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SONLU PARCADA DORDTORTIBLI OPERATOR-DIFERENSIAL
TONLIKLOR UCUN SORHOD MOSOLOSININ FREDHOLM
MONADA HOLL OLUNMASI HAQQINDA

EYVAZLI GUNEL MUBARIZ quz1
Sumqayit Doviat Universiteti, dissertant
aliyevagunel193@mail.ru

Acar sozlar: operator, operator-diferensial tonlik, sorhad masalasi, 6z-0ziina qogma operator, tamam
kasilmoaz operator, araliq térama operatorlari.

Masalonin qoyulusu. H — Separabel Hilbert fozasinda agsagidaki sorhad masolasine baxagq:

Mu= 3U L sy S A ) T R -

u=——+Au+Y Aur + > Tu™ =1(t) (1)
dt j-0 k=1
u(0)=u’'(0)=0, u@=u'@-=0 (2

Burada u(t) vo f(t) [0,] parcasinda sanki hor yerds toyin olunmus, giymotlori H Hilbert
fozasina daxil olan vektor-funksiyalardir. A—06z-6ziino qosma, miisbat-miioyyan operator,

A (] = ﬁ) vo T, (k = @) operatorlar1 H fazasinda tosir edon A operatoruna tabe olan vo miioyyan

alava sartlari 6dayan xatti operatorlardir. A; =0 (J = ﬁ) T, = O(k = @) oldugda baxilan masolonin

requlyar hall olunmasi masalasi [9],[10] islorindo miiallif torofindon dyronilmisdir. Ty, = O(k = @)

oldugda baxilan masolonin requlyar holl olunmasi masolasi [11] isindo arasdirtlmisdir. Homin

masalonin hollinds araliq tdromo operatorlarinin normast {igiin alinmis qiymatlondirmolordon
istifado olunmugdur. Qeyd edok ki, operator-diferensial tonliklorin holl olunmasi masalslorineg
[1] - [8] mogalalarinds miixtalif operator-diferensial tonliklor ti¢iin baxilmigdir.

Toqdim olunan maqgalods (1) tonliyinin biitiin amsallarinin sifir operatordan forqli oldugu
hallarda Fredholm manada hall olunmas1 masalasi tadqiq edilmisdir. Tonliyin emsallar: tizorina bazi
sortlor qgoymagla asagidaki teorem isbat edilmisdir.

Isas naticalar.

Teorem. Forz edak ki, (1) tonliyinin omsallar1 asagida gostorilon sortlori 6doyir:

1) A operatoru 6z-6ziino qosma, miisbot-miioyyon vo tamam kosilmoz A tors operatoruna
malik operatordur;

2) Bj=A Al ()= O_,3) operatorlart H fozasinda tosir edon mohdud operatorlardir;

3) K,=T, A_m(m = @) operatorlart H fazasinda tosir edon tamam kasilmoaz operatorlardir;
3
4) h=3"cBs| <1 cobri sorti ddonilir.
i=0
Burada c; (i = E’:) ododlori A operatoruna uygun araliq téromo operatorlarinin normalari ilo

04
toyin olunan sabit ododlordir [11]. Onda M operatoru Wz([O,l]; H) fozasii L,([01];H) fozasina

inikas etdiron Fredholm tipli operatordur, yoni (1), (2) sorhod maosslosi Fredholm monada hall
olunandir.
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Isbat1. Torifo goro (1), (2) mosalosinin Fredholm monada holl oluna bilon olmasim

gostormak tiglin M operatorunun dimker M =codimM <oo sortini 6domasini isbat etmok
lazimdir.

04
Bu mogsadlo W 2([0,1]; H ) fozasinda asagidaki operatorlar toyin edok:

Lu Zu A“u+ZA3 u,

Ku = ZT3_ku(k).
k=0
Onda Mu = Lu + Ku olar.

04
[11] isindo isbat olunmus teorem 1-o gbra, L operatoru Wz([O,l]; H) fozasidan L,([01];H)

fozasina tosir edon vo mohdud L™ tors operatoruna malik olan operatordur. Gostorok ki, teoremin 3)

04
sorti Odondikdo K :Wz([O,l]; H ) - L, ([0,1]; H) operatoru tamam kosilmoz operatordur. Bu
maoqsadls istonilon & > 0 {i¢iin

||Ku||L2 ([013:H) = ‘9”u| v ‘2‘([0,1];H) + 77(g)||u|||_2 ([o13:H) (3)
borabarsizliyindon istifade edocoyik.

Istonilon u eV?/g([O,l];H) tiglin ||u| 04

$onn) =C (c— sabit adaddir) vo Al operatoru

04
tamam kosilmoz olmasindan Wz([O,l]; H)—> LZ([O,l]; H) daxilolmasmin kompakt oldugu alinir.

Onda elo U eV(\)/g([O,l]; H) ardicilign vo {unp }C {u,} Un,

04 <cC alt ardicillig1 vardir ki, o
2((0.13H)

L,([01];H) fozasinda yigilan olar. Onda p,q> N, iigiin |u

— < ¢, olar, burada o6
"o Ml oam) T '
kifayat qador kigik adoddir.

(3) borabarsizliyindon istifads etsok alariq:

Ku, —ku < Lv +
H i "allL, (fo,a3;H) 93 ([0.1:H)

Sg[ unp 04 Ng k./g([o,l];H)j_Fn(g).é‘l

+u
W2 ([0,1];H)

Ogor n,,n, oo sortindo limito kegsok, buradan {kuf>, ardiciligindan L,([01];H)
fozasinda yigilan altardicilliq ayirmagin miimkiin oldugunu alariq. Ona goéro do teoremin
dogrulugunu almaq ti¢iin (3) barabarsizliyini gostormak lazimdir.

Bu mogsadlo ovvalca istonilon j =1,4 iiciin

< <

Up, = Uy

MallL, (foag;H)

jdlu
A—
N

= 5”“”\/\/2 (o:H) T 77(5)”u”L2([o,1];H)
L2([01:H)
oldugunu gostorak.



Sonlu par¢ada dorvdtartibli operator-diferensial tonliklor ticiin sarhad masalasinin
Fredholm manada hall olunmasi haqqinda

Kj (] = 1,_4) operatorlar1 tamam kasilmaz operatorlar oldugundan istonilon & >0 adadi {iglin

K; =Q; +R; ayrilisin yaza bilorik. Burada Q; sonlu dlgiilii operatorlar, R; isd HR JH < g sortini
S

ddayon operatorlardir. Bu halda Q;(x) = >"(X,¢ Jpi, X, € H yaza bilerik.
i-1

Istonilon j=1,4 iigl"m asagidaki bsrabarsizliyi ala bilarik:
dlu dlu

AT
dt) dt)

R;A*! _HR H < g,const|uf

2([0.1;H)
Lo ([041:H) Lo ([041:H)
Teoremin sortlorine goro A= A*> E vo A tamam kesilmoz operator oldugu iigiin
istonilon x € H vektorunu

AX = Zk:ﬂ«(XJk)k

soklindo gostors bilorik; burada Al, = A4, , yoni |, vektorlar1 A operatorunun moxsusi vektorlari,
A odadlori iso uygun moxsusi ododlordir. |||k|| =1,(,,1,)=0, n=m oldugda.

Bu halda istonilon ¢, € H vektorunu
N

b= Z(%lk)lk +(e)

k=1

n
soklindo gostormok olar. Burada Z”&, (5)||<gi. Noticoado araliq téromo operatorlarinin
i=1

qiymatlondirilmasi hagqinda molum olan naticolorden istifado edorok asagidakilari ala bilarik ([11]
isino bax')

z i 4 “.a(e)w
=1

4—j de

<|A :
dt’

Y17 @ Nl < cxconstulgs

Lo ([0.11:H) Ly([oa;H) =t

Digor torofdon alariq:

zz@“dﬂwy

<

=1k Lo([04;H)

=1 k

%Z(dt, A ij(p.

L2([0.11H)
455 < cons 08

i _
[12] monografiyasindan malumdur ki, ZT?(J = 1,3) asagidaki borabarsizliklor dogrudur:

dtJ

Lo ([01]:H)

dlu o

dtd < elul P30 T 77(‘91|u|||_2([o‘1];H)’ (=03
L2([0.1:H)

Beloliklo, asagidaki naticoyo golirik:

zz(“d“J@

1k dtj’k

< ¢ful Vaoam) t 77(‘c")”u"Lz([O,ll:H)'
Lo([0.:H)

04
Burada iso istonilon U e W 2([0,1]; H) va istonilon & > 0 odadi ligiin

”KU”LZ([o,l];H) < gnu”v%([o,l];H) + 77(5]|u|||_2 ([0.41;H)’ J
oldugu alinir.
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03
W>([01;H)— L,([01];H) daxilolmasimin kompakt olmasma osason buradan K

operatorunun kompakt operator oldugunu aliriq.

L operatorunu L:(E+ KLfl)L kimi gdstormok olar. L operatoru mohdud L7 ters

operatoruna malik oldugundan (E+ KL‘l) operatorunu, Lz([O,l];H) fozasinda Fredholm tipli

operator oldugunu aliriq. L operatoru izomorfizm oldugundan M operatorunun da Fredholm tipli
operator oldugunu aliriq. Teorem isbat olundu.

10.
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PE3IOME
®PEAI'OJBMOBAS PASPEIIIMMOCTDb HEKOTOPBIX KPAEBBIX 3AJIAY
JIJISI ONEPATOPHO-/IU®PEPEHIIUAJIBHBIX YPABHEHUI YETBEPTOI'O ITOPSIJIKA
HA KOHEYHOM OTPE3KE
Dueazner I'M.

Knrouesvle cnosa: Onepamop, onepamopHo-ouppepenyuanvhvie ypasHeHuUs, Kpaegvle VCI08US.,
CAMOCONPSICEHHBIL  ONepamop,  GHOIHE  HEeNpepuleHblll  Onepamop,
¢pedzonvmosasn pazpeuumocme.

B mpencraBneHHON cTaThe TOKa3bIBaeTCS TeopeMa O (PPEAroJIbMOBOM Pa3pelIMMOCTH HEKOTOPBIX

KpaeBbIX 3aJad Uil OINepaTOpHO-IU(QepeHINAIBHOIO YPaBHEHHsT YETBEPTOro MOpPsAKa Ha KOHEYHOM
orpe3ke. s 3TOM LieaM HCIOJB3YIOTCS paHee IOJMYUYEeHHBbIE Pe3ylbTaThl O PEryJISIPHOM pa3peliuMOCTH
KpaeBodM  3ajauyd s omeparopHO-Au((epeHIHaIbHOr0  ypaBHEHHsl  YETBEPTOro  IOpsIKa
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Sonlu parc¢ada dordtartibli operator-diferensial tanliklar ticiin sorhad masalasinin
Fredholm manada hall olunmasi haqqinda

C CaMOCONPSHKCHHBIMU  TIOJOXKHUTENBHO-ONPEJACTICHHBIMA KO3 QHUIIMEHTaMlT Ha KOHEYHOM OTpe3Ke.
B nokazatenscTBE TeOpeMBI BAXKHYIO pOJIb HIPAOT OIEHKH HOPMBI OIEPAaTOPOB ITPOMEKYTOUHBIX
MTPOU3BOHBIX, PAHEE TIOJIYYCHHBIC aBTOPOM B JPYTUX paboTax.

SUMMARY
ON FREDHOLM SOLVABILITY OF ONE BOUNDARY VALUE
PROBLEM FOR FOURTH ORDER OPERATOR-DIFFERENTIAL
EQUATION IN FINITE SEGMENT
Eyvazli G.M.

Key words: operator, operator-differential equation, boundary problem, self-adjoint operator,

completely continuous operator, operators of intermediate derivatives.

In the paper we prove a theorem on Fredholm solvability of some boundary value problem for a
fourth order operator-differential equation on a finite segment. To this end, we use the earlier obtained
results on regular solvability of a boundary value problem for a fourth order operator-differential equation
with self-adjoint positive-definite coefficients on a finite segment. The estimates of the norms on
intermediate derivatives operators obtained earlier by the author in other paper play an important role in
proving the theorem.

Daxilolma tarixi: [lkin variant 01.06.2020
Son variant 10.09.2020
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AHanoruss Mexay TypOyJIeHTHBIM JIBIDKEHUEM cpelnbl (KHIKOCTH) W XaOTHYECKUM
MOJIEKYJISIPHBIM JIBM)KEHUEM SIBIISIETCS MPUOJIMKEHHOM, TaK KaK >KMJIKME YaCTHIIbl U TYpOyJIEHTHBIE
o0pa3oBaHMsl B OTJIMYME OT MOJIEKYJI MCHBITHIBAIOT BJIHMSHHUE OKPYXKAIONINX KUAKUX YacTUIl U
TypOyneHTHBIX 00pa3oBaHUil, U MOITOMY JJIMHA MYTH CMEIIEHHUS, CTPOrO TOBOPS, HE SBISETCS
aHaJIOrOM JJIMHBI cBoOoAHOrOo mpobera. Kpome 3Toro, m camu MONEKY/Ibl, U BEIWYMHA HX
CBOOOMHOTO TMpobOera 3HAYUTEIHHO MEHBIIE XapaKTEPHBIX MPOCTPAHCTBEHHBIX MAacIITaboOB
W3MEHEHUS MAaKpOCKOMHYECKUX BeMMuuH. UYTo Kacaercs TypOyJIeHTHBIX OOpa3oBaHMid, TO HX
pa3Mephbl, U MOMEpPEUHbIC IEPEMEIICHHUS B TTOTOKE CPABHUMBI C MPOCTPAHCTBEHHBIMU MacHITabamu
W3MEHEHUsI OCpPETHEHHBIX BenuuyuH. ClelI0BaTEeNbHO, BBIPAKEHUS JII IMOTOKOB Pa3IMYHBIX
cyOCTaHIMII Yepe3 JIOKaJbHble 3HAUEHUS TPAJHEHTOB OCPEIHEHHBIX MEPEMEHHBIX HE SIBISIFOTCS
JI0OCTaTOYHO 0OOCHOBAHHBIMHU.

XOTs ATH TEOPUH HE SABIAIOTCA (PUINYECKU CTPOTHMH, TEM HE MEHee, OHU Haubosee MUPOKO
HCIIONB3YIOTCSA NIPU MPAKTUYECKUX MPUIOKEHHUSAX, T.K. IO3BOJISIOT MOJIYYUTh JOCTATOYHO MPOCTHIE
3aMbIKaloNMe COOTHOIIeHHus. Kpome Toro, mojgydeHHblE B paMKax 3THX TEOPUH YpaBHEHUS
IepeHoca JOCTAaTOYHO MPOCThI, YTO IO3BOJIAET MOJYYUTh UX AHATUTHUUYECKUE WJIM YUCICHHBIE
perieHusl.

HeoOxomuMo OTMETHTh, 4YTO W3BECTHBIC TMOJYAMIUPHUUECKHE TEOPHUH TYpOYIECHTHOCTH
Pa3BUBAIOTCS B HANpaBICHUU IMOJIYYEHUS TAKUX 3aMbBIKAIOIIUX COOTHOUIEHUH, B KOTOpHIE B
KauecTBE MapaMeTPOB BXOJIUIN Obl KOHCTAHTHI, SIBJSIOMIUECS OJAMHAKOBBIMU JIJII BOZMOXKHO OoJiee
IIUPOKOro  kinacca TedeHud. Ilpu 3TOM  KilaccHyeckHe  MONTYIMIHUPUYECKHE  TEOPUH
TypOyneHTHOCTH, mpeanoxkeHHble byccyneckoMm, Ilpanarnem, Teinopom, Kapmanom wu np.
cozepxkaTr Kod(pPUIMEHTH U (PYHKIIUU, HE SBISIONIMECS B MOJHOM CMBICIIE YHUBEpPCAIbHBIMU, U,
CIIEIOBATENBbHO, Ml UX OMpeeNieHHss HEoOXOAMMO TMpPHUBJIEKaTh IKCIEPUMEHTalIbHbIE TaHHBIE,
OTHOCSIIHUECS K TEUSHUSIM Pa3JIMYHbIX BUIOB [5].

MOXXHO TOMBITATBCS  MOCTPOUTH (DEHOMEHOJIOTHYECKHE YpaBHEHUS [UIsi OTMEUYEHHBIX
byHKIUH W, TakuM 00pa3oM, HAXOAUTh AITH (YHKIMU TyTeM pElIeHUs COOTBETCTBYIOIIUX
ypaBHEHUN, a HE MyTeM OO0pabOTKH JKCHEPUMEHTAIBHBIX HaHHBIX. [loydeHHBIE 3aMbIKarONINe
COOTHOIIIEHUSI OYAYT COJIep:KaTh HEW3BECTHbIE KOX(PUIMEHTHI, TaK Kak JUIg UX ONpeAeNeHUs
TpeOyeTcs MEHBIIHN 00BEM AMIUPUYECKON HHGOpMAIMU, YeM [JIi HAXOXXJEHHUs SBHOTO BHUIA
3aMBIKAIONIUX COOTHOIICHUM B paMKax MOJTYIMIUPUYECKUX Teopuil. [lomyueHnHbie TakuM oOpazom
3aMBIKAIOIIME COOTHOIICHHS OYIyT CIIpaBeAUBEI [ OoJiee MMPOKOTO Kilacca TeUSHUM Cpebl.

Cpenu Takux TEOpPHH YACTO WCIOIB3YIOTCA TMOJYIMIUPUYECKHE TEOPUHU, COJIEeprKallue,
MIOMUMO CUCTEMBI YpaBHEHHUs MEPEHOCA, €Ie OJHO JAOMOJHUTEIBHOE YpaBHEHUE IJIsSl TApaMETPOB,
BXOJIAIINX B 3aMBIKAIOIINE COOTHOIICHHsI. TakuM ypaBHEHHEM SIBISIETCS YpaBHEHHE 7Sl MaciiTada
TypOYJIEHTHOCTH UM COOTBETCTBYIOIMHNE KOA(PPUIIUESHTHI TypOYJIEHTHOTO TIEPEHOCA.

B HEKOTOpHIX TNOTYyIMIUPHUUYECKUX TEOPUSAX TYpPOYIEHTHOCTH MJisi 3aMbIKaHUS CUCTEMBI
ypaBHEHUH TIEPEHOCA UCTIONB3YIOTCS 1B M 0OJiee TOMOJHUTENbHBIX ypaBHeHus [3]. OmHako Takue
TEOPHUH MPUMEHSIOTCS IOBOJIBHO PEIKO, TaK KaK IMOJTy4YalolIuecs B paMKaxX 3TOH TEOPUU CHUCTEMBI
muddepeHIMaTbHBIX YPaBHEHUN BEChMa CIOXKHBI i peteHus. C Apyroil CTOPOHBI, TU CUCTEMBI
ypaBHEHUW COJEp)KaT Topas3/no OOJbINE TMOATOHOYHBIX MapaMeTpoOB, YTO IO3BOJISIET JTOOWTHCS
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YIOBJIETBOPUTEIBHOIO COBHAACHUS TEOPUM C OKCIEPUMEHTOM IIPU DPA3JIMYHBIX COYETAHUSIX
3HAYEHUH STHX IMapaMeTpoB. DTO B HEKOTOPOW Mepe 3aTpyIHSET BIMSHUE TOTO, Kakoi Habop
3HAYEHUI MapaMeTpoB OOJbIIE COOTBETCTBYET WCTUHHOW (U3UYECKON KapTHHE TypOYJIEHTHOTO
IIOTOKA.

Haubonee mupoko NpUMEHSIIOTCS TOTYyIMIIMPUYECKHE TEOPUU TypOYJIECHTHOCTH, B KOTOPBIX
UCIIOJIb3YIOTCSL COOTHOIICHHUSA, CBSI3bIBAIOIIME TYpOYJICHTHbIE KacaTellbHble HANpsKEHUS WIH
IUIOTHOCTh TYpOYJIEHTHOTO MOTOKa CKAJSIPHOM CyOCTaHIIMU C XapaKTEPHUCTUKAMHU OCPETHEHHOTO
TeueHust [1, 2]. DTU COOTHOIICHMS MO3BOJISIIOT 3aMKHYTh CHCTEMY YpaBHEHUM mnepeHoca. B

YPaBHEHHUH 3TOM CHCTEMBbI BXOAAT TYpOYJIEHTHBIE KacaTeJlbHbIE HalpsKEHUS. u’Xu; U IJIOTHOCTh

TypOyJEHTHOIO TMOTOKA CKaJspHOW CyOCTaHIMH (TeMIEpaTyphl) u;T'. Jnst  ycranoBineHUs

BBIpa}KeHI/Iﬁ STUX BCIIMUYUH qepe3 XapaKTepI/ICTI/IKI/I OCpeI[HeHHOFO TCUCHUA J0CTATOYHO
paCCManI/IBaTB HHOCKOHapaHHeJIbHBIe TCUCHUA NnJIn AHAJIOTUYHBEBIC UM 10 CBOfICTBaM
aCCUMMETPHUYHBIEC TEUCHUS B TPYOax.
JIJIss yCTAaHOBJICHUS CBSI3M MEXKIY TYypOYJICHTHBIMH HANPSDKCHUSMH M ITOJIEM OCPETHCHHOU
CKOpPOCTH, UCIIOJIb3YETCS TUIIOTE3a, BIEPBbIE BhIABUHYTasA byccuneckom
U =, % 1)

I1€ vy -KHHEMATUYECKHI KO3()GUUMEHT TypOYIEHTHOM BA3KOCTH, Vi = 1 [ p.

AHAJIOTUYHOE BBIPAKEHUE UMEET MECTO U JIJISl INIOTHOCTU TYPOYJICHTHOTO IMMOTOKA CKAJISIPHOM
cyOCTaHIINH:

—u;T'=ﬂq% 2)

rae A; -ko3pduuueHt TypOyIeHTHON TEMIONPOBOAHOCTH.

OTH TUNOTE3bl TYpOYJICHTHOCTH MOXXHO OOOCHOBaTh ClIeAYIOMIMM 00pazoMm. PaccmoTpum,
HampuMep, TMEPEeHOC CKAspHOW CcyOcTaHIMHM. BBemeM HEKOTOpYIO KHAKYIO YacTHUIL,
XapaKTepU3YIOIYIOCsS 3HAYCHUEM MHTEHCUBHOCTH CKaJsipHOH cyOctanuuu T. IIpennonoxum, 4ro
CKOpPOCTh OOMEHa CKAJISIPHOH CyOCTaHIMU MEXIy >KUJIKOW YacTHIEW M OKpYXKAaroIIeH cpenoi
IPOTOpIMOHaTbHA pasHocTd T —T'. 3xeck T =T (r(t))-3HaueHue OCPEIHEHHON HMHTEHCHMBHOCTH
CKaJSIpHON CYOCTaHLIMM B TOM Touke F(t), i€ B JTAHHBI MOMEHT HaXOJIUTCS >KHUIKas 4YacTUILIA.

Torna M3MeHEHHE HHTEHCUBHOCTH CKAIAPHOM CyOCTAHIMU | KUIKOM 4aCTHMIBI IPH €€ JBHKEHUH
oyner [3]

dT =
=k -T) ©)
rae K -mocrosanas. Cuuras, uro T =0 mpu t =0, MoxkHO nonyuuts pemenue (3) B popme
t
T(t)=k[T(t-rp*de (4)
0

[IpuHuMast ocpeJHEHHOE T€YEHHE IJI0CKONapaUIeIbHbIM, PACCMOTPUM IEPEHOC CKATSPHOMN
CyOCTaHIIMM B HaIpaBICHUU MEPHEHIUKYISIPHOM HampaBieHuto TeueHus (T.e. mo Oy). Torna

Tt-7)= 'F(y(t — r)) , rne y(t—r)-nonepeyHas KOOpAMHATA XUIKOW YAaCTHUIBI B MOMEHT BPEMEHU
t — 7. 3a MPOMEXYTOK BPEMEHH 7 TIOTepeyHasi KOOpIMHATA KUIKON YaCTHUIIHI M3MEHIIIACh Ha

AY(e) = ¥()- =)=k Ju, () ©)

Hpe)IHOJ'IO)KI/IM, yTO mosie | JO0CTAaTOYHO IIJIABHO U3MCHACTCA B ITPOCTPAHCTBE, a MOINCPEYHBIC
CMCIICHUA H(I/I,[[KOﬁ HaCTHUIIbl MaJIbI. Tor Ja MOXKHO 3aIIMCaTb

T(y(t—r))=T_(y(t))—gAy(r)=T_(t)—%iuy(r’)dr’ (6)
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Aeamanviesa (Pycmamosa) K. @.

[ToacraBuMm mpaByr 4acTh (6) B cooTHomenue (3) BMecTo T (t—7), M3MEHHM IOPSIOK

MHTETPUPOBAHUS M BBIYMCIMM HMHTETpal MO 7. BBHAY OBICTPOH CXOIMMOCTH HWHTETPAJOB
YCTPEMUM UX BEpXHHUE IpeJieibl K 0eCKOHEUHOCTU. B pe3ysbTare MoKeM MOIY4YHUTh

oT ¢

’ _ —kz

Tt)-T (t)——g u,(t-re™*dr (7)
0

BGJII/I‘-II/IHBI, XAPAKTCPUIYIOINHUEC KUAKYIO 4aCTULY, OJHOBPCMCHHO SBJIAIOTCA MI'HOBCHHBIMH

3HAYCHUAMUN (bHSI/I‘IeCKI/IX INEPEMCHHBIX TCUYCHUS B TOH TOYKE, I'’I€ HAXOIUTCA XHUJAKasa 4YaCTHUILa.

[TosTomy Benuunna T' =T(t)—f(t) IPECTABIAET COOOH MyJIbCALMIO CKATAPHON CyOCTaHIMH, a U, -
MYJIBCALUIO CKOPOCTH (KOTOPYIO Jajiee OysieM 0003HaYaTh U, ) B TON TOYKE, [1e HAXOMUTCS JKUIKas
yacTulia. Y MHOKUM IouJieHHO (7) Ha Uy M YCPEIHUM IOJYYEHHOE BBIPAKEHHUE 10 BDEMEHH. Torna
JUISL pACCMATPUBAEMOM KHUJIKON YaCTULIBI UMEEM

T (Ou) (t =—%§Iu;a—rp;ak‘“dr 8

[Ipennonaras, dYTo paccMarpuBaeMo€ TEUEHUE cCTalloHapHOe  (YCTaHOBHBILEECH),
npeoOpa3yeM MOCIEqHIO GOpPMYITy K BUIY

T(Ou] =—%§thkkw7, )

0

rae Q(r)= u'y(t)u’yit -7).

B cuny sproaumueckux CBOMCTB TypOYJEHTHOW cpelsl (B KOTOPOM Iepuona (piuykryamuid
MHOI'0 MEHbIlIe 00JacTH OCpPEIHEHHs]) MOXKHO CUUTaTh, YTO COOTHOIIEeHHE (9) crnpaBelIMBO He
TOJIBKO Il BPEMEHHBIX, HO U JUISl cTaTH4ecKux cpennHux. U3 (9) ciexyer, 4To OH IpeaCcTaBIIsieT
HCKOMOE BbIpaXKEHHUE /TS INIOTHOCTU TYpOYJIEHTHOIO IOTOKA CKAJSIPHOW CyOCTaHIIUM, IPUYEM

A = TQ(T)e_deT (10)

W3 npuBeeHHBIX pacCyKIEHUM ciieayeT, uTo (8) U, ciae1oBaTelbHO, (9) Oy1yT cripaBeUIvBbI,
€ClIi T0JIe OCPEIHEHHOM MHTEHCUBHOCTH CKaJSpPHOM CYOCTaHIIMM IIJJaBHO MEHSETCS B
MIPOCTPAHCTBE, @ MOIMEPEYHbIE CMEUICHUS XKUAKHX YacTHUI] SBISIOTCS MalbIMH 10 CPaBHEHUIO C
IPOCTPAHCTBEHHBIMU MacIITabaMu u3MeHerust T (y).

CrnenyeTr OTMETUTH, YTO 3aMbIKatonue cooTHomeHus (1) u (2) He MO3BOJSAIOT PEIIUTh 3a/1a4y
ompeneneHuss npoduneit U u T, €Cian HEM3BECTHBI BBIPAKEHMS U KOODOUIHEHTOB v, U A, .
Camoe mipocToe JomylieHne, BhIcKazaHHOe byceaHeckoM, COCTOUT B TIOCTOSIHCTBE KO3 dUieHTa
TypOyJeHTHO! Bsi3KOCTU. OCHOBaHMEM JIJISl 3TOTO CIIY>KUIIO COOOpaXkeHHUe, 3aKIII0Yarolleecs B TOM,
4TO U MOJIEKYJIIPHOE, ¥ MAaKpPOCKOMMYECKOE CMEIIEHUS NaloT OJUH U TOT K€ OKOHYATEeJbHBIN
abpdexr [4]. C nmpyroit CTOpOHBI, HE3aBUCHUMOCTHh KOA(D(PHUIIMEHTAa MOJICKYJISAPHON BSI3KOCTH OT
JBIDKEHUS TpeOyeT, yToObl MaciuTad MOJIEKYJIIPHBIX B3aUMOJEHCTBUI (T.€. cpenHss JUIMHA MyTH
CBOOOJHOrO mpobera MOJEKyN), ObUl HAMHOTO MeHbIE MaciTada JJUHBI CPEJHEMACCOBOTO
JIBUKEHMS. DTO YCIIOBUE HE BCEI/Ia BBIMOJHSAETCS JUIsl B3aUMOJIEHCTBUN NpU TYpOYJIEHTHOCTH.
[TocTOsSHCTBO v,  BBIOJHAETCS B OCHOBHOM MU MajbIX MAacIITaboB TypOyJEeHTHOCTH;

TypOyJEHTHBIX  CTPYH, pAacHpoCTpaHSIOIIMXCS B  OE3rpaHUYHOM  IPOCTPAHCTBE, WIIH
TypOyJIEHTHOCTH B cBOOOIHOM aTMochepe [3].

B cnyyae TedyeHuid, OrpaHMYEHHBIX CTEHKaMH, B MPHUCTEHOYHOH oOONacTH WIM B
TypOyJE€HTHOM MOTPAaHUYHOM cJi0o€ (TJi€ MHTEHCUBHOCTh TYpOYJIEHTHBIX (PIyKTyaluii 3HaUUTEIHHO
MEHSAETCA 10 TOJIIUHE c10s), KOO(QOUIMEHTB v, M A, HENb3s CUYATaTh MOCTOAHHBIM U. B
YaCTHOCTH, B BSI3KOM IOJICIIOE MYJIbCALMU OBICTPO 3a0yXaloT MO Mepe MPUOIMKEHUS K CTEHKE U
COOTBETCTBEHHO CTPEMSTCS K HYJIHO KOAQPHUIUEHTHI TYypOyIeHTHOro niepenoca [1].

Bonee mmpokoe pacmpoctpaHeHue (Mo cpaBHEHHIO ¢ Teopueld byccyHecka) mosyuunu
MOJIySMITUPUYECKHE TEOPUH, OCHOBAaHHBbIE HAa MHCIIOJIB30BAHUM MOHATHUS IMYTH CMEHICHHS. OJTO
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MOHATHE Oa3MpyeTCsl Ha OINpEeNEeIEHHBIX MPEACTaBICHUAX O XapakTepe TypOyJIeHTHOro ImepeHoca,
KOTOpbIE OBUTM HCIOJNB30BAaHBl BBIMIE JUIi OOOCHOBAaHUS MOJETH TPAJUCHTHOTO TEUYCHHUS.
PaccmarpuBas I1ulockomapasulelbHble TEUeHHs, OyAeM cuuTarh, YTO IIOJE€ OCPEIHEHHOMN
MHTCHCUBHOCTH CKaJSIPHOW CcyOcTaHiu T 3aBUCHT OT y. Torma, cuuras, 4to TYpOyJIECHTHBIH
MEPEeHOC CKAJSPHOW CYyOCTaHIIMM OCYIIECTBIISICTCS 32 CUET IONEPEYHOTO JBIKEHHS SKUAKHX
YacTHll, TO JJs ONUCAHUSA 3aBHUCUMOCTH CKAJIAPHON CYOCTAHIIMM JKUJIKOM YacTHIBI OT BPEMEHU
MOHO HUCTIOIB30BaTh cOOTHOLIEHUE (7).

PaccMoTrpum mHTErpa, crosmui B mpaBoil yactu paBerctsa (7) npu Kk >1, BepxHuii npenen
MHTErPHUPOBaHMS MOXKHO IPUOIMKEHHO 3aMEHUTD Ha 1/K

vk
uy(t—z')e’k’drz J‘uy(t—r)e’kfdr (11)
0

O ey 8

—k

[IpeneOperass u3MeHeHHEM (QYHKIMH € '~ Ha MPOMEXKYTKE HWHTETPUPOBAHHS, MOKHO
YTBEPkKAaTh, uTo BesnynHa (11) mpuOImkeHHO paBHA CMEUICHHUIO KUAKOW YaCTHULIBI B TONEPEYHOM
HanpasineHuu 3a Bpemsa 1/k. Kak BugHo wn3 dopmynst (3), BenuuuHa 1/k HMEET CMBICI

XapaKTepHOT0 BPEMEHU 00OMEHA CKAJSIPHOM CyOCTaHIIMN MEXY KHUJKOM YacTULIEH U OKpYXKarolen
ee cpeoil. M3 3Tux OLEHOK CiIeayeT, 4YTO BEIUYNHY

4 =.Tuy(t—r)e’k1dz' (12)

MOXXHO HMHTEPIPETHUPOBATh KAK PACCTOSHHUE, KOTOPOE MPOXOJUT KHAKAsS YaCTHIA B IOMEPESYHOM
HaIPaBIICHUH, TPEXKJIC YeM CPABHSIIOTCS WHTCHCHBHOCTH CKASIPHOW CYOCTaHIIMU 3TOH YaCTHUIIBI U
okpyxatomeit cpenbl. IIpu 3ToM Benuuuny |y HasbiBaroT myTeM cmemenus. Bennuuna |j 3aBucHT

OT CKOpOCTH OOMeHa CKaJIIpHOHN CyOCTaHIIMI MeXay >KUIKOM yacTULel M OKpyXKarolled cpeioH,
T.€. JJIS1 OJIHOTO U TOTO K€ MOTOKA IyTh CMEILIEHHs, BOOOIIE IOBOPs, pasjiMyeH JAJs pasInyHbIX
cyocrannuii. Cnenyer Noq4epKHyTh, uTo | ABIseTcs caydaiiHoil BenuuuHON. BaxkHO Takke UMETh

B BUAY, YTO IIYTb CMCHICHUS I(’) HCJIb3s OTOXACCTBIIATL C IOIICPCUHBIM IMEPEMCIICHUCM )KH,HKOﬁ

YacTHUIIbl B TypOYJIEHTHOM IOTOKE, TaK KaK 3TO IEePEeMELICHUE MOKET CYIIECTBEHHO OTIMYAThCS 110
BEJIMYMHE OT MIYTH CMEIICHHUS.
C yuerom onpenenenus nytu cmemienus (12), coornomenue (7) npuMeT BUA

T@_T—(t):_g.(; (13)

Benmnunna T'=T(t)-T(t) mpeacraBiser co0O# IMyJIbCAUMIO MHTEHCHBHOCTH CKAJSIPHOM

CyOCTaHIIMM B TOM TOYKE, I/1€ HAXOJUTCS KUKasl 4aCTULA.
Otmerum, uto ¢opmyna (13) mpeanonaraer CcleIyOLMH MeXaHW3M BO3HUKHOBEHUS
NyJAbCalluii HTHTEHCUBHOCTHU CKAJISIPHOM cyOcTaHIMU. B cioit y = const, koTopslil xapakTepuzyercs

3HaueHneM T (y) OCpPeIHEHHOI HHTEHCUBHOCTH CKATSAPHONW CYOCTAHIMHM, TOMANAIOT SKUJIKUE
yacTULbl U3 ciosi y+|=const, 3HaueHHE OCPEAHEHHON MHTEHCHBHOCTH CYOCTAHIIMHM B KOTOPBIX
f(yil). Ecnu B xauectBe | BbIOpath myTh cMemieHus |y, TO MOXKHO CUMTaTh, YTO YAaCTHIIBI BO
BpEMs CBOETO IBHMKEHHUS M3 caosi Y +|j =const B cioii Y =CONSt nmpakTHYeCKH HE OOMEHMBAIOTCA

CKaJISIPHOM CYOCTaHITMEN C OKPY’KAIOIIEH Cpeiol U 3HAYCHUE €€ MHTEHCUBHOCTHU ISl TUX YACTHUII
NpUOMIKEHHO TOCTOSIHHO. BceneactBue 53Toro B cioe Y =CONSt BO3HUKAIOT MYJIbCAIMH

HNHTCHCUBHOCTHU CKaﬂHpHOI‘;I Cy6CTaHHI/II/I
. ot
T (y)=T(yillol)—T(y)=iallol (14)

YmHoxkas (13) moueHHO Ha CKOpOCTh u;, KUIKOM YacTUIbl M YCPEIHsS II0 BPEMEHH,

MTOJTyYUM
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Aeamanviesa (Pycmamosa) K. @.

N
Tw =g (15)
y ay y'o

B culy OSpromgddyHocTH IIpolecca TAaKOe K€ COOTHOINEHHE CIIPaBEJJIMBO M JUIs
CTATHCTHYECKHMX cpenHux. Torna s MIOTHOCTH TypOYIeHTHOTO MOTOKA CKANSPHON CyOCTaHIUH

nMEECM

T

T
q =—%u’yl(’, (16)

IIpu sToM |§ OyzmeT ¥MMeTh CMBICT JUIMHBI IMyTH CMEIIEHUs KUIKUX YaCTHI, HPOXOASLIUX
4epe3 IaHHYI0 TOYKY MPOCTPAHCTBA.
CpaBuuBas (15) ¢ (2) HETpyAHO BHJIETh, YTO
ryr
A =ul; (17)
3ametum, uto (17) anamoruuno dopmyse st KO3 HUIIMEHTOB MEPeHOca, KOTOpask BBOJUTCS
B KHHETHYECKOH Teopuu razos u umeet Buj [3] 4 =0l , rae U- cpennsis ckopocTh MOJIEKyYI, a | -

CpelHsis AIuHa cpenHero mpobdera mojiekyd. IIpu 3TOM cuuTaroT, YTO JUIMHA IYTH CMELICHUS
UTpaeT poiib UIMHBI CBOOOAHOrO IMpoOera MOJEKyJd, a IMyJIbCAlMOHHAs CKOPOCTh - CKOPOCTH
MOJIEKYJI.

CornacHO pacCyXJeHUSM CIeNaHHbIM npu BbBoAe (13), HeTpyaHO yOenuThes, 4YTO
a”ajoruuHas popmyiia OyneT cripaBeUIMBa U ISl IPOJOIbHOM COCTABIISIONIEH CKOPOCTH

Ou,
uly)=-7% (18)

[Tonyyasi, 4To MpPoOAOIbHAS U MONEPEYHas COCTABISAIONINE MYIbCAIIMOHHOW CKOPOCTH UMEIOT

OJIMHAKOBBIN MOPATA0K, MOXKHO 3alHCaTh

au,
x| (19)
oy

Hcnonb3oBaHue 3HaKa MOAyJs B 3TO (opmylie OOBSICHSIETCS TEM, YTO MOJOKUTEIbHBIM
!
3HAQYCHMAM Uj COOTBETCTBYIOT MEPEMEIICHHS 4YacTHIl BBEpX, T.e. I >0. C yuerom (19)

!

y

BoIpakeHus (16) u (17) MOKHO 3amucaTh B BUJIC

ou, | oT
2 T (20)
N ETEY
=138 (21)

rae |2 =1l . Bepaxenns (20) n (21) mpeacTaBisioT UCKOMbIE 3aMBIKAIOIINE COOTHOIICHHS IS

YpaBHCHUA TIEPCHOCA TCILIOBOM OHCPTHUH. OJIHaKO A UX OPAaKTHYCCKOTO NPUMCHCHHA CIICAYCET
HMCTH SABHOC BBIPAXKCHUC JIS1 BCIIMYNHBI IO B HacTodmee BpEMs OTCYTCTBYHOT HOCTATOYHO

cTporue u oOIIMe TEOPEeTHYECKHE METO/bl MOJIYUYEeHUsl TAaKUX BBIPAKEHHUH A pa3nyHbIX BHJIOB
TypOyJNEHTHBIX TeueHHH NIBYX(a3HbIX cpel. B 3ToM acnekre BecbMa Ba)KHBIM SBISICTCA TAaKXKEe U
HCCIIEIOBaHKE BIUSHUE AUCTIEPCHBIX YACTHI] HA TYpOYIEHTHOCTb CPEIb.
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O nonyamnupuueckot meopuu mypoyienmHocmu

XULASO
TURBULENTLIYIN YARIMEMPIRIK NOZORiYYOLORI HAQQINDA
Agamaliyeva (Riistomova) K. F.

Acgar sozlor: yarimempirik nazariyya, turbulent, 6zliiliik, xaotik harakat, diffuziya, amsal, dispersiya.

Qeyd olundugu kimi, turbulentliyin riyazi modellogsmosi maosalasinin qoyulmasi zamani kdglirma
tonliklor sisteminin qapanmasi problemi amals golir. Malum olan turbulentliyin yarimempirik nazariyyslori,
gapanma miinasibatlori miloyyon novlar ilo xarakterizo olunur, hansilar ki, ya toyin edilir, ya da keyfiyyato
g0ro asaslanir. Bu zaman gapanma miinasibatlorininde namalum omsallar, yaxud funksiyalar olur va konkert
axmlar Tglin eksperimental qaydada miioyyon edilir. Bu gaydada tapilmis qapanma miinasibatlori
perspektivdo daha genis axin sinfindo nazori todqiqatlar iigiin istifado olunur. Turbulentliyin yarimempirik
nazariyyelarinin asas keyfiyyoti mohz bundan ibaratdir.

Qeyd etmak lazimdir ki, turbulentliyin yarimempirik klassik nozoriyyssinin yaranmasinda turbulent
harokotin vo molekullarin xaotik horakatlorinin oxsarligindan istifado olunur. Bu halda molekulyar-kinetik
nazariyyads oldugu kimi, miixtalif axin sixhiglar di¢iin qradiyent tasavviirlarindon istifade olunur. Hom do
turbulentlik nozoriyyasi anlamindan (Prandtlin qarisma yolu kimi), onlarin pulsasiyasinin orta kvadratik
stirati vo qatiligy, istilik-kd¢ilirma vo diffuziya anlayiglarinin oxsari hesab olunurdu.

SUMMARY
ON THE SEMI-EMPIRICAL THEORY OF TURBULENCE
Aghamaliyeva (Rustamova) K.F.

Key words: semi-empirical theory, turbulence, viscosity, chaotic motion, diffusion, coefficient,

dispersion.

As already noted, the problem of closing the system of transfer equations arises in the mathematical
setting of turbulence model tasks. Known semi-empirical theories of turbulence are characterized by a
certain kind of closing relationship that is postulated or based on qualitative reasoning. At the same time
closing ratios contain unknown coefficients or functions, which are determined experimentally for specific
currents. The closing ratios found are used further for theoretical investigation of a wider class of currents.
This is the main advantage of semi-empirical theories of turbulence.

It should be noted that in the creation of classical semi-empirical theories of turbulence, the analogy
between turbulence and chaotic movement of molecules was used. At the same time, as in molecular kinetic
theory, gradient representations for flow densities of different substances were used, as well as concepts of
turbulence theory, as a way of Prandtle mixing, standard value of velocity pulsations, coefficients of
turbulent (apparent) viscosity, thermal conductivity and diffusion, were considered analogues of concepts of
free run length of molecules, their standard velocity and coefficients of viscosity, thermal conductivity.

Daxilolma tarixi: [lkin variant 04.07.2020
Son variant 15.09.2020
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Silisium esasinda alinmis polimer maddslor sanayenin miixtalif saholorinds yaglar, hidravlik
mayelar, oOrtiiklor vo s. kimi genis totbiq edilir. Onlarin oan shamiyyatli xassalorindon biri istiys vo
soyuga davamli olmasidir. Onlardan hazirlanmis materiallar fasilosiz olaraq uzun miiddet yiiksok
temperaturda isloyo bilir. O ciimloden yaglar hotta —90°C-do belo &zliiliiklorini doyismir, 6z
elastikliyini —80°C ilo +300°C arasinda itirmir. Silisiumun yan zencirlerindo miixtolif funksional
qruplar, o ciimlodon nitril qrupu olduqgda yeni keyfiyyatlor: termostabillik, soyuga davamliliq,
plastiklik, elastiklik va halledicilords hall olma qabiliyyati daha da artir [1-3].

Silisiumun sianalkil tdromolorinds olan nitril qrupunun kimyavi ¢evrilmalori naticosindo yeni
novli karbofunksional silisium — {izvi monomerlorin, polimerlorin alinmasi tiglin genis imkanlar
acilir.

Bu ciir keyfiyyatlorina goro nitril torkibli silisium {izvi monomerlarin sintezi sahaosi siiratli
inkisafa vo genis todqiqat islorino sabob olmusdur.

Toqdim olunan mogqalads siklopentadien vo akrilonitrildon dien sintezi iisulu ilo alinmig 2—
sian-bisiklo— (2,2,1) —hepten—5-in hidrosilillosma reaksiyasi dyranilmigdir. Bu moagsadlo asagidaki
hidridsilanlardan istifado edilmisdir: HSiCls, HSIRCl,, HSIR,Cl, HSiR3, HSi(OR)s3, HSIR(OR),,
HSiR(CH2)4, burada R— CH3, —CsHs5, —C3H7, R — CHa.

Gostarilon  hidridsilanlardan HSiCl;, HSICH3Cl,, HSi(OC;Hs); vo basqalart  sonaye
miqyasinda istehsal olunur. Qalanlarini isa miivafiq xlorsilanlardan birmorhalali sintez vasitasilo
asanligla almaq miimkiindiir.

Hidridsilanlarin 2-sian—bisiklo (2,2,1) —hepten—5 ilo qarsiligli reaksiyani sxematik olaraq
asagidaki sokildo tosvir etmok miimkiindiir:

CN CN

= SiH + katalizator , — — S;

Lakin burada CH3CI,SiH, Cl3SiH, (OC;Hs)3SiH homin olefins istifado olunan katalizatorlar
(H2PtClg, Pt/c (20% Pt)) istirakinda adi atmosfer tozyiqi altinda birlosmomislor. Odur ki, homin
reaksiyalar yiiksok temperaturda vo tozyiq altinda antoklavda aparildiqda birlosme mohsullarini
almaq miimkiin olmusdur. Ancaq reaksiyalar1 homin soraitdo apardiqda gotranaoxsar mohsullarin
alinmasi bag verir. Ona gors do avtoklavda temperatur 200°C-don yiiksok olduqda adduktun ¢iximu
ohomiyyatli doracods azalir. Eyni zamanda gqeyd etmok lazimdir ki, homin soraitdo CH3CI,SiH
birlogmo mohsulu vermir. Bu zaman osason sixlagma mohsulu alinir. Reaksiyanin  homin
istigamatda getmoasini nitril qrupunun da istirak etmasi ils alagolondirmok miimkiindiir.
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Hidridsilanlarin 2-sian-bisiklo-(2,2,1)-hepten-5 ilo garsiligl tosiri

Miisahido edilmisdir ki, bisiklik nitrillo birlogsmo reaksiyasi, elektromonfi ovozedicilori olan
silisium hidridlorino nisbaton alkil silanlarla daha asan gedir. O ctimladon CH3(C;Hs),SiH bisikla
adi atmosfer tozyiqindo katalizator istirakinda birlogdirmok miimkiin olmusdur. Eyni zamanda,
maraqlidir ki, metil-tetrametil-silanla birlosmo reaksiyasi hotta ekzotermiki olmusdur. Homin
silanin aktivliyini onun 6ziiniin aktivliyi ilo slagslondirmok miimkiindiir.

Alinan birlogmolordo nitril qrupunun varhigin1 ona xas olan reaksiyalarla siibut etmok
miimkiin olmusdur. Dogrudan da? nitril torkibli addukt hidrogenlosdirdikde miivafiq amin
birlogsmosi alinir. Qrinyar reaktivi ila tosir etdikdo iso uygun olaraq keton, daha sonra iso tiglii spirt

alimusgdir.
CN CH,NH,
i hidosenlyai ¥ ;
i-Peney

CH3;MgJ

COCH, |C
—OH
. CH;MgJ .
_RsSi| H Me) | g |
’ HOH 3 CH3

Tacriibi hissa

1. 5(6) —trixlorsilil-2—sian—bisiklo (2,2,1) —heptanin alinmast.

150 ml-lik firlanan avtoklavda 23 q (0,2 mol) bisiklik nitril, 5 damla Speyer katalizatoru vo 41
q (0,3 mol) trixlorsilan yerlosdirilir. Temperatur 200+240°C-do 6 saat miiddotinds quizdirtlmigdir.
Sonraki giin reaksiya qarigigindan alinmigdir. CgH1oSiCls. Cixim nitrilo gora 25% toskil etmisdir.

Qaynama temperaturu 118+120% 2 mm; Elementar analiz: xlorun nezeri miqdari 42%;
Tocriibi — 41,88% alinmisdir.

Reaksiyani 160+180°C-do apardigda ¢ixim 40%-dok artmigdir.

2. 5(6) trimetilsilil-2sian—bisiklo (2,2,1) —heptanin alinmast.

Reaksiya avtoklavda aparilmisdir. Reaksiya tigiin 11,9 q (0,1 mol) bisiklik nitril, 5 damla
katalizator vo 20 q (0,12 mol) trietoksisilan gotiiriilmusdiir. 160+170°C-do 6 saat qizdirmadan sonra
qarisiq fraksiyalasdirilmisdir.

Adi qovulma zaman 130+135%2 mm, n2® —1,4520 olan 7 q miqdarinda arzu olunan maddo
tokrar qovulmadan sonra asagidaki gostoricilora malik olmusdur:

Qaynama temperaturu 131+133%2 mm; n2° — 1,4523; d2° — 1,0276; MRp tocriibi = 74,43;
MRp nozari = 74,48; Cixim nitrilo gora 25% olmusdur.

iQ spektrdo —CN qrupu iigiin xarakterik olan 2237 cm™ uzunlugunda bir xott tapilmusdr.

3. 5(6) —metiltetrametilensilil —2 sian—bisiklo— (2,2,1) —heptanin alinmas:.

Oks soyuducu, damci qift vo termometri olan 100 ml-lik kolbaya 11,9 g (0,1 mol) nitril
torkibli bisiklik nitril, 3 damla 0,1 n. H,PtClg izopropil spirindaki mohlulu yerlosdirilib, iizarins 10,0
g (0,1 mol) metiltetrametilsilan olavo edilir. Reaksiyanin temperaturu 90+92°C olduqda reaksiya
stiratlo getmis vo ekzotermiki oldugundan qarisigin temperaturu 18SOC-y9 qalxmigdir. Vakuumda
122+127°(3 mm), nZ® —1,5088 olan 18 q miqdarinda alinmis maddo tokrar govulmadan sonra
asagidaki gostoricilors malik olmusdur: Qaynama temperaturu 118+119% 2 mm; nZ® —1,5091; d2°
—0,9999; MRp tacriibi = 65,51; MRp nazari = 65,44.
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Alinan birlogmalords xlorun va nitril qruplarinin olmasini tosdiq edon asagidaki xarakterik
reaksiyalar aparilmigdir:

1. Molekulda trixlorun olmaswni tasdiq edan xarakterik reaksiya:

100 ml efirds qarisdirilmis 13,2 q trixlor tarkibli bisiklik nitrilin tizarine 4,25 g (0,175 mol)
Mg va CH3Br-dan hazirlanmis Qrinyar reaktivi bir saat miiddatinds olave edilir. Reaksiya kolbasi
efirin qaynadigi temperaturda daha 2 saat qizdirilmisdir.

Sonraki giin qarisiq su ilo parcaladiqdan sonra iizvi tobage CaCl, iizerinds qurudulmusdur.
Holledici qovuldugdan sonra vakuumda 3,1 g metillogdirilmis madds ayirilmisdir. Noticada, 5(6)
trimetilsilil —2—sian bisiklo (2,2,1) —heptan alinir.

Qaynama temperaturu — 92+93° / 2 mm; n2°-1,4781, d2°— 0,9396; MRp, nozari = 58,31; MRp
tocriibi = 58,26.

IKS aparatinda homin maddonin infra-qurmiz1 spektri almmusdir. Burada CN qrupu iigiin
xarakterik olan 2238 cm™ uzunlugunda xatt alinmisgdir.

2. 5(6) metil-tetrametilsilil-2—sian-bisiklo— (2,2,1) heptamin Qrinyar reaktivi ilo garsiliqh
tosiri.

Qarigdirici kolbada 10 q (0,07 mol) CH3J vo 2 q¢ Mg hazirlanmig Qrinyar reaktivinin izaring
10,4 g (0,0474 mol) nitril torkibli addukt olava edilib bir saat efirdo gaynadilir. Daha sonra
qizdirilmagla efir qovulur vo reaksiya kolbasi 70-80°C-do 1,5 saat su hamaminda qizdirilir.
Qovulmus efir geri qaytarilib su ilo par¢alanmigdir. Ayirilmis efir tobagesi CaCl, iizarindo
quruduldugdan sonra qovma amoaliyyati naticasinds 9,2 g madds alinmuis, tokrar govulmadan sonra
asagidaki gostoriciloro malik olmusdur: Qaynama temperaturu 106 +107% 2 mm; n2° — 1,5027; d2°
—0,9952; MRp tacriibi = 69,89; MRp nazori = 70,19; Cixim: 82,48%.

ODOBIYYAT

bnaronposoBa A.A, Henonusimuit AWM. JlakoBbsie snokcuubie cmodbl. M.: Xumus, 1970, 248 c.

2. FOpwseBa B.II., Camumrapeea W.M. Peaknus ruapocunmnupoBanusi ojeguHoB. M.: Hayka,
1982, 233 c.

3. Kazpiiuna JILA., Kymnemckas H.b. Ilpumenenne Y®-, UK- u SMP- cnekrpockonuu B
opranudeckoi xumun. M.: Beicmas mkona, 1971, 263 c.

4. Tarverdiyev S.9., Nosirova I.M. Dialkil (aril) silallarin 1-fenil-4-glisidiloksibutin-1-2 katalitik
birlogsmasi // Elmi xobarlor. Tobiot vo texniki elmlor bolmasi. €. 18, Ne 3. Sumgayit: SDU, 2018,
s. 37-41

=

PE3IOME
B3AMMOJIEVICTBUE T'MJIPUJICUJIAHOB C
2-IIUAH-BUIIUKJIO-(2,2,1)-TEIITEHOM -5
Azaee A.A., Awypos /I.A., Tapseepoues I1I.A., Hacupoea U.M.
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HccnenoBana peaknus MPHUCOETUHEHUS THAPUACHIAHOB C 2-TiMaH-Ourmkio-(2,2,1)-renreHom-5
B TPUCYTCTBHUH KATAIUTUYECKHX CHUCTEM. YCTaHOBIEHO, YTO THAPUICWIAHBI, HWMEIOIIHE 3JEKTPO-
oTpUIlaTeNbHbIe  (QYHKIMOHANBHBIC  TPYMNbl  2-HAH-OMIUKIO-(2,2,1)-renTeHy-5 B NPHUCYTCTBUH
karanuzaTopa Craiiepa NPUCOSAMHSIOTCS JIMIIL B aBTOKJIABE NMPU aTMOC(HEPHOM IaBICHWH U BBICOKHX
temmeparyp (180-240°C) ¢ He3HAUMTENBHBIM BBIXOAOM (OKOIO 25%). OHAKO, MHAPHICHIAHBI HMEIOIIIE
AJIEKTPOTIOIOKHUTENbHBIE (PYHKIIMOHAILHBIC TPYIIIEI, JIETKO MPHUCOESANHSIOTCS TP 00BIYHOM aTMochepHOM
JaBICHUN K 2-IHaHo-0uImKino-(2,2,1)-renredy-5 B MpUCYTCTBUH TIATHHA XJIOPHCTOBOAOPOIHOM KMCIOTHI C
JIOCTATOYHO BBICOKUMH BBIXOJIaMHU.
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SUMMARY
THE INTERACTION OF HYDROSILANES WITH 2-CYANO-BICYCLO- (2,2,1) -HEPTEN-5
Aghayev A.A., Ashurov D.A., TarverdiyevSh.A., Nasirova 1.M.

Key words: hydrosilanes,bicyclohepten, nitrile, autoclave, atmospheric pressure, Grignard reagents,
Speyer catalyst

The reaction of the addition of hydrosilanes with 2-cyano-bicyclo-(2.2.1)-hepten-5 in the presence of
catalytic systems was researched. It was determined that hydride silanes with electronegative functional
groups of the 2-cyan-bicyclo-(2.2.1)-hepten-5 in the presence of a Speyer catalyst are attached only in an
autoclave at atmospheric pressure and high temperatures (180+240°C) with aminor yield (about 25%).
However, hydridsilanes having electropositive functional groups are easily affiliated at ordinary atmospheric
pressure to 2-cyano-bicyclo-(2,2,1)-hepten-5 in the presence of platinum hydrochloric acid with sufficiently
high yields.
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W3BecTHO, 4TO pasnokeHue MPUPOIHBIX (GocaToB MUHEPATHHBIMU KHCIOTAMU SIBIISIETCS
CIIO)KHBIM  (DM3UKO-XUMHUYECKUM siBIIeHHEeM. IIpu 3TOM peaknuoHHas CHUCTEMa COCTOUT W3
OTJENbHBIX, B3aUMOCBSI3aHHBIX U OJHOBPEMEHHO MPOTEKAoNMX mporeccoB. Ha rpanuine ¢a3
MPOTEKAeT XMMUYECKas peakius ¢ 00pa3oBaHUEM HOBBIX MOHOB M MOJIEKYJ, HE COACPIKALIMXCS B
HCXOJHOM TBEPJOM BellecTBe. Takue peaki MPOUCXOIAT MEXAYy MajopacTBOPUMBIMU COJSIMHU
clIa0bIX KHCIOT C BOJHBIMH PAaCTBOPAaMH CHJIBHBIX KHCJIOT. [IepBUYHBIM SBICHHEM DPAa3JIOKEHUS
IpUPOAHBIX (hochaTOB MHUHEPATbHBIMH KHCIOTAMH MOXKHO CUUTaTh MPUCOEIWHEHUE MPOTOHA
KHCJIOTHI K @aHUOHY MCXOHOTO TBEPIOTO BEIIECTBA C 00pa30BaHUEM KHCIIBIX COJICH MIIM CBOOOTHOM
MaJIOUCCOLMUPOBAHHON KUCIOTHL. K 3TOMY THIy peakIMi OTHOCUTCS Pa3lIoKeHHE amaTHTOBOTO
KOHIICHTpaTa Kuciotamu [1-2].

CrnenyeT OTMETUTH, YTO XMMHUYECKasl PeaKIusl y MOBEPXHOCTU TBEPIOrO BEIIECTBA OOBIYHO
MPOTEKAeT CPABHUTEIHHO OBICTPO, 3HAYUTENBHO MEIUICHHEE MPOTEKaeT MpoIece TIepexona
MPOAYKTOB pEaKIUH U3 MOTPAHUYHOTO CJIOSI B OOIIMHA 00beM XMMUYECKOH CHCTEMBI T.€. B KUAKYIO
¢azy. Ilpu OOBIYHBIX YCIOBUAX B3aMOJEUCTBUS OCHOBHOE 3HAYCHHE MMEET TEPEHOC
PacTBOPEHHOI'0 BEIIECTBA B 00bEM pacTBOPUTENS U OOpATHBIN NEPEHOC PearupyroIIero BelecTBa K
MOBEPXHOCTH TBEPAOTO TeJa, KOTOPBIH OCYIIECTBISIETCS MyTeM MeuieHHOW auddy3uun MoHOB H
MOJIEKYJT CKBO3b COJM HJKOCTH, MPHJIEralouieil K TBEpAOMY BEIIECTBY. DTOT CJIOH Ha3bIBaeTcs
¢ Gy3noHHBIM ciioeM. JlanbHeluii nepeHoc NpoIyKTOB peakliuy B 001U 00beM KHUIKOHN (ha3bl
HPOUCXOUT B CIIOSX JKUIKOCTH, 00JIee OTJaICHHbBIX OT HCXOAHOTO TBEPIOro BemiecTsa [3-4].

W3BeCcTHO, YTO CKOPOCTH CIIOKHBIX PEAKIUH ONpeNesieTCsl TEM W3 €ro 3TaloB, KOTOPBIN
NpOTeKaeT ¢ HaMMEHbIIEH CKOPOCThIO. B ciydae pacTBOpeHMs, CONMPOBOXKIAEMOI0 XMMHUYECKOH
peaknueii, Hanbonee MeIJIeHHO mpoTekaeT auddy3us dYepe3 CIoMl KUIKOCTH, KOTOpas H
OIpeJieNIAeT, T.€. JIMMUTUPYET CKOPOCTh BCEro Ipollecca B 1LIE€J0M, TaK Ha3bIBaeMOH KHHETHKOM
g ¢ysuonHon odnactu. Benencrsue meaneHHocTy 1udQy3un B CpaBHEHUU C APYTUMU 3BEHBbSIMU
CIIOKHOTO Tpollecca KOHIIEHTpalusi pPacTBOPSIEMOrO BEIIECTBA WM TPOAYKTOB pPEAaKLUUU B
1 Yy3MOHHOM CJI0€ TOBOJIBLHO OBICTPO TOBBIIIACTCS W BOJIU3HM OT TOBEPXHOCTH TBEPJIOTO BEIIECTBA
MOXET HPUOIKAThCS K KOHLEHTPALUKN HACHIILIEHHOTo pacTBopa. B mpenenax  auddysnoHHOro 1
MIPUJICTAIONINX K HEMY CJIOEB BCKOPE YCTaHABIMBACTCS CTAIIHOHAPHBINA PEXXUM 00OMEHA, TO €CTh OTTOK
MPOJYKTOB PEAKIHMii M IPUTOK pearupyrolinx BEUIeCTB WK pacTBOpHTeNs [5-6].

HccnenoBanue pas3iokeHUsT TPUPOAHBIX (GochaToB CEpPHOM KHCIOTOW MPOBOIMIHCH B
NPUCYTCTBUHM Cynb(ara amMMOHUS, TUApocyiabdaTa aMMOHHMA, XJOpPHAA AMMOHHUS U JAPYIHX
HHTEHCUUIMPYONHUX 100aBoK [7-9]. OmgHaKO HMCCIe0BaHNE Pa3IoKeHUs MPUPOAHBIX GochaToB
cepHoii kucnoroii B npucyrctBun (NH4);HPO,4 m3yueno megocratodso.
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Llenpt0 HACTOALIETO HCCIEIOBAHUS SABISETCS M3YYCHHE HEKOTOPBIX KHHETHYECKUX
3aKOHOMEPHOCTEH Mpolecca pa3oKeHus NPUPOAHBIX (HochaToB CEPHOM KUCIOTOM B MPUCYTCTBUU
MHTCHCUUIMPYIONNX J00aBOK - TUruapodochaTa aMMOHUS.

JKCNEepUMEHTAJIbHASL 4YacTh. V3BECTHO, YTO MpU pPa3IoKEHUH NPUPOAHBIX (ochaTon
CEpHOI KUCJIOTOW Ha CTENEHb Pa3JIOkKEHHUsS] MUCXOJHOTO ChIPbsl CYIIECTBEHHBIM O0Opa3oM BIIUSET
HavajpHasl TeMIeparypa cepHoi kKucinoThl. [loBbienrne HayanbHo# TemnepaTypsl HoSO4 yckopsier
PEaKIMIO pa3iokeHus: npupoaHoro ¢ocgara. OAHAKO CYIIECTBYIOT ONPEAEICHHBIE ONTUMAIIbHBIC
MHTEPBAJIbl TEMIIEPATYPbl KUCIOTHI, KOTOPbIE JOKHBI OBITH CBSI3aHBI C €€ KOHIIEHTPAIMEH, TaKk KaK
YeM BBIIIE KOHIICHTPALUs KHUCIOTHI, TeM HIDKE HAXOJUTCS ONTHUMAalbHAas TeMIleparypa CEepHOMH
KHCIoTHI [1].

[TosToMy pe3ynbraTaMyd SKCIIEPUMEHTOB H3ydeHa KHWHETHKA Pa3JIOKECHUS alaTHTOBOTO
KOHIIEHTpAaTa CEpHOM KUCIOTON ¢ MpUMEHEHHEM MHTEeHcU(uuupyromeil 106aBku - ruapodocdara
aMmMoHus. OnbITBl  TPOBOAWIAM B JlabopaTopHOM ycraHoBke (puc.l) B creayromei
MOCJIEI0BATEIHHOCTH.

B nozatop 1 HanuBanu 2-2,551 cepHON KUCIOTHI KOHIIEHTpanue 75% , B 103aTop 2 HaJIMBAIU
45%-pr1it pactBop (NH4),HPO,4 B kommuectse 1,0-1,51. B Oynkep mo3atopa 6 3aceimarotr 1,5-2,0 kr
allaTUTOBOTO KOHIIEHTpaTa. llocie TpagyupoBKH [03aTOPOB PACTBOP CEPHOW KHUCIOTHI H
ruapodocdara ammMoHus dyepe3 moaorpeBatens (3) moctymnaer B cMecutesb (8), 0OJHOBPEMEHHO B
cmecutene u3 Oynkepa (5) depe3 mozatop (6) mocTymaeT pacyeTHOE KOJIMYECTBO araTUTOBOTO
KoHIeHTpaTa. OTOop mpoOBl MyJbIBI MPOU3BOIAT MOCIE TOTO, KaK B CMECHUTENIe yCTaHOBUTCS
HOPMAJIbHBIA PEXHUM, OOECTICYMBAIOIINN TOTYYEHHUE XOPOIIO CXBATHIBAIOIIEHCS ITYJIBIIBI, YTO
MIPOUCXOIUT MpuUMepHO vepe3 7 muH. [lociie ycTaHOBJIEHHS HOPMAlbHOTO pPEXUMa CMEIICHUs
OTOHMPAIOT MYJBITY B IPEIBApUTEIHFHO B3BEHICHHBIH M MoAorpeTsiii hapdoposseiii crakan (9). Ilo
3all0THEHUM CTaKaHa ero MOMENIaloT B TEPMOCTaT, TJe BbIACPKUBAIOT B TedeHwe 1,5 4 mpu
TeMIieparype 110°C. Tlocie sroro nosrydaeHHoe Qochopcoaepxkaiiee MUHEPATLHOS YI0OpEeHUE
U3BJICKAIOT U3 TEPMOCTaTa, 00pabaThIBAIOT U AaHATU3UPYIOT.

Puc. 1. Cxema nabopamopHou  YCMAHO6KU  NOJYYeHUs  cynepgocpama ¢ npumenenuem
unmeHncuguyupyrowux 0obasox: 1 u 2 — 003amopvl cepHOU KUCIOMbL U UHMEHCUDUUUPYIOUIe20
pacmeopa cooOmeemcmeeHno, 3 — nooozpesamenb KUCIOmbl, 4 — KOHMAKMHuLL mepmMoMemp;
5 — 6yukep 0na anamumosoco Kowyenmpama, 6 — 003amop anamuma, 7 — NEKMPoOsUcameny,
8 — cmecumens,; 9 — cmaxan.

HccnenoBanue MpoBOIMIIM ¢ M3MEHEHHEM HavaJbHON TeMIepaTypbl KHCIOTHI B WHTEpBaie
55-105°C IOpU KOHIIEHTpaUuu cepHol kuciaoTel 67% H,SO4, nobaBka 45% - HOro pacrBopa
ruapodochara ammonus coctaBisuia 12% oOT Macchl cepHOM KHCIOTHL. CTENeHb pPa3ioKEeHUs
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HCXOJ/IHOTO CHIPbs ONpEACIsin cTaHAapTHBIMU MeToaamu [10] uepe3 kaxasie 3,5,7,9 u 90 MunyT.
PesynbTarhl McciieI0BaHUIl HA CTAJIUU CMEIICHUS MPEJICTABICHBI HA PUC. 2, @ JJAHHBIC 10 CTEIICHH
pa3oKEeHUsI amaTUTOBOTO KOHILEHTpaTa (ocdopcoaepkaiero yaoOpeHHus Iocie KaMepHOTro
BBI3PEBaHUS MPE/ICTABICHBI B Ta0M. 1.

(RN A A

2 4 6 8 10 T

Puc.2. Kunemuueckue Kpusble cmenenu pasziodicenus anamumoso2o KOHYeHmpama ¢ npumerenuem 006asKku
euopogpochama aMMOHUSL 8 3AGUCUMOCHU OM NPOOOJHCUMETLHOCMU NPOYEeCcCd CMeueHus npu
0 0 0 0 0 0
paznuunsix memnepamypax: 1-50°C; 2-60°C; 3-70°C; 4-80°C; 5-90°C; 6-100°C.

Kak BuAgHO u3 puc.2 TpH MOBBIIIEHWHM HAYAIBHOM TeMIIepaTypbl KHUCIOTHI CTENEHb
paznoxeHus: (ocGaTHOTO CHIPhS 3HAYUTEIBHO YBEIWYMBACTCS B HAYaIBHBIX CTAJIUSAX TIPOIECCa,
T.e. B TEYEHHE NEPBBIX 3-9 MUHYT. DTO SBIEHHE OOBACHAETCS TEM, 4YTO C MOBBIIICHHEM
TeMIIEpaTypbl KUCIOTHl TIOBBIMIAETCS AKTUBHOCTH BOJOPOJHBIX HOHOB, YTO CIOCOOCTBYET
YBEJIMYECHUIO CTENIEHU Pa3JI0KEeHUsI allaTUTOBOIO KOHIIEHTpATa.

B npanpHeimem mporiecc paslioKeHUsT MPOTEKAaeT HHade, T.e. MO0 Mepe HaKOIUICHUs
MPOAYKTOB pEaKIMU, YPEe3MEPHO BBICOKAs TEeMIlepaTypa OTPHUIATEIbHO BIMSIET Ha CTENEHb
pa3IoKeHUs alaTUTOBOTO KOHIIEHTpATa.

Tabauya 1.
Cmenenu pasnoosicenusi pmopanamuma 6 KamepHoM npooyKme,
NONYYeHHO20 ¢ npumenenuem 2uopogocpama ammonus
No Hauanpnas Temneparypa | KommuaectBo go6aBku 45%-Horo | CTeneHb pa3ioXeHUs anaTUTa
OIbITa cepHoit KHCIOTHI, "C pactBopa (NH,),HPO, yepe3 90 MuHyT %
1 50 12% oT Macchl CEpHOM KHCIIOTEI 83,4
2 60 - - 85,7
3 65 -- 88,2
4 70 - - 84,6
5 80 -~ 81,6
6 90 -~ 78,7

Kak BuaHO 13 1abin.1, npu yBelInyeHUH TeMIiepaTypsl 10 65°C, creneup PAa3JI0KEHUSA CBIPhS
yepe3 90 MUHYT, T.€. B KAMEPHOM IPOJyKTe cocTaBiseT 88,2%. OqHako, naabHENIIee MOBbIIICHHE
TEMIIEpAaTypbl HE CO3/aeT OJarompHsTHBIX YCIOBUN [UJIsl YBEJIUYEHHUS CTENEHU PA3JI0KEHUS
armatuTa B KAaMEPHOM IMPOJYKTE. IJTO MOXHO OOBSCHUTH BIHMSHUEM TEeMIIEpaTyphl Ha
pacTBOpUMOCTh Kanbliug Juruapodocdara M MHUKPOCTPYKTYPHI BBIICISIOMIUXCS KPUCTAIIOB
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cynbdara KambIHs. YCTAHOBJICHO, YTO NPU BBICOKMX TEMIIEparypax OOJbLIOE 3HAYCHHE HMEET
oOpa3oBaHue OoJiee QUCHEPCHOrO Ocaika Cyiab(dara Kajblus, KOTOpPOe, ocelasi Ha MOBEPXHOCTh
HEMpPOpEarupoBaBIIUX 3€PeH anaTUTOBOIO KOHIIGHTpATa, CO3JaeT CONpOTHUBICHHE IU(y3un
KHCIIOTHI B TIIyOuHY 3epeH anatuta. C qpyroil CTOpOHbI, C MOBBIIIEHHEM TeMIIepaTyphbl IPU OJHOMN
u TOH sxe KoHueHtpauuu P,Os pactBopa, ¢a3oBblil mepexon MoJdyruapara cyinbdara KanbLus B
aHTUIpU] 3aMeisieTcs [2].

B pesynbTare creneHb pazNoKEHHS IMPH BBHICOKMX TeMIepaTypax B HAayaJlbHOW CTaluu
peaKuuy yBeIUUUBaeTCs, a B 1ajbHeHIIeM 3aMeIsIeTCs.

Peakuust nonydenus hpocopHOro MHUHEPATBHOTO YIOOpPEHUS Pa3IOKEHHEM alaTUTOBOTO
KOHIIEHTpaTa CEPHOM KUCIOTOM B MPUCYTCTBUH TuipodochaTa aMMOHUS, IPOTEKAET B JIBE CTAJUMU.
Buauane o0Opasyercsi cBoOomgHas (ocdopHas KucIoTa W CcyiabdaT Kambiusa. [locrme mosHoro
M3pAcXOJIOBaHUS CEPHOM KUCIOTHI HAYMHAETCS BTOpasl CTaausl Ipolecca, T.€. MOIYyYeHHE CMEecH
KaJblMsd U aMMOHMA auruapodocdara, cynbpara Kamblus U (GTOPHCTOTO BOIOPOJA COTJIACHO
CIIEYIOIIEMY CYMMapHOMY YPaBHEHHIO

6C3.5F(PO4)3 + 25H,S0,4 + (NH4)2HPO4 + 5H,0 —
— SCa(H2P04)2'H20 + 2NH4H,PO,4 + 25CaS0O,4 + 7 H3PO, + 6HF

Takum o0pa3oMm, M3ydeHHE KHHETHKH MpPOIEcCa Pa3IoKEHHUs armaTHTOBOTO KOHIIEHTpaTa
CEpHOI KHUCIOTOM B MPUCYTCTBUU THApodochara aMMOHUS IMOKa3alo, YTO Hambojee BBICOKAs
CTETIEHb pPA3JIOKEHUSI MCXOAHOTO CHIPhSl JIOCTUTACTCS MpPHU HAYAIBHOW TEMIIEpaType CEepHOM
kucnotst 65°C u npu nob6aske 45%-noro pactBopa ruapodocdara ammonus B koiauuectse 12% ot
MAaCChI CEpHOM KUCIIOTHI.
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XULASO
TOBIi FOSFATLARIN INTENSIVLOSDIRICI 8LAVO-(NH,),HPO,-UN ISTIRAKI
ILO SULFAT TURSUSUNDA PARCALANMASI PROSESININ TODQIQi
Samadov M.M, Hasanova T.S., Mammadova G.M.

Acar sozlar: parcalanma, intensivilasdirma, alavalar, giibra, tabii fosfatlar

Mogqalo tobii fosfatlarin intensivlogdirici olave (NH4),HPO,-lin istiraki ilo sulfat tursusunda
parcalanmasi prosesinin tadqiqine hasr olunub. Miioyyanlosdirilmisdir ki, verilmis slavadon istifads etdikde
tobii fosfatlarin sulfat tursusu ilo par¢alanmasi prosesi intensivlosir. Tadgiq olunan prosesds alinan mohsulun
xassolori yaxsilasir vo slavo qida elementi azotla zonginlogir. Optimal miqdarda ammonium hidrofosfatin
qarigdiriciya verilmosi apatit konsentratinin par¢alanma doracosini  85,6-88,2%-0 qador yiiksoldiyi
miloyyonladirilmisdir.

SUMMARY
STUDY OF THE PROCESS OF DECOMPOSITION OF NATURAL PHOSPHATES
OF SULFURIC ACID WITH THE USE OF INTENSIFYING ADDITIVES- (NH,),HPO,
Samedov M.M., Hasanova T.Sh., Mammadova G.M.

Key words: decomposition, intensification, additives, fertilizer, natural phosphates

The process of obtaining phosphorus-containing mineral fertilizers was investigated using a mixture
of solutions of (NH,),HPO,. It is noted that these additives have a positive effect on the process of
decomposition of natural phosphates with sulfuric acid and increase the degree of decomposition of raw
materials. In this case, the resulting product is enriched with additional nutrients - nitrogen. It was
established that at the optimal amount of additive of the mixture of ammonium hydrophosfate solutions, the
degree of decomposition of apatite concentrate is 85,6-88,2%.

Daxilolma tarixi: [lkin variant 10.05.2019
Son variant 16.09.2019
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SINTEZ OLUNMUS AMiDOAMINLOR VO TOBii NEFT TURSUSUNUN
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Giris. Metal avadanliglarin saxlanilmasi, noql olunmasi vo istismari osason atmosfer
soraitinds oldugundan onlarin atmosfer korroziyasindan qorunmasi boyiik shomiyyat kash edir [1].

Miiasir dovrds texnologiyanin siiratlo inkisaf etdiyi global vo yerli miihitdo metal torkibli
avadanliglarin korroziyadan miihafizosi aktual problemlordon biridir. Bu problem daha ¢ox neft
sektorunun osast olan neft vo qaz hasilati, nogqli vo emali zamanmi polad avadanliq vo boru
komorlorinin  atmosfer korroziyasinin tosirine moruz qalmasi ilo baghdir. Bu qurgu veo
avadanliglarin foaliyyat goéstordiyi miihit torkibindo boyiik miqdarda duzlu su, hidrogen-sulfid vo
karbon gaz1 olmas1 sababindon ¢ox aqressiv xassoys malikdir. Belo miihitin tosiri yeralt1 avadanliq
va neft quyularinda intensiv korroziya proseslarinin getmasina sobab olur [2,3].

Miiasir dovriimiizds ister Azarbaycanda, istorsa do diinyada korroziya problemi va onun halli
yollar1 kimya sonayesinin an aktual masalasi olaraq galmaqdadir. Belo ki, bu problem hom kand
tosarriifatinda, harbi sonayedo, xiisusilo neft-kimya sektorunda agiq sokilds 6ziinii gostarir.

Miixtolif metal avadanliglariin korroziyadan miihafizasi vo onlarin istismar miiddatinin
uzadilmasi neft-qaz vo Kimya sanayesi {iglin boyiik shomiyyat kasb edan on miihiim problemlordan
biridir. [4;5] Korroziya prosesinin qarsisint tam almaq miimkiin olmasa da, onun siiratini
nozoragarpacaq doracods azaltmaq miimkiindir.

Metal vo avadanliglar1 korroziyadan qorumagq iiglin yaglar va stirtkiilordon, inert atmosferdan,
quruduculardan va korroziya inhibitorlarindan istifads olunur. [6;7]

Korroziya inhibitorlarinin genis totbiq saholorindon biri do neftgixarma vo neft emali
sonayeloridir. Bu sahado korroziya inhibitorlarindan istifado etmoklo yiiksok noticolor oldo
edilmisdir.

Korroziya inhibitorlarindan sonayedo genis istifado edilmasinin sobabi tokco onun effektivliyi
yox, eyni zamanda universal xassaya malik olmasi vo iqtisadi cohoatdon somorsliliyidir.

Hazirda torkibco geyri-iizvi vo ilizvi birlogsmolordon ibarst olan ¢oxlu miqdarda korroziya
inhibitorlart malumdur. [8]

Neftdo hall olan yiiksokkeyfiyyatli alifatik aminlorin sintezi sahosindo NKPIi-do AMEA-nin
hoqiqi lizvii V.M.Abbasovun rohborliyi ilo yiiksok miidafio effektivliyino malik hidrogen sulfid
korroziyasi inhibitorlar1 yaradilmigdir [9, 10].

Korroziyadan miidafis olunan metalin sothindon asili olaraq, inhibitorun tosir mexanizmi
doyisorok sothdo adsorbsiya oluna bilor vo yaxud metalin kationu ilo ¢otin hall olan birlogsmoalor
omolo gotirs bilor. Bu zaman metalin tobistindon asili olaraq, sothdo omolo golmis miidafio tobagosi
0z kimyovi torkibino goro nozorogarpacaq doracado forqlono bilor. Bir ¢ox inhibitorlar metalin
sothino xemosorbsiya olunaraq onun tosir miiddastini artirir. Bu xassali inhibitorlar metalin sathindo
passivlosmoni eyni artirmaqla hollolmani asagi salir, sothdo kompleks omolo gatirmoklo toboqo
yaradaraq metalin korroziyaya ugramasinin qarsisini alir. [11;12]
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Tadqiqatlarin naticasi olaraq bels fikir formalasmisdir ki, effektiv natico aldo etmoyin yolu,
karbohidrogenlords hall olan yiiksokkeyfiyyatli korroziya inhibitorlarinin yaradilmasidir. Odobiyyat
aragdirmalar1 noticosindo molum olur ki, torkibindo azot saxlayan birlogsmolor korroziyadan
miidafiaods an yiiksak natico gostoran inhibitorlardir. [13; 14; 15]

Yiiksokkeyfiyyatli konservasiya mayelori almagq {i¢iin texniki neft tursusunun Berolamin-20
ilo miixtolif mol nisbatlorinds (1:1, 2:1, 3:1, 4:1, 5:1 vo 6:1) amidoaminlori sintez olunmusdur.
Texniki neft tursusunun 1:1, 2:1 vo 3:1 mol nisbatlorinds sintez olunmus amidoaminlorinin mineral
yaglarda holl olmasi zoif oldugu iicliin kompozisiyalarin hazirlanmasinda 4:1, 5:1 vo 6:1 mol
nisbatlorindo  sintez olunmus amidoaminlordon istifado edilorok konservasiya mayelori
hazirlanmisdir.

Sintez olunmus amidoaminlor va tabii neft tursusunun metal duzlar1 ssasinda kompozisiyalari
miixtolif mineral yag distillatlarinda ( T-22 vo T-30) 5, 7 vo 10% miqdarinda olavs olunmagqla
konservasiya mayelori hazirlanmisdir.

Amidoaminlorin sintezindo xammal olaraq iqtisadi cohotdon somorali, ucuz vo ehtiyati ¢ox
olan texniki neft tursusundan vo torkibi trietilen tetramin, tetraetilen pentamin vo amino
etiletanolamindon ibarat Berolamin-20-don istifado olumusdur.

TNT vo BA-20 osasinda alinmis amidoaminlorin sintezi asagidaki kimi aparilmisdir:
qarisdirici, termometr, qizdirict vo ayirict qif ilo tochiz olunmus {ighogazli reaksiya kolbasina
ovvalcadon hesablanmis miqdarda texniki neft tursusu tokiilorok qarisdirilmagla 80-100°C-ya qader
qizdirilir. Sonra bu temperatur soraitindo sintez iiglin nazords tutulmus BA-20 kolbada yerloson
tursu lizorino todricon olavo olunur. Reaksiyanin temperaturu 140°C-yo catdirilaraq 3-3,5 saat
miiddstinde intensiv qarigdirmaqla davam etdirilir. Reaksiya basa catdigdan sonra qizdirict
sondiiriiliir, qarigdirmani davam etdirmoklo reaksiya mohsulu 30 - 40°C-yo qodor soyudulur vo
reaksiya kolbasindan agzi kip baglanan qaba kegirilir.

Hazirlanmis konservasiya mayelori on miiasir korroziya aparati olan «Corrosionbox-1000E»
aparatinda siaq todqiqat islori aparilmisdir.

T-22 yag distillati miihitinds sintez olunmus amidoaminlarin va tabii neft tursusunun miixtolif
metal duzlariin konservasiya mayelori kimi «Corrosionbox-1000E» aparatinda siaq naticolori
asagidaki kimidir.

Cadval 1.
T-22 yag distillati miihitinda sintez olunmug amidoaminlarin va miixtalif metal duzlarinin
konservasiya mayelari kimi « Corrosionbox-1000Ey aparatinda sinaq naticalori

KompozisiyalarinT-22 yag distillatinda mahlulu Korroz'}yada.n r'r'luhaﬁze
No miiddati, giinla
B Komponentlarin mahlulda .
- . 0 Kondensasiya | Atmosfer
Torkibi miqdar1,% fazasi fazasi
Inhibitor Mohlul
1 2 3 4 5 6
Amidoamin (TNT:Berolamin 6:1 mol 5
1 nisbatinds ) + TNT-nin Co duzu 5 10 267 312
Amidoamin (TNT:Berolamin 5:1 mol 5
2 nisbatindo) +TNT-nin Co duzu 5 10 278 321
Amidoamin (TNT:Berolamin 4:1 mol 5
3 nisbatinda) + TNT-nin Co duzu 5 10 295 345
Amidoamin (TNT:Berolamin 6:1 mol 5
4 nisbotindo) + TNT-nin Ni duzu 5 10 167 207
Amidoamin (TNT:Berolamin 5:1 mol 5
S nisbatindo) + TNT-nin Ni duzu 5 10 182 222
Amidoamin (TNT:Berolamin 4:1 mol 5
6 nisbotindo) + TNT-nin Ni duzu 5 10 195 236

N
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Sintez olunmug amidoaminlor va tabii neft tursusunun miixtalif metal duzlarinin
kompozisiyasinin konservasiya mayelari kimi tadqiqi
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Sintez olunmus asqarlarin kompozisiyasinin T-22 yag distillatina  slavo olunmasi ilo
hazirlanmis konservasiya mayelorinin aparilan sinaglarinin noticesi onu gostorir ki, bu yag
mithitindo asqarin istifado olunmasi1 hor iki miihitdo metal 16vholorin korroziyadan miihafizo
effektini xeyli artirir. Bels ki, cadval 1-don goriindiiyli kimi, TNT:BA-20 4:1 mol nisbotinds sintez
olunmug amidoaminin va tabii neft tursusunun Co duzunun kompozisiyasinin 10% miqdarinda T-
22 yag distillatlarina olavo olunmasi ilo hazirlanmis konservasiya mayelorinin sinaq naticalori
homin miihitlords 295 vo 345 giin notico  gostormisdir.

Bundan slavo, sintez olunmus bu asqarlar diger yag miihitinds, yoni T-30 yag distillatina
kompozisiya soklinds miixtalif faiz nisbatlorina slave olunaraq, konservasiya mayesi kimi sinaqlari
aparilmigdir.

T-30 yag distillatt miihitinds sintez olunmus amidoaminlorin vo tobii neft tursusunun miixtolif
metal duzlarmin konservasiya mayelori kimi «Corrosionbox-1000E» aparatinda siaq naticolori
asagidaki kimidir.

Cadval 2.
T-30 yag distillati miihitinds sintez olunmus amidoaminlarin va miixtalif metal duzlarinin
konservasiya mayelari kimi « Corrosionbox -1000E» aparatinda sinaq naticalari.

KompozisiyalarinT-30 yag distillatinda mahlulu Korr023yada'n Ifluhaﬁze
Ne miiddati, giinlo
B Komponentlorin mahlulda .
i . Kondensasiya | Atmosfer
Torkibi miqdar1,% fazast fazasi
Inhibitor Mohlul
1 2 3 4 5 6
Amidoamin (TNT:Berolamin 6:1 mol 5
1 nisbatinds ) + TNT-nin Co duzu 5 10 268 312
Amidoamin (TNT:Berolamin 5:1 mol 5
2 nisbatinds) +TNT-nin Co duzu 5 10 292 345
Amidoamin (TNT:Berolamin 4:1 mol 5
3 nisbatinds) + TNT-nin Co duzu 5 10 315 365
Amidoamin (TNT:Berolamin 6:1 mol 5
4 nisbatinds) + TNT-nin Ni duzu 5 10 251 296
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T-30 yag distillatt miihitindo hazirlanmis konservasiya mayelorinin sinaq naticalorindon
goriindiiyli kimi, hor iki miihitdo alinan naticalor yiiksokdir. Bels ki, cadval 2-don goriindiiyii kimi,
TNT:BA-20 4:1 mol nisbatinds sintez olunmus amidoaminin, tobii neft tursusunun Co duzu ilo
kompozisiyasinin T-30 yagi miihitindo 10%-li mohlulu kondensasiya vo atmosfer fazasinda metal
16vhalori 295 va 345 giin korroziyadan miihafizo etmisdir.

Aparilan sinaq noticolorindon belo bir naticoto goalmok olar ki, texniki neft tursusunun
Berolamin-20 ilo 4:1 mol nisboatindo sintez olunmus amidoaminin, tobii neft tursusunun Co duzu
ilo kompozisiyasinin 10%-miqdarinda T-30 yagina olavo olunmasi ilo konservasiya mayelorinin
hazirlanmasi daha olverigli hesab olunur.
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PE3IOME
MN3YYEHWE KOMIIO3ULINI CUHTE3UPOBAHHBIX AMMNHOAMM/JIOB U PA3JINYHBIX
METAJUIMYECKUX COJIEN MPUPOJHBIX HE®TSIHBIX KUCJIOT B KAUECTBE
KOHCEPBAIIMOHHBIX KUJKOCTEMN
T'acanoe 3.K.

Knwuesvie cnosa: mexnuueckue HagmeHnogvie KUCI0Mbl, HPUPOOHbIE HAPMEHOGblE KUCIOMUL,
beponamun-20, KoHCEPBAYUOHHBLE HCUOKOCTU, MUHEPATIbHBIE MACIA, KOPPO3USL
B pesynbraTe MpOBEACHHBIX OMNBITOB OBLIO BBIABICHO, 4YTO KOHCEPBAIlMOHHBIC JKUIKOCTH,
MoJIy4eHHbIe myTeM no0aBiieHust B 10%-0M KOJMYECTBE KOMITO3HLMHU CHHTE3MPOBAHHBIX aMHHOAMHIIOB C
COJSIMU KOOanbTa MPHUPOAHOM HEDTSHOHW KHUCIOTHI B TypOuHHOe Macino T-30, B JaHHBIX YCIOBHAX
JEMOHCTPHUPYIOT JONTHH 3PQEKT 3alUThl METAUIMYECKUX IUIACTHH OT KOppo3uH. Tak, M3roTOBJICHHBIE
KOHCEPBAIMOHHBIE KUJAKOCTH ITOKa3ajH BBICOKYIO APPEKTUBHOCTh B TeueHHe 295-345 mocienoBaTeinbHbIX
JIHEeH B YCJIOBUSX KOHJEHcaluu u armocdepHoii ¢aszbl B anmapare "Corrosionbox". Bbuiv M3roTOBJICHBI
KOHCEPBAIMOHHBIE JKUAKOCTH IyTeM jo0aBieHus B macia T-22 u T-30 KOMITO3WIMI aMHHOAMHUOB
CHHTE3UPOBAHHBIX B MOJISIPHOM COOTHOIIEHHH 4:1 TexHuuyeckux He(TSIHBIX KucioT M beponamuua-20 c
Pa3IMYHBIMUA METATHYECKIMHU COJISIMU MPUPOTHBIX HEPTSIHBIX KUCIIOT.

SUMMARY
STUDY OF SYNTHESIZED AMIDOAMINES AND COMPOSITION
OF METAL SALTS OF NATURAL OIL ACIDS AS CONSERVATION LIQUIDS
Hasanov E.K.

Key words: technical oil acids, natural oil acids, berolamin-20, conservation liquid, mineral oils,
corrosion

As a result of the experiments, it was found that the preservation fluids obtained by adding a 10%
composition of synthesized aminoamides with cobalt salts of natural petroleum acid to t-30 turbine oil under
these conditions demonstrate a long-term effect of protecting metal plates from corrosion. Thus, the
manufactured preservation fluids showed high efficiency for 295-345 consecutive days under conditions of
condensation and atmospheric phase in the "Corrosionbox" apparatus. Preservation fluids were made by
adding to the t-22 and T-30 oils compositions of aminoamides synthesized in a 4:1 molar ratio of technical
petroleum acids and Berolamine-20 with various metallic salts of natural petroleum acids.

Daxilolma tarixi: [lkin variant 24.01.2020
Son variant 03.03.2020
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The process of catalytic oxidation of pyrocondensate fraction130-7/90 °C (containing 27.9%
unsaturated hydrocarbons) by hydrogen peroxide was studied and the conditions for producing oxygenate of
a certain composition were determined. The oxygenate fraction isolated from the obtained catalysis was
tested as an anti-smoke additive to diesel fuel. It was found out that the addition of the obtained oxygenate
in the amount of 0.25-1.0% to diesel fuel significantly reduces its smoke when used.

Pyrocondensate, as a liquid pyrolysis product mainly consists of aromatic hydrocarbons and
admixture (10-15%) - of unsaturated hydrocarbons, which include components such as isoprene,
cyclopentadiene, styrene and naphthalene [1-5].

The processing of pyrocondensate as a production waste allows to increase economic
indicators and improve environmental performance significantly. Unqualified processing of such
wastes that have certain toxicity [6] does not contribute to environmental protection and production
safety.

Oxygen-containing additives (oxygenates) - products of the pyrocondensate oxidation are
used as high-octane components of engine fuels, they have several advantages: low toxicity of both
fuels and combustion products, high antiknock properties. The use of oxygenates expands fuel
resources and often improves their quality. Oxygenates as components of motor gasolines are
characterized primarily by octane mixing, saturated vapor (SV) pressure and calorific value.
Gasoline with oxygenates are characterized by improved detergent properties, combustion
characteristics, they form less carbon monoxide and hydrocarbons during combustion. At the same
time, it is possible to use oxygenates not only as antiknock agents, but also as fuel for ICE.

This work is to investigate the reaction of liquid-phase oxidation of the pyrocondensate
fraction 130-190 °C in the presence of hydrogen peroxide and polyoxytungstate modified with
cerium cations.

Experimental part. A catalytic system obtained by mixing and boiling aqueous solutions of
(NH4)10W12041+ Ce(NO3)s+ H3PO, and micro structured carbon material for 2 hours, followed by
evaporation of the solution and drying of the solid residue 100 -120 ° C and heat treatment at 180-
200 ° C [7] was used for the liquid-phase oxidation of the pyrocondensate fraction 130-190 °C.
Before using the obtained catalytic system in the reaction of styrene oxidation, it was kept in a
solution of 35% H>0; with the ratio Cat: H,O, = 1: 200.According to the data [8, 9] such a catalytic
system consists of various peroxo complexes of the general formula [P.W,On(O2) p]x applied to
carbon material.

The oxidation of this fraction was carried out in a thermos stated glass reactor equipped with a
thermometer, a dropping funnel and a refrigerator with vigorous stirring of the reaction mixture
(700 rpm). The calculated amount of fraction 130-190 °C, catalyst and acetic acid were
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simultaneously loaded into the reactor for achieving the required pH-value of the aqueous medium.
After reaching a temperature of the reaction mixture to 90-100 ° C.,35% aqueous solution of H,0,
was added dropwise for an hour. Stirring of the reaction medium continued for 6-8 hours. The
organic layer was separated from the aqueous. The aqueous layer was extracted twice with a
mixture of toluene and propanol-2. The extract and the organic layer were combined and subjected
to atmospheric distillation.

The oxidation reaction was monitored by the method of using calibration curves in decreasing
amounts of pyrocondensate (according to GLC analysis) and hydrogen peroxide (using
permanganometric analysis [10]).

The composition and purity of the initial hydrocarbons, as well as the oxidation products,
were determined by GLC analysis on a Color-500 chromatograph with a flame ionization detector
column 2000 2 mm polyethylene glycol succinate (PGE) phase on chromosorb (5 wt.%), Helium
carrier gas, column temperature 160°C, injector temperature 250 °C. The structure of the obtained
hidroxy products was confirmed by IR, EPR, NMR analysis methods. EPR spectra were recorded at
27° C, (300 K) on a JEOL YES-3x radio spectrometer with a working frequency of 9300 MHz.
Diphenylpicrylhydrazyl (DPPH & = 2.0036) was used as a standard for factor values. Electronic
absorption spectra were measured on a UV / Specord instrument (Germany).

Effective separation of the pyrocondensate oxidation products was achieved on a Color-100m
chromatograph with a thermal conductivity detector, helium carrier gas, 1 m x 2 mm column with a
stationary phase anisone -L applied to Chromoton N-AW-HMDS (15 wt %). IR spectra of
oxygenate were obtained on an Alpha IR Fourier spectrometer in the area of 400-4000 cm™.

Results and discussion. According to GLC and IR analysis of the obtained oxidate, the main
oxygen-containing products are oxiranes, monoacetates of the corresponding diols, aromatic
aldehydes. When comparing the IR spectra of the initial pyrocondensate and the isolated hidroxy
products, C = O stretching vibrations of the ether group in the area of 1705 cm™, stretching
vibrations of the oxirane ring |c> in the areas 3084, 3026 as well as 907, 941, 819 are clearly
observed. The absence of valence vibrations in the areas 1630, 1604 cm™ corresponding to
unsaturated C = C bonds confirms the formation of an oxygen function in the presence of these
fragments. The composition of the initial and unreacted mixture is presented in table 1. The iodine
number of the return hydrocarbon mixture is 2.0. The conversion of unsaturated hydrocarbons
under the above-mentioned conditions is 97.4%.

Table .
The composition of the initial mixture of pyrocondensate frac. 130-790 ° C and
return hydrocarbon fraction after oxidation.

The composition of initial The composition of return
raw material % wt hydrocarbon % wt
benzene 3,0 Benzene 4,0
toluene 12,6 toluene 16,8
ethylbenzene 4,6 ethylbenzene 6,1
xylene isomers 16,4 xylene isomers 21,9
styrene 11,7 trimethylbenzene isomers 12,0
trimethylbenzene isomers 9,0 a-methylstyrene 0,1
a-methylstyrene 6,2 dicyclopentadiene 0,4
dicyclopentadiene 40 indan 6,9
isomers of venyl toluene 3,2 inden 0,2
indan 5,2
inden 2,8 aromatic hydrocarbons Cyg 11,2
aromatic hydrocarbons Cy 8,4
unidentified compounds 12,9 unidentified compounds 20,4
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Conclusion. The liquid-phase oxidation of pyrocondensate fraction 130-190° C, isolated from
hydrocarbon pyrolysis products was studied to develop recommendations for using the obtained
oxygenate as a fuel component. The obtained oxygenate was tested as an anti-smoke additive to
diesel fuel. It was found that the addition of oxygenate in an amount of 0.25-1.0 % mass contributes
to a significant reduction in smoke during combustion of diesel fuel.
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XULASO
_ PIROKONDENSATIN 130-190 FRAKSIYASININ SERIUM SAXLAYAN
POLIOKSOVOLFRAMAT ISTIRAKINDA HIDROGEN PEROKSIDLO KATALITIK
MAYE FAZA OKSIDLOSMOSI
Musayeva E.S

Acar sozlar: pirokondensat, hidrogen peroksid, oksigenat, oksiran, monoasetat, aromatik aldehidlor

Pirokondensatin (29.95-17% doymamis karbohidrogenlor saxlayir) 130-190°C-ds hidrogen peroksidla
katalitik oksidlosmo prosesi Ovyronilmis vo oksigenatin alinma prosesinin sortlori  hazirlanmisdir.
Katalizatordan ayrilmis oksigenat fraksiyasi dizel yanacagina tiistilya garst olavo kimi daxil edilmisdir.
Miisyyon olunmusdur ki, 0.25-1.0% miadarinda oksigenatin dizelo olave edilmasi onun istifadosi zamani
tiistiiniin oshamiyyatli doracads azalmasina sabab olur.

PE3IOME
KATAJIUTUYECKOE XKUJKO®A3ZHOE OKUCJIEHUE ®PAKIIUHA 130-190°C
INUPOKOHIAEHCATA IEPOKCHUJOM BOAOPOJA C YYHACTUEM
HEPUUCOJAEPXALIEIO MOJIUOKCOBOJb®PAMATA
Mpycaesa 3.C.

Kntouegvle cnoea: nupokonOencam, nepokcud 8000pood,0KCULeHam, OKCUPAaH,MOHOAyemam,

apomamuyeckue anb0e2uobl.

Nzyuen mnpouecc karaaurudeckoro okuciacHus ¢p. 130-190°C mupokonzaeHcata (Coiepikaiiero
HEMpPEeENbHBIX yIIeBOJOPOAOB  27.9%) MEpOKCUIOM BOIODPOJAa W YCTAHOBJICHBI YCIIOBHUS TMOJYYEHUS
OKCHIeHaTa OIlpenelieHHoro cocraBa. OxkcureHatHas hpaknus, BRIIEICHHAS U3 IIOJYYEHHOIO Karajm3ara
IIPOBEPEHA B KAUYECTBE IMPOTUBOABIMHOM T00AaBKHU K IMU3EILHOMY TOILIMBY. Y CTaHOBJIEHO, YTO H00aBICHHE
MOJTy4eHHOTO OKcureHara B koimuecTBe 0,25-1,0% K Qu3enbHOMY TOIUIMBY CYIIECTBEHHO CHIKAET €ro
JIBIMHOCTB ITPH UCTIOJIH30BAHUMU.

Daxilolma tarixi: [lkin variant 23.10.2019

Son variant 24.02.2020
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As,Se;-Tm,Se; KOSIYT VO TmAsSe; BIRLOSMOSININ
HOMOGENLIK SAHOSININ ToDQIiQI

QOHROMANOVA GUNEL HACI qiz1
Baki Doviat Universiteti, dissertant, Azarbaycan, Baki
gun.aliyeva@inbox.ru

Acar sézlar: sistem, temperatur, diagram, mikrobarklik, kosik

As;Ses-Tm,Ses sistemi. Uclii sistemi toskil edon ikili sistemlor As-Se vo Tm-Se [1-5]
miuoslliflori torofindon 6yronilmisdir. Miioyyon edilmisdir ki, Tm-Se sisteminds omalo golon Tm,Ses
birlosmasi vo As-Se sistemindo omoalo golon As,Se; birlogsmasi stabil birlosmalordir vo konqruent
oriyir.

Uclii sistemdo gedon gqarsilight tosiri tam Oyronmok iigiin sistemin ayri-ayr1 kosiklori
Oyronilmis va onlar osasinda iiclii sistemds gedon qarsiligl tesir haqqinda molumat alinmisdir.

Sistemin orintilorinin sintezi As,Ses-TmSe sistemindo oldugu kimi aparilmisdir. Sintez
temperaturu morhalali olmusdur, avvalco 750 K godor, sonra iso temperatur 900-1100 K qodor
qaldirilmig vo yuxar1 temperaturda 2 saat saxlanildigdan sonra 20 mol% Tm,Se; torkiba qodor
orintilor sobadan ¢ixarilaraq havada tablanmis vo 15 mol% TmjSes torkibli orintiyo qodor siiso
sahoasi miioyyon edilmisdir.

Sintezdon sonra orintilor kompakt halda tutqun rongde alinmisdir. Baslangic madds kimi
As,Se; vo Tm,Se; istifade olunmusdur. lkin komponentlorin sintezi zamani B-5 tomizlikli As, B-4
tomizlikli Se vo A-1 tomizlikli Tm-dan istifade edilmisdir. Uzvi holledicilor, hava, su arintilers tosir
etmir. Qalovilordo, HNOj3-do hall olur, qizdirildigda H,SO4-ds hall olur.

Orintilor sintezdon sonra izotermiki domlonmoaye qoyulmusdur. Domloms temperaturu 50
mol% Tm,Se; gadar 500 K, sonrakiarintilar ti¢iin isa 700 K olmusdur. Bu temperaturlarda 200 saat
saxlanilmigdir. Tarazliq halina MQA va RFA ilo nozarst edilmisdir.

DTA IIJAC-021 markali 6zliyazan cihazda aparilmisdir. Ampulalarin havast 0.01 Pa qaliq
tozyiqo godor sorulmus va kiivets (bloka) yerlosdirilmisdir. Xromel-alyumel termociitii ampulanin
yuvasina asagidan yerlosdirilmis, qizma 480 dor/saat siirotilo aparilmisdir. Etalon kimi Al,O3-don
istifado edilmisdir. Soyutma sobani sobokodon agmaqla yerino yetirilmisdir. Yiiksok temperaturlu
termiki analiz BDTA-8m cihazinda aparilmis vo inert atmosfer kimi He-dan istifado edilmisdir.
Termociitliik kimi W-W/Re-dan istifado edilmisdir, qizma siirati 40 dor/doq olmusdur. Niimunalor
molibden butalarda yerlosdirilmis, MQA MWMM-7 metal mikroskopunda yerino yetirilmisdir.
Asilayict kimi 10 ml 10% NaOH +8ml C,HsOH qarisi§indan istifado edilmisdir. Asilama miiddsti
10-20 san olmusdur.

RFA Dron-3 difraktometrindo aparilmis, bu zaman CuK o stialanma vo Ni filtrdon istifado
edilmisdir. Hor bir fazanin mikrobarkliyi liciin eksperimental yiik se¢ilmisdir. I[IMT-3 mikrobarklik
Olcon cihazdan istifado edilmisdir. DTA, RFA, BDTA, MQA vo mikrobaorkliyin 6l¢iilmasi
naticolorindon istifads edilorok  As;Ses- Tm,Se; sisteminin hal diaqrami qurulmusdur (sokil 1).

Evtektika vo ticlii birlogmalorin torkibi qrafiki olaraq Tamman {igbucagmin qurulmast ilo
mioyyanlosdirilmisdir. Termoqramlarda biitiin effektlor donordir vo qizma effektlori endotermikdir.
Sokil 1-don goriindiiyli kimi sistem {i¢lii Tm-As-Se sisteminin kvazibinar kosiyidir. Sistemin
likvidusu ¢ ilkin kristallasma oyrisindon ibaratdir: As,Ses; osasinda a-boark mohlulu, TmAsSes; vo
Tm,Se; kristallagsma oyrilori. Py torkibli maye (32,5 mol% Tm,Ses) Tm,Ses-1o reaksiyaya girarok
TmASsSe; birlogsmasini amolo gatirir:

Mpi+ Tm,ySe; & TmAsSSes
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Sakil 1. As,Ses- Tm,Ses sisteminin hal diagrami

Birlogsmanin homogenlik sahssi todqiq olunmamisdan diaqramin sokli vo homogenlik sahasi
todqiq olundugdan sonra hal diagraminin goriiniisii  tosvir olunmusdur. Diaqramdan goriindiiyli
kimi, mayenin istiraki ilo ti¢ kristallasma sahasi var.

l.o+M

2. TmAses(y)+M

3. TmySez+M

Solidusda iss iki bir fazali saha a bark mohlul monoklinik As,Se; asasinda; y-bark mahlul
birlogsmo osasinda mévcuddur.Sistemds iki nonvariant ndqto méveuddur: e vo p. Birinci 11 mol%,
Tm,Ses, digori isa 32,5 mol% Tm,Ses uygun golir. 620 vo 845 K temperatura malikdir.

Otaq temperaturunda As,Se; osasinda hallolma 2 mol% Tm,Se; toskil edir. Evtektika
temperaturunda iso 5 mol% Tm,Se;s toskil edir.

As,Ses iiciin mikroborklik 78:107 H/u2 mioyyan edilmisdir. Bu da adabiyyat material1 ilo
uzlasir.

2 mol Tm,Ses arintisi tigiin mikrobarklik 81-107 H/u® borabardir. Bundan basqa, 127-107 H/u?
vo 175107 H/p? mikroborklik do miioyysnlesdirilmisdir. Géstorilon mikroborkliklor TmAsSe; vo
Tm,Ses uygun golir. Niimunalorin RFA 12 mol% Tm,Se; torkibi domlonmays goadar intensiv difraksiya
xatlori ilo xarakterizo olunmur. 12 mol% Tm,Se; —don yuxari qatiliglarda yeni difraksiya xatlori
meydana ¢ixir.d=3,54; 3,32; 2,23; 1,94A° bu isa sistemda yeni fazanin yaranmasina dolalot edir.

TmAsSe; birlasmoasinin  homogenlik sahasinin tadgigi. Isin ovvolindo TmAsSes
birlogmasinin mdvcudlugu haqqinda molumat vermisik. Birlogsmoanin homogenlik sahasini
mioyyanlosdirmak {igiin birlosma otrafindan 7 orinti sintez edilmisdir. Orintilorin hor biri 2-2.5
mol% qatiliq intervalindan gotirilmisdiir. Orintilorin  sintezi  ikitemperaturlu  sobalarda
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aparilmisdir. Ciinki birlosma torkibinds ham selen, hom do arsen boyiik buxar tozyigina malik
komponentlordir. Sobanin soyuq torofindo (zonasinda) 610 C° toskil etmisdir. Bu temperaturda
arsen buxarlari kondenso olunur. Sobanin isti tersfinin temperaturu iso 30-40° likvidus
temperaturundan yuxari gotiiriilmiisdiir.

Umumi sintez rejimi isin adobiyyat hissesinda verilmisdir. Birlosma otrafinda olan arintilorin
As,Ses, TmASSe; Vo Tm,Ses sintez rejimlori sokil 2.-ds verilmisdir.

T. K
" 2000 -

1400

1000 1

800 1

700 1

500 1

2 4 6 8 I saat

Sakil 2. orintilarin sintez rejimi: 1- As,Ses, 2- TmAsSe; , 3- Tm,Se

orintilordon Tm,Se; tozsokilli alinmigdir. Ona gbro do onu agat havang dostodo ozib,
preslomis vo sonra xassolorini todqiq etmisik. Tm,Ses; osasinda olan orintilori almaq {giin
elementlordon istifade edilmisdir (Tm vo Se). As,Ses osasinda olan orintilor isa baslangic
komponent As,Ses-don vo stexiometrik torkibo uygun Tm vo Se-dan istifado edilmisdir. Sintez
olunmus arintilarin torkibi codval 1-ds verilmisdir.

Cadval 1.
orintilorin DTA va BDTA naticalari

Ne Orinti torkibi Termiki effektlor

As,Se; Tm,Se; Qizma Soyuma
1 100 - 650 645
2 57,50 42,50 630,850,1000 620,845,990
3 55 45 860,1050 850,1020
4 52,50 47,50 850,1060 845,1050
5 50 50 850,1080 845,1200
6 47,50 52,50 855,1220 850,1200
7 45 55 860,1320 835,1300
8 42,50 57,50 850,1510 845,1500
9 - 100 1920 1900
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Sistemin arintilarini tadgiq etmak {igiin isdo DTA-dan istifade edilmis, bu zaman HTP-75 vo
BDTA 8 M cihazlar isladilmisdir. Bu, 0 moagsadls edilmisdir ki, sistemds gedon faza ¢evrilmalorini
miioyyan etmok miimkiin olsun.

Mikroqurulus (MQA) analizi sistem orintilorinin faza torkibini Gyronmok ii¢lin vacib
metodlardan biridir. Metod naticasindo fazalarin mikroqurulusu miioyyan edilir vo sistemo aid
diagramin solidus hissasi etibarli olaraq tosdiq edilir. Mikroqurulusu tadqiq ederkon MHUM-7 metal
mikroskopundan istifads edilmisdir.

Orintilorin homogenlosdirilmasindon sonra onlardan alinan naticolar codval 2-do verilmisdir.

Cadval 2.
Mikroqurulug analizinin naticalori
No Orintilarin torkibi, mol% Mikroqurulus analizinin naticalori
As,Se; Tm,Se; 300° 500° 620° 750°

1 100 - bir faza - - -

2 57,50 42,50 iki faza iki faza iki faza iki faza
3 55 45 iki faza iki faza bir faza iki faza
4 52,50 47,50 Bir faza bir faza bir faza bir faza
5 50 50 Bir faza bir faza bir faza bir faza
6 47,50 52,50 iki faza iki faza iki faza iki faza
7 45 55 iki faza iki faza iki faza iki faza
8 42 50 57,50 iki faza iki faza iki faza iki faza
9 - 100 bir faza - - -

Sistemdo agkar edilmis birlogmonin homogenlik sahasindon olan arintilorinin mikrobarkliyi
va sixligimin qiymetlori cadval 3-ds verilir.

Cadval 3.

TmASsSe; birlasmasinin mikrobarklik, sixliq va elektrik kegiriciliyinin naticalori

No Orintinin torkibi mol% Hy, 10 S, g/sm® Elektrik kegiriciliyi om’
ASQSE3 Tm2863 l-sm'l
1 100 - 78 4,58 5107
2 57,5 425 140 3,7 9-107
3 55,0 45,0 160 4,0 5107
4 52,5 47,5 140 4,5 2-107
5 50 50 127 5,4 9-107
6 475 52,5 140 4,5 4-10”
7 45,0 55,0 150 4,3 5107
8 425 57,5 155 4,5 1,5:107
9 - 100 175 6,7 6:10"

Belaliklo, fiziki-kimyavi analizin kompleks metodlarindan alinan noticolora asason AS;Ses-
Tm,Ses sisteminin hal diagrami dagiglesdirilmis vo TmAsSe; hallolma sahasi miisyyon edilmisdir
(sokil 3). Birlosms otrafinda sixligin qiymeti 3,7:5,3 g/sm® intervalinda doyisir.

Birlosmonin elektrikkegiriciliyi otaq temperaturunda EB-16 cihazinda Sl¢iilmiisdiir. Bunun
ticlin arintilor simmetrik formaya salinmig, sonra sliflonarok paralel hala salinmis vo ona zondlar
barkidilarak zona metodu ils dlgiilmiisdiir. Miiayyan edilmisdir ki, TmAsSes birlagsmasinin elektrik
keciriciliyi vo onun strafindaki orintilorin elektrikkegiriciliyi 9-108-5-107 om™sm™ intervalinda
dayisir. Elektrikkegiciriliyinin torkibinden asililiq ayrisinde maksimum TmAsSe; torkibine uygun
golir. Birlosmoa asasinda olan bark mohlul sahasinds elektrikkegiriciliyi tadricon azalir vo bels
naticoya galmak olur ki, bu ciir maddslor maqnit materiallar1 kimi islona bilor.

35



As,Ses-Tm,Ses kasiyi va TmAsSes birlagmasinin homogenlik sahasinin tadqiqi

L
10° = Q
- /,O' ‘o .-
_E 4580~ . e} oo’
- . _
o o S CI, WY, SRR 10 4+
5 o
z o
10°% ot
| | | | ! ! ! 1 L
AsSes 40 45 50 55 60 Tm;Ses As,;Se; 40 45 5 55 60 Tm,Se;
Sakil 3. TmASSe; birlasmasi va onun Sakil 4. As,Sez- Tm,Sessistemindan olan
atrafinda olan arintilorin arintilorin sixliq izotermi
elektrikkegiriciliyi
N-10 |10
175
125
o o
o .
? o°
o _
100 100
78
70 + =70
50 - 50

20 30 40 50 60 70 80 90

Sakil 5. As,Ses- Tm,Sessistemi arintilarinin mikrobarklik izotermi

Beloliklo, belo bir gonasto golmok olur ki, TmAsSes birlosmoasi daltonidtiolidir, onun
asasinda y bark mahlul amolos galir. Birlosmoa asasinda hallolma As,Se; torofdon daha ¢oxdur, nainki
Tm,Se; torafdan (300K).
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PE3IOME
HNCCIEJOBAHUE PA3PE3A As,Se;- Tm,Se;
U OBJACTU TOMOT'EHHOCTHU COEAUHEHMUSA TmAsSe;
TIaxpamanoea I''.T".

Knroueswle cnosa: cucmema, ouazpamma, MUKpomeepooCmo, paspes, memnepamypa

MeTtonamMu (HU3UKO-XUMHUECKOTO aHali3a IMOCTPOCHA aHarpaMMa COCTOSHHS CHCTeMbl AS,Ses-
Tm,Se; u onpenencHa 00JIaCTh TOMOTEHHOCTH coequHeHus | MASSe;. O0pa3yroTcs TBepAbIE Y PaCTBOPHI Ha
ocHOBe coequHeHus T MASSe;. PactBopuMocTh naHHOTO Ha ocHOBe AS,Se3 O0JIbIe, ueM Ha OCHOBE TM,Ses.
@da30BbIli COCTAaB U MHKPOCTPYKTYpa CIUIABOB CHCTeMBbl AS,Sez- Tm,Se; ompeneneHbl MeToaaMu
MHUKPOCTPYKTYPHOTO aHainu3a. 3HAYCHHUS MHKPOTBEPAOCTH W IUIOTHOCTH JJsI OOJIAaCTH TOMOT'CHHOCTH
cOeAMHEHHs OOHAPYKCHBI B CHCTEME.

SUMMARY
THE STUDY OF As,Se;- Tm,Se; SECTION
AND HOMOGENITY AREA OF TmAsSe; COMPOUND
Gahramanova G.H.

Key words: system, temperature, diagram, microhardness, cut

Phase diagram of As,Ses- Tm,Se; system was constructed by methods of physical-chemical analysis.
Homogenity regren of TmAsSe; compound was detected. It was found that solubility of this compound on
the base of As,Se; is more than on the base of Tm,Se;. Phase composition and microstructure of alloys was
determined by method of microstructural analysis. Date of microhardness and density for homogenity region
of compound were determined.

Daxilolma tarixi: [lkin variant 06.11.2019
Son variant 15.02.2020
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2.6 DIIZOPROPIL-4-METILFENOLUN ALINMA PROSESININ TODQIiQi

HACIYEVA XOYALD OMIiRASLAN qiz1
Sumqayit Doviat Universiteti, assistent

Acar sozlar: A-metilfenol, 2-propanol, alkillasma 2-izopropil-4-metilfenol, 2.6-diizopropil-4-metilfenol
palladium torkibli seolit, selektivlik.

Antioksidantlar, stabilizatorlar istehsalinda istifado olunan 2.6-diizopropil-4-metilfenol
(2.6DIP4MF) keyfiyyot gdstoricilorine géra, 2.6-diiicliibutil-4-metilfenola (ionola) yaxin olub (1-2)
xammal baximindan 6lkemiz {igiin daha slverisli sayilir (3). 4-metilfenolun propilen va ya izopropil
spirti ilo alkillogsmoasindon amals golon bu qiymatli yarimmeohsulun alinmasi bir vo ya ikimarhaloli
olub miikommal texnologiyanin yaradilmasmi tolob edir. Belo ki, birmorhaloli prosesdo 4-
metilfenolun birbasa 2.6-diizopropil-4-metilfenola alkillogsmosi, ikimoarhalali texnologiyada iso 4-
metilfenolun ovvolco 2-izopropil-4-metilfenola (2IP4AMF) cevrilmosi, daha sonra iso alinan
monoizopropilkrezolun alkillosorok 2DIP4AMF omoalo gotirmosidir. 4-metilfenolun alkillosdirici
agenti 2-propanol olmusdur.

Tadqiqatlar palladium torkibli HSVM seolit katalizatorunun istirakinda hoyata kecirilmisdir.
Silisium oksidinin qatiligi artirilmis seolitlords modul 25 olub, palladiumun qatiligr 1.0 kiitla %
toskil etmisdir. Pd-HSVM Kkatalizatoru Rusiya Federasiyas1 Elmlor Akademiyasinin N.D.Zelinski
adina Uzvi Kimya Institutunun isloyib-hazirladigi sintez {isuluna (4) osasen alinmis vo onun
aktivlosdirilmasi tokmillasdirilmis yolla hoyata kecirilmisdir.

Tacriibalor torponmaz layli katalizatoru olan reaksiya aparatinda aparilmis, alinan mohsullarin
analizi gaz-maye xromatoqrafiya tisulu ilo Xrom-5 cihazinda, NMR spektrlor iso Bruker (Almaniya)
aparatinda c¢okilmisdir. 4-metilfenolun 2-propanolla alkillosmo reaksiyasinin naticolori 1 sayl
cadvalda verilmisdir.

Cadval 1.
4-metilfenolun 2-propanolla alkillosmo reaksiyasinin naticalori
Reaksiyanin saraiti 4-metilfenolun Gevrilmis .4-metilfenola goro hesabganmls
_ Konversivasi ‘ reaksiya mehsul‘larlnm (;1X1m1,‘A)

T,°C v, st v, mol/mol Y 2[PAMF 2.6DIPAMF 3IP4AMF
340 1.0 1:1 45.0 82.0 12.5 3.0
360 1.0 1:1 53.5 76.0 17.5 4.0
360 1.0 1:2 66.5 68.0 24.0 2.5
360 1.0 1:4 80.0 55.0 35.2 3.5
380 1.0 11 61.1 66.0 25.0 6.5

Alinan alkilatlarda asason 2iP4MF, 2.6DIP4MF olur. Az miqdarda 3-izopropil-4-metilfenola
da rast golinir. Yiiksok temperaturda aparilmig tocriibalordon alinan alkilatlarda 4-metilfenolun bazi
etil toromolorino vo ksilenollara da rast golinir. Bu kenar mohsullar 2IP4MF-un izopropil spirti ilo
alkillogsmasindon do alinir, lakin onlarin qatilig1 az olur.

Demoli, 4-metilfenolun 2-propanolla alkillogsma prosesi asason asagidaki sxem iizra bas verir.

OH

or 3

HO— _ S>—CHa+ L o Ho CHs ™ HO CH3
-2 -2
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Cadval 2.
2-izopropil-4-metilfenolun 2-propanolla alkillasma reaksiyasimin naticalori
Cevrilmis 2-izopropil-4-
Reaksiyanin soraiti 2-izopropil-4- metilfenola goro hesablanmis
metilfenolun reaksiya mohsullariin ¢iximi1,%
T,°C v, st™ v, mol/mol konversiyas: 2.6DIP4AMF Digor
mohsullar
340 1.0 1:1 44.0 91.5 5.6
360 1.0 1:1 50.5 92.0 6.0
360 1.0 1:0.75 40.0 95.5 25
360 0.8 1:0.5 395 97.5 1.0

Temperaturun artmast ilo ardicil bag veran prosesin siiroti artir vo alkilatlarda omalo golon
2.6DIP4MF-un qatilig1 coxalir. Goriindiiyii kimi, temperaturun 340°C-don 380°C-yo qaldiriimasi
2.6DIP4AMF-a goro selektivliyi 2 dofo artiraraq 25.0%-9 catdirir. Ardicil mexanizm iizro alinan
2.6DIP4MF-un selektivliyi baslangicda gotiiriilmiis xammaldaki spirtin mol qatiliginin artmasi ilo
do coxalir. Belo ki, 4-metilfenol vo 2-propanolun ekvimolyar nisboatindo alinan 2.6DIP4MF-un
selektivliyi 360°C-do 17.5% oldugu halda spirtin parsial tozyiqini krezolla miiqayisado 4 dofa
artirdigda bu gostorici 35.2% qalxir. Biitlin gostordiyimiz hallarda, yoni temperaturun vo
xammaldaki spirtin parsial tozyiqginin artirilmasi amalo golon 2IP4MF-un selektivliyinin azalmasi
ilo miisayiot olunur. Belo ki, temperaturun 340°C-don 380°C-o qaldirilmasi 2iP4MF-in
selektivliyinin 16.0% azalmasina, spirtin parsial tozyiqinin 4 dofo artirilmasi iseo bu gdstaricinin
23.0% diigmosing sobob olur. Gorlindiiyl kimi, temperatur vo xammaldaki spirtin parsial tozyiqinin
artirilmast birinci morholoda amoala golon 2iP4AMF-in ardicil alkillosmasininin siirotini artirir vo
katalizatlarda 2.6DIP4MF-in qatiligi artir. Bu da son noticodo 2.6DIP4MF-5 goro prosesin
selektivliyinin 35.2%-o, ¢iximinin isa 5.6%-dan 28.2%-2 artmasina sabab olur.

Katalitik prosesin maraqli xiisusiyyotino aid olan digor naticalora 4-metilfenolun metanolla
alkillosmo prosesindo oksigena gora metillosmonin bas vermodiyini reaksiya soraitindo, qismon do
olsa, izomerlogmo kimi ¢evrilmonin oldugunu gostormak olar. Alinan alkilatlarin torkibini analiz
etdikdo aydin olur ki, orada 4-metilfenolun izopropil efirino praktiki olaraq rast golinmir. Digor
torofdon alinan reaksiya mohsullarinin torkibindo 3-izopropil-4-metilfenola géro reaksiyanin
selektivliyi 340°C-do 3.0%, 380°C-do iso 6.5% toskil edir. Bu noticolor proseslo bagli geyd
etdiyimiz xiisusiyyotlori tam tosdiq edir. Todqigatin ikinci mairhalasinds 2-izopropil-4-metilfenolun
2-propanolla alkillosms reaksiyasi yuxarida qeyd etdiyimiz katalizatorun istirakinda dyronilmis vo
alinan naticolor 2 sayli codvoldo verilmisdir. 2IP4AMF-in 2-propanolla alkillosmo reaksiyasindan
alman alkilatlarin torkibindo osason 2.6DIP4MF olur ki, ona goro do prosesin selektivliyi yiiksok
qiymat alir (91.5-97.5%). Torkibindo 2IP4MF-in 2-propanola olan mol nisbati 1:0.75 olan xammali
katalitik ¢evrilmoys moruz qaldiqda 2.6DIP4MF-o goro prosesin selektivliyi 97.5%, ¢iximi iso
38.5% olur ki, bu naticolor do ekvimolyar nisboatdo olan xammalin ¢evrilmasindon alinan
noticolardon forqlonir. Belo ki, son tarkibli xammalin katalitik ¢evrilmosindon alinan 2.6DIP4MF-in
¢evrilmis vo baslangic 2IP4MF-o goro hesablanmis ¢iximlari uygun olaraq 91.5% vo 40.3% toskil
edir. Alinmig katalizatlarin torkibinds, az da olsa, metil- va etilkrezola, diizipropil spirtino vo
asetona rast golinir. Bu da alkillogsmo prosesinda, qismon do olsa, bazi yan ¢evrilmalorin getdiyini
gostorir. Belo cevrilmoloro 2[P4AMF vo 2.6DIP4AMF-in qismon parcalanmasini, 2-propanolun
molekullararas1 dehidratasiya reaksiyasini vo spirtin, qismon do olsa, dehidgenlogsmosini misal
gostormok olar.

Beloliklo, Pd-HSVM katalizatorunun istirakinda 4-metilfenolun 2-propanolla alkillosma
reaksiyast ilo miioyyon edilmis soraitdo 2I{PAMF vo 2.6DIPAMF gqarisigim miixtolif mol
nisbatlorinda (1:0.13+0.40) va 90.2+94.5% iimumi selektivliklo almaq miimkiindiir. 2IP4MF va
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2-propanol ssasinda aparilmus katalitik prosesds alinan 2.§D1P4MF-9 gora selektivlik 91.5+97.5%,
¢ixim iso 38.2-46.5% toskil edir. Alinmig 2IP4MF vo 2.6DIP4MF-in tomizlik doracasi ~99.0% olur.
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PE3IOME
HUCCJIEAOBAHUE ITPOLECCA ITOJIYUEHUA 2,6- TMU3O0OITPOIINJI-4-METUJI®EHOJIA
Taoorcuesa X A.

Kntouesvle cnosa:. 4-memunghenon, 2-nponanon, ankuiuposauue, 2-uzonponuin-4-wemuigenorn,2,6-
ouuzonponun-4-memun@enon, aniaouii cooeprIcauyuil Yeoaum, cereKmueHoCms

[IpuBonsTCS pe3yabTaThl KCCIEAOBAHUS PEAKIUHA aKWINPOBaHHS 4-METHI(PEHONA U 2-U30TPONTHIT-4-
MeTwi(heHona 2-mpornaHoiioM B IMPUCYTCTBUH MaJlIaINHACOepKAIIETOIEOTUTHOTO KaTtanu3aropa. [lokazaHo,
YTO B HAWJIEHHBIX YCIOBHUSIX PEAKIMH HA OCHOBe 4-MeTwideHoda W 2-pomaHojia yAaeTcs CHTE3MpPOBAThH
cMech 2-m3onponmi-4-metwidernona u 2,6-muu3onponui4-MeTuieHoNa CyMMapHOH CEleKTHBHOCTBIO
90,2% wu xoHueHTpauuii 2,6-mumzomponun  4-metundenona B cmecu  40,0%. B caoyuae
2-mzonponmi-4-meTundeHoa W HW3OMPOIMIOBOTO  CIUPTA  CEJEKTUBHOCTh IPOIECCa  ITONyYeHUS
2,6-mun3onponui-4-metuindenona pagHa 97,5% npu kouBepcun N-kpesona 39,5%.

SUMMARY
RESEARCH OF THE PROCESS OF OBTAINING 2,6-DIISOPROPYL-4-METHYLPHENOL
Hajiyeva Kh.A.

Key words: 4-methylphenol, 2-propanol, alkylation, 2-isopropyl-4-methylphenol, 2,6-diisopropyl-4-
methylphenol, palladium containing zeolite, selectivity

The results of a study of the alkylation reactions of 4-methylphenol and 2-isopropyl-4-methylphenol
with 2-propanol in the presence of a palladium-containing zeolite catalyst are presented. It was shown that
under the found reaction conditions, based on 4-methylphenol and 2-propanol, it is possible to synthesize a
mixture of 2-isopropyl-4-methylphenol and 2,6-diisopropyl-4-methylphenol with a total selectivity of 90.2%
and concentrations of 2,6-diisopropyl-4-methylphenol in a mixture of 40.0%.In the case of
2-isopropyl-4-methylphenol and isopropyl alcohol, the selectivity of the process for producing
2,6-diisopropyl-4-methylphenol is 97.5% with an n-cresol conversion of 39.5.

Daxilolma tarixi: [lkin variant 27.12.2019
Son variant 03.03.2020
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Giris. Inkisaf etmis sonaye 6lkolorinds yanginla miibarizo problemi giindon-giino aktuallasir.
Yangin va partlayislar noticasinds illik maddi zororin va itkilorin say1 durmadan artir. Neft vo neft -
kimya sonayesinin, neft dasima obyektlorinin, neft bazalarinin yangindan miihafizosi asason,
yanginlarin sondiiriilmasi vasitesi kimi miixtalif artimli kopiiklordan istifads sayasinda tomin olunur
ki, bu vasitonin tasiri kdpiikomoalogatiron kompozisiyanin torkibi ilo miioyyan olunur.

Totbiq olunma sahasindan asili olaraq, yangisondiiriicii kopiiklor méveud normativ sonadlora
miivafiq olaraq iki qrupa béliiniir: imumi vo magsadli toyin edilmis. Umumi magsaedli toyin edilmis
yanginsondiiriicii kopiiklor karbohidrogen asasa malikdir vo bark yanan materiallarin (A sinif) vo
yanar mayelorin ( B sinif) sondiiriilmasi ti¢iin nozords tutulmusdur. Hal-hazirda diinyada bir sira
kopiik novlari vo kopiik istehsalgilart movceuddur (Sakil 1).

Biitiin ndv B sinif kopiiklar

- +
PFAS tarkibli F3, Toarkibinda PFAS yoxdur
AFFF
AR-P
AR-AFFF EFF
EEEP AR-FFF
AR-FFFP
EP
FPAR

Sakil 1. B sinifli yanginsondiiriicii képiiklarin tasnifat:

osas hissa. A sinifli kopiiklar asasan sulu suspenziyada sothi aktiv maddslor vo emulgator
qarisiglarindan ibarat olur. A sinifli kdpiiklorin torkibindo, istilik tasirine qarsi davamliligini tamin
edon digar funksional birlosmalor mévecuddur ki, bu birlosmalor mohsuldan mohsula dayisir. A
sinifli kopiiklordoki sothi aktiv maddslor emulgator vo reaksiyazsiflodici birlogsmolorin qisamiiddatli
tosiri beynalxalq saviyyados tohlil edilmisdir. Arasdirmalar naticasinds molum olmusdur ki, bu ciir
tosirlor B sinifli kopiiklordon, xiisusilo torkibinds ftorlasmis birlosmolor olan kopiiklordon xeyli
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farglanir. Son 50 - 60 il arzinds istehsal olunan B sinifli yanginséndiirma kopiiklarinds mitkommal
istilik vo kimyovi dayanighigi tomin edon perftoralkil, polftoralkil vo ya bu kimi qarisiglar
olmusdur. 2000-ci illorin ortalarina qadar kopiik istehsalinda istifads olunan va iistiinliik toskil edon
birlosmoalor kimi perftoroktan sulfonatlar olmusdur (PFOS). Bu birlosmoalor 3M sirkati torafindan
onlarin davamliligi, biotoplayici tutumu vo toksiklik xiisusiyyatlori (imumi olaraq PBT kimi
bilinan) ilo slagadar yaranan otraf miihit - ekoloji problemlarino goro istehsaldan ¢ixarilmisdir.
PFOS bir sira digar ftor birlosmolori vo son zamanlarda iss bazi fltor olmayan k&piik birlosmalari ilo
ovoz edilmisdir. Bununla yanasi, artiq bir sira dovlstlor B sinifli kopiiklarin totbigini qadagan
etmisdir. Bir cox PFOS-suz B sinif yanginsondiiriicii kopiiklorinds, PFOS-un asag1 konsentrasiyali
pargalanmamis miqdarinin aotraf miihitdo olmasi, hamg¢inin ilkin mohsullarin diisturlarda istifadasi
yaxud tosadiifi sintez sababindon mdvcud olmasi bildirilmigdir. [1]

Ftorprotein kopiiklari. Ftorprotein kopiiklori neytral sulu msahlulda hidroliz edilmis protein,
fliior sothi aktiv maddolor vo ya telomerlor, halledici, natrium xlorid, domir, magnezium, sink va
konservantlardan ibaratdir. [2] Ftorprotein mohsulunun bir olavasi, tobagoomalogatirici
ftorproteindir (FFFP). Bu mohsul "sada" fltor sathi aktiv maddalorin avazina tobagaamalagatirici
sathi aktiv maddslarin slava edilmasi ilo alinir. Bir mohsulda proteinin olmasi, onun biopar¢alanma
gabiliyyatinin artmasina sobab olur, lakin ftorlasmis qaligin daha ¢ox ekoloji davamliligi vardir.
Qabul edon miihitdoaki tasir, yerli mithitdo koskin oksigen ¢atismazligina sobob olan bioloji va ya
kimyavi oksigen tolobatinin ilkin artimidir, daha sonra ftor sathi aktiv maddslorin mévcudlugundan
asili olaraq PBT (davamli, biotoplayici va toksik maddalar) ola bilar.

Ftorprotein kopiiklarinin torkibi istehsalg1 sirkoto gora miixtaliflogir. Komponentlorin kimyavi
qurulusunun, ftortelomerlor kimi miioyyan bir qurulus formasi olan miiayyan bir sinfo aid olmasi
vacib deyildir.

Ftorproteyn kopiiklorinin otraf miihito tosiri kaskin va xroniki tasirlor (PBT potensiali) kimi
iki tosirlo xarakterizo edilir. Kaskin toasirloro artan BOT (bioloji oksigen tolobati) daxildir, bu,
anoksik miihitin yaranmasina sobob olan biopargalanan birlagmalari ehtiva edan digor mohsullarla
eynidir. Bu mahsullarin bioloji par¢alanmasi bas verdikca proteynlorin pargalanmasi ilo sistemin
nitrifikasiyasi ilo bagli daha ¢ox problem yarana bilor. Nitrifikasiyanin tosiri, proteynlorin su azot
tsikli ilo parcalanmasi vo emal edilmasi siiratindon asilidir. Proteynlorin ilkin mikrobial par¢alanma
mohsullarina ammonyak daxildir. Ammonyak, baliq vo digor su organizmi olmayan onurgasizlar
ticiin toksiki xiisusiyyato malikdir. Mahsulun ftorlagdirilmis komponentinin potensial xroniki tasiri
istifads olunan birlogsmoadon asili olaraq doyisocokdir.

Sulu gat amoala gatiran kopiiklar (AFFF). Qeyri-polyar yanar mayelor yanginlarinin
sondiirmasindo AFFF mohsullari operativ yangindan miihafizonin biitiin saholorindo genis istifado
edilir [3,4]. AFFF mohsullar1 ftorkarbon sathi aktiv maddalordan, halledicilordan, karbohidrogen
sathi aktiv maddalordon vo az miqdarda galavi mahlul torkibli halid ionlarindan (fliior, xlor, brom
Vo yod) ibaratdir. Mohsullarda mévcud olan ftorkarbonlu sathi aktiv maddslorin névlari onlar 1960-
c1 illords istifadoys verildikdon bari doyismisdir. 3M firmasi AFFF mohsullarinda 1960-c1 ildon
1970-ci illarin avvalloring, 1970-ci ildon 2001-ci ilo godor olan PFOS-larin perfliiorlagdirilmig
karboksilatlardan istifado edildiyi bildirilmisdir. 3M firmasi, homg¢inin 1984 vo 2001-ci illor
arasinda bir sira digar polifliiorlu sathi aktiv maddolordan istifads etmisdir, bunlar alkil qrupuna
sulfonamidlo bagi olan C4-C6 perfliiorlasdirilmis zoncirlor idi; bu birlogsmolordo C8 torkibli
perfliiorlagdirilmis zoncirlor yox idi [4]. Digoar alti formulatorlar (firmalar)1984 - 2010-cu illor
arasinda fliiortelomer mohsullari istehsal edirdi, bunlarin igarisinde 2 vo ya 3 fliiorlagdiriimamis
karbon atomlar1 yiikli alkil qrupu ilo birlosmis C4 - C10 perfliiorlasdirtlmis zoncirlor var idi.
Sonraki AFF mohsullarinda 6:2 tomiz fluorotelomer moahsullart mévcuddur.

AFFF-lorin  torkibindoki ftorlasdirilmis sothi aktiv. maddalor kopiiklorin - sondiirma
gabiliyyatino tosir gostorir belo ki, onlar hom do yanict maddalorin yeniden alismasinin qarsisini
almaq t¢tin istifado edilir [5]. Ftorlasdirilmis sathi aktiv maddslorin aksins, AFFF qarisiglarinda
moveud olan alkil sulfat (Codval) karbohidrogen sathi aktiv maddslori aerob vo anerob soraitlords
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biopargalanandir [6]. AFFF formullarinda olan holledici komponenti do yiiksok NOT (noazari
oksigen tolabat1) ragomlori gostordiyindon biopargalanandir. Naticodos, butil karbitolun yiiksok
BOT- yeralt1 sularin oksigenini sarf edarok onlarin biogeokimyavi vaziyyatins tesir edib, onu aerob
miihito ¢evirar. AFFF formullarindaki korroziya inhibitorlari (tolitriazol) da straf miihitds, demok
olar ki, pargalanmur.

Cadval
AFFF markali YK 2sas kimyavi tarkib elementlori
Kimyavi torkib Umumi torkib faizi

su 69-71

butil karbitol Qurbanova M.0O. 20

ftoralkilamidin amfoter toromasi 1-5

alkil sulfat 1-5

perftoralkil sulfonat duzlari 0,5-1,5

trietanolamin 0,5-1,5

toliltriazol 0,05

AFFF komponentlorinin bozilorinin pargalanmasi barado moalumat olsa da, iimumilikds bu
miirokkab garigigin yeralti sularda pargalanmasi vo sinergetik effektlori barodo molumatlar demok
olar ki, movcud odobiyyatlarda yer almamisdir.

Bundan olava, torkibinds perftoralkil birlosmalorinin oldugu digor yangmsondiiriicii
kopiiklarin da ekoloji baximdan ilkin gostaricilori asagida qeyd edilmisdir.

FFFP — sulu gatomalogatirici kopiiklora alternativ olan tebii ziilal asashi yanginsondiirticii
koptikdiir, maye karbohidrogen yanginlarinin sondiiriilmasinds totbiq edilir. FFFP asanligla
parcalanir vo demok olar ki, su organizmlorino zorarsizdir. Bu ciir kopiiklorin torkibinds glikol
efirlori yoxdur, lakin tokibindo davamli perftoroktan tursusuna pargalana bilon uzunzoncirli
ftorkimyovi birlosmolor vardir.

AR-AFFF — yiiksok riskli yangin vaziyyatlorinds - karbohidrogenlorin (neft, gazolin, dizel
yanacagi, aviasiya kerosini) vo ya polyar holledicilorin (spirtlorin, ketonlarin, miirokkob vo sado
efirlorin) sondiiriilmasinds totbiq edilir. Bu név kopiiklor otraf miihitdo asanliqgla pargalanir vo su
miihiti ti¢lin az zararlidir.

AR-FFFP. Spirto garsi davamli sulu qat amalagatirici kopiiklora (AR-AFFF) alternativ olan
tobii ziilal osasli, spirto qarst davamli olan kopiik noviidiir. Bu noév do homginin maye
karbohidrogen vo polyar holledici maye yanginlarinin sondiriilmasinds totbiq edilir. AR-FFF
biopargalanmasi faiz etibarilo asag1 saviyyadadir vo su organizmlarine miiayyan godar zararli hesab
oluna bilar. Tarkibinds glikol efir yoxdur, lakin davamli perftoroktan tursusuna pargalana bilon
uzunzancirli ftorkimyavi birlosmalor vardir.

Torkibindo ftor olmayan yangmsondiiriici kopiiklor. (F3) Ftor osashi  kopiik
texnologiyalarimin PBT xiisusiyyatlori ilo bagli narahatliglara gora yeni noasil F3 mohsullari istehsal
olunmaga baslamigdir ki, bu, birbaga vo ya dolay1 yolla perflilorkarboksil tursusu amalo gatirmok
tigiin ilkin mohsul kimi foaliyyot gostoran birlogsmolors baglidir (xiisusilo PFOA). 2000-ci ildan bari
istehsal olunan F3 mohsullarinda suda holl olmayan, ftorlasmayan polimer slavolori vo daha ¢ox
karbohidrogen sathi aktiv maddalor mévcuddur [7].

Ftorsuz yanginsondiiriicii kopiiklor, totbiq edilon kdpiiklora alternativ olaraq "ekoloji cahotdon
tomiz" olaraq taninir. Miitaxassislor bu nov kopitiklarin sadaca, "avozedici " rola malik oldugunu
gobul edirlor. Buna baxmayarag, onlarin bioloji pargalanma qabiliyyati, kaskin toksiklik, kimyovi
oksigen talobat1 vo bioloji oksigen tolobati ilo alagoli ekoloji xiisusiyyati, ftorlasmis kopiiklorin
xassalorino nishoton bir ¢ox hallarda daha az ekoloji zararloro malik olur. Burada moasalo ondan
ibaratdir ki, ftorkimyovi birlosmolor, kimyavi maddolorin unikal bir qrupu olduglar: ii¢iin onlar
birbasa ovoz etmok miimkiin deyil. Ftorsuz yanginsondiiriicii kopiiklords iss sondiiriicii torkibo
olava sintetik yuyucu maddolorin qatilmasini qeyd etmok olar ki, bu da ani aligmalara vo
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yanginsondiirma Xidmatinin amokdaslari {igiin tohliikali vaziyyatlorin yaranmasina sabob ola bilar.
Qeyd etmok lazimdir ki, bir ¢ox ftorsuz YK-ni yangmn zamami AVQAZ (aviasiya qazolini)
buxarlarini saxlama qabiliyyatine malik deyillor. Bundan slavs torkibinds sintetik yuyucu maddalor
olan yanginsondiiriicii kopiiklor biitiin yag osash yanacaglarla emulsiya edilir vo onlar1 tullanti su
separatorlarindan yayindiraraq su miihitino dasiyir. Bu, daha yiiksok oksigen tolobatina, orada
yasayan su orqanizmloring garsi toksikliya Vo potensial olaraq boyiik ¢irklonmoa hadisalorine sobob
olur. Ftorsuz maddalarin gabul edilmis bir faydasi olsa da, atraf miihitin toksikliyi, karbohidrogen
yanacagi ilo emulsiya vo ani alovlanma problemlari baximindan bir sira shomiyyatli ¢atismazliglar
vardir.

Yuxarida qeyd edildiyi kimi, yanginsondiiriicii kopiiklor bir ¢ox miixtalif név kimyovi
maddolorin garisigindan ibaratdir. Istehsalcilarin oksariyyati kopiik mohsullarmin tam torkibi vo
mozmunu barads ictimaiyysto he¢ bir molumat agiglamirlar. Buna goro do vahid bir kimyavi
maddoni giymotlondiron adi kimyovi dsullar yanginsondiriici kopiiklora totbig edilmir.
Yanginsondiiriicti kopiiklarin otraf miihito tasirini giymatlondirmak ti¢iin xiisusi bir test tisulu hal-
hazirda movcud deyildir. Kopiiklorin lizvi torkibi vo biopargalanmasi nozors alinmagqla, kimyovi
oksigen tolobati (KOT) vo yekun iizvi karbon (YUK) képiiklorin suda iizvi yiiklonmoasini
giymatlondirmok tigiin istifado edilo bilor. Kopiiyiin biopargalanmasini sinaqdan kegirmok tiiglin
OECD 301 A-F test seriyasi standartlart istifads edilir. Bu testlorin arasinda CO; ayrilmasi metodu
Vo manometrik respirometriya metodu daha ¢ox istifads olunur.

Hall iisullari. Mixtalif illordo mitoxassilor torofindon yanginsondiiriicii  koptiklarin
biopargalanmasina yonolmis bir nego todqiqat aparilmisdir. [8] —do Cinda genis totbiq olunan
miixtolif nov yangmsondiiriicii  kopiiklorin  {izvi  kopiyiiniin  iizvi ¢irklonmo  Saviyyasi Vo
biopargalanmasi giymatlondirilib, miigayiso edilmisdir. Yanginsondiiriicii kopiik konsentratlarinin
KOT (kimyavi oksigen tolobat1) vo YUK (Yekun Uzvi Karbonu) hoddinden artiq yiiksokdir.
Bundan olave, képiik mohlullarinin KOT vo YUK-i adi ¢irkab sularindan da daha yiiksokdir. Buna
gbro kopiik mohlulunun KOT vo YUK giymotlori kopiiklorin otraf miihito tosirini nozers alsag,
konsentratdan daha ¢ox ohamiyyat kasb edir. Malumdur ki, sathi aktiv maddslor yanginsondiircii
kopiiklorin asas komponentidir vo onlar KOT vo YUK-iin asas moenboyi hesab edilir. Sokil 3-do
miixtolif nov kdpiiklorin KOT/ YUK nisbati gdstorilmisdir. Qeyd etmok lazimdir ki, KOT/ YUK

nisboti vahid {izvi ¢irkab sular ti¢iin 2,67

6.0 . gobul edilmisdir. Sokil 2-o asasasn A
55 | = sinif koptiklar, AFFF, Sintetik (S), vo
o | Proteinli (P) kopiikler tgin ortalama
- KOT/ YUK nisboti uygun olaraq 5,19 ;
s [ 3,55; 3,15 vo 2,73-diir. Gorliindiyii kimi,
w |k A sinif kopiiklerde bu nishat daha
) i yiiksok, novbati olarag AFFF va S, an
= F 5 - asagl gostarici iso protein kopiiylindo
- olmusdur. Bu da onunla naticalonir Ki,
>0 - . . . protein torkibli kopiiklor (P, FP,FFFP)
25 | . sintetik torkibli kopiikloro ( A sinif
20 koptiklor, AFFF vo S) nisbaton daha
A Sinif AFFE 5 p (33 EFFP yiksok tizvi ¢irklonmo qabiliyystins

Sakil 2. Miixtalif név YK iigiin KOT/ YUK nisbati malikdir.

YK biopar¢alanmasi barado

todgigatda [8] ise molum olmusdur ki,

sintetik kopiiklor olan A sinif kopiikler, AFFF va S iiciin biopar¢alanma faizi uygun olaraq 85,27%

-don 97,61% -o godoar, protein kopiiklar (P, FP va FFFP) ti¢iin iso uygun olaraq 69,45% -don 83,17
% qodor doyigmisdir. (Sakil 3.)
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Sakil 3.YK 28 — giinliik biopar¢alanma géstaricilari. [8]

Notico olaraq bildirilir ki, Proteyin kopiiklori sintetik kopiiklorlo miiqayisado daha yiiksok
tizvi ¢irklonma vo daha asagi biopargalanma siiratino sahibdir. Belaliklo, onlarin otraf miihito
qusamiiddatli vo uzunmiiddotli tosiri sintetik kopiiklordon daha boyiikdiir.

Hal-hazirda diinyanin boazi dovlotlori artiq ftortelomer asasli YK totbigino baslamislar.
Fliiorotelomer osasl birlogmalar saxalonmayan va ciit sayda karbon atomuna malik tam diiz zoncirli
kimyavi maddslordir. Bu név kopiiklor miixtalif torkibli yanar mayelors tatbiq edilmokls yangina
effektiv nozarot vo nomlondirmoni tomin edir. Ftortelomer osasli YK yangmin yayilmasini
minimuma endirmays, yenidon alovlanmanin qarsisini almaga vo hava ilo dasinan tiistii
cirklonmosinin miqdarini azaltmaq xiisusiyyatlorina malikdir. Bundan slavs, yanma zonasinda bas
vers bilocok gaynama vo eskalasiya riskinin qarsisini alir vo hor hansi bir hadisado kopiik vo su
ehtiyatlarindan minimum istifadoe olunmasini tomin edir.

Ekoloji cohstdon yanasdiqda ftortelomer asasli mohsullar heyvanlarda biotoplanmir, orqanizm
tigtin zararli va toksik deyil. Ftortelomerlor PFOS-a pargalanmir. Onlar 6:2 fliiortelomer sulfonata
boliiniir ki, bu da davamli olsa da, biotoplayici va ya toksiklik xiisusiyyatlorina malik deyil.

Hazirda istehsal edilon ftortelomer osasli YK mohsullarin torkibindoki maddalorin
tohliikasizlik pasportuna baxdiqda insan saglamligina zororli ola bilocok heg¢ bir kimyovi madds
askar olunmamisdir.

Notica. 1. Oksor istehsalg1 iddialarina baxmayaraq, torkibinds ftor olmayan YK ftortorkibli
YK-2 nishoton daha yiiksok toksikliya malikdir, bela ki, ftortorkibli kopiiklor tobagoamalagatirici
xiisusiyyati ilo xarakterizo oldugu halda, torkibinds ftor olmayan YK tobogo xiisusiyystini avoz
etmok tigiin torkiba yiiksok migdarda karbohidrogen sathi aktiv maddalor va holledicilar alavs edilir.
Karbohidrogenli sathi aktiv maddolor vo halledicilor imumiyyastlo su sistemlorinds ftorlu sathi aktiv
maddolara nishoton daha toksiki hesab olunur. Bununla yanasi, yanar mayelorin sondiiriilmasindo
miisbat naticonin alds edilmasi tigiin ftortarkibli YK miiqayisads ftorsuz kopiiklor dofalorlo artiq
miqdarda totbiq edilmalidir. Bu da otraf miihit {igiin shamiyyatli ekoloji risk amili hesab edils bilar.

2. Ftortelomer asasli YK hazirda B sinifinds, yanar maye yanginlarinin sondiiriilmasinds an
tosirli maddalordir. Fliiorotelomer asash kopiiklor PFOS vo ya PFHXS (perftoroheksan sulfonat)
kimi PFOS homologlarina daxil edilmir, par¢alanmir vo uzunzancirli perftorkimyavi maddalarin
ohamiyyotli monboyi sayila bilmoz. Onlarin torkibindo davamli, lakin imumiyystlo ekoloji
toksikant hesab edilmayan ftor sothi aktiv maddslor vardir. Bu név YK movcud tonzimloma
meyarlarina asason bioakkumulyativ hesab edilmir.
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PE3IOME
CPABHUTEJIBHBIN AHAJIN3 BO3JEMCTBUSA HA OKPYKAIOILIYIO CPEJY _
OTHETYWAIIUX MEH, UCITOJIb3YEMBIX IIPU TYHIEHUHU I'OPIOYUX ) KUJKOCTEHN
Kypoanoea M.A.

Kniouesvie cnosa: ocnemywawue newvl, nep u NOIUGMOPAIKUTbHBIE Seujecmsd, mopmenomep,
buodezpadayus, IKOI02UYECKUE XAPAKMEPUCTIUKU

W3BecTHO, YTO TEHBI IUPOKO HMCIIOJNB3YIOTCS JJISl TYIICHHS TOPIOYHMX JKUIKOCTEH. BolbmmHCTBO
OTHETYIIAIINX II€H SBJISIOTCS MOBEPXHOCTHO-aKTHBHBIMH BeIECTBaMH. [IeHBI COCTOSAT M3 KOMOWHAIUH
pa3NMYHBIX XMMHYECKHX BEIIECTB Hapsay C IOBEPXHOCTHO-aKTUBHBIMU BelIecTBaMH. B  olmiem,
¢usnueckue ©  XMMHUYECKHME CBOMCTBA KOMITO3HMIMM  OKa3blBalOT 3HAYUTENbHOE BIUSHHUE Ha
MEHOO0PAa3yIoIIyI0 CIIOCOOHOCTh TEeHBL. TeM He MeHee, pa3IMYHble MHTPEIUEHTHI MOTYT MOBJIHATH Ha
3 }eKTHBHOCTh TEHBI, a TaKXkKe NPUUYUHUTH BpEeA OKpykaromel cpene. [IOCKOIBKY 3KOJIOrHYECKUE
TpeOOBaHUS K XHMHYECKUM COEAMHEHUSM B (opMe OTXOIOB BO3PACTAIOT, BOIPOCHL, CBS3aHHBIC C
BO3/ICHCTBHEM OTHETaCsIIMX NEH Ha OKPYKAIOIIYI0 CPEefy, CTAHOBSITCA aKTyallbHBIMHU. B HacTosiiee Bpemst
HE CYNIECTBYET CIICIMAIBFHOIO METOJA HCHBITAaHWW JUIS OLEHKM BO3JCHCTBUS OTHETYIIANIMX IIeH Ha
OKpyxaroyto cpeny. [loaToMmy HEOOXOIMMO OIIEHHTH YKOJIOTMYECKHE CBOMCTBA OIHETYIIANINX IIeH, TaKue
KaK TOKCUYHOCTb BOJIbI, OMOJIOTHYECKOE 3arpsi3HEHHE OPraHMYEeCKUM 3arpsi3HEHHEM U TICHOOOpa3oBaHue.
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SUMMARY
COMPARATIVE ANALYSIS OF THE ENVIRONMENTAL IMPACT OF FIRE
EXTINGUISHING FOAMS USED IN EXTINGUISHING FLAMMABLE LIQUIDS
Gurbanova M.A.

Key words: fire extinguishing foams, per and polyfluoroalkyl substances, fluorotelomer,
biodegradation, environmental characteristics

It is known that foams are widely used for extinguishing combustion fluids. Most of the fire
extinguishing foams are surface active substances. Foams are composed of a combination of various
chemicals along with surfactants. In general, the physical and chemical properties of the composition have a
significant effect on the foaming ability of the foam. However, the variety of ingredients can affect the
effectiveness of the foam as well as cause environmental hazards for the environment. As environmental
requirements for chemical compounds in the form of waste increase, the issues related to the environmental
impact of firefighting foams are urgent. There is currently no specific test method for assessing the
environmental impact of fire extinguishing foams. Therefore, it is necessary to evaluate the environmental
properties of extinguishing foams, such as water toxicity, biological contamination of organic contamination
and foaming.

Daxilolma tarixi: [lkin variant 13.02.2020
Son variant 07.07.2020
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Mogalo noxud genotiplorindo miixtolif markerlor (RAPD vo ISSR) vasitosilo ndvdaxili
polimorfizmin Oyronilmasindon bohs edir. Todqigat naticesindo noxud genotiplori arasinda
11 RAPD marker ilo comi 77 amplikon sintez edilmis (onlardan 76 amplikon polimorf olmusdur),
8 ISSR markerlo 42 amplikon sintez edilmisdir (onlardan 32 amplikon polimorf olmusdur).
Umumilikds 11 RAPD praymerls ortalama 98,6%, 8 ISSR praymerlo iso 80,0% polimorfizm qeyda
alinmigdir. ©lds edilmis naticalors asason quraqliga davamli, hiindiirboylu, mohsuldar genotiplorin
seleksiya islorinds istifadasi nazards tutulur.

Noxud bitkisi paxlalilar fasilesi (Lequminoceae), Papilionaceae yarimailasinin Cicer cinsina
aid olub, diploid xromosom sayima malikdir (2n=16), genomun 6l¢tisii 931Mbp-dir. [5; 6] Bu cinsin
43 novi vardir (9 birillik vo 34 c¢oxillik). Birillik ndvlordon yalmz biri — C.arietinum insan
miidaxilasi olmadan inkisaf etmir.

Biitiin diinyada oldugu kimi, respublikamizda da orzaq tohliikssizliyinin tomin olunmasinda
ziilal, karbohidrat vo minerallarla zongin olan noxud bitkisi xtisusi yer tutur. Noxudun doninds kiilli
miqdarda minerallar vo vitaminlor (A, B, C, D, E) vardir ki, bu da onun yiiksok qidaliliga vo yem
keyfiyyatino malik oldugunu siibut edir. [1; 3]

Moadoni noxud (Cicer arietinum) genotiplori vo yabani noxud névlori (Cicer reticulatum,
Cicer bijicum vo s.) arasindaki genetik miixtolifliyin, filogenetik qohumlugun todqiqi, madoni
noxudun olamatlorini yaxsilasdiracaq gen qaynagina malik ndvlerin {izo ¢ixarilmasi ilo baglh
todgiqatlar molekulyar marker texnologiyasinin totbiqindon sonra daha da siirotlonmigdir [2]. Son
dovrlordo RAPD, ISSR, SSR va s. molekulyar markerlorin inkisaf etmasi, onlarin biologiya vo kond
tosarriifatina totbiqi aktual olub, xiisusilo do bitkilorin genotiplori arasinda genom saviyyosindo
polimorfizmin toyininds genis sokildos istifade olunur. Polimorfizmi forqli yollarla iizo ¢ixaran bu
metodlarin kompleks sokildo istifadasi i1so bitki genomunun strukturu haqqinda daha genis
informasiya almaga imkan verir. [4; 7] Belo ki, RAPD markeri genomun tosadiifi hissalorinin, ISSR
markeri iki satellit DNT arasindaki hissonin polimorfizmini miioyyan edir. Bu markerlorlo aparilan
analizlorin naticolorinin miiasir statistik metodlarla islonmasi ise todqiqatin etibarliligini artirir.

Material vo metodlar. Todqiqat obyekti olaragq ICARDA beynolxalqg morkazindon
introduksiya olunmus veo Azorbaycanin miixtalif rayonlarindan toplanaraq Genetik Ehtiyatlar
Institutunun Gen bankinda qorunub-saxlanilan adlar1 asagida gostorilon 62 noxud (Cicer arietinum
L.) genotipindon istifads edilmisdir.

48


mailto:hesenova63sudabe@gmail.ru

Hasanova S.Q., Hasanova S.Q., Mommadova S.O.

No Nll'imuneni{l adi Vo Monsoyi No Niimunsni? adi Vo kataloq Monsoyi
ataloq ndmroasi nomrosi
1 |Lonkoran 1 Lonkoran 32 |Yardimh 27 Yardimli
2 |Lonkoran 2 Lonkoran 33 |Masalli 30 Masalli
3 |Flip03-48 ICARDA 34 |Masalli 51 Masalli
4 |Colilabad 50 Colilabad 35 |Bilosuvar 58 Bilosuvar
5 |Flip04-4 ICARDA 36 |Lerik 33 Lerik
6 [Normin 57 Baki 37 |Flip 97-81 ICARDA
7 |Flip 97-24 ICARDA 38 |Abseron 35 Abseron
8 |Agstafa 35 Agstafa 39 |Flip 22-04 ICARDA
9 |iran 48 fran 40 |Flip 23-04 ICARDA
10 |Coalilabad 55 Coalilabad 41 |Flip 02-88 ICARDA
11 |Sabirabad 59 Sabirabad 42 |Flip 03-93 ICARDA
12 |Ordubad 47 Ordubad 43 |Flip 00-19 ICARDA
13 |Yardimli 28 Yardimlh 44 |Agdas 18 Agdag
14 |Flip 06-8c ICARDA 45 |Sultan 98-178 Baki
15 | Flip06-133c ICARDA 46 |TH 1-04 ICARDA
16 |Flip 06-61c ICARDA 47 |Flip 03-34 ICARDA
17 |Abseron 34 Abseron 48 |Flip 03-17 ICARDA
18 |Flip 06-33c ICARDA 49 |Flip 04-38 ICARDA
19 |Flip 06-161c ICARDA 50 |Yardimli 29 ICARDA
20 |Flip 05-169c ICARDA 51 |Flip 03-71 ICARDA
21 |Ordubad 39 Ordubad 52 |Flip 04-35 ICARDA
22 |Ordubad 41 Ordubad 53 |Flip 03-22 ICARDA
23 |Qusar 43 Qusar 54 |Flip 06-28c ICARDA
24 |Qusar 44 Qusar 55 |Flip03-77 ICARDA
25 |Agstafa 42 Agstafa 56 |Flip03-27 ICARDA
26 |Flip 03-22 ICARDA 57 |Flip04-16 ICARDA
27 |Baki 30 Baki 58 |Flip06-7c ICARDA
28 |Colilabad 11 Colilabad 59 |Flip 06-89c ICARDA
29 |Flip 97-32 ICARDA 60 |Flip 32-79 ICARDA
30 |Samaxi 25 Samax1 61 |Flip 05-19c ICARDA
31 |Flip06-18 ICARDA 62 |Flip 06-144c ICARDA

Naticolor vo onlarin miizakirasi. Todqgiqat zamani polimorf praymerlorin secilmasi li¢lin
noxud niimunalarindo 30 RAPD praymeri istifads olunaraq ekstraksiya olunmus genom DNT-si ilo
PZR analizi aparilmig, todqiqatda istifado olunan biitlin praymerlordos amplikon miisahido
olunmugdur. Naticalorin ilkin analizi zaman1 98-i polimorf olmagla, imumilikds 166 band sintez
olundugu miigahids olunmusdur. Tadqiqatda istifads olunmus 19 praymer novdaxili polimorfizmin
askar olunmasinda informativ hesab olunmamisdir. Belo ki, homin praymerlorls aparilmis PZR
reaksiyasi noricalori elektroforezds olduqca az forqlonen amplikonlarin tozahiirii ilo forqlonmisdir.
Digor 11 praymer iso yiiksok polimorfluq gostormis, genetik miixtalifliyin dyronilmosinds daha
ohomiyyatli hesab edilmis vo aparilmis todgiqatda noxud genotiplorinin molekulyar analizi {iglin
istifado olunmusdur. Beloalikla, 62 noxud genotipinds 11 RAPD praymer vasitasilo PZR analizi
naticasinds 77 amplikon qgeyds alinmig, bunlardan 76 amplikon polimorf olmusdur. SPSS
kompiiter proqrami ilo Jaccard genetik oxsarliq indeksi vo UPGMA metodu asasinda klaster analizi
aparilmis vo niimunalorarasi genetik masafoni toyin edon dendroqram qurulmusdur. Todqiqat
obyekti kimi secilmis noxud genotiplori RAPD markerlori naticolorino osason aparilmis klaster
analizindo 12 miixtolif klasterds qruplagsmisdir. Bu niimunslor arasinda genetik oxsarliq indeksinin
(GOI) minimum vo maksimum qiymatlori miivafiq olaraq 0,24 vo 0,93 qeydo alinmisdir. Birinci
klasterdo yerlogon Flip 04-4 genotipi digor niimunolordon forqlonarok ayrica subklasterdo yer
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almusdir. Ikinci klastera daxil olan niimunalor (Flip 04-16, Flip 06-7, Flip 06-89, Flip 32-79, Flip
05-19, Flip 06-144) arasindaki genetik oxsarliq omsali 0,21-0,64 olmusdur. Bu klasterdo do Flip
32-79 genotipi qrupun digar niimunalorinden uzaq genetik masafado yerlosmisdir. Ugiincii klasters
daxil olan Masall1 51 niimunasinin diger niimunslorlo oxsarliq indeksinin minimum vo maksimum
qiymatlari 0,21-0,64 olub, bu niimunays an yaxin genotip Flip 32-79 olmusdur. Dordiincii klastera
daxil olan Yardimli 28 vo Flip 06-133 niimunolori arasinda GOI iso 0,53 olmusdur. Digor
klasterlorin har biri cami bir genotipden ibarat olmusdur. Bels ki, Ordubad 47 genotipi besinci
klasterdo, mohsuldarlig1 ilo secilon Agstafa 35 niimunosi altinci klasterds, Coalilabad 50 niimunasi
yeddinci klasterdo, Normin iso sokkizinci klasterds ayrica yerlogsmisdir. Doqquzuncu klasterds
yerloson Calilabad 55 ilo onuncu klasterdo yer alan Sabirabad 59 arasindaki oxsarliq indeksi 0,31-9
borabor olmus, Lonkaoran 1 genotipi on birinci klasterds, monsayi iran olan 9 némrali Iran 48
genotipi do digor niimunolordon forqlonmis vo on ikinci klasterds tok yerlosmisdir.

Apardigimiz tadqiqat isinde noxud genotiplari ii¢clin polimorf praymerlori miioyyan etmok
mogsadilo noxud genotiplorinin genomlar1 15 ISSR praymer vasitosilo yoxlanilmisdir. Ilkin
yoxlama zamani 15 ISSR praymeri ilo 67 amplikon sintez olunmus, bunlardan 34-i polimorf
olmusdur. Todqiqatda istifado olunmus ISSR praymerlordon 7-si ilo he¢ bir bond amplifikasiya
olunmamus, diger 8 praymer iso yiiksok polimorfluq niimayis etdirmis vo bu praymerlordon noxud
genotiplorinin genomunu todqiq etmok ii¢ilin istifads olunmusdur. Todqigat zamani 8 ISSR praymer
vasitasilo 42 amplikon sintez edilmis, bunlardan 32-si polimorf olmusdur. SPSS kompiiter proqrami
ilo Jaccard genetik oxsarliq indeksi vo UPGMA metodu osasinda klaster analizi aparilmis vo
niimunoslorarast genetik mosafoni toyin edon dendroqram qurulmusdur. Todqiqat obyekti kimi
secilmis noxud genotiplori ISSR markerlori osasinda klaster analizi ilo 7 miixtalif klasterdo
qruplagmigdir. Klasterlor arasinda genetik mosafo indeksinin minimum vo maksimum qiymati
miivafiq olaraq 0,46 vo 0,77 vahid toskil etmisdir. Klasterloraras1 genetik mosafo no gador boyiik
olarsa, genotiplorin seleksiyada heterozis effekti almaq moqsadilo istifadesi daha olverisli olar.
Birinci klaster nlimunalorin 79% -ni ohato edir. Yerli mohsuldar genotiplor olan Sultan vo Normin
bu klasterdo bir-birindon uzaq genetik mosafodo yerlogmisdir. Mohsuldarligina goro Sultan
niimunasindan geri qalmayan 44 ndmrali Flip 97-32 ilo Sultan nlimunasi arasindaki genetik oxsarliq
indeksi 0,86 olmusdur. Onu da geyd etmok lazimdir ki, bir-birino on yaxin genetik mosafodo
yerlogon niimunalor birinci klasterdo qruplasmisdir. Belo ki, 40 (Flip 23-04) vo 43 (Flip 00-19)
nomrali niimunalorin genetik oxsarliq indeksi 1,00-9, 53 (Flip 03-22) vo 56 (Flip 03-27) nomrali
genotiplarin, eloco do 50 (Flip 03-36) vo 51 (Flip 03-71) sayli genotiplorin genetik oxsarliq indeksi
0,87 —yo borabor olmusdur. Ikinci klasterda yerloson Flip 32-79, Flip 06-144 do quragliga davaml
vo orta mohsuldar niimunalor olub, onlar arasinda genetik oxsarliq indekslori 0,79 olmusdur.
Ucgiincii klaster miixtolif rayonlardan toplanmis ii¢ niimunadon (Samax1 25, Abseron 35, Lonkoran
1) ibarotdir. Samaxi 25 vo Abseron 35 nliimunslori arasinda genetik oxsarliq indeksi 0,74, Abseron
35 vo Lonkoran 1 arasindaki genetik oxsarliq indeksi iso 0,68 olmusdur. Dordiincii klasterds yer
alan orta mohsuldar vo quragliga davamli Yardimli 28 niimunasinin digor niimunslorlo genetik
oxsarliq indeksi 0,66-ya borabar olmusdur. Besinci klaster genetik oxsarliq indeksi 0,61 olan iki
niimunadon (Agstafa 35 vo Flip 03-17), altinct klaster iso genetik oxsarliq indeksi 0,62 olan
Abseron 34 vo Masall1 30 niimunslorindon ibaratdir. Sonuncu klaster do iki niimunadon (Baki 30 vo
Masalli 51) ibarotdir. Bu niimunslor arasindaki genetik oxsarliq indeksi iso 0,73 —o borabor
olmusdur.

Biomiixtalifliyin qorunmasi sahasindoe RAPD vo ISSR markerlorlo oldo olunan noticolor
noxud genotiplorinin doqiq tosnifatinda, pasportlasmasinda faydali ola bilor.
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PE3IOME
U3YYEHUME BHYTPUBHUJOBOI'O INOJUMOP®U3MA B OBPA3IIAX HYTA
MOJIEKYJISIPHBIMU MAPKEPAMM RAPD U ISSR
TI'acanoea C.I'., I'acanoea C.I'., Mameooea C.A.

Knroueswie cnosa: nym, eenomun, mapkepvt RAPD u ISSR, norumoppusm

B cratbe paccmarpuBaeTCs HM3YYCHHE BHYTPUBHIOBOIO MOJMMOP(U3MA C TOMOIIBIO Pa3IHYHBIX
mapkepoB (RAPD u ISSR ) B reHoTHmax myta. B pe3ynbraTte uccienoBaHusi MEXIy TeHOTHIIAMHU HyTa ObLTH
CHUHTE3MPOBaHBI BCero 77 aMIUIMKOHOB ¢ momomsio 11 RAPD mapkepoB (13 HEX 76 aMIUTMKOHOB OBLITH
nonuMopdHbIMU), 42 aMIIMKOHOB ¢ momomblo 8 ISSR  mapkepoB (M3 HuX 32 aMIUIMKOHOB OBLTH
nonuMopdueiMu). Beero, ¢ 11 RAPD  mpaiiMepamu Ob11 oTMeueH B cpeaneM 98,6% monumopdusma, a ¢
8 ISSR mpaiimepamu — 80,0% nonumopdusma. B pesynbpraTe MOIYYEHHBIX 3aKIHOUEHHH, YUYUTHIBACTCS
HCIIOJIB30BaHHUEC UX B CCIICKIINHU yCTOI\/’I‘II/IBBIX K 3aCyX€ BBICOKHX, INIOAOTBOPHBIX I'CHOTUIIOB.

SUMMARY
STUDYING INTRASPECIFIC POLYMORPHISM IN PEA SAMPLES
WITH RAPD AND ISSR MOLECULAR MARKERS
Hasanova S.G., Hasanova S.G., Mammadova S.A.

Key words: pea, genotype, RAPD and ISSR marker, polymorphism

The subject is about the studying of intraspecific polymorphism through different markers (RAPD and
ISSR) in the pea genotypes. As a result of study totally 77 amplicons were synthesized with 11 RAPD
marker among pea genotypes (76 of them were amplicon polymorphs), 42 amplicons were synthesized with
8 ISSR marker (32 of them were amplicon polymorphs). Generally averagely 98,6% polymorphism was
noted with 11 RAPD primers, 80,0% polymorphism with 8 ISSR. Upon the obtained results draught —
resistant, tall, productive genotypes are intended to be used in selection works.

Daxilolma tarixi: [lkin variant 08.07.2019
Son variant 14.10.2019
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HIiPOKSiYA ZAMANI ORQANIZMD®O BAS VERON DOYISIKLIKLOR
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Agar sozlar: hipoksiya, oksigen acligi, hipoksiyanmin noviari, ekzogen hipoksiya, endogen hipoksiya

Hipoksiya orqanizmin toxumalarinin oksigenls kifayat qodor tochiz edilmomasi toxumalarda
oksigen sorfinin pozulmasi ilo slagodar olan tipik patoloji prosesdir. Oksigenin toxumalara naql
edilmosindo istirak edon xarici tonoffiis sistemi, gqan dovrani sistemi vo qanin funksiyasinin
pozulmas: hipoksiya ilo naticolonir. Oksigen dastyict sistemlorin faaliyystinin normal soviyyoda
oldugu hallarda belo toxumalarin oksigeni sorf eds bilmomaosi hipoksiyaya sobab ola bilar.
Hoddindon artiq uzunmiiddotli vo davam edon hipoksiya zamani organizmin uygunlasdirici
imkanlar tiikkonir. Bu zaman hipoksiyanin dekompensasiyaedici morhalasi baslayir. Bu morhoalods
toxuma va orqanlarda funksional vo morfoloji doyisikliklor omoala galir.

Dayisikliklorin  dorinlik doracesi toxumalarin funksional voziyystindon vo maddolor
miibadilosinden asilidir. Inkisaf mexanizmina géra hipoksiyan1 2 qrupa bélmok olar: I-nofos alinan
havada oksigenin tozyiqinin azalmasi ilo olagadar olan hipoksiya (ekzogen hipoksiya); II-
orqanizmin xastoliklori ilo slagodar olan hipoksiya (endogen hipoksiya). Endogen hipoksiyanin iso
5 novii vardir: 1) ageiyar (tonoffiis); 2) sirkulyator (iirok-damar); 3) hemik (gan); 4) histotoksik
toxuma; 5) nofos alan havada oksigenin miqdarinin azalmasi ilo alagodar olan vo ya qarisiq tipli
hipoksiya.

Carrah omoliyyatlarinda istifado edilon intratraxeal narkoz vo tonaffiis aparatlarinin oksigen
tochizi sistemlori nasaz olduqda da insan ekzogen hipoksiya voziyyatine diiso bilor. Bu zaman
arterial ganda oksigenin miqdarinin azalmasi (hipoksemiya) bas verir vo naticodo oksigen hiiceyra
membranindan ¢atinliklo kecir, toxumalarda miibadile prosesi zoifloyir.

Hipoksiyanin tonaffiis (agciyar) tipi — agciyar alveollarinda qaz miibadilasinin pozulmasi ilo
olagodardir. Hipoksiyanin bu ndvii oksigenin alveol-kapilyar membranlarindan diffuziyanin
¢otinlosmosi noticosindo bag verir. Noticodo membranlarin sartlosmosino sobob olan xostoliklore
tosadiif olunur. Agciyarlorin ventilyasiyast vo perfuziyasi arasinda miitonasiblik pozulduqda
tonaffiistin doqiqlik hacmi normal olsa da, orqanizm tonaffiis havasindan kifayst qodar oksigen ala
bilmir. Bu arterial qanda oksigenin iimumi miqdarinin azalmasina vo hipoksiyanin inkisafina sabab
olur.

Hipoksiyanin {irok-damar (sirkulyator) tipi gan dévraninin pozulmasi zamani bas verir. Urak
ozolasi hipoksiyaya qarsi hossasligina goro beyindon sonra ikinci yerdo durur. Belos ki, hipoksiya
soraitindo {iirokdo taxikardiya miisahido edilir. Taxikardiya ilo birlikdo iiroyin mexaniki is
gabiliyyati zoaifloyir vo sistolik hocmi artir. Hipoksiyanin agir hallarinda taxikardiya gofloton bas
veran bradikardiya ilo ovoz olunur. Bu zaman xastonin rongi avaziyir, otraflart soyuyur,soyuq tor
miisahids edilir vo xasto bayilma voziyyetina diislir. Dovr edon ganin hacminin azalmasi va tirok-
damar sistemi foaliyyatinin pozulmas sirkulyator hipoksiyanin inkisafina sobab olur.

Urak faaliyyotinin zoiflomosi noticosindo iirok monsoli hipoksiya meydana ¢ixir vo iirayin
daqigolik hocminin azalmasina sobab olur. Bu zaman iiroyin mexaniki is qabiliyyeti zaifloyir vo
sisoloik hocmi azalir.
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Buna miokard infarkt, kardioskleroz vo s. xastoliklor zamani tosadiif edilir. Miioyyon bir
organa vo ya toxuma sahosino kifayot qodor arterial gan golmodikdo vo ganin axib getmosi
cotinlogdikds lokal hipoksiya bas verir.

Hemik hipoksiya (gan tipli hipoksiya) — gqanin oksigen tutumunun azalmasi noticosindo
inkisaf edir. Anemiya vo ya hemoqlobinin oksigenlo birlogorok onu toxumalara Otiirmok
gabiliyyatinin pozulmasi hipoksiyanin bu ndviiniin inkisafina sobab olur. Noticado, eritrositlorin
sayinin vo hemoglobinin migdarinin normadan xeyli asag1 diismasi bas verir. Qanin oksigendasima
qabiliyyatinin zoiflomasinin osas sobablorindon biri do hemoglobinin keyfiyyat doyisiklikloridir.
Mosoalon, CO (dom gazi1) va bir sira qiivvatli oksidlosdirici maddslorlo (Bertole duzu, nitritlor,
nitratlar vo s.) zohorlonmolor zamani hemoglobinin ¢ox hissasi oksigenlo birlosmok gabiliyyatini
itirir.

Havada dom gazinin miqdar1 0,1% olduqda agciyorlordon kecon ganda hemoqlobinin 50%-2
qaderi karboksihemoqlobina ¢evrilir. Bu zaman hemogqlobinin oksigendagima qabiliyyati itir, qanin
oksigen tutumu azalir vo koskin hipoksiya omolo golir.

Oksidlosdirici maddolorls zohorlonmolor zamani hemogqlobin ikivalentli domir atomu
elektronlarindan birini itirib tigvalentli hala keg¢ir vo hemoqlobin methemoqlobino ¢evrilir.
Methemogqlobin oksigenlo birlogo bilmir vo noticads, qanin oksigen tutumu azalir. Hemik
hiposiyanin bir qurupu hemogqlobinin oksigenlo birlosmo gabiliyyatinin artmasit vo ya azalmasi
naticasinda bas verir. Badon temperaturu azaldigda hemogqlobin oksigenlo daha méhkom birlogma
omals gotirir. Bu zaman oksihemoqlobinin torkibinds olan oksigen hemoqlobindan ¢otinlikls ayrilir.
Noticodo, toxumalar kifayot qodor oksigen ala bilmir. Talasemiya xostoliyi olan adamin
toxumalarinda hemoqlobinin oksigenls birlogmasi ¢atinlosir.

Toxuma tipli hipoksiya toxumalarin oksigeni qobul etmok qabiliyystinin zoiflomasi
naticasinda bas verir.

Qalxanabonzor vozinin, hipofizin va cinsiyyat vozilorinin hipofunksiyasi da toxumalarda
oksigenin sorf edilmosino monfi tosir gostorir. Bazi avitaminozlar (tiamin, riboflovin, pantoten
tursusu ¢atismazligl) zamani orqanizmdo fermentlorin sintezi pozulur. Bu, Xxronik toxuma
hipoksiyasinin inkisafi ilo naticalonir. Qarisiq hipoksiya toxuma tonaffiisiinds istirak edon bir neco
sistemin funksiyasinin pozulmasi ilo xarakterizo olunur. Travmatik sok zamani nagl edon ganin
hacmi azalir (sirkulyator hipoksiya), tonoffiisiin sothi vo tezlosmesi noticasinds alveollarda qaz
miibadilasi pozulur (tonoffiis hipoksiyasi). Hipoksiya zamani iirok ritmi siirotlonir (taxikardiya),
irayin sistolik vo doqigolik hacmi artir, depolarda olan qan damarlara keg¢ir, damarlarin tonusu
yiiksalir, ganin damarlarda horokoti siiratlonir.

Morkozi sinir sisteminin hipoksiyaya qarsi hossasligl xiisusilo yiiksokdir. Hipoksiya zamani
sinir sisteminin hassaslig1 yiiksalir. Oksigen acligl on ¢ox beyina monfi tosir gostorir. Belo ki,2-5
doqgigo oksigen almayan beyin qabiginda nekroz ocaqlar omolo golir. Hipoksiya zamani beyindo
omoala goalon doayisikliklor naticasinds avvalca eyforiya, sonra iso longimalar miisahida edilir. Lakin
onun ayri-ayri sobalori oksigen acligina qarst hossashiglarma goro bir-birindon forqlonir. Sinir
sisteminin filogenetik cohotdon cavan olan hissasi (beyin qabigl) hipoksiya soraitindo daha agir
dayisikliklors ugrayir. Oksigensiz soraito diison uzunsov beyindo 10-15 daqiqoden sonra, simpatik
sinir sisteminin qanqlionlarinda ise 1 saatdan sonra nekroz yaranir.

Hipoksiya zamani bioloji oksidlosmo prosesi qisa bir zamanda orqanizma 6z tosirini gostorir.
Bu sobobdon do hiiceyrolordo ATF-in miqdar1 azalir vo onun parcalanma mohsullarinin miqdari
artir. Enerji ehtiyatinin siirotlo sorf edilmosi naticasindo beyin hiiceyralorindo kreatinfosfat
ehtiyatibnin 70%-ni, 40-45 san arzinds iso hamisini itirir. Hipoksiya prosesi dorinlogdikco glikoliz
prosesinin siiroti azalir, toxumalar pargalanir. Hipoksiyaya qarsi hossasligi az olan orqanlar
(stimiiklar, azala, gan) kaskin oksigen acligr soraitinds 6z hayat faaliyyatlorini uzun miiddst davam
etdiro bilir.
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9HOO2EHHAs 2UNOKCUSL.

['umokcuss sBIsleTcs TUNMYHBIM —MAaTOJOTMYECKHUM TIPOLIECCOM, CBSI3aHHBIM C  KHCIIOPOAHOM
HEIOCTaTOYHOCTBIO M AC(PHUIMTOM KHCIOPOAAa B TKAHIX.BHEUIHss npixaTenapHas CUCTEMA, y4acTBYIOLIAs
B TPAaHCIOPTE KUCIOpOJa B TKAHAX, CUCTEME KPOBOOOpAILIEHUSI W HapyUICHUH (YHKIUHU KPOBH, MPHUBOIUT
K runokcuu. LleHTpanabpHas HEpBHasg cHCTeMa TMIEPYYBCTBUTENIbHA K TMIOKCHM.B pesynbrare msmMeHeHUH
B MO3ry BO BpeMs TMIIOKCHM y JIIOAEH cHayayia HaOmrojaercs: SH(opHs, MOCIe Yero MpOoLecC 3alepi KU
YCHUJIMBAETCS ¥ IPOUCXOANUT KOOPANHALINSA ABHKCHHH.

SUMMARY
CHANGES IN THE BODY DURING HYPOXIA
Huseynov R.A., Aghayeva Z.T

Key words: hypoxia, oxygen starvation, types of hypoxia, exogenous hypoxia, endogenous hypoxia.

Hypoxia is a typical pathological process associated with the oxygen failure and the oxygen deficiency
in tissues.The external respiratory system involved in the transport of oxygen in the tissues, the blood
circulatory system and the violation of blood function results in hypoxia. The central nervous system
is hypersensitive to hypoxia.As a result of changes in the brain during hypoxia, the euphoria is first observed
in humans, after which the delaying process is enhanced, and movement coordination occurs.
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nepexo008 u 6vix0008, C++.

Ilpeonooicena xKomnviomepHas peanuzayus npoyecca asmomamuzayuu npeobpas’08aHusi KOHeUHO20
asmomama (KA) 6 cemu I[lempu (CII). [lpoepammmusiii M00yib pazpaboman KpoCCniamgopmeHHbIM
00bEKMHO-OPUECHMUPOBAHHBIM S3bIKOM npocpammuposanus C ++, Ha ocHose demanvbHo2o anzopumma 8
suoe 6110k cxemol. Ilpedcmasnen aneopumm uUrUCMuHe RPOSPAMMHOZO MOOYIA. B unmepaxmusnom pescume
6B00AMC MAMPUYbL NEPEX0008 U Gbix0008 KA, 6vl600amcsi noJiyyeHHvle 8 pe3yibmame GblNOIHeHUs
npOSPamMMbl MaAmMpuybl 6X00HbIX U 8b1X00HbIX UrYuOeHyutiCI1, umumupyrowei KA.

BBenenue. KA OTHOCSTCS K BaKHEUIIUM OCHOBHBIM MOHSTHSM MH(POPMATUKH, CIYXKAT IS
OINMMCAHMS U aHAJIN3a PA3IUYHBIX CHCTeM U mporieccoB. [1]. KA paccmarpuBaetcst Kak abOCTpaKkTHBIC
MOJICJIU YCTPOMCTB, 0OpabaThiBarONIMX JaHHBIC, oOpaiias B OCHOBHOM BHHMaHHE Ha BXOJHO-
BBIXOJHOE TOBEJIEHUE, T. €. Ha OIpeAensieMOe aBTOMATOM OTOOpaK€HHE MEXIy BXOJIHBIM U
BBIXOAHBIM MHOXecTBaMH cJoB. [Ipu sToM ocoboe 3HaueHue [aeTcsi KOHCTPYKTUBHBIM U
ANTOPUTMHYECKUM acCIEeKTaM MPOOJIEMBI.

B Hacrosimee Bpems TNpPaKTHUYECKH HET CHCTEM yIpaBleHUs 0e3 HCIOoIb30BaHU
MUKPOKOHTPOJIJIEPOB, TI/I€ BEPXHUW ypPOBEHb YIOPABICHHS MPEICTABISAETCA  allapaTHO
peanu3yeMbIM CIIOKHBIM aBTOMaToM. Takas cucrema Oojee HaJexKHa, HO CIOXKHA IS
MPOrPAMMHUPOBAHMS, T.K. COJIEPKUT HMHTEIUICKTyaJIbHbIE AJITOPUTMBI YIPABICHUS ISl MPUHATHS
pemenuit [2].

ABTOMaTHBIA TOAXOJ MPH HECKOJBKHX JECATKAX COCTOSHUH W JIOTHYECKHUX YCIOBHM
MPUBOJUT K HEOOXOAUMOCTH peaju3allid OYeHb CJIOXKHOW mporpaMMHON Moxaenu. Jlms
aBTOMAaTHOTO MPOTPaMMHUPOBAHUS BO3HHKAET HEOOXOAMMOCTh COBEpPIICHCTBOBAHUSA, Kak
MIPOrpaMMHBIX MOJIENEH, TaK U CTPYKTYPHOU OpraHu3aiuy aBToMaToB [3] .

CnocoOHocTh omucaHusi kiacca ceteil Ilerpu Oorplne, YeM XapakTepHUCTHKa Kiacca
KOHEUHBIX aBTOMATOB, a KJIaCC OrpaHMuYeHHBIX cereil [leTpu oGmamaer paBHOW CIOCOOHOCTHIO
ONMCAaHMS C KJJACCOM KOHEYHOI'0 aBTOMATa, a MOBEJICHUYECKHE CBOMCTBA OrpaHnYeHHOM cetu [leTtpu
SKBUBAJICHTHBI TOBEJACHYECKUM CBOMCTBAM KOHEUHOTO aBTOMAaTa, OCOOEHHO MOJCNIH Tepexoiaa
cocrosiaus [4].

[losTomy mpencraBnsier wuHTepec Metonuka mnoctpoeHuss CII mo  aBTOMarHoMy
npencTaBieHuio. MIMeroTcss HeKoTophie 00IIKe MOAX0Abl K 3T0H 3a7ade. Ho KOHKpeTHbBIE perieHus
ATOM 3a/layd M aBTOMAaTHU3alUs PEIICHHS B JIMTEpaType He BcTpevaroTcs.llenb cratbu — npuBiieydb
WH)XEHEPOB K TEXHHUKE, KOTOPast MOXKET AaTh 2(()EKTUBHBIE PEIICHUS /IS TPAKTUUECKHUX MpooIieMm,
MTOJTHOCTBIO HCIIOJIB3YsI CKPBITYI0 (OpMy JHWHEHHON anreOphl, KOTopas dYacTO IPEBOCXOJUT
UHTYHIUIO.
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Paspabomxa npozpammmnozo obecneuenus agmomamuzayuu npeoopas08ansl
KOHeuHo20 asmomama 6 cemsv llempu

B pa6ote [5] paccmoTpena 3amava aBromaru3anuu npeoodpazoBanus KA B CII, nmpoussenen
TeopeTudecknii ananu3 mnpeoOpasoBanmsit KA B CII, ucciemoBana TOMOJOTHS, OMPEICIICHBI
OCHOBHBIC JTambl apromaTtu3anuu mnpeodpasoBanust KA B CIL.moctpoensl stambl (000OIMICHHBIH
JIrOpUTM) aBTOMaTH3aLuu npeodpazoBanus KA B CII:

Oman 1. Co3ganue Marpuil nepexoaoB C = {cj‘i} U BEIXOJOB B = {b]-,l-}, COOTBETCTBEHHO Ha
OCHOBE Ta0JHII MepeX00B U BbIX010B KA:

k,ecnu @: (x;,u;) = xi;
(xiy) tmei =1,z k

I
l—\
N

Cj,i = ; ] = 1,m. (1)

0, ecnu @: (x;,u;) > &
k, ecau y: (xi,uj) = Vi

0, ecnu y: (x;,u;) = &

b;; =

i mei=1,z; k

I
=
s
~.
I
e
3

)

Oman 2. OnpeseneHre MaTPHIbl BXOAHBIX U BBIXOHBIX MHIIMISHIINH
CF ={f,;}H={h;},rmei=Tn;j =T, m;n=m+z+g; (N - 4ucno nosuumii, M — uucno
MepPeXo/I0B):
1, ecrup;e’t ;
fij = T
0, 6 npomusnom cryuae.
by = 1, eCJzupl-e'[j;
O, 6 npOWlu@HOM Cﬂy'—lae.
Oman 3. ®OPMUPOBAHUE DIIEMEHTOB MATPHUIIGl BXOJHBIX M BBHIXOAHBIX MHIMAeHImi CII
F={f,}uH={h}

3.1. oOHyNeHHe BCceX 3JIEMEHTOB MAaTPUIIbI fiJ- =0,rmei = 1,n;j =1,m;

)

3.2. oOHyNeHHe BCeX 3JIEMEHTOB MAaTPUIIbI hj,l- =0,rnej =1,m; i =1,n;
33.ecmucj; # 0rorna fj; = 1ufpnyij =1, hjmy =1, roei = 1Lzj=1ml= Cji-

34.ecrubj; # 0torna e,y =1, tne j=1,m; i =1,z;1 = by;.

Ine U = (uy, Uy, ..., Upy)— KOHEYHOE MHOKECTBO BXOIHBIX CHTHANOB; Y = (1, ¥y, ., ¥y)

— KOHEYHOE MHOXKECTBO BBIXOJHBIX CHTHaNOB; X = (X1, X5,.., X;) — MHOXXECTBO BHYTPEHHHX
COCTOSIHMM aBTOMATa.

AJaroputMm apromatu3anuu npeodpasosanus KA B CII.

C nenpio pa3paboTKH MPOrpaMMHOI0 00ecIIeYeHus, allrOPUTM MOAPOOHO OMHKCaH B BUJIE OJIOK
CX€MBbl, 4TOOBI OJIH30BATEIN MOTJIM OMIPOOOBATh pa3Hble peanu3anuu (puc.l).

C ++ — momymspHBII B MHpe Kpoccriar(GopMeHHBIH 00BEKTHO-OPHEHTHUPOBAHHBIN S3BIK
MIPOrpaMMHUPOBAHUS, KOTOPBIM MOXHO HCIOJIb30BaTh Ul CO3JaHHUSl BBICOKOIPOM3BOJUTEIbHBIX
IIPWJIOKEHNH, KOMIIBIOTEPHBIX MporpaMM. C++ ABISETCS IEPEHOCUMBIM U JJAET YETKYIO CTPYKTYPY

IporpaMmmam, Mo3BOJIsI€T MOBTOPHO MCIOJIb30BaTh KOJ. YUHUTHIBASI 3TH BO3MOKHOCTH IIPOrpaMMHast
peanu3aiius airoputma BeinosiHeHa Ha C ++ [6].
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T'yceunszaoe LL.C.

[ Hauano ]
|
/ m,z,g / —_— j=1m
' |
j=1m —> i=1n
| |
—_ i=1,z

I
=
N

> j=1m
—> i=1,z
Hem
oa
k = Cj,i
fij=1
fm+ij =1
hj,m+k =1

Puc.. Aneopumm asmomamuzayuu npeoopasosanus KA ¢ CI1
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KOHEYHO20 aemomanmnia 6 cemos Hempu

—> j=1m
> i=1,z
Hem

bj; # 0
oa
L =bj;
fij=1
fm+ij =1
hjmiz+1 =1
i=1,n
I
—>

}

T
3

Konen

Puc. (npooonrcenue). Ancopumm asmomamusayuu npeoopazosanusi KA ¢ CI1
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T'yceiinzaoe LL.C.

JIMCTHHT POrpamMMBbI:

#include <iostream>
#include <conio.h>
usingnamespacestd;
int main ()
{
Il Obwsenenue unoexcos
inti,j,k,l;
// OnpedeneHue uucen 6X0OOHbIX CUCHAIO8,
// 6HYMPEHHUX COCMOAHUL U BIXOOHBIX CUSHANO8
intm,z,g;
cout<<"Vvoditechislovxodnixsignalov''<<"\n"";
cin>>m;
cout<<""Vvoditechislovnutrennixsostoyaniy'<<'\n"";
cin>>z;
cout<<"Vvoditechislovxodnixsignalov''<<"\n"";
cin>>q;
int n=m+z+g;
// Onpedenenue mampuy nepexooos u 8bixo008
intC[m][z],B[m][z],F[n][m],H[m][n];
// B800 snemenmos mampuysi nepexo0os
cout<<"Vvoditeelementovmatritsiperexodov''<<\n'";
for(j=1;j<=m;j++)
for(i=1;i<=z;i++){
cin>>C[j][i];}
// B800 snemenmos mampuyvi 661x0006
cout<<"Vvoditeelementovmatritsivixodov''<<"\n"";
for(j=1;j<=m;j++)
for(i=1;i<=z;i++){
cin>>B[j][i];}
// Bb1600 Ha neyamu 371eMeHmMo8 Mampuybl Nepexo00s
cout<<""Matritsaperexodov''<<'\n";
for(j=1;j<=m;j++){
for(i=1;i<=z;i++)
{cout<<C[j][i]<<" "*;}
cout<<™\n\n"";}
// Bb1600 Ha neyamu d71eMeHmM0o8 Mampuybl 8b1X0008
cout<<""Matritsavixodov''<<"\n"";
for(j=1;j<=m;j++){
for(i=1;i<=z;i++)
{cout<<BJj][i]<<" "*;}
cout<<™\n"';}
// ObHyenue 31emMeHmos8 Mmampuysl 6X00HbIX uHyuoeHyutl cemu Ilempu
for(i=1;i<=n;i++)
for(j=1;j<=m;j++){
F[i10]==0:}
// ObHyenue 31emMeHmos Mmampuyvl 8bIX0OHbIX uHyudeHyuti cemu Ilempu
for(j=1;j<=m;j++)
for(i=1;i<=n;i++){
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Paspabomka npoecpammnozo obecneuenus asmomamusayuu npeoopazo8anus
KOHeuHo20 asmomama 6 cemsv llempu

HIIM]==0:}
// Bviuucnenue anemenmos mampuyst 6x00HuIX uHyuoenyuti cemu Ilempu
for(j=1;j<=m;j++)
for(i=1;i<=z;i++){
If(COINT'=0){
k=COI[LFOI0]=1; FIm+i][]=1; H[][m+k]=1;}}
// Boltuucnenue snemenmos mampuyvi 8bix00HbIX uHyuoenyul cemu Ilempu
for(j=1;j<=m;j++)
for(i=1;i<=z;i++){
If(BO]LI]'=0){
I=B[IM1; FOIOI=1;FIm+i][1=1; HOI[m+z+1]=1;}}
// Bv1600 na newamv mampuywvt 6x00usix unyudenyuil cemu I[lempu
cout<<""Matritsavxodnixinsidensiyceti Petri"'<<"\n"";
for(i=1;i<=n;i++){
for(j=1;j<=m;j++)
cout<<F[i][j]<<" "
cout<<™\n\n"";}
// Bv1600 na newamv mampuywl 66ix00HbIX uHyudeHyuti cemu Ilempu
cout<<"Matritsavixodnixinsidensiyceti Petri"'<<"\n"";
for(j=1;j<=m;j++){
for(i=1;i<=n;i++)

cout<<H[j][i]<<" "
cout<<™\n\n"";}
return 0;}

Ha mpumepe paccmarpena momenb KA ¢ BHyTpeHHHMH cocrosiHHsME X = (X1, X5, X3)
(4MCII0 BHYTPEHHUX COCTOsIHUM Z = 3); BXomHbiMu curHamamu U = (U, Uy, U3) (YUCIO BXOIHBIX
CUTHAJIOB M = 3); BRIXOAHBIMU cUrHanaMu Y = (yq, Vo, Y3): (YHCIIO BBIXOJHBIX CHTHAIIOB g = 3).

OyHKIMM TIEpexoJia M BBIXOJa 33/1al0TCS CIASAYIOUUME MpeoOpa3oBaHUSIMHU:
@: (x1,u3) = xy;
@: (x3,u1) = x3;
@: (x3,uz) = x4.

v (xq,u3) = Yy
v (X2, Up) = Yy
v (x3,up) = ys.

(3)

(4)

Ta6J'II/H_II>I Mepexoa0B U BBIXOAOB aBTOMATA, 3aJaHHOT'O (bYHKI_II/ISIMI/I nepexonga (3) N BbIXOJa

(4) nmpencrasnensl B Ta6. 1.(a) u 1.(0).

Tabnuywvl nepexodos (a) u 6vixo008 (6) asmomama.
X1 Xo X3 X1 X2 X3
U1 € X3 € u; € Y1 €
U, € € X1 up € € Y3
U3 X2 € € Uz Y2 € €
a) 0)
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I'ycetinzaoe I11.C.

CootBerctBeHHO (1) U (2)MaTpuULIbI IEPEXOAOB U BBIXOJIOB UMEIOT BUJL:

030 010
€C33)=(001|,B3B3)=(00 3|
200 200

B pesynbrare BHIIOTHEHHS TMPOrPAMMHOTO MOJIYJS COOTBETCTBEHHO MATPHIIBI BXOJHBIX U
BeIXOAHBIX mHumaeHmii CII F(n,m) = {fu} u Him,n) = {hj‘i}, (rmei = 1,n;j = 1,m;m = 3;
z=2;g=2;n=m+z+ g =9.) bopMupyroTcs B HUKECIEAYIOUNX BUIAX:

F(9,3) = VH(3,9) =

oS O O
oS O O
oS O O
S - O
_ o O
S O
S O
_ o O
S R O

oo oRrRPSOSoOoR
COOR OO RO
=Nl SN o e

3akiouenue. Pazpaboran mporpaMMHBIA MOIyJb TpPeoOpa3oBaHUS KOHEYHOTO aBTOMATa
(KA) B ceru Ilerpu (CII). IIpoBeneHHblE KOMIIBIOTEPHBIE SKCIIEPUMEHTHI JOKa3bIBAIOT
JIOCTOBEPHOCTh  pa3paboTaHHOIO alroput™Ma U mOporpammHoro wmonyia. IlpemioxenHoe
IpOrpaMMHOE 00€CHeueHUEe MOXKET ObITh IOJIE3HBIM IPH  aHAIM3€ IPOEKTUPOBAHHBIX C
npuMeHeHrneM KA JHCKpPETHBIX CHCTEM, OCOOCHHO MpH OONBIINX Pa3MEPHOCTSIX BXOIHBIX,
BBIXOJIHBIX CUTHAJIOB U BHYTPEHHHUX COCTOSHUIA.
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XULASO
SONLU AVTOMATIN PETRi SOBOKOSINO CEVRILMOSININ
AVTOMATLASDIRILMASININ PROQRAM TOMINATININ iSLONMOSI
Hiiseynzadoa §.S.

Acar sozlor: Petri sobakasi, sonlu avtomat, insidentlik matrisi, kecid va ¢ixis cadvallori, C++.

Petri sobokasinin (PS) sonlu avtomata (SA) ¢evrilmosinin avtomatlagdirilmasi prosesinin kompiiter
reallagdirilmasi toklif olunur. Proqram modulu, blok sxem soklinds strafli alqoritm asasinda krossplatformali
obyektyoniimlii C ++ programlasdirma dilinds islonmisdir. Program modulunun alqoritmi va listingi taqdim
olunur. Interaktiv rejimdo SA-nin kecid vo ¢ixis matrislori daxil edilir, programin icrasi naticosinda oldo
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edilon SA-n1 simulyasiya edon PS-nin giris vo ¢ixis hadisalorinin insidentlik matrislori hesablanaraq xaric
edilir.

SUMMARY
AUTOMATION SOFTWARE DEVELOPMENT FOR TRANSFORMATION
OF THE FINITE AUTOMATA INTO PETRI NET
Huseynzade Sh.S.

Key words: Petri net, finite automata, incidence matrix, transition and output tables, C++.

A computer implementation of the process of automation the transformation of the finite automata
(FA) into Petri Net (PN) is proposed. The software module is developed by the cross-platform object-
oriented programming language C ++, based on a detailed algorithm in the form of a block diagram. The
algorithm and listing of the program module are presented. In the interactive mode, the matrices of
transitions and outputs of the finite automata are entered, the matrices are displayed of input and output
incidents of the PN which simulates the finite automata, obtained as a result of the execution of the program.

Daxilolma tarixi: [lkin variant 24.07.2020
Son variant 16.09.2020
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Acar sozlor: cevik istehsalat sistemi, Petri sobakasi, idaraetmo algoritmi, mantiqi model.

Molum oldugu kimi, inkisaf etmis 6lkolorin iqtisadiyyatinin inkisafini tomin edon sahalor iri
istehsalat korporasiyalarmin miiassisoloridir. [1] Miixtolif istehsal novlorini birlogdiron bu
miiossisolordo yiiksok mohsuldarligla keyfiyyoti mohsullar istehsal olunur vo diinyanin biitiin
Olkoloring satilir. Lakin son ddvrlorde meydana golon yiiksok innovativ informasiya, kompiiter,
mexatronika vo idaroetmo texnologiyalari istehsal miiossisolorinin  yenidon qurulmasi,
rekonstruksiyasi, modernlogdirilmasi vo xiisusilo texnoloji proseslorin yeni prinsiplorlo idars
edilmosi kimi masalalor nozari aragdirmalara, todqiq vo praktiki totbigetmoys osas verir.

Iri istehsalat korporasiyalarmin genis totbiq olunan miiossiselorindon biri miirokkeb xarakterli
cevik istehsalat sistemlari (CIS) hesab olunur. Bu tip miirokkaob texniki sistemin islonmasi prosesini
somarali hoyata kecirilmasi {i¢iin goxmaorhalali informasiya axtarisi, layiho variantlarinin sec¢ilmosi,
idaraetmo prosesinin todqiqi vo modellogdirilmasi, kompiiter eksperimentloari ilo yoxlanilmasit kimi
mosaloalor aragdirilmali vo totbiq olunmalidir [2, 3]. Bununla slagoadar olaraq, maqalonin maqsadi vo
asas tadqgigat masalalori miiayyan edilir.

Mboqalonin maqsadi vo asas tadqiqat masalalori. Magalonin moagsadi — mexaniki emal edon
cevik istehsalat modulunun misalinda onun texnoloji omaliyyatlarinin funksional vo kinematik
tohlili esasinda idaroetma prosesinin Petri sobokasi ilo tadqiq edilmosidir. Magsada nail olmaq iigiin
asagidaki mosalolora baxilir:

1. Masingayirma sonayesino dair mexaniki y1gim ¢evik istehsalat sexinin iimumi qurulus

sxeminin 2 vo 3 ol¢iilii grafik tosvir soklinds qurulmasi;

2. Cevik istehsalat sexinin modullarinin funksional tohlili {igiin biliklor bazasinin

yaradilmast;

3. Cevik istehsalat sexinin modulunun idarsetms alqoritminin qurulmasi vo Petri sobokasi ilo

todqiq edilmaosi.

CiS-in kompanovka sxeminin qurulmasi. CiS-in torkibino daxil olan cevik istehsalat
modullar1 (CIM) miixtolif toyinatli manipulyasiya, intellektual nozarot, mexaniki emal, yigim,
kosmo, qaynaq vo s. texnoloji omoliyyatlar yerina yetirir. Texnoloji avadanliqlara xidmot edon
aktiv elementlordon biri manipulyator hesab olunur ki, onun funksiyalarimin avtomatlasdirilmis
nozarat (texniki gérma sistemi ilo) vo idareetmo sistemi ilo tomin olunur. Todqiqat obyekti seg¢ilmis
mexaniki y1gim CIS-in dozgahlarmin kompanovka sxemi 3d soklinda toklif edilir (Sok.1). CIS-do
dord CIM; faaliyyot gostarir:

1. Torno dozgahinin modulu (TDMy);

2. Frez dozgahinin modulu (FDMy);

3. Radial burma dozgahinin modulu (RBDM3);

4. 9yma dozgahiin modulu (9DMy).
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Cevik istehsalat sisteminin idaraetma funksiyalarinin biliklarin miixtalif tasvir iisullari
ilo modellasdirilmasi masalalori

Sakil 1. Mexaniki yigim tayinath CIS-in 3d komponovka sxemi

Ugolgiilii sokildo kran manipulyator (KM) CiS-do TDMj;, FDM,;, RBDMj, ©DM;y-in
xidmotetma omoliyyatlar1 sok. 2-doki kimi tosvir olunur. Totqiq olunan mexaniki yigim cevik
istehsalat modulunda ti¢ sarbastlik daracasi olan AM planlasdirilmis trayektoriya ilo manipulyasiya
obyektini — tortibat: (MO-T) ardicil olaraq dozgahlara (D;, i = 1,4 ) - CiM-lors yiikloyir. KM-in
harokat trayektoriyasini tohlil etmok ticlin montiqi ifadslordon ibarat olan montiqi model qurulur.
Dérd sorbostlik doracasi olan KM-in irali-geri vo asagi-yuxari yerdoyismo horokatlori vardir. CIS-do
biitiin CIM-loro asma xidmot edir. Texnoloji xaotto KM-in etibarli idaroetmo alqoritmini va
avtomatlasdirma sxemini islomok {i¢iin modellogdirmo masalalorinin halli vacibdir.

CiS-in texnoloji prosesinin funksional tohlili. CiS-in texnoloji prosesinin funksional
tohlilini aparmaq {iiglin montiqi modellosdirma {isulundan istifado olunur. Montiqi predikatlar
hesablanmas: dilindo CIS-in funksional foaliyyati asagidaki diisturla tosvir olunur [2]:

(V P, KM -in texnoloji amaliyyatlari)
(V x; € CIS-in aktiv elementlori)

_ [(P;=omoliyyat 1) V (P,=omoliyyat 2) V ... V (P,=omaliyyat n)] 1)
Istehsalat modulunda KM va dazgahlarin amsliyyatlarinin ardicilligi
(son (amoaliyyat i) < bas (emaliyyat i+1) (2)

kimi tasvir olunur.

Tadgiq olunan CIS-in mexaniki dozgahlarma xidmoetmo prosesi xatti horokot trayektoriyast ilo
tomin olunur. CiS-in texnoloji omoliyyatlarina uygun idaroetmo alqoritmi qurulur vo kompiiter
eksperimentlori ilo yoxlanilir. Tadqiqat prosesi bir istehsalat modulunun (TDM;) misalinda aparilir [3].

Istehsalat xottinda (IX) silindrik tipli mexaniki hisso (STMH) mévgelosdirici manipulyatorda
(MM) movgelasir. Movgeloson silindrik tipli mexaniki hisso kran manipulyatorun (KM) kdmayi ilo
gotiirtiliir vo torno dozgahina yerlosdirilir. Burada detalin yonmasi omoliyyat1 bas verorok, son
mohsulun hazirlanmasi prosesi icra olunur. Yonma omoliyyati sona ¢atdiqdan sonra 1 kran
manipulyator hazir detal tutaraq, onu hazir mohsullarin saxlanilmasi zonasina yerlosdirir.

CiS-in idarsetmo alqoritminin blok-sxeminin qurulmasi vo Petri-sabokasi ilo tadqiqi.
CIS-in TDMy-istehsalat xottinin isini oks etdiron idaroetmo alqoritminin blok-sxemi sok. 2-do
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gostarilir. Blok-sxemdon goriindiiyii kimi istehsalat xottinin texnoloji prosesinin tasviri 6 marhaloda
verilir:

1-ci morhalada silindrik tipli mexaniki hissa movqelagdirici manipulyatorda mévqelssir;

2-ci morholodo kran-manipulyator silindrik tipli mexaniki hissoni tutaraq, torno dozgahinin

movqeyind harokot edir;

3-cii marhalads kran-manipulyator silindrik tipli mexaniki hissoni torno dozgahina yiikloyir;

4-cli morholods torno dozgahinda silindrik tipli mexaniki hissonin yonma omsaliyyat1 yerino

yetirilir;

5-ci morholoda kran-manipulyator hazir mohsulu torno dezgahindan gotiiriir;

6-c1 morholodos kran-manipulyator hazir mohsulu hazir mahsulun saxlanilmasi zonasinin i-Ci

yuvasina yerlosdirir.

Petri sobokasinin elementlori vo texnoloji prosesinin marhalslori arasinda uygunluq miioyyon
edok. [2] Onda gobul edok ki, Py...Ps movqelori — istehsalat xottinin texnoloji omoliyyatlarina
uygundur; t;...t, kegidlori vaxt gecikmaloridir.

Burada ty, t3, 4, ts , t7 kegidlori o vaxt icra olunur ki, biitiin texnoloji amaliyyatlarin yerina
yetirilmasi olagolori hayacan halini alir. Vaxt asililigina goro qeyd etmok lazimdir ki, TDM;
istehsalat xottinin taktin1 tomin etmok t{g¢lin hor bir istehsalat modulunda (STMH-nin
movqelogdirilmosi modulu, torno dozgahiniin modulu, hazir mahsullarin saxlanilmasi modulu) vaxt
kegidlori vo kran-manipulyatorun horokot trayektoriyasina uygun vaxt kegidlori kosigmomolidir
(yoni sinxronluq prinsipi tomin olunmalidir).
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Cevik istehsalat sisteminin idaraetmoa funksiyalarinin biliklarin miixtalif tasvir tisullari
ilo modellasdirilmasi masalalari
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Sakil 2. TDMy-in texnoloji prosesi aks etdiron algoritminin blok-sxemi

Texnoloji amaliyyatlarin marhalslarine uygun kecgidlor miioyyan edilir:

t; - silindrik tipli mexaniki hissesinin mdvqelosdirici manipulyatorda movqgelogmosi kecididir
(vaxtidir);

t - kran-manipulyator torafindon silindrik tipli mexaniki hissonin tutulmasi kegididir;

t3 - kran-manipulyator torofindon silindrik tipli mexaniki hissonin torno dozgahinin isgi
zonasina horokatinin kegididir;

ts - kran-manipulyator torafindon silindrik tipli mexaniki hissonin torno dozgahina yiiklonmosi
kecididir;

ts - torno dozgahinda silindrik tipli mexaniki hissonin yonma omoliyyatinin kecididir; ts -
kran-manipulyator torofindon yonulmus silindrik tipli mexaniki hissonin torno dozgahindan
gotiliriilmosi kegididir;

t7 - kran-manipulyator torafindon yonulmus silindrik tipli mexaniki hissanin hazir mahsulun
saxlanilmasi zonasinin i-ci yuvasina yerlosdirilmasi kegididir.

Nozara alsaq ki, Po...Ps movqelori — istehsalat xattinin texnoloji amaliyyatlarina uygundur,
onda:

Po - silindrik tipli mexaniki hissanin movqeloasdirici manipulyatorda mévqelosmaosi; P - kran-
manipulyatorun movqelosdirici manipulyatorun ig¢i zonasinda olmast;
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P, - kran-manipulyatorun tutqacinin agiq voziyyatds olmasi;

P3 — torno dozgahinin issiz vaziyyotdo olmasi; P4 — kran-manipulyator torafindon silindrik
tipli mexaniki hissonin torno dozgahinin is¢i zonasina catdirilmast;

Ps — silindrik tipli mexaniki hissanin torno dozgahinda mévqelosdirilmasi;

Pe - kran-manipulyatorun torno dozgahinin is¢i zonasindan aralanmast;

P7 — torno dozgahinda silindrik tipli mexaniki hissonin yonulmasinin basa ¢atmast;

Pg - kran-manipulyatorun torno dozgahinin is¢i zonasina harokat etmasi;

Py — kran-manipulyatorun tutqacinin qapali vaziyyatds olmast;

P10 - kran-manipulyatorun torno dozgahinin is¢i zonasindan geri harokot etmasi;

P11 — hazir mohsulun saxlanilmasi1 zonasinin bos olmasi.

Modellogdirma masalasini hall etmak ti¢iin morhalali sokilde yuxarida gostorilon alt masalolor
grafik sokildo [4] hall edilir (sok. 3).

Pi movqelorini vo tj zaman kegidlorini nozars alaraq, TDM;-in idareetms alqoritmi asagidaki
morhoaloalords qurulur.

1.Mexaniki yigim  CiS-inin  osas  biliklor bazasinin  produksiyalarinin =~ “Ogar...”
implikasiyalariin sortino osason maskalanmis vektorlarinin formalagdirilmas1 vo osas biliklor
bazasinin yazilist hoyata kegirilir.

2. 9sas biliklor bazasindan is¢i stek biliklor bazalarmin generasiyasi tomin olunur:

Sakil 3. TDMy istehsalat xattinin taktini tamin edon Petri sabakasi.

3. Segilmis stek biliklor bazasindan oxunmus produksiyanin qoarar gobuletms blokuna, eyni
zamanda homin stekin ilkin tinvanina yazilisi realizo olunur.
4. Qoarar gobul etms proseduruna asason maskalanmig vektoru ilo idaro obyektindan daxil olan

vj vektorunun uygun elementlari tizorinde F = ZV\Z montigi amaliyyati yerina yetirilir.

2

5. F=1 sorti 6donilorso segilmis produksiyanin “Onda...” implikasiyasinin icrasi yerina
yetirilir (Uy), idara obyektinin Uy icra mexanizminin idars olunmasi tomin olunur.
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Cevik istehsalat sisteminin idaraetmoa funksiyalarinin biliklarin miixtalif tasvir iisullari
ilo modellasdirilmasi masalalari

6. Icranin yerino yetirilmasinin tasdigindon sonra P(s) kecid funksiyasina asason stek isci
biliklor bazasina ke¢id yerins yetirilir.

7. 3-cii addima kegid tomin olunur.

Belaliklo, yuxarida yazilmis idarsetms alqoritmlarinin qurulmasi taloblorine uygun olaraq torno
dozgahinin modulunun misalinda TDM 1-in idaraetma alqoritmi produksiya {isulu ils hayata kegirilir [5]:

Ogoar (Po - silindrik tipli mexaniki hisso mévgelosdirici manipulyatordadir);

Onda (t; - silindrik tipli mexaniki hissasinin moévqelosdirici manipulyatorda mévqelogmasi
kecidini icra etsin).

Ogor (P - kran-manipulyator mévgelasdirici manipulyatorun is¢i zonasindadir);

Va (P, - kran-manipulyator tutqaci agiq vaziyyatdadir);

Onda (t; - kran-manipulyator torafindon silindrik tipli mexaniki hissasinin tutulmasi kegidini
icra etsin).

Ogoar (P3 — torno dozgahi islomirso);

Onda (t3 - kran-manipulyator tarafindon silindrik tipli mexaniki hissasinin torno dozgahinin
is¢i zonasina harakatinin kegidini icra etsin).

Ogar (P4 — kran-manipulyator silindrik tipli mexaniki hissoni torno dozgahinin ig¢i zonasina
catdiribsa);

Va (P3 — torno dozgahi islomirsa);

Onda (t4 - kran-manipulyator silindrik tipli mexaniki hissoni torno dozgahina yiiklonmasi
kecidini icra etsin).

Ogor (Ps — silindrik tipli mexaniki hisso torno dozgahinda movqelosibso);

Va (Ps - kran-manipulyator torno dozgahinin is¢i zonasindan aralanibsa);

Onda (ts - torno dozgahinda silindrik tipli mexaniki hissonin yonma omoliyyatinin kegidini
icra etsin).

Ogor (P7 — torno dozgahinda silindrik tipli mexaniki hissonin yonulmasi basa gatibsa);

Va (Pg - kran-manipulyator torno dozgahinin is¢i zonasina harokot edsin);

Va (P, - kran-manipulyator tutqact agiq voziyyatdadirsa);

Onda (ts - kran-manipulyator torafindon yonulmus silindrik tipli mexaniki hissasinin torno
dozgahindan gotiiriilmoasi kegidini icra etsin).

Ogar (Py — kran-manipulyator tutqaci qapali voziyystdadirso);

Va (P10 - kran-manipulyator torno dozgahinin is¢i zonasindan geri horakat edibsa);

V2 (P11 — hazir mohsulun saxlanilmasi zonasi bosdursa);

Onda (t; - kran-manipulyator torafindon yonulmus silindrik tipli mexaniki hissonin hazir
mohsulun saxlanilmasi zonasinin i-ci yuvasina yerlosdirilmasi kegidini icra etsin).

Natica.

1. 3d soklinde CiS-in iimumi kompanovka sxemi qurulmusdur.

2. Montiqi predikatlarin hesablanmasi dilindo CiS-in funksional foaliyyot alqoritmi

yaradilmigdir.
3. CIS-in idaroetmos alqoritminin blok-sxemi qurulmusdur.
4. Petri-sobokosi ilo CIS-in idaroetmo alqoritminin faaliyyat prosesinin kompiiter todqigati
aparilmigdir.
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PE3IOME
BOITPOCHI MOJIEJIMPOBAHUSI ®YHKIIU YIIPABJIEHUS THBKOM
MMPOU3BOJACTBEHHOMN CUCTEMOM PA3JIUYHBIMU OITUCATEJbHBIMHA
METOAAMU MMO3HAHUSA
Hacupoesa 3.A.

Kntouesvie cnoea: cubdkas npouzeoocmeennas cucmema, cems Ilempu, aneopumm ynpagieHus,
Jl02udecKkas Mooens

B mpornecce moctpoeHuss THOKMX MPOM3BOACTBEHHBIX CHCTEM Ha OCHOBE CPAaBHHUTENBHOTO aHAM3a
Mmpo0JieM yTpaBiIeHHsT KOHKPETHOTO OOBEKTa UCCIEAOBAHUS — MOMYIS I MeXaHW4ecKoW cOOpkH, Oblia
MOCTaBJIEHA IIeb MCCJIEN0BAHMS U ONpE/iesIeHbl OCHOBHbBIE 3a/1aud MO (PyHKIMOHAIBLHOMY HCCIIEIO0BAHUIO
€ro CUCTCMbI YIIPaBJICHUA. brina IMOCTPpOCHA KOMIIOHOBOYHAsA CXEMa o0BeKTa HUCCJICAOBAaHNUA B 3-x MCPHOM
BUJIC.

Ha ocHoBe (yHKIIMOHANBHOTO aHalW3a THOKOW MpPOHW3BOJCTBEHHONW CHUCTEMBI ObLTAa cO37aHa OIIOK-
cxema ympaenenus. C momompio cetn [leTpu mpoaHanM3WpOBaB ONEpalMd IO YIPaBICHUIO OOBEKTa
HUCCICIOBaHMA, O6CCHC‘I€HI>I IIPUHIAIILI 3(1)(1)CKTI/IBHOCTI/I " MPOU3BOJUTCIIBHOCTH.

SUMMARY
MODELING PROBLEMS OF FLEXIBLE PRODUCTION SYSTEM MANAGEMENT
FUNCTIONS USING VARIOUS DESCRIPTIVE METHODS OF COGNITION
Nasirova E.A.

Key words: flexible manufacture system, Petri net, control algorithm, logical model

In the process of building flexible manufacture systems on the basis of a comparative analysis of the
control problems of a specific research object - a module for mechanical assembly, the research goal was set
and the main tasks for the functional research of its control system were defined. The layout of the object of
study in a 3-dimensional form was built.

On the base of functional analysis of the flexible manufacture system, a block-scheme was created. By
means of the Petri net, after analyzing operations for controlling the object of research, the principles of
efficiency and productivity were ensured.

Daxilolma tarixi: [lkin variant 05.07.2019
Son variant 16.12.2019
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PETRI SOBOKOSI ILO IDAROETMO SISTEMININ
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Acar sozlor: ali tohsil miiassisasi, texnopark, Petri sabakasi, avtomatlasdiriimis idaraetmo sistemi,
korporativ sabaka

Ali tohsil miiassisalorinde (ATM) totbiq olunan texnoloji parklar homin miiassisalarin iqtisadi
inkisafini, professor-miisllim heystinin sosial vaziyyatinin daha da yaxsilagdirilmasini tomin edon,
innovativ prinsiplorlo islomoys imkan veron qurumlardan biridir [1]. Irimiqyash, miirokkob
quruluslu, cox sayli qarsiliql informasiya, texnoloji slagoali texnoparkin v istehsalat miiossisasinin
kompleks idaro edilmosi iiclin nozori, kompiiter todqgigatlarin aparilmasi elmi cohotdon aktual
masalolordon biri hesab olunur. ATM-ds texnoparkin istehsalat miiossisosinds innovativ layiholorin
hazirlanmasinin, sinaqlarmin vo istehsalinin idaro edilmosi iigiin texnoloji prosesin somorali
avtomatlagdirilmasi tolob olunur. Bununla slagodar olaraq, moagalods baxilan masalo texnoparkin
avtomatlasdirilmig istehsalat sahosinin Petri gobokosi osasinda funksional tohlilini aparmagq,
program aloti ilo kompiiter eksperimentlorini kegirorok, somaorali, etibarli vo mohsuldar
avtomatlasdirilmis idaroetmo sisteminin (AIS) qurulmasina hosr edilib.

Texnoparkin faaliyyat gdstoran avtomatlasdirilmis miiossisonin AiS-in layiholondirms prosesi
alqoritmik planlasdirma, programla eksperimentlorin aparilmasi vo AIS-in korporativ soboko ilo
analiz edilmasi marhalslorindan ibaratdir [2, 3].

Birinci morholods istehsalatin texnoloji amaliyyatlarini planlagdirmaq {igiin Petri sobokonin
program prosedurlarmin tosviretmo prinsipino osaslanmaq lazimdir [4]. AlS-in planlasdirma
alqoritminda Pi vaziyyatlor ardicilliglar1 vo Ti kegidlori toyin olunur. Petri sobakasinin proqram
tominatinin qurulmasi prosesindo AIS-in funksional tohlili osasinda hor bir istehsal modulunun
texnoloji amoliyyatlariin Pi vaziyyatlori ¢evra, Ti kegidlori iso diizbucaqli ensiz sokildo gokilir
(sok.1). Homin elementlor Petri sobokasinin program interfeysinin menyu blokundan segilir. Pi
vaziyyatlari va Ti kegidlori arasinda istigamatlondirici xatlor tatbiq olunur.

Ti kecidlori arasinda tortibatin vo hazir mohsula gevrilma prosesinin AIS-do voziyyatlorinin
qiymotlorindon asili olaraq Petri sobokosinin is¢i sahasindo qrafik rejimdo AIS-in idaroetmonin qraf-
sxeminin ¢akilisi hoyata kegirilir.

Verilonlor bazasinda saxlanilan AIS-in hor bir modulunun texnoloji amaliyyatlar névlori,
kran-manipulyatorun horokot trayektoriyasinin ardicilligi, onun kinematik, dinamik gostaricilori
Petri sobokasinin Pi vaziyyatlori vo Ti kecidlori ilo miioyyan edilir. Pi voziyyatino moxsus olan Ti
kegidi arasinda ¢ix1s olago oldugda, Petri sobokasinds Pi — Ti mantiqi alagoys uygun ardicil olaraq
Pi-nin gevra elementi, istigamotlondirici ox va Ti ke¢idinin diizbucaqli elementi birga ¢okilir. 7i —
Pi oksolago olduqda isa ¢okilis ardicilligi doyisilorok, grafik elementlor ¢oxlugundan birinci Ti
kegidinin, sonra istiqgamatlondirici ox elementi va sonda Pi-nin ¢evra elementi segilir va isci ¢okilis
sahasinds totbig olunur.

Ogor idaroetmo algoritminds tokrarlanan omoliyyatlarda Ti vo ya Pi olarsa, onda hamin
vaziyyatlorin va ya kegidlorin saxlanilmasi sorti ilo istigamotlondirici xattin uygun movqeys ¢akilisi
tomin olunur.
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Todgigq olunan texnoloji prosesds kran-manipulyatorun harokat trayektoriyast vo onun
tutqacinin agilib-baglanilmasi1 amoliyyatlar1 tokrarlanir. Ona géro AIS-in faaliyyat alqoritminds
texnoloji prosesin xiisusiyyatlori nazors alinaraq, Petri sabokasinin graf-sxemi qurulur.

i Istehsalatda tortibatin son mohsula ¢evrilmosi
<+—— sxemindo vaziyyatlorin va kegidlorin verilonlor vo
biliklor bazasinin idaroetmo sistemi

P1

¥
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Sakil 1. AIS-in Petri sabokasinin program interfeysi va qurulan graf-sxemi
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Petri sobakasi ila idaraetma sisteminin modellagdirilmasi va korporativ sabakada tatbiqi

AlS-in idarsetmo prosedurlarnin foaliyyst alqoritminin program tominatini qurmagq {igiin
Petri sobakasinin program interfeysinin menyu bloklar1 asagidaki ardicilligla istifads olunur [5]:

1. Qraf — sxemin ¢okilisi iictin
1.1. Add a place (gevranin slavs edilmasi);
1.2. Add a transition (keg¢idin alavas edilmasi);
1.3. Add a timed transition (zaman kegidinin slava edilmasi);
1.4. Add an arc (istigamatlondirici qovsiin alava edilmasi).
2. Qraf-sxemin tohlili iiciin
2.1. Invariant (T va P invariantlarinin naticalorinin tohlili);
2.2. Simulation (Modellasdirmonin tahlili);
2.3. State Space (Sobakanin tohliikasizliyinin vo yasarliginin tohlili);
2.4. Classification (Sebakonin tosnifati: sadaliyi, markerlogsmosi, qurulusunun segilmasi);
2.5. Incidence and Marking (Insidentlik matrislorinin qurulmasi vo markerlosmo);
2.6. General Stochastic Petri-Net Analysis (Osas stoxastik Petri sobakasinin tohlili).

Petri gobokosinin qurulmasi vo noticolorin tohlili {igiin sok. 2-do program tominatinin
interfeysi toklif edilir. Proqram vasitasi ilo qurulan sabokonin tasnifatini vo timumi tohlilini aparmaq
miimkiindiir. KM-nin idarsedici funksiyalarina asason KM-nin idarsetma proqraminin funksional
sxemi toklif edilir (sok. 3).

Eile Eiew Eraw ﬂnimale Eelp

ulelsle® [ [Ola]nNe[s[+H [E << ? =] [¢

[T Analysis Module Manager
@ ] Awvailable Madules
[} state Space Analysis
E‘l Simulation
D Incidence & Marking

[[ MNew Petri net 1.xmil

E‘l Irwariant Anaksis

D Dhlamaca

E‘l Comparison

D Classification .
E‘l Ceneral Stochastic Petri Met Anabysis

SaKil 2. Petri sabakasinin qurulmast va naticalorin tohlili ticiin program tominatinin interfeysi

Icraedici idaroetmo bloku KM-nin idaroetmo sisteminin asagidaki omoliyyatlarini tomin
etmolidir: amaliyyat sisteminin yiiklonmasi; planlasdirict blokun isini; amaliyyat sisteminin ¢ixist
[6]. Icraedici idaroetmo blokunun is¢i alqoritminin funksiyalar1 asagidaki ardicilligla hoyata
kecirilir:

- Omrlor vo miixtalif verilonlar tigiin lazim olan buferlor yaradilir;

- AIS-in istehsalat modullarmin mévqelorindon vo is¢i zonalarindan asili olaraq, giris
parametrlor (P; hadisalaring va t; kegidlaring asason) daxil edilir;

- real vaxt vo fon dispetgerlorin komayi ilo planlagdirilan oamoliyyatlara nozarst olunur;

- omoliyyat sisteminin sonunda real vaxt vo fon rejimlorindan, sistemdon ¢ixis hoyata
kecirilir.

Icraedici idaroetmo blokunda omoliyyat sisteminin xidmotetmo sorgularinmn alqoritmi
saxlanilir. Konkret totbiq obyektinin texnoloji xiisusiyyatlorindon asili olaraq, g¢eviklik prinsipi
totbiq etmoklo sistemin isi tomin olunur.
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OMmoaliyyat sisteminin planlagdirici blokunun isi taymer geydiyyati ilo real vaxt dispetcerini
aktivlosdirir. Modullar iizra hesablayicilar triggerls (0 vo ya 1 vaziyyati ilo) tomin olunur.

EM-nm idarsetma programinim
amalivvat sistemi

C  Teraedici Idarzetma |
idarsetma bloku : [P | blokunun ¢ras: |

Sistemin

.

viiklanmasi

|
Programm planlasdma
hlokn
v

| |
Real vaxt (RV) Fon masalasinin
masalesinin dispetceri dispetceri

......

T

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

R
masalasi_n

masalasi 1

$ak. 3. KM-in idaraetma programinin funksional sxemi

Kran-manipulyatorun idareetmo sisteminin proqram vasitalorini kompleks sokildo realizo
etmok {iglin proqgramlasdirilan montiqi kontroller asasinda Twido proqram sisteminin seg¢ilmasi
meyarlar1t miioyyonlosdirilir [7]:

1. Istismarin sadoloyi vo rahatlig::

- Qurgu kompakt sokilds bir gévdods quragdirilir.

- 10 kompakt baza bloklar1 vardir;

- 10, 16, 24 vo 40 giris-cixislar;

- sabit coroyanda 24V, doyison coroyanda 100...240V;

- tominedici protokollar Modbus, CANopen, Ethernet (40 giris-¢ixis li¢iin);

- progralagdirmanin hacmi — 2500 satir instruksiyasi;

- gosulma giris-¢ix1s noqtalori 200 movqelords olur;

- vaxt dovriyyasi - 1000 instruksiyasi 1.7 ms miiddatinds tomin olunur;

- gdvdonin gabarit dl¢iilori - 70 X 95 X 90 mm.

2. Ceviklik

- Analoglu modullar istifado olunur. Modulda analoglu giris vo ¢ixislarin artirilmasi
hesabina somara olds edilir.

- Biitlin kontrollerlor TwidoPort Ethernet interfeys modulunun kdmayilo Ethernet sabokosine
inteqrasiya olunur.

Kompakt baza bloklarina 40 girisli-cixish (server vo ya miistori) TWDLCAE40DREF;
TWDLCDE40DRF Ethernet portu daxildir.

-yerli idaroetmo tiglin Modbus vo CANopen istifads olunur;
-yliksok mohsuldarliq (Ethernet 10/100 Mbit/s osasinda Modbus/TCP);
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-modem osasinda mosafodon idaraetmo tomin olunur.
3. Idareetmonin somoraliliyi
- CANopen sisteminin agiqligr miixtalif qurgularla verilonlorin yiiksok siiratli miibadilasi
tomin olunur;
- Olava qosulan ardicil port asasinda Modbus somarali igi tomin olunur.

Advantys OTB maosafali giris-¢ixis modul osasinda vericilor vo icra mexanizmlorinin
verilonlorilo idaroeto vo miibadilo funksiyalari tomin olunur (informasiya kabellorinin kdmaoyilo).
Yuxarida geyd olunan meyarlara osason yaradilan manipulyatorun avtomatlasdirma sxemi PLC
sistemi, intellektual vericilor altsistemindon, sistemi qidalandiran enerji blokundan vo miisssisonin
digor bélmaloarilo korporativ alageni tomin edon soboko altsistemindon ibaratdir.

Programlagdirilan meontiqi kontroller manipulyatorun xotti vo firlanma yerdoyismo
omoliyyatlarinin idaroetmo funksiyalarini, manipulyatorun tohliikosiz is¢i zonasinin geyd
olunmasim1 emal edir. Induktiv vericilor manipulyatorun xotti vo firlanma yerdoyismo
omoliyyatlarinin movgelosdirilmasini, optik hissiyyat sensorlar1 iso konar miidaxilonin hesabina
omoliyyatlarinin dayandirilmasini tomin edir.

Ceviklik prinsipine asason miixtolif rejimlords kran - manipulyatorun yerdayismo parametrlori
yoxlanilaraq sazlanmigdir. Manipulyatorun omoliyyatlarini avtomatlasdirilmis sokilde tomin etmok
iictin TWIDO soft program sisteminds idaroetms sistemi islonmisdir [8].

Todgiqat obyekti olan mexaniki y1gim AiS-in simsiz idareetmo prosesini tomin etmok iiciin
UniFi-nin paylanma néqtalerinin mévqe koordinatlari toyin olunur. AIS-do lokal saboko vasitosilo
koordinasiyali idarsetmo sisteminin koordinat mdvqelori arasinda mosafo Olciilori 100150 m
mosafolorinda dayisilir. UAP: 802.11n MIMO asason isloyon UniFi-nin tomin eds bilocak siirati -
300Mb/san. Kabelsiz tosir radiusu - 120 m gobul olunur.

AlS-in  korporativ sobokosinin {invan sahosi lokal sobokonin iinvanlarindan vo
telekommunikasiya morkozi (TM) torofindon istifado olunan rosmi iinvanlardan togkil olunur [9].
Dayaq sobokasino qosulan kompiiter, soboke-sira ndmrosino malikdir. TM-nin komoyi ilo IP
iinvanlar ayrilir, domen adlar1 qeyd olunur vo sabokonin marsurutlari sazlanir.

AlS-in kompanovka qurulusuna osasan istehsalat modullarinin avtomatlasdirilmis is yerini
(AIY;) kabelsiz kanallarla birlosdirilir. AIS-in istehsalat modullarmin korporativ sobokosini toskil
etmok ti¢iin [P-linvanlasma sxemini qurmagq talab olunur [10].

AlS-in istehsalat modullarmin iinvanlasma dl¢iilorinin tayin edilmasi ii¢iin modullarin say1 vo
faiz toyin olunur:

CIS-in istehsalat modullarinin adlar: [stehsalat Faiz (%)
modullarimin say
1 Torno dazgahli ¢evik istehsalat modulu_td¢im 1 20
2 Frez dozgahli ¢evik istehsalat modulu_fdgim 1 20
3 Radial burma dozgahli ¢evik istehsalat modulu rbdgim 1 20
4 Oyma dazgahli ¢evik istehsalat modulu_ad¢im 1 20
5 Hazir mohsullarin saxlanilmast modulu_hmsm 1 20

Unvan sahosini toyin etmoklo, hor bir istehsalat moduluna ehtiyat faiz doracolori miioyyon
edilir. CIS-in modullarmin saymin cobri comi hesablanilir:
$:=2.CIM,

Korporativ lokal sabokods istifado olunan IP {invanlart 6zal hesab olunur. Ona goéra do
mexaniki y1§im CiS-inin diiyiin ndqtalori iigiin internet iinvanlarindan 192.168.1.0+192.168.1.44
civarinda C sinifli IP tinvanlarindan istifads olunur.

Beloliklo, AlIS-in avtomatlasdirilmis is yerlorini (7 diiyiin osasinda) korporativ lokal soboka
daxilinde  birlogdirorak,  qarsiligh  informasiya  miibadilosini  tomin  etmok  {i¢lin
192.168.0.25+192.168.0.32 1P iinvanlari miioyyan edilir. Lakin lokal sobakonin isinin etibarliligini
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vo mobilliyini tomin etmok ti¢iin ehtiyat soboko diiyilinii vo uygun avtomatlasdirilmis is yeri istifado
olunmalidir.

CiS-in istehsalat modullar Un\? o s:ahesmm Duyun"noqtelermm Sobokonin iinvani
A aizi (%) linvant

CiS-in TDM; (DNU'*™) 15 0.0.0.25 192.168.1.
CiS-in FDM; (DNU™™m) 15 0.0.0.26 192.168.1.
CIS-in RBDM,; (DNU™"™) 15 0.0.0.27 192.168.1.
CiS-in ©DM; (DNU**™) 15 0.0.0.28 192.168.1.
CIS-in HMM; (DNU"™"™) 15 0.0.0.29 192.168.1.
CiS-in operatoru (DNU*®) 10 0.0.0.31 192.168.1.
Ehtiyat 15 0.0.0.32 192.168.1.

(DNUehtiyyat)

Beloliklo, CiS-in lokal sobokesindo istifadogilor {iciin maksimum 7 (1 ehtiyat)
avtomatlasdirilmis is yerlori va digor soboko vasitolari totbiq oluna bilor.
AlS-in TCP/IP lokal sobokesindo istifado olunan IP  iinvanin 32 doroceli ndmrosi her bir
avtomatlasdirlmis is yerini (diiylin ndqtesini) identifikasiya edir. Qobul olunmus
192.168.0.25+192.168.0.32 IP iinvanlar1 4 doracali sokilds tosvir olunur. Sobskenin 7 diiyiiniiniin
taninmas {iciin altsobokonin maskalarinin istifadasi ikili isars ilo miioyyan edilir. CiS-in TCP/IP
lokal sobokasinin somaraliliyini tomin etmok ii¢lin verilonlor paketinin miibadilosini hoyata kegiron
marsurutizatorlar istifado edilir.

192.168.1.0+192.168.1.X; (burada i=0, 45) IP {invanlar1 sorti olaraq 2 hissaya boliiniir. Birinci
hisso 192.168.1.0 — CIS-in modullarinin sabokosinin {invanidir (cadv. 4.2), ikinci hisso 0.0.0.X; —
tinvanlarin ditytiniidiir.

Naticalor

1. AlS-in dovrlorinin marsrutlarna uygun bir név Pi prosedurdan digorino Ti kegidlori
osasinda idaraetma sisteminin Petri sobokasi ilo tadqiqi vo planlasdirilmasi alqoritmi qurulmusdur.

2. AlS-in idaroetmo prosesinin planlasdirma alqoritmino oason Petri sobokoesinin program
tominatinin iglonmasi mosolosine osason idarsetma prosesinin funksional tohliline uygun hor bir
istehsal modulunun texnoloji amaliyyatlarinin kompleks qraf-sxemi qurulmusdur.

3. Idaroetmo programinin funksional sxemi toklif edilorok, onun altprogramlarinin icraedici
idaroetms funksiyalari toyin edilmisdir.

5. AIS-in modellosdirilmasi ii¢iin korporativ sobokosinin iinvan sahasinin planlasdiriimasi
algoritmi islonmisdir.
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PE3IOME
MOJEJUPOBAHUE U IPUMEHEHUE CUCTEMBI YIIPABJIEHUS CETBIO IIETPU
B KOPITIOPATUBHOM CETH
Anueea A.T'.

Knrwowuesvie cnosa: ynusepcumem, mexnonapx, cembv Illempu, asmomamu3upoanHas cucmema
YIpasnenus, KOpnopamueHas cemb.

PazpaGotan ajroputrM uCCIeNOBaHUS W IUIAHUPOBAHUS CUCTEMBI YyOpaBieHus cerbio llerpw,
OCHOBaHHBI Ha mepexofax 1Ti W3 OgHOro TWma mpoueaypbsl Pi B mapyro#, crmemys mporeccam
aBTOMAaTU3MpPOBaHHON cucTtemsl yrpasieHus (ACY), ucnonbp3dyeMoil B uHAycTpuaabHOM napke. Ha ocHoBe
aNTopuTMa ITIAaHUPOBaHUA Tiporiecca ynpasiernss ACY moctpoeHa rpad-cxeMa TEXHOJIOTHIECKHUX OTepannii
KaXXIO0r0 MPOM3BOJACTBEHHOIO MOAYJS B COOTBETCTBUM C (YHKUMOHANBHBIM AaHAJIM30M CETEBOTO
nporpamMmmuoro obecrieuenus [letpu. Ilpemioxkena (yHKIIMOHAIBHAS CXEMa MPOrPaMMHOTO OOECIICUCHHUS
JUIsL yripaBJieHus1 ceThio [leTpu, a Tak:Ke ero UCTIOIHUTEIbHBIC (DYHKIIMU BO3JIOKEHBI HA €TO MOAIPOTPaMMBbI.
Pa3paboTtaH anroput™ miIaHUPOBAHHS aAPECHOTO MPOCTPAHCTBA KOPIIOPATHBHON CETH Ul MOICIUPOBAHUS
ACY.

SUMMARY
MODELING AND APPLICATION OF PETRI NETWORK MANAGEMENT SYSTEM
IN CORPORATE NETWORK
Aliyeva A.Q.

Key words: university, techno park, network of Petri, automated control system, corporate network.

An algorithm for research and planning of the Petri network management system based on Ti
transitions from one type of Pi procedure to another, following the processes of the automated control system
(ACS) used in the industrial park is worked out. Based on the ACS management process planning algorithm,
a complex graphical scheme of the technological operations of each production module in accordance with
the functional analysis of the Petri network software is built. A functional scheme of Petri's network
management software is proposed, and also its executive functions are assigned to its subprograms. An
algorithm for addressing the corporate network address space has been developed to simulate ACS.

Daxilolma tarixi: [lkin variant 12.02.2020
Son variant 10.07.2020
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Cevik istehsal sistemlorinin (CIS) avtomatlasdirilmis layiholondirma sisteminin (ALS)
yaradilmasi asason istonilon miirokkob sistemin ALS-in layiholondirilmosi, yaradilmasina anoloji
olaraq hoyata kegirilir vo asagidaki osas morhololordon ibaratdir: ALS-in yaradilmasia texniki
tapsiriq; nozori vo patent todqiqatlari; ALS-in yaradilmasi konsepsiyasinin vo strukturunun
secilmosi; ALS-in strukturunun formalasdirilmasi tiglin eskiz layiholondirilmasi; ALS-in texniki,
riyazi, program vo digor tominatlarinin toyini; ALS-in altsistemlori vo komponentlari {igiin texniki
sonadlorin iglonmasi; sinaq niimunslarinin vo ALS alstlorinin islonmasi, yaradilmasi vo sinagi; sinaq
naticolorinin analizi vo qonastbaxs noticolor alindigda ALS-in istismara gobulu. [1]

Molum oldugu, kimi CiS-in yaradilmasinda onun klassik komponentlori kimi asas vo alavo
avadanliglardan basqa insanin fiziki vo oqli omoklorini yiiksoldon miiasir avtomatlasdirma
vasitolorindon do istifado edilir: sonaye vo intellektual robotlar, avtomatik standart vo
xiisusilosdirilmis manipulyatorlar, programla idars olunan miixtaliftoyinatli dozgahlar vo b. Texniki
odabiyyatda bu ndv komponentlor mexatron qurgular adlanir, yoni mexanika gqanunlart ilo
yaradilmig dinamiki sistemlor elektronikanin prinsiplari ilo idars olunur (mexatronika).

CiS-in layilolondirilmoasi va totbiqi tocriibasi gdstarir ki, “kolekktiv’ mexatron qurgulardan
toskil edilmis CIS-lorin yaradilmasinda onlarin biitiin komponentlorinin bir-biri ilo qarsiliglt olagado
foaliyyetlorini tomin etmok {g¢iin onlar arasinda fiziki veo proqram xarakterli interfeyslorin
yaradilmasi tolob olunur. CiS-in miixtoliftoyinatli istehsallarda totbiqi, ayri-ayri istehsallarin
spesifik xtiisusiyyotlorini nozere almaqla hoyata kegirildiyindon gostorilon interfeyslorin tam
tipiklosdirilmosine imkan vermir. Digor tarofdon CiS-in kompleks sokildo son magsada nail olmaq
lclin idaro edilmasini tomin etmok {iglin onun miixtolif situasiyalarda miiveud voziyystlorini
identifikasiya etmok moqgsadilo mexatron qurgularin secilmis qovsaqlarinda qurasdirilmis
sensorlardan golon informasiyalar1 da idareetmo sistemi ilo olagolondiron interfeyslorin do
layiholondirilmasi tolob olunur. Géstorilon hal osason CIS-in smaq vo totbiq marhololorindo bas
verir vo onlarin aradan qaldirilmasinin real obyektds yerino yetirilmosi moagsodouygun hesab edilir.
Smaq vo totbiq maorhalslorinin miiddstlorinin azaldilmasi maqsadilo son istifadagilorin geyri-
standart interfeyslorin yerlordo layihalondirilmasi ii¢lin lokal avtomatlagdirilmig lahiyelondirma
alotlorinin (ALA) yaradilmasi vacib shomiyyast kasb edir.

Avtomatlasdirilmis lahiyslondirms sistemlorinin qurulma prinsiplori vo inkisafinda
informasiya emali texnologiyalarimin rolu. Umumiyyotlo, layiholondirmo prosesi hor hansi bir
obyektin (qurgu, sistem)  “yasama > dovriiniin torkib hissosidir vo asagidaki morhololordon
ibarotdir: obyektin yaradilmasimin planlagdirilmasi; elmi-todqiqgat islori; eskiz, texniki vo is¢i
layihalondirma; layihalondirilon obyektin istehsali; obyektin real soraitdo istismart.

Goriindiiyti kimi, layiholondirilon obyektin yasama miiddoti onun istismara verilmo
miiddotina kimi yerino yetirilon morhololorin yerino yetirilmo miiddatlorinin comindon birbasa
asihidir. Belo ki, gostorilon miiddot no qgodor az olarsa, onda obyektin yasama miiddoti, yoni
istismarda olma miiddsti artacaqdir. Oks halda layiholondirilon obyektin istismarda olma miiddoti
azalacaqdir. Bu hal elm vo texnikanin inkisaf perspektivlori ilo six olagodardir. Tocriibado elo
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hallara rast galinir ki, istismara kimi yerino yetirilon marhalslarin miiddoati cox olduqda son naticado
layiho mohsulu hom fiziki, hom do monovi cohotdon “ qocalmis ” olur vo onun istehsali, eyni
zamanda istismar1 somaralilik ndqteyi nozerindon ganastboxs hesab edilmir.

Miirokkob sistemlorin layiholondirmo imkanlar1 asagidaki osas prinsiplorin istifadosini
sortlondirir: layilondirilon obyektlorin  yaziliglarimin  iyerarxiyaliligi vo dekompozisiyasi;
layiholondirmonin ¢oxmorhololi vo iterasiyali olmasi; layiho hollorinin, metodologiya vo
layiholondirma vasitolorinin unifikasiyaliligr. [1]

Layihoalondirma prosesinin somoraliliyinin vo rasionalliginin yiiksoldilmasinin yollar1 kimi
asagidakilar1 gostormok olar: tipiklogdirma, optimallagsdirma vo avtomatlagsdirma.

Gostorilir ki, layiho hallorinin, metodologiya va layiholondirmo vasitalorinin kifayst soviyyado
tipiklogsdirmoadon layihalondirmenin rasionallagdirilmasi, yoni boylik hocmli vo iglomo miiddatli
proseslorin yering yetirilmosi geyri-mimkiindiir.

Qeyd olunur ki, layiho hollorinin optimallagdirilmast els hallorin gobulunu noazords tutur ki,
onlar miixtolif meyarlara uygun tolobatlara cavab versin vo mohdudiyyat sortlori toloblorini 6dasin.
Tipiklogsdirmo vo optimallagdirma layiho iglorinin avtomatlagdirilmasi, yoni avtomatlagdirilmis
(avtomatik) layihalondirmonin totbiqi olmadan shomiyystli somorani slde etmoys imkan vermir.

Layiholondirilon obyektin  yasama miiddstinin strukturunda layiho mohsulunun siagi,
istehsalina kimi marhalalorin hor birinds asagidaki avtomatlagdima sistemlorindon genis istifado
nazords tutulur ki, o da sonda kompleks sokildo avtomatlagdirilmis layiholondirma sistemini togkil
edir: avtomatlasdirilmis planlasdirma sistemi; elmi-tadqiqat islorinin avtomatlagdirilmig sistemi,
layiho edonlorin avtomatlasdirilmig layihalondirmo alatlori.

ALS elm vo texnikanin miixtolif saholorindo genis totbiq sahosi tapmigdir. ALS-lor istehsal
sistemlorinin evolyusiya prosesinin cevik istehsal sistemlori morholosindo daha da aktuallasaraq
yeni bir elmi istigamot kimi formalasdi. Bu onunla olagodardir ki, CIS 6zii miirokkeb sistemlor
kateqoriyasina aid edilmokls ictimai tolabatdan asili olaraq qisa vaxt intervalinda bir név mohsul
istehsalindan digorinin istehsalina sazlanmaq {g¢iin funksional imkanlara malik sokildo
layiholondirilmolidir. Odur ki, ALS CiS-in ayrilmaz torkib hissosi kimi foaliyyat gdstormoyo
basladi.

ALS-in yaranma tarixi vo inkisafi perspektivlori gostorir ki, onun yaradilmasinda iki osas
konsepsiya movcuddur: tam avtomatik ALS vo insan-masin sistemlori. Todqiqatlar gostorir ki,
yaxin golocokdo molum c¢atinliklor nozors alinmagla tam avtomatik ALS-in kompleks sokildo
yaradilmas1 miioyyon cotinliklorlo miisayiot olunur. insan-masin avtomatlasdirma sistemlori do 6z
novbasindo miixtalif konsepsiyalar osasinda yaradilir: movcud ononovi layihslondirma sistemlori
ovozino yuxarr layihoetmo togkilatlarinda iglonmis ALS-in totbiqi; layihoedonin informasiya
tominatini togkil edon ALS. [2]-do gostarildiyi kimi ALS-in yaradilmasinin asas konsepsiyalarindan
biri kimi layiho edonlorin (layihoci, konstruktor, texnoloq, avtomatika iizro miitoxassis, sinaqgt vo
s.) avtomatlasdirilmis layihalondirma alotlorinin yaradilmasidir ki, bu da son noticods ALS-in
kompleks sokilds strukturunu formalagdiracaqdir.

ALS alotlori prinsip etibar1 ilo intellektualliga malikdir, belo ki, onlar onsnovi olaraq
layihoedonlor, yoni intellektual omok iscilori, torofinden yerino yetirilmis maosalalori holl edirlor.
Belo ki, ALS alatlori tokmillogdirildikco layihoedonin daha c¢ox intellektual oamayi-layiholondirilon
obyektin riyazi modellorinin qurulmasi, analiz, sintez, modellogsdirma, ekspert altsistemlori vo s.,
ALS-in aloatlorino otiiriilir. Eyni zamanda layihoedon ovvollor oldugu kimi, biitiin layiho
masalalorini hall edir vo ALS aloting rutin, tez-tez tokrarlanan, yorucu funksiyalar1 havalo edir.
ALS-in bir elm sahosi kimi formalagsmasinda kompiiter texnikasinin biitiin tominatlarinin, eyni
zamanda ondan kiitlovi sokilds istifadeni tomin etmak {i¢iin informasiya emali texnologiyalarmin
(IET) xiisusi rolu olmusdur.

Elm vo texnikanin biitiin saholorindo kompiiter texnikasinin totbiqi asagidaki vacib
morhoalolordon kegmoklo miiasir kiitlovi istifado soviyyasino kimi inkisaf etmigdir: ilkin informasiya
emal1 texnologiyasi (IET); terminal miidaxiloli IET; yeni IET; siini intellektin elementlori osasinda
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yaradilmis intellektual sistemlordon istifads etmoklo IET; Soft Computing texnologiyalarinin tatbiqi
ilo intellektual interfeys bazasinda IET; informasiya-kommunikasiya texnologiyalar1 (iIKT)
bazasinda IET [3]. Gostorilon har bir IET 6ziindon avvalki texnologiyalarin miisbat xiisusiyyotlorini
oks etdirmoklo vo ¢atismayan xiisusiyyatlorini aradan qaldirmaqla, eyni zamanda komputer
texnikasinin, onun texniki, riyazi, proqram va digoer tominatlarinin mévcud soviyyelorini nazora
almagla, tokamiil yolu ilo inkisaf etmisdir. Goriindiiyii kimi kompiiter texnikasinin funksional
imkanlarinin genislondirilmasi {igiin tolob olunan miitoxassislordon vo ondan istifado edonlordon
coxsahali bilikloro malik olmalar1 tolob olunurdu ki, bu da kompiiterdon 6z sahosinin yliksok
ixtisasli miitoxossisi olan miixtalif peso sahiblorinin kiitlovi sokilds istifadesini tomin edo bilmirdi.
Bu problemin halli {i¢iin, yoni miixtolif peso sahiblorinin komputer texnikasindan istifado etmok
{iciin yeni yanasmalarin, IET-in islonmasi aktualliq kosb edirdi.

Ik novbodo, istifadogiloro kompiiterin iistiinliiklorini ¢atdirmaq tolob olunurdu ki, bu
missiyani ilkin IET-do komputer elmlori iizro miixoxassislor, yoni vasitocilor-totbiqi riyaziyyatgi
(sifarig¢inin peso dilindo formalasdirdigi mosslonin, ilkin riyazi modelini formalasdiran analitik),
programgt (ilkin riyazi modelin komputerds halli {i¢iin programu tortib edon) vo operator (proqrami
informasiya dasiyicilarina koglironlor) 6z iizorine gotlirdiilor. Vasitocilorin birge foaliyyati
naticasinda sifarigs¢inin masalasini holl etmak ii¢lin proqram sazlanir vo sifaris¢i torafindon toqdim
olunan verilonlor osasinda masolo kompiiterdo holl olunarag,son notico kagiz dasiyicilarinda
istifadagiyo toqdim olunur.

Goriindilyii kimi ilkin IET-da asagidaki osas xiisusiyyatlori gostormok olar: IET ¢ox
iterasiyal1 vo kagiz texnologiyasina osaslanan bir texnologiyadir; proqramin komputer dasiyicilarina
kogiiriilmosi xtisusi qurgular vasitosilo operator torsfindon avtomatlasdirilmis rejimds hoyata
kegirilir; programin vo verilonlorin kompiitera daxil edilmasi, emali vo naticalorin ¢ap edilmasi
avtomatik rejimdo yerino yetirilir; proqramin sazlanmasi proqramgi torafindon avtomatlagdirilmis
rejimds hoyata kegirilir; qalan biitiin omoliyyatlar kagiz tizorindos al il yerins yetirilir.

Baxmayaraq ki, IET-da sifarisci, demok olar ki, kompiiterdon tam tacrid olunub, ancaq o,
kompiiterin, onun isini na doracads yiingiillagdirdiyini basa diisiir vo digor moasalalorinin do halli
liciin kompiiter texnikasina yaxinlasmaga maraq gostorir. Qeyd etdiyimiz kimi, IET-in inkisaf
istigamotlorindo IET-in hom funksional imkanlari, hom do intellektualligi daha da yiiksolir vo
miixtaliftoyinatl istifadagilorin kompiiterdon kiitlovi sokilds istifade etmalori tomin edilir.

IET-da oldugu kimi, miiasir ALS alotlori do elo qurulmalidir ki, layiho edonlo kompiiter
arasindaki ononavi vasitocilor, yoni kompiiterds islomoyi bacarmayan layiho edonlorden alinmis
tapsirigt EHM-ds realizo edon vo naticoni layihoedons toqdim edon riyaziyyatgi-proqramcilart vo
digor kompiiter iscilori layiholondirmo prosesindon c¢ixarilsin. Bu mogsadlo ALS alstlorinin
intellektuallig1 ytiksaldilmali, laythoedanlorin 6z peso dillarinda ALS alatlori ilo linsiyyatdo olmalari
ticiin intellektual interfeyslorin yaradilmasi talob olunur. Eyni zamanda layihslondirilon obyektlorin
nomenklaturalarinin vo foaliyyst sortlorinin tez-tez doyismosi ALS alotinin yeni prosedurlara
uygunlasdirilmasini tolab edir.

Elektron qurgular1 ALS-in qisa icmali. ALS bir elmi istigamat kimi 6ton asrin ortalarindan
baslayaraq inkisaf etmoya baslamisdir. Kegon osrin ortalaria kimi layihslondirilon obyektin hoyat
dovrii (onun istismar miiddoti) oksor hallarda onun layihslondirms, hazirlanma, sinaq vo totbiq
miiddotlorinin comino baorabar olurdu. 70-ci illordon baslayaraq istehsal olunan mohsullarin
mixtoliftoyinatlh nomenklaturalarina olan ictimai tolobatdan asili olaraq gostorilon balans pozuldu.
Belo ki, mohsulun miixtolifliyino olan tolobati ononavi layiholondirmo tisullari ilo hall etmok
¢otinlosdi vo istismara kimi biitiin morhoalolords avtomatlasdirma vasitolorindon istifado aktuallasdi.
[4]-do miixtolif nosil EHM-larin vo miiasir kompiiterlorin baza elementlori olan inteqral sxemlarin,
o cimlodon boylk vo ifrat inteqral sxem vo mikroprosessorlarin avtomatlasdiriimis
layihalondirilmasi masalalaring baxilir.

1990-c1 va 2000-ci illords radioelektron element vo qurgularinin ALS-in miixtolif versiyalari
(P-CAD) islondi. P-CAD-1n program vasitalori asagidaki osas layiholondirmo funksiyalarini yerino
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yetirirdi: ¢ap platalarinin, prinsipal elektrik vo inteqral sxemlarinin layihslondirilmasi; konstruktor
sonadlorinin hazirlanmast vo s. P-CAD genis imkanli radioelektron elementlori kitabxanasina
malikdir vo tolob olunduqda kitabxanani genislondirmok miimkiindiir [5].

[6]-da gostorildiyi kimi, radioelektron element vo qurgularin ALS-in sonraki inkisafi,
tokmillosdirilmosi genis funksional imkanlara malik progqram komplekslorinin yaradilmasi
istiqgamotindo aparilmisdir, o ciimlodon: pesokar SPECCTRA versiyasi; OrCAD Capture qrafik
redaktoru; analoq vo rogom tipli elektrik sxemlorinin modellosdirilmosi {iciin P Space A/D
versiyast; elektrotexniki qurgularin layiholondirilmasi li¢iin “Kompas- Qrafik ” sistemi; Elektroniks
Worbench 5.0 proqram kompleksi (elektrik sxemlorin vizual yigilmasi vo kompanovkasi vo real
vaxt intervalinda isina nozarat).

Elektron vo radioelektron qurgularmin qisa icmalini iimumilosdirorok asagidaki noticolori
gostormak olar:

- kompiiterlorin nosillorinin inkisafi ALS dsullarinin birbasa totbiqi ilo onlarin element
bazalarinin - transzistorlardan baslayaraq sonradan kicik, orta, boyiik, ifrat bdyiik inteqrasiyali
sxemlor, mikroprosessor vo mikroprosessor qurgularinin, avtomatlagdirilmis layihalondirilmasi ilo
olaqodardir;

- insan-masin konsepsiyasi asasinda qurulmus istonilon toyinatli ALS-ds layiho prosedurunun
vacibliyindon asili olaraq, konkret situasiya nozora alinmagqla, avtomatlasdirilmis layihalondirilma
alotlorinin yaradilmasi vo son naticade homin alstlorin sintezi noticesindo ALS-in qurulmasi aktual
istigamotdir;

- analizin naticalori gostarir ki, ¢oxlu sayda elektron vo radioelektron element vo qurgularinin
ALS-lori (Or CAD, P-CAD va s.) movcuddur ki, onlar aparict kompaniyalar torofindon
miixtoliftoyinatl elektron qurgu va sistemlorinin avtomatlagdirilmig layiholondirilmasini tam gokildo
tomin edir vo elmi-tadqiqat, konstruktor-layiho togkilatlarinin pesokar istifadogilori iiclin nazords
tutulmusdur.

Gorlindiiyli kimi, moveud g¢oxfunksiyali ALS-lor lokal mosalolorin hollinds, xiisusen do
miirokkab struktura malik CIS-in sinaq vo totbiq marhololorindo geyri-pesokar istifadacilor {iciin
olyetorli deyildir. Gosrorilon ndv masololorin halli iiclin yanagmalardan biri ALS-lor miihitinds
foaliyyat gostoron avtomatlasdirilmig layihalondirilms alotinin yaradilmasidir.

Ilk dofo layiholondirmo miihiti terminini (framework) SDA sistem firmasi toklif etmis vo
siibut etmisdir ki, bu yanagma programlasdirma vasitolorinin daha six sokildo inteqrasiyasini tomin
edir [4]. Bir godor sonra EDA sistems timumi toyinathi ALS miihitini toklif etmisdir. ALS miihiti
(CAD framework) istifadogiys 6ziiniin konkret mosalosini hoall etmok {i¢iin ¢cox saholi vo genis
funksional imkanlara malik alot vasitalorindon istifado etmok imkan1 yaradir.

CiS-in xiisusilosdirilmis  qeyri-standart interfeyslorinin analizi vo onlarmn
avtomatlasdirilmis layihalondirilmasine qoyulan t3labatlarin tayini. Molum oldugu kimi
insanlarin fiziki foaliyyatlorini yiingiillogdiron vo miioyyon funksional imkanlara malik mexatron
qurgular ndévlii yeni nosil avtomatlagdirma wvasitolori, elmi-todqiqat vo layiho institutlarinda
layihoalondirilir vo sanaye miiossisalorindo kiitlovi sokilda istehsal olunur. Bu ndv mexatron qurgular
(MQ), onlarin avtonom rejimds foaliyyst gdstormolorini tomin etmok mogsadilo lokal standart
idaroetmo sistemlori, sensorlar vo icra mexanizmlori ilo tomin edilir. Digor torafden CIS-lorin
miixtoliftoyinatlh MQ-don istifado etmoklo yaradilmasi tocriibasi gdstorir ki, oksar hallarda CiS-in
torkibindo MQ “kollektiv”’ lorinin sinxronlagdirilmis, koordinasiyali foaliyyotini tomin etmok
moqsadils xiisusilosdirilmis geyri-standart MQ-in va onlarin digar qurgularla slagalondirilmasi {igiin
interfeyslorin do layiholondirilmasi tolob olunur. Standart, geyri-standart vo basqa avadanliglarin
miixtolif movqelorinde qurasdirilmis sensor vo icra mexanizmlorini do idarsetma sistemi ilo
olagolondirmok {iiclin xiisusilosdirilmis interfeyslorin islonmosi do vacib maosololordon biridir.
Gostorilonlori, eyni zamanda CIS-in totbiqi vo istismar1 tocriibesini nozoro almagla  CiS-in
imumiloasdirilmis struktur sxemini sokil 1-do gdstarildiyi kimi toklif etmak olar.
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CIS-in idars sistemi
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Sakil 1. CIS-in iimumilasdirilmis struktur cxemi.

CIS-in struktur sxemindon goriiniir ki, onlarin totbiqi vo istismarinda bir ne¢d ndv
interfeysdon istifads edilir: standart MQ-lar1 arasindaki Sii- lor; xiisusilogdirilmis MQ-lar arasindaki
X;l-lor; sensorlarmn vo icra mexanizmlorinin xiisusilosdirilmis interfeyslori (uygun olaraq SXI vo
IMXI). CiS-in sinaq vo totbiq marhalasindoki tocriibo gostorir ki, XI,SXI vo IMXI-lorin bilavasito
gostarilon morhalslorin obyektds yerino yetiildiyi miiddetdo yeni informasiya texnologiyalarindan
vo radioelektron qurgularin  ALS elementlorindon istifado etmoklo yerino yetirmok
maqsadouygundur

ALS miihitindd foaliyyot gostoron elektron interfeyslorinin avtomatlasdirilmis
layihalondirmo alatinin arxitekturasimn islonmasi. CIS-in geyri-standart elektron interfeyslorinin
ALA-nin toklif olunan arxitekturasi sokil 2-do gostorilmisdir. ALS miihitinds (CAD framework)
foaliyyot gostoron ALA asagidaki layiha proseduralarini yerina yetirir: layiholondirme morhalesindo
istifado avtomatlagdirilmis layiholondirilmasi; elektron elementlorin ¢ap platasit iizorindo
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komponovkasi; prinsipial elektrik sxemlarinin elementlori arasindaki slaga xatlorinin trassirovkast;
cap platasinin kompiiter simulyasiyasi ilo todqiqi vo layiho sonadlorinin tortibi vo s.

CAD framework: Or CAD, Kompas-Qrafik, ESK-5
ACCE1 EJIA , EJJA SISTEMS, PS-CAROS va b.
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Sakil 2. CIS-in elektron interfeyslorinin ALA-mn arxitekturast.

ALA-nin arxitekturasindan goriindiiyli kimi, konkret obyektin toloblorinden asili olaraq,
istifado¢i 6z layithosinds coxfunksiyali vo miixtoliftoyinath ALS-lor c¢oxluqlarmin biitiin
imkamlarindan istifado etmok imkanina malikdir. Eyni zamanda CIS-in ALS-in ALA-s1 6z gevikliyi
ilo forglonir, belo ki, onun strukturunu konkret layiholondirmo obyektino yoniimli modifikasiya
etmok miimkiindiir.

Notica.

1. Istifadogilorin kompiiter texnikasindan kiitlovi sokildo istifado etmosini tomin edon
formasiya emal1 texnologiyalarinin yolu ilo inkisafi morhalslori miiqayisali analiz edilmis, miiasir
voziyyati vo avtomatlasdirilmis layiholondirilmo sistemlorinin formalagmasinda, eyni zamanda
inkisafinda IET-in rolu toyin edilmisdir.

2. Elektron qurgularinin ALS-in qisa icmali noticosindo gostorilmisdir ki, yaradilmig
coxfunksiyalt ALS-lor elmi-todqiqat toskilatlar1 vo konstruktor-layiho maorkezlorinde yaradilir,
onlardan istifado olunmas1 pesokar istifadogilors oriyentasiya olunur vo 06z saholorinin
miitoxassislori bu ALS-don konkret lokal masalalarini layihe etmok imkanlarindan mohrumdurlar.
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3. Qeyd olunur ki, ALS-in yaradilmasindaki ¢oxlu sayda konsepsiyalardan insan-masin
konsepsiyasi daha aktualdir. Bu onunla slagodardir ki, gostorilon halda ayri-ayri layiho hoallorinin
vacibliyindon asili olaraq, onun ALA-s1 yaradilir vo bu ALA-lar ¢oxlugu sonda kompleks sokildo
foaliyyot gostoron ALS-1 yaradir.

4. Gostorilir ki, CiS-in layiholondirilmosinin sinaq vo totbiq marhololorindo konkret
obyektlordo ¢oxlu sayda layiho hollini tolob edon maosalolor qarsiya cixir ki, onlarin yerlordo
layiholondirilmosi vo yaradilmasi moqgsodouygun hesab edili. Bu magsedlo CIS-in
iimumilosdirilmis struktur sxemi toklif edilir vo CIS-in komponentlori arasinda slaqo yaradan qeyri-
standart xiisusilosdirilmis elektron interfeyslari toyin olunur.

5. ALS miihitindo (CAD framework) konsepsiyas1 osasinda CIiS-in geyri-standart
xtisusilosdirilmis elektron interfeyslorinin avtomatlagdirilmis layihalondirilmasi ii¢lin radioelektron
ALS-lori miihitinds foaliyyot gostoron ALA-nin arxitekturasi toklif edilmis vo islonmisdir.
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PE3IOME
PA3ZPAFOTKA UHCTPYMEHTA ABTOMATHU3UPOBAHHOI'O IPOEKTUPOBAHUS
SJIEKTPOHHBIX UHTEP®EMCOB I'TIC
3eiinanoea C. M.

Knroueswie cnosa: CAIIP, I'TIC, Cpeoa CAIIP, CAD framework.

B cratee paccMaTpuBarOTCS  BOMPOCH  pa3pabOTKM  HHCTPYMEHTa aBTOMATH3HUPO-BAHHOTO
npoektupoBanus (MAII) HecTaHIApTHBIX DJIEKTPOHHBIX HMHTEP(EHCOB HA MPHUMEPE IPOCKTUPOBAHHS U
co3manusi THUOKO¥W mpomsBoacTBeHHOW cuctembl (I'TIC) Ha oarame BHempenwms. C  3TOH  HenbiO
MOCIIEZI0BATEIEHO BEHITIOJMHEHBI CIEMyIOIIe paboThl: MpOaHaTU3upoBaHbl NpuHIMNGEl co3fnanus [TIC u
WCIIOJIb30BaHUE TPU MX MPOSKTUPOBAHUU TEXHOJIOTUU 00pabOTKU MH(OPMAIIUH; U3JI0KEHBI MEPCIICKTHBBI
pa3sBUTHSA HaIlpaBJICHUI CO31aHUsA I'TIC JJIEKTPOHHBIX  YCTPOMWCTB; NIPOAHAJIU3UPO-BAHBI
CHeIMaTN3NPOBaHHbIE HECTaHJApTHHIC 3AnekTpoHHble mHTepdeiickl ['TIC m ompeneneHsl TpeOOBaHWS Ha
ABTOMATU3UPOBAHHOE TPOCKTUPOBAHKME CIICIIUAIM3UPO-BAHHBIX DJIEKTPOHHBIX HMHTEP(ENCOB; MpPeIOKeHA
apxurextypa HAIIL, ¢yukimo-aupyromero B cpene paanodiekrponusrx CAIIP (CAOframework) ms
MPOEKTUPO-BaHMSI CIISIIUATM3UPOBAHHBIX HECTAHAAPTHBIX AMEKTPOHHEBIX uHTEepdeiicos ['TIC.
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SUMMARY
DEVELOPMENT OF A COMPUTING DESINGN TOOL
WORKED IN THE FIRLD OF THE ELECTRON EQUIPMENTS OF FMS
Zeynalova S.M.

Key words: CAD, FMS, field of CAD, CAD framework.

The article discusses the development of CAD which provides the design of non-standard electronic
interfaces in the testing and implementation stages of the design and creation of FMS. For this purpose the
principles of construction of CAD were analyzed, the role of information processing technologies in its
creation was considered; briefly summarizes the development trends and achievements of CAD in electronic
devices; by analyzing the FMS-specialized non-standard electronic interfaces, the requirements for their
automated design are determined, and the architecture of the CAD operating in the environment of the
existing electronic devices is proposed.
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Molum oldugu kimi miirokkob texniki sistem hesab olunan gevik istehsalat sahasi (CIS) vo
onun modullar1 bir miisssise daxilindo miixtolifkesidli mohsullarin istehsalini tomin edir. [1] Lakin
bu tip istehsal sahosi c¢oxsayli standart vo geyri-standart elementlordon ibarat olduguna goro,
elementlor arasinda qarsiligli informasiya vo funksional olagolori, texnoloji proses avtomatik
idaroetmo vasitalori vo idarsedici programla tochiz olunduguna goro onun idarsetmo sisteminin
islonmosi marhaloali sokildo hayata kegirilmalidir [2]. CIS-in idareetmo sisteminin layihalondirmo
prosesindo todgigat obyektinin xarakterindon asili olaraq informasiya tominatinin CIS-in
kompanovka sxemi, standart elementlor, qeyri-standart elementlor vo onlarn funksional
olagolorindon, planlasdirma prosedur vo omoliyyatlar: tipli verilonlor bazasi yaradilir. CIS-in
idaroetma sistemini tam sokilds todqiq etmak {igiin konkret verilonlor bazasinin mévcudlugu kifayot
etmir, ¢iinki idaroetma funksiyalarinin tosvir edilmasi, modellosdirilmasi, tohlili, riyazi tisullarla vo
kompiiter eksperimentlori ilo yoxlanilmasi talob olunur. Bunun ii¢iin CiS-in idaroetms sisteminin
foaliyyatinin biliklor bazasi asasinda informasiya tominatinin [3] islonmasi tolob olunur.

CiS-in idarsetms sisteminin faaliyyatinin VBIS vo BBIS osasinda inteqrasiya sxeminin
qurulmasi. CiS-in idaroetmo sisteminin faaliyyatinin informasiya tominati verilonlor bazasmin
idaroetmo sisteminin (VBIS) va biliklor bazasmin idarsetms sisteminin birgo inteqrasiyasi osasinda
miioyyan edilir (Sok. 1). Sxemo osason CiS-in idaroetma sisteminin qurulmasi marhololi sokilda
hoyata kecirilir:

Birinci marhala: CiS-in totbiq sahosing uygun onun istehsalat modullarinin say, tayinati vo
kompanovka sxemlorin tiplori vo is¢i zonalari miioyyon edilorok, 2-, 3-6l¢iilii tosvirlorin verilonlor
bazas1 (VBks) yaradilir.

CiS-in modullarinin (Sok.2) kompanovka sxemlorinda yerlosdirilon hor bir aktiv elementin
(standart vo geyri-standart elementlor) se¢imi aparilir vo uygun verilonlor bazasi (VB®) yaradilir.

CIS-in vazifasi miixtoliflgiilii vo material novlii tortibatlarin mexaniki emal1, kosilmosi va
radial burmasi osasinda mexaniki hissolorin hazirlanmasidir. CIS-in kompanovka sxemino torno
dozgahinin modulu (TDM,), frez dozgahinin modulu (FDM3), radial burulma dozgahinin modulu
(RBDM3), avtomatik naqliyyat modulu (ANMy) vo hazir mohsullarin saxlanilmasi ti¢iin anbar
modulu (HMSM:s) daxildir. CIS-do modullarin tartibatla tomin edilmasi {iciin kran-manipulyator
(KM) istifado olunur. Beloaliklo, CIS-in modullarinin, onlarm aktiv elementlarinin tiplori vo texniki
gostaricilori osasinda verilonlor bazasi yaradilir [4]:

VB(;IS - NBTDMl UVBFDM 2 UVBRBDM 3 UVBANM 4 UVBHMSMS UVBKM}

CIS-do totbiq olunan rogomsal proqramla idaro olunan torno, frez vo radial burma
dozgahlarinin modellorinin vo texniki gostoricilorinin verilonlor bazasi asagidaki ¢oxluglarla
miiayyan edilir:

VBiow: € VBro: ' VBrow 2+ VBros )
VBrow: € VBros 0 VBros 2+ VBroz b (1)
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VBRBDM3 < %\/BRBD37tgl'VBRBD37t92 """ VBRBDSftgn}'

ANM;-in texniki gostoricilorinin vo HMSMs-do saxlanilan mohsul ndvlorinin, migdarmin vo
texniki gostaricilorinin ugotu {i¢iin verilonlor bazasi asagidaki ¢oxluglarla miioyyon edilir:

VB s € VB s 10 VB w20+ VB o0
VBimsms o' VBimsus 2+ 'V Brimsus_mn

VB imsus_mm V Bimsms_mmzr -+ VB isms_mmn

VB s o VBrosows mane VB rssnss ma (2)
VB msms mg21' V Bimsus_mgz2 -+ VBrimsms_migan

VB HMSM5 &

VB HMSM5 _ mtgnl , VB HMSM5 _ mtgn2? * * * ’VB HMSM5 _ mtgnn

CiS-o daxil olan aktiv elementlorin (torno dozgah, frez dozgahi, radial burma dozgahi, robot
tara, kran manipulyator) texnoloji omoliyyatlarin1 planlasdirmaq vo HMSM-do saxlanilan hazir
mohsullarin ugotunu aparmaq {igiin verilonlor bazalar1 arasinda mantiqi alagelor sxemi qurulmalidir.
CiS-in mexaniki y1gim sahasinin aktiv elementlorinin ndvlerine, qarsiligl slaqolorin korporativ
informasiya prinsiplorine asason tomin olduguna gérs vo onun qurulusundan asili olaraq, texnoloji
prosesin planlasdirilmasi vo idaro edilmasi iicin morhoaloli sokildo montiqi predikatlarin
hesablamasi, produksiya dillorindon, semantik sobokslordon, saboko modellorindon istifado etmok
daha mogsodouygundur.

Verilonlor bazalarinin motn vo ododi elementlorinin alagolondirilmasi iiglin mantiqi vo
produksiya modellasdirmo iisulundan istifads etmoklo CIS-in texnoloji prosesini tohlil edok [5].

Petri sobokasi ilo mexaniki yigim CiS-inin idarsetms prosesinin modellosdirilmasi.
Mexaniki yigim CiS-inin idaroetmo prosesini modellosdirmok iiciin Petri sobokosinin  osas
xarakteristikalari toyin olunmalidir [6].

Formal olaraq Petri sobokosi N=(P, T, . O, M) soklinds toyin olunur. Burada, P={ps, p2, ...,
Pn}, N>0 — bos olmayan sortlor ¢oxlugu; T={ty, t,, ..., tn}, Mm>0 — bos olmayan ke¢idlor ¢coxlugu
(sortlar va kegidlor coxluglari bir-biri ila kesismir, PAT=£); I:PxT—{0, 1,...}, 0:TxP—={0, 1,...} -
uygun olaraq giris va ¢ix1s insident funksiyalari, Mg:P — {0, 1,...} — ilkin markerlogmso.

Petri sobokosi qrafiki olaraq istiqgamotlondirilmis qraf soklindo tosvir olunur: dairaciklorlo
sortlar (P; eP), kasiklorlo (qdvslor) isa kegidlor (tjT) gostarilir.

Petri gobokasinin vaziyyati onun movgelorindoski markerlorin olub-olmamas: ilo toyin
olunur. Sabokonin voziyystinin doyismasi hoyocanlanmis kecidlorin aktivlogsmasi naticosindo
markerlogsmonin ardicil doyismosi ilo asagidaki gqayda ilo yerino yetirilir [7]:

M'(Pi):M(Pi)-j(Pi, tj)+0(tj, Pi), V peP, ) 3
burada M'(P;) — cari markerlosmo; M(P;) - avvakli markerlosma: 7(P;, t;) — t; kecidinin biitiin giris
movqelorindon (p;) olan markerlorin miqdart; O(tj, Pi) — tj kecidinin biitiin ¢ixis movqelorino (p;)
olavo olunan markerlorin miqdari.

CIS-in foaliyyatini ifado etmok iigiin situasiyalar1 hadisoalora bolorak, hor bir hadisoys uygun
Pj (1=110) predikatlarin1 toyin edok: P; — KM-in tutqacinin agiq olmasi; P, — tortibatin
movqelosdirilmasi zonasinda tortibatin olmasi; P3 — tortibatin movqelosdirilmasi zonasina KM-in
asag1 horokot etmasi; P4 — KM-in tutqaci torafindon tortibatin tutulmasi; Ps — KM-in yuxari harokot
etmosi; Pg — KM-in irali harokot etmosi; P; — KM torofindon TD-nin movgelosdirici blokuna
tortibatin yerlogdirilmosi vo movqelosdirilmasi; Pg — KM-in geri herokat etmosi; Py — TD-do
tortibatin emaletms omoliyyatinin baglanilmasi;
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P10 — TD-do tortibatin emaletmo omoliyyatinin sona ¢atmast.

CIS-in idaraetma sisteminin
informasiya taminatimn VBIS® - nin qurulusu

" CIS-in va onun &
L modullanimn aktiv_ &

L elementlarinin VB®

| modullarinin idaraetma®™
: i icipal
i elementlarinin VB* =85

>
>

>
>

h 4
VBIS® € {VB® e (VB ¢s—VB¥'m,.......), VB* € (VB*cis— VB*'m,.........),
VB*e (VB”QS—'VBMH\, .......... ) VB".;,S-—-VB‘“m, ........... ) }

(IS-in idaraetma sisteminin faaliyyatinin
informasiya taminatinin BBIS" - nin qurulusu

CIS-in kompanovka sxeminin, aktiv elementlarinin va avtomatlagdirma sxeminin segilmasi

l l l

\"B"U\—-\'B"‘m,

— CIS-in idaraetma sisteminin modellasdirilmasi

CiS-in idaraetma
sisteminin proqramla
vizuallagdiriimasi

CiS-in idaraetma (IS-in idaraetma
sisteminin sisteminin qrafik
planlagdiriimasi modellasdirilmasi

Sakil 1. CIS-in idaraetma sisteminin faaliyyatinin VBIS va BBIS asasinda inteqrasiya sxemi
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Predikatlara osason asagidaki aktiv harokotlor—kegidlor uygundur t( j=19): t; — KM-in
tutqact islomir (agiqdir); t, — tortibatin movqelosdirici zonast aktivlosir (tortibat vardir); t3 — KM
isloyir (asag1 horokot edir); t4 — KM-in tutqaci isloyir (qapalir); ts — KM isloyir (yuxari horokot edir);
ts - KM isloyir (iroli horokot edir); t; — TD-nin movqelosdirici bloku isloyir; tg — TD isloyir
(emaletmo omoliyyat1 baslanilir); tg — TD isloyir (emaletmo omaliyyati sona catir).

Bu halda “sort - harokot” soklindo produksiyalar asagidak: sokilds ifads olunur:

P,—>t; P>t P>t P>t P. >t P> te: P.->t & t: Py =t Pg—> 1,

Nozoro alsaq ki, predikatlarin say1 9, kegidlorin say1 9, onda giris ¢ixis matrislori asagidaki

kimi ifados olunacaq:

Pr P, Ps Py Ps Ps Pr Psg Py
1 0 0 O O O 1 0 o014
0 1 0 0 O O 0 0 0]t
0O 0 1 0O 0O O 0 0 0]t
4)
D= 0O 0 o0 1 0 0O 0 0 0]t
0O 0 0 O 1 0O 0 0 01|t
0O 0 O O O 1 0 0 0]t
0O 0 0 O O 0 1 0 0| ¢t
0O 0 0 O O 0 O 1 0| ts
0O 0 O O O O 0O 0 0]t
P, P, Py Py Ps Ps P Py Py
0 1 0 0 O O 0 0O 0|t
0 O 1 0 O O 0 0 0]t
0O 0 o0 1 0 O 0 0 0]t
D* = 0O 0 0 0 1 0O 0 0 0]t
0o 0 0 0 0 1 0 0 0]t ®)
0O 0 O O O O 1 0 0]t
0O 0 0o 0 O 0 O 1 0] ¢t
0O 0 O O O O 0O 0 1]t
0O 0 0o 0 O 1 0 0 0]t

Uygun olaraq insidentlik matrisi agagidaki kimi toyin olunur:
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PP P, Ps Pp Ps Ps P, Py P

o 0 0 -1 1 0 0 0 0]t
D = (6)
o 0 0 0 -1 1 0 0 0]t
0o 0 0 0 0 -1 1 0 0]t

0 0 0 0 0 0o -1 1 01t

(7) insidentlik matrisinin sotir vo siitunlarinin say1 bir-birina barabaor olduguna goro, P- vo
T-invariantlar1 Qauss tisulu ils toyin olunur [8].

Mexaniki y1gim CIS-nin komponovka sxemino asason (sok. 2) idaraetmo alqoritminin tadqiq
edilmosi liglin istifado olunan Petri sobokosi osasinda idarsetmo prosesinin qraf-sxemi qurulur
(sok. 3).

cevik istehsalat sahasi

HMSM;:

| g

5 ] i —
= E ANM: ;| RBDM; D
E E37) Robot
' = FDM: e ——— et
EEZ tara EM
Sz }
T I TDM;

=

T T T |
! ! | i

Sakil 2. Mexaniki yigim ¢evik istehslat sahasinin va onun modullarinin kompanovka sxemi

Matris yanagma ilo tosvir olunan Petri sobokosi verilmis markerlosmodo o zaman saxlanilan
hesab olunur ki, alinmig sifirdan forqli ¢oki vektoru biitlin miimkiin olan markerlogmalordo sabit
qalsin. Bu halda agor Mg — ilkin markerlosmadirso vo M’ - istonilon miimkiin markerlogmadirss,
onda MoX=M;X barabarliyinin ddonildiyini gdstormak lazimdir. [9] Ogor M markerlosmosinin Mg-
dan baslayaraq alinmasi miimkiindiirso, onda elo o kegidlorin icraolunma ardicilligi vardir Ki, 0
sobokoni Mg-dan M’-a gevira bilir, yoni

M'=6(Mo, 6)=Mo+1(c)D. (7)
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Uygun olaraq: .

MoX=M'X=(Mo+ f{o)D)X=MX+ f(5) D)X (8)
yazmagq olar. Burada X sifirdan fargli (m X 1) - 6lgiilii vektor oldugundan (8) yazilisindan asagidaki
ifado almar:

f(o)DX=0. 9)

Nozoro alsaq ki, f{o)#0, onda asagidak: xotti tonliklor sistemlori alinir:
DPOX=0, (10)
D'OX=0 (11)

1 P 1 P,

KC)//,EH :O :ﬂ .
f3

C) o

Sakil 3. Mexaniki yigim CIS-nin foaliyyatinin Petri sobakasinin qraf-sxemi

(10) sisteminin X=(X1, X2,...,Xn) miisbat, tam, sifirdan forqli holli Petri sobokosinin P —
invariantt adlanir.

(11) sisteminin X=(X1, X2, ...,Xm) miisbat, tam, sifirdan forqli holli Petri sobokosinin T-
invariant1 adlanir.

Naticalar )

1. Mexaniki yigim toyinatli CIS todqiqat obyekti kimi segilorok, onun texnoloji prosesinin
idaroetmo alqoritminin foaliyystinin modellosdirilmosinin  avtomatlagdirilmis layihalondirmo
alotinin arxitekturasi iglonmisdir. ) '

2. CIS-in idareetmo sisteminin foaliyyotinin VBIS vo BBIS oasasinda inteqrasiya sxemi
osasinda informasiya tominatinin alstlori islonmisdir. CIS-in aktiv elementlorinin seg¢ilmasi,
verilonlor bazasiin qurulmasi, idareetmo alqoritminin morholali gokildos maentiqi vo produksiya
modellogdirma tisullarinin Petri sabakasi nozariyyasi asasinda kompiiter eksperimentlori ilo todgiq
edilmasi asaslandirilmisdir.

3. Petri sobokosi ilo mexaniki yigim CIS-inin idaroetma alqoritminin totbiginin
xiisusiyyatlori toyin edilmisdir.
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PE3IOME
CO3JIAHME BA3bI JAHHBIX AJITOPUTMA YIIPABJIEHUSI YHACTKA
MEXAHUYECKOU CBOPKHU U ET'O UCCJIIEJOBAHMUE C UCIIOJIB30OBAHUEM
CETHU IIETPU
Mypaoner 3.M.

Kntouesvle cnoea: cubkuii npouzso0CMEeHHbI YUACMOK, MeXaHuyecKue CMAaHKY, Ynpasiexue,
Mooenuposanue, cemv Ilempu, 6aza dannvix, 6aza 3HAHUL.

Jis MonmenupoBaHWS aNrOPUTMa YIPABICHHUS TEXHOJOTHYECKHUM TpOoIeccoM Ha 0a3e THOKOro
npousBojcTBeHHOro yuactka (I'TIY) mnpeanmoxena cxemMa HWHTETPallid CPEICTB HHPOPMAIOHHOTO
oOecriedeHus] IMyTeM CO3/IaHusl alTOPUTMOB CHUCTeMbl ympaBieHus Oaszamu maHHbIX (CYBJl) m cuctemsl
ynpasneHust 0azamu 3HaHuil (CYB3). Ha ocHoBe xommoHoBowHOU cxembl ['TIY co3mana 6a3a maHHBIX
MOJICJICH W TEXHUUYECKUX XapaKTEPHCTUK TOKAPHBIX, (PE3CPHBIX M PaJUaIbHO-CBEPIMIBHBIX CTAaHKOB C
YUCJIOBBIM IIPOrPAMMHBIM YIIPABICHUEM.

Jliis MmonenupoBaHwust potiecca ynpasieHus ['TIY, mosranHo cutyanuu ObUIH pa3zeiieHbl Ha COOBITHS,
OINpeeIeHbl EPEXOAbl U CO3JaHa MPOAYKIMOHHASI MOJIEIb, OoTpaxaromas nesreasHocTs I'TIY. Ha ocHoBe
Teopuu ceteit [lerpu Obuia mocTpoeHa rpad-cxeMa U PacCYMTAHbI BXOAHBIC BBIXOIHBIC MATPHIILI K MATPHUIlA
WHITUIGHTHOCTH JIJISt KQKJIOTO COOBITHS mTpotiecca ynpasierns ['TIY.

SUMMARY
CREATION OF A DATABASE OF A CONTROL ALGORITHM FOR A MECHANICAL
ASSEMBLY CELL AND ITS STUDY BY MEANS OF PETRI NET
Muradli Z.M.

Key words: flexible manufacturing island, machine tools, control, modeling, Petri net, database,

knowledge base.

To simulate a process control algorithm based on a flexible manufacturing island (FMI), a scheme for
integrating information support means by creating algorithms for a database management system (DBMS)
and a knowledge base management system (KBMS) is proposed. Based on the layout diagram of the FMI, a
database of models and technical characteristics of turning, milling and radial drilling machines with
numerical control has been created.

To simulate the control process of the FMI, the situations were gradually divided into events,
transitions were determined and a production model was created that reflects the activities of the FMI. Based
on the theory of Petri nets, a graph-scheme was constructed and the input output matrices and the incidence
matrix were calculated for each event of the FMI control process.

Daxilolma tarixi: [lkin variant 21.03.2020
Son variant 15.09.2020
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DORINLIK NASOS STANSIYASININ MANCANAQ QURGUSUNUN
HOSSAS ELEMENTININ SISTEMATIK XOTASININ TOYINI ALQORITMI
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Agar sozlar: neft quyusu, mancanaq qurgusu, balansir, hassas element, sistematik xata, analitik ifado

Molumdur ki, mancanaq dozgahlar ilo istismar olunan neft quyularinin mohsuldarligini toyin
etmok Tl¢iin onlara qurasdirilmis kicik mexaniki yerdoyismolori Olgon vericilordon alinmis
informasiyalar vasitasilo dinamoqrammalar qurulur vo onlarin analizi neticesindo quyunun
foaliyyoti qiymotlondirilir. Mancanaq dozgahlarinin stokuna diison qiivve dolay1 yolla cevrilir.
Qtivva avvalces balansirin deformasiyasina ¢evirilir vo alinmis deformasiya diferensial tipli induktiv
verici vasitosilo olgtliir (sok.1). [1- 4]

| — 'bunmHM HIIIOK

S$akil 1. Vericinin balansirin zstiinda yerlagdirilmasi

Mancanaq dozgahlarinin balansiri vo Ol¢iilori onlarin tipindon asili olaraq miioyyon olunur.
Mosalon, nasoslu mancanaq dozgaht CKH2 {i¢iin balansirin ddonmo oxuna nozoron hor iki torafinin
uzunlugu barabar olub, 740-10m, CKH3 iigiin do hor iki torofi eyni olub, 1,500 m gétiiriiliir. CKH5
ticiin balansirin bir torofinin uzunlugu 3 m, ikinci torafinin uzunlugu iso 2,5 m, CKH10-3315 tipli
mancanaq dozgahlarinda balansirin oxunun sag torofino uygun golon uzunlugu 3,300 m, sol torofin
uzunlugu ise 2,750 m,CKH10-3012 tipli mancanaq dazgahlarinda iso balansirin firlanma oxundan
sag torofin uzunlugu 4,5 m, sol torafin uzunlugu ise 3,5 m gotiiriiliir.

Goriindiiyli kimi balansirs tasir edon qiivvalorin qiymatlori onun hondasi 6l¢iilorindonasilidir.
Qeyd etmok lazimdir ki, istehsal olunan mancanaq dezgahlarinin ndvlarine uygun onlarin istismar
parametrlori tosnifat sokilindo texniki adobiyyatda verilir.

Doarinlik nasos stansiyasinin (DNS) mancanaq qurgusunun (MQ) istismar1 v bir sira texnoloji
parametrlorin Glgiilmosi ilo quyudan ¢ixarilan neftin migdarina vo quyunun voziyyatino avtomatlas-
dirllmis nozarot hoyata kegirilir. Bu zaman mancanaq qurgusunun balansiri vo stoku iizorinda
yerlosdirilon sensorlardan toplanmis informasiyalar osasinda dinamoqramma vo vattmetroqramma-
lar qurulur. Bu grafiklorin sohihliyi asason qiivva, deformasiya vo donma bucaginin 6lgma daqiqli-
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yindon, eyni zamanda DNS-nin coroyan sorfindon, balansirin roqgs tezliyindon vaquyudaxili
parametrlorindon asili olur. Deyilonlori nazoro alaraq real soraitdo faaliyyot gostoron DNS-nin
MQ-nin balansirins tasir edon qiivvonin 6l¢iilmasi {i¢iin istifado olunan vericinin hossas elementinin
sistematik xotasinin toyini vo onun analitik ifadosinin alinmasi aktual masoladir.

Masolonin qoyulusu. Dorinlik nasos stansiyalariin  (DNS) mancanaq qurgusunda
qurasdirilan vericilorin real soraitdo istismari zamani onlarin malik olduglar1 sistematik xotanin
tayini vo qiymatlondirilmasi masalalarinin halling baxilmigdir. Bunun {igiin MQ-nin balansirina tasir
edon qlivvelorin yaratdiglar1 mexaniki deformasiyanin garsiliqh alagoesini oks etdiron funksional
asililigin analitik ifadasinin alinmasitalob olunur.

[lkin informasiya monbayi kimi totbiq edilon vericilorin ¢ixis signallar1 osasinda qurulan
dinamoqrammalar vo ya vattmetrogrammalar quyunun mohsuldarligint 6ziinds oks etirdiyi iiglin
onlarin sohihliyi xiisusi shomiyyat dasiyir. DNS-nin biitiin dovri faaliyystindo bu parametrlorin
qiymatlorinin yiiksok doaqiqliklo 6l¢iilmasi vo homin qiymotlora nozarot {igiin vericilorin osas
gostaricisi olan sistematik xotanin toyin olunmasi, onun buraxila bilon hodd daxilindo saxlanilmasi
masalalari vacibdir.

Masalonin halli. Masslonin halli tigiin DNS-nin MQ-nin balansirinin hondasi o6lgiilariva
tosirediciqiivvelorin yaratdiglart mexaniki deformasiyanin qarsiliqli slagasini oks etdiron funksional
asililiq molum olmalidir. Bu ifads asagidaki kimidir [1-4]:

P31%x3 X1 (X\%2  [xp\3 Xy Xz,
X —m[6— 5E+ (E) + (x—l) (6— SE-F (E) ) . (1 —COS(}’—CZ)), (1)
Burada P;—cilalanmis stoka tosir edon Olgiilocok qiivvae, l; vo l,—uygun olaraq balansirin donmo
oxundan solda vo sagda galan uzunluqglari; x4 vox,—uygun olaraq 6l¢li stokunun balansirin iistiinds
onun donms oxundan solda va sagda tutdugu uzunluqglar; E—balansirin yunq modulu; J—balansirin
hondasi 6l¢iilarindan asili olan otalot momenti, y—balansirin asag1 vaziyyati ils vertikal ox arasinda
galan bucaq, a —balansirin donma bucagidir.

Mancanaq dozgahinin balansirin iistiindo vericinin yerlosdirilmasi gokil 1-ds, dozgahin

balansirins tosir edon qiivvalar iso sokil 2-do gostorildiyi kimidir.

Sakil 2. Mancanaq dazgahimin balansirina tasir edon qiivvalor

Alinmis (1) ifadesi l; #l, voziyyati liglin nozords tutulur. Bu da CKH2 va ¢ixis mancanaq
dozgahlarinda l; = I, — I oldugu iigiin 6l¢ii stokunda balansirin donmo oxuna nozoron simmetrik
yerlogdirilir vo x; = x5 = x gobul edilir. Onda (1) ifadasi asagidaki kimi olacaqdir:

P21%x3 X x\2
=m<6—57+(7) )(l—cos(y—a)), 2)
Burada E —yung modulu olub, onun giymati balansirlorin hazirlandigi materiallar {igiin doyismoz

qalir vo 6lgmo zamani statiki xota yaratmir. J—otalot momenti olub balansirin en kosiyinin hondasi

Ax
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olgiilorindon asili toyin edilir. Balansirin en kasiyinin hondasi 6l¢iilori layihade nazaords tutulandan
homiso forqli hazirlandig1 tiglin asagidaki kimi ifado olunur:

J=a(1£3), 3)

Burada J,—balansirin layihodo nazards tutulan nominal otalot momentidir, AJ —balansirin
otalot momentinin nominaldan farqli olmasini gostarir.

Mancanaq dozgahlarinin real uzunlugu, hazirlanma zamani nominal [ uzunlugundan homiso
forqlonir vo buna gors do asagidaki kimi ifads olunur:

1= 1,,(1 J_r‘l'—nl), @

Mancanagq dozgahlarinda cilalanmis stoka tosir edon P qiivvesi Olgiilorkon balansirin
deformasiya olunmasindan istifado olunur. Belo deformasiyani hiss edon 6l¢ii stokundan istifads
olunur ki, bu da sakil 2-do gosterildiyi kimi balansirin yuxari hissasinds AB ndqtslari arasinda elo
yerlosdirilir ki, x; = x5 = x kimi alinsin. Bu halda sokil 2-do gostorilon 4x; = Ax, = Ax olur.
Balansir tizorindo qoyulan 6l¢li stokunun hazirlanmasi zamani onun uzunlugunda xota buraxilmisg
olarsa, bu xata vericinin barkidilmasi zamani aradan qaldirilir. Buna gora do x-dan praktiki olaraq xota
yaranmir. Burada xota AB mosafasinin diizgiin se¢ilmomasi hesabina x-in doyismasindan asili ola bilar.

x-in nominal qiymatinix,, kimi gobul etsok, onda asagidaki ifadoni almis olariq:

x=xn(1iﬁ>, (5)

Xn

Mancanaq doazgahlari qurasdirilarkan y bucagi vo a balansirin donma bucagi hamiss layihado

nazaords tutulan qiymotdon forqli olur va bu forq asagidaki kimi toyin olunur:
( ) (1 + Ay + Aa)
—a=(y—a +—,
Y Y " (y - a)n

(6)
Buna uygun olaraq asagidaki diisturu yazmag olar:
cos((y — a), + (Ay + Aa)) = cos(y — a),, - cos(4y + Aa) F sin(y — a), - sin(4y + 4a) (7)

Onu da geyd etmok lazimdir ki, (Ay + Aa) comi praktiki olaraq mancanaq qurgulari {igiin
cox kicik kamiyyatlor oldugundan cos(4y + Aa) = 1;sin(4y + Aa) olur. Bunlar1 (7)-do nazors
alsaq asagidaki disturu alanq:

cos(y —a) = cos(y —a), ¥ (Ay + Aa) ‘sin(y —a), =
=cos(y—a),- 1+ (A4y + 4a)
-tan(y — a),, 8
alariq.

Xotanin toyini. Balansirin 6l¢iilon deformasiyasinda statiki xata yaranir ki, bu xotanin analitik

ifadosi imumi sokildo asagidaki kimi olacaqdir:

B = (1 — il—:) -100%, 9

Asagidaki ovazlomolori vo ¢evirmolori apararaq (3), (4), (5) vo (9) ifadslorini (2)-do nozors
alsaq:

A Al Ax X X\ 2 X X\ 2
—]=a; —=m;, — =2z 5—n=a1; (—n) =a2;a0=6—5—n+(—n), (10)
]Tl ln xn ln ln ln ln

B ={1-(1+B)(1+A)(1F D)} 100%, (11)
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alariq. Burada
B=2m+ 3z - 2a; (12)

A= (m—2z)(a; — az); (13)
Qo

_ Ay +Aa)sin(y — a),
b= 1-cos(y —a), a

Qobul etsok ki, burada a = 0,02; m = 0,02 vo D = 0,01-dir, onda uygun olaraq x,, = 0,42 -
[, alinir. Yoni 6l¢li stokunun uzunlugunu balansirin imumi uzunlugunun 0,25-1 gqodor gotiirmok
lazim galir.

A+ B — D = 0 baraborliyindon (4y + Aa) cominin giymati real qiymata yaxin alinir.

Ogor CKH2, CKH3 iigiin balansirin orta uzunlugunu bilsok, 6l¢ili stokunun uzunlugunu toyin
etmok olar. Buradan aydin olur ki, balansirin, stokun va otalot momentinin gézlonils bilon xotalarina
gora stokun uzunlugu tapilir ki, bu da haqiqiys daha yaxin alinir.

Yuxarida gostorilon gqayda tizro CKHS vo CKH10-3315 mancanaq dozgahlari ti¢lin (1) ifadosi
qiivvado qalir. Burada x; = x, = x gobul edildikds, 6l¢ii stoku balansirin firlanma oxuna nozoron
simmetrik yerlosdikdo, sokil 1.2-do gostorilon Ax;; vo Ax,, deformasiyalart bir-birindon
forqlonir. Ax,; = Ax,; = Ax, almagq liciin, 6l¢li stokunu balansirin firlanma oxuna nazoron qeyri-
simmetrik yerlogdirmok lazim golir. Yoni x; # x,olur.

Bu zaman asagidaki diisturlar alinir:

Ax Ax
X1 = x1n<1ix_>; X2 :xzn(l +—>

1n X2n
I =Ly, (1 + llln) I = Iy, (1 + zlz_x,,) (15)
J=1a(17);

olur.
(15) ifadasini (1)-do nozors alaraq vo gevirma aparsaq doyismalarin ikinci, tigiincii doracalorini
vo onlarin hasilini galan hadlors nisbaton nazoradon atmis olsaq asagidak: ifadoni almis olariq

B =+F(B1+A;+A, - D), (16)
d
() 2’ (2 ) 3 )
Al + AZ — [ X1n lln lln X1in lln lZn .
o5 (1) s () (572 + (1))
(+5xﬁ A_x_A_l>+2(xﬁ> (A_x_A_l), a7
X1in Xan l2n l2n X2n l2n

(13) ifadosini (16)-da nazors alaraq ¢evirmoalor aparsaq, f'-in alinmis ifadesinds x;, = x5, =
X, Qobul edarok 6l¢ii stokunda yarana bilocok Ax-I sifir gobul etsok vo alinmis yeni ifadoni sifra
borabor gotiirsok asagidaki ifadoni almis olariq:

[((2(m; —a) — D)d, — m4]y2 +y[52(m; —a) —1)d; + m3] +
+24[2(m; —a) — D] =0, (18)
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Burada
A 4] lin
m=—; a=—; dy=1-3-—,
! lln ]nz ! lZTI.
— ), _3hln
d, =1+3 (lzn) ;my=5(3, -3 lzn), (19)
lZTL n
m4=2(m1—3é—n); y=Z—n.

(18) tanliyini holl etsak

_ By ++/Bf +4B,

2
alariq. Burada

_ 52(my —a) —Ddyms _ 24Q2(my—a)—-D)
YT @2in —a)-D)d,-m,” ? T (2(my — a) — D)d,—m,’

olacaqdr.
CKH10-3315 vo CKH10-3012 tipli mancanaq dozgahlar ii¢lin 6l¢ii stokunun uzunlugunun
bir hissosi
B, ++/B? + 4B,
Xn = bn - 2

kimi alinir. Nozords tutulan artimlara uygun hesablama aparmis olsaq, x, = 0,25 - [,, oldugunu
alariq. Alinmis xp-in qiymati praktikanin tolabatini tam 6doyir.

Notica. Alinmis diisturlarin birgo analizi ilo balansirin orta uzunlugu segilir vo ona uygun
olaraq 06lcli stokunun uzunlugu doqiq toyin edilir. Belalikls, aydin olur ki, balansirin, stokun vo
otalot momentinin gozlonilo bilon xotalarina gora stokun uzunlugu tapilir vo bu da hoqiqi giymoto
daha yaxin alinir.

Eyni zamanda deformasiyanin olgiilmasinds yaranan statiki xotanin toyini liclin alinmig
iimumi analitik ifads imumilikds balansirin donmo oxuna nazaron konstruktiv 6l¢iilerin doqiq toyin
olunmasina imkan verir.
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PE3IOME
ONPEAEJEHHUE AJITOPUTMA CUCTEMATUYECKOM IMMOTPEIITHOCTH
YYBCTBUTEJBHOI'O DJIEMEHTA YCTPOMCTBA CTAHKA-KAYAJIKA I''TYBUHHO-
HACOCHOM CTAHIIUU.
Kynuesa A.U., /Ircamanxanosa U.C.

Knrwouesvie cnosa: neghmsanas cxeadicuna, ycmpoucmea CManKa-Kadanky 6anancup, vyecmeumenpHulil
NeMeHM, CUCTHeMAMUYeCKdsi NOZPeuHOCMb, AHATUMUYECKOe 8bIpAdCeHUe.

HccnenoBanpl TeomMeTpudeckne pa3Mepbl OalaHcHpa, ONTHMAaIbHOE Pa3MEIIeHUs TyBCTBUTEIEHOTO
JJICMEHTa Ha OallaHCHpE M M3MEPEHHE CHUCTEMAaTHYSCKOW MOTPEHTHOCTH YYBCTBHTEIBHOTO 3JIEMEHTAa BO
BpeMs U3MepeHuH JiehOpMaIliy, BHISBICHHBIE 32 CUST CHII JICHCTBYIONMX Ha OajJaHCHUpP YCTPONCTBA CTaHKa-
KadaJK¥ TITyOMHHO-HACOCHOM CTaHITUH.

Ha oCHOBaHUM aHATUTHYECKOTO BBIPAKCHUS MEXaHWYECKOW JeopMalivy, CO3JaHHBIC, CHJIAMH,
MoJIydeHa Cuia IEUCTBYIONIAs Ha IITOK, TEOMETPUUYECKHUE Pa3Mephl pyKaBa MO OTHOIIEHHUIO K YTy MOBOPOTA
OanmaHCcHpa, pelIeHbl 3a7aui ONPEAeTIeHUS TOUYEK, KOTOPhle MOTYT CO3/IaTh caMoe OOJbIIOe MEXaHUIeCKOe
MepeMenIeHre ISl pa3MEIIeHNs YyBCTBUTEIBHOTO JJIEMEHTA, IMONyYeHBI BBIPAXKEHHS IS OIpEeIeHUS
CHUCTEMATHUYECKOM MOTPEITHOCTH YYBCTBUTEIHLHOTO DIIEMEHTA.

SUMMARY
ALGORITHM OF DETERMINATION OF SYSTEMATICAL ERRORS OF SENSING
ELEMENT OF PUMPJACK INSTALLATION OF DEEP WELL PUMP STATION.
Guliyeva A.l., Jamalkhanova I.S.

Key words: oil well, pumpjuck installation balance beam, sensing element, systematical error,
analytical model

The geometrical measures of the balance beam are the matter of investigation for the optimal
placement of the sensing element on balance beam for the measurement of systematical errors of sensing
element during the measurement of deformation which caused by the power of pumpjuck installation of well
deep station.

Analytical model of mechanical deformation promoted to determine the power, loading the shaft and
to define the geometrical measures of branches in accordance with the angle of balance beam turn. Besides,
the study contributed to determine the spots that might bring about a big mechanical relocation during the

placement of the sensing element and to obtain the determination model of systematical errors of sensing
element.

Daxilolma tarixi: flkin variant 07.11.2019
Son variant 10.03.2020
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