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Knwuesvie cnosa: mooynapuvie OuHaMuyecKue cucmemvl, @QOpmyna HNOAHOU  pPeaxyuu,no-
JUHOMUATbHOE npedcmasiienue; Heuzgecmuvle Kodpguyuenmol, pekyppeHmHoe
coomHouleHue.

Paccmampusaemcess 60npoc NOAUHOMUATILHO2O RPEOCMABNIeHUs NOJHOU PeaKyuu 00H020 — KIdAccd
O0BOUYHBIX MOOYJIAPHBIX OUHAMUYECKUX CUCTEM U NPUBOOUMCSL (DOPMYNA NOTUHOMUATLHOZO NPEeOCMABIeHUSL.
Jlnst 3a0auHbIX  6XOOHOU HOCIE008AMENLHOCNUU NOCTe008AMENbHOCIU COCMOAHUSL  NPedilacaencs
PeKyppenmuoe  COOMHOUIeHUe  OISTHAXOJCOCHUSl  HeU38eCMHbIX — KOIPOUYUEHMOE — NOTUHOMUATLHOZO0
npeocmasnenust. [Ipusooumces npumep 0711 NOTUHOMUATLHOSO NPEOCMABIeHUS. NHOTHOU PeaKyul CNeyuaibHoU
0BOUYHOU MOOYIAPHOU OUHAMUYeCKOU cucmemvl. TIpusooumces npumep noayuenus peKyppeHmnHo20 COOmHo-
wierus 0Jisl HaxoxHCcOeHust 00H020 CNeyUaibHO20 Ko3gh@uyueHma noIuHOMUATbHO20 NPeOCmasieHUs..

Beenenne. KoneuHble mociaen0BaTENbHOCTHBIE MAlIMHBI MM MOAYJISIPHBIE JTMHAMUYECKUE
cucrembl (MJIC) GyHKIMOHUPYIOT HaJl KOHCYHBIMHM MOJSMH WM Kosibllamu [1-7]. OHM HIMPOKO
IIPUMEHSIOTCS B BBIUMCIIMTEIBHON TEXHUKE, CUCTEMAaX AMATHOCTUKH, KOAUPOBAHUM U JEKOAUPOBaA-
HUU JHUCKPETHBIX COOOIIEHUI, MOAETUPOBAHNN U YIPABIEHUU HEMPEPBIBHBIX U JAUCKPETHBIX 00b-
exktoB U T.4. [1, 2, 5, 6, 8-13]. Takas mmupokas o0jgacTe NMPUMEHEHUS CTHUMYJIUPYET pa3BUTHE
Teopun U Meroaosioruu npunoxkennit MJIC. Pasnuunbie TeopeTHyeckue 3aaud U 3aJaqd, CBS-
3aHHbIE ¢ MeTononorue npumenennss MJIC, oCHOBBIBalOTCS Ha ypaBHEHUH, ONIUCHIBAIOLIEM HX I10-
BEJIEHUE B MPOCTPAHCTBE COCTOSHUMN (HA S3BIKE «BXOJ—COCTOSIHUE—BBIXOJ1») WM Ha BBIPAXKEHHUU
NPEJCTAaBICHUS UX IOJHOM peakiuu (Ha sI3bIKE «BXOJHO—BBIXOJIHBIX» cooTHomleHuit). K Hac-
TOSIIIIEMY BPEMEHHU MOJIyYeHbl MOJMHOMHUAIbHBIE COOTHOIICHHS B BMJIE JBYX3HAYHOI'O aHAJIOTa
noJinHoMa BosbTeppsl AJI IPeICTaBICHUS ITOJHON PEaKLMU Ul Pa3jIMYHbIX KJIACCOB JIBOWYHBIX
MIAC (AMIC) [5-7, 14-16]. B atux pabotax paccmarpusatorca IMJIC, xapakrepuzyemblie
«BXOJTHO—BBIXOJHBIMY» (PYHKIIMOHAIBHBIM COOTHOIIEeHHEeM. OJIHaKO HECOMHEHHBIM MHTEpec Mpej-
cTaBysger paccMoTpenue nBonuHbiX JIMJIC, B KOTOpBIX XapakTepusyercss (QyHKIHOHAIBHOE COOT-
HOIIIEHHE, OCYLIECTBISIONIEe IMPeoOpa3oBaHUEe «BXOJl, COCTOSHUSN) HA «COCTOSTHHE» MM Ha «BBI-
xoa». B nmanHoil pabote, paccmaTpuBaeTcsi BOMPOC MOJMHOMHUAIBHOTO IMPEACTABICHUS OJHOTO
knacca JIMJIC, kotopoe Xxapakrepu3yercst (yHKIIMOHAIBHBIM COOTHOILIIEHUEM, OCYILECTBIISIOLIIM
peoOpa3oBaHUe «BXOJ, COCTOSTHUS» HA «COCTOSIHUEY.

1. ITocranoBka 3agaun. Paccmorpum JIM/IC, onuceiBaeMyto B IpOCTPaHCTBE COCTOSIHUM:

Detizues @SILn +M]emeu(§e[c? %}[Jp’q ])Ecgt;c%)oea D.D. 1)

3nece neZ,, S[n]—HOCHeI[OBaTeJ'IBHOCTI/I cocTosiHus, U[N]—BXOmHAas MOCIEI0BATEILHOCTH M

F(.)=(F(.) R, rae Z, CYTb MHOXXECTBO HEOTPUUATENBHBIX LEIBIX YHCED,
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s[n]=(s,[n],.... 5 [N]) € GF*(2), Sy =(Sg1r-+Sox) € GF*(2) - 3a1aHHBIl BEKTOp HAYANBHOTO COCTO-

sums, ufn]=(u,[n],...,u.[n]) e GF"(2), GF(2) ectb koneunoe mone, a GF*(2) u GF'(2) ectb k u
I — MEpHBbIE JIMHEWHBIE IPOCTPAHCTBA HAJ 110JIeM GF(2) COOTBETCTBEHHO.

3anaga nonmuHoMuansHOro npeacrasinenus JMJIC (1) cocTouT B mpencTaBIeHIN 0TOOpaxe-
aust F(...) B Buge momuHOMa Haj mojeM GF(2) M B ONMpeecHHH HEM3BECTHBIX KO3 QGHINCHTOB

3TOrO MOJIMHOMA IIPU U3BECTHBIX HocieaoBarenbuoctax S[n] u u[n] AM/JIC.
2. IlosmHOMHUAJIbLHOE COOTHOIIEHHE /IJIsl IpeacTaBaenust nmojnoii peakuuu IMJC. B (1)
s kaxno v efl,... .k} orodpaxenue F, (S[n],u[n]) mMoxHO 3anucaTh B BUAE MOAYISAPHON (YyHK-
mun f,, 3aBucamiei or K +r aprymeHnros:
F(sInLufn]) = f, (], s Il wlnl, .., []), v=lo. k. (2)
[Tpu kaxaom N moxynsapHyto ¢yHKIuO f, (...) MOXHO MPEACTaBUTH B BHJIE TOJIMHOMA HAJ
KOHEUHBIM T10J1eM GF(2) ¢ moMOIIbI0 POU3BENCHUS 3JICMEHTOB MHOYKECTBA
U ={sIn],....s,[n],uy[n],....u,[n]} (3)
B Pa3iMYHBIX BO3MOXXHBIX KOMOMHAIMSIX. B BO3MOXXHBIX pa3HbIX KOMOWHAIMSAX IMPOU3BEICHUMN
asieMeHTOB 13U 4HCII0 MHOKUTENIEH MOXKET OBITh OT HYJS 0 K+ I M KOJIUYECTBO TaKUX IPOH3-

Befenuii cyts 2¢". Kaxkmoe Takoe mpousseieHre uMeeT KodhUIUenTs! u3 mois GF(2) .

Bei6epem npoussonsroe i €90,...,K +r} u paccmotpum mpousseneHus seMeHTOB u3 (3) B
pa3UYHBIX ~ KOMOMHALUAX, KOJIMYECTBO  MHOXKHTEIEH s U, ={s[n]...s[nN]} #u
U, ={u,[n],...,u,[n]} xoTopbix paBHO cooTBeTcTBeHHO M 1 /,Tae 0<M<k,0</<r um+/=1.
Toraa 3To mpousBeneHue B 00IIEM BHJI€ MOKHO IPEACTaBUTh B BUJIE

[Ts.. ([ Tu,, Il
-1 o=1

rae (a,...,a,,) € (m), (B,..., B,) € Q,(¢), npuuem

Ql(m)={§=(al,...,am)|1éa1<...<am <k}, 4)
Qz(g)={E:(ﬂ1""'ﬁz)|1gﬂl<"'<ﬂ¢:Sr}- 5)
Ilycts
@) ={(m, )| i=m+1}. (6)
Torna

f,(snl.....s [n],w[n].....u.[n]) =
:ki > > Kﬁm'”)[a,ﬁ]ﬁsaf[n]ﬁuﬂa[n], GF(2),v=1...k, )
&=1 =1

i=0 (M, N)ed(i) (a,B)eQy (M)xQ,(¢)
e K™[a,B], (@,f) e q(m)xQ,(m), (M) ed(i),iefl.. k+r}vefl.. Kk}, cytb kood-
GUIMEHTHI, SBIAIOIIKECS deMenTaMu 13 GF(2) , asammich GF (2) B opmysie (7) 03HayaeT, 4To onepars

CIIOKEHUSIM YMHOXKEHUST  [IPOUCXOIAUT Haz[ noeM GF(2), T.e. 3TW omepanuu, CyThb OINEPAUA COOT-

BETCTBEHHO Cnomg_!l)ﬂ%lﬁ)%%ﬁ %6@ €Hu€ NoJIHOU peakyuu 00HO20 Klacca
BOUUHbLIX MO JlﬂbelX TuHaMuquKux cucmem

(m, Q)| i=m+}={(0,0)}, u mosTOMY MHOXECTBA

Q,(m) u Q,(¢) ecth mycThie MHOMKeCTBA. [TosTomy npui =0 kospduuuentsr K™ [, f] Gynem

SIcHo, uto npui =0 MHOKecTBO D(i

sanuceiBath B Bujge K%, Kpome toro, npu m=0,/>0 u m>0,/=0 xo>pduunmenra
K™9[a, f] 6ynem zanuckisath B Buae K [0, 4] u K™?[ar,0] cootseTcTBEHHO.
Takum 0Opa3om, cripaBeIMBa TEOpEMa:



Teopema 1. [Tycts umerot mecto(3)-(6). Torna IMJIC (1) MmokeT OBITh IPECTABIICHA B BUE

CICOAYIOUIECTO IIOJIMHOMA
K+r

s,N+1=K,,+>. > >, Kﬁm'”)[a,E]ﬁs%[n]ﬁuﬂa[n],GF(Z),V=1,...,k.(8)
£=1

i1 (.0 (i) (@, B)e (mxa, (0) o-1

[Tonmuuowm (1) sBrsiercst obmiert popmynoii s npencrasierus JJMIC (1).
3. Haxo:kneHue Heu3BeCTHBIX KO3 PUUMEHTOB MOJMHOMHAJIBHBIX NMPEACTABJEHUHA 151
noaHoit peakuuu/IMJC. Ilycts npu 3agaHHBIX 3HAYEHHAX mocieoBatenbHocTH S[N] u u[n]

M3BECTHBI 3HaueHHs mnocienoBarenbHocTH S[N+1]. Haiinem B monmuome (8) k03¢ uUIMEHTHI
KOO K™z, B] ms Beex (a, B) € (M) xQ,(m), (M,0) ed(i), i e{l,...k+r},v=1k. s
3TOTO PaCCMOTPUM
s, [n+1] = f _(s,[n],...,s [n],u,[n],...,u,[n]), v=1....K. 9)
W3 (9) BugHO, uTo
K9 = f (0,..0,...,0,...,0). (10)
[ycrs B BekTope S[N] cyts s [n]=1, rne 1<y <k, a ocranbubie koMnoHenTsl S[N] u Bce
KOMIIOHEHTHI BekTopa U[N]umerot 3nauenue 0. Eciiu 911 3HaYeHus yuaecTs B (8), TOTAa MOTyqInM:
s,[n+1]=K®? + KE[(»),00s,[n], GF(2), v =1...k. (11)
U3 (11) monyvaercs, 4to
K&O[(),01= K®? +5 [n+1], GF(2), v =1,...,k. (12)
Mycts B BexkTope U[N]cyTs U, [N]=1, rne 1< u<r, a ocranbubie kommonents U[N]u Bee
KOMIIOHEHTHI BekTopa S[N] umerot 3Hayenue 0. Eciau 3Tu 3HaueHus yuects B (8), TOrna moaydnm:
s,[n+1]= K™ + KO0, (1)]u, [n], GF(2), v =1,....k. (13)
U3 (11) monyvaercs, 4o
KO0, ()] = K®? +5, [n+1], GF(2), v =1,...,k. (14)
[ycte B Bekropes[n] cyts s, [n]=1u s [n]=1, rme 1<y, <y,<k, a ocraibHble
KOMIOHEHTB! S[N] u Bce kommoHeHTHl BekTopa U[N] umeror 3Hadenwe 0. Eciam 3T 3HaueHUs
y4decTh B (8), Toraa moiayyum:
5,[n+1]= KPP + KH[(2,),00s,, [n] + K [(7,),00s,, [n] +
+KE(,7,).088, [nls, [n], GF(2), v =1....k,
WIH
s,[n+1]= K" + KF[(),01+ K O[0).01+ K 2[(2,7,).01, GF(2), v =1....k, (15)
N3 (15) nonywaercs, 4ro
K21, 720,01 = K2 + K2[(1),01+ KM2[(7,),00 +5,[n +1], GF(2), v =1...k.  (16)
Hycrs U, [N]=1wu u, [nN]=1, rae 1< 1 < y, <1, a OCTaNbHBIE KOMIIOHEHTHI BeKTOpa U[N] 1

BCC KOMITOHEHTHI BekTopa S[N] mmeror 3Hauenue 0. Ecnam 3Tu 3HaveHus ydects B (8), Torma
MOJIY4HM:

Deti DI M.P. baj, D.P.
K210, (g, 3 = KO RS KBRS T oF @, v =1k a7)
Hyers s [n]=1u u#[n] =1,rne 1<y <k u 1< <r, a ocrajabHble KOMIIOHCHTBHI BEKTOPOB
s[n] u u[n] umetor 3nauenue 0. Eciau 311 3HaueHUs y4ecTb B (8), TOTAA MOTYUUM:
5,[n+1] = K9 + K O[(),0s, [n]+ K [0, (o)]u, [n] +
Ly —
+ K1), ()]s, [n]u,[n], GF(2), v =1....k,
170171



s,[n+1]= K + KE[(7),001+ KPP0, ()] + KEPL(), ()], GF(2), v =1,.....k. (18)
M (18) ams KEV[(7), (4] momysmy
K0, ()] = KPP + KE2[(),01+ KPP0, (1) +5,[n +1], GF(2), v =1,....k. (19)
[ycts mns  QUKCHPOBaHHBIX & = (.., a,) € (M) u B =(B,..0)e,() cymb
S, [N]=1 7=Lmu u s [N1=1 o= 1,/, a ocrabHbIe KOMIOHEHTE BekTopoB S[N] u u[n] nmeror
3Havyenue 0. Eciu 3T 3HaUeHus ydects B (8), TOTIa MOIydnM:
m /!
s+=2>> > > KMMegna:) (B, B, )%

i=0 j=0 (&,...)evVi(m) (7,....175)€R; (1)

(20)

xﬁs% [n]ll[uﬂ% [n], GF(2),v =1,...,k,

rae

Vi(m) ={(&n EM<E << & <mb, RO ={0n LS <<y <43
SlcHo, yTo py I =M © j =/ B IPaBOM YaCTH MOJTYyYAETCSA YWIEH C CAMBIMHU BBICOKUMHU  CTENEHAMU
1 K03 PUIMEeHT 3TOrO YieHa CyTh K‘fi’j)[(ocg1 o Qg ), ('Bm""’ﬂn,- ). e o =(ay,..., ) € € (M) 1
B =B ) €Q, () .Ormerum, uto mpu i=M u j=/ Kaxkg0oe MHOX)eCTBO V,(M) u R;(4)
UMEeT OJWH 3JIEMEHT W 3TH 3eMeHThl c¢yth (L,2,...m) u (L2,...,/) COOTBETCTBEHHO. DTUM

3JIEMEHTaM COOTBETCTBYIOT BEKTOPH & = (at,,...,a,,) € (M) u B = (B,,.... B,) € Q,(¢) . TTosToMy
KDLty s ), By o B ] = KLt ), (B B)].

Yuureisas, uto S, [N]=1, n=1Lmu u, [n]=1, =1/, a ocTaibHbIE KOMIIOHECHTBI BEKTOPOB
n o

s[n] u u[n] umetor 3Hauenue 0, u3 popmy.s (20) HOTYIHM:

s[n+11= D] > Y KMlay a8, 8,1, GF(2), v=1..k, (21)

(i, 5)er(m,f) (&,...5)evi(m) (ny,...77;)€R; (£)
riae F(m,()z{(i,j)‘i:l,_m, j=1¢}. Jlns HaxoxmeHus K™ [(agyernr @)y (Brses B,)] OpMyITBL
(21) numiem B BUAE:
s, [n+1= K" s ). (B B+
. > > KOy ) (B, v By )] GF(2), v =Lk, P2

(i, j)ery(m.2) (&,..8i)eVi(m) (7...715)€R; ()
rae I;(m, 2) =T'(m, 2)\{(m, ¢)}.
Taxum o6paszom, ais Haxoxaerus K™ [(a,..., ), (B B,)] 13 Gopmyssl (22) nomyunm:

K™ OL(ty s @), (B B)] = 8, [N+ 1] +
+ Z HOﬂuH&uaﬂbneredcrﬁg};&Wﬁ noﬁa%ﬁé@muﬁwﬂm&g (Rhatl-- K, (23)

(DM 0) (G5 VOBOWUHBINEBUOD Y IAPHBIX OUHAMUYECKUX CUCTEM
Takum 06pa3om, cripaBeIHBa TeOpeMa:

Teopema 2. ITycTs jis GUKCUPOBAHHBIX & = (¢4 ,...,@,) € (M) u B =(B,,.... B,) € € Q,(¢)
CyTb S, [n]=1 7=Lmu u, [n]=1, o=1/, a ocTanbHble KOMIOHEHTSI BekTopoB S[n] u u[n]
umerotT 3HaueHue 0. Torna xodpPUIMEHT, COOTBETCTBYIOMIMIA YIEHY C CAMBIMH BBICOKHMH CTe-
nensmu B nosuuome (8), cytb koappumment K™[(ay,...,a,), (B, 5,)] ¥ ans onpenenenus
sTOro ko3 duimenra cnpaseiuba Gopmyna (23).



®opmyna (23) Bmecte ¢ popmynamu (10),(12),(14),(16),(17),(19) onpenenser pekyppeHTHOE
COOTHOILICHUE Il HaXOXKICHHs KOXPQPHUIMEHTOB mMoJrHOMA (8) MpH WM3BECTHBIX 3HAYCHUSX
BXOJTHBIX TIOCJICJIOBATEIILHOCTEH U MOCIICAOBATEILHOCTEH COCTOSIHUS B TaKTe N U MOCIIEI0BATEIb-
Hocreii cocrosiaus B Takre N+1DMJIC (8).

4. Ilpumep 1.ITyctek =2, r =2. Torma k+r =4. BeiBoaum popmyiy Juis AeTaabHOTO
onucanus DMJIC (8). SIcHO, 4TO BO3MOXHBI CACIYIOIIUE CyJYan:

Cnyuaiii = 0. Barom cnyyae @(0) =. Dromy ciryyaro cooTBeTcTBYeT uiieH I = K0,

Cnyuaiii =1. B atom ciryuae (1) ={(1,0),(0,1)}.
a) (m,?) =(1,0).ITpu atom Q, (D) ={a = (051)|1£051 <2Z}={1.(2)}un Q,(0)=Z.
(m,?) = (L,0) cOOTBETCTBYIOT CICIYIOIINE WICHBI:
I, =KM[0),01s[n], T, = KEP[(2),01s,[n].
6) (M, £) = (0.1).Ttpu s1om ©,(0) =@ 1 () ={B = (R)[1<4, <2 ={®.()}.
[ToaTOMy 3TOMY CIIy4ar0 COOTBETCTBYIOT CJIETYIOIINE YWIECHBI:
L, = KPY0,@u[n], Ty, = KPV[0, (2)]u,[n].
Cnyuaiti = 2. B atom ciiyuae @(2) ={(11),(0,2),(2,0)}.
a) (m,?) =(L1). IIpu sTom
Q) ={a = ()|1<a, <2={0),(2}, Q@) ={B=(B)|1<4<3={1). ()}
(m,?) =(L1) coOTBETCTBYIOT CIICAYIOLIUE YICHBI:
I, = KP[), @s,[nJu,[n], T, = KSP[Q2), s, [n]u[n], Ty, = KEP[R), (2)]s,[n]u,[n],
I, = KI[(2), (2)]s,[n]u,[n].

0) (m,?) =(2,0). Ilpu atom Q, (2) ={a = (ozl,az)|1S051 <a,<2}={12)}un Q,0)=.
(M, ) =(2,0) coorserctayer wien I;,, = K#»?[(1,2),0]s,[n]s,[n].
B) (M, £) =(0,2). Mpu stom O, (0) =B n ,(2) ={B = (B, 5,)|1<B, < B, < ={(1.2)}.
(m,?) =(0,2) coorsercTyer unen I,, = K210, (1,2)]u,[n]u,[n].
Cnyuaiii = 3. B atom ciiygae (3) ={(2,1),(1,2)}.
a) (m,?) =(21).1Tpu sTom
Q,2) ={a = (&, @)1=, <, <23 ={(L2)}, Q,O)={8 =(B)|1=5,<23={D.(D}.
(m,?) =(2,1) coOTBETCTBYIOT CIACAYIOIINE UICHBI:

[, = KP#[L2), )]s [n]s,[n]u,[n], T, = KI*[L.2), (2)]s,[n]s,[n]u, [n].
0) (m,?) = (1,2).TTpu sTom
Q1) ={a = (@)[1<, < 2}={(1), (2}, 2,Q)={B=(8.5)|1<A.< S, <23={12)}.
(m,?) =(L,2) cOOTBETCTBYIOT CIICAYIOIIUE YICHBI:

Low = KU 2B A0, o Krip b S 2Bl [l ],
Cnyuaiti = 4. B atomy ciaydae ®(4) ={(2,2)}. IIpu sTom

Q) ={a = (e, @,)|1=0; <, <2 ={(L2)}, 2,2 ={B =(B.5)|1<h < f, <2={L2)}.
[ToaTOMY 3TOMY CIIy4ar0 COOTBETCTBYIOT UJICHBI:
L, = KP?[(1,2), (L2)]s,[n]s, [n]u; [n]u, [n].
Taxum o6pazom:
s,[n+1]= K + KF[(0),0]s,[n] + K& 2[(2),0]s,[n] + KPP0, (W)]u, [n] + K™V[0, (2)]u, [n] +

8



+ KE[Q), @Is[n]u[n] + KE2[2), s, [nlw [n] + K2 [Q), ()]s, [n]u,[n] + (24)
+ KEV[(2), (2)]s,[n]u,[n] + K#[(1,2),0s,[n]s, [n] + K *2[0, (1,2)]u, [n]u, [n] +
+ KEV[(L2), s, [n]s, [n]us [n] + K2[(L,2), ()]s, [n]s, [n]u,[n] +
+ K[, @2)]s, [0 [nJu, [n] + K1), (0,2)]s,[n]u, [n]Ju,[n] +
+K#2[(1,2), (1,2)]s,[n]s, [n]u,[n]u, [n], GF(2), v =1,... k.

5. IIpumep 2. Ilycte k =2, r =2. Ha ocHoBe ¢opmyiisl (23) BEIBOAUM PEKYPPEHTHOE COOT-
HOILIIEHHE ISl Haxokaenus kodpduimenta, nanpumep, KP[(1,2), ()] B nomuome (24) npu us3-

BECTHBIX 3HAYEHUSX BXOJHBIX IOCIIEOBATEILHOCTEN U MOCIEA0BATEIHHOCTEH COCTOSIHUS B TaKTe
N ¥ mocJIeIoBaTeIbHOCTEH cocTosiHUA B TakTe N+ 1. [To popmyie (23) umeem:

SIcHo, 9TO
I'(21) ={(0,0),(01),(10),(11),(2,0), (2D}, T;(21) ={(0,0),(0,1),(1,0),(11),(2,0)},
V,(2) ={@.2)}, Vi(2) ={(®). (2}, V,(2) =2, (25)

RO ={D} R,D)=2.
ITo popmynam (23),(25) umeem:

K212), 1 =s,[n+1+ K*V[(1,.2),0]+ K™ [0, 1+ K1), 1+
+K*O[(D),01+ K*V[(2),01+ KO[0, 0]+ K*?, GF(2), v =Lk.

6. 3akarouenue. [lommHOMUaNEHOE NpenacTaienue B Buae (8) mst JMJIC (1) sBisiercst 00-

MM (YHKIMOHATIBHBIM COOTHOIIEHUEM M MOXKET OBITh MCIIOJIB30BAHO MPU MCCIICTIOBAHUN UX pa3-
JUYHBIX CBOMCTB, IPU IIOCTAHOBKE M PELIECHUM Ul HUX Pa3JIMYHBIX MaTEMaTUYECKUX M
NPUKIAJHBIX 3371a4 U T.4. IlomyueHHOEe peKyppeHTHOE COOTHOIICHHE I onpeneneHus Kodddu-
LIUCHTOB TOJIMHOMUAJIBHBIX IPEACTaBIECHUN MOKET OBbITh HMCIOJIb30BAHO IPU pa3pabOTKe ajro-
PUTMOB | ITPOTPaMM JUIsS  BBIYMCIICHUS 3HAYEHUH STHX K03()(PUITMEHTOB.
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XULASO
BiR SINiF IKILIK MODULYAR DINAMIK SISTEMIN TAM REAKSIYASININ
POLINOMIAL GOSTORILISI
Feyziyev F.G., Mehdiyeva M.R., Bayramova A.A.

Acgar sozlar: modulyar dinamik sistemlor, tam reaksiya diisturu, polinomial gostorilis, namalum
amsallar, rekurrent diistur
Bir sinif ikilik modulyar dinamik sistemlorin tam reaksiyasinin polinomial gostorilisi mosalosinog
baxilir vo polinomial gostorilis diisturu verilir. Verilmis giris vo vaziyyat ardicilliglart ii¢lin polinomial
gostorilisin namolum omsallarinm tapilmas: Giglin rekurrent miinasibatlor toklif olunur. Xiisusi ikilik
coxOl¢iiliit modulyar dinamik sistemin tam reaksiyasinin analitik gostorilisi tigiin niimiina verilir. Polinomial
gostariligin bir xiisusi amsalinin tapilmasi ii¢lin 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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V]IK 517.91

Ob OJJHOM CITIOCOBE HAXOXKJIEHHUSA OBHIEI'O PEHIEHUA
YPABHEHUSA PUKKATH

'HIOCU®OB BAKUP MAT'OME] or.y
MAMEJOB AKBEP JIUKOMAP]I orxy

Cymeaumckuil 2ocyoapcmeennwiil yrusepcumem, 1,2 — ooyenm
Yusifov.bakir@mail.ru

Knrwouesvie cnosa: ypaguenue Puxkamu, ypasnenue bepnyniu, obwee ypasnenue, ougghepenyuanvroe
ypasHeHue.

B nmamHO# pabore paccMaTpuBaeTCs 3alada HaXOXKICHUS OOIIero pelICHHs YpaBHCHHS
Pukkatu. JlokazaHo, 4To ecinu cBOOOHBIN YieH yIOBIETBOPSIET ONPEACTICHHBIM YCIOBUSAM, MOXKHO
HalTH ob1iee ypaBHeHUsl Pukkaru.

[Tycts nano nquddepeHnnansHoe ypaBHEHNE

y'=y"+r(x) (1)
3neck I(X)- 3amannas menpepbiBHas (yHKmus, N - HEKOTOPOE MOCTOSHHOE 4MCio. Bymem
npeanonarars, uto N # 0,N #1. Ypasnenue (1) nepenuuiem B Buse
y'=p(X)y—y"=r(x)-p(x)y.
3mecs P(X) noka HemsBecTHas HenpepbiBHas (yHKuus. [loTpeGyem, uTOOBI YAOBIETBOPSIMCEH
paBeHCTBA

y'—=p(x)y-y"=0 (2)

r(x)—p(x)y=0 (3)
VYpaBHenue (2) sBusercs ypaBHeHueM beprysuiu. Pemast ypaBaeHue (2), Mbl HOTYyYUM OO
WHTETpajl ypaBHeHHUs bepHym B Buje

1
(n-1)[ p(x)dx n-1

y(x)= — T (4)
c—(n—l)je( {p00d dx
C npyroii cTopoHbl U3 ypaBHEeHHUs (3) umeem
r(x
y=109. ®)
p(x)
U3 ypaBuenue (4) u (5) umeeM
1
(-1 p(x)dx n
r
e _r(x) ©)

P EC 0

OTCIOIla MOoJIy4acTCs, 4TO CCJIIM paBCHCTBO
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06 00HOM cnocobe HaxodcoeHus obue2o peulenus ypagruenus Pukkamu

(-1 p(dx n-1

r(x)=p(x)

(")

(n—1)j p(x)dx
dx

c—(n- 1)J

YAOBJIETBOPSICTCS, TO MCIOJIB3Yys PaBEHCTBO (5) nuiu (4), MO>XKHO HaiiTu permeHue ypaBHeHus (1). C
I[eNTBI0 YIIpOIIeHHs paBeHCTBa (7) 0003HaUNM

I e(n_l)I PRI ax = v(x).

V'(X) = (n—=21) p(X)V'(X) . YuurtsiBas 31 paBeHCTBa B (7), UMEeM

_V'(¥) V'(X) "
r)= (N=V'(x) L —(n —1)v(x)} ®

Torma »'(X) = e(n_l)jp(x)dx,

Torna paBeHCTBO (4) UMEET BU/T
1

vy |
Y= L “(n—1v(9) ®)

Ipumep 1. Iycts v(x) = x*. Toraa v'(X) = 2X, 0"(X) =2 u paBeHCTBO (8) NPUMET BUJ
1

2 2x 1 1 2x |
r(x) = i N
(n=1D2x| c—(n—-1)x (n=x| c—(n-1)x" |
Urak, ecnu ypaBHenue (1) umeeT creayronuii BuI

VI 1 2X n-1
=y (n-Dx|c—(n-x*|

TO €TI0 O6I_I_II/IM PCLICHUCM SBJISICTCA (1)YHKI_II/I$I

2X ﬁ
CHE.

[ycts N=2. Torna ypasuenue (1) umeer Bun Y = y2 + r(X) u oTo ABNAETCA ypaBHEHHEM

Puxkartu [1-4]. B aTom ciydae

B V”(X)
r(X)_c—v(x)
V'(X)
y(x )—C V)

W Tak nmomyyaercs, 4To eciau ypaBHeHHe PukkaTu umeer Buj

V"(X)

1,2
Y=y c—V(x)
TO €TO pelIeHue
V'(X)
y(x)=——"- v

Ipumep 2. Iycts v(X) = x*. Torna ypaBHeHne PukkaTtu umeer BUL

2

y¢:y2+
C—X

12
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2X
u ero pemcaue Y(X) = 5
C—X
, y 2sin x
Ipumep 3. Ilyctey(X)=tgx. Torma y'(X)=———, 7'(X)=—7 U
COS™ X COS™ X
2sin x
" 2sin x
r(x) = y____cos’x _ 5 —— . I[lycte ¢=0. Torga r(X) =———— u ypaBHeHHUE
c— 7(X) C—tgx  COS X(ccos X —sin x) COS“ X
Pukkatu umeet Buz Y = y* — >— M €r0 4aCTHOE PELICHUE IPHUMET BUJ
COS™ X
1 COS X 2
y(x) =~ e

cos’x sinx  sin2x
XZ

Ipumep 4. [Tyctp y(X) = e2 (ax+h).

Toraa 709 =7 (e = 200 o o2 ),
ax+b ax+b
ver a B a’ B a 2
’ (X)_y(X)(X+aX+bj+S(X)(l (ax+b)2]_S(X)(X+ax+bj ’
+S(X)(1—a—2)J:S(x)[x2+ 2 3),

(ax
_ L 2, 2 (X)
r(x)=-— () (x +ax+b ] y(x) = (x) (x+ax —)(c=0).

2 2
Torna ypaBHeHne Pukkaru nmeer Buja y'=y —(X + +1j M €r0 YaCTHBIM PCUICHHCM

ax+h

a
seisiercs  pynknus  Y(X) = —[X + bj . Ecm a=1b=0, T0 ypaBHeHHE wuMEET BH]

1
y' =y —(x* +3) u ero yaCTHBIM penieHueM siBiseTcs Gpynkuus Y(X) = —[X +;j .
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XULASO
RiIKKATI TONLiYININ UMUMI HOLLIiNi TAPMAGIN BiR USULU HAQQINDA
Yusifov B.M., Mammadov O.C.

Acar sozlar: Rikkati tonliyi, Bernulli tonliyi, timumi hall, diferensial tonlik.

Birtortibli adi diferensial tonliklorden doyisenlorine ayrila bilon, bir tortibli bircins diferensial tonliyi,
birtortibli xotti diferensial tonliyi, Bernulli tonliyini, tam diferensial tonliyi, bir tortibli bircins diferensial
tonliys gotirilo bilon diferensial tanliyi kvadratura ilo hall etmoak olur. Rikkati tonliyi do bir tortibli diferensial
tonlikdir,lakin timumi hallini imumi sokilds etmok olmur.
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06 oonom cnocobe Haxodicoenust 0dwe2o peutenus ypasHenus Puxkamu

Bu mogqalodo Rikkati tonliyinin iimumi hollinin tapilmasi mosalosine baxilir. isbat edilir ki, sorbost
hadd miioyyan sortlori 6dadikda Rikkati tonliyinin imumi hollini tapmagq olar.

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

Key words: Riccati equation, Bernou!/li’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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MUASIR MUHORRIK YAGLARININ TORKIBi VO TOSNIFATI

'"HUSEYNOVA ELViRA ONVOROVNA
’9COMOV KEYKAVUS YUSIF oglu
SiISMAYILOVA VOFA AGASOMODqiz1
‘SIROLIYEVA ULKOR ILHAMqiz1
*OLIZADO NATIQ NAMIiQoglu
Azarbaycan Neft va Sanaye Universiteti, Baki, 1-dosent, 2-professor, 5-magistrant
Neftin, Qazin Geotexnoloji problemlori va Kimya Elmi Tadqgiqat Institutu,3-€.i., 4-K.e.i.,
elvira_huseynova@mail.ru

Acgar sozlar: baza yaglari, miiharrik yaglar, miiharrik yaglarmmin torkibi, miiharrik yaglarimin tasnifat
sistemi, asqarlar.

Moaqgalada miiasir miiharrik yaglari, baza yaglarumin karbohidrogen tarkibi, avtomobil miiharrik
yaglarimin  torkibino daxil olan asqarlarin  miixtaolifliyi, mineral va sintetik yaglarin miigayisali
xarakteristikalari, hamginin beynalxalg standartlara asasan miihorrik yaglarimin tasnifati va izahi barada
timumi informasiya taqdim edilmisdir.

Miiharrik yaglar1 elo miirokkab qarisiqlar hesab edilir ki, onlar1 har seydon ovval, baza yaglar
vo asgqarlardan ibarat olan birlogsmolor kimi xarakterizo etmok olar. Digar qrup siirtkii materiallar
qruplar ilo miiqayisodo baza yaglari ¢cox miihiim rol oynayir. Baza yaglar elo sokilds secilir ki,
onlar 6zliiyline vo funksional xarakteristikalarina gors tosnifata prinsipial olaraq uygun galsin.

Daqiq beynalxalq nomenklatura baza yaglarini asagidaki alti qrupa boliir:
v Qrup 1. Torkibinds doymus karbohidroenlarin migdar1 < 90%, 80 < OI < 120, kiikiirdiin
miqdar1 S > 0,03% olan hall olan az 6zliiliiklii yaglar.
v" Qrup 2. Doymus karbohidrogenlorin migdar1 > 90%, 80 < Ol < 120, kiikiirdiin migdar1 S <
0,03% olan hidrokreking yag1.
v" Qrup 3. Torkibinds doymus karbohidrogenlorin migdar1 > 90%, OI > 120, kiikiirdiin miqdar
S <0,03% olan hidrokreking yagi.
Qrup 4. PAO.
Qrup 5. Miirakkab efirlor vo digarlari.
Qrup 6. Olefinlorin daxili ikiqat rabitalorle oligomerlogsma mohsullari.
Y ekun naticads, yarimsintetik, sintetik yaradilmig, homg¢inin mineral miiharrik yaglari alinir.
Mineral miiharrik yaglar: mineral asasa malikdir, belo ki, neft mongoli mohsul hesab edilir vo
mazutun qovulmasi yolu ilo istehsal edilir. O, 6z xarakteristikalarinin geyri-stabilliyi vo yiiksok
doracali buxarlanma qabiliyyati ilo forqlonir. Mineral yaglar homginin texniki kond tosorriifati
bitkilorindon hazirlana bilor. Belo ki, mineral yaglarin istehsal texnologiyast nisboton miirokkob
deyil — belo yaglarin qiymoti sintetik yaglara nisboton xeyli asagidir. Tabii tomiz sokildo mineral
yaglara praktiki olaraq rast golinmir, belo ki, mineral yaglarin lazimi siirtgii xassolori yalniz agir
yiklonmolor olmadan “otaq” temperaturunda movcud ola bilor. Ona goro do yaglart daha
islomogabiliyyoatli etmok ii¢lin daxili yanma miihorriklorindo onlar yalniz stabillosdirici asqarlarla
birlikdas istifads olunur.
Mineral yaglarin torkibi asagidaki kimidir:
1. normal oktan; 2-metilheptan; 2,2,3-trimetilpentan (izooktan) kimi parafinlor;
2. torkibino tsiklopentan, tsikloheksan, ditsikloparafinlor, tritsikloparafinlor daxil olan naftenlor
(75-80%);
3. tetratsiklonaftalinlor, tetratsikloparafinlor, tritsiklanaftalinlor;
15
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Miiasir miiharrik yaglarimin tarkibi va tasnifati

4. mono-, bi-, tri-, tetra- soklindo rast golinon aromatik (10-15%), tritsiklobenzollarin
pentaaromatik birlosmalori, indanlar, tetralinlor, ditsiklobenzol bifenillor.
Minimal migdarda doymamis vo alkan karbohidrogenlori [1-3].

Movcud yaglarin torkibindo homg¢inin karbohidrogenlorin oksigenli vo kiikiirdlii téromaolari,
homginin gotran-asfalt birlosmalari olur.

Sintetik yaglar. Sintetik karbohidrogen siirtkii yaglarmm ilk alinma prosesi rus alimi
A.M.Butlerov torofindon XIX-cu asrin 70-ci illorindo islonib hazirlanmigdir. O, gostormisdir ki,
gazvari vo ylingiil maye doymamis karbohidrogenlor miixtolif katalizatorlarin istiraki ilo miirokkob
karbohidrogen molekullari amals gatirir ki, bunlar da siirtkii yaglarinin torkib hissasi ola bilor. Lakin
onun layihasinin praktiki totbiqi uzun miiddot olmamisdir. Avtomobillorin vo onlarin miiharriklorinin
nisbaton sads konstruksiyalari neftdon istehsal edilon siirtkii materiallari ilo tomin edilir.

Miiasir noqliyyat giiclii yiiksok dovriyyali miihorriklordo yerlosir, yiliksok siiroto vo
yiikqaldirma qabiliyyatine malikdir ki, bu da prinsipial yeni istismar materiallar1 tolob edir. Ona
gora do kegon asrin sonunda siini, sintetik yaglardan daha ¢ox istifads etmoyo baslanmisdir.

[k sintetik yaglar karbohidrogen monsoli olmusdur. Onlar yiiksok termiki stabilliys, asag
buxarlanma qabiliyystine vo yaxs1 Ozliiliikk-temperatur xassoslorino malikdir. Sintetik yaglar neft
yaglari ilo yaxs1 qarisir, miixtolif agqarlar ilo “yarimsintetiklor” omalo gotirir.

Yiiksok giymotine baxmayaraq (mineral yaglara nisbaton 3-6 dofoya qador ¢ox), uzun miiddst
isloyon vo tomirarasi miiddatin xeyli artirilmasini tomin edon sintetik yaglarin istifadosi iqtisadi
cohatdon magsadouygundur. Bazi mexanizmlordo mineral yaglar lazimi is soraitini tomin etmirlor.
Istifado olunan baza yagindan vo miiharrikin tolob olunan xarakteristikalarindan asili olaraq,
miihorrik yaglarmin torkibinds 30-a qodor miixtslif asqarlar ola bilor ki, onlarin da faiz miqdar1 5-
don 25%-o qodor hadlordo doyise bilor. Bir qayda olaraq, asagida sadalanan maddo kateqoriyalari
birdon ¢ox funksiya yerino yetirir. Bu, mihorrik yaglar iiclin dogrudur. Masolon, sink
dialkilditiofosfatlar asason yeyilma oleyhino asqarlar hesab edilir, homginin spesifik par¢alanma
mexanizmi sayasindo oksidlosmo oleyhina tosir gostorir. Miihorrik yaglarin istehsali zamani
istifado olunan agqarlarin osas tiplori:

1. Ozliiliik (qatilagdirict). Mdveud asqarlarin funksiyasi temperaturun doyismosi ilo 6zliililyiin
doyismo dorocesinin azaldilmasidir. Torkibino poliizobutilen, polimetakrilat, stirolun
butalenlarlo sopolimerlori va s. kimi kimyovi birlosmolor daxildir.

2. Disperslogdirici (dispersantlar). Bu tip asqarlarin toyinati yagda c¢irklondirici qarisiqlarin
xirda dispers voziyyotdo saxlanilmasi vo algaq temperaturlu slamin omolo golmosinin
qarsisinin alinmasi hesab edilir. Suksinimidlor (kohraba tursusu) disperslosdirici asqarlarin
torkibino daxildir.

3. Antioksidlogdirici vo antikorroziya. Onlar yagda oksidlogsmo siirotinin vo hall olmayan,
hamginin korroziya-aqressiv mshsullarin amalo golmosinin azaldilmasi ti¢iin istifads olunur.
Homginin onlar 6zlililylin artmasimi azaldir vo olvan orintilordon hazirlanmis detallarin
korroziyasinin qargisint  alir. Belo ndv asqarlarin  kimyovi torkib hissesine  sink
dialkilditiofosfat, sink ditiokarbamat, efirlor, benzotriazol daxildir.

4. Yeyilmoyo qars1 vo yiliklonmayo qarst agqarlar sorhad siirtlinmesi zamani detallarin tomas
sothinin dagilmasinin qarsisini alir, stirtiinms sothinds miihafizo Ortiiyilinlin amolo golmasi
hesabina yeyilmoni azaldir. Onlar metallarin ditiofosfatlarindan, qurgusun naftenatdan,
trikrezil fosfatdan vo olein tursusundan ibaratdir.

5. Depressor asqarlar alcaq temperaturlarda parafin kristallarinin omologalmo intensivliyinin
azaldilmas1 hesabina yagin donma temperaturunun azaldilmasi tciin istifads olunur.
Moévcud sinif agqarlarin torkibine polimetakrilat vo s. daxildir.

6. Korroziya ingibitorlari gara metallardan alinan detallarin korroziyasinin qarsisini alir.
Magnezium va kalsium sulfonatlar onlarin torkibinos daxildir.
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7. Antifriksiya (silirtinmo modifikatorlar1) qosulmus ciitlords siirtiinmoni azaldir, miihorrikin
yanacaq sorfini azaldir. Torkibindo molibden disulfido, molibden ditiofosfatlara rats golmok
miimkiindiir.

8. Kopiik oleyhino asqarlar miihorrikdo kopiiyiin amolo golmosinin qarsisini alir. Mdvcud tip
asqarlarin torkibino polisiloksanlar daxildir [6].

Lakin xammalin kimyavi torkibi vo qiymati ilo yanasi, yagin resepturasinin se¢ilmasi zamani
homginin 6zliilik gostoricilorino asaslanilir, belo ki, o, miihorrik yagmin dastyict ortiik omolo
gotirmasino hazirligini gostorir vo miihorrik yaginin keyfiyystinin nisboton miihiim xarakteristikasi
hesab edilir. Siirtkii materialinin 6zliiliiylinii mayeds “daxili siirtiinma 6l¢iisii” kimi xarakterizo
etmok olar — yagin hesabina tomasda olan detallara arasinda nazik siirtkii pardasi omolo golir.

Cadval 1.
Mineral va sintetik yaglarin miiqayisali xarakteristikalar

- Sintetik yaglar

> Karbohidrogen Poliefir

s T | poligli- | Fosfor

£ | Polialfa- | Alkil- | Dikarbol Pollqllk_ol kollar tursusunun Silikon

Xassolor = | olefinlor | benzollar | tursular1 | efirlori 0 efirlori

Stirtki 4 4 4 5 5 4 6 3
Axiciliq 3 4 4 5 4 4 3 6
Ozliiliik indeksi 3 4 3 4 4 5 2 6
Algaq temperatur 2 4 4 4 4 4 3 4
Termostabillik 3 3 3 4 4 4 3 5
Terr_no_oksidlesdirici 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
holletm qabiliyyoti | © | 4 0 > > 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 ti¢iin yagin 6zliliiyliniin lazimi parametrlorine uygun golmalidir. Avtomobilin istismar
rejimindon asili olaraq, yaglar uygun olaraq yay, qis vo ya biitiin mdvsiim — biitiin il boyu istifado
olunan avtomobillar iigiin secilir. Biitiin mdvsiim yaglarinin 6zliilik-temperatur xarakteristikalari
daha genis temperatur diapazonuna malikdir, bu zaman yagin 6zliiliiyli miihorrikin iglomasino mane
olmur va isosalma zamani ugursuzluglara gatirib ¢ixarmir. SAE J 300 tosnifati nisbaton tam vo
olverisli hesab edilir, bu tesnifat miihorrik yaglarini onlarin 6zliiliikk-temperatur xarakteristikalarina
gOro miixtalif siniflore ayirir. SAE 5W tipli yag qis, SAE 40 — yay, 5W-40 isa biitiin mévsiim hesab
edilir (cadval 2) [7].

Lakin SAE sistemi ilo yanasi, mihorrik yaglarinin tosnifati, spesifikasi, avtomobil
istehsal¢ilarinin tosdiqi vo tovsiyolorinin digor sistemlori mévcuddur ki, oksor hallarda avtomobil
sahiblari bunlara diqgst yetirmir. Onlarin i¢arisinda:

— APl — miiharrik yaglarimin beynslxalq tosnifat sistemi (American Petroleum Institute —
Amerika neft institutu); API yaglar1 iimumi istismar xassalorina gora qruplara ayrilir. Bu
tosnifatin mahiyyati onun miixtolif istehsal tarixli mihorriklords istifade olunmasina
osaslanir. Bu tosnifat ona gore daxil edilmisdir ki, zamanla giic qurgular1 tokmillasdirilir,
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slirtgii materiallar1 vo onlarin asqarlarina qoyulan tolablor artir. Homginin bu tosnifat
miuhorriklorin konstruktiv xiisusiyyatlorini nozare alir;

ACEA tosnifatinda oldugu kimi, yaglar miiharriklorde — benzin vo dizel miiharriklorindo
istifado olunmasina gora qruplasdirilir. Lakin bu vo ya digor miiharrikdo istifado toyinati
basqadir: benzin — S, dizel — C [7-9]. Homg¢inin bu tosnifat siirtgii materiallarinin

xarakteristika vo xassalari sinfinin harfli isaralonmasini nazardas tutur.

Cadval 2.
SAE J300 DECY9 miiharrik yaglarimin ozliiliik daracasi
SAE Ozliiliik (sP), alcaq | Ozliiliik (sP), algaq | inematik zilik, Ozlilik (sP),
o 1eiqon i . (sSt), 100 °C-do vo 150°C-do yiiksok
ozliliik temperaturda donmo | temperaturda siirmo 9 . R
doracasi MAX MAX asagl horokat siiratindo | harokot siiratindo
MIN MAX MIN
6 200 60 000
ow -35°C-do - 40 °C-do 38 ] ]
6 600 60 000
W -30 °C-do -35°C-do 38 ) ]
7000 60 000
10w =25 °C-da -30 °C-do 4t ] ]
7000 60 000
1w - 20 °C-do -25 °C-do 06 ) ]
9500 60 000
20W - 15 °C-do -20 °C-do 56 ] ]
13 000 60 000
25W - 10 °C-do - 15 °C-do 93 ] )
20 - - 5,6 <9,3 2,6
30 - - 9,3 <126 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 iiglin API tosnifatina miihorriklords istifado olunmasina gors boliinmiig

12 sinif siirtgii materiallart daxildir.

Homin siniflorin qisa xarakteristikalar1 agagida gostorilmigdir:
v SA —xiisusi yiiklonmolor olmadan istifads olunan giic aqreqatlar tigiin;
v' SB - orta yiiklonmo ilo istifado olunan giic qurgulari tiglin;
v' SC - yiiksok yiiklonms ilo istifado olunan miihorriklor ti¢iin (avtoda 67-Ci i.b.-a godor
istifado olunur);
v SD - yiiksok yiiklonmo il istifado olunan orta qiivvatli miiharriklor {igiin (avtoda 71-ci i.b.-a
qodar istifads olunur);

v' SE — yiiksok yiiklonms ilo istifado olunan yiiksok qiivvatli miiharriklar {iglin (avtoda 79-cu

I.b.-a qadar istifads olunur);

SF — turboiifiirmo istifado etmadan, etillogdirilmomis benzin istifadasi ilo yliksok yiiklonmo

ilo istifado olunan yiiksok qiivvatli miiharriklor {igiin (avtoda 88-Ci i.b.-a qodor istifado

olunur);

SG — turboiifiirmo istifadosi ilo etillosdirilmomis benzin istifadosi ilo yiiksok yiiklonma ilo

istifado olunan yiiksok qiivvatli mitharriklar ti¢iin (avtoda 93-cii i.b.-a qodor istifads olunur);
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v SH — turboiifiirms istifadasi ilo yiiksok qiivvatli mitharriklor tigiin (avtoda 96-c1 i.b.-ya qodor
istifads olunur);

SJ — bitiin giic qurgulan tglin (avtoda 96-c1 i.b.-ya qodor istifado olunur). Yuxarida
gostarilon biitiin siniflorin avozloyicisi hesab edilir;

SL — biitiin giic agreqatlar1 tiglin (avtoda 2004-cii i.b.-ya qoador istifads olunur);

SM — biitiin miiharriklor ii¢lin (hal-hazirda istehsal edilon avtolarda istifads olunur);

EC — enerjiyo gonaatcil siirtgii materiallari.

Homginin ASEA tosnifati — miihorrik yaglarinin  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 torkibine comi 4 sinif daxildir:

A — benzin giic qurgular ligiin;

B — ylingiil avto, hamg¢inin asag1 yiikkqaldirma qabiliyyati olan yiik dizellari iiciin;

E — bunlara boylik yiik avtolarinda qurasdirilan yiiksok giiclii dizellor aiddir [9]. Qeyd etmok
lazimdir ki, mdvcud tosnifat hamginin istehsal edilon enerjiys gonaotcil yaglari nozaors alir. Onlarin
xilisusiyyati standart miihorriklors nisbaton miiharrikin isinin yiiksok temperaturlarinda 6zliiliiylin
azalmas1 hesab edilir. Bunun hesabina miihorrik elementlori arasinda siirlismo miiqavimoti do azalir,
bu, islomo zamani giic aqreqatinda siirtiinmo hesabina giic itkilorino miisbat tasir gostorir. Lakin bu
yagin yliksok axiciligi ona gotirib ¢ixarir ki, standart yagdan istifadoys nisbaton ortiik daha nazikdir,
uygun olaraq miiharrik elementlorinin yeyilma siirati yiiksokdir, ona géro do 0, biitliin aqreqatlara
uygun golmir.

Standart vo enerjiyo qonaotcil yagi isarolomok iiclin horf indeksindon basqa, homginin
rogomdoan istifads olunur. Rogom indeksi comi besdir — 1-don 5-5 qodor. Bu tosnifatda enerjiys
gonaotcil siirtkii materiallart 1 vo 5 indekslori almisdir, 2,3 vo 4 indekslori iso standart yaglari
gostorir. Bu zaman movcud indekslor hom benzin, hom do dizel miihorriklorinds istifado olunur.
Enerjiys qonastcil materiallar iso ACEA iizra Al, A5, homginin B1 va BS5 ilo isars olunur. Qalan
biitlin igaralor standart materiallara aiddir. E sinif ii¢iin bels isaraloma novii yoxdur [10].

Belolikla, toqdim edilon material onu gostorir ki, miiharrik yagmin torkibino naftenlor,
parafinlor, aromatik karbohidrogenlor, poliglikollar, silikonlar, diefirlor, fosfor-iizvi birlogsmolor,
ozliiliik, disperslosdirici, antioksidlosdirici, antikorroziya, yeyilmoya qarsi, zorboys qarsi, depressor,
antifriksiya, kopiik oleyhino asqarlar daxil olmalidir. Mdvcud torkib siirtiinmo vo yeyilmoni
azaltmaga komok edir, homgcinin oOrtiikk detallart ¢irklordon, korroziyadan vo diger zororli
qarisiqlardan miihafizo edir.

Miihorrik yaglari homginin beynolxalq standartlarin SAE, APIl, ACEA, ILSAC, JASO
tosnifatinin miiasir tolablorine uygun golmolidir.
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PE3IOME
COCTAB 4 KIIACCU®UKAIIUA COBPEMEHHBIX MOTOPHBIX MACEJI
T'yceiitnosa 3.A., Hemaunoea B.A., Illupanueea Y.U., Adscamos K. IO., Anuzade H.H.

Knioueswvie cnoea: 6azogvie macia,MOmopHvie MACia,cOCMA8 MOMOPHLIX Macel, KIACCUu@duKayus
MOMOPHBIX MAce, RPUCAOOK.

B cratee mpuBeneHsl 0o0LIME CBEOCHHA O COBPEMEHHBIX MOTOPHBIX Maciax, YII€BOAOPOIHOM
coctaBe 0a30BBIX Maces, pa3HOOOpa3HBIX MPHUCAJKaX, BKIIOYEHHBIX B COCTaB aBTOMOOMIBHBIX MOTOPHBIX
Macell, CPaBHUTEJILHBIX XapaKTePUCTHKaX MUHEPAJIbHBIX U CHHTETHYECKHX Maced, a TAaKkKe KIacCH(pHUKalum
U VHTEpIpETAlMd MOTOPHBIX Macell B COOTBETCTBHHU C MEXIYHapOoAHBIMH cTaHmapraMmu.llokazaHo, 4To B
COCTaB MOTOPHOTO Macjia [IOJDKHBI BXOJUTHh Ha(TeHbI, mapaduHBl, apOMAaTHYECKUE YIIIEBOJIOPOIbI,
MOJIUTIIMKONIBI,  CHJIMKOHBI,  auedupbl,  (pochopHO-OpraHMUECKUE  COSAWHEHHsS,  JUCIIEPCHOHHBIC
AHTUOKCHIAHTHI, aHTUKOPPO3UOHHBIE 100aBKU. OmpeneneHHble COCTaBbl IOMOIal0T YMEHBIINTh TPEHUE, a
TaKKe 3alMINAI0T IeTaI OKPBITHA OT 3arpA3HEHNN, KOPPO3HUHU U IPYTUX BPEIHBIX IPUMECEH

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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Hccneoosan npoyecc nonyuenus ocgopcodepocaumyux MUHepaibHulX yO00OpeHutl ¢ npuUMeHeHUuem
emecu pacmeopos NH;HSO, u Mg(HSOy),u vacmuunoti 3amenoti anamumogozo KoHyenmpama 00J0MUMOM.
Ommeueno, umo yxasaumvie 000a6KU OIAZONPUSAMHO OElCMEYIOM HA NPOYECC PA3IONCEHUsI NPUPOOHBIX
Gocghamos ceproll KUCIOMOU U YEEIUYUBAIOM CMENneHb pasilodceHusi cuipvs. [Ipu smom noxyyenHbiil
npoodykm obozawaemcs OONOIHUMENbHLIMU NUMAMENbHLIMU  ITEMEHMaMu — a30MOM U MASHUEM.
Yemanosneno, umo npu onmumanvHom Koauvecmsee 000A6KU cMecu pacmeopos 2Uopocyrbhamos aMMOHUsL
U MA2HUSL CMENeHb PA3NI0JICEHUs. Anamumogo2o Konyenmpama cocmasnsem 97-98% u no cpasuenuio ¢
KAACCUMEeCKUM CHOCODOM CmeneHb pasiodicenus yeenuuueaemcsi Ha 4-5%. B nomyuennom npoodykme
Yeenuuueaemcs cooepiicanie numameibHbix eeujecms, mo ecmo P;0s,,=19-20%; N=1,0-1,4%; Mg=0,7-1,0%.

W3BecTHO, 4YTO TOTPEOHOCTH CEIbCKOTO XO3SIIiCTBA B MHUHEPAJIbHBIX  YAOOPEHUAX
CIOCOOCTBYIOT TPOBEIACHUIO HAYYHBIX MCCIIEOBAaHUI IO BBISBICHHIO 00J€e COBEPLICHHBIX U
MEePCIEKTUBHBIX CMOCO00B TmepepaboTku mpupoansix ¢docdaroB [1-3]. VYuursiBas, uyTo Ha
COBPEMEHHOM JTalle IPUOPUTETHBIM HAIIPABJICHUEM pa3BUTHS MHMPOBOIO IIPOU3BOJACTBA U
MIPUMEHEHUS] MUHEPAJIbHBIX YI00pEHUH SBIISETCS yBEIMYEHHUE COACPKAHHSI OCHOBHBIX BEIIECTB, TO
€CTb NUTATEJIbHBIX KOMIIOHEHTOB B YyJIOOpEHUSX, TO aKTYaJbHOCTh IIPOBEJEHUS HAay4HO-
HCCIIeIOBATENbHBIX PA0OT MO MOITYYEHUI0 MHHEPAIbHBIX yIOOPEHUH pa3ioKeHUEM anaTHUTOBOIO
KOHIIEHTpaTa CEpHOM KHCIOTOM C NPUMEHEHHEM HWHTEHCU(DPUIMPYIOIUX U MOAUPHUIMPYIOMIUX
N100aBOK HE Mpe/ICTaBIIseT COMHEHUH.

[IpoGnema kauecTBa MHUHEpalbHBIX YAOOpPEHMHM HMMeeT OO0JbIlIOe 3HAYEHHE, OCOOEHHO C
ydeToM OOoJIbIIMX O00OBbEMOB U CE30HHOCTH NPUMEHEHHUS MX B CEIbCKOM Xo3sicTBe . Ha mepBom
JTarieé pa3BUTUS NPOMBILIUIEHHOCTH MHUHEPAIbHBIX YIOOpPEHMH, MJi1 YIy4lIeHHs KauecTBa
OPOAYKIMH, B MEPBYIO OYEpelb, pEIIaINCh 3a/Jaud IOJy4eHHUS yIOOpEeHUH ¢ yIydlIeHHbIM
XUMHUYECKUM COCTaBOM. B HacTosdiee Bpems MO 3TOMY MOBOAY JOCTUTHYTHI OOJbILINE YCHEXH.
Koneuno, u ceifuac cymiecTByer HEOOXOIMMOCTh pa3pabOTKU HOBBIX BHJOB yI0OpEeHUM
CHEIHaIbHOTO Ha3HAYEHHUs, CO3JJaHUsI COBEPUICHHBIX TEXHOJOTUYECKUX CHCTEM Ui mepepaboTKu
pa3nuyHBIX BUAOB (ochaTHOrO CHIPbs, BBICOKONPOM3BOAMTENBHOM ammapaTypbl, pelIeHHs
HKOJIOTMUECKUX W JAPYTUX BOIPOCOB, OJHAKO BCE 3TO CBS3aHO JIMIIL C YCOBEPIIEHCTBOBAHUEM
CYIIECTBYIOIIMX TEXHOJIOTMYECKHX KOMIUIEKCOB. B TO ke Bpems, mnpoOiema yIydlIeHUs
(bu3nyecKux CBOMCTB yaoOpeHWd u oOOoramieHus: WX JONOJHUTEIbHBIMU MHUTATEIbHBIMU
3JIEMEHTaMU TpeOyeT HanpaBUTh BHUMAaHHE COUCKATENIEH Ha ee pelleHHe.

B nacrosimiee BpeMsi B MPOMBIIUIEHHOCTH MHHEpAIbHBIX yI0OpeHHl 0co0YyI0 3HAYMMOCTh
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Tonyuenue gocgopcodepocawux munepanohvix yOodpeHutl pasiodcenuem npupoOHbLX
Gocchamos ceproll KUCI0moll ¢ npumMeHeHuem UHMeHCUGUUUPYIoUUX 000a8oK

npuobpenu Takue MpoOJIeMbl, KaK KauyecTBO MPOMBIIUICHHON MPOAYKIHH, OCOOCHHO (hU3NYECKHe
CBOIMCTBA; CO3JaHHE NPUHIMINAIBHO HOBBIX M MEPCIEKTUBHBIX TEXHOJOTHUECKHX CHUCTEM
nepepaboTku  MPUPOAHBIX  QocdaroB, 0O0ECHEUNBAIOIMINX BBICOKUNA YpPOBEHb JHEPro- H
pecypcocOepexeHus; dKoJorndeckasi 0e30macHOCTh MPOU3BOJCTBA M IPUMEHEHHE MHHEPATbHBIX
ynobpenuii. IlepcekTHBHOE pa3BUTHE NMPOW3BOACTBA MUHEPAIBHBIX yIOOpeHHMH Oaszupyercss Ha
pecypco- U MaTepuagocOeperaonmx TeXHOJOTHAX U, CIEJ0BaTEIbHO, aKTyaIbHOCTh W3BICKAaHHS
3 (HEeKTHBHBIX CHOCOOOB TMOJYYCHHS] MOPOIIKOOOpasHoro cymnepdocdara ¢ HCIOIB30BAHHEM
NPOMBIIUICHHBIX ~OTXOJOB, COAepKammx Moaudumupyromue g00aBKH, HE TMPEICTABISET
COMHEHUH. B Hay4YHO-TEXHUUYECKON JIUTEPAType UMEETCA JTOCTATOYHO CBEIACHUM IO PA3JIOKEHUIO
npupoaHBIX GocdaroB cepHO M (OCHOPHOH KUCIOTAMU C HMCHOIB30BAHHEM a30TCOJCPIKAIINX
coenuneHuii[4-8]. OmyOnMKOBaHBI ~ TaKXKe  ONpEACICHHbIE  HMCCIENOBAaTENbCKHE  paboTHI,
MOCBSIIIEHHBIC TIONYYCHHIO TPaHYJIMPOBAaHHBIX cynepdocdaTtoB ¢ mnpumeHeHHEeM cyibdara
aMMOHHS ¥ Ta3o00pazHoro ammuaka[9-10]. Omnako mpomecc momydeHus cymnepdocdara ¢
ucnosib3oBanueM cmecu pactBopoB NH4sHSO4m Mg(HSO,), n3yden HemocTaTOYHO.

Llenpto WcclENOBAaHUS — SIBISICTCSI M3yYEHHE BIMSHUS JOOABKM CMECH PacTBOPOB
ruapocyiabpara aMMOHUSI M MarHus, OJHOBPEMEHHO YaCTUYHOW 3aMEHOW amaTUTOBOTO
KOHIIEHTpaTa Aoj1oMuToM. OnpeesieHne CTENEeHN Pa3iokKeHUsI HCXOAHOTO ChIPbS MPU COXPaHEHUU
CTEXMOMETPUYECKOW HOPMBI CEPHOW KHUCIOTBI C Yy4YeTOM J00aBKM HMHTCHCU(PHIUPYIOUIHX
pPEareHToB, a TAKXKE ONPEACICHIE CyMMapHOTO COJICPKAHUS MUTATEIbHBIX BEIIECTB B TOTYYEHHOM
IPOJIyKTE.

Onucanue 3KcnepuMeHTa. B 1mabopaTOpHBIX YCIOBUSX HW3Yy4eH MEXaHU3M Ipolecca
CEPHOKHUCIIOTHOTO Pa3IoKeHHs MPUPOJHBIX (ochaToB B MPUCYTCTBUH TUAPOCYIb(aTa aMMOHUS B
CMECH C THAPOCYIb(paToM MarHus. B kauecTBe MCXOTHBIX MaTEPHAJIOB MCIIOIB30BAIM AlIaTUTOBBIN
KOHILIEHTPAT CTaHIAPTHOIO COCTaBa, JOJIOMHUT, TEXHUYECKYIO CEpHYIO KHCJIOTY, pacTBOp
ruapocynb(ara aMMOHHUS M THAPOCYIbdaTa MarHus. OKCIIEPUMEHTAJIbHBIE HCCICIOBAHUS
NPOBOAMIM B JBYX HAampaBieHUsX. B mepBoM BapuaHTe HMHTCHCH(DHUUIUPYIOUIME pEareHThI
N00aBISUIM TP COXPaHEHHH OOIIEeH HOPMBI CEPHOM KHCJIOTHI, BO BTOPOM BAapHAaHTE CEPHYIO
KHCJIOTY YaCTHYHO 3aMEHSUIN CMEChIO PACTBOPOB TUAPOCYNb(}haTa aMMOHHUS M MarHusl.

OnbIT MOTyYeHUs] MUHEPATIHHOTO YAOOpEHHS, COJIEPIKAIIEro JOTOTHUTENbHbBIE MTUTATEIbHbIC
3JIEMEHTHI NIPH HENPEPHIBHOM CMelIeHUH peareHTos [11], mpoBoauiu B 1a00paTOpHOI yCTaHOBKE
(Puc.1).

Puc.1.Cxema 1ab0pamopHou YCMAaHOBKU
nonyuenus — cynepgocgpama ¢ - npumeneHuem
pAcmeopos,cooeprcaujux euopocynvhamol

amMmonus u maznus: 1 u 2 — 003amopuvl CepHOl
Kuciomsl U UHMEHCUGuUyupyowezo pacmeopa
COOMEEMCMEEHHO,  3—N0002pesamen. KUCI0Mmbl,
4 — xoHmaxmHbvlli mepmomemp, 5 — OyHKep 0na
anamumogoz20 Kowyewmpama, 6 — 003amop
anamuma, 7-21eKmpoosueament; 8 — cmecumeins,
9-cmaxan; 10-0ynxep 0 donomuma.
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B nozarop 1 manusator 2-2,5 1 HySO,4 3a1aHHON KOHIIGHTpPALMU M 3aKPBIBAIOT 3alOPHBIN
KpaH. Perynupyromuii kpaH 103aTopa yCTaHaBIUBAIOT B ONPEACIECHHOM IOJIOXKEHUHU; MTOCIIE 3TOT0
PEryJIupyIOT J03UPOBKY KHCIOTHL. B OyHkep 5 mosaropa 6 3acemaror 1,5-2,0 Kr amaTHTOBOTO
KoHleHTpara. [IpenBapurensHo, 10 Hauyana paboOThI, 103aTOp TpadyupyloT. B 3aBHCHUMOCTH OT
3aJJaHHOH JTO3MPOBKH M HOPMBI KHCJIOTHI YCTAHABIMBAIOT JO3UPOBKY (PTOpANaTUTA U JOJIOMHUTA U3
oynkepa 10.

[TpousBogurensHOCTh cMmecutenst coctaBiusier 50-100r cymepdocdarHoit mymbnsl B 1 MuH.
Bpems mpeGbiBaHMA  Mmynblbl B cMecuTene cocraBiseT 7 MuH. CmecuTenb CHaOXeH AByMs
BEPTUKAIbHBIMU MELIATIKaMH. MeIIanky NpPUBOAATCS BO BPALIEHUE OT JIEKTPOJABUIATENs 7 4depes
PEAYKTOp, MO3BOJISIIOIIMK M3MEHUTHh 4YacToTy Bpailenus ot 200 mo 600 MuH", 0GblYHast YacToTa
BpalllCHUs] MEIIAJIOK COCTABIISIET 530-550mun™ . Iocie YCTAQHOBJICHHS] HOPMAJIBLHOTO PEXHUMa
CMelIeHus mysblia rnoctynaer B ¢apdopossiii ctakan 9. [lo 3amomHeHnu cTakaHa €ro MOMELIAIOT B
TEPMOCTAT, TJ€  BBIICPKUBAIOT B TeueHWe 1,54 mpu Temmeparype 100-115°C. Tocne ororo
MHUHEpaJbHOE y10OpeHHe U3BJIEKAIOT U3 TepMOCTaTa, 00pabaThIBAIOT U aHATU3UPYIOT. AHATUTHUECKHIE
TMOKA3aTeld MOJTYYSHHOTO MTPOJIyKTa MPEICTaBICHHI B Ta0. .

Tabnuuya 1.
3asucumocmv cmenenu paznodicenusi anamuma 6 cynepgocgame 10-mu cymournoeo 6vi3pesanus om
Konuwecmsa 000asKu pacmeopa MoHoamMmoHuu cyrspama (Hopma ceproti kuciomer 70 mac.u. na 100 mac.
y. anamuma, konyenmpayusi: 63% H,SO,)

Konnu.n06.cmecu Conepxanue B mopouikoodpasnom cymnepdocdare mocine | CreneHs
NH;HSO, n BOCBMHCYTOYHOT'O BhI3peBaHus (Macc. %) pazmnoxe-
Mg(HSO,), HUSL, %
% OT Macchl P205061u4 PZOSyc& PZOSBom-L P2050306 N Mg HZO

H,SO,
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 1,02 8,41 98,33
18 20,30 19,54 18,10 6,13 1,48 1,20 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 1,31 8,25 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 BuaHo u3 Tabn.l, ¢ BHeceHHeM JOO0aBKH CMECH pacTBOpa THApOCYib(aTa aMMOHHUS B
cMmecH ¢ Tuzpocyiabdarom MarHus 10 12-15% oT macchl cepHOM KUCIOTH M 100aBKH JIOJIOMHUTA B
KoJnuecTBe 5-6% OoT macchl (TopanaTUTa, CTENEHb Pa3NIOKEHUs ChIPhsl yBenuuuBaetcs 10 97,45-
98,33% ¥ MONMyYEeHHBIH TMPOJIYKT COJIEPKHUT JOMOJHHUTEIIbHBIE MUTATEIbHBIE JIEMEHTHI — a30T H
MarHui.

PesyabTaThl m ux obcyxnenue. IlpucyrctBue ruapocynbdara aMMOHMSI B PEaKIIMOHHON
Macce CrocoOCcTByeT 00pa3oBaHUIO Oojiee KPYIMHBIX KPUCTAJUIOB Cylb(aTra KalbIHs, KOTOpbIE
CHIDKAIOT BHYTpeHHee Iu((Py3MOHHOE COMPOTHUBIEHUE CPEAbl, YTO OJIArONPHUSATCTBYET IOCTYITY
BOJIOPOJIHBIX MOHOB K TMOBEPXHOCTH 3€pEH amatuTa. 1o ecTh, BBEICHHUE pacTBOpa ruapocyibgara
aMMOHHUSI CIIOCOOCTBYET Oosiee OBICTPOMY TPOTEKAHHUIO TIPOIlecCca PAa3jIOKEHUs araTuTa CEpPHOU
KHUCIIOTOM. B3anmojelicTBre amaTUTOBOrO KOHIIEHTpAaTa C CEPHOM  KHUCIOTOM B HPHUCYTCTBUU
rupocyib(ara aMMOHHUS U THAPOCYIb(aTa MarHus MPOTEKaeT MO CIEAYIOUIEMY YpaBHEHHIO:

2C8.5F(PO4)3 +5H,S0,4 + 2NH4HSO, + Mg(HSO4)2 + H,O0=

= Ca(H2P04)2'H20 + 2NH4H-PO, +Mg(H2PO4)2 + 9CaS0O, + 2HF
JlanbHeliee yBennueHue n00aBku ruapocyinbdara ammonus (6onee 15% ot Maccel cepHOU
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Tonyuenue gpocghopcodeporcanyux MuHeparbHuIX YOOOpeHUl pa3nodicenuem NPUpOOHbIX
Gocpamos ceproll Kuciomou ¢ npumerneHuem UHMeHCUGUYUPYIOUWUX 000a80K

KHCIIOTBI) HEIeNeco00pa3Ho, TaK Kak NP 3TOM CTENCHb DPA3JIOKCHHS amaThTa HE JIOCTHTaeT
HEeOoOXOIMMBIX TMOKa3aTeNlel, a Mpu OONbIINX J00aBKaX UMEET MECTO JaKe HEKOTOpPOE CHIKEHUE
CTCTICHH PAa3JIOKEHUS, YTO OOBICHICTCS BO3MOXKHBIM BO3HHKHOBCHHEM IIEPEHACHIIICHUS 10
cynabdaTy KanblMs U 00pa3oBaHMEM B CBSI3U C 3TUM Oojiee MeNKuX KpucramioB. ObpazoBaHue
MEJIKUX KPHUCTAJUIOB Cyib(ara KalblMs B HEKOTOPOW CTEIEHU SKPAHUPYET MOBEPXHOCTH 3epeH
amaTtuTa u npenarcTByet nuddy3un KUCIOTHI B 3epHA anaTUTa.

3akaouenue. Takum o00pa3oM, H3y4YeHHE TMIPOIECCa CEPHOKHCIOTHOTO Pa3lIOKEHUs
npUpOAHbIX (hochaToB B MPUCYTCTBUU THIAPOCYJIb(ara aMMOHMS MU MarHUsl MPUMEHUTEIBHO K
MOJIYYCHUIO MHHEPAIBHOTO yHOoOpeHusi, O0OOTalmeHHOro JOTOJHUTEIbHBIMH IMHTATEIHbHBIMU
JJIEeMEHTaMH, MO0Ka3ajo, YTO ONTHUMAaJbHBIM KOJIMYECTBOM JI00aBKM pacTBopa Tuapocyibdara
aMMOHHS B CMECH C TUAPOCYITh(}HAaTOM MarHusi MOKHO cuuTath 10-15%0T Macchl CEpHOI KUCTOTHI U
N00aBKH JOJIOMHUTAa HEOOXOAMMO MOJAEpkKHUBaTh B Impenenax 5-6% OT Macchl anaTuTOBOTO
KOHIIeHTpaTa. [Ipu 3TOM cTeneHpb pasioKeHus: UCXOIHOTO ChIpbs cocTaBiisaeT 97-98%, nonyueHHbIi
IPOJYKT SIBJIAETCS PACCHIMUYAThIM U conepkUT 19,5-20,5% P05y ; 1,2-1,6% N; 0,8-1,0% Mg.

[Ipn yacTHYHOW 3aMEHE CEpHOW KHCIOTHI PaCTBOPOM THIPOCYJb(ara aMMOHHS B CMECH C
pacTBOpoM Tuapocyidbhara MarHus, MOJYYEHHBIH MPOIYKT B HEKOTOPOH CTeMeHH oOorariaercs
JIOTIOJTHUTEIHHBIMU MTUTATCILHBIME 3JIEMEHTAMH, HO CTETICHb pa3liokeHus (GochaTHOTo ChIphs HE
JOCTUTAET CTaHAAPTHBIX 3HAYCHUH.
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XULASO
INTENSIiVLOSDIRICi OLAVOLORIN iSTIRAKI iLO FLUORAPATITIN SULFAT TURSUSU
ILO PARCALANMASINDAN FOSFORLU MINERAL GUBRONIN ALINMASI
Somoadov M.M., Mommoadova G.M., Cavadova S.H.

Acar sozlar: fosforlu giibralar, parcalanma, intensiviasdirma, alava, zanginlasdirmoa

Mogqalodo apatit konsentratini qismon dolomitlo ovoz etmoklo vo NH4HSO, vo Mg(HSO,);
mohlullarinin qarisigindan istifads etmaklo fosforlu mineral giibronin alinmasi prosesinin tadqiqi verilmisdir.
Qeyd olunur ki, gostarilon slavo tabii fosfatlarin sulfat tursusunda pargalanmasi prosesina miisbat tosir
gOstorir vo xammalin pargalanma doracasini yiiksoldir. Bu halda alinan mohsul slave gida elementlori: azot
vo magneziumla zonginlogmis olur. Miioyyonlosdirilmisdir ki, ammonium vo magnezium hidrosulfat
mohlullar1 qarisiginin optimal miqdarlarinda reaksiya zonasina verilmasi naticasinda apatit konsentratinin
pargalanma doracasi 97-98% toskil edir ki, bu da klassik lisula nozoran pargalanma doracasinin 4-5%
artdigini gostorir. Ona goro do alinan mohsulda gida maddslorinin migdart artmig olur, yoni PyOsy,,, =19-20%;
N=1,0-1,4% ; Mg=0,7-1,0% hadlorinds 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,4 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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Agar sozlar:sulfurilxlorid, asagi tazyiqli polietilen, kiikiird anhidridi, porofor, sulfoxlorlasma.

Molumdur ki, xlorsulfolagmig polietilen istehsalatda rezintexniki sonayesindo miihafizo
ortiiklori, lak-boya oOrtiiklori homginin sanayeds yeni tikinti materiallari va s. saholords genis istifado

olunur.

Xlorsulfolasmis polietilen 6ziinii kaucuk formali polimer kimi gostorir, yiiksok yaxud asagi
tozyiqli polietilenin sulfoxlorlasmas1 yolu ilo alinir [1].
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Sakil 1. Elektrolizer:1-elektrolizerin
govdasi; 2-anod; 3-katod; 4-kran; 5-aks
soyuducu; 6-ayirict qif; 7-qarisdirici; 8-
termostat; 9-xloru miiayyan etmoak ti¢iin KJ
mahlulu olan siiso qab

Xlorsulfolasmis polietilenin  (XSPE) yiiksok
tozyiqli polietilenin qaz halinda xlor yaxud xlor vo
kiikiird qaz1 ilo qarisiginin karbon-4-xlorid holledicisi
miihitinds, atmosfer tozyiqi vo holledicinin gaynama
temperaturunda, inisiatorun istiraki ilo sulfoxlorlagsmasi
[2], homginin asag1 tozyiqli polietilenin xlorbenzol
holledicisi istirakinda 120-125°C temperaturda, inisiator
(porofor) istirakinda xlorsulfolagmasi [3] aparilmisdir.

Tarkibindos 32,1 kiitls faizi ilo xlor, 3,15 kiikiird olan
polimerds reaksiya kiitlosini 40-50°C-ya qoder soyutmagq
vo azotla Uflirmoklo holl olmus turs qarisigr 0,003%-9
godor azaltmagla da xlorsulfolagmis polietilen alinmigdir
[4].

Polimers xlor atomu daxil oldugda qurulusun
requlyarlig1 pozulur, kristallasma doracosi azalir, buna
goro do polimer amorf olur vo ilkin polimerin
xassalorindon farqlonir. Tarkibinds 30-35% xlor oldugda
XSPE-nin méhkomliyi bir az azalir ki, bu da polietilends
kristalligin pozulmasi ilo slagodardir. Sonraki xlorlasma
polimerin polyarligint giiclondirir, buna goéros ds onun
davamliligit vo mohkomliyi yiiksolir. Torkibde xlorun
60%-5 catmasi davamliliq haddinin ilkin polimerdon 1,5
dofs ¢ox olmasina gotirir. Polietilens 0,8-1,9% xlorsulfo
qrup daxil edilmasi onun wvulkanlagma qabiliyyatini
saortlondirir.
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Polimers xlor atomunun daxil edilmasi ilo polimer od vo yaga garsi, homginin ozon tosiring
qars1 da davamli olur. Polimers polyar qrup daxil
oldugu ii¢clin metallara vo onlarin orintilori ilo
(mis, polad, domir, tunc, latun, titan, aliminium
vo s.) yiikksok adgeziyaya malik olur, siisoyo,
plastik kiitloyo, tobii vo siini kauguklara gars1 iso
davamli olur.

Yuxarida geyd olunanlardan belo gonaoto
golmok olur ki, olefinlorin xlorlasmast va ]
sulfoxlorlagsmasi, o ciimlodon do polietilenin 1| .
xlorlagsmas1 vo sulfolagsmasi bu polimerlorin g 1o 30 50 70
modifikasiyasi ti¢lin shomiyyatli doracads nozari Temperatur, °C
vo praktiki ohomiyyst kosb edir. Bununla
olagodar olaraq, polietilenin elektrokimyovi
sulfoxlorlagsmasi ) alinan mohsulun
qanunauygunluqglarinin ~ dyronilmosini  todqiq
etmoyo maraq yaranir.

Polietilenin sulfolagsmasi siisadon
hazirlanmig, termostat, sabit coroyan monbayi, qarigdirict vo ORTA (anod), qrafit (katod)
elektrodlart ilo tochiz olunmus silindrik elektrolizerds hoyata kegirilir.

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

Sistems verilon elektrik corayaninin tasirindon xlorid tursusunun elektrolizi naticosindo xlor
ayrilir vo eyni zamanda kiikiird qaz: ilo birlikds polietilenin sulfoxlorlasmasinda istirak edir.

Aparilan_tacriibalorin_naticasi. Ilkin polimerin molekuluna daxil edilon xlor vo kiikiird
qazinin miqdarindan asili olaraq, XSPE-in xassasi reaksiyanin soraitini miioyyon etmoyo imkan
yaradir. Temperaturun tosiri, verilon coroyanin miqdari, reaksiyanin davametmo miiddati,
reagentlorin miinasibati, polimers daxil olan xlor vo kiikiird qazinin ilkin polietilenin molekul
kiitlosina tosiri dyronilmisdir.

Reaksiva miihitinin __temperaturu.Polictilenin  sulfoxlorlasmast Cl, : SO, = 3:1
miinasibatinds, reaksiyanin temperaturu iso 0-dan 7OOC-y9 godor yiiksoldilmokls aparilmigdir.
Alinmis naticalor gokil 2-do verilmisdir.

Temperaturun azalmasi xlorun miqdarinin azalmasina (~47-don 19,2%-0 qodor), kiikiirdiin
miqdarinin is9 artmasina (~2,7-don 6,6%-2 qodor) gotirir.

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

Reagentlorin miinasibatinin xlor vo kiikiirdiin migdarina tasiri.Bu moqsadlo iki seriya
tocriiba aparilmisdir. Reaksiyanin temperaturu 30°C gétiiriiliir, qarsiligli tesir edon gazlarin (xlor vo
kiikiird anhidridi) molyar miinasibatlori (Cl2:SO;) 1:1-don 4:1 kimi doyisdirilir. Tocriibolorin
naticasi sokil 3-do verilmisdir

Sokil 3a-dan goriindiiyii kimi, Cl;:SO; molyar miinasibatinin 1:1-don 4:1 kimi doyigmasindo
xlorun sabit verilmasi ilo polimers eyni miqdarda xlor ~ 38% daxil olur, ancaq Cl;:SO, molyar
miinasibatinin yiiksalmasi xlorun miqdarmin xlor atomu halinda artmasi bas verir, ancaq SO,CI
grupu halinda azalir, bels ki, polimerds kiikiirdiin miqdar1 6,3%-don 3,2%-o qodor azalir.

Saokil 3b-don goriiniir ki, Cl2:SO, molyar miinasibatinin artmasi ilo polimerds xlorun miqdari
yiiksalir ki (21%-don 49%-o qodar), bu da reaksiya zonasinda xlorun artmasina, alinan mohsulda
kiikiirdiin miqdarinin (5,7%-don 1,5%-9) azalmasina sobaob olur.
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Xlorun va kiikiirdiin

Sakil 2. Reaksiya temperaturunun
sulfoxlorlasmuis polietilends xlor va kiikiirdiin
migdarindan asitliligr. 1-kiikiird; 2-xlor
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Polietilenin elektrokimyavi sistemda polimeranaloji ¢evrilmasi

tarkibi, %

Xlorun va kiikiirdiin

Molyvar misbat Clz: 802
Sakil 3. Cl,:SO, molyar miinasibatlorin polimerda xlor va kiikiirdiin miqgdarina tosiri: a) Cl,; b) SO,

Sokil 4-do reaksiyadan alinan qazlar vo polimera daxil olan gazlar arasindaki miinasibot
verilmisdir. Sokildon goriindiiyli kimi, 2 g-dan 3 g-a qoader xlor va 0,5 g-dan — 0,9 qrama qoador
kiikiird anhidridi alindigda 1 gram polietilenls xlorun 45-55%-i, kiikiird anhidridinin iso 10-15%-i
reaksiyaya daxil olur. Xlorun miqdar1 3 gq-dan 9 g-a gador artirildiqda 1 q polietilenlo reaksiyaya
daxil olan xlorun miqdar1 20%-5 qodor azalir. Eynilo kiikiird anhidridinin miqdar1 1 qram
polietilends 1,5 gramdan ¢ox olduqda alinan kiikiird anhidridinin 5%-i reaksiyaya daxil olmus olur.
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Sakil 4. Cl, vo SO, gazlarimin reaksiyadan Sakil 5. Polietilena daxil olan xlor va kiikiirdiin
alinan va polietilenla reaksiyaya daxil olan miqdarinin tacriibaninapariima miiddatina
miqdarlart arasindaki asililig miinasibati: 1-kiikiird; 2- xlor

Alinan oyrinin maksimumu sulfurilxloridin halledici ilo (CCly) qatilagsmasi naticosindo
yaranir.

Polietilens daxil olan xlor va kiikiirdiin migdarinin tacriibonin aparilma miiddating tosiri sokil
5-do goriindiiyii kimi, ilk 30 doq. arzinds polimera ~ 40% xlor vo ~ 2,5% kiikiird SO,Cl qrupu
soklindo daxil olmusdur. Sonraki yarim saat orzindo xlorun miqdar1 4,5%-9 qodar artmuis, kiikiird iso
oldugu kimi qalmigdir. Reaksiyan1 3 saata qoder davam etdirdikde polimerds xlorun miqdar1 ~
45%-9, kiikiirdlin miqdar1 iso ~ 4%-9 catir. Polimers 40%-don ¢ox xlorun daxil olmasi arzu olunan
naticoni vermir.

Reaksiya soraitini, xiisuson do Cl2:SO; miinasibatinin, coroyan sixligmin, homginin
reaksiyanin stexiometrik miinasibatlorinin doyisdirilmasi ilo polimerds xlor vo kiikiirdiin migdarini
tolob olunan saviyyado saxlamaqg olar.
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PE3IOME
MHNOJIUMEPAHAJOI'MYHBIE NIPEBPAIIIEHU S MOJUITUJIEHA
B DJIEKTPOXUMHNYECKON CUCTEME
TI'amamoe M.M., AounoeaJl.H.,Aboyrnaeea M.B.

Kntouesvle cnosa:cynvypuixiopud, noiusmuied HU3K020 0d6leHUs, CEPHbL aH2uopuo, nopogop,

cynvgoxiopuposanue

UzBecTHO, uTO  XJOPCYNb(QOJOBBIA  MOJUATWIEH IIUPOKO  HCIONB3YeTCs B PE3HMHOBOMN
MPOMBIIIJICHHOCTH AJIs  TPOW3BOJICTBA 3aIIUTHBIX TMOKPHITHH, JTAKOKPACOYHBIX TOKPHITHH, a TaKXke B
MPOU3BOJICTBE HOBBIX CTPOUTEIBHBIX MaTEPUAIIOB H JP.

DJEKTPOXUMHUYECKUI METON CyNb(OXJIOPUPOBAHUS OTIMYACTCS OT XHMHYECKOTO TEM, 4YTO B
JIIEKTPOXUMHUECKOM MeToje cyabdoxmopupyrommii arent — Clou SO,, monydaeTcs B caMOM mporiecce.
OOecrieunBaeTcst SKOJIOTMYECKasi O€30MacHOCTh TIpoliecca NPH 3HAYUTEILHOM CHIJKEHHH BBIOPOCOB
BPEIHBIX BEIIECTB B aTMocdepy.

SUMMARY
POLYMERANOLOGICAL TRANSFORMATION OF POLYETHYLENE
IN ELECTROCHEMICAL SYSTEM
Hatamov M.M., Adilova L.I., 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-Cl,and 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

Daxilolma tarixi: [lkin variant 26.02.2019
Son variant 21.02.2020

29



Sumgqayit Dévlot Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmasi

Cild20 Nl 2020

YK 547.696+547.311

NCHOJBb30OBAHUME AJIZITYKTOB METHJIEHANOKCOJIAHOB
C OTAHAUTHUOJ/IOM B KAYECTBE HHI'MBUTOPOB KOPPO3UHU
METAJIJIOB B KHCJIOM CPEJE
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Paodukanvuvim npucoedunernuem smanoumuona k 2-zameuyeHHovim-4-wemunen-1,3-ouoxconanam owiiu
CUHME3UPOBANbL  cepocodepicaujie MOHOAOOYKMbL, KOMopbvle 6 OdlbHelueM Obllu UCNONb308AHbL 8
Kauecmee UHSUOUMOPA Kappos3uu Memainosd 6 Kuciou cpede. HM3yuena 3asucumocms cmenenu 3aujumol
NOMYUEHHBIX AOOYKMO8 OM UX KOHyenmpayuu u memnepamypol. Tloxkazano, 4mo ucnoivzyemvie ao0O0yKmbl
NPOSABIAION BbICOKVIO 3AUUMHYIO CHOCOOHOCMb, UYMO CESA3AHO C UX CMPYKMYPHOU OCOOEHHOCMbIO, 6
YACMHOCMU, HATUYUEM 8 MOJIEKYe 2eMePOamoMO8 Cepbl U KUCI0POOd, KAPOOHUTbHOU U (PeHUNIbHOU 2PYNn,
0MBEeMCMBEHHBIX 3d ADCOPOYUOHHYIO C8513b C NOBEPXHOCHHBIMU AMOMAMU MEMAILIA.

B mocnennue romel mpoOiieMa OOpbOBI C KOPpO3WMEH METAUIOB W METaUIOKOHCTPYKITUI
npuobperaeT 0codoe 3HaUeHHEe. ITO CBI3aHO, MPEXKIEC BCETO, C MPUMEHECHUEM B PSAJIE XUMHYCCKUX
WM HEePTEXUMHUYCCKUX TEXHOJOTHYECKHX IIPOIIECCOB CHUJIBHBIX MHMHEPAJIbHBIX KHUCIOT. B
YACTHOCTH, TIPY TPABJICHUM CTATH WIH TPOKaTa B MPU3a00WHBIX 30HAX HE(TSIHBIX CKBAXUH (JJIs
yAaydiieHus: (QUIbTPAIIMOHHBIX XapaKTEePUCTUK) IIMPOKO WCIONB3YETCS CepHas WM COJsHas
KHUCJIOTHI. ECTeCTBEHHO, B ATHUX arpecCMBHBIX Cpelax METAIOKOHCTPYKIUS TOABEPraeTcs
Koppo3uu. CrenoBaTeNbHO, 3alllUTa 3TUX METAJUIOB OT KOPPO3UU CTAaHOBUTCS HEOOXOIUMOM.
[IpobGnema ke 3amMTHl METAUIOB OT KOPPO3UU peIIaeTcss JUO00 HAHECEHHEM Ha IMOBEPXHOCTH
METAJIJIOB aHTUKOPPO3HUOHHBIX MOKPBITUH, 100 BBEIEHUEM B CUCTEMY MHTHMOUTOPOB KOppo3uu [1-
3]. [lpunumas Bo BHUMaHUE 3(HPEKTUBHOCTH 0OOUX METOJ/OB, CIEAYET OTMETUTh, YTO MOCIEIHUN
METOJ] MO3BOJIIET OJHOBPEMEHHO INMPENOTBPAaTUTh HE MEHEE Ba)KHBIM, CBSI3aHHBIA C KOpPPO3UEH,
MPOIIECC — HABOJOPAKUBAHNUE U OXPYITUUBAHUE METAIIOB.

BaxxnocTh ipo6rieMbl CBs3aHa €IIe C TEM, YTO BCS XMMHUYECKasi MPOMBINIIIEHHOCTh, HeTe- U
ra3of00b4a, KOCMUYECKasi TEXHUKA U JAPYTHe OTPaciii SKOHOMHUKH, TJI€ MCIOIB3YIOTCS BBICOKHE
TEMIIEPaTyphl, NaBIECHUE M arpecCUBHBIE CpEebl, HYKIAIOTCS B HOBBIX BBICOKOA((EKTUBHBIX
CpelICTBax 3amHUThl OT KOppo3uu. OMHUM U3 Hanbosee MpUueMIIeMbIX CIIOCOO0B 3alIUThl METAIIOB
OT KOPPO3UH, KaK OBUIO OTMEUYEHO BHIIIIE, SIBIISETCS METO]] BBEICHUSI HHTHOUTOPOB B KOPPO3UOHHO-
aKTUBHYIO CpPETy.

MHOTOUHCICHHBIMU HWCCIICIOBAHUSIMH, TPOBEACHHBIMU B OOJIACTH CUHTE3a U M3YUYCHHS
MEXaHW3Ma 3allUTHOTO JIEWCTBHSI WHTHOMTOPOB KOPPO3WHM YCTAHOBJIEHO, 4YTO Hauboee
3¢ (HEeKTUBHBIMU WHTHOUTOpPAMH SIBJISIOTCS OpPTaHMYECKHUE COCIWHEHUS, COJeprKallie B CBOEM
COCTaBe pa3iau4HbIe (DYHKIIMOHAIBHBIC TPYIIBI C aToMamMu aszora, (docdopa, cepbl, a Takke
HEHACBIIICHHBIE (ABOHBIC UM TPOUHBIE) CBS3HU.

AHanmu3 coctaBa W CTPYKTYpPhl  aIIyKTOB, TIOJYYCHHBIX HAMHU TI0  pEaKIHH
MeTtmneHauokconanoB (MJIO) ¢ srangutnonom (3]1) mokaszan, 4TO STH COEAMHEHHS COJEpIKat
reTepoaToM Cepbl M KHUCIOPOJa, HEHACHIIICHHBIC ICHTPHl B BHUAE KapOOHWIHHOW TPYIIBI U
(GeHUIBHOTO fAIpa, a TakKe HUKIoanu(aTudecKkue U METHIIbHbBIE TPYMIbl.MoXXHO OBUIO OKUIATh,
YTO, OHH MOTYT OBITh HCIIOJIB30BaHBI B KadyeCTBE WHTHOMTOPOB Koppo3uu. Kpome 3Toro, mx
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JMHEWHAs! CTPYKTypa MOXET MOJIOKUTEIHHO HOBIHATH HA 3(PPEKTUBHOCTH MHTMOMPOBAHUSA, T.K.
MOJIEKYJIbI C TPOCTPAHCTBEHHON KOH(HTYpaIlel JeNalT B3aUMOICHCTBHE MEXY TTOBEPXHOCTHIO
MeTaJUIa ¥ 3JICKTPOHHOM IIOTHOCTHIO Ha aJICOPOIIMOHHOM LIEHTPE HETIOJIHOLICHHBIM.
B kadecTBe coelMHEHUH [T HCIIBITAHUsI OBLTH UCIIOJIB30BaHBI Al AYKThI 3amerieHHbIXx MO ¢
DT obuieit hopMyIbr:
o R

I \

CH,— SCH,CCH,0CH—R?
l

CH,~ SCHQ(IZICHZO(‘ZH— R?

o) R

Rl,RZ:CHg,—G,—O'—Q

JKcnepuMeHTalbHasA YacTb. MK-criekpsl cHuManmch Ha mpubdope «Cary 630 FTIR» ¢upmbr
AgilentTecnologes (kpuctramn ZnSe). IIMP-ciekTpbl CHUMAIUCh Ha crekTpomeTrpe «Dypbex
(wactora 300 MI'm) ¢upmber «Bruker» B pasmuuHBIX PacTBOPHUTENSAX, BHYTPCHHUICTaHIApT-
reKCaMeTHIIIMCUIIOKCAH, XMMHUUYECKHE CABUIM CUTHAJOB IpUBEAEHBI B IKaje O(Mm.n.). Hucrory
CHHTE3MPOBAaHHBIX COEJAMHEHHWH OINpPEessuIh METOJIOM Ta30KHUIKOCTHOW XpoMmoTorpadguu Ha
xpomarorpade JIXM-8M/I.

2-3aMeIleHHbIe-4-MeTHeH-1,3-IMOKCoNIalbl  ObLTM  CHMHTE3MPOBAaHBl W3  COOTBETCTBYIOIINX
XJIOPMETWIIZIMOKCOJIAHOB, ~ KOTOpble, B CBOIO  Ouyepeldb, ObUIM CHHTE3UPOBAaHBbl  peaKIMei
COOTBETCTBYIOIIHX AJIbJICTUIOB ¥ KETOHOB C SMUXJIOPTHIAPHHOM COTJIACHO METOJIMKE, OITMCAHHOM B [4].

Cunres 2-3aMellieHHbIX-4-MeTHIeH-1,3- 110K COIaHOB

_ _ _ 1
CICH;~ CH—CH; CHONa, o= c—0 R

o_ 0O DMFA ({Hz—o R?
R R?
Rl= R?= CH; (), R'=CH,, R*=—C] (1),

Rl=CH;, R2=— > () ~ R'=H, R= O (V)

K pactBopy 0.4 Monp cooTBeTcTByOIIEro XJopMermiaunokconada B 400 mun JIM®PA npu
MepeMEIMBAaHUU 10 KaruisiM J100aBisiin pacTBop 1 Mosib Metmnara Hatpus B 200 ma MDA npu
KOMHaTHOU Temneparype. CMech nepeMennBaiy 4 yaca npu Toi e TeMieparype u BiauBaiu B 300
MJI BOJIBI, TOCJE€ Yero IKCTparupoBaiu ddupom. OpraHMyuecKuil CIOW OTACISIA W CYIIWIH Haj
MgSQO4. DdupHbIe BBITSKKH BBIIAPUBAIH, @ OCTATOK MEPETOHSIN B BaKyyMe.

IIpucoennnenne 3TaHANTHOJIA.

0 R!
I \ )
7 "X, +HS=CH;CHySH —> |
CH;O" 'R CH,— SCHZ%‘CHZOC‘iH—RZ
o) R
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Hcnonvzosanue a00ykmos memuieHOUOKCONAHO8 C IMAHOUMUOTIOM
8 Kawecmee UHeUOUMOPO8 KOPPO3UU MEMALI08 8 KUCIIOU cpede

B ammyny emkocteio 20 min momectwiu 0.02 monp  2-3amerieHHoro-4-metuien-1,3-
nuokconana, 0.042 mone 9/ u 0.5 Bec.% JJAK. Amnyny 3anavBajiv ¥ HarpeBaJiv B TEPMOCTATE MIPU
70°C B Teuyenue 3-x yacoB. I10 OKaHUaHUK pEaKIMK CMECHh OXJIaXxaanu, 3-4 pa3a npoMsiBanu 10%-
HBIM PacTBOPOM COJIbI ([Tl yaanenus u3onitka D/1) u sxcrparuposanu agupom. [locie cymku Haj
Na;SO4 3¢up oTroHsIHM, a MPOAYKT pEaKIUH MEPETOHSIIN B BAaKyyMe.

HcnbiTanue aJyKTOB 3TAHIUTHOJIA C METUJIEHIHOKCOJAHAMH B KauecTBe HHIMONTOpa
KOPpPO3MM CTaJqd B CepHOWi kuciaoTe. lcnbiTaHus MNpOBOJWINCH C IUIACTUHKAMHU U3
Manoyriepoauctoi ctasm CT-3 pasmepom 30x30x2 mm. Ilepem KaXapiM OMIBITOM OOpPa3Ilbl
OYMINAIM Ha UUIU(OBATBHON MalIMHE 10 MOJMY4YeHHs OJecTsmield OJHOPOAHON IMOBEPXHOCTH,
o0e3kupHuBau aleToHoM. Koppo3HoHHOM cpeoi CIy>KUIN pacTBOPbI CEPHOM KUCIOTHI (X.4.) PH
koHnentpauuu 1H u SH H,SO,4. cnibiranus nposoaunu npu 20, 40, u 80°C. IIponomKuTenbHOCTh
onbiTa - 2 4 ipu 20°C u 1 4 mipu ocTaiabHBIX TemiiepaTypax. MHruOupoBaHHbBIE PaCTBOPHI KHUCIOT
TOTOBWJIM HEMOCPEICTBEHHO NIEpe] ONbITOM. Bee onbIThl OBTOPSINCH TpUKIbl. KonnuecTBeHHYIO
OLIGHKY CTENEHH 3alIUThl IPOBOJUIN TPABUMETPUUECKUM METOJIOM (110 MOTEepPEe MAacChl CTAIILHOTO
o0pasua, MoJBEpraroIIerocsi KOPpo3un 3a OAMHAKOBOE BPEMS B PacTBOPax, COOTBETCTBEHHO B
YUCTOH W MHTUOMpPOBaHHOW KkucIoTe). KOppo3nOHHYIO CTOMKOCTH ONpEeAeNsiaf, HCXOAS U3
3HaueHUI HanboJiee BOCIIPOU3BOIUMBIX PE3YJIbTATOB.

OOcy:xnenne pe3yJbTaToB. VI3yueHue UWHTHOUPYIOIIUX CBOMCTB CHHTE3MPOBAHHBIX
aJTyKTOB TPOBOJMIIOCH B PA3IMYHBIX arpecCUBHBIX cpefax M A(PQPEKTHBHOCTh MX OLIEHHBAJIACH
IpaBUMETPUUECKUM METOAOM (II0 IOTEePE MACChl CTaIbHOTO 00pa3iia, MOJBEPralouIerocsi KOppo3uu
3a OJMHAKOBOE BpEMs B PAcTBOpax, COOTBETCTBEHHO B YUCTOW W WMHIMOMPOBAHHOM KHUCIOTE).
Wcneitanus npooawiu B untepsaiie temneparyp 20-80°C. Bpewmst ucnbitanuii — 24 ripu 20°C u 14
IIPU OCTAJIbHBIX TEMIIEpaTypax.

B tabnuie npeacTaBieHbl 1aHHbIE 00 HHTHOUPYIOMIUX CBOWCTBAX aJlTyKTOB B 3aBUCHMOCTH
OT TEMIEPATyphl U KOHUEHTPALUU PEAreHTOB.

Kak crnegyer u3 AaHHBIX TaOMHUIIBI, HCMONb3yeMbIE aIAyKThl 3PPEKTUBHO 3aIIUIIAIOT CTATh
OT KHCIOTHOH Koppo3uu. [Ins anayKTOB-UHTMOMTOPOB TMOBBIINIEHWE TEMIEpPaTyphl Cpeibl
MOJIOKUTETBHO BIUSAET Ha 3alIUTHBIA 3P PeKT (YCHIIUBAET ero). 9To BEpOSATHO CBA3aHO C TEM, YTO
MOBBILIEHUE TEMIIEPATypbl AKTUBU3UPYET MPOLECC XEMOCOpOLUMU MOJEKyJl HHTUOUTOpa Ha
MOBEpXHOCTU MeTauta. [loBblIeHHE k€ KOHIEHTpaluu MHruouropa (B 2 pa3a) HE3HAYMTEIHHO
YBEJIMUMBAET CTEMEHb 3allUThl OT KOPPO3UH, UYTO MOXKET ObITh OOBSICHEHO (HOPMUPOBAHHEM
3alIUTHOM IUJIGHKM MOJIEKYyJaMH HMHTHOMTOpa B OCHOBHOM YK€ Npu KoHueHTpamuu 0.5 /7.
[ToaTomMy npanpHellIee yBENMYEHHE KOHIEHTpPAIMM €ro TaK CUJIbHO HE OTpakaeT H3MEHEHUN
3HAa4YeHUs 3alIUTHOTO AP deKTa.

Takum 00pa3oM, MONTy4YEHHbIE PE3YJIbTaThl CBUAETEIBCTBYIOT O BBICOKOW HHTHOUpYHOLIEH
CIIOCOOHOCTH MCCIEAyeMbIX aAayKToB. CTemneHb 3alluThl MpPU 3TOM HaOIOAAeTCsl 10CTaTOYHO
BbicoKast 92.7-99.9% npu konnentpauuu paBHoi 0.5-1.0 r/n. OnHoBpeMeHHO HaOIOJaeTcs U
BO3pacTaHue K03 puireHTa TopMOKEeHUs HHruouropa 10 615.

JlocTaTOuyHO BBICOKMM 3alIUTHBIA 3((EKT, MPOSABISEMBIH HMCIONb3YEMBIMU aJAYKTaMU B
KayecTBe I(P(PEKTUBHOTO HMHIHOMTOpa KOPPO3UHM CTaJM B CEPHOM KHUCIOTE, OOBSICHAETCS HX
CTPYKTYpHOM OCOOEHHOCTBIO, B YAaCTHOCTH, HaJMYWEM B MOJEKYyJieé TeTepOoaToMOB Cepbl M
KHUCIOpOAa, KapOOHMIIbHOM M (PEHMIIBHOM TpymI, OTBETCTBEHHBIX 3a aOCOPOLIMOHHYIO CBS3b C
MOBEPXHOCTHBIMHM aTOMaMHU MeTajuia. B pe3ynbrare 3TOro Ha MOBEPXHOCTH MeTailia (hopMUpyeTcs
3alUTHAs IUIEHKA.

[To »¢dexkTuBHOCTH WHTMOMPOBAHUS KOPPO3MHM METAJUIOB B KHCIOW Cpele H3y4YEeHHbIE
STaHJUTHUOJIbHBIE aJJyKThl HECKOJBKO pa3iuyaroTcs Apyr oT npyra. llpmyem HanbGombimm
WHTUOMPYIOIUM JeiicTBUeM obnamaeT coenunenne |V, cozxepkaimiee B CBOGH  MOJEKyie
apomaruueckoe sapo. CpaBHUTENBHO HAMMEHBIIEH aKTMBHOCTBIO oOnajgaer coeauHeHue |,
uMmeroliee B cBoell cocraBe y Cp-aroma yriepojaa JIHOKCOJIAHOBOTO KOJIbLIA TOJIBKO METUJIbHBIE
TPYIIIIBI.
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Taonuua
Hneubupyrowue cnocobnocmu addykmoe MemunieHOUOKCOAAHO08 C SIMAHOUMUOLIOM
Konnentp | CkopocTh Koahdumm
At KOppOZSHH’ CremneHb €HT Temnepary
®dopmyna HHTHOUTOpA WHTUOHUTOP r/mM°.4
a 3aIuTHI, %0 TOPMOIKEH pa, °C
/71 i
o) CHs 0.5 0.72 91.8 14.6 20
B Il | _CH 1.46 95.6 28.2 40
(‘3Hz SCHZCCH0CH=CH3 4.2 98.4 176.5 80
1.0 0.22 98.2 82.6 20
— SCH,CCH,OCH—-CH
CH 2T 3 0.44 98.8 118.9 40
0o CHs 1.20 99.2 586.7 80
ICI) CHs 0.5 0.70 92.1 154 20
B ‘ 1.42 95.8 30.3 40
CHe SCH,CCH0CH~_] 3.80 98.2 181.2 80
CH— SCH,CCH,0CH—< ] 0.18 98.4 84.3 20
2 2N 1.0 0.40 98.6 1225 40
O  Chs 1.18 99.2 596.4 80
ﬁ) C‘IH3 05 0.69 92.4 15.8 20
1.36 96.2 31.7 40
— SCH,CCH,0CH
PHa™ SEEEH: @ 3.40 98.6 184.3 80
CH,— SCH,CCH,0CH—_ > 0.16 98.6 86.5 20
ll C\ZH 1.0 0.36 98.8 124.7 40
o 3 1.14 99.4 608.6 80
SCH,CCH,OCH,—Ph 0.5 0.66 93.9 16.2 20
v I 1.24 97.4 335 40
?Hz O 3.7 99.4 186.0 80
CH, e} 1.0 0.12 98.8 89.1 20
AN Il 0.33 99.4 126.0 40
SCH,CCH,0CH,—Ph 112 99.9 614.7 80

B uccrnenyeMbIx ajnykTax reTepoaToMbl Cepbl M KHCIOpOAa B BUAE CYIb(GUIHON U d(UPHON
CB$[3€I\/'I, a TakKxXe Kap60HI/IJ'IBHI)Ie u (1)GHI/IJ'II>HBIC TPYIIIbI HAXOOATCA B OAUHAKOBBIX ITOJIOKCHUAX, HO
paznuyarotcs konuuectBamu. [loaTomy, cienoBano 0XuaaTh yBETUUCHHUSI HHTHOUPYIOIIUX CBOMCTB
B Cllydae UCIoib30BaHus anaykToB ¢ DT, roe aacopOIMOHHBIX IIEHTPOB B 2 pa3a OoJiblie Mo
CpPaBHEHHUIO C THO(MEHONBHBIMH aJaykTamMu. B pesynbrare 5T0oro 3()(QEeKTUBHOCTH 3aIUTHI
MOBEPXHOCTH METalJla CTAHOBUTCS OOJIBIIIE B CITydae MCIONb30BaHms ammykTa ¢ D/1T.

W3 TabnAuuHBIX JaHHBIX BUAHO, YTO OOUIMM JJS WCHBITAHHBIX WHTHOUTOPOB SIBISIETCS
BO3pacTaHWe 3amuTHOTO d3(ddekra ¢ yBenMUeHHEM TEeMIIEpaTyphl arpecCMBHON cpenmbl. ITo,
BO3MOXXHO, CBSI3aHO C TE€M, UYTO MPH TMOHWKEHHBIX TEMIIepaTypax Ha IMOBEPXHOCTH MeTasuia
nporekaer (usmyeckas ancopOIus, a C yBEIWYEHHEM TeMIlepaTypbl HauMHAeT JOMUHHPOBATh
XUMHYECKast aJicopOIIHsL.
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XULASO
METiLENDi.QKSOLANLARIN 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 miihitdo korroziyasina qarsi ingibitor kimi istifado olunmusdur. Alinmis
adduktlarin miihafizo deracslorinin onlarin qatiligindan vo temperaturdan asililigi dyronilmigdir. Miioyyon
edilmisdir ki, istifads olunan adduktlarin yiiksok miihafize gabiliyystlori onlarin qurulus xiisusiyyatloari ilo,
xtisusilo do molekulda metalin sathindoki atomlarla absorbsion slage yaratmaga qabil kiikiird vo oksigen
heteroatomlarmin, fenil vo karbonil qruplarinin olmast 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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HCCJIEIOBAHUE TPOHECCOB INOJIYYEHUS HUKJTAYECKUX
HEINIPEJAEJIBHBIX OTHECTOUKUX AMHUHJ3IIOKCHU/JIHbBIX CMOJI
HA OCHOBE IMAMUWHOB, CUHTE3UPOBAHHBIX U3 C; PPAKIIUN

INAXTEJIBAUEB ®U3YJIN XAHAJIM ory

Cymeaumckutl 20cy0apCcmeeHHblll yHugepcumen, OUCCepmanm
shahgeldiyevf@gmail.com

Knioueevie cnoea: nenpedenvuvie Ouamunol,coraHokucaviti  euopoxcuramur, Cs ¢paxyus,
1,9-ouamunobuyuxionenmen-2,7, aMuHOINOKCUOHAS. CMOAA, O2HECHOUKOCHb

Ilpeocmasnennas paboma nocesujeHa CuHmesy HenpeoerbHuIX Yukiudeckux ouamunos na oaze Cs
@pakyuu, nomyyenHol 6 Kavecmge NOOOUHO20 NPoOyKma Ha nupoausnou ycmaroske II11-300.
Amunuposanuem NOAYYEHHBIX OUAMUHOB 6 YCIOBUAX OKUCIUNENbHO-60CCIMAHOBUMENbHOU CUCTHEMbl 8
npucymemeuu TiClyooin nonyuen 1,9-ouamunobuyuxionenmen-2,7 6 kawecmee UCXOOHO20 Cbipbs Olsl
NOMYYEHUsT AMUHOINOKCUOHOU CMOAbl. A maxdice Uccied08an MeXanusm Npoyecca amuHuposaHus u
npoyecca omeepiHCOeHUst AMUHOINOKCUOHOU CMOJIbL PAZTUYHBIMU OMEEPICOAIOWUMU ASEHMAMU.

W3BecTHO 4YTO, AWAMHUHBI SIBISIOTCA LEHHBIMH XHMHYECKHMH pEareHTaMH W HaXOMST
[IUPOKOE MPAKTUIECKOE TIPUMEHEHUE B PA3JIMYHBIX 00JIACTSIX TOHKOTO OPraHMYECKOT0 CHHTE3a U B
XUMHAYECKOH MPOMBIIUICHHOCTH, OJaromaps MX BBICOKOW PEaKIMOHHOW CIIOCOOHOCTH. AHaiu3
JUTEPATYPHBIX JAHHBIX MOKA3bIBACT, YTO MOJYYCHHUIO JUAMHHOB ITOCBSIIEHO MHOTO padoT, HO
CYIIECTBYIOIIME METOABl CHHTE3a JAMAMHUHOB TPEJACTABIAIOT MHOTOCTAIHIHBIE TPOLECCHI,
Oazupyromecs Ha TeUIIMTHBIX pearcHTax.

CrocoboM BBIXOJAa U3 CUTyalliM SBISIETCS 0OoJee palMoOHAIBFHOE HCIOJIh30BAHUE
IIPOMEKYTOUHBIX MPOAYKTOB, MOJYYEHHBIX MPH MpoIecce JaHHOTO MPOU3BOJICTBA, HAPUMEp, U
nporecce nuponu3a HedTenpoaykroB B ycraHoBkax OII-300, mpuBopsiiee K oOpa3oBaHUIO
MHOTOYHCIICHHBIX YTIJIEBOIOPOI0B PA3IMUYHOTO CTPOCHUSI.

Hacrosimas pabota mocssiteHa CHHTE3y HENpeAebHBIX UKINYECKIX TUAMUHOB U3 TEHTaH-
neHTeHoBoi (Cs) (pakuuy, MOTy4eHHOW B KadyecTBE MOOOYHOrO MPOAYKTAa Ha MHUPOJIU3HON
ycranoBke OI1-300 [1], monyueHHIO aMHHAMOKCHIHOW CMOJIBI Ha WX OCHOBE, a TaKKe
HCCIIEIOBAaHUIO (PU3UKO-MEXaHUUECKUX U OTHECTOMKHMX CBOMCTB MOJIyYEHHBIX KOMITO3ULIUH.

CuHTe3 HenpeaeJbHBIX HUKJIMYECKUX THAMUHOB Ha ocHoBe Cs (ppaxuuu. [Ipu cunrese
HEHACBIIEHHBIX JTMaMUHOB o OJTHOCTaIUHHOMY METOaY ObL10 MIPOBE/ICHO
B3aMMOJICHCTBHECOJITHOKHUCIIOTO ~ THAPOKCHJIAMHHA C  IUKJIONEHTAJAUEHOM B  YCIOBHSIX
OKHCITUTENIbHO-BOCCTAHOBUTENIbHOW  cuctemMbl B mpucyrctBun — TiCly.  BzammoneiictBue
COJITHOKHCIIOTO ruipokcuiamuHa ¢ TICI4B 3THX yCIIOBHSX MPUBOAUT K BOZHUKHOBCHUIO aMHHHOTO
panukaia, criocOOHOTO 00pa3oBBIBATH C CONPSKEHHBIMU JIME€HAMM HEHACHIICHHBIE JWAMHUHBI C
YIIBOCHHBIM YHCJIOM YTJIEPOJAHBIX aTOMOB B MOJIEKYJIE, a TAK)KE TeJIoMepa.

C nenpl0 HaxXOXJEHHUS ONTHUMAJbHBIX YCIOBHM IMpoliecca HaMU OBUIO H3YyYEHO BIIHMSHHE
konuuectBa TiCls, MOJSIPHOTO COOTHOIICHHS IUKJIOTIEHTAIMEH: COSTHOKKCIIOTO THAPOKCHIIAMHUHA,
TeMIepaTypbl ¥ MPOJOHKUTEIIBHOCTH PEAKLIMU Ha BBIXO/ JUAMUHOB OT TEOPETUUYECKH BO3MOXKHOTO
M pacdeTe Ha B3SATHIH YETHIPEXXIIOPUCTHIN TUTAH. Pe3ynbTaThl BIUSHUS IEPEMEHHBIX ITapaMeTpoB
Ha CEJIEKTUBHOCTD Ipoliecca NpUBeIeHbI Ha pHcC. 1-4.

[Tporiecc aMMHUPOBaHUS IUKIIONIEHTAIMEHA B 3TUX YCIOBHAX IPOTEKALT IO CXEMe:
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HUccneoosanue npoyeccoes nojiy4yeHusl YyukKiudecKux Henpe()eﬂbelx 02HEeCMOUKUX
AMUHINOKCUOHBIX CMOJL HAd OCHO8E OUAMUHO8 CUHMESUPOBAHHBIX U3 C5 qbpakuuu

Ti*— Ti %

Ti3"+NH,0H — NH,"+OH~ +Ti*" |

NH, + — H2N® @

Ha puc. 1 npuBenens! ganubie o BausHuK konmudecta T1Cl4 (Mon.%) B pacueTe Ha B3STHIN
CONsIHOKUCHBIN ruapokcuinamMud (I'A) mpu MonsipHbIX cooTHoweHUsX ['A Kk IUKJIONEeHTaaueHy
(IIITT) 1:2, 1:2.5 u 1:3. Kak Buano u3 puc.l, ¢ ysenuyenuem konudectsa TiCly ot 5 no 15 mon. %
(o otHomenuto k ['A) Beixon nuamunoOunmkionentenmia (JABLII) yBenuunBaetcs, a Tenomepa
CHIDKAEeTCSl.

N3menenne momsipuoro cootHomenust I'A : HILJ ot 1:1 mo 1:2.5 npuBOIUT K yBEIUYEHUIO
Bbixoga JIABLIII k cHuKEeHHIO OTHOCUTENBHOTO Co/iep kaHus TeruioMepa. JlanbpHeiliee u3MeHeHe
MOJIIPHOTO COOTHOUIeHusT oT 1:2.5 1o 1:3 He BbI3bIBa€T CYIIECTBEHHOI'O M3MEHEHMSI B
COOTHOIIEHUH MPOYKTOB peakiuu (puc.2).

A
A 100t
80 ant
50 60T
40 40+
20} 20k
1 1 L K 1 i 1
5 10 15 Tt 7:8 7:3 &
Puc. 1. Bruanue koauuecmea TiCly, TiCly, Puc. 2. Bausinue MOIAPHO20 COOMHOMWEHUS
K (mon, % na e3amoii I'4) na 6bixo0bl Ouamuna A T’A:ITH]] npu cooepoicanuu TiCly5,10,15 mon %
(%) om meopemuuecku 603modxcrozo (6 (1,2,3) Ha blxo0bl ouamuna (1,2,3) coomeemcmeenno u

pacueme Ha gzamuiti TICly). 1,2,3-npu memnepamype meniomepa, A—6vixo0 (%), b-monapnoe
20°u npodoqafcume/szo'cmu 3 uaca. Coomnouternue coomnowenue I'A , LTI/].
I'A, 4qrj:1,1- 1:2, 2,2-1:25, 3,3-1:3

PaccmoTpenue KpuBBIX BIUSHUS TeMIIEpaTypbl M MPOJOJDKUTENbHOCTH (puc.3,4) mokaszalio,
YTO MOBBILIEHUE TemnepaTypsl oT 10 no 25° Benet k yBenuueHuto Boixona JIABIII, a nanbHelinee
MOBBIIIEHUE €€ YMEHBIIAET BBIXOZ. YBEJIHUYEHHE IMPOJODKUTENFHOCTH OMBITa OT 3 10 6 YacoB
BeAeT K yMmeHblieHHto Bbeixoga JABIIL, B To ke BpeMs K YBEIHYEHUIO OTHOCHTEIHHOTO
coaepxkanus tenomepa. [Ipu 3-yacoBoit mpoaomxuTenbHOCTH onbiTa Beixod JJABIIIT MmakcumaneH.

B pe3ynbraTte NpOBEACHHBIX OIBITOB BBIBICHO, YTO ONTUMAIBHBIMU YCIOBUSAMH JUIS
MOJTyYCHUST TUAMHHOOUITUKIIONECHTEHUIIA B OKUCIIUTEIbHO-BOCCTAHOBUTEIBHOMN CHCTEME SIBIISTFOTCS:
temrepatypa-25°, konmuectBo TICls 15 mon.% mo B3stomy ['A, MPOAOIKHUTENLHOCTh OMbBITA 3
qaca, moJisipHoe cooTHomenue [IITJ[:T'A-2.5:1.
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A
A
A0 2,3
) ; sgot 2,3
§0
60 1
4o0r
7 4o+ /!
20} 2,3 o of of
ZG I~ J 2 1 3 t
| i i c
s P 3 10 20 30
Puc. 3. Brusinue npooonxcumenbHocmu Ha Puc. 4. Brusnue memnepamypuol npu
6b1x00b1 Quamuna (1,2,3) u menomepa (TiCly 15 mon, % u npooonxcumenshocmu
(1,2,3). A-6v1x00 (%), T- npodorxicumens- 3 uaca) na 6bix00bl Ouamuna u meiomepa
Hocmwb onvima. Coomuowenue T'A: LI, 1, 1'- A-6v1x00 (%), -memnepamypa (°C).(uac).
1:2; 2.2'-1:2,5; 3,3'-1:3. Coomnowenue AL, 1, 1'-1:2; 2.2'-1:2,5;
3,3-1:3.

B3anMoneicTBiEe COJSTHOKHMCIOTOTHAPOKCHWIAMHHA C COJSIMA ~ METaJUIOB — TIEPEeMEHHON
BaJICHTHOCTH B  OKUCIMTEIbHO-BOCCTAHOBUTEIBHOW CHUCTEME TPUBOJUT K OOpa30BaHUIO
aMUHOpaJIMKaJIa, CIOCOOHOTO B TIPUCYTCTBHHM IHKJIONCHTaIMEHA OOpa3oBBIBATH JTMAMUH,
COJIEp>KaIllMii JIB€ €IUHUIBI LUKIOMEHTEHA B COCTaBE MOJEKYJIbl M TEIOMEPHOTO MPOIYKTA.
OntuManbHbIe YCIOBUS 00pa30BaHMs JUMEPHOTO IPOIYKTA U TEJIOMEpa yCTaHOBJICHBI HAMHU.

Hacrosmas pabora mocBsiaeTcs HMCCIEIOBAHUIO CTPYKTYpPhl MPOAYKTOB, MeTonom MK-,
[TITP-crieKTpOCKOMH | Ta30’KUIKOCTHOW Xpomarorpaduu. BwiaeneHHas B pe3yibraTe peakiuu
IMaMHHOBasg (ppakuusa ¢ TeMmrepaTypoil KUIEHHS 115-117° npu 4 MM pT. cT. (cM. Taba. 1.), mo
JaHHBIM  (PU3UKO-XMMHUYECKOTO0  aHalM3a M JJIEMEHTHOrO  cocraBa  sBisercs  1,9-
nuamuHOoOuIMKIoneHTeHoM-1,7 (JABLII). Xpomarorpaduueckuit ananu3 Qpakuuu TmoKa3al
HaJU4He JIMIIb OJTHOTO U30Mepa ¢ YUCTOTOM 99,5%.

Tabauuya 1.
Duzuko-xumuyeckue KOHCmManmul NPoOYKmos peakyuu
Monnekyn- ONeMEeHTHBIH
SIPHBII BeC coctas, %
Hass Bel- | Tk. (°C) 20 ° < H N
~|xox | mpu 4 mm dy nlz)o g 5 o 2 ) 2 = 2
CoeNA | o, o S = o = o) = 9
pret £ | & 8| 5|8 B¢
= 2 05| E | 2| 5| 8¢
2 = 3 T o T 4
[~ m )
73.40 9.98 17.41
JABLIT | 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

OO0pa3oBaHre €IMHCTBEHHOTO M30Mepa MpHU aMUHUPOBAHUH IHUKJIONEHTAIUEHA B OTIUYHE
OT HaO0III0JJaeMOTO CIIO)KHOTO M30MEPHOTO COCTaBa B Clydae aMHHUpOBaHUS Oyramuena-1,3, 2-
MeTuinoyTaaueHa-1,3, neHTaauceHa-1,300bsAcHsIeTCs, M0-BUJINIMOMY, 0COOEHHOCTBIO
aMUHOITMKIIONIEHTEHUIbHOTO panukana (l). B pe3ynprare mpucoenMHEHUsT aMUHHOTO pajguKalia K
[UKIOMEHTANEeHY 00pa3yeTcss aMUHOIMKIONEHTCHWIBHBIM  pagukal C  OTHOCHUTEIbHON
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HUccneoosanue npoyeccoes nojy4eHusl YyukKiudecKux Henpe()eﬂbelx 02HEeCMOUKUX
AMUHINOKCUOHBIX CMOJL HA OCHO8E OUAMUHO8 CUHME3UPOBAHHBIX U3 C5 qbpakuuu

JOKAIM3AIMe paJuKabHOTO IIeHTpa B 4-M MOJOXeHWH. bonbimas cTabuinbHOCTE W,
clleJoBaTeIbHO, Majas akTUBHOCTh paaukana (I) mnpuBogutr k  oOpasoBanuio  1,9-
nuamuHOoOHuIHKIonenTeHa-2,7(11) mo cxeme.

B HUK-cnektpe 1,9-nmamunobunmkionenTena-2,7 (puc.l) HaOIOMarOTCS WHTEHCHBHBIC
MOJIOCHI BaJCHTHBIX aCUMMETPUYHBIX (Vae)3386 em?t u CUMMETPpUYHBIX (V) 3293 cm kone6anuii
MepBUYHON amMuHHOW rpynmbl. Pacder v, mo dopmynev,=345,5+0,876 Vae=3312em™ nocrarouso
XOpomIo  corjlacyercss ¢ HabmomaembiM 3293 em.  Orkinonenne v, (pacueTHOrO  OT
Ha6moz[aeMoro)=9CM'1.9To CBUJICTENLCTBYET O TOM, YTO CIBUT B CTOPOHY HHU3KHX 4acTOT (s
CBOOOJTHOTO MEPBUYHOIO aMHUHA Ve C 3SOOCM'1) BbI3BaH OJMHAKOBOM CTENEHbIO Y4acTHsl 00enx
rpyni (N-H)B BogopoaHoii cBs3m.

CrnienoBaTebHO, AMUHOTPYIIIIBI B MOJIEKYJIaX JUAMUHA IO CBOEMY OKPYKEHHUIO COBEPILIEHHO
UJCHTUYHBI, a »JTO COIJIaCyeTcs C MpeArnojaraeMoil CTpykTypoil nuamuHa. B obmactu
nedopMaoHHbIX Konebanuii (wrockue) N-H 1640-1560cM ‘Habmonaercss cuibHas mosoca
1615cm™ 1 IIMpOKas Tojioca B 00JacTH 900-650cm™ CpeIHEW HMHTCHCHUBHOCTH (HETUIOCKHE).
Ionock! moriomenus B obaacti 3050cM™” OTHOCSTCS K BaleHTHBIM —KoleOanmsiM cesisn =CH.
[onoca 1390cm™ (cpenHeld WMHTEHCUBHOCTH), IO BCEH BEPOSTHOCTH, OTHOCUTCS K INIOCKUM
nedopmarmoHHbsiM kosiebanusiM CH nipu 1BOHHOM CBsI3H.

B TIMP-cnekrpe (puc. 5) 1,9-muaMuHOOMIIMKIONCHTEHA-2,7 YETKO MPOSBHICS CHUTHAI
YEeThIpEX MPOTOHOB JIBYX aMMUHHBIX TPYII ¢ XUMHYECKUM CABUTOM 1.1 M. COOTBETCTBYIOIIUNA TIO
UHTEHCUBHOCTH 4-M mnpoToHaMm (4:4.4). IlpoTroHbl TpU JABOWHOM CBSI3U MPEACTABISIOT
HEpa3pelmIeHHBId MYJIBTHIUIET B oOmactu 5.25-5.75 mpa. WHTerpanpHass HWHTEHCHBHOCTH JTHX
CUTHAJIOB TOYHO COOTBETCTBYeT 4-mM mnpoToHaMm. CUTHAIbBl APYrUX HPOTOHOB PACMOJIOKEHBI B
obmactul.3-4 M.
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C uenbro MCClIeOBaHUS TEJIOMEPHOIO NMPOAYKTa peaklUH MOCJeIHUN ObUl MpeBpalleH B
aMUHHYIO COJIb IIPOIIYCKAaHMEM CyXOIO0 XJIOPUCTOrO BOJOpOJA 4Yepe3 pacTBOpP  TEIOMEPHOTO
npoaykTa B 0e3BogHOM Xxjopodopme. OuMilieHHas aMHHHAas COJb Obla MpeBpallieHa B AMAMUH
neiicruem 40%-ro pacTBOpa €IKOro HaTpa M WACHTU(PUIMPOBaAHA BaKyyMHOH peKTH(HUKalueil B
atMocepe as3ora. OIJIEMEHTHBIM COCTaB, MOJEKYISIpHBIH BeC TMOJy4eHHOH (pakuum ¢
TEMIIEPAaTypON KHIICHHS 150-155° npu 4 MM pr. cT. (CM. TaOJMIly) COBMAJAeT C PacYETHHIMH,
MPUBEJICHHBIMU B TNPENINOJIOKEHUH, YTO JaHHas (QpaKius sSBISETCS TUAMHUHOTPUIMKIONEHTEHOM
(JATLIT).

B un¢pakpacsom cnextpe (JATLII)(puc. 6) n0CTaTOYHO YETKO BBIJAEISIOTCS TOJOCHI
MIOTJIOMICHUSI, OTHOCSIIHECS K AehopmarimoHHbM KojebanussM C=C cBsi3u 1nUKIONEeHTeHOB 1650
cM™. Banentrsie koneGanus CH y JIBOMHOM CBSI3U Ha 20cm™ cmenens B CTOPOHBI HU3KUX YaCTOT U
nMeroT yactory 3031 cM'. OTHOCHTEIBHASL MHTEHCHBHOCTB TIOJIOCHI nepopMaMOHHBIX KOJIeOaHH
C-N-H cBs3u Ha MakcumyMme umeeT yactoty 1084 cm™. Dra nonoca MIPOSIBIIAETCS, KO /1A IEpBUYHAs
aMUHHas TPYIIa BAJEHTHO CBS3aHAa CO BTOPWUYHBIM YIVIEPOAHBIM ATOMOM, YTO COOTBETCTBYET
CTPYKTYp€ TUAMUHOTPHUIIMKIIONIEHTEHA. ACUMMETPUYHBIE U CUMMETPUYHBIE KOJICOAHUsI BaJICHTHBIX
cBsizeil N-HaMUHHBIX TPy COOTBETCTBEHHO UMEIOT 4acTOTHI ojioc 3348, 3255 em™.
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Puc. 6. I[IMP-cnexmp 1,9-0ouamunodbuyuxionenmena-2,7

Yrto Kacaercs NMPOAYKTA C TEMIIEPATYPOU KHUIICHHUs BBILIE 155° npu 4 MM pT. CT. U3-3a
TPYOHOCTH pa3[elIeHus BaKyyMHOW peKTh(UKanueil (Bbile 155° npu 4 MM PT. CT. HPOAYKT
YaCTUYHO pa3jiaraercs) Mbl OTPAHUYWINCH OIPEACIICHUEM MOJICKYJSIPHOTO Beca M COACP KaHUS
a30Ta, a Takxke nokazanusiMu MK-crekTpos.

B UK-cniekTpe 4eTko BBIACHAIOTCS Tosiockl moriomenus 1650, 3035, 3345 u 3250 CM'l,
XapaKTepU3YIOIINe COOTBETCTBEHHO ABYX3aMEIICHHYIO NBONHYIO CBSI3b M MEPBUYHYIO AMHHHYIO
rpyniy. Monekynsapueiii Bec (310) u comepkanme azora (10.40%) cOOTBETCTBYIOT AMAMHUHY,
COJIep>KaIleMy YeThIpe MATUWICHHBIX I[IUKJIA B LIEMU MOJIEKYJIBL.

OO0pa3oBaHre TUAMUHOHHUTPHU- U JHAMHHOTCTPAIIUKIIONECHTEHA MOKHO OOBSICHUTH TEM, YTO
B TMPUCYTCTBUU LHUKIOMNEHTAINEHA aMHHOLUKIONEHTEHWIbHBIN panukan (l) mpucoemuusiercs x
UKJIONEHTAANeHy, o00pa3ys  MmanopeaknuoHHocnocoOHed — pamukan  (ll).  Jlanpueiimee
HapaluBaHUeE LIETH TeJloMepa MOJaBISIeTCs peakilieil oOpbiBa IeNH B pe3ysibTaTe peKOMOUHAINH
pamukaia () u (lll), 9ro mnpuBoguT K oOpa3zoBaHuio AuaMuHOTpHIHKKIONEeHTeHA(IV).
PexomOunanueit nByx amuHoguinukioneHTeHWwIbHbIX (I1l)  paaukanoB MOXHO OOBICHHUTH
oOpa3oBanue auamuHOTeTparukionenrena (V) [2].

IHoyyeHne aMMHO3MOKCUAHBIX cMOJ. M3-3a Xopomieil aare3suu KO MHOTUM Martepuaiam,
BBICOKMM TMPOYHOCTHBIM TOKA3aTEJsAM, TEIIOCTOMKOCTH U XUMHUYECKOW CTOMKOCTH, CTOMKOCTH K
JCHCTBUIO arpecCUBHBIX Cpell, HHU3KOW BSI3KOCTH aMHHOSIOKCHUAHBIE CMOJBI MOTYT OBITh
WCIIOJIB30BaHbl BO MHOTHUX OTpAcisix MPOMBINIJIEHHOCTH. B nmrepaType ommcaH CHUHTE3
aMUHOSTIOKCUAHBIX CMOJI Ha OCHOBE JUAMHHOB alM(aTHYecKoro U apoMatrudeckoro psiaa. OmHako
BOTIPOC O MOJYYCHUH HETPEETbHBIX aMHHOAITOKCHIHBIX CMOJI OCBEIIIeH Maiio [4].

B cBs3M C 3THUM TpenCTaBIAI0O MHTEPEC CHHTE3UPOBATh HEMPEAENbHbIE IUKINYECKHE
AMUHOATIOKCUIHBIE CMOJIbI, UMEIOIIUE B CTPYKTYpPE PEAKIIMOHHOCIIOCOOHBIE ATIOKCUIHBIE TPYIIIHI,
TPETUYHBIA a30T, ABOMHYIO YIJIEPOA-YIVIEPOAHYIO CBSI3b M T.J. Takue 3MOKCUAHBIE CMOJIBI JAIOT
BO3MO>KHOCTH TIOJIYYHTh TIOIMMEPHI C 3aIaHHBIMA CBOMCTBAMH.

Jl7is cuHTe3a aMUHOATIOKCUTHBIX CMOJI B KAY€CTBE HCXOIHOTO CHIPhS HAMU OB UCTIOJIB30BaH
1,9-mnaMuHOOUITUKIIONIEHTEH-2,7, METO/IbI CHHTE3a KOTOPOTO OMHCAHBI BHIIIIE.

CuHTe3 cMON OCylIecTBIsUIM B JBe craauu. CHavala NpoBOAWIM B3aumojeicrsue 1,9-
JTUAMUHOOMITUKIIOTICHTEH-2,7 W SMHUXJOPTUAPUHA B MPUCYTCTBUU KATAIUTHYECKOTO KOJIMYECTBA
BOABI C 0OpazoBaHWEM aMUHOXJOPTUAPUHOB. Ha BTOpoil cTaauu cHUHTE3a TOITYYCHHBIE
aAMHHOXJIOPTHUAPUHBI TIOABEPTATIH JCTHAPOXIOPUPOBAHUIO BOJHBIM PACTBOPOM €IKOT0 HaTpa [3,5].
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2

Y cTaHOBNEHO, YTO C YBETMUYECHUEM COJIEP)KAHUS SMUXJIOPTUApUHA OT 4 10 7 Mosb Ha 1 MOJb
1,9-mnaMmHOOUIIMKIIONIEHTEHA-2,7 BO3PACTaeT SMOKCHIHOE YHCIO CMOJ. YBEIMYMBAIU TaKKe
KOJIMYECTBO eakoro Harpa (6 moiap Ha | Momb 1,9-muamunoOuiukionentena-2,7). Ilpu
MOBBIICHUH TeMneparypsl peakiuu ot 20 10 60°C HaOIH0/1a710Ch YMEHBIIICHUE STTOKCHIHOTO YUCIa
aAMUHOSIIOKCUAHBIX CMOJ. KONMuYecTBO 3MOKCHIHBIX TPYNI U MOJEKYyJIspHas Macca CMOI B
3aBUCHUMOCTH OT YCJOBHMH CHUHTe3a M3MEHsuMch B mpenenax 35-51 u 494-780 cooTBETCTBEHHO.
[ToydyeHHbIE aMUHOZIMOKCHUIHBIE CMOJIBI CIHOCOOHBI K CaMOOTBEP)KICHUIO, MPOTEKAIIIEMy B
pe3yibTaTe B3aUMOJACHCTBUS SMOKCHIHBIX TPYII ¢ OCTATOYHBIMUA BTOPUYHBIMU aMUHOTPYIITIAMU, &
TaKk)Xe BCIIEACTBHE MOJUMEPHU3AIMU  OJHUTOAMOKCHUIOB MOJ BIUSHUEM TPETHYHBIX aMHHOTPYIIIL.
CamooTBepkaamomasl CHocOOHOCTh AaMHHODIOKCHAHBIX CMOJ u3ydeHa ¢ mnomombio HK-
cnekTpockonuu. O0pasipl, HaHeceHHble Ha iacTuHKy KBr tommmuoit 0,7-1,0 MM, momemanu B
TepmocTtatr U BhiaepxkuBaiu mpu 40,80,120 u 160°C B TeueHue 6 4, yepe3 KaxAblid yac CHUMAas
crekTporpaMmel. KonnyecTBo mpopearupoBaBIINX JMOKCUTPYII OMPENENsid O H3MEHEHHUIO
MHTCHCHBHOCTH BAJICHTHBIX KojeGanmii B oGmactu 910 u 1255 cm™ 1 MeroxoM 6a3uCHOM JIMHMUM.
W3meHneHue coaepkaHusi SMOKCUTPYII, BbluMclieHHoe Ha ocHoBe WK-cmekTpa, mpuBeneHa Ha
pUCYHKE 7.

C yBenmuueHMeM BPEMEHHM BBIIEPXKKH  00pasloB  mpu
TepMooOpaboTKe HaOroIaeTcs TOJTHOE MCYE3HOBEHUE
60 T AMOKCUTPYIIIBI B 005acTU Tojoc morjomeHus 765, 835, 910,

: 1255 u 3OOSCM'1, a Tak)ke MoJioc moriolieHus 1645 u 3OSSCM'1,
4 XapakTepHBIX IS JBOMHOW CBA3M M mpucyrcTByromen B MK-
CIIEKTpe HEOTBEPKICHHOM CMOJIB. CrnenoBarenbHo,
2 AMUHOBTIOKCUIHBIE CMOJIbI OTBEPKIAIOTCS KaK MO AMOKCUTHOMY
KOJIbIY, TaK Y 10 JJBOMHOM CBSI3H.

Jlns mony4yeHuss OTHECTOMKHMX 3MOKCHUAHBIX KOMIO3WIUN

CMOJIBI OTBEPXK AN aaruapunamu-1,2,3,4,7,7-rekcabpom-

l ourmkio (2,2,1)-renten-2-qukapboHoBoii-5,6-kucnotsl (B3/]) u
i 4 7,7-mamerokcu-1,2,3,4-rerpabpom-ounmkno  (2,2,1)-renren-2-
TUKapOOHOBOM-5,6-KUCIOTHI. (IMTB3 /), MOJTYYEHHBIMU

7 2 4 6  nuenHoBOI KOH/ICHCAIHEei rexcabpom " 5,5-
BpeMs, 1 JTUMETOKCUTETPaOpOM-IIUKIIOTICHTaeHA c MaJICHHOBBIM

Conepxanne, %

40
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20

[T

Puc. 7. 3asucumocmo

aurugpugomM. Cwmomer  BOJI- wu  JIMTB3/d-anruapuaamu
COOEPIAHCAHUSL INOKCUSPYIN

OTBEPXKIAIOTCS TIPH 3HAYUTENLHO 0OoJiee HU3KOM TeMIeparype u
3a 6osee KpaTKuil CPOK, UeM TUAHOBBIE SMOKCUAHBIE CMOJIBI. DTO
CBA3aHO, MO-BUAUMOMY, C HAJIMYMEM TPETUYHOTO aToMa a30Ta B LIENM aMUHOAMOKCUIHBIX CMOIL,
TaK KaK WU3BECTHO, YTO TPETUUYHBIC aMHUHBI SBIISIFOTCS YCKOPHUTEISIMH OTBEPKICHHUS SMOKCHJIHBIX
CMOJI aHTUPUIAMHU KapOOHOBBIX KHCIIOT.
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Tabnuua 2.
Dusuxo-mexanuieckue c8oUCMBEAd HeNPeoelbHOU YUKTULECKOU AMUHOINOKCUOHOU CMOIbL,
omeeporcoennoub I/ u JIMTHI/]-ancuopudamu

IToka3areanb B 1-anrugpun AMTBI/1-auruapusa
TemnocTolikocts Mo Maprency, °C 165 180
Pazpymaromee Hanpsbkenue, Mlla
MIPU PaCTKEHUH 85,542 90+4
MIpU CXKATUU 24143 24743
TP U3ruoe 112+0,7 120+1,5
OTHOCHTENIbHOE YATMHEHHE IPH pa3phiBe, % 2-3 4-5
Y napHas BA3KOCTb, KI[K/M° 14-15 17-18
Boponornomenue 3a 24 u. 0,025 0,037
Bpemss 3aryxaHuss mocie BbIHOCAa U3 IIJIaMEHH 8-9 13-14
TOPEJIKH, C

B cBs3u ¢ BBICOKOU TemmepaTypoi IUIaBJICHUS M Majol pacTBOPUMOCThIO B cMoie BOJI- u
JAMTBD/I-aaruapunoB ux npumeHsuid B Buae 70-80%-HbIX pacTBOpoB B meiio3oibBe. bOJI- u
JIMTBOA-auruapuasl Opaid B KOJIMYECTBE, SKBUBAJIEHTHOM IIO OTHOIIECHHUIO K KOJIMYECTBY
AMOKCUAHOM cMoibl. OTBepKIeHHE MPOBOMIN P KOMHATHOW TeMIiepatype B TeueHue 16 4, npu
80°-6 4, 120°-4 4 u mpu 140°C-24. OTBepKACHHbIE KOMIIO3UIIUA MUMEIOT BHICOKHE MPOYHOCTHBIC
MOKAa3aTeNH, TEIUIOCTOUKOCTD U SIBJISIFOTCS] caM03aTyXalouumMu (Tad. 2.).

JKCNepPUMEHTAbHAS YaCTh.

Metoauka cuHTe3a AUaMUHOB. CHHTE3 HEHACBHIIIEHHOTO JUAMHHA MPOBOIAT CIEAYIOUINM
o0pa3oM, B YETBIPEXTOPIYI0 KOJOy, CHAOKEHHYI0 MEXaHHYEeCKOH MEMIaIKOH, OOpaTHBIM
XOJOAWILHUKOM, BYMsl KareJIbHbIMH BOPOHKAMU M TepMoMeTpom, nomematoT 74,8 r (1,15 monb)
METaJUIMYECKOro IUHKa, 5 Monb% katanuzatopa TICls (Ha B3STBIN CONSTHOKUCIIBINA THAPOKCHIAMUH),
pacTBopeHHOro B MeTaHose. [lpu mepememBaHuM B TedueHHE | Y. M3 KalelbHOW BOPOHKH
HakaruBaeTcss 13,9 1. meHtaH-neHTeHOBOM (pakmum (1o 45°C) m 69,5 T. CONSTHOKHCIIOTO
rHJIpoKcuIaMuHa B Buze 9%-Horo pactBopa B 2,5N consiHokHcIOM MeTaHoje. Peakius Beaercs mpu
10-15°C. Ilocne mpubaBiieHUs] BceX KOMIIOHEHTOB PEAKIIMOHHYIO cMech nepeMennBarot emle 2 4.11o
OKOHYaHUM pEaKIMM HEeMpPOpPEarupoBaBIIy0 MEHTaH-TIEHTEHOBYIO (PAKIUI0 U PACTBOPHUTETH
OTTOHSIIOT, a OCTATOK MOJIIIEIOYNBAIOT BOJHBIM PACTBOPOM €IKOT0 HaTpa. [IpoayKT aKCTparupyror
U3 BOJHOTO pacTBopa wu3omnpomnuieHoBbIM crnupToM. I[locme cymku Hag Ky;COsu oTroHkH
pPacTBOPHUTEINS BBIJICISAIOT MOJ BaKyyMHON pasronkoit 114 r (68%) B pacuere Ha B3STHIH
COJITHOKHUCIHBIN TUAPOKCUIAMHH, MOJb.B. 165,7 (MO KPHOCKOMUYECKOMY METOAY); Tyun-110-
140°C/3 mm.pr.ct.; n;°1,4950, d£°0,9340 Haiineno: Nel7,43; 17,16.

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

B uetbipexropiyro peakiimoHHy0 K010y, CHaOKeHHYI0O MEXaHMUECKOM MEIIaaKon, 00paTHBIM
XOJIOAWJIBHUKOM, KamlelbHOM BOPOHKOHM, TepMomeTpoM, nomemaercs 10.4 T. CONSTHOKUCIOTO
ruapokcwiamuaa,  300mim 2.5H.  pacTBOpa  XJIOPUCTOTOBOJAOPOJa B METAHOJE W
4.3r.4eThIpexJIOPUCTOr0 THUTAHA, PACTBOPEHHOTO B METaHOJE. 3areM B TeueHue | dyaca npu
MepeMENIMBAHNN 10 KarulsiM J00aBIISIETCSl COOTBETCTBYIOIIEE KOJMYECTBO IMKJIONEHTAMECHA U
OJTHOBPEMEHHO MOPIUSAMH A00aBisieTcs Metamndeckuil uHK (1:1.15 B pacuere Ha CONSHOKUCIBIN
ruIpoKcriIaMiH). PeaknimonHas cmech mepementuBaercst pu 20-25° B TeueHne 2 4acoB M TOCIE
MOIIEIAYMBAHUS BOJHBIM PACTBOPOM €JIKOTO HATpa M SKCTPAKIUU H3OMPOMHIOBBIM CIIUPTOM
no/iBepraercs pekTuuKalny noJl BaKyyMoM B aTMocgepe a3orta.

BreigenenHplii  1MaMUHOOUIIMKIIONIEHTEHU  UMEET  CleAylIinue  (QU3NKO-XUMHYECKUE
KOHCTaHTHI: T.kum. 115-117° pu 4 mwm, d3° 1.0255, n3® 1.5320, MR/, 49.65 (Bbiumcieno 50.27); %
: C 73.40 (73.14), H 9.86 (9.75), N 17.36 (17.07).
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XpomarorpadupoBanue Ha 2-MeTpoBOil kojoHke ¢ 1.0%-M kapOoBakcoM, HAHECEHHBIM Ha
XpOMOTOH Ha mpubope Xpom-31, mokazano, 4To CTeneHb 4YuUCTOTHI  mosydeHHoro JIABIIII
cocTaisieT 99.5%.

B xadecTBe HCXOIHOIO ChIPbS MPUMEHSINCH COISIHOKUCIBIN THIPOKCHIIAMUH MapKy 4.1.a. U
LUKJIONEHTAJUEH CO CTeNneHblo 4ucTOThl 99.8%. KatammzaropoMm ciayX w1 4eThIpeXJIOpUCTHIN
TUTaH.

XpomarorpadpupoBanue JIABLII mnpoBogmiocs ©Ha xpomarorpadge "Xpom-31" mpu
Temreparype aerektopa 190°, nnuHa konoHku-2.4, d=4mm, TBepJod (a30d CIyKHI XPOMATOH,
obpaboranHblil 1%-M pacTBopoM kapOoBakca. B kauecTBe ra3za-HOCUTENS UCIIOJIB30BANICS TEIHH.

[IMP-criektp cusatr ©Ha npubope PC-60. B kauectBe pactBopuTens ObuUl  B3ST
YEThIPEXJIOPUCTHIN yIiIepo, BHYTPEHHUM CTaHAApTOM ciyxui Terpamermicuiad (TMC).

[IMP-cniexktpsl Obumit cHsATHI Ha mpubopax UR-20 u MKC-14A B mOCTOSHHOH KiOBETe
(d=0.0022). Ha UR-20 meneBas nporpamma 4, ckopocth 3amucu 160 eM Y/mu., yCHJICHO 8.5.

Pesyabrarel m ux oOcyxaenwe. Ilpu u3ydyeHuum B3aUMOJEHCTBUS T'MIPOKCHIAMUHA
CLIMKJIOTIEHTaIUEHOM OKHCIUTEIbHO-BOCCTAHOBUTEIBHOW CHCTEME B IMPHUCYTCTBUU YETHIPEXXJIO-
pPUCTOTO THUTaHAa YCTAHOBIEHO, YTO B pe3yJbTaTe peakuuu oOpasyeTcs TUAMHH C YIABOCHHBIM
YHCIIOM YIJIEPOAHBIX aTOMOB B MOJIEKYJIE U TEJIOMEPHBIM MIPOAYKT.

HccnenoBanust  CTPYKTyphl  MPOAYKTOB, MOJYYEHHBIX TpU  CBOOOJHOPAJUKAIBHOM
aMMHHUPOBAaHUM LUKJIONEHTAJUeHAa TMIPOKCWIAMHHOM B OKHMCIMTEIbHO-BOCCTAHOBUTEIILHON
cucrteme meronoM MK- m I[IMP- cnexkrpockonuu nokasajio, 4TO OCHOBHBIM NPOAYKTOM PEaKLHMH
apiserca  1,9-nuamuHOOMIMKIIONEHTeHa-2,7. B kadectBe 1OOOYHOrO MPOJYKTAa pPEaAKLHUU
o0pasyercs TeIoMep, COCTOSIIUIN U3 TUAMUHOTPH- U TUaMUHOTETPAIIMKIIOTICHTEHA.
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XULASO
Cs FRAKSIYASINDAN SINTEZ OLUNMUS DIAMINLOR 9SASINDA
DOYMAMIS TSIKLiK ODADAVAMLI AMINEPOKSID QATRANLARININ
ALINMASI PROSESININ TODQIQi
Sahgaldiyev F.X.

Acar sozlar.doymamis diaminlor, xlorid tursulu hidroksilamin, Cs fraksiyasi, 1,9-diaminbitsiklopenten-2,7,
aminepoksid qatrani, odadavamliliq

Taqdim olunan ig EP-300 piroliz qurgusunda yan mshsul kimi alinan Cs fraksiyas1 asasinda doymamis

tsiklik diaminlorin sintezino vo almman diaminlorin oksidlogsmo-reduksiya soraitinde TiCl, istirak: ilo

aminlogmasine hosr edilmigdir. Aminepoksid qatranlarinin alinmasi {iglin ilkin xammal kimi 1,9-

diaminbitsiklopenten-2,7 alinmig, aminlosmo prosesinin mexanizmi vo aminepoksid gatraninin miixtalif
borkidici agentlorlo barkimo prosesi todqiq 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 TiCl,, 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

43



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

Cild20 Nl 2020

VIK 546.56

N3YUYEHME YCJIOBUI COPBIIMU NOHOB MEJI COJISIMUA
TPOMHOI'O COMMOJUMEPA MAJIEMHOBOM KUCJIOTHI
CO CTHPOJIOM U JEHEHOM-1

N PUHOBADJIBHAPA AJIA/IINH rbi3bl

Baxunckuii cocyoapcmeennbiii yHugepcumem, 0OKMopanm
jafarova.elnara@gmail.com

Knroueswle cnosa: uonvt meou, copoyus, cmenenv copoyuu, COpoOYUOHHASI eMKOCHb

Beenenne. bonbiioe npakTuyeckoe 3HaYEHHE MMEET aJCOPOIMS MOHOB TSXKEJIBIXMETAIUIOB
U3BOJHBIX CpeJ MOJIMMEPHBIMU COpPOEHTaMM C Pa3IMUHBIMM PEaKLIMOHHOCIIOCOOHBIMU TpYyNIIaMU
aToMOB. B nurepatype BcTpeuaeTcs JOCTaTOYHO MHOTO paboT, HOCBALIEHHBIX 3TOi npobiieme. Tak,
X€JIaTO00pa3yIole COMOJMMEPbl MAaJEMHOBOIO aHTWApPUAA U MaJeMHOBOW KHUCIOTBHI C
pa3IUYHBIMM COMOHOMEpaMU OBLIM MCIOJB30BaHbl s u3BieueHuss MoHOB Meau (II) m apyrux
TSDKETBIX METAJJIOB W3 BOJAHBIX pacTBOpoB [1-4]. MoauduuupoBaHHbIN 3-aMUHOOEH30MHON
KHCIIOTON TIONH(CTUPOI-alIT-MAJICHHOBBIA aHTHIPH]]) OBUI HCIIOJIb30BaH B KauecTBE COpPOCHTa
msusBiaedenus noHoB Fe(1l), Cu(Il), Zn(II) u Pb(IT) u3 BoaubIx pacTBopos [1].

[MporeHT W3BNICUEHHST MOHOB pacroyaractcess B ciemyromeM psiay:Fe(1)>Cu(Il)>Zn(1T)>Pb(II).
CopOeHT 3¢ dexTuBeH a1 copOUNU HA3BaHHBIX HOHOB M3 CTOYHBIX BOA. HOBBIN CIINTBINA COPOECHT,
IIOJIyYECHHBIM  CONONMMEpU3alMeldl CTUpPOJa W MaJEUHOBOW  KHUCIOTBI B INIPUCYTCTBUU
JTUBUHUAIOEH30J1a, MPOSBISUT BBICOKYIO COPOLMOHHYIO CHOCOOHOCTH 1O OTHOLICHHIO K HOHaM
Xpoma, jkese3a, HuKess, Meau u cBuHLA [2]. CopOunoHHas €MKOCTh COpOEHTa 10 OTHOLICHHUIO
womos Cr (I11), Fe (I11), Ni (I), Cu (II) u Pb(IT) umerot 3nagenus 10,2; 14,3; 14,2; 15,4 u 8,0 me2™,
COOTBETCTBEHHO.  XenarooOpa3yloluidi  COMoJMMeEp, CcoAepXkalluii  KapOOKCWIBHYIO — WJIH
KapOOKCWJIATHYIO ~ TpyIIbl, ObUI ~ CHHTE3UPOBAH  SMYJIbCHOHHOM  CONOJIMMEpH3aluen
STWIMETAaKpuiIaTa ¢ AUBUHWIOCH30JIOM U TECTUPOBAH B KadecTBE ajcopOeHTa Uid W3BJIEYEHHUS
MOHOB TOKCHYHBIX TsDKeIbIX MeTauoB [3]. XenatHas cMoia MOJU(CTUPONI-ANT-MaJeHHOBBIN
aHTHApU/) OblJIa MCcIeoBaHa B KadecTBe copOeHTa misi u3BiedeHus: noHoB Meau(Il) u3 BogHbIX
pactBopoB [4]. Bpiio u3yueHo BIMSHHE pa3jMuYHBIX MapaMeTpoB, Takue, kak pH cpena, macca
CMOJIbI, BpeMs KOHTAaKTa M KOHIIEHTpalus HMOHOB MeTamiga Ha 3((EeKTHBHOCTh aJcopOuuu.
[Tonumepubld  cOpOEHT,  CHHTE3UPOBAHHBIH  HA  OCHOBE  aKPWUJIOBOM  KHCJIOTHI U
MOJUBUHUINIEH(GTOPU] OBbUT MCIIONIB30BaH /ISl U3BJICUEHHUS MOHOB MEM U3 BOAHBIX PacTBOPOB[S].
JlaHHBIE 1O COpOLMU XOPOIIO OomHchiBaroTcs MonensMmu Jlenrmiopa, ®@peiinnxa u JlyOununa-
PanymkeBuuya. I[lo MHEHMIO aBTOPOB MEXaHHM3M COpPOLIMHM CBSI3aH C  HOHOOOMEHHBIM
B3aMMOJICHCTBHEM MEXJy MOHAMHU MeAM M KapOOKCHIIBHBIMU Tpynnamu copOeHTa. B naHHOM
pabore oOCYXITAlOTCs pe3ysbTaThl HM3yYEHUs YCIOBUN W3BJIEUEHUS HOHOB MEIU W3 BOJHBIX
pacTBOpPOB HATPUEBOM M aMMOHHEBOM COJIEW TPOMHOIO CONOJIMMEpPA MAJIEMHOBasl KUCIOTa-CTUPOJI-
nereH-1.

JKCIepUMEHTAJIbHAsE 4YacTh. HarpueBasmamMMoHMEBas COJIM TPOMHOIO CONOJUMEpPA
MaJIeMHOBasl KHCIOTa-CTUPOJ-AelieH-1 ObUIM MOJIydeHbl peakuuel CcomoJuMepa MajleMHOBBIN
aHTUJPUI-CTUPOII-AELeH-1 ¢ 5%-HbIM pacTBOpaMH COOTBETCTBYIOIIMX IIETIOUYEH.
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[TonydyeHHbIE COJMM HECKOJBKO pPa3 MPOMBIBAIMCH CHayala TUCTHIIIMPOBAHHOM BOMOH, a
3aTeM aleTOHOM W BBICYNIMBAINCH B BaKyyM-CyIIWIbHOM mikady. Beixon natpueBoit comm 3.8 T
(69%), ammonueBoii conu 3.3 r (69.3%). Ucxoaubiii TpOHON comonuMep MajaeHuHOBBIN aHTUIPHI-
CTHPOJI-AICTICH-1 OBUI CHHTE3UPOBaH IO U3BECTHOW Metomuke [6]. st m3ydeHus copOIMOHHON
CIIOCOOHOCTH CHHTE3UPOBAHHBIX COJe OBLI HCHONB30BaH BOJHBIA pacTBOp HOHOB Menu(Il)
pazmuunoi kounentpanuu (0.0025-0,02 monv 7-1). PaBHOBecHass KOHIIGHTpAIMs MOHOB MEIH
ompezensiach (POTOMETpUUECKMM METOJIOM C HCIOJb30BaHHMEM B KkauecTBe pearenta (0.001M
pactBopa  KCHJICHOJI-OPAH>KEBOTO. Ontuyeckass  IIOTHOCTh ~ ObUTA  HM3MEpPeHa  Ha
cnekrpodoTokanopumerpe KOK-2 mpu A=540 um.

Crenenb cOpOIMU BBIUUCISIACH TIO PopMYyIIe

R=ﬁ~100%

0
a copOLroHHast EMKOCTb - 110 popmyIie
_ (CO B Ce) -V
: g
rae Cou C—MCXO/HAsE U PAaBHOBECHASI KOHIICHTPAIIMK HOHOB MU (Mszb-Jz'l), COOTBETCTBEHHO, V-
00BéM pacTBOpa CuSOg, B3TOTO 1151 COpOITUH, (1), §-Macca copOeHTa (2).

N3yyenne BIMAHUS Pa3HYHBIX (PAKTOPOB Ha cTemeHb copoumu.Ha mpouecc copOiuu
(amcopO1MK) HOHOB TSKENBIX METAJUIOB U3 BOJAHBIX PACTBOPOB, SIBISIFOIIMICS (PU3NKO-XUMHUECKUM
B3aMMOJICHICTBHEM MOHOB MeTajljla M COpOeHTa, BIUAIOT pa3inyHble (haktopsl. Cpean psanga Apyrux
(akTopoB HanboJee XapaKTEPHBIMHU U BaXXKHBIMU SIBJISIIOTCS. BpEMsI KOHTaKTa COpOEHTa ¢ pacTBOPOM
MOHOB MeTaiyia (Bpemsi copOIMM), Macca cOpOeHTa, UCXOJIHAsl KOHLEHTpalMs HOHOB MeTalia B
pacTtBope, TeMIieparypa, xapakrep cpeabl U Jp. Huke npuBoasTcs pe3ynbTaThl BIUSHUS MacChl
copOeHTa, KOHTAKTHOTO BPEMEHHU U MCXOJHOM KoHLEeHTpau nonoB meau (1) Ha crenens copbumn
MOHOB U3 BOJHOTO pacTBOpa.

Bausinne pH pacrBopa Ha copOunoHHoM cnnocodHocTH copOenToB. Bimsnue pH pacteopa
Ha a/ICOPOLIMOHHYIO CIIOCOGHOCTh COPOSHTOB 110 OTHOLICHHO K HoHaM Cu’ * GBITO HCCiIe0BaHO B
nuanasone 3HaueHuid pH=3.0-9.0, ¢ coxpaHeHuWeM Bcex IPYTHX IapaMeTpOB IOCTOSHHBIMH.
Heob6xomumoe 3nauenne pH pacTBOpOB npu U3yu4eHUH COPOITN Cu?® YCTaHABJIMBAIU MMPHU TTOMOIIHN
arietaTHbIX OydepHbIX cucteM. AneraTHble OydepHble pactBopsl ¢ pH ot 3 1o 9 rotoBuiM u3
pacTBopa YKCYCHOW KHCIOTBI M pacTBOpa THAPOKCHIA aMMOHHS C HcIojib3oBaHueM pH-merpa
mapku pH-600 AQ (Pymbinus). Bnusnue pH Ha cremeHp copOuLMM HMOHOB MEIM W3 BOIHOTO
pacTBopa M3y4€HO Ha IpUMepe aMMOHHEBOI coiiu TpoiHoro comonuMmepa (puc.l). Kak BunHo u3
puc.l, nmpu cuiabHOKUCIOTHOH cpene (pH 3) copOuus MOHOB Menu MPOTEKaeT OYeHb MEJIEHHO
(crenienp copbuuu 17.3%), yTO MOXKET OBITH MPHUIKMCAHO PABHOBECHIO COPOLMS-IeCOpOLns,
COIIPOBOKAAIONIEMYCSI C 3aMEHOM HMOHOB MeIu BOAOPOAHBIMM HOHaMu. CreneHb copOLuu
3HAYUTENIbHO yBeJIWYUBaeTcs B Auana3one pH ot 4 1o 6, a MakcuMainbHasi CTENEHb copOLMU ObLIa
nocturayra npu pH 6 (49.5%).

C
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H3yuenue ycnosuil copoyuu uoHoe meou CoNAMU MPOUHO20 CONOAUMEPA
MANeuHo80U KUCIOmMbl CO CMUPOIOM U OeyeHom-1
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P Macca cop6OenTa, r it
Puc. 1. 3asucumocmov cmenenu copoyuu Puc.2. 'paguku 3asucumocmu cmenenu
om pH pacmeopa copoyuu om maccwl copbenma 0
(Co =0.96 2 a1 macca copbenma 2.5 e i copbenmos MK-/[y-Cm-Na u MK-/[y-Cm-
L 06wem pacmeopa, 83amozo ons copbyuu NH,. Co =0.32 2.2 (0,005 monw '), V= 0.04
(V) 0.04 1, 20°C, 60 mun) 1, 60 mun, 20°C

OT10T (hakT MOKET ObITh OOBSCHEH TEM, YTO C yBEIUYEHUEM OTpULATEIbHBIX 3apsA70B Ha
azicopOupyroleil MOBEPXHOCTH, JIEKTPOCTATUYECKUE CUJIbl MPUTSKEHUS] MEXKAY MOBEPXHOCTHIO
copOeHTa M HOHaMHU MeTaljla YBEIMYUBAIOTCS, YTO NPUBOJIUT K YBEIMUYCHHIO COPOIMOHHOMN
ciocoOHOocTH copOeHTa [7]. Pe3ymnbraThl moka3anu, 4TO CHHTE3HMPOBAHHBIE COPOCHTHI MPOSBIISIOT
ONTHMATBHYIO CIIOCOBHOCTH K COpOLHMH MO OTHOmEeHHo K nonam Cu? * npu pH=6. [lanbHeiimee
yBenuuenue pH pactBopa (7,0-9,0) mpuBOAMT K CBS3BIBAHWUIO HMOHOB MEIU THUIPOKCUIILHBIMHU
IpyIIamM, B Pe3ysbTaTe Yero yMEHbLIAETCS CTENEHb COPOLMU. YUUTHIBAsi 3TO OOCTOSATENILCTBO,
OKCITEPHMEHTHI 110 copoImn HoHoB Cu’’ M3 BOIHEIX PACTBOPOB CHHTE3UPOBAHHBIME COPOCHTAMHE
npoBoauiauch npu pH=6.0.

Bimsinue Maccbl copOeHTa Ha cTemeHb copOuuM. I'paduyuecky 3aBUCHMOCTH CTENEHH
usBieueHus: noHoB Menu (1) U3 BOAHBIX pPacTBOPOB OT Macchl COPOCHTOB MPEACTABICHBI HA
pucynke 2. Ilpu sTom macca copOeHTa, BbIpaXKeHHasl B art BaperpoBaniack B uHTEpBaie 0,5-2,5 & 1
BuaHo, uto mpu BHIOpaHHBIX YCIOBUSX COPOLIMM yBEIMUYEHHE MAacchl COpOEHTa NMPHUBOIUT K
YBEITUYCHUIO CTETIEHH COPOIIMHU. DTO MPOIOIKAETCS /IO ONpeIeIieHHOM Macchl copbenTa (1.25 2 Jz'l)
U JanbHelIIee yBeIMueHe MacCchl COPOSHTa MPAaKTUYECKH He CKa3bIBAeTCsl HA CTENIEHH U3BJICUCHUS
MOHOB Meau. ITocTOSHCTBO cTenmeHu cOopOLUU IOCHE ONpeAeeHHOM Macchl COpOEHTa BUIMMO,
CBSI3aHO C HACBHIIIEHUEM aKTHUBHBIX PEAKLMOHHBIX LIEHTPOB COpOEHTa MpU BHIOPAHHON HCXOAHOM
KOHILEHTpalluu HOHOB Menu. He nckioueHo Takke, YTo 3TOT 3PQEKT CBA3aH C yMEHbIIEHUEM
KOHIIEHTPALMU MOHOB MEJIU B PaCTBOPE B XOJ€ COpOLIUU.

3aBHCHMOCTDH CTeleHU COpOLMH OT BpeMeHM KOHTaKTa. BinsHue BpeMeHU KOHTakTa Ha
creneHb u3BnedeHus menu (ll) B ctarnyeckoM pexuMe Ipu ONpesieNeHHbIX 3HAUYSCHUSIX HCXOJHON
KOHILIEHTpallMd HMOHOB M€, Macchl cOpOeHTa, o0bemMa pacTBOpa, B3SITOrO A cOpOLUUU H
TeMIIepaTypbl IPUBEIEHO Ha PUCYHKE 3.

BunHo, 4To HE3aBUCUMO OT IpYrHMX MapaMeTpoB MPOBEIEHUSI COPOLMU CTENEHb W3BJICUEHUS
MOHOB M€ YBEIMYMBAETCS C YBEIMYEHHEM BpEMEHM KOHTakTa gocruras 71-74% npu 120 muH..
Bpewms, npu koTopoM HaOIr01aeTCsl MPaKTHUYECKH MOCTOSIHHASI CTETIEHb COpOIMHN HAOII0JaeTCs Ipu
60 MuH co crerneHbto copouuu, 68.8-72.3 %

3aBHCHMMOCTH CTENEHH COPOLUH OT TeMIlepaTyphbl. OnHum u3 BAKHEHIINX
MapaMeTpoB, BIMSIONIMX HA CTENEHb COPOLMM HOHOB METAJUIOB M COPOIMOHHYIO E€MKOCTh
copOeHTa, ABJIseTCs TeMIlepaTypa, Ipyu KOTOPOM MPOBOJUTCS MPOLIECC COPOITHH.
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Puc.3.3asucumocmv cmenenu copoyuu om epemeru Konmaxkma oas copbenmos MK-/[y-Cm-Na
u MK-/{y-Cm-NH,, Cp=0.32 2 1Y macca copbenma 1.25 2 2t V=0.04n, 200C)

OHa HeMOCpPeACTBEHHO CBsi3aHA C KHUHETHYECKON »SHEprueil HOHOB METaUIOB W,
CJIEIOBATEIBHO, POCT WM CHUKEHUE TEMIEPaTyphl JOJKHBI IPUBOJUTH K U3MEHEHHUIO KOJIMYECTBA
HMOHOB MeTaia, aJcopOupoBaHHOTO cOpOEHTOM.C IeNbl0 BBISIBICHUS TEMIEpaTypHOro 3¢dekra
npu u3ydeHnu copOruu noHoB meau (1) cMHTE3npOBaHHBIMH MOTUMEP-COPOSHTAMH M3 BOIHBIX
pacTBOPOB, HaMU IMPOBOAMIINCH 3KCIIEPUMEHTHI Ipu TemmepaTtypax 20, 30 u 40°C. Pesynbrarel
WILTIOCTPUPYIOTCA B Tabiwmme 1.

Tabauuya 1.
3asucumocmo cmenenu copoyuu (R), u copbyuonnoi emxocmu copbenmos (Ue) om memnepamypol
(Co=0.32 2]1'1, Meops=1,25 ont pH 6, epema konmaxma 60 mun, V=0.04 1)

20°C 30°C 40°C
CopOeHT
R, % Oe 2 2t R, % Oe, 2 2t R, % Oe, 2 2t
MK-Iu-Ct- Na 68.8 0.176 79.3 0.2 90.6 0.23
MK-JIu-Ct- NH,4 72.3 0.1856 66.7 0.171 62.2 0.159

Kak Buano u3 tabmumpsl 1, yBenunueHnue temmeparypbl oT 20 10 40°C MIPUBOAUT K
YBEITUYEHUIO U CTENEHU COpOLUU, U COPOIIMOHHON €MKOCTHU JUIsi HAaTPUEBBIX COJEH MOJIMMEPHBIX
KHUCJIOT, a JJIsi aMMOHHUEBBIX COJeil HaOmomaercs oOpaTHash KapTHHA. DTO CBS3aHO, BHJIMMO, C
paznuureM B mpouHocTsix cBszeir O-Na (NHg) HATPUEBBIX M aMMOHHMEBBIX cousiell. Tak,
xumuueckas cBsi3b O-Na B kapookcunatHolt rpynne -COONa npounee, uem O-NH4 u nostomy asns
paspbiBa ee TpedyeTcs 60JIbIle SHEPTHH.

3aBHCHMOCTH CTENEeHH COPOUMH M COPOLMOHHONH €MKOCTH COPOEHTOB OT HCXOIHOW
koHneHTpanuun nonoB meau (I1) B pacrBope. McxomHas KOHIIGHTpAalMs HOHOB MeTaljia B
pacTBope SBISIETCS OJHUM M3 OCHOBHBIX (DaKTOpPOB, OMPEIEISIONIMX CTEIeHb paclpeleieHus
HMOHOB MEX/1y pacCTBOPOM M TBEPJ10H MOBEPXHOCTHIO copOeHTa. CyIHOCTh COPOIIMN HOHOB MeTajlia
COpOEHTOM 3aKITF0YaeTCs B KOOPAWHAIIMM MOHOB CBOOOJHBIMH aKTUBHBIMHU IIEHTPaMHU COpOCHTA, B
pe3yabTaTe 4ero BO3HUKAeT (U3NYECKOe HIM XMMHUYECKOE B3aUMOJEHCTBHE MEXIYy HOHAMHU
MeTaia U copOeHTa. A 3T0, BO MHOTOM 3aBUCUT OT KOHIIEHTPAllMi HOHOB MeTaJljla B UCCIEAYEMOM
UCXOJHOM pacTBope. J[Jisi yCTaHOBIICHUSI BIHMSIHUS UCXOTHON KOHIeHTpauun noHoB Meau (I1) Ha
pe3yabTaThl COPOIMM HAMH OIpEesieHbl paBHOBECHas] KOHIIGHTPAILMS W PaBHOBECHBIE E€MKOCTH
copbentoB MK-/Ii-Ct-Na u MK-u-Ct-NH4 npu pa3nuuHbIX HCXOAHBIX KOHIEHTpAIMAX MOHOB
menu (1), mpu onmHaKOBBIX NapameTpax ycioBuil copouuu. [lomyueHHbIe pe3yabTaThl TOMEIIEHBI
B Ta0mIe 2.
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H3yuenue ycnosuil copoyuu uoHoe meou CONAMU MPOUHO20 CONOAUMEPA
MAIeUHOB0U KUCIOMbL CO CIUPOJIOM U OeyeHom-1

Tabnuya.2
3asucumocmo cmenenu copoyuu (R), pasnosecnoti konyenmpayuu uoros meou (1) (C,) u copbyuonnot
emrxocmu copbenma MK-/ly-Cm-Na u MK-/Ty-Cm-NH4 om ucxoonoti konyenmpayuu uornoe meou (11)
(macca copbenma 0,05 2 (1,25 en’®), pH 6, epems konmaxma 60 mun, V=0.04 1, 20°C)

C, MK-/Iu-Cr-Na MK-Iu-Ct-NH,4
C. e C. Qe
MOb MOTb R, MOJIb 1 R, 1
ort ! ol e 0% ook e on MOAb T 0% 22 MOJb
<10° <10° 1. 10° x10 x10° 7x10°

0.16 25 10,041 | 0.64 743 | 0,095 | 148 | 0.037 | 058 | 768 | 0.0984 | 1.54
0.32 5.0 0,1 1.56 68,8 | 0,176 | 2.75 | 0.88 137 | 72,3 | 0.1856 2.9
0.48 75 10,164 | 2.56 65,7 | 0,253 | 3.95 | 1.48 2.3 69,1 | 0.2656 | 4.15
064 | 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 5.16 609 | 0,376 | 588 | 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

Kakue BBIBOJBI MOXKHO cenaTh MO JaHHBIM Ta0muiel? [Ipexae Bcero cieayer OTMETHTH
OO0IIYI0 3aKOHOMEPHOCTH IO MOBOJAY TOTO, YTO C YBEJIMYEHHUEM HMCXOJHON KOHILIEHTPAllUd MOHOB
menu (I1) ymenbinaercs crenens copouun. Hanpumep, npu yBETMHCHIN UCXOIHOW KOHILIEHTPAIHH
nonos meau (11) or 0,16 ri™ (0,0025 mous 1) go 1,28 ™ (0,02 mous ') cremners copouun Ha
copoentax MK-JIu-Ct-Na u MK-Iu-Ct-NH4 ymensmaercs ot 74,3 u 76,8% no 48,4 u 52,6%,
COOTBETCTBEHHO. Y MEHBIIIEHUE CTEIICHH COPOIMH C YBEIMYCHUEM MCXOTHON KOHIICHTPALMU HOHOB
menu (1) mMoxer OBITH CBsI3aHA C JBYMS NPUYHHAMH: BO-TIEPBBIX, 10 MEpE 3alOJHCHUSI
COpPOLIMOHHBIX IIEHTPOB COPOEHTa YMEHBIIAETCS KOJIMYECTBO HE3AMOJHEHHBIX COPOIIMOHHBIX
MO3UIHMKA M CHUYKAETCS YUCIO COPOIMOHHBIX MOHOB, BO-BTOPBIX, C YBEIMYEHHUEM KOHICHTPAIUU
HCXOJHOTO pacTBOpa HOHHAs CHJIa PacTBOpPa YBEIMYMBACTCS W akTHBHOCTL HMoHOB wmemu (I1)
YMEHBIIAETCS, YTO MPUBOIUT K YMEHBIICHHUIO CTETICHNU COPOLINH.

BTOpeIM OCHOBHBIM BBIBOJIOM, CBSI3aHHBIM C BIIMSIHUEM MCXOHON KOHIIEHTPAIMH Ha MPOIECC
copOuum, SIBISIETCS 3aKIIOYCHHE O TOM, YTO C yBEJIMYeHHeM KoHIeHTpauun uoHoB Memu (I1)
YBEITUYMBAETCSI PaBHOBECHAs COPOIIMOHHAS €MKOCTh COPOEHTOB. Tak, mpu copOIMu Ha copOeHTaxX
MK-u-Cr-Na u MK-/Iu-Ct-NH, yBenuuenune ucxoanoi konientpaiu noHos meau (1) ¢ ot 0,16
rrt (0,0025 mome a) mo 1,28 it (0,02 moms 1) paBHOBECHAsI COPOIMOHHAS EMKOCTh
yBemmuusaercs ¢ 0,095 2 2 1(0,0038 rmoaw 2'12 1 0,0984 2 21(0,00154 moaw o) o 0.512 2 21(0,008
mone ) um 0.539 2 2t (0,00843 momw 27), coorBercTBeHHO. AHamormuHas 3aKOHOMEPHOCTh
HaOII0JaeTCs U I IPYTUX COPOSHTOB.

[Ipn cpaBHEeHUU 3HAuU€HUUN CTENEHH COPOLMU U COPOIMOHHON €MKOCTH, MOJYYEHHBIX IS
HaTPUEBBIX M aMMOHHUEBBIX COJIEH MOXXHO HaONI0aTh OTHOCHUTENIBHO BBICOKHE 3HAUEHHS IS
aMMOHHUEBBIX cojiel. OTOT 3¢ (deKT, BUIMMO, CBSI3aH C HEOJMHAKOBOH CTENEHbIO THUIPOIM3a
HATPUEBBIX U AMMOHHEBBIX COJICH.

OOMeHHasi peakiusi U KOMIUIeKcooOpa3oBanue Mexay uoHamu Mmemu (1) m rpymmamu -
COONa u -COONH, copO6eHTOB 3aBUCAT HapsLy ¢ JPYTUMHU (pakToOpaMu U OT CTENEHH TUAPOIU3a
3THX TPYII B BOJHOU cpene. MI3BECTHO, UTO CTENeHb I'MIPOJIN3a HATPUEBBIX COJIeH KapOOHOBBIX
coJield MeHbIle, YeM aMMOHHEBBIX COJIeW (HampuMep, KOHCTAHTHI THAPOJIM3a aleTaToB HATPHS U
aMMOHMsS uMeroT 3Hadenns 5,7x10%° u 5,55x10°, coorBercTBEHHO [8]). Tlpm ruaponmse
aMMOHHEBBIX COJIEH paBHOBECHE

- COONH4 +HOH «COOH +NH,OH
CIBUHYTO BIIPaBO, BCJEACTBHE OOpa30BaHMs CJIA0BIX JJIEKTPOJIMTOB. A 3TO co3maer Ooiee
OJIaronpusATHBIC YCIOBHS J1s B3auMoieiicTBUs noHoB Menu (1) C kapOOKCHITBHOW TPYIINOW.
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XULASO
MALEIN TURSUSUNUN STIROL VO DESEN-1-LO UCLU BIRGO POLIMERININ
DUZLARI iLD MiS IONLARININ SORBSIYA SORAITININ OYRONILMOSI
Sirinova E.A.

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

Mogalods mis (II) ionlarinin sulu mohluldan malein tursusunun stirol vo desen-1-lo {i¢lii birgs
polimerinin natrium vo ammonium duzlar ilo sorbsiya soraitinin 0yronilmesine aid naticalor verilir. Mis(Il)
ionlarmin polimer duzlarla sulu mohluldan sorbsiyasina mshlulun pH-nin, sorbentin miqdari, sorbsiya
miiddati, mis ionlarmin gatiligi vo temperaturun tosiri Oyronilmisdir. Miioyyon edilmisdir ki, sorbsiya
saraitindon asili olaraq, mis iolarinin verilmis polimer duzlarla sulu mohluldan sorbsiya daracasi 50.0-90.6%,
natrium vo ammonium duzunun maksimum tacriibi sorbsiya tutumu iso uygun olaraq, 0.512 q q™*(0.008 mol g’
) v 0.539 q q™(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 aqueous 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
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DOMIRIN(III) 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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Acar sozlor:  domir(1ll), 3-((4-metoksifenil)diazenil)-4-((2-(4-okso-3-fenildiazenil)pentan-2-iliden)
aminoetil)iminopentanon-2, miixtalifligandlt kompleks, 1,10-fenantrolin, vulkanik dag
suxuru

Domirin(III) spektrofometrik toyini {igiin torkibindo donor oksigen vo azot atomlari1 olan {lizvi
reaktivloradon genis istifado edilir [1-3]. Bu reaktivlorin miixtalif sinif ii¢lincii komponentlorin
istirakinda domirlo(III) omolo gotirdiyi kompleks birlosmalor daha yiiksok kimyovi-analitik
xarakteristikalara malik oldugundan miirokkob torkibli tobii vo sonaye obyektlorindo onun
mikromiqdarinin tayini ti¢iin daha miihiim ohamiyyat kosb edir [4-6].

Toqdim olunan is domirin(Ill) asetiaseton osasinda sintez edilmis azobirlosmo - 3-((4-
metoksifenil)diazenil)-4-((2-(4-okso-3-fenildiazenil)pentan-2-iliden)aminoetil)iminopentanon-2 va
hidrofob amin — 1,10-fenatrolinlo kompleks omolo gotirmoasinin spektrofotometrik metodla
todqiqine vo onun toyini liglin yiiksok seciciliyo malik yeni spektrofotometrik metodikanin iglonib
hazirlanmasina hasr edilmisdir.

Tacriibi hissa.

Cihazlar. Spekrtofotometrik todgiqatlar “Perkin Elmer” firmasinin istehsali olan kompiiterlo
tochiz edilmis “Lambda-40” spektrofotometri vo KFK-2 fotoelektrokalorimetrindon {=1,0 sm
qalinhigh kiivetlordon istifado edilmoklo aparilmisdir. Mohlullarin tursulugu siiso elektrodlu pH-
121 pH-metrindon istifads edilmoklo Slgiilmiisdiir.

Reaktivior va mahlullar. Domirin(IIT) 1,0-10™M qatihgh standart mehlulu metallik demirin
hesablanmis niimuns ¢okisinin sonradan nitrat tursusu alavo edilmoklo xlorid tursusunda (1:1) hoall
edilmosi ilo hazirlanmusdir [7]. isdo istifade edilmis 5,0-10° M qatiligh is¢i domir(IIl) mohlulu
istifadodon avval standart mohluldan distille suyu ilo durulagdirilmaqla hazirlanmisdir.

Tadqgiqat 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 qatiligli mohlullardan
istifado edilmisdir. Reaktiv vo 1,10-fenantrolinin is¢i mohlullar1 onlarin hesablanmis niimuno
c¢okilarinin etanolda holl edilmasi ilo hazirlanmigdir.Lazimi tursuluglu miihit yaratmagq {igiin asetat-
ammonyak bufer mohlullarindan (pH 3-11) vo HCI fiksanalindan (pH 0-2) istifado edilmisdir.isdo
istifado edilmis butun reaktivlor “k.t” vo ya “a.ii.t.” tosnifatli olmusdur.

Noticoalar va onlarin miizakirasi.

Domirin(IIl) reaktivlo kompleks amala gatirmasinin tadqiqi. Domir(IIl) reaktivlo pH = 0-
7,0 tursuluqlu miihitdo garsiligh tosirdo olaraq intensiv rongli kompleks birlosmo omolo gotirir.
Kompleksin maksimum is1q udmasi1 A=400 nm dalga uzunluguna tosadiif edir (sokil 1). Bu miihitds
reaktiv 1so0A=368 nm dalga uzunluglu maksimum is1iq udmaya malik olur. Domirin(Ill) reaktivls
omola gotirdiyi eyniligandli kompleksin maksimum ¢iximi pH=3,0-3,5 tursuluqlu asetat-ammonyak
buferi miihitindo miisahido olunur (sokil 2). Reaktiv vo kompleksin rongi miihitin tursulugundan
asil1 olaraq dayisdiyi ticlin kompleksin udma spektri hom do reaktiv fonunda todqiq edilmis vo
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A=440 nm dalga uzunlugunda maksimum isiqudmaya malik oldugu mioyyon edilmisdir.
Kompleksin maksimum ¢iximi iigiin reaktivin 6,0-10% M qatilig1 tolob olunur vo onun optiki
sixligmin qiymati reaktivin 3,0-8,0 dofo artiq molyar qatilifinda sabit qalir.

1,10-Fenantrolinin kompleksamalagalmaya tasiri. Domirin(Ill) reaktivlo kompleks omolo
gatirmasine 1,10-fenantrolinintasirini dyronmok moqsadilo udma spektrlori miixtolif tursuluqlu
mihitdo vo genis dalga uzunlugu intervalinda todqiq edilmisdir. Miioyyon edilmisdir ki, 1,10-
fenantrolin istirakinda Fe(IlI)-R-Fen miixtolifligandli kompleksi omolo golir. Miixtolifligandli
kompleksin omolo golmasi hesabina Fe(II)-R eyniligandl1 kompleksin udma spektri ilo miigayisodo
batoxrom siirligmo vo hiperxrom effekt miisahide olunur (sokil 1). Fe(Ill)-R-Fen miixtalifligandl1
kompleksinin  maksimum isiqq udmasi A=436 nm dalga uzunluguna tosadif edir. Fe(IIl)-R
eyniligandli kompleksi kimi Fe(IIl)-R-Fen miixtalifligandli kompleksi do turs miihitds (pH=0-7,0)
omolo golir (sokil 2) vo onun omolo golmosi ilo maksimum ¢iximin daha turs miihito dogru
stirlismasi miisahido olunur. Fe(IlI)-R-Fen kompleksipH=2,5-3,0 tursuluglu miihitdo maksimum
¢ixima malik olur.Reaktiv vo komplekslorin ronginin miihitin pH-indan asili olaraq doyisdiyini
nazora alaraq miixtolifligandli kompleksin udma spektri do “kor tocriiba” [R + Fen] fonunda todqiq
edilmis vo Fe(Ill)-R eyniligandli kompleksi kimi onun da A=440 nm dalga uzunlugunda maksimum
isiqudmaya malik oldugu miisyyon edilmisdir. Kompleksomoalagalmoys komponentlorin qatiliginin
tosirinin Syrenilmesi miixtalifligandli kompleksin omolo golmasi tigiin 5,0-10™ M reaktiv vo 3,0-10™
M1,10-feanatrolin mohlulunun talob olundugunu gostormisdir. Miixtalifligandli kompleksin optiki
sixliginin qiymati reaktivin 2,5-8,0 vo 1,10-feanatrolinin isa 1,5-7,0 dofs artiq molyar qatiliginda
sabit qalir.

1,07

0,8

0,2

T T T T T T
400 450 500 550 600 650 A, NM
$akil 1. Domirin(Ill) eyni- va miixtalifligandli komplekslarinin pHoy tursuluglu
miihitds udma spektrlori
1.R, 2.Fe(lll)-R, 3.Fe(lll)-R-Fen
Cre=2,0-10"M, Cz=6,0-10"*M, Cren=3,0-10"*M,Lambda-40, £=1,0 sm

Kompleksamalagalmaya vaxt va temperaturun tasiri. Kompleksomologolmoys vaxt vo
temperaturun tosirinin  Oyronilmasi domirin(IIl) eyni- vo miixtolifligandli komplekslorinin
komponentlori mohlullarinin qarigdirilmasi zamani dorhal omsls goldiyini vo mohlulda 6z
davamliliglarina gors forqlondiyini gostormisdir. Fe(l11)-R eyniligandli kompleksi moahlulda 2 saat
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orzinds ve 60°C temperatura qodor qlzdlrlldlqoda davamli oldugu halda,Fe(Ill)-R-Fen
mixtolifliqandli kompleksi bir giin orzindo vo 80°C temperatura godor qizdirildigda optiki
sixliglarinin qiymatini doyismir.

Kompleksin  torkibi va davamlilig sabiti. Domirin(Ill) eyni- vo miixtalifligandli
komplekslorinin torkibindoki komponentlor nisboti Starik-Barbanelin nisbi ¢ixim, tarazligin
siirlismoasi vo izomolyar seriyalar metodlar1 ilo toyin edilmisdir [8]. Hor ii¢ metodla toyinatin
naticaloriFe(Ill)-R  kompleksinin  torkibinde komponentlor nisbatinin = 1:2,  Fe(III)-R-Fen
kompleksinin torkibindo iso 1:2:1 oldugunu gdstormisdir (cadval 1). Eyni- vo miixtslifligandli
komplekslorin amolo galmasi zamani ayrilan H' ionlarmin say1 Astaxov metodu ilo toyin edilmis vo
onlarin torkibindoki komponentlor nisbatino dair naticalor tosdiq edilmisdir [9].

AA

1,0
0,8
0,6 -
0,4 1

0,2

I I I I I 1 I I
1 2 3 4 5 6 7 8 pH
Sakil 2.Damirin(Ill) eyni- vo miixtolifligandlr komplekslorinin “kor tacriiba”
fonunda isig udmaswmin pH-dan asuilig
1.Fe(ll)-R, 2.Fe(lll)-R-Fen
Cre=2,0-10"M, Cr=6,0-10"M, Crer=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
nisbotinin 1:2 oldugunu vo yiikksok davamliliga malik oldugunu gostormisdir: 1gf=8,26+0,17
(cadval 1). Torkibindoki komponentlor nisbati nazers alinmagqla, Fe(lll)-R-Fen miixtolifliqgandli
kompleksin davamliliq sabiti hesablanmis vo 1,10-fenantrolin istirakinda davamliliq sabitinin
toxminon 10* dofo artdigi miioyyon edilmisdir:lgB(Fe-R-Fen)=13,70+0,14.

Cadval 1.
Fe(l1)-ineyni- va miixtalifliqandlr komplekslorinin kimyavi-analitik xarakteristikalar

Amaxs AN, g10° Komponentlor Dar?c'eh' arafikin
Kompleks | pHop 1gp . xattilik intervali,
nm nm nisbati
mka/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 gqanununa tabegilik. Domirin Fe(II[)-R vo Fe(Ill)-R-Fen komplekslori soklindo toyini
ticlin doracali grafiklor onun miivafiq olaraq 0,45-2,24 vo 0,22-3,58 mkq/ml gatilig1 intervalinda
xotti olur. Maksimum is1q udmaya uygun dalga uzunlugunda (Aopr) Fe(lll)-R vo Fe(IlI)-R-Fen
komplekslorinin molyar udma omsali miivafiq olaraq (1,50ﬂ:0,01)'103 ) (4,3510,02)-103-9
barabardir.

Konar ionlarin tasiri. Domirin(III) 3-((4-metoksifenil)diazenil)-4-((2-(4-okso-3-
fenildiazenil)pentan-2-iliden)aminoetil)iminopentanon-2ilo  omoalo  gotirdiyi eyni- vo 1,10-
fenatrolinin istirakinda amoalo gotirdiyi miixtalifliqgandli komplekslor soklinds spektrofotometrik
toyini metodikalarini islomak moqsadilo Ber qanununa tabegciliklo yanasi, toyinata kenar ion vo
pardaloyici maddslorin tosiri Oyronilmisdir. Tadgiqatin naticalori 1,10-fenantrolinin istirakinda
miixtolifligandli kompleksin omolo golmosi hesabina toyinatin segiciliyinin koskin artdigini
gostormisdir. Domirin todqiq edilmis eyni- vo miixtalifligandli komplekslor soklindo toyinino konar
ionlar vo pordsloyici maddslarin tasiri cadval 2-do verilmigdir.

Cadval 2.
Fe(l11)-ineyni- va miixtalifliqandll komplekslor soklinda toyinina konar ionlarin tasiri
fon Mane olan kiitlo nisbotlori fon Mane olan kiitlo nisbatlori
Fe(ll)-R Fe(l11)-R-Fen Fe(ll)-R Fe(l11)-R-Fen

Qolovi 2000 5000 Sh(ll1) 20 930
metallar

Ca(ll) 1200 4500 Bi(lll) 31 1000
Ba(ll) 1500 4800 Ga(lll) 135 1500
Mg(I1) 2000 5000 In(I11) 210 1480
Zn(11) 800 1600 Ti(IV) 7,4 380
Cd(ln 1100 2000 Th(1V) 350 1500
Cu(ll) 70 800 Zr(1V) 1,2 187
Co(ll) 120 1450 Hf(1V) 15 360
Ni(ll) 175 1500 U(VI) 276 1500
Mn(11) 560 1600 Mo(VI) 0,9 180
Pb(Il) 24 890 W(VI) 3,5 210
Sn(ll) 3,6 740 C,07 64 1230
AI(I) 154 920 F 180 1000
Cr(l11) 280 1420 HPO,” 290 1000

Vulkanik dag siixurunda domirin tayini. DomirinFe(IlI)-R-Fen miixtalifligandli kompleksi
soklindo toyini ti¢lin islonilmis metodika Azorbaycan Respublikast Kolbacor rayonu orazisindon
gotiirilmiis Kicik Qafqazin vulkanik dag slixuru niimunasindo onun miqdarinin toyini {i¢iin totbiq
edilmisdir. Bunun {igiin dag siixuru niimunosindon 5,0 qram niimuna ¢akisi gotiiriilmiis vo qrafit
kasada 20 ml HF + 15 ml HCI + 5 ml HNOj3 garisiginda qizdirilmagla holl edilorok pasta halina
salmmigdir. Almmig pasta hidrogen-fliloridin artig1 tamamilo qovulana qodor 60-70°C
temperaturda 4-5 ml HNOs ilo iglonilmisdir. Bundan sonra alman qaliq distillo suyunda holl
edilmis vo hall olmayan hisso filtr kagiz1 ilo siiziilorok ayrilmigdir. Alinmig mohlul iso 50 ml-lik
ol¢ii kolbasma kecirilmis vo distillo suyu il cizgiys godor durulasdirilmisdir. Bu mohluldan
miixtolif alikvot hissalor gotiiriilorak 25 ml-lik 6l¢ii kolbasina keg¢irilmis, iizorino 2,5 ml 5,0-10° M
reaktiv vo 1,5 ml 5,0:10° M 1,10-feanatrolin mohlulu slavo edilmis, pH=3,0 tursuluqglu asetat-
ammonyak bufer mohlulu ilo cizgiys qoder durulagdirilmigdir. Hazirlanmis mohlullarin optiki
sixliglatn  ¢=1,0 sm qalinhgh kiivetdo, A=440 nm dalga uzunlugunda, KFK-2
fotoelektrokalorimetrinda, “kor tacriiba” fonunda Ol¢iilmiisdiir. Analiz olunan siixur niimunasinda
domirin miqdar1 avvalcadon qurulmus doracali grafiko asason toyin edilmisdir. Toyinatin naticalori
coadval 3-do verilmisdir.
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iminopentanon-2 va 1,10-fenantrolinlo miixtalifliqandli kompleksinin spektrofotometrik tadqiqi

Cadval 3.
Vulkanik dag siixuru niimunasinda damirin migdarinin tayini(n=>5, P=0,95)
Pasporta géro komponentlorin miqdari, % Tapilmigdir Fe, % S
TiO; - 0,75; Fe,05 - 4,52 (Fe — 3,164); FeO - 0,88 (Fe — 0,684); 3,850+0,116 0,026

Ca0 - 5,88; MgO - 1,50; P,Os - 0,72; MnO - 0,02; K,0 - 4,00;
Na,O - 5,40; In,O3- 0,01; Ga,05- 0,00945; Sc,05- 0,01; SeOs -
0,05; P35 - 0,70; H,O - 0,29; SiO,— ocT.
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PE3IOME
CIIEKTPO®OTOMETPUYECKOE NCCJIEJOBAHUE PASHOJIUTAHJHOT'O KOMIIVIEKCA
KEJE3AII) C 3-((4-METOKCU®PEHW)JINASEHNU)-4-((2-(4-OKCO-3-OEHUJI TN AZEHI)
HNEHTAH-2-UWJINJAEH)AMWHOETUJI)UMHUHO-IIEHTAHOHOM-2H 1,10-PEHAHTPOJIMHOM
Abueesa A.I0.

Knrouesvie cnosa:. owcenezo(lll), 3-((4-memokcughenun)ouazenun)-4-((2-(4-oxco-3-penunouaszenun)
NeHMAH-2-UNUOEH ) AMUHOIMUT)UMUHONEHMAHOH-2, PA3HONUSAHOHBIL KOMNIEKC,
1,10-penanmponurn, 8yaxanozennas nopooa

CrieKTpopOTOMETPHUECKIM METOAOM HCCIIEe0BaHO KominiekcooOpasosanue keneza(Ill) ¢ 3-((4-

MeToKcu(peHu) tna3enun)-4-((2-(4-okco-3-pennnana3eHu)neHTaH-2- Ui e H )aMUHO-
STUJI)MMHUHOIICHTAHOHOM-2 B TpPHUCYTCTBUM ruapodobHoro ammna — 1,10-dpenanrponuna. OOpazoBanue
Pa3HOJMIaHJHOTO KOMIUIeKca B mpucytcTBud 1,10-(eHaHTpONMHA COMPOBOXKIACTCS OAaTOXPOMHBIM U
TUIIEPXPOMHEIM 3(PPeKTaMu B CIIEKTpPE MOTJIONICHUS, 4 TaKKe MaKCUMAaIILHBIA BBIXOJ CIBUTaeTcs B Ooliee
KHCIIYIO Cpey. Y CTaHOBIEHBI ONTHMANbHBIE YCIOBUSI 00pa30BaHuUs, ONpPEAETICHbl UX COCTaB U KOHCTAHTHI
YCTOMYMBOCTH, BBIYMCICHBl OCHOBHBIE CIEKTPO()OTOMETpHUYECKHE XapaKTEePUCTUKUA OJHOPOJTHO- U
pasHonurangaoro komiuiekcos Fe(lll). Paspaborana HOBast BEICOKOCEIEKTHBHAS CIIEKTPOGOTOMETPHUIECKAS
Metoauka  ompeaencuus  okenesa(lll) B Bume — pasHomuramgHoro — komrmiekca ¢ 3-((4-
MeTokcudeHm)auazenun)-4-((2-(4-oxco-3-heHunauaseHmn) neHTaH-2-UITHACH ) aMAHOS THI ) UM H-
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HONeHTaHOHOM-2 U 1,10-penanTponuaoM. PaspaboTaHHas MeETOJWKa TpPUMEHEHa Ui ONpeAeICHUs
KOJIMYECTBA JKeJle3a B BYJIKAHOT€HHOH TTOPOJIe.

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

Key words: iron(lll), 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(lll) 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(l1l) were calculated. A new highly selective
spectrophotometric method for the determination of iron(ll) 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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EFiRYAGLI BITKIiLOR VO ONLARIN FARMOKOLOJi AKTiVLiYO
MALIK TORKIB MADDOLORININ BAKTERISID VO FUNGISID
XUSUSIYYOTLORI

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

Agar sozlar: mikobiota, mikotoksikoz, allergiya, dominant noviorin rastgalmo tezliyi, allergen va sorti
patogen novliar.

Molumdur ki, bitkilarin torkibino miixtalif komponentlor daxildir [2,3] ki, onlarin arasinda efir
yaglari xiisusi shomiyyat kasb edir [4]. Bels ki, bitkilordon alinan efir yaglarinin bir ¢ox patogen vo
sorti-patogen mikroorganzimlors miinasibatdo antimikrob aktivliys malik olmasi aparilan bir ¢ox
todgigatlardan molumdur. Efir yaglarmin kimyavi sintez yolu ilo alman antimikrob vasitolordan
tistiinlityli ondan ibaratdir ki, onlar mikroorganzimlora 6z miidafio mexanizmini yaratmaq imkani
vermir. Ciinki bu zaman mikroorganzimlorin genetik aparatinda doayisiklik bag vermir. Efir yaglarinin
genis sokilds istifada edilmasi belo bakteriyalarin davamli formalarinin seleksiyasina sabab olmur.
Miiasir tadqiqatlar efir yaglarinin yiiksok antiseptik aktivliys malik olmasini tasdiq edibdir. Masalan,
koklikotu bitkisinin efir yaglarmin 5%-li sulu mohlulu tif xastoliyi téradicisi olan bakteriyalari vo
dizenteriya toradicisi olan basillori 2 dogige miiddstine tamamilo mohv edir. Analoji effekt
kolibakteriyalarda 2-8 doqigo, difteriya ¢oplarinds 4 dagige, Kox ¢oplarinds (Voromin toradicisi) ise
60 dagigqo miiddstinds geydo alinir [6].

Adi sam, koklikotu, nano, lavanda, rozmarin kimi bitkilorden alinan efir yaglarinin qarisigini
otaga buraxdiqda biitiin stafilokokklar1 va kif gobaloklorini 6ldiirtir vo 200 mikrob koloniyasinda
comi 4-i qalir. Adagayinda, dovodabaninda vo salfeydo olan EY vo tobii antibiotiklor yalniz
mikroblara tasir edir va bu zaman digar canlilara tosir etmir, yani canlilara miinasibatda segici tasir
effektino malikdir. Umumiyyatlo, efir yaglarmin antiseptik xiisusiyyoti uzun zaman azalmir vo
mikroorganzimlords onlara qars1 bozi antibiotiklorin istifadesi zamani1 miisahido olunan davamliliq
(rezistentlik) [1,2,3] yaranmir. Bu da onunla olagodardir ki, efir yaglarmin antibioloji tosiri
naticasinds organzimin genetik aparatinda deyil, sitoplazmatik membranin, yoni hiiceyra divarinin
dagilmasi, aerob tonoffiis aktivliyinin azalmasi ilo nticalonir. Bu da miixtolif tizvi maddslorin
sintezi liclin zoruri olan enerjinin ayrilmasinin azalmasina gatirib ¢ixarir. Beloliklo, ekoloji voziyyati
modifikasiya etmokls efir yaglari mikroorqanzimlars 6zlorinin miidafio mexanizmini yaratmaga vo
tosir effektino goro agressiv olan agents adaptasiya olunmasina imkan vermir. Bu sabadon do efir
yaglarinin tibbi praktikada uzun miiddat istifadosinin rezistentliyo sabab olma tohiilkasi, demok olar
ki, yoxdur. Efiryaglh bitkilor sonayenin kosmetika, gida, yem, tibb va s. saholorinin xammalla tochiz
edilmasi igsindo miihiim rol oynayir [1].

Efiryagli bitkilor o bitkilordir ki, onlarin xiisusi hiiceyralorinds (efir yag1 yollarinda) vo ya
xtisusi tlikciiklorindo otirli (iyli) efir yaglari vardir [1,2]. Efir yaglar1 bitkinin ham vegetativ, hom da
generativ orqanlarindan alinir. Efir yaglarindan 1000-don artiq iizvi maddslor alinir. Efir yaglarinin
torkibi miirokkob iizvi birlogsmolordon- oksigen toromoli terpenlordon, spirtlorden, aldehidlordon,
fenollu birlosmolordon, flavonoidlordon, ketonlardan vo s.-don ibarotdir. Efir yaglar1 ugucu
birlosmoalordir vo praktiki olaraq suda hoall olmur [4,5]. O, asason, bitki xammalindan su buxari ilo
qovmagqla alimir. Efir yaginin miqdar: bitkinin néviindan asili olaraq zsif izdon- 0,001%-dan 20%-9
kimi olur. Adaton iso efir yaginin miqdar: bitkids 2-3% arasinda olur. Otirli yaglar omals gotirmok
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qabiliyyati ¢atirgi¢oklilor (Apiaceae), dalamazkimilor (Lamiaceae), sadofotukimilor (Rutaceae) vo
s. fosilolors aid edilon 3000-don artiq bitki néviindo miisahido edilir. Onlardan 200 ndvo yaxini
sonaye ohomiyyati kosb edir. On yiiksok keyfiyyotli efir yaglar1 zancaofilkimilor (Zingiberaceae),
sandalkimilor (Santalaceae), dofnakimilor (Lauraceae), giilcicoklilor (Rosaceae), atirsahkimilor
(Geraniaceae), sadafotukimilor (Rutaceae) fasilasina daxil olan bitkilarin torkibinda olur. Madani
halda becarilon vo yabani halda biton ot tipli efiryagh bitkilor- kesnis (kinza), siirve, reyhan, ziro,
cira, paculi, siiylid, bataqliq zanbag1 (air) vo s. bu magsadls istifads edilir [1,4,6]. Evkalipt, yovsan,
kamfora agaci, nano, cofori, koklikotu, rozmarin, sadofotu vo s. kimi dorman bitkilori do efiryagh
bitkilor qrupuna aid edilir. Onlardan praktik olaraq daha shomiyyatlilori 1- ci cadvalds verilmisdir.

Cadval 1.
Tadqiqatlarimizda istifado edilan efiryaghbitkilar va onlarin tarkibinda olan
efir yaglarimin iimumixarakteristikast
Efiryagh Tarkibinds olanefir Efir yagimintarkibinds olan asas
bitki névlori yaglarimniimumi komponentlarin migdari (%)-1o
miqdari (%) -1s
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
Boymadoran 0,75-1,0 Thymol- 57,24
(Achillea millefolium L.) Menthol -17,89
Daziotu 0,4-0,6 y — amorfen -30,6
(Hypericum perforatum L) d-kadinen —7,1
(E)-B-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 a-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

Efiryagli bitkilordon alinan sulu ekstraktlarin vo tomiz halda efir yaginin gobalok vo
bakteriyalarin boyiimasins tasir effekti do torafimizdon arasdirilmis vo malum olmusdur ki, har bir
halda tomiz efir yaginin tosir effekti daha giiclidiir, hans1 ki, bu, 6z aksini 2-ci vo 3-cii cadvallorda
tapmusdir.
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Cadval 2
Efiryagh bitkilordon alinan sulu ekstraktlarin gébalok vo bakteriyalarin boyiimasina tasiri
Aktivlik
Kompozisiya Test kulturalar Biokiitlo cxamna gora | Liziszonasimin
(kontrola gora %0) diametrina gora (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
R?i?;éﬁ'” Ech. coli 357 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

Boymadaran 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 bitkilordan alinan efir yaglarimin tamiz halda gobalak va bakteriyalarin boyiimasina tasiri
Kompozisiya Test kulturalar Aktivlik
Biokiitlo ¢ciximina Lizis zonasinin
gora(kontrola gora %) | diametrina gora (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 11 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 alinan efir yaglarmin bakterisid vo fungisid aktivliyi onlarin komponent torkibindon
asilidir vo major komponenti timol olan efir yaglarinin hom ayriligda, ham dos digar torkibli va
mongali efir yaglari, o climlodon ag naftalan yagi ilo kompozisiyada bakterisid vo fungisid
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Efiryagl bitkilar va onlarin farmokoloji aktivliya malik tarkib maddalorinin
bakterisid va fungisid xiisusiyyatlori

xtisusiyyatlori daha yiiksak kemiyyat gostaricisi ilo xarakterizo olunur. Bu hal 6ziinii A¢1 yovsan va
Salfeydon 1:1 nisbatinds hazirlanan kompozisiyanin istifadasi zamani da biiruza verir.
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PE3IOME
BAKTEPUILIUJHBIE U ®YHI'NIIU/HBIE CBOMCTBA 3<I)I/IPHOMACJIJ/I‘IHI>IX PACTEHUU
N NX KOMITIOHEHTOB, OBJIAJAIOIINX ®PAPMAKOJIOTHYECKOU AKTUBHOCTBIO
Hama3zoeH.P.

Knwouesvie cnosa: muxobuoma, MUKOMoOKCUKO3, aiiepeus, 4acmoma GCmpedaemocmy OOMUHAHMHBIX
81008, aliepeeHtble U YCI08HO NAMO2EHHble 2PUDDL.

B pesynaprare mpoBemeHHBIX HWCCIENOBaHWH W WH(DOPMANWK IONYYCHHOW U3 JUTEpaTyphl
YCTaHOBJIEHO, YTO PAacTE€HUS C A(UPHBIMH MacjaMH SIBISIOTCS OIHHM W3 OCHOBHBIX MECT IOCEICHHS
MHUKPOMHUIIETOB, B pe3yJbTaTe KU3HEACATEILHOCTH KOTOPBIX 00pa3zyercs psii MeTaboIUTOB, 00JIadalonInx
WHOTAA OONBIION TOKCHYHOCTBIO. ODTH SIOBUTHIC BEIIECTBA MOCPEICTBOM MHUIICIHI TPHUOOB MOXOIAT O
BHYTPEHHUX TKaHEl pacTeHWid, Ha KOTOPhIX mocenstorcs. I[loaTomMmy HeoOXomuMO HCCIeoBaTh
MHUKOJIOTHYECKUMHU METOJIaMH BUJIOBOH COCTaB, Pa3BUTHE U PACHPOCTPAHCHHE MHKOOHOT, IMOCEISIOLUIUXCS
Ha JICKAPCTBEHHBIX pacTeHHsIX ¢ 3upHbIMU Maciaamu. C 3TOH 1ebio ObUIM UCCIe0BaHbl MUKOOHOTHI 101
BHJIa JIEKAPCTBEHHBIX PACTEHU ¢ A3QUPHBIMHA MaClIaMH, BXOIAIIUMHE BO ¢uiopy AszepOaiimkaHa.

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: [lkin variant 04.11.2019
Son variant 26.02.2020
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Agar sozlor: qliadin ziilallari, elektroforetik ziilal komponentlori, komponentlor bloklari,qgliadin
komponentlori, qliadin komponentlaorinin irsiyyati

Yiiksokkeyfiyyotli vo  mohsuldar taxil bitkilori almaq {i¢lin  miasir dovrde
biokimyanin,genetikanin, molekulyar biologiyanin miixtalif metod vo iisullarindan seleksiya
prosesindas istifado olunur.

Elektroforez, gelfiltrasiya, immunoelektroforez kimi bir sira miasir metodlarla ziilal
molekullarin1 identifikasiya edorok, makromolekullarin, o climlodon genotiplorin miixtolifliyi
haqqinda daha daqiq molumat alds etmak olar. Bels ki, har bir polipeptid onu kodlasdiran gen ii¢iin
marker ola bilor. Yumsaq bugdada donin ¢orok keyfiyyati, bork bugdada iso makaron keyfiyyati
donli  bitkilorin ehtiyat ziilallar1 olan qliadin vo qliitenindon toskil olunmusg kleykovina
kompleksinin keyfiyyati ilo toyin olunur.Ehtiyat ziilallarin polimorfizminin oyronilmasi bitkilorin
genetikas1 vo seleksiyasi ligiin ¢ox ohamiyyatlidir.

Tadqiqat isinds bugda-egilops hibridlarinin biokimyavi va texnoloji keyfiyyatlori dyronilmoklo
yanasl, ehtiyat ziilallarin elektroforetik komponentarinin irsiyyati dyronilorok miioyyon olunmusdur
ki, morfologiyasina gors sabit olan bugda-egilops hibridlori elektroforetik spektrlorino géro homogen
vo heterogendir.Valideynlordon bozi qrup ziilal komponentlori bloklar soklindo naslo
ke¢misdir.Hibridlorin ehtiyat ziilallart komponentlorinin irsiyystinin dyronilmasi yumsaq bugdalara D
genomunun egilopslardan ke¢mosi fikrini tosdiq etdi.Bugda-egilops hibridlorinds gliadinin
komponent torkibi vo irsiyyoti. Todqigat zamani1 bugda-egilops hibridlorinin elektroforetik ziilal
spektrlori valideynlorlo miiqayisali analiz edilorak, onlarin irsiyyasti Oyronilmisdir.

T.diccocum v.atratum x Ac.ovata hibrid kombinasiyasina daxil olan xatlorin spektrlorinin
analizi gostorir ki, bu xatlor arasinda 6z EF spektrlorino géro xatdaxili homogenlik vo heterogenlik
moveuddur. (sokil 1).

Valideynlordon boazi komponentlorin qrup soklinds noslo Gtiiriildiiyli gorlintir. Lakin agiq
tozlanma prosesindo basqa valideynlorin da istirak etdiyini ehtimal etmak olar.

Ayri-ayri xatlorin va ilkin valideyn formalarin EF spektrlorinin miiqayisoli analizi gostorir ki,
valideynlordon T.diccocum v.atratum vo ayri-ayri xatlordo @, @, y — zonalarda miioyyon oxsar

qrup ziilallar miisahids olunur vo bize ehtimal etmays imkan verir ki, onlarin arasindakiqgohumluq
olagolorini tosdiq edok. Mosolon, T.diccocum v.atratum vo 1Ne-li xottin o — zonalarindaki
komponentlarin harakati eynidir.
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Bork bugdalarla aparilmis todqiqat
islori  [2] gostorib ki, bu zona
komponentlarin sintezi 6A xromosomunda
yerloson  qliadin  lokusu  torofindon
tonzimlonir. 3 vo 4 Ne-li hibrid xatlorindo
do 1 Ne-li xotdos oldugu kimi & zona (6A)
T.diccocum v.atratum-a oxsardir. Bu vo ya
digor xatlords miioyyon komponentlor @ -
vo y-zonada bozi komponentlor hor iki

valideynlordo movcuddur. Lakin bu, o
demok deyil ki, homin komponentlor doqiq
olarag bu valideynlordon ke¢misdir. Bu
hibrid kombinasiyasindan olan xotlorin

miiqayisosi gosterir ki, onlar bir sira qrup g,z 7. T.diccocum v.atratum x Ae.ovata hibrid
qliadin  komponentlorine gdra bir-birino kombinasiyasindan olan xatlorin ayri-ayri donlorinin
oxsardir. Mosalon, 1 vo 3 Ne-li xotlor qliadin elektroforetik spektriori
arasinda EF spektrlorino goro heg bir forq 1 - T.diccocum v.atratum
yoxdur. 2 — Ae.ovata

Oyrgnllmls yumsaq V) bork 3-6 — INe-li hibrid Xattinin niimunalori
bugdalarin biitin xromosomlara gors ¢ap  /-10— 2Ae-li hibrid xattinin niimunalori
olunmus bloklarinin kataloquna [2] ssasen ~ 11-14- 3Ae-li hibrid Xottinin nimuna lori
chtimal edo  bilorik ki, o -Z0Na 15-16 — 4Ne-li hibrid Xattinin niimunalori
komponentlorinin sintezi 6A xromosomu, £ osason 6B, y — 6B, 1A,1B xromosomlari, @ —isa 1A
vo 1B xromosomlar1 torofindon tonzimlonir. Belo olan halda T.diccocum v.atratum x. Ae.ovata
hibrid kombinasiyasindan olan xatlorin EF spektrlorin miiqayisasi analizinin naticalorini asagidaki
cadvalds simvolik olaraq qruplara bdliib vermok olar.

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

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
111 (6A) 1 2 1 1 3 2 2
IV (6B) 1 2 1 2 3 1 2

Roagomloards simvolik olaraq bloklar gosterilir. Coadvaldon goriindiiyti kimi, 1-ci xattin gqliadin
qruplart 3-cii xatlo eynidir, 4-cii xott iso bir qrup qliadin komponentlorine gora 1 vo 3 Ne-li xotdon
forqlonir. Ehtimal etmak olar ki, bu bir blokdur, SNe-1i hibrid xatti biitiin qrup komponentlarine gors
digor xotlordon az sayda iso y-zona komponentlori istirak edir. Ae.ventricosa-dan isa bu xatda
demoak olar ki, heg¢ bir komponent istirak etmir. 9Ne-li hibrid xattindo T.durum v.leucurum-dan o -
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 kombinasiyasina daxil olan xotlorin EF spektrindo
valideynlordon Ae.ventricosa-da D genoma xas olan y-zonadaki yagli komponent aydin goriiniir.
Bu da onu siibut edir ki, bu xatlordo D genom normal ekspressiya edir. Lakin Ae.ventricosa-da olan
w-zona qliadin komponentlarinin hibrid névlords olub-olmamas1 aydin deyil, ¢ilinki bu zonada
basqa genomlara (A vo B) xas olan gliadin komponentlari do spektrdo mévcuddur.
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Sakil 2. Ae.ventricosa x Teyakan 60 hibrid
kombinasiyasindan olan xatlarin ayri-ayri danlorinin
qliadin elektroforetik spektriari

1-2 — Teyakan 60

3-4 — Ae.ventricosa

5-8 — 18Ne-li hibrid Xattinin niimunalori

9-12 — 19Ne-li hibrid Xattinin niimunalari

13-15 — 20Ne-1i hibrid Xattinin niimunalari

16-17 — 2 1Ne-li hibrid Xattinin niimunalari

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

etdiyi goriintir. Bu komponentlorin sintezinin
1B xromosomu  torofindon  nozarot
olundugunu ehtimal etmok olar.21Ne-1i xotdo
@ -zonaya (1 vo 3 niimunolordo) xas olan
qliadin komponentlorinin istirak etdiyi
gorunr.

Belolikla, valideyn \6) hibridlarin
elektroforetik  spektrlorinin -~ miiqayisali
analizi gostorir ki, bir qrup gliadin
komponentlori valideynlordon noslo
otiriilmiigdiir vo hibrid xotlor arasinda eyni
bloklar miisahids edilir.

Oyronilon biitiin hibrid
kombinasiyalarinin EF spektrinin analizi
gostorir ki, valideynlorlo hibridlor arasinda
miloyyon oxsarliq vo forq mdvcuddur.
Egilopslardan hibridlora ¢ox az miqdarda
komponentlorin  kecdiyini ehtimal etmok
olar. Ae.venticosa valideyn kimi istirak edon
xotlordo D genomuna xas olan komponentlor
qliadinin EF spektrinds goriiniir.

Cadval 2.
Ae.ventricosa x Teyakan 60 hibrid kombinasiyasina daxil olan xatlorin
ehtimal olunan xromosomlara gora qruplasdiriimasi
Ehtimal Xotlor
rounan 18 19 20 21 22 23
I (1A) 1 2 1 3 4 1
I1(1B) 1 2 1 3 1 3
111 (1D) 1 1 1+2 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 hibridlorinde qliadin EF spektrlorinin miiqayiseli analizindon

asagidaki noticolor alinir:

1. Morfologiyasina gora sabit olan bugda-egilops hibridlari EF spektrlorino gora homogen va

heterogendir.

2. Agiq tozlanma getdiyino gora molum valideynlordon bazi qrup ziilal komponentlari
bloklarla naslo &tiiriilmiisdiir. Digor bloklarin iso konar (molum olmayan) niimunalordon kegdiyini

ehtimal etmak olar.

3.Bugda-egilops hibridlarinin va valideynlorin EF spektrlorinin miigayisali analizi yumsaq
bugdalara D genomunun egilopslardan kegmasi fikrini tosdiq edir.
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PE3IOME
HACJIIEAOBAHUE I''IMAJIMHOBBIX BEJIKOB B IIIIEHUYHO-3TUJIOIICOBBIX
I'iBPUIAX
T'acanoesa C.I'., Bepoueea I'M., I'acanosa C.I.

Kniouesvie cnosa: enuaounosvie Genxu, snekmpogopemuyeckue 6OeIKoebie KOMNOHEHMbl, OIOKU
KOMNOHEHMO8, KOMNOHEHMbl 2AUOUAHA, HACIeOCMEEHHOCHb KOMNOHEHMO8
2AUOUAHA

B crathe Hapsay ¢ U3yYCHHEM OHOXHMHUYECKHUX W TEXHOJOTHYECKMX KadeCTB MIICHUYHO-

STUJIOTNICOBBIX THOPHIOB, OBIIa TaKKe HM3ydeHa HACIIEACTBEHHOCTH 3JICKTPO(OPETHUSCKHX KOMIIOHCHTORB
TITHAJHHOBBIX OEJKOB, M BBIICHEHO, YTO CTaOMIIbHBIE O CBOEH MOP(OIOTHM MIIEHUYHO-THUIONCOBBIE
THOPHIIBI, 110 3JIEKTPOPOPETUIESCKOMY CIEKTPY SBISIOTCS TOMOTCHHBIMH M T'eTeporeHHbIMH. HexoTopbie
IpyNIbl OSIKOBBIX KOMIIOHEHTOB, B BHE OJIOKOB, MEPEIUIA OT POJMTENICH K MX MOTOMCTBY. M3ydenue
HaCJIE/IOBAHUS KOMITOHEHTOB I'MOPHIHBIX 3aMTaCHBIX OEKOB MOATBEPAMIIO, UTO MEPEXo ] renoma D B Msrkue
copTa IMIICHUIBI IIPOM30IIEI 3 3THIIONCOB .

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.

Daxilolma tarixi: [lkin variant 28.02.2019
Son variant 05.03.2020
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Agar sozlar:  struktur model, qglobal soboka, elektron sonad, biliklor bazasi, montiqi ifado,
program taminati.

Dekanliglarda xarakterik miirokkabliyi ilo segilon osas problemlordon biri do semestr
miiddotindo  tolobolorin ~ mosgolo, kollokvium, laboratoriya, davamiyyoti tizro giindolik
molumatlarin toplanilmasi, sonda iso sorbast is ballarinin da daxil edilmasi ilo imtahana giris balinin
tapilmas1 kimi tortib olunan miivafiq sonadlosmo strukturlu formalarin hazirlanmasidir. Homginin
kredit borcu olan tslabalorin alt qruplara, yaxud passiv qruplara daxil edilmasi vo yaradilan yeni
(alt vo ya passiv) qruplarda tolobolorin yuxarida gqeyd olunan ballarin hesablanmasi kimi proseslorin
codval formalarin tortibati da sonadlosmo islorini bir qodor do ¢otinlosdirir. Semestr arzindo hor
bir fonn iizro qiymatlor cadvallorinin, sifro (kod), imtahan voragolorinin adi qaydada tortib
olunmasi iterasiyali proses olduguna gora vaxt itkisino sobob olur. Tartib olunan cadvallorin bir-
birindon asililigi da hor hansi bir codvalde olan sohvin digor codvollorde do tokrarlanmasina,
hesablamalarin diizgiin olmamasina gatirib cixaracaqdir.

Dekanliglarda sonadlosmo islorinde  vaxt itKisinin azaldilmasi vo yarana bilocok sohvlarin
dorhal aradan qaldirilmasi mogsodilo bu kimi proseslorin avtomatlasdirilmasi {i¢iin hom fordi
dekanliglar iizra, hom do dekanliglar aras1 soboko strukturunun islonmasi zoruriyyoti yaranir.

Toklif olunan model dekanliglarda hazirlanacaq timumi orta miivoffoqiyyat gostoricilorinin,
imtahan varagolorinin vo bu kimi elektron sonadlorinin avtomatlagdiriimasini tomin edir. Toadqiq
olunan hom fiziki, hom do montiqi soboko strukturu tigkomponentli (Ob, F, N) idaroetmo
sistemidir.Burada Ob - tadqiq olunan obyektin adi, F - obyektloraras1 olagolor, N - obyektlor iizra
miivafiq qorar gobuletma coxlugudur.

Molumdur ki, hor bir obyekt digorindon xarakterik parametrlori ilo forglonir. ilkin
forglondirici verilonlor kimi (yoni Ob) ali moktabo yeni daxil olmus tolabalorin qrupunun adi
(ndmrasi) gostorilir ki, qrupda olan tolobalorin sayina gors avtomatik olaraq codval formalasdirilsin.
Tolobolorin adlari, soyadlari vo ata adlart bu codvolin miivafiq siitunlarina daxil edilmokls, hor bir
fakiiltonin dekanliq adli verilonlor bazas1 qurulur. Konkret olaraq hor bir dekanligin birinci kurs
tolobolor kontingentinin alt verilonlor bazas1 yaradilir. Dekanliglar tizro yaradilan verilonlor bazasi
1s9 internet lizarindon qurulan timumi verilonlor bazasinda comlonir (sokil).

Yeni formalasan qruplara verilon nomralor vo miivafiq qrup ndmrolori lizro daxil edilon
tolobolorin siyahist proqram strukturlu verilonlor bazasina olavo edildikdon sonra verilonlor
bazasinda ilkin olan qruplara birlogdirilir.

Har bir verilonin, o ciimlodan talobaslarin siyahisinin proqram strukturuna daxil olmasi ti¢iin
iki formadan istifado olunur: cari vo Word sonad.

Cari formada informasiyanin monbayi istifadogi olmagqla, giris verilonlori olan tolobalorin
siyahisi birbaga proqramin idarsetma strukturuna daxil edilir.

Ogor tolobolorin  siyahist vord sonod formasinda tortib olunubsa, onda Word sanadds
verilon tolabolorin siyaht molumatlart xiisusi qurulan proqram modulunun icrast ilo proqram
strukturunun torkib idaraetmasine aid olan verilonlor bazasina yiiklonir.
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Konkret qrup némrasi ilo slagslondirilon tolobolorin siyahist olan giris qiymatlorinin hom
cari, hom do Word sonod formasinda daxil olmasi prosesi {imumi verilonlor bazasinda YENI
QRUPLAR adli verilonlor bazasint formalagdirir.

Hor hansi texniki sobobdon dekanliglararasi global soboko iizro informasiya miibadilosindo
nasazliq olarsa, onda struktur model prinsipi imkan verir ki, fordi dekanliglar {izro lokal soboka
rejimino kegid etmoklo informasiyanin daxil edilmosi vo emali, cari verilonlor bazasinda iso
modifikasiya olunan molumatlarin saxlanilmasi kimi informasiya proseslari icra olunsun. Proses
miiddotindo global soboko iizro nasazliq aradan qaldirilarsa, onda informasiyanin otiirtilmasi vo
gabulu kimi informasiya proseslori icra olunmagqla, yalniz yeni vo modifikasiya olunan molumatlar
iimumi verilonlor bazasina gondorilir vo yaxud iimumi verilonlor bazasindan lazimi informasiya
oxunur.

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

Novbati ildo avtomatik olaraq sonuncu kursda olan biitiin qruplar arxivlosdirilmoklo, birinci
kurs tolobolori do daxil olmagla, yuxari kurslarin talobalorinin qrup {izro kurs ndmralori bir vahid
(bir il) artirilir. Zoruriyyst olduqda arxivds olan hor hansi qrupun informasiya molumatlarina,
qrupda olan tolobanin (yaxud tolobolorin) imumi orta miivaffoqiyyat gostericisine, onun miivafiq
fonn iizro masgalo vo kollokvium giymatloring, davamiyyat, laboratoriya, sarbast is, imtahana giris,
imtahan ballarina miiraciot etmok vo capmi da tomin etmok olar.

Elektron sonoadlorin  hazirlanmasi prosesinin avtomatlasdirilmasinin intellektual idaro
olunmasi qurulan biliklor bazasinda (sokil) toplanilan xotti vo budaqlanan strukturlu montiqi
ifadslora (F) osaslanir.

Biliklor bazasinin torkib hissalorindon olan xatti strukturluS; = N, K];

ifadesindo K]i komponenti j-c1 semestr {izro i-ci fonno ayrilan kreditin migdarini, S;-j-c1 semestr
lizro todris olunan bitiin fonlora ayrilan kreditlorin comini,N iso j-c1  semestrdo todris olunan
fonlorin sayim bildirir.

Tolobonin  konkret olarag  j-c1 semestr tzro topladigi ballar comini (BS]-)BS]- =

Zf':lfij . K’;dﬁsturu [2] 1lo hesablamaq olar ki, burada da fi] - tolobonin j-c1 semestr izra i-Ci

fondon topladig: bali toyin edon funksiya olmaqla iki doyisonlo xarakterize olunur: fij (g];, ri)

Burada g]i- tolobanin j-c1 semestr {izro i-ci fandon giindslikdo, r{ - 1so imtahanda topladigi baldir.
Sistemin intellektual idaro olunmasi biliklor bazasinda qurulan
agar {
(rl<17)
Vo ya
(rl+ g <50)
}

onda

:

Il
o

fij = g;: + rg
budaqlanan strukturlu [3] meontiqi ifadonin totbiq edilmasidir.
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DEKANLIQLAR

Sakil.Dekanliglararast struktur model

Hor bir tolobonin iimumi orta miivoffagiyyat gostoricisi (UOMG) iso UOMG = BS—Sjj
]
soklindo hesablanir [2].

Fonlor tizro verilon {imumi saata goro iso mosgolo, laboratoriya saatlari formalagir vo
hor bir fonnin mosgolosing, laboratoriyasina vo ya sorbost isino ayrilan maksimal ballarin
avtomatik boliisdiiriilmasi tgiin biliklor bazasinda

gar {

( moggolo saat1 # 0)

\6)
( laboratoriya saati # 0)

}

onda

( maksimal davamiyyat bali =10 )
( maksimal masgalo bali=15)
( maksimal laboratoriya bali = 15)
( maksimal sorbast is bali=10)

}
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maontiqi qorar qobuletma strukturu qurulur ki, bu da tolobalorin semestr arzindo giindoslikde vo
kollokviumda topladig1 qiymatlor asasinda avtomatik olaraq yekun mosgolo balini toyin edir.
Gostarilon { ( mosgoalo saat1 # 0) va ( laboratoriya saati # 0) } mantiqi ifadoni Mils ifada
etsok, Mj = yalan (false) qiymati iigiin
Mi1 ={ (mosgalo saat1 # 0) va ( laboratoriya saati= 0) }
M1, ={ (moasgoalo saat1 = 0) va ( laboratoriya saati1 # 0) }
Mi3 ={ (moasgalo saati = 0) va ( laboratoriya saat1= 0) }
montiqi ifadelorini yaratmaq olar. Nozoro alsaq ki, biitiin sort daxilinds maksimal
davamiyyat bali 10-dur, onda davamiyyat balin1 qlobal doyison kimi ifado etmaoklos,
agar { My}
onda
{
( maksimal masgalo bali = 30)
( maksimal sarbast ig bali = 10 )
}
agar { Mi,}
onda

( maksimal laboratoriya bali=30)
( maksimal sarbast is bali =10
}
agar { Mis}
onda

{

( maksimal sarbast ig bali =40 )

}
idaroetmo sistemini yaratmaq olar. Yaradilan { agar - onda } montiqi strukturun totbiqi ilo
homginin tolobonin semestr orzindo davamiyyat bali, laboratoriya bali vo sorbost is bali da
avtomatik hesablanmagqla, yekunda codval iizro imtahana giris bali formalagir.

Aktiv  qrupun tolobalorinin -~ semestr miiddotinds glindolik mosgolo vo kollokvium
qiymatlori, verilon laboratoriya islorinin sayi, sorbast is ballar1 daxil edildikde avtomatik olaraq
sifro (kod), imtahan cadvallorinin (imtahan voragolorinin) elektron formasi hazirlanir. Yoni
struktur modelin iclincii (sonuncu) olan qgorar gobuletmo (N) komponentinin icrasi aparilir.
Intellektual qorar qobuletmoada N ={ No, N1, N2, N3, N4, N5} komponentinin struktur formasi

agar deyilso
{(rl<17) voya(rl+ g <50) }

onda {

fij = g;: + rg;

fij < 60; Nj="qonaotboxs"; ¢ixis;
fij < 70; Ny="kafi"; CIXIS;
f] < 80; Ng="yaxs"; GIXIs;
fij < 90; Ng="g¢ox-yaxs1"; cixis;
fij < 100;Ns="9ala";

soklindadir.

Qeyd edok ki, davamedici fonn iizro tolobonin kredit borcu varsa vo ya tolobs semestr iizro

fonno ayrilan timumi saat miqdarinin 25%-indon coxunda istirak etmoyibso, onda fi] (g]i, I‘D =
0 qobul olunur.YoniNo ={ "Kredit borcu var"} vo ya Ng ={ "Buraxilmir"} qiymatlorindon
birini alir.
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Totbiq olunan{{ agar - onda } vo { agar deyilss - onda } } intellektual prinsip asasinda
avtomatik olaraq qruplar {izro hor bir fonnin yekun imtahan qiymeotlor codvolinin vo digor
sonadlorin elektron formalar1 hazirlanir (codval 1, codval 2).

Struktur modelin C# (si sarp) alqoritmik dilindo hazirlanan program tominatt Sumgqayit
Dovlot Universitetinin dekanliglarinda ugurla totbiq olunur.
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PE3IOME
PA3BPABOTKA CTPYKTYPHOM MOJEJIA SJEKTPOHBIX JOKYMEHTOB B BY3AX
Pazumos III.P., Mameoosa I'. A.

Knioueswie cnosa: cmpykmypnas mooenns, 2100a1bHas cemb, 2NeKMPOHHbIN OOKYMeHm. 6a3bl 3HAHU,
Jlo2uyeckoe svipadiceHue, npocpammuoe obecnederue.

B nanHOW cTaThe MPEJIOKEH aNrOPUTM aBTOMATH3aLMU MPOLECCOB OGOPMIICHHS AOKYMEHTOB B
BBICIINX YYEOHBIX 3aBEICHHUSAX C UCIIOJIL30BAHUEM CTPYKTYPHOM MOJIETH [T POSKTUPOBAHMS DIICKTPOHHBIX
dopm.  Jlnsg aBTOMATHM3AalMM Tpoliecca TMOATOTOBKM K JK3aMEHy, KOTOPBI BXOAWUT B Mpolecc
JOKYMEHTHPOBAHMsI, OIpPENeNsIeTCs NPUHINI CTPYKTYpPbl CETH M YCTaHAaBJIHMBAETCS COOTBETCTBYIOIIAS
CTPYKTypHast MOJIENb.  DJEKTPOHHBIC BEPCHH MPEAMETHBIX OLEHOK, IU(PPOB (KOAOB), SK3aMEHAIMOHHBIX
JIUCTOB aBTOMAaTHYECKU CO3AAIOTCS M JOKYMEHTHUPYIOTCS KaK HENOCPEeICTBEHHO, TaKk M B JHATOTOBOM
peKMME Ha OCHOBE IpeAjaraeModl CTPYKTYpbl CETH W IPOrpaMMHOro  oOecrmedeHus s
CTPYKTYPHPOBaHHOT'O MOJETUPOBAHMUSL.
TakkeBO3MOXHOBBITIOIHUTHCETEBYIONEYaThCOOTBETCTBYIOIUX TIOKYMEHTOB.

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 < R®,u c R™ (2.13)
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), x(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 = ¢i (Wu,x(t),u(t)),wu € le,l =1,n—-1 ,j =1, ) (223)
or
xy = ¢(w, x(0), u(®)),wew (2.2b)
Here w;; € W;j, 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) = [x1(t), x(t), ..., xn(t)] and
u(t) = [ug (), uy(t), ..., um (t)]" 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
ty =Tok (Ty = const,k=1,23,...,K):

K

K
1 1
E = 5;(#)2 = 2,0 X =

K
1 . .
= Ez [x{ = pi(wyj, %, u)]? =— min (2.3)
K

=11i=1
If one model, i.e. i = 1, is enough and if possible value-accuracy of error €is given, then for
(2.3) optimization could be satisfied that lim_, %Zle(Ek)z = &is less.

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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i ) vi(r)
uit) | Real dynamic object

mechatronic device

X -
¥ » k.

(Observation measurement,
memory block

ule), £(t)

\ 3]
NN model of "black box" ”'_..(';).._

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),(x?%, x3),....(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] = [sX3; sX1; U] ; -observational matrices ofall state variables of the dynamic object,
i.e. inputs of NN.

T = [Y] = [X4]; - observational matrices ofoutputvariablexf, (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.

(@] Meural Metwork Training Performance (plotperform), Epoch 1000, Maxim... — O >
File Edit View Insert Tools Desktop Window Help ~
Best Training Performance is 0.0023818 at epoch 1000

@

o

E

.

o

5

i}

o

E 10

=

=

o

o

=

=

@

= >

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

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) =
xn(t), 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 >

G- BOP®| - A-E-|F IS -

File Tools View Simulation Help
@ - B @5 - Q- E - F -
T T T

°

File Tools View Simulation Help

/'\. S —

nnnnn

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), x,(t), ., X, (O)]" * &(t) = [K1(£), %2(t), ..., %, (©)]" . According to
computer simulation of ACS quality of control (for example variables of error e(t) = x(t) — xy(t)
and its derivative é = x(t) — xy(t)).

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

le) | = ,,v0 ley|=é,, | 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,;p, 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--nf fizzv reniilatar the striictiire scheme nf adantatinn was shnwn in IZigure 4.1.

~ x(t)
Command : >
I Real objekt

X eaio 4 »
——>< )_> intelligent (fuzzy) h]
4 re Llanm "black box"model NN X

of dynamic object )
"offline" mode

- —> €N o 2 Xy
— \dlpmuon bloc N W
h 4
[—< =)

Xcap

Figure 4.1. Structural scheme of adaptaion in “offline” mode according to exand 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. EX, 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 y 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]L=E —E —{e ,u](e)|eEE} u(e) € [0,1], E CE,j=19
eJL—E—E —{e,u](e)|eEE},u](e)E[01]ECE j=19
EL, EL,0, - affiliation functions () 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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Determination of “black box” type model based on nt of objects with uncertainty
and intelligent control

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 boxtype
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.

4| Object — [m] >
Tools View Simulation Help -
Sl|e - E-|FH-

File Tools View Simulation Help

@ - O ®| 5 QA-|E-|F & -

nnnnn

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-miioyyonliyo malik dinamik obyekt,mexatron qurgu,’qara qutu” modeli, neyron
texnologiya (NT), “offline” rejimda neyron sabakanin (NS) 6yradilmoasi alqoritmi.

Toqdim olunan maqgalods riyazi modelin strukturunun ve parametrlorinin namolumlugu soraitindo
geyri-stasionar dinamik obyektin “qara qutu” modelinin neyron soboakolori texnologiyasi (Neural Network)
osasinda toyini vo onun intellektual AlS-in layiholondirilmoesi,yoni geyri-solis tonzimloyicinin biliklor
bazasiin vo onun parametrlorinin toyini masalalarihall edilmigdir. Obyektin “qara qutu” (NS-li ) modeli
osasinda intellektual AIS-in qeyri-salis tonzimloyicisinin parametrlori: qgeyri-solis term g¢oxluglarm
sayi,onlarin modalari, monsubiyyat funksiyalari toyin edilmisdir MATLAB miihitindo aparilmis kompiiter
simulyasiyas1 esasinda toklif olunmus intellektual AiS-in dayanigli va tolob olunan dinamik doqiqgliys malik
oldugu va onun adaptasiyasinin effektivliyi gostorilmisdir.

PE3IOME
OIIPEAEJIEHUE MOJAEJIM TUIIA «YEPHBIN SIIIUK» HA OCHOBE HEWPOHHOM
TEXHOJOI'HK U UHTEJUIEKTYAJIBHOE YIIPABJIEHUE TUHAMUWYECKUM OFBEKTOM
Anueea A.C.

Knrouegvle cnosa:ounamuueckuii 00beKm ¢ HeONpeOdeleHHOCMbIO, MEXAMPOHHOe YCHPOLUCMBO,
MoOenb Mmuna «4epHozo awuxay,Hetiponnas mexnoaoeus (HT), ancopumm
ooyuenus Hetponnou cemu (HC) 6 pearcume «offline»

B cratee mocTaBieHa M penieHa 3aqada WACHTU(UKAIMK - ONpEAENIEHUS MOJENH THIA «UePHOTO
SIUKa» HEIWHEHHOrO0 JUHAMHYECKOTO OOBEKTa C HEONPEAENEHHOCThIO B YCIOBHAX HW3MEPSIEMOCTH
(Ha0J1F01aeMOCTH) BXOJHBIX M BBIXOJHBIX (PA30BBIX NMEPEMEHHBIX U MX MPOU3BOIHBIX. [IpeioxkeHa cuctema
naeHTH(UKAIA MOJIEIH TUIIA «YEPHOTO smKay Ha 0aze HeiponHoil cetu (HC). Ompenenena crpykrypa
HC, xonuuectBo HeHpoHOB M (QYHKUMH HX akThBauuu, anroputM oOyudenus HC.  IIpoBemenHble
JKCTIepUMEHTaIbHBIE uccheaopanus B cpene MATLAB nokazanu uro, pazpadoranras HC tuma «aepHOTO
SIIAKA» MOXKET OBITh MCIOJB30BaHA MPHU CHUHTE3e WHTEIUIEKTyanbHO CAY MeXaTpOHHBIM YCTPOMCTBOM.
TexHuueckass peanuzauus MOPEAJIOKCHHOW HMHTEIUIEKTyanbHOH CAY ¢ HEYETKHUM pEryIaTopoM MOKHO
agantupoBath «offline» pexume ¢ ucnosp3oBanuem HC-Monenu THIA «UEPHOTO SIIHUKAY.

Daxilolma tarixi: [lkin variant 04.11.2019
Son variant 05.03.2020
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LAYIHOLONDIRMO SISTEMININ INTERFEYSIiOSASINDA TEXNIiKIi
SISTEMIN 2 VO 3-OLCULU QRAFIK TOSVIRLORININ YARADILMASI

SOFOROVA TORAND AGA qiz1

Sumgqayit Dovlat Universiteti, bas miiallim
tarana.safarova.70@mail.ru

Acar sozlor: avtomatlasdirilmis layihalondirmo, interfeys, konstruktor, qeyri-salis, sanaye robotu,
menyu prosedurlari.

Konstruktor layiho iglorinin somorali yerino yetirilmasini tomin etmok {iglin kompiiter
grafika sistemi vasitasilo eskiz sonoadlorinin tortib edilmosi prosedurlari avtomatlasdirilmalidir.
Movceud avtomatlagdirilmig layiholondirme sistemlorinin tohlili gdstarir ki, bu alotlorin komayi ilo
ayri-ayrt totbiq saholorine dair kompleks layihalondirmo prosedurlart morhalali sokildo hoyata
kegirilir [1, 2]. Uzunmiiddotli tohlil, sec¢im, eskiz, is¢i layiholondirmo vo qorar qobuletmo
morhololorindo miixtalif proqramlar osasinda miirokkab layiho islori yerins yetirilir. Totbiq olunan
prinsiplor layihalondirmo prosesinin mohsuldarligini, somoroliliyini (¢oxsayli qrafik rejimli
konstruktor islorinin yerina yetirilmosi tolob olunur vo layihs iizro alinan keyfiyyot gostoricilorini
asagl salir. Bununla olagodar olaraq, kompleks layiholondirmo prosesinin qrafik rejimli
prosedurlarinin avtomatlasdirilmasi tiglin 2, 3-0lgiilii tosvirlorin ¢akilisinin vo animasiyasinin
qurulusunun [3] islonmasi masalasi qoyulmusdur.

Texniki sistemlorin totbiq sahoalorindon asili olaraq, layiholondirma prosesinin kompleks
avtomatlagdirilmasin1 hoyata kegirmok iiciin qrafik rejimli prosedurlarin 2, 3-0lgiilii tosvirlorin
cokilisinin vo animasiyasinin qurulusu toklif edilir (sok. 1). Layihoagi {i¢lin avtomatlasdirilmis
layiholondirmanin proqram interfeysi gorgivosindo texniki sistemin konstruktor layiholondirilmasi
prosesi vacib morhololordon biri hesab olunur, ¢iinki bu morholods layiha obyektinin biitiin
mexaniki hesabatlar1 ilo yanasi, onun konstruksiya goriiniisii vo materiallar1 secilib, osaslanirilib vo
daqiq olgitilarle tosvir edilmalidir [4, 5].

Avtomatlasdirilmig layiholondirmo arxitekturasinin grafik rejimli proqram prosedurlart 2, 3-
Olgiilii tosvirlorin ¢okilisi vo animasiya omoliyyatlarindan ibarstdir. Avtomatlasdirilmis
layihalondirmanin arxitekturasinin idarsetma panelinds secilon konstruktor layihalondirma bdlmasi
asagidaki menyu prosedurlarindan formalasir:

1. AutoCad sisteminin aktivlosdirilmasi vo ¢okilis obyektinin uygun adlandirilmasi.

2. Layiho obyektinin timumilosdirilmis cizgisinin ¢okilmasi. Totbiq sahosindon asili olaraq
toklif olunan layiho obyektinin ¢okilisi tigiin 2-0lcililii koordinat sistemi segilir vo Al
formatinda sarhod xattlori, kiinc stamp1 ¢okilir vo miivafiq ¢okilis miqyas1 toyin olunur.

3. Layiho obyektinin texniki toklif morholosindo segilon prototip layihonin 2-6lgiilii
imumilogdirilmis tosviri sistemin is¢i ¢okilis sahasindo yerlosdirilorak, onun iizorindo
konstruksiyanin hondasi forma, 6l¢ii, material ndviiniin doyisiliklori hoyata kegirilir.

4. Miirokkoblik doracosindon asili olaraq 2-6l¢iilii iimumilosdirilmis tosvirds olavo goriiniislor
verilir ki, layiho obyektinin hazirlanmasi prosesini daha doqiq hoyata kegirmok miimkiin
olsun.

5. Layiho obyektinin real ol¢iilorindon asili olaraq standart miqyas dl¢iiloring asasen tasvirinin
osas qabarit Ol¢iilori qoyulur vo hor bir mexaniki vo ya elektronika hissalorino sira ndmrasi
verilir.

6. Layiho obyektinin sira nomralorine uygun spesifikasiya codvali qurulur. Daxil edilon
hissalorin adlarina asasen onlarin miqdar1 vo materiali yaddagda saxlanilir.
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7. Layanin kiinc stampina daxil edilon verilonlor layihag¢inin adi, rohbori hagqinda molumatlar,
tosdiq vaxtini, layithonin adini, xiisusi sifrolonmis kodu, totbiq sahosini vo digor standart
molumatlari oks etdirir.

8. 6, 7-ci bandlords formalasan adadi, matn tipli verilonlor va 3, 4-da ¢okilon tosvirlor asasinda
grafik verilonlor {i¢iin layihonin konstruktor verilonlorinin bazasinin idaroetmo sistemi
(KVBIS) qurulur. KVBIS-in prosedurlar1 sorgular osasinda layihonin mexaniki vo ya
elektronika hissolorinin tosvirlorinin adlarina, onlarin o6lgiiloring, totbiq sahasino gors
sistemdo axtaris, secim vo ¢okilis sahasinds grafik redakto amaliyyatlarindan togkil olunur.

KVBIiS-in program prosedurlar1 2 vo 3-6l¢iilii konstruktor layiholondirma prosesini montiqi
omoliyyatlarla axtaris, se¢cim va ¢akilis 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

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

Osas istifadagi — konstruktor toklif olunan layiho obyekti {izoerindo redakto amaliyyatlarini
KVBIS-lo sorgu — axtaris — secim — redakta montiqi sxemi ilo qurur. Moasalon, {imumilosdirilmis
layiho obyektinin ¢okilmosi onun sorti olaraq mexaniki vo elektronika hissolorino ayrilmasindan
baslayir. Senaye robotunun (SR) 2-6l¢iilii cizgisinin misalinda gostarilon, KVBIS-in mexaniki vo
elektronika hissoalorinin ayri-ayr1 verilonlor bazasindan (MVB va EVB) layiho obyektinin standart
va geyri-standart elementlor secilir (sok. 2). Standart elementlorin asasini1 dovlot standart1 ilo tomin
olunan mexaniki vo ya elektronika vasitolari togkil edir. Qeyri-standart elementlor qrupuna iss yeni
konstruksiyalt materialdan hazirlanan, ononovi hondasi formadan, 6lgiilordon forgli olan mexaniki
va ya elektronika hissolori layihads totbiq olunur (Saok. 2-do SR-in tutqact).

KVBIS-in mexaniki KVBIS-in elektronika
hissolorinin verilonlor bazasi hissolarinin verilonlor bazasi
T |
I Tha— :
Tatbiq sahasi: Tatbiq sahasi:
1. Cevik istehal sahosi; 1. Moaisot avadanligy;
2. Avtomatlasdirilmis istehsal 2. Avtomobilgayirma;
miiossisasi; 3. Horbi texnika;
3. Rohototexniki kompleks; 4. Tibbi avadanlq;
4. Texnoloji park; 5. Kompiiter texnikast;
5. Ingaat sahosi; 6. Agrotexnika;
6. Kimva nrosesinin istehsalati. 7. Meliorasiya texnikast

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

Y A

Sakil 2. KVBIS-don secilon mexaniki va elektronika hissalari asasinda SR-in iimumilasdirilmis
cizgisinin yaradilmast sxemi
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Standart elementlorin sec¢ilmosi vo geyri-standart elementlorin islonmasi prosedurlart miixtilif
totbiq saholorine uygun aparilir. Maosolon, miirokkob prosesli avtomatlagdirilmis istehsal
miiossisosinin mexaniki (texnoloji avadanliqlar, dozgahlar) vo elektronika (avtomatlagdirilmis
idaroetmo sistemlori, onlarin elementlori) hissolori miivafiq olarag MVB vo EVB-don sorgu
osasinda seg¢ilir. Analoji prinsiplo sonaye robotunun mexaniki vo idaroedici elektronika hissalori
secilir vo imumilogdirilmis layiho tolob olunan koordinat mévqeylorindo yerlosdirilir.

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

KVBiS-nin mexaniki vo elektronika hissolorinin verilonlor bazasindan segilon standart
elementlorin birlosdirilmosi osasinda SR-in i{imumilogdirilmis cizgisi formalasir. Bunun iigiin
birlosmo montiqi amoaliyyatinin realizo edilmosi {igiin Zads operatoru [7]

tave = MAX (ua, us) (1)
istifads olunur.
MVB-don SR-in mexaniki hissolorin se¢ilmasi
MVB — SR-in govdasi (G), SR-in qolu (Q); SR-in tutqac: (7)
ifadosi ilo tosvir olunur.
Mgugut = MAX (uc, o, u1,) operatoru asasinda SR-in frontal gériiniisii yaradilir.
EVB-don SR-in elektronika hissolorinin se¢ilmasi vo SR-in frontal goriiniisiine olave edilmosi
uygun olaraq asagidaki formada tasvir olunur.
EVB — SR-in idaraetma bloku (IB); SR-in sensoru (S).
([SR-in govdoasi (G); SR-in qolu (Q); SR-in tutqact (T)] —M (mexanika)) U
([SR-in idaraetma bloku (IB); SR-in sensoru (S)] —E (elektronika)) (2)
(2)-yo asasonMyve = MAX (um, ug) operatoru asasinda SR-in frontal goriiniisiine SR-in idaroetma
hissalari olavo edilir.

Yaradilan 2-6l¢iilii SR-in frontal goriiniisii osasinda iist gorliniisiiniin cizgisi ¢okilir. Daha ¢ox
istifado olunan g¢evra va diizbucaqli hondoesi fiqurlarinin ¢okilisi liclin AutoCad sisteminin program
omrlorindan istifads olunur. Bu konstruktor prosedurunun yerina yetirilmasi iiclin frontal cizgi ilo
simmetriyanin  gozlonilmosi tolob olunur. Qirig-qiriq xotlorlo ikinci proyeksiya sahasino
istigamotlondirilir. Ust goriiniisiiniin morkozi oxu ilo kesison qiriq-qiriq xatlor SR-in golunun,
tutqacinin, gévdesinin vo idareetmo blokunun {ist goriiniislii serhad 6l¢iilorini miisyyon edir. Digor
kasison hondasi fiqurlar simmetriya gozlomaoklos, {ist goriiniisiiniin ¢okilis sahasinag yerlosdirilir.

SF-in 2 proveksivalh
imumilagdirilmis
cizgisi

Spesifikasiyva
cadvali

Kiinc stampi

Sakil 3. SR-in iimumilogdirilmis goriintislii cizgisi va konstrukor verilonlaorinin bazast
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Layihalandirma sisteminin interfeysi asasinda texniki sistemin 2 va 3-0l¢iilii
qrafik tasvirlarinin yaradilmasi

Ikinci proyeksiyanin cokilisi noticosinde alman {imumilosdirilmis cizgiys (sok. 3) onun
informasiya tominati spesifikasiya codvali vo kiincstampr soklindo olavo olunur. 2-0lgiilii
imumilogdirilmis cizgido olan layiho obyektinin hondosi dlgiilorino osason onun 3-6lgiilii
aksonometrik tosviri islonilir. U¢élciilii tosvirdo SR-in mexaniki hissolori: gdvdoesi, qolu (sok. 4a),
tutqact vo elektronika vasitolori: idarosetmo bloku, sensorlar, icra mexanizmlori vo iimumilikdo
istehsalatin kompanovka sxeminin standart elementlori diizbucaqli prizmalar, silindrlor vo konus
sokilindo formalagir (sok. 4b).

0,05 45

|
A0
70

SR-in golu
vo govdoasi
silindrikso
k kilda
Sakil 4a. SR-in qol hissasinin silindrik formali Sakil 4b. 3-6l¢iilii handoasi fiqurlardan
handasi fiquru formalasan SR-in 3-ol¢iilii aksonometrik cizgisi
Naticalar.

1. Texniki sistemin layiholondirmo prosesinin qrafik rejimli program prosedurlarinin qurulusu
toklif edilmisdir;

2. Konstruktor verilonlorinin bazasinin idaroetms sistemindon segilon mexaniki vo elektronika
hissalari asasinda SR-in limumilesdirilmis cizginin yaradilmasi sxemi toklif edilmisdir.
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PE3IOME
CO3JIAHUE 2X- M 3-XMEPHBIX 'PA®UUYECKUX ITPEJCTABJIEHA TEXHUUYECKOM
CHUCTEMBI HA OCHOBE UHTEP®ENCA CUCTEMbBI IPOEKTUPOBAHUSA
Caghaposa T.A.

Knrouegwle cnoea: asmomamuzuposantoe npoeKmuposanue, unmepgeiic, KOHCMpYKmop, HeyemKul,
NPOMBIUTLEHHBI POOOM, NPOYedypPbl MEHIO.

Ha ocHoBe ananm3a cymecTBYIOIINX CHCTEM aBTOMATU3HPOBAHHOTO MIPOEKTHPOBAHMS OBLT TIOCTaBICH
BOIMPOC Pa3pabOTKH CTPYKTYPhI USPUCHUS U aHUMAIIUU 2X- U 3-XMEPHBIX U300paKEHUH [ aBTOMATH3aIuU
mpoueaAyp B rpaduueckoM pexume. Ha OCHOBe pasziena NPOCKTHPOBAHUS TMAHEIU YIPABICHUS
OTIPEICIISIOTCS MPOIICYPhI, BRBIOPAHHBIC U3 MEHIO apXUTEKTYPhl aBTOMATH3UPOBAHHOTO TIPOCKTUPOBAHMSI.

Ha ocHoBe ompocoB, MpoBeeHHBIX B CUCTEME YIIPaBIeHHS 0a30il MPOEKTHBIX NAaHHBIX, OBUT pemieH
BOIPOC BBIOOpA MEXaHUYECKUX HWIIU AJIESKTPOHHBIX YaCTeH MPOEKTa HEYSTKOro MoienupoBanus. Ha nmpumepe
MPOMBINICHHOTO po00Ta pacCMaTPUBACTCS BOIPOC BEIOOPAETO AIEMEHTOB B 2X- U 3-XMEPHBIX rpadruecKux
peXMMax ¥ aHUMAIH Ha OCHOBE WHTep(elica cucTeMbl aBTOMAaTH3UPOBAHHOTO MTPOEKTHPOBAHUSI.

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

Elm vo texnikada miniatiirlosdirmo tendensiyasi daha ¢ox submikron doqiqlikle
manipulyasiyalar {i¢iin imkanlar1 tolob edir. Mikro vo nano manipulyasiya ii¢iin, kicik dl¢tili vo ultra
yiiksok daqiqlikli yerlagsdirma vo manipulyasiya cihazlarina olan tolabat zamanla artmaqdadir. [1]

Pyezoelektrik addim miiharriklori son onilliklor orzinds tibbi alotlor vo elektronika, moisat
texnikas1 kimi sahalords genis sokilds istifads edilir vo ugurla tatbiq olunur. Buna asas yiiksak siirat,
siiratli cavab, sossiz islomo, kompakt Olciisii vo s. listiin xiisusiyystloro malik olmasidir. [2]
Pyezoelektrik miihorriklor mohz  pyezoelektrik effektinin kicik olgiistine goro yiiksok daqiq
yerlosdirmani tomin edir. Otalatli pyezoelektrik miiharriklori ilk olaraq 1980-ci illorin ortalarinda
laboratoriyada yerlosdirma totbiqlori ti¢iin hazirlanmig, son illordo iso miniatiir texnikada genis
totbiq olunmaga baslamisdir. Otalotli pyezoelektrik miihorriklorin arasinda xiisusi olaraq addim
miiharriklorinin todqigatinin aparilmasi nanoyerdoyigmolor (mikroaddim rejiminin istifadasi) totbiq
olunan miiharriklords, yliksok doqiq nsticolorin alinmasi, minimal xotalarin olmasi vo asan
istifadoys malik olmasidir.

Otalotli pyezoelektrik addim miiharriklorinin sadslosdirilmasine osas veran sabab vahid bir
signal torofindon idars olunmaya malik olmasidir. Bu miiharriklordo qofas manipulyasiyasi vo
mikro vo ya nanoyerdoyismalor zamani asagi giic totbiq olunur. [3, 4, 5] Zhang et al. torofindon
2012-ci ildo otalotli pyezoelektrik miiharriklori haqqinda ilk olaraq odebiyyatda tosvir olunan
miiharriklorin genis toforriiatlar: verilmis, miixtalif miiharriklorin strukturu vo funksional prinsiplori
otrafli izah olunmus vo bozi performans molumatlart konspektlosdirilmisdir. Lakin yiiksok
tezliklordo foaliyyot gostoron otalotli pyezoelektrik miiharriklor haqqinda tam arasdirmalar
aparilmamasi bu mihorriklorin miixtolif aspektlori daha genis todqigatina asas vermisdir. [5] Belo
ki, mévcud pyezzoelektrik addim miiharriklorinin islomosi zamani - miihorrikin ani yliklonmadon
sonra slirot yigmasina zaman sarf olunmasi, isloma rejimi dayananda is¢i voziyyatini tam borpa edo
bilmomasi, eyni Ol¢ii vo parametrloro malik miixtolif ndv addim miiharriklori ilo miiqayisoda
verilon giliclin asag olmasi, onlarin mohz gilic xarakteristikalarinin yaxsilagdirilmasina zomin
yaratmigdir. Belo ki, miiharriki hoddindon artiq yiiklonmo olmadan, parametrlorino uygun olaraq
islomasi Tigiin giiciin qiymatini bilmak vacib amillordondir.

Holl iisullar. Otalotli pyezoelektrik addim miiharriki (O9PAM) 6z konstruksiyasinda
siirtlinmo yaradan hissoolors malik olmayan, etibarlilig1 vo istismar miiddsti olduqca yiiksok olan
bir miihorrikdir. OPAM konstruksiyas1 asagidaki sokildo gostorilmisdir (Sokil).

Otalatli pyezoelektrik addim miiharriki tiglin imumi giic asagidak ifadodan tapilir:

Pg = Pgy + Pp 1)

Miiharrikin valindaki mexaniki giic iki tisulla qiymatlondirils bilor

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

Mexaniki giic (Pu) birinci tisul ilo agsagidaki ifads ilo miisyyen olunur [6,7,8]:

PM:PE*(KEM)Z 2)
— [Wu
Kem = [ ®)

Burada Wy~ sorf olunan elektrik enerjisi; W,,— mexaniki enerji.
LITC -19 material1 tigiin bu amsal Kz, = 0,31; 0halda P,, = 0,096 * P .
Ani mexaniki enerji iki hissadon ibaratdir:
Wy () = Wi(0) +Wo ()  (4)
Wy (t) — horokot rejiminin enerjisinin ani qiymoti, W,(t)— BL (horokotverici) sorboast horokot
enerjisinin ani qiymati. Bu halda:

Wi(t) = Fg(t) * Ayr(t) = Ky * Kyg * t * Ky % Kyg x t = Ky * Ky * (Kyp)? * t? )
_L i \/§*t
Wa(t) = Fg (t) *4sr (t) = Ki* Ky1 * Apax ¥ € @ x sin( m) * 1 (6)
Burada: BL zamandan asili olaraq sorbast yerdoyismolorini miioyyon etmok ii¢ilin:
A(t) = Ayr () + 45 () (7

burada: 4,z — macburi rejimin yerdoyismasinin toplanani;  Agr— sorbast ragslorin yerdoyismosinin
toplanani. Buradan 4,,; Vo Agg asagidaki ifadolordon tapilir [7,8]:

Fg(t
Ayr (1) = % (8)
/ t
— . 3xt
AST (t) = Amax ke (2 % Sln( (2*1_))’ (9)

Burada, Fg— BL elektrik sahasinin qilivvesi, T = T — BL mexaniki hissasinin sabit vaxti.
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Pyezoelektrik addim miiharrikinin giic xarakteristikalarinin yaxsilagdiriimasi

Ayg () = 3,3*10(22;«8;:1)5;;*U(t) = K+ U(D), (10)
3 *
Ey. - yung modulu, K — miitonasiblik emsali; 13 — bimorf 16vhenin birinin qalinligi, (m); & —
pyezokeramikanin nisbi dielektrik kegiciliyi; Ep — pyezokeramikanin polyarlasmasinin elektrik
sahosinin gorginliyi, (v/m) [10].
Ogor U(t) = Ky, * tolarsa, onda:
Ayr (t) = Ky * Ky *t (11)

. qe e w1 w2
Isci vo qayitma zamaninda mexaniki giic miivafiq olaraq: P,,; = > P, = -
p o

OPAM vali iiclin iimumi mexaniki giic:
PM = PMl + PMZ (12)
OPAM iiciin faydali is omsali agagidaki ifadaden tapilir:

Py,
n= L (13)

Notica. Diisturlardan goriindiiyli kimi, otalotli pyezoelektrik addim miiharriklorin giiciiniin
yaxsilasdirilmasi {igiin kifayat qodar resurs var. Onlardan istifads etmoklo OPAM yiiksok effektivli,
isloma stirati vo movcud qabarit dlgiilori saxlamagqla, giiclinii artirmagq olar.
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PE3IOME
YIAYUHIEHUE XAPAKTEPUCTUK MOIHOCTU UHEPIIMOHHOI'O
NbE30O3JIEKTPUYECKOI'O IHAT'OBOI'O IBUT'ATEJISA
Ao6oynoea A.I.

Knrwouesvie cnosa: nvezodnekmpuyeckuii 08ueamens, Wazo8ulii 08Uamenb, Mexanuieckds MOWHOCMb,
9JIeKMPOMeXaHu4ecKkas MOUHOCb

XapakTEpUCTUKHU ONPEAETSAIOTCS MYTEM pacdyeTa NEKTPOMEXaHUUECKUX U MEXaHUUYECKUX MOIIHOCTEN

nBuratens. M3yueHrneM MTHOBEHHBIX 3HAY€HHWH >HEpruM cBOOOJHOro ABMkeHus BL (aBmwkymmxcs) npu

MIHOBEHHOM 3HAUEHUHM DJEKTPUUECKOM W MEXaHWYECKOW JHEPTHH, HCIOJIB3yeMOH BO BpeMsa paboTsI
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JBUTATEJICH, ¥ MTHOBEHHOW SHEPTHHM pEXKHMMa IBIDKEHWs, Obuta Haimena momuocTs WMITHIA n KILJ]
neurarens. Kak BumHO U3 (hopMyIl, Tak Ha3pIBaEMBIN MTE303JIEKTPUYECKUN IIar IMEeT AJOCTATOYHO PECYPCOB
JUTSL YIYYIICHUs] MOIMHOCTH JBurateneil. Mcmonb3ys uX, WHEPIUOHHBINA MHE303JICKTPUUSCKUM IIaroBbIN
JIBUTATEh MOXET YBEJIUYUTH MOIIHOCTh, COXPAHSS BBICOKYIO 3(D()EKTHMBHOCTH, CKOPOCTh OOpPabOTKH H
JOCTYTIHBIE TabapUTHBIE pa3MepPhl

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

Giris. Miiasir dovrdo texnoloji proseslorin osas avtomatlasdirma vasitosi kimi miixtoliftipli
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 ii¢iin miixtalif konfiqurasiyaetma,
programlagdirma vo vizuallagdirma sistemlori movcuddur [1]. Hazirda osason TIA (Totally
Integrated Automation) kompleks avtomatlagdirma sistemindon istifado edilir. Step 7 sistemi
kontrollerlorin konfiqurasiyasi vo proqramlasdirilmasini, WinCC Flexible sistemi idaroetmonin
vizuallagdirilmasini ayriliqda hoyata kecirirdilorss, TIA onlar1 vahid sistem soklinds birlosdirarak,
imumi avtomatlagdirma prosesini xeyli doracodo asanlasdirmigdir. Bu sistemlor sirf real sonaye
soraitindo texnoloji proseslor haqqinda molumatin toplanmasi, ilkin emali, operativ personala
togdimati vo avtomatik tonzimlomo {i¢lin nozords tutulmusdur. Yeni texnoloji qurgularin
yaradilmasi zamani1 bu masalslorin programlasdirilmasi texnoloji avadanliglarin qurasdirilmasi ilo
paralel olaraq aparildig: ii¢lin proqramlarin sazlanmasi tam olaraq yerino yetirilo bilmir. Homin
sistemlords virtual kontroller — simulyator yalniz mantiqi idarsetma dévralarinin simulyasiyasi li¢lin
nozordo tutulmusdur. Analoq signallarla omoliyyat aparan, o ciimlodon xotti tonzimlomo
dovroalorinin simulyasiyasi ii¢iin is9 bir ¢ox program modullarinin — bloklarin nazords tutulmamasi
onlarin virtual todqiqine imkan vermir. Bu masalonin hallino [2,3] baxilmis olsa da, homin islordo
asagidaki problemlor 6z oksini tapmamigdir:

- yliksak tartibli 6tlirma funksiyalarinin proqram realizasiyasi;

- gecikmonin proqram realizasiyast;

- nlimunavi signal vericilorinin proqram realizasiyasi.

Aydindir ki, bu problemlor hall edilmodon istonilon avtomatik tonzimlomo sistemlorinin
virtual todqiqi miimkiin deyil. Moaqalodo bu masalalorin holli vo onlardan istifado etmoklo
birkonturlu tonzimloma dovrasinin simulyasiyali tadqiqi Gisulu toklif edilir.

Yiiksak tartibli otiirmo funksiyalarmin proqram realizasiyasi. Yuxarida gostorilon [2,3]
islords yalniz

W(s) = bs+b, ’ 1)
a,s+a,
W(s) = b,s+b, @)

a,s° +a,5+a,
soklindos olan 6tiirmo funksiyalarinin program realizasiyasi diferensial tonliklorin analoq hesablama
masinlarinda (AHM) halli {isuluna asaslanaraq yerino yetirilir. Homin {isul 6tiirmo funksiyasinin
suratinin tortibi vahiddon boyiik oldugda diferensiallagdiricilardan istifado edilmasini tolob edilir.
Diferensiallasdiricilar xarici hoyocanlara hassas olduqlart ticlin onlardan istifado edilmasi
mogsadauygun deyil. Istonilon yiiksok (ii¢ vo daha bdyiik) tortibli dtiirmo funksiyalarimin realizasi-
yasinin agari
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b,s? +b;s+h,
a,s” +a,5+a,
soklindos Gtiirmo funksiyasindadir. Bu ifadoni asagidaki kimi yazaq:
W(s) = b,s? +b,s+b, _b_z(si +B;s+ BOJ—b—Z(H 2st+ B, ]
S“+AS+A, a, S“+AS+A,
a0

a,s’+as+a, a,
a \ \
1Al:a_1, Ay=—1B=B -A,B =B - A.
2

W(s) = (3)

Burada: B, :&, B, _by
b2 b2 a2
Belaliklo, goriindiiyii kimi, (3) soklindo 6tiirmo funksiyasinin realizasiyasi (2) soklindo olan
otiirmo funksiyasinin realizasiyasina gotirilir. Tortibi 2-don yiiksok olan Otiirma funrsiyalarinin
realizasiyasi iso onlarin sifirlarinin va qiitblarinin tiplerinden (hoqiqi vo ya kompleks) asil1 olaraq
(1), (2) va (3) tipli 6tiirmo funksiyalarinin hasillorine vo uygun olaraq onlarin program realizasi-
yalarimin ardiciligina gotirilir. Suratinin tartibi 3 vo moxracinin tortibi 5 olan

7s® +48.02s% +122.1s +120.1

320s° +473s* +314s® +107s® +18s +1
otirmo funksiyasinin sifirlarn —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 avoz edilmisdir. Qeyd etmok lazimdir ki, 0.0219 odadi 6z yerini (s+2.85) vo ya (s°+4s+6)
coxhadlisi ils dayiso 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 flinksiyalarini
realizasiya edirlor. Homin bloklarin hansi ardicilligda olmasinin forqi yoxdur. Lakin birinci blokun
cixist ikincinin giriging, ikincinin ¢ixis1 is9 liglinciinlin girisino verilmolidir. Sokildon goriindiiyii
kimi, Block_2-nin ¢ixis1 #yloBlock 3-iin girisino, onun ¢ixist #y20 iso Block 4-iin girigino
verilmisdir.

Gecikmd manqgasinin proqram realizasiyasi. Malum oldugu kimi, gecikmo mangasinin
Otlirma funksiyasi

W(s)=e™

91



TIA miihitinda birkonturlu tonzimlomoa sisteminin simulyasiyali tadqiqi

soklindodir. Avtomatik tonzimlomo nozoriyyossindo gecikmonin asagidaki aproksimasiya iisullari
istifado edilir [4,5]:
- aperiodik mangqalarin ardicil birlogmasi

o=t 7_T. @)
(Ts+1)" n
- Teylor sirasina ayirma
2 3 k
e =l-r5+-52 5% oot (1)K sF e (5)
2! 3 k!
- Pade aproksimasiyasi: ikitartibli [4,10]
2
1—%34{—252 sz—§s+%
-5 ~ — T T 6
° r o, o6 12 ©
1+ -s+--s* S +-S+—
2 12 T T
va ya dordtortibli [4]
2 3 4
1-Feqp F g2 F g3, b g s4—2053+182052—84305+16§0
e ~ 2 933 84 1680 _ T T T T (7
- 2 3 4 .
T+ 7s4 ' g2+ 0 g4 T gt s4+2053+182052+84;05+16§0
2 933 84 1680 T T T T

Bu vo ya digor lisulun tortibi no godor yiikksok olarsa, onun effekti daha boyiik olar. Tortibin
yiiksok olmasi iso hesabatin vo proqram realizasiyasinin miirokkoblogsmasina sabab olur.

Teylor sirasindan yalniz nazari todqiqatlar zamani istifads edilir, onun program realizasiyasinda
diferensiallayicilardan istfads edildiyi {i¢iin praktik islords istifado edilmasi magsadouygun deyil.

Todqiqatlar gostorir ki, eyni tortibdo Pade approksimasiyasi daha effektlidir. Lakin onun hazirliq
hesabat islori daha c¢oxdur. Gecikmonin vo tortibin hor bir qiymoti ii¢iin xiisusi hesabat
aparilmalidir.

- Network 1: .. YFC5
"Block_5"
—EN ENG =—

DIV UFC2 YFC2 YFC2 %FC2 —
Real "Block_2" "Block_2" "Block_2" "Block_2" -
EM EMQ =——————EN ENO EM EMNO EM ENO EM ENOQ — mv
#taU — N1 QUT — #11 #viod — yupd &yl — vuod &y2 — vxod &y3 — vuod y11
4.0 N2 £11 al #11 al #t1 al #t1 al ¥l
1.0— a0 1.0— &0 1.0— &0 1.0— &0 y21
0.0 b1 0.0 b1 0.0 b1 0.0 b1 y2
1.0— bo 1.0— b0 1.0— b0 1.0— b0 31
v 1y Fmv my Fmv my Fmv my }13
#y11 ¥l #y21 yi #y31 yl £y yi yi1

#y1 — vixod #y2 — vixod #y3 — vixod #vivod — yixpd vixod

a b

Sakil 2. Ardicil birlogmis aperiodik manqgalardan ibarat gecikma blokunun programi (a) va igarasi (b)

Aperiodik manqalarin ardicil birlogsmaosi iisulu iso daha universaldir. Tortibdon asili olaraq,
yalmiz ardicil bloklarin sayr doyisir. Hotta miioyyon hadd daxilinds onu da universallasdirmaq
miimkiindiir. Sakil 2-do dord ardicil aperiodik manqadan ibarat gecikmo blokunun programi (a) vo
onun isarasi (b) verilmisdir.
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Su qizdiricisinin ¢ixisinda suyun temperaturunun tonzimloms sisteminin simulyasiyasi.
Sokil 3-do homin sistemin prinsipial sxemi verilmisdir. Sistem haqqinda asagidakilar moalumdur:
- temperatur vericisinin 6l¢ti haddi — 0-150 °S;
- temperatur vericisi baglanigic invan1 100 olan analog-rogom ¢eviricinin (ARC) birinci giriging
qosulmusdur;

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

Sakil 3.Qizdiricimin ¢ixisinda suyun temperaturunun tanzimlonma sxemi

- icra mexanizmi (IM) baslamigic {invam1 200 olan rogem-analoq ceviricinin (RAC) birinci
¢ixisina qosulmusdur;

- quizdiricinin (obyektin) “qaz sorfi — ¢ixisda suyun temperaturu” kanali {izro 6tlirma funksiyasi
5 -11s .

1557 +13s 41
- bu obyekt liciin Matlab vasitoesi ilo sazlama parametrlori Kp=0.1342, Ti=108.9 san. olan
miitonasib-inteqrallayici (PI) tonzimlayici toyin edilmisdir.

Gecikmosi olan kanallari realizasiya etmak iiciin Block 4 vo Block 5-don ibarat yeni Block 6
yaradaq (Sokil 4). Block 6 tortibi 3-don kicik vo gecikmosi olan istonilon manqgani
(diferensiallasdiricidan basqa) realizasiya edir. SCALE vo UNSCALE bloklar1 obyektin girisinin
tonzimloyicinin ¢ixis1 vo obyektin ¢ixisinin tonzimloyicinin girisi ilo uzlasdirmagq ii¢lindiir [1].

Sokil 5-do standart PID tonzimloyici CONT C vo Block 6-dan ibarot OB35 blokunda
yerloson simulyasiya proqrami verilmisdir. Molum oldugu kimi, CONT_C tonzimlayici SCALE va
UNSCALE bloklarindan istifads etmoklo vo ya onlardan istifads etmadon tonzimloma prosesini
hoyata kegiro bilor. Togdim edilon program SCALE vo UNSCALE bloklarindan istifade etmoklo
tortib edilmisdir. Simulyasiya proqrami asanligla real obyekto uygunlasdirila bilor. Bunun iigiin
asagidaki omoliyyatlar1 yerina yetirmok kifayotdir:

- simulyasiya proqramindan (Sakil 5) Block 6 cixarilir;
- SCALE blokunun IN girisinin vo UNSCALE blokunun OUT ¢ixisinin real iinvanlar sokil 6-
daki kimi toyin edilir.

(6lgma va idaraetma kanallarinin biitiin elementlari daxil olmagla) - W (s) =
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TIA miihitinda birkonturlu tonzimlomoa sisteminin simulyasiyali tadqiqi

- 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
Sakil 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
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& B i
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 ¢ixisimn iinvanlari

Sokil 7-do simulyasiya tonzimloma sisteminin simulyasiya vo real istismar: zamani istifads
edilon operator paneli tosvir edilmisdir. Simulyasiyanin moqsadi tapsirigin bu vo ya digor
istigamotdo doyisdirilmasi vo suyun temperaturunun doyismosino nozarst etmoklo, tonzimlomo
keyfiyyatlorinin toyin edilmasindon ibarotdir. Real tonzimlomo zamani iso zaoruri olan temperaturun
zoruri olan tapsiriq qiymati operator panelindon daxil edilir vo onun cari qiymatine nazarat olunur.

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

Sakil 7. Operator paneli

Naticalar. Mogalado hazirda texnoloji proseslorin avtomatlagdirilmasinda genis istifads edilon
TIA miihitindo sado avtomatik tonzimloma ddvralorinin simulyasiyali todqiqi tisulu, konkret
kontrollerlor tigiin simulyasiya proqrami vo onun real soraito uygunlasdirilmasi yollar toklif edilir.
Toklif edilon tisul kontrollerli idarsetma sistemlorindo totbiq edilocok tonzimlomo ddvralorini real
sonayeds totbiq etmozdon ovval, onu homin soraito ¢ox yaxin olan soraitds todqiq etmoys imkan
VErir.
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TIA miihitinds birkonturlu tonzimloma sisteminin simulyasiyall tadqiqi

5. https://studwood.ru/1119508/matematika himiya fizika/transportnoe zapazdyvani

PE3IOME
CUMYJISAIIMOHHOE UCCJEJOBAHUE OJJTHOKOHTYPHOM CUCTEMBI
PEI'YJIUPOBAHUS B CPEJIE TIA
banpamoea U.C.

Knrouesvie cnosa: cpeoa TIA(Totally /ntegratedAutomation), cumynsayus cucmemst pezyruposanus,
nepeoamoynas — (QYHKYUsA, NPOSPAMMUDYEMbIl  KOHMPOIAEp, adanmayus K
PeanbHbIM YCI0BUIM
B crathe paccMaTpHBaeTCs  CUMYJISIMOHHOE — MCCIEJOBAHHE CHCTEMbl  aBTOMATHYECKOIO
perymupoBanuss B cpexe TIA(TotallylntegratedAutomation), koropas IIMPOKO TNPHUMEHSETCS JUIs
aBTOMAaTH3allMM TEXHOJOTMYECKMX mpoieccoB. Jlias 3Toro TpeOyeTcs mNporpaMMHas —peaiu3aius
HepeaaTouHbIX (YHKIUIA MPOU3BOJIBLHOTO TMOPsAKAa C 3ama3gbiBaHueM. B paboTe mpemiaraercsi MeTox
NPOrpaMMHOM peau3alii NepeIaToOYHbIX (YHKIUI BBICOKOTO MOpsIKa C 3amasjibiBaHueM. [IpuBoauTcs
nporpamMMa CUMYJISILIMK CUCTEMBI PETYJIMPOBAHKS U CIIOCO0 €€ a/lanTalyy K PeaibHbIM YCIOBHSIM.

SUMMARY
SIMULATION RESEARCH ON SINGLE-CONTROL REGULATORY SYSTEM
IN TIA ENVIRONMENT
Bayramova I.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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TORMOZ MEXANIKi ENERJiISININ CEVRILMO MOKANINA
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Acar sozlar: tros, toplayici, tormoz enerjisi, elektrogenerator, sarfiyyat, mexaniki enerji

Togdim olunan i tormozlanma zamani iton mexaniki enerjinin va bununla alagadar artig yanacaq
sarfiyyatinin qaytarilmasina hasr edilir. Harakat edan obyektlor sinfina aid olan sahar naqliyyatinin yolun
baslangicindan sonuna qador kiillii migdarda tormozlanmalara moruz qalw ki, natica olaraq yanacaq
sarfiyyatt xeyli artmig olur. Bu sorfiyyatin enerji monbayi kimi qabul edorak onun tormoz mexaniki
enerjisinin qaytarilaraq toplanmasi prosesinin halli iiciin bu enerji mexaniki enerji toplusuna naql edilir va
toplanir ki, ondan enerji manbayi kimi istifads olunsun.

Hoar birharakat edon obyekt (avtomobil, traktor, harbi texnika va s.) daxili yanma miihorriklori
(DYM) vo ya digor miiharriklo tomin edilir. Obyektin yanacaq yandirma doracosi onun hacm
tutumundan, moqsadindon vo digor texniki sobablordon asili olaraq genis hodlordo doyisir.
Masolonin holli iiclin yanacagin hocmi vo ondan no doracado istifado olunmasi masalsloring
baxilmalidir. Yanacagin islonmo hocmino az vo ya ¢ox doracods tosir edon amillordon biri do
tormozlanma omoliyyatidir. Horokot edon obyekt horokoto goldikdon sonra miioyyon olunmus yers
catmasi liglin zaman parametri 0z isini gostorir. Ogar tez-tez tormozlanmalar bas verorso zaman
parametri artaraq yanacaq sorfiyyati artacaqdir. Yanacaq sorfiyyati tormozlanmaya gors shomiyyatli
dorocods artarsa yanacagin miihafizosi haqda diistinmok zoruroti yaranir. Bu sahoys nozor salmaq
ancaq tez-tez tormozlanmaya moruz qalan obyektlora aid olacaqdir. Bu ciir obyektlor sohar-ictimai
naqliyyati sayilan avtobus tosarriifatina aiddir.

Sohor nogliyyatinda avtobuslarin saymin ¢ox olmasi, siiratin optimaldan tez-tez asagi
diismaesi, tormozlanmanin da intensivliyi yanacagin itmis (faydasiz) enerjisinin qaytarilmasini tolab
edir. Bu enerjinin hans1 névdo qaytarilmas1 da problem olaraq yaranir. itmis enerjinin elektrik
enerjisi formasinda qaytarilmasi problemin halli kimi masslonin asas qoyulusudur.

Isin mogsadi. Nogliyyat vasitesinin tormozlanmasinda enerjinin oradan dasmnmasi iigiin
konstruksiyada doyisiklik edilmalidir. Belo ki, bu doyisiklik konstruksiyanin isino tosir etmasin,
cokisini artirmasin vo digor toloblori pozmasin. Baxilan masalonin halli iiglin tokor sisteminda
kicicik doyisiklik edilmisdir ki, bunun ¢okiys tosiri bir ne¢o faizdon, konstruktiv islonmosindoki
doyisiklik iso azaciq (heg bir prosess tosir etmoyon dorocodo) doyisiklikdon ibarat olacaqdir.

Gostorilon omoliyyat noqgliyyat vasitesinin tormoz sisteminin elementlorino araliq bir
elementin daxil edilmasidir ki, tokarlorin isino vo tormozlanma prosesine tosir etmir. Bu element
tormoz diski olaraq ¢okisinin bir hissasi toker sisteminin konstruktiv ¢okisi hesabina yaradilir.

Tormoz mexaniki enerjisini mexaniki enerji toplusuna otiiriilmasi liciin yumsaq naqil-¢oxsayl
elastik naqillordon yigilan trosdan istifads olunur.

Tokorlo mexaniki olagado olan firlanan tormozlanan disk (Sokil 1.) adoton ona paralel
yerlosdirilmis tormozlayici diskls birlikds tormoz sistemini yaradirlar. Tormozlayici disk mexaniki
enerji toplusu ilo bork birlogsmis konstruksiyada olduqglarindan tormozlanan disks sixildiqda disklor
arasinda mexaniki qiivve yaranir ki, bu qiivve firlanan toker sisteminin firlanmasina manegilik
toradir vo tormozlanma prosesi baglanir.
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Tormoz mexaniki enerjisinin cevrilma mokanina naqli prosesi
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Sakil 1.Tormoz enerjisinin mexamkz eneryji toplayicisina naqli sxemi
1-takar; 2-0X; 3-kéynak,; 4-tormozilayici disk; 5-kanar ¢ixig; 6-1ros; 7-gévda;
8-sorbast harakot muftasi;, 9-mexaniki enerji toplayicist.

Tormozlanma enerjisinin bir hissasinin oldo oluna bilmosi, yoni onun digor enerji ndviino
cevrilorok istifado oluna bilmosi {igiin, yaradilan bu prinsipdo (tormozlayict disklorin donmaosi)
mexaniki enerji torponon vo firlanan elementlori olan konstruktiv mokandan torpanmoz —naqliyyat
vasitalorinin govde konstruksiyasina noql edilir. Tormozlayici diskin 6z oxu otrafinda déns bilmasi
miioyyon bucaq altindadir. Bu bucaq elo qiymoatds olmalidir ki, o mexanizmin tormoz signalinin
tosir miiddati vo siiriiciiniin reaksiyasina ¢ox tosir etmosin. Buna goro do toklif olunan donmo bucagi
7T/Z zonasinda yerloagdirilir (Bu bucaq asasan tokords yaradilan tormoz enerjisi ils, yoni mexaniki
enerji toplusuna gondarilon enerji ilo miiayyoan olunur) [2].

Gostarilon konstruksiyada asas ¢atinliklordon biri dord tokar sisteminds Gtiirtilon mexaniki
enerji toplusunun zaman parametrlorinin daima {ist-isto diismosidir. Siriiciiniin komandasi ilo
tormozlanmada tokarlorin tormoz disklari eyni zamanda lazimi qaydada enerjini 6tiira bilmirlor; bu
prosesds stirlismoalor hamisa eyni zamanda eyni mexaniki qlivva ilo bas vermir, barabarlik zamani
tonzim olunarsa bels kigik bir miiddotdon sonra, ¢ox amillardon sonra pozula bilir; bu prosesin
qaydaya salinmasi {igiin har bir tokorin mexaniki enerji dasima mexanizmi “sarbast horokot muftasi”
ilo tomin edilirlor. Sarbast horokot muftasinin horokot elementi tormozlayict olmayan halda “asas
noqtays” — dartilmanin bas verdiyi ndqtays (zamana gora) sazlanir ki, hamon tokards tormozlanma
baglanan kimi, mexaniki enerji morkozo-mexaniki enerji toplusuna gondorilir. Tokar ilo harokot
muftasi arasinda mexaniki enerjinin Otlirilmo zamanin (masafonin) doyismasina baxmayaraq
mexaniki enerji mexaniki enerji toplusuna nozordo tutulan zamanda (biitiin tokarlords goalon
enerjilor) ¢atdirilir ki, bu da biitiin tokarlords ayrilan tormoz enerjisinin eyni zamanda naql edilmasi
demokdir.

Mexaniki enerji toplusundan mexaniki enerji elektrogeneratora otiiriilorok elektrik enerjisina
cevrilir.
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Balayeva 8.H. Tormoz mexaniki enerjisinin ¢evrilmo mokanina naqli prosesiNatica. Intensiv
horakatds olan, tormozlanmaya tez-tez moruz galan sarnisin nogliyyatinda yanacaq sarfiyyatinin
timumi halda asag1 salinmasi magsadilo tormozlanmaya sarf olunan enerjiys alternativ enerji
monbayi kimi baxmaqla dord tokarin tormozlanma enerjisinin mexaniki enerji toplusuna naql
etmok prosesina baxilmigdir.
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PE3IOME
IMPOIIECC NEPEJAYM TOPMO3HOM MEXAHUYECKOM SHEPT N
B MPOCTPAHCTBO BPALIEHUS
banaesa A.I.

KuroueBble ciioBa: mpoc, aspecam cobuparowuii SHepeuto, dHepeust MOPMONCEHUS, IIeKMPUYecKull
2eHepamop, nompedieHue, MeXaHuyecKas IHepeus

B cratbe paccMaTpHBAOTCS BOMPOCHI MPEeoOpa3oBaHHs W MOBTOPHOTO  HCIIOIb30BAHHS

MEXaHHYECKOIl SHEPriH, TePSEMOil MPU TOPMOKCHUH Ha TPAHCIIOPTHBIX CPEICTBAX. B KOHCTPYKIHIO ObUTH

BHECEHBI M3MEHEHUsI [UIsl TIepeaul SHEPTUH, COOPAHHOM MPHU TOPMOKCHUHM TPAHCIOPTHBIX cpeacTs. s

pelieHnsi 3TOW MpoOIeMbl HEOOXOAWMO, YTOOBI HM3MEHEHHS B JAW3aiiHE IOJHOCTBIO COOTBETCTBOBAJIM

TpeOOBaHUSM, TMPEABSIBISIEMbIM K TPAHCIIOPTY. B TO jkxe BpeMms mpoliecc mepeiadn SJHEPIuu paccMaTpHUBaICs
KaK albTEepPHATHBHBIA UCTOYHHK SHEPTUHU TIPU TOpMOxkeHus. B pesynbrare sxonomutcst 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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