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Energetikanin problemlori o Ne4 o 2019 e [IpoGiieMbl SHEPTreTUKHI

YIK. 681.309

OBOBIIEHHBIN YACJIEHHBLIA METO/JI AJ151 KOMIIBIOTEPHOI'O
MOJAEJIMPOBAHMUSA NIEPEXOJHBIX ITPOLECCOB B CJIOKHBIX
PA3BETBJIEHHBIX SJIEKTPUYECKHUX HEIIAX
C COCPEAOTOYEHHBIMUA MAPAMETPAMM

UT?KABAJIOB H.I'., 2MAMEJIOB A.W., 2UBAJIOB A.A.,

'Hayuonanvnoe Aspoxocmuueckoe Azenmcmeso
2Uncmumym Kocmuueckux Hccneoosanuti Ipupoonwix Pecypcoe HAKA
ibadov-anver@mail.ru

Ha 6a3e pa3Butust TeOpHH ONEPaMOHHOTO NCYUCIICHUS MPECTaBICH HOBBI 0000IIEHHBIH yIIPOIIEHHBIH
YHCIIEHHBIH METOA JUIS KOMITBIOTEPHOTO MOJEIHMPOBAHMUS MEPEXOIHBIX MPOIECCOB B CIOXKHBIXPA3BETBICHHBIX
JNEKTPUUECKUX IIEMAX C COCPEJOTOYCHHBIMH IapaMeTpaMHuB OOIIeM Cilydae IIpH 3aMeHe OIepaliH
HETIPEPHIBHOTO HMHTETPUPOBAHUS CYMMHPOBAHHEM IOIB3YACH GopMmynoii CHMIICOHa, MUHYS CTaaHIO
COBMECTHOTO DELICHHS HCXOAHBIX MH((epeHINaTbHBIX YPaBHEHUH, COCTABIEHHBIX UIS OTACIBHBIX BETBEH
Henu Ha ocHoBe 3akoHOB Kupxroda. IlodydeHbl HOBbIE NPOCTBIE PEKYPPEHTHBIE COOTHOIICHHMS, JIETKO
peanusyeMble Ha KOMIIBIOTEDE.

KirouyeBble crioBa: KOMIBIOTEPHOE MOJENIUPOBAHUE, 3JIEKTpUYECKass LENb C COCPEIOTOYCHHBIMU
napaMeTpamu, YUCIEHHBIH METO/.

Beenenue: Kak mokaspiBaeT NpakTHKa, PEXHUMbI padOThl 3JIEKTPUUECKUX LENel ¢
COCPEIOTOYEHHBIMHU IIapaMeTpaMu B IPOLECCE HUX DIKCILUIyaTallud B OCHOBHOM SBIISIOTCS
nepemeHHbIMH [ 1-8].

IIpu 5TOM ypOBEHBb HAJEKHOCTU UX U30JALUU B 3HAYUTEIBHOW CTENIEHU ONPEIEIAETCS
BHYTPEHHUMU NIEPEHANPSLKCHUSAMH, BOZHUKAIOIMMU B PA3JIMYHBIX YCIOBHAX JKCILTyaTal[Uuu.

B Hacrosimue Bpemsi Ha 0aze TEOpHUU ONEPAMOHHOIO MCYUCIEHHS XOPOIIO pa3BUTHI
METO/bl AHAJUTUYECKOTO PEIICHUS 3a/1a4 JUHAMUKHU B HECJIOKHBIX JJIEKTPHUUYECKHUX LIETSX C
COCPEIOTOYEHHBIMU IapaMeTpaMu € XapaKTEPUCTUYECKUM YPAaBHEHHEM HEBBICOKOIO
MOpPsIIKA, IPU BKJIIOYEHUM HX I0J JEHCTBHE IOCTOSHHOIO WM W3MEHSIOLIErocs II0
CUHYCOMAIILHOMY 3aKOHY HaIpPsKEHUS, T.€.

Uy(t) = Uy(t) = const,Uy(t) = Epp sin(wt + @)[1-5]

OpnHako, Kak TOKa3bIBa€T MPOBEACHHBIM aHaIW3, B PEATbHBIX YCIOBHSX, MPH
BO3HHMKHOBCHHUH IMEPEXOJHBIX MPOLUECCOB B YKA3aHHBIX LECIIAX, BO3MYIIAIOIICC BOS}ICﬁCTBHG,
MPUIOKEHHOE B KOHTYD IIeTIH, SIBIIIETCS IEPEMEHHON BO BpeMeH! (pyHKIMEH MPOU3BOIBLHOTO
B 0011IeM clTydae BHIa

Uo(t = f(2) [1-5].

[Tpu 3TOM NEepexo/iHbIe MPOLECCHl, MPOTEKAIOLINE B CIOXKHBIX JEKTPHUUECKUX LIETISIX C
COCpPEIOTOUYEHHBIMU TapaMeTpaMH, OMHCHIBAIOTCA AU(PEepeHIInaTIbHbIMU  YpaBHEHUSIMU
BbICOKOTO mopsinkal 1-10].

B cuny oaroro, ucnonb30BaHME TEOPUU  OMNEPALMOHHOIO  HMCUMUCIEHUSA 7S
AQHAIUTUYECKOTO PEIIeHUs 3a/lad TUHAMUKU B YKa3aHHBIX CHCTeMaX, TpeOyeTcs COBMECTHOE
pemienne cucteMbl MU depeHINaTbHBIX YpaBHEHUH, COCTaBIEHHBIX HA OCHOBE 3aKOHOB
Kupxroda nmns ormensHbIX BeTBe. TakoBO JEIEHHE MAaTeMAaTHUYECKUX TPYIHOCTEH NpH
nepexojie OT M300paKEeHUH K OpUTHHAIAM HCXOAHBIX (YHKIUN (TOK, HANPSIKCHHE), BBUIY
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HEOOXOIMMOCTH ONPEENICHUs KOPHEH XapaKTepUCTUYECKOTO YPaBHEHUS BHICOKOTO MOPSAKA.
Kpome Toro, mnpou3BOJIbHOCTH H3MEHEHHS BO BpPEMEHHM HANpPsKEHUS, MPUIOKEHHOTO B
KOHTYp IIeTH, CYIIECTBEHHO YCIIOXKHSIET X0 pacyeTOB.

B cBs3u ¢ 3TUM, B HacToOsIIEE BPEMS B YCIOBUAX HIUPOKOTO BHEIPEHUSI KOMITbIOTEPHOM
TEXHUKU B TPAKTUKY WHKEHEPHBIX PAaCcyYeTOB, BeCbMa 3(P(PEKTUBHBIM SIBISIETCA CO3IaHUS
YUCJICHHBIX METOJIOB [JIsi KOMIIBIOTEPHOTO MOJICIMPOBAHMS TIEPEXOJHBIX IIPOLIECCOB B
yKa3aHHbBIX CUCTEMaX.

Hcnonp30BaHne KOMIBIOTEPHOH TEXHUKH OOOCHOBBIBACTCS TEM, YTO TaKOW MOJIXO]T
CYLIECTBEHHO pacCIIUpsieT KPYr pelIaeMbIX MPaKTUYeCKUX 3ajad B 00JIaCTH AMHAMUKH B
YKa3aHHBIX CHCTEMaX.

D¢ heKTUBHBIM TMOAX0A0M, Ha 0aze JaJbHEHIIEro pa3BUTHS W OOOOIICHHS] TEOpPHs
ONEPALIMOHHOIO MCUUCICHUS ISl KOMITBIOTEPHOI'O MOJEIUPOBAHUS TIEPEXOIHBIX MPOIECCOB
B 00BEKTaX C COCPEIOTOYCHHBIMU M PACHpPEICICHHBIMH MTapaMeTpaMHu, SIBJISIETCS YHUCICHHbBIE
METO/IbI, IPEUIOKEHHBIC B paborax [1-11].

[IpeuMyIiecTBOM yKa3aHHBIX HOBBIX UHCJICHHBIX METOJOB SIBISIETCA TO, YTO OHH
MO3BOJISIIOT TMPOU3BECTH KOMIBIOTEPHOE MOJICIMPOBAHUE TEPEXOTHBIX MPOIECCOB Kak B
CUCTEMaxX C COCPEIOTOUYCHHBIMU MapaMeTpaMHu, TaK U C paclpeesieHHbIMU apameTpaMu 0e3
nepexojia B 00JacTh TUCKPETHBIX M300pakeHuid [7-11], a Takke OCYMIECTBISITh MEPEXO OT
JlanmacoBbIx M300pakeHMI MCKOMBIX (YHKIUH B 00JacTh OpUTHHAIOB 0€3 HaXOXKIEHUS
KOpHEH XapaKTepUCTUYECKUX ypaBHEHHH, 0€3 pa3iokKeHHUs ONEepaTopHbIX KOd(PPHIHNEHTOB
pacripocTpaHEeHHs] BOJIH U ONEPATOPHBIX BOJHOBBIX CONMPOTUBJICHHUH B PSAIbl, MUHYS CTAIIIO
WCIIOJIb30BAHUS TEOPEMbBI Pa3I0KECHHUS.

Kpowme Toro, npeanoskeHHbIi HOBBIH MOAX0/I, B OTJIMYKE OT CYIIECTBYIOIINX METO/IOB, B
3aBUCHUMOCTH OT 33JJaHHOM TOYHOCTH pacyeTa MO3BOJISIET 3aMEHUTD OIEPaIUI0 HEPEPHIBHOTO
WHTETPUPOBAHUSI CYMMHUPOBAHHUEM, TOJIb3YIOCh (POPMYJIaMH HE TOJIBKO MPSIMOYTOJILHUKOB, HO
u Tpaneruit Cumrcona, Yo [12].

VYKka3zaHHbIE CBOWMCTBAa HOBOTO MOJXO0Ja CYHIECTBEHHO PAaCHIUMPSIOT KPYr peHIaeMbIX
MPaKTUYECKHX 3a/1a4 B JAHHBIM CHUCTEME.

B nanHoli crathe, Ha 0a3ze JanbHEWIEro pa3BUTHS U 0000IIEHUS TOIXO7a
npeaioxkeHHoro B paborax [7-10], BmepBble B Hay4dyHOM JUTEpaType MPEACTABICH
VOPOIICHHBI YHUCIEHHBI METOJ JJs KOMIBIOTEPHOTO MOJCIHUPOBAHMS TEePEXOJHBIX
MIPOIIECCOB B CIIOKHBIX JEKTPUUYECKUX IETSIX C COCPEIOTOUCHHBIMU MapaMeTpaMu, B 00IIeM
ciydyae mpu BkiodeHuu mpou3BosnbHON DJIC e(t) u 3ameHe omepanuyd HEempepbhIBHOTO
WHTETPUPOBAHUS CYMMHUPOBAHUEM, TMOJIB3YsCh ¢opmysoir CumriicoHa, 0e3 COBMECTHOTO
pemieHus cucteMbl AudGepeHInaTbHbIX YPaBHEHU COCTABICHHBIX Ui OTJCIbHBIX BETBEH
1[Ny Ha OCHOBE 3akOHOB Kupxroda.

1.Ilocmanoska 3adauu: llpenanoxkum, B MOMEHT BpemeHH t = (0 mpH HYIEBbIX
HAYaNbHBIX yCIOBUSX, mpou3BonbHass OJOJIC e(t) BkiIOYaeTcs B KOHTYP CIIOXKHOU
pa3BETBICHHON AJIEKTPUUECKON LIENHU C COCPEOTOUEHHBIMH MapameTpamu (puc.l).

R L Ul Ry L Ugl)

2. Pewenue 3a0auu: COrnacHo MpPeIONKEHHOTO MOAXO/A, TPH HYJICBBIX HAYAIbHBIX
yenosusix (mpu t = 0,i,(0) = i,(0),i(0) = 0) BXogHOE OMEPATOPHOE COMPOTUBICHUE IS
JaHHOM 11enH (puc.l) MOXKHO MPEICTaBUTh B BUJIE:
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_ Z2(P)Z3(P)
2(P) = 7, (P) + 7 0, ©

rzae P- mapamerp npeoOpaszoBanus Jlamnaca;
1 1
Zy(P) = Ry + PLy, Z5(P) = 5 -, Z3(P) = Ry*PL; +

R{, Ry-aKTUBHBIE COIPOTUBIICHUS B 1IeTIH; L4, C1, C5- UHIYKTUBHOCTh U €MKOCTH B 1IEIIH;
Z,(P),Z,(P),Z;(P)- onepaTopHbIE€ COIPOTUBIICHHS IJIsl OTACIILHBIX BETBEMN JAHHOM LEIIH.

Jlnst onpenenenust JlaruiacoBoro usoOpaxkeHusi Toka i[(t) B HEpa3BETBICHHOW YacTH
JAHHOMW e , coraacHo (puc.l) MOXKHO MPEACTaBUThH CIEAYIOLIEe COOTHOIICHHUE:

1
Z(P)

I((P) = —E(P), (2)

rae [ ((P), E(P) — JlamutacoBoe u3obpaxkenue Gpyukiwmii i(t), e(t).

[ToacraBisist 3HAUYEHHUS ONIEPATOPHBIX conpoTuBienuit Z, (P), Z,(P),Zs(P) u3 (1) B (2)
HOJTYYHM:

1(P)
3 C,C,W,P3 + C,C,R,P%? + (C, + C,)P
" (Ry + PW)[C,C,L,P3 4 C,C,R,P? + (C, + C,)P] + R, C,P + L,C,P2 + 1

EP) (3

Beipaxxenue (3) MOXHO peACTaBUTh B BUJE:

bsp® + bp* + bip
asp* + azp3 + a,p? + ap + a,

I(P) = E(p), (4)

I'me b3z = CCyLy, by = CiCyR,, by = €y + Gy, a4=C,C,L4 Ly,
az = C1C(LyRy + LiRy), ap = C1CoR R, + (€1 + C3)Ly + LyCha; = Ri(C1 + Cp),a0 =1

Ha 06asze npemioxkeHHOro mnojaxoja, BTOPOW JTal palleHHs IOCTABJIEHHOW 3ajauu
CBsA3aH C OCYIIeCTBIIEHHEM TMepexoaa oT JlammacoBoro wuzoOpaxkeHus (4) B 00macTh
OpHMIMHANOB, 0e3 HAXOXIEHUS KOPHEH XapaKTepUCTHUECKOTo ypaBHeHMs aup* + asp3 +
a,p? + a;p + ay MUHys CTaMIO UCIIONL30BAHHS TEOPEMBI PA3I0KEHHUS.

B cBsi3u ¢ aTuM, cornacHo [8,9] BeipaskeHue (4) MOXKHO TIPE/ICTaBUTh B BUJIE!

I(p)(asp® + asp® + a;p* + a1p + ao) = E(p)(bsp® + byp* + b1p) 5)
PaszienuB BeIpaxkenue (5) Ha p* momydnm:
agl(p) + W1 (p)I(p) = E(p)W,(p), (6)
1 1 1 1 1 1 1
rae W (p) = az_+a; 5ta; 5+ dos W (p) = by + bz +bis,
W, (p), W, (p)- nepenarounsie GpyHKIIHH.

Ha ocnoBe Teopembr cBeptku [7-10],mepexoms oT ypaBHeHHS (6) OTHOCHTEIBHO
u3obpaxenust [ (p), K ypaBHCHUIO OTHOCHTEIILHO OPUTHHAIIOB IOy YHM:



a,i(t) + f W, (0)i(t — 0)do = f W, (0)e(t — 0)do, %

2 3 2
rac Wl(t):a3 + azt + al% + as % ,Wz(t):b3 + bzt + bl t?,

W, (t), W, (t)-u3BecTHbIe OprruHaibl epeaatodnbix Gyukmmid Wi (p), Wa (p).

Pemnth mnonyyeHHOE WHTErpasibHOE ypaBHeHHE (7) B SBHOM BHUJE OTHOCHTEIHHO
uckomoii (yukimu i(t) HEe MPEACTaBISETCS BO3MOXKHBIM, TaK KaK €¢ 3HAUCHHEC B HAYale
pelleHus JAaHHOW 3a71a9u SBIISICTCS HCM3BECTHBIM.

B cBsa3u ¢ atum B mHTerpaibHOM ypaBHeHuu (7) cormacHo [7-10], ucmosn3yst cBS3b
MEXJly HEIPEPBIBHBIM BpeMeHeM t U AuckpeTHbM n (raen = 0,1,2...) B Bune t = nT (rue —
NEepUO MOBTOPEHUS PElIeTYaTol (QYHKIMN) MPOU3BOIUM JUCKPETU3AIMIO €ro MPU BHIOPAH-
HOM WHTepBajie T, 3aMEHsIs ONEPANUI0 HEPEPHIBHOTO MHTETPUPOBAHUSI CYMMHPOBAHHUEM, B
JAHHOM CIIyd4ae MmoJyb3ysich Gpopmymnoii CumicoHa.

B paccmarpuBaemom cityudae, corimacHo (opmyniel CHMIICOHA, TMPOLECC BBIYUCICHHS

WHTEpBAIA | Ot f(0)dO BpemeruaToii popme mpeacrasisiercs B Bujae [12]:
ff(9)d9—— m=o(f[m] + 4f[m — 1] + f[m —2]) ®)

Torga uHTerpanbHOE ypaBHEHHE BHJIA fot f1 (@) f,(t —60)dO ¢ yuerom (8) MOXKHO
IPE/ICTaBUTh B BUJIC:

t n
T
ffl(Q)fz(t—Q)dezgz mlfa[n —m] +4fi[n —m+ 1]f;[m - 1] +
Fhlm-mt2fm-2) 9

Takum oOpa3zom, uHTerpampHoe (7) ¢ yderom (9) B pemeryatoir (opme MOXKHO
NPEJCTaBUTh B BUJIE:

a,iln] +ZZ(W1 [mliln — m] + 4W,[n — m + 1]ifm — 1] + Wy[n — m + 2]i[m — 2] =

n

Z(WZ [n —m] + 4W,[n —m+ 1]le[m — 1] +
n[ln m+ 2]e[m — 2]), (10)

(n7)?
6

(nT)?

+ ag (nT)

W,[n] = bs + b,nT + by ,

rae Win] = ag + a,nT + a;
W, [n], W, [n]-pemeryarsie GpyHKIHH.

3nech

Z(W1 i[n—m] + 4Wy[n — m + 1]i[m — 1] + Wy[n — m + 2]i[m — 2]) =



= W, [0] i[n] + Z Wy[mi[n — m] + 4W,[n — m + 1]i[m — 1] +
Wy —m+2lifm—2]), (11)
rae W1[0] = as.

Breipaxxenue (10) ¢ yuerom (11) MOKHO TIpeICTaBUTh B BHJIC:

(a4 +§W1[0]) i[n] +§i

+W,[n —m + 2ifm - 2]) =§z (Wy[mle[n — m] + 4W,[n — m + 1]e[m — 1] +

m=0

Wilm]iln —m] +4Wj[n—m+ 1] +

\

+W,[n—m+ 2]e[m
- 1] (12)

W3 Beipaxenns (12) momydaeMm cCieayromiee pPeKyppeHTHOE COOTHOILIEHHE IS
oIpesieJeHUs 3HaAYSHUs ToKa i[n]:

i[n] = n>m=o(W,[mle[n — m] +4W,[n —m + 1le[m — 1] +
+W,[n —m+ 2]e[m — 2]) — z (Wy[mli[n —m] +

m=1

+4Wi[n —m+ 1]i[m — 1] + Wi[n — m + 2]i[m — 2])}, (13)

w [~

rncen ———= ——
AN w0l

[MonyyeHHOE peKyppeHTHOE cooTHOIeHUE (13)erko peaausyercss Ha KOMITBIOTEPE.
B wactHoM ciyuae,npu ckaukooOpaznom nsmenennn JJIC e(t) = Ep, - 1(t) n

e[n] = E,, - 1[n], pexyppenTHOE cooTHOmEHNE (13)npHHUMAET CIEqyIOMUil BUL:

i[n] = §{Em, Z (W, [m]1[n — m] + 4W,[n — m + 1]1[m — 1] +
m=0

W, —m + 2]1[m - 2]) Z (Wy[m]i[n —m] + 4W,[n —m + 1]i[m — 1] +

+W;[n —m+ 2]i[m2])} (14)
Ipu cunycounanenoit 3JIC e(t) = Ey, sinwt n e[n] = E;, sinwT, pexyppeHTHOE
cootHomeHue (13) mpuHUMaET CAeAYIOMMA BU/:

i[n] = n{Ep, z (W, [m] sinwT[n — m] + 4W;[n — m + 1]sinwT[m — 1] +
m=0

W, [n —m + 2)sinwT[m — 2]) — Z (Wy[m]i[n —m] + 4Wy[n — m + 1]i[m — 1] +

+W;[n —m+ 2]i[m — 2])} (15)



[Ipy W3BECTHOM 3HAYCHUHM TOKA [[n]| OCYIIECTBISETCS MEPEX0J K HAXOKICHHUIO
3HaveHus Hanpsoxenus Ug [n].

B cBsi3u ¢ 3THM, cOrmacHO puc.l Al HAMPSHKEHHS MOXHO MPEICTABHTH CICAYHOIICEe
BBIPOKEHHE B OLIEPAaTOPHOIA opme:

se=(Re+LoP+

U, (P) = = Pcz) 1(P) (16)

—+R2+L2P+—
Bripakenue (16) MOXKXHO MpPECTaBUTH B BUJIC:

1..2 1 1
Ucl(P) = M,(p), (17)

aip3+alp?+alp

rac b% = L2C2 ,bil = R2C2 ,b% =1 ,a% = C1C2L2 ,a% = 61C2R2 ,a% = Cl + C2
Bripaxkenue (17) corimacHo moaxony, NpeasioxkeHHOMY B [8,9], MOXHO MpeACTaBUTh B
BUJIE:

Uc, (P)(a3p® + azp® + aip) = (bzp* + bip + bp)I(P) (18)
Paszenus Boipaxenue (18) na P3, nomyuum:

aiUc, (P) + WH(P)Uc, (P) = W (P)I(P), (19)

F,[[erl(P)Za +a1 3,W2(P)—b +b +b0 3,

WL(P), W1 (P) - nepenarounsie q)yHKHI/II/I.
Ha ocHoBe Teopembl CBEPTKH, MEPEXOJsi OT YpPaBHEHUS OTHOCUTEIHHO H300paKEeHHUS
(19) x ypaBHEHHIO OTHOCUTEIFHO OPUTHHAJIOB, TTOJIYIHM:

a3Uc, (8) + [y Wit (O)Uc, (¢ — 0)do = [ W3 (0)i(t —
0)de, (20)

e We(t) = a} +ajt, W} (t) = bl + bit + b} = Wl (t) , W3 (t)-u3BecTHBIE OPHMTMHANBI

nepenatounbix Gpynkumii Wi (P), Wi (P).
B unterpansHoM ypaBHeHuM (20) 3aMeHssl Onepanui HeNpepbIBHOTO UHTETPUPOBAHUS
CYMMHpPOBaAHHEM M0JIb3Ysich (popmyroit Cumicona (9), momyuum:

n
T
a3UC1 §2 m]Uc, [n — m] + 4Wl[n — m+ 1]U¢, [m — 1] +
m=0
T n
+Wiln — m + 2]Ug, [m — 2) =§Z Wi mliln — m] + +4Wi[n — m + 1]ifm — 1] +
m:
+Win —m+ 2]i[m
-2, (21)
rie  We[n] = al + ainT,Wi[n] = bj + binT + b} (nT) ,Wi[n], W3 [n]- pemeruarsie
GyHKIHH.
3nech



Z(W1 m] Ug,[n — m] + 4W;t[n — m + 1]U¢, [m — 1] +

+Win —m + 2Ug, [m — 2]) = W[0]U, [n] + Z (W m]Ug, [n — m] +
+4Wi [n —m+ 1]Ug, [m — 1] + Wi n —m + 2];n=1 (22)

Bripaxkenue (21) ¢ yuerom (22) Oyner:

Ucln]—nl{Z(Wz ifn—ml+4Wiln—-m+1lifm—-1] +

FWin —m + 2)i[m — 2]) — z Wit [m]Ug, [n — m]4Wi[n — m + 1]U¢. [m — 1] +

+Wi[n—m+ 2]U¢ [m — 2]}, (23)

T

3
racen, = T
az+;wr[o]
Ipu wm3BecTHOM 3Hauenun Hampsxenus Ug [n] ocymectsnsercs mnepexonm k
HAXOXKIEHUIO 3HaueHus Hampsxenus Ucg,[n]. B ceasu ¢ atum cormacHo puc.l ans

HanpsokeHus U, (£)MOXKHO IIPEICTaBUTh CIIEYIONIEE COOTHOIECHHE B ONIEPATOPHOM popme:

Ug,(P) =
1
PC,
P—22+R2+PL2 Ue,(P) (24)
Boipaxenue (24) MOXHO NpeACTaBUTH B BUJIE:
U (P) = —2__y. (P) (25)
C2 aZP2+aZpP+a? €1V 7

rae b§ = 1,a3=L,C, af = R,C,,a5 = 1.
Bripaxkenue (25) MOKHO NPeICTABUTh B BUJIE:

a3Uc,(P) + U, (PYW,(P) =
Ws(P)Uc, (P), (26)

rneW,(P) = a? + ao = W3 (P) = bO - W (P), W5 (P)-nepenarounsie (pyHKITHH.

Ha OCHOBC TEOPEMBbI CBEPTKH, MEPEXO0J]i OT YPaBHEHHS OTHOCHTEIBHO HM300paKEHUS
(26) K ypaBHEHHIO OTHOCUTEIFHO OPUTHHAJIOB, TTOJTYIHM:

a3Uc, (t) + [ U, (t — 8) W,(6)d6 = [ W5(8) U, (t — 6), (27)
rneW,(t) = a? + ait, W5(t) = b3t

B unTerpanbHoM ypaBHeHUU (27) 3aMeHsis ONepaluy HENPEPHIBHOTO UHTEIPUPOBAHUS
CYMMHUpOBaHHEM N0Jb3ysAch popmyioit Cumrcona (9), momyuum:

a3, [n] +§Z (Wy[m]Ug, [n — m] + 4W,[n — m + 1]U¢, [m — 1] +
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+Wy[n —m + 2]Uc,[m — 2]) Z(W3 m]Uc, [n —m] +

+4Ws[n —m + 1]U¢, [m — 1]+W3 [n m + 2]Uc, [m — 2]), (28)
rae Wy[n] = a? + a3nT, Ws[n] = a? + binT, W, [n], W;[n]-pemeruarsie pynkuumu.

3nech

Z (W, [m]Ug, [n — m] + 4W,[n — m + 1]Ug, [m — 1] + Wy[n — m + 2]U¢, [m — 2]) =

m=0

= W, [0]Ug, [n] + Z (W, [m]Ug, [n — m]aW,[n — m + 1]U¢,[m — 1] +
m=1

+Ws[n —m + 2]Uc,[m
—2]) (29)
Bripaxenue (28) ¢ yuetom (29) Oyner:
n

Ug,[n] = nz{z W, [m]Ug, [n — m] + 4Ws[n — m + 1]Ug, [m — 1] +

m=0

+W;[n —m + 2]Ug,[m — 2]) — z (Wy[m]Ug, [n — m] +

m=1

+4Ws[n —m + 1]Uc,[m — 1] + Wy[n — m + 2]Uc,[m — 2])}, (30)
T
e, = S 7 ——
a2+§w2[0]

HpI/I HU3BCCTHOM 3HAUCHUH HAIPAKCHUSA UCZ [Tl] OCYHICCTBIIACTCA TIEPCXOHd K

HAXOXKJIEHWIO 3HA4YeHWss ToKa i,[n].B cBsa3u ¢ sTMM cormacHo puc.l JUIs HanpsOKEHHS
Uc, [t]MOxHO mpencTaBuTh ciIeayIolee COOTHOIIEHHE B OTIEpaTOPHOH (opme:

Uc,(P) = 55 12(P) 3D

Ha ocHoBaHue Teopembl CBEPTKH, IEPEXOAS OT YpaBHEHUSI OTHOCUTEIILHO N300paKeHUs
(31) K ypaBHEHUIO OTHOCUTENILHO OPUTHHAJIOB, ITOJTyYUM:

Ue,(0) = = J; 1(8) izt — 6)d6 (32)

B unTerpansHoM ypaBHeHUH (32) 3aMeHssl ONepaliil HENPEepPbIBHOTO UHTEIPUPOBAHMS
CYMMHpPOBaAHHEM M0JIb3Ysich (popmyront Cumricona (9), momyuum:

Ue, [n] =

Wl

T n

— mli,[n—m]+4-1[n—m+1]i,[m—1] +

C mz:o

1[n —m+ 2]i,[m — 2] (33)
3aech

Z(l[m]iZ[n—m] +4-1[n—m+1]i,[m—-1]+ 1[n —m + 2]i,[m — 2]) =

m=0
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= iy[n] + Z (A[m]iy[n —m] +4 - 1[n — m + 1]iy[m — 1]
m=1

+ 1[n —m + 2]iy[m — 2]) (34)

Bripaxxenue (33) ¢ yuerom (34) Oyner:

T T C
Ug,n] = 3 &= Galnl + ) (Ul iafn —m] +
4-1[n—m+1]i2[m—1]+1[n1n:71+2]i2[m—2]) (35)

W3 Beipakenust (35) mosrydaeM ClieyroIIee COOTHOIIEHUE IS TOKa iy [n]:

i,[n] = %Ucz[n] _ Z(l[m]iz[n —m]+4-1n—m+ 1iy[m — 1] +
F1[n = m + 2]iy[m — 2]) (36)

Ilpn wW3BECTHBIX 3HAYEHUSX TOKa i[n],i,[n]cormacuo puc.l, MOXHO IIPEICTaBUTH
CIIeyIoIee COOTHOIIEHUE IS TOKA iq [n]:

iy[n] = i[n] = iz[n] (37)

Takum o00pa3oM, TNPEAJIOKEHHBI YHUCIEHHBII METOJ TO3BOJISIET PpaccuuTaTh
IIEPEXOJHBIE  IIPOLIECCHl B CIOKHOM  Pa3BETBICHHOM  JJIEKTPUYECKOM  LEenmu ¢
COCPEIOTOUEHHBIMHM TapaMeTpaMH MHHYs CTaJHI0 HCMOJIb30BaHUS 3akoHOB Kupxroda,
TEOPEMBI PA3JIOKEHUS, A TAK )K€ HAXOKJICHUS KOPHEN XapaKTEPUCTHYECKOTO yPABHEHUS, UTO
3HAQYUTEIIBHO YINPOIIACT MAaTeMATHYECKUE BBIKIAAKA U PACIIUPSAET KPYr peLIaeMbIX
IIPaKTUYECKHX 3a]1a4.

[TorpemHocTs pacueToB cBsizaHa ¢ BeuuuHOM T. UeM MeHbIIe BeIOpaHo uucio T, Tem
B MEHbIIEH Mepe XapaKTepUCTUK HENPEPHIBHON (PYHKIIMM OTIMYAIOTCA OT COOTBETCTBYIOIINX
XapaKTEPUCTUK PELICTYATHIX.
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SAXOLONMIS MUROKKOB TOPLU PARAMETIRLI ELEKTRIK
DOVROSINDO KECID PROSESLORININ KOMPUTER )
MODELLOSDIRILMOSI UCUN UMUMILOSDIRILMIS oDODi USUL

CAVADOV N.Q., MOMMODOV A.i., IBADOV 9.9.

Mogqalodo saxolonmis miirokkobtoplu parametirli elektrik doverssindo  kegid
proseslorinin kompiiter modellogdirilmasi {igiin imumilosdirilmis odadi tisul toklif edilmisdir.

Acar sozlar:toplu parametirli,modellogdirm o, kegid proseslori.

GENERALIZED NUMERICAL METHOD FOR COMPUTER SIMULATION
OF TRANSIENT PROCESSES IN COMPLEX ELECTRIC CIRCUITS WITH
CONCENTRATED PARAMETERS
JAVADOV N.H., MAMEDOV A.l,, IBADOV AA.

The generalized numerical method for computer simulation of transient processes in
complex electric circuits with concentrated parameters is presented.

Keyword:computer simulation, electrical circuit with concentrated parameters, numerical method.
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QADOLINIUMLA ASQARLANMIS KARBON
NANOBORULARIN RAMAN ANALIZi
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E_mail: abaszada@gmail.com

Mogqalo grafitin, tomiz vo qadoliniumla asqarlanmis karbon nanoborularina moxsus raman sopilmo
spektrlorinin miiqayisali sokilde tadqiqine hasr olunmusdur. Miioyyon olunmusdur ki, qrafitin raman sopilmosi
spektrindo G vo 2D piklorino uygun olaraq tezliklori 1595sm™, 2676sm™ —ya intensivliklori iso 320 vo 228
miisahido olunur. Tomiz karbon nanoborusunda D, G va 2D piklori uygun olaraq tezliklori 1338sm, 1595sm™,
2676sm™, intensivliklori iso uygun olaraq 817, 703,421 kimidir. Qadoliniumla asqarlanmis karbon
nanoborusunun D, G va 2D piklori iso 1361sm™, 1614sm™, 2704sm* tezliklori ilo, intensivliklori iso azalaraq
739, 610, 346 qiymetlori tortibindo miioyyonlosdirilmisdir. Tomiz karbon nanoborulari ilo miiqayisado,
gadolinium ilo asqarlanmis karbon nanoborulari iigiin D, G vo 2D piklorinin tezliklori 1361sm™, 1614sm-1,
2704sm™ -5 qodor artmus, intensivliklori iso uygun olaraq 739, 610, 346 -ya qodor azalmisdir.

Acar sozlar: karbon nanoboru, gadolinium, Raman sopilmaesi.

Giris: Miiasir dovrdo karbon osasli materiallarin alternativ energetikada genis totbiqi
onlar1 miiasir elmin asas prioritet istigamatlorindon biri kimi miioyyan etmokdadir. Belo ki,
yaxin golocokdo boyiik giico malik litium batareyalarindan elektrik enerjisi istehsalinda vo
agir sonayenin miixtalif sahalorinds tatbigi ilo indiys godor méveud olmus ¢atinliklarin aradan
galdirilmasi istigamatinds ingilabi addim kimi qiymotlondirilmalidir. Odur ki, karbon
nanoboru-lar oldugca shomiyyat kasb edir. Karbon nanoborularin maraqli vo unikal xassalora
malik olmast onlarin fiziki vo kimyovi xassslori ilo bagl olub, genis totbiq imkanlari ilo
diggati calb edir [1]. Karbon nanoquruluslar dedikds bura, fiillerenlari, karbon nanoborularini,
grafeni, grafen oksidi vo s. aid etmok olar [2]. Karbon nanoborularin miixtalif alinma
metodlar1 vardir [3]. Karbon nanoborulari grafit laymimn silindirik formada biikiilmasi
naticosindo hazirlanir [4]. Son illor karbon nanoborularin genis todqiq olunmasma maraq
artmig vo raman sopilmasi metodu ilo Gyronilmisdir [5]. Nanoborularin diametri [6] va
borularin divarlart arasindaki qarsilighh  tesiri isigin  raman sopilmesi metodu ilo
arasdirilmisdir. Isigin kombinasiyali sopilmasi {iciin tokdivarli karbon nanoborulara xas olan
spektr miioyyonlogdirilmigdir. Burada c¢oxfotonlu Raman modlarina uygun olaraq karbon
nanoborunun tobisti miiayyanlosdirilmis vo nanoboruda fonon, eksiton - fonon va eksiton
kegidlori haqqinda informasiya verilmisdir [7].

Karbon nanoborularin miithiim kinetik vo optik xassaloro malik olmasi onlarin ifrat
hossas qaz datciklorindo [8], elektrokimyovi sensorlarda [9], infraqirmizi siialanma
datciklorindo [10] tranzistorlarin, yeni nosil mikroelektromexaniki sistemlords, dorman
dasinmasinda ugurlu tatbiqina sabab olmusdur [11,12,13].

Elektrik qovsii metodu yiiksok keyfiyyatli karbon nanoborularin alinmasi metodlari
icorisindo on giiclii metod hesab olunur [14]. Bu metod ilk dofo olaraq lidjima torofinden
tokdivarli vo ¢oxdivarli nanoborularin alinmasi {iciin istifado edilmis [15]. Elektrik qdvsii
metodu karbon nanoborularin kiitlovi istehsali iiciin do olduqca effektiv metod hesab olunur
[16].

Karbon nanoborulardan alinmis kompozitlorin raman sopilmasi metodu ilo dyronilmasi
ilo piklorin intensivliklori vo genislonmosi arasdirilmisdir [17,18]. Torafimizdon karbon nano-
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borularin sintezi qOvs bosalmasi metodu vasitosi ilo hoyata kegirilmisdir [19]. Karbon
nanoboru-larin raman sopilmasi metodu vasitasiylo analizi zamani, laylarin sayi, diametri,
xirallig1, kegiriciliyin tipi vo divarda movcud defektlorin tobioti haqqinda informasiyanin
aragdirtlmast miimkiin olmusdur [20,21]. Malum oldugu kimi karbon nanoborularin miixtolif
niimunoalarlo asqarlanmasi {ligiin onun funksionallasdirilmas [22,23], bu zaman nanoborunun
daxili divarana toxunulmayaraq uclaranda va ya sathindos birloems yaradsr [10].

Sak. 1. Qrafen listinin silindrik formada biikiilmosi sxematik tosviri:
a) gqrafen listi, b) qrafen listinin slindrik biikiilmasi, c) tekdivarli,
d) coxdivarli [4].

Tacriibi hissa. Tadqgigat metodu:Qrafit, karbon nanoboru va qadaliniumla asqarlanmis
karbon nanoboru Raman sopilmasi metodundan istifado edilorok analiz edilmisdir. Raman
sopilmasi spektrlorinin &lgiilmosi Nanofinder 30 (Tokyo Instr, Japan) konfokal Raman
mikrospektrometrinds aparilmigdir. Hoayacanlandirict manbs kimi 532nm dalga uzunlugu vo
10mVt olan maksimal giico malik Nd:YAG lazerindon istifado olunmusdur. Bu zaman
spektral ayiretma gabiliyyati 0,5sm™ —dir. Detektor kimi (-70°S) -5 gedor soyudulan vo fonon
hesabi rejimds isloyan CCD kamerasindan istifads edilmisdir [19].

Karbon nanoborularin 633nm He—Ne lazerlorindo vo 514,5nm Ar" lazerindo raman
sopilmasina baxilmigdir. Spektrdo miisahido olunan D, G vo 2D piklorin tabioti miioyyan
edilmisdir [24].

Naticalor va onlarin miizakirasi: Qovs bosalmasi metodu ilo alinmis karbon nanoboru
hidroksil qruplarimin  komoyi ilo funksionallagdirilmigdir. Moqalade grafitin, karbon
nanoborunun vo (adoliniumla asqarlanmis karbon nanoborunun Raman sopilmosi vasitasiylo
miigayisoli sokildo Oyronilmosi hoyata kegirilmisdir. Sokilde tosvir edilon oyrilor karbonun
tobiotino xasdir [25]. Sokil 2-do gostorilon grafit 99,9995% tomizliyo malikdir. Sokil 3-do
karbon nanoborunun tomizliyi, keyfiyyoti vo soht morfologiyasinin todqiq edilmasi alinan
niimunanin azdivarli olmasin1 demoays imkan verir. Sokil 4-do tosvir olunan gadoliniumla
asqarlanmis karbon nanoborunun spektri do niimunonin tobistine uygun olan xarakterik
piklorlo miisayat olunur.
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Sak. 2. Qrafitin Raman sapilmasi spektri [19].
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Sak. 3. Karbon nanoborunun Raman sapilmasi spektri [19].

Sak. 4. Qadoliniumla asqarlanmig karbon nanoborunun Raman sapilmasi spektri.

Mogals grafit, tomiz vo qadoliniumla agqarlanmig karbon nanoborularina maxsus raman
sopilma spektrlorinin miiqayisali sokilds tadgigina hasr olunmusdur. Miiayyan olunmusdur ki,
grafitin raman sopilmosi spektrindo  uygun olaraq tezliklori 1595sm™, 2676sm™ vo
intensivliklari isa 320 vo 228 olan G va 2D piklori miisahide olunur. Lakin, tamiz karbon
nanoborusunda ise miisahide olunan D, G va 2D piklorinin uygun olaraq tezliklori 1338sm?,
1595sm, 2676sm™, intensivliklori iso 817, 703, 421 olmusdur. Qadoliniumla asqarlanmis
karbon nanoborusuna maxsus D, G va 2D piklorinin tezliklori 1361sm™, 1614sm*, 2704sm
olub, intensivliklori iso azalaraq 739, 610, 346 giymatlori tortibindo miisyyonlogdirilmisdir.
Gostorilmisdir ki, qadoliniumla asqarlanmis karbon nanoborularinin sopilmo spektrlorinds
miisahido olunan piklorin vaziyysti boyiik tezliklora dogru siiriisiir, intensivliklori iSo uygun
olaraq azalir. Asqarin tosiri ilo Raman sopilmo spektrindo tomiz karbon nanoboru ilo
miiqayisada nazars garpacaq doyisikliklorin miisahido olunmasi defektlorin konsentrasiyasinin
artmasi ilo izah olunmusdur.

1. Bianco A, Kostarelos K, Partidos CD, Prato M. Biomedical applications of
functionalised carbon nanotubes. ChemCommun 2005(5) pp.571-578.
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3. Fu Q, Huang S, Liu J., Chemical vapor depositions of single walled carbon nanotubes
catalyzed by uniform Fe>Os nanoclusters synthesized using diblock copolymer micelles. J
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AHAJIN3 PAMAHOBCKOI'O PACCEAHUA YIVIEPOJAHbBIX HAHOTPYBOK
JIETHPOBAHHBIX C IOMOIIbBIO I'AJIOJIMHUA

ABAC3AJIE P.T.

Crarbsi MOCBSIIEHA CPaBHUTEIBHOMY HCCIEIOBAHUIO CHEKTPOB KOMOWHAIMOHHOTO
paccesiHusl rpaduTa, yriaepoAHbIX HAHOTPYOOK U YIJIEPOIHBIX HAHOTPYOOK JIETUPOBAHHBIX C
MOMOIIBIO Ta0JUHUS. BbII0 0OHApYKEHO, YTO B CHEKTPE KOMOMHAIIMOHHOTO PACCESTHHS
rpaduTa npucyrctByioT ik G u 2D ¢ uHTeHCcHBHOCTAMH 320, 228 1 yacToThl 1595 cm™t n
2676 cm?, cootercTBenHo. ITuku D, G u 2D B HaHOTPYOKAX U3 YHUCTOTO YIIEPOAa HMEIOT
gactoTel 1338 cm?, 1595 cml, 2676 cml, a unrencusnoctu 817, 703, 421. Io cpaBHEHHIO
YIJIEpOAHBIMU HaHOTpyOKamu, dacToThl MUKoB D, G m 2D nmus yraepoaHsix HaHOTPYOOK
JETUPOBAHHBIX T'aJOJIMHUEM, YBEJIMYUBAIUCH 10 1361 em?t, 1614 em?, 2704 em, mpu sTom
WHTEHCUBHOCTU YMEHBIIWINCH 10 739, 610, 346.

KaroueBrble ciioBa: YTJIEepOaAHbIC HaHOpr6KI/I, ragoJIMHUuyM, KOM6I/IHaI_[I/IOHHOG paccessHuc.

ANALYSIS OF RAMAN SCATTERING OF GADOLINIUM
DOPED CARBON NANOTUBES

ABASZADE R.G.

The article is devoted to a comparative study of the Raman spectra of graphite, carbon
nanotubes, and carbon nanotubes doped using gadolinium. It was found that in the Raman
spectrum of graphite there are peaks G and 2D with intensities of 320, 228 and frequencies of
1595 sm™ and 2676 sm™, respectively. Peaks D, G and 2D in pure carbon nanotubes have
frequencies of 1338 sm?, 1595 sm, 2676 sm™, and intensities are 817, 703, 421. Compared
to carbon nanotubes, the D, G and 2D peak frequencies for gadolinium doped carbon
nanotubes increased to 1361 sm™, 1614 sm™, 2704 sm™, while the intensities decreased to
739, 610, 346.

Keywords: carbon nanotubes, gadolinium, raman scattering.
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OHODZADD S.M.

AMEA Fizika Institutu Baki §.H.Cavid pr., Az 1143
e-mail:ahadzade79@mail.ru

Mogalods ilk dofs olarag ZnO-polietilen(PE) asasli kompozit varistorlarin elektrik vo mexaniki xassalori
toyin olunmugdur. Kompozit varistorlarin elektrik xassolori dyronilon zaman moalum olmusdur ki, niimunslorin
desilmo gorginliyi (Udes), acilma (U,) gorginliyi ilo demok olar ki, iist-iisto diisiir. Dielektriko totbiq edilmis
elektrik sahasinin tosirindon ayrilan istiliyin miqdari istilik miibadilosi naticasinds otraf miihito verilon istilikdo
¢ox olarsa, onda dielektrikin temperaturunun artmasi noticosinds dielektrikdon kecon corayan artir vo bu proses
niimunanin dagilmasina gatirib ¢ixarir. Bundan basqa, toyin olunmusdur ki, doldurucunun hocmi faizi artdigca
kompozit varistorlarin mexaniki mokomliyi azalir. Bu onunla izah olunur ki, kompozits vurulan doldurucunun
hacmi faizi artdigca polimer qatinin qalinlig1 azalir. Buna gors do niimunads kdvraklik yaranir vo uygun olaraq
mexaniki moéhkomlik azalir. Qeyd edok ki, gdstorilon parametrlorin toyin edilmasi kompozit varistorlarin
istismar rejimlorinin optimallagdirilmasinda boyiik shomiyyat kasb edir.

Acar sozlor: kompozit varistorlar, agilma gorginliyi, desilmo gorginliyi, elektrik méhkomliyi, mexaniki
mohkamlik.

Molumdur ki, elektrik avadanliglar1 tez-tez dayison polyarli impulslarin tosirine maruz
qalirlar. Bununla olagodar olaraq hal-hazirda mithiim problemlordon biri mikroelektronika,
elektronika cihazlari, onlarin funksional elementlorinin kommutasiya vo ildirim gorginlik-
lorindon qorunmasidir. Elektronika sonayesindo biitiin diinyada elektrik sobokolorini vo
elektronika cihazlarini istonilon nov ifrat elektrik impulslarindan qorumagq tigiin miixtalif név
varistorlardan istifado olunur. Bu mogsadlo digor materiallardan bir sira xassolorino goro
forqlonon ZnO osashi keramik varistorlar daha genis totbiq sahosi tapmigdir. Qeyd etmok
lazimdir ki, son zamanlar miihafizo qurgularinin vo elementlorinin hazirlanmasinin
perspektivli istiqgamatlorindon biri keramik varistorlar osasinda iki vo c¢oxfazali kompozit
materiallarin  yaradilmasidir. Bu kompozitlori keramik faza vo polimerlor osasinda
hazirlamaqla elektroenergetikanin hom yiiksok gorginlik texnikasinda, hom do asag1 gorginlik
qurgularinda indiyo godor mdvcud olanlardan ucuz vo yiiksok keyfiyysto malik olan
kompozitlorin alinmasina nail olmaq miimkiindiir.

Biitiin aktiv vo passiv kompozitlordo oldugu kimi polimer osasli kompozit varistorlarin
da elektrik vo mexaniki xassolorinin Gdyronilmasi xiisusi ohomiyyot kosb edir. Elektrik vo
mexaniki mohkomliklorin toyin edilmosi kompozitlords varistor effektinin formalasmasi
zamani elektron-ion proseslorinin vo fazalararasi tosirlorin rolunu dyronmoyos imkan verir.
Bunlardan basqa gostorilon makroskopik parametrlorin toyin edilmasi polimer asasl kompozit
varistorlarin istismar rejimlorinin optimallasdirilmasinda bdyiik rol oynayir.

Kompozit varistorlarin elektrik mokomliyini toyin etmok {igiin ilk ndvbads onlarin
desilmo (Uges) vo agilma (Us) gorginliklori toyin olunmalidir. Qeyd etmok lazimdir ki,
dielektriklorin elektrik desilmosinin izahi {iglin bir ¢ox modellordon istifado olunur [1;2].
Hesab olunur ki, elektronlar giiclii elektrik sahasinin tasirindon tunel effekti, yaxud asqarlarin
istilik ionlagsmasi yolu ilo elektroddan, ya asqar molekullarindan ayrilaraq kegirici zonaya
diisiir. Kegirici zonada onlar qadagan zonasindan yeni elektron qoparmagq {igiin siiratlonir vo
enerji yigirlar. Bu proses Oziinlin xarakterino goro qazlarda elektrik gaz bosalmasina
uygundur. Qazlarda elektronlarin kogiiriilmosindon forqli olaraq bork dielektriklordo
elektronlarin kogitiriilmosi itkilorlo olagodardir, belo ki, bark dielektriklorin atomlarmin ragsi
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horokoti elektronun enerjisinin miioyyon godor sopilmosino sobob olur. Asgar kimi bork
dielektriklorin hacminds olan kigik molekullu birlosmalor dielektrikin strukturunu geyri-salist
edir vo noticado asqar morkozlori elektronun enerjisini sopoloyon amilo cevrilir. Kegirici
zonaya diison elektronlar ionlasma enerjisindon artiq olduqda dielektriklords elektron seli
omolo golir. Elektron sellorinin kegmasi naticosindo dielektrikdo elektron seli boyunca enerji
ayrilir vo dielektriki lokal dagidir. Tomiz “elektrik dagilma” mexanizmina gora elektrik
desilmosi elektrik mohkomliyinin temperaturundan E(T) asili olmamalidir. Tocriibalor
gostarir ki, bu mexanizm 6ziinii daha ¢ox kifayot qodor genis kegirici zonas1 olan kristallarda
gostoro bilor. Dielektriklorin  kohnolmasinin asas sobobi kimi qismi bosalmalarin tosiri
nazords tutulur [1; 2]. Qismi bosalmalarin morkazlori iso dielektrikdaxili qaz qabarciglaridir.
Qaz gabarciglarinin olmasi dielektriko totbiq olunmus gorginliyin miioyyan amplitudunda
onlarda Qismi bosalmalarin yaranmasini tomin edir. Qismi bosalmalar dielektrikin
elektrofiziki vo fiziki-mexaniki xassolorinin azalmasini tomin edirlor vo bu proses
dielektriklorin kohnalmasi adlanir [3].

Biitiin qeyd olunan masalalori nozors alaraq isdo ZnO-PE asasli kompozit varistorlarin
elektrik vo mexaniki méhkomliklori toyin olunmusdur.

Kompozit varistorlarin totbiq saholorinin diizglin miioyyonlosdirilmasi iigiin onlarin
desilmo gorginliyini toyin etmok vo desilmo gorginliyinin kompozitin agilma gorginliyi ilo
miigayisasi mithiim ohomiyyat kasb edir. Bununla yanasi gostorilon parametrlors (Uges vo Uag)
keramik vo polimer fazalarin tosirinin dyronilmasi do vacibdir.

Sokil 1-do kompozit varistorlarin desilma gorginliyinin doldurucunun hocmi faizinden
asililig1 verilmisdir.
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Sok.1. ZnO+PE asashi kompozitlords desilma (Uge) vo agilma
gorginliklarinin (Usg) doldurucunun hocmi faizinden asililigi.

Alinan noticolor gostorir ki, Uges=f(®) asililigt doldurucunun hocmi faizindon asili
olaraq ovvolco kosgin azalir, sonra iso stabillosmoys dogru gedir. Homginin, qrafikdon
goriiniir ki, U.=f(®) asililiginda doldurucunun hocmi faizi azaldiqgca uygun olaraq
kompozitlorin agilma gorginliyi ds azalir.

Qeyd edok ki, alinan naticalori izah edorkon doldurucunun hocmi faizinin artmasi ilo
hissaciklorarasit polimer fazasinin qalinhiginin azalmasini, fazalararasi qarsiliqlt tesirin
dayismasini nozors almaq lazimdir. Onu da qeyd edsk ki, doldurucunun hacmi faizi artdiqca
polimer fazasinin ZnO keramikasi ilo kontakt sahosi do artir vo noticodo kompozit
varistorlarin o molekulyariistii qurulusu formalasir. [4; 5; 6; 7; 8-10].

Alinmis noticolori analiz etmozdon ovval qeyd edok ki, kompozitlorin  elektrik
sahosindo dagilmasinin asas soboblori asagidakilardir:
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- Elektrik dagilma prosesinin osasin1 qoyan effektiv (sarbost) elektronlarin yaranmasi;

- Effektiv elektronlarin tocillonmesi vo dielektrikdaxili ionlasma proseslorinin
yaranmasi naticasindo yeni elektronlarin amolo golmasi vo kogliriilmosi;

- Dielektrikdaxili lokal elektrik sahasinin yaranmasi vo miisbat Strimerin amalo
golmasi;

- Miisbat Strimerin inkigafi ilo slagadar olan yaranmis lokal elektrik sahasi ilo totbiq
olunmus elektrik sahosinin superpozisiyasi ilo noticosindo anod-katod aralifinda giiclii
elektrik sahosinin yaranmasi vo onun tasiri altinda ionlasma proseslorinin intensivlogsmasi;

- Kompozitin daxilindo hocmi yiiklorin yaranmasi;

- Polimer zancirinin dagilmasi naticosinds yeni radikallarin yaranmasi.

Bosalma kanali lizro axan coroyanin qiymaotinin artmasi naticosindo istilik effektlorinin
yaranmas1 vo son natico kimi istilik va elektrik tosirlorinin birgs istiraki ilo dielektrikin, yoni
kompozitin dagilmasi. Ogor dielektriko totbiq edilmis elektrik sahasinin tosirindon ayrilan
istiliyin miqdar istilik miibadilasi naticasinds aotraf miihito verilon istilikdon ¢ox olarsa, onda
dielektrikin temperaturunun artmasi naticasindo onun elektrik méhkomliyi vo dielektrikdon
kecon corayan artir vo bu proses niimunonin dagilmasina gotirib ¢ixarir. Dielektrikin elektrik
desilmosi siiratlo inkisaf edon elektrik hadisalorinin, osason do elektronlarin zorba
ionlagmasinin  vo  dielektrikin qeyri-bircinsliyi ilo olagodar olan nozoro ¢arpacaq
doyisikliklorin hesabina bas verir. Buna gbéro do elektrik desilmosi niimunonin
temperaturundan, galinligindan va elektrik sahasinin tosir miiddotindon az asilidir.

Molumdur ki, bark cisimlorin asas sinaq parametrlorindon biri mexaniki mohkomlik vo
mikrobarklikdir. Gostorilon parametrlor mexaniki gorginliklora qarsi cismin miigavimatini vo
deformasiya qabiliyyatini xarakterizo edir.

Sokil 2-do kompozitlorin mexaniki gorginliyini toyin etmok {igiin istifado olunan qurgu
gostorilmigdir. Niimunonin en kasiyinin sahasi azaldigqca sokilde gostorilon giivvanin P golu
azaldig1 Uiclin niimunads homiso eyni mexaniki gorginlik yaranir. Niimunanin deformasiyasi
firlana bilon saat mexanizmi vasitosilo toyin edilir. Istifado olunan kompozitlorin galinlig 180
mkm-yo borabordir. Qalinliq xiisusi optik qalinliq dlgon cihaz (IZV-2) vasitosilo 1 mkm
doqiqlikls toyin edilmisdir.

Sok.2. Kompazitlorin mexaniki méhkomliyini toyin etmak ii¢iin istifads edilon qurgu.
1-ntimuns; 2-blok; 3-fiqurlu ling; 4-lingin yarada bilacayi qiivveni kompensasiya edon
yiik; 5-saat mexanizmi; 6-temperatur kamerast.

Sinaq zamani sinaq temperaturunun vo totbiq olunmus mexaniki dartma gorginliyinin
sabit qalmasi asas sortdir. Molumdur ki, mexaniki yagama miiddoti toyin edildikdo niimuno
deformasiya edorok uzanir, yoni onun en kosiyinin sahosi azalir. Ona goro do deformasiyaya
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uygun olaraq totbiq olunan mexaniki gorginlik azalmalidir ki, mexaniki qiivvonin niimunonin
en kosiyinin sahasing olan nisbati sabit qalsin. Buna gora do istifado etdiyimiz qurguda fiqurlu
lingdon istifads olunmusdur (sokil 2).

Gorginliyin sabit qalmasi li¢lin niimunays totbiq olunan mexaniki qiivve fiqurlu ling
vasitasila verilir.

Todqiq edilon kompozit tipli varistor elementlorinin do mexaniki xassolorinin
Oyronilmosi vo onlarin xarici mexaniki tosir baximindan davamliligi ochomiyyot kosb edon
masalolordon  biridir. Sokil 3-do ZnO+PE osasli  kompozit varistorlarin  mexaniki
mohkomliyinin doldurucunun hacmi faizindon asililig1 verilmisdir.
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Sok.3. ZnO+PE asasli kompozit varistorlarin mexaniki
mohkamliyinin doldurucunun hocmi faizinden asililigi.

Sokil 3-don goriiniir ki, doldurucunun hocmi faizi artdigca kompozitlorin mexaniki
mohkomliyi azalir. Bu onunla izah olunur ki, kompozite vurulan doldurucunun hacmi faizi
artdiqca kompoziti toskil edon diger fazanin, yoni polimer qatinin qalinlig1 azalir vo buna goro
do niimunads kovraklik yaranir vo uygun olaraq mexaniki méhkomlik azalir [2; 5; 6; 7].

Molumdur ki, mohkomlik nazoriyyasi dagilmanin energetik kriteriyasina vo catlarin,
struktur bosluglarinin otrafinda yaranan lokal yiiksok intensivliya malik gorginliyi
hesablamaga imkan veran elastiklik nazoriyyasino asaslanir.

Cox sayda nozori vo tocriibi naticalora [11; 12; 13; 14] asason moalum olmusdur ki,
materiallarin 2 név dagilmasi mévcuddur: kévrok vo ozliilii. ©gor materiallarin dagilmasi
uzun siiron plastik deformasiya hesabina gedirso, ona bu dagilma o6zliili xarakterli olur.
Mikrorabitas saviyyasinda plastik materiallarin dagilmasini bels izah etmok olar:

1) Kristallik gofasds defektlorin nozors ¢arpacaq dorocodo artmast;

2) Bu defektlorin bir-biri ilo birlogmasi naticasindo mikrobosluglarin, sonra iso ¢atlarin
yaranmast;

3) Dagidict mexaniki gorginliyin tosiri altinda catlararasi kegidlorin dagilmasi.

Kovrok dagilma iso geyd olundugu kimi atomlararasi kimyovi rabitonin qirilmasi ilo
bas verir. Movcud adobiyyat noticalorindo [11; 12] materialin kovrok dagilma siirati onlarda
yayila bilon sos dalgalarmin siirotine (10°m/san) yaxindir. Polimer materiallarin dagilmasi iso
nisboton miirokkob prosesdir vo bir ¢ox faktorlarin tosiri goraitindo bas verir. ©On vacib
faktorlar asagidakilardir:

-yiliksok mexaniki gorginliys malik zona otrafinda kristallik strukturun tobiati;

- istilik soraiti.

Qeyd edok ki, hal-hazirda polimer materiallarin tam birmonali dagilma nozoriyyasi
movcud deyildir.
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Mexaniki dagilma prosesinin nisboton tam nozoriyyosi siiso vo bozi metallar iigiin
moveuddur [13; 14].

Qrifits nozariyyosi kdvrok cisimdo morkozi ¢atin boylimosino sabaob olan kritik gorilmo
gorginliyini toyin etmoyo imkan verir. Niimunoads ¢atin bdyiimasi hesabina iimumi enerjinin
doyismasi bas verir.

AU =2y | +(-zc?1? | 2E) 1)

Burada o -elastik gorginlik, | -gatin uzunlugu, y iso xiisusi elastik sath enerjisidir.
Nozori olarag dagilma gorginliyinin giymatinin toyini gostorir ki, bu komiyyat
materialin Yunq modulunun doyismasi ilo eyni tortibdadir vo

O(AE)/0S=0 2

sorti ilo tayin olunur. o(A E)/0S=0 sartinin fiziki soraiti gostorir ki, ¢atin 6l qodor artmasi vo
onun kritik hadds ¢atmas1 materialin spantan dagilmasina sabab olur. Bu sorti nozors almagla

2E,
Cang = | — 3)

ﬂ.lkr

disturundan oy, toyin edilir. (3) formulasina osason komiyyatlor bir-birilo bilavasito

asagidaki kimi baglhidir:
- kdvrak dagilmaya uygun o, -nin yiiksok haddi ¢atin kritik uzunlugu ( Iy, ) ils;

- Yung Modulu (E) ils ¢at divarlarinin sath enerjisi ilo;

Qeyd edok ki, (3) formulas1 makroskopik ¢atlarin dlgiilorinin niimunonin en kosiyinin
Olciilorine nozoron kigik oldugu hallar iiclin dogrudur. Homin formula vasitosilo verilmis
dagilma gorginliyi liglin daxili ¢atlarin dlgtilarinin 2 | oldugu halda tatbiq etmok olar.

Qrifits nozoriyyosi kdvrok dagilmanin qoza xarakterini toyin etmoyo imkan verir vo
gostorir ki, agor cat 6ziinilin kritik néqtosine ¢atibsa, mexaniki dagilma prosesini vo ¢at omalo
golmo effektini saxlamaq miimkiin deyil. Bu nozoriyye vasitosilo dagilma prosesini tomin
edon bir ¢ox effektlorin izahinin miimkiin olmasina baxmayaraq bir sira mohdudiyyatlor do
vardir :

1) Bu nazariyya ¢atin ucunda niimunanin gargin halint nazare almir;

2) Bu nozoriyye dagilmanin ilkin vo son marholalorini izah edir vo ¢atin uzunlugunun
artmast morhoalasindo gedon effektlori nozors almar;

3) Qrifits nozoriyyesino osason polimerlorin mexaniki xassalori haqqinda qonastboxs
naticalor yoxdur. Bu nazariyys niimunads catlarin daxili gorginliklorin hesabina yaranmasinin
vo yaxud niimunays mexaniki gorginlik totbiq olunan anda gorginliyin yarana bilmasi
suallarma cavab vera bilmir;

4) Qrifits nozoriyyosinin holli vahid ¢atin olmasi bazasina osaslanir. Amma niimunado
cox sayda catlar mévcud olur vo onlar bir-birino miixtalif dorocods tosir edirlor;

Qeyd etmok lazimdir ki, elektrik vo mexaniki mdohkomliklorin toyin edilmasi
kompozitlordo varistor effektinin formalagsmast zamani elektron-ion proseslorinin  vo
fazalararas1 tosirlorin rolunu Oyronmoys imkan verir. Bunlardan basqa gdostorilon
makroskopik parametrlorin toyin edilmosi kompozit varistorlarin istismar rejimlorinin
optimallasdirilmasinda bdyiik ohomiyyat kosb edir.

NOTICO

ZnO-polietilen(PE) osasli kompozit varistorlarin elektrik vo mexaniki xassolori toyin
olunmugdur. Molum olmusdur ki, kompozitlorin desilmo gorginliyi (Udes), agilma (Usg)
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gorginliyi ilo demok olar ki, iist-iisto diisiir. Bundan basqga, toyin olunmusdur ki, doldurucunun
hocmi faizi artdigca kompozit varistorlarin mexaniki mohkomliyi azalir. Qeyd edok ki,
makroskopik parametrlorin toyin edilmosi kompozit varistorlarin istismar rejimlorinin
optimallasdirilmasinda boyiik shomiyyot kasb edir.
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ONPEJIEJIEHUE DJIEKTPUYECKAX 1 MEXAHUYECKHAX
CBOIMCTB KOMIIO3UTHOI'O BAPUCTOPA HA
OCHOBE ZnO-MIOJUDTUJIEHA
AXAJBAJE I1I.M.

Onpez[eneHH SJICKTPUYCCKUEC U MCXaHUYCCKUE CBOMCTBA KOMITO3UTHBIX BapuCTOPOB Ha

ocHOBe ZnO-noaudTHiIeHa. bpiIo ycTaHOBIICHO, UTO HanpspkeHue mpodost kommnosuta (Unp) 1
HanpsbkeHue oTKpbiBaHUSA (Uork) MPAaKTHYECKH COBMana0T. Kpome TOoro, ObIIO yCTaHOBIICHO,
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YTO C YBEJIMYEHHEM OOBEMHOrO TMPOILICHTAa HAMOJHUTENS MeXaHW4YecKas MPOYHOCTh
KOMITO3UTHBIX BAPUCTOPOB yMeHbIIaeTcsa. OTMETHM, YTO ONpPEIeIeHUEe MAaKPOCKOIMMYECKUX
napaMeTpoB HMMEIOT OOJIbIIOE 3HAUYEHHWE IPH ONTUMHU3ALMUU PEKHUMOB  IKCIUTyaTaluu
KOMIIO3UTHBIX BAPUCTOPOB.

KnarodeBble cjI0Ba: KOMIIO3WTHBIC BapHCTOPBI, HANpPSIKCHHE OTKPBIBAHUS, HANpsDKEHHE Tpobos,
3NIEKTPUYECKas IPOYHOCTh, MEXaHNIECKAsI IPOYHOCTb.

DEFINITION OF ELECTRICAL AND MECHANICAL
PROPERTIES OF A COMPOSITE VARISTOR BASED
ON ZnO-POLYETHYLENE

AHADZADE Sh.M.

Electrical and mechanical properties of ZnO-polymer based composite varistors have
been identified. It has been found that the composite tensile strength (Upr) and the tensile
(Uop) tension are almost overlap. In addition, it has been established that as the filler volume
increases, the mechanical strength of the composite varistors decreases. Note that the
determination of macroscopic parameters is of great importance in optimizing the operating
modes of composite varistors.

Keywords: composite varistors, opening voltages, breakdown voltages, electric strength, mechanical
strength.
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W3MEHEHHME KAUYECTBEHHBIX IOKA3ATEJIEM CTOUHBIX BOJ IIOCJIE
OYUCTKU OT PA3JIMYHBIX 3JIEMEHTOB HA IIPUPOJHOM AJCOPBEHTE
AKTUBUPOBAHHOM B QJIEKTPUYECKOM PA3PSJIE

3AKHEBA U.T.

Hucmumym gusuxu HAH Azepbatioscana, np-m 1. /picasuoa 131,
2. baxy, A3 — 1143 Aszepbatioxcanckas Pecnyonuxa
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HccnenoBaH mpomecc OYMCTKH IMPOMBIIUICHHBIX CTOYHBIX BOJ, ¢ NMPUMEHEHHEM 3IIEKTPOPA3PSIHOTO
Bo3zeiicTBuA.  IlokazaHo, dYTO  HCIIONB30BAaHME AICKTPHUYECKOTO  pas3psiia  3HAYWTENIBHO  ITOBBIIACT
3¢ PEeKTUBHOCTE aJICOPOIIMOHHON OYMCTKH BOJBI OT BPEOHBIX BEIIECTB. METOIOM TEPMOCTUMYJIMPOBAHHOM
peJaKkcaliy BbISIBIICHO HAKOIUICHHE TIOBEPXHOCTHOTO U 00BEMHOTO 3aps/ia B yKa3aHHBIX Marepuanax. MeToaom
PEeHTreHOrpaMuecKoro aHainu3a MCCIIEI0BAINCH MPOIIECCHI, MPOUCXOSIIME B CTPYKTYpE afncopOeHTa.

KaroueBble cjioBa: npupojHbIii ancopOeHT, OGapbepHbIi pa3psia, TEPMOCTUMYJIMPOBAHHAS peNlaKCaIlys,
OUYHCTKA CTOYHBIX BOJI, aICOPOIHSL.

Beenenue.

JKOJIOTHSA BOJbI, KOTOpass CTpajJacT OT JEeATENbHOCTH YeJoBeKa, OyMepaHroM
OTpa)kaeTcsl Ha COCTOSIHUM BCETO KUBOT'O HA 3EMJIE.

3arpsi3HEHUE BOJBI, SBJISETCS BAKHOM COCTABIIAIOIIEH BCETO JKUBOTO Ha 3eMile —
npobnema mMupoBoro Macmraba. Ha mgomto mpecHol BoABI, MPUTOIHON K YMOTPEOJICHHIO,
npuxoaurcs Bcero 3 % ot oOmiero ee konuuecTBa. Pe3koe yXynileHne KayecTBa MpPecHOM
BOJbl TMPOM3OILIO B pE3yJbTaTe 3arpsA3HEHUS €€ XUMUYECKUMHU M PaJAHOaKTHBHBIMHU
BEIIECTBAMH, SJOXMMHMKATaMH, CHHTETHMYECKUMM YAOOpEHHSIMHM U KaHAIW3allMOHHBIMU
CTOKaMHM U 3TO y>Ke TJ100aabHas 3KoJorudeckas npodjaema COBpeMEHHOCTH.

Ha cerogusmuuii neHp Oosnee 4eM OJHOMY MHUIMApAy YENIOBEK HEAOCTyIHa
KauecTBeHHasi muTheBas Boja. K Hactymienuto 2025 roga OKOJIO TOJOBHHBI HACENIEHUS
IUTAaHETBHI CTOJIKHETCS ¢ Cephe3HOM MPOoOIeMOit OCTPOil HEXBATKU BOJIBL.

OcHoBHOM KoOHUenuuen pa3BuTus AszepOaiixkan — 2020 sBisieTcs TOCTHXKEHHUE
DKOJIOTMYECKNA  yYCTOMYMBOIO  COLMAJIBHO-DKOHOMHMYECKOIO  Pa3BUTHUSA, HEUTpanu3anus
HETraTUBHBIX BO3/IEHCTBUIN TOIJIMBHO-3HEPIeTUYECKOr0 KOMILJIEKCA HA OKPYXKAIOIIYyI0 Cpeay,
YCTPAaHEHUE 3arpsA3HEHMs] MOPSl M €r0 aKBaTOPUU U UX 3allUTa, BOCCTAHOBIEHHUE 3E€JIEHBIX
Tepputopuii U 3(pdexkTuBHas OXpaHa CYIIECTBYIOUIMX pecypcoB. Pacrymme Ttembl
IIPOMBIIIJIEHHOTO IPOM3BOCTBA OTPULIATENBHO BIMSIOT Ha KOJIOTMYECKOE COCTOSIHUE CPEIBI,
B TOM 4HCJI€ Ha YUCTOTY BOJHBIX OacceilHOB, 3arps3Hsis ux orxonamu. [losTomy oxpana
OKpY Karollel cpelibl B HACTOSIIIEE BPEMsI OZJHA U3 HACYIIIHBIX 33/1a4 YEJIOBEYECTBA.

B nacTosmiee Bpemsi BoJiHbIE pecypchl AzepOaiiykaHa UMEIOT CleIyIoIIie MoKa3aTelu
(tabmuma 1) [1].

Kacnuiickoe Mope, sBIsoIIeecs OAHUM M3 CaMbIX YHUKAJIbHBIX BOJOEMOB Ha 36MHOM
niape, UMEET OTrPOMHOE HapOJHO-XO34WCTBEHHOE 3HaueHue. He nmmes cBsi3u C OKeaHOM,
YPOBEHb MOpSI TOCTOSIHHO KOJIEOJIETCSI M CO3JIaeT pasjIn4yHble TPYAHOCTH B IPUOPEKHOI
30HEe, BIUSIONIME Ha OHKOHOMHUKY A3sepOaiimkana. C Tepputopun AsepOailpkaHCKON
Pecny6imku B Kacnmiickoe mope cOpaceiBaercsi 6osee 250 MiIH. KyOWYEeCKMX METPOB
HEOYMIEHHBIX CTOYHBIX BOJA. OCHOBHBIM UCTOUHUKOM 3arpsi3HEHUS SBISIOTCS CTOYHBIE BOJIbI
KPYNHBIX  OPEAUpUATHH, 3aBOf0B. (OCHOBHBIMM  HEOPraHUYECKUMHU  3JIEMEHTaMU,
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yXyalarmuMu KadeCTBO BOJABI B BOJOCMAX, CYUHHTAOTCA COCAWHCHHA TOKCHUYHBIX
XUMHYECKHX 3JIeMEHTOB. K HUM OTHOCSATCS SIOBUTHIC COCIMHECHUS MCTAJJIOB, IICJIOYH, COJIN.

Tabmuna 1.
KauecTBeHHBIE MOKA3aTEIN BOIHBIX PECYPCOB A3epOaiimKkana

Exun HasBanue BogHOTO pecypca

No ’ Hoxenpan-
HaHMeHOBaHI:Ie u3me K BaTanckoe -
o/ MokasaTeJiei peHu ypa BOOXpa- oJutap
a HUJIUIIIE

1 I'mapokapoonat (HCOs) Mr/1 305.000 183.0 366.0
2. | Xmopuzsi (Cl) MI/IT 88.7 53.17 30.2
3. | Cynsdarsl (SO%) MT/J1 370.0 246.9 288.0
4. | Kanpunii CA? MI/T 130.0 80.0 65.0
5. | Maruuit Mg?* MI/IT 36.0 36.0 39.5
6. | Harpuii+Kanuit (Na"™+K") | mr/n 142.5 70.0 157.5
7. | Munepanu3zarms (2u) mrO/n | 1072.7 669.1 946.0
8. | Hutpatsl (NO ) MT/JT 0.1 0.05 -
9. | Cosmn ammonus (N-NH4) | mr/n 0.08 0.08 -
10. | XKenezo (Fe3*) MI/1 0.3 0.25 0.10
12. | IBK 115 10.8 -

OuncTka BOJBl — OJUH M3 IyTeH pelieHust npodsieMbl 3arps3HeHus Bojbl. Hannuue
OUYUCTHUTENBHBIX YCTPONCTB BOJBI, KOHEUHO, HE CIIOCOOHO IMOJIHOCTBIO MPEKPATHTH BBHIOPOC
OTPABJISAIOLINX BEIIECTB, HO MO3BOJUT 3HAYUTEIBHO CHU3UTh UX KOHLEHTPAIHIO.

B cBs3u ¢ BBIIECKa3aHHBIM  TPUMEHEHHE COBPEMEHHBIX A(PQPEKTHUBHBIX METOIOB
OYUCTKM BOJ OT TpUMecell NpeACTaBiIseT aKTyalbHyl 3aaady. OCHOBHBIMHU
CYUIECTBYIOIIMMH METOJJAMH OYUCTKH BOJ SBISIOTCS XWMHUYECKHE METOJBI, KOTOpBIE
BKJIIOYAIOT MPUMEHEHHUE Pa3IMUHBIX XUMUYECKUX peareHToB. BeayTcs MoMCcKu HOBBIX, Oosee
P PEKTUBHBIX TEXHOJIOTUYECKUAX OMEPAINi 110 OYHCTKE BOJBI, HCKIIOYAIONINX MTPUMEHEHHE
peareHToB. Hago oTMeTHTh, YTO B MOCJHEIHEE BpeMs METOAbI, UCHOJb3YIOIIUE BHEIIHHE
¢u3nveckne BO3IEHCTBHS Ha pa3IMYHbIE TEXHOJOTWYECKHE NPOIECCHl HAIUIA MIMPOKOE
npuMeHeHue. [IpuMeHeHne 3MeKTpUYecKUX METOI0B - I0CTaATOYHO HOBOE U MPOTrPECCUBHOE B
TEXHOJIOTUM OYMCTKU BOJBI. Kak mokaspIBaeT pa3BUTHE ITOTO HAINPABICHHS, dIEKTPUIECCKHE
METO/bI 00JIaJJal0T CYIIECTBEHHBIMH MPEUMYIIECTBAMHU Iepej TPaJWIMOHHBIMU METOAaMHU
00paboTKH.

AICOPOIIMOHHBIE TPOIECCHl HIMPOKO HCMOJB3YIOTCS BO MHOTHUX TEXHOJIOTHYECKUX
nporieccax, CBA3aHHBIX C M3BJICUCHUEM 3arps3HSIONINX KOMIIOHEHTOB U3 KHIKOCTEH, B TOM
qucie, U3 CTOYHbIX BoJ. OIHOM U3 MepCreKTUBHBIX chep MPUMEHEHUS dIEKTPUIECKHUX TOIen
U DPa3psAIOB SIBISIETCS aKTHBAIMS ¥ MOJU(HUIMPOBAHUE TIOBEPXHOCTH WM 00BeMa,
CTHMYJINPOBaHUE aJICOPOIIMOHHBIX MPOIECCOB.

Hamu ObuIM mpOBeAEHBI HCCIEAOBAHUS BO3JCHCTBUS CHIBHBIX 3JEKTPHUECKUX
pa3psI0B HAa TIPOIIECCHI aCOPOIIMOHHON OYMCTKH CTOYHOU BOJBI. B pe3ynbrare BO3menCTBHS
BBICOKOBOJIBTHBIX 3JIEKTPHUECKUX DPa3psAIOB Ha aJCOPOEHTHl OBLTM BBISBIEHBI MPOLECCHI
MOJISIPU3AIINH, BHEIPCHUS SJICKTPUICCKUX 3apsI0B HEMOCPEICTBEHHO Ha TTOBEPXHOCTh WJIH B
o0beM Mmarepuana. Ha ocHoBe peHTreHorpauiyeckoro M (HU3MYECKOro aHaiau3a ObLIO
YCTaHOBJIEHO, YTO yKa3aHHBIE NMPOLECCHl NMPHBOAAT K MOSBICHUIO HAa TOBEPXHOCTH WM B
o0beMe MaTepuajoB CBSI3aHHBIX C BO3JCHCTBHEM 3JIEKTPUYECKUX 3apssioB, T.e. oOpasyercs
3apsHKEHHOE COCTOSHUE B MaTepualie. BBISIBIEHO, 4TO BO3/IEHCTBUE 3IEKTPUUYECKOTO pa3psaa
Ha MIPUPOJHBIN aJICOPOCHT 3HAYUTEIILHO HHTCHCU(HUIIUPYET Tpolece ancopOiuu [2-4].
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JKCIepUMEHTAJIbHAA YaCTh

beu  mpoBeAeHBI  UCCIENOBaHHS — aJCOPOIMOHHOW  OYMCTKH  CTOYHBIX  BOJI
MIPOMBIIUICHHBIX NpeAnpusaTuil ropojaa baky ancopOeHTamu, MoABEprHyTHIMH BO3/AEHCTBUIO
AIIEKTPUIECKOT0 OaphepHOro paspsga. B kadecTBe ajcopOeHTa HCIIOJIB30BAJICS MPUPOIHBIN
afcopOeHT- 1Ie0NIUT, JOOBIBaEMbI B MECTOPOXKIEHUAX pecnyOnuku. [Ipupoausiii agcopOeHT
M3MENIbYaId JI0 TOPOILIKOBOTO COCTOSIHMSI B IIAPOBOM MEJNbHUIE, MPEIBAPUTEIBHO
noaBepraiau TepmoodpadboTke mpu temreparype 7=4009C B tedeHue 5 4dacoB. C IEbIO
AKTUBAIlUM, TIOPOIIKU aJCOpOEHTa TMOMEIIaT B PEAKTOp M MOABEPraid BO3ACHCTBHIO
JMeKTpuyYeckoro OapbepHoro paspsna. Ha puc.l mnpeacraBneHa NpUHIMNHATIBHAS
DJIEKTpUYECKas CXeMa aKTUBAIMKA TPUPOTHOTO aJCOpOeHTa — JJICKTPHUECKUM OaphepHBIM
pa3psaoM.

AkTHBarus ancopOeHTa OapbepHBIM Pa3psIOM TMPOBOAUIACH B CIEAYIONIEM PEKHME:
AJICKTPUYCCKUN OaphepHBIA pa3ps npu nepemeHHom HanpsbkeHun U=15 kB, Tok paspsna 70
MKA, ITUTEIHHOCTh BPEMEHH aKTUBAIIMK T=1 4Yac.

R
—

Tr

Puc.1. [IpunnunuansHas snekTpuyeckas cxema o0padoTku agcopOeHTa
B QJIEKTPHUUECKOM pazpsie 6apbepHoro tuma: Tp. — HCTOYHHUK BBICOKOTO
HanpsokeHus; K — pa3bequHuTeNb; KV - 3I€KTPOCTaTHUECKUN KUIIOBOJIBTMETD;
R —3amuTHOE conpoTHBICHHE; MA — MUKPOAMIIEPMETP.

3apspKEHHOE  COCTOSSHME B IPUPOAHBIX — aJICOPOEHTaX  OMNpeNeNsad  MEeTOJOM
tepMocTuMyrpoBanHoil penakcaiuu (TCP) [7]. Ha pucyHke 2 mpencraBieHa TUIHYHAS
kpuBast Toka TCP B ¢QyHKuMH TOKa OT BpeMeHHM i 00pas3loB MPUPOJHOrO aJcopOeHTa,
00paboTaHHBIM OAPBEPHBIM PA3PAIOM Ha IEPEMEHHOM HaNpsKEHUH.

. nA
10 -

320"

600

:

0 20 40 60 80 100 120 140 160 180 200 I, min

Puc. 2. KpuBas 3aBUCHMOCTH TE€PMOCTHUMYJIMPOBAHHOTO TOKA OT BPEMEHH
JUTSL IPUPOTHOTO asicopOeHTa, 06paboTaHHOTO OaphEPHBIM pa3psaIoM
Ha MIEPEMEHHOM HaINpsLKEHHUH.
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Hanmuune nukoB Ha kpuBoil Toka TCP CBUIETENBCTBYET O BBICOKOTEMIIEPATYPHBIX
peslakcaluax 3JEKTPUUEcKoro 3apsiia B oOpasue. COOTBETCTBYIOLIME 3apsjibl Ul IUKOB,
CHSTBIX MPU Pa3HBIX TEMIIEpaTypax COCTABISIOT:

T1=320°C Q:=1,12-10° Ku;
T,=370°C  Q,=4,1-10" Kuy;
T3=500°C  Q3=5,6-10"° K.

Jlnsi BBIABICHHS NMPUYUH TOBBIICHHUS aJCOPOIHMOHHON CHOCOOHOCTH IICOJIUTOB IO
BIIMSTHAEM 3JICKTPUYECKOTO paspsizia ObUT CliesiaH pEHTTeHOrpadUIeCKUil aHaIu3 HCXOIHOTO
Y aKTUBUPOBAHHOTO aJICOPOEHTA, KOTOPHIN MMOKA3aH HA PUCYHKE 3.
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Puc 3. PentrenorpaMmMa npupoHOTO ajcopOeHTa
1-HeoOpaboTaHHBIHN SNMEKTPUUECKUM Pa3psiioM
2- 00paboTaHHBIN IIEKTPUUECKUAM pa3psanoM (T1=1 gac).

Pentrenorpaduueckuii aHanu3 MOKa3bIBAaeT, YTO HEOOPAOOTAHHBIN aJCOPOEHT MMeEeT
MOJIYKPUCTAJUINYECKYIO CTPYKTYpPY, KPHCTAJUIMYECKUMH KapKac KOTOPBIX CONEPKHUT B
3HAUUTENBHON CcTereHN aMOp(HBIX IpUMecel, a B 00paboTaHHBIX 00pasliax, ¢ yBEIMUEHUEM
BPEMEHH 3JIEKTPOPa3psIHON 00pabOTKH YBEIMUMBAETCS CTENEHb OYUCTKH KPUCTANINYECKOTO
Kapkaca OT IpHMECEH, 3a CuUeT IpolLecca HMUCCHUM C IOBEPXHOCTH, YTO MPUBOAUT K
YBEJIMUEHUI0 HMHTEHCUBHOCTH  PEHTTE€HOBCKOro  paccesHusa. [lokasaHo, uTo mpu
AIIEKTPOPA3PAAHOI 00paboTKe B MaTepranax MPOUCXOAAT TaKUE IMPOLECCHI, KaK IECTPYKIIMS,
IPOILIECCHl YMHCCUU aTOMOB M MOJIEKYJ ¢ IIOBEPXHOCTH MaTepuana, CIIMBKAa MaTepuaia, a
TaKK€ B HUX HMMEIOT MECTO NPOLECCH IMOJSIPU3ALMUA B DJIEKTPUYECKOM IIOJIE, BHEAPEHHUE
JNEKTPUYECKUX 3aps0B HEMOCPEACTBEHHO HAa IIOBEPXHOCTh MM B 00BEM MaTepuaina,
JPYTUMH CJIOBaMU MPOUCXOAUT MOJUHKaIMA MaTepHrana [5,6].

[Tpu BO3NEHCTBUU  3JEKTPUYECKUX Pa3psiioB Ha aJCOPOEHTHI B HUX HMEIOT MECTO
IPOLECCHl TOJAPU3ALUN, BHEIPEHMS JJIEKTPUUYECKUX 3apsJ0B HENOCPEIACTBEHHO Ha
MOBEPXHOCTh WM B 00beM Marepuasna. Ha ocHOBe SKClepuMEHTANIbHBIX JaHHBIX ObLIO
YCTaHOBJIEHO, YTO YKa3aHHbBIE IPOLECCHI NPUBOAAT K IMOSBICHHUIO Ha NOBEPXHOCTH WIH B
00bEME MaTepUaJIOB CBSA3AHHBIX JJIEKTPUUECKUX 3apsioB, T.e. 00pa3yercs 3apsHDKEHHOE
cocrossHue B Marepuase. IlolydeHHblE pe3yabTaThl HCCIENIOBAaHUI JAlOT OCHOBaHUE
mpeanoyiaraTb 4TO, BO3JEHCTBUE 3JIEKTPUUECKOTO OapbepHOro paspsiia Ha MPUPOAHBIN
a/1cOpOEHT, BO3MOXKHO, 3HAYMTEIbHO MHTEHCU(DULIUPYET MpoLece aCOPOIHH.

Ha ocHoBanuu pe3ynbTaToB HCCIEAOBaHMN Oblla pazpaboTaHa TEXHOJOTUS OYHMCTKH
CTOYHBIX BOJ NPOMBIIIICHHBIX NPEANPHUATHA OT BpEeIHBIX IpHUMecedl Ha aacopOeHrte,
IpeaBapuTeNbHO 00pab0TaHHOM B 3JIEKTPUYECKOM paspsze. MccnenoBanus ObUIM IPOBEIEHBI
Ha CTOYHBIX BOJAX Pa3IMUYHbIX IPOMBIIIJICHHBIX PEANPUATUI. Pe3ynbTaThl aHaIM3a OYUCTKU
CTOYHBIX BOJI IaHHBIX NPEIIPUATHI TPUBEICHBI B Ta0.2.
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Tabanma 2.
P€3y.HBTaTLI XUMHNYCCKOI'O aHaAJIn3a HpOGbI HpOMBIHIJIeHHBIX BOA OO0 U ITOCJIC OYHUCTKHU OT
pa3IMYHBIX AIEMEHTOB Ha MIPUPOTHOM aJICOPOCHTE aAKTUBHUPOBAHHOM 0aphEPHBIM pa3psijie

E CTOYHBIE BOIBI
Ne | HammeHoBaHHe AR pocT Hedrenepepabatsi-
N Hzmepe- [TonzemubIX IIpoMpInIeHHBIX
fokasareJiei 2874-82 BaIOLIUX N
HUs . BOJ, TpEPUATHI
n/m PP USATHHA
NeL N2\ o3y | 2 | o3 | Nl | N2 | M3
I'unpoxapOoHaT ) 781 | 781 0
1. (HCO3) MI/1 183 | 109,3 | 64 18,4 11 | 0
2 Xmopumsr (CI) e 350 112 | 110 | 100 478 | 369 30 90000 5%6 213
2
3 Cynsdatst (SO%-4) ME/ 500 4235 | 4175 102.8 127.3 1105 | 100
4, | Kambuwii (Ca) mr/n . | 601 60 1420 gy | 504 | 5 | 521 | 401 | 0
5, | Maruuii (Mg) mr/n . | 36513651 24 151 182 [176] 0 | 0 |0
Harpuii+Kanuii 1183 | 1175 | 280
6. (Na+K) mr/n | 200 (Na) 56,8 | 52,1 | 48,5
Munepanuzanus 4770 4748 |100.2| 448,
7. (n) 6 426,6 |422,6 43188 43160 | O
g, | Humparer NO%3) |\ | 45 | 1421142003 1 a5 1 o5 | 063
CoJi1 aMMOHHUS 1936 |1199.3| 0.5
9. (N-NHa) MI/71 2,0 0 0 0 875 | 210 | 0,7
10.| XKenezo (Fe) MI/71 0,3(1) - - - 0,83 | 0,33 | 0,05 - - -
11.| ®Top 15 - - - 4 3 0,3 - - -
12.| NIBK - - - - - - - - -
13.] XK - - - - - - - - [

Nel — McxoaHast Bofa;
Ne2 — 6e3 BozaeiicTBUS OapbepPHOTO pa3psna;
Ne3 — O6paboTka GapbepHBIM Pa3psSIAOM.

Kak BugHo w©3 TaONMYHBIX JAaHHBIX, CTENEHb OYHUCTKH CTOYHBIX  BOJ
HedTenepepabaThIBAIOMINX MPEANpUATU  cocTaBisieT okoido 90%. CremneHb OYHCTKU
CTOYHBIX BOJI MPOMBIIUICHHBIX MPeAnpUsITHii cocTaBisieT 99%. OdncTKka MOA3EMHBIX BOJ
cocraBisgeT okojo 60%.

TakuM 00pa3oM, BBISIBIIEHO, 4YTO CTEMEHb OYHCTKH CTOYHBIX BOJ Pa3IMIHBIX
MPOMBINIICHHBIX MPEANPHUATHI U TIOJ3€MHBIX BOJ OT MIpUMecel Ha MPUPOIHOM aJICOpOEHTE,
00paboTaHHBIM B DJJIGKTPHUECKOM paspsiie 3HauuTenbHO Bbime (90%-99%), dem Ha
HEoOpaboTaHHOM aJcOpOeHTe.

Pe3ybTarhl 1ab0paTOPHBIX IKCIEPUMEHTOB TOKA3aJIH, YTO BIHUSHUE DJICKTPUICCKOTO
OapbepHOrO paspsaa Ha MPUPOAHBIA aJCOPOSHT MOXKHO CUUTATh HAWIYUIINM, KakKk C
HYKOHOMHYECKOM TOYKH 3PECHHUS, TaK ¥ C YIETOM KaUeCTBEHHBIX ITOKa3aTesei aIcCOpOIIMOHHOTO
nporecca. Pa3zpaboTaHHast TEXHOJIOTHUS TO3BOJUT 3HAYUTENHLHO MOBBICUTH IP(EKTUBHOCTH
a7CcOPOIIMOHHON OYUCTKH TPOMBINUICHHBIX U OBITOBBIX CTOYHBIX BOJ, © TEM CAMBIM PEIIHThH
Ha3pEBIIHE MPOOIEMBI B chepe OXpaHbI OKPYKAIOIIEH CPEIbI.

3akiaoueHue

Pe3ynprarel 3KCIIEpUMEHTANBHBIX MCCIEAOBAHUNM  IMOKAa3aJid, YTO BO3JCHCTBHE
AJICKTPUYECKOTO pa3psija Ha MPUPOIHBIA aicOPOCHT MPUBOIUT HE TOJBKO K AJICKTPHUECKOM
3apsaKe MOBEPXHOCTH aAcOpOeHTa, HO M K YCOBEPIICHCTBOBAHHIO €r0 KPUCTAJUTHYECKOMN
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CTPYKTYpPBI, OYHIICHUIO OJIOKMPOBAHHBIX pA3UYHBIMA TPUMECSIMH BXOJHBIX OKOH B
MyCTOTaX Kapkaca LEOJUTa U JIOKAIbHOMY HAaKOIJICHHIO 3apsa Ha MOBEPXHOCTH 00pa3loB
azicopOeHTa.

Takum 00pa3oM, BO3JIEHCTBUEM 3JIEKTPUUIECKOTO 0apbepHOTO paspsiia Ha MPUPOIHBINA
aJICOPOCHT, NEHCTBYeT Ha WX DSJICKTPOPHU3UUECKUE XapaKTEPUCTUKH M TEM CaMbIM
JIOTIOTHATEITFHO CITIOCOOCTBYET K YBEIIMYCHHIO aJICOPOIIMOHHON CIIOCOOHOCTH.
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ELEKTRIK BOSALMASINDA AKTIVLOSDIRILMIS TOBii ADSORBENT
VASITOSILO AGIR ELEMENTLORDON TOMIZLONMIS TULLANTI SULARIN
KEYFIYYOT OMSALININ DOYiSMOSI

ZOKIYEVA i.H.

Senaye tullant1 sularinin elektrik bosalmasimin tesiri ilo tomizlonmo prosesi todqiq
edilmisdir. Miioyyon edilmisdir ki, elektrik bosalmasi adsorbsiya iisulu ilo sularin agir
elementlordon  tomizlonmosinin  effektivliyini artirir.  Todqiq edilon materiallarda
termostimullagdirilmis relaksasiya metodu vasitosilo hocmi vo saothi yiiklorin miqdari
miioyyon edilmisdir. Rentgen qurulus analizi vasitosi ilo adsorbentin qurulusunda bas veran
proseslor aragdirilmisdir.

Acar sozlar: tobii adsorbent, elektrik qaz bosalmasi, termostimullagdirilmis relaksasiya, sonaye sularin
tomizlonmasi, adsorbsiya.

CHANGE IN THE QUALITY INDICATORS OF WASTEWATER AFTER
PURIFICATION FROM VARIOUS ELEMENTS ON A NATURAL ADSORBENT
ACTIVATED IN AN ELECTRIC DISCHARGE

ZAKIYEVA I.G.

The process of industrial wastewater treatment using an electric discharge is studied. It
is shown that the use of an electric discharge significantly increases the efficiency of
adsorption purification of water from harmful substances. The thermostimulated relaxation
method revealed the accumulation of surface and space charges in these materials. The X-ray
diffraction method was used to study the processes occurring in the structure of the adsorbent.

Keywords: natural adsorbent, barrier discharge, thermally stimulated relaxation, wastewater treatment,
adsorption.
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SJIEKTPHYECKUE U ®OTOAJIEKTPHUECKHUE CBOMCTBA
TFETEPOIIEPEXOJA GaAs/Culno.7Gaos (Se0.9So.1)2, IOJYYEHHOI'O METOAOM
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Coo0miaercst 00 MCCIIETOBAHUH AIEKTPUUECKUX U (POTOIIEKTPUUECKUX XAPAKTEPUCTHK FE€TEPOCTPYKTYPBI
GaAs/Culng7Gap3(Seo.9S0.1)2 , MONYyYEHHOrO Ha TMOMJIOKKAX W3 apCEHUAA TaljIMs, OPUEHTUPOBAHHBIX B
mwiockocTsax (100) u (111)A GaAs, MeTooM MarHeTpOHHOI'O pAacHbUICHUS M3 ABYX MAarHeTpoHOB  CO
CMEUICHHBIMU JPYI K JApPYrYy MarHUTHBIMH CHUCTeMaMd. B kadecTBe MHuIIEHEH OBUIM HCIOJIb30BaHBI
npeccoBaHHbIe Hopowky MaTtepuanos A'B3CS,.

KuaroueBbie ciioBa: GaAs - Culng7Gao 3 (Seq.eSo.1)2 rereponepexosl, b dexruBabie CJ, coriacoBaHHbIC
HapaMeTphl KPUCTAJUIMIECKUX PEIIETOK, MAarHETPOHHOE PACIbUICHHE U3 IBYX HCTOYHUKOB OJHOBPEMEHHO.

Beenenue.

K macrosmemy Bpemenu Ha ocHose A/B3C® wmarepuanos cosmaHel pasnmunbie
rereporiepexonsl [1, 7-9], OapbepHbIC CTPYKTYphI: TOMO p-li-iepexoisl [5, 6], u Gapwbepsl
Ilortku [10]. B npuniumne, uaTepec K reteponepexonam Ha ocHose A'B3C®, marepuanos
BO3poc nociie coodmienus o nmomydenun CulnSez-CdS rerepoctpyktyp ¢ k.m.ja. 12% [4].

B nanHo#t pabote coobmraercsi o Bo3MoxHOCTH co3ganuust Culno7Gao3(Seo.9S0.1)2-
GaAs rereporepexoJ0B METOJOM MAarHeTPOHHOTO pAacHbUICHHs B aTMocdepe aproHa
HPUBOISATCS PE3yJIbTAThl HCCISIOBaHUs ONTHYeCKUX cBOicTB Culng7Gan3(Seo9So.1)2 mieHoK
1 POTOIIEKTPUIECKUX CBOIMCTB TeTEPONIEPEXOIOB HA UX OCHOBE.

TOHKOMJIEHOYHAs TEXHOJOTHsI Ha OCHOBE MaTEepHallOB C BBICOKUM KO3(h(ULUEHTOM
nornomienusi, Takux kak CdTe, Cu (In, Ga)( Se, S)2, KOTOpble NPHUMEHSIOTCS B BHUJE
HNOJUKPUCTAIUIMYECKUX TJICHOK I103BOJIAET 3HAYMTEIbHO CHHU3UTH PACXOA M CTOUMOCTH
ucrnoipzyemoro marepuana. [lomoOHast TexHOJOTHS SIBISETCS BBICOKOI()(PEKTUBHON mpu
UCIOJIb30BaHUU TAaKUX MaTepUaloB, MEHee 3Hepro3arpaTHOM u JemeBoil. KadecTBeHHBIE
CulnSez-GaAs retepocTpyKTyphl BIIEPBBIE OBUIH TOTYyYEHBI METOJOM KUIKOCTHON SIHUTAK-
cuu B pabore [2].

B HacTosiiee Bpemsi 3HAUMTENFHOEC BHUMAaHHE HCCIIEAOBATENCH MPUBIEKAIOT MHOTO-
KOMIIOHEHTHBIE MOJNYNPOBOAHUKOBEIE coenunenns rpymmsl A'B3C®, kotopeie o6namaror
CBOMCTBaMH, HEOOXOIUMBIMH I CO3JIaHUS BBICOKOA(()EKTUBHBIX TMpeoOpa3oBaTeIeH
HHEPIUU 3JIEKTPOMATHUTHOTO M3JIIYUYEHHUS B HJIEKTPUUYECKYIO; IIMPOKUN UAra30H 3HAYCHUN
SHEPruM 3anperieHHoi 30861 (~1-2.35 3B), npsAMO30HHOCTh MaTepHaNoB, BHICOKHE 3HAYCHUS
kodddurmenta nornomenus (a~10°cM™), BO3MOKHOCTS TOTYYEHHUS STUX HOJIYIPOBOIHUKOB
KakK II-, TaK U P-THIa TPOBOTUMOCTH.

OpHuM 13 TpebOBaHMM K rereporepexofaM s co3iaHus 3((GEeKTUBHBIX COTHEYHBIX
npeoOpa3oBaTelel, SIBISETCS YCIOBUE COBMACHHS MapaMeTPOB KPUCTATUTMIECKAX PEIIETOK.
B kauecTBe MOUI0’KEUHOT0 MaTepuana JJis MOJTy4YeHUs AMUTAKCHAIBHBIX CI0EB MAaTE€pHUajioB
AB3CS, MoryT ciy’uTh NMIacTHHBI M3 apCeHMAA TalIus, TepMaHus, KpeMHHS U dochuaa
MHIMS, TaK KaK MMEIOTCS IIMPOKMH amamasoH cocTaBoB CuinixGax (SeiySy)2, koTopbie
COBIIAIAIOT MO MapaMeTpaM KPHUCTAUIMYECKON CTPYKTYpbl C STUMH Matepuasiami [1]. B aToit
paboTe B KadecTBE IMOAJIOKEYHOTO MaTepuasia ObUIM HCIIONB30BaHbl apCEHH] TaJUIMEBbIC
MIacTUHBI ¢ opueHTamuen miockoctu (111) u (100)A kak N-, Tak U P-TUIA TPOBOJAUMOCTH.
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[Tapamerp KpuCTaTHUecKO# perretku apcenuaa ramwms u Culng7Gaos (Se0.9S0.1)2, Omm3KwH,
Eg na ocHoBe pabots! [1] umeer 3HaueHune okoiso 1.12 3B. DToT Marepuan Mor Obl CITy>KUTh
KOMITOHEHTOM, OCHOBHBIM MOTJIOIIAIONIMM MaTEPHajIOM B MHOTOCIOMHBIX-MHOTOKACKaTHBIX
KoHUEeHTpaTopHbIX CO [3].

Texnuka 3xcnepuMenTa. V3BECTHBI pa3InYHbIC METOBI MOIYYCHUS IICHOK MaTepH-
anos A'B3C®; [13-18], rie npeo6iaaonuM MeTOIOM SBJIAETCSA CeNeHH3aAU U CyIb(pUpu-
3anusi  mpeaBapuTenbHO moiydeHHbIX  Cu-In-Ga  miueHok mpH  TOCTaTOYHO — BBICOKUX
TeMreparypax. A mpu METO/ie MarHETPOHHOTO PACIBUICHHS, IOJyYeHHE TUIEHOK MPOUCXO-
oo 0e3 CIenUalibHOTO TMOJOTPEeBa IMOJJIOKEK, YTO O B3aUMHOW TU(PQY3HH SIEMEHTOB
MOJUIOKKK M CJI0S He BO3MOKHO. ['etepoctpyktypnl Culng7Gaos(SeosSo.1)2-GaAs  mosy-
yanuch ocaxaenreM mieHkn Culng7Gaos (Se09So.1)2 Ha moBepxrocTh GaAs (m=910° cm®)
METOJIOM MarHeTpoHHOro pacneuieHus (MP) mo Mmeronuke, ykasaHHod B padorax [11 u 1].
OHOBPEMEHHO MOJyYaJIUCh TUICHKA Ha IMOJJIOXKKAX M3 ONTHYECKOTO CTEKJIa U MOJIMUMUIA
JUI ONTHYECKUX HM3MEPEHH, KOHTPOJIA KAdecTBa, W JJISi ONpPEACICHHS €€ TONIIUHBI U
cocTaBa IUICHKM. B KauecTBe MHUINECHEH OBLIM HCIOJIB30BAHBI IMPECCOBAHHBIC IMOPOIIKU
matepuano CuinixGax(SeiySy)2, pasinudHoro cocTapa. B ouH MarHeTpoH ycTaHaBIMBANCS
YEeTBEPHOI MaTepuall COJEpXKAIlUil CeleH, a B JPYTYI0 — COJAepKalmi cepy. PeHTreHorpa-
¢udeckue WCCIeNoBaHMS IJICHOK IOKA3aJd, YTO TPH BBIOPAHHOM DPEXUME ITOITYyYEHUS
mieHok Ha (I1l) moBepxHocTn GaAS pacteT MoHOKpucTauMueckas rieHka CulngzGaos
(Se0.9S0.1)2 B HampaBnerun (112). DnuTakcuanbHbie CIOM Ipu MeToae MP ux mosydeHus,
UMEITU 3epKaJIbHbII OJIeCK.

I, mA

20F

14
I.mA
Puc.1. TeMHOBast BOJIBT-aMIIEPHAs XapaKTe PUCTHKA FETEPOIEPEXOIa.
p-Culno7Gao3(Seo.9S0.1)2-m1-GaAs

DuekTpuuyeckue U porodnexkTpuueckue cpoiictea GaAs/Culnoe.7Gao.3(Seo.9S0.1)2
rereponepexoaoB. JlJis mpoBeaeHUS SIEKTPUUECKUX U (POTOAIEKTPUUECKUX U3MEPEHH Ha
MOBEPXHOCTH  TOJNyYEHHBIX  TETEPONEePEXO0B  HAHOCWINCh OMHYECKHE  KOHTAKTHI
HaIbUTEHHEM OJI0BA WM MHIHUSA U BTUPAHUEM IBTEKTHUECKOTO cIaBa In-Ga cooTBETCTBEHHO
it GaAs u Culng7Gaos (Seo9So.1)2 Ha puc.1 npeacraBieHa TeMHOBasi BOJIbT-aMIIepHAst Xa-
pakrepuctuka p-Culno7Gaos (Seo.9So.1)2-m-GaAs rereponepexoja. ['ereponepexoapl UMEIOT
JUOIHYI0 XapakTepucTuky (k>610° mpm U=1B). IlpsiMoe HampaBeHHE COOTBETCTBYET
npuioxennto Kk Culng7Gao3(Se0.9So.1)2 MOMOKUTETHHOTO CcMeleHHs. TOKOBOE HANpPsHKCHHE
otceuku cocrtapisger 0,85B mpum temmeparype 300K. B oOpaTHOil BEeTBHM BOJIbTaMIIEPHOU
XapaKTePUCTHKU UMEETCS TEHACHIINUS K HACHIIIECHUIO.

Bricokoe 3HaueHne kod(duIMeHTa BBIMPSMIICHHUS, TOKAa KOPOTKOTO 3aMBIKaHHS W
HAMPSOKCHUST XOJIOCTOro Xojaa monydeHHbIX Culng7Gaos(SeosSo.1)2-GaAs rerepocTpyKTyp
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yKa3bIBAIOT HA TO, YTO MPH OIMHMCAHHOM TEXHOJIOTMYECKOM METONe TIOJIydaeTcsl pe3Kas
reTeporpaHmiia u Mpu 3TOM POJib TPAHUYHBIX COCTOSIHUN HECYIIECTBEHHA.

Ha puc.2 mnpencraBieHbl CHEKTPaJbHbIE 3aBUCHMOCTH ONTUYECKOTO TOTJIOIICHHUS B
koopauHarax (ahv)? ot hv nns mnenox Culno7Gao.3(S€0.9S0.1)2, monydeHHBIX MeTogoM MP Ha
nojytokkax u3 crexia. Koadduiuent mormomieHuss ObUl pacCYUTaH ¢ MOMOIIBIO CIIEKTPOB
NPOIyCKaHus U oTpakeHus u3 1wieHok Culno7Gao3(Seo.9So.1)2 ¢ momorinpto BeipakeHus (1)

[3]:

4 2p2 2
oL JA=R)* +4T°R? + (1-R) "
d 2T

3nech - K03 UIMEHT orIoeH s, d- ToamuHa mwieHkd, R 1 T— ko3 puimreHTs! noroiie-
HUS U [IPOITYyCKaHMsl, COOTBETCTBEHHO.

Ha ocHoBanunm xapakTepa KPUBBIX MOXXHO CKa3aTh, YTO IMOTJIOMICHUE B 3TUX IUIEHKaX
npoucxoaut 1o 3akoHy a=A(hv—Eg)Y?, 4r0 TINEHKM SBIAIOTCA  NMPSAMO3OHHBIMH
noaynpoBoaHukamu. [luprHa 3anpeeHHoi 30Hbl OMPEAEIAIACh IKCTPAIIOISIUEN KPUBBIX K
ocu hv.

16

— ot
(9] =

—
o

=)

. 2 o +2
(’hv)?, 10°em™eV?
(o]

=S

[R9]

1.0 nv,eV 15

Puc.2. Cnektp noromenus B koopaunarax (ahv)? ot hv mus mienok
CulnixGax(Sei-ySy)2, moayueHHsrx MeTogoM MP Ha TOTOXKKAX U3
crekina, tae, i 1- Xx=0,y=0; 2- x=0,07, y=0,1,

GaAs-Culng.7Gao3(Se0.9So0.1)2 reTepoCTpyKTYpBl SBISUIACH  CBETOYYBCTBUTEIHLHBIMHU.
[InoTHOCTE (HOTOTOKA KOPOTKOTO 3aMBIKaHWS M HAMpPsDKEHUS XOJOCTOTO XoJa MpH
OCBEIICHNN CTPYKTYPHI OETBIM CBETOM ILIOTHOCTBIO MormHocTH 100 MBT/cM? co cTOpOHBI
nnenku Culng7Gao.3(Seo.9S0.1)2 mMenn 3Hadenue Jis>25MA/CM?%, Uxx>0.63 B. ITpu aTom GaAs
BCETJIa 3apsHKaeTCsl OTPUIIATEIIBHO.

KBantoBbie 3(QQEeKTUBHOCTH B OTHOCHTEIBHBIX €IWHUIAX MONydeHHbIX GaAs-

Culng.7Gao.3(S€0.9S0.1)2 rerepornepexoa0oB MpeACTaBIeHbl Ha PUC.3.
@DOTOYYBCTBUTENBHOCTh B CIlydae OCBEIICHHSI T€TePOCTPYKTYPHI CO CTOPOHBI MJIEHKH, C
OOJIBIIMM COJICPKAHUEM TAJLTUS U CEPbl 3HAYMTEILHO OOJBIIE BCIICICTBUE HUCIOIB30BAHUS
addekra OKHa B TETEPOCTPYKTypax. XapakTep CIEKTPATbHOH UYyBCTBUTEIBHOCTH ATHX
rerepocTpykTyp Ha ocHoBe Culno7Gao.3(Se0.9S0.1)2 MO3BOJIAET MCITOIB30BATh 3TH TUICHKH KaK
OydepHBIii €0l B MHOTOKACKAIHBIX T'€TEPONEPEXOAHBIX KOHIICHTPATOPHBIX COTHEYHBIX
JJIeMEHTax.
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p-Culng.7Gao 3(Se0.9S0.1)2-1-GaAS reTepoCTpyKTyphl SBISUIUCH  CBETOYYBCTBHTEIbHBI-
Mu. [1OTHOCTH (hOTOTOKA KOPOTKOTO 3aMBIKAHUSI M HAMIPSKCHUS XOJIOCTOTO XO/a COCTABIISITU
3HaueHne Jx:=22MA/cM?, Uxx=0.71B, mpu OCBEIIEHHUH CTPYKTYphl OCIBIM CBETOM IIIOT-
HOCTBIO MomHocTH 100 MBT/cM? co cropons! mienkn Culng7Gao3(Se0sSo.1)2 1 3TH 3HAYeHHS
3aBHCENM OT TONIUHBI IeHkU. [Ipu ocBemeHuu TakuM obpazom  GaAs 3apskaeTcs
OTPHUILIATEIILHO.

1,0

0,01 | & . L L ]
1 2

hv, eV
Puc.3. OtnocurensHas >dpdextuBHocTs GaAs-CuingxGax(Se1yS), rereponepexoos
oT cocTaBa TwieHkH (X,Y), mpu T=300 K. T'ne, ana 1- x=0,y=0; 2- x=0,07, y=0,1;

['eTepocTpyKTypa MposBiIseT POTOUYBCTBUTEIBHOCT B 0OsacTu jutnH BoiH (1,1-0,43)
MKM. @DOTOYYBCTBUTEIHHOCTh B CIIy4ae OCBEUICHHS CO CTOPOHBI IUIEHKA 3HAYHTEIHHO
0oJbIIe, YeM MpU OCBEUICHUH CO CTOPOHBI MOUIOKKH. B 00mactu 6ojee KOPOTKUX BOJIH HE
HaOromaeTcs craj; GOTOYYBCTBUTENLHOCTH, XapaKTEPHOTO ISl TOMO- M TE€TepOIepPEX0/I0B.
A B o6nactu qyus Bon (0,88-1,17) mxm, u (0,43 — 0,52)MKkM QOTOUYBCTBUTENHHOCTh MaJla.

BbiBogbl. TakuMm o00pa3M, TpPOBENEHHOE WCCIIEIOBaHHUE M0 TOJYYECHUIO U
uccienoBannio  GaAs-Culng7Gaos(SeosSo.1)2 TETEPOCTPYKTYp TMOKa3ajio, UYTO METOJ
MarHeTPOHHOTO pACHBUICHUS W3 JIByX MAarHeTPOHOB CO CMEIICHHBIMH MAarHUTHBIMH
CUCTEMaMH MOKEeT OBITh MPUMEHEH /JIsi HapalliBaHUs SMUTAKCUATIBHBIX TOHKHX IJIEHOK
OTHX XAJBKONMUPUTHBIX COCAMHEHUIH CIOXHOTO COCTaBa. Bricokoe 3HadeHune ¢oTo-
qyBCTBUTEIBHOCTH MOJTydyeHHbIX GaAs-Culno.7Gao3(S€0.950.1)2 T€TEPOCTPYKTYp YKa3bIBAaeT Ha
TO, YTO TPH ONHUCAHHOM PEKUME HapallMBaHUS JMHUTAKCHAIBHBIX ITUICHOK TOJyYEHHBIC
reTepornepexoipl SBISUINCh PE3KMMH W TpPU ATOM pPOJb TPAHUYHBIX COCTOSIHHM OBLITU
HECYIIECTBECHHBIMH.
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MAQNETRON TOZLANDIRILMA USULU IL® ALINMIS GaAs/Culno7Gaos
(Se0.9S0.1)2 HETEROKECIDLORIN ELEKTRIK VO FOTOELEKTRIK XASSOLORI

SOBZOLIYEVA C.E.

Magqalado GaAs oturacaqlarinin cilalanmis (100) u (111)A mistovilori izorindo magnit
sistemlori bir-birino torof siirlisdiiriilmiis iki maqgnetrondan maqnetron tozlandirilmasi iisulu
ilo  boyidilmis Culng7Gaos(SeosSo1)2 tobogolori osasli  GaAs/Culng7Gao.3(S€0.9S0.1)2
heterokecidlorin elektrik vo fotoelektrik xassolorinin todqigindon bohs edilir. Magnettron
tozlandirilmasi ii¢iin hodaf qismindo toz halina salimmis A'B3C®, materialinin preslonmosi
noaticosinda diizoldilmis hadoflordon istifads edilmisdir.

Acar sozlar: GaAs - CulnxGayx(SeyS1y)2 heterokecidlori, effektiv giinag elementi, uygunlagmig
kristallik qofas parametrlori, eyni vaxtda iki manbadon magnetron tozlandirilmasi.

ELECTRICAL AND PHOTOELECTRIC PROPERTIES OF THE
GaAs/Culno7Gaos (Se0.9S0.1)2 HETEROJUNCTION OBTAINED BY THE
MAGNETRON SPUTTERING METHOD

SABZALIEVA CH.E.

In this paper, a study of the electrical and photoelectric preperties of GaAs/
Culno.7Gap 3(Seo.9S0.1)2 heterostructures is reported. GaAs/ Culno7Gao3(Se09So.1) heterojun-
ctions, was grown on (100) and (111)A GaAs, by magnetron sputtering method from two
magnetrons with shifted magnetic systems. As targets, pressed powders of A'B3C®, materials
were used.

Keywords: GaAs - CulnxGai.x(SeiySy)> heterojunctions, effective SC, wel-matched crystal lattice
parameters, magnetron sputtering from two sources simultaneously.
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AHanM3MpoOBaHO COBPEMEHHOE COCTOSIHME B OO0JIaCTM TIOJIyYEHUS M HCCIEIOBAaHUS THOPUIHBIX
HOJIy[IPOBOJJHUKOBBIX TIOJMMEPHBIX HAHOKOMIIO3UTOB M YCTaHOBJICHO, YTO AaKTHBHBIE, 3JIEKTPOMH3HYCCKHE H
9KCIUTyaTAl[HOHHbIC CBOWCTBA MOJMMEPHBIX HAHOKOMIIO3UTOB CHJIBHO 3aBHCAT OT TEXHOJOTHYECKHX YCIOBHH
(bOopMHUpOBaHNUS HAHOKOMIIO3UTOB, W3MEHEHHS HAJMOJICKYJIPHOH CTPYKTYpbl HaHOKOMIIO3HTOB, MEX(pa3HBIX
B3aUMOJCHCTBUH MEXIy NOJIUMEPOM M HAHOYACTHIAMH, NMPHUPOIBI MONUMEPHOH MAaTpHLBl, OT CBOHCTB H
pa3Mepa HAIOJHUTEINS, OT JUCIEPCHOCTH M OJHOPOIHOCTH PACIIPE/CNICHUs HAHOHAIOJIHUTENS B MOJUMEPHOM
MaTpule, a TaKKe OT IPOLECCOB MEXMOJEKYISIPHOIO IEpeHOoCca W MUTPAlMU JHEPIHH  AJICKTPOHHOTO
BO30YXKICHHUS.

Karouesrble ciioBa: HaHOKOMITO3UT, OJYIIPOBOJAHUK, HAHOYACTUIIBI, TIOJIUMED.

['mbGpuaHble HAHOKOMIIO3UTHI NPHUBIIEKAIOT K ce0e BHUMaHME, MpPEXkAe BCEro, M3-3a
CBOICTB HEOPTaHWYECKUX HAHOYACTULL, BXOJALINX B UX cocTaB. CBOMCTBA TAKMX HAaHOYACTHUI]
OTJIMYAIOTCS KaK OT CBOMCTB MHIMBHIYaJbHOI'O aTOMa MM MOJEKYJbl, TAK U OT OJOYHOIO
MaTepuana. HaHodacTulbl XapakTepu3ylOTCs MallbIMM pa3MepaMH, CII0)KHOM BHYTpEHHeH
opraHu3aiyei, CrnocoOHOCTBIO K OYEHb IUIOTHOM YMAKOBKE, a TaKXXe OYEHb BBICOKUM
OTHOLICHHEM IUIOLIAN MOBEPXHOCTU K 00beMy. Takue HaHOKOMIIO3UTHI O0JIaJJaloT PsIOM
YHUKAJIBHBIX CBOMCTB, OOYCIIOBJIEHHBIX HE TOJBKO UPE3BBIYAWHO MAaJBIMH pa3MepaMu
METAJIMYECKUX W MOJIyIPOBOJHUKOBBIX HAHOUYACTHI[, HO U OCOOEHHOCTSIMU CTpPOCHHS
noJuMepHoi MaTpuubl. OTHO U3 TaKUX CBOMCTB COCTOWUT B TOM, YTO IOJMMEpPHAas MaTpulia
MO3BOJIIET OPraHU30BbIBATh HAHOYACTHUILIBI B HAJIMOJIEKYJIIPHBIE CTPYKTYpbI, YTO 3HAUUTEIIb-
HO YCHJIMBaeT HEOOBIYHbIE CBOMCTBA HaHOYACTHULl. BBICTpBIN Mporpecc B ajanTanuu pazmepa
1 (GopM MOJYyIPOBOJAHUKOB HAHOKPUCTAIOB (KBAaHTOBbIE TOYKM) OOECIIEUYHMBAET BBICOKYIO
CTENEHb KOHTPOJS HAJ MX ONTUYECKUMHU M JJIEKTPOHHBIMH CBOMCTBAMHM. ODTOT KOHTPOJb
MOKHO HCHOJb30BaTh /JIsi NPUMEHEHHUS B OWOJIOTMYECKUX aHallu3ax, B DJIEKTPOHHOM
UHTErpajie M B pa3pabdoTke OECNpOBOAHBIX CHUCTEM. B ONTORNEKTpOHHMKE NepecTpoiika
pa3MepoB KBAaHTOBBIX TOYEK MO3BOJISIET KOHTPOJIHUPOBATH CIIEKTP MOTJIOUICHUS A7 (POTOBOIIb-
TaN4eCKuX M (HOTONIOMUHECIICHTHBIX, CTUMYJIUPOBAHHBIX 3MUCCHOHHBIX U 3JIEKTPOJIIOMHU-
HECIICHTHBIX MPWJIOKEHUH, KaKk B OHOJOTMYECKHX MPUIIOKEHHUSX 5TO MO3BOJIIET CIEKT-
palbHOE MYJBTUIUIEKCHpOBaHWEe © KoawpoBaHue [1]. Hanmomarepmwanbl Ha OCHOBE
noJynpoBoHUKOB (Hampumep, AIl BVI u AIV BVI) o6nagaioT yHUKaJIbHBIMUA ONTHYECKUMU
CBOMCTBAaMHM M SIBJISIFOTCSI TEPCHEKTUBHBIMU MaTepualaMHd JUIsl aKTUBHBIX JJIEMEHTOB
HEJIMHEHHON ONTHKM M YCTPOWCTB HAHOAJIEKTPOHMKH. OJHUM M3 HamboJiee MHTEPECHBIX
CBOICTB HAHOCUCTEM SIBJIIOTCSI MX HEOOBIYHBIE ONTHUECKHE XapaKTEPUCTHKH, KOTOpbIE
3aBUCST HE TOJIBKO OT IIPUPOJIbI BEIIECTBA, HO OT Pa3MEPOB HAHOUYACTHI] U UX KOHIIEHTPALlUU
[2]. HeoOx0oauMoO OTMETHTh, YTO ONTHYECKHE CBOMCTBA ITONYIPOBOJHHKOBBIX HAHOYACTHII
3aBUCSAT HE TOJBKO OT UX COCTaBa, CTPYKTYpPHI M pa3Mepa, HO U OT COCTOSIHHSI TOBEPXHOCTH.
bbuto moka3zaHo, 4ro MHOrue JAe(eKThl Ha MOBEPXHOCTH HAHOYACTHIl (Hampumep,
MIOCTOPOHHUE aJCOPOMPOBAHHBIE ATOMBI WJIM TOYEYHBIE JE(PEKThl CTPYKTYPbI) MOTYT
BBICTYNIaTh B POJIM MOTEHLUHUAIBHBIX M WM O0aphepoB I IBIPOK U 311eKTpoHOB. Kak
IPaBWJIO, 3TO IMPUBOAUT K HM3MEHEHHMIO 30HHOM CTPYKTYphl M JErpajaliid ONTHYECKUX
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CBOICTB HAHOCHUCTEMBI, NMPUYEM 3TH HM3MEHEHHs] TeM UYyBCTBUTEIbHeEe K JedeKTaM, 4em
MEHbIIIE pa3Mep YacTull. [ mperoTBpaiieHus 3Toro BJICHUS 0OBIYHO UCIIOJIB3YIOT MPOIece
[IaCCUBALIMM, TPU KOTOPOM IOBEPXHOCTHBIE ATOMBI OKAa3bIBAKOTCS CBSI3aHHBIMU C aTOMaMH
JPyroro BEIIECTBA, y KOTOPOrO IMIMPWHA 3alpelieHHON 30HBI JOJDKHA OBbITH OOJbIIE.
JpyrumMu ciioBaMH, 4YacTHLBl MOKPBIBAIOT CIOEM JPYroro COEIMHEHHsS U MOJIYy4aroT TaK
HasbIBaeMbIe “core-shell” (sapo B 00osiouke) HaHOYACTHUIBI. Hanpumep, yacTuis! cyiabhuaa
KaJIMHsI TIOKPBIBAIOT CJIOEM CEJICHHWJA KaJIMHUsl, KOTOPBIA SIBJIAETCS IOIYIPOBOJHUKOM C
OoNbIICH MIMPUHON 3ampemeHHON 30HbI, JUOO WX BHEAPSAIOT B JUAJICKTPUYECKYIO
MOJIMMEPHYIO OPraHUYECKYI0 MATpPHUIly. DTO 3HAUUTEIBHO YJIY4YlIAeT ONTHUYECKHE CBOWCTBA
HAHOYACTHII, TPUOJIMKAsS UX K CBOMCTBaM M30JUPOBAHHBIX HaHOKIAcTEpPOB. OCOOEHHO SIPKO
3TOT 3P PEKT MPOSABIAETCS MPU PACCMOTPEHUU JIFOMUHECLIEHTHBIX CBOICTB HaHOCHCTEM. Tak,
JUI  TIOKPBITHIX OO0OJOYKOW HaHOYACTULl Cylb(UAa WM CeNeHHIA KaaMHs yJaaeTcs
3HAYUTENbHO (TIOYTH HA TOPSAIOK) YBEIWYUTh KBAHTOBBIM BBIXOJ JIFOMHUHECLUEHIUHU I10
CPaBHEHHIO CO CBOOOIHBIMH HaHOYacTUIIAMU [3].

B pabote [4] HaHOKOMITO3UTHBIE TUICHKH Ha ocHOBe PbS-TIBA, CdS-ITIBA u PbS-CdS-
[IBA Obu CHHTE3MpPOBAHBI C HCHOJIB30BAHUEM in-situ Xxumuyeckoro merona. udpakro-
METPUYECKUH aHAJIN3 BCEX HAHOKOMITO3UTHBIX TUICHOK IMTOATBEPINII, YTO HAHOYACTHIIBI PbS 1
CdS B [IBA-matpuiie umeroT Kyouueckyro cTpykTypy. COM n3obpaskeHus 1moka3ajid MOHO-
mucriepcHoe pacnpezenenne Hanodactun, PbS u CdS B marpure IIBA. UK uccnenoBanus
MoKa3ajau CABUT (YHKIMOHANBHBIX Ipynn B marpuiie [IBA, uro yka3piBaeT Ha CHIIBHOE
B3auMo/eiicTBue HaHowacTull UM nojaumepa [IBA. Y®-cnexkTpockonuss HaHOKOMITO3UTHBIX
IJICHOK MOKa3aJla CHHUM CIIBUT B CIIEKTPE MOIJIOLIEHNS HAHOKOMIIO3UTHBIX IJIEHOK [0 CpPaB-
HEHHMIO CO CreKTpamu noriomenns o0beMHbix PbS u CdS. beun paccuntansl mupuHa 3ari-
PEILICHHON 30HBI JUIS BCEX HAHOKOMIIO3UTHBIX ieHOK PbS/TIBA, CdS-IIBA u PbS-CdS-
[IBA u ycTaHOBJIEHO, YTO OHU COOTBETCTBEHHO paBHBHI 2,10, 2,84 u 2,22 »B. Illupuna
3alpelIeHHOI 30HBI 11 HAHOKOMITO3UTOB Ha ocHOBe PbS-CdS-TIBA pacrnonoxeHa MexIy
HaHokommnozutamMu PbS/IIBA u CdS/IIBA u Ommke K IIMPUHE 3alpelieHHOW 30HBI IS
ek PbS/TIBA.

B paborte [5] uzyudens! poTOBOIBTANYECKHE  ONTHYECKHE CBOMCTBA HAHOKOMITO3UTOB
Ha ocHoBe [IBA+PbS, a Takke BIMSHUE TEPMUYECKOTO OT)KUIAa HA CBOMCTBA JaHHBIX
HAaHOKOMIIO3UTOB. Ha cnekTpax mornomieHus ObUTH WACHTU(PUIMPOBAHBI MAKCUMYMBI MPU
1,5, 1,84, 2,41, 3,06 u 3,58 »B. XapaktepHoii 0COOEHHOCTHIO NAHHBIX HAHOKOMIO3UTHBIX
IUICHOK SIBJISIETCS] HAJM4UKe 3€JI€HO-CUHEW JTIOMUHECIIEHIIMM ¢ MAKCUMYMaMU MHTEHCUBHOCTH
npu 2,25 u 3,02 3B coorBercTBeHHO. HanbomnbIias HHTEHCUBHOCTD 3€JIEHOM TIOMUHECIIEHITUU
HaOroaeTCs Ipu BO30YKIEHUH dHEprueit papHoit 2,35 5B, Toraa kak HHTEHCUBHOCTH TTUKOB
CHHEW JIIOMMHECIICHIIUU Ha0Jto1aeTcs npu BOo30YXJIeHUM dHeprueit pasHoi 3,46 3B. Ilocne
TEPMUYECKOTO  OT)KMra HaHOKOMIIO3UTOB Iipu 370 K  MHTEHCHMBHOCTH  3€I€HOMN
JIOMUHECLICHIINM YMEHBIIAETCSI B HECKOJIBKO pa3, TOI/la KaK MHTEHCUBHOCTh CUHEN dMUCCUU
yBenuunBaeTcs. GoToBONbTaMYECKHE CBOWCTBA HAHOKOMITO3UTHBIX TJIEHOK PbS 3aBucsT oT
YCIOBUH OT)KWTa, JOCTUTas MAaKCMMyMa IIOCIe OTXKHra Ha BO3AyXe NPHOIM3UTEIbHO MpPU
temriepatype crekiaoBanus [IBA pasnoit 370 K. CrekTtpanbHblii quana3oH (OTOUYBCTBH-
TEJIbHOCTH HAaHOKOMIO3UTHBIX IUIEHOK PbS mmpe, yem auamnazoH (OTOUYBCTBUTEIBHOCTH
HAHOKOMITO3UTHBIX IJIEHOK Ha ocHOBe mosmmep-CdSe- u CulnSo.

B wuccrnenoBanmm [6] aHamm3mpoBaHa IEECOOOPAa3HOCTh WCIOJIB30BaHUS ZnS B
Ka4yecTBE YKYIOpPHUBAIOIIEr0 MarepHuaja JUlsi KBAaHTOBBIX Touek PbS ¢ wucmonpzoBanmnem
METOJIOB IOCJIEIOBATEIbHON aACcOpOLMU M PEaKIUH HOHHOIO TMOCIOWHOTO OCaKIEHUS.
Pe3ynbraThl MokasbpIBaioT, 4TO Cloi ZnS obneryaer ocaxaeHue PbS mocpencTsom mporecca
MOHHOT'O 0OMEHa, B TO BpeMs KaK HaJIOKEHHBIN CJION ZnS MMeeT TeHACHIINIO MOKphIBaTh PbS
crioco0oM, MogoOHBIM (hu3nyeckoMy mporeccy ykiuaaku. [Tostomy kBanToBble TOukH PbS,
MOKPBITEIE aMOp(GHBIM ZnS, pa3pabareiBatoTcs ¢ ucnoib3oBanueM TexHuku SILAR, koTopas
MOYET OBITh MCIIOJIb30BaHa ISl 3aIlI0JTHEHUSI ME3OMOPUCTHIX CyOCTpaTOB U, CIIEI0BATEIBHO,
JUTSI IOCTPOEHUS] 0ObEMHBIX T'€TepPOINEePEX0/10B.
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B pabote [7] y3komonocHble HaHOYacTHIBI PbS, xoTopeie 006mamaroT (OTOTOMHUHECIICHT-
HBIMH CBOMCTBaMH B OJMKHEH MH(pakpacHOU 001IacTH, OBIITN OCaXICHBI HA HAHOCTPYKTYpax
TiO2 MeTo10M MOCIIEIOBATEILHOMN MOCIORHOM aacopOuuu i pa3pabOTKH KBAHTOBOIIOTIIO-
narmux conHeuHbix deMeHToB (KBCD). Tommuusl HaHOmieHOK PbS Obutn ontuMu3upo-
BaHbl JUIsI TIOBBIMICHUS (oTOoIMeKTpruUeckux xapakrepuctuk KBCD nHa ocHoBe PbS.
Opnoponnsnii cinoit CdS HemocpeAcTBEHHO HAHOCWIIM HA MPEABAPUTENBHO BBIPAIICHHBIN
doroanox PbS-TiO2 mms 3ammrel PbS OT XMMHYECKOTro BO3AEHCTBHS IMOJIHCYJIb(UIHBIX
3NeKTpouToB. bputa 3adukcupoBaHa BBHICOKAS MIOTHOCTH (POTOTOKA KOPOTKOT'O 3aMBIKAHHUS
(npubmmsurensro 10,4 MA/cM?) JUIS CO-CEHCHOWIM3MPOBAHHOTO COJHEYHOTO 3IIEMEHTA
PbS/CdS, Torma kak mioTHOCTH (OTOTOKA TOJIBKO CEHCHOMIM3MPOBAHHBIX PbS conneunbix
57eMEHTOB OblTa Hmke 3 MA/cM?. DdQEKTHBHOCTh NPeOOPa3OBAHMS MOIIHOCTH CO-
CEHCHOMIM3UPOBAHHOTO coyiHeyHoro 3nemMeHTa PbS/CdS mocturama 1,3%, 4ro Obl1o BBIIIE
apudmMeTryeckoro jaobaBiaeHus 3PGEKTUBHOCTH OTAEIbHBIX coctaBisitonux (PbS u CdS).
OTH pe3ynbTaThl MOKa3bIBAIOT, YTO cHUHeprerndyeckas komOmnHanuss PbS ¢ CdS moxer
obecrieunTh CTAOUIBHBINA U 3()PEKTUBHBIN CEHCHOMIU3ATOP IS MPAKTUYECKUX MPUMEHEHUN
COJTHEYHBIX JIEMEHTOB.

UzBectHo, uTO ynbTpaduoneroBoe (YD) wusnydeHHEe BIHUAET HA JOJITOCPOUYHYIO
CTaOMIIBHOCTh MHOTHX OpPraHWYeCKHX MarepuanoB. HemaBHo ObLI0 0OHapyXeHO, YTO CHHEE
U3ITydYeHUE TakKe TPEACTABIsIET OMacHocTh. B wmccnemoBanuu [8] Obuim pa3paboTaHbl
snokcu-ZnO/CdS (BI1-ZC) ocHOBHBIE HAHOKOMITO3UTHI, CIHOCOOHBIE SKPAHUPOBATH Kak
yIbTpaduoIeTOBOE, TaK U CHHEE M3IydeHue. Bo-nepBbix, HaHo4acTHIB Ha ocHOBe ZnO/CdS
ObUIM cuHTe3upoBaHbl myTeM pocta CdS Ha rotoBeix kBaHTOBBIX Toukax ZnO (ZnO KT). B
ornuunre oT KT ZnO, xoTopble MOINoMAT TOIbKO YacTh YIbTPadUOIETOBOrO M3Iy4YeHUS,
HaHouacTHUIbl Ha ocHOoBe ZnO/CdS mposBISIOT CHIBHOE MOIJIOIIEHHE B 00JacTU JUIMHBI
BOJIHBI, TpOCTUparoweics oT Y P-usinydeHus 10 cuHero. Kpome Toro, nuamna3zoH MoriomeHus
MOXKHO PperyJMpoBaTh IIyTEM peryJupoBaHus MoJsipHoro otHomeHuss Zn/Cd. bbuia
UCTIONIb30BaHa in-situ mommmMepusanus it noiaydenus OI1-ZC oCHOBHBIX HaHOKOMIIO3HUTOB,
KOTOpBIE€ SBIISIOTCS ONTHYECKH MPO3pauHbIMH MpU AnuHaX BoiaH Oomnee 500 M. Bbiio
00HapyX€HO, YTO HAHOKOMIO3UTHI Ha ocHOBe OII-ZC o00nagatoT BBICOKO 3alUTHBIMHU
cBoiictBamu OT Y D-u3mydeHus U MOTYT MOYTH MOJHOCTHIO OIIOKUPOBATH YIbTPaPHOIETOBBIN
CBET B MHTepBase MIMH BoJH Mexy 200-400 uM u Oonee ueM 80% romy0oro cBera MExIy
400-450 um npu conepxkanuu 0,3 mac.% conepkanust HaHowactul ZnO/CdS B marpuue
SIIOKCHUJIHOU CMOJIEL.

B pabore [9] nHanoxommo3uThl Ha ocHOoBe CdS/aeHapumep OBIIM CHHTE3HMPOBAHBI U3
Cd?" u S? HOHOB B METAHONBEHOM PACTBOPE B MPHUCYTCTBUM CTAOMIH3ATOPA-AMHHO-AMHHOBOTO
MOJIMaMUI0AMUHOBOTO JieHApuMepa. KoHTponupys yciaoBust cHHTE3a, MOTYT OBbITh IOJTy4€HbI
HAHOYACTHIIBI C Y3KUM pachpeieiieHueM mo pazmepam-2 HM. Hanouactuner CdS B matpuiie
NOJIMMepa TMPOSBISIOT CHUHIOK (DOTOJNIIOMUHECHEHIMIO TpH JUIMHE BOJHBI 450 HM.
dopmupyroTcsi cTaOMIIBHBIE arperaTtbl Ha OCHOBE OT JBYX JO TPEX MOJEKYJ ICHIpUMEpa C
HECKOJIbKUMHM HaHouyacTuuamMu CdS; yacTuIbl pacroiioKeHbl Ha IMOBEPXHOCTH MOJIEKYII
neHnpumMepa. [mapodwnbHas TpUpoAa IEHApPHMEpa TPUBOIUT K CIa0OMYy CpOJICTBY
MOJIJIOKKH- TpaduUTy, HO K CHIIBHOMY CPOJICTBY K TOJUIOKKAM C TUIPOKCUIHLHBIM MOKPBITHEM,
TaKAUM Kak CJ0a, OKHCIICHHBIE KPEMHHEBBIC IUTACTHHBI W MOHOCIOW C KOHIIEBBIMH
KapOOKCHIIaTaMH.

B pab6ore [10] momydeHsl HaHOKOMIO3MTHI Ha ocHoBe ZnS/PbS u PbS/ZnS c
nepecTpauBaeMbIMU AJIEKTPOHHBIMU CBOICTBaMM IyTeM B3aumozeictBust PbS ¢ ZnS u ZnS
Ha HaHouacTuuax PbS. B o0eux crpykrypax wactunsl PbS mpucyrcTByloT B KyOMueckon
dopme co cpemHUM aHaMeTpoM okoio 6 HM. JloGaBinerne HoHOB Pb%* (3x10™* mons/mM) B
ZnS (1x10* momb/mmM®) npu 3amanHom pH TpHBOAMT K 06pa3OBAHMIO HAHOPA3MEPHBIX
dyopecueHTHBIX YacTul] PbS, mokphIThIX ruapokcunamMu MmetayioB. [Ipy  koHIeHTpanuu
noHoB Pb%" pasroit 1.5x10*moms/nM™ B cyOGHAHOCEKYH/THOH BpPEeMEHHOH 00JTacTH HabIIo-
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nanach MexdazHas penakcarus 3apsaa u3 ¢asel ZnS B PbS. Kommo3uTHbie YacTHIlel Ha
ocHoBe PbS/ZnS cuHTE3MpYyIOTCS TOJIBKO MPU BBICOKMX KOHIEHTpAUUAX ZnS. DTH 4acTUIIBI
UMEIOT BpeMsl )KU3HU U3ITyUYEHUs] B UHTEPBAJIE HECKOJIbKUX MUKPOCEKYHI.

B pabore [11] cunresmpoBansl kBaHTOBBIe Touku (KT) Ha ocHOBe PbS-CdS (simpo-
000J104Ka) KaK YyBCTBHUTEIbHBIE COJHEUHBIE AJIEMEHTHI ImyTeMm mpsimoi ancopbuuu KT nHa
saapax o0omouku Ha Me3omopuctom TiO2 ¢ TOCHSAYIONMM OOMEHOM JIMTAaHAOM 3-
MEpPKAaITOMPOINMMOHOBON KUCIOThl. COJIHEUHBIE 3JeMeHThI, ceHcnOuamznpoBanubie KT PbS-
CdS, noka3siBatoT B 4 paza 6osiee BEICOKYIO 3(DPEKTUBHOCTD 110 CPABHEHUIO C COTHEYHBIMHU
3JIeMEHTaMH, ceHCcHOmmm3upoBaHHbIMU ¢ momombio KT PbS. 3HauuTenpHO yBennyeHHOE
CpedHee BpeMsl JKM3HU JJEKTPOHA M JUiMHA JUQQPY3UH DICKTPOHOB SIBIISIOTCS Ba)KHBIM
CBUJIETENHCTBOM Ooiiee BBICOKOW 3((EeKTUBHOCTH AaHHOH sueliku. CpeaHee BpeMms KU3HU
DJIEKTPOHA YBEIIMYUBACTCS ¢ U3MEHEHUEM TONIUHBI 000104uku CdS, npudem obomouka CdS
UTpaeT BaXXHYIO POJIb B MIPEIOTBPALICHIHN peKoMONHauu HocuTenel. OnHako u3-3a 6apnepa,
o0ecreynBaeMoro cMeleHneM Mexy 3oHamu npoBogumocta CdS u sigpom PbS, oGomouka
CdS rtaxxe npensTcTByer MHkekuuu Hocutenedl u3 PbS B TiO2. Taxke M3ydeHO BIUSHHE
TONIIMHBI  OOOJIOYKM Ha MPOU3BOJUTEIBHOCTh SUYEHKH, TO0Ka3aB d3((eKTHuBHOCTH
npeoOpaszoBanus sHeprun 1,28% ans KT PbS ¢ 0.5 nanomerposoii CdS-o60moukoii. Takxke
ycTaHOBIIEHO, 4To obonouka CdS sddextuBHO mpenorBpamaer (ortokopposuto PbS, dro
MPUBOJUT K BBICOKOCTAOMIBHON (hOTOIPOBOAUMOCTH.

B pabore [12] cuHTe3upoBaHbl TMOPUIHBIE KOMIIO3UTHI M3 HEAarperupoBaHHBIX HAHO-
gactury PbS co cpemaum pasmepom 5,81 HM, BBEICHHBIM B MaTpHIly OKTaalKuWJI3aMe-
[IEHHOTO, HE COJEpXKalllero MeTajuioB (TajonuaHuHa. DTH HAHOKOMIIO3UTHBIE IJICHKU
JEeMOHCTPUPYIOT ~ HHU3KYHO  AJIGKTPOIPOBOJHOCTH IO CPAaBHEHUIO C IJICHKOH W3
OKTAaJIKMII3aMEIIEHHOTO HE COJEepKallero Meramul QTaloluaHuHa moyTd Ha 65%.
OrnipesiesieHo, 4TO IMIMPUHA 3aMpelieHHON 30HBI I HAHOKOMITIO3UTOB cOcTaBisieT 2,22 5B.
N3yueHsbl 31eKTpUYEeCKre CBOWCTBA HAHOKOMIIO3UTOB M OOHApY>KE€H NMPBDKKOBBIA MEXaHU3M
MPOBOAMMOCTH B HAHOKOMIIO3UTaxX Ha ocHoBe PbS.

B pabore [13] HanoctpykTypupoBanHble CdS u ZnS ObUIM CHHTE3HMPOBAHBI METOJIOM
XUMHYECKOTO OCAXKICHHS ¢ Hcroyib3oBanneM J[M® B kadecTBe CTaOMIM3UPYIOMIETO areHTa.
HaHOKOMIO3UTHI HA OCHOBE MPOBOASAIIETO MOJMAHWINHA ¢ HaHouyacTuuamu CdS/ZnS 6butn
CHHTE3MPOBAHBI METOJIOM XMMHUYECKOH OKHCIMTEIBHOHN MOIMMEPU3AlNU C HCIOIb30BaHHEM
nepcynbdara aMMOHHS (OKHCIUTENS) U CEPHOM KHUCIOTHI (Jerupyrolend mnpumecu). Psng
HAHOKOMITO3UTOB OBbLI CHHTE3UPOBAH IyTeM M3MEHEHHs] MaccoBoro cojepxkanus CdS/ZnS
(5, 10, 15, 20%) mpu mONMMEpH3AIUK aHWIWHA (MOHOMEpa). Y CTaHOBJIEHO, YTO pa3Mep
yacTtull coctaisieT Menee 10 um. [To mepe yBennuenus conepsxanust HaHodactuir CdS/ZnS B
marpuiie nonuanwivHa (ITAHW), temmeparypa pa3ioxkeHuss BO3pacTaeT, a »dHeprus
aKTUBAIMH PA3JI0KECHUSI YBEITMYMBACTCS. DTH PE3yJIbTaThl CBHUIETEIBCTBYIOT O TOM, YTO
MOJMMEPHBIE HAHOKOMITO3UTHI TEPMUYECKH CTAOMIIBHBI 110 cpaBHEHUIO ¢ yucThiM [TAHU.

B paGore [14] omHOMepHBIE HAHOKOMIO3UTHI Ha ocHoBe CAS@ZnS ObulM yCHENIHO
CHHTE3MPOBAHBI C MOMOIIBIO JABYXCTYIIEHYATOTO COJIbBOTEPMHUYECKOr0o MeTona. [IpemBapu-
TeJNbHO copMupoBaHHbIE HaHONpPOBOJNIOKKM CdS ¢ auameTpom OKoJI0 45 HM M JUIMHOW J0
HECKOJIbKUX JIECITKOB MHUKPOMETPOB TMOKPBITHI Ci0eM 000JI0uKH ZnS peakuuel areraTta
uHKa 1 THoMoueBHHBI npu 180°C B Teuenue 10 4. bbuto oOHapykeHO, YTO OAHOPOAHAsS
00osiouka ZnS COCTOUT U3 HAHOYACTHI] ZnS ¢ TUaMETPOM OKOJIO 4 HM, KOTOpPbIE 3aKPEIICHbI
Ha HaHONPOBOJAaX 0e3 MpeaBapUTENIbHOM 00pabOTKH MmoBepXHOCTH. M3yuanuce ontuyeckue
CBOMCTBA M (hOTOKATATUTHUIECKAs aKTUBHOCTh HaHOKOMMO3UTOB CdS(@ZnS u ycTaHOBIIEHO,
yro oOonouka ZnS MoxeT 3((eKTHBHO NacCUBUPOBATH MOBEPXHOCTHBIE 3JIEKTPOHHBIC
cocrosiHus sanep CdS, uyTo OOBSCHSET YCHUICHHYIO (DOTOKATAMTUUECKYI0 aKTUBHOCTbh HAHO-
KOMITIO3UTOB Ha ocHOBe CAS@ZnS no cpaBHeHHUIO ¢ HaHONPOBOAaMH Oe3 mokpeiTus CdS.

B pabore [15] ocymiecTBIsICS CHHTE3 TOHKUX HAHOKOMITO3UTHBIX IUIEHOK HA OCHOBE
HaHouacTuil PbS B monmmmepHoii matpuiie nomuctupona (I1C) u3 pactBopa myTem TepMomsa
METOJOM  in-situ. DJIEKTPOHHO-MUKPOCKONMUYECKHE HM300paKEHUS TOKa3bIBAIOT, YTO
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HaHOKpucTauibl PbS wumeror pasmep 3-5 HM. HaHOKOMMO3WTHBIC TIUICHKH SBIISIOTCS
MaTepuagaMi p-THIIAa C TeMHOH mpoBoamMocTeio 106 Cm/cm™ u 06mamaoT BBICOKON
(bOTONPOBOAMMOCTBIO C JIMHEHMHBIMH 3HAYEHUSIMH TOKa-HampsbkeHus. Beicokue anexTpuuec-
KHE€ CBOICTBa HAaHOKOMIIO3UTHBIX IIJICHOK OOBSCHSIOTCS CHIBHBIMH B3aUMOJICHCTBUAMU
mexay PbS u I1C, uro noareepxkaaercsa MK-cniekrpockonueit u TT'A ananuzom.

B pa6ore [16] osmuccuonneie nanociaou PbS/CAS tuma sapo/obonouka ObLIH
CHHTE3MPOBAaHBI METOJIOM KATHOHHOTO OOMEHAa. YCTaHOBJICHO, YTO B JAHHBIX HAHOCIOSX
HaAOJI0/IaeTCsl 3HAYUTENIbHOE CHHEe CMellleHue (POTOMOMUHECHEHIIMN, YTO YKa3blBaeT Ha
Ooiee CUIBHOE KBAaHTOBOE YyJepkaHue B sjape PbS, MOCKOJIBKY TONIIMHA HAHOCIOS
YMEHBIIIAETCS /10 BOCBMHM ATOMHBIX CJI0€B. TOYHBIA aHalu3 TOJMIMHBI Ka)XJOTro CIOS
MOKa3bIBACT CBSI3b MEXK/IY SHEPrETHUECKUM 3a30POM U TOJILIIMHOM B YPE3BBIYAHO OJTHOMEPHO
OTpaHUYEHHON HaHOCTPYKTYpE.

B pabGotre [17] pa3spabarpiBaeTcsi METOA CHHTE3a BBICOKOKAYECTBEHHBIX CBOOO-
HOCTOSIIIMX CBEpXTOHKHMX 2D HaHokpucramioB PbS ¢ tonmuuoit ~ 2 um. Pasmep HaHOkpuC-
TaysioB PbS MOXXHO M3MEHUTH 10 HECKOJIBKHX COTEH HAHOMETPOB, BapbHUPYS TOJIBKO BpEeMs
peakuuu OTKura. MUKpPOCKONMYECKUNW U CIIEKTPOCKONWYECKUN aHAIM3 Ha Pa3HbIX JTarax
peakuuu oOHapyXuBaeT o0pa30BaHUE JIBYMEPHBIX HAaHOKPUCTAJJIOB C OMOIIbIO MEXaHU3Ma
HenpepslBHOTO pocTa. 2D PbS HaHOokpucTamiasl UMEIOT MOYTH HE 3aBUCALIYIO OT
TEMIIEpaTypbl U YaCTOTY BBICOKYIO JUAJIECKTPUUYECKYIO MpPOHHUIIaeMOCTh (>13,4) ¢ maiabiMu
nuanekrpuaeckuMu rotepsamu (0,0006 mpu 20 K u <0,06 nmpu 350 K mna 100 xI'm) B
MIMPOKHUX TEMIIEPATypHBIX M YAaCTOTHBIX AHMAna3oHax. HW3KkouyacTOTHas IMAJIEKTpUYECKas
npoHunaemMocts ot 125 ' 1o 1 MI'1, cTaGMIBbHOCTD IUANEKTPUUYECKUX MOTEPh MPH YACTOTaAX
(<0,03 mpu 100 xI') ompenenstoT JOCTOMHCTBA HAHOKPUCTAIUIOB PbS Kak MoTeHIMAIBLHOTO
JTURIIEKTPUYECKOT0 MaTepuana.

B pa6ote [18] paccmarpuBaeTcsi mpocTol HU3KOTEMIIEpaTypHBIH Ipolece sl CHHTE3a
MaJIbIX U CTaOMIIBHBIX KBaHTOBBIX Touek PbS/CdS ¢ smuccueit nuxe npu amuae 1100 am. Qs
cuHTe3a KBaHTOBBIX Touek PbS/CdS wucnonw3oBancs pactBop PbCl: B onemnamune u 1-
nonekantuosie. Tonkas obomouka CdS BeipammBanack Ha PbS mpu xoMHaTHO# Temmeparype
METOJIOM KaTHOHHOTO oOMeHa. MeToJ KaTHOHHOTO 0OMeHa moiydeHus: Hanodactul, PbS/CdS
obecrieunBaeT B 6-9 pa3 0ojiee MHTEHCUBHOE W3JIy4YCHHE, YEM YHMCThIe HaHOdacTUllbl PbS c
Jdydmeil onTudecko crabuibHOCThI0. OTXUT KBaHTOBBIX To4yek PbS/CAS B TBepaom
COCTOSIHUM IpU yMepeHHbIX Temneparypax (50-100°C) ynyumaer KpUCTaIIMYHOCTh YaCTHULL.
OOmen nuranaoB Ha oToxokeHHOM PbS/CdS ¢ 1-momexaHTHONIOM yCHIIMBaeT AOITOBPEMEH-
HYI0O CTa0WJIBHOCTh 4YacTWIl. Takke W3y4YeHbl CTPYKTypa, ONTHYECKHE CBOWCTBA U
crabmibHocTe KT PbS/CAS B xmopodopme u HedTenpoiykrax (AM3eIbHOE TOIUIMBO U
OCH3WMH) UII BO3MOXXHOTO TPUMEHEHHsS KBAaHTOBBIX TOYEK B KAUeCTBE ONTHYECKUX METOK.
CrnenoBarenbHO, ObUT pa3paboTaH MPOCTOW M yNpaBIIEMBbId METOJ Ui CO3JaHUSI BBICOKO-
CTaOUIIBHBIX, YMCTHIX, KOHTponupyembix 1o pasmepy KT PbS/CdS ¢ mmupokononocHoit
JIOMHHECHEHIIUEH, TETEKTUPYEMO HEJOPOTMMHU MOJTYIPOBOIHUKOBBIMH JIETEKTOPAMHU.

B pab6ote [19] nokasano, uto KT PbS sBisitoTcst mepcneKTHBHBIMU MaTepHaaaMu ISt
UCIIOJIb30BaHUSI UX B KAueCTBE IOTJIOTUTENECH COJHEYHOIO CBETa B CEHCHOMIM3MPOBAHHBIX
coJIHEeuHbIX 351eMeHTax. Kpome toro, O2 mim H20O, nmpucyrcrByroniye BO BpeMsi U3rOTOBIICHHS
CHJIBHO BIIMSIIOT Ha MPOM3BOJIUTEIBHOCTH ycTpoiicTBa. KBanToBble Touku PbS nemoncTpu-
PYIOT CHIBHBIA (GOHOHHBIA pexuMm mpu 196 cm™. Ilpu ysemwueHnMm okucioeHus PbS
YBEJIMYEHUE OTHOCUTEILHONM MHTEHCHBHOCTH MOJOCHI MOXET Habmojarbes B obsactu 250-
380 cml. OcHOBBIBAsCH Ha JAHHEIX Pe3yJbTaTaX, OBUI CIEIAH BHIBOJ O BO3MOXKHOM HCIIONb-
30BaHUM JIAaHHBIX MAaTEPUAIOB JUI M3TOTOBJIEHUS CIEKTPAIBHBIX MapKepOB MOBEPXHOCTHO-
YCUJIEHHOTO PAMaHOBCKOT'O paccesiHus B Ka4eCTBE KOHTPOJIbHBIX HHCTPYMEHTOB MPU U3TOTOB-
JeHun (HOTOIIEKTPUIECKUX YCTPOUCTB.

ABtopamu B pabote [20] npeacTaBieHbl pe3yabTaThl HCCICAOBAHUS HOBBIX THOPHIHBIX
MOJIMMEPHBIX HAaHOKOMMO3UTOB Ha ocHoBe [II1+PbS/CdS, xapakrepuctuke Mx CTPYKTYpHl U

40



M3YyYEHUU MX ONTHYECKUX cBOMCTB. COM wmccnenoBaHusl MOKas3aldu, YTO CPEIHHI pa3Mep
HaHOYACTHII Juia TuOpuaHoro HaHokommosuta [II1+PbS/CdS cocranser 9-12 am. 13 YD-
CHEKTPOB HAHOKOMIIO3UTOB METOJOM OKCTpamoyiiluyd Oblla OmpeleleHa MIUpHHA
3aMpenieHHON 30HbI U YCTaHOBJIIEHO, YTO IIUPHHA 3alpelIeHHON 30HbI Obuta paBHa 1,65 3B
miag HanokommosutoB IIIT/PbS, 2,6 3B mua IIII/CAS u 3,0 5B mjigd HaHOKOMIIO3UTOB
[TIT+PbS/CdS. ®oTOMIOMUHECIICHTHBII aHAJIU3 HAHOKOMIO3UTOB Ha ocHoBe [IIT+PbS/CdS
MOKA3bIBACT J[BA JIIOMUHECLUEHTHBIX MHUKA Ha CIEKTPax JIOMUHECUEHIMH MPH JUIMHAX BOJH
paBHoit 680 HM u 715 HM. CnemoBarenbHO, OBUIO TOKA3aHO, YTO JUISI TAKHUX CHUCTEM
CHEKTpaJibHAs-4yBCTBUTEIbHAST 00JacCTh PACHIMPSETCS M 3TO IMO3BOJSET NPUMEHATH TaKUE
HAHOKOMITO3UTHI B PA3JIMUHBIX 001aCTSIX HAYKH U TEXHUKH.

B pabore [21] aBTOpamu mpeacTaBiIeHbl PE3yNbTaThl CUHHTE3a MOJUMEPHBIX HaHOKOM-
MO3UTOB HAa OCHOBE HAHOYACTHII CYJb(HIa CBUHIA M H30TAKTHUYECKOTO MOJIUIIPOMIIICHA.
beuto ycTaHoBneHo, uTo mpu Oojee HU3KUX KOHLEHTPAalUSIX HaHodacTulsl PbS B marpuie
MOJIMTIPOITMJICHA WTPAIOT POJb CTPYKTYpoOOpazoBareinss W B (POPMHUPOBAHHBIX HAHOKOM-
Mo3UTax 00pa30BaIMCh YCTOWYUBBIC SJICKTPUUECKUE JOBYIIKH AJIs MOJISIPHBIX TPYIIN U JEKT-
pudeckux 3apsgoB. DopMmupoBaHUE YCTOWYHMBBIX SJICKTPHUSCKHUX JIOBYIIEK JUISI HOBBIX
MOJIIPHBIX TPYII M AJIEKTPUYECKUX 3aPSAIO0B MPHUBOIUT K YBEIHMYCHHUIO AMAIEKTPHUECKOM
MPOHUIIAEMOCTH M YIYUYIICHUIO TOJSPU3YEMOCTH TOJyUYEHHBIX HAHOKOMITO3UTOB. JlabHEH -
niee yBelIWYeHHE KOHIEHTpanuu HaHodacTul, PbS B wmarpuie mnonumepa NpUBOAUT K
YBEITUYCHUIO TPOBOJMMOCTH M TOCTEIICHHOE CHUXXEHHUE TMOJSPU3YIOMIEH CIOCOOHOCTH
HAHOKOMITO3UTa O0YCIIOBJICHO TEM, YTO HAHOUACTHUIIBI BEAYT ce0s Kak OTAeNbHas AUCIIepCHas
daza.

B pabGotre [22] wccnemoBaHbl omnTHYeCKWE W (OTOTIOMUHECIICHTHBIC CBOMCTBA
MOJIMMEPHBIX HAHOKOMIIO3UTOB Ha OCHOBE M30TAKTUYECKOIO IMOJIUIIPOINUIICHA U HAHOYACTHI]
cynbduaa CBUHIA. DIEKTPOHHO-MUKPOCKONMYECKUN aHAJIM3 MMOKa3al, YTO CPEIHUN pa3zmep
HAHOYACTHI] Cyib(uaa CBUHIA B HAaHOKoMMo3uTax Ha ocHoBe [1I1+1%PbS cocraBnser 7-13
uMm; g I+ 3%PbS cocrasmsger 13-18 wum, gaa III+5% PbS 11-20 um, a oug
HaHoKomno3uToB Ha ocHoBe [II1+10%PbS 13-24 HM. VYcTtaHoBieHO, 4YTO HIMPHHA
3ampeIIeHHON 30HBI JUIsi HaHOKOMITO3UTOB Ha ocHoBe [1I1+1%PbS cocrasnser 2,2 3B; mis
IMI1+3%PbS-2,1 »B; mnsa III1+5%PbS-2,3 3B u mra I1I1+10%PbS-1,7 »B. HccaemoBaHsl
(GOTONIOMUHECLIEHTHBIE CBOIICTBa HAHOKOMITO3UTOB Ha ocHoBe I1I1+PbS u ycranosneno, uto
WHTEHCUBHOCTh (POTOIFOMHHECLICHIIMM YBEIMUMBACTCS C YBEIWYCHHEM KOHIICHTpAIUU
Hanovactuil PbS 1o 3% conepkanusi, a 3aTeM yMEHBIIIACTCSI.

Takum 006pa3om, Ha OCHOBE BBIIICH3I0KEHHBIX JINTEPATYPHBIX TaHHBIX MOXKHO CENaTh
CIIETYIOIINE 3aKITIOUEHHUS:

* QaKTHUBHBIE CBOHCTBa ((OTONIOMHHECLIEHTHBIC, ONTHYECKUE, (OTOPE3UCTUBHBIE,
($hOTOBOJIbTANYECKHE U.T.J[) U JJICKTPOPU3NUECKHUE (TUIICKTPUIECKass MTPOHUIIAEMOCTh, TaH-
TeHC yria JAUAJCKTPUUECKUX MOTeph, YACTHbHOE COMPOTHUBIECHUE) CBOMCTBA MOJUMEPHBIX
AKTUBHBIX HAHOKOMIIO3UTOB CHJILHO 3aBUCAT OT TEXHOJOTHYECKUX YCIOBUU (hopMHpOBaHUS
HAHOKOMITO3UTOB, H3MEHEHHS HAIMOJIEKYIISIPHON CTPYKTYPhI MOJTMMEPHBIX HAHOKOMITO3UTOB,
MeX(pa3HbIX B3aMMOJCHCTBHI MEXIy KOMIIOHEHTAMH KOMITO3HIIMH, TTPHPOJIBI TOJTUMEPHOH
MaTpHUIIBl (3IEKTPOOTPHUIATETFHOCTh, MOJMSPHOCTh H.T.J), OT CBOICTBa M pa3Mepa Hamol-
HUTENS, OT TUCIIEPCHOCTH U OJHOPOJHOCTU PACTIPECIICHHS] HAHOHAIIOHHUTEIS B TOJIUMEP-
HOW MaTpuile, a TaKKe OT MPOILIECCOB MEXMOJEKYISIPHOTO MEePeHOCa U MUTPAIUU SHEPTUU
AIIEKTPOHHOT'O BO30Y KICHUSI.
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YARIMKECIRICI HIBRiD POLIMER NANOKOMPOZITLOR VO
ONLARIN FORMALASMASI METODLARI

HACIYEVA F.V.

Hibrid yarimkegirici polimer nanokompoitlorin alinmast vo todiqiq istigamatindo
aaprilan islori hazirki miiasir voziyyasti analiz edilmisdir. Miioyyon olunmusdur ki, polimer
nanokompozitlorin aktiv, elektrofiziki vo istismar xassolori nanokompozitlorin texnoloji
alinma soraitindon, nanokompozitlorin iistmolekulyar qurulusundan, polimer vo nanohissocik
arasindaki qarsiligli tosirdon, polimer matrisin tobistindon, doldurucunun o6l¢ii vo
xassolorindon, nanohissaciklorin  polimer matrisdoki dispersliyi vo  paylanmasinin
bircinsliyinden, homg¢inin molekullararas1 daginma vo electron hayocanlanmsi enerjisinin
miqrasiyasindan giiclii asilidir.

Acar sozlar: nanokompozit, yarimkegirici, nanohissaciklar, polimer.

HYBRID SEMICONDUCTOR POLIMER NANOCOMPOSITES
AND METHODS THEIR FORMATION

HAJIYEVA F.V.

The current state in the field of production and research of hybrid semiconductor
polymer nanocomposites is analyzed and have been established that the active,
electrophysical and operational properties of polymer nanocomposites strongly depend on the
technological conditions for the formation of nanocomposites, changes in the supramolecular
structure of nanocomposites, interfacial interactions between the polymer and nanoparticles,
the nature of the polymer matrix, the properties and the size of the filler, from the dispersion
and uniformity of the distribution of nanofiller in the polymer matrix, as well as from the
processes of intermolecular transfer and migration of electronic excitation energy.

Key words: nanocomposite, semiconductor, nanoparticles, polymer.
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IMMOJYUYEHUE U ®OTODJEKTPUUECKHE
CBOMCTBA IIJIEHOK CdTe U CdS

JUKA®APOB M.A., MAME/IOBA C.A.

Baxunckuii 'ocyoapcmeennviii Yuusepcumem
mamedovacinara89@gmail.com

HccnenoBanue MOIyNpOBOMHUKOBBIX CBOMCTB TEIUTypHIa W Cyla(puIa KaaMHs C KPEMHHEM SIBISETCA
aKTyaJIbHOM 3aJladyeil, B YaCTHOCTHU, CO3JAHHUE TIETEPOIEPEX0/]a C HUACaIbHOW 30HHOM JuarpaMMoOM MExXIy
TEJUTYPUIIOM KaaMHUsL, CYIbGUIOM KaJMH U KPEMHUEM OTKPHIBAET HOBBIC BO3MOXKHOCTH B MOJIYIIPOBOJHUKOBOM
npubopocTpoeHnn. B nmaHHONM paboTe wM3NaraloTCs  pe3yJbTaThl  TEXHOJOTMYECKUX U HEKOTOPBIX
(hOTOINEKTPUUECKHUX HCCIIEIOBaHUI 110 CUCTEME TeJUTypHIa KaaMus, cyibduaa kanmus u uuHka. [1pu pemenun
3a/a4 IOJIyYECHUs TAKUX IUICHOK, HETPUBHUAJIBHBIE DPE3YJbTaThl AT METOJ, OCHOBAaHHBIM HA PAa3JIOKECHUU
THOMOYEBHHHBIX KOOpIUHALMOHHBIX coenuHeHuit (TKC) kaaMus u HuHKa.

Ki1ioueBble cjI0Ba: TBEpABIE PacTBOPHI, TETEPOCTPYKTYpa, MOTJIONIEHHE, THOMOYEBHHA, (hOTOIPOBOAN-
MOCTb

C nomouiplo CMEIIAaHHBIX COEIMHEHHH, COAepKallluX OJHOBPEMEHHO KOOPAMHHUPO-
BaHHBbIE THOMOYEBHHY (thio) W amuAONMraHabl, MOXXHO BBOJUTH B IUICHKH CYJIb(UIOB
Olpe/ieIeHHble MPUMECH M HaNpaBICHHO cO3JaBaTh Je(eKThl, aKTUBHBIE B Ipolieccax
JFOMHHECHEHIINN U SJIEKTPHUIECKON MTPOBOIUMOCTH.

[Tpu co3nanuu (POTONIEKTPUUYECKUX TOHKOIUIEHOUHBIX MpeobOpazoBareneit (DPIII)
COJTHEYHOW OHHEPrMM Ha TOJIMKPUCTAJUIMYECKUX CTPYKTypax BaKHOE 3HAYCHHE IS
3¢ (eKTUBHOCTH UMEET CO3/1aHue TeTepornepexo/ia Ha TpaHmLie MOrIoIaoLiero u OygepHoro
cnos. M3 mHoroo0Opasus MeronoB mnonydeHus OydepHbix cimoeB ans POl Ha ocHoBe
cyiabpuna KagMmus (TepMHUYECKOe HalbUIEHHE B BaKyyMe, MOHHOIUIa3MEHHOE paclibUICHHE,
MUPOJIU3 U AP.) METOJ] XUMUYECKOTO OCKICHUS IJICHOK U3 BOJHOTO PAacTBOpa COJIEH KaaMus
(Meton constHOM BaHHBI [CBD]) Hanbonee usyden. [Ipu uccienqoBanuu napaMeTpoB rOTOBBIX
oOpa3zioB ®OII, KoTOpble MPEACTABIAIOT M3 Ce0S MHOTOCIONHYIO CTPYKTYpYy, H3yueHHUE
3NEKTPO(YU3NYECKUX U ONTUYECKUX MapaMeTpoB Oy(epHOro ciosi B cOCTaBe BCEH CTPYKTYpPBI
U €ro BIMSHHUSA Ha CMEXHBIE CIIOW 3aTpyaHeHo. [lo3ToMy MbI ocaxkganu ciou cyiabduaa
KaJMMs TIpU Pa3IMYHbIX peXuMMax Ha cTeKIsiHHble moanoxkku (K-8) mms uccnenoBanus
(GOTORIEKTPUYECKUX XapaKTEepPUCTUK M KpeMmHueBble mnoanoxku p-tuna (KAb-10) mus
u3ydeHus crpykTypsl p-Si/n-CdS (puc.1).

Puc. 1. SEM-u306paxenue noBepxHocTH mieHoK CdiZny S
BBIPAIIICHHBIX HAa TOJJIOKKaX Si.

44


mailto:mamedovacinara89@gmail.com

U3 coenuuennii A'"BY' caMbIM TIepCTIeKTHBHBIM MaTepHaIoOM JUIf IIOTYIPOBOIHH-
KOBOTO TNPHOOPOCTPOSHHS (JETEKTOPHI SICPHOTO M3Iy4eHUs, (oTornpeodpa3oBaTein)
apnsercs Temwtypun kagmus. C TOYKM 3peHHss (DU3MKK MOJIYNPOBOJHUKOB COJTHEUHBIX
anemeHToB (CD) cucrema Si-CdS mpenctaBisitoT co0Ol HOBBIE OOBEKTHI — IUICHOYHBIE
rerepocTpykTyphl. OObeMHEHHE TPEUMYIIECTB MOMYPOBOIHUKOBBIX CBOMCTB TEILTypUAa U
cyaduna KaaAMUs ¢ KpEMHHUEM SIBIISICTCS aKTyallbHOU 3a7jayeil, B YaCTHOCTH, CO3J[aHHE TeTepO-
nepexo/ia ¢ uealbHON 30HHOW quarpaMMoi MeXIy Teulypua KaaMmus, Cyiabhuaa KaamMus u
KPEMHHUSI OTKPBHIBAET HOBBIE BO3MOXHOCTH B MIOJYIIPOBOIHUKOBOM IPUOOPOCTPOCHUH.

[IneHku mosyyanu METOAOM MUPOJIU3a adpO30Jisi BOJHBIX PACTBOPOB THOMOYEBHMHHBIX
KOOpJMHALIMOHHBIX COEIMHEHUN KaaMusi M LMHKA. [l CuHTE3a HCIOJIb30BajIM COJHU
CdCl3-2,5H20, Cd(CH3COO0)2-2,5H20 u Zn(CH3COO)2:2,5H,0 mapku (4.m.a.), a Takke
tuomoueBuHy SC(NH2)2 mapku (0.c.4.). B kadecTBe MO/AI0KEK MCIOIb30BAIU CUTAIIOBBIC U
KBapieBbie IiacTuHbl, Harpetble A0 300-400°C. TepmooOpaboTka OCaXICHHBIX CIIOCB
OCYIIECTBIIANACH HOCIE0BATENHLHO MpU Temnepatypax 370 u 420°C.

[Inenku cynbPuIOB KaAMHs U IMHKA JIETHPYIOTCS XJIOPOM MpPU HCIOJIB30BaHUU
xnmopuaabix TKC [Cd(thio)2Clo] u [Zn(thio)2Clo]. IIpu 3TOM OJHHM W3 OCHOBHBIX THIIOB
nedekToB sABIsSETCS aToMm XxJjopa B aHuoHHOW mopapemetke (CIS'). Hamportus, B cimyuae
arieratHeix TKC [Cd(thio)2(Ac)z2] u [Zn(thio)2(Ac)2], conepxamux arerat-uon CH3COO—
(Ac-) Bo BHyTpeHHe# chepe, Hanbosce BEPOSTHO 3aMEICHHE AHWOHHOIO y3Jla aTOMOM
KHCIOpoaa ¢ oOpa3oBaHueM He#TpanbHbix jgedexkroB OS”. Takue «HAC/IEACTBEHHBICY
nedekThl Bcerga OOYCIOBIMBAIOT JJCKTPUUECKHUE U JIIOMHUHECIIEHTHBIE CBOMCTBA IUICHOK.
Crpoenne TKC wumeer omnpenensoniee BIUSHUE HA KPUCTALIMYECKYIO CTPYKTYpPY
OCKIAIOIINXCS CYTb(UIOB.

Hamu nmonyuens! mieHku Teutypuaa KaaMus U cyib(uaa KaaMHs Ha MOJIM- U MOHO-
KPUCTAIIMYECKUX KPEMHHEBBIX MOJJIOXKKAaX YCTaHOBJICHBI MOAXOMAAIIUN TeMIlepaTypHbIi
MHTEPBAJI TIOJUIOKKH ISl BBIPALIMBAHUS TUICHOK TEJUTYpHAa KaIMHS, a TaK)Ke ONTHMAIIbHbIC
TEXHOJIOTUYECKHE MapaMeTpsl 3TOro mpouecca. V3ydeHbl MeETOAbl  JIETMPOBAHHUS
BHIPAIIMBAEMBIX TUIGHOK M COOTBETCTBEHHO IIOJIyUY€HHUS IUICHOK C pPAa3HBIMH THIIAMHA
OPOBOJUMOCTH U PA3IUYHBIMU  YJIEJIBbHBIMU conpoTHBIeHUsAMH. OrmpeneneH cocTaB
XUMHYECKHX KOMITOHEHTOB TUICHKH Ha MOBEPXHOCTH M 1O CKOJY PEHTTEHOBCKUM METOJIOM
Opd TOMOUIM  MMKpOAaHalIM3aTopa. PeHTreHOCTPYKTYPHBIM — aHAJIU30M  OIpEesIeHbI
XUMHUYECKHHM COCTaB U TOJIIMHBI TIEHKU. CHEKTphl MPOITyCKAaHUS TUIEHOK JJIsl ONpeaeIeHUs
ONTUYECKOHN LIMPUHBI 3apelleHHON 30HbI ObUIM MOTy4YeHbl Ha crekTpodoTomerpe VSU-2P.
Jns  2TOM 1enmM WCHONb30BalM IUICHKH, OCAXJACHHBIE Ha KBAPLEBBIE IOJJIOXKKH.
PentrenoazoBelii ananu3 mpoBoawin Ha audpaxtomerpe IPOH-3M c ucnonb3oBaHueM
menHoro mimydenus Kol, A=1,5418A° Tlpu mnonydenmu mnmeHoK cyibduAa KagMus
pPEaKIMOHHAs CMECh COJepXKala CONb KaaMHs, aMMUaK W CYIb(OUIUPYIONINH areHT -
THOMOYEBUHY. s ynydmeHus kadectBa mieHoK CdS B BaHHY BBOAMIIM IOBEPXHOCTHO-
akTUBHOEe HemoHHoe BemiecTBo TputoH X-100. B mogorperyio no 40°C cmech pacTBOpOB
MOTPY>KaJIM KacCceTy C MOJUIOKKaMU M JOBOAMIM TeMiiepaTypy cmecu 1o 80°C mpu
MOCTOSIHHOM TIepeMelIMBaHuU. Bpems BbIIEpKKU MOAJIOKEK B pacTBope cocTasisuio 10-20
MuHyT. TemmepaTypy pacTBopa KOHTposMpoBaiu ¢ momoimibio Tepmomerpa Checktemp-1
(HANNA Instruments) c¢ TtounHocthio +0,5°C. HM3mepeHue 3neKTpodU3NMUECKUX
xapakTepucTuk HanocimoeB CdS Ha ctekie u onenka BAX crpykrypst p-Si/n-CdS no3Bonmia
BBIABUTH ONTHMAIBHBIA COCTaB XUMHYecKoil BaHHHI -1:13:600 (1,7x10°M Cd(CHs COO)y,
0,022M CS(NH2)2, 1,02M NH4OH). H3mepenue CBETOBOrO COMPOTHBICHHUS TPOBOIUIN
JIBYXDJIEKTPOJHBIM METOJOM C TOMOIIbI0 MHIUEBBIX KOHTAKTOB C 3a30pOM MEXIY HHMHU
wIomaneo 1 Mm? npu ocBenieHnn cuHuM cBeroauonom KUITJI40D20C1II7 (ID=466 uMm).
Kak cnemyer H3 CHEKTPaIbHBIX 3aBUCUMOCTEH, TIIJICHKH XapaKTEPH3YIOTCS BBICOKUM
3HaueHueM mnponyckanus >70 % u pe3kuM KpaeM (QyHIAMEHTAJIbHOTO MOTJIOUICHHS B
obmactu mmH BomH 400-500 BHM B 3aBUCMMOCTH OT uX TONIMUHBEL KoaddunueHt
ONTUYECKOTO TMOTJIOUICHHS TUIEHOK OBLI PAacCYMTaH HAa OCHOBAHHM JaHHBIX ONTHYECKOTO
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oTpakeHus u nponyckanus. [llupuna 3anpenienHoi 30ub1 meHoK CdS ompenensnacek myrteMm
OKCTPAMOJISIIIAKA JIMHEHHOW YacTH CHEKTPATbHOW 3aBUCUMOCTH KBajparta KodduimeHTa
nornomenus o ~ f(hv) k ocn sHEprUM HOTOHOB.

beimn uccnenoBanbl BosibT-ammnepHbie xapaktepuctuku (BAX) crpykryp. Ha puc.2.
npuBenaeHsl BAX (n/Si-p/CdTe, p/Si-n/CdS). OMuyecKkre KOHTaKThI IMOJYYEHBI BAKyYMHBIM
HanbeieHneM uHaus Ha CdTe.

200 F L, pA 300

150 F
200

100

100
50 f

-4 -2 2 4 6 -10 -5

a) 0)

Puc 2. BAX mist ctpykryp N/Si-p/CdSeTe (a) u (6) p/Si-n/ Cd.Zn1S Ha
KpeMHHEBBIX moanoxkax, T=300 K.

W3mepenus crnekTpanbHO (oTouyBcTBUTENbHOCTH IIeHOK CdS — mpoBoamiuch ¢
nomoinbio criektpomerpa SPECTRO 320 (Instrument Systems) ¢ ontuueckum BbIxooMm. B
KayecTBE MHCTOYHHMKA CBETa MCIOJIb30Balach JlabopaTopHas JiaMIla HaKalMBaHUSA C
BOJIb(PaMOBOIl HUTHIO MOIIHOCTRIO 16,3 BT. Ilocie usmepenuii mpous3BoIuiIach KOPPEKIHs
MOJYYEHHBIX CIIEKTPOB C Yy4YeToM (hOpMBI CHEKTpa M3Iy4YEHMs JIaMIbl M CHEKTpPalIbHBIX
XapaKTepUCTUK TU(PAKIMOHHON peleTKy U onTudeckoro kadens. MccnenoBanHeie oOpasisl
UMEITU CTIEKTPaIbHBI MAKCUMYM (DOTOUYBCTBUTEIBHOCTH 0KOJIO 478 HM (puc.3).

0.8
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Puc 3. CriekrpanbHasi XapaKTepUCTHKA TUICHOK CYIb(uIa KaaMusl.
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Takxe ObUTH UCCIIEIOBaHbl CIIEKTPAIbHBIE XapaKTEPUCTUKU MOTYUYEHHBIX CTPYKTYp Ha
OCHOBE TEJUTypHJIa U CYIb(pHUaa KaAMHUsI C KpeMHUEM. Pe3ybTaThl HU3MEpEeHUl MPUBEICHbI Ha
puc.4.

1,0k 10
n <
‘é’ <0 1 1 1 1
— 600 800 41000 120
~ o6} A, nm
2 -10
[+
02} 20F
O [ ] [ ] [ ] _30 -
6507 750 850 950 1050
02k A, NM a0k
a) 0)

Puc.4. CrekrpaibHbie XapaKTEPUCTUKH QOTOMPOBOAMMOCTH CTPYyKTYp N/Si-p/CdTe (a)
u p/Si-n/CdS (6) namepennsix mpu 300 K, BeIpalieHHbIX Ha KPEMHHEBBIX TOTOMKKAX.

AHanm3 KUHETHKH  (OTOOTKIMKA IUIeHOK cuctembl CdS - ZnS, momydeHHBIX wH3
xJopuIHbIX KoMmIuiekcoB [Me(thio)2Cl12] (Me = Cd, Zn) npu auskoii temmneparype (300-350
°C) ¥ OABEPTHYTHIX TEPMOOOPAOOTKAM, ITO3BOJIII BBACTUTH TPU IpymIibl 00pa3ios. [lepBas
rpymmna - 3To 00paslbl C COCTaBaMH, OJM3KUMU K cynbduay kaamus - ot 0 1o 30 moin. % ZnS.
Jist 3TOM Tpymnmbl XapakTepHO CXOJACTBO C KMHETHKOW Ui YHCTOTO CyIb(pUAa KaIMHUs.
Bropas rpynna - cpenunnbie coctabl, oT 30 g0 60 mon. % ZnS, uMmeromue B OOJIBITUHCTBE
CIIy4aeB CYLIECTBEHHO OOJIBIIYI0 KOHIIEHTPALMI0 MEXY3eJIbHbIX Ne(eKkToB. Takue MIeHKH
CKJIOHHBI K 00pa30BaHMIO KJIACTEPOB MeTaJula Mo/ JIeHiCTBUEM MHTEHCHUBHOIO YibTpaduole-
ToBOro o0sydeHus. K tperbeil rpynmne oTHOCATCS COCTaBbl, ONMM3KHUE K CyJIb(PUIy LIMHKA: OT
70 moin. % ZnS 1o uucroro ZnS.

[TocnenoBarensHOE TpoBeneHUE NBYX TepmooOpadoTok mpu 370 u 450°C moxazao,
YTO U3 IUICHOK C CHIIbHOJE(PEKTHON CTPYKTYPOIl MOXKHO IMOJIy4HUTh 0Opaslibl, O CBOMCTBaM
OJIM3KHE K OCa)X/JIEHHBIM Ipu Oosiee BBICOKOH TemmepaType. Takum o0pazoM, BaXKHEHIIUM
(dbakTOpOM MpHU HAMBUICHUH TJICHOK METOJIOM MUPOJIHM3a adPO30JIsl pacTBOPa THOMOYEBHHHBIX
KOOPJMHAIIMOHHBIX COEMHEHUH siBisieTcs Temneparypa ocaxaenus. Ciou CdS, nonyyeHHble
u3 arneratHoro komuiekca [Cd(thio)2(Ac)z], mokaszanu (GOTOOTKIMK MaOW aMILIUTYIBI,
KOTOpasi yBeIMuYMBajach ¢ pocToM Temmeparypbl ocaxkiaeHus Bbime 400 °C. Ilpu stom
wieHku CdS, nmosjydeHHbIe PU TEX ke YCIOBUAX U3 xyopuaHoro komiuiekca [Cd(thio)2Clz],
MMENH Ha TOPSA0K Oonblyio aMIuuTyay. Bpems nonycnana ¢poTooTkiauka B IepBoM ciiydae
NPaKTUYECKH HE 3aBUCEJI0 OT TeMIepaTyphl IOJy4eHHUs, a BO BTOPOM HaOIIOJalIOCh
YMEHBIIIEHNE 3TOTO BPEMEHU C POCTOM TeMIlepa-npupoja A1e(PeKToB «aleTaTHbIX» MJIEHOK, U,
M0-BUJIUMOMY, UX KOHLEHTpaLUs, IPAKTUUECKA HE MEHSIOTCS C POCTOM TEMIIEPATYyphl, B TO
BpeMs Kak JUIsl TIFIEHOK ¢ IPUMECKIO XJIopa HaOIrogaeTcs mpeodpazoBanue 1e(EeKTOB B CBS3H
¢ ynanenuem xjopa (Hampumep, B Buae HCI) B mporuecce TepMOAECTPYKIIMU MPH BBICOKOH
temneparype. 3menenue cocrasa cinoeB CdS-ZnS npuBoaUT K 3aKOHOMEPHOMY U3MEHEHUIO
ONTUYECKOHN IIMPUHBI 3anperieHHon 30861 (EQ). I MIEHOK, OCaKICHHBIX U3 XJIOPUIHBIX
TKC, nabmomnaercs OTKJIOHEHHE 3aBUCUMOCTH IIMPUHBI 3alIPEIICHHOW 30HBI OT aJIUTUBHOU
IpsIMOM, IPUYEM 3Ta 3aBUCUMOCTH JBaXIbl MeHseT xapakrep npu 30-40 u 70-80 moiu. %
ZnS. DTU JaHHBIE TO3BOJSAIOT TPEANONIOXKUTh, YTO 371eCh HAOMI0MaeTCs OrpaHUYCHHAsS
pPacTBOPUMOCTH CyJIb()UIOB KaaAMUsI U IIMHKA JpYyT B apyre, a B obmactu 40-70 mon. % ZnS
uMeeTrcs rerepodazHas cMech TBEPABIX pacTBOpPoB Ha ocHoBe W-CdAS um S-ZnS. B ciyuae
TUICHOK, OCaKIeHHBIX u3 aneTatHbix TKC, ¢ MOBBIIEHHEM coAepKaHHs Cylnb(puaa IHHKA
MPOUCXOIUT IJIABHOE YBEJTUYEHUE LIMPUHBI 3aIPEUICHHON 30HBI, YTO KOCBEHHO TOBOPUT 00
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00pa3oBaHUM HEMPEPBIBHOTO psifa TBepabiX pacTBopoB Cd.Zn1xS. [locnennee 10mKHO OBITH
o0ycrnoBieHo monobuem Kpucraummdyeckux pemerok CdS u ZnS, UMEMmUX CTPYKTYpY
chanepura.

OtknoHenue 3HaueHUWH Eg TUIEHOK YHCTBIX Cylnb(UIOB B MEHBIIYIO CTOPOHY IO
CpPaBHEHHUIO CO 3HAYCHUSIMH, U3BECTHBIMH B uteparype (2,4 3B mis CdS u 3,5-3,6 B nmis s-
ZnS), MOXHO OOBSCHUTHL 00pa30BaHUEM TBEPJBIX PACTBOPOB 3aMEIICHUS C KHCIOPOJOM
(OSx), uro 0cOOEHHO XapakTepHO [uId cyiabpuaa nuuHka. IlneHku, ocaxnaemble U3 BOAHBIX
pacTBOPOB Ha BO3AyXe, BCETAa COIEPKAT KUCIOPOJ KaK, BEPOSITHO, BCIEJICTBHE OKUCIICHUS,
TaK M BCJIEJICTBME YAaCTUYHOIO THJAPOJM3a HUCXOAHBIX cosiell. Kpome TOro, B ciydae
aneratHeix KC kucinoposnele LEHTPHl 00pa3yloTcs MpU  TEPMHUYECKOH ECTPYKIHU
KOOPJIMHUPOBAHHBIX alleTaT-MOHOB. DTUM OOBACHSAETCS, YTO LIMPUHA 3allPELICHHON 30HBI
«areTaTHeIX» TIeHoK (2,30-2,38 3B mis CdS, 3,4 3B nns ZnS) Bcerma HECKOJIBKO MEHBIIIE,
YyeM IS IUIEHOK, ITOJyYeHHbIX UX rajgoreHuaHbx KC.

VBemuuenne Eg mpu ymenpmenun TommuHbl CdS  Moker OBITH OOYCIOBIEHO
IPOSIBJIEHUEM KBAaHTOBOpPA3MEpHOro >(dekra. JonosHuTenpHbIH BKIAA B CMELICHHE Kpas
MIOTJIOIIEHHS] MOKET BHOCUTBH PACCESTHHE CBETa M M3MEHEHHE KOA((UIMEHTa OTPAKCHHUS Ha
IpaHUIAX HAHOKPHCTAUIMTOB, a TAK)Ke HaIW4yMe BHYTPEHHHUX HalpspKeHMH B muieHkax. Kak
MOKa3aJli JKCIIEPUMEHTHl 10 HM3MEPEHHIO Pa3MEpOB 3E€pPeH C HCIIOJIb30BAaHHEM aTOMHOMN
cuiioBoif Mukpockonuu B IuieHkax CdS. Kak mnpaBuio, GopMHpYIOTCS KPHUCTAIMTHI C
pazmepamu ~ 2-40 HM. J{MCIIEpCHOHHBIM PEHTI€HOBCKUII MUKpPOAHAIU3aTOp, CBSI3aHHBIA CO
CKaHUPYIOIIUM 3JIEKTPOHHBIM MUKPOCKOIIOM HCIIOJIb30BaNICA, YTOOBI H3YUYUTh pacipeeIeHue
anemenToB (Cd m S) Ha mnoBepxHOCTH. Pe3ympTar mokasas, 4YTO KOHUEHTpalHs U
pacrpesielieHie 3JIEMEHTOB IIOJIHOCTBIO COOTBETCTBYIOT MOP(OJIOTUH CHHTE3UPYEMBbIX
rwieHokK. [loBeiienne temmneparypsl TepmooOpadboTku obpasuos ¢ 100 no 200°C no3Bosauio
YBEJIMYUTh BEIUYMHY (OTOUYBCTBUTEIBHOCTH NpuMmepHo B 8 pa3. Ilpu Ttemmeparype
tepmooOpadboTku 200°C Ha BO3qyXe Ha MOBEPXHOCTHU IJIEHKU oOpa3yroTcst MmoHociou CdO,
HaJIMYMe KOTOPBIX YBEIMYMBAET CBETOBYIO MPOBOAMMOCTh IUieHKH. Ilocme 10 wmun
HAXO0X/IEHU [IJICHKU B TEMHOTE €€ conpoTuBieHue npespimano 200 MOwM. Ipu nanbHelimem
MOBBIIIEHUH TEMIIEPaTypbl OTKUTA IPOUCXOIUT yXy IIIeHHE (POTOUYBCTBUTENLHOCTH MJICHOK.

Takum 00pa3oM, MPOBEICHHBIC UCCIICAOBAHUS 110 CO3JaHUI0 P-n mepexoaa p-Si/n-CdS
MO3BOJIMJIM BBISIBUTH ONTUMAJIbHBIM COCTaB XMMHUUYECKOM BaHHBI M MOKAa3ajH, YTO HAHOCIOU
CdS u CdTe o cBOMM BBICOKMM ONTHYECKHM CBOHCTBAaM U (POTOIIEKTPUICCKUM MapamMeTpam
IPUTOJHBI JUTSl HCIIOJIB30BAHMUS B COJIHEYHBIX 3JIEMEHTAX U MPUOOPaX ONTOIEKTPOHHUKH.

1. Haymose A.B., Cemenos B.H., I'onuapos E.I'. CpoiictBa mienok CdS, momy4eHHBIX U3
KOOPJMHAIIMOHHBIX COCIUHEHU KaaMHsl C THOMOYEBHMHOHW //Heopran. martepuabl.
Mocksa. 2001, T. 37, Ne 6, C.647-652.

2. Young J.A., Lynch K.T., Walsh A.J., Ruth A.A. Generation of noble metal nanoparticles by
laser ablation in liquids: the role of the molecular environment, in: W.J. Blau, D.
Kennedy, J. Colreavy (Eds.), Opto-lreland 2005: Nanotechnology and Nanophotonics,
SPIE-Proceedings, vol. 5824, 2005, pp.138-148.

3. Xpunynos I'.C., Bouxo Bb.T. T'ubkue comneunsie snemeHTbl ITO/CdS/CdTe/Cu/Au c
BBICOKOH y/IeTbHON MOIIHOCTHIO //DU3nka u TeXHUKA TOJIyITPOBOIHUKOB, MockBa. 2004,
T. 2, Nel-2, C.69-73.

4. JDbicagpapos M.A., Mameoosa C.A.,Hacupos 3.@. «DOTOINEKTPUIECKHUE CBOMCTBA
wieHok CdSerxTex, ocakIeHHBIX W3 BOXHOTO pactBopa». //Baki Universitetinin
Xoborlori, Fizika-riyaziyyat elmlori seriyasi, 2007, Ne3, ¢.124-131.

5. IDbicagpapos M.A., Mexmues P.®., Mameoosa C.A. «DPuzndeckue CBONCTBA IMIICHOK
CdSe1-xTex, ocaxkaeHHbIX U3 pacTBopa» //Baki Universitetinin  Xoborlori, Fizika-
riyaziyyat elmlori seriyasi, 2008, Ne4, ¢.97-101.

48



CdTe VO CdS NAZIK TOBOQOLORININ ALINMASI
VO FOTOELEKTRIK XASSOLORI

CO9F9ROV M.9., MOMMODOVA S.A.

Kadmium tellurid vo kadmium sulfidin yarimkegirici xassolorinin todqiqi aktual
mosaladir. Kadmium tellurid, kadmium sulfid vo silisium arasinda ideal zona diaqramli
heterokecidlorin yaradilmasi yarimkegirici cihazqayirmada yeni imkanlar acir. Bu isdo
kadmium tellurid, kadmium sulfid vo silisium sisteminin texnoloji vo bazi fotoelektrik
tadqiqatlarinin naticolori verilmisdir. Belo tobagolorin alinmasi mosolosinde kadmium vo

sinkin tiomogevin koordinasiya birlogsmoalorinin (TKB) parcalanmasina osaslanan metod forqli
naticalor verir.

Acar sozlar: bork mohlul, heteroqurulus, udma, tiomogevin, fotokegiricilik.

FABRICATION AND PHOTOELECTRIC PROPERTIES
OF CdTe AND CdS THIN FILMS

JAFAROV M.A., MAMEDOVA S A.

The advantages of the semiconductor properties of telluride and cadmium sulfide with
silicon is an urgent task, in particular, the creation of a heterojunction with an ideal band
diagram between cadmium telluride, cadmium sulfide and silicon opens up new possibilities
in semiconductor instrumentation. In this paper, the results of technological and some
photovoltaic studies on the system of cadmium telluride, cadmium sulfide and zinc are
presented. When solving the problems of obtaining such films, nontrivial results are obtained
by a method based on the decomposition of thiourea coordination compounds (TCS) of
cadmium and zinc.

Keywords: solid solutions, heterostructure, absorption, thiourea, photoconductivity.
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STRUKTUR HETEROGENLIYiININ KOMPOZITLORIN
ISTILIKKECIRMOSINO TOSIRI

OLIiYEV H.S.

Azarbaycan Texniki Universiteti, H. Cavid pros. 23, AZ 1073
E-mail: hikmet_2005@mail.ru

Eksperimental olaraq gostorilmisdir ki, kompozitlorde istilikkecirmo istilik enerjisinin doldurucunun
zarraciklori vasitasi ilo polimerin sorhad toboagosindon dasinmagla vo polimer — doldurucu kontaktinin ssthinin
fazalarin ayirma sorhaddinds termik miiqavimatin giymatinin toyin edilmosine reaksiya qabiliyyati ilo sortlonir
ki, bundan da son naticods kompozitin istilikkeg¢irmo xassasi asili olur.

Acar sozlar: polimer, istilikkegirma, fazalararasi sorhod, ¢oxfazali sistem, makromolekul, soth hallar.

Molum oldugu kimi asagi sixligli polietilen vo miixtalif nitrid vo karbidlor (aliiminium
nitridi ALN, bor nitridi BN, titan nitridi TiN, karbit titanat TiC) osasinda kompozitlorin A —
istilikkecirmo omsallart nozorocarpacaq dorocods forqlonir [1]. Torofimizdon baxilan
kompozitlor arasinda daha effektli istilik kegiron kompozit ASPE + BN — dir (sokil 1).
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Sak. 1. ASPE — nin A — nin metal nitrid vo karbidlarinin
¢ — migdarindan asililiglart. 1 — BN; 2 — TizN4; 3 — TiCN.

Gostarilon kompozitlorin A — nin qiymatlorinds olan belo miixtalifliklor dispers miihitlo
(polimer) dispergator (metal — nitrid vo karbidlori) arasinda fazalararasi qarsiligh tosirlorin
rolunu siibut edir. Bizim fikrimizco, burada osas rolu fazalararasi sorhaddo gedon proseslor vo
homginin, disperqatorun hissaciklorinin sathi hallarinin polimer matrisanin fiziki vo kimyavi
strukturuna tasiri oynayir.

Poliolefin—metal nitridi vo karbidlori kompozitlorin A— istilikkegirmasinin qiymatlorindo
olan forq polimer fazanin, kompozitin istilikkecirmasinin giiclii asili oldugu fiziki ve kimyovi
strukturlarina doldurucunun hissociklorinin sixlig1 vo soth hallarinin strukturunun tosirindon
xabor verir. A-nin @—nin hacm pay1 30% - don ¢ox oldugu halda nazaragarpacaq doracads
artimini (sokil 1) ¢@-nin belo giymsotlorindo polimer fazanin strukturunun doldurucunun
hissaciklarinin sathinin tesiri altinda formalagmasi effekti ilo baglamaq olar. Bu onu gdstarir
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ki, polimer fazanin iist molekulyar qurulusu vo fazalararsi sorhoddin seqmentlori do nozora
alimnmaqgla makromolekullarin kinetik vahidlorinin miitohorikkliyi coxfazali sistemlorin
istilikkegiriciliyini miioyyan edir.
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Sak. 2. ASPE — nin A — nin TisN4 payindan asililigi. 1 — aramla soyudulmus
niimunalor; 2 — maye azotda soyudulmus niimunalor.

Sokil 2 — do ASPE vo TisN4 osasinda alinmis kompozitlorin istilik kegiriciklorinin
polimer fazanin kristallasmasinin miixtolif temperatur— zaman rejimlorinds alinmis asililiglar
verilmigdir. Goriiniir ki, maye azot miihitindo souyudulan kompozitlor yavas soyudulan
kompozitlora nisbaton daha yiiksak istilikkeciriciliye malikdirlor. Bu onu gostarir ki, polimer
fazas1 sferolitlor do daxil olmagla genis spektr list molekulyar elementlori olan kompozitlor
kicik A — ya malikdirlor.

Qeyd edok ki, hissociklor arasinda polimer fazanin istilik kegiriciliyina amorf vo
kristallik mikrofazalarin istilik kegiriciliyinin comi kimi baxmaq lazimdir. Lakin,
doldurucunun konsentrasiyasinin miioyysn ¢ — qiymatinds polimer faza tamamils strukturu
metal nitrid vo karbidlori hissociklorinin tosiri altinda tam olaraq formalasan sothyani
tobogoyo c¢evrilo bilor. Sothyani tobogolorin {ist molekulyar qurulusuna tosir edon osas
faktorlar - polimer zonciri ilo doldurucu arasinda qarsiliqli tosirlorin mévcudlugu vo homginin,
polimer fazanin kinetik elementlori arasinda qarsiliqlt tasirlordir. Bu faktorlarin kompozitlorin
istilik keciriciliyindo nozars alinmasi kifayast qodor ¢otin masaladir.

Dispergatorun hissaciklorinin polimer fazanin iist molekulyar qurulusuna vo demali
istilik kegiriciliyino tosirini nazors alan vo kompozitin istilik sahasinin tosiri altinda 6ziinii
neco aparmasinin izahi, homginin, istilik kegiron kompozit materiallarin alinmas1 magsadi ilo
prognozlagdirma iisullarinin islonilmasina lazzim olan bu mosslonin hoalli {iglin onlarin
modellarinin yaradilmas1 bdyilik ohamiyyst kosb edir. Belo modellords doldurucunun
mexaniki xassalors tasirinin effektivliyi polimerin paymdan asilidir ki, polimer doldurucunun
sothi ilo adsorbsiya qarsiligli tosiri noticosindo yiiksok mexaniki xassoloro malik “xiisusi
plyonka” halina kegir [2]. Belo yanasmada kompozitlor li¢ element vo ya fazadan ibarat
sistem kimi baxilmisdir: doldurucu, fazalararasi tabaga (xassolari bir qayda olaraq bilinmir)
vo matrisa.

Miikommal olmasa da yuxarida gostorilon modelin shomiyyati birinci yaxinlagmada,
kompozitlorin bazi xassolorini qismen proqnozlasdirmagin miimkiinliyiidiir [3]. Qeyd edok
ki, kompozitdo doldurucunun hocmi payr 30% - don ¢ox olduqgda polimer faza c¢otin ki,
doldurucu olmadiqda vo ya onun az hacmdo oldugu zaman malik oldugu xassalora malik
olsun. Modelin analizindon goriiniir ki, yliksokdolduruculu kompozitlor ii¢iin osas maosalo
fazalar1 ayiran sorhoddin fazalarin kimyavi qarsiligh tesirinin vo xarici texnoloji faktorlarin,
xlisuson do elektrotermobosalma emalinin naticosindo istilik miiqavimotinin doyismosidir.
Bunun ardinca biz istilik kegiron kompozitlords belo maraqli hadisslorin bozi aspektlorini
nozordon kegirocoyik. Hoqigoton do, polimer matrisa ilo kimyovi reaksiya zamani

51



disperqatorun hissociklorinin soth halinin doyismosinin dyronilmosi, polimer matrisada
doldurucunun moxsusi strukturlarin1 yaratmasi qabiliyysti (fazalararasi qarsiligh tosir),
fazalararas1 sorhoddo komponentlorin elektrokimyovi potensialinin forqlonmosi noticosindo
potensial ¢oporin formalagmasinin mimkiinliiyli vo termo- vo elektrotermobosalma zamani
doldurucunun xassoalorinin variasiyalar1 daha effektli istilik kegiron kompozitlorin islonilmasi
oblastinda ¢ox miihiim masalalardir.

Kompozitlorin istilikkegirmosinin variasiyasinin ¢ox miihiim tisulunu nozordon kegirok:
doldurucunun hissaciklorinin miixtolif intensivlikli elektrik bosalmalar1 vasitosilo emal
etmoklo soth halini doyismok yolu ils. Doldurucunun hissociklorinin soth halinin doyismosi A
— istilikkegirmo omsalinin vo fazalararasit sorhoddo ¢@s — potensial ¢oporin doyigmolori ilo
nozarat olunur. Sokil 3 — don goriniir ki, doldurucunun va polimerin hissociklorinin bosalma
tosiri soraitindo emal olunmasi A — istilikke¢irma amsalinin artmasina gotirir. Haqiqgaton do,
doldurucunun sathinin elektrik bosalmasi ilo aktivlesdirilmasi vo avvalcadan elektrobosalma
emalina moruz qalmig polimer fazada polyar qruplarin yaranmasi fazalararasi sorhaddo
kimyovi reaksiyanin inkisafina komok edir vo naticods kompozitlorin A — istilikkegirmo
omsalinin nazoracarpacaq doracads artmasina gotirir.
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Sok. 3. A —istilikkecirma amsalinin ¢ — don asililigi.
1. Kompozit: YSPE + 70% hacmi BN. BN va
polimer tozlar1 avvalcadan bosalma ilo emal
olunmuslar. Ue = 14 kV, emal miiddsti 4 saat.

Almmis noticalor birinci yaxinlagsmada onu gostorir ki, doldurucunun hissoklorinin
sothinin vo polimerin bosalma vasitosi ilo aktivlogdirilmosi sothin elektromonfiliyinin artmasi,
fazalararasi qarsiliql tosirlorin artmasi vo fazalararasi sorhodds polimerin kinetik vahidlorinin
miitoharrikliklorinin azalmasi sobabindon kompozitin fazalararasi sorhaddinds istilik
miiqavimatini azaldir.

Ovvalcadon bosalma vasitasi ilo emal olunmus polimer vo metal nitrid, karbid osasinda
kompozitlorin istilikkegirmosinin artmast mexanizmi haqqinda forziyyolori siibut edon
eksperimental noticolori nozordon kegirak.

Qeyd etmisdik ki, kompozitlords istilikkecirmays tosir edon polimer fazanin struktur
heterogenliyini daha otrafli agkar etmok ti¢lin ASPE tozlar1 avvalcodon miixtalif intensivlikli
elektrik bosalmalar1 vasitosi ilo emal edilmis, sonradan onlar asasinda BN vo ALN -
doldurucularindan istifado etmoklo kompozitlor alinmigdir. Homginin geyd edilmisdir ki,
elektrik bosalmasinin tosiri altinda PE — do oksidlogma - destruktiv proseslor intensiv inkisaf
edir ki, bu da polimerin makromolekulunda polyar qruplar yaranmasina gatirir: C = O; - C —
O — C -; - OH va s. Bu iso 6z ndvbasinds fazalararast serhadde qarsiligh tesirin artmasina,
fazalararas1 toboqgonin strukturunun vo demoli A — in doyismosino gotirmolidir. ASPE —
tozunun emal1 sakil 6.4 — da gostorilmis qaz bosalmasi reaktorunda aparilmigdir.
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Sak. 4. Qaz bosalmasi reaktorunun sxemi: 1 — diametri 15 mm divarlarmin
galinlig1 1 mm olan kvars probirkanin sathing yerls birlosdirilmis
2—clektrodu ¢okilmisdir; elektrodlarin eyni istigamatds yonalmasini va
onlarin izolyasiyasini tomin edon 2 mm diametri olan 3 — yiiksokvoltlu
elektrod 4 — kvars vtulkasindan probirkaya salinmigdir; 3 — elektrodu
ilo probirkanin daxili sothi arasinda bosluq 5 — polimer tozu ilo doldurulur.
Elektrik bosalmasi yiiksokvoltlu elektrod — tozla doldurulmus hava
aralig1 — kvars divar — yerlo birlogdirilmis elektrod sistemindos yaranir.

Elektrik bosalmasi hava miihitindo P — nin miixtslif qiymotlorinds yaranir. Bosalmanin
intensivliyi reaktora totbiq edilmis gorginliyin amplitudunun vo emal miiddotinin doyismasi
ilo variasiya edilmisdir. Emal miiddoti 7 saata kimi doyisdirilmisdir. Bosalmanin giicii
reaktorun volt — kulon xarakteristikasina goro toyin edilmisdir.

Emal goraitlorinin asaslandirilmis se¢imi iigiin yuxarida gostorilmis polyar qruplarin (C
=0;-C-0-C-;-OH) intensivliyinin vo kompozitlarin istilikke¢irmasinin Ue va te — dan
asili olaraq doyismosi qiymatlondirilmalidir. Hor bir bu qrupun poliolefin kompozitlorin
istilikkeciriciliyinin doyigsmosinda rolu torsfimizdon Oyronilmisdir [4] vo polyar oksidlogmo
asason do C = O, C — O — C vo OH qruplarina uygun galon A = f(Ue) vo v = f(Ue) asililiglar
arasinda miioyyon korrelyasiya miioyyanlosdirilib (sokil 5).

Bu naticolor disperqatorun hissociklorinin sothinin aktivasiyasinin asagidaki sxemini
forz etmoyo imkan verir. ©vvalco bosalmanin ayr1 — ayr1 mikrobosalmalarin kanallarinin
ionlagsma zonalarindan daxil olan aktiv mohsullarinin doldurucunun hissaciklorinin sothi ilo
qarsiligh tosir proseslorini nozordon kegirok. Doldurucunun hissaciklori ilo yiiksakvoltlu
elektrodun arasinda qalan gaz mihitindo havanin molekullarinin ionlagmasi bas verir.
Yaranan aktiv hissociklor bir — biri ilo reaksiyaya girir vo demoli kimyovi aktiv ionlar vo
birlogsmoalor yaradir, masalon, CO3z,, NO*, NO2", O2", N2, Ho™ vo onlarin hidratlari, sonradan
bu mohsullar doldurucunun hissaciklarinin sathini aktivlogdirir.
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Sok. 5. Istilikkegirma amsalmin (X) vo optik sixligmin (Dy) Ue — don asililiglar::
te=const. 1-(-C-0-C-);2-(C=C);3-(C=0);4—(OH);
5 — istilikkegirmo A.
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Hissaciklorin sothinin elektromonfiliyi oksigenin atom vo molekullarimin vo maonfi
yiiklonmis oksigenli qaz molekullarinin bosalma zonasindan daxil olmas1 zaman1 adsorbsiya
hesabina arta bilor.
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Sok. 6. ASPE + BN kompozitinin A vo ¢—nin bosalmanin
emal enerjisindon (W) asililig1.

Hom polimerin va ham ds doldurucunun hissaciklarinin sathlorinin aktivasiyas: sarhad fiziki —
kimyavi proseslarini giiclondirir vo A — n1 nozeragarpacaq doracods artirir (sokil 3). Bosalma
vasitosi ilo aktivlesdirilmis komponentlor arasinda fazalararasi qarsiliqli tesirin naticoesindo
istilik enerjisi liglin daha kegici sorhad fazasinin yaranmasini, fazalararas1 sarhadds potensial
¢oparin ¢ - qiymatinin vo A — nin bosalma emalinin enerjisindon (Wp) asililiginin doyigsmasi
qanunauygunlugu sokil 6-da gostorilmisdir.

Gortliniir ki, Wy — nin artmast ilo ¢ - qiymati azalir, A — 1s9 artir, yoni, ASPE + BN
kompozitinds A ilo ¢ — arasinda qarsiliqli alage miisahido olunur. Polimerde doldurucunun
moxsusi strukturlar yaratmaq qabiliyyati fiziki — kimyovi, asason do, termomexaniki xassoloro
Kifayot qodor tosir edir ki, bu xassolor do kompozitlorin istilik xassolorinin
prognozlasdirilmasinin baslica gostoricilorindondir. Hissociklorin sothinin bu qabiliyyati
polimerofillikdon — sothi enerjinin giymoti vo elektrobosalma emali vasitosi ilo nizamlanan
kimyavi tobistindon asilidir. Hoaqigston do, polimerlorin qeyri — iizvi doldurucularin
hissaciklari ilo qarsiligh tesiri haqqinda mdvcud olan tesovviirlor dolayist yolla alinmus,
mosalon, termomexaniki va istilik-fiziki todqiqat tisullarina asaslanir.

ASPE - osasinda kompozitlordo temperatur kecidlorinin todqiqi do gostorir ki, bu
kompozitlords yiiksak elastiki hal oblasti doldurucunun tipinden miisyyan asililigdadir. ASPE
— nin makromolekullar1 vo doldurucu arasinda maksimal qarsiligh tosir ASPE-ni BN —
hissaciklori 1ilo disperqasiya etdikdo alinir ki, bu da zoncirlorin miitohorrikliyinin
mohdudlugundan, onlarin elastikliyinin hissociklorin sothi ils olave alagolorin yaranmasi va ya
doldurucunun tosiri altinda makromolekullarin konformasiyasinin doyismasi naticasindo
ekvivalent azalmasindan xobor verir. Bu effekt komponentlori bosalma ilo emal olunmus
kompozitlar tigiin giiclonir.

Doldurucunun hissaciklorinin sathinin aktivlik vo YSPE — nin makromolekullarinin
polyarliq aldo etmoklori ilo hom hocmdo vo hom do fazalararasi sorhoddo, onlarin emali vo
bosalma tosiri altinda proseslorin getmasi sortlorindo bas veron doyisikliklor 6ziinii YSPE +
70% kiitlo BN kompozitin mexaniki yasama miiddstinin doyismasinds (to) gostorir.
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Goriindiiyli kimi, dispergator vo polimer matrisanin oavvalcodon bosalma ilo emal edilmosi
onlar osasinda alinmis YSPE + BN kompozitin mexaniki mdhkomliyini nozoragarpacaq
dorocodo artirir. Mexaniki yasama miiddotinin belo artmasini osason, polimer — BN
fazalararas1 sorhoddo olago enerjisinin artmasi ilo izah etmok olar. Belolikls, poliolefinlor vo
metal nitrid — karbidlori kompozit sistemlori {i¢iin fazalararasi serhaddo kimyavi slagonin
yaranmasi miimkiindiir vo bu istilik enerjisinin doldurucunun hissaciklori ilo kompozitin
polimer fazasindan dasinmasinda baslica faktor olacaqdir. Ona géra do poliolefinlor asasinda
yiiksokeffektli istilik kegiron kompozitlorin iglonilmasi zamani disperqatorun hissaciklorinin
sothinin aktivlosmosino vo fazalararasi sorhadds alago enerjisinin vo molekullararasi qarsiliqh
tosirlorin vo demoli UMQ - {in artmasina gotiron polimer matrisanin oksidlogmosina nail
olmaq lazimdir.

Lakin, disperqatorun hissociklorinin aktivlosmo dorocosine vo fazalarin ayrilma
sorhaddinin vahid sothino diison kimyovi olago sayma goro konkret eksperimental noticolor
almaq cox ¢otindir. Indiyo kimi mévcud olan kompozit modellorindo polimer matrisada
disperqatorun moxsusi strukturlarinin yaranmasi fakti ¢ox zoif miizakiro olunmus vo buradan
da bu strukturlarin kompozitin istilikkegirmasina tosiri nozora alinmamigdir. Doldurucunun
sothi enerjisinin qiymoti polimer matrisanin sathyani tobagoalorinin vo onlarin strukturunun
formalagmasi prosesindo polimerin makromolekullar1 ilo qarsiligh tosire girmoak qabiliyyatini
xarakterizo edir. Elektrobosalma emali prosesindo doldurucunun hissociklorinin sathinin
aktivlosmo enerjisinin artmasit zamani onun islatmasi yaxsilasir, bosalma tosiri soraitindo
oksidlogon matrisanin doldurucuya adgeziyasi artir vo fazalararasi sorhodds istilik enerjisinin
sopilmasi doracasi azalir ki, bu da 6ziinii istilikkegirmonin artmasinda gostorir.

Sottki nozariyyesina goéra YSPE — AIN vo TiC kompozitinde fazalararasi sorhodds
potensial ¢oparin @s — hiindiirliiyli ayr1 — ayr1 komponentlarin ¢ixis isindon nozoracarpacaq
doracods asili olmalidir. BN, AIN vo TiC-lo disperqgasiya olunmus YSPE asasinda kompozit
liclin stasionar coroyanin gorginlikdon vo temperaturdan asililiginin analizindon fazalararasi
sorhodds potensial ¢oparin @s — hiindiirliiyii toyin edilmisdir vo bu qiymaet yuxarida gostorilon
kompozitlar iigiin uygun olaraq: 0,67; 0,64; 0,68 eV olmusdur. Ogor nozors alsaq ki, ¢s — no
qador kicik olarsa fazalararasi sorhodde kimyovi olagolorin sayr vo demoli, fazalararasi
qarsiliglt tosir bir o godor ¢oz olacaq, onda, kompozitin ¢@s vo A — arasinda qarsiliqh tosiri
haqqinda ominliklo demok olar [5]. ¢s — in kicik olmasi serhadlorin kigik istilik miigavimatinae
vo demoli, kompozitin istilikkegirmoasinin yiliksok qiymatino uygun golir (sokil 7).

1.8
M 1,4
ek eV
1.4+ 11,2
1,2F 1 L0
1,0F 40,8
0,8F X 10,6 T
\ (p\
0,6F 104
0,4+ 10,2

0 2 4 6 8 10 saat 14

{ _—

emal

Sok. 7. Istilikkegirmo omsalmin (1) vo potensial ¢oparin
hiindiirliyliniin (¢s) emal miiddatindon asililig.
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Beloliklo, 6 vo 7 sokillorinds gostorilon eksperimental naticolor poliolefin vo metal
karbid vo nitridlori asasinda kompozitlorin istilikke¢irmasini gostarir ki, bu da polimer fazanin
tist molekulyar strukturu, molekullararas1 vo fazalararasi qarsiligh tesirlorlo toyin olunur.
Fazalararas1 sorhoddo potensial ¢opor sorhoddo gedon prosesloro hossas parametrdir vo
heterogen strukturlarin istilikkegirmasi proqnozlasdirmagq iigiin istifads edilo bilar.
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BJIUSAHUE CTPYKTYPHBIX TETEPOTEHHOCTEM
HA TEIIJIOITPOBOJHOCTbHb KOMIIO3UTOB

AJIMEB X.C.

DKCHEepUMEHTHI MOKa3aHO, YTO TEIJIONPOBOJHOCTh B KOMIIO3UTaX OOYCIaBIMBAETCS
MEPEHOCOM C TOMOIIBIO YACTHUIl HATOJHUTENS TEIJIOBOM SHEPTHM U3 TOTPAHUYHOTO CIIOS
nolMMepa M  PEaKIHMOHHOW CHOCOOHOCTBIO ONpENENICHUS 3HAUeHUs TEPMHUUYECKOTO
COTIPOTHUBIICHUS HA TPaHMIlE pa3zeia (pa3 MoBEpXHOCTH KOHTAKTA MOJMMEP — HAMOJHUTEh. 1
B 3aKJIFOYEHUHU OT 3TOT0 3aBUCUT CBOMCTBA TEIIONPOBOIHOCTH KOMIIO3HTA.

KaioueBble cjioBa: mojuMep, TEIUIONPOBOJHOCTh, TpaHWua pasgena (a3, MHorodasHas cucTeMa,
MaKpOMOJIEKYa.

INFLUENCE OF STRUCTURAL HETEROGENEITY ON
COMPOSITE HEAT CONDUCTIVITY

ALIYEV H.S.
The experiments showed that the thermal conductivity in the composites is caused by
the transfer of thermal energy from the polymer boundary layer using particles of the filler

and the reactivity of determining the thermal resistance at the interface of the polymer-filler
contact surface. And in conclusion, the thermal conductivity of the composite depends on this.

Keywords: polymer, thermal conductivity, interface, multiphase system, macromolecule.
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POLIMER NANO SE 9SASLI KOMPOZITIN QURULUS VO ELEKTROFIZIiKI
XASSOLORINO OPTIK SUALANMANIN TOSIRI

NOSIROVA A.S.

Azorbaycan Dovlot Neft vo Sanaye Universiteti
Azarbaycan, Baki, AZ1010, Azadliq pr., 20
Email: aysel.nasirova@asoiu.edu.az

Magqalads miixtalif polimer materiallardan matrisas1 vo fotohassas nano yarimkegiricilarden gatqist olan
polimer-nano yarimkegirici kompozitlorin elektrik kegiriciliyino isigm tosiri todqiq edilib. Alinmig tocriibi
naticalorin miiqayisali tohlili naticasinds miisahids olunan asililiqlarin fiziki mahiyyati aydinlasdirilib.

Acar sozlar: kompozit, polimer, nanomaterial, yarimkegirici.

Uzvi vo qeyri-iizvi materiallarda oldugu kimi, polimer-nano yarimkegirici
kompozitlordo do elektrik kegiriciliyinin yaranmasinda holledici rol onayan osas amil
materialin ndviindon asilt olmayaraq miixtolif tip elektron kegidlori hesabina materialin
keg¢irici zonasinda sorbast elektronlarin omolo golmasidir. Ona gore do polimer osaslt vo
fotohossas yarimkegirici qatqili  miixtalif kompozitlords elektrik hadisslorinin  basvermo
mexanizmini miioyyanlosdirmok {iglin homin materiallarin miixtalif goraitlords elektrik
xassaloring ig1gin vo injeksiyanin tosirini otrafli todqiq etmok moagsadouygundur.

Toqdim olunan bu isds polimer-nano Se kompozitindo miixolif xarici soraitlordo
elektrik kegiriciliyino isigin tesirinin xiisusiyyetlorinin eksperimental todqiqi zamani bizim
torofimizdon alinmig naticolor vo onlarin keyfiyyatco elmi miizakirosi toqdim olunur. Todqiq
etdiyimiz kompozitlordo matrisa olaraq {i¢ miixtalif polimer materialdan- yiiksok sixligl
polietilendon (YSPE), polipropilendon (PP) vo polivinildenftoriddon (PVDF) istifado
edilmisdir. Polimer fazasinin (matrisanin) hor {icliniin qadagan olunmus zonasinin eninin
qiymati kifayat qader boyiik oldugu iiclin (=10eV) homin kompozitlorin hor biri elektrik
keciriciliylr yiiksok olmayan (¢ox boylk xiisusi elektrik miigavimating malik olan)
materiallardir.

Bu polimerlarin elektrik kegiriciliyl onlarda sorbast yiikdastyicilarin (elektronlarin)
miixtolif  yolla sorbostlogmosi-valent zonadan kegirici zonaya, kvazi-qadagan olunmus
zonadaki lokal enerji soviyysalorindon kegirici zonaya vo valent zonadan kvazigadagan
olunmus zonadaki bos lokal enerji soviyyalorino ke¢masi, eloco do miixtalif xarici tosirlorlo
yaradilmis miixtolif tip (sorbast vo ya bagli) eksitonlarin dissosiasiyasi hesabina yaranir.

Tacriibi olaraq har bir polimer—nano Se kompozitinin qaranliqgda vo isiqlandirildig:
haldaki volt—amper xarakteristikalar1 dl¢iilmiisdiir.

Aydinliq ti¢iin geyd etmok lazimdir ki, todqiq olunan kompozitlorin hor birinin volt—
amper xarakteristikasini 6yronarkon asagidaki parametrlor optimallasdirilmigdir:

- fotohassas yarimkegiricinin (Se — in ) kompozitdoki hocmi pay1 (®@,%);

- kompozitin polyarlagsma miiddati (tp,san);

- polyarlagma soraitindo kompozito totbiq olunmus xarici elektrik garginliyi (Up,V);
- polyarlasma zaman1 niimunonin sathina diison isigin intensivliyi (Ei, mVt/sm?).

Olgmolordon alinmis naticalorinin tohlili asasinda miiayyanlosdirilmisdir ki, hamin bu
komiyyatlorin optimal qiymatlori uygun olaraq asagidaki kimidir: ®=(30 — 60) % hacmi;
t,=(0,25 — 0,5)saat; Up,=(20 — 150)V; Ei=(200 — 400) mVt/sm?.

Isigin tosiri davam etdiyi soraitdo todqiq etdiyimiz niimunoslorin  volt — amper
xarakteristikalarinin = 6lglilmosi vo onun (niimunonin {izorino diison is1q dostosinin)
intensivliyinin optimal qiymatinin se¢ilmasi ti¢iin If/lq=f(E;) asililig1 qurulmus vo bu asililigin
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qurulmus qrafikino asason askar edilmisdir ki, It/lq nisbati Ei-don asili olaraq avvalca koskin
artir, sonra isa (Ei> 400mVt/sm? olduqda) tadricon sabitlogsmoya baslayir. (sok.1.)
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Sak.1. Miixtalif kompozitlordo It/lq nisbatinin isigin intensivliyindon asililigi.
1.YSPE — Se; 2. PP —Se; 3. PP —Se; 4. PVDF —InSe ; 5. F42 —InSe;
6. F42 — Se; U=10V T=300K.

Kompozitdoki  isigahossas yarimkecirici  fazanin (Se-nin) optimal hacmi payini
secarkon iso If/l=f(®) asililigt nazors alinmigdir. ©ldo olunan naticalor gostormisdir ki,
PVDF — nano Se kompozitlori {iciin @ — in optimal qiymati 30 — 60% hocmi intervalinda
dayisir.

Miigayiso ligiin PVDF matrisali vo fotohassas nano-ZnS qatqili kompozitds do eyni
Olgmolor aparilmisdir. Bu tocriibi 6lgmoalordon alinmis noticolor gostormisdir ki, If /lq =f(D)
asililiglarinda miisahido olunan maksimum, kompozitin torkibindoki fotohassas yarimkecirici
fazanin materialindan da shomiyyatli doracado asilidir.

Ik yanasmada belo bir noticoya golmok olar ki, todgiq olunan kompozitlordoki
fazalararasi potensial ¢oporin hiindiirliyii Ig/lg- nin qiymotino ohomiyyatli doraco tosir
gostorir.  Bu maraqli vo miirokkob mexanizmine malik olan ashiligin fiziki mahiyyaetini
miioyyonlosdirmak {i¢iin polimer matrisa kimi dielektrik niifuzlugu (e), xiisusi hocmi elektrik
miiqavimoti (Ry) miixtoslif, lakin tobistco bir-birino yaxin olan polimerlordon (YSPE, PP vo
PVDF —don) istifado edilmisdir. Askar edilmisdir ki, If/lq=f(®) asililigindaki maksimumlara
uygun golon hocmi pay1 polimer matrisanin materialindan asili olaraq kaskin doyisir.

Demoli, hom qeyri-lizvi, yoni yarimkegirici faza vo hom do polimer matrisa I/lq
parametrind koskin tosir edir. Belo ki, polimer matrisanin dielektrik niifuzlugunun qiymati
boyiik olduqca If/lq parametri gqiymatca yiiksak, hacmi pay baximindan iss kigik olur.

Apardigimiz 6lgmolordon oldo olunmus eksperimental noticolorin miiqayiseli tohlili
gostorir ki, It/lqg =f(U) asililig1 eksterimal xarakterlidir. Bu asililigin eksterimal qiymato uygun
garginliyinin qiymati iso kompozitin torkibindoki Se-nin hocmi payindan asilidir va Se-nin
hocmi payr artdiqgca If/lg =f(U) asililiginin maksimal qiymoto uygun gorginliyi kigik
qiymatlara torof dayisir.

Eyni zamanda bu toadqiqatlar zamani ham do askar edilmisdir ki, geyri—iizvi fotohassas
nano yarimkecirici qatqt ve polimer matrisadan ibarot kompozit materiallar miioyyaon rejimda
yalniz temperaturun tosiri soraitindo kristallagsarsa, onda homin kompozit materiallarin
fotokegiriciliyi (eloco do digor fotoelektrik xassolori) koskin forglonmir. Fikrimco bu miithiim
vo hom do bagvermo mexanizmi kifayst qodor miirokkob olan effekt fotokeciricilikdo polimer
fazanin (matrisanin) miihiim rolunun olmasmin ggéstoricisidir.

NOTICO

Todgiq olunan polimer matrisali nano Selen (vo ya InSe) isigahossas komponentli
kompozitlords fotorezistiv effektinin yaranmasimin baglica sobabi daxili fotoeffekt
(fotokegiricilik) naticosindo yaranmis sorbast yiikdasiyicilarinin totbiq olunan elektrik
sahasinin vo fazalararasi sarhaddoki potensialin birgs tasiri goraitinde kogiiriilmasidir.

Polimer — fotohassas nano yarimkegirici (Selen vo ya InSe) kompozitinds xarici elektrik
sahasinin va ig1g1n birgo tosiri goraitinde meydana golon potensiallar forqi totbiq olunan xarici
gorginliyi kompensasiya edorak elektrikkeciriciliyinin optik sénmosini yarada bilor.
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BJIMAHUE OIITUYECKOI'O U3JIYYEHUSA HA CTPYKTYPY
U DJIEKTPO®U3NYECKOE CBOMCTBO KOMITIO3UTA
HA OCHOBE ITOJIMMEP HAHO-SE

HACHPOBA A.Il.

Hcronb30BaHWe HAMOJHUTENEH MO3BOJISIET M3MEHATh MEXaHUYECKHE, DIIEKTpOMar-
HUTHBIE, (PU3NKO-XUMHUECKUE XapaKTEPUCTUKU MCXOJHOTO MOJUMEpa, a, B psJe ClydyaeB, U
CHIKaTb CTOMMOCTb KOHEYHOI'O0 KOMIIO3MTA IO CPABHEHHUIO CO CTOMMOCTBIO IOJMMEpA 3a
CUeT MCIIOJIb30BaHMs Oojee jemieBoro, 4eM mnoiuMep. OcoObl  Kiacc MOIMMEPHBIX
KOMITO3MIIMOHHBIX MATE€pUAJIOB IPEICTABIAIOT ITOJMMEPHBIE HAHOKOMIIO3UTHL. B kaudecTse
N00aBKM K TOJMMEPHON MaTpulle B HMX HCIOJIB3YIOTCS pa3iMyHble KaK MO XUMHYECKOMY
COCTaBy, TaK M MOP(QOJOTUU OTAEIbHBIX JJIIEMEHTOB HANOJHUTENU. OTIMYUTENbHON
0COOEHHOCTBIO JIaHHBIX HAIOJHUTENEH SBISIETCS pa3Mep COCTABJSIOIIUX HX 3JIEMEHTOB
(vacTHll, TUIAaCTUH, BOJIOKOH U T. [I.), KOTOPbII MPEUMYIIECTBEHHO JOJKeH ObITh MeHee 100
HM. B kauecTBe HanonHuTENA ncnob3obaincs Ce.

Ki1roueBble c10Ba: KOMIO3HT, TOJUMEP, HAHOMATEePHaJl, TOTyTIPOBOTHUKH.

EFFECT OF OPTICAL RADIATION AT THE STRUCTURE AND THE PHYSICAL
PROPERTY OF THE POLYMER-BASED NANO-SE COMPOSITE

NASIROVA AS.

Using fillers can change the mechanical, electromagnetic, physical and chemical
characteristics of the original polymer, and, in some cases, and reduce the cost of the final
composite, as compared with the cost of the polymer through the use of a cheaper than the
polymer. A special class of polymer composites are polymer nanocomposites. As an additive
to the polymer matrix are used in a variety of both chemical composition and morphology of
individual elements excipients. The distinctive feature of these fillers is the size of the
constituent elements (particles, plates, fibers), which preferably should be less than 100
nm. | use element- Se.

Keywords: composite, polymer, nanomaterial, semiconductor.
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FTORPLAST-4 9SASLI KOMPOZIiSIYANIN TRIBOTEXNIKi XASSOLORINIi
YAXSILASDIRMAQ MOQSODIi iLO DISPERS DOLDURUCULARIN
ISTIFADOSINDO MEXANIKI XASSOLORIN TOSIRININ
ASILILIGININ OYRONILMOSI

'ROHIMOVA A.9.,’MBMMBDOV C.M.

Azarbaycan Doviat Neft va Sanaye Universiteti
Baki sah, Azadliq pr,16/21
ragimova.adila@mail.ru
chingiz.mamedov2018@inbox.ru

Mogqalada ftorplast-4 osasli kompozisiya materiallarinin dispers doldurucular alavasi ilo onun, siirtiinmo
omsalinin kigik, kimyavi xassalorinin davamli va mexniki xassalorinin yiiksok olmasi gostarilir. Sixilma zamant
mohkamlik haddi nisbaton bdyiik olan vo daha yiiksok siiratlords isloya bilon ftorplast asasli kompozisiyalarin
yaradilmasi totbigi ¢ox boylik ohomiyyot daginmasi vo ftorplastlara mohkomlondirici kimi miixtolif dispersli
doldurucular slavo etmoklo an effektli kompozisiya materiallar1 6lgiisit 50-150 mkm olan grafit, molibden-
disulfit olmas1 miisahids edilmisdir.

Acar sozlar : ftorplast-4, doldurucu, dispers, kompozisiya, xassa, polimer.

Antrifriksion olavolor daxil olunan materiallara asason tobagoli anizotrop qurulusa malik
olan doldurucular,(grafit moliden-disulfid siiso koks vo s.) frorplast-4 -o maye vo ya plastik
stirgi materiali1 kimi daxil edilir. Dolduruculara miqdar1 vo tipi materialin totbiq olunan
soraitindon vo sahosindon (temperatur, yiik, siirlismo siiroti xarici miihit vo s.) asili olaraq
miioyyen edilir. ©On effektli naticalordon olan grafit vo molibden — disulfid doldurucu ssasinda
kompozisiya material1 sayila bilor.

Saokil 1-do Ftorplast-4 bork olmayan saplaglar sokilindo olmasi istismar zamani nun

Sokil 1. Ftorplast-4-iin molekul {istii strukturu
a-tamiz ftorplast, b-grafit, c-molibden, d-disulfid.
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iist qatinin intensiv deformasiya vo yeyilmo intensivliyini artirmig vo niimunslorin molekul
kiitlosi (1.5-5)x10° niimunaler istehsal etmok miimkiindiir.

Ftorplast— 4- iin siirtinmo omsali (statik vo dinamiki) ki¢ik oldugundan siirtiinan
diiytlinlordo genis istifado imkanina malikdir. Ancaq ftroplastin borkliyinin az olmasi istismar
zamani onun Ust qatinin intensiv deformasiya vo yeyilmo intensivliyini artirmis vo eloco do
istilik kegiriciliyinin az olmasi siirtiinmo prosesindo sothin temperaturunu artirir vo bu da
sirtinmo omsalinin vo yeyilmo intensivliyinin yiiksolmoasi miisahido edilir. Bu da 6z
novbosindo gostorilonloro osason detallarin tez siradan ¢ixmasi ilo noticolono bilir. Bu
sobabdon do ftorplastin tribotexniki vo s. xassolorini yaxsilasdimagdan Otrii ona miixtolif
dispers doldrucular olavo olunmagla ftorplast-4 osasli kompozisiya materialinin yaradilmasi
miimkiinliiylinii goéstormok olar.

Notico etibar1 ilo on yaxsi antifriksion bitismo miistovisi ilizro bOyiik sahods polyar
qruplar olur ki, bunlar bitigme miistavisine perpendikulyar istigamotds iyiidiilme zamani
hissaciklorin qirtlmasindan omals galir vo kicik sahoys malik ovuntulara sahib olur.

Codval -1
Ftorplast-4-iin fiziki mexaniki tribotexniki xassalori
Plastik Sixhig Elastiklik Dartiimada (PV) Borklik Nishi Isci Yagsiz Tozyiq Stirot
kiitlonin ad1 P Modulu mohkomlik  Max H uzanma Diaqramic Siirmo P V,m/san
g/sm3 E hoaddi MPa MPa E% omsal MPa
o m.s o
mPa
Ftorplast-4  2.18 410 20 0.026 35 470 0.04 0.04 0.7 0.5

Gostarilonlari nazare alaraq texnoloji avadanliglarda quru siirtiinme vo ya zoif yaglama
soraitindo nisboton (>3 m/c yiiksok siirotlo isloyon kiplosdiricilorin hazirlanmasi tiglin
ftorplast—qrafit kompozisiyalarinin iglonmosi igiin ilkin komponentlorin fraksiya torkibinin
kompozisiyanin mexaniki xassalorino tosiri dyronilmasi miitlogdir. Bu sobobdon do asagida
gostarilonlori nozors alaraq kompozisiyanin hazirlanmasi igiin istifado olunan materiallar :
ftorplast vo grafit gotiiriiliir. Hor ikisi ovuntu halinda alinmis olur.

Qeyri adi xassali polimerlordon sayildigi dagidict miihito qars1 dayanighig yiiksok olan
dielektrik gostaricilorino genis temperatur haddindo 260°C sabit mexaniki xasso ilo
xarakterizo olunur. Mohlul emal iisullar ilo ¢otin emal edilir vo bu da onunla izah edilir ki
ftorplast-4iin axma ozliliik vaziyyotino kecirmok miimkiin deyil, ¢linki onun orima vo
parcalanma temperaturlari1 ¢ox yaxindir. 415°Cdon baslayaraq polimerin qaz sokilli
maddolorin amoalo golmasi ilo intensiv parcalanmasi bag verir. Bu sobabdondo ftorplast-4iin
emal1 liclin orima tisulundan istifads edilir.

Emal prosesi asagidaki morhaslalordan kegir;

a) tozvari emala hazirlanmasi

b) hazirlanmis yarimmohsulun soyuq preslonmasi

¢) qizdirmada yapisdirma (cniekanue) soyudulma dozgahinda emal

Cadval-2 don goriindiiyli kimi ftorplast ovuntusunun dipersliyi 200 mkm-dan artiq vo
grafitin dispersliyi iso asason 0.05-5.0 mkm olunmagqla ftorplasta nisbotto xeyli yiiksok olur.
Bu da sixto materiali hazirlayarkon vo grafitdon fraksiyalara ayrilmis vo disperslikdon effektli
istifads oluna bilir.

Xiisusi qarigdirma tisulu ilo sixto materiali hazirlanir. Bu laboratoriya soraitinds ol ilo
xtisusi qarigdirma tisulu ilo aparilmasi miimkiindiir. Ftorplast kompozisiyasinin har birindan,
grafitin kiitlo (9,0,16,6,23,30,35) faizi gotiiriiliir vo sixtolor hazirlanir. Homin sixtolordon do
(55x10x10 mm Olgiilii prizmatik) niimunslor (10x10x10) 6l¢iido dogranilib sinaq masininda
sixilmaqla
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mohkomliyi dyronilir. Ftorplast kompozisiyasinin hor birindon, grafitin kiitlo faizi gotiiriiliir,
sixtolor hazirlanir vo naticade kompozisiyalarin mexaniki xassoalors tosiri yronilmak olur.

Cadval-2

Ftorplast - 4 va grafitin torkibi
Kompozisiyanin dispersliyi 50 mkm olan ftorplast-4 fraksiyasinin tokiilmo sixligini
asag1 oldugundan texnoloji proseslora onun aparilmasit miimkiin olmadig1 {i¢iindo 6lgiisii 50-

Ftoroplast-4 Qrafit
Hissaciklorin 6lgiisii, Hissacikloarin kiitla Hissaciklarin 6lgiisii , Hissaciklarin kiitlo
mkm miqdart % mkm miqdari, %

1600-2000 9 5-10 0.9
200-1000 85,5 1-5 2.5
50-150 5,0 0,5-1 4.1

50 1,0 0,05-1 92.0

- - 0,05 0,5

150 mkm ftorplast ilo miimkiin olmusdur.

Cadval 3-don gorindiiyii kimi kompozisiyalara olave, dispersliyi 50-150 mkm olan
ftorplast-4 asasinda 30 % gqrafit olan sixto hazirlanib siaqlar aparilmis vo goéstorilmisdir ki,
sixilma zaman 22,6-24,2 MPa mdhkomlik hoddi otrafinda almaq olur.

Niimunolorin mikroqurulusunun yoxlanilmasindan sonra naticolorin agsagi olmasi askar
etmok olur. Miigsahidolor zamant miioyyon etmok olar ki, bisirildikdon sonra qrafit
hissaciklori polimer matrisada bircinsli yayilmisdir vo bels naticads sixts torkibinds qrafitin
kiitlo faizi artmasi zamani 9l ilo gqatisdirilmada tam hemogen sistemin alinmasinin
cotinlosmasi  gostorir ki, c¢atigmazliqlar spesfik voziyyot iiclin xilisusi qarisdiricinin
hazirlanmasi lazim golir. Bu sabablordos xiisusi qarigdiricilardan istifads etdikdo sixto grafitin
faizlo kiitlo miqdar1 10%-don 35%-0 kimi artmasi §ixta osasinda niimunoslor hazirlamaq
mexaniki xassalor miisahido edilmisdir. Borklik 70-100 MPa, sixilmada mohkomlik hoddi
851 SOMPa etmok olur.

Cadval-3
Komponentlorin Kompozisiyada Texnoloji rejimlor Sixilmada
dispersliyi, mkm grafitin migdari mohkamlik haddi
%
F-4 markali | QK Preslonmg Sinanan Sinanma
markali - tozyiqi [Tablandirma  niimunslar | niimunalor

fotorplast grafit MPa
1000 - - 160 suda/sabada - 50.0/50.0
1000 0,05-5,0 10/20 160/180 | suda/sabada 25.0/15.0 -
50-150 0,05-5,0 10/20 160/180 | suda/sabada - 50.0/50.0
50 0,05-5,0 10/20 160/180 | suda/sabada 25.5/- | -/50.0

Ftorplast — 4A va QK-1 garisiq soklinds xirdalayictya vo qarisdiriciya daxil edildikdon
sonra bu proses IMN — 500 markal1 xirdalayicida aparilir vo xirdalanan ftorplast toz halindaki
QK-1 grafite qarigdirilaraq bircinsli sixto materiali amolo gotirilir.

Komponentlorin qarigdirilmas: oli ilo vo homginin garisdiricilarda aparildigdan sonra
preslonmo omoliyyati aparilir vo texniki xassolori gostorilir. Barabanin tutumu 3,5 m3,
barabanmn firlanma tezliyi san™1, dévr/daq 0,17 (10) miiharrik reduktorunun &tiirmo haddi 16,
32, zoncir Otlirma adadi 8,71, elektrik miiharrikinin névii 4A90R3TU16-52669586, gabarit
Olctilori, mm 3140x1880, hazir qarisiglar P-125 markali preso tokiiliib, daha sonra momul
160-180 MPa tozyiq altinda sixilaraq Ol¢iilori 55x10x10 olan prizmatik niimunslorin silindrik
kipkoc materiallarin miimkiinliiyiinii géstormok olar.
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Ftorplast-4 asasinda miixtalif dispers doldurucular slava etmok vo alinan kompozisiya
materiallarindan neft modon avadanliglarindan kipkac, nasos, siyitmo, Kran, borular eloco do
elektronikada vo radiotexnikada detallar hazirlamagq {i¢iin totbiq olunmasi tovsiyo edilir.
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3ABUCUMOCTH HCCJEJOBAHUA TPUBOTEXHUYECKHNX CBOMCTB
®TOPILIACTOBBIX KOMIO3UIIUKN OT IMCNEPCHOCTH KOMIIOHEHTOB

PAI'UMOBA A.A.,, MAME/JOB 4.M.

CraThs TOCBSIIIICHA HCCIENOBAHUIO MEXaHHMYECKUX CBOMCTB  (TOPOIIACTOBBIX
KOMITO3HIINH, TPUMEHSEMBIX B y3jaX yIUIOTHEHHUA. Y CTaHOBJIEHO, YTO HamOoOJee BBICOKHI
npenen MPOYHOCTH TMPU CXKATUU KOMIO3MIMK (ToprutacT-rpadpura obecrneuynuBaeTcs Mpu
nucrniepcHocTH Groporutacta 50-150 MKM | TIIATETFHOM TIEPEMEIIMBAaHUN KOMITOHEHTOB.

Karwuesrble cioBa: Qropruiact-4, HAOJIHATENb, JUCIIEPC, KOMITO3UIIUN, CBOMCTB, IIOJIAMED.

DEPENDENCE OF MECHANICAL PROPERTIES OF FLUOROPLASTIC
COMPOSITION ON THE DISPERSION OF THE COMPONENTS

RAGIMOVA AA., MAMEDOV CH.M.

The article is devoted to the research of the mechanical properties of fluoroplastic
compositions used in compaction units. It was established that the highest compressive
strength of fluoroplast-graphite compositions is provided with a dispersion of fluoroplastic
50-150 microns and thorough mixing of the components.

Key words: fluoroplast-4, filler, disperse, composition, property, polymer.
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OKS-9LAQD RABiTasiNa MALIK SiSTEMLBR ARASINDA
XAOTIK ROQSLORIN QABAQLAYICI SINXRONLASMASI

NURIYEV R.A.

Azarbaycan MEA Fizika Institutu
AZ-1143, H. Cavid pr. 131, Baki, Azarbaycan
e-mail: rus.nuriyev.74@mail.ru

Bu moqalads bir oks-olaqo rabitesine malik qgeyri-xatti birtorafli slagali fkeda sistemlori arasinda
sinxronlagma todqiq olunacaq. Osas diqqst Ikeda sistemlori arasinda parametr uygunsuzlugunun sinxronlagsmaya
tosirinin tadqiqine ayrilib.

Acar sozlar: sinxronlagma, xaotik ossilyatorlar, ikeda sistemi, deterministik xaos.

GIiRiS

fkeda modeli [1-2] geyri-xotti dinamikada vo xaos nozeriyyesindo on populyar
modellordon biridir.

Ikeda modeli [3-4] ilk dofs olaraq optik bistabil rezonatorda elektromaqnit dalgasinin
dinamikasimi arasdirarkon meydana golmisdir.. Indi miioyyen olunub ki, Ikeda sistemi alavo
olaraq bir ¢ox fiziki proseslorin modellosdirilmosindo do adekvat ola bilor. Niimuns olaraq
opto-elektronik sistemlori gostormok olar. Bu sistemlordo dinamik doyison sistemdoki

modulyatora verilon gorginliyo miitonasibdir. Bu kontekstdo digar bir niimuna kimi akustik-
optik sistemlori do xatirlamagq olar.

ikeda sistemlari arasinda qabaglayici sinxronlasma.

Maoqalonin bu hissosindo bir oks-alago rabitasine malik Ikeda sistemlori arasinda qabagq-
layic1 sinxronlasma todqiq olunacaq. Ikeda sistemlori birtorofli, qeyri-xotti gecikon olaqo
vasitasi ilo sinxonlasdirilacaq. Bu ciir sinxronlagsma zamani aparilan, idars olunan sistem Y

aparici, idaro edon sistemin X golocok voziyyatind sinxronlasir. Y = X(t +7 ),burada T

zamandir. Bagqa sozlo, aparilan sistemin dinamikasi aparict sistemin dinamikasindan avval
galir. _

Forz edok ki, hom aparici, hom do aparilan Ikeda sistemlori bir oks-olaga rabitosine
malikdirlor. Bundan basqa hom do forz edok ki, Ikeda sistemlori arasinda alaqo geyri-xottidir
vo miioyyon gecikma ilo bas verir. Belaliklo:

aparici

%——ax+m sin x (1)
dt 1 1 ‘[1

vo aparilan

d . :
_ —a,y +mysiny, +mgsinx, )

dt

Ikeda sistemlori arasinda sinxronlagsmani tadqiq edocayik.
Burada: X — lazer siias1 aparici sistemin optik rezonatorunda yayilan zaman isigin elektrik

sahosinin fazasinin doyismosidir;{ — zamandur; oy — X sistemi ligiin relaksasiya
omsalidir; M, — aparic1 sistemin optik rezonatoruna injekto olunmus lazer suasinin

intensivliyidir; 7; — aparici sistem {i¢iin oks-olaqo rabitosi zamamdir: basqa sozlo,
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optik rezonatorda is18in yayilma vaxtidir; Y — lazer siias1 aparilan sistemin optik
rezonatorunda yayilan zaman isi8in elektrik sahasinin fazasinin doyismosidir;

a,—Y sistemi lglin relaksasiya omsalidir; M,-aparilan sistemin optik
rezonatoruna injekto olunmus lazer suasinin intensivliyidir; 7,— aparilan sistem

ligiin oks-alaqa rabitosi zamanidir: M;— aparict sistemin optik rezonatorunda lazer
stiasinin intensivliyinin aparilan sistemin optik rezonatoruna injekto olunmus
hissasidir: bagqa sozlo, M3 aparict vo aparilan sistemlor arasinda olago
intensivliyidir; qeyd edok ki, sistemlor arasinda olage birtoroflidir; 75—lazer

is181n1n aparici sistemdon aparilan sistems yayilma zamanidir.
Indi gostorak ki,

X=Y, .. ©)

rejimi ikeda sistemlori {igiin sinxronlagsma hallidir. Bunun ii¢lin avvalco identik aparict vo
aparilan Ikeda sistemlorini arasdiraq. Hesab edok ki,

Q=0 T, =1,. (4)

Qeyd edok ki, sinxronlasma rejimi (3) 7; vo 7, arasinda miinasiboatlordon asili olaraq
qabaglayici (75 < 77 ), gecikon (73> 7; ) vo tam, identik (73 = 77 ) sinxronlasma ola bilar.
X= yT1 74 -nin (1) vo (2) Ikeda sistemlori {i¢iin sinxronlagsma rejimi oldugunu siibut
etmok ii¢lin sinxronlagma xatasinin
A=X-y, e, ()
dinamikasini M = M, + My sorti daxilinda (1) vo (2) tonliklorindon asanligla aldo etmok

olar: kigik sinxronlagsma xotasinin A dinamikasi asagidaki kimi yazila bilar:

d—A =—aA+SA, . (6)
dt 1

Burada: S = (M, —m,;)COSX._ .
1
Basqa sozlo, A =0 sinxronlagsma xotas1 tonliyinin (6) hollidir. Yoni X = Y, . (I)vo
1 °3

(2) Ikeda sistemlori iigiin sinxronlasma rejimidir. M, =M, + My sinxronlasmanin mévcudlug
sortidir.

Praktiki cohotdon miioyyon edilmis sinxronlagma rejiminin stabillik sorti bdyiik
ohamiyyato malikdir, ¢linki movcudluq sorti hale bu rejimin praktikada miisahide edilmaesi vo
belolikls totbiq edils bilmasi anlamina golmir. Tapilmis hall ham do dayaniqli olmalidir. Ona
g0ra bu morhalods sinxronlagma rejiminin stabillik sortlori tadqiq edilocak.

ikeda sistemlori arasinda sinxronlasma rejimlorinin stabillik sorti.

Sinxronlagsma xotas1 ii¢lin tonlik zamana goro gecikon diferensial tonlik vasitosi ilo
tasvir olunub. Bu ciir sistemlor funksional tonliklor adlanir. Stabillik sortini tapmaq iiciin
haldan Lyapunov-Krasovski funksional yanasmasindan [5-7] istifads edilocok. Sinxronizasiya

rejiminin X=1Y, y moveudluq sortini My =M, + My do nozoro alsaq, onda stabillik
1

sortinin
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olmast naticasino golirik. Sinxronlagsmanin keyfiyystini korrelyasiya funksiyasi C il
xarakterizo olunur [8].

Kompiiter modellosdirilmasinin naticalori.

Mogalods istifado olunan kompiiter modellogdirilmosi osason Matlab 7 proqram
paketindon istifado etmoklo hoyata kegirilib.

Aparict lkeda sistemi (1) parametrlorin asagidaki giymotlorindo xaotik dinamika
niimay1s etdiri: @ =2, m; =10, 7, =5,5. Sok.1-ds aparic1 vo aparilan Ikeda sistemlorinin
dinamikas1 oks olunub. Kompiiter modellogdirilmosi zamani istifado olunan digor
parametrlorin qiymsti belodir (1-2): 7, =55, 73=05, m, =02, m;=98.
Parametrlorin qiymatlari els segilib ki , hom mdvcudlug (M, =M, + M3 vo 7, =7,), hom
do kafi stabillik

Sok.1. ikeda sistemlori arasinda gabaglayici sinxronlasma: miioyyan kegid
proseslorindon sonra aparilan sistem y(t) aparici sistemin x(#) golocok

vaziyyating sinxronlagir. Aparici vo aparilan sistemlor arasinda zaman
stiriismosi 5 vahiddir.

(a> \mz\) sortlori 6danilir. Bundan alava, Sok.1-doki dinamika liglin 7; > 7 oldugundan bu
3

hal gabaglayict sinxronlagsmaya uygun golir: miioyyon kecid proseslorindon sonra aparilan
sistem Y(t) (2) aparici sistemin X(t) (1) golocok voziyyetino sinxronlasir. Aparict vo

aparilan sistemlor arasinda zaman siiriismosi At =17, — 75 = 5 vahiddir. Sok.1-do niimayis
etdirilon gabaqlayic1 sinxronlagma {i¢iin korrelyasiya omsali C=1. Bu o demokdir ki,

yTl 1, vo X arasinda yiiksok keytiyyatli sinxronlasma mévcuddur.

7, <7, sorti 6donilarsa gecikon sinxronlasma hoyata kecir. Bu zaman aparilan sistem

aparici sistemdon geri qalir, bagqa s6zlo aparilan sistem aparici sistemdon sonra galir.
Sok. 2-do aparict X(t) vo aparilan Y(t) sistemlorin dinamikasi parametrlorin bu hala

uygun golen giymotlorinde =1, m; =6, 7, =3, 7, =3, 73=7, m, =0,3, m; =57

tosvir olunub. Parametrlorin qiymoatlorindon  goriindiiyt kimi  X_ __ =Y gecikon
3 71

sinxronlagma rejimi ii¢lin hom movcudlug, hom do kafi stabillik sortlori ddonilir. Aparici

X(t) vo aparilan Y(t) sistemlorin dinamikasidan goriiniir ki, aparilan sistem 7, —7; =4

zaman vahidi gecikmo ilo kegici proseslordon sonra aparici sistemin dinamikasini tokrarlayir.
Dinamik doyisonlor arasinda korrelyasiya maksimal haddadir: C =1.
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Sok. 2. ikeda sistemlori arasinda gecikon sinxronlasma rejimi.

Qeyd edok ki, gecikon vo ya basqa sinxronlagma novloari liglin mévcudluq vo stabillik sortlori
0donilmadikda, sinxronlagmanin keyfiyyati ¢ox asagi olur.

Totbiqi baximdan c¢ox mihiimdiir ki, sinxronlasan sistemlor arasinda parametr
forgliliyinin sinxronlagsmanin keyfiyyatino tosiri arasdirilsin. Real hoyatda iki identik sistem
arasinda belo miioyyon parametrlorin uygunsuzlugu qagilmazdir. Xaos osasinda informasiya
miibadilosi sistemlorindo informasiyanin desifro olunmasi sinxronlasmanin keyfiyyatindon
birbasa asilidir. Bu faktorlar1 nozoro alaraq parametr uygunsuzlugunun sinxronlagmanin
keyfiyyatina tosirini aragdiracagiq.

Ovvalco aparici X(t) (1) vo aparilan Y(t) (2) dinamik sistemlor arasinda oks-slago

rabitosi zamanin miixtolifliyini forz edok. ©Ovvalki hissods bu sistemlor arasinda
sinxronlagsman1 todqiq edorkon gobul etmisdik ki aparici sistemdo oks-olage rabitasi zamani

7, vo aparilan sistemdo oks-olaqo rabitosi zamani 7, arasinda 7; =7, borabarliyi yerino

yetirilir. Indi forz edok ki 7, #7, vo gobul edok ki 12571*. Kompiiter modellosdirilmosi
zamani qabaqglayici sinxronlagma halinda (sok.1) aparict X(t) vo aparilan Y(t) ikeda

*
. . : P S s
sistemlori arasinda C korrelyasiya omsalinin 7; 7~ miinasibotindon asihiligi dyranilib.

Naticolor gokil 3-do nilimayis etdirilib. Naticolordon aydin olur ki, hotta oks-olaqe rabitosi
zamanlar1 arasinda 10%-lik forq sinxronlagsmanin keyfiyyotino ohomiyyatli tosir gdstormir.
Belo ki, bu forq yalniz korrelyasiya omsalinin 1-don 0.99-a diismasing gatirib ¢ixardir. Analoji
tendensiya hom do gecikon vo tam sinxronlagsma rejimlori iiglin miisahido olunmusdur.

1.005

0.995

0.0

[akek:1a

0.88

0.975

1 1 1 1 1
o7 0.8 09 i 1.1 12 1.3 14

Sok.3. Qabaglayici sinxronlagma seraitinds korrelyasiya
funksiyasinin (emsalinin) oks-slags zamanin forqliliyinden asililig1.
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Indi iso aparict X(t) (1) vo aparilan Y(t) (2) ikeda sistemlori arasinda relaksasiya
omsallarinin miixtalifliyinin sinxtonlasan sistemlor arasinda C korrelyasiya omsalina tosirini

aragdiraq. Bu mogsadlo sok. 4-do C korrelyasiya omsalinin Otf oy ! miinasibstindon asililigt

gostorilib. Xatirladaq ki, burada ¢ aparici Ikeda sistemi ii¢iin relaksasiya omsalidir; 05; )

aparilan Ikeda sistemi iiciin relaksasiya omsalidir. Kompiiter modellogdirilmosinin
noticolorindon aydin goriiniir ki, relaksasiya omsallarinda hotta 20%-lik forq sinxronlagma
keyfiyyotino ohomiyyatli tosir gostormir. Qeyd edok ki, belo doziimlilik bir g¢ox totbiq
saholorindo, mosolon xaos oasasinda informasiya emali sahosindo toqdir olana bilosi bir
hadisadir.

Nohayot sinxronlasan sistemlor arasinda C korrelyasiya omsalmin sinxronlasma
ticlin vacib olan movcudluq sortinin yerino yetirilmomasi naticasinds doyigsmosini arasdiraq.

1.005

0.995-

oeer

0.985-

Sok.4. Qabaglayici sinxronlasma soraitinds Ikeda sistemlori arasinda
korrelyasiya omsalinin relaksasiya amsallarinin forqliliyinden asililig.

Miioyyaon etdik ki, M, =M, + My sorti sinxronlagsma ti¢tin méveudluq sortidir vo bu gort
daxilindo sinxronlasma rejimlorinin kafi stabillik sortini tapdiq. Indi forz edok ki, aparici
sistemin oks-olaqo rabitosinin intensivliyi M,, aparilan sistemin oks-olago rabitosinin

intensivliyi M, vo bu sistemlor arasinda olaqo intensivliyi ii¢lin M; # M, + My miinasiboti

yer alir. Kompiiter modellogdirilmosinin naticosi gostorir ki, C korrelyasiya omsalinin

m,
m, + My
lik parametr uygunsuzlugu bu halda korrelyasiya omsalinin 1-don yalniz 0.9-a diigmosine
gotirir ki, bu da sinxronlagsmanin parametr forqliliyino ¢ox davamli (robust) reaksiyaya malik
olduguna dolalot edir. Qeyd edok ki, sok.3-5-do qabaglayici sinxronlagmaya aid halda
parametr uygunsuzlugu arasdirilib. Gecikon vo tam sinxronlagma rejimlori iiclin do eyni
tendensiya miigahido olunur. Parametr forqliliyinin sinxronlasmanin keyfiyyotino tosirinin
kompiiter modellosdirilmasinin naticolori onu gostorir ki, bu halda sinxronlagsma keyfiyyati
azaciq da olsa pislogir. Amma bu baxmayaraq yena do sinxronlagsma omsali kifayst qader
yuksokdir. Aragdirdigimiz hal parametr uygunsuzlugunun sinxronlagmaya tosirinin yalniz bir
aspektidir.

miinasibatindon asililig1 kifayot qodor zeifdir. Sok.5-don aydin olur ki, hatta 20%-
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Sok. 5. Qabaglayici sinxronlagma soraitindo ikeda sistemlori arasinda korrelyasiya
omsalimin sinxronlasmanin mévcudluq soraitin pozuldugu halindan asililig:.

NOTICO

Bu mogqalodo bir oks-alago rabitosino malik Ikeda sistemlori arasinda birtorofli qeyri-
xotti olago soraitindo gabaglayici sinxronlagsma todqiq olundu. Bu zaman osas diqgot
sinxronlasan lkeda sistemlori arasinda paramert uygunsuzlugunun smxronlasmanin
keyfiyyotino tosirinin miiloyyon olunmasmna yonoalmisdir. Moqalade qabaglayic
sinxronlagmanin moévcudluq va stabillik sortlori miioyyaon edilmigdir.

Alinmis naticolorin totbiq sahalorine golincoe qeyd etmaliyik ki, otiiriicii vo gabuledici
lazer sistemlori arasinda sinxronlagma oOtiiriilon informasiyanin emal1, o ciimlodon desifra
olunmasi vo qorunmasi li¢lin ¢ox vacib shomiyyoto malikdir. Bundan slavo koherent lazer
monbaolarinin sinxronlagsmast kompakt va giiclii lazer sistemlorinin yaranmasinda shamiyyatli
rol oynaya bilar.

Qabaglayic1 sinxronlagmanin daha konkret totbiq saholorina golinco iso geyd etmok
lazimdir ki, bels sinxronlasma ¢ox siiratli proqnoz masalslorinda istifads oluna biler, ¢iinki bu
zaman kifayotdir ki, aparici sistemo identik aparilan sistem qosasan. Bu xasso qeyri-zodosiz
diagnostika problemlorinds, canli alomds informasiya emali zamani vo sair istifado oluna
bilor. Nohayat, xaos osasinda informasiya emali sistemlorinde qabaglayict sinxronlagma
icazasi olmayan tiglincii torofa Gtiiriilon informasiyanin desifrasi iigiin olavo vaxt vera bilor.
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OINEPEXAIOIIAS CHHXPOHU3AIIUA XAOTUUYECKUX KOJIEBAHUI
MEXIY CACTEMAMM C OBPATHOM CBA3bIO

HYPHUEB P.A.

Hacrosimas cratbst NOCBSIIEHA ONEPEKAIOIIEN CUHXPOHU3ALUN MEXAY HEIMHEHHBIMU
cucreMamu Mkenel ¢ oOpaTtHOM cBA3bt0. (OCHOBHOE BHHMMAaHHUE YIEICHO BIMSIHUIO
HECOOTBETCTBUS MapaMETPOB MEXAy cucreMamu Vkeapl Ha Ka4eCTBO CMHXPOHU3ALMOHHBIX
PEKUMOB.

Karouesrble ciioBa: CUHXPOHHM3AlUA, XaOTUYCCKUC OCHUIIIIATOPBI, CUCTEMA I/IKC,I[LI, ZleTepMI/IHI/IpOBaHHHﬁ
Xaoc.

ANTICIPATING SYNCHRONIZATION BETWEEN
FEEDBACK CHAOTIC SYSTEMS

NURIYEV R.A.
In this paper our goal is to investigate synchronization regimes between Ikeda models

with feedback. Ikeda systems are connected unilterally. Main attention is given to the effect
of parameter mismatches on synchronization quality.

Keywords: synchronization, chaotic oscillators, Ikeda system, deterministic chaos.
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Energetikanin problemlori e Ne4 o 2019 e [IpoGiieMbl 3HEPTreTUKH
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POLIMER-COXKOMPONENTLI PYEZOFAZAYA MALIK
KOMPOZITLORDO PYEZO-, PIROELEKTRIK EFFEKTLORIN
FORMALASMASINDA ISTILiK EFFEKTLORI

DADASOYV Z.A.

Azarbaycan MEA-min Fizika Institutu

Mogqalada polimer-coxkomponentli pyezofazaya malik kompozitlordo pyezo-, piroelektrik effektlorin
formalasmasinda relaksasiya xarakterli istilik effektlori dyronilmis vo miimkiin noticolori miioyyon edilmisdir.
Gostorilmisdir ki, kompozitlords istilik effektlori komponentlorin modifikasiyas1 vo elektrik qaz bosalmasi
plazmasinin tasiri goraitinds bas verir.

Acgar sozlori: kompozit, piroelektrik, modifikasiya, elektrotermoplazmatik kristallasma, siisiiolosmo,
endo va ekzotermik proseslar.

Molumdur ki, elektronikada, radiotexnikada vo elektroenergetikada istifado olunan
biitiin ndv ¢eviricilar istilik tasirlorine moruz qalir. Ona gors do, ndviindon vo yerina yetirdiyi
funksiyadan asili olmayaraq is prinsipi istilik effektlori osasinda olan biitiin ¢eviricilorin
texnologiyasi, modifikasiya iisullar1 yenidon islonmolidir. Istismar intervallar1 faza kegidlori
temperaturlarina yaxin olan ¢eviricilorin istismari xiisusi shomiyyat kasb edir. Kompozitlorin
istilik fiziki xassolorin kompleks sokildo dyronilmasi mosalon, bir aktiv elementdo bir nego
xassolorin Oyronilmesi, hansilar ki, alinma texnologiyalar1 bir- birini tamamlayirlar, onda
miioyyon godor hesab etmok olar ki, elektret, pyezo vo piroelektriklor gdstorilon effektlorin
Oyronilmo saviyyasi vo texnologiyalari yiiksalir[1,2].

Toqdim olunan isdo polimer-¢coxkomponentli pyezofazaya malik kompozitlords pyezo-,
piroelektrik effektlorin formalagsmasinda relaksasiya xarakterli istilik effektlori dyronilmis vo
miimkiin naticolor miioyyon edilmisdir. Tadqiqat niimunolorinin alinmasi isti presloma
metodu ilo aparilmigdir. Niimunonin preslonmo temperaturu polimer matrisanin orima
temperaturuna yaxin vo ya barabar gétiirilmiisdiir. Eksperimental noticolor sabit Ep, sabit
temperatur (Tp) vo polyarlasma miiddstindo alinmisdir. Pyezofazanin hocmi payr 60% vo
pyezohissaciklorin 6lgiilori (63-100) mkm goétiiriilmiisdiir. Diagnostik (TSD) vo modifikasiya
(plazma kristallasmasi) elektrotermopolyarlagsma proseslori vasitasilo kompozitlords bilavasits
formalasan pyezo vo piroelektrik effektlorin mexanizmlarinin daha genis Oyronilmasi ii¢iin
perspektivli iisuludur. Bu moqsadle asagidaki todqiqat lisullarini totbiq edirik: TSD, DSK,
DTA, istilikfiziki vo rentgen struktur analiz. Sokil 1. a,b,c-do kompozitlorin piroelektrik
corayaninin temperaturdan asililigi verilmisdir. Goriindiiyli kimi bu asililiq ¢ox miiroekkabdir
va piroelektrik effektin formalagma mexanizmi haqqinda daha ¢ox informasiya verir.

Sokil 1-do verilmis eksperimental noticolorin analizi gostorir ki, todgiq etdiyimiz
kompozitlorin pyezofazasinin strukturu Syrondiyimiz kompozitlords piroelektrik effektinin
formalagsmasina koskin tosir edon faktordur. Ona goro do, kompozitlorin diger fazasinin
rolunu aydinlagdirmaq da mithiim masalo kimi plana ¢ixir. Sokil 2 ab,c —do verilmis
naticolorin analizi gostorir ki, polyar polimer matrisali (F-23) kompozitlorin piroelektrik
xassalori daha yiiksokdir [1]. Tadgigatlarin névbati marhalasinds polimer-goxkomponentli
kompozitlordos komponentlorin, xiisusilo, polimer matrisanin, heterogenliyini doyisdirmok
ticiin toklif etdiyimiz texnologiyalardan on effektlisi elektrik qaz bosalmasi plazmasinin vo
temperaturun birgs tosiri soraitindo kompozitlorin kristallasmasidir [2,3]. Bu texnologiyanin

osasinda kompozitin orimo temperaturundan baslayaraq elektromonfi gazlarda, masalon,
71



havada yiiksok gorginliyin tosirindon yaranan elektrik bosalmasi plazmasinin

soraitinda kristallasmasi (elektrotermoplazmatik kristallagma) durur.

YSPEPTIORPRZOT N0

b)

Saok. 1. a,b,c. Kompozitlorin piroelektrik corayanlarinin temperaturdan asililiglari.
a-YSPE+PbTiOs-PbZI‘Os-PbNb2/3zn1/303-PbNbz/sMgl/sos;
b-YSPE+PbTiO3-PbZrOsz-PbNb2;sMny30;

C-YSPE+ PbTiOs3-PbZrOs.
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Sak. 2. F-23+PbTiO3-PbZrOsz-PbNb23Zn1303- PONb23Mgis O3
kompozitin J=f(T) asililig1.

Kristallasma prosesi axira godor elektrik qaz bosalmasi plazmasinin tosiri altinda gedir.
Temperaturun doyismasi iso pille -pills aparilir: prosesin oavvalinds 0,25-0,5 saat arzinds 10-
30 K, sonra isa 0,25-2K/daqiqo siiratlo kompozit polyarlasma temperaturuna (373K) vo ya da
otaq temperaturuna kimi soyudulur. Kompozitin strukturunun doyigmasi onun polimer
matrisanin  {Q-spektrlorino osasen miioyyon edilmisdir. Sokil3-doYSPE+PbTiO3-PbZrOs-
PbNDb2/3ZNn1/303-PbNb2sMg1303 kompozitinin polimer matrisanin 1Q-spektrindo elektroter-
moplazmatik kristallagmadan sonra yaranan yeni qruplarin kristallagma miiddotindon asililig1
verilmigdir. Alinan eksperimental natico gostorir ki, YSPE makromolekullu qisa bir miiddstdo
intensiv oksidlosir, yoni makromolekulda oksidlosmo morkozlori yaranir vo geyri polyar-
liligint itirir. Yaranan osas qruplar (C=0,C-O-C,OP) giiclii qruplardir. Polimer zoncirinda
yaranan bela polyar qruplar onun kimyovi strukturnun heterogenliyino sobab olur. Yaranan
qruplar dipol momentino malik oldugu f{¢iin polimerin kvaziqadagan zonasinda bunlara
uygun lokal saviyyslor elektroaktivdirlor. YSPE-nin kristallasma prosesinds geyri polyarligi
pozuldugu iiclin fazalararasi qarsiliqhh tosirlor artacaq veo bu effekt, he¢ siibhosiz ki,
fazalararas1 sorhaddo polimer matrisanin strukturunun formalasmasma tosir  edocokdir.
Polimerin ifrat strukturu (molekulyariistii qurulusu)

1.0 20
1, saat

Sak. 3. YSPE+PbTi 03- PbZFO3- PbN b2/3Zn1/303-P bN b2/3 M g 1/303 kompozitinin IQ
spektrinds elektrotermoplazmatik kristallasmadan sonra yaranan qruplarin
kristallagsma miiddstindon asililig1.
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seqnetopyezokeramika hissociklorinin sothinin tosiri altinda formalasacaq vo son naticodo
fazalarars1 sorhoddo makromolekullarin yiirtiklilyii azalacaqdir.

Termiki islomonin polimera tosirini Oyronmok {i¢lin diferensial skan kalorimetriya
(DSK) ayrilerindan istifads edirik. DSK polimer va onlar asasinda kompozitlerin qizdirilmasi
zamani onlarda bas veron doyisiliklori, siisolosmoni, kristallasmani vo orimoni dyronmaoyo
imkan veran bir metoddur. Bu metodda biz material torofindon udulan va ya ayrilan istiliyin
temperatur asililigin1 miioyyon edirik. Bu mogsadls sokil 4-do ilkin YSPE {igiin DSK oyrilori
verilmisdir. Alinan naticolor gdstorir ki, DSK oyrisi 124°C-do maksimuma malikdir. ©gor
Y SPE —ni bir tsikl qizma vo soyutmaya moruz etsok vo DSK oyrisini alsaq, tam qrafikdo (yani
soyutma- qizma) yaranan yeni maksimum 111°C-yo uygundur. ilk baxisdan alman notico
anomal xarakterlidir: Belo ki, termoislomonin tosirindon polimerdo oksigenli destruksiya
proseslari bas verir va daha kicik temperaturlarda 6ziinli gostarir.

DSC /((mW/mg)
« exo

2,65 Jig
0.6 » 2

40 60 80 100 120 140 160 180
Temperature /

Sok. 4. Tlkin YSPE iigiin DSK spektrlori.

DSK-n1 totbiq etmoklo polimerlorin praktikada totbiqi {iglin miihiim parametr olan
stisologsma temperaturunu da komiyyot baximindan toyin edirik: YSPE ii¢iin bu parametr 120-
134°C intervalinda doyisir. Indi do diferensial skan kalorimetriya (DSK) vasitosilo
kompozitlords istiliyin tosirindon gedon struktur doyisiliklorino baxaq. Sokil 4.25-ds
YSPE+PKR1 kompoziti DSK ayrilori verilmisdir Kompozitin DSK spektrlorinds tope ndqtosi
asagl yonalmis maksimum orimoys malik olub endotermik prosesi, tops noqtosi asagi
yonalmis maksimum iso soyuma zamani kristallagmaya uygun olub ekzotermik prosesi aks
etdirir. Qrafikdon gériiniir ki, YSPE+PKR1 kompoziti ii¢iin birinci pikin qiymoti 128°C,
ikinci pikin giymati 480°C-do alinmisdir.
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0.05 ] == —_—————— .
[\,x —
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“T100 200 @300 a00  B00
Temperature /*C

Sok. 5. YSPE+ PKR1 kompoziti {igiin DSK spektri.
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DSK ayrilorindo miisahido olunan maksimumlar yiiksok elektrik sahasinin, temperaturun vo
elektrik qaz bosalmasi plazmasinin tosirindon polimer fazada vo fazalararasi sorhoddo gedon
proseslorlo slagodardir:
- Strukturun dayismasi;
- fazalararasi qarsiliqli tosir;
- fazalararasi qarsiliqli tosir artdiqca kristallik daracasi azalir, hamginin makromolekullar
Ozlarinin sarbastliyini miisyyan gador itirirlar;
- elektrotermopolyarlasma prosesi pyezohissaciklorin tosiri soraitinde getdiyi tgiin
timumiyyatlo kompozitin amorflugu azalir.
Ona goro do, termoaktivlogsmo proseslorindo masalon TSD, DSK, DTA spektrlorinde yeni
maksimumlar miisahido olunur vo hom do maksimumlar yiiksok temperatur istiqgamotindo
stirigtirlor. Elektrofiziki faktorlardan basqa DSK spektrlori vasitasilo istilik tutumu (cp) da
genis Oyronilmisdir. Istiliyin vo ya da elektrik tobiotli xarici faktorlarin tosirindon
kompozitlordo reoriyentasiya proseslori gedir vo kvazistabil kristallar formlasir. Kristallarin
reoriyentasiya ilo bas veron orimo temperaturu yuxarida gostorilon spektrlordo kicik
temperatur maksimumu kimi miisahido olunur [4-6]. Amma oriyentasiyaya moruz qalmis
kompozitlerin orims temperaturu yuxarida gostorilmis DSK oyrilorinds yiiksok temperatur
istigamatindo yerini doyisir. Cox novlii arimalor vo ya da arimalorin ¢ox novliiliiyli fazalarin
miixtalifliyi do DSK oyrilorindo tobioti molum olmayan kig¢ik maksimumlar gsoklindo
miisahids olunur.
Sokil 6-da PP+PKR12 kompoziti ticlin DTA spektri verilmisdir. Burada ilk névbado
polimer ilo pyezofazanin qarsiliqhi tosiri haqqinda informasiya veron kiitlo itkisi (Am),
temperatur forqi (AT) vo piklorin temperaturu miioyyon edok

PP+PKR12
60+40%

Sok. 6. PP+PKR12 kompoziti tigiin DTA spektri.

Sokildon goriintir ki, on kigik kiitlo itkisino moruz qalan kompozitlor romboedrik
strukturludur. Tetraqonal struktura malik kompozitlords isa bu gostarici nisbaton (mosalon,
PKR3M fazali kompozitlora nozoron) boylikdiir. Bu kifayst qodor maraqli vo ¢otin
mexanizmd malik effekti fazalararasi qarsiliqlt tosiri nozors almaqla izah etmok olar. Hesab
edirik ki, fazalararas1 qarsiliqlt tosir vo ya da fazalarin elektromanfiliyi artdiqca kiitlo itkisi
(Am) azalacaqdir. Polimer — seqnetopyezokeramika kompozitlordo fazalarasi qarsiliglt tosir
ancaq elektromanfiliklo deyil, hom ds fazalarin fiziki vo kimyovi quruluglarindan (domenlor,
kvazikristallitlor) asilidir

NOTICO

1. Ik dofo yiiksok polyarliga malik polimer matrisali (F-23, F-26) vo ¢oxkomponentli geyri-
tizvi fazali kompozitlords relaksasiya va termiki hadisslorin effektiv variasiya tisullari
islonmisdir;

2. Elektrik qaz bosalmasi plazmasinin birgo tosiri soraitindo kompozitin fazalararasi
sorhaddina injeksiya olunmus elektrik yiikdastyicilarin relaksasiyasi pyezofazada
domenlarin deoriyentasiya ilo naticalonir;

3. polimer- ¢oxkomponentli kompozitlordo polimer fazanin kvaziqadagan zonasindaki
aktivlosmo enerjisi yiliksok olan lokal soviyyslords stabillosmis elektrikyiikdasiyicilarin
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relaksasiya temperaturu kompozitlorin pyezofazadaki domenlorin relaksasiya temperaturu
ilo toyin olunmusdur.
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TEPMUYECKOE BJIIMAHUE HA ®OPMUPOBAHUE
HBE3O3JEKTPHYECKHUX, INPOSJIEKTPUYECKHUX DOPEKTOB B
KOMITIO3UTAX C MHOI'OKOMITIOHEHTHOM IMOJIUMEPHOM - TBE30®A301

TAJIALLIOB 3.A.

B nanHOI cTaThe M3yueHUN poJib pelaKCallMOHHBINA M TEIJIOBBIX MPOLIECCOB B (POPMU-
pPOBaHUM MbE30-UPO3JIEKTpUUecKue 3(P(PEKTOB Ha MOIMMEP-NUPOKEPAMUUYECKUX KOMIIO-
3utax. I[lokazaHo uto, TerioBbie 3()PEKTh B KOMIIO3UTAX, BOSHUKAIOT MPHU MOAU(PHUKALUN
KOMIIOHEHTOB M BO3/ICHCTBUU ILJIa3MbI HAa Fa30BBIN paspsiza.

KaroueBnle ciioBa: KOMIIO3HT, HHpOSJ’IeKT‘pI/IquKI/Iﬁ, MO,HI/I(i)I/IKaIII/IH, QJICKTPOTCpMHUUICCKAA KPpUCTAJLIIN-
3a1usa, CTCKJIOBAHHUE, CHA0 U GKBOTGPMI/ILICCKI/Iﬁ mnmpouecc.

THERMAL INFLUENCE ON THE FORMATION OF PIEZOELECTRIC,
PYROELECTRIC EFFECTS IN COMPOSITES WITH
A MULTICOMPONENT POLYMER PIEZOPHASE

DADASHOV Z A.

In this research article, the role of relaxation and thermal processes in the formed
pyroelectric effect in polymer- pyroceramic composites. It has been shown that, the thermal
effects in the composites occur under the modification of the components and the effect of the
plasma of the electric gas discharges.

Keywords: composites, pyroelectric, modification, electrothermoplasmic crystallization, glass transition,
endo and exothermic process.
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POLIETILEN |C4 H s|1.x (Galns Se )x 9SASLI NANOOLCULU
KOMPOZITLORDO TEZLIKDON ASILI BOZi
PARAMETRLORIN TOYINIi

IBRAHIMOVA S.I.

Azarbaycan MEA akademik H.M. Abdullayev adina Fizika Institutu,
Az-1143, Baki, H.Cavid prospekti, 131
e-mail: seva-ahmed@mail.ru

|C4 Hg|-GalnsSes asasinda torkiblori 85%-15%, 70%-30% va 60%-40% uygun olan nanodl¢iilii kompozit
niimunslor hazirlanmigdir. Hazirlanan niimunslords elektrik kegiriciliyi (o), dielektrik niifuzlugu (¢), dielektrik
itkisi (D) ol¢lilmiisdiir.

Acgar sozlar: sintez, polietilen, yarimkegirici, qurulus, kompozit, nazik tobaqpo, tezlik.

Molumdur ki, kompozit materiallar iki hissodon, disperqatordan vo onlar1 6zlorindo
saxlayan matrisadan ibaratdirlor vo bu hissolorin kompozitdoki torkiblorin ¢oki faizlori
ovvalcadon hesablanir. Orintilordon forgli olaraq kompozit materiallarda torkibo daxil olan
fazalar ayri-ayriligda 6z xassalorini stabil halda saxlayirlar. Buna baxmayaraq, kompozitlords
miisahido edilon miixtalif nov effektlorin yaranmasi asason onlar1 togkil edon hissolor, yoni
fazalararas1 sorhodlor olan potensial ¢oparin formalasmasi ilo slagedardir. Oz ndévbasindo,
kompozitlorde miixtalif xassolorin meydana golmosi fazalararasi sorhadds yaranan potensial
¢oporin parametrlori ayri-ayri fazalarin qurulusundan, elektrofiziki parametrlorindon vo
polimerdoldurucu sorhaddinds bas veron proseslordon ¢ox asilidir. Onuda qeyd edok ki,
bircinsli olmayan kompozit materiallarda yiikdasinma prosesini todqiq edon zaman materialin
dielektrik parametrlorinin dispersiyast (dielektrik itkisi, dielektrik niifuzlugu veo.s) miihiim
ohamiyyat kosb edir. Dielektrik niifuzlugunun vo dielektrik itkisinin tezlikdon asililigi,
matrisa ilo dispersiya fazasiin elektrofiziki parametrlori arasindaki miinasibatdon, hamg¢inin
onlarin xarici elektrik sahosindaki oriyentasiyasindan asilidir. Fizikanin, kimyanin vo digor
miixtolif elm sahslorindo aparilan xeyli todqiqat islorinin aparilmasina baxmayaraq [1-6]
heterogen miihitlords dielektrik niifuzlugunun tadqiqinds miioyyan c¢atinliklor do var.
Birincisi, ¢oxkomponentli sistemlorin effektiv parametrlorinin hesablanmasi riyazi noqteyi
nozordon ¢ox ¢otindir vo yalniz miioyyon hallarda hesablama aparmaq miimkiin olur. Ikincisi,
coxkomponentli materiallart todqiq edon zaman doyison elektrik sahoasindo qeyri-bircins
sistemlorin xassosini oks etdiron parametrlorin sayr artir. Homginin kompozitin hondasi
qurulusunu, elektrik kegiriciliyini vo dielektrik xassalorini miioyyonlosdiron parametrlordon
basqa, tezlikdon vo zamandan asili olan parametrlor meydana ¢ixir.

Bunu nozars alaraq bu isdo yeni torkibli vo kristallik qurulusa malik GainsSes ilo PE
(polietilen) asasinda nano Ol¢iilii kompozitdon ibarst nazik tobogolorin alinmasi vo onlarda
tezliyin tosiri ilo bas veron xasso doyisikliklorinin todqiqi sorh edilmisdir. Bunun iiciin
GalnsSes kristallar sintez edilmis, 10 giin orzinds 550° C temperaturunda tablasdigdan sonra
miuasir D8 difraktometrindo onun qofos Olciilori vo simmetriyas: toyin edilmis vo kristal
qurulusu agilmigdir.

Aparilan qurulus tadgiqatlart naticosindo miioyyan edilmisdir ki, GalnsSes heksagonal
sinqoniyada kristallasir vo onun qofas parametrlori: a=7.051 A, c= 19.148 A, faza qrupu P61,
V=824.433A, Z=6 [7]. Qurulus analizi tohlilindon alinan noticolor osasinda miioyyon
edilmisdir ki, todqiq edilon kristalin qurulusu Se atomlarinin heksaqonal kip yerlosmo qaydasi
osasinda yaranmigdir.
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Qurulusda (3Ga+3In) atomlar1 tetraedrik bosluglarda paylanmiglar. Bu voziyyotdo
atomlararas1 masafalor M-Se 2.44 A toskil edir. Toyin edilmis mosafoloro goro tetraedrlordo
kimyaovi slagonin tobisti ion-kovalent tobiotlidir.

Qurulusda In —atomlarinin osas hissasi triqonal dipiramidalarda beslik koordinasiyada
moskunlasirlar ki, burada da In-Se mosafalori 2.640 A vo2.911 A toskil edir. Qeyd edok ki, In
va Al atomlari {i¢iin koordinasiya adadi adston 4 vo 6 olur [8-10]. Bu cohoto goro GalnsSes
niimunasina bark mohlul deyil, yeni polimorf faza kimi baxmag olar.

Novbeti etapda sintez edilmis kristaldan vo PE-don ibarot kompazit hazirlanmigdir.
Kompazit onu toskil edon komponentloin homogen ovuntu qarisiginin isti preslonmosi yolu
ilo alinmigdir. Kompazitin torkibi uygun olaraq (20, 30, 40%) CuGalnsSes va (80, 70, 60%)
PE ibarotdir. Nazik tobogoli kompozit niimunolorin hazirlanmasi iisulu asagidakindan
ibaratdir:

GalnsSes vo PE-don ibarat olan sixta materialin1 kiirovi farfor doyirmaninda 60 mkm
va daha kigik dlcliyadok xirdalanmis, sonra alinmig kiitloni presformaya qoyub asagidaki kimi
isti presloma prosesi aparilmisdir. Texnoloji proses belo olmusdur:

a) ovvolco qatisdirlmis sixta P=IMPa tozyiq altinda PE-nin orimo temperaturuna
(T=160°C) qoder 3doq qizdirilir;
b) sonra tozyiq P=15Mpa-dok yiiksaldilir, arimis sixta 3doq miiddatinds tozyiq altinda
saxlanilir;
¢) alman nazik tobogo niimunasi suda borkitms yolu ilo soyudulur. Belo soyutma iisulu
zamani toboagolor daha elastik alinir.
Hazirlanmis nazik tobogolorin tokrar rentgenoqrafik todqiqati aparilmis vo miioyon
edilmisdir ki, nlimunods yarimkegirici kristallarinda heg bir qurulus doyisikliyi izlonmir.
Sintez edilmis kompozitin dielektrik parametrlorini todqiq etmok {igiin onlardan
galinlig1 ~170 mkm olan, nanodlg¢iilii tobagalor hazirlanmis vo onlarin hor iki iizlorino glimiis
pasta ¢okilorok kondensatorlar hazirlanmisdir. Rogomsal E7-20 immitansi vasitasilo (102-106
Hs tezlik intervalinda) T=300 K temperaturunda tutumun C, o- elektrik kegiriciliyin, D-
dielektrik itkisinin qiymati 6l¢iilmiisdiir. Niimunoya 1 V gorginlik verilmisdir.
Dielektrik itkisinin (D), tutumun (c), Ol¢iilmiis qgiymotlorino osason, dielektrik
niifuzlugunun, (¢) hoqiqi vo xoyali hissolori vo niimunonin elektrik kegiriciliyinin qiymati
asagidaki diisturlarla hesablanmisdir.

cd

£=—; 1)

£0S

o=e£y2fD (2)

Burada C-kondensatorun tutumu, D-dielektrik itkisi, s-kontaktin sahasi (giimiis pastasi),
£0=8.85-10 F/m-dir.

Todgigat niimunolori {izerindo aparilan Olgiilorin  qrafiklori asagidaki sokillords
gostorilmisdir:

Alman naticalorin tohlilinden avval onu geyd etmak lazimdir ki, yarimkegirici GalnzSes
|C4Hg| polietilen osasinda hazirlanmis kompozit niimunslordon oasas etibari ilo elektrik
sahosinin tezliyindon vo kompozitin torkibinde olan yarimkecirici hissonin faiz nisbotindon
asil1 olan elektrikkecirmas (o), dielektrik niifuzlugu (¢) va tadqiqat prosesinda enerji itkisi (D)-
nin toyin edilmasi masalasing hosr edilmisdir.Onu da qeyd etmok lazimdir ki, 6l¢ii prosesindo
tezliyin (f. kHs) haddi 0-1000, kompozit niimunalorini toskil edon hissalarin faizi iso 15, 30,
40% yarimkegiriciylo vo uygun olaraq 60, 70, 80% polietilen kimi gotiiriilmiisdiir.

Sokil 1-do elektrikkegiriciliyin elektrik sahosinin tezliyindon vo 6l¢iilon niimunolorin
torkibindon asililigi verilmisdir. Alinan qrafiklordon aydin olur ki, kompozitin torkibinda
kristallik kiitlo olan GalnsSes-nin faizi artiqca elektrikkegiricilik artir. Belo ki, niimunoado
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yarimkegirici kiitlonin faizi artdiqca kegiriciliyin qiymatido 15%-doa 156, 30%-do 186, 40%-do
6900-0 yiiksolir. Cox giiman ki, O6lgmo prosesindo elektrik sahasi tezliyinin artim
temperaturun artimina oxsar tosir rolunu oynayir.
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Sok.1. Elektrik kegciriciliyinin tezlikden asililig1.
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Sak.2. Dielektrik niifuzlugunun tezlikden asililig.

Sokil 2-do o-nin toyini {igiin istifads edilon niimunslor elektrik niifuzlugunun 6l¢iilmasi
ticlindo istifado edilmisdir. e-nun tezlikdon vo kompozitdo yarimkegirici faza faizinin
artmasinda asililigin tohlili géstormisdir ki, bu asililigda da c-asililiginda oldugu kimi proses
bas verir, yoni tezliyin vo yarimkegirici faza faizinin artimindan asili olaraq, e-nun qiymati
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artir. Amma geyd edok ki, e-nun qiymotindoki artim o-daki variantdan forqli olaraq daha
sinxron variantda bas verir.
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Sok.3. Dielektrik itkisinin tezlikdon asililig.

Sokil 3-do todqiqat islorinin aparilmasi prosesindo istifado edilon enerjinin itkisi
mexanizminin xarakteri Oyronilmisdir. Aparilan Olgiilordon alinan qrafiki naticelorin
tohlilindon moalum olur ki, bu prosesdo enerji itkisinin xarakteri olduqca sadadir. Birinci
olaraq, onu geyd edok ki, bu prosesds itkinin sigrayist vo ciddi doyisikliyi hiss olunmur.
Verilon qgrafiki tosvirlorden agig-aydin goriiniir ki, proseslordo demok olar ki, enerji itkisinin
miqdar1 olduqca kigikdir va bu da yaqin ki, se¢ilon iisulun daqiqliyine baghdir.

Beloliklo, isdo tosvir edilon eksperimental todqiqatlarin yekunu kimi oldo edilon
noticalor osasinda, bir sira maraq doguran cohatlori tosvir etmok maraqli olardi. Hor seydon
onco qeyd etmok lazimdir ki, aparilan 6lgli isulu kompazit varianth {isul olsa da, onun
mahiyyati tezlikdon asili xassalor kimi shomiyyatli sayila bilor. Digar torafdon maraqlhidir ki,
alinan naticolorin miiqaisali tohlili, kompazit niimunalarin bozi elektrik xassalorinin tezlikdon
vo yarimkegirici kristalin miqdarindan asili olan komiyyotlori basqa Ttsullarla alinan
naticolorlo uzlasir. Basqa bir miihiim cohot ondan ibarstdirki, tezliyin tosirindon niimunalordo
xaotik qaydada paylanan polyarlasma nizamlanir, yoni miioyyon istigamoatds horokotlonir vo
buda alinan naticalarle sonlanir.
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HNCCIEAOBAHUE 3ABUCUMOCTU HEKOTOPBIX
IMAPAMETPOB HAHOPA3ZMEPHbBIX KOMITIO3UTOB
COCTABA |C4H sg|1x (Galnsz Se )x

NBPAT'UMOBA C.H.

W3rotoBneHsl HaHOpa3MEpHBICE KOMITO3UTHI HA OCHOBE IMOJIMATHIICH-TIOIYTIPOBOJI-
HUKOBBIX cocTtaBoB Ca Hg 85%- GalnsSs 15%, C4 Hs 70%- GalnsSg 30%, C4 Hs 60%- GalnsSe
40%. 3mepeHsbl 2JIEKTPOIIPOBOIHOCTH (), TUAJICKTPUUECKUE TPOHUIIAEMOCTH (€) U AUDIICKT-
puyeckue norepu (D) u3roToBiaeHHBIX 00PA3IOB.

KiroueBble cioBa: CUHTE3, MNOJMITHICH, MOJIYNPOBOJHHUK, CTPYKTypa, KOMIIO3UT, TOHKHH CIIOH,
CKOPOCTb.

THE INVESTIGATION OF THE DEPENDENCE
OF NANO-DIMERSIONAL COMPOSITE SOME
PARAMETERS OF |C4H s|1x (Galnz Ss )x COMPOSITION

IBRAHIMOVAS.I.

The nano-dimensional composites on the base of C4 Hg 85%- GalnzSe 15%, C4 Hg 70%-
GalnzSe 30%, C4 Hg 60%- GalnsSs 40% polyethylen —semiconductor compounds are prepared.
The electric conductions (o), dielectric constans (g), and dielectric losses (D) of prepared
samples are measured.

Key words: synthesis, polyethylene, semiconductor, structure, composite, thin layer, speed.
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Fotoelementin sturukturunun geyri-bircinsliyi eyni bir yarimkegiriciyo miixtalif agqarlar daxil etmokls (p
—n ke¢idinin yaradilmast) vo ya qadagan zonasinin eni — elektronun atomdan qopardilmasi enerjisi miixtolif olan
ayri-ayr1 yarimkegiricilorin birlosdirilmoasi (heterokegidlorin yaradilmasi) ya da ki, yarimkeciricinin qadagan
zonasinin eninin qradientinin yaranmasina gotiron kimyavi torkibinin doyisdirilmasi vasitosi ilo alina bilor.

Acar sozlar: fotoelement, glinos stialanmasi, agsqarlama, yarimkegirici, dayaniqliliq, monokristal.

Miiasir dovriimiizds borpa olunan enerji elektrik vo istilik energetikasinin on dinamik
inkigaf edon istigamatidir. Belo enerjini kiilok, su axinlari, giinos siialanmasi, geotermal su
monbolori, biokiitlolor vasitasi ilo oldo etmok miimkiindiir. Bu zaman ilkin enerji resursunun
cevrilmoasinin enerji effektivliyinin artirilmasina, miixtslif név barpa olunan enerji monbalori
(BOEM) osasinda elektrik stansiyalar1 istifado edmoklo avtonom elektrik tochizati
sistemlorinin rasional hazirlanmasina boytik diqqet yetirmok lazimdir.

Borpa olunan enerji monbolori (BOEM) — planetdo daim modvcud olan tobii
proseslordoki enerji resurslari, eloco do bitki vo heyvan monsoli biomorkozlorin hoyat
foaliyyoti noticosindo yaranan resuslardir. BOEM-lorin xarakterik xtiisusiyyoti - onlarin
tilkonmomaosi va ya kigik zaman miiddotinds - bir nosil insanlarin yasayis miiddsti orzindo
0zlarinin potensialini barpa etmaloridir.

Demok olar ki, 30 il ovval BMT-nin Bas Assambleyasinda 33/148 (1978-ci il)
gotnamasing uygun olaraq asagidaki enerji formalarini nozords tutan “yeni vo barpa olunan
enerji monbalori” anlayisi daxil edilmisdir: giinos, geotermal, kiilok, doniz dalgalarinin
enerjisi, qabarma vo ¢okilmolor, agac biokiitlesinin enerjisi vo s. BOEM-o on cox giinos
stialanmasinin, kiiloyin, su axinlarinin, biokiitlalorin va yer planeti sothinin istilik enerjisi aid
edilir. BOEM-i enerji novlorino gors asagidaki kimi klassifikasiya etmok olar:

- mexaniki enerji (kiilok vo su axinlarinin enerjisi);

- istilik vo siia enerjisi (giinas stialanmasi enerjisi vo Yer planetinin istiliyi);

- kimyavi enerji (biokiitlado comlonmis enerji).

Ogor faydali is omsali kimi monbonin mexaniki 159 ¢evrila bilon enerji payin toyin edon
enerji keyfiyysti anlayisini istifads etsok — BOEM-i belo klassifikasiya etmok miimkiindiir:
mexaniki enerjinin barpa olunan monbalari yiiksok keyfiyyati ilo xarakterizo olunur vo asason
elektrik enerjisinin istehsali {igiin istifads edilir. Belo ki, hidroenerjinin keyfiyysti 0,6-0,7;
kiilok enerjisinin isa 0,3-0,4 giymatlari ilo xarakterizo olunur. Istilik vo siialanma BOEM-in
keyfiyyati 0,3-0,35-don yuxari deyildir. ©n asag1 keyfayyot gostoricisi iso fotoelektrik
¢evrilmoasinds istifado olunan giinos siialanmasindadir — 0,15-0,3. Biokiitlonin do enerji
keyfiyyati kifayat qodor asag1 olub, 0,3 qiymotindon boyiik olmur.

Niivo energetikasi {i¢iin yanacaq ehtiyatlarinin vo xammalin mohdudlugu BOEM-don
enerji istehsalinin artirilmasini mithiim mosoloys ¢evirir. Planetimizdo BOEM-don alinan
enerji istifado olunan enerjinin 15%-don artigini togkil edir. Bu zaman osason agacdan alinmis
biokiitlonin payina 10%-don artiq (xlisuson do inkisaf etmokdo olan 6lkalordo), hidroelektrik
stansiyalarin enersi payina iso 3%-0 kimi bir rogom diigiir. Kiilok, giinos, gabarmalar,
geotermal, bioyanacaq vo s. kimi BOEM-don istifado olunmasi toxminon 2% toskil edir.
Lakin, bu roqgom zamandan asil1 olaraq eksponensial gqanunla siiratlo artir. Giinog enerjisindon
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istifado hor il toxminon 1,5 dofo artir. 2010-cu ildo diinyada gilinos enerjisindon istifado
olunmas1 enerji istehlakinda asagidki roqomlorlo ifade olunurdu: giinas su qizdirilmas: —
0,17%, fotoelementlor torafindon istehsal olunan elektrik enerjisi — 0,06%, morkozlosdirilmis
giinos enerjisi — 0,002%. Forziyysloro goro 2020-ci ildo gilinos enerjisinin diinya enerji
istehsalinda pay1 10%-o catacaqdir. Bununla yanasi golocokds tobii yanacaq ehtiyatlarinin
giymotinin asan ¢ixarilan ehtiyatlarin tiilkonmosi sobabindon artimi gozlonildiyi halda, barpa
olunan monbolordon istehsal olunan enerjinin giymatinin asagi diisocoyi proqnozlasdirilir.
Fotoelementlor torofindon istehsal olunan elektrik enerjisinin qiymoti hor il 15% asag1 disiir.
ABS kimi dovlatdo 2015-ci ildon bu qiymot istilik elektrik stansiyalari torafindon istehsal
olunan enerji qiymati ilo borabarlosib.

Yer planeti torofindon udulan giinos siialanmasinin giicii 174 TVt toskil edir ki, bu da
diinya enerji istehlakindan toxminon 10000 dofo ¢oxdur. Sonaye mogsadlori iiclin istifado
oluna bilon giinos siialanmasinin giicli toxminon 50 TVt qiymsotlondirilir. Hazirda istehsal
olunan giinos enerjisi 6ziindo giinog batareyalari, istilik glinog elektrik stansiyalar1 torofindon
alman vo giines quzdiricr istilik enerjisi kimi elektrik enerjilorini comlogdirir. Gilinos
batareyalar1 — giinos enerjisini birbasa sabit elektrik coroyanina geviron bir nego fotoelektrik
ceviricilorin (fotoelementlorin) birlosmasindon alinan qurgudur. Daxili fotoeffekt hesabina
isloyon bu qurgularda maddonin elektrik xassoalori — xiisusi ilo elektrik kegiriciliyi dayisir.
Bork cismin isiglanmasi zamani maddo torofindon udulan stialanma kvantlar1 osason
elektronlara verilir. Bu, atomlarda elektronlarin yenidon paylanmasina gatirir: elektronlar
daha yiiksok energetik soviyyslora kegir.

Fotoelementin sturukturunun geyri-bircinsliyi eyni bir yarimkegiriciyo miixtolif agqarlar
daxil etmokls (p — n keg¢idinin yaradilmasi) vo ya qadagan zonasinin eni — elektronun atomdan
gopardilmast  enerjisi miixtolif olan ayri-ayr1  yarimkegiricilorin  birlosdirilmasi
(heterokecidlorin yaradilmasi) ya da ki, yarimkeciricinin qadagan zonasimin eninin
gradientinin yaranmasina gotiron kimyavi torkibinin doyisdirilmasi vasitasi ilo alina bilor.

Uducu

n Yuxan enemili
hal

Bir elekfronun enerjisi

Masafa
Sok. 1. Umumi sokilds fotoelement qurgusu.

Fotoelementi — asag1 vo yiiksok enerjili iki metastabil hali olan sistem kimi tosvir etmok
olar. Fotoelementin materiali bu hallar iizro yiiklori paylayaraq elektromaqnit siialanmasini
udur. Elektrik kontaktlar1 oks isaroli yiiklori secir. E = hv enerjili is1q kvanti moxsusi
yarimkegiricinin lizorind diisorok elektronun valent zonadan sorbast zonaya ke¢idini tomin
edir (sokil 2 a). N — tip yarimkegiricilords is1q kvanti elektronun donor soviyyasindon sarbast
zonaya ke¢idini tomin edir (sokil 2 b). P — tip yarimkeciricilords iso elektron valent zonadan
akseptor soviyyasina kegir (sokil 2 c).

Fotoeffekt yaratmaq qabiliyyati olan kvantin minimal enerjisi hv = AE qadagan
zonasinin eninad barabar olur. Demok olar ki, biitiin fotoelementlords giinas siialanmasini udan
— yarimkegiricidir. Uzvi uducular osasinda yaradilmis bozi qurgularda elektron — desik ciitii
ayrilma va yiiklorin toplanmasi marhalasindon avval kegid bandi kimi formalagir. ©gar yalniz
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bir tip yarimkegiricidon istifads olunursa iimumi yanasma kimi p — n ke¢idinin yaradilmasi 6n
plana kecir. Material ya p — vo ya da n — tip, basqa sozlo desok ya olava elektron vo ya da
desiklora malik olmalidir. Silisiumda p — Vo ya n — Si alinmasi {i¢lin uygun olaraq B vo ya P
tip asqar atomlar alavs edilmalidir.

i & E E
v

hv hv

=

s

a) b) o)

Sak. 2. Elektromagqnit siialanmasi tosiri altinda miixtolif tip yarimkegiricilords
yiik dasiyicilarin energetik kegidlarinin sxemi.

I

Isiglanmanin
intensivliyi

-

V

Carayan
/' manbayi ' ' Diod v
Isiglanma olmadiqda L T

—

Saok. 3. Fotoelementin carayan siddstinin vo gorginliyinin isiqlanma intensivliyindon asililigi.

5 C'D v - .

O

Sok. 4. Fotoelementin ekvivalent elektrik sxemi.

Real fotoelementlor o6zlorindo kontaktlarda miigavimat, defektlordo yiik dasiyicilarin
generasiyast vo kombinasiyasini  vo birlosmodon coroyan itkisini  Dbirlosdirir. Real
fotoelementin effektivliyini agagidaki formul {izra hesablamaq miimkiindiir:

I=1, — Iy (exp (LE22) — q) - D8

nkgT Rsy

Burada:
84



V — fotoelement torafindan verilon gorginlik;
IL — fotoelementin isiqlanmasi zamani generasiya olunan carayan siddati;
| — fotoelement torafindan verilon corayan siddati;
lo — diodun doyma zamani corayan siddati;
n — diodun adaton 1-don va 2-ya godor intervalda yerloson idealliq faktoru (idealliq faktoru
birlosma zonasinda yiiklorin rekombinasiyasi ilo alagadardir);
Rsh — paralel (suntlayici) miigavimaet, ideal fotoelement iigiin = oo;
Rs — ardicil miiqavimat, ideal fotoelement ii¢iin = O;
g — elementar yiik;
ks — Bolsman sabiti;
T — fotoelementin kelvinlorls 6l¢iilon temperaturu.
Fotoelementin carayan siddatinin vo gorginliyinin isiqlanma intensivliyindon asililiglar
Vo fotoelementin ekvivalent elektrik sxemi uygun olaraq sokil 3 va 4-ds verilmisdir.

Fotoelementin F.1.0.-si asagidaki formul {izro hesablanir:

Pel

Pud.

Burada, Per — alinan elektrik corayanin giicii, Pud — iso udulan isiglanmanin giiciidiir.
Fotoelement torofindon verilon corayanin qiymoti temperaturdan vo isiqlanmadan asilidir.
Silisium osasinda tipik fotoelement {i¢iin verilon gorginlik corayanin kicik do olsa artmasina
baxmayaraq temperaturun artmasi ilo azalir. Temperaturun 1° C artmasi f.i..-nin toxminan
0,5% azalmasina sabob olur. Uzvi maddalor asasinda fotoelementlords iso oksinoe olaraq f.i.a.
temperaturun artmasi ilo artir. Ayri-ayr1 fotoelementlor xarici istehlak¢iya lazim olan sabit
coroyanin giiciinii almaq ti¢lin ardicil va ya paralel sokilds birlogdirilir. ©gor doyison coroyan
lazzim olarsa, invertor adlanan qurgulardan istifado olunur. Fotoelementlorin modul
birlogdirilmasi bir ne¢a vattdan meqavattda godor giic almaga imkan verir. Maksimal f.i.a.-nin
alinmasi G¢lin coroyanin vo gorginliyin maksimallagmasina nail olmaq lazimdir. Caroyan
siddoti vo gorginlik materialin qadagan zonasinin enerjisindon, yiiklorin generasiya
doracosindon vo onlarm rekombinasiyasindan (F.1.O.-nin azalmasina sobob olan miisbot vo
monfi yiiklorin yenidon birlogmasi) asilidir. Qadagan zonasinin enerjisi yarimkegiricinin
materialindan asili olub, kristallik struktur, kimyovi torkib vo az da olsa materialin struktur
xassolori  (masolon, zorrociklorin  Olgiisii) ilo olagodardir. Praktikada generasiya vo
rekombinasiya fotoelementin energetik effektivliyini toyin edon baslica fiziki hadisolordir.
Verilmis fotoelementin generasiya vo rekombinasiyast haqqinda informasiyani haqqinda
molumat veron standart funksiya - QE kvant effektivliyi va ya spektral cavabdir:

QE = QE(D)

QE(A) — 06zayin vahid zaman miiddstinds verdiyi elektronlarin saymin fotoelementi
isiqlandiran fotonlarin sayina nisbatino borabordir. Forz edilir ki, har bir foton bir elektron —
desik ciitli yaradir. Praktikada iso on effektiv fotoelementlor iiglin belo QE < 1 qiymatini alir
ki, bu da fotoelementlorin effektivliyinin artirilmasi miimkiinliiylinii gostorir. Sokil 5-do
fotoelementlords istifads olunan bazi materiallar {iglin QE(A)-nin tipik oyrilori gdstorilmisdir.
Hazirda fotoelementlorin texnologiyasinin inkisafi effektivliyin vo istismar miiddstinin
artirilmasi, eloco do giymotlorin asag1 diismosi istigamatinde ydnolmisdir. F.1.9.-nin 20-25%
diapazonuna ¢atdirilmast hom monokristallik vo ham do polikristallik silisium asasinda
fotoelementlords miimkiin olmusdur. F.1.8.-nin boyiik (40%-den ¢ox) giymatlari bir nego p —
n (ITI vo IV grup yarimkegiricilor asasinda) keg¢idino malik giinos batareyalarinda alinmigdir.

Enerji itkilorinin azaldilmasi iiclin miixtalif todbirlor hazirlanir vo ugurla hoyata
kecirilir. Bunlara asagidakilar aiddir:
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- gilinog siialanmasi tiglin qadagan zonasmin optimal enino malik yarimkegiricilarin
istifado olunmasi;

- yarimKegirici strukturun onu optimal asqarlamaqla xassolorinin istigamotlonmis
yaxsilasdirilmast,

- fotoelementin konstruktiv parametrlorinin optimallasdirilmasi(p — n kegidin doarinliyi,
baza tobogasinin qalinligi, kontaktin tezliyi va S);

- fotoelementin soffaflasdirilmasini vo termonizamlanmasini tomin edan ¢oxfunksiyali
optik ortiiklorin istifads edilmasi;

- osas udulma zolaginin konarinda giinos spektrinin uzun dalgali oblastina soffaf olan
fotoelementlorin iglonilmasi.

100 1
80 1
== Culn ;,Ga3Se,
sy n60i CuGaSe,
S - CdTe
oy —
O 40 c-Si

== Rangloyici ilo ortiilmiis
— Giinas spektri
207

400 600 800 1000 1200

Dalga uzuniugu (nm)

Sok. 5. Fotoelementlar {igiin miixtalif materiallarda QE% kvant effektivliyinin
giinos stialanmasi dalga uzunlugundan asililig.

Fotoelementlor iigiin materiallara asagidaki tolablor qoyulur:

Migyashilig. Coxlu sayda element almaq vo materialin asag1 temperaturlarda mohsulun
yuksak ¢ix1s1 tomin olunmaqla tez bir zamanda emal olunmasi imkani.

Dayamiqlig. Materiallar vo proseslor islok temperaturda stabil olmalidir.

Maya dayorinin minimum olmasi. Materiallarin  qiymoti oldo olunan enerjinin
giymatinin 15%-don ¢ox olmamalidir. ©gor enerjini giinos siialanmasi olmadigi period
miiddatindo saxlamaq lazim golorso, maya doyarino enerjinin saxlanilmasinin qiymoti do
alavs olunmalidir.

Isloma miiddati. Elektrik stansiyasmin elektrik enerjisini nominal saviyyodos istehsal
etdiyi zaman miiddoti. Buraya fotoelementlorin islomo middstindon olavo elektrik
stansiyasinin konstruksiyalarinin vo enerjinin saxlanilmasi vo ¢evrilmosi qurgularinin isloma
miiddati do daxil edilir.

Etibarlilig. Etibarliliq hom islomo miiddatins, hom do maya dayarine tosir edir. Xidmato
vo komponentlorin ovoz edilmasino ¢okilon Xorclorin azaldilmasi elektrik enerjisinin
istehsalina ¢okilon Xarclori do azaldir.

Komponent vao materiallarin istehsalinin ekoloji tomizliyi. Giinos elektrik enerjisinin
Oziiniin istehsali ekoloji cohatdon tomiz oldugundan material vo komponentlorin istehsali
zamani da buna ciddi digqat yetirilmalidir.

Texniki xidmoatin rahatligi. Monokristallik vo polikristallik silisium osasinda hazirki
nosil qurgularin islomo middati toxminon 25-30 il toskil edir. Giinos batareyalarinin
texnologiyasinda on miihiim parametrlorindon biri alinan enerjinin maksimal giicliniin
dollar/vatt-la 6l¢iilon qiymatidir. Axirinci ti¢ onillikdo alinan elektrik enerjisinin giymoti 3,65
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$/vatt-dan 0,25 $/vatt-a godor enmisdir. Modullarin (fotoelementlarin) giymoti giinos elektrik
stansiyasinin qiymatinin 50%-ni toskil edir.

Glizgii vo ya linzalar formasinda morkazlosdiran optik qurgularin istifado edilmasi
giinos siialanmasini ¢ox kigik — fotoelementin yerlosdiyi oblastda comlayir. Belalikls, lazim
olan materialin miqdarin1 azaltmaq olar vo nisbaton baha lakin, ¢ox effektli materiallarin
istifado olunmas1 miimkiinliiyii yaranar. Fotoqalvanik qurgular asagidaki tiplars ayrilir:

Homogen fotoelementlor. Yegano material — kristallik silisium asqarlanmanin kémoayi
ilo elo dayisir ki, bir torof miisbot yiiklonmis desikloro malik p — tip, digar torof iso manfi
yiiklii elektronlara malik n - tip olsun. Belo homogen materialda elektromaqnit siialanmasi
enerjisinin elektrik enerjisino ¢evrilmasinin effektivliyini artirmaq ti¢iin fotoelementin yalniz
asagidaki parametrlorini doyiso bilorik: p — n kecidinin fotoelementin sathindon asagi
saviyyado dorinliyini; p — n kecidinin hor iki torofindon asqar atomlarn sixligi vo
paylanmasini; yarimkegiricinin tomizliyi vo soffafligini. On ¢ox yayilmis homogen
fotoelementloro misal — Si vo GaAs ola bilor.

Silisium fotoelementlorin f.i.o.-ni artirmaq tg¢ilin sathin passivlesdirilmasi, isigin
tutulmasi, isiglanan sothon kigik sotho malik kontaktlar, miirokkob antioksedon ortiiklor
istifado olunur. Amorf Si:H silisiuma nozaran daha yiiksok udma amsalina malik oldugundan
nazik tobagalordan istifads etmak olar.

Heterogen fotoelementlor. Belo tipa misal olarag CdS vo CIGS kimi iki miixtolif
yarimkegiricinin birlosdirildiyi qurgunu gostormok olar. Bu sturuktur fotoelementi elo
materiallardan almaga imkan verir ki, bu zaman is1q silisiuma nazaron daha yaxsi udulur vo
belaliklo, nazik tobagalor kimi istifado olunmaga imkan yaranir. Biitiin gilinos siialanmasi
enerjisi nazik tobagalords (qalinligi bir nega mikron) udula bildiyinden materiallarin tomiz
olmasi sorti silisiuma nozoron yumsaldila bilor. Bu iki material heterogen qurguda miixtalif
rollar oynayir. Osas lay Vo ya “pancara” lay: isiqlanma zamani soffaf qadagan zonasinin eni
boylik olan materialdan hazirlanir. Soffafliq biitiin isiqlanmanin qadagan zonasinin eni asagi
olan alt gata ¢atmasina sorait yaradir ki, burada udulan isiq kvantinin enerjisi qadagan
zonasinin enerjisindon boyiik olur.

Eksiton fotoelementlor. Nisboton yeni olan belo fotoelementlordo isiq stiasini udan
tobags iizvi (molekulyar vo ya polimer) materialdan hazirlanir. Bu materiallarda giinos is1g1
kvantinin udulmasi silisiumda oldugu kimi sarbost elektron vo desik yaratmir. Bunun avazino
belo materialda hayacanlanmis hala birlosmis elektron vo desik ciitliiyii, yoani eksiton kimi
baxmaq olar. Uzvi materiallarda ciitlilyiin alago enerjisi geyri-iizvi materiallarda oldugundan
10-20 dofo azdir. Demoali, birlogsmis yiik dastyicilari asanca ayrilaraq sorbast dasiyicilar ola
bilir. Qurgunun isi O6ziindo donor materialinin (polimer vo Yya rangloyici) optik
hoyacanlanmasi, donor va akseptor materiallar1 (masalon, fulleren va ya oksid) arasindaki laya
eksitonlarin yayilmasini, elektronlarin desiklor olan akseptorun materialina yeridilmasi vo
sonradan elektrik corayanini almagq tigiin yiik dastyicilarin kontaktlara naglini birlagdirir.

Uzvi materiallar osasinda fotoelementlorin f.i.o.-si kigik qurgularda 8%, nisbaton boyiik
qurgularda isa comi 4%-o catir. Belo qurgularin {istiinliiyii istehsalin asagr maya doyarina
malik olmasi vo asag1 temperaturda islomalaridir. Catismayan cohatlor isa nisbaton kigik f.i.o.
Vo islomo miiddatidir (toxminon 5000-30000 saat). Fotoelementlor ii¢iin giinas spektrinin
udulmas1 diapazonu daxil olmaqla genis xassolor toplusuna malik tizvi maddalorin
hazirlanmasi1 da miimkiindiir ki, bu perspektivda belo maddalorin kombina edilmasi ils f.i.o.-
ni artirmaga imkan veracokdir. Masolon, siisoya zorrociklorin inkapsulyasiyasimi iglomo
middoatini 10-25 ilo ¢atdira bilor. Optik elementlor hom istilik enegetikasi hom do
fotoelementlora istigamotlondirilmo zamani konsentrasiya {igiin istifado olunur. Optik
elementlor tigiin giizgiilor adoton sath tobagods oks edon ortiik ¢okilmis (giimiis) siisodon
hazirlanir. Bu ortiik iso 6z névbasinds otraf miihitin tosirindon miidafis olunmagq ii¢iin basqa
bir oOrtiiklo qorunur. Oks edon Ortiiklor tiglin materiallar 90%-don bdyiik olan oksetmo
omsalina malik olmalidir.
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Istilik giinos energetikasinda istifado olunan materiallar yiiksok temperaturlara (600° C-
don boyiik) vo tozyiglora (600 atm-don bdyiik) davamli olmalidir. Hazirda belo materiallar
paslanmayan poladdan va ya nikel orintilorindon hazirlayirlar. Lakin belo materiallar baha
basa golirlor.
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COBPEMEHHBIE MOTO/Ibl TEHEPALIUU DJEKTPUYECKOM DHEPTUU
MYCAEBA C.H., KEPUMOB 3.A.

[TpenMyI11€CTBO T€TEPOrEHHBIX YCTPOMCTB IE€pe]] TOMOIE€HHBIMU 3aKJIIOYAIOTCS B TOM
YTO, MHOTHE MaTepHalibl (OTOJIEMEHTOB MPAKTUYECKHM MOTYT JIETUPOBATHCA TOJBKO IS
NOJy4YeHHUs p-TUNA WM TOJBKO N-THMA, HO HE JJs TMOJy4eHUs OO0OuX THUIIOB
MOJIyIPOBOJIHMKA, TO3TOMY B F€TEPOT€HHBIX YCTPOMCTBAX MOTYT MCIIOJIb30BAThCS Pa3InyHbIE
NEPCIEKTUBHBIE MaTepuanbl. KpoMe Toro, cioil «0OKHa» ¢ BBICOKOM PHEPrHeH 3alperieHHON
30HBl YMEHBIIAET JIEKTPUYECKOE CONPOTUBIIEHUE (DOTONIEMEHTA U MOTEPU IJIEKTPUUECKOM
DHEPIHH.

KarodeBble ci10Ba: OTORIEMEHT, COTHEYHOE U3ITyUCHHUE, JIETHPOBAHUE, TIOJIYIIPOBOAHUK,
YCTOWYUBOCTb, MOHOKPUCTAJLI.

MODERN ELECTRIC POWER GENERATION METHODS
MUSAEVA S.N., KERIMOV E.A.

The advantage of heterogeneous devices over homogeneous ones is that many photocell
materials can practically be doped only to produce p-type or only n-type, but not to produce
both types of semiconductor, so various promising materials can be used in heterogeneous
devices. In addition, the layer of the "window" with a high energy band gap reduces the
electrical resistance of the photocell and the loss of electrical energy.

Key words: photocell, solar radiation, alloying, semiconductor, stability, single crystal.
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UOT 662.997
GUNOS SU NASOS SISTEMLORI VO TOTBIQi
MOMMODOV R.R.

Alternativ va Barpa Olunan Enerji Moanbalori iizro Déviat Agentliyi
rsm_mamedov@hotmail.com

Mogalodo subartezian quyular1 vo ya digor su monbolori vasitaesilo suvarilan orazilordo elektrik enerji
tachizatinda alternativ enerji monbalorinden istifadenin totbiqi ve subartezian quyularinin marhalslorls elektron
idarsetma sistemlorine kegirilmasi masalslorine baxilmisdir. Magsad giinos radiasiyasi, bu radiasiyadan alinan
elektrik enerjisi vo bu enerjiys uygun arteziandan vo ya diger menbaden su hasilati, sistemin strukturu,
xarakteristikasi, texniki gostaricilari vo is prinsipini gostormokdir.

Acar sozlar: giinos, su, nasos, smart, suvarma, sistem, stansiya, enerji.

Molum oldugu kimi, miiasir dovrdo enerji ehtiyatlar1 biitlin bogorriyotin  hoyat
monbayidir, yiliksok hayat soviyyasinin, inkisaf etmis iqtisadiyyatin vo milli tohliikasizliyin
tomolidir. Enerji problemlori dévriimiiziin vacib qlobal problemlorindon biridir. Diinyada
enerji istehsali artdiqca, ekoloji problemlors tosiri do artir. Qlobal iglim problemlori,
diinyanin aparici institutlarini glines vo kiilok enerjisi kimi ekoloji tomiz barpa olunan enerji
monbolorindon genis istifadonin mogsodouygunlugu barado diisiinmays macbur edir. Bu
baximdan qlobal miqyasda aparilan arasdirmalar vo oldo olunan tocriibalor siibut edir ki,
giinog radiasiyasi, yiiksok faydali is omsali(FI®) ilo digor enerji novlorino (elektrik enerjisi,
istilik vo s.) ¢evrilo bilon daha keyfiyyotli enerji monboyidir. Giinos enerjisi hor yerds
movcuddur. Giinog enerjisi diinyanin an zongin, ham do ekoloji cohatdon somarali bir enerji
monbayidir. Giinog enerjisi gliniimiiziin enerji bohranina cavabdeh ola bilor.

Boazi bolgolorin iglim soraiti glinos enerjisinin inkisafina stlinliik verir. Bu, kiilok vo
gilinos enerjisinin genis yayilmasi ticlin olverisli cografi soraiti olan orazilordir. Belo orazilordo
giinas enerjisinin bollugu, su tochizati problemlori, elektrik enerjisi tariflorinin vo yanacaq
giymotlorinin daim artmasi fordi istehlak¢ilar iiglin  somorali gilinos su qaldirici qurgularin
yaradilmas1 masalasini olduqca aktuallasdirir. Hesab edirik ki, bu gabildon olan etibarly, islok
va somarali qurgular tatbiq etmakls problemin halling nail olmagq olar.

Diinyadaki milyonlarla insan sudan istifado mohdudlugu yasayir. Bir ¢ox Olkolorde
yeralt1 su sistemlorini yanacaq tigiin dizel istifado edon elektrik su nasoslar1 vasitasilo ¢ixarilir.
Bununla birlikda, bu sistemlor tokco miintozom xidmat vo yanacagin alinmasini tolob etmir,
eyni zamanda qlobal iglim sistemini doyisdiron karbon qazi da buraxir.

Giinos su nasosu sistemlori dizel nasoslarina alternativ variant ola bilor. illorlo aparilan
tadqiqat vo texnoloji inkisafdan sonra, bels sistemlorin amsliyyat, maliyys va ekoloji cohotdon
davamli oldugu siibut edilmisdir. Son illorde giinas texnologiyalarinin dayari olduqca asagi
diismiisdiir. Giinos panellorinin toxminon 25 il tominath istismar miiddsti var vo bu miiddot
orzinde az qulluq tolob edir. Global enerji problemlorinin tiigyan etdiyi diinyanin bir sira
dovlatlori xiisusilo Cin, Hindistan, Moarakes, Keniya vo digor Afrika dovlatlori giinos su nasos
sistemlorinin totbiqina xiisusi 6nom verirlor.

Molumat iiciin bildiririk ki, s6zii gedon masalo Azorbaycan Respublikasinda da dovlot
soviyyasinda otrafli aragdirilir vo sahonin inkisafi {iglin miivafiq qorarlar qobul olunur.
Azorbaycan Respublikast Nazirlor Kabinetinin 2017-ci il 28 dekabr tarixli 918s sayli
soroncami “Subartezian quyular vasitosilo suvarilan orazilords elektrik enerjisinin alternativ
enerji monbolorindon istifadonin totbiqi vo subartezian quyularinin morhololorls elektron
idaroetmo sistemlorino kecirilmoasi”-no dair tapsirigina Alternativ vo Borpa Olunan Enerji
Manbolori iizra Dévlet Agentliyindo (ABOEMDA) aidiyyati iizro baxilmisdir. Olkonin kond
tossarriifatina yararli torpaq saholorinin, suvarma sistemlorinin bu giinki voziyyoti vo 6lko
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orazisindo movcud alternativ vo barpa olunan enerji potensiali, beynolxalq tocriibs, bu sahoyo
totbiq olunan yeni texnologiyalar otrafli dyronilmis vo natico etibarilo asagidaki istigamatlor
sahonin inkisaf etdirilmasi tiglin prioritet gotiiriilmiisdiir.

e Suyun somoarali istifadasi, suya, enerjiys, dizelo vo komiirs gonaat;

e Dizel nasos sistemlorindon vo dizel aqreqatlarindan istifadonin otraf miihito zarari,
otraf miihitin qorunmasi, BMT-nin Iglim Dayismolari iizro Cargive Konvensiyasinin
2015-ci ilds imzalanmis Paris Sazigino asason “Milli saviyyoado Miioyyanlosdirilmis
Tohfs” tlizra Azarbaycan Respublikasinin {izorine gétiirdiiyti 6hdsliklorinin yerina
yetirilmasi, CO; tullantisinin azaldilmast;

e Olverigsiz orazilordo suvarma torpaqglarin barpasi, regionlarda xiisusilo 6zal sektorda
alternativ va borpa olunan enerjinin totbigi vo inkisafi, asagi amoliyyat Xarclori, asagi
layiho riski, giinas su pompalar1 texnologiyalari bazarinin regionda inkisafi, miivafiq
saho tizra kigik biznesin/ moasgullugun yaradilmasi;

e Qurasdirmanin, totbiqin infrastrukturun mévcud olmadigi arazilordo miimkiinliiyt;

Azorbaycan Xazor doanizinin gorb sahilinds, Boyiik vo Kigik Qafqaz daglarinin
otoklorinds yerlosir. Azarbaycan asason quru iglimo malik (arid) zonada yerlosdiyino goérs
burada kond tosarriifatiin inkisafi homiso siini suvarma aparmaqla miimkiin olmusdur. Olko
su ehtiyatlarin qithg: problemini yasayir. Azorbaycan godim suvarma okingiliyi diyaridir.
Suvarilan torpaqlar 6lkonin kond tosorriifatina yararli torpaq sahoslorinin tigdo birini (1432,7
min hektar) toskil etso do 6lkado istehsal olunan kond tesarriifati mohsullarinin 90-95%-i bu
torpaqlardan gotiiriiliir. Suvarilan torpaqlarin toxminan tigdo birindon ¢oxu (565 min hektari)
mexaniki tsulla, o ciimlodon 349,4 min hektar elektriklosdirilmis, 68,2 min hektar dizel nasos
stansiyalari ilo, 147,7 min hektar1 iso subartezian quyular vasitasi ilo suvartlir.

Bu giin basoriyyati diisiindiiron problemlordon birids atmosferin ¢irklonmasidir. Malum
oldugu kimi, Azorbaycan Respublikasi BMT-nin Iglim Doyismolori {izro Corgivo
Konvensiyasinin Paris Sazisi lizro Nozordo Tutulan Milli Soviyyads Miioyyon Edilmis
Tohfolori (INDC) barado molumatlari Konvensiyanin Katibliyino toqdim etmisdir. Paris
Sazisi iizro qglobal iglim doyismalorinin qgarsisinin  alinmasi togobbiisloring 6ziiniin tohfasi
olaraq 2030-cu iladok istilik effekti yaradan qaz emissiyalarinin saviyyasinin 1990-c1 baza ili
ilo miiqayisado 35% azaldilmasini hadof kimi gbtiirmiisdiir. Aparilan aragsdirmalarin noticolori
gostorir ki, Olkomizin Paris Sazisi iizro gotiirdiiyli ohdsliklorin yerina yetirilmasindo
Alternativ vo Boarpa Olunan Enerji Manbalorindon (ABOEM) istifadosi hesabina elektrik vo
istilik enerjisinin istehsali mithiim tohfolor vera bilor. Rosmi statistik molumatlara goro 6lko
tizro istilik effekti yaradan qaz emissiyalarinin toxminon 80%-don ¢oxu energetika sektorunun
payma diisiir. Eyni zamanda bildiririk ki, Azorbaycan Respublikasinda milli iqtisadiyyatin
inkisafina dair Strateji Yol Xoritosi’ndo alternativ vo barpa olunan enerji monbalarindon
istifada iizro istehsal giiciiniin artirilmasi {igiin slava investisiya qoyuluslar1 va iqtisadiyyatin
biitiin saholorinda totbiqi nozords tutulmusdur. ABOEMDA torafindon moveud vo 2030-cu
iladok yaradilacaq borpa olunan enerji monbaolori {izro yeni generasiya giiclori vo istehsal
olunacaq elektrik va istilik enerjisinin hacmi qiymatlondirilmisdir. 2030-cu ildo ABOEM
izra elektrogenerasiya giiclorinin 3461 MVt-a catdirilacagi, istehsalin 8471.1 milyon kVt saat
toskil edocayi vo naticads karbon emissiyasinin 3.8 milyon ton azalmasi prognozlasdirilir.

Respublikamizin arazisine diison illik giinos siialarinin bollugu giinasli giinlorin saymin
cox olmast Abseron zonasinda vo Xozor akvatoriyasinda yiiksok kiilok potensialinin
movcudlugu bu sahonin inkisaf etdirilmasini zoruri edir. Azorbaycanin yerlosdiyi uygun orazi
liciin toxmini 265 giinosli giin gotiiriiliir, basqa sézlo 1200-1800 kVt-saat/m?/il, 3,5- 5
kVt-saat/m%/giindiir. Eyni zamanda qeyd etmok lazimdir ki, illik istehsal giicii 65MVt
catdirilmas1 gozlonilon “Azgilintex” MMC-do gilines modullar istehsal edilir. Homginin
yuxarida qeyd etdiyimiz kimi PV panellorin 25 il tominatli istismar miiddsti vardir. Bir ne¢o
resursun birlikda, mosalon hibrit tipli elektrik stansiyalarinin - giinas enerjisi, kiilok enerjisi,
turbulent hidro enerji, kicik caylarda su elektrik stansiyasi, enerjinin aklumyasiyasi, sistemin
soboka  vo gobokasiz qurasdirilmasi vo istifado imkanlar1 mocuddur. PV panellarinin

90



qurasdirilmasinin  miioyyan tstiinliiklori do var. Belo ki, asan qurasdirilir, yanacaq istifados
etmir vo olavoa xarclor yoxdur, sado va etibarlidir, mobildir. Giinas panellori hotta regional
Saviyyads Vo uzaq orazilords etibarli ola bilar, onlarin olduqgca asagi amaliyyat xarclori vardir,
asan dasmmasi vo kogiiriilmosi miimkiindiir, az tomir edilondir, mohsuldarliq ehtiyac olan
zamanlarda artir, su kanallarin da vo ya su anbarlarinda qurasdirilma imkani vardir ki, bu da
temperaturun yiiksok oldugu dovrlords suyun buxarlanmasinin garsisini alir vo homds daha
¢ox sahoni zobt etmir. Olavo olaraq sahalords gecs isiglandirmasi vo digar nov avadanliglarin,
miisahido {iglin kamera sistemlorinin  enerji tochizatini icra edo bilor. Fotovoltaik (PV)
modullar nasli, giines enerjisindon istifads ticlin somorali hesab olunur. Giinos panellori
(fotovoltaik hiicralorin bir sira) artiq genis sokildo totbiq olunur. Giinog panellori giinos
enerjisini birbasa elektrik enerjisino ¢eviron giinas hiicralorindon (fotovoltaik ¢eviricilar)
ibaratdir. Fotoelektrik g¢eviricilorin iki novii genis yayilmisdir: monokristal vo polikristal
silikondan hazirlananlar. Istehsal texnologiyasinda forglonirlor. Birincilarinin somaraliliyi
17,5% -o godordir, ikincisi -15%-dir. Biitiin qurgunun samaraliliyina bdyiik tasir gostoran
glinog batareyasinin on vacib texniki parametri xalis giicdiir. Garginlik va ¢ixis coroyant ilo
miioyyan edilir. Bu parametrlor batareyaya daxil olan giinos siiasinin intensivliyindon asilidir.
Alman elektrik enerjisini aklumyasiya etmok vo axsam saatlarinda istifado etmok iiciin
akklumyatorlar da yigmaq miimkiindiir. Akklumyatorlar kimyavi corayan monbayidir.

Molumat {igiin bildiririk ki, Alternativ vo Borpa Olunan Enerji Monbolori iizro Dovlot
Agentliyi torofindon, alternativ vo borpa olunan enerjinin kond tosorriifatina totbiqi ilo
olagadar Samux Agro-Enerji vo Yasayis Kompleksindo( Samux AEYK) giinos su nasos vo
avtomatik suvarma sistemlori artiq yaradilmisdir. Tocriibo sinaq islori {i¢lin secilon orazido
yuksok elektrik gorginliyi tomin edo bilocok gilinos elektrik stansiyasi, hor biri saatda 80-100
kub metr su verimliliyi olan 3 adad artezian quyusu, ekstensiv tisulla suvarilan yonca sahalori,
miiasir {islubda qurulmus {iziim vo meyva bagi, suvarma sistemilori mévcuddur. ilk ndvbada
geyd etmok lazimdir ki, Samux AEYK-ds Giinos Elektrik Stansiyasi normal faaliyyat gostarir,
enerji istehsali yerli hidrometroloji soraito uygundur. ABOEM enerjisi foaliyyat gdstoron
suvarma sistemi tiizro pilot layithonin hoyata kecirilmosi {liciin Samux Giinos Elektrik
Stansiyast tamamilo uygundur. Su monbalorine goldikdo qeyd olunmalidir ki, erazinin
suvarma suyuna olan tolobati halolik 3 artezian vasitosilo hoyata kegirilir. Birinci artezian
inzibati binanin 100 metrliyindo yerlosir, 32 kVt-liq nasosla saatda 80 m® su cixarilir vo 100
mm-lik polietilen boru xatlori ilo sahays verilir, buradaki yonca okinlori suvarilir, texniki
magsadlor iigiin istifade olunur v s. Ikinci artezian istixanalarin qorbindos yerlosir vo okinlorin
damcilama tisulu il suvarilmasi ti¢lin istifade olunur. ©razido 6 adad 15 tonluq rezervuar
moveuddur. Ugiincii artezian quyusu meyvo baglarmin suvarilmasi iiciin istifade olunur.
Suvarmanin noticosi olaraq gilas, saftali, gavali, nar, iizlim saholori normal inkisaf edir.
Onlarn arasina qarpiz, glinebaxan, qargidali va s. bitkilor okilmisdir.

Giings, su nasoslart sistemlarinin strukturu va is prinsipi beladir.

Sok.1. Sturktur sxem.
Sistem osason giinas paneli, invertor/kontroller, dorinlik vo digor nasoslarindan
ibaratdir.
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e QGiinos paneli glinogdon aldig1 siialar1  enerjiys ¢evirir, giineg su nasosu
invertor/kontrolleri giinos stialarinin elektrik enerjisino konvertasiyasi vo giinos
stialarindan tam istifado etmoklo nasos sisteminin idaro vo nozarot olunmasi
funksiyasini icra edir. Giiclondirici az miqdarda giinos paneli totbiq etmoklo enerji
tominatin1 hoyata kegirir. Nasos suyu vo Yya diger mayeni qaldirmaq t¢iin istifado
edilir.

e s prinsipi: giinos paneli elektrik enerjisini invertora otiiriir. Invertor sabit coroyani
doyison Carayana ¢evirir vo nasosa Otiiriir, giinasin intensivliyini nazars alaraq sistemi
caligdirir.

e Gilinos nasos siteminin tstlinliiklori: sistemin omak sarf etmadon avtomatik galigsmasi,
biitlin név nasoslar iigiin uygunlugu (3 faza doyison coroyan nasoslari daha cox
moaslohat goriilon), (1 faza doyison carayan nasoslari vo sabit coroyan nasoslari daxil
olmagqla), giris gorginliyinin diapazon genisliyi biitiin név PV panellordon istifads
etmaya imkan verir. Sistemin tohliikasiz 24 saat ¢alismasi, hibrid enerji tochizatinin
qurulmasi, masafodan idars olunmasi vo fordi monitoringin aparilmasi miimkiinliiyii,
yiiksok somaralili daxili MPPT nozarat sistemi, nasosun xiisusi qorunmasi sistemi,
uzaqgdan tohliikasiz izlomo vo idaroetms sistemi, “on-grid vo off-grid” sistemlori,
stabil ¢ixis tezliyi olmasi.

e Mosafodon idaroetmonin miimkiinlityii: internetin mévcud oldugu istonilon yerden
nasos siteminin  monitoringi vo idaro olunmasi, sistemin cloud/web sistemlaring
inteqrasiyasinin miimkiinliiyii, sistemin moasafodon diagnostika va re-konfiqurasiyast,
suvarma sistemlori vo idarsedici qurgulara totbigi (torpagin nomliyina, suyun
SovViyasing, havanin riitubatine gora islomasi imkanlari).

Olbatdo masalonin kdkiinde enerji monbayi kimi oraziys diison gilinos radiasiyasi durur.
Bu baximdan radiasiyanin 6l¢lilmasi vacib mosolodir. Burada geyd etmok istordim ki, 6lko
orazisino diison radiasiyanin Olgiilmosi moqgsadilo Dovlst Agentliyinin sifarisi ilo miixtalif
bolgalords 2011-ci ildon baglayaraq Gilinos Miisahide Stansiayalri quruldu ki, bu da giin
orzindo glinosi izlomoaklo oraziyo diison radiasiyani 6l¢gmoye imkan verdi. Giinos izloyici
(STR-21G tipli) ilo tomin olunmus stansiyanin yiiksok sinfi doqiqliyi olan piranemometrlori
(MS-802 tiply) iifiqi miistoviyo diison radiasiyasini 6l¢gmoyo vo xiisusi reqistratorun (CR-
1000 tipli) uygun yaddast hor on doqigadon bir alinan malumatlarin arxivlogdirilmosing, eyni
zamanda GPRS/GSM sistemini dostokloyon modem (Fastrack XTND) tochizati qiymatli
gilinos molumatlarini (glinasin azimutu vo zeniti do daxil olmagqla diiz, diffuz olunan, global,
com radiasiya, temperatur, riitubat vo tozyiq 6lgmolerini) idars etmos maorkazlorine 6tiirmoyo
imkan verir. Belo avadligdan birido Samux AEYK-do qurasdirilmigsdir. Eyni zamanda
olkomizin miixtolif bdlgolorindo qurasdirilan hiindiirliiyii 85m olan Kiilok Olgii Miisahido
stansiyalarinin da {izorinds giinos radiasiyasin 6lgmok ii¢iin piranemometrlor qurasdirilmisdir.

Sak. 2. Samux gilinos monitoring stansiyasi.
Miiqaise ii¢iin yerli miisahids stansiyalariyla Diinya Bankinin hazirladigi “Global Giinog
Atlas1” onlaym programimin molumatlarin1 gotiirok. Miisahido stansiyasi lizro 16.04.2017-
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16.05.2017-ci il tarixlorindo stansiyanin sensorlari ilo geydo alinmis vo registratorunda
arxivlogdirilmis miisahido molumatlar1 osasinda oraziys diison com radiasiya va qlobal
radiasiyanin qrafiklori qurulmusdur.
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Qrafik 2. Global radiasiya (Vt-s /m? giin).

Stansiya molumatlarinin analizi gostarir Ki, arazids giinas potensiali yiiksokdir vo bu da giinas
texnalogiyalarini tatbigq etmoklo kond tassarriifatini inkisaf etdirmoys imkan verlr
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Sak. 3. Diiz, Diffuz vo Qlobal radiasiya.
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Oraziyo diison giinos radiasiyast Diinya Bankinin “Qlobal Giinos Atlasi’nda da 6z
oksini tapmigdir. Oraziya diison giindoalik va illik orta radiasiya 4.3k Vt-s/m2giin/1580kVt-s/m?

il toskil edir.
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Sok. 4. Qlobal Giinos Atlas.

Giinos radiasiyasina goro PV-don enerji istehsali asagidaki ¢odvoldo gostorilmigdir.

Cadval 1.
Fotovoltaik enerji istehsali
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Samux AgroEnerji vo Yasayis Kompleksido dorinliyi 100 metr olan  artezian
quyusundan giinog enerjisino géra PV panellorlo istehsal olunan enerji vo su hasilat1 qrafiki
torofimizdon hazirlanmisdir. Burada totbiq olunan su nasosunun giicli 62kVt-s-dir.
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Qrafik 3. Giinos radiasiyasi orta illik 1570k Vt-s/m?, giinliik 4,3kVt-s/m?.
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Qrafik 5. Orta illik 259000m?®, giinliik su hasilat: 709 m®.

Glnos su nasos sisteminin xarakteristikasi beladir.
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Qrafik 6. Nasosun xarakteristikasi.

Solar pumping project

System characteristic
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Qrafik 7. PV-nin xarakteristikasi.



Nasos va PV xarakteristikasi

Cadval 2.

Osas komponentlor Texniki parametrlor ~ Olgii vahidi  Min.  800Vt/m2 200C Max./STC*°C
PV generatoru Hiicro temperaturu oC 46 25
Temperatur itkisi % 8.8
Cirklonmo faizi % 10
Cixig giicii Vit 64.200 97.750
*MGG \% 638 699
*MGC A 101 140
*ADG \% 787 865
*QQC A 109 150
P cixis1 Vit 64.200
V ¢ixist V 637
I ¢rxist A 101
Motor kabeli Enerji itkisi % 1.3 2.4 2.8
Nasos sistemi Motor giicti Vit 20.600 62.600 72.400
Motor gorginliyi VAC 281 361 380
Motorun corayan A 50 119 131
siddati
Motor siirati rpm 2.095 2.685 2.840
Tezliyi Hz 37 47 50
Su sorfi m3/saat 24 153 172
Samoaralilik % 3.2 66 66
Boru Axinin siiroti m/s 0.027 1.7 1.9
Siirtiinms itkisi m 0.001 1.2 1.4

* STC-Standart test goraiti 1000Vt/m? radiasiya 25°C hiicronin temperaturu , *MGG — Maksimum
giicdo gorginlik, *MGC —Maksimum giicdo corayan, *ADG — Agiq dovra gorginliyi, *QQC-Qisa
gapanma carayant.

Totbiq sahalori miixtalifdir. Yeralti suyun azalmasi, suvarma sistemlori, sonaye tatbiqi,
damla suvarma va yagmurlama sistemi, ¢onin doldururlmasi, tabii goruqun su tachizati, pivot
sistemlori, kand su tachizati, maldarliq, qusgulug, hovuz, favvaralor va s.

Sok.5. PV totbiq vo qurasdirma tisullart.

Novboti ¢odvoldo oraziyo diison gilindolik vo illik orta radiasiya (4.3KVt-s/m?
glin/1580KVt-s il) toskil etdiyi halda nasoslarin hesabati hazirlanib. Bu zaman suyun
temperaturu-25°C, PV ¢irklonmo itlikeri 10%, PV qurasdirma bucagi 34-40° gétiiriilmiisdiir.
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Gilinas su nasos sistemlorinin texniki gostaricilori.

Cadval 3.

Nasos Motor Stansiyanin giicii vo Arteziandan su hasilati Flo
tex/gos. enerjisi isteh.
~ | & 4% S22 | & £ = %
159 . =228 |= 221SE |2
2 |[§98 |5%| 8% |£ Z=| 6= | £7
= | = 5 | A A
[a W
PSK2-100| 182 | 75 110 | 418 | 152500 | 80-160 | 834 | 304500 7.6
C-SJ120-8
PSK2-40 | 119 | 30| 51.75| 199 72500 80 | 500 | 182500 9.7
C-SJ95-7
PSK2-100 | 113 | 75 143 | 547 | 199500 | 100-300 | 900 | 328500 6.3
C-SJ95-17
PK2-21C-| 62| 15 30.0| 115 42050 40-90 | 312 | 113500 10
SJ42-10
PS-4000 | 44 4 6.0 23 209 76200 35
C-SJ30-2 8410 22
PSK2-100 | 113 | 75| 1725 | 662 | 242000 | 100-300 | 717 | 261000 4.2
C-SJ95-17
PSK2-7C-| 42| 55 11.0 44 16100 30-50 | 204 74300 18
SJ30-6
PS2-4000 | 26 4 6.0 23 8410 45 | 107 38850 18
C-SJ17-4
PSK2-21 | 112 | 15| 26.25| 101 36800 20-55 | 423 | 154000 16
C-SJ75-4
PSK2-21 | 62| 15 30.0| 115 42050 40-90 | 311 | 113500 10
C-SJ42-10
Gilinos su nasoslariin novlori mixtalifdir.
I i)
Tipi: PS9k: PS15k PS21k
Doarinlik: 20-80 m 12-80 m 16-80 m
Saatliq su sorfiyyati: 33 41-279 m3/s 63-306 m3/s
-120 m3/s
Sok. 6. Soth nasoslari.
i H ull
Tipi: PS-HR: PS-C PSk
(helikoidal rotor) (markazdagagma) (markazdagagma)
Darinlik: 50-350 m 20-160 m 120-180 m
Saatliq su sorfiyyati: 4-79 m3/s 118-136 m3/s

2,5-3,9 m3/s

Sak. 7. Darinlik nasoslari.
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Smart sistemin vo elektron idaroetmonin qurulmasi. GSM-GPRS sistemlori. Umumi
sobakenin strukturu barads asagidakilar1 digqetiniza ¢atdiririq.

Sistemin strukturu

0 blutaz _
mobil alaga vasitasi
0 blutuz
invertor kontroler kg 1

-

Giinag enerji 3
stansiyas: l mobil sabaka , + e

PS alagalondirici

darinlik nasosu

idars etma markazi

Sok. 8. Sistemin struktur sxemi.

Beynolxalq tocriiba gosterir ki, fiziki vo hiiquqi soxslorin suvarmaya sorf etdiklori vaxta
genaot etmok mogsadilo diinyada mdvcud olan texnalogiyalardan istifado etmoklo suvarma
sistemlorini avtomatlasdirmaq miimkiindiir. Belo ki, smart sistem hom suya, hom do enerjiya
genast baximindan da sarfalidir. idarsetmos qurgusunun isino mikroprosessor vasitasila yiiksok
keyfiyyaotlo nozarat olunur. Bu sistemlorin tam avtomatlagdirilmasi {igiin digor 6l¢ii cihazlar
agill idaroetms sistemina basqa bir molumat Otliriicti vasitolarilo inteqrasiya oluna bilor. Bu
vaxt torpagin temperaturu va riitubatliliyi toyin edilir, malumatlar sistemin idaroetms blokuna
otlirtiliir vo idarsetmo bloku alinan molumatlara osason su nasosunu istonilon zamanda
avtomatik igo salir vo yaxud sondiiriir. Homginin, alave xiisusi proqramlar tominati hazirlamaq
va totbiq etmaklo hotta sahoys vurulan saatliq vo ya sutkaliq suyun va istifado olunan elektik
enerjisinin hesabatin1 aparmaq miimkiindiir. Moalumat {i¢iin bildiririk ki, elm vo texnikanin
bugiinkii inkisafi imkan verir ki, alternativ vo barpa olunan enerji hesabina qidalanan su
nasoslar1 va diger buna banzor qurgular vo sistemlor, homg¢inin su anbarlari, su quyular1 vo
orada qurasdirilmis avadanliglar mosafodon idareetmo totbiq etmoklo idare olunsun. Bu giin
respublikamizda foaliyyot gdstoron simsiz telefon provayderlorinin  GPRS/GSM
sistemlorindon istifado etmoklo giinos su nasosu (vo digorlori) stansiyasinin molumatlarini
onlayin alds etmok va idara etmok do miimkiindiir.

reqomsal idar
" T m\mu w S . —
sohesiz idarsetma
& ‘_’L';_",:' st i . LCD-LED skrsx

Qe e v { & GceRSwcsM
ldirnzedan A idare wtme

mikafize % /‘, Ul

..........................

’ I, Y
- \ @ Nasoswn wiibafizost  ©
L e ) * ;

> Motorun AC
o

@y terminal

W

Sak. 9. Dastoklonon funksiyalar.
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Kontroler giinos su nasos sisteminin ¢ox funksiyali osas elementlorindon biridir. O
miirokkab qosulma sxemino malikdir vo dizel generatorunu vo ya sabokoni, PV giinog
panellorini bu vo ya digor formada idaro etmoklo nasosun enerji tochizatini tomin edir, eyni
zamanda sistemin internet tizorinden idare olunmasi {igiin sorait yaradir. NK-nin 918s sayl
tapsiriginda elektron idars etmonin totbiqi geyd olunmusdur. Qeyd etmok istayirik ki, elektron
idarosetmonin maorholoali halli iiclin ovvalcadon otrafli arasdirilmis bir sistem hazirlanmalidir.
Bu layiho hazirlanan zaman biitiin detallar nozoro alinmalidir. Respublikamizin orazisindo
moveud olan va tikilmasi layiholondirilon artezian su quyulari, su anbarlart vo diger su
monboalorinin  internet iizorindon bir morkozdon idars olunmasi miimkiindiir. Bunun {i¢iin
morhaloli holl variantin1 totbiq etmok lazimdir vo moasaloyo kompleks yanasiimalidir. Ilk
novbada, artezian su quyularina su nasoslarinin totbiqi, onlarin internets ¢ixisinin tomini vo
global idaro etmoya hazirlanmasi lazimdir. Sonra SCADA kontrol sistemlorini totbiq etmoklo
bir morkozdon idaroetmonin qurulmaq olar. Noticodo hom stansiyalarin yerlosdiyi orazilor
barado, hom do islok voziyyotdo olub-olmamasi barodo molumat almaq vo onun real vaxt
rejimindo idars olunmasini hoyata kecirmok miimkiin olacaq. Bu da hom sudan somorali
istifadayo gotirib ¢ixaracaq, hom do elektrik enerjisi sorfiyyatini minimuma endiracok vo
beloliklo kond tosorriifatinin inkisafina tokan veracok. Belo ki, elektrik enerjisi tochizatinin
olgatmaz oldugu bolgoalords okin-bigin sahalorinin suvarilmasi asanlasacaq vo mohsulun hotta
maya doyorinin asagi diismosino, eyni zamanda homin olgatmaz orazilorde yerloson
torpaqlarin reabilitasiyasina sobab olacagq.

Olavs olaraq bildirmak istordik ki, hal-hazirda Mardokan qusguluq kompleksinda do
giicii 2.2 kVt olan Gilinos su nasos sistemi qurularaq istifadoys verilmisdir. Nasos giicii
0.75kVt, quyunun darinliyi 67m, nasos dorinliyi 56m, saatliq su vurma 3m3-dir.

Sok.10. Giinas su nasos sistemi.

Qeyd etmok istordik ki, stansiya soboko vo sobokosiz foaliyyot gostorir. Hal-hazirda
sobokosiz qosulmusdur vo yay movsiimii liglin giinasli giindo sutka orazindo 8-9 saat su vura
bilir.

Notica va tokliflor: Hesab edirik ki, giinas su nasos sistemlori 6lko orazisinds totbiq
olunarsa bu zaman suya, enerjiya gonaot olunacaq, havanin ¢irklonmasinin qarsist alinacaq,
olverissiz orazilordo miinbit olan torpaglar istifado olunacaq. Bu giin diinyada texnika vo
texnalogiyalar inkisaf edir, daha ekanom, somarali yeni sistemlor yaradilir. Slbotds bizimda
islorimiz bununla bitmir, aragdirmalar1 davam etdiririk giinos radiasiyasindan maksimum
yararlanmaq li¢lin giinas su nasos sistemlorino daha optimal variantlar totbiq etmayas ¢alisiriq.
Bunlardan biri giinas izloyicinin giinos su nasos sistemloring totbiqidir. Bunula yanasi1 bir
basa sabit corayanla ¢alisan su nasoslarida bizim maraq dairomizdadir. Eyni zamanda kiilok
vo giinos potensialinin birgo movecud oldugu orazilords hibrit tipli su nasos stansiyalarinin
qurulmasi da aktual mosoladir.

Giinog su nasos sitemlorinin 6zol fermer tossorriifatlarina totbigi vo timumiyyatlo
respublikamizda inkisafi ti¢lin asagidakilar toklif edilir:

1. Respublika prezidentinin 16 aprel 2015 tarixli formani ilo suvarma sistemlori dastino vo
avadanliglarina aqrolizing yoluyla totbiq olunan 40%-li giizost paketino alternativ vo barpa
olunan enerji qurgular1 vo bu enerji ilo ¢alisan su nasoslarinin (kompanentlarilo birlikdos)
olavo edilmasi, agrolizing vasitasilo giinas su nasos sistemlarinin vo avadanliglarinin
satist;

2. Alternativ vo Barpa Olunan Enerji Moanbalari tizro Dovlot Agentliyino 6lko orazisinds
giinas (hibrit do ola bilar) su nasos vo smart suvarma sistemlori layihalori icra etmak tigiin
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biidcadan har il olave vasait ayrilmasi, respublika orazisinds foaliyyst gostoron banklar
torofindon giinas (va ya hibrit) su pompalar1 vo smart suvarma sistemlorinin maliyalogmasi
ticlin fermerloro giizostli kreditin ayrilmasi, investisiyalarin colb edilmasi, yasil
investisiyalar, yasil maliyyanin togviq edilmasi;

. Giinos (vo ya hibrit) su nasosu vo smart suvarma sistemlarinin komponentlorinin
respublikamizda istehsali tiglin soraitin yaradilmasi, vo yaxud xaricdon daxil olunan giinas
(Vo ya hibrit) su nasos avadanliglara totbiq olunan komriik riisumunun azaldilmasi.

w
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COJIHEYHBIE BOJAAHBIE HACOCBHI U UX IPUMEHEHUE
MAME/JOB P.P.

Llenpro cTaThy ABJIAETCS AEMOHCTpALU BO3MOXKHOCTH OTKA4YKU BOJBI U3 ApTE3UAHCKUX
CKBQXMH M JPYIMX HCTOYHHMKOB BOJBI IMOCPEACTBOM HMCIOJIB30BAHUSA COJHEYHBIX BOJOHA-
COCHBIX CHCTEM Ha TeppuTopuu AsepbaiikaHckoil Pecrry0nnky, a Takke BO3MOXKHOCTb JTUC-
TaHIIMOHHOI'O YNPAaBJICHUsI CUCTEMOM. B cTaThe paccMarpuBaeTcst OTYET COTHEYHOU SHEPTHUH
U DJIEKTPUYECTBO, KOTOPOE IMPOU3BOIAUTCS B JKMIOM KoMIulekce «Camyx ArposHeprus», u
MOKA3bIBACTCS M3BJIEUEHHE BOJBI U3 CKBaKMHBI. KpoMe Toro, npegocrasisiercss nHGopMaus
0 CTPYKTYpe, TEXHUUECKUX XapaKTePUCTUKAX, a TAK)KE O MPUHLIUIAX PabOThI COIHEYHOM cuc-
TEMBI BOJISTHOTO HAacoca

Kuarouese ciioBa: COJIHIIE, BOJA, HAcCOC, yMHLIﬁ, OpOLICHHUEC, CTAaHIUs, CUCTCM.

SOLAR WATER PUMP SYSTEMS AND APPLICATIONS
MAMMADOV R.R.

The purpose of the article is to demonstrate the possibility of pumping water from artesian
wells and other water sources through the use of solar water pump systems in the territory of
the Republic of Azerbaijan, as well as the ability to remotely control the system. The article
discusses the report of solar energy and electricity, which is produced in the residential
complex "Samukh Agroenergy", and shows the extraction of water from the well. In addition,
information is provided on the structure, technical specifications, and principles of operation
of the solar water pump system

Keywords: solar, water, pump, smart, irrigation, energy, station, system.
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SILISIUM FOTOELEMENTLORININ GUNOS BATAREYALARINDA TOTBIQI
IKORIMOV E.9., Z’MUSAYEVA S.N.

YAzarbaycan Déviat Neft va Sanaye Universiteti, Azadhq pr. 16/21, AZ 1010
2Azarbaycan Texniki Universiteti, H. Cavid pros. 25, AZ 1073
E-mail: hikmet 2005@mail.ru

Elektron — desik kegidino malik silisium fotoelementlorinin giines siialanmasinin gevrilmasi (giin is1g1
birbasa diisorkon) vo fotoelementin temperaturu 25°C oldugu zaman f.i.o.-i 24,7%-5 catir. Nozoro carpmayan
soyudulma zamani (masalon, 0°C-yo qodar) f.i.o.-nin artimina nail olmaq miimkiindiir. ilk baxisdan elo goriina
bilor ki, f.i.a.-ni intensivliyi artirmaq (masalon, linzalar totbiq etmokls) va silisium iiglin 28%-o ¢atan oksolunma
omsalin1 azaltmaqla yiliksoltmok miimkiindiir. Lakin, nozero almaq lazimdir ki, artiq yiik dastyicilarinin
konsentrasiyasi artdigca onlarin yasama miiddoti azalir ki, bu da f.i.o.-nin artmasini longidir.

Acar sozlar: yarimkegirici, fotoelement, silisium kristali, siialanma enerjisi, udulma enerjisi.

Mogqalado yarimkegirici fotoelementlorin komoyi ilo giines siialanmast enerjisini
elektrik enerjisino birbaga c¢evrilmosi imkanlarina baxilmisdir. Silisium kristallarinin osas
elektrik vo optik xassolori aragdirilmis, onlarin alinmasi vo elektrik xassolorinin kigik
miqdarda asqarlarin daxil edilmasi vasitosi ilo idaro olunmasi {isullart tosvir edilmisdir.
Elektron — desik ke¢idino malik fotoelementlarin isloma prinsipi, onlarin spektral hassasligini
vo f.1.0.-ni miioyyon edon osas parametrlor arasdirilmisdir.

Olkomizin enerji dasiyicilart ilo zongin olmasma baxmayaraq, borpa olunan enerji
monbolorindon genis suratdo istifadoys miithiim yer ayirir. Aydindir ki, nohang enerji
markazlorindan olave sade vo uzun 6miirlii kigik giico malik, texniki xidmat tolob etmayan vo
sohra, stasionar radiondqtalorin, telefon xatlorinin qidalanmasi va ya evlarin isiqlandirilmasi
ticiin elektrik enerji monbolorinin olmasi vacib sortdir.

Gilinos enerjisinin elektrik enerjisine (elektrik enerjisi dedikds elektronlarin kristalda
enerjisi basa disiiliir) birbasa cevrilmosi fotonlarin udulmasi vo elektron-desik ciitiiniin
yaranmasi prosesi zamani hoyata kecir. Lakin, is18in udulma oblastinin yaxinliginda elektron-
desik kec¢idinin olmamasi naticasindo yarimmkeciricido yiik dagtyicilarin konsentrasiyasinin
artmasi bas verocokdir.

Enerji ¢evirma qabiliyyatli fotoelementlorin isloma prinsipini izah edon, yarimkegiricido
elektron-desik kegidinin yaxmliginda energetik hallar diagramina nazar salaq.

Sokil 1-do gadagan zonasi ilo ayrilmig kegiricilik vo valent zonalar1 gostorilmisdir.
Sokildon goriindiiyii kimi elektron-desik kecidi oblastinda hiindiirliiyli Eo-a yaxin olan Vi
potensial ¢opori mdvcuddur. Qeyri-tarazligda olan elektron vo desiklor (siialanmanin
udulmasi zamani yaranan) elektron-desik kecidi oblastina diffuziya edirlor. Hesab etmok olar
ki, elektron-desik kegidinin potensial ¢opari onlar1 “ayirir”, yoni elektronlar sorbast sokildo
elektron kegiriciliyi oblastina kegorok bu oblastt monfi, desiklor iso desik oblastina kegorak bu
oblast1 miisbat yiiklayirlor.

Yiikk dasiyicilarin  konsentrasiyasinin  doyismosi hesabina potensial ¢oporin Vi
hiindiirliiyli azalir. ©gor xarici dovro agiqdirsa, artiq yiik dasiyicilarin ilkin diffuziya
coroyaninin, P—oblastinda foza desik yiiklorinin, eloco do N-oblastinda elektronlarin
toplanmasit ilo sortlonon vo bu coroyanin oksi istiqgamotdo yonalmis ceroyanin dinamik
tarazlig1 qorarlasir. ©Ogor xarici dovra qisa qapanibsa biitiin diffuziya coroyani1 bu dovrodon
kegacokdir. Araliq halda xarici dovrads va kristalin daxilinde corayanlarin budaqlanmasi bag
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verir. Bu coroyanlarin comi avvalki kimi asagidaki ifadodon toyin olunan diffuziya coroyanina

barabar olacaqdir:
I = qaN,

burada, N — siialanma naticasindo generasiya olunan ciit yiik dasiyicilarin tam say1, o -
vahiddon kigik olub, yiik dastyicilarin istifado olunma omsali adlandirilir [1].

Elektronlarin enerjisi
(V)
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= 1.12eV |+
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Sak. 1. Silisiumda elektron — desik keg¢idinin energetik diagrama.
1 — kegiricilik zonasi; 2 — valent rabita zonasi; 3 - Fermi saviyyasi;
4 — fotonun udulmasi va ya siiratli zorraciklo ionlagma zamani
elektron—desik ciitiiniin yaranmast; 5 — desik kegiriciliyi zonast;
6 — elektron — desik ke¢idi zonast; 7 — elektron kegiriciliyi zonasi.

o - komiyyati siialanmanin udulma omsali, elektron vo desiklorin uygun olaraq Ln vo
Lr—diffuziya uzunluqglari, yiik dasiyicilarin sothi rekombinasiya siiroti vo fotoelementin
hondasi olgli vo formasi ilo toyin olunur. Sade halda, yoni kristalin olgiilori diffuziya
uzunlugundan bdyiik olarsa siialanma barabar va yalniz elektron oblastinda udulur:

Ip = qNL,

Burada, lo — diffuziya coroyammnin sixligi, N — 1 sm®da 1 saniyo miiddetindo
generasiyadir.

_qu
I=ID_10<8 kT—l)

Saokil 2-do giinog batareyasi elementinin toqribi ekvivalent sxemi verilmisdir.

=
|
JAN

<

Sok.2. Siialanma enerjisini ¢eviron yarimkegiricinin ekvivalent sxemi
va volt — amper va yiik xarakteristikalar. 1 — elektron — desik ke¢idinin

Qisa gapanma corayanina barbar olan Ip - diffuziya ceroyami siialanmanin udulmasi ils
sortlonir. Bu coroyan budaqlanir: I-yo borabor olan bir hissosi R — yiikii dovresino kegir, In-0
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borabor olan digor hissosi 159 yiik dasiyicilarin kecid daxilindon oks daginmasinin naticosi olur
In — coroyanmi elektron — desik kecidinin adi volt-amper xarakteristikasindan toyin
olunur:

I =1, (e% - 1),

burada, U — elementin ¢ixisinda potensiallar farqidir.

Beloalikla, generatorun daxili miiqavimati yiikdon axan coroyanin va yiikiin qiymetinin
funksiyas1 olacaqdir. Enerji g¢eviricisinin f.i.a.-nin saorhad qiymati {igiin ifado o = 1 qabul
edilorso - yoni rekombinasiya olmazsa, sado sokildo yazila bilor. Bu halda yaranan biitiin
geyri-tarazliq halinda olan yiik dasiyicilar elektron — desik kegidi daxilinden diffuziya edir.
Ogor ilkin prosesds (fotoeffekt, ionlagsma) ciit yiik dasiyicilarin yaranmasina W — enerjisi sorf
olunubsa, potensiallar forqi U, R — yiikiino budaglanan corayan hissosi I/Ip oldugundan n -
f.i.0. asagidaki kimi ifado olunar:

_qu I _ qU?
=W 1, = rwiy

Monoxromatik isigin enerjisinin ¢evrilmasi zamani
W = hv,

yani, ilkin udulan biitlin enerji elektron — desik ciitiiniin generasiyasina sorf olunur. Adaton is9
hv — Eg enerjisi istilik rogslorine kegorak itirilir.

Yuxarida gostorilon ekvivalent sxemdon vo elektron — desik kegidinin volt — amper
xarakteristikasindan belo naticaya golmok olar ki, potensiallar forqinin Vo maksimal qiymati
temperaturdan, sifirda Ro miigavimatindon vo Ip diffuziya coroyanindan asagidaki kimi asili
olcaqdir:

kT qlpRy
vy =L i (2ofe ),
0 q n T +

burada, Ro elektron — desik kegidinin Ip doyma corayani ilo asagidaki ifads ilo slagodardir:

_ kT

0 qRo’

Ifadodon goriindiiyii kimi, Uo gorginliyi ilk ndévbada Ip coroyam (basqa sézlo desok
diison slialanmanin intensivliyi) vo Ro miigavimati ilo toyin olunur. Aydindir ki, doyma
corayanlar ¢ox kigik olan silisiumda (107-10® tortibindo) elektron — desik kegidlori adoton
doyma coroyani 102-10° dofo ¢ox olan germaniumda oldugundan nozoragarpacaq doracodo
yiiksokdir. Bu iso silisiumda qadagan zonasinin eninin (1,12 eV) germaniumun qadagan
zonasinin enindan (0,75 eV) boyiik olmasidir.

Nozori olaraq gostorilmisdir ki, elektron—desik kegidino malik silisium fotoelement-
lorinin glinog stialanmasinin  ¢evrilmosi (glin is1g1 birbasa diisorkon) vo fotoelementin
temperaturu 25°C oldugu zaman f.i.o.-i 24,7%-5 catir. Nozoro carpmayan soyudulma zamani
(masalon, 0°C-ya godor) f.i.o.-nin artimma nail olmaq miimkiindiir. Tk baxisdan elo goriino
bilor ki, f.i.0.-ni intensivliyi artirmaq (masalon, linzalar totbiq etmoklo) vo silisium ii¢lin 28%-
o catan oksolunma omsalini azaltmaqla yiiksoltmok miimkiindiir. Lakin, nazors almaq
lazimdir ki, artiq yiik dasiyicilarinin konsentrasiyasi artdigca onlarin yasama miiddsti azalir
ki, bu da f.i.0.-nin artmasini longidir [2]. Malum interferensiya {isulu ilo oksolunma omsalinin
azaldilmasi dalga uzunluglarinin ¢ox kigik verilmis intervalinda miimkiindiir vo ¢ox giiman
ki, giinas enerjisinin ¢evrilmasinds az manfaat vera bilar.

Fotoelementlor giinos batareyalar1 adlandirilir. Bu batareyalar boyiik sahoys malik (4-5
sm?) siialanma diison sotha cox yaxin yerlosmis elektron — desik kegidli silisium kristallaridir
(sokil 3).

103



Giinos stialanmasinin on effektli cevrilon hissosi {ist sothdo toxminon 25 mikron
dorinlikds udulur. Elektronlarinin vo desiklorinin 0,2 — 0,5 mm-don az olmayan lazimi
diffuziya uzunluglarina malik silisium monokristallariin alinmasi masalosi  boyiik
cotinliklorlo baghdir. Bu moagsad iiglin miirokkob kimyovi tomizloma vo bestigel zona aridilmo
yolu ilo son tomizlomo, homg¢inin xiisusi hazirlanmis kvarsdan tigllordo monokristallarin
hidrogen va atalatli qazlarin atmosferinds yetisdirilmasi tisullarindan istifados edilir.

Digor texniki c¢otinlik goriinon vo infraqirmizi slialanmalara soffaf olan soth
elektrodunun ¢okilmasi prosesinds meydana ¢ixir.

Foton seli (giinas siialanmas1)

L

n - tip silisium

Elektron - degik kegidi

—_— Elektron seli

25 mm

Sak. 3. Silisiumlu giinog batareyasinin en kasiyi.

Bu, eloca do kristalin sathindon verilmis dorinlikds elektron — desik kecidinin alinmasi
mosalasi asqar atomlarin termiki diffuziyasi tisulundan istifado etmokls holl olunur. ©On yaxs1
noticolor silisiumun orimo temperaturuna yaxin temperaturlarda (1400°C) n-silisiumda
akseptor rolunu oynayan borun diffuziyasi prosesini totbiq etmoklo alinir [3,4]. Miimkiin olan
iisullardan biri n-silisiumdan (torkibindo arsen elementi olan) hazirlanmis 16vhalorin
torkibinda bor olan qazin atmosferindo uzun miiddst qizdirilmast tisuludur. Borun silisiuma
diffuziya derinliyi qizdirilmanin temperaturu vo miiddati ilo toyin olunur. Silisium satho yaxin
oblastda bor atomlar ilo giiclii sokildo zonginlosir vo kifayot qodor kicik miigavimatli desik
kegiriciliyino malik yarimkegiriciyo ¢evrilir ki, bunun noticesinde do xiisusi elektrodun
istifado olunmasina tolabat yaranmir. Sothdon uzaqlasdiqca borun konsentrasiyas: azalir vo 2
— 3 mikron dorinlikdo bu konsentrasiya arsenin ilkin konsentrasiyasina borabor olur.
Kompensasiyaya uygun sorhad elektron — desik keg¢idinin voziyyatini miioyyon edir. Lovhalor
soyuduldugdan sonra agqarlarin atomlarinin paylanmasi vo demoli fotoelementin istonilon
islok temperaturlarinda asqarlarin diffuziya siiroti nozoro alinmayacaq dorocodo kicik
oldugundan elektron — desik kecidinin vaziyyeti vo xassalori tamamils doyismoz qalir.

Yer sothino golib catan gilinos radiasiyasinin gobuledicisi gismindo silisium
fotoelementini xarakterizo etmok ii¢lin li¢ oyri tosvir edilmis 4-cii sokilo digqot edok.

1,0
S

8 08 ,['(\“
1] .
E 06 = \\C n £
E’ \\\ 3
2 04 'q\ -
“ UB i

0 0.4 0.8 1.2 1.6

Dalaga uzunlugu, mkm
Sak. 4. Silisium fotoelementinin spektral xarakteristikalari.
A—giinas spektrinds enerjinin paylanmasi; B - giinas
spektrinds fotonlarin saymnin paylanmasi; C—qisa
gapanma rejimindo silisium giinog batareyasinin hossasligi.
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A - oyrisi giinog spektrinds enerjinin paylanmasini nisbi vahidlordo goéstorir. Paylanma
aydin hava soraitindo Glinos iifiigdo yerloson zaman qurulmusdur. B - oyrisi A - ayrisindon
axirincinin A — dalga uzunluguna hasili naticosindo alinmisdir. Bu oyri spektrin miixtalif
sahalorinds fotonlarin nisbi sayini toyin edir. C - ayrisi silisium fotoelementinin hassasligini
gostorir (qisa qgapanma coroyanina goro). Bu oyri c¢ixis yarigindan miixtolif dalga
uzunluglarinda fotoelements eyni enerji seli istiqgamotlondirilmis monoxromatorun komayi
ilo alinmigdir. Sonradan hosasligin qiymotlori homin dalga uzunluglarinda giinos spektrinin
enerji selinin nisbi qiymatina hasili gotiirilmisdiir.

Qeyd edok ki, diagramin sol hissasinda fotonlarin enerjisi boyiikdiir vo onlarin verilmis
enerji selino uygun golon say1 asagidir.

1,12 eV enerjidon kicik enerjiyo malik fotonlar silisium kristalinin daxilindon kegorok
elektron — desik ciitiinii yaratmir. Daha bdyiik tezliklors uygun golon fotonlarin artiq enerjisi
faydasiz olaraq silisium kristalinin qizmasina sorf olunur. Bundan olavo, elektron vo
desiklorin generasiyasinin kristalin sathinin yaxinliginda yoni, sturukturun defektlori vo soth
asqarlariin  moévcudlugundan rekombinasiyanin yiiksok siirat oblastinda boyiik olmasi
sobabindon enerjinin bir hissasi fitirilir. Silisium fotoelementlorindo enerji ¢evrilmasinin
maksimal effektliyi A = 0,75 mkm-do yoni, spektrin goriinon (qirmizi) vo infraqirmizi
oblastlarin sorhadinds yer alir. Maraqlidir ki, bu dalga uzunluguna demok olar ki, ¢ox daqiq
sokildo giinos siialanmasi spektrindo fotonlarin maksimal say1 uygun golir (sokil 4-do B -
oyrisi).  Beloaliklo, silisium fotoelementi elektron — desik kegidinin kristalin sothinin
yaxinliginda yerlosdiyi zaman spektral hossasliga goro giinos enerjisini ¢eviron ideal
gebulediciys ¢ox yaxindir.

0.6 30
- g
)
/ﬁgmk &
& 04 —20 8 %
=]
o { g «
'q ﬁ\E
a | g2
0.2 3 0 g
s srayan 3
0 50 100%

Siialanma intensivliyi

Sak.5. Silisium fotoelementinin e.h.q. va qisa qapanma corayaninin
25° C-do siialanma saraitlorindon asililiglart. 100% - birbasa
giinos stialari ils isiqlandirilan haldir.

Homin elementin yiik xarakteristikas1 sokil 6-da verilmisdir. Absis oxunda yilikdo
miixtolif miigavimatlor olduqda potensiallar forqi yerlogdirilmisdir.

7

2

Cixisdaka giic
(sm’-a mVt)
L
-
=)
o

[

[
-

]

0.2 0.4 0.6
Cix1s garginliyi, V

Sak. 6. Silisium fotoelementinin yik xarakteristikasi.
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Duman vo buludlar infraqirmizi siialar {liclin nisboton soffaf olduqlarindan giinos
batareyalar1 buludlu hava soraitindo do islomokdo davam edocokdir lakin, bu zaman onlarin
f.i.e. bir qoder kicik olacaqdir. Sokil 5-do silisium fotoelementinin 25° C-do e.h.q. vo qisa
gapanma corayaninin isiqlanma soraitindon asililiglart gostorilmisdir.

Asagi isiqlandirmalarda yiik xarakteristikalar1 gorginliyin elo homin bir elementos 0,3 V
giymotindo maksimuma malik olur. Bu o demokdir ki, girisdo sabit gorginlik tolob edon
gobuledici mosalon, akkumulyator isiglanma goraitinin genis diapazonunda gilinog batareyasi
ilo kombinasiyada istifads oluna bilor.
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INPUMEHEHME ®OTO3JIEMEHTOB HA OCHOBE KPEMHUA
B COJITHEYHBIX BATAPEAX

KEPUMOB 2.A., MYCAEBA C.H.

Teoperndeckn mOKa3aHO, YTO KOX(PQHUIMEHT TIIOJE3HOTO JEHCTBHS KpPEMHHEBBIX
($OTO37EeMEHTOB € 3.-7. TMEepexoJaMH IpH IpPeoOpa30BaHUU COJHEYHOIO H3IY4YEeHUS U
Temneparype (otodnementa, pasHoit 25°C, moxxer mocturath 24,7%. HesHaumrembHoe
OXJIaX/IEHUE MPUBOAMT K MOBBIIIEHHIO K.I1.J. Ka3amock Obl, 4TO emie GONbIIEro yBeITu4eHUs
K.II.A. MOKHO JOCTUTHYTb, YBCIMYNBAsA HMHTCHCHUBHOCTb U CHU3UB KOB(i)(l)I/IHI/IeHT OTpa’XCHUA,
Jocturaronmii Uit kpemHust 28%. OpjHako cieayeT y4duThiBaTh, YTO MpHU  OOJBIIMX
KOHICHTPAUAX N30BITOYHBIX HOCUTEIIEH 3apsAaaa BpEMA KHU3HU UX CHUXKACTCA, YTO NPUBOIUT
K 3aMEJICHHUIO POCTa K.I1.J. C HHTEHCUBHOCTBIO.

KiroueBble c10Ba: MoIyNpoOBOIHUK, (POTORIEMEHT, KPUCTAIUT KPEMHUS, SHEPT U U3ITyUICHUS, SHEPTI U
HOIJIOLICHHUS.

APPLICATION OF SILICON BASED PHOTOCELLS IN SUN BATTERIES
KERIMOV E.A., MUSAEVA S.N.

It has been theoretically shown that the efficiency of silicon photocells with e-h.
transitions when converting solar radiation and a temperature of the photocell equal to 25°C,
can reach 24.7%. Slight cooling leads to increased efficiency It would seem that an even
greater increase in efficiency can be achieved by increasing the intensity and lowering the
reflection coefficient, which reaches 28% for silicon. However, it should be borne in mind
that at high concentrations of excess charge carriers, their lifetime decreases, which leads to a
slowdown in the growth of efficiency with intensity.

Keywords: semiconductor, photocell, silicon crystal, radiation energy, absorption energy.
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DONIZiN DALGALANMASINI NOZORO ALMAQLA SINXRON
VAL-GENERATORUN STATOR COROYANININ VO REAKTIiV GUCUNUN
ROQSLORININ ANALIZI

IABDULKADIROV A.I., OLIYEV N.A., 2RUSTOMOYV R.M., QANIiYEVA N.A.

'Azarbaycan Déviat Neft va Sanaye Universiteti
Balki, AZ1010, Azadlig prospekti 20
2 Azarbaycan Doviat Daniz Akademiyast,
Baki, A1000, Z.Oliyeva kii¢ 18
Email: ramiz.riistamov@mail.ru

Bu mogqalonin miislliflori torafindon [1,2]-do miisyyan edilmisdir ki, donizin dalgalanmasi naticasinds,
avar vintinin miigavimat momentindo dovrii olaraq doyison (fluktasion) miirokkobin olmasi sabsbindan sinxron
val-generator qurgusu machuri rogs edir. Bununla slagodar olaraq eyni zamanda sinxron generatorun stator
Coroyani va reaktiv giici do rogs edir. Bu da 6z névbasinds gomi elektroenergetik sistemin igino monfi tosir
gostarir vo sinxron val-generatorun dizel generatorla paralel igslonmosini geyri-miimkiin edir. Bu mogalodo
sinxron val generatorun rotorunun roagslorinin miixtalif Gisullarla dempferlonmasine baxilir vo analiz edilir.
Miioyyan edilmisdir ki, sinxron generatorun taSirlonmo Coroyanini tonzim etmoklo rototun aralanma bugagim
sifira gotirmoak olar (A§ = 0). Lakin bu 6z n6vbesinds sinxron generatorun stator coroyanmnin vo reaktiv giiciin
daha boyiik ragslarina gotirib ¢ixarir. Tadqiqatlarin naticosi gostarir ki, standart konstruksiyali sinxron generator
ragslorin dempferlonmasi mosoalasini rezonans zamani hall eds bilmir.

Acar sozlar: gomi val generator qurgusu; sinxron generator; macburi rogslor; elektromexaniki rezonans;
ragslorin dempferlonmasi.

Giris.

Daonizin dalgalanmasi sabobindon avar vintinin miigavimoati momentinin dovrii olaraq
doyismosi sababindon sinxron val-generatorun rotorun ragslori yaranir vo buna uygun olaraq
stator coroyani vo reaktiv giicli rogs edir.

Tabii olaraq, bu gomi elektroenergetik sisteminin isine manfi tosir gostorir. Daqiq olaraq
bu 6zlini val-generatorun dizel generatorlarla paralel isini yerino yetiro bilmomasi ilo
naticalonir. Bozi hallarda val-generatorun acgilmasina gotirib ¢ixarir.

ovvalco stator coroyaninin rogslori  mosolosine baxaq. Bu mosalo, donizin
dalgalanmasin1 dyronon zaman sinxron generatorun isinin osas masalolorindon biridir. Stator
coroyaninin ragsi olavo itgilor vo qizma yaradir, salave qizma izolyasiya parametrlorinin,
xtisusils stator dolaginin iist hissalorinin pislogmasing gatirib ¢ixarir.

Bundan olava rotorun rogsi vo onunla olagodar stator coroyanmin rogslori, stator
dolagmin iist hissolorinds olave elektrodinamiki qilivvelerin yaranmasina, bununla da
izolyasiyasinin olava pislogsmosing sobab olur. Bunun tosdiqi olaraq, rogsi rejimlords isloyon
sinxron masinlarin gazalarmin analizi gostorir ki, cox zaman stator dolaginin iist hissolorinin
izolyasiyasi desilir [2].

Bozi qurgularda, mosolon kasici masinlarda, kompressor qurgularinda vo s. rogslorin
mohdudlasdirilmas tigiin slave kiitlonin val lizorindo qurasdirilmasinin oavvallar istifado edilon
bu tisulu, verilmis hadlords stator carayaninin mohdudlagdiriimasi mogsadi dasiyirdi. Bu hadd
Aiar < 0,33 1,01 asmamalidir [2,3].

Rotor rogslorinin mohdudlasdirilmas: iisulundan asili olmayaraq, mahiyyotco ilk
ndvbada stator corayaninin ragslori mahdudlagsmalidir.

Sinxron val-generatorunun is soraiti belodir ki, onun {i¢iin baxilan hodd, azalma
istigamating toraf yenidon noazordon kegirilmolidir. Hom do bu shomiyyatli doeracods olmalidir.

Osas hisso. Ovvolco tosirlonmasi tonzimlonmoyon sinxron generator {i¢lin stator
corayaninin rags mosoalosing daha atrafli nozar salaq.
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Sinxron masinlarin imumi nozoriyyasino osason (Park-Qoryev tonliklori) tosirlonmo
olmadiqda (AUf = 0) stator coroyaninin miirokkobolori asagidaki ifadolorlo toyin edilir [2]:

Aig = Re[Alpd/Xd(jwv)] ; Aiq = Re[Alpq/Xq(iwv)] 1)

burada Ay, VoAY, maqnit iligmalorinin artimlari, Xq(jw,) vo X4(jwy) d vo q oxlar iizrs
induktiv miigavimatloridir.

Nozara alsaq ki, APy =Yg — Pao , APg = Pgq — Pyo vopy = Ucosd,
Y, = —Usind, Py9 = Ucosdy, P49 = —Usind, onda alarq:
APy = U(cosd — coséy);, AP, = —U(sind — siné, ) (2)

Kigik rogslor olduqda: cosé = cosdy — sindy - Ad, sin § = sindy + cosd - AS,
geyd edok ki, § = 8y + AS
Gostarilon sartlor daxilinds carayanlarin kompleks ifadslori bels olur:

__ —Usinég-AS, _ —UcosépAd

Ma =S gon A= Xgay @)
(2) —i nozars almagla
Ai = J(Aid)z + (Aig)? = K; - A8 (4)
burada
2
_ sindy 2 ( coséy )
K1 - U\/(lxd(iwv)) + |Xq(iwv)| (5)
Buraxila bilon (5-10)% xata ilo gobul etmok olar ki,
IXd(iwv)I ~ |Xq(]wv)| ~ (X:i +Xq) / 2 (6)
Onda
K; =2U/(Xyg + Xg) (7)
Notico olaraq alarq:
Ai=2U A8/(Xy+Xy) (8)

Belo bir mosoloyo baxaq: Sinxron generatorun nominal giici Py, = 500 kVt,

firlanma tezliyi ng = 1500d/daq-dir. Induktiv miigavimatlori beladir.
X;=1,075n"v; X,=0,736n"v, X;=0351n"v
Iki variant {i¢iin: a) Aigen =0,33nv b) Aigen =0,15v v hallarinda, nominal
garginlik U = 1 n olduqda, (7) ifadasino asason K;-ni va rotorun donmo bucaginin artimini
tayin etmoli. Hall beladir:

K;=2U/(Xy+X,)=2-1/(0,351+0,736) = 1.84

. Aigon _ 0,33
a) varianti: A8ge, = I?i = 1ot

generator liglin  rotorun d6nmo bucagl nominal rejimdo 8,4, = T/8rad =
22,5 el.dor)
b) variant: A4, = 0,15/1,84 = 0,081 rad = 4,7 el.dor.

Alinmis naticolorin analizini aparaq. (4) ifadesindon goriiniir ki, tonzim olunmayan
sinxron generatorun statorundaki olave ceoroyan, rotorun meyl bucaginin artimina
miitonasibdir. ©gor ovval baxdigimiz {isulla (valda oslave kiitlo qoymagqla) rotorun rogslorini
tam yox etsaydik, onda Aig =0, Az =0, Ai=0 alardiq. Bagqa s6zls, desok statorun
olava corayanlarindan tam azad olardiq.

= 0,18 rad vo ya elektrik doracosi ilo 10,3 el.dor. (bu
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Lakin tocriibado belo edilmir. Rotor rogslorinin tamamilo aradan qaldirilmasi {igiin ¢ox
boyiik kiitls tolob olundugundan qurgunun giymati baha basa golir. Ona gora do kompromis
gorar gobul edilir. Yoni stator coroyanini miioyyon haddo godor mohdudlasdirirlar.

Indi bu mosaloya val-generator qurgusunun sinxron generatorunun tonzimlonmosi
halinda baxaq. Bu halda, rotor rogslorinin tamamilo aradan qaldirilmasi {igiin, yoni
elektromexaniki rezonansin yox edilmasi {igiin (1) osason A M ef =4 M, sorti d6denilir. Belo
olduqda statorun olava corayant A iy Yyalniz rotorun meyl bucagi artimimmi A §- dan deyil,
hom ds tosirlonms carayani artimi Aiy — don ds asili olacaqdir. Bu halda statorun slavs enina
corayami Ai, iso yalmz A § — don asili olur.

Gostarilon A iy va Aig corayanlari asagidaki ifadslarls tayin edilir:

. Ay Ga(jw)
Aig = R, {[Xd(iw)] + [Xd(iw) AUf]}’ ©)
. Ay,
dig = Re[oas], (10)
. N Xaalrf .
Ga(jow) = T 07 (11)

(9) ifadesindo G4(jw) kompleks komiyyotini (11) ifadesi ilo toyin edirlor. (9) vo (10)
ifadslorins Ay, A, (2) ifadslorini goymagqla, hom do

1+jwTYy |

Xs(jw) = X4 Xq(jw) = X, (12)

1+jwTqo ’
nazors almagla, stator corayaninin miirokkobslorinin amplitud qiymatlorini tapiriq:

Usinég Ucosédy

AidAé' = - Aé', Alq = . ' A6 (13)
., Xaqa(AUg/1y)
Algy = XaJ1+(@TT )2 (14)

(12) ifadesindo X4 vo X4 d vo q oxlari iizro induktiv miiqavimatlor, T4 vo T"; - iso
tosirlonma dolaginin zaman sabitloridir.

Rotor rogslorinin tamamilo yox edilmosi zamani Aé§ = 0, coroyan miirokkobolori
Aigas =0 vo Aiy =0 oldugundan yalniz tesirlonmonin tonzimi sabobindon yaranan
miirokkoba Aigy qalir.

Coroyanlarin (sifirlanmasi) yox olmast fakti yaxsi haldir. Lakin stator coroyaninin
miirokkobasi Aigs (14)-o gdro miiqayisado bdyiik alimir. Bu coroyanin amplitud giymati,
hesablamalar gdstorir ki, hatta statorun nominal coroyanindan da ¢ox ola bilor.

Belolikla, elektromexaniki reonansi sondiirmok maogsadi ilo tosirlonmo coroyaninin
tonzimlonmasi zamani rotorun meyl bucaginin ragsi avozina statorun corayaninin ragslorini
aldiq.

Reaktiv giic artim1 AQ asagidaki ifados ilo toyin edilir:

AQ = U Aiy — Ughi, (15)

U, = Usindyvo U, = Usind, oldugunu, eyni zamanda (12) vo (13) ifadolorino osason
caroyanlari nazars alsaq, AQ iigiin natico ifadeni alariq:

Ucos8oAUys /1y
Xa 1+(led)2

7Q = L sin26, - (A8) + (16)
2X,4

[fadodon goriiniir ki, rotor ragslorinin tam yox edilmosi zamani (A8 = 0) reaktiv giiciin
birinci miirokkobosi siradan ¢ixir, lakin tosirlonmonin tonzimlonmosi sobobindon yaranan
ikinci hisso qalir.
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NOTICO

Belolikla, alinmis naticalors asason asagidaki gonasto golirik. Val-generator qurgusunun
adi ifali sinxron generatoru , rezonans Vs ona yaxin tezliklords rotorun rogslorini tam hacmda
aradan qaldirmaq qabiliyyatine malik deyil. ©gor miimkiin olursa, belo (Ad — 0) avazinds
stator coroyaninin vo reaktiv giiciin rogslori yaranir. Sonuncu voziyyat iso yuxarida geyd
edildiyi kimi hom generatora, hom do gomi elektroenergetik sistemo moanfi tosir gostorir vo
dizel generator val-generatorun paralel isini praktiki olaraq miimkiinsiiz edir.
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AHAJIN3 KOJJEBAHUM TOKA CTATOPA U PEAKTUBHOM MOILIIHOCTH
CUHXPOHHOI'O TEHEPATOPA BAJIOTEHEPATOPHOM
YCTAHOBKH C YYETOM BOJITHEHUS TOKA

ABJAYJIKAJBIPOB A.U., AIMEB H.A., PYCTAMOB P.!., TAHUEBA H.A.

[TosrydyeHHble pe3ynbTaThl MO3BOJIAIOT CJlIENaTh BBIBOJA O TOM, YTO CHHXPOHHBII
TeHepaTop CTaHJAPTHBIM KOHCTPYKIMM BaJIOTEHEPAaTOPHON YCTAaHOBKM HE CIIOCOOEH
nemMngupoBath KoueOaHUs MpU PE30HAHCHOM M OJM3KOW K HEM 4acToTax B IMOJHOM OObeMe.
Ecnu naxe ynaercsa racuth kojeGaHust potopa (AS =0), To B 3aMeH HauMHAIOT COBEpLIATH
Oonpive KojeOaHWd TOK CTaTopa M pEeaKkTHBHAs MOIIHOCTh CHHXPOHHOI'O T'€HepaTopa.
[TocnenHee OOCTOSATENBCTBO OKa3bIBaeT OTPUIATENIbHOE BIUSHME Ha paboTy CynoBOH
DJIEKTPOIHEPIeTUUECKOM CHCTEMBI U JEJIaeT HEBO3MOXKHOM MapajulelbHYyl0 paboTy
BaJIOT€HEpPaTOpa C IU3€eb-TeHEpaTOPaMH.

KioueBble cjioBa: CHHXPOHHBII BaJlO-T€HEPATOpP, BHIHYKICHHbIE KOJIEOaHUS, DICKTPOMEXaHUIECKUN
pe3oHaHc, AeMIpUHUPOBaHHE KOIEOAHHIH.

ANALYSIS OF FLUCTUATIONS iN STATOR CURRENT AND REACTIVE
POWER OF A SYNCHRONOUS GENERATOR OF A SHAFT-GENERATINQ UNIT
TAKING INTO ACCOUNT SEA WAVES

ABDULKADYROV A.l, ALIEV N.A,, RUSTAMOV R.1., GANIEVA N.A.

The results obtained allow us to conclude that the synchronous generator of the standard
design of the shaft-generating unit is not able to damp oscillations at the resonant and close
frequencies in full. Even if it is possible to dampen the rotor vibrations (A6=0), then in return
the stator current and the reactive power of the synchronous generator begin to make large
fluctuations. The latter circumstance has a negative effect on the operation of the ship’s
electric power system and makes it impossible to parallel operation of the shaft generator with
diesel generators.

Key words: Synchronous shaft generator, forced oscillations, electromechanical resonance, vibration
damping.
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TAC BOSALMASININ AZALDILMASI USULLARININ TOHLILI
MORUFOV I.M., MIRZOYEVA L.S., KORIMOVA S.M.

Azarbaycan Doviat Neft vo Sonaye Universiteti
ilkinmarifov@mail.ru

Verilmis moqalodo yiiksok gorginlikli verilis xotlorindo tac bosalmasinin analizi vo eyni zamanda tac
bosaldilmasinin azaldilmasi mosolasing baxilmisdir. Tac itkilorinin hesablanmasi {igiin formulalar verilmis vo
taclama prosessinin yaranma sabablori gostarilmis.

Acar sozlar: Tac bosalmasi, verilis xatlari, tac itkilori, radiomanealor.
GIRIS

Doyison coroyanli xiisuson do yiiksok gorginlikli hava elektrik verilis xotlorinds
(HEVX) is¢i gorginliklords daimi olaraq, tac bosalmasi proseslori bag verir.

Real soraitlordo HEVX tac bosalmasi Ui-qiymotindon asagi gorginliklorde fasilosiz
olaraq coroyan impulslarinin tosiri noticosindo inkisaf edon vo sonon strimerlor hesabina
yaranir. Bu zaman tezliklori 1-100 MHs-a borabar olan yiiksok tezlikli impulslar yaranir.
Noticodo taclanan xotdo elektrik enerjisi itkilori vo radiogebuledicilar, televiziya vo robito
kanallarina maneaslor yaranir.

Tac itkilori yaxs1 hava goraitinds timumi itkilorin 7-25%-ni togkil edir. Bu sobabdan belo
xottlordos tac itkilori azaldilmali vo radiomanealor buraxilabilon hodds godor mohdudlasdiril-
malidir.

Biitiin moftili ohato edon tac bosalmasi saho gorginliyinin Ep baglangic qiymetindo
Ozilinli gostormoays baslayir Ep moftilin radiusundan, havanin nisbi sixlifindan vo moftilin
nahamarliliq amsalindan asili olur. Polad-aliiminium moftillorinin asas markalari {i¢iin normal
hava soraitindo Ex=30-32 kV/san-dir. Ogor moftilin elektrik saho gorginliyinin maksimal
qiymati Em bosalma garginliyi Ep-don boyiik olarsa (Em>Ep) xotdo timumi taclanma bas verir.
Umumi taclanma zamani ¢ox yiiksok radiomaneolor vo tac itkilori yaranir buda yol verilmoz
haldir.Ona gorads xattin an yliksak is¢1 gorginliyinds Em<Ep sorti 6donilmalidir.

Masalonin qoyulusu.

Taclama prosesi 6ziinii daha cox 330 kV-luq vo daha yiiksok gorginliklords biiriizo
verir. Yiiksok gorginlikli HEVX-da ¢oxlu sayda ayr1 ayr1 moftillorden ibarot hazirlandigina
goro moftili moftili sothi dalgavari olmaqla yanasi,nahamarliliq, ciziglar vo kigik ¢ixintilar
olur. Bu sababdon maoftilin hamarlilig1 asagi diislir vo yerli taclanma bas verir. Maftilin
radiususnun artirilmasi baslangic gorginliyin qiymaetini ¢ox ciizi sokildo azaldilmasina sabob
olur. Xattlords tac itkilorini vo radiomaneslori azaltmaq moagsadils adoton pargalanmis sokilli
moftillordon istifado edirlor. Belo moftillordo xottin xtisusi induktivliyi asagi disir vo
moftillin elektrik enerjisi Otiirmo qabiliyyati yiiksolir. Yeni ¢okilmis xotlords ciziglarin,
mexaniki zodolonmolorin vo s. tasiri naticasinds tac itkilori daha ¢ox olur vo yalniz toxminon
4-5 ildon sonra tac itkilori qorarlasmis qiymotini alir.

Tac itkilorinin azaldilmasi {isullarindan biri do faz moftillorinin diametrlorinin
genislondirilmosidir. Lakin belo moftillorin sonaye miqyasinda istehsali tam monimsonilma-
misdir.

Belolikla, yiiksok gorginlikli HEVX-da tac itkilori vo radiomaneslorin mohdudlasdril-
masi ticlin is¢i gorginliyin qiymotino osason tobii sorait nozoro alinmaqla maftilin en kosiyi
diizgiin secilmoli, parcalanmis sokilli moftillordon istifado olunmali vo xiisuson do
qurasdirilma islori zamanmi moftillorin zodolonmasino yol verilmomolidir. Tac itkilorini
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tamamilo aradan qaldirmaq miimkiin deyil. Tac itkisi arzu olunmazdir. Lakin HEVX-do
aldirim ifrat gorginlikde tac itkisini hesabina ildirimin tesiri azalir. Bircinsli olmayan sahoda
saho intensivliyinin giiclii oldugu elektrod yaxinliginda tam bosalmadan avval yerli bosalma-
tac bosalmasi yaranir. Elektrod otrafinda tacaoxsar parlaq isiltt yarandigindan bu bosalmaya
tac bosalmasi deyilir.

Tac bosalmasinin tobioti, adoton, iyno-miistovi vo ya koaksial silindr elektrodlari
sistemindo Oyronilir. Holo tac bosalmasinin ilk todqgiqatlar1 zamani elektrodlar arasinda
ddytinon tac coroyaninin movciid olmasi miisahido edilmisdir. Qiymatco bir ne¢o mikroam-
pera borabor olan tac monfi qiitblilkdo solis, miisbat qiitbliikkdo iso xaotik ddyiinmolordon
ibaratdir. Tac gorginliyini artdiqca ddyiinmelorin amplitud qiymeti yox, tezliyi artir. Tac
bosalmasinin yiiksok gorginlik xotlorindo yaranmasi xatdo giic itkilorinin yaranmasina sobab
olur.

Radiusu r olan va bir-birindon s>>r masafods duran iki yiiksok gorginlik xattindo, yaxud
yer miistobisindon bdyiik mosafodo duran xotdo tacin yaranmasi ii¢lin baslangic saho
intensivliyi

Ey = 29,85 (1+ =) (1)
vo gorginliyi
U, = E(grln% 2

diisturlar1 ilo toyin edilo bilor. Esni tapmaq ligiin toklif olunan empirik diisturun miiollifi
Amerika miihondisi Pik oldugundan bu ifadolors Pik diisturlar1 deyilir. Burada &~havanin
nisbi sixhigidir. Sabit gorginlikdos tac itkilori elektrodlar arasinda yaranan coroyanla slagodar
oldugundan bu itkilori miioyyan etmok iigiin tacin volt-amper xarakteristikasini I=f(U) bilmok
lazzimdir. Burada I-taclanan xottin vahid uzunluguna diison coroyan, U-homin coroyan
qiymatindaki gorginlikdir. Tacin volt-amper xarakteristikasini analitik tisullarla toyin etmok
cox caotindir. Odur ki, giic itkilorini hesablamaq {igiin tacin volt-amper xarakteristikasi
tacriibali tisullarla tapilir.

Dayison gorginlikdo tac itkilori elektrodlar arasinda axan corayanla deyil, daha
miirokkab proseslorlo olagodardir. Doyigon gorginlikdo otrafinda tac yaranan elektrodun
potensiali qiymot vo isaroco sinusoid qanunu iizro doyisir, yeni isaroyo malik tac ovvoalki
yarimdalgadaki tacdan qalan hocmi yiiklorini neytrallagdiraraq 6z yeni igaroli hacmi yiiklorini
yaratmalt olur. Bu zaman sorf olunan enerji doyison gorginlikds tac itkilorinin osas
mabhiyyaetini togkil edir. Odur ki, doyigon gorginlikdos tac itkilorini miioyyon etmak {i¢iin volt-
kulon xarakteristikasini bilmok lazimdir.

Sinusoidin miisbat yarimdalgasinda xatt otrafinda miisbat tac bosalmas1 omalo golir.
Tac otrafinda 6z isarosino uygun, yoni miisbot ionlardan ibarot hocmi yiiklor yaranir. Bu
yiiklarin s1xlig1 sinusoidin maksimal qiymatinds an boyiik qymat alir.

Dayison carayanlt yliksak gorginlikli elektrik verilisi xatlorinds tac itkilorini miisyyan
etmok tliclin miixtolif empirik diisturlar da movciiddur. Bir fazadaki tac itkilorini Pik
torafindon togdim edilmis asagidaki empirik diisturla miioyyon etmok olar

2 2 -

burada r-naqgilin radiusu; s-moftillor arasindaki maesafo; Us-faza gorginliyinin tosiredici
giymoti; Uo-tac itkilori yarada bilocok gorginlikdir.
Uo-1n giymati digor Pik diisturu ilo miioyyan edilo bilor.
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Uy = 21,26m1m2rln§, kV 4)
burada my-xattin sathini, mz-havanin vaziyyatini xarakterizo edir.

Ideal soth iiciin m1 vahiddirso, real burulmus bir neco naqildon ibarat xotlor iigiin
m1=0,8-0,9-dur. Tac gorginliyinin qiymsti vo onunla slagadar olan tac itkiloerinin qiymati
havanin vaziyystindon ¢ox asilidir. Aydin vo quru hava soraiti {igiin mo=1, dumanl, yagish
hava {i¢iin mp=0,8 qiymatlori gotiiriiliir. Radiomaneslor vo homginin tac itkilori maftilin
sothindo elektrik saho gorginliyinin qiymsati artdigca yiiksalir. Radiomaneslor hom do pis hava
soraitinda do artir.

Radiomaneolorin hesablanma {isulu istismarda olan hava elektrik verilis xotlorinda
coxsaylt 6lgmolor noticosindo V.V.Burgsdorf vo E.N.Juravlev torofindon toklif edilmisdir.
Sokil 1-do yaxs1 hava soraitindo yagislt 7,45 vo qarlt 7mgar vaxtlar: da nazors almagqla buraxila
bilon radiomanealarin soviyyasi ypur gostorilmisdir.

_ Tyag
vag = 3760
_ Tqar
Maar = g7¢0

Your - parametrinin qiymaoti 50mkV~201g51—0= 94dt-yo borabor olan 0,5+2,5MqHs

tezlik ti¢ilin ildo
0,05-8760=440 saat

miiddat li¢iin secilmisdir.

Your —qiymati ilo hesabatdan alinmis vo yaxud da Ol¢lilmiis yaxsi hava {iglin Yyax —
giymaotlo miiqayisa olunur.

Yyax — parametrinin hesabat qiymoti xottin konar fazasindan 50m mosafodo almaqla
asagidaki emprik diistur vositosils toyin edilir.

To—+/Thaz E —Em
Yyax = YVbaz +45 \/?mr—lzabz — 80 El;baz (4)

burada ro-dostado olan moftillorin radiusu; Em-moftillordoki elektrik saho gorginliyinin
maksimal qiymoti; Ybaz, Ibaz, Ebaz, Enbaz-500KV-luq xattin bazis qiymatloridir. 3xACO-330-
moftili Gglin. ybaz=30db; Epaz=28,4kV/sm; rba;=1,26 sm; Enpaz=31,5 kV/sm.  Xottdoki
radiomanealor o vaxt buraxila bilon hesab olunur ki,

Yyax< Your

Indi iso 500kV-luq xott iigiin radomanealorin xottin foaliyyot zonas: iigiin asagidaki
parametrlori gobul edak:
-yagmurlu havanin davametmo miiddati:

nyag=0 y 057
-qarlt havanin davametmo miiddoti
T]qar:0,091

Sokil 1-doki oyridon ybur=24db oldugunu toyin edirik.
(5) ifadasina asason
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J1,51 — /1,26 50 28,4 — 24,2
J1,51-1,26 31,5

yyax:22,7db < ybur:24db

Vyax = 30 + 45 =22,7db

4
db
767
25]]
247
23]
221

20 t t t
0 5 10 15%
Sok.1. 7yag VO 1gar hava omsallarindan asili olaraq
radiomanealoarin buraxilabilon haddlori.

Miiqayisadon goriiniir ki, radiomanealor buraxilabilon haddadir.

Tac bosalmasinin tosirinin azaldilmasi todbirlori: Tac itkilori ilo miibarizo aparilmasi
yuksok gorginlik texnikasi qarsisinda duran osas masololordon biridir. Tac hadisosi saho
intensivliyinin yiiksok oldugu hissolorde yarandigindan birinci ndvboda sahenin bircinsli
sahoyo yaxin olaraq paylanmasini tomin edirlor. Yiiksok gorginlik aparatlarinda sivri uclar,
konstruktiv ¢ixintilar kiiro vo ya oval sokilli hazirlanir. 330kV vo daha yiiksok gorginlik
xotlorinde izolyatorlarin dayaqlara vo xatloro birlosdiyir hissalora gorginliyin miintozoni
paylanmasini tomin edon ekranlar borkidilir.

(1) diisturundan goriindiiyti  kimi, tac itkilorini yarada bilocok gorginlik xattin
diametrindon asililidir; r boytidiikes tac itkilori daha yiiksok gorginliklordo yarana bilor. Bu
sabobdon yliksok gorginlik sinifli verilig xatlrindo faza naqilinin pargalanmis sokilds (sokil 2)
istifads edilmasi genis totbiq olunur.

Gorginlik sinfindon asili olaraq naqili 2, 3 vo ya 4 hissoyo pargalayirlar. Bu zaman
parcalanmis naqilin ekvivalent radiusundan istifads edilir:

Te = n\/ ToD1Dn—1 %)

Sok.2. Parcalanmis moftillorin dasts soklinda yerlogsmasi.
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burada ro-pargalanmis nagqilin radiusu; D1Dn-1-bir naqildon digar naqillora qodar olan moasafa;
n-parcalanmis naqillorin sayidir.

Qeyd edok ki, tac itkilori giic itkisi kimi zorarli olmaqla barabor xiisusi hallarda miisbot
tosiro do malikdir. Moasalon, verilis xatlorindo ifrat gorginlik dalgasi yaranarsa bu gorginlik Uy
giymotindon xeyli boyiik oldugundan xotds tac hadisosi yaranir. Bu zaman yaranan tac itkilori
izolyasiya ti¢lin qorxulu olan ifrat gorginliyin qiymatini azaldir.

NOTICO

Moqalads tac bosalmasinin tohlili aparilaraq tac itkilorinin hesablanmasi vo azaldilmasi
ilo bagli miixtolif tokliflor verilmisdir. Tac hadisosi saho intensivliyinin yiiksok oldugu
hissalorde yarandigindan birinci ndvbado sahonin bircinsli sahoys yaxin olaraq paylanmasi
tomin olunmalidir. Xotlordoki tac itkilorini vo radiomaneolori azaltmaq moqgsadilo
pargalanmis sokilli maftillordon istifado edilmoasi daha oslverislidir. Belo olan halda maftillordo
xottin xilisusi induktivliyi asag: diisiir vo moftillin elektrik enerjisi 6tiirma qabiliyyati yiiksalir.
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AHAJIN3 METOJOB CHUXKEHUSI KOPOHHOTI'O PA3PAIA
MAPY®OB U.M., MUP3AEBA JI.C., KAPUMOBA C.M.

B nanHOU cTaThe paccMaTpuBaeTCs aHajdu3 KOPOHHOTO pa3psj/ia Ha BBICOKOBOJIBTHBIX
JUHUAX JJIEKTPOIIepeaun, a TAkKe CHIDKEHHE KOPOHHOTO paspsiaa. [IpencraBieHs! hopMysl
JUISL pacyeTa NoTepb KPOHBI M MPUYUHBI BO3HUKHOBEHHS IIPOLIECCA KPOHBI.

KuroueBble ¢j10Ba: KOPOHHBIN pa3psij, JMHUU IEKTPONEepeNadn, KOPOHHbBIE IIOTEPH, PAJUOCTAHLIUN.

ANALYSIS OF CROWN DiISCHARGE REDUCTION METHODS
MARUFOV I.M, MIRZAYEVA L.S, KARIMOVA S.\M

This article addresses the analysis of crown discharge on high-voltage transmission
lines, as well as the reduction of crown discharge. The formulas for the calculation of crown
losses are presented and the reasons for the occurrence of the crown process.

Keywords: Crown discharge, transmission lines, crown losses, radio stations.
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PaspaboTana HOBas KOMIIEHCHpPOBAaHHAas KOHTAaKTHas IIOJBECKAa C JBOWHBIM HECYIINM TPOCOM.
HccnenoBano B3auMojieiicTBHE TOKOIIPUEMHHKA C HOBOHl KOHTakTHOM mojBeckod. OmpeneneHo BIMSHUE
HaTSDKEHWS JBYX HECyIIMX TpPOCOB M JPYyruxX MapaMeTpoB Ha KadecTBO Tokockema. IlomyueHsl
SKCHEPUMEHTAIIEHO MTHOBEHHBIC 3HAYEHMS KOHTAKTHOTO HAaXKaTHs A AHKEPHOTO Y4acTKa HaTshDKEHHEM
Hecymiero Tpoca (2x16,5 kH) mis cxopoctu aBwxenus 140 km/d. [lo TOJTy4eHHBIM TapMOHHYCCKUM
COCTaBJIAIOLINM ITOCTPOEHB! aMIUTUTYAHO-YaCTOTHbIE XapaKTEePUCTUKH JUIS UCCIEAYEeMbIX aHKEPHBIX yYacTKOB.
YcTaHOBIIEHO, YTO BIHMSHHUE TApaMEeTPOB KOHTAKTHOM MOJBECKH HaxoauTcs B Auamnasone Ao 10 I'm. B mectax,
rie TapMOHMKM MMEIOT MEHBIIME 3HAa4Y€HUs, CPEIHEKBAIPAaTHUECKOE OTKIOHEHUE KOHTAKTHOIO HaXKaTHs
HaXOJUTCS B MEHBLINX JUANa30HAaX, YTO CKa3blBAE€TCA HA JIy4IlEeM B3aUMOACUCTBUU.

KnroueBble c¢JI0Ba: KOHTaKTHAs CCTh, HCCYH.[I/Iﬁ TpocC, KOHTaKTHBIN IIpoOBOA, KAa4YC€CTBO TOKOCHEMaA,
JAWMHAMHWYCCKHUC MapaMeTpPhl B3aMMOICHCTBUS KOHTAKTHOTO mpoBoAa U TOKOIIPUEMHHKA.

B cBs3u c yBennueHHWEM CKOpPOCTEW IBMIKEHHMS U POCTOM OO0beMa MEepeBO30K Ha
AMEKTPUPUIIUPOBAHHBIX JKEJIE3HBIX JIOpPOrax Halledl CTpaHbl, B TOM YHCJIE€, COBMEIICHUS Ha
HEKOTOPBIX YYacCTKaX IPY30BBIX U MACCAKUPCKUX MEPEBO30OK, KOHTAKTHAS! CETh UCIBITHIBAET
3HAYMUTENIbHBIE TEPMUYECKHE W MEXaHMYeCKHue Harpy3ku. VHTEHCHBHOCTh YBEJIMYCHUS
JBUKEHHS TPUBOANT K TOMY, 4YTO OoJiee AUTENbHOE BO3/ICHCTBHIE TOKA U O0JIiee BBICOKUE €r0
3HAQYCHHS BBI3BIBAIOT MPOJIOJDKUTEIIbHBIA HAarpeB IMPOBOJOB KOHTAKTHOW CETH, MPU ITOM
Temreparypa Onu3Ka K MpeAeNbHbIM JOMYCTUMBIM 3HadeHHs M. B To ke Bpems mpu
pa3pabOTKe HOBBIX TMPOEKTOB [IJII CKOPOCTHOTO M  BBICOKOCKOPOCTHOTO JBUKECHUS
MPEANOJaraeTcsl MOBbIIICHUE BEJIMYMH HATSHKEHHWI MPOBOJOB B KOHTAaKTHOM mojBecke. Bce
9TO MPUBOJUT K CHIKEHUIO KO3 (UIIMEHTA 3amaca Mo MeXaHUYeCKON MPOYHOCTH MPOBOOB U
YBEJIUYEHHUIO PUCKA MX pa3pylIeHUs IPU CYLIECTBYIOIIMX HOpMaTuBax [3]. Bmecre ¢ Tewm,
HEeoOXoAMMO obecreunBaTh HAJCKHYIO TEepeaady TOKa K 3JIEKTPOINOJBIKHOMY COCTaBy IO
KOHTakTHOM cetu. C yBEIMYEHHEM CKOPOCTU JBUKEHHUS IMPOLECC JTUHAMUYECKOIO
B3aUMOJICCTBUSI TOKONPHEMHHUKA W KOHTAKTHON TOABECKH CYIIECTBEHHO YCIIOXKHSICTCS.
3HAYUTENBHYIO POJIb HAYMHAIOT UTPaTh KOJeOaTeNbHbIE U BOJHOBBIC SIBICHUS B KOHTAKTHOM
MOABECKE, TPUBO/ISIINE K U3MEHEHUIO B IMIUPOKUX TMPEJEIax CHUIIbl KOHTAKTHOTO HaXKaTHS H,
KaK CIIEJICTBHE, PE3KOMY YXYAIIEHUIO KauecTBa ToKocheMma. J[nsi ymeHblleHus pazdpoca
cunbl Fx OT 3HaueHus mpoBeca KOHTAKTHOTO TMPOBOAA, TPeOyeTCs COBEPIICHCTBOBAHHUE
KOHCTPYKIUNA KOHTAKTHOM MOJBECKM U TOKONPUEMHHUKOB, ONTHUMHU3ALMS UX MapaMEeTpOB —
YMEHBIIEHUE CTPEJI MpOBECa U PABHOM >KECTKOCTH KOHTAKTHOIO MPOBOJA B MPOJIETE IS
obecrnieueHrne MPSMOIMHEHHOCTH TPASKTOPUHU TMPOCIeIOBaHUE TOKONMpUeMHUKa. Ele omHuM
(dbakTOopoM, BIUSIONIMM Ha KAa4eCTBO TOKOChEMa IIPHU KOMIICHCHPOBAHHBIX TIOJIBECKAX,
ABJISIETCSl 3HAUYEHHME CTpPEeJibl MpOBEca KOHTAKTHBIX MPOBOJOB. OKCIEPUMEHTAIbHbIE
uccienoBanus nposeaeHHbie B PO nmokasanu, 9o nmpu ckopoctax apmwkeHus 160—200 km/q4
HaWJIy4llIue yCJIOBUS B3aUMOJEHCTBUS TOKOTIPUEMHHUKA C KOHTAKTHOW MOJABECKON CO3AI0TCH,
KOrja MeXAy KpaHUMH MPOCTHIMM CTPYHAMH KOHTAKTHBIM MPOBOJ UMEET CTpENy MpoBeca
paBuyto 0,001 ot 3To#i muHEL [lo BRIOpaHHOW ONTUMANTBHON CTpeNie MPOBeca PETYIUPYIOT
KOHTAKTHBIE MPOBOJIa KOMIEHCUPOBAHHOM MOABECKHU.
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HccnenoBanust Tak Jk€ MOKa3aJM, 4YTO JUIsI TOBBILIEHUS KayecTBa TOKOChEMa
HEOOXOUMO YyBEJIIMYEHUE 3HAUEHUN HATSIKEHUH, KaK B KOHTAaKTHOM IIPOBOJE, TaKk U B
Hecy1ieM Tpoce. Ho, ¢ yuetoMm umeromerocst ko guirenTa 3amnaca jsi HeCyLero Tpoca, 3To
PUCKOBaHHO PEAIN30BbIBATD.

AHain3 pe3yabTaToOB NPOBEICHHBIX HCHBbITaHMH mokasan, uro s Xl ankepHoro
y4acTKa C IOBBIIICHHBIM HATSHKEHMEM B KOHTAakTHOM npoBoae 21 kH u HarskeHuem B
HecyleM Tpoce 18 kH mosyuyeHHble OUHAMUYECKHE MapaMeTpbl OKa3ajlUCh BbIMIE U C
0onpmMM 3amacoM, B omiinuue oT X| aHKepHOro yyacTka C INOHHM)KEHHBIM HATSKEHUEM B
KOHTakTHOM IipoBojie 16,5 kH u moBbllIeHHBIM HaTsKeHUEM B HecyiieMm Tpoce 20,5 kH. 1o
CBS3aHO C TE€M, YTO CKOPOCTb PAaCIpPOCTPAaHEHUs IONEPEUYHON BOJHBI 3aBUCUT OT HATSYKEHUS
IIPOBOJIOB KOHTAaKTHOW IOJBECKU. IIpy MOBBIIEHHOM HATSEHUHM B KOHTAKTHOM IIPOBOJIE
YBEJIMUYUBAETCS )KECTKOCTh KOHTAKTHOM MOABECKU U CKOPOCTh PAaCIPOCTPAHEHHUS [TONIEPEYHON
BOJIHBI B IIPOBOJIAX.

[Tpu ombiTHBIX Moe3akax B ['epmanun co ckopoctsimu 10 280 km/4 [32] Obuia mccie-
J0BaHa YPPEKTUBHOCTb YBEIUYEHUS HATSHDKEHUS! KOHTAKTHOTO MTpoBoJia ceueHueM 120mm 2 B
noasecke Re250 c¢ 15 mo 21 xH. Takoe m3MeHeHuEe MO3BOIMIIO YIYYIIMTH IOKa3aTelu
Ka4yecTBa TOKOChEMa, B YACTHOCTH, CHUKEHHE HAUOOJIbILETr0 3HaUCHHUsI KOHTAKTHOI'O HaXKaTHs
TOKONPUEMHUKA HA KOHTAKTHBIN MpoBo nu3MeHusoch ¢ 220 no 180 H.

B KOHTaKkTHOW NOJBECKE OJHUM M3 OCHOBHBIX 3JIEMEHTOB SBIISIOTCS KOHTAKTHBIE
npoBoja. [Ipu BeIOOpe MaTepuana A KOHTAKTHBIX MPOBOJIOB HEOOXOAMMO YYUTHIBATH, YTO
IpoBOJA AOJDKHBI 00JalaTh BBICOKOW MEXaHWYECKOHM MHPOYHOCTBIO, HW3HOCOCTOMKOCTBIO,
ANEKTPONPOBOJHOCTBIO, @ TAaKKE€ HAarpeB CTOMKOCTBIO. [IpyM BBICOKOM MEXaHWYECKOUN
IPOYHOCTHU MPOBOIOB NOSBISAETCS BO3MOXHOCTD 3a/1aBaTh OOJIbIINE 3HAUECHUS HATSKEHUH.

KonTakTtHas cetb u TokonpueMHuku JI1C kak HOCTOSTHHO B3aMMOJEHCTBYIOIINE MEXTY
co0Ol cHCTeMBbl JOJKHBI OOecreuyuBaTh HAJECKHBIH M 3KOHOMUYHBIM TOKOCHEM, TO €CTh
0€30TKa3HOCTh PabOThl U MUHUMAJIbHBIN U3HOC KOHTAKTHBIX MPOBOJIOB U TOKOIIPUEMHUKOB.

BaxxHocThb I1apaMeTpoB MEXAHUYECKOTO B3aMMOJENCTBUSA JBUKYILIETOCS
TOKOTNPUEMHUKAa M KOHTAaKTHOH TIOABECKH OIpeNeNsieTcs TeM, YTO YXYyJAUIEHHE YCIOBUI
MEXAHUYECKOTO BO3JIEHCTBUSA, B YACTHOCTH, HAPYIIEHUWE KOHTAKTa, NPUBOJUT K OTKa3aM
KOHTaKTHOM CETH U TOKOTIPUEMHUKOB.

BnusHue XapakTepuCTHK TOKONPHEMHHKA Ha KadecTBO ToKockeMa. (OCHOBHBIM
KpUTEpUEM KauyecTBa MEXaHHYECKOIO B3aUMOJICHCTBUS TOKONPUEMHUKA U KOHTAaKTHOMN
MOJIBECKH SIBJIIETCS CTENEHb IOCTOSHCTBA KOHTAKTHOTO HAXaTWs, T. €. YCUIUE HAXKATHSA B
KOHTAaKTEe MEKy TOKOIPUEMHUKOM U MPOBOJIOM B npouiecce aAprkenus JIIC.

[Tpu pa3paboTke KOHCTPYKIMHA KOHTAKTHBIX IOJBECOK JUIsl OOECHeueHHs] XOpOIIEro
TOKOChEMA CTPEMATCSA K TOMY, UTOOBI 3JITACTUYHOCTD MOJABECKU BO BCEX TOUKaX IMpoJjieTa Oblia
onuHakoBoM. OjHAaKO OOJBIIMHCTBO HOBBIX KOHTAKTHBIX IMOABECOK MEPEMEHHOr0 TOKa
27,5«B, CMOHTHUpOBaHHBIX Ha A3epOail/PKaHCKUX SJIEKTPUPHUIMPOBAHHBIX >KEIE3HBIX
JI0porax, TakoMy TpeOOBaHMIO HE YIOBJIETBOPSIOT, T. K. CTpesia MpoBeca HECYLIEro Tpoca,
M3MEHSETCS MPH U3MEHEHUH TeMIIepaTyphbl OKPYKalOLIEro BO3IyXa, U MO3TOMY OOJIBLIYIO
4acTb BPEMEHM KOHTAKTHBIM IIPOBOJ pAaclojaraeTcss HE paBHO D3JaCTUYHO U HE
MPSIMOJIMHEVHO.

O06a 3TuX 00CTOATENbCTBA ~HEOAMHAKOBAS AJIACTUYHOCTh M HAJIMYKE CTPENIbI OOJIBIIOTO
poBeca KOHTAKTHOTO MPOBOJAa—SBIIAIOTCS MPUUYMHAMU TOTO, YTO TPAEKTOPHS JBUKEHHS
10J103a OOBIYHO TMOJyYaeTcsi HeMMHEHHOM, KOTopas MPUBOAMT K BO3PACTAHMIO AMIUIMTY]IBI
M3MEHEHHs KOHTAaKTHOTO Ha)KaTusl T. €. TOKONPUEMHUK B KaXXIOM IMpPOJIETE JBUIKETCS C
BEPTUKAJIbHBIM YCKOPEHHEM B UTOre Hapyllaercs CTaOWJIbHBI TOKOCheM. BrusHue
HaTSHKEHHE TIPOBOJIOB Ha JMHAMMUYECKHE MapaMeTphbl CUCTEMBI, CKOPOCTh PaclpOCTpaHEHUS
BOJIHBI MOKHO BBIPA3UTh B MOJIEIM BHIOPAHHON KOHTAKTHOW IMOJABECKH C HMCIIOJIB30BaHHEM
npuHiuna ["aMunbToHa U1l BBIBOJIA YpaBHEHUH ABMKEHUS IPOBOJA B cpeAnHe nposteta. [s
3TOTO PaccCMOTPUM MpoisieT JuHOW L, paboTa Ha medopmamnuu A, a Takke KUHETHYECKas
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sHeprusi E BeIpakaercs uepe3 mepeMmellleHHe TOUYKM ocu mpoBoja. Juddepenuumanbubie
ypaBHEHHSI [-HOI 0000IIIEHHOI KOOPAMHATHI, BBITTIAUT TAKUM 00pa3oM.

Mgy + (- P [Ex 1L(F)? +Tados +(qrg2)— Ko = = P(Osin==]; (1)

Magy + (7 ) [E2 12(7)° +T2ldz +5-G2 2=y Sa+ T (02— ) X1 K =0; (2)

rie uHAEKchl, l1-KOHTakTHBIM npoBox; 2-Hecyuwil Tpoc; E- Harskenue mpoBonos; M-
IIOrOHHAs Macca IpoBoja; L -mnuHa nponerta; E |-uzrubnas xxectkocts nposoaa; E — moayinb
yHOpyrocty, |- oceBoil MOMEHT MHEpLMH IONEPEUHOro CEYEeHHs IMPOBOAA; (- 000O0IeHHas
KOOpJMHAaTa CUCTEMBI, a-KOJMYECTBO IPOJIETOB B aHKEpHOM YydacTke, K- 3HaueHus
MHHUMAJIbHBIX HH/CKCOB JKECTKOCTEH cTpyH; d- pasubie 3HaueHus Ky; P(t)-cocpenorouennas
CWJIa JEMCTBHMS Ha NPOBOJ CO CTOPOHBI JIBDKM TOKOIPHUEMHMKA, t- MOMEHT BpeMEHU
nepeMeleHsl TOYeK OCH MpoBOAA; V-CKOPOCTb JBMXKEHMS; S-)KECTKOCTh KOHCOJIU; €-
pasHble 3HaueHUs S. YpaBHeHHe (1) oTpakacT TMHAMHYECKOE B3aMMOJACHCTBHE KOHTAKTHOTO
IPOBOJIAa U TOKOIIPUEMHHKA. Y paBHEHHE (2) ONMUCHIBAET COCTOSTHHE HECYILIEr0 TPOca.

Takum o0pazoMm, MoJelnb TOKOChEMA, MAaKCUMAaJIbHO MPUOIMKEHAa K pealbHbIM
YCIOBUSAM TOKOCheMa. Takxke ObUIO MPOAHATU3UPOBAHO BIMSHUE HATSDKEHUS JABYX HECYIIMX
TPOCOB HA JMHAMHUYECKHE [TapaMETPhl CUCTEMBI.

Pacuersl mokasbIBaOT, YTO 3JACTUYHOCTH IOJBECKHM HA YYacTKE OT CTBOpA OMOPHI JI0
HEepBOIl CTPYHBI U3MeHseTCs ¢1a00, MOATOMY Ha 3II0PE ACTUYHOCTH (pUC.2.) 3TOT y4acTOK
MPEJCTABIIEH TOPU30HTAILHON NIPSMOM, @ B CPEJIHEN YaCTH MPOJIETA AIACTUYHOCTh NMOJABECKHU
U3MeHseTcs 1o napabosie.

Ha nuHuAX mnepeMeHHOro TOKa YIOBJIETBOPUTEIbHOE KAadeCTBO TOKOChEMa MpPHU
KOMIICHCUPOBAaHHBIX [OJIBECKaX TIA€ TOJBECKA HMMEET OJUH KOHTAKTHBIM MpOBOJI, C
paccuMTaHHBIX Ha CKOPOCTU JBMKeHHUs 10 160 km/4, obecrieunBaeTcsi yCTaHOBKOM HEPBBIX
IIPOCTBIX CTPYH Ha paccTosiHUM 10 M OT onop, 10CTaTO4eH PECCOPHBII MPOBOJ AMMHOW 12 M.
Eme ogHum (akTopoM, BIUSIONIMM Ha KauecTBO TOKOChEMAa IpPH KOMIIEHCHUPOBAHHBIX
NOJIBECKAX, SBISETCS CTpeja IpPOBeCa KOHTAKTHBIX IPOBOAOB. OKCIEPUMEHTAIbHBIE
UCCJIEIOBaHMSI IOKA3aJIM, YTO MPU CKOPOCTAX ABMxKeHUs 160—200 kM/4 HammydIne ycaoBHs
B3aMMOJEHCTBUS TOKONPHUEMHUKA C KOHTAKTHOW IIOJBECKOM CO3JAIOTCS, KOIZa MEXIy
KpallHUMH MPOCTHIMM CTPYHAaMH KOHTaKTHBIM MPOBOJA MMEET cTpeiy mposeca, paBHyto 0,001
oT 3Toi JuinHBL. [lo BBIOpaHHON ONTHMANIBHOW CTpejie MpoBeca PEeryJupyroT KOHTAKTHBIE
IIPOBOJIa KOMIIEHCUPOBAHHOM MOJABECKHU.

VYcnoBus MEXaHMUYECKOTO B3aMMOJEHUCTBUS yXYALIAKOTCS MPU YBEIUYEHUH PACCTOSHUS
MEXJly COCETHUMU CTPYHAMH, YTO OOBSICHSIETCS 3HAUUTEIbHBIM YBEJIIMYEHHEM CTpEI MpoBeca
KOHTAKTHOTO MPOBOJIa B MEXJy IpOJeTax CTPYH. DTU CTPEIbl MOXKHO ObUIO ObI YMEHBIIUTh
YBEJIMUEHUEM HATSHKEHHUS KOHTAKTHOTO IMPOBOJA, HO TAaKMX BO3MOXHOCTEH Ha ydacTKax
AJXK]] HeT, NOCKOJBKY NpUMEHEHAa KOMIIEHCHUpOBaHHas KOHTaKTHas noasecka tuma M120
+M®100, HaTs>KEHUS MPOBOJOB B IMOABECKE YK€ NMPUHATHI MAKCUMAJIbHBIMH, B YaCTHOCTH
10 yCIIOBUAM oOecrieueH st HauOobIIe BETpOyCTOMYMBOCTH MOABECKU. B HacTosiee Bpems
Ha AMIEeKTpU(PUIMPOBAHHBIX ydyacTkax baky- Berok KsCMK MOHTHPOBAHO KOMIIEHCHpPOBaHHAas
KOHTaKTHas nojBecka tuna M-120+M®-100 oGecrnieunBaroiasi CKOpOCTh ABMKEHUS TOE3/10B
paBHoro 140xwm/gac. [ToBeimeHHy0 CKOpOCTh Toe370B 160-200xM/gac TpeOyeT MOBBIIICHHBIN
MIHOBEHHYK0  MOIIHOCTH TAroBod cetd. CyllecTByromas KOHTaKkTHas IOJBECKa
MI120+M®100 mo MexaHHMYEeCKUM XapaKTepUCTUKaM He OOJIbIIOE HATSKEHHE HEeCYIIEro
Tpoca -16500H He paccuntana Ha ckopocTh Ooneel60xkm/gac.

C 1enpio TTOBBIICHHUS CKOPOCTH Ha yuacTke baky— berok ksacuk aBTOpoM pazpaboraHa
KOHTaKTHasi TIOABECKAa C JBOWHBIM HECYIIUM TpocoM. Pe3ynpTupyromias HaTsSKEHUS
Hecymero Tpoca coctaBisier 2x16500H (puc.l.) Takoe HaTskeHHME HECYIIEro Tpoca
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HOJTHOCTBIO 00ECIEUUT 10 MUHUMAIbHOIO 3HAYEHUS CTPENbI IPOBECA KOHTAKTHOTO MPOBOAA,
YTO  TOJIOKUTEIBHO  CKaXeTcs B OOpa3oBaHMM  NPSIMOJIMHEHMHOCTH  TPACKTOPHH
TOKOIIPUEMHUKA 3JIEKTPOIOJBI)KHOIO cocraBa. IIpoBeneHo MccienoBaHuEe, U TEXHUUYECKHUE
pe3ynbTaThl MPUBEACHBI HIKE.

4
b2
pe | 2
= =
3l 2 8 g
- -2 - 3
i\—____‘——-i
(@] o
] b 2P
5.00 C1 cc |2 ¢ |3 ¢ |* ce ci 5.00

Puc.1. KomnencupoBaHHas peccopHas 0IBECKa IEPEMEHHOIO TOKA C IBOMHBIM
HECYIUM TpocoM 2XM-120+M®d-100 miis nposietor 40-60m.(7 cTpyH).

CratucTuveckue XapaKTepUCTHKU:

Hecymuit poc 2M-120,T=2x16500H.

KonTaktasiit nposox M®-100,K=12000H.

Peccopunsrit Tpoc M-35, H,=3000H

KoadduimeHT HepaBHOMEPHOCTH 31aCTHUYHOCTH B MPOJeTe (Evax/Ewin)-1,2

Koa¢pdunmeHt snactuaHocTH B IpOJIeTe (@+Em—i" 100%) - 12,4%.

Evax+ Emin
Junamuueckue xapakrepuctuku npu ckopoctu IIIC 160xkm/4gac.

CKopocThb pacnpocTpaHeHHs MTONEPEYHOM BOTHBI KM/4- 432

KoadduumeHT oTpakKe€HUST BOJHBI ....euvveneeneennenn.. 0.514
KoapduuueHT JIomaepa .......coeeveveiiniiniiininnn.. 0.46
KoahOULHUEHT YCUTEHUST ..., 1.118

Cxema pacnojoXeHHs CTPYH B mposietax AnuHoi 61-70m(9ctpyH)

8.00

’\*_ | —
P, =19gaH ¥
—— 2P| 0
o —a— — e
i) co ce ce [ [ Ce

g , [POQuK usMeHeHus anacmuuHocmu nogbecku & nposeme

_00_479cH

9.0

L / SN

7.0

% 15 2167 2825 35 41,67 4823 55 85 70

Puc.2. KomnencupoBaHHast peccopHasi MoIBECKa MEPEMEHHOTO TOKa C JIBOMHBIM
HecymmM TpocoM 2XM-120+M®D-100 mrst mposteroB 60-70M. (9 cTpyH).
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Puc.3. IsMeHeHre MTHOBEHHBIX 3HAYEHUIN KOHTAKTHOrO Ha)katus F- koHTakTHOrO
Ha)kKaTusl TOKONPHEMHHUKA HA aHKEPHOM YYacCTKE C HATSHKEHUEM KOHTAaKTHOTO
nposoga 12xH, Hecymero tpoca 2x16,5xH.

Awnnutyga, H
N

10

Takum 00pa3oM, Ha OCHOBE BBHIOpaHHOHM (PU3MKO-MaTeMaTHYECKOW MOJeNu ¢ mapameTpamu
B3aMMOJICHCTBYIOIIMX  [OJACHCTEM, MAaKCUMalbHO MpuOImxeHHsIMH Fcp u  ero
CPEIHEKBAIPATUUHOE OTKJIOHEHHUE G C yYETOM CKOPOCTU U HalpaBIEHUS IBUKEHUS:

M(F)= Fep = ;1 iz F

rze N — KOJMYECTBO U3MEPEHHH; | — HOMEp M3MEpPEHHS.

KauecTBo TokOCheMa OlleHHBAETCs 1MOciie 00paOOTKH ONBITHBIX JAaHHBIX 110 AMAarpaMMe
3aBUCHUMOCTH CPEJHEKBAJPATUYHOIO OTKJIOHEHMS KOHTAKTHOIO HaXaTUs OT CKOPOCTH
JABVKCHUSA B pCaJIbHBIX YCIIOBUAX. YeMm MeHBIITe 3HaUCHIE CPECOAHCKBAAPATHIHOI'O OTKIIOHCHUA
KOHTaKTHOI'O Ha)KaTHsl, TEM JIydlle Ka4YeCTBO TOKOChEMA.

PCSYJ'ILTaTI)I HCCIICOOBAaHHA BJIIUMAHUA HATAIKCHUA HECYHIETO TpoCa Ha Kad€CTBO
TOKOChEMAa IIOKa3alM, YTO IPUMEHEHHE KOHTAKTHOW IOJBECKU C JBOMHBIM HECYLIUM
TPOCOM  TO3BOJIMJI  YJIYUYIIMTh JWHAMMYECKHE MapaMeTpbl KOHTAKTHOM  IOJBECKH,
YMEHBIIAETCS TEpPMOMEXaHMUYeCKasi Harpy3ka Ha HEeCYIUil Tpoc 0€3 CHU)KEHUS! Harpy304HOM
CHOCOOHOCTH M Ka4€CTBO TOKOChEMA.
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[IpruMeHeHre KOHTAKTHOM MOABECKU C JBOMHBIM HECYIIMM TPOCOM JIa€T BO3MOKHOCTh

MOBBICHTH B MEPCHEKTHBE CKOPOCTHU JABIDKEHHs Moe31oB 10 200kM/4ac Ha ydacTke baky —
berok kacuxk AXK/I.

3aKJII04YeHus:

1.

2.

Pazpaborana HOBas KOMIICHCHPOBAaHHAsl KOHTAaKTHas IOABECKA C JBOWHBIM HECYIIMM
TPOCOM.

HccnenoBano B3anMMOAECHCTBUE TOKOIIPUEMHUKA C HOBOM KOHTAKTHOM MOJBECKOM.
OrnpeneneHO BIMSHUE HATSXKEHUS JABYX HECYLIUMX TPOCOB M JIPYTHX IapaMeTpoOB Ha
Ka4eCTBO TOKOChEMA.

[TomyyeHbl HKCIEPUMEHTAIBHO MIHOBEHHBIE 3HAYEHUsI KOHTAKTHOIO HaXaTus s
AHKEPHOI'0 y4YacTKa HaTsDKeHHEeM Hecylero Tpoca (2x16,5 kH) mist ckopoctu aBMXeHUS
140-200 km/4.

[To mosy4eHHBIM TaPMOHHMYECKUM COCTABJISIIOIIUM MOCTPOEHBI AMIUIMTYIHO-4YaCTOTHBIC
XapaKTEPUCTUKU KOHTAKTHOM MOJBECKU C JBOMHBIM HECYLIUM TPOCOM JJISl UCCIIENYEMBIX
AHKEPHBIX YYaCTKOB.

VY CTaHOBJIEHO, UTO TNPUMEHEHHE KOMIIEHCUPOBAHHOM KOHTAKTHOM MOJBECKU C JABOMHBIM
HECYIIMM TPOCOM JIaCT BO3MOXHOCTh IIyTEM MOJEPHHU3ALUU TIOBBICUTH CKOPOCTH
nBrkeHus: moe3fgoB 200kM/ W BBIIE HAa CYIIECTBYIOUIMX KOHTAKTHBIX IOJBECKaX, HE
MPOM3BOJI 3aMEHY HA HOBBIC KOHTAKTHBIC TOJBECKH IO CEOSCTOMMOCTH HECKOJIBKO
MIPEBBIIIAIOIINE MPETI0KEHHBIE.

Pazumos P.I'. TlonmyKOMIIEHCUpOBAaHHAsI KOHTAaKTHAas IIOABECKA C JBYMS HECYIMMH
TpOCaMM U TONEPEUHON KoMIEeHcauuel ux JuHeHHbIX aedopmanuid. [luc. Ha couckaHue
y4eHoil crenenu Kauj. Tex. Hayk. M.: BHUMKT, 1994. 127 c.

Pazumoe P.I'. ABTO KOMIIEHCHPOBaHHasl MO/IBECKA. //DNEeKTpHUUecKasi 1 TEIUIOBO3HAs TATA.
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SUROTLI ELEKTRIKLOSDIRILMIS DOMIR YOLLARI UCUN iKiLI DASIYICI
TROSLY KOMPENSASIYALI KONTAKT SOBOKOSI ASQISI

ROHIMOV R.Q., ROHIMOV S.R., ROHIMOV A.R.

Isdo yeni, ikiqat troslu, kompenso olunmus kontakt asilqani islonilmosi sorh olunur.
Coroyan qobuledicinin yeni kontakt asilganin garsiligh tosirlori todqiq edilmisdir. Yiik
dastyan iki trosun mexaniki dartilmasinin vo diger parametrlorin coroyan qobuletmonin
keyfiyyatina tosiri miioyyon edilmisdir.

Acar sozlori: siirot, domir yol, kontakt, amplitud-tezlik xarakteristikasi, kontakt naqili, dinamik
parametrlor, corayan, gobuledici, kontakt sobokasi, qarsiliqli tosir.

COMPENSATED CONTACT SUSPENSION WITH DOUBLE
SUSPENSION CABLE FOR HIGH-SPEED RAIL LINE

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

Developed a new compensated contact suspension with double suspension cable. The
interaction of the current collector with the new contact suspension was investigated. The
effect of the tension of two supporting cables and other parameters on the current collection
quality was determined. The experimentally obtained instantaneous values of contact pressure
for the anchor section were determined by the tension of the supporting cable (2x16.5 kN) for
a speed of 140 km / h. According to the obtained harmonic components, amplitude-frequency
characteristics for the studied anchor sections were constructed. It has been established that
the influence of contact suspension parameters is in the range of up to 10 Hz. In places where
harmonics have smaller values, the standard deviation of contact pressure is in smaller ranges,
which affects the best interaction.

Keywords: contact network, carrying cable, contact wire, current collection quality, dynamic parameters
of the interaction of the contact wire and the current collector.
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TURBIN-GENERATORLARDA KECIiD PROSESLORININ
BOZi ROQOMSAL IDARO MOSOLOLORI

H9SONOV Q.9.

Azarbaycan Texniki Universiteti
garahasanov@gmail.com

Turbinlorin idars olunmasinda totbiq edilon proqramlar diizbucqli impulslardan ibarat olan xiisusi formali
signallar osasinda qurulur. Energetika sistemlorinin strukturasinin vo avtomatlagdirilmasinin miirokkoblosmosine
sobab olan bazi proseslor, hom do goza rejimlorinin idars edilmosinds olave ¢otinliklor yaradir. Bu monada
inkisaf edon energetika sistemlorindo roqomsal texnologiyalar, impuls nozariyyalor texnika vo sistemlorinin yeni
iisullarinin totbiqi bir daha aktuallagir.

Acar sozlar: oks olaga, kegid proseslori, zaman sabiti, turbin-generator, blok, gazan, klapan yerdoyismo,
qizdirma, texnoloji miihafizo.

Siirat tonzimlonmaosinin diizbucaqli impuls tasirlori ilo aparilmasi elektrik intiqallarinda
genis yayilmis bir isuldur. Diizbucaqli impuls signallar1 turbinlorin giiclorinin siirotlo
azaldilmasini tomin etmoklo yanasi, onlardan ikinci vo sonra golon qalig, oksolago xota
signallar1 turbinlorin siiratli yliklonmalori noticasinds bag veran yirgalanmalarin qarsisini alir,
sok.1.

fit) ; (Y (1)
Wit =
X1 o

Sok. 1. Impuls nozoriyyasi elementlorinin sads struktur sxemi.

Idaroetmado xotti impuls sistemlor nazariyyesi kifayat qoder inkisaf etmisdir [1]. Homin
nazariyyaya asasan, impuls xarakteristikast W(t), ¢ixiginda X(t) kimi kosilmoz xotalar1t T
periodlu signallara ¢evirir vo tokrarlanan ardicil impulslar kimi formalasdiric1 s(t)-yo verir.
Cevrilon X(t) signallarinin s(z) formasinin, tosir miiddoti yT, 6tiirma odadi kim oldugu gabul
edilir. t=nT diskret zaman anlarinda signal impulslarinin amplitudasi oks alagadon ¢ixan X(t)
funksiyasina miitonasib olacaqdir. Onda mT zamaninda tatbiq edilon vahid impulsa, kosilmaz
hissonin gostordiyi reaksiya agsagidaki kimi ifads edilir:

kim-x(mt)-j.W(t—r)s(r)dr mT <t<(m+y)T,
Z(t)= mT

(m+y)T

k. -x(mT)- jW(t—r)S(z')dr (M+ )T <t<oo

(1)

(1) ifadesinin birinci tonliyi impulsun qiymset aldigi intervalda kosilmoz hissonin
reaksiyasini, ikinci tonliyi iso, impulsun olmadigi vo ya kosildiyi halda olan reaksiyasini
gostorir. Impuls sistemlor nozoriyyesinin, diskret cevirmolarlo, hollinin turbin-generator
blokunun idars sxemino totbiqi, sok.2 olverislidir.
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Rogomsal idaros sistemlori asagidaki bir sira {istiin xtisusiyyatlori ilo forqlonirlor.

- ¢ox sayli obyektlora magsadyonlii tasirlorine gors;

- etibarliligin biitiin sistemds borabar dorocads artirilmasi {¢iin idars etmanin
adaptivliyi;

- energetik obyektlor, stansiya vo yarimstansiyalardan alinan molumatlarin x{isusi emal
bazasinda markazlogmis idara sistemlori;

- idars edils bilon proseslarin, digar proseslar vo ya elementi basqa elementls slagsli
idara olunan (miihafiz edilon) sxemlori;

- oks goza tisul vo vasitalorinin arsenalinin genislondirilmasi;

- avtomatik vo avtomatlasdirilmis idara sistemlorinds yiiksok hesab omaliyyat va
montiqi imkanlar1 ilo forglonan elektron hesablama — rogomsal hibrid qurgular,
mikroprosessorlar va texnologiyalarin istifads edilmasi.

Kecid proseslorinin rele miihafizosi vo oks goza avtomatikasinda totbiq edilon belo
kompleks idara qurgular1 goza situasiyalar1 vo gozalarin silsilo artimlarinin qarsisini alan oks
goza idaro sistemloridir. Baxilan idars sistemlorinds secilon mohdudlasdiricr kriteriyalar qoza
va gozadan sonraki rejimlorin tohliikoli hadlors ¢atmadigr intervallarda doyigir. Bu sistemlor
funksional vo orazi yayilma ekspertlorino goro kegid proseslorini idare edir. Onlar enerji
sistemlorinin etibarliliginin tomin edilmasinda hoalledici vo artan shomiyyatlors malikdirlor.

Olkomizdo Mingagevir AZ DRES-do isloyan, 300 MVt giiciindo IES kondensasiya
bloku vo onun giiciiniin idarsetms struktur sxemi sok. 2 vo 3- do gostorildiyi kimi
modulyasiya edilmisdir. Blokun is rejimi bir sira texnoloji parametrlorlo toyin edilir: - gazan
qizdiricisina verilon hava vo yanacagin xarakteristikalari, qidalandirict suyun tozyiq vo
temperaturu, buxarin tozyiq vo temperaturu, turbin klapanlarimin agilmasi. Bu parametrlor
mioyyon hadlordo doyiso bilor. Parametrlorin qiymot artimlart texnoloji miihafizonin
islomosino vo bloklarin agilmasina sobab olur. Texnoloji parametrlor 6z aralarinda enerji
blokunun riyazi modelins uygun tonliklarlo slagalondirilir. Riyazi modellar toyinatlarina gors
az vo ya ¢ox dorocodo xotalarla qurulur. Enerji sistemlorindo Elektromexaniki kegid
proseslorinin analizindo modellor enerji blokunun daxili proseslorini yalniz toqribon noazoro
alir. Ona gora verilmis struktur sxemi xeyli sadolosdirilmisdir.

Kondensasiya istilik elektrik stansiyalarinin real texnoloji sxemindo, hor blokun
reaksiyasina vo kegid prosesine géro zaman sabitlorine baxaq, sok.2.

Sak.2. KES blokunun prinspial sxemi, 1-buxargenerator, 2-buxarqizdirici, 3-turbin yiiksok
tozyiq hissasi, 4-turbin orta tozyiq hissesi, 5-araliq buxarqizdirici, 6-kondensator,
7-kondensat nasosu, 8-buxargenerator gidalanma nasosu, 9-generator, 10-yiikssldici
transformator, 11-blok agari, 12-stansiyanin y1gim sinlori, 13-xiisusi sorfiyyat transformatoru

Bu sxem gazan — turbinds hadisolorin asas gedisatin1 oks etdirir. Baxilan texnoloji ardicilliqda
bir sira proseslor nozordon atilmisdir. Baxilan KES blokuna uygun sok.3—do verilmis struktur
sxemi asagidaki tonliklorlo ifado edilir:

Siirat tonzimlayicisi {igiin riyazi model:
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%=(§— Wy + uo*)/Tc;

Umin < U < Hmaks (2)
U = ﬂn!j)m v Hox = #::m S = (fuxr — N/ fux

burada ¢ - turbinin firlanma siiratinin tonzimloyicisinin statizm omsali, T, - turbin
klapanlarint horokot etdiron servomotorun zaman sabitidir; WU, - turbinin ekvivalent
tonzimloyici klapanin yerdoyismosino nozoron servomotorun cari vo nisbi yerdoyismosidir;
Unom - turbinin nominal giicline uygun olan blok rejiminin nominal parametrindo servomotun
nominal yerdoyismasidir; py, - Servomotorun ilkin voziyyatinin baslangic qiymotidir; s -
siirlisma; f, f},45 - tezliyin cari vo baslangic qiymatlori; i , Umaks — SETVomotorun asagi vo
yuxar1 yerdoyismalorinin hodlaridir. Turbin riyazi modelinin yazilist:

D= ,u*PT
Pyry = DKyry 3)
dPory
FTa [D(1 — Kyry) — Porul/Taq; Pot = Pyru + Porn

burada D — turbindon kegon buxar sorfiyyatinin cari qiymati; P - turbin girisindo buxarin
tozyiqi; Tyq - ara qizdiricinin zaman sabitidir; Kyry - turbinin yliksok tozyiq hissasinin giic
pay1; turbinin Pyry - orta vo asagi tozyiqli hissalorinds hasil olunan giic; Py, - buxar turbinin
giiciidiir.

Qazan li¢iin riyazi modelin yaziligi:

24 = (Dy - D — AQ)/T,

Pt=Pk_KRD2 (4)

burada F, - qazanin buxar generasiya hissosindo buxarin ¢ixis tozyiqi; T, - qazanin buxar
generasiya hissosinin zaman sabiti; Kr - qazanla turbin arasinda tozyiqlor diiskiisiiniin
xarakterizo edon amsal; Dy - turbindon ke¢on buxar sorfiyyatinin verilmis qiymati; AQ - asas
tonzimloyicinin tasirile, qazana verilon istilik doyigmasi.

Sok.3-do verilmis sxemdo turbinin texnoloji hissolorinin osas dinamiki diiyiinlori
(manqalar) nozors almmugdir: - silirot tonzimloyicisi, turbin, qazan, qazanin asas
tonzimlayicisi, qizdirma, texnoloji miihafiza.

D, lwr =k D

R Lf1+T. P} o TP I)-n @_._El.._'

Sak.3 300 MVt giiclinds kondensasiya turbinlarinin asas texnoloji sxemi-tonzimloma.
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Yanma vo qizdirma bloklarinin riyazi modeli:

L2 = (e — AQ)/Ty (5)

burada T; - yanacagin yanmasindan alinan enerji, qizdirict qazlarda istiliyin akkumlyasiyasi,
gaynar borulardan kegon istilik vo s. manqgalarin zaman sabitlori; 1,, - bas tonzimloyicinin
cixis signalidir. Goriindiyii kimi Tt zaman sabitindo bir sira elementlorin riyazi fiziki hali
comlogmisdir. Bu, kecid prosesinds reaksiya mexanizmlori vo hesablamalari {iglin miioyyon
xota vermolidir.

Bas tonzimloyici modelin riyazi tonliklori:

Mpt = — Kpt(Pro — Pr)

d:’iztbt _ Ptt;_ Pt (6)
bt

Mot = Mibt + MN2pt

burada k;; -bas tonzimlayicinin giiclondiricisinin 6tiirma amsali, T}, -bas tonzimloyicinin
zaman sabiti; 71p¢; N2pe- bas tonzimlayici qovsagin giiclondirici va inteqrallayicilarinin uygun
signallaridir.

Texnoloji miihafizonin sortlori:

P

gor s t > tgors By < Pgymaks (7
burada Py, tger - Uy8un olaraq tozyiq vo zamana géro texnoloji miihafizonin qoygulari.
Qoygular qosulmus siyirtmolorin girisindoki tozyiq vo temperatura aiddir. Pgnqps - buxar
generasiya hissosinin sonunda tozyiqin artmasina gors texnoloji miihafizo qoygusudur.

“Siirat tonzimloma” blokunu sads olaraq avtomatik siirat tonzimlayicisinin bir hissosi
Kimi vo 1/0 &tiirmo omsali ilo gotiirtirlor. Turbin klapanlarinin tonzimlonmosinin hidravlik

servointiqalinin 6tiirmo  funksiyast kimi gostorilir. Burada p Laplas ¢evirmo

1+ TcP

- . .1t L
operatorudur. Zaman oblastinda servointiqalin ifadasi —e /T¢ olur. Bu manqganin girising
C

S — siiriismasi verilir, onun ¢ixisinda servomotorun yerdoyismosi liclin  p siqnali alinir.
Servomotorun yerdoyigsmosi yuxaridan p,, ., Vo asagidan p,,;, mohdudlasdirilir.

Buxarin ara qizdiricilart boyiik akkumlyasiya tutumuna malik olan turbinlor biri
giiclondirici, digori otalatli iki paralel manqa ilo modellosdirilir. Giiclondirici manga turbinin
yiiksok tozyiq hissasi (YTH), tonzimloyici klapanlarla ara qizdirici arasinda turbin pillosidir.
YTH tonzimlayici klapanlarin voziyyati doyisdikds klapanin arxasinda buxar hacmi, 0,2 — 0,4
san zaman sabitilo toyin edilir. Sokildo gostorilmis blok sxemdos, bu doyismo iiciin otalotlilik
nozordon atildigindan giic Pyry vo Otiirmo omsali Kygy sabitilo gotiiriiliir. Turbinin digor
pillesindo asag1 vo orta tozyiq hissesinin giicii Pory vo Kory omaslh gobul edilmisdir. Bu
hissonin parametrlori ara qizdiricinin tutumu ilo toyin edilir vo turbin (1 - Kyry)/(1 +
TaqP) o-e —(1_kyth) e

aq

Qazanin generatorun ylikiino tosiri (enerji blokunun enerji sistemino verdiyi giic)
klapanlarin verilmis agilma haddi vo buxarin tozyiqinin doyismosi ilo toyin edilir. Ona gora
turbin qazan tonzimloyici orqanlarinin voziyyot doyismosilo buxarin toziqinin doyigmosini
ifads edon qazan aqreqatinin 6tlirma funksiyas1t modellosdirilir.

_t
[Taq otalot momentilo modellosdirilir.
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Diizaxinli qazan zaman sabiti T;, olan bir tutumla ovoz edilir. Bu iso, inteqrallayici
birlosmadir:- (#) o 1(t)/T, sabitina ¢evrilir. Bu manqanin girisino verilmis buxarin Dy,
q

vo cari buxarin sorfiyyat forqlori tosir edir, sok.3. Blok manqgasinin ¢ixisinda — buxarin tozyiqi
qaz generasiya hissasinin ¢ixigindaki buxarin B tozyiqine barabardir.

Turbindon ovval buxarin tozyiqi Pr, qazanin F,; tozyigindon, qazandan turbino qodor
mosafodaki tozyiq diiskiisii qodar az olur: AP, = B, — Pr - buxar sorfiyyati D kvadrati ilo
miitonasib olub K omsali ilo toyin edilir, sok.3.

Qozanin bas (esas) tonzimloyicisi, miitonasib — inteqral tipli tonzimloyicidir. Bu
tonzimloyici turbinin girisindo buxar tozyiqinin meyletmoasino vo qoygu qiymotino uygun
kecid prosesindoki cavab reaksiyasina goro diizalislorlo isloyir.

Tonzimlayici isloyorkon, gidalandirici su vo yanacagin verilisini turbindo buxarin tozyiqi
ilkin giymsetino barpa olunana qodor davam etdirir. Bas tonzimloyici iki paralel blokla
modellosdirilir: - biri signal giiclondiricisi (11, - ¢1x1$ signali il9); - digori inteqrallayict (9,5,
- ¢ixis siqnali ilo). Bas tonzimloyicinin giris siqnallart 1y Vo 25 , Signallarin comi kimi,
sxemin otalotli odluguna verilir. Bu riyazi iisulla yanacagin verilmosinin otalatliliyi
modellogdirilir. Eyni zamanda yanacaq qazlarinda istilik akkumlyasiyasi, istiliyin qaynar
borularla otiiriilmosi vo s. kimi otalotli proseslora ¢evrilir. Sxemin bu blokunun ¢ixisinda,
gazana verilon istiliyin AQ doyismasi, bas tonzimlayicinin tosirindon meydana galir.

Sxema gora iki texnologi miihafiza modellasdirilir: birincisi gqazanda buxarin Fy,,
tozyiqinin diismasilo blokun agilmasini tomin edon gegikmoali t,,, miiddatils isloyir; ikincisi
buxarin Pgqks qazan tozyiqinin maksimal giymotindo qoruyucu klapanlarin agilmasi vo
tozyiqin sonraki artimlarinin qarsisini alir.

NOTICO

1. Enerji blokunun baxilan struktur sxemi onun osas is rejimini oks etdirir vo baza modeli
kimi goabul edils bilor.

2. Bozi doyisikliklor edorok, baza modelini enerji blokunun hor hansi komokei rejiming
uygunlasdirmaq olar.

3. O ciimladan tenzimlonmoyan, “6ziina odar” tonzimloyicili, buxarin siiriisma ilo dayison
parametrlori, gidalandiric elektrik nasoslu hallar1 va.s kimi idaros tosirlori vardir.

4. Impuls nozariyyslor texnikasinin totbigi fiziki proseslorin komputer modellosdirilmosi,
avtomatik idaro sistemlori {igiin alverisli vo asan variantlarin yaradilmasina imkan verir.

5. Impuls idaro sistemlorindo verilon mohdudlasdirict kriteriyalar, qoza Vo gozadan sonraki
rejimlarin tohliikali hadlora gatmamasi sortilo secilmolidir.

Loinkun A. 3. «Teopust UMITyJIbCHBIX cucteM» MockBa DHeproatomuzgar 1976 r.
Ilasnos I'. M. «ABTOMaTH3anus 3HepreTuueckux cucrem» Man. JII'Y, 1977 r.

Benukos B. A. «9nekTpudeckue cucteMb» Bpicmias mkona, Mocksa, 1982 r.

Hasanov Q. O. “Yiiksok gorginliklor vo elektrik izolyasiya texnikas1” Darslik Bak1 2009
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HEKOTOPBIE BOITPOCBI IU®POBOI'O YIIPABJIEHUSA IEPEXOJHBIX
MMPOLHECCOB B TYPBOT'EHEPATOPAX

I'ACAHOB K. A.

[TporpaMMbl OCHOBaHHBIE Ha MPSIMOYTOJbHBIE HMIIYJIBCHI OCOO0OH (HOPMBI, HIMPOKO
OPUMEHSIOTCS JUIs YIpPaBICHUS U perynupoBaHue TypOuH. CHrHaIBl COCTOAILINE U3
IIOCJIEI0OBATENbHBIX ~MMIYJbCOB  II03BOJIIET INPUMEHUTh IU(PPOBBIE TEXHOJOTHMH K
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YOpaBIEHUIO TypOUH OONBIIOW MOIIHOCTH. YCIOXHEHHUS CTPYKTYp U TPOILIECCOB
EHEPreTUYECKUX CHUCTEM, MPUUYUHSIOT JOMOJHUTEIBHO 3aTPYJHEHHUS B YIPABICHUU
MPOTUBOABAPUMHBIX PEKUMOB. B 3TOM cMbIciie MprUMeHEHHE HOBBIX METO/IOB Pa3BUBAIOLICH
CUCTEMBI TU(DPOBON TEXHOJIOTHUH U TEOPHUS UMITYJTBCHBIX CUCTEM B DJIEKTPOCHEPTETUKE BHOBh
CTaHOBUTCS aKTyaJIbHOM.

KnaroueBble ciioBa: O6paTHa51 CBA3b, nepexouﬂmﬁ mpouecc, MoCTOAHHOC BPEMCHH, TypGHH-reHepaTop,
6J'IOK, KOTéH, MEPEMCIICHUC KJIallaHa, TOIKa, TCXHOJIOrMYeCKas 3alunTa.

SOME QUESTIONS OF DIGITAL CONTROL OF TRANSIENT
PROCESSES IN TURBINE GENERATORS
HASSANOV G.A.

Programs based on rectangular pulses of a special shape, are widely used to control and
regulate turbines. Signals consisting of consecutive pulses make it possible to apply digital
technologies to the control of high-power turbines. Complications of the structures and
processes of energy systems cause additional difficulties in managing emergency response
regimes. In this sense, the application of new methods of developing digital technology
systems and the theory of pulsed systems in electric power industry are becoming relevant
again.

Keywords: Feedback, transient process, time constant, turbine generator, unit, boiler, valve movement,
furnace, process protection.
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UOT 620.9: 004

INPEUMYIECTBA BHEJAPEHUSA KUBEP-OU3UYECKHUX
CUCTEM B JJIEKTPOOHEPI'ETHUKE

ABJYJUIAEB B.I'., XAJIMJIOB M.J.

Azepbatiodicanckuii 20Cy0apcmeeH bl YHUgepcumenm He@mu u RPOMbIUUIEHHOCIU
abdulvugar@mail.ru

B nmanHO# cTaThe paccMaTpUBAECTCs MPEUMYIIECTBA MPUMEHEHHS KHOEp-(hU3NUECKIX CHCTEM B CHCTEMaX
cHaOxeHHUs1 AeKTposHeprue. Kpome atoro, knbep-usnyeckre CUCTEMBbI AAlOT BO3MOXKHOCTD JUIS CO3/1aHHA
YMHOW CHCTEMBbI CHAOXEHUsI JJIEKTpOIHepriei. Takke pacCMOTPEHBI JIEMEHTHI YMHOH CETH.

KmoueBble ciaoBa: industry 4.0, snektposneprusi, kubep-¢usuueckue cucrembl, SCADA, MupkoceTs,
YMHasi ceTb, HU(pPOBas OACTAHIHS.

BBenenue.

Celiuac MBI JKMBEM HaKaHyHE YETBEPTOW MPOMBIIUICHHONW PpEBONIONHUU. 3a BCIO
HCTOPHUIO YEJIOBEYECTBA MOXKHO BBIJICIUTH TPH MPOMBIIIICHHBIE PEBOIOIIIH:

1. Benukyro uWHAyCTpHalbHYIO peBoitonuio. OHa XapaKTepU3UpYyeTCs IMepexoaoM

00IIecTBa OT arpapHOTO K HHIYCTPUAIBHOMY CTPOIO.

2. TexHosoruyeckass peBOJIOLMS Hadajgach ¢ BHEIPEHHEM HEAOpOroro GeccemepoBc-
KOTO cI10co0a BBIMJIABKU CTAIH. | TaBHBIMH JJOCTH>KEHUSIMH STOW PEBOJIIOLUU SIBIISI-
IOTCSI PacIpOCTPAaHEHUsI XUMHUKATOB, JIEKTPUUECTBA, KEJIE3HBIX JJOPOT, MPOU3BOJCT-
BO Oymaru u3 apeBecuHsl u ap. [1].

3. Lludposas peBosrous Hayaiachk ¢ nosBiaeHueM nepBbix IBM. OcoGeHHOCTBIO 3TOH
PEBOJIIOIMH SBISIETCS MEPEXO OT AHATOTOBBIX TEXHOJIOTHH K IUPPOBBIM. OCHOBHOM
JBIKYIIEH CHUJION 37ech SBJISETCSA IIMPOKOE PaclpOCTPAaHEHHE BBIYUCIUTEIBHBIX
ycTpoiicts [2].

YeTBepTas IPOMBIIUICHHAS PEBOJIOIHS, HIIM KaK HEKOTOPBIE €€ TO-IPYroMYy Ha3bIBAIOT
Wunyctpus 4.0 (Industry 4.0), 3To nporuo3upyeMasi peBOIOLHS, T/Ie TMPEAN0IaraeTcsi Macco-
BO€ BHEJpeHHE KuOep-(QU3MYecKHX CHUCTEM B NPOU3BOJCTBO U JJsl OOCIY)KMBAaHHUS 4Yelo-
BEeUECKUX NMOTpeOHOCTE. OCHOBHBIE TEXHOJIOTHH, CIIOCOOCTBYIOIINE ATOMY, SIBJISIOTCS Tepe-
JIOBble MH(OPMALIMOHHBIE TEXHOJOIMU: MHTEpHET Bellel, OoJbllive JaHHbIE, pacrpejene-
HHBIE CHCTEMBI, 00JIauHbIe BBIYUCIICHUS, MapajulebHbIC BBHIUMCICHUS, NCKYCCTBEHHBIH WH-
TeJIeKT [3].

Camu xe, «Kubep-pusndeckne CHCTEMBI»—3TO CHCTEMBI, IMO3BOJISIONINE COCTUHHUTH
¢u3nueckue MpOLECcChl, HEMPEPbIBHO YIPABIseMble B PEXHME pEaJbHOTO BPEMEHH, C
nudpoBbIMU cucTeMamu [4].

[Ipu BHenpeHum kuOep-QU3NYECKHX CHUCTEM, K HHUM TPEABSABISIOT CIEAYIOLIHe
TpeOoBaHUS:

e [lognmepxka pa3HOpoOmHOCTH JaHHBIX. OHH MOTYT HETaTHBHO IIOBIUATH Ha
3¢ deKTUBHOCTL cucTeMbl. [l mpenoTBpamieHust 3TOro HeOoOXOAMMO, YTOObI
crcTeMa MoaepKuBajia 00JbIIOe KOJHIECTBO (JOPMATOB JTAHHBIX;

e Hapexnocts. Ecnmm ydect, uyro kubep-dusmueckue cucteMbl (HaKTHUECKH
HaMpsIMYIO BIMSIIOT Ha OKPYKAIOIIYIO Cpely, TO OAHHM M3 TJIABHBIX TpeOOBaHUU K
3TUM cHCTeMaM OyJeT HaJIeXHOCTb. A €clIu Yyd4ecTb, 4YTO OKpyXarollas cpena
HempeacKa3yeMa, TO OHa JIOJDKHA aJalTHPOBAaThCS K Cpele B HEMpPEIBUACHHBIX
00CTOSITENLCTBAX;

129


mailto:abdulvugar@mail.ru

e VmpaBineHue naHHbIMH. Kubep-dusuueckue cuCTeMbl JODKHBI XpaHUTh U
aHAJTM3UPOBATH OOJIBIIOE KOJIWYECTBO JAHHBIX 32 KOPOTKHIA IPOMEKYTOK B peaibHOE
BpeMS;

o KouopuaenuuansHocts. [ mpenoTBpaieHusl YTEUKH MEePCOHANbHBIX JIaHHBIX
NoJib30BaTesel Kubep-hu3nyeckre CUCTEMbI JOJDKHBI COJIepKaTh HHCTPYMEHTHI JIJIs
COXpaHEHUs KOH(UICHIIMATBHOCTH;

e besonacHocts. OnHuM u3 TpeOoBaHUIl K KuOep-(pU3MUECKUM CHUCTEMaM SBISIETCS
obecrieyenne Oe3zomacHOCTH KOMMyHHMKanuid. Ilockonbky kubep-¢usmueckue
CUCTEMBbI TOCTOSIHHO PpAaCHIMPSIOTCS, MEXaHU3Mbl oOecredeHus Oe30MacHOCTH
yCHoXHsI0TCs. M3-3a  3TOro, HEOOXOAMMO TPHUMEHSATh MEPEAOBBIE CpElCTBa
0€30IaCHOCTH;

e PeanbHoe Bpemsa. Kubep-dusuueckue cucreMbl AOKHBI 00Ja4aThb MOILIHBIMH
MHCTPYMEHTaMHM,  MOJACPKUBAIOLUIMMH  paclpeielieHHble H  MapajulelbHbIe
BBIUHCIICHUS, A1 O00paOOTKH OOJBIIMX JaHHBIX, MOCTYMAIOIIUX OT JATYUKOB B
pearbHOM BpEMEHH TakK, Kak (PU3MYEeCcKHe MPOIECChl MPOTEKAIOT BHE 3aBUCUMOCTH OT
BpeMeHH 00pabOTKH U Pe3yJIbTaTOB BhIUKCICHHUH [5].

[Mpuntun  paboTel KUOEp-PHU3UYECKUX CHCTEM MOXXKHO C(HOPMYIHPOBATH TAaKHM
o0pa3oM: B KadeCcTBE «MO3ra» CHUCTEMbl BBICTYNAIOT MEpenoBble UH(GOPMALMOHHBIE
TEXHOJIOTUH, KOTOPHIE TOIYYalOT JAaHHBIE U3 CEHCOPOB, OCYIIECTBIISIOMINX HAOIIOACHUS 3a
TEeKyIIUMH (PU3NYECKUMH IIpolieccamu [5].

B kagectBe mpumepa mpUMEHEHHsS KHOEp-(QU3UYECKUX CHCTEM MOXKHO IPHBECTH
CUCTEMBbI YIPaBJICHHUS aBTOHOMHBIM TPAHCHOPTOM, MEAMIIMHCKOE OO0OpYyHOBaHUE, «yMHbIE
3aHUS», «YMHBIE TOPOJIA», CPEICTBA aBTOMATU3AIIMHU IMPOIECCOB B CEIILCKOM XO3SHCTBE U
np. Takke, Ha JaHHBII MOMEHT BO MHOTHX CTaHaX MHpa MPOUCXOIUT BHEApeHUE Kubep-
(U3NIECKUX CUCTEM B CHCTEMAaxX JIEKTPOCHAOKEHUS JIJIsl CO3TaHUsT YMHBIX CETEH.

B coBpemeHHOM Mupe B cdepe dIEKTPOIHEPreTHKH MOXKHO BBIACTUTH CIEIYIOLIUE
r7100anbHbIe POOJIEMbI, KOTOPbIE HEOOXOIUMO PELIUTh:

1. Poct osHepromoTpebneHus. Tak Kak OJarococTosHUE S>KUTENEH pPa3BUBAIOIIUXCS
CTpaH YJIy4YIIaeTCs W MPOUCXOJUT POCT HACENEHUS 3E€MIIM, 3TO NPUBEHET K
YBEIMUEHUIO CIIPOCa 3IEKTPOIHEPTUH;

2. I3MeHeHnsT KaYeCTBEHHBIX XapaKTEPUCTHK dHepronorpedienus. B pamkax Industry
4.0 umHxycTpuanuzanus OyaeT NPOUCXOAMT Ha HOBOHM TexHOJOruyeckon Oase
(mudpoBbie CHCTEMBI, AJJUTUBHBIE W BBICOKOTOUHBIC IPOU3BOJCTBA), KOTOpAas
qyBCTBUTEIbHA K HAJEKHOCTH CHAOKEHHSI U KAUEeCTBY JIEKTPOIHEPIUH;

3. Dkomornyeckne mpodnmembl. CormacHo MexayHapoTHOMY OJHEPreTHYECKOMY
areHTCTBY, JIEKTPOIHEPreTUKA SBISIETCS UCTOUHUKOM 42% BBIOPOCOB MapHUKOBBIX
ra30B M 3arps3HSIONINX BenlecTB. Pemennem 3Toil mpoOieMsl SBIsIETCS TPUMEHEHHE
BO300HOBIISIEMBIX HCTOYHUKOB YHEPTUH;

4. VIHBECTUIIMOHHBIC 3aTpaThl. DHEProcCUCTEMa B HBIHEIIHEM BHJE TpeOyeT OoibIme
3aTpathl Ha MOJIIepKaHue, OOHOBJICHUS U MOJIEpHU3ALUIO. TpajuIMOHHBIE CUCTEMbI
CHAa0XEHUSI CTPOMIIUCH OJIarogapsi MOITHBIM TOCHHBECTHUITUSAM, KOTOpPhIE ceiiyac He
JOCTYIHBL. B 3TOM citydyae He0OX0 UM MMOMCK HHBECTULINH;

5. Ypbanumzammsi. B CBI3M C POCTOM TOPOJCKOTO HACENEHHUS  IOSBIISCTCS
HEOO0XOIMMOCTh K MEePexoay rOpOACKON SHEPreTUKU HOBOTO MOKOJIEHUS: C BHICOKOM
KOHIICHTPAIMeH MOITHOCTEH, CYIECTBEHHBIM 3allacoOM MPOYHOCTH W BO3MOKHOCTH
pocra [6].

YMHas ceTh.

Ha nansblii MmomeHT B A3zepOaiimkaHe (yHKIMOHMPYET LIEHTPAIM30BaHHAs cHCTEMa
3IEKTPOCHAOXKEHUS, TJIe MPUCYTCTBYIOT BhILIENEpEYUCIIeHHbIe Tpobaembl. Cuctema, KoTopas
CHocOo0Ha PELIUTh ATU MPOOJIEMBI TOJTHOCTHIO WIIM YAaCTHYHO, SBISETCS YMHas ceTh (Smart
grid). YMHBIE ceTH — 3TO CHCTEMa 3JICKTPOCHA0KEHHUA, OCHOBAHHAs Ha KHOep-(H3NUIECKUX
CUCTeMax. DJTH CpElCTBa CIIOCOOHBI MPOHW3BOAUTH cOOp MH(MOpMANKUU 00 MPOM3BOACTBE H
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MOTPEOJECHUU  DJICKTPOIHEPTHH, KOTOPBhIE TMOBBIMIAIOT A()PEKTUBHOCT, HAJIEKHOCTD,
SKOHOMUYECKYIO BhIroay [7].

OCHOBHBIMU 3JIEMEHTaMHU YMHOM CETU SIBJISIFOTCS MHTEJUICKTYaJbHbIE CUYETYUKU U
JaTYUKH, KOTOpbIE COOMpAarOT HEOOXOAUMbIE JaHHBIE, OOBEIWHEHHBIE B EAMHYIO CETb,
HassiBaeMoii uHTepHeT Bemeii (Internet of things, 10T). B ocHoBHOM it TOro, 4to0bI
noctpouth ymHyt cetb npumensitor SCADA. SCADA (Supervisory Control and Data
Acquisition, aucrieryepckoe yrpasieHre U cOOp TaHHBIX) — 3TO HHCTPYMEHT JJISl CO3aHusl U
KOHTPOJSL cHcTeM cOopa, 00pabOTKH, OTOOpaXeHHS M apXWBUPOBaHHS HHPOpMALUil o
HaOmoaeMOM 00BeKTe B pekume peanbHoro BpemeHu. [lo cytu SCADA mpexacraBisieT
coboil KuOep-PpU3MUECKyI0 CHUCTEMY, KOTOpasl SBISETCS IMEPBBIM IIAroM Uil pealu3aluu
koHuenuu « Marepaer sneprun» [8].

OcuoBubiMU GyHKIHAMEU cucteMbl SCADA sBisitoTcs:

e (COOp MaHHBIX O MMapaMeTpax Mpolecca;

e OO0OpaboTka U XpaHEHUE MOTYYCHHBIX JAaHHBIX C YCTPOMCTB U JATUYUKOB;

e [IpencraBieHue TEKyIIUX MPOIECCOB CUCTEMBI B Ipa)UueCKOM BHUJIE;

e OmnoBemieHuss 00 U3MEHEHUSU COCTOSHUU IMPOLIECCOB, OCOOEHHO MpeaaBapUHbIX U
ABapUMHBIX CUTyaLlUN;
®opMUpOBaHUE OTYETOB O TEKYIINX MPOIIECCOB;

e ABTOMaTHYECKOE yNpaBJICHUS MPOIECCaMH CETH Ha OCHOBE 33JaHHBIX aJrOPUTMOB

[9].
SCADA nmaer BO3MOXHOCTH ONPEICIHTh MECTa HEXBATKH DSJICKTPUYECTBA, TJIC
HEOOXO0IMMO MOCTPOUTH IIIEKTPOCTAHIIMU U MeCTa U30BITKA DIIEKTPUIECTBA, T/ie He0OX0IMMO
nepepacnpesieNnuTh ee. ITO MO3BOJISIET CO3/aTh PACIPEACICHHYIO YIEKTPOCETh, TIe TJIABHBIM
3JIEMEHTOM SIBJISIETCSI MEKpOCceTh. Mukpocetsh (MICro-gird)—sTo cucrema 31aeKTpOCHa0KEHHS,
KOTOPOE OCYIIECTBISIET YIPaBJICHUE PAaCHpEACICHHBIMI WCTOYHHKAMH SHEPTHU U O0BEIH-
HSET NPOM3BOJIUTENCH AIIEKTPO’HEpPruel, CUCTeM aKKyMyJHpPOBaHUS U TNOTpedutenei, c
MIOMOIIBIO JIBYX CETEBBIX CTPYKTYP: TEXHUYECKOTO (PEryJIMpOBaHNE YACTOTHI U HATIPSKEHHS)
U KOMMEepPUECKO# (Ipo/1aka 3IeKTPO3HEPTHH Ha ONTOBOM phiHOK) [10].
UToObl COEIMHNUTh MUKPOCETH B €IUHYIO CETh M €€ JIEMEHTOB MEXIy COO0O0W BHYTPH
caMOM MHUPKOCETH NPUMEHSIOT JHEPreTMYECKHEe pOYTEpbl. DJHEPreTUYeckue poyTepsl
o0ecreunBarOT CTa0WIbHYI0 pPabOTy YCTPOMCTB TE€HEPHUPYIOMIUX, HAKAIUIMBAIOMIUX U
HOTPEONIAIOMUX  JICKTPOIHEPTHI0. DHEPreTUYecKHe poyTephbl BBIMOMHSIOT — (QYHKIMU
yIPaBICHUS TIOTOKAMH 3JICKTPOIHEPTrUr U 0OMeHa nHdopmarmu [11].
JIsis TOBBIIEHUS] HAZEKHOCTH (PYHKLIMOHUPOBAHUS, HAOIIOAAEMOCTH 3JIEKTPO3HEpTe-
TUYECKUX OOBEKTOB, TOYHOCTH M3MEPEHUI COCTOSHHS IPOIECCOB MHKPOCETH HEoOXoauma
mudposas noacraniys. [{udposas noacraHuus — 3TO MOACTaHIMS HOBOTO IOKOJIEHUS, T€
nporecc oOMeHa WHpOpMaNHed MeXITy DIEMEHTaMH MPOrpaMMHO-AIApaTHOTO KOMIUIEKCa
TedeT B uuppoBoM BHe. Takke, 3TH MOACTAHIMU MO3BOJIAIOT y3HATh O cOOe 10 TOro, Kak
nponsoier aBapus. lludpoBrie MOACTaHIMKM peaNn3yrOTCS corjacHo craHgapram MOK
61850, u3-3a yero K CUIOBOMY 0OOPYIOBAHHIO MPEIBIBIISAETCS CIIETYIOIIUE YCIOBUS:
e [lpumenenue 1UPPOBBIX TpaHCHOPMATOPOB TOKA U HAMPSDKEHHS COTJIACHO
nporokoiry MOK 61850-9-2;

e [IpuMeHEHHE CHUCTEM JWAarHOCTUKH W MOHUTOPHHTA COCTOSIHHSI KOMIIOHEHTOB
MOJICTAHLIMH coriacHo npoTtokory MOK 61850-8-1;

e [IpumMeHeHHE CpEACTB YNpaBIEHUS KOMIIEHCALIMM PEAKTUBHOW MOIIHOCTH C
KoHTposuepamu cornacao MOK 61850-8-1,;

e [IpuMmeHeHHE cpeACTB KOMMYyHHMKaluu HampspkeHueM 6-750 kB cormacHo MOK
61850-8-1,;

e [IpumeHeHHe B LIUTaX MOCTOSHHOTO TOKAa CPEJICTB CHUTJIAIM3AUU U KOHTPOJIS
cormacio MDK 61850-8-1 [12].
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VYMHBIE CETH [NAaIT BO3MOYKHOCTh pEaNM30BaTh KOHLENIUI0 «IHTEepHET 3Heprum»
(Internet of Energy, IOE, taxxxe Transactive Energy, Energy Cloud). MatepHeT 3Hepruu — 310
JEUEHTPAIIM30BaHHAsl CUCTEMa JJIEKTPOSHEPIMH C HHTEJUIEKTYyalbHbIM paclpeleIeHHbIM
yIOpaBIeHUEM, KOTOPBIH OCYIIECTBISICTCS Oyiaroapsl TPAHCAKIIUK MEXIy €€ y4aCTHUKaAMHU.
Ocob6ennoctsamu |0E sBastoTcst:

e PacnpeneneHHbli XapakTep 3HEPrOCUCTEMBI;

e Bo03MO0XXHOCTbH JIByHANpaBie€HHbBIX IOTOKOB MOITHOCTUA U IMHAMHYECKOTO U3MEHEHUS

pOJIM YYACTHUKOM CUCTEMBI;

e Hamuuue »5reKkTpUYecKHMX U HMHQPOPMAIMOHHBIX CBS3€M MEXAYy YyCTpOWCcTBaMu

3JIEKTPOIHEPTUH;

e Bueapenue pacnpeesieHHOrO HHTEUIEKTYaJIbHOTO YIIPaBICHUS;

e Hanuuue neneHTpaIn30BaHHOTO PHIHKA;

e OcyllecTBICHUE BCEX MPOIECCOB M MX YIpaBICHUE uepe3 MpsAMbIe TPAHCAKIIUU

MeXy nojb3oBaressimu [13].

W3 BbIIIE CKAa3aHHOTO CIENYET, YTO HWHTEPHET DJHEPTrUsS—TO OJHOPAHTOBas
JNIEKTPOIHEPreTHKa, TI/I€ BCE MPOLECCHl MEXIYy MPOU3BOAUTENSIMU M TMOTPEOUTENIMU
AJIEKTPOIHEPTUH MPOXOIAT OJ1aroaaps MPSIMbIX TPAHCAKIIMN MEXTy HUMHU.
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Puc. 1. Cxema udpoBoii pacrpeieIeHHONH CHCTEMbI CHAOKEHUS SIEKTPUIECKON SHEPTUH.

B cBs3M ¢ rpsaymiel 4eTBepTOil MPOMBIIUIEHHON PEBOIIOLIMEN TPOUCXOIUT O (PPOBKA
MHOTUX CEKTOPOB 3KOHOMHUKHU. DTOT MPOIIECC HE MOKET OOONTH CTOPOHOM 3HEpreTuyecKuit
cekTop. EcTh BO3MOXXHOCTH CO3JaHMsI pacHpeeseHHON CUCTeMbl CHaOXEeHHUs MPHU MOMOIIU
kubep-puzndeckux cuctem (puc. 1).

Jns  Hayama, HEOOXOJUMO TIIOCTPOUTH HOBBIE JJIGKTPOCTAHIIMM HAa OCHOBE
BO300OHOBJISIEMBIX HCTOYHHKOB OJHEPrUM U InekTpocetd Ha ocHoBe SCADA-cucTeMbl
YEeTBEPTOr0 MOKOJEHHs, YTOOBl MOSBUIACH BO3MOXKHOCTH CO3/IaHUSI MHUKDPOCETH, a JUIS
COCIMHEHUN MMKPOCETH HYXXHBI SHEpreTHUECKHe poyTepsl. [Ipy moMommy sHEpreTHYecKux
pOYTEpOB TOSBISAETCS BO3MOXKHOCTb IIOCTPOUTBH PACIPEICICHHYI0 CHCTEMY JJIEKTPO-
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cHaOXeHUs M YCTAaHOBUTH JATYUKU IJi1 HAOIMIOACHHS 32 SHEPreTUYECKHUMH pOyTepaMu U
pacripeielIeHHON 3JIeKTPOCEThI0, UCTIONb30BaTh U MEPEOBbIC TOCTUKEHUS B 001acTH Kubep-
buznyeckux cucreMax Juist cOopa M aHaau3a JaHHBIX B HU(POBBIX MOJACTAHLIUAX.
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ELEKTROENERGETIKADA KIBER-FiZiKi SISTEMLORININ
TOTBIQIN FAYDALARI

ABDULLAYEV V.H., XALILOV M.E.

Bu moqalads elektrik enerjisinin tochizat sistemlorinds kiberfiziki sistemlorin todbiqine
baxilir. Bundan basqa kiberfiziki sistemlor agilli elektrik enerjisinin tochizat sistemlorini
yaratmaqa imkan veir. Homds agilli sabokonin elementlorinin baxilib.

Agar sozlor: industry 4.0, elektrik enerjisi, kiberfiziki sistemlor, SCADA, micro-grid, smart grid,
rogomsal altstansiya.

ADVANTAGES OF IMPLEMENTING CYBER-PHYSICAL
SYSTEMS IN ELECTRIC POWER INDUSTRY

ABDULLAYEV V.H., KHALILOV M.E.

That is discussed the use of cyber-physical systems in electricity supply systems in this
article. In addition, cyber-physical systems provide an opportunity to create a smart power
supply system. Smart network elements are also discussed.

Keywords: industry 4.0, electricity, cyber-physical systems, SCADA, micro-grid, smart grid, digital
substation.
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OCOBEHHOCTH ITOPBIBOB U MUKPO ITOPHIBOB BETPA
B HAXUYBIBAHCKOM ABTOHOMHOM PECIIYBJIUKE

KA3bIMOB M.T'.

Haxuuesancrxoe omoenenue HAH Azepbdatiodicana
AZ 7000, e. Haxuuesans, npocnexkm I'. Anuesa 35
mahbubkazimov@yahoo.com

B craree paccMoTpeHsl mpouecchl (JOPMHUPOBAHHE M Pa3BUTHE MOPHIBOB U MHKPO IOPHIBOB BETpa B
HaxupiBancko#t kotnoBuHe. Iloka3zaHbl pe3ynbTaThl HAYYHBIX HCCIIEAOBAHUH 1O ()OPMUPOBAHUIO U Pa3BUTHIO
MOPHIBOB ¥ MUKPO MOPHIBOB BeTpa Ha Teppuropun HaxusiBanckoil AP. PaccMoTpeHBI 0COOEHHOCTH MOPHIBOB
BETPOB, B 3aBHCHUMOCTH OT reorpa(uieckux ycIOBHH PErnoHa. AHAIM3UPOBAaHA NHHAMHKA IOTEPh CKOPOCTH
IpU 3Ur3arooOpa3sHOM OOTEKaHWHM dYepe3 TOpPHBIC YIIENbs M Y3KHE IPOXOAbl W BIHMSHHE 3THUX IOTEPh Ha
XapaKTEepPUCTUKY TIOPBIBOB BeTpa. IIpoBeAeHHBIE WCCIEAOBAHUS IOTHOCTHIO TOATBEPIMIN CEPHE3HYIO
OTNaCHOCTh HOPHIBOB M MHKPO ITOPHIBOB BeTpa Ha Tepputopuu HaxusiBanckoil AP. IlomydeHHBIE pe3ynbTaThl
MOJATBEPAUIIN CYIIECTBOBAHHWE CHIIBHBIX HUCXOJSIIMX IOPHIBOB M MHKPO MOPHIBOB BeTpa B HaxubIBaHCKOI
KOTJIOBHHE.

KiroueBble ci1oBa: TOPHIB BETpa, MUKPO IOPBIB, JIMBEHb, I'PO3a, 3aBUXPEHHUE, yparaHHas CHIA,
TeMIepaTypa Bo3lyxa, pelibe) MECTHOCTH, BBICOTA.

BBenenue.

HaxusiBanckas xoTioBuHa A3zepOaiimpkanckoi PecrmyOnuku 3aHMMaeT HOKHYHO YacTh
KaBkasckoro mepemieiika n pacnoiyiokeHa Mexay 38°51°- 39°52° ¢. m. u 44°37° - 46°13°
BOCTOYHOI JTONTOTHI, Ha I0T0-3anaj HoM ckiione Manoro Kaskasa.

Ha crenens coctosiHus atMmocepHoro Bozayxa B HaxubIBaHCKOW KOTJIOBHHE BIIHSIOT
00J1a4YHOCTh, TyMaHbl, 3acToil BeTpa (THiIb). OO0IAYHOCTH HPEMATCTBYET TYpOYJIECHTHOMY
0o0MeHy B aTMOC(epe KOTIOBUHBI.

B conHeuHble OHM HarpeBaHHE M OXJAXKJIECHUE TEPPUTOPHUU PACIOJIOKEHHON B
koTioBuHe HaxupiBanckoit AP mpoucxomuT He TOJNBKO CHU3Y, HO W C¢ OokoB. [loaTomy
CYTOUYHBIE aMIUIUTYJbl TEMIEpaTypbl BO3AyXa B KOTJIOBHHE ObIBaeT, ropazao OoJiblIe.
CKIJIOHBI TOp W XOJMBI JHEM IOIJIONIAIOT COJHEYHOE H3Iy4YeHHE M OTAAI0T €ro B BUJE
TEIUIOBOTO M3JIy4YeHMs. BenencTBue HepaBHOMEPHOIO HarpeBa, MOBEPXHOCTh 3€MJIM, CKIIOHBI
rOp ¥ TOPHBIE YUIENbsI HATPEBAIOTCS HE PABHOMEPHO.

[TosTOMy, HECMOTpSl Ha CPAaBHUTENIBHO OJNM3KOE PAacCTOSHUE, CyTOYHAasl TeMIepaTypa B
r. llapyp cunbHO oTiauuarorcs oT TeMmmeparypsl T. IllaxOy3za u B cene AOpakyHuc
JLxynehuHCKOrO paioHa.

Ha rtepputopun HaxubiBanckoii AP mnpeobnagaromumMu BeTpaMu SBISIOTCS TOPHO-
JIOJIMHHBIE BETPhl U OHM UMEIOT CBOIO JIOKAJIbHBIE OCOOCHHOCTHU. /IHEM HarpeBLIM COJHIIEM
BETEpP IO JOJIMHAM PEK U YIIENbSM AYEeT U3 JOJUHBI BBEpX K ropam. Houblo Bo3ayx, OBICTPO
OXJIAX/IAsCh HAaJ| CKJIOHaMH, CTAaHOBUTCS OoJjiee IUIOTHBIM U CTEKaeT OOpaTHO B JIOJUHY.
Takolf CTOK XOJOJHOrO BO3QyXa Ha TeppuTOpuM HaxdbIBaHCKON KOTIOBUHBI IMPOMCXOAUT
PE3KO M KIMMAaT HA3bIBAETCS PE3KO KOHTHMHEHTAIbHBIM. CKaTBhIBAIOIIMNCA HOYBIO CO CKIIOH
TOp XONOHKIH BO3IYX CHIKaeT TemmepaTypy Ha 10°C-15°C. DTu BeTphI, Takxke HTPAIOT POIb
BEHTWISILINM, IPOTOHSAS U3 JOJIUH U YIIEIUHN 3aCTauBaIOLINICS B HUX BO3AYX.

B nernee BpeMs BCIEACTBHME BO3JCHCTBHA JTHUX IPOLECCOB HA TEPPUTOPUH
HaxubpiBanckoil AP BO3HMKAalOT CHJIBHBIE M pPE3KHE MOpPbIBBI BeTpa. llopsiBoM BeTpa
Ha3bIBACTCS PE3KOC YBEIIMYEHHUE CKOPOCTH BeTpa, (anri. downburst - nucxooswuii 63pwis).
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[ToppiBOM BeTpa SBJISETCS XOJOMHBIH TOTOK BETPa, CKOPOCTh, KOTOPOH OBIBAIOT
HAMHOTO BBIIIE. B TOpBIBaXx BeTpa € TPO30OBHIM JIMBHEM BO3HHUKAIOT HWHTCHCHUBHBIE
BO3/IYIIIHBIE TOTOKH, CO3/IAI0IIME HA IIOBEPXHOCTH 3€MIJIM BETEP Pa3pyLIMTEIbHOMN CHUJIBI.

Ha xax1p1ii rpaMM KOHJCHCHUPYIOLIEHCs: BOJIbI B aTMoc(epe ocBoOoxkaaercst okoino 600
kamopuit Temna. llpu 3aMep3aHum Kamenb, Ha KaXAblH TpaMM  JOIOJHUTEIbHO
ocBoOoxknarorcst 80 kamopuii Terura. OcBoboxkaeHHas TeruioBas dHeprus (100 MuIHOHOB
kBT-uac.) mpeoOpa3yercsi B KHHETUYECKYIO SHEPTHUIO.

Korna B HECXO/s111eM TTOTOKE MOPHIBA BETPA MPOUCXOAUT OOPATHBIN MPOIIECC, JeISHbIC
YacTULIBI HAYMHAIOT TasTh W HUCHApAThCA, MOTOK cTaHoBUTCA emé xoinomHee. [lo mepe
npuOIDKEHUsT Ha 3E€MHYI0 IOBEPXHOCTh OKPYKAIOIIMKA CHAapyXH oOiaka Oojee CyXou
BO3/yX, B palloHE BBICOTHI 3aMEP3aHHUs, BbI3bIBAET HCIAPEHUE OIMYCKAIOIINXCS BHU3 Kalleldb U
OHH JIOTIOJHUTENBHO OXJAXAAI0T OKPYKAIOMIMKA BO3AYyX U TEM CaMbIM elle 0osiee yCKOPSIOT
CKOPOCTh MIOPBIBOB BETpA.

Bo3Hukmmii Ha BBICOTE HHUCXOIAIIMN XOJOAHBIM TOTOK IOPBIBA BETPA JOCTUIAET
MOBEPXHOCTH 3€MIIM C 3aMETHO OOJbIIeH CKOPOCThIO. Bo Bpemsi MOpHIBOB, MEpeaHss YacTh
CHWJIBHO OXJIZKIEHHOI'O B IrOpax XOJIOJHOTO BETpa MTHOBEHHO U PE3KO MOJPE3aeT TEIUIbIi,
MeHee IMJIOTHBIN BO3MyX, IOCTHTaeT 3€MJIM U MPOJIBUTAETCS BJIOJIb 3€MHOI moBepxHocTu. He
MCIIApUBILINECS MOJIHOCTHIO KaIlJIM BBINAJAIOT U3 Ky4YeBO-105KJIEBOr0 00JaKa B BUJAE 0K,
COTPOBOKAAIOIIETOCS CUIIbHBIM, TOPBIBUCTHIM BETPOM.

Ha 3emuite mopbIB BeTpa ¢ Tpo30ii 00paszyet 30Hy riyonHoi ot 500 MeTpoB 110 2 KM | 3a
5 MuH. TemIiepaTypa Bo3ayxa nonmkaercs Ha 15°C u 6osnbiie.

HecMotpss Ha TO, 4TO TMOPHIBBEI BETpa HW3BECTHBHI C JABHUX IOp, HA TEPPUTOPUHU
HaxusiBanckoii AP, ero cTpykTypa A0 CHX MOp MoJIpOOHO HE ObLT U3y4YeHa.

U3- 3a TemrneparypHOi MHBEPCHM HA MAJIOM BBICOTE MPOMCXOAMUT CIBUT BETPA, KOrJa
XOJIOJIHBIM BO3/AyX 3aCTauBa€TCsi B MPEATOPHBIX MOJNMHAX, a TEIUIBIA MepeMellaeTcs Hal
XO0JIOAHOM Bo3aymiHoW Mmaccoil. [Ipu cnBure Berpa B armochepe HaOIIOAAOTCS OOJBIITNE
rpaaueHThl TemMrepaTypsl Bo3ayxa (Puc.1.):

e S
& ~
.r' L s
II t.
Tenepoll crmoH CDJ]I—IET-H-]HH CETIOH

Puc.1. TemnepaTypHblil cIBUT BETpA.

Cnsur Betpa 6 M/c Ha 30 METPOB BBICOTHI SIBIIsSIETCS OY€Hb onacHbIM. Hampumep, ecnu
UK TOpbIBa BeTpa cocTaBisgeT 12 m/c, To caBur Berpa Oyzer 25 m/c. DTO moKasarenb
ABJISIETCS Pa3PyLIUTEIBHON CHITON:

CnBur BeTpa JOCTUIaeT MaKCUMAaJIbHOW HHTEHCHUBHOCTM 4Y€pe3 5 MHH IIOCIE KOHTAKTa
HUCXOZSAILErO MOTOKA € 3€MIIEH.

YacTo cABUr BeTpa MMEET 3HAYUTENIbHO MEHBIINE BEIMYMHBI, HO OHM OBIBAIOT €Il
0oJsiee OnacHBIMU B CBSI3U € OOJIBIION YacTOTON MposiBieHUH. J{axe HeOoblIue CABUra BeTpa
(0,5 m/c), B coueTaHuu ¢ opbIBaMU BeTpa ObIBAIOT KpailHEe OMacCHBIMHU.

OnacHoCTh CABUTa BETpa B TOM, YTO €r0 OYEHb CIIOKHO OIpeaenuTb. Bo MHormx
CTpaHax Ha MPOTHO3MPOBAHHE 3TOH «HEBUIMMOH OMACHOCTH» OBLTH MOTPAYeHBI OTPOMHBIC
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CPEACTBA U K COKAJIECHUIO, OOHAPYKEHHUE ITON «HEBUAMMOMI ONACHOCTH» OCTABISAET JKENaTh
JIy4Ilero.

ExcnepuMeHTaIbHBINA NpOLECC.
B HaxubIBaHCKOW KOTJIOBHHE HIOHB-aBI'YCT MECSIIbI HAOIIOMAIOTCS CYyXHE U TOpSYUe
BETPHI «CyXoBen». OTHOCHTENbHAS BIAKHOCTh IPHU CYXOBesx manaet a0 15 +20%.
Temmeparypa Bo3ayxa gocturaet + 45°C u Boime [1].
MrHoBeHHast CKOpOCTh TopbiBa BeTpa (V) onpenensercs mo Gpopmyiie:

VM: ch‘n

I'me: Vep — cpenHsis CKOPOCTh BETPa;
N — mepeMeHHbIH KO3 PUITUEHT.
Ha npaxtuke cpennee 3Haucaue (Vep) onpenensercs 3a 10 MUHYT HaOJIIOICHHSL.
Macimtabsl TypOyJI€HTHOCTH MOPBIBOB BETpa, ONpeaensieTcs no popmyre:

Lx = 0,25 Va0 G/ 02

['ne: Gyx — MIIOTHOCTH CKOPOCTH BETPA HYJICBOW YaCTOTHI;
O, — CPEeIHEKBaIPaTHYHOE OTKJIOHEHHE CKOPOCTH BETPA,
V3600 — CpeNiHAS CKOPOCTH BETpa 32 Yac.

B 3aBucuMoOcTH OT XapakTepa MECTHOCTHU JUIsl ONPEACIICHUs] MAaKCUMAJIbHOTO 3HAYCHUS
CKOpPOCTH TIOPBIBA BETPa UCHOJIB3YIOT (DYHKIIHIO pactipenenenus BeitOyia:

® (Vimax) = K/IC (Vimax/C)*? eXp [- (Vimax/C)¥]

I'ne: @ — dynkuus pactipenenenus BelOyna,
Vmax — MAaKCUMaJbHOE 3HAYEHHE CKOPOCTH TIOPBIBA BETpA.
k — xoaunuent, aus HaxusiBanckoit AP k=1,9 —2,0;
¢ — mapamMeTp omnpeneisercs no popmyne:

C:]./ch (1+1/k)

BcnenctBre HUCXOIAIIETO ABMIKEHHS MO CKIOHY HM3BHIIMCTBIX TOPHBIX XpeOTOB JBHKEHHE
nopsiBa BeTpa B HaxubIBaHCKOI KOTJIOBUHE HMMEET U3BHIMCTYIO (OPMY M €r0 MAKCUMAaJIbHOE
IUIOTHOCTD OTIpeieNsieTcs o Gpopmyiie:

Puax = Vimax / V3600

['ne: pwax — Oe€3pa3MepHBIi TOPHIB BETPA;
Vmax — MAKCUMaJIbHBIH CKOPOCThH TIOPBIBA BETPA;
V 3600 — CpeIHEUACOBOE 3HAYCHHUE CKOPOCTH BETPA.

®axTop nopsiBa BeTpa (G) ornpenensiercs ¢ MOMOLIbI0 GOPMYIIbI:
o
G=1+g =
J X

['me: X — makcuMmanbHble CKOPOCTH BeTpa B TeueHue BpeMenu (T);
g — NHKOBBIH (pakTop;
0, — 3HaUY€HUE CPEIHET0 KBAPAaTUYHOIO OTKIOHEHUS.

MakcumanbHasi CKOpOCTh BeTpa B TeueHue Bpemenu (T) Oyzaer:

)?max =X+go,
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JITUTenbHOCTh MOPBIBOB BeTpa ( 7 ), pH (N) KOJHUUYECTBE onpeenseTcs no Gopmye:

T= AT-ZD(t)i

I'me: 7— nnuTenbHOCTH MOPBIBA BETPA;
| — HOMEp OJIMH U3 BHIOPAHHBIX MMOPHIBOB BETPA;

At HUHTEPBAJ BPEMEHH MEKIY IBYMs MIOPhIBAMH;

D(t) — BcrmomMorarebHbIi CUTHAI.

[TopbiB BeTpa 0Opa3yercsi M3-3a CTEKAMOLIET0 BHU3 0 CKJIOHY 00J€e XOJOMHOTO H
IUIOTHOTO BO3/lyXa, KOTOPBIM CONpPHUKAcCAeTCs HIDKE O00jiee TeIUIbIM, MEHEE ILJIOTHBIM
B031yXOoM. OOBIYHO OHO COIPOBOXKIACTCS TPO30BBIM JIMBHEM U C BUXPEBBIMHU JIBHKCHHUSIMH.
Mexay oOnakaMu ¥ TOBEPXHOCTHIO 3E€MJIM BO3HUKAIOT JJICKTPUYCCKHE paspsiibl, ¢
YCUJICHHBIM MTOPHIBOM BETpPa, JINBHEBBIM A0KIEM U rpo3oii (Puc.2.):

Puc.2. ITopsIB BeTpa ¢ IpO30BbIM JINBHEM.

Ha mnoBepxHOCTM 3€MiM HHCXOJAIIMA MOTOK IOphIBA BETpa CO3Ja€T BETEP
Pa3pyLUIUTEIBHON CUIIBI U IPUHOCHUT Pa3pYLICHUS JOMaM, CTPOCHUSAM U IIOCEBAM.

[Ipu mpakTHUeCcKOM pacCMOTPEHUH HUCXOJSAIIUX MOPBIBOB BETPa, HAMH OOHAPYKHIOCh
MEHBIIINE HHUCXOMSIIME TMOpBIBBI BeTpa "MHUKpPO HOpPBIBEI". CHIBHOE KPaTKOBPEMEHHOE
HUCXOJAIEE JBMIKEHHE BO3yXa COINPOBOXKIABUIMICSA C IPO30M, HA3BIBAETCA MHUKPO
HOPBIBOM (110 aHrI. Microburst - mukposspeis).

Mukpo nopbIBaMHU SBJISIFOTCST MOIIHBIE JIOKAIM30BAHHBIE BEPTUKAIBHBIE KOJIOHHBI
BETpPa, KOTOPBIE CIYYAIOTCS IPU OYE€Hb OBICTPOM OXJIAKICHUH U OMYyCKaHUH BO3/IyXa K 3eMJIe.
[Tocne Toro kak cTonad BO3IyXa JOCTHraeT 3€MJIM M HaYMHAET BbIIYyBaThCS HAPYXKY, o0Opa3ys
TOPU30HTAIIbHBIE BETPBI, KOTOPbIE JOCTUTAIOT CKOPOCTH 10 35 KM.

JKuzneHHbI 1TUKIT MUKpoTiopbiBa oT15 10 20 MUH, , Ha TEPPUTOPUHU C PATUYCOM JI0 2
kM. Co CTOPOHBI ATO BBITIISIAUT TaK, Kak OynTo ObI B 1OXkKA€BOM 0bOnake oOpazoBanach Jbipa U
OHO 4Y€pe3 3Ty JbIPY CTPEMHUTEBLHO «BBLIMBAETCA» HA 3eMIIIO (puc.3.):

T e e Y Hacwmemme DeT AMMAM L '
E—— -~ . HACTHIAMH DONARE

MagcHMansHa &

CID’FDCTbT[D‘FElTB:I

J 7 4 U 13-20 w0k, 30 35 /)
J . I\ {poermsu rensHocTs

2- 3 MEHVIEL

T llometmmotTh Mmoo

Puc.3. ®opmupoBanme mopeisa (B3phIBa) BETPA.
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[ToppiB BeTpa yparaHHOW CHUJIBI BO3HHMKAIOIIMKA HA KOPOTKOE BpeMs, Habmtomaercs B
y3kux 3o0Hax llaxOy3ckux, JLKynbpuackux u Opay0aacKux rop ¢ HIKBAIUCTHIMU BETPaMH,
JUBHEBBIMH OCaJKaMU W Tpo3aMu. Takue MOpbIBBI 00JIAJal0T 3HAYUTENbHO OOoJbllei
paspyliaronei CHION W MOTYT IOJHOCTBIO YHHUYTOXXUTH CTPOCHHE, Pa3pyLIMTh JOMOB U
noBajuTh AepeBbs (Puc.4.):

Puc.4. Pazpymmurensasie cuiibl [1opeIB BeTpa ¢ pa3pymnTeNbHOMN
cuioii (LLlaxOy3ckuii p-H).

[IpoaomKUTENBHOCTh TOCTYIUJIEHUSI COJHEYHOro cusiHus Ha HaxubiBanckoir AP
JIOCTaTOYHO BBICOK U cocraBiisieT B uiwoiie 470 uac, aBrycre 470 vac. D10 crocoOCTByeT
HOBBIIIEHUI0 HHTEHCUBHOCTH MCIIapeHHe BOJA Ha o3epe [aHibiren M HMCKYCCTBEHHBIX
Bojloemax Baiixwip, Apa3, Apna, bananusp u Cupab. Mcnapenue 3Tux 03€p nemaeT BO3IyX
KOTJIOBHHBI BJI@XHBIM. Pe3K0 yBeNIWYMBAETCS KOJIMYECTBO COJEPKAIIMXCS B BO3/AyXe
YaCTHUIIBI BOJSTHOTO T1apa, 9TO CIOCOOCTBYET (POPMHUPOBAHUIO M TIOBHINICHHH WHTEHCHBHOCTH
HOPBIBOB BETpA.

Ha rtepputopun HaxubsiBanckoii AP  moutm Bce TpoO3bl CONMPOBOXKAAKOTCA MHUKPO
nopsiBaMu. CBsS3aHHbBIE C HUIMU HUCXOSIIUE BO3AYIIHBIE IOTOKU PACIPOCTPAHSIOTCS B 30HE
pazmepamu ot 500 M g0 omHOro kuiaoMmerpa. MHUKpO TOpPBIBEI B KAapKYyIO
noroJy Ha0OJIr0Aaaich BO BTOPYIO IMOJIOBUHY [JHs, MOJA Beuep. B jkapkyio morogy B ropax
MO/l Ky4€BO-/105K/I€BBIMU O0JIakaMH HaOJII0AJIUCh CYXHE MUKPO TMOPBIBHI.

@dopMHpOBaHUE TOPHIBOB BeTpa MNPOMCXOAUT Ha BbicoTe oT 2500 — 3500 ™
Japanaszcko —3aHre3ypckoro  BBICOKOTOPbS M MpPOXOJs 4Yepe3 TIiayOokue ymenbs u
yCTpeMIIsieTcs BHU3 10 CKJIOHY | pycny (Puc.5.):

Puc.5. Mukpo nopsIB B CyXOM BO3AYXE.

B Apa3sckoit gonumHe ¢ BiIaXHbIM kiumatoM (12-18 r/kr), Habmromanuck "BiaxHbie"
MHUKPO TOpBIBBI. BricoTa KydeBo-moxkaeBbix ob6imakoB oT 3 no 4 kM. Korma u3 obGmaka
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HAUYMHAET BBINAJCHUE OCAJKOB, OHHU COMPHUKACASICh C CYXHUM BO3AYXOM, UCHAPSIIOTCS U CTOJIO

JIOX/IS ¥ BO3/lyXa CTAHOBUTCS XOJIOJIHEE OKPYIKAIOILIEH aTMOC(hepBbI.

Pe3yabTarsl HCC/IeI0BAHUIL:
B pesynpTaTe npoBeNeHHBIX HAMU HCCiIe10BaHUN (U10Jb, aBrycT 2019 r.) BISICHUIIOCK,

YTO IOPBIBBI U MUKPO MOPBIBBI BeTpa B HaxublBaHCKOH KOTJIOBMHE BO3HMKAIOT BBICOKO B

Tabnuna 1.
Hronw Cpenssas TemnepaTypa [Tpumeuanue
Boszayxa (°C)
(c 10% 1o 18% yac)

1 26,4°C

2 27,4°C

3 31,1°C

4 32,4°C

5 33°C

6 33°C

7 35°C [lopeiB BeTpa ¢ IMBHEBHIM AOXKIEM W C TPO30H B
ropax, (JLkyasGhHHCKHHA p-H)

8 33%C [TopslB BeTpa C JNHMBHEBBIM JOXKIEM W C TPO30H B
ropax, (Opaybaackuii p-H)

9 32,5°C IlopeiB BeTpa ¢ IMBHEBHIM JOXKAEM M C TPO30H B
ropax, (Illax0y3ckuii p-H)

10 29°C

11 359%C IlopeiB BeTpa ¢ JMBHEBBIM JOXKAEM M C Tpo30d B
ropax, (r.HaxusiBan, lllax0y3ckuii p-H)

12 36°C

13 36,5°C

14 35,5°C IToppiB BeTpa C JMBHEBBIM JOXIEM U C TPO30H B
ropax, (Opsroanckuii p-H, JLkynbhUHCKUN p-H)

15 34°C IlopeiB BeTpa ¢ JMBHEBBIM JOXKAEM M C TpO30H B
ropax, (Ilax0y3ckuii p-H)

16 35°C Cyxoii mopeiB Betpa B Topax (LpxOy3ckui,
JLKynpQUHCKMIA p-H)

17 35°%C

18 36°C

19 36,5°C

20 35,5°C IlopeiB BeTpa C JIMBHEBBIM JOXJEM M C TPO30H B
ropax, (Opsroazackuii p-H, JLKynbhUHCKHHA p-H)

21 36,4°C

22 38°C

23 37,5°C

24 36,4°C

25 36,5°C

26 34,5°C Cyxoii nopsIB Betpa B ropax (I1lax0y3ckwuii p-H)

27 34°C

28 33,5°C [TopsIB BeTpa ¢ CHIILHBIMH JIMBHEBBIMH JIOKISIMUA U C
rpo3oH, (r.HaxusiBane u B ropad JLxynb(GUHCKUN p-H)

29 30,5°C

30 38,5°C

31 40°C
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Ta0mma 2.

ABrycr Cpenusist Temneparypa [Ipumeuanue
sosayxa (°C)
(c 10%° o 18% yac)

1 39°C

2 37,5°C

3 38°C [TopsIB BeTpa ¢ CHIILHBIMU JIMBHEBBIMH JTOKASIMHU U C
rpo3zoi, ( [JLxyappuHCKH p-H)

4 35°C [TopeIB BeTpa ¢ JTUBHEBBIM JIOXKIEM W C TPO30i B
ropax, (Opaybazackuii p-H)

5 34,5°C [lopriB BeTpa ¢ JMBHEBBIM AOXKIEM U C TPO30H B
ropax, (Illax0y3ckwii p-H)

6 30°C

7 31°C [lopbIB BeTpa ¢ JMBHEBBIM MOXIEM H C TPO30H B
ropax, (JLxynedunckuii u Opaybanckuit p-H)

8 27°C

9 29°C

10 31°C [lopeiB BeTpa C JHMBHEBBIM JOXAEM H C TPO30U B
ropax, (Juxynedunckuii u Lllax0y3ckuii p-H)

11 31°C

12 32°C

13 32,5°C

14 33,5°C

15 36°C

16 37°C

17 35,5°C IlopeIB BeTpa ¢ JMBHEBBIM JOXKJIEM H C TpPO30H B
ropax, ([Lxkynedunckwnii u [1lax0y3ckuii p-H)

18 33,5°C

19 35,5°C

20 36,4°C

21 35,5°C

22 38°C

23 38°C

24 36,5°C

25 31°C [TopsIB BeTpa ¢ CUIBHBIMU JINBHEBBIMH JAOXKISIMU U C
CHJIBHBIM I'P030ii B TOpax

26 35°C

27 33°C

28 31°C

29 34°C [lopbeIB BeTpa ¢ JMBHEBBIM JIOXKJIEM M C TpO30H B
ropax, ( Opaybanckuii p-H)

30 32°C

31 29°C

ropax (baraGar Illax0y3ckuii p-H, Jlekerar JDxynbdunckuii p-1, Araepe Opay6anckuit p-H)
W3 HUCXOJAIINUX MOTOKOB rpo30BOro Bozayxa. Ouu mpoaomxarTcs orl0 qo 15 MuH, ¢ 30HO#
pacripoctpanenus auamerpom ot 0,5 10 1 xm. [Torok HucXoasIero m3 rpo3oBoro obiaaka
Bo3nyxa (15 m/c, mo 35 m/c) mpomomxaercs 1o 10-15 munayt (Tabmuus 1, 2):.

W3mepenus ObLIN IPOBEICHBI IPU MTOMOIIN aHEMOMETpa U TepMomeTpa. [IpoBeneHHbIe
MICCIICIOBAHNE TIOKA3aJM 9TO, NPH TOBBINIEHHH TeMIepaTypsl Bo3ayxa +35°C u Beimre
(cpennee Temmeparypa Bosgyxa msmepsaochk ¢ 10% mo18%uacos) B ropax makammmsarorcs
o0JaKa ¢ HaChIIIEHHBIMU JIEISHBIMH YaCTHIIAMHU U MPOUCXOJUTH MOPHIB BETPa C IPO3OBHIM
JOXISIMU, CO3JIAI0IIME HA MOBEPXHOCTU 3€MJIM BETEP Pa3pyLIMTEIbHON CHIIBL. OOBIYHO 3TH
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CUJIbHBIE KPaTKOBPEMEHHBIE MOPBIBBI BETPA C IPO30BBIMH J0XKASIMH, MPOUCXOIUIH, TIocie 17
yacoB B TropHbIx Mmecrax LllaxOysckoro, Jxynspunckoro u OpaybOanckoro paiioHos. Ilpu
TeMnepaType Bo3ayxa +30°C 1 Hike TOpPBIBBI BETpa He HAOIFONAIINCH.

[IpoBenennpie Hamu Ha Tepputopuu HaxubiBanckoih AP uccienoBaHus IMOJHOCTHIO
MOJATBEPAUIIN CEPbE3HYI0 OMNACHOCTh IMOPHIBOB M MHKPO IMOPHIBOB BETpa Ha TEPPUTOPUHU
HaxusiBanckoit AP. CusibHBIE OPBIBBI BETpa CIIOCOOHBI CO3/1aBaTh XaoC Ha PACCTOSHHUH 2
KUJIOMETPOB, COMBasi [EpeBbs, JUHUU DJEKTpOINepenady W HaHOCA Cepbe3HbI yIepo
coopyxkeHHUsIM. CHUIIBHBII MHUKPO IOPBIB MOKET IOJHOCTBIO YHHYTOXHUTH KpBIILY 3AaHUM,
MNOBPEIUTh U Pa3pylIUTh JTOMOB, MPOMBIIUIEHHBIX OOBEKTOB U aBTOMOOWJIEH, MOBAaUTh
JIEPEBbSL.

Hepenko xorma cTton® Bo3ayxa JOCTUTaeT 3€MJIM, CO3/1aeTCsi BEPTUKAIbHbBIE
3aBUXpPEHHUE, KOTOPOE MPUBOIUT K MOSIBICHUIO TYPOYJICHTHOCTH.

[Tpucymue k HaxuybIBaHCKOM KOTJIOBHHE BUXPOBBIE MHUKPO IOPBIBBI, OH K€ CMepY,
IPEJICTaBISIIOT COOOM JIOKalbHBIE U OMACHbIE siBiIeHHE. (10 A3epOaliPKaHCKH «OypyJraH»
WK «raceipra»). O6mnauynsiii cton6 ¢ quamerpom 300- 400 M., KOTOPBIN OMYyCKAETCs HA 3€M-
HYI0 TIOBEPXHOCTh BOPOHKOOODPA3HBIM CYKEHHEM M U3 3€MHOM IOBEPXHOCTU IOJHUMAET
neuti. Cton0® BO3AyXa JOCTHras 3€MJIM CO3/1a€T BEpPTUKAJIbHbIC 3aBUXPEHUS U KpyraMu
pacIpoCTpaHseTCs MO0 TTOBEPXHOCTH 3eMJIM CO CKOpPOCThIO BeTpa 20- 30 M/C 1 HA ITyTH CBOETO
JBUKEHHS BBI3BIBAET KaTaCTPOPUUECKUE pa3pyIICHUs], YeTOBEUECKUE KEPTBBI.

IIpu ckopoctu OGompme 20-25 wm/c, 3TOT BETEp CHOCUT TIUIOXO 3aKpEIUIEHHBIE
KOHCTPYKLUHU U KPBILIN JTOMOB, IOMA€T PEKIaAMHbIE IIUTHI, BETKH JI€PEBHEB, BHI3BIBAECT OOPHIB
JMHUM BJEKTpoIepenady M CO34a€T ONAaCHOCTh JUISl HaXOIAIIMXCS I0J, HUMHU JIKOJEH,
JKUBOTHBIX M aBTOMOOMIIeH (Puc.6.):

Puc.6. bypynran— raceipra (cMepy) Ha 3eMHOM TOBEPXHOCTH.

BrlmeykasanHble  Hay4HO-HCCIIEOBATEIbCKUE pPAa0OTHl IMOJHOCTBIO TOATBEPANUIIH
peasbHOCTh (PPOHTOB MOPHIBOB U MUKPO TOPHIBOB M MX CEPbE3HYI0 OMACHOCTb JJIS JTMHUU
3JIeKTponepeay, BbICOTHBIX COOPYXEHHH, 3JaHUi, [TOMOB, IPOMBIIUIEHHBIX OOBEKTOB U
JIEPEBLEB.

N3-3a MexaHWYEeCKOro BO3JIEHCTBUS MPENSATCTBUI (CKIOHBI IOp, BHICOTHBIE CTPOEHHE,
BBICOTHbIE KOHCTPYKLIUHU U T.J.), C KOTOPBIMHU CTaJIKUBAETCS] BO3AYIIHBIM MOTOK, MOXET Mpo-
ucxoauTh caBur Berpa. Cosurom Betpa (anri. Wind Shear) sigyisieTcst moBbIIICHHAS CKOPOCTh
U HalpaBJIeHHE BeTpa, KOIJa OHHU 3HAUYUTENIbHO HW3MEHSIOTCS Ha HEOOJBIIOM yyacT-
ke atMocdepsl. CABHUT BeTpa MPUCYTCTBYET BAOJIb MEpeIHEl KpOMKU 0oJiee XOJI0JHOTO BO3-
JyXa MpU €ro JABHKEHUU BHU3 MO CKIIOHY.

BbBIBO/JbI
1. PaccMoTpeHbl OCOOCHHOCTHM TIOPBIBOB U JIOKJIBHBIX MHKPO TIOPHIBOB BETpa B

3aBUCHMOCTH OT TEIJIOBOro OanaHca, penbeda MECTHOCTH U TeorpaduyecKoi
ocobennoctr Hax4ypIBaHCKOI KOTIOBUHEI.

2. AmnHanu3upoBaHa IWHAMHKa BO3HUKHOBEHHUS TIOPHIBOB W MHKPO TIIOPHIBOB BETpa B
HaxursiBanckoit AP 1 uxX HeraTUBHEBIE ITOCIIEICTBHUSL.
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OnpeneneHbl HHTEHCUBHOCTh BO3HUKHOBEHUS MOPBIBOB U JIOKAJIbHBIX MUKPO TTOPHIBOB B
3aBUCUMOCTH OT TEIUIOBOro Oananca HaxubIBaHCKOUN KOTJIOBUHBI.
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NAXCIVAN MUXTAR RESPUBLIKASINDA KULOYIN ANI SiDDOTI
VO MIKRO SiDDOTLORININ MEYDANA GOLMOSI

KAZIMOV M. H.

Mogqalado Naxgivan ¢okokliyinds kiiloyin ani siddati vo mikro siddstlorinin yaranmasi
vo inkisafi proseslorino baxilmigdir. Nax¢ivan Muxtar Respublikasi orazisinds kiiloyin ani
siddoti vo mikro siddotlorinin amalo golmo sobablori vo inkisaflar: ilo bagl aparilan elmi
todgiqat islorinin naticolori gostorilmisdir. Bolgonin cografi goraitindon asili olaraq kiiloyin
ani siddotinin xiisusiyyatlori Syronilmisdir. Kiiloyin ani siddotinin dag dorolori vo dar
kecidlorindon kecorkon siirat itkisinin dinamikasi vo bu itkilorin kiiloyin ani siddotinin
xUsusiyyatloring tosiri tohlil edilmisdir. Aparilan todqiqatlar Naxc¢ivan Muxtar Respublikasi
orazisindo kiiloyin ani siddoti vo mikro siddatlorinin tohliikali oldugunu tamamils tosdiqlodi.
Oldo edilmis noticolor Naxcivan ¢okokliyindo kiiloyin ani siddsti vo mikro siddstlorinin
voveud oldugunu tosdiqlayir.

Acar sozlar: kiiloyin ani siddati, mikro siddet, leysan, géy gurultusu, burulgan, qasirganin giicii, havanin
temperaturu, arazinin relyefi, hiindiirliik.

FORMATION OF GUSTS AND MICRO GUSTS OF WIND IN
THE NAKHCHIVAN AUTONOMOUS REPUBLIC

KAZIMOV M. H.

The article discusses the processes of formation and development of gusts and micro
gusts of wind in the Nakhchivan basin. The results of scientific research on the formation and
development of gusts and micro gusts of wind in the territory of the Nakhchivan Autonomous
Republic are shown. The features of gusts of winds are considered, depending on the
geographical conditions of the region. The dynamics of speed loss during a zigzag flow
through mountain gorges and narrow passages and the effect of these losses on the
characteristics of wind gusts are analyzed. The studies fully confirmed the serious danger of
gusts and micro gusts of wind in the territory of the Nakhchivan Autonomous Republic. The
obtained results confirmed the existence of strong downward gusts and micro wind gusts in
the Nakhchivan basin.

Keywords: wind gust, micro gust, downpour, thunderstorm, turbulence, hurricane force, air temperature,
terrain, height.

142



Energetikanin problemlori e Ne4 o 2019 e [IpoGieMbl 3HEPreTUKH

VJIK 621.833
FORMATION OF PROBING LASER PULSES FOR loT SYSTEMS
HAJIYEV Y.M.

Azerbaijan State Oil and Industry University
Baku, Azerbaijan
yhajiyev@gmail.com

In the Internet of Things systems developed for managing energy facilities, the introduction of sensors
and transmitters based on fiber optical technologies creates unique opportunities for flexible and sustainable
management. A key element of these systems are laser pulses. The article presents data from the point of view of
the use of optimal devices for generating laser pulses as being a key element. The article presents experimental
data on the use of optimal devices for generating laser pulses. The article presents experimental data on the
created by the electro-optic modulator on the basis of GaSe optical material for the radiation of He-He laser
pulses.

Keywords : internet of things, application layer protocols, fiber sensors, fiber networks, transmitting
techniques.

Introduction.

In the previous article, the possibilities of using systems based on the Internet of Things
(1oT) for managing, monitoring and managing industrial facilities and processes, in particular
in the energy sector, have been shown. The IoT provides big opportunities for devices as for
the aggregation of all the sensing modules that are linked to Internet to provide to customer
the collected process specific information from them constantly from any place. That way
manager will have absolute control of products and processes.

In terms of architecture, the structure of "Internet of Things" is a logical development of
management ideas underlying the computer-integrated automated control and operating
systems (CIMS) over technological processes and facilities. In CIMS the distributed sensor
system measures the physical and other parameters of the controlled objects, and sensing
signals are transmitted to the control and regulation unit.

In accordance with the developed solution in the node, the relevant control signals to be
sent to the actuators to tune the technological regimes. Thus, the network infrastructure in
SIMS is to provide bidirectional transmission of measured signals to the control unit, and also
the control signals spread from the unit to the actuators.

Largely the IoT retains the same architecture of interaction between sensors, decision-
making centers, and actuators. However the principal difference here is that in 10T systems
the exchange of sensing and operating data/signals among sensors—controller unit — actuators
is arranged through Internet. That imposes serious restrictions on devices could be used in loT
as sensors or actuators.

The properties and characteristics of any device to be integrated into the 10T must allow
to [3]:

— Collect and transmit data: the devices are in environments in which information can

be gathered and either be sent to other device or directly to Internet;

— Operate action-based devices — devices can be programmed to act relevantly to widely
varying operating conditions;

— Receive information — integrated devices can be able to receive information from
the network;
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—Support communication — the device integrated to a network of devices that can
communicate with each other through other nodes in the same network;

Only by employing such kind of special devices it is possible that the 1oT would allow
objects to communicate directly or indirectly to Internet. In terms of architecture, this implies
that the full technological system to be event driven, and to be built from the bottom up based
on the context of inherent processes and operations in real time. This implies that the Internet
of Things would not be subject to certain rules and regulations, but be able to handle
exceptions and evolve based on the context of the event, but could also be adapted to common
standards, if necessary.

Generating of probing light pulses for 1oT.

As it is seen from described in our previous paper the fiber-optical technology just the
only one that is able to smoothly combine the sensing functions and the transmitting functions
as well.

As in the case of pressure sensor, temperature sensors, and motion sensor, one of their
critical components is the modulator that forms probing light pulses to be fed to sensor. The
ratio and relative duration of the probing light/laser have to be tuned precisely and interval
between probing pulses must be several time longer than interval between both reflected
pulses.

Basic features of optical fiber allow to form variety of sensors that can monitor a wide
range of physical and chemical parameters of explored objects and generate the relevant data
that to be transferred to the Internet through the transmission fiber-optic network.

The key component of any optic-fiber based sensor is the light (laser) probing pulses
that is used to acquire physical quantity and convert it to a signal suitable for transmitting.

The same type of light pulses is used to read out into fiber optical network the data
accumulated in the sensor.

Thus, light pulses enable both sensing and transferring data.

There are many methods and techniques employed for forming and modulating of laser
pulses [3, 4]. Typically Laser pulses are produced by electro-optical modulators that chops
ray coming from LED or diode laser. The modulator is driven by electrical signals that are
converted into an optical signal for transmission through a fiber.

External modulators are often based on acousto-optic, magneto-optic, electro-optic
and/or electric field absorption type effects, thereby provides different options for loT
solutions.

External electro-optical (EOP) modulators are definitely well adjusted for tuning of ray
pulses in broad frequency ranges and extremely wide modulation bandwidth span.

Polarizer
(optional) F'olarizer
ey
L F] I
@ _{___\_ m T 1 1 1 1 171 e E
E P L._I...J....I.EL..I...L -
8] Ampﬁrudeu L a1y Light /Laser
B M Qd‘{_.’"raf‘c"d Electro-optic souree
Light/Laser Crvstal
pulses ry

Modulator driven
electrical signals

Fig. 1. Amplitude modulator in its simplest form.

An external amplitude modulator in its simplest form consists of an electro-optic
crystal between top and bottom electrodes. Driven pulse signal is applied as a voltage across
electrodes to produce light/laser pulses.
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External modulation typically utilizes principles of Mach-Zehnder interferometric
optical modulator (MZI). In MZI the input laser ray is branched into two coplanar
waveguideins. Upon propagation the both splitted half beams will interfere with each other
under derived modulation signal. However, MZI has intricate [6, 7] and cumbersome
structure, and they are not easily can be integrated with optic-fiber based sensors and with
transmit lines in 10T systems.

Other physical principle that utilized in EOP is Franz—Keldysh [ 4, 8] effect that based
on a change in the absorption spectrum caused by an applied electric field, which changes the
bandgap energy thus the photon energy of an absorption edge. This type of modulators has
more convenient adaptability to fiber-optic networks, and high accuracy in the generation of
laser pulses.

As it was discussed above, for continuous sensing of dynamically changing external
temperature, pressure, displacements and etc. it is necessary to supply the sensors with
light/laser pulse strings with precisely adjusted intervals between pulses, their frequencies and
pulse ratio and etc.. To meet those requirements we’ve designed modulator, which is of a
group of external electro-absorption modulator. As electro-optical material the transparent
semiconductor with effect of shrinkage of band gap has been used.

Despite the shrinkage effect was discovered in many materials [1, 2, 3, 4], we’ve tried to
find one of same type semiconductor materials that allow it to be of variable transparency for
one of lasers that broadly used in fiber-optic communication. In that case the using of band-
gap shrinkage effect will allow rippling the relevant laser ray propagation through that chosen
optical material.

The desired combination of electro-optical properties we’ve revealed in He-Ne laser and
GaSe optical material that ideally matched pair. The GaS and InSe crystals also demonstrate
bandgap shrinkage effect in optical diapason, where no working lasers.

In normal condition the wave-length of stationary He-Ne laser is A=632.8 nm.

The below experimental diagram depicts the two positions [ 5, 8] of optical-absorption
edge GaSe monocrystal at E= 0 V/cm and E > 0,5kV/cm.
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Fig. 2. Absorption edge of GaSe at two applied external electrical fields.

As it is seen from experimental curves when no external field is applied to GaSe, its
absorption edge is A=623nm (1.99eV). Normally, crystal is opaque for He-Ne laser rays
having A=632.8nm (1.96 eV).

At high applied voltage (E>10°V/cm) (2>0V for GaSe strip 2um thickness), because of
bandgap shrinkage, the GaSe crystal reveals the enormously large shift on 20 nm (~ 63 meV)
of their optical-absorption edge up to ~640 nm (~1.92eV). He-Ne laser wavelength becomes
overlapped by extended GaSe absorption range. GaSe substrate becomes opaque for He-Ne
laser ray.
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As far as voltage is switched off the absorption edge jumps back to its normal
magnitude and GaSe becomes transparent again for He-Ne laser.

This allows, sequentially turning on and off of applied voltage gets crystals to
changeover from opaque [ 1, 5] to transparent modes and back for He-Ne laser beam
(A=632.8 nm).

When high electrical (E > 0,5kV/cm) is applied, the large shift of about 10 nm in the
absorption edge is occurred, and crystal becomes transparent for He-Ne laser rays.

This way by applying in succession the high and low voltages on GaSe, it does
modulation of He-Ne laser ray coming through crystal.

Thus, if high voltage is applied —laser beam not pass crystal; if no voltage — beam easily
pass crystal. Thereby the output laser pulses to be generated with intensity and timing
parameters to be set by driving pulse voltage.

The modulation technique of He-Ne laser beam by means of GaSe crystal is depicted in
below drawing.
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Fig.3. Pulse electrical field simulated modulation of GaSe transparency
for He-Ne Laser radiation.

The experimental curves above show how the applied high-voltage pulse varies in
controlled manner the GaSe transparency for the He-Ne laser rays. If no voltage is applied —
left bottom part of blue line, the absorption edge of GaSe is normal, and He-Ne laser ray
(A=632.8 nm) pass through GaSe crystal. This way the top plank of laser pulse (red curve) is
formed.

When high voltage is applied (top plank of blue curve), the absorption edge of GaSe is
shifted, and the crystal becomes opaque for He-Ne laser — bottom plank of red line.

As far as applied voltage pulse drops to 0V, the absorption edge jumps back to its normal
magnitude and GaSe becomes transparent again for laser ray.

He-Ne laser pulses being formatted in that way are in opposite phase to the applied
modulating voltage pulses. Experimentally determined rate of modulated intensities of
transmitted He-Ne laser beam in both pellucid and opaque states of GaSe was in order of 80%
which also revealed pronounced modulator features.

The switching time [5, 7] between transparent and opaque states of GaSe for crossing
He-Ne laser beam, was measured to be at the level of 80 ns, which is short enough to employ
the generated He-Ne ray pulses as probing pulses.

As explained above, the operation principle of the fiber optic pressure sensor,
temperature sensor, displacement sensor and other sensors is based on the interference of two
light pulses passing different paths.

A modulation based on GaSe features will be able to generate short laser pulses into loT
system with electrically tunable and varied duration, frequency and intervals, which in turn
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will allow the sensors to measure the external parameters with high accuracy and reliability.
In addition, the same pulses enable to read out accurately the accumulated data in the sensors
and transmitting this information over fiber optic networks.

The successful interoperability of He-Ne laser and GaSe crystal in one optical diapason
opens up very promising perspectives for producing on the base of GaSe the He-Ne laser
modulator and wide implementing of that pair in 10T system.

Conclusions and outlook.

Internet of Things involves connecting things (technological objects and facilities, or
home equipment) to the Internet in order to retrieve information from them at any time and
from anywhere. The sensors and devices that well applicable to manage production facilities
especially in energy industries are mostly based on fiber-optical applications. Despite the fact
that each fiber based sensor has its own specific measurement segment, they all are working
based on the use of laser pulses of variable duration and intensity. In this sense, our paper
presents a way in which loT designed for power producing and distribution objects are
accessed through the fiber-optical network based communication and sensors system. Thus,
laser pulses, being a key element of optical fiber sensors and transmitters, were carefully
considered in this article from the point of view of using optimal devices for generating laser
pulses. The article presents experimental data on the created by the electro-optic modulator
on the basis of GaSe optical material for the radiation of He-He laser pulses.
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loT SISTEMLOR UCUN ZONDLU LAZER
IMPULSLARININ FORMALASMASI

HACIYEV Y.M.

Enerji obyektlorinin idars olunmas: iiciin hazirlanmis "Osyalar Interneti" Internet
sistemindo fiber optik texnologiyalara asaslanan sensorlar vo 6tiiriiciilorin totbigi elastik vo
davamli idaroetmo iiclin unikal imkanlar yaradir. Bu sistemlorin osas elementi lazer
pulslaridir. Magalods asas element kimi lazer impulslari yaranmasi tiglin optimal cihazlarin
istifadosi baximindan molumatlar verilmisdir. Moagalods lazer impulslart yaratmaq iigiin
optimal cihazlarin istifadosi tizro eksperimental molumatlar verilmisdir. Mogalods, He-He
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lazer paxlalarinin radiasiya ti¢iin GaSe optik materialinin oasasinda elektro-optik modulator
torofindon yaradilmis eksperimental molumatlar tagdim olunur.

Acar sozlar: ogyalar interneti, fiber optik sobokolar, totbigi saviyali protokollar, fiber sensorlar, fiber
tizorindan signallarin paylanmasi, signallarin 6tiirms texnikalari.

®OPMUPOBAHMUE 30HAUPYIOIIUX JIASEPHbBIX
UMITYJBbCOB AJIs1 loT CUCTEM

I'AJVKHUEB 51.M.

B cucremax '"umHTepHeT Bemiei" pa3pabaThIBaeMbIX JJIS YNPaBICHUS OOBEKTaMH
DHEPreTHKU BHEAPEHHE CEHCOPOB W M TPAHCMHUTTEPOB OCHOBAHHBIX Ha (hHOEp OMTHUYECKUX
TEXHOJOTHUSIX CO37]aeT YHUKAIbHBIE BO3MOKHOCH JJIsl THOKOTO U YCTOWYHBOTO yIPaBICHUSI.
KitoueBbIM 2JIEMEHTOM ATHUX CHUCTEM SIBIISIOTCS JIa3epHbIE UMIYJbCH. B cTaTthe, MpuBeaeHbI
JAaHHBIE C TOYKHU 3PEHUS MPUMEHEHHs ONTHUMAJIbHBIX YCTPOMCTB Ui T€HEPAlMH JIa3epHBIX
MMITYJILCOB SIBJIIFOTCSL OYyJIy4H KJIIOUEBBIM 3JIEMEHTOM. B cTarhe mpHUBEIEHBI SKCIEPUMEH-
TaJdbHBIC JaHble MO MPUMEHEHHIO ONTHUMAJbHBIX YCTPOWMCTB JJisi TE€HEpalHUH Ja3epHBIX
HUMITyJIbCOB. B cTaThe MpuBEIEHBI 3KCIIEPUMEHBATBHBIC JaHbIE MO CO3JAaHHOMY 3JIEKTPO-
ONTUYKOMY MOJIyNATOpy Ha ocHoBe GaSe omrmueckoro marepuna st uznyudenuss He-He
JIa3€PHBIX UMITYJIbCOB.

KnroueBble cioBa: I/IHTepHeT Beu_[ef/i, IMPOTOKOJIbI MPHUKIAAHOTI'O YPOBHS, OINTOBOJIOKOHHBIC OATYUKH,
OIITOBOJIOKOHHBIC CETHU, METOAbI IICpCAAYH.
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ASINXRON MUHORRIKLORIN ISTEHSAL PROSESINDO TOHVIL-TOSLIM
SINAQLARININ AVTOMATLASDIRILMASI HAQDA

ROHIMOVA N.9., ABDULLAYEYV V.H., IMANOVA Z.B.

Azarbaycan Doviat Neft va Sanaye Universiteti, Baki

AM-in kiitlovi istehsalinda mithim morhaloe olaraq TTS (tshvil-teslim simaqlari) kegirilir. Statistik
molumatlar gostorir ki, bu sinaqlarin omok vo vaxt tutumu AM-in istehsalina sorf olunan omok vo vaxt
masroflorinin toxminon 13 %-ni tosvil edir. Ona goéro do AM —in istehsali proseslorinin avtomatlagdirilmasi
istigamotindo TTS-in avtomatlagdirilmasi vacibdir. Normal olaraq bir EM-in tohvil-toslim siaqlarina masinin
tipindon asili olaraq (3-35) saat vaxt tolob olunur. TTS-in avtomatlagdirilmas: hesabina belo vaxt sorfini 15
doqgiqoys endirmok miimkiin olmusdur. Moaqalada, istehsal prosesindo keyfiyyotin yiiksoldilmosi iiclin TTS
avtomatlagdirilmasi zamani optimallagdirma kriterilori verilmisdir.

Acar sozlar: asinxron mithorrik, tohvil-toslim sinaqlari, optimallagdirma, istehsal prosesi

AM-in istehsali prosesindo keyfiyyato nozarst vo onun idaro olunmasi iki merhalads
hoyata kegirilon sinaglarin naticosinds olds olunan informasiyaya asaslanir:

- istehsal prosesinds nazarat, yoxlama va sinaqlar;

- hazir (y1g1lmig) masiman tohvil-taslim sinaqlart.

Istehsal prosesindo hoyata kegirilon sinaqlarin moqgsadi AM-in vacib qovsaqlarinin
texniki normalara uygunlugunun yoxlanmasi vo masimin yiik altinda sinaqglara hazirlanma-
sidir. Bu smaqlarin gedisindo miivafiq qovsaqlarin parametrlorinin nominal giymotlordon
meyletmolari toyin edilir, eloco do AM-in elektriki, magnit vo mexaniki simmetriyalarinin
doracalori (parametrlorin fazlara vo qiitblors gora forqlonmaosi) miioyyanlogdirilir. Bu naticolor
AM-in yiik altinda sinaqlarindan alinan noticalorlo birlikds istehsal texnologiyasinin texniki
voziyyatinin qiymatlondirilmasi vo onun tokmillasdirilmasi todbirlorinin islonib hoyata keci-
rilmasi tiglin vacib informasiya hasil etmoys imkan verir.

Istehsal prosesindo keyfiyyato nozarot 6z-6zliiyiindo passivdir. Belo ki, hor-hansi
morhalodo momulatin keyfiyystine nozarat son naticods zay momulatin yararli momulatdan
ayrilmasi (sortlagdirilma) demokdir. Osas problem iso keyfiyyotin idars olunmasi — zay
momulatlarin amalo galma sobablarini miioyyonlosdirib belo mohsulun sayini azaltmagla (vo
ya miimkiin gador aradan qaldirmaqla) baglidir. Masalonin bu sokildo qoyulusu asagidaki
«qiz1l» gayda il sortlondirilir [1,4,5]:

Zay mohsulun aradan galdirilmasi = sarmaya

Zay mohsulun barpast = masraf.

TTS miixtalif 6lkolordo miivafiq normativ baza ssasinda kegirilir, lakin bu sinaglarin
standartlar1 vo proqramlari arasinda imumi cohatlor goxdur. [1]

Istor masinlarin istehsali, istorso do istismari ilo mosgul olan isgilor adoton sinag-
diagnostika proseslorinin avtomatlasdirilmasi vasitolorino asagidaki saciyyovi tolablor
goyurlar [1,2] :

- xidmeatin (istifadonin) sadaliyi;

- molumat vericilori vo informasiya miibadilosinin geyri vasitolorinin yiiksok

etibarlilig;

- masinda yerlosdirilon minimum slava vasitalor;

- minimum mosraflo kifayast qoador yiiksok somaranin alds olunmast;

- nozarat, sinaq va diagnostikanin geyri-dagidici olmasi;

- nasazhig tez-tez bas veron vo ya daha vacib olan qovsaqglarin (stator, dolaglar,

izolyasiya va s. bu kimi) 6n plana ¢okilmasi.
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Yuxarida gostorilon texniki toloblor corcivosindo EM-in defektlorinin erkon iizo
cixarilmasi metodlart iki qrupa boliiniir

1) nozaratin minimum (stat) vasitolorino asaslanan metodlari;

2) nozaratin xiisusi vasitalarina asaslanan metodlari.

TTS va istehsal prosesindo masinin ayri-ayri vacib qovsaglarinin siaqlar1 vasitolori stat
nozarati vasitoloring aiddir. Texniki diagnostika vasitolori iso xiisusi vasitolor qrupuna aiddir.

Keyfiyyato nozarst vo onun idarsolunmasi baximindan hor iki qrupa daxil olan tisul va
vasitolor eyni mogsado — mohsulun etibarliligmnin yiiksoldilmasine yonalmisdir. Lakin,
masinin yi1gilmasi zamani yerli nozarat vo sinaglar defektlorin monbayinin {izo ¢ixarib aradan
galdirilmasina yonolmisdir. TTS bazara c¢ixarilan maginlarin nominal parametrlorinin
giymotlondirilmosine vo zay mohsulun iizo ¢ixarilib satisa (istehlak¢iya) buraxilmamasina
xidmat edir.

Kiitlovi istehsalda AM-in keyfiyyotino nozarot vo onun idarsolunmasinin
avtomatlasdirilmasinin somoraliliyinin yiiksoldilmosi baximindan stat nozarot-sinaq tlisul vo
vasitolorinin funksional vo texniki imkanlarinin artirilmasi vacib masoladir. Belo ki, stat
nozarat sistemlori, bir qayda olaraq, texniki diagnostika masalslorini hall etmasa do, sonraki
morholodo — diagqnostikada istifadosi vacib olan bdyiik hocmdo informasiya hasil edirlor.
Mohz, bu informasiyanin alinmasi vo sonraki magsadyonlii istifadasi vacibdir. [6, 7]

Stat nozaroti iisul vo vasitolorinin funksional vo texniki imkanlarinin artirilmasi
asagidaki texniki-igtisadi somaralilik gostaricilorinin yiiksaldilmasine yonalmisdir:

- yiiksok keyfiyyst kateqoriyali ¢ixis mohsulunun hacminin artirilmast;

- sonraki diagnostika vo tomir-barpa islorino masraflorin azaldilmas;

- istehsal miiassisasinin imicinin yiiksalmasi;

- istehlak¢inin momnunlugu;

- reklamasiyalarin vo slave noqliyyat xorclorinin azalmast;

- qarantiya tomiri vo servis masraflorinin azalmasi.

Somaraliliyin imumi gostericisi kimi TTS noticesindo zay momulat kateqoriyasina
daxil edilmis AM-in sayinin sinaqlardan kegirilon miiharriklorin imumi sayina nisbati istifado
oluna bilor. Belo meyarin AM-in hissa va qovsaqlarinin hazirlanma vo miiharriklorin y1g1lma
prosesindoki stat nozarat-diagnostika omoliyyatlarina aid edilmasi magsadouygundur.

Stat nozarati iisul vo vasitolorinin somoraliliyinin statistik gostoricisi kimi sohihlikdon, yoni
asagidaki ehtimallardan da istifads edilir [1, 4] :

1) istehsalginin riski — yararlt momulatin zay hesab edilmasi ehtimali;

2) istehlak¢inin riski — zay momulatin yararl hesab edilmasi ehtimali.

AM —in kiitlovi istehsalinda aparilan nozarat — siaq islori iki morhoalado yerino yetirilir:
istehsal (y1igma) prosesinda vo y18ilmis masinin TTS prosesindo.

Istehsal prosesindo nozarat-sinaq islorinin magsadi AM-in bir sira vacib qovsaqlarinin
parametrlorinin  texniki normalara uygunlugunun yoxlanmast vo masmmin TTS-o
hazirlanmasidir. Bu amoliyyatlar1 yerli nozarot-sinaq amoliyyatlar1 adlandira bilorik. Yerli
nozarat-sinaq oamoliyyatlar1 zamani miivafiq parametrlorin nominal qiymatlordon meyllori
tayin edilir, masimin simmetriyasi (elektrik, maqnit, mexaniki) yoxlanilir. Alinmig naticalor
TTS-in naticoalori ilo birlikdo AM-in vo onun hazirlanma texnologiyasinin texniki voziyyati
barada gonaat hasil etmoys imkan verir.

TTS zaman1 miiharriklorin ¢esidlonmasi prosesinin belo gdstormok olar [3]:

TV1 — saz voziyyst ( sazdir vo islomo gabiliyystine malkidir); TV2 — nasaz voziyyat (
nasazdir, lakin isloma gabiliyyeatini saxlayir); TV3 — islomo qabiliyystino malik deyil (
nasazdir vo iglomir). Bu cohotlori nozoro alaraq TTS zamant AM-in ¢esidlomo prosesi
sxematik formada sokil 1 osasinda izah edilo bilor. Burada, AMI1 yigilmis va sinagqlar {i¢iin
hazirlanmis miihorriklor qrupu; AM2- TTS konveyerinds sinaqlardan kegirilon miiharriklor
grupu; AM3 — siagqlar naticosindo yararl hesab edilmis miiharriklor qrupu; AM4 — sinaqlar
noticasindo yararsiz ( zay ) hesab edilmis miihorriklor qrupudur.

TTS zaman1 miiharriklorin ¢esidlonmosi prosesi asagidaki ardicilligla hoyata kegirilir.
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AM4

Diagnostika-barpa
Sok.1. TTS zamani miiharriklorin ¢esidlonmasi prosesinin sxematik tosviri.

Yi1gilmis vo siaqlara hazirlanmis miiharriklor (AM1 qrupu) TTS konveyerins otiirtiliir
(nogl olunur). TTS proqramina uygun olaraq konveyer boyu yerlosdirilmis nozarot-6lcii
vasitalorindon (vericilordon) miivafiq signallar sinag-nozarat sistemina daxil olur. Sinaglara
moruz qalan miiharriklorin (AM2 qrupu) noazarat olunan parametrlori miivafiq normalarla
miiqayiso olunaraq onlarin keyfiyyoti barado qorar qobul edilir vo nominal parametrlori
giymatlondirilir. Qabul edilmis gorardan asili olaraq yararli miitharriklor (AM3 qrupu) satisa
gondorilir, yararsiz hesab olunmus miiharriklor (AM4 qrupu) ise diagnostika — barpa sexina
naql olunur.

Normal olaraq TTS naticasinds AM3 qrupuna ancaq texniki voziyyetlori TV1 sortino
cavab veron, yoni AM3eTV1 sortini 6doyon miiharriklor daxil olmalidir. AM4 grupuna iso
AM4 TV2 vo AM4 TV3 sortlorine uygun mitharriklor daxil olmalidir. Lakin «gizli» defektlor
(TTS zaman iizo ¢ixarila bilmayan defektlor) noticasinde TV21 grupuna daxil olan yararsiz
miihorriklor do satisa gondorilir. Eyni zamanda, TV23 grupuna salinmis yararli miiharriklor
yararsiz hesb edilorok AM4 grupuna daxil edilir.

TTS zamani nazarat-sinaq prosesinin somaralilik va sohihlik gdstaricilarini toyin etmak
baximindan miixtolif qruplara daxil olan miihorriklorin ¢esidlonmasindo asagidaki sortlori
gobul edok:

N1 - AM1 grupuna daxil olan miiharriklorin sayi;

N2 — AM2 grupuna daxil olan miiharriklorin sayi;

N3 — AM3 grupuna daxil olan miiharriklorin sayi;

N4 — AM4 grupuna daxil olan mitharriklarin sayi;

N31 - AM3 e TV21 sortini 6dayaen yararli miiharriklorin sayt,

N3.21 — AM3 e TV21 sorti samil olunmus «yararl» miihorriklorin sayi,

N3.22 — AM3 e TV22 sorti samil olunmus «yararsiz» miiharriklorin sayi;

N41 - AM4 e TV3 vo AM4eTV?2 sartlorini 6doyan yararsiz mitharriklorin sayri,

N4.23 — AM4 e TV23 sorti samil olunmus «yararli» miihorriklori say1

N4.33 - AM4 € TV24 sorti samil olunmus «yararsiz» miiharriklorin say1.
Somaralilik gostaricilori Kimi asagidaki meyarlardan istifads etmok olar:
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N1- yigma sexinin mohsuldarligi (ndvba vo ya sutka arzinds y1gilmis vo sinaqglara hazirlanmis
miiharriklorin sayt);
N2-TTS konveyerinin buraxma qabiliyyati ( ndvba vo ya sutka orzinds smaqdan kegirilon
miiharriklorin sayt);

K,y = N—i - gbzlomo (n6vba) amsali.
Sohihlik gostaricilari Kimi asagidaki meyarlar maraqlidir:

N,, +N
K % =—1—*2%100% - sohihlik omsali (hagqnda sohih qorar gebul edilmis («gizli»
2

defektlori olmayan) miihorriklori sayinin sinaqlardan kecon mitharriklorin {imumi sayina faizlo
nisbati):

N.3.21 + N.3.22 + N.4.23 +N

N 2

qorar qgobul edilmis («gizli» defektlors malik) miiharriklorin saymin smaglardan kegon
miiharriklorin imumi sayina faizlo nisbati):

K% = 422%100% - geyri- sohihlik omsali (haqqnda «siibholix»

N . . . : :
P, =—% - istehsalgimin risqi, yoni, osassiz hoyacan ehtimali (oslindo yararli olan, lakin
2.1

sohvon haqqinda «yararsiz» qorari gobul olunmus miihorriklorin sayimin sinaqlardan kegon
miiharriklorin imumi sayina nisbati);

N _— ) . .
P, = —22 _ istehlak¢inin risqi, yoni, «hodofin buraxilmasi» ehtimali (aslindo yararsiz olan,
2

lakin sohvon haqqinda «yararli» qorart qobul olunmus miihorriklorin sayinin siaqlardan
kegon mithorriklorin timumi sayina nisbati).
Yuxarida sadalanan meyarlar osasinda TTS zamani sinaq-nozarat sisteminin (prosesi-
nin) optimallagdirilmasi ti¢lin asagidaki kriterilorden istifado olunmasi1 maqsadouygundur:
1) miiessisonin optimal mohsuldarliq kriteri:
N, >N ;C <C.;lL>I ;N <D (1)

min; 1= m;
Burada, N1- méveud istehsal giicii |, asasinda buraxila bilon miiharriklorin say1 ( névbo

vo ya sutka orzindo); Nm-monfootin maksimumuna uygun golon istehsal hocmi; Cl—
mosraoflor (N1 miihorrikin istehsalina vo satisina ¢okilon iimumi xorclor); Cmin—monfostin
maksimuma uygun minimum masraflor; |, —maksimum monfasto uygun istehsal giicii; D-

mohsula bazarda mévcud tolabat ( sifarislor).
2) smag—nozarat kompleksinin (sinaq-nozarot sistemi vo TTS konveyeri) maksimum
buraxma qabiliyyati
Ky =1—>min, C, < Cep (2
Burada, C, — N, buraxma qabiliyystindo sinag-nazarat islorino mosraflor; C py — sinag-

nozarat islorino buraxila bilon masraflor.
3) mdvcud texniki — iqtisadi mohdudiyyatlor nozora alinmaqla sohihliyin miimkiin olan
maksimum hadds ¢atdirilmasi
K >max, K, —min, B —min, P, —min (3)

Yuxarida gostorilon optimallagdirma masalalarinin halli kifayot qader miirokkabdir vo
bir cox marholslords onlara yaxinlagsmaq miimkiindjir:

- AM-in va TP —in layihalondirilmasi vo reallagdirilmasi prosesindo;

- istehsal prosesinds;

- mohsulun siag-diagnostika prosesinda.
(1-3) kriterilori, son naticads, nozarat-sinaq islorinin metroloji somoralilik gostaricilori
olmagla asason TTS zamam istifado edilon metodikalarin, no daracods asasli olmasindan,
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mohsulun keyfiyystino nozarotin dorinliyindon, istifado olunan normalarin keyfiyyat vo
komiyyat baximindan obyektivliyindon, nozarat-6l¢ii vasitalorinin daqiqliyindon, personalin is
keyfiyyatindan vo s. bu kimi vacib amillorden asilidir. Bu istigamotds miimkiin yollardan biri
TTS zaman1 AM-in keyfiyyatino nozarot dorinliyinin vo nozarot-sinaq sisteminin texniki vo
funksional - texniki imkanlarinin artirilmasidir.
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Ob ABTOMATHU3AIIUH IICH B [TIPOU3BOJACTBEHHOM
IMPOLHECCE ACUHXPOHHBIX JIBUT'ATEJIEN

PAI'NMOBA H.A., ABAYJIJIAEB B.I'., HIMAHOBA 3.b.

Baxxueim sTanmom B maccoBom mpousBoactBe AJl sBasercs IICU (mpuemo-cnaTtounsle
ucnbiTaHus). CTaTUCTUUECKUE JTaHHBIE NOKA3bIBAIOT, YTO TPYJOBbIE M BPEMEHHBIE BO3MOKHOCTH
ATUX HWCHBITAHUN COCTaBISAIOT OKOJIO 13% TpynoBBIX M BPEMEHHBIX 3aTpaT, CBSI3aHHBIX C
npousBoactBoM AJl. Tlosromy aBromarmzauus [ICU Bakna B HampaBieHUM aBTOMAaTH3ALMU
npousBoAcTBeHHBIX npoueccoB AJl. Kak mpasuno, I[ICU AJl 3anumaer okono 3-35 4dacos, B
3aBUCUMOCTH OT Tuna Mamwuebel. bmarogaps asromatmsaumu [ICU  ymamock cokpatuTh
norpebsieHne BpeMeHHM Ha 15 MuHyT. B cratbe mnpuBeneHbl KpPUTEpPUH ONTHMU3AIUH
apromartuzanuu [ICU 1ist moBbIIIeHUsT KauecTBa MPOU3BOJICTBEHHOTO MpoIlecca.

KiaroueBbie cJioBa: aCI/IHXpOHHHﬁ JABUTIaTClIb, TECTUPOBAHUC JOCTaBKH, OonTUMM3alMA,
HpOI/ISBO,HCTBCHHHﬁ mnpouecc.

ABOUT AUTOMATION OF AT IN THE PRODUCTION
PROCESS OF ASYNCHRONOUS ENGINES

RAHIMOVA N.A., ABDULLAEV V.H., IMANOVA Z.B.

An important step in the mass production of AE is AT (acceptance tests). Statistics show
that the labor and time capabilities of these tests make up about 13% of the labor and time costs
associated with manufacturing AE. Therefore, automation of AT is important in the direction of
automating AE production processes. As a rule, AT AE takes about 3-35 hours, depending on the
type of machine. Thanks to automation, the AT was able to reduce the time consumption by 15
minutes. The article presents the criteria for optimizing AT automation to improve the quality of
the production process.

Keywords: asynchronous engine, delivery testing, optimization, production process.
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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 mogqalalor dorc edilir, eyni zamanda cari xronika
da verilir.

Jurnalin asas mogsadi yliksok elmi keyfiyyot kriteriyalarina cavab veron orijinal elmi-

texniki maqalalorin dorc edilmasidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktoblor, iimumiyystlo elmi

hayatda corayan edon hadisalor haqqinda molumatlar1 da darc edir.

Redaksiya heyati, bu vo ya digor sobablordon, jurnalin toloblorini tomin etmoayon

maoqalslori dorc etmomok hiiququnu iiziinds saxlayir.

2. Mbaqaldlarin taqdim edilmasi.
Biitiin moaqalslor asagida qostarilon iinvana, jurnalin redaksiyasina géndorilmalidir:

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 ;
Mbosul katib Qurbanov Kamil Baxtiyar oglu.

3. Maqalalarin matninin dili.
Maoqalslar azorbaycan, rus va ingilis dillorinds gobul edilir. Respublika miislliflorinin

magqalolori yalniz azorbaycan va ya rus dillerinds, yaxin xarici 6lkalorden olan miislliflorin
mogqalalari yalniz rus dilinds, uzaq xarici 6lkalorin miialliflorinin maqalslari iss yalniz ingilis
dilinds qobul edilir.

4.1.

4.2.

4.3.

4. Maqalalarin tirtib edilmasi qaydalari.

Mogalsloar, jurnalin redaksiyasina disket togdim etmaoklo, fordi kompytiterds, 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.

Mogqalalarin imumi hacmi, qrafiki materiallar, fotolar, cadvallor, diisturlar, adabiyyatin
siyahist va xiilasolor do daxil olmagla 8 sohifodon yuxari olmamalidir.

Maqalolorinin birinci sohifosinin sol kiinciindo Universal onluq tosnifati (UOT) iizro
indeksi gostorilmalidir. Sonra 1 interval asagidan, qalin va bdyiik heriflorlo maqalonin
ad1 yazilir. Sonra 1 interval asagidan, qalin vo boyiik hariflorlo miisllifin (miislliflorin)
soyadi, ad1 vo atasinin adimin bas hariflori 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 xiilaso, 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 sirasi ilo istifado edilon
odobiyyatin siyahisit verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis
dillorinds olan xiilasolor vo agar sozlor (10 srifti ilo cap edilorak) verilir. Magalonin
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moatninin sonunda, oalaqo telefonlari, telefakslar vo E — mail-1 géstormokla, miialliflor
magqaloni imzalayirlar.

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

4.5. Odobiyyat say sirast gqeyd edilmoklo, orijinalin dilinds verilir. Miislliflorin soyadi, adi
vo atasiin adi kursivdon istifads etmoklo yazilir. ©dobiyyatin siyahisi asagida verilon
nliimunalar iizrs tortib edilir.
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K CBEAEHHNIO ABTOPOB

1. O6mme npaBuJa.

B xypnane “TIpoGieMsr DHEpreTHKu” MyOIUKYIOTCS HAYYHO - TEXHHUYECKUE CTAaThH B
00J1aCTH KOMIUIEKCHBIX IpOOJIEM SHEPreTUKH, 3JIEKTPOIHEPIeTUKH, TEIIOIHEPreTUKH,
ANIEKTPOPU3NKHU, IIEKTPOTEXHOJIOTHH, MHPOPMATUKY U HOBOM TEXHHKH, & TAK)KE MPHUBOJUTCS
TEKyIasi XPOHHKA.

OCHOBHO# TIENBIO JKypHAJIa SIBJISICTCS MyOIMKaIMs OPUTMHAIBHBIX HAyYHO-TEXHUYEC-
KHX CTaTel, OTBEYAOLINX TPEOOBAaHUSM BBICOKOTO HAyYHOI'O KauecTBa.

B xypnane npuBoasTcs cBeleHHs 0 paboTe KOH(PEpeHIHNHA, CUMIIO3MYMOB, Pa3IHYHBIX
HaYYHBIX IIKOJ,  TAK)Ke 00 UHTEPECHBIX COOBITUAX, IPOUCXOAIINX B HAYYHOM MHUpE.

Penaknust coxpansieT 3a co00i mpaBo He MyOIMKOBaTh MaTepUaNIbl 110 TEM HJIM HHBIM
IpUYMHAM, HE YJIOBJIETBOPSIOIIUM TPpeOOBaHUAM JKypHaa.

2. IIpeacraBiieHue craTei.
Cratbu AOKHBI OBITH MPEACTABICHBI B PEJAKIIUIO JKypHaa [0 CIeAYIoLEMY aapecy:

AzepbOaitmkan, A3-1143, baky, nip. I'. [I>xaBuna, 33
WNuctutyt @usuku HAH Aszepbaiimkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®dakc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OtBeTcTBeHHBIN cekpeTaps - ['ypbanoB Ksamunbs baxTusip orisl.

3. SI3bIK cTaTeid.

Crarbu npUHUMAKOTCA Ha azepOaiPKaHCKOM, PyCCKOM U aHTJIMHCKOM SI3bIKaX, IPUYEM
CTaThbU aBTOPOB U3 A3zepOaiikaHa T0JIKHBI ObITh IPECTABICHbI Ha a3epOaiiKaHCKOM WU
PYCCKOM $I3bIKax, cTaThu aBTOpoB U3 cTpaH CHI' - Tonbko Ha pycckoM si3bIKE, CTaThbU aBTOPOB
U3 JaJBHETO 3apy0eKbs - TOJIbKO HA aHIVIMHCKOM SI3bIKE.

4. Tpasuna odpopmiieHust cTaTei.

4.1. B pepakuuio xypHaJia IPEACTABISIOTCS CTaTbH, HAOpaHHBIC U Halle4aTaHHBIE B OJTHOM
9K3EMIUIIpE Yepe3 OJMH MHTEpPBAJ Ha MEPCOHATLHOM KOMIIbIOTEpe, Ha Oernoi Oymare
dopmata A 4, mpudprom Times New Roman, pasmep wmpudra 12, a Ttaxxke
npezcTaBisiercss B aneKTpoHHOM Buae Ha CD naucke. Ilons cBepxy u cHH3Y - 2 cM,
cJeBa U cripasa - 2,5 cM.

4.2. OObeMm cTaThu HE JOJDKEH NPEBBIIATh 8 CTpaHUI], BKIIOYas rpaduuecKue MaTepHualibl,
¢doto, Tabnu1bl, GOPMYJIBL, CHUCOK JIUTEPATYPbl U aHHOTALINH.

4.3. B BepxHeM JIEBOM YTIIy TIEpBOM CTpaHUIIBI CTaThU ykas3biBaeTcs nHAekc Y K. Uepes 1
MHTEpBAJI HIKE TIOMEIIAeTCsl Ha3BaHHWE CTAaThU KUPHBIM M 3ariaBHbIM HipudToM. Yepes
1 unTepBan nomemaercs pamuing (haMuINK), 1 UHULAAJIBI aBTOpa (aBTOPOB) )KUPHBIM
U 3arnaBHeIM mpudrom. Uepes 1 nHTepBaN yKa3bIBaeTCs HAMMEHOBAHUE OPTaHU3AIMH.
UYepe3 1 uHTEpBaN MOMENIACTCS aHHOTAIMS Ha SI3BIKE CTaThbu 00BeMoM He Oonee 10
CTpOK U KItoueBbie cioBa (5-6 cmoB) mpudtom 10. Uepes 1 mHTEpBanm momermaercs
OCHOBHOE€ cojiep)kaHue cratbu mpudrTomM 12. B KOHIIE OCHOBHOTO TEKCTa CTaThbU
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4.4,

MPOBOAUTCA TpouepK IMHOM 20-25 CHMBOJIOB, TOCJIE YEro MOMENIAETCS CIUCOK
auTeparypsl 0e3 Kakoro-nu0o Has3BaHUS, B TOPSAKE HyMEpaIMH CCHUIOK B TEKCTE
cratbu. [locnme sToro uepe3 1 mHTEpBaJl MOMEMIAIOTCS AHHOTALMM HAa JABYX APYTUX
A3BIKAX — PYCCKOM (MM a3zepOaifpKaHCKOM), aHTJIHMICKOM M KJI0oueBble ciioBa (5-6
cioB) mpudTom 10.

B camoM KoOHIIE CTaThu MOMEIIAIOTCS KOHTakTHBIE Tenedonsl, gakcel 1 E — mail, a
TaKXe MOJIUCH BCEX aBTOPOB.

['padpmyeckue  marepumansl, ¢GoTO,  TaONUIBL,  (QOPMYNBl  MOMEMIAIOTCS B
COOTBETCTBYIOIIUX pasjesiaX TeKcTa craThd. Hajmucu, oTHOCsIMeECs K rpadu4ecKuM
MaTepuaiam, IOMEIIAITCs B TEKCTE CTaThH. B rpadmyeckoM Marepualie yKa3blBalOTCs
OykBeHHBbIC M LU(PPOBbIE 00O3HAYCHHS, & UX KOMMEHTApUHU IOMEHIAIOTCS B TEKCTE
cTaTh. B HIDKHEW YacTH rpaduyueckoro Marepuana YKa3blBaeTCS HOMEP M MOXKET
yKa3bIBaThCsl Ha3BaHUE MaTepuana (Hamp., Puc.3. Cxema yCTaHOBKH. ...)

4.5. Cnucok IUTHPOBAHHOM JIUTEPaTyphl HIPUBOAMTCS HA A3BIKAX OPUTHHANOB. DaMUIHU U

WHUIMAIBI aBTOPOB MeYaTaloTcs KypcuBoM. CHUCOK auTepatypbl ohOpMIISeTCs IO
00pas3iry, MIPUBEJICHHOMY HIKE:

Kuurn

1. Pazesue /[.B., Coxonosa M.B. Pacuer HauanbHBIX U pa3psSAHBIX HANPSIKEHHH Ta30BbIX
npoMexXyTKoB. M.: Dueprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

AKypuanbi

3. Aeanos B.I'., Pazesue J[.B. // DnextpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Anaxosapos O.3. /| ®uzuka-1999-Ne 3- c.44-49.

JlenmOHMPOBAHHBIE PYKOIIMCH

5. Heanoe JII1. M., 1985. 40c. - llen. 8 BUHUTH 25.10.85, Ne19233.

Auccepramumn

6. Ilempose B.I. Jluc. kaHn. ¢uz.-mar. Hayk. JI.: HHctuTyT BBICOKOMONEKYISPHBIX
coenqnuenni, 1985.
7. Cuoopos H.B. JTuc. n-pa xum. Hayk. HoBocubupck: Uncturyr Xumuu, 1979.

ABTOpCKI/Ie CBHUICTECJIBCTBA U IIATCHTHI

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

9. ITat. 3386968 CIIA // P2XX. ®U3. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Kondepenunn, cuMno3nyMsl

11. Meoseoes I1.T. // Tes. noxa. 111 Bececoros. Cogert. mo mpoGiaemMam dHEPTeTHKH.

JI.: U3n. JIIIA, 1984, c¢.30.
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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
printed below the line, following the same order as it was referred to in the text. Below
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the reference list, the summaries and keywords (5-6 words) in Russian and English must
follow.

At the end of the paper, the contact details must be placed, and also all the authors must
put their signatures.

4.4. All graphic materials, photos, tables, formulas must be placed in the corresponding place
of the text. The legends must be placed in the text. All the keys to the symbols must be
given in the text of the paper. Below the graphic material the number can be indicated
followed by the name of the material (e.g. Fig. 3. Schematic drawing of the
installation...)

4.5. The cited materials must be referred to using their original language. The names of
authors must be given in italics. The reference list must follow the example below:

Books

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

2. Price D.A,, Lucas I.L., MoruzziJ.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.
3. Anaxoapos O.3. /| ®uzuka-1999-Ne 3- ¢.44-49.

Patents

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