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AnHotanus. B pabore mnpoBenén amamm3z POIC-cnekTpoB MMEpeXOAHOTO MeTaaia B
METaJNIMYECKOM COCTOSIHMH. Y CTAaHOBJIEHO, YTO JUIsl YPOBHSI 2p3/2 sHeprus cBs3uM cocTamiseTr 852,6 3B, a
MOJIHAs IIMPHHA IMKA Ha MoiyBbicoTe - 1,8 3B. DT HabmoaeHNs MOKa3bIBAIOT M3MEHEHUS XapaKTePUCTHK
IIUKOB, TaKMe KaK Cy)XCHHE IIUPUHBI NMHKA M COKPAIIEHHE aCUMMETPHH, YTO CBSI3aHO C MPOLIECCOM
CHIIMIIUANPOBaHNS. BakHpIM MHCTpyMEHTOM /1 ©0Jree TITy0OKOTO OHUMAaHUS HAabIogaeMbIX caBUTOB JC
SBIISIETCSl MccleoBaHue XxapakrepHblx PO®OC - nmHMH Ui Tex ke camblx 00pas3noB. CuiMnuIHbIE
COCIIMHEHHUS] TIEPEXOJHBIX METAJIOB ObUTM CHHTE3UPOBAHBl B BHUJIE KPUCTAIMYECKUX TOHKHUX IUICHOK,
HaHECEHHBIX Ha IUTACTHHBI Si ¢ HOMOIIBIO PACTIBIICHUS M TOCIIEAYIOMNM OTKUroM. CTpyKTypHBIE, (ha30BbIe
U TOBEPXHOCTHBIE XUMHUECKHUE XapaKTEPUCTUKN 0OPa30BaBIIMXCS CHIMLUAOB ObUIH MPOaHAIM3UPOBAHbI C
UCIIOJIb30BAHUEM PEHTTEHOBCKOH audpaknun U PODC s momydeHust aTOMHBIX CIIEKTPOB. XHMHUYECKUH
caBur Juis coctosiHust 2pspe Ni B cirydae mepexona ot Ni k NiSi» cocraBun +2,0 5B, 4to B OCHOBHOM
00ycnoBieHO A(PQeKTaMH HAYaIbHOTO COCTOSIHHS, B TO BpeMs Kak S(PQEeKTHl KOHEYHOTO COCTOSHHS
OKa3bIBAIOT MEHEE 3HAYMTENIbHOE BIWSHME. J[JIs IpYruX CHIIMIMIHBIX COEAWHEHHWI CIBUT SHEPTHUH CBS3H
ObpuT 3HauWTENbHO MeHbINM (Menee 0,3 5B), W HPHUBOAMI K TONOXHUTENGHBIM WM OTPHUIATEIEHBIM
XAMHYECKHM CIBHTaM, 4YTO CBS3aHO C KOMIICHCAIMOHHBIMH H((eKTaMu HayalbHBIX W KOHEYHBIX
COCTOSIHU.

KaroueBble cinoBa: Cumunnz HUKENS, MOP(HOJIOTHS TOBEPXHOCTH, ONTHYECKAs CHEKTPOCKOITHS,
3JIEMEHTHOI'O COCTaBa, MIEKTPOHHBIX CBOWCTB, TOHKHE IJICHKH, SHEPIUsl CBSI3HU, PSHTIeHOBCKash qudpaKius,
POMaHOBCKHUH CHEKTP.

MECHANISMS OF FORMATION OF METALLIC THIN FILMS OBTAINED BY
ION-PLASMA METHODS

Abstract. In X-ray photoelectron spectroscopy (XPS) spectra, it is shown that for the 2ps/2 level of
the transition metal, the peaks in the metallic state have the following binding energy and full width at half
maximum (FWHM): 852,6 eV (1,8 eV), respectively. These observations indicate changes in peak
characteristics, such as peak narrowing and a reduction in asymmetry, which are associated with the
silicidation process. An important tool for a deeper understanding of the observed binding energy shifts is
the investigation of characteristic XPS lines for the same samples. Transition metal silicide compounds were
synthesized in the form of crystalline thin films deposited on Si substrates by sputtering followed by
annealing. The structural, phase, and surface chemical characteristics of the formed silicides were analyzed
using X-ray diffraction and XPS to obtain atomic spectra. The chemical shift for the Ni 2ps/> state in the
transition from Ni to NiSi. was +2,0 eV, which is mainly attributed to initial-state effects, whereas final-state
effects have a less significant contribution. For other silicide compounds, the binding energy shift was
considerably smaller (less than 0,3 eV) and resulted in either positive or negative chemical shifts, which are
associated with compensating effects of the initial and final states.
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BBegenue. MeTtammnueckrie TOHKUE TIEHKH SIBIISIIOTCS] BAXKHBIM KJIACCOM MaTE€pHAIIOB,
IUPOKO MPUMEHSEMBIX B MHUKPO- U HAHOAJIEKTPOHUKE, ONTOICKTPOHUKE, CEHCOPHBIX
YCTPOMCTBAaX, PHEPreTUKE M Pa3IMYHBIX 3alIUTHBIX TMOKPBITHUAX. VX (u3uueckue cBOWCTBA
CYIIECTBEHHO 3aBHUCST OT CTPYKTYPbI, MOP(OJIOTHH TOBEPXHOCTH, Pa3MEPOB 3€PCH M YCIOBUI
¢dbopmupoBaHus TuieHOK. [103TOMy M3ydeHHE MEXaHU3MOB pOCTa U CTPYKTYpOOOpa3oBaHUs
TOHKHMX IUICHOK OCTaeTCs OJHOW W3 aKTyaJbHBIX 3a7ad (U3MKH KOHJACHCUPOBAHHOTO
COCTOSAAHUA U MATCPUAJIOBCACHUAA.

B mocnexnue Toapl IS MOMyYeHHUS METANIMYECKHX IUIEHOK Bce Oosiee MIHUPOKO
HUCIIONB3YIOTC ~ MOHHO-IUIA3MEHHBIE  METOABI  OCAXIECHMA, BKIIOYas  MarHeTpPOHHOE
pacmbUIeHHEe M BaKyyMHO-IYTOBBIE TEXHOJOTHH. OTH METONIBI 00ECTEeYMBAIOT BBICOKYIO
YUCTOTY TMOKPBITAHA, XOpPOWIYI0 aare3ut0 K TOMJIOKKE W BO3MOXKHOCTH YIIPAaBICHUS
CTPYKTYPHBIMH XapaKTEpPUCTUKAMHU MaTepualia IIYTEM HW3MEHEHUs IapaMeTpoB IUIA3Mbl U
PEKUMOB OCAXKIICHUS.
[Tponecc hopmMupOBaHHS TOHKHUX TUICHOK BKJIFOUAET HECKOJIBKO ITOCIICAOBATEIBHBIX CTaIUM:
a/IcCOpOIIMI0 aTOMOB Ha TMOBEPXHOCTH TMOJJIOKKH, MMOBEPXHOCTHYIO nuddy3uro, oOpazoBaHme
LEHTPOB KPHUCTAJUIM3ALUU, POCT OCTPOBKOBBIX CTPYKTYp M (OPMHUpPOBAHUE CIUIOLIHOTO
MOKPBITUSI. XapakTep MPOTEKaHUsI 3TUX MPOLECCOB OMNPEHENSIETCS 3HEPrueil Oca)kaacMbIX
YacTHUll, TEMIIEPATYpPON MOIJIOKKH, CKOPOCTHIO OCAKIEHUS M JPYTMMH TEXHOJIOTHYECKUMU
rnapaMeTpamu.

Ilenpto naHHOW pabOTHI SIBIAETCS HCCIENOBAHUE MEXaHU3MOB (POPMHUPOBAHUS
METAJUIMYECKAUX TOHKUX IUICHOK, IOJYYEHHBIX HOHHO-IUIQ3MEHHBIMUA METONAMHU, a TaKXKe
QHAIN3 BIWAHUS  YCJIOBHUM  OCaXICHUS HA  TPOLECCHI  3apOXKICHUS, pocTa |
CTPYKTYpOOOpa3oBaHus TUICHOK. [lomydeHHbIE pe3yabTaThl MOTYT OBITH WCTIONBH30BAHBI JIJIS
ONTHMHU3AINN TEXHOJOTHH TIMOJNydeHUs (PYHKIIMOHAIBHBIX TOKPBITUH C  3aJaHHBIMH
(U3HYECKUMU CBOWCTBAMHU.

0030p JuTepaTypsbl 0 TeMe. MeTalll ¥ €ero CUJIMIHIHBIE TOHKUE TUIEHKH BbI3BIBAIOT
OOJIBILION HWHTEpEC B HAHOMIICKTPOHUKE KaK MaTepHaibl CyOMHKpOHHOTro ypoBus [1-3].
Cunmunuabl HUKENs MCMOJNb3YIOTCS B KayeCTBE KOHTAKTOB JJIsl MOJIEBBIX TPAaH3HCTOPOB, B
peoOpa3oBaTeNIAX COJHEYHO-TEIIOBOM SHEPTUH, B KAUECTBE OMHUUYECKUX KOHTAKTOB, a TAaKXKe
JUIA 3alIUTBhl OT 3JEKTPOMArHUTHOTO H3MYYEHHs] U KaK OJIHM M3 LIEHHBIX 3JEKTPOHHBIX
MaTepUAIOB B HAHOAJICKTPOHHBIX ycTpoicTBax [4-10]. bnaronaps TaKUM
MperMyIIecTBaM, KaK HHM3KOTeMIlepaTypHas oOpaboTKa, HU3KOE MOTpeOJeHHEe KpEeMHUs M
HU3KOE KOHTaKTHOE comnpoTuBieHHe [l11], HUKeneBble CHIMLUAHbBIE TUIEHKH MPUBIEKIU
BHUMaHUE KaK KaHIWAAThl HAa pOJb MaTepUAIOB HAHOPA3MEPHOro YpPOBHS B Oyayliem,
CIIOCOOHBIE 3aMEHHMTh pPA3IUYHBbIE THUMbl CHJIMLUAHBIX TOHKMX IUIEHOK, MPUMEHSEMBIX B
HACTOAIIEE BPEMS.

OOpa3oBaHue TOHKHX TUIEHOK HUKEJIEBOTO CHIIMIIM/IA B OCHOBHOM OCYIIECTBIISETCS
yepe3 TBEPAO(DA3HYIO pEakiMi0 HHUKEJICBOM IUIEHKM ¢ KpeMHHeM. Hukenb HaHOCHTCS Ha
3apaHee MOATOTOBICHHYIO KPEMHHUEBYIO TIOJIOKKY € TIOMOIIBIO (DU3HMUYECKOTO OCAKICHUS WIIH
xuMudeckoro ocaxnaenus [12, 13]. Ilpu atom dopmupoBanue (a3 HHUKEICBOTO CHIMIHIA
3aBHCHUT OT MHOXECTBAa (DaKTOPOB, TAKMX KaK TONIIMHA TOHKOM MI€HKH Ni, crmocod
OCaXICHHs, OPHEHTAIMs TMOJJIOKKH, YCIOBHS HarpeBa M MOPQOJIOTHs MOBEPXHOCTH Si.
[To3TOMyY KOHTpPOJIb 3THUX YCIOBUN KpaliHe Ba)Ke€H, HO 3aTPyIHUTENICH IPH MOJIYYEHUU €AUMHON
¢a3er NiSi [14].

TemmepatypHO-3aBUCHMAs peakius cunuanpoBanus Ni, yrnpasisiemas 1udy3uei,
npoucxomut 3a cu€t auddysun Ni B KpeMHHEBYIO 00iacTb. [IpM 3TOM BO3HHKAIOIIHE
BakaHcuH Ni B OCHOBHOM JIOKQJIU3YIOTCS HE B cj1oe Si, a B cioe Ni [15, 16].

B nanHo#l paboTe MCHOIB30BAIIUCH PEXKHUMBI MOCIEAYIOLIEr0 HarpeBa Juisi KOHTPOJIS
pacmpoCcTpaHeHHsT HU3KOPHEpPreTHYHbIX aroMoB Ni Ha mnoBepxHoctu Si(111) meromom
TBEpIO(a3HOTO HOHHO-TIIA3MEHHOTO OCAXKICHUS W UIA  yIy4lIeHUus HHTepeiicHOM
CTPYKTYPBl HUKEJIEBOTO CHIIMLKIA. JTO UCCIEIOBAaHUE MPEAOCTABISIET SKCIEPUMEHTATBHYIO
OCHOBY JJISl COBEPLICHCTBOBAHUS M ONTUMHU3ALUU CTPYKTYpPhl METAJUIMUECKUX CHIIMLUAOB B
MHTETPATBHBIX CXEMaX C IEbI0 TOBBIIIEHUS Y3PPEKTUBHOCTH pabOTHI yCTPOUCTB [17].

Metoaosiorusi ucciaenopanus. B kauecTBe MOMJOKKH HCHONB30BAICA KPEMHHH C
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opuenranueit Si(111). [Toanoxku 6plM oumieHs! B Tpu 3Tana. C UCIOIB30BaHUEM peXHUMa
paarovYacToTHOro MarHerponHoro pacmeuieHus (I =296 mA, U =337 B, P = 100 Br) Ha
moIorpeTyro moBepxHOCTh Si(111) MEeTogoM HOHHO-TIA3MEHHOTO HAINBUICHUS HAHOCHIICS
HUKENb ¢ yucToTor 99,95%. CHauana ¢popmupoBaics amopdubiit cioit Ni/Si, KOTOpBI 3aTeM
NepexoaAna B KPUCTAUIMYECKWE  CTPYKTYpbl  TuUma  KyOuwdeckas — pemeérka ¢
TpaHEIIEHTPUPOBAaHHEM W KyOuWdeckas pemérka ¢ OOBEMHOIEHTPHPOBAHUEM. OTHU
KPUCTANTNYECKUE CTPYKTYPbI ONPEAEISAIOT PACIIONOKEHHE aTOMOB B METaJLJIE.

M3mepeHus BBINOJIHSIIM Ha PEHTreHOBCKOM mudpakromerpe “D8 Discover” (Bruker-
AXS, T'epmanusi) B rTeOMETPUH MAPAIIEIBHOTO My4YKa. MICTOUHNK peHTTEHOBCKOTO M3ITyYCHUS
- PEHTTeHOBCKasi TPyOKa ¢ MenHbIM aHoaoM (m3nyueHue CUK,). Pexum cbhemku 40 kB - 40
MA. Jl1g yBenWuYeHHs WHTCHCUBHOCTH TEPBHYHOIO Iydyka W €ro  YacTHYHOU
MOHOXPOMATH3alMU ¥ KOJUTUMAIIMU B TUIOCKOCTH TU(PAKIIMU UCTIONB30BaIN 3epKaio ['€oers,
KOTOpO€ 00ECIIeUnBaeT yIIOBYIO pacXOAMMOCTh repBuaHOTO Iyuka 0.03°. TecToByr0 ChbeMKYy
JU(pPaKkIUOHHBIX KpUBBIX (20-0 - ckaHnpoBaHKE) IPOBOANIM B MHTEpBaJie yriaoB 20 ot 25° 1o
80°. MHTeHCHMBHOCTh AM(PArUPOBAHHOTO ITydKa H3Mepsuin ¢ momombio 1D  merexropa
“LynxEye” (Bruker-AXS, I'epmanusi). CbeMKy npoBoAwan ¢ marom mo yriay 20 =0,02°,
BpeMs HaKorieHus Ha Touky 0,3 c.

Pe3yabTaThl U odcy:xkaenne. Ha puc 1 npencraBnmeno COM-u300pakeHUE TOHKOM
wiéHkn Ni/Si, momy4yeHHOH MeTOJJOM HOHHO-TUIA3MEHHOTO HambUIeHus. Ha m3o0pakeHun
BUJIHO, YTO BEPXHUH CJION (CBETIBIA OTTEHOK) MMEET TOJIMHY mHpuMmepHo 390 HM, 4TO
OTIpEeIETISICTCS TI0 MacITaOHOM JIMHEHKE.

SEM MAG: 44.6 kx View field: 6.21 pm 111 MIRA3 TESCAN
SEM HV: 20.0 kV BI: 12.00 1 pm
‘WD: 10.28 mm Det: BSE Performance in nanospace

Puc 1. COM-n3o6paxenne Tonkoi miuénkn Ni/Si Tosmmmnoit 390 am.
Mexny TIEHKOW M TIOJUIOKKOM (TEMHAsI HUKHSSI 4acTh) MPOCISKUBACTCS YETKUA U

POBHBI HMHTEp(ENC, YTO CBUICTENBCTBYET O XOPOLIEM CIEIUICHHH W MHHUMAJIbHOU
muddysun. B BepxHem cioe HabmomaeTcs MOIMKPHCTAIUINYECKAst CTPYKTypa — OTYETIIMBO

BUIHBI 3EpHA PA3IMYHOTO pa3Mepa U uX rpaHunbl. [loBepXHOCTh IUIEHKHM OTHOCUTEIHHO
POBHas, XOTS B HEKOTOPBIX y4acTKaxX MPUCYTCTBYIOT HE3HAUMUTENIbHbIE Bapuauuu. biaaronaps
UCIOJIb30BAHUIO JIETEKTOPA 3JIACTUYHO pAaCCEsHHBIC AIEKTPOHbI HAOMIOJAeTCss KOHTpACT,
CBSI3aHHBIII C COCTaBOM — YYaCTKH C aTOMaMM TsDKeJee BBIMJLIIAT CBeTiee, a ¢ Oosee
N€TKUMU — TeMHee. YBenuueHue B 44,6 ThiC. KpaT MO3BOJSIET JETAJbHO PacCMOTPETH
MUKPOCTPYKTYpy. Takxe BHAHO, 4YTO MpOLECC KPUCTAUIM3ALUU 3aBEPIIEH MOIHOCTHIO.
Arnomepanusi cBeileHa K MUHUMYMY. LleTOCTHOCTD MI€HKHM cOoXpaHeHa. DTH JaHHBIE UMEIOT
OoJipllloe 3HAUCHME TSI OLICHKM KauecTBa IUIEHKH, MPOTHO3MPOBAHMA €€ IJIEKTPHUECKUX
CBOWCTB M ONITUMM3ALIMU TEXHOJIOTUYECKOT0 Mpolecca.

Bbu10 yCTaHOBNIEHO, YTO SHEPrys CBA3M I MEepexoaHoro Merayuia Ni caBUraercs: B
MOJIOKUTEIBHYIO CTOPOHY Ha BenmuuHy ~2,0 3B. HampoTtus, cooTBeTcTByromue muku Si 2p
HE II0Ka3bIBalOT 3HAYMUTEJIBHOI'O CJBHUIA IIOCIE 3THX IIPOLIECCOB, MOCKOJBKY 3((EeKTh
HAYaJIbHOTO U KOHEYHOTO COCTOSIHUSI B3aUMHO KOMIICHCHPYIOTCSl, U MO3TOMY HEBO3MOXHO
UCIOJIb30BaTh UX JUI OMMCAHMS XMMHMYECKHUX JaHHBIX O CHJIMIUIAX MEPEXOAHBIX METaJLIOB.
s onpeneneHust paziIMuHBIX CHIMLUAOB HCIOJIB3yeTcs ToJbko no3uuus OC curHana 2p
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MEPEXOTHOr0 MeTauia (B JaHHOM Clly4yae, B YaCTHOCTH, YPOBEHb 2p3r). Ciemyer OTMETHTb,
yro casuru OC s curHaigoB Ni, HOKa3aHHbIE Ha pHUC.2, SBISIOTCA NPEACTaBUTEISIMU
METAJUTMYECKOTO COCTOSHHS /TSI MOHO(a3HbIX AucHaniuaoB NiSiz, B To Bpems kak caur JC
nust curaana Ni ykas3pIBaeT Ha HHTETpajibHBII BUI (a30BbIxX cMeceid, Takux kak NiSio.

Metanndeckne W CHIMITUIHBIE COCTOsIHHS, HaOmromaemble B PDDC-cnekTpax,
MOKA3bIBAIOT, UTO I 2P3/2 IEPEXOAHOI0 METaJIIa, MMKH B METAJLTMYECKOM COCTOSIHUM UMEIOT
CJIEYIOIINE 3HAYSHUs] PHEPTHsl CBS3M IMOJIHAS [IMPUHA HAa TOJyBBICOTE muka: 852,6 3B (1,8
5B) coOTBeTCTBEHHO. DTH HAOIMIOACHHUS IOKA3bIBAIOT HM3MEHEHUS XapaKTePUCTUK ITHKOB,
TaKhe KakK CyKEHHE IIMPUHBI MHKA U COKpAIllEHUE aCUMMETPHUH, YTO CBSI3aHO C MPOLECCOM
CWIMLIMANPOBaHUS. BakHbBIM  HMHCTpyMEHTOM s Oojee MIyOOKOro  TOHUMaHUS
HaOmoaeMbIxX ciBUToB DC ABISIETCS UCCieoBaHe XapakTepHblx PODC - nmuHui 1 Tex xe
cambIx oOpasnoB. Jlns manHoro wuccienoBanusi BeiOpaHa P®OC - BepmuHa L3M2ozsMas
MEPEXOTHOTO TpoIiecca.

Intensity (a.u.)

860 858 856 854 852 850
Binding energy (eWV)

Puc. 2. Pa3Huna B CIeKTPax OCHOBHOIO COCTOSIHUS 2P3/2
CHJINIHAO0B HUKeJs.
CHIUITMIIHBIE COCIMHEHUS TEePEXOJHBIX METAJJIOB OBbLIM CHHTE3MPOBAHBI B

BUJE€ KPUCTAIJIMYECKUX TOHKUX IUICHOK, HAHECEHHBIX Ha IUIACTUHBI Si C MOMOIIbIO
pacmbUieHHsT W TOCHEAYIoUMM OTKUroM. CTpyKTypHble, ()a30Bble M ITOBEPXHOCTHBIC
XUMUYECKHE XapaKTePUCTUKH OOpa30BABUIMXCS CHIUIMIOB OBLIM MPOAHAIM3UPOBAHBI C
WCIOJb30BaHUEM peHTreHoBcKast audpakuus u POOC s momydeHus: aTOMHBIX CIIEKTPOB.
XHUMHAYECKUH CABUT JJIsi COCTOSTHUS 2p3/2 Ni B cimydae nepexozaa ot Ni k NiSiz cocraBmn +2,0
5B, 4T0 B OCHOBHOM 0O0ycCIOBIIEHO 3(h(]eKkTaMu Ha4dalbHOTO COCTOSHHUS, B TO BpEeMsl Kak
3¢ (}EeKThl KOHEYHOTO COCTOSIHHS OKa3bIBAIOT MEHee 3HAauMTelNbHOE BiHsiHHME. g apyrux
CWJIMLIMIHBIX COSAMHEHUI CIBUT HEPTUU CBA3M ObUT 3HAUUTEIHHO MeHbIINM (MeHee 0,3 3B),
Y MPUBOJWI K TOJIOKUTEIIbHBIM WM OTPULATEILHBIM XUMHUYECKAM CABUTAM, YTO CBSA3aHO C
KOMIICHCAIIHOHHBIMH dPPEeKTaMU HAYAITbHBIX U KOHEYHBIX COCTOSHHIA.

PenTreHoBckuii (a3oBbIi aHATW3 TOHKUX IUICHOK NiSiz, TOJYYEHHBIX METOJOM
MOHHO-TUIA3MEHHOI0 OCAXKACHMS, IOKa3all, 4yTo B pe3yiapTare 10 MHHYTHOro Ipouecca
MarHeTpOHHOro pacnbuieHust B RF-pekxnme Ha KpeMHHUEBOH MOIIOKKE 00pa3yroTcsi TOHKHE
IUIEHKU HUKEJh CHINLAAA TOIMIIMHON 420 HM.

Ha puc.3 mokazano, uro NiSi oTHOCHTCS K OpTOpOMOMYECKO CTpyKType Thma P,
nostoMy B crektpe Pamana s 1uieHKH HaOMIONarOTCs aKTUBHBIE KosiebaHus. CHeKTpsl
Pamana s ruieHok NiSi, nopomka NiSi u nonukpuctauimgeckoro NiSi BKIHOYAIOT TOJIBKO
Y4acTb ITUX PEKUMOB.

B 3aBUCHMMOCTM OT CTENEHM TEKCTYpbl, HEKOTOpPbIE AaKTUBHbIE KoOjeOaTelbHbIe
PEXKUMBI MOTYT OBITH OOJiee BBIPR)KEHHBIMH B CIIEKTPE TOHKOW IUICHKH MO CPaBHEHHUIO C
npyrumu. [Tukum Ha 197, 216, 256, 289, 314, 332 u 362 cm !, moka3aHHbIe Ha puc.3, ObUM
3aukcupoBaHbl B criekTpe PamMaHa TOHKOW IUIGHKM HUKENbh CHIMLIKAA. TOHKHE TUICHKU
HUKEIb CWIMIUAA Takke OBUIM TPOaHATU3MPOBAHBI C HCHOJIB30BaHHEM Yyria o030pa
PEHTTeHOBCKas TUPPAKIIHSL.
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Q
~

Raman intensity (Arbitrary units)

260 3E)O 4(;0 500
Wavenumber (cm™ ')
Puc.3. PamanoBckuii ciekTp ToHKO0i mieHku NiSiz
BoiBoabl u mpensioxkenusi. Ha ocHoBe pesynbraroB aHanmm3a Pamana m XPJ[ Obuto

J0Ka3aHO Haymuhe Kpuctawmmdeckoi ¢aser NiSi (Hukenmp-cumnma) B oOpasme. Bcee
OCHOBHbIC TIMKH B crekrtpe XPJ| mpunammexar ¢aze NiSi, 4TO CBHACTEIBCTBYET 00
OTCYTCTBHH ApPYyrux (a3 WM 3arpsa3HeHuil B oOpasie. JTO TaKKe YKa3bIBAeT Ha BBICOKYIO
YHCTOTY M KPHUCTALIMYECKYIO CTPYKTYpYy Marepuana. Takue pe3yabTaThl UMEIOT OOJbIIOe
3HA4YeHWE JUIsI WCTOJBb30BAHUS MaTepuasioB Ha oOcHOBe NiSi B  MOIYIMPOBOJHHKOBBIX
KOMIIOHEHTaX, B KOHTAKTHBIX MaTepHaiax v B APYTUX dJIEKTPOHHBIX YCTPOUCTBAX.
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OBPA30BAHHMA OKCUIHBIX HAHOIUVIEHOK ME/IX HA ITIOBEPXHOCTH
KPEMHUA B PE3YJIBbTATE HOHHOU UMIIVIAHTALIUU
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O6nou3nKu TaKeHTCKOT0 MEAUIIMHCKOTO YHUBEPCUTETA

2JlokTOp (PM3UKO-MATEMATHIECKHX HAYK, Ipodeccop Kadeapsl OHOMEIUIUHCKOM HHKEHEPUN
nHpopMaTUKU 1 6nopu3nkn TalIKeHTCKOT0 MEIUIIMHCKOTO YHUBEPCUTETA

SCrapiuii HaydHHMH COTPYIHMK MHCTUTyTa Onoopranudeckoi xumun um. O.C.Comukosa
Axanemus Hayk PecrryOmuku Y30ekucTaH,

4JloueHT Kadeapsl BO30OHOBISIEMBIX MCTOYHUKOB SHEPIUuH, TallIKeHTCKUI rOCY1apCTBEHHbII
TEeXHUYeCKUi yHUBepcuTeT uMenu Mcinama Kapumona

SAccuctent kaenps! Gpusnku, TepMe3cKuii rocy1apCTBEHHBIH YHHBEPCUTET

®Vuntens Gpusuku B cpeaneii mxone Ne 355 Yurenckoro paiiona

ORCID 0009-0004-6901-5291

YK 621.315.592:539.216.2:621.793

AnHoTauus. B maHHOW paboTe SKCHEpUMEHTATBHO OOHAPYKEHBI M IOAPOOHO MCCICIOBAHBI
pasiMuHBle THMKH B CIEKTpe KoMmOuHaumoHHoro paccesHus ceera (KPC), a Taxke B crekTpe
pertrerodasoporo aHanusa (XRD) 00pa3moB KpeMHHUs, HMILUIAHTHPOBAHHBIX HOHAMHU Meau. VccienoBaHue
HAalpaBJIeHO HA U3y4E€HHE CTPYKTYPHBIX U3MEHEHHH, IIPOUCXOIAIINX B IPUIIOBEPXHOCTHBIX CIIOSIX KPEMHHUS
IO/l BO3JCHCTBMEM MOHHON HMIUIAaHTALMM MEAW M IOCJEIyIoUlero ja3epHoro omkura. Ha ocHoBe
morydeHHBIX HaHHBIX KPC m XRD, 3apeructpupoBaHHBIX Ui OOpasloB C Pa3IHYHBIMU pPEKUMaMHU
MMIUIAHTAlWH U TTapaMeTpaMH Jia3epHoi 00paboTku, ObuIa MpoaHaNM3upoBaHa AWHAMUKA TpaHchopmaruu
MHUKPOCKOTIMYECKOH CTPYKTYpBl KpeMHHEBOro ciosi. Ocoboe BHMMaHME YIACNCHO (POPMHUPOBAHHIO H
9BOJIIOLUM HAHOPA3MEpPHBIX BKIIOUEHUHM OKCHAA MEAW, BO3HMKAIOUIUMX B pE3yJlbTaTe MMILUIAHTALMH.
Pe3ynpTaThl HCCIEIOBaHUS CBUACTENBCTBYIOT O ()OPMHPOBAHUN HAHOCTPYKTYPHPOBAHHBIX IICHOK OKCHIA
MeIU B IPHUIIOBEPXHOCTHON obnactu kpemHus. [lokazaHo, 4yTo HaOmoqaeMble CIIEKTpaTbHbIe OCOOCHHOCTH
MOryT OBITH OOBICHEHBI MPUCYTCTBUEM JIOKAJIM30BAHHBIX aTOMOB MC/IN B y3J1aX KpHCTaHHquCKOﬁ PECHICTKH
KPEMHHSI, YTO CYIIECTBEHHO BIMSACT Ha €r0 CTPYKTYPHBIE M ONITHYECKHE CBOICTBA.

KnwueBble cj0Ba: KpeMHHH, WMIUIaHTAIlMsg, HOHBI MEAM, HAHOpa3Mephl, KPUCTAIMUTOB,
mudpaxkrorpamma, CrieKTp KOMOMHAIMOHHOTO PACCESHUS, MUKPOCTPYKTYpa.

FORMATION OF COPPER OXIDE NANOFILMS ON THE SILICON
SURFACE AS A RESULT OF ION IMPLANTATION

Abstract. In this study, various peaks in the Raman scattering (RS) spectrum as well as in the X-ray
diffraction (XRD) spectrum of silicon samples implanted with copper ions were experimentally detected and
analyzed in detail. The research focuses on investigating structural changes occurring in the near-surface
layers of silicon under the influence of copper ion implantation and subsequent laser annealing. Based on the
Raman and XRD data obtained for samples subjected to different implantation regimes and laser treatment
conditions, the dynamics of the transformation of the microscopic structure of the silicon surface layer were
studied. Particular attention was paid to the formation and evolution of nanoscale copper oxide inclusions
formed as a result of the implantation process. The results indicate the formation of nanostructured copper
oxide films in the near-surface region of silicon. It is shown that the observed spectral features can be
explained by the presence of localized copper atoms occupying sites in the silicon crystal lattice, which
significantly affect the structural and optical properties of the material.

Keywords: silicon, implantation, copper ions, nanosize, crystallites, diffraction pattern, Raman
spectrum, microstructure.

Beenenue. bparreitn ommcan CuxO kak noiaynpoBOIHUK: «OKCHZ MEIU SIBISIETCA
Ne(EeKTHBIM IOJYIPOBOJAHUKOM, OCHOBHBIMM IIPUMECHBIMHM LIEHTpaMH, AakKLENToOpaMHu B
JaHHOM ClIy4ae, BEpOSTHO, SIBISIFOTCS BAKAHTHBIC Y3JIbl PELIETKH HOHOB Meam» [1-2].
ITockonbky Cuz0 sBiseTCS €CTECTBEHHBIM MOJIYIPOBOJHUKOM P-THIA, KOHLEHTPALUs
HOCHTelNel 3apsijia B KOTOPOM 3aBUCHT OT BEJIMYMHBI AedUIMTa KaTHOHOB. Tpu OMHApHBIX
MOJTYIIPOBOJTHUKOBBIX COEIMHEHMsS OKCHIAa MeIu TMpPeJCTaBIAIOT co00i ceMeHCTBO, TIe
tonbko Cu20 HaxomutTcs Ha craauu pa3pabotku U npumeneHus. ns CusOz u CuO
NPEJCTOUT TpojenaTh Oosblryto paboty. OKcHIbl Meau Kak MHOTO(YHKIIMOHAJIbHbIE
MOJTYTIPOBOTHUKH TPEJICTABISIOT OIPOMHBIN MHTEPEC JUIsl COBPEMEHHOTO MaTepHallOBEICHHS
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M B HAcTOsIEe BpeMsi LIUPOKO HUccieayrorcs. Kpome TOro, 3TM OKCHABI UCHOJIB3YIOTCS B
KauecTBe (POTOAKTHBHOrO MaTepuana. B mocnenHue Troabl Haubojiee HM3YYEHHBIM
(OTOAKTUBHBIM MaTEpPHAJIOM Ha JAHHBIM MOMEHT SIBJISICTCS TUOKCH]l TUTaHA, OKCH]I IIMHKA H
CdSe. Omnako He mpeKpalaeTcsi MOMCK MaTepPUalioB, KOTOPbIE MOIJH Obl COCTAaBHTh
nocroitayto koHkypeHimio st TIO u TiOz [3]. OaHuM W3 TakMX MaTepUaioB MOXKET
SIBJIATBCSA OKCHJI OJHOBaJICHTHOM Meau. OKCHUJl MeIu — 3TO COCIMHEHUE MEAM U KUCIOpPOAa,
KoTopoe BcTpeuaercst B 1Byx ¢opmax: okeua meau (1) (Cu:0) u okcun meau (II) (CuO). Otn
COCIMHEHHSI UMEIOT Pa3JIMYHbIC [IBETa U XMMHUYECKHE CBOMCTBA, YTO MO3BOJISIET UCTIOIB30BATh
ux B paznuuHbix otpacisix. Oxcun menu (I) - CuO siBisieTcst p-TUM MOYIPOBOAHUKOM C
IIUPUHON 3amperieHHoil 30Hbl Eg ~2,0-2,2 eV. B mocnenuue rompl CuO HHTEHCHBHO
WCCIeayeTCs Ui OCYIIECTBICHHS MPEoOpa30BaHUsl COJHEYHON SHEPruu B DIEKTPUUECKYIO.
Teopetnuecku 3¢pdexTuBHOCTs 3Toro mpouecca aiast Cu0 coctaBmuser 9-11%. Cu0 -
NEPCIEKTUBHBIA MaTepHalbl I CO3JaHus siueeKk bo3e ¢ BBICOKOW 3KCUTOHHOW »HEprueu
cesizu (~150 meV). Kpome Toro, CupO siBisieTcss pOTOKATAIM3aTOPOM, PAOOTAIOMIAM O]
neiictBueM Buaumoro cseta [1]. CuHTe3upys dYacTULBI pPA3IUYHOIO pa3Mepa MOXKHO
YOpaBisATh IUPUHON  3ampemieHHo 30HBI  CuxO  co3maBast  (OTOKaTanM3aTOpbl ¢
YYBCTBUTEIBHOCTBIO K PpA3IMYHBIM JJIMHAM BOJH BUAMMOTo cBeTa. OKCHI MeAu Kak
¢dboToKaTanM3aTOp MOXET OBbITh HMCHOJB30BaH IS Pa3iOkKeHHs BOJAbI M JJIs1 OOpPbHOBI C
OpPTaHUYECKUMH 3arps3HEeHUsIMH, a Takke B meaunuHe. Cu,O — Takke SBISETCS XOPOIIMM
MarHUTHBIM TOJXYIPOBOAHUKOM [2]. Okcua Menu sBIsieTCs MEPCIEeKTUBHBIM MaTepHUaioM
COBPEMEHHOW HAHOAJIEKTPOHUKHU U ONTOMEKTPOHUKH [4]. Oxcunpl Mmeau ¢ 1D-mopdonorueit
HaHOMPOBOJIOK, HAHOCTEP>KHEN U HAHOJIEHT SIBJIAIOTCS O0BEKTAaMH MPHUCTAIBLHOIO U3YUYEHUS B
XUMUU U (U3MKE HAHOPAa3MEPHBIX MaTEpPHAJIOB, TaK KaK XapaKTEPU3YIOTCS YHUKAIbHBIM
HAO0OpPOM 3JICKTPO(U3MUECKUX, ONTUYCCKMX M KAaTAIUTUYCCKHX CBOWCTB [5—8]. Tak, ObLIO
MOKAa3aHO, YTO HepapXU4ecKhe CTPYKTypbl 1D-HaHOpa3MEpHBIX OKCHIOB MEIU SIBISIOTCS
AKTUBHBIMM KaTaJau3aTOpaMH Pa3lioKeHUs 030HA [9], OCHOBOW MPOBOIALIMX M MPO3PAYHBIX
nokpbiTuil [10], snexTponoB cynepkonaeHcatopo [11], cencopos [12], nuTuii-HOHHBIX
akkymyssatopoB  [13] wu  anekrpokaramuzatopoB [14], uHCHONB3YyIOTCS B KayecTBe
¢dotokarammzaTopoB [15] w 1.0, Ilpu co3gaHuM BBICOKOA(P(MEKTUBHBIX 3JICKTPOIHBIX
MaTepuajgoB 0co00e 3HaYCHHE MMEIOT Takue MeTolbl cuHTe3a 1D-HaHOpa3MepHBIX OKCHIOB
M€Y, KOTOpblE JAIOT BO3MOXHOCTh IOJYYUTh Ha HOPOBOAALICH MOIJIOKKE MX
OPUEHTUPOBAHHbBIC MACCHBBI, HaXOAAIINECS C HEH B DJIEKTpUYECKOM KoHTakTe. [lomoOHbIe
MacCHBBl Ha TOBEPXHOCTH MeAM ObUIM TOJYyYeHBI, Hampumep, B pabortax [5]. JlaHHble
MaTepuaigbl XapaKTepU3yIOTCSd, C OJHOM CTOPOHBl, MUHUMAJIBHBIM 3JEKTPHUYECKUM
COMPOTUBJIEHUEM, IMOCKOJIbKY HaOJIOaeTCsl OMHYECKH KOHTAaKT HaHOKpHCTauioB [16] c
MOBEPXHOCTHIO TOJUIOKKU-METaula, a C JPYrod — BBICOKOW YJENbHOH MOBEPXHOCTHIO,
00yCIIOBIEHHOM MX YHUKaIbHBIMU I'€OMETPHUUECKUMH pazMepaMu. DT OCOOEHHOCTH 3aJar0T
pAA MX MPAKTUYECKH Ba)KHBIX CBOMCTB, B YaCTHOCTH, MOXXHO OHAaThb, YTO OHU OyAyT
SBJIATBCA AKTUBHBIMU JJIEKTPOKATAIM3aTOPaMU B PEAKIMH PpA3JIOKEHUs BOJABI IIyTEM
ANEKTPOJIN3a BCIEICTBUE CPABHUTEIBHO JIETKOTO yAAJEHHs My3bIPHKOB raza ¢ BEpIIMH TaKUX
HaHOKpUcTaiyioB. [Ipy BBeAEHMM B KPEMHHUH TKENBIX 3JIEMEHTOB HPOUCXOIAT TaKue
uHTEepecHble d(P(HEKThl Kak: HU3KOTEMIIEpPAaTypHAst PEKPUCTAILIM3AIMU, C BBIICICHUEM Tra3a
[17] n mpumecu Bogopoaa [18], xumuueckass aKTUBHOCTh MHEPTHBIX TSKeNbIX ra3oB [19], a
Takke oOpa3oBaHHe MOpucToil cTpykTyphl [20], compoBoknaemoe ycunenuem KPC u
momuHecteHnun [21]. Takke 3HAUMTENbHBI WHTEpeC K (U3MYECKOH NPUPOAE ITUX
3¢ dexToB HAOIIOJaETCS B CICICTBUY MOSBICHUS HOBBIX MPAKTUUECKHUX MPUIIOKEHHH [22-23].

Lenbto HacTosimiel paboOTHI SBISIETCS — HMCCieoBaHre Ha ocHoBe Metoauk KPC u
XRD nst 00pa3noB, MOMYYEHHBIX ¢ PA3MTUYHBIMU pekUMaMu uMIUTaHTauu Cu U J1a3epHOro
OTXHra, JAWHAMHUKY TpaHC(HOpPMAUKA MHUKPOCKONMUYECKOH CTPYKTYphl HPUIIOBEPXHOCTHOTO
CIIOSI KpeMHHA. A Takke OOHapy:KEHHs] HAHOPa3MEPHOCTH MOTYYEHHBIX CTPYKTYp. MeToaoM
KPC 6pu10 HccnenoBaHo npeoOpa3oBaHHEe MHUKPOCKOITMYECKOW CTPYKTYPBI KPUCTALTHYECKON
PEIIETKH KPeMHUS U €€ TWHAMHYECKHX CBOWCTB MPU PA3IUYHBIX PEKMUMAX UMIUIAHTAIIMH W
JIA3€PHOT0 OTXKUTa.

MeTtoasl W NPUHHIUOBI HccaeAoBaHusi. PaHee OKcHOpl Meau ¢ TOJOOHOM

s
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Mopdooruei moyydanan Mo METOIUKE THAPOTEPMAIBHOIO CUHTE3a [24], OKUCIIeHUsT MEAu B
mretounom pactBope (NHa)2S20s, aHOAHOTO OKHCIIEHHS MeH, BocCTaHOBIeHHs coit Meau(1])
B LIEJIOYHOM PacTBOPE I'Mpa3vHa M OKUCIIEHHUS MEAHM KMCIOPOAOM BO31yXa IPH TeMIlepaType
700°C. IlokazaHo, uto npu ocaxiaeHun katnoHoB menu(Il) B pactBope NaOH oGpasyercs
ocanok Cu(OH), ¢ mopdonorueii HaHOTTPOBOJIOKK. M3BECTHBI Takke pabOThl MO M3YYCHHUIO
peakuMM TajJbBaHMYECKOIO 3aMELCHMs HUKeNIs B pacTBOpax CcojJed Meau, OJHAKO
UCCJICIOBAaHMs IEPBBIX CTAaJUM TAaKUX peakUUi M IMPOAYKTOB TI'MIPOJIM3Aa U TEPMHUYECKOU
00pabOTKM MOIY4YEHHBIX COEJMHEHUI HE MPOBOAWINCE. B HacTosel paboTe Ha KPEMHHUEBYIO
MOJUIOKKY METOOM MOHHOM MMIUIAHTallUM HOJIY4add OKCHUAM MEIM B BaKyyMe Ipu
temneparype 500 C. Hccnemoanust mpoBogwianch Ha InVia Raman  Spectrometer,
npousBoacTBa komrnanuu «Renishaw» (BenukoOpuranus). Pabora crnekrpoMerpa ocHOBaHa
Ha METOJie CIEKTPOCKONMM KOMOMHALIMOHHOTO pAaccesHUs CBeTa, WIM pPaMaHOBCKOU
cnekTpockonuu.  Mcmonb3oBaHue — JaHHOrO — Meroja  o0ecreyuBaeT — IPOBEICHUE
UACHTU(UKALNY, KAayeCTBEHHOTO W  KOJMYECTBEHHOTO aHAJIHM3a OpPraHHYeCKUX W
HEOPraHMYeCKHX  BelIecTB. B kadecTBe  00pasloB  HMCCIEAOBAINCH  IUIACTHHBI
MoHOKpucTaiueckoro kpemuusi KJ[b-0.5, (kpeMHu#l ¢ IbIpOYHOI 3JIEKTPONPOBOJHOCTHIO,
JIETUPOBaHHbIN O0poM, ¢ ynenbHbIM conpoTtusieHueM 0.5 Om/cm. M3MepeHus Benuch npu
KOMHATHOW Temmeparype. B kadecTBe ucrouHnka Bo30yxkaeHus ucnoisbszoBaics Cobolt CW
532 nm DPSS na3zep ¢ nnuHoi# BonHbI W3nydeHus 532 HM 1 HoMuHalbHOU 3Heprueit 100 MBT.
B mpouecce wu3MmepeHuil wucnonp3oBanach AUQpakiHoHHas pemérka c¢ nepuogoMm 1800
JUHUNA/MM [24], a B Ka4ecTBE PErMCTPUPYIOIIEr0 yCTPOHCTBA — IITATHBIN feTekTop Renishaw
CCD Camera.

JlazepHslii J1yd (okycupoBaics Ha HOBEPXHOCTh 00pasloB B MATHO auameTpoM 10
MKM. MOIIHOCTh H3JIy4eHHS Ha MOBEPXHOCTH oOpaslia BapbHpOBalach B 3aBUCUMOCTH OT
BEJIMYMHBI BBIXOJHOTO CHrHaja Ha jaetekrope. O0bekTuB co 100- KpaTHBIM yBEIHUYCHHEM
UCTIONIB30BaJICs Al (POKYCHPOBKM BO30YXKIAIOIIET0 CBETa, a TakkKe I cOopa paccestHHOro
cBera. Bpemsi skcnozunmu coctaBisio 10 cekyHI, MpU 3TOM HM3MEpPEHHUs MPOBOAWINCH B
pexxume "extended", KOTOpOe MO3BOJSIET MPOBOAUTH U3MEPEHUS B TPEOYEMOM CHEKTPAIbHOM
Jyarna3oHe JJIMH BOJIH.

OcHoBHBIE pe3yabTaThl U X 00cyxkaeHue. [lonyuennsie cnextpsl KPC no3somunmn
HPOCIEIUTh TPaHC(HOPMAIHIO CTPYKTYPBI IPUIIOBEPXHOCTHOTO C€10sI TOMIUHOM ~ 100 HM H
Jokanu3aiuoo atomMoB Cu B MaTpuie Si 0 Mepe MOBBIIIEHUS J03bl UMIUIAHTAIUU, a TaKKe
IpY YBEJIMUYEHUN SHEPTUH JIa3epHOro o0uryyeHns. B HCXOIHBIX UMITAaHTUPOBAHHBIX 0Opa3nax
cnektp KPC cooTBeTcTBYyeT B OCHOBHOM aMOP()HOMY COCTOSIHUIO HPHIIOBEPXHOCTHOTO CIIOS
Si. Ha puc. 2 mpencraBieHO H300pakeHHE HCCIIEAYEMOro y4dacTKa MOBEpXHOCTH oOpaslia,
MOJTy4EHHOE C HCIOJIb30BAHUEM ITaTHOro MUKpockona InVia Raman Spectrometer.
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Puc. 2 — U300paxkenne yyacTka Puc. 3 — CnekTp KOMOMHAIIMOHHOTO
MOBEPXHOCTH HCC/IeyeMoro oopasua paccestHHs HccJIeyeMoro oopasua

Ha puc. 3 npezacraBien cnekTp KOMOWHAIIMOHHOTO PAaCCEsIHUS UCCIIelyeMOoro oopasia
MOHOKPHCTAJJTAYECKOTO KPEMHHS, IOJIyYeHHBId HaMu C HUCHojb30BaHuMeM InVia Raman
Spectrometer B pexnme, OIHCaHHOM paHee [22-23].

AHanu3upys MOJYYEHHBIM JAHHBIM CIEKTP, CIEAYeT OTMETHTh, YTO OH, HapAIy C
JIPYTHMH TI0JIOCAMH, COAEPKUT TPH MOIOCHl ¢ Makcumymamu npu 301, 363 m 623 cm L.
[Tonoxennss MAaKCUMYMOB 3THX TOJIOC OJM3KH K COOTBETCTBYIOIINM 3HaueHUsM [yt CuO, uto
ObUI0 ompenenieHo B [17]. DTo MO3BOSET MPEAONOKUTh, YTO HCCIemyeMasl TUIEHKA UMEET

e
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XUMUYECKUH cocTaB, om3kuii Kk CuO. A mosiBieHHe Takux mosoc, kak (114, 141, 165, 218)
cM, CBS3aHO C HECOBEPUIEHCTBOM KPHCTALTMYECKOM CTPYKTYphl CuzO ¥ HaIM4ueM, HapsLy
C KPUCTAJUIMYECKOH, aMOp(HO-KPUCTAIUIMYECKON CTPYKTYpBI, YTO CIEIyeT U3 pe3yJbTaToB
HCCIIeIOBAaHUM, ITPOBEIEHHBIX aBTOpaMu padoTsl [21]. Ciaenyer OTMETUTD, YTO Ui YAAJICHUS
NUKOB, OTBETCTBEHHBIX 3a Cu20 m 00pa30BaHHBIX M3-32 Pa3IMYHBIX TOUEYHBIX AE(EKTOB,
BO3HHUKAIOIIKX B IPOLIECCE MOHHOM MMILIAHTALMK, IPUMEHSAETCS MOCIEAYIOIMUNA OTKUT yiKe
MMIUIAHTUPOBAHHBIX 00pa3loB B Bakyyme mipu temmepatype 500 C.

[Region | Start Fud |
Region0 | 515,899 515,989
Regionl | 523,996 523.996

[ Width [ Area ]
4,08933 |50436.873452
4,05508 50506,190785

[Region | Stat | Lnd | width | Arca ]
Region0 | 515,963 | 520,008 | 4,04492 [36316,193043 |
Regionl | 519,95 | 524,029 [ 4.079  [33839.249782|

200007 Region0 Regionl

14000

130003
120003 |
110005 15000 —
100003
9000 — 4
8000 : 10000

7000 -
6000 5
5000 —

4000 3 5000 =
3000 — |
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1000 Ky

0
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T T
2 i 510 520 530
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Puc. 4 — CieKTpbl KOMGHHAIMOHHOTO Puc. 5 — CnekTphl KOMOUHATHOHHOTO
PACCESIHUST YHCTOr0 KPeMHHSI paccesiHus KPEeMHHUS HMIUIAHTHPOBAHHOTO

HOHAMHU Meau

Ha puc. 4 u 5. moka3aHbl ClIEKTPbl KOMOMHAIIMOHHOTO PACCESIHUS YUCTOTO KPEMHUS U
KPEMHHUS, MMIUIAHTHPOBAHHOTO HOHaMHM Menu. VMcmonb3ysi TO, 4TO NMpPHU BO3HUKHOBCHHHU
HamlpSDKEHUH W JeeKTOB B KPUCTAIMYECKOW  pemieTke o0pas3la  MPOUCXOIUT
COOTBETCTBYIOIIEC WM3MCHEHUE TIONOXKEHUS W (OpMbI TIHMKAa KPEMHHUSI B  CIIEKTpE
KOMOMHAIIMOHHOTO PACCEMBAHUS, MOXKHO OLEHHTh HaJIW4Yhe, WM OTCYTCTBHE TaKHX
HaNpSOKCHUH W eEeKTOB, HCXOJAS W3 HW3MEHEHHsS YacTOThl COOCTBEHHBIX KoJeOaHHUN
MOHOKPHUCTAJUTMYECKOTO KPEMHHUSI U W3MEHEHHs OTHOIICHHS TUIOMIAJICH JIGBOrO M MPaBOTrO
Region Ha cooTBeTcTBYIOMUX CrieKTpax (cM. pucynku 4 u 5). Taxke B psae pador [17-18],
[21] Habaroganock He3HaYUTENbHOE (~3¢M™) yBeIMYEHUE YaCTOThI COOCTBEHHBIX KOJIEOaHMIt
MOHOKPHUCTAJUTMYECKOTO  KPEMHHS. DTO CBS3BIBAJIOCH C HAJIMYUEM MEXaHHMYECKHX
HaNPSHKCHUH, BOSHUKAIOUIMX OJIaroaps pa3jiHuyusiM MOCTOSHHBIX PEIIETOK SMUTAKCUAIBHOU
IJICHKH KPEMHHUS U MOMIOKKHM [18], Wiam BcieACTBHE JOKAJBHOTO JIA3€PHOTO OTXKUTa
amopduoro cmos. Kpome TOro, 3ro Moxker OBITh M H3-32 JIOKAJFHOTO BO3MYIICHUS
JeTUpyroIel nmpuMechio 3amenieHus [21]. M3ydyeHue BIUSIHHS JISTHPOBAaHUS IMOKA3alio, YTO
Kak Tu(QQPy3MOHHOE JIETUPOBaHHME, TaK M B elle Ooyblield Mepe HOHHAs HMIUIAHTAILUS
JOHOPHOW TPHMECH TMOHIKAIT TEMIIEpaTypy Hadajga PEeKPUCTALTU3AIMH, YTO XOPOIIO
OOBSICHSICTCSI TIOBBIIIICHUEM KOHIICHTPAIIMH BAKAHCUH NIPU TaKOM JierTupoBaHuu. JlerupoBanue
aKIENTOPHOU MpUMeChio (00poM) 3ameIseT pocT 3epeH. [IpuMecu HUKOrIa He BEIyT ceOst
Kak B MeTajulaX, B KOTOPBIX NPUMECh BCEerja TOPMO3HUT peKpHucTauM3anuio. Hauamo
PEKPHUCTAIUIM3ALMU  COMPOBOXKAACTCS HM3MEHEHHEM  DJJeKTpodH3MyYecKnx CBOWCTB. B
YaCTHOCTH, B MOJMKpHcTawInueckux IuiéHkax kpemHus (ITIIK) mpu sTom moHmkaercs
MOBEPXHOCTHOE COMPOTHBIIEHHUE, YTO BakHO i1 [1TTIK B MeTami-oKCHI-oIypOBOTHUKOBBIX
(MOII) crpykrypax. Kpome Toro, B Hactosmeld paboTe HamMu OBUIM HPOBEICHBI
UCCIIeIOBaHUS O00Pa3loB OKCHIA MEOM HWMIUIAHTHPOBAHHOTO HMOHHON WMIUIAHTALMK Ha
KPEMHHUEBYIO TIOJUIOKKY METOoAoM peHTreHodazoBoro anaimmsza XRD-6100 SHIMADZU.
CriexTphbl, MOJy4YeHHbIE METOJOM peHTreHoda3oBoro ananmsza s odpasnoB CuO u Cu0
NPUBEJCHBI HAa PHUCYHKaxX 6 W 7 COOTBETCTBEHHO. A Takke OBbUIM pPacCUUTAHBI pPa3Mephl
KPUCTALTUTOB C momoinbio dopmynsl [ebas-Ileppepa (tab.1 m 1a6.2). Kak mokasbiBaer
MOJyYCHHBIC PACUETHHIC JaHHBIE pa3Mepbl KPUCTAUIUTOB Obut MeHbmie 100 HM, 3TO
MOJITBEPKIACT HAHOPA3MEPHOCTH MOJTYYEHHBIX KPHUCTAUIMTOB. Takxke OBUTH OINpeneseHbl
cTerneHb KpuctaumvHoctd M amopdHoct. Jns CuO amopduocTs cocraBmser 81%, a
KpuctammaHocTh 19%, coorBercTBeHHO. A 11t CuO amopdHOCTh cocraBiusier 82%, a
KkpuctamuaHocTh 18%, coorBercTBeHHO. [lomyyeHHbIE NaHHBIE PEHTreHO()A30BOr0 aHAIN3a
MOJITBEPKIACT JAHHBIC MOJYYCHHBIE METOJOM KOMOWHAIIMOHHOTO PAcCEsHUS. DTH JaHHBIC
SIBJISTFOTCSI B3AMMHO JIOTIOJTHSIFOIIIUMH JPYT IpYTa Pe3yIbTaTaMu.
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Puc-9 Iluarpammsl ¢a30Boro u 3JieMeHTHOI 0
a”Haiau3a 11 Cu20 1moJry4eHHOro no JaHHbIM

Taoauna 1. PasMepsl HaHouYacTHI onpenesieHHast o ¢gopmy.Jie ledasi-Illeppepa nasi CuQO.

Ne | 20 d 11y upuna Ha Pasmep Cpenuuii pasmep
[I0JIOBUHE KpHUCTAJIIUTOB KPHUCTaLTUTOB
BBICOTHI
(FWHM)

1 35.6570 2.51593 100 0.51070 17,07nm 14,77 nm

2 38.7684 2.32087 97 0.73620 12 nm

3 49.0413 1.85605 22 0.72050 12,66 nm

4 66.4723 1.40542 19 0.57120 17,38 nm

Cuprite (226%)
-

Cu (87.5%

XRD

Tab6ymna 2 Pa3mepsl HaHOYacTHI onpeaesieHHas o (opmyJie Jledasa-Illeppepa nist ToHKOI IIeHKH

Cu20

Ne 20 d 111 Iupuna Ha Pasmep Cpennuit
MOJIOBHHE KPHUCTAIIATOB pasmep
BBICOTBI KPUCTAJLJINTOB
(FWHM)

1 36.3 2,47 30 0.27 32,35nm 28,28 nm

2 43.2081 2.09212 100 0.30450 29,32 nm

3 50.3264 1.81163 39 0.33300 27,54 nm

4 42.2006 2.13971 10 0.33070 26,91 nm

Kpome Toro, HaMu ObLIM TMOTyYeHBI TUArpaMMbl (pa30BOTO M JIEMEHTHOTO aHAJIM3a
st okcunoB Meau CuO u Cux0 nonyderroro mo qanHeiM XRD npuBenenubie Ha puc.7 u 9.
Kak moka3blBalOT NOJyYEHHBIE IHArpaMMbl 3TO SBJISIOTCS MPSAMBIM MOATBEPKICHHEM O
KPUCTATU3AIMA  aMOP(HOTO KpEeMHHS M €ro TOJHBIM TIOKPBHITHEM OKCHIa MEHH.
HauGonpmmii wHTEpEC MpencTaBisieT W3yYeHHWE BIMSHUA Kuciaopoma Ha cTpyktypy IIIIK,
MIOCKOJIBKY KHCJIOPOJ] MPAaKTUYECKH BCErAa MPUCYTCTBYET B IJICHKaX KpeMHHs. McTouHMKOM
KHCIIOpOJla B IUICHKAX SBIIOTCA arMocdepa OTkura ©  wm3omupytomme cion  SiO2.
Kucnoponssie BKIIIOYEHHS! PE3KO MOBBIIIAIOT TEPMUYECKYIO CTAOMIBHOCTh TUIEHOK, 0COOEHHO
amophHbBIX [21]. MOXHO OTMETHThH, YTO TIPUPOAA M MEXaHU3M HHU3KOTEMIIEPATypHOM
PEKPUCTAIUIM3ALMH C Ta30BBIICICHUEM OCTAIOTCS €lE HEJOCTaTOYHO M3YYEHHBIMH, OJTHAKO
Ha OCHOBaHHMM TIOJYYEHHBIX B HACTOSIIEH paboTe SKCIEPUMEHTAJIbHBIX JAHHBIX MOKHO
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IOPEINOI0KUTb, UYTO  MPOLECC  PEKPUCTALIM3ALMU  CTHUMYJIUPYETCS  JIOKAIbHBIMU
HaIIPsSKCHUSAMU. 9TOT BbIBO/ TMOAKPCILIACTCA OKCIICPUMCHTAJIbHO IMPOBCPCHHBIMU
pesynbTataMM O IIpoLlecCe KpUCTauM3auud amopdHoro kpemHusa. IlomydeHHble
OKCIICPUMCHTAJIbHBIC ITAaHHBIC XOPOIIO OOBSICHAIOTCS HaJIMYHEM JIOKAJbHBIX aTroMoB Cu B
y3J1aX KPUCTAJUINYECKON PELIETKH.

3aximouenue. [lo pe3ynbraTam HalluX UCCIEIOBAHUN MOKHO C/€JIaTh BBIBOJ O TOM,
YTO CHEKTPhl KOMOWHAIMOHHOTO paccestHus 00pa3li0OB MOHOKPUCTAIUIMYECKOIO KPEMHHUS,
HMIUIAHTUPOBAHHOT'O HOHAMU MEH, MOT'YT OBITh HCITOJB30BAHbI B KAUECTBE HUHCTPYMCHTA IJIs1
MMPpOBCACHUA OLCHKU HX CTPYKTYPHOTO COBCPHICHCTBA U COACPIKAHUA COOCTBEHHBIX U
IIPUMECHBIX Je(EKTOB, a TAKXKe MPUCYTCTBUS B KPUCTAIUIAX HEKOHTPOJIMPYEMBIX IIpUMecel u
kuciopona. Ha ocnoBe nanueix KPC um XRD nomydeHHBIX 1711 00pa3LoB € pa3id4HbIMU
pexxumamu uMIUIaHTanud Cu M J1a3€pHOTO OTXKUIa, IMOJy4YeHa JMHAMUKA TpaHchopMaluu
MHUKPOCKONUYECKOH  CTPYKTYpbl ~ IPUIIOBEPXHOCTHOrO  cjosi  KkpemHusA.  Iloka3aHsl
HaHOPa3MEPHOCTh MMIUIAHTUPOBAHHBIX IJIEHOK OKCHJA MeIU. DKCIEPHUMEHTAIbHbIC JAHHBIC
XOPOILO OOBACHIIOTCA HAIMYUEM JIOKAJIBHBIX aTOMOB Cu B y3J1aX KpUCTAULINYECKONW PELIETKH.
IlomydyeHHble pe3ynbTaThl MPEACTABISIIOT CYILECTBEHHBI HHTEpEC Ul HUCCIENOBAaHUN B
00J1aCTH MUKPO3JIEKTPOHUKH, 1€(PEKTO00Pa30BaHUH, a TAKXKe IIPU CO3JAHUU MATEPUAIIOB UL
OITO3JIEKTPOHUKU U HAHOTEXHOJIOTUH.

Cnucok ucnob30BaHHOI JTUTEPATYPHI

1. Huang L., Peng F., Yu H., Wang H. Preparation of cuprous oxides with different sizes and their
behaviors of adsorption, visible-light driven photocatalysis and photocorrosion // Solid State Sciences. —
2009. — Vol. 11. — P. 129-138.

2. Yang H., Wen X., Wang S. Electrochemical synthesis and photocatalytic property of cuprous
oxide nanoparticles// Materials Research Bulletin. — 2006. — Vol. 41. — P. 1310-1318.

3. Normuradov M.T., Khozhiev S.T., Akhmedova L.B., Kosimov 1.0., Davlatov M.A., Dovranov
K.T. Peculiarities of BaTiOs in electronic and X-Ray analysis // E3S Web of Conferences. — 2023. — Vol.
383. — P. 04068.

4. lIsakhanov Z.A., Kosimov 1.0., Umirzakov B.E., Erkulov R.M. Modification of the surface
properties of free Si—Cu films by implantation of active metal ions // Technical Physics. — 2020. — Vol. 65. —
Nel. —P. 114-117.

5. Rajput A., Kundu A., Chakraborty B. Electroreduction: A Sustainable and Less Energy-Intensive
Approach Compared to Chemical Reduction for Phosphine Oxide Recycling to Phosphine//
ChemElectroChem. — 2021. — Vol. 8. — Ne10. — P. 1698-1705.

6. Stepniowski W., Misiolek W. Review of fabrication methods of nanoporous anodic aluminum
oxide // Nanomaterials. — 2018. — VVol. 8. — Ne6. — P. 379.

7. Filipi¢ G., Cvelbar U. Copper Oxide Nanowires: A Review of Growth// Nanotechnology. — 2012.
—Vol. 23. — Ne19. — P. 194001.

8 Fritz-Popovski G., Sosada-Ludwikowska F., Kock A. et al. Study of CuO nanowire growth on
different copper surfaces// Scientific Reports. —2019. — Vol. 9. — Nel. — P. 807.

9. Gong S., Wu X., Zhang J. et al. Controlled growth of CuO nanostructures and their
crystallographic properties // CrystEngComm. — 2018. — Vol. 20. — Ne22. — P. 3096-3103.

10. Ding S., Tian Y., Jiu J. et al. Preparation of copper oxide nanostructures and their
electrochemical performance // RSC Advances. — 2018. — Vol. 8. — Ne4. — P. 2109-2116.

11. Zhou L., He Y., Jia C. et al. Construction of Hierarchical CuO/Cu20 - NiCo2S4 Nanowire
Arrays on Copper Foam for High Performance Supercapacitor Electrodes // Nanomaterials. — 2017. — Vol. 7.
- Ne9. — P. 273.

12. He G., Wang L. Electrochemical behavior of copper oxide based electrodes // lonics. — 2018. —
Vol. 24. — Ne10. — P. 3167-3174.

13. Li A, Song H., Wan W. et al. Copper oxide nanowire arrays synthesized by in-situ thermal
oxidation as an anode material for lithium-ion batteries// Electrochimica Acta. — 2014. — Vol. 132. — P. 42—
49.

14. Lu C., Wang J., Czioska S. et al. Hierarchically structured Cu-based electrocatalysts with
nanowires array for water splitting // Journal of Physical Chemistry C. — 2017. — Vol. 121. — Ne46. — P.
25875.

15. Nkhaili L., Narjis A., Agdad A. et al. A simple method to control the growth of copper oxide
nanowires for solar cells and catalytic applications// Advances in Condensed Matter Physics. — 2020. — Vol.
2020. — P. 5470817.

16. Arustamov V.N., Khudaykulov I.K., Kremkov M.V., Ashurov K.B., Kosimov 1.0., Kharyakov

s
14




QarDU xabarlari FIZIKA-MATEMATIKA 2026 2(2)

V.P., Berdiyev U.F. Creation of low-ohmic copper contacts on the surface of silicon crystals for application
in photocells // Applied Solar Energy. — 2023. — Vol. 59. — Ne2. — P. 95-101.

17. Meyer B.K., Polity A., Reppin D. et al. Binary copper oxide semiconductor: from materials
towards devices // Physica Status Solidi B. — 2012. — Vol. 249. — P. 1-23.

18. Fujimoto K., Oku T., Akiyama T., Suzuki A. Fabrication and characterization of copper oxide-
zinc oxide solar cells prepared by electrodeposition // Journal of Physics: Conference Series. — 2013. — Vol.
433. —P. 012024,

19. Tartakovskij I.1., Agarkov D.A. Spektroskopija kombinacionnogo rassejanija sveta kak metod
dlja izuchenija materialov i “in-situ” issledovanija tokoobrazujushhih reakcij v kompozicionnyh jelektrodah.
— Moskva: Nauka, 2008. — 76 s.

20. Afanas'ev V.P. et al. Issledovanie pljonok oksidov medi, poluchennyh metodom reaktivnogo
magnetronnogo raspylenija s raznym sostavom gazovoj smesi argon-kislorod // Fiziko-himicheskie problemy
vozobnovljaemoj energetiki. — Sankt-Peterburg: lzdatel'stvo Politehnicheskogo universiteta, 2015. — P. 216—
217.

21. Gorelik S.S., Dashevskij M.Ja. Materialovedenie poluprovodnikov i dijelektrikov. — Moskva:
MISIS, 2003.

22. Khozhiev Sh.T. et al. Issledovanie spektrov fotoljuminescencii obrazcov selenida cinka
metodom Ramanovskoj spektroskopii // Universum: Tehnicheskie nauki. — 2020. — Ne4(73).

23. Calos N.J., Forrester J.S., Schaffer G.B. A crystallographic contribution to the mechanism of a
mechanically induced solid-state reaction // Journal of Solid State Chemistry. — 1996. — Vol. 122. — P. 273—
280.

24. Khozhiev S.T., Maksimov S.E., Kuchkanov S.K., Gaibnazarov B.B., Yuldoshev I.A., Kosimov
I.0., Menglieva S.Y. lon sputtering as methods for generation of cluster particles // E3S Web of Conferences.
—2023. - Vol. 461. — P. 01065.

SUV CHIQARUVCHI FOTOELEKTRIK/ISSIQLIK QURILMANING ASOSIY
ELEKTROFIZIK PARAMETRLARINI SINOVDAN O‘TKAZISH

Eshmatov Mansur Mamayusupovich

Turon universiteti, Tabiiy fanlar kafedrasi dotsenti
meshmatov2811@mail.ru

ORCID 0009-0004-1097-8579

Xolov Uyg‘un Raufovich

Qarshi davlat texnika universiteti, Tabiiy fanlar kafedrasi mudiri, dotsent
uygunshams@mail.ru

ORCID 0000-0002-6675-5479

Eshmuratov Muhiddin Rizamatovich

Turon universiteti, Igtisodiyot kafedrasi asistenti
muhiddin0174645@gmail.com

ORCID 0009-0006-4894-9946

Meyliyev Elbek Mahmud o‘g‘li

Qarshi davlat universiteti

meyliyev.elbek@mail.ru

ORCID 0009-0006-6568-7132

UDK 621.311.243:620.1

Annotatsiya. Ushbu maqolada issiq va quruq iglimli chekka hududlarda joylashgan gishloglarda
quduglardan suv chiqarish va maishiy iste’molchilarni energiya bilan ta’minlashda foydalanish uchun ishlab
chigilgan sovitishda go‘shimcha quvvat talab gilmasdan o‘zini o‘zi sovitish tizimi bilan jihozlangan yangi
reflektorli fotoissiglik batareya asosidagi mobil qurilmaning asosiy elektrofizik parametrlari sinovdan
o‘tkazilgan va bir xil quvvatdagi an’anaviy mobil fotoelektrik qurilma ko‘rsatkichlari bilan taggoslangan.
Fotoelektrik batareya va fotoissiglik batareyasi asosidagi qurilmalarning salt yurish kuchlanishi mos
ravishda 20,5 V va 25 V giymatni, Qisga tutashuv toklari esa mos ravishda 33 A va 44 A ni tashkil gilgan.
Qurilmaning chigish quvvati esa mos ravishda 520 W va 885 W giymatlarni ko‘rsatgan.

Kalit so‘zlar: Fotoelektrik batareya, fotoissiglik batareya, invertor, salt yurish kuchlanishi, gisga
tutashuv toki, quvvat, elektr energiya, quyosh nurlanish ogim zichligi.

TESTING OF THE MAIN ELECTROPHYSICAL PARAMETERS OF A
PHOTOVOLTAIC/THERMAL WATER EXTRACTION DEVICE

Abstract. This paper investigates a new mobile device designed for water extraction from wells and
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supplying electricity to household consumers in remote areas with hot and dry climates. The device is based
on a reflector-type photo-thermal battery and is equipped with a self-cooling system that operates without
additional power consumption. The main electophysical parameters of the device were tested and compared
with those of a conventional mobile photovoltaic device of the same power. The results showed that the
open-circuit voltage of the photovoltaic and photo-thermal batteries was 20.5 V and 25 V, respectively,
while the short-circuit current was 33 A and 44 A. The output power of the devices was 520 W and 885 W,
respectively.

Keywords: photovoltaic battery, photo-thermal battery, inverter, open-circuit voltage, short-circuit
current, power, electric energy, solar irradiance.

Kirish. Bugungi kunda respublikada gishlog xo‘jaligini suv bilan ta’minlashga
bo‘lgan talab oshib bormogda. Shu bilan bir gatorda O‘zbekiston Respublikasi qurug iglim
mamlakati hisoblanib, katta gismi cho‘l va yarim cho‘l hududlarini tashkil giladi. Intensiv
sug‘oriladigan hududlar esa 4,3 min gektarni tashkil etadi. Yerdan foydalanish bo‘yicha
islohotlar asosan qishlog xo‘jaligida sug‘oriladigan yerlarga ko‘prog yo‘naltirilib, uning
maydoni jami hududning 9.7 % ga yaqinini egallaydi. [1]

Nasoslarni elektr energiyasi bilan ta’minlash tarmoq mavjud joylarda tarmoqdan,
tarmog mavjud bo‘lmagan va tarmoqda uzilishlar sodir bo‘lganda suyuq yonilg‘i bilan
ishlovchi generatorlar yoki fotoelektrik batareyalardan foydalaniladi. Qishlog va chekka
hududlarga elektr tarmogqlari tizimini ishlab chigish ko‘pincha juda gimmatga tushadi, chunki
bu hududlar ko‘pincha mavjud tarmoq liniyalaridan juda uzoqda joylashadi. Mamlakat ichida
yoqilg‘i mavjud bo‘lsa ham yonilg‘i narxining gimmatligi yoki yoqilg‘ini olis, gishlog
joylariga tashish giyin bo‘lishi mumkin. Ko‘pgina chekka hududlarda yo‘llar yoki yordamchi
infratuzilma mavjud emas. Shunday qilib, chekka hududlardagi suv nasoslarini gayta
tiklanadigan energiya manbalari bilan birlashtirish magsadga muvofiq[2].

Biroq FEB larning asosiy kamchiligi nisbatan yugori harorat, quyosh nurlanishi va
changlanish ta’sirida quvvatning yo‘qotilishi bo‘lib bu suv chigaruvchi tizimlarning
samaradorligini pasaytiradi. Shu sababli harorat, quyosh nurlanishi, havoning changlanganlik
darajasini hisobga olib suv chigaruvchi fotoelektrik qurilmalarni cho‘l va yarim cho‘l
hududlarning iglimiga moslashtirish, suv chiqarish ishlari mavsumiy bo‘lganligi uchun suv
chigaruvchi qurilmalarni boshga xojalik iste’moli uchun ishlatish imkoniyatini yaratish va yil
davomida foydalanish yo‘llarini ishlab chigishni talab giladi.

Tadgiqotning magsadi chekka qishloq hududlari iglim sharoitini hisobga olib
yaratilgan FIB asosidagi suv chigaruvchi qurilmaning elektrofizik parametrlarini sinovdan
o‘tkazish va ularni an’anaviy fotoelektrik qurilma ko‘rsatkichlari bilan taggoslashdan iborat.

Materiallar va metodlar. Maishiy suv iste’moli uchun fotoelektrik batareyalar suv
chigaruvchi nasoslarni energiya bilan ta’minlash uchun ishlatiladi. Fotoelektrik suv
chigaruvchi tizimlar (FESChT), fotoelektrik batareya (FEB), suv nasosi, zaryadlash
regulyatorlari, akkumulyatorlar, invertor yoki to‘g‘ridan to‘g‘ri invertor kabi aksessuarlar,
kabellar, quvurlar va nazorat klapanlaridan tuzilgan[3]. Fotoelektrik suv chigaruvchi
tizimining umumiy tasnifi 1- rasmda keltirilgan[4].

Fotoelektrik suv nasos tizimi (FESNT)

.DC'DC Tarmoq Zﬂ“m. Dvigatel turi
invertor turlari
Bir bosqichli  LA/M0qqa  Tarmoqdan Aklumulyat e gugatel  AC dvigatel
ulangan tashqayi or
S S NS S NS NS
Tkki ; Saqlash o . L
A Avtonom . Cho'tkali Sinxron
bosqichli idishi
N N R N N
otg"(lj‘l.(ll-?n- Cho'tkasiz Asinxron
N2 — ~—

1- rasm. FESChT ning umumlashtirilgan tasnifi
Fotoelektrik massividan, nasosga birlashtirilgan dvigateldan va quvvat elektron
interfeysidan iborat fotoelektrik suv chigarish tizimining (FESChT) ning umumlashtirilgan
tuzilishi 2 -rasmda ko‘rsatilgan[5].
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2-rasm. FESChT ning umumlashtirilgan tuzilishi

Suvni uzatish uchun zarur bo‘lgan fotoelektrik massivining o‘lchami bir nechta
omillarni hisobga olgan holda aniglanadi: joylashuv, harorat, quyosh nurlanishi, kuniga talab
gilinadigan suv migdori, ogim tezligi, quvvat va boshgalar. Umuman olganda, fotoelektrik suv
nasos tizimini (FESNT), tarmogqga ulangan va tarmoqdan tashqari ulangan tizimlarga bo‘lish
mumkin. Tarmoqdan tashqari tizimlar, akkumulyatorli va to‘g‘ridan to‘g‘ri boshqariladigan
tizimlarga bo‘linadi.

1. Tarmoqgga ulangan FESNT. Tarmoqga ulangan fotoelektrik tizimi 5 ta asosiy
komponentdan iborat: FEM, invertor, asosiy xizmat ko‘rsatish bloki, xavfsizlik tizimi va
elektr hisoblagich. Tarmogqga ulangan tizim elektr tarmog‘iga ulangan holatda ishlaydi.

2. Tarmogdan tashgari FESNT. Bu tizimda tarmoqga ulanish bo‘lmaydi fagat
stansiyaning o‘zida generatsiya gilingan quvvat hisobiga ishlaydi. Tarmoqgdan tashqari
tizimlar ikki xil FESNT larga bo‘linadi, yani to‘g‘ridan to‘g‘ri ulangan FESNT va
akkumulyator bilan jihozlangan (Avtonom) FESNT.

2.1. To‘g‘ridan to‘g‘ri ulangan FESNT. Ushbu tizimda FEB lar tomonidan ishlab
chigarilgan elektr energiyasi to‘g‘ridan to‘g‘ri suv chigaruvchi nasosga yetkazib beriladi.
Ushbu tizimda FEB lar tomonidan ishlab chigarilgan elektr energiyasi to‘gridan to‘g‘ri suv
chigaruvchi nasosga yetkazib beriladi. Nasos suvni chigarish uchun elektr quvvatini FEB lar
ishlab chigargan quvvatdan foydalanadi. Zaxira quvvat mavjud emasligi sababli, tizim
kunduzi fagat quyosh energiyasi mavjud bo‘lganda suvni chigaradi. FEB sirtiga tushuvchi
quyosh nurlanishining intensivligi bu vaqt davomida chigariladigan suv migdorini belgilaydi.
Ushbu tizimning afzalligi shundaki, u batareyaga ulangan FESNT bilan solishtirganda, sodda
va arzon. Biroq uni tungi vaqtda suv chigarish uchun ishlatish imkoniyati mavjud emas.

2.2. Akkumulyator bilan jihozlangan (avtonom) fotoelektrik suv nasos tizimi.
Akkumulyatorlar bilan bog‘langan FESNT FEB lar, zaryad boshqgaruvchisi, akkumulyatorlar,
nasos boshgaruvchisi, bosim o‘tkazgich, doimiy suv nasosidan iborat. Kunduzgi soatlarda
FEB lar tomonidan ishlab chigarilgan elektr toki batareyalarni zaryad qiladi va
akkumulyatorlar o‘z navbatida suv nasosni elektr quvvati bilan ta’minlaydi.
Akkumulyatorlardan foydalanish nasosning dvigatelida bargaror ish kuchlanishini ta’minlash
orgali nasosni uzogroq vaqt davomida ishlatadi. Shunday qilib, tungi va kam yorug‘lik
davrlarida ham tizim iste’mol uchun zarur bo‘lgan suvga bo‘lgan talabni doimiy ta’minlashi
mumkin. Akkumulyatorlardan foydalanish o‘zining kamchiliklariga ega. Birinchidan,
batareyalar umumiy tizimning samaradorligini kamaytirishi mumkin, chunki ishchi
kuchlanishni FEB lardan emas, balki akkumulyatorlar tomonidan belgilanadi. Ularning
haroratiga va batareyalar qanchalik yaxshi zaryadlanganligiga qarab akkumulyator
kuchlanishi, maksimal quyosh nurlanish intensivligi sharoitida FEB lar tomonidan ishlab
chigarilgan kuchlanishdan birdan to‘rt voltgacha past bo‘lishi mumkin. Ushbu pasaytirilgan
samaradorlikni nasosga yetkazib beriladigan akkumulyator kuchlanishini oshiradigan tegishli
nasos boshqgaruvchisidan foydalanish bilan kamaytirish mumkin [6-8].

Yuqorida keltirilgan fotoelektrik suv chiqgarish tizimlarida asosan o‘zgarmas va
o‘zgaruvchan tokka ishlovchi suv nasoslaridan foydalaniladi. Fotoelektrik suv nasoslarining
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suv chigarishiga nurlanish va harorat o‘zgarishining ta’siri tahlil gilinganda suv sathining
balandligi va nasosning ish nugtasiga garab, dasturning eng ko‘p uchraydigan sharoitlaridan
foydalangan holda fotoelektrik suv nasoslarining ishlashini optimallashtirish metodologiyasi
taklif gilingan. Nasos uchun optimal massiv o‘lchamlarini tanlashda kerakli kirish quvvati va
quyi tizim samaradorligini hisobga olgan holda amalga oshirildi. PV-syst dasturi yordamida
suv nasosining ishlashiga turli massiv konfiguratsiyalarining ta’siri ham o‘rganildi.
O‘rganilgan nasoslarning aksariyatida quyi tizimning o‘rtacha samaradorligi (nasos
samaradorligi) 40-50% oralig‘ida ishlashi ma’lum bo‘ldi. O‘zgaruvchan tokka ishlovchi (AC)
suvosti nasoslari doimiy tok(DC) nasosiga garaganda samaraliroq ishlashi va 50 m
balandlikda yugori suv ogimini ta’minlashi ma’lum bo‘ldi. AC nasoslar quyi tizim
samaradorligi 28-65% oralig‘ini, sirt suv nasoslarining samaradorligi esa 38-60% oralig‘ini
ko‘rsatdi(3-rasm)[9].

65
X
) 60 —MB—5 Ot kuchi suv osti AC nasos 50m
= 55 - ° —— 5 Ot kuchi suv osti AC nasos 30m
-8 4 ° 5 Ot kuchi suv osti DC nasos 50m
g 50 ¥ 4' S | —V¥— 3 Ot kuchi suv osti AC nasos 50m
E | * | 9o 3 Ot kuchi suv osti AC nasos 20m
g 45 ° < ¢ % ® o T —4—30tkuchisuvostiDC nasos S0m
= | | | * ' 3 3 Ot kuchi yer usti DC nasos 20m
E 40 L] 4 ? ¥ 9 —®—2 Ot kuchi suv osti AC nasos 30m
= v < [ ] —%—2 Ot kuchi suv osti DC nasos 30m
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Har xil balandlikdan suv chiqarayotgan nasos turlari
3-rasm. O‘zgarmas va o‘zgaruvchan tokka ishlovchi suv nasoslarining samaradorligini tagqoslash
Fotoelektrik stansiyalar (FES)ning ishlash samaradorligiga asosan quyidagi omillar ta’sir
ko‘rsatadi: quyosh nurlanishi ogimining zichligi, atrof-muhit harorati, changlanish darajasi
hamda fotoelektrik massivlarning quyoshga nisbatan optimal orientatsiya gilinmaganligi.

Yuqoridagi tahlillarni umumlashtirish asosida mualliflar tomonidan suv chigarish
jarayonlarida samaradorlikni oshirish magsadida avtonom mobil fotoissiglik qurilmasi ishlab
chiqildi [10-11].

Mahalliy iglim sharoitlarini hisobga olgan holda ishlab chigilgan, fotoissiqlik
batareyasi asosidagi reflektorli mobil fotoelektrik qurilmaning issig va qurug iglim
sharoitlarida suv chigarish uchun mo‘ljallangan konstruksiyasi 4-rasmda keltirilgan. Qurilma
quyidagi asosiy tarkibiy gismlardan tashkil topgan. Issiglik kollektori (1K) va reflektorlar bilan
jihozlangan fotoissiglik batareyasining tarkibi aksonometrik proyeksiya ko‘rinishida 5-rasmda
tasvirlangan. Qurilma: 3 — to‘g‘ri burchakli metall ramka; 4 — fotoelektrik batareyalar (2
dona); 5 — reflektorlarning ochilib-yopilishini ta’minlovchi sharnirlar; 6 — reflektor; 7 —
polikarbonat kollektor; 8 — polikarbonat kollektorlarning ikki uchini birlashtiruvchi polimer
quvurlardan iborat.

Issiglik kollektori (IK) va reflektorlar bilan jihozlangan fotoelektrik batareyasining
tarkibi aksonometrik proyeksiya ko‘rinishida 5-rasmda tasvirlangan. 3-to‘g‘ri burchakli metal
ramka, 4- FEB lar (2 dona), 5- reflektorlarni ochilib yopilishini ta’minlovchi sharnirlar, 6-
reflektor, 7- polikarbonat kollektor, polikarbonat kollektorlarning ikki uchi biriktiriladigan 8-
polimer quvurlardan iborat.

)

-

4-rasm. FIB asosidagi mobil suv 5-rasm. IK va reflektorlar bilan

chigaruvchi qurilmaning sinov jihozlangan fotoissiglik batareyasi
jarayonida olingan tasviri. tarkibining aksonometrik proeksiyasi

Mobil tayanch konstruksiyaga mahkamlangan issiglik kollektori va reflektorlar bilan
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jihozlangan qurilmaning old tomondan ko‘rinishi 6-rasmda, orga tomondan ko‘rinishi 7-
rasmda tasvirlangan.

7 “‘“ = .""\‘g-n,
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6-rasm. Mobil tayanch konstruksiyaga 7-rasm. Mobil tayanch konstruksiyaga

mahkamlangan IK va reflektorlar bilan mahkamlangan IK va reflektorlar bilan

jihozlangan qurilmaning old tomondan jihozlangan qurilmaning orga tomondan
ko‘rinishi ko‘rinishi

1. mobil qurilmaning kuzovi, 2. FIB si joylashtirilgan to‘g‘ri burchakli metall ramka va
kuzovni birlashtirish uchun sharnirlar, 9 orga qopqgog, 10 kronshteyn, 11 metall planka,
mobil tayanch konstruksiyasi va fotoelektrik batareyalarni tutib turuvchi metall ramkaga
o‘zgartiriladigan holatda mahkamlangan, mobil tayanch konstruksiyasi old gismi o‘rtasiga 12
biriktirish gismi mahkamlangan. 1 mobil tayanch konstruksiyasi kuzovi 13 g‘ildiraklarga
mahkamlangan.Mobil tayanch konstruksiyasi kuzovi ichiga 14 akkumulyator va 15 invertor
joylashtirilgan. 8-rasmda o‘zini-o‘zi sovitish tizimi bilan jihozlangan mobil tayanch
konstruksiyaga ega suv chigaruvchi FIB ososidagi qurilmaning aksonometrik proyeksiyasi
tasvirlangan. Rasmda 16-chuqurlikdan suv chigaruvchi nasos, 17- rezina shlang va 18-zaxira
suv idishi. Mazkur qurilma issiq va quruq iglim sharoitlarida suv chigarish uchun
moslashtirilgan bo‘lib o‘zini o‘zi sovutish tizimi bilan jihozlangan, FEB larni sovitishda
go‘shimcha quvvat talab gilinmaydi. Suv chiqgarish ishlari mavsumiy (lyun, iyul, avgust,
sentyabr oylari) bo‘lganligi uchun, suv chigarishdan tashgari boshqga ehtiyojlar uchun
foydalanish maqgsadida harakatlanuvchi tirkamaga ega. Tirkama 2 x 1,5 m o‘lchamdagi
kuzovga ega bo‘lib kuzov ichida uskunalar bloki (Invertorlar, akkumulyatorlar, o‘lchov
anjomlari va kerakli buyumlarni saglash uchun) joylashtirilgan.
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8-rasm. FIB ososidagi qurilmaning aksonometrik proyeksiyasi

FIB larning gorizontga nisbatan joylashuvini o‘zgartirish magsadida to‘g‘ri
burchakli metall konstruksiya ishlab chigilgan bo‘lib kuzov bilan sharnirlar orqali
biriktirilgan. FIB lar to‘g‘ri burchakli metall konstruksiya(ramka) ichiga oson o‘rnatiladi.
Sharnirlar erkin harakatlanish imkoniyatiga ega bo‘lib FIB larning gorizontga nisbatan
joylashuv burchagini o‘zgartirish orgali QN ning FIB sirtiga perpendikulyar tushishi
ta’minlaydi. Gorizontal yo‘nalishda quyosh harakatini kuzatish tirkamani burish orgali
amalga oshiriladi natijada QN ning FIB sirtiga kun davomida maksimal tushishi ikki o‘q
bo‘yicha harakat orgali ta’minlanadi.

Ikki o‘qli trekkerlar bilan jihozlangan FES larningning kun davomida ishlab
chigargan quvvati an’anaviy statsionar holatda o‘rnatilgan FES larga garaganda ko‘proq
energiya ishlab chigarish imkoniyatiga ega[12].

FIQ ni bir xil quvvatdagi an’anaviy FEQ bilan taggoslandi va qurilmalarning potensial
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imkoniyatlarini aniglash uchun tabiiy sharoitlarda bir vaqgtda o‘lchash amalga oshirildi. QN
ogim zichligi, salt yurish kuchlanishi, gisqa tutashuv toki kabi asosiy Kattaliklar maxsus
o‘lchov asboblarida o‘Ichandi va qurilmalarning elektr quvvati hisoblab chigildi. QN ogim
zichligi kristalli kremniydan tayyorlangan etalon QE yordamida aniglandi.

Natijalar va muhokamalar: Tajriba sinov ishlari 2025 yil 5-6 sentyabr kunlari Fizika
texnika instituti geliopoligonida olib borildi. Sinov kunida havo harorati 22-28°C oralig‘ini
tashkil gildi Yon qgaytaruvchi reflektorlar FEB frontal sirtiga tushuvchi QN ogim zichligini
1,5-1.6 marta oshirishga erishgan. FEB va FIB si sirtiga tushuvchi QN ogim zichliklarini

taggoslash natijalari 9-rasmda keltirilgan.
1200
1100 A
reflektorli FIB rejim

1000 o

900

800 reflektorsiz FEB rejim
] M

sinov kunidagi QNOZ

Quyosh nurlanish ogim zichligi, (W/v?)

9-rasm. Tajriba sinov kunidagi FEB va FIB asosidagi mobil qurilmalarning frontal sirtiga
tushayotgan QN ogim zichliklarini taqqoslash. 1,2-sinov kunidagi QN oqgim zichliklari, 3-reflektorli
FIB frontal sirtiga tushayotgan QN ogim zichligi.
10-rasmda Qurilmada foydalanilgan FEB va FIB salt yurish kuchlanishlarining
giymatlari tagqoslash natijalari keltirilgan. FEB lar parallel holatda ulanganligan. Agar bir
gancha FEB parallel holatda ulansa, ularda chigish kuchlanishi o‘zgarmaydi, aksincha tok
kuchi ortadi[14].
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10-rasm. Qurilmada foydalanilgan FEB va FIB salt yurish kuchlanishlarining giymatlari va

taggoslash natijalari.

FEB rejimida tajriba boshlangan paytda FEB ning salt yurish kuchlanishi 22,5 V ni
ko‘rsatgan va soat 12:20 ga qadar pasayib 20,5 V ni ko‘rsatgan va tajriba davomida
o‘zgarmagan (5a-rasm). Reflektorli FIB rejimida ishlaganda esa salt yurish kuchlanishi 22,7 V
dan 25 V gacha ko‘tarilgan va shundan keyin o‘zgarishsiz saglangan(10-rasm). Taqgoslash
natijalaridan ko‘rish mumkinki, FIB rejimida salt yurish kuchlanishi FEB ning standart sinov
sharoitida olingan ma’lumotlar yorlig‘idagi giymatidan (rasmda uzlukli to‘g‘ri chizig bilan
ko‘rsatilgan) 1,1 V gacha kamaygan. FIB rejimida ishlaganda esa ma’lumotlar yorlig‘idagi
giymatidan 3.4 V yugori, FEB rejimidagi giymatidan esa 4,5 V ga yuqori giymatlarni
ko‘rsatgan. FEB va FIB rejimida parallel ulangan holatda qurilmaning gisqa tutashuv toklari
11-rasmda keltirilgan.
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11-rasm. Qurilmaning FIB va FEB rejimidagi gisga tutashuv toklarining vaqt davomida o‘zgarishini
tagqoslash.

FEB asosidagi mobil qurilmada qgisga tutashuv toki 30 A dan 33 A gacha, FIB
asosidagi mobil qurilmada 24 A dan 44 A gacha ko‘tarilgan. Bundan ko‘rinadiki FIB
asosidagi qurilmaning gisga tutashuv toki, FEB asosidagi qurilma gisga tutashuv tokidan 11A
ga ko‘p (11-rasmga garang)

Qurilmalar quvvatining vaqt davomida o‘zgarish grafigi 12-rasmda keltirilgan.
900

’g 700 4 FTB rejim

FTB rejim

12-rasm. Qurilma FEB va FIB rejimida ishlaganda quvatlarini taqqoslash

Quvvat grafigidan aniglandiki, FEB asosidagi qurilma tajriba boshlangan vaqtda
maksimalquvvatga erishgan 530 W ya’ni bu paytda FEB gizishga ulgurmagan. Kunning QN
ogim zichligi katta va harorat yuqgori vaqtlarida o‘rtacha quvvati 520 W ni tashkil gilgan.
Reflektorli FIB asosidagi qurilmada quvvatining maksimal giymati 885 W ni tashkil gilgan.
Kunning QN ogim zichligi katta va harorat yugori vaqgtlarida o‘rtacha quvvati 880 W ni
tashkil qildi. Qurilmaning FEB va FIB rejimidagi o‘tracha quvvatlari natijalaridan shu narsa
ma’lum bo‘ldiki FIB rejimidagi quvvat FEB rejimidagi quvvatdan 1,7 marta katta.

Xulosa. Suv chigarishda samaradorlikni oshirish magsadida 600 W quvvatdagi FIB
asosidagi suv chigarish uchun mobil qurilma ishlab chiqgildi. Qurilmaning elektrofizik
parametrlari bir xil 600 W quvvatdagi an’anaviy FEB asosidagi mobil qurilmaning
elektrofizik ko‘rsatkichlari bilan tagqoslandi. Reflektorlar hisobiga qurilmaga tushayotgan
quyosh nurlanish ogim zichligi 1,5-1.6 marta oshirishga erishildi. Qurilmalarning salt yurish
kuchlanishi an’anaviy qurilmanikiga garaganda kollektorda suv o‘tkazib sovitish hisobiga 4,5
V ga oshgani, ya’ni an’anaviy qurilma ko‘rsatkichidan 1,22 marta yuqori ekanligi aniglandi.
Yon reflektorlar hisobiga qurilmaning gisqga tutashuv toki an’anaviy FEB asosidagi qurilmaga
nisbatan 1,33 marta yuqori ekanligi va FIB mos ravishda chigish quvvati 1,6 marta yuqori
ekanligi aniglangan.

Shuni ta’kidlash kerakki, qurilmalar quyoshga nisbatan oriyentatsiya gilingan holatda
natijalar olingan.
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AnHoTanmsi. B naHHO# cTaThe HpencTaBieHbl pe3yNbTaThl UCCIEAOBAHUS TOHKUX IIEHOK ZnO,
MIOJIYYCHHBIX METOOM 30JIb-TeJIb OCAXK/ACHHS Ha CTEKISIHHBIX MOJUTOXKKaxX. B KauecTBe MCXOTHOTO BEIIecTBA
WCIIOJIB30BAJICS alleTaT LWHKA, PAaCTBOPHUTENEM CIY)XWJI H3ONPONHJIOBBIA CIUPT, CTAaOMIM3aTOpOM —
JMSTHIIAMUH, a B KAaUECTBE JIETUPYIOIIEH MPUMECH MPHUMEHSIICS HUTpAT amfoMuHHA. COOTHOIIEHHE MacChl
atomMoB Al k Mmacce aromoB Zn cocraBisuio 3 %. Tonkue muienkn ZnO TOABEprajuch TEPMUUECKOU
00paboTKe MpH pa3IWYHBIX TEMIIEpaTypax, IIOCIE YEeTr0 WX ONTHYECKHE CBOMCTBA HCCIENOBATHCH C
ucriosibzoBanueM crnekrpomerpa Perkin Elmer Instruments Lambda 35 UV/VIS. VYcranosieno, 4rto
HaMOOJIBIIYI0 ONTHYECKYIO Mpo3padHOCTh (84 %) B BHIMMOM H OJIMKHEM HH(QPAKpaCHOM IHAma3oHax
W3JIyYeHHUs! TIPOJEMOHCTPUPOBANIN IIIEHKH, OTOXOKEHHBIE 1pu TeMmeparype 550 °C. C momouibio npubdopa
HMS-7000 Hall onpeneneno, 4T0 OCHOBHBIMU HOCHUTEISIMH 3apsijia B riieHKax ZnO SBISIOTCS HOCHTENH N-
THUIIa IPOBOJIMMOCTH.

KiioueBble cj10Ba: HaHECEHHE MOKPBITHS TOTpYXeHHeM, ToHKHe TieHkn ZNnO:Al, 30mb-renb
METO/, OINTHYECKOE TIIPOIyCKaHWe, TeMIeparypa Ccymkd, 3¢dekr Xoiua, MITPOBOJUMOCTh N-THIIA,
MIPO3pavHBIN MTPOBOISIINN OKCHI, JIErHpYyoLias 100aBKa aTFOMUHHUSL.
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CHANGES IN OPTICAL PROPERTIES OF ALUMINUM-DOPED ZnO FILMS AS A
RESULT OF HEAT TREATMENT

Absract. ZnO:Al thin films were grown on glass substrates by sol-gel deposition. Zinc acetate was
used as the main element, isopropyl alcohol as the solvent, diethylamine as the stabilizer, and aluminum
nitrate as the dopant. The ratio of the mass of Al atoms to the mass of Zn atoms was chosen to be 3%. The
ZnO thin films with Al atoms were thermally treated at different temperatures and their optical transmittance
was analyzed using a Perkin Elmer Instruments lambda 35 UV/VIS spectrometer. The results showed that
among the samples, the ZnO:Al films heat-treated at 550 °C exhibited the highest (84 %) optical
transmittance in the visible and near-infrared radiation range. The fact that the main charge carriers in the
ZnO:Al films have a type of conductivity was determined using the HMS-7000-Hall device.

Keywords: dip coating, ZnO:Al thin films, sol-gel method; optical transmittance, annealing
temperature, Holl effect, n-type conductivity, transparent conducting oxide (TCO), aluminum doping.

BBenenue. B Hacrosimiee BpeMsi TpeOOBaHUS K MPO3PAYHBIM M OINTOIIEKTPOHHBIM
MarepuaigaM BO3pacTalOT ¢ TOYKHU 3PEHHUS MX ONTHYECKON MPO3PavyHOCTH, JOJTOBPEMEHHOMN
CTaOMIIBHOCTH M BBICOKOM 3JIEKTPONPOBOTHOCTH. Cpeln TaKMX MEePCIEKTUBHBIX MaTEpUAIOB
Ba)KHOE MECTO 3aHMMAIOT TOHKHUE IUICHKH MOJIYIPOBOIHIKOB Ha OCHOBE OKcHa nuHkKa (Zn0).
bnaronmaps cBOMM YHHKaJbHBIM ONTUYECKUM M DJIEKTPOPHU3UUECKUM TMapaMeTpaMm 3TH CIIOU
[IMPOKO HCTIONB3YIOTCS B PA3NUYHBIX ONTO3JIEKTPOHHBIX YCTPOMCTBaxX, (oTomeTrekropax u
CEHCOPHBIX TEXHOJIOTHSIX.

Okcung 1twHka (ZnO) wmeer  OoJybIIOE  3HAYEHWE  Ojarojaps  CBOUM
MOJIyIIPOBOJHUKOBBIM cBoiicTBaM [1]. [lomynpoBogHuKoBbIe TOHKKE MIEHKH ZnO Mpo3payHbl
B BHIMMOM JHMalla30HE CBETa, MMEIOT IIMPHUHY 3amnpemieHHod 30HbI 3,37 3B W mmpoko
WCTIONB3YIOTCA B KadeCcTBE MPOBOSIIETO Marepuana B COBPEMEHHOH JJIeKTpoHHKe [2,3].
[Tyrem BBeeHUS pa3IHUHBIX JISTUPYIOMIUX MMPUMECEH MOKHO KOHTPOJIUPOBATH ONTHYECKHE U
anekTpopusndeckue cBOUCTBa MIeHOK ZnO. CymiecTBYIOT pa3iu4yHbIe METOIbI MOTYYCHHUS
TOHKHX TUIGHOK OKCHIOB METAJUIOB, TAKHE KaK MOJEKYJSPHO-Ty4eBas snuTakcus [4], 301b-
reb  neHTpudyrupoBanue [S5], pacmbUIMTENbHBIA Tponm3  [6,7,8], paamodacToTHOE
MarHeTpOHHOE pacnbuieHue [9], 301b-TeNb norpyxHoe Hanecenue [10].

B 3aBucHMOCTH OT aTOMOB JErupyroleil npuMecd, IieHKH ZnO MOryT IIHMPOKO
WCITIOJIB30BaThCS B Ta30BbIX nmaTumkax [11], doTokarammzaTopax [12], mbe303TEKTPUICCKUX
Marepuanax [13], mpo3padHbIX MPOBOIAIIUX dyekTponax [14], onrTosnektponuke [15] u
IPyTuX O0JNACTIX HAYKU M TEXHUKH.

Hecmotpss Ha mpoBeaeHne OOIMIMPHBIX HAYYHBIX HMCCIEIOBAHUN B 00JaCTH TOHKHUX
IUICHOK OKCHJOB METAJIOB, CYIIECTBYeT HEJOCTAaTOK HCCIEIOBAHUM, TTOCBSIICHHBIX
YIIyOJIEHHOMY HM3YYEHHUIO BIUSHHS TEMIIEpATyp TepMHUUECKOW 0OpabOTKH, MPUMEHSEMBIX K
BBIpAIIEHHBIM TOHKHM IUIeHKaM ZnO, Ha MX ONTHYECKHE U 3JIEKTPO(U3NYECKHE CBOHCTBA.
DTO MOXET HEeTaTHMBHO CKa3aThCs Ha CTAOMIBHOW paboTe yCTPOMCTB, UyBCTBHUTENIBHBIX K
BHEIIHUM BO3JEHCTBUAM, Pa3paOOTaHHBIX HA OCHOBE TAKHX IJICHOK.

B cBsi3u ¢ 3TM B 1aHHOI paboTe OBIIIO U3YYCHO BIMSHUAE TEMITEPATYPhl TEPMUYIECCKON
00pabOTKN Ha ONTHYECKHE CBOWCTBA TOHKHX IUIEHOK ZnO:Al, BrIpameHHBIX METOIOM 30J1b-
relib OCaKACHUS.

Martepuanbl u MeToabl. B maHHOW wWccienoBaTeNbcKoM paboTe IS TOTyYEHUS
TOHKHX TICHOK OKCHIOB METAJUIOB HCIIOIB30BAJICS METOJ 30Jb-TeNb ocaxaeHus. CHadana
ObUT TPUTOTOBJIEH HEOOXOIMMBIM MJIi SKCIIEPUMEHTa 30JIb-PACTBOP M3 OIPEEICHHOTO
COOTHOILICHHS NCXOIHBIX BEIIECTB.

B skcniepumenTe B kauecTBE OCHOBHOI'O MPEKYpPCOpa UCHOIB30BAIH JUTHAPAT arleTaTa
muHka  (Zn(CHsCOO):-:2H-0), B KadecTBe pacTBOPHUTENS — H3ONPONMUIOBBIA CIUPT
(CHsCH(OH)CHs), B kauectBe crabunmzatopa — amdtwnamua (CsHuN), a B kadectse
HCXOJIHOTO 3JieMeHTa — HOHaruapat HutpaTa amoMuHusa (Al(NOs)s-9H20). Anerar nuHka u
HUTpAT amoMuHUA (Macca aToMoB Al coctaBisiia 3% OT aTOMHOM Macchl Zn) B3BEIIMBAIHN HA
aHAJMTUYECKHUX BECax U IMOCIJIE0BATEIbHO MOMEIIAIN B Ta0OpaTOPHBINA CTaKaH, 3aIll0JTHEHHBII
100 mn w3ompomnuioBoro cnuprta. llocne BKIIIOYEHHS MArHUTHOW MEIIANKHM JAUATUIAMUH
100aBIsIHM 1O KaruisiM (~1 MUHYTY) JUT TOBBIIIEHUS] pACTBOPUMOCTH pacTBopa. [lomyueHHyio
cmech niepememuBaii npu 60 °C MarHUTHOM Memanakoi co ckopocthio 1500 pax/c mo Tex
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1Oop, NIOKAa OHA HE cTajla MpOo3pavyHON. 30Jb XpaHWJIM B CIELUANIBHBIX KOHTEHHepax 10 TeX
TI0p, 1T0Ka OH HE MPEBPATHUJIICS B I'ellb.

B kauecTBe mNOUIOKEK AJI BBIPALMBAHUSA IUIEHOK HCIOJIb30BAJIMCh CTEKIISHHbIE
NPEIMETHbIC CTEKJIA, OYHIICHHBIE OT MEXaHUYECKUX W XUMHUYECKHUX 3arps3HCHUN B
yIBTPa3ByKOBOM BaHHE B JUCTWIUIMPOBAHHOM BOJE, 3aTeM IMPOMBITHIE CIHUPTOM H
BbICyILIEHHbIE. Takas oOpaboTka 00ecreunBaeT YUCTOTY TOBEPXHOCTHU MOAJIOKKU U YIIydIlIaeT
OJTHOPOAHOCTB U aT€3UI0 NOITy4aeMON ITICHKH.

Jisa BelpamuBanus IUleHOK ZnO:Al M3 IPUTOTOBIEHHOIO TIeliii Ha CTEKJISIHHbIE
IOJUIOKKM ~ MCIIOJIb30BAJIOCh  ONTUMH3UPOBAHHOE  YCTPOMCTBO  ocaxiaeHus. Yacrtora
IIOBTOPEHMsI MPOLIECCOB BbIpalllMBaHus IUIEHOK ZnO:Al B ONTMMU3MPOBAHHOM YCTpOMCTBE
OCaxJIeHHs cocTaBisula npuoiausurenbHo 40 pa3. BelpalieHHble IUIEHKH IOABEPrajluCh
TepMHUYECKOI 00paboTke npu pasinuHbix Temneparypax (450-650 °C) B reuenue 30 MUHYT C
HCII0JIb30BAHUEM MHOI'OKaMEPHOM Meyu.

OnTtuyeckre CBOWCTBA BBIPAIICHHBIX MJICHOK M3YYalUCh C MOMOLIbI0 Y D/BHIMMOTO
cnektpometpa Perkin Elmer Instruments lambda 35, paGoraromiero B CHEKTpaabHOM
nuanazone 190-1100 uM. DTOoT mpubop sBiIsSETCS YAOOHBIM M COBPEMEHHBIM YCTPOICTBOM,
IPEJHA3HAYEHHBIM U1 BBICOKOTOUYHOI'O M3MEPEHUs] ONTHYECKUX CBOMCTB B auanazoHe 190—
1100 HM, 4TO O3BOJISET AHATU3UPOBATH ONTUYECKHE CBOWCTBA 00Pa3IIOB.

Tun HocuTeNei 3apsiaa onpenesii ¢ noMoirsko npudopa Xomwra HMS-7000. [pubop
Ecopia HMS-7000 — 310 coBpemeHHas cucTeMa (DU3MYECKUX M3MEPEHHid, OTIHYArOMIasICs
BBICOKOW TOYHOCTBIO W 3(PPEKTUBHOCTBIO. DTOT MNPUOOp MpeAHa3HAYeH sl M3MEPEHUs
MArHUTHBIX TOJIE M JJIEKTPHYECKHX CBOWCTB (KOHIICHTPALMM, THUNA W MOJBMKHOCTHU
HocuTenel 3apsizia) Ha ocHOBe 3¢ dexTa Xoia.

PesyabTaTthl W HX o00cyxaeHue. [lepBoHavanbHO OBUIM W3Yy4YEHBI ONTHUYECKUE
CBOWCTBA CTEKJIA, MUCIIOJIb3yEMOr'0 B Ka4eCTBE MOAJIOKKHU. Pe3ynpTaTel n3MepeHuil mokasainu,
YTO CTEKJIO HAUMHAET MPOSABIATH BBICOKOE ONTHYECKOE IMPOITyCKAHUE, HAUYMHAs C JJIMHbI
BOJIHBI 352 HM (puc. 1). 3aTeM Ha 3THX CTEKJSHHBIX MOAJIOKKAX OBLIM BBIPALECHBI TOHKHE
wieHku ZnO:Al, KoTopble MOABEPIIIUCH TEPMUUYECKONH 00pabOTKe B JMAIa30HE TEMIEpaTyp
450-650 °C. bpumi mOAPOOHO NPOAHATU3MPOBAHBI ONTHUYECKUE M AIEKTPODU3NIECKUE
CBOMCTBA BBIPALLEHHBIX 00pa3lOB, a TAKXKE OINPEJEJICHO BIUSHHUE NPOLECcca TEPMUUYECKON
00paboTKN HA UX PUZNIECKOE COCTOSTHUE.

Ha pucynke 2 mokazaHbl Trpadukd ONTHYECKOTO TPOIMycKaHus TUIeHOK ZnO,
JeTUPOBaHHBIX Al, B 3aBUCHMOCTM OT JJIMHBI BOJHBL. Kak BUIHO M3 pHCYHKa, BCe
MPUTOTOBIICHHBIC TOJIYIPOBOJHUKOBBIE TOHKHE ITUICHKHM JEMOHCTPHUPOBAIM BBICOKOE
ontudeckoe npormyckanue B BuauMoM (400-700 um) u OmmxHem uH(ppakpacHoMm (700-800
HM) JAuana3oHax wusnydeHus. CorjnacHo aHanu3y rpaduka, MPOMYCKAaHHE TIOCTEIIEHHO
YBEIIMYMBACTCSI C  TOBBILIEHUEM  TEMIEPaTypbl, 4YTO  OOBSICHACTCS  yIy4IICHHEM
KPUCTAUTUYECKOW CTPYKTYpbl Marepuaiga B pe3yJbTare TEPMUYECKOW 00paboTKH,
YMEHBILICHHEM KOJIMYecTBa Je(pEeKTOB M YyBEIMUCHHEM pa3Mmepa 3epeH. B wacTHOCTH,
MaKCHMaJIbHOE OITHYECKOE IpOIycKaHue okosno 84% OblI0 JOCTUTHYTO B 0oOpasle,
TepmMudecku odpadoranHoM mipu 550 °C. DTo 3HaUEHHE YKA3bIBAET HA BHICOKYIO ONTHYECKYIO
IIPO3PAYHOCTh U YIY4IIEHHOE KaUeCTBO IOBEPXHOCTH.
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W3 rpa¢uka BUAHO, UTO ONTHYECKOE MpoIyckanue mwieHkH ZnO:Al ymMeHbI1aercst npu
temrieparypax Boiiie 550 °C, to ects B quanazone 600-650 °C. 3To MOXKeT ObITh CBS3aHO C
TEM, YTO MPU BBICOKUX TEMIIEPATypax YBEIUYHMBACTCS KOJIMYECTBO KHUCJIOPOIHBIX BaKaHCHH,
YTO MPUBOAMT K YBEITUYEHHUIO YMCIa CBOOOJHBIX 3JIEKTPOHOB. [lo Mepe yBenuuyeHHs yucia
3JIEKTPOHOB OHU IOIJIOLIAOT OOJIBIIE CBETOBBIX Jydei, 0COOEHHO B MH(paKpacHOM 00J1aCcTH.
DT0, B CBOIO OuY€pellb, YKA3bIBAET HA TO, YTO IMOJYYECHHbIE 0Opa3lbl MOTEHIMAILHO MOTYT
OBbITh HCIOJIB30BAHBI B KAueCTBE MPO3PAYHBIX AJIEKTPONPOBOIANIMX MaTepUaAOB B
OTTORJIEKTPOHHBIX YCTPOHUCTBAX.

Nzmepenus spdexra Xosia Ha BhIPAIICHHBIX TJIEHKaX JIETHPOBAHHOTO aJIFOMUHHUEM
ZnO (AZO) mnoka3ajiu, YTO OCHOBHBIMM HOCHUTEIIIMH 3apsla SBISIOTCS 3JEKTPOHBI,
MOATBEPKJasi MOJIYMPOBOAHUKOBYIO HPUPOIY N-TUIA 3TOr0 Marepuajiga. ITO OOBACHAETCS
TeM, 4TOo aToMbl Al 3amewmaroT MOHBI Zn** B KpUCTaUIMYecKoi pemeTtke. To ecTb, B
pe3ynabTare 3aMelleHus HOHOB Zn** uoHamu Al* B pemerke oOpa3yercss OAMH
JIOTIONTHUTENBHBIN deKTpoH [16,17,18].

OTH 3IEKTPOHBI UMEIOT JOHOPHYIO IPUPOY U MEPEMEILAIOTCS B 30HY MPOBOJUMOCTH,
YBEIIMYMBas KOJUYECTBO CBOOOMHBIX HOCUTeNel 3apsima. Takum oOpa3om, B Mporecce
3amerennst AP*Zn?* kaxaplii aTOM aqlOMHUHHUS y4acTBYeT B KAaueCcTBE JIOMOJHHUTEIBHOTO
JIOHOpPA 3JEKTPOHOB. ITO MPUBOAUT K YBEJIUYCHUIO KOHIIEHTPAIIMM CBOOOIHBIX 3JIEKTPOHOB B
IJICHKE W, KaK CJEICTBUE, K YBEJIMYEHHUIO 3JIEKTPONPOBOAHOCTH. [IpoBomumocTh N-THIA,
ompezeneHHas uaMepeHusMu 3¢ddexra Xosuta, ykazbplBaeT Ha 0Opa3oBaHHE JTOHOPHBIX
neeKToB, CBA3aHHBIX C BHEAPEHHEM HOHOB Al B KPHCTAIUTUYECKYIO PEIICTKY.

BoiBoabl. B manHOM wmccienoBaHuu ObuT mpoaHamU3upoBaH 3(dext temmnepaTypbl
TEPMHUYECKOH 00padOTKM Ha ONTHYECKHE M DJIEKTPUYECKHE CBOMCTBAa TOHKUX IUIeHOK ZnO,
JICTUPOBAHHBIX ATIOMUHHEM. JKCHEPHUMEHTBI MOKa3ayid, 4T0 ToHKUe ruieHku ZNO:Al Obutn
YCIICIIHO MOJIyYE€HbI METOJIOM 30J1b-TeJIsl, U MX CBOMCTBA CYILECTBEHHO 3aBUCEIH OT PEeKUMa
TepMHUYECKOi 00paboTku. B wacTHOCTH, Tepmuueckas oOpaboTka B amamnazone 450—-650 °C
OKa3bIBaJIa 3HAUYUTEIBHOE BIIMSHUE HAa ONTHYECKOE IMPOITyCKaHHE IUICHOK. AHalIM3 MOKa3al,
YTO, XOTs Bce 00pa3ibl UMEIU BBICOKOE ONTHUYECKOE MPOIYCKaHUE B BUAMMOM U OJMIKHEM
WHpPaKpaCHOM JHMana3oHax, HAWIYYIIWi pe3ynbTaT HaOmromaics y oOpasua, TepMHYECKH
obpadortannoro mpu 550 °C. 3HaueHHE ONTHYECKOrO MPOMYCKaHHs 3TOr0 00pasia JOCTUTIIO
84%, 4TO yKa3pIBAaCT HA BBICOKYIO MPO3PAYHOCTh MaTepHasia. ITO OOBSCHICTCS YIyUIICHUEM
KPUCTANTUYECKOW CTPYKTYpBI, YMEHBUICHHEM KOJIHYeCTBA JE(PEKTOB U MOBBLIIICHHEM
KayecTBa IJICHKH B pe3yJbTaTe TepMUUecKoi 00paboTku. [Ipu moBbImeHnn TeMmnepaTypsl 10
600-650 °C HaOmIOMANOCh CHUIKCHUE ONTHYECKOW MPOBOAMMOCTH, YTO CBSI3aHO C
YBEJIMYCHUEM KOJHUYECTBA KHCIOPOJHBIX BaKaHCUW M CBOOOIHBIX DIIEKTPOHOB. M3mepeHus
s¢dekra Xosia nokasaiu, YT0 OCHOBHBIMU HOCUTEISIMU 3apsijia B mieHkax ZnO:Al sersrores
ANEKTPOHBI, YTO MOJATBEPXKIACT MX MPOBOAMMOCThH N-TUMA. DTO OOBICHSIETCS 00pa30BaHUEM
JIOTIOJIHUTENIBHBIX CBOOOIHBIX AJIEKTPOHOB B Pe3yIbTaTe 3aMeleHus] HOHOB ZN*" nonamu AP,
B nenom, pe3ynbTaThl UCCIEAOBaHUS MMOKa3aly, 4To ToHKHE ieHkn ZNO:Al nepcrekTHBHEI
JUISL KCTIOJIb30BAHUS B ONTOAJIEKTPOHHBIX YCTPOMCTBAX B Ka4ECTBE MPO3PAYHBIX MPOBOASIINX
MaTEepUAJIOB C BBICOKOW ONTHYECKOW MPO3PAYHOCTHIO M TOAXOSAIIMUMHU AJIEKTPUYECKHUMU
cBolicTBamMH. Takxe ObUIO YCTAaHOBJICHO, YTO (DYHKIIMOHAJIbHBIE CBOMCTBA TOr0 MaTepualia
MOKHO 3(PPEKTHBHO KOHTPOJUPOBATH, BHIOUpAsi ONTHUMAIBHYIO TEMIIEPATYpy TEPMHUYECKOU
00paboTKH.
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Annotatsiya. Ushbu ishda CaF, asosida ASB® (GaAs, GaP) yarimo‘tkazgich tizimlarida

moslashtiruvchi o‘tish gatlamlarini shakllantirish jarayonlari kompleks ravishda o‘rganildi. Tadgiqotda past

energiyali ion implantatsiyasi hamda keyingi termik ishlovning sirt va interfeys xossalariga ta’siri tahlil

gilindi. Oje-elektron spektroskopiyasi yordamida atomlarning chuqurlik bo‘yicha tagsimlanish profillari

aniglanib, o‘tish gatlamlarining hosil bo‘lish mexanizmlari baholandi. Natijalar shuni ko‘rsatdiki, Sr* ionlari

bilan implantatsiya qilish va T = 900 K da tavlash natijasida panjara parametrlari bosqichma-bosqgich
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moslashuvchi, yuqori sifatli epitaksial gatlam hosil bo‘ladi. Hosil bo‘lgan Cai«Sr«F. gatlam GaAs bilan
yaxshi mos keluvchi panjara parametrlariga ega bo‘lib, geterotuzilmalarda mexanik kuchlanishlarni sezilarli
darajada kamaytiradi. Olingan natijalar zamonaviy optoelektron qurilmalar uchun samarali
geterostrukturalar yaratishda muhim ahamiyat kasb etadi.

Kalit so‘zlar: moslashtiruvchi o‘tish gatlamlari, interfeys, tagsimlanish profili, nanoplyonkalar,
atom konsentratsiyasi, ion implantatsiyasi, o‘zaro diffuziya.

FORMATION OF MATCHING INTERFACIAL LAYERS FOR A3B®
FILMS BASED ON CaF;

Abstract. In this study, the processes of forming matching interfacial layers in AB® (GaAs, GaP)
semiconductor systems based on CaF, were comprehensively investigated. The effect of low-energy ion
implantation and subsequent thermal treatment on the surface and interface properties was analyzed. The
depth distribution profiles of atoms were determined using Auger electron spectroscopy, and the
mechanisms of transition layer formation were evaluated. The results show that implantation with Sr* ions
followed by annealing at T = 900 K leads to the formation of a high-quality epitaxial layer with gradually
matched lattice parameters. The formed Ca;xSr«F, layer exhibits good lattice matching with GaAs,
significantly reducing mechanical stress in heterostructures. The obtained results are of great importance for
the development of efficient heterostructures for modern optoelectronic devices.

Keywords: matching interfacial layers, interface, depth distribution profile, nanofilms, atomic
concentration, ion implantation, interdiffusion.

Kirish. Ma’lumki, epitaksial MDYa (metal-dielektrik-yarimo‘tkazgich) va YaDYa
(yarimo‘tkazgich-dielektrik-yarimo‘tkazgich) tipidagi strukturalar mikro-, nano- hamda
optoelektronika sohasida keng qo‘llanilib, yuqori istigbolga ega hisoblanadi (SVCh
tranzistorlar, integral sxemalar, rezonatorlar, optoelektron qurilmalar, xotira tizimlari, quyosh
elementlari va boshgalar). Bunday tizimlarda plyonkalar chegaralari, xususan,
“yarimo ‘tkazgich-dielektrik” interfeysi o‘ziga xos fizik-kimyoviy xususiyatlarga ega bo‘lib,
ularni magsadli boshgarish va foydalanish yangi avlod elektron qurilmalarini ishlab chigish
imkonini yaratadi [1-5]. Shu bilan birga, ko‘p gatlamli zamonaviy strukturalarni yaratishda
panjara parametrlari o‘zaro mos keladigan yarimo‘tkazgich va dielektrik materiallarni tanlash
har doim ham imkonli bo‘lavermaydi. Natijada, bunday tizimlarda maxsus o‘tish
(moslashtiruvchi) gatlamlarni shakllantirish zarurati yuzaga keladi. Nanoplyonkali strukturalar
tayyorlash jarayonida ko‘pincha kubik panjara tuzilishiga ega bo‘lgan materiallar go‘llaniladi.
Jumladan, Si, Ge, GaAs, GaP, CdTe yarimo‘tkazgichlari; CaF., BaF., SrF, dielektriklari
hamda metall xossalariga ega bo‘lgan yarimo‘tkazgichlar — NiSi, va CoSi, keng ishlatiladi
[6-9]. Bunday holatlarda plyonkalarni o‘stirish uchun kristall tuzilmaning mosligi, panjara
parametrlari o‘rtasidagi yaqinlik, shuningdek, issiglik kengayish koeffitsiyentlarining
uyg‘unligi muhim omillar sifatida qaraladi. Panjara parametrlari o‘rtasida sezilarli
nomutanosiblik mavjud bo‘lgan hollarda moslashtiruvchi (o‘tish) gatlamlarni hosil gilish
zarurati yuzaga keladi. Hozirgi vagtgacha MDYa va YaDYa tipidagi strukturalar sifatida
asosan NiSi»/CaF2/Si hamda CoSi,/CaF2/Si ko‘rinishidagi epitaksial tizimlardan keng
foydalanib kelinmogda [9-12]. Ushbu materiallarning panjara parametrlari o‘zaro deyarli mos
keladi. Shu bilan birga, zaryad tashuvchilarning konsentratsiyasi va ularning harakatchanligi
bilan bog‘lig xususiyatlar sababli Si o‘rniga GaAs, GaP, InP kabi ikki komponentli (binar)
yarimo‘tkazgichlarni go‘llash magsadga muvofiq hisoblanadi. Amaliy nuqgtayi nazardan
CaF./GaP va CaF»/GaAs geterostrukturalari alohida gizigish uyg‘otadi. CaF, ning panjara
parametri (a = 539 A) GaP (a = 5,45 A) ga yaqin bo‘lsa-da, GaAs (a = 5,65 A) bilan
taggoslaganda sezilarli tafovut kuzatiladi. Panjara doimiylarining mos kelmasligi natijasida
atomlarning o‘zaro diffuziyasi kuchayadi va bu holat plyonka-taglik interfeysida o‘tish
gatlamlari galinligining ortishiga olib keladi [13-15]. Ushbu ishning asosiy magsadi A®B®-
CaF,(111) tizimi uchun ion implantatsiyasi usulini keyingi termik ishlov bilan
uyg‘unlashtirgan holda moslashtiruvchi o‘tish gatlamlarini shakllantirishdan iborat.

Eksperiment metodikasi. Qalinligi taxminan ~600 A bo‘lgan GaAs va GaP
plyonkalari CaF»(111) sirtining oldindan puxta tozalangan yuzasiga MNE (molekulyar nur
epitaksiyasi) usuli orgali xona haroratida cho‘ktirildi. Hosil gilingan plyonkalar amorf holatga
ega bo‘ldi. Tadqgiqot obyekti sifatida diametri = 10 mm va qalinligi 1 mm bo‘lgan GaP(111)
monokristall namunalari tanlab olindi. Eksperimental tadgigotlar bir gator zamonaviy usullar
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asosida olib borildi: Oje-elektron spektroskopiyasi (OES), tez elektronlar difraksiyasi (TED),
ultrabinafsha fotoelektron spektroskopiyasi (UFES), shuningdek, ikkilamchi elektron emissiya
koeffitsiyentining (IEEK) energiya va burchakka bog‘ligliklarini aniglash. Atomlarning
chugurlik bo‘yicha tagsimlanishini aniglash magsadida namuna sirtiga Ar* ionlari (E = 1 keV,
tushish burchagi ~80-85°) bilan ta’sir ettirilib, bosgichma-bosgich Oje-tahlil amalga oshirildi.
Jarayon davomida yemirish tezligi ~(5+1) A/min ni tashkil etdi. Ultrabinafsha fotoelektron
spektrlari foton energiyasi hv = 10,8 eV giymatda qayd qilindi. Nurlanish manbayi sifatida
standart gaz razryadli vodorod lampasidan foydalanildi.

Eksperimental natijalar. 1-rasmda GaP/CaF, va GaAs/CaF. tizimlari uchun F
atomlarining chuqurlik bo‘yicha tagsimlanish profillari, ya’ni tavlash (annealing) dan oldingi
va keyingi holatlar keltirilgan. Rasm tahlili shuni ko‘rsatadiki, hatto xona haroratida ham
plyonka-taglik interfeysida GaP (yoki GaAs) va CaF birikmalarining gisman parchalanishi
hamda ular orasida atomlarning ozaro diffuziyasi yuz beradi. Bunda P (yoki As) hamda F
atomlarining diffuziya tezligi Ga va Ca atomlariga nisbatan ancha yuqori ekanligi aniglanadi.

Cg at.%

GaP, GaAs Cal>

: ~
L 1 | ~.l 1

h, A 200 100 [4) : 1(1)0 2(I)0 3(l)0 h, A
1-rasm. GaP/CaF2(111) va GaAs/CaF: tizimlarida F atomlarining chuqurlik be‘yicha tagsimlanish
profillari: 1 - GaP/CaF2(111), 2 - GaAs/CaF-.

Tavlashdan oldingi holatda GaP/CaF, tizimida o‘tish gatlamining galinligi taxminan
~100 A ni, GaAs/CaF, tizimida esa ~250 A ni tashkil etadi. Epitaksial plyonkalarni
shakllantirish magsadida GaAs/CaF. va GaP/CaF tizimlari mos ravishda T = 850 K va 900 K
haroratgacha qizdirildi. Tavlash jarayonining davomiyligi ~25-30 minutni tashkil etdi.
Tavlashdan keyin o‘tish gatlamining kengligi GaP/CaF tizimida ~150 A gacha, GaAs/CaF;
tizimida esa ~400 A gacha ortgani kuzatildi [5]. Natijada, o‘tish gatlamining galinligi hamda
o‘zaro diffuziyalanuvchi atomlar konsentratsiyasi GaP/CaF, tizimida GaAs/CaF; tizimiga
nisbatan kamida ikki baravar kichik ekanligi aniglandi. Tahlillar shuni ko‘rsatadiki,
GaAs/CaF; interfeysida o‘tish gatlamining katta galinlikka ega bo‘lishi, asosan, panjara
parametrlari o‘rtasidagi sezilarli nomutanosiblik natijasida tutashuvchi yuzalar orasida yuqori
darajadagi mexanik kuchlanishlarning paydo bo‘lishi bilan izohlanadi. Shu bois, GaAs/CaF
tizimida maxsus moslashtiruvchi o‘tish gatlamini shakllantirish zarurati yuzaga keladi. Bunda
CaF, ning panjara parametri “a” ni ~5,46 A dan ~5,65 A gacha bosqgichma-bosgich oshirish
talab etiladi. Ushbu natijaga ion implantatsiyasi usulini keyingi termik ishlov bilan birgalikda
go‘llash orgali erishish mumkin [NIM B — 2000, UPE]. Implantatsiya jarayoni Mg*, Ba* va
Sr* ionlari yordamida Eo = 0,5-3 keV energiya oralig‘ida hamda to‘yinish dozasi D = D
sharoitida amalga oshirildi. Keyinchalik namunalar uch komponentli monokristall birikma
gatlamlari hosil bo‘ladigan haroratgacha tavlandi. Tadgiqotlar shuni ko‘rsatdiki, eng bargaror
va samarali o‘tish gatlami aynan Sr* ionlari implantatsiyasi natijasida shakllanadi. 2-rasmda Eg
= 1 keV energiyada va D = 6-10% sm? dozada Sr* ionlari bilan implantatsiya gilingan CaF
namunalarida turli tavlash haroratlaridan so‘ng olingan Sr atomlari konsentratsiyasining (Cs)
chuqurlikka (h) bog‘ligligi tasvirlangan. Har bir haroratda tavlash davomiyligi 30 minutni
tashkil etgan. Natijalardan ko‘rinadiki, tavlashdan oldin implantatsiya gilingan Sr atomlarining
asosiy gismi sirtga yagin gatlamda, taxminan 40-45 A chuqurlikkacha joylashadi. Shu bilan
birga, Sr atomlarining barchasi ham matritsa atomlari bilan to‘lig kimyoviy bog‘lanishga
kirishmaydi.
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2-rasm. Eo = 1 keV energiya va D = 6-10% sm? dozada Sr* ionlari bilan implantatsiya gilingan
CaF da tavlashning Sr atomlari konsentratsiyasining chuqurlik be‘yicha tagsimlanishiga ta’siri.

T = 600 K gacha bo‘lgan harorat oraligiida Sr atomlarining chuqurlik bo‘yicha
tagsimlanish profili deyarli o‘zgarmaydi. T = 700 K da amalga oshirilgan tavlash jarayoni esa
sirt gatlamida Sr atomlari konsentratsiyasining biroz ortishiga olib keladi, bu holat
bog‘lanmagan Sr atomlarining sirtga yo‘nalgan diffuziyasi bilan tushuntiriladi. Harorat yanada
oshirilganda Sr atomlarining nafagat sirtga, balki nishon ichkarisiga diffuziyasi ham
kuchayadi. Natijada Ga-Sr-As tipidagi birikmalar shakllanadi, strukturadagi nugsonlar
kamayadi va ionlar bilan legirlangan gatlamlarning kristallanish jarayoni yuz beradi. Shu bilan
bir vagtda implantatsiya hududidan Sr atomlarining intensiv desorbsiyasi kuzatilib, Cs(h)
bog‘ligligi pasayuvchi egri chizig ko‘rinishini oladi. Natijada sirtga yaqgin gatlamda Sr
atomlarining umumiy konsentratsiyasi kamayadi, bu esa Cs(h) egri chizig‘i ostidagi
maydonning qgisqgarishi orqgali tasdiglanadi. T = 900 K haroratda Sr atomlarining barchasi
matritsa atomlari bilan kimyoviy bog‘lanishga kirishib, epitaksial monokristall plyonka
shakllanadi. Sirt gatlamining taxminiy tarkibi GaoeSrosF2 ko‘rinishida ifodalanadi. Chuqurlik
ortishi bilan Sr atomlari konsentratsiyasi muntazam kamayib boradi, aksincha Ca atomlari
konsentratsiyasi ortadi. d = 75-80 A chuqurlikda Sr migdori deyarli nol darajagacha kamayadi.
Sirt sohasida hosil bo‘lgan CaoeSro4F. strukturasi uchun panjara parametri a = 5,71 A ni
tashkil etib, bu giymat GaAs plyonkasining panjara parametriga yaqgin keladi. Shu bois, CaF
yuzasida Sr* ionlarini implantatsiya qgilish orgali hosil gilingan o‘tish gatlami GaAs/CaF
tizimi uchun eng samarali yechim hisoblanadi. Haroratni 1000 K gacha oshirish orgali
Cao,7SrosF turidagi birikmani shakllantirish mumkin [13-15].

Xulosa. GaAs/CaF, tizimi uchun CaF, yuzasida CaixSrxF2 tarkibli nanometr
diapazondagi moslashtiruvchi o‘tish qgatlamlari shakllantirildi. Chuqurlik bo‘yicha “x”
parametrining chizigli o‘zgarishi bilan tavsiflanadigan eng optimal gatlamlar Eo = 1 keV
energiyada Sr* ionlari bilan implantatsiya gilingan CaF, namunalarini T = 900 K da tavlash
natijasida hosil gilindi. Mazkur holatda o‘tish gatlamining galinligi taxminan ~ 80 A ni tashkil
etdi.
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ZNO+Cso NANOKOMPOZIT YUPQA PLYONKALARINING LAZER QUVVATIGA
BOG‘LIQ RAMAN TAHLILI
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Annotatsiya. Ushbu maqolada ZnO va ZnO+Ceo yupqa plyonkalarining turli lazer quvvatlari ostida
olingan Raman spektrlari tahlil qgilindi. Tadgigotda lazer nurlanishi ta’sirida yuzaga keladigan issiglik
effektlarining namunalar strukturasi va vibratsion xossalariga ta’siri o‘rganildi. Natijalar o‘rtacha lazer
guvvati spektral aniglik hamda pik intensivligini optimal darajada ta’minlashini ko‘rsatdi. Yugori
quvvatlarda esa spektral piklarning kengayishi, fon signalining ortishi va kristall panjaradagi strukturaviy
buzilishlar kuzatildi. ZnO+Ceo kompozit tizimiga xos fonon modlari hamda ichki atom tebranishlarining
aniglanishi kompozitning muvaffagiyatli shakllanganligini tasdiglaydi. Olingan natijalar ushbu tizimlarning
optoelektronika, sensorika va nanofotonika qurilmalarida go‘llanish istighollarini ko‘rsatadi. Shuningdek,
Raman spektroskopiyasi yordamida lazer quvvatining material morfologiyasi va kristall sifati bilan
bog‘ligligi aniglandi hamda termik degradatsiya jarayonlari baholandi.

Kalit so‘zlar: Raman spektroskopiya, ZnO, Ce, nanokompozit, lazer quvvati, yupqa plyonkalar,
optoelektronika.

LASER POWER-RELATED RAMAN ANALYSIS OF ZNO+Cso
NANOCOMPOSITE THIN FILMS

Abstract. In this study, the Raman spectra of ZnO and ZnO+Ceo thin films obtained under different
laser power conditions were analyzed. The influence of laser-induced thermal effects on the structural and
vibrational properties of the samples was investigated. The results demonstrated that moderate laser power
provides optimal spectral resolution and peak intensity. At higher laser powers, spectral peak broadening, an
increase in the background signal, and structural disorder in the crystal lattice were observed. The
identification of phonon modes and intrinsic atomic vibrational modes characteristic of the ZnO+Ceo
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composite system confirms the successful formation of the nanocomposite structure. The obtained results
indicate the potential applications of these systems in optoelectronic, sensing, and nanophotonic devices.
Furthermore, Raman spectroscopy revealed the correlation between laser power, material morphology, and
crystal quality, as well as thermally induced degradation processes.

Keywords: Raman spectroscopy, ZnO, Ce, mnanocomposite, laser power, thin films,
optoelectronics.

Kirish. So‘nggi yillarda nanostrukturalangan materiallarning fizik va optoelektron
xossalarini o‘rganish zamonaviy ilm-fanning dolzarb yo‘nalishlaridan biriga aylandi. Aynigsa,
metall oksidlari va uglerod asosidagi nanostrukturalardan tashkil topgan kompozit tizimlar
yangi funksional materiallar yaratishda muhim ilmiy va amaliy ahamiyat kasbh etmoqda.

ZnO keng tagiglangan zonaga ega yarimo‘tkazgich material bo‘lib, yuqori optik
shaffoflik, katta eksiton bog‘lanish energiyasi va kuchli lyuminestsensiya xossalari bilan
ajralib turadi. Ceo fullerene esa yuqori elektron gabul qilish qobiliyati hamda o‘ziga xos
vibratsion modlari bilan xarakterlanadi, bu esa zaryad almashinuvi va molekulyar o‘zaro
ta’sirlar uchun muhimdir[3, 450-490].

ZnO va Ce ni kompozit tuzilma sifatida birlashtirish energiya konversiyasi
samaradorligini oshirish hamda sirt hodisalarini boshgarish uchun yangi imkoniyatlar yaratadi.
Bunday tizimlarni tadqiq qilish yugori aniglikdagi spektroskopik usullarni talab giladi. Raman
spektroskopiyasi panjara dinamikasi, fonon modlari va molekulyar o‘zaro ta’sirlarni
o‘rganishda samarali usullardan biri hisoblanadi. Shu bilan birga, lazer quvvati, issiglik
effektlari va nugsonlar hosil bo‘lishi spektral natijalarga sezilarli ta’sir ko‘rsatishi mumkin. [1,
214-230]

ZnO + Ce komporzit tizimi fotokataliz, sensorika va optoelektron qurilmalarda
go‘llash uchun istigbolli material hisoblanadi. Mazkur ishning asosiy magsadi ZnO va ZnO +
Ceo yupga plyonkalarining turli lazer quvvatlarida olingan Raman spektrlari asosida ularning
strukturaviy va optik xossalarini tahlil qilish hamda optimal o‘lchash parametrlarini
aniglashdan iborat[10, 55-110].

Tadgiqot metadologiyasi. ZnO va ZnO+Ce yupga plyonkalari standart cho‘ktirish
texnologiyalari yordamida tayyorlandi. Ceo qatlami bir tekis va bargaror goplam hosil gilish
magsadida spin-coating usuli orgali yotqizildi.

Raman spektrlari laboratoriya sharoitida Raman spektrometri (Renishaw) yordamida
o‘lchandi. O‘Ichovlar 532 nm to‘lgin uzunlikdagi qo‘zg‘atuvchi lazer nurlanishi quvvatining
maksimal qiymatining turli quvvat darajalarida (1%, 10% va 50%) o‘tkazildi[6, 55-98].

Spektrlarni yozib olishda 200-3200 sm™ spektral diapazonda, ~1-2 sm™' spektral
aniglik va natijalarning ishonchliligini ta’minlash uchun 5-6 marotaba takroriy o‘lchashlar
olib borildi. O‘Ichashlar davomida namunalarni ortigcha gizib ketishdan saglash magsadida
lazer nurlanishining har bir spektr uchun alohida optimal fokuslab olindi[4, 25-56].

Natijalar va muhokama. ZnO namunasini 532 nm to‘lgin uzunlikdagi qo‘zg‘atuvchi
lazer nurlanishi quvvatining maksimal giymatining 1% quvvat darajasida lazer nurlanishi
ta’siri ostida olingan Raman spektrlari 1-rasmda tasvirlangan. Spektr 250-2000 cm!
oralig‘ida olingan bo‘lib, intensivlik giymatlari taxminan 500 dan 1500 nisbiy birlikkacha
ortib boruvchi giymatlarda olingan. Grafikda Raman sochilish spektri fon signalining ortishi
kuzatiladi[2, 3-7].
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1-rasm. ZnO plyonkasining 532 nm lazer (1% quvvat) ta’sirida olingan Raman spektri
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Bunday holat ko‘pincha fon lyuminessensiyasi yoki ZnO materialining optik
xususiyatlari va lazer nuri bilan o‘zaro ta’siriga bog‘liq bo*lishi mumkin.

Lazer quvvatining ortishi bilan fon signal va lyuminessensiya hissasi sezilarli darajada
ortadi. Raman spektrining past chastota sohasida (~437 sm™) kichik intensivlik o‘zgarishlari
kuzatiladi (1-rasm), bu o°zgarishlar ZnO ga xos E: (high) fonon modasi bilan bog‘liq bo‘lib, u
asosan kristall panjaradagi kislorod atomlarining tebranishlari bilan bog‘lig[11, 3027-3073].

Bu holat ZnO ning vurtzit kristall tuzilmasiga ega ekanligini hamda materialning
yuqori kristall sifati va yaxshi tartiblanganligini tasdiglaydi. Olingan natijalar Cusc6 va
boshqalar [2] ishlaridagi ma’lumotlar bilan mos keladi. Lazer quvvati ortishi bilan pikning
kengayishi va intensivligining kamayishi kuzatildi, bu fononlar sochilishi hamda kristall
panjaradagi tartibsizlikning ortishi bilan izohlanadi.
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2-rasm. ZnO plyonkasining 532 nm lazer (10% quvvat) ta’sirida olingan Raman spektri

Raman siljishi ortishi bilan fon signalining kuchayishi fotolyuminessensiya hissasi
bilan bog‘liq bo‘lib, aynigsa 532 nm lazer bilan nurlantirilgan yarimo‘tkazgich materiallarda
kuzatiladi. Shuningdek, sirt holati, zarracha o‘lchami va kislorod bo‘shliglari kabi defekt
markazlari ham fon signalining ortishiga sabab bo‘lishi mumkin.

Lazer quvvatining 10% giymatida olingan spektrning (2-rasm) past chastota sohasida
(=300-450 sm™) keskin va aniq pik kuzatildi. Ushbu pik ZnO ning wurtzit strukturasi uchun
xarakterli Ez(high) fonon modasiga mos kelib, materialning yuqori kristallik darajasini
ko‘rsatadi. Spektrda 400-600 sm™ oralig‘idagi Kichik tebranishlar panjara nugsonlari yoki
ikkilamchi fonon jarayonlari bilan bog‘liq bo‘lishi mumkin. 600 sm™ dan keyin
intensivlikning pasayib, keyinchalik ortib borishi fon signali va lyuminessensiya hissasi bilan
izohlanadi. 1000 sm™ dan yuqori sohada intensivlikning monoton ortishi esa defekt holatlari
va lyuminessensiya hissasi bilan bog‘lig bo‘lib, yugori energiyali elektron-o‘tish jarayonlarini
aks ettiradi [4, 25-56].

Tadgiqot natijalari lazer quvvatining 10% qiymati spektrlarni gayd etish uchun
optimal rejim ekanligini ko‘rsatdi, chunki bu holatda signal intensivligi hamda namunaning
strukturaviy va fizik-kimyoviy barqarorligi o‘rtasida magbul muvozanat ta’minlanadi. Ushbu
rejimda spektral chiziglar anig, fon signali past va termik ta’sir minimal bo‘lib, natijalar
ishonchliligi hamda takrorlanuvchanligini oshiradi. Bu aynigsa sezgir nanostrukturali
materiallarni tadqig etishda muhim ahamiyatga ega.

Aksincha, lazer quvvatining 50% qiymatida (3-rasm) spektral piklarning kengayishi va
deformatsiyalanishi kuzatildi, bu esa kristall panjaradagi nugsonlar ortishi hamda issiglik
effektlari bilan izohlanadi.

Mazkur spektrda intensivlikning Raman siljishiga bog‘ligligi yuqgori lazer quvvatida
sezilarli o‘zgarishlarga uchraganligi kuzatiladi. Past chastota sohasida (=300-500 sm)
kengaygan va nisbatan yoyilgan piklar mavjud bo‘lib, ular ZnO kristall panjarasining asosiy
fonon modalariga tegishlidir. Birog, 10% quvvat bilan olingan spektrga nisbatan bu piklar
ancha keng va deformatsiyalangan bo‘lib, bu kristall panjarada issiglik ta’siri yoki nugsonlar
ortganligini Ko‘rsatadi. ~450-550 sm™ oralig‘ida kuzatiladigan maksimum qiymatlar E- (high)
modasining susaygan va kengaygan shakliga mos keladi. Pikning aniqligi pasaygani yuqori
quvvatli lazer ta’sirida fononlarning targalishi va panjara tartibining buzilishi bilan izohlanadi.
600-900 sm! oralig‘ida bir nechta kichik tebranishlar mavjud bo‘lib, ular ko‘p fononli

s
32



QarDU xabarlari FIZIKA-MATEMATIKA 2026 2(2)

jarayonlar yoki strukturaviy nugsonlar bilan bog‘lig. Ushbu sohada signalning notekisligi va
shovginning ortishi lazer nurlanishining kuchayishi bilan bog‘liq termik effektlarni
ko‘rsatadi.1000 sm™ dan yuqori sohada lyuminessensiya fonining keskin va deyarli chizigli
ortishi kuzatiladi. Yuqori quvvatli lazer elektronlarning yuqori energiyali holatlarga o‘tishini
kuchaytirib, lyuminessensiya signalining ustun bo‘lishiga olib keladi.[6, 55-98]
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‘ZnO ning 532 nm da 50% lik quvvali lazer bilan nurl.
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3-rasm. ZnO plyonkasining 532 nm lazer (50% quvvat) ta’sirida olingan Raman spektri
50% quvvatdagi lazer bilan olingan Raman spektr ZnO namunada E: (high)
modasining susayishi va kengaygan shaklga o‘tishi fononlarning targalishi hamda
panjara tartibining buzilganligini ke‘rsatadi.

‘Znoﬂ:ﬁo ning 532 nm da 1% lik quvvali lazer bilan nurlatiigan
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4-rasm. ZnO + Ceo kompozitining 1% quvvatdagi lazer (532 nm) ta’sirida olingan Raman spektri

Shuningdek, spektrda shovgin va lyuminestsensiyaning ortishi yuqori quvvatli lazer
ta’sirida yuzaga keladigan termik jarayonlar bilan boglig bo‘lib, bu holat kristall tuzilmaning
gisman buzilganligini va material sifatining pasayganligini bildiradi. Olingan natijalar
Banwell va Mc Cash tomonidan tavsiflangan [4] Raman signal sifatiga ta’sir etuvchi issiglik
effektlari nazariyasi bilan mos keladi.

Lazer nurlanishi quvvatining maksimal giymatining 1% darajasidan foydalangan holda
olingan ZnO + Cs kompozit tizimining Raman spektrida (4-rasm) har ikkala komponentga
x0s vibratsion xususiyatlar 1400—-1500 sm™* oralig‘ida joylashgan kuchli va aniq piklar paydo
bolishi  bilan harakterlanadi va bu holat kompozit tuzilmaning muvaffaqiyatli
shakllanganligini ko‘rsatadi.

ZnO+Cso kompozit tuzilmaning muvaffagiyatli shakllanganligini 5-rasmdagi lazer
nurlanishi quvvatining maksimal giymatining 10% darajasidan foydalangan holda olingan
Raman spektrida yaqqol namoyon bo ‘ladi. Spektrning past chastotali sohasida, taxminan
300-500 sm! oralig‘ida, ZnO kristall panjarasiga xos fonon modalar kuzatiladi. Xususan,
~437 sm! atrofidagi pik ZnO uchun xarakterli bo‘lgan E: (high) fonon modasiga mos
kelishini va bu ZnO tarkibiy gismida wurtzit kristall tuzilmasi kompozitda ham saglanganini
va materialning yetarli darajada yaxshi kristallanganligini bildiradi, biroq ushbu modalar
intensivligining nisbatan pasayishi ZnO yuzasiga Ce qatlamining joylashishi hamda
komponentlar o‘rtasidagi interfeys o‘zaro ta’siri natijasida ZnO signalining gisman
susayganligini ko‘rsatadi[3, 450-490].

Spektrning eng informativ sohasi 1400-1500 sm™ oralig‘ida joylashgan yugori
intensivlikdagi piklar bilan xarakterlanadi. Xususan, ~1460 sm™ atrofidagi kuchli pik Ceo
molekulasiga xos Ag(2) simmetrik (“pentagonal pinch”) vibratsion modaga mos keladi. Ushbu
moda fullerene Cso dagi pentagon halgalarning radial tebranishlari bilan bog‘liq bo‘lib, Ceo
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tuzilmasining saglanganligini tasdiglaydi. Pikning yugori intensivlik va aniglik bilan namoyon
bo‘lishi fullerene Ceo ning kompozit tarkibiga samarali integratsiyalashganini hamda kompozit
shakllanish jarayonining muvaffagiyatli amalga oshganini ko‘rsatadi. Shu sababli mazkur pik
Ce mavjudligining eng ishonchli spektral belgilaridan biri hisoblanadi[9, 201-240].
Spektrdagi ~1550 sm™ yaqinidagi kichikroq pik Ceo yoki qgisman grafitlashgan uglerod
tuzilmalariga xos vibratsion modalar bilan bog‘liq bo‘lib, lazer nurlanishi ta’sirida yuzaga
kelgan gisman strukturaviy o‘zgarishlarni ko‘rsatadi. Shuningdek, 1500-2500 sm™! oralig‘ida
fon signalining ortishi fluoresensiya effektlari yoki amorf uglerod komponentlari mavjudligi
bilan izohlanadi va kompozit ichida energiya almashinuvi jarayonlari mavjudligini bildiradi.

ZNO+C60 ning 532 nm da 10% lik quvvali lazer bilan nurlatilgan
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5-rasm. ZnO + Ce kompozitining 10% quvvatdagi lazer (532 nm) ta’sirida olingan Raman
spektri.

ZnO va Ceo ofrtasidagi o‘zaro ta’sir piklarning shakli, intensivligi va siljishida
namoyon bo‘ladi. ZnO ga tegishli fonon modalarining susayishi hamda Ceo ga xos piklarning
ustunligi  komponentlar o‘rtasida zaryad almashinuvi va interfeysdagi fizik-kimyoviy
bog‘lanishlar mavjudligini ko‘rsatadi. Bu esa kompozitning oddiy mexanik aralashma emas,
balki funksional geterotuzilma ekanligini tasdiglaydi. ZnO + Ce kompozitining 50%
quvvatdagi lazer (532 nm) ta’sirida olingan Raman spektrida (6-rasm) ~500-600 sm™
oraligida kuzatilgan kengaygan piklar ZnO panjarasidagi Kislorod vakansiyalari, lokal
nugsonlar yoki Ceo bilan o‘zaro ta’sir natijasida yuzaga kelgan panjara buzilishlari bilan
bog‘liq bo‘lishi mumkin. Bu holat interfeys hududida ma’lum strukturaviy o‘zgarishlar
mavjudligini ko‘rsatadi. Bunday nugsonlar ayrim hollarda materialning optik va elektron
xossalariga ijobiy ta’sir ko‘rsatishi mumkin. 1500 sm™ dan yuqori sohada fon signalining
asta-sekin ortishi lyuminestsensiya hissasi, amorf uglerod komponentlari yoki lazer ta’siridagi
energiya almashinuvi jarayonlari bilan izohlanadi. Lyuminestsensiyaning kuchayishi Ceo ning
gisman buzilishi, grafitlashishi yoki amorf uglerod hosil bo‘lishini ham ko‘rsatishi mumkin.
1400-1600 sm™* oralig‘idagi kichik piklar uglerodga xos D va G bantlari bilan bog‘liq bo‘lib,
Ceo ning gisman amorf holatga o‘tganini bildiradi. Umumiy fon signalining ortishi esa asosan
fotolyuminestsensiya hissasi va termik effektlar bilan bog*liq[5, 110-145]
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6-rasm. ZnO + Ce kompozitining 50% quvvatdagi lazer (532 nm) ta’sirida olingan Raman
spektri
Lazer quvvatining ta’siri Raman spektrlarini tahlil gilishda muhim omil hisoblanadi.
Tajriba natijalari 10% lazer quvvatida olingan spektr optimal ekanligini ko‘rsatdi, bunda ZnO
ga xos fonon modalar va Ceo ning Ag(2) vibratsion modasi aniq kuzatiladi. Ushbu rejim signal
anigligi yuqori, fon signali past va termik ta’sir minimal bo‘lishi bilan xarakterlanadi.
Aksincha, 50% quvvatda spektral piklarning kengayishi, intensivlikning pasayishi va fon
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signalining ortishi kuzatilib, bu termik effektlar hamda kristall panjaradagi tartibsizlikning
kuchayishi bilan izohlanadi[4, 25-56]

Xulosa va takliflar. ZnO + Ce kompozit tizimining Raman spektri ZnO ning wurtzit
kristall tuzilmasi saqlanganligini, Ceo molekulalari muvaffaqiyatli integratsiyalashganligini
hamda komponentlar o‘rtasida sezilarli interfeys o‘zaro ta’siri mavjudligini tasdiglaydi.
Spektrdagi asosiy markerlar sifatida ~437 sm! dagi ZnO E: (high) fonon modasi va ~1460
sm' dagi Ceo Ag(2) vibratsion modasi xizmat qiladi. Ushbu tadqiqot natijalari Raman
spektroskopiya ZnO va ZnO+Ce yupga plyonka tizimlarining strukturaviy va vibratsion
xossalarini tahlil gilishda samarali usul ekanligini ko‘rsatdi. Olingan natijalar lazer quvvati
spektr sifati va aniqligini belgilashda hal giluvchi ahamiyatga ega ekanligini yagqgol namoyon
qildi. Mazkur natijjalar ZnO + Ceo kompozit materiallarining optoelektronika, fotonika va
sensor texnologiyalarida go‘llash istigbollarini kengaytiradi. Kelgusi tadgiqotlarda interfeys
xususiyatlarini chuqurroq o‘rganish va tayyorlash texnologiyalarini optimallashtirish orgali
bunday gibrid nanomateriallarning samaradorligini yanada oshirish mumkin.
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Abstract. This paper investigates numerical methods for solving Saint-Venant-type hyperbolic

systems with variable coefficients. The problem is motivated by the need to analyze the stability and
accuracy of finite difference schemes in the modeling of unsteady flows. The research methodology involves
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the construction and comparative analysis of three classes of numerical schemes - namely, the Lax scheme,
the Godunov scheme, and operator splitting methods. Particular attention is given to stability conditions,
including the Courant—Friedrichs—Lewy (CFL) condition, as well as error assessment based on the L2 —
norm. A series of computational experiments is conducted under various initial and boundary conditions,
allowing for the identification of distinctive features in the behavior of each method. The main findings
demonstrate that the schemes exhibit different stability and convergence properties, with the conditions
r - s << 1 and the CFL criterion playing a decisive role in ensuring the correctness of numerical solutions.

The conclusion highlights the effectiveness of the comparative approach and outlines directions for
future research, including the optimization of discretization parameters and the extension of the analysis to
more complex hydrodynamic models.

Keywords: finite difference schemes; numerical stability; Courant—Friedrichs—Lewy (CFL)
condition; Saint-Venant equations; operator splitting; Lax scheme; Godunov scheme; L? norm; flux
approximation; boundary conditions.

SAINT-VENANT TURIDAGI GIPERBOLIK SISTEMALARNI YECHISH UCHUN
SONLI USULLAR: TAHLIL VATAJRIBALAR

Annotatsiya. Mazkur magolada o‘zgaruvchan koeffitsiyentlarga ega bo‘lgan Saint-Venant turidagi
giperbolik sistemalarni yechish uchun qo‘llaniladigan sonli usullar tadqgiq etiladi. Tadgiqot masalasi
noturg‘un ogimlarni modellashtirishda chekli ayirmalar sxemalarining bargarorligi va anigligini chuqur
tahlil gilish zarurati bilan asoslanadi. Tadgigot metodologiyasi uchta sinfga mansub sonli sxemalarni — ya’ni
Laks sxemasi, Godunov sxemasi hamda operatorlarga ajratish usullarini qurish va ularni giyosiy tahlil
gilishdan iborat. Bargarorlik shartlariga, xususan, Kurant—Fridrixs—Lyui (CFL) shartiga alohida e’tibor
garatilgan bo‘lib, xatoliklar L.-norma asosida baholanadi. Turli boshlang‘ich va chegaraviy shartlar ostida
o‘tkazilgan hisoblash tajribalari har bir usulning xulg-atvoridagi o‘ziga xos xususiyatlarni aniglash imkonini
berdi. Olingan natijalar shuni ko‘rsatadiki, ko‘rib chigilgan sxemalar turli darajadagi barqgarorlik va
yaginlashuv xossalariga ega bo‘lib, r's < 1 sharti hamda CFL mezoni sonli yechimlarning to‘g‘riligini
ta’minlashda muhim ahamiyat kasb etadi.

Xulosa gismida giyosiy yondashuvning samaradorligi asoslab beriladi hamda istigboldagi tadgigot
yo‘nalishlari, jumladan, diskretlash parametrlarini optimallashtirish va tahlilni yanada murakkab
gidrodinamik modellar doirasida kengaytirish masalalari belgilab beriladi.

Kalit so‘zlar: chekli ayirmalar sxemalari; sonli bargarorlik; Kurant—Fridrixs—Lyui (CFL) sharti;
Saint-Venant tenglamalari; operatorlarga ajratish usuli; Laks sxemasi; Godunov sxemasi; L?-norma; ogim
(flux) approksimatsiyasi; chegaraviy shartlar.

Introduction. Hyperbolic systems of equations, such as the Saint-Venant system, are
widely used in modeling shallow water flows, hydraulic engineering processes, and related
fields. The accurate numerical solution of such systems represents a challenging task, as it
requires ensuring stability, monotonicity, and physical consistency of the obtained results. In
particular, the choice of an appropriate finite difference scheme is crucial, as it must
adequately capture wave dynamics in the presence of variable coefficients and complex
boundary conditions.

The object of this study is the numerical solution of the Saint-Venant system over a
finite interval subject to prescribed initial and boundary conditions. The central problem lies in
the comparative assessment of different numerical approaches, which exhibit varying behavior
in terms of stability, accuracy, and computational cost. In the context of increasing demands
for precise hydrodynamic modeling, it becomes essential to determine which methods provide
the most reliable results for specific classes of problems.

The research procedure includes the formal statement of the problem, the construction
of computational grids, the derivation of Lax, Godunov, and splitting schemes, and the
analysis of their stability conditions. In addition, a set of computational experiments is carried

out to evaluate the performance of the methods through L, norm analysis and verification of
the CFL condition. This comprehensive approach enables the identification of key
characteristics of the considered schemes and supports well-founded conclusions regarding
their applicability to the numerical solution of the Saint-Venant problem.

Literature review. The study of numerical methods for hyperbolic systems, including
the Saint-Venant equations, is grounded in a broad spectrum of fundamental and applied
research. The original formulation of the shallow water equations was introduced by Adhémar
Barré de Saint-Venant in 1871, laying the foundation for modern theories of unsteady open-
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channel flow [1].

The development of numerical methods for hyperbolic systems is closely associated
with the pioneering work of S.K. Godunov, who in 1959 proposed a scheme based on the
exact solution of the local Riemann problem, enabling accurate computation of shock waves
and discontinuities [2]. A significant contribution to stability theory was made by P. Lax and
R. Richtmyer, who established the equivalence of stability and convergence under the
consistency condition [3]. These results have become a cornerstone for the analysis of modern
numerical algorithms.

Considerable progress has also been achieved in flux-based approximation methods.
Among these, the Rusanov flux stands out as a modification of the Lax—Friedrichs scheme,
offering enhanced stability and computational simplicity [4]. Theoretical foundations and
practical implementations of finite volume methods, particularly for shallow water equations,
are comprehensively presented in the works of R. LeVeque and E. Toro [5], [6].

A substantial body of recent research focuses on well-balanced schemes that preserve
steady-state solutions. Notably, the hydrostatic reconstruction method ensures accurate
approximation of Saint-Venant systems with topographic source terms and maintains the “lake
at rest” equilibrium [7].

Another important direction in the development of numerical methods is represented by
high-order ENO and WENO schemes, originally proposed by Harten, Shu, and Osher, which
enhance accuracy in smooth regions of the solution while effectively suppressing spurious
oscillations near discontinuities [8], [9]. Such methods are widely employed in problems
requiring high spatial resolution, although they are generally associated with increased
computational cost.

Research methodology. For problems involving the decomposition of complex systems
of equations, operator splitting methods play a significant role. A classical contribution to this
field was made by G. Strang, who introduced second-order splitting schemes applicable to
systems with source terms [10]. Contemporary studies demonstrate that splitting methods
provide flexibility in combining discrete operators and contribute to improved computational
efficiency.

Thus, an analysis of the scientific literature indicates that the Lax and Godunov
schemes, along with operator splitting methods, remain fundamental tools for solving the
Saint-Venant system. Current research is primarily focused on enhancing stability, accuracy,
and the preservation of physical invariants, thereby confirming the relevance of comparative
analyses of various finite difference schemes.

Results and discussions. 2.1. Problem Formulation. Let the Saint-Venant system of
equations be given in the form

Z+AZ 4Dy =0 (1.1)
for two unknown functions vy = v (x,t),H(x,t))". The system with matrix
A=|a, | =ax (x.0)], D=|dy|=]|di(x,t)]| is called hyperbolic if all roots of the
characteristic equation det||A— AE| =0 (g - identity matrix) are real and distinct.

As shown in [1], such a system can be reduced to a special canonical form:
Z+AZ+MR=0 (1.2)

where Q'AQ = A is a diagonal matrix.
Assume that the elements of the matrix A are ordered as follows:

(5 %)
0 -4
We consider the solution of system (1.2) for 0<x<I, t>0with the following
boundary conditions:
atx = 0: R, = sR, (1.3)
atx = L: R, =R, (1.4)
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The initial conditions for this problem are given by
R (x,0) = @ (X), o<x<lI, (i=14,N) 1.5)
2.2. Lax difference scheme. Consider the mixed problem (1.2) — (1.5).
In the domain G, we construct a difference grid G ={(t;,x): 0<t; <T, 0<x <L}:

where t=jr j=0..,N; Nr=T, T=1 N=500, are the spatial and temporal step sizes,
respectively.

The set of points marked with crosses in Fig. 1 is denoted by G, , circles by €, , squares
by I'°, and triangles by I"!, respectively. The entire set of (k-A, i-h), k=0,m, i=0,n
grid nodes is denoted by G, .

In the literature, G, =G, I ° w It UQ, the set G, is referred to as the set of interior
points, while 7”7 and I} - are called boundary point sets and €}, - is the set of initial points
of the difference grid G_h We will also refer to I"Y as the left boundary and I} as the right
boundary of the grid.

Let U/ denote the approximate solution of the mixed problem (1.2)—(1.5) (Problem 1) at
the point k-z,i-h of the difference grid Q We use the standard notation for the step ratio

/h
The Lax difference scheme for the mixed problem is formulated as follows:

Vij+1 o Vil + Vil ; ;
2 +AYm Vi My =0
T 2h
. VA VA vl —wyi i
Vij+l — i+l Z i—-1 [\hz- ( i+1 > |—1) _ MViJ (21)
Vij+1 = (1_ z Vij+1 - (l_;o_)vij—l - MVij
where :
1—0o _ 0 1+o _ 0
S T Ay T a

For |o] = 1 the scheme is stable.
For «¥ = 1, the scheme is monotone (Friedrichs monotonicity condition, 1954).

The stencil of this difference scheme has the form:

c(n+1.m)

[a] o 0
(nom—1) (n.m) (n.m+1)

We again consider system (1.2) on the interval 0<x<I, t>0with boundary
conditions:

atx = O: (v! ); = s (v" ); 2.2
atx = L (v"), =r(v), (2.3
The initial data are given by:
VP = @, (X), (i=12) (2.4)

Numerical Experiment. In the domain G ={(t,x): 0 <t <1, 0 < x <2000}, consider

y2 O ‘Z'z y2 % b(X) O y2

c
a(x) = ¢(x)8,(x), b(x) = @™ (X) 7, (X) 2
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with boundary conditions:

V1= (t,O) = ”J’z(r;o) (3)
V2 = (f,O) = Syl(tJ 0)
h r=k ¢1(0) =k ‘»01(1*)’
WRETET = %0 ) ST M0

b = JVgH = (0) + byH = (0) I =—,ng*(L)+b1H*(L)
* T JgH * (0) + byH * (0) ° 7 JgH«* (L) + byH * (L)

and initial data:

y1(0,x) = exp( ;CZ—EZ;CES) (\]Hi@h(x) + v(x))
y2(0,x) = exp (_ fox:z_g ds) (—\/F@h(x) + v(x))

where h(x),v(x) are freely defined functions
For the numerical solution of this example, we apply the difference scheme (2.1)—(2.6).
Let us compute the values of " and S:

(4)

1) Based on expressions (14) and (21) from [1], we select the parameters b, and b: as:

__ 9 _ _gs8x10", _VFO) g0
V= (0) H = (0)
*
__ 9 _ _4g7562 _V*O) __404x10
V(L) H*(L)

From the obtained values, any value within the interval (—9.8><104,—1><10‘8) can be
chosen for by, ; we selected a specific value b, =—-0.001. Similarly, for b,, any real number

outside a certain interval (—487.562, —4.04><10*“) can be chosen: we selected a suitable

value .
b, = 0.001
2) Substituting the chosen values b, and b into expression (4), we computed values of
k, and K;:
J9.8H*(0) + byH*(0) —J9.8H*(L) + boH"(L)
ko = =094, [k, = = 1.0045
—/9.8H*(0) + boH*(0) JO.8H*(L) + boH*(L)

3) During the computations, we encountered difficulties in evaluating definite integrals
involving large functions. Therefore, we applied a numerical integration method. Using the
rectangle method, the integral values were efficiently approximated.

Using the obtained results, we calculate the parameters r and s:

r=-0.938 s=-1.004

According to the stability condition, the product 7 - S must be less than 1:
Ir-s|<1

Verification shows that: |r . s| =0.942

Thus, the condition is satisfied.

Additionally, the CFL condition must also hold: %max|ﬂ,,| <1 i=12

%max|2,,|zo.689 i=12

In this case, the behavior of the L, norm is illustrated graphically as follows:
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Ne ]LZ 3HaucHHE
T T -HOpMa
% | 1 V, 30.323
2 Vyoo 6.591-10°°
SV, =
20 20 3 Vi 2.624-107
10F . 4 Vaso 1.296-107°
0 K | | 5 V400 697 X 10—12
0 10 20 30 5 =y
J. Voo 3.922-10

2.3. Godunov difference scheme
Let us recall that we consider the mixed problem (1.2)—(1.5) in the case of variable
coefficients.
In the domain G, we construct a difference grid: G ={(t;,x): 0<t; <T, 0<x <L}
where
t;=jr, j=0,...,N; Nz=T, T =1, N =500,
X, =ih; 1=0,..., M; Mh=L; L = 2000, M = 2200, .

The Godunov difference scheme for the mixed problem (1.2)—(1.5) is formulated as
follows:

(V) = @ = BE ] - ) - al)" ! 3.
W = () =22 (@), — (")) —b(x )W

T i+1
We consider the solution of system (1.2) on the interval 0<x<I, t>0 with the
following boundary conditions:

atx = O: whH!l = s@™] (3.2)

atx = L: (v = r(whH! (3.3)
The initial data for this problem are specified as:

Vi =@ (x), (i=12) (3.4)

Numerical experiment

In the domain G ={(t,x):0<t <1, 0<x<2000}, consider the system (1)-(2), with
boundary and initial conditions (3) - (4).

For the numerical solution of this example, we apply the difference scheme (2.1)—(2.6).

Let us compute the values of 7 and S:

1) Based on expressions (14) and (21) from [1], we select the parameters bo and b; as:

9 _ _98x10%, VO _ .10
vV *(0) H > (0)
E S
9 4667 x10°, _NVEWL) 441100
Vv = (1) H > (L)

From the obtained values, any value within the interval (—9.8><10“,—1><10*8) can be

chosen for b,; we selected a specific value b, =—0.001. Similarly, for b,, any real number
outside a certain interval (4. 667 x 103, —4.41 x 10~9) can be chosen; we selected a

suitable value b, = 0.001"

2) Substituting the selected values bo and b; into expression (4), we compute Kk, and Kk, :

o _ NOBH(0) +bH(0) . JIBH (D) thoH (L) o
® _JO9BH(0) + boH*(0) Y JOBH (D) + boH*(L) :

3) During the computations, difficulties arose in evaluating definite integrals involving

s
40




QarDU xabarlari FIZIKA-MATEMATIKA 2026 2(2)

large functions. Therefore, a numerical integration method was employed. Using the rectangle
method, the integral values were efficiently approximated.

Using the obtained results, we calculate the parameters 7" and S:
r=-0.938 s=-1.001

According to the stability requirement, the product 7 - S must satisfy: |r . s| <1
Verification shows that this condition holds.

Additionally, the Courant—Friedrichs—Lewy (CFL) condition %max|/1,|£1, i=12

must also be satisfied:

%maXI%|=o.689 i=12
In this case, the behavior of the L? — norm can be illustrated graphically as follows:
Ne 12 3HaueHue
| I I I -HOpMa
! v, 50.464
SV * \1- i 2 V100 8.74
g\ 1 5| Vi 2.306
AN ] Vo 0.72
% 1.0;“‘*«2155 - goo 4|oo 500 ° Vaoo 0.314
j 5 | Ve 0.221

2.4. Splitting difference Scheme
Let us recall that we consider the mixed problem (1.2)—(1.5) in the case of variable
coefficients.

In the domain G, we construct a difference grid: G ={(t;,x): 0<t; <T, 0<x <L}

where

t;=jz, j=0,...,N; Nz=T, T =1 N =500,
X, =1h; 1=0,...,M; Mh=L; L = 2000, M = 2200,
The splitting difference scheme for the mixed problem (1.2)—(1.5) is formulated as follows:
At

(Zl)ij :(Vl)ij _(ﬂl)ix[(vl)ij _(Vl)ij—1:|’ i=1...,M;

(2.)) =) = () o () =(w)l, ] i=0.M 1

j+1 j j .
v,), T =(z) —Ata,(z,) , i=1,..., M;
(1)|_l ( 1)|- l( 2)|- j:O,...,N—I. (41)
(v,)” =(z,), —Atb (z,);, i=0,....,M —1,
We consider the solution of system (1.2) on the interval 0<x<I, t>0with boundary
conditions:

atx = 0:

(V') =s(v"), (4.2)
atx = I:

(v" )Ij = r(v' )Ij a.3®
The initial data are given by:

V=g (), (i=12) (4.4)
Numerical experiment. In the domain G ={(t,x): 0<t <1, 0<x <2000}, consider

the system (1)-(2), with boundary and initial conditions (3) - (4).
For the numerical computation of this example, we apply the difference scheme (2.1)—
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(2.6).
Let us compute the values of 7 and S:
1) Based on expressions (14) and (21) from [1], we select the parameters bo and by as:

*x
—_9 _ _98x10°, VFO) 10
vV *(0) H *(0)
9 _4667x10°, _VEWL) g 41410
V *(L) H > (L)

From the obtained values, any value within the interval (-9.8x10*,-1x10"®) can be

chosen for by, ; we selected a specific value b, =—0.001. Similarly, for b,, any real number

outside a certain interval (—4.667 x 103, —4.41 x 10-¢) ¢an be chosen; we selected a

suitable value b, = 0.001.

2) Substituting the chosen values b, and bz into expression (4), we computed values of
k, and k;:
J9.8H*(0) + byH"(0) —/9.8H*(L) + boH"(L)
ko = = 0.938, ke, = = —1.001
—/9.BH*(0) + boH*(0) JO.8H*(L) + bogH*(L)

3) As in the previous case, the evaluation of definite integrals involving large functions
posed computational difficulties. Therefore, numerical integration was applied. Using the
rectangle method, the integral values were obtained efficiently.

Using these results, we determine the parameters T and S:

r=-0.938 s=-1.001
The stability condition requires: |r . s| <1

Let us now verify the fulfillment of this condition: |r . s| =0.939

As evidenced, the resulting value is strictly less than unity, thereby ensuring that the
condition is satisfied.

The CFL condition %max|ﬂ,,| <1, i=12 mustalso hold:

%max|/l,|:0.689 i=12
The corresponding graphical representation of the L? norm is given below:
T T T T Ne LZ _HopMa 3HaueHue
1 V, 50.146
40 .
sw, 2 Vi 3.93
- - 3 Vaoo 0.437
4 Va0 0.154
“i“‘""-— L | |
% 100 200 30 40 50 > Va0 0.123
j 6 Veo 0.109

Conclusion. In the course of this study, three different approaches to the numerical
solution of the Saint-Venant system of equations were examined and analyzed: the Lax
difference scheme, the Godunov scheme, and the operator splitting scheme. For each method,
a theoretical justification was provided, a finite difference approximation was constructed, and

stability conditions were investigated, including the requirements 7 - S < 1 and the Courant—
Friedrichs—Lewy (CFL) condition. The analysis demonstrated that an appropriate choice of
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discretization parameters plays a crucial role in ensuring both the stability and the physical
consistency of the numerical solution.

The results of the computational experiments revealed notable differences in the
behavior of the schemes. The Lax scheme offers simplicity of implementation and satisfactory
stability under appropriate grid step restrictions. The Godunov scheme, based on the solution
of the local Riemann problem, exhibits high accuracy in capturing discontinuities and wave
propagation. The splitting scheme provides flexibility when dealing with equations of
complex structure and allows for efficient treatment of source terms.

The comparative analysis indicates that the selection of a particular method depends on
the required level of accuracy, computational cost, and the specific features of the problem
under consideration. Based on the conducted experiments, it can be concluded that each of the
considered schemes possesses its own advantages and domain of applicability.

Overall, the results of this study confirm the relevance of investigating finite difference
schemes for the Saint-Venant equations and outline promising directions for future research,
including the analysis of high-order methods, well-balanced approaches, and adaptive grid
techniques.
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PARALLEL METALLIC STRUCTURES ON THE THREE-DIMENSIONAL

SOL° MANIFOLD
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Abstract. Polynomial structures on differentiable manifolds have been actively studied in modern
differential geometry. Among them, metallic structures represent an important class that generalizes the
well-known golden structure. In this paper we investigate left-invariant metallic structures on the three-

dimensional Sol manifold. We prove that any parallel left-invariant metallic structure on SoI3 is trivial.
Geometric properties of metallic structures, including integrability, parallelism, and curvature relations, have
been investigated in various settings such as almost product manifolds, contact manifolds, and Riemannian
manifolds. On the other hand, three-dimensional model geometries introduced by Thurston provide a natural
framework for studying invariant geometric structures. Among these geometries, the Sol geometry is
particularly interesting due to its non-isotropic structure and solvable Lie group structure.

Key words: Riemannian manifolds, polynomial structure, Lie group, Sol geometry, differentiable
manifolds, metallic structures.
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UCH O‘LCHAMLI SOL® KO‘PXILLIGIDAGI PARALLEL METALLIK
STRUKTURALAR

Annotatsiya. Zamonaviy differensial geometriyada differensiallanuvchi ko‘pxilliklardagi polinomial
strukturalar faol o‘rganilgan. Ular orasida metall strukturalar tanigli oltin kesimni umumlashtiruvchi muhim
sinfni ifodalaydi. Ushbu magolada uch o‘lchamli Sol ko‘pxilligidagi chap-invariant metall strukturalarni
tadqiq etamiz. Sol® ko‘pxilligidagi har ganday parallel chap-invariant metall struktura trivial ekanligini
isbotladik. Metall strukturalarning geometrik xossalari, shu jumladan integrallanuvchilik, parallellik va
egrilikka oid munosabatlar turli xil sharoitlarda tekshirilgan. Boshga tomondan, Thurston tomonidan
kiritilgan uch o‘lchovli geometriyalar o‘zgarmas geometrik strukturalarni o‘rganish uchun tabiiy asos
yaratadi. Ushbu geometriyalar orasida Sol geometriyasi o‘zining izotrop bo‘lmagan tuzilishi va yechilishi
mumkin bo‘lgan Lie gruppasi tuzilishi tufayli, aynigsa, gizigarli hisoblanadi.

Kalit so‘zlar: Riman ko‘pxilligi, polinomial struktura, Li gruppasi, Sol geometriyasi,
differensiallanuvchi ko‘pxilliklar, metall strukturalar.

Introduction. Polynomial structures on differentiable manifolds play an important role
in modern differential geometry. Such structures are defined by tensor fields satisfying
polynomial equations and appear naturally in various geometric contexts. One of the most

studied examples is the golden structure, introduced as a tensor field J satisfying
J?=J + 1. This concept was later generalized to the class of metallic structures, which
satisfy the quadratic equation

J?=pJ +ql
where P and Q are real constants. Metallic structures were studied by several authors and
represent a natural generalization of polynomial structures on Riemannian manifolds [4, 6].

The three-dimensional manifold Sol® is one of the eight model geometries in Thurston’s
classification [3]. Its geometry is characterized by anisotropic curvature behaviour and a
nontrivial Levi-Civita connection.

The aim of this paper is to investigate metallic structures on the Riemannian manifold
Sol®. In particular, we study the existence of parallel metallic structures which are compatible

with the Levi-Civita connection. Our main result shows that the geometry of Sol® imposes
strong restrictions on such structures.

More precisely, we prove that every left-invariant parallel metallic structure on Sol®
must be trivial.

This result reveals a rigidity phenomenon for polynomial structures on the Sol geometry
and indicates that non-parallel metallic structures constitute the most interesting class of tensor
fields on this manifold.

The paper is organized as follows. In Section 2 we recall basic definitions of metallic
structures and describe the Lie algebra of the manifold Sol®. In Section 3 we compute the
Levi-Civita connection. In Section 4 we investigate metallic structures and prove our main
rigidity theorem. Finally, we discuss geometric consequences and possible directions for
further research.

Preliminaries. The Sol manifold (denoted by Sol3) is a Lie group structure on R®
given by the operation

(x,v,2)-(X,y,z)=(x+e*x,y+e’y,z+27).
Its matrix representation is as follows
e’ O x
O e vy
o 0O 1
On the Sol® manifold, the left-invariant metric is defined by the formula
g =e”dx’ +e?*dy’ +dz°.
Definition 2.1. Let M be a smooth manifold. A (1,1) tensor field J:TM —TM s
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called a metallic structure if there exist real positive numbers P and Q such that
J?=pJ +ql
Definition 2.2. Let (M,Q) be a Riemannian manifold. A metallic structure J is

called parallel if
VvJ =0,

where V is the Levi-Civita connectionon M .

Let {E,, E,, E,} be a left-invariant orthonormal basis on Sol °

Definition 2.3. The Lie group Sol® is the three-dimensional solvable Lie group whose
Lie algebra is generated by {E , E,, E,} With brackets

[El'Ez]:Oi [E11E3]: E1’ [EziEa]:_Ez- (l)

Levi-civita connection. Using the Koszul formula
29(V,Y,Z)=Xg(Y,Z) +Yg(Z, X) —Zg(X,Y) —g(X.[Y.Z]) -

—g(Y.[X,ZD) +g(Z.[X,YD),
we obtain the following nonzero components of the Levi-Civita connection:

VE1E3 =E
Ve, E,=-E,,
V.E =0,
V. E, =0.

All other components vanish.

Main results. Now let us define the metallic structures on Sol®. Consider a left-
invariant metallic structure defined by

J(E)=>a'E,.
j=1

Lemma 4.1. If a metallic structure J on Sol® is parallel, then a,=a,=0.
Proof. The condition VvJ =0 means v _(JY)=J(V,Y) forall vector fields X, Y.
For X = E,, Y = E, We compute:
Ve UE) =V, (a.E +a,E, +a,E) =
=a,Ve B +a, Ve E, +a,V B =
=a,kE,.

J (VE1 Es) =J (El) =a,kE +a,E, +a,E,.
Equating these gives a, =0 and a,, =0. Similarly for X =E,, Y = E, we obtain
a,=0and a_, =0. Thus

On the other hand,

a,=a, =0.
Theorem 4.1. Any left-invariant parallel metallic structure on the Sol® manifold is
necessarily scalar.

Proof. By Lemma 4.1 we have a,=4a, =0, a,=a,=0, and a,=4a,=0.
Hence J is diagonal:

a, 0 O
J=|0 a, O
0 0 a,

The metallic condition J? = pJ + gl implies
a:=pa,+q fori=123.
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Thus each @, is one of the two metallic eigenvalues:

4 _PEJP+4qg
+ 2 -
The parallel condition also forces a, =a,, =a,,. Indeed, from VEp] =0 with

Y =E, we obtain &, =a,,, and from V_J =0 with Y = E, we obtain &,, =a,,. Hence

a,=a,=a,=A. Therefore J =AI is a scalar operator, and the metallic structure is
trivial.
Proposition 4.1. Let J be a metallic structure satisfying 3z — pJ +ql . Then every

eigenvalue A of J satisfies the equation 42 — pA+(-

Proof. Let V be an eigenvector of J corresponding to eigenvalue A, ie., JVv=AV.
Applying the metallic condition we obtain J?v = pJv +qv . But

J?v =A% and pJv+qv= pAv+Qqv=(pA+Qq)V-
Hence A’V =(pA+Q)V. Since V= 0, we obtain 1> = pA+(.
To better understand geometric properties of metallic structures, we recall the Nijenhuis

tensor.
Definition 4.1. Let J bea (1,1) tensor field. The Nijenhuis tensor of J is defined by

N, (X,Y)=[IX,IY]+I*’[X,Y]-JI[IX,Y]-I[X,IY].
If a metallic structure J is parallel, then its Nijenhuis tensor vanishes:
N, =0.
Indeed if vJ =0, then J commutes with covariant differentiation. Using the torsion-
free property of the Levi-Civita connection, the expression for N reduces to zero.

Now we consider general left-invariant tensor fields of type (1,1) on Sol * For diagonal

operators
J =diag(4,, 4,,4,),

the metallic condition reduces to A* = pA +q for i =1,2,3. Thus each A must be one of
the two metallic eigenvalues. Therefore all diagonal metallic structures are determined by
choosing values A €{A,,A }. However, the parallel condition forces 4 =4, =A4,. This

yields the main rigidity phenomenon proved in the previous section.
In particular, the anisotropic structure of the Sol Lie algebra forces the covariant
derivatives v_g, —g, and v_g, = —g,, which prevents nontrivial diagonal metallic

structures from being parallel. Thus non-parallel metallic structures become the natural object

of study on Sol° .
To better understand geometric restrictions on metallic structures, we compute some
components of the curvature tensor.
The Riemann curvature tensor is defined by
R(X,Y)2=V,V,Z-V V,Z-V, 2.
Using the previously computed Levi-Civita connection we obtain the nonzero
components:
R(E1’ Ea)El =—E, R(Ez' Es)Ez =—E
Hence the sectional curvatures satisfy
K(E,,E,)=-1,
K(E;.E)=-1,
K(E,,E,) =0.

Thus the geometry of Sol s anisotropic and contains both zero and negative sectional
curvatures.

2
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Theorem 4.2. Let J be a left-invariant (1,1) tensor field on Sol® satisfying a
polynomial equation
J"+c " +---+cJd +c, 1 =0.
If J is parallel with respect to the Levi-Civita connection, then J must be a scalar
operator.

Proof. Let J be parallel. Then for any $X, Y$ we have V, (JY)=J(V,Y). Using

the brackets of the Lie algebra (1), one shows that the parallel condition forces J to be
diagonal and all diagonal entries equal. Hence J = Al . Substituting into the polynomial

equation yields
A"+c A" +---+c A+, =0,
which is automatically satisfied for some A . Thus the operator is scalar.

Example. Although parallel metallic structures on Sol® are trivial, non-parallel
structures exist. Consider the tensor field
J=A4E ®dx+A4E, ®dy + 4,E, ®dz,

where A, A,, A, €{4_, A } satisfy the metallic condition. If A, # A,, then VJ #0 and the

metallic structure is not parallel. Thus Sol * admits many non-parallel metallic structures.
Conclusion. The obtained result shows a strong rigidity of the Sol geometry with

respect to parallel metallic structures. In particular, the manifold Sol® does not admit
nontrivial left-invariant parallel metallic structures. A natural continuation of this work is the

classification of all metallic structures on Sol °, including non-parallel ones, and the study of
their integrability conditions. Further investigations may also include the study of metallic
structures on other three-dimensional Thurston geometries.
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Annotatsiya. Ushbu ishda uch o‘lchamli 2 panjarada harakatlanuvchi va qisqa masofada
ta’sirlashuvchi ikkita bir xil zarrachali (bozonlar) sistemaga mos Shredinger operatori ma’lum bir tipdagi
potensiallar uchun qaralgan bo‘lib, berilgan fazoni invariant qism fazolarga ajratish natijasida uch o‘lchamli
masala bir o‘lchamli masalaga keltirilgan.

Magqolada uch o‘Ilchamli 73 panjarada harakatlanuvchi va qisqa masofada ta’sirlashuvchi ikkita
bir xil zarrachali sistemaga mos Shredinger operatori muhim spektridan chapda yotuvchi karrali xos
giymatlar invariant qism fazolar yordamida oddiy xos qiymatlarga ajratilgan va ularning kvaziimpuls kichik
qo‘zg‘alishdagi holati aniqlangan. Uch o‘lchamli panjarada ikkita bir xil zarrachali sistemaga mos
Shredinger operatori x0s giymatlari uchun asimptotikalar olinib, ularga mos bo‘lgan xos funksiyalar
topilgan.

Kalit so‘zlar. Hamiltonian, bog‘langan holat, Shredinger operatori, to‘la kvaziimpuls, xos qiymat.
ASYMPTOTICS OF EIGENVALUES OF THE SCHRODINGER OPERATOR FOR A
TWO-BOSON SYSTEM ON A THREE-DIMENSIONAL LATTICE

Abstract. In this work, the Schrodinger operator corresponding to a system of two identical
particles (bosons) moving on a three-dimensional lattice > and interacting at short range is considered. By
decomposing the given space into invariant subspaces, the three-dimensional problem is reduced to a one-
dimensional problem.

The article shows that multiple eigenvalues located to the left of the essential spectrum of the
Schrodinger operator for a system of two identical particles on a three-dimensional lattice are decomposed
into simple eigenvalues using invariant subspaces. In addition, the behavior of these eigenvalues under small
perturbations of the quasi-momentum is investigated.

Keywords. Hamiltonian, bound state, Schrodinger operator, total quasimomentum, eigenvalue.

Kirish. Kichik parametr giymatlarida ikki zarrali klaster operatorlarining bog‘langan
holatlari paydo bo‘lishining tabiati ilk bor R. A. Minlos va Sh. Mamatov tomonidan [1] da
o‘rganilgan, shundan so‘ng yanada umumiy holatda R. A. Minlos va A. 1. Mogilner

tomonidan [2] da o‘rganilgan. Ikki zarrachali sistemaga mos Z" panjaradagi H
Hamiltonianning bog‘langan holatlarini o‘rganish H(k) keT"=(-z,7z]° Shredinger
operatorlari oilasining xos qiymatlarini tekshirishga keltiriladi.

[3] ishda H(K) operatorning har bir Z, (K) xos qiymatlarini kj €[0, 7]

kordinatasi bo‘yicha monotonligi o‘rganilgan. [4, 5] da ikki zarrachali H(k), keT”
operator kontakt V(N, —N,) = uo, ny potensial bilan qaralgan bo‘lib, bunda H (K)

operatorni Z(K) xos qiymati yagonaligi va oddiyligi ko‘rsatilgan. [6] maqolada ikki
zarrachali H(K), kK #0 operator uzluksiz spektrdan chapda joylashgan musbat xos
qiymatga ega ekanligi H (O) uchun vertual sath mavjudligi shartida ko‘rsatilgan.

Mazkur maqolada yuqoridagi o‘rganilgan masalalardan (ularda asosan xos
giymatlarning mavjudligi isbotlangan) fargi ma’lum tipdagi potensiallar uchun xos giymat va
xos funksiyalar asimptotik va aniq ko‘rinishlari topilgan.

Tadqiqot metodolgiyasi. Ikki zarrachali Shredinger operatorlarni spektral
nazariyasini o‘rganishning uslubiy asosi matematik analiz, matematik fizika, chizigli
bo‘lmagan funksional analiz usullarining kombinatsiyasidan iborat. Tadgigotda operatorning
x0s giymatlarini topish uchun algebraik shakl almashtirishlar va chizigli differensiallash
usullari go‘llanilgan. Ishda ma’lum bir tipdagi potensial uchun Shredinger operatori invariant
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gism fazolarda o‘rganiladi. Umumiy holda keyin birlashtiriladi.
Uch o‘Ichamli T® = (—z, zJ tor berilgan bo‘lib, bunda T° = (-7, 7] = R® to‘plam

elementlarini qo‘shish va haqiqiy songa ko‘paytirish amallari har doim R® da (277°) modul
bo‘yicha hisoblanadi.

A

Uch o‘lchamli Z2 panjarafagi ikki bozonli sistemaga mos H hamiltonian
chegarlangan 0°z-0°‘ziga qo‘shma operator bo‘lib,
0™ (ZB < Z3) =4 f e ,(Z°=<Z3) = f(x,y) = f(y,x)} Hilbert fazosida quyidagicha
tasvirlanadi:

H=H, -V,

yuqorida H,, erkin hamiltonian (g J(ZH @0, (Z3))sym fazosida quyidagicha tasvirlanadi:

H, =Ll aei-Lisea
2m 2m

Bunda m bozon og‘irligi bo‘lib, uni bir birlik sifatida hisoblaymiz. A, =A®1 va
A, =1 @A panjaraviy Laplas operatori bo‘lib, A - esa

A =D [y (x+e) +y(x—e) —2p (X)), xeZ? yel,(Z°),

=1
zarrachalarni bir tugundan boshqa tugunga o‘tishini ifodalovchi ayirma operatoridir.

e, =(1,0,0), e, =(0,1,0), e, =(0,0,1) — lar z® dagi birlik operatorlar. H
Hamiltonian EZS (ZZ XZZ) Hilbert fazosida erkin Hamiltonian va ikki zarrachani
ta’sirlashish potensiali V, bilan ayirmasini ifodalaydi.

Ikki zarrachalarini tasirlashish \72 operatori quyidagicha bo‘ladi:

V) (% Y) =X =) (XY), ¥ elY"(Z°=Z%).
H (k) Operator uchun invariant gism fazolar.

H (k) operatori uchun v potensialini tashuvchisi
D={x=(,mk)eZ?®:neZ, |m|+|k|<1} bo‘lgan
v(n), agar m=k=0 )
v(n,m,k) =<v(n|+1), agar |m|+|k|=1
o, agar |mj|+|k|=2,

ko‘rinishda garaymiz. Bu yerda V:Z—>R— funksiya Zi, dagi musbat monoton
kamayuvchi funksiya, ya'ni ( v(0) > v(1) > v(2) >...) va V € (,(Z).

~

H (k) operatorning xos funksiyalari H hamiltonianni bog‘langan holatlarini ifodalaydi, xos
giymatlari esa  bog‘langan  holatlar  energiyasini  ifodalaydi. Shu  maqgsadda
H(k),k €T3, (—z, z]® operatorning xos funksiyalarini o‘rgsanamiz, bu operator
L5 (M%) :={f e L,(T?): f(—q) = f (q)} fazoda [7-8]
1
(HEK) )@ =& () f(a) - 3 IV(OI —s) f(s)ds

(27)2 78

formula bilan aniglanadi. Bunda qo‘zg‘almas H (k) operator

au@ = o o) ol o) =237 1 cos'cosq, | @)

funksiyaga ko‘paytirish operatori. Fur'e almashtirishi natijasida V — integral operatorini V
yadrosi qo‘yidagicha bo‘ladi:
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1
(272_)3/2

1

————=[V(0) +2V (D) cos p, + 2V (1) cos p, +
(27)

v(p):= (FY)(P) > V(e =

+2>" (¥ (n)cosnp, + 2V (n +1)cos p,cosnp, + 2V (n +1)cos p, cosnp,)].
n=1

cos(p—qQ) =cospcosq+sin psing

formula va
_[sinq f (gq)dg =0, Vf Lo (T
T3

dan foydalanib 1 v(p —q) yadroli V' operator quyidagi ko‘rinishda bo‘ladi:

(272_)3/2
1
f =——|v(p—-qf dg=
VOP) =5 53 j (p—q) f(a)dg
ﬁ _f[ ¥ (0) + 2V (1) cos p, cosq, +2V (1) cos p, cosq, +Zi\7(n) cosnp, cosng, +
T T3 n=1

+4Z\7(n +1)[ cosnp, cosng, cos p, cosq, + sinnp, sinng, sin p, sing, +

n=1
+C0snp, cosNg, Cos P, €osd, +sinnp,sinng,sin p,sing,] | f(g)dg. Q)
L(T) ={f eL,(T): f(p)= f(—p)} Va L(T) ={f e L,(T): f(—p)=—F(pP)}
lar orgali mos ravishda L, (T) fazoning juft va toq gism fazolarini belgilaymiz, natijada
quyidagi yoyilma o‘rinli:
L5(T%) = L™ (T @ L (T) @ L (T°)® L, (T°), (4)
bunda
L™(T°) = L(T) ® L,(T) ® L, (), L (T*) = L(T)®L(T)®L,(T)Va
L (T%) = L(D ® L(T) @ L,(T), L (T%) = L(T) ® L (T) ® Ly(T).
I-lemma. o+ (T2), L (T2), L, (T3) v L, (T?) qism fazolar H (K)
opratorga nisbatan invariant qism fazo tashkil giladi.
Isbot. Dastlab |t~ (T2) gism fazoni H (k) ga keyin V ga nishatan invariant gism
fazo tashkil gilishini ko‘rsatamiz. (2) ga ko‘ra &, funksiya L;** (T ®) fazoga tegishli bo‘ladi.

fel; (T° 0akoTra o f <Ly (r?) bo‘ladi. Demak +—(T3)qism fazo H, (k)
operatorga nisbatan invariant gism fazo tashkil giladi.
f el (T®) da(3)gako'ra
1
(\/f )( P:» pz) = Z IV( P.— S, P> — S5, P3 — 53) f (31: Sz, S3)d31d32ds3
-|—3

operator L~ (T?®) fazoga tegishli bo‘ladi. Bu esa |~ (T°) fazo H (k) operatorga
nisbatan invariant qism fazo ekanligi kelib chigadi. Qolgan fazolarni ham shu usulda invariant
gism fazo bo‘lishini ko‘rsatish mumkin .

H (k) operatorni L+ (T2) invariant fazodagi gismini o‘rganamiz. H (k)
operatorni L, (T°) invariant gism fazodagi qismini H ™" (k, k
H " (k,, k,, k,) operatorni f e "+ (T*) elementga ta’siri

H™ &) fE)=c.@)fFE)—V )P,

k,) bilan belgilaymiz.

21

bo‘ladi, bunda
v f)(p) = ﬁ J' [ ¥(0)+2¥ (1) cos p,cosq, +2V (1) cos p,cosq, + ZiV(n) cos np, cos Na,

T3 n=1

+4i§(n +1)[cosnp, cosng, Cos p, COS g, + COS NP, COS NG, COs P, cosg,]1f (q)dg, f e L, (T?).
=1
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Ma’lumki, £4-(q) = Tsm na}.. V2 {& (a) = \/— &, () = \/;COS NQnew

vektorlar mos ravishda L,(T) Va L (T) fazodagi ortonormal bazislar tashkil giladi.
Ixtiyoriy n e IN uchun | -(ny va L"(n—1) larbilan ¢ va ¢ " vektorlarga tortilgan gism
fazolarni belgllaymlz

(/JJ(CI)=T {(ﬂn(q)—\/—
giladi. Ixtiyoriy ne€N uchun L"(n) bilan ¢n ,NeZ, vektorga tortilgan qism fazoi
belgilaymiz.

Ma’lumki, L (T) fazo

cosnq}, , Vektorlar L3 (T) ortonormal bazis tashkil

LM = ®L () ()
to*g*ri yig‘indiga ajraladi. (4) dagi yoyilma natijasida
LM LML =Y e {eLn) ® Lm @ LT} = > > R,

m=0 n=0

LMILML(T) = Z@{Z{@U(n) QLM ®L(m)}}= ZZ@‘R

m=0 m=0 n=0
ega bo‘lamiz, bunda R 2 =L (N)® L(m) ® L;(T) 1
N =L@ L(T)® L (m).
2-lemma. Ixtiyoriy n e N uchun % ( R.2) fazo H(7,k,,7) (H (7, 7,k;))
operatorga nisbatan invariant gqism fazo tashkil ql|adl.
H(z,K,,7) va H(x,m,K,) operatorlar unitar ekvivalent ekanligidan bittasini
o‘rganish yetarli hisoblanadi.
Har bir (N,m) € NxN uchun R’ fazoda H* (7, 7,k;) operatorni gismi
H+(7Z"7Z"k3)|(n,m):In®|m®[4| +Ho(Ky) =Vin] (6)
ko‘rinishda bo‘adi. Bunda | — operator L*(n) dagi birlik operator L} (T) fazodagi bir
o‘lchamli ikki zarrachali H*"™(k,) := 41 + H,(k,) -V, operator quyidagicha bo‘ladi:
(H™ (k) £)(p) =(4+&, (P F(P)~ Vi )P, f e L5(T).

Bu holda agar m=2, bo‘lsa v+ —v+| =0, shuning uchun V" operatorni

"3,

M = 0,1 holatlarini o‘rganamiz, ya’ni

V.5 f)(p) = ij[x?(n) + 2V (n +1)cos pcoss] f (s)ds.
27T

MV )(p) = —j’\7(n +1) f (s)ds.
7z-T

Tahlil va natijalar. (6) tenglikga ko‘ra H™ (7, 7,K;) |, operatorni xos giymatlarini

o‘rganish masalasi H """ (k;) operator xos giymatini o‘rganish masalasiga keladi, ya’ni ikki
o‘Ichamli masala bir o‘lchamli masalaga keltiriladi.
1-teorema. Har bir k, € (—z, 7) uchun H*™(k,) operator yagona xos

z: (k) = 6—\/\72(n +1) +4cos’ %
giymatga ega bo ‘lib, unga mos xos funksiyasi

et C cos p,cos
fnl ( p) = pl p2

= ER+3
k n,1
6 — Zcosfcos pP; — 2, (Ks)
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bo ‘ladi, bunda C o ‘zgarmas son.
Isbot. H ™™ (k,) operator o‘z-o°ziga go‘shma bo‘lganligi uchun uning xos giymatlari
haqigiy son bo‘ladi. Xos giymat uchun H® (z,7,k,) f (p) = zf (p) tenglama quyidagi

tenglama bilan teng kuchli

2v(n+

(6—Zcos%cosq3) f(p) — 2 )31) J'sin q.sins, f (s)ds = z f (p). (V)
T 3

= ﬁ j sin s, f (s)ds (8)
7 3
almashtirishni olamiz. (7) ga ko‘ra f (p) xos giymat quyidagicha bo‘ladi:
2v(1)Csin 9

6 — Zcos??’cos p,—2z
(9) ni (8) ga qoyib

B 2v(n+1) sinzslds

cl1
(27)°

=0

k
136 —2Cc0s-—2coss, —z
2

tenglamaga ega bo‘lamiz. Agar C = 0 bo‘lsa, u holda (9) ga ko‘ra f (p) =0 bo‘ladi. Bu esa
f — ni xos funksiya bo‘lishiga zid, shuning uchun
2v(n+1) sin’s,ds -0 (10)

A(z)=1— 2n)°

k
T3 6—20035300333 —z

Agar ;=64 2cosKe bo‘lsa, u holda 10 A(z)>1. Shu magsadda biz

k
Z<6—ZCOS?3. deb olamiz. (10) tenglamani yechiish uchun quyidagi integrallarni

hisoblashimiz kerak:

2v(n+1) sin’s, ds _V(n+1) ds, (11)
@7)° 5 6—2cos§coss3—z 27 T6—ZCOS§COSS3—Z
2 2
Tenglikning o‘ng gismidagi integral
1 ds, _ 1 (12)
27Z'T 6—2(:08%00383_2 \/(6—2)2—40032k23
ga teng bo‘ladi. Buni (11) ga qo‘yish natijasida quyidagi tenglamaga ega bo‘lamiz:
A(z) =1— vin+1) =0.
\/(6— 2)2—40032%
Ushbu tenglama
21=6—\/\72(n +l)+4cosz%, z, =6+\/\72(I"I +1)+4c052%.

yechimlarga ega bo‘ladi. z, < m(r, 7,K;) ekanligidan (6) ga ega bo‘lamiz.
Ma’lumki, H™™ (—k,) = H ™™ (k;), shuning uchun k, [0, 7] olsak bo‘ladi. Agar

k, € 7 —26 belgilash olsak, u holda k, €[0, 7] ga ko‘ra € €[0, %] bo‘ladi.

2-teorema. Har bir N € Z_ uchun shunday [, > 0 son mavjud bo ‘lib, ixtiyoriy
0 (0, 8,) lar uchun H™"(x —20) ikkita har hil oddiy xos 7, (x —20) u z; (7 —20)
qiymatlarga ega bo ‘lib, ular

s
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2
v(n)—v(n+1)
v(n)—3v(n+1)
v(n+1)(v(n) —v(n+1))
assimptotik ko ‘rinishda bo ‘ladi va ularga mos xos funksiyalar

£+ (py= (a(m+ £ (ncosp.ycosnp, _ s
6 —2cos@cosp, —z, (z—260) ’
£ (py= (@M + f.(Mcosp)cosnp,_ _ e
6 —2cos@cosp, —z.,,(xr—260) '
bunda «, (n), &, (N), £,(N), B,(N) - lar o zgarmas sonlar.

Xulosa va takliflar. Mazkur ish uch o‘lchamli panjaradagi gisga yoki uzoq masofada
kuchsiz ta’sirlashuvchi ikkita zarrachali sistemalarga mos diskret Shredinger operatorlarining
xos qgiymatlari qo‘zg‘alishlarini tadgiq etishga bag‘ishlangan. Tadgiqot natijasida xos
giymatlar uchun asimptotik formulalar olingan hamda ularga mos xos funksiyalar aniglangan.
Ma’lumki, tabiatda zarrachalarning o‘zaro ta’sirlashuvi natijasida energiya holatlari vujudga
keladi. Ushbu energiyalarning ta’sirlashuv kuchiga bog‘ligligini o‘rganish fizik nugtayi
nazardan muhim ahamiyatga ega. Bunday masalalarni tadqgiq etish matematik modellar
yordamida Shredinger operatorlari va ularga mos tenglamalarni o‘rganishga olib keladi. Ishda
xo0s giymatlar uchun olingan natijalar zarrachalarning o‘zaro ta’siri natijasida hosil bo‘ladigan
energiya holatlarini ifodalaydi, bu esa nazariy va amaliy jihatdan dolzarb masala hisoblanadi.
Kelgusida mazkur tadgiqot natijalarini uch o‘lchamli panjaradagi gisga yoki uzogq masofada
kuchsiz ta’sirlashuvchi ko‘p zarrachali sistemalar uchun ham umumlashtirish va yanada
chugurrog o‘rganish mumkin.

z: (7 —20)=6-v(n)— 6> +0(0*), 6 —0,

z: (r—20)=6-v(n+1)— 0% +0(6%), 6 —0
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Annotatsiya. Mazkur magolada ikki karra nochizigli manbaga ega bo‘lgan, nodivergent
ko‘rinishdagi parabolik issiglik targalish tenglamasining umumlashgan yechimlari xossalari o‘rganilgan.
Magolada manba hadlari va o‘zgaruvchan zichlikka ega nochizigli diffuziya tenglamasi garalib, klassik
yechim mavjud bo‘lmagan holatlar uchun integral ayniyat ma’nosida umumlashgan yechim tushunchasi
go‘llanilgan. O‘zgaruvchini almashtirish va avtomodel yechimlar usuli yordamida masala nochizigli
parabolik tenglamadan oddiy differensial tenglamaga Kkeltirilgan. Sekin diffuziya holida yechimlarning
global mavjudligi solishtirish prinsipi asosida isbotlangan hamda Fujita tipidagi kritik eksponent aniglangan.
Olingan natijalar issiglik o‘tkazuvchanligi, kimyoviy va biologik jarayonlarni tavsiflovchi nochizigli
modellarni sonli yechish uchun muhim nazariy ahamiyatga ega.

Kalit so‘zlar: global yechim, nodivergent tenglama, diffuziya, asimptotik yechim.

SOLUTION PROPERTIES OF THE HEAT DISSIPATION PROBLEM DESCRIBED
BY NON-DIVERGENT PARABOLIC EQUATIONS WITH A DOUBLY NONLINEAR
SOURCE

Abstract. This article studies the properties of generalized solutions of the parabolic heat
dissipation equation in non-divergent form with a doubly nonlinear source. The article considers the
nonlinear diffusion equation with source terms and variable density, and uses the concept of a generalized
solution in the sense of an integral identity for cases where a classical solution does not exist. Using the
method of change of variables and automodel solutions, the problem is reduced from a nonlinear parabolic
equation to an ordinary differential equation. The global existence of solutions in the case of slow diffusion
is proven on the basis of the comparison principle, and the Fujita-type critical exponent is determined. The
results obtained are of important theoretical importance for the numerical solution of nonlinear models
describing heat transfer, chemical and biological processes.

Keywords: global solution, non-divergent equation, diffusion, asymptotic solution.

Kirish. Nochizigli parabolik tenglamalar, xususan, ikki karra nochizigli va divergent,
nodivergent diffuziya tenglamalari so‘nggi yillarda intensiv o‘rganilayotgan dolzarb
yo‘nalishlardan biridir. A.A. Samarskiy va hammualliflarining kitobida nochizigli parabolik
tenglamalar uchun (blow-up), global mavjudlik va asimptotik xatti-harakat masalalari tizimli
ravishda yoritilgan bo‘lib, keyingi tadgigotlar uchun nazariy asos bo‘lib xizmat giladi [1-2].

M.Aripov va Sh. Sadullayeva monografiyasida nochizigli diffuziya jarayonlarining
kompyuter modellashtirish masalalari ko‘rib chigilib, nazariy natijalarni sonli tajribalar bilan
tasdiglash imkoniyatlari ko‘rsatilgan. Aripov va Bobokandov tomonidan bajarilgan
tadgigotlarda esa o‘zgaruvchan zichlikka ega, ikki karra nochizigli parabolik tenglamalar
uchun Koshi masalasi, umumlashgan yechimlarning mavjudligi va xossalari batafsil tahlil
gilingan. Ushbu ishlar nodivergent ko‘rinishdagi tenglamalar uchun umumlashgan yechim
tushunchasini rivojlantirishga muhim hissa qo‘shgan [1-4].

Daniel Andreuchchi va A.Tedeyev [5] tomonidan Fujita tipidagi kritik eksponent
masalasi divergent parabolik tenglamalar uchun o‘rganilib, yechimlarning global mavjudligi
va blow-up hodisasi o‘rtasidagi chegaraviy shartlar aniglangan. Jin va Yin [7] ishlarida esa
ikki karra nochizigli nodivergent ko‘rinishdagi parabolik tenglamalar yechimlarining
asimptotik xatti-harakati tadqiq etilgan. Zhou va hammualliflar [8] gradient hadli, nodivergent
diffuziya tenglamalari uchun chegaraviy masalalarni o‘rganib, yechimlarning baholari va sifat
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xossalarini aniglagan.

Mabhalliy tadgiqotlarda [9-10] M.Aripov, M.Bobokandov va boshqalar nodivergent
tipdagi diffuziya tenglamalari uchun Koshi masalasi, kuchli va kuchsiz yechimlar,
shuningdek, manba hadli ikki karra nochizigli tenglamalar chuqur o‘rganilgan. Ushbu
adabiyotlar majmui shuni ko‘rsatadiki, nodivergent ko‘rinishdagi ikki karra nochizigli
parabolik tenglamalar uchun global yechimlar, ularning baholari va kritik eksponentlarini
aniglash masalasi hanuz dolzarbligini saglab qolmoqda va mazkur magoladagi tadgigotlar
ushbu yo‘nalishni mantigan davom ettiradi.

Masalaning go*yilishi. Q:{(x,t): XGRN,t>O} sohada manba hadi va

o‘zgaruvchan zichlikni o‘z ichiga olgan, nodivergent ko‘rinishdagi nochizigli parabolik
diffuziya tenglamasini garaymiz:

p—2
XalalJ:uﬂa[XazumlalJ al-*l]_f_ij_blq (1)
ot OX OX OX
boshlang‘ich shartlar bilan
u(x,t)_, =u,(x)=0, xeR, (2)

Bu yerda B<1m=>1 p>max{2,a, —a,},d>La, <0,a,<0 sonli parametrlar
bo‘lib, UO(X) uzluksiz, manfiy bo‘lmagan, chegaralangan funksiyadir. Ma’lumki, (1)
tenglama buziluvchi xarakterga ega bo‘lib, u(x,t)=0 Yyoki |u,|=0 holatlarda Klassik

ma’noda yechim mavjud bo‘Imasligi mumkin. Shu sababli, (1)-(2) masala uchun yechim
integral ayniyat ma’nosida aniglanadigan umumlashgan yechim sifatida garaladi. Bunda

%’(‘ N (R (t,+ )
shart bajarilishi talab etiladi va yechim (1) tenglamani integral tenglik ko‘rinishida
ganoatlantiradi. Qayd etish joizki, (1)-(2) masalada ishtirok etuvchi parametrlarning turli
giymatlarida ushbu model ko‘plab issiglik almashinuvi, kimyoviy reaksiyalar hamda biologik
jarayonlarni tavsiflashda go‘llaniladi. [1-16].

Tadgigot metodologiyasi. Dastlab, (1) tenglamada quyidagicha belshilash Kiritamiz:
y=u""’, A3)
U holda (1), (2) masala quyidagi ko‘rinishga keladi:

O <u, |x|“*um*

1 |P2
E B PN q-5
1o 0| ja 15 YOy oy o 1g (4)
1- B)L(y)=y*” - =2 41— £ =0
@-BIL(y) =y X"y, ot A v B +1- BNy
Yo = Yo(X)=[u, ()", xeR. ()

Ma’lumki, B(1— B)> 0 shart bajarilganda y =0 funksiya (4) tenglamaning trivial yechimi
hisoblanadi. Ushbu ishda tenglamaning trivial bo‘Imagan yechimlarini aniglash magsad gilib
olingan. Shu sababli chizigli bo‘lmagan ajratish usulidan foydalanib, (4), (5) masalaning
yechimini quyidagi avtomodel ko‘rinishda izlaymiz:
Yo =t"g(r), =11 Q
buyerda , _1=48  _P+a—(f+m+2)
1 2

qg-1 (q—l)(p—a2+a1)
(6) ifodani hisobga inobatga olib, (4) tenglama avtomodel o‘zgaruvchi orgali quyidagi oddiy
differensial tenglamaga keltiriladi:

’

r|p-2

-

Hosil bo‘lgan (7) avtomodel tenglama uchun manfiy bo‘lmagan, trivial bo‘lmagan va

m+ /-1

770‘2 g 1-p

l+a ’ a a % (7)
+ 7" g g + (- g9t =0.

’

g

s
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fizik mazmunga ega yechimlarni gidiramiz. Bunda yechim quyidagi boshlang‘ich shartlarni
ganoatlantirishi talab etiladi:

9'(0)=g(d)=0, d eR.. (8)
Olingan natijalar. Agar
m+p-2 ;.9
1-p

shart bajarilsa, ushbu holat sekin diffuziya rejimi sifatida talgin gilinadi. Bu holda (1)
tenglama uchun umumlashgan yechimlarning global mavjudligi solishtirish prinsipi asosida
isbotlanadi. (4)—(5) masala (1)-(2) masalaga ekvivalent bo‘lganligi sababli, keyingi tahlil
aynan (4)—(5) masala doirasida olib boriladi. Solishtirish prinsipi natijasida (4)—(5) masalaning
yugori baholovchi yechimi quyidagi avtomodel ko‘rinishda aniglanadi:

v, (x,t)=t"g(7) (9)
g(m) = Ala—n" ). (10)
Buyerda _ P—a, + _(P-1)2-p),a20,
7 p—-1 ' m-p+pg+1

1 2-p|t/(p-1)
A Mg

1-Teorema. Agar quyidagi shartlardan kamida bittasi bajarilsa
o, <=1, >, YoKki o, = -1, g4, >1,

72
/(7/17/2)j| ] }/1 Z 0,7/2 = O. (11)

hamda

y(x,t)< vy, (x1t), xeR,
munosabat o‘rinli bo‘lsa, u halda Q sohada (4), (5) masalaning global umumlashgan yechimi
mavjud bo‘ladi va u quyidagi bahoni ganoatlantiradi

y(x, )<y, (x,t)=t"g(#) (12)
Bu yerda
_g—-p _mM+p—-2 p-a,+a
ME g T Ty T a1

bo‘lib, £, — Fujita tipidagi kritik eksponent hisoblanadi.
Isbot. Taqqgoslash funksiyasi sifatida (10) tenglama bilan aniglangan funksiyani tanlaymiz.
Ushbu funksiyani (4) tenglamaga qo‘yib, quyidagi baholashni olamiz:

@— ALy = —y PG gia (g ”)

4

g ) + nznl*alg, + (13)

i

+nng+@Q-pyagTl=<o.
Buyerda Y, (X,t) funksiyaning manfiy bo‘Imaganligi hamda 6(77) funksiyaning
(79 Y g (e + 1y g =0
tenglamani ganoatlantirishini hisobga olib, (13) tengsizlikni quyidagi ko‘rinishga keltiramiz:
74y - [n1 —n, (e, +1)+ (1—,8)5”1’12 0. (14)
n“ va 5 funksiyalarning manfiy bo‘Imaganligi hamda £ <1 shart bajarilishini inobatga

olsak, (14) tengsizlik bajarilishi uchun quyidagi shart yetarli bo*ladi:
n, >n,(a, +1).

—m/(1-5) ‘ Gy

Agar, ¢, +1=0 bo‘lsa, u holda
1
w—1
tengsizlik avtomatik ravishda bajariladi. Olingan tengsizliklar teorema shartlarida keltirilgan
munosabatlar bilan mos keladi. Demak,

O<n =

s
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y(X"t)S y+(X’ t)
bahosi o‘rinli bo‘ladi. Teorema isbotlandi.
Yechim asimptotikasi. Ushbu bo‘limda (7)-(8) masalalar uchun olingan
yechimlarning asimptotik xossalariga oidteorema bayon gilinadi hamda uning isboti keltiriladi
2-teorema. Agar ,, >0 Va g, >1-—1/y, shartlar bajarilsa, u holda (7)-(8) masalaning

1
kompakt tashuvchiga ega bo‘lgan yechimlari 77 — @’ da quyidagicha asimptotik ifodaga
ega bo‘ladi:
a(r)= ClA(a —nh )ZZ @+ o)) (15)
Bu yerda C, — mos nochiziqgli algebraik tenglamaning yechimini ifodalaydigan doimiy sondir.

Isbot. (7)-(8) masalaning kompakt tashuvchili yechimlarining asimptotikalarini tadqiq etish
magsadida, (7) avtomodel tenglamaning yechimini quyidagi ko‘rinishda gidiramiz:
a(7)=g(w(&), &=—Inla—7") (16)

2

Buyerda g(7)= A(a —n*)J?, a=const >0, w(&)— izlanayotgan funksiya.

Ravshanki, ,, — ai’il da & — 400 bo‘ladi.
(16) tenglikni (7) tenglamaga olib borib go‘yamiz, natijada W(§) ga nisbatan quyidagi
tenglamaga ega bo‘lamiz:

jg(an[“ly Lo (£)— yzij+ a (@ I raw )+ (17)

1

+ az(é)w_'_ as(f)wﬂl =0

bu yerda
-
e
a =,
0 (é) a— e_g
1-(m+p+p5)

a1(§):n271b' bzylp[ 1 jsz =5 az("f):n1bao(§)v

1- 5
d P2l
ar o (GEerm)

1 e(?’z (1-14)-1) m+B(p-1)-1
a,(&)=@1— BbA™ Ta_e< K.w=w 7
Faraz gilamiz, ;, c [17,,72,).0 <77, <17,,77, = ai, bo‘lsin. U holda, 5(77) funksiya
quyidagi xossalarga ega bo‘ladi:

n<ln,.n) 9@ &'(7)>0, & =&@,), lim £(77) = +oo.

Quyidagicha belgilash kiritamiz
dw T (dw (18)
iz ()
Natijada (17) tenglama quyidagi ko‘rinishda ifodalanadi:
1 d
V&)= e (), o) o §H - raw] - as (oo, 49

1

Quyidagi funksiyani garaymiz
2(5): _(W - 72)’1 - aq("f{g\g - 72Wj - az("f)w - a3(§)w/11_ (20)

1

m+S(p-1)-1

V=K (W=w 7

Buyerda A €R.
7, > 0 tengsizlik bajarilsin, shuningdek & — oo dagi
QIJLQO ao(é:) = !J[QO a, (5)1 !J[EO a1(§) = n,yb,
o o, Yo (l - /’ll) >1
aazlgma?(é): 0, 72(1_/U1)<1
R P (R ]

s
57




QarDU xabarlari FIZIKA-MATEMATIKA 2026 2(2)

limitlarni hisobga olsak, u holda A parametrning har bir fiksirlangan giymatida Z(f)
funksiyalar uchun [£, + )<= [&,,+ o0) mos ravishda shunday intervallar mavjudki, bu

intervallarda 2(5) 0°z ishorasini saqlab goladi. Yani,

2(£)> 0 yoki z(&£) < 0. (21)
Faraz qilaylik, Z(f) funksiyasi & — +oo da chekli limitga ega emas bo‘lsin. Agar (21)
tengsizliklarning birini ma’lum oraliqda bajarilsa, u holda quyidagi holatlar yuzaga kelishi

mumkin.Xususan, 2(5) funksiyasi 7=1 to‘g‘ri chiziq atrofida tebranuvchi funksiya
bo‘lgani sababli, uning grafigi [f, 00) oraligda ushbu tog‘ri chizigni cheksiz ko‘p marta kesib
o‘tadi. Biroq bunday holatning oshishi mumkin emas. Chunki [f,oo) oraligda (21)
tengsizliklardan fagat bittasi bajariladi. Natijada, (20) tenglikka muvofig, Z(f) funksiyaning
grafigi =1 to‘g‘ri chizigni [«fi,OO), (i =1, 2) oraligda fagat bitta nuqgtada kesib o‘tishi
mumkin. Shunday qilib, Z(£) funksiyasi uchun & — 400 da limit mavjud bo‘lishi zarur.
Endi Z(f) funksiyasi (20) tenglik orgali aniglanganini hisobga olsak, & — +oo da Z(f)
ning limiti mavjud bo‘lishidan W'(é‘) hosilasining ham limiti mavjudligi kelib chigadi va

ushbu limit nolga teng bo‘ladi.
Demak, & — 400

m+4(p-1)-1 p—2 m+p—2
- dw dw _ - . 22
V(§)=W v d(g_?/zv\% [dn_yzwjz_yzplwolﬁ +0(1)' WO:ilmoW(é:)v( )

limit mavjud. Bunga asosan (19) tenglikda Z(f) funksiyaning hosilasini & — +oo dagi
limiti mavjud va nolga teng. (17)-(22) tengliklardan quyidagi natijani olamiz

m+p-2

) 0
7/2pW0 - n,by,y, +a, Wélrl =0. (23)

Teorema isbotlandi.

tp

Natija. Agar ml—_2—1> 0 tengsizlik o‘rinli bo‘lsa, u holda (1)-(2) masalaning

1
umumlashgan yechimi |x| — a’”'t™ da quyidagi asimptotikaga ega
(p-1)(1-p)

u, (X, t) _ (Cl A)l—ﬁ' @A) (a _ qX|t -n, )p7ZiIa1’ j szﬂ_z—l (1 4 0(1))’

+

Bu yerda c, — (23) algebraik tenglamaning yechimi.
m+p-—2
1-5

quyidagi shartlarni ganoatlantirsin

9'(0)=g(=)=0. (24)
Tez diffuziya holi uchun y (x,t)=t"h(;),h(;)= D(d + 7" J* funksiyani garaymiz, bu
yerda D,d >0 va n,,y, 7, lar yugorida aniglangan konstantalar.

m+p—-2
_ . mzmax A~} 0]

—1<0 bo‘lgan hol tez diffuziya holi deb nomlanadi. Faraz gilaylik (7) tenglama

1
s ‘7/172")

3-teorema. Agar o, >-1, 1 > 1,
@-p)"

Shuningdek boshlang*ich shart
y(x,0)>y (x,0), xeR,

o‘rinli bo‘lsa, u holda Q sohada (4)-(5) masalaning global yechimi mavjud bo‘ladi. Bundan

tashqari, ushbu yechim uchun quyidagi baho bajariladi:
y(x.t)=y_(x,t)=t""h(z)

s
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Buyerda o _ (0=A)su —Ip—a, + & )D""

(al + 1)(/"1 — K )
Maskur teorema isboti 1-teorema isbotiga o‘xshash usulda amalga oshiriladi.
4-teorema. Agar y, <0 bo‘lsa, u holda (7),(24) masalaning 77 — co da kamayuvchi

yechimlari quyidagi asimptotikaga ega bo‘ladi:

o(7)=c,D(d +7" " (L+o(1)) (26)
Bu yerda ¢, — mos nochizigli algebraik tenglamaning yechimini ifodalovchi doimiy sondir.
Isbot. (7), (24) masala yechimlarini asimptotikalarini o‘rganishimiz uchun (7) avtomodel

tenglamaning 7 — oo da kamayuvchi yechimini quyidagi ko‘rinishda izlaymiz:

a(n)=h(n) 2(£), £=Mnfa+7") (27)
Bu yerda h(;7) = D(d +nh )72 ,d >0,2(&)- gidirilayotgan funksiya.
(27) ni (7) tenglamaga qo‘yamiz, natijada z(r7) ga nisbatan quyidagi tenglamaga ega
bo‘lamiz:

;_§(K+Z)+£Mdo(§)+72jl<+z+d1(§{3_§’:+722j+

1

+d,(&)z+d;(&)z" =0 (28)

bu erda __ 1 (1 Y e
y dO(é:)_l—de’: , d,(&)=n,sd,, d, =, [17,8] D 2

72(!'1—1)‘5

d2(§):nld4d0(§)’ ds(é:):(l_ﬁ)dzthil i—de*e‘ !

m+4(p-1)-1

K,z=z Y |—+y,2z

gz

dz dz Va2l |

Shularga asoslangan holda, 4-teorema ham 2-teorema kabi isbotlanadi va yakunda quyidagi
natijani olamiz:

m+ p—271

(o + (s + 1)1 7 B 2077 g 2257 + (0, + 0,000, )d, =O0. (29)
Bu yerda:
o 0, 72(/"1_1)>0
d3:y£)n®d3(§): 0, 7’2(#1_1)<0
(1—,8)d4Dq_1, 72(/“1 _1):0
. m+p-2 - - .
Natija. Agar ———— —1< 0 tengsizlik o‘rinli bo‘lsa, u holda (1)-(2) masalaning

umumlashgan yechimi 7 = |x|t‘nz — oo da quyidagi asimptotikaga ega:

m+p-2

oyt \(P LB 7 -1)
u,(x,t)= (cZD)l‘ﬁt‘"l(l"”')(d +(xjt ) e J

(1+0(2))
Bu yerda c, — (29) algebraik tenglamaning yechimi.

Kritik hol. M+P—=2 ;4 holni kritik hol deymiz va bu holda ham (4)
1-p

tenglamaning umumlashgan yechimlarining global yechim bo‘lishini ko‘rsatamiz. Solishtirish
prinsipiga asosan Y, (x,t) yechimni quyidagicha ko‘rinishda gidiramiz

Y (x,t)=t™"K (), (30)
n,

5-Teorema. Agar M+P—2_, _ ., quyidagi shartlardan biri &, <—N, 14 > 1, yoki

Pt (31)

K(77)=C,exp(— Az )Cy >0,A =‘ ly,
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a, =—N, 11, >1 va y(x,0)<y,(x,0),  xeR", munosabatlar o‘rinli bo‘lsa, Q sohada (19),
(20) ,masalaning global yechimi mavjud va uning uchun quyidagi baho o‘rinli

y(x,t)<y, (x,t)=t™K(»), xeR",
Teoremani isboti 1-teorema isboti kabi isbotlanadi.

Xulosa. Mazkur maqolada ikki karra nochizigli manbaga ega bo‘lgan nodivergent
ko‘rinishdagi parabolik issiglik targalish tenglamasi uchun Koshi masalasi o‘rganildi. Klassik
yechim mavjud bo‘lmagan holatlarda umumlashgan yechim tushunchasi kiritilib, masala
integral ayniyat ma’nosida garaldi. O‘zgaruvchini mos almashtirish va avtomodel yechimlar
usuli yordamida masala soddalashtirilib, tenglamaning sifat xossalarini tahlil gilish imkoniyati
yaratildi. Sekin diffuziya holida solishtirish prinsipi asosida yechimlarning global mavjudligi
isbotlandi hamda Fujita tipidagi kritik eksponent aniglanib, yechimlarning global saglanishi
o‘rtasidagi chegaraviy shartlar belgilandi. Olingan natijalar nodivergent tipdagi nochizigli
parabolik tenglamalar nazariyasini rivojlantiradi hamda issiqlik almashinuvi, kimyoviy va
biologik jarayonlarni modellashtirishda go‘llash uchun nazariy asos bo‘lib xizmat giladi.
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Annotatsiya. Mazkur sharh magola yengil metallar asosidagi orbital moment (OT) hosil gilish
mexanizmlarini, Co yupga plyonkalarida sirt oksidlanishining spin transportiga ta’sirini va AL:Os/Co/Al ko‘p
gatlamli nanogeterostrukturalarida interfeys muhandisligining orbitronik samaradorlikka ta’sirini tizimli
ravishda ko‘rib chigadi. Spintronikadan orbitronikaga o‘tishning nazariy asoslari, orbital Hall effekti (OHE)
va orbital Rashba-Edel'shtein effekti (OREE) tahlil gilinib, Ti, Cr, Zr kabi yengil metallardagi katta orbital
Hall o‘tkazuvchanligi (cone ~ 10° (#/e)Q'sm™) imkoniyatlari muhokama qilinadi. Zr/[Co/Pt]s tizimida
erishilgan &t =~ 0.78 ferromagnit qatlamning spin-orbit korrelyatsiya funksiyasi (n.-s) ahamiyatini
ko‘rsatadi. Kobalt yupga plyonkalarining sirt oksidlanishi (CoO, CosOs fazalari), magnit va transport
xossalariga ta’siri va oksidni kamaytirish strategiyalari ko‘rib chigiladi. Co/ALOs interfeysining magnit
xossalari o‘rganilgan bo‘lib, ALOs to‘sigli Co gatlamlari in-plane anizotropiyasini ko‘rsatgan. SIMTRA
Monte-Karlo simulyatsiyasi natijalari Al taglikiga Co atomlarining cho‘kishini modellashtirdi.
Al:03(0001)/Co nanoplyonkasida dastlabki eksperimental natijalar - SEM, Raman spektroskopiyasi va
HMS-5000 Hall o‘Ichovlari keltiriladi.

Kalit so‘zlar: orbitronika, orbital Hall effekti, orbital moment, magnetron changlatish, sirt
oksidlanishi, spin transport Monte-Karlo simulyatsiya.

ORBITAL TORQUE GENERATION VIA LIGHT METALS IN ALOs/Co/Al
NANOHETEROSTRUCTURES AND THE EFFECT OF INTERFACE OXIDATION
ON SPIN TRANSPORT: A REVIEW

Abstract. This review article systematically examines the mechanisms of orbital torque (OT)
generation based on light metals, the impact of surface oxidation on spin transport in Co thin films, and the
influence of interface engineering on orbitronic efficiency in Al,Os/Co/Al multilayer heterostructures. The
theoretical foundations of the transition from spintronics to orbitronics, as well as the orbital Hall effect
(OHE) and the orbital Rashba-Edelstein effect (OREE), are analyzed, with a discussion on the potential of
high orbital Hall conductivity (cone ~10% (A/€)Q"' cm™) in light metals such as Ti, Cr, and Zr. The orbital
torque efficiency of £o1~0.78 achieved in the Zr/[Co/Pt]s system highlights the significance of the spin-orbit
correlation function (n.-s) of the ferromagnetic layer. The surface oxidation of cobalt thin films (CoO and
Co304 phases), its effect on magnetic and transport properties, and strategies for oxide reduction are
reviewed. The magnetic properties of the Co/Al O3 interface are investigated, demonstrating that Co layers
with an AlbOs barrier exhibit in-plane anisotropy. SIMTRA Monte Carlo simulation results modeled the
deposition of Co atoms onto the Al substrate. Preliminary experimental results for the Al,03(0001)/Co
nanofilm, including SEM, Raman spectroscopy and HMS-5000 Hall measurements, are presented.

Keywords: orbitronics, orbital Hall effect, orbital torque, magnetron sputtering, surface oxidation,
spin transport, Monte Carlo simulation.

Kirish. 1.1. Spintronikada OT va SOT. So‘nggi o‘n yil ichida energiya tejamkor
xotira va mantigiy qurilmalarga bo‘lgan talabning ortishi spin-orbit momentlari (SOT)
asosidagi tizimlardan muqobil mexanizmlarni izlashga undadi. An’anaviy spintronikada og‘ir
metallar (Pt, Ta, W) kuchli spin-orbit bog‘lanishi (SOC) orgali spin tokini hosil giladi va
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ferromagnit (FM) gatlamning magnit momentini boshgaradi [1, 2]. Birog, bu metallar gimmat,
katta energiya yo‘qotishlari va miqyoslanish muammolariga ega [3]. Orbitronika —
elektronning orbital burchak momenti (OAM) xossalaridan foydalanadigan yangi soha - bu
cheklovlarga mugobil yo‘l sifatida jadal rivojlanmoqda [4, 5]. Orbital Hall effekti (OHE)
tashqi elektr maydoni ta’sirida ko‘ndalang orbital tok hosil gilishga imkon beradi, va bu
hodisa hatto zaif SOCga ega yengil metallarda ham sodir bo‘ladi [6, 7]. Natijada Ti, Cr, Zr,
Nb kabi arzon va CMOS-mos materiallar spin boshgaruv qurilmalari uchun strategik ahamiyat
kasb etmoqda [8].

Shu bilan birga, orbitronik qurilmalar uchun go‘llaniladigan ferromagnit gatlamlarning
sirt oksidlanishi muhim muammo bo‘lib golmogda. Kobalt (Co) - yuqori Kyuri harorati T¢ =
1388 K, Kkatta to‘yinish magnitlanishi Ms = 1440 kA/m va kuchli spin-bogliq transport
xossalari tufayli spintronikada keng ishlatiladigan material atmosferaga chigarilganda tez CoO
va Co030s fazalarini hosil qiladi [9,10]. Bu oksid fazalar magnit va transport xossalarini
sezilarli buzadi va orbitaldan spinga konversiya samaradorligini (n.s) pasaytiradi [11].
Maunoury va boshqalar UHV ion beam sputtering bilan hosil qilingan Co/Al20s/Co
go‘shilmasida Co qatlamining 40 A dan past qalinlikda paramagnit xususiyat ko‘rsatishini
ko‘rsatdi [14].

Yang va boshgalarning ishlari orbitronikada muhim bosqich bo‘ldi [8]. Zr (10
nm)/[Co/Pt]s namunasi Al-0s(0001) taglikda magnetron changlatish usuli bilan hosil qilinib,
ikkinchi garmonik Hall o‘Ichovlari amalga oshirildi. EorpL = 0.78 va ot = 0.39 giymatlari
aniglandi [8]. Bu OHM tizimlarida gayd etilgan eng yuqori ko‘rsatkichlardan biridir. To‘liq
magnit kommutatsiyasi Js = 2.6x10° A/sm? da erishildi, bu W/[Co/Pt]s dan 2.5 marta kam. Ti
da orbital Hall effekti bevosita kuzatilishi Choi va boshqalar (2023, Nature) tomonidan
MOKE orgali namoyish etildi [12]. Orbital diffuziya uzunligi Ti da 74 nm, Cr da 7 nm
ekanligi aniglangan [4]. Lee va boshqalar (2021) Cr/CoTb tizimida ot =~ —0.57 qiymatiga
erishdi [15, 22]. Hayashi va boshgalar orbital tokning spin tokidan o‘n martadan ortiq uzogroq
masofaga targalishini namoyish etdi [6, 24]. Porrati va boshqgalar (2015) FEBID usulida
HFeCo3(CO):2 heteronuklear precursordan CoFe qotishma nanostrukturalari sintez qildi [17].
TEM tahlili bcc CoFe fazasi va Co2FeOa shpinel oksid nanozarrachalar (5 nm) birgaligini
ko‘rsatdi. Bu ikki fazali sistema magnit histerezisda wasp-waist shakl va alohida sakrash
bosgichlarini namoyon etdi [17]. Benini va boshqgalar (Nat. Commun., 2025) ishida kuzatilgan
vorteks va Rayleigh buzilishi hodisalariga o‘xshash.

Tadgigot metodologiyasi.

2. Nazariy asoslar: spintronikadan orbitronikaga

2.1. Spin-orbit momentlari, Orbital Hall effekti va ularning cheklovlari

An’anaviy SOT tizimida og‘ir metall/ferromagnit (HM/FM) geterostrukturasi
yaratiladi. HM gatlamida spin Hall effekti (SHE) orgali zaryad toki (Jc) spin tokiga (Js)
aylantiriladi [1,2]:

&sot = OsHe = (2e/h)-osheloxx
bu yerda oshe - spin Hall o‘tkazuvchanligi, oxx - elektr o‘tkazuvchanligi. Og‘ir metallarda osne
~ 10>+10° (h/e)Q 'sm™!, OsHe ~ 0.1+0.4 [2]. SOT tizimining asosiy cheklovi shundaki, &sor
fagat HM gatlamining SOC xossasiga bog‘liq [4]. Orbital Hall effektida (OHE) esa tashqi
elektr maydoni E ta’sirida yengil metallarda ko‘ndalang orbital tok (J.) hosil bo‘ladi [6,7]:
Cot = ni-s - Bore = (2e/h) niL-s'ooHEloxx

bu yerda n.s - FM gatlamning orbitaldan spinga konversiya koeffitsiyenti, core - orbital Hall
o‘tkazuvchanligi. SOT dan fargli o‘laroq, &t ham OHM qatlamining 6ore ga, ham FM
gatlamning n.-s ga bog‘lig, bu qurilmani ikkala gatlam orgali optimallashtirishga imkon beradi
[8].

2.2. Yengil metall orbital tok manbalari va yL-S: FM gatlamning roli

3d (Ti, Cr, Mn, Cu) va 4d (Zr, Nb, Mo) metallari katta core giymatlariga ega: coxe ~
10% (h/e)Q'sm™ bo‘lib, bu og‘ir metallar ospe dan kam emas yoki undan ham katta [5,6].
Aynigsa Zr da conHe ~ 5300 (A/e)Q 'sm™' - katta orbital tok manbayi sifatida ajralib turadi [8].
Orbital Rashba-Edel'shtein effekti (OREE) nosimetrik tizimlarda orbitaldan spinga
konversiyaga hissa go‘shadi [4]. Ti va Cr kabi metallarda orbital to‘planish MOKE orqali
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bevosita kuzatilgan [4,12]. Yang va boshqgalarning ishlari ko‘rsatdiki, bir xil OHM (Zr) bilan
ikkita turli FM materiallar [Co/Pt]s va CoFeB/Gd/CoFeB birgalikdagi Eor qiymatlari mos
ravishda 0.78 va 0.04 [8] ga teng bo‘lib, keskin farq giladi. Bu farq FM gatlamning n.-s
qiymatidagi katta tafovutdan kelib chigadi. [Co/Pt]s strukturasida Pt atomlarining d-orbital
gibridizatsiyasi kuchli spin-orbit korrelyatsiya markazlarini hosil giladi (n.s = 1.161), CoFeB
da esa Fe dominantligi tufayli bu samaradorlik ancha past (n.-s = 0.171) natijalarni berdi [8].
Jiangong Li va boshqalar (2007) ball milling bilan hosil gilingan Co/Al:Os nanokompozit
tozalamalarida Co donasi kichrayishi bilan to‘yinish magnitlanishi kamayib, koersitivlikning
380 Oe gacha ortishini ko‘rsatdi [16]. Superparamagnit kritik o‘lcham Co uchun 7 nm ekanligi
tasdigqlandi [16]. Bu natjalar bizning ALOs/Co/Al tizimidagi Co qatlam qalinligi va
morfologiyasi uchun muhim asos bo‘ladi.

Magnetron changlatish — sanoatda keng go‘llaniladigan, katta maydonda bir xil
qoplama beruvchi, yaxshi interfeys hosil giluvchi usul [13]. Yang va boshqalar Zr/[Co/Pt]s
namunalarini magnetron changlatish orgali hosil qgilib, sirt o‘rtacha dag‘allik R, = 0.139 nm
ekanligini AFM bilan tasdigladi [8]. Engelhart va boshqalar (2011) dual magnetron
changlatish bilan 550°C da AlL:Os plyonka hosil qildi va tuzilma “pseudo y-Al-Os” deb
nomlandi [18]. (400) va (440) refleksiyalari kuchli, ammo (111), (220), (311) ko‘rinmaydi, Al
va O sublattice'lari tartibsiz. Plyonkada ~5 at.% Ar mavjud bo‘lib, gattiqlik 2348 HV ga
erishdi [18]. Musil va boshqalar (2010) reaktiv magnetron changlatish bilan hosil gilingan vy-
ALOs plyonkalar 1000°C gacha termal barqaror ekanligini ko‘rsatdi [19]. Bu ALOs to‘siq
gatlami sifatida 600°C annealingda ham tuzilmasini saqlab qoladi. DC rejimlari metall
gatlamlar (Co, Ti, Cr, Al) uchun tez va samarali. Impulsli RF rejimi zaryadlanish to*planishini
oldini oladi, plyonkaning atom silligligini oshiradi, interfeysdagi diffuziya va aralashishni
kamaytiradi [13]. Thornton (1974) strukturaviy zona diagrammasi ko‘rsatdiki, bosim va taglik
haroratining ozgarishi plyonka morfologiyasini keskin o‘zgartiradi [13].

Natijalar va muhokama.

3. Eksperimental dalillar: kobalt yupga plyonkalarida sirt oksidlanishi

3.1. Tabiiy oksidlanish jarayoni va hosil be‘ladigan fazalar

Kobalt (Co) ferromagnet bo‘lib, Kyuri harorati T = 1388 K, to‘yinish magnitlanishi
Ms = 1440 kA/m, solishtirma gqarshilik p = 6x10° Q-sm [9]. Biroq, 20 nm dan past
galinlikdagi ultra yupga Co plyonkalar atmosfera sharoitida 1-2 nm qalinlikdagi CoO va
Co0304 oksid qatlamini tez hosil qgiladi [9-11]. Oksidlanish kinetikasi Cabrera-Mott mexanizmi
bo‘yicha sodir bo‘ladi: dastlabki bir necha soat ichida oksidlanish tez, keyin diffuziya
tomonidan cheklanadi.

CoO - antiferromagnitik izolyator (Neel harorati Tn = 291 K), CosO4 esa p-tipli
yarimo‘tkazgich sifatida xarakterlanadi [10]. Heikkinen va boshgalar (2021) in-situ XRD va
TPR tahlillari asosida kobalt oksidlarining ikki bosgichli kamaytirish jarayonini tasdigladi [9]:

Co304— CoO (250-300°Cda) — Co (380-400 °C da, vakuumda)
Demak, to‘liq kimyoviy kamaytirish uchun 400 °C harorat kerak. 220-250 °C da faqat gqisman
passivatsiya sodir bo‘ladi, CoO gatlami saglanib qoladi [9].

3.2. Oksid gatlamlarining transport va magnit xossalarga ta’siri

Bali va boshqgalar (2025) kobalt oksid fazalarining elektr xossalari metallik Co dan
keskin farq qilishini ko‘rsatdi [10]. CoO va Co0s04 ning mavjudligi magnitlanish rezistansini
(MR) kamaytiradi, anomal Hall effektini (AHE) buzadi va orbital-to-spin konversiya
koeffitsiyenti n-s ni kamaytiradi [10,11]. Haniam va boshqgalar (2014) galinligi 20 nm dan
past bo‘lgan Co plyonkalarida metall Co va CoO fazalarining birga mavjudligi aynigsa kuchli
ta’sir ko‘rsatishini ta’kidladi [11]. Jiangong Li va boshqalar (2007) Co/Al:Os nanokompozit
tizimida Co granulalar o‘lchamining kamayishi bilan to‘yinish magnitlanishining pasayishi
Co-ALO:s interfeys ta’siri va superparamagnit holat bilan bog‘liq ekanligini ko‘rsatdi [16].
Tanaka va boshqgalar (2018) FeRh/Pt bilayerida ST-FMR o‘lchovlari orgali spin Hall
samaradorligi &sn = 24 + 3% ni aniqladi. Bu Pt uchun odatiy giymatdan ancha yuqori [20].
Xuddi shu ST-FMR metodologiyasi Ti/Co/Al va Cr/Co/Al tizimlarimizda orbital Hall
samaradorligini &on aniglash uchun go‘llaniladi.

3.3. Oksidlanishni kamaytirish strategiyalari
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Adabiyotlar asosida sirt oksidlanishini kamaytirish uchun quyidagi usullar taklif
etilgan [9-11,14]:

(1) Vakuumda termal tavlash (250400 °C) - oksid faollashuvi kamayganda samarali,
lekin to‘liq kamaytirish uchun yetarli emas [9];

(2) Ar* ionli o‘yish (0.5-1 keV) - sirt oksidini mexanik olib tashlash va darhol Al
nanoplyonkasi bilan goplash imkoni [11];

(3) In-situ Al goplama gatlami — vakuumdan chigarmasdan Al goplash eng samarali
strategiya. Al atmosfera kislorodi bilan 0‘z-o‘zini chegaralovchi Al.Os gatlamini hosil qilib,
Co sirtini himoya qiladi [11,14].

Monuri va boshgalar (2004) Co/AlOs/Co qo‘shilmasida Al-Os to‘siq gatlamining Co
ni oksidlanishdan to‘liq himoya qilishini va Co/AlOs; hamda ALOQOs/Co interfeyslari
magnitlanishga deyarli ta’sir gilmasligini ko‘rsatdi [14]. Al-qoplangan Co plyonkalar
magnit-transport o‘lchovlarining takrorlanishini oshiradi va atrof-muhit degradatsiyasiga
chidamliligini saglab goladi.

4. Simtra monte-karlo simulyatsiyasi

4.1. Simulyatsiya metodologiyasi

SIMTRA — gaz fazasi orqgali purkalgan atomlarning tashilishini simulyatsiya giluvchi
ikkilik to‘gnashuv Monte-Karlo dasturi [21]. Nishon sifatida Cobalt (Co) elementi, argon (Ar)
esa inert gaz sifatida ishlatildi. Simulyatsiya tizimi quyidagilarni o‘z ichiga oladi: tushayotgan
bug® ogimini yupga plyonka yuzasiga aniq tashish; o‘sayotgan plyonka yuzasiga yagin
sirtlararo diffuziya effektlari; o‘sayotgan plyonkada polikristalli strukturaning shakllanishi
[21, 23]. Plyonka o‘sishi Volmer-Veber rejimiga amal giladi. Yadroli orollar to‘gnashuvgacha
o‘sadi, natijada uzluksiz polikristalli plyonka hosil bo‘ladi. Bu Thornton (1974) T zona xatti-
harakatiga past haroratli 11 zona xususiyatlariga mos keladi [13]. Olinayotgan Co plyonkaning
sirt morfologiyasining vakuum bosimi, taglik harorati, Co nishonning Al taglikga tushish
burchagi va undan masofa kabi parametrlarga bog‘ligligi o‘rganildi. Simulyatsiya va
eksperiment natijalarni taggoslash taklif gilingan modelning hagiqiyligini isbotladi.

4.2. Taglik haroratining ta’siri

SIMTRA simulyatsiyasi natijalari Co atomlarining sirt bo‘ylab tagsimlanishiga taglik
harorati sezilarli ta’sir ko‘rsatishini namoyon etdi. 5x10~* Pa bosim va 90° burchak ostida
o‘tkazilgan hisoblashlarda 400 K va 600 K haroratlarda olingan tagsimotlar o‘zaro
solishtirildi. 400 K haroratda hosil bo‘lgan tagsimot ancha notekis bo‘lib, sirt bo‘ylab bir
nechta lokal maksimumlar kuzatildi. Bu atomlarning sirt bo‘ylab harakatchanligi past ekanligi
bilan izohlanadi, sirtga tushgan atomlar deyarli o‘z joyida golib ketadi va gayta tagsimlanish
jarayoni sust kechadi (1,a-rasm). 600 K haroratda esa tagsimot sezilarli darajada tekisroq
bo‘lib, yuqori zichlikka ega hududlar kengrog maydonga yoyilganligi kuzatildi. Ushbu holat
yuqori haroratda atomlarning sirt bo‘ylab diffuziyasi kuchayishi bilan tushuntiriladi [13].
Bundan tashqari, yuqori haroratda gayta uchib ketish (re-emission) va sochilish (scattering)
jarayonlari ham kuchayishi mumkin, bu esa maksimal cho‘qqgi giymatlarining biroz
pasayishiga olib keladi (1,b-rasm).
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1-rasm: a) 400 K, bosim 5x1072 Pa; b) 600 K, bosim 5x10~ Pa - SIMTRA simulyatsiyasi

4.3. Gaz bosimining ta’siri

5x105 Pa past bosim sharoitida hosil bo‘lgan tagsimotlar nisbatan anigroq va
yo‘naltirilgan xarakterga ega. Bu gaz fazasida zarrachalar to‘gnashuvining kamayishi bilan
izohlanadi. Purkalgan atomlar taglikga deyarli to‘g‘ri trayektoriya bo‘ylab yetib boradi,
natijada sirt bo‘ylab tagsimot ko‘proq anisotrop bo‘ladi [13]. 400 K haroratda, past bosimda
ham tagsimot notekis bo‘lib, lokal maksimumlar saglanib qoladi (2,a-rasm). 600 K haroratda
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esa tagsimot yanada tekisroq bo‘lib, yugori zichlikka ega hududlar kengayganligi kuzatiladi
(2,b-rasm). Past bosim sharoitida zarrachalarning erkin yo‘l uzunligi oshib, yo‘naltirilgan
cho‘kishni ta’minlaydi, yuqori harorat esa sirt bo‘ylab diffuziya orgali plyonka bir jinsliligini
yaxshilaydi. Shu sababli, yupga plyonkalarning optimal xossalarini olish uchun bosim va
haroratni birgalikda nazorat gilish muhim hisoblanadi.

Eo9Og) W BN K>

4845

472.0

459.5

2-rasm: a) 400 K, bosim 5x10-5 Pa; b) 600 K, bosim 5x10-5 Pa - SIMTRA simulyatsiyasi
Natijalar shuni ko‘rsatadiki, Al taglikga Co nanoplyonkasi hosil gilishda optimal
sharoit past bosim (< 5x107° Pa) va o‘rtacha-yuqori harorat (500-600 K) olib borilganda sifatli
namunalar olish mumkinligini  ko‘rsatadi. Bu natijalar Ti/Co/Al va Cr/Co/Al
geterostrukturalarini  magnetron changlatish usuli bilan hosil qgilishda changlatish
parametrlarini optimallashtirishga to‘g‘ridan to‘g‘ri qo‘llaniladi.
5. AL203(0001)/co nanoplyonkasidagi dastlabki eksperimental natijalar
lon-nur changlatish (UHV IBS) usulida Al-Os(0001) taglikka 18 nm qalinlikdagi Co
nanoplyonkasi hosil gilindi. Namuna sirt morfologiyasi skanerlovchi elektron mikroskop
(SEM) yordamida o‘rganildi (3-rasm). SEM tasviri donador (granular) strukturani ko‘rsatib,
Co plyonkasining uzluksizligini va taglik bilan yaxshi adgeziyasini tasdigladi. Kesim tasviri
Co qatlamining Al:O3(0001) bilan aniq ajralgan, silliq interfeys hosil qilishini ko‘rsatdi. Bu
orbital-to-spin konversiya jarayonlari uchun muhim shart. Bu natijalar Maunoury va boshqgalar
(2004) kuzatgan sillig Co/ALO:s interfeysi bilan mos keladi [14].
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3-rasm. Al203(0001)/Co nanoplyonkasining 2D va 3D sirt morfologiyasi hamda SEM tasviri

Kobalt yupga plyonkasining sirt oksidlanish darajasini aniglash magsadida in-situ ion-
nurli tozalash jarayonidan oldin va keyin Raman spektroskopiyasi tahlili o‘tkazildi (4-rasm).
Tozalashdan oldingi spektrda 675 cm™ (Alg), 514 cm™ (F2g) va 469 cm™ (Eg) to‘lgin
sonlarida namoyon bo‘lgan xarakterli modlar CosOs shpinel fazasining mavjudligini
tasdiglaydi. Shuningdek, 191 cm™ to‘lqin sonida ham Co:O. ga tegishli cho‘qqi kuzatiladi.
417 cm! dagi pik ALOs (sapfir) tagligiga xos bo‘lib, 18 nm galinlikdagi plyonkaning lazer
nuri uchun shaffof ekanligini bildiradi. In-situ tozalashdan so‘ng oksid fazasiga Xxos
cho‘qgilarning keskin pasayishi tabiiy oksid gatlamining bartaraf etilganligini ko‘rsatadi. Bu
natija Heikkinen va boshgalar (2021) ko‘rsatgan Co:04 — CoO — Co qaytarish yo‘lini
tasdiglaydi [9].
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4-rasm. A:03(0001)/Co nanoplyonkasining Raman spektri
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Elektr va magnit-transport xossalari HMS-5000 Hall o‘Ichash tizimi (Ecopia) yordamida van
der Pauw konfiguratsiyasida xona haroratida (298 K) o‘rganildi. Plyonka qarshiligi Rs = 19—
33 Q/o, solishtirma qarshilik p = (3.4-6.0)x10~° Q-smga teng ekanligi aniqlandi. Bu qiymatlar
20 nm dan past Co plyonkalar uchun adabiyotda keltirilgan ma’lumotlarga to‘liq mos keladi
[9,10]. Monuri va boshgalar (2004) ko‘rsatganidek, 40 A (4 nm) dan past Co qatlamlari
paramagnit xususiyat ko‘rsatadi [14]. Bizning 18 nm qalinlikdagi namuna esa to‘liq
ferromagnit hududda joylashgan. Magnit-qapshilik (MR) giymatlari 2.3-8.9 Q oralig‘ida
bo‘lib, spin-bog‘liq sochilishning mavjudligini ko‘rsatadi.

Dastlabki natijalar A1.O3(0001)/Co nanoplyonkasining sifatli va uzluksiz strukturasini
tasdigladi. CosO4 ning Raman tahlilida aniqlanganligi sirt himoyasi in-situ Al goplama
zarurligini bevosita ko‘rsatadi. Elektr o‘tkazuvchanlik metallik ekanligini tasdiglaydi va
keyingi orbital torque o‘Ichovlari uchun asos bo‘la oladi.

Orbitronikada erishilgan yutuglarga garamay, muhim muammolar ochiq golmogda:

— magnetron changlatish orgali hosil gilingan polikristallik plyonkalarda orbital tok
samaradorligi yetarlicha o‘rganilmagan [4,8];

— interfeys oksidlanishining orbital transportga ta’siri tizimli ravishda tekshirilmagan;

— Al goplama gatlamining orbital tok uzatilishiga ta’siri (tunnel to‘siq yoki o‘tkazuvchan
interfeys sifatida) ko‘rsatilmagan;

—DC va impulsli RF changlatish rejimlari interfeys silligligiga ta’sirining orbital
samaradorlikka alogasi tadqiqg gilinmagan.

Bu bo‘shliglar Ti/Co/Al va Cr/Co/Al nanogeterostrukturalarida tizimli tadgigot
o‘tkazishni zarur giladi. Ushbu tadgigotda: (1) birinchi marta magnetron changlatish bilan
hosil gilingan polikristallik Ti/Co/Al va Cr/Co/Al tizimlarida orbital Hall samaradorligi &on
tizimli o‘lchanadi; (2) in-situ Al goplama strategiyasining orbital samaradorlikka miqgdoriy
ta’siri aniglanadi; (3) DC va RF changlatish rejimlari o°rtasidagi fargning orbital transportga
ta’siri ochib beriladi; (4) Tanaka va boshgalar (2018) [20] ST-FMR metodologiyasi
orbitalromnik o‘lchovlarga moslashtiriladi.

Xulosa va takliflar. Mazkur sharh magolada orbitronikaning nazariy asoslari, yengil
metallar asosidagi OT tizimlarida erishilgan eksperimental yutuglar, Co yupga plyonkalarida
sirt oksidlanishining fizikaviy ta’siri, SIMTRA Monte-Karlo simulyatsiyasi natijalari va
magnetron changlatish usulining orbitronik qurilmalar uchun mosligi tizimli ravishda ko‘rib
chigildi. Orbital moment samaradorligi &or = ns-0ore formula bilan belgilanib, eng yuqgori
qiymat Zr/[Co/Pt]s uchun &or =~ 0.78 ga yetganligini ko‘rsatadi [8]. Ti, Cr, Zr kabi yenqil
metallar conve ~ 10° (A/e)Q'sm™' qiymatiga ega bo‘lib, og‘ir metallarning osqe bilan
ragobatlasha oladi va CMOS bilan mos [5,6]. Co yupqa plyonkalarida CoO va CosOs fazalari
magnit va transport xossalarini sezilarli buzadi, to‘liq oksid kamaytirish uchun 400 °C kerak
[9], in-situ Al goplama amaliy va samarali sirt himoya strategiyasi [11,14].

SIMTRA simulyatsiyasi ko‘rsatdiki, past bosim (5x10-° Pa) va o‘rtacha harorat (500
600 K) Co plyonkasining Al taglikda eng bir jinsli tagsimotini beradi. Taglik haroratini
oshirish atomlar diffuziyasini kuchaytirib, plyonka bir jinsliligini yaxshilaydi [13].

Al03(0001)/Co nanoplyonkasida dastlabki SEM, Raman va HMS-5000 natijalari
sifatli metallik plyonka hosil bo‘lganini, biroq sirt CosOs mavjudligini ko‘rsatdi. Bu in-situ
himoya zarurligini tasdiglaydi. Magnetron changlatish usuli in-situ tozalash va qoplash
imkoniyati bilan orbitronik nanogeterostrukturalar uchun eng mos texnologik platforma
hisoblanadi. Ti/Co/Al va Cr/Co/Al tizimlarini tizimli o‘rganish orgali polikristallik OT
tizimlarida orbital samaradorlikni oshirish yo‘llari aniglanishi va sanoatga mos arzon
orbitronik qurilmalar yaratilishi mumkin.
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Annotatsiya. Zamonaviy ilm-fan o‘ziga xos tarixiy davrda rivojlanib, faoliyat yuritmoqda. U
insoniyatning hayotiy strategiyasini tanlash hamda samarali rivojlanishning yangi yo‘llarini izlash kabi
muhim muammolarni hal etishda muhim o‘rin tutadi. Mamlakatimizda kimyo sanoatini jadal rivojlantirish
magsadida zamonaviy talablarga javob bera oladigan yangi turdagi sorbentlarni ishlab chigarishga alohida
e’tibor qaratilmoqda. Bu yo‘nalishda amalga oshirilgan dasturiy chora-tadbirlar asosida muayyan
natijalarga, aynigsa, yangicha yondashuvga asoslangan, metall ionlariga yuqori selektiv sorbentlar olishning
ilmiy asoslarini yaratishga erishildi va ichki bozorni import o‘rnini bosuvchi mahalliy sorbentlar bilan
ta’minlash sohasida keng ko‘lamli tadbirlar amalga oshirilmogda. O‘zbekiston Respublikasini yanada
rivojlantirish bo‘yicha Harakatlar strategiyasida “Ichki va tashqi bozorlarda milliy tovarlarning
ragobatbardoshligini ta’minlaydigan mahsulot va texnologiyalarning tubdan yangi turlarini ishlab
chigarishni o°zlashtirish”ga yonaltirilgan muhim vazifalar belgilab berilgan. Bu borada, jumladan, mahalliy
xomashyolar asosida sorbsion materiallarni ishlab chigarish uchun igtisodiy jihatdan samarali va ekologik
toza texnologiyalarni yaratish, yangi yuqori samarali sorbentlar sintez gilish va ulardan metall ionlarini
konsentrlash hamda ajratib olish uchun foydalanish muhim ahamiyat kasb etadi.

Kalit se‘zlar: polivinilxlorid, monoetanolamin, sorbent, 1Q-spektr, termik tahlil, sorbsiya,
modifikatsiya.

SYNTHESIS, IR SPECTROSCOPIC AND THERMAL ANALYSIS OF A SORBENT
BASED ON POLYVINYL CHLORIDE MODIFIED WITH MONOETHANOLAMINE

Abstract. Modern science develops and operates in a specific historical period, its participation is
necessary in solving the problem of choosing a vital strategy for humanity, searching for new ways of
effective development. In order to rapidly develop the chemical industry in our country, special attention is
paid to the production of new types of sorbents that can meet modern requirements. On the basis of the
program measures implemented in this direction, certain results have been achieved, in particular, the
creation of a scientific basis for obtaining highly selective sorbents for metal ions based on a new approach,
and large-scale activities are being carried out in the field of providing the domestic market with local
sorbents that can replace imports. The Strategy of Actions for the Further Development of the Republic of
Uzbekistan sets out important tasks aimed at ‘“Mastering the production of fundamentally new types of
products and technologies that ensure the competitiveness of national goods in the domestic and foreign
markets”. In this regard, it is important to create cost-effective and environmentally friendly technologies for
the production of sorption materials based on local raw materials, synthesize new highly efficient sorbents
and use them to concentrate and separate metal ions.

Keywords: Polyvinyl chloride, modification, sorption, kinetics, 3d metal ions, thermal analysis

Kirish. Sanoat tarmoglarining jadal rivojlanishi bilan birga ekologik muammolar ham
kuchaymoqda. Xususan, og‘ir metall ionlari, bo‘yoqlar va boshga toksik birikmalar bilan
ifloslangan ogava suvlarni tozalash masalasi dolzarb muammolardan biridir. Bunday
muammolarni hal etishda yuqori sorbsion qobiliyatga, selektivlikka ega, termik hamda
kimyoviy jihatdan bargaror ion almashinuvchi materiallar muhim ahamiyat kasb etadi. Shu
bois, ilmiy tadgigotlarda ion almashinuvchi reagentlar, membrana texnologiyalari va
kompleks hosil giluvchi sorbentlarni sintez qilishga alohida e’tibor garatilmogda. Aynigsa,
ikkilamchi polimerlar asosida yangi turdagi sorbentlar olish orgali nafagat texnologik
samaradorlikka, balki ekologik xavfsizlikka ham erishish mumkin.

Adabiyotlar tahlili va metodologiyasi. Polimer materiallarni modifikatsiyalash asosida
yangi funksional materiallar olish bugungi kunda kimyo va materialshunoslikning dolzarb
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yo‘nalishlaridan biri hisoblanadi. Aynigsa, polivinilxlorid asosidagi sorbentlar yuqori
kimyoviy bargarorligi, mexanik mustahkamligi va turli ionlarni selektiv yutish qobiliyati
sababli keng tadqiq gilinmoqda. Polivinilxlorid asosidagi ion almashinuvchi materiallar olish
bo‘yicha bir gator ilmiy tadgiqotlar olib borilgan.

Yusupova N.M., Gafurova D.A. va Muxamediyev M.G. tomonidan polivinilxlorid
asosida yangi anionitlar sintez qilinib, ularning fizik-kimyoviy xossalari o‘rganilgan. Tadgiqot
natijalariga ko‘ra, polivinilxlorid asosida olingan ion almashinuvchi materiallar yuqori
sorbsion xususiyatlarga ega bo‘lib, metall ionlarini ajratib olish jarayonlarida samarali
go‘llanishi mumkinligi aniglangan [1].

3d-metall ionlarining sorbsiya jarayonlarini o‘rganishda poliamfolit tipidagi
sorbentlarning termodinamik va kinetik xususiyatlari ham muhim ahamiyatga ega. Koplova
V.D., Kargman V.B., Valdman A.l. va Valdman D.l. tomonidan olib borilgan tadgigotlarda
iminodiuksusli  poliamfolitlar yordamida 3d-metall ionlarining sorbsiya jarayonlari
o‘rganilgan. Tadgiqotlar sorbsiya jarayonining entalpiyasi va Kinetik xususiyatlari sorbentning
kimyoviy tuzilishiga bevosita bog‘liq ekanligini ko‘rsatgan [2].

Polivinilxloridni turli reaktiv moddalar bilan modifikatsiyalash orgali yangi sorbentlar
olish bo‘yicha ham gator ilmiy ishlar amalga oshirilgan. Yusupova N.M., Gafurova D.A. va
Muxamediyev M.G. tomonidan polivinilxlorid geksametilendiamin bilan kimyoviy
modifikatsiyalanib yangi funksional materiallar sintez gilingan. Ushbu modifikatsiya jarayoni
natijasida polimer tarkibiga azotli funksional guruhlar Kiritilib, sorbentning metall ionlariga
nisbatan selektivligi oshirilgan [3].

Polivinilxlorid asosidagi sorbentlarda metall ionlarining sorbsiya jarayonlarini
o‘rganish ham muhim ilmiy yo‘nalish hisoblanadi. Yusupova N.M., Rustamov M.K,
Gafurova D.A. va Berdiyev S.D. tomonidan polivinilxlorid asosidagi sorbentlarda molibden
ionlarining yutilish jarayonining kinetik va termodinamik xususiyatlari tadqiq gilingan.
Tadgiqot natijalariga ko‘ra, sorbsiya jarayonining tezligi va samaradorligi sorbentning
kimyoviy tuzilishi hamda reaksion markazlarning tabiatiga bog‘liq ekanligi aniglangan [4].

Polivinilxloridni modifikatsiyalash orgali yangi funksional materiallar olish
texnologiyasi boshqa tadgigotchilar tomonidan ham o‘rganilgan. Karimov M.M., Rustamov
M.K., Muxamedov N.R.,, Kayumov M.B. va Mirzaaxmedov Sh.Ya. tomonidan
polivinilxloridni modifikatsiyalashning turli usullari ishlab chigilgan va ularning fizik-
kimyoviy xossalari o‘rganilgan. Mualliflar tomonidan modifikatsiyalangan polimer
materiallarning korroziyaga chidamliligi hamda sorbsion xususiyatlari sezilarli darajada
yaxshilanishi aniglangan [5].

Yusurova N.M., Gafurova D.A. va Mukhamediyev M.G. tomonidan
polivinilxloridning ammiak bilan geterogen sharoitda o‘zaro ta’siri o‘rganilgan. Tadgigot
natijalari polimer zanjirida yangi funksional guruhlarning hosil bo‘lishi sorbentning kimyoviy
faol markazlarini ko‘paytirishini ko‘rsatgan [6].

Shuningdek, Yusupova N.M., Rustamov M.K. va Gafurova D.A. tomonidan
polivinilxlorid asosida ammiak bilan modifikatsiyalangan sorbentda xrom ionlarining sorbsiya
kinetikasi o‘rganilgan. Tadgiqot natijalari sorbentning metall ionlarini yutish qobiliyati yugori
ekanligini va uning amaliy ahamiyatga ega ekanligini ko‘rsatgan [7].

Bekchanov D.J. tomonidan polivinilxlorid asosida azot va fosfor tutuvchi ionitlar
sintez gilinib, ularning fizik-kimyoviy xossalari tadqiqg gilingan. Tadgiqotlar natijasida olingan
ionitlar yugori ion almashinish sig‘imiga ega ekanligi aniglangan [8-9].

Polimer sorbentlar sintezi va ularning kompleks hosil giluvchi xususiyatlari bo‘yicha
Restov A.V., Slerukhin R.A., Yatluk Y.G., Sharushin V.N. va Shurakhin O.N. tomonidan ham
tadgiqotlar olib borilgan. Mualliflar SNH reaksiyasi yordamida xelat hosil giluvchi polimer
sorbentlar sintez gilgan va ularning metall ionlariga nisbatan yuqori selektivligi aniglangan
[10-11].

Shunday qilib, olib borilgan tadgigotlar polivinilxlorid asosida modifikatsiyalangan
polimer sorbentlar metall ionlarini ajratish va konsentrlash jarayonlarida yuqori
samaradorlikka ega ekanligini ko‘rsatadi. Shu sababli polivinilxloridni turli amin birikmalari
bilan modifikatsiyalash orgali yangi kompleks hosil giluvchi sorbentlar sintez gilish dolzarb
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ilmiy masala hisoblanadi.Modifikatsiyalash asosida olingan sorbentlar differensial-termik
tahlil asosida sorbentlarning termik bargarorligi o‘rganildi. Olingan sorbentlar tarkibini 1Q- va
UB-spektroskopik metodlar yordamida, skanerlovchi elektron mikroskopiya (SEM),
differensial termik tahlil, element tahlili kabi zamonaviy ekspermental usullarda o‘rganildi.
Shuningdek, sintez gilingan birikmalar reaksion qobiliyatini kvant-kimyoviy tavsiflandi.

Polivinilxloridni dietilamin, monoetanolamin va difenilaminlar bilan modifikatsiyalab
sorbentlar olindi hamda sorbentlarni sentiz gilib olishning eng magbul sharoitlari tanlandi,
olingan sorbentlarning tarkibi, tuzilishi va fizik-kimyoviy xossalari, sorbentlarning kimyoviy
bargarorligi va dinamik sharoitlarda qayta ishlatish hamda qo’llash imkoniyatlari zamonaviy
analiz usullari yordamida aniglangan.

Yuqori mustahkamlik va afzal fizik-kimyoviy xususiyatlarga ega bo‘lgan yangi
polimer materiallarni olish bo‘yicha ilmiy tadgiqotlarning rivojlanishi shuni ko‘rsatadiki,
sintezning an’anaviy usullari asosan go‘shbog® tutgan va xususiyatlari ma’lum darajadan
ancha yuqori bo‘lgan polimerlar va sopolimerlarni sintez gilish ehtimoli sezilarli darajada
oshgan . Hozirgi vaqtda polimer materiallarni olishning yana bir yo‘nalishi - polimerlarni
modifikatsiyalash jadal rivojlanmoqda.

Natijalar.  Sintez  qgilingan  sorbentlarning  koordinatsiya  markazlari  va
koordinatsiyalanish yo‘llarini aniglash maqgsadida sintez qgilingan birikmalarni 1Q-
spektroskopik usulda tahlili olib borildi. Tadgigot davomida sintez gilingan kompleks hossaga
ega bo‘lgan sorbbentlarning tuzilishini identifikasiya qilish uchun 1Q-spektrlari olindi.
Polivinilxlorid va monoetanolamin asosida olingan RD-1 kompleks hosil giluvchi sorbentning
1Q-spektri 1-rasmda keltirildi.
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1-rasm. Polivinilxloridni monoetanolamin bilan modifikatsiyalab sintez gilingan sorbentning 1Q-
spektri

Olingan kompleks hosil giluvchi sorbentning 1Q-spektrida imino va gidroksil
guruhining simmetrik valent tebranishi vs(NH)+vs(OH) 3365 sm™ da, imino guruhining
asimmetrik valent tebranishi vas(NH) 3300 sm™ da, metilen guruhi (-CHz) ning asimmetrik
valent tebranishi va.s(CHz) 2945 sm™ da, H bog‘li gidroksil guruhining asimmetrik valent
tebranishi vas(OH) 2900 sm™ da, metilen va sianid (CH2)+(CN) guruhlarining simmetrik va
asimmetrik valent tebranishlari vs(CH2)+(CN) 1668 sm™ va v,(CH2)+(CN) 1568 sm™ da C-
OH bog‘ning simertik va asimmetrik valent tebranishlari vs(C-OH) 1250 sm?, N-CH;
bog‘ining tebranishi 8s(N-CH2) 1425 sm? da, C-O bogining simmetrik valent tebranishlari
vs(C-0) 1328 sm™ da va v,s(C-OH) 956 sm* sohalarda aniglandi.

Olingan natijalardan ko‘rinib turibdiki, polivinilxlorid va monoetanolamin asosida
olingan RD-1 sorbentning 1Q spektr natijalarini polivinilxloridning 1Q-spektri bilan
solishtirilganda ham spektrlarda farq giluvchi tebranish chastotalari mavjudligi yangi sorbent
olinganligidan dalolat beradi.

Polivinilxlorid asosida sintez gilingan sorbentlarning differensial termik tahlili.
Sorbentlarning differensial termik barqgarorligini aniglash magsadida tajribada olingan
namunalarni qizdirish jarayonida birikmalar tuzilishining destruksiyasi natijasida massa
o‘zgarishi bilan kuzatiladigan turli ekzotermik va endotermik issiqlik effektlari differensial
termik tahlil yordamida o‘rganildi. Bir vaqgtning o‘zida namunaning massasi, olingan
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sorbentlarning parchalanish massasi va termik bargarorligi temperatura ortib borishi bilan
o‘zgarishi aniglanadi. Shunday qilib, termik analiz natijasida sorbentlarning parchalanishini va
suyuglanishini, va ularning kompleks hosil gilishining oxirgi mahsulotlari o‘rganildi. Tagdim
etilgan namunalarni termik bargarorligi TKTITIning laboratoriyasida Netzssh Simultaneous
Analyzer STA 409 RG (Germaniya) qurilmasida, K-tipdagi (Low RG Silver) va alyuminiy
xaltachalari yordamida amalga oshirildi. Barcha o‘lchovlar inert azotli atmosferada, azotning
ogim tezligi 50 ml/min bo‘lgan atmosferada o‘tkazildi. Haroratni o‘lchash diapazoni 25-370
°C, isitish tezligi 5 K/min. Bir o‘lchov uchun namunaning migdori 5-10 mg ni tashkil qgildi.
PME sorbentning termogrammasi 2.7-rasmga keltirildi.

uv

2-rasm. PME sorbentning termogrammasi

2.7-rasmda keltirilgan PME sorbentning termogrammasida 126, 275, 362, 484 °C haroratlarda
to‘rtta endotermik va 162, 246, 284, 332, 543 °C haroratlarda beshta ekzotermik effektlar
kuzatildi. Bunga makromolekula tarkibidagi bog‘larning uzilishi va polimerni destruksiyaga
uchrab boshlashi sabab bo‘lishi mumkin. 120°C haroratgacha sorbent bargaror bo‘ladi va
termik destruksiyaga uchramaydi, ammo haroratning bundan ko‘tarilishida sorbent massasi
yo“qotilishi keskin borishini ko‘rsatadi. 126 °C haroratdagi birinchi endoeffekt, sorbent
tarkibidagi gigroskopik suvning chigib ketishi bilan bog‘liq bo‘lib, bunda massa kamayishi
0,8 % ni tashkil giladi. 282 °C haroratda ikkinchi endoeffekt kuzatilib, polimer tabiatiga ko‘ra
sorbentning yumshab, parchalanishi bilan bog‘lig va shu haroratgacha massani keskin
pasayishi 33,7 % gacha kuzatildi. 40-600 °C harorat oralig‘ida umumiy massa kamayishi
92,42 % ni tashkil giladi.

1-jadval.
PME sorbent termogrammasining natijalari
Effektning Effekt Massa #g:;g"y
harorat cho‘qqisi | o‘zgarishi, ‘soarishi Effekt tabiati
intervali, °C | ,°C % 00/ 9 '
0
40-115 126 0,8 0,8 endotermik
136-180 162 13 14,5 ekzotermik
220-250 246 17,7 24,2 ekzotermik
250-285 275 14,5 44,7 endotermik
265-290 284 6,5 52,2 ekzotermik
305-345 332 12 60,2 ekzotermik
350-386 362 18,4 72,4 endotermik
460-510 484 24,1 81,3 endotermik
520-560 543 10,8 92,42 ekzotermik

Xulosa. 1. Yugori samarali ion almashinuvchi va kompleks hosil giluvchi yangi RD-1

markali sorbent sintez gilindi hamda sorbentni sintez gilishning magbul sharoitlari taklif etildi.

2. Differentsial-termik tahlil natijalari asosida olingan sorbentlarning termik bargarorligi
aniglandi. Skanerlovchi elektron mikroskop — energiya dispersion analiz usuli tahlilida
polivinilxloridni  monoetanolamin  bilan  modifikatsiyalab  olingan  sorbentlarning
mikrog’ovakli tuzilishi ko’rsatib berildi.

3. Sintez gilingan yugori samarali ionalmashinuvchi va kompleks hosil giluvchi yangi
olingan sorbentlarning statik va dinamik sharoitlarda individual hamda aralash eritmalardan
Cu (1), Cd (II), Zn (I1), Ag (I) ionlariga nisbatan sorbtsion sig’imlari aniqlandi.
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Annotatsiya. Ushbu magolada mahalliy xom ashyolardan kaliy nitrat ishlab chigarish usullari tahlil
gilingan va ilmiy jihatdan asoslab berilgan. Yechilayotgan muammoning dolzarbligi hamda konversion
usulda kaliy nitratini olish jarayoniga texnologik parametrlarning ta’siri o‘rganilgan. Turli haroratlarda K+,
Mg2+ // ClI-, NO3- — H20 to‘rt komponentli o‘zaro ta’sir etuvchi suv-to‘z tizimidagi fazaviy muvozanatlar
haqgidagi ma’lumotlardan foydalanilgan. Kaliy nitrat olishning optimal sharoitlari shuningdek magniy nitrati
va kaliy xloridi konversiya jarayoniga parametrlari belgilangan. Shu bilan birga, sintez jarayoni natijasida
hosil gilingan mahsulot zamonaviy fizik-kimyoviy tahlil usullari orqali batafsil o‘rganildi. Olingan
namunaning tarkibi, tozalik darajasi hamda fazaviy holatini anigqlash magsadida kompleks tahlil ishlari
amalga oshirildi. Xususan, moddaning kristall tuzilishi, eruvchanligi, namlik migdori va asosiy modda
ulushi tekshirildi.

Tadqiqot jarayonida kaliy xloridi va magniy nitrati ishtirokida kechadigan almashinish (konversiya)
reaksiyasining texnologik xususiyatlari atroflicha o‘rganildi. Jumladan, reaksiya muhitining harorati,
reaksion massa konsentratsiyasi, moddalarning molyar nisbati, aralashtirish tezligi va jarayon davomiyligi
kabi omillar mahsulot hosil bo‘lishiga qay darajada ta’sir ko‘rsatishi tahlil etildi. Tajribalar natijasida kaliy
nitratining maksimal chiqish unumdorligini ta’minlaydigan optimal texnologik parametrlar aniqlandi.

Kalit so‘zlar: konversiya, kaliy xloridi, magniy nitrati, ko‘p komponentli suv—to‘z tizimi,
kristallanish, harorat, filtratsiya.

Abstract. This article analyzes methods for producing potassium nitrate from local raw materials
and provides their scientific justification. The relevance of the problem is substantiated, and the influence of
technological parameters on the conversion process of potassium nitrate production has been studied. Data
on phase equilibria in the four-component water-salt system K*, Mg?" // CI, NOs~ — H.0 at various
temperatures were used. The optimal conditions for potassium nitrate production, as well as the parameters
of the conversion process involving magnesium nitrate and potassium chloride, were determined.

In addition, the product obtained as a result of the synthesis process was comprehensively
investigated using modern physicochemical analysis methods. A set of analyses was carried out to determine
the composition, purity level, and phase state of the obtained sample. In particular, the crystal structure,
solubility, moisture content, and the proportion of the main substance were examined.

During the research, the technological features of the exchange (conversion) reaction between
potassium chloride and magnesium nitrate were studied in detail. Specifically, the effects of reaction
temperature, concentration of the reaction mass, molar ratio of the reactants, mixing rate, and process
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duration on product formation were analyzed. As a result of the experiments, the optimal technological
parameters ensuring the maximum yield of potassium nitrate were identified.

Keywords: conversion, potassium chloride, magnesium nitrate, multicomponent water—salt system,
crystallization, temperature, filtration.

Introduction. The chemical industry is considered a fundamental sector closely
connected with all branches of the economy and holds an important position within the
agrochemical complex. The industry’s production must be based on advanced technologies
and ensure the manufacture of high-quality products that meet international standards.

One of the main directions of economic development in the Republic of Uzbekistan is
the utilization of natural resources, their integrated use, and the creation of competitive,
import-substituting products based on local raw materials [1].

Developing a highly efficient technology for producing potassium nitrate from local
raw materials in Uzbekistan is a pressing task, as it enables meeting domestic market demand
and increasing the country’s export potential [2].

Currently, there is a rapidly growing global demand in agriculture for environmentally
safe and highly efficient mineral fertilizers. In particular, potassium fertilizers that do not
contain chloride ions are of great importance for agricultural crops. This is because chloride
can negatively affect many crop types, deteriorate the agrochemical properties of the soil, and
impact the quality of the produce. For this reason, the production of complex NK and NPK
mineral fertilizers using chloride-free potassium sources is one of the most promising
directions in the modern agro-industrial market.

From this perspective, developing technologies for producing chloride-free potassium
fertilizers, including complex NK and NPK fertilizers, based on local raw material sources is
crucial for ensuring the sustainable development of the country’s agriculture, increasing the
volume of import-substituting products, and enhancing the competitiveness of the agro-
industrial complex.

At present, Uzbekistan does not have large-scale producers of these fertilizers, which
is associated with the lack of a raw material base for producing chloride-free potassium
fertilizers.

Research methodology: In the technology for producing potassium nitrate via the
conversion method, locally produced potassium chloride and magnesium nitrate,
manufactured by chemical industry enterprises operating in the territory of the Republic of
Uzbekistan, are used as raw materials. This method is economically feasible and allows for
efficient utilization of the existing production infrastructure.

The process of obtaining potassium nitrate involves several consecutive technological
stages. In the first stage, an ion-exchange reaction occurs between potassium chloride and
magnesium nitrate, resulting in the formation of potassium nitrate in the solution. This process
is carried out under specific temperature and concentration conditions to ensure complete
reaction and maximize product yield.

In the next stage, the resulting reaction mass — the pulp — is separated using
mechanical and physicochemical methods. During this stage, magnesium chloride, which
forms as a by-product, is removed from the solution, playing an important role in ensuring the
purity of potassium nitrate in subsequent processes.

Potassium nitrate is then obtained from the separated solution through a crystallization
process. By controlling the size and morphology of the formed crystals, the product achieves
high agronomic and chemical purity.

In the final stage, the separated potassium nitrate crystals undergo a drying process,
reducing the moisture content to standard levels. The drying process enhances the product’s
storage stability and prepares it for further use or packaging.

Studying the crystallization rate within a specific temperature range and determining
the K2O yield depending on key technological parameters are important directions of the
research. The obtained potassium nitrate and intermediate solutions were analyzed using
commonly accepted methods [3].
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The following physicochemical analysis methods were used in the research: scanning
electron microscopy, infrared spectroscopy, thermoanalytical methods, and X-ray phase analysis.
The thermal stability of the samples was determined using differential thermal analysis (DTA) and
thermogravimetric analysis (TGA).

The morphology and microstructure of the samples were studied using a scanning electron
microscope, SEM — EVO MA 10 (Carl Zeiss, Germany). The local elemental composition of the
powders was determined using an energy-dispersive X-ray analyzer (EDX, Oxford Instruments).

During the measurements, an accelerating voltage of 10 kV was applied to the electron
beam, and the working distance was 8.5 mm. The local elemental analysis was carried out at a
scale of 100 um using the Aztec Energy Advanced software package [4—6].

Results and discussions: Analysis of the research results showed that during the stepwise
cooling of the solutions obtained after the conversion process, the formation of Potassium nitrate
crystals was observed in the system, resulting in the formation of a suspension consisting of
crystals and a liquid phase. This phenomenon directly affects the technological efficiency of the
crystallization and subsequent filtration stages in the process of potassium nitrate separation.

In order to determine the effect of crystal content on the crystallization intensity and the
main technological parameters of the filtration process during potassium nitrate production,
experiments were carried out at different stoichiometric ratios. In particular, the KCI/Mg(NOs).
ratios were selected as 1:0.8, 1:1, and 1:1.2. These ratios made it possible to more thoroughly
analyze the completeness of the reaction, the composition of the solution, and the crystal formation
process.

The conversion process was carried out in the temperature range of 80-90 °C, with
reaction times set at 10 and 15 minutes. These parameters were evaluated as key factors
influencing the reaction rate, the degree of ion exchange, and the subsequent crystallization ability
of the solution. After completion of the reaction, the solutions were cooled under specified
conditions, and the crystallization process was conducted at 10-20 °C [7-9].

The experimental results showed that a decrease in crystallization temperature led to an
intensified formation of Potassium nitrate crystals, an increase in crystal yield, and changes in their
morphological characteristics. It was also noted that the amount of formed crystals significantly
affected the filtration rate, filtration resistance, and the purity of the separated product.

Thus, optimization of the cooling conditions of the conversion solutions, as well as the
proper selection of raw material ratios and temperature—time parameters, was found to be crucial
for improving the efficiency of the crystallization and filtration stages in the production of
potassium nitrate.

Table 1
Effect of Technological Parameters on the Production of Potassium nitrate by the Conversion Method
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According to the results of the conducted experiments, the liquid-to-solid phase ratio
(L:S) varies within the range of 3,7-7,94 depending on the technological conditions of
crystallization. At the same time, the filtration rate does not have a significant effect on the
duration of the exchange decomposition reaction or on the K-O yield.

As shown in Table 1, the moisture content of the product after filtration decreases
from 17,6% to 9,6% and from 12,3% to 3,54%. The highest degree of solution clarification is
observed at a temperature of 10 °C. When the temperature exceeds 20 °C, the potassium yield
in the potassium chloride : magnesium nitrate ratio remains almost unchanged.

At a potassium chloride : magnesium nitrate ratio of 1:0.8, the potassium conversion
degree decreases by more than 15.15% compared to the 1:1.2 ratio. The maximum potassium
conversion degree is observed at a potassium chloride : magnesium nitrate ratio of 1:1.08 at 20
°C, ranging between 30.26—41.91%. At 10 °C, this value increases to 30.31-50.06%.

Under these parameters, the filtration rate of the suspension is relatively high, reaching
732-1051 kg/m?-h.As a result, the chlorine content in the dry, unwashed product decreases
from 2-3% to 1.7-1.8%. This can be explained by the formation of large prismatic crystals
with dimensions e-h-b =1.13 x 0.3 x 0.1 mm (Figure 1).
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Figure 1. Micrographs of Potassium nitrate crystals (x4 and x10) obtained from the samples
prepared according to Table 1
Analysis of the provided microscopic images clearly reveals the morphological

characteristics of Potassium nitrate crystals. Specifically, the crystals are predominantly
elongated, prismatic, and needle-like in shape, reflecting the characteristic crystal structure of
potassium nitrate. The orientation of the crystals in various directions, as well as the
observation that many of them are interconnected or form small aggregates, indicates that
crystal growth during the crystallization process occurred in both parallel and oblique
directions [10-11].

The well-defined edges and relatively smooth surfaces of the crystals suggest that the
crystallization process was carried out under stable temperature and concentration conditions.
Such morphological features indicate that there was no excessive rapid cooling or abrupt
supersaturation in the solution, resulting in uniform and regular crystal growth.

Microscopic analysis also confirmed that the crystal sizes were not uniform, indicating
the presence of a polydisperse structure. Some crystals were large and relatively elongated,
while others were shorter and smaller in size. Additionally, certain crystals exhibited internal
zoning and growth lines, indicating that during the crystallization of potassium nitrate from
the solution, the material precipitated in a stepwise manner and that the degree of solution
saturation changed over time.

The image shows that foreign mechanical inclusions are rare and that the crystals are
mostly transparent, indicating that the obtained Potassium nitrate has relatively high chemical
purity. This suggests that it is suitable for further technological processing as well as for
agrochemical applications.

Overall, the microscopic analysis results fully reveal the morphological characteristics
typical of potassium nitrate crystals and demonstrate that the obtained product possesses high

technological and agronomic efficiency.
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The crystals were analyzed using an optical microscope. They are predominantly
needle-like and elongated prismatic in shape, which is a morphological feature characteristic
of KNO:; crystals.

The results indicate that the studied technological parameters have a significant effect
on the morphology and external characteristics of Potassium nitrate crystals. In particular, the
formation of large prismatic crystals with dimensions of L x h x b = 0.125-1.627 x 0.1-0.5 X
0.1-0.3 mm demonstrates that the crystallization process proceeded in a stable manner and
that growth had a clearly directional character. This confirms that the technological parameters
were optimally selected. The width of the crystals is considerably smaller than their length,
indicating anisotropic growth. This means that the growth rate of KNOs crystals is not uniform
in different crystallographic directions.

The largest crystals exhibit a needle-like shape, which may be associated with the high
degree of solution supersaturation. In the first microphotograph, the crystals show a wide size
distribution. Precise measurements revealed that the crystal lengths ranged from 6.75 pum to
14.28 um, with dominant values around 7.31 um and 13.32 um. Such a size distribution
indicates that during the initial stage of crystallization, numerous nuclei were formed,
followed by limited subsequent growth [12-13].

Z = L
ol . I - s
Figure 2. Effect of technological parameters on the particle size distribution of Potassium
nitrate crystals after crystallization at a KC1:NaNO:s ratio of 1:1 and a temperature of 10 °C.

In the second microphotograph, relatively large and well-formed crystals are observed,
with lengths ranging from 18,72 um to 29,83 um. This indicates that in the later stages of
crystallization, the number of nuclei decreased, allowing the existing crystals to grow freely.
Additionally, some crystals are seen to have adhered to each other (agglomeration), which
may suggest a higher degree of supersaturation in the solution.

The variation in crystal sizes and differences in morphology confirm that technological
parameters—specifically, solution concentration, cooling rate, stirring intensity, and
crystallization time—are directly related to crystal formation. By optimizing these factors, the
size and shape of Potassium nitrate crystals can be purposefully controlled.

Overall, the microscopic analysis results indicate that the obtained potassium nitrate
crystals are morphologically stable, have controllable sizes, and possess high quality. This
further supports their effective use in agriculture as a chlorine-free potassium fertilizer.

Conclusion. Based on the results of the conducted experimental research, it can be
concluded that the obtained potassium nitrate (KNOs) fully meets the requirements for use in
agriculture as an effective chlorine-free potassium fertilizer. During the research process, the
chemical composition of the produced material was analyzed, and it was determined that the
content of potassium nitrate constituted 98-99%. This indicator confirms the high purity of the
obtained product and demonstrates that the technological process was properly organized.

In addition, it was noted that the amount of foreign ions and impurities in the product
was below the permissible limits, which contributes to improving the agrochemical properties
of potassium nitrate. In particular, the assimilation rate of the potassium ion (K*) was found to
be 97-98%, indicating that potassium can be easily and efficiently absorbed by plants.
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UGLEROD NANONAYCHALARI BILAN MUSTAHKAMLANGAN POLIOLEFIN
NANOKOMPOZITLARNING TERMIK BARQARORLIGI VA TERMO-
OKSIDLANISH DESTRUKSIYASI
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Annotatsiya. Ushbu tadgigotda uglerod nanonaychalari bilan modifikatsiyalangan polipropilen va

polietilen asosidagi polimer kompozitlarning termik bargarorligi kompleks differensial termik tahlil usullari
yordamida baholandi. Uglerod nanonaychalari polimer matritsaga 0,01-1,0 mass.% miqdorda Kiritildi.
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Namunalarning termik xossalari differensial termik tahlil (DTA), termogravimetrik tahlil (TG) va
differensial skanerlovchi kalorimetriya (DSC) usullari orqali o‘rganildi. Natijalar past haroratlarda
kuzatilgan endoeffektlar polimer matritsaning erish jarayoniga mos kelishini va massa yo‘qotilishi bilan
kechmasligini ko‘rsatdi. Yuqori haroratlarda termo-oksidlanish destruksiyasi sodir bo‘lib, nanonaychalar
kiritilishi ~ destruksiya boshlanish haroratining oshishiga olib kelishi aniglandi. DSC tahlili
nanomodifikatorlar polimerlarning kristallik darajasi va erish entalpiyasini oshirishini, natijada
materiallarning issiglikka chidamliligi yaxshilanishini tasdigladi. Olingan natijalar uglerod nanonaychalari
bilan modifikatsiyalangan polimer kompozitlarning termik bargarorligi sezilarli darajada ortishini hamda
ularni yuqori ekspluatatsion talablarga ega muhandislik sohalarida qo‘llash istigbolli ekanligini ko ‘rsatadi.
Kalit so‘zlar: Uglerod nanonaychalari; polimer nanokompozitlar; polipropilen; polietilen; termik
bargarorlik; differensial termik tahlil; termogravimetrik tahlil; DSC; termo-oksidlanish destruksiyasi.

THERMAL STABILITY AND THERMO-OXIDATIVE DEGRADATION OF
POLYOLEFIN NANOCOMPOSITES REINFORCED WITH CARBON NANOTUBES

Abstract. In this study, the thermal stability of polypropylene- and polyethylene-based polymer
composites modified with carbon nanotubes was evaluated using integrated differential thermal analysis
techniques. Carbon nanotubes were incorporated into the polymer matrix in concentrations ranging from
0.01 to 1.0 wt.%. The thermal properties of the samples were investigated by differential thermal analysis
(DTA), thermogravimetric analysis (TG), and differential scanning calorimetry (DSC).

The results showed that endothermic effects observed at low temperatures correspond to the
melting process of the polymer matrix and occur without mass loss. At elevated temperatures, thermo-
oxidative degradation of the polymer composites takes place, while the incorporation of carbon nanotubes
leads to an increase in the degradation onset temperature. DSC analysis confirmed that nanomodifiers
increase the degree of crystallinity and melting enthalpy of polymers, thereby improving the heat resistance
of the materials.

The obtained results demonstrate a significant enhancement in the thermal stability of carbon-
nanotube-modified polymer composites and indicate their strong potential for applications in engineering
fields requiring high operational performance.

Keywords: carbon nanotubes; polymer nanocomposites; polypropylene; polyethylene; thermal
stability; differential thermal analysis; thermogravimetric analysis; differential scanning calorimetry;
thermo-oxidative degradation.

Kirish. Hozirgi kunda polimer materiallar sanoat, qurilish, transport, elektrotexnika
hamda energetika sohalarida keng qo‘llanilishi bilan ajralib turadi. Shu nuqtayi nazardan,
uglerod nanotubalarini (UNT) o‘stirishning qulay va iqtisodiy jihatdan samarali usullaridan
biri sifatida asetilen gazidan foydalanishga asoslangan texnologiyalar muhim ahamiyat kasb
etadi [1].

Ayniqgsa, polipropilen va polietilen asosidagi polimerlar nisbatan past zichligi,
texnologik qayta ishlash qulayligi hamda yuqori iqtisodiy samaradorligi tufayli muhim
konstruksion materiallar gatoriga kiradi. Biroq ushbu polimerlarning ekspluatatsion xossalari,
xususan, yuqori va past haroratlar ta’sirida barqarorligi cheklangan bo‘lib, bu ularning amaliy
qo‘llanish sohasini sezilarli darajada toraytiradi [2,3]. Ma’lumki, polimer materiallarning
ishlash harorat oralig‘i ularning mo‘rtlik harorati va erish harorati bilan chegaralanadi [4,5].
Shu sababli polimerlarning termik barqarorligini oshirish, issiqlik ta’sirida sodir bo‘ladigan
termo-oksidlanish  va  destruksiya jarayonlarini  sekinlashtirish zamonaviy polimer
materialshunosligining dolzarb ilmiy-texnik muammolaridan biri hisoblanadi. Ushbu
muammoni hal etishda polimer matritsaga yuqori samaradorlikka ega nanomodifikatorlarni
kiritish istigbolli yo‘nalish sifatida qaralmoqda.

So‘nggi yillarda wuglerod asosidagi nanomodifikatorlar, xususan, uglerod
nanonaychalari (UNT) va boshqa wuglerodli nanoto‘ldiruvchilar yuqori mexanik
mustahkamligi, katta solishtirma sirt maydoni hamda noyob fizik-kimyoviy xossalari tufayli
polimer kompozitlarning strukturaviy va funksional xususiyatlarini yaxshilash imkonini
beruvchi samarali qo‘shimchalar sifatida e’tirof etilmoqda [6]. Ularning juda kichik migdorda
kiritilishi ham polimer matritsaning kristallanish jarayonlari, issiqlik o‘tkazuvchanligi, termik
barqarorligi va destruksiya mexanizmlariga sezilarli ta’sir ko‘rsatishi aniqlangan [7]. Shunga
garamay, uglerod nanomodifikatorlarining polimer matritsa bilan o‘zaro ta’sir mexanizmlari,
ularning turli konsentratsiyalarda polimerning yuqori va past harorat sharoitidagi
barqarorligiga ta’siri yetarli darajada tizimli o‘rganilmagan [8].
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Aynigsa, differensial termik tahlil (DTA), differensial termogravimetrik tahlil (DTG)
va differensial skanerlovchi kalorimetriya (DSC) usullari asosida olingan eksperimental
natijalarni kompleks tahlil gilish orgali polimer nanokompozitlarning termik xulg-atvorini
chugur baholash muhim ilmiy ahamiyatga ega [9].

Tadgiqot doirasida nanomodifikator konsentratsiyasining polimerlarning erish harorati,
destruksiya boshlanish nuqtalari, massa yo‘qotilishi va kristallik darajasiga ta’siri aniqlanib,
olingan natijalar asosida issiglikka chidamli polimer nanokompozitlar yaratishning ilmiy
asoslari ishlab chigiladi.

Tadgigot metodologiyasi. Mazkur tadgigotda uglerod nanomodifikatorlari bilan
modifikatsiyalangan polipropilen va polietilen asosidagi polimer kompozitlarning yuqori va
past harorat sharoitidagi termik barqgarorligi kompleks differensial termik tahlil usullari
yordamida o‘rganildi. Tadqiqot obyekti sifatida [-1561 va F-0120 markali polietilenlar hamda
polipropilen asosidagi matritsalar tanlandi.

Nanomodifikator sifatida uglerod nanonaychalari (UNN) ishlatilib, ular polimer
matritsaga 0,01; 0,05; 0,1 va 1,0 mass.% miqdorlarda kiritildi. Kompozit namunalar standart
texnologik rejimda eritma va mexanik aralashtirish usuli yordamida tayyorlandi, bu esa
nanomodifikatorlarning polimer matritsa bo‘ylab nisbatan bir tekis tagsimlanishini ta’minladi.

Polimer nanokompozitlarning termik xossalarini baholash uchun differensial termik
tahlil (DTA), differensial termogravimetrik tahlil (DTG), differensial skanerlovchi
kalorimetriya (DSC) usullaridan foydalanildi. Tajribalar inert atmosfera sharoitida, haroratni
oshirish tezligi doimiy bo‘lgan holda amalga oshirildi. Ushbu usullar yordamida namunalar
uchun erish haroratlari, destruksiya boshlanish nuqtalari, massa yo‘qotilishi hamda kristallik
darajalari aniglandi.

Natijalar va muhokama. Differensial termik va termogravimetrik tahlil natijalari
uglerod nanonaychalari bilan modifikatsiyalangan polimer kompozitlarning DTA va DTG egri
chiziglari nanomodifikator miqdoriga sezilarli darajada bog‘liq ekanligini ko‘rsatdi. Tadqiqot
natijalariga ko‘ra, barcha namunalar uchun past harorat sohasida kuzatilgan birinchi
endoeffekt massa kamayishi bilan kechmadi, bu esa polimer matritsaning suyuglanish
jarayoniga mos kelishini ko‘rsatadi.

et

1-rasm. 0,1 mas.% uglerodli nanotrubkalar bilan modifikatsiyalangan 1-1561 markali polietilenning
differensial termik tahlili (DTA) va termogravimetrik (TG) egri chiziglari.

Rasmda polimer nanokompozit namunasining differensial termik (DTA) va
termogravimetrik (TG) egri chiziglari keltirilgan. Past haroratlar sohasida (~120-140 °C)
DTA egri chizig‘ida kuzatilgan endoeffekt massa yo‘qotilishi bilan kechmaydi, bu esa polimer
matritsaning erish jarayoniga mos keladi. Yuqori haroratlar oralig‘ida (~400-500 °C) DTA va
TG egri chiziglarining bir vaqtda o‘zgarishi polimerning termo-oksidlanish destruksiyasi bilan
izohlanadi [6,10].

Destruksiya  boshlanish  haroratining  yugori  giymatlarga  siljishi  uglerod
nanomodifikatorlarining polimer matritsada issiqlik ta’sirida strukturaviy barqarorlikni
oshiruvchi to‘siq rolini bajarishini ko‘rsatadi. Umumiy massa yo‘qotilishining yuqori
bo‘lishiga qaramay, parchalanish jarayonining kechikishi nanokompozitning issiglikka
chidamliligi yaxshilanganini tasdiglaydi.
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2-rasm. 1,0 mas.% uglerodli nanotrubkalar bilan moa}fikatsiyalangan 1-1561 markali polietilenning
differensial termik tahlili (DTA) va termogravimetrik (TG) egri chiziglari.

DTA va TG egri chiziglari past haroratlar sohasida (~120-140 °C) massa
yo‘qotilmasdan kechuvchi erish jarayonini, yuqori haroratlarda esa (~450-500 °C)
polimerning asosiy termo-oksidlanish — destruksiyasini namoyon etadi. Destruksiya
boshlanishining yugori haroratlarga siljishi uglerod nanomodifikatorlarining polimer
matritsani termik jihatdan samarali bargarorlashtirganini tasdiglaydi [6,10].

3-rasm. 0,1 mas.% uglerodli nanotrubkalar bilan modilfikatsiyalangan F-0120 markali polietilenning
differensial termik tahlili (DTA) va termogravimetrik (TG) egri chiziglari.

DTA va TG egri chiziglari past haroratlar sohasida (~120-140 °C) massa
yo‘qotilmasdan kechuvchi erish jarayonini, yuqori haroratlarda esa (~450-500 °C)
polimerning termo-oksidlanish destruksiyasini namoyon etadi. Destruksiya boshlanish
haroratining yuqorirog giymatlarga siljishi uglerod nanomodifikatorlarining polimer
matritsani termik barqarorlashtiruvchi samarali ta’sirini tasdiglaydi [6,10].

4-rasm. 0,05 mas.% uglerodli nanotrubkalar bilan rﬁodifikatsiyalangan F-0120 markali polietilenning
differensial termik tahlili (DTA) va termogravimetrik (TG) egri chiziglari.

DTA va TG egri chiziglari past harorat oralig‘ida (~120—135 °C) massa yo‘qotilmasdan
kechuvchi erish jarayonini ko‘rsatadi, yuqori haroratlarda esa (~460-500 °C) polimerning
asosiy termo-oksidlanish  destruksiyasi Kkuzatiladi. Destruksiya bosqichining yugori
haroratlarga siljishi uglerod nanomodifikatorlarining polimer matritsa termik barqgarorligini
oshirganini tasdiglaydi [6,10].

Yuqori harorat sohasida kuzatilgan ikkinchi endoeffekt esa massa yo‘qotilishi bilan
kechib, polimer nanokompozitlarning termo-oksidlanish destruksiyasi bilan izohlanadi.
Uglerod nanonaychalari Kiritilishi natijasida destruksiya jarayonining boshlanish harorati
yugoriroq sohalarga siljigan, bu esa nanomodifikatsiyalangan namunalar issiglikka nisbatan
yuqori barqarorlikka ega ekanligini ko‘rsatadi.
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Xususan, 0,1 mass.% UNN Kiritilgan namunalar uchun destruksiya harorati eng yuqori
qiymatlarga ega bo‘lib, massa yo‘qotilishi jarayoni kechroq boshlanishi aniglandi. Bu holat
uglerod nanonaychalarining polimer matritsada issiqlik ta’sirida hosil bo‘ladigan
mikroyoriglar rivojlanishini cheklashi bilan izohlanadi.

Differensial ~ skanerlovchi  kalorimetriya (DSC) natijalari  asosida  polimer
kompozitlarning erish harorati, erish entalpiyasi va kristallik darajalari aniglandi. Olingan
ma’lumotlar 1-jadvalda keltirilgan.

1-jadval
Differential scanning calorimetry (DSC) parameters of polypropylene composites modified with
various contents of carbon nanomodifiers.

Namuna T erish | T_erish AH_erish, | T_krist.,, | Kristallik
boshl., °C | cho‘qqisi, °C | J/g °C darajasi, %

Asosiy PP 155,0 171,0 90,57 112,0 75,0
PP+ 0,01 | 156,5 172,3 92,4 114,8 79,7
mass.% UNN

PP+ 0,05 | 156,4 172,4 104,3 117,2 89,4
mass.% UNN

PP+ 011590 178,6 106,7 117,8 91,5
mass.% UNN

PP+ 1,0 155,6 176,5 91,7 117,4 79,0
mass.% UNN

Jadvaldan ko‘rinib turibdiki, uglerod nanonaychalari miqgdori oshishi bilan polimer
kompozitlarning erish harorati va kristallik darajasi ortadi. Aynigsa, 0,1 mass.% UNT
kiritilgan namunalar uchun kristallik darajasi maksimal giymatga ega bo‘lib, bu holat
nanomodifikatorlarning kristallanish markazlari sifatida faol ishtirok etishini ko‘rsatadi.

Xulosa. Tadgiqot natijalari shuni ko‘rsatdiki, uglerod nanomodifikatorlari bilan
modifikatsiyalangan polipropilen va polietilen asosidagi polimer kompozitlar yuqgori va past
harorat sharoitida sezilarli darajada yaxshilangan termik  bargarorlikka ega.
Nanomodifikatorlarning optimal miqdori 0,1 mass.% atrofida bo‘lib, aynan shu
konsentratsiyada erish haroratlari, destruksiya boshlanish nuqtalari va kristallik darajalarining
maksimal giymatlari kuzatildi.

Olingan natijalar issiglikka chidamli va yuqori ekspluatatsion xossalarga ega polimer
nanokompozitlarni ishlab chiqish uchun ilmiy asos bo‘lib xizmat giladi hamda ularni sanoat
va muhandislik amaliyotida qo‘llash imkoniyatlarini kengaytiradi.
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Abstract. This study reports the synthesis and comprehensive characterization of a novel Cd(Il)-
based coordination polymer (HNA-CP) derived from 4-hydroxy-1-naphthoic acid. Single-crystal X-ray
diffraction analysis revealed the formation of a well-defined two-dimensional polymeric framework with
extended structural connectivity and ordered arrangement. Hirshfeld surface analysis indicated that hydrogen
bonding and =---x stacking interactions play a dominant role in stabilizing the crystal structure. Furthermore,
spectroscopic investigations demonstrated notable optical properties and confirmed the material’s structural
integrity. The combined structural and physicochemical features suggest that HNA-CP possesses significant
potential for applications in gas adsorption, heterogeneous catalysis, and optoelectronic devices, making it a
promising candidate for future advanced material design and functional applications in modern chemistry.

Keywords: Cd(Il) coordination polymer; X-ray diffraction (XRD), Hirshfeld surface analysis, FT-
IR spectroscopy.

Annotatsiya. Ushbu tadgiqotda 4-gidroksi-1-naftoy kislota asosida yangi Cd(Il) koordinatsion
polimeri (HNA-CP) sintezi va kompleks tavsifi keltirilgan. Yakka kristalli rentgen difraksiyasi natijalari
uning yaxshi tartiblangan, ikki o‘lchamli 2D polimer tuzilishga ega ekanligini ko‘rsatdi. Hirshfeld sirt tahlili
kristall panjaraning bargarorlashuvida vodorod bog‘lari hamda x---m o‘zaro ta’sirlar muhim rol o‘ynashini
anigladi. Bundan tashqari, spektroskopik tadgiqotlar materialning sezilarli optik xususiyatlarga ega
ekanligini tasdigladi. Olingan natijalar HNA-CP ning gaz adsorbsiyasi, geterogen kataliz hamda
optoelektron qurilmalarda qo‘llash uchun istigbolli material ekanligini ko‘rsatadi. Mazkur xususiyatlar
ushbu birikmaning zamonaviy materiallar kimyosida yuqgori funksional imkoniyatlarga ega bo‘lgan istigbolli
material sifatida baholanishiga asos yaratadi hamda uni gaz adsorbsiyasi, katalitik jarayonlar va optoelektron
tizimlarda samarali go‘llash uchun keng ilmiy-amaliy salohiyatga ega ekanligini ko‘rsatadi.

Kalit so‘zlar: Cd(ll) koordinatsion polimeri; rentgen difraksiyasi (XRD), Hirshfeld sirt tahlili, FT-
IR spektroskopiyasi.

Introduction. In recent years, research on coordination polymers (CPs) has developed
rapidly and has become an important and promising area in modern science, particularly in
fields such as catalysis, sensing technologies, and nanotechnology. The unique structure-
property relationships of these materials not only attract significant fundamental scientific
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interest but also provide broad opportunities for practical applications [1]. Coordination
compounds are complex chemical systems composed of central metal ions and organic or
inorganic ligands that form coordination bonds through donor atoms. During the
polymerization process, these compounds can assemble into one-dimensional (1D), two-
dimensional (2D), or three-dimensional (3D) extended frameworks through coordination
interactions [2-4]. As a result, coordination polymers with diverse topologies and architectures
are formed, exhibiting distinctive physicochemical properties. The rapid development of
interdisciplinary research has significantly expanded the possibilities for the rational design
and synthesis of new coordination polymer structures, as well as for the detailed investigation
of their structural and functional properties. Consequently, these materials have attracted
considerable attention due to their potential applications in catalysis, gas adsorption, sensing
systems, and other advanced technological fields [5].

The distinctions between metal-organic frameworks (MOFs) and coordination
polymers (CPs) are primarily reflected in their structural features, stability, and functional
properties. MOFs are characterized by high porosity and well-defined crystalline
architectures; however, they are often relatively fragile in terms of mechanical stability [6,7],
and certain types may undergo structural degradation under acidic or humid conditions. Such
flexibility allows precise tuning of both structural architecture and functional properties, often
rendering CPs more versatile than MOFs in practical applications [8]. Consequently,
coordination polymers have attracted significant interest for various scientific and
technological applications, including gas storage and separation, catalysis, luminescence,
sensing, proton and electron conductivity, and energy conversion processes [9-10].

In this study, 1-hydroxy-2-naphthoic acid was selected as the ligand for the synthesis
of coordination polymers. A novel Cd(ll)-based coordination polymer was successfully
synthesized, and its physicochemical properties were thoroughly investigated. Comprehensive
characterization was carried out using powder and single-crystal X-ray diffraction (XRD) to
elucidate the crystalline structure, scanning electron microscopy (SEM) to evaluate the surface
morphology and microstructural features. These combined analytical techniques provided
detailed insights into the structural, electronic, and morphological attributes of the newly
synthesized coordination polymer, establishing a clear correlation between its framework
architecture and functional properties.

Research methodology. The Cd(Il)-based coordination polymer was synthesized
using 1-hydroxy-2-naphthoic acid (HNA) under solvothermal conditions. Its structural
features were analyzed by single-crystal and powder X-ray diffraction (XRD) and Hirshfeld
surface analysis to elucidate crystallinity, phase composition, and intermolecular interactions.
These techniques collectively provided a comprehensive characterization of the polymer’s
structural and physicochemical properties.

Experimental. To synthesize the coordination polymer, 0.376 g of 1-hydroxy-2-
naphthoic acid (HNA, 0.1 M) was first dissolved in 15 mL of 96% ethanol, followed by the
addition of 5 mL of dimethylformamide (DMF). The solution was stirred magnetically for 30
minutes, yielding a dark brown homogeneous mixture. Separately, 0.266 g of Cd(ll) acetate
(CA, 0.1 M) was dissolved in 10 ml of distilled water and added dropwise to the ligand
solution under continuous stirring. The resulting mixture was filtered to remove any insoluble
impurities, producing a brown filtrate. To promote gradual solvent evaporation and crystal
growth, the filtrate was maintained at 50-60 °C in a thermostat for 10 days. Dark brown
crystalline products were obtained at the end of the process, representing the HNA-based
coordination polymer, denoted as HNA-CP. A schematic representation of the synthetic
procedure is presented in.

Results and Discussions: Infrared Studies: Fourier-transform infrared (FT-IR)
spectroscopy was employed to further investigate the structural features of the synthesized
HNA-CP in the range of 400-4000 cm™. A broad band observed at 3335 cm™ is attributed to
the O-H stretching vibrations of the HNA ligand and residual moisture. The aromatic C-H
stretching vibrations appear near 3058 cm, while additional bands at 2929 cm™ correspond to
DMF and acetate residues in the polymer. Asymmetric and symmetric deformation vibrations
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of the aromatic rings were detected at 1404 and 1281 cm™ , respectively. The strong band at
1647 cm! is assigned to the carbonyl (C=0) stretching vibration. Furthermore, C=C stretching
vibrations of the aromatic rings were observed in the 1573-1539 cm? region, and Cd-O
stretching modes appeared between 672-542 cm™ . Collectively, these spectral features
confirm the proposed structural framework of HNA-CP [13].

Hirshfeld Surface Analysis. Hirshfeld surface analysis of the synthesized
coordination polymer was carried out using its CIF file, with the asymmetric unit selected for
detailed evaluation of intermolecular interactions and crystal packing. The Hirshfeld surface
was constructed based on normalized contact distances (dnorm) and the di and de parameters,
which quantify the distances from the surface to the nuclei inside and outside the molecular
boundary, respectively. Quantitative analysis revealed a total surface volume of 597.87 A% and
a surface area of 518.56 A?, reflecting extensive intermolecular interactions within the crystal
lattice. Normalized contact distances ranged from -0.6655 to 1.6852 a.u., with an average of
0.4692 a.u., while di and de values spanned 0.6976-2.9473 a.u. and 0.6959-2.7280 a.u.,
respectively, indicating heterogeneous but well-distributed atomic contacts across the surface.
Crystal void analysis demonstrated the presence of intrinsic cavities between molecular
fragments, occupying a volume of 836.28 A% and a surface area of 2158.01 A? per asymmetric
unit. When combined with the Hirshfeld surface, the total volume and surface area reached
1434.15 A% and 2676.57 A2, highlighting significant channels and free space within the
structure that can facilitate gas adsorption, ion mobility, or inclusion of guest molecules,
which are critical for functional applications of 2D coordination polymers. Two-dimensional
fingerprint plots of the Hirshfeld surface provided detailed insights into the nature and
prevalence of intermolecular interactions. The analysis revealed a dominance of H---H
contacts (41.7%), underscoring the stabilizing role of hydrogen bonding. O---H/H---O and
C:--H/H---C interactions contributed 23.9% and 20.6%, respectively, highlighting the
significance of polar and weak van der Waals interactions in the packing. Additionally,
Cd---O/0O---Cd (7.5%) and O---O (2.7%) interactions further stabilize the 3D arrangement,
while minor interactions including Cd---H/H---Cd, O---C/C.--O, C---C, C---N/N---C, and
O--:N/N---O, collectively contribute to the intricate network of forces maintaining the crystal
integrity. Overall, the Hirshfeld surface analysis illustrates a complex interplay of hydrogen
bonding, van der Waals forces, and dipole-dipole interactions that govern the packing and
stability of the coordination polymer. The combination of large surface area, intrinsic voids,
and diverse intermolecular interactions underscores the potential of this material for
applications in gas storage, molecular recognition, and ion transport, providing a
comprehensive understanding of its structural and functional properties (Figs. 1).

~ §F :
Fig. 3. Hirschfeld surface of dnorm HNA-CP, interactions inside and outside the surface.

Single-Crystal X-ray Structure Analysis: Single-crystal X-ray diffraction (SCXRD)
was employed to elucidate the structural framework of the synthesized HNA-CP.

The crystallographic analysis confirms that the coordination polymer is constructed
through the coordination of Cd(Il) ions with 1-hydroxy-2-naphthoic acid (HNA), acetic acid
(AA), and solvent molecules of dimethylformamide (DMF). Within the coordination sphere of
the Cd(Il) centers, HNA and AA ligands exhibit fluxional behavior, whereas two DMF
molecules occupy positions in the outer coordination sphere, contributing to the overall
structural stabilization. The crystallographic parameters and refinement statistics are presented
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for a comprehensive understanding of the polymer’s framework (Fig 2).

I".\x:‘|
/ '-:i:”"' 'f‘."‘ﬁ',-_-::-q
Tosr - 0 Ca? cn ' o
R e o - Ly |
PGS [ ke
o o i1z uﬂ"‘\ o
4 s
:"’"A""'_" 5] hj‘ =Ll o hen .L_:_I. “‘ Jlh\‘\:' z :"..:_-"l..?l:-
x""h“:-'y' 1 i‘:_m
L i e ]
aOr =~ 1.‘(.'." 5
’-!;:H N ’ﬁ#ﬁ* "
“’f‘f E-r""‘-"’;. _C7 }':I, }
“ e
{ ;_El..u-

Fig. 2 ORTEP of the asymmetric unit of HNA-CP., showing the atom-numbering scheme with
displacement ellipsoids drawn at the 35% probability level.

Conclusion. A novel Cd(I1)-based coordination polymer (HNA-CP) was successfully
synthesized and comprehensively characterized. Single-crystal X-ray diffraction revealed a
well-defined two-dimensional framework, with HNA and acetic acid ligands coordinating the
Cd(I) centers and DMF molecules stabilizing the peripheral coordination environment.
Hirshfeld surface analysis provided quantitative insights into intermolecular interactions,
highlighting dominant H---H, O---H/H---O, and C---H/H---C contacts, alongside Cd---O and
other van der Waals and dipole interactions, which collectively stabilize the crystal packing.
The observed intrinsic voids and channels suggest potential for gas adsorption, ion transport,
and guest molecule incorporation. Collectively, these results establish HNA-CP as a robust
and porous 2D coordination polymer with diverse intermolecular interactions, indicating its
promise for functional material applications.
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Annotatsiya. Ushbu ishda EDTA ligandi asosida kobalt va natriy ionlari ishtirokida yangi
koordinatsion polimer [CoNaz(EDTA)(H20)s]n sintez qilindi. Kompleks eritmada sintez gilinib, sekin
bug‘lanish usuli yordamida kristall shaklda olindi. Olingan birikmaning tuzilishi va funksional guruhlarining
koordinatsiyada ishtiroki FT-IR spektroskopiya yordamida o‘rganildi. Spektr natijalari EDTA ligandining
karboksilat va amin donor atomlari orgali metall markaz bilan koordinatsiyalanganini ko‘rsatdi. TGA-DTA
termik tahlili kompleksning ko‘p bosqichli parchalanishini anigladi: dastlab 100-180 °C da suv molekulalari
ajralishi, undan keyin esa 200-600 °C oralig‘ida ligand parchalanishi kuzatildi. Natijalar sintez gilingan
birikmaning koordinatsion tuzilishga ega ekanini va 200 °C gacha termik barqarorligini ko‘rsatadi.

Kalit so‘zlar. Koordinatsion polimer; EDTA ligandi; Kobalt kompleksi; FT-IR spektroskopiya;
Termik tahlil (TGA-DTA); Metall-organik birikmalar; Koordinatsion kimyo.

Abstract. In this work, a new coordination polymer [CoNa(EDTA)(H20)z]n, based on the EDTA
ligand and cobalt and sodium ions, was synthesized using a solution method followed by slow solvent
evaporation. The structural features and participation of functional groups in coordination were examined
with FT-IR spectroscopy, which confirmed that the EDTA ligand coordinates to the metal center through
carboxylate oxygen and nitrogen donor atoms. Thermal analysis (TGA-DTA) showed a multistep
decomposition process. The initial weight loss in the 100-180 °C range corresponds to the removal of water
molecules, while the subsequent mass loss between 200-600 °C is related to the decomposition of the EDTA
ligand. The results confirm the formation of a coordination polymer structure that remains thermally stable
up to approximately 200 °C.

Keywords. Coordination polymer; EDTA ligand; Cobalt complex; FT-IR spectroscopy; Thermal
analysis (TGA-DTA); Metal-organic compounds; Coordination chemistry.

Introduction. Coordination polymers (CPs) and metal-organic frameworks (MOFs)
represent an important and rapidly developing area of modern inorganic chemistry and
materials science. In these systems, metal ions or clusters are linked by multidentate organic
ligands to form extended one-dimensional (1D), two-dimensional (2D), or three-dimensional
(3D) coordination structures. Such materials often exhibit unique physicochemical properties,
including structural diversity, good thermal and chemical stability, and potential applications
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in adsorption, catalysis, sensing technologies, and electrochemical systems [1-4].

Multidentate ligands play a crucial role in the formation of coordination polymers
because they can bind to metal centers through several donor atoms simultaneously, enabling
the construction of complex coordination networks. One of the most widely studied ligands is
ethylenediaminetetraacetic acid (EDTA), which forms highly stable chelate complexes with
metal ions through two nitrogen atoms and four carboxylate oxygen atoms. In addition to
acting as a chelating ligand, EDTA can also function as a bridging ligand, allowing the
formation of polynuclear complexes and extended coordination structures [5-6].

Complexes formed between EDTA and 3d transition metals, particularly cobalt, have
attracted significant interest due to the variable oxidation states, flexible coordination
environments, and diverse magnetic and redox properties of cobalt ions. These features make
cobalt-based complexes promising materials for applications in catalysis, electrochemical
systems, and sensing technologies [7-9].

In addition, alkali metal ions such as sodium can influence the structural organization
of EDTA-based systems. Interactions between sodium ions, carboxylate groups, and hydrated
water molecules may transform discrete complexes into extended coordination networks,
leading to the formation of coordination polymer structures [10-11].

In this work, a new coordination polymer based on cobalt, sodium, and EDTA was
synthesized and characterized. The physicochemical properties of the obtained complex were
investigated using IR spectroscopy and thermal analysis in order to better understand the
coordination behavior of EDTA in the Co-Na system.

Synthesis of the Co-Na-EDTA coordination complex

Ethylenediaminetetraacetic acid (EDTA, 0.377 g, 1.29 mmol) was dissolved in 20 mL
of distilled water with continuous stirring until a clear solution was achieved. The pH was
adjusted to approximately 7.0 by adding dropwise 0.05 M NaOH, and the solution was then
stirred magnetically at 25 + 1 °C for 1 hour.

Cobalt(11) acetate dihydrate (Co(CH3COO).-2H20, 0.32 g, 1.29 mmol) was dissolved
in 20 mL of a 1:1 mixture of distilled water and methanol. This metal solution was added
dropwise to the EDTA solution under constant stirring. A homogeneous pink solution was
formed, which was then treated in an ultrasonic bath for 15 minutes to ensure complete mixing
and homogenization.

The reaction mixture was transferred to a thermostat set at 35-40 °C and left
undisturbed to allow slow solvent evaporation. After approximately 7 days, red crystalline
products formed. The crystals were collected via filtration, washed multiple times with cold
distilled water and ethanol, and dried in air at room temperature. The yield of the product was
about 80%.

FT-IR analysis

The FT-IR spectrum of the synthesized Co-Na-EDTA-H.O coordination polymer
provides important details about the coordination environment and the involvement of
functional groups in the complex formation (Fig.1).
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A broad absorption band observed in the 3300-3550 cm™ region (3482, 3422, and
3363 cm-1) can be attributed to the O-H stretching vibrations of water molecules. The broad
nature of this band indicates hydrogen-bonding interactions, suggesting the presence of water
molecules either as coordinated water or as lattice water within the crystal structure. The
absorption bands in the 2900-3100 cm™ range (3028, 2959, and 2904 cm) correspond to the
C-H stretching vibrations of the EDTA ligand. These bands confirm that the organic
framework of the EDTA ligand remains intact in the coordination polymer. Two strong bands
at 1629 cm? and 1589 cm-1 are assigned to the asymmetric stretching vibrations of the
carboxylate groups (v_as(COQ")), indicating that the carboxyl groups are mainly in the
deprotonated carboxylate form and participate in coordination with the metal centers. This
suggests that the oxygen atoms of the carboxylate groups play a significant role in binding the
metal ions within the polymeric framework.

In the low-frequency region below 600 cm, several bands can be attributed to metal-
ligand vibrations. The bands near 500, 467, and 436 cm™ are characteristic of M-O and M-N
stretching modes, confirming the coordination of cobalt ions with both oxygen atoms of the
carboxylate groups and nitrogen atoms of the EDTA ligand. These spectral features support
the formation of a Co-Na-EDTA coordination polymer that includes coordinated or lattice
water molecules.

Thermal analysis (TGA-DTA)

The thermal behavior of the coordination polymer [CoNax(EDTA)(H:0):], was
examined using simultaneous TGA and DTA analysis. The thermogram shows a multistep
thermal decomposition process, indicating the gradual removal of coordinated molecules
followed by the breakdown of the organic ligand framework.
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Fig. 2. TG-DTA curves of [CoMaz(EDTA)(H20)z2]n complex

The first weight loss occurs between 100-180 °C and involves the removal of three
water molecules linked to the complex. Based on the molecular makeup of the complex, the
estimated mass loss for these three H,O molecules is around 12-13%, aligning with the initial
drop seen in the TGA curve. The weak endothermic DTA peak supports that this stage relates
to dehydration.

A significant weight loss occurs in the 200-300 °C range, accompanied by a strong
exothermic peak near 230-250 °C in the DTA curve. This stage can be attributed to the
thermal decomposition of the EDTA ligand, including the breakdown of coordinated
carboxylate groups and the partial destruction of the organic backbone. Further gradual mass
loss happens between 300 and 600 °C, correlating with the complete degradation of the
remaining organic fragments of the EDTA ligand. The broad DTA signals observed in this
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region suggest complex decomposition processes involving fragmentation and oxidation of the
organic components.

Above 600 °C, the mass becomes relatively stable, indicating the formation of a
thermally stable inorganic residue. This residue most likely comprises metal oxides such as
Co0/Co0304 along with sodium oxide species formed after the full decomposition of the
coordination polymer. Overall, the TGA-DTA results show that the [CoNax(EDTA)(H20)3].
coordination polymer is thermally stable up to about 200 °C, after which dehydration and
ligand decomposition begin. The multistep decomposition behavior observed further supports
the presence of coordinated water molecules and an EDTA-based coordination framework in
the synthesized complex.

Conclusion. A new coordination polymer [CoNax(EDTA)(H20)s]. was successfully
synthesized using EDTA as a multidentate ligand, with cobalt and sodium ions as the metal
centers. The FT-IR analysis confirmed that the ligand coordinates through carboxylate oxygen
and nitrogen donor atoms, forming a stable coordination framework. Thermal analysis showed
that the complex undergoes a multistep decomposition process, starting with dehydration
followed by decomposition of the organic ligand. The compound remains thermally stable up
to about 200 °C, after which structural decomposition occurs. The results confirm the
formation of a cobalt-sodium EDTA-based coordination polymer and provide insight into its
structural features and thermal stability.
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Annotatsiya. Nikotin Kislotasi asosida rux(ll) koordinatsion polimeri solvotermal sharoitda sintez
gilindi. Monokristalli rentgen difraksiyasi tahlili natijasida Zn(ll) ionlari va nikotin kislotasi ligandlari
asosida hosil bo‘lgan ikki o‘lchamli koordinatsion polimer tuzilishi aniglangan. Zn(Il) markazi kislorod va
azot donor atomlari orgali hosil bo‘lgan buzilgan tetraedrik koordinatsion geometriyaga ega. Poliedrik
parametrlar hisoblash natijalari metall markazi atrofidagi koordinatsion muhitning buzilganligini tasdigladi.
Bundan tashqari, kristall strukturasidagi molekulalararo o‘zaro ta’sirlarni aniglash magsadida Hirshfeld sirt
tahlili va ikki o‘lchamli barmoq izit diagrammalari qo‘llanildi. Tahlil natijalari O---H/H---O tipidagi o‘zaro
ta’sirlar kristall gadoglanishida ustunlik gilishini ko‘rsatdi hamda vodorod bog‘lanishlari supramolekulyar
arxitekturaning bargarorlashuvida muhim rol o‘ynashini tasdigladi.

Kalit so‘zlar. Koordinatsion polimer; Rux(ll); Nikotin Kislotasi; Kristall tuzilishi; Hirshfeld sirt
tahlili; Supramolekulyar o‘zaro ta’sirlar.

Abstract. A zinc(Il) coordination polymer based on nicotinic acid was synthesized under
solvothermal conditions. Single-crystal X-ray diffraction analysis revealed the formation of a two-
dimensional coordination polymer constructed from Zn(Il) ions and nicotinate ligands. The Zn(Il) center
adopts a distorted tetrahedral coordination geometry formed by oxygen and nitrogen donor atoms.
Polyhedral parameter calculations confirmed the distortion of the coordination environment around the
metal center. In addition, Hirshfeld surface analysis and two-dimensional fingerprint plots were employed to
investigate intermolecular interactions within the crystal structure. The analysis revealed that O---H/H---O
interactions dominate the crystal packing, indicating the important role of hydrogen bonding in stabilizing
the supramolecular architecture.

Keywords. Coordination polymer; Zinc(ll); Nicotinic acid; Crystal structure; Hirshfeld surface
analysis; Supramolecular interactions

Introduction. Coordination polymers constructed from transition metal ions and
multifunctional organic ligands have attracted considerable attention in recent years due to
their structural diversity and potential applications in various fields such as catalysis,
adsorption, sensing, and functional materials. These compounds are formed through the self-
assembly of metal ions with organic linkers capable of coordinating through different donor
atoms, resulting in extended architectures with one-, two-, or three-dimensional frameworks.
The structural diversity of coordination polymers is largely governed by the coordination
geometry of the metal centers and the binding modes of the organic ligands. Consequently, the
rational design of coordination polymers remains an important topic in modern coordination
chemistry and crystal engineering [1-4].

Among the wide range of organic ligands employed in the construction of
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coordination polymers, pyridine-carboxylate derivatives are particularly attractive because
they contain both nitrogen and oxygen donor atoms within the same molecule. The pyridine
nitrogen atom and the carboxylate oxygen atoms can simultaneously coordinate to metal
centers, allowing the ligand to adopt various coordination modes including monodentate,
chelating, and bridging configurations. Owing to these versatile coordination properties,
pyridine-carboxylate ligands have been widely used in the synthesis of coordination polymers
with transition metal ions such as Zn(lI1), Cd(Il), Mn(ll), Ni(ll), and Co(ll). These systems
often generate coordination architectures ranging from discrete complexes to extended one-
dimensional chains, two-dimensional layers, and three-dimensional frameworks depending on
the ligand geometry and the reaction conditions [5-7].

The topology of coordination polymers formed from pyridine-carboxylate ligands is
strongly influenced by both the structural characteristics of the ligand and the coordination
preferences of the metal ions. In many reported systems, bent or asymmetrical pyridine-
carboxylate ligands promote the formation of two-dimensional coordination networks when
coordinated with transition metal ions such as Zn(ll) and Cd(ll). The carboxylate groups
frequently act as bridging linkers connecting adjacent metal centers, while the pyridine
nitrogen atoms provide additional coordination stabilization. As a result, various structural
motifs such as grid-like layers, ladder-type frameworks, and corrugated sheets can be
generated. Moreover, supramolecular interactions such as hydrogen bonding and z-x stacking
interactions between aromatic rings often play an important role in stabilizing the crystal
packing and promoting the formation of extended architectures [8-10].

In this study, a zinc(ll) coordination compound based on isonicotinic acid was
synthesized under solvothermal conditions. Single-crystal X-ray diffraction analysis revealed
the formation of a two-dimensional coordination polymer constructed from Zn(ll) ions and
isonicotinate ligands. The coordination environment around the Zn(ll) center and the
structural features of the polymeric framework were analyzed in detail. In addition, polyhedral
parameter analysis was used to evaluate the distortion of the coordination geometry, while
Hirshfeld surface analysis and two-dimensional fingerprint plots were employed to investigate
the intermolecular interactions and supramolecular packing within the crystal structure. These
analyses provide insight into the structural characteristics and intermolecular interactions
responsible for stabilizing the coordination polymer.

Experimental.  The synthesized coordination polymer [Zna(NK).NOz], was
structurally characterized by single-crystal X-ray diffraction analysis in order to determine its
crystal structure and coordination environment. The obtained crystallographic data were used
to describe the structural features of the compound and to analyze the coordination geometry
around the Zn(ll) center. In addition, polyhedral parameter calculations were performed to
evaluate the distortion of the coordination environment and to provide a quantitative
description of the metal coordination geometry. Furthermore, Hirshfeld surface analysis and
two-dimensional fingerprint plots, generated using Crystal Explorer 17, were employed to
investigate intermolecular interactions and the supramolecular packing within the crystal
lattice.

Results and discussion. The crystal structure of the coordination polymer
[[Zn2(NK)2NO3]n was determined by single-crystal X-ray diffraction analysis, and the
crystallographic parameters are summarized in Table 1. The compound crystallizes in the
monoclinic crystal system with the C2/c space group (No. 15). Structural analysis shows that
Zn(1l) centers are linked by NK ligands through bridging coordination modes, forming an
extended coordination polymer network. This connectivity propagates throughout the crystal
lattice and is further stabilized by weak intermolecular interactions such as hydrogen bonding
and van der Waals forces.

Table 1. Crystal data for [Zn2(NK)2NOz]n

Crystal Data
Formula Ci12 Hg N3 O7 Zn

Formula Weight 371.58
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Crystal System monoclinic
Space group C2/c (No. 15)
a, b, c[A] 13.0218(11) 7.7954(6) 13.4149(8)
a, B, v [°] 90 97.301(7) 90
V [A7] 1350.71(18)
A 4
D(calc) [g/cm®] 1.827
Mu (CuKa) [mm™] 2.968
F(000) 748
Crystal Size [mm] 0.15x0.20 x0.25

Polyhedral parameter analysis (Table 2) was performed to evaluate the coordination
geometry around the Zn(Il) center. The calculated polyhedral volume (3.988 AS3), distortion
index (0.04767), quadratic elongation (1.0768), and bond angle variance (260.79 deg?)
indicate a noticeable deviation from an ideal tetrahedral geometry. The effective coordination
number (3.43) further supports the presence of a slightly distorted coordination environment.
These parameters confirm that the Zn(Il) center adopts a distorted tetrahedral coordination
geometry, which contributes to the formation of a stable extended coordination polymer
framework in the crystal structure.

Table 2. Polyhedral parameters for [Zn2(NK)2NOs]»

Bondo Distance-(4)c
Zn(1)-0O(2) 1.902(4)a
Zn(1)-0(3)2 2.219(6)2
Zn(1)-0(1)= 2.007(4)=
Zn(1)-N(1)2 2.081(4)

Average-bond-length-An 2.05210
Polyhedral volume-A3z 3.9882c
Distortion-index-(bond-length)= 0.047670
Quadratic-elongationd 1.07680
Bond-angle-variance -degt 260.79309
Effective coordination numberc 3.4327u

Hirshfeld Surface Analysis. To obtain deeper insight into the intermolecular
interactions governing the crystal packing of the coordination polymer [Zn2(NK).NOgz],, a
Hirshfeld surface analysis was performed using the Crystal Explorer program. The Hirshfeld
surface mapped over dnorm, O, di, and curvedness provides a detailed visualization of the close
intermolecular contacts present within the crystal lattice (Fig. 1). This method allows the
identification and qualitative analysis of the interactions responsible for stabilizing the
supramolecular architecture of the structure.

Fig. 1 Hirshfeld surface maps of [Zn2(NK)>NO:s],: (@) dnorm map, {(b) de map, (c)
di map and {d) curvedness map.
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The dnorm surface clearly reveals several prominent red spots, which correspond to
intermolecular contacts shorter than the sum of the van der Waals radii. These regions are
mainly associated with interactions involving oxygen and hydrogen atoms, indicating that
hydrogen bonding interactions play an important role in the stabilization of the crystal
structure. The white areas represent contacts close to the van der Waals distances, while the
blue regions correspond to longer contacts with weaker intermolecular interactions. The d. and
di surfaces provide complementary information about the distances from the Hirshfeld surface
to the nearest external and internal atoms, respectively, allowing the identification of atoms
participating in close intermolecular contacts. Meanwhile, the curvedness surface illustrates
the curvature of the Hirshfeld surface, where relatively flat regions correspond to areas of
significant intermolecular packing between neighboring molecular units. These flat regions
are typically associated with planar interactions and indicate efficient packing within the
crystal lattice.

Fig. 2. Fingerprint plots of
[Zn2{NK)2NOsz],.

Further quantitative analysis was obtained from the two-dimensional fingerprint plots
(Fig. 2). The results show that O---H/H---O interactions make the largest contribution (41.5%)
to the Hirshfeld surface, confirming that hydrogen bonding between ligand hydrogen atoms
and oxygen atoms from nitrate or carboxylate groups dominates the crystal packing. Other
contributions include H---H contacts (9.3%), C---H/H:--C (6.9%), and N---H/H:--N (6.7%),
which represent weak van der Waals and hydrogen bonding interactions. Additional contacts
such as Zn---O/O---Zn (6.3%) and Zn:--N/N---Zn (5.3%) indicate secondary interactions
involving the metal center. Minor contributions from C:--C, C---O/O---C, O---O, and other
contacts further support the stabilization of the three-dimensional supramolecular framework.

Conclusion. Zinc(1l)-based coordination polymer was successfully synthesized using
nicotinic acid under solvothermal conditions. Single-crystal X-ray diffraction analysis
revealed the formation of a two-dimensional coordination polymer with a distorted tetrahedral
coordination environment around the Zn(ll) center. Polyhedral parameter analysis confirmed
the deviation from an ideal tetrahedral geometry. Hirshfeld surface and fingerprint plot
analyses showed that O---H/H---O interactions dominate the intermolecular contacts,
indicating that hydrogen bonding plays a key role in stabilizing the supramolecular structure.
These results provide insight into the structural features and intermolecular interactions
governing the stability of the coordination polymer.
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Annotatsiya. Neft konlarini o‘zlashtirishning boshlang‘ich va yakuniy bosqichlarida bariy sulfat
tuzining qudug tubiga cho‘kish muammosi qudug va erosti uskunalarini ishlatish davomida uning doimiy
hamrohi hisoblanadi. Ushbu magolada qudugda bariy sulfat tuzining cho‘kish sharoitlarini o‘rganishda
laboratoriya tajribalariga asoslangan natijalar keltirib o‘tilgan. Qudug tubi eritmasida tuz hosil bo‘lganligini
aniqlashning asosiy mezonlaridan biri eritma tarkibidagi gattiq zarrachalarda bariy sulfat tuzining mavjudligi
gayd etilgan. Shu o‘rinda eritmaning sho‘rligi, bariy ioni va sulfat ionlari konsentratsiyasi kabi yakuniy
tarkibi bo‘lgan qattiq zarrachalardagi bariy sulfat konsentratsiyasini aniglash orgali eritma tarkibidagi bariy
ionlarining aralashma tarkibidagi konsentratsiyasini hisoblash mumkinligi yoritilgan. Shunga ko‘ra gatlam
suvini tahlil gilish natijalari asosida bariy sulfat hosil bo‘lish reaksiyasining tugash vaqgtini hisoblash
mumkin.

Kalit so‘zlar: tuz cho‘kindilari, bariy sulfat, cho‘kish, suv aralashtirish, kristallarni o‘sishi,
aralashtirish konsentratsiyasi, sulfat ionlari, bariy ionlari.

ANALYSIS OF THE REACTION OF BARIUM SULPHATE SALT FORMATION
FROM BARIUM IONS IN AQUATIC WATER

Abstract. The problem of salt deposits is a constant companion to the operation of downhole and
underground equipment, both at the initial and final stages of oil field development. The paper presents the
results of laboratory experiments to study the conditions of barium sulfate deposition in downhole
equipment. One of the main criteria for determining the formation of salt in the wellbore solution is the
presence of barium sulfate salt in the solid particles in the solution. It is explained that by determining the
concentration of barium sulfate in the solid particles with the final composition such as the salinity of the
solution, the concentration of barium ions and sulfate ions, the concentration of barium ions in the solution
can be calculated. Accordingly, based on the results of the analysis of the formation water, the completion
time of the barium sulfate formation reaction can be calculated.

Keywords: scaling, barium sulfate, precipitation, water mixing, seed crystals, mixing concentration;
sulfate ions; barium ions.

Kirish. Mamlakat neft sanoati oldida turgan eng muhim vazifalardan biri o‘ta qgiyin
geologik, fizik va texnologik sharoitlarda neft gazib olish jarayonlarini takomillashtirishdir.
Bu mamlakatdagi yugori mahsuldor ko‘pgina neft konlarini o‘zlashtirishning kech bosgichiga
o‘tayotgani va ularning umumiy hajmida o‘zlashtirilishi qiyin bo‘lgan zaxiralar ulushi ortib
borayotgani bilan bog‘lig.
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Ko‘pgina tadgiqotchilar yangi turdagi metalorganik birikmalarni sintezlashda ko‘p
tarmoqli xelatlovchi fosfonat guruhlari orgali bog‘lanishlar hosil qiluvchi organik
ligandlarning istigbollari ustida ilmiy izlanishlar olib borishmogda. Fosfat kislota
molekulasidagi kislorod atomlarining bariy kationlari kabi ionlar bilan mustahkam kimyoviy
bog‘lar hosil qilishi ko‘pgina birikmalarni sintezlashda muhum o‘rin tutadi [1-3]. Yangi
metallorganik birikmalarni sintezlashda fosfat kislota kabi bog‘lovchilardan foydalanish,
ushbu birikmalarning tez reaksiyaga kirishishi bilan izohlanadi. Bu esa ushbu hosil bo‘lgan
birikmalarning tuzilishini aniglash va tahlil qilish uchun zarur bo‘lgan yirik
monokristallarning o‘sishi ustidan nazoratni saglab golishni sezilarli darajada giyinlashtiradi
[4-7].

Ayrim mualliflarning[8] fikricha, kon sharoitida ishlatilayotgan eritmalar ish jarayoni
paytida suyuqlik suv osti elektr motori va nasosning o‘zidan o‘tayotganda qizib ketishi
mumkin ekanligini va suyuqlikning isib ketishi bariy sulfatning eruvchanligini oshirishi
mumkin ekanligini gayd etishgan.

Shuningdek, ushbu texnologik jarayonlarda gattiq faza hosil bo‘lish mexanizmining
ba’zi nazariy jihatlarini tahlil gilish mumkinligi va ushbu jarayonlar tahlili bir necha
bosgichlardan iborat murakkab jarayon ekanligi ilmiy tadgigotchlar tomonidan o‘rganilgan [9,
10].

Tadgigot metodologiyasi. Bariy sulfat tuzi hosil bo‘lish jarayonini tavsiflash va
bashorat gilishda odatda fagat kimyoviy (ion konsentratsiyasi va eritmaning ion kuchi) va
termodinamik (bosim va harorat) tavsifnomalari qo‘llaniladi.

Quyidagi 1-jadvalda Buxoro-Xiva neft-gaz mintagasida joylashgan neft-gaz kondensatli
Shakarbulog koni suvining tarkibiy tahlili keltirilgan.

1-Jadval
Shakarbulog koni suvining tarkibiy tahlili
0°I'Sa Quduqg Ne 4 Quduq Ne 9 Quduqg Ne
0 mg/I mmol/l mg/I mmol/Il mg/I mmol/Il
orid 87455,0 |2457,3| 88357,50 | 2492,45 88357,5 2492,45
O4 458,82 9,55 | 1989,60 41,42 682,58 14,21
drokarbo O 433,10 7,10 411,75 6,75 564,25 9,25
8316,60 |415,00| 7915,80 395,00 8216,40 410,00
g g 911,25 75,00 | 1215,00 100,00 1032,75 85,00
47654,9 [1993,93| 48890,52 | 2045,63 48299,8 2020,92
gattic 0 490,00 495,00 49500
. 145239,72 148780,2 147153,36
odorod ko‘rsa p 9,0 8,74 9,27
aq zarrachalar migdo 2413,00 8007,00 1869,00
O
1,0835 1,0815 1,0835
bo a ta Kalsiy xlorli tip Kalsiy xlorli tip Kalsiy xlorli tip
gi ko Mayda gattig muallag| Mayda gattiq muallag Mayda gattiq muallaqg
zarrachalar saglovchi | zarrachalar saglovchi zarrachalar saglovchi
jigarrang tusli va neft | qgoramtir jigarrang tusli jigarrang tusli va neft
plyonkasi va neft plyonkasi plyonkasi cho ‘kmasini hosil
cho‘kmasini hosil cho‘kmasini hosil giluvchi loyqa eritma
giluvchi loyga eritma | giluvchi loyga eritma

Shu o‘rinda bariy sulfat tuzi hosil bo‘lishini oldindan aytib o‘tish uchun SI bo‘yicha
quyidagi tenglamani keltirish mumkin:

SI = log [Ba?*] - [SO4%] — 4,063 1 0,5+ 2,787 p - 3,33-103 Tp®®-7,561-103 T + +10°

3T +3,775-10°T2—7,709-10°P +10

bu yerda: P — bosim, Mpa. T — harorat, °C. p - eritmaning ion kuchi [Ba?*] - [SO4%]
SI>0 molyar konsentratsiyalarda tuzlarning cho‘kishi, SI<0 da cho‘kma hosil bo‘Imaydi.

Ko‘rinib turibdiki, bunday bashorat tenglamasi bir gavatli quduq uchun harorat va
bosim sharoitida sezilarli o‘zgarishlar bilan bariy sulfat hosil bo‘lish holatini tavsiflaydi.
Bundan tashqari, tenglama qudug boshidan olingan sirt namunalarining natijalari uchun tahlil
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gilinsa yaxshi natijalarni bermaydi. Chunki u qudugning yuqori gismida joylashgan va gattiq
muallag zarrachalar shaklida mavjud bo‘lgan bariy sulfatni hisobga olmaydi. Yuqorida
keltirilgan tenglamani tahlil qgilib, biz past bosimli (20-30 MPa) va gatlam harorati past (25-27
°C) bo‘lgan qudugni ishlatganda, termodinamik parametrlarning hissasi ahamiyatsiz darajada
bo‘lib, u 3% dan ko‘p emas va bosim hissasi odatda minimal darajada, ya’ni 1% dan kam. Bu
giymat kimyoviy parametrlarni (ion kuchi va molyar konsentratsiyasini) aniq darajada
aniglangan aniglikdan pastrog. Shuni ta’kidlash kerakki, ESN ni ishlatish paytida suyuglik
suvosti elektr motori va nasosning o‘zidan o‘tayotganda qizib ketadi. Isitish bariy sulfatning
eruvchanligini oshirganligi sababli, ESN ning ishchi tizimlarida cho‘kma xavfini kamaytirish
kerak. Amalda esa bu kuzatilmaydi. Agar bariy sulfatning cho‘kishi eritmadgi gattiq
zarrachalarning ESN ishchi tizimi mikrotengsizligi bois jipslashuvi natijasida sodir bo‘ladi
deb faraz qilsak, va keyinchalik ushbu zarrachalarning o‘ta to‘yingan eritmadan o‘sishi
(termodinamik parametrlarning o‘zgarishi tufayli) sodir bo‘ladi. Demak, ESN ning chugun
g‘ildiraklarini plastikli ESN g‘ildiraklari bilan o‘zgartirilsa, bariy sulfat tuzlari bilan
murakkablashgan quduglarda ta’mirlashlara davri ortishini kuzatish mumkin. Afsuski, amalda
bunday holat kuzatilmaydi yoki quvur uskunalarini ta’mirlash davrining ortib borishi
ahamiyatsiz bo‘lib qoladi. Yuqoridagilardan kelib chigan holda, shunday xulosaga kelish
mumkinki, qudugni burg‘ulash ishlarida bariy sulfat tuzi cho‘kishining asosiy sababi sifatida
shuni ko‘rsatish mumkinki, ya’ni ko‘p zonali quduglarning suvlari, gotib qolgan o‘zaro ogimli
bir zonali quduglar yoki ishlab chigarish korpusidagi uzilishlar bilan ishlash natijasida har xil
turdagi suvlarning (sulfat va barit) aralashishi hisobidan hosil bo‘ladi.

Natijalar muhokamasi. Ushbu texnologik jarayonlarda qattiq faza hosil bo‘lish
mexanizmining ba’zi nazariy jihatlarini tahlil gilish mumkin. Ushbu jarayonlar tahlili bir
necha bosqgichlardan iborat murakkab jarayonlarni oz ichiga oladi.

Qudug tubi va geologik qazish ishlari davomida ishlatiladigan eritmalarda hosil
bo‘luvchi kristallanish jarayonlarini quyidagicha izohlash mumkin:

— birinchidan, Cho’kma hosil giluvchi ionlarning suvsizlanishi. Eritmadagi ionlar
gidratlangan holda bo‘ladi, shuning uchun kristall hosil bo‘lishidan oldin ular gidratlangan
suvini yo‘qotishi kerak;

— ikkinchidan, birlamchi kristallanish markazlarining hosil bo‘lishi — bu kristallar
murtagining hosil bo‘lishidir. Qarama-garshi qutbli ikkita ion molekulaga birlashganda, hali
kristalli shakl hosil gilmaydi. Birlamchi bariy sulfat kristalining hosil bo‘lishi bir gator oraliq
bosgichlar orgali amalga oshadi: birinchi bosgichda Ba?* + SO4% « Ba?* - SO4? ionlarining
bir biriga tortilishi hisobidan ushbu ionlar jufti hosil bo‘ladi; ikkinchi bosgichda esa, Ba?* -
S04% « BaSO4 yoki Ba?* - SO4% « [Ba(S04),%] yoki gachonki bariy kationining migdori
mo‘l bo‘lganda 2Ba®* kationlariga ikkita silfat ionining birikishidan hosil bo‘lgan bariy
kationini tutuvchi [Ba,SO4]?* komplekslarining hosil bo‘lishi, shuningdek eritmada sulfat
ionlari  migdori mo‘l bo‘lganda, [Ba(SO4)2]> kompleks ionlarini saglovchi oralig
moddalarning hosil bo‘lishi sodir bo‘ladi. Bu jarayon esa eritmada doimiy ravishda induksion
tarzda davom etadi;

— uchinchidan, birlamchi kristallanish markazlarining o‘sishi, ularda ionlar sonining
ko‘payishiga olib keladi, natijada eritmadagi kattaroq agregat tuzilishiga ega bo‘lgan
kristallalanish markazlariga ionlarning birikishini ta’minlaydi. Buning natijasida eritma
tarkibidagi bariy sulfat tuzining yirik kristallari hosil bo‘lishiga sababchi bo‘ladi. Ammo
ushbu holatda ayni shu yirik kristallanish jarayonida hosil bo‘lgan birikma hali eritmadan
cho‘kma sifatida ajralib chigishga godir bo‘lmaydi. Bu jarayonni eritma va eritmadagi ionlar
ishtirokidagi hosil bo‘luvchi erimaydigan birikma hosil bo‘lishining kolloid bosgichi deb
hisoblash mumkin;

—to‘rtinchidan, eritmadagi kristallar yoki kristallar agregatlarining ma’lum vaqt
oralig‘ida hosil bo‘lishi, ularning eritma muhitida qola olmasligi va qattiq fazani hosil gilib
(cho‘kma) ajralib chigishini ta’minlaydi. Cho‘kmaning ajralib chiqishi tabiatini ikkita
jarayonlar tezligining nisbatlariga bog‘lash mumkin. Birinchi jarayonda eritmadagi bariy
sulfat tuzini hosil giluvchi dastlabki bariy sulfat hosil bo‘lishini boshlab beruvchi kristallar
murtagining paydo bo‘lish tezligi - vlva ushbu kristall murtagining vaqtga bog‘liq holda
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o‘sish tezligi -v2 bilan izohlanadi.

Tadgigotdagi vl va v2 giymatlari (Q-P)/P formulasi bo‘yicha aniglangan nisbiy o‘ta
to‘yinganlik darajasi bilan aniglanadi, bu erda Q - istalgan vagtda o‘ta to‘yingan eritmadagi
erigan moddaning konsentratsiyasi va P — ma’lum bir haroratda gattiq faza va eritma
o‘rtasidagi muvozanatga erishilganda ushbu moddaning eruvchanligi. Shunday qilib, (Ccm),
bariy sulfatning boshlang‘ich konsentratsiyasi, bu odatda ma’lum mineralizatsiya va haroratda
Cpr dan (cheklangan eruvchanlikdan) past yoki undan yuqori bo‘lishi mumkin. Shubhasiz,
birinchi holda, kristall yadrolarning shakllanishi va mavjud bo‘lganlarning o‘sishi mumkin
emas.

Jumladan, Ccm>Cpr (Ccm-aralashtirish konsentratsiyasi, Cpr-cheklovchi eruvchanlik)

bo‘lgan holatda aralash konsentratsiya diapazoni 1-rasmda ko‘rsatilganidek, uchta zonaga
bo‘linishi mumkin:
— ushbu rasmdagi zonalarni tavsifiga ko‘ra, birinchi zona eritmaning to‘yinish zonasi bo‘lib,
bu sohada kristallar hosil bo‘lishi kuzatilmaydi. Bunday konsentratsiyada doimiy
termodinamik (birinchi navbatda harorat) va fizik-kimyoviy (sho‘rlanish va garama-garshi
ionlar nisbati — sulfat ionlari va bariy ionlari) sharoitida hech ganday kristallar hosil
bo‘Imaydi va mavjud kristallar o‘smaydi.

Skp

Aralashish konsentratsyasi

1-Rasm. Aralash konsentratsiyasining vaqtga bog*ligligi

— ikkinchi zona esa Skp dan kichik birog Spr dan katta bo‘lgan holat metastabil soha
bo‘lib, gattiq muallaq zarrachalar hosil bo‘lmaydi, birog ushbu sohada kristallar o‘sishi
mumkin.

—uchinchi zona (Skp) kretik konsentratsiya zonasi bo‘lib, undan yuqori
konsentratsiyada hamisha kristallanish markazi hosil bo‘lishi kuzatiladi ya’ni ushbu holatda
gattiq muallag zarrachalar hosil bo‘ladi. Quyidagi 2-rasmda Shakarbuloq koni Ne4-qudug‘i
kondensat migdorining quduq bosimiga bog‘liglik diagrammasi keltirilgan.
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Ushbu qudugning suyugliklarini ekstraksiyalashning suvlanish darajasiga bog‘liglik
gistogrammasi keltirilgan. Unga ko‘ra qudugdan kondensatni gazib olishga nisbatan suvlanish
darajasi yuqori ekanligini ko‘rish mumkin.

Xulosa. Demak, asosiy xulosa sifatida shuni aytish mumkinki, eritmada tuz hosil
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bo‘lganligini aniglashning asosiy mezonlaridan biri, eritma tarkibidagi gattiq zarrachalarda
bariy sulfat mavjudligidir. Shuning uchun, hosil bo‘lgan eritmaning yakuniy tarkibi (sho‘rligi,
bariy ioni va sulfat ionlari konsentratsiyasi) va qattiq zarrachalardagi bariy sulfat
konsentratsiyasini aniglab, biz eritma tarkibidagi bariy ionlarining aralashma tarkibidagi
konsentratsiyasini hisoblashimiz mumkin. Ushbu munosabatlarga asoslanib, gatlam suvini
tahlil gilish natijalari asosida bariy sulfat hosil bo‘lish reaksiyasining tugash vagqtini hisoblash
mumkin.
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Annotatsiya. Ushbu magolada Xorazm viloyati tuprog-iglim sharoitida bir xil agrotexnik usullar
asosida yetishtirilgan 6 ta kuzgi yumshoq bug‘doy navlari (Chillaki, Bezostaya-1, Krasnodar-99, Fortuna,
Kroshka va Pamyat) don tarkibidagi makro (Mg, P, S, K, Ca) va mikroelementlar (Si, Mn, Fe, Ni, Cu, Zn)
miqdori o‘rganildi. Elementlar tarkibi to‘lgin uzunlik-dispersiyali rentgen-fluoressent spektrometri
yordamida aniglanib, natijalar qurug modda asosida baholandi. Tadgiqot davomida navlar o‘rtasida makro
va mikroelementlar miqgdori sezilarli darajada farq qilishi aniglandi. Ayrim navlar muayyan elementlar
bo‘yicha yuqgori ko‘rsatkichlarni namoyon etgan bo‘lsa, boshqgalari nisbatan past giymatlarni gayd etdi.
Olingan natijalar bug‘doy navlarining ozigaviy tarkibini baholash hamda seleksiya jarayonida istigbolli
shakllarni tanlashda muhim ilmiy-amaliy ahamiyatga ega ekanligini ko ‘rsatadi.

Kalit so‘zlar: Kuzgi yumshog bug‘doy, don tarkibi, rentgen-fluoressent tahlil, makro va
mikroelement miqgdori.

DETERMINATION OF MACRO-AND MICRO-ELEMENTS IN GRAINS USING X-
RAY FLUOROSIS METHOD

Abstract. This article examines the content of macroelements (Mg, P, S, K, Ca) and microelements
(Si, Mn, Fe, Ni, Cu, Zn) in the grains of six winter wheat varieties (Chillaki, Bezostaya-1, Krasnodar-99,
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Fortuna, Kroshka, and Pamyat) grown under the soil and climatic conditions of the Khorezm region using
uniform agronomic practices. The elemental composition was determined by wavelength-dispersive X-ray
fluorescence spectrometry, and the results were evaluated on a dry matter basis. The study revealed
significant differences in the content of macro- and microelements among the varieties. Some varieties
demonstrated higher levels of certain elements, while others showed comparatively lower values. The
obtained results indicate that these findings are of important scientific and practical significance for
assessing the nutritional composition of wheat varieties and for selecting promising genotypes in breeding
programs.

Keywords: Bread wheat, grain composition, X-ray fluorescence analysis, macro and
microelements content.

Kirish. Donli ekinlar inson ratsionida muhim o‘rin tutuvchi asosiy 0ziq moddalarning
muhim manbayi hisoblanadi. Ular tarkibida ogsillar, uglevodlar, vitaminlar hamda aynigsa
kaliy (K), fosfor (P), magniy (Mg), temir (Fe), rux (Zn) va mis (Cu) kabi mineral elementlar
mavjud [13, 9].

Uglerod, vodorod va kislorod atmosferadan va suvdan olinadi, qolgan zaruriy makro
va mikroelementlar esa asosan tuproq orgali ta’minlanadi. Tuprogdagi ularning
konsentratsiyasi va o‘simlikning o‘sish jarayonidagi miqdoriy talabiga asoslanib, zarur
ozugalar makroelementlar (N, P, K, Ca, Mg va S) va mikroelementlar sifatida tasniflanadi [14,
11].

Makro va mikroelementlarning holatini, shuningdek, ularning tuprog xossalari bilan
o‘zaro ta’sirini baholash donli ekinlarni samarali yetishtirish va barqgaror ishlab chigarishni
ta’minlash uchun muhim ahamiyatga ega [10]. Makro va mikroelementlarning ikkalasining
ham o‘simlik oziglanishiga go‘shgan hissasi muhim bo‘lib, hosilni optimallashtirish va sifatini
yaxshilashda asosiy rol o‘ynaydi [15]. O‘simliklarning oziq moddalarni gabul gilishi mikro-
va makroelementlar orgali amalga oshadi, ular o‘simliklarning o‘sishi va rivojlanishi uchun
javobgardir. Mikroelementlar oz miqdorda kerak bo‘lsa, makroelementlar katta migdorda
talab qilinadi. Kasalliklarga chidamlilik va hosildorlik mikroelementlar tomonidan
ta’minlanadi [4]. O°‘simliklarda asosiy oziq moddalarni gabul qilish va metabolizm
jarayonlari, shuningdek, hujayra devori rivojlanishi, fotosintez, nafas olish faoliyati, xlorofill
hosil bo‘lishi, fermentlar faolligi, gormonlar sintezi, azot fiksatsiyasi va reduksiya jarayonlari
kabi turli jarayonlar amalga oshadi. Mikroelementlar bog‘dorchilik mahsulotlarining sifatini,
hosildorligini va yig‘imdan keyingi saglash muddatini oshiradi [12]. Mikroelementlar asosan
o‘simlik metabolik jarayonlarida katalizator vazifasini bajaradi. Ularning yetishmasligi boshqa
ozugalarni so‘rilishi va samarali ishlatilishini cheklashi mumkin, ularning ko‘p migdorda
yetishmasligi esa sezilarli fiziologik buzilishlarga olib keladi [1, 5]. Tuproglarda
mikroelementlarning mavjudligi intensiv gishlog xo‘jaligi amaliyotlari natijasida tobora
kamayib bormoqda [3].

Makro- va mikroelementlarning yetishmasligi turli tuproq va o‘simlik tahlillari orgali
aniqlanadi. Yuqori hosildorlik tufayli turli mikro- va makroelementlarning yetishmasligi ortib
bormoqda, bu esa meva ekinlari uchun oziqg moddalarni gabul gilish talabining oshishiga olib
keladi. Ushbu elementlar o‘simliklarning o°sishi va rivojlanishini yaxshilash uchun ishlatiladi.
Makroelementlar tuprogga qo‘llanganda, u tuproq unumdorligini oshiradi, ildiz tugunlarida
azot fiksatsiya qiluvchi bakteriyalarni faollashtiradi, o‘simlik o‘sishini kuchaytiradi,
vegetatsiya va meva rivojlanishini yaxshilaydi. Mikroelementlar o‘simlik barglariga
go‘llanganda, turli muhim oziqg moddalar so‘riladi va bu barglardagi oziq moddalar
harakatliligini oshiradi. Ushbu elementlar o‘simliklarda barqgarorlikni saglash va hosilni
ta’minlash uchun muhimdir [6].

Past sifatli urug®, tuproq sho‘rlanishi, suv bosishi, noto‘g‘ri o‘g‘itlash amaliyoti,
sug‘orish suvining cheklanganligi, yuqori ishlab chigarish xarajatlari, fermerlarning past
darajadagi malakasi hamda mikroelementlar va organik o‘g‘itlarning yetarlicha
go‘llanilmasligi bug‘doy hosildorligining past bo‘lishiga asosiy sabablar sifatida tan olingan
[8]. Mineral o‘g‘itlar qo‘llanilganda bug‘doy donlaridagi mis (Cu), temir (Fe), marganes (Mn)
va rux (Zn) konsentratsiyalari oshadi. Shuningdek, makro va mikroelementlarni qo‘llash
usullari ham ekin hosiliga sezilarli ta’sir ko‘rsatadi [7].

Tadgigot metodologiyasi. Tadgigot obyekti sifatida Xorazm viloyati tuproq va iglim
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sharoitida bir xil agrotexnik usullar go‘llanib yetishtirilgan Chillaki, Bezostaya-1, Krasnodar-
99, Fortuna, Kroshka hamda Pamyat kuzgi yumshoq bug‘doy navlari tanlab olindi.

Bug‘doy namunasidagi makro va mikroelementlar miqdori Rigaku ZSX Primus Il
NEXT (Yaponiya, Rigaku Corporation) to‘lgin uzunlik-dispersiyali rentgen-fluoressent
spektrometri yordamida aniglandi. Tahlillar vakuum rejimida olib borildi, bu esa yengil
elementlarning aniglanish sezgirligini oshirdi. Barcha giymatlar quruq modda bo‘yicha mg/kg
birlikda ifodalangan. Bug‘doy donining kul migdori 1,8 % (qurug modda bo‘yicha), namlik
miqdori esa 13 % ni tashkil etdi. Qizdirilganda massa yo‘qotilishi (LOI) 98,6 % deb
baholandi.

Natijalar va muhokama. Tajribalarda bug‘doy navlari doni tarkibidagi
makroelementlar Mg, P, S, K va Ca miqdorlari aniglandi va tahlil qilindi. Ushbu
makroelementlarning navlar doni tarkibidagi miqdori 1-jadvalda keltirilgan.

1-jadval
Navlarning don tarkibidagi makroelementlar migdori, mg/kg
Tir Nav nomi Mg P S K Ca
1 | Chillaki 6552,0 3060,0 815,4 5058,0 554,4
2 | Bezostaya-1 595,8 1854,0 1962,0 8694,0 2070,0
3 | Krasnodar-99 284,4 991,8 568,8 6264,0 871,2
4 | Fortuna 5364,0 2574,0 921,6 5994,0 806,4
5 | Kroshka 5832,0 2988,0 1029,6 5256,0 687,6
6 | Pamyat 588,6 1926,0 1774,8 8730,0 2142,0

O‘rganilgan kuzgi yumshoq bug‘doy navlari doni tarkibida makroelementlardan
magniy (Mg) elementi miqgdori tahlil gilinganda 284,4-6552,0 mg/kg oralig‘ida bo‘lib, eng
kam migdorda Krasnodar-99 navida va eng ko‘p migdorda Chillaki va Kroshka navlarida
aniglandi.

Fosfor va magniy o‘rtasida sinergik o‘zaro ta’sirlar kuzatiladi, chunki magniy kinaza
fermentlarining faollashtiruvchisi sifatida xizmat qiladi hamda fosfat guruhlarining
ko‘chirilishi bilan bog‘liq bo‘lgan reaksiyalarning aksariyatini ta’minlaydi [2]. Bug‘doy
navlarining doni tarkibidagi makroelementlardan fosfor (P) miqgdori o‘rganilganda eng kam
ko‘rsatkich Krasnodar-99 navida (991,8 mg/kg) va eng ko‘p migdorda P saglagan nav Chillaki
(3060,0 mg/kg) navi ekanligi aniglandi.

Bug‘doy navlari doni tarkibidagi makroelementlar ichida oltingugurt (S) miqgdori
o‘rganilganda navlar orasida sezilarli farglar kuzatildi. Eng yuqori ko‘rsatkich Bezostaya-1
navida aniglanib, u 1962,0 mg/kg ni tashkil etdi. Aksincha, oltingugurtning eng past miqdori
Krasnodar-99 navida gayd etilib, 568,8 mg/kg ga teng bo‘ldi.

Oc‘tkazilgan tahlillar bug‘doy donida kaliy (K) elementi miqdori navlarga garab
turlicha ekanligini ko‘rsatdi. Mazkur element bo‘yicha eng yuqori giymat Pamyat navida
kuzatilib, u 8730,0 mg/kg ni tashkil gildi. Eng past ko‘rsatkich esa Chillaki navida aniglanib,
5058,0 mg/kg ga teng bo‘ldi.

Don tarkibidagi yana bir muhim makroelement — kalsiy (Ca) migdori ham navlar
kesimida baholandi. Natijalarga ko‘ra, Pamyat navi 2142,0 mg/kg ko‘rsatkich bilan kalsiyga
eng boy nav sifatida gayd etildi. Shu bilan birga, ushbu elementning eng kam miqdori
Kroshka navida aniglanib, uning giymati 687,6 mg/kg ni tashkil etdi.

Bug‘doy navlarining don tarkibidagi mikroelementlardan Si, Mn, Fe, Ni, Cu va Zn
miqdori o‘rganildi. Ushbu mikroelementlarning navlar doni tarkibidagi migdori 2-jadvalda
keltirilgan.

Tadgiqgotda o‘rganilgan bug‘doy navlari doni tarkibidagi Si mikroelementi giyosiy
o‘rganilganda 262,8-1333,8 mg/kg oralig‘ida aniglandi. Eng ko‘p miqdorda Fortuna (1333,8
mg/kg), Kroshka (1294,2 mg/kg) navlarida kuzatilgan bo‘lsa, eng kam miqdordagi Si
elementini Krasnodar-99 (262,8 mg/kg) navi doni tarkibida ekanligi aniglandi (2-jadval).

2-jadval
Don tarkibidagi mikroelementlar migdori, mg/kg
Tir Nav nomi Si Mn Fe Ni Cu Zn
1 | Chillaki 1134,0 10,08 27,00 4,10 5,31 12,24
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2 | Bezostaya-1 628,2 155,70 378,00 62,28 55,80 157,50
3 | Krasnodar-99 262,8 71,46 157,68 26,10 20,70 37,08
4 | Fortuna 1333,8 15,71 34,20 5,96 6,71 17,73
5 | Kroshka 1294,2 14,98 32,04 4,12 5,40 48,51
6 | Pamyat 597,6 163,80 320,40 48,60 62,28 133,56

Bug‘doy navlari doni tarkibidagi mikroelementlardan biri bo‘lgan marganes (Mn)
miqgdori ham alohida tahlil gilindi. O‘tkazilgan qgiyosiy tadgiqot natijalari ushbu elementning
navlar donida turli darajada to‘planishini ko‘rsatdi. Aniglangan ma’lumotlarga ko‘ra,
marganes miqdori o‘rganilgan bug‘doy navlari doni tarkibida 10,08 mg/kg dan 163,80 mg/kg
gacha bo‘lgan diapazonda o‘zgarib turishi gayd etildi. Tahlil natijalari shuni ko‘rsatdiki,
marganesning eng yuqori ko‘rsatkichi Pamyat navida aniglanib, uning migdori 163,80 mg/kg
ni tashkil etdi. Bu holat mazkur nav donida ushbu mikroelementning nisbatan ko‘proq
to‘planishini ko‘rsatadi. Aksincha, marganesning eng past miqdori Chillaki va Kroshka
navlari doni tarkibida gayd etildi. Xususan, Kroshka navida ushbu element 14,98 mg/kg,
Chillaki navida esa 10,08 mg/kg migdorda ekanligi aniglandi.

Bug‘doy doni tarkibidagi Fe elementi migdori giyosiy o‘rganilganda 27,00-378,00
mg/kg oralig‘ida aniglandi. Tadgigotda Fe elementini eng ko‘p migdorda Bezostaya-1 (378,00
mg/kg) navida, eng kam migdorda Kroshka (32,04 mg/kg) va Chillaki (27,00 mg/kg)
navlarida aniglandi.

O‘rganilgan bug‘doy navlari doni tarkibidagi nikel (Ni) mikroelementi migdori ham
taggoslab baholandi. Tadgiqot natijalariga ko‘ra, ushbu elementning migdori navlar kesimida
4,10-62,28 mg/kg diapazonda o‘zgarishi aniglandi. Eng yuqori ko‘rsatkich Bezostaya-1
navida kuzatilib, 62,28 mg/kg ni tashkil etdi. Aksincha, nikelning eng past migdori Chillaki
(4,10 mg/kg) hamda Kroshka (4,12 mg/kg) navlari doni tarkibida gayd etildi.

Navlarining don tarkibida Cu miqdori tahlil gilinganda 5,31-62,28 mg/kg oralig‘ida
aniglandi. Don tarkibidagi mikroelementlardan mis eng ko‘p migdorda Pamyat (62,28 mg/kg)
navida kuzatildi. Eng kam miqgdor Kroshka (5,40 mg/kg) va Chillaki (5,31 mg/kg) navlarida
ekanligi aniglandi.

Navlarning don tarkibidagi Zn mikroelementi giyosiy o‘rganilganda 12,24-157,50
mg/kg oralig‘ida aniglandi. Eng ko‘p miqdorda Bezostaya-1 (157,50 mg/kg) navida va eng
kam miqgdorda Chillaki (12,24 mg/kg) navida kuzatildi.

Xulosa va takliflar. Don tarkibidagi makroelementlar migdori navlar kesimida tahlil
gilinganda Chillaki navida Mg, P va K, Fortuna navida Mg va K, Bezostaya-1 navida K va Ca,
Kroshka navida Mg va P, Pamyat navida S, K va Ca elementlar migdori yuqori ekanligi
aniglandi. Krasnodar-99 navida esa K ning migdori boshga elementlarga nisbatan anchagina
yugori ekanligi tahlillar natijasida aniglandi.

Mikroelementlar migdori tahliliga ko‘ra Chillaki, Fortuna va Kroshka navlarida Si
miqdori boshga mikroelementlarga nisbatan ko‘p migdorda bo‘lishi aniglandi. Bezostaya-1 va
Krasnodar-99 navlari esa Fe moddasiga boy ekanligi ma’lum bo‘ldi. Pamyat va Bezostaya-1
navlarida Zn mikroelementi miqgdori boshga navlarga garaganda ko‘p miqdorda uchradi.
Olingan natijalar bug‘doy navlari o‘rtasida makro va mikroelementlar tarkibi sezilarli darajada
farq gilishi mumkinligini ko‘rsatadi hamda navlarning ozigaviy giymatini baholashda bunday
ko‘rsatkichlar muhim ahamiyatga ega ekanligini tasdiglaydi.

Tadgiqot jarayonida o‘rganilgan bug‘doy navlari seleksiya ishlarida ota-ona shakllari
sifatida xizmat qildi. Ushbu navlar asosida duragaylash ishlari olib borilib, hozirgi kunga kelib
ularning ishtirokida Fs avlodiga mansub duragay kombinatsiyalari olindi. Kelgusidagi ilmiy
izlanishlarimizda mazkur duragay kombinatsiyalar doni tarkibidagi makro va mikroelementlar
miqdorini aniglash, ularning navlararo farglarini baholash hamda ozigaviy va biologik
ahamiyatini tahlil qilish rejalashtirildi. Shuningdek, olingan natijalar asosida istigbolli
duragaylarni tanlab olish va ularning seleksiya jarayonidagi samaradorligini aniglash magsad
qgilindi.
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6-AMINOXINAZOLIN-3(H)-4-ONNI AYRIM AROMATIK ATSETILEN SPIRTLARI
ISHTIROKIDA ALKINILLASH REAKSIYALARI
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Annotatsiya. Ushbu tadgigotda xinazolinon hosilalarining biologik faolligini oshirish magsadida
Zn(OTf), katalizatori ishtirokida 6-aminoxinazolin-4(3H)-onning aromatik atsetilen spirtlari bilan
xemoselektiv N-alkinillanish reaksiyalari o‘rganildi. Jarayon Sy1 mexanizmi orqgali borishi va propargil
kationining hujumi fagat 6-holatdagi -NH. guruhga yo‘naltirilganligi, yuqori regioselektivlikka ega ekanligi
nazariy va amaliy jihatdan asoslandi. Reaksiya davomida ajralib chiquvchi suvni Dean-Stark qurilmasi
yordamida azeotrop haydab chigarish metodi go‘llanildi, bu esa muvozanatni mahsulot hosil bo‘lishi tomon
siljitib, unumni sezilarli darajada (82,1% gacha) oshirishga imkon berdi. Tadgigot davomida harorat, vaqt,
katalizator migdori va erituvchi tabiatining (toluol, dixloretan) jarayon unumiga ta’siri tizimli tahlil gilinib,
magbul sharoitlar aniglandi. Sintez gilingan yangi molekulyar gibrid birikmalarning individual tozaligi va
tuzilishi 1Q hamda 'H, ¥*C YaMR spektroskopiya usullari yordamida tasdiglandi. Olingan natijalar
farmatsevtik ahamiyatga ega yangi dori vositalari sintezi uchun muhim poydevor bo‘lib xizmat giladi.

Kalit so‘zlar: 6-aminoxinazolin-4(3H)-on, katalizator, aromatik atsetilen spirtlari, N-alkinillanish,
reaksiya davomiyligi, mahsulot unumi.

ALKYNYLATION REACTIONS OF 6-AMINOQUINAZOLIN-4(3H)-ONE WITH
CERTAIN AROMATIC ACETYLENE ALCOHOLS
Abstract. In this study, the chemoselective N-alkynylation reactions of 6-aminoquinazolin-4(3H)-

one with various aromatic acetylene alcohols were investigated in the presence of a Zn(OTf), catalyst to
enhance the biological activity of quinazolinone derivatives. It was theoretically and experimentally
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established that the process proceeds via an Sy1 mechanism, characterized by high regioselectivity where the
propargyl cation attack is exclusively directed at the 6-position -NH; group. To shift the equilibrium toward
product formation, an azeotropic distillation method using a Dean-Stark apparatus was employed to
continuously remove the water byproduct, which significantly increased the yield (up to 82.1%). The effects
of temperature, reaction time, catalyst loading, and the nature of the solvent (toluene, dichloroethane) on the
process efficiency were systematically analyzed to determine the optimal conditions. The individual purity
and chemical structures of the synthesized novel molecular hybrid compounds were fully confirmed using
IR and *H, *C NMR spectroscopy techniques. The results obtained serve as a significant foundation for the
synthesis of new pharmaceutical agents with potential medicinal applications.

Keywords: 6-aminoquinazolin-4(3H)-one, catalyst, aromatic acetylenic alcohols, N-alkynylation,
reaction duration, product yield.

Kirish. Geterohalgali birikmalar sinfiga kiruvchi (3H)-xinazolin-4-on hosilalari
tibbiyot, farmasevtika va (qishlog xo‘jaligida o°zining antibakterial, antigelmint,
yallig‘lanishga garshi va aynigsa, o‘simtalarga garshi keng ko‘lamli biologik faolligi bilan
alohida o‘rin tutadi [1-2]. Shu bilan birga, tarkibida uch bog‘, gidroksil guruhi hamda turli
alifatik yoki aromatik o‘rinbosarlar saglagan atsetilen spirtlari ham toksikologik jihatdan
xavfsizligi va keng kimyoviy imkoniyatlari sababli organik sintezda istigbolli ob’ektlar
hisoblanadi [3-4]. Kimyoviy va farmakologik jihatdan gimmatli hisoblangan ushbu ikki xil
fragmentni yagona molekulyar tuzilishda gibridlash, yuqori samaradorlikka ega yangi avlod
geterohalqgali birikmalarni sintez gilishda muhim ahamiyatga ega bo‘lgan dolzarb yo‘nalish
hisoblanadi [5, 7]. So‘nggi tadgigotlarda molekulasida atsetilen fragmentlarini saglagan
geterohalgali birikmalarni modifikatsiya gilishda yangi Katalitik sistemalar muhim o‘rin
tutmoqda. Xususan, Xitoy Fanlar Akademiyasining bir guruh olimlari tomonidan siklik
etiniletilen karbonatlarning mis katalizatori ta’sirida gayta guruhlanishi natijasida oralig
mahsulot, allenal intermediatlari hosil bo‘lishi isbotlangan. Bunda siklik karbonat tarkibidagi
terminal alkin protonining deprotonlanishi sodir bo‘lib, molekula ichki gayta guruhlanishga
uchraydi. So‘ngra karbonat halgasining ochilishi va reaksion faol allenal intermediatlari
ajralib chigishi kuzatiladi. Ushbu bosgich semipinokol tipidagi siljish orgali emas, balki asos
yordamida deprotonlanish orgali amalga oshishi DFT hisoblash usullari yordamida
isbotlangan, reaksiya mexanizmlari taklif gilingan. Natijada murakkab tuzilishga ega allil va
propargil allenollari, siklopropiliden hosilalari yugori unumlarda sintez gilingan [8, 10].

Murakkab stereokimyoviy tuzilishga ega tizimlar sintezida propargil substratlarining
asimmetrik [3+2] sikllanish reaksiyalari ham muhim ahamiyatga ega. Shao va uning ilmiy
jamoasi tomonidan [Cu(CHsCN)4]PFs va xiral L-1 ligandi ishtirokida uchlamchi propargil
karbonatlarining C,O-bisnukleofillar bilan yumshoq sharoitda (Et,O, K>COs) boradigan
reaksiyasi ishlab chigilgan. Mazkur jarayonda mis-alleniliden intermediatining hosil bo‘lishi
reaksion markazni xiral muhitda fazoviy aniq yo‘naltirishi natijasida, to‘rtlamchi uglerod
markazlarini shakllantirishdagi fazoviy to‘siglarni yengib o‘tishi isbotlangan [11].

Yaponiyalik kimyogarlar K. Sakata va Y. Nishibayashi tomonidan e’lon qilingan
tadgiqot ishida, turli metall komplekslari ishtirokida bir gqator aminlar, iminlarning
stereoselektiv reaksiyalarni qgiyoslab, yangi asimmetrik transformatsiyalarni ratsional
loyihalash uchun kvant-kimyoviy parametrlarning ahamiyati hamda propargil spirtlari
ishtirokidagi xemoselektiv jarayonlarning mexanizmi va yangi katalitik sistemalarni tanlashda
ilmiy asoslangan muhim natijalar keltirilgan [12].

Yuqoridagi adabiyotlar tahlilidan kelib chigib, ushbu tadgiqgotda Zn(OTf), ishtirokida
6-aminoxinazolin-4(3H)-onni aromatik atsetilen spirtlari bilan xemoselektiv N-alkinillash
reaksiyalarini amalga oshirish va jarayonning magbul sharoitlarini aniglash magsad qilindi.

Tadgigot metodologiyasi. 100 ml li dumaloq tubli kolbaga 177 mg (1,1 mmol) 6-
aminoxinazolin-4(3H)-on, 1.0 mmol tegishli atsetilen spirti (1) va 36 mg (0,1 mmol) Zn(OTf)
solindi. Aralashmaga 20 ml toluol qo‘shildi. Kolba suv ajratib oluvchi Dean-Stark va gaytar
sovutgich bilan jihozlandi. Reaksion aralashma moy hammomda 110 °C haroratda magnit
aralashtirgich yordamida 8-12 soat davomida aralashtirildi. Reaksiya tugagach (YuQX
nazorati, geksan:etilasetat 2:1), toluol past bosim ostida haydaldi. Qoldig 30 ml etilatsetatda
eritilib, to‘yingan NaHCO3 va suv bilan yuvildi. Organik gatlam Na.SO. yordamida quritildi.
Texnik mahsulot silikagel to‘ldirilgan kolonkada (geksan:etilatsetat, 6:1) tozalandi va yakuniy
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bosqgichda etil spirtida gayta kristallash orgali kukun holatdagi, kimyoviy toza mahsulot ajratib
olindi.

Natijalar va muhokama. Tadgigotning ushbu bosgichida 6-aminoxinazolin-4(3H)-on
va 1-(4-butoksifenil)-3-fenilprop-2-in-1-ol o‘rtasidagi tanlangan katalizatorlar ishtirokida
xemoselektiv N-alkinillash reaksiyasining magbul sharoitlarini aniglash magsad gilindi.
Reaksiya umumiy sxemasi 1-rasmda keltirilgan.

& i i
Zn(OTf),/Toluol
_ O + HzN\@fLNH ZnOThyTolwol I /@L}m + HOH
HO N ® N N
H

(1-3) (a) (1a-3a)

R= (1; 4-OBu, 2; 2,4-OMe, 5-Br, 3; 4-S-Et)
1-rasm. Zn(OTf)2 katalizatori ishtirokida 6-aminoxinazolin-4(3H)-onning aromatik atsetilen spirtlari
bilan xemoselektiv N-alkinillanish reaksiyasi sxemasi

Reaksiya mexanizmi Lyuis kislotasi (Zn?*) tomonidan propargil spirtidagi gidroksil
guruhining aktivlanishi bilan boshlanadi. Zn(OTf), spirt guruhining kislorod atomi bilan
kompleks hosil gilib, uni oson chigib ketuvchi guruhga aylantiradi. Natijada suv molekulasi
ajralib chiqib, SN; tipi bo‘yicha bargarorlashgan propargil kationi hosil bo‘ladi. So‘ngra, 6-
aminoxinazolin-4(3H)-onning nukleofil amino-guruhi ushbu kationga hujum qiladi. Ushbu
tadgiqot ishining eng muhim jihatlaridan biri, bu yuqori regioselektivlikdir. 6-aminoxinazolin-
4(3H)-on yadrosida bir nechta nukleofil markaz (masalan, 3-holatdagi -NH) mavjudligiga
garamay, reaksiya fagat 6-holatdagi -NH guruhda sodir bo‘ladi. Bu holat -NH; guruhining
yuqori nukleofilligi va propargil kationining ushbu markazga kinetik jihatdan hujum qilishi
qulayligi bilan izohlanadi. Dean-Stark qurilmasi esa suvni sistemadan uzluksiz chigarib
yuborish orgali Le-Shatelye tamoyiliga muvofiq muvozanatni mahsulot tomonga siljitadi va
katalizator barqgarorligini ta’minlaydi. Shuni ta’kidlash kerakki, taklif etilgan Zn(OTf), va
Dean-Stark kombinatsiyasi texnologik soddaligi, arzonligi va aynigsa oltingugurt saglovchi
murakkab substratlarda ham xemoselektivlikni saglab golishi bilan ajralib turadi. Tadgiqotlar
davomida reaksiya unumiga katalizator tabiatining ta’siri, uning miqdori, erituvchi turi va
suvni azeotrop haydash usullarining samaradorligi o‘rganildi. Olingan natijalar 1-jadvalda
keltirilgan.

1-jadval
Reaksiya sharoitlarini optimallashtirish

Ne Katalizator (mol%) Erituvchi Vaqt Unum
1 Zn(0Tf), (10) Dixloretan 24 55,4
2 Fe(Cl)3 (10) Toluol 12 62,1
3 Cu(0Tf)2 (10) Toluol 15 58,3
4 Zn(0Th), (5) Toluol 18 65,7
5 Zn(0Tf)2(10) Toluol 10 82,1

Dastlabki tajribalarda turli metall tuzlarining (Fe, Cu, Zn) katalitik faolligi giyoslandi.
FeCl; va Cu(OTf), katalizatorlari ishtirokida olib borilgan 2, 3-tajribalarda mahsulot unumi
mos ravishda 62,1 % va 58,3 % dan oshmadi. Buning asosiy sababi sifatida Lyuis
kislotalarining kislorod atomiga bo‘lgan yuqori yaqginligini ko‘rsatish mumkin. Bu esa hosil
bo‘lgan atsetilen spirtining gisman parchalanishiga va go‘shimcha jarayonlarning sodir
bo‘lishiga olib keladi. Katalizator sifatida Zn(OTf). ishtirokida olib borilgan reaksiyalar
yugori xemoselektivlik va mahsulot unumi 82,1% ni tashkil etdi (5-tajriba).

Erituvchi tabiatining unumga ta’siri dixloretan va toluol misolida baholandi.
Dixloretan muhitida reaksiya 24 soat davom etgan bo‘lsa-da, unum 55,4 % dan oshmasligi
kuzatildi. Bu holat past haroratda propargil kationi hosil bo‘lish tezligi sustligi hamda
sistemadan suvni haydash imkoniyati yo‘gligi bilan izohlanadi. Toluol erituvchisi va Dean-
Stark qurilmasi yordamida suvni doimiy azeotrop haydab turish esa reaksiyani 10 soat ichida
yakunlash imkonini berdi. Katalizator migdori 10 mol % dan 5 mol % gacha kamaytirilganda
(4-tajriba), reaksiya vaqti keskin uzayishi (18 soat) va unumning 65,7 % gacha pasayishi
aniglandi. Bu 10 mol % miqdor substratlarni to‘liq aktivlash va reaksiya davomida hosil
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bo‘ladigan suv molekulalari tomonidan yuzaga keladigan katalizator deaktivatsiyasini
muvozanatlash uchun magbul migdor ekanligini tasdiglaydi.

Ishlab chigilgan optimal sharoitlarda turli o‘rinbosarli aromatik atsetilen spirtlarining
reaksion gobiliyati o‘rganildi (2-jadval).

2-jadval
6-aminoxinazolin-4(3H)-onning aromatik atsetilen spirtlari bilan
reaksiya natijalari
Mahsulot Aromatik atsetilen spirtidagi o°rinbosar (R) Vaqt Unum
la 4-butoksifenil (4-OBu) 10 82,1
2a 5-brom-2,4-dimetoksifenil 12 75,3
(5-Br, 2,4-OMe)
3a 4-etiltiofenil (4-SEt) 14 68,7

Jadvalda keltirilgan ma’lumotlardan ko‘rinib turibdiki, halganing para-holatidagi -
OC4Hg guruhi kuchli elektron beruvchi (+M) effekti hisobiga oraliq propargil kationini
bargarorlashtiradi va reaksiyaning yuqgori unum bilan (82,1 %) tugashini ta’minlaydi. 2a
mahsulot sintezida aromatik halgada bir vaqgtning o‘zida ikkita kuchli donor metoksi-guruh va
bitta elektron-akseptor brom atomi mavjud bo‘lib, donor guruhlarning ustunlik gilishi hisobiga
mahsulot 75,3% unum bilan olindi. Brom atomining saglanishi ushbu molekulani kelajakda
kross-birikish reaksiyalari uchun qulay markazga aylantiradi. 3a-birikma sintezida, substrat
tarkibidagi oltingugurt atomi (+M) effektga ega bo‘lsada, u “yumshoq” Lyuis asosi sifatida
katalizator faolligini biroz susaytirishi natijasida unumning 68,7% gacha pasayishi kuzatildi.

Magsadli mahsulotlarning unumi 68,7% dan 82,1% gacha bo‘lishi aniglandi.
Tadgiqotlar natijasida olingan uchta (1a-3a) yangi molekulyar gibrid birikmalarning
individual tuzilishi va tozaligi 1Q va 'H, ¥C YaMR spektral ma’lumotlari asosida to‘lig
isbotlandi.

.................

33 eoS

’ RN [

2-rasm. 6—((1-(4-butoksifeniI)—3—feniIpropin—2-iI)amino)xinazoIin-4(3H)—onning (1a) 1Q, H YaMR
spektri

Sintez gilingan  6-((1-(4-butoksifenil)-3-fenilpropin-2-il)amino)xinazolin-4(3H)-on
birikmasining 1Q spektri tahlil gilinganda, molekula tarkibidagi barcha xarakterli funksional
guruhlarning tebranish chastotalari (v, cm) kutilgan sohalarda namoyon bo‘ldi. Spektrning
yugori chastotali sohasida 3373.7 cm? da kuzatilgan keng cho‘qgi xinazolinon yadrosidagi
amid va yangi hosil bo‘lgan ikkilamchi amin (N-H) guruhlarining valent tebranishlariga
to‘gri keladi. Dastlabki propargil spirti tarkibidagi gidroksil guruhiga xos bo‘lgan keng va
kuchli yutilish polosasining yo‘qolishi, reaksiya natijasida C-N bog‘i hosil bo‘lganligini
isbotlaydi. Reaksiyaning muvaffagiyatli borganligini tasdiglovchi eng muhim isbotlardan biri
bu 2198.4 cm? sohada namoyon bo‘lgan o‘rta intensivlikdagi cho‘qgidir. Ushbu signal
propargil fragmentidagi atsetilen (C=C) bog‘inining valent tebranishlariga mos keladi va
gibrid molekulada alkin zanjiri saglanib golganligini ko‘rsatadi. Bundan tashqari, spektrda
1692.9 cm? chastotada xinazolinon yadrosiga xos bo‘lgan kuchli C=0 guruhi signallari
hamda 1242.5 cm™ sohasida butoksi guruhining aromatik efir bog‘iga (Ar-O-C) xos valent
tebranishlari gayd etildi. Aromatik halgalardagi C=C bog‘larining tebranishlari 1609.4 va
1506.4 cm™ sohalarda, alifatik C-H bog‘lari esa 2956-2870 cm™ oralig‘ida o‘z aksini topgan.
1Q spektr ma’lumotlari YaMR natijalari bilan to‘liq mos kelib, magsadli gibrid molekula
R —————————
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tuzilishini yanada ishonchli tasdiglaydi.

Keltirilgan 6-((1-(4-butoksifenil)-3-fenilpropin-2-il)amino)xinazolin-4(3H)-onning ‘H
YaMR spektridan ko‘rish mumkinki, molekula tarkibidagi barcha vodorod atomlari o‘ziga xos
kimyoviy siljishlar bilan namoyon bo‘lgan. Spektrning aromatik sohasida (¢ 8.38 va 8.03
m.u.) xinazolinon yadrosining H-2 va H-5 protonlariga tegishli singlet va dublet signallari
kuzatiladi. Reaksiyaning xemoselektivligini isbotlovchi eng muhim dalil bu ¢ 5.40 m.u.
sohada propargil markazidagi CH protonining dublet ko‘rinishidagi signalidir (J=6.4 Hz).
Ushbu signalning integrali (1.02 H) va uning amino-guruhdagi (-NH-) proton bilan o‘zaro
spin-spin ta’sirlashuvi (0 6.55 m.u.) reaksiya aynan 6-holatdagi -NHz guruh bo‘yicha amalga
oshganligini tasdiglaydi. Butoksifenil fragmentidagi aromatik protonlar ¢ 6.87 m.u. sohadagi
xarakterli dublet ko‘rinishidagi signallar hosil gilgan bo‘lsa, alifatik zanjirdagi butoksi
guruhining signallari 6 4.01 m.u. (-OCH,-), 1.77-1.48 m.u. (-CH-) va 0.98 m.u. (-CHa)
sohalarida kutilgan integrallar nisbatida (2:4:3) namoyon bo‘ldi. Spektrda qo‘shimcha
mahsulotlar yoki boshlang‘ich moddalarga tegishli signallarning mavjud emasligi, sintez
gilingan gibrid molekulaning tozalik darajasi yuqori ekanligidan dalolat beradi.

Shu bilan birgalikda 2a va 3a birikmalarning ham tuzilishi va tozaligi I1Q va *H YaMR
spektrlari yordamida tasdiglandi. Olingan natijalar quyidagicha:

6-((1-(5-brom-2,4-dimetoksifenil)-3-fenilprop-2-in-1-il)amino)xinazolin-4(3H)-on
(2a). Mahsulot unumi 75,3%. Tsuyug 244-246 °C. 1Q spektri (KBr, cm?): 3370 (N-H), 3062
(C-H, ar.), 2202 (C=C), 1690 (C=0), 1612, 1510 (C=C, ar.). *H YaMR (400 MHz, CDCls) :
8.38 (s, 1H, H-2), 8.04 (d, J=8.8 Hz, 1H, H-5), 7.52-7.48 (m, 4H, Ar-H), 7.42-7.30 (m, 6H,
Ar-H), 7.10 (dd, J=8.8, 2.4 Hz, 1H, H-7), 6.80 (d, J=2.4 Hz, 1H, H-8), 6.58 (s, 1H, NH), 5.45
(d, J=6.4 Hz, 1H, CH-propargil).

6-((1-(4-(etiltio)fenil)-3-fenilprop-2-in-1-il)amino)xinazolin-4(3H)-on (3a). mahsulot
unumi 68,7%; Tsuyug 261-262 °C. 1Q spektri (KBr, cm): 3375 (N-H), 3058 (C-H, ar.), 2965,
2928 (C-H, alifatik), 2195 (C=C), 1694 (C=0), 1608, 1502 (C=C, ar.), 685 (C-S-C). H
YaMR (400 MHz, CDCls) ¢: 8.37 (s, 1H, H-2), 8.03 (d, J=8.8 Hz, 1H, H-5), 7.48-7.44 (m, 2H,
Ar-H), 7.39-7.31 (m, 5H, Ar-H), 7.23 (d, J=8.2 Hz, 2H, Ar-H), 7.08 (dd, J=8.8, 2.4 Hz, 1H, H-
7), 6.78 (d, J=2.4 Hz, 1H, H-8), 6.60 (s, 1H, NH), 5.42 (d, J=6.4 Hz, 1H, CH-propargil), 2.94
(k, J=7.2 Hz, 2H, SCH>), 1.32 (t, J=7.2 Hz, 3H, CH5).

Xulosa. Olib borilgan tadgigotlar natijasida ilk bor Zn(OTf), katalizatori ishtirokida 6-
aminoxinazolin-4(3H)-onni turli o‘rinbosarli aromatik atsetilen spirtlari bilan xemoselektiv N-
alkinillashning yangi va qulay usuli ishlab chigildi. Mahsulot unumiga katalizator miqdori,
erituvchi tabiati va haroratning ta’siri tizimli o‘rganildi va optimal sharoitlar topildi. Reaksiya
natijasida propargil kationining hujumi fagat 6-holatdagi -NH> guruhga nisbatan sodir bo‘lishi
va boshga nukleofil markazlarga ta’sir gilmasligi aniglandi. Bu jarayon SN1 mexanizmi orgali
borishi nazariy jihatdan asoslandi. Sintez gilingan birikmalarning individual tuzilishi va
tozaligi zamonaviy fizik-kimyoviy tadgigot (1Q, *H YaMR) usullari yordamida tasdiglandi.
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AHHOTaIIl/Iﬂ. XHAMUYECKH MO,I[I/I(bI/IL[I/IpOBaHHLIe noJimcaxapuisbl, 6J1aroz[ap;1 HaJIM4YUKO aKTHBHBIX
THAPOKCHIIBHBIX TPYII, HaXoIdT BcE Oojiee IMMPOKOE NMPUMEHEHHE B TEKCTHIIBHOM MPOMBIIIICHHOCTH.
[IpocTsie U crnoxHbIe Y3PUPHI Kpaxmala, a TAKXKe ero MPOU3BOIHBIC, COAePIKAIIIe aMIHOTPYITIBL, 00IagatoT
B(b(l)eKTI/IBHHMI/I 3arymarommnumun CBOMCTBAaMHU H IIUPOKO HCIOJB3YIOTCA B TEXHOJOTHYCCKUX IIpoLeccax
TEKCTHJIFHOTO TPOM3BOJACTBAa. MeTHIIOBEIE APHUPHI KpaxMana u 3(pUpsl KapOOHOBEIX KHCJIOT, B YaCTHOCTH
HaTpuceBass COJIb Kap6OKCI/IM€TI/IJIKanMaJIa, XapaKTCpU3yroTCsd CIIOCOOHOCTBIO  JIETKO Ha6yxaTL u
pacTBOPATHCS B XOJIOAHOM BOJIE.

HyTéM 3T€pI/I(1)I/IKaLII/II/I Kpaxmajla MOKHO 3HAYUTCIIbHO IMMOBBICUTL €0 PACTBOPUMOCTD U yITYy4IIUTH
(U3MKO-XUMHUYECKUE CBOMCTBA. YacTW4HOE 3aMelleHHe TWAPOKCHIIBHBIX TPyNN 3(GHPHBIMH TpyNIamu
IIO3BOJIACT HpCO6pa3OBaTI> HEPACTBOPUMBIC B BOAC KpaxMaJl U LCJIJIOJIO3Y B BOAOPACTBOPHUMBIC COCANHCHUS
C BBICOKOI BSI3KOCTBIO. Bnaro;lapﬂ 3THM CBOICTBaM MO,HI/I(l)I/IHI/IpOBaHHHﬁ KpaxmaJj IIUPOKO MPUMCHACTCS B
KadgecTBe 3(p(PEeKTUBHOTO 3aryCTHTENS U CTAOMIN3AaTOPa B TEKCTHIIBHOM MPOMBIIIICHHOCTH.

KiaroueBble cjioBa: KpaxMaJl, 3aryCtutTeilb, MHOpPEAC]T TCEKY4YECTH, CTCIICHb TUKCOTPOIIHOT'O
BOCCTAaHOBJICHUS, xnonano6yMa>1<Haﬂ TKaHb, aKpHUJI0BasA SMYJIbCHs, ITIOJIMBUHUJIAIIETAT.

Abstract. Chemically modified polysaccharides are increasingly used in the textile industry due to
the presence of active hydroxyl groups in their structure. Simple and complex starch ethers, as well as their
derivatives containing amino groups, exhibit effective thickening properties and are widely used in textile
processing technologies. Methyl ethers of starch and esters of carboxylic acids, particularly sodium
carboxymethyl starch, are characterized by their ability to easily swell and dissolve in cold water.

Through the etherification of starch, its solubility can be significantly increased and its
physicochemical properties improved. Partial substitution of hydroxyl groups with ether groups makes it
possible to convert water-insoluble starch and cellulose into water-soluble compounds with high viscosity.
Due to these properties, modified starch is widely used as an effective thickening and stabilizing agent in the
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textile industry.

Keywords: Starch, thickener, yield stress, thixotropic recovery degree, cotton fabric, acrylic
emulsion, polyvinyl acetate.

Introduction. Natural and synthetic polymers, in particular starch and its derivatives,
are used in the textile industry not only for yarn sizing but also as thickeners for printing on
blended fabrics. Therefore, the problem of developing or selecting optimal thickener
compositions remains highly relevant in scientific research. One of the main reasons for this is
the specific requirements that rheological modifiers must satisfy. These requirements include
the ability to provide effective thickening at low polymer concentrations, storage stability,
resistance to mechanical stress, good washability, brightness, water retention capacity, non-
foaming behavior, and other important properties. For this reason, the rheological
characteristics of polymer thickener solutions are of great importance. Based on these
considerations, this section attempts to classify thickeners used in textile printing. Among
them, polyacrylate-based thickeners occupy a special place. However, before using them as
thickening components, it is necessary to study the chemical transformations that occur
between polyacrylates and other polymers, oligomers, or ingredients.

Main part. It is well known that esters, nitriles, and amides of polyacrylic and
polymethacrylic acids, as well as their copolymers, readily undergo polymer-analogous
transformations when exposed to acidic and alkaline reagents in significant amounts [1].
Esters of polyacrylic acid and lower aliphatic alcohols undergo saponification in alkaline
media. In some cases, degradation (destruction) reactions may also occur.

In addition to synthetic polymers, natural polymers are also widely used as thickeners.
In particular, sodium alginate, obtained by alkaline treatment of marine algae and
characterized by water solubility and swelling in alkaline media, is commonly used as a
thickening agent in textile printing.

Ready-to-use printing pastes for the production of printed fabrics are highly viscous
structured systems, in which the thickener is the main component. The thickener prevents
undesirable reactions in the dye composition and ensures the sharpness of pattern contours on
the printed fabric by resisting the capillary forces of the substrate [2].

In most cases, thickeners are true or colloidal solutions of water-soluble polymer
substances. The component that forms the internal spatial structure or skeleton of the thickener
is referred to as the thickening agent. The macromolecules of thickening substances interact
with each other to form an internal spatial network structure .

At present, polymer thickeners used in industry can be divided into two main groups:

Single-phase aqueous polymer solutions, consisting of macromolecular substances such
as plant-derived products, particularly starch (wheat, rice, corn, potato), their derivatives
(simple and complex starch ethers), their degradation products (dextrins), alginates, and
various synthetic thickeners;

Colloidal two-phase systems with a distinct interface, in which the thickening agents are
low-molecular-weight substances (solid, liquid, or gaseous). In such systems, a stable internal
structure is formed by at least three components: the dispersed phase, the dispersion medium
(external phase), and a dispersing agent or emulsifier, as well as a stabilizer (for example, oil-
in-water and water-in-oil emulsions, and foam-based compositions).

The selection of thickening components is one of the most important issues in the textile
industry. In production, dyes are several times more expensive than thickeners, and their
consumption (on a dry matter basis) is comparable to or slightly higher than that of thickeners.
Therefore, the correct selection of a thickener contributes to dye savings, improves color
fastness, and ensures high-quality printing results.

Most natural thickeners used in the textile industry are polysaccharides. More than 90%
of natural thickeners used by volume consist of various types of starch and products obtained
through its modification [3].

In this case, not only cellulose and starch, but also other polysaccharides of various
origins can be used as starting materials .

Such polysaccharides include thickening agents based on cellulose ethers.
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Only cellulose ethers are used as thickening agents among cellulose derivatives. The
most widely used among them are methyl cellulose, ethyl cellulose, benzyl cellulose,
carboxymethyl cellulose, hydroxyethyl cellulose, cyanoethyl cellulose, and others. Cellulose
ethers are derivatives of cellulose in which the hydrogen atoms of the hydroxyl groups are
replaced by alkyl groups.

The chemical formulas and the degree of substitution of the most important cellulose
ethers produced on an industrial scale are presented in Table 1.1

Table 1.1
Cellulose ethers
Cellulose ether Degree of  (Chemical formula
substitution
Methyl cellulose 140-200  |[CsH702(OH)s«(OCHs)x]n
Ethyl cellulose 220-260  |[CeH702(OH)3-«(OC2Hs)y]n
Benzyl cellulose 190-240  [CeH702(OH)3«(OCH:2CsHs)x]n
Carboxymethyl cellulose 40-120 [CsH702(OH)3«(OCH2COONa)y ],
Hydroxyethyl cellulose a) 3040  |[CeH702(OH)3—(OCH2CH20H)«]a
b) 150-250
Cyanoethyl cellulose a) 25-100  |[CéH702(OH)3«(OCH2CH2CN)«]n
b) 220-290

As can be seen from the table, the degree of alkyl substitution in industrially produced
cellulose ethers varies over a wide range.

Among the many synthesized and studied cellulose ethers, nearly 15 types are used in
practice. One of the most important among them is the sodium salt of carboxymethy! cellulose
(Na-CMC). It is the highest-volume cellulose ether produced on an industrial scale [4].

Carboxymethyl cellulose was first obtained in 1918, and industrial production began in
Germany in the early 1920s. Since then, significant improvements have been achieved in
production technology, product quality, and manufacturing efficiency. Today, various grades
of CMC are widely used in many industrial sectors and fully meet industrial demand .

At present, the global production volume of carboxymethyl cellulose (CMC) of various
grades amounts to approximately 350 thousand tons per year, which represents about 47-50%
of the total production of cellulose ethers. This large production volume is associated with the
widespread use of CMC. According to literature data, the number of application fields of
CMC exceeds 200 [5].

The rheological properties of thickening agents are significantly influenced by water-
soluble dyes that exhibit affinity toward cellulose.

For printing with dyes containing acidic metal-complex compounds, thickening agents
based on mixed cellulose ethers containing hydroxyalkyl and carboxyalkyl groups are mainly
recommended . These types of thickeners exhibit good solubility and, unlike hydroxyethyl
cellulose, do not cause coagulation of acidic metal-complex dyes in prepared printing
compositions. The content of the thickener in the prepared dye composition usually does not
exceed 5%.

Research methodology. Scanning Electron Microscopy (SEM) is an advanced
analytical technique widely used for high-resolution imaging and microstructural
characterization of materials. By scanning a focused electron beam across a specimen surface
and detecting emitted signals, SEM provides detailed information about surface morphology,
topography, and elemental composition. Due to its versatility and nanometer-scale resolution,
SEM plays a critical role in materials science, metallurgy, nanotechnology, mineral
processing, and industrial quality control.

Scanning Electron Microscopy is a surface-imaging method that uses a focused beam of
high-energy electrons instead of visible light. Compared to optical microscopy, SEM offers
significantly higher resolution (typically 1-10 nm in modern systems) and a large depth of
field, enabling three-dimensional-like surface visualization[5-8;].
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SEM has become an essential tool in scientific research and industrial analysis for
studying microstructures, fracture surfaces, particle morphology, coatings, and phase
distributions.

Images of carboxymethyl cellulose gels crosslinked with AI** ions are shown in the
upper figure, while the xerogels formed during drying are presented in the lower figure.

A T
R

Figure 1.1. Carboxymethyl cellulose gels

Carboxymethyl cellulose is one of the products manufactured annually in large volumes
by the chemical industry. One of the main disadvantages of this production is that cellulose is
obtained from wood, which is a raw material requiring decades to form. In addition, the
production of cold water-soluble CMC requires significant amounts of chemical reagents,
such as monochloroacetic acid and caustic soda.

In contrast, starch has a lower degree of polymerization (DP), and when chemically
modified, it does not require additional costs associated with oxidative degradation in alkaline
media, or with the mechanical degradation and amorphization necessary for obtaining similar
products from cellulose. Changes in the morphology of starch under various processing
conditions are shown in the microphotographs presented in picture 1.2

primary starch

potato starch gelatinized starch carboxymethylated
' starch

soaked starch

Picture 1.2. Morphology of different types of starch

Viscous solutions prepared from modified starch exhibit high uniformity due to the
homogeneous distribution of ether groups along the relatively short macromolecular chains.
The presented examples demonstrate the feasibility of using starch, modified by chemical
methods, for the preparation of various thickening agents and formulations, as well as its
advantages over cellulose.

Results and Discussions. Carboxymethylated starch is recommended in cases where a
thickener with a low dry matter content in solution is required. Thickening agents based on
sodium carboxymethyl starch (Na-CMS) can be obtained when the initial organic substance
content exceeds 6%. The viscosity of Na-CMS gels increases with increasing concentration;
however, a sufficiently precise relationship between these parameters has not yet been fully
established[9-11;].

Na-CMS solutions are resistant to the effects of bacteria and mold, as well as to acids,
alkalis, and electrolytes present in the printing composition. They provide high dye
penetration into the fabric, improve dye uniformity, are easily washed out during rinsing, and
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can also be used in combination with other thickening agents.

Conclusion. The analysis of published scientific literature indicates that the study of
thickening agents used in printing blended fabrics remains highly relevant both in the
Republic and internationally. Despite significant research devoted to the development and
application of high-performance thickeners, many of the proposed formulations still exhibit
certain technological, physicochemical, or ecological limitations. Therefore, further
improvement of thickening compositions and their functional properties continues to be an
important scientific and practical task.

Although substantial progress has been achieved in the synthesis and characterization
of thickeners, unresolved issues related to stability, compatibility with dyes, rheological
behavior, environmental safety, and process efficiency necessitate continued investigation.
The development of advanced thickening systems capable of ensuring uniform print quality,
improved fixation, and reduced resource consumption remains a priority in textile printing
technology.

Furthermore, the search for innovative and non-conventional approaches to thickener
production, particularly those based on resource-saving and environmentally friendly
technologies, is of increasing importance. The implementation of sustainable technological
processes not only enhances the quality of printed fabrics but also improves labor productivity
and reduces environmental impact. In this regard, continued research aimed at developing
efficient, eco-friendly, and economically viable thickening agents is scientifically justified and
industrially significant.
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Abstract. Currently, polymer technology is rapidly developing worldwide, and the advancement of
every field related to chemistry is of great importance. In particular, the introduction of innovations in
polymer composite material technology plays a significant role. First of all, replacing or combining polymer
composite materials with new fillers can open wide technological opportunities. The development of waste-
free technologies requires that each component involved in the synthesis of complex substances should
preferably be environmentally friendly, which creates favorable conditions for the production of eco-friendly
materials.

The use of natural fillers not only promotes waste-free manufacturing technologies but also
improves economic efficiency through rational utilization of natural mineral resources. Considering that
many polymer products can remain undecomposed in landfills for hundreds of years and cause serious
environmental problems, the incorporation of recycled natural fillers into polymers is highly important. One
of such natural sources with significant reserves is basalt mineral.

Keywords: basalt, composite, filler, recycling, polyvinyl chloride composite material,
modification.

AHHOTaIIl/Iﬂ. B HacTosAIIeC BpEMS TCXHOJIOTHH NOJIUMEPOB B MUPE CTPEMUTCIIBHO Pa3BUBAIOTCA, U
pa3BUTHE KaXKI0# 001aCTH, CBSI3aHHOM C XUMHEH, UMEET 0OJIBIIIOE 3HAUCHUE. SHAYUTEIBHYIO YaCTh 3TOTO
HalpaBJICHU 3aHUMAKOT TCXHOJIOTUH NOJIMMEPOB, U BHEAPCHNEC HOBBIX peH.IeHI/Iﬁ B ,IIaHHOfI obnactu
SIBIIIETCSL OCOOEHHO AKTYyaJIbHBIM. Hpemne BCCTO, 3aMCHA WUJIN KOM6I/IHI/IPOBaHI/Ie COCTaBa NOJIMMCPHBIX
KOMITIO3UOUOHHBIX MaTE€PUAIIOB HOBBIMH HAITOJHUTEIIAMHA MOXKET OTKPBITH IMUPOKHUE BO3ZMOKHOCTH.

CTpeMHCL CO31aTh 6630TXOZ{HLIﬁ MHUD, BAXKXHO Y4YCCTb, YTOOBI KaxJad 4JacTtulla, y4aCTBYyroliad B
CHUHTE3€C CJIOKHBIX BECHICCTB, UMEJIa IIPUPOJTHOEC MIPOUCXOKACHUEC, UTO COSILaéT 0O0JIBIINE BO3MOKHOCTH JUIA
MMPOU3BOACTBA SKOJIOTMYCCKU YHCTON MMPpOAYKIHH. Wcnonr3oBanue Takux MMPUPOAHBIX HaITOJIHUTEJICH
CIIOCOOCTBYET HE TOJIbKO Ppa3BUTHIO O€30TXOJHBIX TEXHOJOTUH MPOM3BOJACTBA, HO M TMOBBIIICHUIO
MOJIOKUTENLHBIX JSKOHOMHYECKHX ITOoKa3aTelaed 3a CUeT panmMoHaJIBHOTO HCHOJB30BAHUA ITPUPOIHBIX
pecypcos.

B YCIOBUSX, KOTAA IMOJIUMEPHI, CIIOCOOHBIE COXPaHATHCA Ha MMOJIMI'OHAX OTXOO0B 0e3 Ppas3IoKEHUA B
TECUCHUC COTCH JICT, OpeACTaBIAIOT cepbé3Hy10 OKOJIOTUYICCKYIO Hpo6neMy, HUCIIOJIb30BAHUEC
nepepaboTaHHBIX HATIOJHUTENICH Ha OCHOBE MPUPOIHOTO CHIPhS B COCTABE MOJUMEPOB MPHOOpeTaeT 0coOyro
AKTYaJIbHOCTb.

OJIHI/IM N3 TaKuX MPUPOAHBIX HCTOYHHUKOB SABJISACTCA 6a3am>T, o6naz[a}ou1m71 3HAYUTCIIbHBIMU
3aracaMHu.

KaroueBble cjioBa: 0a3ayibT, KOMIIO3UT, HAIOJHHUTENb, IepepadOTKa, ITOJMBHHUIIXIOPUIHBIA
KOMIO3HIIMOHHBIA MaTepHa, MOIU(DIKAIIHSL.

Introduction. Polyvinyl chloride (PVC) is one of the most widely used plastics in
modern society. Its main applications include pipes, electrical cables, window profiles, siding,
and other products. In recent years, PVC composites reinforced with wood fibers have become
increasingly popular due to their acceptable mechanical properties, resistance to moisture and
fungi, long service life, wood-like appearance, and recyclability. However, certain
disadvantages of this material, including relatively low impact resistance and insufficient
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thermal stability, limit its range of applications. This indicates the need for further scientific
research on this important material [1].

The use of natural wood particles as fillers may also contribute to environmental
concerns associated with the depletion of natural resources. Another commonly used filler for
PVC is calcium carbonate (chalk). However, the compositional characteristics of calcium
carbonate deposits found in the Central Asian region do not provide the required reinforcing
and filling properties. Therefore, calcium carbonate, particularly Belgorod chalk from the
Russian Federation, is mainly imported as a filler. This results in additional challenges related
to transportation, customs procedures, and storage.

For this reason, there is a need for a filler material that has abundant reserves, low
environmental impact, and low cost. Basalt mineral is proposed as a potential filler, and the
development and improvement of its processing technology require a solid scientific
foundation.

Main part. The processing of minerals used as fillers can vary depending on the
intended application. The first and most fundamental processing method is the mechanical
method, which prepares the mineral in a suitable condition for subsequent processing stages.
Depending on the field of application, the required particle sizes may differ.

Mineral processing operations generally consist of a sequence of stages designed to
separate ores into valuable mineral-rich products (concentrates) and waste streams. The
distribution of mineral processing stages within the mining value chain is shown in Figure 2.
Run-of-mine ore initially undergoes crushing, grinding, and classification processes, which
reduce the particle size to an adequate level and ensure the liberation of minerals. These
processes prepare the particles for subsequent separation stages, such as mineral flotation or
gravity separation methods. It should be noted that the crushing stage is not required when
processing tailings; however, this stage may be necessary for previously unprocessed mining
waste[2;3].

Basalt processing presents somewhat different challenges compared to the processing of
conventional ores. At the same time, the general nature and sequence of the process remain
unchanged. The main differences lie in the types of technologies used in each individual stage
and the methods of their implementation.

Basalt is an extrusive igneous or volcanic rock that has a low silica content, dark in
colour, and is very rich in iron and magnesium. Basalt rock is mainly composed of pyroxene,
olivine, and plagioclase and is the most common rock on the earth's surface. The texture of
basalt rocks is coarsely porous as those holes are left by gas bubbles. The specimens of these
rocks are mostly fine-grained, glassy and compact. A large part of the ocean floors is made
from basalt rocks. When erupted by volcanoes in ocean basins, it can lead to the formation of
volcanic Islands. Basalt rocks have also built up huge plateaus on the surface of the land.
Maria, the dark plains on the Moon and also volcanoes of Mars and Venus are known to be
possibly made up of basalt. A basalt dark in colour can be called the dark basalt. We find its
applications in textile industries, fire protection. From these places, we get a clear idea that
understanding basalt use is really important for us. In this article, we will understand what
basalt is, the use of basalt, basalt type, and more about this in detail.

Basalt is an igneous rock that is formed from the quick cooling of lava rich in
magnesium and iron when exposed at or very near the surface of a terrestrial planet or the
moon.(Image will be Uploaded soon)Point to NoteWe must note that more than 90% of all
volcanic rock on Earth is basalt, and the eruption/bursting of basalt lava is seen by geologists
at around twenty volcanoes every year. Basalt is also a crucial volcanic rock type on other
planetary bodies in the Solar System. For example, the lunar maria are plains of flood basaltic
lava flow and basalt is a common rock existing on the surface of Mars[4].

Research Methodology. Formation Basalt rocks are usually formed when the
volcanic basaltic Lava rapidly cools from the deep interior of the earth's crust equivalent to
plutonic gabbro-norite magma and gets exposed to the Earth surface. Gas cavities are absent
in the basalt lows and these floors are generally quite thick and extensive. Basalt is now being
added to the polymer composite materials component based on the results of new scientific
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research. Based on this, we can obtain materials for many types of technical purposes, added
as a filler for polyvinyl chloride. To obtain a composite material from polymers, only the filler
is not enough, that is, it is necessary to add thermostabilizers, plasticizers, colors to the
composition of the polymer. These compounds do not interact chemically, but small particles
form a common physical bond with each other. A scanning electron microscope image
showing the constituents and dimensions of a basalt-doped polymer composite is presented in
picture Ne 1. Scanning Electron Microscope (SEM) is a type of high-precision microscope
widely used in modern scientific research. Unlike conventional optical microscopes, SEM
uses a beam of high-energy electrons instead of light. This method allows the surface structure
of materials to be studied with accuracy down to the nanometer level. Using SEM, the types of
elements present in basalt were identified, and it was observed that iron compounds, which
negatively affect the physical and mechanical properties of polyvinyl chloride, are present in
the basalt composition[5].

IMG1(1st) C-K

3 100um

O-K Na-K

J 100pm 3 100pum

WC-K mWO-K mNa-K mMg-K Si-K P-K S-K
cl-K K-K Ti-K Fe-K MPb-M

Picture Nel scanning electron microscope image of no modified basalt

The main visible elements in the image are S, Si, O, Fe, Mg, K, Pb, Cl. 4 of the photos
are colored and one is colorless. In images magnified up to 200 and 500 times, we can extract
each element from the image according to its color. [5]

The SEM image of basalt presented above represents the sample before mechanical
treatment and separation, and the presence of iron compounds can be clearly observed. In the
subsequent image presented, it can be distinctly seen that the ore has been purified from metal
oxides (picture-2)

C-K

1 100um

3 100um

Technological section.

In the following sections, each stage of mineral processing presented in Figure 1 is
discussed in detail. The fundamental principles underlying the operation of these processes are
explained in each section. In addition, supplementary information is provided on the latest
technological innovations that enable the adaptation of these processes for the reprocessing of

mining waste [6].
0, > ¢&
© ©

0]

The above scheme presents a three-stage technology for preparing natural basalt for
further processing. Considering that basalt contains FeO + Fe:O; (iron oxides) in the range of
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8-12%, it can be observed that at the first stage up to 2-3% of metal oxides are removed from
the composition of the primarily crushed basalt (1). In this process, basalt and iron oxides are
separated into two fractions and directed for further processing.

Ore grinding is carried out in a ball mill (2). The basalt is ground to a particle size of up
to 2 um, as this is considered the standard filler size for polyvinyl chloride (PVC). A ball mill
is regarded as the most suitable equipment for mechanical grinding, since other types of
mechanical comminution may not provide the required particle size distribution for filler
applications.

At the final stage, basalt is modified using gossypol oil, which is considered a waste oil
(3). The modification process is preferably carried out at 80 °C, taking into account the
frictional heating that may generate temperatures in the range of 30-35 °C during processing.

Magnetic separation is one of the key technological stages in the processing and
purification of basalt intended for use as a mineral filler. This process is based on the
difference in magnetic susceptibility between iron-bearing minerals and the non-magnetic
silicate matrix of basalt. Iron-containing phases, such as iron oxides and iron-bearing silicates,
can be selectively extracted under the influence of an external magnetic field, thereby
improving the chemical purity and functional performance of the final material[7;8].

Mechanical grinding is a critical stage in the technological preparation of basalt for its
use as a functional mineral filler. In this study, a ball mill was used for the comminution of
basalt due to its high efficiency, operational reliability, and ability to produce ultrafine
particles with controlled size distribution. Ball mills are widely used in mineral processing and
materials engineering because they provide effective size reduction through impact and
attrition mechanisms generated by the movement of grinding media.

The grinding process was carried out in a laboratory-scale ball mill equipped with
hardened steel grinding balls. During operation, the rotation of the mill causes the grinding
media to rise and fall, generating impact forces that fracture the basalt particles. In addition,
friction and shear forces between the balls and the material contribute to further particle size
reduction. This combined mechanism ensures efficient comminution and uniform particle
refinement.

The basalt was ground to a particle size of up to 2 um, which is considered suitable for
use as a reinforcing filler in polymer composites, particularly in polyvinyl chloride (PVC)
matrices. The ultrafine particle size increases the specific surface area of the material,
improving its dispersion, interfacial interaction, and compatibility with the polymer matrix.
Compared to other grinding methods, the ball mill provides superior control over particle size
and ensures consistent production of fine powders required for advanced material applications.

Furthermore, the ball milling process promotes structural activation of the basalt
surface, which can enhance its reactivity and improve the effectiveness of subsequent
modification processes. The use of a ball mill therefore represents an optimal and reliable
method for the preparation of finely dispersed basalt powders for industrial and scientific
applications.

At the final stage of the technological process, a mechanical mixer was employed to
ensure uniform modification of the basalt powder. The mixing process facilitates the treatment
of basalt particles with waste oils, promoting the formation of a hygroscopic surface layer and
improving the physicochemical compatibility of the material. The interaction between the
finely dispersed basalt particles and the modifying oil leads to enhanced surface activation and
improved dispersion characteristics[9].

The application of controlled mixing ensures homogeneous distribution of the
modifying agent over the particle surface, which is essential for achieving consistent material
properties. As a result, the basalt undergoes complete surface modification and becomes fully
prepared for use as a functional filler material.

Conclusion. The combined application of electromagnetic separation, ball milling,
and mechanical mixing represents an effective and technologically integrated approach for the
comprehensive preparation of basalt intended for use as a functional filler in composite
materials. Each stage of the process plays a critical role in improving the physicochemical and
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structural properties of the basalt, ensuring its suitability for advanced material applications.

At the initial stage, electromagnetic separation enables the efficient removal of iron-
containing phases, including iron oxides and other ferromagnetic impurities, from the basalt
matrix. This purification step significantly reduces the FeO and Fe.Os content, improving the
chemical uniformity, color stability, and overall quality of the material. The reduction of
metallic impurities is particularly important for applications in polymer composites, where the
presence of iron compounds may negatively affect processing stability and final product
performance[10;11].

Subsequently, the purified basalt undergoes mechanical grinding in a ball mill, resulting
in a controlled reduction of particle size to the micrometer scale. This micronization process
increases the specific surface area of the particles and enhances their surface activity, which is
essential for improving interfacial interaction between the mineral filler and the polymer
matrix. The ball milling process also ensures uniform particle size distribution, which
contributes to improved dispersion and mechanical performance of the composite material.

At the final stage, mechanical mixing is employed to achieve surface modification of the
basalt particles using waste oil as a modifying agent. This process promotes the formation of a
functional surface layer, improves the hygroscopic and surface interaction properties, and
enhances the compatibility of basalt with polymer systems. The modification process ensures
uniform coating and stabilization of the particles, thereby improving their functional
performance as a filler material.

Therefore, the integrated use of electromagnetic separation, ball milling, and mechanical
mixing enables effective purification, micronization, and surface modification of basalt. As a
result, the processed basalt becomes fully prepared for use as a high-performance mineral
filler in composite systems, particularly in polymer-based materials such as polyvinyl
chloride. This Texaomormueckuii approach not only improves the functional characteristics of
basalt but also contributes to the efficient utilization of natural mineral resources and
industrial waste materials, supporting sustainable and cost-effective material development.
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Annotatsiya. Hozirgi vaqtda energiya bilan bog‘lig bo‘lgan muammolarini hal gilishda eng
samarali bo‘lgan yechimlardan biri — bu quyosh energiyasidan foydalanishdir. Organik yarimo‘tkazgich
materiallar asosida arzon va istigbolli quyosh elementlarini yaratish muhim ahamiyatga ega. Ushbu
tadgigotda tandem asosidagi quyosh elementlari uchun bo‘yoq sensibilizator sifatida ishlatiladigan
yarimo ‘tkazgich kompleks bo‘yoq pigmenti sintez qilindi hamda uning rentgen-vazaviy xossalari o‘rganildi.
Ftal angidrid, uglerod (IV) xlorid, karbamid va katalizator ishtirokida [C3H16SiNg] tarkibli kompleks
birikma olindi. Sintez gilingan tarkibida kremniy saqglagan ftalosianin pigmenti (XRD-6100 SHIMADZU X-
RAY Defractometer) markali rentgen-fazaviy analiz priborida tahlillar amalga oshirildi. Olingan bo‘yoq
moddaning qatlamlar va atomlar qatorlari orasidagi o‘rtacha masofani o‘lchash, bitta kristall yoki
molekulaning yo‘nalishini aniglash, noma’lum materialning kristalli yoki amorf tuzilishi hamda kichik
kristalli hududlarning o‘lchamini, shakli va ichki tuzilishi aniglash uchun rentgen fazoviy tahlillar amalga
oshirildi.

Kalit so‘zlar: organik pigment, kremniy, ftalosianin, kristall, amorf, tandem quyosh elementlari,
rentgen-fazaviy analiz.

SYNTHESIS OF SILICON PHTHALOSIAN PIGMENT AND ITS X-RAY
ANALYSIS

Abstract. One of the most effective solutions to energy-related problems today is the use of solar
energy. It is important to create inexpensive and promising solar cells based on organic semiconductor
materials. In this study, a semiconductor complex dye pigment used as a dye sensitizer for tandem-based
solar cells was synthesized and its X-ray diffraction properties were studied. A complex compound
containing [C32H16SiNg] was obtained in the presence of phthalic anhydride, carbon (1V) chloride, urea and a
catalyst. The synthesized phthalocyanine pigment containing silicon was analyzed using an X-ray diffraction
spectrometer (XRD-6100 SHIMADZU X-RAY Defractometer). X-ray diffraction analyses were performed
to measure the average distance between layers and atomic rows of the resulting dye, determine the
orientation of a single crystal or molecule, determine the crystalline or amorphous structure of an unknown
material, and determine the size, shape and internal structure of small crystalline regions.

Keywords: organic pigment, silicon, phthalocyanine, crystalline, amorphous, tandem solar
elements, X-ray phase analysis.

Kirish. Markaziy atom sifatidagi metall va metalsiz ftalosianinlar qolaversa, ligandlar
sifatidagi gatnashadigan ftalangidrid bilan bog® hosil gilib geterosiklik birikmalar saglagan
metall ftalosianinlar sintezi va tadqgiqoti ko‘plab yangi turdagi yarimo‘tkazgich va fotoanod
materiallar ishlab chigarish kabi ilmiy tadqigot yo‘nalishlarini ochilishida juda Kkatta
ahamiyatga ega bo‘lib bormoda. Ftalosianinlar kuchli kislotalar va ishqorlar bilan o°zaro ta’sir
gilmaydi, shuningdek, spektrlarning infragizil va ko‘rinadigan gismida ahamiyatli optik
yutilishga ega [1]. Hozirgi kunda J.B. Fayziyev, H.S. Beknazarov, A.T Djalilov, X.X. Turayev
kabi olimlar ftalosianin hosilalariga asoslangan murakkab molekulyar komplekslar sintezi va
tadgiqoti, shuningdek, metall tutgan ftalosianin molekulasi tarkibidagi ligandlar bilan
bog‘lanadigan funksional guruhlarni Kiritish orgali makrosikllar sonining ko‘paytirish
natijasida ftalosianin komplekslarining modifikatsiyasi bo‘yicha juda ko‘plab ilmiy tadgiqotlar
olib bormoqdalar [2]. Birog metall hamda metalsiz ftalosianinlarning yarimo‘tkazuvchanlik va
optik  xususiyatlari ganday o‘zgarishi bo‘yicha, qolaversa, murakkab organik
yarimo‘tkazgichlarda sodir bo‘ladigan optik, fotodinamik va elektrofizik jarayonlarni
tavsiflash kabi yo‘nalishlarda ilmiy tadgigotlar olib borish muhim ahamiyat kasb etadi [3].
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Shuningdek, ftalosianin komplekslariga asoslangan organik yarimo‘tkazgichli materiallarning
amaliy go‘llanilishi bo‘yicha yetarlicha tadgiqotlar olib borilmaganligi bu boradagi tadgigot
ishlarining  dolzarbligini yanada oshiradi. Ftalosianin  komplekslariga asoslangan
materiallarning harorat va kimyoviy ta’sirlarga chidamliligi ularni gaz sensorlari [4-5] va
yorug‘lik chigaradigan qurilmalarda [6] ishlatishga imkon beradi. Kremniy ftalosianin
ko‘pincha amaliy ishlanmalarda go‘llaniladi, chunki u ko‘progq o‘rganilgan va p-tipidagi
yarimo‘tkazuvchanlik xususiyatni namoyon giladi [7].

Ftalosianin komplekslari odatda p-tipli yarimo‘tkazgichlar hisoblangani uchun
ularning gazlarga sezgirligi yuqori. Darhagigat, gaz molekulasi aniglash jarayonida tekis
elektron tashish vazifasini bajaradi va keyinchalik kamaytirilgan kompleks hosil giladi.
Qolgan musbat zaryad ikkita ftalosianin makrosikllari orgali delokalizatsiya gilinadi, bu esa
garshilikning keskin pasayishiga olib keladi, bu esa o‘z navbatida organik yarimo‘tkazgichni
zaryadlash uchun zarur bo‘lgan vaqtni gisqartiradi. Ba’zi tadgigotlar shuni ko‘rsatadiki,
ftalosianin komplekslari samarali fotosensibilizator sifatida ham ishlatilishi mumkin [8] va
turli tuzilmalarga ega ftalosianin komplekslariga asoslangan ko‘p komponentli
yarimo‘tkazgichli tuzilmani yaratish orgali spektrning yagin-IR mintagasida fototok signalini
sezilarli darajada oshirish mumkin [9-10].

Ftalosianinlarning bu xususiyati keyingi avlod tandem asosidagi quyosh batareyalarini
yaratish, shuningdek, ftalosianin asosidagi gaz sensorlarining sezgirligini oshirish uchun
ishlatilmoqda [11]. Ftalosianin komplekslarining yaqin-IR diapazonida elektromagnit
nurlanishni faol ravishda yutish qobiliyati organik va noorganik yarimo‘tkazgichlarning
xususiyatlarini - birlashtirgan murakkab yarimo‘tkazgichli tuzilmalarni yaratish uchun
ishlatilmoqda [12]. Organik yarimo‘tkazgich materiallar asosida arzon va istigbolli quyosh
elementlarini yaratish muhim ahamiyatga ega. Tandem asosidagi quyosh elementlari uchun
yorug‘likka sezgir bo‘yoq molekulalari sifatida fotonlarni yutadigan va erkin elektronlar hosil
giladigan materiallar ekanligini takidlashimiz lozim [13]. Tandem quyosh elementlari ikKi
yoki undan ortig fotoaktiv gatlamlardan tashkil topadi; bu gatlamlarning har biri quyosh
spektrining muayyan sohasidagi nurlarni yutishga mo‘ljallangan. Bunday ko‘p qatlamli
arxitektura yorug‘lik energiyasining samarali yutilishi va natijada elektr energiyasiga
aylantirilish jarayonini sezilarli darajada yaxshilaydi. Natijada, bitta gatlamli an’anaviy
fotoelementlarga nisbatan yuqgorirog samaradorlikka erishish mumkin [14].

Adabiyotlarda tandem quyosh elementlarining bir gator muhim jihatlari, jumladan,
ularning termal va kimyoviy bargarorligi, optik moslashuvchanligi, turli spektral sharoitlarga
moslashuv darajasi hamda sanoat darajasida ishlab chigarishdagi texnologik muammolari
keng muhokama qilinmogda [15]. Aynigsa, perovskit asosidagi tandem qurilmalar
ultrabinafsha nurlar va atrof-muhit namligiga sezgir bo‘lgani sababli, ularning uzoq muddatli
bargarorligi dolzarb ilmiy masalalardan biri bo‘lib gqolmoqgda. Shu bois, so‘nggi izlanishlar
perovskit asosidagi tandemlarda barqgarorlikni oshirishga qaratilgan jumladan, himoya
goplamalari, interfeys muvofigligini ta’minlovchi materiallar va issiglikka chidamli gatlamlar
yaratish ustida olib borilmogda [16]. Tandem quyosh elementlari o‘zining yuqori energiya
samaradorligi, keng spektral gamrovi va konstruktsion moslashuvchanligi bilan kelajakda
quyosh energiyasidan foydalanishni yangi bosgichga olib chigishi mumkin [17]. Tandem
quyosh fotoelementlari uchun samaradorligi yugori bo‘lgan bo‘yoq moddalarni aniglash
yo‘lida istigbolli tadqiqotlardan biri sifatida ftalosianin birikmalari alohida e’tiborni tortmoqda
[18]. Aynigsa, markaziy gismida metalmas ion tutuvchi ftalosianinlar so‘nggi yillarda ilmiy
izlanishlarda katta qizigish uyg‘otmoqda [19]. Ftalosianin molekulalari yuqori termal va
kimyoviy barqgarorlikka ega bo‘lishi, rivojlangan m-elektron tizimi hamda turli metalmas
atomlar bilan bargaror koordinatsion komplekslar hosil gila olish qobiliyati bilan ajralib
turadi. Jumladan, mis (Si*") atomi bilan hosil gilingan ftalosianin komplekslari yorug‘likka
sezgir modda sifatida tandem asosidagi quyosh batareyalarida go‘llanilishi bilan alohida
ahamiyat kasb etadi [20]. Mazkur komplekslarning fizik-kimyoviy xossalarini chuqur
o‘rganish, xususan, ularning ligand elektron tuzilmasini tahlil qilish, reaktivligini baholash,
strukturaviy parametrlarini aniglash va rentgen-fazaviy tahlillarini olib borish ushbu tadgigot
ishining dolzarb ilmiy magsadlari hisoblanadi.
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Tadgigot metodologiyasi.

Tadgiqotning magsadi. Ushbu tadgigotning magsadi tarkibida kremniy Si4* atomini
saglagan ftalosianin kompleks birikmasini sintez qgilish. Shuningdek, sintez gilingan tarkibida
kremniy saglagan ftalosianin pigmentining rentgen fazaviy tahlilini o‘rganishdan iborat.

Tadqiqot usullari va vositalari. Tadgiqotda rentgen-fazaviy hisoblashlar zamonaviy
(XRD-6100 SHIMADZU X-RAY Defractometer) markali rentgen fazaviy analiz priborida
olib borildi. Shuningdek, kremniy ftalosianin pigmentining rentgen fazaviy analiz
natijalaridagi difraksion spektrida 20~7-25° oralig‘ida bir gator aniq va intensiv piklar
kuzatiladi. Bu holat olingan kremniy pigmentining fazoviy jihatdan toza, tartibli kristall
tuzilishga ega ekanligini aniglandi.

Tajribaviy gism.

Tarkibida kremniy saglagan ftalosianin bo‘yoq moddasining sintezi

Kremniy 1V-xlorid, karbamid va ftal angidrid hamda katalizator asosida tarkibida
kremniy saglovchi ftalosianin bo‘yoq moddasini sintez gilish uchun 6,8 gr (0,04 mol) kremniy
IV-xlorid, 23,68 gr (0,16 mol) ftal angidrid, 19,2 gr (0,32 mol) karbamid va umumiy massaga
nisbatan 0.01% miqdorda katalizator sifatida natriy borgidrid qo‘shib yaxshilab aralashtirildi.
Oldindan yoqib tayyorlab qo‘yilgan qizdirish pechidagi harorat 290°C ga yetganda stakandagi
reaksion aralashmani pechga 2,5 soat davomida go‘yildi. Jarayonning oxirida, go‘shimcha
tozalash, eritish va neytrallash jarayonidan so‘ng ko‘k, och yashil kristallar paydo bo‘lib
stakan tagiga cho‘ka boshlaydi. Olingan cho‘kmani ammiak eritmasi bilan neytrallab so‘ngra
Byuxner voronkasida filtrlab, bir necha marotaba distillangan suv bilan yuvib olinadi. Yuvib
olingan mahsulotni quritish pechida 50 °C haroratda 12 soat qo‘yib quritiladi. Quyida kremniy
ftalosianin yarimo‘tkazgich pigmentining hosil bo‘lish reaksiyasining tahminiy reaksiya
formulasi tasvirlangan 1-rasm.
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1-rasm. Kremniy ftalosianin yarimo‘tkazgich pigmentining hosil bo‘lish reaksiya tenglamasi.
Sintez gilingan yangi, tarkibida kremniy saglagan ftalosianin bo‘yoq modda ekanligi
adabiyotlardagi ma’lumotlarga solishtirib va fizik-kimyoviy analizlarni amalga oshirib
aniglandi. Sintez gilingan yangi fotokonduktiv bo‘yoq modda turli xossalari bilan ajralib
turadi. Masalan, termik jihatdan bargarorligi, quyosh nuriga sezgirligi, hamda eritmada
turg‘un ekanligi uning go‘llanilish sohalarini kengaytiradi. Hozirgi kunda tarkibida kremniy
saglovchi ftalosianin bo‘yoq moddasining sintezi uni mugobil energiya manbalaridan biri
bo‘lgan tandem asosida quyosh elementlariga go‘llash bo‘yicha ilmiy tadgigotlar ishlari olib
borilmoqda.

Tadgigot natijalar va ularning muhokamasi.

Si-ftalosianin pigmentining rentgen fazaviy analiz tahlili. Sintez gilingan tarkibida
kremniy saglagan ftalosianin pigmenti (XRD-6100 SHIMADZU X-RAY Defractometer)
markali rentgen fazaviy analiz priborida tahlillar amalga oshirildi. Kremniy saglagan
ftalosianin pigmentining kristalli tuzilishi 2-rasmda ko‘rsatilganidek, 5-70° 26 diapazonida
rentgen difraksiyasi tahlili orgali o‘rganildi. Olingan bo‘yoq moddasining gatlamlar va
atomlar qatorlari orasidagi o‘rtacha masofani o‘lchash, bitta kristall yoki molekulaning
yo‘nalishini aniglash, noma’lum materialning kristalli yoki amorf tuzilishi hamda kichik
kristalli hududlarning o‘lchamini, shakli va ichki tuzilishini olchash, shuningdek, moddaning
sifat va miqdor tarkibini analiz qilib tahlillarini olishga imkon berdi.
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i sty

2-rasm. Kremniy ftalosianin pigmentining rentgen difraksion spektrlari.

Yuqoridagi 2-rasmda kremniy saglagan ftalosianin pigmentining rentgen difraksion
spektrlari keltirilgan bo‘lib, ular ketma-ket dastlabki profil (Profile), silliglangan profil
(Smoothing Profile), fon chigarib tashlangan profil (B.G. Subtract Profile), Kal ajratilgan
profil (Kal Profile), aniglangan pikslar (Peak) hamda tizimli xatoliklar tuzatilgan pikslar
(System-Err. Corr. Peak) ko‘rinishida taqdim etilgan. Difraksion spektrda 26~7-25° oralig‘ida
bir gator aniq va intensiv piklar kuzatiladi. Bu holat namunaning kristall tuzilishga ega
ekanligini va uning amorf holatda emasligini ko‘rsatadi. Piklarning tor va baland bo‘lishi
kristallitlarning nisbatan yaxshi tartiblanganligini bildiradi. Shu bilan birga, 20 > 30° sohada
piklar intensivligining pasayishi va fonning deyarli tekis bo‘lishi pigment tarkibida organik
ftalosianin matritsasi ustun ekanligi bilan izohlanadi.

Ftalosianin fazasining identifikatsiyasi: Kuzatilgan asosiy difraksion maksimumlar
ftalosianinlarga xos bo‘lgan monoklin yoki triklin kristall panjarasi mavjudligini ko‘rsatadi.
Aynigsa, past burchaklarda (20=7-10°) kuzatiladigan intensiv reflekslar ftalosianin
molekulalarining n—m stacking orqali qatlamli joylashuviga mos keladi. Bu xususiyat
pigmentning B-ftalosianin fazasiga yaqin kristall modifikatsiyada ekanligini taxmin qilish
imkonini beradi. -faza odatda yugori termik bargarorlik va yaxshi rang mustahkamligiga ega
bo‘lib, pigmentlar uchun muhim hisoblanadi.

Kremniy atomlarining ta’siri: Kremniy atomlarining ftalosianin makrosiklida
mavjudligi kristall panjarada lokal deformatsiyalar hosil gilishi mumkin. Bu holat ayrim
piklarning: joylashuvida kichik siljishlar, intensivligining nisbatan o‘zgarishi, ayrim past
intensivlikdagi qo‘shimcha reflekslarning paydo bo‘lishi bilan namoyon bo‘ladi. Mazkur
holatlar kremniy atomlarining markaziy koordinatsion tugunda joylashib, metall-ftalosianin
analoglariga o‘xshash struktura hosil gilayotganini ko‘rsatadi.

Fonni chiqarib tashlash va Kal ajratish natijalari: Fon chiqarib tashlangan va Kal
ajratilgan profillar difraksion piklarni anigroq ajratib ko‘rsatadi. Natijada, pigment tarkibida
begona kristall fazalar (masalan, SiO: yoki boshqa oksidlar) mavjud emasligi aniqlanadi. Bu
esa sintez jarayonining yugori tozaligini tasdiglaydi. Kristallit o‘lchami va strukturaviy tartib:
Piklarning nisbatan torligi Sherrer tenglamasiga asosan baholaganda, pigmentning kristallit
o‘lchami nano-mikrokristall diapazonda ekanligini ko‘rsatadi. Bu holat pigmentning: yaxshi
disperslanish xususiyati, yuqori rang intensivligi, optik bargarorligi bilan bevosita bog‘ligdir.
Shuningdek, rentgen-fazaviy tahlil natijalariga ko‘ra, kremniy saglagan ftalosianin pigmenti
yaxshi kristallangan, fazaviy jihatdan toza va tartibli tuzilishga ega ekanligi aniglandi.
Kremniy atomlarining mavjudligi kristall panjaraga sezilarli buzilish keltirilmagan, aksincha,
pigmentning strukturaviy bargarorligini oshirgan. Olingan natijalar ushbu pigmentning
bo‘yoq, polimer yarimo‘tkazgich kompozitlar va tandem asosidagi quyosh elementlari uchun
istigbolli material ekanligini ko‘rsatadi.

1-jadval. Kremniy ftalosianin pigmentining difraktogramma ma’lumotlari

2theta-
skanerlash . . !:WHM d-tekisliklararo I- I-
Ne . Piklari [cts] integral . L
burchagi L5 masofa [A] piklar zichligi
[°20] kengligi [°20]
1 7.3791 207 0.5458 11.9704 4
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2 8.2667 246 0.3784 10.6870 5
3 9.6524 289 0.3520 9.7023 6
4 12.6824 494 0.5858 8.8386 6
5 15.3240 830 0.3680 6.9737 3
6 16.4913 873 0.3600 5.9767 6
7 18.6088 946 0.2790 4.7643 13
8 20.5409 989 0.2532 4.3203 9
9 24.9514 310 0.2705 3.6678 5
10 27.6769 177 0.3007 3.5652 7
11 29.2088 285 0.1804 3.3844 31
12 32.3409 679 0.1070 3.3241 10
13 35.4952 275 0.1754 3.2999 32
14 42.5823 337 0.1382 3.2182 11
15 46.6769 514 0.2757 3.1957 16
16 47.5481 832 0.1777 2.9678 5
17 49.2089 246 0.1678 2.7534 4
18 51.3227 199 0.3492 2.3985 7
19 54.6763 159 0.5123 1.9284 3
20 60.8658 155 0.1148 1.6773 5

2- jadval. Kremniy ftalosianin pigmentining Williamson-Hull tenglamasiga muvofiq
zarrachalar hajmini hisoblash

2theta- FWHM d (nm)- kristallarning d (nm)
Ne skanerlash integral kengligi ‘ ‘ . ¢
burchagi [°20] [°20] o‘rtacha o‘Ichami o‘rtacha

1 7.3791 0.5458 4.027

2 8.2667 0.3784 3.128

3 9.6524 0.3520 3.3976

4 12.6824 0.5858 7.4293

5 15.3240 0.3680 5.639

6 16.4913 0.3600 5.936

7 18.6088 0.2790 5.1918

8 20.5409 0.2532 5.2009

9 24.9514 0.2705 6.749

10 27.6769 0.3007 8.3030

11 29.2088 0.1804 5.2575

12 32.3409 0.1070 3.4604

13 35.4952 0.1754 6.225

14 42.5823 0.1382 5.884 7.929
15 46.6769 0.2757 12.86

16 47.5481 0.1777 8.449

17 49.2089 0.1678 8.217

18 51.3227 0.3492 17.92

19 54.6763 0.5123 28.01

20 60.8658 0.1148 6.987

Ftalosianin asosidagi bo‘yoq pigmentlar tandem quyosh elementlari uchun istigbolli
bo‘yoq moddalardan biri hisoblanadi. Ularning yugori kimyoviy bargarorligi, keng spektrdagi
yorug‘likni so‘rish xususiyati va strukturaviy moslashuvchanligi tandem asosidagi quyosh
elementlarning samaradorligini oshirishga xizmat qiladi. Ushbu rentgen fazaviy tahlil
natijalari bu turdagi materiallardan maksimal darajada foydalanish imkoniyatini oshiradi.
Kremniy ftalosianin pigmentining Williamson-Hull tenglamasiga muvofiq d o‘rtacha 7,929
hajmi (nm) ga teng ekanligi hisoblab topildi, zarrachalarning o‘lchami nano zarracha ekanligi
isbotlandi. Olingan natijalar asosida ushbu pigmentlarning agregatsiya va sirtga
bog‘lanishdagi muammolari hal gilinadi.

Xulosa va takliflar. Ftal angidrid, uglerod (IV) xlorid, karbamid va Kkatalizator
ishtirokida [Cs2H16SiNs] tarkibli kompleks birikma sintez gilindi va uning rentgen fazaviy
hamda yarimo‘tkazuvchanlik xossalari fizik-kimyoviy usullar yordamida o‘rganildi. Olingan
kremniy ftalosianin pigmentini turli fizik kimyoviy xossalari adabiyotlardagi ma’lumotlar
bilan solishtirib tahlil qilindi hamda sintez jarayonining optimal sharoitlari aniglandi.
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Shuningdek, kremniy ftalosianin pigmentining rentgen-fazaviy analiz natijalaridagi difraksion
spektrida 26~7-25° oralig‘ida bir gator aniq va intensiv piklar kuzatiladi. Bu holat olingan
kremniy pigmentining fazaviy jihatdan toza, tartibli kristall tuzilishga ega ekanligini aniglandi.
Kremniy ftalosianin pigmentining bitta molekulasi Williamson-Hull tenglamasiga muvofiq d
o‘rtacha 7,929 hajmi (hm) ga teng ekanligi hisoblab topildi va zarrachalarning o‘lchami
nanozarracha ekanligi isbotlandi.

Ushbu XRD spektri o‘rganilgan moddaning yuqori kristallik darajasiga ega ekanligini,
murakkab panjarali simmetriyaga ega bo‘lgan polikristall molekula ekanligini hamda tahlil
gilingan cho‘qgilar orgali namunaning atomlararo masofalarini va kristall panjara turini to‘lig
hisoblab chigish mumkin. Olingan natijalar ftalosianin asosidagi metall komplekslarining
elektron strukturasini chuqur tushunishga imkon berdi hamda bunday birikmalarning
optoelektronika, kataliz, sensor hamda quyosh elementlari uchun sezgir bo‘yoq pigment
materiallar sifatida qo‘llanilish salohiyatini tasdiglaydi. Shuningdek, mazkur nazariy
yondashuv kelgusidagi eksperimental tadgigotlar uchun ishonchli ilmiy asos bo‘lib xizmat
giladi.
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Annotatsiya. Ushbu tadgigotda mahalliy Sherobod konidan olingan argillit mineralining gayta
ishlangan yuqori zichlikdagi polietilen, gayta ishlangan past zichlikdagi polietilen va gayta ishlangan
polipropilen asosidagi geomembranalarning fizik-mexanik xususiyatlariga ta’siri giyosiy tahlil gilingan.
Tajriba natijalari nanodispers argillit minerali barcha turdagi polimer matritsalarda mustahkamlovchi markaz
vazifasini bajarishini, biroq uning samaradorligi polimer zanjirlarining tuzilishiga garab farglanishini
ko‘rsatdi. Xususan, cho‘zilishdagi eng yugori mustahkamlik (32,8 MPa) qgayta ishlangan polipropilen
matritsasida kuzatilgan bo‘lsa, eng yuqori elastiklik va teshilishga chidamlilik gayta ishlangan yugori
zichlikdagi polietilen namunalarida gayd etildi va ularning uzilishdagi cho‘zilishi 700% dan oshdi. Rentgen-
fluoressent tahlil argillit tarkibidagi alyumosilikat qatlamlari interpolimer to‘sig samarasini yuzaga
keltirishini tasdigladi. Ushbu tadgigot natijalari gidrotexnika va irrigatsiya inshootlarining ekspluatatsiya
sharoitlaridan kelib chiqib, optimal gibrid kompozitsiyani tanlash imkonini beradi.

Kalit so‘zlar: Ikkilamchi polimerlar, gayta ishlangan yuqori zichlikdagi polietilen, gayta ishlangan
past zichlikdagi polietilen, gayta ishlangan polipropilen, Sherobod argilliti, nanokompozit geomembrana,
fizik-mexanik xossalar, teshilishga garshilik, giyosiy tahlil, modifikatsiyalash.
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PHYSICAL AND MECHANICAL PROPERTIES OF SECONDARY
POLYETHYLENE AND POLYPROPYLENE-BASED GEOMEMBRANES FILLED
WITH ARGILLITE MINERAL

Abstract. This study presents a comparative analysis of the effect of argillite mineral, sourced from
the local Sherabad deposit, on the physicomechanical properties of geomembranes based on recycled high-
density polyethylene, recycled low-density polyethylene, and recycled polypropylene. The experimental
results indicated that the nanodispersed argillite mineral acts as a reinforcing center in all types of polymer
matrices, but its effectiveness varies depending on the structure of the polymer chains. Specifically, the
highest tensile strength (32.8 MPa) was observed in the recycled polypropylene matrix, while the highest
elasticity and puncture resistance were recorded in the recycled high-density polyethylene samples, with
their elongation at break exceeding 700%. X-ray fluorescence analysis confirmed that the aluminosilicate
layers within the argillite create an interpolymer barrier effect. The findings of this study enable the selection
of an optimal hybrid composition based on the operational conditions of hydrotechnical and irrigation
structures.

Keywords: Secondary polymers, recycled high-density polyethylene, recycled low-density
polyethylene, recycled polypropylene, Sherabad argillite, nanocomposite geomembrane, physicomechanical
properties, puncture resistance, comparative analysis, modification.

Kirish. Global migyosda polimer chigindilarining ortib borishi va ularning atrof-
muhitga salbiy ta’siri bugungi kunda barqaror rivojlanish yo‘lidagi eng dolzarb ekologik
muammolardan biri hisoblanadi. Polimer mahsulotlarining asosiy gismini tashkil etuvchi
polietilen va polipropilen chigindilari yuqori kimyoviy barqgarorlikka ega bo‘lgani sababli
tabiiy muhitda uzoq vaqt davomida parchalanmaydi. Shu bois, ikkilamchi polimer resurslarini,
xususan, past zichlikdagi polietilen, yuqori zichlikdagi polietilen va polipropilen chigindilarini
gayta ishlash hamda ular asosida yuqori sifatli texnik mahsulotlar, jumladan, geomembranalar
kabi gidroizolyatsion materiallar ishlab chigarish muhim ilmiy va amaliy ahamiyatga ega [1,
2]. Biroq ikkilamchi polimerlarning xossalari birlamchi xomashyolarnikiga garaganda ancha
past bo‘ladi. Bunga asosiy sabab, foydalanish va gayta ishlash jarayonida polimer
zanjirlarining termooksidlanish va mexanik destruksiyaga uchrashidir. Masalan, ikkilamchi
yuqori zichlikdagi polietilen zanjirlaridagi tarmoglarning ko‘pligi tufayli yuqori elastiklikka
ega bo‘lsa-da, uning mexanik mustahkamligi past; ikkilamchi past zichlikdagi polietilen esa
chizigli tuzilishi tufayli gattiq, lekin mo‘rt sinishga moyil [3]. Ikkilamchi polipropilen yuqori
termal barqgarorlikka ega, ammo past haroratlarda zarbaga chidamliligini yo‘qotadi [5]. Ushbu
polimerlarning har biriga xos kamchiliklarni bartaraf etish va ularning xossalarini halgaro
standartlar darajasiga yetkazish uchun samarali modifikatsiyalash usullarini qo‘llash talab
etiladi.

Nanokompozit materiallar sohasidagi so‘nggi yutuglar shuni ko‘rsatadiki, mahalliy
mineral to‘ldirgichlar, xususan, qatlamli alyumosilikatlar (argillitlar) polimerlarning
xossalarini yaxshilash uchun eng istigbolli vositalardan biridir [4]. Sherobod koni argilliti
o‘zining noyob kimyoviy tarkibi - silikat (SiO2) va alyuminiy oksidi (Al-Os) qatlamlari bilan
ajralib turadi. Bu gatlamlar nanodispers holatgacha maydalanganda polimer matritsasida
yuqori solishtirma sirtni hosil giladi [6].

Argillitning  modifikatsiyalovchi ~ roli ~ uning  polimer  zanjirlari  bilan
interkalyatsiyalanishiga (gatlamlararo kirib borishiga) asoslanadi. Argillit gatlamlari
ikkilamchi past zichlikdagi polietilen va polipropilen matritsalarida kristallanish markazlarini
hosil qiluvchi agent vazifasini bajarib, polimerning mikrokristallik darajasini oshiradi va
buning natijasida materialning mustahkamligi hamda issiqlikka chidamliligi sezilarli darajada
ortadi [8, 9]. Ikkilamchi past zichlikdagi polietilen matritsasida esa argillit gatlamlari
“egiluvchan to‘siglar” hosil qilib, polimerning elastikligini saglagan holda uning teshilish va
yirtilishga chidamliligini oshiradi [10]. Bu sinergetik samara geomembranalarning agressiv
tuprogli muhitlarda, sho‘rxok yerlarda va harorat keskin ozgarib turadigan sharoitlarda uzoq
muddat xizmat qilishini ta’minlaydi [7].

Ushbu tadgigotning ilmiy zarurati shundan iboratki, hozirgi kunga gadar aynan shu
mahalliy argillit mineralining gayta ishlangan ikkilamchi yuqori zichlikdagi polietilen, past
zichlikdagi polietilen va polipropilen xossalariga qiyosiy ta’siri hamda bu jarayondagi
“tuzilish-xossa” bog‘ligliklari tizimli va giyosiy jihatdan o‘rganilmagan. Mazkur magolada
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uch xil mikrostrukturaga ega argillit va polimer matritsalarining o‘zaro ta’siri giyosiy
baholanadi.

Tadgigotning magsadi - Sherobod koni argillit mineralining nanodispers zarrachalaridan
foydalanib, gayta ishlangan yuqori zichlikdagi polietilen, past zichlikdagi polietilen va
polipropilen asosidagi geomembranalarning fizik-mexanik xossalarini optimallashtirish,
ularning teshilishga va agressiv muhitlarga chidamliligini oshirish, shuningdek, O°zbekiston
gidromelioratsiya tizimi uchun mahalliy xomashyodan tejamkor izolyatsiya materiallarini
yaratish metodikasini ishlab chigishdan iborat.

Obyekt va tadgigot usullari. Tadgigot obyektlari sifatida Surxondaryo viloyatidan
yigib olingan ikkilamchi polimer chigindilari: gayta ishlangan yuqori zichlikdagi polietilen,
gayta ishlangan past zichlikdagi polietilen va gayta ishlangan polipropilen granulalari tanlab
olindi. Barcha polimerlar qo‘shimchalardan tozalash uchun dastlab 5% li ishqor eritmasida
yuvilib, so‘ngra 80°C haroratda 5 soat davomida quritildi. Modifikator sifatida Sherobod
konining mahalliy argillit mineralidan foydalanildi. Argillit zarrachalarini nanodispers holatga
keltirish uchun mineral sharli tegirmonda 48 soat davomida mexanik faollashtirildi [11].

Nanokompozit geomembranalar sintezi ikki shnekli ekstruder (L/D=40) yordamida
amalga oshirildi. Har bir polimer turi uchun alohida namunalar to‘plami tayyorlandi. Bu
jarayonda polimer granulalari va nanodispers argillit kukunlari 5% massaviy nisbatda
dozalandi. Ekstruderning harorat rejimlari polimerlarning erish haroratiga asosan quyidagi
diapazonlarda nazorat gilindi: gayta ishlangan past zichlikdagi polietilen uchun 170-200°C,
gayta ishlangan yuqori zichlikdagi polietilen uchun 190-220°C va gqayta ishlangan
polipropilen uchun 210-240°C [12].

Olingan namunalarning fizik-mexanik xossalari ASTM D6693 (cho‘zilishdagi
mustahkamlik), ASTM D4833 (teshilishga garshilik) va 1SO 1133 (OER) halgaro
standartlariga muvofiq universal sinov mashinalari va viskozimetrlar yordamida tahlil gilindi
[13]. Materialning iglimiy bargarorligini aniglash uchun namunalar 30 ta muzlatish-eritish
siklidan o‘tkazildi.

Natijalar va ularning muhokamasi. Qayta ishlangan yuqori zichlikdagi polietilen
(YuzP), past zichlikdagi polietilen (PZP) va polipropilen (PP) asosida sintez gilingan
nanokompozit geomembranalarning fizik-kimyoviy xossalari, ularning tarkibidagi argillit
minerali migdori va polimer matritsasining tabiatiga bog‘ligligi giyosiy o‘rganildi. Olingan
natijalar 1-jadvalda keltirilgan.

1-jadval
Sof polimerlar va argillit asosidagi nanokompozitlarning fizik-mexanik xossalari (2.0 mm
galinlik uchun)

Material Tarkibi (Polimer Mustahkamlik Uzilishdagi nisbiy Teshilishga
turi + To‘ldirgich) chegarasi, MPa uzayish, % garshilik, N
PzP Toza PZP 22.0 600 650

r- PZP + | Ikkilamchi HDPE +

A 5% Argillit 254 550 780
YuZP Toza YuZP 14.0 500 380

r- YuZP | Ikkilamchi YuzP +
fA 5% Argillit 182 710 725
PP Toza polipropilen 30.0 400 750

Ikkilamchi PP +
r-PP + A 5% Argillit 32.8 385 840

Jadvaldagi ma’lumotlar tahlili shuni ko‘rsatadiki, ikkilamchi polimerlarning barcha
turlariga 5% konsentratsiyadagi nanodispers argillitni kiritish ularning mustahkamlik
xususiyatlarini birlamchi (yangi) polimerlar darajasiga yetkazishga, hatto undan oshirishga
ham imkon beradi.

Xususan, Qayta ishlangan yuqori zichlikdagi polietilen + Argillit kompozitsiyasida
mustahkamlik ko‘rsatkichi yangi yugori zichlikdagi polietilenga nisbatan 30% ga oshib, 18,2
MPaga yetdi. Shunisi diggatga sazovorki, ushbu namuna uchun nisbiy uzayish maksimal
giymatga - 710% ga yetgan. Bu hodisa argillitning gatlamli alyumosilikat tuzilishi bilan
izohlanadi: u polimer zanjirlari orasida “sirpanuvchi gatlamlar’ vazifasini bajaradi va
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molekulalararo bog‘larni elastik mustahkamlaydi.

Qayta ishlangan past zichlikdagi polietilen va polipropilen asosidagi nanokompozitlarda
mustahkamlikning mos ravishda 25,4 MPa va 32,8 MPaga yetgani kuzatildi. Bu natijalar
argillit zarrachalari chizigli va kristallanishga moyil polimer matritsalarda qo‘shimcha
kristallanish markazlari bo‘lib xizmat gilishini tasdiglaydi. Polipropilen matritsasidagi ustun
mustahkamlik argillit zarrachalari bilan polipropilenning izotaktik zanjirlari o‘rtasidagi yuqori
darajadagi adgezion bog‘lanish natijasidir.

Teshilishga chidamlilik xususiyatlari bo‘yicha eng yuqori natijalarni gayta ishlangan
polipropilen + Argillit (840 N) va gayta ishlangan past zichlikdagi polietilen + Argillit (780 N)
namunalari namoyon etdi. Bu toshli va shag‘alli tuproq sharoitida geomembranalarning
mexanik butunligini saglash uchun g‘oyat muhimdir. gayta ishlangan yugori zichlikdagi
polietilen asosidagi kompozitda teshilishga chidamlilikning (725 N) yangi polimerga (380 N)
nisbatan gariyb ikki baravar ortgani Sherobod argillitining nanodispers zarrachalari polimer
matritsasi ichida murakkab “to°siq” strukturani hosil gilishidan dalolat beradi.

Tadgiqotning keyingi bosqichida mahalliy argillit mineralining turli ikkilamchi polimer
matritsalar bilan o°zaro ta’sirlashuv darajasi hamda uning ushbu matritsalarning fizik-mexanik
xossalariga samaradorligi giyosiy baholandi.

2-jadval
Turli ikkilamchi polimer matritsalarining argillit bilan modifikatsiyalanish darajasi (2.0 mm
namuna)

. . To‘ldirgich : ‘e Teshilishga
Polimer turi . ; - Mustahkamlik (o), Nisbiy - .
(1kkilamchi) m'qdor;/g)”g"“t* MPa uzayish (0, % | CM9ami

Qayta ishlangan- PZP
(Nazorat) 0 18.0 500 450
Qayta 'Sh'agga”' PZP+ 5 25.4 (+41%) 550 (+10%) | 780 (+73%)
Qayta ishlangan - YuzP 0 10.0 600 320
(Nazorat)
Qayta 'Sh'i”ga“ - Yuzp 5 18.2 (+82%) 710 (+18%) | 725 (+126%)
Qayta ishlangan -PP 0 250 300 600
(Nazorat)
Qayta ishlangan -PP + A 5 32.8 (+31%) 385 (+28%) 840 (+40%)

2-jadvaldagi ma’lumotlar argillit mineralining qo‘shilishi barcha gayta ishlangan
polimerlarning xossalarini sezilarli darajada yaxshilaganini ko‘rsatadi; birog modifikatsiyalash
samaradorligi matritsa tabiatiga garab farq gilgan.

Argillit minerali gayta ishlangan past zichlikdagi polietilenda eng yugori modifikatsiya
koeffitsiyentini namoyon etdi. Nazorat namunasiga nisbatan mustahkamlik 82%, teshilishga
chidamlilik esa 126% ortdi. Bu hodisa gayta ishlangan past zichlikdagi polietilen
zanjirlarining yuqori darajada tarmoglangan tuzilishi hamda mineralning nanodispers
zarrachalari ushbu tarmoglangan zanjirlar orasidagi bo‘shliglarni to‘ldirib, molekulalararo
adgeziyani keskin kuchaytirishi bilan izohlanadi. Mineral zarrachalar polimerda “to‘siq”
effektini hosil gilib, materialning dinamik yuklamalarga chidamliligini oshiradi.

Qayta ishlangan yugori zichlikdagi polietilen namunalarida teshilishga chidamlilikning
73 %ga (450 N dan 780 N gacha) oshishi argillitning chizigli polimer zanjirlari bilan yuqori
darajada interkalyatsiyalashganidan dalolat beradi. Qayta ishlangan past zichlikdagi
polietilenning yuqori kristallik darajasi argillit zarrachalari ta’sirida yanada tartiblashib,
materialning gattigligi va elastikligi o‘rtasida muvozanat yuzaga keldi (cho*zilish 500 foizdan
550 foizgacha oshdi).

Qayta ishlangan polipropilen asosidagi kompozit eng yuqori mustahkamlik
ko‘rsatkichiga (32,8 MPa) ega bo‘ldi. Polipropilenning izotaktik tuzilishi argillit zarrachalari
bilan yuqori darajada mos keladi va mineral zarrachalari go‘shimcha kristallanish markazlari
vazifasini bajardi. Bu holat materialning mo‘rtlashishiga olib kelmasdan, uning yuk ko‘tarish
gobiliyatini 31 %ga oshirdi.

Gidrotexnika inshootlarida geomembranalarning uzoq muddatli ishonchliligini
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ta’minlash uchun ularning nafagat mexanik mustahkamligi, balki agressiv kimyoviy
muhitlarga va haroratning keskin o‘zgarishlariga chidamliligi ham hal giluvchi ahamiyatga
ega.

3-jadval
Modifikatsiyalangan geomembranalarning agressiv muhitga va iglimga chidamliligi
Qayta Qayta Qayta
Ko‘rsatkich nomi ishlangan - ishlangan - ishlangan - PP Izoh
YuZP + A PZP + A + A
Nanoto‘ldirgich
Suv shimuvchanlik, % 0.004 0.003 0.002 g‘ovaklarni samarali
yopadi
Issiglikka chidamlilik PP eng yuqgori termik
(Vika), °C +92 +126 +152 bargarorlikka ega
Sovuqga ochldamllllk, 55 5 15 LDPE past haroratlar
C uchun eng magbul
Kimyoviy bargarorlik . . Sho‘rlangan tuproq
(tuzli muhitda) Yugori Juda yuqori Mukammal | oo oitiga chidamlilik
Muzlatishdan keyingi 9% 94 9 30 sikldan so‘ng
mustahkamlik, % saglangan mustahkamlik

3-jadvaldagi ma’lumotlar shuni ko‘rsatadiki, nanodispers argillit minerali barcha turdagi
polimer matritsalarning germetikligini va termal bargarorligini sezilarli darajada yaxshilaydi.

Barcha namunalarda suv singdirish ko‘rsatkichining o‘ta pastligi (0,002-0,004%)
argillitning qgatlamli silikat tuzilishi polimer matritsa ichida suv o‘tkazmaydigan “labirint”
samarasini yaratishidan dalolat beradi. Bu esa geomembrana orgali suv va unda erigan tuz
ionlari diffuziyasini deyarli to‘xtatib, Surxondaryo kabi sho‘rxok tuprogli hududlar uchun
alohida ahamiyat kasb etadi.

Issiglikka chidamlilik bo‘yicha eng yuqori natijani (+152 °C) qayta ishlangan - PP +
Argillit namunasi ko‘rsatdi. Bunga sabab mineral zarrachalarning polipropilen zanjirlari
harakatini cheklab, materialning issiglik ta’sirida deformatsiyalanishini sekinlashtirishidir.
Sovuqga chidamlilik borasida esa Qayta ishlangan - YuzZP + Argillit (-55 °C) namunasi
yaqqol ustunlik qgiladi. Bu natija YuZP asosidagi geomembranalar gishning eng gahraton
sharoitlarida ham o‘z egiluvchanligini saglab qgolishini isbotlaydi.

Materiallar mustahkamligining 30 ta muzlatish-eritish siklidan keyin ham 92-96%
darajasida saqglanib qolgani ularning tarkibiy yaxlitligi yuqori ekanini ko‘rsatadi. Argillit
zarrachalari polimerdagi mikroyoriglarning kattalashishiga to‘sqinlik giladi va materialdagi
ichki zo‘rigishlarni muvozanatlashtiradi.

Xulosa. Tadgiqotlar natijasida mahalliy Sherobod koni argillit mineralining nanodispers
zarrachalari ikkilamchi YuZP, PZP va PP polimer matritsalari uchun yuqori samarali hamda
universal modifikator ekanligi ilmiy jihatdan asoslandi. Qiyosiy tahlil shuni ko‘rsatdiki,
polimer matritsasiga 5% li modifikatorning Kiritilishi ikkilamchi xomashyoning nafaqgat fizik-
mexanik xususiyatlarini tiklabgina golmay, balki ularni birlamchi (yangi) polimerlar
darajasiga, ba’zi ko‘rsatkichlar bo‘yicha esa undan ham yuqoriga ko‘taradi. Mineralning
modifikatsiyalovchi samaradorligi gayta ishlangan PZP matritsasida eng yaqqol namoyon
bo‘ldi: bunda teshilishga chidamlilikning 126% ga va mustahkamlikning 82% ga ortishi
yugori elastiklik (710%) bilan birgalikda materialning a’lo darajadagi dinamik bardoshliligini
ta’minladi. Shu bilan birga, gayta ishlangan PP va YuZP asosidagi nanokompozitlarda argillit
zarrachalari kristallanish markazlari vazifasini o‘tab, cho‘zilishga bo‘lgan mustahkamlikni
32,8 MPa gacha oshirdi va yuqori bosim ostida ishlaydigan gidrotexnik inshootlarda qo‘llash
uchun zamin yaratdi.

Agressiv muhit va iglim omillariga chidamlilik bo‘yicha o‘tkazilgan sinovlar argillit
zarrachalarining polimer matritsasi ichida o‘tkazmaydigan “to‘siq” samarasini hosil gilishini
tasdigladi. Bu suv singdirishning minimal giymatiga (0,002%) erishishga va materialning
sho‘rlangan tuproq sharoitlariga chidamliligi keskin oshishiga olib keldi. 30 ta muzlatish-
eritish  siklidan so‘ng mustahkamligining 92-96 foizini saglab qolishi mahalliy
nanoto‘ldirgichning material uzoq muddat xizmat gilishini ta’minlashdagi hal giluvchi rolini
isbotlaydi. Umuman olganda, tanlangan gibrid kompozitsiyalar O‘zbekiston gidromelioratsiya
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tizimi uchun foydalanish talablariga (masalan, elastiklik yoki maksimal mustahkamlikka)
ko‘ra tabagalashtirilgan, import o‘rnini bosuvchi, igtisodiy tejamkor va yuqori sifatli
geomembrana materiallari bo‘lib xizmat giladi.
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Annotatsiya. Hozirgi kunda tibbiyot amaliyotida qo‘llaniladigan dori vositalarining ko‘pgina
gismini tabiily manbalardan olish yo‘lga qo‘yilgan. Tabiiy manbalardan olinadigan dorivor vositalar olinish
samaradorligi, organizm tomonidan oson o‘zlashtirilishi, salbiy ta’sirlari kamligi, biologik mosligi hamda
o‘ziga xos ta’sirlari tufayli sun’iy yaratilgan dorivor vositalardan tubdan farq giladi. Aynigsa antioksidant,
antibakterial va zamburug‘larga hamda nafas yo‘llarining yallig‘lanish kasalliklariga qarshi ta’sirga ega
kimyoviy birikmalarga farmatsevtika sanoatida talab yuqoriligi sababdan biologik faol moddalarga boy
o‘simlik turlarini aniqlash, ulardan biologik faol moddalar ajratib olish va farmatsevtika sanoatiga tavsiya
etish biologiya va kimyo sohasida muhim ahamiyat kasb etadi.
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Ushbu magolada Brassica L, Solanum lycopersicum, Pisum sativum L, Beta urug*lari tarkibida kup
migdorda bo’lgan Kversitin flovonnoidi suvda yomon eriydi, ushbu kamchilikni bartaraf etish va
biologik kirishuvchanligini oshirish magsadida Glitsirrizin kislota (GK) va Glitsirrizin kislota
monoammoniyli tuzi (GKMAT) bilan kompleks birikmasi sintezi amalga oshirilishi va fizik-kimyoviy
xossalari hamda spektrlari haqida so‘z yuritiladi.

Kalit so‘zlar: Brassica L, Solanum lycopersicum, Pisum sativum L, Beta, 1Q spektri, kversitin
flovonnoidi, Glitsirrizin kislota (GK), Glitsirrizin kislota monoammoniyli tuzi (GKMAT)

Abstract. At present, a significant proportion of medicinal products used in medical practice are
obtained from natural sources. Natural medicinal compounds differ fundamentally from synthetic drugs due
to their high extraction efficiency, better bioavailability, low toxicity, biological compatibility, and unique
pharmacological properties. In particular, the growing demand in the pharmaceutical industry for
antioxidant, antibacterial, antifungal, and anti-inflammatory agents for the treatment of respiratory diseases
highlights the importance of identifying plant species rich in biologically active compounds, isolating these
compounds, and recommending them for pharmaceutical applications. This has become an important area of
research in biology and chemistry.

This article discusses the synthesis of inclusion complexes of quercetin, a flavonoid present in high
concentrations in the seeds of Brassica L., Solanum lycopersicum, Pisum sativum L., and Beta, with
glycyrrhizic acid (GA) and the monoammonium salt of glycyrrhizic acid (MASGA). Since quercetin
exhibits poor water solubility, the formation of these complexes was carried out to overcome this limitation
and enhance its bioavailability. The study also presents the physicochemical properties and infrared (IR)
spectral characteristics of the synthesized complexes.

Keywords: Brassica L., Solanum lycopersicum, Pisum sativum L., Beta, IR spectrum, quercetin
flavonoid, glycyrrhizic acid (GA), monoammonium salt of glycyrrhizic acid (MASGA).

Kirish. Dunyoda dorivor o‘simliklarni yetishtirish, dastlabki xomashyo bazalarini
yaratish va ularning kimyoviy tarkibini o‘rganish, biologik faol birikmalarni ajratib olish
hamda o‘simliklar asosida yangi turdagi import o‘rnini bosuvchi arzon va sifatli biologik faol
qo‘shimchalar va dori vositalarini yaratish dolzarb muammolardan biri hisoblanadi. Kversitin
flovonnoidi suvda yomon eriydi, uning suvda eruvchan birikmasini olish ucun GKMAT
bilan kompleks birikmasi sintezi amalga oshiramiz buning uchun Glycyrrhiza glabra
(shirinmiya) o‘simligi ildizidan adabiyotlardagi m alum usul asosida GKMAT ajratib olamiz.
GKMAT tuzini unumi gayta kristallashdan keyin TGK ga nisbatan 28-30% tashkil giladi, GK
ning miqdori o‘rtacha 22-23% ni tashkil etdi. GKMAT ning tozalik darajasi YuSSX usuli (80-
81%) yordamida aniglandi. Supramolekulyar kompleks birikmalarni olish uchun asosan
tozalik darajasi 80-81% bo‘lgan GK, GKMAT dan foydalanildi.

Nazariy qism. GK va uning hosilalari asosida dori vositalari yaratilishida uning
solyubilizatsiya qilish xossasi asosiy omillardan biri bo‘lib xizmat qiladi. Ko‘pgina suvda
yaxshi erimaydigan yoki umuman erimaydigan dori moddalar (aspirin, indometatsin va
boshgalar), GK va uning tuzlari bilan molekulyar komplekslar hosil gilib, suvda eruvchan
holatga o‘tishi ko‘rsatilgan. [1].

GK va uning hosilalarining tuzilishi to‘g‘risida ko‘p tadqiqotlar ma’lum [2-3]. Ushbu
manbalardagi keltirilgan ma’lumotlarga ko‘ra, GK tuzilishi 3p-gidroksi-11-okso-12-en-18p3-N,
20B-olean-30 kislotaning 3-O-(2'-O-B-D-glyukurono-piranozil)-B-D-glyukuron-opiranozidiga
mos keluvchi struktura to‘g‘ri hisoblanadi (1-rasm)

1-rasm. Glitsirrizin kislotasining kimyoviy tuzilishi
Glitsirrizin Kislotasi (GK) ikki gismdan iborat: gidrofob (aglikon triterpen) glitsirret
kislotasi (a) va gidrofil (2 molekula gand, glyukuron kislota).si(b) dan tashkil topgan. 2-rasm.
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2-rasm. (a) Gidrofob (aglikon triterpen) glitsirret kislotasi va (b) Gidrofil (2 molekula
gand, glyukuron Kislota si).

Aglikon tuzilishi jihatidan, ayrim tomonidan glyukokortikoid gormonlariga
o‘xshashligi mavjud. Shu xususiyatiga ko‘ra GK va uning tuzlari tuz almashinishini
muvofiqlashtirish (Addison kasalligida) va yallig‘lanishga qarshi ta’sir etish xususiyatlariga
ega. Bundan tashqari GK kortikosteroid gormonlar sinergisti hisoblanadi [4].

Supramolekulyar kimyo fanining nisbatan yosh yo‘nalishidan biri supramolekulyar
kimyo, hisoblanib, o‘tgan asrning 60-70 vyillarida makrotsiklik birikmalar, Xxususan,
makrotsiklik metall ligandlari kimyosi bilan birga jadal rivojlana boshlagan. To‘liq bo‘lmasa-
da, oddiy va murakkab supramolekulyar kimyoviy sistemalar hagidagi konsepsiya va
tasavvurlar, zamonaviy kimyo fani shakllanish davridan ma’lum bo‘lgan [5-8].

Supramolekulyar kimyo rivojida Ch.Pedersen tomonidan kraun efirlar kashf etilishi
muhim ahamiyatga ega bo‘ldi. U neft moylari oksidlanishidan saqlovchi ingibitorlar sintez
qilib, qo‘shimcha mahsulot sifatida dibenzo-18-kraun-6 oldi. Keyinchalik Ch.Pedersen
tarkibida 4 dan 20 gacha kislorod atomlari tutgan va o‘lchami 12 dan 60 a’zoligacha bo‘lgan
60 ga yagin makrotsiklik poliefirlar sintez gildi. U kraun efirlari ishgoriy va ishqoriy-yer
metallari kationlari bilan mustahkam komplekslar hosil gilishini va ularni kristall holda ajratib
olish mumkinligini ko‘rsatdi [5-8].

Jan-Mari Len supramolekulyar kimyoni “molekulyar ansambllar va molekulalararo
bog‘lar kimyosi” yoki “molekula tashqarisidagi kimyo” hamda “kovalent bog‘larsiz kimyo”
deya ta’riflagan.

Jan-Mari Len supramolekulyar kimyoni ikki keng sohaga bo‘ladi: supermolekulalar
kimyosi - bir necha komponentlarning (retseptor va uning substratlari) molekulalararo
assotsiatsiyasi natijasida vujudga keladigan molekulalararo bir-birini “tanish” prinsipi asosida
quriladigan hamda yaqqol chegaraga ega bo‘lgan oligomolekulyar zarrachalar;

Molekulyar ansambllar kimyosi — bir necha (aniq soni ma’lum bo‘lmagan)
komponentlarning spontan assotsiatsiyasi natijasida hosil bo‘ladigan va aniqroq belgilangan
mikroskopik tuzilmaga ega spetsifik fazaga o‘tuvchi hamda ularning xarakteristikalari
tabiatiga bog‘liq (masalan klatratlar, membranalar, vezikulalar, mitsellalar) polimolekulyar
sistemalardir [5-8].

Donald Kram supramolekulyar kompleksda “mehmon-mezbon” molekulalari
orasidagi munosabatga quyidagicha ta’rif bergan: komplekslar kovalent bog‘lar tabiatidan farq
qgilib, ikki va undan ortig molekula yoki ionlardan tashkil topib, elektrostatik kuchlar hisobiga
bog‘langan antiqa strukturali sistemadan tashkil topgan [8].

Ko‘plab bog‘lanish markazlari hisobiga strukturada kamida bitta mezbon va bitta
mehmon ishtirokida yuzaga keladi. Mehmon va mezbon o‘rtasidagi ta’sir kuchlarini hisobga
olib, mezbon birikmalarni sinflashda, agar mezbon-mehmon agregat elektrostatik kuchlar
(ion-dipol, dipol-dipol va vodorod bog‘lar) evaziga bog‘langan bo‘lsa “kompleks” atamasi
qo‘llaniladi. Kuchsiz, yo‘naltirilmagan (gidrofob, Van-der-vals va kristall panjara ta’sirlari va
boshqa) kuchlar evaziga bog‘langan strukturalarga “kavitat” yoki “klatrat” atamasini qo‘llash
gabul gilingan.

“Mehmon-mezbon” tipidagi kompleks hosil bo‘lishida “mezbon” molekulasi
“mehmon” molekulasi bilan bog‘lanib supramolekulani hosil giladi. Odatda mezbon vazifasini
markazida kattagina bo‘shliq tutgan yirik molekula yoki agregat bajaradi. Mehmon o‘rnida esa
biror anorganik kation, anion yoki gormon va fermentlar kabi murakkabroq molekula bo‘lishi
mumkin (3-rasm).
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3-rasm. Mehmon - mezbon tipidagi supramolekulyar komplekslarning turli xil ko‘rinishlari.

Supramolekulyar kimyoning birinchi o‘rganilgan ob’ektlari klatratlar hisoblanadi.
Klatratlar - bu mehmon deb ataladigan molekulalarni mezbon deb nomlanuvchi boshga
molekulalar karkasiga kiritishdan hosil bo‘lgan birikmalardir. Ko‘pincha mehmon va mezbon
molekulalar orasida Van-der-vals o‘zaro ta’sir kuchlaridan boshqa ta’sirlashishlar bo‘lmaydi.
Klatratlarning termodinamik bargarorligi mezbon molekulasi karkasida mehmon molekulasini
qulay joylashish geometriyasi bilan ta’minlanadi.

Glitsirizin kislotasining molekula tarkibida qutbli va qutbsiz guruh tutgan xamda
mitsella hosil gilishga moyil modda xisoblanadi. Mitsellalar — ko‘plab molekulalardan iborat
assotsiatlardir. Ular bir necha xil xarakterli shakllarga ega bo‘lishi mumkin: sfera, mono-, bi-
va ko‘p qavatli. Mitsellaning qaysi shaklda bo‘lishi alohida molekulaning geometrik
parametrlariga va molekulada elektr zaryadlangan uchastkalarning joylashuviga bog‘liq
Adabiyotda keng yoritilgan ma’lumotlarga asosan mitsellaning sfera ko‘rinishi shaklida esa
molekulalar suvdan o‘zining qutbli tomonlari bilan ajralgan bo‘ladi. Sferik mitsellani hosil
giluvchi molekulalar soni 50 tadan 1000 ta va 10000 tagacha xam etishi mumkin. Bu birinchi
navbatda molekulaning tashqariga yo‘nalgan bosh sohasi (zaryadlangan gismi) bilan sfera
ichkarisiga yo‘nalgan gidrofob qismi o‘lchamlari nisbatiga bog‘liq. Agar bu o‘lchamlamlar
bir-biriga yaqin bo‘lsa, sfera juda katta va beqaror bo‘ladi. Bu xolda gatlamli konstruksiyalar
hosil bo‘lish ehtimoli mavjud.

Natijalarni muhokamasi. Brassica L, Solanum lycopersicum, Pisum sativum L, Beta
urug‘lari tarkibida kup migdorda bo’lgan Kversitin flovonnoidi suvda yomon eriydi, ushbu
kamchilikni bartaraf etish va biologik Kirishuvchanligini oshirish magsadida GK va
GKMAT bilan kompleks birikmasi sintezi amalga oshirildi. Brassica L, Solanum
lycopersicum, Pisum sativum L, Beta urug‘i tarkibidagi Kversitin migdori YuSSX qurilmasida
aniglangandagi xromotografiyasi 1-jadvalda keltirilgan.

1-jadval
Solanum lycopersicum, Pisum sativum L, Beta, Brassica L, urug‘larini tarkibida Kversitin
migdorda borligi , mg.

No flovonoid anum lycopersicum, Pisum sativum L, Beta, Brassica L, urug‘lari
Pomidor Yashil no'xot Lavlagi Karam
5 Kversitin 11,22 22,51 17,21 18,95
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Jadvaldagi ma’lumotlar shuni ko‘rsatadiki, Solanum lycopersicum urug'i tarkibida
kversitin 11,22 mg migdorda va Pisum sativum L, da kversitin 22,51 mgni, Betada kversitin
17,21 mgda hamda Brassica L, urug’i tarkibida kversitin 18,95 mg miqdorda bo'lishi hamda
kimyoviy va fizik xossalari, spektrlari aniglandi. Kvertsetinning IQ spektridagi 3395-3290 sm
! sohalardagi tebranish chastotalari molekuladagi gidroksil gruppalarning valent
tebranishlariga tegishlidir. 2835-2810 sm 1 sohadagi tebranish chastotalari rutin
molekulasidagi metil, metilen gruppalarga tegishlidir. 1666-1614 sm? sohadagi intensiv
tebranish chastotalari karbonil gruhlariga xos tebranishlar. Kvertsetin molekulasidagi aromatik
halganing tebranish chastotalari 900-700 sm™ sohalarda kuzatilgan, molekuladagi C-O-C
bog‘ining defarmatsion tebranish chastotalari esa 1100-1000 sm™ sohalarda namoyon bo‘lgan.
Kvertsetinning 1Q spektri 4-rasmda keltirilgan.
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4-rasm. Kversec'E‘iE 1Q spektri
Kvertsetinni ham YSSX da tekshirilganda, uning tozalik darajasi 91 % ni tashkil
etgan. (5-rasm) Sistema: atsetonitril:metanol:bufer (40:50:10) oqim 1,2 ml/min

- 8

I T H ! 1 i

5-rasm. Kvertsetinning tozaligi xromatogrammasi

Kversetinning fizik-kimyoviy kattaliklari 2-jadvalda keltirilgan.

2-jadval
Kversetinning fizik-kimyoviy kattaliklari
Modda- Brutto formu-lasi T.suyug- Rt IK spektri
Ne lar va M.og". CP (tizim) sm?
1| Kuversetin CisH1007 316 0,55 (I) 1666(-0);
302,236 2835,(CHy);
3395,(OH);

l.etilatsetat:etanol, 25:1 sistemada
Kversetinning *H YaMR spektrida uch turdagi protonlarning signallarining ko‘rish
mumkin: jumladan, aromatik halga protonlari va gidroksil gurux protonlari va erituvchi proton
signallaridir. Flavonolning asosiy tuzilishi benzopironning C-3-holatida gidroksil guruhi
joylashgan bo‘lib, uni 3-gidroksiflavonga aylantiradi. 6-rasmda keltirilgan.
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6-rasm. Kversetinning *H YaMR spektri
Kversetinning kimyoviy formulasi 7-rasmda keltirilgan.

OH

7-rasm. Kversetin,(CisH1007) *H YaMR spektri (600 MGs, Py-ds, 8, m.u., J/Gs):
6.11 d (J=2.0 H-6), 6.32, d (J=2.0, H-8), 7.67 d (J=2.2, H-2"), 6.83 d (J=8.5, H-5"), 7.51 dd
(J=8.5, 2.2, H-6"), 12.37 s (C-5 OH), 10.42 s (C-7 OH), 9.19s (C-4' OH), 9.03 s (C-3’ OH),
8.95s (C-3 OH).

Benzopirondagi ikkita aromatik proton, C-6 va C-8 da, mos ravishda 6,11 m.u. va 6,32
m.u. da dublet ko‘rinishda namoyon bo‘ladi. C-2' (7.67 m.u) va C 5' (6.83 m.u) protonlari mos
ravishda dublet shaklda, C-6' protonlari esa 7.51 m.u.da (J=8.5, 2.2) dublet-dublet shaklda
namoyon bo‘ladi. Bundan tashqari molekuladagi OH guruxlarda joylashgan proton signalari
signallari singlet shaklda kuzsiz maydonda (12.37 m.u. (C-5 OH), 10.42 m.u. (C-7 OH), 9.19
m.u. (C-4' OH), 9.03 m.u. (C-3' OH), 8.95 m.u. (C-3 OH)) kuzatilgan. 8-rasmda keltirilgan.

13C_DMS0-d6+CCl4_23112023_150MHz

-——97.950
VA

-163.718
_~147.374
——146.429
T 144.718
—121.958
102,928

r— — —175.601
—————————— —135.618

e

1 (ppm)
8-rasm. Kversetinning *C YaMR spektri

Kversetinning *C YaMR spektri (150 MGs, Py-ds, 8, m.u.): 146.43 (C-2) 135.62
(C-3), 175.60 (C-4), 160.76 (C-5), 97.95 (C-6), 163.72 (C-7), 92.99 (C-8), 156.06 (C-9),
102.93 (C-10), 121.96 (C-1"), 114.94 (C-2"), 144.72(C-3"), [94;33-44-b.].

Kversitin flovonnoidi suvda yomon eriydi, uning suvda eruvchan birikmasini
olish ucun GKMAT bilan kompleks birikmasi sintezi amalga oshiramiz buning uchun
Glycyrrhiza glabra (shirinmiya) o‘simligi ildizidan adabiyotlardagi malum usul asosida
GKMAT ajratib olamiz. GKMAT tuzini unumi gayta kristallashdan keyin TGK ga nisbatan
28-30% tashkil giladi, GK ning miqdori o‘rtacha 22-23% ni tashkil etdi. GKMAT ning tozalik
darajasi YuSSX usuli (80-81%) yordamida aniglandi. Supramolekulyar kompleks birikmalarni
olish uchun asosan tozalik darajasi 80-81% bo‘lgan GK, GKMAT dan foydalanildi. Ularning
fizik-kimyoviy xususiyatlari 3-jadvalda keltirilgan.

e
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3-jadval
GK va GKMAT tuzini ayrim fizik-kimyoviy kattaliklari
Moddalar Toupg | Rf @M 1 [a] p0,5% IQ (v, sm?) uB
Co EtOH (50%) nm
GK 210-213 | 0,07 (1) +48 1045,(COC); 1654, (CO) 251
(m.og.840) 2873,(CHs); 2938, (OH)
Oq kukun 3407, (OH)
GKMAT 3H,0 225-227 0,32 +40 1042,(COC); 1655, (CO) 253
(m.og* 894) (m 2948, (OH); 3239, (OH)
Och sariq kukun

*].Etilatsetat- atseton 5:1, 11.Butanol-sirka k-ta-suv 3:1:1,

Organik birikmalar orasidagi molekulalararo ta’sirlar va ushbu ta’sirlanishlar
jarayonida qaysi funksional guruhlar ishtirok etayotganliklari haqidagi qimmatli ma’lumotlar,
dastlabki moddalar va oxirgi mahsulotlar 1Q-spektrlarini tagqoslash asosida olinishi mumkin.
Shundan kelib chiggan holda, atsetil almashgan lagoxilin hosilalarining GK va GKMAT bilan
supramolekulyar kompleks hosil qilishini baholash jarayoni 1Q-spektroskopiya usuli va
boshqa fizik-kimyoviy tahlillar asosida olib borildi.

Kversitin flovonnoidi bilan GK va GKMAT tuzini supramolekulyar komplekslarini
olish uchun GK va GKMAT ning 50% etonolda eritib, aralashtirib turgan holda mos ravishda
kversitin flovonnoidi qo‘shiladi, reaksion aralashma 10-12 soat davomida xona haroratida
aralashtiriladi. etonol haydab olinib, suvli qism liofil usulda quritilib olindi. Olingan
supramolekulyar kompleks birikmalar oq va och sariq rangli, amorf kukun. GKMAT
kompleks birikmalari 0,1% li suvli eritmalari gel hosil gilish xususiyatiga ega. Birinchi
marotaba kversitin flovonnoidining GK va GKMAT tuzi bilan supramolekulyar komplekslari

olindi. Ularning umumiy olinishi 1- sxemada keltirilgan.
1-sxema.
Kversitin flovonnoidi GK va GKMAT bilan supramolekulyar komplekslarini olishni umumiy

sxemasi
- «COOH - «COOH
(@] L ') H
1 B B
COOR . =
2 o = coo& O
OH

OH R

o O

COOH O CooH &
o [e)

OH
o o)
OH

OH

OH n

Bu erda: R=H bo"lganda(GK); R=NH4, bo’lganda (GKMAT) bo'ladi. n=2; (1:2) n=4;
(1:4). R'= Kversetin

Kversitin flovonnoid bilan GK va GKMAT ni 1:2, 1:4 molekulyar nisbatlardagi
supramolekulyar kompleks birikmalari och sariq amorf kukun bo‘lib, suvda yaxshi eriydi.
Qutblangan yorug‘lik nuri tekisligini burish burchagi [a]o  aniglandi. Ular optik faol
birikmalar bo‘lib, qutblangan nur tekisligini o‘nga buruvchi moddalardir. Olingan
supramolekulyar kompleks birikmalar ayrim fizik-kimyoviy va spektral parametrlari bilan

tavsiflandi, ular 4-jadvalda keltirilgan.
4-jadval
Kversitin flovonnoidi bilan GK va GKMAT tuzini supramolekulyar komplekslarining ayrim

fizik-kimyoviy ko‘rsatkichlari

Ne Moddalar T .suyug.C° Rf" [0]p0,5% IK, sm? Unum
mol.og* parch. EtOH(50%) %

1 | GKIKVRS:2:1 | 199-201 | 0,14 (1) +61 1043,,(COC);1726 (CO) 90,2
(2076) 2936,(CHs);3407 (OH)

2 | GK:KVRS:4:1 | 203-205 | 0,13 (Il) +53 1043,(COC);1632 (CO) 80,0
(3756) 2946, (CHs);3406 (OH)

3 GKMAT: 181-184 | 0,61 (11I), +21 1042, (COC);1659 (CO) 90,9

KVRS: 2:1 2941, (CHs);3405 (OH)

(2189)
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4 GKMAT: 186-188 | 0,57 (1) +17 1042, (COC);1632 (CO) 89,2
KVRS: 4:1 2945, (CHs);3422 (OH)
(3972)

I. Etilatsetat, Il. Etilatsetat-atseton 5:1, 111. Xloroform-etanol 5:1,

Kversitin flovonnoidi bilan olingan GKMAT ni 1:2, 1:4, molekulyar nisbatlardagi
supramolekulyar kompleks birikmalarining 1Q spektrida 1740-1725 sm™ oralig‘idagi sohada
GK va Kuversitin flovonnoidining karbonil guruhi valent tebranishlari va 3400-3250 smrt
oralig‘idagi sohada vodorod bog‘lari hosil qilishda gatnashgan gidroksil guruhlarining valent
tebranishlari keng elka ko‘rinishida namoyon bo‘lishi va metil guruhlarining deformatsion
tebranishlari 2935-2925 sm™ oralig‘idagi sohada namoyon bo‘lishi kuzatildi. KVRT:GKMKT
ni 1:2 nisbatdagi supramolekulyar kompleks birikmasining 1Q spektri 9-rasmda keltirilgan.

Olingan barcha supramolekulyar kompleks birikmalar tuzilishini o‘rganishda organik
molekulalarning elektromagnit nur bilan o‘zaro ta’sirlashuviga asoslangan fizikaviy usullar,
xususan, ularning 1Q- (molekuladagi atomlarning tebranish spektri, A=10-102 sm) spektri va
UB- (tashqi pog‘onadagi elektronlarning energetik holati o‘zgarishiga asoslangan elektron
spektri, A=10°-10* sm) spektrlari keng qo‘llanildi. Ushbu usullar yordamida dastlabki
moddalar va supramolekulyar komplekslarni spektridagi farglar asosida yangi ta’sirlashuv
hamda bog‘lar hagida xulosa chigarish mumkin. Supramolekulyar komplekslarning tuzilishini
tahlil gilishda ularning UB va 1Q-spektri ma’lumotlaridan foydalanildi.

Kompleks moddalarning, jumladan, supramolekulyar birikmalarning tuzilishini
o‘rganishda organik molekulalarning elektromagnit nur bilan o‘zaro ta’sirlashuviga
asoslangan fizikaviy usullar, xususan, ularning UB- (tashqi pog‘onadagi elektronlarning
energetik holati o‘zgarishiga asoslangan elektron spektri, A=10%-10" sm) keng qo‘llaniladi.

UB-spektrda GKMAT ning C halqasidagi qo‘shbog® bilan kon’girlangan C=0 ning ©t
elektronlariga tegishli n-n" o‘tishga mos keladigan intensiv yutilish maksimum qiymati
suv:etanol (1:1) tizimda yaqin UB- sohada 250-253 nm to‘lqin uzunligida kuzatildi. Quyidagi
10-rasmda keltirilgan.

0.7 4
0.6

0,5 -

04 | — KVRT

05 | — GKMAT
GEMAT-KVRT

0.2

o1 -L\_//_\_

0 R

210 220 230 240 250 260 270 280 290 300 310

Optik zichlik, A

10-rasm. GKMAT bilan KVRT ni supramolekulyar kompleks (KVRT-GKMAT) (2:1)
nisbatdagi birikmasini UB-spektri. Sm=510"°mol/l,50% etanol erituvchi
Dastlabki moddalar (GKMAT, KVRT) spektrlari bilan kompleks birikmalari
(GKMAT:KVRT 2:1) spektrlari va molekulyar massalarini taggoslanganda yuzaga kelgan
qator o‘zgarishlarni kuzatish mumkin va bu “gidrofob-gidrofob” ta’sirlashish va vodorod
bog‘lari hisobiga vujudga kelishini taxmin qilib qarasak supramolekulyar kompleks birikma
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hosil bo‘lganidan dalolat beradi. Dastlabki moddalarni 1Q-spektrlarini supramolekulyar
komplekslar spektrlari bilan taggoslaganda yuzaga kelgan gator 15-20 sm? oralig‘idagi
(siljishini)o‘zgarishlarni  kuzatish mumkin va bu “mehmon-mezbon” ko‘rinishdagi
supramolekulyar kompleks birikma hosil bo‘lganidan dalolat beradi.

Xulosa. 1. Kversitin flovonnoid bilan GK va GKMAT ni 1:2, 1:4 molekulyar
nisbatlardagi supramolekulyar kompleks birikmalari olindi va ular och sariq amorf kukun
bo‘lib, suvda yaxshi eriydi.

2. Dastlabki moddalar (GKMAT, KVRT) spektrlari bilan kompleks birikmalari
(GKMAT:KVRT 2:1) spektrlari taggoslanganda yuzaga kelgan qator o‘zgarishlarni kuzatish
mumkin va bu “gidrofob-gidrofob” ta’sirlashish va vodorod bog‘lari hisobiga vujudga
kelishini taxmin qilib qarasak supramolekulyar kompleks birikma hosil bo‘lganidan dalolat
beradi.

3. Dastlabki moddalarni 1Q-spektrlarini supramolekulyar komplekslar spektrlari bilan
taggoslaganda yuzaga kelgan qator 15-20 sm™ oralig‘idagi (siljishini)o‘zgarishlarni kuzatish
mumkin va bu “mehmon-mezbon” ko‘rinishdagi supramolekulyar kompleks birikma hosil
bo‘lganidan dalolat beradi.

4. GKMAT bilan KVRT ni supramolekulyar komplekslarini UB-spektrda GKMAT
ning C halgasidagi qo‘shbog* bilan kon’girlangan C=0 ning 7 elektronlariga tegishli n-7"
o‘tishga mos keladigan intensiv yutilish maksimum qiymati suv:etanol (1:1) tizimda yaqin
UB- sohada 250-253 nm to‘lqin uzunligida kuzatilishi aniglandi.
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Annotatsiya. Vitamin D organizmda suyak mineralizatsiyasi, immun tizimi faoliyati va metabolik
jarayonlarning muhim regulyatoridir. Dunyo bo‘yicha vitamin D yetishmovchiligi keng targalgan bo‘lib,
global meta-tahlillarda 25(OH)D < 20 ng/ml bo‘lganlar ulushi 47,9% ni tashkil etadi. O‘zbekiston hududida,
jumladan, Qashgadaryo viloyatida vitamin D darajalari bo‘yicha epidemiologik ma’lumotlar cheklangan.

Qashgadaryo viloyati aholisi orasida 2025-yil davomida olingan 25-OH D tahlil natijalarini tahlil
gilish va ularni global epidemiologik ko‘rsatkichlar bilan taggoslash.

2025il 1-yanvardan 30-noyabrgacha o‘tkazilgan 1497 ta serum 25-OH D natijalari retrospektiv tarzda
o‘rganildi. Natijalar quyidagi mezonlar asosida tasniflandi: <12 ng/ml (defitsit), 13—20 ng/ml (normadan
past), 20-30 ng/ml (nisbiy normal), 30—100 ng/ml (normal), >100 ng/ml (yuqori). Statistik tahlil deskriptiv
usulda amalga oshirildi.

Tekshiruvchilar orasida 25-OH D < 20 ng/ml bo‘lganlar ulushi **45,75%**ni tashkil etdi. Shundan
14,02% to‘lig defitsit (<12 ng/ml), 31,73% normadan past daraja (13-20 ng/ml) bo‘ldi. 20-30 ng/ml
oralig‘ida 30,59%, 30-100 ng/ml oralig‘ida 22,37% normal darajalar qayd etildi. 1,26% holatlarda >100
ng/ml bo‘lgan yuqgori ko‘rsatkichlar aniglandi. Natijalar global meta-tahlil ko‘rsatkichlariga (47,9% <20
ng/ml) yaqin.

Qashgadaryo viloyati aholisi orasida vitamin D yetishmovchiligi keng targalgan bo‘lib,
epidemiologik vaziyat global ko‘rsatkichlarga mos keladi. Hududda vitamin D defitsitining oldini olish, xavf
guruhlarida skriningni kengaytirish va go‘shimcha preparatlar gabulini tartibga solish zarur.

Kalit so‘zlar: Vitamin D, 25-OH D, defitsit, epidemiologiya, Qashqgadaryo, O‘zbekiston, global
taggoslash, yetishmovchilik, toksiklik, laborator tahlil.

ANALYSIS OF THE RESULTS OF TESTS CONDUCTED AMONG THE

POPULATION OF THE QASHQADARYO REGION IN 2025

Abstract. Vitamin D is an important regulator of bone mineralization, immune system function, and
metabolic processes in the human body. Vitamin D deficiency is widespread worldwide; according to global
meta-analyses, the proportion of individuals with 25(OH)D < 20 ng/ml is 47.9%. In Uzbekistan, including
the Qashgadaryo region, epidemiological data on vitamin D levels are limited.

The aim of this study was to analyze 25-OH D test results obtained during 2025 among the

population of the Qashqgadaryo region and compare them with global epidemiological indicators.
A retrospective analysis was conducted on 1,497 serum 25-OH D test results performed between January 1
and November 30, 2025. The results were classified according to the following criteria: <12 ng/ml
(deficiency), 13-20 ng/ml (below normal), 20-30 ng/ml (relatively normal), 30-100 ng/ml (normal), >100
ng/ml (high). Statistical analysis was performed using descriptive methods.

Among the examined individuals, the proportion with 25-OH D < 20 ng/ml was 45.75%. Of these,
14.02% had severe deficiency (<12 ng/ml) and 31.73% had below-normal levels (13-20 ng/ml). Levels of
20-30 ng/ml were observed in 30.59%, while 22.37% had normal levels (30-100 ng/ml). High levels (>100
ng/ml) were identified in 1.26% of cases. The results were close to those reported in global meta-analyses
(47.9% <20 ng/ml).

Vitamin D deficiency is widespread among the population of the Qashgadaryo region, and the
epidemiological situation corresponds to global indicators. It is necessary to strengthen preventive measures
against vitamin D deficiency in the region, expand screening among risk groups, and regulate the use of
vitamin D supplements.

Keywords: Vitamin D, 25-OH D, deficiency, epidemiology, Qashgadaryo, Uzbekistan, global
comparison, insufficiency, toxicity, laboratory analysis.

Kirish. Vitamin D — metabolik jihatdan muhim yog‘da eriydigan vitamin bo‘lib, 25-
hidroksivitamin D (25-OH D) plasma konsentratsiyasi uning holatini baholashda asosiy
bioindikator hisoblanadi. 25-OH D ning yetarli darajasi, diagnostik chegaralari va optimal
daraja bo‘yicha gator konsensuslar mavjud: IOM/US NAS 2011-yilda ruxsat etilgan minimal
darajani 20 ng/ml (50 nmol/L) deb belgilagan va tavsiya etilgan RDA 600-800 1U/kun ni
ko‘rsatgan. Endokrinologiya jamiyati esa amaliy go‘llanmada klinik baholash va davolash
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tamoyillarini batafsil bayon gilgan.[8];[10];[11]

Vitamin D organizmda kalsiy-fosfor almashinuvini, suyak mineralizatsiyasini,
mushaklar faoliyatini va immunitetni boshgarishda muhim rol o‘ynaydigan vitamin-gormon
hisoblanadi. Vitamin D yetishmovchiligi bolalarda raxit kasalligini, kattalarda esa
osteomalatsiya holatini keltirib chigarish bilan birgalikda, immunitet pasayishiga ham sabab
bo‘ladi. Lekin bu vitamin D preparatlarini palapartish go‘llash uchun ko‘rsatma bo‘lmasligi
kerak. Har bir insonga davolovchi maqgsadda yoki profilaktik magsadda vitamin D
buyurishdan avval qon tarkibida vitamin D miqdorini tekshirish kerakligi jahon sog‘ligni
saglash protokollarida ta’kidlab o‘tilgan.

Vitamin D qabul gilish me’yoridan oshirib yuborish ko‘plab og‘ir ogibatlarga olib
kelishi mumkin. Aynigsa 1 yoshgacha bo‘lgan bolalarda vitamin D palapartish go‘llanishi erta
buyrak yetishmovchiligi, ligildoglarning erta bitib qolishi, suyaklanish kuchayishi natijasida
o‘sish zonalari gotib golishi ko‘plab ilmiy tajribalarda aniglangan.[2];[4];[7]

Vitamin D yetishmovchiligi dunyo bo‘yicha keng targalgan bo‘lib, 2000-2022-yillar
oralig‘ida o‘tkazilgan 7,9 million kishini gamrab olgan meta-tahlil natijalariga ko‘ra, global
migyosda 25(OH)D < 12 ng/ml bo‘lganlar ulushi 15,7%, < 20 ng/ml bo‘lganlar ulushi esa
47,9% ni tashkil etgan.

O‘zbekiston hududi, jumladan, Qashgadaryo viloyati iglimi quyosh nuri yetarli
bo‘lishiga garamay, Kiyinish an’analari, ovgatlanish odatlari va tashxisga murojaat gilingan
guruhlarda asosan ayollar ko‘pligi sababli vitamin D yetishmovchiligi sezilarli darajada
uchrashi ehtimoli mavjud. Shuning uchun hududiy migyosda vitamin D darajasini o‘rganish
epidemiologik monitoring uchun muhim ahamiyatga ega.[10]; [11]; [15]

Ushbu tadgigotning magsadi — Qashqgadaryo viloyati bo‘yicha 2025-yil 1-yanvardan
30-noyabrgacha o‘tkazilgan 25-OH D laborator tahlillari natijalarini tahlil gilish va ularni
global epidemiologik ko‘rsatkichlar bilan tagqoslashdan iborat.

Material va metodika. Tadgigot retrospektiv kesim (cross-sectional) ko‘rinishda
bo‘lib, Qashqgadaryo viloyati hududida 2025-yil 1-yanvardan 30-noyabrgacha
laboratoriyalarga 25-OH D tahlili topshirgan 1497 nafar shaxsning natijalari tahlil gilindi.
Tahlil uchun serumdagi 25-gidroksivitamin D darajasi ng/ml birlikda o‘lchangan.[1];[3];[5]

Natijalar quyidagi tasnif asosida guruhlarga ajratildi:

e < 12 ng/ml — to‘liq defitsit

¢ 13-20 ng/ml — normadan past daraja

e 20-30 ng/ml — nisbiy normal (insuffitsit)

¢ 30-100 ng/ml — optimal normal

« >100 ng/ml — yuqori daraja (toksik darajaga yaqin)

Ma’lumotlar foizlarda ifodalandi va global meta-tahlil ko‘rsatkichlari bilan tagqoslandi.

Natijalar va muhokama. Umumiy 1497 nafar tekshiriluvchining 25-OH D
ko‘rsatkichlari quyidagi tagsimotda kuzatildi, natijalar 1-jadvalda ko‘rsatilgan.

1-jadval
Guruh Mutlaqg son (n) Ulushi (%) Daraja
0-12 ng/ml 210 14,02 % Defitsit
13-20 ng/ml 475 31,73 % Normadan past
20-30 ng/ml 458 30,59 % Nisbiy normal
30-100 ng/ml 335 22,37 % Normal
>100 ng/ml 19 1,26 % Normadan yuqori
Jami 1497 100 % —

Vitamin D <20 ng/ml bo‘lganlar jami 45,75% (685 kishi) ni tashkil etdi. Shundan
14,02% to‘liq defitsitga to‘g‘ri keladi. Normal (30-100 ng/ml) darajaga ega shaxslar —
22,37%, yuqori ko‘rsatkich (>100 ng/ml) gayd etilganlar — 1,26%.

Olingan natijalar Qashqgadaryo viloyati aholisi orasida vitamin D yetishmovchiligi keng
targalganligini ko‘rsatdi. Tekshiriluvchilar orasida 20 ng/ml dan past darajalar ulushi 45,75%
ni tashkil etdi, bu global meta-tahlil natijalari (47,9%) bilan deyarli bir xil ekanini ko‘rsatadi.
To‘liq defitsit holati (<12 ng/ml) 14,02% ulushni tashkil etib, global daraja (15,7%) bilan mos
keladi.
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Hududda 20-30 ng/ml oralig‘idagi nisbiy normal ko‘rsatkichlarning yugori bo‘lishi
(30,59%) quyosh nuri vyetarli bo‘lishiga garamay, D vitamini balansining to‘lig
ta’minlanmasligi mumkinligini ko‘rsatadi. Bu holat ovgatlanish, tashgi muhit, Kkiyinish
an’analari, gishda quyosh ta’sirining kamayishi yoki ayollarda hijob va yopiq kiyim ko‘p
bo‘lishi kabi omillar bilan bog*lanishi ehtimoldan xoli emas.

Yugori daraja (>100 ng/ml) 1,26% hollarda aniglandi. Bu global epidemiologiyada kam
uchraydigan (odatda <1%) holat bo‘lib, aholining o‘z-o‘zini davolash magsadida yuqori doza
vitamin D go‘shimchalarini nazoratsiz gabul gilayotganidan dalolat beradi. Bu klinik xavf
tug‘diradi, chunki vitamin D toksikligi giperkalsemiya, nefrokalsinoz va yurak ritm
buzilishlariga olib kelishi mumkin.

Natijalar shuni ko‘rsatadiki, Qashgadaryo viloyatida vitamin D yetishmovchiligi
bo‘yicha epidemiologik holat global tendensiyalar bilan to‘lig uyg‘un. Hududiy sog‘ligni
saglash amaliyotida vitamin D yetishmovchiligi bo‘yicha muntazam skrining, xavf guruhlarini
aniglash va profilaktik go‘shimchalar bo‘yicha standart protokollar ishlab chigilishi magsadga
muvofiq.

Xulosa. 1. 2025-yil davomida Qashqgadaryo viloyatida 25-OH D tahlili o‘tkazilgan 1497
nafar shaxsning 45,75% da vitamin D yetishmovchiligi aniglandi.

2. 14,02% holatlar to‘lig defitsit (<12 ng/ml)ni ko‘rsatgan bo‘lsa, 31,73% da esa
normadan past daraja (13-20 ng/ml) aniglangan.

3. Hududiy ko‘rsatkichlar global epidemiologik natijalarga mos keladi (global <20
ng/ml = 47,9%).

4. 1,26% hollarda yuqori darajalar (>100 ng/ml) gayd etildi, bu nazoratsiz gqo‘shimcha
iste’molini ko‘rsatadi.

5. Vitamin D yetishmovchiligi hududda jiddiy sog‘lig muammosi bo‘lib, skrining
dasturlari, profilaktika va xavf guruhlari bilan ishlash zarur.

6. Mahalliy sharoitda vitamin D qo‘shimchalarini gabul gilish bo‘yicha tibbiy
tavsiyalarni standartlashtirish va aholida xabardorlikni oshirish muhim hisoblanadi.

Foydalangan adabiyotlar

1. Cui A, Zhang T., Xiao P., Fan Z., Wang H., Zhuang Y. Global and regional prevalence of
vitamin D deficiency in population-based studies from 2000 to 2022: a pooled analysis of 7.9 million
participants. Frontiers in Nutrition. 2023;10:1070808. — P. 1-12.

2. The Global Prevalence of Vitamin D Deficiency in the Elderly: A Meta-analysis. 2023. — P. 1-
10.

3. The serum level of vitamin D and prevalence of vitamin D deficiency among children with
asthma in Asia and Africa: a systematic review and meta-analysis. Archives of Public Health. 2024;82:103.
-P.1-9.

4. Prevalence and predictors of vitamin D deficiency among adults with epilepsy: a cross-sectional
study. Epilepsy & Behavior. 2023;147:109432. — P. 1-8.

5. Eletreby R., Elsharkawy A., Mohamed R. va boshq. Prevalence of vitamin D deficiency and the
effect of vitamin D3 supplementation on response to anti-tuberculosis therapy in patients with
extrapulmonary tuberculosis. BMC Infectious Diseases. 2024;24:681. — P. 1-11.

6. Grant W. B., Wimalawansa S. J., Pludowski P., Cheng R. Z. Vitamin D: Evidence-Based Health
Benefits and Recommendations for Population Guidelines. Nutrients. 2025;17(2):277. — P. 1-20.

7. Alnafisah R. Y., Alragea A. S., Alzamil M. K., Algahtani A. S. The Impact and Efficacy of
Vitamin D Fortification. Nutrients. 2024;16(24):4322. — P. 1-15.

8. Geiger C., McNally J. D., Christopher K. B., Amrein K. Vitamin D in the Critically 1l — Update
2024. Current Opinion in Clinical Nutrition and Metabolic Care. 2024;27(6):515-522. — P. 515-522.

9. Zhu L., Zhang Y., Li X., Zou X., Bing P., Qi M., He B. Vitamin D Supplementation for
Managing COVID-19 in Patients with Vitamin D Deficiency: A Systematic Review and Meta-analysis of
Randomised Controlled Trials. BMJ Open. 2025;15(3):091903. — P. 1-14.

10. Agroekologiya. Spravochnik / Pod red. Chernikov V. A., Chekeres A. I. — M.: Kolos, 2000. —
563 b.

139



QarDU xabarlari BIOLOGIYA 2026 2(2)

11. Meng J., Li X., Xiong Y., Wu Y., Liu P., Gao S. The Role of Vitamin D in the Prevention and
Treatment of Tuberculosis: A Meta-analysis of Randomized Controlled Trials. Infection. 2025;53(3):1129-
1140. — P. 1129-1140.

12.Pal R., Banerjee M., Bhadada S. K. va boshg. Vitamin D Supplementation for the Treatment of
COVID-19: A Systematic Review and Meta-analysis of Randomized Controlled Trials. Clinical Nutrition.
2022. - P. 1-12.

13. Neo B., Tilbrook D., Nannup N., Daly A., Dunlop E., Black L. J. Quantifying Vitamin D Intake
among Aboriginal and Torres Strait Islander Peoples in Australia. Nutrients. 2024. — P. 1-13.

14.Neo B., Nannup N., Tilbrook D., Dunlop E., Shepherd C. C. J., Black L. J. Modelling Vitamin
D Food Fortification among Aboriginal and Torres Strait Islander Peoples in Australia. Nutritional
Epidemiology Study. 2024. — P. 1-14.

15.Qu R., Yang Q., Bi Y., Cheng J., He M., Wei X., Yuan Y., Yang Y., Qin J. Decreased Serum
Vitamin D Level as a Prognostic Marker in Patients with COVID-19. 2022. — P. 1-10.

16. Martineau A. R., Jolliffe D. A., Greenberg L. va boshg. Vitamin D Supplementation to Prevent
Acute Respiratory Infections: Systematic Review and Meta-analysis of Randomized Controlled Trials.
Lancet Diabetes & Endocrinology. 2021. — P. 1-15.

YAKKA KURASH SPORTCHILARIDA LAKTAT METABOLIZMI VA
FIZIOLOGIK KO*RSATKICHLARNING STATISTIK TAHLILI

Nazarov Sobir Usmonovich, p.f.b.f.d.(PhD), dotsent
Jismoniy tarbiya va sport bo‘yicha mutaxassislarni

gayta tayyorlash va malakasini oshirish instituti
Xaydarova Shaxnoza EImuratovna

Qarshi davlat universiteti Fiziologiya kafedrasi o*qgituvchisi
xshaxnoza71ll@gmail.com

ORCID 0009-0007-1799-7694

UDK 796.01:612

Annotatsiya. Mazkur tadgigotda yakka kurash sport turlari (kurash, boks, dzyudo) bilan
shug‘ullanuvchi sportchilarda jismoniy yuklama paytida laktat metabolizmining fiziologik xususiyatlari
o‘rganildi. Tadgiqotda 60 nafar yugori malakali sportchi ishtirok etdi. Asosiy fiziologik ko‘rsatkichlar
sifatida mushak kuchi, 30 metr sprint vaqti, VO.max va qondagi laktat konsentratsiyasi baholandi. Olingan
ma’lumotlar SPSS dasturi orgali tahlil gilinib, ANOVA, Korrelyatsiya va regressiya tahlillari amalga
oshirildi. Natijalar mushak kuchi va laktat konsentratsiyasi o‘rtasida ijobiy korrelyatsiya mavjudligini
(r=0.41), VOmax ko‘rsatkichi esa laktatni bartaraf etish jarayoniga manfiy bogliglik orqali ta’sir
ko‘rsatishini (r=-0.36) ko‘rsatdi.

Shuningdek, tadgiqot natijalari sportchilarda jismoniy yuklamaga moslashuv darajasi va tiklanish
tezligi laktat almashinuvi bilan bog‘ligligini ko‘rsatdi hamda funksional holatni yaxshilashda muhim omil
ekanligi aniglandi.

Kalit so‘zlar: laktat metabolizmi, yakka kurash, sport fiziologiyasi, VO.max, anaerob glikoliz,
statistik tahlil.

STATISTICAL ANALYSIS OF LACTATE METABOLISM AND
PHYSIOLOGICAL INDICATORS IN WRESTLING ATHLETES

Abstract. This study investigates the physiological characteristics of lactate metabolism in athletes
engaged in combat sports (wrestling, boxing, and judo) under physical narpyska. A total of 60 highly
qualified athletes participated in the study. The primary physiological indicators assessed included muscle
strength, 30-meter sprint time, maximal oxygen uptake (VO.max), and blood lactate concentration.

Statistical analysis was performed using SPSS software, applying analysis of variance (ANOVA),
correlation, and regression analyses. The results revealed a significant positive correlation between muscle
strength and lactate concentration (r = 0.41), while VO.max demonstrated a negative relationship with
lactate levels (r = —0.36), indicating its important role in lactate clearance processes. Additionally, the
results of the study showed that athletes’ adaptation to physical Harpy3ka and recovery rate are associated
with lactate metabolism and are important factors in improving functional condition.

Keywords: lactate metabolism, combat sports, sports physiology, VO.max, anaerobic glycolysis,
statistical analysis.

Kirish. Zamonaviy sport fiziologiyasida laktat metabolizmi jismoniy ish qobiliyatini
baholashda muhim ko‘rsatkichlardan biri hisoblanadi, chunki anaerob glikoliz jarayonida hosil
bo‘ladigan laktat yuqori intensivlikdagi mashqglar paytida mushaklarda to‘planadi. Aynigsa,
kurash, boks va dzyudo kabi yakka kurash sport turlari gisga vaqt ichida maksimal kuch va
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tezlikni namoyon etishni talab gilgani sababli, bu jarayonda anaerob energiya ta’minoti tizimi
faollashib, laktat konsentratsiyasi keskin oshadi. So‘nggi ilmiy tadgigotlar laktatni fagat
charchash omili sifatida emas, balki energiya almashinuvida muhim metabolit sifatida talgin
etib, uning gayta ishlatilish imkoniyatlarini asoslab bermoqda. Xususan, George A. Brooks
tomonidan ilgari surilgan laktat almashinuvi nazariyasiga ko‘ra, laktat organizmda energiya
manbayi sifatida gayta foydalanilishi mumkin. Shu jihatdan, laktat metabolizmini chuqur
o‘rganish sportchilarning funksional holatini aniglash, ularning jismoniy imkoniyatlarini
baholash hamda mashg‘ulot yuklamalarini ilmiy asosda optimallashtirishda muhim ahamiyat
kasb etadi.

Mazkur tadgigotda yakka kurash sport turlari bilan shug‘ullanuvchi sportchilarda
jismoniy yuklama sharoitida laktat metabolizmining fiziologik xususiyatlarini aniglash, uning
mushak kuchi, tezkorlik va maksimal kislorod iste’moli (VO.max) kabi asosiy funksional
ko‘rsatkichlar bilan o‘zaro bog‘ligligini statistik jihatdan baholashga alohida e’tibor qaratildi.
Shu magsadda sportchilarda mushak kuchi, sprint tezligi, VOmax va laktat konsentratsiyasi
kabi asosiy fiziologik ko‘rsatkichlar aniglanib, jismoniy yuklama ta’sirida laktat
metabolizmining o‘zgarish dinamikasi o‘rganildi. Shuningdek, kurash, boks va dzyudo bilan
shug‘ullanuvchi sportchilar ortasida laktat konsentratsiyasidagi farqlar statistik jihatdan tahlil
qgilinib, mushak kuchi bilan laktat darajasi o‘rtasidagi bog‘liglik hamda VO.max
ko‘rsatkichining laktatni bartaraf etish jarayoniga ta’siri baholandi.

Tadgiqot doirasida yakka kurash sport turlari bilan shug‘ullanuvchi yugori malakali
sportchilarning funksional holati va ularda jismoniy yuklama sharoitida kechadigan fiziologik
jarayonlar o‘rganilib, laktat metabolizmining xususiyatlari, uning mushak kuchi, VO.max va
tezkorlik ko‘rsatkichlari bilan o‘zaro alogadorligi hamda organizmning yuklamaga javob
reaksiyasi sifatidagi dinamikasi tahlil etildi.

Adabiyotlar tahlili. Bugungi sport fiziologiyasida olib borilgan tadgigotlarga ko‘ra,
laktat metabolizmi masalasi anaerob energiya ta’minoti doirasidagina emas, balki
hujayralararo energetik integratsiya, signal uzatish va metabolik adaptatsiya jarayonlari bilan
uzviy bog‘liq kompleks tizim sifatida qaralmoqda. Ilgari laktat metabolizmning “charchash
markeri” sifatida talgin etilgan bo‘lsa, hozirgi ilmiy garashlarda u markaziy energetik substrat
va metabolik regulyator sifatida baholanadi [5; 9].

Laktat hosil bo‘lishi asosan anaerob glikoliz  jarayonida piruvatning
laktatdegidrogenaza (LDH) fermenti orgali reduksiyalanishi natijasida amalga oshadi. Bu
jarayon NAD*/NADH redoks juftligi muvozanatini saqlashda hal qgiluvchi ahamiyatga ega
bo‘lib, yuqori intensivlikdagi mushak ishi sharoitida glikolitik ogimning uzluksiz davom
etishini ta’minlaydi [12]. Shu nugtayi nazardan, laktat hosil bo‘lishi patologiya emas, balki
hujayra energetikasining fiziologik adaptatsiya mexanizmi sifatida garaladi.

George A. Brooks tomonidan ilgari surilgan “lactate shuttle theory” konsepsiyasi
laktatning lokal metabolit emas, balki sistemaviy energiya tashuvchi sifatidagi rolini ilmiy
asoslab berdi. Unga ko‘ra, laktat mushak tolalaridan gon ogimi orqgali yurak mushagi, jigar va
oksidativ mushak tolalariga tashilib, gayta oksidlanadi yoki glyukoneogenez jarayonida
ishtirok etadi [5]. Bu konsepsiya sport fiziologiyasida “metabolik kooperatsiya” tushunchasini
shakllantirdi.

Lawrence B. Gladden (2004) tadgigotlarida laktatning mitoxondrial oksidlanish
jarayonida bevosita substrat sifatida ishlatilishi isbotlangan. Muallif laktatni “dynamic
metabolic intermediate” sifatida tavsiflab, uning mushak hujayralarida energiya ishlab
chigarishda faol ishtirok etishini ta’kidlaydi [9].

Bioximik nuqtayi nazardan, laktatning hujayralararo transporti monokarboksilat
transporterlar (MCT1 va MCT4) orgali amalga oshadi. MCT1 asosan oksidativ tolalarda,
MCT4 esa glikolitik tolalarda ekspressiyalanadi. Sportchilarda mashg‘ulotlar ta’sirida ushbu
transporterlarning ekspressiyasi oshishi laktat klirensini tezlashtiradi va bu adaptatsiya yuqori
darajadagi jismoniy ish qobiliyatini ta’minlaydi.

Shuningdek, laktat metabolizmi fagat energetik jarayon emas, balki signal molekulasi
sifatida ham faol ishtirok etadi. So‘nggi tadgiqotlarda laktatning PGC-lo (peroxisome
proliferator-activated receptor gamma coactivator 1-alpha) orgali mitoxondrial biogenezni
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rag‘batlantirishi, shuningdek, gen ekspressiyasiga ta’sir ko‘rsatishi aniglangan. Bu holat
laktatni “metabokine” sifatida qarashga asos bo‘ladi.

Yakka kurash sport turlarida (kurash, dzyudo, boks) laktat metabolizmi aynigsa
muhim ahamiyatga ega. Chunki ushbu sport turlari yuqori intensivlikdagi interval yuklamalar
bilan xarakterlanib, anaerob glikoliz tizimi faollashadi. Franchini va hammualliflar (2013)
tadgigotlariga ko‘ra, dzyudo bellashuvlaridan so‘ng qondagi laktat konsentratsiyasi 12-16
mmol/L gacha yetishi mumkin [7]. Shuningdek, Smith (2006) bokschilarda 10-14 mmol/L
darajada laktat gayd etilganini ko‘rsatgan [14].

Xulosa qilib aytganda, zamonaviy ilmiy adabiyotlar laktat metabolizmini:
energiya tashuvchi substrat,
redoks muvozanat regulyatori,
signal molekulasi,

— adaptatsiya mexanizmi sifatida ko‘rib chigadi. Bu esa uni yakka kurash sport
turlarida  sportchilarning funksional holatini  baholash va mashg‘ulot jarayonini
individuallashtirishda muhim biomarker sifatida qo‘llash imkonini beradi.

Tadqgiqot metodologiyasi. Mazkur tadgiqot yakka kurash sport turlari bilan
shugullanuvchi sportchilarda metabolik javob reaksiyalarining fiziologik xususiyatlarini
kompleks tahlil gilishga garatilgan bo‘lib, u ko‘p guruhli hamda tajribaga asoslangan tadgigot
usullarini integratsiyalashtirgan holda shakllantirilgan ilmiy tadgiqot tuzilishi asosida amalga
oshirildi.

Natija va muhokama. Tadgiqot konsepsiyasi sport fiziologiyasida keng
go‘llaniladigan sistemali yondashuv asosida shakllantirilib, unda yakka kurash sport turlariga
x0s yuqori intensivlikdagi yuklamalar sharoitida organizmda kechadigan metabolik
jarayonlar, xususan, laktat metabolizmining funksional xususiyatlari kompleks tarzda
baholandi. Tahlil jarayonida laktatga ta’sir giluvchi asosiy omillar sifatida mushak kuchi,
aerob ish qobiliyatini ifodalovchi VO.max ko‘rsatkichi hamda tezkorlik xususiyatlarini aks
ettiruvchi sprint natijalari inobatga olindi. Shu bilan birga, bog‘liq o‘zgaruvchi sifatida
organizmda anaerob glikolitik jarayonlarning integral indikatori hisoblangan gondagi laktat
konsentratsiyasi gabul gilinib, uning yuqoridagi omillar bilan o‘zaro bog‘ligligi va dinamik
o‘zgarishlari ilmiy asosda tahlil etildi. Tadgigot tuzilishini ishlab chigishda biologik tizimlarga
x0s bo‘lgan individual variabellikni hisobga olish va uning ta’sirini minimallashtirishga
alohida ahamiyat berildi. Shuningdek, natijalarning ishonchliligi va interpretatsiya anigligini
ta’minlash magsadida ehtimoliy konfundirlovchi omillar (yosh, jismoniy tayyorgarlik
darajasi, mashg‘ulot staji, tiklanish holati va boshgalar) maksimal darajada nazorat gilindi
yoki standartlashtirildi.

Ushbu yondashuv tadgigot natijalarining ichki validligini oshirish, shuningdek, turli
sport turlari o‘rtasidagi fiziologik farglarni ilmiy asoslangan holda taggoslash imkonini berdi.

Respondentlar. Mazkur tadgigotda 60 nafar yugori malakali yakka kurash sportchilari
ishtirok etdi. Tadgiqot tanlanmasi magsadli tanlash (magsadga yo‘naltirilgan saralash) usuli
asosida shakllantirildi, bu esa tadgigot vazifalariga maksimal darajada mos keluvchi
kontingentni gamrab olish imkonini berdi. Respondentlar sport turlari kesimida tagsimlandi
(1-jadval)

1-jadval
Respondentlar kontingentining sport turlari kesimidagi tagsimoti
Sport turi n Yosh (yil) Sport staji
Kurash 20 | 21.3+2.1 >5 yil
Boks 20 | 208=+1.9 >5 yil
Dzyudo 20 | 21.1+£20 >5 yil

Tadgigotga jalb etilgan respondentlarni saralash jarayonida aniq ilmiy mezonlarga
asoslanildi. Jumladan, quyidagi mezonlar belgilandi:

- yosh jihatdan 18-25 yosh oralig‘ida bo‘lishi;

- yugori sport malakaligi (kamida sport ustasiga nomzod yoki undan yugori daraja);

— tibbiy ko‘rikdan o‘tgan holda sog‘lom deb topilganligi.
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Shu bilan birga, tadgigot natijalarining xolisligi va ishonchliligini ta’minlash
magsadida quyidagi mezonlar go‘llanildi:

- metabolik yoki yurak-gon tomir tizimi kasalliklarining mavjudligi;

- tadgiqotdan oldingi 48 soat davomida yuqori intensivlikdagi jismoniy yuklamalarni
bajarganlik;

— dori vositalari yoki ergogen ta’sirga ega bo‘lgan go‘shimchalarni gabul gilgan
holatlar.

Tadgigotni o‘tkazish jarayonida barcha ishtirokchilardan ixtiyoriy ravishda yozma
rozilik olindi. IImiy tadgigot inson ishtirokida o‘tkaziladigan tadgigotlar uchun belgilangan
bioetik tamoyillar va xalgaro me’yoriy talablarga to‘liq rioya gilingan holda amalga oshirildi.

Fiziologik o‘Ichash usullari

Mushak kuchini baholash

Mushak kuchini aniglashda bir marta maksimal takrorlash (LIRM — one repetition
maximum) usulidan foydalanildi. Mazkur usul neyromushak tizimining maksimal kuch ishlab
chigarish gobiliyatini baholashda eng ishonchli va keng qo‘llaniladigan standart usullardan
biri hisoblanadi.

1RM testi jarayonida ishtirokchi belgilangan mashgni maksimal og‘irlik bilan fagat bir
marta bajara oladigan darajagacha bosgichma-bosgich yuklama oshirib borildi. Olingan
natijalar mushak tizimining kuch potensialini va funksional tayyorgarlik darajasini baholashda
asosiy ko‘rsatkich sifatida gabul gilindi.

Sprint tezligini baholash

30 metr masofaga sprint vaqti yuqori aniglikka ega bo‘lgan fotoelementli elektron
taymerlar yordamida qgayd etildi. O‘Ichashlar millisekund darajasida aniglik bilan amalga
oshirildi, bu esa tezkorlik gobiliyatini ishonchli baholash imkonini berdi.

VO:max ni baholash

Aerob ish qobiliyatining asosiy ko‘rsatkichi hisoblangan VO:max kosvennsry
gazoanaliz usuli asosida, pog‘onama-pog‘ona ortib boruvchi yuklama (incremental treadmill
protocol) sharoitida baholandi.

VO:max quyidagi fiziologik munosabat orqali ifodalanadi:

VO2max = Q- (a—v02)/m

Bu yerda:

Q — yurak chigarishi (cardiac output);

(a — vO2) — arteriovenoz kislorod farqi;

m — tana massasi.

Mazkur ko‘rsatkich organizmning maksimal kislorod iste’mol qilish qobiliyatini aks
ettirib, aerob energiya ta’minoti samaradorligini baholashda muhim mezon hisoblanadi.

Laktat konsentratsiyasini aniglash.

Qondagi laktat konsentratsiyasini aniglashda gqon namunasi (barmoq uchidan) olish
orgali, portativ va laboratoriya tipidagi biokimyoviy analizatorlar (Lactate Pro, Biosen)dan
foydalanildi. Jumladan, dala sharoitida tezkor baholashni amalga oshirish magsadida Lactate
Pro portativ analizatoridan, yuqori aniqlik talab etilgan holatlarda esa Biosen C-Line
laboratoriya analizatoridan foydalanildi.

Shu tariga, ikki turdagi analizatorlardan kompleks foydalanish tadgiqot natijalarining
ishonchliligini oshirish va laktat metabolizmini har tomonlama baholash imkonini berdi.

Mazkur qurilmalar fermentativ-amperometrik usul asosida ishlab, gondagi laktat
konsentratsiyasini qisqa vaqgt ichida aniglash imkonini beradi. Portativ analizatorlar
tadgiqotning amaliy qismlarida, ya’ni mashqg jarayonidan keyin tezkor monitoring olib
borishda samarali hisoblansa, laboratoriya analizatorlari yuqori darajadagi aniglik va
takrorlanuvchanlikni ta’minlashi bilan ilmiy tahlillar uchun muhim ahamiyat kasb etadi.

O‘Ichashlar quyidagi vaqgt nugtalarida amalga oshirildi:

- dam olish holatida;

- jismoniy yuklamadan keyin 3-dagigada;

- jismoniy yuklamadan keyin 5-dagigada.

Ushbu yondashuv laktat metabolizmining dinamikasini, ya’ni uning hosil bo‘lish va
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bartaraf etilish jarayonlarini kompleks baholash imkonini beradi.

Biokimyoviy va fiziologik asoslar

Laktat hosil bo‘lishi anaerob glikoliz jarayonida piruvatning reduksiyalanishi bilan
bog‘liq bo‘lib, ushbu reaksiya laktatdegidrogenaza fermenti ishtirokida amalga oshadi.
Mazkur jarayon hujayra ichidagi redoks muvozanatni ta’minlash va glikolitik energiya
ta’minotini uzluksiz davom ettirishda muhim ahamiyatga ega.

Laktat hosil bo‘lish reaksiyasi quyidagi tenglama orgali ifodalanadi:

Pyruvate+NADH+H*—Lactate+NAD*

Ushbu biokimyoviy reaksiya:

—hujayra ichidagi NAD*/NADH redoks muvozanatini saqlashga xizmat qiladi;

—anaerob sharoitda glikolitik ATP sintezining uzluksizligini ta’minlaydi;

—yuqori intensivlikdagi jismoniy yuklamalarda energiya ta’minotining muhim
mexanizmi hisoblanadi.

Shu bilan birga, laktat metabolizmi organizmda energiya tashuvchi va gayta
ishlanuvchi substrat sifatida ham ishtirok etib, uning ahamiyati fagat anaerob glikoliz doirasi
bilan cheklanib qolmaydi.

Statistik tahlil

Tadgigot davomida olingan ma’lumotlar SPSS 26.0 statistik dasturi yordamida gayta
ishlandi. Ma’lumotlarni tahlil gilishda bir nechta zamonaviy statistik usullardan kompleks
foydalanildi.

Qo‘llanilgan asosiy statistik usullar quyidagilardan iborat:

- tavsifiy statistika (o‘rtacha gqiymat va standart og‘ish — Mean + SD);

- ma’lumotlarning tagsimotini baholash uchun normallikni tekshirish (Shapiro-Wilk
test);

— guruhlar o‘rtasidagi farglarni aniglash uchun bir omilli dispersion tahlil;

- o‘zgaruvchilar o‘rtasidagi bog‘liglikni baholash uchun Pirson korrelyatsiya tahlili;

- laktat konsentratsiyasiga ta’sir etuvchi omillarni baholash uchun ko‘p omilli
chizigli regressiya tahlili.

Bir omilli dispersion tahlil modeli quyidagi munosabat orgali ifodalanadi:

MSwithin

MSbetween
Ko‘p omilli chizigli regressiya modeli esa quyidagi ko‘rinishga ega:
Y=pO+B1X1+B2X2+¢

Bu yerda:

e Y — qondagi laktat konsentratsiyasi;

e Xi— mushak kuchi;

e X>— VO:max ko‘rsatkichi;

e o, B1, B2 — regressiya koeffitsiyentlari;

e ¢— tasodifiy xatolik.

Barcha statistik gipotezalarni tekshirishda ishonchlilik darajasi p<0.05 sifatida gabul
gilindi. Bu esa olingan natijalarning statistik jihatdan ahamiyatliligini ta’minlaydi.

IImiy ishonchlilik va validlik

Tadgiqgot natijalarining ishonchliligi va ilmiy asoslanganligini ta’minlash magsadida
bir qgator metodik chora-tadbirlar amalga oshirildi. Xususan, o‘lchashlarning ichki
ishonchliligi (test-retest reliability) ta’minlanib, barcha ko‘rsatkichlar bir xil sharoitlarda
takroriy o‘Ichash orqali tekshirildi.

Qo‘llanilgan o‘lchov asboblari tadgiqotdan oldin tekshiruvdan o‘tkazilib, ularning
metrologik anigligi va ishonchliligi doimiy nazorat ostida ta’minlandi. Shuningdek, inson
omilining ta’sirini minimallashtirish magsadida barcha testlar yagona uslubiy yondashuvga
asoslangan holda, qat’iy standartlashtirilgan tartibda amalga oshirildi.

Tadgiqgotda validlikning quyidagi turlari ta’minlandi:

—ichki validlik — tadgigotni nazorat gilingan sharoitlarda tashkil etish va ehtimoliy
tashqi ta’sirlarni cheklash orqali;
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—-tashqgi validlik — tadgigotga jalb etilgan ishtirokchilarning real sport
populyatsiyasini ifodalashi hisobiga natijalarni amaliyotga tatbiq etish imkoniyati orgali.

Axlogiy masalalar.

Tadgiqot inson ishtirokida o‘tkaziladigan ilmiy izlanishlar uchun belgilangan bioetik
tamoyillarga to‘liq rioya gilingan holda amalga oshirildi. Barcha ishtirokchilar tadgigot
magsadi va mazmuni bilan oldindan tanishtirilib, ulardan ixtiyoriy ravishda yozma rozilik)
olindi.

Shuningdek, ishtirokchilarga oid shaxsiy ma’lumotlarning maxfiyligi ta’minlandi va
ulardan fagat ilmiy magsadlarda foydalanildi. Tadgigot jarayoni ishtirokchilar salomatligiga
zarar yetkazmaydigan xavfsiz sharoitlarda tashkil etildi.

Tadqiqotning ilmiy ahamiyati

Ishlab chigilgan metodik yondashuv sportchilarning funksional holatini har
tomonlama baholash imkonini beradi. Xususan, mazkur metodologiya:

—fiziologik ko‘rsatkichlarni kompleks tahlil gilish;

—metabolik jarayonlarni ilmiy asosda modellashtirish;

—sport tayyorgarligini individuallashtirish

imkoniyatlarini kengaytirishga xizmat giladi.

Muhokama

Olingan natijalar yakka kurash sport turlarida anaerob energiya ta’minoti tizimining
ustunligini tasdiglaydi. Xususan, kurash va dzyudo sportchilarida laktat konsentratsiyasining
yugori darajada kuzatilishi ushbu sport turlariga xos bo‘lgan portlovchi kuch, yugori
intensivlik va gisga muddatli maksimal yuklamalar ustunligi bilan izohlanadi [7].

Shu bilan birga, VOmax ko‘rsatkichining yuqori bo‘lishi laktatning gayta ishlanishi
va neytrallashtirilish jarayonlarini tezlashtirishi aniglandi. Bu holat aerob va anaerob energiya
ta’minoti tizimlarining ozaro funksional bog‘ligligini va bir-birini to‘ldirishini ko‘rsatadi [8].

Natijalar shuni ko‘rsatadiki, yakka kurash sport turlarida yuqori sport natijalariga
erishish uchun anaerob quvvat bilan bir gatorda aerob imkoniyatlarni ham rivojlantirish
muhim ahamiyat kasb etadi.

Xulosa. Tadgiqot natijalari quyidagilarni ko‘rsatdi:

—yakka kurash sport turlarida laktat konsentratsiyasi yuqgori darajada namoyon bo‘ladi;

—mushak kuchi laktat hosil bo‘lishiga ijobiy ta’sir ko‘rsatadi;

- VO:max ko‘rsatkichi laktatni bartaraf etishda muhim omil hisoblanadi;

—qo‘llanilgan statistik tahlil usullari sportchilarning funksional holatini aniq va
ishonchli baholash imkonini beradi.
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STZ DIABETDA KALAMUSH JIGAR MITOXONDRIYASI MEMBRANASI
LIPIDLARINING PEREKISLI OKSIDLANISH JARAYONIGA GOSSIPOLNING
DIAZAMINO HOSILALARINING TA’SIRI
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Annotatsiya. Streptozototsin (STZ) diabet sharoitida jigar mitoxondriyasiga YAN-2 (4:1) va YAN-
2 (6:1) polifenol birikmalarning ta’siri in vitro va in vivo tajribalarda o‘rganildi. Kalamushlarning jigar
mitoxondriyasi differensial sentrifugalash usuli yordamida ajratib olindi. STZ diabet bilan bog‘lig
mitoxondrial disfunksiyalarni biologik faol birikmalar yordamida korreksiyalash mumkin. STZ diabet
sharoitida kalamush jigar mitoxondriyasining Fe®*/sitrat yordamida chagirilgan LPO jarayoniga
polifenollarning ta’siri o‘rganildi. STZ glyukozaning toksik analoglari bo‘lib, ular asosan GLUT2 glyukoza
tashuvchisi orgali oshqozonosti bezi pB-hujayralarida to‘planadi. STZ diabet sharoitida jigar
mitoxondriyasining bo‘kishi o‘z navbatida ichki va tashqi membranada joylashgan lipidlarni gidrolizga
uchratishi mumkin. STZ hozirda ko‘plab ilmiy tadgiqotlar tajriba hayvonlarida gandli diabet modelini hosil
gilishda go‘llaniladigan antibiotik bo‘lib, oshqozon osti bezining B-hujayrasidan insulin sekretsiyasini
ingibirlash orgali ta’sirini namoyon giladi.

Kalit so‘zlar: jigar, mitoxondriya, kversetin,LPO, polifenol birikmalar.
EFFECT OF DIAZAMINO DERIVATIVES OF GOSSYPOL ON PEROXIDATION OF

LIPIDS IN RAT LIVER MITOCHONDRIA MEMBRANE IN STZ DIABETES

Abstract. The effects of polyphenolic compounds YAN-2 (4:1) and YAN-2 (6:1) on liver
mitochondria in streptozotocin (STZ) diabetes were studied in vitro and in vivo experiments. Rat liver
mitochondria were isolated using differential centrifugation. Mitochondrial dysfunctions associated with
STZ diabetes can be corrected by biologically active compounds. The effects of polyphenols on the
Fe2+/citrate-induced LPO process in rat liver mitochondria in STZ diabetes were studied. STZ are toxic
analogues of glucose, which accumulate mainly in pancreatic B-cells via the GLUT2 glucose transporter.
The damage to liver mitochondria in STZ diabetes can, in turn, hydrolyze lipids located in the inner and
outer membranes. STZ may inhibit hepatic mitochondria in diabetic conditions, which in turn hydrolyzes
lipids located in the inner and outer membranes. STZ is currently an antibiotic used in many scientific
studies to produce a model of diabetes in experimental animals, and it exerts its effects by inhibiting insulin
secretion from pancreatic B-cells.

Keywords: liver, mitochondria, quercetin, LPO, polyphenol compounds.

Kirish. Qandli diabet tez sura’tlar bilan rivojlanib borayotgan sivilizatsiya kasalligi
bo‘lib, hozirda Yevropa aholisining taxminan 8,6% ni tashkil giladi. Qandli diabet ichki muhit
doimiyligini jiddiy ravishda buzilishi bilan namoyon bo‘ladigan va turli organlarning
shikastlanishiga yoki disfunksiyasiga olib keladigan endokrin kasalliklar gatoriga kiritiladi.
Hozirda ilmiy tadgiqotlarda tajriba hayvonalarida gandli diabetni o‘rganish uchun ko‘plab
ekspermental gandli diabet modellari yaratilgan.

Qandli diabetni tadgigotlarda tajriba hayvonlarida jarrohlik yo‘li bilan, genetik
manipulyatsiya, yugori ratsionli yog‘li mahsulotlar yoki maxsus kimyoviy moddalarni
kiritish orgali go‘zg‘atish mumkin. Insulin ishlab chiqaradigan me’daosti bezi [-
hujayralarini yo‘q giladigan kimyoviy birikmalarni go‘llash orqgali chagiriladigan gandli diabet
kasalligi boshga usullarga garaganda ikki yoki uch baravar samarali model bo‘lib, nisbatan
sodda, iqtosodiy jihatdan arzon usul hisoblanadi [1].

Hujayra ichidagi tiollar, aynigsa glutation mavjud bo‘lganda, alloksan o°zining
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gaytarilish mahsuloti dialurik kislota bilan siklik gaytarilish reaksiyasida kislorodning faol
shakllarini (KFSH) hosil giladi. Dialurik Kislotaning avtooksidlanishi natijasida superoksid
radikallari, vodorod peroksid va temir bilan katalizlanadigan reaksiyaning oxirgi bosqichida
gidroksil radikallari hosil bo‘ladi. Ushbu gidroksil radikallar, aynigsa, antioksidant himoya
xossasiga ega bo‘lgan B-hujayralarining o‘limiga va insulinga bog‘liq “alloksan diabet”ning
keyingi holatiga javob beradi. [7].

Tiol reagenti sifatida alloksan, shuningdek, B-hujayra glyukoza sensori
glyukokinazasini ingibirlash xossasi orqali insulin sekretsiyasini tanlab ingibirlaydi. STZ -
hujayralarda, glyukoza va metilnitrozomochevina gismiga bo‘linadi. [8].

O<zining alkillovchi xususiyatlari tufayli, ikkinchisi biologik makromolekulalarni
o‘zgartiradi, DNKni parchalaydi va B-hujayralarini nobud giladi, bu esa insulinga bog‘lig
diabet holatini keltirib chigaradi. Mitoxondrial DNKning nishonga olinishi bilan B-hujayra
mitoxondrial metabolizmining signalizatsiya funksiyasini buzadi, shuningdek, STZning
glyukoza bilan bog‘liq insulin sekretsiyasini ganday ingibirlashini ham tushuntiradi [2].

STZ diabet sharoitida jigar (mPTP) konformatsiyasining ochiq holatga kelishi
membrana lipidlarining peroksidatsiya jarayoni bilan bog‘lig bo‘lishi mumkin. Ushbu
taxminni aniglash magsadida navbatdagi tajribamizda STZ diabet sharoitida kalamush jigar
mitoxondriyasining Fe?*/sitrat yordamida chagirilgan LPO jarayoniga polifenollarning ta’siri
o‘rganildi. Bizga ma’lumki, mitoxondrial lipidlar mitoxondriya membranasi yaxlitligini va
funksiyasini saglash uchun ajralmas hisoblanadi. Temir va temir komplekslari LPOni
rag‘batlantiradi [3].

Tajribamizda mitoxondriya membranasida lipoperoksidatsiya jarayonini amalga
oshirish uchun LPOni induktori hisoblangan Fe?*/sitratdan foydalanildi.

Jigar mitoxondriyasining Fe?*/sitrat yordamida chagirilgan LPO jarayonini aniglash va
usulning to‘g‘ri amalga oshirilayotganligiga ishonch hosil gilish magsadida tajriba uchun
tayyorlangan inkubatsiya muhiti tarkibiga Fe?*/sitrat  kiritilmagan vaqtda jigar
mitoxondriyasining LPO jarayoni tekshirildi. [9].

Bunda, inkubatsiya muhiti tarkibida Fe?*/sitrat mavjud bo‘lmagan sharoitda LPO
jarayoni amalga oshmadi. Demak, eksperimental sharoitda Fe?*/sitrat ishtirokisiz (induktorsiz)
mitoxondrial shishish orgali sodir bo‘luvchi LPO jarayoni amalga oshmadi. Bu holat 1-
rasmning intakt egri chizig‘i orgali gqayd etildi va mitoxondriya membranasining buzilishi
kuzatilmadi.

Inkubatsiya muhiti tarkibida Fe?*/sitrat mavjud bo‘lmagan sharoitda LPO jarayoni
amalga oshmadi. Demak, STZ diabet sharoitda Fe,+/sitrat ishtirokisiz mitoxondrial shishish
orgali sodir bo‘luvchi LPO jarayoni amalga oshmadi. Bu holat 1-rasmning intakt egri
chizig‘i orgali gayd etildi va mitoxondriya membranasining buzilishi kuzatilmadi.

Tadgigot metodologiyasi. Tajribalar zotsiz vazni 180-200 gr bo‘lgan oq
kalamushlarda o‘tkazildi. Laboratoriya hayvonlarini vivariy sharoitida standart ratsional
sharoitda oziglantirildi. Tadgigot kalamushlarida diabet chagirish uchun streptozotosindan
foydalanildi. Streptozotosin(STZ) diabet chagirilgan kalamushlarga YAN-2 (4:1) va YAN-2
(6:1) polifenol birikmalar peroral yuborilgan.

STZ diabet sharoitida kalamush jigar mitoxondriyasining Fe?*/sitrat bilan chagirilgan
LPOga polifenollarning diazamino hosilalarining suvda eruvchan YaN 6:1 va YaN 4:1
supramolekulyar komplekslarining ta’sirini o‘rganishdan iborat.

Natijalar va muhokama. Kalamush jigaridan mitoxondriyalar differensial
sentrifugalash W.C. Schneider usuli yordamida ajratib olindi. Tajriba hayvonlari guruhlarga
ajratildi: 1 guruh — nazorat, 1l guruh — tajriba (STZ-diabet), 111 guruh — tajriba (STZ-diabet+
YAN-2 (4:1)) va IV guruh (STZ diabet+ YAN-2 (6:1)). I, 1l va IV guruh kalamushlarda
diabet chagirish uchun bir kunlik ochlikdan so‘ng, bir marta STZ 50 mg/kg (0,1 mol/l sitrat
buferi, 0,2 ml, pH 4,5) [4] eritmasi qorin bo‘shlig‘i teriosti sohasiga yuborildi. STZ-diabet
chagirilgan hayvonlardan har 3 kunda gon olinib, glyukoza migdori aniglab borildi.
Kalamushlarga STZ inyeksiya gilingandan so‘ng qonda glyukoza miqdori 11 mmol/l dan
oshgandan so‘ng (12 kun), sutkasiga bir marta Il guruh hayvonlariga 0,2 ml 0,9% li NaCl
eritmasi, tajribaning 111 guruhiga YAN-2 (4:1) kompleksidan 30 mg/kg, IV guruhga YAN-2

e
147




QarDU xabarlari BIOLOGIYA 2026 2(2)

(6:1) kompleksi 30 mg/kg dozada peroral usulda sutkasiga bir marta 10 kun davomida
yuborildi. Farmakoterapiya gilingan STZ diabetli hayvonlarni (gqonda glyukoza migdori 11
mmol/l dan kamayganda) jigar mitoxondriyasining Fe?/sitrat yordamida chagirilgan LPO
jarayoni aniglandi. Qondagi glyukoza miqdori glyukooksidaza usuli yordamida aniglandi.
[10].

Olingan natijalarni statistik gayta ishlash Origin 6.1 (AQSH) kompyuter dasturi
yordamida amalga oshirildi. Natijalar 4 ta turli tajribalarning o‘rtacha arifmetik giymatini
hisoblash tarzida amalga oshirildi. In vivo tajribalarda olingan giymatlar o‘ptasidagi farq t-tect
bo‘yicha hisoblab chigildi. Bunda *P<0,05 va **P<0,01 giymatlar statistik ishonchlilikni
ifodalaydi.

Nazorat sifatida olingan | guruh sog‘lom kalamushlarning jigar mitoxondriyasini
Fe?*/ sitrat bilan chagirilgan LPO jarayoni bo‘kishining optik zichlik ko‘rsakichi 0,135
AAssomin. ni tashkil etdi. STZ diabet chagirilgan 1l guruh kalamushlarning jigar
mitoxondriyasini Fe?*/sitrat yordamida bo‘kishining optik zichlik ko‘rsatkichi 0,339
AAssomin. ni tashkil etib, nazoratga (sog‘lomga) nisbatan 151,1% ga ortganligi aniglandi (1 va

2-rasmlar).

0,8

0,7 Intakt

Nazorat I g.

STZ diabet+kversetin V g.
STZ diabet+YaN 6:1 111 g.
STZ diabet+YaN 4:1 IV g.

STZ diabet 11 g.

AASIIO

(1] 6I0 120 ( 1%(0) 2:10 360
Vaqt (sek.
1-rasm. STZ diabet sharoitida kalamush jc}gar mitoxondriyasining Fe?*/sitrat bilan chagirilgan LPOga
polifenollarning diazamino hosilalarining suvda eruvchan YaN 6:1 va YaN 4:1 supramolekulyar komplekslarini
ta’siri (original yozuv).
Ordinata o‘gida AAss tolgin uzunligidagi yorug‘likning yutilishi va absissa o‘gida esa
o‘tkazuvchanlikning vaqtning sekund birligidagi ifodasi keltirilgan.

LPO, odatda, KFSH tomonidan go‘zgatilgan biomembranalarni shikastlanishining asosiy
mexanizmi hisoblanadi va bu jarayonda ishtirok etadigan ko‘plab reaksiyalarni
katalizlaydigan o‘tish metallari tomonidan kuchli ta’sirlanadi [4]. Temir komplekslari
Fenton reaksiyasi [5] orgali hosil bo‘lgan KFSH tomonidan boshlangan mitoxondriya
membranasining keng gamrovli LPOni keltirib chigaradi. Bunday sharoitda mitoxondriya
membrana potensialining pasayishi, mitoxondriya ichki membranasining o‘tkazuvchanligini
oshishi, mitoxondrial shish va matriks komponentlarining yo‘qolishi kabi bir gator
o‘zgarishlar sodir bo‘ladi [6]. Ushbu kuzatishlar oksidlovchi stress ostida mitoxondriya
disfunksiyasida membrana LPOning muhim rolini ko‘rsatadi.

Gossipolning diazamino hosilasini suvda eruvchan YaN 6:1 supramolekulyar kompleksi
yuborilgan STZ diabetli 11l guruh kalamushlarni jigar mitoxondriyasining Fe2*/sitrat bilan
chaqirilgan LPO jarayoni 0,282 AAss min. ni tashkil etib, STZ diabetga (Il guruh)
nisbatan 16,9% ga kamayganligi aniglandi. Gossipolning diazamino hosilasini suvda eruvchan
YaN 4:1 supramolekulyar kompleksi yuborilgan STZ diabetli 1V guruh kalamushlarni jigar
mitoxondriyasining Fe?*/sitrat bilan chagqirilgan LPO jarayoni0,325 AAss min. ni
tashkil etib, STZ diabetga (Il guruh) nisbatan 21,8% ga kamayganligi aniglandi (2-rasm).
Demak, gossipolning diazamino hosilasini suvda eruvchan supramolekulyar komplekslari
STZ diabet sharoitida jigar mitoxondriyasining ichki va tashqi membranasida joylashgan
LPOni kamaytirdi. STZ diabetli V guruh kalamushlarni mavjud gipoglikemik birikma
kversetin flavonoidi bilan 10 kun davomida farmakoterapiya gilindi. Shundan so‘ng
kalamushlar jigaridan mitoxondriya ajratildi va uning LPO jarayoni o‘rganildi. Bunda, STZ
diabetli kalamushlarga kversetin yuborilishi natijasida ularning jigar mitoxondriyasining
Fe?*/sitrat bilan chaqirilgan LPO jarayoni0,217 AAss min. ni tashkil etib, STZ diabetga (I
guruh) nisbatan 35,9% ga ortganligi aniglandi (2-rasm).
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B \azorati g
I sTZ diabet 11 g.

[ STZ diabet+YaN 6:1 111 g.
[_1sTZz diabet+YaN 4:1 1V g.
[ STZ diabet+kversetin V g.

4,0 4
3,5

3,0 1 *
&
==

2,5 -

HH*

2,0

1,5 4

AAsyp* 10 (5 min)

1,0 4

0,5

0,0
2-rasm. STZ diabet sharoitida kalamush jigar mitoxondriyasining Fe®*/sitrat bilan chagirilgan LPOga
gossipolning diazamino hosilalarining suvda eruvchan YaN 6:1 va YaN 4:1 supramolekulyar
komplekslarini ta’siri (*P<0,05; **P<0,01; n=5).

Ordinata o‘gida AAsaso tolgin uzunligidagi yorug‘likning yutilishi va absissa o‘qida esa tajriba
guruhlari keltirilgan.

Xulosa va takliflar. Gossipolning diazamino hosilalari STZ diabet sharoitida jigar
mitoxondriyasining ichki va tashgi membranasida joylashgan LPOni kamaytirdi. Kversetin
kuchli standart antioksidant birikma bo‘lganligi uchun ularning mitoxondriya membranasi
LPO jarayonini ingibirlovchi xossasi gossipolning diazamino hosilalariga nisbatan faol
ekanligi aniglandi.
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Annotatsiya. Tadgigotning maqgsadi Qoraqgalpog‘iston Respublikasida yashovchi sportchi,
havaskor va sport bilan shug‘ullanmaydigan gizlarning morfofunksional ko‘rsatkichlarini qiyosiy
baholashdan iborat. Materiallar va usullar sifatida jami 355 nafar giz tekshiruvdan o‘tkazildi, shundan 140
nafari sportchi, 64 nafari havaskor va 151 nafari sport bilan shug‘ullanmaydigan guruhni tashkil etdi.
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Olingan natijalar sportchi gizlarda o‘pkaning hayotiy sig‘imi va go‘l mushak kuchi nisbatan yuqoriroq, teri-
yog‘ gavati galinligi va yurak urish tezligi esa nisbatan pastrog ekanini ko‘rsatdi. Xulosa gilib aytganda,
muntazam sport faoliyati gizlar organizmining morfofunksional holatiga ijobiy ta’sir ko‘rsatadi va olingan
ma’lumotlar tibbiy nazorat, jismoniy tarbiya jarayonini individuallashtirish hamda profilaktik tadbirlarni
ishlab chigishda muhim ahamiyat kasb etadi.

Kalit so‘zlar: morfofunksional ko‘rsatkichlar, sportchi qizlar, havaskor gizlar, sport bilan
shug‘ullanmaydigan gizlar, antropometriya, o‘pkaning hayotiy sig‘imi, mushak kuchi, arterial bosim, yurak
urish tezligi, giyosiy tahlil.

COMPARATIVE ANALYSIS OF MORPHOFUNCTIONAL INDICATORS IN
ATHLETES, AMATEURS AND NON-SPORTS GIRLS LIVING IN THE REPUBLIC
OF KARAKALPAKSTAN

Abstract. The purpose of the study is to conduct a comparative assessment of the morphofunctional
indicators of athletes, amateurs and non-athletes living in the Republic of Karakalpakstan. Materials and
methods A total of 355 girls were examined, of which 140 were athletes, 64 were amateurs and 151 were
non-athletes. The results showed that in female athletes, vital capacity of the lungs and arm muscle strength
were relatively higher, while skin-fat layer thickness and heart rate were relatively lower. In conclusion,
regular sports activities have a positive effect on the morphofunctional state of the girls' body, and the data
obtained are of great importance in the development of medical supervision, individualization of the
physical education process, and preventive measures.

Keywords: morphofunctional indicators, female athletes, female amateurs, female non-athletes,
anthropometry, vital capacity of the lungs, muscle strength, arterial pressure, heart rate, comparative
analysis.

Kirish Zamonaviy sport fiziologiyasi va yoshga oid morfologiya fanida qizlar
organizmining jismoniy rivojlanishi hamda funksional holatini kompleks baholash masalasi
alohida ahamiyat kasb etadi[1]. Aynigsa, muntazam sport bilan shug‘ullanish, havaskor
darajadagi jismoniy faollik yoki aksincha, kamharakat turmush tarzining yosh organizmning
morfologik va funksional ko‘rsatkichlariga ta’sirini aniglash dolzarb ilmiy-amaliy
vazifalardan biridir[8]. So‘nggi yillarda gizlar o‘rtasida sport bilan shugullanish ko‘lami
kengayib borayotgan bo‘lsa-da, ularning morfofunksional ko‘rsatkichlarini hududiy
xususiyatlar asosida giyosiy o‘rganish yetarli darajada yoritilmagan[4]. Qoragalpog‘iston
Respublikasi sharoitida yashovchi gizlarning tana tuzilishi, nafas olish tizimi faoliyati, mushak
kuchi va gemodinamik ko‘rsatkichlari o‘rtasidagi farglarni aniglash nafagat nazariy, balki
amaliy jihatdan ham muhimdir[3].

Tadqgiqot metodologiyasi.  Tadgigot 2024-2025-yillarda  Qoragalpog‘iston
Respublikasida yashovchi gizlar orasida olib borildi. Tekshiruvga jami 355 nafar respondent
jalb etildi. Ular jismoniy faollik darajasiga ko‘ra uch guruhga ajratildi. Birinchi guruh
muntazam sport bilan shug‘ullanuvchi sportchi gizlardan, ikkinchi guruh havaskor darajada
sport va jismoniy mashglar bilan shug‘ullanuvchi gizlardan, uchinchi guruh esa sport bilan
shug‘ullanmaydigan gizlardan iborat bo‘ldi.

Tekshiruvlar standart antropometrik va fiziologik usullar asosida olib borildi. Dastlab
morfologik ko‘rsatkichlar aniglandi. Antropometrik ko‘rsatkichlarni baholashda umumgabul
gilingan o‘Ichash tamoyillariga amal qilindi[9].

Funksional ko‘rsatkichlardan o‘pkaning hayotiy sig‘imi, o‘ng va chap qo‘l panjasi
mushak kuchi, sistolik arterial bosim, diastolik arterial bosim hamda yurak gisgarishlari soni
baholandi[2].

Olingan natijalar guruhlar kesimida giyosiy tahlil gilindi. Ma’lumotlar o‘rtacha giymat
va standart og‘ish ko‘rinishida ifodalandi[11]. Guruhlararo farglarni aniglashda no parametrik
statistik yondashuvdan foydalanildi[12]. Bir nechta mustaqil guruh ko‘rsatkichlarini
taggoslash uchun Kruskal Uollis mezoni, zarur hollarda juft guruhlar o‘rtasidagi tafovutlarni
aniglash uchun Mann Uitni mezoni go‘llanildi[13]. Statistik ahamiyatlilik darajasi p<0,05 deb
gabul gilindi.

Natijalar va muhokama. Tadgiqot guruhlarida morfofunksional ko‘rsatkichlarning
giyosiy tahlili sportchi, havaskor va sport bilan shug‘ullanmaydigan gizlar o‘rtasida muayyan
farglar mavjudligini ko‘rsatdi. Teri-yog® qavati galinligi ko‘rsatkichlari, aksincha, sport bilan
shug‘ullanmaydigan qizlarda yuqoriroq bo‘ldi. Olingan natijalar sport bilan muntazam
shug‘ullanish gizlarning morfofunksional holatini yaxshilashi, aynigsa nafas olish tizimi,
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mushak kuchi va tana kompozitsiyasiga ijobiy ta’sir ko‘rsatishini tasdiglaydi[7].

Jadval 1.

Sportchi, havaskor va sport bilan shug‘ullanmaydigan gizlarning asosiy morfofunksional
ko‘rsatkichlari

Ko‘rsatkich Sportchi gizlar Havaskor Sport bilan shug‘ullanmaydigan
gizlar gizlar
Bo‘y uzunligi, sm 164,00+6,09 163,57+5,73 161,17+5,79
Tana vazni, kg 60,51+£11,13 58,84+8,52 54,95+9,76
Ko‘krak gafasi aylanasi, 81,44+6,37 81,62+5,50 80,11+6,10
sm
Ko‘krak gafasi 7,53+2,01 7,84+2,08 7,31+1,95
ekskursiyasi, sm
O‘pkaning hayotiy 3008,98+602,49 | 2963,66+461,43 2810,74+486,02
sig‘imi, ml
KSM o‘ng, kg 29,78+5,11 29,55+4,72 27.21+5,38
KSM chap, kg 28,89+4,72 28,84+4,79 26,04+5,50
SAD, mm.sim.ust. 113,96+12,47 114,30+14,42 117,10£11,29
DAD, mm.sim.ust. 75,31£10,55 76,69+9,07 77,71£10,71
ChSS, marta/min 78,98+12,94 83,36+12,02 83,17+12,59
KJQ yelka orga yuzasi, 2,70+1,11 3,11+1,36 3,49+0,82
mm
KJQ gorin yon gismi, mm 3,86+1,07 4,04+0,98 4,86+1,21

Jadvalda keltirilgan ma’lumotlar sportchi gizlarda funksional ko‘rsatkichlar, aynigsa
JEL va qo‘l panjasi mushak kuchi yugorirog ekanini ko‘rsatadi. Shu bilan birga, teri-yog°
gavati qgalinligi sport bilan shug‘ullanmaydigan gizlarda nisbatan yugori ekanligi aniglandi.
Bu holat sport faoliyatining tana kompozitsiyasi va funksional imkoniyatlarga ijobiy ta’sirini
tasdiglaydi[5].

Morfologik va funksional rivojlanishni baholashda qo‘l panjasi mushak kuchi muhim
ko‘rsatkichlardan biri hisoblanadi. Ushbu mezon mushak tizimining rivojlanish darajasini,
kuch imkoniyatlarini hamda organizmning umumiy funksional tayyorgarligini tavsiflaydi.
Tadgigotda o‘ng va chap qo‘l panjasi mushak kuchi alohida o‘rganilib, guruhlar bo‘yicha
giyoslandi. Olingan natijalar quyidagi diagrammada aks ettirilgan.

30

mEmm O'ng qgo’l
mmm Chap go'l

25

20

o
=15 4

104

i aizier an aizia’

Spor®

\avaskor aiz\ar

1-rasm. Tadgiqot guruhlarida go‘l panjasi mushak kuchi ko‘rsatkichlarining qiyosiy
ifodalanishi

Diagramma natijalari sportchi gizlarda ham o‘ng, ham chap qo‘l panjasi mushak kuchi
ko‘rsatkichlari yuqoriroq ekanini ko‘rsatadi. Havaskor gizlarda mazkur ko‘rsatkichlar sportchi
guruhga yaqin bo‘lib, sport bilan shug‘ullanmaydigan qizlarga nisbatan yuqoriroq gayd
etilgan. Sport bilan shug‘ullanmaydigan gizlarda esa mushak kuchi ko‘rsatkichlari nisbatan
past bo‘lib, bu ularning funksional tayyorgarligi hamda mushak tizimi rivojlanish darajasi
sustroq ekanini anglatadi. Olingan ma’lumotlar sport mashg‘ulotlari mushak kuchini
shakllantirish va saglashda muhim omil ekanini ko‘rsatadi.

Tana kompozitsiyasini baholashda teri-yog® qgavati galinligi alohida ahamiyatga ega.
Mazkur ko‘rsatkich organizmdagi yog® komponentining rivojlanish darajasini tavsiflaydi va
jismoniy faollik bilan chambarchas bog‘liq bo‘ladi. Tadgigqotda teri-yog® qgavati galinligi
yelkaning orga yuzasi va qgorin yon gismi sohalarida o‘lchandi. Guruhlararo giyosiy natijalar
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quyidagi diagrammada berilgan.

5

mmm Yelka orga yuzasi
Qorin yon qgismi

gporteht qar

2-rasm.Tadqiqot guruhlarida teri-yog* gavati galinligi ke‘rsatkichlarining giyosiy
ifodalanishi

Diagrammadan ko‘rinadiki, teri-yog® gavati galinligi sportchi gizlarda eng past
ko‘rsatkich bilan tavsiflangan. Havaskor gizlarda ushbu ko‘rsatkich sportchi guruhga nisbatan
biroz yuqoriroq, biroq sport bilan shug‘ullanmaydigan gizlarga nisbatan pastroq darajada gayd
etilgan. Sport bilan shug‘ullanmaydigan gizlarda esa teri-yog*‘ gavati galinligining eng yuqori
giymatlari aniglandi. Bu holat muntazam sport faoliyati organizmda yog‘ komponenti
miqdorining kamayishiga, tana kompozitsiyasining nisbatan magbul shakllanishiga xizmat
gilishini ko*‘rsatadi.

Tadgigot guruhlarida ayrim morfofunksional ko‘rsatkichlarning darajalar bo‘yicha
tagsimlanishi ham o‘rganildi. Shu magsadda o‘pkaning hayotiy sig‘imi, qo‘l panjasi mushak
kuchi va teri-yog® qavati galinligi ko‘rsatkichlari past, o‘rtacha va yuqori darajalarga ajratilib,
guruhlar bo‘yicha giyosiy tahlil gilindi. Olingan natijalar quyidagi jadvalda keltirilgan.

Jadval 2
Tadgigot guruhlarida ayrim morfofunksional ke‘rsatkichlarning darajalar bo‘yicha tagsimlanishi
Ko‘rsatkich Daraja | Sportchi | Havaskor Sport bilan 12 p
gizlar gizlar shug‘ullanmaydigan
abs/% abs/% gizlar abs/%
JEL Past 41/ 19/ 59/39,1% 7,05 | 0,133
29,3% 29,7%
JEL O‘rtacha 45/ 20/ 53/35,1% 7,05 | 0,133
32,1% 31,2%
JEL Yugori 54/ 25/ 39/25,8% 7,05 | 0,133
38,6% 39,1%
Qo‘l panjasi Past 34/ 14/ 73148,3% 25,27 | <0,001
mushak kuchi 24,3% 21,9%
o‘rtacha
ko ‘rsatkichi
Qo‘l panjasi O‘rtacha 53/ 26/ 46 / 30,5% 25,27 | <0,001
mushak kuchi 37,9% 40,6%
o‘rtacha
ko‘rsatkichi
Qo‘l panjasi Yuqori 53/ 24/ 32121,2% 25,27 | <0,001
mushak kuchi 37,9% 37,5%
o‘rtacha
ko‘rsatkichi
Teri-yog‘ qavati Past 79/ 28/ 13/8,6% 88,66 | <0,001
galinligi o°‘rtacha 56,4% 43,8%
ko‘rsatkichi
Teri-yog‘ qavati | O‘rtacha 471 20/ 69 / 45,7% 88,66 | <0,001
galinligi o°‘rtacha 33,6% 31,2%
ko‘rsatkichi
Teri-yog* qavati Yuqori 14/ 16/ 69/ 45,7% 88,66 | <0,001
galinligi o°‘rtacha 10,0% 25,0%
ko‘rsatkichi

Jadval ma’lumotlari shuni ko‘rsatdiki, o‘pkaning hayotiy sig‘imi bo‘yicha sportchi va
havaskor gizlarda yuqori darajali ko‘rsatkichlar ulushi sport bilan shug‘ullanmaydigan
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gizlarga nisbatan ko‘proqg uchradi. Qo‘l panjasi mushak kuchi bo‘yicha ham xuddi shunday
tendensiya kuzatilib, sport bilan shug‘ullanmaydigan gizlarda past darajadagi ko‘rsatkichlar
ulushi ancha yugori bo‘ldi. Teri-yog‘ qavati galinligi bo‘yicha esa aksincha holat kuzatildi:
sportchi gizlarda past darajadagi ko‘rsatkichlar ustun bo‘lsa, sport bilan shug‘ullanmaydigan
gizlarda yuqori darajadagi ko‘rsatkichlar ulushi sezilarli darajada yuqori ekanligi aniglandi.
Bu holat muntazam sport faoliyati gizlar organizmida funksional imkoniyatlarning ortishi va
tana kompozitsiyasining nisbatan magbul shakllanishiga xizmat gilishini ko‘rsatadi.

Darajalash mezonlari: JEL: past < 2651 ml, o‘rtacha 2652-3139 ml, yuqori > 3140
ml. Qo‘l panjasi mushak kuchi o‘rtacha ko‘rsatkichi: past < 26,5 kg, o‘rtacha 26,6-30,0 kg,
yugqori > 30,0 kg. Teri-yog‘ gavati galinligi o‘rtacha ko‘rsatkichi: past < 3,0 mm, o‘rtacha 3,1—
4,0 mm, yugori > 4,0 mm.

Xulosa va takliflar. Qoragalpog‘iston Respublikasida yashovchi sportchi, havaskor
va sport bilan shug‘ullanmaydigan gizlarning morfofunksional ko‘rsatkichlarini qiyosiy
o‘rganish natijalari shuni ko‘rsatdiki, jismoniy faollik darajasi organizmning morfologik va
funksional holatiga bevosita ta’sir ko‘rsatadi. Tadgigot davomida sportchi gizlarda o‘pkaning
hayotiy sig‘imi, qo‘l panjasi mushak kuchi, ko‘krak gafasi ekskursiyasi kabi funksional
ko‘rsatkichlar nisbatan yuqori ekani, teri-yog® qgavati qalinligi esa pastroq darajada gayd
etilgani aniglandi. Havaskor gizlarda ko‘rsatkichlar ko‘p hollarda oraliq holatni egallab, ular
sportchi va sport bilan shug‘ullanmaydigan guruhlar orasidagi o‘tish bosgichini ifodaladi.
Sport bilan shug‘ullanmaydigan qizlarda esa ayrim funksional imkoniyatlarning pastligi
hamda yog‘ komponentiga oid ko‘rsatkichlarning yugorirogligi kuzatildi. Olingan natijalar
muntazam sport mashg‘ulotlari gizlar organizmida nafas olish tizimi, mushak tizimi va
umumiy funksional tayyorgarlikning yaxshilanishiga xizmat qilishini tasdiglaydi. Tadgiqot
natijalari qizlar salomatligini monitoring qilish, jismoniy yuklamalarni ilmiy asosda
individuallashtirish, sport seleksiyasi ishlarini takomillashtirish hamda profilaktik
sog‘lomlashtirish dasturlarini ishlab chigishda muhim amaliy ahamiyatga ega.
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Annotatsiya. Markaziy Osiyoning Tyan-Shan va Pomir-Oloy tog‘ tizimlari global biologik

xilmaxillik markazlaridan biri hisoblanadi. Ushbu hududlarda targalgan noyob va endem o‘simlik turlarining

populyatsion holatini o‘rganish muhim ilmiy va amaliy ahamiyatga ega. Mazkur tadgiqotda O‘zbekiston

florasining kamyob vakillaridan biri — Aconitum talassicum senopopulyatsiyalarining ontogenetik va

demografik tuzilishi tahlil gilindi. Tadqigotlar natijasida tur ishtirokida 4 ta senopopulyatsiya ajratilib,

ularning ontogenetik spektrlari chap tomonlama (SP1, SP3), markazlashgan (SP2) hamda bimodal (SP4)

tiplarga xos ekanligi aniglandi. Demografik ko‘rsatkichlar populyatsiyalarda yosh individlarning yuqori

ulushi mavjudligini ko‘rsatib, turning tabiiy tiklanish salohiyati yetarli darajada ekanligini tasdiglaydi.

Delta-omega klassifikatsiyasiga ko‘ra senopopulyatsiyalar yosh (SP1, SP3) va o‘tuvchi (SP2, SP4) tiplarga

mansubligi gayd etildi. Shu bilan birga ayrim hududlarda antropogen omillar ta’siri natijasida populyatsiya
tuzilishida regressiv ozgarishlar kuzatilishi aniglangan.

Kalit so‘zlar: senopopulyatsiya, ontogenetik struktura, demografik ko‘rsatkichlar, kamyob turlar,

Ranunculaceae, O‘zbekiston.

THE CURRENT STATE OF THE POPULATION OF ACONITUM TALASSICUM
POPQOV DISTRIBUTED IN THE FLORA OF UZBEKISTAN

Abstract. The Tien Shan and Pamir-Alai mountain systems of Central Asia represent one of the
global centers of biodiversity. The study of the population status of rare and endemic plant species occurring
in this region is of significant scientific and practical importance. In the present study, the ontogenetic and
demographic structure of coenopopulations of Aconitum talassicum, a rare species of the flora of
Uzbekistan, was analyzed. Four coenopopulations of the species were identified, exhibiting left-sided (CP1,
CP3), centered (CP2), and bimodal (CP4) ontogenetic spectra. Demographic parameters revealed a high
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proportion of juvenile individuals within the populations, indicating a considerable natural regeneration
potential of the species. According to the delta—omega classification, the studied coenopopulations belong to
the young (CP1, CP3) and transitional (CP2, CP4) types. At the same time, in some habitats anthropogenic
impacts lead to regressive changes in the population structure.

Keywords: coenopopulation, ontogenetic structure, demographic indicators, rare species,
Ranunculaceae, Uzbekistan.

Kirish. Markaziy Osiyoning Tyan-Shan va Pomir-Oloy tog® tizimlari biologik
xilmaxillikning global o‘choqlaridan biriga kiradi va ularni muhofaza qilish ustuvor
ahamiyatga ega [11]. Ekotizimlarga antropogen bosimning izchil ortib borishi natijasida zaif,
endem va noyob o‘simlik turlarini, shuningdek, ular tarkibiga kiruvchi fitotsenozlarni
maqgsadli hamda kompleks o‘rganish masalasi zamonaviy botanika va ekologiyada alohida
ilmiy-amaliy ahamiyat kasb etmoqda. O‘simlik populyatsiyasining ontogenetik tuzilishi uning
eng muhim demografik ko‘rsatkichlaridan biri bo‘lib, populyatsiya tarkibidagi turli
ontogenetik holatlarning nisbatini aks ettiradi. [3]. Shu bois populyatsiyaning ontogenetik
strukturasi va yosh tarkibini tahlil gilish o‘simlik turlari populyatsiyalarining demografik
holatini baholash, regeneratsiya jarayonlari samaradorligini aniglash hamda ularning kelgusi
rivojlanish dinamikasini ilmiy asosda bashorat gilish imkonini beradi [6].

So‘nggi yillarda insonlar tomonidan dorivor o‘simliklarga bo‘lgan ta’sirlarning ortishi
natijasida, ularning populyatsiyalariga bo‘lgan bosim ortib bormoqgda [5]. Bu holat mazkur
kuchayib borayotgan ta’sir ostidagi turlarning targalish maydonlarini aniglash hamda ularning
zamonaiy holatini baholashni taqozo etmoqda. Aynan shunday turlar gatoriga Aconitum L.
(Ranunculaceae) turkumini Kiritishimiz mumkin. Dunyo miqyosida turkumning 343 turi,
Oc<zbekistonda 3 turi (A. rotundifolium Kar. & Kir., A. seravschanicum Steinb., A. talassicum
Popov) uchraydi (http://www.plantsoftheworldonline.org/).

Turkum vakillarining aksariyati biologik faol, biroq kuchli zaharli birikmalar bilan boy
bo‘lib, zamonaviy farmatsevtikada juda keng miqyosda foydalaniladi. Turlar tarkibida asosan
diterpenoid alkaloidlar (akonitin, mezakonitin, gipakonitin va ularga yaqin birikmalar),
shuningdek flavonoidlar, fenol birikmalari va organik kislotalar mavjudligi ochiq ilmiy
manbalarda qayd etilgan. Ushbu alkaloidlar yuqori farmakologik faollikka ega bo‘lib, ayni
paytda kuchli neyro- va kardiotoksik ta’sir ko‘rsatadi, shu sababli turning xo‘jalikda
qo‘llanilishi keskin cheklangan [5]. Tadgiqotlarimiz 2025-2026-yillarda O‘zbekistonning turli
botanik-geografik hududlarida olib borildi.

Tadqiqot obyekti va metodlari. Tadgiqot obyekti O°zbekiston florasida targalgan
Aconitum talassicum Popov hisoblanadi. A. talassicum o‘simligi O‘zbekiston Respublikasi
Qizil kitobiga kiritilgan bo‘lib, mamlakat hududida nodir va yo‘qolib borish xavfi ostidagi
turlar qatoriga kiradi. Bo‘yi 1,5 m ga yetadigan, ko‘p yillik, tugunak ildizpoyali o°t.
Ildizpoyasi tugunaklarning yonma-yon qo‘shilishidan hosil bo‘lgan. Poyalari oddiy, tik
o‘suvchi. Poyaning yuqori qismidagi barglari bandsiz, qolganlari bandli, yaprog‘i asosigacha
yirik tishli bo‘laklarga ajralgan. Yorqin ko‘k rangli gullari poyaning yuqori gismida yirik
to‘pgul hosil giladi. lyun-iyulda gullaydi, mevasi iyul-avgust oylarida yetiladi. Urug‘idan
ko‘payadi.

Tur ishtirokidagi fitotsenozlarda geobotanik gaydnomalar 100 m? maydonda
umumgabul  qgilingan metodlar yordamida yuritildi  [7]. O‘simlikning  nomlari
http://www.plantsoftheworldonline.org/ saytiga muvofiq keltirildi. Senopopulyatsiyalar
strukturasi umumgabul gilingan metodlar yordamida o‘rganildi. Buning uchun turlarning har
bir senopopulyatsiyasida kamida 3 ta transekt tashlandi [4]. Transekt uzunligi 10 metrdan
iborat bo‘lib, har bir kvadratdagi tuplar migdori hisobga olindi. Senopopulyatsiyalarning
ontogenetik strukturasi senopopulyatsiyadagi har xil ontogenetik holatdagi tuplar nisbatiga
ko‘ra aniglandi. O‘Ichov birligi sifatida tup olindi. Populyatsion strukturani tavsiflashda
turlarning xarakterli ontogenetik spektri to‘g risidagi garashlarga tayanildi [3]. Tagsimlanish
xarakteriga ko‘ra ontogenetik guruhlar 4 ta spektrga bo‘linadi: chap tomonlama,
markazlashgan, o‘ng tomonlama va bimodal. Turlarning xarakterli spektri uning biologik
xususiyatlaridan kelib chigadi. Senopopulyatsiyalar gaydnomasi A.A. Uranov va O.V.
Smirnova [8] hamda L.A. Jivotovskiylarning “delta-omega” [2] tasniflariga ko‘ra amalga
oshirildi. Delta — yosh indeksi bo‘lib, har bir o‘rganilgan vaqtdagi senopopulyat-siyaning yosh
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darajasini baholaydi, omega — i ontogenetik holatdagi o‘simlikning samaradorligini anglatadi.
Ushbu tasnifga ko‘ra senopopulyatsiyalar yosh, yetilayotgan, yetilgan, o‘tuvchi, gariyotgan va
qgari tiplarga bo‘linadi.

Tadgiqotlar davomida tur ishtirokida 4 ta senopopulyatsiya ajratildi. Dastlabki
senopopulyatsiyalar (SP1, SP2) G‘arbiy Tyon-shon hududidan ajratildi (1-rasm).

Olingan natijalar va ularning muhokamasi. G‘arbiy Tyan-shan hududlarida
tuprogning o‘simliklar bilan goplanish darajasi 50-55 % atrofida bo‘lishi gayd etilib, 30 dan
ortiq yuksak o‘simliklar aniglandi. Navbatdagi senopopulyatsiya (SP3) Turkiston tog* tizmasi
hududidan ajratildi. Tuprogning o‘simliklar bilan qoplanish darajasi 60 % ni tashkil gilib,
hududda 29 tur ro‘yxatga olindi. To‘rtinchi senopopulyatsiya (SP4) Qashgadaryo botanik-
geografik rayonidan ajratildi. Tuprogning o‘simliklar bilan qoplanish darajasi 40 % ni tashkil
qildi. Mazkur hududda 24 tur ro‘yxatga olindi.

Turkum vakillari senopopulyatsiyalari borasida ayrim tadgigotlar amalga oshirilgan.
Ushbu tadgigotlarda turkum vakillari uchun xarakterli spektr chap tomonlama ekanligi gayd
etilgan [1, 9]. Buning asosi sifatida ularning urug® mahsuldorligining yuqori bo‘lishi hamda

45°0'0"N
45°00"N

40°0'0°N
40°00°N

1-rasm. Tadgqiqot olib borilgan hudud xaritasi

Qayd etilgan senopopulyatsiyalar quyidagi spektrlarga xos ekanligi aniglandi: Chap
tomonlama (SP1, SP3), markazlashgan (SP2) va bimodal (SP4).

Chap tomonlama ontogenetik spektr. Ushbu senopopulyatsiya asosan bir cho‘qqili
bo“lib, yuvenil va virginil bosgichdagi tuplarning ulushi yuqori ekanligini ko‘rsatdi. Xususan
1 senopopulyatsiyada yuvenil (32,07 %) tuplar, 3 senopopulyatsida virginil (38,63 %)
bosgichdagi tuplarning ulushi yuqoriligi gayd etildi. Bu holat birinchi navbatda turkum
vakillari urug® mahsuldorligining yugori ekanligi bilan izohlanadi. Mavjud adabiy manbalar
tahlili shuni ko‘rsatadiki, bitta o‘simlik tupida 360 tadan 6000 tagacha potensial urug‘lar
shakllanadi. Ularning haqiqgiy urug® mahsuldorligi tabiiy sharoitda 200-2000 tani tashkil
giladi. Yillik yog‘in miqdorining yetarli bo‘lishi va haroratning orib borishi,
senopopulyatsiyalarda yosh tuplarning yoppasiga ko‘payishiga sabab bo‘ladi. Turning
vegetativ ravishda ham ko‘paya olishi natijasida, senopopulyatsiyada virginil tuplarning
to‘planib golishi kuzatilgan (SP3). Senopopulyatsiyalar to‘liq a’zoli bo‘lib, senil va subsenil
tuplar ulushining kamligi aniglandi (2-rasm).
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Markazlashgan ontogenetik spektr. Mazkur senopopulyatsiyada (SP2) asosiy
cho‘qgi o‘rta generativ (g2) bosgichdagi tuplar ulushiga to‘g‘ri kelib, ularning ulushi 37,7 %
ni tashkil gildi. Bu holat, birinchi navbatda, turning ontogenezi bilan bog*lig hisoblanadi. L.V.
Volkova [1] tomonidan olib borilgan tadgiqot natijalari shuni ko‘rsatadiki, turkum vakillari
katta hayotiy siklga (30-35 yil) ega. Turkum vakillarining aynan o‘rta generativ holati
davomiyligi 12-16 yilni oz ichiga oladi. Bu esa senopopulyatsiyalarda bir necha yillar
davomida ularning turg‘unligini hamda tur uchun xarakterli spektr markazlashgan bo‘lishini
ta’minlaydi (3-rasm). Yuqorida keltirilgandek, turning vegetativ ko‘payishi hamda yugori
urug® mahsuldorligi, xarakterli spektrning chap tomonlama bo‘lishiga imkon beradi.
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3-rasm. Markazlashgan ontogenetik spektr

Bimodal ontogenetik spektr. Bimodal spektr ikki cho‘qqili bo‘lib, yuqori ulush
virginil (23,68) va subsenil (26,31) bosqichiga to‘g‘ri keldi (SP4). Bimodal ontogenetik
spektrlar, odatda, ikki xil ekologik holatda namoyon bo‘ladi: birinchidan, tuplar uchun optimal
sharoit shakllanganda, ikkinchidan esa, aksincha, noqulay ekologik omillar ta’siri
kuchayganda. Bizning tadgiqotlarda ikkinchi holatning ustunlik gilishi kuzatildi. Xususan
gullagan o‘simliklar, aholi tomonidan terib ketish holatlari kuzatildi (4-rasm). Bu esa turning
urug® yordamida ko‘payishiga salbiy ta’sir giladi. Natijada tur, o‘z-o‘zini tabiiy tiklash
magsadida, vegetativ ravishda ko‘payishga harakat giladi va senopopulyatsiyada virginil
tuplarning to‘planishiga sabab bo‘ladi.

Generativ tuplarning bir necha yillar davomida zararlanishi hamda ma’lum miqdorda
tashgi bosimlar ta’sirida qolishi natijasida, subsenil tuplar ulushining to‘planishiga olib
kelgan. Mazkur hudud aholi yashash maskanlariga juda yagin joylashgan bo‘lib, chorva
mollarining muntazam bogilishi natijasida tuprogning payhonlanish darajasi yuqori bo‘lgani
aniglandi.
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4-rasm. Bimodal ontogenetik spektr

Demografik ko‘rsatkichlar senopopulyatsiyalarning hozirgi holatini baholash va
ularning kelajakdagi rivojlanish istigbollarini prognozlashda muhim ahamiyatga ega
hisoblanadi. Demografik tahlil natijalariga ko‘ra, senopopulyatsiyalardagi umumiy tuplar soni
38-61 ta oralig‘ida ekanligi ma’lum bo‘ldi. 1 m? maydondagi tuplar zichligi 1,9-3,05 hamda
ekologik zichligi 2,11-3,81 tani tashkil giladi. Turlarning tiklanish indeksi 0,74 dan 2,42 gacha
bo‘lgan diapazonda gayd etildi. Senopopulyatsiyalarda generativ oldi (juvenil, immatur va
virginil) bosgichdagi tuplarning yugori ulushi tiklanish indeksining yuqori giymatlari bilan
bevosita bog‘ligligi aniglandi. Xususan, bunday holat 1-senopopulyatsiyada yagqgol namoyon
bo‘ldi. Chap tomonlama ontogenetik spektrga xos bo‘lgan ushbu senopopulyatsiyada
generativ davrgacha bo‘lgan tuplarning ulushi 64,14 % ni tashkil etdi. Aksincha,
markazlashgan spektrli 2-senopopulyatsiyada generativ davrgacha bo‘lgan tuplar ulushining
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eng quyi ko‘rsatkichi gayd etildi va atigi 37,69 % ga teng bo‘Idi.

Qarish indeksi bo‘yicha olingan natijalardan ko‘rsatkichlar biri-biridan keskin farq
qilishi aniglandi (0,08-0,65). Bu holat ayrim senopopulyatsiyalarda garish jarayonlari nisbatan
sust kechayotganini, ayrim senopopulyatsiyalarda esa turli omillar ta’sirida jadallik bilan
rivojlanayotganligini ko‘rsatadi (SP4). Individual optimum indeksi generativ bosgichdagi
tuplar hamda virginil va generativ bosgichlar nisbati asosida hisoblandi. Aconitum talassicum
senopopulyatsiyalarida mazkur ko‘rsatkich 0,45 dan 0,82 gacha bo‘lgan nisbat oralig‘ida
o‘zgarib turishi gayd etildi. Samaradorlik indeksi esa o‘z navbatida senopopulyatsiyalardagi
umumiy tuplar soni bilan izohlanadi. Bu holatda ko‘rsatkichlar 16,72 dan 35,38 gacha bo‘lishi
kuzatildi.

1-jadval
Aconitum talassicum senopopulyatsiyalarining demografik ko‘rsatkichlari
Tuplar Umumiy
Ii[\rl(_:[ It Iq lio Is zichligi, ffr';?)' ® A | tuplar soni, SP tipi
1m2 dona

1 ]1242]0,08|0,60 | 2067 2,65 3,11 | 0,39 | 0,23 53 Yosh

2 1074|012 0,82 | 3538 3,05 3,81 | 0,58 | 0,36 61 O‘tuvchi

3 [192|008]|045| 21,12 2,2 2,75 |0/48 | 0,27 44 Yosh

4 | 1,77 | 065 | 0,49 | 16,72 1,9 2,11 | 0,44 | 0,46 38 O‘tuvchi

Izoh: I; — tiklanish indeksi; 1 — qarish indeksi; i, — individual optimum indeksi; Is —
samaradorlik indeksi; Pekot — ekologik zichlik; A - yosh indeksi; o — samaradorlik indeksi
(delta-omega klassifkatsiyasi bo‘yicha); SP — senopopulyatsiya

Delta-omega Klassifikatsiyasiga ko‘ra senopopulyatsiyalar yosh (SP1, SP3) va
o‘tuvchi (SP2, SP4) tiplarga xos ekanligi gayd etildi (5-rasm).

Delta-omega klassifikatsiyasi
1
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5-rasm. Senopopulyatsiyalarning tipi

Xulosa. O‘tkazilgan tadgiqotlar A. talassicum senopopulyatsiyalarining ontogenetik
tuzilishi va demografik ko‘rsatkichlari hududiy ekologik sharoitlar hamda antropogen omillar
ta’sirida sezilarli darajada farglanishini ko‘rsatdi. Chap tomonlama ontogenetik spektrga ega
bo‘lgan senopopulyatsiyalar (SP1 va SP3) yosh individlarning yugori ulushi bilan tavsiflanib,
turning tabiiy regeneratsiya jarayonlari faol kechayotganini va populyatsiyaning bargaror
rivojlanish salohiyatini aks ettiradi. Markazlashgan spektrga ega senopopulyatsiyada (SP2)
o‘rta generativ bosgichdagi individlarning ustunligi turning uzoq ontogenetik sikli bilan
bog‘lig bo‘lib, populyatsiyaning nisbatan bargaror demografik holatini ta’minlaydi. Bimodal
spektrga ega senopopulyatsiyada (SP4) esa generativ individlarning kamayishi va subsenil
bosgichdagi tuplarning ortishi antropogen bosim (o‘simliklarni terib olish va chorva
payhonlashi) natijasida yuzaga kelgan regressiv jarayonlarni ko‘rsatadi.

Delta-omega klassifikatsiyasi senopopulyatsiyalarning yosh va o‘tuvchi tipga
mansubligi turning ayrim hududlarda bargaror tiklanish imkoniyatiga ega ekanini, birog
populyatsiyalarning bir gismida ekologik va antropogen omillar ta’siri kuchayib borayotganini
ko‘rsatadi.

Mazkur tadgigotlar Oc‘zbekiston Respublikasi Fanlar akademiyasi Botanika
institutining 2025-2029- yillarga mo‘ljallangan “Ragamli tabiat” mavzusidagi davlat dasturi
va FL-9024093685-sonli “O‘zbekistonning transchegaraviy hududlari  bioxilmaxillik
markazlari va ularning zamonaviy holati” mavzusidagi fundamental loyihalari doirasida
amalga oshirildi.
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MARKAZIY OSIYO FLORASI MISOLIDA OXYTROPIS TURKUMI TURLARINI IN
VITRO KO*‘PAYTIRISH VA SAQLASH
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Annotatsiya. Oxytropis turkumi turlari biotexnologik jihatdan muhim salohiyatga ega bo‘lgan turli
turlarni o‘z ichiga oladi, biroq ularning in vitro ko‘paytirish va saqlash bo‘yicha tadqiqotlar bir xil darajada
rivojlanmagan. Ayrim turlar uchun samarali mikroklonal ko‘paytirish va regeneratsiya protokollari ishlab
chigilgan bo‘lsa-da, ko‘pchilik turlar in vitro sharoitida yetarlicha o‘rganilmagan, bu esa ularni keng
migyosda ko‘paytirish va ex situ saglash imkoniyatlarini cheklaydi. Ushbu muammo aynigsa biologik
xilmaxillik yugori bo‘lgan hududlar, jumladan, O‘zbekiston uchun dolzarb bo‘lib, bu yerda biotexnologik
tadgigotlar va saqlash strategiyalari hali boshlang‘ich bosgichda. Shu sababli, mavjud in vitro ma’lumotlarni
kompleks tahlil gilish, tadgigot bo‘shliglarini aniglash hamda Oxytropis turlarini mikroklonal ko‘paytirish,
genofondni saqlash va bargaror foydalanish bo‘yicha samarali biotexnologik yondashuvlarni ishlab chigish
zarur.

Tayanch so‘zlar: mikroklonal ko‘paytirish, Oxytropis, morfogenez, kallusogenez, organogenez,
sterilizatsiya, fitogormonlar, urug‘larning unishi, yashovchanlik

PASMHOKEHHUE 1 COXPAHEHUE BUJIOB POJIA OXYTROPIS IN VITRO C
AKHHEHTOM HA ®JIOPY HEHTPAJIBHOU AU

AnHoTammsi. Pox Oxytropis Bximodaer pa3HOOOpasHy0 TpymIy BHAOB, 0O0JanaromuX
3HAYUTEIHHBIM OHOTEXHOIOTUIECKAM MOTEHIIMAIOM; OJJHAKO HCCICIOBAHUS UX KYJIbTHBUPOBAHHS iN Vitro u
COXpaHEHHs OCTAIOTCS KpaiiHe HepaBHOMEPHBIMHU. XOTs AJIsI HEKOTOPHIX BHJIOB pa3paboTaHbl 3 PEeKTHBHBIC
MPOTOKOJBI MHUKPOKJIOHAIBHOTO pa3MHOXKEHUSI M pErcHEepalyd, OOJIBIIMHCTBO BUAOB  OCTAIOTCS
HEZOCTaTOYHO M3YYCHHBIMHU B YCIOBHSIX iN VItr0, YTO OrpaHMYMBAET UX MAacCOBOE Pa3sMHOXKEHHE H eX Situ
coxpaHeHHe. JTa HpobiieMa 0COOEHHO aKkTyajbHa JUISi PETHOHOB C BHICOKMM ypOBHEM OMOpasHo0Opasus,
TakuX Kak Y30eKHCTaH, TJie CHCTeMaTHYecKHe OHOTEXHOJOTMYECKHE WCCIEJOBAHNUSA W CTpPaTEerHH
COXpaHEHMs HaXxOAATCS Ha HAYaJIbHOM JTalle Pa3BHUTH. B CBS3M ¢ 3THM HEOOXO0ANM KOMIUIEKCHBIN aHAIIN3
CYIIECTBYIONIMX JAHHBIX MO KYJIBTHBUPOBAHHIO IN VItrO ajs BBIABICHHS MPOOETIOB B UCCICAOBAHHAX U
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pa3paboTkn APPEKTUBHBIX OWOTEXHOIOTUYECKUX IMOAXOAOB IS MHKPOKIOHAIBHOTO pa3MHOXKCHUS,
COXpaHEHHs TeHETHYECKHX PECYPCOB U YCTOIUMBOIO HCIOIB30BaHus BUIOB poaa OXytropis.

KioueBble €JI0Ba: MUKPOKIOHAJIBHOE pasMHOkeHHe, OXYLropis, mopdoreHes, Kamrycoreses,
OpraHoreHes, CTepUIN3alys, PUTOrOPMOHBI, IIPOPACTaHNE CEMSIH, )KU3HECTIOCOOHOCTD

BBenenne. B ycnoBusix NmpoJomKarOMMXCA SKOJOTHYECKUX KPHU3UCOB BO MHOTHX
pEernoHax COXpaHEHHE PACTUTENBHOTO pa3zHOOOpa3Ws M TPENOTBPAICHHE HCYC3HOBEHHS
BUJIOB CTAJId TMPHOPUTETHHIMU TJIOOATBHBIMU SKOJIOTUYECKUMH 337adamMu. B 3Toii cBs3u
NPUMEHEHHE COBPEMEHHBIX OMOTEXHOJIOTHUECKUX MOJXOI0B CUHMTaeTCs Kak 3()h(EeKTUBHBIM,
Tak ¥ HeoOXoauMbIM. Cpeli HUX METOJIbI KYJbTYphI IN VItr0 MIMPOKO MPH3HAHBI OJHUMHU W3
HanOoJiee ONTHMAIBHBIX JJISi COXPAHEHUS W DPA3MHOKEHHS PEIKUX M HAXOISIIUXCS TOA
Yrpo30i HCYE3HOBEHUS BHJIOB pacTeHUW. JlaHHBIA MOAXOJ TO3BOJISIET HCIOJB30BAThH
OTPaHUYEHHOE KOJIUYECTBO CEMSH DSHIACMUYHBIX WIH YSI3BUMBIX BHIOB ISl TOJYyYEHHS
BBICOKOKAUECTBEHHBIX, CBOOOIHBIX OT 3a00JICBaHMI pacTeHUH-pereHepaHToOB. B pesynbraTe
3TO  CIOCOOCTBYeT  (OPMHUPOBAHUIO  KU3HECTIOCOOHBIX  PACTEeHUH C  BBICOKOM
MPOAYKTUBHOCTBIO U TIOAJIEPKAHUIO IKOJIOTHYECKON YCTONYHUBOCTH.

Hacrosiee rcciieoBanue MOCBSIIEHO pa3padoTke MPOTOKOJIOB IN Vitro pa3sMHOXKEHUS
npencraButeneit poga Oxytropis. Pox Oxytropis DC., otHocsmuiics k ceMmeiicTBy Fabaceae,
BKJItOYaeT okoyio 310 BuAOB, pacnpoCTpaHEHHBIX MO BceMy Mupy. OCHOBHOW apeayl 3THUX
BUJOB cocpenoToueH B LlenTpanbHoil 1 BocTounoit A3uu, npy 3TOM MOYTH [OJIOBUHA BUIIOB
BcTpevaercs B Kurae [1]. Ha teppuropun Y30ekucTaHa BbIsiBICHO 0K0j10 63 BHaoB OXytropis,
MIPEUMYIIECTBEHHO MPOM3PACTAIONINX B 3aCYIUIMBBIX PETHOHAX M HA TOPHBIX CKJIOHaX. M3
HUX BOCEMb BHUJIOB SIBISIIOTCS JHACMHUKaMHU Y30€KHMCTaHa, a IIECTh BHIOB 3aHECCHBI B
Kpacnyro kaury Pecrryonmukn Y30ekucran [2].

Buaer poga OXytropis MMEOT BaKHOE SKOJOTHUECKOE M XO3SHCTBEHHOE 3HAYCHHE.
Hexotopble M3 HHMX HCIIONB3YIOTCS B KauyeCTBE KOPMOBBIX PACTeHMM, TOTJa Kak Ipyrue
OTHOCSTCS K TaK Ha3bIBaeMbIM «locoweeds» n3-3a uX TOKCHYHBIX CBOMCTB. Kpome Toro, BubI
Oxytropis mupoKO MPUMEHSIOTCS B TPAAUIUOHHON MEIWIIMHE ISl JICYCHUS] MPOCTYIHBIX
3a00JeBaHNi, BOCHIAJICHUH, OTEKOB, OOJIEBBIX CHHAPOMOB U PA3IMYHBIX BUJOB KPOBOTCUCHHH.
dapmakoJIOruyeckrue HCCICIOBAHUS IOKAa3ald, 4YTO JIAaHHBIE pacTeHus 001agaroT
MIPOTHBOOITYXOJICBOH, ~ AHTHCENTHYECKOW, MPOTHBOBOCIAIUTENIFHONW, T'€MOCTaTHUECKOM,
HEWPOIHJIOKPUHHON U IMMYHOCYIPECCUBHOM aKTUBHOCTHIO [3].

C y4€ToM 3THX IEHHBIX CBOWCTB ObLIM MPOBEICHBI HCCIenOBaHUs IN VItro mis psma
suoB Oxytropis, Bkmrouast O. scheludjakovae, O. erecta, O. pilosa [4], O. chankaensis [5], O.
gmelinii, O. uralensis, O. ambigua [6] u O. glabra [7]. B ocHOBHOM JaHHBIC HCCIEIOBAHHMS
ObuUIM HampaBlieHbl Ha H3Yy4YEHHE IPOPACTaHHUA CEMsIH, a B HEKOTOPBIX CIIydasx TaKkKe
paccMaTpUBAINCh Tpolecchl Mop¢oreHe3a ¢ HCIOJB30BAHMEM IHUTATEIBHOM  Cpejbl
Mypacwure u Ckyra (MS)[8].

VeneniHoe pa3sMHOKEHHE N VItr0 3aBUCHT OT psifa KIOYEBBIX (DAKTOPOB, BKIIFOUAs
MIpeBapUTEIbHYI0 00paboTKy ceMsH, 3(PpPEeKTHBHYIO CTEPHIN3ALMIO0 U THIATEIBHBINA TOI00D
MUTATENbHBIX CpeA C J100aBICHHMEM COOTBETCTBYIOIIMX PETyJIATOPOB pOCTAa PACTCHHH.
CoBOKynHOCTh 3TUX (hakTOpoB oOOecreyuBaeT ONTHUMAIbHOE MPOpPAcCTaHUE CEMSH,
KHU3HECTIOCOOHOCTh PACTCHUI U KOHTPOJIUPYEMbIH MOp(OTeHe3.

Metoabl uccienoBanusi. B jgaHHOW paboTe NMpUMEHEHBI METOABl aHAJIMTHUYECKOTO
o030pa W CpaBHUTEIFHOTO aHaIW3a HAYYHOW JIMTEPATyphl, TOCBSIMIEHHOW BOMpPOCAM
MHUKPOKJIOHAJILHOTO Pa3MHOXEHUSI IpeicTaBuTeneit poma OXytropis B ycimoBusx in Vitro.

[Touck u oTOOp HAy4YHBIX MCTOYHUKOB OCYILECTBISUICA C HCIOJIb30BAaHUEM
MEXIyHapOJHbIX HaydyHBIX 0a3 maHHBIX (Scopus, Web of Science, Google Scholar u np.). B
aHanu3 ObUTM BKJIIOUEHBI MyOJIMKAIIMH, OTPAXKAIOIIUE COBPEMEHHBIE MOJIX0/AbI K BBEICHUIO B
KyJbTYpy iN Vitro, crepuin3aiyy SKCIUIAHTOB, HHAYKIIMU KaTyCOTeHe3a U OpraHoreHesa, a
TaKXe 0COOCHHOCTH NMPUMEHEHHS (PUTOrOPMOHOB M YCJIOBUN KYJIbTUBUPOBAHUSL.

[TpoBenéH CpaBHUTENbHBIN AaHAIM3 MOJTYYEHHBIX JaHHBIX C IENbI0 BBIIBICHUS
HanbOosee HPQPEKTUBHBIX IPOTOKOJIOB MHKPOKIOHAIBHOTO Pa3sMHOXKEHHs, (HaKTOPOB,
BIUSIONIMX Ha MopdoreHe3, a TaKke NpodJieM ¥  TEepCreKTUB  JalbHEHIINX
OMOTEXHOJIOTHYECKHMX MCCIICIOBAHMIA TpeicTaBuTese poaa OXytropis.
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O0o01eHre pe3ysbTaToOB IO3BOJMIO CUCTEMATU3UPOBATh HMEIOLIMECS JaHHbIE U
OTIPEACTHUTH HATIPABICHHUS [T OyIyIIHX UCCIIeJOBAaHHUH.

Pe3yabTaThl U o0cyxaeHue. [Ipopacmanue ceMsaH U IHCUBHECHOCOOHOCb BUO08
Oxytropis 6 yciogusix in Vitro

HccnenoBanus pa3inyHbIX mpeacraButeneid poga OXytropis mokasaim, 4To ycIeIHoe
OpOpacTaHue CEMsIH B YCJIOBHSIX IN VItrO BO MHOTOM 3aBHUCHT OT METOJOB MPEIANOCEBHON
06paboTtku. CeMeHa BUI0B JAHHOTO POAA XapaKTepU3YIOTCs IJIOTHON M BOJOHEIPOHUIIAEMO
CEMEHHOM 000JI0YKOH, MPENATCTBYIONIEH MPOHUKHOBEHHIO BOJIBI, TOTOMY Tiepe]] BBEICHHEM
B KyJIBTYPY HEOOXOMMBI CKapU(PUKALIKSA U [TOCIIETyIONasi CTepUIN3aLus.

B wuccnenoBanun Berdasova u coaBT. [5] wH3ydaroch MpopacTaHHE CeMSH
sgemuuHoro Bumaa OXxytropis chankaensis ¢ wucmonb3oBaHMEM pPa3IMYHBIX METOJIOB
NPENOCeBHON OOpabOTKM: XUMHUYECKOW CKapu(UKalMM KOHIEHTPUPOBAHHOW CepHOU
KHUCJIOTOM, MEXaHUYECKOM ckapu(UKaluy, TEMIIEPATypHOro BO3JIEHCTBUS U CTpaTU(PHUKALINH.
Haubonee 3¢¢ekTuBHBIM METOIOM OKazalach XUMHUYECKas CKapuuKaius, MpU KOTOPOM
IpopacTaHWe HAYMHAIOCHh YK€ Ha BTOPOH JEHb, a UTOTOBas BCXOXKECThb jaocturana 93%.
Mexanuueckast ckapudukanus odecneumsnia 66% BcxoxkecTd, crparudukanus — 46%, a
TeMrieparypHas o0paboTka — Tosnbko 13%. IlomyueHHBIE pe3ysbTaThl CBHIETEIBLCTBYIOT O
BBICOKOM 3(p(peKTUBHOCTH XMMHUYECKOH 0OpabOTKU il MpeoaosieHus] (GU3NUECKOro MOKOs
CEeMSIH.

Amnanornunsle pe3ynbTaThl ObUTH TIONy4eHs ist BuaoB O. scheludjakovae, O. erecta u
O. pilosa [9]. IToce 06pabOTKK CeMsIH KOHIIEHTPHPOBAHHOM CEPHOU KHUCIIOTOW B TeueHHE 25
MUHYT TOKa3aTelu BCXOXKeCTH cocTaBuiu 53,3%, 45% u 41,6% coorBercTBeHHO. [lepBbie
npopoctku O. scheludjakovae u O. erecta nosiBunch Ha Bropoit jeHb, Torma kak y O. pilosa
— Ha gecATbId. JKH3HECTIOCOOHOCTh CESHIIEB BapbHpOBaja MEXIy BHIAMH U JOCTHTAIa
MakcumanbHoro 3HaueHust y O. pilosa (40,4%). CxoaHble pe3ynbTaThl ObUIM TOJYYEHBI U B
UCCIIEJOBAaHUAX MUKPOKIIOHAJIFHOTO Pa3MHOKEHUSI TAHHOTO BHUAA [4].

Kruglova u Kruglova [6] uccienoBanu npopactanue cemssa O. gmelinii, O. uralensis u
penukroBoro Buga O. ambigua. Hecmotpst Ha oTCyTCTBHE MOAPOOHOTO OMMCAHUS METOJIOB
cKapudUKaly, HaOMI0AaNach BBICOKAs BCXOXKECTb CEMsSH: MAacCOBOE IpopacTaHHe
npoucxoauio Ha 4-5-¢ cytku u gocturaio 70%, 80% u 95% coorBercTBenHo. s O. glabra,
HECMOTpS Ha HaJW4yhe WCCIEA0BAHUI MO MHKPOKIOHAJIBHOMY pa3sMHOXeHHIo [7],
KOHKPETHBIE ITOKa3aTeNI BCXOKECTU B JIUTEpAType HE MIPUBOIATCS.

Takum oOpa3oM, aHamu3 JIUTEPATypHBIX JAHHBIX MOKA3bIBaeT, YTO XHMMHUYECKas
ckapudukanus spisercs Hanoosee 3 GEKTUBHBIM METOOM MPEINOCEBHON 00paOOTKH CEMSIH
BuzoB OXytropis, oOecreunBarOIIUM BBICOKHE MOKA3aTe BCXOXKECTH M YCKOPEHHOE
npopacTaHue B yCIOBHSIX iN Vitro.

Taoauma 1
IToxa3zaTenn nmpopacraHus 1 sKH3HECIOCOOHOCTH BHUA0OB Oxytropis NMpH ONITUMAJIbHBIX ME€TO/1aX
ckapupukanuu
Plant species Scarification Germi | Viabilit | Germin | Mass | References
method nation | y (%) ation germi
rate start nation
(%) (days) | (days)
O. pilosa Concentrated 41.6 40.4 10 12 Nikiforova &
H2SO4 25 min Berdasova, 2023;
Gal’kina & Zueva,
2018
0. Concentrated 53.3 15.8 6 12 Androsova &
scheludjakovae | H.SO4 25 min Danilova, 2018
O. erecta Concentrated 45 30.2 6 10 Androsova &
H2SO4 25 min Danilova, 2018
O. gmelinii Y2 MS 70 - 4 4-5 Berdasova et al.,
2023
O. uralensis ¥4 MS 80 - 4 4-5 Berdasova et al.,
2023
O. ambigua Y2 MS 95 - 4 4-5 Berdasova et al.,
2023
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O. glabra Concentrated >85 - 2 2 Zhao et al., 2007
H2SO4 10 min Yang et al., 2012

Mopgocenemuueckue peaxyuu 6u0oé OXytropis 8 yciosusx in vitro

Kynbrypa  pacTHUTeNnpHBIX  TKaHEW  TpENCTaBIseT  COO0OM  COBPEMEHHBIM
OMOTEXHOJIOTUYECKHI METO/I, IO3BOJISIOIINI KYJIbTUBHPOBATh HM30JIMPOBAHHBIE TKAHU U
OpraHbl pacTeHUN Ha HUCKYCCTBEHHBIX MUTATENbHBIX CpeJax B CTEpUIIbHBIX ycioBusax [10]. B
Ka4yecTBE HKCIUIAHTOB MOT'YT HCIIOJIB30BATHCS AlMKAJIbHBIE MEPHCTEMBI, KaJIJIyCHbIE TKaHH,
3apoJIbIIIM, CEMEHAa M JIMCTOBBIE CErMEHTHI, CHOCOOHBIE K pEreHepanuy MOJHOICHHBIX
pacTeHn# MU COOTBETCTBYIOIIUX YCIOBUSAX KyJIbTUBUPOBAHUSL.

Cpenu pa3nuuHBIX NHUTATENBHBIX Cpel Haubosiee IIHPOKO NPUMEHSETCS cpena
Mypacure u Ckyra (MS) Omaromapss cOaJaHCUPOBAaHHOMY COCTaBy Makpo- U
MuKpodseMeHToB [8]. JlobGaBnenne (GpUTOrOpMOHOB, B YACTHOCTH ayKCHMHOB W ITUTOKHMHUHOB,
UrpaeT KIIOUEBYI0 pOJIb B PErysilUd MpPOLECCOB  KajIyCOreHe3a, OpraHoreHesa,
nposrdepanuy moderoB U pu3oreHesa.

B uccnenosanusx Oxytropis pilosa [4] u3ydanock BIUSIHUE pa3IMYHBIX KOMOMHAIAN
(UTOrOPMOHOB Ha TPOIECCH KALTyCOOOpa30BaHUS U pereHepanuu noderoB. Haunbombrmmii
K03 dUIMEeHT pa3MHOKeHUs ObUT mostydeH Ha cpeae MS ¢ nobasnenuem 0,1015 mr/n UMK
(IBA), 4T0 CBHAETEIBCTBYET O BHICOKOH 3(PPEKTUBHOCTU JAHHON KOHIIEHTPAIIMK ayKCHUHA JJIs
MUKPOKJIOHAJIBHOT'O Pa3MHOKEHHSL.

Kruglova u Kruglova [6] uccienoBann MUKpOKIOHaIbHOE pasmuokenne O. gmelinii,
O. uralensis u O. ambigua ¢ ucmoJbp30BaHHEM YMPOLIEHHBIX KOMOHMHALUI PEryJsTOpPOB
pocTa. Y CTaHOBIICHO, YTO ONTUMAJILHON CPeIoi Ul HHAYKIMH 1100eroo0pa3oBaHus SBISETCS
cpena MS c nob6asinennmem 1 mr/nm BAII, torma kak ykopeHeHue Haubosee 3(PQPEeKTHBHO
npoucxoauiio Ha cpene ¢ 1 mr/n UYK.

Hawubosee meranpHo MopdoreneTnyeckue mpoiecchl oputn u3yuensl y O. glabra [7].
ABTOpBI HccenoBanu BiausHUE pazauuHbix komOuHaumit T/13, BAII u HYK Ha npoueccsl
OpraHoreHe3a, KajuIycoreHe3a M HakorieHus aykaiaounoB. Cpeau 20 mpoTeCTHPOBAHHBIX
KOMOMHAIIMI HECKOJIBKO BapUAHTOB 00ECTIEUMIIA YaCTOTy pereHeparmu noderos caoiiie 80%.
MaxkcumManbHOe KOJIMuecTBO oderos Hadmoaanoch Ha cpeae ¢ 10 MM BAIT u 1 MmxM HYK.
JlomoiHUTENbHAS X0JI00Bas 00paboTKa JUCTOBBIX 3KCIUIaHTOB Tipu 4 °C B TeueHue 7 CyTOK
3HAYUTEJIBHO IOBBIIIATA PEreHEPALMOHHYI0 CIOCOOHOCTh, oOecreunBas (OPMHPOBAHUE B
cpenHem 12,6 moberoB Ha SKCIUIAHT NpU 4acTtoTe pereHepauuu 88,4%. bonee mmutenbHoe
OXJIQXKIEHHE IPUBOJINIIO K CHUIKEHUIO 3TUX IIOKa3aTeNeH.

s ykopeHeHus: moOeroB JumHOW Oonee 4 cM Hambonee 3(h(HEeKTUBHON OKa3allach
cpena ¢ pob6asinenueM 1,0 mxkM HMMK, rae ¢gopmupoBanocs B cpeaneM 12,2 kopHS Ha
pactenue. ['ucronornueckuii aHanu3 nMoaATBEpAuI, 4To pereHepauus y O. glabra mpoucxoaur
[0 TUIly HENpsMOro OpraHoreHe3a uepe3 oOpa3oBaHHE KAJUTyCHOM TKaHUM M DPa3BUTHE
aJIBEHTUBHBIX TTOOETOB.

B wuccrnenoBanusix Oxytropis myriophylla [3] ycraHoBieHO, YTO ONTHMAIBHOE
pa3BUTHE TPOPOCTKOB HabmonaeTcs Ha cpene MS ¢ nobasnenuem 0,1 mr/a BAIT u 0,1 mr/n
HVYK, torga xak MakcumaslbHbI KO3((UIMEHT pa3MHOXeHUs AocTturaics Ha cpene ¢ 0,5
mr/n BAIT u 0,2 mr/n HYK. IlomyueHHble pe3yiabTaThl MOATBEPXKAAIOT BaKHYIO PpOJIb
cOallaHCHUPOBAHHOTO ~ COOTHOLIGHHS AayKCMHOB W LUTOKUHMHOB B 3((EKTHBHOM
MHKPOKJIOHAJILHOM pa3MHOKEHHHU BUIOB poaa OXytropis.

Taoauna 2
Biusinue (pUTOropMOHOB Ha 00pa3oBaHue MOGEroB, KajwIyca u KopHeii y BugoB OXytropis B ycjioBusix
in vitro
Species Medium | Hormone Explant Response Morphogenesis Reference
combination
(mgL™)

O. pilosa MS — Seedling | 1.25 (coef.) Gemmaogenesis Nikiforova

et al.
MS BAP 0.5 Seedling | 1.7 (coef) Gemmaogenesis Nikiforova

et al.
MS TDZ0.23 | Seedling | 1.45 (coef.) Gemmaogenesis Nikiforova

et al.
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MS NAA 0.5 | Seedling | 1.22 (coef.) Callogenesis Nikiforova
et al.
MS BAP 1.0 + | Seedling - Organogenesis Nikiforova
NAA 1.0 + et al.
IBA 0.5
MS IBA 0.1015 | Seedling | 2.0 (coef.) Rhizogenesis Nikiforova
et al.
O. glabra MS BAP 2.22 + Leaf 85.6% Gemmaogenesis Wei et al.
NAA 0.186
MS TDZ 1.0 Leaf 82.2% Gemmogenesis Wei et al.
MS TDZ 1.0 + Leaf 86.8% Gemmaogenesis Wei et al.
BAP 2.22
MS TDZ 1.0 + Leaf 84.4% Gemmaogenesis Wei et al.
BAP 4.44
MS BAP 2.22 + Leaf 88.4% Gemmogenesis Wei et al.
(+4°C) | NAA0.186
Y2 MS — Shoot 23.6% Rhizogenesis Wei et al.
Y2 MS IBA 0.20 Shoot 86.8% Rhizogenesis Wei et al.
0. MS BAP 0.1+ | Seedling - Organogenesis Dan Li
myriophylla NAA 0.1 Hui
MS BAP 0.5 + Stem 7.3 (coef.) Gemmaogenesis Dan Li
NAA 0.2 Hui
% MS NAA 0.1 Shoot - Rhizogenesis Dan Li
Hui

BoiBoabl W mpemio:keHusi. HecMoTps Ha BBICOKOE BHAOBOE pa3sHOOOpasme
npencraBureneid poga OXytropis Ha teppuropun Y30eKucTaHa, BKIHOYAIOIIEEe 3HAUYMTEIHHOES
YHCIIO PEAKHX W DHJIEMUYHBIX BHJIOB, CTEIICHb MX HAYYHOW M3YYEHHOCTH OCTAa&Tcs KpaiiHe
orpanndeHHol. [IpoBenéHHBIE K HACTOAIIEMY BPEMEHHU HCCIIEIOBAHUS HOCAT (hparMeHTapHbINA
XapakTep: OHOTeXHOJIOTHYecKue paboThl, HampaBlIeHHblE Ha pPa3pabOTKy 3(PPEeKTUBHBIX
IOPOTOKOJIOB N VItr0 KyJIbTHBUPOBaHMS, MHKPOKIOHAJIBHOIO Pa3MHOKCHHUSI M COXpaHCHHs
TeHETUYECKUX PECypCOB, MPAKTHUECKH OTCYTCTBYIOT. B TO ke BpeMs (UTOXHMMHUYECKUE H
(bapmakoIoruueckue HCCIeOBaHHMS OXBaTBHIBAIOT JHMIIb 3—4 BHIA, YTO HE IO3BOJISET B
MOJTHOM Mepe OLICHUTH MOTEHIIMAI BCETO pojia.

VYuuThIBasI, 4TO 3HAUUTENIbHAS YacTh BHIOB OXYIropiS OTHOCHTCS K KATErOPHUHU PEAKHUX,
SHJIEMUYHBIX M HaXOJSIIUXCS IO Yrpo30H HCYE3HOBEHUsS, BO3HHMKAET OOBEKTHBHAS
HEOOXOJUMOCTh B TPOBEICHUM CHUCTEMHBIX M KOMIUIEKCHBIX wHccienoBanuii. Ocolyro
aKTyaJIbHOCTh TPHOOPETAIOT Pa3pabOTKH OMOTEXHOJOTMYECKHX IOAXO00B, BKIFOYAIOIINX
ONTHMU3AIMIO YCIIOBUH CTEPHJIM3ALNH, MPOpPACTAaHHS CEMSH, MHAYKIHHA MopdoreHesa u
pereHepanii pacTeHuid B ycioBusx N Vitro. TlapamiensHo TpeOyeTcsi paciiMpeHue
(UTOXMMHUYECKUX UCCIETOBAHUMN C IENIBI0 BBISBICHHS OMOJIOTHYECKH aKTUBHBIX COCAMHEHUI
M OIIEHKHU UX (hapMaKOJIOTHYECKOro MOTEeHIMANA.

Takum o00pa3oM, HHTErpamusi OHWOTEXHOJIOTHUECKUX U XHUMHUKO-OMOJIOTHYECKHX
UCCIIEIOBAaHUN TIPEACTABIACTCS KIIIOUEBBIM HAIlpaBICHUEM JUIS COXpaHEHUs TeHo(pOoHaa
BuioB poma OXxytropis, pa3pabotku 3(dexkTHBHBIX cTpaTeruii ux €X Situ KoHcepBaluu |
o0ecrieueHns palioOHAIBHOTO UCTIONIB30BAHUS B Oy IyIIIEM.
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Annotatsiya. Ushbu magolada bug‘doy namunalarini turli haroratlarda stressga bardoshliligi
o‘rganilgan. Navlar 25°C va 35°C da 7 kun davomida KKS 115 Smart pro rusumli harorat va namlikni
nazorat giluvchi iglim kamerasida o‘stirilgan va 7 kundan so‘ng o‘simliklarning ildiz uzunligi, ildiz soni va
haroratga chidamlilik indeks ko‘rsatkichlari aniglangan va tahlil gilingan.

lldiz uzunligi tahliliga ko‘ra 35°C da MV-Nemere va Ultra navlarida yuqgori ekanligi, Ravnag va
Bobur navlarida esa nishatan past ekanligi kuzatilgan. 1ldiz uzunligi bo‘yicha haroratga chidamlilik indeksi
(HCHI) Drujba navida eng yugori natijani, Vassa navida esa eng past natijani gayd etgan. Ildiz soni bo‘yicha
Andijon-2, Drujba va Brigada 35°C sharoitda yuqori ekanligi, MV-Nemere, Ravnaqg va Grom navlarida esa
35°C da ildiz sonining keskin kamayishi kuzatilgan. Haroratga chidamlilik indeksi (HCHI) yuqori bo‘lgan
bug‘doy navlarini ota-ona formalari sifatida olib, seleksiya ishlariga jalb gilingan va F, duragaylari olingan.

Kalit so‘zlar: Bug‘doy navlari, yuqori harorat, ildiz uzunligi, ildiz soni, nazorat, chidamlilik
indeksi va unuvchanlik.

EFFECT OF TEMPERATURE ON ROOT SYSTEM DEVELOPMENT OF AUTUMN
SOFT WHEAT

Abstract. In this article, the tolerance of wheat samples to stress under different temperature
conditions was studied. The varieties were grown at 25°C and 35°C for 7 days in a KKS 115 Smart Pro
climate chamber that controls temperature and humidity, and after 7 days, the root length, root number, and
heat tolerance index indicators of the plants were determined and analyzed.

According to the analysis of root length, it was observed that at 35°C it was higher in MV-Nemere
and Ultra varieties, while it was relatively lower in Ravnagq and Bobur varieties. According to the heat
tolerance index (HTI) based on root length, the highest result was recorded in the Drujba variety, while the
lowest result was recorded in the Vassa variety. In terms of root number, it was observed that Andijon-2,
Drujba, and Brigada were high under 35°C conditions, while a sharp decrease in root number at 35°C was
observed in MV-Nemere, Ravnag, and Grom varieties. Wheat varieties with a high heat tolerance index
(HTI) were taken as parental forms, involved in breeding work, and F, hybrids were obtained.

Keywords: Wheat varieties, high temperature, root length, root number, control, heat tolerance
index and germination.

Kirish. Bug‘doy (Triticum aestivum L.) dunyo miqyosida muhim ozig-ovgat ekini
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bo‘lib, aholi uchun asosiy kaloriya va ogsil manbalaridan biri hisoblanadi [16]. Ammo
bug‘doy yetishtirish global iglim o‘zgarishi sababli giyinchiliklarga duch kelmoqda, aynigsa,
haroratning oshishi muammo tug‘dirmoqda [3]. Bug‘doy o‘sishi uchun ideal harorat oraligi
22/14°C (kun/tun) atrofida bo‘ladi [12]. Yuqori harorat vegetativ o‘sish va biomassa hosil
bo‘lishiga salbiy ta’sir ko‘rsatib, organ va to‘gimalarning rivojlanishi hamda shakllanish
jarayonlarini o‘zgartiradi. Reproduktiv bosgichda yugori harorat bug‘doy umumiy
biomassasining 44% gacha kamayishiga olib kelishi mumkin [15]. Issiglik stressi bug‘doyda
fotosintez, xlorofill miqgdorini saglash va hujayra metabolizmi kabi muhim fiziologik
jarayonlarga salbiy ta’sir ko‘rsatishi aniglangan [4].

Fotosintez issiqlik stressiga eng sezgir fiziologik ko‘rsatkichlardan biri bo‘lib, bu
bug‘doyning o‘sish samaradorligining pasayishiga olib keladi [6]. Issiglik stressining asosiy
ta’sirlaridan biri fotosintez jarayonining kamayishi bo‘lib, bu barg yuzasining kengayishining
susayishi, fotosintetik apparatning zararlanishi hamda barglarning erta garishi natijasida
yuzaga keladi va oxir-ogibat bug‘doy hosildorligining kamayishiga olib keladi [2, 9].

Harorat oshishi bilan nafas olish tezligi ortadi, birog ma’lum bir harorat darajasidan
so‘ng nafas olish apparatining zararlanishi tufayli bu jarayon sekinlashadi yoki kamayadi [13].
Tadgiqotlar shuni ko‘rsatadiki, bug‘doy o‘simliklarida 30-35°C da nafas olish tezligi tez
ortadi, shu bilan birga fotosintez tezligi keskin kamayadi [8]. Issiglik stressi (IS) sharoitida
bug‘doy endospermidagi kraxmal miqdori sezilarli darajada kamayadi [18]. Don qurug
massasining 65% dan ortig‘ini kraxmal tashkil etishi sababli, kraxmal migdorining pasayishi
natijasida hosildorlik kamayadi [14]. Shu bilan birga, don to‘lish davrida issiglik stressi
donlardagi ogsil migdoriga salbiy ta’sir ko‘rsatishi mumkin, chunki kraxmalning yig‘ilishi
kamayadi [7]. IS bug‘doy donlaridagi azot va kraxmal muvozanatini buzadi, natijada nisbatan
ko‘proq azot ogsil hosil bo‘lishiga yo‘naltiriladi, bu esa ogsil konsentratsiyasining oshishiga
olib keladi [17]. Shuning uchun iglim o‘zgarishi sharoitida o0zig-ovqat xavfsizligini ta’minlash
uchun issigga chidamli bug‘doy navlarini yaratish juda muhim hisoblanadi [11].

Tadqiqot metodologiyasi. Tadgigotlarda kuzgi yumshoq bug‘doyning 21 ta (Andijon-
4, ASR, Gomer, Bobur, Karavan, Brigada, Durdona, Drujba, Zimnitsa, Grom, Jiva, Ravnagq,
Aziz, Ultra, MV-Nemere, Andijon-2, Step, Vostorg, Vassa, Kroshka va Krasnodar-99) navlari
obyekti sifatida olindi.

Bug‘doy urug‘lari 5 dagiga davomida 1% natriy gipoxlorit bilan sterilizatsiya qilindi,
distillangan suv bilan yaxshilab yuvildi va keyin gorong‘ida 25°C da 24 soat davomida
distillangan suvda namlanadi. Bir tekis unib chiggan urug‘lar filtr gog‘oz qo‘yilgan petri
idishlariga solindi. O‘simliklar 7 kun davomida KKS 115 Smart pro rusumli harorat va
namlikni nazorat giluvchi iglim kamerasida o‘stirildi. Navlar ikki xil harorat rejimida
o‘stirildi: nazorat sharoiti (25°C) va issiqlik stressi sharoiti (35°C). 35°C harorat issiglik
stressini yuzaga keltirish uchun tanlandi, chunki u bug‘doy nihollarida sezilarli stress
reaksiyalarini  hosil qilishi ilmiy manbalarda isbotlangan [1,10]. 7 kundan so‘ng
o‘simliklarning ildiz uzunligi, ildiz soni va haroratga chidamlilik indeks ko‘rsatkichlari
aniglandi.

Natijalar va muhokama. Issiqga chidamlilik 7 kunlik tajriba oxirida ildiz uzunligi va
ildiz sonini o‘Ichash orgali baholandi. Ushbu tadgiqot asosan issiglik stressiga javob beruvchi
muhim ko‘rsatkichlarga qaratilgan bo‘lib, ildiz uzunligi chizg‘ich yordamida o‘lchandi,
ildizlar soni esa go‘lda sanaldi. Ildiz ko‘rsatkichlari tanlanishining sababi — ularning issiglik
stressiga juda sezgirligi va o‘simlikning suv hamda oziga moddalarini ozlashtirish
qgobiliyatini bevosita aks ettirishidir [5].

Tadgiqot natijalariga ko‘ra, o‘rganilgan 21 ta bug‘doy navida haroratning oshishi ildiz
o‘sishiga sezilarli ta’sir ko‘rsatgan. 25°C sharoitda barcha navlarda ildiz uzunligi yuqori
bo‘lgan bo‘lsa, 35°C da bu ko‘rsatkichlarning kamayishi kuzatilgan. Har bir bug‘doy
namunasi uchun yuqori haroratga chidamlilik indeksi (HCHI) quyidagi formula asosida
hisoblandi:

HCHI= (ildiz uzunligi (35°C) / ildiz uzunligi (25°C)) * 100%

Krasnodar-99 (nazorat) navida ildiz uzunligi 25°C da 13,4 sm dan 35°C da 4,9 sm
gacha kamaygan bo‘lib, haroratga chidamlilik indeksi (HCHI) 36,6 % ni tashkil etdi. Andijon-
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2 navida ildiz uzunligi 12,9 sm dan 5,0 sm gacha kamayib, HCHI 38,8 % ni tashkil etdi. ASR
navida ildiz uzunligi 10,3 sm dan 5,0 sm gacha kamayib, HCHI 48,5 % bo‘lgan.

Aziz navida ildiz uzunligi 14,9 sm dan 6,2 sm gacha kamayib, HCHI 41,6 % ni tashkil
etdi. Durdona navida ildiz uzunligi 12,8 sm dan 5,3 sm gacha kamayib, HCHI 41,4 % bo‘lgan.
Bobur ildiz uzunligi 12,3 sm dan 4,5 sm gacha kamayib, HCHI 36,6 % ni tashkil etdi (1-
jadval).

1-jadval
25°C va 35°C harorat ostida o‘stirilgan kuzgi yumshoq bug‘doy navlarining ildiz uzunligi, sm
Ne Nav nomi 1ldiz uzunligi, Ildiz uzunligi,
sm (25°C) sm (35°C) HCHI, %

1. Krasnodar-

99 (nazorat) 13,4+0,4 4,9+0,2 36,6
2 Andijon-2 12,9+0,9 5,0£0,5 38,8
3 ASR 10,3+0,5 5,0+0,2 48,5
4. Aziz 14,9+0,9 6,2+0,2 41,6
5. Durdona 12,8+0,6 5,3+0,4 41,4
6 Bobur 12,3+0,7 4,5+0,2 36,6
7 Andijon-4 12,2+0,7 4,7+0,3 38,5
8. Drujba 8,3+0,3 5,5+0,3 66,3
9. Grom 15,7+0,8 5,4+0,2 34,4
10. Zimnitsa 14,0+1,0 4,8+0,3 34,3
11. Vassa 15,2+0,6 5,0+0,2 32,9
12. Brigada 12,2+0,6 6,5+0,5 53,3
13. Kroshka 16,4+0,8 7,3+0,4 44,5
14, Ultra 14,8+0,7 7,4+0,6 50,0
15. Ravnag 9,8+0,5 4,2+0,5 42,9
16. Karavan 15,9+0,8 7,1£0,5 447
17. Step 12,6+1,1 4,9+0,4 38,9
18. Gomer 14,3+0,8 6,1+0,4 42,7
19. Jiva 14,5+0,8 6,5+0,7 44,8
20. MV-Nemere 15,4+0,6 7,7+0,8 50,0
21 Vostorg 11,9+0,5 5,0+0,8 42,0

Andijon-4 navida ildiz uzunligi 12,2 sm dan 4,7 sm gacha kamayib, HCHI 38,5%
bo‘lgan. Drujba navida ildiz uzunligi 8,3 sm dan 5,5 sm gacha kamayib, nisbatan yugori
HCHI 66,3% qayd etilgan. Grom navida ildiz uzunligi 15,7 sm dan 5,4 sm gacha kamayib,
HCHI 34,4% bo‘lgan.

Zimnitsa navida ildiz uzunligi 14,0 sm dan 4,8 sm gacha kamayib, HCHI 34,3% ni
tashil gilgan. Vassa navida ildiz uzunligi 15,2 sm dan 5,0 sm gacha kamayib, HCHI 32,9%
bo“lib, nisbatan past ko‘rsatkich gayd etilgan. Brigada navida ildiz uzunligi 12,2 sm dan 6,5
sm gacha kamayib, HCHI 53,3% ni tashkil etgan.

Kroshka navida ildiz uzunligi esa 16,4 sm dan 7,3 sm gacha kamayib, HCHI 44,5%
bo‘lgan. Ultra navida ildiz uzunligi 14,8 sm dan 7,4 sm gacha kamayib, HCHI 50% ni tashkil
etgan. Ravnaq navida ildiz uzunligi 9,8 sm dan 4,2 sm gacha kamayib, HCHI 42,9% bo‘lgan.

Karavan navida ildiz uzunligi 15,9 sm dan 7,1 sm gacha kamayib, HCHI 44,7% ni
tashkil etgan. Step navida ildiz uzunligi esa 12,6 sm dan 4,9 sm gacha kamayib, HCHI 38,9%
bo‘lgan. Gomer navida ildiz uzunligi 14,3 sm dan 6,1 sm gacha kamayib, HCHI 42,7% ni
tashkil etgan.

Jiva navida ildiz uzunligi 14,5 sm dan 6,5 sm gacha kamayib, HCHI 44,8% bo‘lgan.
MV-Nemere navida ildiz uzunligi 15,4 sm dan 7,7 sm gacha kamayib, HCHI 50% ni tashkil
etgan. Vostorg navida ildiz uzunligi 11,9 sm dan 5,0 sm gacha kamayib, HCHI 42% ga
kamaygan (1-rasm).
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Krasnodarskaya-99

1-rasm. Haroratga chidamlilik indeksi (HCHI)

Tadgigotimiz davomida kuzgi bug‘doy navlarining 25°C (nazorat) va 35°C (issiglik
stressi) sharoitlarida ildiz sonidagi ozgarishlar ham tahlil gilindi va natijalariga ko‘ra, 35°C da
aksariyat navlarda ildiz sonining kamayishi kuzatilgan, biroq ayrim navlarda ortish yoki
o‘zgarishsiz qolish holatlari ham gayd etilgan.

Krasnodar-99 (nazorat) navida 25°C da ildiz soni 5,2 dona bo‘lgan bo‘lsa, 35°C da 3,7
donaga tushgan. Andijon-2 navida esa 25°C da 4,4 dona bo‘lib, 35°C da 4,8 donagacha
oshgan. ASR navida 25°C da 4,4 dona bo‘lib, 35°C da 3,8 donagacha kamaygan (2-jadval).

2-jadval
25°C va 35°C harorat ostida o“stirilgan kuzgi bug‘doy navlarining ildiz soni, dona
No Nav nomi . . o Ildiz soni, dona
1ldiz soni, dona (25°C) (35°C)
1. Krasnodarskaya-
s (nazorag 5,240,2 3,7+0,2
2 Andijon-2 4,4+0,3 4,8+0,3
3 ASR 4,4+0,2 3,8+0,2
4, Aziz 4,9+0,2 4.4+0,4
5. Durdona 4,3+0,3 3,4+0,3
6 Bobur 4,9+0,2 3,8+0,2
7 Andijon-4 5,340,1 4,6+0,3
8. Drujba 3,6+0,2 4,8+0,2
9. Grom 4,5+0,2 3,2+0,3
10. Zimnitsa 4,2+0,2 3,8+0,5
11, Vassa 4,7+0,4 4,0+0,3
12, Brigada 4,7+0,3 4,9+0,4
13. Kroshka 4,2+0,2 3,9+0,3
14, Ultra 4,9+0,3 4.8+0,4
15. Ravnag 3,5+0,2 3,24+0,3
16. Karavan 4,7+0,4 4,2+0,2
17. Step 4,7+0,2 4,3+0,3
18. Gomer 4,1+0,3 3,7+0,2
19. Jiva 4,6+0,3 4,6+0,3
20. MV-Nemere 5,0+0,2 3,1+0,2
21 Vostorg 4,8+0,1 4,4+0,2

Aziz navida 25°C da 4,9 dona, 35°C da 4,4 dona; Durdona navida 4,3 donadan 3,4
donagacha kamaygan. Bobur navida 25°C da 4,9 dona bo‘lib, 35°C da 3,8 donaga tushgan.
Andijon-4 navida esa 25°C da 5,3 dona, 35°C da 4,6 dona bo‘lgan.

Drujba navida 25°C da 3,6 dona ildiz kuzatilgan bo‘lsa, 35°C da 4,8 donagacha
oshgan. Grom navida 25°C da 4,5 dona bo‘lib, 35°C da 3,2 donagacha kamaygan. Zimnitsa
navida 4,2 dan 3,8 donagacha, Vassa navida 4,7 dan 4,0 donagacha pasaygan.

Brigada navida 25°C da 4,7 dona bo‘lib, 35°C da 4,9 donagacha oshgan. Kroshka
navida 4,2 dan 3,9 donagacha kamaygan. Ultra navida 25°C da 4,9 dona bo‘lib, 35°C da 4,8
dona bo‘lib deyarli o‘zgarmagan.
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Ravnaq navida 25°C da 3,5 dona bo‘lib, 35°C da 3,2 donagacha kamaygan. Karavan
navida 4,7 dan 4,2 donagacha, Step navida 4,7 dan 4,3 donagacha kamaygan. Gomer navida
4,1 dan 3,7 donagacha pasaygan.

Jiva navida 25°C va 35°C sharoitlarda ildiz soni bir xil-4,6 dona bo‘lib qolgan. MV-
Nemere navida 25°C da 5,0 dona bo‘lib, 35°C da 3,1 donagacha keskin kamaygan. Vostorg
navida esa 4,8 donadan 4,4 donagacha pasaygan.

Xulosa va takliflar. Tadgiqot natijalariga ko‘ra, kuzgi bug‘doy navlarida haroratning
25°C dan 35°C gacha oshishi ildiz uzunligining sezilarli darajada kamayishiga olib kelgan.
Barcha o‘rganilgan navlarda ildiz uzunligi gisgargan bo‘lib, bu yugori haroratning o‘simlik
rivojlanishiga salbiy ta’sir ko‘rsatishini tasdiglaydi.

Nazorat varianti bo‘lgan Krasnodar-99 navida ildiz uzunligi 13,4 sm dan 4,9 sm gacha
kamaygan. 25°C sharoitida eng yuqori ildiz uzunligi Kroshka (16,4 sm) va Karavan (15,9 sm)
navlarida aniglangan. Shu bilan birga, ayrim navlar yugori harorat sharoitida ildiz uzunligini
nisbatan yaxshi saglab qolganligi kuzatildi. Jumladan, MV-Nemere (7,7 sm), Aziz (7,4 sm) va
Kroshka (7,3 sm) navlari 35°C sharoitida ham nisbatan yuqori ildiz uzunligi ko‘rsatkichlarini
namoyon etdi. 35°C da esa ayrim navlar boshqa navlarga nisbatan kamroq kamayish ko‘rsatib,
issiglikka nisbatan chidamliligini namoyon gilgan. Bundan tashqari tadgigotimizda haroratga
chidamlilik indeksi (HCHI) ko‘rsatkichlari ham aniglandi. Ushbu ko‘rsatkich navlar kesimida
turlicha bo‘lib, eng yuqori natijani Drujba (66,3%) va Brigada (53,3%) navlari gayd etgan. Bu
esa ularning yugori haroratga nisbatan chidamli ekanligini anglatadi. Aksincha, HCHI
ko‘rsatkichi nisbatan past bo‘lgan navlar gatoriga Vassa (32,9%) va Zimnitsa (34,3%) kiritilib,
ular yuqori haroratga sezgir ekanligi kuzatildi.

25°C dan 35°C ga o‘tganda ildiz sonining kamayishi aksariyat navlarga xos bo‘ldi.
Birog ayrim navlar, xususan Andijon-2, Drujba va Brigada 35°C sharoitda ildiz sonining
ortishi yoki bargaror saglanishi kuzatilib, bu ularning issiglik stressiga nisbatan yugori
moslashuvchanligini ko‘rsatadi. MV-Nemere, Ravnaq va Grom navlarida esa 35°C da ildiz
sonining keskin kamayishi kuzatilib, ular issiglikka sezgir navlar sifatida baholandi.

Umuman olganda, kuzgi bug‘doy navlari yuqori haroratga turlicha munosabat
bildiradi va ildiz tizimining rivojlanish darajasi ularning issiglikka moslashuvchanligini
baholashda muhim ko‘rsatkich hisoblanadi.
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Annotatsiya. Ushbu maqolada Achillea L. turkumiga mansub A. wilhelmsii K. Koch. Ba A.
filipendulina Lam. turlarining senopopulyatsiyalaridagi o‘simliklarning sistematik tarkibi, hayotiy shakllari
va Drude shkalasi bo‘yicha mo‘llik darajalari tahlil gilingan. Tadqiqot natijalariga ko‘ra, A. wilhelmsii
senopopulyatsiyasida 39 tur (22 oila), A. filipendulina senopopulyatsiyasida esa 43 tur (24 oila) targalganligi
aniglandi. A. wilhelmsii senopopulyatsiyasida Asteraceae oilasi (7 tur, 17,9%) yetakchi o‘rinda bo‘lsa, A.
filipendulina senopopulyatsiyasida Fabaceae oilasi (7 tur, 18,2%) turlar rang-barangligi bo‘yicha yaqqol
dominantlik giladi. Drude shkalasi bo‘yicha A. wilhelmsii senopopulyatsiyasida Poa bulbosa (6 ball) eng
yugori mo‘llikka ega. A. filipendulina senopopulyatsiyasida esa Trigonella cancellata (7 ball) mo‘lligi
bo‘yicha eng yuqori ko‘rsatkichga ega bo‘lib, ushbu turning asosiy dominant ekanligi aniglangan.

Kalit so‘zlar: Achillea, senopopulyatsiya, sistematik tahlil, Drude shkalasi, hayotiy shakl,
dominant tur, bioxilmaxillik.

SYSTEMATIC STRUCTURE ANALYSIS OF COENOPOPULATIONS OF SOME
SPECIES OF THE GENUS ACHILLEA L. IN KASHKADARYA REGION

Abstract. This article analyzes the systematic composition, life forms, and abundance levels
according to the Drude scale of plants in coenopopulations of species belonging to the genus Achillea L. — A.
wilhelmsii K. Koch and A. filipendulina Lam. According to the research results, 39 species (22 families)
were identified in the coenopopulation of A. wilhelmsii, while 43 species (24 families) were recorded in the
coenopopulation of A. filipendulina. In the coenopopulation of A. wilhelmsii, the Asteraceae family is
dominant (7 species, 17.9%), whereas in the coenopopulation of A. filipendulina, the Fabaceae family (7
species, 18.2%) shows clear dominance in terms of species diversity. According to the Drude scale, Poa
bulbosa (6 points) exhibits the highest abundance in the A. wilhelmsii coenopopulation. In the A.
filipendulina coenopopulation, Trigonella cancellata (7 points) was found to have the highest abundance,
indicating that this species is the main dominant.

Keywords: Achillea, coenopopulation, systematic analysis, Drude scale, life form, dominant
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species, biodiversity.

Kirish. O‘zbekiston florasi o‘zining boy turlar tarkibi va noyob ekologik tizimlari
bilan ajralib turadi. Mamlakatimizning tog‘li hududlari, adirlar va vohalari turli xil dorivor,
ozugabop va manzarali o‘simliklarga boy. Shulardan biri — Achillea L. (Bo‘ymodaron)
turkumi bo‘lib, ushbu turkum vakillari xalq tabobatida gadimdan foydalanilib kelinadi va
ularning fitotsenozlardagi o‘rni muhimdir. Achillea turlari keng ekologik moslashuvchanlikka
ega bo‘lib, turli landshaft-geografik zonalarda — tog® yonbag‘irlaridan tortib, toshloq va
shag‘alli yerlar, yo‘l yoqalari va o‘tlogzorlarda uchraydi [2].

Senopopulyatsiya tushunchasi bir turning ma’lum bir fitotsenoz doirasidagi barcha
individlari majmuini anglatadi. Ushbu senopopulyatsiyalar tarkibida boshga turlarning
mavjudligi, ularning miqgdoriy ko‘rsatkichlari va sistematik mansubligi mazkur ekotopning
ekologik sharoiti, antropogen ta’sir darajasi va suksession holati hagida muhim ma’lumotlar
beradi.

Tadgigotning magsadi — A. wilhelmsii K. Koch. va A. filipendulina Lam. turlarining
senopopulyatsiyalaridagi o‘simliklarning sistematik tarkibini tahlil gilish va mo‘lligini
baholashdan iborat.

Tadqiqot usullari. Tadgigot obyekti sifatida Achillea turkumiga mansub ikki turning
senopopulyatsiyalari tanlab olindi:

1. Achillea wilhelmsii K. Koch. — tobulg‘ibargli bo‘ymodaron, dastarbosh — ko‘p
yillik o‘t o‘simlik. Lyossimon, mayda tuprogli, shag-alli, toshli yonbag‘irlar, shag‘al toshlog
yerlar, daryo va soy vodiylari, ekilmay yotgan yerlar, dalalarning chekkalari, bog‘larda
targalgan. Tog‘oldi hududlari, tog‘larning quyi va o‘rta mintaqalarida uchraydi. Qashqadaryo
viloyatining Urgut, Qashqadaryo, Torqopchig‘ay botanik-geografik rayonlarida o‘sadi [2].
Asosan O‘rta Osiyo, Eron va Afg‘onistonning tog‘li hududlarida uchraydi. Qurg‘oqchilikka
chidamli. Dorivor o‘simlik hisoblanadi [3, 5, 7, 8].

2. Achillea filipendulina Lam. — Vilgelms bo‘ymodaroni (Karmana bo‘ymodaroni),
boshog‘rig o‘ti — ko‘p yillik o‘t o‘simlik. Qumli, gilli, shag‘alli cho‘llar, tog® oldi tekisliklari,
sho‘rxok joylar, lyossli yonbag‘irlar, ariq va kanallar qirg‘oqlari, dalalar chekkalari, ekin
ekilmay yotgan yerlarda tarqalgan. Tekislik, tog® oldi hududlari, tog‘larning quyi mintaqasida
uchraydi. Qashgadaryo viloyatining Urgut, Qashqadaryo, Torqopchig‘ay va Qarshi-
Qarnobcho‘l botanik-geografik rayonlarida o‘sadi [2]. Manzarali va dorivor o‘simlik sifatida
gadrlanadi [4]. So‘nggi tadgiqotlarda saratonning ayrim turlarida go‘llanilishi aniglangan [9].
Urug*lari tarkibida efir moylari mavjud [10].

Tadgigot davomida quyidagi metodlar go‘llanildi:

1. Marshrutli usul: Achillea turlarining har bir senopopulyatsiyasi joylashgan
hududlarda marshrutli kuzatishlar olib borilib, o‘simliklarning umumiy ro‘yxati tuzildi.

2. Hisobga olish maydonchalari usuli: senopopulyatsiyalar doirasida 10x10 m
o‘lchamdagi hisobga olish maydonchalari go‘yilib, u yerda uchraydigan barcha turlar
ro‘yxatga olindi va ularning soni baholandi [1].

3. Sistematik tahlil: aniglangan barcha turlarning oila va turkumlarga mansubligi
zamonaviy sistematik klassifikatsiya asosida aniglandi. O‘simliklarning lotincha nomlari
Halgaro o‘simlik nomlari indeksi (IPNI) bo‘yicha keltirildi [6].

4. Mo‘llikni baholash: har bir turning senopopulyatsiyadagi mo‘lligi Drude
shkalasining 7 ballik tizimi asosida baholandi. Ballar quyidagi ma’nolarni anglatadi:

— 7 ball (Socialis — Soc): o‘simlik juda ko‘p, fon yaratadi, umumiy goplamning
asosiy gismini tashkil giladi.

— 6 ball (Copiosae 3 — Cop3): o‘simlik juda ko‘p.

— 5 ball (Copiosae 2 — Cop2): o‘simlik kop.

— 4 ball (Copiosae 1 — Copl): o‘simlik anchagina ko*p.

— 3 ball (Sparsae — Sp): o‘simlik siyrak, kam miqdorda uchraydi.

— 2 ball (Solitariae — Sol): o‘simlik yakka-yakka holda uchraydi.

1 ball (Unicum — Un): o‘simlik bir nusxada uchraydi.

Nat| jalar va muhokama. A. wilhelmsii senopopulyatsiyasi tarkibida 39 tur (1-jadval)

targalganligi aniglandi. Bu turlar 22 oilaga mansub.

e
170




QarDU xabarlari

BIOLOGIYA

2026 2(2)

Achillea wilhelmsii ning senopopulyatsiyasi joylashgan

o‘simliklarning oilalar be‘yicha joylashishi

1-jadval

Ne Tur nomi Qilasi

1 | Achillea wilhelmsii K. Koch. Asteraceae

2 | Aegilops cylindrica Host. Poaceae

3 | Allium drepanophyllum Vved. Alliaceae

4 | Althaea cannabina L. Malvaceae

5 | Alyssum szovitsianum Fisch. & C.A. Mey. Brassicaceae
6 | Artemisia baldshuanica Krasch. & Zopr. Asteraceae

7 | Arum korolkowii Regel Araceae

8 | Bromus tectorum L. Poaceae

9 | Chardinia orientalis (L.) Kuntze Asteraceae
10 | Convolvulus subhirsutus Regel et Schmalh. Convolvulaceae
11 | Cryptospora omissa Botsch. Brassicaceae
12 | Elaeagnus angustifolia L. Elaeagnaceae
13 | Equisetum ramosissimum Desf. Equisetaceae
14 | Garhadiolus papposus Boiss. & Buhse Asteraceae
15 | Gentiana olivieri Griseb. Gentianaceae
16 | Goldbachia laevigata DC. Brassicaceae
17 | Haplophyllum perforatum Kar. & Kir. Rutaceae
18 | Heteranthelium piliferum Hochst. ex Jaub. & Spach Poaceae

19 | Hypericum perforatum L. Hypericaceae
20 | Ixiolirion tataricum (Pall.) Herb. & Traub Ixioliriaceae
21 | Juglans regia L. Juglandaceae
22 | Nepeta olgae Regel Labiatae
23 | Nigella bucharica Schipcz. Ranunculaceae
24 | Perovskia scrophulariefolia Bunge Labiatae

25 | Phlomis spinidens Nevski Lamiaceae
26 | Phlomoides kaufmanniana (Regel) Adylov, Kamelin & Makhm. Lamiaceae
27 | Poa bulbosa L. Poaceae

28 | Populus alba L. Salicaceae
29 | Ranunculus arvensis L Ranunculaceae
30 | Salvia sclarea L. Labiatae

31 | Scorzonera circumflexa Krasch. & Lipsch. Asteraceae
32 | Strigosella africana (L.) Botsch. Brassicaceae
33 | Taraxacum officinale F.H. Wigg. Asteraceae
34 | Thalictrum isopyroides C.A. Mey. Ranunculaceae
35 | Trifolium pratense L. Fabaceae
36 | Trigonella cancellata Desf. Fabaceae
37 | Turgenia latifolia Hoffm. Apiaceae
38 | Ziziphora tenuior L. Labiatae
39 | Zoegea baldschuanica C. Winkl. Asteraceae

A. wilhelmsii senopopulyatsiyasida turlar soni bo‘yicha yetakchi o‘rinlarni quyidagi
oilalar egallaydi:

Asteraceae oilasi — 7 tur (17,9%);

Labiatae, Poaceae va Brassicaceae oilalari — 4 tadan tur (10,3% dan);

Ranunculaceae oilasi — 3 tur (7,7%);

Fabaceae va Lamiaceae oilalari — 2 tadan tur (5,1% dan);
Elaeagnaceae,

Alliaceae, Apiaceae, Araceae, Convolvulaceae,

Equisetaceae,

Gentianaceae, Hypericaceae, Ixioliriaceae, Juglandaceae, Malvaceae, Rutaceae va Salicaceae
oilalari — 1 tadan tur (2,6% dan).

Bu yerda Asteraceae (Murrakkaguldoshlar) oilasining roli sezilarli darajada yuqori.
Shuningdek, bu senopopulyatsiyada daraxtlar (Elaeagnus angustifolia, Juglans regia, Populus

alba) va chala butalar
senopopulyatsiyaning turli yaruslardan

(Perovskia scrophulariefolia)

ko‘rsatadi.
39 turning 21 tasi (53,8%) ko‘p vyillik o‘tlar, 12 tasi (30,8%) bir yillik o‘tlar, 1 tasi

uchraydi,

bu esa mazkur
iborat murakkabroq tuzilishga ega ekanligini
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(2,6%) ikki yillik o‘t, 1 tasi chala buta (2,6%), 1 tasi lianasimon buta (2,6%) va 3 tasi (7,7%)
daraxtlardir. Daraxt va butalarning mavjudligi bu fitotsenozning ekologik sharoiti (namlik,
tuprog unumdorligi) nisbatan qulayroq ekanligidan dalolat beradi.

Tadgiqotlarimiz  davomida bu senopopulyatsiyada o‘simliklarning  mo°lligi
quyidagichaligi aniglandi:

— Cop3 (6 ball): Poa bulbosa (1 tur).

— Cop2 (5 ball): Nepeta olgae, Ranunculus arvensis, Phlomoides kaufmanniana (3

tur).

— Copl (4 ball): Achillea wilhelmsii, Allium drepanophyllum, Arum korolkowii,
Hypericum perforatum, Juglans regia, Trigonella cancellata, Zoegea baldschuanica (7 tur).

— Sp (3 ball): Althaea cannabina, Convolvulus subhirsutus, Cryptospora omissa,
Equisetum ramosissimum, Garhadiolus papposus, Heteranthelium piliferum, Perovskia
scrophulariefolia, Phlomis spinidens, Salvia sclarea, Scorzonera circumflexa, Strigosella
africana, Taraxacum officinale, Ziziphora tenuior (13 tur).

— Sol (2 ball): Aegilops cylindrica, Alyssum szovitsianum, Artemisia baldshuanica,
Bromus tectorum, Chardinia orientalis, Gentiana olivieri, Goldbachia laevigata,
Haplophyllum perforatum, Ixiolirion tataricum, Nigella bucharica, Populus alba, Thalictrum
isopyroides, Trifolium pratense, Turgenia latifolia (14 tur).

— Un (1 ball): Elaeagnus angustifolia (1 tur).

A. wilhelmsii senopopulyatsiyasida Poa bulbosa juda yuqori mo‘llikka ega (6 ball).
Nepeta olgae va Ranunculus arvensis ham faol turlardir. Trigonella cancellata bu
senopopulyatsiyada Copl darajasida, Trifolium pratense esa Sol darajasida uchraydi.

A. filipendulina senopopulyatsiyasi eng boy turlar tarkibiga ega bo‘lib, unda 24 oilaga
mansub 43 tur aniglandi (2-jadval). Uning senopopulyatsiyasida turlar soni bo‘yicha yetakchi
o‘rinlarni quyidagi oilalar egallaydi:

— Fabaceae oilasi — 7 tur (15,9%);

Labiatae oilasi — 5 tur (11,4%);
Asteraceae va Rosaceae oilalari — 4 tadan tur (9,1% dan);
Boraginaceae, Brassicaceae, Poaceae va Ranunculaceae oilalari — 2 tadan tur (4,5%

dan);

— Apiaceae, Araceae, Asphodelaceae, Convolvulaceae, Cyperaceae, Elaeagnaceae,
Equisetaceae, Hypecoaceae, Hypericaceae, Ixioliriaceae, Juglandaceae, Lamiaceae,
Papaveraceae, Rubiaceae, Rutaceae va Tamaricaceae oilalari — 1 tadan tur (2,3% dan).

A. wilhelmsii senopopulyatsiyasidan fargli ravishda, bu senopopulyatsiyada Fabaceae
oilasining dominantligi kuzatiladi (7 tur). Shuningdek, Labiatae, Asteraceae va Rosaceae
oilalari ham yuqori ko‘rsatkichga ega. Daraxt va butalarning turli-tumanligi (Amygdalus,
Crataegus, Elaeagnus, Juglans, Tamarix, Hulthemia) mazkur senopopulyatsiya joylashgan
hududning landshaft xilma-xilligi va ekologik imkoniyatlari kengligidan dalolat beradi.

2-jadval
Achillea filipendulina ning senopopulyatsiyasi joylashgan
o‘simliklarning oilalar be‘yicha joylashishi
Ne Tur nomi Qilasi
1 | Achillea filipendulina Lam. Asteraceae
2 | Alhagi pseudalhagi (M.Bieb.) Desv. Fabaceae
3 | Alyssum szovitsianum Fisch. & C.A. Mey. Brassicaceae
4 | Amygdalus spinosissima Bunge Rosaceae
5 | Arum korolkowii Regel Araceae
6 | Astragalus campylotrichus Bunge Fabaceae
7 | Astragalus filicaulis Fisch. & C.A. Mey. ex Kar. Fabaceae
8 | Astragalus maverranagri Popov Fabaceae
9 | Astragalus rumpens V.V.Meffert Fabaceae
10 | Bromus tectorum L. Poaceae
11 | Carex pachystylis J. Gay Cyperaceae
12 | Convolvulus subhirsutus Regel et Schmalh. Convolvulaceae
13 | Crambe kotschyana Boiss. Brassicaceae
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Ne Tur nomi Qilasi
14 | Crataegus pontica C. Koch. Rosaceae
15 | Elaeagnus angustifolia L. Elaeagnaceae
16 | Equisetum ramosissimum Desf. Equisetaceae
17 | Eremurus luteus Baker Asphodelaceae
18 | Galium tricornutum Dandy Rubiaceae
19 | Haplophyllum perforatum Kar. & Kir. Rutaceae
20 | Hulthemia persica Bornm. Rosaceae
21 | Hypecoum trilobum Trautv. Rosaceae
22 | Hypericum perforatum L. Hypericaceae
23 | Inula macrophylla Kar. & Kir. Hypecoaceae
24 | Ixiolirion tataricum (Pall.) Herb. & Traub Ixioliriaceae
25 | Juglans regia L. Juglandaceae
26 | Nepeta olgae Regel Labiatae
27 | Origanum tytthanthum Gontsch. Labiatae
28 | Perovskia scrophulariefolia Bunge Labiatae
29 | Phlomis thapsoides Bunge Lamiaceae
30 | Poa bulbosa L. Poaceae
31 | Ranunculus arvensis L Ranunculaceae
32 | Ranunculus baldshuanicus Regel Ranunculaceae
33 | Rochelia cardiosepala Bunge Boraginaceae
34 | Roemeria refracta (Stev.) DC. Papaveraceae
35 | Salvia sclarea L. Labiatae
36 | Scorzonera circumflexa Krasch. & Lipsch. Asteraceae
37 | Tamarix arceuthoides Bunge Tamaricaceae
38 | Taraxacum officinale F.H. Wigg. Asteraceae
39 | Trichodesma incanum Bunge Boraginaceae
40 | Trifolium pratense L. Fabaceae
41 | Trigonella cancellata Desf. Fabaceae
42 | Turgenia latifolia Hoffm. Apiaceae
43 | Ziziphora tenuior L. Labiatae

43 turning 25 tasi (56,8%) ko‘p vyillik o‘tlar, 12 tasi (27,3%) bir yillik o‘tlar, 4 tasi
(9,1%) daraxtlar, 2 tasi (4,5%) butalar, 1 tasi (2,3%) chala buta. Daraxt-buta gatlami (6 tur)
mavjudligi bu fitotsenozning yaruslar bo‘yicha murakkab tuzilganligini ko‘rsatadi.

Bu senopopulyatsiyada o°simliklarning mo*lligi quyidagilarni ko‘rsatdi:

—  Soc (7 6amn): Trigonella cancellata (1 typ).

— Cop3 (6 6amn): Crambe kotschyana, Poa bulbosa, Roemeria refracta (3 Typ).

—  Cop2 (5 6amn): Achillea filipendulina, Hulthemia persica, Nepeta olgae, Phlomis
thapsoides, Ranunculus arvensis (5 Typ).

— Copl (4 6amn): Alyssum szovitsianum, Arum korolkowii, Astragalus rumpens,
Eremurus luteus, Hypericum perforatum, Juglans regia, Origanum tytthanthum (7 typ).

— Sp (3 Oamm): Astragalus campylotrichus, Astragalus maverranagri, Carex
pachystylis, Equisetum ramosissimum, Inula macrophylla, Perovskia scrophulariefolia,
Ranunculus baldshuanicus, Rochelia cardiosepala, Salvia sclarea, Scorzonera circumflexa,
Taraxacum officinale, Turgenia latifolia, Ziziphora tenuior (13 typ).

— Sol (2 6amn): Alhagi pseudalhagi, Amygdalus spinosissima, Astragalus filicaulis,
Bromus tectorum, Convolvulus subhirsutus, Crataegus pontica, Galium tricornutum,
Haplophyllum perforatum, Hypecoum trilobum, Ixiolirion tataricum, Tamarix arceuthoides,
Trichodesma incanum, Trifolium pratense (13 typ).

—  Un (1 6amn): Elaeagnus angustifolia (1 Typ).

A. filipendulina senopopulyatsiyasida Trigonella cancellata eng yuqgori mo‘llikka ega
(7 ball). Crambe kotschyana, Poa bulbosa va Roemeria refracta ham Cop3 darajasida.
Awvvalgi  senopopulyatsiyalardan ~ fargli  jihati shundaki, Trifolium pratense bu
senopopulyatsiyada kam uchraydi (Sol), Trigonella cancellata esa asosiy dominantga
aylangan.

Xulosa va takliflar. A. filipendulina senopopulyatsiyasi turlar boyligi va daraxt-buta
gatlamining mavjudligi bilan ajralib turadi. A. wilhelmsii senopopulyatsiyasida Lamiaceae va
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Brassicaceae oilalarining roli yugori.

Umumiy turlar sifatida barcha senopopulyatsiyalarda uchraydigan va yuqori mo‘llikka
ega bo‘lgan Poa bulbosa fitotsenozlarning asosiy edifikatorlaridan biri ekanligini ko‘rsatdi.
Trigonella cancellata va Trifolium pratense kabi turlarning mo‘llik darajalaridagi keskin
farglar esa ularning tor ekologik optimumga ega ekanligidan dalolat beradi.
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Annotatsiya. Maqolada Qarshi vohasi sharoitiga introduksiya gilingan Nerium oleander L.ning
“Album”, “Hardi red”, “Petite pink”, “Petit salmon” navlarining o‘sish xususiyatlari va fenologiyasini
o‘rganish natijalari keltirilgan. Navlarning o‘sishi aprel oyining I1-11l dekadasida, o‘rtacha +18,4...+20,5 °C
haroratda boshlanishi, sentyabr oyining I1-111 dekadasida yakunlanishi aniglangan. Novdalarning o‘sishi
asosan bir to‘lginli bo‘lib, eng jadal rivojlanish may-iyun oylariga to‘g‘ri kelgan. Maksimal o‘sish may
oyida, minimal o‘sish sentyabr oyida sodir bo‘lgan. “Hardy red” va “Petit salmon” navlarining jadal,
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“Album” navining sekin o‘sishi gayd etilgan. Barcha navlar Qarshi vohasi sharoitida rivojlanishning barcha
bosgichlarini o‘tashi, ularning rivojlanish bosgichlari asosan harorat va namlik omillariga bog‘liq holda
kechishi aniglangan.

Kalit se‘zlar: gullash, nav, novda, introduksiya, fenologiya, o‘sish.

GROWTH CHARACTERISTICS AND PHENOLOGY OF NERIAM OLEANDER L.
VARIETIES IN THE KARSHI OASIS
Abstract. The article presents the results of a study of the growth and phenology characteristics of
the Nerium oleander L. cultivars ‘Album’, ‘Hardi Red’, ‘Petite Pink’, and ‘Petit Salmon’, introduced to the
Karshi Oasis. It was established that the growth of the cultivars begins in the second and third ten-day
periods of April at an average temperature of +18.4...420.5 °C and ends in the second and third ten-day
periods of September. Shoot growth is predominantly uniwave, with the most intensive development
observed in May—June. Maximum growth was noted in May, and minimum growth in September. It was
revealed that the ‘Hardi Red’ and ‘Petit Salmon’ cultivars are characterized by rapid growth, while the
‘Album’ cultivar is slower. It was established that all cultivars go through all stages of development in the
Karshi Oasis, and their phenological phases mainly depend on temperature and humidity factors.
Keywords: flowering, variety, stem, introduction, phenology, growth.

Kirish. Qarshi vohasi sharoitiga introduksiya qilingan ekzotik doimiy yashil
o‘simliklar orasida yugori manzaralilik xususiyatiga ega bo‘lgan Nerium oleander L. navlari
alohida o‘rin tutadi. Ushbu manzarali butadan Abxaziya, Ozarbayjon, Qrim shaharlarining
markaziy ko‘chalari va kurort hududlarini ko‘kalamzorlashtirishda keng foydalaniladi [1; 2].
Nerium L. turkumi ayrim manbalarga ko‘ra ikki tur bilan ifodalanadi: butun O‘rta Yer dengizi
sohillaridan Fors ko‘rfazigacha targalgan Nerium oleander L. (sinonimi — N. laurifolium Lam)
va shimoli-g‘arbiy Hindistondan Xitoygacha bo‘lgan hududlarni o‘z ichiga olgan hind
oleandri yoki xushbo‘y oleandr — N. indicum L. (sinonimi — N. odorum Soland.) [3]. Biroq,
APG Il taksonomik tizimiga muvofig, Nerium L. turkumi fagat bitta turni — N. oleander ni
0‘z ichiga oladi, N.indicum L. esa turning sinonimi hisoblanadi. Hozirgi kunda mavjud
bo‘lgan bog* navlarining aksariyati tabiatda uchramaydigan duragaylar va formalardan iborat
bo‘lib, [4], kelib chigishi noaniqg yoki aralash bo‘lgan madaniy navlar hisoblanadi va Nerium
% hybridum hort. deb nomlanadi [5] (“x” belgisi duragay ekanligini, hort. esa o‘simlikning
tabiiy emas, balki bog‘dorchilik amaliyotida go*llanilishini bildiradi [10]).

Introduksiya gilingan o‘simliklar ishtirokida manzarali kompozitsiyalar yaratish
ularning o‘sishi va rivojlanishi xususiyatlarini o‘rganishni taqozo qgiladi. N. oleander o°‘sishi
va rivojlanish xususiyatlari R.V. Galushkoning Qrim sharoitida yetishtirilgan o‘simliklar
ustida olib borilgan tadgiqotlari natijalarida keltirilgan [6]. Birog O‘zbekistonning janubiy
sharoitlarida uning o‘sish jarayonlari o‘rganilmagan. Shunga ko‘ra, Qarshi vohasi sharoitida
N. oleander duragaylari va navlarini o‘sishi va rivojlanish xususiyatlarini o‘rganish magsad
qilindi.

Tadqgiqot obyektlari va usullari. Nerium oleander L. — Apocynaceae oilasiga
mansub doim yashil buta bo‘lib, 4 m gacha o‘sadi. Gullari ikki jinsli, novdalarni uchki
gismida soyabonsimon shingil to‘pgulda joylashgan. Mevasi ko‘p urug‘li bargak meva,
uzunligi 20 sm gacha, ikki tomondan ochiladi. Urug*lari popukli. Kseromezofit [7].

2024-2025- yillarda olib borilgan tadgigotlar uchun material sifatida Qarshi davlat
universiteti hududidagi oleandr kolleksiyasi xizmat gildi. Fenologik kuzatuvlar botanika
bog‘larida ishlab chigilgan metodikalar asosida olib borildi [8]. O‘lchash uchun tanlangan
tuplarning har biri katta yoshli bo‘lib, muntazam sug‘oriladigan uchastkalarda bir xil sharoitda
o‘sgan. Ushbu o‘simliklarning har bir navidan 5 tadan tup tanlab olindi. Har 5 kunda ularni
beshta o°sib kelayotgan novdasining uzunligi o‘lchab borildi.

Tadqigotga Nerium x hybridum hort. ning to‘rtta navi jalb etildi: ‘4/bum’ — 0Q rangda
gullaydi, “Hardi red” — alvon rangda gullaydi, “Petite pink” — pushti rangda gullaydi, “Petit
salmon ” — novvot rangida gullaydi [11].

Natija va muhokama. O°‘simlikning o‘sishi simpodial bo‘lib, to‘pgul bilan
yakunlanadigan monokarp novdalar hosil giladi. Tabiiy arealida o‘simlik bir vegetatsiya davri
mobaynida fagat bitta — bahordan yozgacha bo‘lgan o‘sish davriga ega [4]. Qarshi vohasi
sharoitida novdalarning o‘sishi bir to‘lginli bo‘lib, aprel oyining Il dekadasidan sentyabr
oyining Il dekadasigacha davom etadi.
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O‘rganilgan o‘simliklarda novdalar tizimining shakllanishi barg qo‘ltiglarida
joylashgan kurtaklar orgali hamda novdalarning mexanik shikastlanishi ro‘y berganda yoki
ular kesilganda, butalanganda uxlovchi kurtaklar hisobiga amalga oshadi. Uxlovchi
kurtaklardan hosil bo‘lgan novdalarning jadalroq o‘sishi kuzatildi.

Har bir novdaning barg go‘ltiglaridagi kurtaklaridan 2-3 ta yangi novda rivojlanadi,
lekin ularning barchasi ham hosil bo‘lgan yili gullamaydi. Kuzatishlar davomida havo harorati
va nisbiy namligi qulay bo‘lgan davrda o‘sgan novdalarning apikal gismida to‘pgul
shakllanishi aniglandi.

Vegetatsiya davrida mexanik zararlangan yoki shoxlari gisqartirilgan, shuningdek, zaif
o‘sgan novdalar o‘sish jarayonini to‘liq yakunlay olmadi. Bunday novdalarda kelgusi vyil
kuzgacha barg tizimi shakllanadi. Ya’ni, ushbu novdalardan yon novda o‘sib chigmaydi. Shu
sababli ular gisgaroq o‘sadi. Navbatdagi bahor kelishi bilan ushbu novdalarda rivojlanish
davom etadi. Yangi mavsumda ularning meristema faoliyati tiklanadi, to‘pgul va yon novdalar
hosil giladi.

2024-yilda olib borilgan kuzatishlarga ko‘ra, “Petite pink”, “Album” navlarining yillik
novdalari gulladi, ammo shu novdalardan chiggan yon shoxlar gullashga ulgurmadi. “Hardy
red” navida esa ayrim yon novdalarning ham gullashga ulgurganligi kuzatildi va shu
novdalardan navbatdagi tartibli novdalar ham hosil bo‘ldi. “Petit salmon” navida bunday
novda hosil bo‘lmadi. “Album” navida vegitatsiya davri 152 kunni tashkil qildi, novdalar
o‘sishi 20-apreldan boshlandi. “Hardy red”da vegetatsiya davri 149 kunni tashkil qildi,
novdalar o‘sishi esa 15-apreldan boshlanishi qayd etildi. “Petite pink” va “Petit salmon ’da
vegetatsiya davri 157 kunni tashkil gildi va novdalar o‘sishi “Petite pink” da 22-apreldan,
“Petit salmor " da esa 12-apreldan boshlandi.

“Album” novdalarining o‘sishi 20-aprelda o‘n kunlik o‘rtacha harorat +18,4 °C
bo‘lgan paytdan boshlanib, harorat 20.5°C bo‘lgan aprelning 1l dekadasiga kelib o‘sish
jadallashdi. Jadal o‘sish mayning oxirigacha davom etdi (o‘n kunlik o‘rtacha harorat 23.9 °C).
Iyun oyining dastlabki o‘n kunligida o‘rtacha harorat 28.8°Cga ko‘tarilganda novdalarning
o‘sishi biroz sekinlashdi. Yon novdalarning hosil bo‘lishi 20-apreldan iyun oyining
o‘rtalarigacha davom etdi. lyul oyining dastlabki kunlarida o‘sish biroz to‘xtagandek bo‘Ildi,
ammo ko‘p o‘tmay — iyul oyining ikkinchi dekadasidan yana o‘sishni boshladi. May oyining
oxiri — iyun oyining boshida ushbu yon novdalardan yangi tartibli yon novdalar hosil bo‘ldi.
Novdalarning o‘sishi avgustda sekinlashib, sentyabrda to‘xtadi.

“Hardy red” navi novdalarining o‘sishi 15-apreldan boshlandi. May-iyun oylari
davomida, novdalarning o‘sishi jadallashdi. lyul oyidan o‘sish tezligi biroz sekinlashdi va shu
tariga 10-sentyabrgacha o‘sdi. Eng yugori o‘sish ko‘rsatkichi aprel-iyun oylariga to‘g‘ri keldi.
Ushbu navda 111 tartibli novdalar may oyining oxirida hosil bo‘lib, ayrimlari gullashga ham
ulgurdi.

“Petite pink” o‘tgan yilda shakllangan novdalari 15-apreldan o‘sishni boshladi (harorat
+18,4°C). Butun aprel oyi mobaynida va may oyining 1-o‘nkunligida jadal o‘sish kuzatildi.
Mayning Il dekadasidan o‘sish sekinlashdi va iyun oyining boshida to‘xtadi. Yangi yon
novdalar 22-apreldan o°sa boshladi va eng yuqori o‘sish may-iyul oyiga to‘g‘ri keldi. Avgust
oyining 2-o‘nkunligidan o‘sish sekinlashdi va 25-sentyabrda to‘xtadi. May oyining 2-
o‘nkunligida 11 tartibli novdalar ham hosil bo‘ldi. Bu novdalar avgust oyining 2-
o‘nkunligigacha o°sdi, lekin gul hosil gilmadi.

“Petit salmon” novdalarining o‘sishi “Petite pink”’ga nisbatan 10 kun oldin — 12-
apreldan boshlandi (rasm). Aprel oyining 3-o‘nkunligidan boshlab o°sish tezlashdi, (o‘nkunlik
o‘rtacha harorat +20,5°C) iyun oyining oxirgi 10-kunligida sekinlashdi (+30,7°C) va 15-
sentyabrda o‘sish to‘xtadi. Ushbu nav 111 tartibli novdalar hosil gilmadi.

Kuzatuv natijalarini tahlil gilish asosida quyidagilar aniglandi: o‘rganilgan navlarda
o‘sish aprel oyining -1l dekadasida boshlandi, bu paytda o‘rtacha dekadlik harorat
+18,4...420,5°C atrofida bo‘ldi. Shu vaqtda kunlik o‘sishlar nisbatan sekin bo‘lib, oy oxiriga
borib, tezlashdi. Kunlik o‘rtacha harorat +21°C dan yuqoriga ko‘tarilganda jadal o‘sish gayd
etildi. Aprelning 1l dekadasida o‘sa boshlagan “Album” va “Petite pink” o‘sishning ilk
kunlaridanog faol rivojlandi. O‘sishning eng yuqgori nugtasi may oyida kuzatildi. Navlarning

e
176




QarDU xabarlari BIOLOGIYA 2026 2(2)
barchasida o¢sish dastlab bir yillik novdalarda boshlanib, yangi novdalar 5-7 kun keyin
o‘sishni boshlashi aniglandi.
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Rasm. Qarshi vohasi sharoitida Nerium x hybridum hort. navlari novdalarining o*sishi

Vegetativ usulda ko‘paytirilgan o‘simliklar, 5 yoshgacha juda faol o‘sib, ko‘p
miqdorda shox-shabba hosil gildi. 2025-yilda 2 yoshli shunday o‘simliklarning 60-70 sm, 3
yoshligining 40-50 sm, 4 yoshligining 30 sm o‘sganligi kuzatildi. Katta yoshli yirik butalar
yiliga 15-20 sm o*sdi.

Fenologik kuzatuv natijalariga ko‘ra, kurtakning bo‘rtishi eng erta “Petit salmon”
navida kuzatildi. Unda kurtaklar 5 aprelda bo‘rta boshlagan. “Hardy red” navida bu jarayon 8
aprelda, “Album” va “Petite pink™ navlarida esa 10 aprelda qayd etildi (Jadval).

Barglarning paydo bo‘lishi fazasi ham navlarga qarab turlicha kuzatildi. “Petit
salmon” navida barglar 12 aprelda paydo bo‘lgan bo‘lsa, “Hardy red” navida 13 aprelda,
“Album” navida 15 aprelda va “Petite pink” navida 18 aprelda kuzatildi.

—a—— Q‘rtacha harorat, 2025

Jadval
Qarshi vohasi sharoitida Nerium x hybridum hort. navlarining fenologiyasi (2025 y.)

Ne| Oc‘simliklar |Kurtakning| Barglarning O°sishi G‘uncha- Gullash

nomi bo‘rtishi bpa%{dﬁ_ Boshlanishi | tugashi | lash | boshlanishi | tugashi

o‘lishi

1. Album 10.04 15.04 20.04 18.09 28.04 15.05 15.10
2. | Hardy red 8.04 13.04 15.04 10.09 24.04 10.05 10.10
3. | Petite pink 10.04 18.04 22.04 25.09 20.04 1.05 20.09
4. | Petit salmon 5.04 12.04 12.04 15.09 25.04 10.05 25.09

O‘simliklarning o‘sish davri ham turlicha davom etdi. Masalan, “Hardy red” navida
o‘sish davri 15-apreldan boshlanib 10-sentyabrgacha davom etgan 6yimca, “Album” navida
o‘sish 20-apreldan boshlanib 18-sentyabrgacha davom etgan. “Petite pink” va “Petit salmon”
navlarida o‘sish davri biroz uzogroq — oktyabrni birinchi yarmigacha davom etgan.

G‘unchalash fazasi ham navlar o‘rtasida farq qilgan. “Petite pink” navida g‘unchalash
20 aprelda boshlangan bo‘lib, bu boshga navlarga nisbatan ertaroq hisoblanadi. “Hardy red”
navida g‘unchalash 24 aprelda, “Album” navida 28 aprelda va “Petit salmon” navida 25
aprelda boshlangan.

Gullash davri ham navlarga garab farq gilgan. Masalan, “Hardy red” navida gullash 10
maydan boshlanib 10 oktyabrgacha davom etgan. “Album” navida esa gullash 15 maydan
boshlanib 15 oktyabrgacha kuzatilgan. “Petite pink” navida gullash 1 maydan boshlanib 20
sentyabrgacha, “Petit salmon” navida esa 10 maydan boshlanib 25 sentyabrgacha davom
etgan.

Olingan ma’lumotlar tahlili shuni ko‘rsatadiki, Nerium x hybridum hort. navlarining
fenologik rivojlanish bosgichlari asosan bahor faslida boshlanadi. Aprel oyining birinchi o‘n
kunligida kurtaklarning bo‘rtishi kuzatilib, shu oyning ikkinchi yarmiga kelib barglar paydo
bo‘ladi.

Eng erta fenologik rivojlanish “Petit salmon” navida kuzatildi. Bu navda kurtaklar
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boshga navlarga nisbatan ertarog bo‘rta boshlagan. Bu holat ushbu navning iglim sharoitiga
tez moslashish xususiyatiga ega ekanligini ko‘rsatadi.

Gullash muddatiga ko‘ra eng uzoq davom etgan navlar “Album” va “Hardy red”
hisoblanadi. Ularda gullash oktyabr oyigacha davom etgan. Bu esa ularning manzaralilik
giymatini oshiradi.

Pakana navlar hisoblangan “Petite pink” va “Petit salmon” navlarida gullash davri
biroz qisqarog bo‘lib, sentyabr oyida tugagan. Bu holat ushbu navlarning biologik
xususiyatlari bilan bog‘lig bo‘lishi mumkin.

Fenologik kuzatuvlar natijalari Nerium x hybridum hort. navlarining Qarshi shahri
iglim sharoitiga yaxshi moslashganligini ko‘rsatdi. Aprel oyida vegetatsiya boshlanishi va
may oyida gullashning faollashishi ushbu o‘simlikning subtropik tabiatga ega ekanligini
tasdiglaydi. Shuningdek, gullash davrining uzog davom etishi ushbu navlarni shahar
ko‘kalamzorlashtirish ishlarida go‘llash uchun istigbolli ekanligini ko‘rsatadi. Aynigsa,
“Album” va “Hardy red” navlari uzoq muddat gullashi bilan ajralib turadi.

Qrim sharoitida may oyidan sentyabrgacha gullaydi. Sutkalik musbat haroratlar
yigindisi (+5°C) 1148 + 117 ga yetganda g‘unchalash, 1483 + 104 ga yetganda gullash
boshlanadi. Musbat haroratlar yig‘indisi 3644 °C ga yetganda gullash yakunlanadi [9]. Qarshi
vohasi sharoitida 2024-yilda musbat haroratlar yig‘indisi (+5°C) 400 °C ga yetganda
vegetatsiya boshlandi. Novdalarning o‘sishi 500 °C ga, g‘unchalash 600 °C ga, gullash 800 °C
ga yetganda boshlandi.

Xulosa. Qarshi vohasi sharoitida Nerium x hybridum hort. navlarining o‘sishi aprel
oyining Il-111 dekadasida, o‘rtacha +18,4...+20,5 °C haroratda boshlanib, sentyabr oyining II-
Il dekadasida yakunlanishi aniglandi. Novdalarning o‘sishi asosan bir to‘lginli bo‘lib, eng
jadal rivojlanish may-iyun oylariga to‘g‘ri keldi. Novdalar tizimi barg go‘ltiglaridagi kurtaklar
hamda mexanik ta’sir natijasida faollashgan uxlovchi kurtaklar hisobiga shakllandi va
uxlovchi kurtaklardan hosil bo‘lgan novdalar kuchlirog o‘sdi. Har bir novdada 2-3 ta yon
novda rivojlandi, birog ularning barchasi bir vegetatsiya davrida gullashga ulgurmadi.
Navlarning oylik o‘sish ko‘rsatkichlari barcha navlar uchun mavsumiy o‘zgaruvchanlikka
egaligini ko‘rsatdi. Maksimal o‘sish may oyida, minimal o‘sish sentyabr oyida sodir bo‘ldi.
“Hardy red” va “Petit salmon” navlari tezroq o‘sadi va ularning umumiy o‘sish ko‘rsatkichlari
nisbatan yuqori. “Album” navi esa past o‘sish ko‘rsatkichiga ega.
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Annotatsiya. Ushbu magolada kuzgu yumshoq bug‘doy navlarining boshoglash davrida barg
hujayra shirasi tarkibidagi albumin ogsillarining ivish (koagullanish) harorati P.A.Genkel uslubi yordamida
o‘rganilgan.

Tadgiqot uchun tanlab olingan kuzgi yumshoq bug‘doy nav namunalari ikki yil davomida tadqiq
gilindi. Navlar 2025-2026-yillarda Xorazm viloyati tuprog-iglim sharoitida, hudud uchun gabul gilingan
agrotexnik tadbirlarni go‘llab yetishtirildi.

Olib borilgan tadgiqot natijalariga ko‘ra, navlarning bargdagi albumin ogsillarning ivish harorati
2025-yilda eng yugori ko‘rsatkich Yonbosh navida 63,2°C ni, 2026-yilda esa Bo‘zgal‘a navida 63,5°C ni
tashkil gilgan. Bu esa mazkur navlarning yuqori haroratga chidamli ekanligini ko‘rsatadi. Ushbu navlardan
seleksiya jarayonida ota-ona shakllari sifatida foydalanish yuqori harorat stresiga va suv tangisligiga
bardoshli va don sifati yugori yangi navlarni yaratishga imkon beradi.

Kalit so‘zlar: Kuzgi yumshoqg bugdoy, nav, albumin ogsili, barg hujayra shirasi, koagulyatsiya
harorati.

COAGULATION OF ALBUMINS IN LEAF CELL SAP OF AUTUMN SOFT WHEAT
VARIETIES

Abstract. In this article, the coagulation temperature of aloumin proteins in leaf cell sap during the
heading period of soft winter wheat varieties was studied using the P.A.Genkel method.

The varieties were grown in 2025-2026 in the soil and climatic conditions of the Khorezm region,
using agrotechnical measures adopted for the region.

According to the results of the research, the highest coagulation temperature of aloumin proteins in
2025 in the leaves of the Yonbosh variety was 63.2°C, and in 2026 it was 63.5°C in the Bozkala variety. This
indicates that these varieties are resistant to high temperatures. Using these varieties as parental forms in the
breeding process will allow the creation of new varieties that are tolerant to high temperature stress and
water shortage and have high grain quality.

Keywords: Bread wheat, variety, aloumin protein, leaf cell sap, coagulation temperature.

Kirish. Havo harorati o‘simlik hayoti va mahsuldorligiga eng kuchli ta’sir
ko‘rsatadigan asosiy ekologik omillardan biridir [11]. O‘simliklarining yuqori haroratga
chidamliligini oshirish butun dunyo bo‘ylab qishloq xo‘jaligi uchun jiddiy muammo
hisoblanadi. Bug‘doy eng muhim don ekinlari, asosiy ozig-ovgat manbayi va inson oziglanishi
manbayi bo‘lib hisoblanadi [8]. Bug‘doy issiglik stressiga juda sezgir hisoblanadi.
Haroratning har 1°C oshishi bug‘doy ishlab chigarishning 6% ga kamayishiga olib keladi [10].
Bug‘doyning generative organlarining shakillanish bosqichda haroratning 1°C ga oshishi ham
don hosilini yo‘qotishiga olib kelishi mumkin [6]. Yuqori harorat bug‘doyda turli xil
fiziologik, biologik va biokimyoviy jarayonlarni o‘zgartiradi [9]. A.To‘xtayev ma’lumotlariga
ko‘ra bug‘doyning issiqlikka chidamliligi barglarning hujayra shirasidagi suvda eriydigan
ogsillarning koagulyatsiya harorati bilan chambarchas bog‘liq [4].

O‘sish davrining birinchi yarmida bug‘doy o‘simliklari ko‘pincha qurg‘oqchilik,
issiglik va sovuq kabi noqulay ekologik sharoitlardan aziyat chekadi. Natijada o‘simlik
unumdorligini pasayishiga va fiziologik jarayonlarning buzilishiga olib keladi [12].
O‘simliklarning issiglik stressiga chidamliligi turli xil fiziologik, biokimyoviy va molekulyar-
genetik o‘zgarishlar, shu jumladan membranalarning fizik xususiyatlarining o‘zgarishi bilan
bog‘liq [7].

Issiglikka chidamlilik, genetik nugtayi nazardan, poligenik xususiyat bo‘lib, u nafagat
bir nechta genlar, balki o‘simlikning butun genotipi tomonidan nazorat gilinadi [3].

M. Amanov ta’kidlaganidek, hujayra shirasi konsentratsiyasi, ogsil ivish harorati,
stress sharoitda suvni ushlab turish qobiliyati, xlorofill migdori va fotosintez intensivligi
navning mahsuldorlikka nisbatan bargarorligini tavsiflovchi asosiy fiziologik belgilardir.

Ushbu belgilar bo‘yicha seleksion manbalarni baholash suv ta’minoti yetarli bo‘lmagan
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sharoitda amalga oshirilishi tadgiqotlarni ishonchliligini yanada oshiradi [2].

Yugorida Keltirib o°tilgan fikrlarga tayangan holda, biz o‘z tajribalarimizda ayrim
kuzgi yumshoq bug‘doy navlarining barg hujayra shirasidagi albuminlar koagulyatsiyasini
baholash bo‘yicha laboratoriya tadgiqotlarini o‘tkashni va pishish davrida yuzaga keladigan
yugori hororatga chidamli navlarni aniglashni magsad qildik.

Tadqiqot metodologiyasi. Tadgiqot obyekti sifatida kuzgu yumshoq bug‘doyning 6 ta
(Yaksart, Bo‘zqal‘a, Pamyat, Yonbosh, Kroshka, Kate-Al) nav namunalari olindi.

Tadgiqot uslublari. Navlar boshoglash davrida barg hujayra shirasi tarkibidagi suvda
eruvchi albumin ogsillarining ivish (koagullanish) harorati P.A.Genkel uslubi yordamida
o‘rganildi. Mazkur uslub yordamida albuminlar koagulyatsiyasini aniglash uchun 2,0 gramm
barg namunasi olinib, olingan namuna ustiga 25 ml distil suv quyib chinni havonchada
yaxshilab eziladi. Barg hujayra shirasi ajratib olinib, filtrlanadi. Filtrlangan eritma elektr plitka
ustiga qo‘yilib qizdiriladi (1-rasm). Albumin ogsillarining ivish (koagullanish) harorati
aniglanadi va jadvalga tushiladi [5].

prm———

1-rasm. P.A.Genkel uslubi yordamida albudrm ogsillarining koagullanish harorati aniglash jarayoni.
A) kerakli barg namunasini o‘Ichash, B) barg hujayra shirasini ajratib olish, C)barg shirasi
ekstraktiga harorat ta’sir gildirish jarayoni, D)koagulyatsiyaga uchragan albumin ogsillari.
Natijalar va muhokama. 2025-2026-yillarda olib borilgan laboratoriya
tadgiqotlarida navlarning bargdagi suvda eruvchan albumin ogsillarning ivish harorati
o‘lchandi. Unga ko‘ra, 2025-yilda navlarning bargdagi suvda eruvchan albumin ogsilining
ivish harorati o‘rtacha 57,9°C dan 63,2°C gacha oraligda bo‘lib, eng yuqori natija Bo‘zqal‘a
(62,8°C) va Yonbosh (63,2°C) navlarida gayd qgilindi (1-jadval).
2026-yilda navlarning ogsil koagulyatsiyasi aniglanganda eng past natija Kate-Al
navida kuzatilib 56,6°C ga teng bo‘ldi. Qolgan navlarda Kate-Al naviga nisbatan ogsil
koagulyatsiyasi +0,3 dan 6,9°C gacha yuqori ko‘rsatkichni gayd gildi. Eng yuqori natija
Bo‘zqal‘a navida (63,5°C) kuzatildi.

1-jadval
Navlar barg hujayra shirasidagi albumin ogsillarining ivish harorati, °C
Tir Nav nomi Bargdagi suvda eruvchan albumin ogsilining
ivish harorati, °C

2025 2026 O‘rtacha
1 Yaksart 59,6 58,4 59,0
2 Bo‘zgal‘a 62,8 63,5 63,2
3 Pamyat 61,1 61,6 61,4
4 Yonbosh 63,2 62,5 62,9
5 Kroshka 58,4 56,9 57,7
6 Kate-Al 57,9 56,6 57,3

M. Amanov tadgiqotlarida bug‘doy protoplazmasida ogsil koagulyatsiyasi Oc‘rta
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Osiyoda 61°C dan boshlanishini aytib o‘tgan. O.Gladishev ma’lumotlariga ko‘ra, boshga
bug‘doy ekotiplari uchun bu ko‘rsatkich 55,0-58,0°C dan oshmaydi [1]. Xorazm viloyati
tuprog-iglim sharoitida bu giymat biz o‘rganayotgan navlarda o‘rtacha 57,3-63,2°C gacha
oraligda o‘zgarib turdi. Navlar kesimida hujayra shirasidagi albumin ogsillarining ivish
harorati o‘rganilganda Kate-Al navida 57,3°C, Kroshka navida 57,7°C, Yaksart navida
59,0°C, Pamyat navida 61,4°C, Yonbosh navida 62,9°C va Bo‘zqgal‘a navida 63,2°C natijaga
ega bo‘ldi.

Qiziqarli jihati shundaki, deyarli barcha navlarda 2025-yilga nisbatan 2026-yilda ogsil
ivish harorati biroz o‘zgargan (ayrimlarida pasaygan, ayrimlarida esa ko‘tarilgan). Masalan,
Bo‘zgal‘a navida 2026-yilda chidamlilik ko‘rsatkichi (63,5 °C) oshgan bo‘lsa, Kroshka va
Kate-Al navlarida pasayish kuzatilgan. Bu o‘sha yillardagi ob-havo sharoiti va o‘simlikning
moslashuvchanlik xususiyatlari bilan bog‘lig bo‘lishi mumkin.

Xulosa va takliflar. Kuzgi yumshoq bug‘doy navlarining barg hujayra shirasidagi
albuminlar koagulyatsiyasini aniglash bug‘doy navlarining pishish davrida yuzaga keladigan
yugori harorat stresiga va suv tanqisligiga bardoshliligini baholashga imkon beradi.

Olib borilgan tadgigot natijalariga ko‘ra, navlarning bargdagi albumin ogsillarning
ivish harorati 2025-yilda eng yuqori ko‘rsatkich Yonbosh navida (63,2°C), 2026-yilda esa
Bo‘zgal‘a navida (63,5°C) kuzatildi. Bu esa mazkur navlarning yuqori haroratga chidamli
ekanligini ko‘rsatadi. Ushbu navlardan seleksiya jarayonida ota-ona shakllari sifatida
foydalanish yuqori harorat stresiga va suv tangisligiga bardoshli va don sifati yuqori yangi
navlarni yaratishga imkon beradi.
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AnnHoTtanus. Bo BTopoii monoBrae XX Beka B HU30BbsX 3apadiiana Obu1o co3gaHo TymaKyiabcKoe
BOJIOXPAHMIIHINE Ui WPPUTAIIMOHHBIX HYXKI, & TaKKe aKKIMMATH3UPOBAaH eBporeickuil semr, Abramis
brama, w3 pexnm Vpar. Bunm HarypanmmsoBaics, cTan TpoMbICIOBBIM. B ampeme 2025 u 2026 romoB
aHAJIM3UPOBAIM PENPE3CHTATHBHYIO BHIOOPKY Jella M3 BoJoXpaHuauma. B Beibopke (n = 50 5k3.) Oblan
ocobu nema obmen mmmHON 13,2 — 32,5 oM, cranmaptHO# mmHO#M 9,4 — 24,0 oM, oOmieir maccoit 25,2 —
1054,0 r. Onpenensuin IacTHYECKUE MPU3HAKY 0 KIACCHYECKOW ISl KapIoBBIX PHIO cXxeMe IMpPOMEpOB U
[0 METOAy reoMeTpuyeckoir Moppomerpuu no 10 opueHTupam no nepumerpy Gopmbl Tena. DakTopHbIHA
aHaJIM3 aOCOFOTHBIX 3HAYEHUH ITapaMeTpoB BBISBIII BIUSHME | JTATEHTHOrO (akTopa, KOTOPHIH 0OBsSCHIET
87,3 % obuielt qucnepcun. B OTHOIIEHNM OTHOCHUTENBHBIX TTOKa3areseil (MHAEKCOB OT CTaHAApPTHOM JUTHHBI
Tesla) BBISBJICHO BIMSHHE 8 JIATCHTHBIX (DAaKTOPOB, BIUSIONMX HA NPHU3HAKK IO KIACCHUYECKOH cxeme
MPOMEPOB KapmoBheIX (cymmapHo 84,56 % o0me#t mucrnepcun) u 7 JIATCHTHBIX (DAaKTOPOB HA WHACKCHI
reoMeTpuieckoil MophomeTpun (cymmapHo 00bsCHAIOT 78,97 % oOmeit qucnepcun). BersasiaeHo BiusHue 3
nmaTeHTHBIX (akTtopoB (72,853 % oOmei npucriepcuy) Ha HMHIACKCH TOKa3aTeledl TIeoMeTpHYecKOi
MOp(HOMETPUH YEITYH JIelIa.

KaroueBbie ciaoBa. Empomeiickuit nem, Abramis brama, MophoMeTpHUecKuid aHAaJW3,
reomerpuyeckas Mopdomerpus poi0, Tynakyabckoe BOAOXpaHHIIHIIE, Y30EKUCTaH.

TO‘DAKO‘L SUV OMBORIDAGI (O‘ZBEKISTON) ODDIY OQCHA
(ABRAMIS BRAMA) BALIG‘lI TANASI SHAKLINING TASNIFI

Annotatsiya. XX asrning ikkinchi yarmida Zarafshon daryosining quyi ogimida irrigatsiya
ehtiyojlari uchun To‘dako‘l suv ombori barpo etildi shuningdek, Urol daryosidan Yevropa oqchasi Abramis
brama, iglimlashtirildi. Tur bu yerga moslashib ovlanish ahamiyatiga ega bo‘lgan baliglar gatoriga Kirdi.
2025 va 2026-yillar aprel oyida suv omboridan to‘plangan reprezentativ namunalar tahlil gilindi. Namunalar
(n = 50 dona) tanasining umumiy uzunligi — 13,2 - 32,5 sm, standart uzunligi — 9,4 - 24,0 sm, umumiy
og'irligi — 25,2 - 1054,0 g bo‘lgan ogcha balig‘i vakillaridan tashkil topdi. Plastik belgilarini karpsimon
baliglarni o‘lchashning klassik chizmasi va tanasi bo‘ylab 10 ta mo‘ljal nugtani geometrik morfometriya
usuli bo‘yicha anigladik. Ko‘rsatkichlarning mutlag migdori bo‘yicha o‘tkazilgan omilli tahlil 1 ta yashirin
(latent) omil ta’siri borligini anigladi va u umumiy dispertsiyaning 87,3 % bilan izohlanadi. Nisbiy
ko‘rsatkichlar (standart uzunligiga nisbatan) bo‘yicha karpsimon baliglarni o‘lchashning klassik chizmasi
bo‘yicha aniglangan ko‘rsatkichlarga 8 ta (ularning yig‘indisi umumiy dispersiyaning 84,56 % ini tashkil
etadi ) yashirin omil ta’siri borligini va geometrik morfometriya ko‘rsatkichlariga 7 ta (ularning yig‘indisi
umumiy despersiyaning 78,97 % ni tashkil qiladi) ta’siri borligi aniglandi. Oqcha balig‘i tangachasi
geometrik morfometriya ko‘rsatkichlariga 3 ta yashirin (umumiy despersiyaning 72,853 %) ta’siri borligi
aniglandi.

Kalit so‘zlar. Yevropa oqchasi, Abramis brama, morfometrik tahlil, baliglarning geometrik
morfometriyasi, To‘dako‘l suv ombori, O‘zbekiston

Beenenne OObIKHOBEHHBIN WK eBporeiickuit stem, Abramis brama (Linnaeus, 1758),
npencraButens cemeiictBa Leuciscidae  (Minnows, EnbioBeie) — mnpecHOBOmHas U
COJIOHOBATOBOJHAsI OCHTOIENIAarNYecKasl TEIUIOBOJIHAS JKOJIOTHYSCKH IUIACTHYHAS phIOa,
XOpOIIO MPHCHOCA0JIMBAKOIIASACS K Pa3HBIM YCIOBHSM. B KBa3ucTallMOHAPHOM COCTOSHHHU
ApaybcKoro Mops Jiet o0uTai B caMoM Apate, TJie ObUT IIEHHOM IMMPOMBICIIOBOM PBIOOH, HO HE
o0WTaJl B paBHUHHBIX YYaCTKaX TaKUX KPYIHBIX pek OacceliHa kak 3apadman, Kamkamapes B
V36ekucrane [1,2,3]. Ilocme kpymHOMACIITaOHBIX HMPPUTAIIMOHHBIX MPEeoOpa3oBaHUI
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ruaporpadum OacceliHa W CO3MaHMSA HOBBIX BOJOXpAaHWIHIL B OacceilH 3apadiiaHa u
Kamkagapsu Becemsuin nienia u3 pekd Ypan [5]. B kpynHom TynakyiabCKOM BOJOXpaHWIHILE
Jel aJanTUPOBAJICS, HATYpajIM30BajlICid M CTajd BaXHOH MPOMBICIOBON pblOOH. OCHOBHBIE
Ouosornueckue MoKaszaTeny Jiella B BOAOEME Mallo McciefoBaHbl. Llenbio maHHOM paboThl
OBUIO aTh OLIEHKY MOP(OJIOTrHUECKUX MPU3HAKOB Jena TyaaKyIbCKOoro BOJOXPaHUIIHUINLA.
Tynakyneckoe Bomoxpanwnume (39°51'15"N  64°5029"E)  rugporpadudecku
PacIoJIOKEHO B HIXKHEM TE€UEHUU peKd 3apadiuaH, Mpu 3TOM 3anoIHsIeTCs OONbIIeH YacTbhio
BOJOW U3 CPEIHEro Te4eHus1 AMynapbu. OTO IIyCThIHHAsA 30HA. KnMmar ymMepeHHBbIH, pe3Ko-
KOHTHHEHTAJIBHBIN C JKapKUM JIETOM (CpeHecyTouHas TeMIepaTtypa Jietom aocturaer 29°C u
BBIIIE, BO3AyX 4YacTo mporpesaercss AHeM Bbime 40°C) U OTHOCHUTENIBHO XOJOIHON 3uMOMN
(cpenHemecsiuHas TemIeparypa B sitHBape omyckaercst Huxke -2°C). Bomoxpanunuiie KpynHoe,
obmas miomane gocturaer 22000 ra, cpeaHss IIyOMHA OKOJIO 5 M, MakcHMaJlbHas TTyOuHA
1o 22 M. Booxpanuiuiiie - BaxXHbBIN B Y30€KHCTaHE phIO0X03SiICTBEHHBIN BOIOEM.
Matepuansl U Metoabl. Matepuan cobupanu B ampene 2025 u 2026 roma B
TynakyabcKOM BOAOXpaHWIMIIE CTaBHBIMU paszHoOsiueiiHbIMM ceTaMu. [locie omnpenenenus
Buga [5] poi6 ¢ukcupoBanu nenukoM B 4%-HOM pacTtBOpe (QopmaiiiHa, B JabopaTopuu
m3mepsia obmryto (TL, cM) u cTanmapTHyrO AIMHY Tella 10 KOHIA YyenryitHoro mokpona (SL,
cM) ¢ To4yHOCThIO A0 1 MMm. [lomcuuThIBanM MEpUCTHUYECKHE IPU3HAKU. PBIO THIATENBHO
pacnpsamisii 1 Aenanu uudpossie poto. B mukpockorne aenanu ¢oto yemryid. [Inactuaeckue
NPU3HAKK M3MEPSUTH 110 CXEME MPOMEPOB sl KaproBbIX phIO (AN - aiuHa TynoBwuina, ad —
JUITMHA pblIa, NP — IUaMeTp Tiia3a, PO — 3arfasHUYHbIA OTaeN, a0 — JJIMHA TOJIOBBI, Im —
BBICOTA TOJIOBBI Y 3aThuika, Jh — HanbobIIIast BhICOTa Tela, IK — HanMeHblasi BrIcOTa Tela, ag
— aHTenOpcalibHOE paccTosiHke, S — HamMeHblas BbicOoTa Tena, fd — IMHA XBOCTOBOTO
cTebuid, (S — JUIMHA OCHOBAHUS CIIMHHOTO IUIaBHUKA, tU — BBICOTAa CHMHHOTO IUIaBHUKa, Yyl —
JUITMHA OCHOBAaHHUSI aHAIBPHOTO IUIABHUKA, €] — BBICOTA AHAIBHOTO IUIABHHKA, VX — JJIMHA
I'PYJHOrO IUIaBHUKA, ZZ1 — 1j1HA OPIOLIHOIO IJIABHUKA, VZ — IEKTOBEHTPAJIbHOE PACCTOSIHUE,
Zy — BEHTpOaHaJIbHOE paccTosHue) [4], a Takke Bbyaeawiu 10 OpUeHTHPOB MO OJHO3HAYHO
oIpefesIseMbIM TOYKAM [0 NEpUMeTpy Tena pbld (puc. 2) Uil W3MEpeHUil 1o MeToxy
reoMerpuyeckoit Mopdometpuu [9]. Jlunum npomepoB (Mo T.H. «truSS»-poOTOKOIY) YKa3aHbI
B (Qopmate «a-b» (paccrossHue Mexay opueHTHpamu a U b mo mpsimoit. PaccumteiBamu
uHAeKchl (%) MIaCTHYECKUX MPU3HAKOB Tejla MO OTHOIICHHIO K CTAaHAAPTHOW JJIMHE Tena.
Hcnonb3oBanu MeTOAbl MHOIOMEPHOM CTaTUCTMYECKOM OLEHKH UHUCIOBBIX JaHHBIX

KOMIIBIOTCPHBIMU IIPOI'paMMaMU.
Abramis brama

£ g 2

L
Puc. 2. Jlem: o0mmii BUa (cj1eBa) 1 OPUEHTHPBI O MePUMETPY (POPMBI Tejla ¢O cXeMoii MpoMepoB AJs

reomerpuyeckoii moppomerpun, Tyrakyabckoe BOIOXpaHUTUIIE

Pe3yabTaThl. B Bei6opke (n = 50 5k3.) Ob1H 0co0M Jiemia obmieid amuHown 13,2 — 32,5
CM, cTaHAapTHOU aiuHOM 9,4 — 24,0 cM, obmeit maccoit 25,2 — 1054,0 T.

Y nmema TymakynbCKOro  BOJOXpPAaHWIMINA OBUIM  BBIABICHBI  CJICTYIOIIUC
mepuctudeckue npusHaku: D 11, 9 myqeii, A 111, 22 — 26 (B cpennem 23,6) nyuelt, B 00KOBO
nuany 49 — 55 (51,8) yemnyii.

Wupnekcbl MOpPOMETPUYECKUX TOKa3aTeNiei TUIOTBBI B BBIOOPKE TMPEICTABIICHBI B
Tabmune 1. Mepa agexBatHOCTH BBIOOpKH Kaifzepa — Maiiepa — Onkura (KMO) (0,822) u
KpuTepHii chepuaHocTy baptierra (CTpeMHTCS K HYJTIO) TOKA3au aJIeKBATHOCTh MTPOBEICHUS
(haKTOpHOr0 aHaIN3a BHIOOPKH.
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Taoauna 1. MHaekchl njacTHYeCKUX Mpu3HaKoB Jema Tynakyabckoro Bogoxpanuiauma (Xep —

cpennee, Sx — 0IMOKa CPeTHEro)

Wnnexc Mun. — Makc. Xep: + Sx Nnnexc Mun. — Make. Xep- + Sx
TL 115,9 -128,5 121,28 + 0,6 1-2 13,0-19,4 16,94 + 0,27
an 40-54 4,61 + 0,08 1-3 27,7—-45,0 31,19 + 0,68
ad 94,6 — 96,0 95,39 + 0,08 2-3 43,6 — 49,5 46,37 + 0,32
np 43-74 5,06 + 0,13 2-4 16,6 — 19,7 18,13 + 0,18
po 91-116 10,36 + 0,13 3-4 36,0-41,1 37,93 + 0,25
ao 18,6 — 21,6 20,23 + 0,17 3-5 18,5-37,6 21,23 + 0,80
Im 17,8 -22,2 19,47 + 0,21 3-6 36,0 -42,1 39,38 + 0,28
gh 33,9 -39,3 37,12 + 0,27 4-5 36,7 — 57,0 52,76 + 0,71
ik 7,3-11,2 10,18 + 0,16 4-6 36,5-41,6 39,63 + 0,28
aq 53,9 - 59,5 57,24 + 0,25 5-6 34,6 — 39,8 37,45 + 0,25
sd 27,4 34,7 30,53 + 0,31 5-7 19,3-31,6 28,44 + 0,47
fd 58-13,0 9,04 + 0,32 6-7 37,8 —43,7 40,61 + 0,29
gs 11,7 - 14,7 13,23 + 0,16 6-8 12,1 -15,1 13,45 + 0,17
tu 18,5-29,8 25,70 + 0,44 7-8 12,3-32,1 27,06 + 0,91

yyl 135-32,6 27,79 + 0,69 7-9 6,2-12,8 8,86 + 0,28
ej 15,6 — 20,4 17,75 + 0,26 7-10 11,9-16,5 13,79 + 0,22
VX 7,3-23,1 20,48 + 0,62 8-9 29,1-37,1 34,58 + 0,31
zz1 6,4 —15,9 12,43 + 0,36 8-10 23,7 —-33,7 30,20 + 0,40
\V74 16,2 — 26,7 22,81 + 0,56 9-10 9,0-28,0 11,06 + 0,72
zy 12,3-19,9 15,24 + 0,40

@akTOpHBIN aHATM3 MHAEKCOB MOP()OMETPHYECKUX INPHU3HAKOB IUIOTBHI HCCIELYEMOTO
BOJIOEMa TPOBENU Ui aOCOJIOTHBIX MpPOMepoB yema (puc. 3), a Takke A OTHOCHTEIBHBIX
MoKa3aTelie — MHJICKCOB IapaMeTpPOB reoMeTpuueckoit mopdomerpuu (B % ot SL) (puc. 4).
Buano, 4to Ha aGCOMOTHBIE 3HAYEHUSI MOP(POMETPHUECKUX MPU3HAKOB ONPEACIAIONIee BIUIHIE
OKa3bIBaCT OJWH JIATCHTHBIA (akTop, oOBscHstomuit 87,1 % oOmeid nucnepcun. MOoKHO
YBEPEHHO MPEAIONOXKHUTh, YTO 3TO POCT Tela phri0. B OTHOIIEHMM WHIEKCOB MJIaCTHYECKUX
MPOMEPOB BBHISIBIICHO BIMSIHAE & JIaTEHTHBIX IPH3HAKOB Ha TMOKasareian (OpMBI Tena To
KJaccurucekor cxeme (¢akTopel cymMMapHO oOBsicHAOT 84,56 % oOmei aucnepcun) u 7
nareHTHBIX (aktopoB (78,97 %) mo meromam reoMerpuyeckoir mMophomerpuu. [loBepHyTBIE
MaTpHUIbl KOMIOHEHTOB JJIsi 00OMX aHAIM30B, OOBSCHSIOIIMX HAa KaKWEe MHAEKCHI TUIACTHYECKHX

IIPU3HAKOB BJIMAIOT BBIABJICHHBIC JIATCHTHLIC IPU3HAKU, IIPUBCACHLI B Ta6n1/1uax 2u3.

Puc. 3. I'paduk coOcTBeHHBIX 3HAYEHMIT JIATEHTHBIX IPU3HAKOB Jella NPpU (paKTOPHOM

CoficTeeroe HaveHie

CofBcTBeHHO JHauerMe

Fpacgdnk cobcTEEHHEBIX IHAYeHWA

1 2 2 4

5

6 7

8

g 10 11 12 13

Homep komnoHeHTa

14 15 16 17 18 19 20

aHajn3e a0COTIOTHBIX nmpomMepoB Jeina, Tyz[aKynLCKoe BOAOXPAaHUJIHIIEC

TPahMK COBCTBEHHbIX JHAYEHMA

10 11 12 13 14 15 16

Homep komnoHenTa

17 18 19

CobcTaeroe JHaveHie

FPadhHK COBCTBEHHBIX IHAYEHHA

9 10 11 12

Homep KomnoHeHTa

3 14 15

mopdomerpun(cnpana), Tyrakyjibckoe BOJ0OXPaHUTUIIE
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18 17 18 19 20

Puc. 4. I'padux codGcTBEHHBIX 3HAUEHMIT TaTEHTHBIX ()aKTOPOB Jewia Npu GpakToOpHOM
aHaJIM3e HHIEKCOB MPoMepoB Teia (Y% or SL): mo Kiaaccu4yeckoii cxeme (ci1eBa) H reoMeTPUYECKOI
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Tabamnuna 2. IloBepHyTas MATPUIA JATEHTHBIX (DAKTOPOB, BJIMSIOIINX HA HHACKCHI IACTHYECKHX
npu3HakoB (% ot SL) Jema mo kjaaccHyeckoii cxeMe KapnoBbIX

Ipusnax Komnonenm

1 2 3 4 5 6 7 8
an -0,980
ad 0,980
np 0,822
po 0,875
ao 0,566 0,510
Im 0,839
gh 0,593
ik 0,816
aq 0,510
sd 0,735
fd -0,853
gs 0,880
tu 0,845
yyl 0,882
ej 0,637
VX 0,533 0,595
771
4 0,906
zy 0,571 -0,598

MeTO}] BBIACIICHUSA q)aKTOpOBI METO/ I''IaBHBIX KOMIIOHCHT.

MeTton BpaleHusi: Bapumakc ¢ Hopmanuzauuei Kaitzepa.

a. Bpamenue conurock 3a 13 ureparuii.

Taoanua 3. IloBepHyTasg MAaTPULA JATEHTHBIX ()AKTOPOB, BJHSIOIINX HA HHICKCHI IJIACTHYECKHX

npu3HakoB (% ot SL) reomerpudeckoii MopdomMeTpun Jgemnia

Jlamenmuwiii paxmop
1 2 3 4 5 6 7
TL 0,618
1-2 0,716
1-3 0,527
2-3 0,834
2-4 0,586 0,517
3-4 0,888
3-5 0,736
3-6 0,684
4-5 0,507 0,503
4-6 -0,922
5-6 0,778
5-7 0,577
6-7 0,809
6-8 0,599
7-8 0,719
7-9 0,671
7-10 -0,858
8-9 0,893
8-10 0,852
9-10 -0,832
Merton BblAENEHHS (AKTOPOB: METO]] ITIABHBIX KOMIIOHEHT.
MeTton BpaleHusi: BapuMmakc ¢ Hopmanuzanuei Kaiizepa.
a. Bpauenue conutocs 3a 10 urepanuil.

PesynbraTtel u odcy:xmenne. Bug prid, 0coOEHHO 00IaNarONIMil IMIUPOKUM apeayom,
MMEET CIOXKHYIO CTPYKTYPY M CYLIECTBYET B BHJIE TIOMYJIAIMi. B onleHKax CTpyKTYpHI BUa BaXKHO
paznenenue  nomymauuid. DEHOTHUNMYECKH OSTO  MOXHO  JejlaTh MO0  HW3MEHYHMBOCTHU
MophomeTpudeckux mpu3HaKoB. OJHAKO 3Ta HM3MEHYMBOCTD BKIIOYA€T BHYTPHUTPYIIOBYIO
(BHYTPHUITONYJISIIIUOHHYIO) M MEXTPYIIOBYIO (MEXKIOMYJSAIIUOHHYI0). OHUM W3 METOJIOB CTaia
reomerpudeckass Mmophomerpus [6,7,8]. Hamm wccienoBanuss mMpoBEACHBI JIsI OOBIKHOBEHHOTO
nema TynakyJIbsCKOTO BOAOXPaHHIMINA. MOXHO MPENNONIOKUTh, YTO (PU3UISCKUMU TperpaaMu
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OTpaHWYEHBI CaMO BOJOXPaHWIHUINE W CHCTeMa TMOJAIOIIEr0 KaHajla, BKJIFOYaromas 13 HacOCHBIX
CTaHIMK (MMOAHUMAIOLIMX BOJBI M3 CPEIHEro TeueHus Amynapbu Oojee yem Ha 100 M), yepes
KOTOpBIE PBIOBI HE MOTYT OoJsiee TIpoHUKaTh. [lo Mepe cOopa JaHHBIX MO PA3IUYHBEIM BOJOEMaM
CTpyKTypa BHIa B OacceiiHe ApaabCKOrO MOpPS B COBPEMEHHOM €ro COCTOSHUM OyJeT
MPOSICHATBCS, a TakKe OymyT TONy4YeHBl J[daHHBIE IO aJaNTHBHOH CIIOCOOHOCTH 3TOTO
TUTACTUYHOTO BUJIA PHIO.

3akawouenue. Panee nmnsg BogoeMoB Y30ekucTaHa Ui JIella OTMEYaIH CIEAYIOIINe
MEpHUCTHYECKHE NpU3HaKku: B cnuHHOM miaBHuke 11 9-10, B anansHOM III 23-28 myueit, genryii B
OoxoBoil muHEH 49 — 58 wemryit. Y nema TymakynbCKOTO BOIOXPAHWJIHINA OBLIN BBISBICHBI
cnenyromue Mmepuctrndeckue npusnaku: D 111, 9 myueit, A 111, 22 — 26 nyueii, B 60okoBo# UM 49
— 55 gemryit. Hccneqyemoe cramo Jiema B BOAOESME HAXOMWTCS B OJIATOIMOYIHOM COCTOSTHHU,
WCIBITHIBAECT BIMSHHUE Mpecca JIOBa, KOTOPOE HAa MOMYJSILUUI0 OTPHUIATENILHOTO BIHUSHUS HE
oka3biBaeT. CoOCTBEHHO, Jiell M ObUT BCEJIEH B BOJOEM JUIS YBEIHMUEHHUS PHIOONPOIYKTHBHOCTH
BOJIOEMa 32 CYET UCKYCCTBEHHOTO CO3/IaHMS MTPOMBICTIOBOH MXTHO(hayHBI!
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uchraydigan Rutilus aralensis populyatsiyalarining yosh tuzilmasi, o‘sish xususiyatlari va uzunlik—og‘irlik
munosabatlari tahlil gilindi. Ilmiy tadgigot ishlari 2025-yilda ovlangan namunalar asosida olib borilib,
baliglarning umumiy va standart uzunligi, tana og‘irligi, yosh tarkibi hamda holat indeksi ko‘rsatkichlari
aniglandi. Natijalarga ko‘ra, Dengizko‘l va Qoragir ko‘llarida asosan 2+ va 3+ yoshli individlar ustunlik
gilgan, Zamonbobo ko‘lida esa 1+ dan 6+ gacha bo‘lgan yosh guruhlari gayd etilgan. Barcha suv
havzalarida tana uzunligi va vazni o‘rtasida yuqori darajadagi musbat bog‘liglik kuzatildi, determinatsiya
koeffitsiyenti 0,971-0,978 oralig‘ida bo‘ldi. b ko‘rsatkichining 3 ga yaqin giymatlari turning o‘sishi asosan
izometrik xarakterga ega ekanini ko‘rsatdi. Holat indeksi natijalari populyatsiyalarning biologik holati
bargarorligini, Zamonbobo ko‘lida esa yashash sharoiti nisbatan qulayroq ekanini tasdigladi.

Kalit so‘zlar: Rutilus aralensis, yosh tarkibi, uzunlik—og‘irlik munosabatlari, o‘sish xususiyatlari,
holat indeksi, Dengizko‘l, Qoraqir, Zamonbobo, Buxoro viloyati.

AGE STRUCTURE, GROWTH CHARACTERISTICS, AND LENGTH-
WEIGHT RELATIONSHIPS OF RUTILUS ARALENSIS IN DENGIZKUL,
QORAQIR, AND ZAMONBOBO LAKES
Abstract. This article analyzes the age structure, growth characteristics, and length-weight
relationship of Aral roach (Rutilus aralensis) populations inhabiting lakes Dengizkul, Karakir, and
Zamonbobo in the Bukhara region. The scientific research was based on material collected in 2025; the total
and standard length, body weight, age composition, and condition factor of the fish were determined.
According to the results obtained, individuals aged 2+ and 3+ predominated in lakes Dengizkul and Karakir,
whereas in Lake Zamonbobo, age groups from 1+ to 6+ were noted. A strong positive correlation between
body length and weight was observed in all water bodies, with the coefficient of determination ranging from
0.971 to 0.978. The values of the "b" parameter, close to 3, indicate that the species' growth is predominantly
isometric. The analysis of the condition factor confirmed the stability of the populations' biological state and
also pointed to relatively more favorable habitat conditions in Lake Zamonbobo.
Keywords: Rutilus aralensis, age structure, length-weight relationship, growth patterns, condition
factor, Dengizkul, Karakir, Zamanbaba, Bukhara region.

Kirish. O‘zbekistonning tabiiy va kollektor-zovur asosida shakllangan ichki suv
havzalari ixtiofauna hamda balig resurslarini saglashda muhim ahamiyatga ega. Ushbu
ekotizimlarda Rutilus aralensis populyatsiyasining yosh tarkibi, o‘sish sur’ati va biologik
holatini o‘rganish suv havzalarining ekologik farglarini aniglash hamda resurslardan ogilona
foydalanish choralarini ishlab chigishga xizmat giladi.

Rutilus aralensis (Berg) Cyprinidae oilasiga mansub bo‘lib, Orol havzasi
ixtiofaunasiga xos baliq turlaridan biridir. Ushbu tur O¢zbekistonning turli ichki suv
havzalarida uchraydi hamda ayrim ko‘l va suv omborlarida ovlanish ahamiyatiga ega
populyatsiyalarni shakllantirgan. FAO ma’lumotlariga ko‘ra, O‘zbekiston ichki suv
havzalarida Rutilus urug‘i muhim xo‘jalik ahamiyatiga ega baliglar gatoriga Kiradi,
mamlakatdagi ko‘llar va suv omborlari esa baligchilik resurslarini shakllantirishda alohida
o‘rin tutadi [9]. So‘nggi yillarda Rutilus aralensisning ayrim suv havzalaridagi populyatsion
va morfobiologik xususiyatlarini o‘rganishga bag‘ishlangan tadgiqotlar ko‘paymoqda.
Xususan, Aydar-Arnasoy ko‘llar tizimida ushbu turning zamonaviy holati, yosh-o‘lcham
tuzilishi va o‘sish sur’atlari tahlil qilinib, populyatsiyada asosan 1+-5+ yoshli baliglar
uchrashi, bunda 2+ va 3+ yoshli individlar ustunligi gayd etilgan; shuningdek, o‘sish
ko‘rsatkichlari sezilarli darajada bargaror ekanligi ko‘rsatilgan [2, 3, 10]. Xususan, Tuzkon
ko‘lida ushbu turning yosh tarkibi, tana vazni va gator morfometrik belgilari tahlil gilinib,
populyatsiyaning yosh tuzilmasi hamda asosiy biometrik ko‘rsatkichlari tavsiflangan [12].
Shuningdek, Zamonbobo ko‘lida o‘tkazilgan tadgiqotlarda Rutilus aralensisning uzunlik—
og‘irlik munosabatlari va holat ko‘rsatkichlari aniglanib, tana uzunligi bilan vazn o‘rtasida
kuchli musbat bog‘liglik mavjudligi ko‘rsatilgan [4, 11, 13]. Mazkur ma’lumotlar turli suv
havzalarida Rutilus aralensis populyatsiyalarining yosh tuzilmasi, o‘sish xususiyatlari va
biologik holatini qiyosiy baholash zarurligini ko‘rsatadi. Biroq Buxoro viloyatining
Dengizko‘l, Qoragir va Zamonbobo ko‘llarida Rutilus aralensisning yosh tarkibi hamda
uzunlik-og‘irlik ko‘rsatkichlarini giyosiy yorituvchi ma’lumotlar yetarli darajada emas.

Baliglarning yosh tarkibi populyatsiya bargarorligi va tiklanish jarayonlarini, uzunlik-
og‘irlik munosabatlari esa o‘sish sur’ati hamda yashash sharoiti qulayligini baholashga xizmat
giladi. Shu bois Dengizko‘l, Qoragir va Zamonbobo ko‘llarida Rutilus aralensis
populyatsiyalarining yosh tuzilmasi, o‘lcham-og‘irlik ko‘rsatkichlari va biologik holatini
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giyosiy o‘rganish dolzarb hisoblanadi.

Material va metodika. Tadgigot materiali sifatida Buxoro viloyatining Dengizkol,
Zamonbobo va Qoragir ko‘llaridan 2025-yilda ovlangan Rutilus aralensis namunalari olindi.
Namunalar dala tadgiqotlari jarayonida yig-ilib, laboratoriya sharoitida umumgabul gilingan
ixtiologik va biometrik usullar asosida tahlil gilindi [5].

Baliglarning umumiy uzunligi (TL, sm), standart uzunligi (SL, sm) va tana og‘irligi
(W, g) olchandi. Uzunlik ko‘rsatkichlari 0,1 sm aniglikda ixtiologik o‘lchov taxtachasi
yordamida, tana og‘irligi esa 0,1 g aniglikda elektron tarozida aniglandi [5].

Yosh tangachalar asosida aniglanib, ular tananing yon chizig‘i ustki gismidan, orga
suzgichi oldi sohasidan olindi. Tangachalar tozalanib, mikroskop ostida ko‘rib chiqgildi va
yillik halgalar soniga ko‘ra yosh guruhlari belgilandi [6].

Uzunlik-og‘irlik munosabatlari W = aL’ tenglamasi asosida baholandi; bu yerda W —
tana ogirligi (g), L — tana uzunligi (sm), a va b — regressiya koeffitsiyentlari. Regressiya
parametrlarini aniglash uchun ma’lumotlar logarifmlanib, logW = loga + b logL tenglamasi
asosida tahlil qilindi. Determinatsiya koeffitsiyenti (R?) hisoblandi, b ko‘rsatkichiga ko‘ra
o‘sish tipi izometrik (b = 3) yoki allometrik (b # 3) sifatida baholandi [7, 8, 14].

Har bir suv havzasi bo‘yicha yosh guruhlari tarkibi, uzunlik va tana og‘irligining
minimal, maksimal hamda o‘rtacha giymatlari aniglandi. Statistik ishlov berishda variatsion
statistika usullari go‘llanilib, o‘rtacha arifmetik giymat (M), xatolik ko‘rsatkichi (+m), standart
og‘ish (SD) va variatsiya koeffitsiyenti (CV, %) hisoblandi [1].

Olingan natijalar Dengizko‘l, Zamonbobo va Qoraqir ko‘llaridagi Rutilus aralensis
populyatsiyalarining yosh tarkibi hamda uzunlik-og‘irlik ko‘rsatkichlarini qiyosiy baholash
asosida tahlil gilindi.

Natijalar va muhokama. Buxoro viloyatining Dengizko‘l, Zamonbobo va Qoraqir
ko‘llarida uchragan Rutilus aralensis populyatsiyasining yosh tarkibi tahlili ushbu turning
mazkur suv havzalarida turli avlod guruhlari bilan ifodalanganini ko‘rsatdi. Tadgigot
materiallarida asosan bir necha yosh guruhlariga mansub individlar gayd etilib, populyatsiya
tarkibida o‘rta yoshli baliglar ustunlik qilishi aniglandi. Yosh guruhlarining bunday
tagsimlanishi turning ushbu ko‘llardagi populyatsiyasi nisbatan bargaror shakllanganini va suv
havzalari sharoiti uning yashashi hamda o‘sishi uchun qulay ekanini ko‘rsatadi. Shu bilan
birga, alohida ko‘llarda ayrim yosh guruhlarining ustunligi yoki kamroq uchrashi trofik
sharoit, gidrologik rejim, ov bosimi va tabiiy ko‘payish samaradorligi bilan izohlanishi
mumkin. Rutilus aralensisning yosh tarkibi bo‘yicha kuzatilgan tafovutlar har bir ko‘Ining
ekologik xususiyatlari bilan chambarchas bog‘liq bo‘lib, bu holat turning populyatsion
holatini giyosiy baholashda muhim ahamiyat kasb etadi.

Tadgiqot natijalariga ko‘ra, Rutilus aralensisning yosh guruhlari bo‘yicha uzunlik va
tana vazni ko‘rsatkichlari suv havzalar kesimida farglanishi aniglandi (1-jadval).

1-jadval
Buxoro viloyati ko‘llarida Rutilus aralensisning yosh tarkibi va o‘lcham—og‘irlik ko‘rsatkichlari
Yosh guruhi | Tana uzunligi (I), sm | Tana vazni, g ] N, dona
Dengizko‘l ko‘li
2+ 13,0- 16,7 43 -99 41
3+ 16,5-18,1 89 — 135 37
Qoragqir ko‘li
1+ 11,0-12,7 23— 48 5
2+ 12,5-18,0 39100 44
3+ 16,5-18,8 89 — 159 29
Zamonbobo ko‘li
1+ 8,7-12,5 10-45 19
2+ 13,0-17,0 45-110 18
3+ 17,0-20,0 95-190 26
4+ 21,5-23,0 205-265 5
5+ 23,0-25,0 250-360 8
6+ 26,5-26,5 365-370 2

Jadval ma’lumotlaridan ko‘rinadiki, Buxoro viloyatining turli ko‘llarida Rutilus
aralensis populyatsiyasining yosh tarkibi va o‘lcham-og‘irlik ko‘rsatkichlari bir-biridan
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sezilarli farq qildi. Dengizko‘l ko‘lida mazkur tur fagat 2+ va 3+ yosh guruhlari bilan
ifodalangan bo‘lib, bunda 2+ yoshli individlar son jihatdan biroz ustunlik gildi. Ushbu ko‘lda
2+ yoshli baliglarning tana uzunligi 13,0-16,7 sm, tana vazni 43-99 g, 3+ yoshli baliglarda
esa mos ravishda 16,5-18,1 sm va 89-135 g oraligiida bo‘ldi. Bu holat Dengizko‘l
populyatsiyasida asosan o‘rta yoshli individlar ustunligini ko‘rsatadi.

Qoraqir ko‘lida Rutilus aralensisning yosh tarkibi nisbatan kengroq bo‘lib, 1+, 2+ va
3+ yosh guruhlari gayd etildi. Bunda 2+ yoshli baliglar asosiy ulushni tashkil etib, ularning
soni 44 dona, 3+ yoshli individlar soni 29 dona, 1+ yoshli baliglar esa 5 donani tashkil gildi.
Tana uzunligi va vazni yosh ortishi bilan izchil oshib bordi: 1+ yoshda 11,0-12,7 sm va 23-48
g, 2+ yoshda 12,5-18,0 sm va 39-100 g, 3+ yoshda esa 16,5-18,8 sm va 89-159 g.

Zamonbobo ko‘lida esa populyatsiya eng keng yosh diapazoni bilan tavsiflanib, 1+
dan 6+ gacha bo‘lgan yosh guruhlari uchradi. Son jihatdan 3+ yoshli individlar ustun bo‘ldi.
Bu suv havzasida tana uzunligi 8,7-26,5 sm, tana vazni esa 10-370 g oralig‘ida gayd etildi.
Umuman, Dengizko‘l va Qoragirda 2+-3+ yoshli baliglar ustun bo‘lsa, Zamonboboda ko‘p
yoshli tuzilmaning shakllanishi yashash sharoitlarining nisbatan bargarorligini ko‘rsatadi.

Rutilus aralensisning uzunlik-og‘irlik munosabatlarini tahlil gilish uning o‘sish
xususiyatlarini baholashda muhim ahamiyatga ega. Tadgiqotlar shuni ko‘rsatdiki, Dengizko‘l,
Qoraqgir va Zamonbobo ko‘llarida tana uzunligi bilan vazn o‘rtasida bargaror musbat
bog‘liglik mavjud, ya’ni uzunlik ortishi bilan vazn ham izchil oshib borgan. Bu holat turning
o‘sishi tabiiy biologik gonuniyatlar asosida kechishini tasdiglaydi. Biroq uzunlik—og‘irlik
ko‘rsatkichlari suv havzalari bo‘yicha bir xil emas, chunki ular oziga bazasi, gidrologik rejim,
yashash muhiti va populyatsiyaning yosh tarkibiga bog‘liq. Zamonbobo ko‘lida 1+ dan 6+
gacha bo‘lgan yosh guruhlarining uchrashi regressiya ko‘rsatkichlarini to‘ligroq ifodalash
imkonini berdi. Dengizko‘l va Qoraqir ko‘llarida esa yosh diapazoni torroq bo‘lgani sababli
mazkur bog‘liglik asosan o‘rta yoshli individlar doirasida shakllandi. Shunday qilib, uzunlik-
og‘irlik tenglamalari va determinatsiya koeffitsiyentlari Rutilus aralensis populyatsiyalarining
biologik holatini giyosiy baholashda muhim mezon hisoblanadi.

Rutilus aralensisning Buxoro viloyatidagi o‘rganilgan suv havzalarida o‘lcham
ko‘rsatkichlari, umumiy uzunlik va standart uzunlik o‘rtasidagi bog‘liglik, uzunlik—og‘irlik
munosabatlari hamda holat indeksi ko‘rsatkichlari 2-6-jadvallarda keltirilgan.

2-jadval.
O‘rganilgan suv havzalaridagi Rutilus aralensis baligining o‘lcham ko‘rsatkichlari (min.—maks.)
Suv havzasi /
ko‘rsatkichlar TL, sm SL, sm W, g N, ekz.
Qoragqir ko“li 6,8-21,5 5,4-17,9 5-126 54
Zamonhobo ko‘li 7,2-23,1 5,8-19,2 6-148 47
Dengizko‘l ko‘li 5,5-20,4 4,5-16,4 3-102 39

2-jadval ma’lumotlaridan ko‘rinadiki, Buxoro viloyatining o‘rganilgan suv havzalarida
Rutilus aralensisning o‘lcham ko‘rsatkichlari muayyan darajada farglangan. Qoraqir ko‘lida
ushbu turning umumiy uzunligi (TL) 6,8-21,5 sm, standart uzunligi (SL) 5,4-17,9 sm va tana
vazni 5-126 g oralig‘ida gayd etildi. Zamonbobo ko‘lida o‘Ilcham diapazoni nisbatan kengroq
bo‘lib, TL 7,2-23,1 sm, SL 5,8-19,2 sm va tana vazni 6-148 g ni tashkil etdi. Dengizko‘l
ko‘lida esa Rutilus aralensisning umumiy uzunligi 5,5-20,4 sm, standart uzunligi 4,5-16,4 sm
va tana vazni 3-102 g chegarasida bo‘ldi. Mazkur natijalar Zamonbobo ko‘lida yirikroq
individlar, Dengizko*‘lda esa nisbatan maydaroq baliglar uchrashini ko‘rsatadi.
3-jadval.

O‘rganilgan suv havzalaridagi Rutilus aralensis balig‘i tanasining standart uzunligi (SL) va umumiy
uzunligi (TL) o‘rtasidagi to‘g‘ri chizigli bog‘liglik hamda ularning korrelyatsiya koeffitsiyenti giymati

Suv havzasi/ke*rsatkichlar Regressiya tenglamasi r N, ekz.
Qoragqir ko“li SL=0,25+0,812-TL 0,993 54
Zamonbobo ko‘li SL=0,31+0,807-TL 0,992 47
Dengizko‘l ko‘li SL=0,19+0,815-TL 0,994 39

3-jadval natijalariga ko‘ra, Rutilus aralensisda umumiy uzunlik (TL) va standart
uzunlik (SL) o‘rtasida barcha tekshirilgan havzalarda juda yuqgori darajadagi musbat to‘g‘ri
chizigli bog‘liglik kuzatildi. Qoragir ko‘lida ushbu bog‘liglik SL = 0,25 + 0,812-TL
tenglamasi bilan ifodalanib, korrelyatsiya koeffitsiyenti r = 0,993 ga teng bo‘ldi. Zamonbobo
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ko‘lida bu ko‘rsatkich SL = 0,31 + 0,807-TL va r = 0,992, Dengizko‘l ko‘lida esa SL = 0,19 +
0,815-TL va r = 0,994 ni tashkil etdi. Bu ko‘rsatkichlar Rutilus aralensisda umumiy va
standart uzunlik orasidagi bog‘liglik barcha suv havzalarida juda bargaror ekanini ko‘rsatadi.
4-jadval.
O‘rganilgan suv havzalari Rutilus aralensis baligi populyatsiyalarining namuna hajmlari va o‘lcham-vazn
bog‘ligligining aniq ko‘rsatkichlari

Suv havzasi N, ekz. a 95% CL ofa b 95% CL of b R?

Qoraqir ko‘li 54 0,00962 -4,206; 3,982 3,071 2,998; 3,143 | 0,975
Zamonbobo ko‘li 47 0,01014 -4,186; —3,955 3,041 2,961; 3,121 0,971
Dengizko‘l kol 39 0,00888 -4,263; 4,012 3,082 2,995; 3,170 | 0,978

4-jadval ma’lumotlariga ko‘ra, barcha suv havzalarida Rutilus aralensisning uzunlik—
og‘irlik munosabatlari yuqori ishonchlilik bilan tavsiflandi. Qoragir ko‘lida namuna hajmi 54
ta bo‘lib, a koeffitsiyenti 0,00962, b ko‘rsatkichi 3,071 va determinatsiya koeffitsiyenti R? =
0,975 ga teng bo‘ldi. Zamonbobo ko‘lida 47 ta namunada a = 0,01014, b = 3,041 va R? =
0,971 aniglangan bo‘lsa, Dengizko‘l ko‘lida 39 ta namunada a = 0,00888, b = 3,082 va R? =
0,978 gayd etildi. Determinatsiya koeffitsiyentlarining barcha hollarda juda yuqgori bo‘lishi

tana uzunligi ortishi bilan vaznning muntazam ravishda oshib borishini tasdiglaydi.
5-jadval.

Oc‘rganilgan suv havzalaridagi Rutilus aralensis balig‘ining o‘lcham va og‘irlik ko‘rsatkichlari
logarifmlanganidan keyingi bog‘ligligi

Suv havzasi/ke‘rsatkichlar Regressiya tenglamasi R?

Qoragqir ko“li logioW =-2,017 + 3,071-logiTL 0,975
Zamonbobo ko‘li logioW =—-1,994 + 3,041-logieTL 0,971
Dengizko‘l ko“li lOng =-2051 + 3, 082'[0g10TL 0,978

5-jadvalda keltirilgan logarifmlangan regressiya tenglamalari ham uzunlik va vazn
o‘rtasidagi bog‘liglikning yuqori darajada ekanini ko‘rsatdi. Qoraqir ko‘lida bu tenglama
logioW = —2,017 + 3,071:logieTL, Zamonbobo ko‘lida logieW = —1,994 + 3,041:logioTL,
Dengizko‘l ko‘lida esa logioW = -2,051 + 3,082-logwTL ko‘rinishida ifodalandi. B
ko‘rsatkichining barcha suv havzalarida 3 ga yaqin bo‘lishi tekshirilgan populyatsiyalarda
o‘sish asosan izometrik xarakterga ega ekanini ko‘rsatadi. Shu bilan birga, Dengizko‘l va
Qoragqir ko‘llarida b ko‘rsatkichining 3 dan biroz yugorirog bo‘lishi musbat allometrik o‘sish
elementlari mavjudligini bildiradi, Zamonbobo ko‘lida esa ushbu ko‘rsatkich izometriyaga
eng yaqgin bo‘ldi.

6-jadval.
Tekshirilgan suv havzalaridagi Rutilus aralensis baliglarining holat indeksi ko‘rsatkichlari
. Fulton bo‘yicha Nisbiy holat
Suv ha\_/za5| / W amaliy. | W nazariy semizlik koeffitsiyenti N, ekz.
ko‘rsatkichlar . .
koeffitsiyenti (Kn)

S 5-126 4-120 0,94-1,52 0,92-1,11
Qoragirko®li- | 577 3 41+41 121£0,02 1,00 + 0,015 54
Zamonboho 6-148 5-145 0,97-1,48 0,93-1,10 47

ko‘li 55+5,1 54+49 1,26 0,03 1,01 £0,014
Dengizko‘l 3-102 3-99 0,89-1,43 0,91-1,09 39
ko‘li 38+3,7 37+3,5 1,18 + 0,02 1,00 0,013

6-jadval ma’lumotlari Rutilus aralensisning holat indeksi ko‘rsatkichlari suv havzalari
kesimida ma’lum darajada farglanishini ko‘rsatdi. Qoraqir ko‘lida amaliy vazn 5-126 g,
nazariy vazn 4-120 g oralig‘ida bo‘lib, Fulton bo‘yicha semizlik koeffitsiyenti 0,94-1,52,
o‘rtacha 1,21 + 0,02 ni tashkil etdi. Nisbiy holat koeffitsiyenti 0,92—1,11 oralig‘ida gayd etilib,
uning o‘rtacha giymati 1,00 + 0,015 ga teng bo‘ldi. Zamonbobo ko‘lida amaliy vazn 6-148 g,
nazariy vazn 5-145 g bo‘lib, Fulton koeffitsiyenti 0,97-1,48, o‘rtacha 1,26 + 0,03 ni tashkil
etdi, nisbiy holat koeffitsiyenti esa 0,93-1,10 oralig‘ida, o‘rtacha 1,01 £+ 0,014 bo‘ldi.
Dengizko‘l ko‘lida amaliy vazn 3-102 g, nazariy vazn 3-99 g, Fulton koeffitsiyenti 0,89—
1,43, o‘rtacha 1,18 £ 0,02, nisbiy holat koeffitsiyenti esa 0,91-1,09 oralig‘ida, o‘rtacha 1,00 +
0,013 ni tashkil etdi. Umuman, barcha havzalarda nisbiy holat koeffitsiyentining o‘rtacha
giymati 1,00-1,01 atrofida bo‘lib, populyatsiyalarning umumiy biologik holati bargaror
ekanini ko‘rsatdi. Zamonboboda Fulton koeffitsiyentining yuqgoriroq bo‘lishi yashash sharoiti
va oziga bazasining nisbatan qulayligini bildiradi.
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Olingan natijalar Buxoro viloyatining Dengizko‘l, Qoragir va Zamonbobo ko‘llarida
Rutilus aralensis populyatsiyalarining yosh tarkibi, o‘sish ko‘rsatkichlari va biologik holati suv
havzalarining ekologik sharoitlariga bog‘liq holda farglanishini ko‘rsatdi. Yosh tarkibi bo‘yicha
Dengizko‘l va Qoragir ko‘llarida asosan 2+ va 3+ yoshli individlar ustunlik gilgani holda,
Zamonbobo ko‘lida 1+ dan 6+ gacha bo‘lgan yosh guruhlarining uchrashi mazkur havzada
populyatsiya tuzilmasi nisbatan to‘liqgroq shakllanganini bildiradi. Bu holat, odatda, yashash
mubhitining  bargarorligi, tabiiy ko‘payish jarayonlarining muntazamligi hamda oziga
sharoitlarining qulayligi bilan izohlanadi. Aksincha, yosh tarkibining nisbatan tor bo‘lishi ayrim
havzalarda populyatsiyaning tuzilmasi soddaroq ekanini ko‘rsatadi.

Tadgigot davomida Rutilus aralensisning o‘lcham ko‘rsatkichlari ham suv havzalari
o‘rtasida ma’lum tafovutlarga ega ekanligi aniglandi. Eng yugori umumiy uzunlik va tana vazni
Zamonbobo ko‘lida qayd etilib, bu yerda yirik o‘lchamli individlar ulushi ko‘prog ekanligi
kuzatildi. Dengizko‘l ko‘lida esa umumiy uzunlik va tana vazni ko‘rsatkichlarining nisbatan
pastroq bo‘lishi populyatsiyada yosh diapazonining torroq ekanligi va maydaroq individlar
ulushining yugoriligi bilan bog‘liq bo‘lishi mumkin. Qoraqir ko‘li bu jihatdan oraliq holatni
egallab, o‘lcham tarkibi bo‘yicha Dengizko‘l va Zamonbobo ko‘rsatkichlari orasidagi holatni
namoyon etdi.

Umumiy uzunlik (TL) va standart uzunlik (SL) o‘rtasidagi juda yuqori korrelyatsiya
koeffitsiyentlari (r=0,992-0,994) barcha o‘rganilgan populyatsiyalarda tana proporsiyalarining
bargaror ekanini ko‘rsatdi. Bu esa turning morfometrik tuzilishi turli ekologik sharoitlarda ham
sezilarli o‘zgarishga uchramasligini bildiradi. Shuningdek, uzunlik—og‘irlik munosabatlari
bo‘yicha determinatsiya koeffitsiyentining yuqori darajada bo‘lishi (R? = 0,971-0,978) tana
uzunligi va vazni o‘rtasida zich hamda biologik jihatdan ishonchli bogliglik mavjudligini
tasdigladi. B ko‘rsatkichining barcha holatlarda 3 ga yaqin bo‘lishi o‘sishning asosan izometrik
xarakterga ega ekanini ko‘rsatdi. Dengizko‘l va Qoraqgir ko‘llarida bu giymatning 3 dan biroz
yugori bo‘lishi musbat allometrik o‘sish elementlari mavjudligini anglatadi, Zamonbobo ko‘lida
esa o°sish izometriyaga eng yaqin bo‘ldi.

Holat indeksi ko‘rsatkichlari ham populyatsiyalarning ekologik holatini baholashda
muhim mezon bo‘ldi. Fulton bo‘yicha semizlik koeffitsiyentining Zamonbobo ko‘lida nisbatan
yugorirog bo‘lishi ushbu havzada oziga bazasi va yashash sharoitlari qulayroq ekanini ko‘rsatadi.
Qoragirda bu ko‘rsatkich biroz pastroq, Dengizko‘lda esa eng past giymatlar qayd etildi. Shunga
garamay, nisbiy holat koeffitsiyentining barcha havzalarda 1,00 atrofida bo‘lishi Rutilus aralensis
populyatsiyalarining umumiy biologik holati bargaror ekanidan dalolat beradi. Umuman,
o‘rganilgan ko‘llarda tur muvaffagiyatli moslashgan bo‘lsa-da, Zamonbobo ko‘li yoshi katta, yirik
va semizroqg individlar ulushi bilan eng qulay ekologik sharoitga ega havza sifatida ajralib turdi.

Xulosa. Buxoro viloyatining Dengizko‘l, Qoragir va Zamonbobo ko‘llarida Rutilus
aralensis  populyatsiyalarining yosh tarkibi, o‘lcham ko‘rsatkichlari, uzunlik-og‘irlik
munosabatlari hamda holat indekslari o‘rganildi va ularning suv havzalarining ekologik
sharoitlariga bog‘liq holda farglanishi aniglandi. Dengizko‘l va Qoragir ko‘llarida asosan 2+ va 3+
yoshli individlar ustunlik gilgan bo‘lsa, Zamonbobo ko‘lida 1+ dan 6+ gacha bo‘lgan yosh
guruhlari gayd etilib, bu havzada populyatsiya yosh tuzilmasining nisbatan to‘ligrog shakllangani
kuzatildi. O‘lcham ko‘rsatkichlari bo‘yicha eng yirik individlar Zamonbobo ko‘lida, nisbatan
maydarog namunalar esa Dengizko‘l ko‘lida uchradi, Qoraqir ko‘li esa oralig holatni egalladi.
Umumiy uzunlik va standart uzunlik o‘rtasida barcha ko‘llarda juda yuqori musbat bog‘liglik
aniglandi (r=0,992-0,994). Uzunlik—og‘irlik munosabatlari yuqori ishonchlilik bilan tavsiflanib,
determinatsiya koeffitsiyenti 0,971-0,978 oralig‘ida bo‘ldi, b ko‘rsatkichining 3 ga yaqgin
giymatlari esa o‘sishning asosan izometrik Xxarakterga ega ekanini ko‘rsatdi. Nisbiy holat
koeffitsiyentining o‘rtacha 1,00-1,01 atrofida bo‘lishi populyatsiyalarning umumiy biologik holati
barqgarorligini, Fulton koeffitsiyentining Zamonbobo ko‘lida nisbatan yuqoriroq bo‘lishi esa ushbu
suv havzasida oziga bazasi va yashash sharoitlari qulayrog ekanini bildirdi. Olingan natijalar tur
populyatsiyalarini  monitoring qilish va balig resurslaridan ogilona foydalanishda muhim
ahamiyatga ega.

Mazkur tadgiqot ishi O‘zbekiston Respublikasi Fanlar akademiyasi Zoologiya institutining
2025-2029- yillarga mo‘ljallangan “1.2. Buxoro va Navoiy viloyatlari hayvonot dunyosining
raqamli axborot tizimini yaratish” davlat byudjetidan moliyalashtiriladigan ilmiy-tadgiqot ishlari
dasturi doirasida bajarilgan, shuningdek, mualliflar rejalashtirilgan ish hajmini bajarish uchun
yaratilgan shart-sharoitlar uchun Institut rahbariyatiga o‘z minnatdorchiligini bildiradi.
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AHHoTauusi. B crathe TIIpeACTaBICHBI pe3yiIbTaThl aHAJNN3a TeIbMUHTONOTHYECKUX U
AKOJIOTHIECKUX HCCIIeoBaHM, mpoBen€éHHbIX B 2000-2025 rT. Ha Tepputopun 11 obnacreit Y30ekucrana u
Pecniyonuku Kapakanmakcran. W3ydena renpMuHTO(ayHa IIecTH BHIOB amdubuii pomos Bufotes wu
Pelophylax, Bxmrouass rubpuaabie (opmbl. MeTogaMu IOJHOTO M HEMOJHOTO TEIBMHHTOJIOTHYECKOTO
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BekpeiTus (K. U. CxpsiOnn) 3apeructpupoBaHo 68 BUOB TeIBMHUHTOB Pa3IMYHBIX TAKCOHOMHYECKHUX TPYIIIL.
AHanu3 WX JKU3HEHHBIX LWKJIOB MO3BOJMJ BBIACIUTh 22 BapHaHTa OHMOJIOTMYECKOW LMPKYISIHU.
VYcraHOBIEeHO, 4YTO aM(UOMM BBINONHAIOT (YHKIMH OKOHYATENbHBIX, IPOMEXKYTOYHBIX, BTOPBIX
IIPOMEXYTOUYHBIX, PE3EPBYApHBIX (MApaTEeHUYECKHX) M B psAe CiIydyacB aM(UKCEHHYECKHX XO3SEB.
OTMmeueHa HX POJIb KaK OKOJOTHYCCKHUX «TYIMUKOB» JJIA OTACIbHBIX TICJIBMHUHTOB TIAPHOKOIIBITHBIX.
[Toka3aHo, 4TO aM(pUOWM SBIAIOTCS BaXKHBIM 3BCHOM B IIepeade MapasUTOB MEXIY TPOPHISCKHMH
ypoBHsiMH. [losrydeHHbIE TaHHBIE TOIYEPKUBAIOT UX 3HAYUTEIBHYIO KOJIOTHYECKYIO POJIb B MOJJIEP)KaHUN
YCTOHYMBOCTH MapasHTAPHBIX CUCTEM U UMEIOT BaXKHOE 3HAYCHHE U [1apa3sHTOJIOTHH, SKOJIOTHU U OLIEHKH
SMHU300TOJIOTUYECKUX PHCKOB.
KunroueBbie ciioBa: aMpuONH, TEIBMUHTHI, XKU3HEHHBIA [UKJI, SKOJIOTHYECKHUI TYIHK, 3KOJIOT U

O‘ZBEKISTON SHAROITIDA GELMINTLAR HAYOT SIKLLARINI
SHAKLLANTIRISH VA AMALGA OSHIRISHDA
AMFIBIYALARNING ROLI

Annotatsiya. Mazkur maqolada 2000-2025-yillarda  O‘zbekistonning 11 viloyati va
Qoraqalpog‘iston Respublikasi hududida o‘tkazilgan gelmintologik va ekologik tadqiqotlar natijalarining
tahlili keltirilgan. Bufotes va Pelophylax avlodlariga mansub, jumladan, gibrid shakllarni ham o‘z ichiga
olgan olti tur amfibiyalarning gelmintofaunasi o‘rganildi. K.I. Skryabin usuli bo‘yicha to‘liq va gisman
gelmintologik yorish usullari yordamida turli taksonomik guruhlarga mansub 68 tur gelmintlar qayd etildi.
Ularning hayot sikllarini tahlil qilish natijasida biologik sirkulyatsiyaning 22 ta varianti ajratildi.
Aniglanishicha, amfibiyalar yakuniy, oralig, ikkinchi oraliq, rezervuar (paratenik) va ayrim hollarda
amfiksenik xo‘jayin vazifasini bajaradi. Shuningdek, ularning ayrim juft tuyoqli hayvonlar gelmintlari uchun
ekologik ,tupik* sifatidagi roli qayd etildi. Amfibiyalar parazitlarni turli trofik darajalar o‘rtasida uzatishda
muhim zveno ekanligi ko‘rsatildi. Olingan natijalar parazitar tizimlar barqarorligini ta’minlashda
amfibiyalarning muhim ekologik ahamiyatini ta’kidlaydi hamda parazitologiya, ekologiya va epizootologik
xavflarni baholash uchun muhim ahamiyat kasb etadi.

Kalit so‘zlar: amfibiyalar, gelmintlar, hayot sikli, ekologik tupik, ekologiya.

BBenenne. AmpuOnM 3aHUMAOT BakHOE MecTO B (ayHe Y30eKuCTaHa, SBISACH
KJIIOYEBOM 3KOJIOTMYECKOU TPYIIION, CBSA3BIBAIONICH BOJHBIE M HA3€MHBIE SKOCUCTEMEI. J[ByX
cpedoBasi MPUPOJAa WX JKU3HEHHOTO IMKIJIA OINpenenseT ydactue am(puOuii B pa3IHMuHBIX
TpoUYECKUX IEMAX U UX 3HAYAMYIO pPOJIb B TOAJEPKAHUM YCTOHYMBOCTH MPUPOIHBIX
OMOIICHO30B.

DKOJIOTHYECKHE ¥ OMOIIOTHYECKHE OCOOCHHOCTH aM(puOHii 00yCIIOBIUBAIOT UX y4acTHE
B JKM3HEHHBIX LWKIAX MHOTOYHCIIEHHBIX IapasUTUYECKHX OPTraHM3MOB, B TOM YHCIIE
reIbMUHTOB. AM(GUOMM MOTYT BBIIOMHATH (YHKIMH OKOHYATEIBHBIX, MPOMEXKYTOUHBIX,
BTOPBIX MPOMEXKYTOUHBIX U PE3EPBYAPHBIX (ITAPaTCHHYECKHX) X03€B, YTO MOAUYEPKUBAET MX
MHOTO(QYHKIIMOHAJIBHYIO POJIb B IUPKYJSIUKA MApa3uToB. V3yueHHe >KU3HEHHBIX IHKIOB
TeIbMUHTOB aM(puOUN MMeeT Ba)KHOE HAaydYHOE 3HAYCHHWE MJIsl TOHMMAaHUS MEXaHHW3MOB
(GOopMHpPOBaHUS W YCTOMUUBOTO (PYHKIIMOHHPOBAHUS TMAPA3UTAPHBIX CHCTEM B MPHPOTHBIX
HKOCHUCTEMAX.

Yepes ampubOMii reIbMUHTHI TTepeatoTcss Ha O6osee BHICOKHE TPOQHUUECKUE YPOBHH —
OTHIIAM, PENTHIMSAM U MIIEKOIHUTAIONIMM, OoOecreyrBas CTa0MIbHOCTh HMPUPOJIHBIX OYaroB
naBazuid [1]. Hapsny c¢ stum amduOuy BBICTYNAIOT B POJIM OHOJOTMYECKUX DPETYIISTOPOB
YUCJICHHOCTH  OECIIO3BOHOYHBIX  OPraHM3MOB W pacCMaTpUBAIOTCd  KaK  BaKHbIC
OMOMHINKATOPHI COCTOSIHUSL AKOCUCTEM. [ €TbMHUHTO3bI OKa3bIBAIOT CYILECTBEHHOE BIIMSHUE
Ha (U3UOJOTMYECKOE COCTOSHUE, PETIPOAYKTUBHBIA MOTEHIMAT M BBDKUBAEMOCTh aM(puOmii,
4TO JeNlaeT U3y4YeHHUe Mapa3uTapHON Harpy3Kd aKTyaJbHBIM MHCTPYMEHTOM 3KOJOTMYECKOM
OLICHKH.

I'enpMHuHTONIOTHYECKHE UCCIIeNOBaHNUS aM(pHON IMEIOT TaK)Ke MPaKTHYECKOEe 3HAUCHHE
B KOHTEKCTE OXpPaHbl 3[0pPOBbS 4YEJIOBEKA M IKHBOTHBIX, MOCKOJIbKY psii T€IbMUHTOB,
aCCOLIMMPOBAaHHBIX ¢ amMpuOuaMH, O00JaJaeT 300HO3HOM W SMHU300TOJIOTHYECKOU
3HauuMOCThIO [2]. HecMoTpst Ha 3TO, CBeNIEHHUS O >KU3HEHHBIX IMKJIaX TeJIbBMUHTOB aM(puOmi
Ha TeppuUTOpUM Y30€KHCTaHa OCTAIOTCS OrPAaHMYEHHbBIMH U  (parMeHTapHBIMH, 4YTO
0o0ycJOBIMBAaET  HEOOXOAMMOCTH  TPOBENCHHUS  CHCTEMATHYECKUX  KOMIUICKCHBIX
HCCJIEJOBaHH.

B cBs3u ¢ 3TuM menpio HacTosmIed paboTHI SIBISETCS AaHAIN3 JKU3HEHHBIX LUKIOB
reJIbMUHTOB aMm(puOuii, onpenenenre poir aMmpuOHd B CUCTEME «ITapa3suT—XO3IHH—Cpesay U
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BBISIBJIGHHME  DKOJOTMYECKMX, a  TaKkKe  HIH300TOJIOTHYECKUX  3aKOHOMEPHOCTEH
(GYHKIIMOHMPOBAHUS JJAHHBIX Mapa3UTapHBIX CUCTEM B YCIOBUAX ¥Y30eKUCTaHa.

Matepuajibl 1 METObI HCCJIETOBAHUS

HccnenoBanus npooammck B niepuon 2000-2025 rr. Ha tepputopun 11 obmacteii:
Annmxanckor, Hamanranckoit, ®@epranckoit, CoipaapbuHckoi, TamkeHTckon, JKU3aKCKoM,
Camapkanackoi, byxapckoii, Hasowuiickoii, CypxangapbuHckoid U KamnikagapeuHCKOM
obnacrel, a Takke Pecnyonuku KapakanmakcTas.

OOBeKTOM HcclleoBaHMs CIYXWIN 6 BUI0B am(puOmii, a nmMeHHo: xaba Ileppunun —
Bufotes perrini Mazepa, Litvinchuk, Jablonski, Dufresnes, 2019; xa6a IleBioBa — B.
pewzowi (Bedriaga, 1898); »xaba typanckas — B. turanensis Hemmer, Schmidtler & Bohme,
1978; nsrymka TepentheBa — Pelophylax terentievi (Mezhzherin, 1992); ceipmapbuHCKas
msrymika — Pelophylax sp. Mazepa, 2013, a taxxke rubpuaHas dopma P. terentievi X
Pelophylax sp. BumoBas mnpuHamnexHOCTh amMpuOMA oOmpenessiack B COOTBETCTBHU C
COBPEMECHHBIMH TaKCOHOMHUYeCKuMH wuccienoBanusmu G. Mazepa [3], S.N. Litvinchuk et
al.[4] u D. Ualiyeva et al. [5].

Jlis sBTaHasuu ampuOMii B BEHTPaJIbHYIO 4acTh OprolmHOW mosoctd BBOAWIN 20%
pacTtBOp TuApoxyiopuaa OeHzokanHa. [laHHas mpolenypa NMpPOBOAMIACE B COOTBETCTBHM C
pexomenmarusimu AVMA Guidelines for the Euthanasia of Animals*. I'expMuHTOIOrHYIECKHIT
MaTepuall u3BJeKaicad U3 aM(puOHii METOAOM IMOJHOIO TeIbMUHTOIOIMUYECKOI0 BCKPBITHS O
K.M.Ckpsabuny [6]. CoOpannble TenbMUHTH (QukcupoBanuch B 70% osTaHone U
COOTBETCTBYIOLIUM 00pa30M MapKHUPOBAIUCH JJIS JajibHEHIel 00paboTKH.

Wnentudukanys oOHapy>KEHHBIX I'€IbMHUHTOB JIO BHUIOBOTO YPOBHS OCYILECTBIISIACH
Ha ocHOBe ¢yHmameHTanbHOW MoHorpadgum K. M. PepkukoBa B coaBTOopcTBe [7], a Takke
COOTBETCTBYIOIIMX HAy4YHBIX ITyOJMKAI[Mi OTEUYECTBEHHBIX U 3apyOeKHBIX CIHEIMAINCTOB
[8,9]. TaxkcoHomuueckass NPHHAJICKHOCTh IApa3UTOB YTOUHSUIACh C HCIOJIb30BaHHEM
JaHHBIX, MpeAcTaBIcHHBIX Ha caiite Global Biodiversity Information Facility
(https://www.gbif.org/).

YacTe cOOpaHHOIO TE€IbMUHTOIOIMYECKOT0 MaTepyuaia Obljia nepeaHa Juisd XpaHeHUs B
71a00paTOpPUIO SKOJIOTUM U Hapa3uTONOIMU TI'MAPOOMOHTOB lleHTpa HayyHO-IPAKTUYECKUX
MHHOBAIMH 10 akBaKyJIbType npu HamaHranckom rocyjapCTBEHHOM YHHUBEPCUTETE, a TaKKe
B J1labopaTtopuio obeit napaszutonorun MHctutyta 30010run Axkagemuu Hayk PecryOmuku
V306ekucran.

Pe3yabTaThl M 00Cy:KI€HHE

B pe3ynbpraTe npoBeaEHHBIX KOMIUIEKCHBIX MCCIEIOBAHUM y IECTH BUAOB aMpUOuii,
OOHUTAIOUIMX Ha TePpUTOpPUU Y30eKHcTaHa, ObUIO 3aperucTpUpOBaHO 68 BHUIOB I'€JIbBMHHTOB,
OTHOCSIIMXCS K § KjlaccaM HBOTHOTO MHpa. JKM3HEHHbIE IIUKJIbI BBISIBIEHHBIX I'€JIbMUHTOB
ObUIN IIPOAHAJIM3HPOBAHBI HA OCHOBE COOCTBEHHBIX UCCIIEOBAHUM U paHee OIyOJIMKOBaHHBIX
HaMM HayuHbIX pabor [10-15], uTo MO3BOAMIO BBLAEHMTH 22 MyTH LUPKYISALMH, a TaKKe
OIpEeJINTh MECTO U POJIb aM(pUOUI B pean3aliii JaHHBIX )KU3HEHHBIX LIUKJIOB.

B wactHOCTH:

1. AMpubus (neduHUTHBHBIE X035€Ba) — BHEIIHSS Cpela — TOJOBAaCTHK —
am¢pubusa. Takas OmoONMPKYISIMS XapakTepHa Juiss MoHorenew Polystoma integerrimum
(Frolich, 1798).

2. AM¢pubus (BTOpBIE MPOMEKYTOUHBIC X035€Ba) — IJIOTOSIHBIC MIICKOMMTAIOLIHE
(1eduHUTHBHBIE X035€Ba) — BHEILHASA Cpela — WICHUCTOHOrUE (TepBble MPOMEKYTOUHbIE
x03s€Ba) — aM(puous (BTOpbIE IPOMEKYTOUHbIE X03s5ieBa). Takol MyTh pa3BUTUS YCTAHOBIIEH
ans necron Spirometra erinaceieuropaei (Rudolphi, 1819) u Mesocestoides lineatus (Goeze,
1782).

3. Ampubus (ampukceHnYecKue: BCTaBOYHbIE U PEe3epByapHbIE X035€Ba) — XHUIIHbIE
MIIeKONIUTaromye (JeUHUTUBHBIE X035€Ba) — BHEIIHSS Cpeja — MPECHOBOAHBIE MOJUTIOCKH

(mepBBIE MPOMEKYTOUHBIE X03s€Ba) — amM(puOusi (BCTABOYHBIC M pPE3epPBYapHBIC XO3s€Ba).
Takas upKyssuust xapakrepHa 1iis tpemaro sl Alaria alata (Goeze, 1782).
4. AMmpubust (BTOpbIE MPOMEKYTOUHBIE M pPE3EpPBYapHBIC XO035i€Ba) — TOJICHACTHIC

OTHIB! (BBIMU) (Ie(UHUTUBHBIE X035€Ba) — BHEIIHSS Cpela — IMPECHOBOIHBIC MOJUTIOCKU
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(TIepBbIe MPOMEKYTOUHBIE X035ieBa) — aM(puOus (BTOPHIE MPOMEKYTOUYHBIE U Pe3epByapHBIC
xo3sieBa). Takoii myTh pasButHs xapakreper s Codonocephalus urnigerus (Rudolphi, 1819)
Liihe, 1909.

5. AMmdubus (BTopbie TPOMEKYTOUHBIC X0351€Ba) — XUIIHBIC MITUIIBI (IePUHUTHUBHBIE
X035€Ba) — BHEIIHSS cpela — IPECHOBOJAHBIE MOJUIIOCKU (TIE€PBbIE IMPOMEKYTOUHBIE
X03se€Ba) — aMm(uOMs (BTOpbIE MPOMEKYTOUHBIE X035€Ba). Takol MyTh pa3BUTHS XapaKTepeH
ais Tylodelphys excavata (Rudolphi, 1803) u Echinostoma revolutum (Frélich, 1802).

6. Am¢uOus (BCTaBOUHBIE, JOIOJIHUTENBHBIE U pe3epByapHbIE X035€Ba) — XUIIHBIE
OTHLBI (IeUHUTHBHBIE X035€Ba) — BHELIHSS cpella — IMPECHOBOIHbBIE MOJUIIOCKH (TIepBbIE
MPOMEXYTOUHBbIE X035ieBa) — aM@uOus (BCTaBOYHBIC, JOIMOJHHUTEIBHBIE U pe3epBYyapHbIE
xo03sieBa). Takoil myTh pa3BUTHs XapakTepeH st Strigea strigis (Schrank, 1788) Abildgaard,
1790.

7. AmMpubus (nepuHHUTHMBHBIE XO3s5i€Ba) — BHEIIHSAS cpeaa — OpIOXOHOTHE
MOJUTIOCKHM (IIPOMEKYTOUYHBIE XO035ieBa) — BHEIIHAA cpefga — aM¢pubus (1epuHUTHBHBIE
xo3sieBa). Takas OuWoyormueckas HUPKYJSIUS xapakTepHa s tpemaronsl Diplodiscus
subclavatus (Pallas, 1760).

8. AM(pubus (nepuHUTHBHBIC XO3s5i€Ba) — BHEIIHSS Cpela — JOXKIEBbIE YEpBH,
Ha3eMHbIE MOJUIIOCKH (pe3epByapHble X031€Ba) — aMpuOus (IePUHUTUBHBIE XO35€Ba).
Jannas iupkyssinus Habarogaercs y Hemaroa Rhabdias bufonis (Schrank, 1788) u Rhabdias
rubrovenosa (Schneider, 1866) Semenov, 1929.

9. AMpubus (mepuHUTHBHBIE XO035ieBa) — BHEHHAA cpeqa — aMpuoOus
(teduHUTHBHBIE XO03s€Ba). TakoM >XMU3HEHHBIM LMK pa3BUTUS HAONIOAETCs Yy HEMaTon
Oswaldocruzia filiformis (Goeze, 1782), O. biolata (Molin, 1880) Travassos, 1917, O.
ukreinae Iwanitzky, 1928, Gyrinicola tha Dinnik, 1930, Gyrinicola sp., Aplectana acuminata
(Schrank, 1788), A. multipapillosa lvanitzky, 1940, Neoxysomatium brevicaudatum (Zeder,
1800), Neoxysomatium sp., Subulascaris sp., Strongyloides spiralis (Grabda-Kazubska, 1978),
Strongyloides sp. 1, 2, Cosmocerca commutata (Diesing, 1851), C. ornata (Dujardin, 1845),
Cosmocercoides skryabini (lvanitzky, 1940), Cosmocercoides sp. u Spironoura govacus
Ikromov et Azimov, 2004.

10. Amdubus (BTOphIe MPOMEXKYTOUHBIE X035€Ba) — 3MeH (1e()MHUTHBHBIE X035eBa)
— BHEUIHss cpella — MOJUIIOCKUM (IIPOMEXYTOYHblEe Xo3sieBa) — am¢uous (BTOpbIe
IIPOMEKYTOUHBIE X03sieBa). Takoi *KU3HEHHBIM LMK pa3BUTHUs HAOJIIONAeTCs y TPEeMaTOAbl
Encyclometra colubrimurorum (Rudolphi, 1819) Dollfus in Joyeux & Houdemer, 1928.

11. Am¢pubus (nedpuHUTHBHBIE X0351€Ba) — BHEILIHSS Ccpela — BOJHbBIE MOJUIIOCKU
(mIpoMeXXyTOYHBbIE XO035€Ba) — BHELIHSS Cpelja — YICHHUCTOHOrMe (JIMUMHKA M HMaro)
(BTOpblEe MNpPOMEXYTOUHBbIE X031€Ba) — ampuous (nepuHUTHBHBIE Xo03sieBa). JlaHHas
Ouonoruyeckas HUPKyIsius HaOmoaaeTcs y tpemaron Gorgodera cygnoides (Zeder, 1800),
G. asiatica Pigulevsky, 1945, G. dollfusi Pigulevsky, 1945, G. media Strom, 1940, G.
pagenstecheri Ssinitzin, 1905, Haematoloechus (Pneumonoeces) variegatus, Skrjabinoeces
similis (Looss, 1899) u Pleurogenoides medians Olsson, 1876.

12. Am¢pubus (neduHUTHBHBIE X03s5i€Ba) — BHEIIHSS Cpela — BOJHBIC MOJUIIOCKU
(mepBbIE MPOMEXYTOUHBIE X035€Ba) — BHEIIHSS cpeja — TOJOBAaCTUKU JIATYHIEK (BTOPbIE
IIPOMEKYTOUHBIE X03sieBa) — aMpuous (nepuHUTUBHBIE XO03si€Ba). TakoW IyTb pa3BUTHUSA
xapaktepeH s Tpematonsl Gorgoderina vitelliloba (Olsson, 1876).

13. Ampubus (aMpuKCEeHNYECKUNA XO35MH: OKOHYATENbHBIN U JOTOJHUTENbHBIN) —
BHEIIIHSAS CpeAa — BOJIHBIE MOJUIIOCKHU (TIEPBBIN POMEXKYTOUYHBIN XO35IMH) — BHELIHSISI cpenia
— amubus (amM(pUKCEHMUECKUN XO35MH: OKOHYATENIbHBIM M JOMOJHUTENbHBIN). Takoii
’KM3HEHHBIA UK XapaktepeH s tpemaron Haplometra cylindracea, Opisthioglyphe ranae
(Frolich, 1791) u Opisthioglyphe koisarensis Dunganova, 1974.

14. Am¢pubus (nehuHUTHBHBIE XO03s5€BAa) — BHEIIHAA Cpeaa — TEpBbIA
MPOMEXKYTOUHBIN X03sMH (MOJUTIOCKH poaa Planorbis) — Bropeie mpomexyTounbie x03sieBa
(munHKM  KomMapoB) — ampubus (neduHuTUBHBIE XO035eBa). Takoil MyTb pa3BUTHS

HaOmomaercst y tpemaron Haematoloechus (Pneumonoeces) variegatus (Rudolphi, 1819) u
Haematoloechus variegatus abbreviatus Bykhovsky, 1932.
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15. Am¢ubus (pe3epByapHbIe X035€Ba) — BOJSHON yX (1e(UHUTHBHBIE X035€Ba) —
BHEIIHSAS cpela — MOJUTFOCKM (TPOMEXYTOUYHBIE Xo3sieBa) — ampuoOus (pe3epByapHbIe
xo3sieBa). JlaHHbBIA MyTh pa3BuUTHs XapakTepeH it tpemaronsr Telorchis assula (Dujardin,
1845).

16. Am¢ubus (pesepByapHble X035i€Ba) — MJIEKOMHTAONME (IehUHUTHBHBIC
X035€Ba) — BHENIHAA cpela — OJKyKH (IPOMEXYTOYHblEe Xo3sieBa) — amdpuous
(pe3epByapHble X03s€Ba). Takol >KM3HEHHBI LUK XapakKTepeH Il apXxuakaHToredana
Macracanthorhynchus catulinus Kostylev, 1927.

17. Am¢pubus (nedpuHUTHBHBIE XO035f€Ba) — BHEIIHAS cpela — MOKPHUIIBI
(mpoMexxyTouHbIe X03s5ieBa) — amMpuous (1epUHUTUBHBIE X03s1€Ba). Takol KU3HEHHBIN LUK
xapaktepeH [yt naneakanToredanos Acanthocephalus falcatus (Frolich, 1789) Liihe, 1911,
A. ranae (Schrank, 1788) Liihe, 1911, Pseudoacanthocephalus bufonis (Shipley, 1903) u P.
bufonincola (Kostylew, 1941).

18. Am¢pubusa (pesepByapHble X03s€Ba) — NTULBI (I1e(UHUTUBHBIE XO35€Ba) —
BHEIIHSS cpela — MOKpPHIBI (IPOMEXYTOUHbIE X03sieBa) — am@ulus (pe3epByapHbIe
x03sieBa). Takol JKM3HEHHBIM IMKI XapakTepeH i majieakanroredanos Centrorhynchus
globocaudatus (Zeder, 1800) Liihe, 1911, Sphaerirostris picae (Rudolphi, 1819) Golvan, 1958
u Plagiorhynchus (Prosthorhynchus) transversus (Rudolphi, 1819).

19. Am¢pubus (pesepByapHble X03s€Ba) — NTULBI (Ie(UHUTUBHBIE XO035€Ba) —
BHEIIHSS cpefla — KyKd (IIPOMEXYTOUHBIE X03s5eBa) — aM(puOus (pe3epByapHbIE X035€Ba).
JlaHHBIN LUK pa3BUTHS XapakTepeH sl apxuakantouedasa Mediorhynchus papillosus Van
Cleave, 1916.

20. Am@ubus (nepuHUTHBHBIE X0351€Ba) — BHEIIHASA cpella — (SKCIEPUMEHTAIBHO)
JI0X/I€Bbl€ YEpPBU, HA3€MHBIE MOJUIIOCKH, TPUTOHBI (pe3epByapHbIe/TPAHCIIOPTHBIE X035€Ba)
— aM(pubusa (nepuHUTUBHBIE X034€Ba). Takoil MyTh OMOIOIMYECKOrO Pa3BUTHUS XapaKTEepeH
ans Rhabdias bufonis (Schrank, 1788) u Rhabdias rubrovenosa (Schneider, 1866) Semenov,
1929.

21. Amdubus (pesepByapHbIC X035€Ba) — BOJAHBIC MTHIB! (Ie()UHUTHUBHbBIE X035€Ba)
— BHEIIHSS Cpela — OJIMTOXeThl (MPOMEKYTOUHbIE X035ieBa) — ambuous (pe3epByapHbIe
x03sieBa). JlaHHbII )KU3HEHHBIH [IUKJ XapakTepeH uist Hemaroabsl Hystrichis tricolor Dujardin,
1845.

22. Amdubus (pe3epByapHbIe X03si€Ba) — PENTWINU (IC()UHUTHBHBIC X035€Ba) —
BHEIIHsAA cpeia — ampuous (pe3epByapHble x034€Ba). Takol KU3HEHHBIM LIUKJI XapaKTepeH
aust Hemaroasl Ophidascaris schikhobalovi Mosgovoy, 1950 (mnunHouYHbIe cTaun).

[lony4yeHHble B XO/A€ MCCIENOBAaHUS JAaHHBIE MOATBEPXKIAIOT, YTO aM(PUOUU UTpaoT
KIIIOYEBYI0 pOJb B (PYHKIMOHUPOBAHMM MApa3UTapHBIX CUCTEM MPHUPOAHBIX 3KOCHCTEM
V36ekucrana. Mx Ouosnornyeckue M HSKOJIOTMYECKHE OCOOCHHOCTH, MPEXKAE BCEro
JIBYXCpEOBBbIN 00pa3 KU3HU, 00YCIOBIMBAIOT AKTUBHOE YYaCTHE B LIUPKYJISALMU FeJIbBMUHTOB
MEXIy BOAHBIMM M Ha3eMHBIMH 3KocucremMamu. bnaronmaps TecHoi cBsizu ampuOuil c
pa3IMYHBIMM KOMIIOHEHTaMHM OHOTOMNA, OHU BBICTYNAIOT BAKHBIM CBSA3YIOIIMM 3BEHOM B
CHUCTEME  «Iapa3UT—XO3sIMH—Cpela», obecreunBas YCTOHUYMBOCTD U HENPEPHIBHOCTh
KM3HEHHBIX LIUKJIOB MHOTMX Napa3UTUYECKUX OPIaHU3MOB.

Pe3ynbraThl NpoBENEHHBIX MCCIENOBAaHUM MOKa3alaM, YTO y IIECTH BUIOB am(uOMii,
pacnpocTpaHEHHBIX HA TEPPUTOPUH Y30€KHUCTaHa, 3apEeTUCTPUPOBAHO 68 BUOB I'€JIbMUHTOB,
MPUHAAJISKAIINX K PA3INYHbIM TAKCOHOMUUECKUM TpynnaM. AHaINU3 UX KU3HEHHBIX IIUKJIOB
MO3BOJIMJ BBIACJIUTH 22 BapuaHTa OWOJIOTMYECKOM LHUPKYyJIsuuMu mnapa3utoB. I[lomobHoe
pa3zHOOOpa3ue KU3HEHHBIX CTPaTeTHil CBUAETENILCTBYET O 3HAYMTENBHOM HSKOJOrMYECKOU
ponu ampuOuil B MONJEPKAHUU CJIOXKHBIX IAPA3UTAPHBIX CHCTEM. YCTAHOBJEHO, YTO
ampuOuu MOryT BBICTYyNaTh B KaueCTBE OKOHYATENbHBIX, IPOMEXKYTOUHBIX, BTOPBIX
IPOMEXYTOUHBIX U pE3epBYapHBIX X035€B, & B HEKOTOPBIX CIIydasX — aM(pHUKCEHHYECKUX
X0351€B, BBIMOJIHAS OJHOBPEMEHHO HECKOJIBKO (DYHKIMH B KM3HEHHOM IIMKJIE Mapa3uTOB, a
TAKXKE  BBICTYNaTh  JKOJIOTUYECKUMHM  TYyNHKaMW» JJsl  HEKOTOPbIX  I'€JIbMUHTOB
MapHOKOMBITHBIX XKUBOTHBIX — Gongylonema pulchrum (Molin, 1857), Ascarops strongylina
(Rudolphi, 1819), Physocephalus sexalatus (Molin, 1860) u Spirocerca lupi (Rudolphi, 1819).
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AHanu3 CTPYKTYypbl FeJIbMUHTO(QAayHbl aM(pUOUil TIOKa3all, YTO Napa3UThl, CBSA3AHHbBIE C
9TOM TpyNIoi MO3BOHOYHBIX, XapaKTEPU3YIOTCA PA3IMYHBIMU THUIAMU >KU3HEHHBIX LUKJIOB.
HanOonee mpocThIMU SIBIISIOTCS MOHOKCEHHBIE IIMKIIBI, XapaKTepHbIE JUIs psija HEMaro[,
pa3BUTUE KOTOPBIX MIPOUCXOJUT O€3 y4acTHsl IPOMEKYTOUHBIX X035€B.

Takue mapa3uThl CIIOCOOHBI 3aBepIIaTh BECh JKU3HEHHBIA IUKI B TIpeaesax OIIHOM
nomysauu aM(puOui, UCIIOIB3Yys BHEIHIO CPEeAy JIMIIb KaK 3Tall Mepefayd WHBA3MOHHBIX
anunHOK. Hanmmune nooOHBIX HHUKIIOB 00YCIOBIEHO SKOJIOTHYECKUMH OCOOEHHOCTSIMU CPEb
obutanus aMm(puOui, BKIIOYas MOBBIIIEHHYIO BIAXKHOCTb, BBICOKYIO INIOTHOCTH MOITYJISAINM 1
MIOCTOSIHHBI KOHTAaKT JKMBOTHBIX C cyOcTpaToM M BOAOH. OTH (aKTOpbl CO3/AIOT
OJaronpusITHEIEC YCIOBUS JUISl pACIIPOCTPAHEHUS MTApa3UTOB C MPSIMBIM THUIIOM Pa3BUTHS.

B To ke Bpems 3HauuTeNbHAs 4YACTh BBISBICHHBIX IAPAa3UTOB XapaKTepU3yeTCs
CJIO)KHBIMU TETEPOKCEHHBIMU KM3HEHHBIMU IHMKJIaMH. OCOOEHHO 3TO XapakTepHO ISt
TpeMaTojl, B >KM3HEHHOM LMKJIE€ KOTOPBIX Y4YacCTBYIOT OJUH WM JBa INPOMEKYTOUHBIX
xo3drHa. Kak npaBmiio, mepBbIM INPOMEXYTOUHBIM XO3SMHOM BBICTYINAIOT IPECHOBOJHBIE
MOJUTIOCKH, @ aM(UOUN BBINOJIHIIOT POJb BTOPBIX MPOMEXYTOUHBIX MJIM JONOJHUTEIbHBIX
x03s€eB. B opranusme ampuOuil MpOUCXOIUT pa3BUTHE JTMUMHOYHBIX CTaJUM Mapa3uTa, 1ocie
4Yero MHBAa3MOHHbIE (POPMBI IEPEeatoTCsl OKOHYATENIBHBIM X035l€BaM — MTUIAM, PENTUIMAM
WM MJIeKonuTaronmM. [1o100HbIe IIMKIIBI XapaKTepHbI Ui TakuX BUIOB, Kak Alaria alata,
Codonocephalus urnigerus, Tylodelphys excavata u psiqa apyrux Tpemartos.

Ocoboe 3HaueHne UMeeT poiib aM(puOUl B KauecTBE pe3epByapHbIX (MapaTeHHUUECKUX)
X031€B. B 3TOM cilydae JIMYMHKU Mapa3suTOB CIIOCOOHBI JUIMUTEIBHOE BPEMsl COXPAHSITHCSA B
opranuzme ampuOuii Oe3 [fanpHeHero pa3BUTHs, OXHAAs [ONAJAHUS B OPraHU3M
OKOHYATeJIbHOI0 Xo3siMHa. Takas cTparerus IO3BOJIIET Mapa3uTaM  IOJJIEpP’KUBATh
YCTOMYMBOCTh MOMYJSALMM J@Xe NpPHU HHU3KOM IUIOTHOCTH OKOHYATENIBHBIX  XO35EB.
PesepByapHas (yHkius ampuOuil xapakTepHa Ui psAa LECTON U CKpeOHeH, JTMYUHKHU
KOTOPBIX HAKaIUIMBAIOTCS B TKaHAX aM(UOUN W NepefaroTcs XUIIHBIM NTUIAM, PENTUIHAM
WIA MJICKONIUTAIOUUM IpU UX MoenaHuu. Takum oOpa3oMm, amM(puOMM BBIIOIHSIOT POJb
CBOE0OOPA3HOT0 «OHOIOTHUECKOTO aKKyMYJISTOPay Napa3uToB B 3KOCUCTEME.

OKOJIOTMYECKUI aHaIM3 IOKa3aj, 4To aM(pUOUM WIparoT BaKHYIO pOJb B Iepejaue
[apa3uTOB MEXIY Pa3IMYHBIMU TPOpUUECKUMHU ypoBHSIMHU. C OIHOM CTOPOHBI, OHU aKTMBHO
MUTAIOTCS OECHO3BOHOYHBIMU OpraHM3MaMH — MOJUIIOCKAMH, HAaCEKOMBIMU U JIpYTHMMHU
NOTEHIMAJIbHBIMA TIPOMEXYTOUHBIMH XO3s€BaMu mapa3utoB. C Ipyroil CTOpOHBI, caMu
amubuu ciyxaT 0ObEKTOM MHUTAHUSA U MHOTHX HO3BOHOYHBIX XMITHUKOB, BKJIIOYAs ITHIL,
3Meil W MIieKkomuTarommx. Takas Tpoduyeckas mMo3unus jAenaeT amMpuOMii BaKHBIM
9JIEMEHTOM IMIIEBHIX LENel, o0ecrnevyrnBaroluM Nepeaayy Mapa3uToB OT HU3LIMX 3BEHBEB
9KOCHUCTEMBI K BBICILIUM.

He menee BaxHbIM siBsieTCsl TOT (akT, 4To aMm(pUOUM MOTYT BBICTYHATh B POJIU TaK
Ha3bIBAEMBIX IKOJIOTMUECKUX «TYIHKOBY» JUIsl HEKOTOPBIX I'€JIbMUHTOB. B 10oJ00HBIX ciiydasix
JUYMHKY Tapa3uTOB IONAAA0T B OpraHm3M aMduOuii, ofHAKO JajpHeilllee pa3BUTHE HE
IIPOUCXOJUT, MOCKOJIbKY aM(puOUsi He SBIAETCS MOAXOAALIMM OKOHYATEIbHBIM XO3SHHOM.
Tem He MeHee MOAO0HBIE CUTYyallud MMEIOT OOJBIIOE 3HAUYEHHE sl TOHUMAHUS CTPYKTYPBHI
Mapa3UTapHBIX CHCTEM, IIOCKOJIBbKY OHHM OTpPa)XKarOT CJIOXHbIE B3aUMOACHUCTBUS MEXKAY
pa3IMYHBIMM KOMIIOHEHTaMHM OHOLIEHO3a M CBUAETENBCTBYIOT O HAJMYUM NOTEHIMAIbHBIX
nyTell nepegauu NapasuToB B IPUPOJHBIX IKOCUCTEMAX.

Pe3ynbTaThl MpOBEAEHHOIO MCCIEOBAHUS TAKXKE MOJYEPKUBAIOT BAXKHOCTh aMpuouit
KaK OMOMHAMKATOPOB COCTOSIHMSA 3KOcHCTeM. M3BECTHO, YTO CTPYKTypa IeIbMUHTO(AyHBI B
3HAYUTEJIBHOM  CTENEHHM 3aBUCUT OT OSKOJIOTMYECKUX YCIOBMM  Cpelbl, BKJIIOYas
TUJIPOJIOTUYECKUN  PEXUM BOJOEMOB, COCTaB OEClO3BOHOUYHOW (ayHbI U CTENEHb
aHTPOIIOT€HHOTO BO3JeicTBUA. M3MeHeHns B cocTaBe MapasuToB aMpHUOMl MOTYT OTpa)aTh
TpaHcopMaluU MPUPOIHBIX IKOCHCTEM, OOYCIOBIECHHbIE XO3SIMCTBEHHON NESITEIbHOCTHIO
YeJoBeKa, W3MEHEHHEM KiIuMaTa WM Jerpajanueil BOAHBIX OMOTONOB. B cBsA3u ¢ aTuM
NapasuToNIOTMYEeCKUue HccienoBaHus amM(puOuii MOTYT CIYXHUTh BaKHBIM HHCTPYMEHTOM
9KOJIOTMYECKOr0 MOHUTOPHHTA.

Kpome Toro, wusyueHue renpMuHTOGayHbl aMpUOMl UMeEeT CyIIECTBEHHOE
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SMHM300TOJIOTUYECKOE M SNUJIEMHOJOrMYeckoe 3HaueHue. Hekoropele  mapas3uthl,
aCCOLIMMpPOBaHHBIE ¢ aMPUOUIMH, CITOCOOHBI 3apakaTh JOMAITHUX M JIUKUX XKHUBOTHBIX, a B
OTAENBbHBIX CIIydasix — M 4ejoBeka. [[o3ToMy aHanu3 *HU3HEHHBIX LUKJIOB TaKHX Mapa3UTOB
MO3BOJSIET BBIABIATH IOTCHIUAIbHBIE WCTOYHMKM WHBa3ui M pa3pabaThiBaTh MeEphI
npoumakTUKM MmapasuTapHeIX 3aboneBaHuii. B 3ToM KOHTekcTe ampuOum MOryT
paccMaTpUBaThCs KaK BaXKHBIHM 2JIEMEHT MPUPOAHBIX 0YaroB Mapa3uTapHbIX HHPEKIIHH.

Takum oOpa3oMm, MpoBeAEHHBIE MCCIEIOBAHUS JIEMOHCTPUPYIOT, 4YTO ampuoOuu
SBJISIFOTCSI OJTHUM M3 KJIFOUEBBIX KOMIIOHEHTOB Mapa3UTapHBIX CHUCTEM MPUPOIHBIX SIKOCUCTEM
V36ekucrana. VX yuyacTue B KM3HEHHBIX IMKJIAX TI'€JIbMHUHTOB ONPEAEISAETCS CIIOKHBIMU
HKOJIOTUYECKUMH  B3aMMOJEHCTBUAMHU MEXAY PpazIUYHBIMH TIPYNIIaMH OPraHU3MOB U
OTpa’kaeT TECHYIO B3aUMOCBS3b BOJHBIX U Ha3zeMHbIX OnoronoB. [lonnmanue posn ampuoduit
B IUPKYJISAILUH [1Apa3UTOB UMEET Ba)XKHOE 3HAUYEHHE JJI Pa3BUTHS MAPAa3UTOJIOTHH, SKOJIOTUU
U oxpaHbl OuopasHoOOpa3us, a TaKkKe IS OLEHKH SIH300TOJIOTUYECKOM U
SMHUIEMHOJIOTHYECKOM CUTYaIMH B IPUPOJIHBIX SKOCUCTEMAX PErHOHa.
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