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MNOJUHOMMAJIBHOE IPEJCTABJEHUE MOJHOMN PEAKIIUN
OJHOI'O KJIACCA ABOUYHBIX MOAYJIAPHBIX
JNHAMMNYECKHUX CUCTEM

®EN3UEB ®UKPAT I'fOJIbAJIUA orJay
1-Cymeaumckuil cocyoapcmeennblil yrusepcumem, npogeccop
MEXTHUEBA MAPAJI P3ABAJIA rbi3bl
2- Bakunckuil 20cy0apcmeenHulil YHUSepcumem, 00yeHm
BAMPAMOBA AHCEJIb AJIUMrbi3bl
3-Cymeaumcxuii mexnuueckuil koaneoxc npu CI'Y, npenodasamens
FeyziyevFG@mail.ru

Kntouesvie cnosa: mooynsapuvie OuHamuueckue cucmemsi, Gopmyra noaHOU peaxyuu,no-
JIUHOMUATIbHOE Npedcmasienue; Heusgecmuvle KoIPPuyuenmol,peKyppeHmnoe
coomHouienue.

Paccmampusaemes 6onpoc nOIUHOMUANIBHO20 NPeOCMASIeHUs. NOIHOU peakyuu 00HO020 — KIacca
0BOUYHBIX MOOYJISIPHBIX OUHAMUYECKUX CUCTEM U NPUBOOUMCSE (DOPMYILA NOJUHOMUATILHO20 NPeOCABIeHUSL.
s 3a0aunbix  6XOOHOU NOCIEO08AMENbHOCMUU NOCAE008AMEILHOCU COCMOSAHUA — Npediiacaemcs
PEKYPPEHMHOE — COOMHOUICHUE — ONSAHAXONCOCHUSL  HEU3BECMHbIX — KOIDOUUUESHMOE8 — NOJUHOMUATBHO20
npedcmasnenus. IIpusooumcs npumep 051 ROTUHOMUATILHO20 NPEeOCMABIeHUsL NOJHOU PeaKyul CneyuaIbHOl
080UUHOU MOOYIAPHOU OUHAMUYeCKoU cucmemol. IIpusooumcs npumep noayuenus pekyppeHmuo20 coomHo-
weHust 01151 HaxX0NHCOeHUsl 00H020 CReYUalbHO20 KO Puyuenma noauHOMUAIbHO20 NPeOCMAasIeHUsL.

BBenenne. Koneunble mocie0BaTeIbHOCTHBIE MAIIMHBI WM MOJIYJSPHBIE JUHAMUYECKUE
cucrembl (MJIC) GyHKIMOHHPYIOT HaJ KOHEYHBIMH IMOJIIMH HMIH Kosblamu [1-7]. OHu mapoko
MIPUMEHSIOTCS B BBIUUCIUTENBHON TEXHUKE, CHCTeMaxX AMArHOCTHKH, KOJUPOBAHUH U JIEKOAUPOBa-
HUU JUCKPETHBIX COOOIIEHUMN, MOICTUPOBAHUN U YIPABICHUH HENPEPHIBHBIX U TUCKPETHBIX 00b-
ektoB U T.4. [1, 2, 5, 6, 8-13]. Takas mmpokas 00JacTh NPUMEHEHHUS CTHUMYIHPYET pPa3BUTHE
Teopuu U Merogojoruu npunoxennit MJIC. Pa3nuunble Teopernueckue 3agaud M 3aJadyM, CBs-
3aHHbIe ¢ MeToosorueil npumenenuss MJIC, ocHOBBIBatOTCSI Ha YpaBHEHUHU, OTIMCHIBAIOILIEM UX I10-
BEJICHUE B MPOCTPAHCTBE COCTOSHUMN (HA S3BIKE «BXOJ—COCTOSHHE—BBIXO/») WM Ha BBIPAXKCHUH
MIPEJICTaBJICHHUS] MX IOJHON peakiuu (Ha f3bIKE «BXOTHO—BBIXOJHBIX» cooTHomieHui). K Hac-
TOSIIIEMY BPEMEHU IMOJIy4eHBbl MMOJIMHOMHUAIbHBIE COOTHOIICHHS] B BHJE ABYX3HAYHOIO aHaiora
nosmHoMa BonbTeppsl Ui peacTaBiIeHUs MOTHONW PEaKIMK ISl Pa3IMYHbIX KJIACCOB JBOUYHBIX
MIC (AMIC) [5-7, 14-16]. B satux padotax paccmatpuarorcs JIMJIC, xapakrepu3yemblie
«BXOJHO—BBIXOJIHBIM» (PYHKIMOHAIBHBIM COOTHOIIEHHEeM. OHAaKO HECOMHEHHBI MHTEpEC Mpej-
cTaBisieT paccmoTpeHue n1BonuHbIX [IMJIC, B KOTOpBIX XapakTepuszyercss (YHKIIMOHAILHOE COOT-
HOIIIEHHE, OCYILECTBISIONIee MPeoOpa3zoBaHue «BXOJ, COCTOSHHUA» HA «COCTOSHUE)» WM Ha «BbI-
xom». B manHOM paboTe, paccmaTpuBaeTcs BOMPOC MOJUHOMHATBHOTO TMPEACTABICHUS OJIHOTO
knacca JIMJIC, koTopoe xapakTepu3yercsi (yHKIIHOHATHHBIM COOTHOIIIEHHEM, OCYIIECTBIISIFOIINM
peoOpa3oBaHKe «BXOJ, COCTOSHUS» Ha «COCTOSTHUEY.

1. ITocTanoBka 3agauun. Paccmorpum JIM/IC, onuceiBaeMyro B IPOCTPAHCTBE COCTOSTHUM:

sl =F(s[n] ulnD), GF (2),
Detizues O.1I"., Mex _P.)'baipariosa D.D. Q)

6
g%f: So
3mece neZ,, S[n]-mnocnenosarenbHocTH cocrosHus, U[N]—BXomHas mociemoBaTENBHOCTH U

F(.)=F(D) R, rae Z, CyTb MHOXECTBO HEOTPHUILIATENIbHBIX LEJIbIX YHCET,
4
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s[n] = (s,[n],...,s,[n]) e GF*(2), s, = (Sp1r-1Sox) € GF¥(2) - 3anauHbIil BeKTOp HAYANIBHOIO COCTO-

suus, uln]=(u,[n],...,u,[n]) e GF"(2), GF(2) ects komeunoe none, a GF*(2) u GF'(2) ectb k u
I' — MEpHBIE JIMHEWHBIE ITPOCTPAaHCTBA HAJ 110J1eM GF(2) COOTBETCTBEHHO.

3anava noauHoMmuansHoro npeacrasienus JMJIC (1) cocTouT B npeacTaBieHuu 0ToOpaxe-
aus F(..) B Buge moamnoma Hax moneM GF(2) M B onpeielieHUH HEM3BECTHBIX KOY((PHIUEHTOB

3TOTO MOJIMHOMA [P U3BECTHBIX MocenoBarenbHoctsax S[N] u u[n] IAMJIC.
2. [TornHOMHAJIbHOE COOTHOIIEHHE /IS NpeAcTaBieHus: noaHoi peakuuu JM/C. B (1)
i kaxaon v e{l,...,k} orobpaxkenne F, (S[n],u[n]) moxHO 3anmucaTe B BUJE MOAYIAPHON (PyHK-
muu f,, 3aBucsmed ot K +r apryMeHTOB:
F, (s[n],u[n]) = f,(s,[n],...,s [n],y,[n],....u.[n]), v=1..k. (2
[Tpu kaxmom N moxynsipHyto ¢yHkmmto f,(...) MOXKHO TpesCTaBUTH B BHJIE TIOJMHOMA HaJ|
KOHEYHBIM nojieM GF(2) ¢ moMoIIbIo MPOU3BEAEHMSI JIEMEHTOB MHOKECTBA
U ={s[n].....s[n].u[n]....u,[n]} (3)
B Pa3JIMYHBIX BO3MOJKHBIX KOMOWHaIUsAX. B BO3MOMKHBIX pa3HBbIX KOMOHMHAIMSIX HPOU3BEIEHUI
351eMeHTOB M3U 4MCII0 MHOXKHTENEH MOXKET ObITh OT HyN 10 K+ M KOJMYECTBO TaKUX MPOU3-

BEJICHUH CYTh 2k Kaxxnmoe Takoe mpousBeaeHune nmeeT KodhdunmeHTs! u3 mois GF(2) .

Brioepem npoussosbroe 1 €{0,...,K +r} u paccmorpum npoussenenus sinementoB u3 (3) B
pa3IMYHbIX ~ KOMOMHALMSAX, KOJMYECTBO  MHOXKHUTENEH w3 U, ={s/[n],...s[n]} =un
U, ={uy,[n]....,u,[n]} xoTOpBIX paBHO cooTBeTCTBEHHO M H /,Tae 0<mM<k,0</<r um+/ =i
. Torna sT0 mpousBeneHne B 00IIEM BUIE MOKHO MPEICTABUTH B BUJIE

[Ts.. 0] Tu,, [n1,
) o1

rae (a,...,a,) € (m), (B..... 5,) € Q,(¢), npudem

QM) ={a@ =(ag,... )| 1<y <...< &, <K}, (4)
Q) ={B =B B1SP <..< B, <1} ()
[TycTh
(i) ={(m )]i=m+7}. (6)
Tornma

f,(snl..... s [n]w[n]....,u [n]) =
kK+r - m 4 (7)
=> > > K™[a, B1] [s.. 1] Ju,, [n], GF(2), v =1.....k
i=0 (M, N)ed(i) (a,B)eQy (M)xQ,(¢) =1 o=1
rme K™[a,B], (@,B)eQ(m)yxQ,(m), (M 0)ed(i),iefl...k+r}, vefl.. Kk}, cyrb koaop-
GbUIHEHTHI, ABISAIOMIKECS deMeHTamMu u3 GF(2) , asarmch GF(2) B hopmyrie (7) 03HadaeT, 4to oneparms
CIIOKEHMSAM YMHOMKEHHMS TPOUCXOMMT Ha nosieM GF(2), T.e. 3TH omepaluu, CyTh ONEpalH COOT-

perernentio croxdAIH PPt 1enue notol pearayus 00iozo fiacca

6OUYHbIX MO HbIX QUHAMUYECKUX CUCIMEM
SIcHo, uTo Tpu i =0 MHOXECTBO CD(I)y (m,0)|i=m+}={(0,0)}, 1 mo3TOMY MHOXk€ECTBa

Q (M) u Q,(¢) ects mycThle MHOXecTBa. [TosTomy npui=0 kosdduumentsr K™ [ar, B] Gynem
samuceiBath B Buge K%, Kpome toro, mpu m=0,/>0 u m>0,/=0 xodpdunuenra

K™ e, 8] 6ynem zamuckisath B Buae K [0, 4] u K™?[@,0] cooTBercTBEeHHO.
Takum 0Opa3om, cripaBeINBa TeOpeMa:



Teopema 1. [Tycts umeror mecto(3)-(6). Torma IMJIC (1) MokeT ObITh TIPECTABICHA B BUJE

CJICAYIOUICTO MMOJIMHOMA
K+r

s,N+1=K,,+> >, > Kv(m'“[a,ﬁ]ﬁsaf[n]ﬁuﬁa[n],GF(2),v:l,...,k.(8)
£=1 o=1

i=1 (M, N)ed(i) (@,B)eQ; (M)xQ,(f)
[Tonunowm (1) aBnsgercs oduieit popmynoit 1 npencrasinenus JAMJC (1).
3. HaxoxkaeHne HeM3BeCTHBIX KOI(P(PUIHMEHTOB MOJTUHOMHUAIBbHBIX NPEACTABJCHUN /151
noanoii peakumu/IMJ/IC. IlycTs npH 3aJaHHBIX 3HAYEHUSX mocienoBarensHoctd S[N] u u[n]

U3BECTHBI 3HaueHWs TmocienoBarensHoct S[N+1]. Haiimem B momunaome (8) Ko QUIMEHTHI
KOO K™[a, B] ms Beex (ar, B) € Q, (M) xQ,(m), (M, £) e ®(i), iefl...k+r}, v=1k. s
3TOTO PACCMOTPHUM
s, [n+1= f (s[nl,..., s [n],u,[n],....,u,[n]), v=1..,k. 9)
N3 (9) BugHO, uTO
K9 =f (0,..0,...,0,...,0) . (10)
Iycte B BekTope S[N] cyrs s [n]=1, rne 1<y <k, a ocrampusie komMmonenTsl S[N] u Bce
KOMITOHEHTHI BekTopa U[N]umeror 3nauenue 0. Eciu 51u 3Ha4enus yuects B (8), TOra MOIyUnM:
s,[n+1]= K + KEV[(5),00s,[n], GF(2), v =1,....k. (11)
W3 (11) nonyvaercs, 4to
K&(7),01= K®? +5 [n+1], GF(2), v =1,...,k. (12)
Iycte B Bektope U[N]cyrs U, [N]=1, rne 1< u<r, a ocramsHbie KoMmoHeHTH U[N]n BCe
KOMIIOHEHTHI BekTopa S[N] umeror 3Hauenue 0. Eciu 5Ti 3Hayenus ydecTs B (8), TOra morydnm:
s, [n+1] =K + KO0, ()]u,[n], GF(2), v=1,...,k. (13)
N3 (11) momywaercs, 9To
KOY[0,(1)]=K®? +5s, [n+1], GF(2), v =1...,k. (14)
IIycte B BekTOopeS[N] cyrh s, [n]=1n s, [n]=1, tme 1<y, <y,<Kk, a ocrambHble
KoMIoHeHTH S[N] u Bce kommonenThl BekTopa U[N] mmeror 3mauenue 0. Eciu ot 3HaueHus
y4decTb B (8), Toraa moaydum:
5,[n+11= KOO 1+ KEO(5,), 005, [n] + K-O[(7,),005, [n]+
+ KV(Z’O)[(;/l,;/2),0]Sh[n]sy2 [n], GF(2), v =1,...,k,
W
s,[n+10= K" + KE[(1),01+ KEO[(7,),01+ K 2[(71,7,).01, GF(2), v =1,...k,  (15)
U3 (15) nonyuaercs, 4to
K O1(72,7,),01 = K + KEO[(21),01+ K (7,),01 + 5,[n +1], GF(2), v =1,..k.  (16)

Hyers U, [N]=1mnu, [n]=1, tme 1< 14 < g, <, @ OCTaTBHBIE KOMIIOHEHTHI BEKTOPA u[n] n

BCE KOMIOHEHTHI Bektopa S[N] wmetor 3navenwe 0. Eciam otv 3HaueHus yduects B (8), Torma

TOJIy4UM: .
K210, (g 3T R MRS T KBS s T oF @) v =1k (17)

[yers s [n]=1u U, [N]=1, rme 1<y <k m 1< u<r, a ocranbHble KOMIIOHEHTHI BEKTOPOB
s[n] u u[n] umeror 3nauenue 0. Eciu 5Tu 3HaueHUs yuecTh B (8), TOra MOIYUUM:
5,[n+11= KOO + KEO[(2),008, [n]+ K [0, (10)]u, [n] +

+ K1), (018, Inlu, [n], GF(2), v =1,...k,
nim



5,[n+1] = KO + KEO[(),01+ KOV[0, (1] + KEV (), (1), GF(2), v =1k (18)
13 (18) ma KE[(y), (1)] momymmm
KE(), (0] = KOO + KEV[(),01+ KOV[0, (0] +5,[n +1], GF(2), v =L...k. (19)
[ycts s QUKCHPOBaHHBIX & = (0., ) € (M) u B =(B,B)eQ () cym
S,, [N]=1 n=1mu u, [n]=1 o =1/, a ocranbHble KOMIOHEHTHI Bektopos S[N] u U[N] nmetor
3Hauenue 0. Ecnu 3Ty 3HaueHus yuects B (8), Torna noayyum:

S+0=3Y Y Y KOy @) (BB

120 =0 (& &)Y, (M) (7, 77, )R, (1)

. J (20)
st% [n]Huﬁ% [n], GF(2), v =1,....k,

re

Vi(m) ={(&n NS E << & <my, RO ={(pmL<my <<y <43
SlcHo, uto mpu i =M u | =/ B IPaBOM YaCTH TOJYYAETCS WIEH C CAMBIMH BBICOKAMU  CTEINEHAMM
1 KOO PHIUEHT 3TOrO WIEHA CYTh Kfi'j)[(agl,...,aé ) (B, e By, )N, e @ =(ay,...,x,,) € € (M) 1
B =(B,...5,) €Q,(¢).OrmeTm™, aT0 Tpu i =M U j=/ Kakm0€ MHOXKECTBO Vi(m) u R;(Y)
UMEeEeT OIMH dieMeHT M 5TH daeMeHthl ¢yth (L2,...m) u (L2,...,/) COOTBETCTBEHHO. DTHM

3JIEMEHTaM COOTBETCTBYIOT BEKTOPBI & = (@ ,..., @, ) € (M) u B =(B,,.... 3,) € Q,(¢) . TosTomy
KISVt @2 )y (B s By N = KLt @), (B B

VuuTEIBas, YTO S, [N]=1, n=Lmu u P [nN]=1, o =1/, a ocTambHBIC KOMIIOHEHTHI BEKTOPOB
s[n] u u[n] umeror 3nauenue 0, u3 Gopmysnsl (20) MOTYIUM:

sn+1]= > > Y, KMMay,ma:) (B, 05,1 GF(2), v=1..k (21)

(i, ))er(m,£) (& &)€Vi (M) (77,1175 )ER; (£)
riae F(m,€)={(i,j)‘i=1,_m, j=10}. Jns HaxokmeHHS K™y )y (Bryeess B,)] - DOpMyIIBL
(21) numrem B BUE:
s, [N+1= K™ [(aq,ees )y (Brveons )] +
. D S KOy @ (B, By ) GF@), v =1k, 22

(i, j)eli(m, ) (&1, &)eVi(m) (7, m5)ER; (£)
rae T,(m, £) = T(m, ) \{(m, £)}.

Taxum o6paszom, ans Haxoxaenus K™ [(ay,...,a,,), (B B,)] 13 hopmymnsi (22) momydum:
K™l o), (B B =5, [N+ 1] +
+ Z HOﬂuHﬁuaﬂbHeredcrﬁéﬁMq noﬁaﬁ’ﬁg&;ﬁuwﬂ@m&ég Rda¥cal. K, (23)

(Dm0 (& $)VABD I HBINE IOV YIAPHBIX OUHAMUYECKUX CUCTIEM
Takum o6pasoMm, cripaBeaIMBa TEOpEMA:

Teopema 2. ITycTb 171t QUKCHPOBAHHBIX & = (&t ,...,cx,,) € (M) 1 S = (B, B,) € € Q,(¢)
CyTb S, [n]=1, 77=1,_m u U, [n]=1, o =1/, a OCTaJbHbIE KOMIIOHEHTHI sektopoB S[n] u u[n]
umeror 3Hadenue 0. Torma ko3(h(UIMEHT, COOTBETCTBYIOIIUN YIEHY C CAMBIMH BBICOKHMH CTe-
nersmu B noiusome (8), cyts kodboumment K™ [(a,....a,), (B B,)] ¥ ansa onpeneneHus
sToro ko3 duimenta cnpaseanuba dopmyna (23).
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dopmymna (23) Bmecte ¢ hopmymamu (10),(12),(14),(16),(17),(19) onpenensier peKyppeHTHOE
COOTHOIIIEHUE JUISI HAXOXACHUS KOIPPUIIMEHTOB MoMMHOMA (8) TpH HU3BECTHBIX 3HAYCHHSIX
BXOJIHBIX TIOCJIEIOBATEILHOCTEH U TOCIIEI0BATEIFHOCTE COCTOSIHUS B TaKTE N U MOCIEI0BATEIb-
Hocrteit cocrosiaus B Takte N+1DM/JIC (8).

4. Mpumep 1.ITyctek =2, r =2. Torna K +r =4. BoeiBoaum GopMyiTy st ATATbHOTO
orucanust DMJIC (8). fIcHo, 4TO BO3MOXHBI CJICIYIOLIUE CIYYau:

Cayuaiii = 0.Borom ciysae ®(0) =& . Dromy ciyuato coorserctayer wien I, = K2,

Cnyuaiii =1. B atom ciywae O(1) ={(1,0),(0,1)}.
a) (m,£) = (1,0).MTpu stom O (1) ={& = (r)|1<ey, <Z}={(D), (2)}u Q,(0)=D.
(m,?) =(1,0) coOTBETCTBYIOT CIIETYIONIHE YICHBI:
L, = KE[D),01s[n], T, = KEP[(2),0]s,[n]
6) (M, ¢) = (0.1).Tlpu o1om ©,(0) =B n Q1) =48 = (B)|1</, < B={1D. (D}
[ToaTOMY 3TOMY CIIy4ard COOTBETCTBYIOT CIEAYIOIIUE YIEHBI:
L, = KPP0,y [n], T, = K0, (2)]u,[n].
Cnyuaiii = 2. B stom ciayuae ®(2) ={(12),(0,2),(2,0)}.
a) (m,?) =(L1). IIpu sTrom
0,(1) ~{@ = (@) |12, < B={D. D} ©,(2) ~{B = (B)[1<4 < Z={D). ()}
(m,?) =(L1) coOTBETCTBYIOT CAEAYIOLIME UIEHEI:
Iy, = K[, Ols[nlu[n], T, = KEP[2), s, [n]w[n], T, = KM, (2)1s [y, [n],
Iy, = KM[(2), (s, [n]u, [n].
6) (M, ) =(2,0). TIpu stoMQ, (2) ={& = (o, 1,)|1<ey <, <23 ={(1.2)} u Q,(0) =D
(m,?) = (2,0) coorsercrayer winen I, , = K#?[(1,2),0]s,[n]s,[n].
8) (M, ?) =(0,2). TIpu stom Q,(0) =D u Q,(2) ={B =(B,.B,)|1<8, < B, <Z}={(1L2)}.
(m,?) =(0,2) cootsercrayer unen T, , = K®?[0, (1,2)Ju,[n]u,[n].
Cnyuaiii = 3. B atom ciiywae O(3) ={(22),(1,2)}.
a) (m, /) =(2.).1Ipu stom
0,(2) =47 = (@, @) 1<, < @, < ={A2}, O, (1) ={F = (B)[1<4 < B={D), (2}
(M, £) =(2,1) cOOTBETCTBYIOT CIIEMYIONIME YIEHBI:
[, = KE[W2), @ls s, [, s, = KE[2), ()]s, s, [nu, [nil.
0) (m,?) =(L,2).1Ipu stom
0,0) ~{@ = ()15, < B={D. D} 2@ =18 = (B AI1<h, < b, < B={LD}.
(m,?0)= (1 2) COOTBETCTBYIOT CJIEAYIOIIUE UJIEHBL:
= K RGP BA A0 . Kol S 2Bl [n],
Cﬂyqaul = 4 B sromy ciyuae ©(4) ={(2,2)}. IIpu stom
511(2) ={6_Z = (a11a2)|1sa1 <a, < 2}:{(1:2)}' Q2(2) Z{B = (ﬂl’ﬂ2)|1slgl < ﬁz < 2}={(12)}
[ToaTOMY 3TOMY CITy4ard COOTBETCTBYIOT YJICHBI:
L, = K#?[(1,2), (L2)]s,[n]s, [ [n]u,[n].
Takxum obOpazom:
s,[n+1] = K" + KEO[(D),0]s,[n] + KM [(2),01s,[n] + K" [0, (D)]u, [n] + KF2[0, (2)]u,[n] +
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+ K[, @s,[n]u[n] + KM [2), @s,[n]us[n] + KM (D), (2)]s,[n]u,[n] + (24)
+ KEP[(2), ()15, [n]u, [n] + K *V[(1.2),0]s,[n]s, [n] + K *2[0, (L.2)]u, [n]u,[n] +
+ KP[(.2), @siIn]s [n]u[n] + K*V[(3,2), ()]s, [nJs, [n]u, [n] +
+ K&M?[(), (L 2)]s,[n]uy [n]u, [n] + K2 [(), (L.2)]s [n]u, [n]u,[n] +
+ KP2[(1,2), @2)]s[n]s, [n]u[n]u, [n], GF(2), v =1.....k.

5. Mpumep 2. [ycte Kk =2, r =2. Ha ocuoBe dopmyisl (23) BBIBOAUM PEKYPPEHTHOE COOT-
HOIIIEHHe VIl HaxokaeHus kosdduuuenta, Hanpumep, KP[(1,2),(1)] B nonunome (24) npu us-

BE€CTHBIX 3HAYCHUAX BXOIHBIX HOCH@I{OB&TGHBHOCTCﬁ )51 HOCHGHOB&TCHBHOCTCﬁ COCTOAHUA B TAKTEC
N ¥ mocienoBaTeabHOCTEN cocTosiHus B TakTe N+1. [To popmyne (23) umeem:

SIcHo, uTO
I'(21) ={(0,0),(02),(1,0), (12),(2,0). (2D}, (21D ={(0,0),(0,1),(L0),(L1),(2,0)},
V,(2) ={(1.2)}, i(2) ={(D). (2}, V,(2) =2, (25)

ITo dopmymnam (23),(25) umeem:

K*V[L2), O] = s,[n+ 1]+ K*V[(2,2),0]+ K [D), @01+ KFPI(2), (0] +
+K&O[(D),01+ K*2[(2),01+ KO[0, D]+ K, GF(2), v =1 k.

6. 3axnwuenne. [lonmunomuansHOe npeactasieHue B Buae (8) xma JIMJIC (1) sBasieTcst 06-

UM (QYHKIIMOHAIBHBIM COOTHOILIEHHEM U MOKET OBITh MCIOJIb30BAHO MPH MCCIEIOBAHUM UX pa3-
JUYHBIX CBOMCTB, NpH TMOCTAHOBKE M PEIIEHUH [UIsI HUX PAa3IMYHBIX MaTeMaTHYEeCKUX H
MPUKIAIHBIX 3a7a4 U T.A. [lodydeHHOe peKyppeHTHOE COOTHOIICHUE Uil onpeAeseHus Kodpdu-
LMEHTOB TOJMHOMHUAIBHBIX MPEICTaBICHUN MOXET ObITh MCIOJB30BaHO MpPHU Pa3pabOTKe airo-
PUTMOB U IIPOTPaMM Il BBIYUCIICHUS 3HAYCHUM ITHUX KOAPDUIIUEHTOB.
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XULASO
BIiR SINIF IKILIK MODULYAR DINAMIK SISTEMIN TAM REAKSIYASININ
POLINOMIAL GOSTORILISI
Feyziyev F.G., Mehdiyeva M.R., Bayramova A.A.

Agar sozlar: modulyar dinamik sistemlor, tam reaksiya dusturu, polinomial gostorilis, namalum
amsallar, rekurrent dustur
Bir sinif ikilik modulyar dinamik sistemlorin tam reaksiyasinin polinomial gostarilisi mosalasine
baxilir vo polinomial gostarilis diisturu verilir. Verilmis giris vo vaziyyat ardicilliglart {i¢iin polinomial
goOstorilisin namolum omsallarinin tapilmasi tiglin rekurrent miinasibatlor toklif olunur. Xususi ikilik
coxolciilii modulyar dinamik sistemin tam reaksiyasinin analitik gostorilisi ligiin niimiina verilir. Polinomial
gostarilisin bir xiisusi amsalinin tapilmasi tigiin rekurrent miinasibatin ¢ixarilmasina niimuns verilir.

SUMMARY
POLYNOMIAL DESCRIPTION OF THE FULL REACTION OF ONE CLASS BINARY
MODULAR DYNAMIC SYSTEMS
Feyziyev F.G., Mehtiyeva M.R., Bayramova A.A.

Key words:modular dynamic systems, formula of full reaction, polynomial description, unknown
coefficients, recurrence ratio

The question of polynomialdescription of the full reaction of one class binary modular dynamic
systems is considered and formula polynomial description is presented. For the known values input and state
sequences, the recurrence relations for finding the unknown coefficients of polynomial descriptions are
given. An example for the analytical description of full reaction of a special binary multidimensional
modular dynamic system is given. An example of obtaining a recurrence relation for finding one special
coefficient of a polynomial description is given.

Daxilolma tarixi: [lkin variant 13.11.2020
Son variant 04.03.2020
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B nmannHO# paboTe paccMmarpuBaeTCs 3a/ada HAXOXKIACHHUS OOINEro pEIICHUs] YpaBHEHUS
PukkaTu. JlokazaHo, 4To eciu cBOOOHBIN 4JieH yIOBJIETBOPSET ONpeAEICHHBIM YCIOBUSAM, MOXKHO
HalTH o01iee ypaBHeHUs! Pukkaru.

[Tycte nano nuddepeHnnaibHOe ypaBHEHUE

y'=y"+r(x) 1)
3neck F(X)- 3amannas HempepbiBHas QyHKIMA, N - HEKOTOPOE MOCTOSHHOE YMCIO. Bymem
npennonarars, yto N # 0,N #1. Ypasnenue (1) nepenumiem B Buze
y' =Py -y"=r(x)-p()y.
3nec P(X) moka HewsBecTHas HempepbiBHas (yHkiua. [ToTpeGyem, YTOOBI YIOBJIETBOPAIUCH
paBeHCTBa

y'—p(x)y-y"=0 (2)

r(x)—-p(x)y=0 (3)
VYpasuenue (2) sBasiercs ypaBHeHreM bepHymnu. Pemas ypaBHeHue (2), Mbl IOJTydUM OOIIHIA

uHTerpan ypaBHenus bepnysuiu B Buze
1

(n-1)| p(x)dx -
o]

y(x) = otn (4)
c—(n— DI (-1 p(x)d
C npyroit cTopoHsl U3 ypaBHeHus (3) uMeeM
r(x)
=L ©)
p(x)
U3 ypaBuenue (4) u (5) umeeM
1
oD [ poxyax i
r(x)
(n-1)[ p(x)dx - (6)
c—(n- 1)] dx P(x)

OTCIO,Z[a MOJIy4acTCd, YTO €CJIU paBCHCTBO
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06 00nom cnocobe Haxodicoenust 0bwe2o peutenust ypasrenusi Pukkamu

1
(-1 P n-1

r(x) = p(x) (7)

(-1 [ p(x)dx
J dx

c—(n—l)je

YIOBJIETBOPSAETCS, TO UCHOJb3Ys paBeHCTBO (5) miu (4), MokHO HalTu pemieHue ypasHeHnusd (1). C
LIETIBI0 YIPOIeHUs paBeHCcTBa (7) 0003HauYUM

J. e(n_l)j PO% i = v(x).

, V'(X) = (n—2) p(X)V'(X) . YuuTbiBas 3T paBeHcTBa B (7), UMeeM

V() V'(X) =
"= v L ~(n —l)v(x)} ®

Tora 7'(X) =e(n—1).fp(x)dx

Toraa paBeHcTBo (4) uMeeT BUJ
-1
V(X n-1
Y9 =| —
c—(n=1v(x)

Ipumep 1. Iycts v(x) = x*. Toraa v'(X) = 2X, 0"(X) = 2 1 paBeHCTBO (8) IPUMET BH

(9)

-
iR

2 2x n 1 2x |~
r(x) = N N
(n=D2x| c—(n-1)x (n=Dx| c—(n-1)x" |
Wrak, ecnu ypaBHeHue (1) mMeeT cinenyroniuii BU
1
Yoy 1 2X n-l
(n-Dx|c—(n-x?| '
TO €ro OOIIUM peIIeHUEM SBJISCTCS (PYHKITUS
1
2X -1
X)=| ——| .
yix) L—(n—l)xz}

Iycts N = 2. Torna ypasnenne (1) umeer Bun Y’ = Y +r(X) u 310 sABNsETCS ypaBHEHHEM

Puxkatu [1-4]. B aToMm citydae

_ V(%)
"= c—Vv(X)
_ V(%)
y() = c—v(x)’

M Tak mnomy4yaercs, 4YTO €CIU
, ) V"( X) ypaBHeHUE PUKKaT UMeeT BUA

y=y +
c—V(x)
TO €ro peuicHue
V'(x
y(x) = L )
c—V(x)
Ipumep 2. Iycts v(X) = x*. Torna ypaBHeHue PUKKaTH UMeET BUJL

' 2 2
y=y + 2
c—X
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FOcugos b.M., Mameoos A./]uc.

2X
u ero pemenue Yy(X) = 5

, " 2sin x
Ipumep 3. Ilyctey(X)=tgx. Torma  y'(X)=—F—, 7'(X)=—— u

COS™ X COS™ X

2sin X
" 3 2sin X
r(x) = Y _COs X _ 5 > ——. Ilycts ¢=0. Toraa r(X) =———— u ypaBHeHue
c—y(x) c—tgx cos”x(ccosx—sin X) COS” X

Puxkatu umeet Bujg y' = y* — Y €r0 4YaCTHOE PEIICHUE IPUMET BUJL

cos? x
1 cosx 2
cos® x sin x sin 2x

y(x) =~

XZ

Mpumep 4. ITycts y(X) = e2 (ax+h).

XZ

Torma ¥(X) = y(x)x+ae ? = y(x)x+ 27X _ y(x)(x +
ax+b

ax+bj’
NN ot a B a’ _ a
y (x)—y(x)[x+ax+b]+3(x>(1 —(aHb)z]—S(x)(maHb

a’ ,  2ax
+ S(X)(l—mj = S(X)(X + ax+b +1],

__M__ , 2aX __&__ a B
r(x) = 0 = (x +—ax+b+1} y(x) = 0 = (x+—ax+b)(c—0).

K

2ax
ax+h

2 2
Tornma ypaBHeHue Pukkaru umeer Bug Y =Y —(X + +1) M €r0 YaCTHBIM PEIICHHEM

apigercs  Qynkmusa  Y(X) = —(X + bj . Ecm a=1b=0, T0 ypaBHEeHHWE WUMEET BH]I

ax+

1
y' = y® —(x* +3) u ero yacTHbIM peleHueM siBnserca Gpynkuus Y(X) = —(X + ;j .
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XULASO
RiIKKATIi TONLiYININ UMUMIi HOLLINi TAPMAGIN BiR USULU HAQQINDA
Yusifov B.M., Mammadov O.C.

Acar sézlar: Rikkati tonliyi, Bernulli tanliyi, iimumi hall, diferensial tonlik.

Birtortibli adi diferensial tonliklorden doyisonlarine ayrila bilon, bir tortibli bircins diferensial tonliyi,
birtortibli xotti diferensial tonliyi, Bernulli tonliyini, tam diferensial tonliyi, bir tortibli bircins diferensial
tonliys gotirilo bilon diferensial tenliyi kvadratura ilo hall etmak olur. Rikkati tonliyi do bir tortibli diferensial
tonlikdir, lakin iimumi hollini {imumi sakilds etmok olmur.
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06 00HoM cnocobe Haxodcoenus obwe2o peweHus ypasuenus Pukkamu

Bu mogqalodo Rikkati tonliyinin {imumi hollinin tapilmasi mesalosino baxilir. Isbat edilir ki, sarbost
hadd miisyyan sortlori 6dodikds Rikkati tonliyinin imumi hallini tapmagq olar.

SUMMARY
ABOUT ONE METHOD OF FINDING GENERAL SOLUTION
OF RICCATI EQUATION
Yusifov B.M., Mammadov A.J.

Key words: Riccati equation, Bernoulli’s equation, general solution, differential equation.

The differential equation, which can be divided into variables from ordinary differential equations of
one type, is a quadratic solution of a differential equation, which can be brought to a single-order differential
equation, a linear differential equation of one type, Bernoulli equation, a full differential equation, a single-
order differential equation. The Riccati equation is also a one-order differential equation. However, the
general solution is to impossible do in a general way.

In this article, the question of finding a general solution to the Riccati equation is considered. It is
proved that the total solution of the Riccati equation can be found if the free limit pays certain conditions.

Daxilolma tarixi: [lkin variant 18.12.2019
Son variant 28.02.2020
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Acar sozlar: baza yaglari, mitharrik yaglar,, miihorrik yaglarmmin torkibi, miiharrik yaglarimin tasnifat
sistemi, agqarlar.

Mbaqgalads miiasir miihorrik yaglari, baza yaglarimin karbohidrogen torkibi, avtomobil miihorrik
yaglarimin  torkibino daxil olan agsqarlarin  miixtalifliyi, mineral va sintetik yaglarm miigayisali
xarakteristikalari, hamginin beynalxalq standartlara asason miihorrik yaglarimin tasnifati vo izahi baradas
timumi informasiya taqdim edilmisdir.

Miihorrik yaglar1 elo miirokkob qarisiqlar hesab edilir ki, onlar1 hor seydon ovvel, baza yaglari
va asqarlardan ibarat olan birlosmoalor kimi xarakterizo etmok olar. Digor qrup siirtkii materiallar1
gruplar1 ilo miigayisodo baza yaglar1 ¢cox miihiim rol oynayir. Baza yaglar1 elo sokildo secilir ki,
onlar 6zliiylino vo funksional xarakteristikalarina goro tosnifata prinsipial olaraq uygun golsin.

Doqiq beynolxalq nomenklatura baza yaglarini asagidaki alt1 qrupa boliir:
v Qrup 1. Tarkibindo doymus karbohidroenlorin migdar1 < 90%, 80 < OI < 120, kikurdin
miqdar1 S > 0,03% olan holl olan az 6zliiliikli yaglar.
v" Qrup 2. Doymus karbohidrogenlorin miqdar1 > 90%, 80 < Ol < 120, kiikiirdiin miqdar1 S <
0,03% olan hidrokreking yag.
v" Qrup 3. Torkibinds doymus karbohidrogenlorin migdar1 > 90%, Ol > 120, kiikiirdiin migdar1
S <0,03% olan hidrokreking yagi.
Qrup 4. PAO.
Qrup 5. Miirokkab efirlor va digoarlori.
Qrup 6. Olefinlorin daxili ikigat rabitalorlo oligomerlosmo mohsullar.
Y ekun naticods, yarimsintetik, sintetik yaradilmis, homg¢inin mineral mitharrik yaglari alinir.
Mineral miiharrik yaglari mineral osasa malikdir, belo ki, neft mongsli mohsul hesab edilir vo
mazutun qovulmasi yolu ilo istehsal edilir. O, 6z xarakteristikalarmin qeyri-stabilliyi vo yiiksok
doracoli buxarlanma qabiliyyeti ilo forqlonir. Mineral yaglar homg¢inin texniki kond tosorriifat
bitkilorindon hazirlana bilor. Belo ki, mineral yaglarin istehsal texnologiyas: nisboton miirokkab
deyil — belo yaglarin qiymoti sintetik yaglara nisboton xeyli asagidir. Tabii tomiz sokildo mineral
yaglara praktiki olaraq rast golinmir, belo ki, mineral yaglarm lazimi siirtgii xassoalori yalniz agir
yiklonmolor olmadan “otaq” temperaturunda movcud ola bilor. Ona goro do yaglar1 daha
islomoaqabiliyyatli etmak {i¢iin daxili yanma miihorriklorinde onlar yalniz stabillesdirici asqarlarla
birlikds istifads olunur.
Mineral yaglarin torkibi asagidaki kimidir:
1. normal oktan; 2-metilheptan; 2,2,3-trimetilpentan (izooktan) kimi parafinlor;
2. torkibins tsiklopentan, tsikloheksan, ditsikloparafinlor, tritsikloparafinler daxil olan naftenlor
(75-80%));
3. tetratsiklonaftalinlor, tetratsikloparafinlor, tritsiklanaftalinlor;
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4. mono-, bi-, tri-, tetra- soklindo rast golinon aromatik (10-15%), tritsiklobenzollarin
pentaaromatik birlosmolori, indanlar, tetralinlor, ditsiklobenzol bifenillor.
Minimal miqdarda doymamis va alkan karbohidrogenlori [1-3].

Moveud yaglarm torkibinde homginin karbohidrogenlorin oksigenli vo kiikiirdlii téromelori,
hamg¢inin gotran-asfalt birlosmolori olur.

Sintetik yaglar. Sintetik karbohidrogen sirtkii yaglarinin ilk alinma prosesi rus alimi
A.M.Butlerov torofindon XIX-cu asrin 70-ci illorindo islonib hazirlanmisdir. O, gostormisdir ki,
qazvari v ylingiil maye doymamis karbohidrogenlor miixtolif katalizatorlarin istiraki ilo miirokkob
karbohidrogen molekullart omolo gatirir ki, bunlar da siirtkii yaglarinin torkib hissasi ola bilor. Lakin
onun layihasinin praktiki totbiqi uzun miiddot olmamisdir. Avtomobillorin vo onlarin miitharriklorinin
nisbaton sado konstruksiyalari neftdon istehsal edilon siirtkii materiallar1 ilo tomin edilir.

Miiasir naqliyyat giiclii yiiksok dovriyyali miiharriklords yerlosir, yiiksok siirato vo
ylikgaldirma qabiliyyotino malikdir ki, bu da prinsipial yeni istismar materiallar1 tolob edir. Ona
gora do kegon asrin sonunda siini, sintetik yaglardan daha ¢ox istifado etmoys baslanmisdir.

Ik sintetik yaglar karbohidrogen monsali olmusdur. Onlar yiiksok termiki stabilliyo, asagi
buxarlanma qabiliyyatino vo yaxs1 ozliliik-temperatur xassoslorino malikdir. Sintetik yaglar neft
yaglari ilo yaxs1 qarisir, miixtolif agqarlar ilo “yarimsintetiklor” omolo gotirir.

Yiiksok giymatina baxmayaraq (mineral yaglara nisbaton 3-6 dofoys qador ¢ox), uzun miiddat
isloyon vo tomiraras1t miiddotin xeyli artirilmasmi tomin edon sintetik yaglarin istifadosi iqtisadi
cohoatdon magsadouygundur. Bozi mexanizmlordo mineral yaglar lazimi is soraitini tomin etmirlor.
Istifado olunan baza yagmdan vo miihorrikin tolob olunan xarakteristikalarindan asili olaraq,
miihorrik yaglarinin torkibindo 30-a qodor miixtolif agqarlar ola bilor ki, onlarin da faiz miqdar1 5-
don 25%-0 gador hadlords doyige bilor. Bir qayda olaraq, asagida sadalanan maddo kateqoriyalar1
birdon ¢ox funksiya yerino yetirir. Bu, miihorrik yaglar1 t¢iin dogrudur. Mosolon, sink
dialkilditiofosfatlar asason yeyilmo oleyhino asqarlar hesab edilir, homginin spesifik pargalanma
mexanizmi sayosindo oksidlogsmo oleyhino tosir gdstorir. Miiharrik yaglarinin istehsali zamani
istifado olunan asqarlarin asas tiplori:

1. Ozliiliik (qatilasdiricl). Mdveud asqarlarin funksiyasi temperaturun doyismosi ilo dzliiliiyiin
doyismo dorocosinin azaldilmasidir. Torkibino poliizobutilen, polimetakrilat, stirolun
butalenlorlo sopolimerlori vo s. kimi kimyavi birlogsmolor daxildir.

2. Disperslosdirici (dispersantlar). Bu tip asqarlarin toyinat1 yagda ¢irklondirici qarigiqlarin
xirda dispers voziyyotdo saxlanilmasi vo algaq temperaturlu slamin omolo golmosinin
garsisinin alinmasi hesab edilir. Suksinimidlor (kohroba tursusu) disperslosdirici asqarlarin
torkibina daxildir.

3. Antioksidlosdirici vo antikorroziya. Onlar yagda oksidlosmo siiratinin vo holl olmayan,
homginin korroziya-aqressiv mohsullarin amolo golmasinin azaldilmasi ii¢iin istifade olunur.
Homg¢inin onlar ozliiliylin artmasini azaldir vo olvan orintilordon hazirlanmis detallarin
korroziyasinin qarsisim1  alir. Belo ndv asqarlarin  kimyovi torkib hissesine  sink
dialkilditiofosfat, sink ditiokarbamat, efirlor, benzotriazol daxildir.

4. Yeyilmoys qarsi vo yiiklonmayas qarst asqarlar sorhad siirtiinmasi zamani detallarin tomas
sothinin dagilmasinm qarsisini alir, siirtlinme sothinde miihafizo Ortiiyiiniin omolo golmasi
hesabina yeyilmoni azaldir. Onlar metallarm ditiofosfatlarindan, qurgusun naftenatdan,
trikrezil fosfatdan vo olein tursusundan ibaratdir.

5. Depressor asqarlar alcaq temperaturlarda parafin kristallarinin amoalogolmo intensivliyinin
azaldilmas1 hesabma yagin donma temperaturunun azaldilmasi {giin istifado olunur.
Movceud sinif asqarlarin torkibine polimetakrilat vo s. daxildir.

6. Korroziya ingibitorlar1 qara metallardan alman detallarin korroziyasinin qarsisini alir.
Magnezium va kalsium sulfonatlar onlarin torkibine daxildir.
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7. Antifriksiya (silirtiinmo modifikatorlar1) qosulmus ciitlordo siirtiinmoni azaldir, muhorrikin
yanacaq sorfini azaldir. Torkibindo molibden disulfido, molibden ditiofosfatlara rats golmok
mumkdndr.

8. Kopiik oleyhino agqarlar miithorrikdo kdpiiyiin amolo golmosinin qarsisini alir. Moveud tip
asqarlarin torkibina polisiloksanlar daxildir [6].

Lakin xammalin kimyovi torkibi vo qiymati ilo yanasi, yagin resepturasinin se¢ilmosi zamani
homginin 6zliiliikk gostoricilorine osaslanilir, belo ki, o, mithorrik yaginin dagiyict ortiik omolo
gotirmasine hazirligini gostorir vo mitharrik yagmin keyfiyyoatinin nisbaton miihiim xarakteristikasi
hesab edilir. Surtkii materialmin 6zliliiylinii mayeds “daxili siirtiinmo Olglisii” kimi xarakterizo
etmok olar — yagin hesabina tomasda olan detallara arasinda nazik siirtkii pardosi omolo golir.

Cadval 1.
Mineral va sintetik yaglarin miigayisali xarakteristikalart

- Sintetik yaglar

> | Karbohidrogen Poliefir

A T | poligli- | |, Fosfor

k= Pollqlfa- Alkil- | Dikarbol Pollqllkpl kollar tursusunun Silikon

Xassolor = | olefinlor | benzollar | tursular1 | efirlori ° efirlori

Sartki 4 4 4 5 5 4 6 3
Axiciliq 3 4 4 5 4 4 3 6
Ozliluk indeksi 3 4 3 4 4 5 2 6
Alcag temperatur 2 4 4 4 4 4 3 4
Termostabillik 3 3 3 4 4 4 3 5
Terr_no_oksidlssdirici 3 5 4 4 6 4 3 4
stabillik
Qarisma 6 6 6 4 3 2 2 2
Buxarlanma 3 6 4 6 6 4 4 4
Hidrolitik stabillik 6 6 6 3 3 5 3 4
Antikorroziya 6 6 6 3 3 4 3 4
Asqarlara nisboton
h:flclletme qabiliyyati 6 4 6 S S 3 4 2
Odadavamliliq 2 2 2 3 3 3 6 3

Ozliiliik sinfi hom yiiksok, hom do xeyli asag1 temperaturlarda miihorrikin normal islomosini
tomin etmok iiglin yagin 6zliililyliniin lazimi parametrlorino uygun golmolidir. Avtomobilin istismar
rejimindon asili olaraq, yaglar uygun olaraq yay, qis vo ya biitiin mévsiim — biitiin il boyu istifads
olunan avtomobillor {igiin seg¢ilir. Biitlin movsiim yaglarimin 6zliilik-temperatur xarakteristikalari
daha genis temperatur diapazonuna malikdir, bu zaman yagin 6zliiliiyii miihorrikin iglomasins mane
olmur vo igesalma zamani ugursuzluqlara gotirib ¢ixarmir. SAE J 300 tosnifat1 nisbaton tam va
olverisli hesab edilir, bu tosnifat miiharrik yaglarmi onlarin 6zliiliikk-temperatur xarakteristikalarina
gora miixtolif siniflora aywrir. SAE SW tipli yag qis, SAE 40 — yay, 5W-40 iso biitiin movsiim hesab
edilir (cadval 2) [7].

Lakin SAE sistemi ilo yanasi, mihorrik yaglarmin tosnifati, spesifikasi, avtomobil
istehsalcilarinin tosdiqi vo tovsiyslorinin digor sistemlori movcuddur ki, oksor hallarda avtomobil
sahiblori bunlara diqqgst yetirmir. Onlarin i¢arisinda:

— APl — miharrik yaglarinin beynslxalq tosnifat sistemi (American Petroleum Institute —
Amerika neft institutu); API yaglar1 imumi istismar xassolorine gdro qruplara ayrilir. Bu
tosnifatin mahiyyoti onun miixtolif istehsal tarixli miihorriklordo istifads olunmasina
osaslanir. Bu tosnifat ona gors daxil edilmisdir ki, zamanla giic qurgular1 tokmillosdirilir,
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sirtgli materiallart1 vo onlarin asqarlarina qoyulan toloblor artir. Homginin bu tosnifat
miiharriklorin konstruktiv xiisusiyyatlorini nozare alir;

ACEA tosnifatinda oldugu kimi, yaglar miiharriklordo — benzin vo dizel miiharriklorinds
istifado olunmasina gora qruplagdirilir. Lakin bu vo ya digor miiharrikds istifado toyinati
basqadir: benzin — S, dizel — C [7-9]. Homg¢inin bu tosnifat siirtgi materiallarinin
xarakteristika vo xassalori sinfinin horfli isarolonmasini nozords tutur.

Cadval 2.
SAE J300 DEC99 miiharrik yaglarimn ozliiliik doracasi
. f Kinematik 6zlulik, OzIuliik (sP),
SAE Ozltluk (sP), algag | Ozluluk (sP), aleaq | oy 100 °C-dovo | 150°C-do yiiksok
ozluliuk temperaturda donma | temperaturda siirmo 51 horokot siirotind horokot siiratind
dorocosi MAX MAX asagl harokot suratindd arakat suratindd
MIN MAX MIN
6 200 60 000
ow -35°C-do - 40 °C-do 3.8 J i
6 600 60 000
SW - 30 °C-do - 35 °C-do 38 i i
7 000 60 000
10w - 25 °C-do - 30 °C-do 41 i i
7 000 60 000
15W - 20 °C-do - 25 °C-do 56 i i
9 500 60 000
20W - 15 °C-do - 20 °C-do 5.6 i i
13 000 60 000
25W - 10 °C-do - 15 °C-do 9.3 i i
20 - - 5,6 <93 2,6
30 - - 9,3 <12,6 2,9
2,9
40 - - 12,6 < 16,3 (OW-40;5W-
40;10W-40)
3,7
40 - - 12,6 < 16,3 (15W-40;20W-
40;25W-40)
50 - - 16,3 <219 3,7
60 - - 21,9 < 26,1 3,7

Benzin miiharriklori tiglin API tosnifatina miihorriklords istifads olunmasina goérs boliinmiis

12 sinif siirtgii materiallar1 daxildir.

Homin siniflorin qisa xarakteristikalar1 asagida gostorilmisdir:

v SA — xiisusi yiiklonmolar olmadan istifads olunan giic aqreqatlari tigiin;
v SB - orta yiiklonms ils istifads olunan giic qurgulari tigiin;

v

v

v

SC — yiiksok yiiklonmo ilo istifado olunan miihorriklor {iglin (avtoda 67-cCi i.b.-a qodor

istifado olunur);

SD — yiiksok yiiklonma ilo istifado olunan orta qiivvatli mitharriklor {igiin (avtoda 71-ci i.b.-a

qadaer istifado olunur);

SE — yiiksok yiiklonma ils istifado olunan yiiksok qiivvatli mithorrikloer iiglin (avtoda 79-cu

i.b.-a godor istifado olunur);

SF — turboiifiirme istifade etmoadon, etillogdirilmomis benzin istifadosi ilo yliksok yiliklonmo

ilo istifado olunan yiiksok qlivvotli mithorriklor Gigin (avtoda 88-Ci i.b.-a qodor istifado

olunur);

SG — turboiifiirme istifadasi ilo etillosdirilmomis benzin istifadssi ilo yiiksok yiliklonmo ilo

istifado olunan yiiksok qiivvatli mitharriklor ii¢iin (avtoda 93-cll i.b.-a gqodor istifads olunur);
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v SH — turboiifiirmo istifadasi ilo yiiksok qiivvatli miiharriklor tigiin (avtoda 96-c1 i.b.-ya godor
istifade olunur);

SJ — bitlin glic qurgular1 ii¢iin (avtoda 96-c1 i.b.-ya qodor istifado olunur). Yuxarida
gostarilon biitiin siniflorin ovazlayicisi hesab edilir;

SL — biitiin giic aqreqatlar1 tiglin (avtoda 2004-cli i.b.-ya gadar istifads olunur);

SM — biitiin miiharriklar tiglin (hal-hazirda istehsal edilon avtolarda istifads olunur);

EC — enerjiyo gonaatcil siirtgii materiallari.

Homginin ASEA tosnifati — miihorrik yaglarmm Avropa sistemi (Associationdes
Constructeurs Europeensde L'Automobile — Avropa Avtomobil istehsalgilar1 Assosiasiyasi)
do mdvcuddur. Bu tosnifat yaglarin bu vo ya digor miiharriklords istifado imkanlarina aid
edilir. Onun torkibino comi 4 sinif daxildir:

A — benzin giic qurgular ii¢iin;

B — yiingiil avto, homg¢inin asag1 yiikkqaldirma qabiliyyati olan yiik dizellori ti¢ilin;

E — bunlara boyiik yiik avtolarinda qurasdirilan yiiksok giiclii dizellor aiddir [9]. Qeyd etmok
lazimdir ki, mévcud tosnifat homginin istehsal edilon enerjiys gonastcil yaglar: nazars alir. Onlarin
xiisusiyyati standart miiharriklors nisbaton miiharrikin isinin yiiksok temperaturlarinda 6zliiliiyiin
azalmasi hesab edilir. Bunun hesabina miiharrik elementlori arasinda siirlisms miiqavimati ds azalir,
bu, islomo zamani giic aqreqatinda siirtiinmo hesabina giic itkilorino miisbot tosir gostorir. Lakin bu
yagin yliksok axicilig1 ona gotirib ¢ixarir ki, standart yagdan istifadoyo nisboton 6rtiik daha nazikdir,
uygun olaraq miihorrik elementlorinin yeyilmo siirati yiiksokdir, ona géra da 0, bitlin agreqatlara
uygun galmir.

Standart vo enerjiyo qgonaotcil yagi isarolomok iiglin horf indeksindon basga, homginin
rogomdon istifado olunur. Rogom indeksi comi besdir — 1-don 5-0 godor. Bu tosnifatda enerjiyo
gonaatcil siirtkii materiallar1 1 vo 5 indekslori almisdir, 2,3 vo 4 indekslori iso standart yaglari
gostorir. Bu zaman moévcud indekslor hom benzin, hom do dizel miihorriklorinds istifado olunur.
Enerjiyo gonastcil materiallar iso ACEA {izro Al, AS, homginin B1 vo B5 ilo isaro olunur. Qalan
biitiin isaralor standart materiallara aiddir. E sinif tigiin bels isaraloma novii yoxdur [10].

Beloliklo, togdim edilon material onu gostorir ki, miithorrik yagmim torkibino naftenlor,
parafinlor, aromatik karbohidrogenlor, poliglikollar, silikonlar, diefirlor, fosfor-iizvi birlogmalor,
ozliiliikk, disperslosdirici, antioksidlosdirici, antikorroziya, yeyilmoya qarsi, zorbaya qarsi, depressor,
antifriksiya, kopiik oleyhino asqarlar daxil olmalidir. Movecud torkib siirtiinmo vo yeyilmoni
azaltmaga komok edir, homg¢inin Ortiikk detallar1 c¢irklordon, korroziyadan vo digor zororli
qarisiqlardan miihafizo edir.

Miihorrik yaglari homginin beynslxalq standartlarin SAE, API, ACEA, ILSAC, JASO
tosnifatinin miiasir toloblorine uygun golmolidir.
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PE3IOME
COCTAB 1 KIIACCUOPUKAIIUSA COBPEMEHHbBIX MOTOPHBIX MACEJI
TI'yceitnosa 3.A., Hemaunosa B.A., Hlupanuesa Y. U., Aoxcamos K. IO., Anuzaoe H.H.

Kniouesvie cnoea: 6azosvie macia,MOmopHvie MACiA,cOCMA8 MOMOPHLIX MAcen, KIacCu@urayus
MOMOPHBIX MAce, RPUCAOOK.

B cratee mpuBeneHbl oOImIME CBEICHUS O COBPEMEHHBIX MOTOPHBIX MaciaX, YIJIeBOJOPOIHOM
cocTaBe 0a30BBIX Macen, PasHOOOPa3HBIX MPHUCAJKaX, BKIOYEHHBIX B COCTaB aBTOMOOMIILHBIX MOTOPHBIX
MaceJl, CPaBHUTEIFHBIX XapaKTEPUCTUKAX MUHEPATBHBIX U CHHTETHYECKUX Macell, a TakkKe KilaccuuKaIuu
1 MHTEPIpPETALMM MOTOPHBIX Macell B COOTBETCTBHM C MEXIYHAPOAHBIMU cTaHAapTaMu.llokazaHo, 4yTo B
COCTaB MOTOPHOTO Macja JIOJDKHBI BXOIUTH Ha(TeHbI, mapaduHbl, apoOMaTHYECKUE YIIIEBOJOPOJIBL,
MOJIMTJIMKOINBI,  CHJIMKOHBI,  jaueupsl, (ochopHO-OopraHndecKue  COEJAWHEHUs,  JUCIEPCHOHHbBIE
AHTHOKCHIAHTBI, aHTUKOPPO3UOHHBIE H00aBKU. OIpeneneHHble COCTaBbl IIOMOTal0T YMEHBIIUTh TPEHHE, a
TAKKE 3aIIMILAIOT I€TAIH TOKPBITHS OT 3arpsI3HEHUH, KOPPO3UH U IPYTUX BPEIHBIX IPUMECEN

SUMMARY
COMPOSITION AND CLASSIFICATION OF MODERN MOTOR OILS
Huseynova E.A., Ismayilova V.A., Shiraliyeva U.l., Ajamov K.Y., Alizade N. N.

Key words: base oils, motor oils, motor oil composition, motor oil classification, additives.

The article provides general information about modern motor oils, the hydrocarbon composition of
base oils, various additives included in the composition of automotive motor oils, comparative characteristics
of mineral and synthetic oils, as well as classification and interpretation of motor oils in accordance with
international standards. It is shown that the composition of engine oil should include naphthenes, paraffins,
aromatic hydrocarbons, polyglycols, silicones, diephyrs, phosphoric-organic compounds, dispersive
antioxidants, anti-corrosion additives. Certain compounds help to reduce friction and protect coating parts
from contamination, corrosion, and other harmful impurities

Daxilolma tarixi: [lkin variant 27.02.2019
Son variant 26.04.2020
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MOJYYEHUE ®OCP®OPCOJEPKAIINX MUHEPAJLHBIX
YIOBPEHMIA PA3JIOKEHUEM MPUPOTHBIX ®OCPATOB CEPHOM
KHCJIOTOM C MPUMEHEHUEM WHTEHCU®UIIAPYIOIIAX
JTOBABOK

ICAMEJOB MYXTAP MAME]] oray
2IIKABAJTOBA CAJIETIOJIb 'ACAH rbi3bl
SMAMEJIOBA I'tOJIbHYPE MYCTA®A rbi3bl
1,2-Cymeaumckuil 20cy0apcmeeHuslil YHUgepcumem, npogeccop, Cm.npenooaeameliv
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Knrwuesvie cnosa: ¢ocgopcodepacawue yoobpenus, paszioxcenue, unmencupurayus, 0006asKa,
obozauenue

HUccneoosan npoyecc nonyuenus gocgopcooepocaumux MUHeparbHbiX YOOOpeHuli ¢ npumeHenuem
emecu pacmeopog NHiHSO4 u MQ(HSOu)2u vacmuunot samenoti anamumogo2o KowyeHmpama 00JOMUMOM.
Ommeueno, umo ykazamuvle 000asKu ONA2ONPUAMHO OeLUCEYIOM HA NPOYecC PAa3LoNCEHUST NPUPOOHBIX
Gocghamos ceproll KUCIOMOU U YEEIUYUBAION CHENeHb pPA3lodceHus: cuipbs. Ilpu smom noayyenHwiil
npodykm obozaujaemcst OONONHUMENbHbIMU NUMAMETbHLIMU  INEMEHMAMU — A30MOM U  MASHUEM.
Yemanosneno, umo npu onmumanvuom Konuyecmsee 000aKu cmecu pacmeopos 2UopoCyib@Gamos aMMOHUSL
U MAcHUsL CMeNneHb PA3I0JICEHUs anamumogozo KoHyenmpama cocmagnsgem 97-98% u no cpasuenuio ¢
KAACCUYECKUM CHOCOOOM CMeEneHb paziodicenus yeeauuusaemcesi Ha 4-5%. B nonyuennom npooykme
VBENUUUBAEMCSL COOEPICAHUE NUMAMETbHBIX gewecms, mo ecmb P05, =19-20%; N=1,0-1,4%; Mg=0,7-1,0%.

N3BecTHO, UYTO MOTPEOHOCTH CEIBCKOTO XO3SHWCTBA B MHUHEPAIbHBIX  YIOOPEHUSIX
CHOCOOCTBYIOT MPOBEICHUIO HAYYHBIX HCCIEIOBAHHI IO BBIABICHUIO 00Jiee COBEPIICHHBIX U
MEePCIEKTUBHBIX CIOCO00B TmepepaboTku npupoaHblx docdhatoB [1-3]. VYuuThiBas, 4Yro Ha
COBPEMEHHOM JTale MPUOPUTETHHIM HAIMPaBICHUEM pa3BUTHUS MHPOBOTO MPOU3BOJICTBA U
MIPUMEHEHHS] MUHEPAJIbHBIX YI0OpEHUH SBIISETCS YBEIIMYCHHE COJCPKAHUS OCHOBHBIX BEILIECTB, TO
€CThb MUTATENIbHBIX KOMIIOHEHTOB B YIOOpEHUSX, TO AaKTYaJbHOCTh TIPOBEACHUS HAYYHO-
HCCIIeIOBATENIbHBIX PadOT MO MOJYYEHUI0 MUHEPANBHBIX YJOOpPEHM pa3jokKEeHHEM araTUTOBOTO
KOHLIEHTpaTa CEepHOU KHUCIOTOW C MPUMEHEHUEM HWHTCHCU(PHUIHUPYIOIUX U MOAUPUIMPYIOMIUX
N100aBOK HE MPEJCTABIIAET COMHEHUH.

[IpobGnema kauecTBa MHUHEPATBHBIX YIOOpPEHH HMMeeT OOJNbIIOe 3HAa4YeHHE, OCOOCHHO C
ydeToM OoJbIIuX 00bEMOB M CE30HHOCTH NMPUMEHEHHUS UX B CEIBCKOM Xo03siicTBe . Ha mepBom
JTame pa3BUTHUA MPOMBILIIJICHHOCTH MUHEPAIbHBIX YIOOpPEHUM, s YIydllIeHHs KayecTBa
MPOJYKIIMKM, B TEPBYID OYepedb, PEUIATNCh 337a4d TOJy4eHUs YIOOpPEHHH C yaydlHIeHHBIM
XMMHYECKUM COCTaBOM. B Hacrosiiiee BpeMs MO 3TOMY MOBOJY JOCTHTHYTHI OOJBIIME YCIIEXH.
Koneuno, u ceiliyac cymiecTByeT HEOOXOOUMOCTh pa3pabOTKH HOBBIX BHUIOB yIOOpeHUit
CHEIHNaTbHOTO HAa3HAYCHHUs], CO3JIaHUSI COBEPIIEHHBIX TEXHOJOTMUECKUX CHCTEM JUIs TepepaboTKu
pa3nuYHbIX BHJIOB (OCPATHOTO CHIPBS, BBICOKOTIPOU3BOIUTENHHON ammapaTypbl, pelieHus
9KOJIOTUYECKUX W JAPYTUX BOIPOCOB, OJTHAKO BCE 3TO CBSA3aHO JIMIb C YCOBEPIIEHCTBOBAHHEM
CYIIECTBYIOIIUX TEXHOJOTHYECKUX KOMILUIEKCOB. B TO ke Bpems, mpobOiieMa yIydiieHus
(bu3MuecKux CBOWCTB ymoOpeHuidt © oOoramieHuss WX JOMOJHUTEIHHBIMU TMUTATEIbHBIMU
JIIeMEeHTaMU TpeOyeT HalpaBUTh BHUMaHUE COMCKATENeH Ha ee pelleHHeE.

B HacTosiee Bpemsi B IPOMBIIUICHHOCTH MUHEPANbHBIX yI0OpeHH 0COO0YI0 3HAYMMOCTH
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npuoOpenu Takue mpoOIeMbl, KaK KauyecTBO MPOMBILIUICHHON MPOAYKIIMH, OCOOCHHO (hU3NUECKue
CBOMCTBA; CO3/laHWE NPHUHLMIINAIBHO HOBBIX M NEPCIEKTUBHBIX TEXHOJOTUYECKUX CUCTEM
nepepaboTku  MPUPOAHBIX  PocdaroB, OOECHEUNBAIINX BBICOKHNA YpPOBEHb JHEPro- W
pecypcocOepeKeHuns; YKOJOrHIecKasi 0e30MacHOCTh MPOM3BOJICTBA U IMPUMEHEHHWE MHUHEPaIbHBIX
ynoOpenuii. [lepcriekTHBHOE pa3BUTHE MPOW3BOJCTBA MUHEPAIBHBIX ynoOpeHui Oasupyercss Ha
pecypco- U MaTepHaiocOeperalnmx TEXHOJIOTHAX U, CIIEJOBATEIBHO, aKTyalbHOCTh HM3BICKAHHS
3G dEKTUBHBIX CHOCOOOB TOJIYYCHHS TOPOIIKOOOpasHoro cymepdocdara ¢ HCIOIB30BAHHEM
MPOMBIIIICHHBIX ~ OTXOJIOB, COJAEpKAIIMX Moauduuupyromue n00aBKH, HE TPEACTABISACT
COMHEHUH. B Hay4YHO-TEXHUYECKON JIUTEPATYPE UMEETCA JTOCTATOYHO CBEIACHUM IO Pa3JIOKEHUIO
npupoHbIX ¢GocharoB cepHoil U (HocHOPHON KUCITOTAMHU C HCIOIB30BAaHUEM a30TCOJEPKAIINX
coenuHeHui[4-8]. OmyOnMKOBaHBI  TaKkXKe OIpPENEICHHbIE  HCCIEeIOBaTENbCKUE  PabOThI,
MOCBSIIICHHbIE TOJYYEHHUIO TpaHyIMpPOBaHHBIX cynepocdaroB ¢ mpUMEHEHHEM cyibdaTa
aMMOHHUSA W Tra3zoobOpazHoro ammmaka[9-10]. Omnako mporecc momydeHus cymepdocdara ¢
ucnoap3oBannemM cmecu pactBopoB NHsHSOsu Mg(HSO4), n3yuen HegocTaTrodHo.

Lenbto wuccnenoBaHus sBISETCS M3YyYEHHME BIUSHUS J100aBKM CMECH PacTBOPOB
ruapocynb(ara aMMOHHUS M MarHusi, OJHOBPEMEHHO YAacCTUYHOW 3aMEHOM amaTUTOBOTO
KOHLIEHTpaTa J1oJloMUTOM. OmpesiesieHre CTeNeHN pa3ioKeHUs UCXOIHOTO ChIPbS MPU COXPAHEHUU
CTEXMOMETPUYECKOM HOPMBI CEpPHON KHUCIOTBI C Y4YETOM JI00aBKM HWHTEHCU(DPUIUPYIOUIUX
peareHToB, a TakXKe oNpeeseHue CyMMapHOTO COJIepKaHus MUTATEIbHBIX BEIIECTB B MOJyYEHHOM
MIPOJIYKTE.

Onucanue »3kcnepuMeHTa. B 51a00paTOpHBIX YCIOBHUSX H3Y4€H MEXaHU3M IIpoliecca
CEpHOKHUCIIOTHOTO PAa3JI0KeHUsI MPUPOIHBIX (PochaToB B MPUCYTCTBUU TUAPOCYIb(aTa aMMOHHUS B
CMeCH ¢ TuApocyib(aroM MarHus. B kauecTBe MCXOIHBIX MaTE€pPHAOB UCIOJIb30BAN alaTUTOBBII
KOHLIEHTPAT CTAaHJApTHOTO COCTaBa, JOJOMHT, TEXHHUYECKYI0 CEpHYIO KHCIOTY, pacTBOp
ruapocynbdara aMMOHUS U TUApocylb(ara MarHus. OKCIEpUMEHTANbHbIE HCCIEA0BAHUS
MPOBOJWJIM B JBYX HampaBjieHHsX. B mepBoM BapuaHTe HWHTEHCU(DULHPYIOUINE peareHThbl
NO0aBJSUIM TPU COXPaHEHUU OOIIeld HOPMBbI CEpHOM KHUCIOTHI, BO BTOPOM BapUaHTE CEPHYIO
KHCJIOTY YaCTUYHO 3aMEHSJIM CMEChIO PaCTBOPOB rUAPOCYNb(aTa aMMOHUS U MarHus.

OnbIT MOJy4eHUs: MUHEPAILHOTO YA0OpEHUs, COEepKaIlero AONOJHUTENIbHbIE MUTATEIbHbIE

AJIEMEHTHI MPH HEMPEPBHIBHOM CMelIeHHH peareHToB [11], mpoBoauin B 1a00paTOPHOI yCTaHOBKE
(Puc.1).

Puc.1.Cxema 1abopamopHotl YCMAHOBKU
nonyuenus  cynepgocghama ¢ npumeneHuem
pacmeopos,cooeprHcaujux euopocynvghamol

ammonua u macHus: 1 u 2 — 0ozamopwsi cepHoll
KUCTOMbL U UHMEHCUPUYUPYIOUe20 pacmeopa
COOMBEMCMBEHHO;,  3—N0002pesament KUcIomol,
4 — xonmakmHbvlll mepmomemp, 5 — OyHKep O
anamumogoz2o KoHwyewmpama, 6 — 0ozamop
anamuma, 7-31eKmpoosucamens; 8 — cmecumens,
9-cmaxawn; 10-0yukep 0ns donomuma.
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B nozarop 1 mamusator 2-2,5 1 H2SO4 3amaHHO KOHIIGHTpAlMM ¥ 3aKPBIBAIOT 3allOPHBIN
KpaH. Perynupyromuii KpaH j103aTopa yCTaHaBIMBAIOT B ONPEICICHHOM IOJIOKEHHH; TIOCTIE ITOTO
PETYIUPYIOT JO3UPOBKY KHCIOTBHL. B OyHkep 5 mosaropa 6 3aceimaror 1,5-2,0 Kr amaTuToOBOTO
KoHIIeHTparta. [IpeaBapurensHO, 10 Hayana paboThI, 03aTop TpaayHpylooT. B 3aBucumoctu ot
3aJJaHHOUM JO3MPOBKH M HOPMBI KUCIIOTHI YCTAHABIUBAIOT JO3UPOBKY (propamaTuTa u JOJIOMHUTA H3
oynkepa 10.

[pousBomurensHOCTE cMecutens coctaBiser 50-100r cymepdocdarHoit mynbnsl B 1 MuH.
Bpemsi mpeObiBaHust — IMyJbIIBI B CMecHTeNle cocraBisier 7 MUH. (CmecHTens CHaOXeH IByMs
BEPTHKAIGHBIMA MeEIIAIKaMHi. MeIIankyu MpUBOATCS BO BpalIeHHE OT SJIEKTPOABUTATENST 7 depes
PEIYKTOp, MO3BOJISAIONIMNA H3MEHHMTh 4acToTy BpamieHuss oT 200 10 600 MuH?, 0ObIYHAs YacTOTa
BpallleHusl Memanok cocTapiser 530-550mun™ . Tlocne ycTaHOBIEHHS HOPMANBHOTO pPEXUMA
CMeElIeHus Mynblia noctymnaer B ¢apgoposblil crakad 9. [lo 3amonHeHny crakaHa €ro MOMEIIAIOT B
TEPMOCTAT, TJAE BBUICPKHBAIOT B TedyeHHe 1,54 mpm Temmeparype 100-115°C. Tlocme storo
MUHEpaJbHOE Y100OpeHHEe U3BJIEKAIOT U3 TEPMOCTaTa, 00padaThIBAIOT U aHATM3UPYIOT. AHATUTUYECKHE
MOKAa3aTeI MOJYYeHHOTO TIPOIYKTA MPEICTaBICHBI B Ta0. 1.

Tabnuuya 1.
3asucumocms cmenenu pasznodicenus anamuma 6 cynepgocgame 10-mu cymournoeo @vl3pedanusi om
Koauuecmea 0006asKu pacmeopa monoammonuti cyrvgpama (Hopma ceprout kuciomor 70 mac.y. na 100 mac.
y. anamuma, xouyenmpayus.: 63% H2SO4)

Komuu. 106.cmecu Conepikanue B MopoikooopasnoM cynepdocdare nmocie | CrerneHpb
NH4HSO. n BOCBMHUCYTOYHOT'O BRI3pEeBaHUS (Macc. %) paznoxe-
Mg(HSO4)2 Hus, %
% OT Macchl P2O0so6m. | P2Osyes. | P2Ossons. | P2Oscsos N Mg H.0

H.SO,4
0 21,09 19,21 18,26 8,30 - - 10,35 91,09
3 20,65 19,10 18,19 7,86 0,25 0,23 9,88 92,50
6 20,50 19,23 18,16 7,02 0,51 0,34 9,47 93,80
9 20,38 19,30 18,23 6,71 0,72 0,56 | 8,90 94,70
12 20,37 19,85 18,46 6,35 1,03 0,71 | 8,59 97,45
15 20,36 20,02 18,75 5,87 1,40 102 | 841 98,33
18 20,30 19,54 18,10 6,13 1,48 120 | 8,34 96,26
21 20,05 18,88 17,80 6,65 1,54 1,27 | 8,29 94,16
24 19,86 18,39 17,20 7,08 1,68 131 | 825 92,60
27 19,67 17,87 16,55 7,79 1,72 1,40 | 8,17 90,85
30 19,38 17,39 16,24 7,86 1,83 1,48 | 8,12 89,73

Kak BuaHOo u3 Tab6n.l, ¢ BHeceHHeM N00aBKM CMECH pacTBOpa TUApocyidb(ara aMMOHHUS B
cMmecH ¢ ruapocynbdarom maraus 10 12-15% oT Maccel cepHOU KUCIOTHI U A00aBKU JOJIOMUTA B
KonuuecTBe 5-6% oT Macchl propamnatuTa, CTENEHb PA3I0KEHUS ChIpbS yBenu4duBaeTcs 10 97,45-
98,33% ¥ MOJIyYEHHBIH MPOIYKT COAEPKUT IOMOIHUTEIIbHBIE MUTATEIbHBIE 3JIEMEHTHI — a30T U
Marsuim.

PesyabraTel U ux obcyxnenue. [IpucyrctBue ruapocynbdara aMMOHHUS B pEaKIIMOHHON
Macce CIocOOCTBYeT 00pazoBaHHIO OoJjiee KPYIMHBIX KPUCTAJIOB Cynbdara KajbIUs, KOTOpbIE
CHIDKAIOT BHyTpeHHee Iu((y3uOHHOE COMPOTHUBIEHUE CPEIbl, YTO ONArOMpPUATCTBYET MOCTYIY
BOJIOPOJIHBIX MOHOB K TMOBEPXHOCTH 3€pEH amatuta. 1o ecTh, BBEJIEHHUE pacTBOpa ruApocyibdara
aMMOHHSI CIIOCOOCTBYET Ooiiee OBICTPOMY MPOTEKAHUIO TMPOIEcca Pa3ioXKEHHUsS anaTUTa CEpHOMN
KHUCIIOTOM. B3ammojelicTBHe anmaTUTOBOIO KOHILEHTpAaTa C CEPHOM KHUCIOTOM B MPUCYTCTBUU
ruipocynbdara aMMOHUS ¥ TUAPOCYIb(aTa MarHus MPOTEKAeT MO CIASAYIOMIEMY YPaBHEHHIO:

2CasF(PO4)3 +5H2S04 + 2NH4HSO4 + Mg(HSO4), + H20=

= Ca(H2P04)2H20 + 2NH4H2PO4 +Mg(H2PO4)2 + 9CaSO4 + 2HF
JlanbHeiiee yBenuueHue 100aBku ruapocynbdara ammonus (6onee 15% ot macchl cepHO
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THonyuenue ghocghopcodeparcaujux MUHEpaIbHbIX YOOOPEeHUll pa3niodiceHUeM NPUPOOHBIX
pocamos cepnoil Kucaomoii ¢ npuMeHeHuem UHMEeHCUDUUUPYuWUx 006a8ok

KHCJIOTBI) HEIenecoo0pa3Ho, TaK Kak MPH 3TOM CTENEHb PA3JIOKEHHs arnaTtuTa He JOCTUTaeT
HEOOXOAMMBIX TOKa3arenel, a mpu OONbBIINX J00aBKax MMEET MECTO Jake HEKOTOPOE CHM)KEHHUE
CTCTICHH PAa3JIOKEHUsS, 4YTO OOBICHSICTCS BO3MOXKHBIM BO3HMKHOBCHHMEM IEPCHACHIMICHUS 10
cynbdaTy Kaiblus ¥ 0Opa30oBaHHEM B CBS3H C OTUM OoJiee MeNKuxX KpuctamioB. OOpa3zoBaHue
MEJKUX KPHUCTAJUIOB Cylb(ara KaJlbliisg B HEKOTOPOH CTENEHHM SKpAaHUPYET MOBEPXHOCTb 3€PEH
araTUTa U NpensaTcTByeT quddy3un KUCIOTH B 3¢pHA anaTUTa.

3akmoyenune. Takum o00pa3oM, H3y4eHHE MPOIECCa CEPHOKUCIOTHOTO PAa3sIOKEHUS
mpUpOaHBIX (hochaToB B MPUCYTCTBUU THAPOCYIb(ara aMMOHHS W MarHUs TMPUMEHUTEIBHO K
MOJIYYCHUIO MHHEPAIBHOTO yIOoOpeHusi, 000TalmeHHOrO JIOTIOJHUTCIBHBIMHA ITHTATEIHHBIMU
JJIEMEHTaMH, MO0Ka3ajo, YTO ONTHUMAJIbHBIM KOJMYECTBOM JI00aBKM pacTBOpa Tuapocyibdara
aMMOHHUS B CMECH C TUIPOCYJIbHaTOM MarHusi MO>KHO cuuTaTh 10-15%0T Macchl CepHON KUCIIOTHI U
Nn00aBKM JOJIOMUTAa HEOOXOJMMO TOJJEPKUBAaTh B Tpeneiax 5-6% OT Macchl amaTUTOBOTO
KOHIIeHTpata. [Ipu 3TOM cTeneHb pa3ioKeHusI UCXOIHOTO ChIpbs cocTaBisieT 97-98%, momydeHHbII
MPOJIYKT SIBIIIETCS PACCHIMIATHIM B coaepkuT 19,5-20,5% P20syes.; 1,2-1,6% N; 0,8-1,0% Mg.

[Ipn yacTHUYHON 3aMeHE CEepHOIl KHMCIOTHI PacTBOPOM T'HApOCYiIb(aTa aMMOHHS B CMECH C
pacTBopoM TUIpocyiabpaTa Martus, MOJYYeHHBIH MPOIYKT B HEKOTOPOH cTenmeHH oOoraiaercs
JIOTIOJTHATEIPHBIMU MMUTATSIIEHBIMH 3JIEMEHTaMH, HO CTETICHb Pa3JIokeHUs (pochaTHOTO CBHIPhS HE
JOCTUTACT CTAaHAAPTHBIX 3HAYCHUH.
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XULASO
INTENSIVLOSDIRICI 9LAVOLOIRIN ISTIRAKI iLO FLUORAPATITIN SULFAT TURSUSU
IL® PARCALANMASINDAN FOSFORLU MINERAL GUBRONIN ALINMASI
Somadov M.M., Mommoadova G.M., Cavadova S.H.

Acar sozlar: fosforlu giibralor, parcalanma, intensiviasdirma, alava, zonginlasdirma

Mogqalodo apatit konsentratini qismon dolomitlo ovoz etmoklo vo NHisHSOs vo Mg(HSO4):
mohlullarinin qarigigindan istifade etmokls fosforlu mineral giibronin alinmasi prosesinin tadqiqi verilmisdir.
Qeyd olunur ki, gostorilon slava tobii fosfatlarin sulfat tursusunda pargalanmasi prosesine miisbat tasir
gostarir vo xammalin par¢alanma daracasini yiiksaldir. Bu halda alinan mohsul slava qida elementlori: azot
vo maqneziumla zonginlogmis olur. Miieyyanlogdirilmisdir ki, ammonium veo magnezium hidrosulfat
mohlullar1 garisigiin optimal miqdarlarinda reaksiya zonasia verilmasi naticasinds apatit konsentratinin
parcalanma doracasi 97-98% tagkil edir ki, bu da klassik tisula nazeran pargalanma doracasinin 4-5%
artdigini gostorir. Ona gora do alinan mohsulda qida maddslarinin miqgdari artmis olur, yani P2Osmon=19-20%;
N=1,0-1,4% ; Mg=0,7-1,0% hadlarinds olur.

SUMMARY
OBTAININGPHOSPHORUS-CONTAINING MINERALFERTILIZER FROM
DECOMPOSITION OF FOTORAPATITIS SULFURIC ACID WITH THE USE OF
INTENSIFYING ADDITIVES
Samedov M.M., Mammadova G.M., JavadovaS.H.

Keywords: phosphorus-containing fertilizers, decomposition, intensification, additive, enrichment

The process of obtaining phosphorus-containing mineral fertilizers was investigated using a mixture of
solutions of NH4HSO, and Mg(HSO.), and partial replacement of apatite concentrate by dolomite. It is noted
that these additives have a positive effect on the process of decomposition of natural phosphates with sulfuric
acid and increase the degree of decomposition of raw materials. In this case, the resulting product is enriched
with additional nutrients - nitrogen and magnesium. It was established that at the optimal amount of additive
of the mixture of ammonium and magnesium hydrosulfate solutions, the degree of decomposition of apatite
concentrate is 97-98% and, as compared with the classical method, the degree of decomposition increases by
4-5%. The resulting product increases the nutrient content, that is, P,Osusv. = 19-20%; N = 1.0-1.4%;
Mg = 0.7-1.0%.

Daxilolma tarixi: [lkin variant 29.05.2019
Son variant 21.01.2020
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POLIETILENIN ELEKTROKIMYOVi SISTEMDO
POLIMERANALOJI CEVRILMOSI
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Acar sozlar:sulfurilxlorid, asagi tazyiqli polietilen, kiikiird anhidridi, porofor, sulfoxlorlasma.

Molumdur ki, xlorsulfolasmis polietilen istehsalatda rezintexniki sonayesindo miihafizo
ortiiklori, lak-boya ortiiklori homginin sonayedo yeni tikinti materiallar1 vo s. saholords genis istifado

olunur.

Xlorsulfolagsmis polietilen 6zilinii kauguk formali polimer kimi gdstorir, yiiksok yaxud asagi
tozyiqli polietilenin sulfoxlorlagmasi yolu ilo alinir [1].
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S$akil 1. Elektrolizer:1-elektrolizerin
govdasi,; 2-anod; 3-katod; 4-kran; 5-aks
soyuducu; 6-ayirict qif; 7-qarisdiric; 8-
termostat; 9-xloru miiayyan etmoak tigiin KJ
mahlulu olan siisa qab

Xlorsulfolasmis polietilenin  (XSPE) yiiksok
tozyiqli polietilenin gaz halinda xlor yaxud xlor vo
kiikiird qaz1 ilo garisiginin karbon-4-xlorid holledicisi
miihitindo, atmosfer tozyiqi vo holledicinin gqaynama
temperaturunda, inisiatorun istiraki ilo sulfoxlorlagsmasi
[2], homg¢inin asag1 tozyiqli polietilenin xlorbenzol
holledicisi istirakinda 120-125°C temperaturda, inisiator
(porofor) istirakinda xlorsulfolasmasi [3] aparilmisdir.

Tarkibinds 32,1 kiitlo faizi ilo xlor, 3,15 kiikiird olan
polimerds reaksiya kiitlosini 40-50°C-ya qoder soyutmaq
vo azotla iflirmoklo holl olmus turs qarisigr 0,003%-o
godor azaltmaqgla da xlorsulfolagsmis polietilen alinmisdir
[4].

Polimera xlor atomu daxil oldugda qurulusun
requlyarlig1 pozulur, kristallagma doracasi azalir, buna
géro do polimer amorf olur vo ilkin polimerin
xassolorindon forglonir. Tarkibinds 30-35% xlor oldugda
XSPE-nin méhkamliyi bir az azalir ki, bu da polietilendo
kristalligin pozulmasi ilo slagodardir. Sonraki xlorlasma
polimerin polyarligint giiclondirir, buna gbéro do onun
davamliligi vo mohkomliyi yiiksalir. Torkibds xlorun
60%-o ¢atmasi davamliliq hoddinin ilkin polimerden 1,5
dofs ¢ox olmasina gatirir. Polietilensa 0,8-1,9% Xlorsulfo
qrup daxil edilmesi onun vulkanlasma qabiliyyatini
sortlondirir.
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Polimers xlor atomunun daxil edilmasi ilo polimer od vo yaga garsi, homginin ozon tosiring
qarst da davamli olur. Polimers polyar qrup daxil
oldugu ticlin metallara vo onlarin orintilori ilo
(mis, polad, domir, tunc, latun, titan, aliiminium
vo s.) yiikksok adgeziyaya malik olur, siisoys,
plastik kiitlays, tobii vo silini kauguklara qars1 iso
davamli olur.

Yuxarida geyd olunanlardan belo gonaoto
golmok olur ki, olefinlorin xlorlagmasi vo ]
sulfoxlorlagsmasi, o ciimlodon do polietilenin - .
xlorlagsmasi vo sulfolasmast bu polimerlorin g 1o 30 50 70
modifikasiyasi liclin shomiyyatli doracods nozari Temperatur, °C
vo praktiki ohomiyyot kosb edir. Bununla
olagodar olaraq, polietilenin elektrokimyovi
sulfoxlorlagsmasi ) alinan mohsulun
qanunauygunluglarinin ~ dyronilmosini  tadqiq
etmoyo maraq yaranir.

Polietilenin sulfolagsmasi stisodon
hazirlanmig, termostat, sabit coroyan monboyi, gqarigdirict vo ORTA (anod), grafit (katod)
elektrodlar ilo tochiz olunmus silindrik elektrolizerds hoyata kecirilir.

Sulfoxlorlagsma reaksiyasinda natrium-sulfit, xlorid tursusu, yiiksok tozyiqli polietilendon,
holliedici olaraq karbon 4-xloriddon, inisiator olaraq iso azobisizo-butironitrildon istifado
olunmusdur.

Sistemo verilon elektrik coroyanmin tosirindon xlorid tursusunun elektrolizi naticosindo xlor
ayrilir vo eyni zamanda kiikiird gaz ilo birlikdo polietilenin sulfoxlorlasmasinda istirak edir.

Aparilan_tacriibalorin_naticasi. Ilkin polimerin molekuluna daxil edilon xlor vo kiikiird
gazinin miqdarindan asili olaraq, XSPE-in xassosi reaksiyanin soraitini miioyyon etmoyo imkan
yaradir. Temperaturun tosiri, verilon coroyanin miqdari, reaksiyanin davametmo miiddoti,
reagentlorin miinasiboti, polimers daxil olan xlor vo kiikiird gazmn ilkin polietilenin molekul
kiitlosina tosiri Oyronilmisdir.

Reaksiva _mihitinin__temperaturu.Polietilenin  sulfoxlorlasmas1 Cl; : SO, = 3:1
miinasibatinds, reaksiyanin temperaturu iso 0-dan 70°C-yo qodor yiiksoldilmoklo aparilmisdir.
Alinmis naticalor sokil 2-do verilmisdir.

Temperaturun azalmasi xlorun miqdarinin azalmasina (~47-don 19,2%-o qodor), kiikiirdiin
miqdarinin iso artmasina (~2,7-don 6,6%-9 qador) gatirir.

Xlor vo kiikiirdiin karbon-4-xloriddo holl olmasi xiisiisi ohomiyyot kosb edir, hansi ki,
temperaturun artmasi ilo azalir. Sonraki biitiin tacriibalor 30-40°C temperaturda aparilir.

Reagentlorin miinasibatinin xlor vo kiikiirdiin migdarina tasiri.Bu mogsadlo iki seriya
tocriiba aparilmigdir. Reaksiyanim temperaturu 30°C gétiiriiliir, qarsiligh tasir edon qazlarm (xlor va
kiikiird anhidridi) molyar miinasibotlori (Cl12:SO2) 1:1-don 4:1 kimi doyisdirilir. Tocriibalorin
naticasi sokil 3-do verilmisdir

Sakil 3a-dan gorinduyd kimi, Cl2:SO2 molyar miinasibatinin 1:1-don 4:1 kimi doyigsmasindo
xlorun sabit verilmasi ilo polimers eyni miqdarda xlor ~ 38% daxil olur, ancaq Cl2:SO2 molyar
miinasibatinin yiiksolmasi xlorun miqdarinin xlor atomu halinda artmasi bag verir, ancaq SO2CI
qrupu halinda azalir, bels ki, polimerds kiikiirdiin miqdar1 6,3%-don 3,2%-9 qoder azalir.

Sakil 3b-don goriiniir ki, Cl2:SO2 molyar miinasibatinin artmasi il polimerdo xlorun miqdar1
yiiksolir ki (21%-don 49%-o gador), bu da reaksiya zonasinda xlorun artmasina, alinan mohsulda
kiikiirdiin miqdarinin (5,7%-don 1,5%-9) azalmasina sabab olur.

5 _.._-—-""'"""lc_lf_""-

"
=

S —
. .

tarkibi. %

T
==

Xlorun va kiikiirdiin

S$akil 2. Reaksiya temperaturunun
sulfoxlorlagmus polietilendas xlor va kiikiirdiin
migdarindan asililigi. 1-kKikurd; 2-xlor
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tarkibi, %

Xlorun va kiikiirdiin

Molyvar misbat Clz: 802

Sakil 3. Cl,:SO, molyar miinasibatlorin polimerda xlor va kiikiirdiin migdarina tosiri: a) Clo; b) SO2

Sokil 4-do reaksiyadan alinan qazlar vo polimers daxil olan qazlar arasindaki miinasibot
verilmigdir. Sokildon goriindiiyli kimi, 2 g-dan 3 g-a gador xlor va 0,5 g-dan — 0,9 qrama qodor
kiikiird anhidridi alindiqda 1 gram polietilenlo xlorun 45-55%-i, kiikiird anhidridinin iso 10-15%-i
reaksiyaya daxil olur. Xlorun miqdar1 3 g-dan 9 g-a godor artirildigda 1 q polietilenlo reaksiyaya
daxil olan xlorun miqdar1 20%-5 qodor azalir. Eynilo kiikiird anhidridinin miqdar1 1 qram
polietilends 1,5 qramdan ¢ox oldugqda alinan kiikiird anhidridinin 5%-i reaksiyaya daxil olmus olur.
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Sakil 4. Cly vo SO, gazlarinin reaksiyadan Sakil 5. Polietilena daxil olan xlor va kiikiirdiin
alinan va polietilenla reaksiyaya daxil olan miqdarinin tacriibaninapariima miiddatina
migdarlari arasindaki astlilig miinasibati: 1-kukird; 2- xlor

Alman oyrinin maksimumu sulfurilxloridin holledici ilo (CCls) qatilagmasi naticosindo
yaranir.

Polietilena daxil olan xlor va kiikiirdiin migdarmin tocriibanin aparilma miiddstina tosiri sokil
5-do goriindiiyli kimi, ilk 30 doq. arzinds polimera ~ 40% xlor vo ~ 2,5% kiikiird SO2Cl grupu
soklindo daxil olmusdur. Sonraki yarim saat orzinde xlorun miqdar1 4,5%-2 qador artmus, kiikiird iso
oldugu kimi qalmigdir. Reaksiyan1 3 saata qodor davam etdirdikde polimerds xlorun miqdar1 ~
45%-o, kiikiirdiin miqdari iso ~ 4%-9 catir. Polimera 40%-don ¢ox xlorun daxil olmasi arzu olunan
naticoni vermir.

Reaksiya sgoraitini, xilisuson do Cl2:SO, miinasibotinin, coroyan sixliginm, homginin
reaksiyanin stexiometrik miinasibatlorinin doyisdirilmasi ilo polimerds xlor va kiikiirdiin miqdarini
talob olunan saviyyadoe saxlamaq olar.
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PE3IOME
MNOJUMEPAHAJIOI'MYHBIE NIPEBPALIEHUSA MOJUITUJIEHA
B DJIEKTPOXUMHWYECKOMN CUCTEME
I'amamoe M.M., Aounoea JI.H.,Ab60ynnaeea M.B.

Knrouesvle cnosa:.cynvghypuixiopuo, noausmuieH HU3K020 OA61eHUS, CEPHbLL aH2uopuod, nopopop,

cynbghoxnopuposanue

M3BecTtHO, dTO  XJIOPCYAB(OIOBBIA  TMONUATHICH IMUPOKO  HCIONB3YeTCS B PE3MHOBOM
MPOMBIIUICHHOCTH JJIsl  TPOWU3BOJICTBA 3alIUTHBIX ITOKPHITHH, JaKOKPACOYHBIX IOKPBITHH, a TaKkke B
MPOU3BOJICTBE HOBBIX CTPOHTEIHLHBIX MATEPUAIIOB U JIP.

DNEeKTPOXUMUYECKHI METOJ[ CyIb(QOXIOPUPOBAHUS OTIIMYACTCS OT XHUMHUYECKOrO TEM, YTO B
AIIEKTPOXUMHUYIECKOM MeTozie cyibdoxmopupyromuii aredr — Clou SO, momydaercss B caMoM mpoiiecce.
OO6ecmeunBaeTcss JKOJIOTHYECKas 0€30MacHOCTh Ipollecca IPH 3HAYHUTEIIBHOM CHIDKEHHH BBIOPOCOB
BPEIHBIX BEIECTB B aTMOochepy.

SUMMARY
POLYMERANOLOGICAL TRANSFORMATION OF POLYETHYLENE
IN ELECTROCHEMICAL SYSTEM
Hatamov M.M., Adilova L.1., Abdullayeva M.B.

Key words:sulphuryl chloride, low pressure polyethylene, sulfuric anhydride, porophore,

sulfochlorination

It is known that chlorosulfonous polyethylene is widely used in the rubber industry for the production of
protective coatings, paint and varnish coatings, as well as in the production of new construction materials, etc.

The electrochemical method of sulfochlorination differs from the chemical method in that in the
electrochemical method, the sulfochlorinating agent-Cland SO-is obtained in the process itself.
Environmental safety of the process is ensured with a significant reduction in emissions of harmful
substances into the atmosphere
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Knrouegvle cnosa. memunenOuoKconan, IMaHoumuon, a00yKm, Koppo3us.

Paouxanvnvim npucoedunenuem smanoumuona x 2-zameujennoim-4-wemunen-1,3-ouoxcoranam owiau
CUHME3UPOBAHbL cepocodepdicalyjiie MOHOAOOYKMbl, KOomopbvle 6 OdlbHeliuleM Oblld UCHOAb308AHbL 6
Kauecmee uHeUOUMOoOpa Kapposuu Memainoe 6 KUciou cpeoe. M3yuena 3a6Ucumocine CMeneHu 3aujumol
NOJYUEHHBIX A00VKMO8 OMm UX KOHyeHmpayuu u memnepamypul. Tlokazano, wmo ucnoiv3yemvle a00yKmol
NPOSGISIOM  BbICOKYIO 3AUUMHYIO CHOCOOHOCHb, YMO C683AHO C UX CIMPYKMYPHOU OCOOEHHOCMbIO, 6
YACMHOCTU, HATUYUEM 8 MOJICKYIEe 2emepOamoMo8 cepbl U KUCIOPOOd, KapPOOHUIbHOU U (DEeHUTLHOU ePYNN,
OMBEMCMBEEHHBIX 30 ADCOPOYUOHHYIO CE53b C NOBEPXHOCHHBIMU AMOMAMU MEMALILA.

B mocnennme romel mpoOiema OOprOBI C KOPPO3HEH METAIOB W METAJUIOKOHCTPYKIIUMA
npuoOpeTaeT 0cob0e 3HaUCHUE. ITO CBI3aHO, MPEXKAEC BCETO, C MPUMEHEHUEM B PSJIC XUMHYECKUX
UM HEe(PTEXUMHUYECKUX TEXHOJOTHUECKHX IPOIECCOB CHIBHBIX MHUHEPAIBHBIX KHUCIOT. B
YaCTHOCTH, TIPW TPABJICHUU CTaJU WU MPOKaTa B MPU3a00NWHBIX 30HAX HE(MTSHBIX CKBAXHUH (IS
yIIydiieHus: (UIBTPAIMOHHBIX XapaKTEPUCTUK) IMHPOKO MCIOJIB3YeTCsS CepHas WM COJISTHAs
KHCJIOTBI. ECTECTBEHHO, B OSTHUX arpecCMBHBIX CpelaxX METANIOKOHCTPYKIHMS TOBEpPracTcs
Koppo3uu. CrefoBaTellbHO, 3allldTa 3TUX METAJIOB OT KOPPO3WU CTAHOBUTCA HEOOXOIUMOIA.
[IpoGmema >xe 3aIuThl METAIOB OT KOPPO3WU peliaeTcss JUO00 HAHECEHHEM Ha IMOBEPXHOCTH
METaJUIOB aHTUKOPPO3UOHHBIX MTOKPBITHIH, JIMOO BBEJACHHEM B CHCTEMY HHTHOMTOPOB KOppOo3uH [1-
3]. [lpunumas Bo BHUMaHUE 3(H(PEKTUBHOCTH 000X METOJOB, CIEAYET OTMETUTh, YTO MOCIICIHUN
METO/I TO3BOJIIET OJHOBPEMEHHO MPEIOTBPATHUTh HE MEHEE BaXKHBIM, CBSI3aHHBIA C KOPPO3HEH,
MIPOLIECC — HABOJOPAKUBAHUE U OXPYITUMBAHNUE METAIIJIOB.

BaxxHocTh mpo0sIeMBbI CBsI3aHa €IIIe ¢ TEM, YTO BCS XMMHYECKask IMPOMBIIICHHOCTh, HEQTE- U
ra3oi00b14a, KOCMUYECKas TEXHUKA U JIPYrHe OTPACiId SKOHOMHKH, TJIe HCIOJIb3YIOTCS BBICOKHE
TEeMIIepaTypbl, JaBIEHUE M AarpecCUBHBIC CpPEIbl, HYXIAIOTCS B HOBBIX BBICOKOI(P(PEKTUBHBIX
CpelcTBaxX 3aIuThl OT Koppo3uu. OMHUM H3 HanboJiee MPUEMIIEMBIX CIIOCOOOB 3aIl[UThl METAJIJIOB
OT KOPPO3UH, KaK ObIO OTMEUYECHO BBIIIE, SBISICTCS METO]I BBEJACHUS HHIMOUTOPOB B KOPPO3UOHHO -
aKTUBHYIO Cpey.

MHOTOYHCTIEHHBIMU HCCIIEIOBAaHUSIMHU, TPOBEJICHHBIMU B OOJIACTH CHUHTE3a U H3ydCHHS
MEXaHHW3Ma 3allUTHOTO JEWCTBUS HMHTUOMTOPOB KOPPO3HM YCTAaHOBIEHO, 4YTO Hambosee
3¢ dEeKTUBHBIMU WHTHOUTOpAMU SIBJSIOTCS OpPraHMYECKHWE COENWHEHUs, COJEpKallhie B CBOEM
COCTaBe pa3jMyYHble (YHKIMOHAIbHBIE TPYNIBI C aroMamH a3oTa, (ocdopa, cepbl, a TakKe
HEHACHIIIEHHbIE (IBOWHBIC UM TPOUHBIE) CBS3H.

AHanmu3 coctaBa M CTPYKTYphl  aJIYKTOB, TMOJYYEHHBIX HaMH T[0  peaKkluu
MetunenauokconanoB (MJIO) ¢ stanautuonom (B]1) mokazan, 4TO 3TH COSAMHEHUS COJEpKaT
reTepoaToM Cepbl W KHCIOpOJa, HEHACHIIEHHBbIE IEHTPHl B BHJE KApOOHUIBHOW TPYNNbl H
(eHUIBHOTO sI/Ipa, a TakkKe HuKiIoanudaTndeckue U MeTUIbHbIE TPynIbl.MoXHO OBUIO OKUIATh,
9TO, OHM MOTYT OBITh HCIIOJIb30BaHBI B KadyeCTBE HHTUOMTOPOB Kopposuu. Kpome sToro, mx
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TUHEIHAs CTPYKTYpa MOXKET MOJOXKUTEIBHO TOBIUATh HA A(PPEKTUBHOCTH MHTUOMPOBAHUS, T.K.
MOJIEKYJIBI C MPOCTPAHCTBEHHOW KOH(UTYpallMel JeNaroT B3aUMOICHCTBUE MEXKY TTOBEPXHOCTHIO
MeTaJlia ¥ 3JEKTPOHHOM MJIOTHOCTHIO HA aJICOPOIIMOHHOM IIEHTPE HETOJTHOIICHHBIM.
B xadecTBe coelMHEHUI 17151 UCTIBITAHUS OBLIIM UCMOJIb30BaHbl aAyKThl 3aMmenieHHbIx MJIO ¢
DT obmeit GopMyIIbI:
0 R

I \
CH,~ SCH,CCH,0CH-R?
\

CH,~ SCHgﬁCHgO(‘ZH— R?

o) R

Rl,RZ:CHg,—G,_O,_Q

JKcnepuMeHTalbHasA YacTb. MK-criekpsl canManuck Ha npubdope «Cary 630 FTIR» ¢upmsbr
AgilentTecnologes (kpuctramn ZnSe). [IMP-criekTpbl CHEUMaTUCh Ha crekTpomerpe «Dypbe»
(wactota 300 MIm) dupmbr «Bruker» B pasauuHBIX PAaCTBOPHUTENSX, BHYTPEHHHUCTAHIAPT-
TeKCAMETIIIIUCUIIOKCAH, XHMHUYECKHE C/IBHTH CHUTHAJOB TPUBEACHHI B mKaie O(Mm.x1.). Hucrory
CHHTE3MPOBAHHBIX COCAMHEHUH OMpPEeNsuli METOJIOM Ta30KHIKOCTHOW XpomoTorpaduu Ha
xpomatorpape JIXM-EMJI.

2-3aMenieHHbIe-4-MeTrieH-1,3-TMoKcomanbl  ObTM  CHHTE3WPOBAaHBI M3  COOTBETCTBYIOIIMX
XJIOPMETWIIMOKCOJIAHOB, ~ KOTOpbIE, B  CBOIO  Ouepelb, ObUIM CHHTE3UPOBAHBI  peaKIMel
COOTBETCTBYIOIIMX AJIBJIETUIOB U KETOHOB C SIMUXJIOPTUAPUHOM COTJIACHO METOIUKE, OITMCAHHOM B [4].

Cunre3 2-3aMeleHHbIX-4-MeTH/IeH-1,3- 10K COIaHOB

— _ CH30ONa, -~ 1
CICH, (‘ZH C|IH2 3 CH,=C O><R

o_ 0 DMFA CHO” R?
Rl RZ
Rl= R?= CHy (1), R'=CH;, R*=—J (1),

Rl=CHy, R2=—<_ > () R'=H, R= <O (V)

K pactBopy 0.4 monp cooTtBeTcTByromiero xjaopmerwiauokconana B 400 mu JIM®PA npu
NepeMeIINBaHuM 10 KarjsiM 1o0aBisian pactBop 1 monb Metmiata Hatpus B 200 ma JIM®PA npu
KOMHaTHOM Temneparype. Cmech nepeMeninBany 4 yaca Ipu ToH e TeMieparype u Biausanu B 300
MJI BOJIbI, TOCJI€ YEro SKCTparupoBaiu 3¢pupoM. OpraHudeckuil cIoM OTHEeNSIM M CYLIMIN Hal
MgSOQO4. DpupHbIe BHITSKKN BBITAPUBAJIH, @ OCTATOK MEPETOHSIHN B BaKyyMe.

IIpucoeauHeHne ITAHAUTHOIA.

o) RY
l |
CH,= c—0. _R! DAK CH,— SCH,CCH,OCH-R?
| )+ HS—-CH,~CH,"SH ———> |
CHyO R CHy— SCHzﬁCHZO(‘:H—RZ
o) R!
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B amnyny emkocteto 20 min momectuiu 0.02 monb  2-3aMenieHHoro-4-metuiies-1,3-
nrokcogana, 0.042 mone 3/1 u 0.5 Bec.% JJAK. AMnyny 3ananBajiv U HarpeBaiu B TEPMOCTATE IIPU
70°C B Teuenue 3-x yacoB. [lo okaHUaHUM peakyy CMECh OXJIaXKIaNH, 3-4 paza npombiBaiu 10%-
HBIM PacTBOPOM COJibI (17151 yaaneHnus uzobitka 3J1) u sxcrparupoBanu >dupom. [locne cymku Han
Na2SOgs 3¢hup oTroHsIH, a MPOAYKT PEaKIH MEPETOHSIIN B BaKyyMe.

HcnbiTanue ajyiyKTOB 3TAaHAMTHOJIA C METHJICHIMOKCOJAHAMM B KayecTBe HHTHOUTOpa
KOPPO3UM CTajJ¥M B CepHOl Kucjaore. lcnblTaHus MPOBOAWINCh, C IUIACTUHKAMHU U3
manoyriepoauctoir cramu CT-3 pasmepom 30x30x2 mm. Ilepen KaxapiM OMBITOM OOpa3Ibl
ouMIlaiM Ha UUIM(OBaIbHOW MAIIMHE A0 NOJy4YeHHs! OjecTsled OJHOpPOJHOM IMOBEPXHOCTH,
00e3)kupHUBaIN alleToHOM. Koppo3HoHHOW Cpeol CITyKUJIM PacTBOPbI CEPHOM KUCIIOTHI (X.4.) MPU
koHnenTpamuu |H u SH H2SO4. Ucnibrranus nposomu mipu 20, 40, u 80°C. I1pogomKuTeIbHOCTD
onbiTa - 2 4 ipu 20°C u 1 4 npu ocranbHbIX TeMneparypax. IHruoupoBaHHbIE pacTBOPBI KUCIOT
TOTOBWJIM HEMOCPEACTBEHHO Iepe]l ONbITOM. Bee onbIThl MOBTOPSAINCH TPkl KosmdyecTBeHHYIO
OLICHKY CTENEHH 3aIllUThl IPOBOJAMUIN TPAaBUMETPUUECKUM METOJIOM (II0 TIOTEPE MacChl CTAILHOTO
oOpasla, MOoJIBEpPraIlerocs KOppo3uH 3a OJMHAKOBOE BpeMs B pacTBOpaX, COOTBETCTBEHHO B
YUCTOW M MHTUOMpoBaHHOU KkucioTe). Koppo3noHHYIO CTOHMKOCTH ONpeAessiv, HCXOAsd U3
3HaueHUI HanboJiee BOCIIPOU3BOIUMBIX PE3YIbTATOB.

OO0cyxaenue pe3yiabTaToB. V3ydeHne WHTHOMPYIONIMX CBOWCTB CHHTE3MPOBAHHBIX
aJTyKTOB IMPOBOJMIIOCH B Pa3jMYHBIX arpecCUBHBIX cpenax U 3¢ (HEeKTUBHOCTh HX OILIEHHWBAJACh
IPaBUMETPHUYECKUM METOJOM (I10 MOTEPE MACChI CTAIbHOIO 00pasiia, MOABEPrarolIerocsi KOppo3uu
3a OJMHAKOBOE BpEMS B pacTBOpaX, COOTBETCTBEHHO B YHCTOM M MHTHOMPOBAHHOW KHCIIOTE).
Ucnprtanus nposoawm B uHTepBasie Temrneparyp 20-80°C. Bpems ucnbitanuii — 249 npu 20°C u 14
IIPU OCTaJIbHBIX TEMIIEPATYypaXx.

B Tabnuue npencraBieHbl 1aHHbIE 00 MHTMOMPYIOUIMX CBOMCTBAaX aJqyKTOB B 3aBUCHUMOCTHU
OT TEMIIEpaTypbl U KOHLEHTPAL[MH PEareHTOB.

Kak crnenyer n3 JaHHBIX TaOMUIBI, MCIOJIb3yeMble aIIyKThl 3()(EKTUBHO 3ALIUIIAIOT CTaJIb
OT KHUCJIOTHOM Koppo3uu. [l ajgiyKTOB-MHTMOMTOPOB MOBBILIEHHE TEMIIEPATYphl CpEbl
IIOJIOKUTENBHO BJIMSAET Ha 3alUTHBIA 3P deKT (ycuinBaeT ero). 3To BEpPOSTHO CBS3aHO C TEM, YTO
MOBBIIIEHUE TEMIEepaTypbl AKTUBU3UPYET HPOLECC XeMOCOPOLMH MOJIEKYl HHIMOMTOpa Ha
NOBEpXHOCTH MeTajula. [loBbllIeHHE K€ KOHIEHTpaluu HMHruburopa (B 2 pa3a) HE3HAUMTEIbHO
YBEJIMYMUBAET CTENEHb 3aIlUThl OT KOPPO3HMH, YTO MOKET OBITh OOBSICHEHO (OpMUpPOBAHHEM
3alIUTHOM IJIEHKM MOJIEKyJaMH MHIMOMTOpa B OCHOBHOM YK€ HpHU KoHueHTpauuu 0.5 1/1.
[TosToMy npanbHellee yBeIMYEHHE KOHLIEHTPALMM €ro TaK CUJIbHO HE OTpakaeT W3MEHEHUH
3HAYCHMS 3aITUTHOTO (P deKTa.

Takum o00Opa3oMm, HOJy4YEHHBIE PE3YIbTAaThl CBUAETEILCTBYIOT O BBICOKONW HMHIHOHMpYOLIEH
CIOCOOHOCTH HCcenyeMbIX aaqykroB. CTemeHb 3aluThl MPH 3TOM HAOIIOAAeTCs J10CTATOYHO
BbicOKast 92.7-99.9% mnpu konueHtpauuu paBHod 0.5-1.0 r/m. OmpHOBpeMeHHO HaAOMIOAeTCA U
BO3pacTaHue Ko3pduurueHTa TopMoxKeHuss HHruouropa 1o 615.

JlocTaTouHO BBICOKMM 3alUTHBIA 3(QQGEKT, NPOSBISAEMBIH HMCHIOIB3YEMBIMU aJIyKTaMH B
KagecTBe 3(P(EKTUBHOTO HMHTHOMTOpA KOPPO3UM CTadM B CEPHOM KHUCIOTE, OOBICHSAETCS HX
CTPYKTYpPHOM OCOOEHHOCTBIO, B YAaCTHOCTH, HAJIWYMEM B MOJIEKYJE TeTepOaToMOB CEpbl H
KHCJIOpoAa, KapOOHMJIBHOM M (PEHUIBHOM TpyII, OTBETCTBEHHBIX 3a aOCOPOIMOHHYIO CBSI3b C
MOBEPXHOCTHBIMU aTOMaMHU MeTailja. B pe3ynbraTe 3TOro Ha MOBEPXHOCTH MeTaia (opMupyercs
3alUTHAs IUICHKA.

ITo >¢dexkTuBHOCTH HMHTUOMPOBaHMS KOPPO3MHM METAIJIOB B KHUCIION cpeae H3yuyeHHbIE
STaHJUTUOJIbHBIE AJTYKThl HECKOJIbKO pasiauyaroTcs Apyr oT japyra. Ilpuyem Hambosbmmm
MHTUOMpYIOIIMM JAelcTBUeM oOnamgaer coeaunenue IV, coxepxaiiee B CBOGH  Mojekyne
apomarnyeckoe Aapo. CpaBHMTENBHO HaMMEHBIIEH AaKTUBHOCTBIO oOnagaer coeauHeHue |,
nMerolee B cBoell coctaBe y Cz-aTromMa yriepoaa JMOKCOJIAHOBOTO KOJIBLA TOJIBKO METHJIBHBIE

TPYIIIBL
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Tabauya
HUneubupyrowue cnocoonocmu ad0ykmos MemuieHOUOKCOLAH08 ¢ IMAHOUMUOTOM
Konnentp | Cxopoctb Koo
anus KOppo3uu,
2 Crenenn eHT Temmnepaty
dopmyna uHruOUTOpA UHTUOUTOD r/mM~4
a 3a1uTh, % TOPMOKEH pa, °C
Ui
/1
o CHj 0.5 0.72 91.8 14.6 20
_ I ! cH 1.46 95.6 28.2 40
“3H2 SCH,CCH0CH=CH3 4.2 08.4 176.5 80
1.0 0.22 98.2 82.6 20
CH,— SCH,CCH,0CH—-CH
2 T 3 0.44 98.8 118.9 40
0] CHs 1.20 99.2 586.7 80
,o CHs 0.5 0.70 92.1 15.4 20
B ! 1.42 95.8 30.3 40
|CH2 SCH,CCH0CH~_] 3.80 98.2 181.2 80
CH.— SCH,CCH,0CH~] 0.18 98.4 84.3 20
2 A 1.0 0.40 98.6 122.5 40
O CHs 1.18 99.2 506.4 80
f,) CHg 0.5 0.69 92.4 15.8 20
_ ! 1.36 96.2 31.7 40
R, SCH,CCH,0CH~ 3.40 98.6 184.3 80
CH,— SCH,CCH,OCH—<_ 0.16 98.6 86.5 20
2 I l 1.0 0.36 08.8 124.7 40
0 CHs 1.14 99.4 608.6 80
pd I 1.24 97.4 335 40
Clle o 3.7 99.4 186.0 80
CH, o 1.0 0.12 98.8 89.1 20
0.33 99.4 126.0 40
SCH,CCH,OCH, —Ph 1.12 99.9 614.7 80

B uccnegyeMbIx agayKkTax reTepoaToMbl Cephbl M KMCIOPOa B BUIE CYJIbGUIHON U dPUPHOM
CBs3EH, a TakKe KapOOHUIbHBIC U (DEHUIIbHBIC TPYIIIBI HAXOAATCS B OJIMHAKOBBIX IOJIOKECHUSIX, HO
pasnuuaroTcs KonudectBamu. [loaToMy, ciie1oBago 0KUIaTh yBEIIMUECHUS HHTHOUPYIOIIMX CBOMCTB
B cily4ae ucrnosb3oBaHus agayktoB ¢ DT, rae ancopOIUOHHBIX HEHTPOB B 2 pa3a OoJblie Mo
CpaBHEHHIO ¢ THO(EHONbHBIMH agaykTamu. B pesynbraTte 5TOr0 3(()EKTUBHOCTH 3aIIUTHI
MOBEPXHOCTH MeTaJljla CTAHOBUTCS OOJIbIIIE B Cllydae UCIOJIb30BaHus aanykra ¢ D/1T.

N3 TaObiMYHBIX NAaHHBIX BUIHO, YTO OOIIMM Ui WMCIBITAHHBIX WHTHOUTOPOB SIBIISCTCS
BO3pACTaHHE 3alIUTHOTO J(deKTa ¢ YBEIUYECHHUEM TEMIIepaTypbl arpecCUBHON Cpebl. ITO,
BO3MOXHO, CBSI3aHO C T€M, 4YTO MPU TOHMKEHHBIX TEMIIepaTypax Ha IOBEPXHOCTH MeTallja
nmpoTekaeT Qu3uveckas aacopOIus, a ¢ yBeIWYEHHEM TeMIepaTyphl HauyMHAaeT JOMUHUPOBATH
XUMHYECKas aficopOIIus.

JIUTEPATYPA
1.Cemenosa N.B., ®nopuanosuu I'.M., Xopommios A.B. Koppo3us u 3amura ot koppo3uu. M.:
®wusmatiut, 2002, 336 c.
2.Tomamos K./I., YepHosa I'.Il. Teopust koppo3uu 1 KOPpO3NOHHOCTOWKHE KOHCTPYKIIMOHHbIE
Marepuaisl. M.: Metamnyprus, 1986, 359 c.
3.ITanoB 1O.A. Teopus B3auMOJIENCTBHUS METAJUIOB U CILUIABOB C KOPPO3MOHHOAKTUBHOMN CPEIOM.
M.:Hayxka, 1995, 200 c.
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4.PamazanoB I'.A. CuHTe3 HUKJIONMPOIIaHCOoAepKamnX-4-mMetuneH-1,3-auokconanos // CI'Y,
Hayunsie uzectust, 2003, Ne2, ¢.30-33

XULASO
METILENDIOKSOLANLARIN ETANDITIOLLA ADDUKTLARININ METALLARIN TURS
MUHITDO KORROZIYASINA QARSI iINGIBITOR KiMi ISTIFADOSI
Yusifli F.X.

Acar sézlar: metilendioksolan, etanditiol, addukt, korroziya

Etanditiolun 2-ovazli-4-metilen-1,3-dioksolanlara radikal birlogsmosilo kiikiird torkibli monoadduktlar
sintez olunmus vo metallarin turs mithitde korroziyasina garsi ingibitor kimi istifads olunmusdur. Alinmig
adduktlarin mithafizo doracslorinin onlarin qatiligindan vo temperaturdan asililigi 6yronilmisdir. Miioyyon
edilmisdir ki, istifade olunan adduktlarin yliksok miihafizo gabiliyyatlori onlarin qurulus xiisusiyyatlori ila,
xiisusilo do molekulda metalin sathindoki atomlarla absorbsion slage yaratmaga gabil kiikiird vo oksigen
heteroatomlarinin, fenil va karbonil qruplarinin olmasi ilo slagadardir.

SUMMARY
USE OF ADDUCTS OF METHYLENE DIOXOLANES WITH ETHNANE DITHIOL
AS THE METAL CORROSION INHIBITORS IN ACIDIC MEDIUM
Yusifli F.Kh.

Key words: methylene dioxolane, ethane dithiol, adduct, corrosion

By radical addition of ethandithiol to 2-substituted-4-methylene-1,3-dioxolanes, sulfur-containing
monoadducts were synthesized, which were later used as an inhibitor of metal carrosion in an acidic
medium. The dependence of the degree of protection of the obtained adducts on their concentration and
temperature was studied. It is shown that the adducts used exhibit a high protective ability, which is due to
their structural feature, in particular, the presence in the molecule of sulfur and oxygen heteroatoms,
carbonyl and phenyl groups responsible for the absorption bond with the surface atoms of the metal.

Daxilolma tarixi: [lkin variant 19.02.2019
Son variant 28.02.2020
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NCCIEJOBAHHME ITPOIECCOB HOJIYYEHUSA HUK/INYECKHUX
HENPEJEJBHBIX OTHECTOMKHNX AMUH3MNOKCHIHBIX CMOJI
HA OCHOBE IUAMMUHOB, CUHTE3UPOBAHHBIX U3 Cs ®PAKIIUU

HMAXTEJBAUEB ®U3YJIU XAHAJIM oray
Cymeaumckuii 20Cy0apCmeeHHblll yHusepcumenm, OUuCCepmanm
shahgeldiyevf@gmail.com

Knrouesvle cnosa: Henpedenvhvie Ouamunbl, coNsHOKUCabIll  euopoxcuramun, Cs  ppaxyus,
1,9-ouamunobuyuxionenmen-2,7, amMuHO3INOKCUOHASL CMOLA, 02HECMOUKOCHb

Ilpeocmasnennas paboma nocesuiena cunmesy HenpeoerbHbiX YUKIuyeckux ouamunos na oaze Cs
(paxyuu, noayueHnou 6 Kauecmee NOOOUHO20 NpPodykma Ha nupoausnol ycmanoske II1-300.
Amunuposanuem NOIYYEHHBIX OUAMUHOB 6 YCIOBUSX OKUCTUMETbHO-80CCIMAHOBUMETLHOU CUCTEMbl 8
npucymemeuu  TiCliboin nonyuen 1,9-ouamunobuyuxionenmen-2,7 6 kauecmee UCXOOHO20 Cbipbs Ols
NOAYYEHUST AMUHOINOKCUOHOU CMOAbl. A maKdice UCCIe008aH MeXAHU3M Npoyecca amuHuposaHus u
npoyecca OmeepiHcOeHUss AMUHOINOKCUOHOU CMOJIbL PA3TUYHBIMU OMEEPAHCOAIOUWUMY ALEHMAMU.

W3BecTHO 4YTO, OUAMHHBI SIBISIOTCA ILIEHHBIMH XHMHUYECKUMHU pEareéHTaMu W HaXOIsT
HIMPOKOE MPAKTHUECKOE MPUMEHEHNE B Pa3IMYHBIX 00JIACTSAX TOHKOIO OPraHUYECKOro CUHTE3a U B
XUMHUYECKON TPOMBIIINICHHOCTH, Ojarojgapsi MX BBICOKOW PEaKIMOHHOM CIOCOOHOCTH. AHaIN3
JUTEPAaTypHBIX JTaHHBIX MOKa3bIBA€T, YTO MOJYYEHHIO JWAMUHOB IOCBSLIEHO MHOTO paboT, HO
CYIIECTBYIOIIME METOJbl CHHTE3a JUAMHHOB MPEICTABJISIIOT MHOTOCTaJMNHHBIE MPOLIECCHI,
Oazupyromuecs Ha AePUITUTHBIX peareHTax.

CrocoOoM BbIXOZa U3 CHTyallMd sBIsieTCs OoJjiee palMOHAIBHOE HCIOJIb30BaHUE
MIPOMEXYTOYHBIX MPOAYKTOB, MOJIYYEHHBIX MPU MPOIECCe JAHHOTO MPOU3BOACTBA, HApUMeEp, Mpu
nporecce nupoausa HedrenpoaykroB B yctaHoBkax OII-300, mpuBogsmiee kK 0oOpa3oBaHUIO
MHOTOYHCIIEHHBIX YTJIEBOJAOPOIOB Pa3IMYHOTO CTPOCHHUSL.

Hacrosimas pabota nocssiieHa CUHTE3y HENpeAeIbHbIX [UKIMYECKUX JUAMUHOB U3 IEHTaH-
nenteHoBol (Cs) (pakuuu, Moiyd4eHHOW B KadecTBe MOOOYHOTO MPOJYKTa HAa MHUPOIU3HOM
ycranoBke OI1-300 [1], mosydeHWIO aMHUHAIOKCHIHONW CMOJIBI Ha KX OCHOBE, a TaKke
UCCIIEIOBAHUIO (DU3UKO-MEXaHUYECKUX U OTHECTOMKUX CBOMCTB MOJTYYEHHBIX KOMITO3ULIUA.

CunTe3 HenpeaelbHbIX MUKIHYECKUX THAMUHOB Ha ocHoBe Cs ¢pakuuu. [Ipu cuntese
HEHACBIIEHHBIX JTUaMUHOB o OJIHOCTATUITHOMY METOY ObLITO MIPOBEJICHO
B3aUMO/ICHCTBUECONSTHOKUCIIOTO  TUAPOKCHUJIAMMHA €  IUKJIONEHTAaAUEHOM B  YCIOBHSX
OKHCJIUTEIIbHO-BOCCTAHOBUTEIbHOM  cucTeMbl B mpucyrctBuu  TiCls.  B3aumoneiicteue
COJISTHOKHCIIOTO TuApokcunamuHa ¢ TICl4B 3TUX yCIOBHSX MPUBOAUT K BOBHUKHOBEHUIO AMHHHOTO
paaukana, crmocoOHOTO OOpa30BHIBATH C COMPSIKECHHBIMU JUEHAMU HEHACHIIIEHHBIE TUAMHHBI C
YIBOCHHBIM YMCJIOM YTJIEPOJHBIX ATOMOB B MOJIEKYJIE, a TAKXKE TeIIOMEpa.

C uenpl0 HaxOXICHHS ONTUMAIBHBIX YCIOBHH TMpollecca HaMH ObUIO W3YUEHO BIHUSHUE
kosmuectBa TICls, MOJSIPHOTO COOTHOIIEHHSI ITUKIOTICHTaIMEH: COSTHOKHCIIOTO THAPOKCHIIAMHHA,
TeMIepaTypbl U NPOAOLKUTEIBHOCTH PEAKIIMU Ha BBIXOJ JUAMUHOB OT TEOPETUUYECKHA BO3MOKHOTO
W pacueTe Ha B3ATHI YETBIPEXXJIIOPUCTHIN TUTAaH. Pe3ynbTarhl BAMSHUS MEPEMEHHBIX MapaMeTPOB
Ha CEeJIEKTUBHOCTH MpoIiecca MpUBEACHbI Ha puc. 1-4.

[Iponiecc aMuHUpPOBaHUS HUKIONEHTAANEHA B 3TUX YCIOBUIX MIPOTEKAET MO CXEME:
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Hccneoosanue npoyeccoes nojy4eHusl YuKiudecKux Hel’lpe()eﬂbelx 02HeCMOUKUX
AMUHINOKCUOHBIX CMOJL HA OCHO8E OUAMUHOB CUHMESUPOBAHHDBIX U3 Cs qbpam;uu

Ti*— Ti 3

Ti 3+ NH,0H — NH,"+OH~ +Ti*" |
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Ha puc. 1 npuBenensl nannsie o BiusiHuM KoaudectBa TICl4 (Mom.%) B pacuere Ha B3sTBIN
coJitHOKUCHbIN ruapokcunamMud (I'A) mpu MonspHbIX cooTHomeHusix ['A K IUKIONEHTaAueHy
(LITT) 1:2, 1:2.5 u 1:3. Kak Buano u3 puc.1, ¢ yBennuerueM kojuuectBa TICls ot 5 mo 15 mon. %
(no otHomenuto k I'A) Boixoq auamunoounukinonentenuna (JJABLII) yBennuuBaercs, a Teromepa
CHIDKAETCS.

N3menenune mousipuoro cootHomenust I'A : LI ot 1:1 go 1:2.5 npuBOIUT K yBEIMYEHUIO
Bbixoaa JIABIIII k CHMKEHHIO OTHOCHTENBHOTO COJCpKaHUs TertoMepa. JlanbpHeinee n3MeHeHne
MOJIIPHOTO COOTHOIIEHUs OT 1:2.5 1o 1:3 He BBI3BIBAET CYIIECTBEHHOTO HW3MEHEHHUS B
COOTHOIIEHUH MPOIYKTOB peakluu (puc.2).
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Puc. 1. Buuanue xoauuecmea TiCls, TiCly, Puc. 2. Bausnue MONAPHO20 COOMHOUECHUS.
K (mon, % na eé3ameiii I'A) na évixoowvr ouamuna A T'A:ITHA]] npu cooepacanuu TiCla5, 10,15 mon %
(%) om meopemuuecku 6ozmoxncrozo (6 (1,2,3) Ha 8b1x00bl ouamuna (1,2,3) coomeemcmeenno u

pacueme na e3smuiti TiCls). 1,2,3-npu memnepamype menaomepa, A—6vixo0 (%), b—monapnoe
20° u npodonxcumenvnocmu 3 uaca. Coomuoutenue coomnowenue I'A, LI1]].
TA, II:1,1- 1:2, 2,2-1:25, 3,3-1:3

PaccMoTpeHne KpUBBIX BIMSIHHUSA TEMIIEPATypbl U HPOJOJDKUTENBHOCTU (pHc.3,4) mOKasalo,
YTO MOBbIIEHUE Temneparypsl oT 10 no 25° Bener k yBenuuenuto Beixona JIABIIII, a naneHelimee
MOBBIIIEHUE €€ YMEHBINAET BBIXOA. YBEJINYEHHE MPOJOJDKUTENBHOCTH ONbITa OT 3 10 6 4YacoB
BeleT K yMmeHblleHHIO Bbixoga JIABIIII, B To »ke BpeMs K YBEIMYEHHUIO OTHOCUTEIBHOIO
cozepkanus Tesnomepa. [Ipu 3-uyacoBoli mponomkuTenbHOCTH onbiTa Beixo JJADBIIIT makcumarne.

B pesynpTaTe NpPOBENCHHBIX ONIBITOB BBISIBJICHO, YTO ONTHUMAJIbHBIMU YCIOBHSAMH IS
MOJTy4EeHUs] TUaMUHOOUITMKIONEHTEHUIA B OKUCIIUTEIbHO-BOCCTAHOBUTEIBHOM CUCTEME SIBIISIOTCS:
TemriepaTypa-25°, kommdectBo TICls 15 mon.% mo Bistomy ['A, mpoaOmKUTENEHOCTh ONBITA 3
gaca, MoJisspHoe cooTHomenue [ITJ[:T"'A-2.5:1.
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Puc. 3. Bausnue npooonsicumenbHocmu Ha
6b1x00bl Quamuna (1,2,3) u meromepa
(1,2,3). A-6b1x00 (%), T- npodorxcumens-
Hocmo onvima. Coomuowenue I'A: LI, 1, 1'-
1:2; 2.2'-1:2,5; 3,3'-1:3.

Puc. 4. Bausnue memnepamypul npu

(TiCls 15 mon, % u npodonxcumenvhocmu

3 yaca) Ha 8vIX00bI Quamuna u meaiomepa
A-8b1x00 (%), -memnepamypa (°C).(uac).
Coomnowenue AT, 1, 1'-1:2; 2.2'-1:2,5;
3,3'-1:3.

B3aumMogelicTBue  CONMSTHOKUCIOTOTHAPOKCHIIAMUHA C COJSIMA ~ METAJJIOB  TIePEeMEHHOM
BAJICHTHOCTH B  OKHCIUTEIHHO-BOCCTAHOBHUTEILHON CHCTEME TIPUBOJUT K 0Opa30oBaHHUIO
aMUHOpaJMKalla, CIOCOOHOrO0 B TPUCYTCTBUM IMKJIONEHTaJWeHa O0O0pa3oBbIBaTh JAMAMMUH,
cCoJlep’Kalluil /B€ €IWHUIBI LUKIOINEHTEHAa B COCTaBE MOJIEKYJIbl M TEJIOMEpPHOTO MPOIYKTa.
OnTumainbHble ycnoBUs 00pa3oBaHUs IMMEPHOTO IPOIYKTa U TeJIOMEpPa YCTaHOBJICHBI HAMH.

Hacrosmas paGoTa mOCBSIAeTCs HMCCIENOBAHUIO CTPYKTYPHI MPOAYKTOB, meTomom MK-,
[IITP-cieKTpOCKOTIMU M Ta30KUAKOCTHOW Xpomartorpaduu. BeifeneHHas B pe3yiabTare peakiuu
nuaMuHOBas (Bpakiys ¢ Temmeparypoil kumenus 115-117° mpu 4 MM pr. cr. (cMm. Tabn. 1.), o
JaHHBIM  (PU3UKO-XMMUYECKOTO0  aHaliM3a M DJIIEMEHTHOro  cocraBa  sBisercs  1,9-
muamuHoOuIukionenTeHom-1,7 (JJABLIIT). Xpomartorpaduyeckuii aHamu3 (pakiuv IMOKa3al
HaJIMYKeE JIUIIb OJTHOTO U30Mepa ¢ yucTtoToit 99,5%.

Tabnuya 1.
Dusuko-xumuyeckue KOHCManmol npOOYKMos peakyuu
Monekyn- DIeMEHTHBIN
SIPHBIN BEC coctaB, %
Hass Bei- | T.k. (°C) 20 ° < H N
coc . |xom | mpu 4 MM dy ng g 5 o 2 ° £ o 2
- % o 5 = ) o [} T Q
pret £ E| %| 8| E| 8| E|
g = S| = s = S| =
2 | F S E < 5
) = 3 = 3 = )
m m M
73.40 9.98 17.41
HABOIT | 78 | 115-117 |1.0255 |1.5320 |170 | 164 73.46 73.14 10.07 9.75 17.40 17
JATLII 9 150-155 |1.0310 |1.5390 |240 | 230 |78.80 |78.26 |10.13 [9.56 [12.90 | 12

OO6pa3oBaHue €JMHCTBEHHOIO M30Mepa MpH aMHUHUPOBAHUU LUKJIONEHTAIUEeHa B OTJINYHE
OT HaOJII0JJAeMOTO CJI0KHOTO M30MEPHOT0 COCTaBa B Cllydae aMMHHUpOBaHUS Oyranuena-1,3, 2-
MeTtuinOyraauena-1,3, neHTagueHa- 1,300bsAacHsIeTCs, M0-BUAMMOMY, 0COOEHHOCTBIO
aMHHOIMKJIOTIEHTeHHIIbHOTO pagukana (). B pesynprare mprcoeanHeHHs aMHHHOTO pajuKana K
LIUKIONEHTAUEeHY 00pa3yercss aMUHOLMKIONEHTEHWIbHBIH  pajuKal C  OTHOCUTEIbHOMN
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JOKANMM3aIMe paJuKaIbHOTO IEHTpa B 4-M TMOJNOXKEHWH. bosbmas CcTabWIbHOCTh W,
CIIEZIOBAaTENIbHO, MaJjlasi aKTUBHOCTh pamgukana (l) mpuBogur K  oOpaszoBanuio  1,9-
nuamuHOOuIukiIonentena-2,7(11) mo cxeme.

B UK-cmekrpe 1,9-muamunoOuIMKIoneHTeHa-2,7 (puc.l) HaOMIOIAIOTCS MHTEHCHBHBIC
TIOJIOCH! BAJICHTHBIX ACHMMETPHUHBIX (Vac)3386 cM™ m cuMMerpuunbIX (V) 3293 cm? konebanmii
TIepBUYHOI aMMHHOH rpynmsl. Pacuer v mo popmyneve=345,5+0,876 vi.=3312cm™ moctatouno
Xopomo cormacyercs ¢ HaOmomaembiMm 3293 cml.  OtkmomeHme Ve (pacdeTHOro oOT
Ha6m01aeMoro)=9cm .10 CBUIETENLCTBYET O TOM, YTO CHBMI B CTOPOHY HM3KHX 4acTOT (M
CBOOOIHOTO MEPBHYHOTO AMHHA VacC 3500cM™) BBI3BAaH OJMHAKOBOM CTENEHBIO yJacTHs 00enmx
rpynn (N-H)B BoiopoaHOH CBSI3H.

CrnenoBarenbHO, aMUHOTPYIIIBI B MOJIEKYJIaX IMaMHUHA [0 CBOEMY OKPYXEHHUIO COBEPIIEHHO
WJIEHTUYHBI, a JTO COTrjJacyercs C TMpearnoyiaraeMoil CTpyKTypoil sauamuHa. B oOmactu
nedopmManuoHHeIX Konebanuit (mmockue) N-H 1640-1560cMm'nabmomaercs cuibHas mojoca
1615cm™ u mmpokas momoca B obmactu 900-650cm™ cpenHeil MHTEHCHBHOCTH (HEIUIOCKHE).
Iosnockl mornomenus B o6maactu 3050cm™ oTHOCATCS K BajeHTHBIM KojeGanusam cBssu =CH.
[Tonoca 1390cm™ (cpemmelt MHTEHCHBHOCTH), TMO BCell BEPOATHOCTH, OTHOCHTCS K IUIOCKHM
nedopmarmoHHbsiM KosiebanusMm CH mipu TBOHHO# CBSI3H.

B TIIMP-cnektpe (puc. 5) 1,9-nmaMuHOOMIMKIIONIEHTEHA-2,7 YETKO MPOSBUIICS CHUTHAJ
YeThIpeX MPOTOHOB JIBYX AMMUHHBIX TPYII C XUMUYECKAM CIABUTOM 1.1 MII. COOTBETCTBYIOIIHIA T10
MHTEHCUBHOCTH 4-M mpoToHaM (4:4.4). IlpoTroHsl Tmpu ABOWHON CBS3M MNPEACTABISAIOT
HepaspelnieHHbIl MyJIbTUIUIET B oOmactu 5.25-5.75 mpa. VHTerpanpHass HWHTEHCHUBHOCTH ITHUX
CUTHAJIOB TOYHO COOTBETCTBYET 4-m mporoHaMm. CHUTHaNbl APYrUX MPOTOHOB PACIHOJIOKEHBI B
oOmactil.3-4 M.
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Puc.5. UK-cnexmp 1,9-ouamunobuyuxnonenmena-2,7

C 1enp0 MCCIENOBAHUS TEIOMEPHOIO MPOJYKTAa PEaKLUUU IMOCIeAHUN ObLI IpeBpalleH B
aMHHHYIO COJIb IIPONYCKaHMEM CYXOro XJIOPUCTOTO BOJOpOJa Yepe3 pacTBOp  TEJIOMEPHOTO
npoaykTa B 0e3BoJHOM Xiopodopme. OuMilieHHas aMUHHAs COJib ObUIa IpeBpallieHa B JUAMUH
nevicteueM 40%-ro pacTBopa €JKOro HaTpa M WIACHTU(UIMPOBAHA BaKYyMHOW peKTH(UKaluel B
atMocdepe a3oTa. OJEMEHTHBIM COCTaB, MOJIEKYJSIPHBI BeC IMOJIyYeHHOH (pakuuu c
temnepaTypoil kunenus 150-155° npu 4 mm pr. cr. (cM. TabmMIily) COBHAJAET C PACUETHBLIMU,
MPUBEJICHHBIMU B NPEAINOJIOKEHUH, YTO JaHHas (pakius sSBISETCA AUAMUHOTPULUKIONECHTEHOM
(AATLIL).

B undpaxpacsom cnektpe (JATLII)(puc. 6) n0CcTaTOYHO YETKO BBIAEISIOTCS MOJIOCHI
MOTJIOIIEHUs], OTHOCsIMecs K AedopmanoHHbIM KkojeOaHusiM C=C cBs3U LUKJIONEHTeHOB 1650
cmt. Banentnble konebanus CH y nBoiiHoii cBa3u Ha 20cM™ cMeIeHbI B CTOPOHBI HU3KHMX YacTOT U
umeroT yactoty 3031 cm™t. OTHOCHTEIbHAS MHTEHCHBHOCTD MOJOCH! Ae(hOPMAIMOHHBIX KOJeOaHuiA
C-N-H cBs13u Ha MakcumyMe umeeT yacToty 1084 cm™. Dta nonoca nposipisiercs, Koraa nepBuYHas
aMUHHas TpyIIa BaJEHTHO CBA3aHa CO BTOPHUYHBIM YIJIEPOAHBIM aTOMOM, YTO COOTBETCTBYET
CTPYKTYpe JUAMUHOTPHUIMKIIONIEHTEHA. ACUMMETPUYHbIE U CUMMETPHYHBIEC KOJIEOaHUsI BaJICHTHBIX
cBsa3eit N-HaMHHHBIX TPYIII COOTBETCTBEHHO MMEIOT YacTOThI monoc 3348, 3255 em™,
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Puc. 6. [IMP-cnexmp 1,9-0ouamunodbuyurxionenmena-2,7

UYro kacaeTcs MpOAyKTa C TeMIlepaTypoil kumenus Bbime 155° mpum 4 mm pr. cT. u3-32
TPYIHOCTH pasfelleHusl BaKyyMHOH pektudukanmeii (Bemre 155° mpu 4 Mm pT. cT. mpomyKT
YaCTUYHO pa3jiaraercsi) Mbl OTPAaHUYWINCH OMpENeJICHUEM MOJEKYISIPHOTO Beca U COJCPKaHMS
a30Ta, a Takxke nokazanusamu MK-cnekTpos.

B UK-criekTpe 4eTKO BBIAEIAIOTCA monockl mornomenus 1650, 3035, 3345 u 3250 cm™,
XapaKTEPHU3YIOIINE COOTBETCTBEHHO JBYX3aMEIIEHHYIO JBOWHYIO CBSI3b W MEPBUYHYI0 aMHUHHYIO
rpynny. Mounekynsapubiii Bec (310) u conmepkanme azora (10.40%) COOTBETCTBYIOT JAMAMHHY,
coJiepKalieMy YeThIpe MATUWICHHBIX IIUKJIA B EMH MOJIEKYJIbI.

O6pa3oBaHue TUaMUHOHUTPU- U JUAMUHOTETPALIMKIONEHTEHA MOKHO OOBSICHUTH TEM, UTO
B MPUCYTCTBUH IUKJIONCHTAJMCHA aMUHOIMKIIONECHTCHWIbHBIN panukan (l) mpucoemunsieTcst K
UKJIONIEHTAIuEHy, o0Opasys  MamopeaknuoHHOCnocoOHbI  pamukan (1),  JlampHelimee
HapallMBaHUeE LIETIH TeJloMepa MOJaBisieTcs peakiuei oOpbIBa 1enu B pe3yabTaTe peKOMOUHALIUN
pamukama (1) wu (lll), uro mpuBoauT K o0Opa3zoBanmio auamuHOTpUIHKIoneHTeHA(IV).
PexomOunamnueit aByx amubHomunukioneHTeHWIbHBIX (III)  pagukamoB MOXHO OOBSICHUTH
obpasoBanue quamuHorerpanukionenrena (V) [2].

IlosryyeHne aMMHOIMOKCUAHBIX cMoJI. M3-3a Xopolei aare3un KO MHOTMM MaTepualiaM,
BBICOKMM IPOYHOCTHBIM IOKa3aTessIM, TEIUIOCTOMKOCTH M XMMHUYECKOW CTOMKOCTH, CTOMKOCTH K
NEUCTBUIO arpecCUBHBIX Cpell, HHU3KOM BSI3KOCTH aMHUHOSIOKCHUAHBIE CMOJIBI MOTYT OBITh
WCIIOJIb30BaHBI BO MHOTHX OTpacisX MPOMBIIUIEHHOCTH. B nuTepaType omucaH CHHTE3
AMUHOSIIOKCUIHBIX CMOJI Ha OCHOBE JUAMHHOB aM(haTHYECKOro U apoMarudeckoro psjaa. OgHako
BOIPOC O MOJYYEHUH HEMPEISIbHBIX aMUHOIIOKCHIHBIX CMOJI OCBEIeH Masio [4].

B cBsa3u ¢ 3TUM MpEeACTaBIsIO MHTEPEC CHUHTE3UPOBATh HEMpEICNbHbIE LHKINYECKUE
aAMUHOSIIOKCUIHBIE CMOJIbI, UMEIOLIUE B CTPYKTYpPE PEaKIIMOHHOCIIOCOOHBIE SMOKCUAHBIE TPYIIIIHI,
TPETHUHBIN a30T, JBOMHYIO YIJIEpOA-YIIAEPOAHYIO CBSA3b M T.A. Takue SMOKCHUAHBIE CMOJBI JAl0T
BO3MOXHOCTb TIOJYYHUTh MOJUMEPHI C 3aJaHHBIMUA CBOHCTBAMH.

Jl7is cuHTE3a aMHUHOATIOKCHIHBIX CMOJI B Ka4€CTBE MCXOIHOTO CHIPhSl HAMU ObLT UCTHOJIb30BaH
1,9-tuaMuHOOUITUKIIONIEHTEH-2,7, METO/Ibl CHHTE3a KOTOPOTO OMUCAHBI BHIIIIE.

CuHTe3 cMoJl ocyllecTBIsUIM B ABe craguu. CHavana OpoBOAWIM B3auMojeiictBue 1,9-
JTMAMUHOOUITMKIIONEHTEH-2,7 U SMUXJIOPTUIPUHA B MPHUCYTCTBUH KATAIUTUYECKOTO KOJIMYECTBA
BOJBI C O0Opa3oBaHWEM aMUHOXJIOPTUAPUHOB. Ha BTOpolt cTaguu cHUHTE3a TOJTYYECHHBIE
AMHUHOXJIOPTUAPHHBI TIOIBEPTaIN IETHAPOXIOPUPOBAHUIO BOJHBIM PACTBOPOM €AKoro Hatpa [3,5].
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VY CcTaHOBIIEHO, UTO C YBEIMUEHUEM COAEPKAHUS SMUXJIOPruapuHa oT 4 10 7 Mojb Ha | MoJb
1,9-mnaMuHOOUITMKIIONIEHTEHA-2,7 BO3pacTaeT SMOKCHIHOE YHCIO CMOJI. YBEIMYMBAIHM TaKkKe
KOJM4YecTBO eakoro Harpa (6 Momb Ha 1 wmous 1,9-mmammHoOunuknonentena-2,7). Ilpu
MOBBILIEHUH TemriepaTypbl peakiuu oT 20 10 60°C HabI0JaI0Ch YMEHBIICHHE SMTOKCUIHOTO YhCIia
AMUHOATIOKCUIHBIX CMOJI. KOoJIM4ecTBO SMOKCHIHBIX TPYNI M MOJEKYJIsSpHas Macca CMOJ B
3aBUCUMOCTH OT YCJIIOBHMW CHHTE3a M3MEHsIMCh B mpenenax 35-51 um 494-780 cOOTBETCTBEHHO.
[ToyueHHbIE aMHHOSIMOKCHIHBIE CMOJBI CHOCOOHBI K CaMOOTBEP)KICHHIO, MPOTEKAIONIEMY B
pe3ynbTaTe B3auMOJCHCTBUS SMOKCUAHBIX TPYII ¢ OCTATOYHBIMH BTOPHYHBIMU aMHHOTPYIITIAMH, a
TaKKe BCJICJICTBUE TOJMMEPU3AIMU  OJUTOSIOKCHIOB TIOJI BIUSHUEM TPETUYHBIX aMUHOTPYIIIL.
CamooTBepkaaronas CHoCOOHOCTh AaMHHODIMOKCHIHBIX CMOJ wu3ydeHa ¢ momormisio HK-
cnektpockonuu. O6pasipl, HaHeceHHbIe Ha TuiacTuHKY KBr tommmaoi 0,7-1,0 MM, momemanyu B
TepmocTaT U BbiaepxkuBaiu npu 40,80,120 u 160°C B Teduenue 6 4, yepe3 KaxIblil 4ac CHUMAs
creKkTporpaMMbl. KonnuecTBO mpopearupoBaBUIMX SMOKCUTPYNN OMPECNId 10 H3MEHEHHIO
HHTEHCHBHOCTH BaJEHTHBIX Kojebanuii B o6macti 910 u 1255 cm™ u MeromoM Ga3uCHOMN JTHHUH.
N3MeHenue coaepkaHusi SMOKCUTPYIN, BblYMCIeHHOe Ha ocHoBe WMK-cnekrtpa, mpuBeneHa Ha
pUCyHKe 7.

C yBenmuyeHHeM BpEMEHM  BBLACPKKH  00paslioB  mpu
TepMooOpaboTKe Ha0MrogaeTCs MTOJTHOE HCYE3HOBCHHE

60 ' AMOKCUTPYIIIBI B 00JIacTH MOJOC moryomieHust 765, 835, 910,

: y 1255 1 3005¢cm™, a Taroke monoc mornomenus 1645 u 3085cem™,

L L XapakTepHbIX JIsI ABOMHOW CBsA3M M mnpucyrctByromeid B MK-

CIIEKTpE HEOTBEP)KICHHOMN CMOJIBI. CnenoBarteibHO,

0 2 AMUHOATIOKCU/IHBIE CMOJIBI OTBEPKJAIOTCS KAK 0 3MOKCUIHOMY
)‘L——\ KOJIBIlY, TaK U 110 JIBOMHOM CBSI3U.

Jlnsg monrydeHUs OTHECTOMKHX AMOKCHIHBIX KOMITO3UIIUN

3 CMOJIBI OTBEPXK TN aaruapuaamu-1,2,3,4,7,7-rexcabpom-
ourukio (2,2,1)-renren-2-aukapOoHoBoii-5,6-kucnotel (B3J) u

4 7,7-numeTokcu-1,2,3,4-TeTpabpoM-OuIIuKIIO (2,2,1)-renTen-2-
TKapOOHOBOM-5,6-KUCTOTHI. (IMTBD ), MOJTY4€HHBIMU
i 2 4 & JIHUEHOBOM KOHJIeHcaluei rexcabpom Hu 5,5-
BpeMs, 4 JTMMETOKCUTETPAOpOM-LIMKIIOTICHTaJueHa c MaJIEMHOBBLIM

Conepxanue, %

2

20

Puc. 7. 3asucumocmo

auryapugom. Cwmoner  B3J[- u  JAMTBD/-anruapunamu
coO0epaHCcans INOKCUspynn

OTBCPIKAAOTCA IIPU 3HAYUTCIIBHO OoJlee HHM3KOM TEMIICPATYpPE U
3a Oojee KpaTKI/Iﬁ CPOK, U€M OHUAHOBBIC SMIOKCHAHBIC CMOJIBI. 910
CBs3aHO, IMO-BUAMMOMY, C HAJIMYUCM TPCTUYHOI'O aTOMa a30Ta B ICIHU aMHWHOS3NOKCUIHBIX CMOJI,
TaK KaK HM3BCCTHO, YTO TPCTHYHBIC AMHHBI ABJIAIOTCA YCKOPUTCIAMH OTBCPKIACHUA SMOKCUIHBIX
CMOJI aHTUApUIaMnu I(ap60HOBBIX KHUCJIOT.
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Tabnuua 2.

Duszuro-mexaruyeckue ceolcmaa Henpede/zbﬁod UMK]ZMH@CKOL? AMUHOINOKCUOHOU CMoJtbl,

omeepoicoennoub /] u JIMTHI/]-ancudpudamu

IToka3aresnnb B3 /I-anruapus AMTB3/1-anruapun
TemnocroiikocTs Mo MapteHcy, °C 165 180
Pazpymatoiee nanpsikenune, Mlla
MIPH PACTSKEHUH 85,542 90+4
TIpH CXKATUU 24143 24743
MIPH U3THOE 112+0,7 120+1,5
OTHOCHUTENTFHOE YIJIMHEHUE TIPH pa3pbiBe, %o 2-3 4-5
V napHas BA3KoCTh, KJK/M 14-15 17-18
Boponornomenune 3a 24 4. 0,025 0,037
Bpems 3aryxaHus Tocie BBIHOCA W3 IIIAMEHH 8-9 13-14
TOPEJNKH, C

B cBs3u ¢ BBICOKOI TeMmepaTypoi IMIIaBJICHHUs] U Majlol pacTBOPUMOCTHIO B cMmojie BOJI- u
IMTB3A-aaruapunoB ux npuMmensuid B Buje 70-80%-HbIX pacTBOpoB B Iemio3o0iibBe. bOJI- u
JIMTBOA-auruapuasl Opaid B KOJIMYECTBE, SKBUBAJEHTHOM IO OTHOLIEHUIO K KOJHUYECTBY
AMOKCHIHON cMOJbl. OTBEPKIEHNE MPOBOAWIIA IIPU KOMHATHOM TeMIlepaType B TedeHue 16 4, npu
80°-6 4, 120°-4 u u pu 140°C-24. OTBepkAEHHBIE KOMIO3HIINUA UMEIOT BHICOKHE MPOYHOCTHBIC
MOKa3aTeNH, TeIUIOCTOUKOCTh | SBIISIIOTCS CaMO3aTyXaronumu (Tad. 2.).

IKCNEePUMEHTAIbHAS YACTh.

MeTtonuka cuHTe3a JUAMUHOB. CHHTE3 HEHACHIIICHHOTO JUAMUHA TPOBOIAT CIEAYIOIIUM
o0pa3oM, B UYETBHIPEXTOPJIYIO KOJIOY, CHaOKCHHYI0 MEXaHHYECKOW MEIaIKoi, OOpaTHBIM
XOJIOTWIILHUKOM, JABYMs KareJIbHBIMH BOPOHKAMH M T€pMOMETpoM, momermarot 74,8 T (1,15 mouib)
METaJUTMIECKOro IUHKa, 5 Mob% kataim3aropa TICls (Ha B3SITBIN CONSTHOKHMCIbBIN THAPOKCHIAMUH),
pacTBOpeHHOro B MmeTaHoisie. [Ipu mepeMemuBaHuM B TedyeHHE | 4. W3 KameJlbHOM BOPOHKH
HakarumBaercss 13,9 1. meHTaH-ieHTeHOBOW pakimu (10 45°C) u 69,5 T. CONSHOKHCIOTO
THAPOKCHIIaMUHA B Bue 9%-Horo pactBopa B 2,5N CONMSTHOKHCIIOM MeTaHoJje. Peakiius Benercs mpu
10-15°C. ITocne npubaBieHNs BCEX KOMIIOHEHTOB PEaKIIMOHHYIO CMECh nepemenmBaroT emie 2 4.l1o
OKOHYAaHUU PEAKIMH HENpOpearupoBaBIlyl0 MEHTAaH-TICHTEHOBYIO (PAaKIUI0 U PacTBOPHUTEIb
OTTOHSIIOT, @ OCTATOK IMO/IIEIOYNBAIOT BOJHBIM PACTBOPOM eKoro Hatpa. [IpoayKT skcTparupyrot
U3 BOJHOIO pacTBopa wu3omnponuieHoBbIM crnupToM. llocne cymku Hag K:COszu oTronku
pacTBOpUTENS BBIACISAIOT MO BakKyyMHOW pasroHkod 114 r (68%) B pacuere Ha B3ATHIH
COJITHOKHUCIIBIA THAPOKCHJIAMHUH, MOJb.B. 165,7 (M0 KPHOCKONMUYECKOMY METONY); Tiun-110-
140°C/3 MM.pT.CT.; niol,4950, d#°0,9340 Haiineno: Nel7,43; 17,16.

a) Cunre3 1,9-1MaMHUHOOUIIUKIIONEHTEH-2,7.

B ueTpIpexropiyio peakioHHYI0 K00y, CHAaOKEHHYI0 MEXaHUYECKOW MelIalKon, 0OpaTHbIM
XOJIOIMIBHUKOM, KalleJdbHOW BOPOHKOM, TepMomerpom, mnomemaercss 10.4 r. COJNSIHOKUCIOro
ruapokcunamuna,  300mn  2.5H.  pacTBOpa  XJIOPUCTOTOBOJOpOJa B METAHOJNE H
4.3r.4eThIpEXJIOPUCTOrO THUTaHA, PACTBOPEHHOTO B MeTaHOJe. 3aTeM B TeueHue | yaca mpu
MEePEeMENIMBAHUN TI0 KaIUIIM J100aBIS€TCS COOTBETCTBYIOIEE KOJIMYECTBO IHMKJIOMEHTaAWEHA U
OJIHOBPEMEHHO TOPIUAMU A00aBisieTcss Metaunueckuii uHK (1:1.15 B pacuere Ha COJNSTHOKUCIBIHA
TUAPOKCUIIaMuH). PeakiimonHast cmech nepeMeniuBaetcs mpu 20-25° B TedeHue 2 4acoB U MOCHE
MO/IIEJIAYMBAHNS BOJHBIM PAacTBOPOM €IKOrO0 HATpa M SKCTPAKIMHU H3OIMPONMIOBBIM CIHHUPTOM
nojiBepraercs peKTuUKaIuy o1 BAaKyyMoM B atMocdepe azora.

BoigenenHplii  AMaMUHOOWIIMKIOTICHTEHUST HMMEET  Cclenyromue  (PU3UKO-XUMHYECKHe
KOHCTAHTHL: T.KuM. 115-117° ipu 4 mm, d2° 1.0255, n2° 1.5320, MR, 49.65 (Beruncieno 50.27); %
: C73.40 (73.14), H 9.86 (9.75), N 17.36 (17.07).
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Uccneoosanue npoyeccoes nojiy4eHusl YuKiudecKux Hel’lpe()eﬂbelx 02HeCmOUKUX
AMUHINOKCUOHBIX CMOJL HA OCHO8E OUAMUHOB CURME3UPOBAHHDBIX U3 Cs qbpam;uu

XpomarorpadupoBanue Ha 2-MeTpoBOil kosioHke ¢ 1.0%-M kapOOBaKcOM, HAHECCHHBIM Ha
XpoMOTOH Ha mnpubope Xpom-31, mokazano, yTo cTeneHb 4ucTOTHl  moJsiyueHHoro JIABIIII
cocrasiser 99.5%.

B kauecTBe MCXOIHOTO CHIPbSI IPUMEHSUIUCH COISTHOKHUCIBIA THIPOKCUIIAMUH MapKy 4.7.a. U
LUKIIONEHTAJUEH CO CTemneHbto 4ucToThl 99.8%. Karamuzatopom CiyXusl YeTBIPEXJIOPUCTHIN
TUTaH.

Xpomatorpadpupoanne JIABLII mnpoBogmmocs Ha xpomarorpade "Xpom-31" mpu
temrneparype aerekropa 190°, mmuHa kosoHKU-2.4, d=4MM, TBepnod (a3oi CIIy)KHJ XPOMATOH,
obpaboTanHbIii 1%-M pacTBopoM kapOoBakca. B kauecTBe ra3a-HOCUTEIS MCIIOJIb30BAJICS TeITHA.

[IMP-cnexktp cusar Ha mnpubope PC-60. B kadectBe pactBOpuTenss ObLT  B3AT
YeThIPEXJIOPUCTHIN YIIIEpOl, BHYTPEHHUM CTaHAApTOM ciayxui Tetpameruicuiad (TMC).

[IMP-cniexktpsl O6but cHATBI Ha mnpuoopax UR-20 u MKC-14A B mocTosiHHOHM KiOBETe
(d=0.0022). Ha UR-20 menesas nporpamma 4, ckopocTs 3anucu 160 cm™Y/mun., ycuneHno 8.5.

PesyabTrarel M ux o0cyxaenme. [lpy u3ydyeHuum B3aUMOJEHCTBUS T'MIPOKCUIAMHMHA
CIIMKJIOTIEHTaJIUEHOM OKHCIIUTEIbHO-BOCCTAHOBUTENBHON CHCTEME B IMPHUCYTCTBHM YETHIPEXXJO-
PUCTOrO THTaHa YCTAaHOBJIEHO, YTO B pPE3ylbTaTe€ peakluu oOpaszyercs JWaMUH C YIBOEHHBIM
YHCIIOM YTJIEPOJHBIX AaTOMOB B MOJIEKYJI€ U T€JIOMEPHBIN MPOIYKT.

UccnenoBanusi  CTPyKTyphl  IPOAYKTOB, TMOJYYEHHBIX TPU  CBOOOJHOPAIUKAIHHOM
aMUHUPOBAHUU IUKJIONEHTAJAUECHAa TUAPOKCHIAMUHOM B OKHCIHUTEIbHO-BOCCTAHOBUTEIHHON
cucteme meronoM MK- m [IMP- cnekrpockonuy mokasano, 4TO OCHOBHBIM IPOAYKTOM pPEaKLHH
apiugerca  1,9-muamMuHOOMIMKIIONEHTeHa-2,7. B kadecTBe NOOOYHOTO TMPOJAYKTa pEaKIHUU
oOpasyercs TeromMep, COCTOSIIIUI U3 TMaMUHOTPU- U AUAMUHOTETPALIMKIIOTIEHTEHA.
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XULASO
Cs FRAKSIYASINDAN SINTEZ OLUNMUS DiIAMINLOR 9SASINDA
DOYMAMIS TSIKLiK ODADAVAMLI AMINEPOKSID QATRANLARININ
ALINMASI PROSESININ TODQIQi
Sahgoaldiyev F.X.

Acar sozlar:doymamus diaminlor, xlorid tursulu hidroksilamin, Cs fraksiyasi, 1,9-diaminbitsiklopenten-2,7,
aminepoksid qatram, odadavamliliq

Toaqdim olunan is EP-300 piroliz qurgusunda yan mohsul kimi alinan Cs fraksiyasi asasinda doymamuis

tsiklik diaminlorin sintezinoe vo alinan diaminlorin oksidlogsma-reduksiya soraitinde TiCls istiraki ils

aminlogsmasina hosr edilmisdir. Aminepoksid gatranlarinin alinmasi liglin ilkin xammal kimi 1,9-

diaminbitsiklopenten-2,7 alinmis, aminlogsmo prosesinin mexanizmi vo aminepoksid gatraninin miixtalif
borkidici agentlarlo barkima prosesi tadqiq olunmusdur.

SUMMARY
STUDY OF THE PROCESSES OF PRODUCTION OF CYCLIC UNSATURATED FIRE
RESISTANT AMINE OXIDE RESINS BASED ON DIAMINES SYNTHESIZED
FROM THE Cs FRACTION
Shahgeldiyev F.Kh.

Key words: unsaturated diamines, hydrochloric acid hydroxylamine, Cs fraction, 1,9-
diaminostilbene-2,7, aminoethoxy resin, fire-resistance
The presented work is devoted to the synthesis of unsaturated cyclic diamines based on the Cs fraction
obtained as a by-product at the pyrolysis plant EP-300, by amination of the obtained diamines in the redox
system in the presence of TiCls, 1,9-diaminobicyclopentene-2,7 was obtained as a feedstock for the
production of aminoepoxide resin. The mechanism of the amination process and the curing process of the
aminoepoxide resin by various curing agents were also reseaeched.

Daxilolma tarixi: [lkin variant 01.03.2019
Son variant 18.02.2020
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N3YUYEHUE YCJOBUI COPBIIMU NOHOB MEJIN COJISIMA
TPOUHOI'O COIMOJIUMEPA MAJIEMHOBOUM KUCJIOTHI
CO CTUPOJIOM M JEITEHOM-1

HNPUHOBAJJBHAPA AJTAI/IUH rbi3bl

Bakunckuii 2cocyoapcmeennwiil yHusepcumem, 0OKIMOPaHm
jafarova.elnara@gmail.com

Knrouesvle cnosa: uonvt meou, copoyus, cmenenb copoyuu, COpoOYUOHHAST EMKOCHb

BBenenue. Bosbiioe mpakTH4ecKoe 3HAYEHHE MMEET acopOLMsl HOHOB TSKEIBIXMETAIOB
W3BOJIHBIX CpeJl MOJMMEPHBIMH COPOSHTAMH C PA3IMYHBIMH PEAKITHOHHO CIIOCOOHBIMU TPYITIIAMU
aToMOB. B nuTepaTtype BcTpedaercss JOCTaTOYHO MHOTO paboT, MOCBAIIEHHbBIX ATOH npodneme. Tak,
XenaToo0pa3yroue COMOJUMEPbl MaJeHMHOBOTO aHTHApPUAA M MAaJIEMHOBOW KHUCIOTBHI C
Pa3IMYHBIMH COMOHOMEpaMHU OBLIM WCIIOJIB30BaHBI JUTS W3BJIcueHUss noHOB Mmemu (II) m apyrux
TSDKEIIBIX METAJUIOB W3 BOAHBIX pacTBOpoB [1-4]. MomuduinmpoBanHbiii 3-aMHHOOEH30MHON
KHCJIOTOW TOJH(CTUPOI-AIT-MaJIEMHOBBIN aHTHAPU ) ObUT KCIOJIb30BaH B KadyecTBE COpOeHTa
msusBiaedenus voHoB Fe(1I), Cu(Il), Zn(II) u Pb(IT) u3 BoaubIx pacTBopoB [1].

IporieHT W3BJIE€UYEHNST HOHOB pacrojiaraercst B ciemyromiem psay:Fe(I11)>Cu(I)>Zn(IT)>Pb(II).
CopOeHT 7 (dheKTBeH a1 COpOIMY Ha3BaHHBIX MOHOB U3 CTOYHBIX BOJ. HOBBIN CIIMTHIN COPOEHT,
MOJIYYCHHBI  COMOJIMMEpHU3AIMEd CTHpOJa MW  MAJIEMHOBOM  KHCJIOTBI B  MPUCYTCTBUH
JTUBUHWIOEH30J1a, TPOSBIIST BBICOKYIO COPOIMOHHYIO CHOCOOHOCTH 1O OTHOIICHHIO K HOHaM
Xpoma, jkese3a, HUKens, Meau u cBuHa [2]. CopOuuoHHas €MKOCTh COpOEHTa MO OTHOIICHUIO
nonos Cr (1), Fe (IIT), Ni (II), Cu (II) u Pb(Il) umetor 3navenns 10,2; 14,3; 14,2; 15,4 u 8,0 me 22,
COOTBETCTBEHHO.  XenaTooOpa3ymoliuii  COMOoJIMMEp,  COoAepXalluii  KapOOKCHIIbHYIO  WIIU
KapOOKCUJIaTHYIO ~ TpYIIbl, ObUI ~ CHHTE3UPOBAaH  SMYJbCHOHHOW  COMOJMMEpHU3aluent
STHJIMETAaKpUiiaTa C JUBUHIIOCH30JIOM M TECTUPOBAH B KadyecTBE ajcopOeHTa [Uisi M3BICUYECHUS
MOHOB TOKCHYHBIX TsDKeNbIX MeTauioB [3]. XenmaTHass cMoia MOJIM(CTHPOJI-AIT-MaJeHHOBBIM
aHruapu) Oblja UCClieJoBaHa B KadecTBe copOeHTa uis u3BiedeHus noHoB menu(ll) u3 BoaHbIX
pactBopoB [4]. BpuIo M3yueHO BIUSHHUE pa3IMYHBIX MapaMeTpoB, Takue, kak pH cpema, macca
CMOJIBI, BpeMsl KOHTAaKTa W KOHIIGHTpalusi HMOHOB MeTauia Ha 3((EeKTUBHOCTh aAcopOIuu.
[TonumepHblli  cOpOEHT,  CHHTE3UPOBAHHBI  HAa  OCHOBE  AKPWJIOBOM  KHUCIOTHI U
MOJIMBUHUIUACH(PTOPU OBLIT MCHONB30BAH ISl U3BJICUYCHUS HOHOB MEAM M3 BOJHBIX PACTBOPOB[S].
JlanHble 10 copOIMU XOPOIIO omHchiBatoTcsa Monensimu Jlenrmiopa, @peitnannxa u Jlyoununa-
PanymkeBuya. [lo MHEHHI0O aBTOPOB MeXaHU3M COpPOLMU CBsI3aH C  HMOHOOOMEHHBIM
B3aUMO/JICHCTBUEM MEXKIy HMOHAMU MeOU U KapOOKCHUIBHBIMU Tpymnmamu copOeHta. B manHO#
paboTe 0OCYKITAlOTCS pe3yNbTaThl W3Yy4eHHUS YCIOBHM W3BIEYECHHS HMOHOB MEIAM W3 BOJHBIX
pPacTBOpPOB HATPHEBOW M aMMOHHUEBOM COJIEH TPOWHOTO COMOIMMEpa MaJeHMHOBAas KUCIOTa-CTHPOJI-
neueH-1.

JKCcNepUMEHTAIbHASI 4acTh. HarpueBasuaMMOHHMEBas COJM TPOWHOTO COMOJIUMEpa
MaJeMHOBAas KHCIOTa-CTUPOJ-JeIeH-1 ObUIM TMONydeHbl peakiMedl ComoJuMepa MaJeUHOBBIH
aHTUIPHU]I-CTUPOJI-TeTeH-1 ¢ 5%-HbIM pacTBOpaMH COOTBETCTBYIOIIUX IIEIOYEH.
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R

rae: R=-(CH2)7;CH3
[TonyueHHbIE COJMM HECKOJBKO pPa3 MPOMBIBAINCH CHayalla JUCTHILIMPOBAHHOM BOMOH, a
3aTeM alleTOHOM M BBICYIIMBAJINCh B BaKyyM-CyLIWIbHOM mikady. Beixoa HatpueBoil conu 3.8 r
(69%), ammonmeBoit conu 3.3 T (69.3%). McxoaHplil TpOHHON COMOJIMMEpP MaJICMHOBBINA aHTUIPHI-
CTUPOJI-eIIeH-1 ObUT CHHTE3MpPOBAH MO HM3BECTHOW MeTonuke [6]. [ns m3ydeHus: cOpOIMOHHON
CIIOCOOHOCTH CHHTE3WPOBAHHBIX COJIEM OBLI HCHOJIb30BaH BOJHBIM pacTBop HoHOB Menu(Il)
pazmuaHoi koumeHTpamuu (0.0025-0,02 mons 72-1). PaBHOBecHass KOHIICHTpAIWs MOHOB MEIH
omnpenensiach (GOTOMETPUYECKUM METOJIOM C HCIOJh30BaHWEeM B KadecTBe peareHta (0.001M
pacTBopa  KCHJIEHOJI-OPAHKEBOTO. OnTHueckass  IUIOTHOCTh Obula  W3MepeHa  Ha
cnektpodoTtokanopumerpe KOK-2 mpu A=540 Hm.
CreneHp copOIMU BEIYMCISIACH IO POpMYyIIe
C0 _Ce

0

R= -100%
a copOImoHHast EMKOCTB - TI0 opMyJie
_ (CO - Ce) -V

g
rae Cou Co—MCXO[HAs U PABHOBECHAS KOHIEHTPALMH MOHOB Meau (monb-nt), cooTBeTcTBeHHO, V-
00béM pactBopa CuSQOy4, B3siTOTO 115 cCOpOIUH, (17), -Macca copOeHTa (2).

HN3yyeHue BJMSIHHSI Pa3iuYHBIX (PAKTOPOB Ha cTenmeHb copoumu.Ha mporecc copOuum
(azcopOIM) MOHOB TSDKEJIBIX METAJUIOB U3 BOJHBIX PACTBOPOB, ABJISIOIIMICS (PU3UKO-XUMHUYECKUM
B3aMMO/ICHICTBUEM HOHOB MeTalllla U cOpOeHTa, BIUAIOT pa3nuyHbie dakTopsl. Cpenu paga Ipyrux
(bakTopoB HanboJee XapaKTEePHbIMHU M BaXKHBIMH SIBJISIIOTCSI BpEMSI KOHTaKTa COPOEHTa ¢ pacTBOPOM
HMOHOB MeTajuia (Bpemsi copOuuu), macca copOeHTa, UCXOaHas KOHIICHTpAIus MOHOB MeTaijia B
pacTBope, TemrepaTypa, Xapakrep cpeabl u ap. Huke mpuBOASTCS pe3ynbTaThl BIUSHUS MacChl
copOeHTa, KOHTAaKTHOTO BPEMEHHU M UCXOIHOM KoHIeHTpauuu nonoB meau (1) Ha crenens copOuuun
HMOHOB U3 BOJHOTO pacTBOpa.

Bausinue pH pacTBopa Ha copOumonHoii cnocodnocTn copdoenToB. Biausuue pH pactBopa
Ha aJCOPOLHOHHYIO CIIOCOOHOCTH COPOEHTOB 10 OTHOLIEHHIO K MoHaM Cu? * GbLIO HCClIeN0BaHO B
nuanaso”e 3HadeHuid pH=3.0-9.0, ¢ coxpaHeHuMeM Bcex IPYTHX IapaMETPOB IOCTOSHHBIMHU.
Heo6xomMoe 3nauenne pH pacTBOpoB 1pu u3ydenuu copbuun Cu?* ycTaHaBIMBaId HPU HOMOILIM
arietaTHbIX OydepHbIX cucrteM. AneratHele OydepHble pacTtBopel ¢ pH oT 3 n0 9 rotoBumm wu3
pacTBOpa YKCYCHOW KHCIOTBI M pacTBOpa TMAPOKCHAA aMMOHHUS C HCIoJb3oBaHMeM pH-merpa
mapku pH-600 AQ (Pymbiaus). Bnusuue pH Ha crenmeHbp copOuMM HMOHOB MeIU M3 BOJHOTO
pacTBOpa M3y4yeHO Ha MpHUMEpe aMMOHHMEBOW coJid TpoifHoro comoiumepa (puc.l). Kak BugHO U3
puc.l, npu cunbHOKUCIOTHOH cpene (pH 3) copOuus MOHOB Menu MPOTEKaeT OYEeHb MEIICHHO
(crenenb copbuuu 17.3%), 4r0 MOXKET OBITh HPUIIMCAHO PABHOBECHIO COpOLHUS-IecOpOIHs,
COIPOBOKJAIOIIEMYCSI C 3aMEHOM HMOHOB Menu BOAOPOAHBIMM HOHamu. CreneHb copOuuu
3HAYUTENbHO yBEJIMUMBaeTcs B auanasoHe pH ot 4 1o 6, a MakcuManbHas CTeNeHb copOLuuu Oblia
nocturayta npu pH 6 (49.5%).
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H3yuenue ycnosuti copoyuu uoHo8 meou CONAMU MPOUHO2O CONOAUMEPA
ManeuHo8ol KUCI0msl O CMupoaom u oeyenom-1
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P Macca copbGenra, 11t
Puc. 1. 3asucumocms cmenenu copoyuu Puc.2. I paguru 3asucumocmu cmenenu
om pH pacmeopa copoyuu om maccel copbenma ons
(Co =0.96 2 1%, macca copbenma 2.5 2 1 copoenmos MK-/{y-Cm-Na u MK-/{y-Cm-
1 obvem pacmesopa, é3amozo ons copbyuu NHs. Co =0.32 22 (0,005 monw 1Y), V= 0.04
(V) 0.04 1, 20°C. 60 mun) 1, 60 mun, 20°C

OTOT (akT MOXKET ObITh OOBSICHEH T€M, YTO C YBEIMUYEHUEM OTPULIATENbHBIX 3apsioOB Ha
azicopOupyronieil MoBEpXHOCTH, AIEKTPOCTATUYECKHE CHIIBI MPUTSIKEHHUS] MEXAY MOBEPXHOCTHIO
copOeHTa M HOHAMH MeTajula YBEJIMYMBAIOTCS, YTO MPUBOAUT K YBEIMUEHHUIO COPOLMOHHON
criocobHocTH copOeHTa [7]. Pe3ynpTaThl moka3aid, 4TO CUHTE3UPOBAHHBIE COPOEHTHI MPOSBISIOT
ONTUMATBHYIO CIIOCOGHOCT K COpOIMHM Mo oTHomeHMo k noHam Cu? * mpu pH=6. JlanpHeiimee
yBenuuenue pH pactBopa (7,0-9,0) mpuBOAWT K CBS3bIBAHUIO HWOHOB MEIU THAPOKCHUIBLHBIMHU
IpyNIaMH, B PE3yJabTaTe YEro yMEHBIIAeTcs CTENeHb COpPOIMH. YUHMTHIBas 3TO OOCTOATEILCTBO,
SKCTIEPUMEHTHI TI0 copbiuy 1oHOB Cu?’ M3 BOAHEIX PACTBOPOB CHHTE3MPOBAHHBIMU COPOEHTAMH
npoBoaunuch npu pH=6.0.

Bausinne maccbl copOeHTa Ha cTemeHb copOuum. ['padudeckd 3aBUCUMOCTH CTEICHU
u3BieyeHuss MoHOB Memu (1) W3 BODHBIX PAacTBOPOB OT MAacChl COPOCHTOB MPEACTABJICHBI Ha
pucynke 2. Ilpu 3ToM Macca copOeHTa, BhIpaskeHHas B 27~ BapbUpoBanach B unteppaie 0,5-2,5 2 z
! BunHo, uTo mpu BBIOPAHHBIX YCIOBHMAX COPOLMM YBEIMUEHHE MAcChl COpPOEHTa MPHBOIMT K
YBEIMUYEHHUIO CTENIEHN COPOIMH. DTO TIPOJ0IDKAETCS 10 ONpe/eeHHOi Macchl copbenTa (1.25 2.a?)
U JalbHelIIee yBeIMYeHHEe MacChl COPOEHTA MPAKTUYECKU HE CKA3bIBACTCS HA CTENEHU M3BIICUCHHUS
noHOB Meau. IlocTosHCTBO cTenmeHM copOLuUU MOcie OmpeiesieHHOM Macchl copOeHTa BHUIUMO,
CBSI3aHO C HACBIIIEHHUEM aKTHBHBIX PEAKIIMOHHBIX IIEHTPOB COpOEHTA MpHU BHIOPAHHOW MCXOJHOMN
KOHLIEHTpAllMi HOHOB Meau. He HCKITIoYeHOo Takke, 4To 3TOT IPQEKT CBsS3aH C yMEHBIICHUEM
KOHLIEHTPALIMK HOHOB MEIM B PACTBOPE B X0JI€ COPOIIHH.

3aBuCUMOCTDH CTeNeHH cCOpPOLMHU OT BpeMeHHM KOHTaKTa. BiusHue BpeMeHU KOHTaKTa Ha
crenienb u3BieueHus: meau (1) B cratuueckoM pexume mpu onpeAeNeHHbIX 3HAYSHHUSIX UCXOAHON
KOHLIEHTPAllMd HOHOB MEIH, MacChl copOeHTa, o0bemMa pacTBOpa, B3STOrO i COpPOLUU H
TEMIIEpaTypbl IPUBEIEHO HAa PUCYHKE 3.

BuaHo, 4TO He3aBHCHMO OT APYruX MapamMeTpoB MPOBEAEHUS COPOLMU CTENEHb U3BJIECUECHUS
MOHOB M€Y YBEJIMYMBAETCS C yBEIMYEHHEM BpEMEHU KOHTakTa jpocturas 71-74% npu 120 mun..
Bpewmst, npu koTopoM HaOt0JaeTCsl MPAKTUYECKU MTOCTOSIHHASL CTENIeHb COPOLMU HAaOMI0AAeTCs IPU
60 MuH co cTenenbto copbuuu, 68.8-72.3 %

3aBMCHMOCTD CTENEHH COPOLMH OT TeMIIEPATYPBI. Onaum u3 BOKHEHIINX
napaMeTpoB, BIUSIOMIMX HA CTENEHb COPOIMM HOHOB METAIJIOB M COPOIMOHHYIO €MKOCTh
copOeHTa, SBJIsIETCSA TEMIIepaTypa, IpU KOTOPOI MPOBOAUTCS MPOLECC COpOLIUU.
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Puc.3.3asucumocmo cmenenu copdoyuu om spemenu Konmaxma oasi copbenmos MK-/{y-Cm-Na
u MK-JTy-Cm-NH,, Co=0.32 2 1'%, macca copboenma 1.25 el V=0.04n, 20°C)

OHa HENnoCpeACTBEHHO CBfi3aHA C KUHETUYECKOM DJHEpPrueil HMOHOB METAJIOB W,
CJIEIOBATENIbHO, POCT WJIM CHIKEHUE TEMIEPATyphl JODKHBI IPUBOJUTH K U3MEHEHHUIO KOJIMYECTBA
HMOHOB MeTajula, aJcopOupoBaHHOTO cOpOeHTOM.C Liebl0 BBISBICHUS TeMIlepaTypHoro 3¢¢ekrta
pu U3ydeHuu copOuuu noHoB Menu (ll) cuHTe3npOBaHHBIMHU MOJIMMEP-COPOCHTaMU U3 BOJHBIX
PACTBOPOB, HAMH TIPOBOJHIKCH SKCHEPUMEHTHI mpr Temmepatypax 20, 30 u 40°C. PesymbraTsl
WJUTFOCTPHUPYIOTCS B Tabmute 1.

Tabnuya 1.
3asucumocmo cmenenu copoyuu (R), u copbyuonnoil emxocmu copbernmos (Ue) om memnepamypol
(Co=0.32 21, Meops=1,25 et pH 6, spems konmaxma 60 mun, V=0.04 1)

20°C 30°C 40°C
Copbent
R, % Qe 22 R, % Qe 22 R, % Qe 22
MK-i-Ct- Na 68.8 0.176 79.3 0.2 90.6 0.23
MK-Iii-Ct- NH4 72.3 0.1856 66.7 0.171 62.2 0.159

Kak BumHo u3 Ttabmuiel 1, yBenmuuenue temmeparypbl oT 20 10 40°C MIPUBOJIUT K
YBEIUYCHUIO M CTEIEHU COPOIMH, U COPOIIMOHHON €MKOCTH JUISI HATPHEBBIX COJICH IMOJMMEPHBIX
KHCJIOT, a JUIsl aMMOHHEBBIX COJieli HaOromaeTcss oOpaTHas KapTHHA. DTO CBS3aHO, BHJHUMO, C
pasnmuurieM B npouHocTsax cesseir O-Na (NHa) HAaTPUEBBIX M aMMOHHEBBIX cojiel. Tak,
xumuueckas cBsi3b O-Na B kapookcunatHoi rpymnne -COONa npounee, yem O-NH4 1 nostomy ans
paspbiBa ee TpeOyeTcst 60bIle SHEPTUH.

3aBHCHUMOCTb CTeNeHW COPOUUM W COPOUMOHHONW €MKOCTH COPOEHTOB OT HCXOJAHOH
koHuentpanuu uonos meau (1) B pacrBope. lMcxoaHas KOHIIEHTpAallMsi HOHOB MeTajlia B
pacTBope SIBISIETCS OJHUM M3 OCHOBHBIX (DaKTOPOB, OMPENENAIONINX CTENEHb pachpeneseHus
HMOHOB MEXIY PacCTBOPOM U TBEPJOM MOBEPXHOCTHIO copOeHTa. CyIIHOCTh COPOLIMY HOHOB MeTaa
COpOEHTOM 3aKII0YaeTcss B KOOPAWHAIIMKM HOHOB CBOOOJHBIMHM aKTHBHBIMU IIEHTpaMU COpPOEHTa, B
pe3ynbTaTe 4ero BO3HHUKAaeT (U3NYECKOE HIIM XMMHUYECKOE B3aUMOJICHCTBHE MEXAYy HOHAMH
MeTaiia u copoeHTa. A 3T0, BO MHOTOM 3aBUCHUT OT KOHIIEHTPAIIMU HOHOB METaJJIa B UCCIIEyeMOM
HCXOJHOM pacTBope. JIsi yCTaHOBIICHHS BIUSHHUSA MCXOJHON KOHIeHTpanuu uoHoB meau (I1) Ha
pe3ynbTaThl COPOIMKM HAMHU OMPECIICHbl PaBHOBECHAs KOHIICHTpAIMS W pPaBHOBECHBIE €MKOCTHU
copbertoB MK-JIu-Ct-Na u MK-Ju-Ct-NH4 npu paznudHbIX HCXOJHBIX KOHIICHTPAIUSX MOHOB
meau (Il), mpu oguHaKOBBIX MapameTpax ycinoBuit copouuu. [lomydeHHbIE pe3yabTaThl MOMENIEHBI
B Tabue 2.
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H3yuenue ycnosuti copoyuu uoH08 meou CONAMU MPOUHO2O CONOAUMEPA
ManeuHo8ol KUCI0msl O CMupoaom u oeyenom-1

Tabnuua.2
3asucumocmo cmenenu copoyuu (R), pasrnosecnoii konyenmpayuu uoroe meou (1) (C.) u copbyuonnoti
emxocmu copbenma MK-/[y-Cm-Na u MK-/{y-Cm-NHa om ucxoonoii konyenmpayuu uornoe meou (11)
(macca copbenma 0,05 2 (1,25 2n’), pH 6, epemsa konmaxma 60 mun, N=0.04 1, 20°C)

C, MK-/Iu-Ct-Na MK-u-C1-NH4
Ce qe Ce qe
MOJb MOJb OR’ MOb 1 N OR’ 1
i i i i Y% ool o 2 MOJIb ] 0% 22 MOJIb
<10° <10° 1100 | X10 x10° 7x10°

0.16 25 10,041 | 0.64 743 | 0,095 | 148 | 0.037 | 058 | 76,8 | 0.0984 | 1.54
0.32 5.0 0,1 1.56 688 | 0,176 | 2.75 | 0.88 1.37 | 72,3 | 0.1856 2.9
0.48 7.5 |10,164 | 2.56 65,7 | 0,253 | 3.95 | 148 2.3 69,1 | 0.2656 | 4.15
0,64 | 100 | 0,24 | 3.75 62,5 0,32 5.0 2.14 3.34 | 66,6 | 0.341 5.33
0,80 | 125 | 0,33 | 5.16 60,9 | 0,376 | 5.88 | 3.02 4.7 62,3 | 0.398 6.2
09 | 150 | 0,41 6.4 57,3 0,44 6.88 3.8 594 | 604 | 0.464 7.25
1,12 | 175 | 0,535 | 8.36 52,2 | 0,468 7.3 4.95 7.73 | 55,8 0.5 7.8
1,28 | 20.0 | 0,64 | 10.0 50,0 | 0,512 8.0 6.06 9.47 | 52,6 | 0.539 8.43

Kakne BBIBOJIBI MOXXKHO CHieNaTh MO JaHHBIM TaOmuisl? [Ipexme Bcero cieayer OTMETHTH
oOIIyI0 3aKOHOMEPHOCTh IT0 TIOBOJAY TOTO, YTO C YBEIHYEHHEM HMCXOIHON KOHIICHTPAIMW HOHOB
menu (I1) ymeHbIaercs crenens copOuuu. Hanpumep, mpu yBeTUUeHUH UCXOAHOW KOHIICHTPAIIMU
nonos meau (1) ot 0,16 o (0,0025 mons 1) 1o 1,28 ot (0,02 mons 1t) crenens cop6uu Ha
copoentax MK-JIu-Ct-Na u MK-u-Ct-NHs ymensimaercs ot 74,3 u 76,8% no 48,4 u 52,6%,
COOTBETCTBEHHO. Y MEHBIIICHUE CTETICHN COPOIMH C YBEITMICHUEM MCXOTHOW KOHIICHTPAIUU MOHOB
meau (I1) Moxer ObITH CBsf3aHA C JAByMs MPHYMHAMH: BO-TIICPBBIX, 10 MEpE 3alOJHCHUS
COpPOLIMOHHBIX IICHTPOB COpPOCHTa YMEHBIACTCS KOJUYECTBO HE3ANOJHEHHBIX COPOIMOHHBIX
MO3UIMIA ¥ CHWKAETCS YUCIIO COPOIMOHHBIX MOHOB, BO-BTOPBIX, C YBEIUYECHUEM KOHIICHTPAIHH
HCXOJJHOTO PAacTBOpa HMOHHAs CHJIa pacTBOpa YBEJIMYMBACTCA W akTUBHOCTh nMOHOB memu (I1)
YMEHBIIAETCS, YTO MPUBOJUT K YMECHBIICHHUIO CTETICHU COPOLIUH.

BTopbiM OCHOBHBIM BBIBOJIOM, CBSI3aHHBIM C BJIIMSTHUEM MCXOHOM KOHIIEHTPAIMH HA TPOIIECC
COpOIMHU, SIBISCTCS 3aKIIOYECHHE O TOM, YTO C YBeJMYeHHEeM KoHueHTpaiuu uoHoB memu (1)
YBEIIMYMBACTCS paBHOBECHAs! COPOIIMOHHAs eMKOCTh copOeHTOB. Tak, mpu copOumu Ha copOEeHTax
MK-/Tii-Ct-Na u MK-/Iu-Ct-NH4 yBennuenue ncxoanoit kourenrpanuu noHos meau (1) ¢ ot 0,16
it (0,0025 moms at) go 1,28 Tt (0,02 moms al) paBHOBecHas COpOIMOHHAS EMKOCTB
yBenuuusaercs ¢ 0,095 2 2~ 1(0,0038 mozw 21) u 0,0984 2 21(0,00154 momw 21) mo 0.512 2 2™(0,008
mons &) m 0.539 2 21 (0,00843 monw 2?), cooTBeTCTBEHHO. AHAIOTMYHAS 3aKOHOMEPHOCTh
HaOJIF01aeTCsl U JUIs APYTUX COPOCHTOB.

[Ipu cpaBHEHMU 3HAYCHUI CTENCHH COPOIMH U COPOLIMOHHOW €MKOCTH, IMOJYYCHHBIX IS
HATPUEBBIX U AMMOHHUEBBIX COJICH MOXKHO HAONIOaTh OTHOCHTEIBHO BBICOKHE 3HAYCHUS IS
aMMOHUEBBIX coJiel. OToT 3(ddekr, BUAMMO, CBS3aH C HEOJMHAKOBOW CTEICHBIO THAPOJIH3a
HATPUEBBIX 1 AMMOHHUEBBIX COJICH.

OOMeHHasi peakiss ¥ KOMIUIeKcooOpa3oBanue Mmexay woHamu memu (I1) um rpynmamu -
COONa u -COONH3 cop6eHTOB 3aBUCAT Hapsly C APYTUMHU (pakTOpaMu U OT CTENEHU TUAPOIIU3a
3THUX TPYII B BOJHOW cpene. M3BeCTHO, YTO CTeNeHb I'MIPOJIN3a HATPUEBBIX COJIeH KapOOHOBBIX
CoJiell MEHbIIIe, YeM aMMOHHUEBBIX COJIel (Hampumep, KOHCTAHTHI THAPOJIM3A alleTaTOB HATpUS U
aMMOHMs uMeloT 3Hauenus 5,7x10%° u 5,55x103 cootserctsenno [8]). Ilpu rumposuse
aMMOHHEBBIX COJIEH paBHOBECHE

- COONH4 +HOH «COOH +NHsOH
CIBUHYTO BIIPaBO, BCIJIEACTBHE OOpa30BaHMs CIIA0OBIX HIEKTPOJUTOB. A 3TO co3maeT Ooiee
OJaronpUATHBIC YCIOBUS [T B3auMoieiicTBrs HOHOB Meu (1) C kKapOOKCHIIBHOM TPyIION.
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XULASO
MALEIN TURSUSUNUN STIiROL VO DESEN-1-LO UCLU BIRGO POLIMERININ
DUZLARI iL® MiS IONLARININ SORBSiYA SORAITININ OYRONILMOSI
Sirinova E.A.

Acar sozlar: mis ionlari, sorbsiya, sorbsiya daracasi, sorbsiya tutumu

Mogalods mis (II) ionlarmm sulu mehluldan malein tursusunun stirol vo desen-1-lo {iglii birgs
polimerinin natrium vo ammonium duzlari ilo sorbsiya soraitinin dyronilmesine aid naticolor verilir. Mis(II)
ionlarmin polimer duzlarla sulu mehluldan sorbsiyasina mohlulun pH-nin, sorbentin miqdari, sorbsiya
miiddoti, mis ionlarmin qatilifi vo temperaturun tosiri Oyronilmisdir. Miioyyon edilmisdir ki, sorbsiya
saraitindon asili olaraq, mis iolarimn verilmis polimer duzlarla sulu mohluldan sorbsiya dorocasi 50.0-90.6%,
natrium vo ammonium duzunun maksimum tacriibi sorbsiya tutumu iso uygun olaraq, 0.512 q q™(0.008 mol q°
Y vo 0.539 q g*(0.00843mol g™) toskil edir.

SUMMARY
STUDY OF SORPTION CONDITIONS OF COPPER IONS BY SALT OF TERNARY
COPOLYMER OF MALEIC ACID WITH STYRENE AND DECENE-1
Shirinova E.A.

Keywords: copper ions, sorption, sorption degree, sorption attitude

The article presents the results of the study of the sorption condition of sodium and ammonium salts of
copper ions from the agqueous solution of ternary copolymer of maleic acid with styrene and decene-1. The
effect of pH sorbent, sorption time, copper ion concentration and temperature on the solution of copper ions
by polymer salts was investigated. It was determined that, depending on the sorption condition, the solubility
of the aqueous solution of polymer salts from 50.0 to 90.6%, the maximum experimental sorption capacity of
sodium and ammonium salt was 0.512 gg™* (0.008 mol g™) and 0.539 gg " (0.00843 mol g%).

Daxilolma tarixi: [lkin variant 27.06.2019
Son variant 23.01.2020

49


http://www.sciencedirect.com/science/article/pii/S1110062116300320
http://www.sciencedirect.com/science/article/pii/S1110062116300320
http://www.sciencedirect.com/science/article/pii/S1110062116300320
http://www.sciencedirect.com/science/journal/11100621
http://www.sciencedirect.com/science/journal/11100621
http://www.sciencedirect.com/science/journal/11100621/26/2

Sumqayit Dévlet Universiteti — “ELMI XOBORLOR”— Tabiot va texniki elmlor bolmasi

Cild20 N1l 2020

UOT 543.4:542.61:546.72

DOMIRIN(II) 3-((4-METOKSIFENIL)DIAZENIL)-4-((2-(4-OKSO-3-
FENILDIAZENIL)PENTAN-2-ILIDEN)AMINOETIL)IMINOPENTANON-2
VO 1,10-FENANTROLINLO MUXTOLIFLIQANDLI KOMPLEKSININ
SPEKTROFOTOMETRIK TODQIQi
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Agar sozlar: domir(Ill), 3-((4-metoksifenil)diazenil)-4-((2-(4-okso-3-fenildiazenil)pentan-2-iliden)
aminoetil)iminopentanon-2, miixtalifligandli kompleks, 1,10-fenantrolin, vulkanik dag
suxuru

Domirin(I1I) spektrofometrik tayini tiglin torkibinds donor oksigen va azot atomlar1 olan Gzvi
reaktivloradon genis istifado edilir [1-3]. Bu reaktivlorin miixtalif sinif {i¢lincii komponentlorin
istirakinda domirlo(III) omolo gotirdiyi kompleks birlogsmolor daha yiiksok kimyoavi-analitik
xarakteristikalara malik oldugundan miirokkab torkibli tobii vo sonaye obyektlorinds onun
mikromiqdarinin toyini {i¢lin daha miihiim shomiyyat kosb edir [4-6].

Togdim olunan is domirin(II) asetiaseton osasinda sintez edilmis azobirlosmoa - 3-((4-
metoksifenil)diazenil)-4-((2-(4-okso-3-fenildiazenil)pentan-2-iliden)aminoetil)iminopentanon-2 va
hidrofob amin — 1,10-fenatrolinlo kompleks omolo gotirmasinin spektrofotometrik metodla
todqiqino vo onun toyini iigiin yliksok seciciliyo malik yeni spektrofotometrik metodikanin islonib
hazirlanmasia hosr edilmisdir.

Tacriibi hissa.

Cihazlar. Spekrtofotometrik todqiqgatlar “Perkin Elmer” firmasinin istehsali olan kompiiterlo
tochiz edilmis “Lambda-40” spektrofotometri vo KFK-2 fotoelektrokalorimetrindon €=1,0 sm
galinhigh kiivetlordon istifado edilmoklo aparilmisdir. Mohlullarin tursulugu siiso elektrodlu pH-
121 pH-metrindon istifado edilmokls 6lgtilmiisdiir.

Reaktiviar va mahlullar. Domirin(IIT) 1,0-10™M qatiliqlh standart mohlulu metallik domirin
hesablanmis niimuna ¢okisinin sonradan nitrat tursusu alavo edilmoklo xlorid tursusunda (1:1) hall
edilmosi ilo hazirlanmisdir [7]. Isdo istifado edilmis 5,0-10° M gatiliqht is¢i domir(III) mohlulu
istifadodon ovval standart mohluldan distillo suyu ils durulasdirilmaqla hazirlanmisdir.

Tadgiqat zamani 3-((4-metoksifenil)diazenil)-4-((2-(4-okso-3-fenildiazenil)pentan-2-
iliden)aminoetil)iminopentanon-2(R) va 1,10-fenantrolinin (Fen)5,0:10°M qatiligl mohlullardan
istifado edilmisdir. Reaktiv vo 1,10-fenantrolinin is¢i mohlullar1 onlarin hesablanmis niimuna
cokilorinin etanolda hall edilmasi ilo hazirlanmigdir.Lazimi tursuluqlu miihit yaratmagq tiglin asetat-
ammonyak bufer mohlullarindan (pH 3-11) vo HCI fiksanalindan (pH 0-2) istifado edilmisdir.Isdo
istifade edilmis butun reaktivlor “k.t” vo ya “a.ii.t.” tosnifatli olmusdur.

Naticalar vo onlarin miizakirasi.

Domirin(IIl) reaktivlo kompleks amala gatirmasinin tadqiqi. Domir(I1l) reaktivle pH = 0-
7,0 tursuluqlu miihitds qarsiligh tesirde olaraq intensiv rongli kompleks birlosmo omolo gotirir.
Kompleksin maksimum is1q udmast A=400 nm dalga uzunluguna tesadiif edir (sokil 1). Bu miihitds
reaktiv isoA=368 nm dalga uzunluqlu maksimum isiq udmaya malik olur. Domirin(IIl) reaktivlo
omolos goatirdiyi eyniligandli kompleksin maksimum ¢ixim1 pH=3,0-3,5 tursuluqglu asetat-ammonyak
buferi miihitindo miisahido olunur (sokil 2). Reaktiv vo kompleksin rongi miihitin tursulugundan
asili olaraq doyisdiyi ticlin kompleksin udma spektri hom do reaktiv fonunda todqiq edilmis va
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A=440 nm dalga uzunlugunda maksimum isiqudmaya malik oldugu miioyyon edilmisdir.
Kompleksin maksimum ¢ixmmu iigiin reaktivin 6,0-10% M qatilig1 tolob olunur vo onun optiki
sixliginin qiymati reaktivin 3,0-8,0 dofs artiq molyar qatiliginda sabit qalir.

1,10-Fenantrolinin kompleksamalagalmaya tasiri. Domirin(IIl) reaktivlo kompleks omoalo
gotirmasina 1,10-fenantrolinintasirini dyronmok moagsadilo udma spektrlori miixtalif tursuluglu
miihitdo vo genis dalga uzunlugu intervalinda todqiq edilmisdir. Miioyyon edilmisdir ki, 1,10-
fenantrolin istirakinda Fe(III)-R-Fen miixtolifligandli kompleksi omolo golir. Miixtalifligandl
kompleksin omolo golmasi hesabina Fe(III)-R eyniligandli kompleksin udma spektri ilo miiqayisada
batoxrom siiriismo vo hiperxrom effekt miisahids olunur (sokil 1). Fe(Ill)-R-Fen miixtslifligandl1
kompleksinin maksimum isiq udmast A=436 nm dalga uzunluguna tosadiif edir. Fe(Ill)-R
eyniligandli kompleksi kimi Fe(III)-R-Fen miixtalifligandli kompleksi do turs mihitdo (pH=0-7,0)
omalo golir (sokil 2) vo onun omals golmosi ilo maksimum ¢iximin daha turs miihits dogru
stirlismosi miisahido olunur. Fe(IIl)-R-Fen kompleksipH=2,5-3,0 tursuluglu miihitdo maksimum
cixima malik olur.Reaktiv vo komplekslorin ronginin miihitin pH-indan asili olaraq doyisdiyini
nozors alaraq miixtalifligandli kompleksin udma spektri do “kor tocriiba” [R + Fen] fonunda todqiq
edilmis vo Fe(IIT)-R eyniligandli kompleksi kimi onun da A=440 nm dalga uzunlugunda maksimum
isiqudmaya malik oldugu miioyyon edilmisdir. Kompleksomalagalmays komponentlorin qatiliginin
tosirinin dyronilmosi miixtalifliqgandli kompleksin amolo golmosi iigiin 5,0:10* M reaktiv vo 3,0-10*
M1,10-feanatrolin mohlulunun tslob olundugunu gostormigdir. Miixtalifligandli kompleksin optiki
sixligmin qiymati reaktivin 2,5-8,0 vo 1,10-feanatrolinin isa 1,5-7,0 dofs artiq molyar gatiliginda
sabit qalir.

1,07

0,8

0,2 1

T T T T T T
400 450 500 550 600 650 A NM
Sakil 1. Domirin(Ill) eyni- vo miixtalifligandli komplekslarinin pHopt tursuluglu
miihitda udma spektriari
1.R, 2.Fe(IlN)-R, 3.Fe(lll)-R-Fen
Cre=2,0-10"M, Cr=6,0-10""M, Cren=3,0-10"*M,Lambda-40, {=1,0 su

Kompleksomalagalmaya vaxt va temperaturun tasiri. Kompleksomologolmoys vaxt vo
temperaturun tosirinin  Oyronilmosi domirin(Ill) eyni- vo miixtolifligandli  komplekslorinin
komponentlori mohlullarmin qarigdirilmas1 zamani dorhal omoals goldiyini vo mohlulda 6z
davamliliglarma goro forqlondiyini gostormisdir. Fe(l11)-R eyniligandli kompleksi mohlulda 2 saat
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Domirin(1ll) 3-((4-metoksifenil)diazenil)-4-((2-(4-okso-3-fenildiazenil) pentan-2-iliden)aminoetil)
iminopentanon-2 va 1, 10-fenantrolinlo miixtalifligandli kompleksinin spektrofotometrik tadgiqi

orzindo vo 60°C temperatura qodor quzdirildigda davamli  oldugu halda,Fe(11I)-R-Fen
miixtolifligandli kompleksi bir giin orzindo vo 80°C temperatura qodor quzdirildigda optiki
sixliglarinin qiymatini doyigmir.

Kompleksin torkibi va davamhlhq sabiti. Domirin(Ill) eyni- vo miixtolifligandl1
komplekslorinin torkibindoki komponentlor nisboti Starik-Barbanelin nisbi ¢ixim, tarazligin
slirlismasi vo izomolyar seriyalar metodlar1 ilo toyin edilmisdir [8]. Hor iic metodla toyinatin
naticoloriFe(Ill)-R  kompleksinin  torkibindo komponentlor nisbotinin  1:2,  Fe(III)-R-Fen
kompleksinin torkibindo iso 1:2:1 oldugunu gdstormisdir (cadvel 1). Eyni- vo miixtslifligandl
komplekslorin amolo golmasi zamani ayrilan H* ionlarinin say1 Astaxov metodu ilo toyin edilmis vo
onlarim torkibindoki komponentlor nisbatina dair naticolor tosdiq edilmisdir [9].

AA

1,0

0,87

0,6

0,4 1

0,2

1 2 3 4 5 6 7 8 pH
Sakil 2.Damirin(1ll) eyni- va miixtalifligandli komplekslorinin “kor tacriiba”
fonunda isiqg udmasimin pH-dan asililig
1.Fe(ll)-R, 2.Fe(ll)-R-Fen
Cre=2,0-10"M, Cr=6,0-10"M, Cren=3,0-10"*M, KFK-2,
£=1,0 sm

Oyrilorin kosismasi metodu ilo Fe(Ill)-R kompleksinin torkibi vo davamliliq sabiti toyin
edilmisdir. Toyinatin naticolori eyniligandli kompleksin torkibindo Fe(III):R komponentlor
nisbatinin 1:2 oldugunu vo yiiksok davamlilifa malik oldugunu gdstormisdir: 1gB=8,26+0,17
(cadval 1). Torkibindoki komponentlor nisboti nozors alinmagla, Fe(lll)-R-Fen miixtalifligandli
kompleksin davamliliq sabiti hesablanmis vo 1,10-fenantrolin istirakinda davamliliq sabitinin
toxminon 10* dof> artdi1 miioyyon edilmisdir:lgB(Fe-R-Fen)=13,70+0,14.

Cadval 1.
Fe(lID)-ineyni- va miixtalifligandli komplekslarinin kimyavi-analitik xarakteristikalar

Amax, AN, e10° Komponentlor Derc.;clehl grafikin
Kompleks | pHopt 1gp . xattilik intervali,

nm nm nisbati

mkg/ml

Fe-R 3,0-3,5 | 400 32 | 1,50+0,01 8,26+0,17 1:2 0,45-2,24
Fe-R-Fen | 2,5-3,0 | 436 68 | 4,35+0,02 13,70£0,14 1:2:1 0,22-3,58
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Ber ganununa tabegilik. Domirin Fe(IIT)-R va Fe(Ill)-R-Fen komplekslori soklinda toyini
ticiin doraceli qrafiklor onun miivafiq olaraq 0,45-2,24 va 0,22-3,58 mkqg/ml qatilig1 intervalinda
xatti olur. Maksimum isiq udmaya uygun dalga uzunlugunda (Aop) Fe(lll)-R vo Fe(IIl)-R-Fen
komplekslorinin molyar udma omsahi miivafiq olaraq (1,50+0,01)-10° vo (4,35+0,02)-10%-
barabardir.

Konar ionlarin tasiri. Domirin(I11) 3-((4-metoksifenil)diazenil)-4-((2-(4-okso-3-
fenildiazenil)pentan-2-iliden)aminoetil)iminopentanon-2ilo  omolo  gotirdiyi eyni- vo 1,10-
fenatrolinin istirakinda omolo gotirdiyi miixtolifligandli komplekslor soklindo spektrofotometrik
toyini metodikalarmi islomok mogsadilo Ber gqanununa tabegiliklo yanasi, toyinata konar ion vo
pardaloyici maddslorin tasiri Oyronilmisdir. Todqigatin noticalari 1,10-fenantrolinin istirakinda
miixtolifliqgandli kompleksin omolo golmasi hesabina toyinatin segiciliyinin kaskin artdigmni
gostormigdir. Domirin tadqiq edilmis eyni- vo miixtalifligandli komplekslor soklinds toyinino konar
ionlar vo pardsloyici maddalorin tosiri cadveal 2-do verilmisdir.

Cadval 2.
Fe(l1N)-ineyni- va miixtalifliqandll komplekslor soklinda toyinina konar ionlarm tasiri
Ion Mane olan kiitla nisbatlari fon Mane olan kiitlo nisbatlari
Fe(l11)-R Fe(l11)-R-Fen Fe(l11)-R Fe(l11)-R-Fen

Qolovi 2000 5000 Sh(lll) 20 930
metallar

Ca(ll) 1200 4500 Bi(lll) 31 1000
Ba(ll) 1500 4800 Ga(lll) 135 1500
Mg(1) 2000 5000 In(111) 210 1480
Zn(l1) 800 1600 Ti(IV) 7,4 380
Cd(1l) 1100 2000 Th(1V) 350 1500
Cu(ll) 70 800 Zr(1V) 1,2 187
Co(ll) 120 1450 Hf(1V) 15 360
Ni(Il) 175 1500 U(VI) 276 1500
Mn(11) 560 1600 Mo(VI) 0,9 180
Pb(11) 24 890 W(VI) 3,5 210
sn(ll) 3,6 740 C.04* 64 1230
AI(IT) 154 920 F 180 1000
Cr(111) 280 1420 HPO,* 290 1000

Vulkanik dag sUxurunda damirin tayini. DomirinFe(III)-R-Fen miixtolifliqgandli kompleksi
soklinds toyini {iciin islonilmis metodika Azasrbaycan Respublikasi Kalbocor rayonu orazisindon
gotiiriilmiis Kicik Qafqazin vulkanik dag slxuru niimunssindo onun miqdarmnin toyini ii¢ilin totbiq
edilmigdir. Bunun iiclin dag slUxuru niimunasindon 5,0 qram niimuns ¢aokisi gotiiriilmiis vo grafit
kasada 20 ml HF + 15 ml HCI + 5 ml HNO3z garisiginda qizdirilmaqla holl edilorak pasta halina
salmmigdir. Alinmis pasta hidrogen-fliioridin artig1 tamamilo qovulana qodor 60-70°C
temperaturda 4-5 ml HNOs ilo islonilmisdir. Bundan sonra alinan qaliq distillo suyunda hall
edilmis vo holl olmayan hisso filtr kagizi ilo siiziilorok ayrilmigdir. Alinmis mohlul iso 50 ml-lik
Ol¢li kolbasma kegirilmis vo distillo suyu ilo cizgiye qodor durulagdirilmigsdir. Bu mohluldan
miixtolif alikvot hissalor gotiiriilorak 25 ml-lik 6l¢ii kolbasma kegirilmis, iizorine 2,5 ml 5,0-10° M
reaktiv vo 1,5 ml 5,0-10° M 1,10-feanatrolin mohlulu olavo edilmis, pH=3,0 tursuluqlu asetat-
ammonyak bufer mohlulu ilo cizgiys qodor durulagdirilmisdir. Hazirlanmis mohlullarin optiki
sixhiglart ~ €=1,0 sm qalinligh  kiivetds, A=440 nm dalga uzunlugunda, KFK-2
fotoelektrokalorimetrindo, “kor tacriibo” fonunda 6lgiilmiisdiir. Analiz olunan slxur niimunasindo
domirin miqdar1 avvalcadon qurulmus doraceli qrafiks asason toyin edilmisdir. Toyinatin naticolori
coadval 3-do verilmisdir.
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Domirin(I1l) 3-((4-metoksifenil)diazenil)-4-((2-(4-okso-3-fenildiazenil) pentan-2-iliden)aminoetil)
iminopentanon-2 va 1,10-fenantrolinla miixtalifligandli kompleksinin spektrofotometrik tadqiqi

Cadval 3.
Vulkanik dag sUxuru niimunasinda domirin migdarimin tayini(n=>5, P=0,95)
Pasporta goro komponentlorin miqdari, % Tapilmigdir Fe, % Sr
TiO2- 0,75; Fe;0s3 - 4,52 (Fe — 3,164); FeO - 0,88 (Fe — 0,684); 3,850+0,116 0,026

Ca0 - 5,88; MgO - 1,50; P20s - 0,72; MnO - 0,02; K20 - 4,00;
NaO - 5,40; In,0s- 0,01; Ga.0s - 0,00945; Sc.0s - 0,01; SeOs -
0,05; P35 - 0,70; H20 - 0,29; SiO2— ocr.
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PE3IOME
CHEKTPO®OTOMETPUYECKOE NCCIEAJOBAHUE PASHOJIUT'AHIAHOI'O KOMIIJVIEKCA
KEJE3A(I) C 3-(4-METOKCU®EHNJ)JIUAZEHN)-4-((2-(4-OKCO-3-OPEHUJIIUA3ZEHIT)
NEHTAH-2-WIMJAEH) AMUHOETUN)UMHUHO-IEHTAHOHOM-2M 1,10-@EHAHTPOJIMHOM
Aouesa A.IO.

Kniouesvie cnosa: ocenezo(lll), 3-((4-memoxcugenun)ouasenun)-4-((2-(4-oxco-3-penunouaszenun)
NeHMAaH-2-UNUOCH) AMUHOIMUTL) UMUHONEHMAHOH-2, PA3HOIUSAHOHBII KOMHIEKC,
1,10-penanmponun, 8ynxanocennas nopooa

CrekTpooTOMETPUUECKUM METOIOM HCCIIEA0BaHO KoMIuiekcooOpasoBanue skenesa(lll) ¢ 3-((4-

MeTokcuberw)arazeHun )-4-((2-(4-oxco-3-peHnanaseH i ) 1eHTaH-2- MU ICH JaMHHO-
STHJI)UMHHOINIEHTAHOHOM-2 B MpHUCYTCTBHM ruapododHoro ammua — 1,10-dpenantponuna. OOpazoBanue
Pa3HOIMIaHIHOrO KOMIUIeKca B mpucytctBuu 1,10-heHaHTpONMHA COMPOBOXKIAECTCS OATOXPOMHBIM U
TUMEPXPOMHBIM 3((hEKTaMu B CHEKTPE MOIJIOIICHHS, & TAK)Ke MaKCHUMAJbHBIA BBIXOJ| CIBUTACTCS B Oojee
KHCIIYIO Cpeny. Y CTaHOBIIEHbI ONTHMAJbHBIE YCIOBHsS 00pa30BaHMUsI, ONPENEIECHBl UX COCTaB U KOHCTAHTHI
YCTOWYHMBOCTH, BBIYMCIICHBl OCHOBHBIE CIIEKTPO(POTOMETPHUYECKHE XapaKTEPUCTUKU OOHOPOOHO- H
pasnonurangaoro komriekcoB Fe(lll). Pazpaborana HOBast BRICOKOCENEKTUBHAS CIIEKTPOPOTOMETpUIECKAs
METOIUKA OnpeeIeHUs skenesa(lll) B BUJEC  PA3HOJIUTAHIHOTO KOMILIEKca C 3-((4-
MeTokcudenun)anazermn )-4-((2-(4-okco-3-heHuara3eH i ) IeHTaH-2- WK CH ) aAMHA HOI THI ) UMH-
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HomeHTaHOHOM-2 u  1,10-penanTponmuuoM. Pa3spaGoraHHass Meromuka TpUMEHEHa IS OMpeACTCHUS
KOJIMYECTBA JKeje3a B BYJIKAHOT€HHOM Opo/ie.

SUMMARY
SPECTROPHOTOMETRIC STUDY OF MIXED LIGAND COMPLEX OF IRON(II) WITH
3-(4-METHOXYPHENYL)DIAZENYL)-4-((2-(4-OX0O-3-PHENYLDIAZENYL)PENTAN-2-
YLIDENE)AMINOETHYL)IMINOPENTANONE-2 AND 1,10-PHENANTROLINE
Abiyeva A.Y.

Key words: iron(ll), 3-((4-methoxyphenyl)diazenyl)-4-((2-(4-oxo-3-phenyldiazen) pentan-2-ylidene)
aminoethyl)iminopentanone-2, mixedligand complex, 1,10-phenanthroline, volcanogenic
rock

Thecomplexation of iron(l1l) with 3-((4-methoxyphenyl)diazenyl)-4-((2-(4-oxo-3-phenyldiazenyl)

pentan-2-ylidene)aminoethyl)iminopentanone-2 in the presence of hydrophobic amine - 1,10-phenanthroline
was studied. The formation of a mixed ligand complex in the presence of 1,10-phenanthroline is
accompanied by a bathochromic shift and a hyperchromic effect in the absorption spectrum, and the
maximum yield is shifted to a more acidic medium.The optimal conditions for the formation were
established, their composition and stability constants were determined, the main spectrophotometric
characteristics of homogeneous and mixedligandcomplexes of Fe(l11) were calculated. A new highly selective
spectrophotometric method for the determination of iron(l11) in the form of a mixedligand complex with 3-((4-
methoxyphenyl)  diazenyl)-4-((2-(4-oxo-3-phenyldiazen)pentane-2-ylidene)aminoethyl)-pentanone-2  and
1,10-phenanthroline was developed. The developed technique was applied to determine the amount of iron in
volcanic rock.

Daxilolma tarixi: [lkin variant 09.07.2019
Son variant 23.02.2020
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EFIiRYAGLI BITKIiLOR VO ONLARIN FARMOKOLOJi AKTiVLiYO
MALIK TORKIB MADDOLORININ BAKTERISID VO FUNGISID
XUSUSIYYOTLORI

NAMAZOV NiZAMI RZA oglu
Sumqayit Doviat Universiteti, dosent
nizami.namazov63@gmail.com

Acar sozlar: mikobiota, mikotoksikoz, allergiya, dominant noviorin rastgalmo tezliyi, allergen va sorti
patogen noviar.

Molumdur ki, bitkilorin torkibina mixtalif komponentlor daxildir [2,3] ki, onlarin arasinda efir
yaglar1 xiisusi shamiyyat kasb edir [4]. Belo ki, bitkilordon alinan efir yaglariin bir ¢ox patogen va
sorti-patogen mikroorganzimlora munasibstdo antimikrob aktivliys malik olmasi aparilan bir g¢ox
todgigatlardan molumdur. Efir yaglarmin kimyovi sintez yolu ilo alman antimikrob vasitolordan
ustinliiyu ondan ibaratdir ki, onlar mikroorganzimloro 6z miidafio mexanizmini yaratmaq imkani
vermir. Clnki bu zaman mikroorganzimlorin genetik aparatinda doyisiklik bas vermir. Efir yaglarinin
genis sokildo istifado edilmasi belo bakteriyalarm davamli formalarmin seleksiyasina sabab olmur.
Muasir todqiqatlar efir yaglarinin yiiksok antiseptik aktivliya malik olmasini tasdiq edibdir. Masalan,
koklikotu bitkisinin efir yaglarinin 5%-Ii sulu mohlulu tif xostaliyi toradicisi olan bakteriyalar1 vo
dizenteriya toradicisi olan basillori 2 dagige middstine tamamilo mohv edir. Analoji effekt
kolibakteriyalarda 2-8 daqiqe, difteriya ¢oplorinds 4 daqigs, Kox ¢oplarinda (varamin téradicisi) iso
60 dagige muddstinds geydos alinir [6].

Adi sam, koklikotu, nans, lavanda, rozmarin kimi bitkilordon alinan efir yaglarinin qarisigini
otaga buraxdiqda biitiin stafilokokklar1 va kif gébaloklarini 6ldirir vo 200 mikrob koloniyasinda
comi 4-ii qalir. Adagayinda, dovadabaninda vo salfeydo olan EY vo tobii antibiotiklor yalniz
mikroblara tasir edir vo bu zaman diger canlilara tasir etmir, yoni canlilara miinasibatds secici tasir
effektino malikdir. Umumiyyatlo, efir yaglarmm antiseptik xiisusiyyati uzun zaman azalmir vo
mikroorganzimlords onlara qarsi bazi antibiotiklorin istifadasi zamani miisahido olunan davamliliq
(rezistentlik) [1,2,3] yaranmir. Bu da onunla olagadardir ki, efir yaglarmin antibioloji tosiri
naticasinds organzimin genetik aparatinda deyil, sitoplazmatik membranin, yani hiiceyra divarmin
dagilmasi, aerob tonoffiis aktivliyinin azalmasi ilo nticalonir. Bu da mixtalif izvi maddslorin
sintezi U¢uin zoruri olan enerjinin ayrilmasinin azalmasina gatirib ¢ixarir. Belaliklo, ekoloji voziyyati
modifikasiya etmoklo efir yaglar1 mikroorganzimlara 6zlorinin midafio mexanizmini yaratmaga vo
tosir effektino goro agressiv olan agentos adaptasiya olunmasina imkan vermir. Bu sabadan do efir
yaglarmin tibbi praktikada uzun miiddot istifadosinin rezistentliys sabab olma tohiilkasi, demok olar
ki, yoxdur. Efiryagli bitkilor sonayenin kosmetika, gida, yem, tibb vo s. sahalorinin xammalla tochiz
edilmasi isindo mithiim rol oynayir [1].

Efiryagh bitkilor o bitkilordir ki, onlarin xiisusi hiiceyralorinds (efir yagi yollarinda) vo ya
xiisusi tlikciiklorindo otirli (iyli) efir yaglar1 vardir [1,2]. Efir yaglar: bitkinin hom vegetativ, hom do
generativ orqanlarindan almir. Efir yaglarindan 1000-don artiq tizvi maddoslor alinir. Efir yaglariin
torkibi miirokkob iizvi birlogsmolordon- oksigen téromoli terpenlordon, spirtlordon, aldehidlordon,
fenollu birlosmolordon, flavonoidlordon, ketonlardan vo s.-don ibaratdir. Efir yaglar1 ucucu
birlogmolordir va praktiki olaraq suda hoall olmur [4,5]. O, asasen, bitki xammalindan su buxari ilo
qovmagqla alinir. Efir yaginin miqdar1 bitkinin ndviindon asili olaraq zoif izdon- 0,001%-don 20%-9
kimi olur. Adaton iso efir yagmin miqdar: bitkide 2-3% arasinda olur. Otirli yaglar omoalo gotirmok
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qabiliyyati ¢atirgicoklilor (Apiaceae), dalamazkimilor (Lamiaceae), sadofotukimilor (Rutaceae) vo
s. fosiloloro aid edilon 3000-don artiq bitki ndviindo miisahido edilir. Onlardan 200 ndve yaxini
sonaye ohomiyyoti kosb edir. On yiiksok keyfiyyatli efir yaglar1 zancafilkimilor (Zingiberaceae),
sandalkimilor (Santalaceae), dafnaokimilor (Lauraceae), giilcicoklilor (Rosaceae), atirsahkimilar
(Geraniaceae), sadafotukimilor (Rutaceae) fasilasino daxil olan bitkilorin torkibindo olur. Madani
halda becorilon vo yabani halda biton ot tipli efiryagl bitkilor- kesnis (kinza), siirve, reyhan, ziro,
cira, paguli, siiylid, bataqliq zanbag1 (air) vo s. bu mogsadls istifads edilir [1,4,6]. Evkalipt, yovsan,
kamfora agaci, nano, cofori, koklikotu, rozmarin, sadofotu va s. kimi dorman bitkilori do efiryagl
bitkilor qrupuna aid edilir. Onlardan praktik olaraq daha shomiyyatlilori 1- ci codvalds verilmisdir.

Cadval 1.
Todgigatlarimizda istifada edilon efiryaglibitkilar va onlarin tarkibinda olan
efir yaglarimin iimumixarakteristikasi
Efiryagh Tarkibinds olanefir Efir yagimntarkibinds olan asas
bitki novlari yaglarimniimumi komponentlarin miqdar (%)-1o
miqdar (%) 19
Pisiknanosi 2,5-3,0 Menthol- 98,5
(Nepeta cataria L.) Limenton- 0,92
Istiot nanosi 2.5-6,0 Menthol — 89,87
(Mentha piperita L.) Menthon — 6,02
Boymadoaran 0,75-1,0 Thymol- 57,24
(Achillea millefolium L.) Menthol -17,89
Daziotu 0,4-0,6 vy —amorfen -30,6
(Hypericum perforatum L) d-kadinen - 7,1
(E)-p-farnezen -5,4
Aci1 yovsan 0,2—0,5 % Thymol- 30,97
(Artemisia absinthium L.) Evcaliptol -24,13
Adi yovsan (A.vulgaris L) 0,1-0,3 Iso-thymol — 71,81
Evkaliptol — 17,15
otirli karaviz 0,1-0,2 Carbocrol -63,83
(Apium graveolens L.) 0-cumene — 21,0
Rozmarin 1,0-2,4 a-pinen-30,21
(Rosmarinus officinalis L.) B-pinen -30,14
kamfen -20,23
Limon 0,18-0,28 o-limonen -89,32
(Citrus limon (L.) sitral — 3,25
Salfey 0,6-1,5 Tsineol — 15
(Salviaofficinalis L). a-tuyon -10
B-tuyon -8
D-a-pinen- 7

Efiryagh bitkilordon alman sulu ekstraktlarin vo tomiz halda efir yaginin gobalok vo
bakteriyalarin boyiimoasine tosir effekti do torofimizdon aragdirilmig vo molum olmusdur ki, hor bir
halda tomiz efir yagmnin tosir effekti daha giicliidiir, hans1 ki, bu, 0z aksini 2-ci va 3-cl cadvallordo
tapmugdir.
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Efiryagh bitkilar va onlarin farmokoloji aktivliya malik torkib maddalorinin
bakterisid va fungisid xiisusiyyatlori

Cadval 2
Efiryagh bitkilordon alinan sulu ekstraktlarin gébalak va bakteriyalarin béyiimasine tasiri
Aktivlik
Kompozisiya Test kulturalar Biokdtlo ¢iximina gora | Liziszonasimin
(kontrola géra %) diametrina géra (mm)

Bac.subtilus 27,6 14

St.aureus 34,3 11

Ps.aureginoza 25,4 17

?f}{g-‘; Ech. coli 232 19
Candida alpicans 28,4 17

Fuzarium oxysporium 29,8 16

Aspergillus niger 21,3 19

A.ochraseus 20,3 21

Penicillium citrinum 18,9 22

Penicillium cuclopium 17,2 23
Bac.subtilus 43,3 8

St.aureus 39,5 12

. Ps.aureginoza 38,4 16
Rc(’ifl‘g;'” Ech. coli 35,7 17
Candida alpicans 32,1 12

Fuzarium oxysporium 35,6 11

Aspergillus niger 32,1 10

A.ochraseus 34,8 16

Penicillium citrinum 40,2 14

Penicillium cuclopium 37,6 17

Bac.subtilus 34,5 12

St.aureus 32,2 13

Boymadaron Ps.aureginoza 25,4 11
Ech. coli 29,2 14

Candida alpicans 21,4 15

Fuzarium oxysporium 17,8 19

Aspergillus niger 21,2 16

A.ochraseus 22,3 17

Penicillium citrinum 18,1 18

Penicillium cuclopium 21,4 20

Kontrol 100 100

Cadval 3
Efiryagh bitkilaordon alinan efir yaglarimin tamiz halda gobalok va bakteriyalarin boyiimasina tasiri
Kompozisiya Test kulturalar Aktivlik
Biokitls ¢iximina Lizis zonasinin
gora(kontrola géra %) | diametrina géra (mm)

1 2 3 4
Salfey Bac.subtilus 1,2 31
St.aureus 2,3 26

Ps.aureginoza 2,4 25
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1 2 3 4
Ech. coli 1,1 30

Candida alpicans 0 27

Fuzarium oxysporium 0 26

Salfey Aspergillus niger 0 29
A.ochraseus 0 31

Penicillium citrinum 0 32

Penicillium cyclopium 0 33

Rozmarin Bac.subtilus 33,2 13
St.aureus 29,3 17

Ps.aureginoza 28,3 21

Ech. coli 25,6 22

Candida alpicans 12,2 18

Fuzarium oxysporium 15,2 17

Aspergillus niger 12,2 16

A.ochraseus 14,4 22

Penicillium citrinum 20,0 20

Penicillium cyclopium 17,3 23

Boymadoran Bac.subtilus 3,4 22
St.aureus 3,2 23

Ps.aureginoza 3,5 21

Ech. coli 2,9 24

Candida alpicans 0 32

Fuzarium oxysporium 1,8 23

Aspergillus niger 1,0 25

A.ochraseus 0 29

Penicillium citrinum 0 30

Penicillium cyclopium 0 32

Bac.subtilus -+ 32

St.aureus 0,3 28

Ps.aureginoza 0,1 26

Ech. coli -+ 32

Candida alpicans 1,2 21

Act yovsan Fuzarium oxysporium 2,2 20
Aspergillus niger 2,4 22

A.ochraseus 3,2 26

Penicillium citrinum 1,7 27

Penicillium cyclopium 0,8 28

Kontrol 100 0

Beloliklo, apardigimiz todgiqatlardan aydin olur ki, Azarbaycan florasina daxil olan bir sira
bitkilordon alman efir yaglarmin bakterisid vo fungisid aktivliyi onlarmm komponent tarkibindon
asilidir vo major komponenti timol olan efir yaglarinin hom ayriligda, ham do digar torkibli vo
monsgali efir yaglari, o ciimlodon ag naftalan yagi ilo kompozisiyada bakterisid vo fungisid
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Efiryagh bitkilar va onlarin farmokoloji aktivliya malik torkib maddalorinin
bakterisid va fungisid xiisusiyyatlari

xususiyyatlori daha yuksak kamiyyat gdstaricisi ilo xarakterizo olunur. Bu hal 6ziinii A¢1 yovsan va
Salfeydon 1:1 nisbatinds hazirlanan kompozisiyanin istifadasi zamani da biiruzs verir.
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PE3IOME
BAKTEPUILIMIHBIE U ®YHI'NIIUAHBIE CBOHCTBA 3<I>I/IPHOMAC.JIIJ‘IHI>IX PACTEHUU
N NX KOMITIOHEHTOB, OBJIAJJAIOIIUX ®APMAKOJIOT'HYECKOU AKTUBHOCTBIO
HamazoeH.P.

Knwuesvie cnosa: muxobuoma, MUKOMOKCUKO3, aLiepeusi, Yacmoma 6Cmpeiaemocmy OOMUHAHMHBIX
81008, ALIePeeHHble U YCI06HO NAMO2eHHble 2PUDbL.

B pesynpraTe TPOBEACHHBIX WCCICIOBAaHUM ¥ HWHGOPMAMK TOMYYEHHOH W3 JIUTEPaTyphl
YCTAHOBJICHO, YTO pacTeHHs ¢ d(QUPHBIMU MaciaMU SBISIOTCS OJHHAM H3 OCHOBHBIX MECT ITOCEICHHS
MUKPOMHIICTOB, B PE3yJIbTATE JKU3HEACATENLHOCTH KOTOPBIX 00pa3yercs: psii MeTabOIUTOB, 00JIaAaroNIHX
WHOTJIa OONBIION TOKCHYHOCTBIO. DTH SIJIOBHTHIC BEIMIECTBA MOCPEACTBOM MHUIENHI TPHOOB JOXOIAT JO
BHYTPCHHMX TKaHEH pacTeHHW, Ha KOTOPbIX mocenstorcs. [loaToMy HeoOXOJMMO HCCIenoBaTh
MUKOJIOTMYECKHMH METOJIaMU BHJIOBOM COCTaB, Pa3BUTHE M PACHPOCTPAHEHHE MUKOOHOT, MOCENSIOIINXCS
Ha JIGKAPCTBEHHBIX pacTeHHsIX ¢ d3GupHbIMU Maciaamu. C 3TOH 1eIbi0 ObUIM MCCIeA0BaHbl MUKOOHOTH 101
BH/JIa JICKAPCTBEHHBIX PACTCHUH ¢ 3QUPHBIMU MaciaMu, BXOASIIUMHE BO (iiopy AzepOaiimkana.

SUMMARY
BACTERICIDAL AND FUNGICIDAL PROPERTIES OF ESSENTIAL OIL PLANTS
AND THEIR COMPONENTS THAT HAVE PHARMACOLOGICAL ACTIVITY
NamazovN.R.

Key words: mycobiota, mycotoxikosis, allergy, the frequency of occurrence of dominant species,
allergenic and conditionally pathogenic types

As a result of research and information from the literature, it was found that plants with essential oils
are one of the main places of settlement of micromycetes, as a result of which a number of metabolites are
formed, which sometimes have a high toxicity. These toxic substances reach the internal tissues of plants on
which they settle through the mycelium of fungi. Therefore, it is necessary to study the species composition,
development and distribution of mycobiotes that settle on medicinal plants with essential oils using
mycological methods. For this purpose, the microbiota of 101 species of medicinal plants with essential oils
included in the flora of Azerbaijan were studied.

Daxilolma tarixi: [1kin variant 04.11.2019
Son variant 26.02.2020
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BUGDA-EGILOPS HiBRIDLORINDO QLIiADIN ZULALLARININ
IRSIYYOTI
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Agar sézlar: qliadin ziilallari, elektroforetik ziilal komponentlaori, komponentlor bloklari,qgliadin
komponentlari, gqliadin komponentlarinin irsiyyati

Yiksokkeyfiyyatli vo  mohsuldar taxil bitkilori almaq {c¢lin  miasir ddvrde
biokimyanin,genetikanin, molekulyar biologiyanin miixtalif metod veo tiisullarindan seleksiya
prosesindo istifado olunur.

Elektroforez, gelfiltrasiya, immunoelektroforez kimi bir swra miasir metodlarla ziilal
molekullarmi identifikasiya edorok, makromolekullarin, o cilimlodon genotiplorin miixtalifliyi
haqqinda daha doqiq molumat oldo etmok olar. Belo ki, hor bir polipeptid onu kodlasdiran gen ti¢lin
marker ola bilor. Yumsaq bugdada donin ¢orok keyfiyyoti, bark bugdada iso makaron keyfiyyoti
donli  bitkilorin ehtiyat ziilallar1 olan qliadin vo qliitenindon toskil olunmus kleykovina
kompleksinin keyfiyyati ilo toyin olunur.Ehtiyat ziilallarin polimorfizminin oyronilmosi bitkilorin
genetikasi vo seleksiyasi tigiin ¢ox shomiyyatlidir.

Tadgiqat igindo bugda-egilops hibridlorinin biokimyovi vo texnoloji keyfiyyatlori 6yronilmoklo
yanasi, ehtiyat ziilallarin elektroforetik komponentorinin irsiyyati dyronilorok miioyyon olunmusdur
ki, morfologiyasina gora sabit olan bugda-egilops hibridlori elektroforetik spektrlorino géro homogen
vo heterogendir.Valideynlordon bozi qrup ziilal komponentlori bloklar soklindo naslo
ke¢cmisdir.Hibridlorin ehtiyat ziilallar1 komponentlorinin irsiyystinin dyronilmosi yumsaq bugdalara D
genomunun egilopslardan kegmosi fikrini tosdiq etdi.Bugda-egilops hibridlorindo gliadinin
komponent torkibi vo irsiyyoti. Todqiqat zamanmi bugda-egilops hibridlorinin elektroforetik ziilal
spektrlori valideynlorlo miiqayisali analiz edilorak, onlarin irsiyysti dyronilmisdir.

T.diccocum v.atratum x Ac.ovata hibrid kombinasiyasma daxil olan xatlorin spektrlorinin
analizi gostorir ki, bu xotlor arasinda 6z EF spektrlorina gora xotdaxili homogenlik vo heterogenlik
movcuddur. (sokil 1).

Valideynlordon bazi komponentlorin qrup soklindo naslo otiiriildiiyli goriintir. Lakin aciq
tozlanma prosesindo basqa valideynlorin do istirak etdiyini ehtimal etmak olar.

Ayri-ayr1 xatlorin vo ilkin valideyn formalarm EF spektrlorinin miiqayisoli analizi gostarir ki,
valideynlordon T.diccocum v.atratum vo ayri-ayri xstlordo «, @, 7 — zonalarda miioyyon oxsar

qrup ziilallar miisahido olunur vo bizs ehtimal etmoys imkan verir ki, onlarin arasindakiqgohumluq
olagolorini tosdiq edok. Mosalon, T.diccocum v.atratum vo INe-li xottin «— zonalarindaki
komponentlorin horakoti eynidir.
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Bugda-egilops hibridlorinda qliadin ziilallarinin irsiyyati

Bork bugdalarla aparilmis todqiqat
islori  [2] gostorib ki, bu zona
komponentlorin sintezi 6A xromosomunda
yerlogson  qliadin  lokusu  torofindon
tonzimlonir. 3 vo 4 Ne-li hibrid xotlorinda
do 1 Ne-li xotdos oldugu kimi « zona (6A)
T.diccocum v.atratum-a oxsardir. Bu vo ya
digor xatlordo miioyyon komponentlor @ -
vo y-zonada bozi komponentlor hor iki

valideynlordo moévcuddur. Lakin bu, o
demok deyil ki, hamin komponentlor doqiq
olarag bu valideynlordon keg¢misdir. Bu
hibrid kombinasiyasindan olan xatlorin

miiqayisosi gostorir ki, onlar bir sira qrup  g,xj7 7. T.diccocum v.atratum x Ae.ovata hibrid
qliadin  komponentlorino géra  bir-birind kombinasiyasindan olan xatlorin ayri-ayri danlarinin
oxsardir. Masalon, 1 va 3 Ne-li xatlor  gliadin elektroforetik spektriori
arasinda EF spektrlorino goro he¢ bir forq 1 - T.diccocum v.atratum
yoxdur. 2 — Ae.ovata
Oyronilmis  yumsaq vo  bork  3-6 — IAe-li hibrid Xattinin nlimunalari
bugdalarin biitiin xromosomlara gére gap  /-10— 2M-li hibrid xattinin nimunalori
olunmus bloklarmnin kataloquna [2] ssason ~ L11-14 —3Ae-li hibrid xattinin nimunalori
chtimal edo  bilorik ki,  «-zona 15-16 — 4Ne-li hibrid xattinin nimunalari

komponentlorinin sintezi 6A xromosomu, /£ asason 6B, y — 6B, 1A,1B xromosomlar1, @ —iso 1A
vo 1B xromosomlar1 torofindon tonzimlonir. Belo olan halda T.diccocum v.atratum X. Ae.ovata
hibrid kombinasiyasindan olan xotlorin EF spektrlorin miiqayisosi analizinin naticolorini asagidaki
codvoaldo simvolik olaraq qruplara boliib vermok olar.

Cadval 1.
T.diccocum v.atratum x Ae.ovata hibrid kombinasiyasindan olan xatlorin
ehtimal olunan xromosomlara gora qruplasdirilmasi

Ehtimal Xotlor

olunan 1 2 3 4 5 6 7

xromosomlar

I (1A) 1 1 1 1 2 3 3

Il (1B) 1 1+2 1 1 3 4 4
Il (6A) 1 2 1 1 3 2 2
IV (6B) 1 2 1 2 3 1 2

Roagomlarde simvolik olaraq bloklar gdsterilir. Codvalden goriindiiyli kimi, 1-ci xattin gqliadin
qruplar1 3-cii xatlo eynidir, 4-cii xatt is9 bir qrup qliadin komponentlorine goéra 1 vo 3 Ne-li xotdon
forqlonir. Ehtimal etmok olar ki, bu bir blokdur, SNe-1i hibrid xastti biitlin qrup komponentlorino géro
digor xotlordon az sayda iso y-zona komponentlori istirak edir. Ae.ventricosa-dan iso bu xotdo
demok olar ki, he¢ bir komponent istirak etmir. 9Ne-1i hibrid xattindo T.durum v.leucurum-dan « -
zonada miioyyon komponentlor (6A xromosomu), Ae.ventricosa-dan iso D genomu torofindon
nazarat olunan bir sira komponentlor istirak edir.

Ae.ventricosa x Teyakan 60 hibrid kombinasiyasma daxil olan xotlorin EF spektrindo
valideynlordon Ae.ventricosa-da D genoma xas olan y-zonadaki yaglh komponent aydin goriiniir.
Bu da onu siibut edir ki, bu xatlordo D genom normal ekspressiya edir. Lakin Ae.ventricosa-da olan
w-zona qliadin komponentlorinin hibrid névlords olub-olmamasi aydin deyil, ¢ilinki bu zonada
basqa genomlara (A vo B) xas olan gliadin komponentlori do spektrde mévcuddur.
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S$akil 2. Ae.ventricosa x Teyakan 60 hibrid
kombinasiyasindan olan xatlarin ayri-ayrt donlarinin
qliadin elektroforetik spektriori

1-2 — Teyakan 60

3-4 — Ae.ventricosa

5-8 — 18Ne-li hibrid Xattinin nimunalari

9-12 — 19/Ne-li hibrid xattinin nimunalori

13-15 — 20Ne-li hibrid xattinin nimunalari

16-17 — 2 1Ne-li hibrid xattinin nimunalari

Teyakan 60-a xas olan iki yagh
komponentin (y-zonada) 19-cu xotdos istirak

etdiyi goriinlir. Bu komponentlorin sintezinin
IB  xromosomu  torofindon  nozarot
olundugunu ehtimal etmok olar.21Ne-li xotdo
@ -zonaya (1 vo 3 niimunslordo) xas olan
qliadin komponentlorinin  istirak  etdiyi
gorandr.

Belolikla, valideyn Vo hibridlorin
elektroforetik  spektrlorinin ~ miiqayisali
analizi gostorir ki, bir qrup gliadin
komponentlori valideynlordon noslo
Otiiriilmiisdiir vo hibrid xatlor arasinda eyni
bloklar miisahids edilir.

Oyronilon biitiin hibrid
kombinasiyalarinin EF spektrinin analizi
gostorir ki, valideynlorlo hibridlor arasinda
miioyyon oxsarligq vo forq movcuddur.
Egilopslardan hibridlore ¢ox az miqdarda
komponentlorin  kecdiyini ehtimal etmok
olar. Ae.venticosa valideyn kimi istirak edon
xotlordo D genomuna xas olan komponentlor
gliadinin EF spektrindo goriiniir.

Cadval 2.
Ae.ventricosa x Teyakan 60 hibrid kombinasiyasina daxil olan xatlorin
ehtimal olunan xromosomlara gora qruplasdirilmasi
Ehtimal Xotlor
Xroﬁ:‘éggglar 18 19 20 21 22 23
I (1A) 1 2 1 3 4 1
11 (1B) 1 2 1 3 1 3
11 (1D) 1 1 142 1 2 1
IV (6A) 1 2 3 1+4 1 1
V (6B) 1 2 1 3+4 3 2+3
VI (6D) 1 2 1 3 3 1

Beloliklo, bugda-egilops hibridlorinds qliadin EF spektrlorinin miiqayissli analizindon

asagidaki noticolor alinir:

1. Morfologiyasina gors sabit olan bugda-egilops hibridlori EF spektrlorino goro homogen va

heterogendir.

2. Agiq tozlanma getdiyina goro molum valideynlordon bazi grup zilal komponentlori
bloklarla naslo 6tiiriilmiisdiir. Digor bloklarin isa konar (malum olmayan) niimunslardan kecdiyini

ehtimal etmak olar.

3.Bugda-egilops hibridlorinin vo valideynlorin EF spektrlorinin miigayisali analizi yumsaq
bugdalara D genomunun egilopslardan kegmasi fikrini tasdiq edir.
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PE3IOME
HACJIEAOBAHUE I'NIMAJIMHOBBIX BEJIKOB B NIIEHUYHO-3I'NJIOIICOBBIX
T'NBPUJIAX
TI'acanosa C.I'., Bepouesa I'M., I'acanosa C.I.

Knrouesvle cnosa: znuadunosvie Oenxu, anekmpogopemuueckue OeIKoeble KOMNOHEHmbl, OIOKU
KOMROHEHMO6, KOMNOHEHMblL 2MUOUAHd, HACACOCHEEHHOCMb KOMNOHEHMO8
2AUOUAHA

B cratee Hapsgy ¢ uH3ydYeHHEM OHOXHMHYECKHX M TEXHOJOIMYECKHMX KAadeCTB IIIICHUYHO-

STHJIONICOBBIX THOPHIOB, ObLIAa TAaK)KEe H3ydeHa HACICIACTBEHHOCTh 3JCKTPOPOPETHYECKUX KOMIIOHEHTOB
[VIMaMHOBBIX OCJIKOB, M BBIACHEHO, YTO CTAOMJIBHBIC MO CBOEH MOP(MOJIOrHH MIICHUYHO-THIIONICOBBIC
THOPHUIBI, 110 3JICKTPOYOPETHUCCKOMY CIEKTPY SBJSIOTCS TOMOTEHHBIMH M TeTeporeHHbIMU. HekoTopbie
TpyIIbl OETKOBBIX KOMIIOHEHTOB, B BHJIE OJOKOB, MEPENUIH OT POMUTENed K MX MOTOMCTBY. M3ydeHue
HAaCJIeI0BaHMsI KOMIIOHEHTOB ITMOPHIHBIX 3alaCHBIX OCJIKOB IMOATBEPAUIIO, YTO mepexo reaoma D B miarkue
COpTAa MIIEHUIIBI TPOX30IIET U3 STUJIOICOB .

SUMMARY
INHERITANCE OF GLIADIN PROTEINS IN WHEAT-EGILOPS HYBRIDS
Hasanova S.Q., Verdiyeva Q.M., Hasanova S.Q.

Key words:gliadin proteins, electrophoretic protein components, components’ blocks, gliadin

components, the origin of gliadin components.

In the scientific work researched the wheat-egilops hybrids’ biochemical and technological qualities,
including the origin of the electrophoretic component of the storage proteins, and determined that the wheat-
egilops hybrids, which are stable for morphology, are homogeneous and heterogeneous for their
electrophoretic spectrum. Some of the parent's group protein components have passed through the form of
blocks. Studying the inheritance of the components of hybrids of the storage proteins proves that the D
genome passes through egilops to soft wheat.
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Dekanhqlarda xarakterik miirokkobliyi ilo secilon asas problemlordon biri do semestr
miiddotindo  tolobolorin ~ mosgalo, kollokvium, laboratoriya, davamiyyoti tiizro giindolik
molumatlarin toplanilmasi, sonda isa sorbast is ballarinin da daxil edilmasi ilo imtahana girig balinin
tapilmas1 kimi tortib olunan miivafiq sonadlogsmo strukturlu formalarin hazirlanmasidir. Homginin
kredit borcu olan toslobolorin alt qruplara, yaxud passiv qruplara daxil edilmasi vo yaradilan yeni
(alt vo ya passiv) qruplarda tolobalorin yuxarida geyd olunan ballarin hesablanmasi kimi proseslorin
codval formalarmin tortibati da sonadlogmo islorini bir gqodor do ¢otinlosdirir. Semestr orzindo hor
bir fonn iizro qiymotlor codvallorinin, sifro (kod), imtahan vorogolorinin adi gaydada tortib
olunmasi iterasiyali proses olduguna goro vaxt itkisino sobab olur. Tortib olunan cadvallorin bir-
birindon asilili§i da hor hansi bir codvoldo olan sohvin digor codveollordo do tokrarlanmasina,
hesablamalarin diizgiin olmamasina gotirib cixaracaqdir.

Dekanliglarda sonadlosmo islorindo vaxt itkisinin azaldilmasi vo yarana bilocok sohvlorin
dorhal aradan qaldirilmasi mogsadilo bu kimi proseslorin avtomatlasdirilmas: tigiin hom fordi
dekanliglar iizro, hom do dekanliqlar arasi goboko strukturunun iglonmoasi zoruriyyoti yaranir.

Toklif olunan model dekanliglarda hazirlanacaq imumi orta miivoffoqiyyet gostaricilorinin,
imtahan varagolorinin vo bu kimi elektron sonadlorinin avtomatlagdirilmasmi tomin edir. Todqiq
olunan hom fiziki, hom do montiqi soboko strukturu tickomponentli (Ob, F, N) idarsetmo
sistemidir.Burada Ob - tadqiq olunan obyektin adi, F - obyektloraras1 olagalor, N - obyektlor iizra
miivafiq qorar gobuletmo ¢oxlugudur.

Molumdur ki, hor bir obyekt digorindon xarakterik parametrlori ilo farglonir. ilkin
forqlondirici verilonlor kimi (yoni Ob) ali moktabs yeni daxil olmus tolobslorin qrupunun adi
(n6mrosi) gostarilir ki, qrupda olan talobalorin sayina géro avtomatik olaraq cadval formalasdirilsin.
Talobalorin adlari, soyadlar1 vo ata adlar1 bu codvelin miivafiq siitunlarina daxil edilmakls, har bir
fakiiltonin dekanliq adli verilonlor bazasi qurulur. Konkret olaraq hor bir dekanligin birinci kurs
tolobolor kontingentinin alt verilonlor bazas1 yaradilir. Dekanliglar iizrs yaradilan verilonlor bazasi
iso internet {izorindon qurulan {imumi verilonlor bazasinda comlonir (sokil).

Yeni formalasan qruplara verilon ndmralor vo miivafiq qrup ndmroalori lizro daxil edilon
tolobalorin siyahis1 proqram strukturlu verilonlor bazasina olavo edildikdon sonra verilonlor
bazasinda ilkin olan qruplara birlogdirilir.

Hor bir verilonin, o climlodon tolobolorin siyahisinin proqram strukturuna daxil olmasi ii¢lin
iki formadan istifads olunur: cari vo Word sonad.

Cari formada informasiyanin monbayi istifada¢i olmaqla, giris verilonlori olan tolobolorin
siyahis1 birbasa proqramin idarsetmo strukturuna daxil edilir.

Ogor tolobolorin  siyahist vord sonod formasinda tortib olunubsa, onda Word sonaddo
verilon tolabalorin siyaht molumatlar1 xiisusi qurulan program modulunun icrasi ilo program
strukturunun tarkib idaroetmosine aid olan verilonlor bazasina yiiklonir.

65


mailto:Shafahat_61@mail.ru

Ali tahsil miiassisalorinda elektronsanadlarinstruktur modelinin islonmasi

Konkret qrup nomrasi ilo slagslondirilon tolobolorin siyahisi olan giris qiymatlorinin hom
cari, hom do Word sonod formasinda daxil olmasi prosesi iimumi verilonlor bazasnda YENI
QRUPLAR adli verilonlor bazasint formalasdirir.

Hor hansi texniki sobobdon dekanliqlararast global soboko iizro informasiya miibadilosindo
nasazliq olarsa, onda struktur model prinsipi imkan verir ki, fordi dekanliglar iizro lokal sobako
rejiming kegid etmoklo informasiyanin daxil edilmosi vo emali, cari verilonlor bazasinda iso
modifikasiya olunan molumatlarin saxlanilmasi kimi informasiya proseslori icra olunsun. Proses
miiddstindo global soboko {izro nasazliq aradan qaldirilarsa, onda informasiyanimn o6tiiriilmosi vo
gabulu kimi informasiya proseslori icra olunmagqla, yalniz yeni vo modifikasiya olunan molumatlar
imumi verilonlor bazasina gondorilir vo yaxud Uimumi verilonlor bazasindan lazimi informasiya
oxunur.

Qurulan saboka strukturunda hor bir dekanliq digor dekanligla hansi informasiya miibadilosi
rejiminde olmasin1 da reallagdira bilor.

Novbeti ildo avtomatik olaraq sonuncu kursda olan biitiin qruplar arxivlesdirilmakls, birinci
kurs tolobalori do daxil olmagla, yuxari kurslarin tolobslorinin qrup {izro kurs ndmralori bir vahid
(bir 1l) artirilir. Zoruriyyst olduqda arxivde olan hor hansi qrupun informasiya molumatlarina,
grupda olan tolobanin (yaxud tolobalorin) {imumi orta miivoffoqiyyst gostoricisine, onun mivafiq
fonn tizro mosgoalo va kollokvium giymatlorine, davamiyyat, laboratoriya, sorbost is, imtahana giris,
imtahan ballarina miiraciot etmok vo ¢apmi da tomin etmok olar.

Elektron sonadlorin hazirlanmasi prosesinin avtomatlagdirilmasmin intellektual idaro
olunmasi qurulan biliklor bazasinda (sokil) toplanilan xotti vo budaglanan strukturlu montiqi
ifadolora (F) osaslanir.

Biliklor bazasinin torkib hissolorindon olan xatti  strukturluS; = N, Ki

ifadosindo K]i komponenti j-c1 semestr iizra i-ci fonno ayrilan kreditin miqdarini, S;-j-c1 semestr
lizro todris olunan biitiin fanlors ayrilan kreditlorin comini,N iso j-c1 semestrdo todris olunan
fonlorin sayimi bildirir.

Tolobonin  konkret olaraq  j-c1 semestr tizro topladigi ballar comini (BS]-)BS]- =

>N, fij . K];diisturu [2] ilo hesablamaq olar ki, burada da fi] - tolobonin j-c1 semestr tizro i-Ci
fondon topladig1 bali toyin edon funksiya olmaqla iki doyisonlo xarakterizo olunur: fi] (g]i, r:)

Burada g]i- tolobanin j-c1 semestr tizra i-ci fandon giindslikda, I'i - iso imtahanda topladig1 baldir.
Sistemin intellektual idars olunmasi biliklor bazasinda qurulan
gar {
(rl <17)
Vo ya
(1 + g <50)
}

onda

{

}
dks halda

{ o
fi]= g;+r;

}

budaqlanan strukturlu [3] montiqi ifadonin totbiq edilmosidir.
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DEKANLIQLAR

Sakil.Dekanliglararast struktur model

Hor bir tolobonin iimumi orta miivaffagiyyat gostaricisi (UOMG) iso UOMG = B—S_j
)
soklindo hesablanir [2].

Fonlor iizro verilon limumi saata goro iso mosgalo, laboratoriya saatlari formalasir vo
hor bir fonnin masgolosing, laboratoriyasmma vo ya sorbost igino ayrilan maksimal ballarin
avtomatik boliisdiiriilmasi tiglin biliklor bazasinda

gar {

( mosgals saat1 # 0)

\)
( laboratoriya saat1# 0)

}

onda
{
( maksimal davamiyyat bali=10)
( maksimal moggolo bali=15)
( maksimal laboratoriya bali = 15)
( maksimal sorbost is bali=10)

}
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moantiqi qorar gobuletmo strukturu qurulur ki, bu da toloboalorin semestr orzindo giindslikdo vo
kollokviumda topladig1 qiymotlor osasinda avtomatik olaraq yekun moggolo balint toyin edir.
Gostorilon { ( maggoalo saat1 # 0) vo ( laboratoriya saati# 0) } montiqi ifadoni Mzils ifado
etsok, M1 = yalan (false) qiymati iigiin
M11 ={ ( mosgalo saat1# 0) va ( laboratoriya saat1i= 0) }
M1 = { ( mosgalo saati= 0) va ( laboratoriya saati# 0) }
M1z = { ( mosgalo saati= 0) va ( laboratoriya saati= 0) }
montiqi ifadslorini yaratmaq olar. Nozoro alsaq ki, biitiin sort daxilindo maksimal
davamiyyot bali 10-dur, onda davamiyyat balin1 qlobal doyison kimi ifade etmoklo,
agar { M}
onda
{
( maksimal maggolo bali = 30)
( maksimal sorbost is bali= 10 )
}
agar { Mo}
onda

( maksimal laboratoriya bali=30)
( maksimal sarbost is bali =10
}
agar { Mz}
onda

{

( maksimal sarbast is bali =40 )

}
idaroetmo sistemini yaratmaq olar. Yaradilan { agar - onda } montiqi strukturun tatbiqi ilo
homg¢inin talobonin semestr orzindo davamiyyat bali, laboratoriya bali vo sorbast is bali da
avtomatik hesablanmaqla, yekunda codval lizro imtahana giris bali formalasir.

Aktiv  qrupun tolobolorinin  semestr miiddotinds gilindolik mosgolo vo kollokvium
qiymotlori, verilon laboratoriya islorinin sayi, sorbast is ballar1 daxil edildikdo avtomatik olaraq
sifro (kod), imtahan codvallorinin (imtahan voragolorinin) elektron formasi hazirlanir. Yoni
struktur modelin Gclnct (sonuncu) olan qorar gobuletmo (N) komponentinin icrasi aparilir.
Intellektual qorar qobuletmodo N ={ No, N1, N2, N3, N4, N5} komponentinin struktur formasi

dgar deyilso
{ (r; <17) va ya( r;+ g]iSSO) }

onda {

f= g+

fij < 60 ; Ni="qgonaotboxs"; c¢Ixis;
fij < 70; Nz="kafi"; CIXIS;
fij < 80; Ns="yaxs1"; CIXIS;
fij < 90; Ns="goX-yaxs1"; cixis;
fij < 100;Ns="ola";

soklindadir.

Qeyd edok ki, davamedici fonn iizro tolobonin kredit borcu varsa vo ya tolobe semestr {izro

fonno ayrilan imumi saat miqdarmmin 25%-indon ¢oxunda istirak etmoyibso, onda fi] (g]i, r:) =
0 qgobul olunur.YoniNo ={ "Kredit borcu var"} vo ya No ={ "Buraxilmir"} qiymotlorindon
birini alr.
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Totbiq olunan{{ agar - onda } vo { agar deyilss - onda } } intellektual prinsip osasinda
avtomatik olaraq qruplar {izro hor bir fonnin yekun imtahan qiymotlor cadvalinin vo diger
sonadlorin elektron formalar1 hazirlanir (codval 1, cadval 2).

Struktur modelin C# (si sarp) alqoritmik dilindo hazirlanan proqram tominati Sumgqayit
Dovlot Universitetinin dekanliglarinda ugurla totbiq olunur.
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PE3IOME
PABPABOTKA CTPYKTYPHOM MOJEJIHN YJIEKTPOHBIX JOKYMEHTOB B BY3AX
Pazumos III.P., Mameoosa I'. A.

Knwoueswie cnosa: cmpykmyphas Mooenb, 2100aibHASL CeMb, IIEeKMPOHHbIL OOKYMeHM. 0a3bl 3HAHU,
JI02UYECKOE BbIpAdICeHUe, NPOcpaMMHOoe obecnedenue.

B naHHOW cTaThe MPEAIOKEH aJTOPUTM aBTOMATH3AIWU TPOIeccoB O(QOpMIIEHHS JIOKYMEHTOB B
BBICIIMX YYEOHBIX 3aBEJICHUSX C UCIIOIB30BAHUEM CTPYKTYPHON MOJIENH JJIsl IIPOCSKTHPOBAHUS JIEKTPOHHBIX
dopm.  Jlnsa aBTOMaTH3alMM IpOIECCa TOATOTOBKM K 3K3aMEHY, KOTOPBIH BXOAUT B MPOLECC
JOKyMEHTHPOBAHUS, ONPEAEISICTCS TPUHIMIT CTPYKTYPhl CETH M YCTAHABJIMBAETCS COOTBETCTBYIOIIAS
CTPYKTYpHAsI MOIEIh. JEKTPOHHBIC BEPCHH IPEAMETHBIX OIEHOK, MHMQPOB (KOIOB), IK3aMEHAIIMOHHBIX
JIUCTOB aBTOMATHYECKH CO3JAI0TCSd W JOKYMEHTHPYIOTCS KaK HEIMOCPEJCTBEHHO, TaK M B JIHAIIOTOBOM
peKUME HAa OCHOBE TMpeiaraeMod  CTPYKTYpbl CETH W IPOTPaMMHOTO  OOeCHeueHHs s
CTPYKTYPHPOBAHHOTO MOJICTTP OBAHHSI.
TarxkeB03MOXKHOBBITTOIHUTHCETEBYIONIEYATHCOOTBETCTBYIONIUX IOKYMEHTOB.

SUMMARY
DEVELOPINGSTRUCTURALMODELOFELECTRONICDOCUMENTS
IN HIGHER EDUCATION INSTITUTIONS
Rahimov Sh.R., Mammadova G.A.

Keywords: structural model, global network, electronic document, knowledge base, logical

expression, software.

In the present paper, an algorithm of automation for document organisation in the faculties of any
education institutes with the use of a structural model is proposed. To automate the process of exam
preparation which is included into the process of documentation, the principle of the network structure is
defined and the appropriate structural model is established. On the basis of the proffered network structure
and software of the structure model, subject tables of the marks, codes, forms of exam sheets are prepared.
Also there is a possibility to print the corresponding documents at network.

Daxilolma tarixi: [lkin variant 14.06.2019
Son variant 23.01.2020
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DETERMINATION OF “BLACK BOX” TYPE MODEL BASED ON NT
OF OBJECTS WITH UNCERTAINTY AND INTELLIGENT CONTROL

ALIYEVA ADILE SAYEDDIN
Institute of Control System of ANAS, Baku, Azerbaijan
c_adile@yahoo.com

Key words:dynamic object with uncertainty, mechatronic device, “black box” type model, neural
network (NN), the learning algorithmof NN in “offline” model.

Under measurable conditions (observability) of input and output phase variables and their derivatives
the identification-determination problem of a“black box” type model for non-linear dynamic object with
uncertainty have been stated and solved in the paper. The ” black box” type model of identification system
has been proposed on the basis of a neural network. The structure of the neural network, the number of
neurons and their activation functions, as well the learning algorithm of neural network have been
determined. The experimental studies conducted in MATLAB have shown that the developed black box-type
neural network can be used in the synthesis of an intelligent automatic control system by a mechatronic
device. The technical realization of the proposed intelligent ACS with a fuzzy regulator can be adapted in
“offline”” mode using the “black box” type neural network model.

1.Introduction. In a number of technolgical processes, the mechatron and robotic devices
with different uncertainty and they work on intensive operative mode. In the control sytem of such
objects quality requirements (such as dynamic accuracy, durability) are tightened. Therefore, when
control system of the objects are designed, obtaining "a priori” and "apostrior" information about
the object is actual issue.

For the formulation and analytical solution of synthesis problem for the automatic control
system (ACS), it is important to know any modele of dynamic objects with uncertainty, such as,
mathematical structure and the values of parameters[1-2,9].

Mathematical models-differential equations of several technical objects like robotics,
drones, mechatronic devices could be determined according to electrotechnics, mechanics-such as
Euler-Newton and Lagrange-Euler approach. But according to existing approach designed
mathematical models have enouph nonlinearity and uncertainties or nonstationarity [3,4,7].
Control systems that have the ability to change object parameters should be intellectual or adaptive.
Adaptive control system controllers should be adapted according to object information in either
online or offline mode through the correction of the adjustment parameters. In such systems, to
ensure optimization of control system and its steadiness, computer simulation of intelligent ACS by
using —application of existing tools is important issue and its effective solution is actual.

In view of the above mentioned, in the article, the determination of the structure and
parameters of mathematical model based on Neural Network of “black box” model and design of its
intelligent ACS is discussed.

2. Modeling of dynamic objects with uncertainty based on neural technology.

Mathematical Modeling of uncertain dynamic objects (determination of the selected structure
differential equation parameters) was discussed in [1,5,8] only when inputs and outputs of state
variables are observed. Here, parametric identification has been proved by using m-th
transformations of input and output signals (variables), hovewer issue of vector input and output
was not investigated. In addition, in [1,5,8] works to improve accuracy the computer simulation in
“offline” mode was not discussed.
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Let us assume that, it is possible to expres the movement of uncertain dynamic object via the
nonlinear and unsteady n-th order differential equation, i.e.
x(t) = f(a(t),x(t),u(t)), X C R",u c R™ (2.1a)
Here,x(t) , u(t)-are n dimensional state variables and m(m < n)-dimensional input control
vector (controlling effects vector), a(t) — nonstationary unknown parameters vector of uncertain
dynamic object, f- functions with uncertain structures.
In the most identification method of dynamic objects f(-) structure of (2.1) mathematical model is
accepted as the total sum of certain functions (for example, linear and nonlinear functions) [1-8]. If
initial information and investigations about dynamic objects is not sufficient and the structure of
identified mathematical model is not selected by the right way (sufficiently selected), then the
solution for the synthesis of control will be complex and inefficient [3]. In case lack of information
in dynamic objects with uncertainty, in order to solve synthesis problem of intelligent control
sytem, determination of the mathematical model of the object is more effective due to application
of new information technology based on Neural Network Toolbox [3]. Hovewer, as in [3],
identification based on Neural Network (NN) is not defined with a(t) parameters due to the
difference between n — 1 and m tacts, it is directly defined with x(t)output state variables of the
object. In other words, output of the “black box” model object is identified in Neural Network.
Real dynamic model of the object (2.1a) could be described as formal reduction form, i.e.
x(t) = F(a(t),y'c(t),u(t)), x € R™,u c R™(2.1b)
Let us assume that, the mathematical model of “black box” type object based on neural network
could be defined by NN with | intermediate layers through the each i -th input-output channel:

Xni = b; (Wl-j,jc(t),u(t)),wu EWy,i=1n-1 ,j=11 , (2.2a)
or
xy = Pp(w, x(t),ut)),wew (2.2b)
Here w;; € W;;, i € [1,n— 1], j € [1,1],i —th are connection weight of the neurones in the I-th
intermediate layers and can get values in the W;; region.
The problem of defining the model of nonlinear dynamic object with uncertainty as a “black
box” (neural network) can be formulated as follows:

It is needed to define “black box” model with NN of the object which is observed (measured) all
state variables of real dynamic objectx(t) = [x,(t), x5(t), ..,xn(t)] and u(t) =
[uy (t), up(t), ..., uy, (£)]" input effects, i.e. as (2.2) model, that the square of the difference (error)
between outputs of NNand of the real object (state varibles) should be minimum for t;, = Ty k
(Ty = const,k =1,2,3,...,K):

K K
1 5 _ 1 2 _
IE=ERZ=1(E"") = 5;[x<tk>—x,v<tk>] =
K n-1

=5 Z Z — ¢ (wyj, xf,u*)]* => min (2.3)

k=1i=1
If one model, i.e. i = 1, is enough and if possible value-accuracy of error gis given, then for

(2.3) optimization could be satisfied that lim 2YK_(EF)? = gis less.
o 2 k=1

| =

The modeling system as “black box” of the nonlinear dynamic object with real uncertanty
based on NNcould be described as Figure 2.1:
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u(t) | Real dynamic object

mechatronic device
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L 4 w ¥
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NN model of "black box"| 2 ;:]_._
tvpe object
efro

Figure 2.1. The modeling structure of modeling system as “black box” based on NN of the nonlinear
dynamic object with real uncertainty which sate vaiables are observed

The solution of above formulated identification issue is xy = ¢(w, x, u)function. These
solutions are known as input-output pairs(xt,xy),(x2, x2),....(x¥, xX) (formulated from the
measurments). Identification process, i.e. NN training directly synthesize such ¢(-) function, that
could be close to F(-)function realized by the object. Thus, training Neural Networks is becoming
multi-dimensional optimization issue.

3. Solution of the identification issue for the nonlinear dynamic object with uncertainty

based on NN

Since (2.3) function could be arbitrary, in general training Neural Network is multiextremal
nonconvex optimization issue. A number of iterative algorithms can be used to solve the above-
mentioned (2.3) optimization problem [3]. Currently the most widely used method of NN training
(minimizing the mean square (quadratic) error - (2.3) function) is an iterative gradient algorithm.

This training algorithm, mentioned in most scientific literature, is known as error back
propagation [3]. So, we consider, there is no need to give an explanation on error back propagation
method. Hovewer, according to Figure 2.1 for the mechatronic device realization based on Neural
Networks Toolbox the identification of the nonlinear dynamic object with uncertainty as above
formulated “black box” to provide “M” language program of MATLABand training procedures
with an explanation as follow is considered purposeful.

P = [X] = [sX;; sX;; U] ; -observational matrices ofall state variables of the dynamic object,
i.e. inputs of NN.

T = [Y] = [X,]; - observational matrices ofoutputvariablexX, (k =1,K:suchasK =
4000 ,the researcher  selects )of the  real object-mechatronic  devicenet =
newff(minmax(P),[300,300, 1], {'tansiq’,’ logsiq’, purlin’, 'traingd'});-

Creation and training of appropriate transmission functions 'traingd’ of NN (NN with
appropriate transmission functions ‘tansiq’,’ logsiq’,purlin’ ) by name d with 3 layers-300
neurones in two layers, one neuron in output layer (note: number of neurons, etc. parameters are
given iteratively by the researcher).

net. trainParam. show = 50;- from one of the fifty examples Param, i.e.xX should be
shown (defined heuristically by the researcher).

net. trainParam. goal = 0.001;-the value of accuracy omission error of the NN training
(selected by the researcher).

net. trainParam. epoch = 2000; -Circulation of NN training- ‘epocha’ (number of cycles,
the researcher chooses).

net = train(net, P, T);- Launching NN taining procedue.

view(net);-automatic installation of a “black box” model object in the Simulink and
description of the flow chart(See Figure 3.1.).
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gensim(net);yaxuddisplay(net)-Decription of information on NN in MATLAB:-method of
training (for example, “Gradient Decent”), criteria (“mse”), number of iterations (“epoch”) and
other information (See Figure 3.1.)

- Meural FMetwork Training (nntraintool} — — =

SR DaE = Saum = Bee

Adgorithms

Traimings: Gradient Drescent traimogad]}
Performance: PA=an Sqguared Error Crmse])
Calculations: PAE

Progress

Epoch: o | 1000 iterations 1]l 1000
Tirme: 0922
Performance: 387 [T aoorss 0 0LD01 D0

Gradient: 301 [ ooa s 1.00e-05

Plots

I Performance (plotperforrm)

Training State (plottrainstate)

Regression (plotregressicon]

Plot Inter-al: - 1 epochs

v Mlasd mum spoch reached.

@ Stop Traiming '@ Carncel

Figure 3.1. Description of the parameters of the training (object identification)
of the information in the NNToolbox in Matlab - information description

Dependence of the training error on the number of iterations (the "epoch™), the intended target
- the "thousand" value of the error (a), and the description of the "black box" in the Simulink as
subsystem (b) was given in Figure 3.2.

After the training of NN graph of its outputs xy(t) = xy(kT,) = xX, k = 1,4000, T, =
0.01s and the transition processes of the real object (x(t) = x*,k = 1,4000, T, = 0.01s) (a, b),

as well as, for valus of its derivatives x,xy (c,d,) and input- control effects u(t) = 1[t] = 1[kT,]
was shown in Figure 3.3.

4| Meural Metwork Training Performance (plotperform), Epoch 1000, Maxim...  — ] >

File Edit View Insert  Tools Desktop Window Help ™

Best Training Performance is 0.0023818 at epoch 1000

Mean Squared Error (mse)

........................................................................................................ Black Box

o 100 200 300 400 500 600 700 800 900 1000
1000 Epochs

a) b)
Figure3.2.Dependence graph of the training errror- "mse"for the real object as a "black box™ on the
number of "epochs” (a) and description of NN in Simulink as a subsytem (b)
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According to comparative analysis of the transient processes in Figure 3.3, x,(t) -NN output
and x(t) derivative is exactly same as nonlinear dynamic object with uncertainty, i.e. x(t) =
xy (), x(t) = xy(t). Thus, the possibility of using the trained NN (“black box”model of the real
dynamic object) in the “offline” mode for the nonlinear dynamic object has been confirmed.

Note 1: The above, designed software in the “M” language of MATLAB is stored under a
certain name, such as d (see 3-rd operator). For this purpose “Save” order should be carried out in
“File”menu.

4] Neural Network — [m] >

File Tools View Simulation Help >
File Tools View Simulation Help

@ - |G ® I @[ 5o Q- F - - BOP®|F-|a-H-|FE-
: s

°

File Tools View Simulation Help

/'\. S —

c) derivative of the object output d) derivative of the NN output
Figure 3.3. Transition processes of the dynamic object (a,c) and outputs of “black box” model NN (b, d)

4. Synthesis and technical realization of the intellectual regulator for the nonlinear
dynamic object with uncertainty

Since, above , for example, in “offline” mode of the mechatronic device in t € [0, T]time
interval and quasilization conditions are compensate, state variables —x(t) and derivatives —x(t)
are measurable the identification with high accuracy of the “black box” model nonlinear dynamic
object with uncertainty based on NN has been confirmed. That is why, under quasilization
conditions using “black box” model the synthesis of intelligent (for instance, adaptive fuzzy or
neurone) controller in “offline” mode is possible [3,4,7-9]. Intelligent conroller synthesized in
“offline” mode, i.e.identified structure and parameters is put into operation. Identification is cariied
out In the operating mode via forming file data- matrices by measuring input u(t) and output
variables x(t) = [x1(t), x3(t), .., X, ()] + x(t) = [%1(2), X2(L), ..., X, (£)]" . According to
computer simulation of ACS quality of control (for example variables of error e(t) = x(t) — x5 (t)
and its derivative ¢ = x(t) — xy(t)).

If at any time interval quality Indicators of ACS performance, for instance

|e(t) | > &,y VO |e'(t) | > &0 (4.1)
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Then the "known" parameters of the previous i — 1 interval of the intellectual regulator are
adapted (for example, the fuzzy term set modes, etc.). Here t,;, t,;, are initial and final moments
respectively, of i — th time interval of ACS in real operation.

In (4.1) expression £,, and &,, are accordingly absolute values of system accuracy (error)
and its derivative and is provided by the constructor.

Purposed intelligent system of ACS, in other words, according to setting parameters (term set
modes) eyand éy=x.0f flizzv reaulator the structure scheme of adantation was shown in Figure 4.1.

x(¢t)

Command : >
[ Real objekt

"black box"model NN

Xeap £ S i 3
;.{ )_. intelligent (fuzzy)l—» fj_l
of dynamic object

regulator

vz

"offline" mode T

".\-
- -f.m;-.,mm, block o [azar |

»

Figure 4.1. Structural scheme of adaptaion in “offline” mode according to enand Xy
ofsetting parameters of intellectual fuzzy regulator

The Fuzzy Regulator's Knowledge Base table of Linguistic rules (TLR) was given below.
Since, in work [10] the design of the regulator's TLR, fuzzy term sets are explained in detail, there

is no need to explain it in this paper. EL, EL are accordingly fuzzy term sets of control error and
its derivative in the TLR of the intellectual fuzzy regulator.

Table of Linquistic Rules of the fuzzy regulatory (TLRFR)

EL

EL NB NM NS NZ z PZ PS PM PB

NB PB PM NB NB NM Z

NM NB NB NM NS Z Pz

NS NB NB NM NS NZ Z PZ PS

NZ NB NB NM NS NZ z PZ PS PM

Z NB NM NS NZ Z PZ PS PM PB

Pz NM NS NZ z PZ PS PM PB PB

PS NS NZ Z PZ PS PM PB PB

PM NZ Z PS PM PB PB

PB z PM PB PB PB PB
u = U, - Fuzzy term set of controls.

Letters in linguistic sets in TLRFR: N-negative, P-pozitive, Z-zero, B-big, M-medium, S-
small. As can be seen from the table, for error and derivation 9 inverse terms are selected:
e, =E'=E; = {e,,uj(e)| e € E};,uj(e) €[01E,CE,j=19
6, =EL=E ={eu®)le€klu(@el01EcE j=19
EL, EL,U, - affiliation functions w;(.) of linguistic fuzzy term sets choosen as a function of
ghostly shape is realized on the bases of Fuzyy Logik Toolbox.
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As a real mechatron device, the robot engine with a flexible coupling was adopted [9]. Due to
its technical characteristics, this device has sufficient linearity and non-stationary stability as a
control object [9] (see apendix 1).

The technical feasibility of the adaptation of the intelligent ACS fuzzy regulator based on neural
technology presented in Figure 4.1 was developed in the MATLAB environment (based on the
Fuzy Logic Toolbox, Neural Network Toolbox and Simulink packages). According to the results of
computer modeling, i.e. the transition processes of intelligent ACS built with the “black box type
NN and of the system built with intellectual regulator of the real object are practically the same
(Figure 4.2).

Result. On the bases of “black box”model neural technology of the dynamic object with
uncertaintyinobservable case of input- u(t) and state variables-x(t), x(t) for real mechatron device-
a flexible coupling robot.

Due to error back propagation algorithm of “black box”model NN of the object, in oerder to
overlap the trained and state variables of NN outputxy (t) and derivative xy (t) with state variables
of the mechatronic device, the structure of NN (layers 3), number of the neurones in the layer(300,
300,1), transsmission function and extc. have been identified.

Fuzzy regulator parameters for intellectual ACS based on NN model of the object: number of
fuzzy term sets, their modes, affiliation functions were identified. According to comuter simulation
carried out in MATLAB purposed Intellectual ACS’s steadinessand its
Required dynamic accuracy (Figure 4.2) and effectiveness of its adptation were shown.

% Object - (=] >

Tools View Simulation Help -
Sl|e - E-|FH-

File Tools View Simulation Help

@ - O ®| 5 QA-|E-|F & -

a) b)
Figure 4.2. Transition processes of the real object-intellectual ACS for the mechatronic device

(a) and intelectual ACS based on NN type model.
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XULASO
DINAMIK OBYEKTLORIN NT 9SASINDA “QARA QUTU” MODELININ
TOYINi VO INTELLEKTUAL IDARO EDILMOSI
Oliyeva A.S.

Agar sozlor:Qeyri-miiayyonliya malik dinamik obyekt,mexatron qurgu,”qara qutu” modeli, neyron
texnologiva (NT), “offline” rejimda neyron sabakonin (NS) oyradilmasi algoritmi.

Taqdim olunan mogalads riyazi modelin strukturunun ve parametrlorinin namalumlugu soraitindo
geyri-stasionar dinamik obyektin “qara qutu” modelinin neyron sobokoalori texnologiyasi (Neural Network)
osasinda toyini vo onun intellektual AiS-in layiholondirilmasi,yoni qeyri-solis tonzimloyicinin biliklor
bazasinin vo onun parametrlorinin toyini masalalorihall edilmisdir. Obyektin “qara qutu” (NS-li ) modeli
osasinda intellektual AIS-in geyri-solis tonzimloyicisinin parametrlori: geyri-solis term ¢oxluglarin
sayi,onlarin modalari, mansubiyyat funksiyalari toyin edilmisdir. MATLAB miihitinds aparilmis kompiiter
simulyasiyas1 esasinda toklif olunmus intellektual AIS-in dayanigli va tolob olunan dinamik dagiqliys malik
oldugu va onun adaptasiyasinin effektivliyi gostorilmisdir.

PE3IOME
OHNPEJEJEHUE MOJEJIA TUIIA «YEPHBIN SIINIUK» HA OCHOBE HEUPOHHOM
TEXHOJIOT'NU 1 UHTEJUIEKTYAJIbBHOE YIIPABJEHUE IMHAMMWYECKHUM OBBEKTOM
Anuesa A.C.

Knwuesvie cnosa:ounamuyeckuii 00veKm ¢ HEONPeOeleHHOCMbIO, MeXampoHHoe YCMPOUCmso,
MoOenb muna «4epHoz20 Awuxay,Hetipounas mexunonocus (HT), aneopumm
obyuenus Hetiponnoti cemu (HC) 6 pescume «offline»

B cratbe mocraBieHa M pelieHa 3afada MACHTU(GHUKALUK - ONPEAEICHUS MOMAEIU THIA «YEPHOI0o
SIIMKa» HEIWHEWHOro JMHAMHYECKOrO OOBEKTAa C HEONPEAEICHHOCTHIO B YCIOBHSIX H3MEPSIEMOCTH
(HabyrogaeMoCTH) BXOOHBIX M BBIXOAHBIX (ha30BBIX MEPEMEHHBIX M UX MPOU3BOAHBIX. [Ipenoxena cucrema
UACHTH(UKALMY MOJENN THIIA «YEpHOro suKka» Ha 0asze HeiipoHHOH cetn (HC). Ompenenena crpykrypa
HC, xonmuuectBo HeipoHOB M (yHKUMHM HX axTuBauuy, ainroput™m oOydenus HC.  IIpoBenensbie
JKCIepUMEHTaIbHBIE HccnenoBanus B cpene MATLAB nokaszanu uto, paspadorannas HC tuma «4epHoro
SIIMKa» MOXKET ObITh HCIOJNb30BaHA MPH CHUHTE3€ MHTEIUIEKTyaldbHOH CAY MeXaTpOHHBIM YCTPOWCTBOM.
TexHuyeckass peanu3anus TNPEATOKEHHON MHTeIeKkTyanbHo CAY ¢ HEYETKMM perysiaTopoM MOXKHO
apantupoBaTh «offline» pexume ¢ ucnonpzoBanneM HC-Monenu THIA «4EPHOTO ALIUKAY.

Daxilolma tarixi: [lkin variant 04.11.2019
Son variant 05.03.2020
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LAYIiHOLONDIRMO SIiSTEMININ INTERFEYSIOSASINDA TEXNIKi
SISTEMIN 2 VO 3-OLCULU QRAFIK TOSVIRLORININ YARADILMASI

SOFOROVA TORAND AGA quz1
Sumgqayit Doviat Universiteti, bas miiallim
tarana.safarova.70@mail.ru

Acar sozlar: avtomatlasdirilmis layihalondirmoa, interfeys, konstruktor, qeyri-salis, sanaye robotu,
menyu prosedurlart.

Konstruktor layihs iglorinin somarali yering yetirilmasini tomin etmok {iclin kompiiter
grafika sistemi vasitosilo eskiz sonodlorinin tortib edilmosi prosedurlar1 avtomatlasdirimalidir.
Movceud avtomatlagdirilmig layiholondirma sistemlorinin tohlili gostorir ki, bu alotlorin kdmaoyi ilo
ayri-ayri totbiq saholorino dair kompleks layiholondirma prosedurlar1 morhololi sokildo hoyata
kecirilir [1, 2]. Uzunmuddotli tohlil, sec¢im, eskiz, is¢i layiholondirmo vo qorar gobuletmo
morhoalolorindo miixtalif proqramlar osasinda miirokkob layiha islori yerino yetirilir. Totbiq olunan
prinsiplor layiholondirmo prosesinin mohsuldarligini, somoaraliliyini (goxsayli qrafik rejimli
konstruktor iglorinin yerins yetirilmasi talob olunur vo layihs iizro alinan keyfiyyot gostoricilarini
asag1r salir. Bununla olagodar olaraq, kompleks layiholondirmo prosesinin qrafik rejimli
prosedurlarimin avtomatlasdirilmasi tiglin 2, 3-0l¢iilii tosvirlorin ¢okilisinin vo animasiyasimnin
qurulusunun [3] islonmosi masolosi qoyulmusdur.

Texniki sistemlorin totbiq saholorindon asili olaraq, layiholondirmo prosesinin kompleks
avtomatlagdirilmasini hoyata kecirmok iiclin qrafik rejimli prosedurlarin 2, 3-6l¢iilii tosvirlorin
¢okilisinin vo animasiyasmin qurulusu toklif edilir (sok. 1). Layihogi {iclin avtomatlagdirilmig
layihalondirmonin proqram interfeysi c¢or¢ivosindo texniki sistemin konstruktor layiholondirilmasi
prosesi vacib morhalolordon biri hesab olunur, ¢iinki bu morholodo layiho obyektinin biitiin
mexaniki hesabatlari ilo yanasi, onun konstruksiya goriiniisii vo materiallar1 segilib, osaslanirilib vo
doqiq ol¢iilorlo tosvir edilmalidir [4, 5].

Avtomatlasdirilmis layiholondirmo arxitekturasmin qrafik rejimli proqram prosedurlar1 2, 3-
Olciilii  tosvirlorin ¢okilisi vo animasiya omoliyyatlarindan ibarotdir. Avtomatlagdirilmig
layiholondirmenin arxitekturasinin idarsetmo panelinds secilon konstruktor layihalondirmo bdlmasi
asagidaki menyu prosedurlarimdan formalasir:

1. AutoCad sisteminin aktivlosdirilmosi va ¢akilis obyektinin uygun adlandirilmas:.

2. Layiho obyektinin timumilosdirilmis cizgisinin ¢okilmasi. Totbiq sahosindon asili olaraq
toklif olunan layiho obyektinin ¢okilisi ti¢lin 2-0l¢iili koordinat sistemi segilir vo Al
formatinda sorhad xattlori, kiinc stampi ¢okilir vo miivafiq ¢okilis miqyasi toyin olunur.

3. Layiho obyektinin texniki toklif morholosindo segilon prototip layihonin 2-6l¢uli
imumilosdirilmis tosviri sistemin is¢i ¢okilis sahosindo yerlosdirilorok, onun iizorindo
konstruksiyanin hondasi forma, 6l¢ii, material ndviiniin doyisiliklori hoyata kecirilir.

4. Miirokkoblik darocasindon asili olaraq 2-6l¢iilii imumilosdirilmis tosvirds olave gdriiniislor
verilir ki, layiho obyektinin hazirlanmasi prosesini daha doqiq hoyata kegirmok miimkiin
olsun.

5. Layihs obyektinin real dl¢iilorindon asili olaraq standart miqyas Olgiilorine asason tasvirinin
osas gabarit dlgiilori qoyulur vo hor bir mexaniki va ya elektronika hissalorino sira nomrasi
verilir.

6. Layiho obyektinin sira nomralorina uygun spesifikasiya codvali qurulur. Daxil edilon
hissolorin adlarina asason onlarm miqdar1 vo materiali yaddasda saxlanilir.
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7. Layanin kiinc stampina daxil edilon verilonlor layihoginin adi, rohbari hagqinda molumatlar,
tosdiq vaxtini, layihonin admni, xiisusi sifrolonmis kodu, totbiq sahosini vo digor standart
molumatlar1 oks etdirir.

8. 6, 7-ci bandlords formalasan odadi, matn tipli verilonlor vo 3, 4-do ¢okilon tosvirlor asasinda
grafik verilonlor iiclin layihonin konstruktor verilonlorinin bazasmin idarsetmo sistemi
(KVBIS) qurulur. KVBIiS-in prosedurlar1 sorgular osasinda layihonin mexaniki vo ya
elektronika hissolorinin tosvirlorinin adlarina, onlarm 0&lgiiloring, totbiq sahasinoe goro
sistemdo axtaris, se¢im vo ¢akilis sahasinda qrafik redakts omoliyyatlarindan toskil olunur.

KVBIS-in program prosedurlar1 2 vo 3-6l¢tlii konstruktor layiholondirmo prosesini mantiqi
ompliyyatlarla axtarig, se¢im vo ¢okilis funksiyalarini tomin edir [3].

Teypidii sistemin avtomatlzzdinlong
layvihalandirms actitakturssimn grafik r2jimb
program prossdilan,

Taymiky, sistemin 2-0lgula Teyniki sistemin Teynmiki sistamin 3-olgula
tasvinnin izlanmasi Gguin tasvininin tasvininin izlanmasi Goin
qrafik rzjimli program harakatinin qrafik rzjimli program
posadilan, imitasiyas Ggin posdndan

animasiva program l

Silindnk ¢acan

SHHRGIY g 3-51calE tasvisi

2-5lgilid tasvisi

Taypiki sistemin 2, 3-0lgulC tasvirdsnin Fonstniksion olgtlerinin,
> material novlarinin, emalstma darscasinin va digar aravig
malumatlanmn verilanlar bazan

spaszifikasiva
cadvallarinin

Laxihs obyaktinin 2, 3-0lguli
tazvirarinin va cadvallanin,
Iinc jtampimin qxansl

Sakil 1. Layhalondirmoa prosesinin qrafik rejimli program prosedurlarinin qurulusu
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Layihalondirma sisteminin interfeysi asasinda texniki sistemin 2 va 3-0l¢ull
grafik tasvirlorinin yaradilmasi

Osas istifadoci — konstruktor toklif olunan layiho obyekti {izorinde redakto omoliyyatlarini
KVBIS-lo sorgu — axtaris — segim — redakt> mantiqi sxemi ilo qurur. Moasalon, iimumilosdirilmis
layiha obyektinin ¢okilmosi onun gorti olaraq mexaniki vo elektronika hissalorine ayrilmasindan
baslayir. Senaye robotunun (SR) 2-6l¢iilii cizgisinin misalinda gdstorilon, KVBIS-in mexaniki vo
elektronika hissolorinin ayri-ayr1 verilonlor bazasindan (MVB vo EVB) layiho obyektinin standart
vo qeyri-standart elementlor segilir (sok. 2). Standart elementlorin osasini dovlot standarti ilo tomin
olunan mexaniki vo ya elektronika vasitolori togkil edir. Qeyri-standart elementlor qrupuna iso yeni
konstruksiyali materialdan hazirlanan, anonovi hondosi formadan, 6lgiilorden forqli olan mexaniki
va ya elektronika hissolori layihads totbiq olunur (Sok. 2-do SR-in tutqacr).

KVBIS-in mexaniki KVBIS-in elektronika
hissalarinin verilonlor bazasi hissalorinin verilonlor bazasi
T ]
v 1 :
Tatbiq sahasi: Tatbiq sahasi:
1. Cevik istehal sahasi; 1. Maisat avadanligy;
2. Avtomatlagdirilnus istehsal 2. Avtomobilgayirma;
miiossisasi; 3. Horbi texnika;
3. Robototexniki kompleks; 4. Tibbi avadanhg;
4. Texnoloji park; 5. Kompiiter texnikast;
5. Insaat sahosi; 6. Agrotexnika;
6. Kimva nrosesinin istehsalati. 7. Meliorasiya texnikas

ol

MVBn EVBI EVB2

| R a7,k e o |

\d

Sanaye robofunun
o prilaed ioilmds
czgisi

A4

\

2 SE-ip idamstma
SR-in s2pser u bloku

Sakil 2. KVBIS-don secilon mexaniki va elektronika hissalori asasinda SR-in iimumilosdirilmis
cizgisinin yaradilmasi sxemi
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Standart elementlorin sec¢ilmasi va geyri-standart elementlorin iglonmasi prosedurlar1 miixtilif
totbiq saholorino uygun aparilir. Masolon, miirokkob prosesli avtomatlagdirilmis istehsal
miiossisosinin mexaniki (texnoloji avadanliglar, dozgahlar) vo elektronika (avtomatlagdirilmig
idaroetmo sistemlori, onlarin elementlori) hissolori miivafiq olaragq MVB vo EVB-don sorgu
osasinda segilir. Analoji prinsiplo sonaye robotunun mexaniki vo idaroedici elektronika hissolori
secilir vo imumilosgdirilmis layiha tolob olunan koordinat mévqeylorinds yerlosdirilir.

KVBiS-in ayri-ayr1 verilonlor bazasindan i{imumilosdirilmis layihonin  verilonlor bazasi
(ULVB) formalasir. ©lave olaraq, ULVB-da layihonin kinematik sxemlori, qurulus, texnoloji vo
funksional sxemlori yaddasda saxlanilir [6].

KVBIiS-nin mexaniki vo elektronika hissolorinin verilonlor bazasindan segilon standart
elementlorin birlogdirilmosi osasinda SR-in Umumilosdirilmis cizgisi formalasir. Bunun {iglin
birlosma montiqi omoaliyyatinin realizs edilmasi ti¢lin Zads operatoru [7]

paus = MAX (ua, us) (1)
istifads olunur.
MVB-don SR-in mexaniki hissolorin se¢ilmasi
MVB — SR-in govdasi (G),; SR-in golu (Q); SR-in tutqac: (7)
ifadasi ila tosvir olunur.
Mcuqut = MAX (uc, 1o, ut,) operatoru osasinda SR-in frontal goriiniisii yaradilir.
EVB-don SR-in elektronika hissalorinin secilmosi vo SR-in frontal goriiniisiine slave edilmosi
uygun olaraq asagidaki formada tosvir olunur.
EVB — SR-in idaraetma bloku (IB); SR-in sensoru (S).
([SR-in govdasi (G),; SR-in qgolu (Q); SR-in tutqaci (T)] —M (mexanika)) U
([SR-in idaraetma bloku (IB); SR-in sensoru (S)] —E (elektronika)) (2)
(2)-ya asasonMmue = MAX (um, ue) operatoru asasinda SR-in frontal goériiniisiine SR-in idarsetmo
hissalari olavo edilir.

Yaradilan 2-6l¢ili SR-in frontal gériiniisii asasinda {ist goriiniisiiniin cizgisi ¢okilir. Daha ¢ox
istifado olunan g¢evra va diizbucaqli handasi fiqurlarmin ¢akilisi ticiin AutoCad sisteminin program
omrlorindon istifado olunur. Bu konstruktor prosedurunun yerino yetirilmoasi iigiin frontal cizgi ilo
simmetriyanin = gézlonilmosi tolob olunur. Qirig-qiriq xotlorlo ikinci proyeksiya sahosino
istiqamotlondirilir. Ust goriiniisiiniin morkozi oxu ilo kesison qirig-qiriq xatlor SR-in golunun,
tutgacinin, gévdosinin vo idaroetmo blokunun {ist goriiniishii sorhod 6lgiilorini miioyyon edir. Digor
kasigon hondasi fiqurlar simmetriya gozlomoklo, iist goriiniisiiniin ¢okilis sahasing yerlosdirilir.

SF-in 2 proveksivalh
imumilagdirilmis
cizgisi

Spesifikasiyva
cadvali

Kiinc stampi

Sokil 3. SR-in timumilagdirilmis gériiniislii cizgisi va konstrukor verilonlorinin bazasi
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Layihalondirma sisteminin interfeysi asasinda texniki sistemin 2 va 3-0l¢ull
qrafik tasvirlorinin yaradilmasi

Ikinci proyeksiyanin ¢okilisi noticosinde alman {imumilosdirilmis cizgiys (sek. 3) onun
informasiya tominat1 spesifikasiya cadvoli vo kiincstamp1 soklindo olave olunur. 2-6lguli
timumilogdirilmis cizgido olan layiho obyektinin hondosi Olgiilorino osason onun 3-0lculi
aksonometrik tosviri islonilir. Ugdlgiilii tosvirdo SR-in mexaniki hissolori: govdasi, qolu (sok. 4a),
tutqact vo elektronika vasitolori: idaroetmo bloku, sensorlar, icra mexanizmlori vo limumilikdo
istehsalatin kompanovka sxeminin standart elementlori diizbucaqli prizmalar, silindrlor vo konus
sokilindo formalasir (sok. 4b).

0,05 45

|
A0
70

SR-in golu
va govdasi
silindriksa
k kilda
Sokil 4a. SR-in qol hissasinin silindrik formalt Sakil 4b. 3-6l¢lli handasi fiqurlardan
handasi fiquru formalasan SR-in 3-6l¢UlU aksonometrik cizgisi
Naticalar.

1. Texniki sistemin layihalondirms prosesinin grafik rejimli proqram prosedurlarinin qurulusu
toklif edilmisdir;

2. Konstruktor verilonlarinin bazasinin idaroetmo sistemindon se¢ilon mexaniki vo elektronika
hissoalori osasinda SR-in timumilosgdirilmis cizginin yaradilmasi sxemi toklif edilmisdir.

ODOBIYYAT

1. Ohmodov M. A., Hiiseynov A.H., Mommoadov C.F. Avtomatlasdirilmis layiholondirmo sistemlorinin
osaslar1. Darslik. Baki: Sumqayit, 2003, 242 s.

2. ©Ohmodov M.A., Mommoadov C.F., Huseynov A.H. Texniki sistemlorin avtomatlagdirilmis
layiholondirilmosi. Baki, 2011, 202 s.

3. Tagiyeva T.A. Avtomobilgayirma vasitalorinin konstruktor layihalondirilmasinin sistemlosdirilmasi
/ Doktorantlarm vo ganc todgigatgilarin XX Respublika elmi konfransinin materiallar1. 24-25 may
2016. Baki: Azarbaycan Dovlot Neft vo Sonaye Universiteti, 2016, s. 277-279

4. MamenoB JIx.®d. PazpaboTka CTpykTypel uHTepdeiica mporpaMmMHOro oOecredeHus
KOMILICKCHOTO aBTOMATH3MPOBAHHOTO TMPOEKTHPOBAHKs TeX-HUYeCKuX cucreM // BecTHuk
KOMITBIOTEPHBIX U HH(DOpPMAIMOHHBIX TexHomoruil. Ne 5(107). M., 2013, ¢.18-21

5. Mameno [Ix.®. 3amaun W odTanbl  pa3padOTKH  aBTOMATH3MPOBAHHOTO BbIOOpa W
MPOEKTUPOBAHMUS THUOKUX TPOU3BOACTBEHHBIX cHCTeM. baky: Penakuus TexHuueckoit
mutepatypsl «M3narenscTBo baknuckoro Yausepcuteta»2002, 175c¢.

6. HoBocenbckuii B.b. Meron aBToMaTH3alMy MPOEKTUPOBAHMS PACIpEIEICHHON peNUOHHON
6a3b! naHHbIX // [IporpammubienpogykTeincucteMsl, Ne3, 2008, c. 23-29

7. Mamedov J.F., Guliyev H.B., Farkhadov Z.1.System of automation regulation of reactive power
by means of fuzzy logic // American Journal Reliability: Theory and applications. SanDiego,
Impact factor-0.45, Vol. 10, Ne 2 (37), June 2015, pp. 50-58

84



Safarova T.A.

PE3IOME
CO3JIAHUE 2X- M 3-XMEPHbBIX TPA®UUYECKUX MPEJCTABJIEHU TEXHUYECKOM
CHUCTEMBI HA OCHOBE UHTEP®ENCA CUCTEMbI IPOEKTUPOBAHMUSI
Cadhaposa T.A.

Knrwoueswie cnosa: asmomamusuposantnoe npoeKmuposanue, unmepgeic, KOHCMpyKmop, Heyemxutl,
NPOMBIUULEHHBI POOOM, NPOYEdYPbl MEHIO.

Ha ocHOBe aHanmu3a CylIeCTBYIOIIMX CHCTEM aBTOMATH3MPOBAHHOTO MPOCKTHPOBaHUS ObUT MTOCTABJICH
BOIPOC pa3paboTKU CTPYKTYPHI YEPUCHUS U aHUMAIIMU 2X- U 3-XMEPHBIX U300pakeHUH I aBTOMATH3aUH
npouenyp B rpaduveckoM pexume. Ha ocHOBe pasiena NpOEKTHPOBAaHWS TaHETH YIpaBJICHUS
OIPEIEISIIOTCS IPOLICAYPhI, BEIOpaHHBIE U3 MEHIO apXUTEKTYPhl aBTOMATH3UPOBAHHOTO IPOCKTUPOBAHHS.

Ha ocHoBe omnpocoB, MpOBE/IEHHBIX B CUCTEME YyIpaBlieHUss 0a30i MPOEKTHBIX JaHHBIX, OBUT pelleH
BOIPOC BHIOOpa MEXaHMUYECKUX HITU 3JIEKTPOHHBIX YacTel MPOoeKTa HEeYeTKoro MojienupoBanus. Ha mpumepe
MPOMBIIIIIEHHOTO po00Ta PacCMaTpPUBAETCsl BOIIPOC BEIOOPAETO AIEMEHTOB B 2X- M 3-XMEPHBIX Tpa@ruecKux
peXUMax ¥ aHUMaIlH Ha OCHOBE WHTep(delica cHCTEMbI aBTOMATU3UPOBAHHOTO MPOCKTHPOBAHUSI.

SUMMARY
CREATION OF 2- AND 3-DIMENSIONAL GRAPHICAL REPRESENTATIONS
OF A TECHNICAL SYSTEM BASED ON THE DESIGN SYSTEM INTERFACE
Safarova T.A.

Key words:automated design, interface, constructor, fuzzy, industrial robot, menu procedures.

Based on the analysis of the existing computer-aided design systems, the problem was posed of
developing a structure for drawing and animation of 2, 3-dimensional images to automate procedures in
graphic mode. Based on the design section of the control panel, the procedures are selected from the menu of
the architecture of computing design.

With using some surveys conducted in the project database management system, the issue of choosing
the mechanical or electronic parts of a fuzzy modeling project was resolved. On the example of an industrial
robot, the issue of choosing its elements in 2-and 3-dimensional graphic mode and animation based on the
interface of an automated design system is considered.

Daxilolma tarixi: [lkin variant 28.11.2019
Son variant 04.03.2020
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PYEZOELEKTRIK ADDIM MUHORRIKININ GUC
XARAKTERISTIKALARININ YAXSILASDIRILMASI
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aytenabdulovago@gmail.com

Acar sozlar: pyezoelektrik miiharrik, addim miiharriki, mexaniki giic, elektromexaniki giic

Elm vo texnikada miniatlirlogdirmo tendensiyast daha ¢ox submikron dogqiqliklo
manipulyasiyalar {i¢iin imkanlar1 tolob edir. Mikro vo nano manipulyasiya {iciin, ki¢ik olctilii vo ultra
yiiksok daqiqlikli yerlogdirms vo manipulyasiya cihazlarina olan talabat zamanla artmaqdadir. [1]

Pyezoelektrik addim miiharriklori son onilliklor arzindo tibbi alstlor vo elektronika, moisot
texnikasi kimi sahalords genis sokilds istifads edilir va ugurla totbiq olunur. Buna asas yiiksok siirat,
stirotli cavab, sossiz islomo, kompakt Olglisii vo s. iistiin xiisusiyyotloro malik olmasidir. [2]
Pyezoelektrik miiharriklor mohz  pyezoelektrik effektinin kicik Olciisiine gora yiliksok doqiq
yerlogdirmoni tomin edir. Otalotli pyezoelektrik miiharriklori ilk olaraq 1980-ci illorin ortalarinda
laboratoriyada yerlosdirmo tatbiglori liglin hazirlanmis, son illordo iso miniatiir texnikada genis
totbig olunmaga baslamisdir. Otalotli pyezoelektrik miihorriklorin arasinda xiisusi olaraq addim
miihorriklorinin todqigatinin aparilmasi nanoyerdoyismolor (mikroaddim rejiminin istifadosi) totbiq
olunan mihorriklords, yiiksok doqiq noticolorin alinmasi, minimal xotalarin olmasi vo asan
istifadoyo malik olmasidir.

Otalotli pyezoelektrik addim miiharriklorinin sadslosdirilmosine osas veroan sobob vahid bir
signal torofindon idaro olunmaya malik olmasidir. Bu miihorriklordo gofos manipulyasiyast vo
mikro vo ya nanoyerdoyismolor zamani asagi giic totbiq olunur. [3, 4, 5] Zhang et al. torofindon
2012-ci ildo otalotli pyezoelektrik miiharriklori haqqinda ilk olaraq odobiyyatda tosvir olunan
miihorriklorin genis toforriiatlar1 verilmis, miixtolif miitharriklorin strukturu vo funksional prinsiplori
otrafli izah olunmus vo bozi performans molumatlar1 konspektlosdirilmisdir. Lakin yiiksok
tezliklordo foaliyyot goOstoron otalotli pyezoelektrik miihorriklor hagqinda tam arasdirmalar
aparilmamasi bu miihorriklorin miixtolif aspektlori daha genis todqiqatina osas vermisdir. [5] Belo
ki, movcud pyezzoelektrik addim miiharriklorinin islomasi zamani - miihorrikin ani yiiklonmodon
sonra siirot yigmasina zaman sorf olunmasi, isloms rejimi dayananda is¢i voziyyatini tam barpa edo
bilmomosi, eyni 8l¢li vo parametrlors malik miixtolif név addim miihorriklori ilo miiqayisado
verilon giliciin asagi olmasi, onlarin mohz giic xarakteristikalarinin yaxsilasdirilmasina zomin
yaratmigdir. Belo ki, miihorriki haddindon artiq yiiklonma olmadan, parametrlorino uygun olaraq
islomasi tigiin gliciin qiymatini bilmak vacib amillordondir.

Hoall iisullan. Otalotli pyezoelektrik addim miherriki (OPAM) 6z konstruksiyasinda
slirtlinmo yaradan hissoalora malik olmayan, etibarlilig1 vo istismar miiddati olduqca yiiksok olan
bir miihorrikdir. OPAM konstruksiyas1 asagidaki sokildo gostorilmisdir (Sakil).

Otalatli pyezoelektrik addim miiharriki li¢lin imumi glic asagidaki ifadedon tapilir:

Pg = Pp; + Pp )

Miiharrikin valindaki mexaniki giic iki iisulla qiymetlondirile bilor

1. Elektromexaniki olago omsal1 ilo Ky,
2. Pyezoelektrik harokatvericinin is¢i voaziyyatinin moment va qilivvesi ilo
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Sokil. Otalatli pyezoelektrik addim miiharriki.
Burada : 1 - rotorun govdasi; 2 — ¢ixis vali, 3 — baza armaturasi; 4 —podsipnik; 5 — miihafiza iiziiyii
(baza armaturasimin hissasi); 6 - pyezokeramik nakladkalar; 7 — kollektor; 8 — kollektorun fir¢asinin
qurulusu [6,7,8,9].

Mexaniki giic (Pm) birinci Gsul ilo asagidaki ifads ilo miioayyan olunur [6,7,8]:

PM:PE*(KEM)Z (2)
w,
Kegm = W_A: (3)

Burada Wg— sorf olunan elektrik enerjisi; W,,— mexaniki enerji.
LITC -19 material1 tigiin bu amsal Ky, = 0,31;0halda P, = 0,096 * Py .
Ani mexaniki enerji iki hissadon ibarstdir:
Wy () = Wi () + W, () (4)
W;(t) — horokot rejiminin enerjisinin ani qiymoti, W,(t)— BL (horokatverici) sorbast horokot
enerjisinin ani qiymati. Bu halda:
Wi(t) = Fp(t) * Ayr(t) = Ky * Ky *t % Ky * Kyy *x t = Ky * Ky * (Kyp)? = t? ()

t
Wa() = Fe (€) * A5y (8) = Ko%Ky * Ama #€ @0 x5in( S5 xt (6)
Burada: BL zamandan asil1 olaraq sarbest yerdoyigmolorini miioyyon etmak ticiin:
A(t) = Aur (t) + Asr (D) (7)

burada: 4,,r — mocburi rejimin yerdoyismasinin toplanani; Agy— sorbast ragslorin yerdoyismasinin
toplanani. Buradan 4,y Vo Agy asagidaki ifadslordon tapilir [7,8]:

Fe(t
Aygr (t) = % (8)
/ t
——— . +[3xt
Agr (1) = Apax x € @D *sin( (2*1-))' 9)

Burada, Fe— BL elektrik sahasinin qiivvesi, 7 = T — BL mexaniki hissasinin sabit vaxt1.
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Pyezoelektrik addim miiharrikinin giic xarakteristikalarinin yaxsilasdirilmast

Ay () = 3,3+10 (zzgs;:l)fpw(t) = K+ U(t), (10)
32
Ey- - yunq modulu, K — miitonasiblik omsali; 13 — bimorf 16vhonin birinin qalinligi, (m); & —
pyezokeramikanin nisbi dielektrik kegiciliyi; Ep — pyezokeramikanin polyarlagsmasmin elektrik
sahosinin gorginliyi, (v/m) [10].
Ogor U(t) = Ky, * tolarsa, onda:
Ayr (t) = Ky ¥ Kyg *t (11)
w1 w2

Isci vo qayitma zamaninda mexaniki giic miivafiq olaraq: P,; = o P, = .

OPAM vali {iglin imumi mexaniki giic:
PM = PM1 +PM2(12)

OPAM iigiin faydali is omsal1 asagidaki ifadedon tapilir:
Rl’l

n= (13)
E
Notica. Dusturlardan goriindiiyli kimi, otalatli pyezoelektrik addim miihorriklorin giicliniin
yaxsilagdirilmasi ligiin kifayat qodor resurs var. Onlardan istifado etmoklo OPAM yiiksok effektivli,
islomo siirati vo movcud qabarit dlciilori saxlamagla, giiclinii artirmaq olar.
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PE3IOME
YJIAYUIIEHUE XAPAKTEPUCTUK MOINHOCTH MHEPIIMOHHOI' O
HNBE3O3JIEKTPHYECKOT O ITAT'OBOI'O ABUT'ATEJIA
Aboynosa A.I.

Knrwoueswie cnosa: nve3osnekmpuyeckuii 08uameny, wazo8ulii 08UaAmenb, MeXanuiecKas MOWHOCMb,
INEKMPOMEXAHUYECKASE MOUWHOCD

XapakTepuUCTHKHU ONPENENAI0TCA IyTEM pacdeTa JIEKTPOMEXaHNYECKUX U MEXaHWYECKUX MOIIHOCTEN

npuratens. M3yuyeHneM MrHOBEHHBIX 3HAa4YeHUU SHepruu cBoOoxHoro aswkenus BL (mBmxymmxcs) mpu

MIHOBEHHOM 3HAYE€HHH 3JIEKTPUYECKOH M MEXaHMYECKOM SHEpruu, HCIOJIb3yeMOH BO BpeMs paloThI
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JBUTATENCH, ¥ MTHOBEHHON SHEPrMM pEXMMa JBWXKCHUsA, Obuta HaiineHa wmormHocte MITHIJ w KITJT
neurarens. Kak BunHo u3 hopMys, Tak Ha3bIBAEMBIH ME3037ICKTPUYCSCKHH Iar UMEET IOCTATOYHO PECypPCOB
JUISL YIYYIIeHHUs] MOLIHOCTH JBHUTrateneid. Vcmonb3ys MX, WHEPIIUOHHBIA MbE303JICKTPUUECKUM I1aroBBIN
JBUTATeh MOXKET YBEITHMYUTH MOIHOCTh, COXpaHsS BBICOKYIO 3(PQPEKTHBHOCTb, CKOPOCTh OOpaOOTKH H
JIOCTYIIHBIC Ta0aPUTHBIC Pa3MephbI

SUMMARY
IPROVEMENT OF POWER CHARACTERISTICS OF THE INERTIAL
PIEZOELECTRIC STEPPING MOTOR
Abdulova A.G.

Key words: piezoelectric engine, step engine, mechanical power, electromechanical power

The power characteristics are determined by calculating the electromechanical and mechanical powers
of the motor. The study of the instantaneous values of the BL (moving) free movement energy at the
instantaneous price of the electrical and mechanical energy, as well as the energy of the motion mode, were
found power of IPSM and efficiency of the motor. As can be seen from the formulas, the so-called
piezoelectric step has enough resources to improve the power of the engines. Using them, an inertial
piezoelectric stepper motor can increase power while maintaining high efficiency, processing speed, and
available overall dimensions.

Daxilolma tarixi: [lkin variant 07.05.2019
Son variant 27.01.2020

89



Sumqayit Dévlet Universiteti — “ELMI XOBORLOR”- Tabiot va texniki elmlor bolmasi
Cild20 Nel 2020

UOT681.5.017

TiAMUHITiIND® BIRKONTURLUTONZIMLOMS
SISTEMININSIMULYASIYALITODQIQIi

BAYRAMOVA iLHAMO SAVALANq1z1,
Sumgay:t Dévlat Universiteti, tlitor
bayramova.ilhama@mail.ru

Acarsozlar: TIA(Totally /ntegrated Automation) mihiti, tanzimlama sisteminin simulyasiyas:, étiirma
funksiyas:, programlagd:r:lan kontroller, real saraito uygunlagsma

Giris. Miiasir dovrdo texnoloji proseslorin osas avtomatlagdirma vasitosi kimi miixtsliftipli
programlasdirilan kontrollerlordon (PLC — Programmable Logical Controller) istifado edilir. Belo
kontrollerlordon biri do hazirda daha cox istifads edilon Almaniyanin Siemens firmasinin istehsal
etdiyi Simatic tipli kontrollerlordir. Homin kontrollerlor {i¢iin miixtalif konfiqurasiyaetma,
programlasdirma va vizuallasdirma sistemlori moévcuddur [1]. Hazirda osason TIA (Totally
Integrated Automation) kompleks avtomatlasdirma sistemindon istifado edilir. Step 7 sistemi
kontrollerlorin konfiqurasiyast vo proqramlasdiriimasmi, WinCC Flexible sistemi idaroetmonin
vizuallagdirilmasmi ayriliqda hayata kegirirdilorsa, TIA onlar1 vahid sistem soklindo birlosdirarak,
iimumi avtomatlagsdirma prosesini xeyli dorocodo asanlagdirmisdir. Bu sistemlor sirf real sonaye
soraitindo texnoloji proseslor hagqqinda molumatin toplanmasi, ilkin emali, operativ personala
togdimat1 vo avtomatik tonzimlomo tiglin nozords tutulmusdur. Yeni texnoloji qurgularin
yaradilmas1 zamani1 bu masalolorin proqramlasdirilmasi texnoloji avadanliqlarin qurasdirilmasi ilo
paralel olaraq aparildig1 liclin programlarin sazlanmasi tam olaraq yerino yetirilo bilmir. Homin
sistemlords virtual kontroller — simulyator yalniz montiqi idaroetmo dovralorinin simulyasiyasi ii¢iin
nozordo tutulmusdur. Analoq signallarla omoliyyat aparan, o ciimlodon xotti tonzimlomo
dovralorinin simulyasiyasi tigiin iso bir ¢ox proqram modullarinin — bloklarin nozords tutulmamasi
onlarm virtual todqiqine imkan vermir. Bu masalonin hallino [2,3] baxilmis olsa da, homin iglordo
asagidaki problemlor 6z oksini tapmamisdir:

- yiiksok tortibli 6tlirmoe funksiyalarinin proqram realizasiyasi;

- gecikmonin proqram realizasiyasi;

- niimunavi signal vericilorinin proqram realizasiyast.

Aydmdir ki, bu problemlor holl edilmadon istonilon avtomatik tonzimlomo sistemlorinin
virtual todqiqi miimkiin deyil. Maqgalodo bu masololorin holli vo onlardan istifado etmoklo
birkonturlu tanzimloma dévrasinin simulyasiyali tadqiqi tisulu toklif edilir.

Yiiksok tortibli 6tiirmo funksiyalarinin proqram realizasiyasi. Yuxarida gostorilon [2,3]
islords yalniz

W(s):bls+b° | 1)
a,s+a,
W(s) = b,s+Db, @)

a,s” +a,5+a,
soklindo olan &tiirme funksiyalarmim proqram realizasiyas: diferensial tonliklorin analoq hesablama
masinlarinda (AHM) halli tisuluna ossaslanaraq yerino yetirilir. Homin iisul 6tiirmo funksiyasinin
suratinin tortibi vahiddon bdyiik olduqda diferensiallagdiricilardan istifado edilmosini talob edilir.
Diferensiallasdiricilar xarici hoyacanlara hossas olduqglar1 ticlin onlardan istifado edilmasi
moagsadouygun deyil. Istonilon yiiksok (ii¢ va daha bdyiik) tartibli 6tiirmo funksiyalarmnin realizasi-
yasinin agar1
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b,s* +b,s +h,
a,s” +a,5+a,
soklinda Otiirmo funksiyasindadir. Bu ifadoni agsagidaki kimi yazagq:

W (s) = 3)

W(S)_bzsz+bls+bo _b,(s’+Bs+B,| b, 1. B/s+B,
a,s’+as+a, a,|\S*+As+A )] a, | sP+As+A )
b b a a . .
Burada: Bl:b—l, B, :b—o, Alza—l, A Za—o, Bi=B, —A,B; =B, - A.
2 2 2 2

Beloliklo, goriindiiyli kimi, (3) soklindo 6tiirmo funksiyasinin realizasiyasi (2) soklinds olan
Otirmo funksiyasmin realizasiyasina gotirilir. Tortibi 2-don yiiksok olan Otiirma funrsiyalarmin
realizasiyasi 1so onlarin sifirlarmin vo qiitblorinin tiplorindon (haqiqi vo ya kompleks) asili olaraq
(1), (2) va (3) tipli otiirmo funksiyalarinin hasillorino vo uygun olaraq onlarin proqram realizasi-
yalarinm ardiciligina gatirilir. Suratinin tortibi 3 vo maxracinin tartibi 5 olan

7s® +48.02s* +122.1s +120.1

320s° +473s* +314s® +107s® +18s +1
otirmo funksiyasinin sifirlari —2.85,—0.002+ j1.414 vo qiitblori -0.1, —0.37+ j0.3246,

—0.3192 + j0.1649 -dan ibarat olub,
s+285, 00219 ,  s®+4s5+6

s+0.1 s®+0.75s+0.25 s*+0.625s+0.1251
ilo ovoz edilmisdir. Qeyd etmok lazimdir ki, 0.0219 ododi 6z yerini (s+2.85) vo ya (s?+4s+6)
coxhadlisi ilo doyiso bilor. Sokil 1-do onun proqram realizasiyasi verilmisdir.

W (s) =

W(s) =

"Block_2" "Block_3" "Block_4"
EN ENQ —EN ENQ —EN ENQ —
#ul — yxod #ylo— vxod 8y20 — vxod
al 1.0—2a2 022
a0 'S — a1 923 al
b1 0.25— a0 0.125 a0
b0 0.0 b1 C b2
"Datws_block_ WOLiF b0 4.0 b1
1".mv—my "Data_block_ 6.0—bo
#yo —y1 17.mv — my *Data_block_
zylo vixod =yl yl 1".my mv
#y2> y2 y32 yl
syo vixod Syd y2
RySm —y
#y30 vixod

Sakil 1. Bestartibli otiirma funksiyasinin program realizasiyasi

Block 2, Block 3 vo Block 4 uygun olaraq (1), (2) vo (3) tipli 6tiirmo fiinksiyalarini
realizasiya edirlor. Homin bloklarin hansi ardicilliqgda olmasimnimn forqi yoxdur. Lakin birinci blokun
cixis1 ikincinin giriging, ikincinin ¢ixis1 is9 {iglinciiniin girisino verilmolidir. Sokildon goriindiiyii
kimi, Block_2-nin ¢ixis1 #yloBlock 3-Un girisine, onun ¢ixist #y2o iso Block 4-iin girising
verilmisdir.

Gecikma manqasimin proqram realizasiyasi. Molum oldugu kimi, gecikmo mangasmin
Otlirmo funksiyasi

W(s)=e"

91



TIA miihitinda birkonturlu tonzimlomoa sisteminin simulyasiyali tadqiqi

soklindadir. Avtomatik tonzimlomo nozoriyyasindo gecikmonin asagidaki aproksimasiya tisullari
istifado edilir [4,5]:
- aperiodik mangalarin ardicil birlogmasi

e"sz#,Tzz; 4)
(Ts+1)" n
- Teylor sirasina ayirma
2_2 2_3 Tk
e =l-s+—8"——sP b (D) —s* 4o (5)
2! 3 k!
- Pade aproksimasiyast: ikitortibli [4,10]
2

1—%s+;—232 5255 13
e = = LT (6)

, 6 12

1+ -s+--8* S +-S+—

2 T T
vo ya dOrdtartibli [4]
2 3 4
1-Feqp P g2 F g3y F g s4—§53+182052—8ios+16§0
oS ~ 2 933 84 1680  _ T T T T )
- 2 3 4 '
1+ i+ g2+ 0 g4 T g s4+§s3+182032+8i05+16?0
2 933 84 1680 T T T T

Bu vo ya digor iisulun tortibi no qodor yiiksok olarsa, onun effekti daha boylik olar. Tortibin
yiiksok olmasi iso hesabatin vo proqram realizasiyasinin miirokkoblogmasine sobab olur.

Teylor sirasidan yalniz nozari tadqiqatlar zamani istifads edilir, onun proqram realizasiyasinda
diferensiallayicilardan istfado edildiyi li¢iin praktik islordo istifado edilmasi mogsadouygun deyil.

Todqiqatlar gostorir ki, eyni tortibdo Pade approksimasiyasi daha effektlidir. Lakin onun hazirhiq
hesabat iglori daha ¢oxdur. Gecikmonin vo tortibin hor bir qiymoti iiclin xiisusi hesabat
aparilmalidir.

b Network 1: ... WFCS
"Block_5"
— EN END —
DIV WFC2 Wc2 WC2 WC2 wwod
Real “Block_2" "Block_2" “Block_2" “Block_2" -
EN ENQ = EN ENO EN ENO EN END EN  ENO = mv
#tau N1 OUT #t1 #waod vand #y1 wvaod £y2 wod £y3 wvaod i1
4.0 N2 £11 al #11 al 11 al #11 al ¥l
1.0— aD 1.0— a0 1.0— a0 1.0— aD y21
0.0 b1 0.0 b1 0.0 b1 0.0 b1 y2
1.0— bo 1.0—ho 1.0—ho 1.0—bo y31
Emv i1V #mv my #mv my #mv my };3
#y11 ¥l #y21 yl #y31 ¥l Fyd1 yl ¥4
#y1 — yixnd #y2 — yixod #y3 — vixod #uiod — yixod vixod
a b

Sakil 2. Ardicil birlagmis aperiodik mangalardan ibarat gecikma blokunun programi (a) va isarasi (b)

Aperiodik manqgalarin ardicil birlogsmosi {isulu iso daha universaldir. Tortibdon asili olaragq,
yalniz ardicil bloklarm say1 doyisir. Hotta miioyyon hadd daxilinds onu da universallasdirmaq
miimkiindiir. Sokil 2-do dord ardicil aperiodik manqadan ibarat gecikmo blokunun proqrami (a) vo
onun isarasi (b) verilmisdir.
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Su quzdiricisinin ¢ixisinda suyun temperaturunun tonzimloma sisteminin simulyasiyasi.
Sokil 3-do homin sistemin prinsipial sxemi verilmisdir. Sistem haqqinda asagidakilar molumdur:
- temperatur vericisinin 6l¢ti haddi — 0-150 °S;
- temperatur vericisi baglanigic tinvani 100 olan analog-raqom ¢eviricinin (ARC) birinci girising
qosulmusdur;

Kontroller
RAC Pi tanzimlayici ARC
Quzdinic
iM '() Temperatur vericisi
Qazr == I == |sti su
==
Soyug su

Sakil 3.Qizdiricinin ¢ixisinda suyun temperaturunun tonzimlonma sxemi

- icra mexanizmi (IM) baslamgic iinvan1 200 olan rogom-analog ceviricinin (RAC) birinci
¢ixisia qosulmusdur;
- qizdiriciin (obyektin) “qaz sorfi — ¢ixigda suyun temperaturu” kanali {izro 6tiirmo funksiyasi
5 -11s
olls .

15s% +13s+1
- bu obyekt iiclin Matlab vasitasi ilo sazlama parametrlori Kp=0.1342, Ti=108.9 san. olan
miitonasib-inteqrallayici (PI) tanzimloyici toyin edilmisdir.

Gecikmosi olan kanallar1 realizasiya etmok tigiin Block 4 vo Block 5-don ibarat yeni Block 6
yaradaq (Sokil 4). Block 6 tortibi 3-don kigik vo gecikmoasi olan istonilon mangani
(diferensiallagdiricidan basqa) realizasiya edir. SCALE vo UNSCALE bloklar1 obyektin giriginin
tonzimloayicinin ¢ixig1 vo obyektin ¢ixisinin tonzimloayicinin girisi ilo uzlagdirmaq tigtindiir [1].

Sokil 5-do standart PID tonzimloyici CONT C vo Block 6-dan ibarst OB35 blokunda
yerloson simulyasiya proqrami verilmisdir. Molum oldugu kimi, CONT_C tonzimloyici SCALE vo
UNSCALE bloklarindan istifade etmoklo vo ya onlardan istifade etmodon tonzimlomo prosesini
hoyata kegiro bilor. Toqdim edilon program SCALE vo UNSCALE bloklarindan istifado etmoklo
tortib edilmigdir. Simulyasiya proqrami asanligla real obyekto uygunlasdirila bilor. Bunun {igiin
asagidaki omoliyyatlar1 yerino yetirmok kifayotdir:

- simulyasiya proqramindan ($akil 5) Block 6 ¢ixarilir;
- SCALE blokunun IN girisinin vo UNSCALE blokunun OUT ¢ixismin real iinvanlar1 sokil 6-
daki1 kimi toyin edilir.

(6lgma va idaraetmos kanallarmin biitiin elementlori daxil olmagla) - W (S) =
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- Network 1:
WA WFCS
SCALE Block_4 Block 5 UNSCALE
EN ENO EN ENO EN ENO EM ENG —
#vod — [N RET_VAL — #retval  #u— yuod #y— vxod #Fyvinod — |N RET_VAL — #retval
Fmaxy — HI_LIM ouT — &u a2 — a2 #tau — tay gmaxy — HI_LIM ouUT — #vixod
#minu — LO_LIM a1 — 51 MV — my #miny — LO_LIM
#bip — BIPOLAR #30 — ap #ylz—y11 #bip — BIPOLAR
#62 — b2 #y2z— i
£b1 —pi By31— 29
£b0 — b0 Fpdz—y2
#Fmv — my =352—y31
#l—m #y61—y3
#}"2—}!2 #y‘?z—]ﬂd
3 —y #yvixod — yixod
#y — vinod
S$okil 4. Block_6-nin programi
Network 1:
“CONT_C DB _2*
CONTC  gan
SCALE UNSCALE “Block_6*
EN ENO EN ENO N ENO EN  ENO =
Data_block_ *Datw_block_ £ —COoM ST LW — o1 ol — N Dot _block_ ‘Data_block_ *Data_block_
VAPt — N mETVAL — et pgu block_ LW_PER — 200—HUUM RELVAL— 1 retvel VAPl —pg viod — 1TACP
150.0 HI_UM *Data_bleck_ 1’m.mn_m‘_on QUVIN_HLM = . 0.0 LO_UM *Data_block_ 200~ mawu
00—LOUM OUul— 1* voodt [ PVPER_ON QUVIN_LLM = *Dats_block_ our— V' .CAPY 0.0 ming
"Data_block_ TRUE == SEL U P — 17 bip = BIPOLAR 150—a2
17 Bip == BIPOLAR THE w—_SEL o 0~ a1
[=—INTHOLD  LMN.D— 0— a0
f—m_ON [ 00—b2
LS D SEL £R 00—
"L —Cyae 50— 0
"Data_block_ St ')
1* Zadanie? SPINT “Data_block_
*Data_block_ 1" my — my
1" veodt — py N 150.0 — maxy
16 PV_PER 0.0 = miny
— MAN “Dats_block_
01324 — GAIN 1"%ip —bip
210 -1 ¥ylo n
. —1 ey20 —y2
TMLAG 30 —y3
00— DEADE_W o —x
CO—um_mm i —yiz
LML Y22 — yaz
— PV_IAC 3% - y82
00— PV_OFF D — 2
UMN_FAC £y5® — ¢Sz
LMN_OPF #y6 - y6z
00— LMVAL Y70~y
DISV *Dats_block_
1" wbed! — yiod

Sokil 5. Simulyasiya programi

94



Bayramova LS.

52 B
PLC tags

Marne Tag table Data type Address

<l KodvixACP1 Default tag table Int %IW100

2 g KodvxCAPT Default tag table Int %OQW200

Sakil 6. SCALE blokunun IN girisinin va UNSCALE blokunun OUT ¢ixisinin iinvanlart

Sokil 7-do simulyasiya tonzimlomo sisteminin simulyasiya vo real istismari zamani istifado

edilon operator paneli tosvir edilmisdir. Simulyasiyanin moqgsadi tapsirigin bu vo ya digor
istigamotdo doyisdirilmasi vo suyun temperaturunun doyigsmosine nozarat etmoklo, tonzimlomo
keyfiyyotlorinin toyin edilmasindon ibaratdir. Real tonzimloms zamani isa zaruri olan temperaturun
zaruri olan tapsiriq qiymsti operator panelindon daxil edilir vo onun cari qiymatina nozarast olunur.

Quzdine
M l:wl 24.00 | Suyun temperaturu
Qaz == [3':] = jsti su
25.0
= Temperatur tanzimlayicisinin
Soyug su tapsingi

Sakil 7. Operator paneli

Naticalor. Moqalodos hazirda texnoloji proseslorin avtomatlagdirilmasinda genis istifado edilon

TIA miihitindo sado avtomatik tonzimlomo dovrolorinin simulyasiyali todqiqi tisulu, konkret
kontrollerlor iigiin simulyasiya proqrami vo onun real soraito uygunlasdirilmasi yollar1 toklif edilir.
Toklif edilon iisul kontrollerli idaroetmo sistemlorindo totbiq edilocok tonzimlomo dovralorini real
sonayeds totbiq etmozdon ovval, onu homin soraito ¢ox yaxin olan soraitds todqiq etmoys imkan
VErIr.
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5. https://studwood.ru/1119508/matematika himiya fizika/transportnoe zapazdyvani

PE3IOME
CUMYJIALIMOHHOE UCCJEJOBAHUE OJJHOKOHTYPHOM CUCTEMBI
PEI'YJIUPOBAHUS B CPEJE TIA
baupamoea U.C.

Kniouesvie cnosa: cpeoa TIA(Totally IntegratedAutomation), cumynayus cucmemvt pe2yiupoeanus,
nepeoamoyHas — QYHKYus, NpoSPaAMMUPYeMblll  KOHMPOLEp, aoanmayus K
PeanbHbIM YCIOBUAM
B cratbe paccMaTpWBaeTCs CHMYNSIMOHHOE  HCCIIEAOBAHME CHCTEMBl  aBTOMATHYECKOTO
peryaupoBanusi B cpeae TIA(TotallylntegratedAutomation), koropast IIHPOKO TpPHUMEHSETCS IS
aBTOMATH3AI[Md TEXHOJOTMYECKHX mporieccoB. Jlust artoro Tpebyercs mporpaMMHas —pearn3aiist
nepeaaToYHbIX (PYHKIHMM MPOM3BOJILHONO TOPsAKA C 3amasjasiBaHueM. B pabore mpemiaraercs MeToj
pOrpaMMHON peau3alii MepPeaaTOYHbIX (PYHKIUH BBICOKOTO MOPSIAKA C 3amasjbiBaHueM. [IpuBOIUTCS
nporpamMMa CUMYJISIIIMU CHCTEMbI PETYJIMPOBAHMS M CIIOCO0 €€ afanTaliuy K PealbHbIM YCIOBHUSIM.

SUMMARY
SIMULATION RESEARCH ON SINGLE-CONTROL REGULATORY SYSTEM
IN TIA ENVIRONMENT
Bayramova 1.S.

Keywords:TIA (Totally Integrated Automation) environment, control system simulation, transfer
function, programmable controller, adaptation to real conditions
The article discusses a simulation study of an automatic control system in TIA (Totally Integrated
Automation) environment, which is widely used to automate technological processes. This requires software
implementation of transfer functions of arbitrary order with delay. In the work the method of program
realization of transfer functions of a high order with delay is offered. A simulation program of the regulatory
system, and a way to adapt it to real conditions are given.

Daxilolma tarixi: [lkin variant 29.03.2019
Son variant 27.02.2020
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Acar sozlar: tros, toplayici, tormoz enerjisi, elektrogenerator, sarfiyyat, mexaniki enerji

Tagdim olunan iy tormozlanma zamani itan mexaniki enerjinin vo bununla alagadar artiq yanacaq
sarfiyyatimin qaytardmasina hasr edilir. Horakat edon obyektlor sinfina aid olan sahar nagliyyatimin yolun
baslangicindan sonuna qador kiillii migdarda tormozlanmalara moruz qalir ki, natico olaraq yanacaq
sarfiyyati xeyli artmis olur. Bu sarfiyyatin enerji monbayi kimi qabul edarok onun tormoz mexaniki
enerjisinin qaytarilaraq toplanmasi prosesinin halli ticiin bu enerji mexaniki enerji toplusuna naql edilir vo
toplanir ki, ondan enerji monbayi kimi istifads olunsun.

Har birharakat edon obyekt (avtomobil, traktor, harbi texnika va s.) daxili yanma miiharriklori
(DYM) vo ya digor miiharriklo tomin edilir. Obyektin yanacaq yandirma dorocosi onun hocm
tutumundan, mogsadindon vo digor texniki soboblordon asili olaraq genis hodlordo doyisir.
Mosolonin holli {i¢lin yanacagin hocmi vo ondan no dorocods istifado olunmasi maosaloloring
baxilmalidir. Yanacagin islonmo hocmino az vo ya c¢ox dorocado tosir edon amillordon biri do
tormozlanma omoliyyatidir. Horokot edon obyekt horokoto goldikdon sonra miioyyon olunmus yero
catmasi liglin zaman parametri 0z igini gostorir. Ogor tez-tez tormozlanmalar bag verorso zaman
parametri artaraq yanacaq sorfiyyati artacaqdir. Yanacaq sorfiyyati tormozlanmaya goro chomiyyaetli
doracodo artarsa yanacagin miihafizosi haqda diisiinmok zoruroti yaranir. Bu sahoyo nozor salmaq
ancaq tez-tez tormozlanmaya moruz qalan obyektlors aid olacaqdir. Bu ciir obyektlor sohor-ictimai
naqliyyati sayilan avtobus tosorriifatina aiddir.

Sohor noqliyyatinda avtobuslarin saymnin ¢ox olmasi, siirotin optimaldan tez-tez asagi
diismosi, tormozlanmanin da intensivliyi yanacagin itmis (faydasiz) enerjisinin qaytarilmasini tolob
edir. Bu enerjinin hans1 ndvde qaytarilmasi da problem olaraq yaranir. itmis enerjinin elektrik
enerjisi formasinda gaytarilmasi problemin halli kimi masalonin asas qoyulusudur.

Isin mogsadi. Nogliyyat vasitosinin tormozlanmasinda enerjinin oradan dagmmasi iiciin
konstruksiyada doyisiklik edilmolidir. Belo ki, bu doyisiklik konstruksiyanin isino tosir etmosin,
cokisini artrmasin vo digor toloblori pozmasin. Baxilan mosslonin halli ii¢lin tokor sistemindo
kicicik dayisiklik edilmisdir ki, bunun ¢okiys tosiri bir ne¢o faizdon, konstruktiv islonmasindoki
doyisiklik isa azaciq (heg bir proseso tosir etmoyon doracads) doyisiklikdon ibarat olacaqdir.

Gostorilon omoliyyat noqliyyat vasitasinin tormoz sisteminin elementlorino araliq bir
elementin daxil edilmesidir ki, tokerlorin igine vo tormozlanma prosesing tasir etmir. Bu element
tormoz diski olaraq ¢akisinin bir hissosi tokar sisteminin konstruktiv ¢okisi hesabina yaradilir.

Tormoz mexaniki enerjisini mexaniki enerji toplusuna Gtiiriilmesi liglin yumsaq naqil-goxsayl
elastik naqillorden yigilan trosdan istifads olunur.

Tokorlo mexaniki olagodo olan firlanan tormozlanan disk (Sokil 1.) adoton ona paralel
yerlosdirilmis tormozlayic1 diskle birlikde tormoz sistemini yaradirlar. Tormozlayict disk mexaniki
enerji toplusu ilo bark birlosmis konstruksiyada olduqlarindan tormozlanan diske sixildiqda disklor
arasinda mexaniki qiivve yaranrr ki, bu qlivve firlanan tokor sisteminin firlanmasina manegilik
toradir vo tormozlanma prosesi baslanir.

97


mailto:efile@mail.ru

Tormoz mexaniki enerjisinin cevrilma makanina naqli prosesi
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Sakil 1.Tormoz enerjisinin mexamkz enerji toplayicisina naqli sxemi
1-tokar; 2-0X; 3-koynak; 4-tormozilayict disk; 5-konar ¢ixig; 6-tros; 7-gévda;,
8-sorbast harakat muftasi; 9-mexaniki enerji toplayicist.

Tormozlanma enerjisinin bir hissasinin aldo oluna bilmasi, yoni onun digor enerji ndviing
cevrilorak istifados oluna bilmesi iiglin, yaradilan bu prinsipde (tormozlayici disklorin donmasi)
mexaniki enerji torponon va firlanan elementlori olan konstruktiv mokandan torpsnmoz —naqliyyat
vasitolorinin gévds konstruksiyasina noql edilir. Tormozlayic1 diskin 6z oxu otrafinda déno bilmasi
miioyyon bucaq altindadir. Bu bucaq elo qiymstds olmalidir ki, 0 mexanizmin tormoz signalinin
tosir miiddati va sliriiciiniin reaksiyasina ¢ox tosir etmosin. Buna gora do toklif olunan donmo bucagi
”/2 zonasinda yerlogdirilir (Bu bucaq asason tokards yaradilan tormoz enerjisi ilo, yani mexaniki
enerji toplusuna géndarilon enerji ilo miayyan olunur) [2].

Gostarilon konstruksiyada ossas ¢atinliklordon biri dord tokor sisteminds 6tlrtlon mexaniki
enerji toplusunun zaman parametrlorinin daima uUst-lsto diismesidir. Siiriiciiniin komandasi ilo
tormozlanmada tokarlorin tormoz disklari eyni zamanda lazimi qaydada enerjini 6tiira bilmirlor; bu
prosesdos stirlismoalor homiso eyni zamanda eyni mexaniki qiivvs ilo bas vermir, barabarlik zamani
tonzim olunarsa belo kigik bir muddatdon sonra, ¢cox amillordon sonra pozula bilir; bu prosesin
gaydaya salimmasi ligtin har bir tokorin mexaniki enerji dasima mexanizmi “sorbast horokot muftasi”
ilo tomin edilirlor. Sarbost horokot muftasmin horokot elementi tormozlayict olmayan halda “ssas
nogtoya” — dartilmanin bas verdiyi noqtoys (zamana gora) sazlanir ki, homoan tokards tormozlanma
baglanan kimi, mexaniki enerji markazo-mexaniki enerji toplusuna gondarilir. Tokor ilo harokot
muftas: arasinda mexaniki enerjinin Otiiriilmo zamanin (mosafonin) doyismosina baxmayaraq
mexaniki enerji mexaniki enerji toplusuna nazordo tutulan zamanda (butiin tokorlordo golon
enerjilor) catdirilir ki, bu da biitiin tokarlords ayrilan tormoz enerjisinin eyni zamanda naql edilmasi
demokdir.

Mexaniki enerji toplusundan mexaniki enerji elektrogeneratora otirtlorok elektrik enerjisina
cevrilir.
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PE3IOME
IMPOLIECC NEPEJJAYU TOPMO3HOM MEXAHUYECKOM SHEPT A
B IMMPOCTPAHCTBO BPALIEHUS
banaesa A.I'.

KarwueBble ciioBa: mpoc, azpecam coouparowuii IJHepeuio, SHepeust MOPMONCEHUs, INeKMPUYECKULL
eenepamop, nompeodeHue, MEXAHUYEeCKas SHepeusl

B cratee paccMaTpuBaroOTCSI BOIPOCHI TMPEOOpPa3OBaHUS W IOBTOPHOTO  HCIIONB30BAHHUS

MEXaHWYEeCKOW DHEPTUH, TePsIeMOil pH TOPMOXKEHIH Ha TPAHCIOPTHBIX CPeACTBax. B KOHCTpyKumio ObLTH

BHECEHBI M3MEHEHUS I Tepefavynd dHepPruu, COOpaHHOW MPH TOPMOKEHHWH TPAHCIIOPTHBIX CpeacTB. Jlist

pemieHusi 3TOH MpoOJeMBbl HEOOXOAMMO, YTOOBI M3MEHEHHWs B [W3ailHEe MOJHOCTHIO COOTBETCTBOBAIH

TpeOOBaHUAM, IPEIBABISIEMBIM K TPAHCTIOPTY. B TO e BpeMs mpoIiecc mepeaayn YHEPTUH paccMaTprBaCs
KaK aJbTepHATHBHBIM UCTOYHHUK SHEPTUU TIPH TOPMOXKeHUs. B pesynbrare skoHoMuUTCs 60-65% Torumsa.

SUMMARY
TRANSMISSION PROCESS OF THE BRAKE MECHANICAL ENERGY INTO
THE ROTOTION SPACE
Balayeva A.H.

Key words: cable, unit collecting energy, braking energy, electric generator, consumption, mechanical
energy
The article discusses the conversion of mechanical energy lost during braking on vehicles info
electricity. The energy accumulated during vehicle braking has been modified in the design. To address this
issue, the design change was filly campliant with the transportation reguirements. At the same time, the
process of transporting it to the power grid was considered as an alternative source of energy for braking
energy. As a result, 60-65 % of fuel savings are saved.

Daxilolma tarixi: [lkin variant 14.10.2019
Son variant 27.02.2020
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