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B pabome uccredosana memnepamypuas 3asucumMocmsv KOIPDUYUEHMAa TUHEUHO20 MeNI08020
pacwupenus (T) 6 meepovix pacmeopax Tlin,_, SmSe, ¢ wupoxom uumepsane memnepamyp (80 =
350 K) u xonyenmpayuu (0 < x < 0,09).

OObeKkTaMu HUCCIIEOBaHMsl SIBISIIUCh MOHOKPHUCTAJUIBI MOJYHPOBOJHUKOBOTO TPOMHOIO
coequHenus TlInSe, u TBepapIX pacTBOPOB Ha ero ocHose. [Ipupone B3auMoJeHCTBUS aTOMOB U
XapakTepy XUMHYECKO#H cBsisum B cucreme TlInSe, — TlSmSe, mnocesimen psia pador [1—4].
Coenunenue TlInSe, npuHaAJIeKUT K CIOUCTO—IENOYEYHBIM MOMYNPOBOAHUKAaM Tumna TlSe. DTo
cl1aboU3yYeHHBIN MPEACTaBUTEIb TPOMHBIX aHAJIOTOB CEJICHMJIA TAJUIUS, KPUCTAUTU3YIOUIUICS B
CTPYKTYpE ¢ 00beMHO LIeHTpupoBaHHOU TeTparoHanbHOM (OL[T) pemerkoi u rpynmnoit cuMMeTpuun
D18 (I 4/mcm) c napamerpamu >1emMenTapHoit sueiiku @ = 8,075A u ¢ = 6,847A [1].

Pe3ynbTarsl peHTreHOrpaQuIeCKUX U 3JIEKTPOPU3NUECKAX HCCIICIOBAHUN HU3JIOKEHBI B [2],
TJIe TIOKa3aHo, YTO B JJAHHOW CHCTEME pacTBOPUMOCTh Ha ocHOBe T'lInSe, mpoctupaetcst 10 9 MoI.
% TlSmSe, , tBepabie pactBOopbl TlIn,_,SmSe, , kak u wucxognoe coemuHenue TlInSe, ,
KPUCTAJJIM3YIOTCSI B TETPAarOHAJBbHOM  CHHIOHWM, [apaMeTpbl  DJIEMEHTapHOM  A4YelKu
YBEJIMUMBAIOTCS COTJIACHO 3aKOHY Berapza, a mmprHa 3anpemieHHoi 30Hbl YMEHbIIAETCs 110 Mepe
pocTa OTHOCHTEIIBHOTO COJCpKaHusi camapusi B coctaBax (puc.l). [4] . Temmeparypubie u
KOHIICHTPALIMOHHBIE 3aBHCHUMOCTU TEIUIOBBIX M JAPYrHMX CBOMCTB cmiaBoB cuctem TlInSe, —
TISmSe,u3y4ensl B padbore [3]. OqHaKo 3THX JaHHBIX HEIOCTATOYHO JUIS BBISCHEHHS Xapakrepa
CBSI3M M CWJIBI MEXAaTOMHOIO B3aUMOJEHCTBUS B COCIUHEHMSIX M TBEPIBIX pPacTBOpPaxX CHCTEMBI
TlinSe, — TlSmSe, , KOTOpbI mpencTaBiseT OCOOBIH MHTEpeC Uil aHaju3a TEelIoBOro
pacupeHust JaHHOTO 00bEKTa.

Jlns nmonydeHust TONOJHUTENbHON MHPOPMAUU O XUMUYECKOW CBSI3U B KPUCTANIMYECKOU
pelIeTKe, BIUSHHUE €€ Ha XapaKTep M BEIMUMHY TEMIEPaTypHOH 3aBUCHUMOCTH & B 3TOW CHCTEME
UCCleoBaHbl B IIKUPOKOM TemmnepaTypHoM (80-350K) 1 KOHLIEHTpallMOHHOM MHTEpBajax.

PexuM cuHTE3a CIUIAaBOB M OTXKMra HUX Ul MOJYYECHUs PAaBHOBECHOTOCOCTOSHUS MOAPOOHO
omnucan B paborax [5 — 7].

TerutoBoe pacimpeHre HW3MEpsUTd Ha JWiatomerpe, omucanHoM B [8]. IlorpemHocTs
u3MepeHuit coctabisiia 4% (puc.2). Kak BuaHo U3 puc.2, Xapakrep TeMIepaTypHbIX 3aBUCUMOCTEH
koapduurenta terioBoro pacmupenus a(T) mia Bcex uccinenoBaHHbIX (a3 uaeHTHYeH. Takoe
nosenenne a(T), BUIUMO, OOBSICHSIETCS TEM, YTO BCE MCCIICIOBAaHHBIE (ha3bl KPUCTAUTU3YIOTCS B
TETPAroHAJIbHOM CHHTOHMM M THII XHMHUYECKOW CBSI3M MEXIY aToMaMH B KpPUCTaLTHYECKOU
peleTke OAMH M TOT JK€. OJTO MPUBOAUT K OJMHAKOBBIM TEMIIEPATYpHBIM H3MEHEHUAM
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AHTApPMOHHMYECKOI YacTH TEIUIOBBIX KOJIcOAHWW aTOMOB B KpUCTaLIMYecKoil pemerke. J[is Gomee
JETaJbHOI0 aHaIM3a BIMSHAE XUMHYECKOH CBS3M Ha XapakTep YIPYTHX CBOWCTB, CIEIyeT
00CyKaTh 0COOCHHOCTH XUMHUYECKOM CBSI3U B PA3IMYHBIX KPUCTALIOrpaGUIECKUX HAIPaBICHHUIX
KPHUCTAJJIOB TBEPJIBIX PACTBOPOB M coenuHenuii cucremsl T'lInSe, — TlSmSe,.
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Puc. 1. KonyenmpayuoHnusie 3a8UcCUMOCHU WUPUHBL 3aNpeujeHHOl 30HbL (a) U
napamempul 3emeHmapHol sauetiku (6) meepovix pacmeopos Tlin,_, SmSe,.

BnusiHue XuMu4ecKkoi CBA3M Ha pacUIMPEHUE BEIIECTB B JINTEPATYPE HEAOCTATOYHO IOJHO
[IPOAHAIU3UPOBAHO, YTO HE IO3BOJSIET PACCUMTHIBATH M IPOTHO3MPOBATH TEIUIOBBIE CBOWCTBA
BHOBb CHHTE3MPYEMbIX BEIIECTB Ha UX OCHOBE, XUMHUYECKas CBSA3b B KOTOPBIX B HEKOTOPOH
CTETIEHH ompenenstoTes xapakrepom noseneHust a(T). ConocTaBieHNI0 MEKaTOMHBIX PaCCTOSTHUN
B PsJIC BEILIECTB C MMapaMeTpaMH B3aUMOJCHCTBHS AJICKTPOHHBIX COCTOSHHIN (KPaTHOCTH CBSI3H X)
nocBsimeH psiq pabor  [9 — 11] . UnaTeprnperanusi TEMJIOBOTO PACIIMPEHHS HA WX OCHOBE
NPEJCTAaBIseT CYIIECTBEHHBIM HWHTEpeC JUIsl  BBIABICHUS  CTaOMJIBHOCTH  DJIEKTPOHHBIX
KOH(UTYypaluil 1 TeMIepaTypsl MIaBICHHUS.
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Puc.2. Temnepamypruie 3a8ucumocmu Ko3gh@uyuenma meniogo2o pacuiuperus meepovlx pacmeopos
Tlin,_, SmSe,. Kpusvie 1-x=0,00; 2-x=0,05 u 3-x=0,09.
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Ponv xumuueckoii ceazu 6 meniogom pacuiupeHuu meepovlx
pacmeopos cucmemst TlInSe, — TlSmSe,

Kak wu3BeCTHO, @ ¥ OCOOCHHOCTH €ro TOBEICHHS TMPH YMECHBIICHHH TEMIICpaTyphl
00YCJIOBIICHBI aHTAPMOHM3MOM KoJieOaHuil ux atoMoB [12]. A cremeHb aHrapMOHHM3Ma 3aBHCHUT OT
XapakTepa MCKATOMHOI'O B3aHMO[[eI>'ICTBPISI U TEMIICPATYPBI, YTO OIPEACIIICT BCINYUHY . Ero
TEMIIEpaTypHOE TOBEJICHHE OOYCIIOBIICHO M3MCHEHHEM MEKATOMHBIX PACCTOSIHUN WM BEJIUYMH
TETPAdIPUUECKUX T'r M IPYTHX aTOMHBIX pagnycoB. [1o onpeneneHuio a ecTh yUIMHEHHE B pacueTe
Ha eauHUIY JIMHBI 1 Ha 1 K@

Ad K

Sl (1)

rae d, — MOCTOsIHHAs pelieTkd, Ad, — yCpeAHEHHbBIC MEKATOMHBIC PACCTOSIHUSA, Y — KOI(DDUIIUEHT
AHFAPMOHHYHOCTH.

CormacHo [10] , MexaTOMHBIE pacCTOSIHUS d, MOTYT BBIPQKATHCA Yepe3 CyMMY
TETPadAPUUECKUX PAJUYCOB Y, Iy C YUETOM KPATHOCTH XMMHYECKON CBSI3H Y

dy =Lrrexpb(C—x) @
r7ie b KOHCTaHTa JyIs IIUPOKOTO Kpyra BemecTs, paBHoe ~ 0,089.

AHrapMOHU3M KOJIeOaHU# aToOMa MpEArnoJaracT yBEeIMYSHHE MEKATOMHBIX PACCTOSHUM C
OOAHHUM M3 COCCIHUX ATOMOB IIpU €ro COKpAIICHHUU C APYIrUM. B T1ex ClIydasax, Korga OCHOBHBIMUA
AIIEKTPOHHBIMHU COCTOSIHUSIMH, 00YCIIOBIHUBAIOIIMMU XUMHUYECKYIO CBSI3b, SIBISIOTCS P — COCTOSIHUS,
Takue KoseOaHus MOT'YT Ha6JIIOI[aTI)C$[ IIpu UX HCCUMMCETPUYHOM IICPCKPBITHUH. B sTom ci1ydac
cormacuo [10 — 11]:

= rrepb (- () (3.4
rae d; - yBEIMYMBAIOLIEECS MEKATOMHOE DPACCTOSHHUE, dj - yYMEHBIIAIOIIEECS  MEKATOMHOE
paccrosiHue, y - mapamerp, XapakTepU3yIoIUi CTeIeHb aCHMMETPUHU B MIEPEKPBITUN IJICKTPOHHBIX
p - cocrosHuid. M3 5TOM cucCTeMbl ypaBHeHW#l BuAHO, uTo di —d, > d, —d} , T.e. npu
MOSIBJICHUH W YBEJIMUCHUU CTEIICHU aHTapMOHW3Ma B KOJICOAHMSX aTOMOB (@ BEIIECTBA JOJDKCH
yBEIMUMBATLCA, Tak Kak  (dg + d}) > 2d,

U3 popmymn (1-4) B oO1ieM cirydae BeIMUUHA & MOXKET ObITh MPEACTABICHO B BUJIE
dg+dg —Zda]

o =f[Em ®
rae f — kK0d3((UIMEHT, YYUTHIBAIOIIMI KOJIWYECTBO aTOMOB, HCIBITHIBAIOUIMX BO30YKICHHOE
aHrapMOHHUYHOE KoJie0aHME IO OTHOIIEHUI0 K OOIIeMy KOJIMYeCTBY, € — KOI(PPUIMEHT,
YUNUTBHIBAIOIIMM KOJIMYECTBO HAIpaBJIEHUH KoJieOaHU aTOMOB B JIaHHOM KpUCTaINIMYECKOU
pemierke (Tak Kak @ — JHMHEWHBIM Ko3(pduuueHT), a uudpa 2 B 3HAMEHATENE YYUTHIBAET
BEPOSITHOCTH (BpeMsl) HAXOXKICHHUSI aTOMOB B OTKJIOHCHHOM COCTOSTHHHU.

BbisiBricHHE BIUSIHHUS XUMHUYECKOM CBS3M Ha & B pacCMAaTPHBAEMbIX COCTaBaX OCHOBAHO Ha
aHaJIM3€e CTENCHW W XapaKTepa Y4acTHs B HEH BaJCHTHBIX DJICKTPOHHBIX COCTOSHHN. B pemrerkax
TI*In3*S,(Se,,Te,) BHEMHHE OIEKTPOHHBIE  OOONOYKH  aTOMOB  XalbKOT€HOB  s2p*
JI0CTpaMBaIoOTCs 10 HelTpanbHOro aprosa (3s23p®), kpunrona (4s24p®) u kcenona (5s25p°) 3a
cuer 6 pl- sexTpoHoB Tamaus u 5525pl - snexTpoHoB MHAMA. IIpH YACTHMYHOM 3aMEIIEHHH
TPEXBAJCHTHBIX aTOMOB MHIMS B coenuHeHusx T1InX, aTomMaMu JTaHTaHOMIOB, HAMHU ITOJyYEHBEI
YeTBEpHbIE COCAMHEHHUS U TBEP/IBIC PACTBOPHI MO cleayromieit cxeme [13]:

TItIn3* X2~ > TIYIndt, Indt X2 - Tl In3t Ln3t X2~

B 3TuX coenmMHEHUSAX M TBEPIBIX PACTBOPAX BHEIIHHE SJICKTPOHHBIC OOOJIOYKM JBYX Hap
aTOMOB — XaJIbKOTCHOB, IO HAIIEMY MHEHHIO, IOCTPAUBAIOTCS J10 HEUTPAILHOTO aproHa, KPUIITOHA
¥ KceHOoHa 3a cueT 6p!- sexkrponos Tammmsa u (5s25pl)- snexrponos mmmus u (5d'6s?) -
ANIEKTPOHOB JIAHTAHOWIOB MO TOW NPHUYMHE, YTO B JIAHTAHOHMJAX COCTOSHUIO C HaMMEHbLICH
sHeprueii orseuaer (5d'6s?) koHpHUrypanys BHENIHMX SIEKTPOHOB, a BKIaj 4f — DJIEKTPOHOB B
XMMHUYECKYIO CBSI3b MOXKHO HE YYUTHIBATH BBUJY TOTO, YTO BOJHOBBIC 4f — (YHKIMH HOHOB
JAHTAaHOMJIOB CHJIBHO JIOKAIM3YIOTCS BONM3HM siiep. B 9Toi CBS3M BalleHTHBIE KOH(UTYpaluu BcexX
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JAHTAHOUJIOB OIpenessAoTcss 5d - W 6S — DIEKTPOHAMM, MO3TOMY TPEXBAJIEHTHOE COCTOSHHE
JAHTAaHOUJOB HanOoJee TUIINYHO.

Pemerke  TlInSe, — TI*'In*3Se,  oxaswiBaroTCs COCTaBJICHHBIMU u3 JIBYX
CaMOCTOSITENIbHBIX CTPYKTYPHBIX €IMHUI] — U3 BOCBMHUBEPUIMHHUKA C MOHHBIM XapaKTE€pPOM CBSI3U
M' — X(TI* — Se) u terpasuepa, ¢ KoBaJeHTHOH cBa3pto Mexkay M3 — X(In*3 — Se). C Ttouku
3pEHHs MPOCTPAHCTBEHHO — T€OMETPUUYECKUX COOOpPaKEHUH ONpEeAENSIONIMM U3 HUX SBISETCA
BOCbMHUBEPILIUHHUK, a B CMBICJIE XUMHUYECKON CBA3M — TeTpa’ap. CiienoBaTeabHO, OTBETCTBEHHBIMU
B (hOPMUPOBAHMM KPUCTAUIMYECKUX PEIICTOK JAHHOTO THIA SBISIOTCS OJHOBAJICHTHBIC HMOHBI
TaJJIMsL B OKTa’y/pax, B TO BPEeMs KakK IOJIYNPOBOAHUKOBBIE OCOOEHHOCTU JAHHOTO COEIMHEHMS
OTIpeJIeNIACTCs, TTIAaBHBIM 00pa3oM, TPEXBaJCHTHBIMU HOHAMH UHIUS B TeTpajapax. B coenuHenun
TlInSe, wonsl In3* u ux Ommxaiilve TeTpadApUUYECKOE OKPYKEHHE M3 4YeThIpeX HOHOB Se?
00pa3yIoT OTPULIATEILHO 3aPKEHHBIE Lienu - Se2~ — In3t — SeZ™ - Bo/b TETParoHaIbLHOM OCH C.
OnHoBajleHTHBIE MOHBI T1* JOKAINM3YIOTCSA MEKIY YETHIPbMS LENOYKAMH M IIPH ITOM HMMEIOT
OKTa>JpUYECKOE OKPYKEHHE M3 BOCHMH MOHOB Se? ™,

KpaTuaiimme MeXaTOMHBIE PACCTOSIHUS JUIsl OTIENBHOIO CTPYKTYpHOro OJIOKa SYEHKH,
PaccUMTaHHBIE MO COOTBETCTBYIOLUIMM KOODAMHATAM aTOMOB, COCTaBJISIOT B TeTpasapax In3t —
Se?™= 256 A, Se?” - Se?” =3,9—4,5A, a B BocbMuBepmmuunke Tl — Se?™ = 3,42 A, Se? -
Se?” = 4,06 A . Jlimna cea3u Int — Se?” - COOTBETCTBYyeT CyMMe KOBAJICHTHBIX DaHyCOB
1n3+(0,81 A) u Se2(1,98 A) , OTKyJa CIJEIyeT BBIBOJ O KOBAaJEHTHOM XapakTepe CBs3U.
Paccrosmue Tl — Se?” = 3,42 A B BOCHMHBEPIINHHUKE B 3TOM ACIEKTE COOTBETCTBYET HOHHOMY
XapakTepy CBA3H.

Jlast ucxomuoro coenunenus TlInSe, nnmuua cessu Se — Se = 3.9 +~ 454 =, aln — Se =
2.56A = r,, TO U3 COBMECTHOTO pelieHHs ypaBHeHUH (3,4) CuMTas, YTO OCHOBHOE CBSA3BIBAIOIINE
COCTOSIHUS - p - opbOutamm, x = 0.5 [9]:

(3.5 +4.5) = z Ty exp [ﬁ —(0.5+ y)]

1
256 = Y rem [ 05 )
neexp [y~ (05 =)
[Monyuaem Y. 1, = 2,466 +~ 2,488 u y = 0,313 + 0,353 . OueHuB Yy , MOKHO BBIYHCIUTH dg,
d; v d} w3 ypasuennii (2), (3) u (4):

1 .
d, = (0.81 + 1.98) exp 0.089 (E - 0.5) = 3.188(4),

1 ,
d; = (0.81 + 1.98) exp 0.089 [m - (0.5 - 0.313)] = 4.4164(4),

1 .
+ = —_— =
d} = (0.81 + 1.98) exp 0.089 [0_5 0313 (0.5 + 0.313)] 2.8955(4),

IToncraBnss ux B ¢opmysie (5) U NpUHSAB BO BHUMaHHME TO, YTO B COCTOSIHMM MEpEANIIaBICHUS
f = 1 (mpakTHYEeCKH BCe aTOMBbI BO30YX/IeHbl, Temneparypa miasienus TlInSe,, T, = 1080K ) u
¢ = 4 (a5 yeThlpex HanpaBiIeHUN KojeOaHus) nodydaem

4,4164+2,8955—-23,188 51—
= 2,4145-107°K1,
2-3,188:4-1080

A w3 oskcnepumenTa a ~ 2,2-107°K™! (puc.2), uTo CBHAETENLCTBYET O JOCTATOUHO
xopoueMm coBnajgeHuu. C mepexoaoM K TBEPAbIM pacTBOpaM, TEOPETHUYECKHU BbIUKCICHHbIE
3HAYEHUS @ PacTeT, IPHU 3TOM PaACTET U IKCIEPUMEHTaIbHbIE 3HaUeHUs & (puc.2).

Takum oOpa3om, HabIOAaeMoe yBEIMUYEHHE & B TBEPABIX PAaCTBOpax IO OTHOIIEHHUIO K
nucxomaHomy kommnoHeHTy TlInSe, oObsiCHAETCSI Ha OCHOBE NPUMEHEHHOro moaxoma. M3 — 3a
pasnuuusg B KOBAJEHTHBIX paJUycaxX, BXOIAIIUX B COCTaB TBEPIBIX PACTBOPOB aTOMOB MHAMS U
camapusi U CTPEMJIEHMsI K COIVIACOBAHMIO B NEPEKPBITUU 3JIEKTPOHHBIX COCTOSHUN MPOUCXOIUT
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Ponv xumuueckoii ceazu 6 meniogom pacuiupeHuu meepovlx
pacmeopos cucmemst TlInSe, — TlSmSe,

CMEIEHHUE aTOMOB W3 Y3JIOB DELIETKH, M3MEHEHHE KPAaTHOCTH CBA3M M, KaK CIIEJCTBHE,
YBEJIMYEHHE CTENEHM AHTapMOHM3Ma KOJI€OaHMil, PUBOJAIIEE K YBEIMYEHHIO (. DTO JOJKHO
NPUBOAMTH K YMEHBIICHUIO LIMPMHBI 3aNpEIIEHHON 30HBI NPH KATHOHHOM 3aMENIEHUH B
pagy T3t - In3t - Sm3* 4o u Xopoo koppenupyercs ¢ SKCIepPUMEHTAIBHBIMU JAHHBIMH 715
MTOJTYITPOBOTHUKOBBIX coenuHeHuit TlInSe,(Se,, Tey).
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XULASO
TlInSe, — TISmSe, SISTEMININ BORK MOHLULLARININ iSTIiDON
GENISLONMOSINDO KiMYOVIi RABITONIN ROLU
Zarbaliyev M.M., ismaytlov R.M., ismaytlova X.I

Acgar sozlar: Kimyavi rabita, monokristal, istidan genislonmo, dilatometr, bark mahlul, konsentrasiya.

Genis temperatur (80 <+ 350K) va konsentrasiya (0 < x < 0.09) intervalinda TlIn,_,Sm,Se, bark
mohlullarinda xotti genislonmo omsalinin temperatur asililigt ( «(T)) todqiq olunmusdur. Bir sira
yarimkegirici maddoalordo kimyavi rabitoys dair avvallor irali siiriilmiis anlayiglara géra TlInSe, vo onun
osasinda alinan bork mohlullar {igiin a hesablanmisdir va alinan qiymatlor tocriibi naticalorlo yaxsi uzlasir.
— nin Slgllon giymati 6z ndovbasinds todgiq olunan maddslordo kimyovi rabitonin xiisusiyyatlorini daha
otrafli basa diismays imkan verir.

SUMMARY
THE ROLE OF CHEMICAL RELATION iN THE THERMAL BROADENING
OF SOLID SOLUTIONS OF THE TlInSe, — TISmSe, SYSTEM
Zarbaliyev M.M., Ismayilov R.M., Ismayilova Kh.1.

Key words: chemical bond, single crystal, expansion from heat, dilatometer, solid solution,

concentration.

Was researched temperature dependence of linear termal broadening («(T)) of TlIn,_,Sm,Se, hard
solutions in wide interval of temperatures (80 <+ 350K) and concentration (0 < x < 0.09). On the ground of
earlier pulling out ideas about chemical relation in row of semi — conductor materials, was showed
calculation of a for TlinSe, combination and hard solutions on its ground, their values are conform to
experiments values. Measuring of a-s quantity of researching phases in ones turn helps to understand
peculiarities of their chemical relation.

Daxilolma tarixi: [lkin variant 30.10.2023
Son variant 11.12.2023
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INTEQRAL CEVIRMOSININ KOMOYI ILO HOLL EDILON
BiR HIDRODINAMIKA MOSOLOSI

SOFORLI ILQAR SEYFODDIN oglu SRR
Sumqayit Déoviat Universiteti, Azorbaycan, dosent

i.safarli@mail.ru

Acgar sozlar: tadgiqat, cevirma, su anbari, riyazi model, ayirma iisulu

Holli aragdirilan bu mosalods forz edirik ki, istifads (istismar) edilon layin uzunlugu sonsuz
olgiiliidiir. Istismar edilon lay istismar edilmoyon vo tozyiqi P, -0 berabor olan laydan zosif qatla,

arakosma ilo ayrilmigdir. Istismar olunan lay tozyiq kecirmo vo maye kecirmo omsallari miixtolif
olan ii¢ hissadon ibaratdir. Hor ii¢ hissodo mohsuldarlig1 sabit olan vo istifado edilon ili¢ quyusu

yerllogmisdir.

M(r.0)

Mosalonin riyazi modeli II tortib xiisusi téromoli
diferensial tonliklor sistemi ilo tosvir olunur vo
asagidaki sokildadir:
0°P; 1 0P 0°P; P
J+£ 1 J_a)_Z(Pj _po)z___l (1)
2 ot

+_
0> r or r? 062 !
rj

hhok.

ISR

Burada w; =

j=12,3 — istifado olunan

hissalori gostorir.
Baxilan mosolonin halli iiglin baslangic vo sorhad
sortloro asason:

oP, :
Rl HQ, = A )
R ). . 2ubk,

P(r,8,t)=P,(r,6,t), kl%zk P,

> or
r =a oldugda (3)
P,(r.0,t)=P,(r,0,t), k, 2& =k, aai, r =b oldugda (4)
r r
P, =R,, r=c oldugda (5)

Burada (r,8) — polyar (silindrik) koordinatlardur, (rj,é?j)— istismar olunan quyularin yerlosdiyi

ndqtalerin koordinatlari gdsterir; K;, y; — ] -ci hissonin (zona) maye kegirms vo tozyiq kegirmo

omsallaridir; y; — arakesmonin kegiriciliyi; p — ozitllik omsahdir.

Baxilan masaloni Laplasin inteqral ¢evirmasinin kdmayi ilo hall edok:

P(r,6,1)= Téﬂp(r,e,t)dt (6)

Masalanin hallins totbiq edilon ¢evirmonin koémayi ila (1) masalasi (2)-(5) baslangic va sarhad

sortlori vasitasila
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2
0P,

U, 10U, 10U,
+— +— -q;U. =0 7
af 2o i opr | X

P _
soklina gotirilir, harada ki, U; = 70 -P, qf = a +w,2.
Zi

Biitiin bunlar1 nozare alaraq, halli

Ulzﬂ{%Ko(qulﬁiln(qr)[ cosnd + al )smne}
Uz_Az{%Ko(%Rz)"'ign[bl 1,(05)+bK, (a5 Jeosn + (8)

1) K, 0, inno .

+
M
)
=

U, = A{% Ko (0sRs )+ isnKn(qg Je® cosng+c? sin n@]}.
n=0

soklindo aragdiraq.
(8) boraborliklorindoki al’,a!?,b® b® b® b® ¢V c? molum olmayan emsallart (2) -

(5) sartlori vasitasila toyin etmak olar ki, bunun {igiin do
aR)=2 ¢, cosngl, (ar)K, (ar’)

n=0

(9)

ayrilisindan istifads edocoyik vo burada ¢, = {2’ N>1 hallarina baxilir.

Onda malum olmayan amsallar1 miiqayise etsak,
@ (4)
5 no +—03V3K”(q3r3)cos no +—1(5) [B,ﬂ” L }In(qlrl),

a =211 _cosng, , 2.2
0,aD, 29,0,abD, 2B, q;a’D
BY K :
Ag,a 49,9,abD,
@)@ Bl
b = oSN, + —22-n_ 02V K, (q,r; )cosné, +¢,
N ﬂq bD qlaO-SD
BWR®) B(G)
b£2) =" _cosnd, 27270 n(q3 )cosn9 +—(ql )
D, lqszn A0,a0;3D,
BB B®) .
bl¥ = =11 _cosné, +mKn(q3r3)sm no,,
D, Aq,bD,
BWR®) B .
b9 == " _cosnd, + G2¥2"n K, (qsr;)sinné,,
AD, Ad,bD,
(2) (6)
) - cosné, + 1(3) e T e, 1 (dr; Jos +M’
A4,b0,D, ¢ q:b?D, A0,0,800, D
(8) (6) (2)
(2) _1 Bn VZBn . Bn .
& /I{Bﬁs) +w§b2DJK"(q3r‘°’)Smn6‘°’+ﬂ oD,

alariq.
11



Inteqral ¢evirmasinin kémayi ilo hall edilon bir hidrodinamika masalasi

Harada ki, B,§1)=|33 K, (a,r,)+B"1,(q,r,),
B§2)= (qz ) B (qz )
B =1 (CI2b) 2(A:0)—1,(a;b)K; (azb),
B,£4)= (qzb) n(qsb)_ n(CIZb) n(%b)'
BO — | (ql) (@,2)-v,8.1,(q,a)K (g,2),
B =v,5,1,(0,a)l,(q,2)-1,(c,a)l,(a,2),
B =v,6,K, (@)K (d,8)— K (0,2)K . (a,a),
Brgs) v252In(q2b) n(q3b)— |r2(Q2b)|n(Q3b)’
D, ~BIBY —BUBY, o= 0= g A
A A, A
9 Qs 9 Kz K Ky
5T T, Ty T T T

Molum olmayan amsallarin tapdigimiz bu ifadslorini (8) barabarliklorindo yerino yazsaq vo
miioyyan ¢evirmalar totbiq etsok, asagidakilart almis olariq:

B(7)
AiZE 2(@r)+ BES) (@)t (o) + Wgs(%)}cosnm
A2V1 n n ql ) ' A3 3 S n
cosnl@—-6")+ I,(g,r )K, (g,r; J)cosn(@ —6;),
A5 B cosnp ) A S (K, (ap eosn -6,
o0 g o0
U, - Qﬁ% SLNCRAL SRS WA IRCRCRAR
+DLB§4)B§2)In(q2r)+DiBf})Bf)Kn(qzr) cosn(@—-6,)+ (10)
1% - &
+ﬂ;’j§)§Dn K. (qsr, )cosn(6 - 6,)
1 &« 2 &
U, = | 4 B -6
e T K ) 5K far)eosn(0-0):
A < By v AsF K, (@5,
R AN qzb(gﬁ ) cos(o -0,
harada kl rg = (q2)+B (qZ ) Br(110)=Br(15)|n(q2r) n n(q2 )

Orijinala keg:meyln cotinliklor toratdiyini nazars alaraq, biz burada halli yalniz zamanin kigik
olmayan qiymatlorinds tapacagiq:

1 1 1
U1 = %{Ko(cﬁr)_ KO(qla)+ V_ Ko(qza)_v_ Ko(qza)_v_ Ko(qsb)"' q)1:| +

1 1 2

LR

X’ 2

fap)ro, |+ 2k o) o)

12
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harada ki,

1 1 1
Uz = _{_ Ko(qzr)__ Ko(sz)"'_ Ko(sz)"‘ CI)J +

Vi Vi Vi

"'%{Ko(qzrz)"‘viKo(qsb)"'q)s]"%q)e’

2

U, :ﬁ|:i Ko(%r)"'q%}"‘i[i KO(Q3r)+®8:|+iCD91
14 Alv A

Alv, 2
1 (r 1 rr, 2 O one TR n
@1:—EF ?,9 —50!1': az—,e —azagnzz(;(l) o F ?7 01,
® . ro. m, .
@, :_a42(_1) ar|F| =7 0-0, |+ aF| =7".0-0, |,
n=0 r2 b2
0, =20, TN atF{ L7070,
n=0 3
© n n . ry, .
D, =-a, (1), | F e 0 |—a,F b A
n=0 2

O, = —%F(L,e—492]—12(—1)“a7{a3F(%y“,9—02j+
r, 2 b

n=0

a’r a? |, a’r,
+al{a3F[b2r y ,Q—QZJ—F(r—y ,0—6?2j+a3F[bTr2y ,0-0,

2 r2
2 a’ ro,
Dy =asy (-1) a{alF[—y ,9—93J—F(—7/ ,9—9?,}},
h=0 I’I’3 I’3
0, __alafii( 1)na7F( 17/n'9j’
n=0
2 a’ A
Dy =g (-1)' ;| ,F| —y",0-6, |-F| 2y",0-6, ||,
=0 rr2 r

2

1 r b? e N a®
-3 F| —,0-0, |—a,F| —,0-0, ||+ 20,0504 E (-1)"a,F| =—y",0-0
r IT.

I3 3 n=0 3
1-v, 1 1-v, v,
o = Ay = O3 = y Oy = )
1+v, 1+v, 1+v, 1+v,
v, 1 a’
o, VO, =00, Y = —,

= ’ae = —2
1+v, 1+v, b

F(z,6-6,)=InjL—2zcos(6 -6, )+ 22].

Indi iso burada yenidan orijinala kegarak,
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I

(11)

|



Inteqral cevirmasinin komayi ilo hall edilon bir hidrodinamika masalosi

2 2 2 2
pop-Allo, " |-Uo, 2+ 10, 2 |- 11w, |-
4yt 4dyt) v, 4yt) v, 4yt
2 2 2 2
SNE VY PSR S TN ' PR HY PR N PRy T
V3 4yt Ayt dyt) v, 4yt
2 2 2
S-S S (PSULA N Y PSR A RS (PR S
v, 4yt) v, 4y,t) v, 4y.t
2 2 2
Ao, |-, 2+ L 0, 2 v o, [+ AD,,
4y,t 4yt) v, 4y,t

2 2
PO—P3=A1FL(%, ' J+cp7 '
V, 4yt

(12)

+ A, iL(a)a,—JHD8 + A0,
3 vV, 4yt

miinasibatlorini alariq.

Burada

2 t 2

Ll o, : zljlexp _ !t —alyuldu, ogor z=a,r,R,
4yt 23U 4yu

olarsa, bu halda zamanin kigik olmayan qiymatlorinds doqiqliyi daha da yiiksak olan
A 1_.
L a.,—— |~ K, (a:,2)+ =Eil-a?yt
( i 4th 0( i ) 2 ( i Z i )

miinasibotini aliriq, — Ei(-x) = J. 1 e du — cadval inteqralidir.
U
Hidrodinamik hesabatlarda aldigimiz bu diisturlarin shamiyyati boyiikdiir.

Ogor layin tavan vo daban miistovilori kegiron olmazsa hesabatlar {i¢iin daha sado sokildo
diisturlar alinmis olar.

2 2 2 2
PO—Plzi{E{— a J—Ei(— ' j+iEi[— a j+Ei[— b j+2fl]+
2 4yt 4yt) v 4yt 4yt
2 2

B E{— b J—E{— "2 J+2f2’

2 4yt 4yt

2 2 2 2
p_p -2 iE{— b j—iEi[— ' ]+2f3 ) E{— b j—E{— 2 J+2f4.
2 |v, dyt) v, 4yt 2 4yt 4yt

Burada t — o0 sorti daxilinds limito kegsok, asanligla gorarlasmis masalonin hollini tapmisg
olargq.
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PE3IOME
3AJJAYA THAPOJANUHAMUKU, PEINAEMAS C IOMOLIBIO UHTETPAJIBHOI'O
MNPEOBPA30OBAHUS
Caghapnu HU.C.

Knroueesnle cnosa: uccnedosanue, npeobpazosanue, pe3epeyap, Mamemamuieckas Mooeib, Memood

paszoeneHus.

B crarbe mccnenoBana npoOiieMa MOJIHOTO TPUTOKA JKUIAKOCTH B CKBaXKWHY, CBSI3aHHAS C 3ajaucit
JUHEHHON (uibTpauu u ee pemieHue. [Ipennonaraercs, 4Tto CilOH, UMEHOIMNA OCECKOHEUHYIO JUIMHY,
OTZIEJICH OT HEUCIOJIb3YEMOT'O CJI0SI TOHKOM NeperopoIKon.

MaremaTtnueckass MOJENb 33Jadd THAPOAMHAMUKH XapaKTePU3yeTCs CHUCTEeMON CIHEeIHabHBIX
MPOM3BOAHBIX UM (EpPCHIMANIBHBIX ypaBHECHUH. PeleHue 3amauu MCCIEAyeTCS M PEIIaeTcs METOAOM
WHTETPAIBHOTO MPE00pa30BaHU U PA3I0KEHHUS IO TIEPEMEHHBIM.

SUMMARY
HYDRODYNAMICS ISSUE SOLVED WITH THE HELP OF INTEGRAL TRANSFORMATION
|.S.Safarli

Keywords: research, transformation, reservoir, mathematical model, separation method

The problem of complete flow of liquid into the well, related to the problem of linear filtration and
its solution are investigated in the article. It is assumed that the layer, which is infinite in length, is separated
from the unused layer by a thin partition.

The mathematical model of the hydrodynamics problem is characterized by a system of special
derivative differential equations. The solution of the problem was investigated and solved with the help of
the integral transformation and the method of decomposition into its variables.

Daxilolma tarixi: [lkin variant 12.10.2023
Son variant 11.12.2023
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DIFERENSIAL TONLIKLO iIFADO OLUNAN MOSOLONIN HOLLININ
ANALITIK FUNKSIiYALARIN BiR SINFINDO APROKSIMASIYASI

HADIYEVA SEVINC SABIR quz1 <P

Sumgqayit Dovlat Universiteti, Azarbaycan, dosent
sevinc.hadiyeva@sdu.edu.az

Acar sozlar:  xiisusi toromoali difernsial tonlik, interpolyasiya polinomu, aproksimasiya,
interpolyasiya ¢oxhadlisi, Fibonagi adadi

Bu moqalado dord tortibli xiisusi toromali diferensial tonliklo ifads olunan
o*u o'u %

oxt oo F o Tuke) @
u\rz (2)

o%u o2

e T a7 @
1 -0 2 lyy=

masalonin hallinin Q(251‘§2)(M) sinfindo odoadi nozari sobokolor iiglin qurulmus interpolyasiya

¢oxhadlisi ilo aproksimasiyasi &yranilir. f(Zl,ZZ,.. Z) funksiyasi EQimZ‘<5i, izﬁ)

oL
oblastinda analitik, M sabiti ilo mohdud, hor bir doyisono goro vahid periodludur. Bu sinfin
funksiyalarinin Furye sirasina ayrilisinin amsali {i¢iin asagidaki qiymstlondirmonin dogru olmasi
isbat olunmusdur [3]:

C(my,m,,...,m, ) < Mg 2(midtimeldz .im]o.)
Bu isds iki 6l¢iilii hala baxilir.

~+00
o
V(x, %)= B(m,m,)C(m,m, e (mum) @
ml,mZZ—CX)
funksiyasina baxaq. Burada C(ml,mz) ilo f(Xl,Xz) funksiyasinin Furye omsali isaro
olunmusdur va

1 1
B(m,,m,)=4167 (m1 + m2) (5)
0, m=m,=0
miinasibati dogrudur.

Forz edok ki, f (Xl, X ) S Q(zdl’az) -dir vo hor bir doyisono gors tok funksiyadir. V(Xl, X2)
funksiyas1 (1) tonliyini 6doyir. Dogrudan da,
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o'V oV o'V
A(A(x)):a T2t =
X OX;0X; OX,
1 & C(m;,m,)

= B(m,,m, )- .e2m’(mlx1+m2x2) —
167* mlg;_w (m; m,) m, +2m’mZ +m,
+00 i
= >.C(m,m, )ezm(mlxl+m2X2) = f(%,X,)
My ,My=—00

dogrudur. Yoni, V(Xl, X2) funksiyas1 (1) tonliyini 6doyir.
Indi gostorok ki, bu funksiya sorhod sortlorini do odoyir. V(Xl,XZ) hollindo X; ovozina
— X, yazsaq,

V(= %, %, )= i B(m,, m, )C(m,,m, Je?7marmexe) ©)
My ,My=—00

olar. Daha sonra (6) borabarliyindo M, -i —m, ilo ovoz etsak,

+00
V(=x,%)= > B(=m;,m,)C(-m;,m, )ezm(mlxﬁmm)
—my,My=—o0
alariq.
f (Xl, X2) funksiyasi tok funksiyadir. Onda
C(=m;,m,)=-C(m;,m,)
olar. Buradan isa ¢ixar ki,
V (=3, %)=V (x,%,)
olur vo
V(0,%,)=0
almir. Bundan basga analoji olaraq,
V(x,,0)=0
olmas da gostarilir.
Indi 1s9 (3)-cii sortin 6donildiyini yoxlayaq:

2 o)
Zx_lzJ B iifl;zsz - B(my, m, JC(m,, m, Je> M)
1 MMmy=—x
Ovvolki omoliyyat: burada da aparsaq, yoni X; ovozino — X; yazsaq vo M, -i — M, ilo ovoz
etsak,
0*u(0.%,) _
ox:
vo homginin
0°u(x,,0) 0
ox:

oldugunu alariq.
Demali, (4) boraborliyi ilo toyin olunan funksiya sorhad sortlorini do ddayir. Bu iso o
demokdir ki, (4) barabarliyi ilo toyin olunan funksiya masslonin hoallidir.
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Diferensial tonliklo ifada olunan masalanin hallinin analitik funksiyalarin
bir sinfinda aproksimasiyast

Baxilan funksiyalar sinfinds interpolyasiya ¢coxhadlisini

P(X,, X, )= Zf[{ }{ Nk}}{’k(xl,xz) @)
kimi toyin edok.

ak | Jak
Burada M, =| {—, N paralelepipedal soboko adlanir.

N
Al ]

Y, (Xl, X, ) funksiyasi iso
1
Wi (X, %z )= N
| My Gy+{mp | 5<Ty

soklinds toyin olunur. Burada

1
1 1_@ 21}, d=6,+0,

22 2(1+5N)

kimi toyin edilir. @;,a, iso optimal omsallardir [1]
N sado adaddir vo N — oo oldugda & — 0.

f (X, X, )e Q(251’52)(M ) oldugda
IR(x, %, ) =| (%, %,)-P(x, %)< D[C(m,m, )+

my |y +{my|8,>Ty

11

+ > ]t et dt, -

‘m1‘51+‘m2‘52<T1 00

()

Birinci com {igiin asagidaki qiymotlondirmoe dogrudur:

> [c(m,m, )= O(e_ml)

|my |6 +{my |6, >Ty
Digor torafdon lezk <O, Kk =1,2) oblastinda
(0(21’ 22): f (Zl' 22 k*Zﬂi(lel+m222) 9(51 éz)(M e (‘"‘1‘51'*"”72‘52))

( . mya, +m,a,
[] 16t e meemad dt, - = f({aik}’{ }je_z’“Nk <
00 N N

<

OfMgzmin) g2 )

dogrudur. Onda

1
miinasibati dogrudur. T, = ET oldugda

274 N%HnN
IR(x,, x,) =0 e**)

aliriq. Demoli, f (Xl, Xy ) S Q(Zgl’éz)(l\/l ) oldugda
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- Si([Pf) 2 gt

k=1

+ O(eaN;Hn N ]
dogrudur.

Indi do U(Xl,Xz) hollinin approksimasiyast masalosine baxaq. Bu funksiyanin

\ml\51+\m2\52% (8)

interpolyasiya ¢oxhadlisi f (Xl, X2) - nin interpolyasiya ¢oxhadlisine analoji olaraq,

][5l

Zm[ml(xl—awk}rmz(xz—ﬁkﬂ
V)= 2
K20 164N 64|l <Ty (mf +m; )2
27Jd

soklinds toyin edilir (a: J Comdo strix o demokdir ki, burada m; =m, =0 olan hadd

(1+ EN )
yoxdur.

Iki doyisanli hal {iciin optimal omsallar [1] isdo toyin olunmusdur. iki 6l¢iilii halda optimal
omsallar Fibonaggi odoadlori ils toyin olunur.
Q=1Q=1Q =Q,+Q,, N=23.
Bu boraborlik
1,1,2,3,5,8,13,21,34,...

adadlorini toyin edir. P, vo Q, komiyyotlorini agagidaki kimi yazaq.
P=LPF=1LPR=q-B,+R_, (k 2 2)
Q=LQ =0;Q =0 Q. +Q.,, (k 2 2)

Burada q, -lar 0 <@ <1 araliginda olan adadin zonciri kasra ayrilmasindanalinir:

Gostrilir ki, [1] P, vo Qy -lar qarsiliqh sads adodlardir. Ogor
R=LR=LR =R +R, (k22
gotiirsok vo P, =1 oldugunu nazoros alsaq,

P.=Q. (k=12..,n)

oldugunu yaza bilorik.
Beloliklo, 8, =1; a, =Q, ;; N =Q, gotiirsok,

k)

paralelepipedal sobokeni alariq. Bu sobokalor iiglin N.C.Baxvalov torofindon bir sira naticolor
almmigdir.
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Diferensial tonlikla ifada olunan masalonin hallinin analitik funksiyalarin
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PE3IOME
AIIITPOKCUMAILIMSA PELIEHUS 3AIAYM, BBIPA’JKEHHOM IlI/I(I)(I)EPEI-IuIII/IAJII)HI)IM
YPABHEHMEM, B KJIACCE AHAJIUTUYECKHUX ®YHKIIUU
T'aouesa C.C.

Knwouesvie cnosa: cneyuanvnoe ougghepenyuanvroe ypasHeHue, UHMEPHOIAYUOHHBIEL NOTUHOM,

annpoxKcuMayusi, UHMepnoIAYUOHHbIL NOTUHOM, Yucio DuboHauyu.

B cratee wuccimemyeTrcss anmpoKCHUMalMs —pelleHHs 3aJadd, BbIpaKaeMoll  clenuanbHBIM
muddepeHInaTbHBIM YPaBHEHUEM YETBEPTOrO MOPsAKAa ¢ MHTEPIONSLIMOHHBIM HOJIMHOMOM, IOCTPOCHHBIM
JUIT TEOPETUKO-YHMCIOBBIX ceTed. Pabora cBejeHa K cMeIIaHHON KpaeBoW 3a1ave, MOCTaBICHHOH s
6I/II‘apMOHI/I‘-ICCKOFO YpaBHCHUs, pCUICHUEC KOTOpOﬁ AIMPOKCUMUPYETCA MHTCPHOJSAINOHHBIMHA IMOJIMHOHAMU,
MOCTPOCHHBIMU [UIS KJacca aHaIMTHYecKUX (pyHKouu. IlomydeHbl M OLEHEHBI TOYHbBIE M MPHUOJIMKEHHBIC
pelIeHys, a TaKKe NPUOIMKEHHO HalieHa pa3HUIIa MEKAY HUMHU.

SUMMARY
APPROXIMATION OF THE SOLUTION OF THE PROBLEM EXPRESSED BY A
DIFFERENTIAL EQUATION IN A CLASS OF ANALYTIC FUNCTIONS
Hadiyeva S.S.

Keywords: special differential equation, interpolation polynomial, approximation, interpolation

polynomial, Fibonacci number.

In this article, the approximation of the solution of the problem expressed by a four-order special
differential equation with an interpolation polynomial constructed for number-theoretic networks is studied.
The work is brought to the mixed boundary value problem posed for the biharmonic equation, and the
solution of the problem is approximated by interpolation polynomials constructed for a class of analytic
functions. Exact and approximate solutions are obtained and evaluated, and the difference between them is
found approximately
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Alkenil aromatik aminlorin daha cox ohomiyyat kosb edon niimayondosloring vinil vo
allilaminlori misal gostormak olar.

Anilin vo onun metil homologlarinin monoallillosms prosesi miixtalif allil torkibli qiymatli
yarimmohsullarin  istehsalini  yaratmaga imkan verir. Allilaromatik aminlor formakoloji
preparatlarin, elektron materiallarin alinmasinda zorif {izvi sintez proseslorinds istifads edilir [1].
Allillagsma prosesinda elekrofil reagentlor kimi allilxlorid, allilasetat vo alilsilanlar [2] gotiirtilmiis,
lakin yan mohsullarin alindig1 vo mogsadli mohsullarin tomizliyinin az olmasi hesabina bu istigamot
genis yayilmamigdir.

N-allilanilinlorin alinmasinda daha ¢ox ohomiyyat kosb edon {isul anilinlorin allil spirti ilo
qarsiligh tosirino asaslanir. Ona gors ki, prosesds sudan bagqa digor yan mohsullar praktiki olaraq
alimmurlar. Allil spirti iso biokiitlonin katalitik prosesi ilo amals galon gliserindon alina bilor.

Anilinin allillosmo reaksiyasinin Pd, Ir, Pt, Ni torkibli metal kompleks katalizatorlar istiraki
ilo aparilmas1 monoallil téromalorin kifayat qodor ¢iximla alinmasina imkan verso do, onlarin emal
prosesi miirokkob olub baha basa golirlor. Digor torofdon metal kompleks katalzatorlar1 praktiki
sintez liglin az yararhdirlar. Cilinki onlar solvatlasaraq mohsullart ¢irklondirirlor. Ona gora do
allillosmo prosesindo bork katalizatorlardan istifado olunmasina iistiinliik verilir vo reaksiyan1 axar
novlii reaktorlarda aparmaga calisirlar.

Anilinin N-allillosmasini tursu montmorillonit istiraki ilo hoyata kegirilmasindon 30% N-
allilanilin, molibden oksidi v titan oksidi (MoO3/TiO,) katalizatoru gotiiriildiitkde 4.0% magsadli
mohsul alinir. Lakin sonuncu halda 85.0% c¢iximla N,N-diallilanilin do omsolo golir. Onun
alinmasinda molibdenin (VI)-dan molibden (V)-a reduksiyasi hesabina amala golon araliq moahsul -
molibden oksoallilin rolu xiisusi vurgulanir [3].

Indollarmn olverisli sintez iisulu o-allilanilinlorin palladium komplekslorinin katalizatorlugu
istirakinda  tsikllogsmosino  osaslanir.  O-allilanilinlori allilnikel halogenidin  o-bromanilinlo
reaksiyasindan almagq olar.

Son illor benzokondenslogmis azot torkibli heterotsikllorin sintezino maraq artmaqdadir. Ona
goro ki, mixtolif ovozetmo vo hidrogenlosmo dorocosine malik olan indol vo xinolin sirast
heterotsiklik birlogsmalorin alinmasinda N- vo C-alkenilanilinlorin téromolorindon tez-tez istifado
olunur [4].

Klayzen yenidon qruplasmasi hoyata kegirildikdon sonra uzun miiddot N-allilanilinin
allilfenilefirlori kimi ¢evrilmasi miimkiin olmamisdir. Belo ki, 250-275°C temperaturda termolizdon
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2-allilanilin ovozino anilin, propilen vo etilen alinir. Niivonin aromatik xarakterinin azalmasi
yenidon qruplagmanin siiratini artirir.

Kegon asrin 50-ci illorinin sonunda N-allilanilinin orto-allilaniline izomerlogmasi miimkiin
oldugda xammalda xeyli migdarda N,N-diallilanilinin olmasi1 mahsulun ¢irkli alinmasina sabab
olmusdur. Tomiz allilanilinlori almagq {i¢iin allilbenzolun nitrolagmasi ilo amals golon orto- vo para-
nitroallilbenzollar1 allilanilinlors reduksiya edib bir-birindon ayirirlar [5]. Qeyd olunur ki, yenidon
qruplagma prosesi ZnCl, katalizatoru istirak1 144 °c temperaturda ksilol miihitindo aparilir vo
alian 2-allilanilinin ¢iximi1 42.0% toskil edir.

@NH — > NH,

Arilaminlorin  N-allil téromslorinin alinmast vo onlarin  C-alkenilanilinlors yenidon
qruplasmasi sonralar daha dorin todqiq edilmis vo para-toluidinin mono- va dialkenil téramalori,
hotta anilinin para-alkenil téromalari do sintez olunmusdur [6].

Bu istigamot {izro elmi odobiyyatda nosr olunmus iglorin tohlili gdstorir ki, anilin vo onun
homoloqlarinin allil téromoalorinin sintezi {i¢lin effektiv katalizatorlarin islonib hazirlanmasi vo
onlarin istiraki ilo somarali alinma iisulunun yaradilmasina ehtiyac duyulur. Bu moagsadls son illor
aparilan todqiqatlarin say1 artmaqdadir [7].

Anilinin allil spirti ilo qarsiliqlt tesirini 2 hidrodinamiki goraitds (qarisma vo ¢ixarma) tadqiq
etmisik. Maqnit garisdirici ila tochiz olunmus tozyiqe davamli kolbaya katalizatoru (P,0s/ZrO; va
ya P,0s/Al,03) anilini vo allil spirtini slave edib yag hamaminda ~140°C temperaturda 24 saat
orzindo qarigdiririq. Holledici kimi oktan gotiiriib reaksiyadan sonra alinan qarisiq otaq
temperaturuna godor soyudularaq 10 ml etilasetatla durulasdirilir. Qarisigin homcinsliyini tomin
etmok ticlin onu 10 doqiqe ultrasss stialanmasina moruz etmok lazimdir.

Alinan noticolor xromatoqrafik analiz osasinda oldo olunub. Cevrilmis anilino goro
hesablanmis N-allilanilinin vo N,N-diallilanilinin ¢iximlar1 P,Os/ZrO; istirakinda 74.5 vo 3.0%
P,0s/Al,O3 gotiiriildiikde iso miivafiq olaraq 84.0 vo 5.0% toskil edir. Birinci halda anilinin bir
dofalik konversiyasi 70.0%, ikinci halda iso comi 8.5% olur. P,0s/ZrO; istirakinda sintez olunan N-
allilanilin kalon xromatoqrafiyas: tisulu ilo (elguent: n-heksan:toluol=8:1) ayrilir vo ¢ixim 52.1%
toskil edir. N-allilanilin maye olub 218-220 “C-do qaynayir, sixligr 0.982, siiasindirma omsali
1.5620-1.5640 toskil edir. Tomizlik doracasi ~95.0%-dir.

140°C-don yuxari temperaturda N-allilanilinin ve N,N-diallilanilinin molekuldaxili
izomerlogsmosi, molekullararasi qarsiliql tosiri artir vo yan gevrilmalor naticasindo istonilmoyan
mohsullarin amalogolma siirati ¢coxalir.

Tadqiq etdiyimiz soraitds anilinin allil spirti ilo qarsiligl tosirinden asagidaki ¢evrilmolor bas
VErir:

A NH O {
NHp + HO—AN ———> —NH ———> —N
@ ? -H,0 A H,0 NI

o
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Tadgiqatin ndvbati morhoalasindo N-allilanilinin gaz fazada P,0s/ZrO,, V,05-Cr,05-Al,04
katalizatorlar1 vo katalizatorsuz soraitdo ¢evrilmosi yronilmis vo alinan naticolor codvaldo 6z oksini
tapmigdir.

Cadval .
N-allilanilinin miixtalif miihitlarda ¢evrilmasinin tadgiginin naticalari
reaksiyanin garaiti: T-300°C, v-1.4 st*
Miihitin novii
Gostaricinin adi Katalizatorsuz Katalizatorlu
P205/Zr02 VzOs-Cr205-A|203

N-allilanilinin konversiyasi, % 10.5 40.0 48.5
Cevrilmis N-allilanilino gors hesablanmig
mohsullarin ¢rximi, %
2-allilanilin 63.0 715 85.0
N,N-diallilanilin 15.012.0 10.5 4.0
Anilin 13.0 10.0 5.0
Kondenslogmo mohsullari 4.0 6.5 3.0

Katalizatorsuz miihitdo N-allilanilinin qisman ¢evrilmasinin sahidi oluruq. Bels ki, onun
konversiyast 10.5% cevrilmolori iso xaotikliyi ilo diqqgeti calb edir. Katalizatorlu miihitdo N-
allilanilinin mogqgsodydnlii ¢evrilmolorinin payr artir vo osas reaksiya onun molekuldaxili
izomerlogmosi ilo 2-allilanilinin alinmasidir. P,Os/ZrO, istirakinda amola golon 2-allilanilina géra
selektivlik 71.5%, tliclii oksid katalizatoru istirakinda isa 85.5% toskil edir. N,N-diallilanilinin amala
golmosi sox guman ki, N-allilanilinin disproporsionlasma reaksiyasina osaslanir.

Katalitik vo geyri-katalitik miihitlorde kondenslogmo vo kreking reaksiyalar1 da bas verir vo
onlarin pay1 magsadli reaksiyalarla miigayisoads ¢ox deyil.

/_//
v O O D

Belolikla, aparilmis tadgiqatlar naticasindo P,0s/ZrO, katalizatoru istirakinda anilinin allil
spirti ilo selektiv (74.5-84.0) allillosmasindon N-allilanilin alinmis vo onun V;,0s5-Cr,0s-Al,03
katalizatoru istirakinda moaqgsodyonlii molekuldaxili izomerlogsmasi ilo ¢evrilmis vo ilkin allilfenola
g0ora hesablanmis ¢iximlar1 miivafiq olaraq 85.0 vo 41.1% toskil edon 2-allilanilin alinmigdr.
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PE3IOME
HNCCJIEAOBAHUE PEAKIIUUA ITOJYUEHUSA
AJIKEHUJIAPOMATHUYECKUX AMUHOB
Azaes A.A., Typadxannvt C.3., Anuesa H.A., Hlaxmaxmunckasn I1.7T.

Knrwouesvie cnosa: anunun, annunoguoiii cnupm, N-aimunanunun,  uzomepuzayus, Kamaiuzamop, 2-
ALUNAHUTUH

[MpuBoxsTCS pe3ynbTaThl WCCIECAOBAHUS PEAKIUH CHHTE3a AaJKCHUIAPOMATHYECKUX aMUHOB, B
YaCTHOCTH 2-aJuiMiaHwinHa. [loJdydeHHBI Ha OCHOBE peaKlMy aJUTWIIMPOBAHMS AHWIMHA AaJUTHIOBBIM
cnuproM N-aJUTHMJIAHWIMH MOABEPracTCsS W30MEPHU3allii HaJl TBEPABIMHU KaTalu3aTOpaMH U B OTCYTCTBUHU
KaTalu3aTopa.

B npuCcyTCTBHU OKCHIHOTO KaTanu3aTopa BaHAIUH-XpOM-aIIFOMHHUS CEIEKTUBHOCTh PEAKI|H MO 2-
aytaHuiuHey coctapiseT 85.0 %, a Beixon - 41.1 %.

SUMMARY
STUDY OF THE REACTION FOR OBTAINING ALKENYLAROMATIC AMINES
Aghayev A A., Turabkhanly S.E., Aliyeva N.A., Shakhtakhtinskaya P.T.

Keywords: aniline, allyl alcohol, N-allylaniline, isomerization, catalyst, 2-allylaniline

The results of a study of the synthesis reaction of alkenylaromatic amines in particular 2-allylaniline
are presented. Obtained on the basis of the reaction of allylation of aniline with allyl alcohol, N-allylaniline
undergoes isomerization over solid catalysts and in the absence of a catalyst.

In the presence of a vanadium-chromium-aluminium oxide catalyst, the selectivity of the reaction with
respect to 2-allylaniline is 85.0%, and the yield is 41.1%.
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CHUHTE3 1 UCCJIEJOBAHHME HOBOI'O COEJUHEHUA I'YAHUINHA
HA OCHOBE a-XJIOPOKTOKCUMETHJI D®UPA U XJIOPA3OHA

BAWMPAMOB I'tIsSIC WIBAC oray

Bakunckuii 2ocyoapemeennoiil ynusepcumem, Azepbaiioxcan, K.1.d.
giyasbayramov@mail.ru

Knrouesvle cnosa: 2yanudun, o-X10pOKMOKCUMEMUL 9hupa, X10pAa3oHA, CUHMES, UCCIedo8aHue,
UHSUOUMOP, KOPPO3UsL

Beenenne. Kak BUIHO U3 TEXHUUECKOM JIUTEPATYphl [2] U pe3yabTaTOB MPOBEACHHBIX HAMU
B TEUEHUU JJHUTENBHOTO BpeMeHH wuccienoBanuii [1, S.3-6], opraHuydeckue COETUHEHMUS,
coZiep KalIie aTOMBI a30Ta, a TaKkKe B OOJBIIOM KONWYeCTBE (YHKIMOHAJIBHBIE TPYIITHPOBKH
00a1ar0T BEICOKOA((HEKTUBHBIMA HHTHOMTOPHBIMH CBOMCTBAMU.

Panee HamMu ObLIM CHMHTE3MpPOBAHBI MPOM3BOJHBIE T'yaHMJIMHA, cojepamue 9,12 atomoB
azota, Heckonbko —CHOR »sdupubix u CgHs — rpymnm, a Takxke apyrue ¢yHKIIMOHAJIbHBIC
rpynnupoBku. Jlaxe npu yBenuueHun uucina —CHp rpynm B cocTaBe AAaHHBIX COEJUHEHMH
uHTHOUTOpHAs 2PHEKTUBHOCTH BO3pacTalia IPHU CaMbIX MaJIbIX KOHIIEHTPALIUSX.

C »oToif TOYKM 3peHHs HAMH CHHTE3UPOBAaHO HOBOE, HEM3BECTHOE B IJIUTEpaType
MIPOM3BOJIHOE TyaHMIMHA HA OCHOBE 0-XJIOPOKTOKCUMETHI 3(upa U XJopazoHa (coeauHenue [ B-
1), conepxamiee 27 atomoB azota, 12 -CH,OCgH;7 rpynm, 8 -CgHs rpynmn u 8 a30HHIIOBBIX TPYIIIL.

WuruburtopHass 3¢P¢GEeKTUBHOCTh CHUHTE3MPOBAHHOTO HOBOTO IPOU3BOJHOTO TyaHHUJHA —
coequaenue ['B-1 wuccnemoBasach B COCTAaBICHHBIX B J1a0OPAaTOPHBIX YCIOBUSIX CHIIBHO
arpeccuBHbIX cpenax [3% NaCl + nwedts (10:1) + HS 500 mr/m; 0,3 N HCI1 + Genszun (1:7) +HoS
1000Mr/n] «rpaBUMETPUUYECKHM» CIIOCOOOM COOTBETCTBEHHO METOJIaM, YKa3aHHBIM B JIMTEpaType
[1, 5.3-7]. Kak moka3ayiu ucciieoBanusi, HHruoutopHas 3pGeKTHBHOCTE coequHeHust B-1 gaxe npu
€ro caMbIX MaJbIx KoHIeHTpamnusax 0,5; 1,0; 1,5 mr/n cocrasmia 99,96-100%.

CornacHo mpoBeIEHHBIM HCCleoBaHUAM, coeauHenue I'B-1 mo cBoeil skoHOMUYeckoil u
9KOJIOrMuYecKoil 3HauuMocTd B 10 pa3 MpeBOCXOIUT pe3ysbTaThl IO MHTMOUTOpaAM, MOJYYUBIIUM
MaTEHTHl ¥ aBTOPCKUE CBHUJAETENBCTBA 3a mocinenuue 10 met, a Takke MHTUOUTOPHI, MPUMEHsEMbIe
MIPOTHB KOPPO3MH B HEPTETA30BOM M HEPTEXUMHUECKON POMBIIIJICHHOCTH.

OcHoBBIBasiCh Ha O0BSCHEHUSX PE3YNIBTATOB paHee MPOBEACHHBIX HAMU HccienoBanuii [1,3-
7,10], a TakKe HAyYHO-TCOPETHYECKUX JaHHBIX, MOJydeHHbIX wu3 Jjurepatypsl [11-20],
MHTUOUTOPHYIO 3(P(PEKTUBHOCTH HOBOIO IPOU3BOAHOIO TIyaHHAHA coenuHeHus ['B-1 moxHO
o0ocHoBaTh creayomum odpazoM. Hanuune B coctase coen. 'B-1 49 nBoiiHbIX cBsizeid, 27 aTOMOB
azota, 12 -CH>OCgH17 rpynm, 8 CgHs- rpymnm, 8 a30HUIOBBIX I'pyII, YBEIMYEHUE DIIEKTPOHHON
IUIOTHOCTH B COCTaBE COEAMHEHUS CIIOCOOCTBYET OOpa30BaHWIO KOOPAWHAIIMOHHBIX CBS3ei Ha
MOBEPXHOCTU CTaJM C ATUM COEAMHEHUEM, 4TO MPHUBOJUT K IACCHBHUPOBAHUIO IMOBEPXHOCTHU
MeTaJa.

CuHTE3 HOBOTIO MPOU3BOAHOIO TyaHuauHa (coea.lI'B-1) mpoBonuiics B HECKOJIBKO ITAIOB.
B wmavane Obumn  cunHTesmpoBanel CgHj;OCH,ClI  u Nl',NllfHI/IOKTOKCI/IMeTI/IJ'IaSOH-N'-
MOHOOKTOKCHUXJIOPa30HOBbIH 3¢hupbl. COCTaB U CTPOCHUE CUHTE3UPOBAHHBIX A(PUPOB ONPEACISIINCH
M3BECTHBIMU MeToJaMu. Ha mociegHeM srtare NpoBeNeHHEM PeakIiu MEeXIy CHHTE3WPOBAHHBIM
Nll,N1I—I[I/IOKTOKCI/IMGTI/IJ'Ia30H-N'-MOHOOKTOKCI/IMCTI/IJ‘IXJ'Iopa?»OHOBBIM 3bUpPOM U TYaHUIHMHOM OBLIO
MOJY4YeHO €ro HOBOE TMPOU3BOJHOE, HEU3BECTHOE B JUTEpaType N1,N1,N3,N3-(N1',N1'-
IHOKTOKCHMeTHIa30H-N'-MOHOOKTOKCHMeTHIa30H )ryanuginHa (coen.I'B-1).
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CgH170CH,
CgH170CH,”

NHz—ﬁ—NHZ + 4

—_—
NH
CgH170CH,— N
—N
CgH170CH, \N CoHe C8H170CHa
—CgHs
CgH170CHy” C8H17OCH2/
CgH170CH,—N
ZnClz, t°C
- > + 4HCI

CgH170CH,—N

CgH170CH,._ CgH170CH,
> N—CgHs P
CgH170CH, =N CgH170CH;
Coeo. [B-1

[Toxazarenu MHrHOUTOPHON 3((PEKTUBHOCTU 3TOTO COEAMHEHHE B NEPUOJ ONpEesICHUs
MIPUBE/ICHBI B Ta0HIIE 2.

Kak BugHO M3 TaOnuIBl 2, CHUHTE3UPOBAHHOE HOBOE MPOM3BOAHOE TryaHauHa coea.l'B-1
npu koHuentpauuu 0,5; 1,0;1,5 mr/n obnagaer 100%-HOW HHTHOMTOPHON AaKTUBHOCTBIO H
MPEBBIIAET TI0 CBOMM KadyecTBaM W3BECTHOE B JUTepaType [/] coeawHeHUE, TOJIyUYHBIICE
aBTOPCKOE CBHJIETEIHCTBO M YCIOBHO HAa3BAaHHOE HAMM COEIMHEHHEM A, /a)Ke€ MPU BBICOKOU €ro
KOHIICHTpAIIUH.

OCHOBBIBasiCh Ha NPOBEICHHOM HCCJIEIOBAHMM MOXXHO CUYUTaTh, YTO CHHTE3HMPOBAHHOE
HOBOE€ IMpOU3BOJIHOE ryaHuauHa (coea. ['B-1) MokeT MpUMEHSTHCS KaKk MHTHOWTOpP KOPPO3UHU B
HedTe-ra3o00kIBatoNIeH, HedTenepepadaThIBarOIIeH U HEPTEXUMUYECKOW MPOMBIIIIIEHHOCTH IS
3aIUTHl CTAJIBHOTO TEXHOJOTUYECKOro O0OpYyIOBaHMUSI OT KOPPO3WHM M MOXHO TapaHTHUPOBATH
BBICOKYIO KaK 9KOHOMUYECKYI0, TaK U IKOJIOTUYECKYIO 3PPEKTUBHOCTD.

Kak BUJIHO M3 cocTaBa M CTPYKTYpOM HOBOE MpOU3BOJHOE ryaHuauHa (coen.I'B-1) moxer
HaWTH CBOE NMPUMEHEHMSI B KaKOE MPHUCAIKHU, OMOJOTHYECKH aKTHBHOTO BEIECTBA, WHCEKTHCHA,
(bIoTOpEareHTo, a Tak ke U B JPYTux HampaBICHUSX.

W3 BBIIIEYKa3aHHOTO CIIEYET, YTO CUHTE3 COCAMHEHHI ATOTO THIA U MX HCCIIEIOBAaHUE B
OpPraHUYECKO 1 He(PTEXUMHH MOKHO CUUTATh OYEHb aKTyalbHBIM.

JKCNepUMEHTAJIbHAA YaCTh

Cunre3  Njp,Ni,N3,Ns-terpa(N';,N'1-muokTokcumernnazon-N'-MOHOOKTOKCHME  THUJIA30H)
ryanuauHa (coena.I'B-1). B koi0y mis cuntesa momemniarot 2 r ZnCly, (0,001 r-monp) ryanumnHa u
npubapnstor 50 M 3THUIOBOTO CHUpPTA, TepeMerinBas HarpeBaioT a0 70 °C 1o monnoro
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pacTBOpeHHs TyaHHJIWHA. 3aTeM K cMmecu mnocteneHHo aoOaBmsioT (0,004 r-momp) N'y,N'p —
JTUOKTOKCUMETHI1a30H-N'-MOHOOKTOKCUMETHIIXJIOPA30HOBOTO sadupa. [lepemennBanue
IIPOJOJDKAIOT B TeyeHHe 6 yacoB NpU TeMIleparype KoHJeHcanuu coupra. Ilocime storo mpu
KOMHATHOW TeMIepaTrype B peaklunoHHyo konOy mobasistor 100 mn 10%-noro pactBopa NaOH,
nepememnBaoT B TeueHue 0,5 u, nobaBisor 200 Ma IUCTHILIIMPOBAHHOM BOAbl. OpraHuuecKui
CIIOM W3BIIEKAIOT AUSTWIOBBIM 3QupoM, mocie oTroHku 3¢upa cymar Hajg CaCly. Octarok
MEepPEeroHstoT Ha  BakyyMHOM  yctaHoBke ¢  BbgeneHueM  Nip,Ni,N3,Ns—rerpa(N'y,N's-
TMOKTOKCHMeTHIa30H-N'-MOHOOKTOKCMMETHIIa30H )ryanuuHa (coen.I'B-1), kotopoe npenacrasiser
COOOH JKENTYIO BS3KYIO )KUJKOCTh C PE3KUM CIIEHU(PUIESCKAM 3aTIaXOM.

CocTtaBbl U CTPYKTYphl cuHTe3upoBaHHOrO coea.l'B-1 ycraHOBiIeHBI HA OCHOBAaHUU JAaHHBIX
anemeHTHOro anaimsa, MK, macc u SIMP cniektpos.

B macc cniektpax coen.I'B-1 6b110 onpenieneHo, 4To ero MoJeKyJispHas Macca COOTBETCTBYET
MOJIEKYJISIpHBIC HOHBI 3243 m/e.

B UK crnekTpe 3TOro COeIMHEHUs MPOSBISIOTCS WHTCHCHUBHOM TOJOCOM IMpocTas dpupHas
rpymma C-O-C 1050, 1080 cm™; csisb C-N 1310-1350 em™; rpymma CH, 2950 em™; CHs rpymma
1380, 1400, 1460, 2990.3030 cm™'; NH rpymma 2910, 3113, 3340, 3360, 3400, 3450 cm™;
oTHOCsImeecs K rpymie azona C=C cBsi3b 1680 cm™; B GensonsHoM kombie C=C crsi3b 1440-1465,
1500-1510, 1590-1600 cm™; CgHs rpymma 700-780 cm™.

B cnekrpax SAIMP coen.I'B-1 cunrnerst npu 3,94-4,40 m.1. u 4,75-5,55 M.J1. COOTBETCTBYIOT
MpOTOHaM MeTuJieHOBBIX Tpymm ¢parmeHToB > N-CHy; — u > N-CH; — O, umeroTcsi CuUrHaisl
METWJIEHOBBIX TpyNI Kojbla (IIMPOKUM MHTEHCUBHBIM MynbTUIUIET B obsactu 1,41-1,82 m.n.),
MeTuibHOU rpymisl (Tpumiet 0,8-1,21 m.a.), rpynmnst — CH20 — (ny6rert 2,05 m.1.). B unrepsaie 6-
8 M.7. 1Ba Ty0JIeTa OTBEYAOT CUTHAJIAM JIBYX HEIKBUBAJICHTHBIX M-TIPOTOHOB OCH30JIbHOTO KOJIbIIA
B Q30HWJIOBBIN TPYINe U HE U3MEHEHUE CBOETO MOJIOXKEHUS MPU CUILHOM Pa30aBlI€HUU TOBOPUT O
HaJIMYUM OpOYHOM  BOAOpoAHOW cBsizu  C=N-rpymnmbl, 4YTO MOATBEPKAAET CTPYKTYpPY
cuHTe3upoBaHHoro coea.I'B-1.

Jlanable 0  BBIXOJE, (DUBHKO-XMMHYECKHX  IOCTOSHHBIX, OJJIEMCHTHOM  aHAaJH3e
cuntesupoBanHoro Ni,Ni,N3,N 3-T€Tpa(N1', N 1‘-,Z[I/IOKTOKCI/IM6TI/IJ'IaSOH- N'-MOHOOKTOKCHMETHJIA30H)
ryanuanHa (coeauHenue ['B-1) npencrasiens! B Ta0muie 1.

Tabauya 1.
DnemeHmHublil AHAIU3, PUIUKO-XUMUYECKUE C8OUCMBA, 8bIX00 CUHME3UPOBAHHO20 HOBO2O
npouzeoonozo eyauuouna N1,Ni,N3,N3- mempa(Nl', N 1'- ouokmoxcumemunaszox -N'-
MOHOOKMOKCUMEMUNA30H)2yaHuoun (coed.l B-1)

3JIeEMEHTHBIN
& o MRp BpyrTo anayms, %
ekl BbIXO Tian°C Haiineno/ dopmyra, BeruncieHo/
HOMep (MM.PTC | d2° n20 N
COCIHEHIS I, % T') 4 D | Beryucne | Moia. Macca Haiineno
s HO C | H|N
CigoH277N»,O
- 961,24 189t 1277iN27~2 1 6993 | 8,54 | 11,6
Coen. TB-1 | 98,89 | 81382 | 5045 | 2394 20022 .
(2) 0 961,11 3943 69,87 | 8,37 | 11,5

Pe3ynbpTathl  MpPOBENEHHBIX HAMU  HCCIEAOBAHMW TO  HW3YYCHHIO  HMHTHOUTOPHOMN
s dextuBrocTr coen. ['B-1 nmpencraBnens B Tabnuiie 2.

UccnenoBatenbckas paboTa MO OMpeAeNeHuI0 WHTHOUTOPHOU 3(PPEKTUBHOCTH KOPPO3UU
HOBOT'O MPOM3BOJHOrO Audenuskapbasuga coel. ['B-1 Obuto nmpoBeneHo Ha OCHOBE M3BECTHOE B
TUTEepaType «IPaBUMETPUIECKOT0» METO/a MOTepH Macca MeTaa.

VYcranoBaeHus 3¢ (HEKTUBHOCTH CUHTE3UPOBAHHOTO HOBOT'O MIPOU3BOTHOTO
mudenmnkap6asuga Ni,N1,N3, N3-TeTpa(N1', N 1'-III/IOI(TOI(CI/IMCTI/IJ'13.30H-N '- MOHOOKTOKCUMETHJIa30H )
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ryanusiua (coen.I'B-1)

B KayecTBe MHruouropa koppo3suu Mmapka crtaau Cr.3 mpoBeneHO B

YETBIPEXTOPJIBIX KOJOAX ,B JAMHAMUYECKHX YCIOBHSX IPU IMOCTOSHHOM mepemeninBaniM 600
N . 0
00./MUH KOPPO3UOHHOM nBYyX0pa3Hoi cmecu mipu 85-90°C.

Tabauuya 2.

Peszynomamet uccnedosanus uneubumopHo 3¢ pexmusHocmu Ho8020
npouzeo0Ho20 2yanuouna (coed. I'B-2)

3% nacl + vedprs (10:1) + 0,1 n hcl + 6ensun (1:7) +
VcnoBHBIN KonmenTpars + h,s 500 mr/n + h,s 1000 mr/n
s - /gﬁz'qac’ s dexTuBHOCTE, % /Cpl\/I[)Z'T-IaC a¢dexTuBHOCTE Y0
bes 2,56 3,65
WHTHOUTOpA
0,5 0,0006 99,97 0,0007 99.98
Coen. TI'B-1 1,0 0,0002 99,99 0,0001 160
15 0,0001 100
AJ10] 200 98,5 98

O6pasupt u3 C1.3 ¢ oOmeil MoBEepXHOCThIO 2 cM? nepeq HUCHBbITAaHUEM JHQYIOTCS,
00€3)KMPUBAIOTCS COOTBETCTBYIOIIMM o0Opa3oM. Pacxom wuHrmburopa paccumraBaercs Ha 1 1
KOPPO3WOHHOM CpeJbl CO3aHHOM B JIaOOPaTOPHBIX YCIOBUAX.Bpems nuneitanus 4 yacos.

Kak mokaszamm wuccnenoBanusi, uHruOutopHas s¢ddexkruBHocTh coen. KB-4 urto ona
ycToiiuMBee B CHJIBHO KOPPO3MOHHBIX- ArpeCCHUBHBIX CpeAax Ja)xe MPH €ro CaMbIX MallbIX
kouneHTpanusax 0,01; 0,02; 0,03 mr/n cocraBuna 99,96-100%. Ilo cBoMM WHTHOUTOPHBIM
CBOMCTBAM CHHTE3MPOBAHHHOE COCJUHEHHE TMPEBOCXOAUT HWHTHMOMTOPHBIM BEIIECTBA, paHee
MOJYYUBIIUE  ABTOPCKUE CBUJETEIBCTBA, IMATCHTHl a TaKKe YCTOWYMBEE  HMHTUOUTOPOB
UCIIOJIb3YEMBIX BpeMsi, KpOME 3TOro HOBOE Mpou3BoAHOE audenunkapbdasuna coenuunenus [B-1
OTBEYAET BCEM IIPETOBAHUSAM IKOJIOTMYECKON 0€30I10CHOCTH.

3a cyeT HaMM4MsS B COCTaBe HOBOTO COEIMHEHHs CBs3ed, MHOTO (DYHKIIMOHAIBHBIX TPYIIIL,
aTOMOB a30Ta U 3a CYUET IOBBIIEHUS IJIOTHOCTU 3JEKTPOHOB B €0 COCTaBE IOBEPXHOCTb CTAIU
CTaHOBHUTCS TAaCCUBHOM K Koppo3uu. Bce 310 cmocobctyer 00pa3oBaHUIO —KOMILIEKCa
KOOPJMHAIIMOHHOW CBSI3€H MEXIYy METAJUIOM.M TPUBAIUT K TOBBIIMICHUIO CTEMEHU 3aIlUThl OT
KOPPO3HUH.
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XULASO
a-XLOROKTOKSIMETIL EFIiRi VO XLORAZON 9SASINDA QUANIDININ
YENI BIRLOSMOSININ SINTEZI VO TODQIQi
Bayramov Q.1.

Agar sézlar: guanidin, a-xloroktoksimetil, efir, xlorazon, sintez, tadgiqat, inhibitor, korroziya

Odobiyyatda daha oncodon molum olmayan quanidinin yeni tdromasi a-xloroktoksimetil efir vo
xlorazon osasinda torkibinds 12 qrup C»;OCH- , 27 azot atomu, 8 qrup CgHs - 8 azonil grupu olan
N1,N1,N3,Ns—tetra(N';,N';-dioktoksimetilazona-N'-monooktoksimetilazona)quanidin(komp.QB-1) birlogsmosi
sintez olunmugdur. Tadqiqat zamani molum olub ki, bu yeni birlogsmolor hom iqtisadi, ham do ekoloji
cohatdon yiiksak effektiv inhibitor xiisusiyyotlorino malikdir. Laboratoriya soraitinde QB-1 birlosmasinin
korroziyaya qarst inhibitor effektivliyi miioyyon edilmisdir. Arasdirmada QB-1 birlosmssinin 0,5; 1.0; 1,5
mag/l konsentrasiyalarda, inhibitor effektivliyi 99,96-100% toskil etmisdir. Ekoloji va iqtisadi ndqteyi-
nazordon bu birlosmo on aqressiv miihitlords polad texnoloji avadanliglant korroziyadan qorumaq iiciin
hazirda neft-qaz vo neft-kimya sonayesinds istifado olunan inhibitorlardan bir nego dofs daha effektivdir.
Belsliklo, quanidinin yeni téromasi QB-1 birlogsmasinin neft-qaz vo neft-kimya sonayesinds polad texnoloji
avadanliglarin korroziyadan qorunmasi tigiin istifadasi elmi asaslandirilmig hesab edils bilar.

SUMMARY
SYNTHESIS AND STUDY OF A NEW GUANIDINE COMPOUND BASED ON
o-CHLOROCTOXYMETHYL ETHER AND CHLORAZONE
Bayramov G.I.

Keywords: guanidine, a-chlorooctoxymethyl, ether, chlorazone, synthesis, research, inhibitor,
corrosion

Previously unknown in the literature, a new derivative of guanidine the compound Ni,N;,N3,Ns—
tetra(N';,N';-dioctoxymethylazone-N'-monooctoxymethylazone)guanidine  (comp. QB-1) containing 12
groups CgH;70CH, -, 27 nitrogen atoms, 8 groups C¢Hs - 8 azonyl groups was synthesized on the basis of a-
chlorooctoxymethyl ether and chlorazone. During the study, it was found that these new compounds have
both economic and environmental high-performance inhibitory properties. Under laboratory conditions, the
anti-corrosion inhibitory effectiveness of the QB-1 compound was determined. In the study of 0.5; 1.0; 1.5
mg/l concentrations of compound QB-1, its inhibitory efficiency was 99.96-100%. From an environmental
and economic point of view, this compound is several times more effective than the inhibitors currently used
in the oil and gas and petrochemical industries to protect steel process equipment in the most aggressive
environments. Thus, the use of a new guanidine derivative compound QB-1 for corrosion protection of steel
process equipment in the oil and gas and petrochemical industries can be considered scientifically
substantiated.

Daxilolma tarixi: [lkin variant 29.09.2023
Son variant 04.12.2023
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JANKAPBOHWJIBHBIE COEJUHEHUA U X ®YHKIINOHAJIbBHBIE
ITPOU3BO/IHBIE

1CAI[I)IXOBA HYPJIAHA JIWJIBI'AM rbi3bl
’I'ACBIMOB PAKU® ATAKHUILU orJry
3MYPA,Z[OBA DAPUJIA MYCTA®A rbi3bl
*ACKEPOB ATAUCA BAHPAMAJIU oray 28<IR
baxunckuii 2ocyoapcmeennulii yHugepcumem, Azepbatioscan, 1,2-0oyenm, 3-npenooasameins
Cymeaumcxuii 2ocyoapcmeeHubiil yuusepcumem, Azepoaiiodican, 4-ooyenm
nurlana_s@mail.ru

Knwueevie cnosa: al/lKemOHbl, KOHO@HCCZI{M}Z, ayuiupoeanue, cemepoyuKiibl, pecuocejleKmueHoCnlb,
MexXanusm peakyuu.

0O0b30pHas cmambvs NOCEAWEHA AHANU3ZY OCHOBHBIX MAMEPUAN08 ONYOIUKOBAHHBIX 8 NOCAEOHUE 200bl
6 HAYYHO-MeXHUYecKou aumepamype, 8 o06nacmu KapOOHUTbHBIX COCOUHEHUU U UX (QYHKYUOHATHHO
3ameweHHbIX  npoussooHbvix. Illokasama ux 6ajcHas poib KaK OUON0SUHeCKU AKIMUBHBIX 6eujecms,
AHMUMUKPOOHBIX NPenapamos u Op. YeHHuIX NPOOYKmMos.

B pa3BuTMM CHHTETHYECKOM OPraHMYECKOM XHMMWH, HAIIPaBICHHOW HA IIOMCK HOBBIX,
JOCTYIHBIX IyTel MOJIYYEHHUs aHTUMHUKPOOHBIX JIEKAPCTBEHHBIX IIPENapaToB MPOJIOHIMPOBAHHOIO
NEHCTBUS, U JPYTUX BELIECTB C 3a/laHHBIMH CBOMCTBaMM, B)KHOE MECTO 3aHUMAIOT UCCIIEA0BAHNUS,
CBSI3aHHBIE C MOJIyY€HHEM MOJU(YHKINOHAIBHBIX COCIUHEHUH, coiepkaux B cTpykrype -C=0,
CN, -C-OR, NH; u ap. rpynmsl u rerepoaromsl (N,S,0,P) [1-5]. HecmoTps Ha HOCTUTHYTHIC B
3TOM O0JIaCTM yCIIeXM W BBIABICHHBIE y psa U3 HUX BbICOKMX(AapMaKOIOIMYECKHXCBOMCTB,
CHUHTE3bI COEIMHEHUH, ONU3KUX MO0 (YHKIIMOHATBHOMY JIEUCTBUIO K IPUPOAHBIM IPOAOKAIOTCS.

[Tpon3BosHBIE aNbIETUIOB, KETOHOB, (PEHOJIOB, KapOOHOBBIX KHCIOT U Jp. SIBISIOTCS
00BEKTaMHU paCIIMPEHHBIX HCCIIEIOBAaHUM, OT/ENbHBIE NMPEACTABUTENN W3 HUX HCIHOJB3YIOTCS B
JAIBHEWIINX  MPEBPALLEHUAX u KaKk  HMHTEpMEAHATHI, 4TO 00YCIIOBJIEHO ux
PEaKIMOHHOCIIOCOOHOCThIO U IIMPOKMMHUM BO3MOKHOCTSIMM BapbUpPOBAHMS CBOMCTB KOHEUYHBIX
npoayKkToB [6-8].

Opranuyeckue COEIUMHEHUs, COJAEp)Kalllue ajbJACTUIHYIO,KETOHHYI0, JAMKETOHHYIO U
Ip.IpYyNIbl, pacCMaTPUBAIOTCS B IOCIEIHHUE TOAbl KaK HCXOAHOE CBIPbE JUIS TOJIY4YEHHS pAla
BOKHBIX TPOJYKTOB C 3aJaHHBIMHU cBoicTBamu [9]. B 3TOM 0030pe B OCHOBHOM pPacCMOTPEHBI
JIUKapOOHMIbHBIE COEAMHEHUS U UX HEKOTOPbIE IPEBPAILICHHS.

Kiraccnueckass peakuus KistiizeHa B mocieqHue roasl MOJy4YWJia JajJbHEWINEe pa3BUTHE.
bbutn pazpaGoTaHbl pa3nuyHbIe AlMJIMPYIOIIME areHThl U HOBbIE KaTaJM3aTOphl, MO3BOJIAIOLINE €€
IIPOBOANTH PErHOCENEKTHUBHO, B «MSITKUX» YCIOBHUSX, C OOpa30BaHUEM II€JIEBBIX JTMKETOHOB C
BBICOKUMHUM BBIXOZaMHU. B KadecTBe alMIMPYIOMMX areHTOB OBLUIM MCIOJIB30BaHbl pPa3IMYHBIC
MIPOM3BOJIHBIE alleTOQEeHOHa, OEH30TpUA30JIbl, JIAKTaMbl M Jp. COEIWHEHUs, COJepKallue B
CTPYKTYpax rerepoaToMbl U (yHKIIMOHATIBHBIE TPYTIIHI.

Hccnenys peakiuio aleToHa ¢ U30aMUJIHUTPUTOM B MPUCYTCTBUH COJITHOM KUCIIOTHI OBLIO
O0HapyKEHO, YTONEPBOHAYATIBHO O0PA3YIOIIMICA N30HUTPO30AIETOH JIETKO MOXET IO/IBEPraThCs
KHCIIOTHOMY THJIPOJIU3Y U MPUBOJUTH K METHIITIIMOKCAIIO o cxeme [10].:
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N
CH3COCH; + CgH{ONO —1»> CH4COCH [L]» CH;COCHO
NOH
DTta peakuus Jajaee MpOBOJAWIACH U C APYTMMH KETOHAMHU M, B YaCTHOCTH, C MPOMIPESHOIOM, a
MOJIy4E€HHOE MIPOMEKYTOUHOE COeTMHEHUE coJieprkariee BcTpykType-CO-CNOH-

¢bparmenT nerko nepexoawno B rpynny -CO-CO- o6pabotkoii 10%-HbBIM BOAHBIM PAacTBOPOM
CEpPHOM KUCIIOTHI:

Hz NOH Q

Cers\C/C\CH3 CH3ONO, HCI ! H250s | CeHse.C

CeHs. ._C I C”""CH
1 N 3
O C CH3 I

Paspaboran mpouecc permoceneKTuBHOTO C-aJKHMIMPOBAaHHS KETOHOB XJIOPAaHTUIPUIAMU
KHCJIOT B IPUCYTCTBMHM MeTajutopranndeckux karanuszaropos (Li, K, Na) [11]. Beuio BbIsBIIEHO,
YTO TMpHUpPOJA HCIOJIB30BAHHBIX KATaJIM3aTOPOB OKA3bIBAE€T CYIIECTBEHHOE BIHMSIHHE Ha
CCJICKTUBHOCTh PEAKIMU aIlMJIMPOBAaHHWSI M BBIXOJ IIEJIEBOTO coeauHeHus. Hammydmmm
katanu3aropoM siBisietcss (MesSi),NLi (pactBoputens Tomyon). OueHb WHTEPECHBIH (PakT 3TOro
CHHTE3a — 93TO BO3MOYKHOCTb HAampaBUTh oOpa3oBaBinuiics 1,3-aukeToH INSitU B CTOpPOHY
00pa3oBaHMs MUPA30JI0B — PEAKIHEH C TUAMUHAMH.

Q o o "
OLi N—N
o} R R*NHNH
)J\ (Me3Si),NLi R )%CH R3)J\CI R MR — 3 R $ Rj3
Ri” "CH, toluol v ! 3 EtOH, THF
R2 R2 R2 Rz
AN o
HN-N =
N OMe
-
R Br
R= CHj3(CHa),, CI(CH,)s, 4-CNCgH,, 4-CH3CgHg4 (90%)
R=4-Br(Me,N, CN, NO,)CgH,4
Yield 74-89%
pyridine-3-yl (59%), thiophene-2-yl (72%)
HN"\{
N R
Ry *
N—N
\ R= 4-MeOCgH,, X=0 (71%)
R1/§R\R3 t-BUOCON (67%), CH, (65%)
Ro
HN-N
R1= 4-C|CGH4, R3= 4-MeOC6H4, R4=H, \ (CH ) CH
Ry= Ph(50%), CH3(CH,), (83%); 231
R1= 4-MeOCGH4, R2=H, R3= 4-02NC6H4, 82%

R,=Ph(43%)

Jlns ocyliecTBIEHUS peakuy aJKUIMPOBaHUS B MITKUX YCIOBUSX MOXHO HMCIIOJIb30BaTh B
KayecTBe Karanuzaropa L-mponun [12].B kauecTBe anMiaupyromUX areHTOB B 3TOM pabote
WCTIOJIb30BaHbI pa3n4Hbie 3aMenieHHsie CN-comepikaniue KeTOHBI:
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oo+ L-Prolin, 30%mol CN)QH)CiMe OH RMMB

R™ 'CN Me Me R

13 connections, yields 11 of them 87-94%
R=Ph, 4-Me (MeO, F, CI, Br, NO,)CgH,4 2-Me(F, Cl, Br)CgH, PhCH=CH, Furan-2-yl,

Mexannu3m 06p330BaHI/IH KOHCYHBIXTUKETOHOB OOBACHAIOT CJICAYHOIIUM 06pa30M:

O

° = { o2

0 == ~N © 3 N NERA

, 0 < \. © O “rooon. | M N)K)\
): “hoo R

- - O
- [ : OHQO cN OH
O A+ H,O o) \D L-Prolin
2 _— MR MR

OOHapyxeH MHTEpecHbIN (DaKT CBS3aHHBIM C KaTalIUTUYECKOM aKTMBHOCTBIO L-mponuna:
YCTaHOBJICHA BayKHas poJib (DYHKIIMOHAIBHON IpyMIbl. 3aMEUEHO, YTO IPHU 3aMeHe (PEHOKCUIIBHOTO
paauKalia Ha TUPOKCUIIbHYIO, aKTUBHOCTH L-IIpOJIMHA TOJHOCTHIO OJABISIETCS.

PhO Ph._O,,
T D=coom [ Y=coon

N

H

N
H

Kak mokazano B paborte [13] 3amemieHHBIE JaKTaMbl MOTYT CIY)KUTh allHIUPYIOIIAMH
areHTaMH B PEaKIHAX C alleTOHOM MM ()eHHIMETHIKETOHOM:

O 0 LDA o Q
~Boc —_— > NHBoc
Me)l\ R, T N -78-25°C R;
R1
R4

R4= H, Ry=Me (74%, keto -enol, 5:1), Ph (75%, 100% enol); R;=COOEt, R,=Me (72%, 100% enol), Ph (74%)

bbuln  CHMHTE3UpOBaHbl  pa3lIU4yHBIE  O,B-HENpEeNe/bHbIE JTUKETOHBbl peakuusaMu |-
alMIO0EH30TPUA30JI0B C APOMATUUYECKUMHU 0, 3-HeNpeIeIbHBIMU KapOOHOBBIMU KUCJIOTaMu. Peakuun
nposoaunuck B cpene TI'D npu -78°C, B NPUCYTCTBUHM OCHOBaHWs Li-puusonponmnamuzna [14].
AneTunaneToH ObUT UCIONb30BaH JUIsl CHUHTE3a [-TUETOHOB pa3IUYHOro cTpoeHus [15].
[IpoBoausiack TpeXKOMIAHEHTHAas peakiusi KapOOHWIMPOBAHUS — apUIMPOBAaHUS alETHIIALETOHA
apwiIOpoMHUIaMi B NMPHUCYTCTBUU MaIaAMEBbIX KaTalu3aTopoB. J(MKapOOHUIIbHBIE COETUHEHHS,
KaK peareHThl MO>KHO HMCIIOJIb30BaTh B Pa3jIMUHbIX CUHTE3aX. Tak, HarpuMmep, -IUKETOHBI MOMXKHO
CEJIEKTUBHO AJKWJIMPOBAaTbOEH3MIOBBIMU CHMPTAMU B NMPHUCYTCTBUU THPHTOPMETAHCYNIb()OHOBON
kucnotel (TTOH) [16].

B BI'Y B TeueHue psna JIeT IpOBOAATHCS LIEJICHANIPABICHHbBIE HCCIIEN0BaHNUs, CBA3AHHBIE C
CHUHTE30M psiia MHTEPECHBIX COCIMHEHW HAa OCHOBE JUKETOHOBCPA3IUYHBIMU peareHtamu [17,19-
21,23]

HccnenoBana peakiusi aJKHJIMPOBAHUS METHJIOBOTO 3(upa XJI0paleTOyKCYCHON KHCIIOTHI
1,3-nu6pomnponanom B npucyrctBun KoCO3 npu remmnepatype 70°C.
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L
CO,CH, CO,CH, CH, /CHz
O Br Br CH,O,C
K,CO Z -0 32
CHy C—CH;~C—OCH, —= ==X ~
[ I [ JIMCO +
Cl O o) o) .
COCH, CO,CH, H"Co.cH
2 3

Kak BuUAHO W3 cxeMbl B HM30BITKE IOTAllla PEAKIUSCOMPOBOKIACTCI C OOpa3oBaHUEM
UKJIMYECKOTO coenHeHus: — 1,4-auMeTmiikapOoKcHiiaTa MUKIOTeKCaIuoOHa-2,5 U MOCIIEAYIONIHe
ATKIIUPOBAHUETUOPOMIIPOTIAHOIIOM MTPOUCXOHT yKe ¢ ero ydactueM [17].

Ju- 1 TpuKapOOHWIBHBIC COSJAMHEHUS, KaK MHTEPMEIUAThI, HCCICOBAHbl U B PEaKIUsiX,
CBSI3aHHBIX C TIONYYCHHEM pa3JIMYHBIX TETEPOLUKINYCCKUX COeAMHECHUN. B3ammoneicTBuemM
JTMKETOHOB C 3aMEIICHHBIMU B aQpOMATUYECKOM Spe 2-aMHUHOTHO(PEHOIAMHU OBbLIIM CHHTE3HPOBAHBI
HOBBIE T€TEPOLIMKINYECKre coenuHeHus [18]:

O O 0 .
N NH, M 5 mol% TsOH"-H,O Y AN N\>—R
Rir + R R, T X 2

> 2 without solvent
XH or CH3CN, 20 - 80%C

X=S, R4=H, 4-Cl, R,=Me, Et, Pr, Ph connections, yield 51-92%
X=NH, R4=H, 4-Cl, Me, MeO, NO,, R,=Me, Et, Pr, Ph, 13 connections, yield 49-95%

O rO
Oy _H C
Me | } Me
O O N
* — N - T
HO MGMMe + ©: \>V_/,-\IH2
HO S
6) 0] 6) OH
Z—Me Me
M o
Me +NH, © A\-. NH Me
HO N— HO N — _
S Me

| sef

WHTepecHble CUHTE3bl, CBA3aHHBIE C IMOJYYEHHUEM MOJIU(PYHKIIMOHAIBHBIX OPraHUYEeCKHX
COeIMHEHUH, cojepxkalmx (ypaHOBBIH LMKI, omHcaHbl B paborte [19]. ABropamu pazpaboraH
OJTHOCTAUNHBIA CHOCOO CHUHTE3a MPOM3BOAHBIX (hypaHa M pe30plIMHA, OCHOBAaHHBIA Ha peakIuu
AIKUIIMPOBAHUS TPUKAPOOHMIIBHOTO COEAMHEHUsS JWTaJOTeHAJKAaHAMHU DPEaKIMs IMPOBOJUTCS B
cpeae AIMCO B npucyTCTBUM MOTAIA 10 CXEME:
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/\/ (@] OH O
(0] O O
J\/U\/U\ K2C03 OMe Me0” Y Qe
MeO OMe DMSO Br
l -Br -Br

(@]
O O (6] OMe
+ |
eO OMe o
0O~ OMe

OcoOblif MHTEpEeC B Pa3BUTUU XUMHH JUKAPOOHWIBHBIX COCAMHEHUN NPEICTABISIOT HX
IIPOU3BOJIHBIE, COZIEPKALLME AaKTUBHYI0 METUJIEHOBYIO rpynny. Mccneays peakuuio KOHAECHCALUU
TPUXJIOPAHTUIPUIIOB C [-AUKapOOHWIBHBIMU COEIMHEHUSIMU, OBLIO OOHAPY)KEHO IPOTEKaHHE
Ipolecca o0 METUJICHOBOM Ipymne ¢ o0pa3oBaHHMEM B OCHOBHOM IpoaykTa C-ankuiaupoBaHus (C
HE3HAYUTENbHBIM 00pazoBaHueM npoaykra O-amunrpoBanus) [20]

O @) CH-C-R
ELN | | / ”
CH%CH?R’rCIhDCCICCI—»CHCCl:H C-R + CH,C o
|
0 0 o o % cc:|2—ﬁ>c:|2 o- c”:—cc:|2—ﬁ>c|2
0] @) @) (@)

[Mpoxykr C-anKWIMpoBaHHs TPETEPIICBACT BHYTPUMOJCKYISPHYIO KOHACHCAIMIO, C
obpazoBanueM (docdopcoaepkanux coequHernit — 1,2-okcodochopunos u gocdaron. Peakmum ¢
(deHOoNMaMu  CONMPOBOXKIAIOTCS  M30MpATEeIbHO y  KapOOHWJIBHOTO — YIIIEPOJHOTO aromMa ¢
oOpa3zoBaHreM (HEHIIOBBIX (DUPOB.

B npyroii pabore B.M.VMcMaunioB u Jip. paccMaTpUBalOT BO3MOXKHOCTh YAOOHOTO criocoda
nmoydeHuss  HOBBIX  (ochopcoiepkamux  COCIWHEHMHM  Ha  OCHOoBe  ddupoB  2-
ATOKCUBUHWI(YOCPOHUCTHIX KHCIOT W TajonjankaHoB[21]. V3yd4eHbI OCHOBHbBIC HalpaBJICHUS
MPOTEKAIOIINX PEaKIUii M BBIABJICHA TEPMHUUYECKAass HEYCTOMYHMBOCTH TaJIOTEHCOCPIKAIIIX
COCJIMHEHUI, KOTOpbIe TOJBEPraschb BHYTPUMOJICKYJIAPHOH IEpPEerpymniupoBKe 00pa3yroT
dbochopcoaepxkaiire CoeqMHEHUS HUKECTSNYIOMEH CTPYKTYPHI:

O

O—P—C=CHOE!
L | H

H
C CHOEt

B mocnemnue roapl OHUM M3 TIEPCHIEKTUBHBIX HAINPaBICHUN B 00JIaCTU 3€JICHOW XUMUU
SBIIICTCS POBENICHUE PEAKIIUU aTKUIMPOBAHUS B Cpe/ie HOHHBIX Kuakocted. Mcnmonb3oBanue MK
B OpPraHMYECKOM CHHTE3€¢ TpeOyeT HOBBIX TMOJIXOJOB 1O YacTH BBIOOpPA HETOKCHYHBIX
pacTBopuTenel, MOCTYMHBIX KaTallM3aTOpPOB U TMPOBENEHUS MHOTHX PEAKIM B YCIOBHIX
MHUKPOBOJHOBOTO WJIH YIIBTPA3BYKOBOTO 00mydeHus. [Ipu 3TOM ycrnex, Kak U3BECTHO, 3aBHCHUT U OT
MPEABAPUTEIBHOTO KOMIIBIOTEPHOTO MOJIEIUPOBAHUS.

CrnuporeTepoIuKIIbl ¢ TETEPOIUKINIECKIMH CUCTEMaMU ObUTH CHHTE3MPOBAHBI HA OCHOBE
KOMMEPUECKUX TUKapOOHWIBHBIX COSAMHEHUN (IUMenoHa, 4-THAPOKCUKYMapuHa U ap.) [22].0Tu
peakmuy TPOBOAUIUCH B BOJHOM cpeAe B NPHUCYTCTBHM HOHHBIX JKHJIKOCTEH (Ha OCHOBE
MMUIa30J1a) BBIXOJIBI LIEJIEBBIX COSAMHEHUI cOoCcTaBIsA0T 89-94%.
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CJIC[[yeT OTMCTUTDH, YTO B KpPAaTKOM 0630pe HCBO3MOXKHO OXBaTUTh BCC MMCIOIIIMECCA B 3TOM

obnactu uccinenoBanus. IlpuBeneHHBIM MaTepuan yka3blBaeT Ha HEOOXOIUMOCTh IPOBEICHUS
JAJIbHENIINX UCCIIEJOBAHUM U OCOOEHHO C YUETOM TPEOOBAHUN «3EJIEHON XUMUN».
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XULASO
DIKARBONILLI BIRLOSMOLOR VO ONLARIN FUNKSIONALDVOZLI TOROMOLORI
Sadixova N.D., Qasimov R.A., Muradova F.M., Oskarov A.B .

Acgar sozlar: diketonlar, kondensasiya, asilasiya, heterosikllar, regioselektiviik, reaksiya mexanizmi

Icmal moaqalo son illorde karbonilli birlosmalor vo onlarm funksional avozli téromolori sahasindo
elmi-texniki odobiyyatda dorc edilmis osas materiallarin tohlilino hasr edilmigdir. Onlarin bioloji aktiv
maddalor, mikrob sleyhins dormanlar va digar qiymatli mahsullar kimi miihiim rolu gostarilir.

SUMMARY
DICARBONYLCOMPOUNDSANDTHEIRFUNCTIONALDERIVATIVES
Sadykhova N.D., Gasimov R.A., Muradova F.M., Askarov A.B.

Keywords: diketones, condensation, acylation, heterocycles, regioselectivity, reaction mechanism

The review article is devoted to the analysis of the main materials in the area of carbonyl compounds
and their functionally substituted derivatives that published in recent years in the scientific and technical
literature. Their important role, as biologically active substances, antimicrobial drugs and other valuable
products is shown.
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VOLTAMPERMETRIK USULLA STiBiUM iONLARININ
ELEKTROKIMYOVi REDUKSIYASI VO TOBOQO SOTHININ TODQIQi

QULIYEV PORVIN HEYDOR oglu
Naxc¢ivan Doviat Universiteti, Nax¢ivan MR, Azarbaycan, k.f.d.
pervinquliyev@ndu.edu.az

Acar sozlar: elektrolit, tertarat, elektrod, reduksiya, tabaga

Xalkogenid birlosmolori vo onlar asasinda hazirlanan bork mohlullar asagi temperatur
intervalinda (200-350 K) isloyon enerji c¢evricilorinds, xiisusilo elektron soyuducularinda
termoelektrik material kimi istifado olunur. Stibium-xalkogenidlor do bu qobildon olan
birlosmoalordondir va texnikanin miixtalif sahalorinds termoelektrik vo fotoelektrik material kimi
genis totbiq olunur [1]. Bu birlogmolor osasinda yeni materiallarin, o ciimlodon bork mohlullarin
sintezi homin bark mohlularin fiziki xassslorinin torkibdon neco asili oldugunu agkar etmoys imkan
verir. Sh,X3 tipli yarimkegirici xalkogenid birlosmalar vo onlar asasinda alinmig miirokkab torkibli
bark mohlullar yiiksok termoelektrik effektivliyo malik olub, enerji ¢evricilorinin hazirlanmasinda,
yaddas qurgularinin hazirlanmasinda genis totbiq edilir [2]. Bu baximdan bohs olunan materiallarin
islomo oblastini genislondirmak, orimo temperaturunu yiiksoltmok, mexaniki davamliligini, elektrik
parametrlorini artirmaq moqsadilo Me,Tes torkibli birlogsmalorin alinmasi {igiin stibium ionlarinin
miixtolif sintez metodlart ilo forqli substratlarda turs vo qolovi miihitlordo sintezi hoyata
kecirilmisdir.

Tacriibi hissa. Elektrolit mohlulunun hazirlanmasi iiclin  yiiksok tomizliys malik
maddolordon istifado edilmisdir. Goétiiriilon reaktivlor istifado edilmozdon ovval tomizlonmisdir.
Stibiumun nazik tobogalarini almagq t¢iin elektrolit kimi SbOCI-un tartrat tursusunda moahlulundan
istifado edilmisdir. Mohlulu hazirlamaq ii¢lin avvalco SbClj suda hall edilorok hidroliz etdirilmis,
hidroliz naticosindo alinmig ¢okiintii siizgoc kagizi vasitosilo siiziilmiisdiir. Cokiintiinlin tam tomiz
olmasi ii¢lin bir-ne¢s dofs distillo edilmis suda yuyulmus vo qurudulmusdur. Aparilan tocriibolordo
0,6; 0,7; 0,8; 0,9 vo 1 M qatiliglh mohlullardan istifado edilmisdir. Mohlullar asagidaki qaydada
hazirlanmisdir:

0,6 M qatiliglh mohlul almaq ti¢iin 17 q tartrat tursusu 100 ml distillo edilmis suda hall
edilib:

SbCl; + H,O —Sb(OH),Cl + HCI
Sh(OH),C1 — SbOC1 + HCl

Alinan mohlula 10 q SbOCI c¢okiintiisii olavo edilmisdir. SbOCI ¢axir tursusunda holl
olduqda asagidaki birlogsmo omolo golir:

SbOCI + H,C,0 — SbOHC4H4O0¢

Maddolar analitik torozido doqiqliklo dl¢iilmiisdiir.

Bildiyimiz kimi elektroliz- elektrolitdon elektrik corayani kegon zaman elektrodlar tizorinda
maddo toplanmasina deyilir. Elektrolit dedikds, elektrik coroyam: keciron duz, tursu vo golovi
mohlullar nazaorde tutulur. Elektrodlar torafindon yaradilan elektrik sahosindo kegirici mayedoki
ionlar nizaml1 harokat edir.

Elektroliz prosesinds bir sira marhalalor bas vermalidir [4]:
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Elektrolit-elektrod sathina hissaciklorin ¢atmasi
Homin hissaciklorin sathds udulmasi
Oksidlosma va ya reduksiya

Sothdoki hissaciklorin desorbisyast

5. Reaksiya mohsullarinin homin sothdon konar edilmasi.

Elektroliz prosesi batareyalar vo akkumulyatorlar kimi on miiasir kimyovi enerji
manbalarinin foaliyyst gostordiyi osas prosesdir. Stibium ionlarmin elektrokimyavi reduksiyasi
prosesindo bu kimi coroyan monbalorindon istifado edilmisdir. Elektrokimyovi reduksiya prosesini
aparmaq Uciin Cu vo Ag elektrodlarindan istifado edilmisdir. Qeyd edok ki, secilon elektrodun
elektrod potensiali reduksiya prosesini tomin etmoyo mane olmamalidir. Elektroliz prosesini
aparmaq ii¢iin enerji monbayi olaraq litium-ion vo kadmium batareyasindan istifado edilmisdir.

ovvalco elektrodlar tomizlonir. Elektrodlarin tomizlonmosindo mogsad elektroliz prosesi
zamant elektrod tlizorindo bas veron reduksiya prosesi konaragixmalarla miisahido edilmosin vo
¢Okmiis tobogolor daha yiiksok tomizliyo malik olsun. ©vvalco stibium ionlarmin Cu elektrod
tizoring ¢okmosini aydin miisahido etmok ticiin Cu elektrodunun sothi kimyovi yolla (HNOj3 duru
tursusuna salinmagla), sonra iso Ag elektrodu ilo sothi birgo mexaniki yolla (cilalamaqla)
tomizlonmisdir. Yagsizlagsdirmaq iigiin etil spirtindon istifado edilir.

Cu elektrodu iizerinds elektrokimyavi ¢okdiirme zamani anodda Cu elektrodu, katodda iso
Ag elektrodu yerlosdirilir. Elektrodlar verilmis gatiligdaki elektrolit mohluluna daxil edilir vo
prosesi aparmagq li¢lin litium-ion batareyasi vasitasilo coroyan verilir. 1 saat miiddstinds verilmis
qatiliglardaki mohlullara salinmis Cu elektrodu iizorino stibium ionlarinin ¢okmosi miisahido edilir.
Sb-un Cu elektrodda reduksiyasi asagidaki kimi bas verir:

AN s

SbO* + 2H" +3e—Sb° + H,0O

Taocriibolor miixtolif mohlul qatiliglarinda aparilmisdir. Miisahido edilmisdir ki, gatiliq
artdiqca stibium ionlarinin elektrokimyovi reduksiyasi siiratlonir. Stibium ionlarinin Cu elektrodu
iizorino ¢okmasi zamani misin ronginin doyismosi-bozqara rongli tabagolorin alinmast miisahido
edilmisdir.

Ag elektrodu lizorine ¢okdiirmo zamani iso anodda Ag, katodda iso Cu elektrodu yerlosdirilir
vo miixtalif qatiliglardaki mohlullara salinir. Prosesin sonunda Sb ionlariin Ag elektrodu iizarina
Cu elektroduna nisboton zaif ¢okmasi miisahido olunur. Nazik tobogolor alinir vo bu tobago ¢ox zoif
rong dayismasina sabab olur.

Noticalorin miizakirasi. Stibiumun elektrokimyovi reduksiya prosesinin kinetikasini
oyronarkon reduksiya prosesino elektrolit mohlulunun temperaturunun tosiri, coroyan sixhiginin,
potensialin doyigmosi, elektrolit mohlulunun gatiliginin tosiri vo s amillor dyronilmigir. Tocriibolor
zamani temperaturun tosiri Oyronilmis vo mioyyon edilmisdir ki, temperatur artdigca,
elektrokimyavi reduksiya siirotlonmisdir. Temperaturun tosiri 300-370 K intervalinda dyronilmisdir.

Stibiumun elektrokimyoavi reduksiyasi prosesina potensialin doyismasinin carayandan
asililig1 6yronilmisdir. Miioyyan edilmisdir ki, carayan sixlig1 potensialin doyigmodon xotti asilidir.

Elektrokimyovi reduksiya prosesina tosir edon amillordon biri stibium ionlariin gatiliidir.
Stibium ionlarinin qatiliginin elektrokimyavi reduksiyaya tosiri 0,6-1 M intervalla olan mohlullarda
oyranilmisdir. Tacriibi naticalor gdstordi ki, mohlulda ionlarin qatilig1 artdigca onlarin reduksiyasi
asanlasir. Sonda miisahido edilmisdir ki, fonlarin gatilig1 0,8 M olan mohlulda daha yaxsi tobaglor
soklindo alinmigdir.

Biz todqiqatimizda yarimkecirici Sb tobogolorinin neco alinmasi barods miisahidalor
aparmisiq. Cu elektrodu SbOCI duzunun caxir tursusu mohlulunda hazirlanmis miixtolif gatilqh
mohlullara salinmig, miioyyon miiddstdon sonra stibium ionlar1 Cu elektrodun iizorino ¢okmiis vo
yarimkecirici nazik Sb tabagasinin amalo golmosi miisahide edilmisdir. Nazik tobagolorin omalo
golmoasi asagidaki kimi miisyyon edilmisdir: 0,6 M qatiligli moahlulda Cu elektrod {izorino Sb
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ionlarinin nazik tobogo soklindo zoif ¢Okmosi miisahido edilmisdir (sokil la ).  Alinmis
yarimkegcirici nazik stibium tobogslorinin xarakterini 6yronmak iiclin Elektro.mag TT109 markali
sobada 450 K qizdirilaraq termiki emal edilmisdir. Niimunolorin termiki emaldan sonra sath
morfologiyalarim1 0yronmok iiclin Hitachi TM-3000 skanedici elektron mikroskopu vasitasilo
sokillori gokimisdir.

0,7 M qatilighh mohlulda Sb ionlarinin nazik tobaqe soklinds ¢dkmosi 0,6 M qatiligh
mohlulda ¢6kmasina nisbaoton daha yaxsi tobagolor alinmigdir (sokil 1b).

Tabogolorin soth morfologiyasinin SEM tesvirlorindon gorsenir ki, 0.7 M qatiliqgda alinan
tobagalar kristallik struktura daha yaxindir vo asan adgeziya xarakterlidir.

TM3000_3215 2022/02/08  22:01 NL D9.6 30um

a b
Sakil 1. Stibium ionlarinin 0.6 M (a) va 0.7 M (b) qatiligda olan mahlullarinin
reduksiyasindan alinan tabaqalarin SEM tasvirlori.

0,8 M qatiligli mohluldan ise nazik stibium tabogolori daha keyfiyyatli, altliq iizerindo
daha yaxs1 adgeziyaya malik tobaqolor alinmisdir (sokil 2a).

0,9 M qatiliglt mohlulda stibiumun nazik tobagolorinin alinmasi zamani tobagolorde
galinlasma misahido olunur (sokil 2b). Tabogolorin qalinligi 20 mkm-o qgodor qalinlasaraq
pambiqvari soth morfoloiyasina malik tobogalor alinmisdir. Bu tobagalorin qalinligi adebiyyatlardan
molum oldugu kimi nisbaton zoif yarimkegirici xassolor niimayis etdirir [3, 5]. Belo ki, tobagonin
qalinhigr artdiqca materialin sothlo adgeziyasi zoifloyir vo boylimiis hissociklorin konversiya effekti
zaifloyir.

e
TM3000_3224

a b
Sakil 2. Stibium ionlarinin 0.8M (a) va 0.9 M (b) qatiligda olan mahlullarinin
reduksiyasindan alinan tabagalorin SEM tasvirlori.

I M qgatiliga malik mohluldan iso stibium ionlarmin daha qalin tobagolor soklindo
reduksiyast miisahido olunmusdur (sokil 3). Alinan tobaqgalor gabariq soth morfologiyasina malik
olmagla ovxalanan tobogolor soklindo alimmisdir. Zoif adgeziya xarakterli tobogolor istehsalatda
ohomiyyatli material hesab oluna bilmir.
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Buradan belo bir naticayo golmok olar ki, qatiliq artdiqca, yarimkegirici nazik stibium
tobogolori galinlasmaqla miisahido olunur. Stibium ionlarinin elektrokimyovi reduksiyasi prosesi
gatiliq artdiqca stiratlonir.

™ 30 202; 22:30 NL D9.7 0 um

Sakil 3. Stibium ionlarinin 1 M gatiligda olan mahlullarinin reduksiyasindan alinan
tabagalarin SEM tasvirlari.

Bunu da geyd etmok lazimdir ki, elektrokimyavi yolla alinmis yarimkegirici tobagalor digar
iisullarla alinmig tobagolordon bir sira mithiim xassalorino gors forqlonir. Elektrokimyavi tisululla
alinmis tobagolorin galinlhig, elektrik xassolori vo s. tabagonin amols golmo mexanizmindon asili
olaraq doyiss bilir.

Qalvanostatik -voltampermetrik metodla stibium ionlarnin tartarat tursusu mohlulundan
elektrolitik ¢okmasi prosesi zamani miioyyon edilmisdir ki, tartrat mohlulundan stibiumun
elektrolitik ¢okmasi prosesi zamanmi qatiligin artmasi reduksiya prosesino miisbot tosir etmir.
Elektrokimyavi yolla tartarat tursusu mohlulundan alinmis stibium nazik tobogolorinin torkibino
miixtolif amillorin tosiri dyronilmisdir. Miioyyan edilmisdir ki, corayanin, elocs do temperaturun
artmast ilo tobagolords stibiumun qatiligr shomiyyatli doeracads artir. Bununla tobagonin keyfiyyati
yaxsilasmis olur. Aparilan tocriibalorin noticasinds tartrat tursusu mohlulundan keyfiyyatli stibium
nazik tobogolorinin elektrokimyavi yolla alinmasi {igiin elektrolitin torkibindo stibium ionlarinin
solvatlasmasi miioyyon edilmisdir. Elektrokimyoavi tisulla alinmis stibium nazik tobagolorinin
quruluslart vo soth morfologiyalarimin tosvirlori Skanedici Elektron Mikroskopu vasitosi ilo
cokilmisdir.
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PE3IOME
SJIEKTPOXUMHNYECKOE BOCCTAHOBJIEHUE HOHOB CTUBUSA
BOJBTAMIEPMETPUYECKUM METOJAOM U CBEMKA NOBEPXHOCTH CJIOA
I'ynuee I1.T.

Knroueswle cnosa: snexkmponum, mepmapam, 21eKmpoo, 80CCHMAHO8IeHUE, CIOU.

B mpexncraBneHHON paboTe MOIYYECH P HAYYHBIX pe3ysbTaToB. CIIOXKHBIC IMOTYPOBOIHHUKOBBIC
COCMUHEHHS CHHTE3WPYIOTCSA pAa3MYHBIMH METOJaMH C IIeNbI0  YIOBIETBOpPEHHsS MOTpeOHOCTEH
COBpEMEHHOH AIIEKTPOTEXHUKH W pacIIUpeHus pabodero auanazoHa. Cpean CI0XKHBIX MOIYIPOBOTHUKOBBIX
COCIUHCHHI HanOoJIee MPUMEHUMBIMU SBIISIOTCS XAIBKOTCHHUIHBIC COSIUHEHUS. [ AIeKTPOXUMHUYECKOTO
CHUHTE3a XaJIbKOTEHUJOB CYpbMBI MBI CHauaja CHUHTE3UPOBAJIU HMOHBI CYpbMBl Pa3HBIMU METOJAMU U U3
Pa3HBIX 3JEKTPONUTOB. MccienoBaHo BIMSHHE PAa3MYHBIX (DAKTOPOB HAa TPOILECC DIEKTPOXHUMUYIECKOTO
BOCCTAHOBJICHUS, U3yueHa MOP(OIOTHS MOBEPXHOCTH MOJTyUYESHHBIX TOHKUX IJICHOK.

SUMMARY
ELECTROCHEMICAL REDUCTION OF STIBIUM IONS BY VOLTAMPERMETRIC
METHOD AND STUDY OF LAYER SURFACE
Guliyev P.H.

Key words: electrolyte, tartrate, electrode, reduction, layer

A number of scientific results were obtained in the presented work.Complex semiconductor
compounds are synthesized by various methods in order to meet the needs of modern electrical engineering
and to expand the operating range. Among the compound semiconductor compounds, the most applicable are
the chalcogenide compounds. To synthesize stibium chalcogenides electrochemically, we first synthesized
stibium ions by different methods and from different electrolytes. The influence of various factors on the
electrochemical reduction process was studied, and the surface morphologies of the obtained thin films were
studied.

Daxilolma tarixi: [lkin variant 24.05.2023
Son variant 10.07.2023
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Miiasir toloblora cavab veron siirtkii yaglarinin yaradilmasinda yeni asqarlarin sintezi,
onlarin funksional tasirlorinin kimyavi qurulugdan asili olaraq todqiqi, yeni yag kompozisiyalarinin
yaradilmas1 hom nozori, hom do praktiki oshamiyyoto malikdir.

Yaglarin yaglayiciliq xassalorini yaxsilasdirmaq sintez edilmis maddolorin demak olar ki,
hamisi ili¢lin sociyyavi masolo olmusdur [1,2]. Odur ki, bu maddolordon istifado etmokls disli carx
sistemli mexanizmlorin yaglanmasinda totbiq edilon transmissiya vo sonaye yaglarinin islonib
hazirlanmas1 magsadouygun va real todqiqat istiqgamati olmusdur [3,4,5].

Yiiksok yaglayiciliq tosirine gora bir neco madds bu todqiqata calb edils bilso da, sonraki
sinaqlarin boyiik hocmini nazors alaraq bir maddonin todqiqi ilo kifaystlonmok lazim golmisdir
[6,7]. Bu mogsadls sintez edilmis maddaler icorisinds yaglayiciliq xassalari kifayot qoder yiiksok,
sintez marsrutu iso nisbaton sado olan allilkarbamoilmetilheksiltritiokarbonatdan (AKHTK) istifado
edilmisdir.

Transmissiya yagi TAn-15B Rusiyanin Volqoqrad yaxud Manqislak neftlorindon alinan
yaglara OTII yaxud JI3-23k asqarlar1 vo depressator qatmagqla hazirlanan yagdir vo avtomobillorin,
xlisuson ylik masinlarinin, qismon do horbi texnikanin spiral-konusvari, konusvari vo silindrik
otlirmo sistemlorindo istifado edilmok {iclin nozordo tutulmusdur. Azorbaycanda transmissiya
yaglarinin he¢ vaxt istehsal edilmodiyi nozere alinarsa MDB Glkelorinde, o ciimlodon
respublikamizda ¢ox islonon belo bir yagin yerli baza yaglari osasinda islonilmasi siibhosiz
ohomiyyat kosb edirdi.

Transmissiya mexanizmlorinin konstruksiya xiisusiyyastlori onlarda 6zliiliiyliniin temperatur
oyrisi maili olan, basqa sozls, 6zliiliik indeksi yiliksok olan yaglardan istifado olunmasini tolab edir.
TAn -15B yaginin normativ texniki sonadlorinds 6zliiliik indeksi ii¢lin norma miisyyan edilmasas do,
yaradilacaq yagmn miisir toloblor soviyyesindo - yiiksok ozliiliik indeksli yag olmasi nezords
tutulurdu.

Bu giin kohno texnika vo texnologiya osasinda istehsal edilon yerli baza yaglarinin 6zliiliik-
temperatur xassalori, toassiif ki, miiasir tolablor saviyya-sindo deyil.Bunlar, forqli 6zliiliik indeksina
vo Ozliililys malik yaglarin qarigdirilmasi (kompaundlasdirma) vo asagi ozliililye malik yaglarin
yiiksok molekullu polimerlarlo qatilasdirilmas: tisullaridir. Nozords tutulan transmissiya yagini
almaq TUg¢ilin bu dsulun hor ikisindon istifado edilmisdir. Kompaundun yiiksok ozliliikli
komponentlori kimi “Azorneftyag” neft emali zavodunda istehsal edilon AK-15 vo K-19 markal
yaglardan istifads edilmisdir. Bu yaglarin 6zliiliik-temperatur xassalori agagidaki kimi olmusdur:

43


mailto:irada70@yahoo.com

Allilkarbamoilmetilheksiltritiokarbonatdan (AKHTK) istifada etmakla stirtkii
kompozisiyalarinin yaradilmasi

AK-15 K-19
Kinematik ozliiliik, mm?/s
40°C-do 222,1 261,6
100°C-do 14,96 (> 15,0) 17,0 (17-21)
Ozliiliik indeksi 50 (>50) 57
Alisma temperaturu, °C 220 (> 225) 238 (> 245)
Donma temperaturu, °C -7 (<-5) -6 (<-5)

Motarizods miivafiq standartlarin normativ toloblorini 6doyon raqomlar verilmigdir.

Ozliiliikk asqar1 kimi R6hm alman sirketinin mohsulu olan polimetakrilat tipli Viscoplex 2-
670 asqarindan istifado edilmisdir. Transmissiya yaginin tolob olunan donma temperaturunu tomin
etmok mogsadilo homin sirkotin Viscoplex 5-309 markali polimetakrilat tipli digor asqarindan
istifado edilmisdir. Hal-hazirda “Azorneftyag”-NEZ-do hor iki asgar motor yaglari istehsalinda
totbiq edilir. lkin todqiqatlarda bu asqarlarin kifayat qodar effektli oldugu miioyyon edilmisdir. Belo
ki, 0,2% Viscoplex 5-309 asqar1 M1-40A yaginin donma temperaturunu manfi 15°C-don monfi 26°C-
ya salmis, 0,5% Viscoplex 2-670 asqar1 iso hamin yagin kinematik 6zliliyilini 1,6 mm?/s, dzliilik
indeksini 11 vahid qaldirmigdir.

Optimal &zliiliik-temperatur gostoricilori olan yag asas1 almaq ligiin I-40A yagmin daha 6zlii
AK-15 vo K-19 yaglar ilo komponentlorin miixtalif nisbotlorinds qarisiqlart hazirlanmis vo bu
qarisiga avvalca 0,5% Viscoplex 5-309 depressatoru, sonra iso 1,4% Viscoplex 2-670 6zliiliik asqart
daxil edilmigdir. Alinmis yaglarin ozliiliik-temperatur xassalori 1-ci cadvalds oks etdirilir.

Cadval 1.
Baki baza yaglarimin ozliiliik agqart va depressator qatilmig kompaundlarinin xarakteristikalar
Kompaundun komponentlari, % Gostaricilor
0,5 % Viscoplex 5-309 +1,4% Viscoplex 2-670 Kinematik dzliiliik, mm?/s Donma
Ozliiliik tempe-
I-40A AK-15 K-19 40°C-da 100°C-da indeksi raturu,
°C
100 - - 119,7 12,87 100 -31
- 100 - 316,8 22,29 86 -16
- - 100 361,9 24,80 89 -14
60 40 - 162,6 15,26 94 -25
- 40 183,1 16,72 96 -24
50 50 - 189,3 16,76 93 -23
- 50 212,4 18,20 94 -23
40 60 - 212,3 17,95 92 -22
- 60 243,6 19,77 93 -20

Cadvaldon goriiniir ki, ozlilik asqart vo depressatorun birgo tosiri ilo baza yaglarimin
ozliiliik-temperatur xassolori ochomiyyatli dorocodo yaxsilasir. Ozliiliiyii asag: olan [-40A yagmin
donma temperaturu daha ¢ox asagi diisiir. 1-40A yaginin gatilan asqarlar1 yaxs1 gobul etmo
qabiliyyati onun omolo gotirdiyi kompaundlara da 6z miisbat tosirini gostorir. Codval 1-do verilon
kompaund variantlar1 Baki baza yaglar1 osasinda basqa transmissiya yaglari hazirlanmasinda da
istifado edilo bilor. Bu halda bir cohati nozora almaq lazimdir ki, adoton ozliliiyii asagi olan
yeyilmayo qarsi asqarlar yag osasinin da ozliiliiyiinii nozors ¢arpacaq doracods agagi salir, bu iso, bir
cox hallarda, yagin boazi basqa ozliiliik-temperatur xassolorino (donma temperaturu, 6zliiliikk indeksi)
miisbat tosir edir.
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Stirtkii  kompozisiyasinin torkibini miioyyonlogdirarken ilk ndvbodo yaradilacaq yagin
ozlilik vo yaglayiciliq gostoricilorinin miivafiq standartin toloblorino cavab vermosi osas
gotlriilmisdir.

Cadval 1-do verilmis kompaund variantlar1 igorisindon yaradilan transmissiya yagi l¢ilin
yararli varianti segorkon yaga qatilan agqarm onun 100°C-do kinematik 6zliliiyiinii (3 + 1) mm?%/s
godor asagi sala bilocoyi nozoro alimmisdir. Bu yanagmaya osason yag oasasi kimi 100°C-do
kinematik 6zliiliiklori miivafiq olaraq 17,95 vo 18,20 mm?s olan asagidaki iki kompaunda iistiinliik
verilmisdir:

— 1-40A:AK-15 (40:60) + 0,5% Viscoplex 5-309 + 1,4% Viscoplex 2-670;

— 1 1-40A:AK-15 (50:50)+ 0,5% Viscoplex 5-309 + 1,4% Viscoplex 2-670.

AKHTK asqarinin yaga qatilacaq optimal miqdarimi miioyyon etmok iiclin seg¢ilmis
kompaundlarin birinde onun ii¢ miixtalif qatiligda (2,5, 3,0 vo 3,5%) mohlullar1 hazirlanmig vo
sinaq niimunsloring kopiiklonmoys qarst IIMC-200A (0,003%) asqar1 da oslava edilorok yaglayiciliq
xassolori toyin edilmisdir. Cadval 1-do verilon sinaq naticalorinin tohlilindon goriiniir ki, AKHTK
asqart 3% qatiligda TAn-15B yagi tigtin TOCT 23652-79 ilo miloyyan edilmis yaglayiciliq xassalori
saviyyesini tomin edir. Buna goro transmissiya yaginin K-19 yagi torkibinds hazirlanmis diger
variantinda da AKHTK asqarmin qatiligi 3% olmusdur.

Miigayiso etmak iigiin transmissiya yaginin daha bir variant1 baza yagi kimi yalmz AK-15
yagindan istifado etmoklo hazirlanmigdir. Bu mogsadlo Viscoplex 5-309 vo Viscoplex 3-670
asqarlarmin AK-15 yagina qatilacaq optimal miqdarlar1 (miivafiq olaraq 0,5 vo 0,6%) miioyyon
edilmis, sonra iso hazirlanmis yag asasina AKHTK (3%) vo IIMC-200A (0,003%) asqarlar1 daxil
edilmisdir.

Noaticads yeyilma vo siyrilmoya garst AKHTK asqarindan istifado etmoklo Baki baza yaglari
osasinda yeni transmissiya yaginin ii¢ varianti iglonib hazirlanmigdir. Bu yaglarin TOCT 23652-79
ilo TAn-15B yagi iigilin nozordo tutulan yaglayiciliq xassolori vo digor keyfiyyot gostoricilori ilo
yanag1 standartla normalasdirilmayan 6zliiliik indeksi do toyin edilmisdir. Sinaq naticalori cadval .2
-do oks etdirilir.

Cadval 2.
TAn-15B tipli transmissiya yagimin Bakt baza yaglar: asasinda yaradilmig variantlar
[-40A vo AK-15 [-40A vo K-19 AK-15+ 0,5%
TAn-15B yaglarinin qarisigi yaglarinin qarigigi | Viscoplex 5-309
yagi (40:60) (50:50) +0,6%
Gostoricilor liein TOCT |+ 0,5% Viscoplex 5-300 + 1,4% Viscoplex 2- |/ pochex 2670
. 670 + 0,003% IIMC-200A '
iizro 200A
norma AKHTK, %
2,5 3,0 3,5 3,0 3,0
Kinematik 6zIiliik,
2
mm’/s 210°Cd . - 154,6 - 160,9 204,6
100°Cdo 15+1 - 14,66 - 15,15 15,38
Ozliiliik indeksi - - 93 - 94 68
Aligma temperaturu, °C >185 - 215 - 215 218
Donma temperaturu, °C <-20 - -23 - -24 -20
Mis va polad lovhalorin
. o davam davam davam .
korroziyasi, 100°C-da, o - . - . davam gotirir
3 saat gotrir gotirir gotirir
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Cadval 2. (davami)

Dordkiirali siirtiinmo
masinda yaglayiciliq
xassalori:

- siyrilmos indeksi, N
- qaynaq yiikii,N

>490 470 510 539 519 524
> 3283 3087 3283 3283 3283 3283

- yeyilmo izinin
diametri, mm (392 N, - 0,48 0,48 0,50 0,50 0,50
1 saat)

Cadvaldon goriiniir ki, hor {ic yag niimunasi standartla normalasdirilan yaglayiciliq,
metal lovhoalori korroziyaya ugratmamaq vo digor toloblori tam o&doyir. Bundan olave
kompaundlar osasin-da hazirlanmis yaglar, AK-15 asasinda hazirlanmis yagdan forqli olaraq,
miiasir toloblori 6doyan yiiksok 6zliiliikk indeksina (>90) malikdir.

API GL-3 tosnifatina miivafiq TAII-15B yagmin naticalori xarici standartlara uyguindur:

TAII-15B (CLP) — siyrilms indeksi U, — 490; qaynaq yiikii Pq — 3283; yeyilmos izinin
diametri — 0,08 mm, ¢ox olmamali.

Miivafiq arasdirmalardan sonra UPn-40 vo MCIT-40 markali yaglari ovoz edon UT/I-68 tipli,
eloco do UPn-75 vo UCII-65 markali yaglar1 avez edon MUT/I-100 tipli sonaye yaglarinin asagidaki
optimal torkibli variantlar1 islonilmisdir (asqarlar yaga qatilma ardicillig ilo gostirilir):

UTJI-68 yag: - 1-40A + 0,2% Viscoplex 5-309 + 0,3% Viscoplex 2-670 + 2,5% AKHTK
+ 0,003% IIMC -200A,;

UTJI-68 yag1 - 1-40A vo AK-15 yaglarinin qarisig1 (60:40) + 0,4% Viscoplex 5-309 + 0,6%
Viscoplex 2-670 + 2,5% AKHTK + 0,003% ITMC -200A.

Hazirlanmis yaglarin sinaq noticolori homin seriyali yaglarin texniki sortlorlo
(TY38.1011337-90) miioyyon edilmis keyfiyyat gostoricilori normalari ilo miiqayisali sokildo
cadval 3-ds oks etdirilmisdir. Miiqayisadon goriiniir ki, UT/] seriyali yagin islonib hazirlanmis
hor iki markali varianti ozliliikk-temperatur, korroziyaliliq vo yaglayiciliq xassolori ii¢lin
standartla miioyyon edilmis toloblors tam cavab verir.

Beloliklo AKHTK-nin Baki baza yaglart vo bu yaglarin yeni islonib hazirlanmis
kompaundlar1 torkibinde todqiqi asqarin disli ¢arxlarin normal isini tomin eds bilon yaglayiciliq
xassalorine malik oldugunu, yeni yag kompaundlarininsa bu asqardan istifado etmoklo tosorriifat
ohomiyystli transmissiya (TAn-15B tipli) vo sonaye yaglarnt (UT-68, UT/-100) alinmasinda
yararli oldugunu gostormisdir.

Cadval 3.
. y [-40A va AK-15
UT/JI -68 yag1 I-40A yag HT}Ia:iLOO yaglariin qarisigi (60:40)
tgtin TV ﬁ(;?]ingTY
Sstorici - 2% Vi lex 5- .
Gostaricilor 38.10}1337 90 3(())é+ 8 3<:/ic\3?3§§p?ex 38.1011337- | 0,4% Viscoplex 5-309+
ngrzr;; 670+ 90 iizro 0,6% Viscoplex 2-670+
2,5% AKHTK + norma 2:5% AKHTK +
0,003% IIMC-200A 0,003% IIMC-200A
Kinematik 6zIiliik, 61,2 -74,8 69,6 90-110 98,8
40°C-do mm’/s
Alisma >200 208 >210 216
temperaturu,®C
Donma <-18 -23 <-18 -27
temperaturu, °C
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Cadval 3. (davamu)

Mis vo polad
l6vholorin davam gotirir davam gatirir davam gatirir davam gatirir
korroziyast,
100°C-do, 3 saat
Kiilliilik, % <03 0,003 <03 0,003
Dordkiirali masinda
yaglayiciliq
xassolori:

- siyrilma indeksi, >392 451 >441 480
N
- qaynaq yikii,N - 2607 - 2764
- yeyilma izinin
diametri, mm (196 <045 0,42 <0,45 0,43
N, 4 saat)

ISO VG (DIN 51517.3) tosnifatlara miivafiq noticolorin adlar:

WUT-68 (CLP) — siyrilmo indeksi U, — 392; yeyilmo izinin diametri 0,45 mm.

WTO-100 (CLP) — siyrilma indeksi U, — 441; yeyilmas izinin diametri 0,45 mm.

NOTIC®O. Sintez edilmis maddolorin igarisinds yaglayiciliq xassolori kifayat qodar yiiksok,
sintez yolu iso nisbaton sado olan N-allilkarbamoilmetil heksiltritiokarbonatin Baki baza yaglari vo
bu yaglarin islonib hazirlanmis optimal kompaundlart torkibindo todqiqi asqarin disli carxlarin
normal isini tomin edos bilon yaglayiciliq xassalorino malik oldugunu, yeni yag kompaundlarinin iso
bu asqarlardan istifado etmoklo tosorriifat ohomiyyetli transmissiya (TA,-15B tipli) vo sonaye
yaglart (UT-68, UTA-100) alinmasinda yararli oldugunu gosrtormisdir.
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PE3IOME
CO3JJAHUE CMA30YHBIX KOMITIO3UIINN C NCIIOJIb30BAHUEM
AJVIMIIKAPBAMONWIMETUWITEKCUITPUTUOKAPBOHAT®A (AKI'TK)
Taoycuesa U.b.

Knrouesvie cnosa. AKI'TK, cmazounas Komnosuyus, Koppo3us, usHoc, ouoyuo

CHHTE3 HOBBIX IPHUCAJOK UMEET OOJIBIIOE 3HAYCHUE NPU CO3JAAHUM CMa30YHBIX MaTepPHAJIOB,
OTBEUAIONINX COBPEMEHHBIM TpeOOBaHMAM. YIy4IICHWE CMasbIBAIOMIMX CBOMCTB Macenl OBLIO THITMYHON
3amadeil MPaKTUIECKH JJIS BCEX CHHTE3MPOBAHHBIX BEMIECTB. J[JI 3TOTO Cpely CHHTE3MPOBAHHBIX BEIICCTB
ObUT HCIIONIb30BaH ayuTmiikapoamMommMetmirekcmirpurnokapoonar (AKI'TK), oGmamarormii 1ocTaTOYHO
BBICOKMMH CMa3bIBAIOIUMHU CBOWCTBAMU W OTHOCHUTEIIBHO NPOCTHIM IyTeM cuHTe3a. K cokaneHuto,
BSI3KOCTHO-TEMIIEpAaTypHBbIE CBOWCTBA MECTHBIX 0a30BbIX Maceld, MPOM3BOIMMBIX CErOAHS IO CTapbiM
METOJIMKaM M TEXHOJOTHSM, HE COOTBETCTBYIOT COBPEMCHHBIM TpeOOBaHMSAM. B mpeaBapuTENbHBIX
WCCIICIOBAHUSAX OBLIO YCTaHOBJICHO, UTO ATH 100aBKK BechbMa (¢ eKTUBHBL. Tak Kak, mpucajaka Buckoreke
5-309 B konnuectse 0,2 % cHU3MIA TeMiepaTypy 3amep3anus macia U-40A ¢ munyc 15°C no munyc 26°C,
a no6aska Buckormiekc 2-670 B kommaecTtBe 0,5 % CHU3MIA KHHEMATHYECKYIO BA3KOCTH 3TOro Macia jao 1,6
MMZ/C, yBEIMYMIIA WHAEKC BiI3KOoCcTH Ha 11 emuHuIl. DTOT HPHUCANOK IOKa3al CBOKO IOJE3HOCTH IPHU
MOJTYYCHUH BAKHBIX TPAaHCMHUCCHOHHBIX (TUT TA-15B) n unaycrpuansueix macen (MT/-68, UTI-100).

SUMMARY
DEVELOPMENT OF LUBRICANT COMPOSITIONS USING
ALLYLCARBAMOYLMETHYLHEXYLTRITIOCARBONATE (ACHTC)
Hajiyeva 1.B.

Key words: ACHTC, lubricant composition, corrosion, wear, biocide

The synthesis of new additives is of great importance in the development of lubricants that meet
modern requirements. Improving the lubricating properties of oils has been a typical task for almost all
synthesized substances. For this purpose, allylcarbamoylmethylhexyl trithiocarbonate (ACHTC), which has
rather high lubricating properties and a relatively simple synthesis route, was used among the synthesized
substances. Unfortunately, the viscosity-temperature properties of local base oils produced today based on
old techniques and technology don’t meet modern requirements. In preliminary studies, these additives have
been found to be quite effective. Since 0.2% Viscoplex 5-309 additive reduced the freezing temperature of
N-40A oil from minus 15°C to minus 26°C, and 0.5% Viscoplex 2-670 additive reduced the kinematic
viscosity of that oil to 1.6 mm?/s, and increased the viscosity index by 11 units. This additive has shown its
usefulness in derivation of important transmission (TA,-15B type) and industrial oils (UT/[-68, NT/I-100).

Daxilolma tarixi: [lkin variant 05.10.2023
Son variant 27.11.2023
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SAHILYANI TORPAQ ORTUYUNUN MiIiKROBIOLOJI TOHLILI

SOFIYEVA MORYOM RZABALA qizi %2

Fiziologiya Institutu, Baka, Azarbaycan, b.f.d., dosent
safiyevam@mal.ru

Agar sozlari: sahilyan: orazi, bakteriyalar, fizioloji qrup mikroorqanizmlar, ekoloji amillor

Sahilyan1 orazinin tobii olaraq bioloji ehtiyatlarinin qorunub saxlanilmasi problemlorinin
aragdirilmast aktual vo vacib prioritet elmi istigamotlordon  biridir. Bioloji ehtiyatlarin moskun
oldugu tobii miihit (BETM), canli orqanizmlorls yasayis sahasi ilo otraf miihitin ¢oxsayli tesir
amillorlo birgo bioloji gedisin ekoloji tarazligini ifads edir :

BETM=Canlilar + yasayis sahasi ~+atraf miihit

Torpaq Ortiiyiiniin mexaniki, fiziki, kimyavi va bioloji xiisusiyyotlori
onun miirokkob kontekstino zidd olan vo Yya vohdot togkil edon tobi-bioloji amillorin bioloji
aktivliyi xarakterizo olrnur.

Torpagin bioloji aktivliyi, biosenozda ekoloji amillorlo mikroorganizmlorin (bakteriyalar,
aktinomisetlor, mikroskopik gdboaloklor vo s.) kompleks foaliyyotinin  potensial vo aktual
mohsuldarliginin keyfiyyatlor mocmusunu 6ziinds oks edir.

Torpaqda qida maddolorin par¢alanmasi, paylanmasi, minerallasmast kimi {izvi Torpagda
gida maddolorin pargalanmasi, paylanmasi, minerallasmasi kimi tizvi alomin ¢oxsakilli inkisafi vo
miixtolifliyini tomin etmok qabiliyyatine malik olan osas bioloji aktiv fordlor prokariot vo
eukariot mikroorqanizmlordir [3;1;5].

Torpagin  bioloji aktivliyi onun mineral vo iizvi torkibli birlogmolorin parcalayaraq
miibadilo edon mikroorqanizmlorin miitloq faalliginin nisbi ils ifads olunur.

Material vo metodikasi

Todgiqat i1 Xozorin Abseron hissosinin sahilyan1 orazisindo aparilmigdir. Torpaq
ortiiyliniin  mikroorqanizmlori (bakteriyalar, aktinomisetlor, mikroskopik gdbaloklor) bioloji
xtisusiyyatlori tohlil olunmusdu.

Tohlil mikrobioloji tisullarla (segma va xiisusi) aparilmisdi [7]. Bu zaman nozarst miihiti
ticlin enerji monbayi olaraq sorbitin, 5%-li B-grupuna aid vitaminlor vo vitaminobonzor maddalor
kompleksinin 0,05%-li, tiamin vo pantoten tursusunun 0,4 mkg/ml mohlullardan istifado edilmisdi.
Niimuns miihiti noazarat mihitinin {izorino ammonium sulfat (NH3)2SO,4, kalium nitrat (KNO3)
duzu vo ¢orok mayast mohlulu olava etmokls hazirlanmigdir.

Tacriibo zamani eyni olmagla 100 mlqgidali miihitino 15mq. tesiredici madds olan azot

daxil edilmisdir. Azotlu maddoslorin torkibinds azotun miqdar1 Keldal iisulu toyin  edilmis vo
tosiredici maddonin (azot) miqdari asagidaki qaydada hesablanmus:

92(KNO3) - 14(N) X = % =98,5 mq. x - 15

Tonasiibdon goriindiiyii kimi 100 ml gidali miihito 98,5 mg KNOj3 duzu slavs edilmisdir.

Qidal1 miihitlor 250 ml —lik  konus sokili kolbalara (bes tokrar) tokiilmiis va bir atmosfer
avtoklavda tozyigls steril olunmusdur. Sonra steril kolbalarda olan qida miihitlarin {izarine 0,2 ml
okin materiali alavo edilmisdir. Tacriibonin gedisina nozarst edilmis, miisahidalor aparilmisdir.
Kulturalar ~ miroskoplanmis, qeydlor , calismalar aparilmis vo miivafiq islor yerina yetirilmisdir.
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Miizakira va naticalar

Tohlil zamani Escherichia  cinsina  monsub olan
Escherichia coli (sokil 1) bakteriya novii askarlanmigdir .
Escherichia coli bakteriyasi Berqey [9] toyinedicisino gora
asqidaki kimi idetifikasiya olunmusdur: sira Enterobacteriales
- ailo Enterobacteriaceae - cins Escherichia, ndv -
| Escherichia coli (sokil 1) .
s E. coli ¢ox kigik (1,5-1,8 x 0,5mk ) 6l¢iilora malik olub,
miitloq aerob, Qram (Qram monfi), sporsuz, ¢op c¢okili
bakteriyalar olub miixtolif ndv karbohidratlar1 polioksikarbon
tursuna, azotsuz birlosmolors, bir- vo c¢oxatomlu spirtlors

oksidlosdirma qabiliyyotine malikdir. Qliikozan1  qlyiikon
(qlyiikon tursusu nisbaton ¢ox  ayrilir) tursusuna miibadilo edir, bu zaman 5-ketogliikon, 2-
ketoglyiikon, 2,5-diketoqlykon va gliserini oksidlogarak dihidrooksiaseton amala golir [2, S.7] .
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Sokil 2. $okil 3.

Torpaq Ortiiylinlin mineral vo T{izvi torkibli maddslorin par¢alanmasinda faal istirak edon
Micrococcus albus (sakil 2), Micrococcus candidaus (sokil 3) Micrococcos.cereus, Micrococcus
flarus, Micrococcus raseus, Bacterium proteus vulgaris, Bacillus subtilis,Bacillus megaterium,
Bacillus mesentericum, Bacillus mycoides, Bacillus cereus, Bacillus virgulus kimi bakteriya
novlarina daha ¢ox rast golinmisdir [9] .

Torpaq Ortiiyliniin ~ simal hissesinda yayillmis mikroskopik gdbaloklor conuba nisbaton
miqdart 1%-o qodor nisbaton yiiksok olmusdur. Aspergilius, Penicillium (a) vo Mucor cinsli
mikroskopik gobaloklar tstiinliik togkil edir, Rhizopus, Trichothecium, Trichoderma, Alternaria(c),
Verticillium, Botrytis(b) cinsina az tosadiif olunur [4, s.838; 10, s. 8-12; 11, s. 11-13.]. Torpaq
oOrtliylin aktinomisetlori mikroorqanizmlorin  imumi miqdarinin 10-15%-1 togkil etmigdir.

Goriindiiyl kimi, torpaq ortiiyiliniin mikroflorasi ilo yasayis sahasinin iizvi vo mineral torkibi
maddolor qarsiliglh vohdat toskil edorok “mikroorqanizm - yasayis sahosi - otraf miihit” sistemli
foaliyyatinin bioloji xiisusiyyotlorino uygun miivafiq (segici vo ya selektiv) tobi yasayis miihiti
formalagaraq yaranmasia sabab olur.

Orazinin torpaq Ortiiyiiniin eyni torkibli qida maddolorini pargalayaraq miibadilo edon
miixtalif cinsli bakteriyalar, mikroskopik gobalaklor vo aktinomisetlordon ibarat olub fizioloji birlik
toskil etmis mikroorganizmlor (FQM) qrupuna rast galinir [3, 5.246; 6, 5.28-334].
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Sokil 4.

a — Penicillium: 1- konidiya dasiyici; 2 — budaglar; 3 — sterigmalar; 4 — konidiyalar; b — Botrytis:
1 — konidiya dasiyici; 2 — budaglari; 3 — konidiyala r; ¢ — Alternaria: 1 — konidiya dasiyici;
2 — ¢oxhiiceyrali konidiya

Orazinin torpaq Ortilylindo miirokkob azot- vo karbonlu birlosmoalorin parcalayaraq
miibadilo edon fizioloji foal mikroorganizmlor qrupu yayilmigdir (codval 1).

Cadval 1.
Miirakkab torkibli tizvi maddalorin fizioloji foal mikroorqanizmlorlo bioloji miibadilasi
1 Mineral voiizvi torkibli maddolor fizioloji qrup mikroorqanizmlarin
2 Selliiloza torkibli maddslor Acetobacter (A. aceti, A. pasteurianum,), Bacillus (B.

omelian), Selluibrio (C paramaecium), Myxococcus (M
hutchinsonii), Aspergullus sp.,Dematium sp., vo s

3 Mineral va iizvi torkibli azotlu Azotomonas, Azotobacter (A nigricans, (A.

maddolor beijerinck, A. chroococcum ), Bacterium ( B.
denitrificans, B.Pasteurianum), Basillus sp.
,Clostridium (C.Pasteurianum), Nitronomonos sp.,
Rhizobium sp., Pseudomanas sp., , Nitrozomonas sp.,
Nitrosocystis sp., Nitrosospira sp., Penicillium sp.,
aktinomitsetlor) va s.

Cadvaldon goriindiiyii kimi, eyni torkibli qida maddolori miixtolif cins vo ndvlora moxsus
mikroorqanizmlar bioloji miibadils qabiliyyotina malkdir vo fizioloji aktiv olaraq miivafiq qrup
(FQM) toskil etmus olublar. Bunlar aerob, anaerob, sporlu, sporsuz bakteryalar, mikroskopik
gbbaloklor vo aktinomitsetlordir.

Miroorqanizmlari ndv miixtalifliyi forqlonon FQM-lor manisanils bilocak qida maddalarina
gora bioloji faalligi forqli va ekoloji amillorin  fasirlorina qarsi miinasibati muixtalifdir [3,¢.246].
FQOM-lor miihitdo miirokkob torkibli maddslori vo qarisiglari monimsoyib mubadilo edorarok
ekoloji tohliikeliliyin mobizasiyast vo immobilizasiya omsalinin nizamlanmasinda bioekoloji
ohomiyyat kosb edir.

Mikroorganizmlarin torpaq Ortiiyiin qatlari lizre eyni deyil, miqdar1 qeyri-barabar yayilmisdi
(cadval 2).
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Cadval 2.
Torpaq ortiiyiindo mikroorganizmlorin sayr (grimin-Io)
imumi Sporlu Aktinomiset Mikroskopik
s/s | gat/sm miqdari Bakteriyalar (HHA) gobaloklor
(OPA) (OPA+OSA) (SA)
0-5 10* 10 10t 0,8°
5-10 10° 10" 0,7" 1,0"
3 | 10-15 10° 10" 0,5" 0,5°

Cadvoldon gorlindiiyli  kimi, mikroorqanizmlor torpaq qatlar1 iizra  sayr  miixtolif
olmugdur.Torpagin iist sothinin 5-10 sm.-lik gqatinda digorina nisboton mikroorqanizmlor umumi
miqdar1 daha cox olmusdur..

Orazido fasilosiz olaraq mineral vo {izvi torkibli birlosmolor bioloji proseslora vo
biokimyavi ¢evrilmolora moruz qalir, kimyavi miibadils olunur, hidroliz edilir. Belo ki, miirokkob
karbohidratlar1 bir qrup mikroorqanizmlor (bakteriyalar, mikofitlor, selliiloza pargalayan
mikroorganizmlor vo s.) parcalayir vo monimsayir. Tohlil olunmus bakteriyalar (aerob anaerob,
sporlu, sporsuz), mikroskopik gobaloklor vo aktinomitsetlorin bir ¢gox novlsri miixtolif kimyavi
qurulusa malik olan yiiksokmolekullu selliiloza va selliiloza torkibli digor maddoslori monimsayir,
nisbaton asagr molekul ¢okisino malik olan digoer birlosmalora ¢evrilir, maddslor miibadilssing
daxil edir. bioloji enerji omolo golmosini tonzimlonir vo makroergik olagoys malik olan
birlogsmolarin torkibinds toplanir [2, 5.246; 8, s. 8-12] .

Qeyd edok ki, mineral torkibli azotlu birlosmalorin monimsayan mikroorqanizmlar asason
ammoniumun mineral duzlar1 vo onun fizioloji turs birlosmolorindon istifade edir. Uzvi torkibli
azotlu birlogsmalori monimsayon mikroorqanizmlorin {izvi torkibli azotlu birlosmolorindon istifado
edorok ammoniumlu birlosmoalori miibadilo edir. Bu zaman miihitdo SO, , HPO,4 , CI" va s. bu
kimi anionlar toplanir, H" ionlarin qatilig1 artir, zoif turs miihit yaranir. Mikroorqanizmlor azot
tursulart vo onun duzlar olan fizioloji golovi xassoys malik miihitde omalo golon NO';3 vo NHj
monimsoyir. Oks halda yasayis sahosindo agir metal ionlariin toplamast miihitdo yaranmis
ekotoksikoloji problemlar digor canlilar inkisafina monfi tasir gostara bilar [2, 5.212].

Amin tursulari, peptonlar va s. bu kimi lizvi torkibli azotlu birlogsmalar olan miihitds mikrob
hiiceyrasinin inkisafina daha olverigli sorait yaranir. Azotun iizvi torkibli birlosmolorin bioloji
miibadilesi ammiakin omala golmasi ilo naticalonir vo bu zaman qaz halinda ayrilmis ammiak
konstruktiv proseslors daxil olur, biokimyavi ¢evrilmalors (sxem) moruz qalir.

Qidali miihitin
ziilallar
v
Peptidlar
v
] Amin tursulan
Azot tursusunun duzlari
\ o
Mineral va iizvi Mikroorganizmlorin
ammmonium duzlari protoplazma ziilallar
Sxem.
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Azotlu maddolor maddslorin hiiceyrade miibadilasi canlinin bioloji xiisusiyyatlorinin uygun
fizioloji funksiyalarinin, maddslor vo enerji miibadilosinin, onun osas yollariin gedisini miioyyon
etmoklo halledici ohomiyyat kasb edir [6, 5.140-146].

Sxemdon goriindiiyii kimi torpaq mikroorqanizmlori enerji monboyino goro forqlidirlor.
Mikroorganizmlor miixtolif torkibli mineral vo iizvi torkibli birlogmolori hidroliz edorok konkret
olaraq miivafiq amillorin tosiri ilo miioyyon mokan vo zaman kosimindo elementlorin tobii dévranin
gedisinin bu va ya digor istiqgamatds istirakini tomin edirlor.

Miioyyon edilmis ki, sahilyani orazi mikroorganizmlorin miixtolifliyi ilo forqlidir , torpaq
ortiyii ilo xarakterizo olunur. mikroflorasinin torkibinin oss mikroskopik canlilar1 prokariot
mikroorqanizmlordir. Orazido prokariotlara nisboton eukariot mikroorganizmlorin név miiftoliyi
secilir vo stiinliik toskil edir. Beloki, azido Escherichia, Acetobacter, Bacillus, Myxococcus,
Clostridium, . Nitrozomonas, Micrococcus, Bacterium cinsli bakteriyalar stiinliik toskil edir,
Aspergullus Rhizopus, Trichothecium, Trichoderma, Alternaria, Verticillium, Botrytis, Dematium,
Penicillium Mucor cinsli mikroskopik goboloklor genis yayilmisdir.. Aspergilius, Penicillium va
Mucor cinsli mikroskopik gobaloklor iistiinliik togkil edir, aktinomitsetlor az tosadiif olunur

Ehtimal olunur ki, torpaq Ortiiyiiniin selliiloza, mineral va iizvi torkibli azotlu maddslorini
birgo miibadilo edon fizioloji qrup mikroorqanizmlor (aerob, anaerob, sporlu, sporsuz
bakteriyalar, mikroskopik goébolaklor) bioloji foal aktiv mikroorqanizmlordir.

Biitiin  bunlarla , torpaq Ortiiyiiniin osas bioloji aktiv vo {stlinlikk togkil etmis
mikroorqanizmlor torpagin  miinbitliyi ilo ifads olunan mohsuldarliginin asas gostaricilorindon
biridir. Belo ki, torpagin bioloji aktivliyinin dayarlondirilmasi {igiin mikroorganizmlorin nov
torkibi, onun keyfiyyot vo, komiyyati gostaricilorinin nozors almagqla bioindikator kimi istifado
edilmosi mogsadouygundur.  Torpaqlarin somorali  istifadosi tobii-iqlim soraitino  uygun
mikrobioloji talablorinin gozlonilmasi vacib sortlonon masalalordon biridir.

Gorilindiiyti kimi, torpagm bioloji aktivliyi, miiayyan zaman va mokan hiidudunda inkisaf
edan mikroorqanizmlorin miitloq bioloji xiisusiyyatlorinin ~ miihitin ekoloji amillorin nisbati ilo
xarakterizo olunan bioekoloji keyfiyyotlor comini xarakteriza edan gostaricilor sistemidir.

Torpaq mikroorganizmlorin inkisafi, garsiligh tosiri, kompleks olaraq birgo foaliyysti ilo
xarakteriza olunan bioloji aktivliyi, torpagin torkibini, strukturunu , miinbitliyini, homginin {istiin
va zoif cohatlorini miiayyan edir.

Torpaqlarin davamli vo samoarali istifadasi, bioloji ehtiyatlarimin qorunmast mikrobioloji
proseslarin aktivliyinin tobi-bioloji xiisusiyyatlorinin ~ mokan-zamanla doyigmosininin nazara
alinmasini tolob edir. Torpaq mikroorqanizmlori onun bioloji ritmini tonzimloyir.

Torpaq mikroorqanizmlorin miitloq tobi-bioloji  Xiisusiyyatlorlo nisbati ilo ifado olunan
bioekoloji doayarlarin e/mi arasdirmasina ciddi ehtiyac var.

Sahilyan1 orazinin torpaq Ortiiyliniin ekoloji problemlori ilo bagli bioekoloji tohliikolor
moveuddur Toassiif ki, tobiot 6zii siltaq olsa da, siltaglar1 sevmir.
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PE3IOME
MHUKPOBHUOJOTTUYECKH AHAJIA3 TPUBPEKHOI'O IOYBEHHOI'O ITIOKPOBA
Hlaguesea M.P.

Kntoueevie cnoea: npubpesicnas sona, baxmepuu, (usuorocuveckas epynna MuKpoOpeaHusmos,

gaxmopul oxkpyscaroweti cpeoul.

MexaHnuecKlii cOCTaB, PU3MUECKOE COCTOSHHE, XUMUYECKHE M OHOJIOTMYECKHE CBOWMCTBA MOYBBI
XapaKTepu3yloTcss OHOTHYECKUMH W a0MOTHYECKMMH  (aKTopamy, KOTOpbIE NPOTHBOpPEYAT MM
00BEIMHSIOTCS C €€ CIIOHBIM KOHTEKCTOM. brosornyeckast akTHBHOCTh TIOYBBI BBIPa)KaeT MOTCHIIHATBEHYIO
U (QaKTHUYECKYI0 MPOAYKTHBHOCTH COBMECTHOW JAESATENLHOCTH JXHBBIX OPraHU3MOB C OKOJOTHYECKHMH
(akTopamu.

[IpokaproTnyeckue M SyKapHOTHYECKHE MHKPOOPTaHU3MBI SIBISIOTCS OCHOBHBIMU OHOJIOTHYECKH
AKTHUBHBIMH 0CO0SMH, 00€CTIEUNBAIOIINMHU pa3HO00pa3rue 1 MHOTO(OPMHOCTD Pa3BUTHS TTOYBHI.

Cpenu MUKpOOPraHM3MOB 0co0oe 3HaueHHe B ()OPMHPOBAHUH OHMOJIOTHYECKOH MPOAYKTHBHOCTH
UMEeeT Tpymna OaKTepuil, KOTopas BBIPAKAETCS OTHOCUTEIHHON aKTHBHOCTBIO a0COJNIOTHOW aKTHBHOCTH
MOYBHI B TEUCHHE OINPEICICHHOTO IMEPHOAa BPEMEHH. JTH OPraHW3MBI THAPOIU3YIOT MUHEPAJIbHBIA H
OpTaHMYECKHI COCTAB MMOYBBI, OMOXMMHUYECKUH OOMEH H T. . aKTUBHO Y4acTBYET B 3TOM Ipoliecce.

CnoXHBII COCTaB MPHOPEKHOTO IMOYBEHHOTO TOKPOBAa MO3BOJISIET OOMEHHBATH Pa3HOOOpa3HEIC
OpraHMYecKHe ¥ MHHEpalbHbIC IUTATENIbHbIE BENIECTBA HA OTHOCHTEIHHO HH3KOMOJICKYJISPHEIC
COEAMHEHHUS, TIO/IJAFOIIUECS AaCCUMUIISIIHH.

OOHapyxeHa KOJUICKIUsSI (PH3HOJIOTUYECKH aKTHBHBIX MHKpooprann3MoB (DPAK), cnocoOHBIX K
COBMECTHOMY OOMEHY OpPTraHMYECKHX BEIIECTB OAHOTO M TOTO K€ COCTaBa MOYBEHHOT'O TOKPOBA.

SUMMARY
MICROBIOLOGICAL ANALYSIS OF COASTAL SOIL COVER
Shafiyeva M.R.

Keywords: coastal area, bacteria, physiological group microorganisms, environmental factors

The mechanical composition, physical state, chemical and biological properties of soil are
characterized by biotic and abiotic factors that contradict or unite with its complex context. The biological
activity of the soil expresses the potential and actual productivity of the joint activity of living organisms
with ecological factors.

Prokaryotic and eukaryotic microorganisms are the main biologically active individuals that ensure
the diversity of multiform development of the soil.

Among the microorganisms, the group of bacteria is of particular importance in the formation of
biological productivity, which is expressed by the relative activity of the absolute activity of the soil over a
certain period of time. These organisms hydrolyze the mineral and organic content of the soil, biochemical
exchange, etc. actively participates in such a process.

The complex composition of the coastal soil cover can exchange a variety of organic and mineral
nutrients into relatively low molecular weight compounds that can be assimilated.

A collection of physiologically active microorganisms (FQM) capable of co-exchange of organic
substances of the same composition of the soil cover was discovered.

Daxilolma tarixi: [lkin variant 27.11.2023
Son variant 19.12.2023
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Insan aktinomikozu, xroniki, granulomatoz yoluxucu xaostolik uzun miiddatdir tanmir vo
onun toradicisi ilk olaraq Streptothrix israeli (hazirda Actinomyces israelii) adlanir, 1896-c1 ilda
Kruse torofindon tosvir edilmisdir. Yalnmiz 1951-ci ilo qgodor basqa bir Actinomyces novil,
Actinomyces naeslundii, insanlarda aktinomikotik lezyonlarda istirak etdi, Actinomyces
odontolyticus vo Actinomyces viscosus (ilk adi Odontomyces viscosus) miivafiq olaraq 1958 vo
1969-cu illords tosvir edildi.

Molumdur ki, aktinomikoz endogen infeksiyadir. Xastoliyin toradicisi Actinomyces ndvlori
selikli gisalarin sothindo yasayir va selikli gisanin manessini pozan travma, corrahi prosedurlar vo
ya yad cisimlor vasitosilo daha dorin toxumalara daxil olur. Toxumanin igarisinds bu bakteriyalar
budaqlanan, sapli basillorin aqreqatlarindan ibarat kiitlolor omolo gotirir. Aktinomikoz xiisusi
histopatoloji qurulusa malik sort kiitlo tipli lezyon kimi miioyyon edilir. Odobiyyatda
aktinomikozun c¢oxlu sayda hallari var, lakin oksor hallarda diaqnoz yalniz klinik vo histopatoloji
naticolora osaslanir. Erkon hesabatlarin oksoriyystindo diaqnozun mikrobioloji tosdiqi yoxdur.
Mikrobioloji giymatlondirms daxil edildikde bels, kultura adaton istifado edilon yegans iisul idi.
Bununla belo, niimuno toplanmazdan ovvel antimikrobiyal miialicoye baglanilibsa, kulturanin
noticolori yalan ola bilor. Molekulyar bakteriya askarlama vo identifikasiya tisullarinin getdikco
totbiqi bu kimi problemlorin aradan qaldirilmasina kdmaok edir. [1]

A.israelii, A.naeslundii, A.odontolyticus va A.viscosus tasvir edildikdon sonra ¢oxlu sayda
Actinomyces novlori tosvir edilmisdir. Bundan alavo, A. naeslundii vo A. viscosus kimi bozi ndvlor
daxilinds yenidon toyinatlar bag vermisdir. Bununla bels, yalniz bazi insanlarla slaqgoli Actinomyces
novlori, o ciimlodon A. israelii, Actinomyces gerencseriae vo Actinomyces graevenitzii klassik
aktinomikozda istirak edo bilor. Actinomyces ndvlorinin genis spektri getdikco bir ¢ox bodon
yerlorindoe infeksiyalarla olagolondirilir. Actinomyces meyeri, Actinomyces neuii vo Actinomyces
turicensis bu ciir infeksiyalarin miithiim sabablari kimi ortaya ¢ixir.

Aktinomikoz nisbaton nadir olsa da, an az1 Qorb populyasiyalarinda, bu yaxinlarda A.
meyerinin beyin abseslorindo vo Actinobaculum schaalii (hazirda Actinotignum schaalii)
urosepsisda vo gqabaqcil mikrobioloji isullarin totbiqi ilo olagali oldugu bildirilmisdir. Hotta gox
cold orqanizmlori do miioyyon edo bilir, klinik mikrobiologiyada Actinomyces vo digor qram-
miisbat, spor omalo gotirmayan basillor haqqinda molumatliligin artmasi ilo naticolonmisdir.

Bu giino godor insan materialindan etibarli sokildo nogr edilmis 25 Actinomyces novii tosvir
edilmisdir (Codval). Bunlardan 13 ndviin tosviri yalniz bu osrdo bag vermisdir. [2]
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Cadval.
Actinomyces novlori
Novlor Tosvir ili
A. israelii 1896
A. naeslundii 1951
A. odontolyticus 1958
A. viscosus 1969
A. meyeri 1984
A. georgiae 1990
A. gerencseriae 1990
A. neuii subsp. neuii and subsp. anitratus 1994
A. radingae 1995
A. turicensis 1995
A. europaeus 1997
A. graevenitzii 1997
A. radicidentis 2000
A. urogenitalis 2000
A. funkei 2001
A. cardiffensis 2002
A. hongkongensis 2003
A. nasicola 2003
A. oricola 2003
A. dentalis 2005
A. naeslundii (sensu stricto)? 2009
A. oris 2009
A. johnsonii 2009
A. massiliensis 2009
A. timonensis 2010
A. hominis 2010

Kliniki cohotdon uygun olan qram-miisbat anaerob ¢oplor iki filada rast golinir:
Actinobacteria vo Firmicutes. Actinomyces cinsi Aktinobakteriyalara aiddir, Actinomycetaceae
ailosindoki alt1 nosildon biridir vo hazirda etibarli sokildo dorc edilmis 42 ndvdon ibarotdir. 16S
rRNT gen ardicillifinin miiqayisolorine osaslanan filogenetik agac (Sokil) bootstrap analizi ilo
xtisusile giiclii sokilds dastoklonmasa do, li¢ asas klasterin oldugunu gostorir. Novlorin aksariyyati
A. bovisin daxil oldugu klasters aiddir. Miivafiq olaraq A. neuii vo Actinomyces hordeovulneris
daxil olan qalan ¢oxluglar iso onlarin yeni cins kimi toklifs zomanat verib-vermadiyini miioyyon
etmok liglin olavs todqiq edilmolidir.
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Actinomyces gerencseriae DSM 6844/
Actinomyeces israelii CIP 1032597
Actinomyces massiliensis 44012927
Actinomyces oricola CCUG 46090!
I Actinomyces dentalis R181657
721 Actinomyces ruminicola B7 1!
Actinomyces howellii NCTC 116367
Actinomyces johnsonii ATCC 493387

= _Ectinomyces oris ATCC 270447
86

80

Actinomyces naeslundii NCTC 103017

Actinomyces viscosus NCTC 109517
_|:Actinomyces bowdenii M1956/95/17

Actinomyeces slackii CCUG 32792!
Actinomyces denticolens NCTC 114907
—95: Actinomyces timonensis 74009427
Actinomyces urogenitalis CCUG 38702!
Actinomyces bovis NCTC 115357
Actinomyces weissii 2298/06'
Actinomyces catuli CCUG 41709'
Actinomyces radicidentis CCUG 367337
99 Actinomyces haliotis WL80'
Actinomyces graevenitzii CCUG 272947
Actinomyces canis CCUG 417067
52 Actinomyces radingae APL1T
Actinomyces naturae BL-797
Actinomyces georgiae DSM 6843
58 Actinomyces odontolyticus CCUG 205367
Actinomyces turicensis APL107
Actinomyces meyeri CIP 1031487
Actinomyces cardiffensis CCUG 44997'
Actinomyces vaccimaxillae R101767
Actinomyces funkei CCUG 427737
Actinomyces hyovaginalis NCFB 29837
Actinomyces suimastitidis CCUG 392767
100 — Actinomyces neuii ssp. neuii DSM 85767
L— Actinomyces neuii ssp. neuii DSM 85777

91

Sakil. 16S rRNT gen ardicilligimin miiqayisasina asaslanan filogenetik agac Actinomyces cinsinin

60 Actinomyces coleocanis CCUG 417087
494'— Actinomyces europaeus CCUG 32789AT

Actinomyces hominis 7894GR!

81 Actinomyces hongkongensis HKU8T
; Actinomyces marimammalium CCUG 417107
I Actinomyces hordeovulneris CIP 1031497
91 Actinomyces nasicola CCUG 460927
0.01

noviori arasinda alaqoni géstaran 1260-dan ¢ox diizlonmis asas. Agac Jukes-Cantor
korreksiyasindan istifads edorak diizlonmig ardicilliglardan qurulmus masafo matrisindan
qgonsu-birlagsma metodundan istifada etmoklo yenidon qurulmusdur. Nomralor 1000 agac
malumatlarina asaslanaraq har bir filial iciin acilis dayarlarini tomsil edir.

A. naeslundii /A. viskoz qrupunun heterogen oldugu ¢oxdan molumdur. A. viscosus avvalco

hamsterdon tocrid olunmusdu, lakin sonr stammlari bu ndvo aid edilmok {igiin kifayst qodor
fenotipik oxsarliqla tocrid edilmisdir. DNT-DNT hibridlosdirma todqiqatlart gostordi ki, insan A.
viscosus stammlar1 aslinde A. viscosus ilo miiqayisode A. naeslundii genospecies 2 ilo daha
yaxindan olagolidir vo A. viscosus yalniz heyvanlarda yasayan stammlar1 ohato edir. Olavo bir
genetik homoloji qrup, A. naeslundii genospecies WVA963 do tosvir edilmisdir. Multilokus
ardicilliginin tohlili bu qrup daxilindoki slagolori daha da aydinlagdirdi, bu da A. naeslundii torifinin
daralmasina va avvallor A. naeslundii genosunda 2 va A. johnsonii stammlarina toyin edilmis suslar

57



Insan infeksiyalarinda aktinomisetlor va alagali orqanizmlor

iiclin yeni A. oris noviiniin toklifino gotirib ¢ixardi. WVA963 genospsiyasina aid edilmisdir. Bu
isloro baxmayaraq, insan stammlar1 A. viscosus-a toyin olunmaga davam etdi vo mdévcud sxemdo
onlarin aid oldugu taksonu miioyyon etmok c¢ox vaxt ¢otindir. Bununla belo, bu stammlarin
oksoriyyatinin A. oris iizvlori olmasi ehtimal olunur. Bu aragdirmanin galan hissosi iigiin “A.
viscosus” bu név kimi miioyyon edilmis insan stammlart ilo bagli taksonomik geyri-miioyyanliyi
xatirlatmagq tigiin dirnaq igorisindas isaralonmisdir.

Bu cinsin iizvlerinin taksonomik yenidon qiymatlondirilmasi bazi novlerin Actinobaculum
suis (ovvallor Actinomyces suis), Cellulomonas humilata (ovvollor Actinomyces humiferus),
Trueperella bernardiae (ovvallor Actinomyces humiferus) kimi digor cinslors aid edilmosino sobab
olmugdur) bernardiac vo Trueperella pyogenes (ovvollor Actinomyces pyogenes Vo
Arcanobacterium pyogenes). Heyvan mongali Actinobaculum suis ilo yanasi, ii¢ insan Actinomyces
oxsar novii do yeni ndv Actinobaculum schaalii, Actinobaculum massiliae (sonradan A.
massiliense-a diizoldilmis) vo Actinobaculum urinale kimi tosvir edilmisdir.

Bu yaximlarda A. schaalii vo A. urinale yeni Actinotignum cinsino aid edildi vo insan
gqanindan bir stamm Actinotignum sanguinis kimi tosvir edildi. Sonuncu todqiqatda iki kultura
kolleksiyasindan olds edilon Actinobaculum massiliense-nin tip stammi, ilkin tosvir edilmis
stammdan 16S rRNT gen ardicilliginin miiqayisosi osasinda filogenetik cohotdon forgli oldugu
askar edilmisdir. Hazirda kultura kolleksiyalarinda saxlanilan A. massiliense tipli stammin A.
schaalii ilo six alagoli oldugu goriiniir. Insan infeksiyalarindan tocrid olunmus bir qrup Actinomyces
kimi stammlarin Actinomycetaceae ailosi daxilinds yeni bir cinsi, Varibaculumu tomsil etdiyi askar
edilmigdir. "Actinomyces lingnae" vo "Actinomyces houstonensis" adli yeni novlor Clarridge vo
Zhang torofindon toklif edilmisdir, lakin tosvirlor natamam oldugundan vo stammlar kultura
kolleksiyalarinda saxlanilmadigindan, tokliflor tasdiglonmomisdir.

Son vaxtlara qodor tosvir edilon biitin Actinomyces ndvlori momolilorlo olagsli
mikrobiotadan tocrid olunurdu. Rao vo basqalart Actinomyces naturae-ni xlorlu holledici ilo
cirklonmis qrunt sularindan tocrid etmisdir. Bu ndviin bdyiimasi li¢iin optimal temperatur 30°C-don
37°C-a gadar, ilkin manbanin heyvan ola bilacayini gostarir.

Baxmayaraq ki, yuxarida sadalandigi kimi, son illordo toklif olunan bir sira yeni
Actinomyces novlori movcud olsa da, 16S rRNT genlorini birbasa hodof alan kulturadan asili
olmayan todqiqatlar yeni Actinomyces taksonlarini tomsil edon ardicilliglart agkar etmisdir. [2,3]
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Actinomyces israelii w3maBHa W3BeCTEH Kak BO30YyIHUTENIb AKTHHOMHKO3a. 3a MOCIEAHUE TpPU

JeCATHICTHS ObUIO OMHCAHO OOJBIIOE KOJMYSCTBO HOBBIX BUaoB Actinomyces. X MoxeT ObITH TPYIHO

OOHapyKUTh, WACHTU(PHULIUPOBATH ¥ PACIO3HATH KaK IaTOTeHbl B JIA0OPATOPHSX KIMHUYECKOM

mukpoouonorud. C NMPUMEHEHHEM TEePeAOBBIX MOJEKYISIPHBIX METOJOB pPACIIMPSIOTCS 3HaHMS 00 HX
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KIIMHMYECKOM 3HAYCHWU M PACHIMPSIETCS CIEKTp 3a00JCBaHUM, CBA3aHHBIX C AaKTHHOMUIIETAMH U
AKTHHOMMIIETOIIOJOOHBIMHM OpraHH3MaMK COOTBETCTBEHHO; Hampumep, Actinomyces meyeri, Actinomyces
neuii u Actinomyces turicensis, a taxxe Actinotignum (paree Actinobaculum) schaalii ctaHoBsTCS BayKHBIMU
MpUYuHaAMK crenuduueckux MHQPEKIMA B pa3IMYHBIX ydacTKaxX Teia. B HacTosIeM HCCIeIOBaHUM Mbl
coOpamu 5Ty uWHOpPMAIMIO, YTOOBI TPEAOCTAaBUTh BCEOOBEMIIONMMH W MHKPOOHOJIOTHYECKU
MOCJIEIOBATEIbHBIA  0030p BaKHOCTH ACtINOMYCES M HEKOTOPBHIX OJM3KOPOJCTBEHHBIX TAKCOHOB MPH
WHQEKIHUAX YeT0BEKa.

SUMMARY
ACTINOMYCETES AND RELATED ORGANISMS IN HUMAN INFECTIONS
Aliyeva G.R.

Keywords: actinomycetes, actinomycosis, endogenous, infection, microbiota, taxonomy, strain,
gram-positive, culture

Actinomyces israelii has long been known as the causative agent of actinomycosis. A large number
of new Actinomyces species have been described in the last 3 decades. They can be difficult to detect,
identify and recognize as pathogens in clinical microbiology laboratories. With the application of advanced
molecular techniques, knowledge of their clinical significance is increasing, and the spectrum of diseases
associated with Actinomyces and Actinomyces-like organisms is expanding, respectively; for example,
Actinomyces meyeri, Actinomyces neuii, and Actinomyces turicensis, as well as Actinotignum (formerly
Actinobaculum) schaalii, are emerging as important causes of specific infections in various body sites. In the
present study, we have compiled this information to provide a comprehensive and microbiologically
consistent overview of the importance of Actinomyces and some closely related taxa in human infections.

Daxilolma tarixi: [lkin variant 27.09.2023
Son variant 30.11.2023
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modellasdirilmasi

Insanlar miitomadi olaraq &z foaliyyatlorindo fiziki vo ogli funksiyalarinin yiiksoldilmasi,
istigamotindo yeni axtariglar etmis vo miioyyon naticalora nail olmuslar. Gostarilon istigamatlords
olds edilmis nailiyyatlorin hor biri digerinin daha da inkisaf etdirilmosi {iclin stimul yaratmis vo
onlar qarsilight alagads bir-birini tamamlamisdir. Hoyata kecirilon elmi, toskilati vo praktiki islor
tarixdo sonaye inqilablar1 kimi formalasdirilmis vo Oyronilmisdir. Hal-hazirda diinya elmi vo
sonayesi [V Sonaye inqilabinin astanasindadir.

IV sonaye inqilabinin asas vozifolori vo perspektivlorini izah etmomisdon ovval ona kimi
inkisaf etmis vo miioyyon nailiyyatlori ilo forglonon sanaye inqilablarina qisa ekskurs edok.

1. Sonaye inqilablarinin inkisaf tarixi

I Sonaye inqilab1 (XVIII osrin sonlari), ol amoyindon masinlarla omak alotlorine kegid. 1-Ci
Senaye inqilabinin osas atributlari:  mexaniki tikis dozgahi ve buxar masinlari. Tebiidir ki,
gostorilon omok alotlori insanlarin  fiziki qabiliyyatlorini, funksiyalarini yiikssltmokls barabar
onlarin oqli faaliyystlorinds ds yeniliklorin, vordislorin yaranmasinda miisbot rol oynadi.

IT Senaye inqilab1 (XIX osrin sonu XX osrin ortalarina godor). Osas atributlari: konveyerli
istehsal, elektrik stansiyalari, kozormo isiq lampalar, elektron lampalari, telefon, elektron-
hesablama masinlar1 va s.

III Sonaye inqilab1 (XX orsin ortalarindan). Osas atributlari: tranzistor inteqral sxemler,
prosessor, mikroprosessor, komputer, internet, roqomli kamera, moantiqi kontroller vo s. 3-cii sonaye
inqilabt 1960-c1 ildon baslayir. Sorti olaraq baglangic kimi ona ilk mentiqi programlasdirilan
kontrollerlar, yiiksok mohsuldarligli komputerlar vo sonaye robotlarin aid edirlor.

Gostorilon sonaye inqilablarinin osas xiisusiyyoti ondan ibarstdir ki, onlarin iigiido her
hans1 yeni qurgunun, istehsal ndviiniin, hesablayict elementlorin vo on asas1 insanlarin aqli va fiziki
qabiliyyatlaorinin yliksoldilmosine xidmat edirlor.

IV Saonaye inqgilab1 [1] 3-ciidon iki asas magsadls forqglonir: roqem,fikizi vo bioloji alomlor
arasindaki forglor yox olur; texnologiyalar ¢ox siiratlo doyisilir, inkisaf edir.

IV Senaye inqilabinin avvalkilordon osas forqi ondan ibarotdir ki, onun haqqinda hor hansi
bir molumati aldo etmok {igiin agar sozlordon deyil vo yaxin golocokdo elmi islomlordon vo
simaqglardan ¢ixacaq acar texnologiyalar terminindon istifado olunacaqdir.Homin agar
texnologiyalarina asagidakiklari aid etmok olar:

BOYUK VERILONLOR ANALITIKASI

SUNI INTELLEKT

AVTONOM FOALIYYOT GOSTORON ROBOTLAR
AVTONOM NOQLIYYAT VO PILOTSUZ UCAN APPARATLAR
BULUD HESABLAMALARI

KVANT HESALAMALARI

OSYA INTERNETI

NoabkowhE
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Ohmadov M.A., Hiiseynov A.H.

8. VIRTUAL REALLIQ

9. KOMPUTER MODELLOSDIRILMOSI VO SIMULYATORLAR

10. UC OLCULU CAP

11. CAP ELEKTRONIKASI

12. NANO VO NEYROTEXNOLOGIYALAR

13. INFORMASIYA TOHLUK®OSIZLIYI

14. KIBERTOHLUK®OSIZLIK

2019-cu ildo kegirilon Beynolxalq Iqgtisadi forumun materillarinda bozi istiqgamatlor iizro
artiq inqilabin baslanmasi 6z oksini tapmisdir (siyahida kursivlo gostorilmisdir).

Gostorilir ki, baslanan 4-cii Sonaye inqilab1 xiisuson 3.,4,7,9 punktlarindaki istigamaotlords
artiq goanotboxs noticoloro nail olmaqdadir. Onlardan Osya interneti texnologiyast  xlisusi
ohomiyyat kosb edir.

Ogsya interneti agilli fiziki obyektlor (osyalar) arasinda qarsilighh oslagodo verilonlorin
oOtiirtilmasini va istifadasini tomin edon soboko konsepsiyasidir. Osya interneti qurgularina niimuno
kimi agsagidakilart gdstormok olar: agilli mobil telefonlar, soyuducular, saatlar, yangin
signalizasiyasi, tibbi vericilar, tohliikesizlik sistemlori va s.

Osya interneti termini dedikds elo kollektiv soboko nozords tutulur ki, ona qosulmus qurgu
va texnologiyalar sorbast sokilds, asanliqla qarsiligh slagads faaliyyat gostors bilirlor.

Cisko kompaniyasinin analitiklori hesab edirlor ki, Ogya internetinin yaranma tarixi 2008
va 2009-cu illoro tosadiif edir. Beloki homin dovrds qlobal sobokoys qosulan qurgu veo
texnologiyalarin say1 yer kiirosinin ohalisinin saym1 6tiib kegib vo beloliklo << Insan internetindon
>> Opgya internetino kecid bas vermisdir.

Sonaye inqilablarinin yaranma tarixlorini, vozifalorini vo nailiyyatlorini miiqayisali analiz
etdikdo asagidaki osas naticolori gostormok olar.

1.Biitiin sonaye inqilablar1 tarixi zorurot naticosindo bas vermisdir vo asagidaki faktorlarla
baglidir: yeni istehsal sahalorinin yaranmasi va inkisafi (toxuculuq senayesi, metallurgiya, buxar
magsinlari); sonayelosdirma, yoni aqrar iqtisadiyyatdan sonaye istehsalina keg¢id (masingayirma,
noqliyyat, rabito, kimya va s.); sosial doyisikliklor ( sosial strukturlarda yeniliklor, tohsil,
urbanizasiya).

2.Istonilon sonaye ingilabmin osas mogsadi insanlarin hoyat torzinin yaxsiya dogru
doyismosina xidmat etmakdir vo onun aqli va fiziki faaliyystlorinin funksiyalarinin yiiksaldilmasi
istigamotindo yanasmalarin islonmasinin, totbiqinin hayata kegirilmasidir.

3.Biitiin Sonaye inqilablarinda qismon do olsa siini intellektin hor hansisa elementlorindon
istifado etmokls insana xas olan yaradici funksiyalarin magin imitasiyalart yerina yetirilir. Odur ki,
siini intellekt texnologiyalarinin Sonaye inqilablarinin lokonotivi hesab etmok olar. Xiisuson do III
Senaye inqilabindan baslayaraq Siini intellekt ndvbati inqilablarin aparict texnologiyas: rolunu
oynayir va digor miitoraqqi texnologiyalar mohz onun inkisafina xidmat edirlor.

Gostarilonlari nozars alaraq moaqalods stini intellektin tadqiqat istiqamatlorine baxilir.

2. Siini intellektin asas tadqiqat istiqamatlori

Siini intellekt bir elm sahosi kimi XX osrin ortalarindan baglayaraq komputer texnikasi va
texnologiyalarinin  siiratli inkisafi morholosindo formalasmaga baslamisdir. Kegmis SSRI
mokaninda 1974-cii ildo akademik G.S.Pospelov va professor JI.A.Pospelovun rohbarliyi ilo SSRI
EA-nin nozdindo Siini intellekt problemlori iizro bolmo yaradilmisdir. Bu bdlmonin foaliyyoti
naticasinda 1975 vo 1977- ciillords Siini intellekt {izro Tiflis vo Repino soharlorinds iki Beynalxalq
konfranslar kegirilmi¢dir. Bu forumlarda siini intellekt iizro diinya miqyasl alimlor istirak etmislor:
[.Makkarti, M.Arbib, JI1.Zado, J.Jenar, J.Muxu, I. Mur, Nilson, II.Binston, K. Xymupr,
3.Fredkin, D.Sandeval, K.Simon vo b. Belo bir m&tobor forumda Siini intellket problemlorinin
moveud voziyyati, nailiyyastlori vo perspektivlori aragdirilmis vo bu sahodo yerina yetirilocok elmi-
todqiqat islorinin yol xoritosi islonmigdir.
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SUNI INTELLEKT

Moqalada gostarilon istigamatds 6ton dovrds yering yetirilon islorin qisa xiilasasino baxilir,
oldos edilmis naticalor vo inkisaf perspektivlori arasdirilir.
Sakilds Siini intellektin asas tadqiqat istiqgamatlarinin klassik struktru verilmisdir [2,3]

A B C D
Insanin
yara_d1c1 Kompiiterin Kompiiterin Robotlarin
funksiyala- xarici daxili moqsad-
rnin intellektlosdi-- intellektlosdi- yonlii davranist
modellagdiril— rilmosi rilmosi
mosi
A
v ! ! v /\
Planlagdirma Layihalon- Elmi-todqiqat Qavrama, Moalum
AlS dirmo ETIA operativ biliklor
ALS idaroetmo (apriori)

V

|
|
Sistemlor :
_ Intel!ektual VB | BB va xarici
informasiya—axtans 7 11 ypjs — T miihitin real
Sistemi | vaxt rejimindo
. [iAS l modeli
Intellektual totbiqi BB |
paket programlart [ [ BBIS ZIIEZ:IZ i
ITPP |
|
: - ! ituasiyal
Hesabi-moantiqi | Slblill?ls(ll};? 1
program paketlori :
|
Ekspert sistemlori : ﬁ
|
I . .
Vab. l Intellektual Intellektual
. sensorlar sensorlar
INTELLEKTUAL :
INTERFEYS |
|

Sakil. Stini intellektin asas tadqiqat istiqamoatlaorinin klassik strukturu
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A istigamati siini intellekttin digor istigamatlorindon ovval dyronilmays baslanmisdir vo
osason insana xas olan yaradici funksiyalarin, xiisuson do oyun moasalalorinin (sahmat, dama,
domino va s.) program modullarinin avtomatik sintezi, musiqi osorlorinin analizi vo sintezi kimi
problemlorin hallini nozords tutur. Mohz bu ndqteyi-nozordon Siini intellekt termini yaranmisdir.
Bu istigamatin asas mogsadi homin dévrds elm va texnikanin mévcud

nailiyyatlorindon istifado etmoklo insanin vo digor canlilarin miixtolif funksiyalarini
imitasiya etmoyo qadir olan qurgularin (fiziki modellerin) yaradilmas: idi. Baxmayaraq ki, bu
istiqgamotdo, xiisuson do ordu sahosindo miioyyon nailiyyatlor oldo edildi( gecogdrmo aparatlari,
tosvirlarin oxunmasi vo emali va s.), komputer texnikasi vo texnologiylarinin siiratli inkisafi, yeni
algoritmik, program, texniki tominatlarin meydana golmosi, siini intellektin A istigamatinin yegano
olmadig1 ideyasini aktuallagdirdi.

Yeni nosil komputerlorin yaranmasi bir-birini hortorafli tamamlayan siini intellektin B vo C
todqiqat istigamotlorinin inkiskafina rovac verdi. Beloki miiasir genis funksional imkanlara malik
komputerlorin yaradilmasi, onlarin daxili vo xarici intellekttlogdirilmosinin yiiksok soviyyasi, Siini
intellekt texnologiyalarinin elm vo texnikanin miixtslif saholorinds-planlagdirma, layiholonmdirms,
elmi-tadqiqat foaliyati, operativ idaraetmoa vo digar sahalords genis totbiqini tomin etdi.

Siini intellektin B va C todqiqat istiqgamatlorinin garsiliql slagads inkisafinda, onun klassik
strukturundaki intellektual interfeysin xiisusi rolunu qeyd etmok lazimdir. Kompiiter texnikast vo
texnologiyalarinin inkisasfi morhoalolorinds-ilkin, terminal miidaxiloli vo yeni informasiya emali
texnologiyalarinin an miisbat xiisusiyyatlorini 6ziindo oks etdiron intellektual interfeys miixtolif
peso sahiblorinin 6zlorino xas olan peso dillorinds Siini intellekt texnologiyalari ilo {insiyyotds
olmalarina vo onun nailiyyatlorindon istifads etmoys imkan verir. Bu mogsodlo uzun dovrler
orzindo inkisaf edorok formalasmis intellektual sistemlor-informasiya axtaris, totbiqi paket
programlari, hesabi-mantiqi proqram paketlori, ekspert va s., intellektual interfeysin torkibino daxil
edilmisdir.

Stini intellektin muasir dovrds an aktual istigamatlorinden biri geyri-miioyyanlik soraitindo
moaqsadyonlii davranisi tomin edon, daxli vo xarici miihitlordo bag veron situasiyalara adaptasiya
olunarag qoyulmus mogsado nail olan intellektual robotlarin alqoritmik, program vo texniki
tominatlariin yaradilmasidir. Siini intellekt texnologiyasinin D istiqgamati gostorilon masalalorin
halli istigamatinds elmi-tadqiqat islorinin yerina yetirilmasi problemlorinin halli ilo masgul olur.

Stini intellektin  todqiqat istigamotlorinin  klassik  strukturasinin  tokmillogdirilmasi
istigamotindo osas mosolo onun intellektual interfeysinin miiasir intellektual sistemlorlo borabar,
miasir, xiisuson do Soft Computing texnologiyalar1 ilo zonginlogdirilmasidir. (qeyri-salis moantiq,
Neyron sobakalari, 0yrotma nazariyyasi, genetik alqotirmlor va s.).

Sonaye ingilablarinin yaranmasi, inkisafi tarixlorinin vo nailiyyatlorinin analizino, eyni
zamanda Sini intellekt texnologiyasinin todqiqat istiqamatlorinin aragdirilmasina osaslanaraq
gostormok olar ki, biitiin hallarda vo gozlonilon ndvboti sonaye inqilablarinda osas todqigat
istigamoti kimi Siini Intellekt texnologiyalar1 aparici rol oynayir vo golocokdo do aktualligini
itirmayacaokdir.

Odur ki, maqgalodo Siini intellekt texnologiyalarinin inkisaf tarixi, novlori, nailiyyatlori vo
perspektivlori masalaloring baxilir.

3. Siini intellektin ii¢ 9sas novii

Alan Tyuringo gora: Siini intellekt intellektual masin, xiisuson do intellektual komputer
programlari yaradan elmi vo texniki texnologiyalardir.

Verilonlorin miixtalif sferalarda emali sahasinds Siini intellektin alqoritmlori artiq insanin
hesablama qabiliyyotini milyon dofslorlo iistoloyir. Homin alqoritmlor artiq insanin bozi <<
yaradic1 >> funksiyalarin1 da yerino yetirmoys gadirdir. Ancaq bazi hoall olunmamis problemlor,
xlisuson do etik (oxlaqi qaydalar), hololik mdvcuddur.
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Artiq Siini intellektin osas alt sistemi hesab edilon Masin dyrotmo sistemlori biitiin hoyati
vacib saholordoki proseslori (bank, tibb, tohliikasizlik, sonaye vo s.) avtomatlagdirmisdir.

Stini intellektin 3 osas noviinli forqlondirirlor: zoaif, basit (Al); giiclii, imumi (AG1) va
kollektiv, super ( super AG1).

Sonaye inqilablarinin biitiin dovrlorindo A1 névii demak olar ki, basit vo gqismon tam sokildo
realizo edilmisdir. Bu giin ii¢lin xiisusi ohomiyyat kosb edon vo insanin yaradici funksiyalarini
qurgu vo kompiiterlo imitasiya edon ¢oxlu sayda niimunolor géstormok olar, o climlodon: miixtolif
toyinatli sonaye vo intellektual robotlar; sosial sobokolordo reklamlar; sifotin taninmasi, sosli
assisentlor va s.

AG1 novii insan intellektinin gabiliyystlorino maksimum yaxinlagdirilmis suni intellektdir
vo Turingin klassik toyinatina uygun olaraq 6ziinii dorketms vo noticods timumilogdirma gabiliyyati
prinsipina asaslanir. Ekspertlorin fikrino goro AG1 toxminon 2075-ci ilo kimi formalagdirila bilor vo
toxminon 30 ildon sonra da super Siini intellektin formalagsmasi proqnoz olunur.

Super Siini intellekt sadaco olaraq insan intellektino banzor olmaq deyil, biitiin sahalords an
agillilarin intellektual qgabiliyystlorini 6tiib kegmoyi nozordo tutur. Belo ki, Super Siini intellekt
Oziinii yenidon proqramlasdiraraq tekmillogsmoli vo sorbost sokildo yeni alqoritmlor vo sistemlor
islomolidir.

Stini intellektin ndvlerinin analizinin naticolorini timumilosdirorak asagidakilari gdstormak
olar:

1.Siini intellekt insanin tobii intellektindoki proseslorin masinla, xiisuson do kompiiter
sistemlori ilo imitasiyasidir.

2.Siini intellekt asagidaki osas konkret totbiqi sistemlor ilo toqdim edilir: ekspert, tobii dilds
informasiya emali, danisiq vo masinla gérmanin taninmasi va s.

3.Hal-hazirda Google Translate proqrami bdyiik hocmli simvollu bloklart torciima
qabiliyyatino malikdir. Neyron sobokolor konteksti nozoro almagla boyiik massivlorls tosvir olunan
statistik verilonlorlo omaliyyatlar1 yerino yetirir. Artiq hind, kitay vo orab dillorini bilmadon homin
dillords yazilmis maqalslori oxuyub qavramaq miimkiindiir. Siini intellekt alqoritmlori vasitasi ilo
hokimlor miixtalif xastaliklorin diagnozunu toyin eds bilirlor. Cevik neyron sobokslorine asaslanan
alqortimlar istonilon movzu iizra maqalslor generasiya etmok qabiliyyatina malikdir vo s.

Magalonin sonunda gostarilon istiqgamat lizro SDU-da yerino yetirilon elmi tadqiqat islorini
nozordon kegirak.

Kegon osrin 80-ci illorindon baglayaraq SDU-da (ke¢mis Azorbaycan Neft vo Kimya
institutunun Sumqayit filiall) homin dovr tiglin xiisusi aktualliq kasb edon miiasir avtomatlasdirma
vasitolorindon ( Sonaye robotlar1 vo diger mexatron qurgular ) istifado etmoklo Robototexniki
komplekslarin layihslondirilmasi va Sumqayit soharinin sonaye miiassisalorinds totbiqi magsadi ilo
elmi-todgiqat islorinin yerino yetirilmosino baslandi. Tadqiqgat obyekti kimi ilk névbado Sumgqayit
aliminium zavodunun Buxarlandiricilar istehsali seg¢ildi. Professor R.O.Oliyevin rohbarliyi ilo
institutun miixtalif toyinath kafedralarmin amokdaslart vo alimlorindon togkil edilmis is¢i qrupu
yaradildi. Artiq 1984-cii ildo Conubi Qafqazda ilk dofo Buxarlandiricilar istehsalinda aliminium
varaglordon paket yaradan vo onu yayma dozgahinda prokat edon Robototexniki kompleks
layihalondirildi vo foaliyyatds olan istehsalda miivoffoqiyyatlo totbiq edildi.

Robototexniki kompleksin real vaxt rejiminds foaliyyotini tomin etmok mogsadi ilo onun
komputerli idaroetmas sistemindo situasiyali idaraetma prinsipindon istifado etmoklo, siini intellektin
produksiya qaydalarina asaslanan alqorotmlor iglonib totbiq edildi.

Gostorilon  istigamotdo aparilan elmi-todqiqat islorinin noticolori  Buxarlandiricilar
istehsalinin digor saholorinde do Robototexniki komplekslorin layiholondirilmasi va totbiqi ilo
davam etdirildi.

Paralel olaraq Sumgqayit sohorinin digor sonaye miiossisolorindo do-kompressorlar zavodu,
Boru-prokat va s., ad1 ¢okilon komplekslorin layihslondirilmasi va tatbiqi yerinag yetirildi.
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Qeyd etmok yerina diisor ki, aparilan elmi-tadqiqat islorinin naticolori imumilosdirilorak 14
namizadlik vo 6 doktorluq dissertasiyalar1 miidafio olunmagqla uygun elmi dorocolor alinmis vo
homin alimlorin bdyiik aksoriyyati hal-hazirda da SDU-da foaliyyat gostarirler.

1990-ci illordoki molum hadisalorlo bagh totbiq istigamotindoki foaliyyot dayandirilsa da
nazari elmi-tadqiqat islori Mithondislik fakiiltasinds bu giin do miiveffoqiyystlo davam etdirilir.
Beloki fakiiltonin alimlori miiasir dévriin toloblorino uygun olaraq siini intellektin miitoraqqi
texnologiyalarindan (Soft Computing) vo kompiiter modellogdirilmosi aparatlarindan (petri
sobokasi, produksiya gaydalari, Freym vo mantiqi modellor vo s.) istifado etmoklo ¢evik istehsal
sistemlorinin situasiyali idaro edilmasi istigamotindo (siini intellektin D todqiqat istigamati iizra)
elmi-todqiqat islorini davam etdirirlor[3,4]. Yerino yetirilon elmi-tadqiqat islorinin naticalorinin
todris prosesindo totbiqi xiisusi shomiyyat kasb edir.

Eyni zamanda SDU-da Siini intellektin B istigamati (komputerin  xarici
intellektlogdirilmasi) iizra, xiisuson do avtomatlagdirilmig layiholondirma sistemlorinin yaradilmast,
intellektualliginin yiiksoldilmasi sahasindo miiasir texnologiyalardan istifado etmoklo elmi-todqiqat
islori miivoffaqiyyotlo davam etdirilir [5,6,7].
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PE3IOME
IV IPOMBIIJIEHHA S PEBO.JTIOIIMS U UCKYCCTBEHHBIA UHTEJLJIEKT
Axmeooe M.A., I'yceiinoe A.X.

Knrouegvle cnoea: uckyccmeeHmvili UHMENNEKM, NPOMbIUIEHHAS PeGoNIoYUus, A8MOHOMHbIE
pobombi, Unmepuem sewjeil, KOMRbIOMEPHOE MOOCTUPOBAHUE.

B crarbe aHAIIM3UPYIOTCS UCTOPUM, LIEJIU U 3a/1a4d ITPOMBIIUIEHHBIX PEBOIOLUHI, pACCMATPUBAIOTCS

MX OCHOBHBIE MPU3HAKU U OLIEHUBAETCS POJIb MCKYCCTBEHHOIO MHTEIUIEKTa B UX pa3BuTuu. [lokazaHo, uto

HauuHas ¢ Tperbell NPOMBINUICHHONW PEBOJIOLUU HCKYCCTBEHHBIM MHTEIUIEKT HWIPAaeT poJib BEAyLIEH
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TEXHOJOTHH TIOCTEIYIOINX PEBOJIONUI, a JPyrue MpPOTPECCHBHBIE TEXHOJOTUH CIYXKaT €ro Pa3BHUTHUIO.
[ToaToMy mccnenoBaHbl OCHOBHBIE HAMPABJICHUS UCCIEIOBAHNN ¥ MEPCIIEKTUBEI Pa3BUTHS HCKYCCTBEHHOTO
unteiekta. CpaBHUBAIOTCS 3 OCHOBHBIX THIIA MCKYCCTBEHHOIO HHTEIUICKTa M PACCMATPUBAIOTCS
MEePCIEKTUBBI UX PA3BUTHUSL.

PaccMoTpens! mpuMepsl Hay9HO-HCCIIEeI0BATENCKUX paboT, BemoHseMbix B CI'Y 1Mo HampaBiieHUIO
MIPUMEHEHUS TEXHOJIOTHI NCKYCCTBEHHOTO MHTEIIIEKTA.

SUMMARY
IV INDUSTRIAL REVOLUTION AND ARTIFICIAL INTELLIGENCE
Ahmadov M.A., Huseynov A.H.

Keywords: artificial intelligence, industrial revolution, autonomous robots, Internet of things,

computer modeling.

The article analyzes the dates, goals and objectives of industrial revolutions, examines their main
features and evaluates the role of artificial intelligence in their development. It is shown that starting from
the Third Industrial Revolution, artificial intelligence plays the role of the leading technology of subsequent
revolutions, and other advanced technologies serve its development. Therefore, the main directions of
research and prospects for the development of artificial intelligence have been studied. The 3 main types of
artificial intelligence are compared and the prospects for their development are considered.

Examples of scientific-research works performed at SSU in the direction of application of artificial
intelligence technologies are considered.

Daxilolma tarixi: [lkin variant 29.09.2023
Son variant 03.11.2023
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DOVLOTIN IQTISADI VO MALIYYO PROSESLORINDO RiYAZIYYATIN
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Acgar sozlar: igtisadiyyat, riyazi igtisadiyyat, iqtisadi model, iqtisadi programlasdirma, maliyya
programlasdiriimasi, inkisafin prognozilasdirilmasi, biidca xarclari, issizlik.

Giris. Riyazi igtisadiyyat - nozori vo praktiki foaliyyotin elo sahosidir ki, burada iqtisadi
obyektlorin, hadisalorin va proseslorinn riyazi formalasdirilmis sokildo dyronilmasi yerina yetirilir.
Burada hom hondssi, hom diferensial vo inteqral, hom do digor hesablama {isullarindan istifado
etmokls cobri vo diferensial tonliklor qurulur vo hall olunur.

Riyaziyyatin dili iqtisadcilara bir ¢ox hipotezalar vo hadisslor haqqinda miifassoal vo
yoxlanila bilon forziyyslar tortib etmoys imkan verir. Hal-hazirda iqtisadi nozari slagolorin bir ¢oxu
riyazi modellordo 6z oksini tapmisdir.

Riyazi iqtisadiyyat iqtisadi tadqiqat metodlarilarinin bir ¢oxunun tokmillogdirilmasine imkan
vermisdir. Bunlara asagidakilari misal gostormak olar:

— tarazlig analizi — burada miixtolif boylik subyektlor vo iqtisadi sistemlor statistik
obyektlor kimi qabul olunur;

— miiqayisali statistika — burada eyni soviyyoali voziyyatlor tohlil edilir;

— dinamik analiz — burada miixtalif vaziyyatlor arasinda kegidlorin trayektoriyalar1 todqiq
olunur.

Iqtisadiyyatin riyazi modellorlo verilmo prosesi. Iqtsadi hadisalorin vo proseslorin riyazi
modellosdirmo metodlar1 holo XIX asrdon baslayaraq genis istifado olnur. Bunlardan biri diferensial
hesablama tsuludur: bu iisulda .iqtisadgilar ev tosorriifatinin faydaliliginin maksimallagdirilmasi
masalasine baxmislar. Bu zaman bir ¢ox iqtisadi-tadqiqatgilar riyazi optimallassdirma tisullari olan
tatbiqi riyaziyyat, yoni doyisonlorin optimal qiymatlorinin tapilmasi metodlarini inkisaf etdirmislor.
Optimallagdirma tisullarinin inkisafi XX asrin birinci yarisinda davam etdirilmisdir. 2000-ci illorin
ortalarinda horbi dovriin toloblorine uygun olaraq, iqtisadi-riyazi iisullar daha siirotlo inkisaf
etmisdir. Bu zaman oyunlar nazariyyasi iqtisadi modellosdirmo sahasindo miihiim alot kimi yaranib
inkisaf etmisdir.

Buna baxmayaraq, iqtiadiyyatin siirotlo sistemlosdirilmosi Keyns, Xayek vo digor alimlor
torofindon genis tonqid edilmisdir. Onlar hesab edirdilor ki, iqtisad1 fealiyyatin bir ¢ox elementlorini
formmalizo etmok miimkiin deyil.

Miiasir iqtisadiyyat osason riyazi analiz vo matrislor cobri osasinda inkisaf edir. Bu alatlor
ham riyaziyyatin iqtisad¢ilari, hom do formal suratde toqiqat aparan digor miitoxassislor torafindon
istifado edilir. Bozi mosalolordo doyisonlorin saymin ¢ox olmasi bu moasololorin halli iiglin
riyaziyyatin yegano miimkiin vasito olmasma sobab olur. Yoni, hall prosesini hissolora aylrib,
analitik sokildo gdstormok miimkiin olan iqtisadi hadisoni riyazi sokilds arasdirmaq lazimdir.

Iqtisadiyyatin riyazi aloti getdikco miirokkoblosir. Bu sahodo olan biliklori yaxsi basa
diismok ti¢lin genis suratdo riyazi bilikloro malik olmaq lazimdir. Praktiki olaraq, igtisadi masalalor
totbiqi riyaziyyatgilar tarafindon hall edilir.
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Igtisadiyyat vo riyaziyyatin olagesi dogiq miioyyen edilmis mohdudiyyotlor vo gaydalara
osaslanan xiisusi forziyyaler osasinda qurulur. Iqtsadi problemlor geyri formal sokilde verilir, amma
onlarin riyazi sokili cidd1 formalasdirilmis sokilo salinir.

Formal sokildo olan igtisadi modellor asagidaki sokillords ola bilor: stoxastik vo determinik,
homginin diskret vo kosilmoz formalarda.

Stoxastik modellor_—bu modellor tosadiifi proseslor anlayislar1 ilo ifads edilir, miisahido
edilon zamana gora doyison proseslerin kodmoyi ila verilir. Iqtisadi l¢gmalari olan tadqigatiarin goxu
bu proseslorin testlogdirilmoasi vo onlarin parametrlorinin qiymotlondirilmasine hosr edimisdir.

Determinik modellor —bi modellor keyfiyyot nzoriyyosi (ictimai se¢im) vo ya miqdar
(mosalon, maliyyas) doyisonlorinin hiperbolik koordinat sisteminds qurulmasi sokillorinds vo ya
onlar arasinda funksional alaga soklinda ola bilar.

Keyfiyyat modellori — bu modellorin daqiqliklori az olduglarina goérs, onlar az yayilmisdir.
Bu models misal kimi cenari planlasdirilmas: modelini gostormok olar. Burada miimkiin golocok
hadisolorin simulyasiyasi bas verir. Bozi hallarda oadodi olmayan analizdon, yoni garar gabul etma
agacwmndan istifads edilir.

2. lQqtisadi modellosdirmonin miirokkablosma prosesi. 1930-cu illerin sonunda
iqtisadiyyatin riyazi aparatlari xeyli genislondi. Iqtisadi todqiqatlarda diferensial tonliklordan
istifado edilmoys baslandi, graflar nazariyyasi qabariq ¢oxlugiar ils birlikds istifads edilirdi. Bu
zaman iqtisadi nozariyyaye riyazi metodlarin totbiqi ilo yanasi fizika da olave edildi. Iqtisadiyyatin
riyazilogdirilmasi ilo birlikdo mexanikadan aksiomatikaya keg¢id prosesi bas verdi. XXI asrds iso
aparict elmi jurnallarda akademik toskilatlarda isloyon iqtisadgilarin mogqalalori daha c¢ox dorc
edilmoyo baslanmisdir. Son illorde riyazi ifadslorlo verilmis moqalslorin say1 95%-don 5,8 %-9
dismiisdiir.

Mogqalalorde  diisturlara  ovvallor ¢ox yer wverilirdi. Son vaxtlar problemlorin
formalagdirilmasinda diisturlardan daha az istifado olunur.

3. Iqtisadi moasalalorin proqramlasdirilmasi. Iqtisadi proqramlasdirma metodlar1 biitiin
maliyyo sistemino aid olan islorin vo onlarin inkisafini tomin etmok {i¢iin dovlotin strateji
saviyyasine aid metodlar toplusudur. Bu iglorin yerino yetirilmosi iiglin iqtisadi verilonlorin
toplanmasi, analiz edilmosi vo istifadasini yerino yetron proqramlar lazimdir. Bu metodlarin
miixtalif ndvlori maliyys proqramlasdirmasina da daxildir.

Igtisadi programlasdirma masaloloring asagidakilari aid etmok olar:

1) Iqtisadiyyat kompleksino aid olan saholorin hor birinin inkisafi {i¢iin nozords tutulan
mogqsadlorin yering yetirilmasi;

2) Mogsadlorin ierarxiyasi sisteminin, yoni dovlst proqraminin istiinlikk ardicilliqlarinin
toyin rdilmasi;

3) Biidco aktivlorinin on samarali istifado edilmas istigamatlorinin axtarilmast;

4) Umumigqtisadi gostoricilor vo imkanlar osasinda proqnozlarin tortib olunmast;

5) Alastlor vo mogsadlor arasinda uygunsuzluglarin aradan qaldirilmasi.

Igtisadi prognozlagdirmada qisa miiddoatli (2 ilo qador), orta miiddatli (5 ilo qodor) vo uzun
miiddotli (20 ilo godor) programlardan istifado olunur. Umumiyyatlo, iqtisadi programlasdirma
mosalalari konkret dévlatin biitiin iqtisadi modelinin iglorine aiddir.

4. Maliyys proqramlasdirmsi vd proqnozlasdirmasinin maqsadi vo masalalari.
Igtisadi programlasdirmadan forqli olaraq, maliyyo proqramlasdirmas1 dziiniin miqyast vo strateji
yanagilmast ilo forqlonir. Amma onlarin har ikisinin masalolori oxsardir. Bu mosalolors asagidakilar
aiddir:

1) Miioyyan istigamatlar lizra biidco va xarclorin idars olunmasinin yaxsilasdirilmasi;

2) Somorasi az olan proqramlarin miioyyon edilmasi va ilkn dovrlords logvi;

3) Piil fondlarinin planlasdirilmasi vo onlara nazarat;

4) Biidca xarclorinin somaraliliyinin artirilmast.
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Programlagdirmanin hansi sahoyo aid olmasindan asili olmayaraq, bu prosesds siiriigkon
skala prinsipi istifads edilir. Yoni, miioyyon miiddotdon sonra (adoton, bir il) plana yenidon baxilir
vo ona diizalis edilir. Bu zaman birinci ilin gostoricilari biidca parlamenti torafinden tosdiq edilir, bir
ildon sonraki1 dovrds is9, xorclorin analizinin naticolori osasinda, onlarin miqdar1 dayisilo bilar. Cox
zaman 5-illik vo 7-illik planlar istifads edilir. Bagqa miiddatlar do ola bilor.

5. lIqtisadi masalolorin  halli iiciin programlasdirmamin istifado  edilmosi.
Programlasdirma metodikasindan miixtalif xiisusiyyatlori olan 6lkalords istifads edilir. Masalon, bu
metodika ABS-da iqtisadi vo maliyyo proqramlagsdirmasi biidconin planlasdirilmasinda,
Almaniyada- biidconin maksimal neytrallagdirilmasi ii¢lin, Fransada- vasaitlorin xarclonmasi ti¢iin
daha effektiv programlarin se¢ilmosindo istifado edilir.

Igtisadi mosalalorin halli {igiin bir qayda olaraq, osas programlasdirma alqorilmindon istifada
edilir. ik ndévbado igtisadiyyatin miioyyen sahosinin (vo ya saholorinin) statistik verilonlorinin
aktuallagdirilmasi yerino yetirilir vo onlarin vaziyyatlori qiymatlondirilir. Sonra ise xarici soraitin
mimkiin voziyyatlori nozora alinaraq, iqtisadiyyatin inkisafi ii¢iin prognoz hazirlanir. Prognozda
xarici, real, cari vo qeyd edilmis sektorlar — valyutanin kursu, infilyasiya, biidcs, pul kiitlasinin
miqdar1 vo s. nozoro almir. Yenilogdirilmis gostoricilor osasinda diizolis omoliyyatlar1 yerino
yetirilir.

Igtisadi masalalrin halli {i¢iin ¢oxlu sahalar {izra proqramlasdirma yerina yetirilir. Bunlara
elm, tohsil, kond tosarriifati, horb vo digor saholorin subssidiyalasdirilmasi aiddir. Dovlstin maliyya
programinda biidca vasitoloring kapital qoyulusu vo dovlat borclarinin faizlorinin verilmasi do yer
alir.

Programlagdirmanin somoraliliyt on ¢ox bazanin diizglin se¢ilmasindon asilidir. Baza
“indiyo qodor toplanmis” vo “sifirla baslanan” novlors malikdir. Birinci halda biidconin
tonzimlonmasi maliys ilinin naticalorinin analizing asason, ikinci halda iss yeniden, bu analiz nozors
alinmadan, amma yeni voziyyat va situasiya nozoro alinmaqla yerins yetirilir.

Belsliklo, hom maliyys, hom do iqtisadi proqramlasdirmanin magsadi asas problemlor olan
infilyasiya, bilidconin catismazligi vo issizliyin aradan gqaldirilmasidir. Bu problemlor aradan
qaldirildiqda doévlst digar mogsadlari yerino yeturs bilor.
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SUMMARY
APPLICATION OF MATHEMATICS AND THE ROLE OF AUTOMATION IN ECONOMIC
AND FINANCIAL PROCESSES OF THE STATE
Isgandarov E.A.
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The article provides information about the state's policy of applying mathematical knowledge and
automation in economic and financial research. Ways of using mathematical knowledge in solving economic
problems are shown. Information is provided about the process of providing the economy with mathematical
models, the process of economic modeling, programming of economic and financial issues, forecasting
development in these areas, its purpose and issues. It is shown that the main goal in this process is to
eliminate inflation, budget deficit and unemployment.
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Giris. Molumdur ki, miiasir diinyada texnoloji kompiiter sobokolori adlandirilan senaye
sobakaloari siiratlo inkigaf etmokdadir. Texnoloji kompiiter sobokslarinin vo SCADA sistemlarinin
ilkin variantlar1 “Telemexaniki sistemlor” sistemlordir. “Telemexanika” s6zii ilk dofs faransiz alimi
E. Branli torofindon 1905-ci ildo islodilmisdir. ilkin telemexaniki sistemlor horokot edon harbi
hissolorin idaro edilmosi moqsadi ilo istifado edilmisdir. Telemexaniki sistemlorin teledlgii vo
telesiqnalizasiya kimi sado funksiyalar1 olmusdur [1]. Oz inkisafi noticasindo bu sistemlor SCADA
vo texnoloji kompiiter sobokolorina c¢evrilmisdir vo bu sobokslor korporativ sobokalorls
inteqrasiyaya girmodon faaliyyot gdstora bilmir. Idareetmonin strukturunda bir ¢ox hallarda qlobal
Internet sobokosindon istifados edilir [2].

Neftcixarma miiossisalori liglin do miixtalif toyinatli telemexaniki, SCADA vo ya texnoloji
sistemlor yaradilmigdir [3]. Neft¢ixarma iiclin yaradilan telemexaniki sistemlorin ilkin variantlar1 6z
dovriiniin texniki vo proqram vasitolori osasinda yaradilmigdir. Zaman keg¢dikco bu sistemlordo
miirokkab program texniki vasitolor totbiq edilmays baslamisdir. Bu sistemlorin miiasir variantlari
osason paylanmis strukturlu nagqilsiz nozarat, idaroetmoa vo diagnostika sistemloridir [4, 5]. Miiasir
dovrdo neftgixarma miiossisolori tgiin sistemlor yaradilarkon miiasir informasiya, monitoring,
diagnostika texnologiyalarindan istifads edilmakdadir [6].

Miiasir diinyada texnoloji proseslors miinasibat doyismisdir. Bu eyni zamanda osason
Internet {izorindon galon kiber tohliikalorlo bagl risklori artirir [2, 7].

Sonaye miiossisalorinde kiber hiicumlarin obyektlori proqramla idaros edilo bilon
komponentlor ola bilor. Sonaye obyektlorinin, texnoloji proseslorin idaroetma sistemlorine miixtolif
monbolordon hiicumlar ola bilor:

- Sistemin 6ziindon bas veron daxili hiicumlar. ©mokdaslar torofindon (bilorokdon vo ya
bilmayorokdon viruslanmis kartlardan vo s. istifado etmoklo, oyunlardan vo ya oyloncali
programlardan istifado etmokls), tochizatgilar vo s. kimi sistemlo olagosi ola bilon insanlar
torofindon;

- Digor hiicumlara aid etmok olar: Tosadiifi xarakterli daxili vo ya xarici hiicumlar;
Miiossiso rohborliyi ilo naraziligi olan amokdaglar vo ya olaqodar soxslor torofindon ; Xakerlor
torafindon miixtolif maraqlar xatiring; Virus yaradicilar torafindon; Sistem xaricindon magsadyonlii
hiicumlar; Kriminal qruplar vo terrorcular torofindon; Xarici dovlstlorin kosfiyyat orqanlari
torafindon va s.

Idaroetmo obyektlarine vo sistemloring olan kiber hiicumlar toskil edonlor qarsilarina adoton
miixtolif mogsadlori qoyurlar [7].
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Texnoloji proseslarin internet tahliikalorindan qorumaq ticiin program texniki vasitalorin yaradilmast

Aparilan todqiqatlar gostorir ki, idaroetmo sistemlorina olan kiber hiicumlar osason
miossisonin Interneto birlogdirilmis molumat sobokosindon standart protokollar vo vasitolordon
istifado etmokla daxil olur.

Internet

\

internet Bridge
Computer

1

STM3IZF4XX
controller

| |

Bridge TOCIN -
Computer G| Radio NModem

Phwysical Lines of TCMN
Sakil 1. Qlobal Internet va ya korporativ sabaka ilo texnoloji kompiiter sobakasi arasinda
qeyri standart korpii.

Magalonin yazilmasimdan mogsad texnoloji kompiiter sobakalari ilo global Internet sobokasi
arasinda qeyri standart program texniki korpii yaratmaqdir (sokil 1).

2. Mosalonin qoyulusu.

Molumdur ki, konkret bir istehsal vo ya texnoloji proses ligiin risklor qiymatlondirilorkon
bazi tohliiks tiplorini ayirmaq olar [8-11]:

- Prosesin idaraetms sistemino masafadon geyri — qanuni giris;

- Ofisin korporativ sobokasindon bas veren Internet monboli hiicumlar;

- Texnoloji kompiiter sobokasinin zoif yerlorinin axtarilmasi ilo bas veron vo pesokar
qruplar torafindon bas veran hiicumlar;

- (D) Dos hiicumlari;

- Istismar heyotinin sohvlori ilo olagedar olan vo ya istismar heyatinin sobataj hallari
(istismar heyatinin qosdon toratdiyi hiicumlar);

- Obyekt kontrollerlorino gondorilon idarsetmoa komandalarinin tutularaq oxunmasi vo
moqsadyonlii sokilde doyisdirilmasi;

- Sistem resurslarina qeyri qanuni giris;

- Saboko qurgularina hiicumlar;

- Texniki nasazliq vo fors major hallar1 va s.

Xakerlor getdikco daha ¢ox professional vordislora vo biliklora yiyslonirlor. Onlarin
hiicumlarimin metodlar1 daha ¢ox genislonir. Ona goro do texnoloji sistemlorin vo sonaye
sistemlorinin miidafioasi ilo masgul olan qruplar miintozom olaraq miixtolif monbaolori analiz edirler,
sobokolorda vo Internetdo bas veron anomal hallari arasdirirlar [12] . Son zamanlar texnoloji
kompiiter sobokolorinin vo SCADA sistemlorinin kiber hiicumlardan qorunmasi {i¢iin miixtolif
saviyyalordo ciddi islor aparilmalidir. Bu mogsadlo sistemlorin tohliikesizliyino aid miixtalif
standartlar miiqayiso edilmokdodir [13, 14]. Miiasir dovrds kiber tohliikosizliyin tomin edilmaosi
daimi, kosilmoz proses kimi yerina yetirilon siyasotdon, prosedur vo proqram tominatlarindan,
avadanliglardan ibaratdir. Artiq bu mosalo ilo tokco ayri-ayri qruplar vo toskilatlar deyil, biitov
dovlat organlari, dovlotlor mosgul olmaga baglamislar.

Azorbaycan Respublikasi Prezidentinin qorart ilo 2012-ci ildo 6lkeds informasiya
proseslorinin miihafizasi, sabitliyi vo fasilasizliyi, dovlot organlarinin informasiya ehtiyatlarinin
qorunmasi, bu sahads tohdidlorin garsisinin alinmasi, tohlili vo qabaqlanmasi ii¢iin dovlat va qeyri-
dovlet informasiya infrastrukturu subyektlorinin, onlarin istifadogilorinin  foaliyyotinin
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olagolondirilmasi, kibertohliikasizlik sahasindo risklorin qiymatlondirilmesi vo idare olunmast,
imummilli hazirligin vo maariflondirmonin tomin edilmosi ti¢lin Xiisusi Dovlot Miihafizo Xidmoti
yaradilmigdir [15]. Xidmotin qarsisinda xiisusi dovlot, mobil xiisusi dovlot vo dovlotlorarasi
hokumaot rabitasinin, dovlat orqanlari, dovlsto moxsus olan hiiquqi soxslor, o climlodon Azorbaycan
Respublikasinin Prezidenti torofindon yaradilan publik hiiquqi soxslor (bundan sonra — dovlot
qurumlari) iglin  xilisusi toyinath informasiya-telekommunikasiya sistemlorinin vo sobokalorinin,
idaralorarasi elektron sonad dovriyyasinin, doviaot qurumlarinin internet sobokasi ilo olagosinin,
onlarin internet informasiya resurslarinin molumat vo resurs morkozindo yerlosdirilmasinin togkilini,
istismarini, tohliikkesizliyini vo inkisafini tomin etmok, dovlst miithafizosi obyektlorinin vo miihafizo
olunan obyektlorin tohliikesizliyini tomin etmok moagsadi qoyulmusdur.

Sokil 2-do SCADA sistemlorinin iimumilogmis sxemi verilmigdir. Sokil 2-don goriindiiyii
kimi idaroetmo morkozi ilo texnoloji proseslor arasinda miixtolif rabito vasitolori, o climlodon
Internet rabito istifado edilo bilor vo istifado edilir. Beloliklo, Internetin 6zii vo idaroetmo
morkozlorinin lokal sobokalori texnoloji proseslori idars edon proqgram texniki vasitalor ticlin tohliiko
monbayidir.

Mogqaloanin yazilmasindan garsiya qoyulan moagsad texnoloji, sanaye proseslorinin kompiiter
sobokolori ilo qlobal Internet sobokosi arasinda qeyri standart miibadilo protokolu vasitosi ilo
program texniki korpii yaratmaqdir.

Sakil 2. SCADA sistemlorinin iimumilosmis Sxemi.

3. Masalanin halli.

Yuxarida qeyd edildiyi kimi, yaradilacaq korpii sokil 1-do verimis sado sxem osasinda
qurulur. Burada internet Bridge Compiiter bir torofdon Internetls, digor torafdon STM32F4XX
controllerlo geyri standart rabitoni tomin edir. Internetdon golon, texnoloji prosesin idaroetmo
sistemi ilo slagadar olan molumatlar bu kompiiterdo qobul edilir. Burada molumatlarin, amrlorin
taninmast prosesi hoyata kegirilir. Texnoloji prosesin idaroetmo sistemino Otiirmok iiglin
informasiaya sistemina geyri standart protokolla otiirtilmli molumatlar hazirlanir vo otiirtiliir.

STM32F4XX kontroller1 miixtolif idaroetms sistemlorinin texnoloji proses vo texniki
obyektlarlo alagasini tomin etmok ligiin genis istifado edilmokdadir [16, 17].

Bu kontrollerin 100 giris-¢ixis siqgnallar1 vardir. Hor hansi bir xarici qurgu ilo rabito zamani bir ne¢o
signaldan istifads etmok zorurati yaranirsa vo ya bir ne¢o giris ¢ixis eyni vaxtda istifads edilmoklo
bir qurgu ilo rabitoni tomin edirso, bu giris-¢cixislar bir montiqi ad altinda birlogirlor. Masoalon,
kontrollerin PB12, PB13, PB14, PB15 giris vo ¢ixislar1 Serial Peripherial Interface(SPI)
protokolunu [18, 19] tomin eds bilon hor hansi bir xarici qurgu ilo rabito yaratmaq tiglin
birlosmislor. Kontrollerin PA8, PB12, PC9 giris vo ¢ixislar1 Inter-Integrated Circuit (12C) protokolu
ilo birlago, xarici qurgularla rabitoni tomin etmok tiglin bir yerds istifads edilir [20]. Bu protokolla
tomin edilmis istonilon qurgu kontrollers birlosdirils bilor. Aparilan eksperimentlor zamani bu giris-
cixiglar harakatin izlonmasi qurgusu (MPU 9250) ils rabitoni tomin etmak {iciin istifads edilmisdir
[21]. Kontrollerin PC10 vo PC11 giris vo ¢ixiglart UART (RS485) protokolu ilo rabitoni tomin edo
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bilon qurgularla molumat miibadilosi zaman istifado edilmisdir. Aparilan eksperimentlor zamani bu
giris ¢ixislardan kompiiter ilo malumat miibadilasi magsadi ils istifads edilmisdir [22].

Sokil 1-da verilmis TCN Bridge Compiiter asagidaki funksiyalar1 yerine yetirir:

- STM32F4XX controllerls geyri standart rabitoni tomin edir;

- Texnoloji kompiiter sobokosi ilo miixtalif kanallarla rabitoni tomin edir;

- Qlobal Internet sobokesi ilo 6tiiriilocok molumatlar geyri standart protolol vasitasi ilo
oOtiirlilmoak ti¢lin hazirlanir vo otliriiliir;

- Internet sobokosindon qobul edilon vo texnoloji kompiiter sobokesinin, texnoloji
proseslorin idaro etmo sistemi {iglin nozordo tutulan molumatlar vo omrlor
formalasdirilaraq TKKS-in idaroetmo sistemlorine otiirtiliir.

Beloaliklos, sistemdo iki korpii kompiiter vardir. Bu kompiiterlorin STM32F4XX kontrollerlori
ilo rabitosini yaratmaq ti¢lin LPT portlarindan istifads edilmisdir vo hor kompiiterdo bir LPT port
tizorindon ikitorofli protokol islonmisdir[23]. Birinci LPT portun 16-liq say sistemindo iinvanlari
378H-37FH, ikinci LPT portun 16-liq say sisteminds iinvanlart 278H-27FH-dir. Bu portla
SM32F4XX kontrollerlori arasinda rabito yaratmaq ticlin hor kompiiterin LPT portuna 10 odod
GPIO ikitorofli ikilik giris ¢ix1s pinlori ayirmaq kifayotdir. Internet Bridge Compiiter iigiin ayrilan
pinlori 11-110 adlandiraq. TCN Bridge Compiiter iigiin ayrilan pinlori T1-T10 adlandiraq. Bu 10
sayda pinlorin 8-i verilonlori yazmaq vo ya oxumagq liciin, ikisi iso miibadiloni sinxronlagdirmaq
ticun istifads edils bilar.

Sakil 3.1-ds birlasdirici kabelin sxemi verilmisdir.

Gostorilon texniki vasitolordon istifado etmoklo korpiliniin siiratlo isloyon protokolunu
yaratmaq olar. Bir baytin Otiiriilmosi vo qobul edilmasi alqoritmlori asagida verilmisdir. Bu
alqoritmlor osasinada istonilon sayda molumat miibadilosi hoyata kegirilo bilor. Yaradilan
protokolun siirati STM32F4XX prosessorunun siiratinin onda biri godar ola bilir.

Kontroller LPT

1 CO - 15 S39-cu
2 DO - 2 1-ci pin
3 D1 - 3 2-Ci pin
4 D2 - 4 3-cii pin
5 D3 - 5 4-cii pin
6 D4 - 6 5-ci pin
7 D5 - 7 6-c1 pin
8 D6 - 8 7-Ci pin
9 D7 - 9 8-ci pin
11 S7 - 16 10-cu pin
12 S5 - 25

«”
13 S6 - 17

e
18 Ground - 18
25 Ground - 25

Yuxarida deyilonlori nozoro alaraq STM kontrollerindon istifado etmoklo Texnoloji
Korporativ Kompiiter sabokosinin yuxari vo asag hissalori arasinda tohliikesiz rabitoni tomin etmok
olar.

Notica. Moqalodo verilmis proqgram texniki vasitolorin miixtalif variantlar1 yaradilaraq
analoji mogsadler {i¢iin istifado edilo bilor.
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PE3IOME
PA3PABOTKA TIPOI'PAMMHO-TEXHUYECKHUX CPEJICTB 3ALINUTHI
TEXHOJIOT'HMYECKUX MPOLECCOB OT HUHTEPHET-YT'PO3
3ennanos./I.U., Haoxcaghos I'.T.

Knrouesnvle cnosa: unmepnem-amaxu, mexHoI02UYecKue KOMNbIOMEPHble cemu, mejleMexaHuyecKue
cucmembl, GUPYCHble amaxu, caydatinvle amaxu, koumpoinep STM32F4XX, nopm
LPT.

VIHTeHCHBHOE pAa3BUTHE TEXHWYECKUX KOMMbBIOTEpHBIX cereid M SCADA-cucteM HEM30€KHO
MPUBENO K YCKOPEHHIO Mpoliecca MHTETPALH 3TUX CeTel ¢ riobanbHOi ceTbio MHTepHeT. B pesynbrare
YIPOCTHJIOCH pEIICHHE MHOTUX 33ad B TEXHMYECKHX W  MPOM3BOJCTBEHHBIX IMPOLIECCAX, MOSBUIACH
BO3MOXKHOCTH JTUCTAHIIMOHHOTO YIPABIIEHHS KOJUIEKTUBAMH MPEAIPUATHI H 00CTYKIUBAIOIIINM MTEPCOHATIOM.
OnHako Takasi CUTyalus MPUBENa U K MOSIBICHUIO HOBBIX YIPO3, paHee He CYIECTBOBABIINX B YIOMSHYTBIX
BHIIIIE CHCTEMaxX MOHMTOPUHTA, IWAarHOCTUKA W ymnpaBieHus. lLleneBble araku Ha KOHKPETHBIC
MPOMBINIUICHHBIE KOMITAHWU OPTaHM3YIOTCA depe3 HHTepHET pa3NuYHBIME —CHEeIHaIn3uPOBAHHBIMU
TpyNIaMy, XaKepaMH, a B HEKOTOPBIX CIydasX W TOCYNapCTBEHHBIMH CTpykTypamu. Co BpemMeHeM
OpraHu3aTtopbl KuOepaTak Ha CHCTEMBI YNPaBICHHUS TEXHOJOTHUYECKHMMH MPOLECCAaMH YCOBEPIICHCTBOBAIH
CBOM METO/TBI U CPEZICTBA, a TaK YK€ MOBBICHIN YPOBEHb CBOCH KBaTH(DUKAIIHH.

B crathe paccMaTpuBaIOTCS MOTHBBI, WCTOYHHKH U IIeMH KHOepaTaKk Ha TEXHOJIOTHYECKUE
komnbloTepHbie cetd U SCADA. Tlokazano, 4to oOecredeHne KnOepOe30macHOCTH SIBISETCS BayKHOH
3ajaueil W 4TO HaJ 3TUM BONPOCOM pabOTalOT pa3iM4HbIE TOCYJApCTBEHHBIE CTPYKTYpBHl. B craThe
MPENICTaBICH AITOPUTM MPOTPAMMHBIX M alMapaTHBIX CPENCTB, TapPaHTUPYIOMIMX HE CTaHIAPTHBIA OOMEH
MEXIy 3TUMH ABYMS CETSIMU JJIsl 3alIUThI TEXHHYECKUX KOMIBIOTEPHBIX CETEW OT aTak, KOTOPble MOTYT
OCYIECTBIThCS uepe3 HTepHeT.

SUMMARY
DEVELOPMENT OF SOFTWARE AND HARDWARE TOOLS FOR PROTECTING
TECHNOLOGICAL PROCESSES FROM INTERNET THREATS
Zeynalov.J.1., Najafov.H.T.

Key words: internet attacks, technological computer networks, telemechanical systems, virus attacks,

random attacks, STM32F4XX controller, LPT port.

The intensive development of technical computer networks and SCADA systems has inevitably led
to an acceleration of the process of integration of these networks with the global Internet. As a result, the
solution of many problems in technical and production processes has been simplified, and it has become
possible to remotely manage enterprise teams and service personnel. However, this situation has also led to
the emergence of new threats that did not previously exist in the monitoring, diagnostics and management
systems mentioned above. Targeted attacks on specific industrial companies are organized via the Internet by
various specialized groups, hackers, and in some cases, government agencies. Over time, the organizers of
cyber attacks on process control systems have improved their methods and means, as well as increased the
level of their qualifications.

This article discusses the motives, sources and goals of cyber attacks on technological computer
networks and SCADA. It is shown that ensuring cyber security is an important task and that various
government agencies are working on this issue. The article presents an algorithm of software and hardware
that guarantees non-standard exchange between these two networks to protect technical computer networks
from attacks that can be carried out via the Internet.

Daxilolma tarixi: [lkin variant 24.10.2023
Son variant 22.11.2023
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B nacmoswyeii cmamve paccmampugaromest 0COOEHHOCMU UCNONb308AHUSL KANETbHBIX NOULOK 0I5
NOCHUSL CeNlbCKOXO3AUCMBEEHHbIX NMUY NPU UX KIeMOYHOM COOepiCcanuu. JlaHbl CpasHumelbHble OYeHKU
ROUNOK OJIs CeNbCKOXO3SAUCMBEHHbIX NMUY PA3HOU KOHCMPYKYUU. PekomeH008ana KOHCmpyKyus KaneabHoll
ROUIKU € OBYXKIANAHHOU CUCMEMOU WAPUKOBO20 MUNA, KOMOpoe omeeudaem 6emepuHapHo-CanumapHsim
mpeboeanusmM nmuyedadpuru.

B nHame BpeMs NTHLIEBOJACTBO SBJISIETCS HambOosiee ITMHAMMYHONM M 3HAYUMOW OTPACIbIO
CEJIbCKOXO3SIICTBEHHOI'O TMPOM3BOJACTBA, OOECHEUMBAIOLIEH IOJYyYEHHE BBICOKOKAYECTBEHHBIX
OUETUYECKUX MPOAYKTOB IHTaHUA — AUl M Msca. [ITMIEBOACTBO cuuTaeTcs CcambIM
MIEPCIIEKTUBHBIM HAINpaBICHUEM JJisi Ou3Heca B CelbCKOM Xo3siicTBe. [loaToMy, A yBenuueHus
3G GEKTUBHOCTH HPEANPUATHS UM IOBBIIIEHUS KayecTBa MPOJYKTa HEOOXOIUMO IPOBECTU
aBTOMATH3ALMI0 IPOU3BOJACTBEHHBIX IPOIECCOB B NTHUYHUKE, MOBBICUTH MPOU3BOAUTEIBHOCTh U
Ha/IeKHOCTh MallMH U obopynoBaHus 1,5...2,0 pa3za, CHU3UTH YIENbHYIO METAlJIOEMKOCTh Ha
10...20%, moBecTH MPOM3BOJCTBO AMI] Ha Aymry HaceneHus n0 500 mT. ¥ MpPOU3BOACTBO Msica
NTUIBI B yOOITHOM Bece Ha 6,5 MiIH. ToHH [1].

ABTOMaTH3a1Usl B NTHUIEBOJCTBE — 3TO IMPOIECC B Pa3BUTUU MAIIMHHOIO IPOU3BOJICTBA,
IPpU KOTOPOM (PYHKILIMHU YIPABIEHUS U KOHTPOJIS, paHee BBIIOJIHSBIINECS YEJIOBEKOM, epeaatoTcs
npudopaM U aBTOMATUYECKUM YCTpOHCTBaM [2].

Jns peanuzauuu JaHHOM 3aj1add B ycioBHAX 3amanHol CHOMpPH MOCTPOEHBI KPYIHBIE
ntuneBoayeckue ¢pepmbl U (HadpUKH, OCHAIIEHHbIE HEOOXOAMMBIM KJIETOYHBIM 000PYJOBaHHEM.
OpHako B CBA3M C BHEJIPEHHMEM KIETOYHOIO COACPXkKAHMS M KOPMIIEHHS NTHIBI BO3HUKIHU
TPYJHOCTHU C CUCTEMOM UX MOEHUSI.

HecoBepiieHCTBO 3TOr0 TEXHOJIOIMYECKOrO JIeMEHTa B 001Ieil mpolieMe Nmpou3BOJCTBA
AUIl M Msca NTHUIBI OOYCIIOBIEHO, TIJIaBHBIM 00pa3oM, OpraHuW3allMOHHBIMM HpUYMHAMU
NPUMEHSEMBbIX cUCTeMbl noeHus. [loaToMy B mocneaHue rojsl B nTuneBoacTse CUOMpPH C LETbI0
CHIDKEHUS TOTEpb BOJAbI W YIYYLIEHUS BETEPUHAPHO-CAHUTAPHOIO COCTOSHUS NTHYHUKOB
IUTAHUPYIOT TIOJIHOCTBIO TepeHTH OT KEeTOOKOBOW CHCTEMBbl TOEHHS Ha CHCTEMY IIOEHUS
KJIAIAaHHOTO THUIIA, TO €CTh HUMIEIBHOIO WK MUKPOYAIIEYHOTO TUIIA.

B nacrosimiee Bpems B Cubupu KackaaHble 0aTapeu Ui MOJOJHSIKA NTHLBI CTATd OCHAIATh
YCOBEpIICHCTBOBaHHBIME MHKpodamedHbiMu (BKM-3-04.270, BKM-3-04.500) u HuUNIEIsHBIMA
nounkamu. OHAaKO Jaxe Takoe YJIydllIeHHe IOWJIOK HE JIMIIEHO HEIOCTaTKOB U Tpelyer
JaIbHENIIIEr0 WX COBEpPLICHCTBOBAaHUA. M3-3a 00bIION MacCUMBHOCTH pblyara (110 OTHOIICHUIO K
€MKOCTH YalllM) M BBICOKOTO YPOBHS BOJABI MpPH MOEHUSIX NTHUIBI, pblYar MOTOIUISETCS, U BOJA
nepenuBaeTcs yepe3 Kpas daui. B HunnenbHON mousike ObIBaeT M3-3a OOJIBIIOTO JTABJICHUS BOJIBI
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Ha KJIallaH WM OCaJKOB MUHEPAJIbHBIX COJIEH Ha CEUIO KJlallaHa, U3-3a YEro TOJIKATENb NPUIUIAET
K ceuly, Y MOJIOJIHAKA HE XBaTaeT YCWIMS KJIeBa, YTOOBbI OTKPHITh KJamaH U YAOBJIETBOPUTH
notpeOHOCTh B Bojie. [ToaTOMY B pe3ynbTaTe 3TOr0 CHMKAETCS )KUBAsi Macca MTHUIBI WM HACTYIAeT
ee rudens.

[lonamas Ha MOMETHbIE HACTWJIbI U3 JINCTOBOW CTajM, BOJA BBI3BIBAET €€ MHTEHCHUBHYIO
KOPpPO3UI0O U TEM CaMbIM COKpPAIAET CPOK HMX CiIykObl. IloMuMoO 3TOro0, MOApOCIIMNA MOJOIHSK
HEPEAKO BHIOMBAET MUKPOYALIKH M3 BOAOBOJIHBIX TPYO, YTO MPUBOAUT K 3aTOIICHHIO TTOMETHBIX
TpaHileld BOAOH, OCOOEHHO B BeUYEepHEE M HOYHOE BpEMs, KOI/la B NTUYHUKAX OTCYTCTBYET
00CITy>KUBAaHHH TIEPCOHAI.

Kaxnas mousbHass yCcTaHOBKA JUIsl CEIbCKOXO3SMCTBEHHBIX NTHUIl IPEAOCTABISIET CBOM
TpeOOBaHUS K KadyecTBY BOAbl. [Ipu moeHMHM NTUI] BOAOH IOJDKHBI COOJIOAATHCS CAaHUTAPHO-
TUTHCHUYECKHE TpeOOBaHUs K MTUTHEBOM Boze [3].

Hcnonp3oBanue GUIBTPOB IJIi OUYUCTKH BOJBI MEPE]] MOAAaYeii ee B MOMWIBHYIO YCTAaHOBKY
00s3aTeNIbHO, TaK KaK IECOK WM B3BEIICHHBIC BEIECTBA MOTYT BBIBECTH M3 CTPOSI SJIEMEHTHI
nowiku. Eciu B MCXOAHOM BOJE MPEBBILIEHBI HOPMBI 110 JKECTKOCTH WIIM JKEJIE€3y, TOI/la MOUJIKU
MOMPOCTY 3a0MBAIOTCS U MEPECTAIOT MPOITYCKaTh uepe3 ceds Boxay [4, 5, 6].

VYuuTbiBass KOHCTPYKTHUBHBIE HEIOCTATKH MHUKPOYAIIEYHBIX M HUIIIEIbHBIX IOWIOK B
CUCTEeME MOEHUS NTHULIbI, HAMH OBUIH pa3paldoTaHbl KalreJdbHble MOWIKH U3 HEepPXKABEIOIIeH CTalu.
OOmwmii BUJ KareabHOH MOWIIKKA JJISi CETbCKOXO3SIMCTBEHHBIX MTHII C JBYXKJIAMAHHOW CHUCTEMOM
IAPUKOBOTO TUIIA IPE/ICTABIICH HA PUCYHKE [7].

A : - ACA
i HR KSR

SRIK KK R LA 1
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%
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Pucynok. Cxemamuuno npedcmasienHulil 00wyl 610 KaneabHol NOUIKU OISl CeNbCKOXO3AUCMBEHHBIX
nmuy (a) u cxema ee KOHCMPYKMUBHO20 8bINoHeHUs: 8 paspese A-A (0)

[enbto pa3paboTKH OBLIO MOBBIIEHHE HAJAECKHOCTH U COKpALIEHHE MOTEPh BOJIbI IIyTEM €€
MIOPLMOHHOM MOJAauYu M JABOWHOTO IIOTHOTO 3aKpbIBaHUS KAaHAJIOB OTBEPCTHM mNoMiKU. M3-3a
MIOCTOSIHHOTO BpaIlleHUs IIAPUKOB IPU KJIEBE NTHIl IPOUCXOAUT CAMOOUUIIIEHHE KOHTAKTHUPYIOIIEH
4acTH OTBEPCTUS C IIAPUKOM OT OCaJAKOB MHUHEPAJIbHBIX COJIEH.
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[Tounka ayig OTUL BKJIIOYaeT Kopoyc 1 ¢ kaHamom 2 Juist BOAbI, B KOTOPOM YCTaHOBJIEHO
perynupymoliiee IOTOK BOJABI B KaHaJlle MpUCIIOCOOsIeHre 3, BBIMOIHEHHOE B BUE METaNIMYECKOTO
mapuka 4 W TONKaTens S5, BBIIOJHEHHOIO TaKkKe B BHUJAE IIApUKA, pa3MELICHHBIX B
COOTBETCTBYIOIIUX cennax 6 u 7 onuHakoBo auamerpa. [Ipucnocobnenue 3 cooOuieHo ¢ KOpIycom
1 m xaHamoMm 2 171 BOABI MOCPEACTBOM 3JIACTUYHOIO YILUIOTHUTEIBHOIO 3JIEMEHTa 8, KOTOPBIH
BBHITIOJTHEH B BUjE Koumayka. Koimayok mioTHO HacakeH Ha MPUCIIOCOOIeHHE 3 U CHapYKU UMEeT
BBIEMKY 9, B KOTOpPYIO YIHpaeTcs HMKHMM Kpall kopryca 1. PaccTosHue Mexy MeTallIn4eCKUMU
mapukaMu 4 u 5 paBHo 1/3...2/5 paccTosHUS MEXKIy IMApUKOM 4 M CTEHKOH YIIJIOTHHTEIbHOTO
aneMeHTa 8. YIUIOTHUTEIbHBINA 3JIEMEHT 8 UMEET CO CTOPOHBI KaHaya LeHTpaibHoe oTBepcTHe 10,
JTUaMeTp KOTOpOro MeHblne auamerpa mapukoB 4 u 5. CoortHomenue 1/3...2/5 obecrieunBaer
OTrpaHUYEHUE NEPEMEIICHUs 1apuKa 4, MJIOTHOE MEPEKPBITUE LIEHTpanbHOro orBepctus 10 mpu
[IOJIHOM BBIJIaBJINBAHUMU TOJIKATENsI M IOJIyYEHHE ONPEIEICHHON OrpaHMYeHHOW MOPLUUU BOJBI
MITULIEH.

KanenpHas mowmnka Juisi NTUI] C ABYXKJIAllaHHOM CHCTEMOM HIApUKOBOTO THIa paboTaer
CJIEIYIOIIUM 00pa3oM.

[ITrua KIr0BOM yAapsieT Ha TOJIKATeNb 5, IPU 3TOM OH BBIXOJAMT U3 celjia 7, nepeMeniaeTcs
BBEpPX U OT’KHMMaeT 1apuk 4 u3 ceqa 6, nepensuras ero k cenny 11. Korna mapuk 4 Haxoaurcs
Mexay ceqiamu 6 u 11, BBITYCKHOM M BIIYCKHOM KaHaJIbl OTKPBITHI U NTULA NOiy4aeT Boay. llpu
JOCTUKEHUM IIAPUKOM KpalHEero IOJIOKEHUS OH MpHXuMaeTrcs K cemty 11 ¥ HOTOK BOABI
MIEPEKPBIBACTCS.

Takum oOpa3om, mpearaemasl Mmowjka Oojiee NMPOCTa B W3TOTOBJICHHHM M HaJe)KHA B
JKCIUTyaTalyy, a TAK)K€ SKOHOMHMYHBI B pacX0/€ BOJABL. DTO CBA3aHO € TEM, YTO 3aTPaThl TPyAa IPU
sKkcrutyaranuu 6atapen tunma BKM Ha mpoBepky paOboThl MUKPOYAIIEUYHBIX MOWJIOK JUISI NTHIBI Yy
oneparopa yxoaut 25...30% pabodero BpeMeHH, a Ha HPOBEPKY pabOThl KaleJbHBIX MOWJIOK
tosibko 3...5% Bpemenu. KanenbHble NOWIKM IOJHOCTbIO ABTOMATHU3MPOBAHBI, 3aKPbIThl U
YIIOBJIETBOPSIIOT (PU3UOJIIOTUYECKUM MOTPEOHOCTSIM NTHIBI B BOJE, UMEIOT HU3KUN Pacxoj] BOIbI,
TUTUEHUYHbIE, Y€M MHKpodalleyHble MOWIKUM. OT NpUMEHEHUS MHUKPOYAllleYHbIX ITOMJIOK
BJIQ)KHOCTb IIOMETA B ITIOMETHOM KaHayle cocTaBisieT 80%, a OT NPUMEHEHMsI KalleIbHBIX ITOWIIOK
BJIQXKHOCTh IoMeTa cHibkaercs 10 70%. BceriencTtBue 3TOro CHWXKaeTcst Macca IOMETa U
YMEHBIIIAIOTCS 3aTpaThl Ha TPAHCIIOPTUPOBKY. IIpn 3TOM 3KOHOMMUYECKHH YPPEKT OT NPUMEHEHHUS
KanenbHbIX mousiok coctapiiger 3100...3200 py6. na 1000 rosoB nTUIkl. AHATU3 CPAaBHUTEIHHBIX
OLIEHOK ITOKa3bIBAET, YTO KalelIbHbIe OWJIKK BOCTpEOOBaHbI B Hallle BpeMs U Oyayliiee 3a HUMHU.
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XULASO.
QUSLARA iCMOK UCUN DAMCI SU TOCHIZATI CIHAZLARININ TOKMILLOSDIRILMOSI
Saitov V.E., Allahverdiyev B.A.

Acgar sézlar: su, damci Sippy, Moma Sippy, mikrosokilli Sippy, kanal, tappet topu, Sippy sistemi,
oziinti tomizlomo, tappet, su sorfi
Bu moqalado kond tosarriifat quslarinin gofaosdo saxlandigi zaman suvarilmasi {i¢iin damci igon
qurgularin istifadesinin xiisusiyyatlori miizakire olunur. Miixtalif konstruksiyaya malik olan damci ig¢on
qurgularin miiqayisali qiymatlondirilmosini toqdim etdik. Qusculuq tesorriifatinin baytarliq vo sanitar
talablorine cavab veran iki klapanl sar tipli sistemo malik damci icon qurgunun dizayni tovsiys olunur.

SUMMARY
IMPROVEMENT OF DRIP WATER SUPPLY DEVICES FOR DRINKING BIRDS
Saitov V.Y., Allahverdiyev B.A.

Keywords: water, drip drinker, nipple drinker, micro-cup drinker, channel, pusher ball, drinking
system, self-cleaning, pusher, water flow
In this article, the features of the use of drip drinkers for the drinking of farm birds in their cellular
content are considered. These are comparative ratings of drinkers for farm birds of different constructions.
The recommended design of a drip drinker with a two-valve ball-type system meets the veterinary and
sanitary requirements of the poultry farm.

Daxilolma tarixi: [lkin variant 14.11.2023
Son variant 08.12.2023
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Knwouesvie cnosa: cummempuunvie KpUnmoCucmembvl, J1e2KOGECHbI OIOYHO-CUMMEMPUYHDBIL
aneopumm wugposanus, noas I arya

Pazsumue evicokux mexuonocuti u OypHuIL pOCM BLIYUCTUMENbHBIX Pecypcos vloguearom 0oiee
Jrcecmkue  mpeOO8aHUus K - MeXAHUSMAM — 3aWumvl, OCODEHHO HA OCHO8e  KPUNmMoz2paguueckux
npeobpazosanuti. 1lposedenHvle UCCIE008AHUSA HOKA3AU, YMO 68 CMAPM MEXHONO02UAX C 02PAHUYEHHbIMU
pecypcamu  HeoOX00UMO  UCNOAb306AMb  JIe2KOBECHble  aneopummvl  wiugposanus. B cmamve
paccmampugaemcs peanusayus ieekogecnozo wiugpa LEA, a maxoice nposooumces eco oyenka cmouxocmu.

BBenenne. Pa3BuTve COBpEMEHHBIX TEXHOJOIMH M MOSIBIEHHE IOJHOMACIITAOHBIX
KBAaHTOBBIX KOMITBIOTEPOB TpeOyeT KpPUTHYECKOTO TMEepecMOoTpa TpeOOoBaHHW K  YPOBHIO
KPUNTOCTOMKOCTH aJITOPUTMOB, KaK IOCTKBAHTOBOM KpunTorpaduu, Tak W HUCIOIb3yEeMbIX B
KHOepnpoCcTpaHCTBE M HMH(POPMAUMOHHO-KOMMYHHUKAIlMOHHBIX  CHCTEMax  aJrOpPUTMOB
TPAIULIMOHHONM M HEeCUMMETpU4YHOW Kpunrorpaduii. IlpoBoaurcs aHamu3 BO3MOXHBIX I1OJIXOJOB
MOBBIIIEHUS] YPOBHSI KPUITOCTOHKOCTH QJITOPHUTMOB CHMMETPUYHOM KpuITorpaduu Ha OCHOBE
neneii deiicrens. OIHUM M3 NEPCHEKTHUBHBIX AJTOPUTMOB CHMMETPUYHBIX KPUITOCHCTEM B
YCIIOBUSIX TOCTKBAaHTOBOM Kpunrorpaduu (IOCTKBAHTOBBIN MEpHOa) MO MHEHMIO CHEIHAIUCTOB,
ocTaercs ajaroput™M  OmouHo-cumMmerpuyHoro mudpoBanus ['OCT 28147  oCHOBHBIMHU
JOCTOMHCTBAMM KOTOPOTO SIBJISIIOTCS IPOCTOTA PEATU3alMU U BBICOKUN YPOBEHb KPUIITOCTONKOCTH.
OnHako B YCJIOBUSIX  NOJHOMAcIITaOHOTO  KBAaHTOBOTO  KOMIbIOTepa 3 (EKTUBHOCTh
KpunTorpaguueckoi 3auTsl HHGOPMaIuy Ha OCHOBE CUMMETPHYHBIX KpUIITOCHCTEM (YPOBEHb UX
KPUNTOCTOMKOCTH) MOXET ObITh IOCTABJIEH 10/ COMHEHHE M3-32 BO3MOKHOCTH peau3ally aTaku
Ha OCHOBE anroputMa ['poBepa, KOTOPBIM JIETKO NMPUMEHHUTH Ul MOMCKAa KiIoda IMH(pOBaHUSA
MeToJIoM “Tpyboit cumbel”. Takum oOpa3om, 0coboe MECTO Cpeld pelIaeMbIX 3a/ad 3aHHMaeT
pa3paboTKa MEpPCHEeKTUBHBIX METOJOB U aJTOPUTMOB KpUIITOrpapuuecKkoro npeoOpa3oBaHHs B
MIOCTKBAHTOBBI KPHUNTONEPHOJ, a TaKXe YCOBEPIIEHCTBOBaHUE/MOAU(UKALINA CTAaHAAPTOB
CUMMETPUYHON Kpunrorpapuu, s oOecleyeHus MpaKkTUYEeCKH BCeX YCIyr Oe30MacHOCTH:
KOH(HIEHIIMATBHOCTH, LIETIOCTHOCTH, ayTEeHTUYHOCTH, U MPHUYACTHOCTU B MOCTKBAHTOBBIA MEPUO]
[1-5]. Kpome »sTOro, akryaiabHOW 3amaueil sBiseTcs (GOPMUPOBAHHE CHCTEM 3allUThl B
KuOep(u3NYecKnx CcHcTeMax Ha OCHOBE CMapT-TEXHOJOTHMH, KOTOpPbIE 3a4acTyl0 HCIIOJIb3YIOT
AJIEMEHThl MH(PACTPYKTYphl CUTHAIM3AIMK C OTrpaHUYEeHHbIMH pecypcamu [1-7]. Uto B cBoOIO
ouepenb TpeOyeM (OpMHUPOBaHUS M Pa3pabOTKH CHUMMETPUYHBIX KPUIITOCUCTEM Ha OCHOBE
JIETKOBECHBIX OJIOYHO-CUMMETPHUHBIX M pos [7-11].

Lenbto cTatbu  sBISETCS pa3paboTka M BepU(HKAIMA JETKOBECHOTO  OJIIOYHOTO
cummerpuyHoro mudpa LEA Ha ocHoBe Teopuu noseit ["anya.

JUis mpakTU4ecKod pealn3alii JIETKOBECHOIO CHMMETPUYHOrO OJIOYHOrO alropuTMa B
CMapT-4yUIICeTaX C OTPAaHMYEHHBIMH BBIUHCIUTEIBHBIMU pECypcaMu IMpeajaraercs Cciaeayrouui
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nonxoxa. Ilpemnaraemelii  ocHo6HOU wiae aneopumma WUPGPOBAHUS JIe2KOBECHO20 —ONI0YHO-
cummempuuro2o wugpa (JIBCLL, LEA) cTpyKTypHO COCTOMT M3 CIACIYIOIIUX 3TAOB, OCHOBAHHBIX
Ha nosisix [Mamya [12]:

1 9man. ®@opMupoBaHHE CEAHCOBBIX KIIOYEBBIX JaHHBIX (CEKpeTHas MaTpHIia
cymmupoBanuss SUMI,j] (SUM[I,j]= SUM[j,i]), cexpernsie kitoun kI_SUM[z] mis hopmupoBanus
POMEKYTOUHBIX Marpui cymmupoBanuss SUM_nov[i,j], cekpernbie payHmossie kiaroum KI[i],
N1,N2-Bxonnbie nannsie u3 nons GF(2")

2 sman. ®opMHPOBAHUE CEKPETHOM MpomekyTounoi Matpuiel SUM_novl[i,j] ucmons3ys
cekpeTHyto  Marpuiy — cymmupoBanus  SUMIi,j] wu  cekpernsiii  kmrou  KI_SUMII]:
SUM_nov[i,j]=SUM[i,j]+kl_SUM[z]

3 sman. CioxeHue ¢ KIOYOM. Miaamas 4acTh npeodpa3zyeMoro 0JoKa CKIIAIbIBACTCS C
kirogom KI[i] wmcmons3yst marpuny cinoxkenusst SUM_nov[i,j] xoropas Oblia co3gaHa Ha BTOPOM
stane: S=N1+ kI[i]=SUM_nov[N1, ki[i]]

4 sman. Vicionp3oBaHue 0JI0Ka 3aMeHBI (MMOOI0YHAs 3aMeHa). 3HAaYeHUE S TOJyYeHHOe Ha
OpeAbIIyIIeM dTare npeoOpasyercss B 3HaUCHHE SS MCIONB3YI0 COOTBETCTBYIOILIHI OJIOK 3aMEHBI
H[i,j]: SS= H[i,S]

5 sman. Cnoxenue. 3HaueHue SS, IMONydEHHOE HA IIAre CKJIAABIBACTCS CO CTapuiel
nosioBuHOM N2 mpeobpazyemoro 010ka.

SSS=SS+N2= SUM_nov[SS, N2]

6 sman. CoBur 1o NEMovKe: MJaJIIas 4acTh MPEBPAIIaeMoro OJIOKa CBUTACTCS HA MECTO
CTapIieif, a Ha ee MEeCTO TOMEMIAeTCs pPe3yIbTaT BBIMOJIHCHHS Npeasiaymero mara: N2=N1,
N1=SSS.

CTpyKTypHasi cxema MpeUI0KCHHOTO OCHOBHOT'O IlIara JISTKOBECHOTO aJIrOpUTMa OJIOYHO-
CUMMETPUYHOTO UG POBAHUSI IIPEJICTaBlIcHa Ha puC. 1.

4 9TAII 5 STAII
Hcnonrs3oBaHue 0J10Ka 3aMEHBI
(mofinoTmad saneHs) sss—ss+NgfoéKS}|\I/|mriov[ss N2]
SS= HIi,S] & - = &
39TAIlI 6 DTAII
CoeHHE C KIIOYOM. [ CIIBHT IO IIETIOYKE.
S=N1+ KI[i]=SUM_nov[N1, kI[i]] N2=N1;N1=SSS.
A
2 9TAII

DopMUPOBAHUE CEKPETHOM
npomexyroynoit marpurel SUM_nov[i,j]
SUM_nov[i,j]=SUM[i,j]+kl_SUM[z]

T

13TAIl
DOpMHUPOBaHKE CEAHCOBBIX KIIFOUEBBIX
JAHHBIX
N2,N1-6x00nbie dannvle =] Mero/bl TEOPHUHU BEPOSTHOCTH
SUMII,j]-mampuya cymmuposanus
kI_SUMIIi].kI[i]-cexpemnvie knouu
H[i,j]-ma6auya samen

Puc. 1. Cmpyxmypuas cxema ocHogHo20 wiaza npeonodicenrozo JIBCLL
Takum 06pa30M 0JIOK-CXeMa OCHOBHOIO IIara MPEAJIOKCHHOTO JICTKOBCCHOT'O aJITOpUTMa
6504uHO-cuMMeTpHruHOTO mudposanus LEA npencrasnena Ha puc. 2.
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(o)

193TAIl
N1, N2, DopMHUPOBAHKE CEAHCOBBIX KIFOYEBBIX JaHHBIX
SumMmpjL, /. SUMIi,jl-cexpemmnasn mampuya cymmuposarus
kl_SUM[i], kI_SUM[Zz] kI[i]-cexpemmvie knouu
KI[i1,H[i,j] H[i,j]-mabmuya samen
N1, N2-06a uucna uz nons GF(2")
2 9TAII
SUM_novi,j]=SUM[i ]+ Ipouenypa (I)OpuMI/IpOBaHI/Iﬂ CEKPETHOM
Wsumpl |77 TPOMEIKYTOUHOH MATPHILbI
- SUM_novl[i,j]

SUM_novl[i,j]=SUMi,j]+kl_SUM|Z]

Omneparop nukJa.
Ormpenenser KOINYeCTBO PayHI0B

I=1..n TIOBTOPEHHS
39TAIl
S=Ni1+ KI[i] - — — 1 — —CloxeHHe ¢ KITHYOM.
S=Ni+ kI[i]J=SUM_nov[Nza, kI[i]]
49TAIl
e || _ _TIpouexnypa ncronb30BaHus G10Ka
§5=H[i.S] 3aMeHbI (II00I0YHast 3aMeHa)
SS=H[i,S]
5393TAIl
SSS=SS+N2 - — — 1 — —Cnoxenue.
SSS=SS+N2= SUM_noVv[SS, N2]
N2=Nz; 23TAH
_ - ——  — — CuBwr 10 1ienouKe.
N1=SSS N2=N1;N1=SSS.

(o= )

Puc. 2. bnok-cxema 0oCHO8HO20 wiaza NPeosioHCeHHO20 1e2K0BECHO20 ANCOPUMMA
O10uHO-cuMmempuuno2o wiugposanusi LEA

Torna CTpyKTypy HpeUIOKEHHOTO JIEFKOBECHOIO ajiroputMa OJ0YHO-CUMMETPUYHOTO
mU(ppPoOBaHUs MOXKHO ONKCATh MHOTOPAyHJIOBOM CXEMOM, MpeacTaBiIeHHOW Ha puc. 3. BxonHbie
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nannbie Vd pa3OuBaroTcs Ha OJIOKH JJTMHHON 2*N, KOTOpBIC B JAajbHEUIIIEM OyIyT UCIOIb30BAThCS
11 GOopMHpPOBaHUs POMeXKyTouHbIX AaHHbIX N1 1 N2 npunannexamue nomo GF(2").

Hauano
[pouenypa pa3dutns 9TAIl PASBUEHUS HA TIOJABJIOKHA
BXomHOH Vd [ponemypa pa3ouTust BXOAHOM MOCIeoBaTebHOCTH Vd
MOCJIeIOBATEIFHOCTH Ha | | — —Ha MOJ0IOKH pa3MEpPHOCTHIO 2*N
noA0IOKH KosmmuectBo non6iokoB paBao k=Vd/(2*n)
k=Vd/(2*n)
Oneparop uukJja.
— — —Onpenensier KOTUYECTBO PayH/I0B
z=1.k MOBTOPEHUS

Ipouenypa 0CHOBHOTO
I1ara peI0KeHHOTO
JIETKOBECHOT'O aJITOpPUTMA
0J104HO-CUMMETPHUYHOTO

1 dp

Komnen

Puc. 3. Cmpyxmypy npeonosnceHHo20 1e2K0BECHO20 AN20PUMMA DIOYHO-CUMMEMPULHO20 WUPPOBAHUS

OCHOBHBIM  JIOCTOMHCTBOM  TIPEIUIOKEHHOTO  JIETKOBECHOTO  alrOpUTMa  OJIOYHO-
cummeTpudHoro mugposanusa LEA, sBiaseTcss oTCyTCTBHE CIOKHBIX MAaT€MaTHYECKUX ONEpalni.
Kaxnoe neiictBue (3Tam) B MPEIJIOKCHHOM alTOPUTME SIBISIET COOOW OTEpalfio MPHCBOCHUS
3apaHee BBIYHMCICHHBIX IBYMEPHBIX MaccHBOB, Takux kak SUM_nov[i,j] u SUMIi,j].

HenocTatkoMm MpeyioKEHHOTO aNTOPUTMa SIBISIETCS HEOOXOIUMOCTh XPaHEHHsST MaTpHIIbI
cnoxenus pasmepom (2") x(2") cocrosmas u3 snementos nois GF(2").

Jlnst moms GF(2%)-256 smementoB, mist moms GF(2°)-1024 sneMenTa), a Tak ke MAaTpHIL
MEPECTAaHOBOK ISl K&KAOTO U3 TMOMOJOKOB M KIIOYeH Ui (OPMHPOBAHUS MPOMEKYTOYHBIX
MaTpHIL CIIOXKEHUS IS KaKIO0TO U3 MO0I0Ka.

Jdns  yckopeHuss — pabOThl  IPEAJIOKEHHOTO  JIETKOBECHOTO — QlTOpUTMa  OJIOYHO-
cummerpuuHoro tmbposanus LEA cekperHble mnpomexyrtounbie Marpuisl  SUM_nov[ij]
BO3MOXKHO PAaCCUUTHIBATH 3apaHee M 00paIiaThCs K HUM MO HEOOXOJAMMOCTH B 3aBHCHMOCTH OT
xroua kI_SUM[z]. Mist moms GF(2*) Takux marpur Gyzer 16 (Bce BOSMOXKHBIE KIIFOUEBBIC TaHHBIC
kl_SUM[z]). Pazmep HeoOXxoauMoro mpocTpancTBa Oyaer coctaBiisiTh 16%¥256%4=16384 out (16-
KOJIMYETCBO MAaTpUIl, 256-KOJIWYECTBO DJIEMEHTOB B MarpHie, 4-pa3Mep dJIEMEHTa MaTpulle B
ouTax).

[IpennaraeMelii  OCHOBHOU wiae aICOPUMMA  PACUUPPOBAHUS  E2KOBECHO20 OIOUHO-
cummempuuroco wugpa LEA CTpyKTYypHO COCTOUT U3 CIEAYIONIUX 3TAIMOB.
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1 9man. ®@opMHpPOBaHME CEaHCOBBIX KIIOYEBBIX JAHHBIX (CEKpeTHas MaTpHia
cymmupoBanus SUMII,j] (SUM[I,j]= SUM[j,i]), cexpernsie kmoun kl_SUM[i] mas dopmupoBanus
NPOMEXKYTOUHBIX MaTpul, cymmupoBanust SUM_nov[i,j], cexpernsie paynnoseie kimroun KI[i]. N1,
N2 — Bxoauble gaHHbIe n3 nons GF(2")

2 sman. OopMupoBaHUE CEKPETHOH mpomexyrouHor marpuisl SUM_nov[i,j] ucmons3ys
cekpetHyto  Matpuity cymmmpoBanus ~SUMI[i,j] wu  cexpermsnii  xmou Kl SUMII]:
SUM_nov[i,j]=SUM[i,j]+kl_SUMT[i]

3 aman. Haxoxnenue 3nauenus SSS: SSS=SS+N2= SUM_nov[SS, N2]=NL1.

4 sman. Haxoxnenne 3nauenust N1: N1=N2.

5 aman. Haxoxnenune S: S=N1+ kl[i]

6 aman. Vicnons3oBanue O10ka 3aMeHbl (TIOOIOYHAS 3aMeHA). 3HAYCHHUE S TOJMyYEeHHOE Ha
OpeAbIIyeM dTare npeodpa3yeTcs B 3HaUCHHUE SS HCMOJIB3YI0 COOTBETCTBYIONIMN OJIOK 3aMEHBI
HI[i,j]: SS= H[i,S]

7 aman. Haxoxnaenne 3nauenus N2: N2=SSS+SS= SUM_nov[SSS,SS]

CTpyKkTypHasi cxema MpeIOKEHHOT0 OCHOBHOTO IIIara JISTKOBECHOTO aJrOpuTMa OJIIOYHO-
CUMMETPHYHOTO paciiidpoBaHus MPEICTaBICHA Ha puc. 4.

4 93TAII 59TAII
Haxoxnenue 3Hauenus Ni. > Haxoxnenue S.
N1=N2. S=N1+ kl[z]
39TAN 6 OTAII
H 3sS Hcnonp3oBaHue 0JI0Ka 3aMEHEI
GHEOISEMS SHAFGHIE a3 % (mobnouHast 3ameHa).

$55=SS+N2= SUM_nov[SS, N2]=NL1.

1

2 OTAIl 7I3TAIl
D opMHPOBaHUE CEKPETHOU
npomexytodroit marpuisl SUM_nov[i,j]

SS= HI[i,S]

Haxoxnenue 3Hauenus N2.

SUM_novli,j]=SUMIi,j]+kl_SUM[i] N2=85S+SS= SUM_nov[SSS,SS]
13TAI
dopmupoBaHUE CEaHCOBBIX KITFOYCBBIX
JAHHBIX Bxonusie nannsie N1,N2

SUMII,j]-mampuya cymmuposanus u3 nons GF(2")
KI_SUMTII],kI[i]-cexpemnoie kniouu
H[i,j1-mabauya zamen

Puc. 4. Cmpyxmypras cxema 0CHOBHO20 WaA2a 1e2KOBECHO20 ANCOPUMMA
bnouHO-cuMmempuuno2o pacuwiugposanus LEA

OCHOBHBIM OTIMYMEM SIBISETCS (POPMHUPOBAHUS BXOAHBIX JAaHHBIX moust ['anmya — 3HaueHUs
N2 s cirleqyromero payHiaa uTepanuu. Takoi Moaxoa 00ecIeuynBaeT BO3MOKHOCTh YBEITUUICHUS
CTOMKOCTH TIpejIaraeMoro JIETKOBECHOTO alropuTMa mudpoBaHus, U B TOKE BpeMsi 00eCcTIeYnBaeT
BO3MOKHOCTh YMEHBIIICHUS ToJis ["amya, 9To 1 o0ecreynBaeT ero NpakTHIeCKy0 peaanu3aiuio.
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Takum o0pa3oM OJIOK-CcXeMa OCHOBHOTO IIara MpeajoKEHHOTO JIETKOBECHOTO allfOpUTMa
0JI0YHO-CUMMETPHUYHOTO MK(POBaHUS IPEACTABICHA HA PUC. 5.

Hauano 13TAIl
®DopMHPOBaHUE CEAHCOBBIX KIFOUECBBIX JTAHHBIX
SUMi,j]-cexpemmnan mampuya cymmuposanus
N1, N2 - “kl_SUM[z] kI [i1-cexpemnule knouu
SUM[i,jl, [ -~ H[i,j]-mabruya 3amen
kI_SUMII], N1, N2-06a uucna uz nonss GF(2")
KILi], H [i.j]

2 9TAIl
A . IMporeaypa hopMHUPOBaHHs CEKPETHOM
sU M—nilv[é'b] I\_/I?; MO+ L MIPOMEKYTOYHOM MaTPHUIIBI
- SUM_nov[i,j]
I SUM_novl[i,j]=SUM][i,j]+kl_SUM[z]

i=1.n ~__  Oneparop nuka.
e ~

~Ompenenser KOIMYECTBO payH/10B
MOBTOPEHHS

[
SSS=5S+No= 8 3TAN
_ - — — + — —Haxoxnenue 3nauenus SSS.
SUM_noV[SS, N2]=N1 SSS=SS+N2= SUM_nov[SS, N2]=N.

4 93TAII
N1=N2 - ——  — —Haxoxnenue 3nauenus Ni.
N1=No2.

53TAIl
S=Na+ KI[i] — — -]- — _Haxoxnenue S.
S=Na1+ KI[i]

6 OTAII
N2=Nz; __Hcnonb3oBanue 610Ka 3aMEHbI
N1=SSS (mobouHas 3ameHa).

SS=H[i,S].
|
7 9TAII
N2=8SS+SS8= — — —|— — —Haxoxnenue 3aayenus Na.

SUM_nov[SSS,SS] N2=SSS+5S= SUM_nov[SSS,SS]

la
|

(o )

Puc. 5. bnok-cxema 0CHOBHO20 wiaza NPedIoHCEHHO20 1e2KOBECHO20 ANCOPUMMA
OIOYHO-CUMMEMPUUHO20 WUPDPOBAHUSL

Takum oOpazom, LEA — 510 48 OuTHBIA cuUMMeTpUYHBIA OsouHBbIl anroput™m. OH
nojaepxuBaer 60 OuThlii cekpeTHbl Kimrod. KommuectBo payHmoB — 4.  ANropurM umeer
cTpykTypy cetu @Deiictens. Pa3paOoTaHHBIN JETKOBECHBIM QJITOPUTM HMEET MPOCTYI0 CXEMY
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peanMzanuy, a mpeodpa3oBaHuS,
KpUNTOTpaQrUECKUE CBOMCTBA.
JUisl IpOBEICHUSL 9KCNEPUMEHMANbHBIX UCCIe008AHULL CBOUCME pa3pabomanHo2o wugppa
ucrionb3oBaH naker NIST 822-STS, kKoTOpsIil 1MO3BOJISET OLIEHUTh CTOMKOCTh KPUIITOTPAMMBI Ha
OCHOBE OIIGHKH ciydaifHOocTH. CTpyKTypHash cxXema JIETKOBECHOTO ajiropuTMa IHQpOBaHHS Ha
OCHOBE pacIIupeHHbIX noJier ["arya (mome GF(24)) OyzeT uMeTh BHJI TPEACTABJICHHBIN Ha pHC. 6.

HCIIOJIB3YEMbBIC B JaHHOM QJITOpUTMC, HMCIOT XOPOIIUC

PerucTp caBura ¢ auHEWHOY 0OPaTHOM CBSI3BIO IO MOAYIIIO MPUMUTUBHOTO MHOTOYJICHA g(x)= X24+X7+X2+X+1

N1 N2 N1 N2 N1 N2
3 l22f2a]2ofww]wr]w]sfuu]s]za]ufwo]o]s 76|54 s3]l 2]1]o

Y y
Tpouenypa popmupoBanus [pouenypa popmupoBanus
MIPOMEKYTOYHON MaTpPHUIIBI MPOMEKYTOYHON MaTpPULIBI MPOMEKYTOYHON MaTpUILIBI
SUM_novIi,jl=SUMIi,j]+kl_SUM[3] SUM_nov[i,jl=SUMIi,j]+kl_SUM[2] SUM_novIi,jl=SUMIi,j]+kl_SUM[1]

i=1.n s 2 fi=1.n » [ii=l.n >

A
Ipouenypa popmupoBanus

CIl10XEHHE C KITIOUOM
S=N1+ KI[iii]J=SUM_nov[Nz, ki[iii]]

CI10KEHHE C KITH0YOM
S=N1+ KkI[ii]=SUM_nov[Nza, kI[ii]]

Cl0XXEHHE C KITIOYOM
S=N1+ kI[i]J=SUM_nov[Nz, kI[i]]

v v v
Hcnonb30BaHue 010K 3aMEHBI Hcnonb3oBaHue O10Ka 3aMEHbL Hcnonb30BaHUE OJ0Ka 3aMEHBI
SS=HIi,S] SS=H[ii,S] SS= H[iii,S]
v v v
Cnoxxenue Cnoxxenue CrnoxeHue
§SS=SS+N2= SUM_noV[SS, N2] SSS=SS+N2= SUM_noV[SS, N2] S§SS=SS+N2= SUM_noV[SS, N2]
v v v
Casur 110 1eToYKe CHaBUT 110 LIETIOYKE Casur 110 1IEN0YKe
N2=N1; N1=SSS N2=N1; N1=SSS N2=N1; N1=SSS
T 11 [ ] [l
v A\ v v v v
N1 N2 N1 N2 N1 N2
23 22for 2oz ]e]osfuafw|w]u]Jw]o]s]z7es]s]a]3]2]1]o]
Puc. 6 . CmpyxmypHas cxema 1e2Ko8ecH020 aleopumma wupposanuust Ha OCHO8e
g(x)= X2 +x"+x2+x+1
Tabnuya 1
PeBlebmambl CpABHUMEIbHbBIX MCC]Z@OOGCZHI/HZ cmamucmuyecKkou 6e30nacnocmu
npeaﬂODfC@HHOZO J1eCKOBECHO20 aﬂzopumMa muqbpoeaHuﬂ
KonuuectBo TecTOB, B KOTOPBIX .
KoanaectBo TecTHpOBaHUe MPOLLIo M JlnmnHa KIroueBoi KoanuecTso
Ne /it payHI0B } nocseoBatensHoCTel (%) HOCJIe)Z[OBiTeJIBHOCTI/I 6I10KOB 3aMeH
IIOBTOPEHUN M > 96% M < 96%
1. n=3 185(97%) 4(3%) 36 our 9
2. n=4 185(97%) 4(3%) 48 our 12
3. n=5 181(96%) 8(4%) 60 out 15
4, n=6 186(98%) 3(2%) 72 outa 18

AHanu3 pe3ylbTaToB TECTUPOBAHUS, CBEACHHBIX B Ta0d. 1. MOKa3bIBAET, YTO MPEI0KEHHBII
JIETKOBECHBII aJTOpUTM IIU(POBaHMS HAa OCHOBE pacIIMpeHHbIX mosedl [lamya oOnanmaet
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MOKA3aTesIMI CTATHCTUYCCKOM 0€30MacHOCTH, KOTOPHIC YIOBIETBOPSIOT MX HWCIIOIH30BAHHE B
CMapT-TEXHOJIOTUSIX.

BrIBOaBI

1. IlpennokeHHBIN JIeTKOBECHBIM anroputMm Imudpoanus LEA oOecrieunBaer TpeOyemblit
YPOBEHb CTOMKOCTH, YTO IMOJTBEPKIAIOT NPOBEACHHBIE UCCIIEIOBAHUS CTATUCTUYECKON CTOMKOCTH,
U, B NOCTKBaHTOBBII mepuoa. Kpome Bcero, ucnonbszoBanue nanHoro BCII obecneunBaer ero
MPAKTUYECKYI0 pEAU3ali0 B CMapT-TEXHOJIOTUSX C OTrPAaHUYCHHBIMU BBIUUCITUTEIHHBIMU
BO3MOKHOCTSIMH.

2. IlpoBeneHHBI HCCIEIOBAaHUS CTOMKOCTH JIETKOBECHOTO ainroputMa mudpoBanus LEA
oOecrnieunBaeT TpeOyemblii ypOBEHb CTOHMKOCTH IMPHU KOJUYECTBE LMKIOB N=6, U KOJIUYECTBOM
0s10k0B 3aMeHbl S-hox=18.
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XULASO
YUNGUL COKILi LEA SIMMTERIK BLOK SIiFRININ iSLONIiB HAZIRLANMASI
Rzayev X.N., Bagwrov E.Y., Mommadov M.F.

Acar sozlar: simmetrik kriptosistemlor, sada blok-simmetrik sifraloma algoritmi, Qalua fozast

Yiiksok texnologiyalarin inkisafi vo hesablama resurslarinin siiratli artimi  tohliikesizlik
mexanizmloring, xiisuson kriptoqrafik cevrilmolora osaslananlara daha sort toloblor qoyur. Tadgiqatlar
gostordi ki, mohdud resurslara malik agilli texnologiyalarda sads sifralomo alqoritmlorindan istifads etmak
lazimdir. Maqalads sada LEA sifrasinin totbiqi miizakirs edilir vo ham¢inin onun giicii qiymatlondirilir.

SUMMARY
DEVELOPMENT OF A LIGHTWEIGHT BLOCK SYMMETRIC CIPHER LEA
Rzayev X.N., Baghirov E.Y., Mammadov M.F.

Keywords: symmetric cryptosystems, light-weight block symmetric encryption algorithm, Galois
fields
The advancement of high technologies and the rapid growth of computational resources impose more
stringent requirements on security mechanisms, especially those based on cryptographic transformations.
Research conducted has demonstrated that in smart technologies with limited resources, it is necessary to
employ lightweight encryption algorithms. This article discusses the implementation of the lightweight
cipher LEA and evaluates its security.

Daxilolma tarixi: [lkin variant 23.10.2023
Son variant 30.11.2023
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MAYE MUHITINDO AXIN SIXLIQOLCONIN ISLONMOSININ
PROBLEMLORI VO ONLARIN HOLLI YOLLARI

'SOFOROVA TORANOD AGA quz1 2F<2
?9MIRASLANOV BOHRUZ QURBAN oglu %<2

Sumgqayit Dévlat Universiteti, Azarbaycan, 1,2 - tex.f-d., bag miiallim
tarana.safarova.70@mail.ru ; amiraslanov _bk@mail.ru

Acar  sozlar:  mohlullarin  sixligi, hoassas  element, vibrasiya sixligol¢oni,  avtomatik
sixligélgan, elektromexaniki analogiyalar, kamerton rezonatoru, keyfiyyat amsali

Giris. Moqalodo magistral boru komarlori ilo dasman neft vo neft mohsullarinin axininin
sixligmin 6l¢iilmasi zamani 6lgma soraitindon asili olaraq sixligin toyin edilmosinin diizgiinliiyliniin
tokmillosdirilmasi yollar1 arasdirilir vo sixliqdlgon vasitosilo maye axiininda sixligin dl¢iilmasinin
perspektiv lisullart miiqayisali tohlili aparilmisdir. Yeni forma vo dizayna malik hossas elementi
olan rezonatorlu sixligdlcon cihaz toklif olunmusdur. Texnoloji prosesdo maye sixliqdlganlorin
islonib hazirlanmasi, totbiqi vo istismarinda mdvcud problemlor vo onlarin halli yollar1 miioyysn
edilmisdir.

Problemin aktualli@i. Sonayenin miixtalif sahslorinds totbiq edilon sixligdl¢anlor texnoloji
proseslorin avtomatlagdirilmis idaroetmo sistemlorindo (TP AIS) asas rol oynayir. Belo ki, miiasir
texnoloji proseslorin idaroetma sistemlor, bir gqayda olaraq, 6z torkibindo alt sistemlorin biri kimi
xammalin araliq vo son mohsullarin keyfiyystino avtomatik nozarst sistemini hoyata kecirirlor.
Hazir mohsullarin keyfiyyotini xarakterizo edon miihiim parametrlordon biri miixtolif sonaye
sahalorindas istifade olunan mohlullarin sixligidir. Sixligin dl¢iilmasi zamani informasiya miibadilasi
liclin osas qovsaqlardan biri kimi sixligin tezlik signalina g¢evrilmosidir ki, bu zaman miixtolif
metodlar torbiq edilir. Sixligdlgonlormn TP AiS-do informasiya-6lgma sistemindo totbiqi zamani
mayelorin xiisusiyyotlorindon vo mayenin axin siirstindon asili olaraq  sixligin toyin olunmasi
komiyati do fargli alinir. Bu noqteyi-nazordon suspenziyalarin, ugucu mayelorin, torkibinds miixtolif
qarisiglarin oldugu maddolo miihiim rol oynayir. Cirkli istehsalat goraitinde 2,5 MPa-a qodor
yiiksok tozyiqdo 6lgmo imkani, yiiksok hassasligla vo asagi 6l¢gma xota (+0,5-don £1%) doqiqliyi
ilo 6lgmenin aparilmasi, Ol¢li diapazonunun genis diapazonda (100-don 2000 kq/m3-o qgodor)
tonzimlonmasi imkaninin  olmasi tezlik {isulunun totbiqiinin dstlinlilylinii  stibut edon
gostoricilordoon sayila bilor. Sixlig1 6lgiilon mayelords qaz daxilolmalarinin olmasi sababindon ¢oki
sixligidlgonlorin totbiq etmok miimkiinsiizdiir. Lakin digor 6l¢gmo ndvlorine asaslanan sixligdlgonlor
movecuddur.

Sixligdlganlorin bir sira ¢atismazliglart vardair ki, bunlardan asasi sixligi dlgiilon mayelorin
torkibindo coxlu sayda horokot edon hissociklorin olmasidir vo hassas elementin, yoni rezonator
borusunun maoxsusi tezliyinin asag1 olmasi sababindon mexaniki vibrasiyalara hassasliqlt olmasidir.
Bununla bels timumi sonaye toyinatli istehsalat ii¢lin nozords tutulmus maye axin sixligdlganlarinin
totbigi li¢clin maye miihitinds sixligin Sl¢iilmasinin an perspektivli metodlart miioyyan edilmalidir.
Bu monada moqalonin sonraki hissosindo biz sixligin 6lgiilmasi iiglin movecud tisullart tohlil
edocoyik, hom do mdvcud tisullarin miiqayisali tohlili naticosinds sixligin toyin edilmosi zamani
yiiksok daqiqlik veran, 6lgma doqiqliyi xotasinin asagi oldugu hali oks etdiron cihaz, yoni hassas
element toklif etmok magsadils tdvsiyalor hazirlacagq.
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Problemin halli. Sonayeds yliksok 6lgmo doqiqlikli vo etibarli sixligdlgonlorin iglonmosi,
yoni bilavasito nozarot olunan parametrlorin tezlik-modullagdirici signallarina c¢evrilmosi ilo
miisayot olunan yeni istigamot yliksok keyfiyyoto malik sixligdlgonlor hesab oluna bilor. Lakin
onlarin asag1 metroloji gostoriciloro malik olmasi, boyiik dlgiiyo va kiitloya, etibarliliga va s. eloco
do montaj, xidmotlor gostorilmesi isinde miikkommal manealor yaranir. Vibrasiya sixliqdlgonlori
ononavi sixligol¢onlordon osas araliq ¢eviricidon istifado etmodon tezlik-modullasdirict signala
cevrilmasi ilo forqlonir. Bu zaman 6l¢gmonin daqiqliyi tomin edilmis olur. Vibrasiya sixligdlgenlorin
Ol¢molorinin doqiqliyi, osason onun rezonatorunun keyfiyyot omsali ilo miioyyon edilir ki, bu da
ragslarin bir periodu arzinds rezonatorda mexaniki enerjinin itkilorini saciyyslondirir. Rezonatorun
(hossas element) keyfiyyot omsalini yiiksaltmok ii¢lin, yoni sixligin 6lgmo doqiqliyini yiiksaltmok
ticiin, ilk ndvbados, rezonatorun dayaqlara birlosma yerlorinds yaranan ragslorin enins reaksiyalarini,
birlosmo yerlorinds reaktiv qiivvelorin miqyasinin azaldilmasi yollarinin tapilmasina osas digqgot
yetirilmalidir. Axinda maye miihitinin sixliginin 6l¢itilmasi problemlardon hall etmak tii¢iin bir ¢ox
sonaye sahosindo maddoslarin torkibinin va ya xassalorinin miioyyan edilmasi vo sixliq komiyyatino
davamli nozarati hoyata kegirmak tolob olunur.

Sixligdlgonlorin totbiq olunmasi saholorinin  geniglonmosi  onlarin istismar soraitinin
ohomiyyatli doracads ¢atinlogmasine sobab olmusdur. Bu da ilk ndvbado, temperatur diapazonunun
genislondirilmasi, otaf miihitin vo sixlig1 toyin edilon maddonin tozyiqinin rezonatora tasiri, istismar
yerinda sixliqdlganin qurasdirildigl yerds vibrasiya soviyyasinin olmasi va bir sira digor tosiredici
amillori geyd etmok lazimdir. Sixligdlganlors, cox ¢irklonmis va torkibindo alave mohsullar olan
mayelorlo (su gatisiglarinin olmasi, mexaniki ¢irklor maddslorin olmasi vo s.) islomok qabiliyyati
baximindan qoyulan talablor do artmisdir. Moqalado, miixtslif sanaye saholorinds faaliyyat gostoron
miiasir avtomatik axin sixligolgonlorin i soraitini nozors alaraq imumilosdirilmis toloblor miioyyon
edilmisdir.

TP AiS-do mohsullarin sixligmi birbasa axinda dlgmok {igiin sixligdlgenlor xiisusi vericilori
olan sixligdlgonlor vo universal vericilori olan sixligdl¢onlor olmaqgla todqiq olunurlar[8,9].
Sixligolganlora mayelorin sixlig1 ilo onlarin miixtalif fiziki xassolori arasindaki slagoys osaslanan
iisullardan istifado edon qurgular daxildir. Belo sixligdlgonlor arasinda daha ¢ox ultrasos vo
radioizotop ndvlarini ayird etmak olar.

Ultrasas tipli sixligdlgonlorin isi, sixligdan asili olaraq, ultrases dalgalarinin mayedo yayilma
stiratinin doyismasina asaslanir. Ultrasas sixliqdlgon cihazlar istonilon mayenin sixliginin tomassiz
oOl¢iilmasi ilo forqglonir. Analoq vericili sixliqélsonlorin mévcud miixtolifliyine baxmayaraq, hazirda
yalniz tizgoc, ¢oki vo hidrostatik tipli sixliglgonlor daha genis yayilmisdir. Hossas elementi tizgoc
olan sixligdlgenlorin is prinsipi aerometr prinsipino osaslanir. Aerometrlor kimi gismon vo ya
tamamilo yiiklonmis iizgoc gotiiriiliir. Uzgocin yerlosdiyi yerdo mayenin vo ya qazin sixligi
doyisdiyi zaman, lizmo qiivvasi dayisir vo lizgoc miivafiq olaraq yuxar: vo ya asagi horokot edir.
Sixligin 6l¢iisii ya lizgocin yerdoyismosidir, ya da tizma qiivvasing tosir edon qaldirici qiivvadir.
Uzgoc tipli sixligdlgonlorin  gatigmazliglar girklonmis mayelorin sixliginm dlgiilmosinin miimkiin
olmamasi, hassas elementin (lizgoc) imumi maye axinindan qorunmasinin vacibliyt vo tadqiq
olunan mayenin torkibindo mexaniki horokat edon hissaciklorin olmasidir.

Caki tipli sixligolganlorin is prinsipi sabit hocmli maddenin kiitlesinin sixliga diiz miitonasib
olmasina osaslanir, yoni boru komori ilo axan mayenin sixhifin1 dlgmok iiclin i¢indon kegon
maddonin miioyyan bir hocmini davamli olaraq ¢okmok kifayastdir.

Mayelor li¢lin vibrasiya-tezlik sixliqolgmo cihazlarimin hazirlanmasima hosr olunmus molumat
manbalarinin tohlili gdstordi ki, hazirda boru rezonatorlarinin sintezinin iki tisulunu géstormak olar:
elektromexaniki analogiyalar metodu il sintez va evristik sintez.

Evristik sintez layihocilorin bu sahads toplanmis tocriibasing, onlarin saxsi intuisiyasi va yaradiciliq
qabiliyyotlorindon istifadosino osaslanir. Bu metodun c¢atismayan cohoti sintez edilmis
konstruksiyanin elmi asaslandirilmasinin olmamasidir.
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Maye miihitinds axin sixliqol¢onin islonmasinin problemlari va onlarin halli yollart

Miisllilor torofindon aparilan tohlillor vo aragdirmalara, layihagilorin tocriibalorino asaslansaq
sixligblgonlorin rezonator hissoesindo onun dayaqlara borkidilmo yerlorindo rogsi enerjinin
sopolonmasinin asagi salinmasi problemi hom noazoari riyazi diisturla tosbit olunmus, hom do tocriibi
olaraq konstuktiv baximdan yenisi islonmisdir. Rezonatorun rezonans tezliyinin alinmasi iigiin
borkidici govdoys birlosdirilon  elastiki elementlorlorin uygun saymin artirilmas: veo digor
konstuktiv olavalor etmoklo sazlanma prosesi aparilmisdir.

Ikinci sintez iisuluna goro elektrik vo mexaniki sistemdo tonliklorindon birlikde istifado
olunmasina osaslanmisdir. Bu da mexaniki sistemi elektrik dovrasindoki proseslorlo todqiq edilorok
ovaz etmays imkan verir. Bels bir ovozetmonin mogqsadouygunlugu elektrik dovralarini tohlil etmok
ticlin aparat oldo etmokdir.

Miiasir vibrasiya sixlidlgmonin problemlarinin tohlili aparilandan sonra keyfiyyst amsali
artirilmis birborulu rezonatorlarin yeni formalar1 vo konstruksiyalar1 toklif edilmisdir [1,2,3].
Sixligolgonlor {igiin onlarin hossas elementi iizorindo todqiqatlar miislliflor torafindon davam
etdirilir.

Natica

1. Maye miihitindo axin sixligdlgarin islonmosinin problemleri vo onlarin holli yollar
aragdirilaraq miasir avtomatik maye sixligdlgonlorine qoyulan iimum  toloblor miioyyon
olunmusdur.

2. Vibrasiya-tezlik sixlidlgonlori ti¢lin sixligin 6lgma doqiqgliyinin artirilmasiin aktual
problemi onun hassas elementinin keyfiyyst omsalinin yiiksaldilmosidir. Bii birborulu rezonatorlu
sixligdlganlor torafindon tomin edilmisdir.

3. Sixlig6lgonlor {igiin toklif olunan metodiki hesablama iisullari, aldo olunmiis analitik
asililiglar momulatlarin keyfiyyot gostoricilorinin yiiksaldilmosinda, onlarin doqiq hesabatinin
apartlmasinda, homginin idxal-ixrac omoliyyatlarinin yerino yeririlmoasindo elmi-praktika Kimi
istifads oluna bilor.

4. Yeni konstruktiv quruluslu vibrasiya-tezlik sixligdlgoni vo onun texniki xarakteristikalar
istehsal saholorinds yeni xiisusiyyatloro malik avtomatlagdirilmis nozarat sistemlorindo genis totbiq
imkanina malikdir.
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PE3IOME
AKTYAJIBHBIE NTPOBJIEMbBI PASPABOTKHU MOTOYHBIX INJIOTHOMEPOB
KUJKUX CPEJ U NIYTU UX PELHIEHUS
Cadghaposa T.A., Amupacnanoe b.I.

Knwouesvie cnosa: niomnocms pacmeopos,  UYECMGUMENbHLIU  dNIeMeHm,  GUOPAYUOHHbIU

njiomHoMmep, aemMoMamuyecKuil uzmepumens NIOMHOCIU,

INEKMPOMEXAHUYECKUE AHANOSUU, KAMEPMOHHBIU Pe30HAMOp, 000POMHOCHb.

B crarpe uccnenoBaHbl IyTH MOBBILICHUS TOYHOCTH M3MEPEHMS IIOTHOCTH, B 3aBUCHMOCTH OT

yCIOBUH WM3MEpEHHUsi, MOTOKa HePTH M HePTENPOAYKTOB, TPAHCIOPTHPYEMBIX MO MarucTpalbHBIM

TpyOONIpOBO/aM, TIPOBEJCH CpPAaBHUTEIBbHBIH aHAIW3 MEPCHEKTHBHBIX METOJOB M3MEPEHHUs] pacxona

KHUIKOCTH IUIOTHOMepaMu. IIpeanoxeH pe30HATOPHBIN IJIOTHOMEP C YyBCTBUTEIBHBIM 3JIEMEHTOM HOBOM

¢dopmbl 1 KoHCTpyKuuu. O003HAUYEHB! aKTyaJbHBIC TPOOJIEMBI pa3paObOTKH, MPUMEHEHUSI U JKCIUTyaTalliu
YKUJKOCTHBIX MJIOTHOMEPOB B TEXHOJIOTHYECKOM IPOLIECCE U IMYTH UX PEIICHHUS.

SUMMARY
ACTUAL PROBLEMS IN THE DEVELOPMENT OF FLOW DENSITYMETERS
IN LIQUID AND THEIR SOLUTIONS
Safarova T.A., Amiraslanov B.Q.

Key words: density of solutions, sensitive element, vibration densitometer, automatic density meter,

electromechanical analogies, tuning fork resonator, quality factor.

In the article, the ways of increasing the density measurement accuracy depending on the
measurement conditions during the measurement of the flow density of oil and oil products transported by
main pipelines were investigated, prospective methods for liquid flow densitometers were comparatively
analyzed. A resonator densitometer with a sensitive element of a new shape and construction has been
proposed. Actual problems of development, application and operation of liquid flow densitometers in the
technological process and their solutions are indicated.

Daxilolma tarixi: [lkin variant 12.10.2023
Son variant 30.11.2023

93



Sumgayit Dovlot Universiteti — “ELMIi XOBORLOR”— Tobiot vo texniki elmlor bélmosi

Cild 23 Ne 4 2023

UOT 654.93 DOI 10.54758/16801245_2023 23 4_94

TENSORFLOW.JS KITABXANASINDA “TRANSFER OYRONMO”
METODU

OLIZADO-BAGIRLI SOBNOM SABIR qiz1
Iqtisadiyyat Nazirliyi yaminda DVX, MAA, doktorant
sebnem.elizade@hotmail.com

Agar sézlar: transfer yronmoa, TensorFlow.js modeli, Fine-Tuning metodu, Agnostic Meta-Learning
modeli

Giris. Transfer 6yronmo suni intellekt vo taninma texnologiyalarinda tez-tez istifado olunan
bir metoddur. Bu metod vasitssilo bir taninma (6yronma) masolosindon oldo olunmus molumat vo
tacriibalori forqli digor bir taninma masalosinin hallinds istifads edib natico olde etmoys kdmoklik
edon vasitodir. Hal-hazirda gilinlimiizds siiriiclisiiz minik vasitolori, tobii dil isloma (danisiq dilinin
suni intellekt vasitosilo basa diisiilmosi), goriintiinii siniflors ayira bilmo bacariglart mohz Transfer
Oyronmo metonun istifads olundugu sahalordir.

Transfer 6yronma metodunun asagidaki ndvlori var:

1.Inductive Transfer
Oyronma

Transfer 6yronmo metonun ndvlari

2.Unsupervised Transfer 3.Transductive Transfer
Oyronma Oyronma

Sokil.1

1. Inductive Transfer dyronilon modelin farqli bir tapsiriq iigiin baslangic ndqtosi kimi
istifads olunmasidir.

2. Unsupervised Transfer etiketlonmomis verilonlor iizorindo aparilmig Oyronmo
metodudur. Bir masalo {izorindon oldo edilmis molumatlar, digor masalalords istifado
oluna bilir.

3. Transductive Transfer bir 6yronma prosesindoki drnoklorin forgli bir §yronmao prosesindo
istifado olunma metodudur.

Transfer dyronmo suni intellekt {i¢iin verilonlorin hacmini azaldir vo dyronmoe miiddatini

stiratlondirir. Bu masalonin hallini ugurla yerina yetiron model basqa bir masalonin hoallinds do
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istifado oluna bilocoyi iiglin zamana vo qaynaq ehtiyacina qonast oldo olunur. Bunlar metodun
iistiinltikori sayilir.

Transfer Learning

Task 1

Predictions1

Knowledge transfer

| Data2

Task 2

Predictions2

Sokil. 2

Forqli tapsiriglar arasinda oxsarliglarin tapilmasinin ¢otinliyi vo molumat bazalar1 arasinda
olan forqliliklor bu metodunun ¢atigsmazliglar: sayilir.

Transfer Oyronmodo son texniki spesifikasiyalara iso Agnostic Meta-Learning vo Fine-
Tuning dsullaridir. Agnostic Meta-Learning miixtolif bazalarda olan molumat dostlorini
birlosdirorok meta Oyronmo prosesini hoyata kecirir. Fine-Tuning iso verilonlor bazasinda
ovvalcadon hazirlanmis modelin alqoritmini tokmillogdirmak iigiin tonzimlomo metodundan istifads
edib, algoritmi daha miikommal formaya salir.

Indi iso TensorFlow.js kitabxanasindan taninma mosalorindo neco istifado olunmasina
baxaq. TensorFlow.js JavaScript proqramlasdirma dilinin bir hissasi olub, JavaScript biliklori olan
hor kosin rahatligla istifado eds bilocayi bir kitabxanadir. Hal-hazirda tibb sektorunda ( xostaliklora
diognoz qoyulmasi), maliyya analizlori vo taxminlari, oyun sanayesindos va s. bu kitabxanadan genis
istifado olunur. JavaScript tortibat¢ilart on miasir modellori dyronmok, taninma texnologiyalarini
inkisaf etdirmak ti¢iin TensorFlow.js-doan istifado edirlor.

Masalonin qoyulusu. Sokillorin xiisusiyystlorini gotiiron vo onlardan istifado edorok yeni
obyektlari tosnif etmoyi dyronon ¢oxqatli perseptronu neca yaratmaq olar?

Oslinds biz insanlar da bu prosesi beynimizds davamli olaraq har zaman edirik. Beynimizds
ovvallor gormadiyimiz yeni obyektlori (cisimlori) tanimaq tgciin istifado edo bilocoyimiz ¢oxlu
molumatlar (informasiya toplusu) var. Mohz els insan beyninin bu funksiyasindan istifade edorak vo
suni intellektdo osaslanaraq obyektlori tamima iigiin texnologiyalar yaradilmisdir. Umumiyyatlo
sOyiid agac1 gérmoayon bir insane avvalco homin agacin bir niimuns olaraq soklini gostorsok, daha
sonar iso miixtolif tasvirlorin torkibinde sdyiid agaci olmagqla bir nega sokil gostorsok artiq homin
tasvirlorin i¢cindon lazimi obyekti insan beyni tanityacaqdir.

Notico. Eyni prinsiplo isloyon TensorFlow.js ilo yaradilmis Konvolutional Neyron
Sobokasinoe vo yeni bir sey Oyronmok iigiin transfer dyronmonin bu dyradilmis sobokodon neco
istifado etmasina baxaq. 0-9 arasi ol ilo yazilmis hor hansi roqomi Konvolutional Neyron
Sabokasino daxil edak.
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Tensorflow.js kitabxanasinda ““Transfer 6yronma” metodu

Classifies digits 0 - 9
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HEE EEEN Max Pool Layer L:ye‘:o g
Convolutional
Input Image Layer

Classification head

Convolutional (multi layer perceptron)

Layer

Sokil. 3

Sokildon goriindiiyii kimi al ils yazilmis 7 ragomini ¢coxqath perseptron vasitosilo taniyaraq
naticoni alds edir.

Transfer 6yronma metodunun istifads olunacagi sahalor har giin daha da artir. TensorFlow.js
verilonlorin uzun miiddat saxlanmasina ehtiyac galmadan, birbasa olaraq brauzerds islomoasini tomin
etdiyino goro bir ¢ox proyektlor va totbiglor {iciin ideal vasitadir. Buna goro do istor xostolors
diognoz qoyulmasinda, istor maliyys masalaloring, istor soslorin taninmasinda va eloca do bir ¢ox
digor saholords bu metoddan istifads olunur.
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PE3IOME
METO/ «[IEPEHOCA OBYUEHUS» B BUBJIMOTEKE TENSORFLOW.JS
Anuzaoe-bazvipnot 111.C.

Knroueswvle cnosa: mpanceproe odbyuenue, mooenv TensorFlow.js, memoo @une-Typuune, mooenw
Aenocmuuecko2o-memaodyueHus.

Cdeppl mpuMeHeHUS MeTola TpaHCPEpHOro OOyUYeHHs YBEIUYMBAIOTCS C KaXKIBIM JTHEM.
TensorFlow.js — naeanpHBI MHCTPYMEHT JUIi MHOTHX IPOEKTOB U NPHJIOKEHHH, MOCKOJIBKY OH padoTaeT
HETIOCPEACTBEHHO B Opay3epe 0e3 HeoOXOJMMOCTH J0JITOCPOYHOro XpaHeHHus AaHHBIX. [loaTOMyY 3TOT MeTOx
WCTIONB3YeTCsl TPH JMArHOCTHUKE TAlMeHTOB, B (DMHAHCOBBIX BOIIPOCAX, B PACIIO3HABAHWU TOJIOCA U BO
MHOTHUX JIPYTHX O0JIaCTsX.
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SUMMARY
THE METHOD OF "TRANSFERRING LEARNING™ IN THE LIBRARY TENSORFLOW.JS
Alizadeh-Baghirli Sh.S.

Keywords: transfer learning, TensorFlow.js model, Fine-Tuning method, Agnostic Meta-Learning
model
The areas where the transfer learning method will be used are increasing every day. TensorFlow.js is
an ideal tool for many projects and applications because it works directly in the browser without the need for
long-term data storage. Therefore, this method is used in diagnosing patients, in financial matters, in voice
recognition, and in many other areas.

Daxilolma tarixi: [lkin variant 27.10.2023
Son variant 04.12.2023
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