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Moqalada (TIGaSey)1-x(THNSy)x (x=0,1; 0,2) bark mohlullarimin istidon genislonma va
izotermik sixilma amsallarimin eksperimental qiymatlori asasinda atomlarin ragsinin  geyri-
harmoniklik doracasinin harmoniklik doracasinin kvadratina olan nisbati ( Y\ﬂz ), elaca da
entropiya dayismasinin temperatur asuliligt [St-So] hesablanmisdir.

(TIGaSe,)1x(THNSy)x (x=0,1; 0,2) bark mahlullart layli vo zoncirvari qurulusda kristallagan
yarimkeciricilor qrupuna aiddir. Bu tip yarimkeciricilor praktik totbiq baximindan maraqh
materiallar olmaqla borabar, istilik vo elastiklik parametrlorinin temperatur asililiqlarina aid
movcud nazari modellarin  yoxlanilmasi baximindan da maraqhdir.

Bu isdo (T1GaSe;)1«(THNS,)x (x=0,1; 0,2) bark mohlullarinin istidon genislonmo vo
hartorafli sixilma amsallarinin eksperimental qiymatlori asasinda moévecud nazari modellarin na
daracads ddonilmasi yoxlanmigdir.

(TIGaSe,)1x(TlINS,)x (x=0,1; 0,2) bark mohlullar1 adobiyyatdan mévcud olan metod
osasinda sintez edilmisdir [1]. Sintez {iglin istifads edilon ilkin komponentlor yiiksok tomizlik
doracasine malik olmusdur.

Rentgenoqrafik lisulla sintez olunmus torkiblorin kristallik qurulusu 6yronilmis vo gofos
parametrlori  toyin edilmisdir. Biitlin torkiblor monoklin qurulusda kristallagirlar.
(TIGaSe,)o o(THNS)01 (x=0,1; 0,2) torkibi iigiin a=10,512(2)A, b=10,578(2)A, c=15,030(2)A,
B=100,6(3). (TIGaSe,)os(TIINS,)02 torkibi iigiin iso a=10,531 (2)A, b=10,528(2)A, ¢=15,630
(2)A olmusdur. Miigayiso gostorir ki, todqiq olunan bork mohlullarin torkibinde TIInS2-
birlogmosinin ¢oki nisbati artdiqca qoafos parametrlorinin qiymatinds qisman doyisiklik bas verir.
Belo dayisikliyin atomlararasit kimyavi rabitonin qiymating, torkibde miimkiin ola bilocok faza
kegiding, eloco do istilik parametrlorineg tosirini miloyyonlogsdirmok tigiin (TIGaSe;)1-x(THINS,)x
(x=0,1; 0,2) bork mohlullarinin istidon genislonmo (a) vo izotermik sixilma omsallar1 (yT)
dlgiilmiigdiir. Olgmolor iiciin  sintez olunmus torkiblordon diametri 5-10° m, hiindiirliiyii
3-102 m olan silindrik formali niimunslor hazirlanmusdir. Olgmoler odabiyyatdan mdvcud olan
metodika osasinda aparilmisdir [2]. Tocriibonin nisbi xotast 0,5% toskil etmisdir. Tocriibo
naticasinds o vo y-liclin alinan qiymatlor cadval saklinds verilmisdir (codval 1.).
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Cadval 1.
T.K (T|Ga892)oyg(T| In82)0,1 (TlG&SEz)oﬁ(T“ﬂSz)O,z
a, 10° 1/K x1, 10 m?/N a, 10° 1/K xt, 10 m?/N
90 4,96 6,37 4,95 6,32
100 7,65 6,46 7,62 6,45
130 8,29 6,48 8,24 6,46
140 7,45 6,59 7,43 6,54
160 7,81 6,68 7,79 6,63
180 8,25 6,70 8,21 6,65
200 10,12 6,72 10,07 6,70
250 11,02 6,73 10,95 6,63
300 11,28 6,78 11,24 6,71

Hor iki torkib iiglin istidon geniglonmo omsalinin cadvalda verilon giymatlorindon istifado
etmoklo kristal qofosindo atomlarin qgeyri-harmoniklik dsrocesinin harmoniklik doracaesinin
kvadratina olan nisbati (y/B%) hesablanmisdir. Hesablama odsbiyyatdan méveud

_ Yk
- aBZ (1)

disturu osasinda aparilmisdir [3]. Burada a-qofos parametri, k-Bolsman sabitidir.
Hesablamalarin naticasi cadvalda verilmisdir (Cadval 2.).

o

Cadval 2.
T.K (T|GaSEQ)0,9(T| In82)0,1 (TlG&SEz)olg(Tl [ nSZ)o,Z
vIp?, 10° N S1-SeC/mol-K y/p?, 10° N St-SeC/mol-K
90 3782 0,34 3785 0,21
100 5829 0,89 5814 0,56
120 6317 1,26 6287 0,79
140 5677 1,17 5669 0,74
160 5951 1,45 5943 0,92
180 6286 1,81 6264 1,1
200 7711 3,02 7683 1,9
250 8327 4,47 8354 2,8
300 8595 5,57 8576 3,6

Odobiyyatda gostorilmisdir ki, cismo heg¢ bir xarici qiivva tesir etmayon halda da onun
temperaturu doyisirse, sirf istidon genislonmo hesabina da deformasiya bas verir. Bu zaman
sorbast  enerji doyisir vo sarbost enerjinin temperatura goro diferensiali osasinda tapilan
entropiyanin qiymatindo do doyisiklik bas vermalidir.

Bu doyisiklik bels diisturla miioyyon edilir [4]:

alU

S, =S5, +— (2)
X1

Burada SO-cismin deformasiyaya ugramayan halina uygun golon temperaturda (TO)

entropiyanin qiymoti, ST-iso temperaturla olaqodar deformasiya bas verdiyi halda entropiyanin

qiymotidir. y . -izotermik sixilma omsali, o-istidon genislonmo omsali, Uii-hocmin nisbi

doyismosidir.
Odabiyyatda gostordiyi kimi
Uji =a(T ~To) ©)
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(TIGaSe,)1x(THNS,) (x=0,1; 0,2) bork mahlullarinda atomlarin ragsinin
qeyri-harmoniklik daracasi va entropiya dayismasi

kimi yazila bilar. Uii —nin (3) qiymatini (4) ifadesinds yazmaqla bels alariq:

AT

Bu ifado temperatur hesabina yaranan deformasiya zamani vahid hocmo diison entropiya
doyismosidir.

Tadqiq olunan torkiblar tiglin o va x T-nin cadvalds verilon qiymatlorindon istifads edarok
ST-S0 qgiymatlori hesablanmigdir. Entropiya doyismosinin vahidinin C/mol-K olmasi iigiin (4)
ifadosindo barabarliyin sag torofindoki ifado m/p ifadasine do vurulmusdur (M-torkibin molekul
kiitlasi, p-sixligidir).

St-Sp ligiin hesablanmig qiymatlor do cadval 2-do verilmisdir.

Cadvaldon goriindiiyli kimi, (TIGaSe2)1.x(TIINS,)x-bark mohlullarinin torkibinds TlInS,-
nin ¢oki nisbati artdigca o vo yt-nin qiymatlorinds bas veron doyisikliyo analoji olaraq St-Sp
forqinin qiymatinds do doyisiklik bas verir. Har iki torkibde temperaturun artmasi ilo S-Sy forqi
do ¢oxalir.

Bu ciir doyisikliyi tadqiq edilon sistemdo temperaturun artmasi ilo, hom defektliyin, hom do
nizamsizliq doracasinin artmasi ilo alagslondirmak olar [5,6].

Qeyd etmok lazimdir ki, hesablamalarda istifado olunan diisturlar kubik qurulusda
kristallagsan izotrop bork cisimlora aid nozori modellor osasinda ¢ixarilmisdir. Odur ki, homin
ifadslorin  koskin anizotropluga malik miirokkab yarimkeciricilors totbiqi zamani istilik
parametrlorinin  polikristal maddolor iiglin  Ol¢lilmiis qiymotlorindon istifado edilmisgdir.
Hesablama naticasindo alinan qiymatlor golacokds bu tip birlosmolorin istilik parametrlorinin
temperatur asililiqlarini oks etdiron yeni nozori modellorin iglonmasi {igiin gorakli ola bilar.

St —Sp =
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PE3IOME
CTEINEHb AHTAPMOHUYHOCTHU KOJIEBAHUI ATOMOB U U3BMEHEHUE
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AH2APMOHUYHOCIU, IHMPONUSL.

B cratbe Ha OCHOBaHUM D3KCHEPUMEHTAIBHBIX 3HAUYCHUU KOA(P(UIIMEHTOB TEIJIOBOTO
pacmpeHnsi ¥ K03 dUIIMEHTa H30TEPMHUYECKOT0 CKaThus TBEpIbIX pacTtBopoB TlGaSe2)l-
x(TlnS2)x (x=0,1; 0,2) paccynuTaHO OTHOIICHUE CTCIIEHN AHTAPMOHHYHOCTH KOJICOaHUN aTOMOB
K KBajapary crerneHd rapmoHuyHoctd (Y\B2), a Takke W3MCHEHHE SHTPONUHU C TEMIIEPaTypOi
[ST-SO].

SUMMARY
THE DEGREE OF ANHARMONICITY OF ATOMIC VIBRATIONS AND THE
CHANGE OF THE ENTROPY IN SOLIDSOLUTION OF
(TIGaSey)1x(THNS)x(x=0,1; 0,2)
Gurbanov M.M., Gocayev M.M., Zeynalov H.I., Maherramov A.B.

Key words: solid solution, coefficient of thermal expansion, coefficient of isothermal

compressibility, degree of anharmonicity, entropy.

In the article on the basis of experimental values of the coefficients of thermal expansion
and isothermal compressibility of TIGaSe;)1x(T1InS;)x (x=0,1; 0,2) solid solutions the ratio of
the degree of anharmonicity of atomic vibrations to the square of the degree of anharmonicity
(Y\B?), as well as the change of the entropy with temperature [St-So] have been calculated.

Daxil olma tarixi:  Ilkin variant  08.02.2016
Son variant 01.06.2016
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B pabome uccnedoeano enusiHue omdcuea 6 6aKyyme HA IAEKMPONPOBOOHOCHIb,
HOOBUIHCHOCb HOCUmMeell 3apa0a U mepmo-3. 0.c. KPUCIALLO8 MEEPObIX PACMBEOPO8 CUCEMbL
TlInSe, - TINdSe; (0,01< x < 0,10) svipawennvix GepmuxaibHbiM Memooom Bpudcmena.
Habnwoaemvie ocobennocmu na memnepamypuvix 3agucumocmsx dnekmponpogoonocmu o(T)
u mepmo-3.0.c o(T) unmepnpemuposarvi 8 pamKax Mooeau ¢ 08yMs MUnAMu Hocumenet 3apsod.

CoueraHue BBICOKMX TeMIIEpaTyp IUIABJIEHUS U TEPMUYECKOH CTOMKOCTH € HHU3KHM
KOA((UIIMEHTOM TEIUIONPOBOJAHOCTH U BBICOKOM BEIMYMHOW TEPMO — 3.]1.C. 00YCIOBIMBAET
MHTEpEC K TEPMOIICKTPHUYECKUM CBOMCTBaM TBEpIBIX pacTBOpoB cucteM T1INS; (Ses, Tey) -
TanSZ(Sez, Tez) [1-7]

B [1-4] noka3aHo, uto B cucteme TlinSe, - TINdSe, Habmomaercs o6macTs
pacTBOPMMOCTH TIpY KOMHATHOH Temmeparype Ha ocHoBe TlinSe; no 11 mon.% TINdSe; u
IPOBEIEHO MCCIIEOBAHUE AIIEKTPOIPOBOJHOCTH, TEIUIONPOBOJHOCTH B 3aBUCUMOCTH OT
TEeMIIepaTypbl M cocTaBa TBepabix pactBopoB TlIniy NdySe; . OaHako  KOJIMYECTBO
ONMyOJIMKOBaHHBIX pabOT MO BOMPOCOM ONTUMM3AIMU (U3UYECKUX MHapaMEeTPOB ATHUX
MaTepHajioB HEBEIMKO, YTO M BBHI3BIBAET WHTEPEC K JOMOJHHUTEIHHBIM HCCIEJIOBAHHUSIM B
JTAHHOM HaIlpaBJICHUH.

B nacrosmieit pabote NPHUBOAATCS pe3yJabTaThl BIMSHUS OTKHUTa Ha dJIEKTPOIPOBOJHOCTD
¥ TEPMO — 3.]1.C. KPHCTAJIOB TBepAbIxX pacTBopoB T1Inyx NdySe, apipounoro tuma.

JKcnepuMenTaabHas 4vacTh. CuHTE3 TBepabIX pacTBopoB cucTeMsl TlinSe; - TINdSe,
IOPOBOJIWIN  CIUIABJIEHUEM  MCXOJHBIX KOMIIOHEHTOB, B3ATBIX B CTEXHOMETPHUYECKOM
COOTHOIIEHUU. [l CHMHTE3a MCHOJB30BAIM MaTepuaiabl 4UCTOTOH 99,999--99,992 wmacc.%,
COTJIACHO JHiarpamMMe COCTOSHHS [8] He3HaYMTEeNbHOE OTKIOHEHHE OT CTEXHOMETPHUU B TY HIIH
UHYIO CTOPOHY MOYKET IPHUBECTH K MOJYyYEHHUIO rerepodasHbiXx 00pasloB, MOSTOMY B LIUXTY
no6asistn 1o 0,05 mace.% ceneHa cBepX CTEXHOMETPHH.

CuHTE3 NpPOBOAWIA B OTKAYEHHBIX J0 10% Tla u 3amasHHBIX KBapLEBBIX aMIlyjlax B
clefylolmeM pexume. TemmepaTypy HarpeBarens, COJEpXallero KBapleBble aMITyJbl C
BEIIECTBOM, co ckopocThio 25 + 30 K/4 nmoeimanu 10 800 K. ITpu sToii TemnepaTtype oOpa3iisl
BBIJIEp)KaBalld B TE€UeHUE 5 <+ 6 yacoB, a 3aTeM HarpeBaiu 10 1200 K wu BeiaepxkuBanu emie 4
qaca. [locne romorerm3anuu B TedeHue 25 + 30 wacos mpu 1300K ammynry nepemermany gepes
30Hy ¢ TemmeparypHbiM rpaaueHToM 50 K/cm co ckopocteio 4 K/4, mocne yero mneds
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BBIKJIFOUAK. B pesynbTare nosiay4uensl MOHOKpHCTaLIbl p- TNy NdySe; .

Momnokpuctamiel  Tlinx NdxSe, BbIpamuBanM Kak HOpH TOPH30HTAIBLHOM, TaKk W IIPU
BEPTHKAIBHOM TIEPEMEIICHUN PACIUIaBICHHON 30HBI 0e3 3aTpaBku. PocT KpucTamwios
MPOUCXOMI B OTKAUYEHHBIX [0 107 Ila u 3anasHHBIX KBaplLeBbIX ammynax. PacraBieHHble
30HBI JUIMHOU OT 5 10 10 MM mepeMenanuchk co CKopocThio 10-+15MM/4, 9UCI0 MPOXOI0B 30HBI
BapbupoBaiiock oT 15 mo 20. Ilomydennsie Takum oOpa3zom kpuctamisl TlIn;x NdySe;
pacKalMBaJIUCh 1O JBYM B3aUMHO-TIEPIEHAUKYJISIPHBIM  3€pKAJIbHBIM  IUIOCKOCTAM U
npuodperanu (HopMy MPSAMOYTOJBHBIX MapaenenuneqoB. OHAKO JaTbHEHIIHA aHAIH3
MNOATBEPAMI, YTO IUIOCKOCTH  YKa3aHHBIX MPSIMOYTOJIbHBIX  MapajulefienuIeoB  He
COOTBETCTBYIOT OCHOBHBIM OOKOBBIM IUIOCKOCTSIM TE€TParoHAJIbHBIX PEIIETOK JAHHOTO COCTaBa.
Oxkazasioch, 4YTO KPHUCTAUIBl CKajJbIBAIOTCS JIMAarOHAJbHBIM IIJIOCKOCTSM TETPAarOHaJbHBIX
aieMeHTapHbIX sueek. ClieoBaTeNbHO, MapaUIeIbHO PACIONIOKEHHBIE K TETParoHAILHOM OCH ¢
€CTeCTBEHHbIE CKOJIbI coOTBeTCTBOBaNU (110) M ABISIMCH MIIOCKOCTSIMH POCTa, & OPUEHTAIUS
caMo# OCH ¢ B CIHMTKE 3aBUCEJa OT KOHKPETHBIX YCIOBUM pOCTa: IPHU aKCHUAIbHONH CUMMETPUU
TEIUIOBOTO MOTOKA OCh € MPUHUMANIa HAMpaBJICHHE MapajUIeIbHOIO MEepPEeMElIeHUsI 30HbI IpU
TOPU3OHTAILHON 30HHOW MMEPEeKPUCTAIUIM3ALMUA U TEPICHAUKYISIPHOTO TMPU BEPTUKAIBHOM.
OnHako B ciiydae TOPH30HTAIBHO HAINPABICHHON KPUCTAUTH3AIMU TBEPABIX pacTBOpoB TlINg
NdyxSe, co ckopocTbio 3 MM/4 METOIOM MeEMJICHHOro oxjaxaeHus (5K/4) mpu moctosHHOM
rpagueHTe TeMmIepaTyp HaOIrofanach HECKOJIbKO HMHasg opueHTaunus. Kpucramiorpaduyeckas
OCh ¢ ObLIa HalpaBJieHa MO TUAMETPy CIUTKA, a OJHA U3 YKa3aHHBIX BBIIIE IBYX IJIOCKOCTEH
CKaJIbIBAaHUS COXPaHsIa HEM3MEHHO TOPU30HTAIBHOE MOJI0XKEHUE U B JAHHOM CiTydae.

N3mepenuss mpoBoawsin Ha oO0pas3liax, BBIPE3aHHBIX W3 CPEAHEM YacTH IMOJTYyYEHHBIX
CIUTKOB. Pacmpesenenue ceneHa mo JUIMHE CIWTKAa ObUIO HEOJHOPOAHOE — K KOHIYy CIUTKa
HaOmogancst u30bITOK ceneHa. KonuyecTBO HeoauMma OIEHUBAIA M3 COINOCTABICHUS
AJIEKTPONPOBOAHOCTHA OOPA3L0OB C JAHHBIMU JJI MOJUKPUCTAIUIMYECKUX 00pasIoB, B KOTOPBIX
coJiep>kaHue UTTepOust OIM3KO K HOMUHAIBHOMY.

DIeKTPONPOBOAHOCTD (6), Koaddumment Xomta (Ry) u Tepmo-37¢ (o) 00pasiioB u3Mepsuin
10 CTaHIAPTHON METOMKE TPH MOCTOSHHOM Toke [8].

Ha puc.l npuBenensl TemmnepaTypHble 3aBUCUMOCTH SJIEKTPONPOBOJHOCTH TPEX 00pa3iioB
TBepAbIX pacTBopoB TlINyx NdkSe; (x=0,01; x=0,03 u x=0,05) 10 u mocie oTKura. XapakTepHo,
YTO O CHUJILHO 3aBHCHUT OT TEMIIEPATyphl, a YHEPTUH MOHU3AIMU aKI[ENTOPOB BO BCeX 00pasiax
COOTBETCTBYIOT pa3IMYHBIM HakiIoHaM KpuBbiX o = f(103/T). Tak, a1d HcclemayeMbIX
00pa3IoB MOCE OTXKUTA 3aBUCUMOCTH 3JIEKTPOIPOBOJAHOCTA OT OOpAaTHOW TeMmIepaTyphl JaeT
sHepruto aktuBanuu ~0,33B u ~0,6 3B, a 10 oTKHra BBIAEHSIOTCS HECKOJBKO YYacCTKOB C
Pa3HBIMH HAaKJIIOHaMM, COOTBETCTBYoLIMX sHeprusiM aktuBaiuu 0,4 u 0,8 »3B. OcranbHble
YPOBHU TaKXe COTJAcCylOTCS C JIMUTEPATYpPHBIMU JaHHBIMH U OOYCIIOBJIEHBI COOCTBEHHBIMHU
nedexramu [4-7].

Kpucranisl ucciaenyemMblx COCTaBOB OTXKHTadM B OTKAYEHHBIX JI0 10%[a u 3amasHHBIX
KBaplLeBbIX ammysax npu temneparype 70+80K B teuenue 50 u. M3meHeHue mapameTpoB
HaO01a10Ch BO Beex oOpasmax. [lociie oTkura XommoBCKas MOABMKHOCTh HOCUTENEH 3apsia
(4, = 0R,) yBenMUMBAETCI U MAKCUMYM TOJBM)KHOCTH CMEIIACTCS B CTOPOHY 0Ojiee HU3KHUX
temmneparyp. B o0Opasme, coorBercTBytomemy coctaBy TlInggoNdg1Se, ¢ KOHIEHTpamuen
aeipok p = 1,5-10%3473 npu 300K u = 2,14-1073u%/(Bc) mocne omxura mpu S00K,
MOJIBIKHOCTh BO3pacTaeT Bcero B 1,2 pa3a. DTO CBS3aHO C HM3MEHEHHEM MPeoOaaroliero
MeXaHHu3Ma paccestHus, mockonbKy npu 7 < 300K paccesHue Ha MOHU3UPOBAHHBIX TMPUMECSX
MIPY TOMOTEHM3AINH 00pa3iia yMEHbIIAETCS.
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Brusinue omoicuza na mepmosieKmpuueckue C60UCmaa KpUCaiios meepobix pacmeopos
cucmemwl TlInSe; - TINdSe,
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Puc.1. TeMneparypHble  3aBUCHUMOCTH Puc.2. Temneparypusie 3aBucuMocTH Koag-
QJICKTPOIIPOBOJHOCTHU KpUCTaJLJLIOB (bHHHeHTa TEPMO-3.1.C. KpHCTaﬂﬂHQB
T||no,ggNdo,01SEZ no (kpusbie 1-3- T.“no,gg Ndoo:1Se2 o (1-3) u noce (1 -

3) omxkura. Cocrabbl: x=0,01-kpuBbie
1, 1; x=0,03-kpuBbie 2, 2; x=0,05-
KpuBble 3, 3

JeBas IIKaja) U nocie (Kpusbie 1 -
3 -mpaBast 1mKana) oTkura. Cocrassl:
x=0.01 — xpuBble 1, 1: x=0,03-2, 2
x=0,05-kpuBbie 3, 3

Ha puc.2 mnpencraBneHbl KpHUBBIE TEMIIEPaTypPHBIX 3aBUCHUMOCTEH  TE€PMO-3.1.C.
UCCIIEIOBaHHBIX 00pa3lioB. Bo BceM uccleoBaHHOM TeMIEpaTypHOM HHTEpBale & HMeEET
MIOJIOXKUTENbHBIE 3HAYEHHS U NPU JAHHOW TEMIIEpaType YMEHBIIAETCA ¢ POCTOM COIEp KaHUs
HEOJMMa B COCTaBE TBEPABIX PacTBOPOB. /[ CpaBHEHMs C SKCIEPUMEHTAIBHBIMU JIaHHBIMU
3HAQYEHUS (¢ BBIYMCIBUIA B MOJEIIA IIPUMECHOTO MOJYNPOBOAHUKA CO CMEIIEHHBIM MEXAHU3MOM
paccesiaus [8,9].

Kak m3BECTHO, NP M3MEpPEHUN TEPMO-3.1.C. (& IOIYNPOBOJHHMKA HAJ0 B35ATh TEPMO-
AIIEMEHT, OJIHY BETBb KOTOPOT'O COCTaBIsi€T METall (y KOTOpOTO & O4YeHb Maja), a JAPYryro —
HCCIIelyeMblil TIONYIPOBOIHUK (B HalieM ciydae TBepibie pactBopsl TlIn,_,Nd,Se,). B atom
cilyyae BKJIAJIOM MeTajla B TEPMO-3.1.C. MOYKHO IpeHeOpeub U u3MepsieMas TepMo-3.1.C. JacT
HaM TEpPMO-3./1.C. TIOJYIPOBOJHUKA, COCTOALIYIO U3 JIBYX 4acTed: 0O0beMHOM, BO3HUKAIOIIEH B
HOJYIPOBOJHUKE 3a cueT AUPQy3un HOCHTENEeH OT Topsuero KOHIAa K XOJIOIHOMY U
KOHTAaKTHOW, BO3HMKAIOIIEW H3-32 TEMIIEpAaTypHOM 3aBUCUMOCTH XHMHYECKOTO IOTECHIHAJIA
MOJIYyIIPOBOIHUKA.

[Tpu TepMOaUHAMUYECKOM pacueTe TepMO-3.4.C. Mbl Cpa3y MOXEM yYUTHIBATH 00€ 4acTH
(0OBbeMHYI0O M KOHTAKTHYIO), €CJIM ONpeAeTHM ee Kak K03(PUUIUEeHT NpornoprruoHaIbHOCTH
MEXIy OTpPULATEIbHBIM TPAaJUEHTOM JJIEKTPOXHUMHYECKOTO MOTEHIHAla MW TPAJAAECHTOM
TEMIIEpaTyphl,

E==-V(p,- 5) = aVT Q)
Cormacao [ 8 ] TepMO-3./1.C. B MArHUTHOM TI0JIE

D, 011 —012 012 O11
a =—=—=1ne D, = | | nu = | 2
(H) Dy’ 1€ o 012 011 7 B11 —bi2 (2)
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Torma abcomotHas nuddepeHimanbaas TEPMO-3.1.C. B OTCYTCTBUU MarHUTHOTO TOJIS
_ B11(0)
a(0) = == (©)
011(0)
Jlns cTaHmapTHOM 30HBI BpEeMsl peJaKcallid BO BCEX CIyYasxX SIBISCTCS CTEHCHHOW
(GyHKIMEH OT SHepruu HocuTe I ToKa [ 8 ]

e\ 2
7(e) = 16r (M) () (4)
0
Korga oqHOBPEMEHHO IEHCTBYIOT HECKOJIBKO MEXAHU3MOB PEJIAKCALlUU, IIPU UX YIIPYrOM

XapakTepe 3(1)(1)6KTI/IBHOC BpEMs pellaKCallu MOKHO BBIYMCINTE BBIPAXKCHUEM
1 , 1
—:Zlk'Wl(k,k)(l—COSH) :Zl_ (5)
Tad) T
Taxum 06pa30M, €CJIi OJHOBPEMCHHO HeﬁCTBYIOT TOJIBKO JBa MCXaHHM3Ma pPacCCCAHUA C

napaMeTpamu 1y U 1, , 3 (HEeKTUBHOE BpeMsl pelaKkcallii MOKeT ObITh IPECTABICHO B BUIE
1

)*?
_ v (6)
tor1 (D+7or2 (1 (57
Kak BuHO U3 3T0ii (hOpMyJIbI, B CIy4ae CMEIIAaHHOTO MEXaHU3Ma paccesiHus 3 (HeKTuBHOE
BpEMsl peaKcalliy He ABIseTcs GyHKIUEH OT SJHePTUU HOCUTENIeH TOKa.
[Toaromy, B 3TOM ciy4ae njs J1H0OOM CTENEHU BBIPOXKIEHHUS AJIEKTPOHHOIO Tas3a B
CTaHJapTHON 30HE TePMO-3./1.C. OIpeiesieTcs BoIpakeHueM [9]
_ﬁ Friz _ ]
e LF r+2 7
rae F —onnomapameTrpuyeckue HHTErpainbl depMmu, 1) —IpHUBENEHHBIM XuMmnoTeHuan. [lpu
STOM TUIOTHOCTh COCTOSIHUHM B BJICHTHOM 30HE OIpe/ieieHa MO JaHHBIM YeThIpeX KHHETHYECKUX
koddurmento [4]. Pacuetnas kpuBas mist coctaBa ¢ x = 0,03 mpu paccesHUM Ha HOHAxX
NPUMECH, OINTHYECKUX KOJICOAHUAX KPUCTALUIMYECKON pEmeTKn W Tpu  (HUKCHPOBAHHOM
3HaYeHnu ypoBHs Depmu Takas ke, Kak aus obpasua ¢ x = 0,05 . Ee TemmeparypHbIii X0x
6mu3ok kK coctaBy ¢ x = 0,01, a B ocCTalbHBIX CiydasX JUIsl OOBSCHEHHS SKCHEPUMEHTa
HEOOXOUMBI JTOMOJHUTENbHBIE nonyueHus. B obpasue ¢ x = 0,01 nmo mepe ymeHbllIeHUs
TEMIEPATypbl POCT TEPMO-3.]1.C. MOKHO OOBSCHUTH CO CMEIIAHHBIMM THIIAMH HOCUTENEH
3apsiga. B oopasnax ¢ x = 0,03 u x = 0,05. 3HaueHune TepMo- 3.]1.C. YMEHbBIIAETCsl 00JIe pe3Ko.
[Tonaras, yTo B 3TUX 00paslax MOTyT UTpaTh PoOjb HE TOJIBKO 30HHBIE HOCHTEIM 3apsaa, HO U

IOBIDKH B TPUMECHON 30HE, MPOBEICHA OIeHKa Kod(pdHUIMeHTa TEepMO-3.1.C., KOTOpas
a101+ay0,

tor1(NTor2 (N (o7

a =

UHTEPIPETUPOBAHA B PAMKAX JBYX30HHOM MOJENU: @ = . [Ipubnuxenne K JaHHBIM

o1t+0;
SKCIIEPUMEHTa HaOMI0JaeTcss MpH CIEAYIOUIEM OTHOLIEHUU MOABMKHOCTEM 3JIEKTPOHOB K
TNOBUKHOCTSM JIBIPOK b = o/, = 8, B cydae yueTa JOHOPHO —aKLENTOPHBIX KOMILIEKCOB
pacyeTHble 3HAYEHUsI @ YMEHBIIAIOTCS U MOXKET U3MEHHUTHCS 3HAK TEPMO-3./1.C. C HACTYIIJICHUEM
COOCTBEHHOW MPOBOJIUMOCTH.

OTkIIOHEHHE a OT PAacYETHOM KpUBOW B MeHbuIylo cTopoHy npu I < 1000K MoxxHO
OOBSICHUTh BIHMSHHEM JOHOPHOTO YPOBHS C COOTBETCTBYIOLIEH sHeprueidl monumzanuu. [lpm
0oJsiee BHICOKHX TEMIIEpAaTypax 3KCIEPUMEHTAIbHbIE KPUBbIE MPOXOAST BBIIIE PAaCUeTHBIX, U Ha
JI0JII0 T0OaBOYHOM TepMo-3.11.c. mpuxoautcs He MeHee 40mMkB/K nmpu xomHaTHON TemmnepaType.
OT0 O0O0BSICHSETCA <JIOBYUIEUYHBIM» JEMCTBUEM OapbepOoB Ha MEK3EPEHHBIX TI'pPaHMIIAX
MOJIMKPUCTAlJIAa, KOTOPOE BEAET K YMEHBIICHHIO HE YCPEAHEHHON KOHILEHTpAllUM HOCHUTEJEH
3apsiaa u Biusiet Ha xoj 0 (7). [Tocie oTkura B BaKyyMe OCTaTOYHAs TEPMO-3./1.C. YMEHBIIIASTCS,
TOrJa Kak OT)KUI' Ha BO3AYyX€ aKTUBHU3HMPYET MPOLECCH HA TPaHMIAX U BEAET K POCTY TEPMO-
3.1.C..
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Brusinue omorcuea na mepmosiekmpuueckue c80UCmad KpUCMAiios meepobix pacmeopos
cucmemwl TlInSe, - TINdSe,

BouiBoabl. Paccmorpeno BiusHuMe omTkura B Bakyyme npu 700--900K Ha
AJIEKTPONPOBOJAHOCTD, MOJIBUKHOCTh HOCHUTENEH 3apsija U TEPMO-3.1.C. KPUCTAIIOB TBEPIBIX
pactBopoB  Tlin,_,Nd,Se, mpu 0 <x < 0,05, BBIpalICHHBIX BEPTUKATHLHOM METOJOM
bpumkmena. [Tonyuennsie ganubie o o(7) u a(7) MHTEPIPETHPOBAHBI B PaMKax JBYX30HHON
MOJIEJIH.
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XULASO
TlinSe, - TINdSe, SISTEMININ BORK MOHLULLARININ KRiSTALLARININ
ELEKTROFIZiKi XASSOLORINO TABLAMANIN TOSIRI
Zarbaliyev M.M., Oliyev F.F., Agayeva U.M., Qurbanova S.A.

Acar sozlor: qadagan zonamin eni, bark moahlullar, yarimkegirici, monokristal,
konsentrasiya, elektrik xassalari
Isdo TlIn;«Nd,Se, (0,01< x < 0,10) torkibli bork mohlullarin vertikal Brijmen iisulu ilo
yetisdirilmis kristallarinin elektrik keciriciliyi, termo-e.h.q., ylikdasiyicilarmin yiiriikliyiiniin
temperatur asililiglar1 vakuumda tablamanin tosiri altinda todqiq edilmisdir. Alinan naticoalor iki
zonal1 model asasinda tohlil olunmusdur.
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SUMMARY
THE INFLUENCE OF THE ANNEALING ON THE ELECTROPHYSICAL
PROPERTIES OF THE CRYSTALS OF HARD SOLUTIONS TlIn;.x NdySe;
Zarbaliyev M.M., Aliyev F.F., Agayeva U.M., Gurbanova S.A.

Key words: band gap, solid solutions, semiconductor, single crystal, concentrationelectric
properties
The influence of the annealing in the vacuum on the electrical conductivity, charge mobility
ad thermo power crystals of hard solid solutions TlIn;.x NdsSe; (0,01< x < 0,10) grown by
vertical method of the Bridjman has been investigated in this work. Obtained experimental data
have been analyzed within the model framework of the two types of charge carrier.

Daxil olma tarixi:  llkin variant  09.02.2016
Son variant 01.06.2016
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®EN3UEB ®UKPAT I'lOJIbAJIA oray
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Kntoueswvie cnosa: xoovt boysa-Hoyoxypu-Xoksuneema, memoo Ilumepcona-I opencmeii-
na-Llupnepa, cunopom, nokamop owiubOOK, MAMpuybl 8 Mpey2oIbHOM
sude, KOHeuHoe nojie, NPUMUNUBHBIL dT1eMeHM

Ha ocnoge npusedenus mampuyvl K mpeyeoibHOMY 6udy paspabomana moougurayus

memooa Ilumepcona-I opencmetina-Llupnepa, nossonawowas yckopums 0OHAPYICeHUe U UCH-
pasieHue oumubok 6 0gouunsix kooax boyza-Yoyoxypu-Xokeuneema.

BBenenne. B Hacrosiiiee BpeMsl ¢ L€NbIO 3aIIMTHI JaHHBIX B KOMIIBIOTEPHBIX CHCTEMaX U
CETSIX IIUPOKO PACIPOCTPaHEHBI METO/IbI TEOPUU KOJMPOBaHUA, kpunrorpadguu u 1.1. [1-3]. Ox-
HUM 13 Y3QPEKTHBHBIX TOMEXOYCTOMYUBBIX KOJIOB SBISIOTCS Ko1bI boy3a-Uoynxypu-XokBHuHIe-
ma (bUX) [1,3,4]. dns nexonupoBanust kogoB bBUX, T.e. oOHapyxeHHs OMUOKU B MPUHATHIX CO-
OOLIEHUSX, UX UCTIPABJICHUSI U BBIJICJIICHUS U3 HUX MH(OPMALMOHHBIX COOOIIEHUH, UCTIONb3YIOT-
Csl pa3IM4HbIE METOABI U aropuTMel. K HMM oTHOCcUTCS 1 anroputm Ilntepcona-I'opencreiina-
Mupnepa (IIT'LY). Anroput™m III'L] ocHOBBIBaeTCS Ha pelIEHUU CIEUUATbHOW CHCTEMBI JMHEMH-
HbIX anredpandeckux ypaBHeHUl (CJIAY) OoTHOCHTENBHO HEM3BECTHBIX JIOKATOPOB OIIMOOK C
IPUMEHEHNEM MeTo/1a oOpamieHus: MaTpulibl. B pabote [5] 115 yckopeHus oOOHapy»KeHUs U uc-
MpaBJlieHUs OMMOOK B NBOMYHBIX kojgax bBUX mpemioxena moaudukarus anroputma [1I'L, B xo-
TOPOW BMECTO METOa O0palieHusi MaTpUIlbl TpuUMeHsieTcss MeTo [ 'aycca.

1. IlocTranoBka 3axaun. [lycth « - npuMmuTHBHBIN dnemenT nonst GF(2™) [4], T.e., are-
MeHT nopsaka N=2" -1, rme m 3aJaHHOE HATypadbHbIE YMCIO. [ HATYPAILHOIO YkCcIa /
koq BUX, ucnpapisironuii MakCUMyM ¢ OIIMOOK, SIBISIETCS IIUKJIMYECKUM KOJOM JUTMHBI N ¢
nopoxaaroimum MeEorowiesom ¢(X) =HOKI] f,(x), f,(X),..., f,,(X)], tne f 5(X) ecTb MUHUMAIIb-
HBII MHOTOWIeH snementa o e GF(2™), g=12¢. Mycts k=n—deg g(x) u i=(iy,i,....i,,)
ecTh K - MepHBIii Ipon3BOIbHBIN HH(pOpMaIMoHHbIH BekTop Han moiem GF(2). Torma ungop-
MalMOHHBIA BEKTOP | MOKET OBITh 3aKoaupoBaH nocpenactsoM omepamun  C(X) =i(X)-g(X) B
KOZOBBIH MHOTOWTeH C(X) =C, X" +...+CX+Cy, tae i(X) =i,_, X" +...+i,X+i,. Ormernm, uTo
st yucen N, K u ¢ A0IKHO OBITH YIOBIETBOPEHO COOTHOIIeHHe 2/ <n—k [4].

ITycth 1O KaHalny CBA3M nepeaaH MHorowieH C(X), a Ha APYroM KOHIE IPHMHAT MHOIO-
wiern U(X) =0, X" +..+UX+0,. Tycth e(x) =€, ;X" +...4+€,X+€, ecTh MHOTOUJIEH OMHUOOK,
T.e. e(X) =0(X)+c(X), GF(2), u ne Gonee ¢ kodhduimentos pasusl 1. IIpeanonoxum, 4To B
JAHHBIH MOMEHT IPOM30MIIO0 v omHO0K, e 0 <y </, W 94TO 3TUM OIIMOKAM COOTBETCTBYIOT
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HEM3BECTHBIC TIO3ULUU Py, P,,..., P, - B 3TOM citydae MHOTOUWIEH OIMOOK €(X) MOXHO 3arucarh

B Buge €(x)=x™ +..+x". B 9TUX COOTHOIICHUSX [OKA3aTENIH CTECHeH Py, P,,..., P, ¥ YUCIO

v Heu3BeCcTHBL. /[ oOHapyKeHHs M HCHpaBiICHHUA OIIMOOK HEOOXOJMMO HAaWTH BCE 3TH
HEU3BECTHBIC. J{1I HaXOXKAEHUS 3HAYCHUH v U P, P,,..., P, B [1] mpemiaraercs ucnoiab3oBarb

KOMIIOHEHTBI CHHJIpOMa S ,, B=12(, rme S, =v(a”). Tockomsky C(X)=i(X)-g(X) u o”,
B=12( ectb xopun nopoxknaromero muorowiena g(x), o c(a’)=0, B =12¢. Yuurbisas
91U pakTel B Gpopmyie onpenenenus S,, B = 1,2/, MOJTYYUM:
S, =v(a’)=c(a’)+e(@’) =e(a”) = (@) + (a?)" +..+ (a”)> =
=(@™)’ +(@™)’ +..+(a™)”.

[TpumuTHBHBIM MHOrOWIEH Haj noseM GF(2) crenenn m, ¢ mOMOIIBIO KOTOPOrO MOCTPO-

(1)

eno noste GF(2™), o6o3naunm uepe3 P(X). Ormerum, uro B moie GF(2™) npuMuTHBHOMY
3JEMEHTY « COOTBETCTBYeT MHOrowieH X [1]. ITosromy Bmecto P(X) MOXHO WCIOIb30BaTh
P(a).

Boruncnenus S, no ¢popmyne (1) nposoasres nan nonem GF(2™). Drto o3nauaer, uto
1I0CJIC BBIMOJIHEHUSI OTEepaliii, YKa3aHHBIX B MPABOW YaCTH PABCHCTBA, MMOJIYUYCHHBIN Pe3ysIbTaT
nenutcs Ha MHorowieH P(a) m Gepercs 0cTaTouHbIA MHOTOYIEH.

U3 dopmyast (1) BuaHo, uro ecmu S, =0, S =12/, T0 B OPUHATOM COOOIICHUH HET
OIIMOOK, a B TPOTUBHOM CJIy4ae — €CThb OIIUOKU (MCKAXKEHHUS).

[yets X = a”' (nokaropsl omm6ok) j=1,...,v. Tak kak HOpSHOK dIEeMEHTa ¢ PaBeH n,
TO BCE JIOKATOPhl paccMaTpuBacMoOl KOH(MUTYpaluu OIMMOOK pa3muuHbl. i Kaxmaoro
B efL... 20} w3 popmyner (1) mmeem: S, =v(a”) = XL +XJ +...+ X/ Taknm o6pasom, noxy-
YaeTcsl CIIEAYIOIasl cucTeMa W3 2/ YypaBHEHHH OTHOCUTEIBHO  HEHM3BECTHBIX JIOKATOPOB
omuookK X ..., X

L
S, =X{ +XJ+..+ X/, B=120. 2)

Cucremy HeNMHEWHBIX ypaBHEHUH (2) pemaloT KocBeHHbIM mytem [l1]. Jlms sroro
UCIIOJIb3YETCS MHOTOWIEH JIOKaTOPOB OMMUO0K A(X) = A X" +...+ A;X+1, KOpHAMH KOTOPOTO
spisorest X', £=1...,v. Ecim koo durmentsl MHorowieHa A(X) W3BECTHBI, TO JUIs BBIYHC-
JIEHUsI JIOKAaTOpPOB OIMIMOOK HeoOxoaumo HaiTu ero kopHu. B [1] momydenst CJIAY, cBs3bI-
BAIOIME KOMIIOHEHTHI CHHApoMa ¢ Kodduuuentamu muorowiena A(X). Dra CJIAY umeer

CIEAYIOIUA MAaTPUYHBIN BUT
A-col(A,,A, ;... A,)=c0l(S,.;,S, .50 S, ) (3)

3xece A= (apﬁ),p =ZI;, Y] =ZL_V, rea,,=S N3BectHo [1], 9TO ecnm MaTpuma A HEBBI-

p+p"

POXKICHHAS, TO T4 CUCTEMA UMEET €UHCTBEHHOE PEIIEHUE OTHOCUTEIBHO A, A,,...,A . JIoka-
3aHo [1], uro: Ecnmt M =(S_,,,), p=Lu, B=Lu vecan y paBHO YHCIY v NPOU3OLICH-

110050,¢ OIJ_II/IGOK, TO MaTpula M HEBLIPOXKCHHAA, a CCJIIN U OoibplIe v , TO MaTpuia M BBIPOK-

neHa. Ha ocnoBe »Tux ¢akroB B [1] moctpoen meron aexomupoBanus I[II'Tl, mpu xoTopom
CJIAY (3) pemaercs obpamenuem matpuibl A. A B pabote [5] s yckopeHus 00HapyXKeHUS U
UCIpaBleHusl OMMOOK B JABOMUYHBIX Komax BUX mpemnoxena momudukanus meroma IIT'1], B
KOTOpOM BMECTO MeTo/1a oOpaleHust MaTpullsl npumensiercss meton ['aycca. Jlns oOHapykeHus
U UCHpaBlieHUs omubok mo moaudukanuu meroma I[II'L] cHauama HaxOMUTCS YUCIO TPOHU-
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30MIEANINX OMMOOK. 3aTeM YTOUHSIOTCS KOOPAMHATHI OIMIUOOK, T.€. HAXOJSITCS HOMEpa KOMIIO-
HEHTOB MPHUHSTOTO CJIOBA, KOTOPHIE MOJABEPIIINCH OMIMOKH, U OHU KOPpPEKTUpYIoTcsa. B monu-
¢ukanuu metona [1'L], kak u camoro metrona [II'L], HaxokaeHNE YUCITA MPOU3OMIEANINX OIIIH-
0OK OCyIIeCTBIsETCs clieayromuM obpazom: CHavyaia 9uciio ommobok 6epercs paBHbIM  / — MaK-
CUMAJIBHO BO3MOXKHOMY 4HUCITy omuOoK. CTpouTcss mMarpuia (3T0 MaTpuila UMEET MOPSIOK
PaBHBIN BBIOPAHHOMY YHCITY OITMOOK) W cooTBeTcTBYIomas el CJIAY npuBOauTCS K TPEYrodib-
Homy Buay. Ecnu cyiectByeT XoTs Obl OIMH 3J€MEHT Ha JUAroHalld MaTpPHIIbl, PABHBIN HYIIIO,
TO 4KCII0 OMMOOK yMeHbInaeTcss Ha 1. CHOBa CTPOUTCS MaTpHUlla CUCTEMBl U COOTBETCTBYIOIIAS
eit CJIAY npuBoAMTCS K TPEyroipHOMY BUAY. Ecim onsTh cymecTByeT XOTs Obl OMH 3J1€MEHT
Ha JIMaroHalld, paBHbIA HYIIIO, TO YUCIIO OMKUOOK yMeHbIaeTcs Ha 1 U T.4. ITO MOBTOPSETCA 110
TeX TOp, MOKa BCE JICMEHTHI, HAXOIAIIUECS Ha JMAarOHAIW MAaTpPHIBI, OYAyT OTIMYHBI OT HYJIS.
B nmanno#i paborte npennaraercst momudukanus merona III'Tl, B koTopoil HaxoxkJAeHHE YuCcIa
OMMOOK OCYILECTBIIsIETCST 0€3 IMOCle0BaTeIbHOITO BHIOOpPAa W TMPOBEPKH  YHMCIIA OIIUOOK.
CrpowuTtcst MaTpulia mopsiika ¢ U B MPOIECCE MIPUBENICHUS €€ K TPEYTOJIbHOMY BUIY YTOUHSETCS
YHCIIO MPOU3OLIEAIINX OIHUOOK.

2. Moauduxkauus merona [urepcona-I'opencreiina-LHupaepa. [1o onpenenenwnto cripa-
BE/UIMBO: S, =0, +ua’ +v,a” +..+v,_,a"?’ +v, ,a® P’ Torna no cxeme FopHepa nomny-

B

unM - S, =(...((v 4 +u,,)a’ +u, )a” +..+v)a” +u,. TlosToMy IS HAXOKIEHUS S

ﬂ ]
P =1,...,2(, MOKHO HCIIOJIL30BATh CIICIYIOIINIA AITOPUTM:

War 0. S, =R, ,[v,a” +v,,], =1

= B

Marl. S, =R, ,[S,a” *v,,,].

Ilar 2. y=y+1.Ecim N—2-y >0, to nepeiitu K mary 1, nHaue — K mmary 3.

Hlar 3. Crom.

B otom anroputme omepatop Rg,,[@(r)] ucnonp3yercs A HaXOXKIACHHS MHOrOYWICHA

ocrarka oT jiejenus MHorowiena ¢(a) na muorounen P(a).

Mopaudukamuto anroputma I[lutepcona-I'opencreitna-Ilupiepa MoxxHO ommcath cieny-
IOLIMM 00pa3oM:

Iar 0. Ha ocHoBe mpuHsATOr0 U(X) BBUUCTHTE S, = v(a”), f=12¢, no popmyne (1).
Ecnu Bce uucna S,,S,,...,S,, paBHbl Hymo, TO nepeiity k mary 10, nHaue — k mary 1.

Iar 1. [octpouts matpuy A=(a, ;), o =1,¢, B=1¢,u Bextop b= col(b,,...,b,), roe
Qy; =S, 1.4 p=]7, B=17; b,=S,.,, pzﬂ. [Mpunsate j =1 u nepeiit K mary 2.

Ilar 2. HanMenbmwuii smemeHT MHOXecTBa Q ={& | e {j - }, ay # 0} oGoznaunts
uepe3 o . B ciydyae o # | MOMEHSATh MECTAMH | —YIO U O -yIO CTPOKH MaTpuill A U j—bIlil u
o -bIil KOMIIOHEHTHI BEKTOpa b , T.€. IPUHATH MTOCIEOBATEIbHO:

c=ay,,a,=4a,,a,=c, f=]..0; c=b;, b =b,,b,=c.

[punsate v = J+1 . Eciu v </, 10 niepeliTy K 1ary 3, uHade nepeiTy K mary 5.

Ilar 3. j-yio cTpoky MaTpulbl A YMHOXHUTh Ha @, /a; ¥ NPUOABHTH K v —OMH CTPOKeE:

a,=a,+@;/aga,, B=]..1
a ] —yr0 KOMIIOHEHTY BEKTOpa b yMHOXWTb Ha @, /a; ¥ MPUOABUTE K v — Ol KOMIIOHEHTE BEK-
Topa b :
b, =b, +(a, /a;)b;.

Mar 4. v:=v+1. Ectu v </, To nepeitu k mary 3, MHaue NepenTH K mary 5.
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Hlar 5. IIpoBeputs BekTOp-cTO0ell d = col(a a ,8,;,,) - Ecin oH cyTh HyJIe-

i+, Shie2)iv1

BOW BEKTOP-CTOJIOCII, TO MPUHSATH V = | W NEPEHTH K 1Iary 7, MHa4ye MepeiTH K mary 6.
IMar 6. j=J+1. Ecau | </, To nepelTH K miary 2, MHa4e v = j ¥ NepelTH K mary 7.

Hlar 7. Peminth cuctemy aiareOpandeckux ypaBHEHHH
A-col(A,,A, ... A )=b

¥ Onpeenutb KodQduimenTsl A,,A,,...,A, Muorounrena A(X) crenywoummmu hopmynamu

v
p-1

Al = (avv )71 : bv ! Ap = (av—p+l,v—p+1 )_1{bvp+l + Zavp+l,vp+l+0'Ap0'}7 ,0 = 2’3"""/ ’

o=1
e A=(a,;),p.f=1v, u b=col(b,...b,).
Ilar 8. HaiiT KOPHI MHOTOUJICHA IOKATOPOB OmHKOOK 1o hopmyne X, =X, f=1...,v.

Hlar 9. Haiitu 3HaYeHns UHACKCOB [,..., P, U UCIPABUTH OLMIMOKH 110 (hopMyIie
v, =v, +1, (=1..,v, GF(2).

P,
I ar 10. Onpenenuts nHGOPMALMOHHBIA MHOrOWwIeH 1o Gopmyie 1(X) =ov(x)/g(X).

lar 11. Crom.
Onementsl MaTpuiibl A B (4) ectb amemMenTthl mosist GF(2™), T.e. OHH SIBJISIFOTCSI MHOTO-

uienamu Haxa nojeM GF(2). Henynesbie onementol nons GF(2™) sBIAOTCS CTENEHBIO NPH-
MUTHBHOTO dJIeMeHTa. J[JIsl BBINOJHEHHS ONEPALMI CJIOKEHHUS M YMHOXKEHHUS DIIEMEHTOB OIS
GF(2™) MOXHO HCIIOJIb30BaTh COOTBETCTBYIOIME TAaOJMUIIbI. VICIIOIb30BaHUE 3arOTOBIEHHBIX

TaOJIUI NPUBEAET K YMEHBIIEHUIO BPEMEHH BBINOJIHEHUS 3TUX OIepaluii.

3. 3aknrwuenue. Takum 00pa3oM, sl YCKOPEHUsT OOHAPYKEHUS M HCIIPABIICHUS OIHOOK B
nBOUYHBIX Koaax boysa-Hoynxypu-XokBuHrema pazpadorana moaudukanus merona Iurepco-
Ha-I'opeHcTeiHa-1{upiepa, OCHOBaHHAs HA NPUBEICHUH MATPULIBI K TPEYTOJIBHOMY BUAY.
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XULASO
IKIiLIK BOUZ-COUDXURI-XOKVINQEM KODLARI UCUN PITERSON-
QORNSTEYN-CIRLER METODUNUN BiR MODIFiKASIYASI HAQQINDA
Feyziyev F.G., Mehdiyeva M.R., Ramazanova L.M.

Acgar sozlar: Bouz-Coudxuri-Xokvingem kodlar:, Piterson-Qornsteyn-Cirler metodu,
sindrom, sahvin lokatoru, ticbucaq saklinda matris, sonlu meydan, primitiv
element.

Matrislorin tigblicaq soklino gotirilmasi osasinda Piterson-Qornsteyn-Cirler metodunun

ikilik Bouz-Coudxuri-Xokvingem kodlarinda sshvlorin askarlanmasi vo diizoldilmasini tezlos-
dirmoys imkan veron modifikasiyasi iglonilmisdir.
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SUMMARY
ABOUT ONE MODIFICATION OF ALGORITHM OF PETERSON-GORENSTEIN-
ZIERLER FOR BINARY CODES OF BOSE-CHAUDHURI-HOCGUENGHEM
Feyziyev F.G., Mekhtiyeva M.R., Ramazanova L.M.

Key words: codes of Bose-Chaudhuri-Hocquenghem, method of Peterson-Gorenstein-
Zierler, a syndrome, locator errors, matrix in triangular form, finite field,
primitive element.

On the basis of bringing the matrix to triangular form by modification of the Peterson-

Gorenstein-Zierler, allowing acceleration of detecting and correcting errors in binary codes, Bo-
se-Chaudhuri-Hocquenghem is developed.

Daxil olma tarixi:  Ilkin variant  31.03.2016
Son variant 01.06.2016
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Agar sozlor: horakot edon optimal idarsedici, funksional, miimkiin idaraedicilor sinfi,
Dirak funksiyast.
Isd> istilikkecirma proseslari ticiin bir harakat edan optimal idaraetma masalasi arasdirilir.
Optimalliq meyart olaraq kvadratik funksional gotiiriliir. Qoyulan moasalonin varligr isbat
olunur. Optimal idaraedicinin tayini qaydasi verilir.

1. Masalonin qoyulusu. Farz edok ki, uzunlugu ¢ -5 borabar olan ¢ubugun uclarinda
temperatur sifira borabordir vo ¢ubuga xaricdon 0< X, <...<X_, </ ndqtolerindo miivafiq

olarag p, (t), p,(t),...,p,, , (t) intensivliyino malik istilik verilir. Onda bu proses riyazi olaraq

ou(x,t) o ou(x,t), &
p(X) T o [a(x) 1+ le P ®6(x=x;), 1)
tonliyi,
u(0,t)=0, u(¢,0)=0, 0<t<T, (@)
sorhad sortlori vo
u(x,0)=e(x), 0<x<7, (3)

baslangic sorti ilo tosvir olunur. Burada p(X)gubugun materialinin sixligi olub 0< X</
pargasinda miisbatdir, a(X) funksiyast (0, ¢) intervalinda diferensiallanan verilmis funksiyadir.
@(X) —[0,¢] pargasinda kosilmoz verilmis funksiya, p,(t),p,(t),...,p, ,(t) idarcedici
funksiyalardir vo miimkiin idarsedicilor sinfindon

U ={p, (t):] p2()dt<L;i=Lm-1}

gotiiriiliir, O - Dirakin “delta” funksiyasidir.
Mosalo belo qoyulur: Miimkiin idaroaedicilor sinfindon elo
p) ={p,), p,(),....p, ,(t)}cVU idarcedicisini tapmn ki, o (1)-(3) mosalosinin halli

daxilinda
3(p) = [u?(x, T, @

funksionalina minimum qiymat versin.
2. Hor bir geyd olunmus idarsedici iiclin (1)-(3) qarisiq mosalosinin holli avvalca (1)
tonliyino uygun bircins tonliyin

ou(x, t) _ 0 ou(x, t)
p(X) o [a(x) v

I, (5)
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(2) sorhad sartlorini vo (3) baslangic sortini 6doyon hollini
u(x,t) = X(x)T(t), (6)
soklindo axtaraq, belo ki X (X)T (t) funksiyalarl trivial olmayan funksiyalardir.

WD X010, S1ae) 2= L ae) E Py
oldugundan (5) tonliyindon
POOX(HTO = Ta) 2T (),
va buradan da
d dX ()

TO _ox ) dx

T  p(OX(X)
alariq. Beloliklo, (6) boraborliyi ilo toyin olunan funksiyanin (5) tonliyinin holli olmasi ii¢lin
T(t) vo X(X) funksiyalart miivafiq olaraq asagidaki tonliyin holli olmalidir:

T'(t)+ AT(t)=0, (7)
L1200 Z 4 4p00x (9 =0, ©
(2) sarhad sartlorinin 6donilmasi tiglin
X(0)=0, X(¥)=0, 9)
olmalidir.

a(x) vo p(X) yuxaridaki sortlori ddadikds (8), (9) spektral masalosinin artan, limiti + 0o

olan {4, } moxsusi adadlor ardicilligi vo [0, £] pargasinda ortonormal olan moxsusi funksiyalar
{X, (X)} sistemi var.

(7) tonliyindo A = A_ yazsag, alman tonliyin holli T (t) =c e ™" soklindo olar. Beloliklo,
(5), (2) masalosinin halli

u (x,t)=> c,e™ X, (),
n=1

soklindo olar. (3) baslangic sortindon C. =@, @ = j.(p(X) X, (X)dX almar. Demoli, (1)
tonliyino uygun bircins tonliyin (3) baslangic sortini vo (2) sorhad sortlorini 6doyan halli

U () =Y 0,0 X, (%), (10)
soklindo olar. "

m-1
> pi(t)S(x—x)el,[6<x<¢ 0<t<T] oldugundan onu [0,/]-do ortonormal
i=1

{X, (X)} sistemina nazoran Furye sirasina ayirmagq olar.

Yoni
mZ_‘,loi(t)5(><—><i)=mz_‘,bn(t)xn(x),
b, (t) = jmsz(tw(x X)X (X)dx = Zp(t)ja(x X)X (X)dx = Zp(t)X (x.)

ayrilist dogru olar.
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Asanligla gostormok olar ki, (1) tonliyinin bircins baglangic sortini vo bircins sorhad
sortlorini 6doyan halli
o T m-1

Tt = D [ X ()X, (6)0 " d X, (x)
n=l g i=1
soklindoadir. Onda molum qaydaya goro (1),(2),(3) masalossinin hor bir geyd olunmus idaroedici
tigtin hoalli
t m-1

u(xt)= Z[¢n+ [ 20 @)X, 06) dele X, (9, (11)
o i=1l
soklindo olar.
Qeyd edok ki, (11) boraborliyi ilo toyin olunan funksiya (1)-(3) masalosinin limumilosmis
halli olar.
3. Optimal idaraetma masolasinin halli. (1)-(3) masalasinin (11) barabarliyi ils toyin olunan
haollini J(p) funkionalinin ifadosinds yerino yazsaq vo {X_(x)} sisteminin [0, /] parcasinda

ortonormal oldugunu nozars alsaq asagidakini alariq:
T m-1

I(p) = j{z[¢n+jzp (7) X, ()0 2] X, (X)) dx =

o i=1

" P (D)X, (%) d ] o =Z¢§[W +

3
AR

0

+

o'—.—|

n:l i=1 n=1
® T m-1 m-1T T m1
+22 0, p P (@)X ()T det T3 T30, ()
n=. 0 i= i=1 g o I=

m-1

x> Pi(8)X, (x; )0 dads - 74T
j=1

Asagidaki ovozlomolori aparaq:

. [ZT

w; (7) = Z% X (x;)e o

n=1
R, (7,8) = 3 X, (X)X, (x,)¢ €779,
Bu avazlomoalordon sonra J (P) funksio;lahnl asagidaki kimi yaza bilorik:
T m1 TT ma1
J(P)=1+2[X o, (@)p,(D)dz+ [ X R;(t,5)p,(t) p,(s)dtds. (12)
0 i=l 00i,j=1
T m-1
q(t) = (g, (),...al)); ;@) =J.Z R; (t,5) p; (s)ds isars etsok, onda (12) funksionali
0 J=L

I(P) =1 +2(@(), PO, + (A0, PO,
soklino diisor.
g, (t) vo @, (t) -nin toyinindon aydindir ki, q, (t), @ (t) € L, (0, T).
Teorem. a(x) e C1(0, ), p(x) € C(0,¢), p(x) €C(0,7), p(z) >0, x<(0,0),
p;(t) eL,(0,T), i=1...,m—1 sortlori 6donildikds qoyulan masalonin halli var.
isbati. J(p) funksionali L)™(0,T)-do skalyar hasil soklindo gostorildiyindon o,
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L, (0, T)-do asagidan zoif yarimkosilmozdir. J(P) funksionali hom do menfi qiymatlor almur.
U idareedicilor ¢oxlugu L)™"(0,T) fozasinda qabariq, mohdud goxlugdur vo U coxlugu
L>™(0,T) fozasinda zoif kompakt coxluqdur. Onda Vaynberq teoremins osason, [1] J(P)
funksionali U ¢oxlugunda 6ziiniin on kigik qiymotini alar. Bundan slave ogor J () funksionali

ciddi gabariq olarsa, onda J () funksionalina an kigik qiymat veran P(t) idarsedicisi yegano

olar.
Indi iso J(p) funksionalinin gradiyentini hesablayaq. Bu mogsadlo ovvalco ixtiyari

h(t) eU iigiin J(p+ah)—J(p) faorqini hesablayaq, burada & sabit adaddir.
T m-1

J(p+ah)-J(p)=1 +2_[Zwi ®)[p; (t) + oh, ()dt +

0 i=1

H

le (t,s)[p; (t) + ah; (D][p; (s) + ah; (s)]dtds — 1 -

N

> o, ()p, (bt - | /2 SR, (.9)p, (), (s)ctds =

1

i=1

1 m-1

= 2a mZa),(t)h (t)dt+a]. R, (t,$)h (t) p, (s)dtds +

]
i,j=1

o'—.—!

m-1

' a} 3 1R,J (t.5)p, (O, (s)dltds + azﬂ_ > R, (t,9)h, (Oh, (5)dds.
R, (7, ) =R, (s, 7) oldugundan |
I(p+2h)—I(p) = 2a}r§wi (t)h. (O)dt + 2aﬂ SR, (t.9)h, (), (5)dds +

LN

+a2H "R, (t,5)h; (Oh, (s)dtds

j=1
alariq. Funksionalin qradientinin toyini qaydasina goro

lim 22 “h) I(P) 2]§[a) (t)+ ]i R, (t,5)p, ()dsh, (Ddt  alariq.
Belaliklo, 0 :
aradd ()= 9(0), 90 ={o, 0 + [ 3Ry €, 9)p, (05, 0,0+

SR, (t,5)p, (s)ds}

i=1

+

O L, —

olar.
J(p) funksionali U-da oziiniin  on kigik qiymotini p°(t) eU idaroedicisindo

aldigindan qradJ (p°) =0 olmalidir. Buradan
Tm-1
a)i(t)+jzR”(t,s)pj(s)ds=o; i=1m-1 (12)
0=
olar. Demoli, masalonin holli olan optimal idareedicisinin koordinatlar: p, (t) (12) sisteminin
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halli kimi toyin edilmolidir. (12) sistemi cirlasan niivali inteqral tonliklor sistemidir vo onu
molum tisullarla hall etmok miimkiindiir.
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PE3IOME
OB OJIHOM 3AJTAUYE MOJIBUKHOI'O OIITUMAJIBHOI'O YITPABJIEHUS J1JIS1
IMAPABOJIMYECKUX CUCTEM
Mameooe A /1., Anviee X.I.

Knwuesvie cnoea: noosusicnas oOnmuManvbHas YNpaeuiawowas, @YHKYUOHAL, KIACC
ONMUMANbHO20 Ynpaesnenus, Qyukyus Jupaka
B pabote paccmaTpuBaercs 3aiada MOABHXKHOTO ONTUMAIBLHOTO YIPABICHUS JIJISI CUCTEM,
ONMUCBHIBAEMBIX YPABHEHUEM

P(x )au(x 1) 3 8u(x t)

=~ [a()

— 1+ Z P (1)o(x—X),
C Ha4YaJIbHBIMHU
u(x,0)=(x), 0<x</,
Y TPAaHUYHBIMHU YCJIOBUSMU
u(0,t)=0, u(/,t)=0, 0<t<T.
Jloka3aHbl CyIIECTBOBAHHE W €IMHCTBEHHOCTh PENIEHUS MOCTaBICHHOW 3amadu. Kpome Toro,
JIaH croco0 onpeAeNneHus: ONTUMAaIbHOTO YIIPaBICHUS.

SUMMARY
ON A MOVABLE OBJECT OF OPTIMAL CONTROL FOR PARABOLIC SYSTEMS
Mamedov A.J., Aliyev Kh.H.

Key words:a a movable object of optimal control, functional, a class of possible controls,
Dyrack function.
We consider the problem of rolling stock for the optimal control of systems described by
the equation
(X )au(x 1) 0 6u(x t)

——[ ) ———1+ ZP(t)5(X X;)
with initial

u(x,0) =p(x), 0<x</
and boundary conditions
u(0,t)=0, u(/,t)=0, 0<t<T
We prove the existence and uniqueness of solutions of the problem. Also given the way to
determine the optimal control.

Daxil olma tarixi:  Ilkin variant  31.03.2016
Son variant 01.06.2016
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Agar sozlor: fenol, 2-propanol, alkillosma, izopropil fenol, ferrit katalizatoru.

Magnezium va sinkferrit katalizatorlarimin fenolun 2-propanolla alkillosma reaksiyasinda
katalitik xassalari tadqiq edilmisdir.Secilmis torkibli sinkferrit katalizatorun istirak: ilo fenolun
2-propanolla alkillosma reaksiyasina miixtalif giris parametrlorinin tasiri Oyronilmis va
izopropilfenolun sintezi ticiin optimal reaksiya saraiti miiayyan edilmisdir.

Fenolun propil vo izopropil téromslari kigik vo orta tonnajli kimya sonayesinin miihiim
yarimmohsullarindan  sayilir.Onlar osasinda dorman preparatlari,vitaminlor,polimerlor iiciin
monomerlar, gatranlar, kimyovi zohoarli maddalar v basqa qiymatli mohsullar istehsal olunur [1-2].

Bu mohsullarin sanayeds alimmasi [3] fenolun propen vo propanollarla alkillosmasi
prosesing osaslansa da, onun bir sira nogsanli cohatlori (reaksiya goraitinin sortliyi,spirtin yan
¢evrilmalarinin ¢oxlugu,reaksiya mohsullarmin miirokkab torkibi, katalizatorun sonraki emalinin
miirokkabliyi, katalizatorun xassolorinin asag1 olmasi) onun genis totbiqini mahdudlasdirir. Ona
goro do bu qiisurlart aradan gqaldirmaq ticilin somorali katalitik sistemlorin vo tisullarin islonib
hazirlanmasina ehtiyac duyulur[4-5].

Mogalads fenolun 2-propanolla alkillosmo reaksiyasi {igiin ferrit torkibli katalizatorlarin
alinib hamin reaksiyada katalitik foalliglarinin yoxlanilmasi vo segilmis katalizatorun istiraki ilo
bu prosesin tofsilati ils todqiginin naticalari verilmlsdir.

Alkillosmo reaksiyast axan novlii reaktorla tochiz edilmis laboratoriya qurgusunda
apartlmisdir. Todqiq edilon katalizator 10 sm® hocmds reaktora doldurulmus vo temperatur
250°C/ saat surati ilo 450 dorocoyo qaldirilmigdir. Bu temperaturda katalizatorun hidrogen
miihitinds foallagdirilmasi omaliyyati 3 saat arzindo aparilmigdir. Daha sonra temperatur reaksiya
soraitino godor azaldilaraq tocriibaloro baglanmigdir. Tocriibolor 1 saat orzindo aparilmis,qaz vo
maye halinda Alinmis reaksiya mohsullar1 xromotoqrafik analizo maruz edilmisdir. Analiz alovlu
ionlagma detektoru olan Xrom-5 xromotoqrafinda aparilmig, maye faza kimi, Apiezon M
secilmis vo 0 sferoxrom-1(fr.0,16-0,25mm) tizorina 10% miqdarinda hopdurulmusdur. Analiz
100-200°C hiidudlarinda temperaturun 10°C/daq surati ila artirilmasi yolu ilo programlagdiriimig
rejim iizro aparilmigdir. Qazdastyict kimi, helium gotiiriilmiis vo onun sorfi 80ml/doq olmusdur.
Magnezium v sink ferritlor miivafiq metallarin nitrat vo oksalat duzlarinin y- Al,O3 tizerine birgo
cokdiriilmosi, daha sonra iso qurudulma vo kdézordilmasi yolu ilo sintez edilmislor [6].
Katalizatorda ikivalentli metalin domiro olan atom nisbati 3:7, foal komponentin (MFe;O4, M-
Mg, Zn) katalizatordaki miqdar1 isa 18-30 kiitlo % togkil etmisdir.

26



Muradov M.M., Agayeva N.8., Miitallimova K.M., Nasirova I.M.

Fenolun propanol-2 ils alkillogsmasi reaksiyasi yuxarida geyd olunan katalizatorun istiraki
ilo todqiq edilmisdir.Magnezium vo sinkferrit katalizatorlarinin hor birindon 3 niimuno
gotiiriilmiisdiir. Bu niimunalor bir-birindon katalizatordaki foal kiitlonin gatiligi ilo forglonir. Ik
novbado 18(A), 25(B) vo 30(C) kiitlo % maqgnezium (sink) ferrit fazasi olan ticlii oksid
sisteminin alkillogsmo reaksiyasindaki katalitik xassolori yronilmisdir.

Miigayisoedici kriteriya kimi alinan 2-izopropilfenola goro reaksiyanin selektivliyi vo ¢iximi
gotiiriilmiisdiir.1 sayli sokilds tiglii katalitik sistemda (MgFe,04yAlLO3) faal kiitlonin (MgFe,Oy)
katalizatordaki qatiliginin (A,B,C) alinan 2-izopropilfenolun cevrilmis (1) vo baslangic (2) fenola
goro hesablanmis ¢iximlari verilmisdir. Goriindiiyli kimi, A niimunasinds magsadli mshsula goro,
selektivlik 72% C olan halda iso 80% toskil edir.Selektivliyin artmasi ilo 2-izopropilfenolun ¢iximi
21,5% toskil edir. Sinkferrit katalizatoru istiraki ilo fenolun izopropillosmasi maqgneziumferritlo
miiqayisodo daha selektiv vo foal bas verir. 2 sayli sokildon goriindiiyii kimi, ZnFe,Oy-lin
katalizatordaki qatiligi 25% olduqda mogsadli mahsula goro, selektivlik 84%, ¢ixim isa 26,7 toskil
edir. Bu katalizatorun C niimunasi istiraki ilo alinan 2 izopropilfenolun ¢evrilmis vo baglangic fenola
g0ro, hesablanmis ¢iximlart uygun olaraq 84,0 vo 23,1% olur.

Hor iki katalizatorun B niimunasi istiraki ilo fenolun propanol-2 ilo alkillosmosindon alinan
naticolor 1 sayli codvoldo verilmigdir. Bu noticolorin miiqayisosi gostorir ki,sinkferrit torkibli
katalizator daha asag1 temperaturda fenolun izopropillogsmosi reaksiyasini yiiksok gostoricilorls
aparir. Belo ki, 360°C-do alinan naticolor magqnezium ferrit istiraki ilo 420°C-do alinan naticolori
tistoloyir. ZnFe,O4yAl,O5 istiraki ilo magsadli mohsula gors, selektivlik 3,0% fenolun konversiyasi
11,5% ¢ixim isa 5,2% ¢ox olur. Bu naticalori osas gotiirarak, ZnFe,;O4yAl,O3 torkibli B niimunasi
istiraki ilo fenolun propanol 2 ils alkillogsmo reaksiyasi tofsilati ilo todqiq edilmisdir.

Fenolun izopropil spirti ilo alkillosma reaksiyasi giris parametrlorinin genis hiidudunda
todgiq edilmisdir. Temperatur (300-380°C), hocmi surat (0,5-1,55t%) vo xammaldak: fenolun 2-
propanola mol nisbatinin (2-1:1-2) alinan mohsullarin ¢iximi,selektivliyi vo izomer torkibino
tosiri Oyronilmisdir. Alian naticalor 2 sayli cadvalde,3 vo 4 sayli sokillords verilmisdir.

Sokil 1.Uclii katalitik sistemdo (MgFe;04-9A1,03) magnezium-ferritin (MgFe,0,)
kiitlo paymin  (A,B,C) aliman 2-izopropilfenolun ¢evrilmis (1) va
baslangic (2) fenola gora hesablanmis ¢iximlart
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Sakil 2. Uclii katalitik sistemda (ZnFe;Oy -y-ALOs) sinkferritin (ZnFe,04) kiitlo payinin
(A,B,C) alinan 2-izopropilfenolun cevrilmis (1) va baslangic fenola (2) gora
hesablanmis ¢ciximlari.

i

Cadval 1
Magnezium va sinkferrit katalizatorlarinin istiraki ilo fenolun propanol-2 ila
alkillagma reaksiyasinin naticalori

Katalizatorun torkibi,kiitle % ilo

Adi MgFe;04-25 ZnFe,04-25
’Y-A|203-75 Y-A|203-25
Reaksiyanin goraiti
Temperatur,°C 420 360
Hocmi s1'ir9t,st'1 1,0 1,0
Fenolun propanol-2-ya 11 11

olan mol nisbati

Alinmisdir kiitle % ilo
Alkilat 87,5 88,0
Su+itgi 12,5 12,0

Cevrilmis fenola gora
hesablanmis ¢ixim %

Fenolun izopropil efiri - -
2 izopropilfenol 78,0 81,0

3-,4-izopropilfenollar 1,0 1,0
2,6 diizopropilfenol 14,1 12,0
Metil- va etilfenollar 3,0 2,0
Polialkilfenollar 3,0 2,5
Fenolun konversiyasi1,% 215 33,0
Propanol-2-nin konversiyasi, % 70,0 75,5
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2 sayli cadvoaldon goriindiiyli kimi, alkillogsmo reaksiyasinin asas mohsullarina 2-izopropil
fenol vo 2.6-diizopropil fenol aiddir. Alkilatlarda 3- vo 4- izopropil fenollara 2.4- diizopropil
fenola va 2.4.6- triizopropil fenola da rast golinir. Asagi temperaturda (300°C) fenolun izopropil
efirino 2 320°C temperaturda iso metil vo etilfenollarin alinmasi da miisahido olunur.
Umumiyoetlo, katalitik alkillosmo zamani asas ¢evrilmayo fenol molekulundaki karbon atomuna
goro, izopropillosmo reaksiyasini gostormok olar. Karbona goro alkillosmo ardicil mexanizm
izro bas verir vo orto alkillogsmo prosesds iistiinliik toskil edir.

OH

Ho—@+/k ——> HO- e .
Lo /

Temperaturun artmast ilo (>320°C) 3 vo 4 voziyyeatindo izopropillogsmonin siirati do
artmaga baslayir vo 380°C-do bu izomerlora gors, reaksiyanin selektivliyi 32%-o catir.
Umumiyyatle, temperaturun 320°C-don 380°C-ya qaldirilmasi 2 izopropilfenola gora selektivliyi
83,5%-don 77,2% 2,6 diizopropilfenola gors, selektivliyi iso 13%-don 10,5%-0 salir.
Temperaturun bu qaydada artimi1 ardicil izopropillosmonin paymi artirmaqla yanast,
izopropilfenolun krekinqino do sorait yaradir. 2 sayli codvoldon goriindiiyii kimi, alkilatlarda
metil va etilfenollarin ¢iximi va selektivliyi az da olsa, ¢oxalir. Bu zaman asagidaki reaksiyalarin
bas vermasi gliman edilir.

CeHs5-C3H7+H, ——»CgH5-CH3+CoHg

CeHs5-C3H;+H, ——»CgH5-CoH5+CH,y
Fenolun izopropil spirti ilo alkillosmo reaksiyasina hocmi siirot vo xammaldaki komponentlorin
mol nisbatinin do tasiri ¢oxdur.

3 sayli sokildon goriiniir ki, hocmi siirotin 0,5 st 15 stt-o godor artirilmast 2-
izopropilfenola gora selektivliyi 74,0%-don 84%-o qaldirsa da bu zaman fenolun konversiyasi
17% azalaraq 22% toskil edir. Hocmi siirotin yuxarida gostorilon qaydada artmasi 2,6
diizopropilfenola goro selektivliyin 15%-don 8%-0 qodor azalmasina sobab olur.Bu zaman
baslangic fenola goro hesablanmis 2-izopropilfenolun ¢iximi da 28,9%-don 18,4%-0 qodor azalir.

Xammalda fenolun spirto olan mol nisbatinin iki dofs ¢ox oldugu halda, 2-izopropilfenola
goro selektivlik maksimum qiymot (89,9%) alir,lakin bu zaman fenolun konversiyasi 21,5%
toskil edir (sokil 4). Xammalda spirtin parsial tozyiqinin iki dofs artirtlmasi iso mogsadli mahsula
goro, selektivliyo monfi tosir edir vo onu 18,9% azaldir. Fenola goérs, 2-propanolun mol
nisbatinin 2 dofs artirilmasi fenolun konversiyasini 40,5%-o qaldirmagqla yanasi, baglangic fenola
goro hesablanmis 2-izopropilfenolun ardicil alkillosmo reaksiyasinin siirotinin do artmasi
misahids olunur. Gorilindiiyli kimi, 2.6-diizopropilfenola gors, selektivlik bes dofoyadok artaraq
20,5% toskil edir. Xammaldaki fenolun 2-propanol ilo ekvimolyar nisbatindo mogsodli mohsula
gora selektivlik 81,0 ¢cixim is9 26,7% olur.
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Cadval 2

Sinkferrit katalizatorunun istiraki ilo fenolun propanol-2 ilo alkillogsmo reaksiyasina
temperaturun 1asiri

Temperatur
Adi

300 320 340 360 380
Alinmigdir kiitlo %ilo
Alkilat 96,0 92,8 89,5 88,0 85,5
Su+itgi 4,0 7,2 10,5 12,0 15,0
Cevrilmis fenola goro
hesablanmis ¢1x1m,%
Fenolun izopropil efiri 1,6 - - - -
2-izopropilfenol 85,6 83,5 81,5 81,0 77,2
3- va 4-izopropilfenollar 0,5 0,8 1,0 1,2 3,2
Metilfenollar - 0,8 1,0 1,2 2,0
Dimetilfenollar - 0,8 0,5 0,8 1.4
2,6 diizopropilfenol 10,5 13,0 14,0 12,0 10,5
2,4 diizopropilfenol - - 0,5 0,8 2,0
2,4,6 triizopropilfenol 0,5 0,5 0,5 2,0 3,0
Fenolun konversiyasi1,% 8,8 18,5 27,3 33,0 42.0
2-propanolun konversiyasi,% 37,5 50,6 66,0 75,5 90,0
Baslangic fenola gora 7,5 15,4 22,2 26,7 32,4
hesablanmis 2-izopropil-
fenolun ¢1x1m1,%

Reaksiyanin soraiti:Hocmi siirot-1,0st ™, fenolun 2-propanola olan mol nisbati — 1:1

90

o

80

1-60

; -1
v, st

Sakil 3. ZnFe,04-y-A1,03 katalizatoru istiraki ilo fenolun propanol-2 ila alkillogsmoa reak-
siyasinda xammalin hacmi siiratinin fenolun kon versiyasina (2) va alinan 2-iz0-
propilfenol (1) va 2.6-diizopropilfenola (3) gora reaksiyanin selektivliyina tosiri (T-
360°C, phOH: izoC3H;OH=1:1 mol/mol)
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(@)
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Soakil 4 .ZnFeyO4-y-A1,03 katalizatoru istirak: ila fenolun propanol-2

ila alkillosma reaksiyasinda fenolun izopropil spirtina olan mol nisbatinin
fenolun konversiyasina (2) vo alinan 2-izopropilfenol (1) va 2.6-diizopro-
pilfenola (3) gora reaksivamin selektiviiyina tasiri (T-360°C,hacmi siirat-1.0st™)

Belaliklo, aparilmis todqigatlar naticosindo fenolun propanol-2 ilo alkillogsmo reaksiyasinin
optimal soraiti (temperatur 360°C,hocmi siirat [1,0st™*],fenolun izopropil spirtine olan mol nisbati
1:1) miioyyon edilmisdir.Bu soraitdo alinan 2-izopropilfenol vo 2,6-diizopropilfenola gors,
imumi selektivlik 93,0%, fenolun birdofslik konversiyasi isa 33,0% toskil edir. Alinan naticolor
praktiki oshomiyyat kosb edir vo fenolun 2 izopropil vo 2.6 diizopropil téromolorinin alinma
texnologiyasinin iglonib hazirlanmasinda asas rol oynaya bilor.
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PE3IOME
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HccnenoBana KaTamuTUYeCKas aKTUBHOCTh MAarHHUT- U MUHK()EPPUTOBBIX KaTATH3aTOPOB B
peakuu aJKWIMpoBaHusa (eHona mnpomnaHonom-2. M3ydeHo BIMSHHE pPa3INMYHBIX BXOJHBIX
BEJIMYMH HAa PEAKIMIO AIKIIMPOBAHUS (DEHONA MPOIMAHOJIOM-2 U YCTAHOBJICHBI ONTHMAIbHBIC
YCIIOBUSL peakUuu ISl CHHTe3a 2-u3omponmideHosna HaJl BBIOPAHHBIM COCTaBOM LIMHKdEp-
PUTOBOIO KaTajau3aropa.

SUMMARY
ALKYLATION OF PHENOL 2 PROPANOL IN THE PRESENCE OF MAQNEZIUM
AND ZINK FERRITE CATALYSTS
Muradov M.M., Agayeva N.A., Mutallimova K.M., Nasirova I.M.

Keywords: phenol, 2-propanol, alkylation, isopropyl phenol, ferrite catalyst.

Investigation of the catalytic activity of magnesium and zincferrite catalysts in the
reaction of phenol alkylation propanol is studied. The effect of different input quantity in the
alkylation reaction of phenol and 2 propanol,the optimal reaction conditions for the synthesis of
2-isopropyl phenol on the selected composition of zinc ferrite catalyst is investigated.
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n-HEKSANIN HIDROIZOMERLOSMOSI PROSESI UCUN OPTIMAL SORAITIN
SECILMOSI

ZEYNALOV ELSON TOFIQ oglu
Azarbaycan Doviat Neft va Sonaye Universiteti, dissertant
e-mail: elsen.zeynalov.86@mail.ru

Acgar sozlar: n-heksan, hidroizomerlasma, konversiya, seolittorkibli nikel katalizatoru,
izomer.

Mboveud tadgiqat isind> n-heksamin hidroizomerlogmasi prosesinin optimal saraiti
secilmisdir. Bu maQsadla prosesa tasir edan asas amillor: reaksiya miiddati, katalizatorun sintez
tisulu, temperatur, hidrogen:xammal nisbati todqiq edilmisdir. Apariimis tadqigatlar naticasinda
miiayYyan edilmisdir ki, prosesin optimal saraiti asagidaki kimidir: temperatur-350°C; zaman-30
dag.;H2:n-CeH14=2:1. Bu optimal soraitdo izomerlorin maksimal ¢xxwmi 57,2% konversiya ilo
27,2% toskil edir.

Giris. Miiasir neft emalinda katalitik izomerlogsmo prosesinin osas magsadi yiiksokoktanli
avtobenzin izokomponenti vo ya neft-kimya xammali, hor seydon 6nco, izopren kaucuku sintezi
ticiin izopentan alinmasi hesab olunur [1].

Bir ¢ox neft-kimya proseslori kimi, n-heksanin hidroizomerlosma prosesino bir ¢ox
amillor tosir gostorir. Mdvcud todqgigat isinin mogsadi proseso tosir edon osas amillori
temperatur, reaksiya miiddoti, katalizatorun sintez lisulu, hidrogen xammal nisbastini todqiq
edarak n-heksanin hidroizomerlogmasi prosesinin optimal rejimini miioyyon etmokdir.

Tacriibonin metodikasi. n-heksanin hidroizomerlogmasi prosesi axin tipli laboratoriya
qurgusunda aparilmigdir. Bu mogsadlo miixtslif {isullarla: hopdurma vo ionmiibadilo iisullart ilo
seolittorkibli nikel katalizatorlar1 sintez edilmisdir [2-4]. Promotor duzu kimi miixtalif nikel
duzlarindan istifado olunmusdur. Sintez edilmis katalizatorlar (donolorinin dlgiisii 1-2 mm olan)
kvars reaktora doldurulur (5 ml hocmindo) vo n-heksanin hidroizomerlogmoasi prosesinds
miixtolif goraitlordo todqiq edilir. Alinmis maye mohsullar alovlu-ionlasdirici detektorlu
katarometr ilo tochiz edilmis CHROM 5 xromatoqrafinda analiz edilmisdir. Sorbent kimi inzen
korpici (INZ-600) iizorina hopdurulmus vazelin yag vo dimetil efirindon istifads edilmisdir.
Analizin soraiti: kalonkanin uzunlugu - 1 m, termostatda temperatur - 30°C, qaz dastyicinin
stirati - 30 ml/dog. Qaz mohsullar iso katarometr ilo tochiz edilmis CHROM 5 xromatoqrafinda
analiz edilmisdir. Sorbent olaraq inzen korpici (INZ-600) iizorino hopdurulmus vazelin yagindan
istifads edilmisdir. Qaz dastyict iso CI'C-2 markal1 hidrogen generatorundan daxil olan hidrogen
hesab edilir.

Naticalor va onlarin miizakirasi. n-heksanin hidroizomerlogsmasi prosesinin optimal soraitini
segmok {iciin proseso tosir edon amillor todqiq edilmisdir. ilk olaraq katalizatorun sintezi
tisulunun tosiri todqiq edilmisdir. Ovvalki todqiqatlarimizda [5] qeyd edildiyi kimi, prosesi
aparmaq {gilin iki tsulla: hopdurma vo ionmiibadilo iisullart ilo mixtalif seolittorkibli nikel
katalizatorlar1 sintez edilmisdir. Hor iki iisulla sintez edilmis niimunalorin aktivliyi n-heksanin
hidroizomerlogsmasi prosesinds todqiq edilmisdir. Aparilmis todgigatlar naticasinde miioyyan
edilmisdir ki, Ni(NO3), promotor duzu ils sintez edilmis niimunoalor digar niimunalora nishatan
daha ytiksok aktivliys malikdir.

Ona goro do sintez tisulunun tosirini tadqiq etmok magsadilo har iki lisulla sintez edilmis
H-OMNICAT/Ni(NOs); niimunasi {izorinda tacriibalor aparilmisdir. Alinmis noticalor asagidaki
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sokildo gostorilmisdir.

Sokil 1-don goriindiiyii kimi, temperaturun artmasi ilo hor iki niimuns iizorindo
izomerlorin ¢iximi artir. Belo ki ion miibadils {isulu ilo alinmig niimuns iizorinds izomerlorin
ciximi 200°C-do 16,2%-don 350°C-do 20,3%-dok, hopdurma iisulu ilo alinmis niimunado iso
200°C-da 21,6%- don 350°C-da 27,2%-dak artir.

Qeyd etmok lazimdir ki, hopdurma tisulu ilo katalizator sintez etdikdo promotor duzunun
dastyiciya nisbati 1:1, ionmiibadils iisulunda iso 2:1 gobul edilmisdir. Katalizator niimunalorinin
torkibinds nikelin migdar1 artdiqda katalizatorun dehidrogenlosmo gabiliyyati artdigina gors ion
miibadilo iisulu ilo sintez edilmis nliimunslor hopdurma iisulu ilo sintez edilmis niimunoyo
nisboton daha asagi aktivlik nlimayis etdirir. Aparilmis todqigatlar noticosindo miioyyon
edilmisdir ki, n-heksanin hidroizomerlogmosi prosesi iiglin on optimal katalizator hopdurma
iisulu ilo sintez edilmis H-OMNICAT/N i(NO3), niimunasi hesab edilir.

Nikeltorkibli katalizatorlar {izerinde izomerlogsma reaksiyalarinin miintozom getmasi ii¢iin
onu hidrogen miihitindo aparmaq lazimdir [6]. Miigayisoli tohlil aparmaq ii¢lin hidrogenin
xammala nisbati miixtalif se¢ilmisdir. Todqiqatin naticolori sokil 2-do gostorilmisdir.

Sokil 2-don goriindiiyii kimi, hor iki soraitdo hopdurma iisulu ilo sintez edilmis H~
OMNICAT/Ni(NO3); niimunasi iizerinde izomerlorin ¢ixim1 temperaturun artmasi ilo artir. Belo
Ki Hy:n-CgH14=3:1 soraitindo izomerlorin ¢iximi 200°C-do 8,8%-don 350°C-do 12,0%-dok
artmisdir; Ho:n-CgHp4=2:1 soraitindo iso izomerlorin ¢iximi 200°C-do 13.9%-don 350°C-do
18,2%-dok artmisdir.

Tadqiqatlarin miigayisoli analizi gostorir ki, n-heksanin hidroizomerlogmosi zamani
hidrogenin xammala nisboti 2:1-don 3:1-0 qgodor artmasi noticosindo izomerlorin ¢iximi
azalmigdir. Bu onunla olagodardir ki, reaksiya miihitindo hidrogenin miqdarinin artmasi
naticasinds katalizatorun torkibinds olan NiO metallik nikelos gqodar reduksiya olunur. Bildiyimiz
kimi, nikel dehidrogenlogsmo reaksiyalarini siirotlondirir vo bunun naticasinds prosesdo
dehidrogenlosma reaksiyalarinin bas vermoa ehtimali artir. Bunu nozora alarag, n-heksanin
hidroizomerlogmasi prosesi {ligiin hidrogen: xammal nisbatini agag1 gétiirmak mogsadouygundur.
Aparilmis todqiqatlar esasmda miioyyon edilmisdir ki, n-heksanin hidroizomerlogmosi prosesi
tictin optimal hidrogen: xammal nisbati H,:n-CgH14=2:1 hesab edilir.

Temperaturun artmasi ilo izomerlosma reaksiyasinin siiroti mohdud tarazhq hoaddine
godor artir [7]. n-heksanin hidroizomerlogsmasi prosesi orta temperaturlu izomerlosma prosesi
oldugu tiglin proses 200-350°C temperatur intervalinda todqiq edilmisdir. Naticolor sokil 3-da
gostarilmisdir.

Sokildon goriindiiyili kimi, izomerlorin ¢iximi temperaturun artmasi ilo artir. Belo ki, H-
OMNICAT/Ni(NO3), katalizatoru iizorinda temperaturun 200°C-don 350 °C-yo qodor artmast ilo
izomerlorin ¢iximi1 5,0 %-don 20,0 %-dok artir.

Reaksiya miiddstinin doyismasi izomerlogmo daracasing tasir gostarir, onun selektivliyini
iso praktiki olaraq doyismir (ogor izoalkanlarin ¢iximi termodinamiki miimkiin miqdara
catmirsa). Bu, olavo reaksiyalarin siiratinin az olmasi ilo alagadardir [8].

Sokil 4-don goriinur ki, reaksiya miidoti artdiqca izomerlorin ¢iximi1 30 dog.-do
maksimumdan (27,2%) kegorok azalir. Reaksiyanin miioyyon anlarinda (60-75 dog., 150-165
dag., 180-195 doq.) izomerlorin ¢iximi sabit qalsa da, iimumilikds izomerlorin ¢iximi1 15 doq.-do
21.5%-don 240 doq.-do 3,6%-dok koskin azalir. Bu azalma onunla izah olunur ki, katalizator
hidrogen miihitindo miioyyon miiddot islodikde onun sathinde olan NiO metallik nikelo
reduksiya olunur, bununla da katalizatorun izomerlosmao aktivliyi azalir.

Beloliklo, n-heksanin hidroizomerlogsmasi prosesinin optimal soraitinin se¢ilmosi
todqiqatlar1 naticosindo miioyyon edilmisdir ki, proses iigiin on aktiv katalizator hopdurma tisulu
ilo sintez edilmis H-OMNICAT/Ni(NO3), niimunasi hesab edilir. Prosesin optimal soraiti
asagidaki kimidir: temperatur - 350°C; reaksiya miiddati - 30 doq.; Hz:n-CgH14=2:1. Bu optimal
soraitdo izomerlorin maksimal ¢iximi 57,2% konversiya ilo 27,2% toskil edir.
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PE3IOME
BbBIGOP OIITUMAJIBHOI'O PEXKUMA JIS1 ITPOLLECCA
I'MJIPOU3OMEPU3AILIUU n-TEKCAHA
3eitnanos 3.T.

Knrouesvle cnoea. n-cexcam, eudpousomepusayus, KOHEEPCUsl, UYeOIUMCOOepicauue
HUKelesble Kamaau3amopwl, Usomep.

B nanHOW ucclie0BaTeIbCKONH paboTe BhIOpaH ONTHUMAJBHBIM PEKHM JUIS Ipoliecca
TUIPOM30MEpPU3allNN H-TeKcaHa. J{Jis 3To# 1enu uccinenoBaHbl OCHOBHBIC (DaKTOPHI, BIUSIONINE
Ha IIPOIIECC: BpPEMsl pPEaKIMH, METOJ CHHTE3a KaTaliu3aTopa, TeMIlepaTrypa, COOTHOIICHHE
BOJIOPOJI:ChIpbE. Ha OCHOBE MNpPOBEAECHHBIX HCCICIOBAHUN YCTAHOBJIIEHO, YTO ONTHUMAJIbHBII
peXUM mpoliecca cienyrommii: Temneparypa - 350°C; Bpems - 30 mun.; Hy:H-CgH14=2:1. B
3TOM ONTHMAJILHOM PEKUME BBIXOJ U30MepoB coctaBmi 27,2% ¢ 57,2% xoHBepcuu.

SUMMARY
SELECTION OF THE BEST MODE FOR THE PROCESS OF
HYDROISOMERIZATION OF n- HEXANE
Zeynalov E.T.

Key words: n-hexane, hydroisomerization, conversion, zeolite based on nickel catalyst,
isomer.

In this research work we selected the best mode for the hydroisomerization process of n-
hexane. For the purposes of this study the main factors influencing the process are: reaction
time, the method of synthesis of the catalyst, temperature, the ratio of hydrogen to the raw
material. On the basis of studies the found that the optimum process conditions: are temperature-
350 °C; time-30 min.; Ha:n-CgH14=2:1. In this mode, the output optimal isomer was 27.2% with
57.2% conversion.
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Duzlu deniz suyu, yaxud NaCl mohlulunun diafragmasiz elektroliz qurgusunda elektrolizi
naticasinds natrium hipoxlorit mohlulu alinir ki, bu da giiclii dezinfeksiyaedici va agardict xassalora
malikdir.

Natrium hipoxlorit [NaOCIl] mohlulu giiclii antimikrob xassosino goéro on effektiv
dezinfeksiyaedici reagent kimi miixtolif saholordo, o ciimlodon, xostoxanalarda, moisotdo, ev
heyvanlarin1 xastaliktoradici mikroblardan miihafizo etmok magsadilo tovlslorin vo qus hinlorinin
zararsizlosdirilmosinda, eloco do, yun-parca materiallarinin agardilmasinda vo dezinfeksiyasinda
genis istifads edilir. [1,2]

Daniz suyunun torkibinde NaCl-in miqdarinin kifayot qodor olmasina géro  ondan NaOCl-
in alinmas1 ucuz basa golir, istifadosi iso ekoloji baximdan tohliikesizdir.

Praktikada NaOCI almaq ii¢iin natrium xloridin elektrolizini iki tisulla aparirlar: elektroliz
qurgusunda katod vo anod zonasini membran iisulu ilo ayirmagqla vo diafragmasiz tisulla.

Membranh elektroliz qurgusunda [2] duz mohlulu anod zonasinda yerlosdirilir, katod
zonasina 19 tomizi verilir. Anodda xlor ionlar1 molekulyar xlora qodor oksidlosir:

2CI'—Cl; +2¢

Elektrik corayaninin tosiri ilo ayrilan natrium kationlart membrandan katod zonasina kegir

v hidroksil ionlari ila birlogarak natrium golovisi amals gatirir.
2H,0 + 2 —> 20H + H,
2Na*+ 20H — 2NaOH

Sonradaki moarhalods molekulyar xlor ilo natrium golovisi arasinda aparilan reaksiyadan
NaOCl alinir:

2NaOH +Cl,; -»NaOCI + NaCl +H,0

Bu iki morhalali {isulla istonilon qatiliga malik hipoxlorit mshlulunu almaq miimkiindiir.

Dezinfeksiya mogqsadi liglin istifado olunan hipoxlorit mohlulunu diafragmasiz elektroliz
qurgusunda sintez etmok daha moagsadouygundur, ¢iinki bu zaman qismon duru mohlullardan (0,25-
5,0 g/) istifads olunur.

Bunlar1 nozors alaraq, ilk dofo SDU-nin “Totbiqi kimya” ETL-nda diafragmasiz elektroliz
qurgusunda natrium hipoxlorit mohlulunun alinmasinda yerli xammaldan - Abseron rayonunun
Masazir gosabosindoki gdliin duzundan istifado edilmisdir.

Masazir goliindaki natrium xloridin qatilig toqriban 270 g/l toskil edir.
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Tacriibi hissa. Masazir goliiniin duzlu sularini anodda oksidlogdirmok mogsadilo silindrik
soklindo diafragmasiz elektroliz qurgusundan istifado edilmisdir.Anod materiali kimi,titan tizorino
cokdiiriilmiis rutenium oksidinden vo yaxud qrafitdon, katod materiali kimi iso paslanmayan
poladdan istifado edilmigdir. [3] Silindrik elektroliz qurgusunun hiindiirliiyii 0,5 metrdon ibarat
olub, soyudulmagq {igiin kdynokls tomin edilmalidir. Elektrodlar bir-birins nazaran 0,5 sm masafoda
olmagla elektroliz qurgusunun asagi hissasinds yerlosdirilir. Qurgunun is¢i hocmi 200ml-dur.
Todqiqat isindo torkibindo 4-5% NaCl olan mohluldan istifado edilmisdir. Homin mohlulun
torkibinds, eyni zamanda, ¢ox az migdarda CaCl,, MgCl;,MgSO,4 vo KCL birlosmalari do vardir.
Odur ki, homin birlosmalorin elektrolizo moruz qalmasi naticasinde miivafiq hipoxloritlarin
almmasi miimkiindiir. Bununla borabor, katod-da reduksiya olunan Ca®* vo Mg?* ionlar1 elektrod
tizorindo miivafiq c¢okiintulor amals gotiririor. Bunlar da katod potensiallarinin yiiksalmosina sabab
olur va hidro-genin katodda ayrilmasini ¢atinlosdirir, naticods hipoxloritin alinmasi tigiin alverisli
sorait yaranir.

Diafragmasiz elektroliz qurgusunda NaOCl xo0rok duzunun elektrolizi naticoesindo bir
morholodo alinir.
NaCl + H,O — NaOClI + H,
Elektrolizin mexanizmi asagidaki elektrod reaksiyalarinin eyni zamanda bas vermosi ilo
olagodardir.
Anodda (+) 2CI" -2 > Cl,
Katodda (-) 2H,0 +2e" »>H, +20H"
Elektrodlarda ayrilan mohsullar elektrodlararasi zonada asagidaki reaksiyalara sobab olur.[4] :
Cl, +OH —CIO" + HCI
HCI + OH —»CI" +H,0
Bu zaman hipoxlorid tursusu da amalo golir ki, bu da natrium hipoxloridi oksidlosdirir;
NaOCl +2HOCI —-NaClO3; +2HCI
Araliq reaksiyalarin garsisinin alinmasi liclin miioyyon todqiqatlarin aparilmast moagsods
uygundur.
Ik névbado 5%-li NaCl mohlulunda NaOCI almmasi prosesindo coroyan miqdarmin vo
elektroliz miiddstinin coroyana goro ¢iximinin doyigsmosi todqiq edilmisdir. Bu mogsodlo 3A
corayan siddotinds ¢ixim arasdirilmisdir. Alinan naticalor codvalds verilir.

Cadval 1.
NaOCl elektrosintezi prosesina elektroliz miiddatinin tasiri (mahlulun hacmi 200 ml), =34,
T=20 <, anod — ORTA , katod — polad

Elektroliz Coarayan Gorginlik NaOCl Aktiv xlorun Caroyana
miiddati, miqdari, volt qatiligy, miqdart, q/dm3 g0ra ¢1X1m,
T, Saat Q,As g/litr %

1 3 4,5 18,0 9,8 98,0

2 6 4,5 15,0 8,4 41,0

3 9 5,0 8,2 4,5 16,0

4 12 5,0 5,6 3,2 8,3

5 15 5,2 4,0 2,8 4,2
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Cadvalo gors alinan naticolor onu demoys asas verir ki, hotta elektroliz miiddatini artirmagqla
da qatilagmis hipoxlorit mohlulunun alinmasi miimkiin olmur. Yuxarida gostorildiyi kimi, miixtalif
qatiliglarda hipoxlorit mohlullarin1 ancaq kimyovi iisulla almaq miinkiindiir. [2] Odur ki,
elektrokimyovi iisulla elektroliz prosesini 1-2 saat miiddotindo sona catdirdiqda gatiliq ¢ox yuxari
olmasa da, dezinfeksiya islorindo, eyni zamanda, parcalarin agardilmasi {i¢iin tamamilo yararhdir.
Hom do prosesin avvalinds coroyana goroe ¢iximin kifayot qodar yiliksok olmasi arzuolunmazdir. Bu
halda aktiv xlorun miqdar1 da ytiksokdir.

Elektroliz miiddatini artirdigda asas mohsulun coroyana géra ¢iximinin azalmasi hipoxlorit
ionlariin anodda elektrokimyavi oksidlosmasi naticosinda xlorata ¢evrilmasi ilo siaqadardir. [4]

6Cl"-6e — CIO3 +1,5 0, +5 CI’

Bu zaman anionun kimyovi par¢alanmasi da bas verir.

2CIO" -0, +2CI°

Digor torofdon, hipoxlorit ionlarinin katodda reduksiyast mohsulun qatiliginin azalmasina
gotirib ¢ixarir:

ClO + H,0 + 2 — CI' + 20H"

Homin reaksiyalarin qarsisinin  alinmasi {igiin anodda coroyan ¢iximinin artirilmasi
mogqsadouygundur, ¢iinki bu zaman ClO” ionlarmin anoda yaxinlagsmasi xeyli ¢otinlagir. Eloco do
katodda CIO™ ionlarinin hidrogenlogmasinin qarsisinin alinmasi gisman do olsa, tomin edilir, bels ki,
hidrogenin omoalogolma potensiali yiiksolir. Bu maqgsadlo praktikada mohlula 4 g/l miqdarinda
natrium bixromat slavo edilir. [S] Ancaq bizim apardigimiz prosesdo buna ehtiyac olmur, ¢iinki
istifado olunan Masazir goliiniin duzunun torkibinds miioyyon miqdarda Ca®" vo Mg2+ ionlar1
vardir. Homin ionlar katod tizorindo reduksiya zamani ¢okiintiilor omals gatirir ki, bu da elektrod
potensialin xeyli yiiksoldir.
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[Tpu sneKTposM3e CONEHOTo pacTBOpa B Oe3anadparMEeHHOM JIIEKTposM3epe o0pasyeTcs
pacTBOp TUIIOXIIOPUTA HATPHS C Je3UH(DUIIUPYIOIUMHU CBOMCTBAMHU.
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SUMMARY
PRODUCTION OF DISINFECTOR SOLUTION BY ELECTOCHEMICAL METHOD
Ashurov D.A., Hatamov M.M., Abdullayeva M.B., Ashurova N.D.

Key words: sodium hypochlorite, electrochemical methods, electrolysis plant, antimicrobial
properties, salt solution, disinfectant properties, electrode
Disinfector sodium hypocloryte solution is obtained by electrolysis of salt solution at non-
diaphragmatic electroliser.
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Knioueevie cnosa. mepmocpagus, mepmocpasumempus, OKCUO YUHKA, OKCUO Kobanvma,
OuHapmbvle cucmemul.

Cunmesuposansl YyuHk KOOAILI OKCUOHbIE KAMAIU3AMOpbl pasiuuno2o cocmasa. Ilposedensvi
mepmozpagumempuieckue u mepmozcpaguueckue UCCIe008aHUsL CUHMESUPOBAHHBIX 00PA3YOS.
Yemanoeneno, umo na mepmozpammax ucciedyemvix 00pazyos Habaodarmes 00UuH 3H00 Ighgdexm
u o0ea 6borvuux 9xk30 3ppexma c¢ maxcumymamu npu 330°C u 380°C. Ilokasano, umo c
yeenuuenuem cooepoicanusi yuuka 6 cocmaee oOunaprou Zn-Co-O cucmemvl nomepu npu
npokanusanuu cHudxcaromes ¢ 56.4% oo 31%. Haiioeno, umo 6ce (pusuxo-xumuieckue usmeHenus 8
Kamanuszamope npu ux npoxaiusanuu npomexatom 0o 400°C.

W3BecTHO, YTO caMbIM MEPCIEKTUBHBIM W OSKOJOTUYECKH YUCTBIM TOIUITMBOM SIBIISICTCS
BOJIOPOJl U B HENAIEKOM OYyIyIleM OH CTaHET OCHOBHBIM MCTOYHUKOM 3Heprud [1,2]. OnHum u3
MPUBJICKATEILHBIX METOJIOB IMOJIyYCHHUSI BOJOPOJA SIBJSICTCS TMapoBasi KOHBepcHs 3TaHona [3-5].
[lepcneKTHBHOCTH 3TOTO0 METOJa MOJIy4eHHUs] BOJOpOoJa, 0OyCIOBIEeHa TakKe TEM, YTO B KauecTBe
MCXOJ/IHOTO BEMIECTBA JUISI TOMYYSHHS BOJIOPOJIa MCIIONIB3YEeTCs 3TaHOJ, KOTOPBIM IMOJydaeTcs U3
BO300HOBIISIEMBIX HCTOYHHMKOB CBIpbsi, a MMEHHO M3 OuopecypcoB [6,7]. U3 mnepuoanyeckoit
JUTEPATyphl H3BECTHO, YTO aKTHBHOCTH B ATOW PEAKIIMH MPOSBISIOT CIOKHBIE OKCUIHBIE CHCTEMBI
Ha OCHOBe OKcuaoB Kobanbra [8-10]. C menbio BBIABICHHUS YCIOBUN NPUTOTOBJIECHUS KOOAIbT
COZIep KAIINX OKCHJHBIX KaTaJH3aTOpPOB, B JAaHHOW paboTe OBUIM TMPOBEACHBI TEPMOTPABHMET-
PHUECKUE UCCIIEIOBAHUS PUTOTOBICHHBIX HAMHU IIMHK-KOOAJIBT OKCHIHBIX KaTaJau3aTOPOB.

Metoanka 3xcnepuMenTa. [{uHK-K00aIbT OKCHIHBIE 00PA3IIbI IS HCCIIEIOBAHUS TOTOBUIIH
CMELIEHHEM BOJHBIX pAacTBOPOB KOOaJgbTa YKCYCHOKHCIOTO M IIMHKAa JBYYIJIEKHUCIIOTIO.
[lonyyeHHyr0 cMechb BBIIAPUBAIM M BBICYIIMBAIA IPH 40-50°C. TepmorpaBumerpudeckue
uccieoBaHusl 00pa3ioB npoBoaAwiIM Ha aHanuzarope TGA Q50. HarpeB oOpa3iioB mpoBOAWIH,
HauuHas ¢ 20 1o 600°C co CKOpOCTHIO 20°C B MUHYTY. TepMorpaMMbl MOJIYYEeHHBIX 0Opa3IoB
u3yyanu Ha auddepeHnmansHoM ckaHupytomieMm kanopumerpe DSC823. HarpeB o0pasios
npoBoauan HaunHas ¢ 50 1o 600°C co ckopoctero 10°C B MUHYyTY.

IMoayyennble pe3yabTaTbhl M MX o0cysxaenue. Ha pucynke | moka3zaHbl TepMOIpaMMbl
LMHK-KOOAJIbT OKCHUJIHBIX 00pa3lloB pa3iM4HOIro cocTaBa. BuaHo, yto Ha oOpasme Ooratom
kobanbToM (Zn-Co=1-9) nabnrogaroTcs ABa OOIBIIKX K30 dddexra ¢ makcumymamu nipu 330°C u
380°C. Ileporit 330 3 dexT mpu 330°C COOTBETCTBYET PA3IOKEHUIO YKCYCHOKHUCIIOTO KOOAIIbTa,
B TO Bpems kak BTopo# 3k30 3¢dpdexr mpu 380°C otnocurcs mpespamennto CoO B Co3z04. Ha
TepMorpamMme oopasma Zn-Co=5-5 BUIHBI OJIMH K30 W OJUH SHA0 YPdexTrl. Kak BugHO 13 puc. 16
MHTEHCUBHOCTH 3TUX 3PPEKTOB NPUOIUZUTEIEHO PABHBI.

W3 puc. 1B MOKHO BHJIETh, UTO Ha TepMorpamme obpasiia Zn-Co=9-1 BuieH oauH OOJBIION
sH10-3¢ ekt ¢ MakcumymoM mipu 250°C u onuH HEOOIBLIONW 3K30-3()(HEKT ¢ MAaKCUMYMOM IpU
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330°C. Dano-3¢pdext mpu 250°C, Mo-BUANMOMY, COOTBETCTBYET PA3TI0KEHHUIO YTICKUCIOTO [IUHKA,
B TO BpeMs Kak 3k30-3¢ ekt mpu 330°C, kak ObUIO CKa3aHO BBIIIE, COOTBETCTBYET PA3JIOKEHHUIO
YKCYCHOKHCTIOrO KoOanpra. CpaBHUBasi TepMOrpaMMBbl BCEX O00pasloB, MOXHO CKa3aTh, C
YBEJIMUEHUEM COJEepKaHUs OKcHlla KoOalbTa B COCTaBe OOpa3lOB BEeIWMYMHA 3HAO dPdekra npu
250°C ymeHbIIaeTcs, a MHTEHCUBHOCTH 3k30 3(pdexra mpu 330°C Bospactaer. Ha OGorarom
K0OaIbTOM 00paslie MOSABISAETCS BTOPOH MHTEHCUBHBIHN 3K30 3 dekT mpu 380°C cOOTBETCTBYIOMINMA
npespamieanio CoO B Coz0. M3 TepMorpaMm U3ydeHHBIX 0Opa3lOB MOXHO CHIEIaTh BBIBOJ, YTO
Bce (UBMKO-XMMHYECKHE TPEBpAlIeHHUs] HCXOJHOro ofpasla TMmpu ero MNpOKaIMBAaHUU
npekpamatorcs g0 400°C.

W3menenue Beca MpH NPOKATUBAHUHM IIMHK-KOOAIBT OKCHAHBIX OO0pa3loB pa3IM4YHOIO
cocTaBa MPHUBEICHBI Ha PUCYHKE 2. BUIHO, 4TO HAa BceX 00pa3laXx YMEHbBIICHUE BECa HAYMHACTCS
yxe npu 30-40°C um stor mnpouecc npomoipkaercs moutd Ao 100°C. Ilo-Buammomy, 3TO
00YCIIOBJICHO MOTEPEH BOABI M3 IMHKA YTIIEKUCIOTO OCHOBHOTO.

s Zn:Co=1:9, 1,9000 mg

Js0 100 150 200 250 300 350 400 450

Zn:Co=951, 2,49000 mgo0

o 5 10 15 20 25 30 35 40 min

Puc.1. Tepmoepaghuueckue uccnedosanus oopaszyos Zn-Co=1-9 (a), Zn-Co=5-5 (6)
u Zn-Co=9-1 (s).
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Puc.2. Tepmoepasumempuueckue ucciedoganus oopasyos Zn-Co=1-9 (a), Zn-Co=5-5

(6) u Zn-Co=9-1 (s).

Kak BumHO U3 puc.2a, npu npokaiuBanuu odpasma Zn-Co=1-9 nabmogaercss KpuBasi MOTEpPH
Macchl co MHOTUMH u3nomamu. [lorepro maccsl obpasua npu 100°C MOKHO OTHECTH K yJAJICHUIO
BOJIbI, yMeHbIIeHHe macchl npu 140-160°C, BbIIETEHUIO KPUCTAUIU3AIIMOHHOW BOJIBI, @ TIPOLIECCHI
YMEHbIIEHUsT Macchl, HaunHawomuecs npu 250 m 325°C, MOXHO OTHECTH K Pa3jIOKEHHIO
COOTBETCTBEHHO IIMHKA YIJIEKUCIOIO0 OCHOBHOTO M KoOajabTa YKCYCHOKHCIIOTO.
pas3ioKeHue UCXOJHOro oOpasla, Kak BHAHO M3 pUCYHKa 2, 3akaHumBaercsa mnpu 375°C. Tak kak
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3TOT o0Opaszel] B OCHOBHOM COCTOMT M3 KOOanbTa YKCYCHOKHCIIOTO, TO M TOTEpS Macchl 371eCh
HauOOoJIbIIAsA U COCTABISAET MOUTH 56.4%.

Kak BugHO u3 puc.26, Ha obOpasue Zn-Co=5-5 Taxke HaOmromaroTcs 4 M3JI0Ma Ha KPUBOU
MOTEepHU Macchl KatanuzaTopa. B otnuuue ot npensiayiiero odpasua Ha oopasie Zn-Co=5-5 norepu
Mmaccel ipu 150 u 325C He Takue MHTCHCHBHBIE U TPOIECC TTOTEPH MACChl 00pa3iia MpeKpamaeTcs
yKe Mpu 350°C. ITepBoiii uznom npu 100°C Ha KpUBOIl COOTBETCTBYET, 110 BUAUMOMY, BBIICICHUIO
BOJIbI U3 IIMHKA YIJIEKUCIOTO OCHOBHOI'O, BTOPOM M3JIOM M TPETHH M3JIOMBbI HA KPUBOW M3MEHEHUs
Macchl ipu 250 u 350°C yka3bpIBaeT Ha TO, YTO 3aMETHBIM BKJIAJ B MOTEPIO MAcCChl 00PA3IOB yKe
OKa3bIBA€T Pa3jIO’KEHUE 00EHX MCXOAHBIX BEIIECTBA, & UMEHHO LIMHKA YIJIEKMCIIOTO OCHOBHOIO U
koOanbTa yKCycHOkucioro. OOmas morteps Maccel obOpasma Zn-Co=5-5 wenbmie dem Ha
npenbayieM odpasiie u cocTaBisieT nopsaka 46.4%.

Ha puc 2B noka3zansl KpuBble IOTepH Macchl i oopasia Zn-Co=9-1. Ileppast morepst Mmacchl
obpasua mpu 100°C kak ObUIO CKa3aHO BBIIIE COOTBETCTBYET BBIJCICHHIO a/ICOPOLIMOHHON BOJIBI.
[Ipyn nanpHeWmIeM MOBBIIIEHUH TEMIEPaTyphl CIEAyIolas pe3Kas MOoTeps Macchl 00pa3loB
HauyuHaercs npubmusutensHo npu 250°C u mpopomkaercs a0 320°C. Oto 00ycnoBieHO
pa3joKEHUEM IHMHKAa YIIEKUCIOrO0 OCHOBHOTO 10 OKcHJa LMHKA. JlanmpHeilliee MOBBIIICHHE
TEMIIEPATyphl TPAKTHYECKH HE MPUBOJUT HM3MEHEHHIO Macchl obOpasna Zn-Co=9-1. Ilpu stom
oOmrasi moTepss Macchl MCXOAHOTO oOpasua cocrabiseT nopsanka 31%. Cymmupys BbIIIEH3IIO-
KEHHOE, MOXHO CKa3aTh, YTO C YBEIMYCHHEM COJICP)KaHUS IMHKA B cocTtaBe OmHapHoro Zn-Co-O
CUCTEMBI MOTEpHU MpPH MpPOKaIMBAaHUHU CHIDKaOTCA ¢ 56.4% nHa obpasue Zn-Co=1-9 mo 31% Ha
obpasie Zn-Co=9-1.

Takum o00pa3oM Ha OCHOBaHUE IMPOBEIEHHBIX TEepMOrpaQUUEecKUX U TEepMOTpaBUMET-
PUYECKUX aHAJIU30B MOXKHO CKa3aTh, YTO BCE M3MEHEHHS COCTaBa M MAacCChl IIPU MPOKAIUBAHUHU
obpaszioB mnpekpamatorcs g0 400°C. Ilostromy B panmpHeElIIeM MpH CHUHTE3€ IUHK-KOOAIbT

OKCHJHBIX KaTaJIM3aTOPOB HMX MPOKAIMBAHHE HEOOXOAMMO IMPOBOAUTH TPHU TEMIIEPATypax BBIIIE
0
400°C.
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XULASO
SINK-KOBALT-OKSID KATALIZATORLARIN TERMOQRAVIMETRIK TODQIQIi
Abuzarli F.Z., Bagiyev V.L.

Acar sozlar: termografiya, termoqravimetriya, sink oksid, kobalt oksid, binar sistemlor.

Miixtolif torkibli sink-kobalt oksid katalizatorlar1 sintez edilmisdir. Sintez edilmis
niimunalorin termoqravimetrik vo termogqrafik todqiqatlar1 aparilmisdir. Miioyyen edilmisdir ki,
todqiq edilon niimunolorin termoqrammalarinda 1 endo-effekt vo 330°, 380° C-do maksimumlari
ilo 2 boyiik ekzo-effekt miisahido olunur. Gostorilmisdir ki, binar Zn-Co-O sisteminin torkibindo
sinkin miqdarinin artmasi ilo k6zorma zamani katalizatorun ¢akisi 56,4% -don 31% -0 dok azalir.
Miiayyon edilmisdir ki, kozerma zamani katalizatorlarin biitiin fiziki-kimyevi doyisikliklari 400°C -
dok bas verir.

ABSTRACT
THERMOGRAVIMETRIC INVESTIGATIONS OF ZINC-COBALT
OXIDE CATALYST
Abuzarli F.Z., Baghiyev V.L.

Keywords: thermography, thermogravimetry, zinc oxide, cobalt oxide, binary system.

Zinc-cobalt oxide catalysts of different compositions have been synthesized.
Thermogravimetric and thermographic study of the synthesized samples were conducted. It is found
that in the thermograms of the samples are observed one endo effect and two large exo effect with
maximums at 330°C and 380°C. It has been shown that with increasing of zinc content in the binary
Zn-Co-0 system loss of samples at calcination decrease from 56.4% until 31%. It was found that all
the physical and chemical changes during catalyst calcination proceed until 400°C.

Daxil olma tarixi: Ilkin variant  15.02.2016
Son variant 01.06.2016
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Miasir dovrdo yiiksok istismar xassolorino malik polimer kompozisiya materiallarinin

alinmasi giiniin aktual mosoalolorindon biridir. Bu monada, yeni nosil polimer materiallarin
yaradilmasi osason iki tisulla: movcud polimerlorin modifikasiyasi vo yeni polimerlorin sintezi
ilo hoyata kegirilir. Hazirda birinci lisul iqtisadi vo texnoloji baximdan sorfoli vo {istlin
sayilmaqla daha genis yayilmigdir.

Toqdim olunan elmi-tadqiqat isi modifikasiya olunmus fenolformaldehid gstrani niimunasi
osasinda yiiksok fiziki mexaniki xassoloro malik kompozisiya materialinin alinmasina hosr
edilmisdir. Alinan kompozisiya materialinda adgeziya vo mdohkomlik xiisusiyystlorinin
yiiksolmasi diqqgoti ¢okir. Malumdur ki, bir ¢ox hallarda onlarin adgeziya vo mohkomlik
gostoricilori miiasir toloblors cavab vermir.

Molumdur ki, fenolformaldehid gqotranlarinin fiziki-mexaniki xassolorini yiiksoltmok
mogsadilo onu miixtalif epoksid birlogsmaolori ilo modifikasiya edirlor. Bunun iigiin bozi aromatik
vo tsikloheksan sirast (1-tsikloheksil-2,3-epoksipropan) epoksibirlogsmalordon fenolformaldehid
gotraninin modifikasiya olunmasinda modifikator kimi istifads edirlor.

Asetilen  siras1  1-(3-metil-3-glisidoksietoksibutil-1)-2-metiltsikloheksen-3  epoksi
birlogmasi do fenolformaldehid gotraninin modifikasiya olunmasinda modifikator kimi genis
istifado olunur. [2,3]. Ofsuslar olsun ki, bu birlogsmoalorin istiraki ilo alinan modifikasiya olunmus
gotran asag1 adgeziya vo mohkamlik gdstaricilorine malik olur.

Toklif olunan isdo bizim asas magsadimiz geyd olunan ¢atismazhiglar: aradan galdirmag,
bununla da fenolformaldehid qotrani tiglin lazim olan modifikatorlarin ¢esidinin artirilmasi
olmusdur.

Todqgigatlarimizin naticolori gostormisdir ki, fenolformaldehid gqotranlarinin torkibino
aromatik vo tsikloheksan sirasi epoksibirlogmolorin daxil edilmosi, onlarin yuxarida qeyd edilon
xassolorinin  yiiksolmosine  gotirir. Odur ki, torofimizdon fenolformaldehid gotraninin
modifikasiyasi ti¢iin modifikator kimi 5-(4-metil-4,5-epoksi-2-pentinil)-bitsiklo(2,2,1)-hepten-2-
dan istifade olunmasi toklif edilir.
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Bu modifikatorun halogenhidrinlorin dehidrohologenidlosmasi ilo alinmasi molumdur.
Bunun ii¢iin halogenhidrin olaraq 5-(4-xlormetil-4-oksi-2-pentinil)bitsiklo(2,2,1)-hepten-2 va
xlorlagdirict agent kimi kalium qolovisindon (koh) istifado edilir. Reaksiya asagidaki
polikondenslosma sxemi iizra gedir.

o i
CH,- C=C- C-CHCI CH,-C=C-C-CH,
CHs + KOH, efir miih. t-35-40°C _ ICHs
-H,0, KCl "

Prosesi kiikiird efiri miihitinde 35-40°C temperaturda aparirlar. Mohsulun ¢iximi 94,2%
(naz.) toskil edir. Sintez olunmus 5-(4-metil-4,5-epoksi-2-pentinil)-bitsiklo(2,2,1)-hepten-2-ni
fenolformaldehid qoatran torkibino komponentlorin asagidaki nisbotindo daxil edirlor;
fenol:formalin (36-40% mohlul):ammonyak: 5-(4-metil-4,5-epoksi-2-pentinil)-bitsiklo(2,2,1)-
hepten-2 uygun olaraq qramlarla: 17,5:17,7:3:5+10. Ona gora do todqiqat isini baslamaq ti¢lin
molum reaksiya iizra biz laboratoriyada birinci ndvbads lazim olan modifikatoru aliriq.

Tacriibi hissa.

I. Modifikatorun alinmas:.

Tacriiba 1: oks soyuducu ilo tochiz olunmus ii¢ bogazli kolbaya 4,5 q (0,02 mol) 5-(4-
xlormetil-4-oksi-2-pentinil)-bitsiklo(2,2,1)-hepten-2 yerlosdirilir, {izarina 50 mq quru efir tokiib,
tadricon ¢alxalamaqla 6q koh tozu olava edirik. Sonra efirin qaynama temperaturunda reaksiya
qarisigint 7 saat qarigdiririq. Alinmis reaksiya mohsulunu siiziir vo filtratdan efiri ¢ixarir, qaligi
159 vakuum altinda qovuruq. Vakuumla qovduqdan sonra 3,13 q (94,2% naz.) qaliq alinir. Alinan
qaligin torkibi 5-(4-metil-4,5-epoksi-2-pentinil)-bitsiklo(2,2,1)-hepten-2-dir vo onun  orimo
temperaturu 88-89°C toskil edir. Homin maddonin torkibi iq spektroskopiya analizinin vasitosilo
tosdiq edilmisdir. m, 1,5072, d3° 0,9904, MR, 56,50 hesab.55,86.-li modifikasiya
olunmus fenolformaldehid gatraninin alinmasi.

Tacriiba 2: lig bogazli kolbaya 17,5 q fenol, 17,7q formaldehid (36-40%-1i sulu mahlulu) vo
39 ammonyakin sulu mohlulunu tokiiriik. Qarigigi 90-95°C temperaturda 20 doq. Qizdiririg.
Sonra elo bu temperaturda alinmis birlosmoadon 7q damci-damci birinci tacriibado alinmis 5-(4-
metil-4,5-epoksi-2-pentinil)-bitsiklo(2,2,1)-hepten-2 birlogsmosinin iizorino oslave edirik. 40-45
daqgiqadon sonra kolbada olan torkib bulanir vo iki tobagoyo ayrilir: yuxar: toboqe — su, asagi
tobaqo iso— gotrandan ibaratdir. Qizdirmani 1,5 saat da davam edirik, sonra kolbada olan kiitloni
saxsi kasaya tokiiriik, soyuduruq va su tobogasini ayiririq. Alinan mohsulu neytrallasana qader
distillo suyu ilo yuyuruq vo iizorine 5-10 ml spirt oalavo edorok 460-500 mm. C. St. galiq
tozyiqds, 50-70°C-do vakuum quruducu skafinda qurudurug. Suyun ayrilma doracesino gora
qgotran soffaflasir. Aseton, spirt vo onlarin garigiginda yaxsi holl olur. Yapisqan siropuna oxsar
qurumus qotrani saxsi kasaya tokiib termostatda temperaturu 80-120°C-dok stabil galdirmagla
tam quruyana qodor qizdiririq. Borkimis garisigin fiziki-mexaniki gostoricilori codvoldo
verilmisdir.

3-cii va 4-cii tacriibalori analoji olaraq 2-ci tacriibaya uygun apaririq. 5q vo 9q (tocriibalora
uygun olaraq) 5-(4-metil-4,5-epoksi-2-pentinil)-bitsiklo(2,2,1)-hepten-2  birlosmoasi  olan
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modifikasiya olunmus gotran hazirlayiriq. Hor iki tocriibado alinmis mohsullarin gostoricilori
codvalds verilmigdir.

Cadval
Ne Xassolori Tocriibalor
2 3 4 | Analog” | Analogq™
7 5 9
1 2 3 4 5 6 7
1 | Adgeziya mohkemliyi, kgs/sm® 123,6 112 | 120 111.3 46,0
2 | Elektriko qarst davamliligi, kv/mm 50,5 415 | 47,6 44 4 33,0
3 | Brinelo gors barkliyi, kqs/ mm 44,0 40,1 | 459 39,8 34,8
4 | Xiisusi zorbo 6zliiliiyii, kqs/sm? 204 | 182|200 | 173 11,0
5 | Martenso gors istiliys davamliliq, °C 180 170 | 185 175 155
6 | Oyilmodo mohkomlik hoddi, kqs/sm? 860 830 | 840 820 750

Codvoaldon aydin goriiniir ki, asetilen sirasi tsiklik epoksibirlosmalarin totbiqi borkimis
fenolformaldehid gotranlarinin  fiziki-mexaniki ~ géstoricilorini, molum modifikatorlarla
miiqayisade ohomiyyotli dorocods vyiiksaltmisdir. Adgeziya borkliyi 11 kqs/sm®na godor
yiiksolir, oyilmoads iso borklik haddi 10-40kgs/sm?-dir.

Belolikla, torafimizdon toklif olunan asetilen sirasi tsiklik epoksibirlosma 5-(4-metil-4,5-
epoksi-2-pentinil)-bitsiklo(2,2,1)-hepten-2 ilo modifikasiya olunmus fenolformaldehid gatraninin
adgeziya vo borklik gostoricilori yiiksolir vo eyni zamanda, effektli modifikatorlarin ¢esidi
artirllmis olur. Bu modifikatorla modifikasiya olunmus fenolformaldehid gotraninin istismar
xassalori yliksoldiyine goro totbiq sahslori o, ciimlodon iizvi sintez vo polimerlorin sintezinds
genis istifado olunmasi miimkiindiir.

Noaticalar vo onlarin miizakirasi. Todqiqat isinin yerino yetirilmosinin naticolori ondan
ibaratdir ki;

-Alinan kompozisiya materialinin adgeziya vo barkliyi shomiyyatli doracads yiiksolmigdir.
Adgeziya 11 kgs/sm?, ayilmado borklik haddi iso 10-40kgs/sm? olmusdur. Bu iso digor molum
modifikatorlarla modifikasiya olunmus gotraninkindan ¢oxdur.

-Eyni zamanda, modifikatorlarin ¢esidi do artirilmis olur.

-Hazirki modifikatorla modifikasiya olunmus fenolformaldehid gqotraninin istismar
gostaricilorinin yiiksoldilmasi ilo slagadar onun totbiq sahesi do genislondirilmisdir. Belo ki
onlardan iizvi sintez va polimerlarin sintezinds genis istifads oluna bilor.
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CraThsi TOCBSINEHA  IOJIYYCHHIO  KOMITO3MIIMOHHBIX  MaTepHajloOB Ha  OCHOBE
MOIU(HUIMPOBAHHBIX 00pa3oB  (heHOIPOPMATBACTHIHOW CMOJIBI C YIYYIICHHBIMUA (H3UKO-
MEXaHUYECKUMHU CBOWCTBAMH, a TaKXe pACIIMPCHUI0 acCOPTUMEHTa MOIU(PUKATOPOB
denonhopMaIbIETUAHON CMOJIBI

SUMMARY
RECEIPT OF COMPOSITE MATERIALS WITH HIGH
PHYSICO-MECHANICAL INDICATORS
Qahramanov R.F., Orujov K.J., Shahgeldiyev F.Kh., Mammadova A.A.

Keywords: modification, physico-mechanical indicators, modificator, phenolformaldehyde
resin, composite material, spectroscopy, organic synthesis, epoxy compounds
of acetylene series.

The article is devoted to receipt of composite materials on the basis of the modificd

samples of phenolformaldehydc resin with improved physico-mechanical properties and also in
the range of phenol formaldehyde resin modificators extension.
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Ocywecmenena moougukayusi OYMUIKAY4YKA MPUXIOPYKCYCHOU — KUCIOMOU U  ee
U3ONPONUNOBLIM IPUPOM 8 NPUCYMCMBUU PAOUKATbHLIX UHULUAMOPOS. M3y ueHbl Hekomopble
KuHemuueckue 3aKkOHOMEPHOCMU NPOYeccd XUMUYecKou Moougurayuu u onpeoenensl u3uko-
MexauuyecKue c0tUCmaa Noay4eHHbIX MOOUDUKAMOS.

OnHUM U3 NEHHBIX MOJIMMEPOB, HAIEAINX IIUPOKOE MPUMEHEHHUE B PA3JIMYHBIX OTPACIAX
IIPOMBILUIEHHOCTH, SBISIOTCS  3JacCTOMEpbI, Cpeau KOTOPBIX BaXHOE MECTO 3aHUMAET
oytunkayuyk (BK), koTopslii o 00beMy MUPOBOTO IPOU3BOJICTBA 3aHUMAET TPETHE MECTO.

[ToBbIEHHBIN cIPOC HA OYTHIIKAy4dyK CBSI3aH € TE€M, YTO OH 00JaZjaeT KOMILJIEKCHBIMU
CBOMCTBAMM: BBICOKOM IIPOYHOCTBIO, TEPMOCTOMKOCTBIO, YCTOMYMBOCTBIO K BO3JEHCTBUIO
KHCJIOPOJIa U arPECCUBHBIX PEAreHTOB.

Cnenyer ormeruts, 4yro BK, Hapsany c LEHHBIMU CBOIICTBaMM, MMEET CYILECTBEHHBIE
HEJOCTaTKH, K YMCIy KOTOPHIX MOXXHO OTHECTH HM3KYI BYJIKAaHM3AI[MOHHYIO CIOCOOHOCTb W
aAre3yo, IUIOXYK0 COBMECTHMOCTb C HATypaJbHBIMM M CHHTETUYECKUMH Kaydykamu. s
YCTpAaHEHUsS! BBIIICYKA3aHHBIX HEJIOCTAaTKOB, a TAaKXKe C LEeJIbl0 YIy4llleHus (U3HUKO-
MEXaHUYECKUX CBOWCTB OyTUIKay4dyK, Kak HpaBUJIO, MOJUGUIMPYIOT C  pa3IMYHBIMU
pearentamu. Tak B TMocieqHUE TOJAbI TMPOBOJATCS IIMPOKUE HCCIENOBaHUS B o0nacTu
rajoreHupoBanusi, Qochop u  cynabdoxiopupoBaHus  OyTuinkaydyka. I[lomyueHHBIE
MonupuurpoBanusle BK 1mo MHOruM cBoilcTBaM HpPEBOCXOIAT OOBIUHBIM OyTHIIKAydyyK U
pacmpsIoT cepsl ero MpUMEHEHHUS.

Heabro HacTosAmel pabOThl SABIAJIOCH MOJydyeHUE OYTHIKAYy4yKOB C TpeOyeMbIMH
CBOWCTBAMM IyTeM €ro MoAM(UKALNU TPUXIOPYKCYCHOM kucinotrod (TXVYK) u ee
mzonponwioBbiM  3pupom (UIIDTXVYK) B mnpucyrctBuM paaudKadbHBIX HHHULIHAATOPOB.
Hcnons3oBanue YKa3aHHBIX MOJIU(PHUKATOPOB JlaeT BO3MOKHOCTb [IOJIYYUTh
oMM yHKIIMOHATbHBIE Oy THIIKAYIyKH, COAEPIKAIIIE XJIOp U KapOOKCHIibHbIE rpymmsl. [1] Dtor
CHOCO0 OTIMYAETCS OT CYIIECTBYIOUIMX TEM, YTO B 3JIACTOMEP BBOASTCS OJHOBPEMEHHO XJIOp U
KapOOKCUJIbHBIE TpYNIbl, B TO BpeMs, Kak B MNpeAblAylxX paboTax yKa3aHHbIE
(YHKIMOHAIBLHOCTH BBOAMIIMCH Pa3/ieibHO WU B JIBE CTAIUU.

JlononHUTENbHBIM MPEUMYILECTBOM MpeJiaraeMblX MOIAU(PUKATOPOB SIBISIETCS  UX
HEMOJIMMEPU3yeMOCTh, YTO HCKJIIOYAET Pa3BETBICHHOCTh MOAM(DUIIMPOBAHHOIO 3JIaCTOMEDA,
HaJIMYUe KOTOPBIX 3aMETHO YXY/IIAeT CBOICTBAa KOHEYHBIX MNPOAYKTOB [2,]. ByTuikayuyk
SBIISIETCS HEHACBHIIIEHHBIM 3JJAaCTOMEPOM, DPEaKLIHMOHHAs CHOCOOHOCTh KOTOPOTO B OCHOBHOM

50



Iynues T.J[., I'viuesa I'.H., Mameoosa b.I'., Pama3zanos I A.

OTIpeNIeNsIeTCsl HATMUYMEM U30IIPEHOBHOTO (PparMeHTa, T.€. BEIMYMHON HEeNpeaeTbHOCTH.

JKCIepUMEHTAIbHAA 4acTh. Mojaudukanus  OyTHIKaydyka € TPUXJIOPYKCYCHOM
KHCJIOTON M €€ U30IPOIIIOBBIM 3(hHUPOM.

B Haxopsdmryrocs B TepMocTaTe TPEXIOpiaylo Kojly, CHaOXEHHYI0 MeXaHHYeCKOH
MEIIAJIKON, TEPMOMETPOM, KallelnbHOW BOpoHKOHM, mnomemanu 100 r Oyruikayuyka,
pactBopeHHOro B 500 M KpHOCKOIIMYECKOro OeH30ja. 3aTeM K COAEpKUMOMY KOJIObl Ipu
MHTCHCHBHOM TiepeMemnBanni ¥ Harpesannn 80°C, moGamsmn 7 t (7% mo Becy BK)
TPUXJIOPYKCYCHOM KUCIIOTHI MK ee mpou3BoAHbIX U 1 T (1% mo Becy BK) nnunmaropa AVBH.

TemnepaTypa peakuuu peryiaupoBajach TepMmocTatupoBaHueM. llepememmnBanue
PEaKIMOHHOMW MacChl MPOJOJKAIM B 3aBUCUMOCTU OT 3afaHHbIX ycioBuil 30-60 mun. Ilocne
4Yero peaklMOHHass Koyida BBIHMMajachb M3 TEpMOCTaTa W IIPM KOMHATHOHM TemIiiepaType
moaudunupoBanubii BK ocaxgamm B 300 r meranoma. OcaXIeHHBIH KaydyK OTICISUIA OT
pacTBOPUTENS U OCATUTENS, IBAXAbl IPOMBIBAIIM METAHOJIOM, 3aT€M JAUCTUIUIMPOBAHHON BOJON
U CyLIMIM B TEPMOCTaTe IO BaKyyMOM IIpH 60°C B Teuenme 24 wacos. BeicymeHHsIi
Moupuurposansbiii BK 3aH0B0 pacTBopsiau B 500 M1 6eH30J1a 1 BHOBb OCaXk/1aJIl METAHOJIOM.
[Tocne cootBercTByMOIIEH 00pabOTKH, BbIAeNeHHbII MBK BbICymMBamum B BBIIIEONMCAHHBIX
YCIOBHAX B Te4YeHHWE 32 YacoB /0 NOCTOSHHOTO Beca. [lomydeHHBIH, TakuM o00pa3om,
MoauduimposanHblii BK noasepranu pu3nko- XUMHYECKOMY aHATIHU3Y.

OOcyxaenne pe3yJbTaTOB. OKCIHEPUMEHTH  TOKa3aJid, 4YTO MpH MOoJaudUKanuu
IPOUCXOIUT MPUCOEIUHEHUE MOIU(PUKATOPOB K MAaKpPOMOJIEKYyJaM HOJIMMEPOB. DMIUPHUUECKU
YCTaHOBJICHO, YTO HAau0O0JIee ONTHUMAJIHHBIM COOTHOIIICHUEM MEXIY UCXOTHBIMU KOMIIOHECHTAMH,
IpU KOTOPOM HaOJIIOJIAaeTCsl CYIIECTBEHHOE YIy4IlIeHHEe CBOUCTB MOIUPUIIMPYEMOTrO MOIUMEPA,
SIBIISIETCS COOTHOILIEHUE dnacTomep: moaudukarop: maunuatop — 100:10:1.

[Ipu Moaudukanuu OyTuUiIKaydyKa KHHETHYECKHE 3aKOHOMEPHOCTH pPEaKUMU ObUIu
U3YYEHbI MOJIApOrpapuueckKuM METOJOM. 3a CKOPOCTbIO pEaKUUU CIACAWIN M0 H3MEHEHUIO
KoHIeHTpauun Moaupukaropa - TXYK B cucreme. TpuxinopykcycHas  KHCIOTa
noJyisiporpapuuecku BocTaHOBiIMBaeTcs Ha (oue 0,5 M aMMmHuayHO-aMMOHHITHOro Oydepa ¢
pH=8,2. Ha puc.] mnpencrasneHsl kuHermdeckue Kpuble pacxoga TXYK B peakunun
moxudukaryn BK «2045» npu Temneparypax 60-80°C.

=
J
=
(=]
S
=) 60° (AMBH)
Q 70°(AMBH)
- 70° (JIB)
80° (JIB)
80° (AMBH)
o 0 °
o © °©
T T T T
O 10 20 30 40 T mu.

Puc. 1 Kunemuueckue kpusvie pacxooa TXVK 6 peaxyuu mooughuxayuu
BbK-2045. Konyemwmpayus  moouguxamopa  [TXVK]=4,3 107
MOJb/Ke, UHUYUAMOPO8 [AHEH]Z(S,I']O'2 MOb/Ke, [175]24.2'10'2

MOAK/K2.
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U3 puc.l BUIHO, YTO CKOPOCTH pEaKUUU I OOOMX WHUIMATOPOB HPUOIM3UTENHHO
pPaBHBI, YTO CBUICTEIBCTBYET O NPUOIUZUTEIHFHO OJUHAKOBBIX CKOPOCTSIX HHUIUHPOBAHUS
Wi=2f Kpae. [C] mpomecca st kaxkaol remnepatypsl, riae Wi — ckopocts mHUIMHpoBaHUS, Kpac.
— KOHCTaHTa CKOpPOCTM pacnaga uHunuaropa, [C]-KOHLEHTpauus UHULMaTopa, f-
3¢ (HEeKTUBHOCTh MHUIIMUPOBAHHS.

CpaBHMBas 3HaYCHUSI CKOPOCTEH U IIIyOMHBI peakuu sl OyTHIIKAyqyKOB MOXKHO CJIEJIaTh
BBIBOJ, YTO YBEJIMYEHHUE HENPENEIbHOCTU IOJUMEpPA MPUBOAUT K YBEIMYEHHID CKOPOCTH
peakiuu U rIyouHsl mnpeBpaiieHus. CKOpoCTh peakiuu ONpeessuid M0 HauyajibHOMY HAKJIOHY
KUHETUYECKON KPUBOA.

OnbITHl TOKa3adM, 4YTO CKOpocTh peakiuu Momudukammu BK 25 TXVYK-oif npu
xonnentpauun [TXYK]=6,1- 10" mons/xr,[ AUBH]=6,1+ 10 mons/kr 1 Temneparype 80°C B 1,5
pa3a BbIiIe, yeM ckopocTh Moaudukanuu BK [1675] B MACHTUYHBIX YCIOBHSX. 3Ha4YCHUS
ckopoctu 1t BK 2545 w=6,5- 10 monb/kr. muH; mig BK «1675» W=4,5- 107 momb/kr. MMH,
riyOuHa mpeBpaiieHus cooTBeTCTBeHHO (2543)% u (14+5)%, 1O ecTh pasnuune Takxe B 1,5
paza. DTO 3HAUUT, YTO yBEIMUEHUE HenpenenbHocTH bK-0B NpUBOIUT K YBEIMUEHUIO CKOPOCTH
peakuu W TIYOMHBI MPEBpAIICHHs, YTO CBUICTENHCTBYET OO0 y4acTUU JBOMHBIX CBSI3EH B
npouecce npucoequHenuss TXYK k makpomonekynam bBK. Ha cinenyromiem 3tane ncciieqoBaHui
OblJ1a M3y4y€Ha 3aBUCUMOCTb CKOPOCTH PEAKLUH W CTENECHU IPEBPALICHUS OT KOHLEHTpPalUU
urnrmaropa npu 80°C.

KoHTpobHBIMU SKCTIEPUMEHTaMU ObUIO YCTaHOBJIEHO, YTO B OTCYTCTBMM WHHUIIMATOpa —
azobucuzo0yruponutpunad B peakuuu Mmoaudukanmn TXYK ne pacxoayercs. Pacxonq TXVK
HA0JII0/1aeTCsl JIMILb HETIOCPEACTBEHHO B NpucyTcTBUU BK 1M nHMIIMaTopa, 4To CBUIETENbCTBYET
0 TMpPEeUMYIIECTBEHHOM mpoTekanun peakuun wmoaupuxammm BK TXVYK wyepe3d cramuto
o0pa3oBaHUs MakpopaJauKaioB. M3 aHann3a KUHETUYECKUX KPUBBIX peakuuu Moaudukamuun bK
TXVK cnenyer, uro B peakuuto B TeueHHe 20 MUH BCTyNAaeT NMPUMEPHO 5 TI' KUCIOTHI, T.€.
CTENEeHb MPEBPALICHUs] B CUCTEME JO0CTUraeT npubnuzurenbHo 70%. [ns koppensiuuu Mexny
konuuecTBoM u3pacxogoBaHHod TXVYK wu Beixogom MoauduuupoanHoro BK B
MaKpOMOJIEKyaX Mpu MOIU(UKAIINY U3ydeHa KHHETHKA PEaKIMU 10 CBA3aHHOMY XJIOPY (METO.
[lonurepa) u ompeneneHUI0 KapOOHUJIBHBIX TPYyNI ¢ NpUMEeHeHHeM Y® —CHeKTPOCKOIHUH.
Monuduuuposannsiit BK nmeer 2,1% xmnopa u kucnotaoe yucio 20.

Kunernyeckue Kpuble, MOCTPOCHHBIE MO MOJYYEHHBIM IKCHEPUMEHTATIbHBIM JIaHHBIM,
MPUBEJEHbl HAa PUCYHKE 2, U3 KOTOPOrO BHJIHA MOJHAS HACHTUYHOCTbh MEXIY KOJIUYECTBOM
uzpacxogoBanHoii TXVYK mnpu wmomudbukanmuu W TPOUEHTHBIM  COJEp)KaHUEM  XJopa
KapOOKCUJIBHBIX Tpynn B MoauuuupoBaHHOM noauMepe. C yMEHBIIEHHMEM HCXOAHOMN
koHueHTpauun TXVYK B peakiimoHHON cpene MpOonoOpIUOHAIBHO YBEIUYUBAECTCS COJIEpKaHUE
CBA3aHHOTO XJOpa W KapOOKCWJIBHBIX TpYII, ONpeleleHHbIX Y d-crekTpockonuen
moaudunupoannoro bK.

B mpouecce Moaudukanmm HaOdMO#aNM BBIAETICHHE XJOPUCTOIO BOJAOpOJA. OTOMY
COOTBETCTBYIOT JaHHbIE peakluu XuMuuyeckol momudukanuu BK wuzonponunosiM 3dupom
TXVYK, koraa taxxe Haomronanocs seigeneane HCI.

Takum 00pa3oM, MOJyYEHHbIE SKCIEPUMEHTAJIbHBIE JTAHHBIC MO3BOJIAIOT MPEANOI0KHUTH
4TO TPUXJIOPYKCYycHas kuciora npucoeaunsercs kK bK B sune —CCIl,COOH.

[Tockonpky Monekyina BK cocrout n3 n300yTuieHoBOro U M30MPEHOBOTO (PparMeHToB, TO
orcyrctBue pacxoga TXVYK npu Moaudukanuu monuu3o0yTuieHa, YCTaHOBJIEHHOE
KOHTPOJIbHBIMU OKCIIEPUMEHTaMH, noareepkaaeT, uro TXYK B OCHOBHOM pacxomyercsi Ipu

52



I'ynues T.J1., ['viuesa I H., Mameooea b.I'., Pamaszanos I A.

B3aMMOJICHCTBHUM C W30MPEHOBBIMHU (pparMeHTaMu. DTH pe3yJbTaThl BMECTE C pe3yJbTaTaMH
XMMHUYECKOT0 aHallu3a HeMpeAeIbHOCTH (pyu MoauduKauu HenpeaensHocTh bK cHmkaeTcs Ha
20%), a Takke JAaHHBIMH O IPONOPLMOHAIBHOM YyBenMueHuu ckopoctu pacxona TXVK c
YBEIUYCHUEM HENPEISIbHOCTH  OyTWiKaydyka (HempeaenpHocTh: 1,6; 2,0; 2,5 ckopocTh
pacxoma: 2,0-10 42510 %3,0-10* wmomb/kr.  cek COOTBETCTBEHHO)  OJHO3HAYHO
NOJTBEPXKIAIOT y4acTue IBOMHBIX cBsizedl BK B peakium monudukamm.

Cl,
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= ° "
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Puc. 2. Kunemuueckue Kpusvie pacxood MpUxiopyKCyCHOU KUCTIOMbl U
cooepoicanue Xiopa 6 MOOUPUYUPOBAHHOM OymMuUIKayuke, npu
MOOuGhuKayuy mpuxiopykcycHou KUCI0mot, 80°C.

1.Pacxo0  mpuxaopyKkcycHoU KUciomsl, ONPeOeNeHHblil  NOJSpPO-
epaghuueckum memooom.

2.Usmenenue codepocanusi xaopa 6 MOOUDUYUPOBAHHOM HOAUMepe,
onpeodenernnoe memooom Lllonucepa,

3.Cooepoicanue MpuxiopyKCyCHOU KUCIOmMbl 8 MOOUDUYUPOBAHHOM
Oymunikayyyke, — paccuumannoe No  KapOOKCUNbHbIM — PYNNAM,
CBA3AHHBIM C NOIUMEPOM.

Pacuersl moxazanu, utro B cpenHeM Ha oaHy Mosekynry BK (45000 monbe. Mmac.)
pacxomyercst mpumepHo 14 wmomeir TXVYK. VYwmensmenue uenpenensHoctd Ha 20%
COOTBETCTBYET MPUCOEIUHEHUIO TTO ABOMHBIM cBsa3sM 3,0 moueit TXVYK, a ocransubie 11 moneit
TXVYK npucoeausstorcs mo BCe BEPOSTHOCTH, MO O - METUIIEHOBBIM TpYIaM, IJl€ UMEET
MecTo 3P(HEKT COmpsHKeHHUs C JBOWHOW CBSI3bIO, yMEHbINawoImen sHepruto cBsizm C-H
npubnu3uTensHo Ha 10kkan/mons [3,4].
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[Io sKcriepUMEHTAIbHBIM JAHHBIM MOXHO MPEIJIOKUTh CIEAYIOIHE MPUEeMIIEMbIe
CTPYKTYpBI MoudunpoBanHoro bK TpuximopykcycHoO# KuCI0Ton

CH, |CH3 ?H3 ?Hg
[( ‘cl— CHZ—)M- CH,—C= CH—CHZ-:| + Cly COOH ——> a)|:(—|C —CHZ—)M— CHZ-C-CliH-CHz‘ ]n
IC|-|3 ! CH, Cl CCl;COOH
[ T
b) |:(_?—CH2‘)M_CH2—C= CH—CllH—]n + HCl
CH, CCL-COOH

[Ipemnaraemast cTpykrypa MoaudunupoanHoro bK, od4eBHIHO, BO3HUKaeT WIpH
B3aUMOJICHICTBUM MaKpOpPAINKAIOB, 00pa3yloIUXcs NpU pPaIUKaIbHOM HWHHIMHPOBAHUH C
TXVYK u conpoBoxnaercsa BbyieiaeHueM HCIL. Hanuuue Bbliensromeiicss npu mMoaudukanum
HCI roBoput 0 BO3MOXXHOCTH OTpbIBAa BOJOPOJA XJIOP- PAAUKAIOM OT O— METHJIOBBIX TI'pYIII
OyTHIIKaydyKa, TPUBOASAIIECH K 00pa30BaHUIO MAaKPOPATUKAIOB, KOTOPHIE B CBOIO OY€pEIb MOTYT
y4yacTBOBaTh B pEaKUMM WHULMUPOBAHUSA B JpPYyrux MOOOYHBIX mponeccax. M3 »3tux
paccyXKIeHUH CleqyeT, YTo Ipolecc Kak OyJATo UMeeT LEMHOM XapakTep, HO SKCIIEPUMEHTAIbHO
HaWeHHbI niepBoii nopsanok no AWBH (npu xoHueHTpamuu ot 6,1-10'5 bi (o) 2:10° MOJIB/KT)
yKa3bIBaeT Ha JuHeHbIN 00pbIB pagukana TXVYK na makpomonekynax BK.

B UK-cnektpe BK, wmomudumupoannoro TXVYK, oOnapyxkuBaoTcs  YETKO
(DUKCHPOBAHHBIE MOIOCH MONIOMEH:s B o6macTax 3000 cM™, OTHOCSIIHECS K KapOOHMUIBHBIM
rpynnam, u 1780 oM™, COOTBETCTBYIOIIME KAapOOKCUJIBHBIM IpylnaM € JBYMsl XJOPHBIMU
3aMECTUTENISIMU, YTO JOTOJHUTEIBHO MOATBEPKAAET pagukanbHoe npucoennnenns TXVYK npu
MoIuUKAMKY OyTHIKAaydyKa.

DHepruro akTUBaLUU MOoAU(UKauU OyTHIIKaydyKa pacCUUTBIBAIM IO (hopMmyIe:

4,5919% T,T,

AT

I'ne W- ckopoctb peakuuu, T-Temmeparypa.

Omna oxkazanock paBuoit ais BK 5-15 kkan/mons

MonuduunpoBaHHble KaydyKy MPOILIN Pa3BEPHYThIE PUINKO-MEXAHUUYECKUE UCIIBITAHNUS,
KOTOpbIE BBISBMJIM, YTO MO psAy IMOKa3zaTeneil MoaAu(UIUpOBaHHbIE Kay4yKH CYIIECTBEHHO
IIPEBOCXOJAT UCXO/IHBIE.

B Ta61.1 npuBeaeHs! pe3ynbTaThl HCTIBITAHUN Moau(UIIMpoBaHHBIX BK.
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Tabauua 1
Duszuko-mexanuieckue NOKA3ameny UCX00H020 U MOOUPUYUPOBAHHO20 OYMUIKAYYYKA
Bpems Mopyns npu Hpeznex
MIPOYH. OTtHOCHT. Cormpor.
Mapxku bK BYJTartnsa- npu YIJINHEHHE OCTaT;, pasnupy,
WHHTPH | 50006 | 300% | paspsise, % YA, %o | om
151°C mun <re/en

20 18 14 106 840 43 32
BK mcxomubii 30 10 20 154 820 42 72
Mapku «1675» 40 11 23 170 810 45 79
60 15 28 153 750 35 77
20 10 17 150 855 41 65
o @iﬁhpm}{ 30 13 22 150 745 42 80
et TXVE 40 18 27 170 725 43 86
60 20 39 178 675 33 75
20 11 17 158 887 40 55
BK, Monguuy- 30 13 | 23 168 750 39 70
posam bt | 4 18 | 29 179 720 40 71
P 60 22 43 178 700 33 73

N3 Tabn.l. BunHo, urto y MoguduuupoanHoro bBK npouHocTs Ha pa3pblB Bo3pacTaeT Ha
15-20%, moxyns npu 300% ymmuaenun Ha 30-40%, croiikocTs K wcTUpaHuio — Ha 25-40%,
CTOMKOCTh K MHOTOKpaTHBIM Aiehopmarnusam — Ha 30-70%.

Pe3unsl Ha ocHoBe MonauduuupoBanHoro BK o06majgatoT mnoBblIeHHOW O€H30- U
MaclIOCTOMKOCTBIO, a TAK)Ke XOPOIIeH aJre3nen.
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375951 1972.
Horankun b.A. Xumus snacromepoB. M.: Xumus, 1972, 390 c.
3. T'ynues T.JI. Monudukanus OyTuiakaydyka rajJoreHcoaepkamuMu kucioramu. SDU,
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XULASO
BUTIL KAUCUKUN XLOR VO KARBOKSIL TORKIBLI BIRLOSMOLORLO
MODIFIKASIYASI
Quliyev T.D., Quliyeva G.N., Mammadova B.H., Ramazanov Q.0.

Acar sozlar: modifikasiya, butilkauguk, trixlorsirka tursusu

Butilkaugukun trixlorsirka tursusu vo onun izopropil efiri ilo radikal inisiatorlarin
istirakinda modifikasiyas1 aparilmigdir. Kimyovi modifikasiya prosesinin bozi kinetik
ganunauygunluqglar1 vo aliman modifikatlarin fiziki- mexaniki xassolori 6yronilmisdir.
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Moougpurayus bymunkayuyka ¢ Xiop u KapOoKCUuico0epHcauumMu coeOuHeHuIMu

SUMMARY
MODIFICATION OF BUTYL RUBBER WITH CHLORINE- AND CARBOXYL-
CONTAINING COMPOUNDS
Guliyev T.D., Guliyeva G.N., Mamedova B.G., Ramazanov G.A.

Key words: modification, butyl rubber, trichloroacetic acid

The modification of butyl rubber with trichloroacetic acid and its isopropyl ether in the
presence of radical initiators has been carried out. Some Kinetic regularities of the chemical
modification process have been studied and the physical-mechanical properties of the prepared
modificates have been determined.

Daxil olma tarixi:  llkin variant  01.03.2016
Son variant 01.06.2016
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HOYAT FOALIYYOTININ TOHLUKOSIZLiYiI VO ONU SORTLONDIRON AMILLOR

OLOKBOROV SABIR DURAR oglu
Sumgayit Doviat Universiteti,miiallim
e-mail: alekberov.sabir@mail.ru

Acar sozlar: tohliika, miidafia, insan, faaliyyat, miihafiza.
Tohliiko insan saglamligina , comiyyata, genis anlamda aragdirdigda iso — biitiin olkaya
bela zarar vera bilir. Comiyyatin tahliikasizlik problemlori — hom milli, ham da global saviyyada
hor bir insamn fardi tohliikasizliyi ticiin hayati ahamiyyat kasb edir.

Canlilar sisteminin mdvcud olmasini tomin edon tobii faktorlardan biri tokliikosizlikdir.
Belo ki heg bir canli orqanizm daxili vo xarici tohliikelorden qorunmasa, yasaya bilmoz. insan
canli orqanizmdir. Onun tohliikesizliyi bir sira spesifik xiisusiyyatlori ilo farqlonir. Insan &zii
liclin tobii mithitdon forqlonon hoyat soraiti qurur vo eyni zamanda, 6zii ii¢iin tobiotdo olmayan
digor tohliikolori do yaratmis olur. Ovvallor tobii folakatlor, vohsi heyvanlar insanlar {igiin
tohliikko monbayi idiso, sonradan tohliikolorin sababkar1 insanin 6zii olmaga basladi vo 6zl do
onlardan miidafio olunma yollarin1 axtarmaga caligdi. Lakin, tobii sorait, sortlor do dayanmadan
doyismays basladi. Belsliklo, insanlar 6zlori torofindon yaradilan tohliikelordon xeyli aziyyat
cokirlor. Yol nogliyyat hadisolorindo, istehsalat prosesindo bir ¢ox insanlar olil vo xasto olur,
hatta diinyalarini doyisirlor.

Tosadiifi deyil ki, insanlarin bu faktorlardan qorunmasi problemi “Hoyat foaliyystinin
tohliikesizliy1” adlanan ayrica bir elmi istigamotin yaranmasina sobob olmusdur. Hoyat
foaliyyatinin tohliikesizliyi(Miilki miidafio) insanin otraf miihitdo tohliikesizliyi vo saglamliginin
gorunmasi haqqinda elmdir. Bu elm tohliikoli vo zororli amillori askara ¢ixarmali vo
eynilosdirmoali, insanin miihafizosinin metod vo vasitolorini, yollarini, zororli vo tohliikali
amillorini minimum daracaye qador azaldilmasini aragdirmali, dinc vo miiharibs dovrii bas veran
goza hallarinin, folakotlorin naticolorini aradan qaldirmaq todbirlori hazirlamalidir [1,5. 94].
Hoyat foaliyystinin tohliikesizliyi elmi bir fonn kimi miiasir insan ii¢lin son doraca
ohomiyyatlidir. Bozon insan forqine varmir ki, onun faaliyyati no dorocadoe tohliikalidir. Tohliiko
insan saglamligina, comiyyato, genis anlamda arasdirdigda iss biitiin 6lkaya belo zarar vers bilir.
Olbatto ki, tam sokildo tohliikesizliyi tomin etmok praktiki olaraq miimkiin deyil, homiso har
hansisa bir risk movcuddur. Lakin imkan daxilindo onu minimuma endirmok lazimdir. Bunun
ticiin bu sahads miioyyan bilgilorin olmasi vacibdir.

Insanin 6z faaliyystindon dogan tohliikalor onun giindalik qeyri-saglam hoyat torzinden, o
climlodon, zorarli vordislorindon do irali golo bilor. Yasadigimiz dovriin xiisusiyyatlori bizim
diqgetimizi insan torofindon doyisdirilmis otraf miihitin yaratdigi yeni tohliikoloro yonoldir.
Bugiinkii diinya artiq yeni kimyavi, bioloji, niiva silahlar1 ilo silahlamib. indiki soraitde kiitlovi
qirgin silahlariin, onlar1 hadafs catdiran raketlorin tokmillogdirilmasi vo istehsali elo bir hadds
golib catmisdir ki, nlivo miiharibasi bagoriyyat liciin real tohliikkoyo ¢evrilmisdir.

Alimlorin hesablamalarina goro indi méveud olan niive silahlarinin giicii planetimizdoki
canlilar1 bir ne¢o dofo mohv etmok ii¢lin kifayat edor. Bu sahadoki todqiqatlar gostorir ki, niivo
miiharibosi hom do dohsotli ekoloji folakot torodorok Yer kiirosini yasayis iigiin tamamilo
yararsiz hala sala bilor. Buna goro do bosoriyyatin toraqqisi, miiharibasiz xogboxt golocayi niiva
silahi ilo bir araya s18a bilmaz.
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Niivo miiharibosi tohliikosinin qgarsisint  almaq tiglin hor seydon ovval siiratlo
silahlanmanin, niivo silahlar1 istehsalinin garsis1 alinmalidir, kimyovi vo bakterioloji silahlar
tamamilo qadagan edilmolidir. ©On az1 niivo sinaglart mohdudlasdiriimali, onlarin iizorino
moratorium qoyulmali vo son naticods onlarin istehsali qadagan edilmolidir. Biitiin bunlar ona
gora vacibdir ki, nohong horbi cobboxanalar, bir ne¢o dovlstin, xiisuson do isgalci, tocaviizkar
siyasot yiiriidon dovlotlorin olindo comlosmis, kiilli migdarda niive silahlar1 bagoriyyat {i¢iin on
boyiik tohlilke monbayine ¢evrilmisdir. Dogrudur, ikinci Diinya miiharibasindon sonra hansisa
bir dovlot atom bombasi hiicumuna moruz galmayib, ondan on ¢ox siyasi vo psixoloji tosir
vasitosi kimi istifado olunur. Amma bir giin hansisa soboblordon niive silahinin dinc insanlara
qars1 totbiq olunmayacagina he¢ kos zomanot vera bilmoz. Niivo miiharibosi baslanarsa, burada
no qaliblor, no do moglublar olacaq, noticodo biitlin basoriyyat mohv olacaq. Odur ki, niivo
miiharibosi tohliikesinin qarsisini almagq {i¢iin biitliin dovlstlorin, birinci névbado, niiva silahlari
olan dovletlorin saylorinin birlagdirilmasi zoruridir..

Tohliikosizlik problemlorini Oyronarkon soxsiyystin, comiyystin vo onun miixtolif
tobagalorinin, dovlstin vo lmumilikdo bogoriyyotin maraqlar1 arasinda olan ziddiyystlore
toxunmamaq miimkiin deyil. Hoyatda miixtalif subyektlorin hor birinin 6z maragi var. Lakin
maraqlarin1 reallagdirma soviyyesi  tok onlardan deyil, hom do digor subyektlorin atdigi
addimlardan asilidir. Magsadins nail olmagq istoyon subyekt 6z omallorini alagads oldugu digor
subyektlorlo razilagdirir, bir sira hallarda onlarla birbasa ziddiyyet iiglin bozi maraqglarindan
koniilli olaraq imtina edir, ya da kompromiso golirlor (Yaxin Sorqdo bas veron hadisolor).
Qarsilarinda timumi moaqsad duran, lakin 6zlori tamamilo miixtalif olan subyektlori “bir qayiqda
lizon soyahoatgilora” oxsadirlar. Clinki soyahotcilor no godar miixtalif olsalar da, onlar1 bir timumi
moqsad — garsidaki sahilo ¢atmaq mogsadi birlosdirir. Qayiq birdir vo timumi isin uguru hor bir
sayahotcinin soyindon asilidir. Demoli, kompromis iigiin osas yaranir. Insanm vo comiyyatin
maraqlar1 arasinda kompromislor osrlor boyu formalasmis, 6z oksini milli-monavi vo oxlaq
normalarinda tapmisdir ki, bu da comiyyatin 6ziiliinli togkil edir. Dovlstin yaranmasi zamant
maraglarin kompromisi dévlatin gqanunlar1 soklinds tortib olunur vo bu ganunlara riayat olunmasi
ddvlatin har bir votondast {igiin vacib sayilir.

Avropanin bu giin 6hdosindon golo bilmadiyi miqrant folakotinin giinahkar1 elo Qarbin
Oziidiir. Ciinki bu giin bas veranlor Yaxin Sorqds diinyavi dovlotlori devirmoys hesablanmis neo-
miistomloko siyasotinin tozahiiridiir. Goriindiiyii kimi planetimizdo ¢ox ciddi ziddiyystlor
movcuddur. Bir torafdon har il kiitlovi qirgin silahlarinin istehsalina, onlarin zororli sinaglarina,
osassiz miiharibalors yiiz milyardlarla dollar sorf edilir, digor torofdon, hor il minlorlola adam
acindan oliir. No goder ki, miiharibs vo miinaqisolor 6z adalatli hallini tapmay1b, Yer tiziindo siilh
vo omin-amanliq borqgorar olmayib, no qodor ki, bas veron global problemlora qarsi ciddi
gabaqlayict tadbirlor goriilmayib, bir o qador do diinyamiz har ciir tohliiks ils iizlogocok vo bunu
aradan qaldirmaq zaman kecdikca ¢atinlogacok. Miiharibalarin, narkomaniyanin, axlagsizligin,
beynolxalq terrorizmin, insanlara bdylik maddi zoror vuran kortobii folakotlorin garsisinin
alinmasi, yoxsullugun, acligin aradan qaldirilmasi, ictimai adalotin borqgerar edilmosi, biitlin
insanlarin zoruri yasayis vasitolori ilo tomin edilmosi, insan hiiquqlarinin qorunmasi, hall
edilmosi vacib olan qlobal problemlordir vo onlarin holli diinyamizin hor cohoatdon
tohliikasizliyini tomin edocok.

Bosoriyyat oziinlin inkisafi boyu otraf miihitlo six bagli olub. XXI asrdo o, yiiksok
sonayelosmis comiyyatin yaratdig1 problemlori daha ¢ox hiss etmokdadir. Insanin tobioto koskin
miidaxilosi, bu miidaxilonin miqyasinin genisliyi vo miixtalifliyi bosoriyyst iicin global
tohliikalarlo naticalons bilor. Bu baximdan fovgelads hallarin say1 ildon-ilo durmadan artir.

Diinya statistikas1 gostorir ki, ancaq axirinct 40 ilds tabii falakatlorin sayr dord defs
artmigdir. Onun naticesinde ii¢ milyondan artiq insan holak olub,iqtisadiyyata kiilli miqdarda
ziyan dayib va bu tendensiya artmaqdadir [2, s. 5].
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Taobii vo texnogen folakotlor gozlonilmozliyi vo bdyiik orazilori ohato etmaesi ilo
saciyyalonir. Onlar insanlarin foaliyyotino, saglamligina, otraf miihito monfi tosir gostorir vo
basariyyet liclin bdyiik facislor toradir. Azarbaycan Respublikasinda ohalinin hoyat foaliyyati,
iqtisadiyyat vo tobii miihit {licliin daxildon tohlilkonin monbalori 6lkonin zororli maddslor
ehtiyatlariin, eloco do zororli istehsalatlar, texnologiyalar, enerji vo informasiya vasitolorinin
hom komiyyatco, hom do miqyasca tohliikali soviyyoya godor artmasi sayasinds yaranir ki, bu da
texnoloji gazalarin, hotta sosial va tobii folakotlorin téronmasing tosir gostarir [3, 5.18-23].

Elmi-texniki toraqqinin nailiyyotlorino baxmayaraq, comiyyat ticlin faaliyyat tohliikosi
artmaqdadir. Bosoriyyotin toraqqisine mane olan baglica amillordon birinin-miixtolif monsoli
fovgolado hadisolorin qarsisinin  alinmasi, noticolorin aradan qaldirilmasi biitiin - 6lkonin
qarsisinda duran on vacib problemlordon biridir. Miiasir dovriimiizdo Azorbaycan ddvlotinin
mohkomlondirilmasi, inkisafi, diinya birliyinds layiqgli yer tutmasinin baslica amillorindon biri do
torpaglarimizin, onun yeralt1 vo yeriistii sorvotlorinin, on baslicasi, xalqimizin xarici
tohliikolordon, yad tosirlordon, tobii vo texnogen folakot vo gozalardan miihafizo edilmasinin
toskili ilo baghdir. Ona goro do 6lkomizds ohalinin, onun maddi vo monavi sarvatlorinin tobii
folakotlordon, texnogen qozalardan, insanlarin oli ilo torodilon miiharibs vo folakotlorden
gorunmasi miiasir dovrde dovlat siyasatinin strateji istiqamatlorindon biridir [1,s.62-64].

Tobii vo texnogen xarakterli hadisolorin bagvermo ehtimali dovlst vo comiyystin
qarsisinda miiayyon vozifalor qoyur vo onlarin hallini tolob edir. Biitiin bu amillar tohliikasizliys
qarst risklorin miioyyanlosdirilmasini, homin risklorin gabaqlanmasini vo aradan qaldirilmasi
lizro adekvat todbirlorin hoyata kegirilmoasini zoruri edir.

Comiyyatin tohliikasizlik problemlori — hom milli, hom do qlobal soviyyads hor bir
insanin fordi tohliikosizliyi tiglin hoyati ohomiyyot kosb edir. Bu iso o demokdir ki, milli
tohliikasizlik (terror aktlar1) vo qlobal tohliikesizlik (niivo miiharibasi, qlobal istilosmo)
masalalori holl olunmayinca timumi tohliikesizlik, fordi tohliikesizliyin soviyyssindon asili
olmayaraq, hamiss arzu olunun soviyyadon asag1 olacaqdir. Mohz buna gors do har bir insan tok
0z tohliikasizliyinin deyil, hom do qlobal vo milli tshliikesizliyin tomin olunmasinda maraqli
olmalidir.

Osast ulu ondor Heydor Oliyev torofindon qoyulmus vo bu giindo Azorbaycan
Respublikas1 Prezidenti Ilham ©Oliyevin rohborliyi altinda qorunub saxlanan on qiymatli
doyorlordon biri do comiyyeatimizdaki daxili sabitlik vo amin-amanliqdir. Bu doyar 6lkomizds
ohalinin hayat faaliyyatinin tohliikasizliyinin tomin olunmasinin asas tomal daslarindan biridir.

Bunu qoruyub saxlamaq iso har birimizin vatoandasliq borcudur.
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PE3IOME
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OnacHOCTh SIBIISIETCS YIPO30H 30pPOBBIO 4YelOBEKa. B cTaThe paccMaTpUBaIOTCS
po0JIeMbl 0€301TaCHOCTH OOIIECTBA MMEIOIINE KU3HECHHO BaKHOE 3HAYCHHE I O€30MacHOCTH
KQ)KJO0r0 YeJIOBEKa KaK Ha HAIMOHALHOM, TaK U TJI00aThbHOM YPOBHE.

SUMMARY
SAFETY OF LIFE ACTIVITY AND FACTORS CONTRIBUTING TO IT
Alakbarov S.D.

Key words: danger, defence, human, action, safety.

The danger harms human health, but if this problem is examined in detail, it can be harmful
to society and the whole country. Safety problems of society are vital for the safety of each
individual both in national and global level.

Daxil olma tarixi:  llkin variant  02.02.2016
Son variant 01.06.2016

60



Sumgqay1t Dévlat Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmosi

Cild 16 Ne 2 2016

YAK.519.711.3
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Knwuesvie cnosa: ynpasienue OUHAMUYECKUMU CUCEMAMU, MOOCTU HCECMKUX CUCTEM
oughghepenyuanvuvix  ypasuenuti, areopummul pewenus OY ¢
HCECMKUMU CEAZSMU.

1. MaremaTn4yeckue MoJeJu ¢ KecTKUMH JIupdepeHIUATbHBIMA CBS3SIMUA H
OCHOBHBbIE MP00JIeMbI YMCJIEHHOT0 PelIeHusl.

[Tpo6nema sxecTkux cucteMm AuddepeHInaTbHbIX YPaBHEHHM BO3HUKIIA B TECHOM CBSI3U C
MaTEeMaTUYeCKUM MOJICTUPOBAHUEM  TPOIECCOB M3 PA3IMYHBIX oOnacteil. B TexHuueckux
CHUCTEMax OHa Yalle BCTPEUaeTCs B 3a7a4ax yINpaBJICHUs TPACKTOPUSMHU JBUKECHUM.

B uuncnennom ananmse pemeHuil AudQepeHIUaNbHBIX YPaBHEHHN K KECTKHM CHCTEMaM
MPUHATO OTHOCUTHh CHUCTEMBI, B KOTOPBIX XapaKTEPUCTHUYECKHME BPEMEHA €€ COCTAaBJISIOLINX
MMEIOT pacxoxkaeHms  mopsaka 10%-10° m Gomee [1]. MozmenmpoBaHHE TeTEPOTEHHO-
KaTaJUTHYECKON CHCTeMbl TpU JBYX(a3HOM TPEACTABICHUU TMCEBIO0KIKEHHOTO CIIOS
KaTtajau3aTopa IO3BOJUI OOHAPYKHUTh, YTO TEIJIOBBIE M XUMHUYECKHE MPOILECCH  Ta30BOU
(paspsikeHHOM) (has3bl IO CpaBHEHUH C MpOIlECCaMH B TBEPIOM ¢a3e Ooiee yeM B ThICS4a pa3
ObicTpoTeunsl [2]. Tak Kak MOHATHE XapaKTEPUCTUIECKOTO BPEMEHHU CTPOTO OTPEJIEICHO TOIHKO
JUTSL TAHEHHBIX CUCTEM, TO MOJ00HOE OMpeeleHne He MOKET ObITh BceoObeMtonuM. B aToi
CUTyallMd O4YEBHJHA TIOJIE3HOCTh BBEJCHHS SKOOMaHAa B 3aJaHHOM TOYKE MPOCTPAHCTBA
COCTOSIHUM. JIMHENHas 3aMeHa HEJIMHENHOW TUHAMUYECKOU CUCTEMBI

yi=fi(y)i=1n 1)
B Touke Y(t) =Y, c HCIIONB30BaHHEM SKOOHAHA UMEET BHUI:
of o ofy
, 0% OX,  OX,
AR A bl P 4 @
= 0X OX,  OX, |x = X =AY

ox Ox,  Ox
rae marpuia Ikoou mocTpoeHa B OTMEUEHHOM Touke. JInHelHast cuctema, BBIMUCAHHAS B TAKOM
BUJIE, HE 0071a/1aeT 0003pUMOCThIO C TOUYKH 3PEHUS XapaKTEPUCTHUYECKUX BPEMEH €€ OTAETbHBIX
ypaBHeHUH. C O3TOM TOUYKH 3pEHHUs pa3JIOKEHUE cUcTeMbl (2) mo 0a3ucam, SBISIOIIUMCS
COOCTBEHHBIMH BEKTOpaMH MaTpuIlbl 4, Oka3biBaeTcs BecbMa 3¢ dekTuBHBIM. [l 3TOTO
onpenenss coOCTBEHHbIE ynucna A, A,,..., A, KBapaTHON MaTpUIlbl 4, HAXOJAT M0 HUM A- YHACIA

n
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COOCTBEHHBIE ~ BEKTOPBI U, = (U5, Uy Uy, )" ooy Uy = (Upg, Upp ey Uyy) 5 KOTOPBIE  JTOJIKHBI

YIOBJIETBOPATH TPeOOBaHUIO JIMHEHHON He3aBUCHUMOCTH. OOBEIUHHUB BEKTOPHI U,

B OJIHY
marpuny U =(U,,...,U,), BBIIHCHIBAIOT Pa3I0KEHHE MCXOAHOW Marpuiel 4 mo 6asucam U,
KOTOPOE€ UMEET TPEYrOJIbHBIN BU:

2,00...0
A=UDU™, 20e D= 0400 ©)

000..4,
I[I/IHaMI/I‘IeCKYIO CUCTEMY COI'TIACHO 3TOI'0 IMPEACTABJICHHUA MaTPHIIbL A MO>XHO HaIMcaThb B BUE.
3—¥=Dy, W %:ﬂﬂyi;izl,_n (4)

JlaHHas 3amypch aBTOHOMHOM CHCTEMbl JHHEHHBIX IU(QEepeHIUATbHBIX YpPaBHEHHUH C
TOYKH 3PEHHS KECTKOCTH Au(epeHnnanbHbIX CBS3eH OKa3bIBAaeTCS 3HAYMTENBHO OOJIbIIIe
0003pHMOIf B CHJIY TOTO, YTO Ka)XJI0€ YpPaBHEHHUE B IPABOI YacCTH COJECPIKUT COOTBETCTBYIOIIEE
coOcTBeHHOE 3HaueHue /. M3 Teopun ycToMUMBOCTU PEIIEHUH U3BECTHO, YTO OTPULATENBHOCTD

BCIICCTBCHHLBIX yacTell cCOOCTBEHHBIX 3HAUYEHMI XapaKTCPU3yeT YCTOﬁqHBOCTL. HO, B JaHHOM
KOHTEKCTEe 0o0Jiee BaXKHBEIM SBIISICTCS TO, YTO 0obIINE II0 MOAYJIIO COOCTBEHHBIC 3HAYCHMS
XapaKTCPU3YIOT BBICOKHEC CKOPOCTH  3KCIIOHCHLHUAJIIBHOI'O  3aTyXaHUS. CYH_IeCTBOBaHI/Ie
ypaBHCHI/Iﬁ C 6I)ICTpI)IMI/I 3aTyYXaHUAMU OTHOCUTCIIBHO OCTAJIbHBIX, T.C. BBIABJIICHUC <OGKCCTKHUX
KOMIIOHCHT» B CUCTCMEC IIPUHATO OUCHUTD CICAYIOIIUM OTHOIICHHUEM [3]

min Re 4,
S=2dm 551 (5)
max Re 4,

I<i<m
Koad¢uimenT xecTkocTi S HE MOCTOSIHEH T.K. CHEKTP MaTpulibl SIKOOM MEHSEeTCs BIOJb
TpaexTopuu | :

t n
[OENIDIA@Ile (6)
b i1

HenocTossHCTBO S co3faeT CyliecTBEHHYIO NMpo0iieMy B KOHTpPOJIE KECTKOCTH cBsA3el. B
CIIy4asiX pacCMOTPEHHSI HEABTOHOMHBIX CHCTEM M CUCTEM YINpPaBJIECHUS JBUKEHUEM IpPUBEJICHUE
cucrembl B BUJ (10) He Bcerga oka3bIBaeTCsl BBIMOJIHUMBIM. C Apyroil CTOPOHBI aJITOPUTM,
OCHOBAHHBIM Ha OIEHWBAHWU S , NMPUHIWMHUAIGHO HE NMPUMEHHM K YCTPAaHEHHIO OIINOOK,
CBSI3aHHBIX C CYIIECTBOBAHHUEM Pa3pbIBHBIX (DYHKIUI B ITPABBIX YACTAX YpaBHEHUH.

Bbonee yHuBepcanbHbIM METOJOM, CIOCOOHBIM MPEOI0JIETH JOBOJILHO OOIIMPHBIN CIIEKTP
npo0ieM, CBA3aHHBIX C KECTKOCThIO auddepeHnnanpHo-aIredpanueckux 3ajaad, ciaexyer
CUMTATh TAK HA3bIBAEMBII METOJ «UIMHBI Ayru». OPUinaabHO NEpBOUCTOYHUKOM, /1€ BIIEPBbHIE
ObL1a onmyOJIMKOBaHa UAEO0JIOrHUEcKasi OCHOBA 3TOr0 METO/1a, MOKalIyH, ClIelyeT yKka3aTh padoTy
[4], xoTs k Hadamy 80-X roIoB B OOJACTH MOJEIMPOBAHUS 33/7a4 XUMUYECKOW KHHETHUKH
IIPOrpaMMHUCTaMH MPAKTUKOBAJICS CIIOCOO MPOTPaMMHOIO YIPABIEHUSI TOUHOCTBIO B «YS3BHUMBIX
y4acTKax» MHTEPBAJIOB MHTEIPUPOBAHMS 32 CUET COKpAIIEeHHUs 1aroB mnpojsumxeHus. CyTb xe
MeToJ1a, Mpejaaramolierocs B [4], 3akirodanach B TOM, YTO, UTEPAIIMOHHBIN MPOIECC pPELIeHUs
CHCTEMBI, CTpOMJICS HE BO BPEMEHHOM 001acTH, a 1Mo JUIMHE YTy Ha Tekylied Tpaektopuu. Ilo
dbopmyne (12) BeuucHsIIACH AJIMHA IATa UTEPAIMU, COOTBETCTBYIOIIAsI HAanOOJIee MEeJIEHHOMY
pocty ¢yHKuMHu Bo BpemeHH. Ompenenss npousBoanyio dl mo ¢opmyne (12) BrimuchiBanach
muddepeHIMaTbHOE YypaBHEHNE B HOBOM apryMmeHre [5] :
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%zFi(Y)E—- ;

0 f,=1 (7)

n
B »TOM ciiydae HOpMupOBaHHE BEKTOpa CKOPOCTH 00ECIeUrBaEeT PaBEHCTBO Z F?=1 Bo
i=0
BCEH TPAEKTOpPUH, CIEAOBATEIbHO, MPABble YAaCTH YpPaBHEHUS HE 3aBUCUMO OT OTAEIbHBIX
KOMIIOHEHT BEKTOPa CKOPOCTH, HE CTOJIb BEJIHKHU.
3. MeTton ciieskeHHsl 32 MOyJIeM BEKTOPa CKOPOCTH.
[Ipennaraemplii HAMU QJITOPUTM MO CBOEH HUICOJIOTUU OJM30K K METONY «IJIMHBI TyTU» B
TOM OTHOILIEHWHU, YTO B HEM JIJIMHA Ilara MHTETPUPOBAHUS CBSI3BIBAETCS C MOJAYJIEM BEKTOpa
CKOPOCTH, KOTOpBIII KOCBEHHO CBSI3aH C JJMHOW JyrH, MPOWJIEHHOW B TEUYEHHUE EIMHUIIBI
BpeMeHU. [lombITaeMcsi M3JI0XKUTH CYIIHOCTH aJTOPUTMA, OPUEHTUPYSACh Ha OJIHOILIATOBBIN
UTEPaLMOHHBIN Tpoliecc Ditnepa. BoimuiieM ntepanoHHbINA IPOIECC B BUJIE:

Y(ti+1) = Y(ti) + hoh(ti) f (yi) (8)

IIpucyrctBue B ¢opmyne (14) nonomuurensHod ¢yHkuum mara h(t;) I0mKHO

PEryJIMpoBaTh «IYCTOTY» CETKH KBAaHTOBaHWS BpeMEeHHOM koopaunatel. Ompenenum h(t) B
CBSI3H C BEKTOPOM CKOPOCTH, T.€. C BEKTOP-(PYHKIIMEW MPaBbIX YACTEH MPU MPOU3BOIBLHOM 1!

) =em| e 170 ©)

rae o —napamerp. OTMETUM, BBEJICHUE DKCIIOHEHTHI B IAaHHOM CJIy4ae UMEET LIEJIb ITOBBIILICHUS
qyBCTBUTEIILHOCTH KOHTpoupytomei Gpyaxkuuu h(t;).

OCHOBHBIM BONPOCOM SIBJISIETCSI HACTPOWKa BBEACHHBIX NapaMmerpoB. Pas3nenus mporecc
pelieHuss Ha JBa JTama, 1eJecoo0pa3HO BHAayaje BBIIOJHUTH ONTHUMAIbHOE OLEHUBaHUE
napamerpoB  h°, ¢ HPUYACTHO K KOHKPETHOH cHCTeMe ypaBHeHmi. Bo BTOpoM asTame, 10

UTEPALlMOHHOW CXeMe C aBTOMATHYECKUM BBIOOPOM IIara OCYILECTBISETCS BbIYMCIECHUE
pELICHUH yXKe 110 HACTPOEHHBIM IIapaMeTpPaM.
4. AiropuT™M aJanTHBHON HacTpoiiku napamerposh,, o .

3amagumcs cHavanga 3HAaYEHHSIMU a; =y, hlf =hg. JHanee motpeOyercst co3maBaTth JBa

BJIOXCHHBIC IUKINYECCKHUE BBIYUCICHUA IJIA OTBICKAHUA OIITHMAJIBHBIX BCIWMYHUH Otj n hl?

.

&<e
BHyTpeHHHIT MK — alanTHBHAs HACTPoiika h.. B GONBIIMHCTBE TaKUX aITOPHTMOB a/aTAIHs
BEJETCA M0 TPABUILY «IPEIUKTOP-KOPPEKTOp» ¢ 3amanreM h’:k =012,... ¥ OTKIMKOM —
«TOCTHTAOIIAsICSl JIOKAIbHASE TOYHOCTBY, T.€. aBTOMOACTPOMKA C IPOBEPKON YCIOBUS &, < & .
BHewHnii UMK — reHepanus BapuaHToB «; j=12,..) W Janee, BBIOOp HAWIIYYLIETO CPEAH
HUX. OTMETHM, MapamerTp ; OTBETCTBCHEH 3@ CKOPOCTH JBMIKCHHS Ha yYacTKax TPACKTOPHH.

Kak ormeueHo, cyllecTBOBaHHE TaKHX Y4YaCTKOB C OBICTPBIMU IEPEXOIAHBIMU IPOLECCAMH,
MOpPOXKJEHbl  Onaronapsi COBMELIEHHBIM JuddepeHanibHo-anreOpanueckuM — CBSI3IM U
HEePEXOJHBIM IIpoLieccaM MPU pa3pbIBHOM XapakTepe (YHKIUI B MIPaBbIX YacTsAX ypaBHEHUi. B
OTJIMYME OT MpolLecca BIOOpa ATUHBI 11ara, ONTUMU3ALMsI BEIUYUHB] ¢ BBIIIOIHIETCS OAUH pa3,
BHauaje Ipouecca HacTpoiiku. Takum  o0pa3oM, IOCIIE€NOBATENBHOCTh  JAEHCTBUIA,
COCTABJIAIONINX pPean3allii0 aIropuTMa HacTpoiiku mapamerpoB h°,«a, 3akmodaercs B
CJIEAYIOIIEM:

1. 3amaeM HayalpHOE M KOHEYHOE 3HAYEHUSA o =0, M —
3aJJaHHbIE qucia. Co3naem LUK BBIUUCIICHUH c IpHUpaleHUEM
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a,,=a; +Aa; Aa= (A, — A )/ M; j=1,M . PesepBupyem MaccuB XpaHEHHUs peE3yIbTATOB
BBIUMCJICHUM 1O BBHIOOpPY NJMHBI IIara ¥ MAacCUB HOMEPOB HTepaluii Kk, Hpu KOTOPBIX,

AOCTUTHYTA 3a/JaHHAsA TOYHOCTD & .

2. Co3/1aeM LMK BBIYHCICHHH ONMpEIeeHHs BeMIHHbl N°. DTy BENMHUHHY HEOOXOINMO
CBSI3BIBATh C 33JaHHOW TOYHOCTHIO pemieHus. Tak ke KaKk M BO MHOTHX aJTrOpHTMax BBIOOpa
JUIMHBI 1Iara UTepalMoHHbIX cxeM pemeHuss OY npuMeHUM <«IIPUHIMI aroCTEPUOPU», T.€.
BOCIOJIb3yeMCsl IpaBUIOM BbIOOpa miara Pynre [6].IlpuHumarorcss HauanpHas Touka it u

HayanpHbIA mar h) =t —t,. Ha ocHoBe mpaBmima PyHre ompenensercs JOKajibHBI HMPHU3HAK
JOCTH>KAMOCTH TOYHOCTH TI0 (hopMyIie:

Yin = Yok ni2 *
| <¢e (10)
27 -1
TAC Y,y — Yoxn» — COOTBETCTBEHHO 3HAYCHHS CETOYHBIX PCIICHHI B PaBHOMEPHBIX OTCUETaX

Homepa ku 2k ¢ mumHOM maroB h u h/2 CcOOTBETCTBEHHO; P —HMOPSAOK IOTPELIHOCTH
CETOYHOI'0 pEeUIeHMs], KOTOPbIM JUIsl IpocTeiiiero aaropurMa Oiliepa paBeH enunuue. [lpu
UCIIOJIb30BAaHUU METO/10B 00Jjiee BHICOKOIO MOpsAKa TOYHOCTH, B YACTHOCTH aJlrOpUTMOB PyHre-
Kyrra gerBeproro mopsiaka P =4.

3. Io HaiinennsM napamerpam hi®, o cTpOSTCS NTEPALIOHHBIC BBIYMCIICHHS:

Yer = Y +heP x| —a®®>" £2() | f (., V) (11)
i=0

OTMeTuM, 4TO TPEACTABICHHBIA Ha MPOCTEHIIEM alropuTMme JDijepa, Impeniararoniuics
METOJ, JIETKO MOXET OBbITh NEPEHECeH Ha BAPHAHTHI, UCIOJb3YIOLIHE AITOPUTMBI CETOYHOIO
pemenus O/1Y mpousBosnbHOro MeToja U mopsiaka. Hampumep, mporpamMMmupys npouenypy ¢
npumeHenrem 0de23 , ode45 wnm apyrux ananoroB pemarteneit u3 cucrembl Matlab s
MCIIOJIb30BaHUs MPEJUIaraeMoro MexaHu3Ma yInpaBJieHUsl JJIMHOM 11ara MHTErpUpOBaHMsI, BOBCE
HEOoO0s3aTeNIbHO KaKoe-JIMOO BMEUIATENbCTBO B KOHCTPYKIMIO CTaHJApTHOIO ajropuTMa,
npecrapistomerocs B Matlab-e Bupe :

[T,Y]=solver(@F,tspan,y0) , rae kthspar\ =[t0,, tfinal],

a OCTaTOYHO JIMIIG YIPaBJICHUE JJIMHON IO YacTsAM 3aJaroIuxcs nojasiHTepBaios [tO,,tiinal ]
rinobansHoro uHTepBana [ty,T] .

Takum  oOpa3oMm, COBpeMEHHas TEXHOJIOTUS ~ MOJEIMPOBAHUS U YIPABJICHUSA
JTUHAMUYECKMMM CHCTEMaMHU JIOBOJIBHO 4acTO BCTpPEYaeTcss ¢ MpoOJIeMOIl kKECTKOCTU CHUCTEM
TuddepeHMaIbHbBIX YPAaBHEHUH, NPEoJIoJIeHe KOTOpPOH MpejacTaBiseT coOoM  3amauy
Pa3HOCTOPOHHIOIO U YacTO TPEOYIOIIYIO y4eTa crienu(pUKd MoieapyemMoro oobekTa. Paszpurue
METOAOJIOTUM  aBTOMAaTUYECKOr0 IPOrHO3a M PACHO3HaBaHUs  O0JacTed  JKECTKOCTH
muddepeHIIMaTbHBIX CBA3€M M pa3phIBHBIX YYaCTKOB B (YHKIUSX MPaBbIX YacTel, a TakkKe
pa3paboTKa COOTBETCTBYIOIIMX IMPOTPAMMHBIX CPEACTB, OOJIAJAIOLIMX YHUBEPCAIBLHOCTHIO WU
aBTOMATHU3MOM PACIIO3HABAHHUS, COCTABISIET aKTYyaJIbHYIO 33/1a4y CETOJHSIIHErO AHS.
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XULASO
DIFERENSIAL TONLIKLORIN SORT SISTEMLORI VO ODODi HOLLORIN
ALQORITMLORININ TOKMILLOSDIRMO YOLLARI
Nagyev H.O., Sadixov V.V., Quliyeva N.O.

Acar sozlor: dinamik sistemlorin idara edilmoasi, sort diferensial tonliklorin sistemi

modellari, sart alaqali sistem diferensial tonliklorin hall alqoritmlaori.

Sort diferensial olagoli dinamik obyektlordo bu xassonin yaranma saboblorinin tosnifati
verilir vo hall alqoritmi baximindan tohlil olunur. Hom cabri-diferensial sistemlorin, hom do sag
torof funksiyalarinda kosilmo miisahido olunan diferensial tonliklorin adadi tisulla holli {igiin
imumi yanagsmanin mdvecud oldugu diqqate catdirilir. Sort slageli adi diferensial tonliyin adodi
tisulla hollinin tokmillosdirilmis alqoritmi toklif olunur.

SUMMARY
HARD SISTEMS OF DIFFERENTIAL EQUATION AND WAYS OF IMPROVING
ALGORITHM FOR NUMERICAL SOLUTION
Nagiyev H.A., Sadigov V.V., Quliyeva N.A.

Keywords: control of dynamic systems, the model of hard systems of differential equations,

algorithms for solving ODE with hard connections.

Hard differential dynamic objects related to the classification of the causes of solutions
characteristic is given and analyzed in terms of the algorithm. Both the differential algebraic
systems, as well as the right hand of numerical methods for solving differential equations and
functions of cuts observed to be present approach are noted. An improved method of numerical
solution of ordinary differential equations related to the harsh algorithm is proposed.

Daxil olma tarixi:  llkin variant  06.04.2016
Son variant 01.06.2016
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FRAKTAL ALQORITMLORIN INFORMASIYANIN SiFRLONMOSINO
TOTBIQi HAQQINDA

MOMMODOV CABIR iISMAYIL OGLU
Heydor Oliyev adina Azarbaycan Ali Horbi Maktab, dosent
e-mail: cabir_m@mail.ru

Acar sozlor: Kriptografiya, gamma-sifr, fraktal alqoritmlor, kompleks adadlor, fraktallarin
generasiyasi
Fraktal alqoritmlar vasitasila informasiyanin sifrlonmasinin iimumi prinsiplorina baxulr,
qarsiya ¢ixan problemlar va onlarin aradan qaldirilmast tisullar: aragdirilir.

Min illor orzinds kriptogqrafiya dovlstlorin inhisarinda saxlanilaraq, osason, milli
tohliikasizlik mosalolorinds istifado olunsa da, kompiiter texnologiyasinin siiratli inkisafi vo
comiyyatin yiiksak soviyyads informasiyalagmasi son onilliklor arzinds bu elm sahosinin ohato
dairosini xeyli genislondirmisdir. Elm vo texnikanin, texnologiyanin inkisafi ilo borabor
kriptografiyanin da iisul vo wvasitolori daim tokmillogsmis vo miirokkoblogmisdir. Tabii ki,
kriptoqrafiya iisullarii tokmillosdirarkon sifrlomo alqoritminin etibarliliginin yiiksoldilmasina
osas diqget yetirilir vo bu zaman miitoxossislor tosadiifiliyi oks etdirmoyo daha yaxin olan
alqoritmlordon istifadoyo iistiinliikk verirlor. Belo alqoritmlordon biri son zamanlar oksor elm
saholoring niifuz etmis va tosadiifi proseslori miivaffoqiyyatls tosvir edo bilon fraktal alqoritmlor
daha boyiik maraq kosb edir [1-4].

Odobiyyatin tohlili gdostorir ki, fraktal alqoritmlorin informasiyanin sifrlonmasi
masalolorinag tatbiqi sahasinde bozi todqiqat islori aparilmigdir [5-8], lakin goriilon islorin genis
sorhino agiq matbuatda rast golmok miimkiin deyil. Togdim edilon bu moqalads informasiyanin
sifrlonmosi mosololorindo fraktal alqoritmlorden istifadonin timumi prinsiplori verilir, qarsiya
¢ixan bazi problemlar vo onlarin aradan qaldirilmasinin miimkiin yollar: aragdirilir.

Umumiyyatlo, fraktallardan istifade etmoklo informasiyanin sifrlonmosi gammalasdirma ilo
sifrlomao tisullarina aid edildiyindon avvalca bu lisulun timumi prinsiploring nazar salaq.

Qammalagdirma aciq informasiyaya miioyyon qayda ilo qamma-sifrlorin olave
edilmosidir. Qamma-sifr aciq molumatin sifrlonmasi vo sifrlonmis molumatin desifrlonmasi {i¢iin
mioyyon ardicilliqla generasiya edilon psevdotosadiifi ardicilligdir. Sifrlonmadon 6nce ilkin
molumat vo generasiya edilon gamma-sifrlor eyni uzunluqlu (bir qayda olaraq 64 bitdon ibarat)

Dél) V) Qéi) bloklarina boliiniir [9]. Sifrlomo zamani ilkin molumatin vo gamma-sifrin

bloklarinin uygun informasiya bitlori modul 2-ys gora toplanilir. Buna uygun olaraq sifrlomo
tonliyi asagidaki kimi yazilir:

Déi) :Qéi)JrD(i),i:l,,,_,m, 1)
burada, Déi)- sifrlonmis informasiyanin i-Ci bloku;
O _ gamma-sifrin i-ci bloku;

D(()I) -ilkin ag1q matnin i-ci bloku;
m-ag1q (ilkin) motnin bloklarinin sayidir.
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Desifrlonma prosesi iso qamma-sifrlorin tokrar generasiyast vo onlarin sifrlonmis molumat
lizorino analoji qaydada olavo edilmosindon ibaratdir. Desifrlonmo tonliyi asagidaki kimidir:

DY’ =Q{" + DY, @

Bu tisulla Alinmis sifrlonmis informasiyanin kriptoanaliz yolu ilo agilmasi kifayat qodor
cotindir, belo ki, agar hor dofo doyisir. Oslinda, har bir sifrlonon blok iiglin qgamma-sifr tosadiifi
gaydada doyismolidir. Ogor gammanin periodu ilkin informasiyanin tam uzunlugundan bdytk
olarsa vo badniyystliys ilkin informasiyanin he¢ bir hissasi molum olmazsa, onda bu ciir sifri
yalniz agarin biitiin miimkiin variantlarini analiz etmoklo agmaq olar. Bu halda sifrin dayaniqligi
acarmn uzunlugu ilo miisyyan olunur.

Goriindiiyli kimi, bu lsulun osas ¢otinliyi gamma-sifrlorin generasiyasi iigiin miivafiq
alqoritmin secilmasindadir. Tosadiifi (psevdotasadiifi) odadlori asanligla generasiya edo bilmasi,
qurulmasmin sadoliyi, qeyri-xottiliyi Mandelbrot c¢oxlugu fraktalinin gamma-sifrlorin
generasiyasi ii¢lin istifado olunmasini alverisli edir.

Mandelbrot coxlugu fraktalh miioyyon kompleks odadlordon ibarat ¢oxlugdur vo bu
coxluq tigiin miiayyon bir R adadi var ki, n-in biitiin natural qiymatlorindo ¢oxlugun elementlori
lizorindo

Zny =2, +C ®)
¢evirmosi apardiqda |Zn| < R sorti 6donmis olur [1, 10,11].

Mandelbrot fraktalinin qurulmasi asagidaki kimidir. ¢ vo z kompleks odadlorini uygun
olarag, c=a+bi vo z, =X, +y,i soklinds ifads edarak, (3) ifadasi iizerinds gevirms aparaq:

Znia = (Xn + Vi) (Xn + Yai) +(@+bi) = X3 +2X,Yni — Y5 +a+bi =

= (<2 —y2 +2) + (2%, Y, + )i @

Buradan iso z_  kompleks adadinin haqiqi vo xoyali hissalorini uygun olaraq asagidaki kimi

n+1
gostara bilorik:

2 2
Xp =Xy — Yy +a

5
yn+1:2Xnyn+b ( )

(5)-don istifado edorok Mandelbrot ¢oxlugunun elementlorini miioyyon edok. Bu mogsadlos ilkin
sortlor kimi qobul edak ki, R=2 (bir qayda olaraq belo gétiiriiliir), n=1,2,...,N=100, vo z, =0. (5)

ifadosino osason N dofo ¢evirmo aparildigdan sonra (x,,)*+(y,.,)° <Rolarsa, ¢ ndqtosi

n+1
Mandelbrot ¢oxlugunun elementi kimi saxlanilir, oks halda atilir. Bu ardicilligla verilmis hiidud
daxilindo kompleks ododlor coxlugundan Mandelbrot coxluguna aid edilon biitiin adodlor
miioyyan edilir.

(3) ifadesi Mandelbrot fraktallarinin on sado ndviiniin alqoritminin asasidir. Homin
ifadodo miixtolif doyisikliklor aparmaqla bu sinifdon olan ¢oxlu sayda fraktal novleri yaratmaq
miimkiindiir.

Fraktal alqoritmlor vasitasilo informasiyanin sifrlonmasi prosesini sxematik olaraq sokil
1-daki kimi gdstormak olar.

Proses asagidaki kimi hoyata kegcirilir. Sadolik ii¢ilin forz edilir ki, sifrlonmasi tolob olunan
informasiya miioyyan Ol¢iilii rongli tasvirdir. ©vvalca fraktal alqoritm vasitasilo homin Sl¢iids
fraktal tosvir generasiya olunur. Hor iki tosvirin ikilik kodlar1 eyni 6l¢iilii bloklara bdliiniir.
Burada bir vo ya bir ne¢a pikseli bir blok kimi gotlirmak olar. Tasvirlorin uygun bloklarinin
miivafig movqgeds olan informasiya bitlori mod 2-ys gora toplanir. Eyni 6l¢iide alinan yeni blok
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0ziindo sifrlonmis molumati oks etdirir. Desifro edilmosi ii¢lin sifrlonmis informasiya bloklar
yeno homin gaydada fraktal ¢oxlugun miivafiq bloklart ilo mod 2-yo goro toplanir vo ilkin
informasiya barpa edilmis olur. Burada tobii ki, fraktallar ¢oxluglarinin yaradilmasi tigiin ilkin
parametrlor verilmoalidir. Sokilds K ila isars edilon bu parametrlor toplusu hom sifrlonmo vo hom
do desifra edilmada eyni olub prosesin agari funksiyasini yerina yetirir.

f ;

Fraktal
Fraktal Sifrlenmis
informasiyanin
Sifrlenmis oturdlmasi ; Desifro edilmis
»> informasiya informasiya
ilkin
informasiya

Sakil 1. Fraktallar vasitasila informasiyann sifrlonmasinin funksional sxemi

Fraktal alqoritmlo generasiya olunan tosvir niimunasi sokil 2-do  verilmisdir.
Qammalagdirma prosesinda bu ciir fraktal tosvirlorin piksellorinin ikilik kodlar1 gamma-sifrlor
kimi istifado olunur. Lakin gokildon do goriindiiyii kimi, tosvirin elo saholori var ki, orada
piksellor (qamma-sifrlor) eyni qiymoto malikdir. Bu, kriptoanalizi asanlagdiran bir xiisusiyystdir
va fraktal alqoritmlor vasitasilo gamma-sifrlorin generasiyasinda olan asas problemdir.

Eyni elementlori
coxluq taskil edan
oblastlar

Sokil 2. Fraktal alqoritmls generasiya olunan tasvir niimunasi

Generasiya olunan fraktal tosvirin bdyiik oblastlarinda informasiya eyniliyinin aradan
galdirilmasi tigiin miixtalif isullardan istifads oluna bilor. Bunlara agagidakilar aid etmok olar:
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koordinat baslangicinin kogiiriilmasi;

fraktalin miioyyon bucaq godor ¢evrilmaosi,

fraktalin biitovlikde deyil, yalniz miioyyon bir hissesinin (esason, sorhod vo
sorhadoyaxin) hissalorinin istifads edilmasi;

miqyasin artirilmast;

fraktalin baslangic Z0 vo C parametrlorinin diizgiin se¢ilmosi;

tasvira miioyyan funksiyalar vasitosilo miixtalif fragmentlorin slave edilmasi.

Qeyd etmok lazimdir ki, kompyiiter modellogdirilmasi ilo bu tsullar yoxlanilmis veo

miisbat naticaler alds edilmisdir.

Baxilan niimunads sadslik iigiin sifrlonon informasiya rongli tosvir kimi gobul edilmisdi.

Basqa nov informasiyanin (moes., motn, sos fayllar1 vo s.) da fraktal alqoritmlordon istifado
etmoaklo sifrlonmasi analoji qaydada aparilir. Burada yalniz informasiyanin bloklara boliinmasi
tisullarinda miioyyan forqlor vardir.

Notica. Torkibindo ¢oxsayli eyni elementlordon ibarat oblastlarin olmasi fraktal

alqoritmlor vasitasilo generasiya edilon ¢oxlugun biitovliikkde gamma-sifrlor kimi istifadssini
miimkiinsiiz edir. Ona gors do generasiya edilon ¢oxluq avvalcadan tohlil edilmali, torkibinda
coxsayli eyni elementlor olan oblastlar ya tamamilo ¢oxlugdan keonarlagdirilmali, ya da onlarin
elementlori miioyyan funksiyalardan istifade etmoklo doyigdirilmalidir.
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Cevik istehsal sisteminin sistemotexniki layihalondirma morhalasindo  kompiiter
eksperimentlori ilo kompleks tadqiqi moasalalorina baxilir, layihalondirilon obyektin idara
algoritmini tadqiq etmak iigiin avtomallagdirilmis layihalondirma alatinin arxitekturasi toklif
edilir.

Yeni layiholondirilon  obyektlorin  yaradilmasinin  mogsadsuygunlugunun  qiy-
motlondirilmasi miixtolif toyinatlt modellogsdirmo tisullar ils ilkin layiholondirmo morhalalorinds
todqiq olunaraq doyorlondirilir. Toacriibo gostorir ki, oksor hallarda layiha edonlorin
sistemotexniki layihoalondirmo morhalolorinds (texniki tapsiriq, eskiz vo texniki layiho) istifado
etdiklori ideyalar sonraki marhalalordos, xiisuson do sinaq eksperimentlorinds 6ziinii dogrultmur
va layiha prosedurlarinin tokraran yerina yetirilmosi ilo miisayiot olunur. Tabiidir ki, gostorilon
tokrarlanmalar layiholondirmoe miiddotini artirmaqla olave vasaitlor tolab edir, igin somoraliliyini
azaltmagqla borabaor yeni yaradilan obyektin istismarda olma miiddstini qisaldir, bazi hallarda iso
istismara verilmo vaxtinda monovi va fiziki cohotdon kohnolmis hesab edilir.

Moalum oldugu kimi layihslondirma prosedurlart miixtalif marhaslslords forqli ixtisaslara
malik miitoxassislor kollektivi torafindon hoyata kegirilir vo har birinin texniki vo ideya sohvlori
novbati marhalalars tiraj olunmagqla son naticads obyektin fiziki modelinin sinaq marhalasinds
askarlanir.

Layiholondirma prosedurlarinin marhalslorinds tapsiriga uygun olaraq obyektin se¢ilmis
xassolori miixtolif isaralorlo (simvollarla) tesvir edilir. Analiz gostorir ki, layiho toskilatlart ilo
sifarigs¢i arasindaki iinsiyyot osason axirincinin peso saviyyasine uygun siini vo tobii dillordo
hoyata kegirilir. Bu halda sifarig¢i miixtalif eksperimentlorlo tosdiq edilmis empirik vo elmi
osaslarla isbat edilmis riyazi vo montiqi diisturlardan da istifado edo bilor. Obyektin se¢ilmis
xassalori barado simvollarla tosdiq edilon motn, audio, vizual, tosviri, qrafik vo s. tipli ilkin
verilonlor toplusuna semantik informasiya (SI) kimi baxilir. Qeyd edok ki, idrak nozoriyyasino
osasan ilkin SI insan tarafindon obyektin secilmis xassolorinin fikso edilmis tasvirloridir. Odur ki,
biitiin bilik saholorinin obyektlori iigiin ilkin Si-in yaradilmasimin universal alqoritmi mdvcud
deyildir. Ancaq insan ilkin SI-in montiqi strukturunu - kaskadimi, miixtolif dayanigh
kateqoriyalardan (moaqgsad, metod, vasito, keyfiyyot, komiyyot, sobob, notico, mona forma vo s.)
istifado etmoklo tosvir edir [1].

Si bircinsli vo kompleks formalarda tosvir olunur. Si-in bircinsli formasi coxlugu asagidaki
kimidir [1]:

Nl={t1 S’ gv c }’ (1)
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burada t-motn formasi; S-audio formasi (danisiq, sos); g-vizual forma; c-tosviri, qrafiki forma.
Si-in kompleks formasi (V-forma) eyni zamanda bir ne¢o bircinsli formanin birlosmasindon
togkil olunur. Mas. matn vo audio (t, s).

Si-in kompleks formali tosvirlorinin variantlarini analitik {isulla almaq olar. Maes. bircinsli
formali ¢oxluglarm elementlorinin hasili emoliyyati ilo Si-in binar formali (N3) tosvirini almaq
olar:

N2 = le Nl = {(tv t)’ (tv S)v (t’ g)v (t’ C)v (S’ t)’ (Sv S)’ (S! 9)1 (Sv C)’ (XY
- (G1), (€5), (€,9), (c,0)}- )

Goriindiiyli kimi bu halda SI-nin 16 binar formali tosvirlori miimkiindiir.

Gostorilon gayda ilo Si-in ternar formali (N3) tasvirini almagq olar.

N3=N1X N1 X Ny = {t, t,1),..,(,s,s,),..., (g g g),...,(c,c,c),...} 3

Bu halda SI-in 64 ternar formalar1 mévcuddur.

Layiholondirma prosesindo ilkin (birincili) SI predmet sahosinin miitoxassislori torafinden
formalasdirilir Vo texniki tapsiriq soklinda icragi toskilatlara toqdim edilir. Ilkin Si-in ikinci Si-
ya ¢evrilmasi, yani analiz-sintez ilo mantiqi amaliyyatlar naticasinds obyektin simvollarla tosviri,
osason insanlar torafindon hayata kegirilir. Bu mogsadlo bir név Si-in xiisuson do, t-motn formali
Si-in ikinci formaya cevrilmosinds semantik soboko vo onun miixtalif modifikasiyalar (ssenari,
Freym modeli vo s.) istifado edilir. Tocriiba gdstarir ki, biitiin gevrilmo amoliyyatlarnda ilkin Si-
in sixilmas1 miitlogdir vo 2-ci SI ilkin Si-ni tam tosvir etmir. Qeyd edok ki, ilkin Si-doki bu név
itkilor do layiha edonlorin ilkin ideyalarinin son naticads 6ziinii dogrultmamasinda xiisusi rol
oynayir. Odur ki, miirokkob sturukturlu proseslorin sistemotexniki layiholondirmo morhalasinds
modellosdirms tisullart ilo todqiqi xiisusi oshamiyyat kasb edir. Bu masoalo yeni avtomatlagdirma
vasitolorindon istifado etmoklo yaradilan, iki vo ii¢-0l¢iilii fozada qarsiligl olagodo faaliyyot
gostoron ¢evik istehsal sistemlorinin layihalondirilmasindo daha da aktuallasir.

Cevik istehsal sistemi (CIS) miixtalif toyinatli mexatron vo digar texniki qurgulardan toskil
olunmus, qarsiligh oslagado foaliyyat gdstoron ¢evik istehsal modullar1 (CIM) toplusu olmagla
miirokkob xarakterli diskret sistemlor kateqoriyasina aid edilirlor. CIM-in elementlori sonaye vo
intellektual robotlardan, miixtslif toyinatli manipulyator vo naqliyyat qurgularindan, mov-
gelosdiricilordan va s. ibaratdir. Gostarilon qurgular toyinatlarindan asili olaraq avvalcadan ma-
lum olan vo ya miixtolif situasiyalarda nisbaton geyri miioyyonlik miihitlorinds foaliyyot
gostarirlor.

Molum oldugu kimi CIM-in mexatron qurgulari ii¢ 6lgiilii fozada bir-biri ilo qarsiligh
olagoda, osason do ortaq is¢i zonalardan istifado etmoklo foaliyyot gostorirlor. Odur ki, onlarin
fiziki modellori tizorinds sinaqlarin hoyata kecirilmosi miioyyan ¢atinliklorlo miisayist olunur
(ortaq is¢i zonalarda toqqusmalar, qoza situasiyalari va S.).

Gostorilon hallar CIM-lorin ayri-ayri mexatron qurgularinin idars Vo qarsihight olage
algoritmlarinin islonmasindaki qiisurlarin naticesinde bas verir. Digor torafdon CiS-in CIM-
lorinin har hansi bir mogsods nail olmaq isiin koordinasiyalt kompleks soklindo idars edilmosi
algoritmlorinin iglanmasi da talob olunur.

Sadalanan ¢atismamazliglarin CiS-in layihalondirilmasinin marhalalorinds tiraj edilmomasi
liciin ilkin layiholondirmo morholosinds CIS-in  yaradilmasmin  magsadouygunlugunu
giymatlondirmoyin miixtalif iisullarindan istifads olunur.

Belo yanasmalardan biri CIM-in elementlorinin miixtolif analitik modellosdirms iisullari ilo
modellosdirilmasi vo CIM-in kompleks sokildo tadgigini yerino yetirmak iiciin ilkin modellarin
Petri  sobokosi modelina g¢evirmok Vo axirmcimin  osas  Xassolorini  analiz  edorok
giymatlondirilmasidir [2].

Tocriibado  situasiyalar1 apriori moalum olan diskret xarakterli proseslorin analitik
modellosdirma tisullart kimi sonlu avtomatlar, paralel foaliyyatli asinxron proseslor, semantik vo
sobaka modellari, Freym vo montiqi modellor genis totbiq edilir. Bu tisullarin har birinin {istiin vo
catismayan cahatlori Vo somarali totbiq sahalori mévcuddur.
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Biliklorin semantik informasiya saviyyasinda formalasdiriimasi

N; ={t, s, g, c} — Sl-in birncinsli formada tosviri
N, = Ny xN; — Sl-in binar formada tasviri
N3z = N; xN; xN; — Sl-in ternar formada tasviri

Proseslorin analitik modellari

CiS-in faaliyyatinin analitik modellori:
1. Sonlu avtomat —

K={uv,X, Y, 0, y}

2. Paralel foaliyyatli asinxron proseslor —
P=<S, F, I, R>;

3. Produksiya qaydalar1 — (P) f(x) >

Vo s.

4. Freym modeli —

5. Moantiqi model
M=<T,P, A, F>,

1. Qeyri solis sonlu avtomat —

A=<u, X, Y, So, 0, v};

2. Qeyri salis paralel foaliyyatli
asinxron proseslor — P=<S, F, I, R, Sp>;
3. Linqvistik geyri salis modellor -
MIMO modellori

Ogor ....onda .... vos.

Predmet soviyyasinda biliklor bazasi

Interfeys

Petri sobokosina ¢evrilma alqoritmlori

Qeyri salis Petri gobokasing ¢evrilmo
algoritmlori

Petri sobokalorinin xassalorinin analizina asason naticalorin
adekvatlhiginin qiymatlondirilmasi
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Proqram saviyy

indo biliklor bazasi

Prosesloarin idaroedilmasinin programinin formalasdirilmasi

_________________________________________________________________________________________

Sakil. Sistemotexniki layihalondirma marhalasinda avtomatlasdiriimig
layihalandirma alatinin arxitekturasi



Layihalondirilon obyektin idara alqoritminin tadgiginin avtomatlasdirilmes
layihalondirmoa alotinin arxitekturasinin islonmasi

Nisboton sado proseslori hom do Petri sobokasi ilo bir basa modellosdirmak va tadqiq
etmok miimkiindiir. Miirokkob prosedurlarin Petri gobokasi ilo bir basa modellogdirilmasi
miiayyan ¢atinliklorlo miisayiot olunur. Petri gobokasinin asas istiinliiyli ondadir ki, onunla
modellosdirilon obyektin todgiqi obyektdon konarda Petri sobokasinin asas xassalorini analiz
etmoklo hoyata kegirilir. Petri sobokosinin mohz bu iistiin xiisusiyystino géro ondan CIS-in
kompleks sokilds tadqigi ilo magsadouygunlugunun giymsatlondirilmasinds asas modellosdirma
aloti kimi istifadasi aktualliq kasb edir.

Qeyd edildiyi kimi apriori situasiyalar1 identifikasiya olunan proseslorin analitik
modellorinin Petri sobokasina ¢evrilma algoritmlori asason islonmisdir [3,4].

Tocriiba gostarir ki, CIS-in lahiyalondirilmosinda istehsal proseslorinin xarakterindon asili
olaraq, miixtalif situasiyalarda qeyri mioyyanlik soraitindo gorar gobul etmoklo foaliyyat
gdstoron mexatron qurgularindan istifado edilmasi tolob olunur. Bu halda CIS-in kompleks
sokilda todqiqi vo idars algoritmlorinin yaradilmasi [2]-do gostorilon yanasma ilo miimkiinsiiz
olur.

Mogaloda gostorilon név CiS-in kompleks sokildo modellosdirilmosi (adi vo geyri solis
Petri sobokolori soklinds) vo todgigi mosaloasinin halli tigiin toklif edilon avtomatlasdirilmis
laythalondirms alstinin arxitekturasina baxilir (Sakil).

Arxitekturadan goriindilyii kimi CiS-in kompleks modellosdirilmasi vo todqiqgi iiciin
biliklor bazalar1 dord soviyyado tosvir edilir: SI soklindo, predmet, riyazi vo program
soviyyalarinda.

SI soviyyasindoki biliklorin predmet saviyyasindo biliklora gevrilmosi vo tasviri dsason
uygun sahalorin miitoxassislori torafindon hoyata kegirilir.

Predmet soviyyasinda biliklorin tosviri iki formada, analitik modellogsdirmo aparatlarinin
(apriori situasiyalar1 identifikasiya oluna bilon prosedurlarin idare edilmasi) vo miixtolif
situasiyalarda qeyri miioyyanlik soraitindo foaliyyot gostoron mexatron qurgularin geyri solis
modellori vasitasi ilo tosviri iisullari ilo hayata kegirilir. Riyazi soviyyada biliklor Petri sabakasi
ila tosvir olunur vo onun xassalorinin analizi noticasinda CIS kompleks sokilda todqiq edildikdon
sonra CIS-in idaro alqoritmi formalagdirilir. Predmet soviyyasindo tosvir edilon biliklorin riyazi
soviyyado biliklora ¢evrilmosi interfeysdo formalasdirilan ¢evrilmo alqoritmlori ilo yerino
yetirilir. Progqram soviyyosinds idars alqoritminin programi formalagdirirlir.

CIS-in kompleks sokildo todgiqinin realizasiyas1 vo idaro alqoritmini formalasdiriimasi
liglin  avtomatlagdirilmig lahiyslondirmo alotinin  osas mosalalorindon  biri  interfeysin
yaradilmasidir. Mogsod miixtolif modellosdirmo aparatlart ilo tosvir edilmis modellorin Petri
sobokosi modeling ¢evrilmasi alqoritmlorinin iglonmasidir.

ODOBIYYAT

1. H.M.Conomarun. MHpopmanionHble cemMaHTUueckue cucrtemsl. M.: Beicu. mk., 1989,
127 c.

2. KssumoB H.M., Marommennmun X.M. ApxuTekTypa HHCTPYMEHTa aBTOMATH3UPOBAHHOTO
POEKTHUPOBAHUS THOKUX MPOU3BOACTBEHHBIX cucTteM// MHpOpMalmOHHbBIE TEXHOIOTHH,
MOJICJTMPOBaHUs M ynpaBiieHus. Boponex: Hayunas kaura, 2010, Ne3(62), ¢.371-378.

3. Sadiqov Z.9., Mohommaodli H.M. Produksiya modellori ilo tosvir olunan giris
informasiyasinin Petri sobokasino ¢evrilmasi alqoritmi/ Tpyas! mectoit MexmayHapoHOH
HaY4YHO-TEXHUYECKON KOH(epeHIMH "MHKpPO3JIeKTPOHbIE MpeoOpazoBaTeIy U MPHUOOPHI
Ha ux ocHoBe". baky-Cymraunt: 2007, ¢.155-156.

4. MamenoB JIx.®., Marommennu X.M. MonenupoBanue [TIM B Buae KOHEYHBIX
aBTOMAaTOB U HCCJIEIOBAaHUE AaHAJIM30M OCHOBHBIX cBOMCTB ceTu Ilerpu// COopHHK
TpynoB mno wuroram XVI MexayHapoaHOH OTKpPBITOH Hay4dHOH KOH(EpeHIH
"CoBpeMeHHBIC TPOOIeMbl HMHPOPMATHU3AIMKM B MOJCIUPOBAHUM U  COIMAIBHBIX
texHonorusx". Boponex: Hayunas kuura, 2011, Beimyck 16, ¢.260-264.

74



Ohmoadov M.A., Nasirova E.O.

PE3IOME
PA3PABOTKA APXUTEKTYPbl HHCTPYMEHTA ABTOMATU3UPOBAHHOI'O
MMPOEKTUPOBAHUS JISA UCCJIELOBAHUSA AJITOPUTMA YIIPABJIEHUSA
MNPOEKTUPYEMOI'O OBBEKTA
Axmeooe M.A., Hacuposa E.A.

Kniouesvie cnosa: cudkas npouzso0cmeenndas cucmema, 2UOKULl npou3eo0CmEeHHbll
MOOYIb, 6aza sHauuil, moderuposarue, cemo llempu.

PaccmoTpenbl  BONpOCHl KOMILJIEKCHOTO HCCJIEIOBaHUS THOKOM MPOU3BOJICTBEHHOM
CUCTEMbl  KOMIIBIOTEPHBIMH  3KCIEpUMEHTAaMH  Ha  JTale  CUCTEMOTEXHHYECKOTO
NPOSKTUPOBAHUS, TPEUIOKECHA  apXUTEKTypa  HMHCTPYMEHTa  aBTOMATHU3HPOBAHHOTO
MPOEKTUPOBAHUS JUIsI UCCIIEIOBAHUS AJITOPUTMA YIIPABIECHUS IPOEKTUPYEMOT0 OOBEKTA.

SUMMARY
DEVELOPMENT OF ARCHITECTURE OF COMPUTING DESIGN FOR
INVESTIGATION OF ALGORITHM CONTROLLING OF A DESIGN OBJECT
Akhmedov M.A., Nasirova E.A.

Key words: flexible manufacture system, flexible manufacture module, knowledge base,

simulation, Petri net.

There were considered the problems of complex investigation of flexible manufacture
system by means of computer experiments on the stage of systcmo-technical design. It was
preferred architecture of computing design unit for researching control algorithm of the
design object.

Daxil olma tarixi:  llkin variant  11.03.2016
Son variant 01.06.2016
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layihalondirma, avtomatlasdirilmis layihalondirma sistemlori, biliklar bazasi.

Isd> texniki obyektlorin va sistemlorin layihalondirma prosesinin samoaraliliyinin
yiiksaldilmasi yollari analiz va tadqiq edilir. Konseptual layihalondirma prosesinin asas
masalalori dyranilir va hamin masalalarin miiasir avtomatlagdirilmis layihalondirma sistemlarin
tatbiqi ilo hallina baxilir. Homg¢inin konseptual layihalondirma prosesinin intellektualliginin
viiksaldilmasi maqsadi ilo biliklor bazasindan istifadonin  miimkiinliiyii, daxili va xarici
layihalondirma zamani halli zoruri olan masalalor miiayyanlagdirilir.

Layihalondirmo marhalslori — zamandan asili olaraq inkisaf edon proses kimi layihslon-
dirmonin daha iri hisseloridir. Umumi halda elmi todqiqat isleri, eskiz layiholondirma, texniki,
is¢i layihalondirmo, niimunslorin tocriibado yoxlanmasi morhaloslorine boliiniir. Elmi todqigat
islori morhalasi layihalondirmodon ovvalki tadqiqat merhsalosi vo ya texniki toklif morhaloasi
adlanir [1].

Aydindir ki, morhoalodon morhaloys kegid naticasinds layihonin reallagdirma daracasi artir
va is¢i layiho tocriibi va kiitlovi istehsal niimunslorinin hazirlanmasi {i¢lin 1slonmis olur.

Layiholondirmo soviyyelori vo ya morhololori layihe proseduralar adlanan torkib
hissolorine boliiniirlor. Layiho proseduralari da 6zliiylinds layiho amoliyyatlarindan toskil olunur,
yani layiholondirma prosesi layiha proseduralarinin bir sira ardsicilligini yerino yetirir. Tosovviir
olunan layihoalondirmoa obyekti, hanst ki noticodo insanlarin miioyyon tolobatini 6domok {igiin
stini yolla togkil olunur — layiholondirmoe obyekti hesab olunur. Bu obyektin hazirlanmasinda vo
foaliyyot dovriiniin basqa morhololorindo c¢oxlu sayda insanlar istirak edir. Ona goro
layihalondirilon obyekt haqqinda abstrakt tasavviirlor vahid ve doqiq ola bilmez [4,5].

Layiholondirilon qurgu qayda iizro garsiligh alagali konstruksiyalar ¢oxlugundan ibaratdir
ki, onun da qurulusu layihslondirmonin ilkin morholslorindo toyin edilmir.

Layiholondirma texniki tapsirigin islonmasi ilo baslayir ki, bu da xarici layihalondirms,
texniki tapsirigin reallagdirilmasi iso daxili layihslondirme adlandirilir.

Xarici layihslondirmonin masalslari layiholondirilon obyektin element kimi daxil oldugu
sistemin todqiqat masalolorindon ibaratdir. Belo sistemlor agiq vo moagsadyodnlii sistemlordir.

Daxili layihslondirma masalalorinds layiholondirilon obyektin funksionalliligim1 va daxili
qurulmasint ifado edon strukturlagdirilmis sistemo baxilir. Bu saviyyads informasiyanin
toplanmas1 moqsadilo sistemin todqiqi (analizi) mosalalorine, homg¢inin alinmis biliklorin
osasinda sistemin layihoalondirimaosi (sintezi) mosalsloring baxilir.

Sokildo xarici layiholondirmo prosesino tosir gostoron sistemin osas elementlori
gostorilmigdir. Layiholondirmo obyekti 6ziinii asili olmayan obyekt kimi tosvir eds bilor vo ona
basqa subyektlorls birlikdo miistaqil subyekt kimi baxilir.

Layihoa-konstruktor islorinin aparilmasina baslamaq o vaxt miimkiindiir ki, layiholondirme
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obyektina tolabat var, hamg¢inin onun istehsalt miimkiindiir. Ona gore, xarici layihslondirmenin bir
¢cox mosalolorindo investorlar, texnologlar, infrastukturlar, ehtiyyatlarin tomini, ekologlar,
makroigtisadiyyat va s. tarafindon miisssise-istehsalgiya toqdim olunan tolablors baxilmasi zoruridir.
Qeyd etmok lazimdir ki, zamandan asil1 olaraq tolablorin doyismasi ilo alageli xarici layihalondirmo
sisteminin biitiin elementlorina otraf miihit tosir gostorir. Ona goéro do xarici layiholondirma
sisteminin dinamikasinin todqiqi ALS-in vacib masaloslarindon biri hesab olunur [5].

Xarici layiholondirmoe zamani yaranan asas masalalorin formalasdirilmasina baxaq:

Moasala 1. Layiholondirilon obyekto qoyulan timumilosdirilmis toloblorin toskili miixtolif
monbolordon (istehsalgi, layihogilor, istifadogilor vo investorlar) alinir. Bu miinaqiso soraitindo
kollektiv hall qgobulu masslosidir. Bununla prosesin istirakgilar1 layihalondirilon obyektin
funksiyalarina qarsi qarsiligh aradan qaldirmaq tolobino malikdirlor. Sokildo verilmis sistemin
qurulus niimunasi bels verils bilor:

S,=1Ci¢S,,i=1,...9; S;5,, =34/

Biitiin istirak¢ilarin qarsiligli toloblorinin 6donilmasi ideal natico hesab olunur. Toloblor
arasinda bir-birini inkar etms olmadiqda bu alds edilir vo layihalondirilon obyekt timumi sokildo
tosvir edilir.

Moasalo 2. S, sisteminin magsadinin toyini masalesi  (ve/va ya C,,i=1...,9(sekil)

sisteminin maqgsadi) S; vo S, metasistemlorinin tadqiqi ilo olagoeladir. Ovvalki mosolodon forqli

olarag bu halda layiholondirilon obyektin son varianti haqqinda da tesovviiro malik olmaq
zoruridir. Belo tosovviiriin togkili, moaqsodo nail olma qaydalarinin strateji planlasdirma
prosesinin miimkiin olan vo arzulanan elementlori arasindaki miinaqisali vaziyyatlorin
islonmosini miimkiin edir. Strateji planlasdirmanin mosalolorinin halli prognozlasdirmanin
naticolorino asaslanir vo miinaqisoli voziyyatds kollektiv hall gobulunun proseduralarini 6ziindo
saxlayir.

Moasala 3. Strukturanin on yaxsi variantinin sec¢ilmasi masalasi sintez masalolorinin  zoruri
hissosidir. Onun holli {icliin segmonin prinsip vo sortlorinin toyini vacibdir, homg¢inin
sintezlogdirilmis holl variantlarinin texniki-igtisadi qiymotlondirilmosi yerino yetirilmolidir.
Baxilan moasalo an yaxs1 hallin toskil olundugu S, vo ya S, sistemlorindo fordi vo ya kollektiv

holl gobulunun  goxkriteriyali mosalolori hesab olunur. Informasiyanin toplanmasi iigiin
S,,S:, S;, S, sistemlorinin todqiqi zoruridir.

Mosalalor vo naticolor arasindaki miixtalifliliys baxmayaraq onlar bir ¢ox iimumi
xlisusiyyatlora malikdirlor.

Birinci, bu masalalor qarsiligh olagalidirlor. Analiz vo ya hall gobulu masolosi homiso
sistemin alternativ variantlarinin sistezindon alinir. ©gor alternativlor goxelementli qurulusa
malikdirlorso sintez masalasi hall gobulu prosesinin hissasindon ibaratdir. Galacakds reallasan
hall hazirki andaki voziyyatlorin mévcudlugunun dayismesi imkanlarinin prognozlasdirilmasin
tolab edir. Prognozlagdirmaya bir ¢ox hallarda galocokds yerina yetirilocok sintez prosesi kimi
baxmaq olar. Planlagdirma mosalolorine homiso hollin sintezi, analizi vo prognozlasdirma
proseduralar1 daxildir.

Ikinci, biitiin sadalanan mosalolor miirokkab sistemds xiisusi yers malikdirlor. Onlarin holli
geyri miioyyanlik soraitinds yerins yetirilir ki, bu da ekspert biliklorindon istifadoni zaruri edir.

Ucgiincii, ekspert informasiyalarii emal etmok ii¢iin bu mosololordo eyni iisullar tatbiq
olunur.

Layihalondirmoys sorf olunan zamanin qisaldirmasina cohd paralel layihalondirmo
metodikasinin iglonmosino gotirib ¢ixarmisdir. Belo ki, mosalalorin birinin halli {i¢iin basqa
masalalorin hallorinin naticolori haqqinda biliklor tolob olunur ki, noticods giris vo ¢ixis
verilonlorina goro olagali masalolor zamana gors paralel holl edilir. Baxmayaraq ki, paralel
layihalondirmenin baglangic proseduralarinda bu naticalor halo almmamisdir ancaq, paralel
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layihalondirme metodikasinda parametrlorin holo toyin edilmomis qiymatlorinin verilmo
gaydalar1 gostorilmoalidir.

Layihalondirilon qurgunun vo sistemin foaliyyat prinsipine vo obrazina goro prinsipial
layiho hollori gobul edon proseslor, yoni layiholondirmonin baslangic marhalslori konseptual
layihalondirme adlanir. [1]-do konseptual layiholondirms prosesinin sistemli analizi aparilir.
Layiholondirms prosesindo meydana ¢ixan asas mosalolor sadalanir.

Konseptual layiholondirmads reallasan layiho proseduralari ¢otin formalasdirilan vo zorif
strukturlagan masalolorin halli ilo slagolidir.

Cs investorlar C; moigot

A 4

C, texnologiyalar S, Miiossiso  smmmnmm - Gy isehlaker
i S,Qurgu : /
| |
. 1
C; ehtiyatlar H> Istehsalat —Pi :/
: Ss obyekt Ev\\ .
/ ! ! \ Cy Tomir vo
C, infrastruktura o - ! qullugetmo

y

C, Layihagiler

Ce Ekologiya

Sakil. Xarici layihalondirma sisteminin asas modullart

Konseptual layiholondirmo asagidaki  morhololors  boliiniir: mogsodin - modelinin
formalasdirilmasi, konseptual modellorin sintezi, modellogsdirmonin naticasinin interpretasiyasi.

Istifado olunan texnologiya ndqteyi-nozerindon modellosdirmoni ii¢ soviyyado aparmaq
olar: hiper struktur saviyyado, fiziki funksional saviyyads va konsktuktiv funksional saviyyada.

Eyni zamanda, istifado olunan texnologiyalar ¢or¢ivesinde asagidaki nov qeyri-solisliyi
ayirmagq olar [6]:

- magsadin modelinin formalagdirilmasinin qurulugca tam olmamasi vo geyri-solisliyi;

- texniki sistemin sintezlosdirilon qurulugunu xarakterizo edon modelin geyri-daqiqliyi;

- sintez prosesindos istirak edon alt sistemlorin slagolorinin vo uygunluq slagalorinin vo
uygunluq daracelorinin qeyri-daqiqliyi.

Konseptual modellosdirmonin avtomatlasdirilmis sisteminin qurulmasi iiciin ¢oxagentli
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sistemin metodologiyasi gobul edilmisdir ki, o da biliklora asaslanir. Coxagentli sistemdon
istifado paylanmis paralel layihalondirma sisteminin qurulmasina imkan verir [3].

Mogalo [2]-do geyd olunur ki, istonilon toyinatli mohsulun islonmosi {igiin predmet
sahasino uygun molumat bazainin togkili tolob olunur. O, har biri hor hansi slamatlor toplusu ilo
xarakterizo olunan layiho hollori toplusundan ibaratdir. Onun togdim olunmasinin tobii formasi
relyasiya tipli verilonlor bazasidir. Emprik yolla toskil olunan verilonlor bazasinin ¢atismazligi
onun tam olmamasi, bir-birini inkar etmasi va s.-dir. Empirik verilonlor bazasina alternativ kimi
predmet sahoasinin qanunauygunluglarina osaslanan, layiho hallorinin generasiyasi tigiin biliklor
bazasindan istifads hesab olunur.

Analiz gostorir ki, layiholondirma prosesinde layiho hallorinin gobulu asagida sadalanan
sobablordon olduqgca miirokkabdir:

- layiholondirmo obyektlorinin ayri-ayr1 bloklar1 vo qovsaqlart kimi standart olmayan
komponentlarin totbiqi;

- intellektual sistemlorin totbiqine qoyulan toloblorin yiiksaldilmasi, hansi ki, hesablama
govsaqlarma diison yiik barabar deyildir vo dinamik olaraq doyiss bilor;

- yiiksok doqiqlikli layihslondirmonin tomini {i¢iin verilonlorin miibadilo siirstlorinin
kifayat qodor olmamast,

- verilonlorin qisa miiddoatli vo eloco do uzunmiiddstli saxlanmasi alt sistemino qoyulan
yiiksok talablor.

Sadalanan problemlordon basqa, prinsipial olaraq qeyd etmok lazimdir ki, element bazasi
coxalternativliyi do bir sira ¢otinlik yaradir. Ancaq, geyd olunanlara baxmayaraq, kompiiter
texnikasi istehsalgilart kompiiterlorin vo onun element bazasinin imkanlarini siirotlo inkisaf
etdirirlor. Biitiin bunlar genis alternativlor sahasinin yaranmasini tomin edir vo yeni, alavo
vosaitlorin  qurulmast problemini aktuallagdirir, foaliyyot goOstoron avtomatlagdirilmis
layiholondirma sistemlorinin, hamg¢inin problem toyinatli ALS-lorin imkanlarini artirir [7].

Intellektual ALS—in miibahiss olunmayan {istiinlityii mohsulun layihoalondirmo prosesinin
sonuncu istifadaginin ixtiasas saviyyasindon asili olmamasidir.

Yeni texnologiyanin ononovidon forqi, verilonlorin emalinin proqramlasdirilmasinin
prosedur oriyentasiyali iisullarinin kdmaoyi ilo reallagdirilmasidir ki, burada da aparici rolu
prosedur komponentlor oynayir, deklarativ komponentlor passiv qalirlar.

Hazirda, yeni nosil ALS-in togkili problemi aktualdir, layihslondirmonin biitiin marhslslori
islonarkon somaroliliyin daha ytliksolmesinin tomin edilmasing, layiholondirmonin miiddstinin
dofalorlo qisaldilmasina, mohsulun keyfiyyatinin nozoros ¢arpacaq doracads yaxsilasdirilmasina
yonaldilir. Belo yeni nasil ALS-lor inteqrasiyali intellektual ALS kimi qurulmalidir [3]. Bunun
liclin miixtolif informasiya texnologiyalari, o ciimlodon, biliklorin emali1 wvasitolori, masin
grafikasi vasitolori, layiha-konstruktor verilonlor bazasi, hesabat, optimallagdirma vo imitasiya
paketlori birlikdo totbiq edilmolidir. Biliklorin emalinin giiclondirilmis yeni informasiya
texnologiyalari, homg¢inin modullarla inkisaf etmis olago vasitslori ilo tochiz olunmus klassik
ALS inteqrasiyali intellektual ALS adlanir.

Yeni nasil ALS-in togkilinin osas istiqamatlori asagidakilardan ibaratdir:

1. Layiholondirmonin  biitin  moarhalolor {izro  aktuallagdirilmasi:  layihslondirma
masalosinin samaraliliyini yliksaltmok moqsadi ilo ixtiyari layiha prosedurasinin formalizo
edilmasina yaxinlagma;

2. Insanla kompiiter sisteminin molumat olaqasinin optimallasdirilmasi, totbiqi program
toplulart ilo daxili va xarici interfeyslorin toskili;

3. ALS-in intrumental vasaitlorinin kdmayi ilo layithe modellarini taqdim edon verilon/
biliklor bazasinin idarasi.

Biitiin bu istigamatlor siini intellektin tisul vo vosaitlorinin genis istifado olunmasini forz
edir. ALS-larin intellektuallagdirilmasinin iki asas stretegiyast movcuddur:

- Daxili intellektuallagsdirma — proseslorin toskilinin vo ayri-ayr1 layiho-hesabat
mosalalarinin intellektuallasdirilmasi, homg¢inin uygun alqoritmlorin.
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- Xarici intellektuallasdirma — movcud layiho proseduralar1 da daxil olmaqla
layihalondirmo prosedurasinin intellektual idaro vasitolorinin togkili, totbiqi masalalor toplusu,
handasi modellosdirma toplusunun vo s. togkili .

Hazirda, xarici intellektuallagdirma daha aktual hesab olunur. Bu, mohsulun obrazin1 togkil
edon vo layiholondirmo prosesindo asas hesab olunan giiclii proqram mohsullarinin istirak ilo
izah edilir. Ancaq, ona gora gostorilon program mohsullarini intellektual adlandirmaq olmaz.

Xarici intellektuallagdirmanin vo program vosaitlorinin inteqrasiyasinin osasi, vahid
prinsiplo qurulmus paylanmis biliklor bazasindan ibarotdir ki, onun istifadosi ilo
layihalondirmonin ixtiyari moarholasindoki asagidaki dord asas tip masals hoall edilir:

- axtarish layiholondirma (molumat axtarist vo layiholondirilon obyektin modellorinin
sintezi);

- layiho vo yoxlama hesabatlariin yerina yetirilmosi ilo olagali miithondis analizi;

- Alinmis layiho hallarinin ¢ox kriteriyali qiymatlondirilmasi vo optimaillasdirma (samarali
hallin secilmasi);

- gertyoj-qrafik islorin yerins yetirilmasi.

Miiasir ALS olduqca miirokkab arxitekturaya malikdir. Onlarin oksariyyati arxitekturanin
qurulmasinin  klassik prinsiplarino asaslanir. Bu prinsiplor layihslondirma prinsiplorinin miiasir
toloblorina cavab vermir. Belo ki, ancaqg miioyyon ndv mohsullarin buraxilisgma vo
layihalondirilmasine istiqgamotlondirilir. Keyfiyystli yeni layiholondirmoys vo keyfiyyotli yeni
mohsul buraxilisina kegid ALS-in 6ziiniin global yenidon qurulmasi ilo miisayat olunur. Bu
problemi holl etmok tiglin siini intellektin miiasir ideyalarindan istifado etmok toklif olunur.
Praktikada belo ideyalardan istifade etmok, mohsullarin yeni ndviiniin monimsonilmasi {igiin biitiin
keyfiyyatli doyisikliklorin sadologmasine va sistemin Oziiniin mohsuldarliginin artmasina imkan
VErir.
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PE3IOME
CUCTEMHBIA AHAJIN3 KOHIENTYAJBHBIX IMMPOEKTHBIX
NPOUHEAYP TEXHUYECKUX CUCTEM
TI'yceiinoe A.I., Tanvi60oe H.I.

Kniouegvie cnosa: xounyenmyanbHoe npoekmupoeanue, 3manvl NPOEKMUpOSaHusl,
napanienvHoe npoeKmupoeaxue, asMmMopuUpPOBaHHAs cucmema
NPOeKmMupo8anus, 6a3a 3HaHull.

B pabore mpoBeneH aHanM3 U UCCIEAOBAH BOIPOC MYTEW MOBBIMIEHHUS 3KOHOMUYECKOU
¢ exTUBHOCTH  Mpolecca  MPOEKTUPOBAHMS ~ TEXHUYECKMX  OOBEKTOB U CHCTEM.
PaccmaTtpuBaetcs Bonpoc NPUMEHEHMsI UM PELLIECHUS 3a7jad COBPEMEHHBIX aBTOMAaTH3UPOBAHHBIX
CUCTEM MPOEKTUPOBAHUS, U3YUaIOTCS OCHOBHbBIE TPOOJIEMbI KOHIIETITYaIbHOTO IPOEKTUPOBAHUS.
Takxe, ¢ LEeIbI0 MOBBILIEHUS MHTEJUIEKTYaIbHOCTH KOHLENTYaJIbHOI'O IpoLEecca IPOEKTUPO-
BaHUs, OMpeIeNieHbl BO3MOXHOCTM MpPHUMEHEHHs 0a3bl 3HAHUN M BaXHOCTh IPUMEHEHUS
HEOOXOIUMBIX 337lau MpU BHYTPEHHEM W BHELIHEM IIPOECKTHUPOBAHUHU.

SUMMARY
SYSTEM ANALYZE OF THE CONSEPTING DESIGN
PROCEDURES OF TECHNICAL SYSTEMS
Huseynov A.H., Talibov N.H.

Keywords: consepting design, design stapes, parallel design, CAD, knowledge.

There were analized and researched the ways of rising efficiency of design process of the
technical objects and systems in the paper. As a basis problem consepting design process larning
and solution of the problem of application of theirs computing design systems are considered. It
was defined the problems which could be effective for solution of internal and external design
and applied in knowledge base of the intelligence systems.

Daxil olma tarixi:  llkin variant  26.04.2016
Son variant 01.06.2016
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agmomamuzayus

Hedrebazamm Ha3bIBAIOTCS MPEANPUATHS, COCTOSIINE M3 KOMIUIEKCA COOPYXCHUH U
YCTaHOBOK, TMpEAHA3HAUEHHBIX [UJI TMpHeMa, XpaHeHHss U OTHycKa HePTenpoayKTOB
norpedburensm. OcHOBHOe Ha3zHaueHHe Hedrebaz — obecrneunTh OecriepeboiiHOe cHaOXKEeHUE
NPOMBINUJICHHOCTH,  TPAaHCIOPTa,  CEJIbCKOTO  XO3SAHUCTBA M JAPYrUX  MOTpedureneit
He(TEenpoAyKTaMl B HEOOXOAMMOM KOJIMYECTBE M ACCOPTHUMEHTE; COXpaHEHUE KayecTBa
He(TENPOAYKTOB U COKpallleHHWe 1O MUHUMYyMa UX MOTepb MpPU MpHEME, XPAHEHUU U OTIyCKe
notpedutensm [1] .

I[lo ¢yHknMOHATLHOMY HA3HAYEHUIO (10 TPUHLUIY ONEPATUBHON JAEATEIHLHOCTH)
HedTeOa3bl JeNATCs Ha:

1. Ilepesanounvie HegmebOasvl - TpeNHA3HAUEHBI [UIsI TEpPerpy3ku  (IepeBaIKH)
He(TENpOAYKTOB C OJHOrO0 BHUJA TpaHclopra Ha Jpyroi. Pasmemaror ux Ha Oeperax
CYJIOXO/IHBIX PEK U 03€p, BOJIM3H MOPCKUX MOPTOB, KPYITHBIX JKEJIE3HOIOPOKHBIX MarucTpale,
MPOMEXKYTOUHBIX MEPEKauMBAIOIIMX CTAHUUNH HEPTENpOAYKTONPOBOAOB. Poib KOHEYHOTO
NyHKTAa MaructpajipHoro Hegtenpoaykronposoga (MHIIII) Ttakke 0OBIYHO — Hrpaer
nepeBajiouHas HepTebasa.

Bonno-xene3nonopoxkHsle HedTeba3bl pacrnonoxeHbl Ha Oeperax pexk M Mopeil. B
OCHOBHOM 3TO KpYIIHbIE NIepeBajoyHble HepTeOa3bl, HaXOAAIMECs] HA TIEPECeUCHUN BOJHBIX U
KENE3HOJIOPOKHBIX ~ MarucTpajied, OCYIIECTBISIONIME TpueM U MepeBalky Heptn u
He(TempoOAYKTOB C OJHOrO BUJA TpaHcmopTa Ha Apyrou. [lepeBanounas Hedredaza qoIDKHA
MMeTh GONBIIOE YHCIIO PE3EPBYAPOB, IPH ATOM, KAK IIPABHIIO, BMECTHMOCTEI0 2000 M° 1 BbiIe,
YTO JaeT BO3MOKHOCTh HaKaIlJIMBaTh JIOCTATOYHOE KOJUYECTBO HEPTENPOIYKTOB Ul 3arpy3Ku
HEe(TEHAIMBHBIX CYAOB TIpU TepeBajke HEePTENPOAYKTOB C IKEJIE3HOW JOporM Ha
He(TeHAIIMBHbIE CyJHA W  HAo0OpoT, 1 OecriepeOOiiHONW BBIKAUYKM HE(PTENPOTYKTOB W3
He(TEHAIMBHOTO Cy/IHA MPH MEepeBaJIKe IPy3a ¢ BOJbI Ha KEJIE3HYI0 IOpOry. A €CiM yuecTb, UTO
B HacTofAIIee BpeMsi He(pTeHAIIMBHBIC Cy/la HMEIOT IPpy30moabeMHOCTh 50- 60 THIC. T U 9TO yKe
NOCTPOEH TaHKep Ha 150 ThIC. T, TO CTAaHOBUTCA OYEBMJHBIM, UYTO BMECTHUMOCTb MOPCKOMN
nepeBajIovyHOM 0a3bl TOJDKHA OBITH BEChMa 3HAUUTEIHLHON [6].

B nepuon akTMBHOrO NepeBaJIOYHOIO IPOLECCA, KOI/IA MOCTOSHHO MPOUCXOIUT CIUB U
HaJIUB HEPTENPOAYKTOB, 3aMOJHSATH N0 Mpeleia pe3epByapbl He pekomeHnayercs. Eciam Ha
NepUOJT CO3JaHUs CE30HHBIX 3allaCOB MJIM YK€ BPEMEHHOI'O pa3MeIIeHUs] U30bITOUHBIX PECYPCOB
Ha paclpeleiuTeNbHbIX HedTeba3ax ¢ 1enbio 3PQPEKTUBHOTO HMCMIOIb30BaHUS BMECTUMOCTH
pe3epByapoB PEKOMEHYETCS M pa3pelaeTcsl 3arnoHATh nociennne Ha 90—95% ux nonesHoro
o0bema, TO s nepeBaiouHol HedTeba3pl B MEPHO] aKTUBHOM pabOThl TaKOrO MOJIOXKEHHS
JIOIyCKaTh HE CIIeyeT, TaK Kak 3TO HeM30eKHO MPUBEIET K MPOCTOSIM TPAHCIIOPTHBIX CPEACTB.
JomyctuMm, 4YTO B MNPUBENEHHOM BBIIE MpHUMepe IepeBajoyHas Hedrebdaza HMeeT oA
JU3€IbHOE TOIUIMBO pE3EpByap BMECTUMOCTBIO 25 ThIC. M, B KOTOpBI MOXHO IPHUHSITH
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MaKCUMaJIbHO 21,2 TBIC. T MPOJYKTa, U3 pacyeTa: 25 ThIC. M- 0,9 -0,95=21,25 teIC. T, TIHE 0,9 —
IJIOTHOCTh JU3EIbHOT0 TOMINBa; 0,95 — MpoleHT MaKCUMAalIbHOTO 3all0JIHEHUS pe3epByapa.

OcobenHo Oompiire TepeBaToyHbie HedTeOa3bl COOPYKAIOTCS B MOPCKHX TMOPTaxX s
orrpy3kun HedpTu. IlepeBo3ka HepTH OCYIIECTBISIETCS B KPYIMHOTOHHAXHBIX TaHKepax
BojousmenieHueM ot 30 mo 150 teic. T. [lnsg obOecreyeHWs TaKOro TaHKEpa TPy30M
nepeBaniouHasi Hepreba3a JOHKHA UMETh B Ham4yuu He MeHee 150 Teic. T HedTH, A XpaHEeHUS
KOTOpOW, ¢ ydeTroM TuioTHOCTH HedTH 0,85, MaKCUMAIBHOTO 3amOJHEHUS eMKOCTH Ha 95% u
panroHaibHoro - Ha 60%, motpedyercs pezepByapoB o01ieit BMectumocThio 150 ThIC. T: (0,85
-0,95) = 186 ThIc. M%; 186 Thic. M° - 100 :0,6 = 310 ThIC. M°.

ToBapooOopoT rmepeBalouyHoli HedTeba3pl BKIOYAeT OO0BEMBI HEPTEIPOIYKTOB,
MOITICKALTUX OTrpy3KE€  pa3IU4HbIMHU BUJIAMU TpaHCIIOpPTa  HE3aBHCHUMO oT
Ha3zHaueHus. ToBapooOopoT mepeBanovyHoil HedTedas3pl, KOTOpas OJHOBPEMEHHO 3aHUMAeTCs
peanuzanueld He(dTENPOAYKTOB NOTPEOUTENSIM, BKIIOYAET KOJIMYECTBO HE(TENpOIyKTOB,
pearu3yeMbIX 10 YCIOBHUSM paclpeIeuTeNbHON HeTeOasbl.

[Tpou3BOACTBEHHBIE MPOLECCHl MOAPA3AETSAIOTCS HAa OCHOBHBIE M BCIIOMOTATENbHBIE.
[Tpon3BOACTBEHHBIN MpoOLIECC, B PE3YJIbTaTe KOTOPOrO PELIAETCS] OCHOBHAS NMPOM3BO/ICTBEHHAs
3ajava JUis JAHHOTO MPEINpPHSTHS, HA3bIBAETCSI OCHOBHBIM IPOM3BOICTBEHHBIM IMPOIECCOM.
Jlns TpyOompoBoga — TpaHCHOPT He(TH WM Tas3a, I IepeBajodHor Hedrebaspl —
nepeBajika  He(TETOBapoB, Uil pacmpenenuTenbHod — HedTebaspl —  peamm3anus
HedTenpoykToB U T. 1. [6] .

2. Pacnpeoerumenvhvie Hegpmebdazvl - TpeNHA3HAYCHBI JUISI  HEMPOJOKUTEIBHOTO
XpaHeHHs He(PTEenpoayKTOB M CHAaOXEHHsSI MMM IMOTpeduTenell oOciayxuBaemoro paiiona. Mx
pa3engioT Ha OmepaTHUBHBIC, OOCITY>KMBAIOIIME JHUIIb MECTHBIX MOTPeOUTENe, U CEe30HHOTO
XpaHeHWs, MpeAHa3HAYCHHBIC KaK IS YJOBICTBOPEHUS MECTHBIX MOTPEOHOCTEH, TaKk W IS
KOMIIEHCAIIMK HEPaBHOMEPHOCTH IM0Jayl He(TEenpoayKTOB Ha oOmepaTUBHbIE HedTeOas3bl,
BXOJISIINE B 30HY BIUSHUS HedTeOa3bl Ce30HHOrO XpaHeHus. PacrpenenutensHbie HedTeOas3bl
npenHa3HayeHbl NI CHaOkeHus moTrpebuteneil HedTenpoayktamMmu. OHH HMEIOT MEHBIIYIO
€MKOCTh, YeM TIEPEeBAJIOYHbIC, W pACCUMTAHBl HA HEMPOJODKHTEIBHOEC XpaHEHUE U
OrpaHUYEHHBIN paiioH oOcmyxuBanus [1 , 7] .

K pacnpenenurensusiM HepTeO6azam otHOCsTCs HedTebassl 11 u Il kaTeropuii, eMKOCTHIO
1o 30 000. M , B PEAKHUX CIy4asX OHU MOTYT OBITh OoIblei emkocTu. PacnpenenurenbHbie
He(dTe0a3pl MPUHUMAIOT HEPTEIPOIYKTHI C KEIE3HOAOPOKHOTO, BOJHOTO, TPYOOTIPOBOIHOTO U
ABTOMOOMIIBHOTO TPAHCIIOPTA M OTIMYCKAIOT UX B )KETIE3HOA0POKHBIE BAarOHbI, MEIKUE Oapiku, Ha
aBTOTPAHCIOPT U B MEJIKYIO Tapy [7] .

[To xapakTepy omepauuil pacrpeaenuTenbHble HedTeOa3bl nensTcs Ha OOJacTHBIE H
palioHHBIE, JKEIIE3HOJIOPOXKHBIE, BOJHO-)KEIC3HOAOPOXKHBIE ¢  BOAHBbIE. OHH  JOJKHBI
pacmoiaraTbCsi ¢ y4eTOM HAWIY4IIero 0OCIyKUBaHUS MOTPEOUTENCH, B CTPOTOM COOTBETCTBUU
C CAaHMTAPHBIMU U TTOKAPHBIMH HOPMAaMH M C YY€TOM TOTO, YTOOBI IPOOET aBTOTPAHCIIOPTA OT
notpeduteneit 1o Hegre6a3pl ObLT MUHUMAIBHBIM.

K pacnpenenurenbHbIM OTHOCATCS Takxke TiyOuMHHBIE ©0a3pl M Hedrebazpl Ha
MarucTpalbHbIX MPOAYKTONpoBoAax. [lepBrie pacmonararoTcs BIAM OT >KEIE3HOIOPOXKHBIX U
BOJIHBIX ITyTeH COOOIICHUS, M BCE OIEpaluy ¢ HePTEMPOIyKTaMH TPOU3BOASAT TOCPEICTBOM
aBTOTpaHCHopTa. BTopbie pacmonararoTcss BONH3UM OT MarMcTPalbHBIX MPOAYKTOMPOBOAOB U
CHAOXKaloTCs MEePUOJUYECKH Tojaueld U HeTernpoayKTOB U3 TPyOONPOBOAOB; OTIYCK HEPTH
MPOJYKTOB MIPOU3BOUTCS HA aBTOTPAHCIIOPT.

['myOuHHBIE pacTpeeuTeNbHbIe HeTeOa3bl ABISIOTCS MAaCCOBBIMH ITyHKTaMH OTITyCKa
HEe(TENPOAYKTOB TOTPEOUTENSIM, TATOTEIONMM K JaHHOU Hedrebaze. B TeueHue 3umMHEro
nepuoja, Korja moTpeOiIeHHe HEePTENPOIYKTOB CEIbCKOXO3SHCTBCHHBIMU TOTPEOUTEIIMU
COKpaIaeTcs, Ha TyOMHHBIX HedTeba3ax JOKHBI HAKaIlUTMBATHCS 3arachl HE(PTEMpOIyKTOB
JUISl BECEHHUX TIOJIEBBIX padoT.
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3. Ilepesanouno-pacnpederumenvhvie Heghmedaswvl - COBMEIIAIOT (PYHKITUH MEPEBATOYHBIX
U pacnpenenutenbHplx  Hedrebas. I[lo cBoemy Ha3zHaueHnto HedteOa3bl MOTYT OBITh
NEPEBANIOYHBIMU, PACHPEACTUTEIbHBIMH, MEPEBATOYHO-PACTIPEICTUTCIBHBIME 1 0a3aMu
xpaHeHus. PacnpenenurtenbHble HedTeOas3bl SBISIOTCS HauOojiee pacHpOCTPaHEHHBIMH U
npeHa3HAYeHBI Uil CHA0XKEHUSI HEMOCPEICTBEHHBIX MOTpeduTenel Heptu u HeTenpoayKTOB,
pacroIoKEeHHBIX B pailoHe, 00ciy:kuBaeMoM 0a3oil. Ilepesanouno-pacnpedenrumenvhvle Hegpme-
0a3bl BBHIIONHAIOT (DYHKIIMY IEPEBATIOYHBIX U PACIpeaeuTeNbHBIX HepTeOas [8] .

4. bazvl xpaHneHus - OCYHUIECTBIISIIOT INPUEM, XpaHEHUE U MEPUOIUYECKOE OCBEKEHHE
HedTenpoaykToB. ToBapHble HedTeOa3pl- KpoMe mepeBalIOUHBIX M paclpeieTuTeNbHbIX
HedTeba3 npu HedrenepepabaThIBAIONIMX 3aBOAAX CYIIECTBYIOT CKIIAJbl CBHIPbS U TOTOBOM
npoaykiuu. OHM 4acTo pacroiaraloTcs Ha CHEIMaIbHO BBIJCICHHBIX yyacTkax. HasHaueHuem
CBIPBEBBIX CKJIAJIOB SABIISETCS IPUEM CBHIPBS C )KEIE3HOAOPOKHOTO, BOAHOTO U TPYOOIPOBOIHOTO
TPAHCIIOPTa, XpaHCHWE HEOOXOMUMOro 3amaca s oOecrnedeHus OecriepeOoitHOl pPabOTHI
3aBOJia, MOJIFOTOBKA CBIPBS JJIs epepaboTKu (00e3BOXKUBAHUE, JEIMYIIbCAIINS, 00ECCOTUBAHUE
oOeccepuBaHMe, CMELLIEHUE U T. J,) U IoJlada ero Ha 3aBoj o Tpyoomposoay. HasHauenuem
TOBapHbIX He(Te0a3 WM CKIAZOB SBISIETCA MPUEM IO TpyOONmpoBOAaM C 3aBOAAa TOTOBOM
NPOAYKINH, XpaHCHHE OIEPATHBHBIX 3allaCOB W OTTPy3Ka MPOAYKTOB IIEPEBAIIOYHBIM U
pacnpenenuTenbHbiM - HedTebazam [7]. B 3aBucuMocTM OoT Ha3HaueHus Hedrebas
(mepeBayovYHasA, pPACHpPENEIUTENbHAS, CE30HHOTO PEryJMpOBaHUS M T. J.) H3MEHSIOTCA HX
MIPOU3BOJICTBEHHBIE TMporecchl. Ecnu mepeBanouHas HedTeba3za OCYIIECTBISET MEPEBAIKY
He(TeMpOAYKTOB ¢ OJHOrO BHJAAa TpaHCIOpTa Ha JPyro, TO OCHOBHAas 3ajaua
pacnpefenuTeNbHbIX HedTeba3 — XpaHEHHe, pachpelesieHHe M BblJada HePTenpoayKTOB
norpeburensm. Crnenuduka Hedrebas ompenenser U cocTaB MX coopyxkeHuid. Hampumep, B
COCTaB KeNe3HO-I0POKHO-pACIIPEIeTUTENbHON HedTeOa3bl BXOIUT KEIe3HOIOPOXKHAS CIIHUBO-
HaAJIMBHAs 3CTaKajaa, a BojHas Hedrebda3a nMeeT npuvaabHbIE COOPYKEHUs. Bunbsl Tpancnopra,
Ha KOTOPBIM OpUEHTHPYIOTCS HedTeOa3pl, 00YyCIOBIMBAIOT PAaBHOMEPHOCTh MX PaboThl. Tak,
JKEIIE3HOIOPOKHO-TPYOOTIpoBoIHAs HedTeba3a padboTaeT Oosiee paBHOMEPHO, YeM BojHas [6] .

Bce ykazannble HedTeba3bl HAaxXOIATCS BO B3aMMHOW CBSI3U MeXay cOOOi; riaBHOU
3ajayel ux sABNsAeTCS CcHaOkeHue mnoTpeOuTeneil HePTEenpoayKTaMHM C MaKCUMAallbHON
OMEpPAaTUBHOCTHIO W TMPH HAUMEHBIIUX TMOTEePSAX U OKCIUNTyaTallMOHHBIX pacxonax. Jlis
BBITTOJIHEHUST OTOH 3amadu  HedTeOa3bl JODKHBI HMMETh TEXHHYECKYI0 OCHAIIEHHOCTD,
YJIOBJIETBOPSIOILYIO CIIEAYIOIIUM OCHOBHBIM TpeOOBaHUAM [7] :

1. EMxocth HedTeba3bl JA0mKHA o0ecreynBaTh XpaHEHHE HEOOXOJAMMOTr0 KOJIMYECTBa U
aCCOpPTUMEHTAa He(PTEMPOAYKTOB;

2. TpyOorpoBoiHbIE KOMMYHHKAIIMHA JOJDKHBI 00€CIIEYNBATh OJHOBPEMEHHBIA TPUEM U
OTITYCK pa3IMYHbIX HEPTETPOIYKTOB 0€3 CMELICHUS UX;

3. CnuBo-HalMBHBIE YCTPOMCTBA M HACOCHBIE YCTAaHOBKM JIOJDKHBI 00€CIEUnBaTh
BBINOJIHEHHE HOPM BPEMEHH IO CIIMBY U HAJIMBY Pa3IMYHBIX HEPTETIPOIYKTOB.

Hedreba3pl, ckmanpl v 0a3bl TOPIHOYEro, BBINOJHSAS BaXKHblE (QYHKIMH IO IpPHEMY,
XpaHEHUI0O M BblAaYe HE(PTENPOAYKTOB [UIS paclpeieMTeNbHON CeTH aBTO3alpaBOYHbIX
CTAaHIIUA CHUCTEMBI He(TEMPOAYKTOOOECTICUCHHS, OTHOCITCS K OOBEKTaM TOBBIIICHHON
onacHocTH [2] . dakTopamu pucKa At 00bEKTOB 0CO00N BaXKHOCTH TPAJAULIMOHHO SBIISIOTCS:

-TepPPOPUCTUYCCKHE aKThl; -XHIIEHHS;, -TI0XKap; -CTUXWUHHBIC O€JICTBUSI.

TpancnoptupoBka  HepTH Ha HedTenepepadbaThIBAIONIME  3aBOJAbl U IMOJYYEHHBIX
MPOJYKTOB K TIOTPEOUTENIO CBSI3aHAa CO 3HAYMTEIBHBIMH HX TOoTepsMu. [loTepn oT cMemeHus u
yTedeKk MpHU TPYOONPOBOJHOM TpPAHCHOPTE, W3 pe3epByapoB, OT HEMOJHOrO CJIHMBa
HE(TCHAIMBHBIX CYIOB, JKEJIE3HOJOPOXKHBIX W aBTOMOOWJIBHBIX IMCTEPH, OOBOTHEHHS,
3aYMCTKH, a TAK)Ke BCIICACTBUE aBapuil, pa3iuBOB, pa3OpBI3TUBAHUS M HCHAPEHHs] HAHOCAT
OTPOMHBIN ymIiepd SKOHOMHKE CTpaHbI, MPHUBOAAT K 3aTpaTraM OOIIECTBEHHOTO TpyAa |
cHIDKeHHIO 3(pdexTuBHOCTH Tpou3BoAcTBa. Kpome Toro, morepu HeTH U HEPTEIPOYKTOB IpU
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aBapusixX, pa3JiuBax M yTeUKaxX 3arps3HSIOT OYBY, TPYHTOBEIE BOJY U BOAOEMbI. MHOTOKpAaTHBIE
NepeBalikl TOTOBBIX HE(PTENPOAYKTOB B pe3epByapax BeAyT K MOTepsM OT ucrnapeHus. B
atMochepy yXomaT MWLIMOHBI TOHH YTJIEBOJOPOIOB. McmapsroTcs TIIaBHBIM 00pa3oM JIerKue
¢bpaxuu. Ilpu sTOM yMeHbLIaeTcs Cbipbe s HEe(YTEXMMHUYECKOrO CHHTE3a, yXYyIIIaeTcs
KauecTBO He(TENPOIYKTOB [5] .

HedrecObiTOBBIE KOMIaHUK, UMEIOLINE CBOM HeTeOa3bl M CKIIAIbl TOpIOYe-CMa30YHBIX
MaTepHUaJIOB, YaCTO CTAJIKUBAIOTCS C TEM, YTO OOJBIMHCTBO ckiIaaoB I'CM HCHoNb3yIOT B CBOCH
paboTe TeXHOJOTUU U o0opyaoBaHUE s Hepreba3, He oOecreUnBaIONINe TODKHBIA YPOBEHB
TEXHOJIOTHYECKOM W SKOJOTMYECKOW O€30IacCHOCTH W TOYHOCTH ydyeTa. BHeapeHHe cucrem
KOMIUIEKCHOW aBTOMATH3aIH JOJDKHO PEUINTh 3TU MPOOJIEMBbI, MOBBICUTH MPOU3BOICTBEHHYIO
u (uHaHCOBYIO 3(PPEKTUBHOCTH OIKCIUTyaTanmuu HePTeda3 W COKpaTUTh A0 MHUHHUMYyMa
9KOJIOTUYECKHE PUCKH [2] .

B nacrosimiee Bpemsi BOMpOCHl OOecrieueHHs] MPOMBIIIJICHHOW 0e30MacHOCTH CTOSAT Kak
HUKOTJIa OCTPO. DTO BBI3BAHO OOBEKTUBHBIMHU (DaKTOpamMH, TAKUMHU, KaK HaIpUMep, Pa3BUTHE
HOBBIX TEXHOJOTHH JOOBIYM, XpaHEHUs U NepepaboTKu HEPTENpPOIYyKTOB, MPEANONATraroIIuX
WCIIOJIb30BaHUE CIIOKHBIX TEXHHUECKUX PEIICHHUIA C TIPUMEHEHHUEM CHCTEM aBTOMATHKH [3] .

bonbmmacTBO HedTeba3 paboTaoT Ha OOOPYAOBAHMM MU MO TEXHOJOTHSIM, KOTOPHIE HE
00ecreurnBarOT HEOOXOJUMBIA YpPOBEHb TEXHOJOTUYECKOW M JKOJIOTHYECKOM Oe30IacHOCTH,
TOYHOCTH Y4Y€THBIX omepanuii [5] . OTcyTcTBHE COBPEMEHHBIX aBTOMATHU3HPOBAHHBIX CHCTEM
ynpaenenuss (ACY TII u ACVII), HeyZOBIETBOPUTEIHHOE COCTOSHUE OYHUCTUTEIBHBIX
COOPY)KEHHM UM CHCTEM IIOXapHOW O€30MacHOCTH JeJal0T TaKue OOBEKThI UYPE3BBIYANHO
OMACHBIMH KaK C MPOM3BOJCTBEHHOH, TaK M C IKOJIOTMYECKON TOuku 3peHusi. CoBpeMEHHbIE
CHCTEMBI aBTOMATH3alUU HedTeOa3 MO3BOJSIOT €€ PYKOBOAHUTEISAM MOJY4YaTh 10CTOBEPHYIO
HHpOpMaNHIO HA BCEX sTamnax peann3yeMbIx TEXHOJOTHYECKHUX MIPOLIECCOB,
OpraHM30BaTh KOMMepPYeCKHi yueT Ha 0a3e SJIEKTPOHHOTO IOKYMEHTOOOOpOTa M MHOTOE
Ipyroe, 0e3 4ero cerojiHs TPYAHO MpencTaBUuTh d3PPEeKTUBHO paboTaroliee MpeaAnpusiTHe.

YcrapeBumme TeXHOJOTHHM, KpOME 3arps3HEHHUS OKPYXKAIOIIEH Cpelbl, IPUBOIAT K
NPAMBIM TOTEPAM TOBAPHON TMPOAYKIIMM - 3a CYET HWCHAPEHHUs, pPa3IUBOB, MPUMEHEHUS
npuOopoB ¢ 001b1I0N morpemHocTbio. Co3aaHue COBpPeMEHHBIX ABTOMATH3MPOBAHHBIX
CHCTEM KOHTPOJISI M Yy4eTa TMPOAYKIUU [aeT BO3MOXKXHOCTh 3HAYMTEJIbHO YMEHbIIUTH
noTepu (HarpuMmep, 01 Heghmebazvl ¢ 20008biM 00veMom nepesarku 100 moic. m npu
VCMAHOBNIEHUU COBPEMEHHBIX CUCmeM ydema U YMUuluzayuu napos y2ieso00pooo8 nomepu
ymenvwiaromess 0o 2%, umo cocmaeigem 2 mulc. m. 2opioye20 3a 200). TexHudeckas
OCHAIIIEeHHOCTh HedTeba3 T0KHA YIAOBIETBOPATH CIEAYIOMNUM TpeboBaHusM [1] :

A. PesepByapHblii mapk J0KEH 00ecreunBaTh MPUEM, XpaHEHUE W OTTPY3KY 3aJIaHHOTO
KOJIMYECTBA M aCCOPTUMEHTA HEPTETPOTYKTOB.

B. TexHonoruveckue TpyOOIPOBOIBI TOJKHBI TTO3BOJISITh BECTH OJHOBPEMEHHBIN TTPHEM U
OTTPY3KY Pa3IMUHBIX MapOK He(YTENPOIYKTOB O€3 CMEIIEHHUS U TIOTEPH KauecTRa.

C. HanmBHBIE W CIUBHBIE YCTPOWCTBA, a TaK)Ke€ HACOCHOE OOOPYHIOBaHHE JIOJDKHBI
obecrieunBaTh COOIOIEHNE HOPMATUBOB BPEMEHH T10 CIIMBY M HaJTUBY He(DTEPOyKTOB.

ABTOMaTH3WpOBaHHAsT  CHUCTEMa  YNPaBICHUS  TEXHOJOTHMYECKUMH  TIpOlleccaMu
HedTeOa3pl TMpelHa3HaueHa HJs OINepPaTHBHO-AMCIIETYEPCKOTO KOHTPOISI H  YIpaBICHUS
npoleccaMy XpaHEHHs! M CIIMBa/HajuBa HE(TENPOAYKTOB, a Takke oOecredeHus TpedyembIx
TEXHOJIOTHYECKHUX OIOKUPOBOK U MPOTHBOABAPUNHBIX 3aIIUT.

Hedreba3pl mpencTaBissioT OOMbIIYI0 OMAacHOCTh B IMOKapHOM oOTHouieHuH. HambGomee
MOKapOOTacHBIMU ~ OOBEKTaMH  SABIAIOTCS  pe3epByapbl.  [losTomy 3a  Kkputepuit
MO’KapooNacHOCTH HedTeba3 MPUHAT CyMMapHBI 00beM pe3epByapHOro napka. Ero BeianunHa,
a TaKke MaKCUMaJbHbIH 00bEM OJHOro pe3epByapa Vpmax, MONOXKEHBI B OCHOBY JAEIECHUS
He(dreba3 Ha kateropuu [1] :
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| — oGmmii o6bem pesepByapHoro mapka cseime 100 000 m% Il — obumit oGbem

pesepByapHoro napka csbiie 20 000 M o 100 000 m®; Illa — o6wmii 06beM pe3epByapHOTO
napka cBeie 10 000 M o 20 000 M3, Vp.max=5000 M3; III6 — obmuit 00beM pe3epByapHOTO
napka cBbiie 2 000 Mo 10 000 M3, Vp.max=2000 M3; [II8 — oOmmii 00BEM pe3epByapHOTO
napka 10 2 000 M BKJTIOUHTEIHHO , Vp.max=700 M.

B 3aBucumoctu oT Kareropuu HedTeOa3 CTPOUTEIBLHBIMA HOPMaMHU U TpaBUIAMHU
YCTAQHABJIMBAIOTCS MHUHUMAJIBHO JONMYCTUMBbIE (C TOYKM 3pEHHs TOXApHOW Oe30MacHOCTH)
paccTosiHUsL 10 COCEAHMX OOBEKTOB, Hampumep, paccrosiHue ot Hedreba3z | kareropum 10
XKHUIJIBIX U OOIIECTBEHHBIX 3MaHUN MODKHO ObITh He Menee 200 M, a ot Hedredas II u III
kateropun — He MeHee 100 m.

ITo BesiM4MHE rO0BOr0 rpy30000poTa HEPTEOA3HI MOAPA3ACIAIOTCA Ha MATh KIaccoB: |
knace - oT 500 u 6ojee TeIC. T/TOA; 2 KiIacc - cBbime 100 mo 500 Teic. T/TOA BKIIOYUTEIBLHO; 3
kiacc - coiae 50 mo 100 TeIC. T/rox BKIOUMUTENBHO; 4 Kiacc - cBbiae 20 mo 50 TeIic. T/rox
BKIIIOUUTENBHO; 5 Kiacc - oT 20 U MeHee ThIC. T/TO/I.

besycinoBHoe obOecnieueHHe HEOOXOAUMOTO YPOBHS OE€30MACHOCTH M HAJEKHOCTH
dbyHkmoHupoBanusi HedTe6a3bl BO BCEX peXUMaX OKCIUTyaTalldd B COOTBETCTBUHM C
HOPMAaTUBHBIMH JIOKYMEHTAMU; CHUKEHHE YPOBHSI TPYJOEMKOCTH TEXHOJIOTMYECKHX OIepanuil
Ha OOBEKTE YIpaBJICHUS, MOBBIIICHUE JKOJIOTHMYECKOH Oe30MmacHoCTH; obOecreyeHue
MaKCHUMaJIbHO KOM(OPTHBIX YCIOBHH TPy/a dKCILTyaTallMOHHOTO TEPCOHANIA M, KaK CIIEICTBHE,
— MUHUMU3AIUs CyObEKTUBHOM COCTABIISAIONIEH BEACHHUS MpoLIecca.

Nudopmarmionnsie GpyHKIUE 00ecreunBaroT (HOPMHUPOBAHUE SKPAHHBIX H300pPaKEHUH U
BBIXOAHBIX ()OpM HMH(MOPMALIMOHHO- BBIYMCIUTENBHBIX 3aJad IO 3ampocaM olepaTopa WiId
HEOIEPATUBHOTO TEPCOHAI(aIMUHUCTPATOPA CHUCTEMBI) M BKIIOYAIOT: - cOOp U 00paboOTKy
UHPOpPMAIIMA O COCTOSHMM TEXHOJIOTHYECKHX IapaMeTpoB; OOHapy:KEHHE, CUTHAIM3AIMIO U
PETHCTpaLMIO aBApUIMHBIX CHTYaIMi; KOHTPOJb JOCTyNla B OCHOBHBIE TOMEIIeHHs HedTeOasbl;
BE/ICHHE TPOTOKOJIA COOBITUH; ApXMBHPOBAaHHWE HUCTOPUHM HM3MEHEHMs IapaMEeTpoB Ha IKECTKOM
MarHUTHOM JIMCKe; (POPMUPOBAHUE U BblIauy ONEPATUBHBIX M APXUBHBIX TAaHHBIX MepcoHaty [9].

Vnpastomue ¢GyHKIUM oOecredrBaeT NpPOTHBOABapUiiHBbIE 3aIIUTBI U OJIOKHPOBKH,
JUCTAaHIIMOHHOE YIPAaBJIEHUE 3aII0PHO-PETYIUPYIOLIEH apMaTypoil (3aIBUXKKH ), TUCTAHLIIMOHHOE
yIpaBJIeHUE HACOCHBIMU arperaTamu, yIpaBjieHHe IpOLecCOM ClIMBa / HaJIuBa He(TEPOTyKTOB:
ABTOMAaTUYECKOE OTKPBITHE / 3aKPBITHE 3aJBHKEK C 1IeJIbI0 oOecreueHus TpedyeMoro Mapuipyra
ClMBa / HAJIHBA.

BcenomoratenbHble (DYHKIIUM TIO3BOJISIOT MPOBECTU JUATHOCTHKA COCTOSHUS MPOTPAMM-
HO-TEXHUYECKUX CPEJCTB YIPAaBJICHUS; MPOBEPKA JOCTOBEPHOCTH MH(POPMALMOHHBIX CUTHAJIOB;
NepeHacTpoika cUCTeMbl (peKOH(UTrypamus M HapaMeTpuyecKas HacTpoiKa MPOrpaMMHOIO
oOecrieyeHns); py4HOH BBOJ (M3MEHEHHE ycTaBa M KOHCTaHT YOpaBIeHHS U 0OpabOTKU
uH(popMaun).

Joctyn K (QYHKUHMOHAJIBHBIM BO3MOKHOCTSAM CHCTEMBI IPEIOCTABISETCS COIJIACHO
YCTaHOBJIEHHBIM Pa3TpaHUYEHUsIM YPOBHEH J1oCTyMa.

Tunosass apxutexktypa - ACY TII nocrpoeHa mno HepapXWYECKOMY MPUHLUIY U
MPEACTABISIET COOOW TPEXYpOBHEBYIO CTPYKTYypy [9]. Ha HWKHEM ypoBHE CHCTEMBI
PAcCIIONIOKEHBI «I0JIEBBIE» KOHTPOJIbHO-U3MEPHUTEIbHBIE PUOOPHI U CPEJICTBA aBTOMATU3ALINH,
a Takke kaOenpHble nuHUU cBs3u. Cpemgnumit ypoBenb ACY TII moctpoen Ha 06aze
MHUKPOIPOIIECC- COPHOTO KOHTpOJIIepa ¢ HEOOXOAMMBIM KOJIMYECTBOM MOJYJel BBO/A/BBIBOJIA
(IMCKpETHBIX/aHAJIOTOBBIX CHUTHAJIOB), OapbepoB HCKPOOE30macHOW M KOMMYHHKAIIHOHHOTO
0o0opynoBaHUsl TOJEBBbIX WIMH. KOHTpoiuiep NpUHUMAET CHTHAJIbl OT YCTPOWCTB HIXKHETO
YpOBHSI (ZIaTYUKOB), 0OpabaThIBaeT 3TH CHUTHAJIBI U (POPMUPYET KOMAHIHBIC BO3JCHCTBUS B
COOTBETCTBHUH C aJITOPUTMOM paboThl. TeXHUYECKHE CPEJCTBA CPETHETO YPOBHS CMOHTHUPOBAHBI
B JJIEKTPOTEXHUYECKUX IIKadax yrpaBieHHs, KOTOpPbIE YCTaHABJIMBAIOTCS B MOMELIEHUU
oneparopHoil. B cocraB mporpamMmmHOro ooOecmeueHHs KOHTpOJJIEpa BXOJUT Kak ooliee
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nporpaMMHOE obecreueHue, npeaHa3HaueHHoe sl pa3paboTKU CIEHUAIBHOTO MPOrPAMMHOIO
ofOecrieueHus, TaK U CHEIUAIbHOE, pa3pabOTaHHOE HEMOCPEACTBEHHO JJis BBIIOJHEHUS
¢ynkuuit ACY TII. KoHTposiepbl OCYIIECTBIAIOT OOMEH JaHHBIMU C aBTOMAaTH3WPOBAHHOTO
pabouero mecta (APM) omepaTopa, COCTaBJISIONIEIO BEpXHUM ypOBEHb W PEaM30BAHHOIO Ha
0a3e MEepCOHAIBHOIO KOMIIBIOTEPA IPOMBIIUIEHHOTO HCIOJHEHHUSI C CEHCOPHBIM 3KPaHOM.
Kpowme Toro, B coctraB ACY TII BXoAUT aBTOHOMHAsI CUCTEMA U3MEPEHUS YPOBHS, TEMIIEPaTypPhl
U TUIOTHOCTH HE(PTENpOAYKTOB B pe3epByapax M BEChl KEJIE3HOJOPOKHBIX W aBTOLUCTEPH,
OCHAIIICEHHEIE OTACILHBIM APM.

W3 mpencraBieHHOIO KpaTkoro o03opa cieayeT, YTO HE PacCMOTPEHO KOMIIBIOTEPHOE
MOJICJIUPOBAHUE TEXHOJOTMYECKUX IpoieccoB HepTeda3. CyllecTBylOT —oIpeaenéHHbIe
IPEIIIOCHUIKH, KOTOPBIE CIIEAYET YYUTHIBATh MPU COCTABICHUM KOMIIBIOTEPHOW MOJENIN s
aBTOMAaTU3AIMH [TPOLIECCOB.
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XULASO
NEFT BAZALARINDA TEXNOLOJi PROSESLORIN QISA iCMALI
Kazimov N.M., Allahverdiyeva K.O.

Agar sozlar: neft bazalari, texnoloji proseslar, modellagdirma, avtomatlagdirma

Moqalodo neft bazalarinda texnoloji proseslorin qisa icmali verilir. Neft bazasi dedikdo
neft vo neft mohsullarint qobul etmok, yigib saxlamaq, bir nogliyyat ndvundon digorine
yiiklomok, yaxud istehsalgiya otlirmok iiclin bina vo qurgular kompleksi nozordo tutulur. Qisa
icmalda bosaldilib- yiiklayici neft bazalari (neft vo neft mohsullarinin bir nogliyyat ndviindon
basqasina, yaxud homin ndvden olan nogliyyata yiiklomok iigiin), paylayicr neft bazalan
(bilavasito miioyyon orazido yerlogon miiossisalori kigik taralarda neft vo neft mohsullart ilo
tohciz edir va s.), bosaldilib- yiiklayici- paylayici neft bazalar (yuxarida gostordiyimiz har iki
neft bazasinin  biitlin funksiyalarini 6ziindo comlogdirir ), vo zavod nazdindaki neft bazalari
(emal olunacaq nefti, neft mohsullarin1 gobul edir, saxlayir, emal {i¢iin hazirlayir) aragdirilir.
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SUMMARY
BRIEF ANALYSIS OF THE TECHNOLOGICAL PROCESS IN THE TANK FARMS
Kazimov N.M., Allahverdiyeva K.A.

Keywords: tank farm, technological process, modelling, automation

In the paper brief analysis of the technological process in the tank farms is indicated.

The tank farm is presented as the building complex for oil production receiving, its storing,
its loading from one type of transport to other one or passing to the manufacturer. In the brief
analysis unloading-loading the oil basis (for loading from one transport to another one
distribution of the oil basis) (location struct to any place of the manufacture, there is provided
with oil and oil production), unloading- loading distribution of the oil basis (having all functions
of in two oil basis), the oil basis in the factory ris received (processing oil, oil productions,
saving and preparing for processing) are given.

Daxil olma tarixi:  llkin variant  16.02.2016
Son variant 01.06.2016

88



Sumgqay1t Dévlat Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmosi

Cild 16 Ne 2016
UOT 677.017.84

PARCALARIN iSIQ VO iSIQLI HAVANIN TOSIiRINDON YEYILMOSI
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Mbaqalads parcalarin isig va isigh havamin tasirindon yeyilmasi, yaxud da istismar
dovriindan tez siradan ¢ixmast kimi aktual problemlora baxilir. Tadgiqgatlarla miiayyan olunur ki,
siini saraitda isigdan kéhnalmonin toyini diciin istifada olunan moéveud metodlarin miixtolif
catismazliglart vardwr. Sinagin aparilmasi zamani siia enerji manbayinin tabiatini, siialanmanin
ardicilligini va intensivliyini, torkibi, atraf miihitin temperaturu vao namliyini, lifin struktur-
morfoloji xtisusiyyatini, lifin va ondan alinan mamulatin tamamlama prosesinin noviinti, ipliyin
va parc¢anmin qurulusunu nazara almaq vacibdir.

Tekstil materiallarinin  miixtolif ndv yeyilmolorinin arasinda xarici miihitin igqlim
amillorinin tosirindon yeyilmasi bdylik shomiyyat kosb edir. Bu amillors aid olan temperatur,
havanin nomliyi, giinos radiasiyasi, yagis, kiillok vo s. gostoricilor bir imumilosdirilmis “isiqlt
hava” termini altinda birlosdirilmisdir. isigli havanin tosirindan tekstil materiallar1 kéhnalir, yani
materialin ilkin xassasi pislosir (mexaniki, optik vo s.), yaxud onlar tamamilo dagilir.

Xarici miihitin iqlim amillorindon tekstil materiallarinin k6hnalmasi prosesine an ¢ox tasir
gostaroni 151q vo nomlikdir. On ¢ox isiga doziimlii momulat yundan istehsal olunan, on az
dozlimlii ise ipakdon istehsal olunandir. Kimyavi momulatlardan isiga doziimliisii poliakrulonitril
vo poliefirlordon istehsal olunanlardir. Poliamid momulatlarina isiqli hava uzun miiddoat tosir
etdikdo onlarin ilkin xassalori shomiyyetli doracods doyisir. Lakin parcalarin isiqli havanin
tosirina doztimliiliiyi onun lifli torkibindon asili olmagqla yanasi, qurulusundan va xiisusi ilo do
tamamlama prosesinin aparilmasindan asilidir.

Tekstil materiallarinin is1qli havanin tasirine doziimliiliiyli asagidak: soraitlords dyronilir:

- tobii soraitde, bu zaman kéhnalma amili meteoroloji soraitdon asili olur;

- siini soraitdo, bu zaman aparatlarda siini hava iqlimi yaradilir [1].

Stini goraitdo isiqdan kohnolmonin toyin lciin istifade olunan moévcud metodlarin
catismazlig1 garanliq fasilosinin olmamasidir. Bu hal isigdan kéhnolmo reaksiyasinin gedisino
xiisusi olaraq tosir edir. Sinagin aparilmasi zamani siia enerji manbayinin tabiatinin, siialanmanin
ardicilligimi vo intensivliyini, torkibi, otraf miihitin temperaturu vo nomliyini, lifin struktur-
morfoloji xiisusiyyatini, lifin vo ondan alinan mamulatin tamamlama prosesinin ndviinii, ipliyin
vo parcanin qurulusunu nozoro almaq vacibdir. Beloliklo, siini yaradilmis isiqli havanin tosiri
tekstil materiallarinin istismar goraitini tomamilo modellogdirs bilmir [2].

Boyanmis liflorin isiqgdan kohnalmasi  probleminin arasdirilmast  zamam liflordo
ronglayicilorin kéhnalmasi, eloca do materialin, yoni lifin 6zlinlin k6hnalmasina diqqgati yetirmok
vacibdir. Boyanmis lif yetorinco yliksak is1ga doziimliilik qabiliyystine malik olmalidir. ©gor
polimerin vo ronglayicinin isiga doziimliilik doracasi kaskin forqlonirss, onda material daha tez
dagilar. Isiga doziimliiliik ndqteyi-nazordon ideal lifli material o hesab olunur ki, onun lifinin vo
ronglayicisinin is18a doztimliiliik haddi yiiksakdir, yaxud eynidir.

Liflorda ronglayicilorin va lifin 6ziiniin dagilmas: vaxtlarla amals galir, yani buna kinetik
proses kimi baxmagq olar [3].
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Par¢alarin isiq va isiqli havanin tasirindan yeyilmasi

Liflordo boyanin daha yaxsi basa diisiilmasinds vacib rol oynayan iki asas ganun var.

1. Qrotkus — Dreyper ganunu. Bu ganun tosdiq edir ki, fotokimyovi tosiri isigin yalniz
sistem torofindon udulan hissasi edir. Bu npdqteyi-nozarden lif vo ranglayici 6zlorini miixtalif clir
aparir. Ciinki rongloayicilor radiasiyani giiclii gobul edan hissaciklordir. Xiisusilo, az miqdarda da
olsa, spektrin ultragohray1 hissesindo goriiniir. Kimyavi strukturdan asili olaraq, polimerlor iso
spektrin ultragohrayi siialarinin miixtalif hissosindo goriiniirlor.

2. Eynsteynin kvant ekvivalentliliyi qanunu. Bu gqanuna asason, bir fotokimyavi akta bir
kvant is1q tolob olunur. Hazirda gostorilir ki, bir molekulun iki kvant is1q udmas ilo fotokimyovi
cevrilmolor miimkiindiir. Lazer qurgularindan istifado olunan zaman siialandirilan isiq selindo
enerji sixliginin boyiik olmasi bu ciir oxsar ikifotonlu fotokimyovi reaksiyanin getmaosi asanlagir
[2].

Hazirda tekstil materiallarinda boyanin isigadoziimliliiyii milli standartlara osason bal
sistemi lizra qiymotlondirilir. Bu zaman sinagi aparilan niimunslorlo birge tutulan xiisusi goy
skalalardan genis istifads edilir. Parcanin giinos slialarin tosirine moruz etdikdon sonra isiga
doztimliilitylin balla qiymotlondirilmasi sinagi aparilan niimuneni parlagliginin boz skalasi ilo
miiqayisa etmokla vizual va instrumental yolla balla hoyata kesirilir [4].

Isigh havanin tesirine boyanin doziimliiliik doracesi segilon rongloyicinin tipinden vo
markasindan asilidir. Eyni zamanda ronglayicilar tekstil materiallarinin lifli torkibindon asili olaraq
secilir [5]. Tekstil materiallarinin struktur xarakteristikasida shomiyyatli doracads niimunanin igiga
davamliligina tosir gostorir. Demoli, adi parcalardan daha nazik olan mikrofibrov poliestrindon
istehsal olunmus pargalarin ronglori isigin tosirino daha az doziirlor [6].

Boyanmis materialin xassosinin is1gin tosirindon doyismosi fotokimyoavi cevrilmolorin
getmosi ilo sortlonir. Tekstil materiallarinin struktur doyisikliklorinin dyranilmasi ti¢lin elektrik
mikroskopundan, IK-spektroskopundan vs s. istifade olunur. Baxmayaraq ki, isigaddziimliiliiyiin
qiymotlondirilmasinds har seydon avval fiziki-kimyavi gostoricilordan istifado olunur [6].

Nozords tutulmus vaxtdan sonra is1gin tosirindon parcanin hansi vaziyystdo olmasi onun
is1gadoziimliiliiyii kriteriyas: adlanir [6]. Isiqli havani tosirine parcalar déziimliiliiyii onlarda
qurilma yiikiiniin azalmasi ilo xarakterizs edilir (%)

P = Pr=Pc , 100,
Py

burada Py - nazarot olunan zolagin qirilma yiikii, daH;
Pc - zolagin sinaqdan sonra qirilma yiikiidiir, daH [1].

Isighh  havamin tosirindon liflorin  dagilmasi doracosi parganmn qurulusundan, (onun
qalimligindan, sathi doldurulmasi vo sixligindan) asilidir. Burulmus iplikden istehsal olunan pambiq
parga, zoif buruqglu ipliklorden istehsal olunmug pambiq pargalara nisbaton daha az dagilir [7].

F.I.Sadov [8] qeyd edir ki, isiglh havanin tosirindon liflorin mohkomliyinin itmosini
toxunma iki dofs azaldir. Toxunmanin gostordiyi tesirdon parcalarda isiqli havaya davamliligin
forqi 1,5 dofs doyisir.

Isiq hor seydon ovval parcanin dayaq sothino tosir edir. Hotta iistii drtiilmoysn, amma
dayaq sothindon asagidaki soviyyado yerlogon saplar is18in tosirini az hiss edir.

[s1gm tosirino daha doziimlii saplardan istehsal olunmus pargalarda dayaq sothinin
yaradilmas1 onlarin osas strukturunu qorumaga imkan verir vo ohomiyyatli dorocods
uzundmiirlililylinii artirir. Buna qgeyri-borabor sistemdon, yaxud xovlu toxunusdan istifads
etmoklo oris vo argac lizro sixliglar vo diametrlor nisbotinds uygun qurulus fazani oamolo
gatirmakla nail olmaq miimkiindiir. Oxsar metodla istismar zamani yiliksok gorginliys maruz olan
homin sap sistemini qorumagq olar. Oris vo argacda isi§adozliimliiliiyii eyni olan saplardan istifado
edilon zaman orig lizro yiiksok sixliqda parcalarin yaradilmasi vacib olarsa, bu dagilan sap
sistemi Uizro boyik mohkomlik ehtiyatinin yaradilmasi iiclin  orisin - sixliginin  kaskin
yiiksoldilmasi magsadouygun hesab olunur [9].
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Tekstil materiallarinin yeyilmasi doracasini qiymatlondirmak magsadils sonraki qiisurlarin
sablonu ilo miiqayisasi liglin niimunaslorin sothinin saknerindon istifado olunmasi toklif edilir
[10]. Tekstil materiallarinin xarici goriinlisiiniin  doyismosi skala etalonlarinin  komayi
nliimunalorinin goriiniisiinds strukturun doyismosi tezliyi tizro do qiymatlondirils bilor [11].

X.Aminovun [12] tadqiqatlarina gors, oris lizro boyiik sixliqlt pambiq pargalarin giinog
stialarinin tosiri altinda saxlanmasinin naticasinds (aris iizra nisbi sixliq 100%, argac lizra 60%)
oris saplarmin moéhkomliyi 35,7%, argac saplarininki iss yalniz 4,4% asagi diislir. Noticado
pargalar oris vo argac saplari tizro barabar méhkomlikdadirlor [13].

Bir lifi digor lif ilo do miidafio etmok miimkiindiir. Belo ki, M.S.Palladova miioyyanlosdir-
migdir ki, yun vo kapron liflorinin garisigindan alinan yarimyun pargalarin giinos stialarinin tosiri
altinda saxlanmasi zaman1 mohkamliyinin azalmasi burulmus kapron kompleks saplarindan alinan
pargalardakindan ohomiyyatli doracads azdir [9]. Birinci halda méhkomliyin itirilmasi aris lizra 42%
vo argac iizra 54%, ikinci halda iso aris tizro 59%, argac lizro 71% toskil edir.

Parcanin isigadavamliliginin yiiksoldilmasi yolunun somoraliliyi isigin tosirinds olan lifli
kiitlonin nisbi sothinin azaldilmasidir. Bu sath no qodor az olarsa, parcanin igigadavamliligi bir o
gadar c¢ox olar. Lifli kiitlonin a¢iq sathinin nisbi haddino an bdyiik tasiri bu kiitlonin qalinlig1 vo
sixliq doracasi edir. Kiitlonin qalinlig1 vo sixliq deracasi ¢ox olduqda gdsterilon soth az olar, va
parganin isigadavamlilig1 yiiksalir.

F.I.Sadovin goldiyi qenasts goro, eyni vaxt miiddatindo giinos siialarinin tosiri altinda
saxlanmast zamani1 burulmus ipliklordon alinan pambiq pargalarin mdhkomliyinin azalmasi
burulmayan ipliklordon alinan parcalarin méhkomliyino nisboton daha az olur [8]. Daha six vo
galin parcalar az sixliqli vo nazik pargalara nisboton atmosfer soraitindon vo isi1gin tosirinden
daha az dagilir.

M.1.Suxarev [9] miioyyonlosdirmisdir ki, giinos siialarinin tosiri altinda saxlanmas1 zamani
viskoz kompleks saplarindan alinan pargalar, viskoz ipliyindon alinan pargalardan 2 dofo tez
dagilir. Bu onunla izah olunur ki, iplikds lif daha six vaziyyatds olur.

Isbat olunmusdur ki, tobii atmosfer tosirinden poliefir va selliiloza liflorinin qarisigindan
alinan pargalar, pambiq parca, yaxud tomiz lavsandan olan pargalara nisboton daha az deracads
dagilirlar [13]. Qaris1q parcalarda méhkomliyin azalma haddinin az olmasiin sobabi parcada
lavsanin komponentlorinin struktur doyisikliklorinin zaif getmaosidir.

Plas pargalarinin moéhkomliyinin doyigsmasi halinda onun is1qli havaya déziimliiliiyiiniin
riyazi modeli asagidaki kimi verilmisdir [14];

CTl — e9,215 . R'H21,894- . P1,179 . 1’001111 . 1’003112

burada KII2 - par¢anin doldurulmasi doracasi;
niva Ny - poliefir vo kapron liflorinin faizls torkibi;
P — hopmanin daracasidir.

Pambiq va viskoz pargalar {igiin qirilma yiikiiniin bir sap hesabinda hom tobii goraitds (105
giin) gilinos siialarinin tosiri altinda saxlanma vaxtindan, homdo bu goraitin siini yaradilmasi
vaxtindan asililig1 agagidaki glivvalor funksiyas: kimi yazilir;

y = ax’+c

burada y — bir sapin hesabinda qirilma yiikii, gs;
X — gilinos siialarinin tosiri altinda saxlanmasi vaxti, saat;
a, b, ¢ — hesablama omsallaridir.

Aragdirilaraq miioyyanlogdirilmisir ki, 15 gilin giinos siialarinin tosiri altinda saxlandiqdan
sonra parcanin qalinligi ohomiyyeotli dorocodo doyisir [15]. Parcalarin cirilma uzunlugu,
homginin giinos siialarinin tosiri altinda saxlanmasindan onun tasirindon kigilir. Bu vaxtin
artmasi ilo niimunanin tam deformasiyast qisalmanin sababindon avvalco artir va yeyilmonin
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hesabina iso asag1 diisiir. Tam deformasiyanin qayidan komponentinin pay1 asagi diisiir, qaliq
deformasiya iso yiiksoalir. Tropik soraitdo parcanin giinos slialarinin tosiri altinda saxlanmasi
zamani onun yeyilmasi prosesi normal saraitdokine nisbaton 2 dafa tez baslayir.

S.S.Qorskovanin arasdirmalarinda doqiqlosdirilmisdir ki, temperaturun vo ultrabondvsoyi
stialanmanin intensivliyi, yiliksoldilmasi lifli torkibino goro pargalarin xassosinin doyismosinin
stiratlorlonmasina gotirib ¢ixarir [15].

Laboratoriya soraitindoki cihazlarda parcalarin qirilma va cirilma yiikii vo uzanmasinin
toyininin naticolori gostordi ki, toxunma novii 1m? parcanin sothi sabit olan zamani, onun todqiq
olunan xassasinin dayigmasinin kinetikasina shamiyyatli tosir gostormir. Lakin lifli torkib iglim
amillorinin tosirindon parg¢anin déziimliiliiylino ochomiyyatli tosir gostorir.

Homginin sintetik pargalarin  xassolorinin saxlanma middotinin temperaturdan va
ultrabandvsoyi stialanmanin intensivliyindon asililigi tapilmigdir:

7= Toj—aemRT
burada J — ultrabandvsoyi siialanmanin intensivliyi, Vt/m?;
T — temperatur, K;
R — universal gaz sabiti, (mol-grad);
70 — hesablama amsali, saat;
a, f/ — eksperomentls toyin olunmus tonliyin parametrloridir [15].

Gortimdiiyli kimi, pargalarin sixlig1 onlarin isigadavamliligini ancaq toyin olunan hadds
qadoar artira bilor. Pargalarin maksimum isigad6ziimliiliiyli néqteyi-nozarindon parametrlorinin
optimal haddi halo do miioyyon olunmamisdir [9].

Aparilan todqiqatlarla miioyyon olunmusdur ki, ultrabandvsoyi slialanmanin artirilmast ilo
niimunslords qirllma méhkomliyi azalir [15]. Bu siialanmanin noviindon, boyanin gatiligindan,
slialanma vaxtindan vo qoyulmus gorginlikdon asilildir. Mexaniki gorginlik boyanin az
qatiliginda niimunslorin daha parlaq goriinmosindo 6ziinii gostorir. Boya pargalarin isigin vo
havanin tesirindon dagilmasi prosesina katalizator kimi istirak eds bilor. Pargalarin vo boyanin
dagilmas1 prosesi miixtolif formada gedo bilor: eyni zamanda bu halda parcanin osas maddolori
boyanin hissociklorino nisbaton tez dagilir. Bu proseslorin istiqgamati vo onlarin intensivliyi isiq
monbayinin enerjisindon asilidir [2].

Isiglt havanin pargalara tosirinin smagqlar1 gostordi ki, oksoriyyat parcalarda ohomiyyatli
doracads qisalma hallar1 olur [7]. Xiisusilo, bu qisalma argac sap1 iizro bazi hallarda 12%-0 ¢atir.
Isiglt havanin tosirinden cirilmaya qarst méhkomlik vo siirtinmoys déziimliilik ohomiyyatli
doracads azalir. Bu, xiisusi ilo, pambiq ipliyindan istehsal olunan parcalara aid olunur.

Qeyd etmok lazimdir ki, tomiz yun pargalarda cirilmaya qarst mohkomliyin oshomiyyatli
doracads azalmasi zamani siirtiinmays doziimliiliiyii azalmur.

Miioyyan olunmusdur ki, pargalarin méhkomliyinin itirilmasi siirtiinmodan sonra vo isiqlt
havanin tosirindon bir, iki, ti¢ vo dordiincii aylarda artir.

Notica. Isight havanin tosirinin dyronilmoesi iigiin aparilan sinaqlarin naticolorinin
giymoatlondirilmasindo nozaore almaq lazimdir ki, parca adi soraitdo fasilasiz olaraq istismar
edildikde do ona isiqlt hava bir o qador do tosir etmir. Ona gora do adi istismar dovriinds bu
gostaricilorin  azalmasi ohomiyyotli dorocods olacaqdir. Demoli, tekstil materiallarinin
layihalondirilmasi zamant1 yalniz onlarin qurulus parametrlorindon basqa, xarici miihitin soraitini
do nozare almaq vacibdir.
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_ PE3IOME
N3HOC TKAHEHU OT BO3JJEMCTBUSI CBETA U CBETOIIOI'OAbI
Azaesa A.A., Hypuee M.H.

Knwouesvie cnoga. mramb, céem u c6emono200a, U3HOC, c6emocmapenue, CmpykKmypol

mKaweu

B cratbe paccMOTpeHBI TaKHe aKTyalbHbIE POOJIEMBI, KaK H3HOC WM MPEKICBPEMEHHBIN
BBIXOJ] U3 DKCIUTyaTalluy TKaHEH OT BO3ACHCTBHUE CBETA U CBETOIIOTOJIBI.

HcenenoBanusiMu  yCTAaHOBJIGHO,  4YTO  HEJOCTATKOM  CYILIECTBYIOIIMX  METOJOB
CBETOCTAPEHMsI B HCKYCCTBEHHBIX YCIOBHUSX SIBISIETCS OTCYTCTBHE TEMHOBBIX Iay3, OCOOBIM
00pa3oM BIMSIOUIMX HAa IPOTEKaHUE peakuui cBerocTapeHus. [Ipu mpoBeneHUM HCIBITAHUN
HEOOXOJUMO YYMTBHIBaTh MPUPOAY HCTOYHUKA JIyYUCTOM SHEPIUH, NMPOAOIKUTEIBHOCTh U
MHTEHCUBHOCTh OOJY4YEHMs, COCTaB, TEMIIEpAaTypy U BIAKHOCTb OKpYKAIOLIEH cpenpl,
CTPYKTYPHO-MOP(}OJIOTHYECKHE OCOOEHHOCTH BOJIOKOH, BUJ OTAEIKM BOJOKOH U M3JENUN U3
HUX, CTPOCHUE NPSKU U TKaHEH.

SUMMARY
WEAR TISSUE FROM THE EFFECTS OF LIGHT AND ALKALIS
Agayeva A.A., Nuriyev M.N.

Keywords: cloth, light and alkalis, wear, photoaging, tissue structure.
In the article the actual problems as wear or premature exit from the operation of tissue
from the effects of light and alkalis are considered.

Research has shown that the lack of existing methods svetostareniya in artificial conditions
is the lack of dark pause, specifically affecting the flow fotoaginging reactions. When testing in
is necessary to consider the nature of the source of radiant energy, duration and intensity of
exposure, composition, temperature and ambient humidity, structural and morphological features
of cal-fiber, fiber type of finish and their products, the structure of yarns and fabrics.

Daxil olma tarixi:  Ilkin variant  04.04.2016
Son variant 01.06.2016
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Xumus
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Texnuka
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MOQALOLORIN TORTIBATI QAYDALARI

Doarc olunacaq moqals redaksiyaya hom kagiz, hom do elektron formada toqdim olunmalidir.
Maqalo hazirlanarkon asagidaki toloblor nozors alinmalidir:
1. Mogals azorbaycan, rus vo ya ingilis dillorindo hazirlanmalidir.
2. Mogalonin adi, xiilaso vo agar sozlor hor tli¢ dilds togdim olumalidir.
3. Magals Microsoft Word motn redaktorunda A4 formatda (soldan, yuxaridan, asagidan vo
sagdan — 2 sm), Times News Roman srifti ilo 12 pt. 6l¢ilido, vahid sotrarasi intervala vo motn
daxili yazida 1 sm. abzas buraxmagqla hazirlanmali vo 8 sohifodon artiq olmamalidir.
4. Maqalonin matninin asaqidaki bélmolordon ibarat olmasi tovsiys olunur:

e Giris (masoalonin aktualligi, problemin hazirki voziyyati);

e Tadgigatin mogsadi, masalonin qoyulusu;

e Mosolonin halli tisullar1 vo aprobasiyasi;

e Alman naticalorin totbiqi;

e Noatica.
5. Magqals asagidaki ardicilligla hazirlanmalidir:
UOT - soldan, bdyiik horflarls, galin sriftla, sonda 6 pt. interval;
moqalonin ad1 — ortadan, bdyiik horflorlo, galin sriftls, sonda 6 pt. interval;
miislliflorin inisiallar1 va soyadi — ortadan, boylik harflarls, qalin sriftlo;
miiolliflorin ig yeri, sahar, 6lko va e-pogt tinvani — ortadan, 6 pt. interval;
xtiilass (matn toqdim olunan dilds) — sonda 6 pt. interval;
acar sOzlor — kursivlo, sonda 6 pt. interval,
girig vo digar alt basliglar — soldan galin sriftls, ovvelinds va sonunda 6 pt. interval.
6. ©dobiyyat siyahisi: har bir istinad olunan monbanin adi tarciime olunmadan, maqaladas istifado
ardicilligina uygun olaraq némroalonir.
7. ©dobiyyat siyahisindan sonra moqalonin hazirlandig1 dilden forqli diger 2 dilde moqalonin ad,
miiollifin soyadi, adi, atasinin adi, miisllifin 1§ yeri, sohar, 6lko vo e-pogt linvani, xiilaso vo agar
sOzlar togdim olunur.
8. Moqalada cadval vo sokillor ndmralonir: codval — cadvalin yuxarisinda kursivls, ortadan,
(mas., cadval 1.), sokil — soklin altinda, kursivlo, ortadan (mas., sakil 1.) vo matn hissadon
(yuxaridan va agagidan) 1 bos satir buraxmaqla gostorilmalidir. Cadvallar bilavasito magalonin
matnindos yerlogdirilmalidir.
9. Diisturlar Microsoft Equation-ds standart parametr ilo y18ilir. Matndos ancaq istifads olunan
diisturlar ndmralonir. Diisturun ndmrosi sagda motarizeds yazilir.
10. Miiassisada yerina yetirilon tadqgiqatin naticalorini agiglayan moqalonin ¢ap edilmosi {igiin
miivafiq yazili raziliq olmalidar.
11. Moaqaloado gostorilon malumat vo faktlara goro miisllif moasuliyyot dasiyir.
12. Redaksiya moqalods osas mazmununa xalal gotirmaqgon redakto doyisikliklori vo ixtisarlar
etmok hiiququnu 6ziinds saxlayir.
13. Mogqals ¢apa tovsiye edildikds redaksiya heyastinin qorart barade miisllifs molumat verilir.
14. Magalo sadalanan talablora cavab vermazsa, baxilmaq ii¢lin gabul edilmir vo miiallifs
qaytarilir. ©lyazmanin daxil oldugu vaxt matnin son variantinin redaksiyaya daxil oldugu
giindon sayilir.
15. Redaksiyanin tinvani : Sumgqayit Dovlat Universiteti
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MMPABHJIA O®OPMJIEHUS CTATEA

[TyGnukyemast cTaThsl JOKHA OBITH IPEJCTABICHA B PEIAKIIUIO B OyMa)KHOM U B 3JIEKTPOHHOM
Buje. [Ipu moaroToBke cTaThu JOHKHBI OBITH BBIIIOJIHEHBI CIEAYIOIINE TPEOOBAHNUS:
1. CtaTbst 1OKHA OBITH IOJATOTOBJICHA HA OJTHOM U3 SI3bIKOB — a3epOaliPKaHCKOM, PYCCKOM HITH
AHIJIMMCKOM.
2. Ha3zBaHue cTaThy, aHHOTALIMA U KJIIOYEBBIE CJIOBA JOKHBI ObITh NMPEACTABICHBI HA TPEX
A3BIKAX.
3. DIEKTPOHHBIN BapUaHT CTaThU JOJDKEH BBIIOJIHATHCSA B TEKCTOBOM PEIAKTOPE
MicrosoftWords ¢popmare A4 (tiosst: IeBoe, MpaBoe, BEpXHEE U HUKHEE — 2 CM), IIPUPTOM
Times News Roman pasmepom 12 nt. MeKCTpOUHBIH HHTEPBAI — OJAWHAPHBIN, a03aIlHbIH
oTcTyn — 1 ¢M, pa3Mep CTaTbH He JOJHKEH MPEBBIIIATh § CTPaHUII.
4. TekcT CTaTbU PEKOMEHIYETCS COCTABIIATH U3 HUKECIIECAYIOIINX Pa3/IeoB:
e BBeJICHUE (aKTYaJTbHOCTD MTPOOJIEMBI, HBIHEIIHEE COCTOSTHUE MPOOIIeMbl);
®  [IeJb UCCIICOBAHUS, IOCTAHOBKA 33/1a4H;
e METO/bI pEUICHMS U arpodaius 3aj1auu;
e BHEJPEHHE MMOJIYYCHHBIX PE3yJIbTaTOB;
® pe3ynbTar.
5. Crarbs nomkHa OBITH OATOTOBJIEHA B CIEIYIOIICH MOCIEA0BATEILHOCTH:
e VJIK — cneBa »)UpHBIM MIPUPTOM, B KOHIIE HHTEPBAI 6 IIT;
e Ha3BaHWUE CTaThH — B LIEHTPE, IPONUCHBIM U )KUPHBIM HIPU(TOM, B KOHIIE HHTEPBAJ 6 IIT;
e HHUIIUAJBI U (aMIIUK AaBTOPOB B IIEHTPE MPOMHUCHBIM U KUPHBIM HIPUPTOM;
e MecTo paboTHl aBTOPOB, CTPaHa, TOPOJA M aJIpec AIEKTPOHHOW MOYTHI — MO LEHTPY, B
KOHIIE UHTEpBa 6 IT;
aHHOTAaLUU (Ha A3BIKE MIPEJICTABICHHOIO TEKCTAa) — B KOHIIE UHTEpBaJI 6 IT;
KITFOUEBBIE CII0BA — KyPCUBOM, B KOHIIE HHTEpPBAJ 6 MT;
BBEJICHUE U JIPyTU€ IMOA3arojOBKH — CIEBa, XXUPHbIM mpud@ToM. B Hayame u KoHIE
WHTEpBa 6 MT.
6. Ciucok uTepaTyphl: Ha3BaHHE KaXXI0TO HCTOYHHUKA HE TIEPEBOJUTCS U HyMEPYETCS B CTAaThe
B COOTBETCTBUH C [1OCJIEJOBATEILHOCTHIO HCIIOJIb30BAHMUS.
7. Ilocne ciucka TUTepaTyphl Ha3BaHUE CTaTbU, MHULUAIIBI U ()aMUJIIUSI aBTOPOB, MECTO pabOThI
aBTOPOB, CTPaHa, TOPOJI M aJJpec JIEKTPOHHOM MOYTHI, aHHOTAIUS U KIIFOUYEBbIE CII0BA
MPEJICTABIISIIOTCS TAK)XKE Ha ABYX JIPYTUX A3bIKaX.
8. B cTatbe HyMepyIOTCS TaOJIUIBI U PUCYHKU: TaOIHUIa — BEPXHEH 4acTH TabJIUIbI, KYPCHBOM, B
HeHTpe (Hanpumep, mabdauya 1), pucyHOK — IOJ PUCYHKOM, KypCHBOM, B LIEHTpe (Hampumep,
pucyHnok 1) 1, IpoIrycKasi OIHy IyCTYIO CTPOKY OT Te€KCTa (U3 BepXHEH U HIKHEH yacTeil).
9. ®opmyiiel HaOMparOTCs cTaHmapTHRIME apameTpamu B MicrosoftEquation. Homep dopmyiist
NUIIeTCs B CKOOKaxX ¢ MpaBoi CTOPOHBI. B TekcTe HyMepyroTCs TOIBKO HCIOIb30BaHHBIE
bopMyIbI.
10. CraTby, n3nararomme pe3yabTaTbl UCCIEA0BAHUI, BHIIOIHIAEMBIX B YUPEKICHUAX, TOTDKHBI
MMETh COOTBETCTBYIOLINE pa3pelieHus U ONyOJIuKOBaHUE.
11. ABTOp HeceT OTBETCTBEHHOCTD 3a HH(OpMaLNIO U (DaKThl, yKa3aHHbBIE B CTAThHE.
12. Penakuus octaBiisieT 3a co00i MpaBo MPOU3BOJUTH PEJAKIIMOHHBIE H3MEHEHUS U
COKpAILEHUS, HE NCKAXKAIOLINE OCHOBHOE COJIEP/KAHUE CTATHH.
13. B ciryuae OTKJIIOHEHHS CTaThU PEAaKIHs COOOIAeT aBTOPY PEIICHNE PEAKOIIICTHH.
14. Cratbu, He OTBEYAIOIINE EPEUUCIEHHBIM TPEOOBaHUAM, K PACCMOTPEHUIO HE TPUHUMAIOTCS
¥ BO3BpAILAIOTCS aBTOpaM. /laToil mocTymieHust pyKOMUCH CUUTAETCS ACHb NOTYYEeHUs
pelakuueil OKOHYaTeIbHOTO TEKCTA.
15. Anpec penakuuu: CyMranTckuii rocy1apcTBeHHbIi YHUBEPCUTET
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RULES OF ARTICLE FORMATION

The article being published must be submitted to the editorship in paper or electron form/. In
preparing the article the following requirements must be accomplished|:
1. An article must be prepared in one of the languages — Azeri, Russian or English.
2. The title, the summary and the key words must be submitted in there languages.
3. The electron variant of an article must be performed in the text-editor Microsoft Word in A4
format (margins: left side, right side, top, bottom — 2 cm), in Times News Roman type of size 12
pt. The vertical spasing is unary, paragraph indention — 1 cm, the article must not surpass 8
pages.
4. The text of an article is recommended to be prepared of the divisions mentioned below:
e introduction (problem actuality, present state of the problem);
the aim of the investigation, task statement;
solution methods and task approbation;
introduction of the received results;
result.
5. An article must be prepared in the following sequence:
e UDK - left-side — with extra bold type, at the end — the interval 6 pt;
e The title of an article must be in the center, in a capital letter with extra-bold type, at the
end the interval 6 pt;
e Authors’ initials and last names — in the center, in a capital letter with extra-bold type;
e Authors’ work places country, city and e-mail towards the center, at the end the interval
6 pt;
e Summaries (in the language of the submitted text) — at the end the interval 6 pt;
key words in italic type, at the end the interval 6 pt;
Introduction and other subtitles — on the left-side with extra-bold type, at the beginning
and at the end the interval 6 pt.
6. Literature list: the title of each source isn’t translated and is numbered in the article in
correspondence with the usage sequence.
7. After the literature list, the title of the article, initials and authors’ last names, their work
places, the country, the city, e-mail, summary and key words are presented in two other
languages.
8. In the article tables and drawings are numbered: the table — in the upper part of the table,
italicized, in the center (for example: table 1), the drawing — below the center (for example:
drawing 1) and missing one blank line of the text (of upper and lower parts).
9. The formulas are collected in standard parameters in Microsoft Equation. The number of the
formula is written in brackets on the right-side. In the text only used formulas are numbered.
10. The articles given account of results of the investigations realized in the enterprises must
have corresponding permission and publication.
11. The author is responsible for the information and facts, given in the text.
12. The editorship reserves the right to make editorial changes and abbreviations not distorting
the main contents of the article.
13. In case of article deflection the editorship informs the author about the decision of the
editorial board.
14. The articles, not meeting the above mentioned requirements, aren’t taken into consideration
and are returned to their authors. The date of the manuscript accession is considered the day of
getting the completed text.
15. Editorship address: Sumaqayit State University
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