiqinds fiziki metodlardan, kimyovi maddslordon, bork cisimlor
nozoriyyosindon istifado olunur. Bunlarin Gyronilmasinds osas problemi molekulyar vo
yiiksok dorocods nizamsiz bork cisimlordo elektrik yiiklorinin yaranmasi vo onlarin
horokotinin baga diisiilmosi toskil edir. Elmlorin sorhoddindo aparilan todqiqatlarda alinan
naticalar, bir sira oblastlarda totbiq olunur, bu iso ilizvii yarimkegiricilorin maraq dairasini
genislondirir. Yrimkegiricilorin (lizvii vo qgeyri-lizvii) praktiki totbigqindo s6hbot gedonds hor
seydon ovval tranzistorlar vo onlarin analoji qurgular yada diisiir. Bunlarin is prinsipi baza
tizorindo tokmil n-p kegidin olmasma osaslanir. Bu ciir kecidlori {izvii molekulyar bork
cisimlords da yaratmaq olar. Bu ciir kecidlor n vo p — tip kegiriciliys malik tomiz maddalors
donor vo akseptor asqarlar vurmaqla hazirlanir. Perilen vo domir xloristik kompleksindo
torkibdon asili olaraq n ve p tip alinir. Beloki, perilenin artiqlii n-tipa tovaviiq edir. Bozi
maddolori, mosalon, polietileni ultrabondvsoyi siia ilo isiqlandirdigda osas yiikdasiyicilarin
isarosi doyisir. Uzvii maddolordo osas yiikdastyicilarin isaresi donor vo akseptor asqarlari
vurduqda yaranan dasiyicilara nisbaton daxildo olan soviyyelorlo toyin olunur. Bu cohatdon
tizvii maddolor elementar yarimkegiricilordon prinsipial forqlonir. oksar {izvii yarimkegiricilor
miigavimatin temperatur amsalinin boytkliyii ilo xarakterizo olunur. Bundan da temperatur
ceviricilorinin hazirlanmasinda istifado olunur. Uzvii yarimkegiricilorin boyilk moxsusi
miiqavimati kegirici maftillorin miigavimatinin tosirini aradan galdirir. Bu ciir yarimkegiricilor
osasinda miixtalif foto, tozyiq, sos, ultrasas ¢eviricilori hazirlamaq olar.

Uzvii yarimkegiricilor osasinda miixtolif diodlar alinir. Bu diodlar tamamilo
mikrosxemlardan togkil olunmus rogamsal hesablama masinlarinda istifads olunur. Ayri-ayr
proseslor arasinda olaqo yaradan uzunmiiddotli yaddas qurgulari rolunu oynayan bdyiik diod
matrislorin sorfoli hazirlanma metodu biitiin matrislor {li¢iin diodlarin eyni vaxtda hazirlanmasi
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metodudur. Bu ftalosionun mis maddasinin vakuumda ugurulmasi ilo oldo edilir. Bunlarda
diizlonma omsal1 yiiz min olmusdur.

Hocmi yiiklorlo mohdudlagmis vo saho effekti prinsipino osaslanaraq hazirlanan nazik
tobogoli aktiv elementlor genis inkisaf tapmigdir. Bu halda nazik toboqo asagidaki zoruri
sortlori 6domolidir:

- Corayan dastyicilarinin yiirtikliyii kifayst godor olmalidir
- defektlorin konsentrasiyasi vo Sarhadds soth hallarinin konsentrasiyasi az olmali
- gadagan olunmus zolagin eni ¢ox olmalidir.

Aktiv nazik tobogo elementlorinin hazirlanmasi imkanlarindan danisarkon az
molekullu  lizvii  yarimkegiricilorin ~ todqiqi ~ vacibdir. Hal-hazirda {izvii  polimer
yarimkegiricilordon kigik voltlu qeyri-xatli miiqavimatlor diizoldilir. Uzvii yarimkegiricilorin
kegiriciliyinin temperatur asililifindan istifads ederok termorezistorlar hazirlanir. Bunlardan
tenzohossas Otiiriiclilorin  hazirlanmasinda da istifado olunur. Genis yayilmis metallik
tenzodtiiriiciilorin tenzohossasliq amsal1 1.2-2.1 intervalinda oldugu halda yarimkeciricilords
bu bir ne¢o yiiz olub boyiik ¢ixis signalina malikdir. Qeyr-lizvii yarimkeciricilor asasinda
hazirlanmig tenzootiirliciilordon forqli olaraq tlizvii yarimkegirici asasinda tenzodtiiriiciilor bir
stra Ustiinliiys malikdirlor:

- temperaturun doyismasine az hassasliq
- radiasiyaya davamliliq
- sado hazirlanma texnologiyasi.

Miisahido olunmusdur ki, poliakrilonitplinin tenzohossasligi metallardakindan bir nego
tortib ¢oxdur. Is¢i temperaturu miioyyan giymatoa godar artirilanda polimer tenzodétiiriiciilorin
temperatur xstalar1 kaskin azalir, bu iso ¢ox vacibdir. Sokkiz yiiz milyon Paskal tozyiqds 6z
ilkin miigavimatini qirx bes faiz azaldir. Tozyiqi todricon azaldaraq baslangic hala gatirdikdo
migavimat ilkin giymotini alir. Tenzohassasliq praktiki olaraq temperaturdan asili olmur.
Bunlarin miigavimatinin tozyiqdon asililigi demok olar ki, xattidir. Bu iso hazirlanan cihaz
ticiin vacib parametrdir.

Uzvii yarmmkegiricilor mikroelektronikada isiga hossas material kimi (mosalon
informasiyanin yazilmasi prosesi) vo miixtalif nov otiiriiciilorin hazirlanmasinda totbig olunur.
Bu ciir yarimkegiricilorin todqiqi miirokkab fiziki- kimyovi sistemlords enerjinin yaranmasi vo
dagmmmasmin aydinlagdirilmasinda, bioliji hiiceyralorin  spesifikasinin ~ dyronilmosindo
vacibdir.

1946-c1 ildon yarimkecirici xassoli lizvii maddolorin sistematik &yronilmosine
baglanmigdir. Hal-hazirda yiizlorlo {izvii yarimkegirilor alinmigdir. Bunlar radioelektronikanin
Vo energetikanin miixtalif sahalorinds totbiq olunur. Alinan yarimkegirici xassoli materiallarin
miivaffagiyyati onlarin optik cohotdon ¢ox soffaf vo istonilon sokilo salinma gabiliyyatina
malik olmasidir.

Polimerlars ionlasdirici stialarla tosir etdikdo alinan maddalor praktiki tatbigina gora
¢ox perspektivlidir. Bunlardan elo nazik yarimkegirici tabagolor hazirlanir ki, onlar elektron
vo elektrotexnika sonayesinin buraxdigi mohsulun konstruksiyasinin vo texnologiyasinin
yaxinlagdirilmasina imkan verir. Elektron selinin tasiri naticasinds polimerds enina olagolor
yaranir, alinan material yumusaq olur, sathin ixtiyari konfiqurasiyasint méhkom Ortiir, aldig1
forman1 325°C temperatura godor saxlayir. Bu keyfiyyotlor yeni kegirici otiiriiciilor
hazirlamaq {i¢iin genis imkanlar agir. Bu ciir tobagenin iistiinliiyii ondadir ki, o 200°C- do 6z
hermetikliyini saxlayir, yoni material ekranlasdirici ortiik kimi xiisusi yiiksok voltlu kabellori
on bes min Volt garginlik tortibinds olan tacsokilli bosalmadan qorumaq tigiin istifads edilir.

Yarimkegirici polimer ortiiklorin moahlul soklinds ¢okilmasi ¢ox faydalidir. Bu ciir
polimerdon polinini géstarmok olar. Adi halda vo asetonda hall edilir vo alinan mohlul bark
astara (oturacaga) ugurdulur (hopdurulur). Qizdirmagla vo yaxud isiglandirmagla polinin
yarimkegirici xasso kosb edir. Bu material asasinda miigavimatlor, ventillor, fotoelementlor
hazirlamaq olar.

81



“Uzvii yarimkegiricilor” admin 6zii ilo ilk todqiqateilart mocbur edir Ki, geyri-iizvii
yarimkegiricilorin genis totbiq tapdiglar radioelektronikada 6z totbiq yerini tapsin. Belos ki,
doyison caroyan diizlondiricisi rolunu oynayan elementlorin hazirlanmasi ti¢iin ¢ox cohdlor
olmusdur. Ik molumat polimer tobagesini uzaq ultrabondvsoyi oblastda siialandirdigda
alimmigdir. Bu halda onun qaranligdaki miiqavimati min dofo azalmisdir. Sathlori siialanan vo
stialanmayan tobagolarin sarhaddinds n-p ke¢id yaradilir vo uzaq ultrabonévsayi siialarla
stialandiranda diizlonma xassasi kasb edir.

Tetrasianetilinin - miixtolif metallarin duzlar1 ilo reaksiyasinda alinan iizvii
yarimkegiricidon termoelektrik enerji generatorlari, termoelektrik soyuducular hazirlamaq
olar. Bu maddalori miixtalif hondasi formada (disk, yay, sterjin, zolaq) almaq olur. Uzvii
yarimkegiricilorin  fotoelektrik vo optik xassalorindon istifado etmoklo onlarin tatbiq
imkanlarina baxaq. Halo 1954-cii ilds bu ciir iizvii yarimkegiricilorin spektirin infraqirmizi
oblastinda boyiik udulma omsali ilo xarakterizo olunmasi vo uzaq infraqirmizi oblastda
insfraqirmiz1 siia detektoru kimi totbiq olunma fikri sdylonilmisdir. Fotoelektrik hassasligi
kifayat godor olan polimer komplekslarin v iizvii polimer yarimkegiricilorin fotokegiricilik
sensibilizasiyasi hallarinda istifado edilmasi miixtalif fotoelektrik qurgularin yaradilmasinda,
tosvirin alinmasinda, o ciimlodon bdyiik miivaffagiyyatlor oldo edon elektrofotografiya
prosesinds genis tatbiq olunur. Bu iss torkibinds giimiis olan isigahassas materialdan istifado
etmomoklo fotosiiratlorin alinmasinda istifado olunur. Digoar totofdon bir dalga uzunlugu
tosirilo is1gmn informasiyasi yazilir, digari ilo silinir. Bu birlosmalords isigin tosiri ilo udma
spektirinin donan doyismasi onlarin optik hesablama masininda is¢i element kimi totbiq
edilmasina imkan verir,

Radioaktiv stialarin {izvii maddolorin elektrik kegirmoasine giiclii tosiri dozimetrlarin
yaradilmasi {igiin genis imkanlar agir. Belo ki, {izvii maddalorin fotoxromik xassalorindon
ultrabondvsoyi siia dozimetrinin hazirlanmasinda, goziin vo optik cihazlarin giiclii isiq
monbalarinin  (masalon, niive partlayist zamani) tosirindon qorunmasinda, miidafioedici
ekranlarin hazirlanmasinda istifado oluna bilor. Bazon bir sira hoarbi obyektlarin yerdayigsmasi
zamani onlarin gidiilmasinds, suni peyklords istilik rejiminin saxlanmasinda istifado etmok
olar. Bundan basqa fotoxrom sistemlordon isiq enerjisini elektrik enerjisino c¢eviron
qurgularda istifads etmoya cohd edilir va bu istigamatds islor intensiv aparilir.

Lazer materiallarinda iizvii yarimkegiricilor 6zlorinin mithiim totbiq sahslorini tapirlar.
Genis dalga uzunlugu diapazonunda isloyon iizvii material oasasli lazerlorin hazirlanmasi
tizorinds mithiim islor goriiliir. Bu yarimkegiricilorin totbiqi imkanlarini aragdirarkon meydana
¢ixan problemlardan biri do ifratkegiricilorin sintezi vo dalgaoétiiriiciilorin hazirlanmasidir.
Bunlarda ifrat kegiriciliyin miimkiinliyli nozori osaslandirilmigdir. Nazik tobagoli
elektronikanin inkisafi mikroelektronikaya ovvallor malum olmayan va ¢ox nadir hallarda
totbig olunan yeni materiallar talob edir. Misal ii¢iin 16vhali sxemlarin yaradilmasi yollarindan
biri nazik polimer oasasli tobagolor iizorinds ikidlgilii sxemlorin yaradilmasidir. Polimer
osaslarin elastikliyi tobagonin daxili gorginliyinin sénmasins komok edir va bu yolla dayaniql
ticolciilii sxemlor almaq olur. Bu ciir ¢oxtoboagali sxemlarin yaradilmasi ham do ona goro
maraqhidir ki, araliglara Pelte omsali bdyiik olan yarimkecirici tobago vo yaxud miixtolif
ikiolglilii sxemlor arasina metallik soyuducu lovhalor yerlogdirmoklo nazik tabagolor
sisteminda ¢ox miirokkob masalo olan istilikvermani hall etmok olar. Bu materiallar astar,
araliq qoruyucu tobagoalor olmagla barabar, sxem elementlorinin hazirlanmasi tiglin yaxsi
materialdir. Misal ti¢iin zancirli polimerlar, siiso saplarda hazirlanan nazik isiq Gtiirticiilorinin
analogiyas1 olaraq, isiq dalgalarinin yayilmasi iigiin dalgaétiiriicii do ola bilor. Uzvii
yarimkecirici osaslt isiq dalga otiiriiciiloring, stimullagsmig siiali aktiv miihitlora vo basqa
fotoaktivsistemloro osaslanaraq prinsipco yeni elektron qurgularinin hazirlanmasinin
mimkiinlilylini demok olar. Bu maddalor homginin elektron dalgalarimin bir sxem
elementindon basqasma yayilmas: iigiin dalga 6tiiriicii rolunu da oynayir. Uzvii birlosmo
tobagasi ilo Ortiilmiis volfram ucluglarda avtoelektron emissiyasi moanzorasi otrafinda ¢ox
miihiim islor aparilir. Bu fikirlor otrafli tadqiq vo tosdiq edilsa tamamils yeni prinsip asasinda
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molekulyar elektronika yaratmagq olar, bu iss bizi siini beyin sisteminin yaradilmasi prinsipina
yaxinlagdirir.

Qarsiya ¢ixan ¢atinliklordan biri integral sxemlorin hazirlanmasindadir. Bu iso kigik
oOl¢iilii rezonans induktiv elementlarin olmamasidir. Bu ciir elementlorin hazirlanmasinda da
tizvii maddoalardon istifado etmak olar. Onlarin ¢oxu giiclii pyezoelektrik effekti ilo xarakterizo
olunur. Homginin iizvii pyezoelektrik elementi 6z moxsusi rezonans tezliyindon boyiik
tezliklordo molekulyar induktivlik rolu, kicik tezliklords iso tutum rolunu oynayir. Uzvii
pyezo Vo seqnetoelektriklordon siizgac, otiiriicii xatt elements, dalgadtiiriicii kimi doa istifado
oluna bilor. Uzvii yarimkegiricilor dzlorinin totbiq vo nozeriyyasini on c¢ox biokimya vo
biologiyada tapir. Bu onunla izah olunur ki, bir ¢ox bioloji problemlar, masalon, enerjinin
dasinmasi, aSob impulslarinin verilma prosesi, fotosintez bu problemlardandir. Belo ideya irali
stirtiliir ki, bad xassali sislorin inkisafi konar akseptorlarla elektronlarin qoparilmasi zamani
zoncirdo yaranan miisbat yiiklorin hesabinadir. Bu iso molekulun daxili enerjilori arasinda
italayici qiivveonin yaranmasina va uygun olaraq ayrilmasina sabab olur.

Bork cisimlor fizikast gorma prosesinin vo basqa bioliji geviricilorin iglomasinin vo
foaliyyatinin aydinlasdiriimasina calb edilir. Bu isa bir ¢ox bioloji va biokimyavi maddalarin
pyezoelektrik vo seqnetoelektrik xassalori kasb etmoasi ilo izah olunur.

Elektroximizm hadisasi, daha dogrusu elektrik sahasinin tasiri ilo ranglorin doyismasi
molumatin yazilma texnikasinda, fotoqrafiyada, lazerlarin idaros sisteminds tatbiq oluna bilor.
Uzvii  yarmmkegiricilorin  iizorinds  soth yiiklorinin yaranmas1 halinda elektrostatik
fotografiyanin  genis yayilmis novii olan kseroqrafiyada istifado olunur. Uzvii
yarimkegiricilarin enerjinin ¢evrilmasi texnikasinda tatbigi do maraqlidir.

Perspektiv todgiqat istigamatlorindon biri do termofotovolterika hadisasidir. Belos ki,
isstilik isiga, o da 6z novbasinda elektrik enerjisina gevrilir. Bu halda fotoelementin aradan
qaldirilmast miimkiin olmayan qizmasi generatorun daxili miiqavimatinin azalmasina sabab
olur. Enerjinin ¢evrilmasi problemino enerjinin bir yero toplanmasi problemi do yaxinlagir.
Fotokegirici tizvii maddanin seqnetoelektrik vo elektroliiminssent madds ilo kombinasiyasi
noticosindo  is1q stialarmin  giiclondiricisini  yaratmagq olar. Mosolon, sinksulfat
liminoforundan, kadmiumsulfat fotokeciricidon Vo triglinsulfat monokristalindan istifads
etmokla alli min dofo gliclonmo alinmisdir ki, bu he¢ do son hadd deyildir. Gostarilmisdir ki,
suya batirtlmis tizvii bork maddoni isiqlandirdigda fotovoltik effekt hesabina suyun
elektrolitik parcalanmasi bas verir.

Beloliklo, tizvii yarimkegiricilordon perspektivli bir material kimi diizlondirici
qurgularin, tenzodtiiriiciilorin, termorezistorlarin, termoelektrik generatorlarin, qoruyucu
ortiiklorin, elektrik enerji akkumullyatorlarinin, fotorezistorlarin, infraqirmizi slia
detektorlarinin, fotoelektrik Otiiriiciilorinin elektrofotoqrafiya tigin hossas tobogolorin vo s.
hazirlanmsinda genis istifado olunur. Lazerlords aktiv vo passiv miihitlorin hazirlanmasinda
cox perspektivli material rolu oynayir. oczagiliq sonayesindo hablorin hazirlanmasinda,
konsentrasiyanin 6l¢iilmasinds, dozanin tayin edilmasinds kigik 6lgiilii ucuz basa golon, ¢evik
isloyon {izvii yarimkecirici asasli biodtiiriiciilorin yeni névlori hazirlanmaqdadir.
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OCHOBHBIE OCHOBbI ®UKCUPOBAHHBIX JIEKTPO®EKIIMOHHBIX
YCTPOUCTB

AKBAPOB X. K.

371ech NIMPOKO MCIOJIB3YeTCss MHOTOPA30BbIe YCTPOHUCTBA, TAKHE Kak
HOJIYIIPOBOTHUKOBBIC MaTepHUaIbl, IPEOOPa30BaTEIIH, TEPMOPE3UCTOPBI, UyBCTBUTEIILHbIC
CJIOM JUIA AIeKTpodoTorpaduu.

KaroueBble cioBa: NOJIYIPOBOJHUK, (bOTOXI/IMI/IH, paguaiMoOHHasA XWUMUS, 00BbEMHBIE Harpysku,
(1)0T03J'I€KTpI/I‘-IeCKa${ YYBCTBUTCJIBHOCTD, PaIMOAKTUBHLIC JIYUH

BASIC FOUNDATIONS OF FIXED ELECTROPECTION DEVICES
AKBAROV H. K.

Reusable devices are widely used here, such as semiconductor materials, converters,
thermistors, sensitive layers for electrophotography.

Key words: semiconductor, photochemistry, radiation chemistry, volumetric loads, photoelectric
sensitivity, radioactive rays.
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BonsiHOH Hacoc 3TO — THApaBIMYecKas MalldHa, HpeoOpasyromas MEXaHHYeCKyl0 JHEpPIHUio
MPHUBOJHOTO ABHUTaTelsl WIM MYCKYJIBHYIO 3HEPruio (B PYUHBIX HAcocax) B JHEPIUI0 IOTOKA JKHUIKOCTH,
CITy’)KalIyIo JUIsl IEPEMELICHUsS U CO3/IaHMsl HAIopa JKMIKOCTEH BCEX BUIIOB, MEXaHHMYECKOI CMECH KUAKOCTHU C
TBépHLIMI/I 1 KOJUIOMAHBIMU BCHICCTBAMU WM CXKHWKXCHHBIX TIa30B. HpI/IBOI[ Hacoca, B O6U_ICM cjiydae,
OCYLIECTBIISIETCSl MOCPEACTBOM DJIEKTPUYECKUX [BHUraTesiell M CHCTeM YIpaBjieHUs MMHU. B 3aBucuMmocTu ot
Ha3HAYCHHA U BHJa HACOCAa B CUCTEMY YIIPABJICHUA BO[[OCH36)KCHI/IH BXOJAT pa3JIMIHBIC JaTUYUKHU, PEJIC U APYyTrUe
yCTpoiicTBa 0OpaTHOW CBSI3M NMPHBOJAA C PabdoOYMM MpoleccoM. B TaHHOM HCCiIeNOBaHWU PacCMaTPHUBAIOTCS
BO3MOXKHBIC BAPHAHTHl HUCIIOJHEHUS aBTOMATHYECKOTO YNPABICHUS CHCTEMbBI BOASHBIX HACOCOB MOCTOSIHHOTO
JaBJICHHSI.

KiaroueBble ciaoBa: BOAsIHON Hacoc, aBTomMarmieckoe ympasieHue, SCADA, natuumk naBieHus,
BOJIOCHA0KEHHE C TMOCTOSIHHBIM JIaBJICHHEM BOJBL, PEAYKTOp JMAaBJCHHs, IpeoOpa3oBarelib YacTOTHI,
AJIEKTPOHHOE peie.

Bopna saBnsiercs cocTaBHBIM KOMIIOHEHTOM MHOTHMX MPOUECCOB. E0 MONIB3yHOTCA Kak
JIOJM, TaK U MalluHbI, U ycTpoiicTBa. [I0aTOMY, O4eHb Ba)KHO HCIIONB30BATh €€ C OONBIION
3 (PEKTUBHOCTHIO U B HY)KHBIX KOJIMuecTBax. OUeHb BAXKEH TAKXKE U DKOJIOTHYECKUN aCTEKT
yIpaBIeHUS BOJIOH, BEIb BO/IA SIBISETCS KU3HEHHO HEOOXOMMBIM PECYPCOM.

Bonma Ttakxke SBISIETCS HEOTHEMIIEMOM YACTBIO IMPOM3BOACTBEHHBIX MpoueccoB. B
YACTHOCTH, OHA CITYKHT HEIUIOXUM TEIUIOOOMEHHHUKOM M MOXKET MPUMEHATHCA B HEIOPOTHX,
HAJEKHBIX W MaJoOMacIITaOHBIX YCTAHOBKAX OXJIAXKJEHUA. B 3TOM ciyyae OYeHb Ba)KHO
CBOCBPEMEHHO U B HYXHOM KOJMYECTBE CHA0XaThb BOJON YCTPOWCTBO U CHUCTEMY
OXJIQXKACHUS ISl ONTUMAJbHON W Oe30macHoil paboThl arperatoB. Takum oOpa3oM, OYEHb
BaXHO TOJACPKUBATh HY>KHbIE MapaMeTpbl BOJOCHAOXKEHHS, TaKhe Kak JIaBleHHE, Harop
BO/JIbI U PaCXO/I.

CaMbIM JI€IIEBBIM M MPOCTEUIIMM BapUAHTOM HCIIOJHEHHUS B 3TOM CiIy4ae SBIISIETCS
YCTaHOBKA, COCTOSAIIAS U3 BOASHOIO HACOCA, €r0 AJIEKTPOJABUTATENS, ITyCKOBOIO MEXaHU3Ma U
MaHoMeTpa. Ho 3TOT «JemieBblii» BapuaHT B JOJITOCPOYHOW TMEPCIEKTHBE OO0OWUIETCS
MOJIb30BAaTEII0 HAMHOTO JIOPOKE HM HE OyaeT B TIOJHOHW Mepe VYAOBIETBOPSTH €0
NOTPEOHOCTH, YeM eciu Obl UCHOJb30Balach Oolieeé aBTOMATU3UPOBAHHAS CHUCTEMa
yropaBieHus. ABTOMaTH3aIusl TMPUBEIET K OOJBIIEMY HAYAJIbHOMY KaHUTAIOBIOXKECHHIO,
YCIIOKHEHUIO CTPYKTYPBl CHUCTEMBI, HO TIPU STOM COKPATHT PacXoAbl Ha OOCHy>KHWBaHUE,
VIIYYIIAT Ka4ECTBO BOJOCHAO0XKEHUS, TIO3BOJUT COKOHOMUTH Ha AJIEKTPOIHEPTHUH U YMEHBIITUT
001l pacxoa BOAHBIX PECypCOB. BBIMTPHINI B JeHBIrax IMOCIE HCIOIH30BAHMS CUCTEMBI B
KOPOTKHUH CPOK OKYITUT MEePBOHAYAIbHBIE OTHOCUTEIILHO BBICOKHE PAcX0bl. ABTOMATHYECKAS
CHUCTeMa TakKe IMO3BOJIUT Ooliee TOYHEe M YAOOHEe peryjaupoBaTh MPHUBOJ HACOCOB.
besycnoBHo, mepexonq Kk Ooysiee aBTOMATH3UPOBAHHOM CHCTeME OOOCHOBaH KaK C
TEXHUYECKOM, TaK U C IKOHOMUUYECKON CTOPOH.

B 3aBucumoctn oT Macmrtaba TpeaNpUATHS, SKOHOMHUYECKHX BO3MOXXHOCTEH,
KOJIMYECTBA M MOIIHOCTH BOJSIHBIX HACOCOB MOJKET IMPOU3BOJUTHCS KaK 4YacTU4yHas (B
OTIPENICTICHHON CTETeHW) aBTOMAaTH3allMsl, TaK W TIOJHAsA, T/I€ yJacTHE YeJIOBEeKa Jake Ha
CTaINU 3ammycKka U paboThl YACTHYHO WIIM TMOJIHOCTHIO MCKJIIOYAIOTCs. B mocnenneM ciydae,
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yIpaBJIEHUE HACOCAMU MOXKET OCYILECTBIIATHCS IUCTAHIIMOHHO C TEJIEMEXaHUKOW MIIM Ke
Oslarojapst 3anporpaMMHpPOBAaHHOMY B HCIOJHUTENBHBIM ammapar cueHapuil (Hampumep,
aBTOMAaTHUYECKH BKJIIOUUTH 110/1a4y KUIKOCTH Ha KOHBEHep MpH 3aIlycKe caMoro KOHBelepa).

Jlydymiell Ha JAHHBII MOMEHT IIPOrpaMMOM MJId IOJHOM aBTOMATH3ALMM CUCTEMBI

seisieres nporpamma SCADA (Supervisory Control and Data Acquisition— aucreTuepckoe
yIpaBiieHUE U cOOp JAHHBIX).

B KOMIUIEKT TEXHMYECKOTO pelmeHus, ocHoBaHHOTo Ha mnpumeHeHnn SCADA

00513aTeIILHO AOJDKHBI BXOJAUTH CIICAYIOIINEC 3JICMCHTHI:

pa3nyHble JaTYUKH U WHIAUKATOPBIL, a TAKXKE IPYrHe yCTPOUCTBA TEIEMETPHUH;
MOJIEM-peTpaHcisaTop, st mupeoOpazoBanus All w / wm LA, u nepemaum
nHpopmanuu;

cetb (OecpoBOjHAsT M C TMpUMEHEHHEM KaOenet 4-20MA) mua  mepenayu
uHpOpMaLNK;

[Iporpammupyemsie Jlornueckue Kontpomnepsi(ILUIK);

WCTIOJTHUTEIIHBIC MEXaHU3MBI, PACCYMTAHHBIC JIJIsl JUCTAHIIMOHHOTO YIIPaBIICHUS U /
WIH pelie;

KomnpioTep unm ke CpeAcTBO B3aMMOACHCTBHS uelOBeKa C MallMHOM (BBOJa /
BBIBO/JIA JTAHHBIX ).

[ToMuMO TOTO, YTO BO3MOXHO JT0OOABICHUE, CHMYJISIAS U PEAAKTHPOBAHUE CIICHAPUCB

TexHuueckoro mpormecca B mnporpamme, SCADA mo3Boisier AucCleT4epy-ueloBEKY
BBITIOJTHSATE CIICAYIONUE JICHCTBHUS:

1.

2.

w

W3MEHATh 3aJaHHbIC 3HAYEHHs M IapamMeTpbl Ha JIHUCTAHUMOHHBIX KOHTPOJUIEpAX
IIPOLIECCOB;

OTKpBIBaTh W 3aKpbIBaTh C 0O€30MACHOTO pAcCTOSHUS KIamaHbl, BEHTWIH H
BBIKJIFOYATENH;

MIPOU3BOAUTE MOHUTOPUHT aBAPUUHBIX CUTHAJIOB B PEAJIbHOM BPEMEHHU;

BBITIOJIHSITH COOP M XpaHEHUE JaHHBIX TEJIEMETPUU U JPYTUX MMOKa3aTeIei MpoIeccoB.

(1B ©

FLC-1

Pump
control

-

-—--Level ---»

- Jglve control——

E-1
'\-\.‘,{.":

_ W2
Puc. 1 Ilpumep cxemsl yripaBieHust HacocoB ¢ omoisio SCADA

VYuuteiBas noporosusny llporpammuoro O6ecnieuenuss SCADA, ee nenecooOpasnee

IPUMEHUTh B OTHOCUTEIBHO KPYIHOMACIITAOHOM IPOMBIIIJIEHHOM MNPEANPHUITUN WIH XKE B
MECTe, TJIe YEJIIOBEUECKUE PECypChl 110 TOM MIIM MHOW NpUYMHE OrpaHUYeHbl. Tem He MeHee,
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3Ta IporpaMma SIBJISETCS OTIWYHBIM TEXHUYECKUM PEIICHMEM HMMEHHO B KOMIUIEKCHOM
3HAUEHUHU.

B nmanHoe Bpemsi B AszepOaimxkaHckod PecrnyOnmke yke yCHEIIHO TPUMEHSETCS
ABTOMATHUYECKHUE YNPaBIIEHUS CUCTEM, OCHOBAaHHBIX Ha Mcmonb3oBaHuu mnporpammel SCADA
Ha MHOTHX I'OCYAapCTBEHHBIX U YACTHBIX MPEINPUATHUAX.

B nensx HenonmHOW aBTOMATHM3allMM YIPABICHUS CHUCTEMBbl YIPABICHUS BOJSHBIX
HACOCOB HEOOXOAMMO MPUMEHSATh TaKUe YCTPOUCTBA, KaK:

®  YACTOTHO-PEryJUPYEMbIN 3JEKTPUUECKUNA TPUBOJ;

®  JIaTUYMKU JIaBJIEHUS )KUJKOCTH, a TAKXKE IPYrMe NHIUKATOPBI ISl 0OpaTHOU CBA3H;
® CIIOJIHUTEJIbHBIE U 3JIEKTPOHHBIE PEIIE;

o [UIK.

Ha pblHKe 4acCTOTHO-pEryiaMpyeMbIX IMPUBOJOB B HACTOSIIEE BPEMsI MOXHO HAWTH
IIPUBOABI C YK€ ycTaHoBJIeHHBIMUA Ha HUX 11JIK. Mcnons3oBanue Takux IpUBOJOB MO3BOJISIET
yMeHbUTh 10 60% pacXosl Ha 3NEKTPOIHEPTHUIO ISl IPEATPUATHS.

Puc. 2 BoasiHple HACOCHI C YaCTOTHO-PETYIUPYEMBIM ITPHUBOIOM

B cnyyae HemonHOW aBTOMAaTM3allMM CHUCTEMBI ITYCK BO3MOXEH II0 NMPUMUTHBHOMY
CIICHApUIO «eClH 3apabdoTajo MOJICOCINHEHHOE YCTPOWCTBO, TO MYCK OCYIIECTBISIETCS.
[ToaToMy ydacTHe 4delOBeKa-orepaTopa B JaHHOM BHJI€ aBTOMATHUYECKOM CHCTEMBI
yIpaBlIeHUs HEOOXOANMA.

Pel"y.]'II/IpOBaTI) JaBJICHHUC BOJBI BO3MOXHO TakKXE€ WM MCXAaHHUYCCKH, C ITOMOIIBIO
peayKTopa IaBleHHS, U B JTOM CJIydae aBTOMATHU3HPOBATh PETYIUPOBKY C TOMOIIBIO
COJIEHOUIA.

PaGora Takoro pemykTopa TOCTpOE€HA Ha TPUHIUIE BBIPABHUBAHUSA YCHIUN
nuadparMbl U HacTpoeyHOW NpyXHHBI. [Ipu OTKpBITHH KpaHa B BOJONPOBOJE BBIXOJHOE
JABJICHHUE PEIyKTOpa YMEHbBINAETCs, YTO MPUBOAMNT K CHIDKEHHUIO JaBIeHUs Ha auadparmy.
VYcunue IMPYXUHBI IPX 3TOM OKa3bIBACTCA 6OJ'H)H_II/IM, ", BBIpaBHUBAA €ro, OoHa OJHOBPEMECHHO
OTKpBbIBaeT pabouuii KjamaH 10 TeX Mop, Moka pabodee NaBlIeHHE HA BBIXOJE HE CTaHET
pPaBHBIM 3aJlaHHOMY 3HaudeHuto. [Ipu ATOM naBlieHHEe Ha BXOJE PEAYKTOpa, a TAKXKE €ro
CKaYyKd HUKAK HE BIUSIOT Ha OTKPBITHE WJIM 3aKpbITHE KIamaHa. YCTaHOBICHHBIA Ha
BXOJIHYIO TpyOy pEAYKTOp MOHM)XAET JO0 HYKHOTO YPOBHS U CTaOWIM3UPYET NaBlIEHUE BO
BCEU CHCTEME BOJOIPOBOJA.

VYcnoBus IpUMEHEHUSA:

e Bopanas cpena, He cozepikalias Maciia U CKaToro Bo3ayxa.
e MaxkcumasibHOE JaBieHue He O6osee 16 Oap.
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e MakcumanbHas Temneparypa He 6omaee 70 °C.

Puc. 3 — Penykrop naBnenus

Hcnonb30BaHWe HOBBIX TEXHOJIOTMII IOMOTaeT CIPAaBUTHCS C pPEHICHUEM BCe
0O0JIBIIIETO KOJTMUYECTBA 337124, 1 () (HEKTUBHOE BOJIOCHAOKEHHE HE SBIISIETCS HCKIIIOYeHHEM. B
HACTOSIIEe BPEMSI PHIHOK TEXHUYECKHMX PEIICHHUI MOJIOH PAa3JIMYHbIX BapUalUi HCIIOJTHEHUS
CUCTEMBI YIPABICHUS BOJASHBIX HACOCOB IOCTOSIHHOTO JABJIEHMUSI M C KaXKIbIM JHEM HX
CTaHOBUTCA Bce OOJIbIIIE.

JUist Ka)KI0T0 YaCTHOTO CITydast JIyYIIUM CIIOCOOOM perieHust Oy1eT HHIUBUIYaTbHBIN
MOAXO0J K PELICHUIO 3aauH.
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SABIT TOZYIQLI SU NASOS SISTEMININ AVTOMATIK
IDARONIN ISLONILMOSI

H9SONOV M. R.

Mexaniki enerjini maye axmin enerjisind g¢eviron, homginin axin yaratmaq {igiin
istifada edilon va clirbaciir mexaniki qarigiqlar: vo substansiyalar1 torpadon hidravlik masina
su nasosu deyirlor. Nasosun intiqali, adoton, elektrik masinin vo onu kontrol sistemindon
ibarot olur. Nasosun va idars sisteminin tipinden asili olaraq ciirbaciir relelor, sensorlar vo
digor oks olago avadanliglar su tochizat sistemindas istifads oluna bilor. Bu islonmodo miimkiin
olan sabit tozyiqli su nasos sisteminin avtomatik idars quruluslardan danisilir.

Acar sozlor: su nasosu, avtomatik kontrol, SCADA tozyiq sensoru, sabit tozyiqli su tochizati, tozyiq
reduktoru, tezlilik ¢eviricisi, elektronik rele.
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THE RESEARCH OF THE AUTOMATIC CONTROL OF THE CONSTANT
PRESSURE WATER PUMP SYSTEM

HASANOV. M. R

A water pump is a hydraulic machine that converts mechanical energy (in hand
pumps) into a fluid flow energy, which serves to move and create fluids flow of all kinds, a
mechanical mixture of liquid with solid and colloidal substances or liquefied gases. The pump
drive is, in general, carried out through electric motors and their control systems. Depending
on the purpose and type of pumps and the control system, different relays, indicators and
other backfeed appliances are used in the water supply system. In this research, will be
discussed the possible options for the implementation of a constant pressure water pump
control system.

Keywords: water pump, automatic control, SCADA, pressure sensor, water supply with constant water
pressure, pressure reducer, frequency converter, electronic relay.
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Energetikanin problemlori ¢ Ne2 e 2017 e [IIpoGnembl SHEpreTHKH

YK 621.313.072

NCCIEJOBAHUE KOMMYTAIMOHHBIX INTPOLHECCOB
SJIEKTPUYECKUX HEIAX

MYPAJIOBA P.A.

Asepbationcancruil T'ocyoapcmeennviil Ynugeepcumem
Hegmu u Illpomovrunennocmu

IIpennararorcss HeCTaHOAPTHBIE MOJAEIH DJJIEKTPUYECKUX LEMEHl ¢ MIHOBEHHBIMH KOMMYTALUSIMHU,
KOTOpBIE TOJTBEPXKAAIOT, YTO HECTAHJIAPTHHI aHAJIN3 II03BOJIAET CTPOro OOOCHOBATh CIIOKHMBLIMECS B
UHXXCHEPHOM IpPAKTUKE MOAXOAbl K MOJCIMUPOBAHUIO IE€NEH, ONHUCAHUE KOTOPBIX HOCUT 4YacTHYHO
KaueCTBEHHBIH XapakTep, 1 (OpPMaJbHO CTPOUTH aJrOPUTMBI UX pacyera.

KunroueBble cjioBa: 3JIEKTPUUCCKUE [ETTH, KOMMYTAIIHSI, JEKTPOABIKYIIAS CHJIA,
TOK, KOHTYP.

OOblYHOE [UIsl DJIEKTPUYECKHX LEeNeld ¢ KIYaMH JONYyHIEHHUE C MIHOBEHHOCTH
KOMMYTalUUi ( HEepeKIIOUeHHH ) MOXKeT INPUBECTH K 3HAYUTENbHBIM TPYIHOCTSAM IpU
pacuerax. [locnenHue BO3HHMKAIOT B TOM Ciydae, KOrja IIOCIE€ KOMMYTAlMM CO3AAI0TCA
HOBbIE pa3pe3bl, COCTOSIIME M3 OJHMX MHIYKTUBHBIX OHJIEMEHTOB MM HMHIYKTUBHBIX
9JIEMEHTOB W HCTOYHUKOB TOKa, WIM HOBBIE KOHTYpBI, 0Opa30BaHHBIE M3 OJHUX
€MKOCTHBIX  DJIEMEHTOB  WJIM  €MKOCTHBIX 3JIEMEHTOB U ucrtouHukos  OJIC. [lna
oOecrieueHHs BBINIOJIHEHUSI 3aKOHOB Kupxropa B MOJOOHBIX pa3zpe3ax M KOHTypax B
MOMEHTBl HX O0Opa30BaHUS TOKM 4Yepe3 MHIYKTUBHBIE 3JEMEHThl M HAINpPSDKEHUS Ha
€MKOCTHBIX  2JIEMEHTaX JOJUKHBI H3MEHSThCS MIHOBEHHO ( ckaukoMm ). [lpm  sTom
BO3HUKAIOT TPYAHOCTH OIPEAEIEHUS HOBBIX 3HAUYEHUN TOKOB 4epe3 WHAYKTHBHBIE
AIIEMEHTHl U HAINpPSHKEHUH Ha €MKOCTHBIX 3jieMeHTaX. Ho OCHOBHBIE TPYAHOCTH CBSI3aHBI
¢ (uznueckol TPaKTOBKOHM IMOJy4yaeMbIX pPE3yJIbTAaTOB, IIOCKOJIBKY B 3THUX CIIydasx
IPUXOJUTCS JONYCKaTh U MTHOBEHHOE WM3MEHEHHE DSHEPTUi, 3allaCeHHBIX B MarHUTHBIX

(t
nomsix uHAyKTHBHBIX | W, (t) = Z il M DIIEKTPUYECKUX MOJSIX

C,u; (t
eMkocTHBIX | W (t) = Z AJIEMEHTOB W CJICJIOBATEILHO, PAa3BUTHE

OCCKOHEYHBIX MOIITHOCTEM B MOMEHTHI KOMMYTaluu. KpOMC TOTO, AJA OIIMCAaHUA

di

HaHpﬂ)KeHI/Iﬁ Ha MHAYKTHUBHBIX OJJICMCHTAX UL = Ld—L U TOKOB 4Y€pPEC3 CEMKOCTHBIC
t

dU,

9JICMCHTbBI

B MOMEHTHI KOMMYTAI[MH TPUXOJUTCS BBOAUTH O -(QYHKIIHH,

KOTOpBIE YK€ HE SBIAIOTCS COOCTBEHHO (DYHKIMSMH, a IPEICTABISIOT COOOW HEKOTOphIe
¢yHKUIMOHANBI. B peanpHBIX 3NEKTPUUECKHX IIEMAX HE pa3BUBAIOTCS OECKOHEUHBIE
MOIIIHOCTH, TaK >K€ KaK M TMPOLECChl HE HOCAT UACATBbHO HMITYJIbCHOTO XapakTepa.
MMmeer MeCTO HEaJeKBaTHOCTb MaTEMAaTUYECKOTO OINHCAaHUS KOMMYTALIMOHHBIX SIBICHUM
peanbHOM (uU3MUEeCcKO cuTyanuu. B To ke Bpemsi OTKa3 OT JOMYIICHUS O MTHOBEHHOCTH
KOMMYTallUii TP KCIIOJIb30BAHUM KJIACCMYECKOI'0 MAaTEMaTHUYECKOIO anmapara YCIOXKHSET
MaTeMaTUYeCKyl0 MoJedb Lenu ( yBEIMYMBAaEeT €€ pa3MepHOCTh, H3MEHSET  KauecTBO
YpaBHEHHMI W, KaKk CJEJICTBHE, TpeOyeT NpuBJIeUCHHUS Oojiee TPYIJOEMKHX METOJIOB HX
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00pabOTKH, OPUEHTUPOBAHHBIX, HAlpUMEp, HA THUIHUYHYIO B OSTOM CiIy4ae >KECTKOCTb
3amaun ). Kpome Toro, orkas oOT mMOAOOHOTO JOMyIIeHHs TpeOyeT W Takou
JIONIOJIHUTENBHON HHGOpPMAaLMU JUIsl YTOUYHEHHMsT MOJENU LEeNH, KOTOPOH HCClle0BaTelb
4acTo He pacrosaraer. JedcTBUTENbHO, OOBIUHO NoJO00HBIE pacyeTHBIE CHUTYalluu
BO3HHUKAIOT, KOTJa O KOMMYTAlMOHHBIX IpoOLecCax ILEeNU H3BECTHO TOJBKO TO, YTO MX
BpEeMs MOXXHO CYHTATh OYEHb MAJbIM ( IPEHEOPEKUMO MAJIBIM ).

[Ipu 5TOM TpUMEHEHHE HECTAaHAAPTHOTO aHAIM3a WIH Ke  padodei
MaTeMaTHKH “ JaeT OoJjiee aJeKBaTHOE PEaTbHON CUTYallMM OIMCAHHUE MOJEIH.

[Ipoananu3upyeM  MrHOBEHHYIO KOMMYTAallMI0 B  YHCTO €MKOCTHOHW  LiemH,
n300pakeHHOH Ha puc.la. Bo3MOXHBI JBa TOAX0Ja, B TEPBOM, YUCTO (HOPMAIHLHOM
HOJIXO/I€ HUCHOJb3YIOT HECTAHJApTHBIE MOJEIN HAKOMUTENbHBIX 3JIEMEHTOB, B KOTOPBIX
OTpaXEH NPHUHLMII HENPEPBIBHOCTH HMX TOKOB M HalpspKeHUH. CumTasi, 4TO K04 B LENU
puc.la 3aMbIKaeTCsi B MOMEHT BPEMEHU MOXHO 3alMcaTh

i (h)=G,u,(h)+J,(h), sz%

3,0 = 40
rne  t=h -mmTenbHOCTh HAOMIOMEHHS MpoLEcca KOMMYTALMH, KOTOpas CUMTACTCS
MpEeACIbHO MaJlO BEIWYMHOM TIPH HCIOJIB30BAaHUM “° pabouel MaTeMaTHKH “ WIH JKe
OCCKOHEYHO Majoi BEJIIMYMHON TPU HKCIIOIH30BAHWU HECTAHIAAPTHOIO aHaIU3a.

Takum o00pa3oM, caMl MOJETH EMKOCTHBIX 3JEMEHTOB HCKIIOYal0T MTHOBEHHOCTh
KOMMYTaIMH, TIOCKOJIBKY YYHMTBHIBAIOT €€ JuiuTenbHocTh h. Tlpu  3TOM, OIHAKO, HE
BO3HUKAET PACYETHBIX CIOXHOCTEH MpHU ONpEeNeNIeHUH HANPSHKEHUH MOCIe 3aMbIKaHUS
KJIF0Ya, MOCKOJIbKY TIOJYYEHHbIE MOJIENM TPEACTaBIsA0T cO00W YHCTO apudMeTnyecKku
BBIPDAKEHMS, KOTOPHIM  MOKHO  CONOCTAaBUTh  HEKOTOpPbIE  PE3UCTUBHBIE  AHAJIOTH
€MKOCTHBIX 3JIEMEHTOB.

Pacuer HanpsbkeHMII Ha €MKOCTHBIX 3JIEMEHTax B MOMEHT, CIEAYIOIIMH 3a
3aMBIKAaHUEM KJII04a B I[eMU pHUC.l a, CBOAUTCA K pacueTy YHUCTO PE3UCTUBHOU IETH
puc.1l 6, mapamMeTpsl KOTOpPOW Al yAOOCTBa MpOMAcIITaOUPOBAHBHI :

, =123

G, =G,h=G,,J., =J,(Mh=G,u,(0), j =123

CoryacHO METOJy Y3JIOBBIX HalpsSKEHUH,
3

23

u;(h)=U=Cu,()=2—= Cu, (t) + Cu, (t) + Cu,(t)
ZG*j C,+C,+C,

=
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Puc.1.MruoBeHHO€ 3Ha4Y€HHUE €EMKOCTHBIX 1 PE3UCTUBHBIX 3JICMCHTOB.

OTMmeTHM, YTO TOJYyYEHHOE BBIPAXKEHHE HE 3aBUCUT OT JUIMTEIBHOCTH KOMMYTAIllUU
h, koTopast Mo YCIOBHSIM 3a1a4d MMEET MPEHEOPEKHMMO Masioe 3HAUCHHUE.

Hcnonp30BaHne HECTaHAAPTHBIX MOJENEH TIpU AHAINW3E KOMMYyTalud B YHCTO

WHAYKTUBHBIX WJIM 4acTO €MKOCTHBIX LEIMSIX HMCKJIIOYaeT TPYIHOCTH,
XapakTepHble Ui aHajau3a 3TUX SBJICHUM C TOMOLIBIO KJIACCUYECKOM MaTeMaTuku. Tak,
3Iech HE TPHUBICKAIOTCS O - (QYHKIMH JUIS OINHKCAHUS TOKOB 4Y€pe3 €MKOCTHBIE
JIEMEHTBl M HANPSOKEHUM Ha WHIAYKTHBHBIX D3JIEMEHTAX, a COOTBETCTBYIOLIME 3aIlachl
SHEPruil OMUCHIBAIOTCS HEMPEPBIBHBIMU (PYHKIIHSIMH.

PaccMoTpuM  BTOpOM TOAXOA Ul ONHCAHUS KOMMYTAlMOHHBIX SIBIEHMM C
IIOMOIIBI0 HECTAHJIAPTHOTO aHajiW3a, KOIJAa HECTaHAAPTHHIE MOJENIM HAKOIHUTEIbHBIX
JJIIEMEHTOB HEMOCPEACTBEHHO HE MCHOJB3YHOTCA. Kaxkapli 3aMblKalOIMKA  KIIOY B
€MKOCTHOM 1enu (KaxAblii pa3MbIKAIOMIMUKCA KII0Y B €MKOCTHOM IeNnH ) 3aMEHSIOT
OECKOHEYHO MaJlbIM comnpoTuBieHHeM I~ el ( GECKOHEYHO MAayol IMPOBOJAUMOCTHIO
g el ), ¢ TeM 4TOOBI MOCIE KOMMYTAI[MM B LENH HE BO3HUKAIO HOBBIX €MKOCTHBIX (

UHAYKTUBHBIX ) KOHTYpoB (pa3pe3oB ). Takoe pomyiieHue mpaBOMEpPHO, TaK Kak B
pPEAIBHBIX JJEKTPUYECKUX LEMAX ITHX DJEMEHTHI 3aBEAOMO HE HJCalbHBbL. B co3naHHBIX
MOJENIAX  AKTUBHO-EMKOCTHBIX II€NeHd TrapaHTHUPYETCs  HENpPEpPBIBHOCTb  W3MEHEHHs
HaNpsHKEHUH Ha eMKOCTHBIX (TOKOB 4epe3 HMHIYKTUBHBIE JJIEMEHTHI), & CIEIO0BaTeNbHO, U
COOTBETCTBYIOIIMX 3HEpPruil. Pacyer ke NepeMEHHBIX COCTOSIHHMSI MOXET OBITb IPOBEACH
JTI0OBIM  TPAJUIMOHHBIM CcrlocoOOM. OCHOBHBIM SIBJISIETCSI TO, YTO HCCIEAOBaTeNb HE
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CBSI3aH C KOHKPETHBIM BBIOOPOM IIapaMETpPOB KIIIOUEH, a YUUTHIBAET B MOAEISAX JIMIIb TOT
(axT, 4TO STH MapaMeTpHI-BEUYMHBI CYIIECTBEHHO (TPEHEOPEKUMO ) Mayble, XOTd U He
HYJIEBBIE.

[IpumeHMM paccMOTpPEHHBIM MOAXOA JUIsl ONMCAaHUA KOMMyTalMM Lenu puc.la. B
9TOM Cllydyae MOJENb Lenu uMeeT BUJ puc.l a. Tak Kak IOCTOSHHBIE BPEMEHH TaKOU
LEeNH SBISIOTCS 3aBEJOMO OCCKOHEYHO MaJbIMU BEITUYMHAMH, TO TIEPEXOJIHBIA MpOIEecC
IIPOUCXOIUT TOJBKO B OKPECTHOCTH.

TouHee, cTaHAAPTHBIE YAaCTU NEPEMEHHBIX COCTOSHHUS YCTAHABIMBAKOTCS B
okpectHocTH t~0 W oOCTalOTCS HEU3MEHHBIMH IPH JIOOOM HE OECKOHEYHO MajoM

OTpe3Ke BpEMEHH, T.€. stu j(t)y=const, ectu stt>0, =123 u,caenoBarenbHo,
stus (t) = stuz (t) = stus(t) =Ust, t>0
[TpounTerpupoBaB ypaBHEHHE IepBOro 3akoHa Kupxroga

3

du;
>c, =0
=~ dt
JJIA CTaHIlapTHI)IX qacreﬁ nepeMeHme, HOJIyT-II/IM

3 1 0 3 3
u . p— p—
chjd—t’dt=st >.Ciui()-Y.Cu;(0) =0
0 j= j=
Jlnst onpenenieHnss UCKOMBIX HaNpsKEHWM COCTaBUM CUCTEMY YPaBHEHHM
stu (t) = stuz (t) = stus(t) =U;

3 _ 3
D _C;stuj(t) =D C;stu; (0)
-1 =1

KOTOPYHO MOJXHO COIIOCTABUTH C pe3I/ICTI/IBHOI71 IICIIBIO pI/IC.l 6, €CJIn
stuj(t)=u;, j=123
TaKI/IM 06p330M, B JaHHOM cnyqae Haprl)KeHI/ISI Ha CMKOCTHBIX AJICMCHTax

YCTAaHABJIIMBAOTCA 3a OCCKOHEYHO MAaJIbIi MNPOMEKYTOK BpPCMCHU W HUX CTAHAAPTHBIC
HacTu, NpeACTaBIAIOIIUC JIA HAC HWHTEPCC, UMCIOT BHUI

st t>0,

Cyu,(0) +C,u, (0) + C5u,(0)
C,+C,+C,

rae U, (t) =st uj(t)j=123
PaccMOTpeHHBIH MoaXo MeHee (opMaleH, ueM MpeAbIAYIIHiA, HO 0ojee (H3MYEH,
YTO BAXHO UId OOBSICHEHUS KOMMYTAIMOHHBIX sBJIECHHMH. B
YaCTHOCTH, 3[1€Ch OYEBHHO, YTO YMEHBIIEHHE DHEPIHH, 3allaCEHHBIX B HAKOIMTEIbHBIX
SJIEMEHTAX, BHI3BAHO TEIUIOBBIMM IIOTEPSIMH 3a BpPEMS KOMMYTAlUM B PE3UCTUBHBIX
HIIEMEHTAX, 3AIUIIAOIINAX KIIIOUH.

u(t) =u,(t) =u,(t) =U =

3AKJIIOYEHUE: Hcnonb3oBaHne HECTAHIAPTHOI'O aHajiW3a I03BOJWIO CO31aTh IS
pacdyera KOMMYTAIIMOHHBIX SIBJICHUH IIeMell paccMaTpuBaeMoro kiacca (QopMaabHbII
MOJX0JI, OCHOBAHHBIM HAa NPUMEHECHHM PE3UCTUBHBIX CXEM 3aMCHEHUS.
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ELEKTRIK DOVROLORINDO KOMMUTASIYA
PROSESLORININ TODQIQi
MURADOVA R.O.
Mogqalads elektrik dovrolorindoki ani kommutasiyalarin qeyri-standart modellori toklif
edilir ki, keyfiyyst xarakteri dasiyan bu analizin formal hesabat alqoritmlorini yaratmada

imkan verir. Qeyri-standart analizin gostorilon dovrolorin todqiqi prosesing totbiginin
istiinliiklorini nazars alaraq onun nozari elektrotexnikada istifado olunmasi tévsiyys olunur.

Acar sozlar: elektrik dovralori, komutasiya, elektrik hoarokot qiivvasi, carayan, kontur.

STUDY SWITCHING PROCESSES ELECTRICAL CIRCUITS
MURADOVA R.A.

Introduce  substandard  models electrical sequences instant switching which
demonstration substandard analysis enable strongly valid existing in engineering practice
approaches modeling sequences which description partly carrier
qualitative nature and formally construct their calculation algorithms.

Keywords: electrical circuits, commutation, electromotive force, current, contour.
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YUBILEY

ROHMANOV NORIMAN ROHMAN oglu - 80 illik

Rohmanov Noriman Roahman oglu 29 oktyabr 1937-ci ildo Baki sohorinds anadan
olmusdur. N.R.Rohmanov 1960-c1 ildo Azaorbaycan Neft
vo Kimya Institutunun Energetika fakiiltosini «Elektrik
stansiyalari, sobokolor, sistemlor» ixtisasi lizro mithandis-
elektrik kimi bitirdikdon sonra Azsrbaycan Elmi-
Todgiqat Energetika Institutunda omok faaliyyatino
baslamisdir. 1964-cii ildo aspiranturaya daxil olmus vo
1968-ci ildo namizadlik dissertasiyasini  miidafio
etmisdir.  1990-c1  ildo  Novosibirskdo  doktorluq
dissertasiyasini miidafio edorok texnika elmlori doktoru
alimlik doracasina, 1995-ci ildo professor elmi adina,
2008-ci ildo “Azarbaycan Respublikasimin amokdar energetiki” vo 2017- ci ildo iso
Azorbaycan Respublikast Prezidentinin Soroncami ilo “Omoakdar elm xadimi” foxri adina
layiq goriilmiisdiir. Azorbaycan Elmi-Todqigat Energetika Institutunda islodiyi miiddotds o,
bas elmi isci, laboratoriya rohbori, sobo miidiri, direktor miiavini, direktor vozifslorindo

calismisdir.

N.R.Rohmanov elektrik sistemlorinin rejimlori, onlarin riyazi modellori, dayanighigi,
elektroenergetikada siini intellekt disullarinin  totbiqi  ve digor sistem maosololori
istigamatlorinds uzun illordir ki, yorulmadan elmi-tadqiqatlarla mosgul olur, 200-don ¢oX
aparici beynolxalq jurnallarda nasr olunmus elmi magalslorin, 8 ixtiranin vo 3 monoqrafiyanin
miiollifidir. Eyni zamanda o, Norveg, Ingiltora, Almaniya, Ispaniya, Tiirkiys vo Iran Islam
Respublikasinda bir ¢ox beynolxalq layiholor, konfrans vo simpoziumlarda elmi moaruzslorlo
Azorbaycan elmini layiginco tomsil etmisdir. Bu illor orzindos hamginin, pedaqoji foaliyyatlo
do mosgul olaraq gonc energetik miitoxassislorin hazirlanmasinda bdyiik emoyi olmusdur.
N.R.Rahmanov 6z bilik va bacariqlarin1 gonc elmi kadrlarin hazirlanmasinda asirgomomisdir.
10-dan artiq texnika iizro falsofo doktoru hazirlamigdir, onun rohborliyi altinda bir nego
texnika lizro elmlor doktorlugu dissertasiya igi tamamlanmigdir.

Cox hormatli Nariman miiallim!

Sizo hoyatda oan bdyiikk nemat olan can sagligi, uzun Omiir vo islorinizdo yeni-yeni
ugurlar arzulayirig, bir daha 80 illik yubileyiniz miinasibatilo somimi galbdon tobrik edirik.
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NEKROLOQ

| RAUF ADIL OGLU SULEYMANOV

Azorbaycan elmina agir itgi liz vermisdir.

Gorkomli azorbaycanli alim, Dovlot miikafati laureati, fizika-
riyaziyyat elmlori doktoru, professor Rauf Adil oglu Siilleymanov
2017-ci il noyabrin 8-do 68 yasinda agir xostolikdon vofat
etmigdir. Layl kristal qurulusa malik yarimkegirici birlogsmalor
fizikasinda bir sira yeni fundamental noticalorin miisllifi vaxtsiz
diinyasin1 doyisdi. Rauf Siileymanov 4 dekabr 1949-cu ildo
Bakida miiallim ailesindo anadan olmusdur. O, 1972-ci ilde
[rovan sohorinde Dévlot  Universitetinin ~ fizika-riyaziyyat
fakultosini  bitirmis vo homin ildo Azorbaycan Elmlor
Akademiyasmin  Fizika Institutunda aspiranturaya qobul
olunmusdur.  R.A.Slileymanov  1976-c1  ildo  akademik
E.Y.Salayevin vo fizika-riyaziyyat elmlori doktoru, professor G.L.Belenkinin rohberliyi ilo
fizika-riyaziyyat elmlori namizadi doracosi lizro namizadlik dissertasiyasini ugurla miidafio
etmigdir. Onun dissertasiya isinin movzusu “GaSe-nin energetik spektrinin optik vo
luminessensiya metodu ilo todqiqi” olmusdur. 1985-ci ildo R.A.Siileymanov “Layl
kristallarda deformasiya effektlori” mévzusunda doktorluq dissertasiyasini miidafio etmisdir.
Onun doktorluq islorinin naticalori 1988-ci ildo, "Ycnexu ¢gusmueckux Hayk'" jurnalinda eyni
basligla nosr olunan aragdirma moqalasindo sistemlosdirilmisdir.

R.A.Siileymanov elms tomonnasiz baghligi, boylik omaksevarliyi, yiiksok soviyysli
fizikloro moxsus istedadi sayasinda qisa zaman miiddotindo diinya sohratli alimo ¢evrilmisdir.
O, noinki mitkommal bir fizik-eksperimentator, eyni zamanda nozoriyyonin dorin bilicisi idi.
R.A.Siileymanov Bork Cisimlor Fizikasinin miixtolif istigamotlorindo ugurla calismisdir.
1988-ci ilds, layl kristallarin fiziki xassalorinin tadqiqi ilo bagli elmi islorino gora, mislliflor
birliyinin tizvii olaraq, Azorbaycan SSR Dovlot miikafatina layiq goriilmisdiir. R.A.
Stileymanov torofindon formullasdirilan vo mohsuldar inkisaf etdirilon miixtalif problemlor,
son zamanlar, seqnetoelektrik-yarimkegiricilords faza kegidlorinin tadqiqi ilo bagl olmusdur.

Oliimiindon bir neg¢o ay ovval, qoyulan iimidsiz sort diagnoza baxmayaraq,
R.Siileymanov demok olar ki, son giinlorina gador intensiv vo mohsuldar igslomokdo davam
etmisdir. Son illords, onun yaradici iginin vacib istigamati layli kristallar asasinda hazirlanan
hocmli strukturlarda miisahido edilon memristor effektin todqiqi olmusdur. R.A.
Stileymanovun todqigatgiliq istedadi onun pedaqoji istedadi ilo harmoniya toskil edirdi.
Professor R.A.Siileymanovun yiiksok insani keyfiyystlor asiladigi, dorin elmi biliklor baxs
etdiyi ¢cox sayda tolobolori olmusdur.

Onun Zzangin elmi intuisiyasi bir ¢ox perspektivli elmi istiqgamatlori sohvsiz miioyyan
etmoyo imkan vermisdir. R.A.Siileymanovun elmi mirasini1 impakt faktorlu jurnallarda 100-o
yaxin nosrlar tagkil edir. Onun rohbarliyi ilo respublikada va xaricds bir cox goérkomli alimlor
yetigdirilmisdir.

Rauf Siileymanov sorafli bir omiir yasadi. Elmi problemlorin mahiyyatini veo ilkin
prinsiplarini 1izo ¢ixarmaga yonslon dziinamoxsusluq v orijinalliq R.A.Siilleymanovun elmi
yaradiciligina xas idi. Onun elmi axtariglardaki cosarati , elma xas olan qilisursuz vicdani gonc
alimlorin elmo fodakarligla xidmot etmok ruhunun torbiyssinds vacib ohomiyyot kosb
etmisdir. O, he¢ vaxt ¢otin suallardan ¢okinmomis, elmi rohbar vo ya sadoco maslokdas (torof
miiqabili, homkar) olaraq maslohot vermis vo yeri golorso, tonqid do etmisdir. Genis
diinyagoriisii, zokasi, tokrarsiz yumor hissi, atrafda bas veran proseslors garsi lageyd olmamaq
kimi miikommal insani keyfiyyatlori ilo Rauf Siileymanov xatirolorimizdo obadi yasayacaqdir.

Allah, rahmat elasin.
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MUOLLIFLORIN NOZORINO

1. Umumi qaydalar.

“Energetikanin  problemlori” “jurnalinda energetikanin kompleks problemlori,
elektroenergetika, istilik energetikasi, elektrofizika, elektrotexnologiya, informatika vo yeni
texnika saholorino hasr olunmus elmi-texnki moqalslor dorc edilir, eyni zamanda cari xronika
da verilir.

Jurnalin asas mogsadi yliksok elmi keyfiyyeot kriteriyalarina cavab veran orijinal elmi-
texniki mogalolorin dorc edilmosidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktoblor, {imumiyystlo elmi
hayatda coroyan edon hadisalor haqqinda molumatlart da darc edir.

Redaksiya heyati, bu vo ya digor sobablordon, jurnalin toloblorini tomin etmoyon
magqalalori dorc etmoamok hiiququnu iizlinds saxlayir.

2. Mbaqaladlarin taqdim edilmasi.
Biitlin moagalolor asagida qdstarilon iinvana, jurnalin redaksiyasina gondorilmslidir:

Azarbaycan, Az-1143, Baki, Hiiseyn Cavid prospekti, 33
Azarbaycan MEA Fizika Institutu
Tel.: (994 12) 539 — 41 — 61; (994 12) 539 — 44 - 02; Faks : (994 12) 447 — 04 — 56

E — mail : arif @ physics.ab.az ;
Mbasul katib Qurbanov Kamil Baxtiyar oglu.

3. Maqalalarin matninin dili.

Maqalslor azorbaycan, rus va ingilis dillorinds gobul edilir. Respublika miislliflorinin
magqaloalori yalniz azorbaycan va ya rus dillorinds, yaxin xarici 6lkelorden olan miislliflorin
mogqalalari yalniz rus dilinds, uzaq xarici 6lkalorin miialliflorinin maqalslori isa yalniz ingilis
dilinds qobul edilir.

4. Maqalalarin tirtib edilmasi qaydalari.

4.1. Magqalalar, jurnalin redaksiyasina disket togdim etmakls, fordi kompyiiterds, A4 formath
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm masafs ilo, Times New Roman 12 sriftinds yazilarasq, 1 niisxads, sotir araligr 1
interval olmagq sartilo ¢ap edilorak, qosulmus CD disk ils toqdim edilir.

4.2. Moaqalalorin imumi hocmi, qrafiki materiallar, fotolar, codvallor, diisturlar, adabiyyatin
siyahis1 va xiilasolor do daxil olmagqla 8 sohifodon yuxari olmamalidir.

4.3. Moqalalorinin birinci sohifosinin sol kiinciinds Universal onluq tosnifati (UOT) iizro
indeksi gostorilmalidir. Sonra 1 interval asagidan, qalin vo bdyiik hariflorls maqalonin
ad1 yazilir. Sonra 1 interval asagidan, qalin va boylik hariflorlo miisllifin (miislliflorin)
soyadi, ad1 vo atasinin adiin bas horiflori yazilir. 1 interval agsagidan moaqaloni toqdim
edon toskilatin adi1 yazilir. 1 interval asagidan, moqalonin matninin diline uygun olan,
hocmi 10 satirdon ¢ox olmamagq sortilo, 10 srifti ilo ¢ap edilon xiilass, agar siizlor (5-6
$0z), maqalonin asas matninin Oniinds verilir. Sonra 1 interval asagidan maqalonin osas
motni 12 srifti ilo ¢ap edilir. Bilavasito mogalonin motninin davami olaraq, heg¢ bir
basliq vermodon, yalniz 20-25 simvolluq xatt ¢okorok, say sirast ilo istifado edilon
odobiyyatin siyahis1t verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis
dillorinds olan xiilasolor vo agar sozlor (10 srifti ilo ¢ap edilorak) verilir. Mogalonin
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moatninin sonunda, oalaqo telefonlari, telefakslar vo E — mail-1 géstormokla, miialliflor
maqaloni imzalayirlar.

4.4, Moqalonin qrafiki materiallari, fotolar, cadvallor, diisturlar motno uygun yerlordo
yerlosdirilmalidir. Qrafiki materiallarin sorhino aid olan yazilar moqalonin matnindo
verilmolidir. Qrafiki materiallarda odadi vo ya horfi isaralor gostorilorok, uygun izahatlar
motnin igarisindo verilmalidir. Qrafiki materiallarin asagi hissasindo say siras1 verilir vo
ad1 yazila bilor (misal {i¢lin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say siras1 qeyd edilmoklo, orijinalin dilindo verilir. Miislliflorin soyadi, adi
vo atasiin adi kursivdon istifads etmoklo yazilir. ©dobiyyatin siyahisi agsagida verilon
niimunoalar tizrs tortib edilir.
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Energetikanin problemlori e Ne2 e 2017 e [IpoGrueMbl SHEPTETHKH

K CBEJAEHUIO ABTOPOB
1. O0mue npasuia.

B xypnane “TIpoGiembl DHEpreTUku” MyOJUKYIOTCS HAYYHO - TEXHUYECKHUE CTATbH B
007acT KOMIUICKCHBIX MPOOJIEM SHEPreTHUKH, SJICKTPOIHEPTETHKH, TEIIOIHEPTEeTUKH,
3MEKTPOPU3UKH, TEKTPOTEXHOIOTHH, UH()OPMATUKHU U HOBOM TEXHUKH, & TAKXKE MPUBOTUTCS
TEKYIlasi XpOHHUKA.

OCHOBHOM IIeJIbIO KypHaJa SIBISICTCS MMyOJIMKAlMs OpPUTMHAIBHBIX HAay4HO-TEXHHYEeC-
KHUX CTaTel, OTBEUYAIONINX TPEOOBAHMSIM BBICOKOTO HAYYHOTO Ka4eCTBa.

B xypHane npuBoasaTcs cBeleHus: o pabote KoH(epeHIHil, CHMIIO3UYMOB, Pa3TUYHbBIX
HAy4YHBIX IIIKOJI, @ TAKXKE€ 00 MHTEPECHBIX COOBITUAX, MPOUCXOIAIINX B HAYYHOM MHUPE.

Penakuus coxpanser 3a co0oii mpaBo HE MyOJUKOBAaTh MAaT€pUANIbl MO TEM WM UHBIM
MPUYHHAM, HE YOBJICTBOPSIOMIUM TPEOOBAHUSAM KypHaa.

2. lIpencraBienue crareii.
CraTbu 1OIDKHBI OBITH MPEICTABICHBI B PEIAKIIUIO KyPHAJIA 110 CIEAYIOIEMY aipecy:

Azepbaiimkan, A3-1143, baky, nip. I'. J>xaBuaa, 33
WNuctutyr @usuxku HAH Aszep0Oaiimkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®dakc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OTtBeTcTBeHHBIN cekpeTapsh - ['ypbanoB Ksmumnbs baxtusp orisi.

3. SI3bIK cTaTeii.

CraTby MPUHUMAIOTCS Ha a3epOaiPKaHCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX, IpUYeM
CTaTbU aBTOPOB U3 A3epOaiiikaHa T0JKHBI OBITh ITPEJICTABICHBI Ha a3epOailIKaHCKOM WU
PYCCKOM $I3bIKax, cTaTbu aBTOpoB U3 cTpad CHI' - TOJIbKO Ha PyCCKOM SI3bIKE, CTaTbU aBTOPOB
U3 JAJIIBHETO 3apy0exkbs - TOJIBKO HA aHTJIMICKOM SI3BIKE.

4. TpaBuia opopmiienus crarei.

4.1. B penaxuuio XypHaja MpeJICTaBIsAIOTCS CTaThH, HAOpaHHbIE U Halle4aTaHHbIE B OJHOM
IK3EMITISIPE Yepe3 OAWH MHTEPBAI Ha MEPCOHAIFHOM KOMITbIOTEpe, Ha Oenoil Oymare
dopmara A 4, mpudrtom Times New Roman, pasmep mpudra 12, a Taxxke
npezcTaBisieTcss B dnekTpoHHOM Buae Ha CD jaucke. Tlomst cBepxy W cHH3Y - 2 cM,
cJIeBa M CIpasa - 2,5 cM.

4.2. OObeM cTaThul HE JOJDKEH MPEBBINIATh 8 CTpaHUI], BKIIOYas TpadUuecKue MaTepHualibl,
¢doro, Tabau1bl, GOPMYJIBI, CIIUCOK JUTEPATYPhl U AHHOTALINH.

4.3. B BepxHeM JIEBOM YIJIy NMEpBOW CTpaHUIIBI CTaTh yKasbiBaeTcs uHaekc YJIK. Yepes 1
MHTEpPBaJl HU)KE IMOMEIAaeTCsl Ha3BaHUEe CTaThU KMPHBIM U 3ariaBHbIM mipudrom. Uepes
1 uaTepBan noMemiaercs pamMuins (paMHUINK), 1 HHULMAIIBI aBTOPA (AaBTOPOB) KUPHBIM
U 3ariaBHbIM mpudrom. Uepes 1 nHTepBas yka3bIBaeTCs HAMMEHOBAHUE OpPraHU3ALMH.
Yepe3 1 uHTEpBan momemiaercs aHHOTAIMsS Ha s3bIKe CTaTbu o0beMoM He Oonee 10
CTPOK M KitoueBble cioBa (5-6 cmoB) mpudrom 10. Uepe3 1 mHTEpBaT momeniaeTcs
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OCHOBHOE€ cojepkaHue cratbu mpudpToM 12. B KOHIIE OCHOBHOIO TEKCTa CTAaThH
IPOBOAMTCS Ipouepk AnuHoW 20-25 CHUMBOJIOB, IOCIE YEro IOMEIIAETCS CIUCOK
JUTEepaTypel 0€3 Kakoro-iuOO Ha3BaHWs, B TOPSJAKE HyMEpaIlMH CCHUIOK B TEKCTE
cratpu. I[locme 3Toro uwepe3 1 wHTEpBan MOMEIAIOTCS AHHOTALMK HA ABYX JPYTHX
S3bIKaX — PYCCKOM (MM a3epOailpkaHCKOM), aHTJIMHCKOM M KJIloueBble ciioBa (5-6
cioB) mpudTom 10.

B camoM KOHIIE CTaThM MOMEIAIOTCS KOHTakTHBIC TenedoHbl, pakckl 1 E — mail, a
TaK)Ke TIOJIITUCU BCEX aBTOPOB.

4.4 I'papuaeckue marepuansl, GoTo, TaOIUIBI, POPMYIIBI IOMEIIAIOTCS B COOTBETCTBYIOIINX
pa3zenax Tekcra cTarbu. Haamucu, oTHocsAmmecs K TrpadUUyeckuM MaTepuaniam,
MIOMEIIAIOTCSl B TEKCTE CTaThu. B rpaduyeckoM wmarepuasie yka3blBarOTCs OYKBEHHBIC U
dpoBbsie 0003HAYCHHS, & UX KOMMEHTAPHH MOMEUIAIOTCA B TEKCTE CTaThu. B HIDKHEH
YacTH TpaHuUECKOro MaTepualia yKa3bIBaeTCsl HOMEP M MOXET YKa3bIBaThCs Ha3BaHUE
Mmatepuania ( Hamp., Puc.3. Cxema ycTaHOBKH. ... )

4.5. CrnucoKk IUTUPOBAHHOM JUTEPATYPhl MPUBOJUTCS HA SI3bIKaX OpUTHHANOB. DaMuiuu 1
MHUIMAIBl aBTOPOB IedaTaroTcss KypcuBoM. CHHCOK JUTEpaTypbl odopmisercs Mo
00pas3ily, IpUBEICHHOMY HIKE:

Kuuru

1. Pazesue /[.B., Coxonosa M.B. PacueT HauanbHBIX W pa3psAHBIX HANPSKEHUH Ta30BbIX

npoMexxyTkoB. M.: Dueprus, 1977.- 178 c.

2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Kypnaibt

3. Aeanos B.I'., Pazesue J[.B. // nektpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Anaxoapos O.3. /| duzuka-1999-Ne 3- c.44-49.

JlenoHNpOBaHHBIE PYKOIIUCH
5. Ueanoe JII1. M., 1985. 40c. - llen. 8 BUHUTH 25.10.85, Ne19233.

Huccepramuu

6. Ilempos B.I. Jluc. kaHn. ¢wuz.-mar. Hayk. JI.: HMHctuTyT BbICOKOMONEKYISPHBIX
coenqnuenni, 1985.
7. Cuoopos H.B. JTuc. n-pa xum. Hayk. HoBocubupck: Uncturyr Xumuu, 1979.

ABTOpCKI/IC CBHUACTCIIBCTBA U IMTAaTCHTHI

8. Anues C.I'., [Jocananos K.X. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50

9. IMar. 3386968 CIIIA // PXK. ®U3. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Kondepenuuu, cuMno3nymsl
11. Meoseoes I1.T. // Te3. noxa. 111 Bececoros. Coernt. mo mpoGiaemMam dHEPTEeTHKH.

JI.: U3n. JIIIN, 1984, ¢.30.
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Energetikanin problemlori e Ne2 e 2017 e [IpoGrueMbl SHEPTETHKH

FOR THE ATTENTION OF AUTHORS
1. 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.

2. 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

3. 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.

4. 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
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4.4.

4.5.

printed below the line, following the same order as it was referred to in the text. Below
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.

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...)

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., MoruzziJ.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.

3. Anaxosapos O.3. /| duzuka-1999-Ne 3- c.44-49.

Patents

4. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.
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