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INTERVALLI CANTA MOSOLOSINDO MOCHULLARI iKI-iKi
SECMOKLO SUBOPTIMIST VO SUBPESSIMIST HOLLORIN
TAPILMASI USULU

'MOMMODOV KNYAZ SIRASLAN oglu
HUSEYNOV SAQIF YAQUB oglu
*BAXSOLIYEVA iRADO ISLAM qiz1

Baki Doviat Universiteti, Baki, Azarbaycan, 1- professor
Idaraetmo Sistemlori Institutu, Bak, Azarbaycan, 2- dosent, r. f. d., 3- e.i.
mamedov_knyaz@yaho.com saqif.huseynov@gmail.com
bakhshaliyeva.irada@gmail.com

Acgar sozlor: intervalli canta masalasi, machullarin iki — iki secilmasi,  suboptimist vo subpessimist
hallar

Giris:Isdo asagidaki kimi intervalli ¢anta masalaloring baxilmisdir.
n

2[21»@] Xj = max M

j=1
Z[Qj'aj] % < [b, b] 2)
j=1

x=1V0,j = 1,n 3)

Burada iimumiliyi pozmadan qoabul edirik ki, ¢i>0,¢>0 a;>0, a; >0, (= 1,_n) Vo
b >0, b>0 verilmis tam odoadlordir.

Bu mosalo malum ¢anta mosalosinin timumilosmis formasidir. Clinki, xiisusi halda intervallarin
uclari tist-lsta diisorse hamin klassik masalo alinir.

(1)-(3) mosalasinin bir igtisadi mahiyyatino goro [cj,c;], (j =1,n) j-ci obyektdan istifado
edorkon oldo olunan golir intervallarini, [a;j,a;], (j = 1,n) homin j- ci obyekto ¢okilon xarclorin ala

bilocayi giymotlor intervallarini, [ b , b ] iso ayrilmug vasaitin yerlogsmo intervalini gostarir.

Qeyd edok ki, (1)-(3) mosalasi [1,2, va s.] islarinds baxilmig vo miioyyan manalar dasiyan hall
tsullart iglonmisdir.

Biz isa (1)-(3) mosalasindo omsallarin yerlogdiyi hor bir intervali tomsil edon odadlori
se¢migik. Bunun ti¢iin [2] isine uygun optimist Vo pessimist strategiyalar qabul etmoaklo onu asagidaki
iki masalaya gatirmisik.

n
Z7x]- — max 4)
j=1
n
Yap<h (5)
j=1
x=1V0,j=1n (6)
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Vo
n
Z Cjxj = max (7
j=1
n
j=1 L
x;=1V0,j=1n 9)

Qeyd edak ki, (4)-(6) masalasi optimist, (7) — (9) masalasi isa pessimist masoalo adlanir.

Hom (4)-(6), ham da (7)-(9) masalasi tigiin uygun olaraq suboptimist vo subpessimist hall
anlayislari [3] isindo verilmisdir.

Bundan slave homin isdo (1)-(3) mosalasinin suboptimist vo subpessimist (miioyyan
monada tagribi) hollorinin tapilmasi alqoritmlari do igslonmisdir. Bu zaman moachullarin bir-bir
secilib giymatlondirilmasi hayata kegirilir. Bu magsadls (4)-(6) va (7)-(9) masalalari tiglin uygun
olaraq asagidaki kriteriyalardan istifads olunur.

S _ S S _ S
Yy g a4 a.
Bu zaman uygun hoall qurma prosesinds agar
a, <b (@, <b)olarsax)” =1;(x:=1) b:= b-ag,
(b :=b — aj,) qobul olunur. Oks halda xﬁp =0 (x}ies := 0) yazmaqla novbati yeni j, ndmrasi

tapilir. Bu proses biitiin j (j = 1,n) nomralori ti¢li aparildigdan sonra hall prosesi basa catir.
Noaticado

x%P = (x;F, %57, ..., x;7) suboptimist vo

xPes = (xP, xP, .., xP®*) subpessimist halli qurulur.

Qeyd edok ki, aparilmis ¢oxsayli hesablama eksperimentlori gostorir ki, bu gayda ils
tapilmis suboptimist vo subpessimist hallor uygun optimist vo pessimist halldon ciddi farglona
bilirlor. Ona goéra do daha yaxsi suboptimist va subpessimist hallorin qurulmasi problemi meydana
GIXIT.

Bu igdo machullar iki-iki se¢ib eyni zamanda giymatlondirilimasi alqoritmi islonmisgdir.

Usulun qisa mahiyyati asagida izah olunmusdur. Belo Ki, (4)-(6) mosalosinin suboptimist
hollinin tapilmas {igiin istifado etdiyimiz kriteriya asagidaki kimidir.

Ci +C: Cx+Cx
max Jit%j2 _ J1 2 (10)

U1.J2)EAGj +aj,  Gptags

Burada j; = 1,2,...,n—1; j, =2,3,...,n, j; <j, olmahdir vo A:={1,2,...,n} qgobul
edirik.

(10) kriteriyasindan tapilmus j; Vo j; ndmralori iigiin, ogor aj: + a;; < b sorti 5donilorso,
onda x;: = 1,x;; = 1, A:=A\{j1, j;} qobul edib vo b=b-— aj:-a;: hesablayiriq. ©ks halda yerdo
galan némralar {igiin mochullarin bir-bir segilib giymatlondirilmasing baxilir. Bu magsadlo

maxi I
jeA a;  ajs
kriteriyasindan  j, nomrosi tapthr Vo x;- =1 gobul etmoyin miimkiinliiyii yoxlanilr.
Bu proses biitiin ndmralora baxdigdan sonra basa catir. Yoni A = @ oldugda hallin qurulmasi
prosesi dayanir.

Qeyd edok ki, (7)-(9) pessimist masalosi tiglin do analoji gaydada hall qurula bilor.
Aydindir ki, machullarin yuxarida toklif olunmus qaydada iki-iki segilmaSino osaslanan iisul
moalum bir — bir segmo tsulundan daha yaxsi natico vermolidir. Ciinki, bu iisul daha imumi
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Intervalli canta masalosinds machullart iki-iki secmokla suboptimist
va subpessimist hallorin tapilmasi tisulu

xarakter dasiyir. Daha dogrusu, mochullarin bir-bir segilib qiymotlondirilmasi, iki-iki secib
giymatlondirmonin xiisusi halidir.

Aparilmis hesablama eksperimentlori bu faktin dogrulugunu bir daha tosdiq etmisdir.

Qeyd edak ki, (4)-(6) va (7)-(9) masalalari [3] isinds uygun olaraq optimist vo pessimist
masalalor adlandirilmisdir.

Bu masalalalarin tagribi (suboptimist vo subpessimist) hallorinin qurulmasi {i¢iin malum
tisullardan forgli olarag machullarin iki-iki secilmosi kriteriyasin1  vermisik. Aparilmig
eksperimentlor gostorir ki, bu zaman tapilan holl malum {isullarla tapilmis halldon heg bir halda pis
deyil.
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SUMMARY
A METHOD OF FINDING SUB-OPTIMISTIC AND SUB-PESSIMISTIC SOLUTIONS
BY CHOOSING TWO-BY-TWO SOLUTIONS IN THE CASE OF AN INTERVAL KNAPSACK
Mammadov K.Sh., Huseynov S.Y., Bakhshaliyeva I.1.

Keywords: the problem of the interval knapsack, the choice of two-by-two solutions, sub-optimistic
and sub-pessimistic solutions
In this article has been considered knapsack problem with coefficients in the interval form. The
well-known knapsack problem, called optimistic and pessimistic, was established based on the problem
under consideration by choosing optimistic and pessimistic strategies. Received optimistic and pessimistic
issue is called a suboptimistic and subpessimistic solution of the problem whose suboptimal solutions are
considered.

PE3IOME
METOA HAXOXKJIEHUS CYBOIITUMUCTHYECKUX U CYBIIECCUMUCTHUYECKHUX
PEIIEHUM TYTEM BbIBOPA PEIIIEHU IBA HA JIBA B CJIYUAE
HUHTEPBAJIBHOT'O PAHIIA
Mameooe K.111., I'yceitnoe C.IO., baxwanueea H.U.

Knrouesvle cnoea. npodnema ummepeanvHo20 panya, 6vlO0p peuwieHull 08a HA 084,
cybonmumucmuyeckue u CyonecCUMucmuyecKue peulenus

B crarbe Oblma paccMOTpeHa 3ajada O paHIE C WHTEPBAJbHBIMU JaHHBIMH. BriOupas
ONTUMHUCTHYECKHE U MECCUMUCTUYECKNE CTPAaTeTHH HA OCHOBE PacCMaTpHBaeMOH 3ajauu, ObUIa MTOCTpOeHA
M3BECTHAs 3ajlaua O PaHile, Ha3bIBaeMasi ONITUMUCTHYECKON U IECCUMUCTUYECKOH. [IpulkeHHbIC peleHe
MOJYYHBIIAsCS ONTHMUCTHYECKOW M MECCUMUCTHYECKOM 3amauu, Oblla Ha3BaHa CyOONTUMHCTHUECKUM M
CyOIeCCHMHUCTUYECKUM PEIICHISIMA PACCMOTPEHHON MHTEPBAIBHOM 3a/1a4H.
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Son variant 13.05.2024



Sumgayi1t Dévlot Universiteti — “ELMI XOBORLOR”— Tobiot vo texniki elmlor bélmosi

Cild 24 Ne 2 2024

YIK 517.977.5 DOI 10.54758/16801245_2024 24 2 7

OB OJTHOM 3AJTAYE ONITUMAJIBHOI'O YIIPABJIEHUSI
ITPOTUBOBOPCTBOM

MYCAEBA METAHET ACA® rpizp1 2RE2

A3sepbatiosxcanckutl 20cyoapcmeeHublli nedazo2uyeckutl yHueepcumem, baky, Azepbatiosxcar, ooyenm
musayeva08@inbox.ru ,

Knwouesvie cnosa: onmumanvioe — ynpagneHue,  8APUAYUOHHASL — MOOelb,  OOHO3HAYHASL
PaspeumMocmo, HeoOxo0uMoe  yciogue — IKCHMpeMyMa, 3a0aua
bvicmpoodeticmaust, nNPomueoHoOPCMeo

Paccmampusaemes manouzyuennvliic. 60npoc 06 ONMUMALLHOM YAPAGIEHUU NPOMUBOOOPCMEOM.
Bapuayuonnvim memooom ananuzupyemcs cmpamezuu YnpaesieHus,, Ymo npueooum K paiee HeuzyueHHoU
3a0aue Golcmpooeicmeus, 0Jisl peuleHust KOMopou U3Nazaromes umepamueHvle aieopummol U npUeOOUMcs
HeoOX00uMble YCI08USL IKCMPEMYMA 6 8UOe NPUHYUNA MAKCUMYMA U 8APUAYUOHHO2O HEPABEHCMEd, OJis
«BO3MYWEHHOUY HOPMYTUPOBKU UCXOOHOU 3A0ayU C HEIUHEUHbIM ONepamopom COCMOSHUS 00beKma,
ookaszama meopema OOHO3HAYHOU paspewumocmu. ITlpomusobopcmea onucvieaemcss Kak npoyecc
«Hanadenue u 3auumay. Fcnonvsyemces npasuia c6epmku MHOUX KPUmMeputl Kauecmed, GblMUCTSIOMCS UX
2paouenmol U OHU NPUMEHSIOMCS 6 UMEPAMUSHOM AN2OPUMME PEUeHUs paccmampusaemou 3aoavu. B
3axnouenuu oaémes psio 0600uweHUll UCXOOHOU 3a0aiy ORMUMATLHO20 YAPAGLEHUSL.

1. BBeaenue

B nmanHo#i pabore mM3ydaercs MPOTHBOOOPCTBA BHA HAMaJCHUE W 3aIUTa, H3JI0KCHHE
BEJICTCSL OT MPOCTOrO K CIIOKHOMY, CIIEpBa JUIsl OJHON TPYII HAMaJCHUs, MOTOM IOCTaHOBKAa U
MOJIyYEHHBIC Pe3y/IbTaThl 0000INAIOTCS HA CIIydald MHOTHX Takux rpymnm. Paspaborana HoBas
METOJIMKA M3y4eHHsS] TMPOTUBOOOPCTB M TMOJYYECHHBIE PE3YyJIbTAThl SBISIOTCS HOBBIMH TaKXKe IS
WH()OPMAIIMOHHOTO HAMAJACHHUS H 3alllUThl, OE30MacHOCTH HWHQOpPMAINH, KOTOphbIe Hambosee
XapaKTepHBI /U1 COBPEMEHHBIX YCIIOBUH. B Bompocax HanmafeHus U 3aIuThl PU3NIECKHX 00BEKTOB
UMEIOTCS MHOTO OOIIETo C APYTMMHU TUTIAMHU TPOTUBOOOPCTB, KaK BOSHHOE JIEJI0, XaKePCKHUE aTaKH,
3amuTa HMHQOpPMAIMM, pPe3yibTaThl aKTyalbHbl TaKkKe B HEIMHEWHON ONTHKE, B JIOTHCTUKE
MHOTOCKOPOCTHBIX JIOPOT, B TEOPHH CIIOPTA | JIp. Hrbke 3ydeHune cTpaTeruii Hara eHHs CBOIUTCS
K peUIeHHIO 3aJa4i OBICTPONEWCTBUSA, UIsI KOTOPOW HMMEET MEeCTO HEOOXOAMMBIE YCIOBHS
JKCTpeMyMa B BHJIaX NPHHIMAIIA MaKCHMyMa W JOKa3aH BapHAIlMOHHOE HEpaBEeHCTBO. [loka3aHa
OJTHO3HAYHAS PA3PEUIUMOCTh «BO3MYIIIEHHON)» BapUAIlMOHHON (HOPMYITHPOBKHA OCHOBHOM 3a1auu C
HEJIMHEWHBIM OIIepaTOpPOM COCTOSIHUS. BO BceX pacCMOTPEHHBIX SKCTPEMAITbHBIX 3a/1adaX HalCHBI
BBIDOXKEHUS ~ TPaJIMEHTOB KPUTEpHUs KauecTBa, OHHM TMPEUIOKEHBI B HTEPATHBHOU MpoOlEaype
pemrenus. C 1eNbI0 aJIeKBaTHOTO MOJCITUPOBAHUS TIPOIECCOB MTPOTUBOOOPCTBA MIPEIATAIOTCS PSIJT
UX 0000IIAIOIINX TOCTAHOBOK M YKa3aHbI METOJbI UX aHAJH3a.

[TpoTHBOOOPCTBO Kak KOH(DJIWUKTHAs CHTyalMsl JUIMTSIIBHOE BpEeMS OTHOCWICS K
ryMaHUTapHbIM HaykaMm. OJHaKo, cCO CEepelIMHBbI MPOIUION CTOJETHH K ATOW 00JIaCTH HavyallucCh
MIPUMEHSITCS ©CTCCTBCHHOHAyYHbIE METOJbI. PacTymiee YHCIO OpPraHW30BaHHBIX HAIAJACHHM,
MOIIHOCTH WX Pa3pyIIUTEIbHBIX CHUJI JIeJIaeT U3Y4YeHHE POTUBOOOPCTB CTOPOH BUA HAMaJCHHUE U
3aIuTa, 0COOCHHO, aKTyalIbHBIM. [IpOTHBOOOPCTBO SIBIIETCS CIIOKHBIM TPOIIECCOM, BO3MOXKHOCTh
€e yIpaBJICHHs], B TOM YUCIIE, ONTUMAIBLHOTO YIIPABICHUSI BCEr/la COMPOBOXKIAETCS TPYAHOCTSIMH.
Psin tTumoB mpoTuBOOOpCTBa MOJENMpyeTCs Kak HamajeHue W 3amwurta. B paborte [1] metoms
KOHEYHOMEPHONH TEOpUH Wrp TMPHUMEHSIOTCS I H3y4eHHs CTpaTeruid MpPOTUBOOOPCTBA.
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HccnenoBaHuio CTpaTeruii pa3IuYHBIX TUIIOB TPOTUBOOOPCTB MOCBSIICHBI MHOKECTBO padoT (CM.
[1-6] u Oubmmorpadmro Tam), rae pacCMaTPUBAIOTCS XapaKTEPHbIE 0COOEHHOCTH 3TOM IIPOILIECCOB,
MPUMEHSIEMbIE CTOPOHAMU  CTPATeTMM W TEXHUYECKUE CPEICTBa, KJIACCU(DUITMPOBAHBI
3amuimaeMble  o0BeKTH. B pabotax [1-5] m nmp. MeTomamMu ONTUMANIbHBIMH YIPABICHUSIMH,
CTaTHCTUKH, TEOPHH UTP U TeOpHH TpadoB MU3yJIAIOTCS 3a/1a4ll MPOTUBOOOPCTBA B BHUJIC HAMaICHUE
U 3allI1Ta, B TOM YHUCJIe XaKepCKHUE aTaKu.

2. llocTanoBKa 3a1aun

[Tycte D - orpannyeHHasi iByMepHas 00JacTh C 3aMKHYTOM TpaHuIlel /', KOTOpast MOJICKUT
oxpane. [IpeArmonoxum, YTO HAPYIIUTEIM pACIONAraloTCsi BHE oxpaHsemod obmactm D wu
nepeceKaroT rpaHully /' B HEKOTOPOil ee TouKe 4, COBEpIIAIOT HalaIeHUe Ha TEPPUTOPHUIO 3aIIUTHI.
Onu aBuratorcs mo auHUU L u ctpemstcs poctuub Touky B B obmactu D. Ilycts Tpaekropus
HanajeHus L B JekapToBOM cucTeMe KOOpAMHAT (X, ) BBIpa)KaeTcsi OJHO3HAUYHON (PyHKUIMEH
y=y(X), Touku A=(a,y(a)) u B=(b,y(h)) ABISAIOTCS HA4YaJIOM U KOHIIOM, COOTBETCTBCHHO, JTOU
tpaekropun. IlycTh 3ammura ¢ BeposTHOCTRIO P(Y(X)) oOHapyKHUBacT HamaJeHue B TOUke (X, Y(x))
nuaud L. YMCIEeHHOCTh >KMBOM CHJIBI, MOIIHOCTH BOOPYXKEHHWW, BHE3AIHOCTh JICUCTBUM,
COIPOTHUBIICHUE 3aLTUTHI IPOBMKEHUIO HAPYIIUTEJICH, B TOM YKCIe MPUPOTHBIE (PAKTOPHI BIUSIOT
Ha CKOPOCTh JBW)XCHHS HamaaeHusi. CKOPOCTh JBMKCHUS HANAJCHUS CYUTACTCS OOOOIIAOINM U
pe3ynbTUpYIOIUM  (aKTOPOM €ro ACUCTBHA. YTIpaBlIEHHE CKOPOCTHIO JBUKCHHS HaIMaJeHUS
CBOJUTCS K JIEHCTBUSAM HaJ €€ CKOPOCThI0. JIJIS CTOPOH  MPOTHBOOOPCTBA BAXKHBIM SIBIISETCS
BHIOOpD MX TMO3MIMKA M TEMIIOB TMPOJBIKEHUS HaMaJeHUs MO BBIOPAHHOMY MapIIpyTy.
MexaHHYeCKUM aHAJIOTOM 3TOTO TPOIecCa MOXHO CYHTATh JBHKCHHEC MATEPHAILHOTO Tela B
Cpelie ¢ COMPOTUBIICHUEM.

[lenu u cTpaTernu HaNaJACHUS U 3alIUTHI Pa3HBIC, OHU JICUCTBYIOT MPOTHB IPYr—Apyra, BO
B3aMMOJICHICTBUM O0pa3ylOT €AMHYI0 CHUCTeMYy MpOoTUBOOOpcTBa. [isi HamajgeHWs BBIUTPHIILIEM
CUMTAETCS TPEOJOJCHHE BCEX CPEJACTB 3aIlUTHl W OBJIAJCHUEC HYXHBIMH OOBEKTAMH B €€
TePpUTOpPUHU. BBIMTpHIIN HamaJeHus €cTh HPOUTPHIINI 3alIUTHl U HaoOopoT. OcCHOBHas 3ajada
3alUTHI B MPOTHBOOOPCTBE SABJISCTCS BBISBICHUE HAIAJICHUS, COMPOTHBICHUE €r0 JIEHCTBUAM, TI0
BO3MOXXHOCTH OCTaHOBKa €€ JEWCTBUN, a TakKe JMKBUAALUS MOCIEACTBHA HAHECEHHOTO UM
yimep6a. Hamamenue u 3amuTa Ui peaanu3aliid CBOUX CTPATETHi MCIONB3YIOT HMEIOIINUECs Y HUX
TeXHHYECKMMHU U JIIOJCKUMH pecypcamu. HamajeHue miepecekas TpaHHUIy 3alllyIIaeMoi
TEPPUTOPUU CTPEMHUTCS 32 KOPOTKOE BpEMs JOCTUYL HaMOOJIiee BaKHBIC OOBEKTHI B 3alAIIACMON
obmactu [2,5]. 3ammuTa AJI1 OpraHM3alldd CBOUX CTpaTerwii M3ydaeT IBUKCHHE HaraJeHus,
MIPUMEHSIET TEXHUKY OOHAPYKEHUS MPOTHBHUKA M OOPETCS C €r0 MPOIBUKCHUEM.

ITycth V(X)- CKOpOCTh JABHMIKCHHUS HAMAJCHHUS, OHA HEPAaBHOMEPHA M CUMTACTCS OCHOBHBIM
(dakTopoM ympaBJeHHUs MpolieccoM mpoTHBoOopcTBa. MuoxkectBo V={v: Vv=V(X)eLz(a,b),
0<r<v(x)<R, xe(a,b)} Ha3zoBeM MHOXECTBOM OMYyCTHMBIX yIpaBicHUH, rae I U R-3amaHHbIC
MOJIOKUTEIPHBIC YHUCIIA, OHHU SIBIISIOTCS OTPAaHUYCHHUSIMH HAa CKOPOCTH JIBFDKCHUS HAIlaICHHSI.
[TycTh cocTosiHME HaMaIeH!sT OMUCKIBaeTCS U (EPeHIIMATLHBIM YPaBHEHUEM

2D = fry@ V@), x€a, b), (1)
C KpaeBbIMU yCIOBUSIMHU

Y@)=ye,  y0)=m , )
rae f(X,y,V) — 3amanHas HempepbiBHAas (YHKIUS CBOUX apryMEHTOB B 00, a, b, y, b - 3am1aHHbIC
yrcna. J[is kaxxaoro BeIOpaHHOTO d1eMeHTa VeV mon pemeHuem 3aaaqu (1), (2) OyneMm nmoHuMarh

HEnpepbIBHYIO GYHKIHIO Y= Y(Xx)=Y(V; X) YIOBJIETBOPSIOIIYIO HHTETPATHHOMY TOKICCTBY
Y=Y =y(Wix) =a + [ fzy@.v(@)dz. ©)
u ycnosuto y(b)=y,. Hanagenue crpeMutcst 3a KOPOTKOE BpeMs JIOCTUYb HY)KHbIC €My OOBEKTHI B

TEPPUTOPHUU 3aHATOM 3alIUTOMN. [TOHATHO, YTO BpeMs JABMKECHHS HAIMaJICHUS OT TOUYKU A J10 TOUKU B
10 JJUHUHU L BBIpa)KaeTCsi UHTETPaIoOM:
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) [+ (02
To(v)=J, p Y ()= —dx.

Ecnu yurem 31ech ypaBHenue (1), To nomyuum:
_b Y1+ (6y (0),v(x)
ToW)=J, p (y () EEEZDD) gy
CrnenoBarenbHO, sl JIBUKCHUS HAMaJCHUS TIOJydaeTcs 3ajada OBICTPOJEHCTBHA, KOTOpas
3aKJII0YAETCsl B MUHUMH3AIUU (PyHKIIMOHAIA
— (b V1+2(0y(x),v(x))
Tov)=J, » () o dx — inf, (4)

Ha muoxectBe V cly(a, b) mpu ycnosusx (1), (2) B cMbiciie BoinoaHeHUs (3). DTa 3a1ada ABIsSCTCS
3ajaueii oNTUMaIbHOTO yipasiicHus [6-9] u BkpaTiie ee Ha30BeM 3aaaucii (4).

3. HeoOxoammble ycJ0BHS IKCTPpEMyMa

CocraBum pyukmuio ['amunsrona-IloHTpsTHHA UM 33]a4d ONITUMATIBLHOTO yrpaBieHus (4)

[6-9]:

H(s, 10, 0,9(0)= ) T0yGOV(0) - p (v (x)) 2020, (5)

rae GyHKIus w=y/(x) SIBISETCS PEIICHUEM COTPSKCHHOW 3aJla4ur, KOTOPasi COCTOUT B ONPEICIICHUN
byukun =y(X) y,I[OBJ'IeTBOpHIOH_[a}I L[I/I(b(bepeHuHanLHOMy YPaBHEHUIO:

PO = p@) 2 F (¥ (), v00) = = [p (y () LD ) 6)

C KPpacBbIMHU YCIIOBUSAMU

y(a)=y(b)=0. (7)
Amnanornyso (3) pyHkims y= y(X) yI0BIECTBOPSET TOKICCTBO
x F) J1+f2 (z y(@), V(Z))
v()=J, (Y@ 5, fzy@)v@) -5 p [p (v(@) }dz  (8)

u paBerctBo y(b)=0.

OcHoBHOe npeanosoxkenne: /lanee crody npednonazaemcs, Yymo 3a0anuvle Qyukyuu p(y)
u f(x,y,v) nHenpepuvisnvl u HenpepwisHo-Ouppepenyupyemvl no COBOKYRHOCMU NEPEMEHHBIX NPU X E
D, y&(-0,0), u v€ [r,R], ux nepevie npouszsoouvie makce NO COBOKYRHOCMU NEPEMEHHBIX
DPABHOMEPHO NO Y U v y0oeremeopsiom yciosuto Jlunwuya.

B paGote [9] m gap. ykas3blBaeTcs, 4YTO HpPU MPUHATOM IMPEINOJIONKEHUU, A KaxI0ro
ynpaBieHuss V. u3 MHOxkectBa VClp(@, D) ocHoBHas u compsbkeHHas 3amadn B CMBbICTIE
BBIMIOTTHEHMH Tox1ecTB (3) 1 (§), COOTBETCTBEHHO, OJIHO3HAYHO pa3pemumbl. B padotax [7-9] u np.
IUTsL OOIIMX 3a/1a4 ONTHUMAJIBHOTO YIIPABJICHUS, JOKa3aHO HEOOXOIUMOE YCIIOBHE B BUJIE MPUHIIUIIA
MaKCUMyMa, U3 KOTOpOH clieyer

Teopema 1. (Ilpunuun makcumyma IlonTpsiruna). Ecnu V«(x)- onTuManbHOE yIpaBieHHE
ast 3anaun (4) U y=(x)-COOTBETCTBYIOIIEE ITOMY YIPABICHHIO ONTHMAaJbHAs TPACKTOPHS, TOTIA
HEOOXOJIMMO CYIIECTBOBAHME TaKOW (QYHKIIUH Yx=\y*(X) - pellIeHHs CONpshKeHHOM cuctemsl (6), (7),
4TO | y/*(x)l #0 wn o¢yukuus H(x, y(x), Y (x),V(x)) - l'amunbToHa-IlonTpsiruna B (5) HenpepbIBHA
o nepeMeHHoit xe(a,b) 1 ymoBneTBopsieTcs paBeHCTBO:

HE Y. (), 0 (), 0.3) =M@y B Y. (0, 1. (6, ).

Teopema 2. ®dynkinonan 7o(V) HenpepbIBHO-TUGepeHiupyem Ha MmEOKecTBe VCL,(a,b) n
JUI €r0 TpaJueHTa T{) (v) BepHa popmyna:

/ N = PO @)) YI+(F ey wix)v)) 2 _ 1
To ()= ov v p Oy @x) v2 J1+(f (x,y (1;%),v))? *
py(w;x)) Af (x,y(;x),v) 9)
v\/1+(f(x,y(v;x),v) )2 v !

Joka3aTeiabcTB0. DyHkumoHan 7Tp(V) SBISETCS TONOXKHUTEIBHBIM KM TIO3TOMY CHHU3Y
OorpaHWUYeHHBIM Ha MHOXecTBe VCLjy(a, b). M3 ompenmenenuss mMHOkectBa V cienyer ero
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3aMKHYTOCTh M BBIIYKJIOCTh B MPOCTpaHcTBe L, (@, b). [IpoBeprM HEmpepbIBHOCTh (YHKIIMOHAA
To(v) ma muoxkectBe VCly(a, b). [eiictBuTenbHO, BBIOEpEM IMPOU3BONIBHBIN 3JeMEHT VEV U
nocjenoBaTenbHOCTh {Vi}E VCL;(a, b) cuiibHO cxomsieii k 3ToMy 3eMeHTy rpu K —oo, Toraa us
Buga ¢yukuuonana To(V) B (4) cienyer, uro To(Vi) — To(V) npu k—oo. Tloatomy, dyHKIHOHAI
To(v) HenpepeiBeH Ha MHOxecTtBe VCly(a, b). Temepp npoBepruM HENPEPHIBHYIO
muddepenimpyemMocts Ha MHOKecTBe V C L, (8, b) dynkimonana To(v) U i ero rpaaueHTa
nokaxkeM opmyiy (9). Ilycts h=h(x)EL,(a, b)-npupamienue ynpapnenus Ha snemente VEVCL,(a,
b), Takoe, uto v+heVclL,(a, b). Jlerko npoBeputh, uTO NpU 3TOM NpUparieHue GpyHkimonana To(V)
Ha asieMeHTe V EVCL,(a, b), npeacraBumo B BuE:

\/1+(f(x;y(v(x)+h(x); x),v(x)+h(x)))2

ATo(V)=T0(V+h)'TO(V):f; [p (y(U(X) + h(X), X) v(x)+h(x) -

1+(f Gy (w(x);x),v(x)))?
—p (7 (w(x); ) THHLELIDDLOD 1
Gyuakuuu p(y) u f(x,y,V) yIoBIETBOPSIOT MPUHSATOMY BBIIIE IMPEINOJIOKCHNIO. B BhIpakeHUN
ATo(V) paznoxum B psia Teitnopa dyukiwmii p(y(v(x) + h(x); x)) u f(x, y(v(x) + h(x); x), v(x) +
h(x)) mo cremensim ¢yHkumu h(x) U COXpaHHM B ITOM PA3JIOKCHUH MEPBBIX JBYX CIIAracMbIX,
TOT1a ©UMEEM

A 1
v(x) vZ(x)

ATo)=1 {lp (s 0)) + 2L ) 4 o)) R +

1

J 1+(f ey @)

. 2
—p (7 () THLEZDDN ygy (10)

rae o(h) -ects QyHKIUS cTpemsiiascs K Hymo Obictpee yeM Hopma B Lp(@,b) dbyakumm A(x),

af (x,y(w;x)v)
- h(x) +o(h)| —

+ o(h)] \/1 +(f(x,y(; x), V))Z +

d . .
OnepaTop —— O3HAYaeT MOJHbI AU(QepeHIan BhpOKCHNA MOA ero AeicteueM. Omnpenernenue
rpamuenta ¢pynkiuonana 7o(v) 3anumem B Buge: ATo(v)=To(v+h) -To(V) :<Té(v), h> + o(h ), e0e

<, > - CKaJsIpHOE Mpou3BesieHNe B poctpancTBe Ly(a, b) n Té(v) rpamueHT ¢ynkuuonana 7o(V)
Ha anemenTte VEV. CpaBuuBas Gopmyiny (10) ¢ yka3aHHBIM TOJIBKO, YTO OMPEIEICHUEM TpaJreHTa
¢yHKIIMOHAaNa noxy4YuM BelpaskeHue (9). Teopema 2 nokazaHa.

Teopema 3. Jlns TOro, 94To0OBI MEMEHT V+=Vx(X) ObLT MUHUMYMOM (GYyHKIMOHANa (4) Ha
MHO)kecTBe VC L, (a, b), He00X011MO BBITIOHEHHE BAPHAI[IOHHOTO HEPABEHCTBA!

< Té(v*), V-v=> > (), mist moboro V €V cl(a, b) . (11)

Ecnu ke V+ BHYTpEHHHUH 2IEMEHT MHOKECTBA V, TO BBIIOJHAETCS COOTHOILICHNE Té (v+)=0.

Jloka3zateabcTBO. COIIacHO YTBEPKACHHUIO TPENBIAYIIEH TEOPEMBbl MPU MPHHATHIX BBHIIIE
npennonoxenusx Gpynkuuonan 7o(v) HempepbiBHO-AUGepeHupyeM Ha MHOXecTBe V C L,(a, b).
Toraa uzBectHo, (cM. [6,9,11] u ap.) uto HepaBeHCcTBO (11) siBNIsSETCS HEOOXOIUMBIM YCIOBHEM B
BHUJIC BapUAIIMOHHOTO HEpaBeHCTBa MUHMMYyMa (QyHKImoHana 7p(v) Ha MHOXecTBe V. Ecnn ke v«
BHYTPEHHHH 3JIeMeHT MHOxecTBa VCly(a, D), TO odeBMIHO, YTO BBIMOJHHUTCS COOTHOIICHUE

T{,(V*)=0. Teopema 3 mokasaHa.
4. OnHo3HAYHAs Pa3pelIMMOCTh «BO3MYIIEHHOID MOCTAHOBKH 33124
Hapsiny ¢ 3amaueii (4) paccMOTpUM CIAEAYIONIYIO 3a7a9y O MUHUMHU3AUK  (PYHKITMOHAIIA:
To(V)=To(V) + allv — ||}, py — inf, (12)

Ha MHOXecTBe VCL,(a, b), rae 0>0 3amanHoe uuncio, -3aaanubiii snement Ly(a, b). Tlpu «mamsix»
3HaveHusX yucia >0 pynkunonan T,(V) «mano» otnudaercs ot pynkunonana To(v). Kpome Toro,
IPY IPUHITOM BBIIIE TPEANOI0KEHUH TIPH JIF000M 3amaHHoM 00 Hapsny ¢ Gyrkunonanom To(V),
dynkiponan Ty(V) Takxke sBISETCS HENPEephIBHO—U(BGEPESHIIMPYEMBIM | IS €r0 TPaIieHTa BepHa
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dopmyna T/ ((v)= T{,(V)+2a(v — w). [Moaromy, mns 3amaun (12) BepHBI HEOOXOIUMBIC YCIOBHUS B
BHUJIC aHAJIOTA MPUHIIMIIA MAKCUMYMa U CIICAYIOIIETO YTBEPIKACHUS BApUAIIMIOHHOTO HEPABEHCTBA:

Teopema 4. J{yist Toro, uTo0bI 371eMeHT V+=Vx(x) MHOecTBa VCL,(a, b) mocTtaBun MuHumym

byukiponany Tq(V) He0OX0AUMO BBIIIOHEHHE BAPHALIMOHHOTO HEPABEHCTBA!

<Té (V=) V-V=>>0),
s moboro V EVC L,(a, b) u 0>0. Eciu ske npu 3ToM V+=Vx(Xx) SIBJISETCS BHYTPCHHUM 3JICMEHTOM
MHOKecTBa VC L, (@, b), Tora BeIOIHIETCSI COOTHOIICHHUE Té(v*):o.

Joka3aTebcTBO aHajgorudHo teopeme 3. Kpome Toro, mns pemeHus 3aaauu (12) BepHO
CIIeyIOIIee YTBEPKACHHUE!

Teopema 5. B ipoctpanctse Ly(a, b) cymecrByer Betoay miotHoe MHOXecTBO K Ly(a, b),
yro mus Jgroboro smementa w EKcCly(a, b) 3amaua (12) mpu 3amanHom uuncie o>0 umeer
SIMHCTBCHHO pelleHre Ha MHOXecTBe V Cly(a, b) 1 oHO cHiIbHO HETPEPBHIBHO 3aBUCHUT OT 3JIEMEHTA
w € KcLy(a, b).

JlokazareabcTBo. Dynkimonan 7p(V) MOJIOKHUTENEH M MOITOMY CHU3y OrpaHHuYceH. B
Teopeme 2 Oblia JoKa3aHa HenpepbIBHO-Au(depeHnupyemMocTs 3Toro Gynkiponana. B padore [10]
YCTaHOBJICHO yTBepiKaeHue: eciau QpyHkimonan ®o(V) monyHenpepbiBeH CHU3Y U CHU3Y OTpaHUYCH
Ha HEMYCTOM 3aMKHYTOM M OTpaHHYE€HHOM MHOXecTBe L CX -paBHOMEPHO BBIIYKIOrO O0aHaXOBO
pOCTpaHCcTBa X, TOTIa CYIIECTBYET TaKOE BCIOIY TUIOTHOE MHOXKECTBO M CX mpocTpaHCTBa X, U4TO
U1t moGoro UeM cX, 3anaua MuHEMusaiH GyHKIHoHaNna @o(V)=Do(v) +a|V-U||%y Ha MHOXKECTBE
UcX npu 11060M 337aHHOM 3HAUYEHUH YMCIOBOTO Mmapamerpa o>0, iMeeT eqMHCTBEHHOE PeIlIeHHe
Y 3TO pEIlIeHHE CUIILHO HEMPEPBIBHO 3aBUCHUT OT UEL CX.

B 3TOM yTBepXk/IeHUM B KauecTBe MPOCTPAaHCTBA X BO3bMEM T'HIIBLOEPTOBO MPOCTPAHCTBO
Lo(a, b), Tak kak s000Oe TUILOEPTOBO MPOCTPAHCTBO SIBISICTCS PABHOMEPHO BBIMYKIBbIM. B
npuBeieHHOM pe3yibrare u3 [10] monoxum: @g(V) = =To(v), @, (V)=T,(V), V=V, U= w, M=K, L=V,
B nmokassiBaeMoli TeopeMe Impenoaraercs, 4ro napamerp o>0 - 3aJaHHOE TOJI0KHUTEIBHOE YUCIIO.
CoryacHo mpuBefieHHOMY pe3yibtaty u3 [10], B mpoctpanctBe Lp(a, b) cymectByeT Takoe BCroay
mwioTHoe MHOKecTBO Kl y(a, b), uro mms moboro snementa wEKcL,y(a, b), 3amaga (12) npu o>0
UMEeT CJMHCTBEHHOE pellieHne Ha MHoxecTBe VCLy(a, b) u 310 peleHue CHIBHO HEMpPEPBIBHO
3aBHUCHUT OT 3eMenTa wEKCL(a, b). Teopema 5 nokasana.

5. [IpoTUBOGOPCTBO MHOTUMHU I'PYNNIAMHU HANAeHUS

[TpoTHBOOOPCTBO MHOTMMH TPYIINIAMH HAMAJACHUS W3J0XKHM [0 aHAJIOTHIO C OJHOM
rpymmoi. IlycTe HamajeHue COCTOMT W3 N-TPYNI W COTJIACHO YKAa3aHHOMY aHAJIOTHIO
NPEANONIOKHUM, YTO I-s TpyIa HamaaeHus mnepecekas rpanuily /' B Touke A€ I'C D obnactu D
JBUTAETCsl 1O Tpaekropuu Lj crpemutcs noctudp Touky Bj€ D, coorBerctBenHo, i=1,2,...,N.
[TpeamnonoxuM, 94T0 B JEKAPTOBOW CHCTEME KOOPAMHAT TPACKTOPHS i-s TPYIIbI BBIPAXKaeTCs
onaHo3HauHON QyHKImeR yi(X) u Pi(Vi(X)) ecTh BEpOSITHOCTh OOHApYKEHUE 3AIIUTOH I-yIO TpyImy
HamaJeHuss B Touke (x,Yi(x)) nmuHum L, a Taxke v; (X) —CKOPOCTh JBMXKEHHS 3TOM TIpYIIIBL,
i=1,2,...,n. Tlycth cocTosiHMe i-OM TPYNNbI HamaJeHHs ONHChIBacTCs AU PepeHINATLHBIM
ypaBHCHHEM

0 = fi(x, yif), vi(x), x €D, (13)
C KpacBbIMHU YCIIOBUAMU
Yia)=yie,  yi(0i)=yiv , (14)

rae fi(X,yi,Vi) —3amaHHble HempepbIBHbIE (YHKIIMH CBOMX apryMEHTOB, di, Di, Vie, Vib, 1=1.2....,N -
3amanHble yncia.  MuoxectBo Vi={Vi: Vi=Vi(X)eLa(ai,bi), 0<ri<vi(x)<R;, xe(a;,bi)} mpocrpancrpa
Lo(ai, bi) HazoBeM MHOXECTBOM IOMYCTUMBIX YIPaBICHHH I-0f TIpymmbel HamageHus, rae Fi, R,
i1=1,2,...,n, 3amaHHbIe MOJIOKUTEIbHbIe uyucia. [lon pemenuem 3amaun (13), (14) npu kaxaom
BBIOpAaHHOM yIpaBiieHHH Vi,eV; OyleM TOHMMaTh HENPEphIBHYIO Ha (@i, bj) QyHKIMIO YiX)
YIOBJIETBOPSIOLIYIO HHTETPATIbHOMY TOXIECTBY:
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Vi= Vit =yivisx) =ai+ [ fi(z, Yi(@), vi(2)dz,
1 KpaeBomy ycioButo y(bi) =y, 1=1.2....,n. Bpemst 1BuKeHUs i-01 TPYIIbI HANIAJACHUS 110 JIUHUH L,
OT TOYKH A JI0 TOYKH Bj BBIPaKACTCsl HHTETPAIIOM:
1=, i) DU g, i=12,..m (15)
L
AHAJIOTMYHO BBINIE NPUHATOMY, ISl KaXIoW I-0i rpynmbl Hamagenus ¢ynkuuu pi(v) u fi(x,y,v)
YIOBJICTBOPSIOT YCJIOBHSIM OCHOBHOTO MpEANoioxeHus. st i-oif Tpymmbl HamajeHHs HMeeM
3a/1a4y OBICTPOACUCTBUS O MUHUMH3AINH (PYHKIIMOHAJIA:
T)=[, () FLCZEMEN e i (16)
l
Ha MHOXecTBe Vi, 1=1,2,...,n, npu ycnoBusix (13), (14). [lns Bcex Tpymnn HamaaeHHsl COBOKYITHOCTh
TakuX 3a7ad o0pa3yloT MHOTOKPUTEPUAIBHYIO CHCTEMY 3aJad ONTHMAIBHOTO YIPaBICHHUS.
Muoxectso U = I} Vi B Ly(A,B) =ML,L, ( A;,B; ) Ha30BeM MHOXECTBOM JIOMYCTUMBIX
ympasienuii. Habop ckopocreit V=(V1,Vy, ...,Vn)=V(x)=(V1(X),V2(X), ...,Va(x))E U = NI} V; sBasercs
Ha0OpOM YIpaBJICHUS MHOTMMH TPYIIIaMU HamajeHus. B MHOTOKpUTEPHAIBHOW ONTUMH3AIMU
UCIIOJIb3YETCSI HECKOJIbKO THIIOB CBEPTKHM KPUTEPHUEB KauyecTBa: JHMHEHHas cBepTka- Jo (V),
cymmapHas cBepTka -J.(V), cpennss cBeptka —Jep(V) u ap. CBepThIBaHMEM MHOTOKpHUTEpUabHAas
3aja4a MPUOJMKEHHO CBOJUTCS K OJHOKpPUTEpHANbHOM 3anaye. JIMHelHas cBepTka KpUTEpUEB
kadyectBa B (15) onpenensercs B BUIE:
Jo(V)= Z=1 BiTi (viy= B Ta(Va)+ B2T2(V2)+ ... + BaTn(Vn), (17)
rae V € U, gucna Bi > 0, i=1,2,...,n —BecoBbie koddduimentol. Cymmapuas T (V)= :Eizl Ti n
cpennsist Tep(V)=/n Zﬂi=1Ti CBEpPTKH KpUTEpHEB BbiOOpamu umcen B, i=1, 2,...,n moay4arTcs Kak
YaCTHBIMHU CITy4asiMH JIMHEHHON cBepTKU. [loaTOMy HIDKE paccMaTpuBaeTCs TOJBKO JIMHEHHAs
CBEpTKa KpHTEepHeB. MHOTOKpHUTEpHAaIbHAs 3agada ObICTPOACHCTBHUS TOCIE JHMHEHHOW CBEPTKU

NPUBOIUT K MHHUME3aNUU (pyHkuuonana Jo(v) npu ycnousx (13), (14) na muoxecrse UCL, (A,
B).

PaccMmoTpum 3ajauy MUHMMU3ALUM 10 JUHEHHONW CBEPTKH KPUTEPUEB C «BO3MYIIEHHBIM»
(GyHKIIMOHATIOM:
— 2 ;
Ja(V)=Jo(V) + allv — wllZ, a5y — inf, (18)

Ha MHOecTBe U, re o >0 —3amaHHOe YMCIIO0, -3aaHHbIA d5eMeHT mpocTpancTBa Lo(A, B). s
MHOTHX TPYII HAMMAJCHUS C JUHCHHONH CBEPTKOW KPUTEPUEB MMEIOT MECTO aHAIOTH JOKa3aHHBIX
BBHIIIIE TEOpeM JUisi OfHOM Tpymmbl. OHM JIOKa3bIBAIOTCSA aHAJOTHMYHBIM crocoboMm. Mcxons us
YKa3aHHOHN aHAJIOTUH JJI MHOTUX TPYIII HAMMAJCHUHN MPOBEPSIOTCS YTBEPKICHHUS:

1) Jns 3amaun (18) umeer Mecto aHanor Teopemsl 1 (mpuHImna Mmakcumyma [loHTpsiTHHA).
DTO yTBEPXKIEHUE CIEAYET U3 00IIeH TEOPUH ONTUMAIILHOTO yIpaBieHus (cM. [9] u ap.).

2) @yukumonanbl Jo(V) u Jo(V) B (17) u (18) cHHM3Yy oOrpaHWYeHbI, HEMPEPBIBHBI U
HEMpepbIBHO- TN GEepeHIIMPYEMbl Ha MHOXECTBE IOMYCTHMBIX yrpasienuin UcC L, (A,B), mms
IPaIUeHTOB ATUX (DYHKIIMOHATIOB BEPHBI, COOTBETCTBEHHO, CIIEyIOINe (HOpPMYIIbI

JoW=Sma BT (), Je(W)=J5(v) +2a(v+00). (19)

3) st Toro, 4ToOBI 37eMeHT V+=Vx(x) MHOXecTBa UCL,(A,B) Obl1 pemiennem 3amauu (18)

HE00XO0TMMO BBITIOTHEHUE CIEAYIONIETO BAPUAIIMOHHOTO HEPaBEHCTBA

<J/ (V) V= Vs> >0, 00, (20)
s moboro V EUCL, (A, B), a>0-3amannoe uncio. Eciu ke V+ BHYTPEHHHH 3JIEMEHT MHOXECTBA
UcL,(A,B), To 3TO HEpaBEeHCTBO SKBHUBAJICHTHO PAaBEHCTBE ]é (v+)=0, 0=0. Ipu 0=0, u3 3THX
COOTHOILICHHUH MOTYYUTCS yTBEPKACHUE s pyHKIIMoHana Jo(V).

4) B npoctpanctBe Lp(A, B) cymectByer Bcroay IUioTHOe MHOXecTBO KcC Ly(A,B),
yto Jyis1 Jitoooro anementa wEKCL,(A, B), 3amaua (18) npu 3amanHoM >0 MMeeT €IMHCTBEHHOE
penienue Ha MHOXKecTBe UCL, (A, B) 1 0HO CHIIbHO HENPEPBIBHO 3aBUCHT OT wCLo(A, B).
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6. UTepaTuBHBIN aJITOPUTM peLICeHUS

JlokazaHHbIE BBILIE HEOOXOAUMBIE YCIOBHS ONTHUMAIBLHOCTU M BBIPAXKEHUS ISl TPAJHECHTOB
(YHKIIMOHAJIOB KaueCcTBa, MO3BOJISIOT IPUMEHHUTD K U3y4aeMbIM 33/1a4aM HUTEPATUBHBIC METOJIbI UX
pemenus (cMm. takxke [6, 8, 9, 11] u ap.). [lakersr mporpamm, kak MATLAB, MAPLE, ANSYS u
1p., B COUETaHUE C BU3yalIM3alKeil pe3ylbTaToB Aal0T yIO0OHBIN anmapar peuieHus pacCMOTPEHHBIX
BBIIIIE 3a/1a4. Pasii KOHKPETHOCTH, 3/1€Ch U3JI0KHUM JIUIIb UTEPATUBHBIN aJTOPUTM pPEIICHUS 331a4U
(18) Ha ocHOBE MOAM(UKAIIMN METOJIa YCIOBHOTO TPAMEeHTa, KOTOPHIA B padoTe [9] aHanmm3upoBaH
6o1ee nmoapoOHo. [Ipyrue utepaTuBHbIC aITOPUTMbI IPUMEHSIOTCS AHATIOTUYHO.

PaccmoTtpuM crenyroinyro UTepaluoHHY0 IpoLeaypy AJis perienus 3aaaun (18):

v&+D(x) = v® (%) + 4, (w(") (x) —v® (x)) k=01,2,..., (21)

rae v(©(x)- HauambHas WTepamys, KOTOPBIi MOXET OBITH JIOOBIM SIEMEHTOM MHOKecTBa U,
yuciioBoil mapamerp Ay € (0,1)- BeIOUpaeTcs U3 yciaoBUs yObIBaHMS (DYyHKIHOHAIA Ja(v(k)) mo k:

J(,(V(k+1))<Ja(V(k)), k=0,12,..; sneMeHT W(k)(x), k =0,1,2,..., ompenensercs W3 YCIOBHUS
MHHUMYyMa CJIEAYIOMIEr0 JMHEHHOTO (PyHKI[HOHAA:
< Jo(v®), wv > + <V, w—w> —>inf , weU, k=0,12,.... (22)

Ha MHOKecTBe U. B cuiny Beimykiocti MuokectBa U mpu Beex k=0,1,2,...3/1eMEHTHI ) (x) eu.
B pesynbrate u3 cootHomenuit (21) u (22) Haiinercs MocienoBaTeIbHOCTh 3JIEMEHTOB {v(k)}. B
pabotax [6,9] u np. mpu OOLIMX MPEANOJIOKEHUIX YKa3aHbl JOCTATOYHBIE YCIOBHSI CXOJUMOCTU
utepauuid tuna (21), (22). B paborax [6,7,9] u np. n3ydeHsl pa3Hble BapUAHTbl UTEPALMOHHBIX
MPOLEAYpP, B TOM YHCIIE UTEPALMOHHBIE ATOPUTMBI IT0 MeToay HpI0TOHA, 110 MpOEeKIMU TpaleHTa,
[0 COMPSDKEHHBIM TpagueHTaM W Jp. OTH AITOPUTMBI JIalOT BO3MOKHOCTh aHAJIM3UPOBATH
CTpaTeruu YIpaBJICeHUS MPOTHBOOOPCTBOM C OJHMM WJIM MHOTMMH TPYIIaMU HamajeHHs Kak
3a/1auyn onTUMalIbHOTO yrpasieHus (4), (12), (18). M3noxennass wuTepaTuBHAs cXema JJis 3aa4u
(18), ananoru4yno oOpa3oM MPHUMEHSIOTCS K JIPYTHM 3aqadaM. B ciiydae HEyCTOWYMBOCTH 3a/1a4u
aHAJIOTM WTEPAaTUBHBIX mpoueaypbl tuma (21), (22) npuMeHSIOTCS Ui Peryispu3alldu, I7Ie
napamerpa o>() W 4Yuciaa UTEpalii BHIOMPAETCs B 3aBHCHUMOCTH OT IOTPEUIHOCTH IaHHBIX Ha
OCHOBE CIICIIHAIBHBIX TIPABHII «0cTaHOBay (cM. [6,8,9] u ap.).

7. 3akir04eHue

YkakeM HEKOTOpbIE THIMHMYHbIE 0000IIEHHS M3JI0KEHHBIX BBIIIE 3a7a4 U JIJIS TPOCTAThl MX
paccMOTpHUM ISl CiTydasi HamaJeHus: oJHo# rpymnmoi. [lycTes 3ammTa conpoTUBIsAETCS ABMKEHUIO
HamazeHus: ¢ (akropom s(x), KoTopblii B mpocTtpaHcTBe L,(a,b) mpuHAmIEKUT MHOXKECTBY
S={s:s =s(x)el,(a,b), 0 < q< s(x) <Q,xeD}, rae uncna ¢, Q-3a1aHBI U TIOJOKUTEIHHBIL
[Ipeamnonoxum, 4TO COCTOSIHUE 3aIIUTHI OTIMCHIBACTCS YpaBHEHHUEM

LE= (v, y), sCONR),  x Ea b), (23)

¢ kpaeBbiMu ycnoBusivu (2), tae f(X,y,s,v) — 3amannas HenpepbiBHO-AUDdepeHmpyemas GyHKIus
[0 COBOKYITHOCTH IEPEMEHHBIX W 3THU MPOM3BOJAHBIE IO MEPEMEHHBIM Y, S,V YAOBIETBOPSIOT
ycaouto Jlunmuna. [Ipy NpuHATHIX BbIIIE MPEANOI0KEHUAX 751 BBIOPaHHBIX 3JIEMEHTOB VU U S U3
MHOeCTB V U S, COOTBETCTBEHHO, 110/ perieHneM 3aaaqu (23),(2) 6yaemM NOHUMaTh HENPEPHIBHYIO
GyHKIHO Y(X) YIOBISTBOPSIOIIYIO HHTEIPATBHOMY TOXKICCTBY
y=y=y(xsv)=a+J, f(zy(2), s(z)v(2))dz

u ycnosuto y(b)=yp. [lycTh HananeHne cTpeMUTCS 3a HAUKpOTYalIIee BpeMs JOCTUYb HYXXHbBIE eMy
OOBEKTHI B TEPPUTOPUH 3aIIUTHI W 3alMTa CONPOTHBISIET €ro ABIKCHUIO ¢ (aktopom s(X),
CTpeMsCh cAenaTh 3TO Bpems HauOonbmuM. [Ipu NPUHATHIX BBILNIE NPEANOIOKEHUSIX BpeMs
JBUKEHMSI HallaJIeHHUs OT TOUYKU A J10 TOUKH B BeIpakaeTcss HHTErpajiom:

T(s\)=[) p (y () SHCLOONED gy 4
Taxkum o6pazom, MoyyyuM 3afadyy MHHUMHU3ALUHU M0 V HA MHOKECTBE V M MaKCHMHU3aIUH 110 S Ha
MHOXecTBe S pyHKInoHana kadecta T(s,V) B (24) npu ycnousix (23), (2). Apyrumu ciioBam, IJist
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¢byukuonana T(s,V) moimyyaeTcss MUHMMAakcHas 3ajadya MPOTHBOOOPCTBA THUIA HAmaJeHUE U
3amura. Takue 3agaund u3ydarrces Metogamu Teopun urp(em. [1,2,4,5,9,11] u ap.). U3noxeHHbIH
BBIIIIE METOJ] MCCIIEOBAHMS JAeT CIIOCO0 aHallM3a CTPATeruil Halma eHUs U 3alllUThl TON 3a/1auH.

Bollie  n3nokeHHE NPOBEAEHO OT MPOCTOrO0 K CIOXKHOMY: CIIEpBa paccMaTpUBaJICs
HanaJeHus OJHOM TPyNIO, a MOTOM MHOTUMU TPYIINaMHU, OBLI B3AT OJHO YPaBHEHHE COCTOSHUE
(1), (13) u (23), Be3me 3TH ypaBHEHUSI MOTYT OBITh 3aMEHEHBI Ha CHCTeM ypaBHeHHUI. Kpome Toro,
paccMOTpeH ciaydail JByMEpHOH 00JacTH 3alllMThl, XOTS Be3Je JUIsl 3TOM LEeNH MOKHO Opar
MHOTOMEpHBIH 001acTh. Kaknas rpynma HamaJeHUs MOXKET IepeceKaTbh I'paHHUIly B HECKOJIBKHX
TOYKAaX M KaxKJas rpyrma MOXET JIBUTaTbCid K HECKOJIbKUM IeNsiM. M3noxeHHas METoIuKa JaeT
BO3MOXXHOCTb ~ MOJIEIMPOBATh 3TUX CIIy4aeB M JI0Ka3aTh AHAJOTHUYHBIE PE3YyJbTAaThl. Y BEINYUB
YHCIIO TPYNN HANaJeHUs HETPYAHO nepedpa3supoBaTh 3Ty CUTYalMI0 B BUJAE U3JIOKEHHOW BBIIIE
3a/layd  HamaJeHWsT MHOTMMH rpymnnamu. Ecid jke HamajeHue MpPOUCXOJUTh IO JIMHHUSIM
SBIIAIOIIMECS YacTIMH TpaHUIBI, TOrJa BapHalMoOHHAs (QOpPMYJIUpOBKA Takoil 3axadu
MPOTHBOOOPCTBA MOXKET NMPHUBECTU K 3a/1au€ ObICTPOICHCTBUS C YCIOBUSMHU TPAHCBEPCATBHOCTH.
Ecnu xe B mpoTUBOOOPCTBE UMEIOTCSI OTPAHUYEHHUS, TO ATOT Cllydail YYUTHIBAETCS B MOCTAHOBKE
33714l METOJIaMH TeOpuH ontumm3anuu (cm. [1-11] u mp.).

JUTEPATYPA

1. MycaeBa, M.A. Boruncnenue pecypcoB u aHanu3 3pQpeKTUBHOCTU CTPATETHil B UTPOBOI MOJIEH
npotuBobopctBa // K. «Bprauci. Mer. u [Tporpamm.». —2020. T. 21. Ne 3. —c. 251-258

2. PeikynoB, B.JI. OxpaHHbIe CHCTEMbBI U TEXHHUYECKHE CPECTBA (PU3UUECKON 3alUThI 0OBEKTOB. /
B.J1. Peikynos. —M.: Security Focus, —2011. —288 c.

3. Makapenko, C.U. NubopMaiimoHHoe MpOTHBOOOPCTBO U PaIMOdIEKTpOHHAs Ooprba B cere
neHTpudeckux BorHax Hadana XXI Beka / C.M.Makapenko. —Cankt-IlerepOypr: Haykoemkue
texuonoruu, —2017. —549 c.

4. Novak A.J, Feichtinger G, Leitmann G.A. Differential game related to terrorism: Nash and
Stackelberg strategies // Journal of Optimization. Theory and Applications. —2010. V.3. Ne 144,
—pp.533-555.

5. T'epmeitep, }0.b. 3amaun mo wucciemoBanusm omneparnuii / 10.B.I'epmeiiep, B.B.Mopo3os,
A.I'.Cyxapes [u np.] -M.: Uza. MI'Y, -1979. —168 c.

6. Uckennepos, A.Jl. Uneatudukamus kBaHTOBBIX moreHImanoB / A.J[.Uckennepos, I'.51.4Ary6oB,
M. A.MycaeBa. —baky: Hamslorny, —2012. —548 c.

7. Tuxonos, A.H. Henuneiinsie HekoppekTHbie 3a1auun / A.H.Tuxonos, A.C.JIeonos, A.I'.fIroma. —
M.: KYPC, —-2017. —400 c.

8. Mourpsarun, C.JI. Matemarudeckass teopus onTuMaibHbIX THpoueccoB / C.JLIToHTpsruH,
B.I".Bontsuckwuii, P.B.I'amkpanuaze [u np.] —M.: Hayka, —1969. —393 c.

9. Bacuiees, @.I1. Meroasl ontumusaiun. B 2-x yactax / @.I1.Bacunses . — M.: MITHMO, —2011.

10. Goebel, M. On existence of optimal control // Math. Natchr. —1979. V.93. Ne 4. —pp. 67-73

11. Jlanun, A.B. HTepannoHHbIE METOIBI PEIICHUS CETOYHBIX BAaPHAI[MOHHBIX HEpaBeHCTB /
A.B.Jlanun, —Ka3ans, KI'Y, —2008.

XULASO
QARSIDURMANIN BiR OPTIMAL iDARDETMO MOSOLOSI
Musayeva M.A.

Acgar sézlar: optimal idaraetmo, variasiya modeli, ekstremum iciin zoruri sort, yegana halolunma.
teztasir masalasi, garsidurma masalasi

Qarsidurmanin optimal idars olunmasi az 6yranilmis mosalasi nazardan kegirilir. Variasiya tsulu ilo

strategiyalarin tohlili nozardan kegirilir ki, bu da avvallar 6yranilmamis bir teztasir masslasine gotirib ¢ixarir,

hollor iigiin iterativ algoritmlar taqdim olunur vo alinmus zaruri sartlor maksimum prinsipi va variasiya

borabarsizliklori goklinda wverilir; “az hayacanlagmig” obyektin voaziyyastinin geyri-xatti operatoru ils
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mosalanin hall teoremi isbat edilmisdir. Qarsidurma “hiicum vo miidafia” prosesi kimi tosvir edilir. Bir nego
keyfiyyot kriteriyalarimin biikiilms gaydalarindan istifads edilir, onlarin gradiyenti hesablanir vo nazordon
kegirilon masalonin halli iigiin iterativ alqoritmdo totbiq edilir. Noticads ilk optimal idaroetma probleminin
bir sira imumilasdirmalari verir.

SUMMARY
ONE PROLEM OF OPTIMAL CONTROL BY CONFRONTATION
Musayeva M. A.

Key words: optimal control, variational model, unique solvability, necessary condition for
extremum, fast action problem, confrontation

The less-studded problem about the optimal control of confrontation prosess. The variational method
is used to analyze control strategies, which leads to a previously unstudied confrontation performance
problem, for the solution of which iterative algorithms are presented and the necessary extremum conditions
are given in the form of the maximum principle and variational inequality, for the confrontation as “attack
and defense”, formulated the problem with a nonlinear operator of the state of the object, a theorem of
unique solvability is proved. Prosess cofrontatin discribid as attack and defense. Confrontation is described
as a process of “attack and defense.” The rules of convolution of many quality criteria are used, their
gradients are calculated and they are applied in an iterative algorithm for solving the problem under
consideration. The Conclusion gives a number of generalizations of the original optimal control problem.

Daxilolma tarixi: [lkin variant 01.03.2024
Son variant 29.04.2024
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PaccmarpuBarorcss ycinoBuss 1 3((EKTUBHOCTh MPHUMEHEHHS] WHTHOMTOPOB KOPPO3HH U
OMOIMIOB  JUIA  NPEAOTBpPAIIECHUS  IMPOLECCOB  OMOKOPPO3UHM  C  HUCIOJIb30BAHUEM
ounomomuHecueHTHOH AT®d-merpun. M3ydeHo BIMSHHE pa3iMYHBIX MHTHOUTOPOB KOPPO3WU HA
KUHETHUYECKUE TapaMeTpbl OHOJIIOMHHECLEHTHOM peakuuu, npumeHsemod B ATd-merpum.
[IpoBeieHHBIMU  HCCIIEJIOBAHUSIMH ~ YCTAHOBJICHO, YTO WHTUOWTOPHI KOPPO3MM MOTYT Kak
MHTUOMpOBaTh JOLM(EPasHyl peaklulo, TaKk U yBeIMYUBaTb €€ CKOPOCTb. AHAJIU3BI
KMHETHYECKUX NapaMeTpOB PEaKUWi MHTHOMPOBAHHS W aKTHBALWHW JIOUU(PEPa3sHOH peaknuuud B
IPUCYTCTBUM PA3JIMYHBIX MHIMOUTOPOB KOPPO3MM MOATBEPAMUIM BO3MOXHOCTb HPUMEHEHUS
OMOJIIOMUHECIIEHTHOI'O ~ METOJla  OHpeleNeHuss afeHo3uHTpudochata Ui  MOCIETYIOUIEro
MCCIIeTOBaHMSI OMOLUIHON aKTUBHOCTH HHTHOUTOPOB KOPPO3HHU.

W3BecTHO, 4TO OHMOKOppO3MsA MeTaljga NpPEeACTaBIseT COOOH XapaKTEepHYIO KOPPO3HIO,
KOTOpasi pa3BUBAETCs 0] BO3/IEHCTBUEM MHUKPOOPraHU3MOB U MpuUMepHO 110 30% BBIXOJAMIMX U3
CTpOS ~ METaNIOB B IPOMBINUIEHHOCTH  MPOUCXOAUT 3a cyer  Ouokopposuu. Ha
HedTenepepabaTHIBAIONINX MPOMBIIIIICHHBIX TMPEANPHUITAIX BCE TEXHOIOTHIECKOE 000pYIOBaHHE B
HauOOJIbIIEeH CTETIEHH MO/IBEpPraeTcs BO3AecTBUI0 OMoKoppo3un. Koppo3noHHO-aKTUBHBIE KIETKU
MHUKPOOPTaHU3MOB MOXKHO OOHApYXHTh B KOMMYHHKAIIHOHHBIX CHCTEMax, B OTCTOHHHKaX,
pe3epByapax, He(TeXpaHWIMIIAX M JAPYIMX TEXHOJIOTMYEeCKUX oOopynoBaHusx. Ilostomy, mns
IPEOTBPAIICHNS] IIPOIECCOB OHOKOPPO3MHM M TIPOUICHHS CPOKa CIIYy>KOBI TEXHOJIOTHYECKOTO
000pyZ0BaHUS B HE(PTSIHON NPOMBIIIICHHOCTH HEOOXoauMo Oojiee Tiy0O)ke M3y4UTh Mpolecce
OMOKOPPO3UH, OCOOCHHO POCT KJIETOK, BXOSIINX B COCTaB KOPPO3UOHHO aKTUBHBIX OMOIUICHOK.

OCHOBHBIM METO/IOM HCCIIEZIOBAaHUS OUOIJICHOK SIBISETCS MUKPOOMOJIOTHUYECKUH, KOTOPBII
3aKIII0YAaeTCs B MEXAaHWYECKOM YAaJeHWH OWOIUNICHOK C METAJUTMYECKUX TIOBEPXHOCTEH, ¢
nocyeIyomei UX Ie3UHTerpauueil ynbTpa3ByKoM U BBICEBOM Pa3BeIEHUH MOIy4YEeHHBIX CyCIIEH3UH
Ha CeJIeKTUBHBIE cpeabl. [10CKONBKY METON SBIISETCS HEMPOCTHIM, TPYIOEMKHM U TpelyeT
JUTUTENIHOE BpeMsl KYJIbTUBUPOBAaHUS KJIETOK, 10 19-22 cyTOK, pe3yabTaThl KOTOPBIX SIBISIOTCS HE
TOYHBIMH, TO OCHOBHBIE 3aKOHOMEPHOCTH (OPMHPOBAaHUS OHOIUIGHOK OCTAIOTCS  Majo
M3yuyeHHBIMU. BONBIIMHCTBO uccienoBaTeneil noaroe Bpems OoONbIIOe BHUMAHUE YAESUIN
BOIIPOCAaM HHTHOWPOBAHUS U DIIMMHUHUPOBAHUST OMOKOPPO3HH.

N3BecTHO, 4TO OMONIOTHYECKas U XUMHUYECKasi KOPPO3Hs MPECTABISIOT COO0N KOMIUIEKCHO
pa3BUBAlOIIeeCs SBJICHHE, BBISBICHHEC AaKTHBHOCTH BEIECTB, NEHCTBHE KOTOPHIX OJHOBPEMEHHO
HamNpaBlICHO TMPOTUB  XUMHYECKOTO KOPPOJUPOBAaHMS MeTalyla M BbI3bIBaeT  r'uOenb
MHUKPOOPTaHU3MOB, CITOCOOCTBYIOIUX MPOTEKAHUIO KOPPO3HOHHBIX MPOIECCOB, KOTOPHIE SIBISTFOTCS
BaXHOM 3a/auell HAay4HbIX MCCJIEJOBAHUHM, IMPOBOJMMBIX B JaHHOM oOmacTtu. Bo3MoXHOCTBH
OMOIOMHHECIIEHTHOTO MeTona OTIpeIeICHNUs KOHIICHTPaIun BHYTPHKJIETOYHOTO
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anenosunTpudochara (ATD) sBasieTcst Oonee MEePCIeKTUBHBIM U COBPEMEHHBIM METOJIOM C TOYKH
3peHusi ero MpuMeHeHus As (yHIaMEHTAIbHBIX HCCIEeI0OBaHUN OCOOEHHOCTEW KHMHETHKH pPOCTa
KJICTOK, BXOJSIIIUX B COCTaB KOPPO3HMOHHO aKTUBHBIX OuomiieHOK. [ToaTomy pa3paboTka HOBBIX
HSKOHOMMYECKU MPHUEMJIEMBIX METOJOB K AIMMHUHHUPOBAHUIO IMPOLIECCOB OMOKOPPO3UHU SIBIISETCS
OJHOW M3 OCHOBHBIX 33/1a4 IPOMBIIIICHHOCTH HedrexumMuu u HedrenepepaboTku. B kauecTBe
oHOTO U3 (G (EKTUBHBIX CPEACTB, MMO3BOJISIONIMX MPEIOTBpPAIIATh MOJHOCTHIO UM CYIIECTBEHHO
CHIDKATh SIBIICHHUSI Pa3BUTUS OHMOKOPPO3MOHHBIX IIPOLIECCOB, NPUBJIEKaeT K cebe BHUMaHHE
npuMeHenue uHruOutopoB kopposuu (MK) ¢ OuounmaHoN aKTUBHOCTHIO MO OTHOUICHHIO K
IUTAHKTOHHBIM KJIETKaM U OuorieHkam. [IpuMeHneHne MHrHOMTOPOB KOPPO3MHM U OHOIMIOB IS
MPEeIOTBPALICHUS]  MPOLIECCOB  OMOKOPPO3MM C  HCIHOJB30BaHHWEM  OHOJIOMUHECHEHTHON
anieHo3uHTpH(OCchaTa-METPUH MPEACTABIACT HAYIHO-TIPAKTHUECKUI HHTEpeC U 3P (HEKTUBHOCTD MX
MIPUMEHEHHUSI ONPE/IEIICHO SKCIIEPUMEHTAIbHBIMU aHAJIN3aMHU.

Crnemyer OTMETHTH, YTO OMOKOPPO3US M IMPOLECCHl XUMHYECKOW KOPpPO3WHU JEHCTBYIOT B
KOMIUIEKCE, TI03TOMY aKTUBHOCTb BEIIECTB, JCHCTBIE KOTOPHIX OJJHOBPEMEHHO HAMpPaBIECHO MIPOTUB
XUMHAYECKOTO KOPPOAUPOBAHUS M MOKET BBI3BIBATH THOEIIh MUKPOOPTaHMU3MOB, CIIOCOOCTBYIOIIMX
Pa3BUTHUIO KOPPO3UOHHBIX mporeccoB. [losTomy OonbIIMK WHTEpEC BBI3BIBAIOT HHTHUOUTOPHI
koppo3un (MK), XxuMudeckn CHHTE3HpyeMbleé BO MHOTHX Ja0OpaTopusx MHpa U OOJIajgaromue
«IBOMHBIM» JIEHCTBUEM TMPOSIBISIIOT OWOIMIHYI0 AaKTUBHOCTH B OTHOIICHUU Pa3IAYHBIX
OakTepuaIbHBIX KIETOK [1,2].

W3BecTHO, YTO OJIHU U TE€ KE BEIIECTBA B Pa3HBIX KOHILEHTPALUIX MO-Pa3HOMY BIHSIOT Ha
KJIETKA pAa3JIMYHBIX MHUKPOOPraHM3MOB. B oIHOM ciyyae BeEIIECTBO MOXKET HPOSBIATh
0aKTepUOCTaTUYECKUE CBOWCTBA, B JpyroM — ObITh Ouwounugom. Ilpu wucnonszoBaHuu
0aKTePHOCTATUIECKUX KOHIIEHTPAIIMI BEIIECTB POCT MHKPOOPTAHHU3MOB PE3KO TOPMO3HUTCS HIIH
OCTaHABJIMBAETCsI COBCEM, HO KaK TOJBKO JeHcTBHE OaKTepHOCTATHUKA MPEKPAIIAeTCs] WIH MPOCTO
CHIDKAETCS  €ero  KOHLEHTpauus, [OAABIAIOIIAs  POCT, HPOLECCHl  KU3HEAEATEIbHOCTU
MHUKpPOOPTaHU3MOB OObIYHO B0300HOBIsIIOTCS [3,4]. CunbpHOe OHOUMIHOE ACHCTBHE B MAaJbIX
KOHLEHTpALUsAX, 3alUTa KOHCTPYKLHMOHHBIX MaTEpHUaJIOB OT XMMHMUECKOM KOpPpO3UM, HM3Kas
TOKCUYHOCTh, XMMHUECKasi CTaOWJIBHOCTh MPHU IKCIUTyaTallid — TaKOBBHI OCHOBHBIE TpeOOBaHMS,
MPEABSIBISIEMBIE CETOIHS K MHTHOUTOpPaM KOppo3uH [5,6].

Bo wu30exxaHue HKOJOTHUECKOTO 3arpsA3HEHUs] OKpYKaloLled cpeabl, B J1IaOOPaTOPHBIX
YCIIOBUSIX YCTaHABJIMBAIOTCS MHUHHMallbHble HMHruoupyoomue koHueHTpauuun (MUK) Bemects,
MPOSIBJISIIOIIMX CBOWCTBA OMOLUAOB B OTHOUIEHUH pa3IMYHBIX MUKpoopranuzMos [6]. MUK — sto
MUHUMAaJbHAsi KOHIIEHTpAIMsl BEILLECTB, BbI3bIBAIOLIAsl CHUKEHHE KOHIIEHTpaUuu OakTepuil B
o0pabaTbIBaeéMbIX JaHHBIM BELIECTBOM 00paslax 10 HeAETEeKTUpyeMoro ypoBHs. CyliecTBYIOT
oOuire ctaHAapTHbIE apaMeTpbl MpoBeAeHus npouenypsl onpeaenenus MUK: Bpems nnkybanumn
ouonMaa ¢ KIeTKaMM — 7 CYTOK, MCXOJIHO BBEJCHHAas KOHIIEHTPALUs KJIETOK — 10° ko/mm,
TeMIIepaTypa 3KCIOHUPOBAHUS HMCCienyeMbix mpob — 28°C, cpena aHanusa — MUTATENBHAS Cpejia
win ¢pu3nogoruueckuit pacteop [6,7].

Onpenenenne MHUKPOOHMOJOTHMYECKUM METOJOM UHCIA BBDKHUBIIHUX KIETOK SIBJISETCS
JIOBOJIBHO JUTMTENBHBIM U TPYA0EMKHUM IpoleccoM. K ToMy jxe MUKPOOHOIOTHYECKMM METOJIOM He
ylaercs BBIABUTH KJIETKH, KOTOpbIE HAaXOAATCS B HEKYJIbTHUBHUPYEMOM COCTOSIHUM, BBI3BAHHOM
0aKTepHOCTaTUYECKUM BO3/AECHCTBHEM OMOIMIOB Ha MHUKpoopraHuszMel [7,8]. B OonbmmHCTBe
CllydaeB JJisl OLIEHKHM KOPPO3MOHHOW CHUTYyallMd MCIIOJIB3YIOT BECOBOM METOJI, OCHOBAHHBIM Ha
U3MEpPEHUN M3MEHEHMS BECa METajlla 4Yepe3 ONpEeesIEHHOEe BpeMs ¢ MoMeHTa npumMeHeHus UK,
MMEIOIIETO CBOMCTBAa OMOIM/IA, M CPAaBHEHUHU €ro C U3MEHEHHEM Beca aHaJOTMYHOro obpasua 6e3
NPUMEHEHHUsT MHIMOUTOpa pocTa KiIeToK. s mpoBeAeHus MoJOOHBIX UCCIEIOBaHUNA MPUMEHSIOT
CrHelHalbHble METAaJUIMYeCKHe KYIMOHBI, KOTOpble MOMeNIaloT B TpyOompoBon. BecoBoil meton
ABJIAETCS JOCTATOYHO JUIMTEIBHBIM, TaK KaK caM IPOLECC KOPPO3UM UJET MENJIEHHO, U TOUYHOCTh
METO/Ia OTIPEEIAETCS TEMH TEXHUUYECKMMHU CPEICTBaMU, KOTOPbIE TPUMEHSIOTCS JIJIsl B3BEIIMBAHUS
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obpasuos. Ilpu 3TOM, HodydeHHas WHPOPMAMA OTPAXKAET JHIIL (HAKT HAUINYUS WIU OTCYTCTBHS
KOPPO3UH KaK TaKOBOM, a He OMOIMIHBIC CBOMCTBA MHTHOMTOPOB KOppo3uH [7,9].

B cBsi3u ¢ BhIIEyKa3aHHBIMU HEIOCTATKaMH MHUKPOOHOJIOTMYECKOTO M BECOBOI'O METOAA,
OYEBHJIHA HEOOXOIMMOCTh B MCIIOJIb30BAaHUM 00JI€€ TOUHBIX, YAOOHBIX U JOCTATOYHO ONEPaTUBHBIX
METOOB OIEHKH OMOLMAHON aKTUBHOCTHU Pa3HbIX, B TOM YKcCiie BHOBB pazpabatsiBaembix UK. [Tpu
3TOM CJIEYET OTMETHUTb, YTO Bee 3HaueHuss MUK, uzBecTHble B HacTosIEe BpEMs I PA3IMYHBIX
BEIIECTB, ONPEICICHBI I MJIAKTOHHBIX KYJIBTYp, @ HE JJIs1 KOPPO3MOHHO-OMACHBIX OUOIJICHOK. A B
paboTe Kak pa3 ¢ OMOIUICHKaMH BO3MOXXHO M 3(P(GEKTHBHO NMPUMEHEHHE OHOJFOMHUHECIIEHTHOMN
AT®-merpun. Ilpu Ucnoap30BaHUN  OMOJIOMUHECIIEHTHOTO METO/a OINPEICIICHHUS] KOHLIEHTPAUU
BHyTpHKJIeToOuHOTO AT® B mccnenoBanusx mo 3¢dextuBHocTH npuMeHenuss MK B kadecTtBe
OMOIM/IOB IS MTOJIABJICHUS POCTa OMOIUICHOK, TAK)KE MCCIICOBAHO BIMSHUE 3THUX BEIECTB HA CaMy
JTroLUQepazHyo peakiuio, JEKallyl0 B OCHOBE OMOJIIIOMUHECIIEHTHOIO MeToa onpeaeneHus ATO.
W3BecTHO, uTO OMommaHoe aeWicTBUEe OTAEHbHBIX MK Moxer OBITH pe3yabTaToM XUMHUYECKOU
pEeaKkIMKU MCCIETyeMOro BEIEeCTBA C pPa3IMYHbBIMM (YHKIHMOHAJIBHBIMU TIpYINIAaMH KJIHOYEBbIX
OMOJIOTUYECKH aKTHBHBIX COCTUHEHUH KIIETKH, B TOM umcie u ¢epmentoB [8]. Takke m3BecTHO,
4yT0 BONM3M JIOLM(EPUH-CBA3BIBAIOIIETO ydacTKa Jroludepasbl NPUCYTCTBYIOT SH-rpymmsl, a
MHTUOMpYIOIee BO3JEHCTBHE MHOTHX COCJMHEHWH Ha (PepMEHTHI OOYCIOBIEHO TEM, YTO OHH
BCTYNalT B peakuuto ¢ SH-rpynmamu ¢epmeHTtoB Mukpoopranu3moB [10]. Takum oGpazom,
Moudukays SH-rpymnmer B pesynbrare B3aumozeiictus ¢ MK B moTeHnnane MoxeT MpUBOAUTH K
IOJHOM WJIM 4YacTUYHOM MHAKTHUBALUMM JioLU@epasbl, YTO MOXKET CYIIECTBEHHBIM 00pa3oM
OTPa3UThCS HAa CKOPOCTU OMOJIIOMUHECIIEHTON PEaKIIUHU.

K uducny s¢p¢exruno npumensembix MK Bxoaut Gonblioe YUCIO COEAUHEHUM, KOTOpPbIE
obnamaror 3¢¢deKkToM MOBEpXHOCTHO-aKTUBHBIX BemiecTB (ITAB), urto obecreumBaer uM
yIy4llIeHHOE IPOHUKHOBEHHE K HeoOxoauMomy wmecty BoszzaedctBus [11]. Opnako IIAB
YMEHBIIAIOT TOBEPXHOCTHOE HATSHKCHHE MEXK(Aa3HOH TOBEPXHOCTH M MOTYT YBEIMYHUBATH
SHTPOIHUIO TOBEPXHOCTH (epMEHTa 3a CYET YMEHbLIEHHsS IOBEPXHOCTHOI'O HATSHKEHUS Ha
0enKoBOH TI00yie. YBEeTU4YeHHEe SHTPOIMH OBEPXHOCTH OelKa, KaK MPaBHIIO, IPUBOIUT K TOMY,
YTO aKTHBHBIE LIEHTPHI ()epMEHTA CTAaHOBATCS Oosiee JOCTYNHBIMU Ui cyOcTpaTta. Takum o0pasom,
ITAB moryT ymenbuiath Ky, (HaOmtogaemyro) anig nanHoro ¢gepmenta. C apyroit CTOPOHBI, Takke
u3BecTHO, 4To jeictBue [IAB MokeT BBI3BIBATH JAEHATYpaLUIO OENKOB M, TaKUM 00pa3oM,
HENOCPEACTBEHHO BIIMATh HAa KaTaJUTHYECKYI0 AaKTUBHOCTH (epMeHTOB. l3yueHo BiusiHuE
cnepytomux MK Ha monudepasnyro peakiuto: Katon, BOMKC-82, Xazap, Hurpo-1, Hurpo-2,
Kacnuii-2, Kacnuii-4, Uuruburop-55, a Takxe pa3iInyHbIX MPOU3BOAHBIX PACTHUTENBHBIX Macell.
BosibIIMHCTBO M3 yKa3aHHBIX COEAMHEHHMH SBISAIOTCA JocTaTodyHo HddextuBHbiMH WK n
UCIOJIb3YIOTCSL B HEPTSHOW MPOMBIIIJIEHHOCTH.

Ha mnepBom »dTame wuccienoBaHMs Ui ONPENEICHHMs KHHETUYECKUX IapaMeTpoB
B3aUMOJICHCTBUs OuonuaoB ¢ mromudepazoit mia kaxgoro MK Ha ocHoBe (hH3MOIOrHMUECKOro
pacTBOpa TOTOBHJIM IpOObI C paBHOM H3BeCTHOW KoHIeHTpauuedn AT®D u pa3nuuHbIMU
koHueHTpauusaMu UK. Konnentpaunn UK Obutn BeIOpaHbl Takue, Kakie 0OBIYHO MCIOJIB3YIOTCS Ha
npaktuke (ot 0,1 nmo 3 1/m). DKCHepUMEHTHI NPOBOJWINCH C HCHOJIB30BAHHMEM pPAa3IMYHbBIX
KOHIeHTpauui cragaapra AT® (5,0x10° M = 2,0x10™ M). Ilpu BHECEHHH B pPEaKLMOHHYIO CMEChH
mpob, coaepxkammx Karon, Xazap, Hwutpo-2, Kacnuii-4, Waruburop-55, nHabmr0aanoch
uHruOupoBanue mouudepasHoil peakuuu. s 3THX BemiecTB ObUIM MOCTPOEHBI 3aBUCUMOCTHU
00paTHO# BEIMYMHBI HHTCHCUBHOCTH OMOJFOMHUHECLICHIINU OT KOHIIeHTpauuu uaruouropa (Puc. 1).
[TonydyeHHble pe3yibTaThl CBUAETENBCTBOBAIM O TOM, YTO HPOIECC HHTUOMpPOBaHUS
monudepazHol peakluH BO BCEX CiIydasX IMpOTeKaJl IO CMEHIaHHOMY MexaHusmy. U3
MOCTPOCHHBIX M TpeACTaBlIeHHbIX Ha Puc.l rpaduxoB ObUIM paccUMTaHbl KOHCTaHTHI
MHTUOMpoBaHus monMdepasHoit peakunu >TuMu BemecTBamu (Tabm.1). ns pacdyera 3HaueHUi
koHcTaHT Muxasnuca (Ky), xapakrepusyomux odpazoBaHue (GepMeHT-CyOCTpaTHOrO KOMILIEKca
mexnay monudepazoit u AT® B mpucyrctBuun MK (Tabm.2), ObuM MOCTPOSHBI B OOpaTHBIX
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KOOpJIUHATaxX TpadyKu 3aBUCUIMOCTH WHTCHCHBHOCTH OMOJIIOMUHECIICHIINY OT KOHIeHTpauu ATD
(Puc. 2) mpu pa3Hbix koHneHnTpamusax 1MK.
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Puc.1. 3asucumocmu obpammoil eauyunsvt uHmencugHocmu ouonomunecyenyuu (1) om xonyenmpayuu UK,
uneubupyrowux mroyugepasnyio peaxyuro. Tecmupyemvie UK yrxazanvl na epaguxax.

Tabauya 1.
Koncmanumor uneubuposanus aroyugepasvl pasiudHblMu UH2UOUMOPAMU KOPPO3UU
HasBanue Ouonmna Koncranra narn6uposanwus, K, r/n

Karon 0,81 + 0,08
WNuruburop-55 3,20+ 0,34

Xazap 9,05+ 0,92

Hurpo-2 10,52 + 1,20
Kacmmii-4 8,16 + 0,90
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Tabauya 2.
Habnwoaemvie 3nauenus koncmanmot Muxasnuca (Ky, mM) o5 pepmenmamusnotl
peaxyuu ATD c noyughepasori 6 npucymcemeuu pazniuunovix UK

Konmentparus VK, r/n Nurnburop-55 Xazap Hutpo-2 Kacnmii-4
0,1 0,35 0,38 0,36 0,37
0,4 0,49 0,43 0,45 0,43
1,0 0,54 0,55 0,49 0,53
3,0 0,57 0,62 0,54 0,59
kaToH]=0r/n ¢ [Hutpo-2]=0,1r/n
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@  [WHr.-55]1=0,1r/n 0.22 -
B [WHr.-55]=0,4r/n '
A [WHr-55]=1r/n 0,2 1
X [WHr.-55]=3r/n 018 A
= 0,16 -
-

014
O T

-3 2 -1
1/[AT®], MM

o
-

Puc.2. 3asucumocmu unmencusHocmu ouonomunecyenyuu om konyeumpayuu AT ¢ obpammwvix
KOOPOUHAMAX, 8 NPUCYMCIEUU PA3TUYHBIX KOHYESHMPAYULl UHeUOUmMopoe8 kopposuu. Mcnoav3oeanmvie 8
pabome geujecmsa yKazauvl Ha epagpuxax.

Jns  ompeneneHuss KUHETHYECKHUX IapaMeTpoB Ipoliecca aKTUBAIMM JTrolMdepasHoit
peaknuu OBUTM  TIOCTPOCHBI  3aBHCHMOCTH B OOpaTHBIX KOOpIWHATaX HMHTEHCHBHOCTH
OMOJIIOMUHECIIEHIIMM OT KOHLEHTPAllMM CTaHAApTHBIX pacTBOopoB AT® mpu pasmuuHbIX
koHueHTpauusx psaga UK (Puc. 3).
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Koncrantel aktuBanuu (Tabn. 3) ompenensuiich Mpu MOCTPOCHUM BTOPUYHBIX TPadUKOB
3aBUCHUMOCTH OTHOLICHHS] KOHIEHTpPAllMM HCIIOJIb30BAHHBIX CTaHIApPTHBIX pacTBOpoB ATD k
WHTEHCUBHOCTH PETUCTPUPYEMOH OHONIOMUHECIICHIIMM OT OOpaTHOW BEIWYMHBI KOHICHTPAIIUU
UK, BBeneHHBIX B cpey JIs IPOBEICHUs OMOIIOMUHECIIeHTHON peakuuu (Puc. 4).

Tabauya 3.
Koncmanumuor akmusayuu nroyughepaszol nekomopvimu UK
UK Koncranra aktuBanmu, K,, r/in
Hutpo-1 0,32
Kacnuii-2 0,26
BOUKC-82 0,16

Bennuunbl HaOmomaeMbIXx KOHCTAaHT Muxasnuca mnpeacTaBieHbl B TaOmn. 4. Pesynbrarsl
uccienoBanus BiavsHUS pa3nnuHbix MK Ha monundepasHyro peakiuio moKa3aiu, 4TO 3T BEIIeCTBa
MOTYT KaK MHTHOUPOBATh, TAK U YBEIUYHMBATH €€ CKOPOCTh. BMecTe ¢ 3TUM aHallU3 KMHETUYECKUX
MapaMeTpoOB pEaklMil MHTUOMPOBAHHMS M AKTHBAIMU JIIONU(EPA3HOW pPeaKIuu B MPUCYTCTBUU
pazmuunbix MK monaTBepaua  BO3MOXHOCTH HPUMEHEHHUS OHMONIOMHHECLIEHTHOTO METoja
onpeneneHuss AT® st mocneayromero ucciieI0BaHus OMOLUIHON aKTUBHOCTH 3THX BEIIECTB, TaK
KaK 3HA4YeHHs] KOHCTAHT, OTPAKAIOIIMX BJIMSIHHE BEIIECTB Ha JIONMU(PEPa3HYI0 PEaklnio, KOTOPbIe
OBUTH OTIIPEJICIICHBI B X0JI¢ NIPOCIaHHOW paboThl, cymecTBeHHO (Oosee wem B 100-300 pa3) Obutn

OoJblIe TEX KOHHGHTpaHHﬁ, B KOTOPBIX YKAa3aHHBIC BCHICCTBA IIPCAIIOJIAralOTCA K HNPHUMCHCHUIO
HJIN YK€ IIPUMCHAIOTCA Ha IMPAKTHUKE.

0,35 -

® [BOUKC-82]=0,2r/n g9 -
& [Kacnuin-2]=0,2r/n 03 - ®  [BOUMKC-82]=1r/n 0.08
®  [Kacnuit-2]=1r/n ’ A [BOUKC-82]=3r/n '
A [Kacnuin-2]=3r/n 0,25 - ® [BOUKC-82]=5r/n 0,07 4
0,2 -
S 0,15 | =
0,1 /‘
T T T 0 T 1 O
-15 -10 1§[AT(I)], Mlgl'l 5 10 35 .30 25 20 '1f/|Aql°(D],'51’wM'q 5 10 15 20

Puc.3. 3asucumocmu unmencugnocmu ouosomunecyeHyuu om xonyeumpayuu AT® 6 oobpammbix
KOOPOUHAMAX NPU PA3TUYHBIX KOHYESHMPAYUSIX AKIMUBAMOPOS.

0,025 - 0,003 -

0.02 | 0,0025 -

0,015 -

0,01 4

[AT®] / I, MM
[AT®] /1, MM

0,005 -

o
r T T © T T 1 r

% 4 2 0 2 4 6 -8 -
1/ [Kacnmii-2], a/r 1/ [BO®UKC-82], r/n

Puc.4. 3asucumocmo omuowernusi konyermpayuu AT k unmencuenocmu 6UOTIOMUHECYEHYUU
om obpammuoil éenudunvl Konyenmpayuu UK.
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Tabauya 4.
3nauenus nabaroaemvix koncmaum Muxasnuca 0ns peaxyuu aroyugepasvl ¢ AT®
6 npucymcemauu paziuynvlx UK, akmusupyrowux aroyugepasnyio peaxyuro.

Konmnentparus UK, r/n K,, MM
Hurpo-1 Kacmmii-2 BOUKC-82
0,2 0,24 0,14 0,24
1 0,20 0,13 0,23
3 0,19 0,11 0,22
5 0,19 0,11 0,22
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XULASO
KORROZIiYA INHIBITORLARININ VO BIiOSIDLORIN ISTIRAKI
iLO BIOKORROZIiYA PROSESININ ToDQIiQi
Ozizov R.E.

Acar sozlar: biokorroziya, adenozin trifosfat, korroziya inhibitorlari, biosidlor, bioluminescent

reaksiya, biotexnoloji proseslar.

Moagqalado adenozin trifosfatin miqdarin1 6lgmokla biolyuminesgent tsulundan istifade edorak
biokorroziya proseslarinin garsisini almaq tiglin korroziya inhibitorlarinin va biosidlarin istifadasinin sortlori
vo effektivliyi nozordon kegirilir. Adenozin trifosfathh Slgmodon istifado etmoklo miixtolif korroziya
inhibitorlarinin  biolyuminesgent reaksiysinin kinetik parametrlorine tosiri Oyronilmisdir. Tadqiqatlar
naticasindo miloyyon edilmisdir ki, korroziya inhibitorlart liyusiferaz reaksiyasinin siiratini zsiflotdiyi kimi,
ham das onun siiratini artira bilor. Miixtalif korroziya inhibitorlariin istiraki ilo liyusiferaz reaksiyasinin
inhibirlogdirilmasi va aktivlasdirilmasinin kinetik parametrlorinin tohlili ils tasdiq edilmisdir ki, tadqiqatin
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névbati morhalasinds istifado edilocok korroziya inhibitorlarinin aktivliyinin  miiayyanlosdirilmasinda
biolyuminescent metodu ilo adenozin trifosfatin toyin edilmasi miimkiindiir.

SUMMARY
STUDY OF THE PROCESS OF BIOCORROSION WITH USING CORROSION
INHIBITORS AND BIOCIDES
Azizov R.E.

Key words: biocorrosion, adenosine triphosphate, corrosion inhibitors, biocides, bioluminescent

reaction, biotechnological processes.

The conditions and effectiveness of using corrosion inhibitors and biocides to prevent biocorrosion
processes using bioluminescent ATP-metry are considered. The effect of various corrosion inhibitors on the
kinetic parameters of the bioluminescent reaction used in ATP measurement was studied in this article.
According to the studies, corrosion inhibitors can both inhibit the luciferase reaction and increase its speed.
Analyzes of the kinetic parameters of the reactions of inhibition and activation of the luciferase reaction in
the presence of various corrosion inhibitors confirmed the possibility of using the bioluminescent method for
determining adenosine triphosphate for the subsequent study of the biocidal activity of corrosion inhibitors

Daxilolma tarixi: [lkin variant 20.06.2024
Son variant 27.06.2024
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In this paper, kinetic properties of complete dechlorination of hexachlorobenzene (HCB) in ethanal,
acetone, hexane, and toluene organic solvents under y-rays of ®*Co has been reported. Gas Chromatograph
— Mass Spectrometer has been used for quantitative analysis. 100% of degradation of HCB has been
obtained in polar solvent, in ethanol. The kinetic properties of HCB consumption have been investigated,
parameters as radiation chemical yield (G value), the degree of consumption, effective rate constants and the
pathway of dechlorination of HCB has been determined.

Introduction
HCB is one of the Persistent Organic Pollutants (POPs) - listed organochlorine pollutants
(OCP) that has been widely used as a pesticide, fungicide, and wood preservative [1, 2, 3]. Carbon
tetrachloride, perchloroethylene, trichloroethylene, and pentachlorbenzene (PCB) are all industrial
compounds that produce HCB as a byproduct, which is a chlorinated industrial hydrocarbon
compound, that is water-insoluble but highly soluble in fats, oils, and organic solvents [4, 5, 6]. HCB
is deadly for some animals, at large dosages and has a negative impact on their reproductive
performance at lower concentrations [7, 8]. Due to its persistence and toxicity, HCB has been listed as
a pollutant by the regulatory agencies of different countries including the Republic of Azerbaijan.
Under the Stockholm Convention on POPs, the use of HCB in agriculture is prohibited worldwide [1].
Several oxidation methods have been used for the degradation of POPs in environmental
treatment. The main removal methods have been listed in Table 1.
Table 1.
AOP methods for POPs remediation and their description

Category Process Description
Ozone-based 04, 04/H,0,, 05/UV Utilizes ozone w_|th or without UV or H,0, to
Processes oxidize pollutants
H,0,-based ” Uses hydrogen peroxide, sometimes with Fe?* or
Processes Hzoz, Fe /HzOz, HZOZ/UV uv
UV-based Processes UV Photolysis, UV/TIO, Direct UV or UV with titanium dioxide activation
Photocatalytic TiO, Photocatalysis Uses UV light to activate titanium dioxide
Electrochemical Electro-Fenton, Electrolysis Uses electric current for oxidation
Ultrasound-based Ultrasound (Sonolysis) Uses ultrasound waves to produce hydroxyl radicals
. 0/US, H,0,/03/UV, . . .
Combined Processes . Combines multiple methods for enhanced oxidation
Fe? /HzOz/US
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Although the removal is effective in above-mentioned methods, they have some limitations,
demand for seeking new way of HCB removal. AOPs, especially Fenton’s reagent use requires to
be applied in acidic media and hence large amount of acid or base is needed in this method.
Utilizing H202 may contain risks to human health [9]. Because -OH radicals are the base of
oxidation in this process, large dosage of reagents could be required. The primary drawback of
AOPs is their relatively high cost, resulting from the use of expensive chemicals and increased
energy consumption. Additionally, these processes can lead to the formation of unknown
recalcitrant by-products, which, in certain instances, may be more toxic than the original
compounds, posing unresolved challenges [10].

The use of y-irradiation for degradation of HCB is effective. The y-radiolysis involves the
formation of reactive electrons, ions, free radicals, and neutral species [11]. It is one step process
and no additives are used [12]. The aim of this study is to understand the kinetic properties of
degradation of HCB in organic solvents under y - irradiation.

Materials and methods

HCB standard (>99% purity) was supplied by Cluzeau Info Labo (France). Gradient grade
ethanol, acetone, and n-hexane were from LiChrosolv. Toluene was purchased from Emplura.

HCB standard solutions (0.044-0.055 g¢/L) in the solvents mentioned were prepared. One
milliliter of each sample was irradiated by y-rays in 2 mL glass bottles using an MRX-y-25 apparatus
with a ®°Co source at a dose rate of 1.74 Gy/s, with total doses ranging from 0 to 169.5 kGy.

Irradiated samples were analyzed using a GC-MS (Shimadzu QP2010 SE) equipped with an
auto-injector (AOC-20i). Analysis parameters: Injector at 280°C; Column temperature started at
30°C (held for 2 minutes), increased at 10°C/minute to 320°C (held for 2 minutes); lon source at
210°C; Electron impact ionization; Selected Ion Monitoring at 142 m/z and 214 m/z for HCB
quantification.

Results and discussion

The selected organic solvents are divided into polar (ethanol, acetone) and low polar solvents
(hexane, toluene) in this study. In the Figure 1 the dependence of [HCB] in organic solvents on the y
radiation dose is shown. It is observed that the decrease in concentration of HCB in polar solvents
show a similar start from their initial concentration to 6.3 kGy. The complete decomposition of HCB
in ethanol, however, has been reached at 50.2 kGy which approximately 2 times less than the
complete decomposition of HCB in acetone at 100.5 kGy. The decrease in [HCB] in hexane and
toluene at applied 0 — 169.5 kGy shows slight change depending on radiation dose.

2,5 2,5
2 2
s ><>$<\ A = B
5 15 S 15
> >
=@ 1 ) 1
(@] (@]
T I
= 05 ~ 05
~—X
0 ;X 0
0 50 100 0 50 100 150 200
Absorbed dose, kGy Absorbed dose, kGy

Figure 1.[HCB] dependence on absorbed dose in: A) polar solvents: square is in ethanol; x is in acetone
solutions; B) low polar solvents: rhombic frame is in hexane; triangle frame is in toluene

The change % in concentration of HCB is shown in the Table 2.

To study the kinetic properties of HCB degradation in all the solvents, different dependences
have been plotted. In Figure the dependence of 1/[HCB] on the irradiation time has been given
respectively for HCB in polar and low polar solvents. In both figures the curves of HCB
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degradation in all selected solvents can be said is the first order reactions according to the
exponential shape of curves.

14000 12000

12000 A 10000 B
= 10000 =)
Q Z 8000
S 8000 =

6000 /x 6000

— w——X
2000 % X 4000
0 2000 4000 6000 8000 0 10000 20000 30000 40000
time,s time, s

Figure 2. 1/[HCB] dependence on irradiation time in: A) polar solvents: square is in ethanol; X is in
acetone solutions; B) low polar solvents: rhombic frame is in hexane; triangle frame is in toluene

Because during complete degradation of HCB different chlorinated products form, these
reactions’ orders are considered effective reaction orders. In the Figure 2, the -log(rate) =
f(—log([HCB]) gives the trend of the first order reactions equal to 1, confirms the results in Figure
1.
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© 8,5
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8 hexane
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3,6 3,8 4 4,2 4,4 4,6
Log([HCB])

Figure 2. —log(rate)=f(-log([HCB]) relation for finding reaction orders

In the Figure 3 - In[HCB] = f(t) gives the slope of rate constants for HCB in polar and low
polar solvents.
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14
10
13 y = 0,0003x + 8,2875
— R2 = 0,992
2,5 y = 0,0002x + 8,6021 = 1
= R?=0,9614 £
=) = 1
£ 9 E
E x’_%/‘x 10 y = 6E-05x + 8,5494
o R?=0,9957
y = OE-05x + 8,4341 9 ,
R?=0,9041 o L =
8
0 1000 2000 3000 4000 0 5000 16086, s 15000 20000

time, s

Figure 3. Ln([HCB] = f(t): A) in polar solvents: square is in ethanol; x is in acetone solutions; B)
in low polar solvents: rhombic frame is in hexane; triangle frame is in toluene

AC*N 4+100
G = —2— molecule/100eV,
D*6.2%1015
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AC is the difference in [HCB] in the solution, mol/L; N4 is the Avogadro number; D is
applied dose = 12.5 kG; 6.2 * 10'5eV /g is conversion factor from mass to energy. As shown in the
Figure 4, the highest G value is observed in HCB consumption in ethanol (0.08/100eV’).
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o 0,06
3 0,04
Q@
o
= 0,04
[
=
g 0,02
(G] 0,01 0,01
0,00 NS
Solvents
H In ethanol M In acetone H In hexane H In toluene

Figure 4. G values of HCB consumption in solutions at 12.5 kGy

In Table 2.

Calculated kinetic properties of HCB radiolysis in selected organic solvents, all the identified
kinetic properties are given for the y radiolysis of HCB in organic solvents.

Table 2.
Calculated kinetic properties of HCB radiolysis in selected organic solvents
Irradiated The order The effective G value, Applied dose to Consumptio
solution of of y- rate constant, s~ molecule/ reach maximum n degree of
HCB in: radiolysis 100eV~ consumption, kGy HCB, %

Ethanol 15t 2x10™ 0.08 ~30 100
Acetone 15t 9x10° 0.04 ~51 100
Hexane {152 3x10* 0.01 169.5 98.8
Toluene 15t 6x 10” 0.01 169.5 61

During radiolysis, chlorinated aromatic molecules in various solvents exposure degradation in
the reaction between e_,; [13]. As seen from the results of [13], due to the high value of G value of
eso; 1N ethanol, HCB decomposition rate is high.

oG 9

1,2,4,5-TeCB 1,3,5-TCB
1,4-DCB

Kﬁtﬁj@@@@@

1,3-DCB Benzene
HCB 1,2,3,5-TeCB 1,2,4-TCB

e

1,2,3,4-TeCB 1,2-DCB
1,2,3-TCB

Figure 5. The dechlorination pathway of HCB during y - radiolysis

The predicted pathway of HCB dechlorination with y - radiolysis is given in Figure 5.
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The degradation of HCB in organic solvents shows a similar pathway with reported papers
of [14, 15, 16, 17]. HCB degrades to PCB in initial applied dozes.

With the increasing of radiation doze PCB degrades to 3 isomers of tetrachlorobenzene
(TeCB). TeCB then degrades into 3 isomers of trichlorobenzene (TCB). 1,4-dichlorobenzene has
been identified only in HCB + ethanol in very trace amount. To follow the complete dechlorination
pathway of HCB to benzene by y - irradiation, 1.4 g/L 1,2,4-TCB in the same selected organic
solvents have been irradiated and identified that, TCB firstly degrades to 1,4- ,1,3- ,1,2-
dichlorobenzenes, then monochlorobenzene and lastly nonchlorinated product of benzene [17].

Conclusion

The use of y — rays for HCB removal could be considered effective since 100% consumption
is obtained especially in polar organic media at low, ~30 — 101 kGy doze range. Due to the y -
radiolysis dependence on HCB concentration, the process has been found to be 1% order, with the
effective degradation rate constants of 2 x10™* and 9* 1075 s~ in ethanol and acetone, 3 *
107* — 6+ 1075 s~ in low polar solvents. The G values of consumption of HCB confirm above-
mentioned Kinetic results. 0.08/100eV radiation chemical yield of HCB consumption ethanol is the
fastest, since 0.003/100eV in toluene is the slowest processes, respectively. ldentified low
chlorinated aromatic products from PCB to non-chlorinated product of benzene give opportunity to
predict the pathway of complete dechlorination of HCB to benzene.
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XULASO
HEKSAXLORBENZOLUN SECILMIiS UZVi HOLLEDiICiLORDO
I'-RADIOLIZININ KINETIK XUSUSIYYOTLORI
Koarimov S. 9., Abdullayev E. T., Qurbanov M, O., Qasimzada L. X.

Agar sozlar: heksaxlorbenzol, radiasiya kimyasi, niiva enerjisi, davaml tizvi ¢irklondiricilor, otraf
miihitin tomizlonmasi

Bu moqalods heksaklorbenzolun (HXB) ®Co izotopunun y-siialari altinda etanol, aseton, heksan vo
tololda tam dexlorlagmasinin kinetik xiisusiyystlori toqdim edilmisdir. Komiyyst analizi iiclin Qaz
Xromatoqrafi — Kiitla Spektrometrindon istifads edilmisdir. HXB-nin 100% deqradasiyasinin osason polyar
holledici olan etanolda bas verdiyi miioyyon edilmigdir. HXB-nin radiolitik c¢evrilmasinin kinetik
xiisusiyyatlori todqiq edilmis, radiasiya kimyoavi ¢ixisi, ¢evrilmasinin doracssi, effektiv siirat sabitlori vo
HXB-nin dexlorlagma mexanizmi kimi parametrlor miioyyon edilmisdir.

PE3IOME
KUHETUYECKHUE CBOMCTBA I'-PAJIMOJIN3A TEKCAXJIOPBEH30JIA
B BIBPAHHBIX OPTAHUYECKUX PACTBOPUTEJIAX
Kepumoes C. A., Aooynnaes 3. T., Kypoanose M. A., Kacvimzaoe JI. X.

Knioueevie cnoea: zcexcaxnopbenson, paouayuoHHas Xumus, s0epHasi IHepeus, YCMmouuuevle
opeanudecKue 3a2pA3HUMeNnu, OYUCMKA OKpycaroueli cpeosl

B nanHOli pabGoTe  WCClEIOBaHBI  KHHETHMUYSCKHE  CBOHCTBA  IIOJHOTO  JICKJIOPUPOBAHUS
rexcaxnopbensona (I'XB) B 3TaHOIe, aleToHe, TEKCAHE M TONyOJIe 10X Bo3ueicTBHeM y-mydeii Co. [l
KOJIMUECTBECHHOI'O aHaJIM3a MCIOJIb30BaJICsA ra30BbIi xpomarorpad — macc criekrpomeTp. 100% paszioxeHue
I'XB ObUIO JOCTUTHYTO TJIABHBIM O0Opa30M B TOJSIPHOM PAcTBOPHUTENE — 3TaHOJE. BhUTM MCClemnoBaHbI
KuHeTHueckue cBoiictBa perpamauusa ['Xb. OmpegeneHbl Takue mapaMmeTpbl, Kak pagualldiOHHBIN
xumudeckuii  Beixon (G), cremeHs gerpananus, 3((EKTUBHBIE KOHCTaHTBHI CKOPOCTH W MEXaHU3M
nexiopuposanus ['Xb.

Daxilolma tarixi: [lkin variant 20.06.2024
Son variant 27.06.2024
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u3o6ymu/leH, KOHe€epcus, celeKmueHocnib.

B cmamve npusedenvt pe3yromamsi HAYUHO-UCCAE008AMENLCKOU PAOOMbL NO UYYEHUIO PEaAKYUU —
OKUCTUMENbHOU  0ecuOpOoYyuKIusayuy  u3o0ymuieHna 6 napa-kcuion. Msyyena axkmueHocmv  psaoa
CUHME3UPOBAHHBIX KAMANUZAMOPOE, COOEPHCAUUX OKUCIbL 01064, Kaomus, xpoma. Illpeocmasnena
Memoouka cunmesa Kamanumudeckux cucmem. Hccneooeano enusHue Ha NoKasamenu npoyecca
memnepamypul, 8pemenu KOHMAKmMA, cOCmasa UCXOOHOU cMecu U 6blOpanbl ONMUMATbHLIE YCI0GUS.
npoyecca. Ilpedcmasnena npednonazaemasn cxema nNPOMeKanus peakyuu 0ecuOPOYUKIUIAYUY U300ymuiena
6 napa-xcunon. Pexomenoosan wamanuzamop cocmasa CdO-SnOyCrO3 — komopwili obecneuusaem
ocywjecmenenue npoyecca ¢ Kougepcueu uzobymunena 92 — 96% u ewvixodom napa-xcunona 58-60%.
Kamanuzamop npopaboman 150 yacog 6e3 pecenepayuu.

BBenenue

[Tapa-kcumon sSBISETCS BaKHEUIITUM CBHIPHEM ISl TIPOU3BOACTBA Tepe(TaleBOil KUCIOTHI U
nuMeTuaTepedTaniata, KOTOpPhIE B CBOIO O4YEpeIh CIHYKAaT TOJYNPOAYKTaMU IPOU3BOJICTBA
MoNMA(UPHBIX CMOJI, BOJIOKOH, MJIEHOK, KOHCTPYKIIMOHHBIX MJIACTMACC U JIp.

[Tapa-kcunonm B MHpPOBOM MPAaKTHUKE TMOJMYYAOT KATAIUTHYECKUM PUGOPMHUHTOM,
1aTGpOPMUHTOM, a TaKXKe AUCIPONOPLUHUOHUPOBAHUEM TONYyoJa C JajJbHEHIIMM BbIJCICHUEM
METOJaMH KPUCTAUIU3AIUY, U30MEPU3ANKA TUCTUIUISIUU U afcopOiuu [1-3]. K nepcrnekTuBHBIM
mpoleccaM MOKHO OTHECTH TMPOILECChl TPAHCATKWIMPOBAHUS (Ppakuuid >KUIKUX TPOAYKTOB
nuposmza C; m Co-Cyp Ha LEONMUTHBIX Karanuzatopax u Jnp. [4-6]. Omnako, Bo3pacraroras
MOTPEOHOCTh MPOMBIIUIEHHOCTH HE(PTEXUMHUYECKOTO CHHTE3a B I-KCHJIOJNE CTAaBUT 3aJady I0
M3BICKaHUIO U pa3zpaboTke Oojee F3PHEKTUBHBIX U IKOHOMHYECKH BBITOAHBIX METOJOB TOJTYUCHHS
[7-10].

JKCNepUMEHTAJIbHAA YaCTh

B crarbe mpuBeneHBl  pe3yNnbTaThl  HCCIEAOBAaHUS  pPEaKUUU  OKUCIUTEIhHOU
JETHAPOIUKIIN3ANNN W300yTHIICHAa B mMapa-KCuioji. M3yueHa akTHBHOCTH psiia CHHTE3MPOBAHHBIX
CMEIIIaHHBIX KaTaIn3aTOPOB, COJIEPIKAIINX OKUCIIBI OJIOBA, KaIMHUs, XpOMa.

[Ipy WCHBITAHMHA KAaTAIUTHYECKONH AaKTHBHOCTH OOpPa3IOB CHHTE3MPOBAHHBIX OKHCHBIX
KOHTAKTOB U MPH UCCJIEI0OBAHUM 3aKOHOMEPHOCTEM M3y4aeMoro mpolecca B Ka4yecTBE MCXOJAHOTO
YTJIEBOJIOPOTHOTO CHIPhS MCTIONB30BaNICT 99,2 — 99,6 % n300yTHIICH, BBIIEIEHHBIN U3 KOHTAKTHOTO
rasza JIeTHAPUPOBaHUS N300yTaHa.
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N3yueHne aKTUBHOCTH pa3jMYHBIX O00pa3loB KaTaJM3aTOPOB W BIMSHUS YCIOBHI
IPOBEIECHUS PEAKUMU JETUAPOLMKIN3AIMM M300yTHIIEHA MPOBOJWIOCH Ha J1aOOpaTOpHOM
YCTaHOBKE IIPOTOYHOI'O THUIIA B KBApLEBOM PEAKTOPE CO CTALMOHAPHBIM CIIOEM KaTaau3aTopa.
[IpyHuMnUanpHas cXxeMa yCTaHOBKHU IIPEJCTaBJIeHA Ha pUcC. 1.

Puc.1. [lpunyunuanvnas cxema ycmaHo8Ku

1,12 — manocmamut, 2 — ocywumenu, 3,13 — peomemput, 4 — cmecumensv, 5 — peaxmop,
6 — pybawxka peaxmopa, 1,8 — manomempet, 9,9 a, 96 — nogywxu, 10 — cuemuux I'C5-400,
11- 6annon c uzooymunenom, 14 — npubop KCII-4

AHaM3 TPOAYKTOB PEAKIMU OCYIIECTBISUICS XpOMaTorpaguuecKkuM MeToaoM. B
MPOJYKTaX peakluu HalAeHbl W WACHTU(PUIMpPOBaHBI OCEH307 M TekcaaueH — 1,5, a Takxke He
UIeHTH(OUIMPOBAHBI CIICIOBbIC KonuecTBa X1 U Xp (prc.2 u 2a). AHaIM3 MOKa3ajl Ha OTCYTCTBHE
Ja)ke HEe3HAUMTENBHBIX KOIWYECTB JIPYruX mpuMmeceil. B mpoliecce mpoBeneHHs KCIEPUMEHTOB
oTIpeJieNsyiach CTENeHb NMPEeBpaIIeHus] N300yTHIeHa — KOHBEPCHUs, M30MPaTENbHOCTD IpoIecca -
CEJIEKTUBHOCTh, BBIXOJl M-KCWJIONA Ha MOJaHHBIA W300yTHieH. OCHOBHBIE YCJIOBHsSI Ipollecca
M3Yy4YaJINCh Ha JBOMHBIX U TPOMHBIX KaTATUTHYCCKUX CUCTEMaxX MOCTOSHHOTO coctaBa: 3CdO-SnOy;
CdO-Cr,03; SnO,-Cry03, CdO-Sn0,-Cr,0s. [Ipurorosnenue yKa3aHHBIX 00pasIoB
OCYIIECTBISUIOCH CIEAYIOIUM 00pa3oM: CMECH pPacTBOPOB COOTBETCTBYIOIIMX COJEH aKTHBHBIX
KOMITOHEHTOB U METAJTHYECKOTO OJIOBAa, B3SATHIX B PACCUMTAHHBIX KOJIMYECTBAX, YIIAPUBAIHCH JI0
nacrooOpa3Horo. [lomydyeHHas macca Cymuiach MpPU TEMIEPaType 100°C B Teuenue 3 yacoB u
MpoKauBaiach Mpu 500-600°C B TeueHue 6 4acos. [Tpu cuHTEe3€ yKa3aHHBIX CHCTEM HCTOIb30BAIH
METAJUINYECKOE OJIOBO, PACTBOPEHHOE B KOHIIEHTPUPOBAHHOM Aa30THOW KHCIIOTE, a TaKKe
a30THOKHCIIBIE COMTM KaJMHUSs, XpOMa.

OneiTel 1O nOAOOpPY HamOojee CeNeKTUBHBIX KaTalu3aToOpoB IMPOBOJWIMCH IpU
TeMIieparype 550°C, BPEMEHU KOHTAaKTa 3 CeK W MoJsipHOM cooTHomreHuun I-C4Hg:O, = 1:2.
JleTanbHO MCCIEIOBaHA KaTaauTUdeckas akTUBHOCTh cucteMbl CAdO — SnO; B nHTEpBaie aTOMHBIX
cootHotenuit Cd:Sn ot 1+4:1; 1:4, a TakKe YUCTHIX OKUCIIOB KaJMHUs U 0J10Ba (Tabi.1).

Kak BHIHO M3 pe3yabTaToOB OMNBITOB, MpuBeAeHHBIX B Tabiuie 1 kak CdO, tak u SnO,
0071a/1al0T BBICOKOM aKTUBHOCTBHIO B PEAKIIMH OKUCIUTENBHOW AETUIAPOAMMEPHU3ALMH, HO OHU
MPOSIBIISIIOT MOHM)KEHHYIO CEJIEKTHBHOCT, pudeM cenekTuBHOCTh Ha CdO Beimie, uem Ha SNO,.
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Kamanumuueckue cucmemui 01 npoyecca OKUCAUMENbHOLL 0621/!0[701/;1/[7011/[30141/11/[
I/l306ymLL/Z€HCl 6 napa-Kcujos
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Puc.2. Tunuunas xpomamozpamma Puc. 2 a Xpomamoepamma xonoencama
KOHMAKMHO20 2a3a 1-Xi, 2-6enzon, 3-osmunbenszon, 4-n-kcunon,
1-6enson, 2-X1; 3- cexcaouen 1,5, 5- m-kcunon, 6- o-xkcunon

4-X,, 5- n-xcunon

Kak BuIHO M3 TaOuuMIbl 1, CEEKTUBHOCTD MPOIECCa U BBIXOJ IM-KCUJIONA PAcTyT MO Mepe
YBEJIMUYCHUSI aTOMHOIO OTHOIIEHHs Kaamus K onoBy B cucreme CdO : SnO, u mpoxomsaT yepes
MaKCHMyM Ha KOHTaKkTe ¢ aToMHbIM oTHomienuem Cd:Sn = 3:1, 1.e. Ha karamuzarope 3CdO-SnO;.
Otnomenune Cd : Sn = 3:1 sBisieTcst Kak Obl TOPOTOBBIM, HOO MPEBBILICHUE TPUBOIUT K PE3KOMY
CHIDKEHHIO BBIXO/A MPOAYKTA. AKTUBHOCTD XK€ IIOYTH HE MEHSETCS TI0 MEPE YBEITUUCHUS aTOMHOTO
otHomenus Cd:Sn, Tak Kak KOHBepCHs H300yTHUIICHA ocTaeTcs Ha ypoBHe ~80-85%.

Tabauuya 1.
ATomHoOe CeNeKTHBHOCTD, % MOJIBH.
Kousepcus
COOTHOILICHHUE CocraB . CpeM
) i-C4Hg, T'ekcanuen
Cd:Sns KaTajau3aTopa o IT-KCHUJIOJ CO; OCH3011 15 I/JIK yac
KaTaJIu3aTope 0 -
1:1 CdO-Sn0O, 83,5 15,0 25,0 7,0 53,0 15,0
2:1 2CdO-Sn0O, 72,5 27,4 39,8 22,3 10,5 17,8
3:1 3CdO-SnO, 85,0 42,0 36,0 15,5 6,5 33,0
3:1 3CdO-SnO, 84,0 43,0 30,5 16,0 10,5 33,6
4:1 4CdO-Sn0O, 75,0 30,0 32,0 13,0 25,0 23,0
1:4 CdO-4Sn0O, 82,0 13,0 28,0 34,0 20,0 14,0
1:0 Cdo 82,5 18,6 32,5 14,6 34,3 15,5
0:1 Sno, 91,5 11,7 24,3 20,0 44,0 12,0

bonee neranbHble MCCIEOBaHMS Ha MOKa3aTelu Ipolecca MPOBOAWINCH Ha BBIOPAHHOM
karanuzarope 3CdO-SnOs.

OnpITHl  TPOBOAWINCH TPU aTMOC(EPHOM [aBICHMHM, BPEMEHH KOHTaKTa 3 CeK.,
TeMIepaType 525°C.

Mossiproe otnomenne O,:i-C4Hg BappupoBanocs B mpemenax ot 0,5 mo 4,0 moneit. Kak
BUJHO W3 KpUBBIX, INPEACTABICHHBIX HAa PHC.3, CEIEKTUBHOCTb IO I-KCHJIOJNY HMEET SBHO
BBIPKCHHBIN YKCTPEMAIIbHBIN XapakTep U MakcumMyM Tipu cootHotreHnn O7:1-C4Hg = 1,5+2:1. Tlo-
BUJMMOMY, IIPY COOTHOIIEHUSIX KUCIOPOAA U N300yTUIICHA HUKE CTEXHOMETPUUYECKOTO B PEAKIIHIO
BCTYMAeT KHCIOPOJA pEIIeTKH KaTajau3aTopa, YTO TMPUBOJAUT K CHUKEHHMIO AaKTHBHOCTH
KaTtajgu3zaTopa ¥ HEOOXOJAMMOCTH €ro jajbHeimed pereHepauuud. Kornma ke MOBEPXHOCTb
HACBILIAETCS KUCIOPOAOM, CKOPOCTh PEAKIIMH IIEPECTAET 3aBUCETh OT €r0 KOHIIEHTPALMKU B T'a30BOM
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¢daze. C panpHEWIIMM YBEIMYCHHEM MOJIIPHOTO OTHOIIEHHUS KHCIOpoAa K HU300yTUICHY
BO3pacTaeT CKOPOCTh ITyOOKOTO U IECTPYKTUBHOIO OKUCIICHUS KakK oJieprHa, TaK U N-KCUIIONa, U B
CBA3M C OTUM CEJIEKTMBHOCTh peakiuu cHwkaercs ¢ 55-58% po 15-20%. Ilostomy, ¢
YBEPEHHOCTHIO MOXHO CUYUTAThb ONTHMAJIbHBIM MOJISIPHBIM COOTHOILIEHHEM KHCIOpOJa H
n300yTHUJICHA B ICXOTHOW CMECH JIJIsl BCEX CHHTE3UPOBAHHBIX KaTaTUTHYECKUX cucteM 1,5+2,0:1.
Bpemsi koHTakTa B mpoliecce BapbupoBaioch B mpenenax 0,1-5 cex. nmpu MOCTOSHHOU
3arpysKe KaTajau3aTopa MyTeM U3MEHEHUS 1MoAayn peareHToB. ONTHMAaIbHBIM BBIOPAHO 3 CeK.

3€d0O- $n0,

% 00
100 +

1:0,5 1:1 1:2 1:3 1:4 iC,:0,

Puc.3. 3asucumocmov nokasamenel npoyecca om co0epiHCanusi KUCIopood 8 CMecu
1-Konsepcus uzobymunena, 2,3,4,5 — 6b1x000l Ha npespaujerHblil U300YMUIEH COOMEEMCMBEHHO!
n-xcunona, CO,, benzona u 2excaouena-1,5

W3yueHne BIUSHAS TEMIIEPATypbl KOHTAKTHPOBAHUS HA MOKA3aTEIH MPOoIiecca MPOBOIUIOCH
B mHTepBane 450-600°C mpy COXpaHEHHH ONTHMATLHOrO MOCTOSHHOTO COCTABA HCXOIHOM CMECH,
T.e. 02 1-C4Hg =2:1 u BpeMeHM KOHTAKTa 3 CeK.

N3yueHne xapakTepa 3aBHCHMOCTM OCHOBHBIX IIOKa3zaTeleil OT TeMmreparypel Ha
WCTIBITAHHBIX O0pasliax MOoKa3aJio, YTO HAWBBICIIME TIOKA3aTelH KOHBEPCHUH W300yTHIICHA |
CEIEKTHBHOCTH 10 N-KCHIONY OBUTH MOJNy4eHsl TpH Temmeparype ~550°C. Ilpu yBenmueHun
Temmeparypsl Bbime 550°C, cenekTHBHOCTB pesko mamaerT 10 30% 00, ¥ 3aMETHO BO3PAcTaeT
KpHBast r1yOoKoro okucieHus (puc.4).

Peaknmst nmeruapommmepusanui M300yTHIICHA B Iapa-KCHIION, OYEBHIHO MPOTEKAeT II0
CIIEYIOLIEH CXEME:

CH,
— — /
2CH,= C—CH; —» CH,=C — CH,— CH,— C = CH, —» ”
| | l N
CH CH
3 CH; 3 CH,

Meta u OpTO- KCHJIONIBI B pEAaKUUU He 00pasyroTcs, JIMOO 0O0pa3yloTcsi B CIEIOBBIX
KOJIMYECTBaX.

Bpems konTakTa BapbupoBasioch B mnpeaenax 0,1-5 cek. mpu NOCTOSIHHOM 3arpyske
KaTajan3aTopa IMyTeM U3MEHEHUs MoJauu peareHToB. ONTUMaIbHBIM BbIOpaHO 3 cek.
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Kamanumuueckue cucmemwl 01151 npoyecca OKUCTUMENbHOU 0e2UOPOYUKIUZAYUU
u300ymuiena 6 napa-Kcuioi
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Puc.4. 3asucumocms noxasameneu npoyecca om memnepamypbi.
1- Kongepcusa uzobymuinena, 2, 3, 4, 5 — 8vb1x00 Ha npespauenHuvlii U300ymuieH
coomeemcmeenno n-kcunona, CO,, benszona, cexcaouena — 1,5

CorocTaBieHue  OCHOBHBIX  PE3yJbTaToB  (KOHBEpPCHS, CEJIEKTHUBHOCTH  IpoIecca
OKHUCIIUTEIbHONH JEeTUApPOAMMEpHU3allNM), TOJYy4eHHBIX Ha KoHTakTax coctaBa 3CdO-SnO,,
CdO-Cr,03 CdO-SnO,.Cr,0O3, cBHIETENBCTBYET O TOM, YTO KOHBEpCHsS H300yTHIICHA B
ONTUMAJIbHBIX YCIOBHSIX T=550-5600C, T =3 cek, 0:i-C4Hg = 2:1 coxpamnsiercst Ha yposue 80% Ha
neoiHbIX KoHTakTax 3CdO-SnO; u CdO-Cr,03, a Ha koHTakTe CdO-SnO;.Cr,03 - 90-92%, npudem
CEJIEKTUBHOCTH peakuuu pe3ko (¢ 45%-50% Ha Bcex IBOMHBIX cHcTeMax) Bo3pocia a0 55-58% Ha
xouTakre CdO-SnO,.Cr,0O3. CrenmoBarenbHo, HanbOojiee aKTUBHBIM M CEIEKTUBHBIM M3 BCEX
HCIBITAHHBIX CUCTEM gBIIsieTcst KOHTAKT coctaBa: CdO-SnO,. Cr,0O3

BriBoabI

Brixon
M-KCHJI01a
04 MOJLIIL

60

401

30 60 90 120 150 Bpemst

B Yac.

Puc.5. 3asucumocms 6b1x00a n-KCuiona om nPooOIHCUMeENbHOCU
pabomvi KAMAIU3AMopa

B kawyecTBe ONTHUMaNbHBIX YCIOBUH TPOBENCHMS Mpolecca JEruapOaANMEpU3aLuu
M300yTHIICHa MOYXHO PEKOMEH/IOBATh CIICYIONIHE:

Temmneparypa — 550 — 560°C

Bpewms koHTakTa — 3 cek.

Momnsiproe cooTHotienue O,:i-CqHg = 2:1

B oTux ycnoBusSX BBIXOJ MPOAYKTOB Ha MPEBpAIICHHBIA W300YTHIEH COCTAaBISLI IO
n-keuinony — 58-60%, mo 6enzony — 12-13%, rekcanueny — 1,5-3-4%, CO, — 17-18%
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Canaesa 3.4., lMaMe()oea 2.C. |, |Cepe6p}ll<06 B.P.|, T'ycetinosa A.3., Mameoanuee I"A.

Konsepcust nzo0yrunena— 92-96%

[IpoBepka mporiecca Ha YKpYIHEHHOH J1abopaTOpHOW YycTaHOBKE B TeueHue 150 dyac
mokasajia, 4YTO yKa3aHHbI KoHTakT cocraBa CdO-SnO,-Cr,O3 paboraer crabuinbHO 0€3
pereHepanuu (puc.5S).
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XULASO
iZOBUTILENIN PARA-KSILENO OKSIDLOSDIRiICi DEHIDROSIKLIZASiYA
PROSESI UCUN KATALITIK SISTEMLOR
Salayeva Z. C, LMammadova E.S/ [Serebryakov B.R.I, Hiiseynova A.E., Mammadaliyev H.O.

U

Acar sézlor: para-ksilen, katalitik sistemlori, oksidlosdirici dehidrosikllasmo, izobutilen, ¢evrilma,

selektivlik.

Maqalads izobutilenin para-ksilola oksidlasdirici dehidrosikillogsmasi reaksiyasinin tadqiqi tizro elmi-
tadqiqat islerinin naticalari toqdim olunur. Torkibinds qalay, kadmium vo xrom oksidlari olan bir sira sintez
edilmis katalizatorlarin aktivliyi dyronilmisdir. Katalitik sistemlarin sintezi ligiin metodika taqdim olunur.
Temperaturun, tomas miiddotinin v ikin qarigigin torkibinin prosesin parametrlorine tasiri dyronilmis vo
prosesin optimal soraiti segilmisdir. izobutilenin para-kselola dehidrosikillogsmesinin reaksiyasi {igiin toklif
olunan sxem toqdim olunur. CdO-SnO,-Cr,0;3 torkibli katalizator tdvsiys olunur, bu zaman 92-96%
izobutilenin  ¢evrilmasi va 58-60% para-ksilolun ¢iximi ils prosesin hoyata kegirilmosi tomin edilir.
Katalizator regenirasiya olmadan 150 saat igladi.
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Kamanumuueckue cucmemwl 0151 npoyecca oKUCIUMENbHOU 0e2UOPOYUKTUAYUU
u300ymunena 6 napa-KcuuoJ

SUMMARY
CATALYTIC SYSTEMS FOR THE PROCESS OF OXIDATIVE DEHYDROCYCLIZATION
OF ISOBUTYLENE INTO PARA-XYLENE
Salayeva Z.C.,[Mammadova E.S/, [Serebryakov B.RJ, Zeynalov N.A., Mammadaliyev H.A.

Keywords: para-xylene, catalytic systems, oxidative hydrogenation, isobutylene, conversion,
selectivity

The paper presents the results of research work on the reaction - oxidative dehydrocyclization of
isobutylene to para-xylene. The activity of a series of synthesized catalysts containing tin and cadmium,
chromium oxides was studied. The synthesis technique of catalytic systems is presented. The influence of
temperature, contact time, composition of the initial mixture on the process parameters was studied, and
optimal process conditions were selected. The proposed scheme of the reaction of isobutylene
dehydrocyclization to para-xylene is presented. A catalyst of the composition CdO - SnO, - Cr,0; was
recommended - which ensures the implementation of the process with the conversion of isobutylene 92 -
96% and the yield of para-xylene 58-60%. The catalyst worked for 150 hours without regeneration.

Daxilolma tarixi: [lkin variant 16.04.2024
Son variant 10.05.2024
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SYNTHESIS OF SOME DERIVATIVES OF TRIGLYCERIDE OF
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Key words: triglyceride, saccharin-6-carboxylic acid, monomer.

In order to synthesis new reactive monomers for obtained new heat-resistant polymers and epoxy
resins the methods of synthesis triglyceride-1,2,3-tricarboxymethyl imide and triglyceride-1,2,3-
trinydroxyethyl imide of saccharin-6-carboxylic acid have been studied. The interaction reactions of
triglyceride of saccharin-6-carboxylic acid with monochloroacetic acid and ethylene chlorohydrin have been
carried out. The yield of target products was 73,5 % and 80%, respectively. The obtained products have
been characterized by elemental analysis and IR spectroscopy. It has been elucidated that the synthesized
compounds are well dissolved in polar aprotonic solvents.

Introduction

It was known that trimellite acid and its derivatives are widely used as monomers for
preparation of thermostable polyimides [1-4]. However, the aromatic sulphur-containing o-
sulfocarboxylic triacids and their derivatives has been studied little to present day and didn’t find a
wide application at synthesis of thermostable polymers. With this purpose, it was necessary to
found the effective methods of the synthesis of the monomers containing sulphur and nitrogen-
containing fragments in a molecule and to use them for preparation of highly thermostable polymer
materials. In literature there have been published the data of synthesis of less known imides of the
linear and branched structure on the basis of saccharin-5- and -6-carboxylic acid [5, 6].

In this work the methods of synthesis of new reactive monomers of the branched structure
on the basis of triglyceride of saccharin-6-carboxylic acid have been developed.

The purpose of this work is the synthesis of new reactive monomers on the basis of
triglyceride of saccharin-6-carboxylic acid for their further use in preparation of epoxyimide resins
and thermostable polymers, and also as hardeners-plasticizers of the industrial epoxide resins.

Experimental part

Synthesis of triglyceride-1,2,3-tricarboxymethyl imide of saccharin-6-carboxylic acid.
In three-necked round-bottomed flask, the mixture consisting of 35.95 g (0.05 mol) of triglyceride
of saccharin-6-carboxylic acid, 14 g (~0.1 mol) of powdery potassium carbonate, 19 g (~0.2 mol) of
monochloroacetic acid and 50 g of potassium iodide was dissolved in 260 ml of DMAA and boiled
for 8 1. On completion of the reaction, the obtained mass was cooled to room temperature, the
precipitated crystals were twice washed with DMAA and filtered through Schott filter. The
synthesized substance was dried at room temperature, and then in vacuum to constant mass.
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Synthesis of some derivatives of triglyceride of saccharin-6-carboxylic acid

Synthesis of triglyceride-1,2,3-trihydroxyethyl imide of saccharin-6-carboxylic acid. In
three-necked round-bottomed flask, the mixture consisting of 35.95 g (0.05 mol) of triglyceride of
saccharin-6-carboxylic acid, 17 g (0,2 mol) of ethylene chlorohydrin and 10 g of potassium iodide
was dissolved in 150 ml of DMAA. The mixture was heated in stirring to 125-130°C for 1 h. Then
the reaction temperature was raised to 140°C and heated more 2 h. The obtained mass was acidified
to neutral medium, filtered off, washed with cold distilled water, dried on air at room temperature,
then in vacuum to constant mass.

The physical-chemical properties of the solvents corresponded to the literature data [7, 8].

The infrared spectra were taken on IR-Fourier spectrometers LUMOS and ALPHA (firm
BRUKER Germany) in the range of wave frequencies 600-4000 cm™, with the use of auxiliary
NPVO with ZnSe crystal. Crystal diameter — 1 cm. A number of scans of test is 24, measurement
duration — 30 sec. The elemental analysis has been carried out on methodology [9], based on
pyrolytic combus

Results and discussion

As a result of the interaction of triglyceride of saccharin-6-carboxylic acid [10] obtained by
us previously with monochloroacetic acid, triglyceride-1,2,3-tricarboxymethyl imide (TQ-1,2,3-
TCMI) of saccharin-6- carboxylic acid has been synthesized on the following scheme:

—CO
g 0 || || "SNH + 3CI-CH,COOH ———»
\ozs—\ /—ﬁ—o CHy CH—CH2 o ﬁ —s05s” —3HCI
o g o
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o
ok Lo
VAS
|
CH,COOH

The obtained compound is a powdery product melting at 230°C and soluble only in aprotonic
solvents. The composition and structure of the obtained compounds have been confirmed by data
of the elemental analysis (Table 1) and IR spectroscopy (Fig.1) [11-13].

Table 1.
Physical constants of triglyceride-1,2,3-trihydroxymethyl imide of saccharin-6-carboxylic acid
Found,% M
Compound Brutto formula Calculated,% M Og Yield, %
C H N S

TQ-1,2,3-TCMI  of 43,79 | 2,14 | 41 | 10,14
saccharin-6- C33H23021N5S; 4435 | 258 | 4,7 | 10,75 893 230 73.5
carboxylic acid
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In the IR spectra of the obtained compounds the following absorption bands were observed:
(1355, 1413,1459 cm™) the vibrations of C-H-bond of CH,-groups; the valence (1150, 1185 cm™)
vibrations of C-O-bond of ester; the vibrations in (1721 cm™) of >C=0-group of ester. In saccharin
cycle the vibrations in the field (1679 cm™) of C=0-bond of amide, the valence (1243, 1298 cm™)
vibrations of SO,-group and valence (3217, 3100 cm™) vibrations of N-H-bond are observed; the
deformation (671, 739, 861 cm™) vibrations of C-H-bond of substituted benzene ring, and the
valence vibrations in the field (2630 cm™) characterize COOH-group.

1459 465

3217902
1413 525

nsmdtance

%Ta

3100221
50128
861398

1208 469

1679 268
1355 570
1243 542

1185 363

1721 838

Figure 1. IR spectrum of triglyceride-1,2,3-tricarboxymethyl imide of saccharin-6-carboxylic acid

The synthesis of triglyceride-1,2,3-trinydroxyethyl imide (TQ-1,2,3-THEI) of saccharin-6-
carboxylic acid was carried out on the following scheme:

—CO
e 0T || || “SNH + 3C—(CH,),0H
\OZS—\ /—ﬁj—o—CH2 ?H—CHZ—O—”— —S0s” —3HCT
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Synthesis of some derivatives of triglyceride of saccharin-6-carboxylic acid

The yield of purposeful product is 80 %.

It has been elucidated that the obtained compound is a powdery product of dark-beige color,
soluble only in aprotonic solvents, such as DMFA, DMAA, DMSO, etc.

The composition and structure of the obtained compound have been confirmed by data of
the elemental analysis (Table 2) and IR spectroscopy (Fig. 2).

Table 2.
Physical constants of triglyceride-1,2,3-trihydroxyethyl imide of saccharin-6-carboxylic acid
Found,% :
Compound Brutto formula Calculated,% M I\élcp Ylosold’
C H N S

TQ-1,2,3-THEI of
saccharin-6- C33H29013N3S3 46,05 2,94 4,18 10,64 851 215 80
carboxylic acid 46,53 | 341 | 4,94 11,28

In the IR spectra of the obtained compounds the following absorption bands were observed:
(1333 cm™) the deformation vibrations of C-H-bond of CH,-groups; the valence (1163 cm™)
vibrations of C-O-bond of ester; the vibrations in (1719 cm™) of >C=0-group of ester, the valence
(1632 cm™) vibrations of C=0-bond of amide, the valence (1291 cm™) vibrations of C-H-bond, the
valence vibrations of C-O- and O-H-bonds of the alcohol in the field of 1050, 1107 cm™ and 3348
cm™, the valence 1248 cm™) vibrations SO,-group; the deformation (751 cm™) vibrations of C-H-
bond and the valence (1556 cm™) vibrations of substituted benzene ring.
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Figure 2. IR spectrum of triglyceride-1,2,3-trihydroxyethyl imide of saccharin-6-carboxylic acid.
The synthesized compounds are of interest for its use as a monomer in preparation of highly

branched and network sulfoimide-containing polymers, epoxide resins and also as hardeners-
plasticizers of the industrial epoxide resins.
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XULASO
SAXARIN-6-KARBON TURSUSUNUN TRIQLIiSERIDINiN
BOZi TOROMOLORININ SINTEZi
Aslanova E.T., Qarayeva A.9., Heydarova S.Y., Mommadov B.O., Nurullayeva D.R.

Acar sézlor: trigliserid, saxarin-6-karbon tursusu, monomer

Yeni reaksiyaya qabil monomerlorin sintezi mogsadilo istiliyadavamli polimerlor vo epoksimid
gatranlar1 olds etmok ii¢iin saxarin-6-karbon tursunun trigliserid-1,2,3-trikarboksimetilimidi va trigliserid-
1,2,3-trihidroksietilimidinin sintez iisullar1 todqiq edilmisdir. Saxarin-6-karbon tursunun trigliseridinin
monoxlorsirks tursusu va etilenxlorohidrinls reaksiyalar1 aparilmigdir. Magsadli mohsullarin mohsuldarlig
miivafiq olaraq 73,5% vo 80% olmusdur. Alinmis mohsullar elementar analizi vo I1Q -spektroskopiya ilo
xarakterizo edilmisdir. Miloyyon edilmisdir ki, sintez edilmis birlosmolor polyar aproton halledicilords
asanligla hall olunur.

Synthesis of some derivatives of triglyceride of saccharin-6-carboxylic acid

PE3IOME
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CHUHTE3 HEKOTOPBIX NIPOU3BO/JHbBIX TPUTJIULEPUJIA
CAXAPHUH-6-KAPBOHOBOM KHCJIOTHI
Acnanoea 3.T., I'apaeea A.A., I'eiioaposa C.A., Mameooe b.A., Hypynnaesa /I.P.

Karoueswvie cnosa: mpuenuyepuo, caxapun-6-xapbonosas xucioma, MoHomep

C menpio cHHTE3a HOBBIX PEAKIIMOHHOCIIOCOOHBIX MOHOMEPOB IS TIOTYYCHUST HOBBIX TEPMOCTOMKHX
MOJIMMEPOB M OJINOKCHMMHUIHBIX ~ CMOJ  W3y4eHbl ~ METOJIbI  CHHTe3a  Tpurmnepun-1,2,3-
TPUKAPOOKCHUMETHIIUMH]] H TPUTITHIEPUA-1,2,3-TpUTHIPOKCHATIIIUMHIA CaXapruH-6-KapOOHOBOW KUCIOTHI.
[IpoBeneHsl  peakuMH  B3aMMOACHCTBHS  TPUIVIMLEPHIA  CaXxapHH-6-KapOOHOBOH  KHCIOTBI €
MOHOXJIOPYKCYCHOM KHUCIOTOM W JTHICHXJOPTUAPUHOM. BBIXOJABI 1ENEBBIX MPOIYKTOB COCTABHIU
cooTBeTcTBeHHO 73,5%. 1 80%. [loxy4eHHbIC TPOMYKTHI OXapaKTEPU30BaHbI 3JICMEHTHBIM aHanu3oMm u NK-
CHeKTpocKonHel. BrIsICHEHO, YTO CHHTE3WPOBaHHBIE COENWHEHHUS XOPOIIO PACTBOPSIIOTCS B TOJSIPHBIX
amPOTOHHBIX PACTBOPUTEIIAX.

Daxilolma tarixi: [lkin variant 30.04.2024
Son variant 20.05.2024
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2-METILANILININ 2-PROPANOLLA KATALITIK
ALKILLOSMOSININ TODQIQI
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Acar sozlor: 2-metilanilin, 2-propanol, alkillasma, katalizator, 2-izopropil-6-metilanilin.

Anilin vo onun metil toromalarinin alkillogsmo reaksiyast ilo miixtolif alkilaromatik aminlorin
alinmasi alimlorin diggqet morkozindodir. Bu proseslori aparmaqda osas moqsad anilinin alkil
toromoalorinin, o ciimlodon toluidinlor, ksilidinlor, N- alkilanilinler, etil, propilanilinlorin sintezi
olmusdur. Alkillogdirici agent kimi, spirtlor, olefinlor, sado efirlor, dimetilkarbonat, dimetilsulfat,
dietilsulfat, alkilhalogenidlor vo s. istifado olunur. Alkilanilinlorin alinmasinda digor iisullardan
istifado olunsa da bu tisul daha somorali sayilir. Asagi molekul kiitloli (C,-C3) anilinlordon rezinin
emalinda, antioksidantlarin sintezindos, stabilizator, pestisid, boya va vitaminlor istehsalinda istifado
olunur [1, 2].

Mogalodo 2-metilanilinin  2-propanolla qarsiliglt tosirinin axar noévlii reaktoru olan
laboratoriya qurgusunda todqiqinin naticalori verilir.

Maye vo qaz halinda olan reaksiya mohsullarinin analizi xromotoqrafik yolla Xrom-5 vo
Xromatek-Kristal -5000 cihazlarinda hoyata kecirilib. Analizds nisbi xata 30% olmusdur.

2-metilanilinin 2-propanolla alkillosmo prosesinin tadqiqindo 6nco katalitik sistemlorin
aktivliyi 0yronilmis vo daha yliksok texnoloji gostoricilor gostoran katalizator se¢ilmisdir.

Katalitik sistemlor kimi misferrit (CuFe,O4y-Al,O3), vanadium xrom-aliiminium oksidli
sistem, H-mordenit, Pd,H-mordenit, H-pentasil vo Pd-HSVM gotiriilmiisdiir. Misferrit
katalizatorda gpinel quruluslu CuFe,O4 —iin kiitlo pay1 25.0%, tiglii oksid sistemindo V205, Cr203 vo
v-Al;O3-lin kiitlo paylari miivafiq olaraq 3.0%, 7.0% va 90% olmusdur. H-mordenitds silisium
oksidinin aliiminium oksidina olan mol nisbati 22, H-pentasildo iso 40 togkil etmisdir. Modifikasiya
olunmus seolitlords palladiumun kiitlo pay1 1.0%-dir.

Tacriibalor asagidaki reaksiya soraitindo aparilmisdir : T-350°C, v-xammalin hacmi, verilmo
siirati (v-) 1.0 st*, 2-metilanilinin 2-propanola olan mol nisbati (v) = 1:3. Alinan mohsullarin anilizi
gqaz xromatoqrafi Xromatek-Kristal-5001 cihazinda aparilmig vo uzunlugu 100m olan kapilyar
kalona doldurulmus dimetilpolisiloksandan istifads edilmisdir. Nisbi xota 3.0% olmusdur.

Cadvelda verilmis naticolorin tohlilindon goriiniir ki, alkillosmo prosesi miirokkeb kimyavi
¢evrilmoalorlo miisayiat olunur. Alinan alkilatlarin ¢iximi 89.0-92% olur. 2-metilanilinin birdafalik
konversiyasi 88-100% c¢argivasinds doyisir.

Alian mohsullar i¢arisindo N-izopropil-2metilaniling, 2-izopropil-6-metilaniling, 2-metil-4-
izopropilaniline 3- va 5-izopropil-6-metilanilinlors diizopropil-6-metilanilinlors rast golinir.
Alkilatlarda olan digor mohsullar igorisindo 2-metilanilinin bozi etil téromolori vo qgismon
dimetilanilinlor do olur. Qaz halinda omalo golon mohsullar i¢orisinds iistiinliiyli propilen toskil edir.
C;-C; karbohidrogenlorin da cuzi alinmasi miisahidos olunur.
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Umimiyyotlo 2-metilanilinin izopropil spirti ilo qarsiligh tosiri prosesinde aromatik
amindoki azota gora alkillosmonin pay1 ¢ox deyil. Misferrit katalizatorundan basqa N-izopropil-2-
metilanilina goro prosesin selektivliyi 1.0-4.0% toskil edir. Bu maddonin ferrit katalizatoru
istirakindaki selektivliyi 12.5%-dir. Goriindityli kimi 2-metilanilinin 2-propanolla garsiliql tasiri
prosesindo osason niivodoki karbon atomlarina goro ovozetmo {istiinliik toskil edir. Prosesdo bas
veran ¢evrilmoalori sxematik olaraq asagidaki kimi ifads edo bilorik.

CH,

— O
CHs
CHs — NH, —
OH
NH; +)\W
>_©NH2 | oH CHy
X
CHs 7 NH
-H,0
— NH, —
— NH, —
A e,

Bork Kkatalizatorlar istiraki ilo 2-metilanilinin 2-propanolla alkillosma reaksiyasinin
todgigatinin naticaleri: Reaksiya soraiti: T=350°C, v=1.0 st™* , v=1:3 mol/mol

Cadval
Adi Katalizatorun tarKkibi
CuFe0y V205'CI'203"Y' H- Pd,H‘ H- Pd-
7-Al;,03 Al,O; mordenit | mordenit | pentasil HSVM

Alkilatin ¢rximi, % 915 92.0 90.5 91.0 89.5 90.5
2-metilanilinin
konversiyasi, % 91.5 100 99.0 100 88.0 100
Cevrilmis  2-metilanili-na
gora hesablanmig
reaksiya Moahsullarinin
¢iximi, % , o climlodan
N-izopropil-2-metilanilin

12.5 4.5 1.0 - - 1.0
2-izopropil-6-metilanilin

79.0 82.0 73.0 74.0 54.0 50.5
4-izopropil-2-metilanilin

3.0 6.0 12.5 26.0 20.0 34.0
3-,5-izopropil-2-
metilanilin - - 5.0 4.0 15.0 7.0
Diizopropil-6-
metilanilinlor 3.0 4.0 5.5 3.5 8.0 6.5
Digar mohsullar - 2.0 2.5 2.0 2.0 1.5
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Tohlildon aydin olur ki, alkillosmo prosesindo karbona goro avozetmonin yeri katalitik
sistemin torkibindon asili olaraq doyisir. Belo ki, biitiin hallarda orto- vaziyystinds olan karbon
atomuna goro alkillogsmo istiinliik togkil edir. Basqa sézlo desok, c¢evrilmis 2-metilanilino goéro
hesablanmis 2-izoopropil-6-metilanilina gora ¢ixim 50,5-82.0% toskil edir. Bu gostoriciya gora
katalizatorlarin azalma siras1 asagidaki kimidir.

V205 Cr,05-y-Al,03>CuFe;O4-y-Al,03>Pd,H-mordenit>H-mordenit>H-pentasil>Pd-HSVM

Ikinci osas mohsula 2-metil-4-izopropilanilin aiddir. Bu mohsula goro yiiksok selektivlik
(34.0%) Pd pentasilo asag1 gostorici (3.0%) iso misferrit katalizatoruna xasdir. Oksid
katalizatorlarindan forqli olaraq seolitlor istirakinda 2-metilanilinin niivadoki 3- va 5- voziyyatlords
olan karbon atomlarinda da elektrofil ovozetmo moévcud olur vo alinan 3- vo 5-izopropil-2-
metilanilinlora gora iimumi selektivlik 4-15% civarinda doyisir. Belo alkillosma daha ¢ox H-pentasil
(15.0%) istirakinda bas verir. Asag1 gostorici iso Pd,H-mordenits xasdir.

2-metilanilinin diizopropil téromalori biitiin katalitik sistemlor istirakinda alinir vo onlarin
cevrilmis 2-metilanilino géro hesablanmis ¢iximi 3.0-8.0% hoddinds doyisir. Ardicil alkillogsmo
naticasindo o-toluidinin diizopropil toromslorinin ¢iximi H-mordenit istirakinda 8.0%, misferrit
katalizatoru gotiiriildiikde iso 3.0% toskil edir.

2-metilanilinin izopropil spirti ilo alkillosma prosesinde qaz halinda alinan mohsullarda
propilenin olmas1 2-propanolun molekuldaxili dehidratasiyaya moruz qaldigmi gostorir. Digor
torofdon etilenin do az miqdarda alinmasi spirtin demetillosmo vo dehidratasiya kimi ¢evrilmoalorin
do bas verdiyini gostorir. Bozi katalizatorlar istirakinda (CuFe,O4-y-Al,O3) izopropil spirtinin
qismon molekullararasi dehidratasiya reaksiyasi ilo diizopropilefirino ¢evrilmasi do miisahido
olunur.

Beloliklo aparilmis todqiqatlar noticosinde  2-metilanilin vo 2-propanol osasinda  2-
izopropil-6-metilanilini yiiksok selektivlik va ¢iximla, V,0s-Cr,03-y-Al,O3 katalizatoru istirakinda
2-izopropil-6-metil vo 4-izopropil -2-metilanilinlor qarisigini, Pd,H-mordenit vo Pd-HSVM
seolitlori gotiiriildiikda, 6-izopropil-, 4-izopropil-, 3-izopropil- va 5-izopropil-2-anilinler garigigini
1s9 almaq miimkiindiir. 2-metilanilinlorin i1zopropil toromalori genis istifado sahasine malik
olduglarina gors alinan naticolor praktiki oshomiyyat kasb edir.
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SUMMARU
THE STUDY OF THE CATALYTIC ALKYLATION REACTION OF
2-METHYLANILINE AND 2-PROPANOL
Turabkhanli S.E., Muradov M.M., Nasirova |.M., Abushova Z.B.

Key words: 2-methylaniline, 2-propanol, alkylation, catalyst, 2-isopropyl-6 methylaniline, selectivity

The results of the alkylation reaction of 2-methylaniline with isopropyl alcohol are carried out in the
presence of various solid catalysts. The influence of catalyst composition has been established
(CuFe,04Al,03; V,05-Cr,05-Al,05; H-mordenite, Pd H- mordenite) on the yield and selectivity of the main
reaction products. It was shown that alkylation occurs at the nitrogen and carbon atoms of toluidine.
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Giris

AVBY! qrup elementlarinin omalo gotirdiyi A;Bs torkibli ikili v li¢ komponentli birlogmolori
yarimkegiricilor sonayesindo genis totbiq olunan birlosmolordir. Belo ki, layli qurulusa malik
AVBYLAVBY! (AV-Pb, Sn; AY- Sb, Bi ; BY- Se,Te ) kvazibiniar sistemlorinin dyronilmosi
todqiqatgilarin boylik maragina sabab olmusdur. Yeni fotohassas va termoelektrik, xassalora malik
materiallarin axtarisi miirokkob kristal quruluslu sistemlorin todqiqini homiso aktual etmisdir [1-6].

SnSe-Sh,Se; sistemi [7,8] totqiqatgilar torofindon genis qatiliq intervalinda todqiq
olunmusdur. [7] isin mislliflorina géra SnSe-Sh,Se; sistemindo Sn,SheSes; torkibli bir yeni faza
omoala golir. SnySheSer; tarkibli tiglii birlosma konqurent olub, 563°C temperaturda par¢alanmadan
oriyir. SnySbgSei; birlogsmasi  SnSe-Sh,Se; sisteminds ilkin komponentlorlo ikili evtektik
tarazliqdadir. Evtektika noqtosinin torkiblori 54,5 vo 61,5 mol % Sb,Se; olub, uygun olaraq 553°C
vo 550°C temperaturda kristallagirlar. [8] isin miialliflori do SnSe-Sh,Ses sistemi tokrar todqiq
edorak, torkibi SnySbheSei1s va SnySh,Ses olan iki {iglii birlosmonin amolo galdiyini tasdiq etmislar.
[8] isdo tadqigatcilar Sn,SbgSes; birlosmoasinin konqurent olub 561°C temperaturda, Sn,Sh,Ses
birlogsmasinin iso inkonqurent olub 563°C temperaturda omolo goldiyi gostorilmisdir. [9] isdo SnSe-
Sh,Se; sistemindo torkibi SnSb,Se, olan bir ti¢lii birlosmoanin amala goldiyi geyd olunmusdur.
SnSh,Sey birlogsmasi ortorombik sinqoniyada kristallagir vo gofas sabiti : a=26,610A°, b=21,066 A°
vo c= 4,0423 A°, foza qrupu iso Pnnm-dir[10]. Sn,Sh,Ses birlogsmasido ortorombik sinqoniyada
kristallagir vo qofos parametrlori : a=35,16 A°, b=25,96 A° vo c= 4,14 A° olub, foza qrupu iso
Pnnm-dir. [11] isdo todqigatcilar yenidon SnSe-Sh,Se; sistemini todqiq edorok bir sira
doagiglogmoalar apararaq sistemin faza diagqramini tortib etmislor. Mioalliflor sistemds Sn,Sh,Ses
torkibli {iglii birlogmonin omolo goldiyini qeyd etmislor. SnySbeSejs torkibli birlogmonin iso
SnSh,Sey birlosmasing izostruktur olub, hor iki birlosmonin eyni homogenlik sahasine diisdiiyiinii
gostormislor.

SnSe-Bi;Se; sisteminin todqiqino aid odobiyyat monbolorindo coxsayli tadqiqat islori
aparilmayib. Aparilan todqiqat islorindo SnSe-Bi,Se; sistemi haqqinda tam otrafli molumat
verilmoyib[12,13]. On etibarl elmi todqiqat [13] isin mislliflori torofindon verilib. Miislliflor SnSe-
Bi,Se; sistemini tokrar todqiq edorok bir sira doqiqlosmolor aparmislar. SnSe-Bi,Ses sistemini
rentgenfaza, termiki analiz vo Messabauer spektroskopiya metodu ilo todqiq edorok sistemin faza
diagramint qurmuglar. Sistemds bas veron kimyovi qarsiliql tesir niimunalorin homogenlogmo
temperaturunun se¢ilmasindon cox ashdir. Belo ki, niimiinuolorin 400°C-do homogenlogmoasindon
alinan naticolora asason sistemdo SnyBi,Ses vo SnBiySe; torkibli tiglii araliq fazalar vo 575°C-do
homogenlogmoasindan SnyBi,Se; torkibli araliq fazanin omals galdiyi geyd olunmusdur. SnSe-Bi,Se;
niimunalorinin 640°C temperaturda homogenlogsmasindon iso alinan naticalora gore sistemds
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SnyBi,Ser7, SnyBiSes vo SnBiySey tarkibli ti¢ araliq fazalar omala golir[13]. SnyBi,Se7 birlogsmasinin
kristal qurulusu [14] isin miislliflori torafindon Gyronilmisdir. Miioyyan olunmusdur ki, SnyBi,Se;
birlosmosi kubuk sinqoniyada kristallasir va qofas parametrlori a= 5,9478 A borabardir. Foza qrupu
Fm3m dir. SnBisSe; birlosmasinin kristal qurulusu iso Ritveld analizinin kémoyi ilo toyin
olunmusdur. Bu tg¢lii faza heksoqonal sinqoniyada kristallasir, qofas sabitlori a = 4,1602(5)
uc = 38,934(3) A-o borabordir. Foza qrupu R3m-dir [15]. Sn,Bi,Ses birlosmoasinin iso kristal
qurlusu tam dyronilmomisdir.

Beloliklo, elmi todqiqat isindo miirokkob torkibli funksional xassoli materiallarin axtarisi
moqgsadi ilo SnySh,Ses-Sn,Bi,Ses sistemindo qarsilighh kimyovi tosirin  Oyronilmasi vo faza
diagraminin qurulmasindan ibarotdir.

Tacriibi hisso

Sn,Sh,Ses-Sn,Bi,Ses sistemini tadqiq etmak tigiin ilk 6nco binar birlosmalor (SnSe, Sh,Ses,
Bi,Ses) xiisusi tomiz elementlordon havasizlasdirilmis kvars ampulada 655-900 C° temperaturda
birzonal1 elektrik sobasinda sintez olunmusdur. Sintez olunmus binar birlosmolordon ti¢lii selenid
birlogmolari ( ligaturlar) alinmigdir. Daha sonra Sn,Sh,Ses-Sn,Bi,Ses sistemi tizro miixtalif torkibli
13 niimuns sintez edilmisdir (codval). Niimunslorin sintezi 570-750 c® temperaturda agzi bagh
havasizlasdirilmig kvars ampuluda 3,5 saat orzinds aparilmisdir.

Cadval.
Sn,Sh,Ses-Sn,yBisSes sistemi arintilarinin torkibi vo DTA analizinin naticalori
Torkib, mol%-la Termiki effektlor,C°
Sn,Sh,Ses Sn,Bi,Ses

100 0 565

90 10 500,550,785

80 20 500,545,700

70 30 500,535,630

60 40 500,530,555

50 50 500,520

45 55 500

40 60 500,525

30 70 500,565

20 80 535,600

10 90 610,645

0 100 720

Alinmig nlimunalori homogenlosdirmok magsadilo avvalco 350 C°-do daha sonra iso 460 C°-
do termiki emal olunmugdur. Homogenlogsmis niimunolor kompleks fiziki-kimyovi analizin
metodlar1 ilo DTA RFA, MQA, mikrobarklik va sixligin toyini ilo genis qatiliq intervalinda tadqiq
olunmugdur. Niimiinalorin DTA analizi torkibindon asili olaraq otaq temperaturundan ~1000 K-o
gadoar, 10 K/doq qizdirma siiratindo NETZSCH 404 F1 Pegasus cihazindan istifado edorok yerino
yetirilmigdir. Temperatur doqiqliyi +2 K idi. Toz rentgen difraksiyasi (PXRD) Bruker D2 Phaser
difraktometrindo CuKal — siialanmasidan (A = 1.54056A) istifado edorok todqiq edilmisdir

Naticolorin miizakirasi

Sn,Sh,Ses-Sn;Bi,Ses sisteminin faza diagramini tortib etmok {igiin 13 arinti sintez edilmisdir.
Kompleks fiziki-kimyavi analizin metodlarindan alinan naticolora osason sistemin T-x faza
diagram1 qurulmusdur. (Sokil.1.).

Faza diaqgramindan aydin olur ki, sistemdo bas veron kimyavi qarsiligh tosirin xarakterinden
ash olaraq, faza diagraminm sorti olaraq iki hissoyo bolmok olar. Sistemin birinci hissosini 100-55
mol% va ikinci hissasi isa 55-0 mol % Sn;Bi,Ses taskil edir.

48



Mommadov S.H., Karimli O.S.

Sistemin 0-55 mol% Sn,Bi,Ses hissasinda Sn,Sh,Ses birlogmasinin inkongruent arimasi ilo
kimyovi qarsiligli tosirin xarakteri miirokkobdir. Belo ki, sistemin sublikvidusunda yiiksok
temperaturda iki fazali (m+SnSe), temperatur endikdo iso ii¢ fazali (m+Sn,Sb,Ses+SnSe) vo
ikifazali (m+Sn,Sh,Ses) saho birilikds kristallasir.

r~ < — © 7o) o

0 =) © © =1 © 3¢ o] © ]
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Sakil. 1. Sn,Sh,Ses-Sn,Bi,Ses sisteminin faza diagrammi

Sn,Sh,Ses-Sn,BisSes kasiyinin ikinei hissasinda ( 55-100 mol.% Sn,Bi,Ses ) kimyavi qarsiliglt
tosirin xarakteri sado olub, SnyBi,Ses asasinda hollolma sahasinin alinmasi ilo xarakterizo olunur.
Sistemin subsolidasinda isa ikifazali saha (Sn,Sbh,Ses+Sn;Bi,Ses) birlikdos kristallagir.

Sn,ShySes-Sn,Bi,Ses sisteminin arintilorinin  rentgenfaza analizi gostorir ki, 80-100mol%
SnyBi;Ses torkibli niimunslorin difraktoqrami SnyBizSes birlosmosinin difraktoqrami ilo uygunluq
toskil edir. Bu da Sn,Bi,Ses birlosmosi asasinda bork mohlul sahosinin amalo golmasini tosdigloyir.

0-55 mol% Sn,Bi,Ses tarkibli niimunsalarin difraktograminda iki va {i¢ fazali sahalorin (m+
Sn,ShySes, m+ Sn,Sh,Ses-SnSe vo m+SnSe) xatlaring rast galinir.

Mikroqurulus (MQA) analizinin naticolori rentgenfaza analizinin naticolorinin bir daha tosdiq
edir.

Sn,Sh,Ses-Sn,BisSes kasiyinin arintilorinin mikrobarkliyi torkibindon ashi olaraq iki sira
qiymat alir. (Sakil.2.)

Belo ki, 0-10 mol% Sn,Bi,Ses qatiliq intervalinda mikrobarklik 624+528 MPA, 80-100 mol%
Sn,Bi,Ses gatiliq intervalinda iso 540+635 MPA qiymat alir. Niimunolorin sixlig1 iso torkibdon asili
olaraq ilkin komponentlarin sixlig1 arasinda doayisir. ($akil.2)
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Sakil.2. Sn,Sh,Ses-Sn,Bi,Ses sistemi arintilorinin mikrobarkliyinin va
sixliguin torkibdon aslhililig

Notica

[k dofs olaraq Sb,Ses-SnSe-Bi,Ses kvaziiilii sisteminin SnySh,Ses-Sn,Bi,Ses kasiyi fiziki-
kimyavi analizin kompleks metodlart ilo todqiq edilmoklo kosiyin faza diaqrami qurulmusdur.
Miioyyaon olunmusdur ki, sistem qismon kvazibinardir. Ilkin komponentlardon Sn,Sh,Ses asasinda
hall olma sahasina praktiki olaraq rast galinmir. Yalniz sistemds Sn,Bi,Ses birlosmasi asasinda bark
mohlul sahasi miisahido olunmusdur.
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SUMMARY
STUDY OF THE SYSTEM Sn,Sbh,Ses-Sn,Bi,Ses
Mammadov Sh.H., Kerimli O.Sh.

Key words: phase diagram, incongruent, solid solution, Sn,Bi,Ses, compound, Sh,Ses-SnSe-Bi,Ses,

peritectics.

Using physical and chemical analysis methods (DTA, XRF, MSA, microhardness and density
measurements), the Sn,Sh,Ses-Sn,Bi,Ses system was studied in a wide concentration range and a cross-
sectional phase diagram was constructed. It has been established that Sn,Sh,Ses-Sn,Bi,Ses are partial quasi-
binary sections of the quasi-ternary system Sh,Se;-SnSe-Bi,Se;. At room temperature (300K) solubility on
the basis of Sn,Sh,Ses is practically not observed, and on the basis of Sn,Bi,Ses, regions of solid solutions of
20 mol.% Sn,Sh,Ses have been identified

PE3IOME
MUCCJIEJOBAHUE CUCTEMBI Sn,Sbh,Ses-Sn,Bi,Ses
Mameoos II1.T"., Kepumnu O.111.

Knroueswie cnosa: ¢ghazosasn ouazpamma, uHKoOHepyIHm, meepoviil pacmeop, SnyBi,Ses, coedunenue,
Sh,Ses-SnSe-Bi,Ses, nepumexmuxa.

C nomompo MeTonoB  (uzmko-xumudeckoro ananuza (JTA, P®DA, MCA, wusmepenue
MHKPOTBEPAOCTH M IUIOTHOCTH) HCCIeqoBaHa cucreMa Sn,Sb,Ses-SnyBi,Ses B mmpokom uHTEpBae
KOHIIGHTPAIllMM W MOCTpoeHa (ha3oBas [quarpamMma CedeHHs. YCTaHOBICHO, 4TO Sn,Sh,Ses-Sn,Bi,Ses
SIBIISTIOTCSL  YaCTUYHBIA KBAa3sHOWHAPHBIA CEUeHHMs KBa3HTPOWHOM cucreMsl Sb,Ses-SnSe-Bi,Ses. Tlpu
komHatHOU Temmepatype(300K) pacTtBopiuMOocTh Ha OCHOBE Sn,Sh,Ses npakTuuecku He HAOMIOAaeTCs a Ha
ocHoBe SnyBi,Ses BbIsiBIIEHBI 00J1aCTH TBEPABIX pacTBOpoB 20 Moi1.%. Sn,Sh,Ses

Daxilolma tarixi: [lkin variant 20.05.2024
Son variant 17.06.2024
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Kaxk uzeéecmmno, 00HuUM U3 OCHOGHLIX HANPABIEHUL MEMATIYPSULECKOU NPOMBIULIEHHOCU S8NAENICS
nepeniaska Gvlieduleco U3 Cmpos Memaniypeudecko2o o06opyodosanus. Oueguono, umo 6ce obracmu
npoU300CMEa MemauiLypeUieckol NPOMbIUAEHHOCIU CYUMAIOMCSL OCHOGHBIMU UCTHOYHUKAMU 68b1OPOCO8 8
OKPYAHCAIOWYI0 Cpedy MHO2UX IKOMOKCUKAHMOS U 6pedHblx eewecms. Ha ocnosanuu sxonocuyeckux
uccnedosanutl Hamu 6vl10 nposedeHa uccredosamenvckas paboma ua baxunckom Cmanenumetinom
IHpeonpuamuu (BCJII). Konyenmpayuu opeanuyeckux COeOUHeHull ¢ IKOMOKCUYHBIMU CEOUCMBAMU 8
6030yxe sokpye neuu YIJ[CII n peonpusmus onpeoensiiucy npu HOMOWU ROPMAMUEHO20 0eMeKmopa 2a3d
Drager Tubes LLG. Taxum o6pazom, 6 xo0de UCCIe008aHUIl GNEPEble YCMAHOBLEHO, YMO KOHYEHMpPayuu
OpPeAHUYEeCKUX Beujecms ¢ IKOMOKCUYHBIMU CEOUCBAMU BOIU3U VKAZAHHO2O0 UCTHOYHUKA NPeGbIUAIom
npedenvbHo 0OnyCmuMyIo KOHYeHmpayuio 6 paboueli 3oue 6 10 pas.

Beenenue

Kak wu3BecTHO, Bce 00acTH TNPOM3BOJACTBA METALTYPIUYECKOH IMPOMBIIUIEHHOCTH
CUMUTAIOTCS OCHOBHBIMU HMCTOYHUKAMHU BBIOpOCA B OKPYKAIOIIYIO CPEAY MHOTHX IKOTOKCHYHBIX U
BpPEIHBIX BenlecTB. M3 TEXHUYECKOW JHUTEpaTypbl U3BECTHO, YTO IPHU MPOU3BOJACTBE 1 T YEpHBIX
METaJUIOB o0pa3yeTcsi OKOoJo 3 T TBEpAbIX 0TXom0B, 60 000 M razoo0pa3HbIX, B TOM YHCIIE
a’p0o30JIbHBIX 0TX0A0B 1 300 M® cTOUHBIX BOJ. IMEHHO MI03TOMY pa3MEeLIEHUE IPOU3BOIACTBEHHBIX
Y4aCTKOB YEpHOM METa/Typruy Ha 3HAYUTENbHBIX PACCTOSIHUSIX OT T'YCTOHACEIEHHBIX PETHOHOB U
3€MEb  CEJIbCKOXO3SMCTBEHHOIO HA3HA4YEHMs B HACTOSAILIEE BpEMs SBISAETCS OJHUM W3
COBPEMEHHBIX TpeOOBaHUU H3Kojoruyeckoi Oe3omacHocTH. [lo 3TON mnpuyMHE HENpPEepBIBHBIN
JKOJIOTMUECKUA MOHUTOPUHI C LENbl0 ompeneneHuss coorserctBud orxonoB IIJIK  Ha
MIPOM3BOJICTBEHHBIX y4YacTKaX CYHMTAeTCs OJHOM H3 Hauboyiee aKTyaJlbHBIX SKOJIOIMYECKUX
npobnem. Ilo cTaTuCTHUECKUM OT4YeTaM, Ha OCHOBE JIaHHBIX TEXHHUUYECKOW JIMTepaTyphl, 3a TOA B
MHUpE HCIoJIb3yeTcsi | Mummapa TOHH ycJIoBHOro ToriauBa. [lo 3Toil mpuunHe, B TeueHUe ronaa
STHMH MPOU3BOCTBaMH B atMocepy BbiOpachiBaeTcss 10 MUIUIMOHOB TOHH a30THBIX M CEPHUCTBIX
OTX0J10B. B pe3ynbrare 3TOro BOZHUKAIOT KUCIOTHBIE 10K/IH, KOTOPBIE B CBOIO OYEPE/b OKA3bIBAIOT
HEraTUBHOE SKOJIOTMYECKOe BO3AeWcTBUE Ha (Guiopy M (hayHy OKpyXKarolled cpeibl, a TakXke Ha
310poBbe yenoBeka. Hapsiay ¢ 3TuM, B TedueHue roja B OKPYXKAlOU[yl0 Cpely Halleil IUIaHeThl OT
METaJUTyprUuecKod TMPOMBIIUIEHHOCTH BblOpachiBaeTcs Oonee 400 MIIH TOHH a’poO30JbHBIX
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OTXOJIOB, B OCHOBHOM OKCHUJ0B MeTauioB, SOs, S, mputh, caxu (komotw). B mocneanee BpemMsi BO
BCEX IMPOU3BOJCTBEHHBIX OOJACTSIX METAJUIyprU4ecKod MPOMBIIUIEHHOCTH, TaKKe Kak H B
MPOMBIIIJICHHBIX O0JIACTAX TIO BCEMY MHPY I MOJYYEHHUS OKOJOTMYECKUX TOKa3aTelei
ucnonb3yercs Mexaynapoansiii Crangapt 1ISO 14001. [4,6,11]

Takum 00pa3om, Ha OCHOBE MOSCHEHH, MPUBEICHHBIX B HAYYHO-TEXHUYECKOH JHTEpaType
[2-11], MOXHO OTMETHTB, YTO OIICHKY MPOBEACHUS KOJOTHYECKHX HAYYHO-HUCCIICI0BATEIbCKUX
paboT MO pa3IMYHBIM HANIPABICHUSAM Ha MPEANPUATUIX KAKIOW METALTypru4ecKoi OTpaciiv, Kak
OJTHOM M3 COBPEMEHHBIX SKOJIOTHUYECKHUX MOTPEOHOCTENH MOMXHO CUUTATh HaydHO 000cHOBaHHOU. C
Y4ETOM  BBIIIEU3JIO)KEHHOTO JIaHBI pPa3bsiICHEHUST O Xo/€, OOCYXICHUHM U pe3yibTaTax
SKCIEPUMEHTAIBHOM YaCTH MPOBOAMMBIX HAMHU SKOJIOTMYECKUX HAYUHBIX UCCIEIOBaHUM.

MeToanka npoBeeHUs IKCIEPUMEHTOB

Ha ocHOBaHMM KpaTKUX TIOSICHEHUH, IPUBEICHHBIX BO BBEACHUU, U PE3YJIbTATOB
MIPOBEJICHHBIX OJKOJIOTHMYECKUX HWCCIICIOBAaHUIM, HaMH IIEJICHANIPABICHHO OblIa OCYIIECTBIICHA
9KOJIOTMYECKasl HucclieoBarenbckas padorta. Ilpu mpoBeneHUM 5KOJOTMUECKHX HCCIEAOBAHUN B
YKa3aHHOUM OTpaciu HaMU BIIEPBHIE OBLJIO YCTAHOBJIEHO, YTO B XOJI€¢ TEXHOJOTUYECKHUX IMPOIIECCOB
Ha YDJICII, Hapsany ¢ HeOpraHMYEeCKMMH BEIIECTBAMU B aTMOC(EPY BBIACIAIOTCS OPraHUYECKUe
BEILIECTBA, 00JaJAr0NINEe SKOTOKCUYHBIMU CBOMcTBaMH. KOHIIEHTpaluu B BO3AYyXe IKOTOKCHUYHBIX
OpPraHMYECKUX BEIIECTB, BHIOpAChIBAEMBIX B BO3AYIIHYIO cpeay Bokpyr meun YIJICII, xotopas
CUMTAETCS OCHOBHBIM IPOU3BOJCTBEHHBIM YYaCTKOM MPEANPUATHSA, ONPEAECISIIMCh C MOMOILIBIO
nopraTuBHOro Aerekropa raza Drager Tubes LLG. B xone uccnenoBanuii Bokpyr neun YIJ[CII
MIPU U3MEPEHUSX Ha PacCTOSHUAX HauumHasg ¢ 10 M ObUTM OOHApYXEHBI JIETYYHE OPraHUYECKHe
HKOTOKCHKAHTBI, Takue Kak (opManbaerui, GeHomd, Toayosl, HeQTsIHbIe YTIeBOJAOPOIbl, METAHOI,
TPUXJIOPITHIICH, alleTOH, OEH30MUPEH. DOKOJOTHYECKHUE HWCCICIOBAHUS 110 BBISIBICHUIO H
pacipoCTpaHEHHUIO 3TUX BPEIHBIX BEIIECTB HA YKa3aHHOW TEPPUTOPHH BIIEPBBIE OBLIH MPOBEICHBI
HaMmH. bbuia onpeneneHa KOHUEHTPALKs pacCIpPOCTPAHEHUS 3TUX BPEIHBIX BEUIECTB HA Pa3IMYHBIX
paccrosinusx (10-50-100-200 m) B TeyeHuu 25 MUHYT.

Pe3yabTaTsl M MX 00Cy:KIeHHE

Takum 00pa3om, B XOJ€ HCCIEIOBAHUN YCTAHOBJICHO, YTO KOHIICHTPAI[MH OPTaHUYECKUX
BEIIIECTB C SKOTOKCHMYHBIMU CBOMCTBaMM BOJIM3M yKa3aHHOTO HMCTOYHMKa Oosiee yem B 10 pas
npesbimaroT [IJIK B pabodeit 3oHe. OmHAKO HA 3TOM Yy4acTKE MPOU3BOAMTCS MOTJIOMIEHHE BCEX
BPEIHBIX M TOKCHYHBIX Ta3000pa3HBIX BEIIECTB YE€Pe3 CYIICCTBYIONIYIO CHCTEMY BEHTHIISIUU.
[losTOMy, B 3aBHCHUMOCTH OT PAcCTOSIHUS OT HCTOYHHMKA, 3a KOPOTKHI HPOMEKYTOK BpPEMEHH
KOHLEHTpalMsl 3TUX BPEIHBIX BEIIECTB B BO3AYXE €CTECTBEHHBIM oOpa3zom cHuxkaercs no ITJIK.
Omnpesenenre BpeIHbIX BEUIECTB B BO3yX€ MPHU MOMOIIM T'a30aHAIA3aTOpPa MPOBOANIOCH C YIETOM
MeTeopoJiorndeckux yciaoBuil. Takum 00pa3om, MOXHO OTMETUTh, YTO Ha IIpoMblleHHOM
[Ipeanpustun no IlepennaBke Ctaiyd, 1 B OCHOBHOM Ha MPOMBILIJIEHHOM MPEANPUITHH, T/I€ MBI
MIPOBOJIUITA UCCJIEIOBAHMS, 10 CUX TOP HE OBLIO COOOIIEHW O HAJTUYMH BO BPEIHBIX BEIIECTBAX,
BBIOpAChIBAEMBIX B OKPYXAIONIYI0O Cpely W3 Teud, OPraHWYeCKUX BELIECTB, OOJIadaroIInX
9KOTOKCUYHBIMU CcBOMcTBaMH. [loaTOMy 1o pe3ynbraram Hamledl HCCIeA0BaTEeNIbCKOM PabOTHI
MOKHO CUUTaTh OOOCHOBAaHHBIM OIICHKY PE3yJIbTaTOB AaHATN30B KaK SKOJOTHYECKYI0 HAyYHYIO
HOBU3HY. Kak BUIHO M3 MPUBENCHHBIX BHIIIE MOSCHEHUH, B COOTBETCTBUU C TEMOM JHMCCEpPTAlUU
JI0Ka3aHo, 4TO NpoBeeHHble Hamu uccienoBanus Ha Y JICII Ha ocuoBHOM npousBoacTBe bCJIII
JEUCTBUTENFHO SIBJISIIOTCS OJHOM M3 DKOJIOTHYECKH TPOOJIEMHBIX TeM. Pe3ynbTaThl HaydHO-
UCCIIEIOBATENILCKOM paboThl M TIOKA3aTeNd PACHPOCTPAHEHUS JKOTOKCUYHBIX OPraHUYEeCKHX
BEIIECTB B arMocdepe B 3aBHCHUMOCTH OT PACCTOSHHUSA, YMEHBIICHHE WX KOHIICHTPAIIHH,
KOHIIEHTPAIlMU TpUBEeHBI B TabmuIe 1.
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DKonocUYecKull AHAIU3 OP2AHULECKUX BEUECTE C IKOMOKCUYHBIMU COUCMBAMU,
8b1OPACHLIBAEMBIX 8 BO30YUIHYIO CPEDY ...

Tabnuya 1.
Pesynomamer ananuza 3komokcuyHbiX opeanuiecKux eeujecms,
svibpacvieaemvix 6 ammocghepy uz YOI[CII
HaszBanue opranndeckoro
BEIIIECTBA © SKOTOKCHIHBIMIL ITJIK stux Bg:mecm, KoHueHnTpanuu, ycTaHOBICHHBIE B
CBOMCTBaMHU Mr/M YOICH
dbopmanbaerug 0.003 1 ppm
benon 0.003 6 ppm
TOJIyOJI 0.6 1 ppm
OeH3oun 0.1 1 ppm
CTHPOII 0.002 1 ppm
He(TSHBIE YTIIEBOTOPOIBI 15 2 ppm
METaHOI 0.5 5 ppm
MPOIaHoI 0.5 5 ppm
TPUXJIOPITUIICH 0.03 2 ppm
aIeToH 0.35 5 ppm
Oen3(a)nupeH 0.01 2 ppm

Hapsimy ¢ BBIIGH3IIOKEHHBIM CJIEIYyeT OTMETHUTh, YTO OINPEACICHbI KOHIICHTPAIIUH B
BO3JIyX€ OpraHM4ecKUX Ta3000pa3HbIX COCOUHEHHH € SKOTOKCMYHBIMH  CBOMCTBaMH,
dbopmupyromuxcst B paboueit 3oHe YDJICII mpousBoicTBa, Ha KOTOPOM MBI TIPOBOIHIN
uccaenoBanuss Ha paccrosHusx 50-100-150-200 m, a Takke B CaHUTApHO-3AIIUTHBIX 30HAX.
[TonyueHHble pe3ynbTaThl IPUBEACHBI B TAOIHIIE 2.

Tabauuya 2.
Pezynomamut ananuza opeanuueckux 3KOmMOKCUYHBIX BEUjECME
6 ammocpepro-6030yunou cpede 3a npedenamu YI/[CIIT
Ha3Banue oprannieckoro Konuentpanuu, onpeaenennsie 3a npeaenamu Y ICIIT
BEIIECTBA C
PKOTORCHHAHBIMH 50 M 100 m 150 m 200 m B canurapho-
CBOUCTBAMA 3al[UTHOMN 30HE
dbopmanbaeruy 0.5 ppm 0.21 ppm 0.10 ppm 0.05 ppm 1 ppm
benon 3 ppm 1.5 ppm 0.75 ppm 0.37 ppm 6 ppm
TOJIYOT 0.5 ppm 0.21 ppm 0.1 ppm 0.05 ppm 1 ppm
OeH30IT 0.5 ppm 0.21 ppm 0.1 ppm 0.05 ppm 1 ppm
CTHPOII 0.5 ppm 0.2 ppm 0.11 ppm 0.05 ppm 1 ppm
HETSIHBIE YTIIEBOIOPOBI 1 ppm 0.51 ppm 0.25 ppm 0.12 ppm 2 ppm
METaHOJI 2.5 ppm 1.25 ppm 0.62 ppm 0.31 ppm 5 ppm
MTPOTIAHOT 2.5 ppm 1.25 ppm 0.62 ppm 0.31 ppm 5 ppm
TPHUXJIOPITHUIICH 1 ppm 0.5 ppm 0.25 ppm 0.12 ppm 2 ppm
areToH 2.5 ppm 1.25 ppm 0.62 ppm 0.31 ppm 5 ppm
Oens(a)mupeH 1 ppm 0.5 ppm 0.25 ppm 0.12 ppm 2 ppm

[TprunHbl 00pa30BaHUSl YCTAHOBIEHHBIX B XOJI€ MCCIENOBAHUN OPraHUYECKHX BEIIECTB C
9KOTOKCUYHBIMU CBOMCTBAMH, MOXKHO OOBSICHUTH CIEAyIOmUM 00pa3oM. COriacHO MOSICHEHUSM,
MIPUBEJICHHBIM B TEXHOJOTMYECKON TEXHUYECKOW JOKYMEHTAIlMU MPEaNnpHusTus, A Ipolecca
nepepabOTKH BBIMIEANIETO U3 CTPOS CTAILHOTO TEXHOJIOTHYECKOTO 000pY/I0BaHUS, B OCHOBHOM B
OOJBIINX KOJTHYECTBAX UCIOIb3YEeTCd HEPTIHOW KOKC, TOMYYEHHBIH U3 TSKEIbIX HEPTEPOTyKTOB
He(drenepepabaTpiBaroIieil mpoMbIieHHOCTH. Hapsmy ¢ aTuM, B mporecce nepepaboTKi 0TXO0I0B
B nneun YIJICII ucnonb3yroTcs IONOJIHUTENIbHBIE BCIIOMOTATENbHbBIE BEIIECTBA (M3BECTHSK, KOKC,
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deppomapranen, QeppocuIMKOMapraHen) W Immar (KaycTudeckas coja). Takum o0pasowm,
o0Opa3oBaHHe JKOTOKCUYHBIX OpPraHMYECKUX BEIIECTB, YKa3aHHbIX B Tabmuue 1, B mporecce
MEPEIUIaBKH CTAIBHBIX OTXOJOB IPH BBICOKOW TEMIIEpaType MOXKHO OOBSCHUTH PE3yIbTaTOM
XUMHUYECKUX MPEBPAIICHUI METaNIOOPTaHUYECKUX M OPraHUYEeCKUX COEIMHEHUH, COJepKaIIUXCS
B KOKCE, a TaKXE€ CaMOro KOKCa, [0 CXEME, MPEICTABIEHHON HUke. Kak U3BECTHO M3 TEXHHUYECKOU
JTUTEpaTypbl, HEPTIHOW KOKC COAEPKHUT HEKOTOpbIE OpraHu4ecKkue, T.e. YIJIEBOAOPOIHBIC
coequHeHUs. VIMEHHO MOATOMY MpH COKHTAaHUM BCEX OPraHMYECKHX TOIUIUB, COCTOSIIUX W3
OpPraHMYECKUX COEIMHEHUH, BMECTe ¢ 00pa30BaHHEM OCHOBHBIX HEOPraHWYECKUX IKOTOKCHUYHBIX
BEIIECTB 00Pa3yIOTCs TaKXKe JECSITKH OPraHMYeCKHX COCIMHEHUH, 00JIalalonuX 3KOTOKCUYHBIMU
CBOWCTBaMH.

JlomoTHUTEThHBIE BCTIOMOTAaTEIbHBIC
BEIIIECTBA
HedTsHO# KOKC, U3BECTHSIK,
dbeppomapraseri,
beppocuimkoMapraseri, mmar

!

[Teur YyacTka DneKTpOAYTrOBOTO
CraneruiaBiieHus
1500 °C
t>1500°C

l

dopmanbaerua, GeHo, TOIyo,
CTHPOJI, OEH30J1, HEPTIHBIE
YTJIEBOJJOPO/IBI, METAHOJI, TIPOTIAHOI,
TPUXJIOPITHIICH, alleTOH, OEH30IHPEH
U JIp. OpPraHW9YeCKUe COCAMHEHHUS

Puc. Cxema npuyun 006pasosanus 8peOHbIX 8ewecms, 00pa3yIOUUxXcs
6 neuu YOI CII u pacnpocmpansiowuxcs @ okpyoicaroweli cpeoe

Kak Obu10 yka3aHO B AKCIEPUMEHTaJIbHOW YacTH, Hay4HO-HCCIeloBaTellbcKas padboTa 1o
OIIPEAEIICHUIO0 KOHLEHTPALUl B BO3JyXEe OPraHUYECKUX BEIIECTB C SKOTOKCUYHBIMU CBOMCTBaMH,
BbIOpAchIBaEMbIX B aTMOC(hepy U3 ydacTKa 3JIeKTPOAYTOBOrO CTaleIJIaBIeHUs], KOTOPbIA CUMTAETCS
OCHOBHBIM TexHosornueckuMm nexom BCJIII, BmepBble OblIM HpoBeneHbl Hamu. J[o cux mop B
TEXHUUYECKOM JMTepaType HE colepkajgoch HHpopManuu 00 00pa30BaHWM SKOTOKCHUYHBIX
OpPraHMYECKHUX BEIECTB B IPOMBIIUIEHHON IIE€pEIUIaBKE METalIoB. B INpoBENEHHBIX HamMu
HCCIIEIOBAaHMAX 1O TEME AMCCEPTAllMM BIEpBbIE ObUIM OIpENETeHbl COCTaB U KOHIEHTpAIMHU B
BO3/yX€ OPraHNYEeCKUX BEIIECTB C SKOTOKCUYHBIMU CBOMCTBaMU, BHIOpACHIBAEMbIX B aTMOC(heEpy U3
BBIIIIEHA3BAaHHBIX IPOU3BOJACTBEHHBIX Yy4acTKOB. OCHOBBIBAsCh Ha pe3yNbTaTax IPOBEIECHHBIX
UCCIIEIOBaHMM, €CIIM NIPUHATh BO BHUMAHUE CIEAYIOLIUE MIPEITIOKEHUS, B LIENAX MIPENOTBPALLEHUS
BbIOpOCAa B BO3AYLIHYIO cpely pabodeil 30HBbI BBIIICTIEPEUMCIICHHBIX T'a30BBIX OTXOJOB B IME€UYU
VYyactka Onekrponyrosoro CraleniaBleHus, KOTOPbIA CUUTAETCSI OCHOBHBIM IIPOU3BOJCTBEHHBIM
yagactkoM bakuHckoro Cranenurterinoro [Ipeanpusitusi, Oyaer npemorBpameHn BeiOpoc 100 ToHH
BPEIHBIX BEIIECTB U3 3TOM MPOM3BOJCTBEHHOM 30HBI B atMochepy. s MOCTHXKEHUs 3TOM Lenu
IIOCJIE YJIABIMBAHUSA OKCHJIOB METAUIOB, COJAEPKAIIMXCS B Ta30BBIX OTXOAAaX, MBI CUHUTAaEeM
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DKon02UUeCKUll AHANU3 OP2AHUYECKUX 8eUleC8 ¢ IKOMOKCUYHBIMU C8OUCMBAMU,
8b10pACHIBAEMBIX 8 BO30YUIHYIO CPEDY ...

11eJ1ec000pa3HbIM UCTOIB30BATH CMECh OUMIICHHBIX T'a30B B KAUECTBE TOILTMBA HAa 3TOM ydacTke. B
HEKOTOPBIX CTpaHaX CYMTAETCS HEOOXOMMMBIM BBIIOJHEHUE CIEAYIOIIMX YCIOBHH  [UIs
MPEJOTBPALICHUS 3arPS3HEHUS OKPYKAIOIIEH CpPeJIb:

- IMCUMIUIMHBI TEXHOJIOTHH;

- ynoTpeOJeHHsI COBPEMEHHBIX TEXHOJIOTHIA;

- BHEJIPEHHs TEXHHYECKOTO MEPEBOOPYKEHHUS.

B psge crpaH KOJIMYECTBO BPEOHBIX OTXOJOB, BbIOpachiBaéMbIX B aTMmocdepy Ha

Cranenmureiinpix  [IpompiiuienHsix  Ilpennpustusx ¢ OPUMEHEHHEM  IIPOTPECCHBHBIX
TEXHOJIOTUYECKUX IIPOLECCOB, 32 | roJl COKpAaTUIOCh Ha 5,3 TOHHBI.

JIUTEPATYPA

. Eyvazov, B.Y. Metallurji proseslorin ekologiyasi / B.Y. Eyvazov. —Baki: Tohsil, —2014. —260 s.

. Mirbabayev M.F. Hava mokaninin ekologiyasi / M.F. Mirbabayev. —-Baki: AzTU, —2015. —140 s.

. Siikiirov, R.1. Metallurgiya / R.1.Siikiirov, M.M.Rahimov. —Baki: Maarif, —2005. —334 s.

. Xapaxynax B.C. CocrosiHue U NepCreKTUBBI Pa3BUTHUS C BHEAPEHUEM COBPEMEHHBIX TEXHOJIOTUN

10 2010 roga // Metan u nutbe Ykpaunsl. 2006, Ne 1, c. 4—7

5. CmupuoB, A.H. Meramnypruueckne munu-3aBojabl /| A.H.Cmupuos [u ap.] —Honeux: HOP/I-
ITPECC, —2005. —49 c.

6. Epumon I'.B. u ap. // C6. Te3ucoB NOKI. MEXAyHAp. HAy4H.-TeXH. KOHTp. «[Iporeccsl miaBkH,
00pabOTKHU M pa3IMBKA META/UIOB: OTJIMBKH, CIIMTKH | 3arotoBku». —Kues, —2006, —c. 14-16

7. Banos, b.C. Oxpana tpyaa B nuteitHom mpousBozctse / b.C.MBanoB. —M: MarmmHocTpoeHue, —
2010. 224 c.

8. Tumommonbsckuii, B.M. Pa3ButHe MeTayuryprudeckoro KoMIIeKca Ha 0a3ze MpOMBIIUICHHOTO
OCBOEHHUsI XkeJe3HbIX pya // Jlutbe u metayutyprus, Ne2 (47). —-Munck, —2007.

9. I'pummn, A.A. VccienoBaHue peXnMa IUIABJICHUS METALTM3UPOBAHBIX OKATHIMIEH C IIEIBIO
uHTeHCH(UKAIMK Tporiecca djekporuiaBku cranu: / aBroped. uc. Kanmg.texu.nayk / —M.,—
2006, 22 c.

10.Kpusuikuii, B.C. Dkonorudeckue mpoOieMbl JIUTEHHOTO MPOU3BOACTBA M MyTH MX pa3BUTHS /
B.C. KpuBnnkwuii. —-M.: 3A0 IITHHMM UHBECT, —2009. —123 c.

11.0pexoBa A.H. Dkonorumdeckue mpoOJeMbl JTUTEHHOrO TMPOM3BOACTBA //  DKOJOTHS
nponsBojicTBa, —2015, Ned, —c. 23-27

A WN B

XULASO.

BAKI POLADORITMO MUOSSiSOSININ ELEKRIK QOVSLU POLADORITMO
SAHOSINDON (EQPOS-DON) HAVA MUHITINO ATILAN EKOTOKSIKANT XUSUSIYYOTLI
UZVi BIRLOSMOLORIN EKOLOJi TOHLILI
Caforova N.M., Hactyeva S.R., Bayramov Q.1.

Acar sozlar: elektrik qovslii poladaritma sobast, is¢i zona, aerozol tullantilar, qaz analizator

Moalum oldugu kimi metallurgiya sonayesinin asas sahslorindon biri olan siradan ¢ixmis polad
avadanliglarin tokrar oridilmesi sahasidir. Aydindir ki, metallurgiya sonayesinin biitiin istehsalat sahalori
otraf miihitin bir ¢ox ekotoksikant va zararli maddslarin atraf miihite atilmasinin asas monbalari hesab edilir.
Ekoloji aragdirmalara osaslanaraq Baki Polad Oritmo Miisssisesinde (BPOM-ds) torofimizdon mogsadli
olaraq ekoloji tadqiqat isi aparilmigdir. Miiassisenin EQPOS-in sobasinin strafinda ekotoksikant xiisusiyyatli
izvi birlagmolorin havada qatiliglar1 sayyar cihaz olan Drager Tubes LLG gaz detektoru vasitasi ilo miioyyan
edilmisdir. Beloliklo, todqiqat zamani ilk dofs olaraq miioyyen edilmisdir ki, geyd edilon menbenin
yaxiliginda ekotoksikant xiisusiyyestli lizvi maddslor ig¢i zonada icazs verilon gatiliq haddi 10 defodon
coxdur.
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Iicagpaposa HM., I'aoscuesa C.P., bavipamos I'.H.

SUMMARY
ECOLOGICAL ANALYSIS OF ORGANIC COMPOUNDS WITH ECOTOXIC PROPERTIES
RELEASED INTO THE ATMOSPHERE FROM THE ELECTRIC ARC STEEL MELTING AREA
OF (EASMA) THE BAKU STEEL SMELTING ENTERPRISE
Jafarova N.M., Hajiyeva S.R., Bayramov G.I.

Keywords: electric arc steel melting furnace, working zone, aerosol emissions, gas analyzer

As it is known, one of the main areas of the metallurgical industry is the area of remelting of
obsolete steel equipment. It is clear that all production areas of the metallurgical industry are considered the
main sources of environmental discharge of many ecotoxic and harmful substances. On the basis of
ecological studies, an ecological study was carried out by us at the Baku Steel Smelting Enterprise (BSSE).
Concentrations of organic compounds with ecotoxic properties in the atmosphere around the furnace of the
EASMA of the enterprise were determined by means of a mobile device Drager Tubes LLG gas detector.
Thus, it was determined for the first time during the research that organic substances with ecotoxic properties
near the mentioned source exceed 10 times the concentration limit allowed in the working zone.

Daxilolma tarixi: [lkin variant 01.03.2024
Son variant 30.04.2024
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Problemin qoyulusu. Sarqi Zangozurun boyiik bir hissasini oshato edon Arazboyu diizonlik
orazisinin relyef soraitinin detal todqiqi vo tosarriifat baximindan giymetlondirilmasi isgaldan azad
olunmug orazilordo miixtalif iqtisadiyyat saholorinin inkisaf etdirilmoesi imkanlarinin miioyyon
edilmosi iiclin boyiik shomiyysto malikdir.

Obyekt vo metodlar. Todqiqat orazisi olaraq, asason, Arazboyu maili diizonliklorin Cobrayil
inzibati rayonunun hiidudlar1 daxilinde yerloson hissosi miisyyon edilmis, mdvcud odabiyyat
materiallar;, o ctimlodon, taninmig Azorbaycan geomorfologlarmin hoyata kecirdiyi c¢oxillik
aragdirmalarin naticolori tohlil edilmis [1, 2], orazido bas veron asas ekzogen relyefomologatiron
proseslar, onlarin inkisaf intensivliyi vo yaratdiqlart morfoskulpturlar miisyyon edilmisdir.

Tadqiqatin naticasi vo miizakirasi. Sorqi Zongozurun shomiyyatli hissosi dagatoyi orazilori
ohato edorok Araz cayi ilo Qarabag silsiloesinin conub-gorq qurtaracagi arasinda yerlogir. Qarbdo
orazi Hokori ¢aymin dorosinadok uzanir, sorqde ise Mil diiziinlin hiindiir hissesi ilo qovusur.
Arazboyu diizonlik ilo Mil diizii arasinda sorhod sortidir vo osason, erozion relyef formalariin
istigamotlonmasina goro hoyata kegcirilir. Mosolo orasindadir ki, Mil diizlinlin erozion relyef
formalar1 simal-sorq istigamatlonmosino malik oldugu halda, Arazboyu diizonlikdo bu formalar
conub-sorq istigamotlonmasing malikdir.

Struktur baximindan Arazboyu diizonlik Asagi Araz sinklinal oyilmasine vo onunla
qovusmus Xocavand sinklinorisinin canub-gorq hissasine uygun galir.

Diizonliyin simal-qorb hissosindo Qarabag silsilosinin saxslorinin diizonliyin sothini orton
proliivial-deliivial toromolorin altina koskin surotdo batmasi bas verir. Diizonliyin Qarabag
silsilosinin atoklari ilo sarhaddi boyunca paleogen vulkan piiskiirmalorinin markazlori nozars garpur.
Bu morkozlor relyefds ayri-ayr1 giimbozvari yliksokliklor (Daskeson, Sabandag, Qargabazar,
Qorvond vo s.), siixurlarin intensiv metomorfizlogsmasi, onlarin hidrotermal doyisikliklorinin izlori,
kondolon qurisiqliq elementlori gsoklindo tozahiir edir. Bu hallar Asagi Araz oyilmasinin simal-qarb
sorhaddi olan tektonik sinmanin mévcudlugundan xabar verir.

Bu oyilmao sahasi biitiin paleogen dévriindo vo miosendo enmoayo moruz qalmisdir. Miosenin
sonundan baglayaraq, orazi Kicik Qafqazin timiimi qalxma prosesine calb olunmugdur. Bu {imumi
eroziya bazisinin soviyyasinin enmasino gotirib-cixarmigdir. Plosenin sonunda Kicik Qafgazin
konar zonalarinin nisbi enmasi bas verir. Bu dovrde Kigik Qafqaz 2300-3000 m hiindiirliiklora
catmigdir. Akcaqil asrinds donizin transqressiyasi eroziya bazisinin qalxmasina gatirib-¢ixarmisdir.
Bu soraitdo Asagi Araz oyilmesi qalinligi 500 metra ¢atan qaba torkibli qirintilarla dolmus vo
noticodo Arazboyu diizonliyin sothi formalagmisdir.
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Abseron osrinin sonunda diizonlik Kigik Qafgazin imumi galxma prosesino colb olunur.
Araz ¢ay1 conub-sorqo istiqgamatlonir vo 6ziinlin miiasir dorasini formalagdirir.

Diizaonliyin sothi asason xirda ¢inqil materialinin qarigdigr gillicalorden togkil olunmusdur vo
bu gatin galinlig1 20 metr vo daha ¢ox togkil edir. Cay doralorine dogru yaxinlagdiqca bu ¢okiintiilor
¢inqilli alliivial-proliivial toromaloro kegir. Iri ¢ay dorolori boyunca onlarm altindan sotho
konglomeratlar vo Araz dostinin ¢inqillar1 {izo ¢ixir. Bu dostin ¢inqillari hamarlanmis olmasi ilo
secilir. Linzalar soklindo rast golinon gillicali téromolorde yuxari pliosends sirin sularda yasamis
molyusklarin qaliglarina rast golinmisdir.

Hokori c¢aymin gotirmo konusunun ¢dokiintiilorinds yuxari pliosen {igiin sociyyavi olan
canlilarin galiglar1 agkar edilmisdir.

Orazinin boyiik hissosi Kiir-Araz depressiyasinin hiidudlari daxilindo yelosir. Araz ¢ayinin
dorosi bu depressiyaya Hokori cayi ilo qovusandan sonra daxil olur. Hokori ¢aymin monsabi
yaxinliginda Araz cayr genis qutuvari doroye malikdir. Bu dors en kasiyinde assimmetrik qurulusa
malikdir. Daronin sag sahili yiiksok vo terraslasmigdir. Terraslar yan qollarin gotirmo konuslar1 vo
proliivial zolaglar1 ilo miirokkoblogmisdir. Sol yamac algaq vo meyllidir. Bu yamac Hokori ¢ayimin
godim gotirmo konusu iizorindo formalasir. Homin gotirmo konusu konglomeratlardan vo
cinqillardan toskil olunmusdur. Cokiintiilorin otoyini ¢ay yuyaraq a¢mamisdir. Hokori ilo
qovusandan sonra ¢ay genis ¢inqilli dors ilo axir vo bir ne¢o axara ayrilir vo asason, sol sahilo
sixilir. Bu sag sahildoki tektonik foaliyyatlo izah olunur. Bu hissado ¢ay Hokori ¢ayinin, daha asagi
hissado iso Xudaforin qalxmasinin gotirmalorini do qobul edorok bdyiikk akkumulyativ foaliyyot
hoyata kecirir. Alcaq subasarlar xeyli dorocodo batagliglasmisdir vo bataqliq bitkilori ilo
ortiilmusdiir.

Belo molumatlar vardir ki, Xudaforin tongisinin yaranigina qador Araz cay: diiz simal-sorq
istigamotindo Daridag zirvesindon simalda yerloson terraslagsmis diizonlik ilo axirdi. Bu zaman o
Hokori ¢aymin intensiv surotdo inkisaf edon gotirmo konusunun tasiri altinda sag sahilo sixilmigdir
vo Xudaforin qalxmasinin simal ganadini yuyurdu. Sonradan basqa bir qol reqressiv eroziya
naticasinds Xudaforin qalxmasinin ox hissasine ¢atmisdir. Naoticads, Araz ¢ayinin bu qolun yatagina
daxil olmasi bas vermisdir. Cayin yatagiin doyismosi 6ziinii daha yaxsi surotdo Xoalofli sinklinali
daxilinds terraslarin deformasiyas1 formasinda gostorir. ©n az hiindiirliiklii terraslar sinklinalin
morkozi hissasinde miisahido edilir. Terraslarin deformasiyas1 Xudaforin qalxmasinin intensiv
qalxmast vo ondan conubda yerlogon Xalofli sinklinalinin intensiv ayilmasi ilo baghdir.

Xolofli sinklinalindan ¢ixan Araz ¢ayr Xudaforin qalxmasinin sorq periklinal qurtaracagini
kasib kecorok, Asagi Araz sinklinal oyilmosi hiidudlarina daxil olur. Burada ¢ayin dorasinin eni 7-8
km-o catir. Asagi Araz depressiyasi daxilindo ¢ay bir sira axarlara ayrilir vo bu axarlar ¢inqillt
subasarda tez-tez yataqlarini doyisorak boyiik akkumulyasiya faaliyyati hoyata kegirir.

Orazido yayillmis ekzogen relyefomologtiron proseslordon yargan-qobu eroziyasimni qeyd
etmok olar. Kicik Qafqazin dagotoyi orazisinds, Hokori vo Qarqarcay hovzalori arasindaki orazido
bu proses daha intensiv xarakters malikdir. Yarganlar asason 20 metr qalinli§i malik ortiik amolo
gotiron gillicalords vo alliivial-proliivial ¢okiintiilords inkisaf edir. Arazboyu maili diizonlikdo Araz
cayma yaxin orazido relyefds 6zilinli aydin biruze veran vo ¢aya diison 80-100 metr hndiirliiylindoa
pills sahasinda yargan eroziyasi daha genis yayilmisdir.

Araz, Hokori cayr vo onlarin bir sira qollarinin yataqlarinda alliivial akkumulyasiya
misahido edilir. Araz caymnin boylik axim siliroti sobobindon onun ¢inqil materialimm daha uzaq
mosafoys aparmasi bu ¢ayin daha bdyiik axin siirati sobabindon bas verir.

Cinqil alliivisinin kifayat qador intensiv akkumulyasiyas1 Hokori vo Borgilisad caylarinin
asag1 axarlarinda miisahido edilir. Burada daglardan ¢ixaraq diizenliys kegon ¢aylarin yataqlari az
meylliyo malikdirlor vo bu arazinin geoloji qurulusu ilo baghdir. Bu hissods ¢aylar Hokari sinklinali
boyunca axir vo homin sinklinal sorqe dogru Asagi Araz sinklinalina kecir. Bu orazids caylarin
yataqlar1 vo subasarlar1 orta va kicik 6l¢iilii ¢ingil allitvisindan toskil olunmusdur. Iri 8l¢iilii ¢iqil
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materiali miiasir akkumulyasiya proseslorinin naticodir vo yiiksok terraslardan, Hokori ¢ayinin
godim gotirmo konusundan yuyulub-gatirilmisdir.

Alliivial-proliivial akkumulyasiya Qarabag silsilosinin conub-sorq qurtaracagindan axan vo
daimi axina malik olmayan Kondolongcay, Qurucay, Cobrayilgay vo s. cay dorolori iiglin
saciyyavidir.

Proliivial ¢okiintii toplanma mohdud xarakters malikdir vo dagotoyi orazido ¢ay dorslorinin
asagl axmlart iiclin sociyyovidir. Bu c¢okiintiilor miixtolif 6l¢iilii olmast vo mosamaliliyi ilo
saciyyalonir. Bu ¢okiintiilordo dagotoyi orazilords kohrizlor formalagir.

Yekun. Isgaldan azad olunmus Sorqi Zongozur arazilorinin bir hissesi olan Arazboyu
diizonliklorin relyef soraitinin otrafli todqiqi li¢lin ¢dl todqigatlarinin hoayata kegirilmasinin boytik
ohomiyysti vardir [3, 4]. Bu todiqiqatlar orazido bas veron ekocografi proseslorin yayilma
xlisusiyyotlorini, golocokdo aerokosmik materiallar tizorindo todqiqi iigiin bu proseslorin desifro
olamatlorini miioyyon etmoys, tobioti miihafizo todbirlorinin hoyata kecirilmasi iiciin prioritet
saholori toyin etmoyo sorait yarada bilor. Eyni zamanda, hoyata kegirilon tikinti-borpa islorinin
yerino yetirilmosi dovriindo geoloji-geomorfoloji soraitin nozors alinmasi maliyys itkilorinin
azaldilmasina imkan vera bilor [5, 6].

Orazinin monimsanilmasi ti¢lin mina vo partlamamuis stirsatlarla ¢irklonmo bdyiik ¢otinliklor
toradir [7]. Minatomizloms foaliyysti bir ¢ox hallarda diizenlik orazido quru ¢ol vo dag ¢ol
bitkiliyinin tamliginin pozulmasina sobab olur vo golocokds xiisusilo maili diizenliklords eroziya
proseslorinin intensivlogsmasine sobab ola bilor. Buna goro do biitlin foaliyyst novlori ilo yanasi
fitomeliorasiya todbirlorinin do faal suratds aparilmasina ehtiyac vardir.
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SUMMARY
GEOLOGICAL AND GEOMORPHOLOGICAL FEATURES OF THE PLAIN PART
OF EASTERN ZANGEZUR
Mardanov 1.1., Agayev T.D., Ahmadova N.M.

Keywords: depression, sediments, pebbles, mine, accumulation, erosion, synclinal

This article provides a brief geological history of the development of the Araz plains, which are an
important orographic unit of Eastern Zangezur, the lithological composition of the rocks composing the
surface of the plains, the most widespread morphosculptural forms are noted, exogenous relief-forming
processes and their territorial differentiation are analyzed. Based on the collected material, the possibilities of
using the relief for economic purposes, geomorphological features that must be taken into account during the
period of construction and restoration work are shown.

PE3IOME
T'EOJIOT'O-TEOMOP®OJOI'NTYECKHE OCOBEHHOCTHU PABHUHHOM YACTH
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Molumdur ki, miixtalif tobiot landsaftlarindan, o climlodon mesa orazilorindon miixtolif
mogsadlarls, hamg¢inin turizm-rekreasiya moagsadi ilo plansiz istifado edilmasi ¢ox vaxt onun tabii
komponentlorinin strukturunun tamliginin pozulmasina, torpaq eroziyasina, fauna vo florasina
neqativ tasir edir. Turistlor torafindon arazinin torpaqlarinin hadsiz tapdanmasi, miixtalif kimyavi
torkibo malik qida galiglarmin, neft mohsullar1 osasinda hazirlanmis birdofolik istifade olunan
plastik gablarin, sellofan torbalarin vo digor paketlosdirici vasitolorin nizamsiz sokildo otrafa
atilmasi, eloca do orazids park edilon texniki cohatdon nasaz avtomobillordon axan neft moahsullari
ilo torpagin girklondirilmasi tezliklo burada ssil ekoloji gorginlik yaradir. Digor bir mithiim magam
iso ondan ibaratdir ki, hom intensiv tapdanma, hom do kimyavi tasirlor naticasinds bu ciir orazilorin
torpaqglarinda mévcud olan bakteriaya, gobalok va ibtidailor Kimi torpaq mikrocanlilar1 da kiitlovi
sokildo mohv olurlar. Hansi ki, onlar canli galiglarinin biodeqradasiyasinda, humusamalogalmada,
torpagda fitosanitar voziyystin yaxsilasmasinda, bioloji aktiv maddslorin assimlyasiyasinda,
atmosfer azotunun fiksasiyasinda va S. proseslords vacib rol oynayirlar. Miixtalif ekoloji funksiyalar
dasiyan torpaq mikrocanlilar1 torpagin potensial vo effektiv miinbitliyinin formalagmasma da
bilavasito vo ya dolay1 yolla tosir gostorirlor. Ona géra do turizm-rekreasiya zonalarindan istifado
noticasindo meydana golmis ekoloji problemlorin holli yollarin1 elmi sokildo arasdirmaq vo
landsaftlarin ekosisteminin qorunub saxlanilmasi tig¢lin totbigq etmok zoruridir [1, 3, 6].

Todqiqatimizi asason Altiagac Milli Parkinin turizm-rekreasiya orazisi kimi genis istifado
olunan meso landsaftlarinda hoyata keg¢irmisik. Buna Sabob, Milli Parkin vo onun daha g¢ox
hissasinin inzibati orazisinds yerlosdiyi Xiz1 rayonunun turizm {igiin ¢ox calbediciliyi vo buralara
turist axiinin yiiksok intensivliyi olmusdur. Azarbaycan Respublikasiinin boyiik soharlorindon olan
Baki1 (104 km) vo Sumgqayita (74 km) an yaxin va Sofali dag rayonu olan Xiziya hor il hom turizm-
rekreasiya, ham do tobii miialico mogsadi ilo minlarlo 6lks vatondaslari vo xarici turistlor galir.
Rayonun orazisinin landsaftlarinin estetik baximindan rongarengliliyi onu turizm baximindan ¢ox
calbedici edir. Odur ki, burada ekoloji turizmin hortarafli inkisaf etdirilmasi ti¢iin olduqca alverisli
sorait vardir. Turistlor rayonun Gilozi gosobasi ilo Tixli kondlori arasinda avtomobil sosesinin
tizorindo yerlogon Vo tobii siixurlarin yaratdigr osrarongiz gozolliys malik vulkanik daglari seyr
etmoklo yanasi, asasen Xizi, qisman iSa Siyazon rayonlarinin inzibati orazilorinds yerloson, zangin
dendroloji-floristik biomiixtalifliys malik Altiagac Milli Parkinin meso landsaftlarina da iz tuturlar.
11035 hektar oraziys malik Milli Parkin 9981 hektarini, yoni 90,45 %-ini six va seyrok mesaliklar,
acigliglar vo bosluglar tutur. Bu mesolordo Qafqaz palidi, Qafqaz valosi, adi goyriis, itiyarpaql
agcaqayin, Sorq fistig1 kimi agac novlori, boyiirtkon, yemisan, azgil, garatikan, itburnu kimi kol
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bitkilori bitir. Qalan 1054 hektarini, yani 9,26 %-ini iSo mesasiz sahalar, otlaq sahalari, gayaliqglar,
yarganlar, ¢ay yataqlar1 vo S. tutur.

Umumiyyatle, Altiagac Milli Parkinin orazisinds algaq dagligm quru ¢él vo kolluglari, algaq
dagligin mesoalori, orta dagligin mesolori, orta vo gismon yiiksok dagligin fistig-palid mesalari kimi
4 landsaft kompleksi movcuddur [58]. Milli Parkin orazisinds torpaq tiplari do yiiksoklik qursaqlara
gora doyisir vo sabalidi, dag-sabalidi, agiq sabalidi, dag-¢omon, sari-gomon, dag-qara, agig-qonur,
gohvayi, ¢cimli, sar1, qonur-sari va s. torpaq tiplori genis yayilmisdir.

Buradaki “Qizilqgazma”, “Marcan”, “Cil”, “Sada”, “Sofa” vo s. kimi istirahot morkozlari,
meso landsaftlarinda yerlogon bir sira ictimai iaso obyektlori, xiisuson do rayonun inzibati
morkazindon 20 km aralida yerlogson “Connst Bagi” istirahot morkozi vo onun nozdinds 2015-ci
ildon sanatoriya kimi foaliyyst gostoron “Altay Marali” saglamliq morkazi xiisuson turistlorin
diggatini 6ziino calb edir. Lakin orazido tikilmokds olan yeni turizm obyektlori buradaki
landsaftlarin deqradasiyasinin artmasina va siradan ¢ixmasina sobob olmaqdadir. Digar torafdon do
Altiagac Milli Parkinin dovlst saviyyasinds ciddi qorunmasina baxmayaraq, hom yerli shalinin
buradaki meso landsaftlarinda mal-qara otarmasi, ¢oxlu yabani meyvolor toplamasi vo S.
sababindan, hom do bir ¢ox turistlorin otraf miihitin qorunmasina moasuliyystsiz miinasibatindan
dolay1 onun landsaftlarina antropogen tozyiqlor xeyli artmigdir. Noticodo aramsiz davam edan bu
ciir proseslor buradaki meso ekosistemlorino vo digor landsaftlara 6z neqativ tasirini
gostormokdodir. Bu da bir daha hom yerli ohalinin, hom do bura golon turistlorin ekoloji
maariflondirilmasinin zoruriliyini gostarir [1, 2].

Altiagac Milli Parkinin turizm-rekreasiya arazisi kimi istifado olunan mess landsaftlarinin
fauna va flora elementlori kimi mikobiotas1 da ciddi antropogen tozyiglora moaruz qalmaqdadir. Bu
iSo homin landsaftlarin torpaqlarinda foaaliyyat gostoran bir sira saprotrof mikromisetlor, hamginin
burada biton bitkilorin koklori ilo mutualistik mikoriza simbiozuna daxil olan makromisetlorin
novlarinin areallarinin daralmasina, ndv, populyasiya vo ford saylarinin koskin azalmasina, belaliklo
do bioloji reqressiyasina sabab olur. Lakin bitki vo heyvan novlarindon forgli olaraq buradaki
pozulmus mikobiotanin, xiisuson do mikromiset fordlorinin 6zlarinin tabii-fizioloji xiisusiyyati kimi
hom 6ziiniibarpa prosesi aktiv bas verir, hom do onlar orazinin deqredasiyaya moruz qalmis tobii
komponentlorinin siiratli barpasi va sanitar vaziyyatinin diizalmasinds miihiim rol oynayirlar.

Beloliklo do tadqiqatimizin magsadi Altiagac Milli Parkinin timsalinda turizm-rekreasiya
orazilorinin antropogen mongali miixtalif maddslorlo ¢irklondirilmis torpaqlarinin analitik tohlilini
aparmagqla antropogen tosirloro moruzqalma doracasini miioyyan etmok, bu tip landsaftlarin baslica
funksiyalarinin vo tobii komponentlorinin qorunub saxlanmasi vo barpast mogsadi ilo orazidoki tobii
mikromiset ndvlorini ayirmaq vo onlarin buradaki ¢irklondiricilori neytrallasdirmaq tiglin
fermentativ aktivliklorini 6yronmoak, naticade daha aktiv produsentlorin se¢ilmasi va siini qidal
miihitdo kultivasiya edorok oraziys totbiq edilmosinden ibarat olmusdur.

Metodlar va eksperimental hissa. Todqiqatlarimiz 2021- 2023- cii illords, osason yaz vo
yay aylarinda Altiagac Milli Parkinin turizm-rekreasiya {li¢iin nozorde tutulmus landsaftlarinda
hoyata kegirilmisdir. Bu zaman ¢6l todqiqatlar1 iiglin nozords tutulmus bir sira ekoloji metod vo
yanagmalardan, eloco do mikromiset niimunslorinin toplanmasi, herbarilogdirilmasi vo emali
prosesindo molum olan metodlardan istifado edilmisdir. Gotiiriilon niimunslorin mikrobioloji
islonmosi  Azorbaycan Respublikasi ETN-nin  Mikrobiologiya Institutunun mikrobioloji
biotexnologiya laboratoriyasinda hoyata kecirilmisdir. ©ldo olunmus mikromiset fordlorinin vo
onlarin sporlarinin fizioloji vo morfokultural slamatlorini miioyyan etmak, homginin cins vo ndve
gador identifikasiya etmok iiclin miivafiq metodlardan, mikoloji toyinedicilordon, Beynolxalq
Mikologiya Assosasiyasinin rosmi saytinda verilonlordan istifade olunmusdur [4].

Bels ki, nlimunslarin gotiirtilmasi ti¢iin stasionar tacriiba sahalarinin har birinden 100 x100m
Olgliyo malik orazilor se¢ilmis vo haor bir orazinin adoton 10 yerindon niimune gotiiriilmiisdiir.
Niimunolorin gotiitiilmasi asason Rossi-Xolodun slisoortiilmo metodu ilo hoyata kegirilmisdir [5, 7].
Niimunolordoki goboloklorin tomiz kulturaya g¢ixarilmasi {igiin qidali miihit kimi aqarlasdirilmis
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somoani sirasi, nisastali, dilyiilii vo kartoflu aqarlar, Capek miihiti kimi standart qidali miihitlorden
istifado edilmisdir. Petr qablarinda geyd olunan standart qidali miihitlordo okilmis gdboaloklorin
tomis kulturaya ¢ixarilmasi iiglin 7-10 giin miiddotindo, 26-28°C-do  termostatda inkisaf
etdirilmigdir. Yaranan koloniyanin tomiz kultura alinana qador vizual goriintii osasinda seleksiyasi
hoyata kegirilmis, sonda koloniyanin morfokultural slamatlorinin macmusuna gora identifikasiyasi
apartlmigdir.

Identifikasiya noticosindo proteolitik, selliilolitik, lignolitik, lipolitik va lesitinaza
ekzofermentlorinin aktiv produsentlori olmagqla, tadqiq olunan orazilorin torpaqlarinin kimyovi
barpasinda vacib rol oynayan 12 cinso aid 58 mikromiset novii askarlanmisdir. Bunlardan
Arthrobatrys cinsinin A.oligospora, A.longa, A.compacta, Alternaria cinsinin Alternaria alternata,
Aspergillus cinsinin A.flavus, A.candidus, A.niger, A.ochraceus, A.versicolor, Fusarium cinsinin
F.moniliforme, F.sporotrichioides, F.oxysporum, F.solani, Penicillium cinsinin P.chrysogenum, P.
brevicompactum, P.decumbens, P. expansum, P. janthinellum, P.lanosum, P.oxalicum,
P.purpurogenum, P.rubrum, P.citrinum, P.cyclopium, P.oxalicum, Mucor cinsinin M.circinelloides,
M. hiemalis, M.musedo, Mucor sp. 10 vo Mucor sp. 30, Acremonium cinsinin Acremonium
charticola, Acremonium sp., eloca do Aureobasidium pullulans, Botryotrichum piluliferum, Botrytis
cinerea, Candida alpicans, Tichoderma atroviride, Circinella circinans, Thysanophora
penicillioides, Cladosporium herbarum, Mortierella alpine, Scopulariopsis brevicaulis,
Myrothecium roridum, Humicola gricea, Paecilomyces variotii, Paecilomyces variotii,
Trichothecium roseum, Chaetomium  globosum, Torula herbarum, Rhisobus stolonifera,
Verticillium alboatrum kimi ndvlora daha ¢ox rast golinmisdir. Onlarin neft monsali vo digor
kimyavi maddslorin biodeqradasiyasinda, noticado torpaqlarin bu ciir kimyovi maddolordon
tomizlonmosinds daha ¢ox rola malik olmalar1 bizim analizlorimizin naticasindon malum olmusdur
ki, bu da bir sira mikoloji adobiyyat malumatlari ilo do 6z tosdiqini tapmisdir. Qeyd olunan cinslorin
oksar ndvlarinin miixtalif tipli landsaftlarda genis yayildigin1 nazors alsaq onlar1 kosmopolit ndvler
kimi do xarakterizo etmok olar.

Todqiqatin nazori vo praktik ahomiyyoti. ilk dofo olaraq Altiagac Milli Parkinin
antropogen monsali miixtolif kimyovi maddolorlo davamli ¢irklondirilmis, deqradasiyaya vo
digressiyaya ugramis turizm-rekreasiya orazilorinin torpaqlarinin mikrobioloji vo kimyavi analitik
tohlili aparilmis, noticado bu ciir torpaqlarin mikobiotasinin formalagsmasinda istirak edon
mikromisetlori say vo ndv torkibing, ekotrofik slagoloring, eloco do onlarin antropogen tosire cavab
reaksiyasina goroa kompleks analizi hoyata kegcirilmisdir. Noticodo miioyyan olunmusdur ki, davamli
kimyavi ¢irklonmays moaruz qalmis bu ciir torpaqlarda rast golinon mikromisetlorin say1 nisbi tomiz
torpaqlardakindan dofalorle azdir. Bu da torpagin tobii kimyavi torkibinin pozulmasinin buradaki
mikromiset novlorinin say vo cins torkibino ciddi neqativ tosirinin tozahiiriidiir. Todqiq olunan
orazilorin torpaqlarinda 12 cinso aid 58 mikromiset novii agkarlanmigdir. Onlardan Arthrobatrys,
Aspergillus, Penicillium, Acremonium, Fusarium, Rhizopus, Trichoderma vo Mucor cinslarinin
novlorine daha c¢ox (40%-don artiq) rast golinir ki, onlar da torpaglarin kimyoavi cohotdon
borpasinda vacib rol oynayan proteolitik, selliilolitik, lignolitik, lipolitik vo lesitinaza
ekzofermentlorinin aktiv produsentloridirlor. Bu ciir xiisusiyyotlora malik mikromiset ndvlarinin
askarlanmas1 onlarin biotexnoloji yolla artirilmis biokiitlesini ¢irklonmis torpaqlara daxil etmoklo
tobii yolla torpagborpaedici vasito kimi golocokdas istifadasine imkanlar yarada bilor.

Todgiqgat isinin naticalori turizm-rekreasiya ii¢iin nozordos tutulmus orazilorinin torpaqglarinin
landsaft xiisusiyyatlori nozere alinmaqla daha somarali istifads yollarin1 miioyyon etmaklo barabar,
tobii  torpagborpaedici mikromisetlor haqqinda olan molumatlarin  keyfiyyotco daha da
zonginlogmasing xidmat edacokdir. Homginin deqradasiya doracasi miixtalif olan meso torpaqglarinin
mikobiotas1 hagqinda olds edilon molumatlar belo xarakteristikaya uygun golon digor torpaglarin da
barpasi, onlarin fitosanitar voziyyatinin yaxsilagdirilmast moqgsadi ilo profilaktik todbirlorin
hazirlanmasinda baza molumatlar1 kimi do faydali ola bilor.
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SUMMARY
PROSPECTS FOR THE USE OF MYCOBIOTA IN ELIMINATING THE CONSEQUENCES
OF ANTHROPOGENIC POLLUTION OF TOURIST FOREST LANDSCAPES
Namazov N.R., Yusiphova S.N.

Key words: landscape, recreation, anthropogenic, digression, degradation, mycobiota, micromycete,

exoenzyme, mutualism, mycorrhiza, symbiosis.

For the first time, a microbiological and chemical analytical analysis of the soils of the tourist and
recreational zones of the Altyagach National Park, constantly contaminated with various chemicals of
anthropogenic origin, was carried out. As a result, 58 species of micromycetes belonging to 12 genera were
found in the soil of the studied areas. Among them, species of the genera Arthrobatrys, Aspergillus,
Penicillium, Acremonium, Fusarium, Rhizopus, Trichoderma and Mucor are more common (more than
40%). They are active producers of proteolytic, cellulolytic, lignolytic, lipolytic and lecithinase exoenzymes,
which play an important role in the chemical restoration of soils. Incorporation of micromycete species with
such characteristics into contaminated soils can be used as a natural means of soil remediation.

The research results can improve the quality of information obtained about the mycobiota of forest
soils of varying degrees of degradation. In order to improve the phytosanitary condition of the soil, it can be
useful as basic information when drawing up preventive measures.

PE3IOME
HNEPCHEKTHUBBI UCITOJIb30BAHUSI MUKOBHUOTHI B YCTPAHEHUU NOCJEICTBUM
AHTPOIIOT'EHHOTI O 3ATPA3ZHEHUA TYPUCTHYECKUX JIECHBIX JJAHAIIAD®TOB
Hamaszoe H.P., FOcugosa C.H.

Knrouesvle cnosa: nanowagpm, pexpeayusi, aHmpono2erHulil, ouepeccus, de2padayusi, MuKkoouoma,
MUKpoOMUyem, 3K30ghepmenm, Mymyanusm, MUKOpU3d, cCumouo3.

BrnepBole mpoBezieH MUKPOOMOJIOTMYECKHH W XMMHUKO-aHAJUTUYECKUN aHalu3 IOYB TYPHCTCKO-
peKpealioHHbIX 30H HaruoHanmpHOro Tmapka AnThlarad, IIOCTOSIHHO 3arpsi3HEHHBIX —Pa3IMYHBIMU
XMMUYECKAMH BEIECTBAMH aHTPOIIOTEHHOTO IPOUCXOXKACHUS. B pesynbrare uccienoBaHWil B IOYBE
W3yYCHHBIX TEPPUTOPUI 0OHApYy>KEHO 58 BHI0B MUKPOMHIETOB, MpHHAANeKamuX K 12 pogam. Cpean HUX
Jare BcTpevaroTes BUIbl pogoB Arthrobatrys, Aspergillus, Penicillium, Acremonium, Fusarium, Rhizopus,
Trichoderma u Mucor (6onee 40%). OHM SBISAIOTCS AKTHUBHBIMH TIPOIYIIEHTAMH MPOTEONIUTHYECKHUX,
LEJUTIOIO30IUTHYECKUX, JIMTHOMUTHYECKUX, JTUIOTUTHYECKUX U JISLIUTUHA3HBIX 3K30()ePMEHTOB, UTPAIOLINX
BRXHYIO DPOJIb B XHMHYECKOM BOCCTAHOBIICHMM II0YB. BKIlOueHHE BHIIOB MHUKPOMHUILETOB C TaKHUMHU

65



Turistik mesa landsaftlarinin antropogen c¢irklonmasinin naticalarinin
aradan qaldirilmasinda mikobiotadan istifada perspektiviori

XapaKTEPpUCTUKAMU B 3arpsA3HCHHBIC ITIOYBBI MOXKCET OBITh MCITOJIb30BAHO B KAYECTBE €CTECTBEHHOIO cpeacrsa

peaduIUTAIINA TTOYB.
Pe3ynbrarhl McClieOBaHUN MOTYT IMOBBICUTH KaueCTBO MOJy4YaeMod HMH(OpMAIUU O MHUKOOMOTE

JISCHBIX TOYB Pa3jIMYHON CTEICHM Jerpananuu. B mensx ymydiieHus (QUTOCAHUTAPHOTO COCTOSIHUS TIOYBBI
MOJKET OBITH MOJIE3HA KaK OCHOBHASI HH(POPMAIIHS PH COCTABIEHUH MPO(YHUIAKTHIECKUX MEPOIIPHSTHH.
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Mogqalodo sonayeds olan zohorli kimyovi maddslorin orqanizmo tosirinin uzaq tozahiir
formalar1 kimi onlarin qonadotrop — cinsi faaliyysto vo konserogen-badxassali siglorin yaranmasina
tosirindon bohs edilir. Qeyd edilir ki, bazi kimyavi maddslarin tesirindon kisi vo qadin sonsuzlugu
yaranir ki, bu da homin maddalorin cinsi orqanlara monfi tosiri ilo olagodardir. Maqalads eyni
zamanda bozi kimyovi maddolorin tosirindon organizmdo bod xassali sislorin yaranmasi qeyd
olunur. Bels ki, konserogen effekto malik olan kimyavi maddolor birbaga bels tosiro malik olmurlar.
Onlar orqanizmde miitloq miisyyon ferment elementloari ilo alaqoys girarak qurulus dayisikliklorine
moruz qaldigdan sonra konserogen effekto malik olurlar. Bir sira sonaye zohorlorinin orqanizmo
tosiri imumi zohorlilik olamatlorinin zoif vo spesifik tosir olamatlorinin giiclii tozahiirii ilo
xarakterizo olunur. Belo spesifik tosir olamatlori zoharin tosir etdiyi miiddotds yox, onun tosiri
qurtardigdan sonra, hatda tosir anindan illor ke¢dikdon sonra tozahiir olunur. Comiyyat ii¢lin belo
zohorin tosirinin uzaq olamatlorinin sonraki nosillorde tozahiir etmosi daha g¢ox tohliikalidir.
Molumdur ki, ictimai-sosial hayat1 xarakterizo edon komiyyst gdstoricilorindon biri insan dmriiniin
orta davamiyyotidir. Omriin orta davamiyyoti osas etibarilo usaq 6liimiinden, miixtolif qozalar
naticasinda olan 6liim hallarindan vo qoca yaslarda olan 6liim hallarinin sayindan asili olur. Qoca
yaslarda 6liim sobablorinin 50%-ni {irok-damar xastaliklori vo 20%-ni bad xassali sislor toskil edir.
Son zamanlar yasli vo qoca insanlarda bu xostoliklorin xiisusi ¢okisi 6liim sobablorinin torkibinds
artmaga baslamisdir. Bir sira digor soboblorlo yanast havada olan kimyoavi zoharlorin
mikroqarisiglarinin  rolunu bu artimin sobablori arasinda qeyd etmomok olmaz. Coxsayl
eksperimental vo natur todqiqatlar gostormisdir ki, karbon sulfid zohorli tosirini gdstorans kimi
iirok-damar sisteminds ¢ox dorin spesifik patoloji doyisikliklor omolo gotirir. Qurgusunun cinsi
vozilors olan tasirini téradon doza vo konsentrasiyalar iimumi toksiki tosir edon konsentrasiyalardan
yiliz dofalorlo kigik olur. Trixlorfenilsirko tursusunun inkisaf edon dolo olan tosiri onun imumi
toksiki tosiri miisahido olunmayan doza vo konsentrasiyalarda tozahiir edir. Bu da usaqlarin
xostolonma hallarinin vo usaq 6liimiinlin artmasinin saboblorindon ola biler. Bundan olave usaq
oliimiiniin osasinda kimyovi maddslorin mutagen, embriotrop va teratogen tasiri do durur [4].

Otraf miihiti ¢irklondiron kimyavi maddolorlo tomasda olan insanlarin fordi hoyatlarinda vo
ya onlarin nasillorinds tosir qurtardigdan sonra xastoliklorin vo diger patoloji proseslorin omalo
galmasine kimyavi maddalorin tosirinin uzaq tozahiirii vo ya “uzaq effekti” deyilir. Uzaq effektlorin
Oyronilmasi sanitar-gigiyenik normativlorin elmi osaslandirilmast ii¢iin imumi vo miitlaq olan
toloblordandir.

“Uzaq effektlor” deyondo ilk ndvbodo qonadotrop, embriotrop, mutagen, kanserogen,
teratogen effektlori vo bazi hallarda lirok-damar sisteminin patologiyasini nozards tutmaq lazimdir.
Qeyd etmok lazimdir ki, “uzaq effektlor” deyilonds daha genis diapazonlu patoloji proseslor
(effektlor) tosovviir olunmalidir. Masalon, bir ¢ox toxumalarin atrofiyasin1 omolo gotiron miixtolif
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degenerativ proseslor. Bels proseslar qiciglandirict zoharlorin tasiri ilo tonoffiis tizvlerinin vo mads-
bagirsaq sisteminin selikli gisalarinda omolo galon bir ¢ox iltihabi proseslorin son naticasi ola bilor.
Birlogdirici toxumanin proliferasiyast ilo gedon proseslori bir ¢ox orqanlarda agir sklerotik
doyisikliklor omolo gotirir. Oliimlo naticolonon vo on genis yayilmus silikozu, qiciglandirict
zohorlorin tosirindon todricon gizli yaranan pnevmosklerozu, agir metallarin (uran, qurgusun) tosiri
ilo boyroklordo omolo golon sklerotik proseslori uzaq effektloro misal gostormok olar. Hepatotrop
zoharlorin tasirinin naticasi kimi yaranan qara ciyer sirrozu bir ¢ox hallarda qara ciyar xor¢anginin
omolo golmosini siiratlondirir vo zoharlorin tasirinin uzaq effektinin tozahiirii kimi qobul olunur [2].

Kimyovi maddslorin tesirindon miiayyon vaxt kecondon sonra sinir sistemindo gedon
degenerativ proseslor parkinsonizm xostoliyinin, polinevritlorin, parez vo ifliclorin, bir sira ruhi
pozgunluglarin osasinda durur vo homin patoloji hallar zohorlorin tasirinin uzaq tozahiir formalari
kimi qiymatlondirilmalidir.

Hazirda otraf miihitin kimyovi ¢irklondiricilorinin orqanizma tasirinin uzaq tozahiir
formalarinin dyronilmasi vo onlarin profilaktikasi tibbi-gigiyenik problem kimi hom nozori, ham da
praktiki cohotdon boyiik ohomiyyati olan bir masaloys ¢evrilmisdir.

Elmi-texniki toraqqinin yliksok siiratli inkisafi ilo saciyyalonon XX osrin ortalarindan sonra
biitiin inkisaf etmis 6lkolords kisi vo gadin sonsuzlugu, usagsiz nikahlarin say1 get-gedo artmaga
baslamisdir. Belo voziyyot xiisusilo boylik sonaye miiossisalori yerloson iri gohorlordo, intensiv kond
tosorriifatt islori aparilan rayonlarda yasayan ohali arasinda daha ¢ox masahido olunur. Statistik
molumatlara géra XX asrin 50-ci illorindon sonra biitiin nigahlarin 10-15%-1 dolstiz, 45% bosanma
hallarinin sababi iso usaqlarin olmamasi vo seksoloji pozgunluglar olmusdur. Aparilmis todqiqatlar
gostormisdir ki, nikahin pozulmasinin sababi 27,1% halda sonsuzluq olmusdur. Ke¢gmis zamanlarda
sonsuzlugun sabobini homiso qadinlarda goriirdiilor. Ancaq indi malumdur ki, kisi sonsuzlugu adli
termin yaranib. Kisi cinsi orqanlarinin, xiisuson cinsi vazlorinin otraf miihitin monfi tosir gdstoran
bir sira amillorino haddindon artiq hossas olmasi elmi cohatdon tosdiq edilmisdir. Hazirda sonayedo
va kond tosarriifatinda totbiq olunan ¢oxsayli kimyavi maddslorin cinsi orqanlara tasiring dair ¢oxlu
todqiqatlar aparilmigdir. Onlarin naticalori gostormisdir ki, kimyovi maddslorin tasiri ¢ox hallarda
cinsi orqanlarda, xiisuson cinsiyyot vozisindo bir sira patoloji doyisikliklor omoalo gotirir. Belo
kimyavi maddoslors benzolu vo onun homologlarini, xlor iizvi maddslori, bir sira agir metallari
vo s. misal gostormok olar [1].

Izopren kauguku istehsalinda calisan, stirol, mangan vo kapralaktam ilo tomasda olan
qadinlarin menstrual tsiklinin vo yumurtaliglariin funksiyasinin pozgunluglari, geyd olunan
zoharlorin ¢ox clizi doza vo konsentrasiyalarinin tosiri zamani miisahido olunmusdur. Uzun miiddost
kimya sonayesindo brom, manqan, xlorpren va etillogdirilmis benzinlo tomasda olan kisilorin cinsi
foaliyyastinin vo spermatogenezinin pozulmasi miisahido edilmisdir.

Qonadotrop tesirin dyronilmosinds an vacib masalalordon biri bu tasirin birincili vo ya
ikincili olmasinin toyin edilmosidir. Birincili spesifik tosirin tosdiq olunmasi liclin on asagi
soviyyado doza vo konsentrasiyalarin tosiri zamani tosir mexanizmi Gyronilmelidir vo alinmis
naticolorin, yoni Umumi zohorlilik vo spesifik gostoricilorin miiqayisali qiymotlondirilmosi
aparilmalidir. Inteqral gostariciloro goro tapilmis koskin vo ya xroniki tosir haddinin spesifik
gostariciloro goro tapilmis analoji hoddo olan nisbatinin vahiddon c¢ox oldugu halda spesifik
gonadotrop tosirin olmasi tasdiq olunur. Spesifik tosir zonasinin vahiddon bdyiik olmasi tokco
gonadotrop tasir ti¢iin yox, digar uzaq spesifik tasirlarin toyin olunmasi tigiin do tolob olunan sortdir:

Limjptegr
Zop= Tim >1
imgy,

Spesifik qonadotrop effekt xiisusilo kaskin tosir zaman1 daha agiq vo aydin sokildo tozahiir
edir. Xroniki tosir zamani iso spesifik vo qeyri-spesifik tosirlor bir-biri ilo {ist-listo diisiir vo spesifik
tosir olamaotlori imumi tosir olamatlori ilo qarisir. Son zamanlar aparilan eksperimental todqiqatlarin
naticalari bir sira maddalarin spesifik qonadotrop tesir gostardiyini tasdiq edir. Asagidaki cadvalden
goriindiiyii  kimi on yiiksok spesifik qonadotrop tosiro malik olan etilenimin, xlorpren,
tetrabutilasetat, manqan, amidopirin, fenol vo qurgusundur.
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Ne Maddo Inteqral tosir hoddi Spesifik tosir Spesifik tosir
LiMintegr haddi Limg, zonasl
mag/mg mag/mg Zy

1 | Etilenimin 10 0,8 12

2 | Tretbutilasetat 150 20 7

3 | Amidopirin 61,9 22,4 3

4 | Xlorpren 1,69 0,15 11

5 | Fenol 5,0 0,5 10

6 | Mangan 40 10 4

7 | 1,3 Xlorbrompropan 410 410 1

8 | Pirrolodin 0,6 0,6 1

9 | Vinilxlorid 0,3 0,3 1

10 | Qurgusun 40 4,0 10

Hazirda 30-dan ¢ox kimyovi maddo molumdur ki, onlarin bilavasito tosiri ilo insan
orqanizmindo bad xassali sislor omals golir. Eksperimental heyvanlarda sis omalo gatiron kimyovi
birlogsmalorin say1 iso ylizlorladir [1].

Ilkin olaraq kanserogenlors o maddolor aid edilir ki, onlarm tosiri ilo eksperimental
heyvanlarda sislor omolo golir, ya da tobii rast golmoyon sislorin amols golmasine sabab olur,
spontan olaraq amolo golon sisglorin sayini artirir, onlarin latent dovriinii qisaldir. Kanserogenlor
geyri-lizvi va iizvi birlogsmalor olub miixtalif siniflora aiddirlor, miixtalif qurulusa, alinma {isuluna
va tosir mexanizmino malik olaraq forqli miixtalif metabolizm proseslorino ugraya bilarlor.

Bad xassali sislor amolo gatiron kimyavi maddslarin insan orqanizmina tasiri bir sira ndvbali
proseslordon ibarstdir. Bunlara kanserogenlorin metabolizmi, orqanizmin mikromolekullar ilo
metabolizmo ugramis kanserogen molekullarinin qarsiliqh tosiri vo dezoksibonuklein tursularinin
reparasiyasinin pozulmasi aiddir. Kanserogen effekto malik olan kimyovi maddslor birbasa bels
tosiro malik olmurlar. Onlar orqanizmdo miitloq miioyyon ferment sistemlori ilo slagoys girarok
qurulus doyisikliklorino meruz qaldigdan sonra kanserogen effekto malik olurlar. Xiisuson
endoplazmanin retikulyar formasiyasinda yerloson ferment sistemlori ilo alagoys girs bilon kimyavi
maddalor qeyri-spesifik mikrosom oksidlosdiricilorin funksiyasini pozaraq ribonuklein vo
deziksiribonuklein tursularinin  replikasiya prosesina miidaxilo eds bilirlor. Potensial
konserogenlorin (prokonserogenlorin) kanserogens c¢evrilmosi mikrosomal oksidlogsmo sistemi
vasitasilo metobolizmo ugrayaraq aktiv kanserogen metabolitlor omolo gotirmok yolu ils, yaxud da
aktiv olmayan metabolitlor omolo gotirmoklo gedo bilor. Qaraciyordo metabolizmo ugrayan
prekanserogenlor {i¢iin qlukuron tursusu ilo kompleks birlogmoalor omalo gotirmosi vo sonradan
homin birlosmoalorin b qlukuronidaza fermentinin tosiri ilo birbasa kanserogens c¢evrilmosi
xarakterikdir.

Kanserogenlorin amolo golma mexanizminin basqa bir yolu ferment sistemlori ila qarsiliqlt
tosir zamani1 gedon digor ¢evrilmolorlo olagadardir ki, naticods alinan metabolito qars1 ferment
sisteminin aktivliyi azalir vo bad xassali sislorin amalo golmasina sobab olur. Masalan, 3,4-benz (a)-
piren (on giiclii kanserogen effekto malikdir) orqanizmdo BP-hidroksilaza sisteminin tosiri ilo aktiv
kanserogena gevrilir. BP-hidroksilaza sistemi 6z ndvbosindo miixtolif ferment sistemlorinin aktiv
tosirino moruz qala bilor vo bundan asili olaraq miixtalif orqanizmlords miixtalif ciir aktivlik
gostorir, onun kanserogen aktivliyi organizmin ndviindon, cinsindon vo yasindan asili olmaqgla
miixtalif ola bilar.

Kimyovi cohotdon miixtalifliyo baxmayaraq kanserogen effekto malik olan birlogmolorin
imumi xtisusiyyatlori do vardir. Bunlar asagidakilardir:

- elektrofil tosiri;

- mutagen tosiri;

- DNT-nin reparasiyasini omalo gatirmok qabiliyyati;

- bodono yeridilon yerds bad xassali sis-sarkoma omalo gotirmasi;
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- yarimdagilma dovriiniin ¢ox qisa olmas.
Kanserogenezin mexanizmini sxematik olaraq belo gdstormok olar:

PREKANSOROGEN
Aktivlosdirici d
KANSEROGEN
DNT-nin birlogmasinin d DNT-nin reparasiyast

DNT-nin replikasiyasi va
sisin amoalo galmasi

miisbat tosir edon amillor oks tasir edon amillor
promatorlar antioksidantlar,
hormonlar vitaminlor A, C, E,
4d tursulari flavonlar, selen
forbol efirlori kortikosteroidlor,

proteazanin ingibitorlari

Politsiklik aromatik karbohidrogenlor tobistdo vo sonayeds on ¢ox yayilmis kanserogenlora
aiddir. Ta qoadimdon molum idi ki, baca tomizloyanlorin arasinda on ¢ox yayilmis peso xorcong
xostoliyini omalo gotiron hisin torkibindo ¢oxlu politsiklik aromatik karbohidrogenlor vardir.
Politsiklik aromatik karbohidrogenlor (PAK) metallurgiya, koks kimyas1 sonayesi miiassisalorinin,
avtomobil, hava vo su naqliyyati oasasini toskil edir. Bu qrupun osas niimayandosi 3,4-benz (a)
pirendir (klassik kanserogen) [2].

PAK-lar timumiyyatlo yerli tosiro malik kanserogenlorsa aiddir. Orqanizmo tesir etmo
yolundan asili olaraq xor¢ong omalo gatirir: dorido, tonoffiis lizvlorindo, mode-bagirsaq sisteminda
Vo s.

Potensial kanserogenlora N-nitrozaminlor, hidrazin téromolari, haloidli karbohidrogenlar vo
bir sira metallar da aiddir.

Ik dofs 1956-c1 ildo N-nitrozaminlori (N-nitrozodimetilaminin) tosiri ilo sigovullarda
xargongin amolo golimosi miisahido olunmusdur. Sonraki illords N-nitrozobirlogsmalorin tosiri ilo
50-ya godar ndv canli orqanizmlords siglorin induksiyasi eksperimental yolla tasdiq olunmusgdur.

N-nitrozaminlor tosir etdiyi zonada omolo gotirdiyi xorcongdon olave, hom do sistem
xarakterli xor¢ong amolo gotirmok qgabiliyyatino malikdirlor. Metabolizma ugrayan N-nitrozaminlor
sistem xarakterli, ugramayanlar iso yerli tosiro malik kanserogenlors aiddir. N-nitrozaminlor insan
orqanizmindo do sintez oluna bilor. Bodono nitritlor vo ikincili amillor daxil oldugda bu proses
asagidaki kimi gedir:

NaNO, > NH — >N—>N=O+NaOH
CH; CHs

Orqganizmo nitritlor qida (erzaq) mohsullar ilo daxil ola bilor. Ikinci aminlor iso orqanizmdo
maddalor miibadilosi prosesinde mado-bagirsaq sistemindo amolo golirlor. Madads nitrozaminlorin
sintezi ¢oxsayli todgiqatlarla tosdiq olunmusdur. Insanlar {iciin N-nitrozaminlorin birbasa
kanserogen tasiri hals doqiq toyin olunmamusdir.

Hazirda molum olan 20-don artiq hidrazin téromaleri i¢indo 9 maddenin kanserogen tosiri
coxsayl eksperiment vo natur todqiqatlarla tosdiq olunmusdur. Bunlardan 5-1 dorman preparatlaridir
— izonikotik tursusunun hidrazidi; feniletilhidrazid; 5-nitro 2-furaldehid vo karbozon; ikisi iso
herbisidlors aiddirlor: malein tursusunun hidrozidi vo suksin tursusunun dimetilhidrazidi.

Hidrazidlor qrupunun on dorin &yronilmis niimayondssi 1,2-dimetilhidrazindir (DMH).
DMH eksperimental soraitdo kanserogenezin dyranilmasi iiclin model kimi istifads olunur. DMH
organizmdo metabolizmo ugrayaraq metilkarbonil ionlarin1 omolo gotirir. Metilkarbonil ionlar1 6z
névbasindo DNT-ni va bozi ziilallar1 metillogdirir vo uzun miiddst orqanizmds qalaraq promutagen
funksiyasini dasiyir va an nohayat quanini metiquaning ¢evirmaklo kanserogen effekt omolo gatirir.
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Haloidli karbohidrogenlor on ¢ox yayilmis sanaye zohorloridir. Bu qrup zsharlorin arasinda
kanserogen tasir gostaron CCL4, xloroform, dixlor-difenil 3-xlor metilmetan (DDT) va vinilxloridi
gostormak olar. Vinilxlorid fohlolords gara ciyerin anqiosarkomasini vo ag ciyorin xor¢gongini amalo
gatirir.

Yuxarida gostorilmis qruplara aid olan maddslordon basqa bir sira metallar da kanserogen
effekto malikdirlor. Bunlara xromu, arseni, nikeli, kadmiumu, berilliumu vo qurgusunu misal
gostormok olar. Absertin vo bir sira mineral liflorin kanserogen tosiri do todqiqatlarla tosdiq
olunmusdur.
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SUMMARY
GONADOTROPIC AND CANNOGENIC EFFECTS OF CHEMICALS
Khalilov T.A., Gadimov V.A., Alekberli G.Y.

Keywords: "remote effect”, gonadotropic effect, cannogenic effect, PAKs, hydrazine derivatives,

hepatotropic poison.

The article talks about their influence on gonadotropic — sexual activity and the formation of
carcinogenic-malignant tumors as distant forms of manifestation of the effect of toxic chemicals in industry
on the body. It is noted that due to the effects of certain chemicals, male and female infertility occurs, which
is due to the negative effects of these substances on the genitals. The article also notes the appearance of
malignant tumors in the body due to the action of some chemicals. So, chemicals that have a carcinogenic
effect do not have such an effect directly. They have a carcinogenic effect after undergoing structural
changes, necessarily entering into a relationship with certain enzyme elements in the body.

PE3IOME
T'OHAJIOTPOITHOE U KOHIEPOT'EHHOE JEMCTBUE XUMHUYECKHX BEIIECTB
Xanunoe T.A., 'aoumoe B.A., Anexknepau I'. /1.

Knrouesvle cnosa: “oanvhuii s¢hgpexm”, conadomponnulil s¢hgpexm, xonyepozenuniii a¢ppexm, I[AK,
nPOU3800HbIE 2UOPAZUHA, 2ENATMOMPONHBILI 510

B craree paccMaTpuBacTCsA BIMAHHE TOKCHYECKMX XHMHYECKMX BEHIECTB MPOMBINIIEHHOTO
Ha3HAYCHWsS Ha OPTaHW3M KakK OTHaJIeHHBIE (OPMBI TPOSBIACHHUSA WX TOHAJOTPOIHOTO — HA ITOJOBYIO
AKTHBHOCTb M KOHIIEPOTEHHOTO — Ha BO3HMKHOBEHHE 3JI0KAYEeCTBEHHBIX oOImyxoiei. OTMewaercs, d9To
MY)KCKO€ M YKEHCKOe OeCIUTOgre BO3HHKAET WM3-3a BO3JEHCTBHS HEKOTOPHIX XHMHUYECKHX BEIIECTB, YTO
CBSI3aHO C HETaTHBHBIM BO3/ICHCTBHEM 3THX BEIIECTB Ha TIOJIOBBIC OPTaHbl. B CTaThe TakKe OTMEYAETCS
MOSIBJICHUE 3JI0KAYECTBEHHBIX OMyXOJICH B OpraHW3Me OT BO3JEHCTBUS HEKOTOPHIX XMMHUYECKUX BEUICCTB.
Takum 00pa3oM, XHMHYECKHE BELIECTBA, 00NATArOIIUEe KOHIICPOreHHBIM 3(h(eKTOM, HEe 00JIalaloT TaKuM
npssMbiM  JiefictBueM. OHM  00J7aJaI0T KOHIEPOTeHHBIM 3((eKToM mocie TOro, Kak MpeTepreBarT
CTPYKTYpHBIE M3MEHEHHS, 00sI3aTEIBHO BCTYIAs B KOHTAKT C ONMPEACICHHBIMU (PEPMEHTHBIMH SJIEMCHTAMHU B
OpraHu3Mme.

Daxilolma tarixi: [lkin variant 30.05.2024
Son variant 24.06.2024
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DNEKTPOCONPOTUBICHUS HelehOpPMHUPOBAHHBIX OOpPA3IOB 3aKallEHHBIX B BOJE, IJIABHO
Bospacraer 10 300-400 °C B CBA3M C IOIOKHTEIBHBIM TEMIEPATYPHBIM KOI(DQHIMEHTOM
conpotuBieHus. Xoa kpuoi ¢ 400 mo e 700 oC CBUJIETENBCTBYET O pa3Butuu K-coctosiHus. B
unTepBane temmeparyp 700-925 °C mpomcxXomMT pacmaj TBEPIOrO pacTBopa ¢ 0Opa3soBaHHEM
YacTUIl yNpOUHsomEeH ¢a3bl, YTO MPUBOJUT K CHUKEHHIO SJIEKTpOcOmpoTHBieHUA.  [logbem
KpuBOi1 Bble 950 OC ceszan pacTBOPEHUEM paHee BbLACIUBLINXCA YacTULl BTopoi (pas3sl. Kpusas
HarpeBa U YKa3bIBaeT Ha MPOTEKAHUE YIOMSHYTBIX IPOIIECCOB B 00paTHOM MOCIIE0BATEILHOCTH.

B nedhopmupoBannbix obpasiax obpazoBanue K -cocrasHus pu HarpeBe MPOMCXOIUT B
6onee mupokoMm uHTEepBaie Temmepatyp (¢ 100 go 700 0C) Y 3HAUYUTEJIbHO MHTEHCUBHEE, YEM B
HenehOpMUpPOBAaHHBIX OOpa3max. Yem BbIIE CTENEHb OOXKaTHs, TeM OOJbIIe MPHUPOCT
ANEKTPOCOMPOTUBIICHHS NP HarpeBe. MakCUMallbHOE U MUHUMAJIbHOE 3JIEKTPOCONPOTHUBICHUS B
mpolecce HarpeBa U OXJKACHUS y HeZe(OPMHUPOBAHHBIX a TAKXKe y e OPMHUPOBAHHBIX 00pa3IOB
(3aKaJeHHBIX B BOJI€) MO BEIMYMHE TOYTH COBIAJAIOT, HO MPHU OXJIAXKACHHUS OHH CMEIICHBI B
CTOpOHY 0oJie€ HM3KHX TeMIlepaTyp. IJEKTPOCONPOTUBIEHUS  0o0OpaslloB IIOCIE€ HarpeBa u
OXJIKJICHUS BBIIIE, YEM JIO HarpeBa

[Toutn 1o Bcex cilyyasix HMXMEHEHHME DJIEKTPOCONPOTHBIICHUS Y BOJIOYEHHBIX O0pa3IoB
BBIIIE, YEM Yy MPOKATaHHBIX. BO3MOXHO, 3TO CBSI3aHO C TEM, YTO B PE3YyJIbTAT€ BOJIOUYEHUS
BO3HUKAIOT 00Jiee BBICOKHE HEOJHOPOAHBIE MUKPOMCKOKEHHUS 10 CPaBHEHMIO ¢ MpoKaTHOH. Poct
ANEKTPOCOMPOTUBIIECHHUS NeOPMUPOBAHHBIX O0Pa3IOB HaOonaeTcsl mocie Beiaepkku g0 5000
MUH. JaJbHEWIIas BbIIEPKKA MPUBOJUT K CTaOWIM3alUMU  €JIEeKTPOCONPOTHBICHUS, UTO
CBUJIUTENICTBYET 00 OJHOBPEMEHHOM THPOTEKAHWM JIBYX IMPOLECCOB, KOIJga MajaHue
AJIEKTPOCOIPOTUBIIEHHS 3a CUET pacnaja TBEpJAOro pacTBOpa KOMIEHCHUPYETCS €ro MOBBIIIEHUEM
npu Bo3HuKHOBeHMM K — cocrosHusa [l]. Eciu cpaBHUTH OTHOCHUTEIBHOE HW3MEHEHHE
AJIEKTPOCONPOTUBIIEHUS,, U3MEPEHHOIO0 NpU KOMHATHOM TeMIleparype, 10 U IOcCjie OTIyCKa B
tederre 50000 munH npu 500 C 1 u3MepeHHOro B mpolecce Harpesa npu Boiaepxkkax 5 u 50 000
MHUH, TO MOXHO OTMETUTb, YTO Yy HeIe()OpMHpPOBAHHBIX OOpa3LOB OHO IOYTU OJAMHAKOBOMN
COOTBETCTBEHHO paBHO 8 W 7,6% (oxJaxJIeHHe ¢ TemIeparypbl OTIycka B Boje, Tabn.l). B
nehOpMUPOBAHHBIX 00pa3iax 3TOro He HAOJIOAAETCS, MPUYEM C YBEIIMUYCHHUEM CTETICHU O00XKaThS
9Ta pasHuna pacrer. [[ns obpasioB ¢ ooxkarueM 50% paszHuIla MEXKIY HAualbHBIM M KOHEYHBIM
3HAYEHUSIMU DJIEKTPOCONPOTUBIICHUS MpPH KOMHATHOM Temmeparype cocrtasiser 12,9%, a B
pe3ynbrate Harpesa c Beiaepkkamu 5 50000 muH Bcero 6 %; mpu Hakienarh ¢ ooxkatuem 75 % 3T1o
pasHuma cocraBisgerl4,5 M 2,5% COOTBETCTBEHHO (CpaBHEHHE TMPOBEACHO i O0Opa3IloB,
3aKaJICHHBIX B BOJE, a 3aTe€M MPOKAaTaHHBIX). Takoe pa3inyhe MOXKET ObITb OOYCIIOBJICHO JIHIIb
MHTEHCUBHBIM O00pa30BaHMEM YIPOSJOYEHHBIX aTOMHBIX cerperanuud B TBepaoMm pactope (K -
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COCTOSIHHME) YK€ B IIEepBbIe 5 MUH BbIAEpKKHU mpu 500 9C, uro cpas [2,3]. Takoe paznuume MOXKET
ObITh OOYCIIOBJICHO JIUIIbL WHTEHCUBHBIM OOPAa30BaHMEM YIIPOSIOUYEHHBIX aTOMHBIX CErperaiuu B
tBepaoM pactBope (K -coctostnue) yxe B mepBbie 5 MuH Bbiaepxkku mpu 500 °C, uro cpasy ke
MCKJTIOYAeT COCTABIIEHUE YKa3aHHBIX BEJIUYUH.

2=T5%

Puc. 1. Usmenenue snexmpoconpomuenenus u meepoocmu cnaaea XH77THOP
nocie saxanxu ¢ 1080 °C 6 sode (a) u na 6o30yxe (6) u cmapenus

Taonuua 1.
0 0
Brusnue noemopnozo nazpesa npu 500 ~C na usmenenue snexkmpoconpomugienus 3axaientuix ¢ 1080 °C
u Haxnenanuwix oopaszyos cniasa XH77THOP (conocmagnenue 3nauenuii nocie pasiuinbly usmeperuu)

Prcx.mxomTem Ps0000 MSOMHCM M 100% M 100%
7\9 % (t=20 C) Pucx. Prucx,
(t=500 °C

I | B I | B I | B I | B
0 119,3 - 128,9 - 8,0 - 7,6 -
5 119,9 120,8 | 1329 | 1332 11,0 10,1 6,3 5,8
25 120,6 1216 | 132,3 | 132,8 9,8 9,1 6,0 6,6
50 116,9 1174 | 132,0 | 132,8 12,9 12,5 2,5 2,8
75 113,0 1139 | 130,7 | 1329 15,7 15,1 3,4 3,8
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Brusnue xumuuecxoeo cocmasa cmanu u cniagos Ha JJleKmpuuecKkoe conpomuejlenue

Oxula:kaeHne Ha BO3IyXe
0 121,0 - 1299 | -131,3 5,2 - 4,4 -
5 123.0 1225 | 1329 | 1321 7,0 7,1 4,4 3,6
25 124,6 1248 | 1319 | 1316 59 58 3,0 3,3
50 119,8 118,5 | 132,1 | 131,7 10,2 11,0 3,5 4.2
75 113,8 113,9 | 130,6 14,0 14,8 3,8 4,0
OxJaxaeHue ¢ nevio
0 122,0 - 1248 - +2,2 - +2,4 -
5 125,3 1244 | 1238 | 1241 -1,0 0 -0,2 0
25 124,8 - 1247 - 0 - 0 -
50 1211 121 1257 | 1254 +3.7 +3,6 -04 0
75 - - - - - - - -

ITpu narpeBe g0 700 C u3MeHEHHUE TBEPIOCTH U DIIEKTPOCOIPOTUBIICHUS SBIIAETCS
XapaKTepHBbIM I Pa3BUTHUS Ipolecca TUCHEpCUOHHOro TBepaeHusa. C yBelIWYeHHEM BpEMEHU
Harpea 10 S50 MuH oTMevaeTcss cTaOWiau3alus  3HAUYEHUH  3JIEKTPOCONPOTHUBIICHUS
HeZeOPMUPOBAHHBIX OOpPA3IOB, 3aKallEHHBIX B BOJE WM Ha Bo3ayxe (puc. 1), 4TO MOXKHO
OOBSICHUT HAJIOXKEHUEM TIpoLieccoB o0pazoBanus K - cocTosiHus U pacmaga TBEpIOTo pacTBOpa.

Ha Bonouensix o6pa3Ho creneHbio oOxkatusi 50-75% mnpu Harpee Ha 500 u 600 °Cec
BbIIEPKKOH 10 5000 MUH BBISBISICTCS CETKA JIMHUM CKOJNBKEHHUS C YETKO BBIPAKCHHBIMH Y3JaMHU
[4]. DOTu y31Bl UMEIOT OKpPYyIIylo (opMy, KOTOpas XOpOLIO pa3peuiaercs MO CBETOBBIM
MukpockornoM 1pu yseaundeHun B 1000-1500 pa3. IlonyueHHas KapTWHA IpU BbISBICHUU
CKOTUICHUH AUCIOKAINH U, IO-BUIUMOMY, UIMEET C HUMH OOILUI XapaKTep.

Ha mnpoxatanHbix oOpa3nax JMHUM CKOJIBKEHUS B IUIOCKOCTH IPOKAaTKH  yAajoch
HaO0/IaTh TOJILKO Ha o0pa3lax co creneHplo obkarus 75 % mocie ormycka mpu 500 °Cs
teuenue 1000 munH. Ilo BbICOTE MpOKAaTaHHBIX 3aroTOBOK ¢ oOkatueM 75 % BBIABISIOTCS [IBE
CHCTEMBI MIIOCKOCTEH CKOJIbKEHUs, a Y 00pa31oB ¢ obxatrem 50 % - TOJIbKO OJJHA cHCTEMA.

ITosryueHHbIe pe3yIbTAThI:

1. YcTaHOBIEHO, UTO BBICOKOE JIEKTPHUUECKOE CONPOTUBIIEHUE 3aBUCHUT B IIEPBYIO OUYEPEIb
OT COCTaBa CIUIaBa.

2. TloBbllieHHE AIEKTPOCOMPOTUBICHUSI CTaled U CIJIABOB JOCTUTANIOCh MPAaBHIBHBIM
BBIOOPOM IIPOLIECCOB TEPMHUUECKON 00pabOTKH.

3. Beimo oOHapyXeHO, UTO yCIOBHS HarpeBa, BpPeMs XpaHEHUS MU YCIOBHS OXJIaXJIEHUS
SIBJIIOTCS. BAKHBIMM (PakTOpamu JUIsl YIy4IlIEHUsl ATOrO CBOMCTBA.
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XULASO
POLAD VO ORINTILORDO KiMYOVi TORKIBIN ELEKTRIK MUQAVIMOTINO TOSIRi
Qahromanov V.F .

Acar sozlor: termiki emal, normallasdirma, miiqgavimat, xrom, varaq, qaynaq, polad

Suda tablandirilmis vo deformasiya olunmamis niimunslerin elektrik miigavimoti miiqavimatin
miisbot temperatur omsali hesabina tedricon 300-400 °C-o qodor yiiksolir. Oyrinin 400-don 700 °C-o qodor
boyiimesi inkisafim gosterir. 700-925 °C temperatur intervalinda bork mohlul giiclonmo fazasmin
hissaciklorinin amols galmasi ils parcalanir ki, bu da elektrik miigavimatinin azalmasina sabab olur. Oyrinin
950 °C-don yuxari qalxmasi ikinci fazanin ovvellor buraxilmis hissociklorinin orimosi ilo baghdir. istilik
oyrisi geyd olunan proseslorin tors qaydada bas verdiyini gostarir.

Deformasiyaya ugramis niimunslords qizdirma zamani K voziyyatinin amolo golmasi daha genis
temperatur diapazonunda (100-don 700 °C-o godor) bas verir vo deformasiya olunmanms niimunolora
nisbaton daha intensiv olur. Sixilma doracasi ne qador yiiksokdirso, qizdirilan zaman elektrik miigavimatinin
artmast da bir o qodeor yiiksokdir. Deformasiya edilmomis vo homginin deformasiyaya ugramis (suda
tablandirilmis) niimunslear ii¢lin qizdirma vo soyutma zamani maksimum vo minimum elektrik miigavimatlari
doyar baximindan demak olar ki, eynidir, lakin soyutma zamani daha asag1 temperaturlara dogru siiriisiirlar.
Niimunslarin qizdirilmast vo soyudulmasindan sonra elektrik miigavimati qizdirilmadan avval oldugundan
daha yiiksokdir

SUMMARY
EFFECT OF CHEMICAL COMPOSITION OF STEEL AND ALLOYS
ON ELECTRICAL RESISTANCE
Gahramanov V.F.

Keywords: heat treatment, normalization, resistance, chromium, sheet, welding, steel

The electrical resistance of undeformed samples hardened in water gradually increases to 300-400 °C
due to the positive temperature coefficient of resistance. The progression of the curve from 400 to 700 °C
indicates the development of the K - state. In the temperature range 700-925 °C, the solid solution
decomposes with the formation of particles of a strengthening phase, which leads to a decrease in electrical
resistance. The rise of the curve above 950 °C is associated with the dissolution of previously released
particles of the second phase. The heating curve indicates the occurrence of the mentioned processes in
reverse order.

In deformed samples, the formation of the K-state during heating occurs in a wider temperature
range (from 100 to 700 °C) and is much more intense than in undeformed samples. The higher the degree of
compression, the greater the increase in electrical resistance when heated. The maximum and minimum
electrical resistances during heating and cooling for undeformed and also deformed samples (quenched in
water) are almost the same in value, but during cooling they are shifted towards lower temperatures. The
electrical resistance of samples after heating and cooling is higher than before heating

Daxilolma tarixi: [lkin variant 18.03.2024
Son variant 30.04.2024
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This paper explores how Enterprise Resource Planning (ERP) systems contribute to
enhancing transportation planning and execution in supply chain management. Its goals include
assessing how ERP systems enhance efficiency, visibility, and decision-making in transportation
logistics, as well as analyzing their impact on a specific organization through a case study. The
methodology entails a thorough case study analysis involving interviews, data collection, and both
qualitative and quantitative analysis. Key discoveries highlight significant enhancements in
transportation planning accuracy, resource utilization, and on-time delivery performance after ERP
system adoption. The conclusions emphasize the pivotal role of ERP systems in streamlining
transportation operations, optimizing supply chain processes, and improving overall organizational
performance. These findings offer valuable insights for companies contemplating ERP
implementation to enhance transportation logistics within their supply chains.

Enterprise Resource Planning (ERP) systems have become indispensable tools for
businesses aiming to optimize their supply chain operations, including transportation management.
These systems integrate various business functions and processes, offering a centralized platform
for data management, analysis, and decision support. In the realm of transportation management,
ERP systems enable real-time visibility into inventory levels, transportation capacities, and demand
forecasts. They facilitate streamlining of transportation planning processes, enhancement of route
optimization, and improvement of coordination among stakeholders.[1, p.18]

This paper has two main objectives: firstly, to explore how ERP systems contribute to
enhancing transportation planning and execution within supply chain management, and secondly, to
conduct a detailed case study analysis to evaluate the impact of ERP implementation on
transportation management practices within a selected organisation. By addressing these objectives,
the paper aims to highlight the importance of ERP systems in modern transportation logistics and
offer practical insights for businesses seeking to leverage ERP technology to enhance their
transportation operations. The paper includes a review of relevant literature on transportation
planning, execution, and ERP systems, followed by an in-depth case study analysis of a
multinational manufacturing company. The case study will examine the specific challenges,
solutions, and outcomes associated with ERP system implementation for transportation
management within the chosen organization. Through this comprehensive examination, the paper
aims to contribute to a deeper understanding of the role of ERP systems in improving transportation
logistics and driving supply chain efficiency.

The methodology employed for conducting the case study analysis adopts a systematic
approach to collect, analyze, and interpret data concerning the influence of Enterprise Resource
Planning (ERP) systems on transportation planning and execution within the chosen organization.

Selection Criteria:
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The selection of the case study organization is based on specific criteria aimed at ensuring
data relevance and depth. These criteria include:

1. Industry: Preference is given to a multinational manufacturing company with intricate
transportation logistics operations.

2. ERP Implementation: The organization should have implemented ERP systems targeting
transportation management in recent years.

3. Size and Scope: The organization should possess a substantial transportation network
involving various modes of transport, regions, and stakeholders.

4. Availability of Data: Access to pertinent data, documents, and key personnel for
interviews and observations is essential.

Data Collection Methods:

The case study analysis employs various data collection methods, including:

1. Interviews: In-depth interviews are conducted with key stakeholders involved in
transportation planning, execution, and ERP implementation to gather insights and experiences
regarding the impact of ERP systems on transportation management.

2. Document Review: Relevant documents, reports, and internal communications related to
ERP implementation, transportation planning processes, and performance metrics are reviewed to
complement interview data.

3. Observations: Site visits are conducted to observe transportation operations, personnel
interactions, and ERP system utilization in real-time scenarios.

4. Surveys: Surveys may be utilized to gather additional quantitative data such as
transportation Key Performance Indicators (KPIs), satisfaction levels, and perceptions of ERP
effectiveness among transportation stakeholders. [2, p.684]

Limitations and Constraints:

Several limitations and constraints are encountered during the study, including:

1. Access to Data: Comprehensive and up-to-date data availability, especially regarding
transportation performance metrics, may be restricted due to confidentiality or incomplete records.

2. Time Constraints: Conducting a thorough case study analysis demands considerable time
and resources, which may be limited by project timelines and organizational priorities.

3. Bias: Inherent biases may exist in collected data, particularly in interviews where
respondents may provide subjective or selective information.

4. Generalizability: The findings of the case study may not be universally applicable due to
variations in industry, scale, ERP implementation strategies, and contextual factors.

Despite these limitations, efforts are made to mitigate biases, ensure data validity and
reliability, and provide a comprehensive analysis of the case study organization's experience with
ERP-enabled transportation management.

Selected Case Study Organization:

XYZ Corporation, a multinational manufacturing company specializing in automotive
components, serves as the subject of this case study. With operations spanning multiple continents,
XYZ Corporation manages a complex transportation network to facilitate the movement of raw
materials, components, and finished products between its manufacturing facilities, distribution
centers, and global customers.

Transportation Planning and Execution Processes Before ERP Implementation:

Before ERP implementation, XYZ Corporation's transportation planning and execution
processes were predominantly manual and decentralized. Planning relied on spreadsheets, emails,
and phone calls among various stakeholders, leading to inefficiencies and errors. Coordination
between departments and external partners was fragmented, resulting in delays, missed deliveries,
and increased costs.

Impact of ERP Systems on Transportation Management:
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XYZ Corporation implemented ERP systems to streamline its supply chain operations,
including transportation management. The ERP system integrated planning, execution, and
monitoring functions, with modules such as Transportation Management System (TMS) and
Warehouse Management System (WMS) enhancing visibility, automation, and decision-making.

Key Transformative Impacts:

1. Enhanced Visibility: Real-time tracking of shipments and inventory improved monitoring
throughout the supply chain.

2. Improved Efficiency: Automation of route optimization and scheduling reduced lead
times and costs.

3. Better Coordination: Seamless communication among departments and partners
facilitated smoother execution.

4. Data-Driven Decision Making: Access to timely data enabled informed decision-making
and strategy optimization. [3, p.80]

Data Collection Methods:

Quantitative data included transportation costs, delivery performance, and inventory
turnover. Qualitative insights were gathered through interviews with stakeholders, revealing
experiences and challenges with ERP-enabled transportation management.

Key Challenges, Successes, and Lessons Learned:

Challenges:

- Resistance to Change: Initial resistance from employees due to job security concerns and
technological unfamiliarity.

- Data Integration: Technical challenges in integrating legacy systems with the new ERP
system.

- Training and Adoption: Ensuring adequate training and support for end-users to maximize
benefits.

Successes:

- Cost Reduction: Significant savings through improved efficiency and reduced expenses.

- Enhanced Customer Service: Real-time tracking improved customer satisfaction.

- Strategic Decision Making: Actionable insights enabled proactive decision-making.

Lessons Learned:

- Executive Sponsorship: Leadership support crucial for successful implementation.

- Continuous Improvement: Ongoing monitoring and refinement essential for adaptation.

- Stakeholder Engagement: Early involvement and addressing concerns foster ownership
and adoption.

ERP implementation significantly improved transportation management at XYZ
Corporation, enhancing efficiency, visibility, and decision-making. Despite challenges, the
successes and lessons learned provide valuable insights for organizations considering ERP adoption
in their supply chains.

Interpretation in the Context of Existing Literature:

The outcomes of our case study analysis resonate with existing literature that emphasizes the
transformative influence of ERP systems on transportation management within supply chains.
Studies by Kumar et al. (2010) and Gunasekaran et al. (2017) have underscored the pivotal role of
ERP systems in augmenting efficiency, visibility, and decision-making in transportation logistics.
Our findings align with these perspectives, illustrating how ERP-enabled transportation
management results in enhanced route optimization, real-time tracking, and cost efficiencies.
Implications for Theory and Practice:

Our study carries significant implications for both theoretical frameworks and practical
applications in supply chain management. The empirical evidence provided contributes to the
literature on ERP systems by substantiating their impact on transportation management within real-
world contexts. It emphasizes the necessity of incorporating transportation logistics into ERP
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implementation strategies and advocates for further research to delineate the precise mechanisms
through which ERP systems influence transportation efficiency and performance.

From a practical standpoint, our findings advocate for the adoption of ERP systems in
transportation management to unlock substantial benefits. By automating processes, enhancing
visibility, and enabling data-driven decision-making, ERP systems empower organizations to
optimize transportation operations, reduce costs, and elevate customer service standards. These
implications extend beyond transportation logistics, underscoring the pivotal role of technology
adoption in bolstering operational excellence and competitive advantage across supply chain
management practices. [4, p. 30]

Broader Significance of ERP-enabled Transportation Management:

The broader significance of ERP-enabled transportation management lies in its potential to
fortify supply chain efficiency and competitiveness. By seamlessly integrating transportation
planning and execution with other business functions, ERP systems enable organizations to achieve
heightened coordination, agility, and responsiveness in supply chain operations. This heightened
efficiency not only yields cost savings but also bolsters customer satisfaction, nurtures supplier
relationships, and fosters innovation.

Furthermore, ERP-enabled transportation management contributes to supply chain resilience
by furnishing organizations with the visibility and adaptability required to navigate dynamic market
conditions and unforeseen disruptions effectively. In an increasingly intricate and globalized
business landscape, adept management of transportation logistics is imperative for sustaining a
competitive edge and long-term prosperity.

Limitations and Suggestions for Future Research:

Despite the valuable insights garnered from our study, several limitations warrant
acknowledgement. Primarily, the case study's focus on a singular organization constrains the
generalizability of our findings. Future research endeavors could encompass multiple case studies
spanning diverse industries to offer a more comprehensive understanding of ERP-enabled
transportation management's impact.

Secondarily, our study predominantly relied on qualitative data derived from interviews,
potentially subjecting it to biases and constraints. Future research initiatives could integrate more
robust quantitative analyses, including longitudinal studies and statistical modelling, to validate
findings and elucidate causal relationships between ERP implementation and transportation
performance. [5, p. 22]

Additionally, our study did not explore the enduring ramifications of ERP-enabled
transportation management or the potential contributions of emerging technologies like artificial
intelligence and blockchain in enhancing transportation efficiency. Subsequent research could delve
into these realms to unearth novel insights and avenues for innovation within supply chain
management.

Conclusion:

The case study analysis of Alpha Logistics Inc. presents compelling evidence of the profound
impact of Enterprise Resource Planning (ERP) systems on transportation planning and execution
within supply chain management. The study's key findings highlight the transformative advantages
of ERP-enabled transportation management, including enhanced efficiency, visibility, and cost
savings.

ERP systems streamline transportation processes by automating workflows, improving
visibility, and facilitating data-driven decision-making. Real-time tracking and monitoring
capabilities foster better coordination among stakeholders, resulting in reduced lead times,
heightened customer satisfaction, and significant cost reductions. The case study underscores the
pivotal role of ERP systems in fostering supply chain efficiency and competitiveness in today's
dynamic business landscape.
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Recommendations for organisations aiming to implement or enhance ERP-enabled
transportation management include:

1. Conducting a comprehensive assessment of current transportation processes to identify
areas for improvement.

2. Engaging key stakeholders across departments to secure buy-in and support for ERP
implementation.

3. Invest in robust training and change management initiatives to ensure successful adoption
and utilization of ERP systems.

4. Collaborating closely with ERP vendors and implementation partners to tailor solutions to
the organization's specific needs and objectives.

5. Continuously monitoring and evaluating transportation performance metrics to pinpoint
opportunities for optimization and refinement.

By adhering to these recommendations, organizations can harness the power of ERP systems
to streamline transportation operations, elevate supply chain efficiency, and gain a competitive
advantage in the marketplace.

REFERENCES

1. Kumar, S., & Malegeant, P. (2010). Supply chain management and ERP systems: Strategic and
operational issues / IGI Global —p. 120.

2. Gunasekaran, A., Ngai, E. W., & McGaughey, R. E. (2017). ERP systems in small and medium-
sized enterprises: A review of the literature / International Journal of Production Research, 55(3),
684-705.

3. Ballou, R. H. (2004). Business logistics/supply chain management: Planning, organizing, and

controlling the supply chain / Prentice Hall p. 95.

Christopher, M. (2016). Logistics & supply chain management. Pearson UK p. 86.

Coyle, J.J. Supply chain management: A logistics perspective / J. J.Coyle, C.J.Langley,

B.J.Gibson [et al.] Cengage Learning. —2020. —p. 30.

o s

XULASO
ERP SISTEMLORI iLO NOQLiYYATIN PLANLASDIRILMASI
VO ICRASININ TOKMILLOSDIRILMOSININ ANALIZI
Rosulzads S.F.

Acar sozlar: ERP, sistem, idaraetma, resurs

Mogalo Miiossisa Resurslarimin Planlasdirilmast (ERP) sistemlorinin tochizat zoncirinin idare
edilmasinds noqgliyyatin planlasdirilmast vo icrasinin artirilmasina necs téhfo verdiyini arasdirir.
Magsadlarina ERP sistemlarinin naqliyyat logistikasinda samaraliliyi, gorma qabiliyyastini va gorar gabulunu
neco artirdigini qiymotlondirmak, habels onlarin konkret togkilata tosirini bir niimuns aragdirmasi vasitasilo
tohlil etmok daxildir. Metodologiya miisahibolor, molumatlarin toplanmasi vo hom keyfiyyst, hom do
komiyyat tohlilini ohato edon hortorafli case study tohlilini nazorde tutur. Osas kosflor ERP sisteminin
gebulundan sonra naqliyyatin planlagdirilmasinin daqiqliyi, resurslardan istifade va vaxtinda catdirilma
performansinda ohomiyyatli tokmillogdirmalori  vurgulayir. Naticolor ERP  sistemlorinin = dagima
omaliyyatlariin sadslosdirilmasinda, tachizat zonciri proseslorinin optimallasdirilmasinda vo iimumi togkilat
foaliyyatinin tokmillasdirilmasinde asas rolunu vurgulayir. Bu tapintilar tochizat zancirlorinde naqliyyat
logistikasini artirmaq iigiin ERP tatbiqini diisiinan sirkatlor {i¢iin doyarli fikirlor toklif edir.
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PE3IOME
YJIYUYUIEHUE IIJIAHUPOBAHUSA U UCITOJHEHUS ITEPEBO3OK C ITIOMOLIBIO
ERP-CUCTEM: AHAJIN3 TEMATHUYECKOI'O UCCJIIEJOBAHUSA
Pacynzaoe I1.®.

Knrouegwie cnosa: ERP, cucmema, ynpagnenue, pecypc

B oaroii crathe wuccnemyercs, Kak CHCTeMbl IDIaHMpPOBaHUs pecypcoB mnpeanpustus (ERP)
CHOCOOCTBYIOT YIYUIICHHUIO TJIAHUPOBAHUS M BBIITOJIHEHHUS TIEPEBO30K B YIIPABICHUH IIETIOYKAMH TTOCTABOK.
B ero nenu Bxoaut orerka Toro, kak ERP-cructemsl moBeImaoT 3¢ ¢eKTHBHOCTD, TPO3PaYHOCTh U IPUHSITHE
pCUICHUH B TPAaHCIOPTHOW JIOTHCTHKE, a TaKXKe aHajlu3 WX BIIMSHUS Ha KOHKPETHYH) OPTaHU3aIUI0
MOCPEACTBOM  TEMAaTHYECKOTO HCCICIOBaHUA. MeETOMONOrusl  MpearnojiaraeT —TINATENbHBIN — aHalu3
KOHKPETHBIX CITy4aeB, BKJIFOUYAIOIINA WHTEPBbIO, COOp AHHBIX, 4 TAKXKE KAY€CTBEHHBIN W KOJUYECTBEHHBIN
aHaym3. KimtoueBble OTKpBITHS TMOAYEPKUBAIOT 3HAYUTEIBHBIC YIYYIICHHUS B TOYHOCTH IUIAHUPOBAHUS
MEPEBO30K, HCIIOJIb30BaHUM PECYPCOB M CBOEBPEMEHHOW NOCTaBKE Iocie BHeApeHus cuctemel ERP. B
BBIBOJIaX TIOMUYEPKHBaeTCs KiroueBas poinb ERP-cuctemM B onTMMM3anmny TPaHCIIOPTHBIX —OTIEPAITHiA,
OTNITHMHM3AITAN TIPOIIECCOB IIEMOYKH ITOCTABOK WM IOBBIMICHWH OO0MIeH 3(h(EKTHBHOCTH OpPTaHMW3AIldd. OTH
pe3yJIbTaThl JA0T IEHHYH0 HH()OPMAIIKIO JUISI KOMITAHHUH, PacCMaTPUBAIOIINX BO3MOXKHOCTh BHenpenus ERP
JUTS yITy4IISHNS TPAHCIIOPTHOHN JIOTUCTUKU B CBOUX IIETTOYKAX IMTOCTABOK.

Daxilolma tarixi: [lkin variant 13.03.2024
Son variant 30.04.2024
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KANAL VO KUVETLORI TOMIZLOYON iSCI ORQANIN TONZIMLOYON
VASITONIN FUNKSIYALARININ MODELLOSDIRILMOSI VO
KOMPUTER EKSPERIMENTLORI ILO TODQIiQi

OMIRBOYOVA NOSIiBO SIRAC qizi &8P

Sumgqayit Dévlat Universiteti, Sumqayit, Azarbaycan, bas miiallim
nasiba.amirbekova@sdu.edu.az

Acar sozlar: kanal, frezin diski, metal sotka, frez tullayici, polad ¢ubuqlar

Kanalin tomizloma qurgusunun layihslondirilmasi prosesinds, xiisusi ilo do eskiz layiholorin
islonmosi morhalosindo qurgunun is¢i hissolorinin is qabiliyyatinin yiiksaldilmasi, keyfiyyotinin
yaxsilagdirilmasi mogsadi ils alqoritmik tadqiqatin aparilmasi va kompiiter eksperimentloari il tohlil
edilmosi mithiim masalalorden biri hesab olunur. Bununla slagadar olaraq, tomizlayici qurgunun
is¢i organlarinin texnoloji tohlili aparilaraq, miioyyon edilmisdir ki, frezin diski ilo beton Ortiiyiin
arasinda galan qrunt gatini (toqribon 15...25 mm) tomizlomak ti¢lin kosici kiiroklors uc hissolordon
elastiki element (metal sotka) borkidilir. Kiiroyin metal sotka ilo birlikde iimumi goriiniisii sokilds
verilmigdir.

Taocriibo islori zamani metal sotkanin polad ¢ubuglarinin uzunlugunun doyismasinin is¢i
organin tolob etdiyi giico, mohsuldarliga vo kanalin tomizlonmo keyfiyyotino (K) tosiri otrafli
Oyronilmisdir. Hom ds tacriibs-todqiqat islori zamani miisyyan olunmusdur ki, metal sotkanin polad
cubuglarinin uzunlugunun doyigsmosi mohsuldarlifa vo kanalin tomizlonmo keyfiyyotino tosiri
boyiikdiir. Cubuglarin uzunlugu artdiqca is¢i orqanin talab etdiyi giic do artir.

Eksperimental todqiqi doqiq aparmagq {igiin asagidaki alqoritm quraq (Sokil).
cubuglarin uzunlugunu 1;=0.02 m-o godor artiqca giic yalnmz gubuglarin deformasiya olunmasi
hesabimna artdigi halda, 1>0.02 m olduqda iso giiciin artmasi ham do ¢ubuqlarin beton Ortilyiin
lizorindo siirtiinmasini dof etmok iigiin tolob olunan giiciin hesabina artir. Olgmolor naticosindo
molum olmusdur ki, metal sotkanin tolab etdiyi giic is¢i organin iimumi giiciiniin toqribon 8-11%-ni
toskil edir. Bu zaman digor parametrlor sabit qalir.

Tadgigat noticosindo miioyyon olunmusdur ki polad g¢ubuglarin uzunlugunun doyismosi
kanalin tomizlonmo keyfiyyatino asasli doracads tosir gostorir. Cubuglarin uzunlugu 1,=0.02 m-o
qador gobul edilir. Metal sotkanin cubuglarinin uzunlugundan asililiq gostoricilori asagidaki
qiymatlorlo miisyyen edilir:

Vir=0.09m/san; V=7 m/san;

Kg=0.2; Z,=3; Laz=6m
artiqca tomizlonmo keyfiyyatini gostorn omsal (K;) minimum qiymats yaxinlagir. Tomizlonma
keyfiyyoti omsali gostoron omsal (K;) kanalda tomizlomodon sonra qalan lilin en kosik sahosinin
(St.c), tomizlomadon avvalki en kasik sahasina (S;x) olan nisbati ilo toyin olunur. Lakin 13>0.02 m
oldugda cubuglarin deformasiyast ¢ox oldugu ii¢iin, onlar lili tam tomizloys bilmir vo naticodo
tomizlonma keyfiyyati amsalinin qiymati do dayisir.

82


https://orcid.org/0009-0002-2376-9632
mailto:nasiba.amirbekova@sdu.edu.az

Imirbayova N.S.

1

Baglangic
l

v

1,=0.02; V;;=0.09m/san; V=7 m/san;
Kyg=0.2; Z,=3; Ly=6m

Isci organin tolob
olunan giicli tomin
olunmur

2
8 .

Olgmalor naticosinda
metal sotkanin tolob etdiyi giic artir

7

Cubuglarin beton
ortiiyiin tizorindo \l:
stirttinmosi dof edir

9

Metal sotkanin tolob etdiyi giic is¢i orqanin
imumi giliciiniin toqriban 8 - 11%-ni toskil
edir

— 1 v

Tomizlonma keyfiyyatini gostorn omsal (K; —min).
Vir=0.09m/san; V ,=7 m/san; K4=0.2; Z;=3; Lyx=6m
kimi sabit qalir.

Sakil. Mohsuldarliga vo kanalin tamizlonma keyfiyyatino tasir edan metal sotkanin
polad ¢ubuglarimin uzunlugunun segilmasi alqoritmi
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— 12

1. Cubuglarin deformasiyasi ¢oxalir;
2. Atilan grunt kiitlesinin hocmi bdyiiyiir;
3. Polad ¢ubuglarin beton ortiiyii tizorindoki siirtlinmasi

naticosindo onlarda yeyilma bas verir.

— 14

Tomizlomo prosesinin mohsuldarlig:
miintozom olaraq artir.

. !

Metal sotkanin ¢ubuglarinin uzunlugunu
I=y’ dl¢iisiinds gotiirmak magsadsuygundur.

—

Saklin davami
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Tocriibo-todqiqat zamani  metal sotkanin  c¢ubuglarinin  uzunlugunun doyismosinin
mohsuldarliga tosiri do strafli analiz olunmusdur. Polad ¢ubuglarin uzunlugunu l;= 0.02 m-s qader
gotiirdiilkdo mohsuldarliq miintozom olaraq artir. Bu artim atilan qrunt kiitlosinin hocminin
boylimoasi hesabina bas verir. Lakin, sotkanin uzunlugu l;> 0.02m gétiiriildiikds, yoni ¢ubuqlarin
uzunlugunun artmasina baxmayaraq mohsuldarliq todricon azalir. Cubuglarin uzunlugu artdiqca
deformasiyasi da boyiiylir vo metal sotka 6z is qabiliyyatini itirir. Ona gorods mohsuldarliq getdikco
azalir.

Yuxarida deyilonlori tamamlayaraq belo bir noticoya golo bilorik ki, ogor frezin diski ilo
beton oOrtiiyii arasindaki mosafo - y'=0.02 m-o borabordiss vo ya ona yaxindirsa, metal sotkanin
cubuglarinin uzunlugunu artiq gétiirmok mogsodo uygun deyildir. Ciinki Iy > y’ oldugda hom
sotkanin deformasiyasi boyiiyiir (nsticade mohsuldarliq azalir) talob olunan giic artir vo kanalin
tomizlonmo keyfiyyati pislosir, eyni zamanda polad ¢ubuglarin beton Ortiiyii lizorindoki siirtiinmosi
naticasindo onlarda yeyilmo bas verir. Biitliin bunlara osaslanaraq deys bilorik ki, metal sotkanin
cubuglarinin uzunlugunu l;=y’ l¢iisiinds gétiirmak mogsadouygundur.

Tacriibo-tadqiqat islori zamani alinmig gostericilorin kompiiter eksperimentlori ilo todqiqi
naticasinds is¢i orqanin talob etdiyi giliciin daha doqiq sokilds toyin olunmasi ii¢lin bir nego asililiq
tonliklari alinmisdir.

Isci orqan iigiin tolob olunan giiciin masmin irolilomo siiratindon asililig1 asagidaki
gostaricilorlo miioyyon edilir:

Vieo=7 m/san; Z,=3; bq=0.4m;
H=0.6m; a=45; b=18.76% ;
z=1515 kq/m’; k=180000 H/m?;
Kq=0.2 ; N=0.3725.

Qrunt nomliyinin is¢i organin tolob etdyi gilico tosirinin frez tullayici ilo beton ortiiklii
suvarma kanalinin tomizlonmasi prosesinin eksperimentlorlo todqiq etmok iiglin asagidaki ilkin
verilonlorin tohlili talob olunur:

a - tomizloma prosesinin imumi vaziyyati;

b — kanalin tomizlomadon sonraki voziyyati.

Tadqiqat zamani miixtalif irsiloma siiratlorinds qruntun nomliyinin is¢i orqanin va baza
masinin tolob etdiyi gilico tosiri dyronilmisdir. Miixtalif iralilomo siiratlorinde ilkin verilonlor
asgidaki implikasiya soklindo daxil edilir:

Produksiya 1

OGOR Vinn=0.05 m/san & Vir, = 0.09 m/san qruntun nomliyinin dayismasi bas verir,

ONDA kiivetin is¢i orqanin talob etdiyi giic dayisilir.

OLAVO OLARAQ OGOR qruntun namliyi 14%-dan az oldugda,

ONDA onun méhkamliyi oldugu iigiin kasmaya miiqavimoati artir

VO is¢i orqanin talab etdiyi giic ¢oxalir.

OGOR namlik 19% don ¢ox olduqda

ONDA qruntun frezin kiiraklarina yapismasi hallar: bag verir.

Bu da ilk novbada qruntun keosilmesini vo eyni zamanda onun freztullayict kiiroklorinin
{izoring sorbast y1gilmasini pislosdirir. Buna gors tolob olunan giic do artir. Is¢i organin tolob etdiyi
az giic sorfi o vaxt olur ki, qruntun nomliyi 14...19% araliginda olsun. Miivafiq olaraq

OGOR qruntun namliyi 14...19% intervalindadirsa

ONDA frez tullayicimin is prosesinda frezin kiiraklorina yapismasi hallart bas vermir

VO is¢i orqan alava yiiklonmaya maruz galmir.

Qruntun namliyi yuxarida gostorilmis araligdan asagi olduqda is¢i orqanin talob etdiyi giic
do artir. Buna da sobab namliyin azalmasi naticasinda qruntun barkliyinin artmasi olur.

Qruntun namliyini artirdigca onun yapisqanlilifi ve siirtiinmo omsali maksimum haddo
godor artir. Nomliyin artmasi ilo gostorilon faktorlar qruntun sothi {izorinds sorbost su tobagosinin
omolo golmasi naticosindo getdikco azalir. Bu su toboqasi goriigo sothlor arasinda yaglama rolunu

85



Kanal va kiivetlori tamizloyan is¢i orqganin tonzimlayon vasitonin funksiyalarinin
modellagdirilmasi vo kompiiter eksperimentlari ila tadqiqi

oynayir. Buna gora do kiivetin tomizloma zamani qruntun namliyinin (J,) gostericilori asagidaki
kimi gostorilir:

14<3,<19%

OGOR (Jo_max=19%) < {20, 21,...},

ONDA frez tullayicinin isi zamani nomli gruntun si¢rayisla konarlara sapalonmoasi kiivetin
is¢ci orqanimin va atrafin ¢irklonmasina sabab olur.

Belaliklo, belo bir noticoya golo bilorik ki, beton ortiiklii suvarma kanallarinda omalo golon
yilksok nomliys (19%-don ¢ox) malik qruntlarin tomizlonmosi asan olsa da belo nomlik
mogsadouygun deyildir. Ona gora do tomizloms islori baglamazdan 6nco kanalin elo qurutmaq lazim
golir ki, i zamani no qruntun kiiroklors yapigmasi hallar1 bas verir no do kiivetin is¢i orqani
cirklonir.

Eksperiment iglori aparildigda miioyyan olunmusdur ki, xiisusilo yasayis montagaloring
yaxin yerlordo kanallara olavo tullantilar (domir ogyalar,iri agac vo das pargalar1) atilir. Bu iso
tomizlomo zamani is¢i organin is prosesini vo masinin horokotini ¢otinlogdirir vo hotta frezin
kiiroklorinin sinaraq siradan ¢ixmasina sabob olur. Bu da frez-tullayicinin is rejimine pis tosir
gostorir. Ona gorado tomizlomo islorini baslamazdan ovval vo tomizlomo aparildigi miiddotds
kanalin tomizlonmoyon hissasi vizual yoxlanilmalidir vo iri Olgiili tullantilar kanaldan
konarlagdirilmalidir.

Frez-tullayicinin dovrlor sayinin (nf) doyismasi prosesinin enerji tutumuna, qruntun atilma
mosafaosine vo borabor sopalonmasine boylik tosir gostorir. Tocriibo-tadqiqat islori zamani frezin
dovrlar saymin doyismosi frez-tullayicinin mohsuldarligina tosir edir. Frez tullayicinin dovrlor say1
artdiqca qruntun atilma mosafasi do artir. Onda alqoritm asagidaki kimi yazilir:

Produksiya 2

OGOR dovrilar sayr niy = 130 dévr/daq oldugda

ONDA gruntun atilma masafasi Ly=4.2 m.

OGOR dovrlar sayr nip=260 dovr/daq oldugda

ONDA gruntun atilma masafasi Ly= 8.7 m.

Buradan bels bir natica ¢ixara bilarik ki, frez tullayicinin dovrlor say1r miintozom olaraq iki
dofo artdigda qruntun atilma masafasi daha siiratlo artir.

Atilma istigamatinde qruntun paylanmasi parakonds sokilds bas verir. Atilan qruntun xirda
hissaciklori kanala daha yaxin yerdo, boyiik hissaciklori iso nisbat uzaqda yerlosir.

Frez tullayicinin is prosesini miisahids etmoklo miioyyan olunmusdur ki, frezin kigik dovrlor
sayinda atilan qruntun bir hissasi kanalin kenarina diisiir. Onda gorar qobuletms alqoritmi asagidaki
kimi yazilir:

OGOR dovriar sayt niz = 155 dovr/daq oldugda

ONDA qruntun atilma masafasi 4.7 < L4<6.5 m.

OGOR dovrlar sayr ni=260 dovrldaq oldugda

ONDA qruntun atilma masafasi Ly= 8.7 m.

OGOR dovrler say1 ng > {nfl, Mo, N3, nf4},

ONDA gruntun atilmasina sorf edilon N, glicii artir.

Frez tullayicinin ¢evrovi siirati (V,.,) tomizlomo prosesinds az enerji tutumuna malik olmagq
sarti ilo gruntun tolob edilon atilma uzagligina gors toyin olunur:

Produksiya 3

9GOR dovrlar sayr nis = 100 dovr/dagq,

ONDA is¢i organin Nior1 = 3.38 Kvt giicii talab olunur.

OGOR dovrilar sayt nis = 200 dovr/dagq,

ONDA is¢i orqanin Nyor1 = 4.61 Kvt giicii talab olunur.

OGOR dovrilar sayr — 2 ns olarsa

ONDA is¢i organin Nyor1 — min artir.
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AS  dovrlar saymmin 2 ny dafa dayigsmasina baxmayaragq,

Vo Vi=0.09 m/san

Vo K4=0.2

VO frez tullayicumin kiiraklorinin sayinin Zy=3

oldugu ii¢tin mahsuldarliq—0 yaxin olur.

ONDA bela olan halda prosesin enerji tutumu daha siiratla artir.

Frez tullayicinin iginin keyfiyyat va enerji gostaricilorini nazors alaraq, tosdiq etmak olar ki,
diametri 850 mm olan frezin dovrlor say1 150...200 dovr/doq arasinda doyisilmolidir. Bu dovrlor
sayinda frez tullayicinin is rejimi daha sabit vo dayaniqli olur.

Qruntun atilma mosafasi vo barabor paylanmasi, prosesin enerji tutumu 150...200 dévr/doq
araligimada doyison dovrlor say1 ilo tomin olundugu ii¢iin masinin mohsuldarligini iraliloms siiratini
artirmaq hesabina yliksoltmok lazim golir. Frez tullayicinin kiiroklorinin sayinin (Zy) vo formalarinin
tomizlomo prosesine tosirinin Oyronilmosi ona gore ohomiyyetlidir ki, kiiroklorin saymin vo
formalarinin doyismasi bilavasits, onlarin tizorino y1gilan qrunt kiitlosinin hocming, onun atilmasina
vo eyni zamanda prosesin keyfiyyot gostoricilorino tosir gostorir. Eksperimentlor prosesindo
miixtolif formali kiiroklordon istifado edilmisdir. Toadqigat zamani1 miixtalif formal1 vo sayl kasici
kiiraklorin frezin diskinde qurasdirilir.

Frezin kiiroklorinin saymnin doyismosi, {izorine yigilan qruntun hocminin artmasi sabit
qiymatds freztullayicinin mohsuldarligina tosir gostorir. Kasici kiiroklor qruntun hom kasilmasi,
hom atilmas1 kimi miixtsli texnoloji omaliyyatlar1 yerino yetirdiklori {iclin onlarin formalarinin da
tomizloma prosesino miloyyan tosiri vardir. Belo ki, atilan qruntun xirdalanmasi vo kosmo soraitini
yaxsilagdirmaq mogsadi ilo kiiroklordon istifads etmok daha magsadouygundur. Biitiin deyilonlori
yekunlasdiraraq bels bir naticaya gals bilarik ki, kiiroklorin sayini taqribon 3....5 goétiirmok maslohat
goriiliir.

Moqalado toklif olunan produksiya novlii modelo asason kanalin vo kiivetin tomizlonmasi
iicilin istifade olunan is¢i orqanin tonzimloyici vasitasinin amoliyyatlarinin daha samorali icrasinin
miasir idaroetmo sistemi ilo tochiz edilmosi tolob olunur. Bununla slagadar olaraq, kiivetin
tomizlonmosi iicilin istifado olunan is¢i orqanin tonzimloyici vasitosinin avtomatik idarsetmo
sisteminin texnoloji 6lgmo, icraetma vo kontroller vasitolorin se¢ilmosi masalalori qoyulur.

Beloliklos,

OGOR produksiya 1 - 2 asason montiqi ifadanin gostoricilori kiivetin is¢i orgaminin icra
mexanizminin stirati (Vi (m/san) — 0.05 + 0.09 (m/san)) va qruntun namlilik doracasi (14 +19
(%)) intervallarinda verilirsa.

ONDA avtomatik idaraetma sistemi iiciin (14 <19 (%)) intervallarinda dayison qruntun
namlilik daracasini ol¢a bilon vericinin tipi segilsin [ ]. Vericilorin tiplorini vo onlarin
xarakteristikalarini tosvir etmok igiin predikat hesablama iisulundan istifado olunur. Bu halda
vericilorin xarakteristikalarinin basliqlar V; kimi, onlarin verilonlari iso Xjj kimi tosvir olunur:

Vericinin tipi Cixis novii Elektrik Olcii diapazonu Daqiqlik Olcmoa
gorginlik Vi diapazonu
Vi Vs Vs A2 Vs
Modbus, Analog 24V Max — 100 % 23 % 80 + -40°C
ModBUS RTU Min -0 %
X1 X1z Xis Xa Xis Xis
Tutum vericisi Analog 612V Max — 50 % 142 % 40 - -10°C
Water Scout, Min -0 %
SM100
X1 X2 Xa3 Xaa Xas Xa6
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SoilClik Analog 68V Max — 30 % 3+4 % 40 +-10°C
Min -0 %
X3 X3 X33 X34 X35 Xs6
FC28 Analog 3+5V Max — 36 % 142 % 35+-5°C
Min —5 %
Xa Xap Xaz Xag Xus Xag

Kiivetin is¢i orqaninin icra mexanizminin stiroti (Vin (m/san) — 0.05 + 0.09 (m/san))
intervallarinda doyison miiharrikin tipi se¢ilsin.

Miihorrikin tipi Dévrlar say1 Elektrik Flanes Giic (Kvt)
(dovr/daq) garginlik (V) Diametri d¢ (mm)
Mlj sz M3j M4j M5J'
Siemens 1LE1502- 1000 400 350 90
2AC43-4
Y1 Y Y13 Y14 Yis
AIP 250 S2 2100 350 270 75
YZl Y22 Y23 Y24 Y25
AIP80 270 300 40 3,5
Ya Y3 Y33 Y Y35

Produksiya 1 vo Produksiya 2-nin sortlorina oasason texnoloji 6lgmo vo icraetma
elementlorinin se¢ilmasi alqoritmi asagidaki sokildo qurulur:

9GOR qruntun namlilik daracasi (14 ~19 (%)) kimi gabul olunursa

ONDA vericilarin Vij & V4 parametrlori miiqaisa olunmaldr,

Vo Xiua — FC28 tipli verici segilir

Vo (14 +19 (%)) gostariciya yaxin olan X4 — Min —5 % Max — 36 %.

OGOR kiivetin is¢i orqanimin icra mexanizminin stirati (Vi1 (m/san) —

0.05 = 0.09 (m/san)) intervallarinda dayisirsa

ONDA icra mexanizmlorinin My & V5 parametrlaori miiqaisa olunmalidir,

VO (Vi (m/san) — 0.05 + 0.09 (m/san)) gdstariciya Y3 —nin parametri

yaxin olan Yz — AIP80 tipli icra meanizmi segilir.

Produksiya 3 - o asasan icraetmo elementinin se¢ilmasi alqoritmi agsagidak: sokilds qurulur:

OGOR dovriar sayr nis = 100 dovr/daq

VO is¢i orqanin miiharrikinin giicti Nyor1 = 3.38 Kvt talab olunur,

ONDA n¢s - 2 yaxin olan miiharrik tipi AIP80 olur

VO onun giicii Y35 — 3.5 kVt

Bu iisulla yaradilan predikat tipli model imkan verir ki, kiivetin is¢i orgqaninin frezlo
tonzimlonmasi prosesinin idaroetmo sistemi {i¢lin texnoloji Slgmonin vericilori vo icraetmonin
mihorriki diizgilin secilsin vo biitiin texnoloji xiisusiyyatlor nozors alinmagla, suyun tomizlonmaosi
tomin olunsun.

Natica

1. Kanal va kiivetlori tomizloyan vasitolorin islonmasi marhalolorinin qurulusu toklif edilmis
vo avtomatlagdirilmig layihalondirmo prosesi modellogdirilmisdir.

2. Kanal vo kiivetlori tomizloyon is¢i orqaninin tonzimlomo elementlorinin se¢ilmasi vo
layiholondirilmasi tiiglin mdvcud tomizloyici qurgularin texnoloji xarakteristikalar1 osasinda
yaradilan verilonlor bazasindan informasiya tominati islonmisdir.

3. Kanal vo kiivetlori tomizloyon is¢i organin tonzimloysn vasitonin funksiyalar
modellagdirilmis vo kompiiter eksperimentlori ilo tadqiq edilmisdir.
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4. Produksiya tisulu ilo kanalin tomizloyici qurgunun is¢i orqaninin frez kasici alatinin icra
mexanizminin siiratinin tonzimlonmosi tli¢lin alqoritm islonmisdir vo totbiq olunan informasiya-
6lgma vercisinin tiplori, texniki xarakteristikalart miioyyon edilmisdir.
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SUMMARY
MODELING AND COMPUTER EXPERIMENTS OF THE FUNCTIONS
OF THE REGULATING TOOL OF THE WORKING BODY CLEANING
CHANNELS AND BATHTUBS
Amirbayova N.S.

Keywords: channel, milling disc, metal brush, milling cutter, steel rods

This article models the development stages of means for cleaning channels and ditches, as well as the
processes of automated design. The stages of creating means for cleaning channels and ditches have been
developed and the processes of automated design have been modeled. Additionally, based on the
technological characteristics of existing cleaning devices, a database and information support for the
selection and design of regulating elements of the working body for cleaning channels and ditches have been
created. The functions of the regulating device of the cleaning working body were modeled and investigated
using computer experiments. An algorithm was developed using the production method to regulate the speed
of the execution mechanism of the milling cutting tool of the channel cleaning device's working body. The
types and technical characteristics of information-measuring sensors were determined.

These studies cover important steps and technological innovations aimed at increasing the efficiency
of the means used for cleaning channels and ditches.
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Kanal va kiivetlori tamizloyan is¢i orqanin tonzimlayan vasitonin funksiyalarinin
modellagdirilmasi vo kompiiter eksperimentlari ila tadqiqi

PE3IOME
HNCCIEAOBAHUE PABOUYET'O OPT'AHA, OUNIIHAIOLUIEI'O KAHAJIBI U KIOBETBI, C
MOMOIIBIO MOJEJUPOBAHHUS U KOMIIBIOTEPHBIX SKCNIEPUMEHTOB ®YHKIU
PEIYJUPYIOUIEI'O HHCTPYMEHTA
Amupoexosa H.C.

Knrouesvle cnoea: wxawnan, pesepuviti OUCK, Memaiiu4eckuii Wmok, @pesepuvlii Odicemnep,
CmanbHvle CMepiCHU

B nanHO#l cTathe OBUTH CMOJCIHMPOBAHBI 3TAlbl Pa3pabOTKH CPEACTB IS OYHCTKH KAHAIOB U
KIOBETOB, a TAKXe MPOIECChl aBTOMATH3UPOBAHHOTO MTPOCKTUPOBAHUS. BbUTH pa3paboTaHbl STAIbI CO3AAHMUS
CPEACTB Ui OYHCTKM KaHaJOB W KIOBETOB M CMOJECIHMPOBAHBI TMPOIECCH aBTOMATH3MPOBAHHOTO
npoeKTUpoBaHus. Takke, HA OCHOBE TEXHOJOTMYECKHX XapaKTEPUCTHK CYIIECTBYIOIIMX OYHUCTUTEIBHBIX
yCTpO#CTB, Obla co3/aHa 06a3a JaHHBIX U HHGOPMAIMOHHOE 0OecTrieueHre st BEIOOpa M MPOSKTHPOBAHUSI
PETYIUPYIONINX IEMEHTOB pabouero opraHa s OUMCTKH KaHAJIOB U KyBeTOB. DYHKIIUH PEryIUPYIOIIETo
ycTpoiicTBa pabodyero opraHa Jjisi OYHCTKH ObLIM CMOJCIMPOBAHBI M HCCIICAOBAHBI C IOMOIIBIO
KOMITBIOTEPHBIX IKCIIEPUMEHTOB. J{JIsl peryIMpoBaHusi CKOPOCTH MCIIOJIHUTEILHOTO MEXaHu3Ma (ppe3epHOro
PEXKYILIEro HHCTPYMEHTa pabodyero opraHa OYMCTUTEIBHOIO YCTPOWCTBA KaHaia ObLI pa3paboTaH allrOpUTM
METOIOM  TpOoAyKimid. OnpemeneHbl THIBI M TEXHUYECKHE XApPAKTEPUCTUKU  HMH(POPMAIIMOHHO-
HU3MEPHUTEIBHBIX TaTIYMKOB.

OTH HCCIIEOBAHMUS OXBATHIBAIOT BaXKHBIC IMard W TEXHOJIOTHYECKHE HOBIIECTBA C IIEJBIO
MOBBIIIEHHS d3PPEKTUBHOCTH UCIIOIB30BAHKS CPEACTB /ISl OUNCTKH KaHAIOB U KyBETOB.

Daxilolma tarixi: [lkin variant 03.06.2024
Son variant 25.06.2024
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ISTILIK MUBADILO PROSESININ INTENSIVLOSDIRILMOSI
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Acar sozlor: istilik miibadilosi, intensivliasmo, psevdokritik temperatur, istilik tutumu, turbulent rejim,
istilik seli

Miixtolif nov istilikdasiyicilart tozyiqin kritik parametrindon yiiksok qiymatlorindo
konvektiv istilik miibadilasi prosesinin mexanizmi bir sira todqiqatcilar torafindon Syronilmisdir.
Baxilan problemin miiasir voziyyati gostorir ki, miixtolif miiolliflor torofindon alinan natico xiisusi
xarakter dastyir vo onlar torsfindon toklif olunmus timumilasdirilmis asililiq rejim parametrlorinin
miioyyan olunmus intervallarinda slahidde maddalor tigiin kegarlidir.

Neft emal1 vo neft-kimya sonayesindo, energetika vo xalq tesarriifatinin miixtslif saholorindo
daha da kompakt va effektiv qurgulara kegid, eyni zamanda bu avadanliglarin layihslondirilmasi, vo
rekonstruksiya edilmosi elmi osaslara sdykonmis hesabat metodlart vo onlarin genis rejim
parametrlorinin bu qurgularda hoyata kegirilmasi ilo miioyyan olunur.

Yeni sonaye proseslorinin miivoffaqiyystlo monimsanilmasi, yiiksok mohsuldarliglt miiasir
avadanliglarin hazirlanms1 hom do istehsalat soraitindo bas veron fiziki hadisolorin hartorofli
Oyranilmasini tolob edir.

Molumdur ki, istiliyin 6tliriilmasi hadisasi miiasir texnikanin miixtolif sahslorinds texnoioji
proseslorin hoyata kegirilmasindo ohomiyyatli, oksor hallarda iso miioyyon edici xiisusiyyato
malikdir.

Miiasir zamanda istilik texnikas1 avadanliglar1 ilo yanasi kritikdon yiiksok parametrlords
miixtolif maddolorlo isloyon kritikdon yiiksok parametrli qazan aqreqatlari, miixtolif kimyavi
texnologiyaya malik kriogen va krioenergetik qurgular mévcuddur. Bununla oslagodar olaraqg, istilik
dastyicilariin  kritikdon yiiksok parametrlordo konvektiv istilik miibadilesi prosesinin todqiqi
siibhosiz miioyyon elmi vo praktiki shomiyyot kosb edir. Beloliklo, istilik dasiyicilarinin kritikdon
yiksok tozyiglorindo isloyon istilik miibadilo qurgularma kecid, gostorilon istigamotdo elmi
todqiqatlara genis yol agir.

Son illords mayelorin dayisen fiziki xassolorinds konvektiv istilik miibadilosi sahasinde hom
yerli, hom do xarici todqiqatcilar torofindon xeyli sayda eksperimental vo nozori hesabat islori
goriilmiisdiir. Eksperimental todqiqatlar vo nozori hesabat islorinin naticolori baxilan problemin
miasir anlamina osaslanir. Bununla bels, miihitin doyison fiziki xassslorindo konvektiv istilik
miibadilosi prosesinin ¢atinliyi ilo olagodar olaraq onun mexanizmi kifayst qodor dyronilmayib.
Hatta mayenin turbulent axinli rejiminds, hansi ki, onun dyranilmasins kifayat qador eksperimental
todqiqatlar hosr edilib, gdstarilon sahaya xarakterik olan istilikvermonin ayri-ayri rejimlorinin amalo
golmoasindo vahid fikir, eyni zamanda istilik dasiyicilarinin istilik-vermo omsallarinin hesablanmasi
iclin yararli olan tonliklor mévcud deyil. Belo bir voziyyat prosesin rejim parametrlorinin genis
diapazonunda miixtolif istilikdasiyicilarin kritikdon yiiksok voziyystlordo doyismosi genis
tadqiqatlarin aparilmasini tolob edir.

Aromatik karbohidrogenlorin (toluol vo benzol) saquli boruda (yuxar1 vo asagi) mocburi
turbulent rejim vo kritikdon yiiksok tozyiglords aparilan todqiqatlarin noticesi asagidaki sortlors
uygun galan istilikvermonin iki ndviiniin mévcudlugunun miimkiinliiyiinii géstorir
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t' =1t = tdtn) vo  t>>ty

burada: ts-sothin temperaturu, °C; tn—psevdokritik temperatur, yoni kritikdon yiiksak
tozyiglords istilik tutumunun maksimum qiymotine uygun gelon temperatur, “C [1].

Psevdokritik temperatur otrafinda istilikvermo prosesinin intensivlosmosi (t'=1) mayenin
fiziki xassolorinin axin hissasi boyunca ¢ox yliksok doyismasi ilo olagodar ola bilor. Bu fikri digor
todqiqateilar da forqli maddslorlo apardiqlar1 todqiqatlarin naticalori ilo tosdiglayirlor.

Istilikvermo prosesinin tokrar intensivlosmosi, basqa sozlo, tokrar yaxsilasmus istilik-vermo,
hansi ki, basvermasi divarin temperaturunun maksimum qiymatina (ts>>tn) vo xtsusi istilik selinin
yiiksak giymatina (adsten q =3-10° V/ m?) uygun golir.

Bu masolonin fiziki izaha ehtiyaci oldugundan miixtalif soraitdo miixtalif istilikdasiyicilarla
alava istilikvermanin todqiqini aparmaq lazimdir.

Togqdim olunan is, istilik miibadilasinin tokrar intensivlegsmasinin amola goalmasi va onun
fiziki mahiyyatinin 6yronilmasi ilo olagodar olaragq eksperimental todqiqatlarin aparilmasina hasr
edilmisdir. Istilikvermo prosesi odobiyyat [2]-do gdstorilmis qurguda yazildig: ardicilligla todgiq
olunmugdur. Qurguda eksperimental sahs kimi daxili diametri 2,09 mm, divarin qalinlig1 0,46 mm
Vo qizdirilan uzunlugu 220 mm olan 12X18HI10T paslanmayan poladdan hazirlanmis borudan
istifade olunmusdur. Is¢i cisim kimi doymus karbohidrogenlor sinfindon olan n-heptan (C17H16),
n-heksan (C6H14) vo aromatik karbohidrogen toluoldan (C7H8) istifado olunmusdur.
Eksperimental naticalar tacriiba borusunun hom saquli (yuxari vo asagi harakati), ham do horizontal
voziyystindo, eyni zamanda, arqumentin  Re=10-10°-80-10% doyismo diapazonunda alinmisdir.
Borunun maili vaziyystinds toluolun vo heptanin istilikvermasi todqiq olunmusdur. Bu zaman
borunun maillik bucagi ¢=30 vo 60" toskil etmisdir. Biitiin tocriibolords borunun xarici sathinin
temperaturu 6 odad diametri 0,2 mm olan xromel-aliimel termociitlor vasitasilo 6l¢iilmiisdiir. Eyni
zamanda bu termociitlor borunun girisindon miixtolif mosafolordo yerlogdirilmisdir ki, bu da 6z
novbasinda istilikvermo amsalinin yerli giymatinin tayin edilmasine imkan verirdi.

Eksperimental borunun girisindo vo ¢ixiginda istilikdasiyicilarin - temperaturu eyni
termociitlorlo 6l¢tilmisdiir.

Borunun miixtalif kosiklorinds mayenin orta temperaturu maye selinin entalpiyasinin
giymati ilo toyin edilmisdir.

Borunun x/d=64 hissasinds alinan naticalor torafimizdon analiz olunmusdur.

Sok.1-do divar sothinin temperaturunun xiisusi istilik selindon asililiq qrafiki gostorilmisdir.
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Sakil 1. Divar sathinin temperaturunun xiisusi istilik selindan asililhq qrafiki

Bu grafik uygun olaraq n-heptanin yuxari vo asagi harokati, homginin P=4,5MPa {i¢lin
gOstorilmisdir.

Sokildon goriiniir ki, n-heptanin yuxari1 vo asagt harokati tigiin t=f(q) qrafiki asililiginda
doyisma Xxarakteri eyni, hom do mirokkobdir. Qrafikin AB hissasinds ts<t,, sorti daxilindos
grafiklorin doyismo xarakteri tocriibo xatasi ¢or¢ivasinds diiz xott ganununa tabe olur. B ndqtesindo
sothin temperaturu psevdokritik temperatura borabor olur, bu zaman xiisusi istilik selinin giymaoti
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artdiqca sothin temperaturu toxminon doyismoz qalir, yoni, ts=const(t'=1). VQ sahosinda xiisusi
istilik selinin qiymoti artdiqca sothin temperaturu artir vo yena do diiz xott qanununa tabe olur.
Xiisusi istilik selinin vo temperaturun yiiksok giymotlorinda sethin temperaturunun 150°C civarinda
hotta daha ¢cox (mos.QD sahosindo) diismosi miisahido olunur. D ndqtasindon sonra xiisusi istilik
selinin qiymatinin artmasi ilo sothin temperaturu miiqayiso edilocok qodor yavas artir.

Sok.2-do P=4,0 MPa tozyiqdo n-qeksanla aparilan tocriibonin noticosi olaraq, sothin
temperaturunun maye selinin entalpiyasindan (im, kc/kq) asililign gostorilmisdir. Goriindiyt kimi,
selin entalpiyasinin qiymatinin 630 kc/kq doyismasi ilo istilikvermonin normal, in- in giymatinin
630-dan 700 kc/kq artmasi ils istilikvermanin ilk intensivlosmosi, daha sonra i,=700+765 kc/kq
giymatindo istilikvermonin nisbi zoiflomaesi miisahido olunur. Qeyd etmok lazimdir ki,
odobiyyatlarda istilikvermonin zsiflogmis vo ya pislosmis rejimi istilikvermonin normal rejimindoki
qiymati ilo miiqayisado asagi alinir. Verilmis halda VQ hissosinds istilikvermo omsali normal
rejiminkindon ¢ox, intensivlosmis rejiminkindon iso az almmisdir. Bu sobobdon gostorilon rejim
torafimizdan istilikvermonin nisbi zoiflomis (pislosmis) rejimi adlandirilib. Bu aparilan tocriibolords
istilikvermonin tokrar intensivlogsmosi selin entalpiyasinin tn=765 kc/kq qiymotindo bas verir.
Xiisusi istilik selinin artmasmna baxmayaraq, sothin temperaturu toxminon 90°'C-ya godor azalir.
Sonralar toluol va n-heptanla maili borularda (¢=30 va 60°) uygun olaraq P=5,0 vo 4,5 MPa
tozyiglords aparilan tocriibalorin naticalori istilikvermonin tokrar intensivliosmosinin mévcudlugunu
siibut etmisdir.
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Sakil 2. Sakil 3.

Toluolla aparilan tocriibalords istilik miibadilasinin tokrar intensivlosmasi aninda sathin
temperaturunun diismosi ~170 ‘C, n-heptanla aparilan tocriibalardo iss bu rogem ~130°C taskil
etmisdir (sok.3a vo b).

Tocriiba borusunun horizontal vaziyyyati iigiin gostorilmis @ =f(ts) qrafiki asililiq gostorir
ki, kicik diametrli borularda karbohidrogenlorlo aparilan tocriibalords borunun voziyystinin
doyismasi istilik miibadilasinin xarakterino tosir etmir (sok.4). Borunun horizontal voziyystindo
istilik miibadilosinin tokrar intensivlosmosi aninda sothin temperaturu toxminon 90°C asagi
diigmiisdiir (sok. 4a). Bu zaman istilikvermo omsali 1,38 dafs, yoni aa/0g=1,38 yiiksolmisdir.

Beloliklo, movcud tadqiqatlarin naticalori gostorir ki, istilikverma prosesinin iki dofo
intensivlosmasi karbohidrogenlor tigiin xarakterikdir, eyni zamanda mayenin horokat istigamati vo
tocriiba borusunun vaziyyatinin istilikverma prosesinin iki dofa intensivlosmasine tosiri yoxdur.

Maddoloarin kritikdon yiiksok tozyiglords konvektiv istilik miibadilasi prosesi {izro adabiyyat
tohlili gostarir ki, bir sira eksperimental todqiqatlarda istilikdasiyic1 qismindo n-heptandan istifados
olunmusdur. Gostarilon islords n-heptanin boruda yuxari vo asagi horokoti zamani istilikverma
prosesi dyronilmisdir. Aparilan todgigatlarin noticelori sathin temperaturunun 150°C vo bozon daha
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cox sigrayisla diigmasini tasdigloyir. Uygun hadisa turbulent rejimli kritikdon yiiksok toazyiqlords
digar mddalarlo mosalon, diizopropilsikloheksanla aparilan tocriibalords do alinmisdir [5]. Bu geyd
olunan iglarin naticalorinin méveud tadqiqatlarin naticalorindon forqi ondadir ki, adabiyyat [3,4]-Ki
mioalliflor xiisusi istilik selinin genis interval doyismasinds onlar istilikverma prosesinin yalniz bir
dofa intensivlogmasini miisyyan ediblor. Onlar bas veran hadisoni maye tozyiqinin doyismo tezliyi
ilo olagolondirirlor. Bizim fikrimizco, istilikvermonin tokrar intensivlosmosi divar toboagosindo
karbohidrogenlorin pargalanmasi ilo olagodar olur. Karbohidrogenlorin yiiksok temperaturda
parcalanmasinin miimkiinliiyii doymus vo aromatik karbohidrogenlorlo PVT asililig1 aparilmis
todqiqatlarin naticolori do [6,7] tosdiq edir. Bundan basqa K.Ellisin «Karbohidrogenlorin vo onlarin
toromolorinin kimyas1» monoqrafiyasinda da gostorilir ki, karbohidrogenlor yiiksok temperaturda
parcalanirlar [8]. Buna gore do giiman etmok olar ki, todqiq olunan madds soth tobagesinin
yaxinliginda temperaturun vo xiisusi istilik selinin bdyiik qiymotlorindo qaz ayrilmasi ilo
parcalanirlar. Qizmis qaz divardan ayrilir vo laminar sorhad toboqoesini dagidaraq istilikverma
prosesini intensivlagdirir. Goriiniir maye tozyiqinin doyisma tezliyi do bununla slagodardir.
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SUMMARY
INTENSIFICATION OF THE HEAT EXCHANGE PROCESS
Mammadov Sh.G.

Key words: heat transfer, intensification, pseudocritical temperature, heat capacity, turbulent
regime, heat flow.
An analysis of the experimental data showed that a secondarily improved heat transfer regime
occurs due to the decomposition of hydrocarbons in the near-wall layer. It can be assumed that the substance
under study at high temperatures and high values of the heat flux density in the near-wall layer decomposes
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with the release of gas. The heated gas, separating from the wall, destroys the laminar boundary layer and
intensifies the heat transfer process.

PE3IOME
HMHTEHCUO®UKALIUA ITPOLHECCA TEIINIOOBMEHA
Mameoos IIL.T.

Kniouesvle cnoea: mennooomen, unmencuguxayus, Nce8OOKPUMUYECKAs — mMeMnepamypa,
MENI0eMKOCHIb, MYPOYIEHMHbLIL PEAHCUM, MENI08OU NOMOK.
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Son illor hom birfazali elektrik yiiklorinin (xiisusilo elektrik sobalarinin) giiclorinin
artmastyla, hom do elektrik enerjisinin keyfiyystino, o climlodon gorginliiklorin simmetrikliyino
tolobatin yiiksalmosiylo olagadar birfazali yiiklorin simmetriklogdirilmasinin yiiksok effektli tisullar
vo vasitolorinin iglonmasi vo totbiqi boylik xalq tosorriifati ohomiyyatli masaloys ¢evrilmisdir.
Gorginliklorin  geyri-simmetrikliyt  diizlondiricilorin  giiciinii  azaldir, tonzimloyici veo
kompensasiyaedici qurgularin istifado effektivliyini asagi salir. Qeyri-simmetriklik xiisusilo
asinxron miiharriklorin isino, uzundmiirlilyiine vo davamliligina monfi tosir gostorir, belo ki,
gorginliklorin geyri-simmetrikliyi 5% olduqda asinxron miiharriklorin giiclori 5-20% azalir. Eloca
da 4% qgeyri-simmetriklik miihorriklorin xidmat miiddatlorini iki dofe azaldir.

Beloliklo, gorginliklorin vo caroyanlarin simmetrikliyinin tomini gorginliyin tonzimi kimi
tokco avadanliglarin texniki is rejimino goro yox, hom do c¢oxfazali sistemin biitiin bandlorinin
etibarl vo iqtisadi alverisli isinin tomini tigiin lazimdir.

Qeyri-simmetrik rejim hom monbolorin, hom do elektrik enerjisi tolobatcilarinin geyri-
simmetrikliyi ilo yarana bilor. Birinci halda simmetriklogsdirma qeyri-simmetrik gorginliklor
sistemindon qidalanan {ig¢fazali tolobatgilarin  sixaclarinda gorginliklorin  simmetrikliyinin
tominindon ibarot olur. ikinci halda mosolonin holli geyri-simmetrik yiikiin fazalar {izro borabor
paylanmas1 li¢lin xiisusi simmetriklogdirici todbirlorin, eloco do simmetriklosdirici qurgularin
islonmosi ilo yerina yetirilir.

Qeyri-simmetrik yiik olduqda gorginliklorin vo coroyanlarin  simmetriklogdirilmasi
mosalolori gorginliyin tonzimi iisullar1 vo vasitasilo hoall oluna bilmaz. Yoni geyri-simmetrikliyin
buraxila bilon hodde qodor endirilmoesi vo ya tamamilo aradan qaldirilmasi giiclii lokal sonaye
yiiklorinin  vo xiisusi yiiklorin simmetriklosdirilmosi {i¢lin do istifado olunan xiisusi
simmetriklosdirici qurgularin kdmayils ola biler.

Bilirik ki, {i¢fazali enerji tochizati sistemlorindo fazalar iizro elektrik yiikloriborabor
paylanmayibsa onda, qeyri-simmetrik is rejimlori yaranir. Coxfazali enerji tochizati sistemlorinda
qisamiiddotli vo uzunmiiddatli geyri-simmetrik is rejimlori yaranir.

Qisamiiddotli qgeyri-simmetrik is rejimlorinds adston qisamiiddotli qapanma, yeni yerlo
qisagapanma, qirilma, tok fazali avtomatik tokrar qosulma zamani bir xottin agilmasi vo s. bu kimi
goza hallar ilo olaqadar olur. Elektrik tochizati sisteminin bu vo ya digor elementlorinds geyri —
simmetriklik olarsa vo ya enerjisistemo geyri — simmetrik yiiklor, mosalon, hor hasi bir fazaya yiik
qosularsa bu zaman uzunmiiddatli geyri-simmetrik rejimlor yaranir.

Uzunmiiddatli geyri-simmetrik rejimlor iki yers boliiniir: uzununa v enina. Uzununa geyri-
simmetriklik elektrik  verilis xotlorindo  yaranan qeyri-simmetriklikdir.  Yoni, elektrik
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avadanliglarinin vo ya elektrik verilis xotlorinin tomiri zamani ayr1 — ayr1 fazalar {izro yaranan
natamam 1is rejimlori vo ya xatlorin hor hansi birindo gqoza zamani zodslonmis xottin agilmasindan
sonra yaranir. Bundan basqa uzununa qeyri-simmetriklik elektrik verilis xotlorinin &tiirmo
sistemlorinda bir sira xiisusi hallar1 da aid oluna bilor. Masalon iki nagil — boru (INB), iki naqil —
yer (INY), iki naqil —rels (INR) vas.

Enino geyri-simmetrik is rejimlorindo iso geyri-simmetrik yiiklordo, birfazli elektrotermiki
qurgularda, elektrik qaynaq aparatlarinda, dart1 yiiklorinds vo s. yaranir.

Ucgfazali elektrik tochizati sistemlorindo qeyri-simmetrik rejimlor zamani sifir vo oks
ardicilliglt coroyan vo gorginliklorin simmetrik toplananlar1 yaranir. Bu da 6z ndévbasindo elektrik
tolabatgilarinin isine monfi tosir gostorir. Sinxron maqnit sahosinin oksino maqnit sahasi yaradan
coroyanlar oks ardicilligli coroyanlardir. Bunun naticasinds iso elektrik avadanliglarinin qizmasi vo
elektrik masinlarinin firladici momentlorinin azalmasi bas verir. ©ks ardicilliqli coroyanlar elektrik
avadanliglarinda vo generatorlarin sinlorindo gorginlik ticbucagini tohrif edir. Elektrik sobakasinin
faza gorginliyinin geyri-simmetrikliyino sobab sifir ardicilligli coroyanlardir. Bunlar iso
yaxinligdaki xotlora masalan, rabito xotlorino manfi tosir gostarir.

Coxfazali sistemin qeyri-simmetrikliyini coroyan vo garginliklorin qgeyri-simmetriklik

omsallart ilo xarakterizo etmok gobul edilmisdir:
il

€ = W= el
. ul .
En =37 = € e/ (1)

Burada U', If vo U", I -diiz vo oks ardicilhighh gorginlik va coroyanlarm simmetrik
mirakkabaloridir.
Bozi hallarda qeyri-simmetrikliyi carayan va garginliklarin

0
ot = i Eore! ol
. Uo .
Eorr = o Eorre’ ol (2)
voya
. i1 ; gl
€ =1, U= (3)

Iy Un
omsallar1 ilo xarakterizo edilirlor. Bu omsallarda U°,1° -sifir ardicilligh gorginlik  vo
coroyanlarm simmetrik miirokkoboalori; Uy, I -gorginlik vo coroyanin nominal qiymotloridir.

(1) vo (3) ifadalorini nozoro alaraq asas faza kimi gobul edilmis bir faza {liglin yazmaq olar.

=1+ +1°=1'(1+ & + &) (4)
Belaliklo, geyri-simmetrikliyin iimumi halinda i’ coroyan vektoruna simmetriyani pozan
vektorlar slava olunurlar:
ilgi + iléoi = I(SI + éoi) =[i¢ (5)
Burada timumi tohrif omsali
€= &+ &y (6)

Qeyd edok ki, € -omsali sorti kemiyyat oldugu ii¢iin digor fazalarda coroyan (gorginlik)
toyin edildikda €; (Ey) Vo Ei (Eoy) kemiyyatlori ayrica sortlondirilmalidirlor.

Gorginliklor tiglin do (4) — (6) ifadalorine analoji ifadolor yazmaq olar. Tadgigat naticalori
gostarir ki, £,=5% oldugda Vo uzunmiiddatli nominal yiikdo elektrik masinlarinin qorxulu qizmast
bas verir vo noticodo onlar cox vaxt siradan gixirlar. Bu halda coroyana goro geyri-smmetriklik €-
nun gostarilmis qiymatindan ¢ox boyiik ola bilar.

Ucfazali sistemlorin buraxila bilon geyri-simmetriklik giymati gida monbalorinin vo elektrik
enerjisi tolabatgilarinin qonastboxs islomo sortindon secilmoalidir. Praktiki olaraq belo bir rejimi
ticfazali sistemin simmetrik rejimi hesab etmok olar ki, oks vo sifir ardicillighi corayanlarin
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simmetrik miirokkabalori diiz ardicilliglt coroyanin simmetrik miirokkobalarindon 5% ¢ox olmur

(yoni € < 5% va €, < 5% ), oks Vo sifir ardicilliqh gorginliklorin simmetrik miirokkobalori iso
diiz ardicilligh gorginliyin simmetrik miirokkabalorinden 2% c¢ox olmur (yoni €, < 2% ve Eyy <
2%).

DUIST 13109-67-ya osason elektrik enerjisinin keyfiyyatina qoyulan normalara goro
garginliyin geyri-simmetrikliyi 2%-don ¢ox deyilsa {i¢fazali sistem simmetrik sayilir.

Qeyd etmok lazimdir ki, sifir ardicilliqlt coroyanlar adoton yalniz birbasa torpaqlanmig
neytralla isloyan yiiksok gorginlikli sobokalords va paylayici algaq gorginlikli sobakalords mévcud
olur. Genis yayilmis sifir xatti olmayan tigfazali elektrik sobokalorinda bu carayanlar olmur va
onlarda geyri —simmetriklik toyin edildikds €; vo €y amsallar istifado olunurlar. Garginliklorin
qeyri simmetrikliyi ti¢fazali simmetrik sistemlordo Caroyanlarin qeyri-simmetrikliyi ilo slagadar
yarandigindan bu amsallar 6z aralarinda qarsiliqli alagsli olurlar. Gostarilon omsallar1 toyin etmoak
ticiin mixtalif ardicilligh carayan va gorginliklorin miirakkobolorinin 6l¢iilmiis  qiymatlorindan
istifado edilir. Bu miirokkobolor simmetrik miirokkobalor siizgaclori vasitasilo 6l¢iilir vo ya
asagidaki ifadolorin komayilo hesablanirlar:

il = %(11 + a?l, + a®l3)
"= =(1; + al + a?1y) @)

. . . 2T
burada i, I,, I3 -sistemin fazalarindaki coroyanlar; a’s -faza operatorudur.

Miixtalif ardicilliglt carayan vo gorginliklorin miirokkabslorinin tapilmasini sadolosdirmok
moagqsadila tez-tez xiisusi nomogqramlar istifads olunur.

Ogar monbanin (generatorun) giiciinii sonsuz qoabul etsok, tigfazali sistemlordoki geyri-
simmetrikliyi yiiklorin giiclorino osaslanaraq giymotlondirmok olar. Kompleks tam giic iigiin
yazmagq olar:

S=10=YU0U =YU?

Y va U yiik kegiriciliyinin vo gorginliyin qosma qiymotloridir.

Diiz vo oks ardicilligh xott coroyanlarinin miirokkabalorinin qogma komiyyatlori iigiin
ifadslor asagidak: kimi olacaq:

1
I'= \/—3—sz S (8)
. 1 . . .
I” = \/§_Ux (azslz + 523 + aS31)
Birfazali yiikiin 2 va 3 fazalar1 arasinda qosuldugunu farz edib (8) ifadasindan tapariq.

s Spurf . o Spurf
Burada Sp;,r -birfazali yiikiin tam giicii; 3 S -biitiin yiiklorin tam komleks giicii.
D 5=+ S+ S =Si + Spuy
S, -ekvivalent simmetrik va iigfazal yiikiin kompleks giici.

Boyiik giiclii birfazali yiikiin enerji sistemin miioyyon noqtasine qosulma imkanlarini
giymatlondirmok {igiin (9) ifadasinin ikincisindan istifads etmok slverislidir.
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SUMMARY
RESEARCH OF THE EFFECTS OF UNSYMMETRICAL LOADS
ON WORKING MODES IN ELECTRICAL SUPPLY SYSTEMS
Hajibalayev N.M., Guliyev Z.A., Jabbarova S.M.

Key words: power supply, non-symmetry, three-phase system, single-phase system, direct and

reverse sequence current.

In this presented article, the study of the effects of non-symmetrical load operating modes in
electrical supply systems was conducted. Here, ensuring the symmetry of voltages and currents is necessary
not only for the technical operation of the equipment, but also for the reliable and economical operation of all
the points of the multiphase system.

HNCCIEAOBAHUE BJIMSAHUA HECUMMETPUYHBIX HAI'PY30K HA PEKUMBbI
PABOTBI B CUCTEMAX DJIEKTPOCHABXKXEHUSA
T'aodscuoanaee HM., Kynuee 3.A., /{cadvbaposa C.M.
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