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AHHoOTanus. B craThe uccie0BaHbl CpeiHNE MHOYKECTBEHHOCTH, CPEIHNE 3HAYCHUS
MIOJTHOTO, TIONEPEYHOTO UMITYJIHCOB, a TAKXKE MapHUATBHBIX K03()()UIIMEHTOB HEYIPYTrOCTH
3apsSKEHHBIX MHOHOB, o6pasyromuxcst B pl2C-coymapenusx npu 9,9 I'sB/c. Hsyuensi
3aBUCHUMOCTH CPEIHUX MHOXKECTBEHHOCTEH 3apsyKEHHBIX IHOHOB U IPOTOHOB OT
IIPOAOJIBHOTO U MONEPEYHOI0 MMITYJIBCOB JMIUPYIOIIEro MPOTOHA. DKCIIEPUMEHTAIbHbIE
pe3yNIbTaThl CPABHUBAIOTCS C Tpejacka3zanusMu Moaudummpoannoi monenu FRITIOF.
CpenHue MHOXECTBEHHOCTH M CPEJHHUE 3HAYEHMS IOJIHOTO, MONEPEYHOr0 MMITYJIbCOB, a
TaK)Ke MNapuuaibHbIX KO3()()UIMEHTOB HEYNPYrOCTH 3apsDKEHHBIX MHOHOB B Ipejaenax
CTaTUCTMYECKUX TOTPEIIHOCTEH COBMAAAIOT C NpeACKa3aHUsIMU MOAU(PUIMPOBAHHOM
monmemn FRITIOF. Xopomo wu3BEeCTHO, 4YTO TMHOHBI SBIAIOTCS HanOojiee YacTo
00pa3yIoIMMUCS YacTUIAMHM B AJPOH- U SJIPO-SJIEPHBIX COYAAPEHMUAX MPHU BBICOKHX
SHEPrusix. AHaIU3 3aBUCHMOCTEH CpPEIHHUX MHOXKECTBEHHOCTEH 3apsDKEHHBIX NMHOHOB U
IIPOTOHOB OT MPOJOJIBHOIO U MONEPEUYHOT0 UMITYJIBCOB JINJUPYIOLIETO TPOTOHA ITO3BOJISIET
MOJIYYNTh BaXKHYI0 MH(OpPMALMIO O JWHAMUKE CHJIBHOTO B3aumojeiicTBus. CpaBHEHHE
TaKUX SKCIIEPUMEHTAJbHBIX JAHHBIX C MpPeJICKa3aHUSAMH MOAM(PULMPOBAHHON MOJENu
FRITIOF mo3BosnsieT BBISIBUTBH, KaK B HEH YYHTBHIBAIOTCS 3aKOHBI COXpPAHEHHUs DHEPTUU-
uMIynbca  (KMHEMAaTWKa) W KOppelsiUuM  (OIMHAMHMKA) MEXIy  pa3iIMYHbIMU
XapaKTepUCTHUKAMU BTOPUYHBIX YacTUI U3 00JacTH (pparMeHTalliy MUILIEHU U CHapsa.

KiroueBbie cji0Ba: cpeqHUE MHOXKECTBEHHOCTH, NPOAOJIBHBIA M IONEPEYHBIN
UMITYJIbChI,  MPOTOH-YIJIEPOJHBIE  CTOJIKHOBEHHS, MaplUuagbHble  KOA()()UIIMEHTHI
HEYIPYTOCTH, JIMAUPYIOLIUI MpoToH, MoauduuupoBanuas moaens FRITIOF.

ASSOCIATIVE MULTIPLICITIES OF CHARGED PIONS AND
SECONDARY PROTONS IN EVENTS WITH A LEADING PROTON IN p12C
INTERACTIONS AT 9,9 I'nB/C

Abstract. The article examines the average multiplicities, average values of total and
transverse momenta, as well as partial inelasticity coefficients of charged pions produced in
p'2C collisions at 9.9 GeV/c. The dependences of the average multiplicities of charged pions
and protons on the longitudinal and transverse momenta of the leading proton have been
studied. The experimental results are compared with the predictions of the modified
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FRITIOF model. The average multiplicities and average values of the total and transverse
momenta, as well as the partial inelasticity coefficients of charged pions, within the limits
of statistical errors, coincide with the predictions of the modified FRITIOF model. It is well
known that pions are the most frequently produced particles in hadron- and nucleus-nucleus
collisions at high energies. Analysis of the dependences of the average multiplicities of
charged pions and protons on the longitudinal and transverse momenta of the leading proton
allows us to obtain important information about the dynamics of the strong interaction.
Comparison of such experimental data with the predictions of the modified FRITIOF model
allows us to reveal how it takes into account the laws of conservation of energy-momentum
(kinematics) and correlations (dynamics) between various characteristics of secondary
particles from the fragmentation region of the target and projectile.

Key words: average multiplicities, longitudinal and transverse momenta, proton-
carbon collisions, partial inelasticity coefficients, leading proton, modified FRITIOF model.

BBenenme.  Hacrosimas ~ paGora  TOCBSIIIEHA  HMCCICAOBAHUIO  CpeIHEH
MHOXECTBEHHOCTM W CPEIHMX 3HAUYEHW IOJHOIO, IONEPEYHOIO HMITYJIbCOB,
MapUUATBHBIX KOO(Q(QHUIMEHTOB HEYNPYrOCTH 3apsHKCHHBIX IHOHOB, OOPa3yIOMIMXCS B
p*2C-coynapenusx mpu 9,9 I'3B/c. CrietyeT OTMETHTb, UTO MpeiCTaBIsAeMble HIDKE TaHHBIC
SBJIAIOTCSL COBEPLICHHO HOBBIMU, TaK KaK OJKCIEPUMEHTAlbHBIA MaTepual IO
CTOJIKHOBEHUSIM NPOTOHOB C SAPaMH YIJIEpOJa BIEPBbIE TLIATEIbHO BBIACIECH U3
B3aUMO/JICHCTBUI 3THX IPOTOHOB C MOJIEKYJION IponaHa ¥ BBEACHBI HECKOJIBKO MOMPABOK,
K MIPpUMEpPY, BOCCTAHOBJICHHE UMITYJIbCOB YAaCTHUIl C JUIMHOMN MPOEKIMH B paboueM oObeMe
KaMepbl MeHbIIIe 4 ¢M, MPUMEHEH METO/I pasesieH s ObIcTphIX (p > 750 MsB/c) npoToHOB
U T -Me30HOB. PaHee 3TOT SKCIepUMEHTAIbHBIN MaTeprai 6€3 KOPPEKTHOTO BBIIEICHUS U3
B3aMMOJCMCTBUI MPOTOHOB C MOJIEKYJIOW IIporaHa, IIONPABOK HA IOTEPHU U pa3leieHUs
OBICTPBIX MPOTOHOB U T'-ME30HOB OBUI HCIOJIB30BAH, B OCHOBHOM, JUIS MCCIIEIOBAHUSA
o0Opa30BaHMs KyMYJISTUBHBIX YaCTHII.

Metogonoruss uccaeAOBAHMA. OKCIEPUMEHTAIbHBIA MaTepuan IOJIY4YEeH C
MOMOIIIBI0 2-MeTpoBoi mponanoBoii (C3Hs) my3bIpEKOBOI KaMephl JIA00OPATOPUHU BBICOKHX
sHepruii O0beIMHEHHOTO WHCTUTYTA AnepHbIX uccnenoanuii (OUAN) (dy6na, Poccus),
MIOMEIIEHHOM B MAarHUTHOE I0JIE€ HalpsDKEHHOCTh0 1,5 Tin um oOmydeHHOM mydkoM
IpOTOHOB ¢ uMIysbcoM 9,9 I'3B/c Ha JlyOHeHckoM cunxpodazorpone OUSAN. Umnynbsce
HaJIETAIOIIMX IMPOTOHOB COOTBETCTBYET KHHeTHuyeckoil sHepruu 9,0 [=B. [nga otbopa
cobbITHii Heynpyrux p2C-coymapeHnii n3 B3anMoeicTBHil TpoToHOB ¢ mpornanoM (CsHs)
MBI HCTIOJIb30BAJIA KPUTEPHH, IPUBEJICHHBIE B padoTax [3, 4, 5]. [{ns ydyera noTeph 4acTuil,
UCIYCKAaeMbIX IO/ OOJBIIUMH YIJIaMH K IUIOCKOCTH OOBEKTHBAa KaMepbl, MPUMEHSIINChH
COOTBETCTBYIOIIME MONPaBKU. Bce oTpuniaTesibHO 3apsiKeHHbIE YaCTULIbI TPUHUMAJIKCH 32
T -ME30HBI. JTO CBSI3aHO C TE€M, YTO IIPHU HALLMX 3HEPTUAX CTOJIKHOBEHHUI OTpULATEIbHBIE
MMOHBl COCTABIISIIOT OCHOBHYIO Joit0 (Oosnee 95%) cpean oTpuIATENbHO 3apsSKEHHBIX
yactull. [Inonsl ¢ ummynscom menee 50 MaB/C He peructpupoBaiuch M3-3a UX Majoro
npoGera B MpOINaHOBOW My3bIPEKOBOI Kamepe.

s paznenenust 6bicTpbiX (p>750 MaB/c) omHO3apsIIHBIX TOIOKUTEIBHBIX YaCTHUI]
Ha THOHBI U MPOTOHBI MBI MOCTPOUIIU CHEKTPHI MOMEPEUHBIX UMIYIbCOB 3TUX YaCTHII,
pa3fenuB BeCh AMANA30H M3MEHEHUs MOJHOr0 MMITyibca (MepBUYHOTO MpoToHa) (o1 750
MbB/c 1o 10 I'3B/c) na 37 untepsanos ¢ mmpuroir AP = 250 MsB/c. Jlanee mist kaxxaoro
MHTEpBaJla ONpPEeNsUIM Cpe/iHee 3HaYeHHE MONEepedyHOro ummynbca <Pi> u mupuHy Pt
cnektpa DPy. 3arem comocTaBisuid  MONMEPEYHBI HMMIYJIbC KaXIOW  ObICTpOM
OJTHO3apSITHOM TMOJIOXKUTENBHOM YacTHIBl CO CPEAHMM 3HAUYEHUEM, COOTBETCTBYIOLIUM
3TOMY HMMITYJIbCHOMY HHTepBasly. Eciu 3TOT uMnynbc HaxoauTcs B UHTepBaie <Pyi> +
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2DPyi, TO YacTHILY € ONpPEAEIEHHBIM BECOM Wy Opalli KakK 7T -Me30H, IIPH 3TOM BEC IPOTOHA
ornpeaensics kak Wp=1-Wx.

Cpennsist ominOKa U3MEpeHus YIJIOB BbUIETa 3apsKEHHBIX MTMOHOB COCTABUIIA OKOJIO
0,8 rpanyca. CpenHsisi OTHOCUTEIbHAS NOTPELIHOCTh U3MEPEHUST UMITYJIbCA 3apsSKEHHBIX
MMHUOHOB cocTaBuiia okoJio 11%. AHanmu3upyemass CTaTUCTUKA HKCIIEPUMEHTA COCTOUT M3
22724 neynpyrux p*2C-cronksosenuii mpu 9,9 '3B/C, U3MepeHHBIX B YCIOBUAX MOJIHOM
FE€OMETPHH.

Cnenyer orMeTuTh, uTO MoauduuupoBanHas Moaens FRITIOF  [6-10]
yIIOBJIETBOPUTENHHO OINUCHIBACT CPEAHHE MHOXKECTBEHHOCTH, CPEITHUE 3HAYCHUS TTOJTHOTO
¥ TIOIIEPEYHOr0 UMITY/IbCOB 3apSKEHHBIX MHOHOB, oOpasytommuxcs B p2C-, d*C-, a!?C- u
12ClzC-coyz[apeHI/mx mpu 4,2 A I'3B/c, oqHako oHa HETOOIICHUBAET BHICOKOMMITYJIbCHBIC
YacTH paclpelieJICHUN IMOJHOTO U MOMNEpPEeYyHOro ummyiabcoB [8,11-14]. lns cpaBHeHUs
SKCIEPUMEHTAIBHBIX JaHHBIX ¢ npeackazanusimMu FRITIOF Monenu, He u3MeHsist 3HaueHUst
ee rmapaMeTpoB, IPUBEACHHBIX B padoTrax [6-10], 6bun crenepupoBanbl SO THICSY COOBITHIA
s p*2C-coynapenuit ipu 9,9 I'B/c.

OO0cyxkaeHne U pe3yJabTaTbl. DKCIIEPUMEHTAIbHBIE CPEAHUE MHOXKECTBEHHOCTH,
CpeIHUE 3HAUEHUS IMOJIHOTO U TIONEPEYHOr0 HUMITYJIbCOB, a TakKe MapIUaIbHOTIO
K02(PUIMEHTa HEYIPYTOCTH 3aPSKEHHBIX THOHOB, 00Pa30BaHHBIX B PL2C-CTONIKHOBEHHSX
mpu 9,9 I'3B/C BMecTe ¢ COOTBETCTBYIOIIMMHU pacueTaMH B paMKax MOAU(PHUIIMPOBAHHON
mozenu FRITIOF [7-10] npeacraBnens! B Tadum. 1. CpenHue 3HaYSHUS TIOJTHOTO UMITYJIbCA
3apsHKEHHBIX MHOHOB B Ta0d. 1 paccuuTanbl B abopaTopHoil cucteme. [IpuBeneHHbie B
Tabn. 1 cpenHue 3HAYCHHS TAPIUATBHBIX KOA(PQPHUIMEHTOB HEYNPYTrOCTH 3apsHKEHHBIX
MMMOHOB PAaCCUUTHIBAIMCH KaK OTHOILIEHUE CYMMBI UX IOJIHOM HEPTUU B KaXKJOM COOBITHH
K KUHETUYECKOM SHEPruu HaJleTaloUIero NpoToHa:

K(7)=Zi(EilTo) Q)
rae Ei — monHas sHeprusi 3apsyKeHHBIX TMHOHOB (T WM TT') B COOBITHH, a Tog —

KHUHCTHUYCCKAA SHCPIrvsd HAJICTAOIICTO IMTPOTOHA.
Ta6auna 1. CpeHssi MHOKECTBEHHOCTD, CPEAHUE 3HAYCHHMS ITOJHOTO U MONIEPEYHOT0 UMITYJIECOB, a
TaKke MapIUaTbHBIX KOO(QQUIMEHTOB HEYTPYTOCTH 3apsKEHHBIX TTHOHOB, 00Pa30BaHHbIX B P12C-
cToJIKHOBeHHsiX nipu 9.9 I'9B/c.

<n(z)> <P>, MeV/c <Py>, MeV/c <K>

Hcerounuk — — - -
b4 Tt ] Tt V] T T Tt

Okcnepum. | 0.97+£0.01 | 1.26+0.01 | 927+6 | 98746 | 291+1 | 302+1 | 0.102+0.001 | 0.141+0.001

FRITIOF | 0.95+0.01 | 1.25+0.01 | 94344 | 99444 | 276+1 | 28441 | 0.101+0.001 | 0.140+0.001

Kak BuaHO u3 Tabi. 1, S3KCIepUMEHTaIbHbIE 3HAUEHHs CpeHEH MHOXKECTBEHHOCTH,
CpPEHEr0 3Hau€HUs IOJHOIO0 MMIYJlbCa, a TakXkKe MaplualbHOro Ko3(pQuirenTa
HEYNPYroCTH B Mpelenax CTaTUCTHUUECKHUX IOTPEIIHOCTEH COBMNAJAIOT C PAcCUETHBIMU
3HaueHUsIMH 10  MonuduuupoBanHoii moxenn  FRITIOF  [7-10]. [locnennee
0OCTOSITENILCTBO, MO-BUANMOMY, YKa3blBa€T Ha TO, YTO B MOJIEIM KOPPEKTHO YYTEHO
pacnpezielieHue MEepBUYHOM HSHEPrUM BHOBb POXKIECHHBIM 3apsHKeHHbIM IHOHaM. M B
MOJIETIM, U B DKCIEPUMEHTE CPEAHHE MHOXECTBEHHOCTH IIOJOKUTEJIBHBIX ITMOHOB Ha
Benuuuny 0,29 — 0,30 Gosbliie, 4eM OTPUIIATENBHBIX, YTO CBS3aHO C JIOMOJHHTEIbHBIM
00pa30BaHUEM MEPBBIX 3a CUET HEYNPYTroi peakiuu nepesapsaku (p — N + n*) npoToHa-
cHapsana. CpenHue 3HAUEHUS TOJHOTO W IONEPEYHOr0 HMITYJIBCOB IOJIOKHUTEIbHBIX
ITMOHOB U B MOJIEJIH, U B OKCIIEPUMEHTE B Cpe/iHeM Ha 3-4% GoJbllie, YeM Y OTpHUIIATEIbHbIX
IHOHOB, YTO TAaKK€ CBSA3aHO C YKA3aHHOW BBIIIE pEAaKUMEHd HEYIPYrou Inepe3apsiku
MCXOJHOTO MpoToHa. HekoTopoe pasHornacue (B npenenax 5-6%) Mexy SKCIIepUMEHTOM
U MOJIETIbI0 HAOMIOMAETCs B CPEAHMX 3HAYEHHUSAX MONEPEYHOrOo MMITYJbCa 3apsKEHHBIX
MUOHOB, TaK 4YTO, MO-BUJIUMOMY, B MOJETU HEOOXOAWMO YUMTHIBATH (XOTS CJ1a0yIo)
3aBUCHUMOCTh CpEIAHEr0 3HAu€HUsl IOINEPEeYHOr0 MMITYJIbCa 3apsDKEHHBIX IHOHOB OT

e
6
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MIEPBUYHOMN SHEPIUH.

B pabote [15] HamMu ObUTH W3YYEHBI 3aBUCUMOCTH CPEIHUX MHOXKECTBEHHOCTEH
3apSUKEHHBIX IMMOHOB W MPOTOHOB OT MPOJOJBHOIO M IOMNEPEYHOTO HMITYJbCca
JMAUPYIOIIEro poToHa B pr2C- u N*2C-coynapenusx npu 4,2 ['3B/c. DKcrepuMeHTaIbHbIE
pe3yabTaThl OBLIN CPABHEHBI C MpeACKa3aHUusIMU MoauduimpoBanHoi Moaenu PPUTUOD
[6-10]. Bruto mokazaHo, 4TO MOJENb KAUECTBEHHO OIKCHIBACT 3aBUCHMOCTH CpEIHEH
MHOECTBEHHOCTH 3apsUKEHHBIX ITMOHOB M HPOTOHOB OT MPOAOJBHOIO HMITYJIbCa
JUAMPYIOIIETro MpoToHa. Takas 3aBUCUMOCTb, CKOPEE BCETO, SIBJSIETCS CIEACTBUEM 3aKOHA
COXpaHEHHUs SHEPrMM W HMIIYyJbCa, T.€. OHA HE CBfA3aHa C JUHAMUKOM CHIJIBHOTO
B3auMozeicTBusA. OJIHAKO MOJIeTb CUJIBHO MPOTHUBOPEUYMIA 3aBUCUMOCTH CPEIHUX
MHOECTBEHHOCTEH 3apsKEHHBIX IHOHOB OT IONEPEYHOr0 HUMITYJbCa JUAUPYIOLIETO
nporoHa. Takoe NPOTUBOpPEUHE MOJEIU C IKCIEPUMEHTOM ObLIO HMHTEPIPETHPOBAHO
OTCYTCTBUEM B MOJEIHM KOPPEIALMU MEXKIYy CHApAIOM M 3apsKCHHBIMU ITHOHAMH,
o0pa30oBaHHBIMU B 00JIaCTH (hparMeHTAIIMH MUTIICHH. B 1aHHO# paboTe MBI IIPOBEIIH TaKUe
e HCCIeNOBAHMS JUIS 3apsSKEHHBIX MMHOHOB M IIPOTOHOB B pr2C-coyaapeHusx mpH 9,9
IB/c. TIpoTtoH cuuTancs TUAUPYIONIMM CPEIH OCTAIBHBIX MPOTOHOB, €CIIM OH HMMEI
MaKCUMaJIbHBIN MPOJI0IBHBIN UMITYJIBC U €0 3HAUEHHE MPEBBIIIAIO PA3HOCTh CYMMapHOTo
MPOJIOJBHOTO HMMIYJbCAa BCEX 3apsDKCHHBIX YaCTUIl W TMEPBUYHOTO HMMITYJIbCA.
PaccmaTpuBanucek coOBITHSA, B KOTOPBIX MPOJIOJIBHBIN UMITYIIBC JIUIUPYIOLIETO MPOTOHA 110
nepemenHoii ®eitamana (x = pi/2s¥?) npesemmaer 0,45. 31ech BenMuMHA S SBIACTCS
KBaJpaTOM MOJHOM SHEPTUH B CUCTEME LIEHTPA UHEPLUU IPOTOH-IIPOTOHHOTO COYIapEHUSI.

Ha puc. 1(a, 0) u 2 mnpuBeneHbl 3aBUCHMOCTH CPEIHUX MHOXKECTBEHHOCTEH
3apsOKEHHBIX IMMOHOB U BTOPUYHBIX NPOTOHOB OT (DEMHMAaHOBCKOW NEPEMEHHOM Xmax
nuaupytomero mporoHa. Kak BumHo w3 puc. 1 m 2, cpegHue MHOKECTBEHHOCTH
3apsKEHHBIX TMOHOB U BTOPUYHBIX MPOTOHOB KAaK B MOJIENH, TAaK M B IKCIIEPUMEHTE IJIABHO
MaJIal0T C POCTOM BEIIMYUHBI Xmax, YTO CBA3AHO C 3aKOHOM COXPaHEHUS SHEPTHU-UMITYJIbCA.
Monudunupoannas wmoaens DOPUTUOD [6-10] ynoBieTBOPUTEIHHO OIMUCHIBAET
AKCIIEPUMEHTAIIBHYI0O 3aBUCUMOCTh CPEAHUX MHOXKECTBEHHOCTEW OTPHIIATEIbHBIX U
MOJIOKUTETBHBIX MHOHOB OT Xmax JIMJUPYIOIIET0 MpoToHa. Takke MoauduumupoBaHHAS
mozaenb DOPUTUOD [6-10] kauecTBEHHO OMHCHIBACT 3aBUCUMOCTh JUIsI CpeaHel
MHOKE€CTBEHHOCTH BTOPUYHBIX MMPOTOHOB (pHUC. 2). DTO, MO-BUANMOMY, CBSI3aHO C TEM, UTO
B MOJIEJIM CPEHSISI MHOKECTBEHHOCTh TPOTOHOB Ha 20% OoJibiiie, 4eM B IKCIIEPUMEHTE.

1.2 1.2 ~
) a) re
1.0} ° 1Lof o % )
by ' R
0.8 - . 0.8} o
. % . w0
A o & [ +Q
= o6 B A osh *
N «© B ‘
= ' = = i ° e
/0.4 'Y vV 04t o e
o b o
0.2 1 . 02} %
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max
max

Puc. 1. 3aBucuMocTH CpeTHIX MHO)KECTBEHHOCTEH OTPUIIATEIHHBIX (@) U IMOJIOKUTEIHHBIX (0) MMOHOB
(3aKpBITBIE KPY)KH) 0T DeliHMAHOBCKOI MepeMEHHOM JTMAUPYIOMIEro MPOTOHA Xmax B pL2C-
CTOJKHOBEHISIX IpH 9.9 I'3B/C. OTKPHITHIE KPY)KKH — MpeACKa3aHus MOIU(UIIMPOBAHHON MOJETH
OPUTHUOD [6-10].
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Puc. 2. 3aBucUMOCTb cpeiHEl MHOXXECTBEHHOCTH BTOPUYHBIX IPOTOHOB (3aKPBITHIE KPY)KKH) OT
DeifHMaHOBCKOI NepeMeHHOM THAUPYIOLIEro IPOToHA Xmax B p2C-cToNKHOBEeHUAX mpu 9.9 T'HB/C.
OTKpBITBIE KPY)KKHU — TIpeicka3anus MoauduippoBannoi moaenu ®PUTUOD [6-10].

Ha puc. 3(a,6) m 4 mnpuBeneHbl 3aBUCHMOCTH CPEIHUX MHOMXECTBEHHOCTEH
3apsKEHHBIX THOHOB U TPOTOHOB OT MOMEPEUYHOT0 UMITYJIBCA JIUTUPYIOLIETO MPOTOHA Ptmax.
(3akpeITEIE KpykKH) B P*2C-coymapenmsx npu 9.9 I»B/c. Tam e ams cpaBHEHHs
MPUBEJICHBI PAcyeThl I AHAJIOTHYHOM 3aBUCUMOCTH CPEIHUX MHOKECTBEHHOCTEH
3apsHKEHHBIX MHOHOB (OTKPBITHIE KPYXKKH) 10 Moauduiupoannoit moaenu ®PUTNOD

[6-10].
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tmax” tmax

Puc. 3. 3aBrCHMOCTH CpeTHIX MHOKECTBEHHOCTEH OTPUIATEIBHEIX (2) M MOJOXHUTEIBHBIX (0)
HHOHOB OT HOMNEPEYHOr0 UMIYJIbCA TMAUPYIOMIEro MPOTOHA Pimax (3aKpbIThIE KpYKKH) B Pr2C-
coymaperusx npu 9.9 I'3B/C. OTKpBITEIE KPYKKH — pacueThl IO MOIU(PHUINPOBAHHON MOIEIH

OPUTUOD [6-10].
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Puc. 4. DxciepuMeHTaTBHBIN CIIEKTP JUIUPYIOMETO NMPoToHA 10 DeifHMaHOBCKON TIEPEMEHHON B
o6nactu nonepedHoro ummyinsca 0.1 < Pimax< 0.25 T9B/c (3akpbiThie Kpyskku) B p*2C-
coynaperusx mpu 9.9 I'sB/c. OTKpbIThIE KPYKKH — PaCUeThl 0 MOAU(PHUIIMPOBAHHON MOICITH
OPUTHUOD [6-10].
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Puc. 5. 3aBHCUMOCTB CpeaHEeld MHOKECTBEHHOCTH BTOPHYHBIX IPOTOHOB OT ITONIEPEYHOTO UMITYJIbCa
JIUUPYIOLIEro NPOTOHA Pimax (3aKphIThIE KpyxkH) B p2C-coymapenusx mpu 9.9 T'3B/c. OTKphIThIE
KPY)KKH — pacdeTsl mo Moaudunuposantoi mogena ®PUTHOD [6-10].

Kak Buano u3 puc. 3(a,0), ¢ pocToOM MONEPEYHOTO HUMIYNIbCA JHUIUPYIOIIErO
IIPOTOHA CPEIHUE MHOMXKECTBEHHOCTH 3apsyKEHHBIX MHMOHOB CHAayaja yMEHbBIIAIOTCS 0
MUHUMYMa 1pH Pimax = 0,2 I'3B/c u panee pactyt BIJIOTH A0 MaKCUMAaJbHOIO 3HAYEHHUs
Ptmax. PacueTHOe 3HaYeHNE CpeaHel MHOKECTBEHHOCTH MAaKCUMAaITbHO MPH Pmax < 0,1 ['3B/c
U MUHUMaNbHO NpU Pmax = 0,15 I'sB/c, u nanee menneHHoO pacTteT ¢ yBEIMYCHHEM
MOTICPEYHOT0 UMITYJIbCa JIMTUPYIOMIETO MPOTOHA BIUIOTH 10 Ptmax =0,3-0,4 I3B/c. 3arem
HaOII0AETCsl CNaj 3THX BEIUYUH C POCTOM Pimax. OfHUM c10BOM, MOAU(UIMPOBAaHHAS
Mozens OPUTUOD [6-10] cunbHO MPOTUBOPEUUT IKCHEPUMEHTY. OTMETUM TaKXkKe, YTO
TaKoe CHJIbHOE NMPOTUBOPEUNE IKCIEPUMEHTY HAOJI0JaIoCh MPU OMMCAHUK aHAJIOTHYHON
3aBucuMocTH B pL2C- u n*?C-coymapenusx npu 4,2 I'B/c [15]. DTo cBA3aHO ¢ HEYUETOM B
MOJIEJIN KOPPEISALMHY MEXTy POXKIESHHBIMU YaCTULIAMH B 00J1aCTH (pparMeHTali MULLIEHU
U KMHEMAaTH4YECKOW XapaKTepUCTUKOW NEPBUYHOM 4YacTULbL. /{151 BBIACHEHHs] IIPUYHMHBI
MUHUMAaJIbHOTO 3HaYeHUs CpeIHEN MHOKECTBEHHOCTH OTPULIATEIbHBIX TMOHOB MPH Ptmax =~
0,2 I'»B/c B ob6nactu 0,1< Pimax<0,25 I'3B/c mocTponiy crieKkTp IUIUpPYOLIEro NpoToHa o
delinmaHOBCKOI epeMeHHOH (puc. 4). Kak BugHO U3 puc. 4, CIeKTp 10BOJIBHO MOJOTHH B
obmactu 0,45<Xmax<0,95, a B ob6nactu Xmax>0,95 nMeer mMakcuMyM, YTO H3-3a 3aKOHA
COXPAHEHHUs YHEPTUHU CUIIBHO IOJABIISET POXKJIECHUE OTPULATEIbHBIX MMOHOB. PacueTHbIe
cnekTpsl o MoaupuurposanHoit mogenu @PUTUOD [6-10] menneHHO naAa0T ¢ pOCTOM
Xmax-

Ha puc. 5 npuBeaeHa 3aBUCHUMOCTh CpPEIHENM MHOXECTBEHHOCTH BTOPHUYHBIX
IIPOTOHOB OT MONEPEYHOr0 HMMITYJIbCa JUAUPYIOLIEro MmpoToHa Pimax. Tam ke B Buze
OTKPBITBIX KPY)KKOB IpPHUBEACHA aHAJIOTMYHAs 3aBUCUMOCTb, IOJydY€HHass B paMKax
MoaudummpoBannoit monenn DOPUTUOD [6-10]. Buano, uro, u B MonaeiIH, U B
JKCIIEPUMEHTE, C POCTOM IIONEPEYHOr0 HUMIYJbCa JHAUPYIOUIErO IMPOTOHA CPEIHSs
MHOXKECTBEHHOCTh ~ BTOPUYHBIX IPOTOHOB pacteT. MoauduuupoBaHHas MOJENb
OPUTUOD [6-10] KauecTBEHHO OIKCHIBAET OSKCIEPUMEHTAIBHYIO 3aBHCHUMOCTH
BTOPUYHBIX IPOTOHOB OT Ptmax. HempoTuBopeune moienu ¢ 3KCepuMEHTOM CBSI3aHO C TEM,
YTO U B OKCIIEPUMEHTE, U B MOJIEJH, POCT MOMEPEUHOT0 UMITYJIbCA JIUIUPYIONIEro IPOTOHA
CBSI3aH C €ro INEepepaccesHUEM Ha BHYTPHUSACPHBIX HYKJIOHAX sipa MHIIEHU. Jpyrumu
CJIOBaMH, OCHOBHOM MEXaHHM3M pOCTa MONEPEYHOro UMITYJIbCA JIMIUPYIOLIEro IPOTOHA U B
MOJIETH, U B OKCIIEPUMEHTE OJIUH U TOT XKE.

3ak/i0oyeHusi U BbIBOABL. liccrienoBaHbl cpeiHsisi MHOKECTBEHHOCTh U CpelHHE
3HAUEHUS IIOJIHOTO M TIONEPEYHOr0 HMITYJIbCa 3apsKEHHBIX IHOHOB M IPOTOHOB,
obpasyrommxcs B pr?C-coymapenusx mpu 9,9 I'sB/C. OmnpeseneHsl cpenHne 3HAYeHHs
napUuaibHOro Ko3(puimeHTa HeynpyrocTy 3aps>KeHHBIX MMOHOB. 3yueHbl 3aBUCUMOCTH
CpPEIHUX MHOXKECTBEHHOCTEH 3apsyKEHHBIX IMMOHOB M BTOPUYHBIX MPOTOHOB OT
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MIPOJOJIBHOTO U MOMEPEYHOr0 UMITYJIBCOB JIMTUPYIOMIETO0 MPOTOHA. DKCIIEPUMEHTAaIbHbIE
pEe3yNbTaThl CHCTEMATHYECKH CPABHUBAIUCH C TPEACKA3aHUSIMU MOIU(PUIIMPOBAHHON
mozaern @PUTUOD [6-10]. Ycranosieno, uto MoaudunupoBantas mojaeias @PUTUOD
[6-10] ymoBieTBOPUTEIHLHO OMUCHIBACT CPEIHNUE MHOKECTBCHHOCTH U CPEIHUE 3HAYCHHUS
MOJIHOTO, MONEPEYHOr0 HMITYJBCOB M MapIHalbHOTO KO3 QHUIMEHTa HEYNPYrocTu
3apsSOKEHHBIX  TTHOHOB. MoauduuupoBanHas ~ MOJENb OPUTUOD [6-10]
YIIOBJIETBOPUTENBLHO  BOCIPOU3BOJIUT  3aBUCUMOCTU  CPEIHUX  MHOXKECTBEHHOCTEH
3apSUKEHHBIX MHOHOB OT MPOJAOJIBHOTO HUMITYJIbCA JUIUPYIOMIETO MPOTOHA Xmax, UTO,
CKOpee BCEro, CBA3aHO C 3aKOHOM COXPAaHEHHUs SHEPruM M HMITYJbca. AHAJIOTHYHYIO
3aBUCHUMOCTh ISl CPEJHEH MHOXECTBEHHOCTH BTOPHUYHBIX IMPOTOHOB Mojeib [6-10]
BOCIPOU3BOJUT KQ4e€CTBEHHO.

MonudunupoBannas wmonxenr DOPUTUOD [6-10] cunabHO  TPOTHBOPEUHT
SKCIIEPUMEHTY MO 3aBHCHUMOCTH CPEIHUX MHOKECTBEHHOCTEH 3apsyKEHHBIX MHUOHOB OT
MONEPEUYHOT0 UMITYJIbCA JTUAUPYIOLIETO MPOTOHA Ptmax, YTO CBS3aHO C HEYYETOM MOJIETH
KOPpeJSIIUK  MEXAY KHHEMaTH4YeCKOW XapaKTEepUCTUKOW TMEepBUYHOW YaCTUIBI U
3apsHKCHHBIX IMMOHOB, 00pa3yronmxcs B o0iacTu (pparMeHTaluu sapa MUIIeHH. Moenb
KaueCTBEHHO BOCIPOM3BOAUT 3aBUCUMOCTbh CpEIHEH MHOXECTBEHHOCTH BTOPUYHBIX
MIPOTOHOB OT MOINEPEYHOT0 UMMYJIbCa JTUAUPYIOMIETO MPOTOHA Ptmax. ITO CBsI3aHO € TeM,
YTO M B MOJENHU, U B DKCIEPUMEHTE €IUHBI MEXaHHU3M POCTa MOMEPEUYHOr0 UMITYJIbCa
MIEPBUYHON YaCTHUIIBI — €€ MepepaccesiHue Ha BHYTPUSICPHBIX HYKIIOHAX sIIpa MUIIICHHU.
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AnHoTanusi. C HCNOJB30BAaHHUEM METOAOB OXKE-3JEKTPOHHOM CIIEKTPOCKOIHH,
M3MEpEHUs] MHTEHCUBHOCTHU MPOXOALIETO Yepe3 o0pasel] CBeTa, paCTPOBOM IEKTPOHHOU
MUKPOCKOTHH, JU(PPAKIUH OBICTPBIX JJIEKTPOHOB U  YIEIBHOIO COMPOTHBICHUS
MIOBEPXHOCTU HCCIIEJOBAHbl COCTaB, ULIMPHUHA 3allpPEliEHHON 30HBI, MOp(OJIOTHs,
KpUCTAJNINYECKasi CTPYKTYpa, SJIEKTpOo(pU3HUECKHe CBOWCTBA IMOBEPXHOCTHBIX CJIOEB
wi€HoyHor cuctembl Si/NiSi2/Si(111), mosnydeHHbIX MET0/I0M TBepa0o¢a3HOM AMUTAKCUH
IIPY PA3JIMYHBIX TEMIEpPATypax MOUIOKKHU. Y CTAaHOBJIEHO, YTO TPaHUIIBI pa3fesia MEXKIY
cnosimu S1/NiSiz u NiSi2/Si (111) pe3kue u TonmmHa NEPEXOAHBIX CIIOEB HE TIPEBBINIACT 4-
5 M. Ilokazano, uro Merogom TdD HEBO3MOKHO NOJYYHTh TPEXCIOUHYIO CHCTEMY
Si/NiSi2/Si (111) ¢ Tommmuoit Si u NiSi2 menee 20-30 uM, Omnpenencubl npohuIu
pacripenienenust atomMoB Si U Ni 1o riyOuHe TpexcioiHoil cuctemsl. [lokazaHo, 4To B
nporiecce TBepaodazHoro ocaxkieHus Ni Ha S1 B COYETaHUH ¢ OT’)KUTOM Ha TTIOBEPXHOCTH Si
GopMupyroTcs snMTaKcHanbHble HaHorIeHkM NiSiz. Ilpu Tonmmuax h<150A mnnenxu
UMEIOT OCTPOBKOBBIM xapaktep. OpHoponHas cromHas ImieHka NiSi2 obOpasyercs,
HaunHas ¢ h=200A.

KuroueBble cji0Ba: reTepocTpykTypa, HaHo(]asza, MIMPHUHA 3allpelleHHOW 30HBI,
HAHOCJIOM, HaHOKpUCTAJUIMYecKHe (pa3bl, UMIIAHTALUs MOHOB, MOpP(OIIOTUs, CHIULHL,
MIEPEXOIHBIN CIION.

OBTAINING A MULTILAYER NANOSYSTEM Si/NiSi2/Si BY SOLID-
PHASE DEPOSITION METHOD

Abstract. Using the methods of Auger electron spectroscopy, measuring the intensity
of transmitted light through a sample, scanning electron microscopy, high-energy electron
diffraction and surface resistivity, the composition, band gap, morphology, crystal structure,
and electrical properties of surface layers on the Si/NiSi2/Si film system were studied (111),
obtained by solid-phase epitaxy at different substrate temperatures. It has been established
that the interface between the Si/NiSi. and NiSi2/Si (111) layers is sharp and the thickness
of the transition layers does not exceed 4-5 nm. It has been shown that using SPE it is
impossible to obtain a three-layer Si/NiSi2/Si (111) system with a thickness of Si and NiSi;
less than 20-30 nm. The profiles of the distribution of Si and Ni atoms along the depth of
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the three-layer system have been determined. It has been shown that in the process of solid-
phase deposition of Ni on Si in combination with annealing, epitaxial NiSi, nanofilms are
formed on the Si surface. At thicknesses h < 150 A, the films have an island character. A
homogeneous continuous NiSiz film is formed starting from h =200 A.

Key words: heterostructure, nanophase, width of the prohibited zone, nano -layer,
nanocrystalline phases, ion implantation, morphology, silicide, transition layer.

BBenenue. IIpu coznannum CBY-TpaH3UCTOPOB M MHTETPAIBHBIX CXEM Ha OCHOBE
HaHopa3MepHbIX rereposnurakcuanbHbix [T u MAII-ctpykTyp 0ocoOble TpeGoBaHUs
IPEIbSBIIAIOTCS K TUITy MaTepUalla, TOJIIMHE U CBOMCTBAM KOHTAKTUPYIOILUX MaTepHasIoB.
K Hum, npexnae Bcero, OTHOCATCA: Majasi TojuuHa mnepexoanoro cios Me-IIII,
HEM3MEHHOCTh COCTaBa M MOP(OIOrMYECKOe COBEPIICHCTBO IOBEPXHOCTH IUICHKHU,
CTaOMIIBHOCTB CBOMCTB KOHTAKTOB B IPOLIECCE U3TOTOBJICHHUS U SKCILUTyaTallui, COXpaHEHUE
OapbepHBIX CBOWCTB IO OTHOLICHMIO K S1 B HIMPOKOM AMana3zoHe TeMiepaTyp M IpU
BBICOKMX TOKOBBIX Harpyskax v Ap. /J[is monydeHust Xopoliero OMUYECKOro KOHTaKTa
HEOOXO0IMMO YMEHBIIHUTD YieabHOE conpoTusieHue 10 50-100 mxOm-cm [1-3].

B paGorax [4-7] n3y4eHO BIUSHUE HU3KOIHEPTETHICCKONH NOHHOW MMIUIAHTAIUN Ha
KPUCTAJUIMYECKYIO M 3JIEKTPOHHYIO CTPYKTYpbl MOHOKpuCTa/LIoB Si. [lokazaHo, 4Tto npu
9TOM MPOUCXOAUT Pa3yHOPSAOUYEHHE NPUIIOBEPXHOCTHBIX CIIOEB, (HOpMUpOBAHME
pa3NUYHbIX JAe(PEKTOB, BIUIOTH A0 MOJHOTO pa3ynopsJ0YeHUs IPUIOBEPXHOCTHBIX CIIOEB
3TUX MOHOKpUcTaioB. [locie TemnepaTypHoro nporpesa o0pa3oBajiiCh HAaHOIUIEHKH THUIIA
MeSi». IToka3zaHo, 4TO HIMPHHA 3aMpelIeHHO# 30HbI Eg HaHOpa3MepHbIX (a3 Tuna MeSia/Si
3aMeTHO Oouiblie, yeM Eg MaccuBHBIX IuieHOK MeSi2. OueHeHbl pa3Mepbl HaHOCTPYKTYD,
IIpU KOTOPBIX HAUMHAIOT TPOSIBIATHCS KBAaHTOBO-pazMepHble 3¢ ¢dekTbl. OgHako, 10
HACTOAIIEr0 BPEMEHU HE HMMENOCh JIOCTOBEPHBIX CBEJCHUN O BO3MOKHOCTH IOJIyYEHUS
HaHOpa3MepHBIX ciioeB Si Ha nmoBepxHocTH cucteMbl NiSiz /Si(111). UnTepec k nomydyeHunto
U W3ydeHHIo cBoicTB cucrteMbl NiSi2/Si oOyciosineH Tem, uro NiSiz U Si HUMeEIOT
KyOHW4ecKHe peleTKd, UX MOCTOSHHBIE PELIeTKH MpaKTHYHEe U HE OTIMYAOTCS JIPYr OT
apyra (asi=5,41 A, ani=5,42 A). Ha rpanune NiSi2/Si (111) He BO3HHKAIOT Ae(eKTbl
HecooTBeTcTBUs. Kpome Toro, ynenpHoe compotuBieHue NiSiz cocraBiser ~50-60
MKOM-cM. [10ATOMY 3TH CTPYKTYpbI IEPCIEKTUBHEE /ISl CO3/AaHUS T€TEPOINUTAKCHATBHBIX
MJIIT u ITAIT-cuctem.

B nanHoll pabore mpuBOASTCS SKCIEPUMEHTAJIbHBIE PE3YNbTAaThl MO H3YYEHHIO
cocTaBa, MOpPQOJOTHMM U HIEKTPOHHOM CTPYKTYphl HAHOIUIEHOK Si, MOJYyYEHHBIX Ha
noBepxHoctd NiSiz/Si (111) MeromoM TBepa0o(a3HOTO OCAKICHUS MPU TeMIEpaTrype
noanoxxku 1000K ¢ nmocnenyromumM oTKUroM.

B kaudecTBe MOAJIOKKHM MCIONB30BaHBl MOHOKpUCTamMueckue obOpaszust Si(111).
Ilepen ocaxneHueM IUIEHOK KpeMHHEBbIE 00pa3Ilbl OUMIIAINCH MPOTPEBOM B YCIOBHAX
ceepxBricokoro Bakyyma (P = 107 Ia) mpu T = 1100K B Teuennn 2-3 wacos u mpu T =
1400K - xpatkoBpeMeHHO (~10 MuH). [Ipr 7TOM MOBEPXHOCTh MOJHOCTHIO OYMIIAETCS OT
kuciopona (B mpenenax gyBctButenbHOocTH OOC). Ilepen HambuleHHEM MPOBOJIOKUA W3
0c060 urctoro Ni 06e3raxuBanuch B TEUEHUM 5—6 4acoB IIpH BaKyyMe He Hibke, deM 107
[Ta. Cxopoctb HamblieHHs IJI€HOK Ni ompenensiach MNpeABapUTENbHO U COCTaBiIsUIa
~5A/Mun. Tonmmuna NiSiz cocrapisna ~20 HM. JI1s co3aHUs TPEXCIOHHON CHCTEMBI Ha
MOBEPXHOCTU reTeposnuTakcuanbHol  cTpykTypel NiSi2/Si (111) mpu T=1000K
HaNbULTUCHh TUIEHKH Si TommuHOW ~50 HM. McmapeHue KpeMHHsSI OCYLIECTBISIIOCH
aNeKTpoHHOU OomOapnupoBkoil. Hambuienune atomoB Ni u Si, mporpeB 00pasios,
HCCJIEIOBaHMs X COCTaBa U MapaMeTPOB YHEPTETUUECKUX 30H C UCIIOJIb30BAHUEM METO/I0B
oke-3NeKTpoHHOM crnekTpockonuu (O9C) u u3MepeHue WHTEHCHUBHOCTU IMPOXOJSIIETO
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yepes o0pasel] cBeTa MPOBOAWIUCEH B OJJHOM M TOM K€ IPUOOPE B YCIOBUSIX CBEPXBBICOKOIO
Bakyyma (P = 107IIa). Mopgonorust moBepXHOCTH M3ydanach METOJAMH PacTPOBOM
anexkTpoHHod Mukpockormu (POM). Ilpu cusatum 3aBucumoctu I(hv) mcmonb3oBanock
CBETOBOE M3Iy4yeHue ¢ JMHOW BoHBI A=6200-800 nm (sneprusi xBantoB 0,2-1,5 3B).
[Ipodunu pacripeneneHust aToMoB 10 TiyOuHe onpeaensuiuch merogoM OOC B coueTaHuu
C TpaBJCHHEM MMOBEPXHOCTH MOHaMu Ar' ¢ sHeprueil 3 k3B, npu yrie nagenus 80-850
OTHOCHUTEJIbHO HOPMAJIH.

Ha puc.1 npuBenenst POM-u3o00paxenus u J{b2-kapTiHa (BCTaBKa) MOBEPXHOCTH
Si/NiSi2/Si (111). Bugno, uto npu T=1000K pacter cruioniHas MOJIHKPUCTAIUINYECKAs
ruieHka [8-11].

VYMeHbIIeHHE TONIMHLI HanblIgeMor IUieHKA Si g0 10 HM TakKe IMO3BOIUIO
YMEHBUINTh TEMIIEpaTypy 0Opa3oBaHHMs MOHOKpHCTATMYecKo mieHku 1m0 950-1000K.
OpnHako npu Takoil TemnepaType He popMHpOBajach CIUIOIIHAS OJHOPOJAHAs IUIEHKa Si.
OTu uccienoBaHus MoKa3ai, 4To MeToJoM TMdD HEBO3MOXHO MOIYYUTh TPEXCIIONHbIE
cuctembl Si/NiSi2/Si(111) Tommmuoi menee 20-30 HM.

Puc. 1. POM- u JIb3-(BcraBka) nzodpakenus noBepxnoctu cucrembl Si/NiSio/Si(111). I[lnenkn Si
HanpusuUch pu T=1000K TommuHo# ~50 HM
Ha pwuc.2 npuBeneHbl 3aBUCHMMOCTH HMHTESHCHBHOCTH IPOXOJIAIIEr0 cBeTa | OT SHepruu

dororos hv ama Si(111) u cucrems: SYNiSi/Si(111). OWsts = 20

| = _Nisi

, Usi=50 BM, rHE

lsi . Ipunsro, uto Isi=1. Bunxo, uro 3nauenue Eq s Si(111) cocrasusier ~1,1 3B,
a s ciost NiSi2 = 0,57-0,58 3B.

lNiSi ~3

lSi
L] Y
& ~
0.8F =
‘ﬂ
\
1
\ 1
\ 2
04t X~
\
3
\
VA A A, ,
04 0.6 0.8 1.0 hv, >B

Puc.2. 3aBuCMMOCTh HHTEHCUBHOCTH MPOXOIAIIEIO CBETa OT dHEpTryuu (HOTOHOB 1yist 1 -

ancroro Si(111Y: 2 - cucrenms SINiSi/Si (111). Inse =20 M1 4qi 50 1,
N3 puc.3 BugHo, uro ¢ poctoM T ot 500 no 900K 3HaueHue p nmpakTHUECKH HE
Mensiercs, B uHTepBasie T=900-1100K p ymensimaercs 10 muaumyma (p = 15 Om-cm).
JUist TpeXCIOWHOM CUCTEMBI U3YUEHO BIIMSHUE OT)KUTA Ha YJIEIbHOE COPOTUBIICHNE
meHku Si (puc.3).
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0 1 1 1 1 1 1
500 700 900 1100

TI,K
Puc.3. 3aBucumoctsb p(T) mst menok Si B cucreme Si/NiSip/Si(111).

dg; =50 mm, dyig; =20 mm

, Bpems mporpeBa npu kaxjaoi T cocraBiser 40 MuH

Ha puc.4 npuBeneHbl 3aBUCUMOCTH TTOBEPXHOCTHOM KoHIeHTparuu Ni ot T. Buano,
yro npu T=1000K Cni Ha mnoBepxHocTH cocTaBisieT ~4-5 ar.%. VYBenauuenue Cni
nponomwkaercs g0 T=1100K. [danpHeitmmii poct T npuBoautr k ymeHueHuto Cni U
YBEIUYCHUIO p.

Cr
ar.%

I I I |
700 900 1100 1300 T.K

Puc.4. 3aBucuMOCTh OBEPXHOCTHOH KoHIIeHTpaud CNi OT TeMIepaTyphl st CHCTEMBI
Si/NiSi,/Si (111)

IIpu T=1400K coctaB M CTpyKTypa HOBEPXHOCTH, XapakrepHble it Si(111),
MIOJIHOCTHO BocTaHaBnuBatorcs. [lo-Buagumomy, npu 3toit T mnenku Si/NiSi2 TOJHOCTHIO
ucnapstorcs ¢ nosepxHocta Si(111).

BrniepBbie MeTo10M TBep10(a3HOTO OCAKIACHUSI B COYETAHUU C OTXKUTOM IOJIy4eHa
HaHomnéHouHas cucreMa Si/NiSi2/Si(111). Onpenenens! npoduin pacmnpeie’eHusi aTOMOB
Si u Ni nmo riybune TpexcioiHoW cuctemsbl. [lpu HambuieHHMM Si Ha MOBEPXHOCTh
snuTakcuanbHoi rerepocTpykTypbl NiSi2/Si(111) npu  T=1000K dopmuposanach
cruomHast, onaHoponHas mieHka Si. Ilpu  yBemmuenun T go 1050K  Bmecto
MOJINKPUCTAIIMYECKON IUIEHKH Si  (OpMHpPOBAINUCh KPYMHOSYEHCThIE OJOKH, 4YTO
O0BsICHAETCSL MepexoJoM cIuiomHoN miueHku NiSiz Ha octpoBkoBble. [Ipu T=1100K
Habmo1aeTcs pasznokenue NiSi2 Ha cocTaBisione u yactuunas (~3-4 yac) nuddyzus Ni
K MTOBEPXHOCTH, YTO MPUBOJIUT K YMEHBILIECHHIO P IJICHKH Si.

[Tokazano, uro B mporecce TBepaodazHoro ocaxaeHus Ni Ha Si B COYETaHUHU C
OTXKHUIOM Ha TMOBEPXHOCTH Si (OPMHUPYIOTCS dMUTAKCUAIbHble HaHOIUleHKH NiSiz. [pu
tommuaax h<I50A mienku wuMmerOT OCTPOBKOBBIM XapakTtep. OmHOpOJHAsA CIUIONIHAS
mienka NiSiz o6pasyercs, Hauunas ¢ h=200A. Onpenenensl yaeabHOe CONPOTUBJIEHUE H
LIMpYHA 3alpeleHHOM 30HbI MIeHKH NiSi2.

0
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CENCMOM3O0JISILUSA TYPBOAT'PET'ATA A9C C HCHOJb30BAHUEM
YCTPOUCTB CYXOI'O TPEHUSI

Typaunes Manukxon Caiipuaaun yriam,

0a30BbIi JOKTOPAHT

TamkeHTCKUI ToCy1apCTBEHHBIN TPAHCTIOPTHBIM YHUBEPCUTET
malikjon_ts@mail.ru

ORCID:0000-0002-2499-0243

UDK 539.3, 519.633

AnHoTanus. B crathe m3yueHa BO3MOXKHOCTh CHIDKCHHSI pa3roHa TypOoarperara
ADC mpu 3eMJIETPSACEHUSX C MOMOIIBIO0 YCTPOICTB, pabOTAOMINX MO MPUHIHUITY CYXOTrO
Tpenus. [an 0630p pabot mo celicMouzosanuu coopyxeHuid. ChopMyTupoBaHbl 3a1auu
pacdyera KOHCTPYKUMH C CEMCMOM3OJLALMEN IO NPUHLUIY Cyxoro Tpenus. lIpemnoxen
HOBBIH aJITOPUTM PELICHUS 3a/1a4 CEUCMUYECKOM TMHAMUKU COOPYKEHUN MPU HAITMYUU CHUJT
cyxoro TpeHusi. Ha ocHOBe 3anuceii ceicMorpamm u akcejaeporpamm paccuuTaHa BUOpanus
ceiicMMuecku W30JMpoBaHHOrO TypOoarperata ADC mpH  YeThIpeX pa3iIMyuHBIX
3emieTpsiceHusix Marautyaor 8-10 OammoB mo mkame MCK-64. U3ydeno BiusiHue
BEPTUKAIBHOW COCTABIISIIONIEH CEHCMHMYECKOW BOJIHBI Ha MPOLIECC TOPU30HTAIBHBIX
KoJieOaHuN KOHCTPYKIUHU. [lepemenieHuss W yCKOPEHHUS OCHOBaHHUS KOHCTPYKIIUU U
TypOoarperara mpuBefieHbl B BHAe auarpamm u Tabiuil. [loka3aHa creneHb CHUXKEHUS
TOPU30HTAIILHOTO YCKOPEHUS TypOOoreHepaTopa Mpu UCIOIb30BaHUH CEHCMOU3OISINH OT
2.4 1o 12 pa3 no cpaBHEHUIO C MAKCUMAJIbHBIM YCKOPEHUEM OCHOBAHUA.

KuroueBble cioBa: ceiicMuueckue BOJHBI, CEHCMOM3OMIAIMS, (TOPOIIACT, CyX0e
TpeHue, ceiicMorpamMma, craijep, TypOuHHas yCTaHOBKA.
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SEISMIC INSULATION OF NPP TURBO UNIT USING DRY FRICTION
DEVICES

Abstract. The article examines the possibility of reducing the acceleration of a
nuclear power plant turbine unit during earthquakes using devices operating on the principle
of dry friction. A review of work on seismic insulation of structures is given. The problems
of calculating structures with seismic insulation based on the principle of dry friction are
formulated. A new algorithm for solving problems of seismic dynamics of structures in the
presence of dry friction forces is proposed. Based on records of seismograms and
accelerograms, the vibration of a seismically isolated nuclear power plant turbine unit was
calculated during four different earthquakes with a magnitude of 8-10 on the MSK-64 scale.
The influence of the vertical component of a seismic wave on the process of horizontal
vibrations of a structure has been studied. The displacements and accelerations of the base
of the structure and the turbine unit are given in the form of diagrams and tables. The degree
of reduction in the horizontal acceleration of the turbo generator when using seismic
insulation is shown from 2.4 to 12 times compared to the maximum acceleration of the base.

Key words: seismic waves, seismic insulation, fluorine plastic, dry friction,
seismogram, slider, turbine unit.

BBenenne. OOBEKTOM UCCIICAOBAHUS B JAHHON pabOTe SBIICTCS CEHCMOM3OJISIUS
TypOoarperata aToMHOH 3iekTpuueckoil ctanimu (ADC) ¢ UCHOIB30BAaHUEM YCTPOMCTB
CyXO0To0 TpeHus (IJIOCKUH cinaitiep, PToporuiact) Mexay ero GyHaaMeHTOM U OCHOBaHUEM.

TypOoarperar siBisieTcss OCHOBHBIM U3 ycTpoicTB ADC, U 3amuTa ero ot JeiHcTBUi
3EMIICTPSICCHUM  SIBJSIETCS BAKHOM 3a7adyeil Uil TeX PEruoHOB, TAE IUIAHUPYETCS
ctpoutensctBo ADC [1]. Jns PecnyOnuku VY30ekucTaH 3Ta 3afada TakkKe SBISETCS
aKTyaJIbHOM, Tak Kak croenquanucramu Poccuiickon @enepanuu  IUIAHUPYETCS
CTPOUTENBCTBO M BBOJ B aKciulyaranuio ADC B Jxu3akckoil obractu. Y30ekucTaH
SIBJISIETCSI CEHCMOAKTUBHOM 30HOM.

Bonpocer ceiicmonsomsanun ADC pacCMOTPEHBI 110 pa3IMYHbIM MozesaM B [1-2]. B
[3-4] mpuBeneHs! pe3ynbTaThl UCCICIOBAHHI MPOCTPAHCTBEHHBIX KOHCTPYKIUHN 3aHUH B
pe3yibTare JecTBUS pealibHbIX 3eMileTpsceHui o koMiuiekcy nporpamMm LS-DYNA. [lns
OTNpeENeHHBIX TUIMOB 34aHUN 3()(YEKTUBHBIM CHOCOOOM CEMCMOM3ONSILIMM  SBISETCS
CKONB3AIINIA (yHIAMEHT ¢ ucmojib3oBaHueM ¢dropormiacta [5-6]. B [7] paccmoTpeHs
YHCJIEHHBIE AJITOPUTMBI PEIIEHUs JUHAMUYECKHX 3a4a4 JJIsl COCTaBHBIX KOHCTPYKLUH.

Cnenyer OTMETHTH, YTO JMHAMUYECKHE 33alaUd C CYXUM TPEHHUEM SBIISIFOTCS
CYIIECTBEHHO HEJMHEHHbIMU 3amadamu  [8-10]. B nmanHOoW paboTe s  OLIEHKH
s deKkTUBHOCTH ceficMon3oisauu Typboarperata ADC ycTpoicTBaMH CyXOro TPEHUs
mpe/yIaraeTcsl YUCICHHBIN arTOPUTM PELICHHs HEIMHEHHON TuHaMuyeckoi 3aaaqn [8-10].

Metongonorus ucciaegosanus. IIycTb 3aJaHO TOPU30HTAIBHOE U BEPTHKAIBHOE
JBUKEHHE OCHOBAHUS KOHCTPYKIIMU B BHJIE CEMCMOrpaMMBbl PEaJbHOTO 3€MIIETPSICEHMS.
byaem cumtaTh, UTO POCTBEPK pazlielieH ILNIOCKUM ciaifepoM [11] unm AByXcClOiHBIM
¢dbropormactom [5-6]. Crnaiinepsr umerot kodddurment cyxoro tperust ot 0.025 mo 0.055
[11], a propomnact obecrneunBaeT ckonbxkenue ¢ kodddumuentom 0.05 u 6onee [6]. B
KauecTBE MOJIEIM B3aMMOJECHCTBHUS OCHOBAaHUS U POCTBEpKA IO TOPU3OHTAIBHOMY
HaIPaBJICHUIO IPUMEM MOJEIb CyXoro TpeHus KyioHa, 1o BEpTUKaJIbHOMY HAIIPABIIEHUIO
OyzeM cuuTaTh UX aOCOJIIOTHO JKECTKO CBSI3aHHBIMH.

KoHcTpyK1uio npecTaBuM 0THOMEPHOH CIBUTOBOI MOJIETIBIO C COCPENOTOUYEHHBIMU
MaccaMi 1 O€3bIHEPLIHOHHBIMU YIIPYTUMH CBS3AMH [9]

M]-Uj+[c] U+ IK]- U= ), (1)
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U={u.}, {U}: 0, npu t=0,
rae [M] - auaronannhas MaTpuiia Mace, pacTioNoKEHHBIX B ypOBHsX sTaxeii, [K |
—  Marpuia  JKECTKOCTEH, [Cl=a-[M]+A-[K] —  Marpuua  BS3KOCTH,
U}={ug.U; U, Vg V.V, | — BekTop mepemermennii, U;,V;, — TOPH3OHTAIBHbIE H
BEPTUKAJIbHBIC IIEPEMCIICHHUS Macc, {U St} — BEKTODP NEPEMEILEHUM B HAYaILHBIM MOMEHT

BpeMeHI/I. 3JI€M€HTBI, COOTBGTCTBYIOIJ_II/IC CIIBI/II‘OBOMy nepeMemeHmo paBHBI Hy.]HO, a
3JIEMEHTBI, COOTBETCTBYIOIINE BEPTUKATLHOMY ITEPEMEIICHUIO, OTIPEICISAIOTCS U3 PEIICHUS
CTAaTUYECKOM 3aJauu.

YcnoBre ropu3oHTaNIbHOTO B3aUMO/IEHCTBHUS MacChl [M 0] pPOCTBEpKa C OCHOBAaHHUEM
umeeT Bun [9]:

Uy =Uy —U,, ecrn |Fy|< |Ffr , T.€. TIPH COBMECTHOM JIBUKCHUH, 2
F, =F, npu ckonbxenun, (3)
Vo =V, (4)

rae Uy, Vo — mepemenienus poctsepka, U, V, — ropu30OHTalIbHOE U BEPTUKAIBHOE
NepeMeIIeH!s] OCHOBaHMS, T.€. AaNMpPOKCHMHUPOBAaHHBIE CIUIAWHQYHKIMKA ODpMHuTa

OHH(prBaHHOﬁ CeﬁCMOFpaMMBI 3CMJICTPACCHUA, Ur— BCJIMYKMHA CABHUI'a B MOMCHT BPpEMCHU

B HayaJie TEKYLIEro0 COBMECTHOIO IBMKEHHUS OCHOBAHUS U POCTBEPKA, T.€. PA3HOCTb MEXKIY
3HAUEHUSIMU TIEPEMEIICHU OCHOBAaHMSA W POCTBEpKa (B HAaYaJIbHbII MOMEHT BpPEMEHU

u, =0), F, — Hen3BecTHOE 3HAYEHHE CHIIBI CLETIEHHS MEKy OCHOBAHUEM U POCTBEPKOM,
Fi =sign(u, —U, )- f -P— 3nauenne cunbr cyxoro tpenns, f — kosdduumeHt cyxoro

TpeHus, P — cuna naBneHHWs Ha CKOJNB3SIIMNA 3JEMEHT (QyHIAMEHTa B TUHAMUYECKOM
MpoIIeCcCe, €CIU HE YIUTHIBATh BEPTUKAIBHBIE KOJIEOAHUS, TOT/Ia 3TO BEC KOHCTPYKIUH [9].
JIuHelHasg anmpoKCHMAalUs CEHCMOrpaMMbl 3€MIIETPSCEHUS AAaeT IOIPEIIHOCTh IIPH
BBIUHCIICHUH CKOPOCTH M YCKOPEHMSI OCHOBAHHS, MOITOMY HCIIOJIb3YETCSl €€ CIUIaiiH
anmIpOKCUMAIHS.

CrnenyeT OTMETHUTb, YTO BEPTUKAJIbHBIE KOJIEOAHUS HE 3aBUCIT OT FOPU30HTAIBHBIX
KoJe0aHUH KOHCTPYKLMHM, a TOPU3OHTAJbHbIE KOJIEOAHUs 3aBHCAT OT BEPTUKAIbHBIX
KoJe0aHui KOHCTPYKIMH Yepe3 yciaoBue (3), Tak Kak BO BpeMsi BEpTHUKAJIbHbBIX KoJeOaHu
JlaBJIeHHE Ha CKOJIb3SAIMUN pyHAaMEHT u3Mensercs [9].

ITpu coBmecTHOM aBmxkeHnHU nepememienne U, ompenensercs mo paBeHCTBY (2) u
ypaBHeHHe IBMXKeHUs Maccel M, umeet Bup [8-10]:

M., +k,u, +c,t; —K,(u, —u; )=, (U, —t; ) =k, +¢,U; . ®)

B orom cmywae Q, =KU, +CU,, oOCTambHBIE DIEMEHTHI BEKTOpA {Q},

COOTBETCTBYIOIIME T'OPU30HTAIBHBIM MEPEMEIIEHUSIM COCPEIOTOYEHHBIX MAacC, PaBHbI
HY/II0. YpaBHEHHME BEPTUKAIBHOIO [IBIKEHMS Macchl M, uMeeT BHJ, NOAOOHBIN
ypaBHeHHI0 (5), B mpaBoil dyactm mpubapisercss M,g. DJeMEHTBl BEKTOpa {Q},
COOTBETCTBYIOIIIME BEPTUKAJIBHBIM TEPEMELICHUSIM COCPEJOTOUYEHHBIX MAacc, pPaBHbI
3HAYECHHSIM BECOB COOTBETCTBYIOIIMX COCPEIOTOUCHHBIX Macc [9].

CKonbXeHHe C CyXMM TpPEHHEeM HAcTymnaeT TOJbKO TOT/A, KOI/a BBIIOJIHIETCS
ycnosue (3) [9]. PaccmaTpuBaemas 3amaya (1), (2), (3) sBasieTcss HENMMHSHHON 3a1a4uet, mpu
5TOM OTCYTCTBYIOT YCJIOBHS BBIYHMCICHHS Heu3BecTHON Qynkumu F, a Takke Bo Bpems
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JUHAMHYECKOI0 IIPOLECCa U3MEHAIOTCS Pa3MEPHOCTH MaTPHIL [M] u [K]
IIpy CKOJIBXKEHNH UMEET MECTO yPaBHEHHE JIJIsl MACChI [I\/I 0] [9]
Moo —k; (u; —Ug ) —¢,(t; — Uy ) = Fy, mpu atom Qp = Fy,
Jis peuleHus 3a1a4d B IEJIOM BOCIOJIB3YEMCs CleayromuMm ainroputmom. Ha

KaXXJIOM II1are 1o BpeMEeHH pelaeM 3aJaud B TPeX MOCTaHOBKax [8]:
1. Vpasuenue (1) pemraem ¢ ycnoBueM (2);

2. Vpasuenue (1) peraem ¢ ycnosuem (3), mpu Fy = f - P;
3. Vpasuenue (1) pemaem ¢ ycnosuem (3), mpu Fy =—1 - P.

Tpu stom matpunsl [M]  u [K] B NIEPBOW MOCTAHOBKE MMEIOT pazmep 2N x 2N
(3mecb N — KONMYECTBO STaKeW 3/1aHMA), a BO BTOPOH M TpeThel MOCTAHOBKAax
(2n+1)x2n [9]. BeiOOp UCTUHHOTO PEHICHUSI U3 THX TPEX PEIICHUH OCYIIECTBISECTCS

cremyromum obpasom. Ecnm orHOcHTenbHEIE ckopoctn U, —U,  BO BTOpOil M TpeTheil

MMOCTaHOBKAX 3a/1a4 UMEIOT pa3Hble 3HAKH, TOTJa HCTUHHBIM PEIICHUEM SBIISIECTCS pPEUICHHE
3aJla4M B IIEPBOM NIOCTAHOBKE, IOTOMY YTO MPUJIOKEHHAS CUJIA CyXOr'0 TPEHHS 3aCTaBIIsSIET
JIBUTATHCS B Pa3HBbIE CTOPOHBI M 3HAYHUT, HEU3BECTHASI CHJIa MEHBIIIE MTPEIeIbHOT0 3HAYCHUS
CWJIBI CYXOr0 TPEHUS, T.€. MacChl HMXKHETO U BEpXHEro ()yHIaMEHTOB Ha 3TOM IlIare mo
BpPEMEHH ABMXKYTCS BMecTe 0e3 CKoybkeHus. Eciu oTHOcuTeIbHBIE CKOPOCTH BO BTOPOU
U TPEThEN NMOCTAHOBKAX 3aJa4 MMEIOT OJMHAKOBBIE 3HAKHU, TOTJA UCTHUHHBIM PEIIEHUEM

SBJIETCS PELICHUE 33/1a4ydl B TOM MOCTAHOBKE, B KOTOPOH OTHOCHUTEIbHAs CKOPOCThH IO

aOCOIOTHOMY 3HAYEHHIO SBIISICTCS HAUMEHBIICH, MOTOMY YTO CHJIA CYXOTrO TPEHHS

Hampapji€Ha MPOTUB OTHOCUTENIbHOrO ABWKeHHS [8-10]. Bce Tpu 3amaum pemarorcs

meronom  Heromapka  [12], ommdpoBaHHas  cedcMorpaMma  3eMJIETPSICEHUS

anmnpoKcUMupyercs crulailH gyHkuueit Opmurta. Ilpu 3ToM mar mo BpeMEeHU B METOjie

Heromapka 1omkeH ObITh MEHBIIIE 1ara 3arucy 3eMJIETPSICEHUSI.

PesyabTaTrel u o0cy:xkaenue. OOcynuM pe3ylbTaThl pacyeToB Ha MpUMEpe
ceiicmounzomsiuu TypOoarperatra ADC [1]. Moaens KOHCTpYKLMU NPEACTaBUM B BUJE
TpexmaccoBoi cucteMsl (puc. 1.). ITycTb 3a1aHbl XapaKTepUCTUKU KOHCTPYKLIMH, a TaKKe
ceificMOorpaMMBbl CIEAYIONUX CUIbHBIX 3emiieTpsicenui [13]:

1. Cairano 3 — 000319 (16.01.1981 r, 8 6amnoB no MSK-64, MakcuMaibHOE YCKOpEHUE —
1.47 m/c?, makcumanpHOe mepeMernerne — 0.0029 M, mar omudposanus — 0.005 c,
MPOJOIKUTENBHOCTE — 22.175 c);

2. Gazli- 000074 (17.05.1976 r, 10 6amioB mo MSK-64, makcuManbHOE yCKOpeHue - 7.23
M/c?, MakcuMmanbHOe mepememenne - 0.1827 M, mar ouudpposanus - 0.005 c,
MIPOJOJIKUTENBLHOCTD - 28 C).

Puc. 2. Pacuernas cxema typboarperara ¢ GyHIaMEHTOM.

Macca Typboarperara - 2.5-10° kr, Macca pyngamenta Typ6oarperata - 5.0-10° kr.
JKecTKoCTh SKBUBAJICHTHOW MPYXHHBI HA CIIBUT MEXY TypOoarperatoMm u (pyHIaMEeHTOM -
1.0-10%H/m, a ee BepTuKanbHas xkecTKoCTh - 2.0+ 109 H/m. TopusoHTanbHAS U BepTHKATbHAS
KECTKOCTH (DyHIaMeHTa cooTBeTcTBeHHO paBHel 1.0-10° H/M u 2.0-10%° H/m.
Kosddunuentsr 3aTyxanus pasubl 0=0.94 ¢, p=0.00116 c. B pacuerax ko> uiueHT
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CYXOro TPEHHsI MEeX1y OCHOBaHUEM U (DyH/IaMEHTOM NMPUHUMAIIK B ABYX Bapuanrtax: 0.025
u 0.05.

[Ipyu yKcIeHHOM pelIeHUH 3aJad ¢ CYXUM TPEHHEM Liar 1o BPeMEeHH HEeOOXOAUMO
noxouparth A 00ecreyeHns J0CTaTOYHON TOYHOCTH. B Hammx mpuMepax pacyeToB miar
1o BpeMeHu ObL1 BeIOpaH paBHbM 0.001 c.

Ha puc. 2 npuBeneHo cpaBHeHHE MEpEeMELICHUI OCHOBaHUS U TypOoarperaTa, a Ha
puc. 3 - COOTBETCTBYIOIIMX YyCKOpeHHUU Tipu 3emieTrpsiceHuun Nel 8-OamipHOM
uHteHcuBHOCTH. Koadduument cyxoro tpenus f=0.025. IMomydarorcs cpaBHHUTEIBHO
OoJblIMe TepeMelieHuss Typboarperara 3a CYeT CKOJIbKEHUs (yHIaMeHTa, HO €ro
YCKOPEHUSI HIMEIOT HEOOIbIINE 3HAUCHHSI, MAKCUMAaJIbHOE 3HAYSHHUE 3TOT0 YCKOPEHus B 6.6
pa3 MeHbllle, YeM MaKCUMaJIbHOE YCKOPEHHE OCHOBAHUS. DTO MOKa3bIBAET, YTO YCTPOHCTBO
C CyXMM TPEHHEM MO3BOJHJIO CHU3WUTH JecTBUE §-0aJIbHOTO 3emiieTpsiceHus. Tak mpu
KECTKOM COCAMHEHHH OCHOBaHUS ¢ (yHIAMEHTOM MaKCHUMaJbHOE YCKOPEHHE
TypGoarperara paBHo 0.662 M/c?, a B cilyuae HCIIONB30BaHKS YCTPOHCTBA CyXOTO TPEHHUS -
0.224 M/c?, uto oyt B 3 pasa Menbe. Ha cHIKeHME ycKOpeHHs Typboarperara Takxke
BIMSIIOT TPYXHWHHBIE aMOPTU3ATOPBI, YCTAHOBJICHHBIE MEXIy (yHIAMEHTOM U
Typ6oarperatom [1].

0,012 , u,m

20 , w,m/s?

0,010

0,004 20
—a —b T
Puc. 2. I3MeHeHne niepeMenieHni 110 BpeMeH! Puc. 3. VI3MeHeHHe yCKOpEHHI IO BpeMeHH
ocHoBaHus (A Umax= 0.00287 M) u TypOoarperata OCHOBAHHUS (& Wmax= 1.47 M/c?) u Typboarperara
(b Umax= 001 12 M) (b Wmax= 0224 M/CZ)

2
0,012 ,u,m 2.0 4 w.m/s

0,010

20

Puc. 4. 3meHeHune nepeMenieHuii no BpeMeHu Puc. 5. I3MeHeHue ycKOpEHUii 110 BpEMEHU
ocHOBaHHMA (&: Umax= 0.00287 m) u ocHOBaHMS (& Wmax= 1.47 M/c®) n
typboarperata (b: Umax=0.0199 m). Typ6oarperata (b: Wmax= 0.352 m/c?).

Ha puc. 4 u puc. 5 npuBeneHbl Takue k€ CpaBHEHUS MpU 3HAYEHUU Ko3(]duirenta
cyxoro tpenus f=0.05. YBennuenue koaddumpenTa cyxoro TpeHus B JBa pa3a HECKOJIBKO
U3MEHsIeT KapTUHY KoJjieOaHus KoHCTpyKuuu. Konebanus TypOoarperata UMEIOT OOJIBIIYIO
aMIUTUTY/ly OTHOCHUTEJIBHO CIBHUHYTOTO IOJIOKEHHs, a MaKCHUMalbHOE 3HAa4YeHHE €ro
YCKOpeHHUs B 4 pa3a MEHbIIIE, 4eM MaKCUMaJIbHOE YCKOPEHNE OCHOBAHUSI.

Ha puc. 6 u puc. 8 npuBeneHbl CpaBHEHHUS MEPEMEIICHUN OCHOBaHMS, UMEIOIIEro
3nauenue 0.183 m, u TypOoarperata, a Ha puc. 7 U puc. 9 - COOTBETCTBYIOIUX YCKOPEHUM
npu 3emserpsceHud Ne2 10-0anmabHOW HMHTEHCHMBHOCTH. MakcHMaibHblE YCKOPEHHUs
TypOoarperata mpu 3HaueHWH Kod(duimenta cyxoro Tpenus f=0.025 wu f=0.05,
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COOTBETCTBEHHO yMEHbIIAIOTCA B 6.5 u 4.6 pa3a MO CpPaBHEHUIO C MaKCHUMAJIbHBIM
YCKOPEHUEM OCHOBAHMUSI.

2
02 yu,m 80 ,w,m/s

02 6,0

0,1 4,0
01 /‘\A 20
0,0 0,0
X ~7 X
2 4 6 8 10 12 \}a 20 22724 26 28 30
01 20
01 -4,0

22 24 26 28 30

-02 -6,0

02 -80
a ——b —a —b
Puc. 6. I3MeHeHue niepeMellieHUi 110 BpeMeH! Puc. 7. VI3aMeHeHHe yCKOpeHH 0 BpeMeH!
ocHOBaHHs (2 Umax= 0.183 M) u Typboarperara (b: ocHOBaHHUA (& Wmax= 7.23 M/c?) u Typboarperara
Umax= 0103 M) (b Wmax= 112 M/C2 )
02z yu,m 80 ,w,m/s?

60
4,0

2,0

0,0

22 24 26 28 30
-20

-4,0

-6,0

-80

—_—1a —b

Puc. 8. VI3MeHeHue nepeMelieHnit 1o BpeMeH! Puc. 9. I3MeHeHHe yCKOpEHHI IO BpeMeHH
ocHoBaHMs (a: Umax= 0.183 M) u Typ6oarperara (b: OCHOBaHHUA (A Wmax= 7.23 M/c?) u Typboarperara
Umax= 0156 M) (b Wmax: 157 M/C2 )

B cnenyromux 1Byx Tabiauiax NpuBeACHbl MAKCUMaIbHbIE 3HAUEHUS TIepeMeLeHUN
1 YCKOPEHUN OCHOBaHMs M TypOoarperara JUisi pa3HbIX 3eMJIETPSICEHMH MpU pa3IMUHbIX
3HA4YEeHUSAX KOAPPHUIMEHTA CyXOT0 TPEHUS.

Tadanna 1. MakcuManbHble 3HaU€HHS TOPH30HTAIBHOTO ITEPEMEIICHUS, YCKOPEHUS] OCHOBAHUS 1
TypOoarperara 0e3 yuyeTa BepTHKaIbHOH KOMIIOHEHTHI 3emierpscerns (H) u ¢ yueToM ero BepTuKaIbHOM
komnoHeHTsl (HV) nipu 3emneTpscernn Nel.

f =0.025 f =0.05
Uppax( ) Wmax(M/C2 ) Unan( ) Wmax(M/cz)
H HV H HV H HV H HV
Ocrosarms | 0.00287 | 0.00287 | 1.47 147 | 0.00287 | 000287 | 147 | 147
Typbunnas 0.0112 0.0109 | 0.224 | 0211 | 0.00199 0.0126 | 0.352 | 0.354
YCTaHOBKa

Tabymna 2. MakcuManbHble 3HaU€HUS] TOPU30HTAIIBHOTO NEPEMEILEHHS, YCKOPEHUS] OCHOBAHUS U
TypboarperaTa 6€3 ydera BepTHKaIbHONH KOMIIOHEHTHI 3emiieTpsicerns (H) u ¢ yueTom ero BepTHKaIbHOM
komnoHeHTHl (HV) nipu 3emneTpsicernn No2.

f =0.025 f =0.05
u,, () w, (m/c?) U (1) Wi (1] ¢*)
H HV H HV H HV H HV
Ocnosanus | 0.183 | 0.183 7.23 7.23 0.183 | 0.183 7.23 7.23
Typbmunas | g 443 | (401 1.12 2.53 0.156 | 0.324 1.57 2.84
YCTaHOBKA
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VY4er BepTHUKaIbHONU KOMIIOHEHTHI CECMUYECKOM BOJIHBI HEOJHO3HAYHO BIMSET Ha
MaKCUMaJIbHbIC 3HAYEHUS NIEpEMEILEHII 1 YCKOpeHHid Typboarperara. B 3aBucumocTtu ot
MHTEHCUBHOCTU 3E€MJICTPSICEHUSI U CIIEKTPaJIbHOI'O COCTAaBa €ro 3alliCH, a TaKKe OT
MEXaHUYECKUX XAPAKTEPUCTUK KOHCTPYKLIMM, BO3MOXKHO YBEIWYCHUE WIA YMEHBIICHUE
MaKCUMAaJIbHOI'O YCKOpeHHUsl TypOoarperara Npu ydeTe BEpPTUKAIbHON COCTaBIISIOILEH
celicMu4ecKoil BoHbI. B Hamem nmpumepe, yeM 0oJbIlleé HHTEHCUBHOCTD 3€MIICTPSCEHUS,
TeM OoJblliee BIUSHUE BEPTUKAIbHON KOMIIOHEHTbI CEHICMUYECKON BOJIHBI HA CABUTOBBIE
YCKOpeHus TypOoarperara, T.€. CABUTOBBIC YCKOPEHHSI YBEITUMUUBAIOTCSI.

BeiBoasl u  npemioxkenusi. [lnockue — cnaiinepsl, HUCHOJB3yeMble IS
CEHNCMOM30IIA MU KOHCTPYKLIUM, TIO3BOJISIOT CHUKATh MAKCUMAJIbHOE 3HAYEHHUE YCKOPEHHUS
B HECKOJIBKO Pa3 B 3aBUCMOCTH OT MacChl KOHCTPYKLIUHU, KOA(PGHUIMEHTA CyXOro TPEHUsSI U
Xapakrepa CeHCMUYECKOr0 BO3JECHUCTBHUS, T.€. OT UHTEHCUBHOCTU U JIOMUHAHTHBIX 4aCTOT.
K 3akmouennto o0 3(ppeKTHBHOCTH HCIIONIB3YEMOro claiiepa HeoOX0IuMO HPUNHTH Ha
OCHOBE pacueToB II0 HabOpaM 3amucedl 3€MICTPSACEHUH, II0 HHTEHCUBHOCTH M
CIIEKTPAJIbHOMY COCTaBY YacTOT OJIM3KUX K BEIOPAHHOM IUIOIIAKE CTPOUTEILCTBA.
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UCHOJIb30BAHUE BICOKOYACTOTHBIX 1 CBU-UOHHO-
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AHHOTanus. B Hacrosmiee BpeMs HCIONB30BAaHME CBEPXBBICOKOYACTOTHOM
MUKpOBOJIHOBOU (mpumepHo 1-10 I'T'1x) mya3mbl Uil BHIIOJHEHUS Pa3IMYHbIX IPOLECCOB
BaKyyMHO-IUIa3MEHHOW 00pa0OTKM MaTepuanoB OOYCJIOBIEHO €€ YHHKaJIbHBIMU
anekrpopuzndeckumu cBoiictBamu. AO «lmyron» (Mocksa, Poccuiickas ®deneparms)
ocBoeHO Tpou3BocTBO CBYU-marneTpoHHbIX Jamn ¢ paboueit yactoroit 3-12 [T, B ToM
YHUCJIE C PETYJIUPYEMON YaCTOTOM, MOIIHOCTHIO 10 12 kBA. MarneTpoHHbIe JIaMITbl THIIA
JII2M214 wmm 2M213 ucnonb30Baduch JUIsl CO3/aHUS TUIa3MEHHBIX YCTPOMCTB IS
npousBojctBa CBU-sneprun uvacroroit 2,45-2,46 I'Tn. [lpy HOMHHaAIBHON MOIIHOCTH
aHOJIa M BO3YITHOM OXJIaXKJIEHUH JIaMIIa IT03BOJISIET MOJIYYUTh BBIXOJHYIO MOIIHOCTE 500-
800 Bt ¢ KIIJ] no 80%. bbuin npoBeneHbl UCHBITaHUS 1O 00pabOTKe psiia MaTepHaioB
(KpeMHHEBBIE TUIACTUHBI, CTEKJIO, KEPAMUUYECKOE CTEKJIO, MOKPHIThIE TOKOMPOBOIAIINMU
MeTaJljlaMi, TPUPOJIHbIE MHHEpaibl) B MUKPOBOJHOBOM IJIa3Me, KOTOpbIE IOKa3aiu
OKHUCJINTEIBHOE IEHCTBUE KUCIOPOAHOM IIa3MbI U YJAJIEHHE OPTaHUYECKUX COETUHEHUM C
oOpaboTaHHOM OBEpXHOCTH. B nanpHeiimeM rmanupyercs ucnoias3oate CBU-mnasmy, B
YaCTHOCTH, aproHOBYIO, BOJIOPOJHYIO, (PEOHOBYIO TIUIa3My, JJIs  OIpeJesIeHUs
BO3MOXXHOCTEHl BO3/JEHUCTBUS Ha pa3MYHble MaTepUaibl C LENbI0 HM3MEHEHUs MX
[apaMeTpoB OYMCTKH, BOCCTAHOBJIEHMS OKCHAOB, CYXOro TpaBieHHUs, I(PPEKTUBHOIO
OKHCJICHUS, yaJIeHUsl TpUMECEH.

KiroueBble cioBa: BakyyMm, IJla3Ma, 4acToTa, pabO4Mii ra3, MCTOYHHUK HOHOB,
CKOpPOCTb TPaBJIEHHUSI, OKCUJ KPEMHUS, HUTPUJ KPEMHHUS, (POTOPE3UCT.

USE OF HIGH FREQUENCY AND MICROWAVE ION-PLASMA METHODS
FOR REMOVAL OF ORGANIC COATINGS

Abstract. Currently, the use of ultra-high-frequency microwave (approximately 1-10
GHz) plasma to perform various processes of vacuum-plasma processing of materials is due
to its unique electrophysical properties. JSC "Pluton” (Moscow, Russian Federation) has
mastered the production of microwave magnetron lamps with an operating frequency of 3-
12 GHz, including adjustable frequency, with a power of up to 12 kVA. Magnetron lamps
of the LG2M214 or 2M213 type were used to create plasma devices for the production of
microwave energy with a frequency of 2.45-2.46 GHz. With the rated anode power and air
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cooling, the lamp allows an output power of 500-800 W with an efficiency of up to 80%.
Tests were carried out on the processing of a number of materials (silicon wafers, glass,
ceramic glass coated with conductive metals, natural minerals) in microwave plasma, which
showed the oxidative effect of oxygen plasma and the removal of organic compounds from
the treated surface. In the future, it is planned to use microwave plasma, in particular, argon,
hydrogen, freon plasma, to determine the possibilities of influencing various materials in
order to change their cleaning parameters, oxide reduction, dry etching, effective oxidation,
and removal of impurities.

Key words: vacuum, plasma, frequency, working gas, ion source, etching rate, silicon
oxide, silicon nitride, photoresist.

Beenenne. [Iporiecchl BAKyyMHOTO TpaBJI€HUs] U OUUCTKH [TOBEPXHOCTU MaTepHasioB
B IJIa3M€ ¥ TIOTOKaMU HOHOB MOKHO KJIACCHU(HUIIMPOBATH, PEXK/IE BCETO, M0 MEXaHU3MaM
B3aUMOJICHCTBHSI YACTHUL] C MIOBEPXHOCTHIO U PACHOIOKEHUIO 00JIACTH ME€HEPALUU YacTHULL
OTHOCUTENIbHO oOpabarbiBaeMoit moBepxHocTu [1-5].  Kak OCHOBHbIE MEXaHH3MBI
yJaJIeHUs] TOBEPXHOCTHOTO CJI0s MaTepuaa BbICTYNAOT KaTOAHOE (MOHHOE) paciblIeHUe
U TEeTepOreHHblE XMMHUYECKHE peakUuu C OOpa30BaHUEM JIETyYUX COEIUHEHHII.
Bo3MokHOCTH IPOIIECCOB TPaBJICHUS, B TOM YUCIIE TPABJIECHUs NOKPBITUH, ONpenensoTcs
KOHCTPYKTUBHBIMH OCOOEHHOCTSIMHM YCTPOMCTB, UX THUIOM U (PU3UKO-TEXHOJIOTHYECKUMHU
napamerpamu [6-10].

Bce Tumnel yCcTpoMCTB MOYHO pa3[enuTh Ha IUIa3MEHHbIE (MOHHO-IIA3MEHHBIE) U
HMOHHO-Ty4YeBble, B TOM 4YHCJE, Ha IOCTOSIHHOM TOKE, BBICOKOYACTOTHBIE U
CBEPXBBICOKOYACTOTHBIC, C (POKYCHPOBKOW M KOMIICHCAI[MEeH 0OBEMHOr0 3apsijia wim 0e3
kommeHcaruu  [11-15]. [Ipaktudeckuii  WHTEpeC  MPEACTaBISET  KOMILIEKCHOE
CPaBHUTEIbHOE U3yYEHHE BO3MOKHOCTEH BAKYYMHOI'O HOHHOI'O U IJIA3MEHHOT'0 TPABJICHUS
Takux marepuanoB kak Si, SiOz, SisN4, MeTa/IoB M CIIJIABOB, OPraHUYECKUX IUICHOK,
¢dotope3ucToB. Paznuune B KOHCTPYKIIUU UCIIOJIb3YEMBIX YCTPOUCTB, pexuMax o0paboTKu
CTPYKTYp M APYruX (akTOpPOB HE MO3BOJIAET MOJYYUTh TOYHBIE JaHHBIE 1O TPABICHUIO
MOBEPXHOCTHU UCIIOJIb3YEMbIX MAaTEPHAJIOB (TIOKPBITHI) B peabHbIX ycioBusx. [16-20]. s
3TOr0 HEOOXOUMO MPOBEICHHE MPAKTUYECKUX HCCIIEJOBAHU.

JKCIepUMEHTAJIbHAsT TeXxHHKa. B kauectBe O0OBEKTOB  HCCIEIOBaHUS
UCIIOJIb30BaIHCh KpeMHUeBbIe miactiHbl K/IB ¢ mokpertusimu SiO2 tonmmHoit 0.3-0.6 MM,
Si3N4 TommmHo# okoio 0.2 MkM, potopesucta DI1-383 tommunoit 0.6-0.7 mxm. B padote
IMPUMEHSUIUCH TaKue paboume ra3bl Kak KUCIOPO, aproH, (ppeon-14.

Haubonee mpocThiM  yCTpOHWCTBOM JIsi  BaKyyMHO-TUIa3MEHHON  00pabOTKH
MIOBEPXHOCTU 00pabaThIBaEMBIX OOBEKTOB SBJISETCS CUCTEMA ABYXPa3psIIHBIX 3JIEKTPOJIOB,
uMeronux Tmiomans He Menee 100-200 cM? M PAaCMONOXKEHHBIX B PasHEIX YaCTIX
BaKyyMHOU pabodeil KaMepsbl.

DNEeKTPObl MPEACTABIAIOT COOON MPSAMOYTOIbHBIE UM U30THYTHIE IJIACTUHBI U3
JIMCTOB HEprKaBEIoIIeH cranu, amoMuHus win thutada (1.5 mm) pazmepom ot 100x100 no
100x300 MM, 3aKperieHHbIE Ha TMPOXOJHBIX M30JIATOPax C KOJBLEBBIM yIloTHEHHEM. C
JIpYroil CTOPOHBI NPOXOAHBIX M30JATOPOB K METAUNIMYECKOW CTOMKE MOJBOAUTCA
perynupyeMoe  MepeMEHHOE HalpsbkeHHe OT  TOBBIMIAIOIIEro  TpaHchopmaropa
(manpsbxenue paspsaa 1o 1 kB, Tok paspana no 100 mA, gacrora 50 I'ry). Ha pucynke 1
MpPEJICTaBIeH pa3psSAHbIA  JJIEKTpol U OJOK MNHTaHUSA YCTPOWCTBA. Y CTPOMCTBO
BCTpauBaeTcs B JIOOYI0 BaKyyMHYIO KaMepy M CO37aeT TJCIOIIMNA pa3psl MpH JIaBICHUU
nopsiaka 10 ITa.
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Pucynox 1. Y3msI yerpoiicTBa a1t 00paboTKi 0OBEKTOB B TnelomeMipaapsme.

Pucynoxk 2. Tpasnenue marepuaioB B BU-mna3zme ycTaHOBKH
1-nogouka, 2-1IacTUHBL, 3-KOHIEHTpUYECKUE dIIEKTPpoibl, 4-BU-m1azma.

Jlis  mpoBeleHUS ~— HCCIENOBAHUN  HCIOJIB30BAJOCh  YCTPOMCTBO  JJIs
TUTa3MOXUMHUYECKON 00paboTku Ha 0a3ze CTaHJApTHOW YCTAaHOBKH IJIA3MOXHUMHYECKOMN
obopabotku Ttuma 08-IIXO-100T. VYcraHoBka mpenacTaBisiia coOOW  KBapleBBIH
LHWIMHIPUYECKUN PEaKTOp ¢ EMKOCTHBIM paspsiiom 13.56 MI'ny npu moutHoctu 1o 800 BA
1 HaTekaHuu paboumx razoB 130-260 I[Ta. CxematnuHo oO6paboTka 00pa3LoB (IUIACTHH
auameTpom 110 76 MM, 50 MITYK) MpecTaBlieHa Ha pUCYHKE 2.

Jl1i MOHHO-CTUMYJIMPOBAHHOTO OCAXKJICHHUS (PYHKUMOHAIBHBIX MOKPBITUH MOTYT
OBITh MCIIOJIb30BaHbl MCTOYHUKM MOHOB C XOJIOJHBIM KaTOJOM B COYETAaHHUH C HOHHO-
IUIa3MEHHBIMA METOJIaMU PACHbUICHUS] MaTepuaioB. DTO MO3BOJIAET BOCHPOU3BOIUMO
00pabaTbIBaTh NOBEPXHOCTh MOJIOKEK ITOTOKOM MOHOB C 33JJaHHOI sHeprueit B obiaactu
COBMEILIEHUS 30H HOHHOTO BO3JEHCTBUS U OCAXKIAECHUS MOKPBITHI. Y CTPOMCTBO COCTOUT U3
MCTOYHMKA MOHOB, IMHUM TOJauu paboyux razoB, 6yoka nuTaHus. KOHCTpyKuMs oJHOTrO
13 BaApUAHTOB HCTOYHUKA MOHOB C XOJIOJIHBIM KaTOJIOM CXEMAaTUYHO NMPUBE/IEHA HAa PUCYHKE

Pucynok 3. Cxema HCTOYHHKA HOHOB C XOJOJHBIM KaToA0M, poTorpadusi HCTOYHUKA.
1-aHon, 2-MarHMTONPOBO, 3-0JIOK MUTaHUS, 4-pabounii ras, S-MarHuT, 6,7- mIazMa.

M cTOuHNK HOHOB UMEET KOJIBLEBOM aHO/ KOJIBIIEBOIO ce€UeHUs AuameTpoM 80 MM u3
HEp KaBEIOLIEH CTaly, UMEIOIINM BHYTPEHHUN KaHal I OXJIAKJIEHUS, MAaTHUTOIIPOBO/,
06pasyIouii 3a30p OKOIO 5 MM, CHCTEMY MoJauu ra3os (pabodee Japienue nopsaka 107
[1a) u 6ok nmutanus (10 5 kB mpu Tokax 10 300 MA).
Ha puc.4 npeacraBneHsl MOTOK IJ1a3Mbl HEOHA U NTOTOK IIJ1a3MBbl TEJIHS.
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Puc.4. IToTok mia3Mel ciieBa HEOHA U IMOTOK IIIa3MbI CIipaBa rejusa

PeakTBHOE MOHHOE TpaBJIEHHME MCIIONB30BAIOCH AJI YAAJIEHUS C IOBEPXHOCTH
OCTAaTKOB OKCHJHBIX CJOEB W OpPraHMYECKUX IUICHOK, CO3JaHusi MHKpopeinbeda Ha
MMOBEPXHOCTU W TPABJICHUS MOKPHITUN OKCUIA U HUTPUJIA KPEMHHUS B3aMEH XUMHUYECKOTO
TpaBneHus. O6paboTka MOBEPXHOCTH KPEMHHUSI B TE€UEHHUE HECKOJIBKUX MUHYT B MOTOKE
wia3mel Ne, Ar, Oz mo3Boisier 3((EeKTUBHO yHAIATh YIIIEBOAOPOIHBIC 3arpsi3HEHHUS.
TpaBnenue noBepxHOCTH KpeMHUs BO PppeoHe uiu 3ierase (SFe) yaanseT moBepXHOCTHBIN
CIJIOM KpeMHUSI, TIPH 3TOM HE BO3HUKaET 3(pPeKTa HepaBHOMEPHOTO TPABIICHHS K H3MEHEHUS
IIEpPOXOBATOCTH, KaK B CJI

ydae XMMHUYECKOTo TpaBieHUs. CKOPOCTh TPaBJIEHUSI OKCHJIA U HUTPHUJIA KPEMHMUS
cocraBisia okono 0,2 um/c B Ar u  0,5+0,8 um/c B CF4. B psijge cnyuaeB BO3HUKAeT
HEOO0XOMMOCTh PABHOMEPHOTO TPABICHHS BCEH MOBEPXHOCTH KPEMHHS WJIH TTOTYYEHUS
PE3KHX IPAHHULL OMIPEICTICHHON TOMOJIOTHH, HAIIPUMED JIJIsl 3HAKOB COBMEILEHUS, YTO MOXKET
OBITH PEaTM30BaHO TAaKOH 00PabOTKOM.

CpaBauTenbHble  ucchenoBanuss TpaBieHus Si02,Zr02,CrO, u  SisNs Ha
KPEMHHEBBIX TUIACTHHAX Yepe3 MacKUpYyIommid cioil ¢oropesucra B mrazme BY (13,56
MI'n) na ycranoBke 08I1XO-100T mpu maBnenun 100+180 Ila u c ucnonbp3zoBaHueMm
MOHHOTO MCTOYHHKA MMOKa3aJIM, YTo IJIa3MeHHasi o0paboTka maet 6ojee BRICOKYIO (B 2+3
pasza) CpeqHIO0 CKOpOCTh TpaBieHHsa. OJHAKO Hayajo Ipolecca TPaBICHHUS 3aMETHO
3aBUCUT OT HaJW4Ms OpPraHUMYECKUX IOKPBITMM W 3arps3HeHH Ha oOpaOaThiBaeMOM
MOBEPXHOCTU. DTO BEAET K 3aJepkke Havana BYU-muia3sMeHHOro TpaBieHUS M IUIOXOU
BOCIPOU3BOJUMOCTH Tpoliecca, TpeOyeT MOMOJHUTEIbHOW OYUCTKH IOBEPXHOCTH
HETMOCPEAICTBEHHO Mepes TpaBieHUEM. B cilyyae MOHHO-IJIA3MEHHOTO TPaBJIEHUS TaKHUX
3¢ PexToB HE HAOIIOIATOCH.

Jns peanuszalMy MPOCTOro BapuaHTa ycTpoiictBa CBY-muiazmeHHON 00paOoTKH
MTOBEPXHOCTH MaTepHaioB ObLIA MCIOIb30BaHA MOJIEpHU3UpOoBaHHas kamepa CBY-neun ¢
uctouHukoMm 2.45 I'T u momHocThio 10 800 BA. [Ipumensuiocs 3ppexkTuBHOE BOASHOE
OXJIaXKJEHHE aHOJa MarHeTpoHHOM sammbl. PaGouee naBieHHE B IUIOCKON CTEKISIHHON
Kamepe COCTaBJIAI0 OKOJIO 100 Ha.L Cxema yCTaHOBKH IpUBEJIEHA Ha PUCYHKE 5.

\ FTe = - -2

(;?A‘!KA
Pucynok 5. Cxema ycrpoticta s CBU-mrasmennon 00padoTku oopasios u CBY mamma:
1-cranpHas xamepa, 2-0JI0K yIIpaBIeHHUS U MUTaHUA, 3-MarHeTPOHHAs JIaMIIa,
4-BOJTHOBOJI, S-BpalaloNINIiCs TUCCEKTOP, 6-pa3psaHas KaMmepa.

PesyabTaTsl uccienoBanuii. lccinemoBaHusi TOKa3zanu KpailHe HU3KYH (T10
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CKOpPOCTH TpaBieHUsA) SPPEKTUBHOCTb BO3AEHCTBMS IUIa3Mbl TIECIOIIETO paspsjga Ha
KpeMHUH, TOKpBITUS Si02, mokpeiTus SisN4 1 potopesucra OII-383 (o6paboTka B riazme
a3oTa u kuciaopoja 1o 15 munyr). Temneparypa oOpa3oB IPaKTUYECKU HE U3MEHSETCS.

CpasuaurenbHbie uccnenoBanus tpasieHust SiO2 u SisNs Ha KPeMHUEBBIX MJIACTUHAX
4yepe3 MacKUPYOIIHi cioi hoTopesucta B iazme BY (13.56 MI') Ha ycranoske 08I1XO-
100T npu naBnenuu 100-180 Ila u ¢ ncnosp30BaHNEM HOHHOT'O UCTOYHHUKA ITOKA3aJIH, YTO
mIa3MeHHas o0paboTka jaet 6oJiee BHICOKYIO (B 2-3 pas3a) CpeHIOI CKOPOCTh TPaBJICHUS.
OpHako Hayano Ipolecca TpPaBJIECHUS 3aMETHO 3aBUCUT OT HaJIM4YUs OPraHUYECKHUX
MOKPBITUH M 3arpsi3HEHUH Ha 00pabaThiBa€MO MOBEPXHOCTU. DTO BEAET K 3aJepiKKe
Havana BY-nina3MeHHOTO TpaBieHHS U IMJIOXOH BOCIPOM3BOAMMOCTHU Ipolecca, Tpedyer
JOMOJTHUTEIbHON OYUCTKU ITOBEPXHOCTH HENOCPEICTBEHHO NE€PE]] TPABICHUEM.

Henocrarku, npucymue BY-mia3MEHHOMY TpPaBJIIEHMIO OTCYTCTBYIOT Y CHCTEMBI
TpaBJCHUsI HAa OCHOBE HCTOYHMKA HMOHOB C XOJOJHBIM KaronoM. Kak mnokasbiBaroT
u3MepeHus, ckopoctu Tpasienus Si, SiO2, SisN4 1 METa/IOB MPU BaKyyMHO-TLTa3MEHHON
(my4xoBo-TIa3MeHHOM) 00paboTke rpymmbl 10 06pa3ioB B pexxume HanpsbkeHui 3-4 kB u
ToKax paspsaa 250-300 MA cocTaBISIOT:

- st tpaBnenuss kpemuus KJ[b-10 Bo ¢peone - 14 ~60-80 am/mMuH.

- JUIs TpaBJICHUS AUOKCUIA KpeMHus B Gppeone - 14 ~90-100 am/MuH.

- IIs1 TPABJICHUS HUTpHIa KpeMHus B ¢ppeone - 14 ~40-50 am/mMuH.

- uis Tpasienus metamios (Al, Ti, Zr) B aprone - ~20-30 Hm/MUH.

Crenyer OTMETUTH, YTO P UCIIOJIB30BaHUU B KAUE€CTBE MAaCKU IPHU TPABJICHUH CIIOS
¢dorope3ncTa 3a CYET MOBHIMICHHOW TEMIEpaTyphl U MOHHON 00pabOTKM HaOI0IaeTcs
noTeMHeHHue (kapOoHHM3aluUs) U YacTUYHOE pacnbuleHue Qoropesucrta. Kpome Toro,
BO3HHUKAIOT TPOOJIEeMbl ynaajeHus oO0padoTaHHOTO ciosi (oTope3ucra, XHUMHUYECKas
CTOHMKOCTh KOTOPOTO pe3Ko Bo3pacraeT. Hane:xxHoe ynaneHue 3Toro cinos Bo3MoxHo B BU-
KHCJIOPOJIHOM TutazMe mpu oOpabotke B Teuenwe 10 munyr. CremyeT OTMETHTh, UTO
TemIeparypa o0pasLoB pacTeT co BpeMeHeM 00paboTku u Moxet gocturats 150 °C.

OddexTuBHON oKazasack oOpabotrka o6OpasnmoB B CBUY-mmazme, kotopas
KOHIIGHTpUpYeTCsl B HeOOJbIIOM oObeMe CcTekIsHHOM kamepsl. Ilpu oOpabotke
MTOJINMEPHBIX TOKPBITHIA, B TOM 4Hciie (POTOPE3NCTa, MPOUCXOANUT UX MOJHOE yAaJleHUE 32
1-2 munytel Bo3zeicTBus. Temmeparypa oOpasunoB MoxkeT aocturath 180°C. Takum
oOpa3om, JUIs 3aJja4 MUKPORJIEKTPOHUKH PsIJT TEXHOJIOTMYECKHUX ONepanuii, CBA3aHHbIX C
00paboTKOI MOBEPXHOCTH M OOPa30BAaHHEM TOMOJOTUYECKUX CTPYKTYpP, MOMKET OBbITH
pellIeH MyTeM UCIOJb30BaHUs TyYKOBO-TJIA3MEHHOHN (MOHHO-XMMHUYECKOI) 00pabOoTKH.

3akimiouenne. B Hacrosmiee BpeMs HCIONB30BAaHUE CBEPXBBICOKOYACTOTHOMU
MUKpOBOJIHOBOH (mpuMepHO 1-10 I'T'r) ma3smel UIs BBITOTHEHHS PA3TUYHBIX MTPOIECCOB
BaKyyMHO-TUIa3MEHHOW 00pa0OTKM MaTepuanoB OOYCJIOBICHO €€ YHHKaJIbHBIMU
anekTpodpuznyeckumu corctBamMu. AO «Ilnyron» (MockBa, Poccuiickas denepanns)
0CBOEHO Mpou3BoaAcTBO CBU-MarneTpoHHbIX Jamn pabodyeit yactotoit 3-12 I'T'u, B Tom
YUCJIE C PEryIUPYyEMON 4acTOTOM, MOITHOCTHIO 10 12 KBA. MaraeTtpoHHsle JaMibl TAMA
JII' 2M214 unmu 2M213 ucnonb30BaluCh ISl CO3AAHUS IJIa3MEHHBIX YCTPOMCTB JUIst
npousBojictBa CBU-sneprun uvacroroit 2,45-2,46 I'Tu. [lpu HOMHHaANIBHON MOIIHOCTH
aHOJIa M BO3YLIHOM OXJIaXKJIEHUU JIaMIIa IT03BOJISET MOJIYYUTh BBIXOAHYIO Mo1HOCTh 500-
800 Bt ¢ KIIJ] no 80%. bbuin npoBeneHbl UCHBITaHUS 1O 00pabOTKE psiia MaTepHaioB
(KpeMHHEBBIE IIACTHHBI, CTEKJIO, KEPAMUYECKOE CTEKJIO, MOKPBIThIE TOKOIIPOBOASIIUMU
MeTaJljlaMi, TPUPOJHBIE MHHEpalbl) B MHUKPOBOJHOBOW IIJIa3Me, KOTOpbIE MOKa3aiu
OKHUCJIUTEIBHOE IEHCTBUE KUCIOPOAHOM IJIa3Mbl U YJJAJIEHNE OPTaHUYECKUX COETUHEHUM C
oOpaboTaHHON OBepXHOCTH. B nanpHeilmeM rmianupyercs ucnoias3oBate CBU-mnasmy, B
YaCTHOCTH, aproHOBYIO, BOJOPOJHYIO, (PEOHOBYIO TIIa3My, JJIsi  OIpeJesIeHUs
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BO3MOXXHOCTEH BO3JECHCTBHSA HA pa3JIMYHble MaTepualibl C LEJIbI0 H3MEHEHUS HX
MapaMeTpoB OYHMCTKH, BOCCTAHOBJICHHUS OKCHAOB, CYXOro TpaBJieHHUs, IPPEKTUBHOTO
OKHCJICHUS, yIAJIEHUs] IPUMECEH.
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Annotatsiya. Magolada ko‘p gatlamli kvant nanostrukturalardagi elektron harakatini
modellashtirishda har bir gatlamdagi elektron uchun Shredinger tenglamasining analitik
yechimi va gatlamlar orasidagi chegaraviy shartlardan foydalanilgan hamda ko‘rib o‘tilgan
jarayon uchun Visual basicda dastur tuzilgan. Dastur har bir gatlamdagi elektronning
effektiv _massasi, undagi potensial baryerning balandligi va kengligini o‘zgartirish,
elektronlarning baryerlardan o‘tish va qaytish koeffitsiyentlari hamda ularda bo‘lish
ehtimolliklarini hisoblash, hisoblash natijalarini Ms Excelga yuborish imkoniyatiga ega.
Dastur yordamida elektronlarning baryerlardan o‘tish va gaytish koeffitsiyentlari hamda
ularda bo‘lish ehtimolliklarining baryerlar balangligi va kengligiga bog‘ligligi tadqgiq
gilingan.

Elektron energiyasining E=0.6 eV va E=0.8 eV qiymatlarida tunnel o‘tish
koeffitsiyenti rezonansi kuzatiladi va 1-gatlam potensial baryeri balanligi ortishi bilan
E=0.6 eV dagi rezonansning amplitudasi kamayib borishi, E=0.8 eV dagi rezonansning
amplitudasi esa ortib borishi, shuningdek, 1-gatlam potensial baryeri kengligi ortishi bilan
E=0.6 eV dagi rezonansning amplitudasi kamayib borishi, E=0.8 eV dagi rezonansning
amplitudasi esa ortishi aniglangan. 1-gatlam potensial baryer kengligi ortishi gaytish
koeffitsiyentiga sezilarli ta’sir ko‘rsatmaydi.

Kalit so‘zlar: elektron, potensial baryer, Shredinger tenglamasi, o‘tish va gaytish
koeffitsiyentlari.

SIMULATION OF ELECTRON MOVEMENT IN QUANTUM
NANOSTRUCTURES

Abstract. In the article, the analytical solution of the Schrédinger equation for the
electron in each layer and the boundary conditions between the layers were used in the
modeling of electron movement in multilayer quantum nanostructures, and a program was
created in Visual basic for the considered process. The program has the ability to change
the effective mass of an electron in each layer, the height and width of the potential barrier
in it, calculate the coefficients of transmission and return of electrons through barriers and
the probability of being in them, and also send the calculation results to MS Excel. Using
the program, the dependence of the transmission and reflection coefficients of electrons
from barriers and the probability of staying in them on the thickness and width of the barriers
was studied.

At electron energy values E = 0.6 eV and E = 0.8 eV, a resonance of the tunneling
coefficient is observed, and with an increase in the potential barrier of the 1st layer, the
resonance amplitude at E = 0.6 eV decreases, and the resonance amplitude at E = 0. 8 eV
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increases, and it is also established that the resonance amplitude at E = 0.6 eV decreases,
and the resonance amplitude at E = 0.8 eV increases with increasing width of the potential
barrier of the 1st layer. Increasing the width of the potential barrier of layer 1 does not
significantly affect the transition coefficient.

Keywords: electron, potential barrier, Schrodinger equation, transmission and
reflection coefficients.

Kirish. XX asrda yaratilgan kvant mexanikasi dastlab yangi tabiiy falsafa sifatida
gabul gilingan hamda uning asoslari va usullari ko‘plab bahs-munozaralarga sabab bo‘lgan
bo‘lsa, XXI asrda u nanoqurilmalardagi gizigarli effektlarini o‘rganish, fizik jarayonlarni
simulyatsiya gilish, yangi elektron qurilmalarni hisoblash va hokazolarga imkon beruvchi
tobora ko‘proq amaliy fan sifatida ko‘rib chigilmoqda.

Ushbu magolada ko‘p qatlamli kvant nanostrukturalardagi elektron harakatini
modellashtirish uchun har bir gatlamdagi elektron uchun Shredinger tenglamasining analitik
yechimi va gatlamlar orasidagi chegaraviy shartlardan foydalanilgan hamda ko‘rib o‘tilgan
jarayon uchun Visual Basicda dastur tuzilgan. Dastur har bir gatlamdagi elektronning
effektiv massasi, undagi potensial baryerning balandligi va kengligini o‘zgartirish,
elektronlarning baryerlardan o‘tish va qaytish koeffitsiyentlari hamda ularda bo‘lish
ehtimolliklarini hisoblash, hisoblash natijalarini Ms Excelga yuborish imkoniyatiga ega.
Dastur yordamida elektronlarning baryerlardan o‘tish va gaytish koeffitsiyentlari hamda
ularda bo‘lish ehtimolliklarining baryerlar balangligi va kengligiga bog‘ligligi tadqgiq
gilingan.

Adabiyotlar tahlili. Kvant mexanikasini o‘rganishda Shredinger tenglamasining
yechimi algebraik ifodalar va funksiyalar ko‘rinishida ifodalanganda aniq yechimga ega
bo‘lgan masalalar alohida o‘rin tutadi. Shu bilan birga, aniq yechilishi mumkin bo‘lgan
masalalar soni juda cheklanganligi ma’lum. Aslida, aniq yechimni fagat yuqori
simmetriyaga ega bo‘lgan tizimlar uchungina topish mumkin. Bunday holda, tizim
Gamiltonian bilan kommutatsiyalanadigan operatorlarning to‘lig to‘plamiga ega va bunday
tizim integrallanuvchidir. Haqiqiy fizik tizimlar va aynigsa, ko‘p zarrali tizimlar (atomlar,
molekulalar, gattiq jismlar) uchun Shredinger tenglamasi integrallanmaydi, shuning uchun
uni tahlil gilishda ragamli usullardan foydalanishga to‘g‘ri keladi [1, 2].

Kvant mexanikasining boshlanishida fagat atom tizimlari bilan shug‘ullanilgan
bo‘lsa, o‘tgan asrning oxirlarida yarimo‘tkazgichlar texnologiyasi shunday darajada
rivojlandiki, o‘lchamlari elektronlarning xarakterli de Broyl to‘lgin uzunligi bilan
taggoslanadigan tuzilmalarni ishlab chigarish mumkin bo‘ldi va kvant mexanikasiga
bo‘lgan gizigishlar yanada ortdi [3, 4].

Umumiy nazariy nugtayi nazardan, gatlamli tuzilmalarda elektron holatlarni hisoblash
materialning zonaviy tuzilishi bo‘yicha tegishli uch o‘lchovli masalani hal gilish orgali
amalga oshiriladi. Hozirgi vagtda psevdopotensial yoki kuchli bog*lanishning mikroskopik
modellari asosida nanostrukturalarda kvant holatlarini kompyuterda hisoblashning turli
usullari ishlab chigilgan. Shunga garamay, bu usullar hali hamma narsaga qodir emas va
muayyan masalani yechishda aynan sonli usullar qulayroq va samaralirog hisoblanadi [5,
6, 7].

Epitaksial strukturalarning zamonaviy o‘stirish usullari murakkab potensial relyefli
ko‘p qatlamli strukturalarni, shu jumladan, bog‘langan kvant o‘ralarni shakllantirishga
imkon beradi. Bog‘langan kvant o‘ralar nafagat potensial o‘ralar shaklini berish orqali, balki
go‘shni kvant o‘ralar orasidagi bog‘larni o‘zgartirish orgali ham berilgan energetik spektrga
va elektronlar sochilish tezligiga ega bo‘lgan strukturalarni shakllantirishga imkon beradi.
Bundan tashqari ko‘p baryerli strukturadan o‘tish koeffitsiyenti ba’zi hollarda alohida

29



QarDU xabarlari FIZIKA-MATEMATIKA 2024 (1) 2

baryerdan o‘tish koeffitsiyentidan bir necha marta ortib ketadi. Bu o‘tgan va gaytgan de
Broyl to‘lginlarining interferensiyasi natijasidir [7, 8].

Tadgigot metodologiyasi. Tagribiy yondashuvlarda ko‘p gatlamli strukturalarning
har bir gatlami ichidagi yechim mustaqil yechimlarning chizigli kombinatsiyasi shaklida
yoziladi va geterochegarada moslashish uchun elektron to‘lgin funksiyasi va ularning
normal koordinata boyicha hosilalari uchun chegaraviy shartlar kiritiladi.

Effektiv. massa usuli yordamida amalga oshirilgan  yarimo‘tkazgichli
nanostrukturalardagi elektron holatlarni hisoblash qgatlamlar tekisligiga perpendikulyar
yo‘nalishda elektronlar harakati uchun bir o‘lchovli bo‘lgan statsionar Shredinger
tenglamasini yechishga asoslangan:

1® 0*¥(z,E)

2m  oz7°
bu yerda m - elektronning effektiv massasi, E - uning umumiy energiyasi, U(z) - gatlamlar
tekisligiga perpendikulyar yo‘nalishda z o‘qi bo‘ylab elektron uchun potensial ko‘rinishi.
Ushbu Shredinger tenglamasining yechimi #(z,E) to‘lgin funksiyasining z-komponenti
bo‘lib, u elektronlarning gatlamlar tekisligiga perpendikulyar yo‘nalishda harakatini
xarakterlaydi va koordinatasi z bo‘lgan nugtada Oz o‘gi bo‘ylab harakatlanadigan
energiyasi E bo‘lgan elektronni topish ehtimolligini aniglaydi.

Ko‘p gatlamli struktiuralardagi elektron harakatiga oid masalalarni yechishda har bir
gatlam uchun Shredinger tenglamasining yechimi tushuvchi va gaytuvchi de Broyl
to‘lginlarining yig‘indisi sifatida yoziladi va bu to‘lginlar amplitudalarini aniglash uchun
gatlamlar orasidagi chegaraviy shartlardan foydalaniladi.

Yarim cheksiz sohalar orasida joylashgan N gatlamdan tashkil topgan
nanostrukturani ko‘rib chigamiz, bunda har bir gatlamdagi potensiallarni o‘zgarmas deb
faraz qilinadi (1-rasm):

+U(2)¥(z,E)=EY¥Y(z,E) 1)

Uy, Z <z,
U(z)=1U,,z,,<z2<z, ¥
U N+ > Ly
bu yerda zx - k- va k+1-gatlamlar chegarasi koordinatalari, k = 1,...,N.
+ U(Z) 1 1 1 1 1
0 1 S S I 14 N-1 | N | N+1
i i i
1 1 1
i i i
1 1 !
i
Us
U[ ] UN
b ! |
L,
5 A A R R i B

Z Zo Zar1 Za z

1-rasm. Ko:F)D gatlamli kvant nanostrukaturalarda yuzaga keladigan potensial baryerlar
Elektronlar manbayi 0-sohada va strukturadan cheksiz uzoqda joylashgan va E
energiyali elektron manbadan Oz o‘gi bo‘ylab musbat yo‘nalishda harakatlanmogda deb

faraz gilamiz.
k-sohadagi Shredinger tenglamasining yechimi
v, = Ae”’ + B e " ©)

ko‘rinishda yoziladi, bu yerda Ax va Bk — k-tushayotgan va gaytayotgan de Broyl to‘lginining
amplitudalari,
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AGEREE @
my — k- sohadagi elektronning effektiv massasi.
Bunday strukturalar uchun chegaraviy shartlar
v (2) =1 (Zk 1)
{1 Wi (g,)= 1 Wi, ) ©

ko‘rinishda yoziladi.
(3) umumiy yechimni (5) chegaraviy shartlarga qo‘yib, Ak, Bk koeffitsiyentlar uchun
algebraik tenglamalar sistemasini olamiz:

Akei?’kzk + Bke—i7kzk — Ak+1ei7k+12k + Bk+le_i7k+lzk,

IAk 7k PR —IBk 7k e e — |Ak+1 Y eV _IBk+1 Yk e VknZ ( )

k k k+1 k+1
Bu sistemani algebraik almashtirishlar orgali

Ak = Ax(l_’_ VMg ]e_i(ykd_yk)zk _|_Bk(l_ VM je—i(}/kd*'?’k)zk
+ ’

2 VeaMi 2 VeraMi (7)
B, = Ak(l_ My jei(nmn)zk + Bk(1+ VM Jei(rm—mzk
2 Ve My 2 7 ke My

ko‘rinishga keltirish mumkin.
Elektron to‘lginining o‘tish va gaytish koeffitsiyentlari Ax, Bx koeffitsiyentlar orgali
quyidagicha ifodalanadi:

2
mO |7/N+1||AN+1|

D= 8
s 170] AL ®)
EX:

R = 9
AP ®)

N qatlamli (baryerli) strukturani ko‘rib chigish uchun ular atrofidagi ikki sohani
hisobga olgan holda N+2 sohaning parametrlari va ular orasidagi chegaralar
koordinatalarini bilish kerak bo‘ladi. Masalan, 3 gatlamli baryerni o‘rganish uchun 5 ta
sohaning parametrlari va ular orasidagi 4 ta chegaralar koordinatalarini bilish kerak bo‘ladi.
Bu ma’lumotlar har bir sohadan o‘tish va gaytish koeffitsiyentlarini, shuningdek, har bir
sohadagi de Broyl to‘lgini amplitudalarini aniglashga imkon beradi.

Natijalar va muhokama. Yuqorida ko‘rib o°tilgan ko‘p qatlamli kvant
strukturalardagi fizik jarayonlarni kompyuterda modellashtirish uchun Visual Basicda
dastur tuzildi. Dastur gatlamlar soni, har bir gatlamdagi elektronning effektiv massasi,
gatlam uchun potensial baryerning balandligi va kengligini Kiritish va o°zgartirishga imkon
beradi. Hisoblash natijalari MS Excelga jo‘natilib, grafiklar chiziladi [9, 10].

2-a, b-rasmlarda O- soha potensial baryeri balandligining turli giymatlarida o‘tish va
gaytish koeffitsiyentlarining energiyaga bog‘ligligi keltirilgan, bunda me=0.067 eV, m1=0.2
eV, my=0.1 eV, m3=0.2 eV, U1=0.7 eV, U»=0.5 eV, U3=0.7 eV, z:=2 nm, z,=4 nm, z3=6
nm. 2-a-rasmdan ko‘rinib turbdiki, 0- soha potensial baryeri balanligi ortishi bilan
energiyaning E=0.8 eV giymatida tunnel o°tish koeffitsiyenti rezonansining amplitudasi
biroz kamayib boradi. 2-b-rasmda 0- soha potensial baryeri balanligi ortishi bilan gaytish
koeffitsiyentining kengligi kamayib borishi ko‘rsatilgan.

31



QarDU xabarlari FIZIKA-MATEMATIKA 2024 (1) 2

5 D=f(E)
D o’
3
U0=0.1 eV

1 N et tentns. U0=0.3 eV

[ / U0=0.5 eV
402 0,7 1,2

E, eV

2-a-rasm. 0 soha potensial baryeri balandligining turli giymatlarida o‘tish
koeffitsiyentining energiyaga bog‘ligligi (me=0.067 eV, m1=0.2 eV, m»=0.1 eV, m3=0.2
eV, U=0.7 eV, U>=0.5 eV, U3=0.7 eV, z1=2 nm, z,=4 nm, z3=6 nm).

R R=f(E)
1,5
1 i
: U0=0.1
05 [ ¢
N TS| eeeeese U0=0.3
0 bt
01 0,6 1,1 1,6 U0=0.5
0,5
E, eV

2-b-rasm. 0- soha potensial baryeri balandligining turli giymatlarida gaytish
koeffitsiyentining energiyaga bog‘ligligi (me=0.067 eV, m:=0.2 eV, m>=0.1 eV, m3=0.2
eV, U1=0.7 eV, U>=0.5 eV, U3=0.7 eV, z1=2 nm, z2=4 nm, z3=6 nm).

3-a, b-rasmlarda 1-gatlam potensial baryeri balandligining turli giymatlarida o‘tish va
gaytish koeffitsiyentlarining energiyaga bog‘ligligi keltirilgan, bunda me=0.067 eV, m1=0.2
eV, my=0.1 eV, m3=0.2 eV, Uo=0.1 eV, U2=0.5 eV, Us3=0.7 eV, z:=2 nm, z,=4 nm, z3=6
nm. 3-a-rasmdan ko‘rinib turibdiki, energiyaning E=0.6 eV va E=0.8 eV giymatlarida
tunnel o‘tish koeffitsiyenti rezonansi kuzatiladi va 1-gatlam potensial baryeri balanligi
ortishi bilan E=0.6 eV dagi rezonansning amplitudasi kamayib boradi, E=0.8 eV dagi
rezonansning amplitudasi esa ortib boradi. 3-b-rasmdan ko‘rinib turibdiki, 1-gatlam
potensial baryeri balanligi ortishi bilan gaytish koeffitsiyenti rezonansining kengligi ortib
boradi.

D=f(E)
6 D
4 U1=0.3
5 S R TYTS T U1=0.5
\»,,,__,,- - U1=0.7
0
0,2 0,7 1,2
E, eV

3-a-rasm. 1-gatlam potensial baryeri balanligining turli giymatlarida o‘tish koeffitsiyentining energiyaga
bog‘ligligi (me=0.067 eV, m;1=0.2 eV, m,=0.1 eV, m3=0.2 eV, Up=0.1 eV, U,=0.5 eV, U3=0.7 eV, z;=2 nm,
Z,=4 nm, z3=6 nm).
3-b-rasm. 1-gatlam potensial baryeri balanligining turli giymatlarida gaytish koeffitsiyentining energiyaga
bog‘ligligi (me=0.067 eV, m;=0.2 eV, m,=0.1 eV, m3=0.2 eV, Uo=0.1 eV, U,=0.5 eV, U3=0.7 eV, z;=2 nm,
Z,=4 nm, z3=6 nm).
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1,5 R R=f(E)
1 Vi
¥ '... U].:O 3
0,5 / ........ U1=0.5
0 e L L TPy P Y ¥ S o e PSP U1:0 7
01 0,6 11 E, VP

4-rasmda 1-gatlam potensial baryeri Kkengligining turli giymatlarida o°tish va qaytish
koeffitsiyentlarining energiyaga bog‘ligligi keltirilgan, bunda my=0.067 eV, m1=0.2 eV, m;=0.1 eV, m3=0.2
eV, Ug=0.1 eV, U;=0.7 eV, U>=0.5 eV, U3=0.7 eV, z,=4 nm, z3=6 nm.

4-rasmdan ko‘rinib turbdiki, energiyaning E=0.6 eV va E=0.8 eV giymatlarida tunnel
o‘tish koeffitsiyenti rezonansi kuzatiladi va 1-gatlam potensial baryeri kengligi ortishi bilan
E=0.6 eV dagi rezonansning amplitudasi kamayib boradi, E=0.8 eV dagi rezonansning
amplitudasi esa ortib boradi. 1-gatlam potensial baryer kengligi ortishi gqaytish
koeffitsiyentiga sezilarli ta’sir ko‘rsatmaydi.

; D=f(E)
4
z1=1
2
TTv eee.  ceesess 71=2
0 z1=3
0j1 1,6
-2
E, eV

4-rasm. 1-gatlam potensial baryeri kengligining turli giymatlarida o‘tish koeffisientining energiyaga bo
g‘ligligi (me=0.067 eV, m1=0.2 eV, my=0.1 eV, m3=0.2 eV, Up=0.1 eV, U;=0.7 eV, U,=0.5 eV, U3=0.7 eV,
Z,=4 nm, zz=6 nm).

5-rasmda elektron energiyasining turli giymatlarida to‘lgin funksiyasi moduli
kvadratining koordinataga bog‘ligligi keltirilgan, bunda me=0.067 eV, m1=0.2 eV, m»=0.1
eV, m3=0.2 eV, Up=0.1 eV, Uo=0.1 eV, U1=0.7 eV, U>=0.5 eV, U3=0.7 eV, z1=2 nm, z2,=4
nm, zz3=6 nm. Rasmdan ko‘rinib turibdiki, energiyaning E=0.8 eV giymatida z= 6 nm da
o‘tayotgan va gaytayotgan de Broyl to‘lginlarining interferensiyasi natijasida rezonans
yuzaga keladi. Shuningdek, energiyaning E=1.2 eV giymatida elektronning potensial
baryerdan keyin topilish entimolligi noldan fargli bo‘ladi.

. | 1*=H(2)

?f_j

-5 -3 -1 1 3 5 Z, nﬁ]

5-rasm. Elektronning turli energiya giymatlarida to‘gin funksiyasi kvadratining koordinataga bog‘ligligi
(m=0.067 eV, m=0.2 eV, my=0.1 eV, m3=0.2 eV, Ug=0.1 eV, U;1=0.7 eV, U,=0.5 eV, U3=0.7 eV, z:=2 nm,
Z,=4 nm, z3=6 nm).
Xulosa va takliflar. Shunday qilib, ushbu ishda ko‘p qatlamli kvant
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nanostrukturalardagi elektron harakatini modellashtirish uchun har bir gatlamdagi (bir
o‘lchovli potensial baryerdagi) elektron uchun Shredinger tenglamasining analitik yechimi
va gatlamlar orasidagi chegaraviy shartlardan foydalanildi hamda ko‘rib o‘tilgan jarayon
uchun Visual basicda dastur tuzildi.

Dastur har gatlamdagi elektronning effektiv massasi, undagi potensial baryerning
balandligi va kengligini o‘zgartirish, elektronlarning baryerlardan o‘tish va gaytish
koeffitsiyentlari hamda ularda bo‘lish ehtimolliklarini hisoblash, hisoblash natijalarini Ms
Excelga yuborish imkoniyatiga ega.

Hisoblash natijalari 0- soha potensial baryeri balanligi ortishi bilan energiyaning
E=0.8 eV giymatida tunnel o‘tish koeffitsiyenti rezonansining amplitudasi va qaytish
koeffitsiyentining kengligi kamayib borishini ko‘rsatmoqda.

Energiyaning E=0.6 eV va E=0.8 eV qiymatlarida tunnel o‘tish koeffitsiyenti
rezonansi kuzatiladi va 1-gatlam potensial baryeri balanligi ortishi bilan E=0.6 eV dagi
rezonansning amplitudasi kamayib boradi, E=0.8 eV dagi rezonansning amplitudasi esa
ortib boradi, gaytish koeffitsiyenti rezonansining kengligi ortib boradi.

1-gatlam potensial baryeri kengligi ortishi bilan E=0.6 eV dagi rezonansning
amplitudasi kamayib boradi, E=0.8 eV dagi rezonansning amplitudasi esa ortib boradi. 1-
gatlam potensial baryer kengligi ortishi gaytish koeffitsiyentiga sezilarli ta’sir ko‘rsatmaydi.

Energiyaning E=0.8 eV giymatida z= 6 nm da o‘tayotgan va gaytayotgan de Broyl
to‘lginlarining interferensiyasi natijasida rezonans yuzaga keladi.
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KPAEBBIE 3AJIAYH IS YPABHEHMUSA ITAPABOJIO-
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Mex1yHapogHOTO XMMHKO-TEXHOJIOTHYECKOTO YHUBEPCUTETA
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ORCID:0009-0005-2731-1022.

VK 3054

AHHOTauus. Penenre MHOTUX MPaKTHYECKUX 337]a4 OOBIYHO CBOJUTCS K MPOCTHIM
muddepeHIMaTbHBIM  ypaBHEHUSIM U U depeHaTbHbIM yPaBHEHUSM C YaCTHBIMH
IIPOM3BOJHBIMU. BakHO pemate Takue ypaBHEHMsI C HCIIOJIb30BAHMEM HaudalbHBIX U
KOHEUHBIX yclIoBU. OCOOCHHO aKTyaIbHO PEIICHHE 33/1a4 Ha OCHOBE TPAHUYHBIX YCIOBUH
JUIl ypaBHEHHM C OJHOM M JBYMS JHMHUSAMHU BBIPOXKICHUA. ECTb HECKONBKO CIOCOO0OB
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pelInTh 3Ty HpoOJIeMy, W MBI PacCMOTPUM OJUH W3 HUX B OTOHM cTarhe. B cTarhe
paccmarpuBaeTcsi rpaHuyHas 3anada @OpaHkis JUisl ypaBHEHUS KOMOMHUPOBAHHOTIO
(mapabo10-THITIEPOOIMYECKOr0) THITA C JABYMS YCIOBHBIMU JIMHHSMH BBIPOXKACHUS. Jlis
ypaBHEHUs Mapaboyio-TUMIEPOOIMYECKOTO THIMA C JBYMS JIMHUSMH  BBIPOXKICHHUS
HCCIIEIyeTCS CHHTYJISIPHOCTD PEIICHHUS 3a/1a4H, aHAIOTHYHOM 3a1ade Ppankis. EquHcTBO
pElICHUS U3y9aeMOi 3a/1a4M JOKA3bIBACTCSI C TOMOIIBIO MPUHITHUITA dKCcTpemyMa. [IpuHum
skcrpemyma (OII) Xopomio u3BecTeH B Ipoleccax, MOATBEPIKIACHHBIX HAIMYUEM U
YHI/IKaJIBHOCTBIO peH_IeHI/Iﬁ I‘paHI/I'-IHBIX 3agad ajid SJIIIUIITUYCCKUX, HapaGOJII/I‘IGCKI/IX nu
CMCIIIAaHHBIX ypaBHeHUU. OImpelneieHHe MPUHIMIA SKCTpeMyMma Ui ypaBHEHUH
CMEIIIaHHOTO  JJUTHITHKO-THIIEPOOINIECKOT0 U Mapabosio-rTUNepOOIMYECKOr0 THITOB
OCHOBaHO Ha IPHUHIIMIIE SKCTPEMyMa I THIEpOOJMYSCKUX YpaBHEHHIH. B HEKOTOpBIX
(GyHIAMEHTAJIBHBIX CIIydasX MPUHIMI OKCTpPEMyMa SIBISICTCS METOJIOM PpEIICHUs
YpaBHCHHI THUIMEPOOIMYECKOrO THMA. TakKe CTOMT OTMETUTh PaldOTy, B KOTOPOM ObLI
M3y4eH MPHUHIMI 3KCTPEMyMa JUIsl HEKOTOPBIX KJIACCOB CHCTEM YPaBHEHMH BTOPOTO
MOPSIJIKA JLTUNTHYECKOTO U Mapad0IMYeCcKOro THUIIOB.

KiawueBble cjoBa: TpaHuyHasg 3a/adya, CHUHTYJSIPHOCTh PELICHUS, TOYEYHOE
ypaBHEHHE, 1apadoI0-THIIePOOINISCKUN THII, METO]T IPUHIIUIIOB 3KCTPEeMyMa

BOUNDARY VALUE PROBLEMS FOR AN EQUATION OF MIXED TYPE
WITH TWO LINES OF DEGENERACY

Annotation: Solving many practical problems usually comes down to ordinary
differential equations and differential equations with particular derivatives. It is important
to solve such equations and solve them using initial and boundary conditions. Solving
problems on the basis of boundary conditions is especially difficult for equations with one
and two fault lines. There are several ways to solve this problem, and we will look through
at one of them in this article. This article discusses the boundary problem for the equation
of the combined (parabolic-hyperbolic) type with two Frankl conditional failure lines. The
uniqueness of the solution of a problem similar to Frankl's problem for a parabolic-
hyperbolic equation with two fault lines is studied. The uniqueness of the solution of the
studied problem is proved using the extremum principle. The extremum principle is well
known in processes where the existence and uniqueness of solutions to boundary value
problems for elliptic, parabolic, and mixed equations are proven. Determining the extremum
principle for mixed elliptic-hyperbolic and parabolic-hyperbolic type equations is based on
the extremum principle for hyperbolic equations. In some basic cases, the extremum
principle was established for hyperbolic type equations. The study of the extremum
principle for some classes of elliptic and parabolic second-order equation systems also
should be mentioned in this article.

Key words: Boundary value problem, uniqueness of solution, degenerating equation,
parabolic-hyperbolic type, a principle an extremum, method of integral equations.

Beenenne . IlpoGnema @paHkis A ypaBHEHHS CMEIIAHHOTO THUMA C
apaboIMUYeCKON BBIPOXKIEHHOCTBIO, SBIIAIOLIAACS MAaTeMaTHYECKOM MOJENBIO 3ajauu
ra3oBoil auHamMukH, obcyxnanack B kaure [11]. CymiecTBoBaHHe pelIeHUs MPOOJIeMbl
Opankis s o0mux ypaBHeHui JlaBpeHTheBa-bunaaze Obuio qoka3zaHo B padore [9,10].
OO030p HMHTEpecHBIX  pe3yJabTaTOB IO  BBIPOKAAIOUIMMCSA  DIUTMITHYECKUM U
TUNEepOOTMYECKUM YpaBHEHMSIM MOXHO Haiitu B kHure [7,8]. Cpeaum npyrux
HCCIIEIOBATENILCKUX PE3YJIbTATOB IO 3THUM YpPaBHEHHUSM CTOUT BBIACIUTH paboThl [5].
Kpaessbie 3anaun ¢ ycnoBueM @paHKiIs sl HEBBIPOKAAIOIIETOCS YPaBHEHUS CMEIIaHHOTO
TUNa U3ydeHsl B paborax [1,3], a g ypaBHEHHS SJUTUITUKO-TUIEPOOIMYECKOTO TUMA C
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OJIHOW JMHUEH BBIPOXKICHUS - B padore [2]. JIokambHBIE KpaeBble 3aJaud C YCIOBHEM
Opankias A1 ypaBHEHUM napalosio-rUnepOoIMuecKoro THUMA € ABYMS JIMHUSIMHU
BBIPOXKIEHUS HccaeaoBanbl Majo. Otmerum padoTsi [4,8,11,12].

OO0cy:xaeHne u pe3yabTaThbl. PaccMOTpuM ypaBHEHME
m-+1

y uxx—x”°uy, x>0,y >0,
0=<(-»)"uy —x"u,, x>0,y<0, 1)

Y uy —(=x)"u,, x<0,y>0,
rae Ny,N,M=const, n>0, m>0,n, >0.
[Iycte Q - obnacth, orpaHudyeHHas npu X > 0, y >0, orpeskamu AB, BB, B,A,,
AA mpsmex  Y=0,x=1,y=1,x=0 mwpu x>0,y<0 (x<0,y>0)
OTPaHUYEHHOU MNpsMON X =0(—l< y< 0), Yy =0(—1S X< 0) C XapaKTepUCTUKaMU

BC:x+(-y)! =1, (AOD Yy +(=x)° =1)

ypasrenus (1). 3xecs, 20=N+2, 2p=M+2, re

m n n, +1
208 = 20=—— o, =—2— 28
P =2 n+2" ° ng+2 % >2p
MpUIEM
0<2a,2<1 1<2¢,<2, 2)

BaesieM cremyrolye 0603HaYeH s J, = {(X, y) 0<x<ly= 0} ,
J,={(xy):0<y<1x=0}, Q=N {y>0,x>0}, =Qn{y<0,x>0}
Q,=0n{y>0,x<0}, Q,=Q Nn{(x,y): x+y>0},

Q, =0, n{(xy): x+y<0}, Q, =Q,n{(x,y): x+y>0},

Q,, =Q,N{(x,y): x+y<0}, Q'=Q,uQ, U], Q" =Q,uUQ,U,,
A=Q U0, UQ,, AC, X' —(-y)' =0, AC,:y"—(-x)" =0,
Co(27%/%,2/9)= AC,nBC, C,(27¥7;2"")= AC: " AD.

3agaua FN. TpeGyercs Haittn ¢dyrkmumo U(X,Y), 06Iagaromyo ClexyomuMe

CBOMCTBAMH:

HU(X,y) € C(Q)NC*(Qy) NC?(Qy, U, UQ, UQ,);

2) U(X, Y) ynosnersopser ypasuennio (1) B o6mactsix €, Q. , Q, , Q,, u Q,,;
3)u, eC (Q**) , ipuuem U, (+0, Y) moxer nmets ocobennocts mopsinka mensine 1 — o
mpu Y — 0 u orpanmuena mpu Y —>1;

4) y‘(m+1)uy € C(QO U Jl) uu,eC(QuU;), npuaém U (X,+0) moxer umers

ocobenHocTh mopsiaka menbime 1—24 npu X —1, a mpu X — O orpanuyeno, kpome
Toro, Ha unteppane AB Bemonnsercs ycnosue cknensanms:
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lim y "M, (x,y) = limu, (x,y), (x0)d;, 3)
5 U (X, Y) YIIOBJICTBOPSIET CIASAYIONIUM KPACBbIM yCIOBHSIM:
X, Y)| gg =@o(y), 0<y<l, @)
u(x, y)‘ ac,= V4 (X), 27 <x<1, ()
UX, Y| ac=wa(y), 2 <y<1, ©)
u(=x,0) — 5 (x)u(+x,0) = p,(x), 0<x <1, (7)
U, (0,=y) = 14, (Y)u, (0, +y) = p,(y), 0<y <1, (8)
rae @0()’), l//z(Y), ,UZ(Y), pz(y)’ (,Vl(X), lul(x)a pl(X) - 3aJJaHHbIe PYHKIUH, TPUUEM:
@ (y)€C[0,1]nC?(0,1),
w,(x)eC®[27V9,1],
1 (xX) =1L xe(0,1), 14(x), p(x) eC [0,1] NC? (0,1), 9)
wo(y)eC?[277.1],
#(Y) 2Ly € (0,2), 1,(y), p,(y) €C[0,1]nC*(0,1). (10)

Pemrenne 3agaun Komm mst ypasaenust (1) B o6mactu €2, yAOBIETBOPSIOLIEE YCIOBUAM
7, () =u(x,-0), 0<x<1, v, (x)=u,(x,-0), 0<x<1,
naetcst hopmynoit [5]:

1 1

u(x,y) =7 [z (27) 2 MU= 2) Pz -y [ 7,V (27) 2 (1-2) “dz,
0 0

(10)

I'2e) TI'(2-2a)

) 2 l-a)

ez, =X+ (=y)*+2x(-y)(2z-1), 3, =

B CI/IJ'Iy (5), u3 (11) umeem:
vy () = 7T(@)A—x) "D 5, (A—x)"" — 7,4 ' T(L-a)Dy" XL x) v (X)
(12)

rIe
1

D¢ f (x) = %C) [(t=x)™ f @t

- HHTETPAJILHBIN OIEPaTOpP APOOHOro TOpsAIKa C .
[pumensist k o6enm gacTsim (11), mosryanM QyHKIHOHAIBHOE COOTHOLICHHE MEXY 7; (X)

u 171_(X) Ha OTPE3Ke Jl, IPUHECEHHOE M3 001acTH Ql_l:
~ —2a)l —2a ~— ~ *
700 = k)" DERE T (X) 9 (%) (12)

3J€Ch
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1F ~— - 1/2q ~ — - 1/2q

41—2a X1/ 2—-a

D]_,za 1— l-a D% (1— 2-1 = ,
7/2F(1—0[) x1 ( X) xl( X) l/jl (X)

_ \/;)120{

'/71* (X) =

v, ()=, {1 5

AHaJ'IOl"I/I‘lHO, HCIIOJIb3YS PCHICHHUC 3a/laUU Komm ¢ HagaasHBEIMHU JaHHbIMHA

7, (Y)=u(=0,y), 0<y <1, v, (y)=u,(-0,y), O<y<],

st ypaBHeHust (1) B obmactu Q,;, ¢ yuérom (6) momyunM (YHKIHOHAIBHOE

cooTHowmeHne Mexay 7, (Y) u v, (Y) Haorpeske J, nmpunecennoe u3 obmactu QQ,,:
v (N =k DL () - (). (14)
W6, TR | _T-2p)
51 K V3T 5 v Vo= ;
y. L' A= )4 *(5) “1-p)

4128 y1/2—ﬂ
y L A= 5)

125
V/z*(y) =V, (MJ T, (Y)= Tzi(yllzp)’ﬁzi(Y) = Vzi(yllzp)

TIe

7, (y) = DL (1-y) " DA(L-y) v, (y),

2

EnnncrBenHocTs peienusi 3agaum FN.

Hycrs @,(Y) = p,(X) = p,(Y) =y, (X) =w,(Y) =0, rorna nmeer mMecto Teopema.
Teopema 1. Eciu BeimonHens! yciaosus (2), To B o6mactu {2 pemenue 3amaun FN

€/IMHCTBEHHO.

JInst moKa3aTenbCTBa TEOPEMBI | BaXKHYIO POJIb UTPAET CIEAYIOIAst JIeMMa:

Jdemma. Ecin Beimonnens! yenosus (2), To pemenne U(X,Y) 3amaun FN cBoit
MOJIOKUTEIBHBI MAaKCUMYM M OTPHULIATENIbHBI MUHUMYM JIOCTUTAET B 00JacTh A numb
Ha B_B0 UAUA,.

Joka3zarenbcTBo. B cunmy npuHiumna skcrpeMmyMa Juisi napaboIudecKiuX ypaBHEHUH
[6], pemenne U(X,Y) ypasuenns (1) B 3aMkHyTO# o6GmacTh Qo JIOCTUTAET CBOETO
MOJIOKUTEIBHOTO MaKCUMyMa U OTPHUIIATEILHOINO MMUHMMYMa JIMIIb Ha 31 UN] , U BBo.
[Tokaxkem, uTo pemeHue U(X, y) ypaBHeHus (1) HE TOCTUTAET CBOETO MOJIOKUTEIBHOTO
MakcuMyMma (OTpULIATENIbHOIO MHUHHUMYyMa) Ha HHTepBajax jl n J. , - Ipenmonoxum
o6patroe. Ilycts dynkmms U(X,Y) RocTHraeT cBoero moioKHTENLHOTO MAaKCHMyMa
(orpunarensroro munumyma) B touke M (0,Y,) ma orpeske J,, Torma, yumreiBas

w,(Y) =0 us (14), nmeewm:
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~ 1/2-B\1-28 ~
v, (Vo) =Ko Yo “ DL 7 (Vo) (15)
Ortcrona, B CUJy IPUHIIMIA SKCTpEMyMa JJIst L[H(bd)epeHuHaanmx OTIEPaTOPOB APOOHOTO

1-2
opsaaKa, B TOUYKC ITOJOKUTCIbHOIO MaKCUMYyMa (OTpI/II_IaTeJIBHOFO MI/IHI/IMYMa) D ﬂ[ ]

CTPOTO TIOJIOKUTENBHO (OTPHLATENBLHO), T.€. D1 2hz 7, (y,)>0 ( )1/ fﬂ 7, (Y,) < O) [7].
Cneposarenbho, B cuiy toro, uto K, >0, Yy, >0 u3 (15) nomyuaum, uro B TOUKe
M (0,Y,) nonoxurensHoro makcumyma (OTpunarensHoro Munumyma) v, (Y,) >0

(172‘ (yo) < O), Janee, wucnonb3ys YCIOBUE CKJIEUBAHUSA, HWMEEM ‘72+(YO) >0

(172+ (Y,) < 0) , @ OT0 HEPAaBEHCTBO IPOTUBOpEYMT HepaseHctBY V, (Y,) <0

(% (v,)>0) [8].
Taxum o6pazom, pemenne U(X,Y) ypasuenns (1) He JOCTHraeT CBOEro MONOKHTEIHHOTO

MakcuMyMa (OTPHLIATEBHOTO MUHIMYMa) Ha HHTEpBaiie J, .

Iycrs U(X,Y) B mexoropoii Touke N(X,,0) ma wmrepane J, mocturaer cmoero
MI0JIOXKUTEIIBHOTO MakcUMyMa (oTpuuaTenbHoro MuHuMyma). Torna paseHcTso (13) nmpu
w,(X) =0, MoxkHO npencTaBUTE B BULE:

Vl (XO) k X l 2a /2Dl 2(Z~ (XO) (16)
B cuny (2) umeem Kk >0, X,>0. Orcioma, ¢ yuérom Xolzafl_(xo) >0

(D1 29T (%) <0) u3 (16), momyunm v, (X,) >0 (1717(X0)<0). Janee, B cuiy

ycioBus (3), umeem:

75 (%,) >0 (\71+(x0) <0). (17)
HenocpesctBenHo u3 ypasnenus U, — y (m+1) u =0, yerpemnsas Y — +0 umeem:
7, (X) — x™v [ (x) =0, (0,1) el,, (18)
rre 77 (X)=u(x,+0) u v, (X) = yILrpo y U, (%, Y).

Ussectno, uro B touke N(X,,0) dynxkums 7 (X) ynoBmerBopser ycrnoBHIO
7"(X,) O(z"(%,) 2 0) , Torza u3 (18) mveem ¥, (%,) <0 (%" (%)) >0).

DTO HEPABEHCTBO MPOTUBOPEUUT HEpaBEeHCTBY (17).

Takum o6pasom, U(X,Y) He focTHraer CBOEro IMOJOKHTENHHOTO MAKCHMyMa

(OTpI/ILIaTCJ'IBHOFO MI/IHI/IMYMa) Ha UHTCPBAJIC ‘]1' JleMma moka3zana.

Jloka3arebCcTBO Teopembl 1.
Ha ocuoannu nemmsr, B Touke A(0,0) B cuny (7)((8)) mmeem (1—z4)u(0,0)=0

((1— 1,)u(0,0) = 0). Orcroza, yuutsisas (9) ((10)), momyunm
u(0,0)=0. (19)

A B touke A,(0,1) u3 ycnosus U| ne, = 0 cnenyer, uto
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u(0,1)=0. (20)
B cuny (4) mpu @, (Y) =0 c yuérom (19), (20) umeem u(x,y)=0 s f_lo :
CrnenoBarteinbHO,

77 (x)=0, (x,0)eJ, u 7, (y)=0,(0,y) e J,. (21)
Orcrona, u3 (13) u (14) umeem
vi(X)=0,(x,0)eJ, uv,(y)=0,(0,y) e J,. (22)

Torma W3 €IMHCTBEHHOCTH pelieHus 3agaud Komu B oOmacTsax € J.1(j =1 2) IS

ypasuenus (1) cneayer, uro U(X,y) =0 s le.

CrnenoBartenbsHO, B
u(x,y)=0s A. (23)
B cuny (21), (22), (23) ¢ yuérom (7), (8) umeem
u‘ACO EU‘ACl =0, U‘AC EU‘AD =0 (24)

Ortcroaa u u3 pemienus 3aaaun Komu-I'ypca B obmactsix i2 (j =1 2) 1uist ypaBHeHust (1)

CJICAYCT, UTO

u(x,y)=0sQ,,. (25)

U3 (24) u (25) 3axmouaem, uro U(X,Y) =0 B o6mactu Q.
Tem cambim, pemenue 3anaun FN equacTBeHHO. Teopema 1 moka3zana.
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Annotatsiya. Matematik modellashtirish epidemiologiya sohasiga 20-asr boshlarida
olimlar Anderson Grey Makkendrick va Janet-Leigh Kleypon tomonidan Kkiritilgan.
O‘shandan buyon matematik modellashtirish epidemiyalar, epidemiyalarni boshgarish va
sog‘ligni saglash bo‘yicha garorlar gabul gilishda tobora koprog muhim ahamiyat kasb etib
kelmogda [6]. SI, SIS, SIR, SEIR va SIRD keng targalgan kasallik uzatish modellari kabi
ba’zi taniqli modellar ko‘plab epidemiyalarni tadqiq gilishga yordam berdi.

Ushbu magolada uch o‘lchovli simpleksda aniglangan sog‘lom-kasallangan-tuzalgan-
o‘lik model (SIRD modeli; chizigli bo‘lmagan operator) orqgali hosil gilinga diskret vaqtli
dinamik sistema garaladi. Biz SIRD modelini kubik stoxastik operator (KSO) orqgali
ifodalashning yangicha yondashuvini ko‘rib chigamiz, bu bizga real vagtda prognoz qilish
imkonini beradi. Biz operatorning go‘zg‘almas nuqtalari to‘plamini topamiz va barcha
go‘zg‘almas nugtalarning lokal giperbolik emasligini ko‘rsatamiz. Keyinchalik, biz ushbu
sistema trayektoriyalarining asimptotik harakatini o‘rganamiz va SIRD operatorlari
regulyar ekanligini ko‘rsatamiz.

Kalit so‘zlar: Modellashtirish, kubik stoxastik operator; regulyar operator.

FIXED POINTS OF THE SIRD MATHEMATICAL MODEL OF A
DISCRETE-TIME DYNAMIC SYSTEM

Annotation. Mathematical modeling was introduced to the field of epidemiology in
the early 20th century by Anderson Gray McKendrick and Janet-Leigh Claypon. Since then,
mathematical modeling has become increasingly important in epidemics, outbreak
management, and public health decision-making [6]. Some well-known models such as the
SI, SIS, SIR, SEIR and SIRD transmission models have helped to study many epidemics.

This article considers a discrete-time dynamic system generated by the healthy-
diseased-recovered-dead model (SIRD model; non-linear operator) defined in a three-
dimensional simplex. We consider a new approach to represent the SIRD model by cubic
stochastic operator (KSO), which allows us to make predictions in real time. We find the
set of fixed points of the operator and show that all fixed points are not locally hyperbolic.
Next, we study the asymptotic behavior of the trajectories of this system and show that the
SIRD operators are regular.

Keywords: Modeling; cubic stochastic operator; regular operator.

Kirish. Hozirgi kunda yuqumli kasalliklarning aholi orasida targalishini tekshirish
dolzarb mavzulardan biriga aylanib bormoqda. Epidemiyalar butun insoniyat salomatligiga
jiddiy ta’sir ko‘rsatadi. Yuqumli kasalliklarning keng miqyosli targalishi odamlarning katta
yo‘qotishlariga olib keladi. Epidemiologiya ma’lum bir populyatsiyada sog‘lig bilan bog‘liq
holatlarning xavf omillarini o‘rganadi. Bu atama epidemik va endemik kasalliklar orasidagi
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fargni birinchi bo‘lib aniglagan gadimgi yunonistonlik shifokor Gippokrat tomonidan fanga
kiritilgan. Ma’lumki, ko‘plab mamlakatlarda turli epidemiyalar sodir bo‘lgan, masalan,
Oc‘rta asrlarda Yevropada gora vabo, 1976-yilda Ebola virusi, 2003-yilda SARS, parranda
grippi, 2009-yilda HIN1 epidemiyasi va yaginda mashhur bo‘lgan COVID-19. Shu sababli
samarali kurashish choralarini ko‘rish uchun yugumli kasalliklarning targalish dinamikasini
o‘rganish muhimdir [5].

Matematik modellashtirish epidemiologiya sohasiga 20-asr boshlarida olimlar
Anderson Grey Makkendrick va Janet-Leigh Kleypon tomonidan Kkiritilgan. O‘shandan
buyon matematik modellashtirish epidemiyalar, epidemiyalarni boshqarish va sog‘ligni
saglash bo‘yicha qarorlar gabul gilishda tobora ko‘proq muhim ahamiyat kasb etib
kelmoqda [6]. SI, SIS, SIR, SEIR va SIRD keng targalgan kasallik uzatish modellari kabi
ba’zi taniqli modellar ko‘plab epidemiyalarni tadqiq gilishga yordam berdi.

Tadgigot metodologiyasi. Maqola nazariy xarakterga ega bo‘lib, biologik
jarayondagi modellarni chekli o‘Ichovli, ya’ni chegaralangan muhitdagi holatini
o‘rganishga bag‘ishlangandir. Har bir parametr biologik mazmun jihatidan alohida
xarakterlarga mansubdir. Kubik stoxastik operatorlar nazariyasi zamonaviy matematikaning
ancha yangi nazariyasi hisoblanib, bu sohada dastlabki ilmiy magolalar U.A. Roziqov va
A.Y. Hamrayev va boshqalar tomonidan kiritilgandir. Keyinchalik U.U. Jamilov, Ladra, F.
Muhammedov va bir gancha yosh matematiklar tomonidan rivojlantirilib davom
ettirilmoqda. Biz uni magolada quyidagicha tadqiq gildik.

Natijalar va muhokama. Quyidagi sog‘lom-kasallangan-tuzalgan-o‘lik model
(SIRD modeli) ta’rifini keltiramiz. Klassik SIRD modellarida populyatsiya to‘rt gismga
bo‘lish orgali o‘rganiladi:

§/‘(t)-KasaIIik paytidagi sog‘lom populyatsiya (ya’ni, sog‘lom, ammo kasallikni
yugtirishi mumkin bo‘lgan shaxslar soni);

i’/(t)-KasaIIangan populyatsiya (kasallikni yugtirgan va hozir kasal bo‘lgan shaxslar

soni);
|9(f{t)-KasaIIikdan tuzalgan populyatsiya (tuzalgan va kasallikni gayta yuqtira

olmaydigan, boshgalarga yugmaydigan shaxslar soni);
(1) -Infeksiyadan vafot etganlar soni.

Aholining tug‘ilishi va migratsiyasini hisobga olmaydigan yopiq sistemada vaqt
o‘tishi bilan bu bo‘limlarning yig‘indisi o‘zgarmas bo‘lib goladi, ya’ni quyidagicha:

S(t)+1(t)+R(t)+D(t)=N
Quyidagi SIRD modelini ko‘rib chigimiz:
ds (t) _ 3 S(t)I(t)
— N

dt
WO _ SO ) i(0) @
dF;gt) = 71|~(t)
P T

bu yerda S(t), TI(t), R(t), D(t) vyuqoridagi kabi aniglanadi va
N =S(t)+1(t)+R(t)+D(t).
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L -kasallik yuqtirish koeffitsiyenti, 7, -kasallikdan tuzalish koeffitsiyenti, y,-

kasallikdan vafot etish koeffitsiyenti.
Yugoridagi modeldan foydalangan holda quyidagi modelni hosil gilamiz:
ds (t S(t)I(t ~
e o)
dr S(t)T _
(O _,SOTO (i),

dt

% =7l () —uR(1),

dz—ft)=7z|~(t)
Bu yerda S(t),l(t),R(t),D(t) lar kasallik paytida sog‘lomlar, kasal
yuqgtirganlar, kasallikdan tuzalganlar va vafot etganlar soni. N doimiy, ya’ni:
N =S(t)+1(t)+R(t)+D(t)
L -kasallik yuqtirish koeffitsiyenti, 7, -kasallikdan tuzalish koeffitsiyenti, y,-

kasallikdan vafot etish koeffitsiyenti £z -kasallikdan tuzalgan va yana kasallik yuqtirishi
mumkin bo‘lganlar koeffitsiyenti.

Biz diskret vaqtli SIRD infeksiya modelining har ganday trayektoriyasi belgilangan
nuqtaga yaqginlashishini ko‘rsatamiz. Ya’ni bunday operator regulyarlik xususiyatiga ega.
Quyida biz operator mohiyatini gisgacha bayon gilamiz.

s™t :{x:(xl,xz,...,xn)e R":x 2OZn:xi :1}
i=1

uchun n—1 o‘lchovli simpleks.W - S™ oelchovli simpleksning kubik stoxastik

operatori.
n

v _ n-1
W:ix = > P XXX, I=L..n xeS
i j k=L
1 1 J,

P‘jk,l >0, P’jk,l = Pik'l = Pjik,l = iji,l = Pkij,l = iji,l 1 ZPiij =1L i, jk=1..,m
=1

Biz quyidagi almashtirishlarni bajaramiz:

~

S | R D
S=—, l=—, R=—, D=—
N N N N
Shu o‘zgarishda (2) modelni yozib olamiz:
ds
— =—-0SIl + uR,
o BSl +u
A 5S1— (54 7,)1
at y1t72)h (3)
dR
— =y, — uR,
at 71 H
o _
at V2
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Diskret modelni tuzib olamiz:

Sn+1:Sn +1L1Rn_ﬂsn|n
In+1:(1_7/1_7/2)|n+ﬁsnln (4)
Rn+l :(1_:1’l)Rn +7/1|n

Dn+1: Dn +7/2|n

n-musbat butun son. Operator ko‘rinishini yozamiz:
W R = Ry, x=(%,%,,%;,X,) > X' =W(X)
X =X + uXs — BX X,
:(1_71_72))(2 + XX,

X;
Xé :(1_/“))(3 + 11X,
Xq

(X% %5, %;)

()

bu yerda

Xi’ = Sn+l’ X; = In+l’ Xé =

n musbat butun son.

Diskret vaqgtli SIRD modellari dinamik sistemalar ko‘rinishiga ega bo‘lsa-da, uning
parametrlari operator B, , bilan bog‘liq emas. Har bir modelda P, , bilan qandaydir

bog‘liglikni o‘rnatish uchun, biz har bir modelda ularni gayta yozilish shartlarini topamiz,
2
biz bunda (X1 +X, + X + X4) =1° =1 tenglikdan foydalanamiz:

Py

’_ — — — —
n+1? X4_Dn+l’ Xl_Sn’ XZ_In’ X3_Rn’ X4_Dn

X =X+ ux: +(2x2 +(2+ p) %, + 2x4)x12 + (X + Xy ) X2 +((1+ 24) %, + 2,ux, +2,ux4)x§ +
(X 2% ) X5+ 2(14 £0) XX Xg + 2(1+ £) XXXy + 2X, X, X, + 210X, X5X, — BXX,

Xo=(1=1=7) % + (L= 11— 7)) X% + 2(1= 1, = 7, ) (X + X + X, ) X2 +

F(L=7 = 72) %X + (L= 71— 7,) %o Xe + 2(1= 7, = 7, ) (X XpXg + XXXy + X, X5X, ) + BXX,

Woid g = (1= ) S + 706G + (1= 1) X + 7% )XE + (1= 1+ 27,) X+ 27, (X + %, ) ) X5 +

+(2(1= 2) (X + X+ X)) + 7%, )X +

(1= ) X + 7% ) XE +2(1= 1+ 7,) XXX + 2(1= 11+ 7, ) Xo XXy + 2(1= 1) Xy XaX, + 271X, X, X,

Xy = X5 + 7% + (X, + 7% ) X (27,2 + 27,% + (14 27,) X, ) X +( Xy + 7%, ) X5 +

(203 + %, + %) + 7,5 ) Xe + 2(14 7, ) (XXX + XXX, )+ 2X XX, + 271X, X, X

yuqoridagi to‘rt o‘lchovli operatorni hosil qilamiz. Matritsaning ehtimollik
koeffitsiyentini aniglaymiz.

Pia=1 3P, =2 3P =2+u 3P, =2
P,=0 3P, = (l— 71— 72) 3Pu,=0 3P.,,=0
P.;=0 3P =n 3R =1-u 3R.,;=0
P4 =0 3P4 =7, 3P15,=0 3P, =1
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3P, =1 Py =0 3Py =1 3Py, =0

3P221,2 = 2(1_ i 72) P222,2 =1l-y.-7, 3P223,2 = 2(1_ i 7/2) 3P224,2 = 2(1_ i 72)
3P =27 P2z =1 BPpas =1-p+2y; 3Py 3=2p

3P4 =27, Pooa =72 3P4 =27, 3Pysa =1+27,

3Py, =1+2u 3Py, =24 Paass = 4 3Py, =24

3Py, =0 3P, =1-y1—7, Py, =0 3Py, =0

3P4 :2(1—,u) 3Py 5 :2(1_/“)"'7/1 Pass =1— 4 3Py, :2(1_1u)
3P33l,4 =0 3P332,4 =72 Pz = 0 3P334,4 =1

3|:)441,1 =1 3P442,1 =0 3P443,1 =H I:)444,1 =0
3P, =0 3P, =1-y—7, 3Pu;,=0 Piaa =0
3P441,3 =0 3F)442,3 =N 3P443,3 =1-pu |:)444,3 =0
3P441,4 =2 3I:)442,4 =2 +7, 3P443,4 =2 |:)444,4 =1
6P123’1:2(1+ ,u) 6P,,, =2 6|3134’1:2(l+ /1) 6P, =2u

6P, = 2(1_7’1 - 7/2) 6P, = 2(1— ¥, — }/2) 6P, ,=0 6P, , = 2(1— ¥, — ;/2)
6|312313=2(1—,u—|—7/1) 6P, =21 6Pla4’3=2(1—,u) 6P234‘3=2(l—,u+7/1)
6P, =27, 6F3124‘4=2(l+7/2) 6P, =2 6P234y4=2(l+ ;/2)
Yugorida berilgan operator sz, y,,7,,7 + 7, €[0,1], n+y,-1<p<1

shartlarni ganoatlantirsa, S® ni o‘ziga moslashtiradi. Bundan tashqari, operator bir VVolterra
Kubik Stohastik Operator sharti bilan ishlaydi. Diskret vaqtli SIRD infeksiya modelining
dinamikasi:
Birinchidan, agar f = y, = y,= u = 0 bo‘lsa, W ning xaritasi ekanligini
ko‘rish oson. Biz quyidagicha moslik o‘rnatamiz:
e’ :[ﬁ’ﬂ(ﬁ_h—ﬁx)’71(ﬁ—71_ﬁx),x}
A ,B(,u"'yl) /B(ﬂ"'}/l)

OSXS%,/?Z}/1>O

Quyidagi gaplar V operator uchun to‘g‘ri keladi:
Tasdiqg. Berilgan W (x)=x tenglamaning yechimi W operatorning go‘zgalmas
nugtalarini aniglaydi va uni
1—1{1,3,4} U 1—1{2,3,4} , agar u=y, =y, =0,
Fix(W)=<TI"
r

(L34} agar w =0, y, >0 vyoki 4=0, »,>0
(12,4} agar >0, =y, =y,=0

(6)
ko‘rinishida aniglanadi.
Isbot. 1-holat W Kkubik stoxastik operator uchun quyidagi shart o‘rinli

Fix(W)=T,, Ul agar u=y=y,=0

shart bajarilsa (5) operatorning ko‘rinishi
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Xy =% — XX,
X, =X, + XX,
Xy = X3
Xy =X,

Bu operatorning gqo‘zg‘almas nugtalari Losa U Loaa bo‘ladi.
2-holat W kubik stoxastik operator uchun quyidagi shart o‘rinli

Fix(W): {r{1.3,4} ,agaru=0,y,>0
shart bajarilsa (5)operatorning ko‘rinishi
X, =X — XX,

X5 =(1_71_72)X2 + BX X,
X3 = X3+ 1%,
Xy =X, + 75X,

bu operatorning go‘zg‘almas nuqgtalari 1“{13‘4} bo‘ladi.

1 =0, 7, >0 bo‘lganda ham xuddi shunday go‘zg‘almas nuqtaga ega bo‘ladi.
3-holat W kubik stoxastik operator uchun quyidagi shart o‘rinli
FiX(W):F{l,zA}' agar u>0, f=y,=y,=0
shart bajarilsa, operatorning ko‘rinishi:

Xy =X+ puXy
X, = X,
Xy = A — 1) X,
X, =X,

Yuqorida turgan tenglikdan X, =0 ekanligi kelib chigadi. T nugtalarning

(1,2,4}

barchasi qo‘zg‘almas nuqtalardir.

Xulosa. Mazkur maqolada Diskret vaqtli dinamik sistemaning tibbiyotga bevosita
alogador bo‘lgan kasalliklarning lokal globallashuviga bag‘ishlangan aniqg matematik
modelli jarayonning tahlili tavsif etilgan bo‘lib, bu modelning Morgan gonunlari bo‘yicha
go‘zg‘almas nuqgtani ifodalovchi operatorli jarayon o‘rganilishiga bag‘ishlangandir.
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Annotatsiya. Ushbu maqolada boshqgaruvda garorlar gabul gilish masalalaridan biri
bo‘lgan zaxiralarni boshgarish masalasini matematik modeli tuzilgan va modeldan
foydalanib masala QM dasturida yechilgan. Zaxiralarni boshqgarish jarayonida eng kam
xarajat migdori aniglangan. Zaxiralarni boshqgarishning asosiy modeli keltirilgan. Berilgan
masalani QM dasturida yechish uchun “Inventory” moduliga murojaat qilingan. Turli
igtisodiy sistemalarning samarali ish faoliyati yuritishi uchun ular moddiy resurslar bilan
0‘z vaqgtida ta’minlanishi zarur. Bu masalani to‘g‘ri va sifatli hal qilish resurs zaxiralarini
yaratishni tagozo etadi. Zaxiralarni boshgarish maqgsadi korxonadagi ishlab chigarish
jarayonini kerakli zaxiralar bilan ta’minlash va ta’minlash xarajatlarini kamaytirishdan
iborat bo‘ladi. Ortigcha zaxiralar paydo bo‘lish sabablari bu talabning kutilmagandagi
tushishi, zaxira hosil gilish jarayonida sotib olish hajmini xato aniglash va ta’minotchilar
tomonidan kelishuv bitimlarining buzulishidan iborat. Magolada zaxiralarni boshgarishning
8 ta modeli ko‘rib chigilgan.

Kalit so‘zlar: model, garor, kam xarajat, QM, BTH modeli, Uilson modeli.

COMPUTER MODELING OF THE PROBLEM OF DECISION MAKING IN
RESERVE MANAGEMENT

Abstract. In this article, a mathematical model of the problem of resource
management, which is one of the issues of decision-making in management, was created
and the problem was solved in the QM program using the model. In the process of inventory
management, the lowest cost is determined. The basic model of inventory management is
presented. "Inventory” module was used to solve the given problem in the QM program. In
order for various economic systems to work effectively, they need to be provided with
material resources on time. The correct and high-quality solution of this issue requires the
creation of resource reserves. The purpose of stock management is to provide the production
process at the enterprise with the necessary stocks and to reduce the cost of supply. The
reasons for the appearance of excess reserves include an unexpected drop in demand,
incorrect determination of the volume of purchases during the creation of reserves, and
violations of agreements by suppliers. The article examines 8 models of resource
management.

Keywords: model, decision, low cost, QM, BTH model, Wilson model.

Kirish. Zamonaviy boshgaruvning turlanishi oldindan ko‘rish, taraggiyotning
boshgalarga nisbatan oldinlab boruvchi texnologiyalaridan foydalanib boshgaruv
tizimlarining rivojlanishiga ega bo‘lishi kerak. Har ganday obyektlarni samarali boshgarish
inson faoliyatining turli sohalarida foydalaniladi. Boshgaruvda garorlarini ishlab chigish
muhim jarayon bo‘lib, u boshgaruvning asosiy funksiyalarini (rejalashtirish,
tashkillashtirish,  motivatsiya, nazorat Kkabilar) bog‘laydi. Boshgaruv  qarori
boshqarilayotgan sistema faoliyatining obyektiv gonunlariga asoslangan, tizimining
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amaldagi holati hagidagi ma’lumotlar tahliliga asoslangan holda jamoa faoliyatining
muammoli vaziyatdan (yechim talab gilayotgan holatdan) chigish dasturini aniglaydi [1-4].

Qaror — bu bajarilishi kerak bo‘lgan ishning aniq bir yo‘lini saralab olishdir, u yoki bu
yo‘Ini saralab olishda bir to‘xtamga kelishdir. Bunday qarorlarni har birimiz bir kunda
o‘nlab, bir umr davomida esa minglab gabul gilamiz. Qaror gabul gilish zaruriyati mavjud
holatning bo‘lishi lozim bo‘lgan holat bilan mos tushmasligi natijasida yuzaga keladi.
Qaror gabul gilish _imkoniyatining mugobil yo‘llari bo‘lganda vujudga keladi va inson
ulardan birini, eng magbulini tanlaydi. Qarorning eng samarali yo‘lini topish uchun inson
“Yetti o‘Ichab bir kes” maqoliga rioya qilishi darkor.

Tabiat va jamiyatdagi obyektlar hamda ularning xossalari kuzatilayotganda ular
to‘g‘risida dastlabki tushunchalar hosil bo‘ladi. Bu tushunchalar oddiy so‘zlashuv tilida,
turli rasmlar, sxemalar, belgilar, formulalar orgali ifodalanishi mumkin. Xuddi ana shunday
ifodalash model, modellar yordamida kuzatilayotgan obyektni bilish esa modellashtirish
deyiladi.

Uilson modeli.

Zaxiralarni boshgarishning 8 ta modeli mavjud bo‘lib, ulardan birini ko‘rib chigamiz:

e Buyurtmaning tejamli hajmi (BTH) modeli;

e Ishlab chigarishning tejamli hajmi (ICHTH) modeli;

e BTH modeli: tangislik (defitsit) mavjud hol;

¢ ICHTH modeli:tangislik (defitsit) mavjud hol;

e BTH modeli: migdoriy chegirmalar mavjud hol;

¢ ABS tahlil;

e Kafolat zaxira hajmi (normal tagsimot uchun);

e Kafolat zaxira hajmi (diskret tagsimog uchun).

Birinchi model bo‘yicha masalaning go‘yilishi:

Zaxiraga bo‘lgan talab o‘zgarmas va yiliga D birlikni tashkil etadi. Birlik hajmdagi
zaxirani sotib olish narxi o‘zgarmas (buyurtma hajmiga bog‘liq emas) va S shartli pul
birligiga teng. Birlik hajmdagi zaxiraning bir yillik saglash xarajatlari H ga teng (yoki birlik
zaxira narxi S ning h% ga teng). Buyurtmani rasmiylashtirish xarajatlari (yoki mahsulotning
yangi partiyasi uchun uskunalarni gayta sozlash xarajatlari) S shartli pul birligiga teng.

Zaxiralarni boshgarishning asosiy modeli. Uilson modeli.

Model go‘llanilishi uchun quyidagi shartlar bajarilishi kerak:

e [ste’mol intensivligi o‘zgarmas va ma’lum;

e Buyurtma muddati aniq va o‘zgarmas;

e Har bir buyurtma bitta partiya ko‘rinishida;

e Buyurtma xarajatlari K buyurtma hajmiga bog‘liqg emas.

Kirish parametrlari:

D- Zaxiraning iste’mol intensivligi, (tovar birligi/vaqt birligi);

H- zaxiraning saqlash xarajatlari, (pul birligi/tovar birligi*vaqt birligi) yoki h- birlik
zaxira narxining % ga teng [%];

- buyurtma amalga oshirish xarajatlari (pul birligi);

- birlik hajmdagi zaxirani sotib olish narxi.

Chiqgish parametrlari:

Q - buyurtmaning optimal hajmi;

Q/ 2- buyurtmaning o‘rtacha hajmi;
n=D/Q - buyurtmalar soni;

48


https://hozir.org/ozbekiston-respublikasi-davlat-mustaqilligining-elon-qilinishi.html
https://hozir.org/coca-cola-kompaniyasiga-ishga-qabul-qilish-jarayoni--ishga-qab.html
https://hozir.org/1-zamonaviy-rahbar-qiyofasi-va-imidj-turlari-rahbar-shaxsining.html
https://hozir.org/1-zamonaviy-rahbar-qiyofasi-va-imidj-turlari-rahbar-shaxsining.html

QarDU xabarlari FIZIKA-MATEMATIKA 2024 (1) 2

L1=n"-S - umumiy saglash xarajati;
L2 = g - H - umumiy saglash xarajati;

L = L1+ L2 - umumiy xarajatlari.
Model grafigi.

Q* 0
L1-buyurtmalar xarajatlari; L2-saglash xarajatlari; L-umumiy xarajatlar; Lmin-
minimal xarajatlar; Q-optimal buyurtma hajmi.

Buyurtma xarajatlari (L1)= Saglash xarajatlari (L2).
L1=1L2 :>ES :cz?H —=2DS =Q°H -

Optimal buyurtma hajmi: Q = EOQ = E;

D., Q

Minimal xarajatlar: | — L+L =—S+>H-
min 2 Q 2

Masala. “Sumco” kompaniyasi xo‘jalik nasoslari bilan ulgurji savdo giladi.
Nasoslarga bo‘lgan vyillik talab 1000 donani tashkil etar ekan. Buyurtma xarajatlari 10$ ni
tashkil etadi. Saglash xarajatlari mahsulot sotib olish narxining 5% iga teng. Mahsulotning
sotib olish narxi 10$ ga teng. Umumiy xarajatlarni kamaytiruvchi buyurtma hajmini
aniglang.

Kirish parametlari:

D =1000 - iste’mol intensivligi, [tovar birligi/ yil];
H =5% - zaxiraning saqlash xarajatlari, birlik zaxira narxining % ga teng [%];

S =10$ - buyurtma xarajatlari [pul birligi];

C=10$ - birlik hajmdagi zaxirani sotib olish narxi.
Berilgan masalani QM dasturida yechish uchun «Inventory» moduliga murojaat

gilamiz.

Buyurtmaning tejamli hajmi (BTH)
modeli

(the Economic Order Quantity (EOQ)
model)

«Inventory» moduli
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B3 QM for Windows - [Data Table]
Flo Edit View Module Format Iooks

He
DeE&E @ "o H
Arial [ ] I

Reorder point

le has several different ypes of [~

ls are far ane of the E0Q

Demand rate(Dy
Setup/ordering cost(S)
|Hotding costery

[unit cost

Cancel |

bu yerga masalaning nomi kiritiladi
«OK» tugmasi bosiladi:

«Solve» tugmasini bosamiz

SUMCO KOMNAHUACH BYIOPTME Xadii
Irventory costs excluding unit costs

Natijalar ikki oynada taqdim etiladi. «Inventory Results» oynasida natijalar jadval
ko‘rinishida va «Cost Curve» oynasida natijalar grafik ko‘rinishda uzatiladi. Buyurtmaning

optimal hajmi: Q = 200 . Buyurtmaning maksimal hajmi: Q = 200 . Buyurtmaning

o‘rtacha hajmi: g=100. Buyurtmalar soni: N=5. Buyurtma xarajatlari:

L1=n-S =50. Saglash xarajatlari;: L2 = % H =50. Minimal xarajatlar:

L1+ L2 =100. zaxira sotib olish uchun mablag: 1000%10$=10000$ di.
Model grafi

SUMCO KOMIAHWACK BYHIPTMA XaHMM
Inventory costs excluding unit costs

Cost

Total Cost

$100,

200
Order Quantity, G

me -minimal xarajatlar — 100S; Q -optimal buyurtma hajmi - 200;
Buyurtma hajmini belgilash uchun «Edit» tugmasini bosib, tahrir rejimiga o‘tamiz:
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54 QM for Windows - [Data Table]

File Edit View Module Format Tools Help
-

DeEd&S BB "o EEE 1002 - @ DA KZE) e
Aial - 82~ ||B F U == 00 - B 00 5 | @
Reorder paint Order Quantity [0=E0Q]
Do o i K1l |

s
Parame ter Value

Demand rate(D} 1000
Setup/Ordering cost(S) 10
Holding cost(H) 5%
Unit cost 10

Istalgan buyurtma hajmini kiritamiz «Solve» tugmasini bosamiz.

Reorder point

& No reorder point

¢ Compute reorder point ol |
¥ Inventory Results

Sum
Parameter Value Parameter | Results TSRS
using EOQ ETHLLELL]

| Demand rate(D) 1000 Optimal order quantity (Q") 200 !
Setup/Ordering cost(s) | 10 Maximum Inventory Level 200 | 100
Holding cost(H}@5% 0,5 Average inventory 100 50
Unit cost 10 Orders per period(year) 5 10

Annual Setup cost | 50 100
Annual Holding cost 50 25

Unit costs (PD) 10000 | 10000
Total Cost 10100 | 10125

Natijalar oxirgi ustunda keltirilgan.

Xulosa. Magqolada berilgan masalani QM dasturida yechish uchun «Inventory»
moduliga murojaat qilindi. Turli iqgtisodiy sistemalarning samarali ish faoliyat yuritishi
uchun ular moddiy resurslar bilan o‘z vaqtida ta’minlanishi zarur. Bu masalani to‘g‘ri va
sifatli hal gilish, resurs zaxiralarini yaratishni taqozo etadi. Zaxiralarni boshgarish magsadi
korxonadagi ishlab chigarish jarayonini kerakli zaxiralar bilan ta’minlash va ta’minlash
xarajatlarini kamaytirishdan iborat bo‘ldi.
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ELASTIK VA G‘OVAK ELASTIK MUHITLARDAGI TO‘LQIN
TENGLAMALARINI CHEGARAVIY ELEMENTLAR USULI ORQALI
HOSIL QILISH

Matanov Muhammad Charshamiyevich
Qarshi davlat universiteti doktoranti
mm939011166@gmail.com

ORCID: 0009-0008-8858-5010

UDK 519.957

Annotatsiya. Ushbu magolaning birinchi gismida, hal qilinishi kerak bo‘lgan
bog‘langan modellarning bir gismi bo‘lgan turli xil yechimlarni hosil gilish bilan bog‘liqg
jihatlar tagdim etilgan bo‘lib, ikkinchi gismda esa ushbu modellarni sonli usullar yordamida
hal gilish taklif gilingan. Ushbu usulni go‘llashda yuzaga keladigan giyinchiliklarni tahlil
gilish va ularni yechish uchun bir nechta yechimlar taklif gilingan. 1.1-bo‘lim garmonik
elastik qattiqg jismlarning dinamik harakatidagi asosiy tenglamalar hagida umumiy
tushunchalar berilgan hamda ushbu masalalar yuzasidan ularni yechish uchun zarur bo‘lgan
ifodalar hisobga olingan holda, fagat asosiy tenglamalar keltirilgan. 1.2-bandda skalyar
muhitda dinamik harakatning asosiy tenglamalari hamda turli xil muhitlar o‘rtasidagi farq
va o‘xshashliklar ko‘rib chigilgan. 1.3-bo‘limda garmonik g‘ovak elastik muhitdagi asosiy
tenglamalar va ularning asosiy yechimi ko‘rib chigiladi. Asosiy yechimni qo‘llash uchun
zarur bo‘lgan integral formula Q fazasi nuqtalaridagi fundamental o‘zgaruvchilarni I°
fazasidagi nuqtalarda gabul giladigan giymatlar va ularning hosilalari bilan bog‘laydigan
bir gator tenglamalardan iborat. Ushbu nugtaning oxirida o‘zgaruvchilar aralashishi
mo‘ljallangan bo‘lsa, integral formula orqgali kerakli yechimlarni keltirib chigarish
o‘rganilgan. 1.4-bo‘limda elastik muhitda to‘lginlarning targalishi va ularning chegaraviy
elementlar usuli (ChEU) yordamida tenglamalarni sonli yechish strategiyasi va uning biz
keltirgan modelda go‘llanilishi nazarda tutilgan sonli yechimlarni tagdim etadi. Oxirgi
bo‘limda bog‘langan modelning interfeyslariga chegaraviy shartlari ganday go‘yilganligi
muhokama qgilingan. G‘ovak elastik muhitda ko‘ndalang va bo‘ylama to‘lgin tarqgalish
tezligi tenglamalarining yechimlari keltirilgan va kerakli xulosalar berilgan.

Kalit so‘zlar: Ichki muvozanat tenglamasi, moslik tenglamasi, chastota, siljish
vektori, Lame doimiysi, Elastiklik moduli, Puasson nisbati, Kronecker delta-funksiyasi.

DEVELOPMENT OF WAVE EQUATIONS IN ELASTIC AND POROUS
ELASTIC MEDIA USING THE BOUNDARY ELEMENT METHOD

Abstract. The first part of this paper presents aspects related to the generation of
various solutions that are part of the coupled models to be solved, and the second part
proposes solving these models using numerical methods. Several solutions have been
proposed to analyze the difficulties that arise in the application of this method and to solve
them. Section 1.1 General concepts of the basic equations in the dynamic motion of
harmonic elastic solids are given. Also, taking into account the expressions necessary to
solve these problems, only the main equations are presented. In Section 1.2, the basic
equations of dynamic motion in scalar media are considered, and the differences and
similarities between different media are considered. In Section 1.3, the basic equations and
their basic solution in harmonic porous elastic media are considered. The integral formula
necessary for applying the basic solution consists of a series of equations connecting the
fundamental variables at the points of the Q phase with the values they take on at the points
of the phase and their derivatives. At the end of this point, if the mixing of variables is
intended, it is learned to generate the necessary solutions through the integral formula.

e
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Section 1.4 presents numerical solutions for wave propagation in elastic media and the
numerical solution of the equations using the Boundary Element Method (BEM) and its
application to the model we present. The last section discusses how boundary conditions are
imposed on the interfaces of the coupled model. Solutions to transverse and longitudinal
wave propagation speed equations in porous elastic media are presented, and necessary
conclusions are given.

Key words: Internal equilibrium equation, compatibility equation, frequency,
displacement vector, Lame constant, Elastic modulus, Poisson's ratio, Kronecker delta-
function.

Kirish. Quyida birlashgan modellarning bir gismiga ega bo‘lgan masalalar va ularni
sonli usullar yordamida yechish ko‘rsatilgan. Asosiy yechimni talab giladigan integral
formula €2 soha nugtalaridagi fundamental o‘zgaruvchilarni va ularning hosilalari I
soha nugtalarida gabul giladigan giymatlar bilan bog‘laydigan bir gator tenglamalardan
iborat. Chegaraviy elementlar usuli (CHEU) yordamida tenglamalarni sonli yechish
kriteriyalari va ularning sonli yechish modellari keltirilgan[1].

Tadgigot metodologiyasi (Research Methodology). 1.1. Garmonik elastik gattiq
jismlarning dinamik harakatidagi asosiy tenglamalar

Ichki muvozanat tenglamalari, harakat qonuni va moslik tenglamalari, talab gilingan
o‘zgaruvchilarning fazoviy va vaqtga bog‘ligligini hisobga olib, elastik gattiq jismlar
dinamik harakatining asosiy tenglamalarini tashkil giladi. Statik holatdan fargli o‘laroq,
muvozanat tenglamalari inersiya kuchlarini va targalish tezligini o‘z ichiga oladi. Ushbu
mubhitlar uchun klassik farazlar gabul gilinadi: bir xillik, izotropiya, elastiklik va chiziglilik

[1].

Ichki muvozanat o T X =pY, (1.2)
Harakat qonuni o; = A5 + 2 e (1.2)
: . 1 1.3
Moslik tenglamasi & :E(ui’j +uj,i) (1.3)
Asosiy tenglama  uVU+(A+u)VV-u+ X = pU (1.4)
UV +(A+ p)Ve+ X =—po’u (*) (1.5)

Chastota bo‘yicha e ) _
asosiy tenglama (%) U(X,t) =u(x;)e"" tipidagi garmonik vagtning
siljishi. O‘zgaruvchilar i va ® ga bog‘liq.
1.1-jadval. Chizigli elastik gattiq jismlar dinamik harakatining asosiy tenglamalari.
X vektor
t vaqt
Ojj bosim tenzori

& kuchlanish tensori

o X tovush kuchlari vektori

i»u sigish vektori

burchak chastotasi

X
ul
u,,u tezlanish vektori
®
A

Lame doimiysi
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H= > ( lli U) ko‘ndalang qattiglik moduli
e=2¢&, maydon kengaytmasi

E elastiklik moduli

v Puasson nisbati

P jismning zichligi

I pozitsiya

0, Kronecker delta-funksiyasi

1.2-jadval. Chizigli elastik gattiq jismlar dinamik harakatining asosiy tenglamalarida

foydalaniladigan o ‘zgaruvchilari
1.2. Skalyar muhitda dinamik harakatning asosiy tenglamalari
Oldingi holatga o‘xshash, skalyar muhitda (suv) dinamik harakatning asosiy

tenglamalari 1.3-jadvalda ko‘rsatilgan. Bu egiluvchan va chiziqli harakatga ega bo‘lgan,
kichik tebranishlar oralig‘ida juda kichik yopishqoq suyuqlik hisoblanadi. Taqdim etilgan
modelda inersiya ta’siri yopishqoqlikka qaraganda ancha katta bo‘lib, suvning
yopishgogligi ahamiyatsiz deb garaladi [3].

Ichki muvozanat —p+X'= PU. (1.6)
Harakat qonuni -p=K;¢ .7
Asosiy tenglama 1 . (1.8)
Vip-VX'==
C
Chastota bo‘yicha asosiy © 2 (1.9
tenglama Vip-VX'+ (_j p=0 (%)
C

(*) vaqt bo‘yicha p(X,t) = p(X,oz))eiwt tipidagi
garmonik bosimni gabul gilinadi.
1.3-jadval. Skalyar muhitda dinamik harakatning asosiy tenglamalari

p Suyuglik bosimi

X!, X' Tovush kuchlari vektori

U. Tezlanish vektori

I

=g, =U,, Maydon kengaytmasi

K, Suyuqlik sigilish moduli
Ky . . .

cC= |— To‘lqin tarqalish tezligi
Yo,

0] Burchak chastotasi

Y Suyuglik zichligi

1.4-jadval. Skalyar muhitda dinamik harakatning asosiy tenglamalarida
foydalaniladigan o ‘zgaruvchilar
1.3. Garmonik g‘ovak elastik muhitdagi asosiy tenglamalar
Dinamikada g‘ovak elastik muhit harakatining asosiy tenglamalari muvozanat

tenglamalar bo‘lib, ular inersiya va tarqalish kuchlarini hamda muhitning ikkala fazasidagi
kuchlanish va deformatsiyalarni bog‘laydigan harakat qonunini o‘z ichiga olishi kerak [4].
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Muvozanat tenglamalari va harakat gonunining kombinatsiyasi yordamida ikkala fazoning
siljish vektoridan asosiy tenglamalarni hosil qilish mumkin

3T X =puUi + pRU +b( )

Ichki , .
mwvozanat 7. + X = P+ oY, +b(ui _Ui) (1.10)

bu yerda o, = 0, — Py Pr =P~ Prav Pro="Pa

QZ

. =| A+— |e0; +2ue; + Qo
iaiiey : ( R )00 T 2He TR0, (1.11)
gonuni

r=0Qe+Re

QZ

VU +V ﬂ+y+F V-u+QV-U |+ X =

Asosiy
. . 1.12

tenglama = p i+ pU + b(u -U ) (1.12)

V(QV-u+RV-U)+X'=pli+p,U -b(ui-U)

AA A2
Y% u+(ﬂ+y)Ve+[Q plz]Vr+[—p“pzf 'Olz}a)zu+
R 0y P2

+X - L2 X =0 (¥)
Chastota P2
bo‘yicha
asosiy Vit + @’ 'OF\iZ T+’ 'OF\fZ T+ (,[)12 —%ﬁzzjeJrVX':O (*) (1.13)
tenglamalar

b A b . . b
bu yerda gy, = py, —1—; P =pp—1—; Pr=pp+i—;

C() (0] w
*) U(X,'[) =U(X,a))e'wt tipidagi vaqt bo‘yicha garmonik siljish
qabul qgilinadi. O°‘zgaruvchilar i va ® ga bog‘lig.

1.5-jadval. Garmonik g ‘ovak elastik muhitdagi asosiy tenglamalar.
7;; -bir jinsli jismga tegishli gattiq jismdagi P bosim

kuchlanish tensori

r=—¢p

xil ~ jismga tegishli ¢ g‘ovaklik

suyuglikdagi ekvivalent kuchlanish

X, X qattig jism hajm kuchlari vektori 77 suyuglikning yopishqogligi

X/, X" suyuglikning hajm kuchlari K Darse o‘tkazuvchanligi

vektori

uU;, U qattiq jismning siljish vektori PL= P, (1—¢) jismning zichligi

U,, U qgattiq jismning tezlik vektori P, = p;¢ suyuglik zichligi

U,, U gattiq jismning tezlanish vektori L. P, Yattig jism va suyuglik zichligi
U., U suyuglikning siljish vektori P, qo‘shimcha zichlik
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U.,U suyuglikning tezlik vektori A qattig jismning Lame konstantasi
U,,U suyuglikning tezlanish vektori A gattiq jism ko‘ndalang moduli
€=U, gattig jismning kengayishi Q, R Biot konstantalari
& =U,; suyuglikning kengayishi @ burchak chastotasi

2 i
b= % dissipatsiya doimiysi

1.6-jadval. Garmonik g ‘ovak elastik muhitdagi asosiy tenglamalarda foydalaniladigan
o ‘zgaruvchilar
Natijalar va muhokama (Results and Discussions). 1.4. Elastik muhitda
to‘lqinlarning tarqalishi (1.4) tenglama yordamida bir xil elastik, chizigli va izotrop
mubhitlarda to‘lginlarning qanday tarqalishini ko‘rib chigamiz. Ushbu tenglamalarni hajm
bo‘yicha € va aylanish vektori @ bo‘yicha ajratish quyidagicha ifodalanadi:

e=¢,=V-u wo=V-u (1.14)
Ushbu o‘zgaruvchilar kiritilgandan keyin, vektor operatorlari yordamida ba’zi
o‘zgartirishlardan so‘ng, (1.4) tenglamani quyidagicha yozish mumkin:

1. 1.
Vze:—ze Vza)=—za)
c c2

(1.15)

b Zﬂ tezlik bilan
Yo

harakatlanuvchi, kengayish xossasiga ega (hayjm o‘zgarishi bilan bog‘liq) to‘lqinni

Tenglamalarning birinchisi (1.15) skalyar xarakterga ega, Cf) =

ifodalaydi. Ikkinchi vektor, CS2 £ tezlik bilan harakatlanadigan ko‘ndalang to‘lginga mos

yo,
keladi [5].
Bir xil, izotrop va cheksiz muhitda ikkala to‘lqin ham mavjud bo‘lib, erkin tarqaladi.

To‘lqinning tarqalish tezligi har doim aylanish to‘lqinidan katta bo‘ladi C, > C, shu sababli

birinchi to‘lqin ikkinchi to‘lgindan oldin aniglanadi. Shuning uchun, bo‘ylama to‘lqin P
indeks bilan, ko‘ndalang to‘lgin esa S indeks bilan belgilanadi.

Ikkala to‘lqinning tarqalish tezligidan foydalanib, asosiy tenglamani kengayish va
aylanish vektoriga bog‘liq holda quyidagicha yozish mumkin:

—CiVxw+ciVe=l

(1.16)

Agar ushbu ifodaga mos ravishda C va S tarqalish tezligi hamda yo‘nalishi bilan
tekis garmonik targalish masalasiga mos keladigan siljish vektorini almashtirsak, bu
murakkab sohada va yagona amplituda uchun quyidagi shaklga ega bo‘ladi:

u=e'“*xq (1.17)
[0 i
bu yerda K =— to‘Iginlar soni, ® burchak chastotasi, X istalgan nugtaning vektori, i
c

gadam va d harakat yo‘nalishidagi birlik vektorlar orqali (1.16) tenglamani quyidagicha
yozish mumkin bo‘ladi:
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(c3—c?)d+(ci—ci)(s-d)s=0

(1.18)

(1.17) va (1.18) tenglamalar to‘lqinlarning siljish xossalarini tahlil qilishi mumkin.
Agar (1.17) tenglama P (¢ =, ) toIqini siljishlarni ifodalaydi deb faraz gilsak, (1.18) ning
bajarilishi s ==+d yoki boshgacha gilib aytganda, tarqalish yo‘nalishi va siljish mos

kelsagina mumkin bo‘ladi. Shuning uchun P to‘lqini siljishlar tarqalish yo‘nalishi bo‘ylab
sodir bo‘ladi (1.1-rasm).

X

3’”

3

xl k] ul
1.1-rasm. Bo ‘ylama to ‘lqin uchun siljish va tarqalish yo ‘nalishi
Endi (1.17) tenglamani S (C = Cs) to‘lqini keltirib chiqaradigan siljishlarni
ifodalaydi deb faraz gilsak, (1.18) tenglamani ganoatlantirishi uchun vektorlarning skalyar
ko‘paytmasi, tarqalish yo‘nalishi va siljishi perpendikulyar ((S -d ) =0) bo‘ladi. Shuning

uchun u tarqalish tekisligida joylashgan siljish vektoriga ega bo‘lgan ko‘ndalang to‘lqindir
(1.2-rasm).

1.2-rasm. Ko ‘ndalang to ‘lqin uchun siljish va tarqalish yo ‘nalishi.
1.5. G*ovak elastik muhitda to‘lqinlarning tarqgalishi

Xuddi elastik muhitda bo‘lgani kabi, g‘ovak elastik muhitda ham bo‘ylama, ham
ko‘ndalang to‘lginlar tarqaladi, lekin har bir to‘lqin mavjudlaridan farqli o‘laroq, g‘ovak
elastik muhitda, siljish to‘lqinidan tashqari, bir vaqtning o‘zida tarqaladigan ikkita to‘lqin
mavjud. Har ikki fazaning siljish (e, &) va aylanish vektoridan (@, Q) foydalanish [7]:

e=V-u ¢=V-U wo=Vxu Q=VxU (1.21)
va (1.12) tenglamalarning har biriga ajratish operatorini qo‘llash orqali asosiy tenglamalar
olinadi va hajm kuchlarini nol deb hisoblasak, quyidagi ifodani olamiz:
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2
VZH}WLZ,UJr%jenLQg}:p11é+p12é+b(é—é) 122

V?(Qe+Re)=p,€+ p € —b(é—¢)
Xuddi shunday, agar (1.12) ifodalar yordamida (1.21) tenglamalarga aylanish
operatorini qo‘llab, aylanma yoki tekis harakatning asosiy tenglamalari olinadi.

WV 0= pL i+ p,Q+ b(a') — Q) 0= p,d+ P2~ b(a') — Q) (1.23)
Garmonik to‘lqin muhitning har ikki fazasida z o‘qining musbat yo‘nalishi bo‘yicha

bir xil tezlikda targaladi deb faraz gilinadi:

W= D el(a)t—ksz) Q — DQel((Ot—kSZ)

(1.24)
bu yerda @ burchak chastotasi, K to‘lginlar soni va D, , D, mos ravishda qgattiq jism va
suyuqlikdagi ko‘ndalang to‘lqinlarining amplitudalari. (1.24) ni ikkinchi tenglama (1.23) ga
qo‘yib, bir nechta amallardan so‘ng quyidagilarni olamiz:

Q=Aw
(1.25)
bu yerda:
Ao iob + o’ p,
iob— o’ p,,
(1.26)

(1.25) tenglama qattiq jismdagi (@) va suyuglikdagi (€2) aylanish o‘rtasidagi
munosabatni ko‘rsatadi. A qiymati ikkala aylanish o‘rtasidagi bog‘liglik muhitning
zichligiga bog‘ligligini ko‘ramiz, (b) konstanta giymati suyuglikning yopishqogligi va
chastotasiga bog‘liq. Umumiy holatda (b= 0) A giymati ikkala aylanish vektorlari
o‘rtasida fazalar farqi mavjudligini anglatadi [8].

Agar (1.23) ikkinchi tenglamada (1.24) va (1.25) ifodalar bilan almashtirilsa, to‘lqin
sonining giymati olinadi:

2
@
kK2=PY
y7]
(1.27)
bu yerda:

2( 2 .
& (ply = Pupn ) +iob(py +2p, + )
ioh—a’p,,
Xulosa sifatida, g‘ovak elastik muhitda elastik muhitning siljish to‘lginlari bilan bir
xil bo‘lgan ko‘ndalang to‘lqinning bir turi sifatida tarqaladi. Tarqatish tezligi quyidagicha
ifodalanadi:

p= (1.28)

2

, @
c2=—
(1.29)

Elastik holatdan farqgli o‘laroq, g‘ovak elastik muhitda bu tezlik, umumiy holatda
suyuglik fazasining yopishgogligi (b = 0) va chastotasiga bog‘liq bo‘ladi. Ya’ni to‘lgin
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sonini uning hagiqiy va I—nuqtadagi qiymatlari yig‘indisi Ks =k +ik; deb faraz
gilaylik. (1.27) tenglamaning ikkita yechimidan shunday xulosa qgilish mumkinki, fagat Kg

va k; ning musbat yoki nol giymatlari ma’noga ega. Buni hisobga olib, qabul qilgan
bo‘ylama to‘lginning qattiq jism orqali tarqgalish tenglamasining o‘rniga qo‘ysak,
quyidagilarni olamiz:

w=D e_kiszei(wtfksrz)

(1.30)

Ushbu ifodada birinchi eksponenta koordinatasining ortib borayotgan yo‘nalishi
bo‘yicha to‘lqinning amplitudasini kamaytiradi. Ikkinchi eksponenta fazo-vaqt
garmonikasini ifodalaydi, bu to‘lqin musbat z yo‘nalishida tarqalishini ko‘rsatadi.

G‘ovak elastik muhitning targalish konstantasi b bilan bog‘liq ikkita holatda
to‘lqinning tarqalishi bilan nima sodir bo‘lishini tahlil qilish ko‘rsatmasi 1.7-jadvalda (1.25)

va (1.29) tenglamalar ikkala holatda ganday ko‘rinishini umumlashtiradi [9].

b ning| @ va Q| c? giymati
giymati o‘rtasidagi

munosabat
b=0

Q=-Fuz, Cg = £ >

P2 p[l— P j
P11P2
b— o Q=w C2 . y7i _ yzi U
Y oput2pp+pn (1-9)ps+doe by

1.7-jadval. Ko ‘ndalang to ‘lqinning tarqalish tezligi va har ikki fazada aylanish
nisbati tarqalish konstantasiga bog ‘liq.

Birinchi holatda b =0, r,, <0 ekanligini hisobga olsak, suyuglik va gattiq jism
fazada aylanadi va buzilish ¢, tezligining | —qismiga ega bo‘lmagani uchun doimiy tezlik
bilan tarqaladi. Ikkala aylanish o‘rtasidagi munosabat shuni ko‘rsatadiki, gattiq jismning
aylanishi qo‘shimcha zichlik parametri orqali suyuqlik fazasi siljishlarining aylanishini
keltirib chigaradi. Qo‘shimcha zichlik nol giymatga ega bo‘lsa (o, =0) suyuglikning
harakati ko‘ndalang bo‘ladi, ya’ni ko‘ndalang to‘lqin uchun g‘ovak elastik muhit yopishqoq
elastik muhitga o‘xshash bo‘ladi, u quyidagi ifoda bilan berilgan tezlik bilan tarqaladi:

P (1 - ¢) Ps

(1.31)

P1, qo‘shimcha zichlik nolga teng bo‘lganda ( o, = 0) muhit inersiyasining ortishi
tufayli tarqalish tezligi past bo‘ladi.

Ikkinchi holatda, b — oo bo‘lsa, aylanish har ikkala fazada ham teng bo‘ladi,
tarqalish tezligini aniqlaydigan zichlik g‘ovak elastik muhitda jismning o‘rtacha zichligi (
Py, bir xil boladi [10].

Bo‘ylama to‘lginni o‘rganish uchun @ burchak chastotasining garmonik tekislik
to‘lqini tekshiriladi, u qattiq jism va suyuqlik orqali z o‘qining musbat yo‘nalishida
targaladi, har ikki fazada ham targalish tezligi bir xil. Jism zarralari (u3) va suyuqlikka
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(U3) mos keladigan zarrachalarning bu yo‘nalishdagi tarqalishini quyidagicha yozish
mumkin:

u, = D e'"? U, = D, e

(1.32)
bu yerda k, to‘lgin sonini va D,, D, mos ravishda qattiq va suyuqlikdagi to‘lqin
amplitudalarini ifodalaydi. Shunday qilib, u quyidagi xarakteristik tenglama bilan
aniglanadi:

A(k§)2+Bk§+C:O

(1.33)
bu yerda A, B va C konstantalari quyidagi ifodalar bilan beriladi:
A=1+2u
2 (a)pzz_ia)b)
B= po’ 412 (A4 2u) -
Q, , . ) . } Q o’p,+iob
- =|\® —lob)— (@ —iwb) || = -—-2—
[R( P22 ) ( Pr2 ) R wp, —iab
2 -
C= po? (a) Doy — Ia)b)
R
(1.34)

Bu xarakteristik tenglama (1.33) ning yechimi quyidagicha:

kz_—B+\/BZ—4AC 2B~ B2 —4AC
P 2A P 2A (1.35)

Ikki yechimning mavjudligi har xil tarqalish tezligiga ega bo‘lgan muhitda
tarqaladigan ko‘ndalang ikkita to‘lgin mavjudligini anglatadi, ularning qiymatlari
quyidagilar bilan belgilanadi:

2 @ 2 @
P1 kél P2 kgz
(1.36)

Xulosa va takliflar (Conclusion/Recommendations) Moduldagi ildizlarning eng
kichigiga to‘g‘ri keladigan eng yuqori tarqalish tezligi Cp, “birinchi turdagi to‘lqin”, “eng
tez P to‘lqini”, “P uzun to‘lqini” yoki “ P, to‘lqini” deb ataladi. C,, tezlik esa “ikkinchi
turdagi to‘lgin”, “qisqa P to‘lqini” yoki “P, to‘lqini” deb ataladi. Ikkala tarqalish tezligi
umumiy holatda chastotaga bog‘liq kompleks sonlardir [10].

Agar targalish konstantasi nolga teng bo‘lsa (b =0), har ikkala tezlik giymati ham
musbat haqiqiy konstantalar bo‘lib, bu ikkala to‘lgin ham kamaymasdan tarqalishini
anglatadi.

Yuqoridagi o‘z giymatlarining har biriga mos keladigan xos vektorlarni hisoblash P,
to‘lqin holatida bir xil belgining D}* va D" qiymatlariga olib keladi, bu gattiq va suyuq

jismlar fazada tebranishini ko‘rsatadi. Biroq, P, to‘lqin holatida DUP % va DS 2 qgiymatlari
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garama-qgarshi belgilarga ega, bu ikkala tebranishlar ham garama-garshi holatda sodir
bo‘lishini anglatadi [11].
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POLIETILEN VA JELATIN ASOSIDAGI BIOLOGIK PARCHALANUVCHI
KOMPOZITLARNING BIOPARCHALANISHI VA ULTRABINAFSHA
NURLARINING TA’SIRI

Normuradov Nurbek Fayzullo o‘g‘li

O°zR FA Polimerlar kimyosi va fizikasi institute. Tayanch doktorant
ORCID: 0000-0002-9817-9066;
nurbeknormuradov27@gmail.com

Berdinazarov Qodirbek Nuridin o‘g‘li

O°zR FA Polimerlar kimyosi va fizikasi instituti, katta ilmiy xodim
ORCID: 0000-0001-8888-2359;

godirberdinazarov@mail.ru

Haqgberdiyev Elshod Olmosovich

O‘zR FA Polimerlar kimyosi va fizikasi instituti,katta ilmiy xodim
ORCID: 0000-0002-7707-2219;

profhagberdiyev@gmail.com;

Dusiyorov Nizomiddin Zokir o‘g‘li

O’zR FA Polimerlar kimyosi va fizikasi instituti, Stajyor tadgiqotchi
ndusiyorov@gmail.com

Ashurov Nigmat Rustamovich

O zR FA Polimerlar kimyosi va fizikasi instituti, t.f.d., prof. Laboratoriya mudiri
ORCID:0000-0003-0765-5942;

nnf7nnf7 @gmail.com;

UDK: 538.9; 539.8; 691.175.5/8+665.931.78

Annotatsiya: Polimerlarni biologik parchalash magsadida sintetik polimer,
polietilen tarkibiga jelatin — tabiiy polimer Kiritildi. Olingan biologik parchalanuvchi
kompozitsion polimer material namunalaridan, tuproqda, bioparchalanishini o‘rganish
uchun plyonka namunalari olindi. Polietilen va jelatin aralashmalarni bir-biriga
moslashtirish va ular o‘rtasidagi adgeziyani oshirish magsadida polietilen bilan malein
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angidrid sopolimeri hosil gilindi. Jelatin suv va glitserin ishtirokida termoplast holatga
o‘tkazildi va hosil gilingan sopolimer bilan tarkibida 30%, 40%, 50% va 60% jelatin bo‘lgan
biologik parchalanuvchi kompozit materiallar olindi. Plyonka namunalarning biologik
parchalanishini ultrabinafsha nurlar ta’sirida va ta’sir etmasdan o‘rganildi. Ultrabinafsha
nurlar ta’sir etmasdan tuproqqa ko‘milgan, tarkibida 60% jelatin bo‘lgan namunada
biologik parchalanish 7 kunda 54% massa yo‘qotganligi va ultrabinafsha nurlar ta’siridan
keyin tuproqqa ko‘milgan tarkibida 60% jelatin bo‘lgan namunada biologik parchalanish 7
kunda 55% massa yo‘qotganligi kuzatildi. Plyonka namunalarining biologik parchalanishi
tuprogda 195 kun davomida o‘rganildi.

Kalit so‘zlar: biologik parchalanish, jelatin, glitserin, polietilen, malein angidrid,
polimer kompozit.

BIODEGRADATION OF BIODEGRADABLE COMPOSITES BASED ON
POLYETHYLENE AND GELATIN AND INFLUENCE OF ULTRAVIOLET
LIGHTS

Abstract: In order to biodegrade polymers, synthetic polymer, gelatin natural
polymer was added to polyethylene. From the obtained biodegradable composite polymer
material samples, film samples were taken to study biodegradation in the soil. Polyethylene
and maleic anhydride copolymer was created in order to adapt polyethylene and gelatin
blends to each other and to increase the adhesion between them. Gelatin was transformed
into a thermoplastic state in the presence of water and glycerol, and biodegradable
composite materials containing 30%, 40%, 50% and 60% gelatin were obtained with the
resulting copolymer. The biodegradation of the film samples was studied under the
influence of ultraviolet rays and without the influence. Biodegradation of a sample
containing 60% gelatin buried in soil without UV exposure 54% mass loss in 7 days and
biodegradation of a sample containing 60% gelatin buried in soil after UV exposure 55%
mass loss was observed in 7 days. Biodegradation of film samples was studied in soil for
195 days.

Key words: Biodegradation, gelatin, glycerin, polyethylene, maleic anhydride,
polymer composite.

Kirish. Ma’lumki, hozirgi vaqtda polimer plastik buyumlar yildan yilga ko‘payib, yer
yuzida plastik chigindilarning ortishiga sabab bo‘lib kelmoqda. Ushbu muammoni hal
etishda biologik parchalanadigan polimer aralashmalarning o‘rni muhim ahamiyatga ega.
Sintetik polimerlardan tashqari, mikroorganizmlar uchun ozuqa muhiti bo‘lgan organik
to‘ldiruvchi moddalarni o‘z ichiga olgan kompozitsiyalar yaratish muhimdir. Ushbu
kompozitsiyalar atrof-muhit omillari ta’sirida fizik-kimyoviy va biologik o‘zgarishlarning
belgilangan mexanizmlari bilan ham tavsiflanadi [1-2].

Biopolimerlar orasida jelatin plyonka hosil giluvchi va gaz to‘sig‘iga ega xususiyatlari
tufayli keng qo‘llanilgan ogsil asosidagi polimerning yaxshi namunasidir [3,4]. Sintetik
polimerlar orasida qadoqlashda keng qo‘llaniladigan polimerlardan biri LDPE bo‘lib, u
boshqa sintetik polimerlardan arzonligi, mexanik mustahkamligi, kimyoviy muhitlarga
barqgarorligi va antibakterial salohiyati bilan ajralib turadi [5].

Bundan tashqari, aralashtirish jarayonida tarkibiy gismlarni payvandlash yoki blok
sopolimerlar shaklida kiritish orgali LDPE/jelatin aralashmalarini yaratish va polimer
aralashmalari (adaptor) morfologiyasini tekshirish polimer fanida muhim ahamiyatga ega
[6,7].

Ushbu ishda polietilenning malein angidrid (MA) bilan modifikatsiya gilingan
variantidan  foydalanildi. Erkin radikallar bilan modifikatsiyalangan polietilen
mahsulotlarida polietilendagi beqgaror ikkilamchi polimer radikallari erkin radikallarga juda
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sezgir [8]. Bu, o‘z navbatida, polietilen va jelatinning malein angidrid orqali bog‘lanishini
ta’minlaydi hamda yuqori biologik va parchalanadigan xususiyatlarga ega kompozitlarni
olish imkonini beradi.

Ushbu ishning magsadi tabiiy polimer jelatini bo‘lgan sintetik polimer polietilen
asosida biologik parchalanadigan kompozitsiyalarni olish va ularning tuprogdagi
biodegradatsiyasini o‘rganish hamda tahlil qilish.

Materiallar va tadqigot usullari. Materiallar va asboblar. Funksionalizatsiya
Maleik angidrid (MA) va chizigli past zichlikli polietilen (PE) bilan Brabenderda amalga
oshirildi. Plastograf (plastograf Brabender OHGDUISBURG Germaniya), harorat
180+5°C. Payvandlangan malein angidrid konsentratsiyasi 5%.

Jelatin 80°C pechda suv va glitserin bilan termoplast holatga o‘tkazildi. MA-p-PE va
jelatin (MA-p-PE/JEL) asosidagi polimer aralashmalari plastografda olingan. Temperatura
180+5°C.

Biologik parchalanish testi

2-2,5 sm radiusli va 250-400 mkm qalinlikdagi kompozitlardan plyonka namunalari
olinadi (1-rasm) va tuproqqa kiritildi. Namlik miqdori 25%, vazn yo‘qotish foizi (W)% har
15 kunda quyidagi formula bilan hisoblandi:

W=W,—-W,) /Wy x100% 1)
har 15 kundan keyingi vazn yo‘qotish(W 4;,)% :
Wa=W;=W;_1)/W; x100% 2)

Bu yerda W- boshlang‘ich massasi, W; har 15 kunda yakuniy vazn, W;_;- har 15
kunda boshlang‘ich vazn.

1-rasm. 30, 40, 50 va 60% jelatinni o‘z ichiga olgan plyonka namunalari
Namuna tayyorlash va UV ta’siri

Namunalar ultrabinafsha (UV) yorug‘lik kamerasida o‘n soat davomida saqlangan,
namunalar plyonka shaklida va har ikki tomonda besh soat davomida UV kamerasida
saglangan. Namunalar UV chirogdan 25 sm masofada joylashtiriladi, kameraning harorati
40+2 °C, UV-B lampa to‘lqin uzunligi 240-320 nm bo‘lgan nurlarni chiqarish uchun
mo‘ljallangan. UV kamera ishlab chiqaruvchi - O‘zZR "MAGNUM MEDICAL SERVICE"
turi QUARS DRT-400.

Natijalar va uning muhokamasi Polimer biologik parchalanishi uchun polimer
tarkibida eng kamida bitta biologik parchalanadigan komponent bo‘lishi kerak [9].
Bioparchalanuvchi kompozit tarkibiga 30%, 40%, 50% va 60% jelatin Kiritilgan. Jelatinni
QZCHPE ga payvand gilish termomexanik usulda amalga oshirilgan. Payvand gilingan
sopolimerida biologik parchalanadigan jelatin borligi ma’lum darajada QZCHPE ning
degradatsiyasiga yordam beradi. Turli xil payvand gilingan kompozit namunalarining
tuprogda biologik parchalanishi 2- va 3-rasmlarda keltirilgan.

2-rasmda kompozitdan mexanik pressda plyonka namunalari olinib tuprogga
ko‘milgan, 3-rasmda plyonka namunalari ultrabinafsha nurlariga ma’lum vaqt qo‘yilib
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keyin tuproqgqa ko‘milgan, olingan namunaning og‘irligini asl vaznidan, ya’ni sinov
boshidagi namunaning vaznidan chiqarib tashlash orgali aniglandi.
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2-rasm. Turli xil tarkibli namunalarning tuproqda parchalanishi natijasida massa yo‘qotishi
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3-rasm. Turli xil tarkibli namunalarning UB nurlaridan keyin tuproqda parchalanishi natijasida massa

yo‘qotishi

2-rasmda ko‘rinib turganidek, barcha namunalar uchun vaqt o‘tishi bilan kuzatilgan
kompozitning vazn yo‘qotilishi jelatin konsentratsiyasiga mutanosib davom etgan.
Tuproqda joylashgan bioparchalanuvchi kompozitlarda birinchi navbatda suv yutish
jarayoni kuzatiladi, suvga bo‘kish jarayonida kompozit yumshay boshlaydi, yumshagan
yoki gisman suvga bo‘kkan kompozitlarni bakteriyalar va boshqa mikroorganizmlar tez,
oson yo‘q qilishadi. Parchalanishning 7-kunida tuprogdagi namunalar massasi gayta
o‘lchanganda tarkibida 60% jelatin bo‘lgan kompozitda massa yo‘qotish, ya’ni parchalanish
tez va eng yuqori bo‘lganligi kuzatildi.

Bundan xulosa gilish mumkinki, kompozitda jelatin bor nuqgtasiga bakteriyalar yetib
borishi uchun kompozitning boshga tarkibiy gismlari xalal bermasa, jelatin 20 kunda
kompozit tarkibidan yo‘q qilinadi [10]. Tarkibida 30%, 40%, va 50% jelatin bo‘lgan
kompozitlar parchalanishning 7-kunida massa yo‘qotish 15-kundagiga va keyingi
kunlardagi parchalanishga qaraganda ko‘proq massa yo‘qotilganligi kuzatildi. Kompozitda
jelatin miqdori gancha ko‘p bo‘lsa, molekulalar orasidagi masofa ham shuncha yaqin
bo‘ladi, natijada jelatin miqdoriga garab parchalanish va parchalanish tezligi oshib boradi.
Jelatin migdori kam kompozitda nam yutish va parchalanish molekulalar orasidagi masofa
katta bo‘lgani uchun va polietilenning ko‘p qismi sirt bo‘ylab tagsimlangani uchun sekin
amalga oshadi. Namunalarning tuproqda biologik parchalanishi 195 kun, ya’ni 6,5 oy
davomida o‘rganildi. Kompozitlarning biologik parchalanishining eng ko‘p qismi
boshlang‘ich bir oy davomida kuzatilgan.

3-rasmda ko rishimiz mumkinki, olingan kompozitsiyalarni DRT-400 lampasi bilan
10 soat davomida ultrabinafsha nurlari ta’siridan keyin namunalar tuproqda parchalanish
jarayoni amalga oshirilgan. Ultrabinafsha nurlariga qo‘yilgan kompozitlarning biologik
parchalanish kinetik egri chiziglari 2-rasmdagi namunalarga nisbatan farq giladi. Tarkibida
60% jelatin bo‘lgan kompozitda farq kuzatilmadi, ultrabinafsha nurlariga qo‘yilmagan
kompozit bilan parchalanish va parchalanish tezligi bir xil bo‘lganligi kuzatildi. Tarkibida
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30%, 40% va 50% jelatin bo‘lgan kompozitlar boshlang‘ich uch oy davomida ultrabinafsha
nurlariga qo‘yilmagan kompozitlarga nisbatan parchalanish sekin amalga oshgan,
parchalanishning keyingi kunlari massa yo‘qotish foizi bir xil amalga oshganini ko‘rishimiz
mumkin. Ultrabinafsha nurlar ta’sirida materiallarda o‘zgarishlar kuzatiladi [11], olingan
kompozitlarda ham ta’sirini 2-rasmda ko‘rishimiz mumkin.

2- va 3- rasmlarda ikki holatda kompozitlarning parchalanishi (vazn yo‘qotish)
kuzatildi va parchalanish jarayoni tagqoslab ko‘rildi. 4-rasm
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4-rasm. Turli xil tarkibli namunalarning UB nurlaridan keyingi va oldingi kompozitlarning
tuproqda parchalanishi natijasida massalarini yo‘qotish tezliklari.

4-rasmda ko‘rishimiz mumkinki, namunalarning parchalanishi ultrabinafsha
nurlanish ta’sirida parchalanish jarayonining tezligi o‘zgarishi kuzatildi. Tarkibida 30% va
40% jelatin bo‘lgan kompozitlar parchalanishi (vazn yo‘qotish) UB nurlariga qo‘yilgan
namunalarga nisbatan ko‘proq bo‘lgan, tarkibida 30%, 40% va 50% jelatin bo‘lgan
kompozitlar boshlang‘ich uch oy davomida ultrabinafsha nurlariga qo‘yilmagan
kompozitlarga nisbatan parchalanish sekin amalga oshgan, tarkibida 60% jelatin bo‘lgan
namunalarda parchalanish va parchalanish tezligi bir xil amalga oshgan.
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5-rasm. Jelatin konsentratsiyasi oshishi bilan massa yo‘qotish foizi

5-rasmda namunalarning 6,5 oydan keyingi oxirgi massa yo‘qotish foizi taqqoslab
ko‘rilganda, ularda vazn yo‘qotishi katta farq qilmagani kuzatildi. Shu bilan birga, yugorida
aytilganidek, jelatin konsentratsiyasi oshishi bilan massa yo‘qotish foizi oshishini ham
kuzatish mumkin.

Xulosa. Kompozit hosil gilishda va jelatinni polietilenga biriktirishda, malien
angidrid birikkan polietilen sopolimeri olindi. Jelatin bilan sopolimer vodorod bog‘lari bilan
bog‘lanish hosil qildi. Kompozitlardan plyonka namunalari olinib tuproqda parchalanishi
o‘rganildi, bunda namunalar parchalanishi jelatin konsentratsiyasiga bo‘g‘liq ekanligi
aniqlandi. Olingan plyonka namunalari ultrabinafsha nurlariga qo‘yilgandan keyin tuproqda
parchalanish kuzatildi, tarkibida 30% va 40% jelatin bo‘lgan namunalarning parchalanish
tezligi va vazn yo‘qotishi sekinlashdi, tarkibida 50% va 60% jelatin bo‘lgan kompozitlarda
parchalanish jarayoniga ta’siri kuzatilmadi.
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HOBBIX COCTABOB YTAKEJEHHBIX BYPOBBIX PACTBOPOB HA
OCHOBE OTXOA0B ITPOU3BOACTB 1JIsd BYPEHUS HE®TEI'A30BBIX
CKBAKHH
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*TalmKeHTCKUI TOCYIapCTBEHHBIM TEXHUYECKUM YHUBEpCcUTET nMeHu Mcnama
Kapumosa
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AHHoTauus. B cratbe m3y4deHbl (PU3HKO-XMMHUYECKHE CBOMCTBA CYIIECTBYIOLIMX
XUMHUYECKHX PEareHTOB, OTXOA0B Pa3IMYHBIX IPOU3BOJCTB U YTSKEISIOIMINX MaTepUAJIOB
IV TIONyYCHHS YTSDKEJICHHBIX OypOBBIX pAcCTBOPOB MMPHUMEHSEMBIX MPH OypeHHs
He(Tera3oBblX CKBaXHH. [IpoaHanu3upoBaHbl CyIIECTBYIOIIUX XUMUUYECKUX PEAareHTOB U
VTSDKENSAIONMX MaTEepUaoB JUIS PEryJMpOBaHUE DPEOJIOTUYECKUX U (DMIBTPAIIMOHHBIX
CBOHCTB OypoBbIX pacTBOpoB. IlpuBeneHbl CTaHAApTHBIE METOJbl ONpEIEICHUS
napamMeTpoB OypOBBIX pacTBOPOB B MpakTuke OypeHus. Ilomxydensr HOBbIN 3 (EKTUBHBIN
XUMHUYECKUH peareHT U YTsKEeNIEHHBIX OYpOBBIX pacTBOpOB Ha ux ocHose. Iloxpo6Ho
M3y4eHbl (PU3UKO-XMMUYECKHE CBOMCTBA, BUJBI U MPHPOJBI YTSHKEISMIOMINX MaTepHAIIOB
111 OypoBBIX pacTBOpoB. [IpuBeneHs! poiu u GyHKIKUU OYpOBBIX PaCTBOPOB MpHU OypeHHUs
HeTera3oBbIX  CKBaXHMH. KiaccupummpoBaHbl W YTSDKEISIOIIUX — CHOCOOHOCTH
yTsoKensommx MmarepuanoB. Co3aHbl HOBBIM XMMHUYECKMH peareHT — CMa3bIBaloIIUN
MaTepuai Juisi OypoBBIX pacTBOpoOB. McciieoBaHbl BIAMSHUS XUMHYECKUX PEAareHTOB Ha
(U3NKO-XMMHUYECKUX CBOMCTBAa OYpOBBIX pacTBOpoB. Pa3paboTaHbl HOBBIE COCTaBBI
VTSDKEIIEHHBIX OypOBBIX PAacTBOPOB Ha OCHOBE Pa3padOTAaHHOTO XMMHUYECKOTO pearcHTra
MBP. IIpuBeneHsl pe3ynbTarhl 1a00paTOPHOTO UCHBITAHHUS XUMHUYeckoro pearenta MBP
M0 TIOJIYYCHHIO YTSDKEICHHBIX OYpOBBIX pacTBOPOB, TNPUMEHSEMBIX TIpU OypeHHs
He(TEera3oBbIX CKBAXKHUH.

KnioueBble cj10Ba: XUMHUECKHI peareHT, 0ypoBOi pacTBOp, YTSKEIUTENb, COCTaB,
He(Th U a3, CKBOXHUH

NEW COMPOSITIONS OF WEIGHTED DRILLING MUDS BASED ON
PRODUCTION WASTES FOR DRILLING OIL AND GAS WELLS

Abstract. The article studies the physicochemical properties of existing chemical
reagents, waste from various industries and weighting materials for producing weighted
drilling fluids used in drilling oil and gas wells. Existing chemical reagents and weighting
materials for regulating the rheological and filtration properties of drilling fluids are
analyzed. Standard methods for determining the parameters of drilling fluids in drilling
practice are presented. A new effective chemical reagent and weighted drilling fluids based
on them have been obtained. The physicochemical properties, types and natures of
weighting materials for drilling fluids have been studied in detail. The roles and functions
of drilling fluids when drilling oil and gas wells are given. The weighting properties of
weighting materials are also classified. A new chemical reagent has been created - a
lubricant for drilling fluids. The influence of chemical reagents on the physical and chemical
properties of drilling fluids has been studied. New compositions of weighted drilling fluids
have been developed based on the developed chemical reagent MBR. The results of a
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laboratory test of the chemical reagent MBR for the production of weighted drilling fluids
used in drilling oil and gas wells are presented.

Key words: chemical reagent, drilling fluid, weighting agent, composition, oil
and gas, wells

Beenenue. K 2030 roxy n1o6pr4a mpupoaHOTO Ta3a 1Mo Y30eKHucTaHy IIaHUPYETCs B
obbeme 66,1 mapa. ky0. M. B cBoro odepeap moTpediIeHHe JOCTUTHET 56,5 Mip. KyO. M,
YTO O3HAYaeT MEepexo]l K IMEePBOCTEIICHHOCTH YJOBJIETBOPEHUSI CIpOCa CO CTOPOHBI
BHYTPEHHUX TOTpeOuTeneid u riay0okoil mepepabOTKH MPHPOJHOTO Ta3a Kak ChIpbs. B
LesIX JOCTH)KEHUS IOCTaBJICHHOW Iiend, MUHHCTEpPCTBOM 3Hepretuku PecnyOnuku
VY30eknucTaH MOATAHO PEATU3YIOTCS MAacIITaOHBIE MPOEKTHI MO TIYOOKOH mepepaboTke
MPUPOJHOTO Ta3a U KOOPAMHHUPYIOTCS Mpolecchl pedopMUPOBAHHS OTPACId C LEIbIO
noBeIeHUST €€ dS(PQPEKTUBHOCTH H TEpeBoJla Ha PHIHOYHBIC OTHOmeHUs. [1].
Ymsoicenennvie 6yposvie pacmeopsi IPENCTABISAIOT COO0N KOJUIOMAHO-CYCIIEH3UOHHbBIE
CMECH C CHJIBHO pPa3BHTOM ITOBEPXHOCTHIO pasjaena ¢as. YTDHKEIUTEIH B CI0XKHBIX
CUCTEMax - HE HEHTpaJbHble KOMIIOHEHTHI, POJIb KOTOPBIX CBOAUTCS JHUIIb K MOBBIIICHUIO
€€ IUIOTHOCTH; OHHU CYILECTBEHHO BJIMSIOT HA CBOMCTBA CUCTEMBI, B OCOOCHHOCTH Ha €€
CTpYKTYpy [2]. B HacTosimiee Bpems mpu OypeHuu HehTera3oBbIX CKBaXKUH C OCIIOKHEHHBIX
TEOJIOTUYECKUX YCIOBUSX M CKBRXHH C aHOMAJbHO BBICOKHMM IUIACTOBBIM JIaBJICHHEM
OCOOCHHO COJICHOCHBIX OTJIOXKEHHSX  BO3HHKAIOT PAJl OCJIOKHEHUH, 3HAYUTEIHBHO
CHIKAIMUX A(P(HEKTHBHOCTL OYypOBBIX pPabOT U  3aTPyIHSIONUX TOCIEAYIONIYIO
AKCIUTyaTaluio ckBakuH. Habnrogaercs yxyamieHue kadecTa u tepsercsa 3h(HeKTUBHOCTh
MPUMEHSIEMBIX OypoBBIX pacTBOpoB. Jlimsi OypeHHss HE(PTEra30HOCHBIX CKBaXHH C
AHOMAaJIbHO BBICOKMM TIUIACTOBBIM [ABJICHHEM MPUMEHSIOTCS YTSIKEICHHbIE OYpOBbBIE
pacTBOpsI WIOTHOCTHIO 1,3-2,4 r/cM®. [3]. BypoBble pacTBOPHI B JAHHOM CIIydae HUIpaioT
OO0JIBIIIYIO POJIb, TAK KAK OHU JIOJDKHBI 00J1a/1aTh TAKUMH CBOMCTBAMHU, KaK CTaOUIILHOCTb,
COJIECTOMKOCTH, TEPMOCTOHKOCTD, CTOMKOCTh K XUMHYECKHM arpecCusiM U CMa3bIBAIOIIMH
cBoiicTBaMu. {7151 perynupoBaHue peosoTHYecKuX U (PUIbTPAIIMOHHBIX CBOMCTB OYpPOBBIX
PacTBOPOB MPUMEHSIOTCS Pa3HOOOPA3HbIE XUMUYECKHE PEareHThl OCHOBHOM 3apy0eKHOI0
1 oTeuecTBeHHOro mpou3BojcTa Takux kak Na-KMILI, ['ulTAH, K-4, [TAA, KCCBh, ®XJIC,
YUIP, rpaduT, xpommuk, PB-CM, NaOH, Na;CO3z u ap.

Metoabl U Matepuajbl [ ompeseneHus mapameTpoB OYypOBBIX pPacTBOPOB B
MIpaKTUKE OYPEHUsI UCIIONIb3YETCs Pl CTAHIaPTHBIX METOJI0B UCCIIE0OBAHUM.

B V30ekuctane MeToApl KOHTPOJS TMapamMeTpoB OYPOBBIX pPacTBOPOB
pernamentrpoBanbl [[OCT 33213—2014 (ISO 10414-1:2008) «KoHTposb mapamMeTpoB
OYpOBBIX pPacTBOPOB B MPOMBICTIOBBIX ycioBusix», B CIIIA AmMepukaHCKUM HEPTSIHBIM
nactutyToM (API) pa3paboTanbl 1 TOCTOSIHHO YTOYHSIOTCS CTaHIaPTHBIE METOAMKH TAaKUX
uccinenoBanuii. OHM BkmoueHsl B Hopmbl M mpasBwia APIR.P.10B u 39 [4,6].
Crangaptueie Meronuku APl B HacTodiee BpeMsl MONYYWJIM IIMPOKOE IPU3HAHUE
MPAKTUYECKH BO BCEX CTPaHaX, MO3TOMY MPH JAIbHEHUIIIEM U3I0KEHUH METOIOB KOHTPOJIS
COCTaBa U CBOMCTB OypOBBIX PACTBOPOB OYIYT YUUTHIBATHCSI OCOOEHHOCTH CTAaHAAPTHBIX
Metonuk APl, Bkirodas enuHuilbl usmepenuid. CrangaptHele MeToauku APl HaunHaioT
noJiydaTth npusHanue u B Poccuu [5,6].

Hactosmiee Bpemss [ TMONy4eHHE € PETyIUPOBAHUE PEOJOTHYECKUX U
(GUIBTPAIMOHHBIX CBOMCTB YTSDKEIEHHBIX OYpOBBIX pacTBopoB npuMensitorcas KMILI-LV.,
KMII-HV, ASDA PAC, IIbI', K-4, KCCb, ®XJIC, nedts, Tpadut, xpoMnuk u ap. B
Ka4yecTBE yTsDKEIUTeNell OypOBBIX PAaCTBOPOB MPUMEHSIIOT OAapUT M IpyrHe MUHEpAIIbI, a
TaK)Ke B PEIKUX CIydasX OTXOJbl XMMHYECKOTO0 W METAUTyPTHUYECKOTO MPOM3BOACTB.
VYTsKenuTenu U3 NpUPOJHBIX MUHEPAJIOB pa3inyaroT 10 METOAY MX IMpou3BojCTBa [7,8].
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Tax, 6apuTOBBIN YTSHKETUTENb MOKHO Pa3eNiUTh HA IPaBUTALMOHHBIN U (DIOTALIMOHHBIN.
B 3aBucuMocTH OT OCHOBBI MHMHEpaja YTSDKEIUTENW W3 NPUPOAHBIX PYA JAENSATCS Ha
HECKOJIBKO BHJIOB: OAPUTOBBIE, KEJIE3UCThIE, KAPOOHATHHIE U FAJICHUTOBBIE.

Pe3yabTaThl ucciieoBaHusI W HUX 00cCy:aeHHe. B kadecTBe ChIphe BBIOpPAHBI
OTXOJIOB  MAacClIO)KMPOBOW  MPOMBIIIJIEHHOCTU-TOCCUIIONOBOM  CMoJbl.  MccnenoBaHbl
(DU3HKO-XMMHYECKUX CBOHCTB M COCTaB TOCCHIIOJIOBOW CMOJBI XapaKTepU3YyeTCs
cieayronmMy nokasaressiMu: 97,29 % opranumyeckux BemiecTs; 2,71 % HeopraHMdecKux
BemiectB; 100 % adupopacTBOpUMBIX BemecTB; KuciaoTHoe yucio 65,3 mr KOH; iiogHoe
yucno (no I'anycy) 99; uucno ompuienus 199 mr KOH/r; apupnoe uncino 91 %; 64 %
KUPHBIX KUCIIOT, BEICBOOOKIaeMbIX NMPHOMBLIeHNH; 36 % HexxupHbIX Bemects; 0,2165 %
docdopa (B nepecuere Ha P205); 8,55 % KambIUMEBBIX COJISIX TOCCUIIOJIIOBOM CMOJbL. B
kagectBa MoaupukatopoB NaOH u Na,COs. IIpu pazpaboTku 3pHEKTUBHBIX XUMHUUECKUX
pearenToB Ttunma MBP (cMa3piBaronuii XMMHYECKUH peareHT) BBIOpPAHBI TOCCHUITOJIOBOM
cmodbl 30-50 mMcc.u., KayCTUYeCKO U KaJlbLIMHUPOBAaHHOM cobl 15-25 macc.u, HedTh 10-
20 Macc.4 | IpYruxX MUHEPaIbHBIX HHTPEIUEHTOB.

B xauecTBe yTspkenureneir 0ypoBbIX pacTBOPOB MPUMEHSIOT MUHEPAJbl, & TAaKXKE B
pPEAKUX CIOy4yasX OTXOAbl XHUMHUYECKOTO U METaJUTyprUu4ecKoro MIPOU3BO/ICTB.
VTsKenuTeNn U3 MPUPOIHBIX MUHEPATIOB PA3IMYalOT 110 METOAY UX TPOU3BOACTBA. Tak,
OapUTOBBIN YTSDKETUTENb MOXKHO Pa3[eNUTh Ha TPaBUTALMOHHBIA U (IIOTAIIMOHHBIA. B
3aBUCMMOCTH OT OCHOBBI MHHEpaja  YTSDKEIUTENIH W3 MPUPOIHBIX PyA ACIATCS Ha
HECKOJIbKO BHJIOB: OAPUTOBBIE, JKEJIE3UCThIe, KapOOHATHHIC U TaJICHUTOBBIE.

Bapurossble yrsixenuntean. baput BaSOg (cynbdat Oapus)- MuHEpas, comepKami
65,7% BaO u 34,3% SO3, a taxxke npumecu: Sr, Ca, Pb, Ra, Fe;O3. briBaer Gemnoro,
Ceporo, KPacHOTO M JKENTOro 1seTa. IlnoTHOCTh ero 4,3 - 4,7 r/cM®; TBepIOCTH MO MIKAsIe
Mooca 2,5-3,5.

Kenesucrtple yrskeauteau. ['ematur - munepan, coaepxkammuid 70% FezOs3. Llser
OT KE€JI€3HO-YEPHOTO J0 CTAIBHOIO - CEPOTr0; 3€MJIUCThIE U 10 SIPKO-KpacHOro. [noTHOCTh
ero 5,0-5,3 r/em’, TBEpJOCTh MO mmkame Mooca 5- 6. Brinmyckaercst B Buje MOpOIIKa
IIOTHOCTBIO 4,15-4,20 r/cM®. MarHeTHT WM MarHUTHBIH XKeIe3HSK - MHUHEPAII KENEZHBIX
pya. Xumndeckuii cocrtas ero: 31% FeO, 69% Fe;Oz3. LIBeT sxene3Ho- 4epHbIH, XPYIKHUH,
wIoTHOCTh ero 4,9-5,2 r/em’, TBEPAOCTH MO ImKane Mooca 5,5-6,5, obnagaer CUIbHBIMU
MarHUTHBIMU CBOWMCTBaMH. JIJIsi yTSDKENEHUS DPACTBOPOB MArHETUT NPHUMEHSIETCS B
MOJIOTOM BHJE IUIOTHOCTBIO 4,20-4,35 r/cm®. ViMeeT MOBBILICHHbIE abpaszuBHBIE CBOWCTBA.

Kapo6onarubie yrsukenurenu. Jlomomur - muHepan cocraBa Ca, Mg(COa)2.
[TnotHoCTH ero 2,8-2,9 r/cms, TBepaoCcTh mo mkaine Mooca 3,5-4,0. Ilpumensercs
OTPaHMYEHO I YTSDKEIEHHs OypOBEIX pAacTBOPOB IUIOTHOCTHIO 10 1,5-1,7 r/em®.
N3BecTHSIK - 0caouHbIe TTOPOIBI, COCTOSIINE TTITABHBIM 00Pa30M U3 KaIbIIUTa, KpeMHE3eMa,
mioTHOCTH ero 2,70 r/em®. Cumepnt (kapOOHAT eje3a) - MUHEpall COIEPXKHT OT 44 110
93% FeO u ot 3 10 55% CaO, a Taxxke npumecu okucios Ca, Mg, Si, mnotHocts 3,5-3,8
r/eme.

I'anenutoBbie yrsxenureau. ['aneHut -PbS, nnu cBUHIOBBINA OIECK,  COIEPKHUT
86,6% Pb u 13,4% S. B xauecTBe mpuMeceii B TaJICHUTE BCTPEYAOTCS MeIb, cepedpo, IIUHK,
MHOT/IA CeNleH, BUCMYT, JKeJIe30 U Ap. MIOTHOCT 7,4-7,6 T/em®.

TBepnocte o mkanme Mooca 2-3. ['aleHUT NpUMEHSETCA KAK YTSKEIUTENb IS
MOJIYYEHHUsI CBEPXTSIKEIBIX OYpOBBIX PACTBOPOB.

B 3aBucMMOCTH OT TUIOTHOCTH YTSDKEIHMTENN MOAPA3ACTSAIOTCS HAa TPH TPYIIIBI
KOTOpBIE MIPUBEACHHI B Ta0uie 1:
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Tabnume 1
Knaccudukarus yTsoxenuTenei Uit MOAyYeHUs YTSDKEICHHBIX OYPOBBIX PACTBOPOB

IInoTHOCTH
Kiaccer Yrsxenurenu [InotHOCTS, MTOJTy4aeMbIX OYpPOBBIX
r/em® pacTBopoB, r/cm®
1 (MaJIOKOJITIOUTATBHEIC) Ho 3,0 1,45
rpymma TJINHBI, MEPTelb, MEJI, U3BECTHSIK H
p
2 BapurtoBsie u xKene3ucTole 3-45 Jo 2,25
rpymma YTSDKENNATENN
3 CoenvHeHNe CBUHIA U 45-7,0 2,25 u 6osee
rpymma Keesa

[lepByto rpynmy yTsSDKEIUTENEH COCTaBJIAIOT TsKeNble (MaloOKOJIOUAATIbHBIC)
TJIMHBI, MEPTENb, MEJI, U3BECTHAK U Jp. DTH MaTEpUAIbl UMEIOT HEOOJIBIIYI0  ITUIOTHOCTD
(2,6-2,9 r/cM®) W OTNIMYAIOTCA CPABHUTENHFHO HEOONBIIOH CTPYKTypooOpasyromeii
CIIOCOOHOCTBIO B OYPOBBIX PacTBOpax, 3a CYET YEro WX KOJIMYECTBO B OYpOBOM pacTBOpE
MOJKET OBITh 3HAUUTENIbHBIM, OJHAKO PEOJIOTHUECKHE CBOMCTBA PACTBOPA HE YXY/IIIAIOTCS.
[Tpu 3TOM pe3Ko yBEIMYHMBAETCS COJEpXKaHHE TBEpAOH (ha3bl B OypoBOM pacTBOpe, 4TO
OTPHIIATENIFHO CKa3biBaeTcs Ha HPdexTuBHOCTH OypeHus. Crieayer OTMETHTh, 4TO
MaTepuagbl C HHM3KOM IUIOTHOCTBIO (M€, CHUIEpUT, H3BECTHSAK) LEJIeco00pazHo
HCII0JIb30BATh MPH BCKPBITUU MPOIYKTUBHBIX I1acTOB. OHU CIIOCOOHBI PacTBOPSTHCS IIPU
COJISTHOKUCIIBIX 00pa0OTKaX yJIy4IIUT BbI30B IPUTOKA U3 CKBAXKHUHBI.

Bropyto rpynmy yTspkenuTesnel coCTaBIsSIIOT MaTepHUalibl INIOTHOCTHIO 3,8-4,5
r/cM®, B KOTOPYIO BXOJST GAPUTOBBIA M JKENE3UCTBIH YTAKETUTENH. DTH YTSKETUTEIH
SBJIAIOTCSI OCHOBHBIMU JUIsl TPUTOTOBJIEHHS OypOBBIX pacTBOpoB. ['mapocratmyeckoe
JaBJIEHUE, CO3/1aBaeMoe OypOBBIMH PacTBOpaMH IIOTHOCTHIO 2,30-2,35 r/em®, nocratouno
JUis  OOJBIIMHCTBA CKBAXUH. Takyl IUIOTHOCTh MOXET OOECHeUUTh YTSKEIUTEIh
IUIOTHOCTBIO He MeHee 4,2 r/cM®. Vicronb3oBanme yTsDKENUTeNel MI0THOCTRIO 4,15 1 4,10
r/cM>M03BONUT TOCTHYB NIOTHOCTH OypoBOTo pacTBOpa, COOTBETCTBEHHO, 2,25 1 2,2 r/em?,
IIPU ONTUMAJIBHBIX (PU3MKO- XUMHUECKUX IOKa3aTeNsIX.

K Tpertseif rpymme yTsoxenmrteneit (mioTHocthio 5,0-7,0 T/cM®) oTHOCATCS
MaTepHualibl, COCTOSIIME IJIaBHBIM OOpa3oM M3 CBUHIA U Kelle3a OTH YTSKEITUTEIH
IPUMEHSIOTCS [T IPUTOTOBJIEHHS OYPOBBIX PAcTBOPOB ILIOTHOCTHIO 2,5 T/cM’m Goree.
Takue OypoBble pacTBOpbI HEOOXOAUMBI JJIsi pa30ypHUBaHUS OTJIOKEHHUH, MMEIOUINX B
paspese IIacThl C JaBJICHUEM, IPEBOCXOIAIINM reoctaTuueckoe. Kpome yka3aHHBIX BbIIIE
yTsDKeNuTeNel MbITaluch UCToNIb30BaTh (heppomapranen, ¢eppodochop, heppocunuuui,
IJIOTHOCTH KOTOPBIX 6,5-7,5 r/cM®. OfHAKO 3T MAaTepHaibl OKA3aIHCh HENPUTOIHBIMH
BCJIEJCTBME HX TUAPOIM3a M 00pa3oBaHMs  TOKCHYHBIX M B3pBIBYATHIX BEIIECTB.
OCHOBHBIM IOKa3aTejaeM KayecTBa JIIOOOTO  YTSKEIUTENs SBJSETCS €ro yTshKENSIouas
CIOCOOHOCTh, KOTOpasi XapaKTepU3yeTcs MAaKCHUMAIbHOH IUIOTHOCTBIO YTSDKEICHHOTO
OypoBOro pacTBOpa IpH COXPaHEHUH ONTHUMAJIbHBIX CTPYKTYpPHO-MEXaHHYECKUX,
PEOIOrnYecKuX, (PUIBTPAIIMOHHBIX M JPYTUX CBOWCTB NPH ONPEAEICHHOM COJCpKaHUU
TBepAOH (a3bl B OypoBoM pactBope. [Ipu momyuenun yrspkeneHHOro 6ypoBOro pacTBopa
pacxoayroTcss B OONBIINX KOJIWYECTBAX YTsDKENIUTENH. [Ipu 3TOM CTOMMOCTH pacTBOPOB
BO3pacTaer. YTsKeleHue OypoBBIX pacTBOPOB OApUTOM MOBBIIIAET UX CTOMMOCTh Ha 30-
40 %.

B Hacrosimee BpeMs B Hallel CTpaHe M 3a pyOeKoM i YTsKeJIeHUs OypOBBIX
pPacTBOPOB MPUMEHSIOT OapuT U reMatuT. OJTHAKO reMaTUT BBICOKOAOPA3UBEH U CIIOCOOEH
HaMarHM4YuBaThCs C OOpa3oBaHMEM Ha OYpPHJIBHON KOJIOHHE HAapOCTOB, CYXarOIIMX

e
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3aTpyOHOE MPOCTPAHCTBO B CKBAYKUHE, BCIIEICTBUE YETO €ro 3aMeHsI0T 6aputom. MupoBas
nobbrya Oaputa cocraBiser Oosnee 3,5 MIIH. TOHH B roj. IIpoMbllnuieHHBIE 3amachl
npupoiHoTo Oaputa cocpenorodeHsl B ocHoBHoMm B CHI', CIIIA, Kanane, [lepy, 'peruu u
Mexkcuke. OHaKO YUCTBINM OApUT MOOBIBacTCS B HEOONBITNX KondecTBax. J[oObIBaeMbIit
0apuT COACPKUT, KaK MPaBUIIO, IPUMECH B BUJI€ HHOPOAHBIX BKIIIOUEHUHN TOPHBIX TOPOJI U
coJsieid. B 3aBUCMMOCTH OT CTENIEHH OYHCTKHU IJIOTHOCTh CYXOT0 0apuTa MOKET MEHSITHCS OT
3,8 10 5,3 r/em®.

Kputepuem yTskensiomeii cnocoOHOCTH OapuTa sBIsSeTcs ero pacxox Ha 1 wm°
OypoBOro pacTBOpa, KOTOpBI OOECHeurnBaeT MAKCHUMAJbHYIO IJIOTHOCTb YTSKEICHHOMN
TJIMHUCTOM cycneH3uu. B Tabmuie 2 mpuBeAeHb MEXaHWYeCKHe CBOMCTBa Oaputa U
MarHeTura

Tabnuua 2
MexaHnyeckne CBOHCTBa OapuTa U MarHeTUTa
YTskenurens Teepaocts o Moocy MukpoTBEpAOCTS,
Krc/Mm?
Bapur 3,0—3,5 120—140
MarueTur 55—6,5 500—550

Hamu momydeHbl HOBblE XUMHYECKHE PEareHThl JJIsi OypeHUs B COJICHOCHBIX U
XUMHUYECKUX arpeCCUBHBIX CPellax, TaK KaK OHU CTAaOMIIbHBI K KATHOHAM MOJIMBAJICHTHBIX
conmeit (Mg*™, Ca™, Na", K). Ilpu pa3paborke HOBHIX J(PPEKTHBHBIX XUMHYECKHX
pEareHTOB HaMU HCHOJIb30BAIMUCh MECTHBIE CBIPHEBBIE PECYPCHI, OTXOAbl MUIIEBBIX
MIPOU3BOJICTB U OTXObI IBETHON MeTaimypruu. D dekTuBHbIN Xumuieckuii peareHT MbP
o0J1azjaeT BHICOKOH CMa3bIBAIOIIEH CIIOCOOHOCTBIO 3a CUET COJCPKAHUS B CBOEM COCTaBE
ok0J10 35-40 % NOIMMEpPU30BAHHBIX KUPHBIX KHUCIIOT, IUTMEHTA, IJIMIEPUHA U APYTHX
KOMIIOHEHTOB KOTOpBIE CIIy:KaT IS 3MYJIbCHpPOBaHHS HEPTH ¢ Bojoil. B kauectBe
ctabunmuzaropa Mbl ucnonbszoBairch Na-KMI] Hamanranckoro npousBoactsa KapooHawm.
J1y1st mosTydeHusl COJICHACKIIIEHHBIX YTSHKEIECHHBIX OYPOBBIX PACTBOPOB J100aBsieTcst oT 15
10 25% TeXHUUYECKUU CONb XJIOPU HATpHs OT 00IIero oobeMa pacTBopa.

Pe3ynbTaThl MpoBeIEHHBIX UCTIBITAHUN T10 TIONYUYEHUIO YTSHKEIEHHBIX OyPOBBIX PAaCTBOPOB
Ha ocHOBE 2P PeKTUBHOTO XUMUYeckoro pearenta MbP nmpuBenens! B Tabnuiie 3

Tabmuma 3
TexHoJIOTHYECKHE TApPaAMETPhl YTSIKEJIEHHOT 0
O0ypoBoro pacrBopa Ha ocHoBe MBP u 6apura (Y306ekucran)
No CocraB yTs:KeJIeHHOr0 0YpoBOro TexHOJOTHYEeCKUE apaMeTPhI
/i | pacrBopa P, Ts00, € D, Tk, MM pH
r/em® em®/30
MHH
1. 1000 mi pabounii pactBop CkBaXkuHa 134 52 10 1,2 8
2. Nel pactBop + 10% NaCl 1,38 12 15 7
60

3. Ne2 pactBop +3 % MBP 1,36 65 5 1,0 9
4, Ne3 pactop +5 % MBP 1,35 70 4 1,0 9
5 Ne4 pactBop +50 % Bapwur (Y30ekucTaH) 1,81 96 4 1,0 9
6 Tlocne Harpesa mpu 80° C 1,81 90 7 1,0 9

W3 nanHbpIX TabnuIpl 3 BUHO, YTO HA OCHOBE A(h(DEKTHBHOTO XMMHUYECKOTO peareHTa
MOKHO MOJY4UTH YTSUKEJEHHBIH OypoBoif pacTBop ¢ miaoTHocthio 1,38-1,81 T/em®, ¢
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BA3KOCTBIO 64-90 ¢, ¢ dunpTpamueii 4-7 cmM®/30 muH, TonpmuHa Kopka 1-1,5 mm. 12
Bonopoansiii mokaszaTenb yTS)KEIEHHOro OypoBOro pacTBOpa Ha OCHOBE XHMMHMUYECKOTO
pearenta MBP nocturaercs no 96e3 no0aBieHUs KayCTUYECKON WIIM KaJIbIIMHUPOBAHHON
COJIBI.

OddekTuBHbIi XuMu4eckuid peareHT MBP Takke NOJOXHTENbHO BIMSIET Ha
(UIBTpalIOHHbBIE CBOMCTBA TAaK Kak OHA CHH3MIach oT 12 go 6-8 cm®/ 30 mun. Ilo
pe3ynbTrataM IPOBEICHHOIO J1IabOpaTOPHOrO  HCHBITAaHUN  OBUIO  PEKOMEHJO0BAHO
IIPOM3BOJICTBEHHOE  MCHBbITaHUS Ha  MecropoxaeHun  Ne39  UYummekyBap AO
«Y30ekHedTerasy.

BeiBoa: B pesynbrare uccienoBanne GU3NKO-XUMHUYECKUX CBOWCTB pa3padOTaHHBIX
XUMHUYECKUX PEareHTOB M YTSDKEIUTENeH NMpeasiOKeHbl HOBBIE COCTaBbl YTSHKEIEHHBIX
OYpOBBIX pPAcCTBOPOB a TaKXKe PEKOMCHIIOBAHBI JMJIsI WCIOJIB30BAaHUS B OYpOBBIX
He(Tera3oBbIX CKBAKHH.
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STACHYBOTRYS CHARTARUM ZAHARLI ZAMBURUG*‘IDAN
STAXIBOTRIDIALNI AJRATIB OLISH VA TUZILISHINI O‘RGANISH
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Annotatsiya. O‘zR FA Mikrobiologiya institutida o‘simlik rezosferasidan ajratib
tozalangan Stachybotrys chartarum shtammini Mandels ozuga muhitidan 10l hajmda olib,
20 kungacha kachalkada xona temperaturasida o‘stirildi. Ikkilamchi metabolitlar migdoriy
analiz gilinganda 14 kun davomida o*stirilgan ikkilamchi metabolitlar migdori ko‘p ekanligi
aniglandi. Ikkilamchi metabolitlarni ajratish magsadida Stachybotrys
chartarumshtammining biomassasi kultural suyuglikdan filtrlash orqgali ajratib olindi va
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kultural suyuglik hamda biomassa tarkibi quyidagi usul yordamida o‘rganildi. Stachybotrys
chartarum (qora mog‘or) zamburug‘idan olingan yangi seskviterpenoid tuzilishli
staxibotridial ikkilamchi metabolitini ajratish, yangi hosilalarini O-atsillash sintezi va oksid
oksidlanish - qaytarilish usullarini ishlab chigish hamda ularning tuzilishi zamonaviy
fizikaviy tadgigot usullari 1Q, H, *C YAMR, 2M YAMR 'H-'H korrelyatsion ROESY
usullari, 2M YAMR !H-3C korrelyatsion HMQC, HMBC usullari, mass-spektrometriya usullari
hamda olingan moddalarni tozalashda quyidagi fizik-kimyoviy usullarni go*llash orgali aniglash.

Kalit so‘zlar: Staxibotriotoksikoz, morfologik, taksonomik, etiologik, ekstraksiya,
kolonka, spektr, silufol, xromatografiya, shtamm, mikrozamburug®.

ISOLATION AND STUDY OF THE STRUCTURE OF STACHYBOTRIDIALS
FROM STACHYBOTRYS CHARTARUM

Abstract. Stachybotrys chartarum isolated and purified from plant rhizosphere at the
Institute of Microbiology of Academy of Sciences of the republic of Uzbekistan strain was
taken from Mandel's nutrient medium in 10 litres and grown in pots at room temperature for
20 days. When the secondary metabolites were quantitatively analyzed, it was found that
the amount of secondary metabolites grown for 14 days was high. To separate the secondary
metabolites, the biomass of Stachybotrys chartarum strain was separated from the cult
culture fluid by filtration, and the composition of the culture fluid and biomass were studied
using the following method. Isolation of a new sesquiterpenoid secondary metabolite
cetaxybothridial from Stachybotrys chartarum, a local fungus, development of methods for
the synthesis of new derivatives of O-acylation and study their structure using modern
physical research methods IR, H, *C NMR, 2M NMR !H- H correlation ROESY methods ,
2M NMR tH- 13 C correlation HMQC, HMBC methods, mass spectrometry methods and using
high-performance thin-layer chromatography, high-performance gas-liquid adsorption
chromatography methods.

Key words: Stachybotriotoxicosis, morphological, taxonomic, etiological, extraction,
column, spectrum, silufol, chromatography, strain, microfungi.

Kirish. Fenilspirodrimanlar — bu spirofuran orgali bog‘langan aromatik benzol
halgasidan tashkil topgan bo‘lib, tarkibida ko‘p targalgan driman skeletlari va
meroterpenoidi bor bo‘lgan turli xil qo‘zigorin metabolitlari oilasi hisoblanadi.
Fenilspirodriman tuzulishidagi metabolitlar Stachybotrys chartarum zamburug‘larining
ikkilamchi metabolitlari hisoblanib, bunday tuzilishli metabolitlari uchun ximotaksonomik
belgi sifatida ishlatilishi mumkin [1]. Bugungi kunda Stachybotrys chartarum
zamburug‘laridan ushbu sinfga kiradigan metabolitlarning 80 dan ortiq birikmalari ajratib
olishga erishilgan.

Zamburug‘lar asosan barcha muhitlarda uchraydi va ekologik muvozanat, xilmaxillik
va barqgarorlikni saglashda muhim rol o‘ynaydi [2-4]. Ular sanoat va biotexnologik
potensiallarning keng doirasini namoyish etdilar [2,5-7]. Bundan tashqari, ular noyob
kimyoviy skeletlari bo‘lgan metabolitlarning muhim manbayi bo‘lib, klinik ahamiyatga ega
bo‘lgan dori-darmonlarni yaratishda foydalanish imkoniyatini beradi [8-13]. Bu holat
zamburug‘lardan olinib, go‘llanilayotgan ko‘plab dori vositalarida, masalan, kamptotetsin,
siklosporin, paklitaksel, torreyan kislotasi, kompaktin, vinkristin, lovastatin va sitarabin
[14-16] kabi dori vositalarida yagqol namoyon bo‘ldi. Bundan tashgari, ular kerakli
faoliyatga erishish uchun go‘shimcha ravishda o‘zgartirilishi mumkin bo‘lgan yangi
iskalalarning manbayidir [17].Ushbu metabolitlarning ko‘pchiligi genetik jihatdan
o‘zgartirilgan yoki yovvoyi turdagi zamburug‘lardan foydalangan holda fermentatsiya yo‘li
bilan katta migdorda va imkon gadar kam xarajatlar yordamida olinishi mumkin [16].

73



QarDU xabarlari KIMYO 2024 (1) 2

Ko‘pgina kasalliklar, epidemiyalar va infeksiyalarni davolashni ta’minlaydigan dori-
darmonlarni yaratishda erishilgan yutuqlardan qat’i nazar, ba’zi kasalliklar va
infeksiyalarning mavjud dorilarga chidamliligiga garshi turish uchun yangi dorilar talab
gilinadi [18-20]. Qo‘zigorinlar shoxligining biologik xilmaxilligiga garamay, fagat kam
sonli zamburug‘lardagina ularning bioaktiv metabolitlarni ishlab chigarish gobiliyatiga ega
ekanligi o‘rganildi.

Stachybotrys chartarum (qora mog‘or) — tomlar, singan quvurlar, pol yoki
devorlarning zararlangan suv ogishi natijasida yoki muntazam suv toshgini bo‘lib turgan
binolar yoki uylarning ichida keng targalgan zaharli qo‘zigorin va kondensatsiyadir.
Stachybotrys chartarum — gidrofil go‘zigorini o‘sishi va rivojlanishi uchun nam sharoitga
muhtoj. Shuningdek, u gips, sellyuloza asosidagi shiftli plitkalar, shisha tolali, devor
gog‘ozi, gog‘oz mahsulotlari, tabiiy tolali gilamlar, izolyatsiyalangan quvurlar gqog‘oz
goplamasi, yog‘och va yog‘och panellari va organik qoldiglarda, shuningdek, tuproq, don
va axlatda uchraydi. [21,22].

Stachybotrys chartarum — eng keng targalgan patogen yopig joyda uchraydigan
zamburug‘lardan biri bo‘lib, mikotoksinlar ishlab chigarishga godir bo‘lib, hayot uchun
xavfli ta’sir ko‘rsatadi [22]. Bir gator hisobotlarda aytilishicha, bu qo‘zigorin yoki uning
mikotoksinlariga ifloslangan xona havosi va qurilish materiallari orgali ta’sir gilish
zamburug‘lar vositasida jiddiy qurilish kasalliklari va hatto odamlarning o‘limiga olib
keladi [21-23]. Ushbu kasallikning umumiy belgilari charchoq, ko‘krak gafasining sigilishi,
shillig gavatning tirnash xususiyati va bosh og‘rig‘idir [21]. Shuningdek, u yo‘tal va
tigilishdan tortib bronxoektatik, alveolit va o‘pka fibrozi kabi xavfliroq sindromlargacha
bo‘lgan nafas olish kasalliklarini keltirib chigarishi mumkin [24]. Shuningdek, ushbu
go‘ziqorin bilan ta’sir gilish chagaloglarda o‘pka qon ketishining targalishi bilan bog‘liq
ekanligi aniglandi [25]. Bundan tashgari, nam muhitda Stachybotrys chartarumga ta’sir
qgilish sezuvchan odamlarda sensibilizatsiya chegarasidan oshadi [26]. Bu qo‘ziqorin otlar
va boshga hayvonlarda staxibotryotoksikozni keltirib chigaradi [27]. Qo‘zigorinning
biosintezlangan makrosiklik trikotesenlari ogsil sintezi uchun eng kuchli ingibitorlardan biri
hisoblanadi. Bundan tashgari, u biometabolitlarni (masalan, atranonlar va spirodrimanlar),
ogsil omillarini (masalan, staxilizin va gemolizin), immunosupressiv vositalarni va o‘pka
destruksiyasi, gemosideroz va gon ketishi bilan bog‘liq bo‘lgan proteinazlarni (masalan,
serin proteazlar) ishlab chigaradi [28-30]. S. chartarum bo‘yicha hisobot gilingan
tadgiqotlarning aksariyati uning odamlar va hayvonlarga patogen ta’sirini ta’kidladi [22,31-
33].

Tadgiqot metodologiyasi. Stachybotrys chartarum zamburug‘ining
seskviterpenoidlarini ajratish. O‘zR FA Mikrobiologiya institutida o‘simlik rezosferasidan
ajratib tozalangan Stachybotrys chartarum shtammini Mandels ozuga muhitidan 101 hajmda
olib, 20 kungacha kachalkada xona temperaturasida o‘stirildi. lkkilamchi metabolitlar
miqdoriy analiz gilinganda 14 kun davomida o‘stirilgan ikkilamchi metabolitlar miqdori
ko‘p ekanligi aniglandi. Ikkilamchi metabolitlarni ajratish maqgsadida Stachybotrys
chartarum shtammining biomassasi kultural suyuglikdan filtrlash orgali ajratib olindi va
kultural suyuglik hamda biomassa tarkibi quyidagi usul yordamida o‘rganildi.

Stachybotrys chartarum shtammi 101 Mandels ozuga muhitida 14 kun davomida
kachalkada o‘stirildi. O‘stirilgan biomassasi kultural suyuglikdan ajratilganda 23,86 gr ni
tashkil qildi. Filtrlangan 23,86 gr biomassani 150 ml efir solingan 500 ml kolbaga
joylashtirildi va kolbaning og‘ziga gaytarma sovitkich o‘rnatilib 40-450C gacha suv
hammomida qizdiriladi. Zamburug® biomassasini ekstraksiya qilish jarayoni uch marta
takrorlandi va 3,70 gr ekstraksion summa olindi. Qolgan suvli gismi xloroform bilan
ekstraksiya gilindi va ekstrakt vakuum rotorli uskuna bilan quritilganda 0,93 gr ekstraksion
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summa hosil bo‘ldi. Ekstraksion summaning umumiy og‘irligi 4,63 gr ni tashkil etdi (1-

jadval).
1-jadval
Stachybotrys chartarum shtammining ikkilamchi metabolitlarining migdoriy analiz natijalari
Mitsella Kultura Ekstr Mitsel Ekstraksi Ekstrak
ning o‘sish I suyuqlik ak sion la biomassa on summa sion summa
vagti (kun) hajmi summa (gr) si (gr) (gn) (gr)
(ml)
3 10 000 0,52 10,25 1,25 1,77
7 10 000 0,78 15,32 2,12 2,90
14 10 000 0,93 23,2 3,70 4,63
20 10 000 0,65 23,12 2,56 3,21

Yuqorida qgayd qilingan metodlarning eng yuqori afzalligi va identifikatsiya
gilinadigan ikkilamchi metabolitlarni migdoriy va sifat jihatdan toza va oson ajratish usuli
bo‘lib, ajratilgan ikkilamchi metabolitlar zamburug® biomassasini va kultural suyuglikni efir
bilan ekstraksiya gilish orgali ajratildi. Bu usul moddalarning go‘shimchalardan oson
tozalanishi va birlamchi metabolitlar migdorining kamligi bilan ajralib turadi.

Natijalar va muhokama. Ikkilamchi metabolitlarni ajratishda ustunli xromatografiya
uchun zarracha o‘lchami 50-100 mkm bo‘lgan Silpearl va L markali silikagellar ishlatildi.
Stachybotrys chartarum metabolitlarini ajratish uchun Silpearl silikagellari ishlatildi.
Kimyoviy transformatsiya mahsulotlarini tozalash va ajratishda L markali silikagel bilan
ustunli xromatografiya amalga oshirildi.

Quyidagi erituvchi sistemalaridan foydalanildi:
geksan-dietil efiri (1:1);
xloroform - metanol (100:1);
xloroform - metanol (70:1);
xloroform - metanol (50:1);
xloroform - metanol (20:1);
xloroform - metanol (10:1);
xloroform - metanol (9:1);
xloroform-metanol (1:1);
benzol-xloroform-etilatsetat (5:1:1).
benzol - metanol (60:1);
benzol - metanol (10:1);

Tarkibida azot bo‘lgan ikkilamchi metabolitlarini sifat analiz gilishda Dragendorf
reaktivi va yod bug‘idan foydalaniladi

RO NoOR~wDE

Stachybotrys  chartarum  shtammining ikkilamchi  metabolitlarini  ustunli
xromatografiya yordamida identifikatsiyalaganda quyidagi (2-jadval) ikkilamchi
metabolitlar ajratib olindi.

2-jadval

Stachybotrys chartarum shtammidan olingan ikkilamchi metabolitlari

Ne Identifikatsiya gilingan alkaloidlar va | Brutto Rt Tsuyuq.°C | a]p?
terpenoidlar formulasi
1. Staxibotrodial (1) C23Hz300s 0,65 198 2,3
Sintez qgilingan seskviterpenoidlar
2. 30,130-diatsetatstaxibotridial (I1) | C#H2O7; [ 0,71 | 257 |33

Staxibotrodial (I)ni ajratish. Olingan 4,63 gr ekstraksion summa 400 gr Silpearl
silikageliga adsorbsiyalandi. Ustunli xromatografik kolonkani 2- sistema bilan yuvish
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vaqtida, ya’ni staxibotrolitni ajratish vaqtida xromatografik jihatdan bir xil kristalli
fraksiyalar to‘plandi va ularni ustunli xromatografiya qilib 2-sistema elyuyent bilan
yuvilganda 38 mg staxibotrodial (1) ajratib olindi. C23Hz00s, suyuq.tem. 198°C (metanol),
Rf=0,65 (YUQX, silufol, 2- sistema),[a]p?*=12,3 + 2° (¢ 0,8; CHCl3-MeOH, 1:1)[8].

30,130-diatsetatstaxibotridial (I1)ni sintezi. Staxibotridialdan 12 mg olib unga 1ml
absolyut piridin quyildi va 0,5 ml sirka angidrid bilan atsetillanib 15 dagiga davomida xona
temperaturasida saglandi. Reaksion aralashmaning erituvchisi uchirib yuborilib, goldiq
ustunli xromatografiya qilindi. Xromatografik kolonka 2- sistemali elyuyent bilan
yuvilganda 8,45 mg (unum 70,41%) 30,130-diatsetatstaxibotridial (I1)ni olindi, C27H3407,
suyuq. tem. 257°C, [a]o?*=13,3 (c 0,8; CHCl3-MeOH, 1:1), Rf=0,71 (YUQX, silufol, 2-
sistema).

Staxibotridialning 1IN YAMR spektrida 0,92 — 1,07 m.u. oralig‘ida to‘rtta metil
guruhlarining signallari kuzatildi. AB sistemali (2H-11) protonning dublet signali 2.85 va
2.92 m.u.da 2J = 17 Gs SSTK signal beradi, aromatik protonning singlet signali esa 7,10
m.u.da namoyon bo‘ldi. Ushbu ma’lumotlar yangi metabolitni seskviterpenoid driman
spirobenzofuran qgatori metabolit ekanligini ko‘rsatadi. Bitta N-5 protoniga xos dublet -
dublet signalning 1.68 m.u.da 3J; = 13 va 3J, = 2,4 Gs SSTK giymatlarda namoyon bo*lishi,
A va B halgalarning trans- konfiguratsiya holatda joylashganligidan dalolat beradi.
Shuningdek, bitta protonga xos 3,56 m.u.da treplet signalning hosil bo‘lishi esa gidroksil
guruhiga nisbatan geminal joylashgan proton mavjudligini bildiradi va C-3 uglerodda
joylashgan protonning B-oriyentatsion yo‘nalishini ko‘rsatadi. Shuning uchun, C-3
uglerodda joylashgan gidroksil guruhi a - oriyentatsion yo‘nalishiga ega hisoblanadi.
Staxibotrodial (1) ning *H YAMR spektridagi 3,56 m.u.da J = 2,7 Gs SSTK giymatida
(CDClg) triplet signalining namoyon bo‘lishi, ko‘rib chigilayotgan gidroksil guruhining
konfiguratsion joylashuvi to‘g‘risida xulosani tasdiglaydi (3-jadval).

3-jadval
Ctaxibotrodial (I) va 30,130-diatsetat staxibotrodial(Il)ning YAMR 'H, *C, 'H-'H COSY, Hl\J[QC,
HMBC spektr ko‘rsatkichlari (3, m.d., CsDsN,0 — TMC)

Uglerod Birikmalar
atomlari I T
Ac om, J(C') d¢ on, J(T') NMVS
(atom S)

1 31.03 a1.70 td 25.08 al.74

(13.4; 3.5) B1.07 dt

B 1.64 dt (11.7; 2.8)

(13.4; 3.5)
2 26.09 a1.63 22.63 a 1.64 dk

B 1.67 tdd (13.3)

(13.4; 3.5;2.7) B 1.81 tdd

(13;3;2)

3 76.76 3.56t(2.7) 77.65 4.79.dd (3;2) 1;5;21
4 38.05 - 36.99
5 43.85 1.68 dd 41.39 2.18dd 4; 10;

(13; 2.4) (12.7; 2.8) 19; 21
6 20.28 al.54 20.89 1.34

p1.49kd 1.49

(13;4)
7 29.04 1.55; 1.50 31.15 1.54; 154
8 37.04 2.07m 37.17 1.73
9 99.73 - 100.39
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10 42.09 - 42.49
11 32.01 @2.92d(17) 32.59 @330d 8; 10;
B2.85d(17) (17.5) 12;13
B2.95d 8:10; 12;
(17.5) 13; 17
12 11844 |- 126.95 -
13 158.27 | - 148.44
14 111.95 | 7.10s 110.60 7.40s 12; 13;
16; 23
15 13799 |- 128.42
16 11793 |- 124.21
17 163.36 - 155.97
18 15.95 1.02d (6) 15.68 0.81d (6.6)
19 15.65 1.07s 15.89 0.87 s 5,9
20 27,14 0.95s 27.97 0.90s 3:4:21
21 23.72 0.92s 21.88 0.82s 3:4;20
22 189.05 |95s 189.60 9,65 16
23 191.47 | 9.7s 190.21 9,85 15
CHs 21.25 2.03s CO0-3
C00-3 171.21
CHs 20.52 2.34s CO0-13
COO0-13 168.61

Izoh:| va diatsetat Il ning spektri deyteropiridin erituvchilarida gayd etildi. Kimyoviy
siljishlar, multipletliligi va spin-spin o‘zaro ta’sir konstantasi (SSTK) 2M YAMR 'H-'H
COSY va HMQC korrelyatsion spektrlarida aniglandi. Qisgartmalar: s-singlet, d-dublet, t-
triplet, dd-dublet-dublet, td-triplet-dublet, dt-dublet-triplet, tt-triplet-triplet, kd-kvartet-
dublet, m-multiplet

Beshinchi va oltinchi kislorod atomlari dialdegid guruhiga kiradi, uning uglerod
atomlari | metabolitning 3C YAMR spektrida 189.05 va 191.47 m.u.larda rezonans holatda
kuzatildi. Dialdegid guruhidagi protonlarning signallari esa o‘rganilayotgan I metabolitning
'H YAMR spektrida 9.5 va 9.7 m.u. larda singlet signalda kuzatildi. Biogenezga asoslanib,
dialdegid funksiyasi C-20-21 atomlarini o‘z ichiga oladi, deb taxmin gilish mumkin, chunki
staxibotrolidning lakton guruhi qaytarilishi natijasida dialdegid guruhi hosil bo‘ladi.
Olingan staxibotrodial (1) gidroksil guruhiga xos atsillash reaksiyalari quyidagi tenglama
bo‘yicha boradi:

CHO
TH AcO CHO

(CH3CO),O
Piridin

AcO™ =
<&

Molekulada gidroksil guruhlariga xos atsillash reaksiyalari o‘rganilganda 1N YAMR
spektrida aromatik halgada joylashgan protonning 7.40 m.u. da singlet signallarining
namoyon bo‘lishi, signallarning kuchsiz sohasiga siljishi, reaksiya aromatik halgada
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joylashgan gidroksil guruhiga ketganligini ko‘rsatadi.

Ctaxibotridial molekulasidagi aromatik halgada joylashgan gidroksil guruhining
kislorod atomi nukleofil agent sifatida sirka angidrid molekulasidagi musbatlashgan uglerod
atomi bilan ta’sirlashib, oraliq birikmani hosil giladi. Reaksiya davomida kislorod va
uglerod o‘rtasidagi kovalent bog‘i yangi oralig birikmani vujudga keltiradi. Gidroksil
guruhidagi vodorod atomining ko‘chishi hisobiga sirka kislota ajralib chigadi va 30,130-
diatsetatstaxibotridial(ll) olinadi. 30,130-diatsetatstaxibotridial (1) molekulasidagi
dialdegid guruhlarini Jons reagenti bilan oksidlab 30,130-diatsetatstaxibotridikarbon
kislota(l11) sintez gilindi.

CHO COOH
Ac CHO Ac COOH

CrO3+H,0+H,SO,

0 ® ~O

aseton, -59C

X
AcO AcO

11 11X

Shunday qilib, ishda 111 formulaga mos keladigan birikma birinchi marta sintez
gilindi.'H YAMR spektrlari o‘rganilganda C-22-23 uglerodda joylashgan protonlarning
signallari kuchsiz sohaga, 11.2 va 11.4 m.u. sohasiga siljiganligi aldegid guruhlarini
karboksil guruhlariga o‘tganligidan dalolat beradi.

Xulosa va takliflar. Ma’lumotlar shuni ko‘rsatadiki, Stachybotrys chartarum
zamburug‘ining kultural suyuqligidan etilatsetat erituvchisi bilan ekstraksiya gilib birinchi
marotaba ajratib olingan staxibotrodialning tuzilishi kimyoviy va zamonaviy fizikaviy
tadgiqot usullari, ya’ni YAMR 'H, C, 'H-'H COSY, HMQC va HMBC korrelyatsion
spektr usullari yordamida seskviterpnoid driman benzofuran tuzulishli birikma ekanligi
aniglandi.
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TRIS(1.2-FENILENDIAMIN) KADMIY (1) SULFAT MONOGIDRATI
KOMPLEKSINING KRISTALL TUZILISHI VA TADQIQOTI
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Annotatsiya. Ushbu tadqgigot ishida tris(1.2-fenilendiamin) kadmiy (Il) sulfat
monogidrati kompleksining sintez sharoitlari, kristall tuzilishi va fizik-kimyoviy xossalari
bayon etilgan. RTT usullari yordamida ushbu kompleksning singoniyasi monoklinik, shakli
buzilgan oktaedral va fazoviy guruhi P21/c ekanligi hamda bog‘lanish energiyalari, bog‘lar
orasidagi masofa aniglandi. Olingan kompleks birikmada metall atomining koordinatsion
soni 6 ga teng va fazoda spd? burchak hosil gilib gibridlanadi. Crystal Explorer17.5 dasturi
yordamida ilk marta ushbu molekulaning Hirshfeld sirt yuza tahlili olindi. Elektron
zichliklarning uzoq va yaqgin o‘zaro ta’sirlashish energiyalari ranglar seriyasi orqgali tahlil
gilindi. Olingan Hirshfeld sirt yuza tahlillari asosida elektron bulutlarning asosiy
ta’sirlashuvlarini H...H (61%), H...C/C...H (15.8%) va O...H/H...O (19.7%) ta’sirlar
hosil gilishi aniglandi. 1Q-spektroskopiya usuli yordamida ham molekula tuzilishi tahlil
gilindi. Unga ko‘ra molekula tarkibidagi funksional guruhlarning valent va deformatsion
tebranishi hamda aromatik halganing halga tekisligi bo‘yicha tebranishi hagida xulosalar
chiqgarildi. Shuningdek, olingan kompleksning turli xil erituvchilarda eruvchanligi va
erituvchilarda bargarorligi o‘rganildi.

Kalit so‘zlar. O-fenilendiamin, sintez, Hirshfeld sirt yuza tahlili, kristall tuzilish,
elektron bulut, 1Q-spektroskopiya, fazoviy guruh, RTT usuli.

CRYSTAL STRUCTURE AND STUDY OF TRIS (1.2-PHENYLENDIAMINE)
CADMIUM (11) SULFATE MONOHYDRATE COMPLEX

Abstract. The synthesis conditions, crystal structure, and physicochemical properties
of tris (1.2-phenylenediamine) cadmium (I1) sulfate monohydrate complex are described in
this research paper. Using RTT methods, the syngonia of this complex was determined to
be monoclinic, distorted octahedral, and space group P21/c, as well as bond energies and
bond distances. In the resulting complex compound, the coordination number of the metal
atom is equal to 6, and it is hybridized by forming an spd? angle in space. Hirschfeld surface
analysis of this molecule was obtained for the first time using Crystal Explorer17.5 software.
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The long-range and short-range interaction energies of electron densities were analyzed
using a series of colors. Based on the obtained Hirshfeld surface analysis, it was determined
that the main interactions of electron clouds are H...H (61%), H...C/C...H (15.8%) and
O...H/H...O (19.7%). The structure of the molecule was also analyzed using the IR-
spectroscopy method. According to it, conclusions were made about the valence and
deformation vibration of the functional groups in the molecule and the vibration of the
aromatic ring along the plane of the ring. The solubility of the obtained complex in various
solvents and its stability in solvents were also studied.

Key words. O-phenylenediamine, synthesis, Hirschfeld surface analysis, crystal
structure, electron cloud, IR-spectroscopy, space group, RTT method.

Kirish. O-fenilendiamin organik sintez reaksiyalarida va koordinatsion kimyoda
muhim ligand sifatida keng foydalaniladi [1]. Uning ba’zi d-metallar bilan turli xil
kompleks birikmalari va ular o‘rtasida bog‘lanish mexanizmlari o‘rganilgan hamda metall
atomlari bilan ligandlar o‘rtasidagi koordinatsion gonuniyatlar aniglangan [2]. Bu
gonuniyatlar kompleks birikma tarkibidagi atomlarning elektron tuzilishi, atom radiusi,
ionlanish energiyasi, elektronga moyilligi hamda metall atomi va ligand tabiati bilan bog‘liq
[3]. O-fenilendiamin asosida hosil gilingan komplekslar koordinatsion kimyoda uzoq
vaqtdan beri ma’lum [4]. O‘tgan asrning oxirlarida ushbu ligand asosida sintez gilingan va
tuzilishi o‘rganilgan komplekslar soni girgdan ortiq edi [5]. O-fenilendiamin komplekslarini
sintez qilish va kristall strukturasini tahlil gilish uchun monokristallarni olish ancha
murakkab jarayon hisoblanadi [6]. Metall atomlari bilan o-fenilendiaminning
metallokomplekslarida ligand tarkibidagi aminoguruhning azot atomi donor vazifasini va
vodorod atomi esa kuchli vodorod bo‘lanish hosil giladi [7]. Shu xususiyatlar tufayli o-
fenilendiamin asosida olingan komplekslar boshqga shu tipdagi komplekslarga garaganda
bargarorligi yuqori hisoblanadi [8]. Ayrim molekulyar komplekslarda o-fenilendiamin
tarkibidagi azot atomi akseptorlik vazifasini bajaradi [9]. Bundan tashqari o-fenilendiamin
faol oksidlanish-gaytarilish reaksiyalariga kirishadi [10].

Ushbu magolada o-fenilendiaminning Cd(ll) ioni bilan hosil gilgan kompleks
birikmasining kristall tuzilishi, bog‘ energiyalari va boshqa fizik-kimyoviy xossalari bayon
etilgan.

Tadgigot metodologiyasi. Ushbu tadqiqot ishini bajarishda reaksiya uchun “a.u.t”
tipidagi reagentlardan foydalanildi. Erituvchi sifatida distillangan suv va etil spirt (96% li)
ishlatildi. Olingan kompleksning kristall tuzilishi avtomatik Xcalibur R Oxford Diffraction
difraktometri yordamida RTT usulida o‘rganildi. Molekulaning Hirshfeld sirt yuza tahlili
va elektron zichliklarning ta’sirlashish energiyalari Crystal Explorerl7.5 dasturida amalga
oshirildi.

Natijalar tahlili. Tajribaviy gism. Dastlab kadmiy sulfat kristallogidrat tuzidan
(CdS0O4-8H20) 0.176 g (0.5 mmol) olinib, 0.1 M I|i suvli eritmasi tayyorlandi. O-
fenilendiamin ligandidan ham 0.054 g (0.5 mmol) olinib 0.1 M li spirtli eritmasi tayyorlandi.
Hosil gilingan eritmalarda 1:3 mol nisbatda olinib (M:L) aralashtirildi. Reaksion aralashma
dastlab xona haroratida, so‘ngra esa 55-60'C haroratda, magnitli aralashtirgichda 90 minut
aralashtirildi. Jarayon oxirida reaksion aralashma xona haroratiga keltirildi va 10 sutka
o‘zgarmas haroratli termostatda qoldirildi. Sekin bug‘latish usulida olingan goramtir-
gizg‘ish rangli monokristallarning tuzilishi RTT usullari yordamida o‘rganildi.

NH,
NH,

HoN,
NH NH,
Z ‘*‘Cd—o—so ol + 7TH0
CdSO, - 8H,0 + 3 , N
,{4 AN 4
NH, NH, \
HoN

1-rasm. [Cd(CsHsN2)3SO4]-H20 kompleksining sintez reaksiyasi.
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2-rasm. [Cd(CsHsN2)3S04]-H20 kompleksining tuzilishi.

2-rasmda tasvirlangan [Cd(CeHsN2)3SO4]-H20 kompleksining tuzilishida punktir
chiziglar orgali vodorod bog‘lar aks ettirilgan. Metall atomining koordinatsion soni 6 ga
teng. O-fenilendiaminning ikkita molekulasi markaziy atom bilan bidentat holatda, bitta
molekulasi esa monodentat holatda birikkan hamda markaziy atomni xelatlangan holatda
o‘rab olgan. [Cd(CesHsN2)3sSO4]-H20 kompleksi tarkibidagi Cd1-N3 va Cd1-N4 bog‘lar
orasidagi masofasi mos ravishda 2,425A va 2,436 A bo‘lsa, Cd1-N1, Cd1-N2 va Cd1-N5
atomlari orasidagi masofa esa mos ravishda 2,475 A, 2,464 A, 2461 A ga tengligi
aniglandi. Molekula sp®d? tipidagi gibridlangan holatda bo‘ladi.
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R
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3-rasm. [Cd(CsHsN2)3sSO4]-H20 monokristalining molekulyar tuzilishi(a), Hirshfeld sirtlari 3D ko‘rinishi (b)
va Hirshfeld barmoq izi 2D ko‘rinishi (c).
Hirshfeld yuza tahlillari kompleks birikma tarkibidagi atomlar elektron bulutlarining

o‘zaro ta’sirini aks ettiradi. Bu ta’sirlar kovalent yoki ion bog‘lanishga nisbatan juda kichik
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energiyaga ega bo‘ladi va molekulaning mexanik mustahkamligini ham belgilab beradi.
[Cd(CeHsN2)3S0O4]-H20 kompleksi tarkibida asosiy ta’sirlashuvlarni H...H (61%),
H...C/C...H (15.8%) va O...H/H...O (19.7%) ni tashkil qiladi. Hirshfeld yuza sirtidagi
qgizil dog‘lar eng yaqgin va ko‘k dog‘lar esa eng uzoq elektron bulutlarining ta’sirlashuvini
aks ettiradi. Molekulaning ikki o‘lchamli barmoq izi grafiklari “de” va “di” funksiyali
grafiklarda keltirilgan (3-rasm).

Hirshfeld yuza tahlillari kimyoviy bog‘lanishning geometrik mezoni hisoblanadi.
Molekula tarkibidagi elektron bulutlarning zaryad tagsimoti va ularning energetik
yacheykalardagi taxlanishga go‘shgan hissasi ham Hirshfelt sirt yuza tahlillari yordamida
topiladi. Hirshfeld yuzasidagi zaryad zichligida atomlarning ulushi yuqori hisoblanadi.
Crystal Explorerl7.5 dasturida elektron zichlilarning energetik farqi ranglar xaritasi
yordamida ajratiladi. Ushbu protsedurada zichlik funksiyasining minimal va maksimal
giymatlari gizil va ko‘k ranglar oralig‘ida bo‘ladi. Sirt yuzasiga eng yaqin ichki zichliklar
ta’siri “di” va sirtga eng yaqin tashqi zichlilar ta’sirini esa “de” ikki o‘lchamli funksiyalar
yordamida topiladi.

1-jadval
[Cd(CesHsN2)3SO4]-H20 kompleksining Hirshfeld sirt energiyalari tagsimoti
N Egsr:g;tklg R E|ektr0n ZICh|Ik Eele Epol Edis Erep Etot
g | X YHU2- 1904y HF/3-21G 00 | -16 | 00 | 00 1.1
z+1/2
0 X, Y, -Z 15.26 HF/3-21G 0.0 -0.4 0.0 0.0 -0.2
1 -X, =Y, -Z 12.71 HF/3-21G 0.0 -1.2 0.0 0.0 -0.8
1 X, y+1/2, 7.28 HF/3-21G -83.1 -42.4 -65.0 60.0 -122.1
z+1/2
1 XY, Z 8.13 HF/3-21G 51 -4.9 -17.6 12.0 -4.1
0 - 4.47 HF/3-21G 0.0 nan 0.0 0.0 nan
1 X, y+1/2, 6.90 HF/3-21G -150.9 | -80.5 -745 | 413.3 61.8
z+1/2
0 - 7.28 HF/3-21G -83.1 -42.4 -65.0 60.0 -122.1
0 - 4.98 HF/3-21G 5.1 -4.9 -17.6 12.0 4.1
0 -X, =Y, -Z 10.73 HF/3-21G -33.6 -8.3 -47.3 29.1 -58.7
0 - 5.18 HF/3-21G -83.1 -42.4 -65.0 60.0 -122.1
0 - 9.53 HF/3-21G -33.6 -8.3 -47.3 29.1 -58.7
0 | XYH2- | 459 HF/3-21G 00 | -17 | 00 | 00 | -11
z+1/2
0 X, Y, -Z 13.26 HF/3-21G 0.0 -1.3 0.0 0.0 -0.9

[Cd(CeHsN2)3S0O4]-H2O kompleks birikmasining sirt shakli va molekula
geometriyasiga oid giymatlar 1-jadvalda keltirilgan. Unga ko‘ra molekulaning 4-rasmda
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tasvirlangan strukturaviy taxlanishga muvofig, energetik va fazoviy giymatlar keltirilgan.
Molekula simmetriyasining x, -y+1/2, z+1/2 fazofiy guruhida joylashgan energetik sathning
(qutblanish energiyasi Epoi=-1.6) elektron zichliklari gizil rangli dog‘larni hosil giladi va
ular sirt yuzaga yaqin joylashadi. Molekula simmetriyasining -x, -y, -z fazoviy guruhida
joylashgan energetik sathning (qutblanish energiyasi Epoi=-8.3) elektron zichliklari esa ko‘k
dog‘larni hosil giladi va ular sirt yuzadan uzoqda joylashadi. Sariq va yashil dog‘lar
tutashgan elektron zichliklarda esa (qutblanish energiyasi Epoi=-42.4) m-mt o‘zaro ta’sirlarni
ko‘rishimiz mumkin.
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5-rasm. [Cd(CsHsN)3S0.]-H,0 kompleksining 1Q-spektri.

5-rasmda tasvirlangan 1Q-spektr tahlillarida spektrning yugori chastotali 3394 sm™
gisga sohada vodorod bog‘lanishlar borligini ko‘rishimiz mumkin. Spektrning 3221 sm™
va 3211 sm™ dublet sohadagi gismida esa NH2-guruhining valent tebranishini ko‘ramiz.
NH-guruhining 1506 sm™ va 1521 sm™ quyi chastotali gismlarida deformatsion
tebranishini ham kuzatishimiz mumkin. Aromatik halgalarning halga tekisligi bo‘yicha
1647 sm™, 1683 sm™ va 1699 sm™ yutilish sohalarida oberton chastotalar tufayli tebranishi
yuzaga keladi. S-O guruhlarining valent tebranishi esa 1338 sm™ va 1417 sm™ yutilish
sohalari oralig‘ida ko‘rishimiz mumkin. M-O va M-N o‘rtasidagi donor-akseptor bog‘ni
xarakterlovchi quyi chastotalar esa 642 sm™ va 796 sm™ sohalar oralig‘ida kuzatiladi.

Olingan [Cd(CeHsgN2)3S04]-H20 kompleksining turli xil erituvchilarda bargarorligi
va eruvchanligi o‘rganildi. Olib borilgan tahlillar natijasida sintez gilingan kompleks
boshlang‘ich ligandga qaraganda turli erituvchilarda eruvchanligi kamrog ekanligi
aniglandi.

cm-1

2-jadval
[Cd(CesHsN2)3SO4]-H20 kompleksining ayrim erituvchilarda eruvchanligi
Ne Modda Suv Et_” S."ka DMSO DMF Atseton Xloroform
spirt kislota
1 CeHsN2 OE E E E OE EM EM
2 [Cd(CeHsN2)3sSO4]-H.0 OE OE OE E E EM EM

Xulosa. Xulosa qilib aytganda, O-fenilendiamin asosida ilk marotaba
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[Cd(CeHsN2)3SO4]-H20 tarkibli kompleks birikma olindi va fizik-kimyoviy xossalari
o‘rganildi.

Olingan kompleks birikmaning RTT usuli yordamida kristall tuzilishi, bog‘lar
orasidagi masofa va bog® burchaklari aniglandi. Molekulaning fazoviy shakli oktaedr
shaklda va sp®d? gibridlanish burchaklarini hosil giladi.

Ushbu kompleksning Hirshfeld sirt yuza tahlillarini amalga oshirish asosida molekula
tarkibidagi energetik gatlamlarning taxlanishi va zarrachalarning sirt yuzadagi ulushi
o‘rganildi.
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Annotatsiya. Norfloksatsin (HL)ning CuCl bilan sirka kislota muhitidagi o‘zaro
ta’siridan [Cu(HL)CI2]-2H20 tarkibli yangi metallokompleks birikma sintez gilindi. Ushbu
metallokompleks birikmaning tarkibi, molekulyar va kristall tuzilishlari rentgen tuzilish
tahlili (RTT) yordamida tadqiq etildi. Uning molekulyar massasi 831.94 bo‘lib, kristallari
triklinik singoniya hosil gilgan, fazoviy shakli esa P-1 guruhga mansub. Kristalda markaziy
atom Cu ning O2 va O3 atomlari bilan bog‘ining tetraedrik sigilishi, xlorid anionlari bilan
bog‘ining oktaedrik cho‘zilishi kuzatildi, ya’ni Yan-Teller effekti namoyon bo‘ldi.
Metallokompleksning termik tahliliga ko‘ra TGA egri chizig‘i asosan 3 ta intensiv massa
yo‘qgotiladigan harorat oralig‘ida amalga oshadi. DTA grafigida 147,56, 238,03 va 294.02°C
haroratlarda endotermik effekt kuzatildi. RTT tahlilida olingan ma’lumotlar asosida
kompleks birikmaning Hirshfeld sirt tahlili olindi. Bunda kristaldagi atomlarning o‘zaro
ta’sirlarining asosiy qismi H...H (32.4%), H...0/O...H (27.2%), H...C/C...H (15.1%)
bog‘lari hissasiga to‘g‘ri kelishi aniglandi.

Kalit so‘zlar: norfloksatsin, mis (I1) xlorid, sirka kislota, distillangan suv.

SYNTHESIS AND STRUCTURAL INVESTIGATION OF THE NEW COMPLEX
COMPOUND OF NORFLOXACIN WITH Cu(ll)

Abstract. A new metallocomplex compound [Cu(HL)CI2]-2H20 was synthesized
from the interaction of norfloxacin (HL) with CuCl, in acetic acid medium. The
composition, molecular and crystal structures of this metallocomplex compound were
investigated using X-ray structural analysis. Its molecular mass is 831.94 with crystals of
triclinic syngonia, and P-1 group of spatial form. The crystal exhibits a tetrahedral bond
between the central Cu atom and the O2 and O3 atoms, as well as an octahedral expansion
of the bond with chloride anions, i.e., the Jahn-Teller effect appears. According to the
thermal analysis of the metal complex, the TGA curve mainly passes in the temperature
range of intense mass loss 3. On the DTA graph, the endothermic effect was observed at
temperatures of 147.56, 238.03 and 294.02°C. Hirshfeld surface analysis of the complex
was carried out based on the data obtained in the X-ray analysis. According to the Hirshfeld
surface analysis, it was found that the main part of the effects are H...H (32.4%), H...0/O...H
(27.2%), H...C/C...H (15.1%) bonds.

Key words: norfloxacin, copper (Il) chloride, acetic acid, distilled water.
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Kirish. Hozirgi kunda jahondagi iglim o°zgarishlari va atrof-muhitning ifloslanishlari
viruslar, bakteriyalar va zamburug‘larning yashashi va ko‘payishi uchun qulay sharoitni
vujudga Keltirib, turli epidemiologik vaziyatlarni yuzaga chigarmogda. Jumladan, ushbu
zararli mikroorganizmlarning faolligi ortishi ogibatida aholi o‘rtasida turli kasalliklar
ko‘paymoqda. Bu holatlar kimyogarlar, biologlar, farmatsevtika va tibbiyot sohasi
vakillarining zimmasiga zararli mikroorganizmlarga garshi samarali ta’sir ko‘rsata oladigan
yangi dori vositalarini yaratish vazifasini qo‘yadi. Ma’lumki yangi dori vositasini yaratish
juda ko‘p vaqtni talab qgiladi. Shu sababli mavjud dori vositalaridagi ta’sir etuvchi
moddaning miqgdorini kamaytirib, ta’sir samaradorligini oshirish muhim vazifadir. Odatda,
mavjud dori vositasi sifatida qgo‘llanilayotgan antibakterial birikmaning suvdagi
eruvchanligi juda kam bo‘lganligi sababli dori vositasi tarkibida uning migdori ko‘p bo‘ladi.
Shu sababli ularning eruvchan birikmalarini: organik tuzlarini, biologik faol bo‘lgan
metallar bilan kompleks birikmalarni sintez gilish muhim ahamiyatga ega. Bu ta’sir etuvchi
birikma faolligini saglab golgan holda uning migdorini kamaytirish imkonini beradi.

Mavzuga oid adabiyotlar tahlili. Ko‘p hollarda alohida dori vositasining
metallokompleks birikmalari erkin ligandga nisbatan faol bo‘lishi aniglangan [1]. Keng
spektrli ta’sir doirasiga ega bo‘lgan ftorxinolonlar guruhiga mansub dori vositasi sifatida
go‘llanilib kelinayotgan norfloksatsin (HL) eng samarali ftorxinolonlardan biri hisoblanadi
[2]. U tibbiyotda ovgat hazm qilish va peshob yo‘llari infeksiyalarida, teri, o‘pka, prostata
va boshqga infeksiyali kasalliklarga samarali ta’sir ko‘rsatadi [3]. HLning suvdagi
eruvchanligi kam bo‘lganligi uchun, uning suvda eruvchanligi yaxshi hamda biologik
jihatdan faol bo‘lgan metallokompleks birikmalarini sintez gilish muhim ahamiyat ega [5].
Yetakchi olimlar tomonidan HL ning metallokompleks birikmalari sintez gilingan va
o‘rganilgan [7-8]. Ushbu tadgigotchilar tomonidan aromatik birikmalarning Ni(Il) ioni bilan
aralash ligandli kompleks birikmalari sintez gilingan. Sintez gilingan kompleks
birikmalarning tarkibi, tuzilishi, kristall gadoglanishi, vodorod bog‘lar geometriyasi,
rentgen ma’lumotlari asosida yoritilgan [9]. Yuqoridagilarni inobatga olgan holda, HL ning
metallar bilan kompleks birikmalarini sintez gilish hamda olingan kompleksning fizik-
kimyoviy xossalarini o‘rganish mazkur tadgiqot ishining magsadi sifatida tanlandi.
Magsadni amalga oshirish uchun HL ning Cu (I1) ioni bilan kompleks birikmasi sintezi
amalga oshirildi. Olingan yangi kompleks birikmaning kristall va molekulyar tuzilishi RTT
usulida tahlil gilindi, termik tahlillar hamda Hirshfeld sirt yuzasi tahlillari olindi.

Tadgigot metodologiyasi. Tadgiqotda asosiy usullar sifatida: xona haroratida
avtomatik Xcalibur R Oxford Diffraction difraktometri yordamida amalga oshirilgan
rentgen kristallografiyasi qo‘llanildi. Sintez gilingan kompleks birikmaning termik tahlili
Derivatografda 10 grad/min tezlikda, T-900, TG-200, DTA —1/10, DTG — 1/10 galvanometr
sezgirligida, derivatogrammani avtomatik yozib olish yo‘li bilan olib borildi. Shuningdek,
Crystal Explorer17.5 dasturi yordamida Hirshfeld sirt tahlillari o‘tkazildi.

Tajribaviy gism. HLning tibbiyot va farmatsevtika sohasida muhim ahamiyat kasb
etishini e’tiborga olgan holda, ushbu ishda HLning Cu (II) ioni bilan [Cu(HL).Cl.]-2H.0
tarkibli kompleks birikmasi sintez gilindi. Buning uchun, 50 ml suvga 5 ml muz sirka kislota
aralashtirib muhiti pH=6 bo‘lgan eritma tayyorlandi. Shu eritmada dastlab ligand HL eritib
olindi. CuCl,-2H>0 distillangan suvda alohida holda eritib olindi. So‘ngra reagentlarning
2:1 mol (HL:CuCl2-2H20) nisbatidagi ikkala eritma qo*‘shilib, 30 dagiqa davomida 50-55°C
haroratda magnitli aralashtirgich yordamida intensiv aralashtirildi. Hosil bo‘lgan tiniq
eritma 50-60°C haroratda bug‘lanishi uchun goldirildi. 3-4 kundan keyin to‘q yashil rangli
monokristallar shakllanganligi kuzatildi. Hosil bo‘lgan kristallar orasidan RTT da
tekshirishga yaroqgli, o‘lchamlari 0.1-0.3. mm bo‘lgan kristallar tanlab olindi. Tahlil
natijasida kristallar namunasi [Cu(HL).Cl2]-2H20 tarkibli yangi kompleks birikma

87




QarDU xabarlari KIMYO 2024 (1) 2

ckanligini ko‘rsatdi. Reaksiya unumi 74% ga teng bo‘ldi. Kompleks birikmaning sintez
sxemasi 1-rasmda keltirilgan.
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1-rasm. [Cu(HL).Cl2]-2H,0 kompleksning sintez sxemasi

Olingan natijalar tahlili. Sintez gilingan metallokompleks birikmaning molekulyar
va kristall tuzilishi RTT yordamida aniglandi. Shuningdek, olingan kompleks birikmaning
termogravimetrik (TGA) va differensial termik (DTA) tahlili hamda Hirshfeld sirt tahlillari
o‘tkazildi.

Sintez gilingan [Cu(HL)2Cl>]H-0 tarkibli kompleks birikmaning molekulyar tuzilishi

2-rasmda keltirilgan.

w
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2-rasm. [Cu(HL).Cl;]-2H0 tarkibli kompleks birikmaning molekulyar tuzilishi hamda Yan-Teller effekti

Kompleks birikmaning molekulyar tuzilishidan ko‘rinib turibdiki, uning tarkibidagi
markaziy atom Cu bilan svettir ion ko‘rinishidagi HLning O2 va O3 atomlari bilan bidentat
holatda hamda CI1 anioni bilan monadentat holatda bog‘langan. Cul-O2 va Cul-O3
bog‘lari orasidagi masofasi giymati mos ravishda 1,924 A va 1,960 A bo‘lsa, Cul-Cl1
orasidagi masofa esa 2,923 A teng. 02—Cul—03 ning burchaklari 91,72°. Kristalda
markaziy atom Cu ning O2 va O3 atomlari bilan bog‘ining tetraedrik siqgilishi, xlorid
anionlari bilan bog‘ining oktaedrik cho‘zilishi kuzatiladi, ya’ni Yan-Teller effekti namoyon
bo‘ladi (2-rasm). Markaziy atomning koordinatsion soni 6 ga teng bo‘lib, uning atom
orbitallari sp®d?-gibridlangan.

Mazkur kompleks birikmaning termik tahlili uchun uning kristallaridan 8,654 mg
namuna olindi, jarayon 900°C gacha haroratda olib borildi. Derivatografda 10 grad/min
tezlikda, T-900, TG-200, DTA - 1/10, DTG - 1/10 galvanometr sezgirligida,
derivatogrammani avtomatik yozib olish yo‘li bilan termik tahlillar gilindi (3-rasm).
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3-rasm. [Cu(HL).Cl.]-2H,0 tarkibli kompleks birikmaning TGA va DTA tahlili

Kompleks birikma kristalining termogravimetrik egri chizig‘i tahlili shuni
ko‘rsatadiki, TGA egri chizig‘i asosan 3 ta intensiv massa yo‘qotiladigan harorat oralig‘ida
amalga oshadi. Dastlabki massa yo‘qotilishi 30,56 - 211,76°C haroratlar oralig‘iga,
keyingisi 211,76 — 508,81°C va oxirgisi 508,81, — 901.73°C harorat oraliglariga to‘g‘ri
keladi. Dastlabki massa yo‘qotilishi suv bug‘lari va azot oksidlariga (0,451 mg, 5,211%),
ikkinchi massa yo‘qotilishi kompleks birikmaning suyuglanish bilan kechadigan
parchalanishi (3,780 mg, 43,679 %), uchunchisi esa kompleks birikmaning to‘liq
destruksiyasi (0,960 mg) va CuO ning qoldiq sifatida olinishi bilan tushuntirishi mumkin.
Shu bilan birga, DTA grafigida 147,56, 238,03 va 294.02°C haroratlarda endotermik effekt
kuzatilib, ular kristalning parchalanish jarayonida issiglikning yutilishidan darak beradi.

L L
-0.00 200.00

1-jadval
[Cu(HL).Cl]-2H0 tarkibli kompleksning TGA Ba DTA egri chizig‘i
natijalari tahlili
Ne Yo‘gotilgan Yo‘qgotilgan Sarflangan Sarflangan dw dw/dt
Harorat, massa, mg massa, % energiya vaqgt (min) (mg) (mg/min)
°C (8.654) miqdori
(nV*s/mg)
1 100 0.064 0.74 18.036 7.83 8.59 0.0081
2 200 0.444 5.13 21.487 17.916 8.21 0.0247
3 300 1.38 15.94 17.513 28 7.274 0.0492
4 400 3.414 39.44 10.73 38.18 5.24 0.089%4
5 500 4.215 48.70 0.319 48.46 4.439 0.0869
6 600 4.4 50.84 -12.265 58.83 4.254 0.0747
7 700 4718 54.51 -23.994 69.21 3.936 0.0680
8 800 4971 57.44 -32.942 79.7 3.683 0.0623
9 900 5.186 60 -38.568 90.15 3.468 0.0864

Sintez gilingan kompleks birikmaning molekulalararo ta’sirlashish tabiatini tafsiflash
uchun Hirshfeld sirt tahlili Crystal Explorer17.5 [10] dasturi yordamida amalga oshirildi.
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4-rasm. [Cu(HL).Cl]-2H0 tarkibli kompleksning Hirshfeld sirtlari
4-rasmda HL ning CuCl; bilan hosil gilgan metallokompleks birikmaning Hirshfeld

sirtlari tasvirlangan bo‘lib, bunda qizil rang eng yagqin ta’sirlashishlarni va ko‘k rang eng
uzoq ta’sirlashishlarni ifodalaydi.
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5-rasm. [Cu(HL)2CIz]-2HzC tarkibli kompleksning Hirshfeld sirtlari barmoq izi diagrémmasi
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6-rasm [Cu(HL).Cl»]HO tarkibli kompleks birikmaning 2D Hirshfeld barmoq izi grafigi
5-rasmda HLning CuCl> bilan hosil gilgan metallokompleks birikmaning Hirshfeld
barmoq izi diagrammasi keltirilgan. 6-rasmda kristall gadoglashining shakllanishiga
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individual o‘zaro ta’sirlarning hissasini ko‘rsatuvchi de va di funksiyalari yordamida
olingan ikki o‘lchamli barmoq izining grafiklari keltirilgan. Shunday qgilib, Hirshfeld sirtini
tahlil gilish natijasida quyidagi ta’sirlashishlar aniglandi: H...H (32.4%), H...0/O...H
(27.2%), H...C/C...H (15.1%), H...Cl/Cl...H (10.5%), H...F/F...H (6.2%), C...C (2.8%),
F...C/C..F (12%), F..N/N..F (1.1%)H..N/N..H (1.1%), F..F (0.5%),
Cl...Cu/Cu...CI (0.5%), CIl...C/C...Cl (0.4%), Cl...0/0...Cl (0.4%), N...N (0.3%).
Hirshfeld sirt tahlilidan ko‘rinib turibdiki, o‘zaro ta’sirlarning asosiy qismini H...H
(32.4%),H...0/0...H(27.2%),H...C/C...H (15.1%) hamda H...CI/CI...H (10.5%) tashkil
etsa, F...F (0.5%), Cl...Cu/Cu...Cl (0.5%), Cl...C/C...Cl (0.4%), CI...0/O...Cl (0.4%),
N...N (0.3%) ta’sirlashishlar esa kristall gadoglashda kam ishtirok etadi.

Xulosa. Olib borilgan tadqgiqotlar natijasida norfloksatsinning mis (I1) xlorid bilan
kompleks birikmasi sintez qilindi. Sintezning maqgbul sharoiti sifatida reagentlarning (HL
va CuCl>2H20) 2:1 mol nisbati, 30 dagiga davomida 50-55°C haroratda intensiv
aralashtirish va olingan tinig eritmani 50-60°C haroratda bug‘lanishga qoldirish ko‘rsatib
berildi. Yangi kompleks birikmaning tarkibi, molekulyar va kristall tuzilishlari RTT
yordamida aniqlandi. Kompleksning termik tahlili TGA va DTA egri chizigi orgali massa
kamayishining harorat oraliglari, endotermik va ekzotermik effektlarning kuzatilishi
aniglandi. Hirshfeld sirt yuzasi tahlili bilan molekulalararo o‘zaro ta’sirlarning asosiy
qismini H...H (32.4%), H...0/O...H (27.2%), H...C/C...H (15.1%) hamda H...Cl/Cl...H
(10.5%) tashkil etishi aniglandi.

Foydalanilgan adabiyotlar:

1. M. Kozsup, E. Farkas, A.C. Bényei, J. Kasparkova, H. Crlikova, V. Brabec, P. Bugly¢.
Synthesis, characterization and biological evaluation of Co(ll1l) complexes with quinolone drugs. J.
Inorg. Biochem., 2019, 193, 94-105. https://doi.org/10.1016/j.jinorgbio.2019.01.005

2. Y.-J. Huang, J. Zhang. Synthesis and characterization a series of Norfloxacin-transition metal
complexes. Inorg. Chim. Acta, 2020, 501, 119244,

https://doi.org/10.1016/j.ica.2019.119244

3. Zivec, P, Perdih, F., Turel, L., Giester, G., & Psomas, G. Different types of copper complexes
with the quinolone antimicrobial drugs ofloxacin and norfloxacin: Structure, DNA- and albumin-
binding. J. Inorg. Biochem., 2012, 117, 35-47.

https://doi.org/10.1016/j.jinorgbio.2012.08.008

4. P. Drevensek, J. Kosmrlj, G. Giester, T. Skauge, E. Sletten, K. Sepcic, I. Turel. X-Ray
crystallographic, NMR and antimicrobial activity studies of magnesium complexes of
fluoroquinolones—racemic ofloxacin and its S-form, levofloxacin. J. Inorg. Biochem., 2006, 100,
1755-1763. DOI: 10.1016/j.jinorgbio.2006.06.011

5. Xu, Y., Jiang, L., & Mei, X. Supramolecular structures and physicochemical properties of
norfloxacin salts. Acta Crystallographica Section B Structural Science, Crystal Engineering and
Materials, 2014, 70(4), 750-760. https://doi.org/10.1107/S2052520614011718

6. Basavoju, S., Bostrom, D., & Velaga, S. P. Pharmaceutical Cocrystal and Salts of Norfloxacin.
Crystal Growth & Design, 2006, 6(12), 2699-2708. https://doi.org/10.1021/cg060327x

7. Fang, T. Li, X, Wang, C.et al.The action of norfloxacin complexes
on Tetrahymena investigated by microcalorimetry. J. Therm. Anal. Calorim., 2012, 109, 433-4309.
https://doi.org/10.1007/s10973-011-1674-7

8. Golovnev, N. N., Molokeev, M. S., Sterkhova, I. V., & Lesnikov, M. K. Crystal structure of
norfloxacinium and 2,2'-bipyridyl-1'-ium 2-thiobarbiturates. Journal of Structural Chemistry, 2020,
61(10), 1639-1647. https://doi.org/10.1134/S0022476620100170

9. Suyunov J.R., Turaev Kh.Kh., Alimnazarov B.Kh., Ibragimov A.B., Mengnorov 1.J., Rasulov
A A., Ashurov J.M., Synthesis and crystal structure of tetra-aqua-(ethylenediamine-N,N")-nickel (1)
naphthalene-1,5-disulfonate dihydrate. IUCR Data (International Union of Crystallography) 2023,
8, x231032 https://doi.org/10.1107/S2414314623010325

10. Turner, M. J., McKinnon, J. J., Wolff, S. K., Grimwood, D. J., Spackman, P. R., Jayatilaka,
D. & Spackman, M. A. 2017, Turner Crystal Explorerl?7. University of Western Australia.
http://Hirshfeldsurface.net.

91


https://doi.org/10.1016/j.jinorgbio.2019.01.005
https://doi.org/10.1016/j.ica.2019.119244
https://doi.org/10.1016/j.jinorgbio.2012.08.008
https://doi.org/10.1016/j.jinorgbio.2006.06.011
https://doi.org/10.1107/S2052520614011718
https://doi.org/10.1021/cg060327x
https://doi.org/10.1007/s10973-011-1674-7
https://doi.org/10.1134/S0022476620100170
http://hirshfeldsurface.net/

QarDU xabarlari KIMYO 2024 (1) 2

MELAMIN, FORMALIN VA QAHRABO KISLOTASI ASOSIDA XELAT HOSIL
QILUVCHI SORBENTLAR SINTEZI VA TADQIQOTI

Mo*‘minova Shaxnoza

Termiz davlat universiteti, katta o gituvchi
mominovashanoza83@gmail.com
ORCID:0009-0007-3050-6191

Turayev Xayit

Termiz davlat universiteti, professor
hhturaev@rambler.ru
ORCID:0000-0002-0627-5449
Mugumova Gulvar

Termiz davlat universiteti, dotsent
gulvarmugimova@gmail.com
ORCID:0000-0003-1194-9468
Kasimov Sherzod

Termiz davlat universiteti, professor.v.b.
gosimovsh@tersu.uz
ORCID:0000-0002-1450-8687
Qobilova Malika
malikagobilova353@gmail.com

UDK: 547-32,54-057;543.33

Annotatsiya. Bugungi kunda tarkibida azot va kislorod bo‘lgan kompleks hosil
giluvchi sorbentlarni sanoatning turli tarmoglarida go‘llash muhim ahamiyatga kasb etadi.
Bu borada kompleks hosil giluvchi sorbentlar sintezi va ular yordamida texnologik
eritmalarni, oqova suvlar tarkibidan og‘ir hamda zaharli metallarni kompleks birikmalar
ko‘rinishida tanlovchan ajratib olish va sorbentlarning turli agressiv muhitlardagi sorbsion
gobiliyatlarini aniqlashga katta e’tibor qaratilmoqda.

Ushbu maqolada melamin, formalin va gahrabo Kislotasi asosida polifunksional
kompleks hosil giluvchi sorbent sintezi polikondensatsiya reaksiyasi bo‘yicha amalga
oshirildi. Kimyoviy reaksiyani amalga oshirishda boshlang‘ich moddalardan 0,02:0,06:0,03
molyar nisbatlar olindi. Reaksiya ishqoriy muhitda olib borildi. Polikondensatsiya jarayoni:
100, 110, 120 va 130 °C haroratlarda o‘rganildi. Shu bilan birga, reaksiyaning vaqtga
bog‘ligligi, sorbentning suvdagi solishtirma hajmi va 0,1n NaOH eritmasi uchun statik
almashinish sig‘imi (SAS) giymati aniglandi. Metall ionlarining 0,1n eritmadagi statik
almashinish sig‘imi Cu (I1) uchun 3,85 mg-ekv/g, Zn (I1) uchun 3,95 mg-ekv/g va Ni (1)
uchun esa 3,84 mg-ekv/g ni tashkil etdi.

Kalit so‘zlar: sorbent, melamin, formalin, gahrabo kislotasi, Polikondensatsiya
reaksiyasi, statik almashinish sig‘imi, bo‘kish darajasi

SYNTHESIS AND RESEARCH OF CHELATE PRODUCING SORBENTS
BASED ON MELAMINE, FORMALIN AND SUCCINIC ACID

Abstract. Today, the use of complexing sorbents containing nitrogen and oxygen is
of great importance in various industries. In this regard, much attention is paid to the
synthesis of complexing sorbents and the selective extraction of process solutions, heavy
and toxic metals from wastewater in the form of complex compounds, as well as the
determination of the sorption abilities of sorbents in various aggressive environments.

In this article, the synthesis of a polyfunctional complexing sorbent based on

e
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melamine, formalin and succinic acid was carried out using the polycondensation reaction
method. During the chemical reaction, the molar ratio of the starting substances was
0.02:0.06:0.03. The reaction was carried out in an alkaline medium. The polycondensation
process was studied at temperatures of 100, 110, 120°C and 130°C. At the same time, the
dependence of the reaction on time, the specific volume of the sorbent in water and the value
of the static exchange capacity (surfactant) for a 0.1 N NaOH solution were determined.
The static exchange capacity of metal ions in a 0.1N solution is 3.85 mEg/g for Cu(ll), 3.95
mEq/g for Zn(11) and 3.84 mEq/g for Ni ( I1). /G.

Key words: sorbent, melamine, formalin, succinic acid, polycondensation reaction,
static exchange capacity, degree of swelling.

Kirish.Tarkibida azot va kislorod bo‘lgan kompleks hosil giluvchi sorbentlarni
sanoatning turli tarmoglarida gqo‘llashning zamonaviy chigindisiz texnologiyalar asosidagi
ishlab chigarish jarayonlarida amalga oshirish muhim ahamiyatga kasb etadi. Bu borada
tarkibida azot va kislorod bo‘lgan kompleks hosil giluvchi sorbentlar sintezi, ularning fizik-
kimyoviy xossalari, dinamik hamda statik sharoitda sorbentlarning sorbsion sig‘imini,
sorbsiya-desorbsiya jarayonlariga turli omillar ta’sirini aniglash, ular yordamida texnologik
eritmalarni va ogqova suvlar tarkibidan og‘ir hamda zaharli metallar ionlaridan tozalash,
murakkab eritmalardan metallarni ajratib olish, metallarni kompleks birikmalar ko‘rinishida
tanlovchan ajratish, sorbentlarning turli agressiv muhitlardagi sorbsion gobiliyatlarini
aniglashga alohida e’tibor berilmoqda. [1]

Jahon bozoridagi ion almashinuvchi smolalar orasida kuchli asosli anionitlar va kuchli
kislotali kationitlar muhim rol o‘ynaydi. Rangli va nodir metallarni murakkab
aralashmalardan ajratish uchun ishlatilgan ionitlarga misollarni ko‘plab ishlarda [2]
uchratish mumkin.

Mualliflar tomonidan Keltirilgan ushbu ishda tarkibida sellyuloza va ogsil
komponentlari, bug‘doy kepagi va soya uni bo‘lgan o‘simlikdan olingan mahsulotlarning
Zn(I1) ionlariga nisbatan sorbsion xossalari o‘rganilgan. ZnSO4 sistemasining sorbent-suvli
eritmasidagi sorbsion muvozanatga erishish vaqti va sorbsiya gobiliyati aniglangan.
Sorbentlarning 1Q spektrlari rux ionlarining sorbsiyasida sellyuloza va ogsil polimerlarining
funksional guruhlari ishtirokini ko‘rsatgan [4].

[5] ishda polietilentereftalat va tiosemikarbazid asosida xelat hosil giluvchi tolasimon
sorbent sintezi keltirilgan. Sorbentda Hg?*, Cu®*, Co?* ionlarining adsorbsiya jarayoni suvli
eritmalardan o‘rganilgan va psevdo-ikkinchi tartibli hamda Lengmyur modellari bo‘yicha
tavsiflangan. Keltirilgan ionlarga nisbatan sorbentning maksimal adsorbsion sig‘imi
tegishlicha 120,02; 96,81 va 78,08 mg/g ekanligi aniglangan.

[6] ishda kuchsiz asosli kompleks hosil giluvchi sorbent bis-1,3,5-ditiazinan-5-il-
etanning Pd?*, Ag* va Hg?* ionlariga nisbatan sorbsion xossalari statik usulda o‘rganilgan.
Bu sorbent etilendiamin, formaldegid va H>S asosida olingan.

Tadgigot metodologiyasi. MFQ sorbentining sintezi. 2,52 g(0,02 mol) melamin 5
ml(0,06 mol) formalinda eritildi va pH=8 bo‘lgunga gadar NH4sOH eritmasi qo‘shildi.
Harorat 80-90 °C da qovushqoq massa hosil bo‘lgungacha qizdirildi. Hosil bo‘lgan
govushgog aralashmaga 3,54 g(0,03mol) gahrabo kislotani 5 ml NH4OH dagi eritmasidan
tomchilatib qo‘shildi va aralashtirildi. Harorat 100-120 °C ga ko‘tarilganda qattiq yoki
sagichsimon massa hosil bo‘ldi. Hosil bo‘lgan smolasimon massa chinni kosachaga solindi
va quritish shkafida 95 °C haroratda 20 soat davomida quritildi. Quritilgan polimer
maydalangach, past molekulyar og‘irlikdagi moddalardan dastlab 5% li NaOH eritmasi
bilan, so‘ngra bir necha marotaba distillangan suv bilan neytral holga kelguncha yuvildi.
Natijada kichik g‘ovaklardan iborat oq rangli donador massa hosil bo‘ldi. Mahsulot unumi
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93 % ni tashkil etdi.

Sintez qilingan sorbentning namligi GOST 10898.1-84 bo‘yicha, massa zichligi
GOST 10898.2-84 bo‘yicha, gidratlangan holatda sorbentning zichligi GOST 10898.3-84
bo‘yicha, shishgan sorbentning solishtirma hajmi GOST 10898.4-84 bo‘yicha va statik
almashinuv quvvati GOST 20255.1-89 bo‘yicha aniglandi.

Natijalar va muhokama. Polikondensatsiya reaksiya tipidagi sorbent (ion
almashtirgich) olingan bo‘lib, u sorbentlar xususiyatlarini sistemaga solishga va ularga
effektiv ish faoliyatini ta’minlashga garatilgan.

Melamin, formalin va gahrabo kislota (MFQ) polikondensatsiyasi jarayoniga mugqobil
harorat ta’sirini o‘rganish bo‘yicha tadgiqotlar olib borildi. Polikondensatsiya jarayoni: 100,
110, 120 va 130°C haroratlarda o‘rganildi. Shu bilan birga, reaksiyaning vaqtga bog‘ligligi,
sorbentning suvdagi solishtirma hajmi va 0,1 n NaOH eritmasi uchun statik almashinish
sig‘imi (SAS) giymati aniglandi. Ma’lumotlar 1-jadvalda keltirilgan.

1-jadval.
Polikondensatsiya reaksiyasi haroratining ion almashinuvchi xossalariga ta’siri
H* shakldagi
suvda bo‘kkan 0.ln
Reaksiya Reaksiya - NaOH eritmasi
Ne N . sorbentning e
harorati, t, °C vaqti, T, soat " 2 bo‘yicha SAS,
solishtirma hajmi,
mg-ekv/g
ml/g
1. 100 5-6,5 1,7 2,8
2. 110 4,5-5 1,5 3,2
3. 120 2,5-3 1,2 39
4, 130 1,5-2 1,1 3,8
AN
4.0 F
3.5 F
“3,0
?% 2.5 F
ét-z,u L
£ 15
“ 10 |
0.5 F
0 >

-:m n.m 1 ;u 1;0 l;ll T, oc
1-rasm. Sintez gilingan MFQ sorbenti sitatik almashinish sig‘imining sintez haroratiga bog*liglik
grafigi.

1-jadval va 1-rasmda Keltirilgan natijalar shuni ko‘rsatadiki, 100 °C haroratda
polikondensatsiya reaksiyasining davomiyligi 5-6,5 soat, ion almashinuvchining
almashinish sig‘imi 2,8 mg-ekv/g ekanligi aniglandi. Bu ma’lum bir haroratda
reaktivlarning past faolligi bilan bog‘lig. Reaksiya haroratining 130 °C gacha ko‘tarilishi
bilan polikondensatsiya reaksiyasi tez davom etadi va reaksiya vaqti 1,5-2 soatgacha
kamayadi, shu bilan birga, almashinish sig‘imining giymati va ion almashinuvchining
bo‘kish darajasi ham kamayadi. Bu ko‘rinishidan ma’lum bir haroratda hosil bo‘lgan ion
almashinuvchining strukturasi zichrog bo‘lib, buning natijasida ionogen guruhlarning
harakatchanligi giyinlashadi.

Polikondensatlanish uchun muqobil harorat sifatida 120 °C olindi, reaksiya vaqti 2,5-
3 soat, reaksiya bir xilda bo‘ladi va 0,1 n NaOH eritmasi uchun almashinish sig‘imi 3,9 mg-
ekv/g giymatiga ega ekanligi aniglandi.

Boshlang‘ich moddalarning tuzilishi va xossalarining ion almashinuvchining tuzilishi
hamda xususiyatlariga ta’sirini aniglash, shu bilan birgalikda, yuqori samarali
xususiyatlarga ega bo‘lgan ion almashinuvchini sintez gilish variantlarini tanlash, dastlabki
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moddalar nisbati ta’siri ion almashtirgichni tayyorlashda o‘rganildi.

Melamin, formalin va gahrabo kislota bilan o‘zaro ta’sir gilganda, nafaqat
kondensatsiya qiluvchi, balki o‘zaro bog‘lovchi vositadir hamda olingan ion
almashinuvchining  asosiy  sorbsion va fizik-kimyoviy  xususiyatlari  uning
konsentratsiyasiga bog‘lig. Turli xil mol nisbatda olingan melamin, formalin va gahrabo
kislota o‘zaro bog‘langan ion almashinuvchini olish uchun ion almashinuvchining turli
namunalari sintez qgilindi. Polikondensatsiya reaksiyasi reaktivlarning, ya’ni melamin,
formalin va limon kislota mos ravishda 1:3:0,5 dan 1:3:2 gacha mol nisbatida amalga
oshirildi: gahrabo kislota migdorining ion almashinuvchi MFQ xususiyatlariga ta’sirini
o‘rganish natijalari 2-jadvalda keltirilgan.

2-jadval.
lon almashinuvchi sorbsion xossalarning dastlabki moddalar mol nisbatlariga bog‘ligligi
Melamin, Reaksiya Statik almashinish sig‘imi, mg-ekv/g, 0.1 N

formalin va gahrabo unumi, % eritmalar:

kislotaning nisbati, Cu?* Zn2* Ni2*

mollarda

1:3:0.5 91 3,33 3,62 3,45

1:3:1 92 3,35 3,71 3,56

1:3:15 93 3,85 3,95 3,84

1:3:2 85 3,7 3,8 3,7

2-rasm. MFQ sorbenti SAS ning melamin, formalin va gahrabo kislotaning mol nisbatlariga
bog‘liglik diagrammasi.
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2-jadval va 2-rasmdagi natijalarga ko‘ra mos ravishda melamin, formalin va gahrabo
kislotasining 1:3:1,5 nisbatida eng yaxshi ko‘rsatkichlarga ega bo‘lgan ion almashtirgichlar
olindi. Metall ionlarining 0,1n eritmadagi statik almashinish sig‘imi Cu (11) 3,85 mg-ekv/g,
Zn (I1) 3,95 mg-ekv/g va Ni (I1) 3,84 mg-ekv/g ni tashkil etdi.

Xulosa va takliflar. Melamin, formalin, gahrabo kislotasining polikondensatsiya
reaksiyasi asosida kompleks hosil giluvchi MFQ sorbenti olindi. Tadgigotlarda olingan
sorbentlarni sintez gilish uchun magbul sharoitlari o‘rganildi.

MFQ sorbentining hosil bo‘lish reaksiyasi uchun magbul harorat sifatida 120 °C
olindi, reaksiya vaqti 2,5-3 soat, reaksiya bir xilda bo‘ladi va 0,1 n NaOH eritmasi uchun
almashinish sig‘imi 3,9 mg-ekv/g giymatiga ega ekanligi aniglandi. Melamin, formalin va
gahrabo kislotasining 1:3:1,5 nisbatida eng yaxshi ko‘rsatkichlarga ega bo‘lgan ionitlar
olindi. Metall ionlarining 0,1n eritmadagi statik almashinish sig‘imi Cu (I1) 3,85 mg-ekv/g,
Zn (11) 3,95 mg-ekv/g va Ni (I1) 3,84 mg-ekv/g ni tashkil etdi.
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Annotasiya: Ushbu ishning magsadi Sho‘rtan gaz-kimyo majmuasiga garashli Qarshi
termoplast sexida ishlatiladigan gora rangli masterbachni mahalliylashtirishdan iboratdir.
Qora rangli masterbachni ishlab chigarish texnologiyalarini o‘rganish hamda olingan
mahsulotning kimyoviy tuzilishi zamonaviy elektron mikroskopiya va 1Q spektroskopiya
tahlillari yordamida tasdiglashdan iboratdir. Qora rangli masterbach ma’lumotlari
adabiyotlarda ko‘plab yoritilgan, lekin Sho‘rtan gaz-kimyo majmuasida ishlab
chigarilmagan. Qarshi termoplast sexidagi masterbach gimmat narxlarda sotib olinmoqda.
Masterbach uchun sharoit tanlab olindi, kerakli jihozlar yigildi. Haroratni doimiy ushlab
turadigan, doimiy aylantirib turadigan mishalkali jihozlardan tashkil topgandir. Shu jihoz
orgali polimer kompozit tayyorlanib olinadi. Olingan polimer kompozit Lsb markali
exstruderda granula shakliga keltirildi. Hosil bo‘lgan masterbachni va F-0220S markali
polietilenlarning  kimyoviy tuzilishi zamonaviy elektron mikroskopiya va 1Q
spektroskopiya tahlillari yordamida tasdiglashdan iboratdir.

Kalit so‘zlar: polietilen, vosk, mikrokalsit, kalsiy stearat, qora saja.

INFRARED SPECTROSCOPY AND ELECTRON MICROSCOPY
ANALYZES OF POLYETHYLENE ADDED BLACK SAJA

Abstract: The purpose of this work is to localize the black masterbatch used in the
Karshi thermoplastic shop belonging to the Shortan gas-chemical complex. Studying the
production technologies of black masterbatch and confirming the chemical structure of the
obtained product with the help of modern electron microscopy and IR spectroscopy
analysis. Black masterbatch data is widely covered in the literature, but it was not produced
at the Shortan gas-chemical complex. The masterbatch in the Termoplast shop opposite is
being bought at high prices. The conditions for the Masterbach have been chosen, the
necessary equipment has been collected. It is made up of constantly rotating burners that
keep the temperature constant. A polymer composite is prepared through this device. The
resulting polymer composite was made into granules in an Lsb extruder. The resulting
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masterbatch and the chemical structure of F-0220S polyethylene are confirmed by modern
electron microscopy and IR spectroscopy analysis.
Key words: Polyethylene, wax, microcalcite, calcium stearate, black saja.

Kirish. Kompozit materiallar deganda, metall, polimer, keramika, uglerod yoki
boshga asosdan (matritsa deb ataladigan) iborat bo‘lgan ko‘p komponentli materiallar
tushuniladi, ular mo‘ylovlar, tolalar, nozik zarrachalar va boshgalardan tayyorlangan
plomba moddalari bilan mustahkamlangan. To‘ldiruvchi tuzilishiga ko‘ra, barcha kompozit
materiallar: tolali (tolalar va mo‘ylovlar bilan mustahkamlangan), gatlamli (plastinkalar,
plyonkalar, qatlamli plomba moddalari bilan mustahkamlangan), disperslangan,
mustahkamlangan yoki dispersiya bilan mustahkamlangan (nozik shakldagi plomba bilan)
kabi turlarga bo‘linadi. Kompozit materialda matritsa beradi. Materialning mustahkamligi,
plomba moddasida kuchlanishning uzatilishi va tagsimlanishi issiglik, yong‘in, namlik va
kimyoviy garshilikni aniglaydi. Tabiatan barcha kompozit materiallar matritsali materiallar
— polimer, metall, keramika, uglerod va boshga kompozitsion materiallarga bo‘linadi [1]

To‘ldirgichlardan foydalanishning eng muhim magsadlaridan biri polimer kompozit
materiallarning narxini pasaytirishdir. Aynan shu magsad yaginda paydo bo‘lgan plomba
va to‘ldirilgan tizimlarga bo‘lgan katta gizigishni qat’iy belgilaydi. Shuni ta’kidlash
kerakki, har xil turdagi plombalarning polimer materiallarga to‘ldirilmagan materiallarga
nisbatan yangi xususiyatlarni berish qobiliyati ham katta ahamiyatga ega [2].

Hozirgi vaqtda konstruktiv materiallar sifatida foydalanish uchun eng istigbolli
bo‘lgan polimer matritsasi bo‘lgan yuqori quvvatli organik (aramid) va uglerod tolali
plomba moddalariga asoslangan polimer kompozit materiallardir. Organoplastik va uglerod
plastmassasi. Aramid va zamonaviy uglerod materiallaridan foydalanishning eng istigbolli
yo‘nalishi — bu aviatsiya va boshqga turdagi texnologiyalarda foydalanish uchun juda yengil
va yugori quvvatli kompozit materiallarni yaratish bilan bog‘lig bo‘lgan yo‘nalishdir [3].

Sanoatda yugori bosimli polietilen (PE), o‘rtacha bosimli (O‘BPE) va past bosimli
polietilen (PBPE) ishlab chigariladi. PE 160-300 bar bosimda va 200°C dan yugqori
haroratda initsiator sifatida kisloroddan foydalaniladigan radikal mexanizm bo‘yicha etilen
polimerizatsiyasi orqali olinadi [4]. Qutbli va rezonans bargarorlikning yo‘qligi bois, etilen
radikallari yuqgori kimyoviy faollik namoyon qilib, polimerga zanjir uzatish jarayonlarining
katta ulushi bilan ta’minlaydi va odatda uglerod atomlarining juft sonidan iborat gisqa
shoxlanish mavjudligidan darak beradi [5].

Ushbu ishning magsadi. Toshkent kimyo-texnologiya ilmiy-tadgigot
laboratoriyasida ishlar olib borildi. Ish jarayonida polietilen, vosk, mikrokalsit, kalsiy
stearat va qora saja asosida masterbach olingan. Olingan kimyoviy moddalar va guruhlar
1Q spektroskopiyasi tahlillari tomonidan tekshirildi.

Tadgigot metodologiyasi (Research Methodology). Bu laboratoriya ishlari
Toshkent kimyo-texnologiya ilmiy-tadgigot institutida olib borildi, olingan kimyoviy
moddalar va guruhlar 1Q spektroskopiyasi, tahlillari Toshkent kimyo-texnologiya ilmiy-
tadgiqot institutida aniglandi.Tajriba uchun termometr va ichidan aralashtirgichi bo‘lgan
va bir og‘izli maxsus idishda olib borilgan. 200g polietilen, 20g vosk, 4g kalsiy stearat, 4g
mikrokalsit va 60g gora saja aralashmalari solinib, aralashma doimiy aralashtirilib turildi va
90-100°C haroratda 3.5-4.5 soat davomida mahsulotlar olindi. Hosil bo‘lgan moddalar
aralashmali komponitni Lsb markali exstruderda polietilen mahsulotiga qo‘shimcha sifatida
gora saja go‘shib polimer kompozit olindi. Olingan polimer kompozit Lsb markali
exstruderda granula shakliga keltirildi

Natijalar va muhokama (Results and Discussions). Tahlil natijalari 2 ta namuna
bo‘yicha 1Q spektroskopiyasi o‘tkazildi: 1) Sho‘rtan gaz-kimyo majmuasida ishlab
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chiqgarilgan F-0220S markali polielien 1Q spektroskopiyasi tahlili. 2) Qora saja qo‘shilgan
polimer kompozit materiali 1Q spektroskopiyasi tahlili o‘rganildi.

Tajriba natijasida olingan 2 ta namuna bo‘yicha 1Q-spektroskopik tahlillari
Yaponiyaning SHIMADZU kompaniyasi tomonidan ishlab chigarilgan 1Q- fyure
spektrometrida (400-4000 sm™ diapazonda) amalga oshirildi. 1Q-spektroskopiya usuli F-
0220S markali polietilenni va qora saja go‘shilgan polimer kompozitni o‘zgarishlarni
aniglash va hosil bo‘lgan yangi fuknsional guruhlarni o‘rganish imkonini beradi.1) ShGKM
da F-0220S markali polietilen misolida ko‘ramiz (1-rasm).
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1-rasm. F-0220S markali polietilenni 1Q — spektrlari
1-rasmda F-0220S markali polietilenning 1Q-spektri. Analizlaridan kelib chigib 2914
sm-1 (-CH2-) guruhining CH sohada cho‘zuvchi tebranish bog‘lari, 2848 sm-1 (-CH-)
guruhlarga mansub chiziglar , 2362 sm-1 sohada (C-H) deformatsiyasining tebranishli
bog‘lar bolishi, 1463 sm-1 sohada Me-CH gurhining mavjudligi, 719 sm-1 sohada CH2
mavjud bo‘lishi o‘rganildi.
2) Qora saja qo‘shilgan polimer kompozit misolida ko‘ramiz.( 2-rasm)
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2-rasm. Qora saja go‘shilgan polietilenni 1Q — spektrlari

2-rasmda gora saja go*‘shilgan polimer kompozit 1Q-spektri, Analizlari tahlilidan kelib
chigib 2914 sm™ (-CH2-) guruhining CH sohada cho‘zuvchi tebranish bog‘lari, 1780 sm*
sohada (C-H) deformatsiyasining tebranishli bog‘lar bolishi, 1463 sm™ sohada Me-CH
guruhining mavjudligi, 1045 sm™ sohada Si-C guruh mavjudligi, 923sm™* sohada (C-C
yopiq) benzol halga mavjudligi, 719 sm™ sohada CH, mavjud bo‘lishi o*rganildi.

Tahlil natijalari 2 ta namuna bo‘yicha SEM analizlari ham o‘tkazildi: 1) Sho‘rtan gaz-
kimyo majmuasida ishlab chigarilgan F-0220S markali polielien SEM analizi. 2) Qora saja
go‘shilgan polimer kompozit materiali SEM analizi.

1.Sho‘rtan gaz-kimyo majmuasida ishlab chigarilgan F-0220S markali ploietilen

b
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SEM Kko‘rinishidagi tasviri.(Rasm-3)
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3-Rasm F-0220S markali polietilen SEM analizimiz ko‘rinishi.

SEM analizimiz esa Sho‘rtan gaz-kimyo majmuasida ishlab chigarilgan F-0220S

markali polietilen misolida ko‘rishimiz mumkin. Bu yerda elementlar C-93.1%, O-6.6%,
Si-0.2%, Al-0.1% tashkil gilinganini ko‘rsatadi

2. Qora saja qo‘shilgan polimer komozitning SEM tasvirini navbatdagi SEM

analizimiz orqgali ko‘rishimiz mumkin. (Rasm-4).

4-Rasm Qora saja go‘shilgan polimer kompozit materiali SEM analizi

4-rasmda  tasvirlangan. Qora saja qo‘shilgan  polimer kompozitsiyani

tayyorlaganimizda esa C-81.5%, O-15.5%, Zn-0.7%, Ca-0.7% va S-0.5%, Fe-0.4%, Si-

0.3%, Al-0.1, P-0.1% tashkil gilganini ko‘rishimiz mumkin. Bu rasmda rang ko‘proq
ogarganini ko‘rish mumkin.

Xulosa: Polietilen asosida polimer kompozit material olindi. 1Q spektroskopik tahlili
o‘tkazildi. 1Q-spektri tahlilidagi. 1045 sm™ yutilish sohadagi tebranishlar (Si-C) guruhiga
tegishli ekanligi aniglandi. Skanerlangan elektron mikroskopda Sho‘rtan gaz-kimyo
majmuasida ishlab chigarilgan F-0220S markali polietilen va gora saja go‘shilgan polimer
kompozit materiali bo‘yicha morfologik tadgiqot natijalari ko‘rib chigildi. Qora saja
go‘shilgan polimer kompozit materiali qo‘shganimizda sirt qobiglarini butun gismini bir xil
egallaganligini ko‘rdik.
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AnHoTamus. [Tporecc aMHHOBOW OYHMCTKH MIMPOKO HCIIOJIB3YeTCsl B HE(TEra3oBon
MPOMBIIIJIEHHOCTH. B HedTerazonepepabarbiBalomuX OTpacisaX, INe 3aIep>KUBAlOT U
yrrm3upyroT HzS, 00sraHO B coderannu ¢ CO2, 9acTO MCHOIB3YIOT aMHHBI KaK KUK
XeMOCOpOEHT. AMMHOCOCTUHEHHS SBJSIOTCS MPOU3BOAHBIMA aMMHAKa W MOBTOPSIOT
MHOTHE €ro CBOHCTBAa, B YaCTHOCTH, NPH OOpa30BaHUH JOHOPOB-AKIENTOPOB CBs3EH
MOJIEKYJIbI @30Ta MOTYT 3aMEHSTHCS BOJIOPOAOM, HE 00pasysi IPOMEKYTOUHBIX CBS3CH.

B cratbe ommcaHa ycTaHOBKa aMHHOBOW OYHCTKHU MPUPOIHBIX ra3oB or CO2, a
TaKXXe MPOBEACHO CpaBHEHHE APPEKTUBHOCTH JBYX aJCOPOEHTOB — MOHOATAaHOJAMHMHA
MDA n MmetunaustanonamMmuaa M/IDA npu nodasnenuu [13-nunepaszrnna. DTaHOIaMUHBI,
T.e. AMHHOCHHUPTHI SBJSIOTCS XUMHYECKHMMH COEAMHEHUSMH, OONAAIOIIUMU JBYMS
(YHKIIMOHATBHBIMU  TPYMIaMHU: CIUMPTOBOM, IMO3BOJISIIOUIEN aMHHAM JIETKO
pacTBOPATHCS B BOAE, U aMUHOTPYIIION, pearupyromen ¢ KUciabslM ra3oM. M3yden
MIPOLIECC XEMOCOPOLIMM BOJHOIO pacTBOpa aMHUHA MPUPOAHBIX ra30B, a TAKXKE AaJIbHEHIIas
pereHepanysi pacTBOpoB. BO3MOXHOCTE ONTMMHU3ALMM MPOLECCA OCYLIECTBIAETCS MPHU
MOMOIIM METHJIIUATAHOJIAMUHAa U OYAET 3aBHUCETh OT KOHKPETHBIX TEXHOJIOIMUECKHUX
3a1a4. PaccMOTpeHBl TEXHOJOTMYECKHUE BO3MOXHOCTM M IUIIOCHI  HCIIOJIB30BAHHUS
MeTuiaudITaHoaMuaa MJI9A B aMHHOBOM OUHMCTKE MPUPOJTHBIX Ta30B.

KiroueBble  c¢ji0Ba: 3TaHOJAMUH, MOHOASTaHOJAMHMH, METHJIIUITAHOIAMUH,
MUIIepa3uH, pereHepanms, OuncTKa ra3a, XeMocopOL s, aMUHOCIIUPT, aKTUBATOP.

ACHIEVEMENT OF HIGH SELECTIVITY IN AMINE PURIFICATION OF
NATURAL GASES

Abstract: The amine refining process is widely used in the oil and gas industry. In
the oil and gas refining industries, where H2S is retained and utilized, usually in
combination with CO2, amines are often used as a liquid chemisorbent. Amino compounds
are derivatives of ammonia and repeat many of its properties, in particular, during the
formation of donor-acceptor bonds, nitrogen molecules can be replaced by hydrogen
without forming intermediate bonds.

The article describes an installation for amine purification of natural gases from CO,
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and also compares the effectiveness of two adsorbents — monoethanolamine MEA and
methyldiethanolamine MDEA with the addition of PZ-piperazine. Ethanolamines, i.e.
Amino alcohols are chemical compounds that have two functional groups: an alcohol group,
which allows amines to easily dissolve in water, and an amino group, which reacts with acid
gas. The process of chemisorption of an aqueous solution of amine from natural gases, as
well as further regeneration of solutions, has been studied. The possibility of process
optimization is carried out using methyldiethanolamine and will depend on specific
technological tasks. The technological possibilities and advantages of using
methyldiethanolamine MDEA in the amine purification of natural gases are considered.

Key words: ethanolamine, monoethanolamine, methyldiethanolamine, piperazine,
regeneration, gas purification, chemisorption, amino alcohol, activator.

BBenenne. AMUHHas OYMCTKA Hallla IUPOKOE HCIOJBL30BaHHWE B HEPTETa30BOM
cexktope. BoaHblii pacTBOp STaHOJAaMUHA MO3BOJIAET OYMILATH ra3 OT CEPOBOAOPOJA,
VIJIEKUCHIBIX Ta30B, YaCTUYHO - OT MeEpKamnTaHa W MPOYUX COeAMHEHUM cepol. B
3aBUCHMOCTH OT TEXHOJIOTMYECKMX 3aJ]a4, MOXKHO HCIOJNb30BaTh Pa3IMYHbIC
sTaHOJIaMUHBL. OCHOBHBIM TIPOLIECCOM OYHMIIEHUS SBISETCSA XEMOCOPOLHMsS BOJHOTO
pacTBopa aMUHa OT KHCJIBIX KOMIIOHEHTOB rasa U MOCIeIyIolIas pereHepamus pacTBOpOB.
Bor mostoMy onHa W3 TJIaBHBIX 3a7a4 COBEPIICHCTBOBAHUSI TEXHOJOTHUU - 3TO TOMCK
AMUHHBIX BEIIECTB C HAMITYUIIIMM Ka4e€CTBOM.

B 3aBucuMocCTH OT HHAMBUAYATBLHOTO XapaKTepa JIETKOTO YII€BOAOPOIHOTO CHIPhS U
CMHTE€3a ra3a M MEpPKaNTAaHOBBIX COEIWHEHUH, MOXeT OBbITh HUCHOJIb30BaH
MOHO3TaHOJMaMUH MDA, wMertungudTanosamuH MJIDA, aumostanomamun (DA,
auraukoasamuH JII'A npyrue amuns [1].

HecmoTpst Ha Xopomnii ypoBEeHb 3axBaTa, TaKHME YCTAHOBKHM HMEIOT MHOYECTBO
HEJOCTaTKOB, B TOM YHCIIE CEJIEKTUBHOCTh OYHCTKH Ta3a, HeoO0Xoaumas yacTas
pereHepammsi WM [epe3apsjaka  ancopOeHTa,  M30BITOYHOE  [MHEBMATHYECKOE
CONPOTUBIIEHNE, HU3KHE CKOPOCTH HEUTpamu3allil M OTrPAaHUYEHUE TeMIepaTypbl
ouutieHHoro noroka B 30°C.

Metoposorusi McciaeA0BaHusl. BpIIensoT NEpBUYHBIE W BTOPUYHBIE AMMHBI,
OTJIMYAIOIIIMECS TT0 KOJIMYECTBY YTIEPOIHBIX aTOMOB, KOTOPBIE CBSI3aHBI C @30THBIM aTOMOM
B amuHorpymme. B Ttabnume 1 mpuBeaeHa cTpyKTypHas Qopmyla MPUMEHSIEMbIX B
MIPOMBIIIIJICHHOCTH aMHHOB.

Tabnuya 1
IIpoMbIlILJIEHHBIE AMHUHOCOETHHEHNUS
Ne HaumenoBanmue Tun Dopmyaa
aAaMHUHOCOEIUHEeHHU I AMHHOCOEIUHEeHHN AMHHOCOEIUHEeHU
1 MoHo3TaHOTaMUH [MepBuuHBI HO-CH>—CHz—
MDA NH:
2 Justanonamud DA Bropuunblii (HO-CH2-CHy)»—
NH
3 MeTunausTaHoIaMUH TperuuHbIit CH3—N(C:H4sOH):
MDA
4 IMunepaszun 13 BTopuunsrit H
N
N
H

B mpomecce ouuctku raza or CO2 BomHbIM pacTBOpoM MDA mpoTekaer
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HECKOJIBKO  TJIaBHBIX  peakluid.  YTIeKuciora TMpH  HEMNOCPEeICTBEHHOM
B3aumojelicTBu ¢ MDA oOpasyer kapObamun [2], KOTOpwIii HE OYCHb
pereHepupyercs, a TakKe sIBJISIETCS IPOMOYTEPOM KOPPO3UU:
1) 2RNH, + CO, — RNHCOORNH;
R — C,H,OH

B Boaubix pactBopax mpotekaer peakuus CO2, H2O, MDA c obGpa3zoBanuem
O6ukapOoHaTa, KOTOPBIN OYEHB JIETKO PEreHepUpyeTcs:

2) RNH2 + H20 + CO2 «+» RNH3HCO3

O6e peakuuu sBISIFOTCS 00paTUMbIMU. C JIEBOM CTOPOHBI IPOUCXOAUT a0COPOIHS U
BbIIeTsieTcs Teriora. CKopocTh abcopOumu Ooliee BBICOKA MPH HU3KUX TEMIlepaTypax u
BBICOKOM JaBieHuu. CrpaBa HaleBO IMPOTEKAET OecOopOLMs M IOTJIOIMIAeTCs TeIIoTa.
CkopocTb mporecca IecopOLMU BBIIIE TPU BBICOKHX TEMIIEpaTypax M IPH HU3KOM
naBieHud. braronaps tomy, uto MJIDA - TpeTW4HBI aMHH, peaklus Ha ypaBHeHHe |
HEBO3MOXKHA sl Hero. TakuM o0pazoMm, CKOpOCTh abCcopOLMM YIIEKUCIIOTO ras3a B
pactBope MJIDA 3HauuTenpbHO HMXKE, 4yeM B pactBope MOA. Jlig mnoBblieHUs
abcopOumonHoil crnocodHocTn MJIDA NPUMEHSIOTCS TaKk Ha3bIBAEMbIE «AKTHBATOPBI»
abcopOIui.

AKTHUBAaTOPOM MOKET OBITh IEPBUYHBIN 1 BTOPHYHBIN aMUH. OTHUM U3 aKTUBATOPOB,
KOTOpbIE MPHUMEHSIIOTCS B IMPOMBIIIIEHHOCTH, sBisercs nunepasun [13. JloGaBnenue
numnepasuHa B pactBop MJIDA pe3ko ynyumiaer u noBslaeT ckopocts abcopOuuu COx.

Kak u Bce nmepBHUHbIE U BTOPUYHBIE AMHUHBI, TUTIEPA3UH MOXKET MPSMO pearupoBaTh
Ha CO2 (peakuus 1), a Takke yaydiiaTh paCTBOPUMOCTH YIJIEKUCIIOTO Ta3a B BOJE U, TEM
cambIM, YBENTMYHMBATh U yoydllaTh peakuuto camoro M/IDA (peakuus 2). OgHako, 5TOT
MEXaHU3M a0COpOIUK YIJIEKUCIIOTO Ta3a JIOBOJBHO CJIOXHBIH, OCOOCHHO B CMeCsX
aMuHOCOeIMHEHUH. M3BECTHO HECKOIBbKO MOJIENeH, KOTOPbIE IMO3BOJISIIOT OMPEACIUTh
MPOIIECC AaMHHOBOM OYMCTKH [3-4].

B HayuHoli paboTe ObUIO M3y4E€HO BIMSHUE LIUPKYJIALUU pacTBOpa aMHHa,
TaBiieHus B abcopOepe, TemIepaTyphl ra3a 1 aMiHa Ha KaueCTBO OYHMCTKH Ta3a, a TaKkKe
BIUSTHUE [IUPKYISIMHA BOABI Ha MTOTEPU aMUHA TPU UCTIApEHUH.

PesyabTaTsl M o0cy:xkaenue. OIHUM U3 BaKHEHIIMX (DAKTOPOB, OMpPEENISIFOIINX
Ka4yecTBO OYUCTKH Ta3a, sBJIETCS MUPKYJIALUs pacTBopa aMmuHa. Ha pucynke 1 nokaszana
3aBUCUMOCTh KoimdecTBa CO2 B YHCTHIX ra3ax OT HUPKYJSIMH pacTBopa amMmuHa. Pacxon
pacTBopa aMuHa NOAOUpAaeTcss B 3aBHCUMOCTH OT CTA0MJIBHOCTH OYHMCTKM Ta3oB M
HACBHIIIEHHOCTH aMUHA YTTIEKUCIIBIMU Ta3amu. Kak BUIHO Ha TpaduKe, CTENeHb OUUIIEHUS
ra3a CTaHOBUTCS MOYTH HEMPEPHIBHOM ISl KAXKIOTO aMHHA MPH CKOPOCTH IHHUPKYISIINH
6onee 250 1/u.

Haceimenne Mmonostanonamuaa (MDA) npu AaHHOW HUPKyIsiuu coctasisier 0,32
MOJIb/MOJIb, a MeTtuiaaudTanonamuaa (MJIDA) - 0,16 mons/mMonb. Ius MDA MOXHO
MCIO0JIb30BaTh MEHBIIYIO IMPKYJIALINIO, TOCKOJIbKY Yy HETO €CTh 3arac HachleHus. Jlanee,
Ul HarJIIAHOCTH, TNPHUBOJATCS TpapuKHd NpPHU OAMHAKOBOM CKOPOCTH IUPKYISLUU
aMUHOBBIX pacTBOPOB B 252 T/4.
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Puc. 1. 3aBUCHMMOCTD CTEIICHH OYHCTKHU r'a3a OT HUPKYJIAIAU paCTBOPOB aMUHOB B CUCTEME
OT Temneparypbl 3aBUCUT CKOPOCTh ¥ IIyOMHa aOCOPOIMH YIIIEKHCIIOTo Ta3a,
103ToMY 3G (HEKTUBHOCTh OYUCTKH OYZET 3aBUCETh OT TEMIIEPaTyphl pacTBOpa aMHHA

HCXOOHOI'O rasa.

Ha pucynkax 2 u 3 moka3aHbl 3aBUCHMOCTH CTEIIEHH OYHUCTKH OT TEMIEPaTyphl
HCXOJHBIX ra30B U pacTBopa amuHa Uit MOA u M/IDA c I13. lng MDA nydias ouucTka
CO2 0.86 ppm gocturaercst Mpu 0JAMHAKOBOI TemmepaType rasa u pacrsopa B 40°C. s
MDA c 113 ontumanbHas Temmneparypa rasza - 36°C, a qis amuna — 40 °C. B naHHoMm
cirydae conepkanue CO2 B OUHMIIIEHHOM ra3e cocTasisieT 2,32 ppm.
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Puc. 2. 3aBUCHUMOCTb CTENEHH OYUCTKH I'a3a OT TEMIIEPATyphl HCXOAHOTO Ta3a U TEMIIEPATyphI
pacTBOpa MOHOSTaHOJIAMHUHA.
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Puc. 3. 3aBHCUMOCTD CTENIEHH OYUCTKH ra3a OT TEMIIEPATYPbl HCXOHOTO ra3a U TeMIepaTyphbl
pacTBOpa MOHOAMITAHOJIAMHHA C ITHIIEPAa3UHOM.

B kauectBe abcopOeHTa MCIOIB30BaH BOJAHBIN pacTBOp MDA B kommuectBe 30%
obmieit maccel. B Tabnuie 2 mpuBeneHbl pe3yNbTaThl U3MEPEHUN, a TaKKe OCHOBHBIE
napaMmeTpsl Impolecca.

Tabnuya 2

HasBanue IIpumep 1 | IIpumep 2 | Ilpumep 3 | Ilpumep 4 | IIpumep 5 | IIpumep 6 | TIpumep 7
oKa3areJist MDA MJIDA/ MDA/ | MDA/ | MDA/ | MIIDA/ | MDA

(ipom) M3A M3A MDBA M3A TOA (mporotum)

(;1a6) (;1a6) (ipom) (;1ab) (anasor)

JlaBienwue 1,5 7,0 40 15 0,6 50,1 1,9
OUHII[AEMOT0
rasa, Kkre/cm?
Konrenrparus | 42 42/9 36/12 30/16 24/19 40/10 30
KOMITOHEHTOB B
BOJTHOM
pactBope
abcopOetHa, %
Mmacc.
OTHOLIEHUH - 4.8 3,1 2,1 1,4 - -
MacCOBBIX
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KOHLEHTpalui
MJIDA/MBA
Conepxanue 0,62 0,59 0,58 0,62 0,63 0,11 0,63
B OUHIIAEMOM
rase, % 00.
-HoS

Cognepxanue 1,11 11 1,15 1,11 1,21 3,2 1,13
B OYHIITACMOM
rase, % 00.
-CO2
Conepxanue 0,0026 0,00039 0,00040 | 0,00043 | 0,00039 | 0,0006 0,0003
B OYHIIICHHOM
rase, % 00.-
H,S
ConepxaHue 0,94 0,74 0,69 0,63 0,56 2,71 0,19
B OUHMIICHHOM
rase, % 00.-
CO;
Conepxanue 38 59 6,0 6,5 5,6 7,8 3,1
B OUHMIICHHOM
rase, Mr/m°-
H,S
IIpockok CO, | 83,9 66,5 59,2 56,0 45,6 84,5 16,0
OYHNIICHHBIM
rasoM
(cenekTHB-
HOCTB) %
Copneprxanne 75,6 61,6 54,9 55,6 48,5 18,1 39,6
H>S B kucinom
rase, % 00.

Kak BumHo u3 Ttabmuuel 2, B mpumepe 1 pacTBop MJZIDA wuMeer Xopollyro
CEJIEKTUBHOCTB 10 CPABHEHMIO C HzS HO o0J1a1aeT HU3KOM a0COpPOIIMOHHOM cnoco6Hocmo
TI0 CEPOBOIOPOJLY, a TAKIKE He TO3BOIAET OYUCTHTH Ta3 ¢ HU3KUM JaBieHneM 1,9 krc/cm?,
Z[ona OCTaTOYHOTO KOJIMYECTBA CEPOBOAOPOJOB B OYMILEHHOM rase He npesbimaer 7,0
mr/m®. B mpumepax 2-5, B ciTyuae NpUMEHEHHS Coco0a T OYMCTKH HI3KOHATIOPHOTO Ta3a
H2S 1 CO2, 9yTo0BI 00ecnieunTh U MoAIepKaTh CTENEHb OYUCTKH Ta30B He Oonee 7,0 mr/me
H2S npu noHmxeHuum naBieHus, HEOOXOJMMO YBEJIWYMTh cojepxkaHue MDA Ha
abcopbenTe MmakcumyM 110 19% obmeit Maccsl. C yBennuenueM MDA Oonee 19% obuieit
MacChl, CEJIEKTUBHOCTh CMECHOTO abcopOeHTa cepoBOIOpOia YMEHbInaeTcs. B nmpumepe 6
OUYHUCTKY ra3a MOKHO MPOBOJUTH TOJIBKO MPH BBICOKOM JaBIEHMM OKOJIO 51 krc/cMmz, a
Takke TONBKO TIpH ypoBHe 7,8 mr/cm®. B mpumepe 7 pacTBop MDA HMeeT XOpOIIyio
a0COpOLIMOHHYIO CTOCOOHOCTh B OTHOLLICHUU HzS 1 CO2 1 ciocoOCTBYET OUUCTKE I'a3a Mpu
HU3KOM AaBnenun 1,9 krc/cm? o 3,1 mr/m®, mpu 5TOM HMeeT HM3KYIO CeleKTHBHOCTh
cepoBozopoaa [5].

3akiouenue. [103ToMy KOMIUIEKC TOJE3HBIX CBOMCTB  3asiBIEHHOrO crioco0a
OUUIIIEHUS (CEJIEKTUBHOCTh CEPOBOJIOPO/IA, BHICOKHI YPOBEHb OUMCTKH ra30B IIPU HU3KUX
JaBJICHUSX, HU3KUH YpPOBEHb KOPPO3UH 000pYyI0BaHUS U TPYOOIIPOBOIOB M CPABHUTEIHHO
HU3KHE PACXOJIbl Ha IKCIUTyaTallMio0) JeJaeT 3TOT METOJ B HEKOTOPBIX CIy4asiX CaMbIM
IIPUEMJIEMBIM B TEXHUYECKOM M 3KOHOMHUYECKOM IUIAHE.

Crioco® ouuIeHus: ra3a OT KUCJIOTHBIX KOMIIOHEHTOB, B TOM YHCJIE€ pPacTBOPOM
aJIKaJION/I0B, B KOTOPOM MPUCYTCTBYIOT MOJUCYIb(PUIbI, CTAOMIN3UPOBAHHBIE IEIOYHON
KHCIIOTOM, OTJIMYaeTcs TeM, YTO JUId KOHTAaKTa II0/al0T BOJAHBI pacTBOp CMeCU
MOHOASTaHOJaMHHA C METUJIEHAMATAHOJAMUHOM IIPH  CIEAYIOLIUX COOTHOLIEHMSX
KOMIIOHEHTOB: MOHO3TaHOJMamMuH - 9-19%, wmertmnaustaHoimamuiH - 24-42%, Bojma -
OCTaJbHOE.
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Annotatsiya. Ishning magsadi Sho‘rtan gaz-kimyo majmuasida tabiiy gazlarni
kislotali qo°‘shimchalardan tozalashda ishlatilgan dietanolaminning aromatik karbon
kislotalari, ularning angidridlari va galogenangidridlari bilan reaksiyalarini o‘rganish
hamda olingan birikmalarning kimyoviy tuzilishini zamonaviy spektroskopiya usullari
yordamida tasdiglashdan iborat. Dietanolamin va uning hosilalarining xalq xo‘jaligi va
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tibbiyotda ishlatilishiga oid ma’lumotlar adabiyotlarda ko‘plab yoritilgan, lekin
dietanolaminnig benzoy kislota xlorangidridi, benzilxlorid va benzoy kislotasi bilan olib
borilgan reaksiyalari to‘g‘risida ma’lumotlar juda kamligi sababli dietanolaminning benzoy
kislota xlorangidridi, benzilxlorid va benzoy kislotasi bilan reaksiyalari olib borildi va
natijalari olindi. Dietanolaminning benzilxlorid bilan reaksiyasi uchun sharoit tanlab
olingan va toza holdagi N-benzildietanolamin ajratib olingan. N-benzildietanolaminning
benzoy kislotasi bilan eterifikatsiya reaksiyasi sulfat kislota ishtirokida olib borilgan va
tegishli efir sintez gilingan. Olingan birikmalarning tuzilishi zamonaviy 1Q-, YAMR-'H
hamda YAMR-13C spektroskopiya usullari yordamida tasdiglangan.

Kalit so‘zlar: dietanolamin, karbon kislota, amidlash, benzoy kislota xlorangidridi,
xromatografiya, erituvchilar sistemasi, spektroskopiya.

Abstract. The purpose of the work is to study the reactions of diethanolamine, used
in the purification of natural gases from acid additives of the Shurtan gas chemical complex,
with aromatic carboxylic acids, their anhydrides and acid halides, and to confirm the
chemical structure of the resulting compounds using modern spectroscopy methods.
Information on the use of diethanolamine and its derivatives in agriculture and medicine is
widely covered in the literature, but due to the lack of information on the reactions of
diethanolamine with benzoic acid chloride, benzyl chloride and benzoic acid, the reactions
of diethanolamine with benzoic acid are not known. Acid chloride, benzyl chloride and
benzoic acid and the results were obtained. The conditions for the reaction of
diethanolamine with benzyl chloride were selected and pure N-benzyldiethanolamine was
isolated. The esterification reaction of N-benzyldiethanolamine with benzoic acid was
carried out in the presence of sulfuric acid and the corresponding ester was synthesized. The
structure of the obtained compounds was confirmed by modern methods of IR spectroscopy,
NMR-tH and NMR-3C

Key words: diethanolamine, carbonic acid, amidation, benzoic acid chloride,
chromatography, solvent system, spectroscopy.

Kirish. (Introduction). Dietanolamin va uning hosilalarining xalq xo‘jaligi va
tibbiyotda ishlatilishiga oid ma’lumotlar adabiyotlarda ko‘plab yoritilgan. Masalan
dietanolamin hosilalarining tibbiyotda turli kasalliklarga [1], parfyumeriyada [2], organik
sintezda [3] ishlatilishiga oid ma’lumotlar keltirib o‘tilgan.

Dietanolaminning kimyoviy xossalarini o‘rganishga bag‘ishlangan bir gator ilmiy
izlanishlar mavjud, jumladan, dietanolaminning ftal kislotasi dimetil efiri bilan reaksiyalari
o‘rganilib tegishli oligomerlar sintez gilingan [4], shuningdek, professor Maxsumov A.G.
shogirdlari bilan alifatik kislotalalarning propargil efirlarini chumoli aldegidi va
dietanolamin bilan amidoalkillash reaksiyalarini o‘rganishgan [5]. Lekin ushbu ishlarda
asosiy magsad oligomerlar yoki amidoalkil mahsulotlar olishga qaratilgan bo‘lib,
dietanolaminning karbon kislotalar, ularning angidridlari yoki xlorangidridlari bilan
bevosita reaksiyalari o‘rganilmagan.

Bugungi kunda respublikamizning gazni gayta ishlash sanoatining Kkatta
korxonalaridan biri Sho‘rtan gaz-kimyo majmuasida (SHGKM) tabiiy gazlarni kislotali
go‘shimchalardan tozalashda dietanolamin ishlatiladi va ushbu aralashmani tozalash,
regeneratsiya qilish va qayta ishlatish talab etiladi. Ushbu aralashmani kislotali
go‘shimchalardan tozalashga bag‘ishlangan ishlar organik kimyo kafedrasi va SHGKM
izlanuvchilari bilan birgalikda olib borilmogda hamda salmoqli natijalarga erishishga
muvaffaq bo‘lindi.

Shuning uchun ushbu ishning magsadi Sho‘rtan gaz-kimyo majmuasida tabiiy
gazlarni kislotali go‘shimchalardan tozalashda ishlatilgan dietanolaminning aromatik
karbon kislotalari, ularning angidridlari va galogenangidridlari bilan reaksiyalarini
o‘rganish hamda olingan birikmalarning kimyoviy tuzilishi zamonaviy spektroskopiya
usullari yordamida tasdiglashdan iborat.
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Ta’kidlab o‘tilganidek, dietanolamin ikkilamchi amin va diol xossasini namoyon
gilganligi sababli, u yuqorida keltirilgan moddalar bilan ham amin, ham spirt sifatida
reaksiyaga kirishishi mumkin.

Karbon kislotalarga nisbatan ularning galogenangidridlari atsillovchi vositalar
sifatida reaksion gobiliyati yuqgori bo‘lgan birikmalar hisoblanadi. Xlorangidridlar bilan
reaksiyalarni olib borishning o‘ziga xos tomoni shundaki, reaksion aralashmani doimiy
ravishda sovitib turish kerak, shu bilan bir gatorda reaksiya davomida ajralib chigadigan
HCI ni neytrallash zarur bo‘ladi. Shu sababli benzoy kislota xlorangidridi bilan reaksiyalar
ikki xil sharoitda o‘rganildi.

Tadgigot metodologiyasi (Research Methodology). Dastlabki tajribalarda
erituvchi sifatida atsetondan foydalanilgan holda reaksiyalar potash ishtirokida olib borildi.
Buning uchun dietanolamin va potashga atseton go‘shib olindi va reaksion kolbani muzli
suv bilan sovitib turgan holda tomizgich voronka orgali benzoilxlorid 30 minut tomchilatib
go‘shib borildi. Bu jarayonda reaksiyaning dastlabki bosgichida kislota amidi hosil
bo“lishini hisobga olgan holda reaksiya tenglamasini quyidagicha ifodalash mumkin:

T

C\ ,CH2*CH2*OH
C—qi CH,—CH,—OH K,COs3, (CH3)CO N\CHZ—CHz— OH
+HN-cy,—cH,-OH -HCl

Reaksion kolba gizishdan to‘xtagach hosil bo‘lgan reaksion aralashma doimiy
aralashtirib turiloan holda, vana 50-55 °C da 3 soat davomida gizdirildi. Ushbu jaravonda
hosil bo‘lgan reaksion aralashma dastlabki reaksion aralashmadan fara ailib och sarg‘ish
rangoa ega bo‘ldi. Bu jarayonda reaksiya davom etib ikkita aidroksil guruhning xlorangidrid
bilan reaksiyasidan murakkab efir hosil bo‘lganini ko‘rish mumkin.

? ?

C. CH,—CH,—OH C—gy C.. CH,—CH,—O—C—=0
©/ N-CH,~CH,~OH s ©/ K»COs, (CH;)CO ©/ N- CH,—CH,~O—C—0
HCl E

Hosil bo‘lgan reaksion aralashmadan atseton haydab olingach quyug moysimon
massa hosil bo‘ldi. Olingan aralashma xloroformda eritildi va suv bilan yuvildi, bunda
reaksion aralashmada bo‘lgan noorganik moddalardan tozalanadi. Qolgan aralashmadan
xloroform rotorli bug‘latkich yordamida uchirildi va qolgan goldig quritildi. Olingan
moddaning tozaligini tekshirish uchun yupga gatlam xromatografiyasidan foydalanildi:
sistema xloroform: metanol 8:1 R¢=0.9.
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1-rasm N-benzoiIdietanolamiaa’ﬁ;enzoatning YAMR 'H spektri
Keyingi tajribalarimizda benzoil xloridning dietanolamin bilan reaksiyasini
trietilamin ishtirokida o‘rgandik. Bunda dastlab benzoilxloridga sovitilgan holatda

e
107




QarDU xabarlari KIMYO 2024 (1) 2

trietilamin go‘shildi:

? ?

C\ +
c1 CHYCO CN(CHS)s
+ (C,Hs5)3N W’ CIr

Reaksiya natijasida oq rangli benzoilxloridning kompleks birikmasi hosil qilib
olindi. Olingan kompleks birikma bir sutka davomida sovitkichda saglandi va keyin
dietanolamin bilan reaksiyasi olib borildi. Xlorangidridlarning trietilamin yoki boshga
aminlar bilan reaksiyalarini o‘rganish shuni ko‘rsatadiki, xlorangidridlarning o‘ziga
nisbatan ular hosil gilgan komplekslar bilan reaksiya o‘tkazish ancha qulay.

? . Q o T
C—N(C,H5); o C. CHa=CHy=0-C=0
3 cr HN/CHZ CH,—OH (CH3CO CH,~CH,~0O-C=0
PN cH,-cH,-0oH é

Olingan kompleksning trietilamin bilan 3:1 mol nisbatlaridagi reaksiyasi
atsetonning gaynash haroratida 5 soat davomida olib borildi. Reaksiya natijasida yuqoridagi
tajribada olingan birikmaga o‘xshash yog‘simon birikma hosil bo‘Idi.

Keyingi tajribalarimiz dietanolaminni azot atomiga alkillash reaksiyalarini
o‘rganishga bag‘ishlangan. Umuman olganda, N-alkildietanolaminni turli kislotalar va
kislota hosilalari bilan atsillash orgali yangi birikmalar olish mumkin. Azot atomini benzil
guruhi bilan himoyalash va olingan N-benzil hosilalarning turli reaksiyalarini olib borish
sintetik amaliyotda keng go‘llaniladi, benzil himoya guruhini olib tashlash uchun suyugq
ammiak erituvchisida gidrogenlashdan foydalanish mumkin.

Dietanolaminning benzilxlorid bilan reaksiyalari dastlab dimetilformamid
erituvchisida olib borildi, jarayon 100-110°C haroratda olib borilganligi sababli reaksion
aralashmada N-benzilhosilalar bilan bir gatorda O-benzilhosilalar ham hosil bo‘lishi
kuzatildi. Shu sababli keyingi tajribalarni atseton erituvchisida magnitli aralashtirgichda
olib borildi. Har ikkala tajribada ham reaksiya natijasida ajralayotgan vodorod xloridni
neytrallash uchun reaksion aralashmaga potash go‘shildi. Birinchi tajribadan farq qilib past
haroratda fagat azot atomi bo‘yicha benzillangan birikma olindi. Reaksiya tenglamasini
quyidagicha |fodalash mumkin:

K,CO; (CHx)zCO

S (o Ho/\/N\/\OH

Natijalar va muhokama (Results and Discussions). Olingan mahsulotni
go‘shimchalardan tozalash magsadida dastlab atseton uchirildi, gqolgan aralashma suv bilan
yuvilib, so‘ngra noorganik moddalardan tozalash magsadida xloroformda ekstraksiya
gilindi. Xloroform uchirilgach quyuq yog‘simon aralashma ajratib olindi va uning tuzilishi
IQ- va PMR-spektroskopiya usullari yordamida o‘rganildi. Olingan birikmaning 1Q-
spektrida quyidagi yutilish minimumlari kuzatildi. Aromatik halgadagi (C-H) bog‘larining
signallari — 3028 sm™, aromatik halgadagi (C-C) bog‘larining signallari — 1125 sm™,
gidroksil guruhga tegishli signallar (O-H) 3310 sm™ hamda uchlamchi aminga tegishli
signallar (C-N) — 2947-2821 sm™ sohalarda kuzatiladi. YAMR *H spektrida (600 MGs,
CHCls, 6, m.d., J/Gs): 7.25-7.30 (5H, m, Ar-H),4.34 (2H, s, HO-CH), 3.69 (2H, s, CH»-
CgHs), 3.64 — 3.54 (4H, m, 2CH>-OH,), 2.69 (4H, t, J = 7.1, 2CH>-N) hamda YAMR 3C

/\/\/\
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spektrida (600 MGs, CHCI3, 6,m.y.,) 138.84, 133.75, 129.46, 129.04, 128.57, 127.39,
77.35,77.14, 76.92, 64.29, 59.73, 59.34, 55.90 sohalarda tegishli signallar kuzatildi.
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Olingan N-benzildietanolaminni atsillash magsadida uning benzoy Kkislotasi bilan
reaksiyalari o‘rganildi. Buning uchun 1 mol benzildietanolaminga 2 mol benzoy kislotasi
go‘shib, sulfat Kislota katalizatorligida olib borildi. Reaksiyadan chigayotgan suvdan
qutulish uchun Din-Stark asbobidan foydalanildi. Reaksiya Din-Stark asbobida suv
yig‘ilishi tugaguncha (3 soat davomida) olib borildi.
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H-SOy, PhH

HO’/“‘\/N\/\‘-OH -+ 2 SHLO
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Reaksion aralashmadan murakkab efir fraksiyasini ajratib olish uchun dastlab
eritmaga ortigcha migdorda natriy karbonati gaz ajralishi tugaguncha go*shildi, bunda sulfat
kislotasi bilan bir gatorda reaksiyaga kirishmay golgan benzoy kislotasi ham neytrallanadi,
so‘ngra olingan aralashma 3 marta benzol eritmasida ekstraksiya gilindi va benzolli gatlam
umumlashtirildi. So‘ngra organik gatlamdan benzol haydab olindi va quyuq moysimon efir
gatlam tozalab olindi. Olingan efirning tozaligi YUQX usulida tekshirildi va kimyoviy
tuzilishi 1Q-spektroskopiya usulida tasdiglandi.
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IQ-spektrida 3310 sm™ sohada gidroksil guruhiga tegishli valent tebranishlar
signallarning yo‘qolganligi birikmaning diefir ekanligini tasdiglaydi, shu bilan bir gatorda
2947-2821 sm sohalardagi kuchsiz intensivlikka ega signallar -CH, -CHz guruhlarining
hamda uchlamchi aminlarga tegishli valent tebranishlari kuzatiladi. Shu bilan birga, 1642
sm sohada karbonil guruhga tegishli intensiv valent tebranish signallarning mavjudligi
birikma tarkibida uchlamchi amin guruhi va murakkab efir guruhlarining mavjudligini
isbotlaydi.

Xulosalar

Olingan natijalardan quyidagi xulosalarni chigarish mumkin: Dietanolaminning
benzilxlorid bilan reaksiyasida N-benzilhosilalar bilan bir gatorda O-benzilhosilalar ham
hosil bo‘lishi kuzatildi.

1. N-benzildietanolaminni atsillashda uning benzoy kislotasi bilan reaksiyalari
kislotali muhitda olib borish samarali ekanligi ko‘rsatildi.

2. Sintez qilib olingan moddalarning kimyoviy tuzilishlari spektroskopiya usullari
asosida isbotlandi.
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Annotatsiya. Ushbu magolada Trichoderma asperellum mikromiset shtammi
ikkilamchi metabolitlaridagi uchuvchan moddalarni aniglash uchun dastlab 24-26°C
haroratda, optimal ozuqa muhitlarida, aylanish tezligi 180 ayl/min chayqatkichda 14 kun
davomida o‘stirildi va 250 ml kultural suyugligi filtrdan o‘tkazilib, biomassasidan ajratib
olindi. Ushbu suyuglikning pH ko‘rsatkichi to‘g‘rilandi va etilasetatda bir necha marta
ekstraksiya qilindi. Olingan massa vakuumli muhitda 40°C da quritildi. Ekstraksiya
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gilingan kultural suyuqglikda mass-spektrli gaz xromatografiyasi (GX-MS) tahlillari olib
borildi. Tadgiqot natijasida turli xossa va xususiyatlarga ega bo‘lgan moddalar borligi
aniglandi. Ulardan ba’zilari, hattoki shu turkum zamburug‘larining antagonistik
xususiyatlarini  oshirishga yordam beradigan moddalar ekanligi ma’lum bo‘ldi.
Trichoderma asperellum kultural suyugligida hosil bo‘lgan ikkilamchi metabolitlarga
mansub uchuvchan moddalar to‘g‘risida ma’lumotlar berildi. GX-MS analizi yordamida
Feniletil spirti, 5-gidroksimetilfurfural, Dehidroasetik kislota, 1-dodekanol, 2,4-
Ditertbutilfenol, Dietilsuberat, n-geksadekanoik kislota, 2-metil-1-geksadekanol, Etil
pentadesil ester ftal kislotasi, 2-monoetilgeksilftalat, 2-monoetilgeksilftalat, Oktadekanoik
kislota uchuvchan metabolitlarining mavjudligi aniglandi.

Kalit so‘zlar. Trichoderma, kultural suyuqlik, ikkilamchi metabolit, mikroorganizm,
antagonist.

SECONDARY METABOLITES OF THE FUNGUS TRICHODERMA
ASPERULLUM

Annotation. In this article, to determine the volatile substances in the secondary
metabolites of the micromycete strain Trichoderma asperullum, it was first grown for 14
days at a temperature of 24-26 °C, in optimal nutrient media, with a rotation speed of 180
rpm and 250 ml of culture liquid was passed through a filter and separated from the biomass.
This liquid was pH adjusted and extracted several times with ethylacetate. The obtained
mass was dried in a vacuum environment at 40 °C gas chromatography analysis with mass
spectrum (GCh-MS) was carried out in the extracted culture liquid. As a result of research,
it was found that there are substances with different properties. Some of them even turned
out to be substances that help to increase the antagonistic properties of this group of fungi.
Information on volatile substances belonging to secondary metabolites formed in the culture
fluid of trichoderma asperellum was given. The presence of volatile metabolites of
phenylethyl alcohol, 5-hydroxymethylfurfural, dihydroacetic acid,1-dodecanol, 2,4-
Ditertbutylphenol, Diethylsuberate, n-hexadecanoic acid, 2-methyl-1-hexadecanol,
Ethylpentadecyl ester phthalic acid , 2-monoethylhexyl phthalate, Octadecanoic acid was
determined using GCh-MS.

Key words. Trichoderma, cultural fluid, secondary metabolite, microorganism,
antagonist.

Kirish. Ko‘plab o‘tkazilgan ilmiy tadgiqotlarga ko‘ra bugungi kunda yer yuzida 1,5
mln. dan ortiq mikroskopik zamburug® turlari targalgan. Biroq taxminan zamburug‘larning
10% o‘rganilgan va ularning 1% ikkilamchi metabolitlarning spektrlari bo‘yicha tadqgiq
etilgan [1]. Ma’lum bo‘lishicha, eng ko‘p miqgdordagi tabiiy mikrobiologik, ikkilamchi
metabolitlar asosida olingan antibiotiklarning 45% i zamburug‘lar tomonidan ishlab
chigariladi. Bunda bazidial makromisetlarning ulushi 11% tashkil qilsa, Penisillium,
Aspergillus,  Trichoderma, Tolypocladium turkumlariga mansub  mikromiset
zamburug‘larning hissasi 33% ga to‘g‘ri keladi. Ushbu avlod mikroorganizm vakillari
tibbiyot va gishloq xo‘jaligida foydalaniladigan metabolitlarning deyarli 99% ni hosil giladi
[2]. Tabiatdagi mikroorganizmlar hosil qiluvchi ikkilamchi metabolitlari qishloq xo‘jaligi
uchun muhim bo‘lib, ularning ayrimlari fitopatogen zamburug‘larga garshi antifungal
xususiyatga ega ekanligi bilan e’tiborga molikdir [3]. Ikkilamchi metabolitlar asosan
mikroorganizmlar va o‘simliklar tomonidan ishlab chiqgariladigan nisbatan past molekulyar
og‘irlikdagi (ko‘p hollarda <3 kDa) kimyoviy xilma-xil tabiiy birikmalardir. Ikkilamchi
metabolitlar birlamchi metabolitlardan ixtisoslashgan yo‘llarda (ya’ni atsetil koferment A
yoki aminokislotalardan olingan poliketidlar yoki mevalonat yo‘llari) biosintez gilinadi va
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ba’zi genlar orqali birlashtiriladi. Ushbu genlarning ekspressiyasi bir yoki bir nechta global
regulyatorlar tomonidan boshqariladi [4]. Ikkilamchi metabolitlar organizmning tirik qolish
funksiyalari bilan bog‘liq bo‘lgan bir gancha biologik faolliklarni, masalan, boshga mikro-
va makroorganizmlarga qgarshi ragobat, simbioz va ion almashinuv kabi xususiyatlarni
namoyon etadi. Zamburug‘larda ikkilamchi metabolitlarni ishlab chigarish ko‘pincha
morfologik dinamikaning o‘ziga xos bosqgichlari bilan o‘zaro bog‘lig bo‘lib, faol o‘sish
bosqichida metabolitlar ko‘payadi va turlari ortib boradi. Ikkilamchi metabolitlar bir nechta
biologik funksiyalarni namoyish etadi va organizmlar o‘rtasidagi o‘zaro ta’sirlarni tartibga
solishda muhim rol o‘ynaydi. Bular — fitotoksinlar (o‘simlik fitopatogen mikroorganizmlari
tomonidan ishlab chiqariladigan ikkilamchi metabolitlar), mikotoksinlar (odam va
hayvonlarda kasallik go‘zg‘atuvchi va o‘limga olib keladigan zamburug*lar hosil giladigan
ikkilamchi metabolitlar), pigmentlar (antioksidant faollik bilan rangli birikmalar hosil
qiluvchi metabolitlar) va antibiotiklar (tabiiy mikrobiologik qarshilik gilishga yoki yo‘q
gilishga godir bo‘lgan ikkilamchi metabolitlar) dir [5].

Mikroorganizmlar orasida Trichoderma turkumi zamburug‘lari bugungi kunda
go‘llanilayotgan kuchli bionazorat vositalardan biridir, chunki ular patogen mikroblarga
garshi turli xil metabolitlar hosil giladi [7]. Bugungi kungacha 75 turdagi Trichoderma
turkumi zamburug‘lari molekulyar genetik jihatdan o‘rganilgan va bu boradagi ishlar
izchillik bilan davom etmoqgda [9]. Trichoderma zamburug‘lari turli xil ekologik
sharoitlarga yugori moslashuvchanligi va yashash tarzining xilma-xilligi bilan askomisetlar
orasida ajralib turadi. Ular tuprogda yashab, saprofitik ravishda daraxtlar po‘stlog‘i,
o‘simliklar ildizlari kabi ko‘plab substratlarda o‘sib, hayvon (ozugaga qo‘shilganda ogsil va
fermentga boy ozuqa manbayi) va o‘simliklarga (o°sish, rivojlanish, mikrobiologik himoya)
ta’sir ko‘rsatadi [10]. Trichoderma tomonidan ishlab chiqgarilgan ikkilamchi
metabolitlarning ba’zilari dori sifatida ahamiyatga ega va bitta birikma (6-pentil-a-piron)
0zig-ovgat aromatizatori sifatida ishlatiladi. 1930-yillarning boshlarida gliotoksin kashf
etilgandan boshlab Trichoderma turkumi zamburug‘laridan metabolitlar ajratib olish va
o‘rganish amalga oshirila boshlandi [12]. Tabiatda keng tarqalgan Trichoderma turkumi
hosil qgiluvchi antibiotik molekulalarining tuzilmalarini hisobga olgan holda ikkita asosiy
turga ajratilgan: 1) past molekulyar og‘irlik va uchuvchan metabolitlar, oddiy aromatik
birikmalar, ba’zi bir poliketidlar, masalan, pironlar va butenolidlar, uchuvchi terpenlar va
izosiyan metabolitlari bo‘lib, ularning barchasi sezilarli darajada bug‘ bosimiga ega bo‘lgan
nisbatan qutbsiz moddalardir; 2) yuqori molekulyar og‘irlikdagi qutbli metabolitlar,
masalan, peptaibollar va diketopiperazin singari gliotoksin va gliovirin birikmalari kabi
o‘zlarining faolliklarini hosil giluvchi metabolitlardir. Bir necha yillar davomida analitik
tadgiqotlar davomida Trichodermadan ko‘plab — 120 dan ortiq ikkilamchi metabolitlar
ajratilgan va ularning strukturalari aniglangan [13]. Biroq Trichoderma asperellum
tomonidan ishlab chigarilgan ikkilamchi metabolitlarning aniq sonini bilish oson ish emas,
chunki ular shtammga, atrof-muhit sharoitlariga va aniqlash usulining sezgirligiga qarab
1000 dan ortiq birikmalar hosil gilishi mumkin. So‘nggi yillarda genetik va genomik
tadqiqotlar natijasida Trichoderma ikkilamchi metabolitlarining biosintetik yo‘llari,
zamburug*® metabolizmi va ekologik o‘zaro bog*liglik jihatlari inobatga olinib, yangi turdagi
metabolitlar hosil qilishi aniqlab borilmoqda [15]. Mazkur mikromiset zamburug
ribosomal bo‘lmagan peptidlar, terpenoidlar, pironlar, indolil birikmalar, peptaibollar,
poliketidlar, sideroforlar, uchuvchi va uchuvchan bo‘lmagan terpenlarni oz ichiga olgan
farmatsevtik va biotexnologik ahamiyatga ega bo‘lgan bir qator ikkilamchi metabolitlarni
ishlab chigaradi [16]. Ulardan biri — steroidal metabolit viridin turli xil Trichoderma sp (T.
koningii, T. viride, T. virens) dan ajratilgan antifungal birikma sanaladi. [20]. Ushbu
antibiotik tabiatli ikkilamchi metabolit Botrytis allii, Colletotrichum lini, Fusarium
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caeruleum, Penicillium expansum, Aspergillus niger va Stachybotrys atra kabi
mikroorganizmlarga kuchli antagonistlikni namoyon giladi [22].

O‘zbekistonda Trichoderma turkumi zamburug‘lari ustida ko‘plab ilmiy ishlar olib
borilgan. Jumladan, Trichoderma turkumi hosil qiluvchi gemisellyulaza, ksilanaza
fermentlarining faolligi [24], T. harzianum-19 zamburug‘i sitofiziologiyasi va siloslashda
go‘llaniladigan “Sellolignorin Px” fermentli preparati [25], fitogormonlar faolligi, ya’ni
gibrellin kislota va indolil uksus kislota sintezlashi [26], kompleks holidagi sellyulaza va
ksilinaza fermentlar faolligi [27], T. harzianum-10 asosida FT-2 duragay shtammi yaratish
[28] ishlari olib borilgan. Lekin mazkur turkum zamburug‘lari hosil giluvchi ikkilamchi
metabolitlar sintezi va faoliyati nisbatan kam o‘rganilgan.

Ushbu adabiyotlar bilan tanishib, Trichoderma turkumi zamburug‘i hosil giluvchi
ikkilamchi uchuvchan metabolitlar va ularning xususiyatlarini o‘rganishni tadgigotimiz
magsadi etib belgiladik.

Tadgigot metodologiyasi. Tabiatdan ajratib olingan [29] Trichoderma asperellum
shtammi agarli Mandelis muhitida (probirkada) 6 kun davomida o‘stirildi va 106-7 spora/ml
konsentratsiyadagi suspenziyasidan ekuv materiali sifatida foydalanildi.

Trichoderma asperellum mikroskopik zamburug‘i o‘zgartirilgan Mandelis [30] (g/1:
KH2PO4 — 1,0; (NH4)2HPO4 — 2,3; MgSOs4 — 0,5; CaCl, — 0,3; saxaroza — 20; (pH 5,5))
ozuqa mubhitida 500 ml hajmli Erlenmeyer kolbalarida 250 ml ozuga muhitida, 180 marta
aylanish/min tezligidagi chayqatgichda (IKA® KS 130 shakers), 24-26°C haroratda 14 kun
davomida o“stirildi va ularning kultural suyugligi biomassasidan filtrlash orqgali ajratildi.

Ajratib olingan kultural suyuglikning pH ko‘rsatkichi 2 n HCI bilan 2-2,2 ga
tenglashtirildi va kultural suyuqlik etilasetatda 3:1 nisbatda ajratish voronkasida 3 marta
ekstraksiya (Tien et al., 1979) qilindi. Suvli gatlam ajratib olindi. Ekstraksion summa
vakuumli sharoitda (rotorniy isparitelda) (Luetal., 2014) 40°C haroratda quritib olindi.

DB-5MS kolonkasi bilan jihozlangan YL 6900 GX / MS (Young In Chromass,
Koreya) (30 m x 0,25 mm ichki diametr, 0,25 mkm plyonkaning qalinligi) yordamida YL
6900 GX/MS gaz xromatografiyasi bilan mass-spektrometrik detektorda noma’lum
uchuvchan moddalar aniqglandi. Pechning harorati - dastlabki - 80°C/3,0 min, isitish tezligi
- 15°C/min dan 250°C gacha, ushlab turish - 3,0 min, Geliy 1,0 ml/min oqim tezligida
tashuvchi gaz sifatida ishlatilgan. Bug‘latuvchi harorati - 280°C, oqim bo‘limi - 1/20, tahlil
vagti - 17 min. ni tashkil qildi. Suyuq namunalar isparitelga 1 mkl hajmdagi mikro shpris
yordamida AOK gilindi. Uzatish liniyasining harorati - 300°C, ionlanish kuchlanishi —70
eV, ion manbaining harorati esa 230°C bo‘ldi. Skanerlash diapazoni — 30-350 a.m.u.
Komponentlar MS kutubxona NIST 2017-dagi mavjud spektral ma’lumotlar bilan
taggoslagandan so‘ng har bir komponentning massa spektrlaridan aniglandi.

Natijalar va muhokama. Trichoderma asosida yaratilgan biopreparatlar
sabzavotchilikda, poliz ekinlarini yetishtirishda, yopiq grunt sharoitida, ya’ni
issigxonalarda, bog‘dorchilikda, uzumchilikda va turli manzarali o‘simliklar va daraxtlarni
yetishtirishda ishlatiladi. Ushbu mikromiset o‘simliklarni fitopatogenlardan himoyalaydi.
Urug‘ning unib chigish quvvatini oshiradi, o‘simlikning o‘sishini kuchaytiradi, moddalar
almashinuvini oshiradi, barg plastinka sathini kengaytiradi, tuproqning strukturasini
yaxshilaydi, g‘ovakligini oshiradi, tuprog hamda o‘simlikka polefunksional ta’sir
mexanizmiga ega samaradorligi yuqori bo‘lgan biologik nazorat agenti hisoblanadi.
Trichoderma turkumiga mansub mikromisetlar bir qator biologik faol moddalarni birlamchi
metabolitlar (fermentlar), ikkilamchi metabolitlar (fitogormonlar) va 100 dan ortiq
antibiotiklarni sintezlaydi hamda biokontrol agenti sifatida dunyo miqyosida foydalaniladi.

Trichoderma turkumiga mansub zamburug‘lar asosida xalgaro olimlar tomonidan
«TopShield» (Niyu-York), «Trichodex» (Izraili), «Sternifag SP», «Trixoderminy,

e
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«Selloviridin V- G20x», «Gliokladiny, «Viridin» (Rossiya), «Fungileks J», «Fekord-2012-
S» (Belarussiya) va boshqga biologik preparatlar yaratilgan.

Ikkilamchi metabolitlaridagi uchuvchan moddalarni aniqlash uchun dastlab
Trichoderma asperellum shtammi 24-26°C haroratda, optimal ozuqa mubhitlarida, aylanish
tezligi 180 ayl/min chaygatkichda 14 kun davomida o‘stirildi va 250 ml kultural suyuqligi
filtrdan o‘tkazilib, biomassasidan ajratib olindi. Ekstraksiya gilingan kultural suyuglikda
mass-spektrli gaz xromatografiyasi (GX-MS) tahlillari olib borildi (1-rasm).
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1-rasm. Trichoderma asperellum zamburug® shtammi kultural ekstrakti GX xromatogrammasi
Xromatogrammaning ba’zi spektrlari yutilish tezligiga qarab GX -MS kutubxona
bazasi bilan solishtirilganda Feniletil spirti, 5-gidroksimetilfurfural, Dehidroasetik Kislota,
1-dodekanol, 2,4-Ditertbutilfenol, Dietilsuberat, n-geksadekanoik kislota, 2-metil-1-
geksadekanol, Etil pentadesil ester ftal kislotasi, 2-monoetilgeksilftalat, 2-

monoetilgeksilftalat, Oktadekanoik kislotaning uchuvchan metabolitlari aniqlandi (1-

jadval).

1-jadval

Trichoderma asperellum zamburug® shtammining kultural ekstraktini GX da olingan spektrlarini MS
kutubxonasidagi baza bilan aniglash

Metabolit nomlari Kimyov Molekulyar Yutuli
H iy formulasi massasi: g/mol sh vaqti

Feniletil spirit CsH100 122,16 6,393
5-gidroksimetilfurfural CeHs03 126.11 7,672
Dehidroasetik kislota CsHgO4 168.14 9,155
1-dodekanol CioHos 186.33 10,09

0 4
2,4-Ditertbutilfenol CiaH2 206.32 10,38

0 8
Dietilsuberat CioH2 230.30 11,00

O4 1
n-geksadekanoik kislota CisH32 256.42 13,76

0, 4
2-metil-1-geksadekanol Ci7Ha3s 256.5 14,00

O] 7
Etilpentadesilester ftal kislotasi CasHao 404.6 14,58

O4 8
2-monoetilgeksilftalat CisHo1 277.33 14,81

0 O4 7
Oktadekanoik kislota CigHss 284.48 15,11

1 0> 8

Trichoderma asperellum zamburug‘ining kultural suyuqligi ekstraksiya qilinib,
uchuvchan moddalar aniglanganda Feniletil spirti moddasi borligi namoyon bo‘ldi. Ushbu
moddaning yutilish tezligi 6,393 minut ekanligi xromatogrammada namoyon bo‘ldi (2-
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rasm). Feniletil spirti tabiatan uchuvchan modda bo‘lsa-da, Trichoderma turkumi
zamburug‘larining antagonistlik qobiliyatini yanada oshirib beradi. Feniletil spirti
tadqiqotlarda keltirilishicha F. incarnatum ni 21.68% dan 74.29% gacha o‘sishini to‘xtata
olgan [31].

5-gidroksimetilfurfural ikkilamchi metaboliti 7,672 minutda yutilish tezligini
namoyon qildi (3-rasm.). Adabiyotlardan ma’lumki, 5-gidroksimetilfurfural shakarli
birikma sanalib, Trichoderma turkumi zamburug‘larining ferment (B-glyukanaza,
sellyulaza) hosil qilishida ishtirok etadi.[32,33.].

Ol m‘ - ‘ o
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2-rasm. Feniletil spirti 3-rasm. 5-gidroksimetilfurfural
Xromatogrammasi Xromatogrammasi

Dehidroasetik kislota GX xromatogrammasida 9,155 minutda yutilish tezligini
ko‘rsatdi (4-rasm). Mazkur modda hozirgi vaqtda meva-sabzavotlarni saglashda,
qadoglashda, kosmetikada ishlatilib kelinmoqda [34].

1-dodekanol moddasining uchuvchanligi nisbatan yugori bo‘lib, xromatogrammada
10,094 minutda yutilish tezligini hosil qildi (5-rasm). Adabiyotlardan ma’lumki 1-
dodekanol tabiatan organik mahsulot bo‘lib yog‘li spirt sanaladi. Mikroorganizm
metabolitlari sifatida Aspergillus niger, Rhizopus oryzae, Aspergillus terreus, Trichoderma
viride, Aspergillus flavus mikromiset zamburug‘lari ham etilasetatda ekstraksiya qilinib,
GX-MS qilinganda metabolitlar tarkibida mavjudligi aniglangan [35].

HC™ 0" "0 L
g 2
IHIHNL i
4-rasm. Dehidroasetik kislota 5-rasm. 1-dodekanol xromatogrammasi
Xromatogrammasi

2,4-Ditertbutilfenolning GX tahlil gilinganda 10,388 minut yutilish tezligini namoyon
qildi (6-rasm). 2,4-Ditertbutilfenol sitotoksiklik, insektisidlik, nematisidlik faolliklarga,
mikroblarga garshi antagonistlik xususiyatlarga ega metabolit sanaladi. [36,37,38]

Trichoderma asperellum ekstraksiyasi ustida olib borilgan tadgiqotlarda Dietilsuberat
GX tahlilda 11,001 minutda yutilish tezligini hosil qildi (7-rasm).

115



QarDU xabarlari KIMYO 2024 (1) 2

bk e

6-rasm. 2,4-Ditertbutilfenol 7-rasm. Dietil suberat
Xromatogrammasi Xromatogrammasi

n-geksadekanoik kislota GX tahlil gilinganda 13,764 minut yutilish tezligini namoyon
qgildi (8-rasm). Adabiyotlarda keltirilishicha, Trichoderma asperellum metabolitining GX-
MS tahlilida n-geksadekanoik kislota (6.17%) borligi aniglangan. Yog* kislotali tarkibdan
iborat ekanligi sababli, antioksidantligi va antibakterial xususiyati ma’lum bo‘lgan [39].

2-metil-1-geksadekanol GX xromatogrammasida 14,007 minut yutilish tezligini hosil
gildi  (9-rasm). Trichoderma ikkilamchi metabolitlari orasida ushbu moddaning
antioksidantligi yuqori [40].

? s
$
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s 8 C lé B
m ‘L_ e LR -
8-rasm. n—geksadekanoik kislota 9-rasm. 2-metil-1-geksadekanol
Xromatogrammasi Xromatogrammasi

Etilpentadesilester ftal kislotasi 14,588 minutda yutilish vaqtini ko‘rsatdi (10-rasm).
Ushbu modda ikkilamchi metabolitlar orasida faol fermentativ va biofaol modda ekanligi
bilan xarakterlidir [41].

Trichoderma asperellum kultural suyuqgligi etilatsetatli ekstraksiya gilinganda 2-
monoetilgeksilftalat uchuvchan metaboliti 14,817 minut yutilish tezligini ko‘rsatdi (11-
rasm). Mazkur modda ham antifungal xususiyatlar uchun faol ishtirok etishi adabiyotlardan
ma’lum [42].

‘ {z]:
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10-rasm. Etilpentadesilester ftal kislotasi 11-rasm. 2-monoetilgeksilftalat
Xromatogrammasi Xromatogrammasi
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Oktadekanoik kislota GX tahlilida 15,118 minut yutilish tezligini namoyon qildi (12-
rasm). Oktadekanoik kislota metaboliti uglevod tarkibli moddalar hosil bo‘lishida ishtirok
etuvchi metabolit hisoblanadi [43].

12-pacm. Oktadekanoik kislota xromatogrammasi

Xulosa va takliflar. Ushbu tadgigot natijalari shuni ko‘rsatdiki, Trichoderma
asperellum mikromiset zamburug‘i yuqgori biologik faollikka ega bo‘lgan ko‘plab muhim
ikkilamchi uchuvchan metabolitlarni hosil qiladi. Mazkur 11 turdagi ikkilamchi
metabolitlar adabiyotlarda keltirilganidek, antifungal, fermentativ, toksiklik, bioaktivlik
xususiyatlarni namoyon giladi. Ko*pgina mikrobiologik kasalliklarni davolash, dori sanoati,
fermentativ ozuqa ishlab chiqarish uchun Trichoderma asperellum zamburug‘ining
metabolitlaridan foydalanishni yo‘lga qo‘yish zarur. Trichoderma turlari tomonidan ishlab
chigarilgan metabolitlarni tozalash va sanoat miqyosida ishlab chiqarish bugungi kunning
muhim foydali tarmoglariga aylanishi mumkin.
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OBTAINING AN ADDUCT CALLED APE-2 BASED ON PENTAERYTHRITOL
AND AMMONIUM PHOSPHORUS STUDYING ITS PHYSICAL AND
CHEMICAL PROPERTIES
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Abstract. An adduct was obtained based on pentaerythritol and ammonium phosphorus based
on local raw materials, and its physicochemical properties were studied. The flow index (SOC) of
the liquid was determined. SOK was determined according to GOST 11645-73 for polyethylene and
polypropylene at temperatures of 190 and 210 °C and a load of 2.16 kg, respectively. GT-MFI-450A
viscometer with capillary length and diameter of 8 and 2.09 millimeters, respectively, was used in
the work. Also, the physicochemical properties of APE-2 adduct obtained on the basis of
pentaerythritol and ammonium phosphorus were studied. Fire-resistant polyethylene aluminum
composite panels based on PA-3 (E and E/2) and PA-4 (F and F/2) fire retardants were analyzed
using SEM.

Key words: Pentaerythritol, ammonium phosphorus, fluidity, pressure, yield, density,
physical, chemical.
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Introduction. The analysis of the influence of the chemical structure of the polymer on the
burning rate shows the relationship between the chemical structure and the flammability [1]. In these
works, it was shown that in polymers such as polyolefins, replacement of hydrocarbon fragments
with condensed aromatic rings and heteroatoms leads to increased fire resistance. Empirical
relationships between Kl and various bonds that are an integral part of the macromolecule are shown.

[2].

The growth in the production of aluminum composite panels in India is boosting the
construction industry today. The Global Aluminum Composite Panels provides a holistic assessment
of the market.

Aluminum composite panels are made of low density polyethylene and different materials
with a thickness of 3 to 6 mm. Aluminum composite panels are inexpensive and lightweight and can
be cut or built into any shape or size. Therefore, they can be ideal for ceiling decoration, paintings
and exterior cladding. Aluminum composite panel has several technical advantages over traditional
materials, it is easy to install, durable, flexible and available in different compositions and colors.

The price of aluminum-plastic composite panels in the market is relatively low. It is not only
related to the materials used to make aluminum-plastic composite panels, but also to the functions
of aluminum-plastic composite panels. The higher the fire resistance rating, the more expensive the
fire resistant wall panels will be. The general fireproof wall panel level is class B1, and this level of
aluminum composite panel is a fireproof material. — ‘

2-3mm non-combustible
mineral-filled core

A
Fig-1- Aluminum-plastic panel fire level: B2 / B3
Materials and methods. Synthesis of APE-2 oligomers. Using a 500 ml beaker, a mixing
bowl, and a thermometer, pure ammonium phosphorus is initially placed in a heat-resistant beaker.
Pentaerythrin is added to the ammonium phosphorus in the beaker and the mixture is heated with
stirring at 1750 C for 1 hour. After that, the mixture is cooled.
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During the reaction, water vapor and hydrogen gas were released. The final product of the
reaction was a light brown viscous polymer substance. Product yield is 84%. The following graph
shows the dependence of the yield of APE-2 adduct formation on temperature and time duration
(Fig. 2). From the graph we can see that the highest operating temperature is reached at 175°C for
1 hour.

product %
100

— 2,5:1

2,021

o 0.5 1 t(hour)

Figure 2. Dependence of APE-2 oligomer yield on reaction time at 175°C.
Experiments also showed that in order to produce APE-2 oligomer with high yield, it is
necessary to obtain an equimolar ratio of monomers according to the table presented in table 1.
Table 1
Dependence of the reaction yield for the preparation of APE-2 oligomers on the molar ratio of the
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initial monomers (175°C, t=1 hour)
Mole ratio of | Yield of the | Average Appearance Density
monomers reaction, % molecular
weight
ammonium phosphorus and pentaerythrin APE-2

35:1 84 960 Light brown | 1,17

25:1 62 800 oligomer 1,10

20:1 56 710 1,05

Figure 3 shows the IK-spectrum of APE-2 antipyrine produced

by the reaction of

ammonium phosphate and pentaerythrin. Asymmetric and symmetric valence vibrations of CH2
groups are shown here in the 2843.07 cm-1 fields. In the absorption region of 3012.81-3217.48 cm-
1, a broad band of valence vibration characteristic of NH4+ can be seen. In the 1440.83-1 absorption
region, a broad band of deformation vibrations characteristic of NH4+ can be seen. Absorption bands
related to valence vibrations of the C-O group are observed in the range of 1558.48 cm-1 of the IR
spectrum. In the absorption region of 1153.16 cm-1, there is a region corresponding to the bound
molecular stretching vibration to which P=0 belongs. The absorption region corresponding to C-O-

P can be seen at 1020.34 cm-1 (Figure 3).

o

a0

4000  asoo 3000

Figure 3. IR spectrum of

::::::

‘Sag

AITE-2

/

Results and discussion. Flow coefficient of the composite obtained on the basis of
polyethylene, ARE-2 and aluminum hydroxide fillers. (GOST 11645-80), SOK 2.16 kg/10

min, 190°C.

Table 2.

Flow coefficient indicators of the composite obtained on the basis of fillers.

Ne | Modification % Flow coefficient of liquids
(SOK)
1 | PE 100 % 2,1
2 | PE 79
Stearic acid 0,5
Dof 0,5
APE-2 10 2,18
Aluminum hydroxide 10
3 | PE 69
Stearic acid 0,5
Dof 0,5 2,14
APE-2 10
Aluminum hydroxide 20
4 | PE 59
Stearic acid 0,5
Dof 0,5 1,82
APE-2 10
Aluminum hydroxide 30
5 | PE 49
Stearic acid 0,5
Dof 0,5 1,52
APE-2 10
Aluminum hydroxide 40
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When we added 10% APE-2 and 10% aluminum hydroxide to polyethylene, the
yield coefficient of the resulting composite increased by 3.8% compared to polyethylene.
When we add 10% APE-2 and 20% aluminum hydroxide to polyethylene, we can see that
the flow coefficient of the resulting composite increases by 1.9% compared to polyethylene.

The elemental composition of PA-1 (A and A/2) and PA-2 (V and V/2) fire
retardants is presented through elemental analysis.

T

Figure 4. Scanning electron microscope and elemental analysis of fire-resistant
polyethylene aluminum composite panels based on PA-1 (A and A/2) and PA-2 (V and V/2) fire
retardants

When studying the results of electron-microscope analyzes of fire-resistant aluminum
composite panels based on PA-3 and PA-4 oligomeric fire retardants, the homogeneous distribution
of various phosphorus, silicon and metal groups on the surface of the composite is characteristic of
the chemical composition of these polymer composites, their particle agglomeration (Fig 4).

Conclusion. APE-2 adduct was obtained on the basis of pentaerythritol and
ammonium phosphorus. When studying its physicochemical properties, it was found that
its various properties, including fluidity, were increased from 1.9 to 3.8%. When studying
the SEM analysis, it was found that the distribution of flame retardants and fillers in fire-
resistant polyethylene aluminum composite panels obtained on the basis of PA-3 (E and
E/2) and PA-4 (F and F/2) fire retardants was found to be uniform.
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Annotatsiya. Mazkur magolada oddiy sachratqining (Cichorium intybus) Toshkent,
Jizzax, Navoiy va Buxoro viloyatlarida tabiiy xomashyo zaxiralari baholangan. Tadgiqotlar
davomida viloyatlar kesimida 10 ta monitoring hududlari ajratilib, ularda zaxira giymatiga
ega maydonlar o‘rtacha 21,25 ga.ni, ya’ni Toshkent viloyatida 17,0 ga, Jizzax viloyatida 2,0
ga, Navoiy viloyatida 0,25 ga va Buxoro viloyatida esa 2,0 ga.ni tashkil gilishi aniglandi.
O°simlikning yillik yig‘ib olish mumkin bo‘lgan hamjlari Toshkent viloyatida 2,02 t., Jizzax
viloyatida 0,14 t., Navoiy viloyatida 0,024 t., va Buxoro viloyatida esa 0,94 tonnani tashkil
giladi. O‘rganilgan hududlarda o‘simlik yerostki gismining o‘rtacha hosildorligi 6,15 kg/ga
ni tashkil qgilib, yillik yig*ib olish mumkin bo‘lgan hajm o‘rtacha 3,12 tonnani tashkil gilishi
aniglangan. Mazkur ko‘rsatkichlar hisob maydonlaridagi o‘simlik individlarining soni va
biometrik ko‘rsatkichlariga (yerostki gismi) nisbiy korrelyatsiyada bo‘lib, bevosita
o‘simlikning 1 ga maydondagi hosildorlik ko‘rsatkichlarida oz aksini topdi.

Kalit so‘zlar: Cichorium intybus, dorivor, Toshkent, Jizzax, Navoiy, Buxoro,
biologik va eksplutatsion zaxira, korrelyatsiya

NATURAL RAW MATERIAL RESOURCES OF CICHORIUM INTYBUS L.
IN UZBEKISTAN

Annotation. This article evaluates the reserves of Cichorium intybus raw materials in
the Tashkent, Jizzakh, Navoi and Bukhara regions. During the research, 10 monitoring
zones were identified by region, in which it was found that the areas with reserve value
average 21.25 hectares, in the Tashkent region 17.0 hectares, in the Jizzakh region 2.0
hectares, in the Navoi region 0.25 hectares and Bukhara region 2.0 hectares.The annual
volume of raw material procurement is 2.02 tons in the Tashkent region, 0.14 tons in the
Jizzakh region, 0.024 tons in the Navoi region and 0.94 tons in the Bukhara region. In the
regions studied, it was found that the average yield of the above-ground part of the plant is
6.15 kg/ha, and the annual harvest volume averages 3.12 tons. These indicators are
correlated with the number of individuals and biometric indicators of plants (underground
part) on the recording sites and are reflected directly in the plant yield indicators on an area
of 1 hectare.
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biological and explatation reserve, correlation

Kirish. So‘nggi vyillarda o‘simliklardan olinadigan dorivor vositalarning
ommaviylashuvi tufayli dorivor o‘simliklarining xomashyosiga talab sezilarli darajada
oshdi. Buning natijasida dorivor o‘simliklarning tabiiy zaxira giymatiga ega bo‘lgan
maydonlarning gisqarishi kuzatilmoqda. Tabiiy dorivor o‘simliklarning resurslari, tabiatda
ajratib olinayotgan yillik hajmlar (kvotalar doirasida) va dorivor o‘simliklarning biologik
va eksplutatsion zaxiralari va eng muhimi, ularning o‘zaro optimal nisbatini aniglash hamda
ragamli ma’lumotlar bazasini shakllantirish davriy ravishda olib borilishi lozim bo‘lgan
tadgiqotlarning asosini tashkil etadi. Bevosita, madaniy o‘simliklarning yovvoyi ajdodlari
(keyingi o‘rinlarda - MO‘YOA) sifatida nafagat madaniy o‘simliklar navlarining
shakllanishida yoki inson yordamida ishtirok giluvchi turlar, balki seleksiya jarayoniga
kiritish uchun yarogli bo‘lgan o‘simliklarni ham o‘z ichiga oladi. Markaziy Osiyo hududi
MO“YOA ning kelib chigish markazlaridan biri hisoblanadi.

Hozirgi kunda O‘zbekiston Respublikasi Fanlar akademiyasi Botanika instituti
O‘simliklar populyatsion biologiyasi va ekologiyasi laboratoriyasining bajarilishi 2021—
2024- yillarga mo‘ljallangan “Madaniy o‘simliklarning O<zbekiston florasidagi alohida
xo‘jalik ahamiyatga ega yovvoyi ajdodlari populyatsiyalarining zamonaviy holatini
baholash va tirik kolleksiyasini yaratish” mavzusidagi davlat dasturi doirasidagi ilmiy-
tadgiqotlar natijalariga ko‘ra, O‘zbekiston florasida MO‘YOA larining 24 oila, 102
turkumga mansub 202 turi mavjud [1].

O<zbekiston florasidagi MO“YOA larining 2% manzarali turlar, 3% vitaminli, 4%
texnik, 9% dorivor, 12% asal-shirali, 22% ozig-ovqgat va 48 % yem-xashak sifatida
foydalaniladigan turlar hisoblanadi. Dorivor vakillari gatorida C. intybus ham keltirilgan
[11, [2]

D.D. Brejnev (1981) ma’lumotlariga ko‘ra, C. intybus dan mahalliy aholi madaniy
salat barglarini olishda, madaniy o‘simliklarning yovvoyi ajdodi sifatida muntazam
foydalanib keladi [3].

Mazkur o‘simlik damlamalaridan bir necha asrlardan beri keng foydalanilib kelinadi.
Xususan, mazkur turdan tinchlantiruvchi, xoleretik, siydik haydovchi, antigelmintik,
yallig‘lanishga garshi, metabolizmni tartibga solishda ham keng foydalaniladi. Shu bilan bir
gatorda, o‘simlik damlamalari ovgat hazm qilishni yaxshilaydi, qonda shakar darajasini
pasaytiradi hamda yurak faoliyatini normallashtiradi. O‘simlik, shuningdek, biriktiruvchi
moddalarga ega va antimikrobial, antiparazitik va aritmik. O‘simlikning damlamasi
ishtahani, ovgat hazm gilishni yaxshilaydi va asab tizimiga tinchlantiruvchi ta’sir ko‘rsatadi

[4].

Oc<simlik ildizidan olinadigan turli preperatlarda 60% gacha inulin, 10-20% fruktoza,
intibin glikozidi (farmatsevtika sanoatida go‘llaniladi), shuningdek, karotin, B (B1, B2, B3)
vitaminlar guruhlari, C vitamini, makro- va mikroelementlar (Na, K, Ca, Mg, P, Fe va
boshgalar), organik kislotalar, taninlar, pektin, ogsil moddalari, smolalar mavjud. Hozirgi
vagtda o‘simlik dunyoning ko‘plab mamlakatlarida mazali ziravor va parhez taom
mahsuloti sifatida ommabop hisoblanadi [5].

Dunyo miqyosida o‘simlikning populyatsion biologiyasi, fitokimyosi va resurslarini
o‘rganishga garatilgan bir gator tadgiqotlar amalga oshirilgan [4], [5], [6].[7].[43].

Yugqorida keltirib o‘tilgan bir gator tadgigotlarga garamay, respublikamizda C. intybus
ning tabiiy resurslarini o‘rganishga garatilgan magsadli tadgiqotlar amalga oshirilmagan.

Yugoridagilarni inobatga olgan holda, mazkur tadgiqot ishida istigbolli dorivor
o‘simlik va shu bilan birga, MO*YOA vakili hisoblangan C. intybus ning tabiiy zaxiralarini
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o‘rganishga garatilgan tadgigotlar amalga oshirildi.

Tadgigotning maqgsadi respublikaning turli ekologik hududlarida C. intybus ning
yerosti fitomassa hosildorlik ko‘rsatkichlarini aniglash orqali, tabiiy maydonlari va
resurslari holatini baholashdan iborat.

Tadgiqgot obyekti. C. intybus — Asteraceae oilasiga mansub, urchugsimon va yo‘g‘on
ildizli ko‘p vyillik o‘simlik. Poyasi tik turuvchi va uzun tuklar bilan goplangan, barglar
garama garshi joylashgan. Gullari ko‘k, pushti va oq rangda, to‘pgullari ichida yoki kalta
savatchalarda joylashgan. Sachratqi mevalari — pardasimon popukli prizmasimon pistacha.
Bitta sachratgi to‘pidan 3-25 ming dona urug‘ olish mumkin. O‘simlikning barcha
organlarida sutlama naylari joylashgan. Sachratqi yozda gullab, yozning oxiridan kuzning
o‘rtalariga gadar mevalaydi [9].

Tadgigot metodlari. Tadgiqotlarda turning resurs ko‘rsatkichlari K.A. Pupinika va
boshqalarning (2019) “Resursovedeniye i stardatizatsiya lekarstvennogo rastitelnogo sirya”
nomli metodik ko‘rsatmasi asosida aniglandi [10]. Bunda, monitoring maydonlari (10x10),
model tuplarning o‘rtacha hosildorligi (ho‘l massaga nisbatan) va hududning o‘rtacha
hosildorlik (qurug massaga nisbhatan 25%) ko‘rsatkichlari, tanlangan hududda 10x10 m2
maydonchalarda takroriy 10 martagacha hisoblash orgali amalga oshirildi. Zaxira giymatiga
ega maydonlarni hisoblashda, monitoring maydonlarining GPS-koordinatalarini Farmis
(One Software App) ilovasi yordamida bog‘lash orgali amalga oshirildi. Turlar yillik yig‘ib
olish mumkin bo‘lgan hajmlariga biometrik ko‘rsatkichlarining korrelyatsiyasi r-Pearson
korrelyatsiyasi bo‘yicha amalga oshirildi. Unga ko‘ra, R?=0,25 dan kam bo‘lsa kuchsiz,
0,25 dan 0,75 gacha o‘rtacha va 0,75 dan yuqori kuchli korrelyatsiyani namoyon qiladi.
Agar R?>0 ga teng bo‘Isa to*g*ri va R?<0 ga teng bo‘Isa teskari korrelyatsiya hamda R?>0,05
ga yaqin ko‘rsatkichlarda bo‘lsa, korrelyatsiya mavjud emasligi inobatga olindi. Olingan
natijalar Past3 va Sigmal5 dasturlarida tahlil gilindi.

Tadgigot hududi. Tadgiqgotlarda o‘simlikning resurs ko‘rsatkichlarini aniglashda,
respublikaning Toshkent viloyati Bo‘stonliq tumani Katta Chimyon hududi G‘alavasoy
massivi, Katta Chimyon hududi Do‘stlik massivi, Burchmullo o‘rmon xo‘jaligi Sijjak
o‘rmon bo‘limi, Jizzax viloyati Forish tumani Kuyovboshi gishlog‘i, Navoiy viloyatining
Konimex-Ko‘kcha-Zarafshon yo‘lining Bazibekqudug va Nurmaxan gishloglari atrofidagi
tekislik mintagalari hamda Tomdi tumani Oqtog* tekisliklari hamda Buxoro viloyati
hududida Oyoggujumdi massivi, Qoraqgir-Shuruq yo‘li, Karakata-Shofirkon yo‘li, Jongeldi-
Qoragir yo‘li va Og‘itma ko‘li atrofidagi maydonlarda hamda hududlaridan monitoring
maydonlari ajratildi (2-rasm).

2-rasm. Tadgiqot hududi
Olingan natijalar. Toshkent viloyatida o‘simlikning sanoq maydonlaridagi
ko‘rsatkichlariga ko‘ra, G‘alavasoy massivi hududida 10x10 maydondagi umumiy individlar soni
48,7+2,37 ta, voyaga yetgan tuplar soni 29,2+1,91 ta, voyaga yetgan tuplardan yig‘ib olish mumkin
bo‘lgan o‘rtacha miqdor 425,9+37,8 gr ni tashkil qilishi aniglandi. Mos ravishda bu ko‘rsatkichlar
Do‘stlik massivi hududida 77,6+1,91 ta, 50,5+£2,08 ta, 4697,9+426,4 gr; Sijjak o‘rmon bo‘limi
hududida 43,3+1,88 ta, 27,3+1,72 ta, 639+49,1 gr ni tashkil qilishi aniglandi (3-rasm).
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Sijjak o‘rmon bo‘limi
3-rasm. Toshkent viloyatida Cichorium intybus ning monitoring maydonlaridagi (10x10=(n=10)
ko‘rsatkichlari
Jizzax viloyatida o‘simlikning sanog maydonlaridagi ko‘rsatkichlariga ko‘ra, Forish
tumani Kuyovboshi gishlog‘i hududida 10x10 maydondagi umumiy individlar soni
40,6+2,58 ta, voyaga yetgan tuplar soni 24,1+1,58 ta, voyaga yetgan tuplardan yig‘ib olish
mumkin bo‘lgan o‘rtacha miqdor 578,3+57,4 gr ni tashkil qilishi aniglandi (4-rasm).
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4-rasm. Jizzax viloyatida Cichorium intybus ning monitoring maydonlai(;agi (10x10=(n=10) ko‘rsitkichlari

Navoiy viloyatida Bazibekqudug va Nurmaxan gishloglari hududidagi sanoq
maydonlari ko‘rsatkichlariga ko‘ra, 10x10 maydondagi umumiy individlar soni 7,5+0,45 ta,
voyaga yetgan tuplar soni 3,8+0,19 ta, model tuplardan yig‘ish mumkin o‘rtacha hajm
6,3£0,42 gr ni tashkil qilib, mos ravishda bu ko‘rsatkichlar Oqtog* tekislari hududida

6,8+0,66 ta; 3,1+0,10 ta; 5,5+0,30 gr ni tashkil gilishi aniglandi (5-rasm).

$i~

Bazibekquduq va Nurmaxan

i
Voyaga yetgan tuplar (dona)
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5-rasm. Navoiy viloyatida Cichorium intybus ning monitoring maydonlaridagi (10x10=(n=10)
ko‘rsatkichlari

Buxoro viloyatida o‘simlikning sanoq maydonlaridagi ko‘rsatkichlariga ko‘ra,
Oyoqgujumdi massivi hududida 10x10 maydondagi umumiy individlar soni 10,6+0,58 ta,
voyaga yetgan tuplar soni 4,7+0,35 ta, model tuplardan yig‘ish mumkin bo‘lgan o‘rtacha
hajm 12,4+0,84 gr ni tashkil qilishi aniglandi. Mos ravishda bu ko‘rsatkichlar Qoragir-
Shurug yo‘li hududida 10,3+0,57 ta; 5,5+0,43 ta; 10,7+0,66 gr; Karakata-Shofirkon yo‘li
hududida 10,4+0,6 ta; 5,8+0,47 ta; 9,9+0,88 gr; Jongeldi-Qoragir yo‘li hududida 9,2+0,41
ta; 5,2+0,47 ta; 8,7+0,76 gr va Og‘itma ko‘li hududida 10,7+0,63 ta; 5,8+0,40 ta; 8,8+0,74
gr ni tashkil gilishi aniglandi (6-rasm).
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Og‘itma ko‘li
6-rasm. Buxoro viloyatida Cichorium intybus ning monitoring maydonlaridagi (10x10=(n=10)
ko‘rsatkichlari

Toshkent viloyatining G‘alavasoy massivi hududida zaxira gqiymatiga ega maydonlar
o‘rtacha 10,0 ga ni tashkil gilib, hosildorlik o‘rtacha 9,68 kg/ga ni, mos ravishda Do‘stlik
massivi hududida 4,0 ga maydonlarda hosildorlik o‘rtacha 18,9 kg/ga va Sijjak o‘rmon
bo‘limi hududida 3,0 ga maydonlarda hosildorlik o‘rtacha 13,9 kg/ga ni tashkil gilishi
aniglandi. Jizzax viloyatining Forish tumani Kuyovboshi gishlog‘i hududida zaxira
giymatiga ega maydonlar o‘rtacha 2,0 ga ni tashkil gilib, hosildorlik o‘rtacha 3,37 kg/ga ni
tashkil gilishi aniglandi. Mazkur ko‘rsatkichlar mos ravishda, Navoiy viloyatida o‘rtacha
0,25 ga zaxira giymatidagi maydonlarda 1,53 kg/ga ni, hamda Buxoro viloyatida esa 2,0
ga zaxira giymatidagi maydonlarda o‘rtacha hosildorlik 3,75 kg/ga ni tashkil gilishi
aniglandi (jadval).

Bevosita, viloyatlardagi monitoring maydonlari kesimida o‘simlikning yillik yig‘ib
olish mumkin bo‘lgan hajmlarining eng yuqori ko‘rsatkichlari Do‘stlik massivi (1,06 t),
Og‘itma ko‘li atrofi (0,29 t) va Oyoqgujumdi massivi (0,24 t) hududlarida aniglanib, eng
quyi ko‘rsatkichlar Sijjak o‘rmon bo‘limi hududida (0,29 t) va Shurug massivi hududida
(0,11 t) aniglandi (7-rasm).

Ocsimlikning vyillik vyig‘ib olish mumkin bo‘lgan hajmlariga biometrik
ko‘rsatkichlarining korrelyatsiyasini aniglash magsadida, monitornig maydonlarida
tasodifiy tanlash yo‘li bilan turli yoshdagi individlarning balandligi, barglar soni, ildiz
uzunligi, umumiy tuplar soni, voyaga yetgan tuplar soni va zaxira giymatiga ega maydonlar
hajmi kabi ko‘rsatkichlar olindi.
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7-rasm. O‘zbekiston hududida Cichorium intybus ning resurs ko‘rsatkichlari xaritasi
Cichorium intybus ning zaxira qiymatiga ega maydonlar o‘rtacha musbat
korrelyatsiyada R?=0,40; ildiz uzunligi kuchsiz musbat korrelyatsiyada R?=0,19; umumiy
tuplar soni o‘rtacha musbat korrelyatsiyada R?=0,37 va o‘simlik balandligi ko‘rsatkichlari
(R?=0,006) korrelyatsiya mavjud emasligi aniglandi (8-rasm).
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Jadval
O¢zbekistonda Cichorium intybus L. ning xom-ashyo zaxirasi va targalish maydonlarini aniglash be‘yicha ma’lumot
Zaxira ) Hisob maydoni ko‘rsatkichlari 5 | 5. 2
. Umumiy giymatiga Hisoblangan Hisoblangan . - K S z :7-: S5 S 5) 'g% X @t
Hudud nomi maydon (ga) | ega maydon maydon (m?) maydonlar soni | Umumiy tuplar Voyaga § '§_jg,3 < 25 <= £ < E
(0a) (dona) sonl_(blologlk yetgan tuplar = >5 Sé S = E QS
zaxira) dona soni (dona) € >
Toshkent viloyati
G-alavasoy 50,0 10,0 10,0 10,0 48,7+2,37 29,2+1,91 14,9+1,91 9,68 0,67
Do‘stlik 30,0 4,0 10,0 10,0 77,6£1,91 50,5+2,08 93,3+2,08 18,9 1,06
Sijjak 10,0 3,0 10,0 10,0 43,3+1,88 27,3£1,72 23,9+1,72 13,9 0,29
Jami: 90,0 17,0 2,02
Jizzax viloyati
Kuyovboshi 5,0 2,0 10,0 10,0 40,6+2,58 24,1+1,58 5,3+0,47 3,37 0,14
Jami: 50 2,0 0,14
Navoiy viloyati
Bazbekqudug va 10 0.1 10,0 10,0 754045 3,8+0,19 6.3+0,42 1,76 0,014
urmaxan
Ogtog* 1,0 0,15 10,0 10,0 6,8+0,66 3,1+0,10 5,5+0,30 1,30 0,010
Jami: 2,0 0,25 0,024
Buxoro viloyati
Oyoqgujumdi 2,0 0,5 10,0 10,0 10,6+0,58 4,7+0,35 12,4+0,84 3,70 0,24
Qoraqir-Shuruq 3,0 0,2 10,0 10,0 10,3+0,57 5,5+0,43 10,7+0,66 4,37 0,11
Shé?rrli"gﬁt;‘” 2,0 02 10,0 10,0 10,4+0,6 5,8+0,47 9,9+0,88 3,89 0,10
Jonge';"(i)jﬁoraq" 2,0 05 10,0 10,0 9,2+0,41 5,0+0,47 8,740,76 3,10 0,20
Og‘itma ko‘li 4,0 0,6 10,0 10,0 10,7+0,63 5,8+0,40 8,8+0,74 3,71 0,29
Jami: 13,0 2,0 0,94

Izoh: Cichorium intybus zaxira hajmlarining gayta tiklanish muddatlari kamida 3 yil hisoblanadi va yillik yig ‘ib olish mumkin bo ‘lgan hajm migdori qurug massa
miqdori hisobiga 20% ga teng (Pupikina, 2019)
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8-rasm. Cichorium intybus biometrik ko‘rsatkichlarining xom-ashyo hosildorligiga korrelyatsiyasini
hisoblash algoritmi

Xulosa. Cichorium intybus ning zaxira giymatiga ega maydonlari Toshkent viloyatida
17,0 ga, Jizzax viloyatida 2,0 ga, Navoiy viloyatida 0,25 ga va Buxoro viloyatida esa 2,0
gani tashkil giladi. O‘simlikning yillik yig‘ib olish mumkin bo‘lgan hamjlari Toshkent
viloyatida 2,02 t., Jizzax viloyatida 0,14 t., Navoiy viloyatida 0,024 t., va Buxoro viloyatida
esa 0,94 tonnani tashkil giladi.

Mazkur ko‘rsatkichlar hisob maydonlaridagi o‘simlik individlarining soni va
biometrik ko‘rsatkichlariga (yer ostki qismi) nisbiy korrelyatsiyada bo‘lib, bevosita
o‘simlikning 1 ga maydondagi hosildorlik ko‘rsatkichlarida o‘z aksini topdi.

Cichorium intybus ning zaxira giymatiga ega maydonlar o‘rtacha musbat
korrelyatsiyada R?=0,40; ildiz uzunligi kuchsiz musbat korrelyatsiyada R?=0,19; umumiy
tuplar soni o‘rtacha musbat korrelyatsiyada R?=0,37 va o‘simlik balandligi ko‘rsatkichlari
(R?=0,006) korrelyatsiya mavjud emas.

Mazkur olingan natijalar respublikada o‘simlik dunyosi obyektlaridan foydalanishda
yillik kvota hajmlarni belgilash va o‘simlik dunyosi obyektlarnining davlat hisobini, ulardan
foydalanish hajmlarini va davlat kadastrini yuritishga bevosita xizmat giladi.
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Annotatsiya. Magolada madaniy o‘simliklarning yovvoyi ajdodi hisoblangan Mentha
longifolia var. asiatica. 4 ta senopopulyatsiyasining holati o‘rganilgan. Tadgiqotlar Pomir-
Oloyning Hisor, Ko‘hitang, Bobotog* va Sangardak tizmalarida olib borilgan. Mazkur tur
0zig-ovgat sanoatida hamda xalq tabobatida keng ravishda foydalaniladi. Turning yosh
tarkibi j, im, v, g1, g2, g3, SS, S bosgichlariga bo‘lib o‘rganilgan. O‘rganilgan
senopopulyatsiyalarning ontogenetik strukturalari tahlil gilinganda,
senopopulyatsiyalarning barchasi yosh spektrga xos ekanligi gayd etilgan. Demografik
ko‘rsatkichlar tahlili shuni ko‘rsatadiki, senopopulyatsiyalardagi tuplarning umumiy soni
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94-130 ta oralig‘ida bo‘lishi kuzatilgan. 1m? maydondagi tuplarning zichligi 4,7-6,5 ta va
ekologik zichligi 5,52 tadan 7,64 tani tashkil giladi. Senopopulyatsiyalarning tiklanish
indeksi 1,39-2,20 oralig‘ida bo‘lishi gayd etilgan. Qarish indeksi 0-0,10 nisbatda bo‘lib,
samaradaorlik indeksi 47,94 dan 59,8 gacha bo‘lishi kuzatilgan. Olingan natijalar keyingi
tadgiqgotlar uchun asos vazifasini o‘taydi.

Kalit so‘zlar: Mentha longifolia var. asiatica., senopopulyatsiya, demografik
ko‘rsatkichlar, ontogenetik struktura, Pomir-Oloy

THE STATE OF MENTHA LONGIFOLIA VAR. ASIATICA.
SENOPOPULATIONS IN PAMIR-ALAY FLORA (UZBEKISTAN).

Abstract. The article examines the state of 4 cenopopulations of Mentha longifolia
var. asiatica. which is a wild relative of cultivated plants. The research was carried out in
the Gissar, Kugitan, Babatag and Sangardak ranges of the Pamir-Alay. This species is
widely used in the food industry, as well as in folk medicine. The age composition of the
species was studied in terms of stages j, im, v, g1, g2, g3, ss, s. All studied cenopopulations
belong to the young age spectrum. According to demographic indicators, the total number
of individuals in cenopopulations was noted in the range of 94-130 pieces. The density of
individuals per 1 m2 is 4.7-6.5 pieces, and the ecological density is from 5.52 to 7,64 pieces.
The population recovery index is in the range of 1,39-2,20. The aging index ranged from O
to 0,10 and the performance index ranged from 47,94 to 59,8. The results obtained serve as
the basis for further research.

Keywords: Mentha longifolia var. asiatica., cenopopulation, demographic indexes,
ontogenetic structure, Pamir-Alay.

Kirish. Pomir-Oloy tog‘lari asosan 3 ta: Hisor-Oloy, Janubi-g‘arbiy Pomir-Oloy,
Pomir tog‘laridan iborat. Respublikamizning Hisor, Boysun, Ko‘hitang va Bobotog*
tizmalari Pomir-Oloy tog‘ining Janubi-g‘arbiy gismida joylashgan [1].

Pomir-Oloy tog‘larida o‘simliklar dunyosi xilma-xil bo‘lib, hududda 5000 dan ortiq
o‘simlik turlari targalgan bo‘lib, 2100 ta tur G*arbiy Pomir-Oloy florasida uchraydi [2].

Mazkur hududda targalgan turlarning tarqgalishi, biologik va ekologik xususiyatlari
bilan birga populyatsion xususiyatlarini aniglash ham ilmiy, ham amaliy ahamiyatga ega.
Mamlakatimizda asosan kamyob va endem turlarning senopopulyatsiyalari va ularning
muhofazasi to‘g‘risidagi ma’lumotlarni X.K. Bo‘riyev [3], Sh.U. Sariboyeva [4], O.S.
Abduraimov [5], X.F. Shomurodov [6], M. Bo‘ronova [7], A.K. Ahmedov [8] va
boshqalarning ilmiy ishlarida ko‘rish mumkin.

Hozirgi vaqtda kamyob va endem turlar bilan birga keng targalgan iqtisodiy
ahamiyatga ega turlarni ham o‘rganish zarur. Bu kabi ahamiyatga ega bo‘lgan turlar gatoriga
Mentha L. turkumi vakillari ham kiradi.

Mentha L. turkumi xalq tabobati va rasmiy farmatsevtikada istigbolli dorivor o*simlik
turkumlaridan biri hisoblanadi. Turkumning yovvoyi turlari osongina gibridlanadi va
evolyutsiya davrida ma’lum hududlarda mahalliy gibrid — tur to‘dalari paydo bo‘ladi.
Keyinchalik kichik farglar sababli, tur darajasiga erishiladi. Yalpizning bu kabi
xususiyatlari tufayli madaniy o‘simliklarning yovvoyi ajdodi sifatida Avstraliya, Yangi
Zelandiya, Vetnam, Yevropa mamlakatlari gatori Qozog‘iston va O‘zbekiston florasida
ham ro‘yxatga olingan [9],[10],[11].

Mentha L. - Lamiaceae oilasining keng targalgan turkumlaridan biri bo‘lib, 24 ta turni
0°z ichiga oladi. O‘zbekistonda mazkur turkumning 3 ta turi (Mentha arvensis L., Mentha
longifolia (L.) L., Mentha pamiroalaica Boriss.) targalgan [12].

Mentha longifolia var. asiatica. — suv yalpizi ko‘p yillik o‘t bo‘lib, morfologik va
kimyoviy jihatdan nihoyatda o‘zgaruvchan [13], tibbiyot, parfyumeriya, o0zig-ovgat
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sanoatida va xalq tabobatida keng qo‘llanadi [14],[15]

Tibbiyotda turli kasalliklarni davolashda va ozig-ovgatlarga ta’m beruvchi
go‘shimcha sifatida ishlatiladi. Xalq tabobatida o‘simlikning yerusti gismidan yo‘tal, astma,
ko‘krak gafasi yallig‘lanishida va o‘pka tuberkulyozini davolash uchun ham ishlatiladi.
Bundan tashqari, yaralar va shishgan bezlarni davolash uchun ham foydalaniladi [16],[17],
[18]. Surxondaryo va Qashgadaryo viloyatlarida olib borilgan etnobotanik tadgigot
natijalariga ko‘ra, Mentha longifolia var. asiatica. dan shamollash, ovgat hazm qilish, ich
ketish va qon bosimi kabi kasalliklarini davolashda foydalanishi aniglangan [19],[20].

Tadgigotning magsadi igtisodiy ahamiyati yugori hisoblangan Mentha longifolia var.
asiatica. ning senopopulyatsiyalarining zamonaviy holatini baholashdan iborat.

Tadgigot obyekti va metodlari. Tadgiqot obyekti dorivor bo‘lish bilan birga,
efirmoyli, ozig-ovqat, yem-xashak, manzarali va asal-shiraligi jihatdan ham iqtisodiy
ahamiyati yuqori bo‘lgan madaniy o‘simliklarning yovvoyi ajdodi bo‘lgan Mentha
longifolia var. asiatica. hisoblanadi.

Senopopulyatsiyalar strukturasini aniglashda transekt (20x1) va ekologik zichlik
Odum Y. taklif etgan metodidan foydalanildi [21]. Tadgigotlar davomida
senopopulyatsiyalarning tiklanish [22], garish [23] va samaradorlik [24] indekslari asosida
senopopulyatsiyalarning tiplarini aniglanadi. Senopopulyatsiyalarning tiplarini tadqiq
qilishda A.A. Uranov va O.V.Smirnova (1969) va L.A. Jivotovskiyning “delta-omega”
tasniflariga ko‘ra amalga oshirish [24],[26]. O°rganilgan hududning GAT xaritalari Google
Earth va ArcGIS 10.6.1 dasturidan foydalangan holda tayyorlandi. Senopopulyatsiyada
targalgan turlarni aniglashda “Onpenenurens pacrenuii Cpenuneir Asum™ asaridan, ilmiy
nomlarni Plants of the world online sayti orqgali tekshirildi.

Olingan natijalar va ularning tahlili. Tadgiqotlarimiz 2023-yilda yurtimizning
janubiy viloyatlarida joylashgan Hisor, Ko‘hitang, Bobotog* va Sangardak tizmalarida va
ularning atroflaridan 4 ta senopopulyatsiya ajratildi (1-rasm).

‘f-um-m-n

1-rasm. Tadgigot hududi.

Dastlabki senopopulyatsiya Hisor tizmasining Langarsoy atrofidan ajratildi.
Hududning o‘simliklar jamoasi har xil o‘tli - boshogli — yulg‘unzordan iborat. Ikkinchi
senopopulyatsiya Surxon davlat go‘rigxonasi Sholgonsoyning o‘ng qirg‘og‘idan ajratildi.
Hududda har xil o‘tli — butali — daraxtzor jamoasi dominant ekanligi qayd etildi. Uchunchi
senopopulyatsiya Uzun tumani Qoratog‘ daryosi qirg‘oglaridan ajratildi. Hududning
o‘simliklar jamoasi har xil o‘tli — yontogli — butazor. To‘rtinchi har xil o‘tli — yovvoyi
tokzordan iborat senopopulyatsiya Chaknak gishlog‘i Sangardaksoy atrofidan ajratildi.

Tadgiqot natijalariga ko‘ra, o‘rganilgan jamoalarning dengiz sathidan 509-1825 m
oraligda uchrashi, yuksak o‘simliklar soni 14-27 tagacha bo‘lishi gayd etildi. Tuprogning
o‘simliklar bilan goplanish darajasi 15-60 % atrofida ekanligi aniglandi (1-jadval).
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O‘rganilgan senopopulyatsiyalarning xarakteristikasi

1-jadval

Senopopulyatsiyalar joylashgan Yer sathining
o hududlar i . o‘simliklar
ma’muriy nomi koordinatalar, goplanish
balandligi (m) darajasi, %
1 Qashgadaryo viloyati | N: 38,661009 har xil o‘tli - boshogli — 20 15
Qamashi tumani, E: 66,799787 yulg‘unzor (Tamarix
Ocrtadara gishlog‘i h-1292 m arceuthoides, Hordeum
Langar soy atrofi spontaneum)
2 Ko‘hitang tizmasi, N: 37,864191 har xil o‘tli — butali — 27 55-60
Surxon davlat E: 66,633375 daraxtzor (Juniperus
go‘rigxonasi Sholgon h-1825 m seravschanica, Salix
bo‘limi, pycnostachya, Rosa
Sholgonsoyning o‘ng canina)
girgog‘i
3 Uzun tumani. N: 38,358592 har xil o‘tli — yantogli — 19 25
Qoratog* daryosi E: 68,069464 butazor (Tamarix
girg‘oqlari h-509 m ramosissima, Rubus
caesius, Alhagi
pseudalhagi)
4 Sariosiyo tumani N: 38,552325 Har xil o°tli — yovvoyi 14 15-20
Chaknak gishlog‘i E: 67,498584 tokzor (Vitis vinifera)
Sangardak soy atrofi h-1370 m

Senopopulyatsiyalarning ontogenetik strukturalari tahlil natijalari shuni ko‘rsatadiki,
senopopulyatsiyalarning barchasi yosh spektrga xos ekanligi gayd etildi. Senopopulyatsiyalarda
yosh generativ bosgichgacha bo‘lgan virginil davridagi (j, im, v) tuplar 57,3 - 66,1 % oralig‘ida
ekanligi aniglandi. Mazkur holat bevosita turning vegetativ va generativ ravishda ham ko‘paya olishi
bilan izohlanadi. Shu bilan birgalikda, mazkur tur namlik yugori bo‘lgan joylarda o‘sishi bilan ham
xarakterlanadi. Bu o‘z navbatida tuplarning optimal sharoitda bo‘lishiga imkon beradi (2-rasm).
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2-rasm. Mentha longifolia var. asiatica senopopulyatsiyalarining ontogenetik strukturasi
Senopopulyatsiyalari holatini baholash hamda ularning kelajakdagi dinamikasini
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bashorat gilishda demografik ko‘rsatkichlar muhim sanaladi. Tahlil natijalari shuni
ko‘rsatadiki, senopopulyatsiyalardagi tuplarning umumiy soni 94-130 ta oralig‘ida bo‘lishi
kuzatildi. 1m? maydondagi tuplar zichligi 4,7-6,5 ta hamda ularning ekologik zichligi 5,52
tadan 7,64 tani tashkil giladi. Senopopulyatsiyalarning tiklanish indeksi 1,39-2,20 oralig‘ida
bo“lishi qayd etildi.

Qarish indeksi 0-0,10 nisbatda bo‘lib, samaradorlik indeksi 47,94 dan 59,8 gacha
bo“lishi kuzatildi. Bu holat bevosita senopopulyatsiyalardagi umumiy tuplar migdorining
ko‘pligi bilan izohlanadi(2 - jadval).

2-jadval.
Mentha longifolia var. asiatica senopopulyatsiyalarining demografik ko‘rsatkichlari
Ne Demografik ko‘rsatkichlari SP tiplari
It lq Is Tuplar P ekol | Umu- A ®
zichligi Im?) | miy
(Im?) soni
1 1,91 0 49,95 5,55 6,16 111 0,16 0,45 yosh
2 1,49 | 0,10 47,94 4,7 5,52 94 0,21 0,51 yosh
3 2,20 | 0,03 59,8 6,5 7,64 130 0,19 0,46 yosh
4 1,39 | 0,01 58,5 5,85 6,88 117 0,19 0,50 yosh

Izoh: (ly) — tiklanish koeffitsiyenti, (Iq) — qgarish indeksi, (Is) — samaradorlik indeksi
Pekol — ekologik zichlik. A — yosh ko‘rsatkichi, « —samaradorlik ko‘rsatkichi.

“Delta-omega” tasnifiga ko‘ra, qayd etilgan senopopulyatsiyalarning barchasi yosh
tipga xos ekanligi aniglandi. Senopopulyatsiyalar o‘rtasidagi ko‘rsatkichlar sezilarli
darajada katta farg gilmaydi: yosh ko‘rsatkichi (A) - 0,16 dan 0,21 gacha, samaradorlik
ko‘rsatkichi esa (w) 0,45 dan 0,51 gacha. Bu holat turning vegetativ va generativ holatda
ko‘payishi, chorva mollari tomonidan yaxshi iste’mol gilinmasligi bilan ham izohlanadi.

Xulosa. Insonlarning tabiiy o‘simlik xomashyolariga bo‘lgan talabining ortib borishi
natijasida, ularning tabiiy targalish areallari va populyatsiyalarini tadqgiq etish muhim
hisoblanadi. Bu o°rinda tarkibida ko‘p migdorda efir moylarini saglovchi Mentha longifolia
var. asiatica. turi muhim ahamiyatga ega. Yalpiz gadimdan asosan oshqgozon-ichak
kasalliklarini, ko‘krak og‘rig‘ini davolash uchun dorivor o‘t sifatida keng ishlatilgan va
odatda ovgat hazm gilishni yaxshilovchi sifatida uy sharoitida choy shaklida go‘llaniladi,
shuningdek dispepsiya, enterit, gastrit, oshqozon kislotaliligi, aerofagiya, ichak sanchig‘i va
o‘t yo‘llari, o‘t pufagi va oshgozon-ichak traktining spazmlarini ham davolash xususiyatiga
ega ekanligi aniglangan. So‘nggi yillarda olib borilayotgan botanik va farmakologik
tadgiqotlar shuni ko‘rsatadiki, mazkur tur semizlikni davolashda hamda kuchli siydik
haydovchi sifatida keng tavsiya etilmoqda.

2022-2023-yillar davomida olib borilgan tadgiqotlar davomida turning 4 ta
senopopulyatsiyalari o‘rganildi. Ularning barchasi yosh tipga xos bo‘lib, bu ularning
ekologiyasi bilan bog‘lig hisoblanadi. Sababi, turning asosiy targalish maydonlari namlik
yetarli bo‘lgan hududlar hisoblanadi. Shu bilan birga, vegetativ va generativ usulda
ko‘payadigan bu o‘simlikni chorva mollari sevib iste’mol qilmaydi.

Turlarning tabiiy populyatsiyalarining holati yuzasidan olingan natijalar dorivor va
muhim xo‘jalik ahamiyatiga ega bo‘lgan turlarni muhofaza qilish, ulardan foydalanish
hamda ular ustida uzoq yillik monitoring ishlarini olib borishda foydalaniladi.

Foydalanilgan adabiyotlar
1. I'oznenkuii H. A., 'ony6uukos 0. H. T'opbl. — M.: Meicnes. 1987. — 399 c., wi., kapr., cxeM. —
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2. http://ukhtoma.ru/geobotany/asial?7.html
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Anotatsiya: Mazkur maqolada O‘zbekistonning turli botanik-geografik rayonlarida
Aegilops cylindrica Host ishtirokidagi 4 ta senopopulyatsiyalarining holati o‘rganilgan.
Oc‘rganilgan o‘simlik jamoalaridagi dominant turlar sifatida Hordeum bulbosum, Artemisia
diffusa, Inula grandis, Poa bulbosa qayt etildi. Populyatsiyalar yashovchanlik holatiga
ko‘ra gullab-yashnayotgan, muozanatdagi va depressiv holatda ekanligi kuzatildi.
Populyatsiyalarning yashovchanlik holatiga ta’sir etuvchi omillar tahlili amalga oshirildi.

Senopopulyatsiyalar tur tarkibidagi o°simliklar oilalar kesimida tahlil gilinganda
Fabaceae, Asteraceae (14 turdan), Poaceae (10 tur), Rosaceae (7 tur) oilalari yetakchilik
qgilishi kuzatildi.

Biometrik ko‘rsatkichlarni Uort klaster metodi bo‘yicha tahlillariga ko‘ra o‘rganilgan
senopopulyatsiyalar 3 ta klasterga ajratildi. Birinchi klasterga ikkinchi senopopulyatsiya
kiritilib mazkur senopopulyatsiya depressiv holatda ekanligi aniglandi, ikkinchi klasterga
uchinchi va to‘rtinchi  senopopulyatsiyalar  Kiritilib  ushbu  senopopulyatsiyalar
muvozanatdagi senopopulyatsiyalar ekanligi anigladi, uchinchi Kklasterga birinchi
senopopulyatsiya kiritilib, mazkur senopopulyatsiya gullab yashnayotgan holatda ekanligi
aniglandi.

Kalit so‘zlar: Aegilops cylindrica, senopopulyatsiya, dominant turlar, fitosenotik
tavsif.

ECOLOGICAL-PHYTOZENOTIC DESCRIPTION OF CENOPULATIONS
AEGILOPS CYLINDRICA HOST IN THE FLORA OF UZBEKISTAN

Abstract. In this article, the status of 4 cenopopulations with Aegilops cylindrica Host
in different botanical-geographical regions of Uzbekistan is studied. Hordeum bulbosum,
Artemisia diffusa, Inula grandis, Poa bulbosa were returned as the dominant species in the
studied plant communities. Populations were observed to be flourishing, balanced and
depressed according to viability. An analysis of factors affecting the viability of populations
was carried out.

When cenopopulations were analyzed in terms of plant families, it was observed that
Fabaceae, Asteraceae (from 14 species), Poaceae (10 species), and Rosaceae (7 species)
families are leading.

Based on the analysis of biometric indicators by the Worth cluster method, the studied
cenopopulations were divided into 3 clusters. The second cenopopulation was included in the first
cluster and it was determined that this cenopopulation is in a depressed state, the third and fourth
cenopopulations were included in the second cluster and it was determined that these
cenopopulations are balanced cenopopulations, the first cenopopulation was included in the third
cluster and it was determined that this cenopopulation is in a flourishing state.

Keywords: Aegilops cylindrica, cenopopulation, dominant species, phytocenotic
characteristics.

Kirish. Hozirgi vaqtda global iglim o‘zgarishlari, shuningdek, abiotik, biotik va antropogen
omillar ta’sirida ekotizimlarda sodir bo‘layotgan transformatsiya jarayonlari hamda mahalliy
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floralardagi biologik xilmaxillikning gisqgarishi bilan birgalikda aholi sonining global tarzda o‘sib
borish jarayonlari paralel ravishda kuzatilmogda. Bunday holatlarda mahaliy aholining ozig-ovgatga
bo‘lgan ehtiyojini qoplash bilan birgalikda biologik xilma xillikni saglab golish ham muhim
hisoblanadi. Bunda birinchi navbatda mahalliy floralardagi madaniy o‘simliklar yovvoyi ajdodlari
(MO*YA) muhim genetik manba hisoblanadi. O‘zbekistonda madaniy o‘simliklar yovvoyi
ajdodlarini 25 oila, 104 turkum 202 turni tashkil giladi [1]. Mazkur turlar orasida Poaceae oilasi
vakillari ko‘pchilikni tashkil giladi. Poaceae oilasiga mansub MO“YA turlari xo‘jalik belgilariga
ko‘ra asosan ozig-ovgat va yem — xashak o‘simliklari hisoblanadi [2]. Aegilops L. turkumi vakillari
MO“YA turlari ichida alohida o‘rin tutadi sababi mazkur turlar asosiy ozig-ovqgat o‘simligi
hisoblangan madaniy bug‘doylarning yovvoyi ajdodlari hisoblanadi [3].

Hozirgi kunda bug‘doy o‘simligining genetikasi va seleksiyasi bo‘yicha ko‘plab tadgiqotlar
avval olingan duragaylar ustida olib borilmogda bu esa hosildorlikning yil sayin pasayib borishiga
sabab bo‘ladi, bunday hollarda yangi duragaylarni olish hosildorlikni keskin ortishiga olib keladi,
yangi duragaylar olishda esa asosiy genetik manba floramizda tabiy holda targalgan Aegilops turlari
hisoblanadi, sababi mazkur turlarda biologik stresslar va noqulay sharoit ta’sirlariga chidamli
bo‘lgan genlarning 25% aynan mana shu turkum vakillarida uchrashligi aniglangan [4].

Aegilops L. turkumi dastlab, Karil Linneyning ilk kitobi “Species plantarum” da keltirilgan
bo‘lib, mazkur asarda Linney turkumning 5 ta turini (Aegilops ovata, A. caudata, A. squarossa, A.
triuncalis, A. incurva) tavsiflagan [5]. “Aegilops” so‘zi gadimgi yunon tilidan olingan bo‘lib, o‘zbek
tilida “echki o‘ti” degan ma'noni beradi. Turkum turlarining bugungi kunda dunyo bo‘yicha 25 turi
borligi aniglangan [6]. O°zbekistonda 5 ta turi bor [7]. Turkum turlarining asosiy kelib chigish
markazlari sifatida Janubi - G‘arbiy Osiyo, Markaziy Osiyo va O‘rta Yer dengizi hududlari
keltirilgan [8].

Tadgiqotlarimiz O‘zbekistonning turli botanik — geografik rayonlarida olib borildi [9].
Tadgiqotlar davomida Aegilops cylindrica dengiz sathidan 600 metrdan 2000 metrgacha bo‘lgan
hududlarda ushrashligi gayd etildi (1- rasm).
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1- rasm tadgiqot olib borilgan hududlar.

Tadgigotning magsadi. O‘zbekiston florasidagi Aegilops cylindrica populyatsiyalarining
zamonaviy holatini aniglash, populyatsiyalarning yashovchanlik holati va ularga ta’sir etuvchi
omillarni tahlil gilishdan iborat.

Tadgigot obyekti va metodlari. Aegilops cylindrica Host — silindirsimon gasmaldoq.
Respublikamizning Chotqol, Qurama, Shimoliy Turkiston, Garbiy Hisor, Zarafshon tizmalarida,
Boysun, Nurota, Bobotog* botanik — geografik rayonlarining o‘rta va yuqori tog® mintagalaridagi
toshli va mayin bo‘z tuproglarida o‘sadi.

Tadgiqotlar davomida tur ishtirokidagi senopopulyatsiyalarda geobotanik gaydnomalar 10 m?
maydonda umumgabul gilingan metodlar yordamida amalga oshirildi [10]. O‘rganilgan har bir
senopopulyatsiyalarda 3 ta transekt tashlandi [11]. Transekt uzunligi 10 metrdan iborat bo‘lib, har
bir kvadratdagi tuplar migdori hisobga olindi. Har bir senopopulyatsiyadagi o‘simliklarning
biometrik ko‘rsatkichlari olinib, PAS 4.13 dasturida Uort Klaster usulida tahlil gilindi, o‘rganilgan
4 ta senopopulyatsiyalarning tur tarkibi ORIGIN PRO 2022 dasturi yordamida tahlil gilindi,
senopopulyatsiyalar ajratilgan hududlarning geoerafik koordinatalari Google Eart Pro dasturi
yordamida aniglandi, tur targalgan maydonlar xaritasi ArcGis 10.6.1 dasturida tayorlandi.
Senopopulyatsiyalardagi o‘simliklarning hayotiy shakllari bo‘yicha tahlili K.G. Serebrayakov
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klasifikatsiyasi bo‘yicha berildi [12], o‘rganilgan senopopulyatsiyalar bo‘yicha turlarning uchrash
mo‘lligi Braun-Blanke metodi yordamida ifodalandi [13].

Natija va taxlilar. Tadgigotlar davomida Aegilops cylindrica ishtirokida 4 ta
senopopulyatsiya ajratildi, har bir senopopulyatsiyalar fitosenotik jihatdan tavsiflandi,
senopopulyatsilarning o‘simlik jamoasi, tur tarkibi, jamoadagi dominanat turlar, tuprogning
o‘simliklar bilan goplanish darajasi, tuproq tavsifi tahlil gilindi.

Dastlabki senopopulyatsiya Surxondaryo viloyati Sherobod tumanidan Surxon davlat
go‘rigxonasining Shalgon bo‘limidan har xil o‘tli Arpazor o°simlik jamoasidan ajratildi. Hududning
o‘simliklar bilan goplanish darajasi 70%. Aegilops cylindrica ning ulushi 3% atrofida. Ushbu
senopopulyatsiyada dominant tur sifatiga Hordeum bulbosum L. gayd gilindi. Hududning tuprog’i
mayin bo‘z tuproq bo‘lib, mazkur senopopulyatsiyada jami 27 turdagi yuksak o‘simliklar gayd etildi
(1- jadval).

Ikkinchi senopopulyatsiya Surxondaryo viloyati Uzun tumani Ovrakxo‘ja kulusin
gishlog‘idan (Tomchisoy hududi) har xil o‘tli Shuvoqgzor o‘simlik jamoasidan ajratildi. Hududning
o‘simliklar bilan goplanish darajasi 40%. Aegilops cylindrica ning ulushi 2% bo‘lib, ushbu
populyatsiyada Artemisiya tenuisecta va Artemisia diffusa turlarining dominanatlik qilishi kuzatildi.
Tuprog‘i mayda toshli tuprog. Mazkur senopopulyatsiyada jami 20 tur yuksak o‘simliklar gayd
qgilindi.

Uchinchi senopopulyatsiya Qashqgadaryo viloyati Kitob tumani Jovuzga gishlog‘i hududidan
har xil o‘tli Inulazor jamoasidan ajratildi. Tuprog‘i yirik toshli tuprog. Hududning o‘simliklar bilan
goplanish darajasi 55%. Aegilops cylindrica ning ulushi 4% atrofida. Jamoadagi dominant turlar
sifatida Inula grandis, Poa bulbosalarni keltirish mumkin. Jamoaning tur tarkibida 24 turdagi
yuksak o‘simliklar gayd etildi.

To‘rtinchi senopopulyatsiya Jizzax viloyati Zomin tumani hududidan (Turkiston tog* tizmasi)
har xil o‘tli go‘ng‘irboshzor jamoasidan ajratildi. Tuprog‘i mayda toshli, shag‘alli tuproq.
Hududning o‘simliklar bilan goplanish darajasi 50%. Aegilops cylindricaning ulushi 3 % atrofida.
Jamoadagi dominant turlar sifatida Poa bulbosa, Hypericum scabrumlarni keltirishimiz mumekin.
Mazkur senopopulyatsiyada jami 22 turdagi yuksak o‘simliklar gayd gilindi.

1-jadval.
O‘rganilgan senopopulyatsiyalarning xarakteristikasi
Ne Senopopulyatsiyalar O°¢simlik jamoasi, | Jamoaning QD Tuprog’i
SP joylashgan hududlar dominant turlar tur tarkibi %
Geografik Geografik va
kordinatasi mamuriy
nomlari
1 | E:66,64436 Surxon davlat | Xar xil o‘tli arpazor 27 70 Mayin bo‘z
N:37,84569 go‘rigxonasi, Hordeum bulbosum tuproq
h-1518 Shalgon bo‘limi
2 | E:68,14840 Uzun tumani Xar xil o‘tli 20 40 Mayda toshli
N:38,32315 Ovrakxo‘ja shuvogzor, tuproq
h — 682 gishlog‘i Artemisiya
(Tomchisoy tenuisecta
hududi) A. diffusa
3 | E:67,27965 Kitob tumani Xar xil o‘tli 24 55 Yirik toshli
N:39,19107 Jovuzg‘a andizzor, tuproq
h—1106 gishlog'i Inula grandis
4 | E:68.28580 Zomin tumani Xar xil otli 22 50 Mayda toshli,
N:39.68524 (Turkiston go‘ng‘irboshzor shag-alli
h —2092 tizmasi) Poa bulbosa, tuproq
Hypericum
scabrum

1zox: QD - tuprogning o ‘simliklar bilan goplanish darajasi.
O‘rganilgan senopopulyatsiyalar orasida tuprogning o‘simliklar bilan qoplanish
darajasi va tur tarkibi bo‘yicha yugori ko‘rsatkich Surxon davlat go‘rigxonasi Shalgon
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bo‘limidan ajratilgan birinchi senopopulyatsiya (SP -1) da kuzatildi. Mazkur holat ushbu
hududning go‘riglanadigan tabiiy hudud bo‘lganligi sababli chorva mollari va boshga
antropogen omillar ta’siri kuzatilmaganligi, o‘simlikar o‘sishi uchun tuproqdagi namlikning
yugori ekanligi va tuprog‘ining unumdor tuproqligi bilan izohlanadi. Ikkinchi (SP-2)
senopopulyatsiya tuprogning o‘simliklar bilan qoplanish darajasi bo‘yicha past
ko‘rsatkichga ega sababi ushbu hududda adirlik zonasida joylashganligi sababli vyil
davomida mahalliy aholi tomonidan chorva mollari bogiladi va yog‘ingarchilik kam bo‘lgan
yillarda o‘simliklar vegetatsiyasi uchun namlik yetarli bo‘lmaganligi bilan izohlanadi.
Uchinchi va to‘rtinchi senopopulyatsiyalarimiz aholi yashash punktlariga yaqin hududlarda
joylashganligi sababli ushbu hududlar mahalliy aholi tomonidan Lalmi ekin yerlari sifatida
foydalaniladi va chorva mollari bogilishi natijasida turlar xilma-xilligi kamayib borishi
kuzatildi.

Tadgiqotlar davomida o‘rganilgan 4 ta senopopulyatsiyada jami 71 turdagi yuksak
o‘simliklar gayd etildi, shundan 1ta tur (Tulipa fosteriana) O‘zbekiston Respublikasi Qizil
kitobi (2019) ga kiritilgan [14]. O‘rganilgan senopopulyatsiyalarning barchasida uchrovchi
turlar sifatida Aegilops cylindrica, Poa bulbosalarni ko‘rsatish mumkin. Turlar mo‘lligi
bo‘yicha eng yuqori ko‘rsatkich Hordeum bulbosumga tegishli bo‘lib, mazkur tur birinchi
senopopulyatsiyada 40% ulush bilan eng yuqori ko‘rsatkichni qayd etdi.
Senopopulyatsiyalar tur tarkibidagi o‘simliklar oilalar kesimida tahlil gilinganda Fabaceae,
Asteraceae (14 turdan), Poaceae (10 tur), Rosaceae (7 tur) oilalari yetakchilik gilishi
kuzatildi, Zygophyllaceae, Ephedraceae, Hypericaceae oilalari esa 1 tadan turdan iborat
ekanligi kuzatildi (2- rasm).
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2- rasm. O‘rganilgan senopopulyatsiyalarning tur tarkibi.

O‘rganilgan senopopulyatsiyalardagi o‘simliklarning hayotiy shakllari bo‘yicha tahlil
natijalariga ko‘ra ko‘p yillik (36 tur) va bir yillik o‘simliklar (19 tur) ulushi yuqori, daraxtlar
(3 tur), ikki yilliklar (2 tur) ulushi kam ekanligi kuzatildi. Butalarning ulushi esa 6 turdan
iborat ekanligi kuzatildi.

Tadgiqotlar davomida o‘rganilgan har bir senopopulyatsiyaning boimetrik
ko‘rsatkichlari tahlil gilindi. Bunda har bir senopopulyatsiyadan 10 tadan boshoqlari pishib
yetilgan o‘simliklarning biometrik ko‘rsatkich lari o‘Ichanib o‘rtacha giymati aniglandi (2-
jadval).

2- jadval.
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O‘rganilgan senopopulyatsiyalarning biometrik ko‘rsatkichlari

Belgilar Senopopulyatsiyalar

SP-1 SP-2 SP-3 SP-4
O<simlikning umumiy balandligi (sm) 35.6 17.4 23.4 21.3
Biomassasi (gr) 6.7 4.7 55 5.2
Barg uzunligi (sm) 11.7 6.9 8.6 7.9
Barg eni (sm) 0.4 0.25 0.3 0.27
Boshoq uzunligi (sm) 5.9 2.3 3.2 3.7
Boshoqdagi urug‘lar soni (dona) 7 4 6 5
1ldiz uzunligi (sm) 12.2 5.9 8.1 7.3

Jadval ma’lumotlari Uort klaster usuli yordamida tahlil gilindi, tahlil natijalariga ko‘ra
4 ta senopopulyatsiyamiz 3 ta klasterga ajraldi, bunda yugoridagi biometrik ko‘rsatkichlar
bo‘yicha eng yaxshi holatdagi senopopulyatsiya (SP-1) alohida Kklaster, biometrik
ko‘rsatkichlar bo‘yicha eng yomon senopopulyatsiya (SP-2) alohida klaster, biometrik
ko‘rsatkichlari bir biriga o‘zaro yaqin bo‘lgan (SP — 3, SP — 4) senopopulyatsiyalar
birgalikda bitta klasterga ajraldi. Klasterli tahlil natijalariga ko‘ra 1-senopopulyatsiya gullab
yashnayotgan, 2-senopopulyatsiya depressiv, 3 va 4-senopopulyatsiyalar muvozanatdagi
ekanligi kuzatildi (4 — rasm).
SP-2

SP- 3

SP- 4

SP- 1

4 —rasm Uort klaster metodi yordamida o‘rganilgan populyatsiyalarning biometrik
ko‘rsatkichlari tahlili.

Xulosa. Tadgiqotlar davomida O‘zbekistonning turli botanik — geografik
rayonlaridan Aegilops cylindrica ishtirokida 4 ta senopopulyatsiya ajratildi, o‘rganilgan
senopopulyatsiyalarning tur tarkibi aniglandi. O°‘rganilgan hududlarda yer sathining
o‘simliklar bilan goplanish darajasi, har bir senopopulyatsiyadagi turlar soni, o‘rganilgan
hududlarning dengiz sathidan balandligi kabi ko‘rsatkichlar tahlil gilindi.

Uort klaster tahlillariga ko‘ra o‘rganilgan senopopulyatsiyalar 3 ta klasterga ajratildi. Birinchi
klasterga ikkinchi senopopulyatsiya Kiritilib, mazkur senopopulyatsiya depressiv holatda ekanligi
aniglandi, ikkinchi Kklasterga uchinchi va to‘rtinchi senopopulyatsiyalar Kiritilib, ushbu
senopopulyatsiyalar muvozanatdagi senopopulyatsiyalar ekanligi anigladi, uchinchi klasterga
birinchi senopopulyatsiya kiritilib, mazkur senopopulyatsiya gullab yashnayotgan holatda ekanligi
aniglandi.

So‘ngi vyillarda antropogen omillar tasirida o‘simlik jamolarining yashovchanlik
ko‘rsatkichlari kamayib bormogda. Bizning tadgiqotlarimizda o‘rganilgan senopopulyatsiyalarga
antropogen omillar kuchli, o‘rtacha va tasir ko‘rsatmayotgan holatlar aniglandi. Kuchli tasir
etayotgani ikkinchi senopopulyatsiya, o‘rtacha tasir etayotgani uchinchi va to‘rtinchi
senopopulyatsiyalar, tasir ko‘rsatmayotgani birinchi senopopulyatsi ekanligi kuzatildi.
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Annotatsiya: Maqgola Boysun botanik-geografik rayoni florasidagi xamefitlarning
tahliliga bag‘ishlangan. Boysun tog‘i va unga yondosh bo‘lgan mintagalardan shu
paytgacha yig‘ilgan 30000 dan ortiq gerbariy namunalari tahlili hamda keyingi yillarda olib
borilgan tadgigotlar Boysun botanik-geografik rayoni florasida 79 oila, 530 turkumga
mansub 1590 tur o‘simlik mavjudligi, shulardan 18 oila, 41 turkumga mansub 107 tur
xamefitlarga to‘g‘ri kelishi aniglandi. Ular Boysun botanik geografik rayoni florasida
yugori tog® mintagasidagi o‘simliklar jamoasining asosini tashkil etishi va Pomir Oloy
uchun endem, subendem turlarga boyligi bilan boshga toifadagi turlardan ajralib turishi
gayd gilingan.

Boysun botanik geografik rayoni florasidagi xamefitlarning tur tarkibi, targalishi,
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yashash mubhiti tahlil gilinganda, xamefitlar Tog‘li O‘rta Osiyodagi boshga lokal floralar —
Varzob, Aksu-Jabag‘li, Talos Olatog‘i, Sirdaryo Qora tog‘i, Ketpen-Temerlik, Ko‘histon
okrugi, G-‘arbiy Tyonshon florasiga nisbatan ko‘pligi gqayd gilindi. Bu esa hududning
joylashgan o‘rni, archazor, shiblyak mavjudligi hamda tragakanta o‘simliklar goplami
xamefitlarning dominantlik gilishini ko‘rsatadi. Undan tashqari, xamefit turlarning boshga
floralarga nisbatan xilma-xil bo‘lishi, mavjud florada paleogen davriga xos bo‘lgan relikt
turlarning saglanib golganligi va mintagada xamefit turlar uchun qulay sharoit mavjudligi
bilan izohlanadi.

Kalit so‘zlar: evolyutsiya, terofit, kriptofit, gemikriptofit, xamefit, fanerofit,
endem, subendem, populyatsiya, shiblyak, paleogen, relikt.

CHAMAEPHYTE IN THE FLORA OF BOYSUN BOTANICAL-
GEOGRAPHICAL REGION

Abstract: The article deals with the analysis of chamaephyte of the flora of the
Baysun botanical-geographical region. As the result of the analysis of more than 30
thousand herbarium specimens collected to date from Mount Baysun and relevant areas, the
presence of 1,590 plant species belonging to 79 families, and 530 genera was revealed.
Furthermore, in the Baysun botanical-geographical region more than 107 species of
chamaephyte belonging to 41 genera and 18 families of flora were identified. It is noted
that they form the basis of the plant community of the upper mountain region in the flora of
the Baysun botanical-geographical region and differ from other categories in the abundance
of endemic and subendemic species for the Pamir-Alai.

The comparative analysis of the species reveal that wide spreading of chamephytes
in the area more than in other local floras of mountainous Central Asia such as Varzob,
Aksu-Dzhabagly, Talas Alatau, Syrdara Karatau, Kuhistan region, Ketpen-Temerlik,
Western Tien Shan. Moreover, kinds of sedge and tragacanth vegetation cover the flora.
Additionally, the diversity of chamaephytic species exist in the flora. The preservation of
relict species which belong to the Paleogene period present favorable conditions for
chamaephytic species.

Key words: evolution, therophyte, cryptophyte, hemicryptophyte, chamephyte,
phanerophyte, endemic, subendemic, population, shiblyak, chamephyte, paleogene, relict.

Kirish. O‘simlikning hayotiy shakli evolyutsion asosga ega bo‘lgan, uzog vaqt
atrof-muhit ta’siri natijasida yuzaga kelgan va irsiy jihatdan mustahkamlangan morfologik
o‘zgarishlar natijasidir. Darhagiqat, ularning hayot shaklini belgilovchi asosiy omillardan
biri uning evolyutsiya jarayonida yashash uchun kurash davomida tashqi muhitga
moslashishi hisoblanadi [1, 2].

O‘simliklarning hayotiy shakllarini tasniflash borasida ko‘pgina olimlar (Von
Humboldt, 1807; Grisebach, 1884; De Candolle 1818) o‘zlarining taklif va tamoyillarini
ishlab chigishgan. Bular orasida C. Raunkiaer (1934) tomonidan ishlab chigilgan tasnif har
tomonlama qulay va tushunarli bo‘lganligi sababli, ommaga ma’qul kelgan shu tizim
bo‘yicha tahlillar amalga oshirilmoqda [3].

Magola Boysun botanik-geografik rayoni florasidagi xamefitlarning tahliliga
bag‘ishlangan. Xamefitlar ham boshga hayotiy shakllar singari biologik xilmaxillikning
asosiy komponentlaridan bo‘lib, ekotizimdagi tabiiy lanshaftlarda biologik xilmaxillikni
saglab golishda muhim ahamiyat kasb etadi. Xamefitlar o‘zlarining ekotizimning umumiy
bioxilmaxilligiga hissa go‘shishi bilan birga, turli xil o‘txo‘rlar uchun ozuga manbayi, zich
tuzilishi tufayli tuprogni bargarorlashtirish hamda eroziyani oldini olish, ekotizimning
yaxlitligini saglab qolish va biologik xilmaxillikni rivojlantirishda muhim ahamiyatga ega.
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Hozirga gadar Boysun tog‘i va unga yondosh bo‘lgan mintagalardan 30000 dan ortiq
gerbariy namunalari yig‘ilgan. Asosiy kollektorlar sifatida M.G. Popov, V.P. Bochansev,
A.l. Vvedenskiy, N.A. Merkulovich, S.N. Kudryashov, A.Y.Butkov, L.l. Popova,
S.N. Lepeshkinlar gayd etiladi. N.A. Merkulovich (1936), A.Y. Butkov (1938), L.I. Popova
(1951), M.A. Xolmuratov (2007), O.T. Turginovlar (2017) tomonidan o‘simliklar
goplamining tuzilishi va florasini aniglashga garatilgan tadgigotlar amalga oshirilgan.

Tadgigot metodologiyasi. Hududning joylashgan o‘rni, botanik-geografik holati
hamda umumiy florasi O.T.Turginov (2017) tomonidan keltirilgan ma’lumotlar asosida
bayon qilindi [4]. Turlarning hayotiy shakli va ularning tasnifi S. Raunkiaer (1931)
klassifikatsiyasi bo‘yicha amalga oshirildi [3]. Taksonlarning so‘nggi tur magomi xalgaro
sayt va onlayn bazalar asosida tekshirildi [5]. Dala tadgiqotlari A.l. Tolmachev (1974),
A.V. Sherbakov, S.R. Mayorov (2006) lar tomonidan ishlab chigilgan tavsiyalar asosida
olib borildi [9,10].

Boysun botanik-geografik rayoni Janubi-g‘arbiy Hisor okrugida joylashgan. Rayon
Bel-Auti tog‘ining suvayirg‘ich gismidan Yalangtush dovoni orgali Cho‘lbayir tog‘ining
suvayirg‘ich gismigacha, Vaxshivor daryo havzasining boshlanish gismidagi Lukka,
Vahshivor qishloglari orgali Hisor-Darvaz okrugi bilan, janubi-shargdan Vaxshivor
gishlog‘idan Halgajar daryosi havzasining o‘rta gismidagi past tekisliklarda joylashgan
Hovuz gishlog‘i orgali Omonxona gishlog‘igacha, undan so‘ng Omonxonadan Boysun
shahri orgali avtomobil (M-39) yo‘li bilan Darband gishlog‘igacha bo‘lgan masofada
Surxon-Sherobod botanik-geografik rayoni bilan, shimoliy-g‘arbiy tomondan esa Darband
gishlog‘i atrofidagi Qaramas tog‘idan avtomobil yo‘li bilan, Chak-Chak dovonidagi
Sho‘rob va G‘o‘r-Hoji gishloglari orgali Ko‘hitang botanik-geografik rayoni bilan,
janubdan esa Machay daryosi havzasidagi Patki, Yugorigi Machay qishlog‘i orgali Qizil
Naur va Kengdala gishloglaridan tortib (44 km) Bel-Auti tog‘ining suvayirg‘ich gismigacha
bo‘lgan masofada Qashgadaryo botanik-geografik rayoni bilan chegaradosh (1-rasm).

.......

Pt n«m'%": - S
1-rasm. Boysun botanik geografik rayonining xaritasi
(Turginov, 2017).

Natijalar va muhokama. Boysun botanik-geografik rayon (BBGR) florasida 79 oila,
530 turkumga mansub 1590 turni tashkil etadi [4]. Shulardan 18 oila, 41 turkumga mansub
107 tur xamefitlarga to‘g‘ri keldi. Ular BBGR florasida yuqori tog® mintagasidagi
o‘simliklar jamoasining asosini tashkil etishi va Pomir Oloy uchun endem, subendem
turlarga boyligi bilan boshqga toifadagi turlardan ajralib turadi (1-jadval).

Wy

1-jadval
BBGR florasi xamefit oilalari turkum va turlari
Oila Turkum Tur Oila Turkum Tur
Polygonaceae 1 2 Phyllanthaceae 1 2
Brassicaceae 1 1 Tamaricaceae 1 3
Rutaceae 1 1 Convolvulaceae 1 3
Vitaceae 1 1 Plumbaginaceae 1 5
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Frankeniaceae 1 1 Rubiaceae 3 7
Cistaceae 1 1 Amaranthaceae 8 9
Santalaceae 1 1 Asteraceae 3 16
Zygophyllaceae 1 2 Fabaceae 5 20
Ephedraceae 1 2 Lamiaceae 9 30
Jami 18 41 107

Bunga ko‘ra, oilalarda 1 tadan 30 tagacha xamefit turlar bor. Polygonaceae (Polygonum
paronychioides), Brassicaceae (Parrya fruticulosa), Rutaceae (Haplophyllum bucharica),
Vitaceae (Ampelopsis aegirophylla), Frankeniaceae (Frankenia bucharica), Cistaceae
(Arceuthobium oxycerdi) oilalarida bittadan turlarga ega bo‘lib, bu turlar Tog‘li O‘rta
Osiyo, Eron, Himoloyoldi va Qadimiy O‘rtayer dengizi tip arealiga mansub. Ephedraceae
(Ephedra glaucka, E.gerardiana), Zygophyllaceae (Zygophyllum atriplicoides,
Z.eurypterum), Phyllanthaceae (Andrachne rupestris, A.rotundifolia, A.fedtschenkoi),
Convolvulaceae (Convolvulus fruticosus, C. hamadae, C. olgae) oilalarida esa 2 tadan
turlarga ega bo‘lib, Golarktika, Eron va O‘rta Osiyo areal tiplariga mansub. Qolgan
Plumbaginaceae, Rubiaceae, Amaranthaceae, Asteraceae, Fabaceae, Lamiaceae
oilalardan esa 5 tadan ortiq xamefitlar mavjud.

Tadgiqot hududida Plumbaginaceae oilasining 5 turkumga mansub 11 turi targalgan.
Shulardan, Acantholimon turkumiga mansub bo‘lgan 5 tur xamefit hisoblanadi. Bu turlar
yostigsimon shakldagi butalar bo‘lib, asosan archazor hamda tragakanta florotsenotiplarida
uchraydi. A.erythraeum, A.tataricum Pomir Oloy tip arealiga, A. majewianum, A.
hissaricum turlari Janubi-g‘arbiy Hisor areal tipiga mansub. A.butkovii tadgiqot olib
borilayotgan floraning endem turi hisoblanadi. Tadgiqot hududida floradagi turkum
turlarining barchasi Pomir Oloy bilan chegaralanadi.

Rubiaceae oilasining 6 turkumga mansub 27 turi orasida 3 turkumga mansub 7 turi
xamefit hisoblanadi. Bular: Plocama (P. alshehbazii, P.botschantzevii, P.bucharica,),
Asperula (A. scabrella A. oppositifolia), Rubia (R. laxiflora R. regelli) turlari. Bu turlardan
Janubi-g‘arbiy Hisor, G‘arbiy Pomir Oloy va G*arbiy Tiyonshon areal tiplariga mansub.

Amaranthaceae oilasi vakillaridan 8 turkumga mansub 9 turi xamefit. Bular
Krascheninnikovia, Camphorosma, Kochia, Hammada, Halocnemum, Salsola, Anabasis
vakillari hisoblanadi. Bu turlar floraning Surxon-Sherobod bilan chegaradosh hududlarida
keng targalgan. Mazkur turlarning asosiy gismi Palearktik va Qadimiy O‘rtayer dengizi
areal tiplariga mansub.

Asteraceae oilasiga mansub xamefitlar tekislikdan tortib yuqori tog‘gacha bo‘lgan
mintagalarda uchraydi. Ularning 3 turkumga mansub 16 turi xamefitlar bo‘lib, bularga
Lactuca orientalis, Jurinea tapetodes, Artemisia tenuisecta, A.scoparia A.rutifolia,
Alleucodes, A.prolixa, A. baldshuanica, A.porrecta, A.scotina, A.glanduligera,
A ferganensis, A. albicaulis turlari kiradi. Bu turlar Tog‘li O‘rta Osiyo va Qadimiy
Ocrtayerdengizi sinfiga mansub areal tipiga xos turlar hisoblanadi.

Hududda Fabaceae oilasining 5 turkum, 20 turdan iborat xamefitlari orasida
Astragalus L. turkumi 14 tur bilan yetakchilik giladi. Mazkur xamefitlar tekislikdan tortib
yugori tog‘gacha bo‘lgan mintagalarida uchraydi.

Lamiaceae oilasi xamefitlari 9 turkumga mansub 30 turdan iborat bo‘lib, oilaning
asosiy turkumlari Scutellaria L. (13), Ziziphora L. (4), Moluccella L. (3) hisoblanadi.

BBGR florasidagi mavjud 107 turga mansub xamefitlar C. Raunkiaer (1934) tasnifi
bo‘yicha 4 guruhga ajratildi:

Birinchi guruh — butasimon xamefitlar (Suffruticose chamaephytes). Poyalari to‘g‘ri,
noqulay mavsum boshlanishi bilan shoxchalarining yugori gismi qurib goladi. Bunday
turlar tipiga: Salsola arbusculiformis Drobow, Prosopis farcta (Banks et Sol.) J.F.Macbr,
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Astragalus kabadianus Lipsky, Zygophyllum atriplicoides Fisch. et C.A.Mey., Z.
eurypterum Boiss. et Buhse, Arceuthobium oxycerdi (DC.) M.Bieb, Moluccella bucharica
(B.Fedtsch.) Ryding, M. fedtschenkoana (Kudr.) Ryding, M. sogdiana (Kudr.) Ryding,
Harmsiella olgae (Regel) Sennikov turlari mansub.

Ikkinchi guruh — passiv xamefitlar (Passive chamaephytes) dan iborat bo‘lib, ularning
poyalari sal nimjon rivojlangan geotropik, poyani tik ushlab turishi uchun yetarli darajada
mustahkamlovchi to‘gimalar bilan ta’minlanmagan. Ular ko‘pincha yerga yotib o‘sadi. Bu
tipga floradagi quyidagi turlar mansub: Ephedra gerardiana Wall. et Stapf, Camphorosma
monspeliaca L., Frankenia bucharica Basil., Parrya fruticulosa Regel et Schmalh.,
Andrachne fedtschenkoi Kossinsky, A. telephioides L., Astragalus fedtschenkoanus Lipsky,
A. kudrjaschevii A.S.Korol., A. oldenburgii B.Fedtsch., A. maverranagi Popov, A.
rubescens Kovalesk. et Vved., A. urgutinus Lipsky, Oxytropis lasiocarpa Gontsch., O.
savellanica Bunge et Boiss., O. vvedenskyi Filim., Haplophyllum bucharicum Litv., Jurinea
tapetodes Iljin, Artemisia albicaulis Nevski, Plocama alshehbazii F.O.Khass.,
P.botschantzevii (Lincz.) M.Backlund et Thulin. P. bucharica (B.Fedtsch. et Des.-Shost.)
M.Backlund ex Thulin.

Faol xamefitlar (Active chamaephytes) — uchinchi guruh xamefitlari bo‘lib, ularning
poyasi doimiy ravishda yorug‘lik tomonga intilib o°sib turadigan turlar hisoblanadi. Bular:
Hammada leptoclada (Popov) Iljin, Polygonum paronychioides C.A.Mey., P. biaristatum
Aitch. et Hemsl., Ampelopsis aegirophylla (Bunge) Planch., Asperula oppositifolia Regel
et Schmalh., A. scabrella Tscherneva, Rubia laxiflora Gontsch., R. regelii Pojark., Vitex
agnus-castus L., Scutellaria phyllostachya Juz., S. physocalyx Regel et Schmalh. ex Regel,
S. pycnoclada Juz.

To‘rtinchi guruh — yostigsimon xamefitlar (Cushion chamaephytes). Yostigsimon
o‘simliklar ixcham, past bo‘yli, yostiq hosil gilib o‘suvchi o‘simlik. Bu tipdagi o‘simliklar
yerdan balandligi cheklangan, chuqur va baquvvat ildizga ega bo‘lgan, sekin o‘sishga
moslashgan. Yostigsimon o‘simliklar diametri 3 metrgacha o°sishi mumkin bo‘lgan katta,
past o‘sadigan matlar hosil giladi. Odatiy shakl, alohida rozetlarda tugaydigan minimal
apikal dominantlik bilan bir-biriga yagin joylashgan novdalarning ixcham massasidir. Har
bir novda barqaror sur’atda o‘sadi, shunda hech bir rozet yostigning golgan gismidan ko‘ra
ko‘proq ta’sir gilmaydi. Qarish fazasida yostigli o‘simliklar odatda alohida rozetlarning
alohida vaqgtlarda qurishidan ko‘ra ommaviy ravishda qurishi kuzatiladi. Ephedra glauca
Regel, Krascheninnikovia ceratoides (L.) Gueldenst., Kochia prostrata (L.) Schrad.,
Halocnemum strobilaceum (Pall.) M.Bieb., Caroxylon dendroides (Pall.) Tzvelev,
Anabasis eriopoda (Schrenk) Paulsen, Acantholimon butkovii Lincz., Reaumuria
turkestanica Gorschk., Helianthemum songaricum Schrenk et Fisch. ex C.A.Mey.,
Calispepla aegacanthoides Vved., Astragalus falcigerus Popov, Artemisia tenuisecta
Nevski, Convolvulus fruticosus Pall., Scutellaria squarrosa Nevski, Lagochilus gypsaceus
Vved., Lagochilus seravschanicus Knorring, Salvia bucharica Popov, Ziziphora
clinopodioides Lam. singari turlari shu tipga mansub.

Tadgiqot hududida O°‘zbekiston Respublikasi Qizil kitobiga kiritilgan monotip
Calispepla Vved. turkumining fagatgina S.aegacanthoides turi Boysun tog‘ining Machay
daryo havzasi, Sho‘rob va Darband gishloglari atfrofida targalgan. Bu turlar archazor hamda
shiblyak florotsenotiplarida uchraydi [11]. Bu tur Garbiy O‘rtayer dengiziga xos bo‘lgan
monotip relikt o‘simlik hisobanib, eng yaqgin bo‘lgan avlodi Ulex L. turkumidir. Mazkur
turkum turlari Yevropaning Ural tog‘lari florasida targalgan. Bu ikki tur o‘zaro morfologik
jihatdan deyarli bir xil, fagatgina urug‘larining soni va bargining shakli bilan farq giladi,
xolos [12].

Moluccella L. (=Otostegia Benth.) turkumning turlari, asosan, Afrikaning shimoli-
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shargiy gismidagi tog® va tog‘oldi mintagalarida, O‘rta Osiyodan G*arbiy Hindistongacha
bo‘lgan tekislik mintagalarida targalgan [13]. O‘zbekiston florasida ushbu turkumga
mansub 6 tur targalgan [14]. Shulardan 4 tur BBGR hududida uchraydi. Bular orasida
Moluccella bucharica alohida e’tibor kasb etadi. BBGR florasi hududining Sho‘rob,
Darband va Go‘rhoji gishloglari atroflaridagina populyatsiyasi saglanib golgan, yo‘qolish
arafasida turgan kamyob, endem va relikt tur hisoblanadi. Mazkur tur gipsli, olajinsli-gipsli
va ohakli yonbag‘irliklarda o°‘sadi. B.F. Fedchenko 1913-yilda J.F. Bornmyuller bilan
birgalikda Boysun-Darband atroflaridan olib borgan tadgiqotlarida turdan ilk namunalar
olgan. Keyinchalik B.F. Fedchenko 1915-yilda turni Otostegia bucharica B. Fedtsch. deb
nomlab fanga kiritgan [15]. Bu tur O‘zbekiston Respublikasi Qizil kitobiga Kiritilgan
[16] bo‘lib, hozirga gadar ushbu tur ustida olib borilgan tadgigotlar natijasiga ko‘ra,
turning populyatsiyasi yildan yilga qisgarib borayotganligi ma’lum bo‘ldi. Undan
tashqari quyidagi xamefitlar - Oxytropis vvedenskyi Filim. (Xo‘ja Gurgur ota tog‘i),
Haplophyllum bucharicum Litv. (Machay daryo havzasi), Scutellaria colpodea Nevski
(Darband va Sho‘rob gishloglari atrofi), Vitis vinifera L. (Machay daryo havzasi)
O‘zbekiston Respublikasi Qizil kitobiga (2019) kiritilgan.

Xulosa va takliflar. Boysun botanik-geografik rayoni florasidagi xamefitlarning tur
tarkibi, targalishi, yashash mubhiti tahlil gilinganda, xamefitlar Tog‘li O‘rta Osiyodagi
boshqa lokal floralar — VVarzob, Aksu-Jabag‘li, Talos Olatog‘i, Sirdaryo Qora tog‘i, Ketpen-
Temerlik Ko‘histon okrugi, G‘arbiy Tyonshon florasida nisbatan ko‘pligi hududning
joylashgan o‘rni, archazor, shiblyak mavjudligi hamda tragakanta o‘simliklar qoplami
xamefitlarning dominantlik gilishini ko‘rsatadi. Undan tashqari, xamefit turlarning boshga
floralarga nisbatan xilma-xil bo‘lishi, mavjud florada paleogen davriga xos bo‘lgan relikt
turlarning saglanib golganligi va mintagada xamefit turlar uchun qulay sharoit mavjudligi
bilan izohlanadi.

Foydalanilgan adabiyotlar ro‘yxati

1. Cain, S. A. (1950). Life-forms and phytoclimate. The Botanical Review, 16 (1), 1-32.

2. Arnold, J. F. (1955). Plant life-form classification and its use in evaluating range conditions
and trend. Journal of Range Management, 8 (4), 176-181.

3. Raunkiaer C. The life form of plants and statisticae plant geography. — Oxford, 1934. - P. — 632.

4. Turginov O.T. Boysun botanik-geografik rayoni florasi: Biol. fan. fals. dokt. diss. (PhD). —
Toshkent: 2017. — 296 b.

5. http://www.plantsoftheworldonline.org

6. http://www.theplantlist.org

7. http://www.ipni.org

8. http://www.catalogueoflife.org/annual-checklist)

9. Tonmaues A.U. Beenenue B reorpaduto pacrenuii. — JI.: JIT'Y, 1974, — 244 c.

10. Ilepbakor A.B., Maiiopos C.P. MHBentapuzanus ¢uiopsl ¥ OCHOBHI repOapHOro aena
(Meronuueckue pexkoMmeHnaanuu). - Mocksa: ToapuiiectBo Hayunslx u3nanunit KMK, 2006. — C.
48.

11. Tojibayev K.Sh. Calispepla aegacanthoides VVved. — Burchogsimon kalispepla. O‘zbekiston
Respublikasi Qizil kitobi. — Toshkent: Chinor ENK, 2009. —64 b.

12. Kamenun P.B. B xH. ®nopa u pacTutesisHOCTH yienbs peku Bap3o6. — JI.: Hayka, 1971. —
272 c.

13. Kynpsimo C.H. ®parmentsr k monorpaguu poxa Otostegia Benth. — Tamkent: Y3DAH,
1939. - 60 c.

14. Beenenckuit A.W. Pon Otostegia Benth. — Vxonpuysemnux. ®nopa VY30ekucrana. —
Tamkent: AH Y3CCP, 1961, T. V. C. 373-378.

15. Beenenckuii A.W. Hoebie Bo6oBbie n3 Cpenneit Azuu // boranuueckue Mat. rep0. uHC. OOT.
AH VY3CCP. — Tamkent: AH Y3CCP, 1952, -ein. XIII. — C. 19-20.

16. Tojibayev K.Sh. Otostegia bucharica B. Fedtsch. — Buxoro otostegiyasi. O‘zbekiston
Respublikasi Qizil kitobi. — Toshkent: Chinor ENK, 2009. —276 b.

148


http://www.plantsoftheworldonline.org/
http://www.theplantlist.org/
http://www.ipni.org/
http://www.catalogueoflife.org/annual-checklist

QarDU xabarlari BIOLOGIYA 2024 (1) 2

BUXORO SHAHRI URBANOFLORASINING TAKSONOMIK
TAHLILI

Umedov Abdullo Muhammadjon o‘g¢li,
Buxoro davlat universiteti, mustaqil izlanuvchi
Umedovabdulla@gmail.com

ORCID: 0009-0006-7560-7159

Esanov Husniddin Qurbonovich

Buxoro davlat universiteti, b.f.d., dotsent
husniddin_1978@mail.ru

ORCID: 0003-2813-3019

UDK: 581.9:(575.146)

Annotatsiya. Maqgolada Buxoro shahri urbanoflorasi o‘rganilgan va taksonomik
tahlili keltirilgan. Unda Buxoro shahri urbanoflorasi 42 oila, 170 turkumga mansub 255
turdan iboratligi gayd gilingan. Urbanofloraning taksonomik tarkibi APG IV (2016) tizimi
asosida tahlil gilingan.

Tahlillar natijasida floraning yetakchi oilalar spektri aniglangan. Mazkur oilalar
orasida Asteraceae (37 tur), Poaceae (34), Amaranthaceae (34), Fabaceae (26) va
Brassicaceae (24) muhim ahamiyatga ega ekanligini namoyon qgilgan. Yetakchi oilalar
spektri sinantrop mubhitlar florasi xususiyatlarini o‘zida mujassamlashtirgan. Ushbu oilalar
tarkibi ekinlar orasida, gulzorlarda, sernam yerlarda uchraydigan begona turlardan tashkil
topganligi bilan ajralib turadi. Begona turlar orasida chetdan Kkirib kelgan adventiv
o‘simliklar muhim o‘rin egallaydi. Ular ko‘proq Asteraceae oilasi tarkibida ko‘p uchraydi.
Mazkur oila vakillari tadgigot hududida eng yugori ko‘rsatkich 13,46%ni tashkil gildi va
ularning to‘r tizimli xaritasi yaratildi. Oila vakillaridan Eclipta prostrata (L.) L., Erigeron
bonariensis L., Sonchus arvensis L. Xanthium orientale L. va boshqalar so‘nggi yillarda
kirib kelayotgan adventiv tur sifatida gayd etilgan. Amaranthaceae oilasi esa mahalliy
(Amaranthus, Atriplex, Bassia, Chenopodium, Climacoptera va Suaeda) floraga xos
xususiyatlarni namoyon gilganligi keltirilgan.

Yetakchi oilalar va turkumlar spektri urbanofloraning cho‘l florasiga muvofiq
kelishini va sinantrop taksonlarning ortib borayotganligini tasdiglaydi.

Kalit so‘zlar. Buxoro shahri, urbanoflora, adventiv, taksonomik tahlil, turkum, oila.

TAXONOMIC ANALYSIS OF URBAN FLORA OF BUKHARA CITY

Abstract. The article presents the study and taxonomic analysis of urban flora of
Bukhara city. It is noted that the urban flora of Bukhara consists of 255 species belonging
to 42 families and 170 genera. The taxonomic composition of the urban flora was analyzed
based on the APG IV (2016) system.

As a result of the analysis, the spectrum of the leading families of the flora was
determined. Among these families, Asteraceae (37 species), Poaceae (34), Amaranthaceae
(34), Fabaceae (26) and Brassicaceae (24) have been shown to be important. The spectrum
of leading families embodies the characteristics of the flora of synanthropic environments.
The composition of these families is distinguished by the fact that they are composed of
alien species found among crops, in flower gardens, and on fertile lands. Among alien
species, adventitious plants that came from abroad occupy an important place. They are
more common in the Asteraceae family. The highest rate of representatives of this family
in the study area was 13.46%, and their grid map system was created. From family
representatives, Eclipta prostrata (L.) L., Erigeron bonariensis L., Sonchus arvensis L.
Xanthium orientale L. and others have been recorded as adventive species entering in recent
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years. As for Amaranthaceae family (Amaranthus, Atriplex, Bassia, Chenopodium,
Climacoptera va Suaeda) it is mentioned that it showed the characteristics typical of flora.
The spectrum of leading families and genera confirms the accordance of the urban
flora with the desert flora and the increase of synanthropic taxa.
Key words. Bukhara city, urban flora, adventive, taxonomic analysis, genus, family.

Kirish. So‘nggi yillarda insonlarning xo‘jalik faoliyati yer yuzi yashil qoplamining
tarkibi va tuzilishiga katta salbiy ta’sir ko‘rsatmoqda. Ayrim holatlarda ro‘y berayotgan
o‘zgarishlar bir tomonlama yo‘nalishga ega bo‘lib, flora va o‘simliklar goplamida tiklab
bo‘Imas darajada iz goldirmoqgda. Bu o‘z navbatida biologik xilmaxillikni mahalliy va
global darajada asta-sekin ingirozga uchrashiga asosiy omil bo‘lib xizmat gilmoqda.
Antropogen omillarning o‘simlik jamoalariga ta’sirini o‘rganish kelib chigishi mumkin
bo‘lgan salbiy ogibatlarni minimal darajaga olib kelish imkonini beradi [15]. Yevropa
shaharlarining urbanoflorasini o‘rganish uzoq o‘tmishga (bir necha asr) ega deyish mumkin.
London shahrining urbanoflorasi 1548-yildan 1975-yilgacha 950 nafar tadgiqotchilar
tomonidan tadqiq etilgan. Tadgigotlar natijasida mazkur shahar urbanoflorasining dastlaki
ro‘yxati 1583-yilda nashr etilgan [6]. XIX asrning boshlariga kelib, Yevropaning ko‘pgina
yirik shaharlarining o‘simliklar ro‘yxati shakllangan. Shahar florasining dastlabki
shakllantirilgan ro‘yxatining mavjudligi uni tarixiy (xronologik) tahlil gilish imkonini
beradi. Shunga o‘xshash tadgiqgotlar Finlyandiya, Polsha, Buyuk Britaniya, Germaniya,
Chexiya va boshga shaharlarda ham olib borilgan.

Urbanofloraning o‘rganish bo‘yicha tadgiqotlar MDH mamlakatlarida ham olib
borilgan. Bunday tadgiqotlar Rossiya shaharlarida ko‘proq ko‘zga tashlanadi [9]. Shuning
uchun Rossiya shaharlari urbanoflorasining xronologik ko‘rsatkichlari ularning adventiv
fraksiyasini o‘rganish imkoniyatlarini bergan. Rossiya shaharlari urbanoflorasining
tarkibini tadqgiq qilish natijasida uning o‘rganish murakkab bo‘lgan adventiv fraksiyasi
to‘g‘risida gimmatli ma’lumotlar to‘plangan. Bunday tadgiqotlar natijasi sifatida
urbanofloralarning zamonaviy shakllanish qonuniyatlari o‘rganilgan.

O‘zbekistonda mazkur yo‘nalishda dastlabki tadgiqotlar yaginda boshlandi. Unda
respublikaning yirik shaharlaridan Toshkent va Buxoro urbanofloralari bo‘yicha tadgiqgotlar
amalga oshirildi. Urbanofloralar tarkibini o‘rganish hozirgi kunda dolzarb masalalardan biri
sanaladi.

Tadgigot metodlari. Tadgigot obyekti Buxoro shahrining tabiiy florasi. Florani
o‘rganishda tadgiqot hududidan marshrutli usulda o‘simliklardan namunalar yig‘ilib
gerbariylar tayyorlandi. Yig‘ilgan gerbariy namunalari aniqlashda “Omnpenenurens
pactenuii Cpeaneit Asun” [8] “Analysis of Flora of Bukhara Oasis” [12] va “Flora of South-
West Kyzylkum” [3] ma’lumotlaridan foydalanildi. Buxoro shahar hududining to‘r tizimli
xaritasi ArcGIS version 10.6.1 dasturida WGS 1984 (World Geodetic System 1984)
proyeksiyasi asosida yaratildi. Mazkur hudud uchun 1x1 km? to‘r tizimli xaritalash amalga
oshirildi. Dala tadqiqotlarini indekslar kesimida amalga oshirishda “Tracklia” mobil
ilovasidan foydalanildi.

Tahlil va natijalar. Buxoro shahri urbanoflorasini o‘rganish bo‘yicha olib borilgan
dala tadgiqotlari 2021-2023-yillarda amalga oshirildi. Dastlabki ishlar mazkur hududga
tegishli ilmiy manbalarning tahliliga bag‘ishlandi. Shuningdek, Milliy gerbariy fondida
saglanayotgan namunalar o‘rganildi. Dala tadgigotlari davomida hududdan yig‘ilgan
namunalar va yugoridagi ma’lumotlar asosida Buxoro shahri urbanoflorasining birlamchi
ro‘yxati shakllantirildi. Bunga ko‘ra, mazkur urbanoflora yuksak o‘simliklarning 42 oila,
170 turkumga mansub 255 turdan iborat ekanligi aniglandi. Tadgiqgot hududining nisbatan
kichikligi va cho‘l mintagasida joylashganligini olingan natijani boshqga urbanofloralarga
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nisbatan kamligini izohlaydi.

Buxoro shahri urbanoflorasida oilalar ketma-ketligi APG IV (2016) tizimi asosida
tavsiflandi [13]. Asosiy taksonomik birliklar bo‘yicha umumlashtirilgan ma’lumotlar 1-
jadvalda keltirilgan.

1-jadval.
Buxoro shahri urbonoflorasidagi asosiy taksonomik birliklar tahlili
Qabila | Oila |  Turkumlar | Turlar soni
Polypodiophyta — Qitqgqulogtoifalar

Equisetales Equisetaceae 1 1
Jami 1 1 1

Angiospermae — Yopiqurug‘lilar

Bir urug‘pallalilar - Monocotyledones
Alismatales Araceae 1 1
Potamogetonales Potamogetonaceae 1 1
Typhaceae 1 1
Poales Cyperaceae 3 4
Poaceae 25 34
Jami: 3 5 31 41
Ikki urug‘pallalilar - Dicotylédones
Ceratophyllales Ceratophyllaceae 1 1
Papaveraceae 3 4
Ranunculales

Ranunculaceae 3 5
Saxifragales Haloragaceae 1 1
Zygophyllales Zygophyllaceae 2 2
Fabales Fabaceae 13 26
Rosaceae 3 4
Rosales Elaeagnaceae 1 1
Urticaceae 1 1
Oxalidales Oxalidaceae 1 1
Salicaceae 1 1
Malpighiales Euphorbiaceae 1 2
Linaceae 1 1
Geraniales Geraniaceae 2 2
Sapindales Nitrariaceae 1 1
Malvales Malvaceae 5 6
. Capparaceae 1 1
Brassicales Brassicaceae 17 24
Frankeniaceae 1 1
Tamaricaceae 1 1
Plumbaginaceae 1 1
Caryophyllales Polygonaceae 3 6
Caryophyllaceae 6 7
Amaranthaceae 14 34
Portulacaceae 1 1
Gentianales Rubiaceae L 4
Apocynaceae 2 2
Boraginales Boraginaceae 5 6
Solanales Convolvulaceae 4 7
Solanaceae 3 4
Plantaginaceae 2 7
Lamiales Verbenaceae 1 1
Lamiaceae 2 3
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Mazaceae 1 1
Asterales Ast(?raceae 26 37
Apiaceae 5 6
Jami: 18 36 137 213
Umumiy: 21 41 169 255

Buxoro shahri urbanoflorasidagi polimorf oilalar gatoriga 5 tadan ortiq turga ega
bo‘lgan oilalar tanlab olindi. Bu oilalarda 200 tur jamlangan bo‘lib, umumiy floradagi
turlarni 78.43% tashkil etadi (1-rasm).

= Asteraceae = Poaceae = Amaranthaceae = Fabaceae
= Brassicaceae = Caryophyllaceae = Convolvulaceae = Plantaginaceae
= Boraginaceae = Malvaceae = Apiaceae = Polygonaceae

1-rasm. Buxoro shahri urbanoflorasining yetakchi oilalar spektri

Keltirilgan urbanofloraning yetakchi oilalar tarkibi Buxoro vohasi, ya’ni sinantrop
mubhitlar florasining yetakchi oilalar spektriga [12] mos kelishi aniglandi. Ammo oilalar
ketma-ketligida ayrim farglanishlar mavjud. Spektrdagi birinchi uchlikdagi bu ketma-
ketlikni yirik (gadimiy) shaharlarning floralari uchun xos xususiyat sifatida ham gabul gilish
mumkin. Chunki tagqoslash uchun gabul gilingan ayrim shaharlar floralari, masalan,
Krasnodar [6], Grozniy [1] yoki Xarkov [5] shaharlari floralarida ham Poaceae va
Asteraceae oilalarining yetakchiligini ko‘rish mumkin. H. Esanovning (2017) Buxoro
vohasi florasi bo‘yicha olib borgan tadgiqotlarida Asteraceae oilasi 80 tur (15.15%) bilan
birinchi o‘rinni egallagan [12]. Buxoro shahar urbanoflorasi tarkibida oila vakillari
13.46%ni tashkil etadi. Shahar florasida bu oila vakillarining nisbatan ko*‘pligi chetdan kirib
kelayotgan adventiv turlarning (15 tur) aksariyat gismi shu oilaga mansub ekanligi bilan
izohlanadi (2-rasm). Xususan, so‘nggi Yyillarda O‘zbekiston florasi uchun yangi sifatida
aniglangan Eclipta prostrata (L.) L., Erigeron bonariensis L., Sonchus arvensis L.
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Xanthium orientale L. vakillarni keltirish mumkin [4]. Shu kabi turlar urbanoflora tarkibini
boyitib bormogda.

Buxoro shahar hududida
Asteraceae ollasining tarqalishil

[ ash jovi

398

39788000

60N

397

= 22 64 6 64.4 64 482048

2-rasm. Buxoro shahrida Asteraceae oilasiga mansub turlarning targalishi.

Alohida aytib o‘tish joizki, Buxoro shahri urbanoflorasida Amaranthaceae oilasi (14
turkum, 34 tur) birinchi uchlikdagi uchinchi oila sifatida gayd etilgan. U Turon provinsiyasi
tabiiy floralarining asosiy xususiyatlarini namoyon qiluvchi yetakchi oilalaridan biri
hisoblanadi. Ushbu oila vakillari mazkur mintagada tabiiy hududlarda uchraydigan mahalliy
turlardan tashkil topgan. Ammo uning vakillari orasida antropogen o‘zgargan muhitlarda
targalgan sinantrop turlarni ham uchratish mumkin. Ular shahar florasi tarkibida ruderal,
partov yerlar, yo‘l va arig bo‘ylari, gulzorlar va ekin maydonlarida uchraydi.
Amaranthaceae oilasi tarkibida Amaranthus (6 tur), Atriplex (4), Bassia (3), Chenopodium
(3), Climacoptera (3) va Suaeda (3) turkum turlari keng targalgan. Oila tarkibida invaziv
turlarga boy turkum sifatida Amaranthus turkumi alohida ajralib turadi [14]. Ushbu oila
vakillarining urbanoflora tarkibida yetakchilik qilishi Buxoro shahri florasining
sinantroplashish darajasining ortayotganligidan dalolat beradi. Mazkur oila boshga
urbanofloralar [2, 7] tarkibida o°rni past ko‘rsatkichlar bilan namoyon bo‘ladi. Bu holat bir
tomondan ushbu oilaning urbanoflora tarkibida orni yugori emasligini ko‘rsatsa, boshqa
tomondan Turon cho‘l floralarida muhim o‘rin egallashini ko‘rsatmoqda. Ikkinchi holat
Buxoro shahri urbanoflorasiga xos xususiyat ekanligini ko‘rsatdi.

Ikkinchi uchlikdagi (Fabaceae, Brassicaceae, Caryophyllaceae) oilalari orasida
Fabaceae (to‘rtinchi o‘rin, 13 turkum, 26 tur) ko‘prog mahalliy turlarga boy oila sifatida
namoyon bo‘ldi. Shundan 9 tur adventiv, 17 tur aborigen sifatida keltirildi. Ushbu oila
vakillari Buxoro vohasi (287 ming gektar) florasi tarkibida 41 turni tashkil gilgan [12].
Buxoro shahri kichik maydonni (6070 gektar) egallagan bo‘lishiga garamasdan Buxoro
vohasida uchraydigan burchoqdoshlar vakillarining 56.10% tashkil gilmogda. Bu Fabaceae
oilasining urbanoflora tarkibida o‘rni yuqgori ekanligini ko‘rsatadi. Urbanoflora tarkibida
oilaning yetakchiligi Astragalus (4 tur), Medicago (4) va Melilotus (3) turkumlarining
yugori o‘rniga bog‘liq. Navbatdagi oilalar, jumladan, Brassicaceae (17 turkum, 24 tur)
asosan keng arealli turlardan tashkil topgan. Oila tarkibida 15 tur chetdan kirib kelgan
adventiv tur sifatida qayd etildi. Shahar hududi bo‘ylab keng targalgan vakillari asosan
ekinlar orasida (Eruca vesicaria (L.) Cav., Euclidium syriacum (L.) W.T. Aiton, Hornungia
procumbens (L.) Hayek), yo‘l bo‘ylari, partov yerlarda (Lepidium chalepense L., Lepidium
ruderale L., Olimarabidopsis pumila (Steph.) Al-Shehbaz, O‘Kane et Price, Descurainia
sophia (L.) Webb ex Prantl), chim bilan goplangan gulzorlarda (Rorippa palustris (L.)
Besser) ko‘p gayd etildi.

Caryophyllaceae oilasi 7 turdan tashkil topgan bo‘lib, Buxoro shahri
urbanoflorasining 2.75% ini tashkil gilyapti. Oila tarkibida adventiv turlar (Gypsophila
vaccaria (L.) Sm. va Stellaria media (L.) Vill.) soni ham yuqgori emas. Convolvulaceae va
Plantaginaceae oilalari ham 7 turdan tashkil topgan. Oila vakillarining har biri Buxoro
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shahri urbanoflorasining 2.75% ni tashkil gilyapti. Ushbu oilalarning yetakchiligi xorijiy
mamlakat urbanofloralari tarkibida kuzatilmaydi [14, 2, 7].

Malvaceae, Apiaceae va Polygonaceae oilalari har biri 6 turdan iborat. Ushbu oilalar
urbanoflora tarkibida kam turlar bilan ishtirok etmoqda. Malvaceae oilasining yetakchiligi
ilk bor gayd etilmoqda. Uning tarkibida 4 tur adventiv sifatida keltirildi. Apiaceae oila
vakillari barchasi (Daucus carota L., Eremodaucus lehmannii Bunge, Scandix pecten-
veneris L., Scandix australis subsp. grandiflora (L.) Thell., Turgenia latifolia (L.) Hoffm.)
urbanoflora tarkibida kam targalgan.

Yuqorida keltirilgan polimorf oilalar tarkibi mahalliy turlar bilan bir gatorda,
geografik targalishi keng bo‘lgan alloxton turlardan tarkib topganligi aniglandi. Buxoro
shahri florasining aniglangan dastlabki turlar tarkibini 37.65% chetdan kirib kelgan
o‘simliklar tashkil gildi.

Buxoro shahri urbanoflorasining tarkibi 169 turkumdan tashkil topgan. Urbanoflora
tarkibida turkumlar 1— 6 turdan tarkib topgan. Tadgiqotlarda 4 — 6 turdan tashkil topgan
polimorf turkumlar tanlandi (3-rasm).

Ular orasida 6 turdan tashkil topgan yagona Amaranthus turkumi mavjud bo‘lib,
uning barcha turlari (Amaranthus albus L., A. blitoides L., A. blitum L., A. graecizans L., A.
retroflexus L., A. viridis L.) adventiv tur sifatida gayd etilgan. Amaranthus albus yo‘l
bo‘ylari, A. blitoides, A. blitum bo‘sh yotgan yerlar, ariq bo‘ylarida, Amaranthus retroflexus
ekinlar orasida va Amaranthus viridis yo‘l bo‘ylari (1-rasm), gulzorlar, bog‘lar, gazonlar,
ekinlar orasi, tashlandiq yerlarda uchraydi. A. viridis L. H.Q. Esanov tomonidan birinchi
marta 2006-yilda O‘zbekistonda Buxoro vohasining Peshku tumanida ariq bo‘yidan
topilgan [14]. Shu davrda turning targalish maydonlari tor diapazonni tashkil gilgan. Ammo
keyingi 10 yil mobaynida invaziv tur sifatida Buxoro vohasining barcha hududlarini, ya’ni
arig, yo‘l bo‘ylari, ekinlar orasi, boglar, ruderal, tashlandiq, ekilmay yotgan yerlarni
egallagan. Shuningdek, shahar ko‘chalari, gulzorlarda va ko‘p gavatli binolar oldida ham
uchratish mumkin. Ushbu mubhitlardagi o‘simliklar jamoalarida dominant tur sifatida
ishtirok etgan. 1m? da 15 tadan 87 tagacha uchrashi qayd etilgan [14].

Buxoro shahri urbanoflorasining yetakchi turkumlar spektrida Amaranthus
turkumining yetakchiligi hududning xos xususiyatlari bilan ifodalansa, Veronica turkumi
vakillarining qulay o‘sish maydonlari mavjudligi va keng targalganligi bilan izohlash
mumkin. Ularning uchrash maydonlari asosan sernam hududlarda gayd etildi. Turkum
vakillari orasida Veronica hederifolia L. urbanoflora tarkibida yaginda kirib kelgan

turlardan biri hisoblanadi.

= Amaranthus L. = Veronica L. Artemisia L.

= Astragalus L. = Medicago L. Atriplex L.
m Lepidium L. = Galium L.

3-rasm. Buxoro shahri urbanoflorasidagi yetakchi turkumlar spektri
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Buni “Buxoro vohasi florasi tahlili” [12] asarida qayd etilmaganligi bilan asoslash
mumkin. Artemisia L. turkum vakillarining shahar hududida targalishida antropogen
omillarning o‘rni yuqori ekanligini ko‘rish mumkin. Jumladan, Artemisia vulgaris L. va
Artemisia absinthium L. ning ilgari urbanoflora tarkibida uchramagan (3-rasm). Ammo
H.Q. Esanov (2023) Buxoro davlat universiteti hududidan topilganini gayd etgan.
Shuningdek, Astragalus schmalhausenii Bunge ning Buxoro avtomashina bozori
atroflaridan, Medicago lessingii Fisch. & C.A.Mey. ex Kar. va Medicago polymorpha L.
(3-rasm) gazon maydonlaridan topilganligi antropogen omillarning mahsuli hisoblanadi.
Turlarning urbanoflora tarkibiga kirib kelishi turli ta’sirlar natijasida ortib boraveradi.
Urbanofloradagi yetakchi turkumlar spektri har bir shahar florasi uchun iglimiy
xususiyatlaridan kelib chigib turlicha bo‘lishini gayd etish mumkin. (4-rasm)

.
- d
f,‘.
3
o
- -

-

7 -
Artemisia absinthium L. Astragalus schmalhausenii Bunge Medicago polymorpha 1.

4-rasm. Buxoro shahrida keng targalgan turkumlar.

Astragalus, Medicago va Atriplex turkumlari har biri 4 turdan tashkil topgan bo‘lib
barchasi mahalliy turlar hisoblanadi. Buxoro shahri urbanoflorasiga cho‘l florasining ta’siri
sezilib turadi. Jumladan, Astragalus arpilobus, A. campylorhynchus, A. tribuloides va
boshqalar. Buning sababi antropogen omillar ta’siri (shaharsozlik, qurilish, yo‘l ta’mirlash),
deyish mumkin. Atriplex turkum turlaridan Atriplex tatarica va A. micrantha urbanoflora
tarkibida dominant tur sifatida keng targalgan.

Qolgan 13 turkum 3 turdan, 31 turkum 2 turdan va 118 turkum 1 turdan tashkil
topganligi aniglandi. A.l. Tolmachev [10] fikriga ko‘ra, o‘simlik dunyosidagi turlar
sonining turkumlar soniga nisbati flora rivojlanishining avtoxton va alloxton tendensiyalari
ko‘rsatkichi bo‘lib xizmat gilishi mumkin. Shuningdek, turkumdagi turlarning o‘rtacha soni
gancha ko‘p bo‘lsa, florada avtoxton jarayonlar shunchalik kuchli namoyon bo‘ladi va
aksincha, bu ko‘rsatkich ganchalik past bo‘lsa, florogenez davrida turlarning
migratsiyasining roli shunchalik katta bo‘ladi. Turkumlarning tahlili natijalari Buxoro
shahri urbanoflorasi turkumlarining 69.41% 1 turdan tashkil topganligini ko‘rsatdi. Bu esa
urbanoflora tarkibida migratsion elementlar ko‘pligidan dalolat beradi va ularning
shalklanishida adventiv turlarning o‘rni yugori ekanligini ko‘rsatdi.

Xulosa qilib aytganda, taksonomik tahlil natijalari Buxoro shahri urbanoflorasi O‘rta
Osiyo janubiy cho‘llari florasining belgilarini o‘zida aks ettirishi bilan birga, sinantrop
taksonlarning ko‘payib borayotganligini tasdiglaydi. Bunda keng targalish arealiga ega
bo‘lgan turlarning o‘rni yuqori ekanligi aniglandi. Buni bevosita Buxoro shahrining logistik
alogalari bilan bog‘lig deyish mumkin.

Foydalanilgan adabiyotlar

1. AmuxamxueB M.X., OpxanoBa P.C. Wrorm maBeHTapm3ammu Quiopsl ropoaa I'po3Horo:
cucremMarnieckas M reorpaduueckas crpykrypa // M3sectust Camapckoro Hay4yHOro LIEHTpa
Poccuiickoii akagemun Hayk, 2017. Tom 19, Ne2(2), — C. 211-215.

2. bapanosa O.I'., lllepbakoB A. B., Cenartop, C.A.Ilanacenko, H.H. Caranaes B. A. &
CakconoB C.B. (2018). OcHoBHBIE TEPMHHBI W TOHSTHS, HCIOIb3yeMble NpPHU HIyUYCHHUH
qy)XKepOAHOH 1 cuHAaHTpONHOH (opsl. duropazHoodpazue Bocrounoit Esponsl, 12(4), 4-22.

3. I'paanroB U.U. Pactutensupiii nokpoB KOro-3amagueix Ke3puikymoB. B 2-x T. - TamkeHT:

e
155



QarDU xabarlari BIOLOGIYA 2024 (1) 2

Hayka, 1964. T. 1. -335 c.

4, 3axupoB K. 3. ®nopa u pacTUTENbHOCTL OacceitHa pekn 3epasmiad. Y. KoHcnekT ¢uiopsl.
Tamxkent: U3n-80 AH Y3CCP, 1961. 446 c.

5. 3esrunueB KA. [Ipupoanas ¢ppakuus ypoanoduiopsl XapbKoBa: aHaTU3 ¥ aHHOTUPOBAHHBIN
KoHcrekT // duropaznoodpasue Bocrounoit Espons 2013, VII: 3. — C. 5-28.

6. Unmuuckux H. I'. O0630p pabotr mo ¢aope M PacTUTSIHOCTH TOPOIOB. DKOJOTHA U
npupoponoia3oanue. Y da-2011

7. Mopo3zoBa I'. 1O., 3mo6uHn 0. A., Mensuuk T. . Pactenus B ypOaHU3UPOBAHHOMN MPHUPOTHOM
cpene: hopmupoBanue (HIOPHI, IEHOTeHe3 U CTPYKTypa rmomyssiiuii // XKypH. o6m. 6uonoruu, 2003.
T. 64, Ne 2. C. 166-180.

8. Onpeaenuten pactenuit Cpenneit Asuu: T. U-X. — Tamkent: ®an, 1968 — 1993.

9. Tlocrapuak HO.A., JlutBunckas C.A. Ypbanodraopa ropoma Kpacuomapa // W3Bectus
Camapckoro HayuHoro nentpa Poccuiickoit akagemun Hayk. 2011. 13, Ne 5(3). — C. 80-82.

10. Tonmaues A.U. Beenenue B reorpaduro pacrenuid. — JI.: JIT'Y, 1974. — 244 c.

11. Toxwubaes K.I1., Ocanos X.K. CoBpeMeHHOE COCTOSTHUE N3YIEHHOCTH HHBA3MOHHBIX BHIOB
V306ekucrana // Unmuii xabapraoma Cepust: buonoruk tagkukotnap. 2021, Ne 8(60). C. 5-15.

12. DcanoB X.K. byxopo Boxacu ¢iopacu Taxmwnu: buon. daH. HOM3. ... mucc aBToped. —
Tomxkent, 2017. 45 0.

13. Angiosperm Phylogeny Group [APG 1V] (2016) An update of the Angiosperm Phylogeny
Group classification for the orders and families of flowering plants: APG IV. Botanical Journal of
the Linnean Society 181: 1-20.

14. Esanov H.K. Amaranthus viridis L. (Amaranthaceae) — a new invasive species for the flora
of Uzbekistan // Stapfia Reports. 2017. 107. Pp. 127-130.

15. Temirova G.B. Toshkent shahri urbanoflorasida targalgan Poaceae Barnh. oilasining tasnifi.
International scientific journal science and innovation. Toshkent-2023. 901-904 b.

JANUBIY O‘ZBEKISTON UMURTQALI HAYVONLARI GELMINTLARI
HAYOT SIKLIDA SUDRALIB YURUVCHILARNING TUTGAN O‘RNI

Toshov Utkir Jumayevich

Qarshi davlat universiteti, katta.o‘qituvchi
utkirtoshov867@gmail.com
ORCID:0009-0008-9200-7539

Ruziyev Baxtiyor Xushmuratovich
Qarshi davlat universiteti, dotsent
bruziev@list.ru
ORCID:0000-0003-1991-1800

UDK 576.895.1.598.1

Annotatsiya. Reptiliyalar umurtqali hayvonlarning qadimgi va o‘ziga xos
sistematik guruhi bo‘lib, quruglik ekosistemalarining asosiy komponentlaridan biri
hisoblanadi. Ular Janubiy O‘zbekiston biotsenozlarida keng tarqalgan. Sudralib yuruvchilar
qishlog xo‘jaligi va yovvoyi hayvonlar gelmintozlarining tabiatdagi sirkulyatsiyasida
ishtirok etishi bilan ham katta ahamiyat kasb etadi. Darhagiqat, reptiliyalar bu jarayonda
go‘shimcha yoki rezervuar xo‘jayin vazifasini bajaradi. Janubiy O‘zbekistonda tarqalgan
sudralib yuruvchilar gelmintlari faunasini o‘rganish borasida olib borilgan tadqiqotlar
natijalariga ko‘ra, 10 turdagi gelmintlarning lichinkasi mazkur hayvonlarda qayd etildi. Bu
turlar sistematik jihatdan Cestoda (4 tur), Trematoda (2 tur), Chromadorea (3 tur) va
Acanthocephala (1 tur) sinflariga mansub. Reptiliyalarning gelmintlar lichinkalari bilan
umumiy zararlanishi 5,4-25,4% ni tashkil etdi. Qayd etilgan turlardan Alaria alata (Goeze,
1782), larvae, Ascarops strongylina (Rud., 1819) larvae, Spirocerca lupi (Rud., 1819)
larvae, Physocephalus sexalatus Molin, 1860, larvae kabilar tibbiyot va veterinariyada
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muhim ahamiyatga ega. Binobarin, gelmintlar biologiyasining o‘ziga xos xususiyatlarini
to‘liq bilmasdan turib, ularga qarshi ilmiy asoslangan kurash choralarini yoki oldini olish
profilaktik tadbirlarini ishlab chigish mumkin emas.

Kalit so‘zlar: reptiliya, gelmint, gelmintoz, lichinka, taraqqiyot sikli, definitiv
x0‘jayin, oraliq xo‘jayin, rezervuar xo‘jayin, paratenetik xo‘jayin.

THE ROLE OF REPTILES IN THE LIFE CYCLE OF HELMINTHS OF
VERTEBRATE ANIMALS OF SOUTHERN UZBEKISTAN

Abstract: Reptiles are an ancient and unique systematic group of vertebrates and are
one of the main components of terrestrial ecosystems. They are widespread in the
biocenoses of Southern Uzbekistan. Reptiles are also important because they participate in
the natural circulation of helminths of agricultural and wild animals. In fact, reptilians act
as an additional or reservoir host in this process. According to the results of research on the
fauna of reptile helminths distributed in South Uzbekistan, the larvae of 10 types of
helminths were recorded in these animals. These species systematically belong to the classes
Cestoda (4 species), Trematoda (2 species), Chromadorea (3 species) and Acanthocephala
(1 species). The total infection of reptiles by helminth larvae was 5.4-25.4%.The total
infestation of reptiles with helminth large was 5.4-25.4%. Among the mentioned species,
Alaria alata (Goeze,1782),larvae, Ascarops atrongylina (Rud.,1819) larvae, Spirocerca lupi
(Rud.,1819) larvae, Physocephalus sexalatus Molin,1860, larvae are important in medicine
and veterinary medicine.

Therefore, it is impossible to develop scientifically based control measures or
preventive measures against helminthes without a complete knowledge of the specific
characteristics of their biology.

Key words: reptile, helminth, helminthiasis, larva, development cycle, definitive
host, intermediate host, reservoir host, paratenetic host.

Kirish. Ma’lumki, umurtgalilar hayvonot olami vakillarining ekologik jihatdan
yuksak adaptatsion potensialga ega bo‘lgan guruhidir. Evolyutsiya jarayonida bu hayvonlar
suv va quruglik ekosistemalarida yashashga moslashgan. Shu bilan birgalikda mazkur
hayvonlar parazitologlar uchun ham juda qulay obyekt hisoblanadi. Chunki aynan umurtqali
hayvonlar parazit organizmlar, xususan, gelmintlarning taraqgiyot siklida muhim rol
o‘ynaydi. Binobarin, gelmintlar faunistik majmualarining shakllanish qonuniyatlari va
targalishi muammolari ham mana shu umurtgali hayvonlarning muayyan sistematik
guruhlari doirasida hal etiladi [9]. Reptiliyalar umurtqali hayvonlarning qadimgi va o‘ziga
xos sistematik guruhi bo‘lib, quruqglik ekosistemalarining asosiy komponentlaridan biri
hisoblanadi. Ular Janubiy O‘zbekiston biotsenozlarida keng tarqalgan.

Shuningdek, sudralib yuruvchilar qishloq xo‘jaligi va yovvoyi hayvonlar
gelmintozlarining tabiatdagi sirkulyatsiyasida ishtirok etishi bilan ham katta ahamiyat kasb
etadi. Darhaqiqat, reptiliyalar bu jarayonda qo‘shimcha yoki rezervuar xo‘jayin vazifasini
bajaradi [6].

Natijalar va muhokama. Janubiy O‘zbekistonda targalgan sudralib yuruvchilar
gelmintlari faunasini o‘rganish borasida olib borilgan tadqiqotlar natijalariga ko‘ra, 10
turdagi gelmintlarning lichinkasi mazkur hayvonlarda gayd etildi:

1. Spirometra erinaceieuropaei (Rud., 1819), larvae

2. Diplopylidium noelleri (Skrjabin, 1924), larvae

3. Joyeuxiella echinorhynchoides (Sonsino, 1889), larvae

4. Mesocestoides lineatus (Goeze, 1782), larvae

5. Strigea strigis (Schrank, 1788), larvae
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6. Alaria alata (Goeze, 1782), larvae

7. Ascarops strongylina (Rud., 1819) larvae

8. Spirocerca lupi (Rud., 1819), larvae

9. Physocephalus sexalatus Molin, 1860, larvae

10. Macracanthorhynchus catulinus Kostylew, 1927, larvae

Bu turlar sistematik jihatdan Cestoda (4 tur), Trematoda (2 tur), Chromadorea (3 tur)
va Acanthocephala (1 tur) sinflariga mansub. Tadgiqgotlar olib borilgan hududlarda
reptiliyalarning gelmintlar lichinkalari bilan umumiy zararlanishi 5,4-25,4% ni tashkil etdi.

Spirometra erinaceieuropaei va Mesocestoides lineatus turlari uchun sudralib
yuruvchi hayvonlar rezervuar xo‘jayin hisoblansa, Diplopylidium noelleri, Joyeuxiella
echinorhynchoides kabi turlar uchun oraliq xo‘jayin vazifasini o‘taydi. Oochoristica
tuberculata va O.fedtschenkoi turlarining jinsiy voyaga yetishi bevosita sudralib yuruvchilar
organizmida amalga oshganligi bois reptiliyalar mazkur turlarning ontogenezida asosiy
(definitiv) xo‘jayin bo‘lib xizmat qiladi.

Shu o‘rinda ta’kidlash joizki, reptiliyalarning oraliq va rezervuar xo‘jayin sifatidagi
roli nihoyatda muhimdir. Chunki aynan sudralib yuruvchilar Spirometra erinaceieuropaei
va Mesocestoides lineatus kabi turlarning taraqqiyot siklida rezervuar xo‘jayin sifatida turli
umurtqali  hayvonlar  (yirtqichlar, mo‘ynalilar, shu jumladan, itsimonlar va
mushuksimonlar) hamda odamga yugishini ta’minlaydigan asosiy zvenodir (tibbiyot
terminologiyasida Spirometra erinaceieuropaei sestodasi keltirib chigaradigan kasallik -
sparganoz deb atalib, ko‘p hollarda letal oqibatlarga olib kelishi bilan xarakterlanadi).

Qayd etilgan turlardan Alaria alata (Goeze, 1782), larvae, Ascarops strongylina (Rud.,
1819) larvae, Spirocerca lupi (Rud., 1819) larvae, Physocephalus sexalatus Molin, 1860,
larvae kabilar tibbiyot va veterinariyada muhim ahamiyatga ega. Shu bois ushbu turlarning
taraqqiyot sikllari bo‘yicha gisqacha ma’lumotlarni Kkeltirishni lozim topdik. Binobarin,
gelmintlar biologiyasining o°ziga xos xususiyatlarini to‘liq bilmasdan turib, ularga qarshi
ilmiy asoslangan kurash choralarini yoki oldini olish profilaktik tadbirlarini ishlab chigish
mumkin emas.

Alaria alata (Goeze, 1782), larvae. Alaria alata trematodasi yirtgich sut emizuvchi
hayvonlarning keng tarqalgan gelminti bo‘lib, itlar va mo‘ynali hayvonlar o‘rtasida alyarioz
kasalligini keltirib chiqaradi. Birinchi oraliq xo‘jayin vazifasini Planorbidae oilasiga
mansub suv mollyuskalari, qo‘shimcha xo‘jayin vazifasini dumsiz suvda va quruqlikda
yashovchilar va ularning itbaliglari bajaradi. Undan tashgari bu trematodaning hayot siklida
rezervuar xo‘jayin ham ishtirok etishi mumkin. Rezervuar xo‘jayin vazifasini - suvda va
quruglikda yashovchilar, sudralib yuruvchilar, qushlar va sut emizuvchilar bajarishi
mumkin [10].

Olib borilgan tadgiqgotlar natijasida suv iloni (Natrix tessellate) va nagshdor chipor
ilon (Elaphe dione) lar Alaria alata trematodasining rezervuar xo‘jayini vazifasini bajarishi
aniglandi. Ularning trematoda lichinkalari bilan zararlanishi 4,8-16,7% ni, invaziya
intensivligi esa 1-3 nusxani tashkil etdi.

Yirtgich sut emizuvchilar Alaria alata trematodasining tabiatdagi sirkulyatsiyasida va
targalishida asosiy manba sifatida muhim epizootologik va epidemiologik ahamiyatga ega.
Suv havzalari va meliorativ kanallar qirg‘oqlari bo‘yida bu trematoda tuxumlarining
ko‘plab miqdordagi konsentratsiyasi kuzatiladi. Qoraqalpog‘iston sharoitida daydi,
cho‘pon, uy itlari aholi yashaydigan ovullarga invaziya elementlarini targatadi va invaziya
sirkulyatsiyasi uchun qulay sharoitlar yaratilganda va moyil hayvonlar mavjud bo‘lganida
alyariozning yangi tabiiy o‘choqlari shakllanishi mumkin [2].

Ascarops strongylina (Rud., 1819) larvae. Ushbu nematodaning hayot siklida xonaki
cho‘chqalar asosiy xo‘jayin, yirik shoxli qoramollar va dengiz cho‘chqalari esa fakultativ
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x0‘jayin vazifasini bajaradi. Aphodius, Caccobius, Copris, Geotrupes, Gymnopleurus,
Onthophagus va Scarabaeus avlodlari qo‘ng‘izlari va Anax parthenope ninachilari oraliq
x0‘jayin vazifasini bajaradi. Sut emizuvchilar, qushlar va sudralib yuruvchilar rezervuar
x0‘jayin vazifasini bajaradi [3].

Asosiy xo‘jayinning ingichka ichagida gelmintlar tuxum ajratadi. Tuxum fekaliy bilan
tashqi muhitga chigadi, 21-270C haroratda tuxumda 11-12 kunda miratsidiya shakllanadi.
Suvda miratsidiyalar mollyuskalarga (Planorbis planorbis, P.vortex) faol o‘tadi va
partenogenetik yo‘l bilan ko‘payib serkariya hosil giladi. Bu jarayon 22-240C haroratda 37-
45 kunda, 18-190C haroratda - 70-80 kunda yakunlanadi. Keyinchalik serkariya mollyuska
organizmidan tashqgi muhitga chigadi va amfibiyalar va reptiliyalar organizmiga o‘tib,
metatserkariya bosqichiga aylanadi. Asosiy xo‘jayinlar amfibiya va reptiliyalar bilan ozuga
alogalariga kirishi natijasida invazion elementlarni (metatserkariya) o‘ziga yugqtiradi.
Asosiy xo‘jayin organizmida 32-45 kunda jinsiy voyaga yetib, imaginal trematoda
formasiga aylanadi [6].

Olib borilgan tadgiqgotlar natijasida sarigilon (Pseudopus apodus), rang-barang
kaltakesak (Eremias arguta), tezkaltakesak (Eremias velox), suvilon (Natrix tessellate) kabi
sudralib yuruvchilar vakillarining rezervuar xo‘jayin vazifasini bajarishligi ma’lum bo‘ldi.
Mazkur hayvonlarning zararlanishi 3,8-18,7% ni tashkil etdi.

Nematodaning voyaga yetgan formalari asosiy xo‘jayinning oshqozoni va ingichka
ichagida, lichinkalari esa rezervuar xo‘jayinning oshqozon va ichak devorlari, jigar, teriosti
klechatkasida lokalizatsiyalanadi.

Hayvonlar fekaliysi bilan ajraladigan tuxumlar ichida lichinka bo‘ladi. Ular kaprofag
qo‘ng‘izlar yoki ninachilar tomonidan yutib yuboriladi. Oraliq xo‘jayin ichagida tuxumdan
lichinka chiqib, tana bo‘shlig‘iga o‘tadi. Lichinka ikki marotaba tullab (po‘st tashlab L1,
L2) invazion lichinkaga aylanadi. Asosiy xo‘jayin kaprofag qo‘ng‘izlar va ninachilarni
0zuga bilan qo‘shib yutib yuborishi natijasida invazion elementlarni o‘ziga yugqtiradi.
Hayvon oshqozonida lichinka kapsuladan ozod bo‘ladi va shilliq qavat orasiga o‘tib oladi.
U joyda 4-5 kundan keyin uchinchi (L3), 20-25 kundan keyin to‘rtinchi tullashni (L4)
tugallaydi. 46-48 kunga kelib jinsiy voyaga yetgan nematodaga aylanadi.

Spirocerca lupi (Rud., 1819) larvae. Yirtqich sut emizuvchilar asosiy xo‘jayin,
qo‘ng‘izlar (Scarabaeus, Copris, Geotrupes) esa oraliq xo‘jayin vazifasini bajaradi.

Kaprofag qo‘ng‘izlar definitiv xo‘jayin ajratgan fekaliyalardagi tuxumlarni yutib
yuborishi natijasida L1 bosqichdagi lichinkalarni o‘ziga yuqtirib oladi. Bu lichinkalar oraliq
x0°jayin organizmida joylashib olgandan so‘ng 2 oy mobaynida L3 bosqichdagi (invazion)
lichinkaga aylanadi. Invazion jarayon to‘g‘ridan to‘g‘ri (definitiv xo‘jayin oraliq xo‘jayinni
yutib yuborishi orgali) yoki bilvosita, ya’ni paratenetik xo‘jayin oraliq xo‘jayinni yutib
yuborishi orqali amalga oshishi mumkin. Shu o‘rinda yirtqich sut emizuvchilar emas, balki
qushlar, reptiliyalar va kemiruvchilar kabi hayvonlar kaprofag qo‘ng‘izlar bilan ozuqa
munosabatlariga ko‘proq kirishi inobatga olinadigan bo‘lsa, Spirocerca lupi nematodasining
taraqqiyot siklining muvaffaqiyatli o‘tishi va tabiatda keng tarqalishida reptiliyalarning
ahamiyatini e’tirof etish mumkin.

Olib borilgan tadgigotlar natijasida qizilqulog kaltakesak (Phrynocepphalus
mystaceus), sarigilon (Pseudopus apodus), rang-barang kaltakesak (Eremias arguta),
tezkaltakesak (Eremias velox), bo‘shilon (Gloydius (Agkistrodon) halys) va suvilonlar
(Natrix tessellate) mazkur nematodaning taraqqiyot siklida paratenetik xo‘jayin vazifasini
bajarishi aniglandi. Nematoda sudralib yuruvchilarning ichak devorlari, oshqozoni, tana
bo‘shlig‘i, muskullari, o‘pka, jigar, teriosti klechatkasidan topildi. Reptiliyalarning
nematoda lichinkasi bilan zararlanish ko‘rsatkichi 3,8-14,5% ni, invaziya intensivligi esa 1-
27 nusxani tashkil etdi.
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Physocephalus sexalatus Molin, 1860, larvae. Asosiy xo‘jayin vazifasini xonaki va
yovvoyi cho‘chqalar, tapir, bir o‘rkachli tuyalar, eshaklar, oraliq xo‘jayin vazifasini esa
go‘ng‘izlar bajaradi. Fakultativ xo‘jayin sifatida yirik shoxli qoramollar, rezervuar xo‘jayin
sifatida esa amfibiyalar, reptiliyalar, qushlar va sutemizuvchilar gayd etilgan.

Olib borilgan tadqiqotlarga ko‘ra, Physocephalus sexalatus nematodasi lichinkasi
Turkiston agamasi (Stellio lehmanni), sarigilon (Pseudopus apodus), tezkaltakesak
(Eremias velox), suvilon (Natrix tessellate), gizilquloq kaltakesak (Phrynocepphalus
mystaceus), rang-barang kaltakesak (Eremias arguta), O‘rta Osiyo cho‘l toshbaqasi
(Testudo horsfieldi) organizmida topildi. Mazkur hayvonlarning zararlanish ko‘rsatkichi
8,3-15,4%, invaziya intensivligi 1-120 nusxani tashkil etdi. Voyaga yetgan nematodalar
cho‘chqalar oshqozonida parazitlik qilib, tashqi muhitga tuxum ajratadi. Tuxum ichida
egilgan, harakatsiz lichinka saqlaydi. Cho‘chqa fekaliysidan ajratib olingan tuxumda odatda
gopgoqcha bo‘lmaydi. Tuxumdagi keyingi rivojlanishlar kaprofag qo‘ng‘izlar hazm
traktida amalga oshadi. Oraliq xo‘jayin organizmida bir necha bor tullab, invazion
bosqgichga yetadi. Asosiy xo‘jayin qo‘ng‘izlarni ozuqa bilan qo‘shib yutib yuborishi
natijasida invazion elementni o‘ziga yugqtiradi. Parazit rivojlanishining to‘liq yakunlanishi
asosly xo‘jayin organizmida sodir bo‘ladi. Physocephalus sexalatus nematodasining
invazion lichinkalari har doim ham asosiy xo‘jayin organizmiga tushavermaydi. Ba’zan ular
rezervuar xo‘jayin tomonidan yutib yuboriladi va ular organizmida nematodaning
hayotchanligi saqlab turiladi. Cho‘chqa organizmida Physocephalus sexalatus
nematodasining jinsiy voyaga yetguncha rivojlanish muddati 40-45 kunga teng. Jinsiy
voyaga Yyetgan nematodalar oshgozonning shillig gavatida joylashib, kataral yoki
gemorragik gastrit holatini keltirib chiqaradi. Fizotsefalyoz profilaktikasida go‘ng
saqlaydigan joylarda go‘ngning biotermik zararsizlantirilishiga katta e’tibor garatish lozim.

Xulosa va takliflar. Ta’kidlash lozimki, sudralib yuruvchilar stenotop hayvonlar
hisoblanadi, shuning uchun ham gelmintozlar tabiiy o‘choqlarining paydo bo‘lishi va ushlab
turilishida ularning asosiy xo‘jayinlari - uy, yovvoyi va gishlog xo‘jaligi hayvonlarining
migratsiyasi muhim rol o‘ynaydi. Bu hayvonlar katta hududlarga gelmintlar tuxumlari yoki
invazion elementlarining targalishini ta’minlaydi, keyinchalik esa umurtgasiz hayvonlar -
oraliq xo‘jayinlarning zararlanish manbayi bo‘lib xizmat qiladi. Sudralib yuruvchilar
gelmintlar bilan umurtqasiz hayvonlar orqali, asosiy xo‘jayinlar esa reptiliyalar orqali yoki
bevosita oraliq xo‘jayin orqali zararlanadi, ya’ni zararlanish asosiy va kollateral
epizootologik kanallar orgali amalga oshadi.

Sudralib yuruvchilarning gelmintlar bilan zararlanish manbayi sifatidagi ahamiyati,
asosan, ularning yirtqgichlar tomonidan qanchalik tez yeyilishiga bog‘liq. Alohida yirtqich
hayvonlarning oziglanishida sudralib yuruvchilarning ulushi 0,9% dan 86,4% gachani
tashkil etadi [1]. Kemiruvchilar depressiyasi yillarida yirtgich hayvonlar ozugalanishida bu
hayvonlarning roli ma’lum darajada oshadi va ular qo‘shimcha ozugadan asosiy ozugaga
aylanadi. Binobarin, ularning asosiy xo‘jayinga invaziyaning o‘tkazilishidagi ahamiyati
keskin oshib ketadi.

Shunday qilib, Janubiy O°‘zbekiston sharoitida uy, yovvoyi va qishloq xo‘jaligi
hayvonlarining ko‘pchilik gelmintozlari tabiiy o‘choqlarining namoyon bo‘lishida va
bargarorligini ta’minlashda sudralib yuruvchilar oraliq va rezervuar xo‘jayin sifatida muhim
rol o‘ynashi mumkin. Veterinariya mutaxassislari ushbu hayvonlar gelmintozlariga qarshi
sanitar-profilaktik va sog‘lomlashtirish tadbirlarini amalga oshirishda qo‘zg‘atuvchilarning
sudralib yuruvchilar orgali uzatilish ehtimolini hisobga olishlari kerak. Binobarin, sudralib
yuruvchilarning hayvonlar gelmintozlari tarqalishida va saqlanishida tabiiy o‘choq
sifatidagi rolini inobatga olmasdan turib, sog‘lomlashtirish tadbirlarida kutilgan natijalarga
erishish qgiyin.
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Sudralib yuruvchilarning gelmintlarning lichinkalik bosgichlari bilan yuqori darajada
zararlanganligini inobatga olib, xavfli gelmintozlar qo‘zg‘atuvchilarining uy, yovvoyi va
qishloq xo‘jaligi hayvonlari o‘rtasida tarqalishini cheklash magsadida mo‘ynachilik va
ovchilik xo‘jaliklarida, hayvonot bog‘larida, maktablarning tirik tabiat burchaklarida,
laboratoriyalarda tajriba hayvonlarini, serpitariylarda ilonlarni va boshqalarda
hayvonlarning sudralib yuruvchilar bilan bo‘ladigan ozuqa aloqalarini cheklash lozim.
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Annotatsiya. Olib borilgan tadgiqot ishlarimiz natijasiga ko‘ra, Qoragalpog‘iston
sharoitida mayda shoxli mollarda gelmintlarning 37 ta turi uchrashligi (34 turi go‘ylarda va
31 turi echkilarda) aniglandi. Shulardan 17 turi (Chabertia ovina, Oesophagostomum
venulosum, O. columbianum, Dictyocaulus filaria, Trichostrongylus axei, T. vitrinus,
Trichostrongylus sp., Haemonchus contortus, H. placei, Marshallagia marshalli, M.
mongolica, Nematodirus abnormalis, N. helvetianus, N. oiratianus, N. spathiger,
Teladorsagia circumcincta, Ostertagia sp.) geonematodalar hisoblanadi.

Qoragalpog‘iston cho‘l mintagasi yaylovlarida uchala biotoplardagi nematodirlar
tuxum va lichinkalari tashqi muhitning keskin haroratiga chidamli bo‘lib, uzoq muddat tirik
va harakatchan yashaydi: bahorda ochiq biotopda 345-420 kun, shuvoglar ildizi atrofida va
saksovul shoxlari tagida 430-350 kun, kuzda ochiq biotopda 556-570 kun, shuvoglar ildizi
atrofida va saksovul shoxlari tagida 545-530 kun va gishda ochiq biotopda 425-655 kun,
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shuvoglar ildizi atrofida va saksovul shoxlari tagida 665-685 kungacha tiriklik
xususiyatlarini saglab qoldi.

Magolada mayda shoxli mollarda parazitlik giladigan geonematodalarni dominant
vakillari tuxum va lichinkalarini tashgi muhitda yashovchanligini o‘rganish asosida olingan
natijalar hagida ma’lumotlar keltirilgan.

Kalit so‘zlar: geonematodalar, tuxum, lichinka, invazion lichinka, abiotik, biotik va
antropogen omillar, tashgi mubhit.

Abstract. According to the results of our research, 37 types of helminths (34 types in
sheep and 31 types in goats) were found in small horned cattle in the conditions of
Karakalpakstan. 17 of these species (Chabertia ovina, Oesophagostomum venulosum, O.
columbianum, Dictyocaulus filaria, Trichostrongylus axei, T. vitrinus, Trichostrongylus sp.,
Haemonchus contortus, H. placei, Marshallagia marshalli, M. mongolica, Nematodirus
abnormalis, N. helvetianus, N. oiratianus, N. spathiger, Teladorsagia circumcincta,
Ostertagia sp.) are geonematodes.

In the pastures of the desert region of Karakalpakstan, eggs and larvae of nematodes
in all three biotopes were resistant to extreme environmental temperatures and lived alive
and mobile for a long time: 345-420 days in the open biotope in spring, 430-350 days around
the roots of wormwood and under the branches of saxaul ; in the fall it maintained survival
for 556-570 days in the open biotope, around the roots of wormwood and under the branches
of saxaul, 545-530 days, and in the open biotope 425-655 days, around the roots of
wormwood and under the branches of saxaul - 665-685 days.

The article provides information on the results obtained based on the study of the
viability of eggs and larvae of the dominant representatives of geonematodes parasitizing
small horned cattle in the external environment.

Key words. Geonematodes, eggs, larvae, invasive larvae, abiotic, biotic and
anthropogenic factors, external environment.

Kirish. (Introduction) Tashqi muhitda hayvonlar gelmintlari  yuqumli
elementlarining yashovchanligini o‘rganish, ular bilan hayvonlarning zararlanish
muddatlarini aniglash va shu asosda, tekislik yaylovlarida patogen gelmintozlar
go‘zg‘atuvchilariga qarshi ilmiy asoslangan profilaktik chora-tadbirlar ishlab chigish
muhim hisoblanadi.

Ma’lumki, gelmintlar oz xo‘jayinlari bilan birga turli biogeosenozlarda yashashga
moslashgan. Tarixiy rivojlanish jarayonlarda cho‘l va yaylovlarda hayvonlar hamda
o‘simliklar o‘ziga xos ekosistemalarni barpo qgilganki, hayvonlarda parazitlik giluvchi
gelmintlar va ularni rivojlanish bosgichlari ham ana shu ekosistemalarda kechadi.

Shunday ekan, hayvonlarning gelmintlar bilan zararlanishi, albatta, ular yashaydigan
tashgi muhit bilan bog‘lig bo‘lib, unda gelmintlarni erkin holda yashaydigan tuxumi va
lichinkalari muntazam ravishda uchrab turadi.

Ko‘plab olimlar tomonidan olib borilgan tadgigot ishlari natijalariga ko‘ra
gelmintozlar go‘zg‘atuvchilari turli mintagalarda, ya’ni tog® cho‘qgilaridan tortib, chol,
yarim cho‘l va boshga hududlarda targalgan. Shunga garamay, bitta hududning o‘zida ham
turli ekosistemalarda gelmintlar xo‘jayinlarining xilmaxilligi, tashqi muhitning qulay
harorati, substratlar namligi, albatta, tashgi muhitda gelmintlar migdori populyatsiyasining
keskin o‘zgarishiga olib keladi.

Xorijda va MDH mamlakatlarida bu yo‘nalishda tadgiqot ishlari olib borgan
mutaxassis olimlarning fikriga ko‘ra, gelmintlar yuqumli elementlarining tuproqda
yashovchanligi va ularning rivojlanishi uchun, asosan, harorat, namlik, tuproq tarkibi,
quyosh radiatsiyasi va boshga omillar muhim hisoblanadi. Bu omillar gelmintlar tuxumi va
lichinkalariga to‘g‘ridan-to“g‘ri ta’sir gilib, ularning yashovchanligi va rivojlanishini yoki
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tezlashtirishi yoki sekinlashtirishi mumkin.

Sobiq ittifogning, shu jumladan, MDH ning turli mintagalarida mahsuldor
hayvonlarda parazitlik qiluvchi patogen gelmintozlar qo‘zg‘atuvchilarning yuqumli
elementlarining tashgi muhitda rivojlanishi va ularning yashovchanligi to‘g‘risida
mutaxassis olimlar tomonidan gator tadgiqot ishlari olib borilgan [1-13].

Turli hududlarda mahsuldor hayvonlarni gelmintlar bilan zararlanishida, albatta,
parazitlarning rivojlanish bosqgichlari va ularni asosiy xo‘jayinlariga yugish yo‘llarini
aniglash muhim ahamiyatga ega.

Ma’lumki, hayvonlar gelmintlar va ko‘pchilik geonematodalar bilan, asosan, dala
sharoitida yaylovlarda, gelmintlarning yugumli elementlari, ya’ni tuxum va lichinkalarini
o‘t bilan birga yeyishi orgali zararlanadi.

Hayvonlarda parazitlik giladigan dominant geonematodalar tuxum va lichinkalarini
asosiy xo‘jayinlari organizmiga o°tish mexanizmida, albatta, abiotik, biotik va antropogen
omillarning ta’siri beqgiyosdir.

Geonematodalar tuxumlari, lichinkalari va yuqumli lichinkalari tashgi muhitda
yashovchanligi ko‘plab sharoitlarga bog‘liq. Shunga garamay, gelmintlar invazion
elementlarining turli ekosistemalarda rivojlanish jarayonlarini o‘rganish turlicha.
Respublikamizda arid zonalardan hisoblanmish Qoragalpog‘istonda mayda shoxli mollar
gelmintlarini, jumladan, geonematodalar dominant vakillari tuxum va lichinkalarini turli
biotoplarda yashovchanligini o‘rganish bo‘yicha tadgiqot ishlari olib borilmagan.

Respublikamizning arid mintagasi hisoblanmish Qoragalpog‘iston sharoitida mayda
shoxli mollarda parazitlik giladigan dominant geonematodalar vakillari tuxum va
lichinkalarining tashqi muhitda yashovchanligini o‘rganish ishning magsadi hisoblanadi.

Tadgiqot metodologiyasi (Research Methodology) Qoragalpog‘iston sharoitida
mayda shoxli mollar gelmintlarini o‘rganish natijasida, ularda gelmintlarning 37 ta turi
uchrashligi (34 turi go‘ylarda va 31 turi echkilarda) aniglandi. Shulardan 17 turi (Chabertia
ovina, Oesophagostomum venulosum, O. columbianum, Dictyocaulus filaria,
Trichostrongylus axei, T. vitrinus, Trichostrongylus sp., Haemonchus contortus, H. placei,
Marshallagia marshalli, M. mongolica, Nematodirus abnormalis, N. helvetianus, N.
oiratianus, N. spathiger, Teladorsagia circumcincta, Ostertagia sp.) geonematodalar
bo‘lib, ularnng yugumli elementlari tashqgi muhitda erkin holda o‘simliklarda, tuproqda va
boshga joylarda targalgan.

Qoragalpog‘iston sharoitida mayda shoxli mollarda parazitlik giladigan
geonematodalarning dominant vakillari tuxum va lichinkalarining tashgi muhitda
yashovchanligini o‘rganish magsadida 2021-2024-yillar davomida Taxtako‘pir tumaniga
qarashli chorvachilik fermer xo‘jaliklarida tajribalar gqo‘yish orqgali tadgigot ishlari olib
borildi. Buning uchun dala sharoitida 2-4 yoshdagi go‘y va echkilar to‘g‘ri ichagidan tezak
namunalari olinib, ularni geonematodalar bilan tabiiy sharoitda zararlanish holati
tekshirildi. Tekshirilgan hayvonlar, asosan, Haemonchus, Marshallagia, Nematodirus va
Dictyoculus avlodlari vakillari bilan zararlanganligi aniglandi. Natijada ushbu
geonematodalar bilan tabiiy sharoitda zararlangan tezak namunalari olinib, tashgi muhitda
maxsus sim to‘r bilan o‘ralgan 3 ta biotopga, ya’ni ochiq joyga, shuvoq ildizlari atrofiga va
saksovul shoxlari tagiga qo‘yilib, ularning yashovchanligi yil fasllari bo‘yicha o‘rganilib
borildi. Tezak namunalarini biotoplarga go‘yish uchun oldin Berman-Orlov va Vayda
usullari orgali ularda Haemonchus, Nematodirus va Dictyoculus lichinkalari borligi,
Fyullebornni flotatsion (parazit tuxumlarini suyuglik betiga galgib chigishi) usuli hamda
tezak namunalarini ketma-ket yuvish (gelmint tuxumlarini cho‘kmaga cho‘ktirish), G.A.
Kotelnikov va A.M. Xrenov tomonidan takomillashtirilgan usul [14] hamda M.Sh. Akbaev
[15] usulidan foydalangan holda tezak namunalarida Haemonchus, Nematodirus va
Marshallagia avlodlari vakillari tuxumlari mavjudligi tekshirildi. So‘ngra bu tezak
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namunalari yuqoridagi biotoplarga tuproq yuzasiga qo‘yilib, har bir biotopdagi
geonematodalar vakillarining nomlari va go‘yilgan sanasi etiketkalarga yozib borildi.

Mayda shoxli mollarda parazitlik giladigan geonematodalar tuxum va lichinkalarining
yashovchanligini o‘rganish uchun go‘yilgan tajribalarda oddiy uy termometri orgali (yerdan
1 metr balandlikda) havo harorati va tuproq termometri orgali tuproqusti harorati hamda
tezak namunalari namligi hisobga olinib borildi. Bunda havo harorati va tuproqusti harorati
barcha fasllarda, kuniga 3 marta, ya’ni ertalab soat 6 da, tushda soat 14-15 da, kechda soat
19 da o‘Ichab borildi.

Tezak namunalari namligi vaqti-vaqti bilan barcha biotoplarda aniglab borildi.
Buning uchun mayda shoxli mollar to‘g‘ri ichagidan olingan tezak namunalarining
namligini aniglash uchun bir gismi tarozida tortildi. Asosiy tezak namunalari esa
biotoplarga qo‘yildi. Endi olingan tezakni namligi aniglangandan keyin, uni qurutish uchun
penselin idishiga solib termostatga, ya’ni quritadigan shkafga (+105°C) qo‘yildi.
Quritadigan shkafdagi tezak namunasi og‘irligi 3 marta gayta-qayta tarozida tortilib,
og‘irligi o‘zgarmas darajaga kelganiga ishonch hosil gilindi. Tajriba o‘tkazish jarayonida
ochiq biotopda bahorda (mart-may) tuproq ustida harorat -3°C dan +43°C gacha; yozda
(iyun-avgust) +16°C dan +67°C gacha; kuzda (sentyabr-noyabr) +5°C dan +47°C gacha va
gishda (dekabr-fevral oylarida) -34°C dan +10°C gacha o‘zgarib turdi (1-rasm).

1-rasm. Qoragalpogtiston cho‘l-yaylov sharoitida (Taxtako*pir tumanida) mayda shoxli mollar
geonematodalari yuqumli elementlarining yashovchanligini o‘rganish uchun ochiq biotopga qo‘yilgan
tajriba
Natijalar va muhokama (Results and Discussions) Mart oyida substratning
minimal namligi -10,1% ni, iyulda -4,9% ni, sentyabrda -5,3% ni, oktyabr oyida -11,7% ni
va fevral oyida -38,1% ni tashkil qildi.

2-rasm. Qoragalpog‘iston cho‘l-yaylov sharoitida (Taxtako‘pir tumanida) mayda shoxli mollar
geonematodalari yugumli elementlarining yashovchanligini o‘rganish uchun shuvoq ildizi atrofi biotopiga
go‘yilgan tajriba.

Shuvogqlar ildizi atrofi biotopda substrat harorati bahorda 0°C dan +39°C gacha; yozda
+16°C dan +59°C gacha; kuzda +5°C dan +41°C gacha va qishda -16°C dan +12°C gacha
o‘zgarib turdi (2-rasm).

Shuvoglar ildizi atrofidagi substratning minimal namligi yanvar oyida-42% ni,
fevralda-38,8% ni, martda-18% ni, mayda-12,9% ni, iyulda-7,8% ni, sentyabrda-9,5% ni va
oktyabrda-19% ni tashkil etdi.

Saksovul shoxlari tagidagi substratda harorati bahorda -2°C dant41°C gacha;
yozda+11°C dan +59°C gacha; kuzda+6°C dan+41°C gacha va qishda -18°C dan +16°C
gacha o‘zgarib turdi (3-rasm).
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3-rasm. Qoragalpog‘iston cho‘l-yaylov sharoitida (Taxtako‘pir tumanida) mayda shoxli mollar

geonematodalari yugumli elementlarining yashovchanligini o‘rganish uchun saksovul shoxlari tagi biotopiga
go‘yilgan tajriba.

Saksovul shoxlari tagidagi substratda minimal namlik fevral oyida-40,3% ni, martda-
16,5% ni, mayda-10,6% ni, iyulda-8,6% ni, sentyabrda-9,1% ni va oktyabr oyida-18,7% ni
tashkil gildi.

Nematodir tuxum va lichinkalarining yashovchanligi barcha 3 ta biotopda o‘rganildi.
Dekabr va fevral oylarida tashgi muhitga tushgan nematodirlarning yuqumli elementlari
Qoragalpog‘iston cho‘l mintagasida yozning jazirama issig‘iga bardosh berib, nam muhitga
tushganda kuz oylarida ham tiriklik holatini saglab goladi. Yozda tuproq yuzasida biotoplar
bo‘yicha minimal harorat +65°C, +58°C, +60°C gacha bordi. Substratning minimal namligi
esa 4,9%, 7,6% va 8,8% ni tashkil qildi.

Diktiokaul lichinkalarining yashovchanligini o‘rganish uchun saksovul shoxlari
tagiga gishda (28 dekabr) tajriba go‘yildi. Bunda diktiokaul lichinkalari saksovul shoxlari
tagida 45-50 kun atrofida yashovchanligini saglashini o‘rgandik.

Bahorda nematodir tuxum va lichinkalarining yashovchanligini o‘rganish uchun 12-
16 mart kunlari yugoridagi biotoplarda tuproq harorati -3°C dan+45°C gacha, 0°C dan+40°C
gacha va -1°C dan+40°C gacha hamda substratni minimal namligi esa biotoplar bo‘yicha -
9,6%, -10,1% va 10,9% ni tashkil gildi. Bunday holatda barcha 3 ta biotoplarda
nematodirlarni tirik harakatchan lichinkalari aprel, may, iyun va oktyabr oyi oxirlarigacha
ham kuzatildi.

Bahorda 12-16 mart kunlari gemonxlar tuxum va lichinkalarining tiriklik xususiyatini
o‘rganish uchun tajribalar go‘yildi. Bunda birinchi ochig biotopda gemonx lichinkalari
tuprog harorati -2°C dan+34°C gacha o‘zgarganda va substrat namligi 11,6-31,1%
bo‘lganda harakatchanligi kuzatildi. May oyida tuproq harorati +11°C dan +45°C gacha va
substratning nisbiy namligi 11,1% ni tashkil gilganda tirik lichinkalar kuzatilmadi.

Shuvoglar ildizi atrofida va saksovul shoxlari tagida gemonx lichinkalari tuproq
harorati +35°C va substratning nisbiy namligi -15,7% bo‘lganda tirik holdagilari uchradi.
May oyida tuproq harorati +41°C va substratning nisbiy namligi 10,6% gacha kamayganda
gemonxlarning harakatchan lichinkalari uchramadi.

Nematodir, gemonx va diktiokaul tuxumlari va lichinkalarini tirik holda
yashovchanligini o‘rganish uchun yugorida ko‘rsatilgan biotoplarga yozda ham (7-10 iyun
kunlari) tajribalar qo‘yildi. Bunda ochiq biotopda va shuvoglar ildizi atrofida tuproq harorati
+10°C dan +64°C gacha va substratning nisbiy namligi keskin tushishi (5,9-11,2%) sababli
gemonx va nematodir tuxumlari hamda diktiokaul lichinkalari rivojlanmasdan ikki-uch
kundan keyin yashovchanligini yo‘gotdi.

Yozda saksovul shoxlari tagida tuproq harorati +11°C dan +59°C gacha va substrat
namligining keskin tushib ketishi (7,6-9,3%) sababli ikkinchi kuni tirik holda diktiokaul
lichinkalari uchramadi, gemonx va nematodir tuxumlari esa rivojlanmasdan 3-4 kundan
keyin tiriklik xususiyatini yo‘qotdi.

Olib borilgan tajribalarning ko‘rsatishicha, cho‘l biotsenozida gemonx va diktiokaul
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tuxum va lichinkalarining yashovchanligida birinchi navbatda namlik muhim rol o‘ynadi.
Bu gelmintlarni tuxum va lichinkalari biotoplarda tuproq harorati hali minimal holga
kelmagan bo‘lsa-da (shuvoglar ildizi atrofida), lekin substrat namligi keskin tushib ketdi.
Nematodir lichinkalari esa yuqori haroratga va nisbhiy namlikka ancha chidamli.

Kuzda (16-24-sentyabr) ham nematodir tuxumlari va lichinkalarining
yashovchanligini o‘rganish uchun uchala biotopga tajribalar go‘yildi. Bunda nematodir
invazion elementlari ochig biotopda tuproq yuza harorati +48°C va substrat namligi 5,3%
gacha tushganda hayotchanligini yo‘qotdi. Ammo 2023- yil 15-18- oktyabrda tuproq yuza
gismida maksimal harorat +35°C va substratning minimal namligi 13,4% bo‘lganda
tuxumlarning bir gismi rivojlanib, yugumli lichinkalarga aylanib, 570 kungacha tiriklik
xususiyatini saglaganligini anigladik.

16-24- sentyabr va 15-18- oktyabr kunlari shuvoglar ildizi atrofida va saksovul
shoxlari tagiga tuproqg yuza harorati maksimal +41°C va substratning minimal namligi 8,1-
19% ni tashkil etganda nematodir tuxumlarini bir gismi rivojlanishini davom ettirdi. Barcha
biotoplarda nematodirlar yuqumli elementlari o‘z hayotchanligini 530-545 kungacha saqlab
golganligi aniglandi.

Kuzda (16-24- sentyabr va 15-18- oktyabr kunlari) gemonxlarning tuxum va
lichinkalarining yashovchanligini aniglash uchun har uchala biotoplarga tajribalar go‘yildi.
Tuproq yuzasida maksimal harorat +41°C dan +48°C gacha bo‘lganda va substratning
minimal namligi 5,3-9,5% ni tashkil etganda parazitning tuxum va lichinkalari, asosan, 4-
12 kunda oz hayotchnligini yo‘gotganligi aniglandi. Shuvoqlar ildizi atrofidagi biotopdagi
substratlarda sanogli lichinkalargina 170 kungacha hayotchanligini saglab golganligi
kuzatildi.

Kuzda (16-24- sentyabr va 15-18- oktyabr kunlari) diktiokaul lichinkalarining
yashovchanligini aniglash uchun har uchala biotoplarga tajribalar go‘yildi. Bunda tuproq
yuzasida maksimal harorat +41°C dan +47°C gacha va substratning minimal namligi 5,3-
9,5% tashkil etdi. Bu holatda ochiq biotopda va shuvoglar ildizi atrofidagi biotopda
diktiokaul lichinkalari hayotchanligi 2-5 kungacha saglangan bo‘lsa, saksovul shoxlari
tagidagi biotopda diktiokaul lichinkalarining hayotchanligi 10 kungacha davom etganligi
ma’lum bo‘ldi.

Xulosa va takliflar (Conclusion/Recommendations) Shunday gilib, nematodir va
gemonxlarning tuxumlari hamda diktiokaul lichinkalari ochiq biotopga sentyabr oyining
o‘rtalarida tushib golgan bo‘lsa, minimal namlik va yuqori haroratga bardosh bera olmay
nobud bo‘ladi. Saksovul shoxlari tagida ham diktiokaul lichinkalari nobud bo‘ladi. Ammo
nematodir tuxumlari va lichinkalarining bir gismi tashqi muhitda sentyabrning ikkinchi
yarmida hatto ochiq biotopda ham hayotchanligini saglab goladi. Umuman olganda,
Qoragalpog‘iston cho‘l mintaqasi tekislik yaylovlarida sentyabr oyining ikkinchi gismidan
mayda shoxli mollarda parazitlik giluvchi ayrim tur nematodalarning yangi yuqumli
elementlari paydo bo‘la boshlaydi.

Yugorida keltirilgan ma’lumotlarning natijasiga ko‘ra, Qoragalpog‘iston cho‘l
mintagasi yaylovlarida uchala biotoplardagi nematodirlar tuxum va lichinkalari tashqi
muhitning keskin haroratiga chidamli bo‘lib, uzog muddat tirik va harakatchan yashadi:
bahorda ochiq biotopda 345-420 kun, shuvoqlar ildizi atrofida va saksovul shoxlari tagida
430-350 kun; kuzda ochiq biotopda 556-570 kun, shuvoglar ildizi atrofida va saksovul
shoxlari tagida 545-530 kun va gishda ochiq biotopda 425-655 kun, shuvoqlar ildizi atrofida
va saksovul shoxlari tagida 665-685 kungacha tiriklik xususiyatlarini saglab goldi.

Mahsuldor hayvonlarda parazitlik giladigan nematodalarning ancha yuqori
chidamliligi boshqa davlatlarda tadgiqgot ishlari olib borgan mutaxassis olimlar tomonidan
ham kuzatilgan. Masalan, V.N. Trach ma’lumotlariga ko‘ra, Ukrainaning cho‘l

e
166




QarDU xabarlari BIOLOGIYA 2024 (1) 2

yaylovlarining bir gator hududlarida ayrim vyil fasllarida qo‘ylarda parazitlik giladigan
nematodir lichinkasining yashovchanligi 893 kunga to‘g‘ri kelgan. Shuningdek, ostertagiel
va trixostrongillarniki -345 kungacha, ezofagostomalarniki -221 kungacha, kooperiylar va
ostertagiylarniki 393 kungacha borishligi aniglangan [16].

Mayda shoxli mollarda parazitlik giladigan ayrim tur nematodalar uchun esa tashqi
mubhitning yuqori harorati va nisbiy namligi salbiy ta’sir giladi. Masalan, gemonxlar tuxum
va lichinkalari hamda diktiokaul lichinkalari xuddi shunday. Gemonxlarning tuxumlari va
lichinkalari bahorda barcha 3 ta biotoplarda ham yashovchanligi 40-48 kun, kuzda esa 4-12
kungacha yashadi, fagat shuvoqlar ildizi atrofidagi substratda ular gish faslini o‘tkazib, 170
kungacha tirik holda yashashligi, yozda esa 1-3 kungina yashashligi aniglandi.

Diktiokaul lichinkalari bahorda barcha biotoplarda va gishda saksovul shoxlari tagida
40-50 kun hayotchanligini saglagani, kuzda barcha biotoplarda 5-10 kun, yozda esa 24-48
soatdan keyin nobud bo‘lgani kuzatildi.

Keltirilgan ma’lumotlardan ko‘rinib turibdiki, gemonx va diktiokaullarning tuxum
hamda lichinkalari namsevar bo‘lib, tashqi muhitning ma’lum bir haroratida rivojlanadi.
Gemonx va diktiokaullar lichinkalarining yozda gisga muddatda nobud bo‘lishi, tashqi
muhitda haroratning yuqori darajadaligi va biotoplardagi substratlarning tezda qurib
namsizlanishi bilan bog‘lig.

Shunday qilib, Respublikamizning arid mintagasi hisoblanmish Qoragalpog‘istonda
yugorida keltirilgan geonematodalar yugumli elementlarining yashovchanligi uchun eng
qulay vagt — bahor, yozni birinchi yarmi va kuz fasli hisoblanadi.

Qish va yozning ikkinchi gismida tashgi muhitdagi abiotik omillarning noqulay ta’siri
natijasida chorva mollarda, jumladan, mayda shoxli mollarda parazitlik giluvchi ko‘pchlik
geonematodalar tuxum va lichinkalari nobud bo‘ladi.

Yugorida Kkeltirilgan ma’lumotlardan mutaxassis xodimlar Qoragalpog‘iston
sharoitida mayda shoxli mollarni geonematodalar dominant vakillari bilan tekislik
yaylovlarida zararlanmasligi uchun profilaktik chora-tadbirlar ishlab chigishda
foydalanishlari mumkin.
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QASHQADARYO VILOYATI ANISOPTERA KENJA TURKUM NINACHILARI
(INSECTA: ODANATA) FAUNASI

Norqobilova Zarina
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zarinanorgobilova@gmail.com
ORCID: 0009-0002-8898-9521
UDK: 59.592.595.7.

Annotatsiya: Qashqgadaryo viloyatida Odanatalar turkumining Anisoptera kenja
turkumiga mansub tur vakillarining targalishi o‘rganildi. Tadgigot natijalariga ko‘ra, bu
kenja turkumga oid 3 oilaning, 5 avlodiga mansub 10 ta tur vakili uchrashi aniglandi.
Anisoptera kenja turkumiga mansub ninachilar oilalar va avlodlar bo‘yicha tagsimlanishiga
ko‘ra, 5 avlodning 60% Libellulidae oilasiga mansub ekanligi, turlarning umumiy
ko‘rsatkichi bo‘yicha esa 70 % ni tashkil etishi gayd etildi. Aeschnidae va Gomphidae,
oilalariga kiruvchi avlodlarining ulushi 20% ega bo‘lgan bo‘lIsa, tur vakillarining uchrashiga
ko‘ra, birinchi oila vakillari 20%, ikkinchisi esa 10% tashkil etdi. Ninachilarning tumanlar
bo‘yicha tagsimlanishining o‘rganilishiga ko‘ra, Anax parthenope turi viloyatning barcha -
14 tumanida gayd etilgan bo‘lsa, Libellula depressa esa 11 ta tumanda uchrab, boshga
vakillarga nisbatan dominantlik gilishi gayd etildi. Shuningdek, Orthetrum cancelatum,
Sympetrum flaveolum -5 ta, Libellula quadrimaculata — 4 ta, Ophiogomphus reductus, Anax
imperator, Sympetrum pedemontanum, Sympetrum meridionale va Orthetrum sabina turlari
2 tadan tumanda uchrashligi aniglandi. Turlarning tumanlar migyosida uchrashiga asosan,
Qamashi va Yakkabog‘da - 8 ta, G‘uzorda - 5, Qarshi, Koson, Chiroqchida - 4, Nishon,
Dehgonobodda — 3, Mirishkor, Kitobda — 2, Muborak, Kasbi, Ko‘kdalada — 1 tadan tur vakil
uchrashi gayd etildi.

Kalit so‘zlar: dominant, insecta, odanata, anisoptera, libellulidae, aeschnidae,
gomphidae.

FAUNA OF ANISOPTERA GENDER (INSECTA: ODANATA) OF
KASHKADARYA REGION

Abstract. The distribution of representatives of the species belonging to the suborder
Anisoptera of the Odanata family was studied in Kashkadarya region. According to the
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results of the research, it was found that representatives of 10 species belonging to 3 families
and 5 genera of this subfamily meet. According to the distribution of dragonflies belonging
to the Anisoptera subfamily by families and genera, it was noted that 60% of 5 genera belong
to the Libellulidae family, and 70% of the total number of species. Aeschnidae and
Gomphidae families had a share of 20%, and according to the number of species,
representatives of the first family made up 20%, and the second one made up 10%.
According to the study of the distribution of dragonflies by districts, the Anax parthenope
species was recorded in all 14 districts of the region, while Libellula depressa was found in
11 districts and was dominant over other representatives. Also, 5 species of Orthetrum
cancelatum, Sympetrum flaveolum, 4 species of Libellula quadrimaculata, 2 species of
Ophiogomphus reductus, Anax imperator, Sympetrum pedemontanum, Sympetrum
meridionale and Orthetrum sabina were found in the district. According to the meeting of
the species at the district level, there are 8 in Qamashi and Yakkabog, 5 in Guzor, 4 in Karshi
Koson, Chirogchi, 3 in Nishon, Dehganabad, 2 in Mirishkor, Kitab, 1 each in Mubarak,
Kasbi, Kokdala representative was recorded.

Key words: dominant, insecta, odanata, anisoptera, libellulidae, aeschnidae,
gomphidae.

Kirish. Ninachilar ekotizimda hasharotlar orasidan yuqori morfologik ixtisosligi
bilan ajralib turadi. Bugungi kunda ninachilarning dunyo faunasida 6650 ta turi fanga
ma’lum. Ular eng gadimgi hasharotlar hisoblanib 300 min. yil oldin toshko‘mir davrida
paydo bo‘lgan [12].

Ninachilarning imagosi havoda, ularning lichinkalari esa suvda yashashga
ixtisoslashgan yirtgichlardir. Ular rivojlanishining turli bosgichlarida biogeotsenozlardagi
moddalar aylanishiga o‘z hissasini go‘shadi. Jumladan, ninachilar gishlog va o‘rmon
xo‘jaligi zararkunanda hasharotlar sonini tartibga solishda muhim ahamiyat kasb etadi.
Shuningdek, ninachilar baligchilik hovuzlarida ularning chavoglari bilan oziglanishi hamda
yosh baliglar bilan ozugaga ragobatbardosh bo‘lishadi. Ba’zilari yovvoyi va uy qushlarida
gelmintoz kasalliklarni keltirib chigishiga sababchi bo‘ladi. Ular ozigga bo‘lgan ehtiyojiga
ko‘ra, sezilarli darajada muntazam ravishda masofaga migratsiyani amalga oshiradi [1].

Yugqorilardagilarni e’tiborga olgan holda, bugungi antropogen omil ta’siri kuchaygan
va tabiiy ekosistemalar o‘zgarishga uchrayotgan davrda viloyatimiz hayvonlarning muhim
guruhlaridan biri bo‘lgan ninachilarning hozirgi kundagi holatini baholash, faunistik
tarkibini tahlil gilish, bioxilmaxilligi, xo‘jalik ahamiyati, zararini o‘rganishga doir chora-
tadbirlarni ishlab chigishdagi ilmiy xulosalarni asoslash hamda amaliyotga joriy etish ilmiy-
amaliy ahamiyatga ega.

Tadgigot metodologiyasi. Tadgiqot ishlari 2022—-2023-yilning bahor, yoz, kuz
fasllari, Qashqgadaryo viloyatining 14 tumanidagi turli suv havzalari atrofidan, xususan,
sekin ogadigan va turib golgan suv havzalari ko‘llar, soylar irrigatsiya tarmoqglari (zovur,
arig, kanal va boshg.) biotoplaridan material namunalarini yig‘ish orgali amalga oshirildi.
Biomateriallarni yig‘ishda ekspeditsion — marshrut Dedyuxin uslubidan foydalanildi [5].
Jarayonni gayd etish uchun dala kundaligi, tadgiqot o‘tkazilgan joy ma’lumotlarini olish
uchun GPS navigatori go‘llanildi. Tadgigotlarda namunalarni (entomologik tutgich
yordamida) yig“ish ishlari, suv havzalari bo‘ylari, ko‘l, ariglar va ekin maydonlarida amalga
oshirildi. Ninachi turlarini identifikatsiyalashda Kazenas (2014), Subramanian (2005)
aniglagichlaridan foydalanildi [8].

Natijalar va muhokama. Tadgiqot natijalariga ko‘ra, Qashqgadaryo viloyatida
Odanatalar turkumining Anisoptera kenja turkumiga oid 3 oila, 5 avlodiga mansub 10 ta tur
vakili uchraganligi aniglandi (1-jadval).
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1 -jadval
Qashgadaryo hududida aniglangan Anisoptera kenja turkum ninachi turlarining taksonomik tavsifi
Ne Oila Avlod Tur
1 Gomphidae Rambur, Ophiogomphus Selys, | Ophiogomphus reductus Calvert, 1898
1842 1854 (=Ophiogomphus forficula Okumura, 1937)
Anax imperator
Aeschnidae Leach, 1815 (=Anax formosus Vander
Anax Linden, 1820)
2 Rambur, 1842 h
(=Aeshnidae) Leach,1815 Anax parthenope .
Selys, 1839 (=Anax parisinus Rambur,
1842)
Libellula Libellula depressa Linnaeus, 1758
Linnaeus,1758 Libellula quadrimaculata Linnaeus, 1758
(=Leptetrum (=Leptetrum quadrimaculatum Linnaeus,
Newman,1833) 1758)
Sympetrum pedemontanum
Miiller in Allioni 1766
S ¢ Sympetrum flaveolum Linnaeus, 1758 (=
\ ympe ngs Libellula flaveola Linnaeus, 1758; =
3 Libellulidae ivllg?pr}éx) Libellula victoria Fourcroy, 1785)
Rambur, 1842 Sympetrum meridionale Selys, 1841
(=Libellula meridionalis Selys, 1841)
Orthetrum cancelatum Linnaeus, 1758
(=Libellula cancellata Linnaeus, 1758)
Orthetrum Newman,
1833 Orthetrum sabina Drury 1770 (=Libellula
sabina Drury, 1770; =Orthetrum gibba
Fabricius, 1798)
Jami: 3 5 10
2-jadval
Anisoptera kenja turkum vakillari uchrashining foiz bo‘yicha ko‘rsatkichi
Ne Oilalar Avlod soni % Tur soni %
1 Aeschnidae 1 20 2 20
2 Gomphidae 1 20 1 10
3 Libellulidae 3 60 7 70
Jami: 3 5 100 10 100

Yig‘ilgan materiallar asosida Anisoptera kenja turkumiga mansub ninachilar oilalar
va avlodlar bo‘yicha tagsimlanishi tahlil gilindi. Natijaga ko‘ra, jami 3 ta oilaga oid 5
avlodning 60% Libellulidae oilasiga mansub ekanligi gayd etildi. Bu oilaga mansub ninachi
turlari, umumiy vakillarning 70 % ni tashkil etdi. Aeschnidae va Gomphidae, oilalariga
kiruvchi avlodlarining ulushi 20% ega bo‘lgan bo‘lsa, tur vakillarining uchrashiga ko‘ra,
birinchi oila vakillari 20%, ikkinchisi esa 10% tashkil etdi (2-jadval).

3 -jadval
Qashgadaryo hududida Anisoptera kenja turkum ninachi tur vakillarining tumanlar bo‘yicha tagsimlanishi
[ o ] [@)] o)
- E Sl ol2l8l=s |5|18|8
Ne Turlar nomi 51§ 8|s G S S| &l ¢o| 2 e gl g 3
21 5| 2| £ w S| S| = x| - | 2
S| O < 2 . o4{ S| © S| ©| &| =
olX | 2| X |=2]| 2 Ol o] O] X | >|wvn| X
1 | Ophiogomphus - - - - - - - - - - + |+ |- -
reductus
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2 | Anax imperator + + |-

3 | Anax parthenope + |+ |+ |+ |+ |+ + |+ |+ |+ + |+ |+ |+

4 | Libellula depressa + |+ + |+ + |+ |+ + |+ [+ |+

5 | Libellula + |+ + +
quadrimaculata

6 | Sympetrum - |- - - - - - - - - + |+
pedemontanum

7 | Sympetrum flaveolum -+ |- - - - + |- + + |+

8 | Sympetrum meridionale + |+

9 | Orthetrum cancelatum | - | - - |- - - + |- + + |+ |+

10 | Orthetrum sabina - |- - - - - - 1+ |- - + |- R

Jami: 4 14 |1 |1 |2 |3 5 |3 |4 |1 8 |8 |3 |2

Izoh: + tumanda tur vakilining uchrashi, uchramasligi.

Qashgadaryo viloyatida Anisoptera kenja turkumi ninachilarining tumanlar bo‘yicha
tagsimlanishini o‘rganildi. Bunga ko‘ra, ninachining Anax parthenope turi viloyatning barcha
—14 tumanida qayd etilgan bo‘lsa, Libellula depressa esa — 11 tasida uchrab, boshga vakillarga
nisbatan dominantlik gilishdi. Shuningdek, Orthetrum cancelatum, Sympetrum flaveolum -5 ta,
Libellula quadrimaculata — 4 ta, Ophiogomphus reductus, Anax imperator, Sympetrum
pedemontanum, Sympetrum meridionale va Orthetrum sabina turlari 2 ta tumanda uchrashligi
aniglandi (3-jadval). Ularning viloyat tumanlari migyosida uchrashi quyidagi ko‘rsatkichga ega
bo‘ldi. Jumladan, Qamashi va Yakkabog‘— 8 ta, G‘uzor — 5, Qarshi, Koson, Chiroqchi — 4,
Nishon, Dehgonobod — 3, Mirishkor, Kitob —2, Muborak, Kasbi, Ko‘kdalada — 1 tadan tur vakil
gayd etildi.

Xulosa va takliflar. Qashgadaryo viloyatida Odanatalar turkumining Anisoptera
kenja turkumiga oid 3 oila, 5 avlodiga mansub 10 ta tur vakili uchraganligi aniglandi.
Yig‘ilgan materiallar tahliliga ko‘ra, ular ichidan Aeschnidae oilasiga mansub, Anax
parthenope va Libellulidae vakili Libellula depressa turlari boshga individlarga nisbatan
dominant ekanligi qayd etildi. Shuningdek, tumanlardagi ninachi turlari uchrash migdorida
ham farglar kuzatildi. Jumladan, Qamashi va Yakkabog ‘ tumanlarda 8 tadan tur uchrashi
aniglandi. Boshga tumanlarda ularning soni kamligi o ‘rganildi. Ninachi tur vakillarining
hududlar bo‘yicha targalishidagi farq bevosita ekologik muhitdagi gidroinshoot, flora, fauna
va iglimi bilan chambarchas bogligdir. Xususan, ular yashash joylari uchun mos
mikroiglimni faol ravishda topa oladi. Tahlil gilinayotgan hududning odonatofunasiga ta’sir
etuvchi eng muhim omil bu — atrof-muhitning antropogen o°zgarishi hisoblanadi. Insonning
xo‘jalik faoliyati jarayonida suv obyektlarining yo‘q qilinishi, o‘zgarishi yoki ifloslanishi
bilan turlar soni gisqgarib boradi. Yangi suv havzalari — ariqg, kanal, zovur, ko‘l, karyer va
boshga gidroinshootlarning yaratilishi ninachilarning rivojlanishi uchun mos hududlarga
aylanadi. Ninachilar tezda odamlar tomonidan yaratilgan suv biotoplarga moslashadi.
Ammo ular landshaftlarning, aynigsa, suv havzalari biotoplarining tubdan antropogen
o‘zgarishiga garshi tura olmaydi. Suv omborlaridan foydalanish hagida ninachilar va
odamlarning “manfaatlari”” ko‘pincha bir-biriga to‘g‘ri kelmaydi, natijada hasharotlarning
tasavvurdan oldingi fazalarning zaruriy rivojlanish bosgichlaridan mahrum bo‘lishiga olib
keladi. Yangi yaratilgan suv omborlarini ma’lum bir hududga bilvosita “kosmopolit” turlar
tomonidan egallanib, mahalliy tur komplekslarini shakllantirishda ragobatdosh vakilga
aylanadi. Yangi tur ninachi lichinkalarining yashab golishi bargaror populyatsiyaning
shakllanishiga olib keladi. Bu esa ushbu biotopda yangi turlarning kirib kelishiga sababchi
bo‘ladi. Yangi yaratilgan suv omborlarida dastlab mahalliy turlarning ragobatbardosh
bosimi yo‘q bo‘lib, kosmopolit vakillar tomonidan yangi jamoaning shakllanishiga olib
keladi.
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Annotatsiya. Karam o‘simligi ham o‘z navbatida turli xil fitofag hasharotlar bilan
zararlanishi natijasida bosh o‘ramasdan vegitatsiya jarayoni to‘xtaydi. Shularni e’tiborga
olgan holda hududda fitofag hasharotlarning tur tarkibini aniglash magsadida ertapishar,
o‘rtapishar va kechpishar og boshli karam navlaridan namunalar yig‘ildi. Olib borilgan
tadgiqot natijalariga ko‘ra, 7 turkum, 22 oila, 49 avlodga mansub 71 turdagi fitofag
hasharotlar karam agrotsenozlarida uchrashi aniglandi. Karam agrotsenozi hududlarida
uchrovchi fitofag hasharotlardan qattiqqanotlilar, to‘g‘riqanotlilar va tangachaqanotlilar
boshqa turkum vakillariga nisbatan dominantlik qildi. Jumladan, 71 turdagi fitofag
hasharotlarning 12 turi karam ko‘chatlari bilan, 21 ta bargi, 7 ta ildizi, 6 ta poyasi, 12 ta
guli, 6 ta urug‘i va 7 tasi o‘simlikning barcha gismlari bilan oziglanib zararlashi aniglandi.
Ularning lichinkalari esa asosan karam ildizida oziglanishi gayd qilindi. Tadgigot
natijalariga ko‘ra, karam agrotsenozdagi ayrim fitofag turlar orasidagi o‘zaro bog‘lanish
asosini ozuga zanjirlari hosil gilishi, ularni bevosita yoki bilvosita barcha organizmlarni
umumiy kompleksga birlashtirishiga bog‘ligdir.

Kalit so‘zlar: karam, agrotsenoz, fitofag, hasharot, tur, oila, avlod, turkum.
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TAXONOMIC COMPOSITION OF PHYTOPHAGOUS INSECTS OF
CABBAGE AGROCENOSIS OF KARSHI DISTRICT

Abstract. The cabbage plant, in turn, is damaged by various phytophagous insects,
and the growing season immediately stops. Taking this into account, samples of early-
ripening, mid-ripening and late-ripening cabbage varieties were collected in order to
determine the species composition of phytophagous insects. According to the results of the
conducted studies, 71 species of phytophagous insects belonging to 7 families, 22 families
and 49 genera are found in the agrocenoses of cabbage. Among the phytophagous insects
found in areas of cabbage agrocenosis, representatives of other groups were dominated by
scaly-winged, straight-winged and thin-winged insects. According to the results of the
conducted research, 71 species of phytophagous insects belonging to 7 families, 22 families
and 49 genera were found in the agrocenoses of cabbage. Among the phytophagous insects
found in areas of cabbage agrocenosis, scaly-winged, straight-winged and thin-winged
insects prevailed among representatives of other groups.

Key words: cabbage, agrocenosis, phytophage, insect, species, family, genus, genus.

Kirish. Keyingi vyillarda yer yuzida, tabiily va antropogen omillar ta’sirida
targalayotgan fitofaglarning invaziv turlarini respublikamizga kirib kelishi va sabzavot-
poliz ekinlarga moslashishi orgali agrotsenozlarda ularning turlar tarkibi ortmoqda.
Shuningdek, zararkunandalarning keltiradigan igtisodiy zarari o°sib, biomahsulot sifatining
buzilishiga olib kelmoqda. Shunday ekan, bugungi kunda Respublikamiz agrotsenozlarida
uchraydigan hasharotlarning turlar tarkibini aniglash, bioekologik xususiyatlarini asoslash
va zararli tur vakillariga garshi kurash uslublarini takomillashtirish dolzarb muammoga
aylanmoqda.

Davlatimizda aholining ehtiyoji va bozor talablaridan kelib chigib, sabzavot-poliz
yetishirish yildan yilga o‘sib bormogda. Shular gatorida Qarshi tumani hududida ham
sabzavot-poliz ekin maydonlari yanada kengaydi. Qishlioq xo‘jaligiga ixtisoslashgan
yuzlab yangi fermer xo‘jaliklari tashkil etildi. Vatanimizda 2017-2021-yillar davomida
O<zbekiston Respublikasini rivojlantirishning beshta ustuvor yo‘nalishi bo‘yicha Harakatlar
strategiyasida “Paxta va boshogli don ekiladigan maydonlarni gisqartirish, bo‘shagan
yerlarga sabzavot ekinlarni ekish, shuningdek, yangi intensiv bog® va uzumzorlarni
joylashtirish hisobiga ekin maydonlarini yanada optimallashtirish” kabi vazifalar belgilab
berilgan [1]. Demak, sabzavot-poliz mahsulotlari  yetishtiruvchi  hududlarda
zararkunandalarning tur tarkibini kompleks holda gayta ko‘rib chiqish, invaziv turlarning
geografik targalishi va bioekologik xususiyatlarini ochib berish bugungi kunda
respublikamizda amalga oshirilishi lozim bo‘lgan asosiy vazifalaridan biridir.

O‘zbekistonda sabzavot-poliz mahsulotlari ichidan karam (Cruciferae brassica L),
zararkunanda hasharotlardan boshqa ekinlarga nisbatan ko‘proq zarar ko‘rishi qayd etilgan
[13]. Karam fitofag zararkunandalari sifatida karam va sholg‘om oq kapalaklari, karam
kuyasi, krestguldoshlar burgachalari, karam biti, krestguldoshlar gandalalari, saratonlar,
karam pashshalari va boshgalar keltirilgan. Bundan tashgari hammaxo‘r hasharotlardan
gamma tunlami, o‘tloq kapalagi, chigirtkalar, chirildoglar, shilligqurtlar karam bargi bilan
oziglansa, buzogboshilar, tuproq ostidan kemiruvchi tunlamlar qurtlari, simqurtlar,
soxtasimqurtlar, plastinka mo‘ylab qo‘ng‘izlar lichinkalari ekinning yerosti gismini
zararlashi o‘rganilgan [4].

Tadgigot metodologiyasi. Olib borilayotgan tadgiqot ishimizdan magsad karam agrotsenozi
fitofaglar tur tarkibini aniglash bo‘lib, karam agrotsenozi fitofaglarning bioekologik xususiyatlarini
tadgiq gilish uchun 2022-2023-yillar davomida Qarshi tumanining “O<zbekiston”, “Parmiton”
“Yulduz” va Dilshodbek nomli fermer xo*jaliklari statsionar karam dalalarida ertapishar (Farao F1,
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Parel F1, Nazomi F1, lyun), o‘rtapishar (Termiz-2500, Toshkent-10, Saratoni), kechpishar
(O“zbekiston-133, O<zbekiston sudyasi, Shargiya-2) navlarida marshrut izlanishlar orgali karam
agrotsenozi fitofaglarining tur tarkibi va ular asosiy vakillarining mavsumiy miqgdoriy soni
dinamikasi o°rganildi. Tadgigotlar jarayonida 2010 dan ortiq hasharotlar namunasi yig‘ildi. Fitofag
hasharotlarni yig‘ish ishlari zoologik va entomologik uslublar asosida tutgich to‘r, eksgauster va
hasharotlar tuzog‘idan foydalanildi [2]. Zararkunanda hasharotlar populyatsiyasi zich bo‘lganda,
karam bargidan hasharotlarni yuvib olish orgali amalga oshirildi [3]. Karam butun vegetatsiyasi
davomida ertapishar, o‘rtapishar va kechpishar navlarida entomologik usullar [12] bo‘yicha
statsionar uchastkalardan har 5-7 kunda, marshrut izlanishlarida esa oyiga 2 marta o‘tkazildi.

Foydali va zararli hasharotlarni muntazam monitoring qilish tadgiqotlari kuzatuv va
belgilangan uslublar asosida amalga oshirildi. Entomofaglar statsionar uchastkalardan va marshrut
izlanishlari jarayonida yig‘ildi. Yig‘ilgan materiallar laboratoriya sharoitida aniglanib, sistematik
holga keltirildi hamda ayrim entomofaglar imagooldi fazalaridan voyaga yetgan hasharot chigqunga
gadar laboratoriya sharoitida parvarish gilindi. Tuproqda hayot kechiruvchi hasharotlarni aniglashda
tuprogdagi namunalar Berles apparati [6] usullaridan foydalanildi. Karam zararkunandalarning tur
tarkibini o‘rganish va aniqlash ishlari umum gqabul qilingan uslublaridan foydalanib amalga
oshirildi.

Hasharotlarning sistematik o‘rnini aniglashda sohaga oid gator aniglagichlar va ilmiy
manbalardan  foydalanildi. Jumladan, O<‘zbekistonda uchrovchi hasharotlar bo‘yicha
F.A. G‘apporov [8], Sh.T. Xo‘jayev [13] va M.J. Medetov [11] N.N. Vinokurov va b. [7],
pardaganotlilar bo‘yicha B. Jumanov [9] kabilarning tadgiqot natijalari hasharotlar tur tarkibini
aniglashga yordam berdi. Shuningdek, onlayn-aniglagichlardan ham foydalanildi [15].

Natijalar va muhokama. Qarshi tumani geografik joylashuvi va iglim sharoiti jihatidan
karam fitofaglarining tarqgalishi, rivojlanishi uchun qulay hudud hisoblanadi. Tumanda sabzavot-
poliz ekinlaridan asosan oqg boshli karam ko‘p yetishtiriladi. Shularni e’tiborga olgan holda 2022—
2023-yillar davomida karam zararkunandalarining tur tarkibi ertapishar, o‘rtapishar va kechpishar
0q boshli karam navlaridan yig‘ildi. Yig‘ilgan materiallarda quyidagi hasharot vakillari qayd etildi
(1- jadval).

1 - Jadval
Karam agrotsenozida fitofag hasharot vakillarining uchrash soni
Ne Turkum oila % avlod % tur %
1 Qattigganotlilar (Coleoptera) 8 36,36 20 40,81 | 34 47,9
2 To‘g‘riganotlilar (Orthoptera) 4 18,2 11 2245 | 12 16,90
3 Yarimgattigganotlilar 2 9,09 6 1225 | 9 12,68
(Hemiptera)

4 Tangachaganotlilar (Lepidoptera) 3 13,63 6 12,25 | 8 11,27
5 Ikkiganotlilar (Diptera) 2 9,09 3 6,12 | 4 5,63
6 Tengganotlilar (Homoptera) 2 9,09 2 4,08 | 2 2,81
7 Charmganotlilar (Dermaptera) 1 4,55 1 2,04 | 2 2,81

Jami 22 100 49 100 71 100

Qarshi tumani agrotsenozlarida fitofaglarning karamning turli a’zolarida uchrashi va
oziglanishi gayd etildi. Ulardan zararkunandalarning 12 turi (16,90%) karam ko‘chatlari, 21
turi (29,58%) barglari, 7 turi (9,86%) ildizi, 6 turi (8,45%) poyasi, 12 turi (16,90%) gullari,
6 turi (8,45%) urug‘lari va 7 turi (9,86%) o‘simlikning barcha gismlari bilan oziglanib
zararlashi aniglandi (1- rasm).
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zararlash xususiyatlari aniglandi.

1-rasm. Karamning fitofaglar bilan zararlanishi.

1-rasmga ko‘ra karam fitofaglari asosan barglarda, ko‘chat va gullarda jami 45 tur
(63,4%), ba’zan ildiz, poya, urug* va boshqga gismlarida 26 tur (36,4%) zararkunandalik
giladi. Tadgiqotlarimiz natijalariga ko‘ra ushbu fitofaglarning tur tarkibi va o‘simliklarni

2 - Jadval

Karam agrotsenozi fitofag hasharotlarining taksonomik tarkibi
Ne Turkum Oila Tur
1 Carabidae Amara semilata
Bembidion lampros
Silphidae Silpha obscura
Lethrus bituberculifrons
Scarabaeidae Lethrus scoparaius
Anomala errans
Amphimallon solstitialis
Maladera holosericae
Cetonia aurata
Cetoninae Epicometis turanica
Coleoptera Oxythyrea cinctella
Elateridae Aeloides crucifer
Meligethes aeneus
Meligethes lutra
Nitidulidae Meligethes veridescens
Meligethes xanthopus
Meloe veriegatus
Meloidae Meloe crocata

Meloe frolovi

Chrysomellidae

Colaphellus hoefti

Galeruca tanaceti

Phyllotreta atra

Phyllotreta fucata

Phyllotreta nemorum

Phyllotreta nigripes

Phyllotreta undulata

Phyllotreta schreineri

Phyllotreta ochripes

Psylloides chrysocephala

Baris coerulescens
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Ceutorhynchus assimilis

Ceutorhynchus barbaris

Ceuthozuhunchus rapae

Lixus ascanii

Orthoptera

Tettigonidae

Tettigonia caudata

Tettigonia viridissima

Decticus verrucivorus

Cryllidae

Oecanthus turanicus

Gryllotalpidae

Gryllotalpa gryllotalpa

Acrididae

Calliptamus italicus

Heteracris pterosticha

Mesasippus kozhevnikovi

Hilethera turanica

Eyprepocnemis unicolor

Chorthippus albomarginatus

Glyptobothrus meridionalis

Hemiptera

Pentatomidae

Dolycoris penicillatus

Eurydema ventralis

Eurydema ornata

Eurydema wilkinsi

Miridae

Adelphocoris lineolatus

Lygus pratensis

Lygus gemellatus

Orthotylus flavosparsus

Polymerus cognatus

Lepidoptera

Plutellidae

Plutella maculipennis

Pieridae

Pieris brassicae

Pieris rapae

Noctuidae

Agrotis segetum

Agrotis exclamations

Mamestra suasa

Phytometra gamma

Syngrapha circumflexa

Diptera

Tipulidae

Tipula oleracea

Nephrotoma bispinosa

Anthomyiidae

Delia brassicae

Delia platura

Homoptera

Aleyrodidae

Trialeurodes vaporariorum

Aphididae

Brevicoryne brassicae

Dermaptera

Forficulidae

Forticula auricularia

Forticula tomis

Ja
mi

7

22

71

Xulosa va takliflar. Tadgiqgot ishini bajarish davomida olingan ilmiy natijalarga

ko‘ra, karam agrotsenozi va uning atrofidagi fitofaglar faunasini o‘rganish jarayonidan
aniglanishicha, o‘tsimon va butasimon o‘simliklar ko‘pchilik turli sistematik va ekologik
guruhga oid hasharot turlarining to‘planadigan joyi hisoblanadi. Karam agrotsenozdagi
ayrim fitofag turlar orasidagi o‘zaro bog*lanish asosining ozuga zanjirlari hosil gilishi ularni
bevosita yoki bilvosita barcha organizmlarni umumiy kompleksga birlashtiradi. Ya’ni,
trofik va topik alogalarning markazi — karam o‘simligi hisoblanadi. Ammo shunday bo‘lsa-
da, o‘rganilgan obyektdagi fitofag turkum vakillarining uchrashi bir-biridan keskin farg
giladi. Jumladan, qattigqanotlilar, to‘g‘riganotlilar va tangachaqanotlilar boshqa turkum
vakillariga nisbatan dominantlik qilishdi. Olib borilgan tadgiqot natijalariga ko‘ra,
dominant turkum vakillari karam o‘simligining barcha vegetatsiya davrida uchrashligi bilan
izohlash magsadga muvofiqdir.
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Natijalariga ko‘ra, karam agrotsenozi fitofaglarining targalishini cheklash va oldini
olish magsadida hosildan bo‘shagan ekin maydonlardagi o‘simlik goldiglarini yo‘q qilish
hamda yerni o‘z vaqtida haydash, almashlab ekish hisobiga zararkunandalarning rivojlanish
bosgichlaridanoq bartaraf gilishga erishish mumkin. Shuningdek, karamning vegitatsiya
davrida O<zbekiston Respublikasi Davlat kimyo komissiyasi tomonidan qo‘llanishga
tavsiya etilgan biotsidalardan foydalanish magsadga muvofigdir.

Karam agrotsenozi hududida olib borilgan tadgigot natijalariga ko‘ra, fitofag
hasharotlarning 7 turkum, 22 oila, 49 avlodga mansub 71 turdagi vakillari uchrashi
aniglandi. Karam agrotsenozi hududlarida uchrovchi fitofag hasharotlardan qattigganotlilar,
to‘g‘riqanotlilar va tangachaganotlilar boshqga turkum vakillariga nisbatan dominantlik
qgilishi gayd etildi.
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Annotatsiya. Ushbu magolada respublikamizning muhofaza gilinuvchi hududlarida
targalgan va asosiy gismi Xalgaro va Milliy Qizil kitobga kiritilgan juft tuyoglilar turkumiga
mansub 8 turdagi (Cervus hanglu bactrianus, Capra falconeri heptneri, C. sibirica alaiana,
Ovis vignei arkal, O. vignei bochariensis, O. ammon severtzovi, Gazella subgutturosa
subgutturosa and Sus scrofa nigrepes) noyob va yo‘qolib ketish xavfi ostida turgan
hayvonlarning mitoxondrial DNK Cytb va 16S genlari yordamida molekulyar
identifikatsiyasi yoritildi. Bizga ma’lumki, noyob turlar alohida e’tiborni, ularning tabiiy
populyatsiyalarini muntazam ravishda kuzatib borishni, tur xilmaxilligini saglashni va
klassik tizimli usullardan tashgari molekulyar-genetik tahlillardan foydalangan holda har
tomonlama chuqur o‘rganishni talab giladi. Yuqoridagi turlardan olingan nukleotidlar
ketma-ketligi bioinformatik tahlil gilindi va turlar Milliy biotexnologiya ma’lumotlar
bazasining GenBank ma’lumotlari bilan solishtirildi. Turlar bo‘yicha olingan nukleotidlar
ketma-ketligi GenBankga joylashtirildi va kirish ragamlari olindi. Shuningdek,
GenBankdagi ayrim ma’lumotlarning QR kodlarga joylanishi to‘g‘risida ma’lumotlar
keltiriladi.

Kalit so‘zlar: jufttuyoglilar, PZR, mitoxondrial DNK, gel-elektroforez, praymer, QR
kod.

IDENTIFICATION OF EVEN-TOED UNGULATES OF UZBEKISTAN BY
MITOCHONDRIAL DNA GENES

Annotation. This article presents molecular identification using the Cytb and 16S
mitochondrial DNA genes of eight species of animals belonging to the order Artiodactyla
(Cervus hanglu bactrianus, Capra falconeri heptneri, C. sibirica alaiana, Ovis vignei arkal,
O. vignei bochariensis, O. ammon severtzovi, Gazella subgutturosa subgutturosa, Sus
scrofa nigrepes), common in protected areas of Uzbekistan and in most of them are listed
in the International and National Red Book. As is known, rare species require special
attention, regular monitoring of their natural populations, conservation of species diversity
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and comprehensive in-depth study using molecular genetic analysis in addition to classical
systematic methods. Nucleotide sequences obtained from the above species were
bioinformatically analyzed and the species were compared with the National Biotechnology
Database GenBank data. Nucleotide sequences obtained by species were deposited in
GenBank and accession numbers were obtained. This provides information about posting
some information to GenBank on QR codes.

Key words: Even-toed animals, PCR, mitochondrial DNA, gel electrophoresis,
primer, QR code.

Kirish Biologik xilmaxillik konsepsiyasi zamonaviy fan va ekologik siyosatda
muhim o‘rin tutadi [13]. So‘nggi o‘n vyilliklarda sayyoramizdagi tabiiy resurslar doimiy
ravishda kamayib bormoqda. Atrof-muhitning kimyoviy ifloslanishi, yovvoyi turlarning
yashash muhiti uchun mavjud biotoplarning yo‘q gilinishi, tabiatga tajovuzkor turlarning
magsadli yoki tasodifiy Kiritilishi, shuningdek, iglim o‘zgarishi bilan birga, insonning
igtisodiy faoliyati natijalari buning sabablari hisoblanadi. Turlar soniga bo‘lgan ushbu keng
ko‘lamli tahdidlar 1992-yilda Biologik xilmaxillik to‘g‘risidagi konvensiyaning gabul
gilinishiga sabab bo‘ldi [14]. Ko‘plab davlatlar tomonidan imzolangan Biologik xilmaxillik
to‘g‘risidagi konvensiya xalgaro darajada rezonansga ega bo‘ldi va biologik xilmaxillikni
saqlashga yuqori darajada e’tibor berila boshlandi. Butunjahon yovvoyi tabiat jamg‘armasi
tomonidan “biologik xilmaxillik” atamasiga ta’rif berilgan bo‘lib, bu “yer yuzidagi hayot
shakllarining butun xilmaxilligi, o‘simlik, hayvon va mikroorganizmlarning millionlab
turlarining genlari va murakkab ekotizimlari” ko‘rinishida bo‘lishi va u tirik tabiatning
barcha tarkibiy gismlarini tashkil gilishi aytiladi [13].

Hozirgi paytda insonning xo‘jalik faoliyati natijasida turlar xilma-xilligi tez va fojiali
kamayishiga olib kelmoqgdaki, agarda biz bu turlar ustida fagatgina klassik morfologik
usullar orqgali tadgiqot ishlari olib boradigan bo‘lsak, katta ehtimollik mavjudki, ular ustida
tadgiqot olib borish, hattoki ko‘p gismini aniglash imkoniga ega bo‘lmay qolishimiz
mumkin [10]. Klassik morfologiyaga asoslangan identifikatsiya tizimining murakkabligi va
kamayib borayotgani taksonlarning tezroq tan olinishi uchun yangi yondashuvlar zarurligini
ko‘rsatadi. Genomning kichik sohalarini tahlil gilish orqgali turlarni aniglash imkonini
beruvchi mikrogenomik identifikatsiya tizimlari biologik xilmaxillik diagnostikasi uchun
juda istigbolli yondashuvlardan biri hisoblanadi. Hozirgi kunga kelib DNK ga asoslangan
identifikatsiya tizimlari yuksak darajada tuzilgan organizmlarga nisbatan go‘llanilgan
tadgiqot ishlar soni ortib bormogda.

DNK-shtrix kodlash deb nomlanuvchi mitoxondrial DNK (mtDNK) genlarining
genetik tafovutlari hayvonot olamida turlarni identifikatsiyalashda go‘llanilgan. Shtrix-
kodlash olimlar va taksonomistlarga takson tahliliga muhtoj guruhlarni aniglashda yordam
beradi va tabiatni muhofaza gilishni rejalashtirish uchun tegishli populyatsiyalar va turlarni
aniqlab olishni osonlashtiradi [2].

Hozirgi kunda noyob jufttuyogli hayvonlar genomining turli gismlarini ajratib olish,
molekulyar jihatdan tahlil gilish va filogenetik alogalarini o‘rganish bo‘yicha bir gancha
ilmiy ishlar amalga oshirilib kelinmoqda. Bunga misol tarigasida C.Gilbert (2006), H. Lerp
(2013), C. Groves (2011), A. Schreiber (1994), H. Rezaei (2009), S. Abduriyim (2018),
Ewa Filip (2023) va boshga olimlarning ishlarini keltirish mumkin. Hozirgacha ko‘plab
ishlar gilinishiga garamasdan jufttuyoglilar sistematikasi bo‘yicha ko‘plab munozarali
holatlar mavjud. Masalan, A. Schreiber (1994) ishlariga garaydigan bo‘lsak, Buxoro
bug‘usini (Cervus hanglu bactrianus) Tibet bug‘usi bilan bir turga - Cervus affinis ga
birlashtirish taklif gilingan. Lekin ko‘pgina adabiyotlar, IUCN va Milliy bioinformatik
ma’lumotlar markazi (NCBI) GenBanki bazasida Buxoro bug‘usi Cervus hanglu bactrianus
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(Lydekker, 1900) nomi ostida gabul gilingan [19]. Jufttuyoglilar turkumining Gazella
avlodiga kiruvchi turlarning tasnifi ham sutemizuvchilar taksonomiyasi uchun eng
munozarali hisoblanadi. H. Lerp et al., (2013) olib borgan tadgiqot natijalariga ko‘ra
Gazella avlodi kelib chigishining eng yaqgin mintagasi bu Yagin Sharq ekanligini aniglaydi
[4]. Gazella marica va G. subgutturosa turlarining taksonomiyasi ko‘p bahs-munozaralarga
sabab bo‘ldi. G. marica turi gadimdan G. subgutturosa ning kenja turi hisoblangan. Groves
va Grubb (2011) tomonidan G. subgutturosa turi uchun to‘rtta filogenetik turni G.
subgutturosa, G. gracilicornis, G. yarkandensis va G. marica kabilarni bitta guruhga kirishi
aytilgan. Keyingi tadgiqotlarda bu turlardan G. gracilicornis alohida tur ekanligi taklif
qgilindi, golgan uchtasi G. subgutturosa ning kenja turi hisoblanadi [1].

Ovis avlodi vakillari esa morfologiyasi, xromasoma soni va geografiyasiga ko‘ra
yettita guruhga ajratiladi [5]. Shulardan urial va muflon ikkita monofiletik guruhni (O.
orientalis, O. vignei) tashkil gilishi aniglangan [8]. Bularning Osiyo hududida yashaydigan
vakillari hozirgi uy go‘ylarining yangi ajdodlari bo‘lishi mumkin [7]. Bu natijalar Ovis
avlodini Osiyodan kelib chigishini, undan keyin Shimoli-shargiy Osiyo va Bering bo‘g‘ozi
orgali Shimoliy Amerikaga o‘tganligini tasdiglaydi [8].

Ishning maqgsadi O‘zbekiston hududida targalgan, xalgaro va milliy Qizil kitobga
kiritilgan, noyob va yo‘qolib ketish xavfi ostida turgan jufttuyoqli hayvonlarni mitoxondrial
DNK genlari bo‘yicha molekulyar identifikatsiyasi to‘g‘risida ma’lumot berishdan
iboratdir.

Material va metodika Tadgiqot respublikamiz hududidagi jufttuyoglilar
turkumining keng targalgan hamda noyob va kamayib borayotgan turlari (Cervus hanglu
bactrianus, Capra falconeri heptneri, C. sibirica alaiana, Ovis vignei arkal, O. vignei
bochariensis, O. ammon severtzovi, Gazella subgutturosa subgutturosa va Sus scrofa
nigrepes) vakillaridan biologik materiallar O‘zbekiston Respublikasi Ekologiya, atrof-
muhitni muhofaza qilish va iglim o‘zgarishi vazirligi tasarrufidagi, ‘“Hisor” davlat
go‘rigxonasi, “Surxon” davlat qo‘rigxonasi, “Zarafshon” milliy tabiat bog‘i, “Nurota”
davlat qo‘rigxonasi va “Jayron” pitomnigidan namunalar yig‘ildi (1-rasm) [16; 15].

Invaziv bo‘lmagan biologik materiallar (yunglar, patlar, fekaliy va boshqalar)
namunalari orqgali tadgigotlar o‘tkazish hozirgi kunda ko‘plab genetik tadgigotlarning
ajralmas gismiga aylandi. Shu jumladan, bizning tadgiqotlarimizda ham ushbu
namunalardan keng foydalanildi. Ushbu yondashuv an’anaviy namuna olish usullariga
nisbatan bir gator afzalliklarga ega. Jumladan, yovvoyi hayvonlar bilan to‘g‘ridan to‘g‘ri
aloga gilmaslik bilan birga, foydalanish juda oson. Masalan, yirik yirtgichlar, xavfli
kasalliklar tashuvchilari va boshqalar bilan ishlashda o‘rganilayotgan obyektga ta’sir
darajasini va tadgiqotchilarning xavfini kamaytiradi. Invaziv namunalar yig‘ish bilan
solishtirganda hayvonlarni qidirish va ovlashning an’anaviy usullaridan foydalanish odatda
katta moddiy va mehnat xarajatlarini talab gilmaydi va laboratoriya tahlillari uchun yetarli

migdordagi biologik namunalarni olish imkonini beradi [12].

}w‘ yoromaapsS Kypus>

1-rasm. Jufttuyoqli hayvonlardan biologik materiallar yig‘ilgan hududlar.
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Tadgiqot davomida yovvoyi hayvonlar individlaridan biologik namunalar olishda
aseptik va antiseptik goidalarga rioya gilgan holda, bir martalik steril materiallar ishlatildi.
Materiallarni yig‘ishda namunalarga yorliglar yopishtirildi va tegishli ma’lumotlar (yoshi,
jinsi, material olingan vaqti, joyi, yig‘uvchi) yozildi [11; 15].

Yig‘ilgan fekaliy namunalaridan DNK ajratishda PureLink™ Microbiome DNA
Purification Kit (Termo Fisher Scientific, USA) va QlAamp DNA Mini Kit (QIAGEN,
Germany) to‘plami reagentlari va protokollaridan foydalanildi. Ajratilgan genom DNK
namunalari -20 °C haroratda saglandi.

Jufttuyoqli hayvonlar vakillaridan olingan DNK namunasida polimeraza zanjir
reaksiyasini (PZR) o‘tkazishda, umurtgali hayvonlarni molekulyar-genetik identifikatsiya
gilishda keng go‘llaniladigan mitoxondrial DNK 16S ribosomal RNK geni praymeridan
(cp-F 5'- CGAGGGCTTTACTGTCTCTT -3', cp-R 5'- CCTATTGTCGATATGGACTCT
-3") va Cytochrome b geni (Cytb_F 5'- CCCCACAAAACCTATCACAAA -3, Cyth R 5'-
CCTGTTTCGTGGAGGAAGAG -3') praymerlaridan foydalanildi [3].

Jarayon “Touchgene Gradient” (Techne Incorporated, UK) PZR apparatida amalga
oshirildi. PZR da suv 16,1 mkl, 10x PZR buferi 2 mkl, dNTP 0,4 mkl, har bir praymerdan
2 mKl, Taq polimerazadan 0,4 mkl solinib jami 20 mkl aralashma tayyorlandi.

Mitoxondrial DNK 16S geni fragmentlari PZR-amplifikatsiyasini o‘tkazish ish rejimi
quyidagi tartibda amalga oshirildi; 1-bosgich — 5 dagiqa davomida DNK ning 94°C
sharoitda denaturatsiyalanishi, 2-bosgich — DNK ning 95°C sharoitda 45 soniya davomida
denaturatsiyalanishi, 3-bosgich — DNK da 55°C sharoitda 45 soniya davomida
praymerlarning yumshatilishi, 4-bosqich — 72°C sharoitda 1 daqgiga 40 soniya davomida
elongatsiyalanishi, 5-bosgich — 72°C sharoitda 5 daqiga davomida zanjirning
elongatsiyalanishi. Ikkinchidan to‘rtinchi bosgichgacha jarayon sikl ko‘rinishida 35
martagacha takrorlandi.

Namunalardagi DNK miqdorini aniglash maqgsadida gel-elektroforez usulidan
foydalanildi. Genom DNK si uchun 0,9 % gel, PZR mahsulotlari uchun 1,5 % gel ishlatildi.
PZR mahsulotlaridagi DNK ni tozalashda PureLink Quick Gel Extraction Kit (Invitrogen
by Thermo Fisher Scientific) to‘plamidan foydalanildi.

PZR mahsuloti namunasini mtDNK 16S geni sohasini sekvens qilishda ABI PRISM®
BigDye™ Terminator v. 3.1 reaktivlar to‘plami yordamida amalga oshirildi.

PZR mahsulotlari SeqStudio Genetic Analyzer, Applied biosystems (Thermo Fisher
Scientific) sekvenatorda gayd qilindi (O‘zR “Innovatsion rivojlanish agentligi” qoshidagi “Tig‘or
texnologiyalar” markazi, Toshkent).

Olingan nukleotidlar ketma-ketligining tahlili Bioedit, Clustal W va DNA star TM, PAUP4
maxsus kompyuter dasturlari yordamida amalga oshirildi [15].

Olingan natijalar va ularning muhokamasi. Quyida tadgiqot obyektlari hisoblangan
O‘zbekiston Qizil kitobi hamda Xalgaro Qizil kitobga kiritilgan noyob va kamayib borayotgan 6 tur
va muhofazaga muhtoj bo‘Imagan 2 tur jufttuyoqli hayvonlar ro‘yxati keltirildi (1-jadval).

1-jadval
O‘zbekiston hududida targalgan Suidae, Cervidae va Bovidae oilasi turlari, mahalliy va ilniiy
nomlanishi hamda himoya qilinish darajasi

Oila vakillarining nomlanishi Himoya qilinishi
Mabhalliy nomi IImiy nomi Xalgaro O<zbekisto
darajada nda
I Bug‘usimonlar (Cervidae) oilasi
1. | Buxoro bug‘usi (Xongul) | Cervus hanglu bactrianus LC” | EN
1. Quvushshoxlilar (Bovidae) oilasi
2. Buramashoxli echki (Morxo‘r) Capra falconeri heptneri NT CR
3. Sibir tog‘echkisi Capra sibirica alaiana
4, Ustyurt go‘yi (Argal) Ovis vignei arkal CR VU
5. Buxoro qo‘yi Ovis vignei bochariensis CR VU
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VU:D NT
VU:D VU

Ovis ammon severtzovi

Gazella subgutturosa
subgutturosa

6. Qizilgum arxari
7. Jayron (Kiyik, Ohu, G¢izol)

1. To‘ng‘izsimonlar (Suidae) oilasi

8. Oc‘rta Osiyo to‘ng‘izi (Yowvoyi
cho‘chqa)

*1zoh: Jadval O‘zbekiston Respublikasi Qizil kitobi hamda www.iucnredlist.org sayti ma’lumotlari

asosida shakllantirildi.

Yugoridagi jadvalda keltirilgan hayvon turlarining barchasidan yetarli migdordagi DNK
namunalari ajratib olindi hamda 16S va Cytb praymerlari yordamida PZR - amplifikatsiyasi
o‘tkazildi. Olingan PZR namunalari gel-elektroforezda tekshirildi. Gel-elektroforez natijalariga
ko‘ra, har bir namunalarda mtDNK 16S geni sohasi yetarli migdorda DNK konsentratsiyasi borligi
aniglandi. PZR natijalari tozalanib, sekvensga berildi va nukleotidlar ketma-ketligi olindi. Olingan
ketma-ketliklar elektron dasturlar yordamida gayta ishlandi va NCBI ma’lumotlar bazasiga joylandi
hamda tegishli kirish ragamlari olindi (2-jadval).

Tadgigotimizda har bir jufttuyoqgli hayvon turlari uchun aniglangan nukleotidlar ketma-ketligi
Milliy biotexnologiya ma’lumotlar bazasi (GenBank) ma’lumotlari bilan taggoslandi. Shu jumladan,
Oc‘zbekistondagi Buxoro bug‘usi (Cervus hanglu bactrianus) nukleotidlari ketma-ketligi
GenBankdagi Cervus elaphus bactrianus (KJ870158.1) turi bilan 100% o‘xshashligi ma’lum bo‘ldi.

Sus scrofa nigrepes

2-jadval
Genbank bazasiga (NCBI) joylashtirilgan jufttuyoglilar turlari nukleotidlar ketma-ketligi to‘g risida
ma’lumot
DNK Identifikatsiya ma’lumotlari Tur nomi va
identifika GenBank ID
tsiyasi Nukleotidlar ketma-ketligining harflarda ifodalanishi QR kod ragami
ATCGAGGGGGTATCGAGGGCTTTACTGTCTCTTA
CTTCCAATCAGTGAAATTGACCTTCCCGTGAAG
AGGCGGGAATATATTAATAAGACGAGAAGACCC
TATGGAGCTTTAACTACTTAACCCAAAGAAATA | [BI§Y#[E] | cervus hanglu
mtDNK | AATTTCATTACTAAGGAAACAACAACACTCTTT el bactrianus
16S ATGGGTTAACAGCTTTGGTTGGGGTGACCTCGG GenBank ID:
AGAACAAAAAATCCTCCGAGCGATTTTAAAGAC E' iy ¥ MW474966
TAGACCTACAAGTCGAATCACACAATCGTTTATT
GATCCAAAAAATTGATCAACGGAACAAGTACCC
TAGGGATAACAGCGCAATCATAC (322 j.n)
CGAGGGCTTTACTGTCTCTTACTTCCAATCAGTG
AAATTGACCTCCCCGTGAAGAGGCGGGAATGAA
TTAACAAGACGAGAAGACCCTATGGAGCTTTAA
CTAACTAGTCCAAAAGAAATAAATCTAACCACT Capra falconeri
mDNK | AAGGGATAATAACATTCTTTATGGACTAGCAGT heptneri
16S TTTGGTTGGGGTGACCTCGGAGAACAAGACATC GenBank ID:
CTCCGAGCGATTTTAAAGACTAGACTTACAAGT OP722695
CAAACCAAATTATCGCTTATTGATCCAAAAAAC
TTGATCAACGGAACAAGTACCCTAGGGATA (295
j-n)
CGAGGGCTTTACTGTCTCTTACTTCCAATCAGTG
AAATTGACCTCCCCGTGAAGAGGCGGGAATGAA
TTAACAAGACGAGAAGACCCTATGGAGCTTTAA
CTAACTAGTCCAAAAGAAATAAATCCAACCACT Capra sibirica
mMDNK | AAGGGATAATAACATTCTTTATGGACTAGCAGT alaiana
16S TTTGGTTGGGGTGACCTCGGAGAACAAGAGATC GenBank ID:
CTCCGAACGATTTTAAAGACTAGACTTACAAGT OR234744
CAAACCAAATTATCGCTTATTGATCCAAAAAAC
TTGATCAACGGAACAAGTTACCCTAGGGATA
(296 j. n)
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mtDNK
16S

ACTAAGTAACCCAAGGAAAATAAATTTAACCAC
CAAGGGATAACACACTCCTTATGAGTTAACAGT
TTTGGTTGGGGTGACCTCGGAGAACAGAAAATC
CTCCGAGCGATTTTAAAGACTAGACCTAACAAG
TCAAACCAAATCATCGCTTATTGATCCAAAAAC
TTGATCAACGGAACAAGTTACCCTAGGGATAAC
AGCGCCATCCCTTTCC (214].n)

Ovis vignei
arkal
GenBank ID:
0OL907313

mtDNK
16S

ACTAAGTAACCCAAGGAAAATAAATTTAACCAC
CAAGGGATAACAACACTCCTTATGAGTTAACAG
TTTCGGTTGGGGTGACCTCGGAGAACAGAAAAT
CCTCCGAGCGATTTTAAAGACTAGACCTAACAA
GTCAAACCAAATCATCGCTTATTGATCCAAAAA
ACTTGATCAACGGAACAAGTTACCCTAGGGATA
ACAGCGCCATCCCTTTCC (216 . n)

Ovis vignei
bochariensis
GenBank ID:

OR240284

mtDNK
16S

ACTCAAGGAAAATAAATTTAACCACCAAGGGAT
AACAACACTCCTTATGAGTTAACAGTTTCGGTTG
GGGTGACCTCGGAGAACAGAAAATCCTCCGAGC
GATTTTAAAGACTAGACTAACAAGTCAAACCAA
TCCATCGCTTATTGATCCAAAAACTTGATCAACG
GAACAAGTTACCCTAGGGATAACAGCGCCATTC
TTTAC (205 j. n)

Ovis ammon
severtzovi
GenBank ID:
0OL907312

M{DNK
16
Cytb

ACTTCCAATCAGTGAAATTGACCTTCCCGTGAA
GAGGCGAGGAATAAAAAAATAAGACGAGAAGA
CCCTATGGAGCTTTCAACTAGTTAGCTTAAAGA
AAAAAACTTTACCACCAAGGGAACAACACTAAT
CTTAATAAACTAACAGTTTCGGTTGGGGTGACCT
CGGAGAATAAAATAATCCTCCGAGCGATTTTAA
AAACAAGACACACAAGTCAAATTGAACTATCGC
TTATTGATCCAAAATTTGATCAACGGAACAAGT
TACCCTAGGGATAACAGCGCAATCCTATTCAAG
AGTCCATATCGACAATAGGACTTGCGCTCAA
(328 . n)
ATAACTACAATGTTATGTTATCATTATTCTCGCA
TGGAATCTAACCACGACTAATGATATGAAAAAC
CATCGTTGTCATTCAACTACAAGAACATTAATG
ATCAACACCCGAAAGACCCACCCACTTATAAAA
ATTGTAAACAACGCATTCATTGACCTTCCAGCCC
CATCAAATATCTCATCGTGATGAAACTTTGGCTC
CCTCCTAGGAATCTGCTTAATTCTACAAATCCTT
ACAGGCCTATTCCTAGCAATACACTACACAGCT
GACACAGCAACAGCATTCTCTTCCGTCACCCAT
ATCTGCCGAGACGTCAACTACGGCTGAATCATC
CGATATATACATGCAAACGGAGCATCCATATTC
TTTATCTGCCTCTTCATACACGTGGGACGAGGCC
TCTA (409 j. n)

Gazella
subgutturosa
subgutturosa
GenBank ID:

OR236472

mMtDNK
16S

CAAACATGACCTTCCCGTGAAGAGGCGGGAATA
AAAAAATAAGACGAGAAGACCCTATGGAGCTTT
AMTTAACTATTCCAAAAGTTAAACAATTCAACC
ACAAAGGGATAAAACATAACTTAACATGGACTA
GCAATTTCGGTTGGGGTGACCTCGGAGTACAAA
AAACCCTCCGAGTGATTTTAATCTAGACAAACC
AGTCAAAATAACCATAACATCACTTATTGATCC
AAAATTTTGATCAACGGAACAAGTTACCCTAGG
GATAACAGCGCAATCCTATTCTAGAGTCCATAT
CGACAATAGGGT (309]. n)

Sus scrofa
nigrepes
GenBank ID:
OR234746

Shuningdek, mtDNKning Cytochrome b geni bo‘yicha bitta tur Gazella subgutturosa
subgutturosa molekulyar identifikatsiya gilindi (2- jadval).
Undan tashgari, 3-jadvaldagi QR kod har bir tur uchun alohida shakllantirilgan bo‘lib, u 0°z
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ichiga tur to‘g‘risida quyidagi ma’lumotlarni saglaydi: GenBank ID ragami, ilmiy nomi, genetik
namuna olingan joyi va vaqti, mualliflar va nukleotidlar ketma-ketligi.

Bizga ma’lumki, noyob turlar alohida e’tiborni, ularning tabiiy populyatsiyalarini muntazam
ravishda kuzatib borishni, tur xilma-xilligini saglashni va klassik tizimli usullardan tashgari
molekulyar genetik tahlillardan foydalangan holda har tomonlama chuqur o‘rganishni talab giladi.
Hozirgi kunda noyob hayvonlarning tur xilmaxilligini identifikatsiya gilishning samarali usuli bu
DNK-shtrix kodlash hisoblanadi.

Bu borada kanadalik olim P. Hebert (2003) tirik organizm turlarini aniglash uchun DNK
zanjirining gisga standart ketma-ketliklaridan foydalanishni taklif gildi va bu DNK-shtrix kodlash
deb nomlandi. Bu usul — DNK-shtrix kodlash — turlarni aniglashni sezilarli darajada tezlashtiradi.
“Hayot shtrix-kodi” xalgaro dasturi yerdagi barcha turlar uchun shtrix-kodlar kutubxonasini
yaratishga garatildi. Ideal holda, har bir shtrix-kod bir turni noyob tarzda aniglashi kerakligini e’tirof
etib, hayvonot va o‘simliklar dunyosidagi barcha turlarni genom DNK sini bir gismini, ya’ni 600-
800 juft nukleotidlarni o‘qgitishga garatilgan [6].

Xulosa. Respublikamizning turli hududlarida targalgan va shu bilan birga ayrimlari Xalgaro
va Milliy Qizil kitobga kiritilgan jufttuyoglilar turkumining 3 oilasi va 5 ta avlodiga mansub 8
turdagi (Cervus hanglu bactrianus, Capra falconeri heptneri, C. sibirica alaiana, Ovis vignei arkal,
O. vignei bochariensis, O. ammon severtzovi, Gazella subgutturosa subgutturosa va Sus scrofa
nigrepes) noyob va yo‘qolib ketish xavfi ostida turgan hayvonlar mavjuddir. Tadgigot davomida
juft tuyogli hayvonlarning 8 turi mtDNK Cytb va 16S genlari yordamida molekulyar identifikatsiya
gilindi. Olingan nukleotidlar ketma-ketligi bioinformatik tahlil gilindi va turlar xalgaro Milliy
biotexnologiya ma’lumotlar bazasining GenBank bazasidagi ma’lumotlar bilan solishtirildi. Har bir
tur GenBankka joylashtirildi va kirish ragamlari olindi. Shu bilan birga GenBank dagi ayrim
ma’lumotlarning QR kodlarga joylanishi to‘g risida ma’lumotlar keltirildi.
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VIK 636.2:591.13(045)

AnHoTauus. IlomydyeHHble HaMU pe3ysbTaTbl OOBSCHAEM TEM, YTO COBMECTHOE
CKapMJIMBaHHE OHOCTHUMYIATOpAa W COpOEHTa B COCTaBE pPALMOHOB CIIOCOOCTBOBAJIO
YCUJICHUIO TUAPOJIM3a NPOTEHHA U JIETKOPACTBOPUMBIX YIJIEBOJAOB KOPMOB 3a CUeT
aKTUBHU3AIMA TPOTEOJIUTUYECKUX W  AMWIOJUTHYECKUX (PEPMEHTOB IKEITYJIO0YHO-
KueyHoro Tpakra. ClieoBaTeNbHO, COBMECTHOE CKAPMIIMBAHUE OTKapMIIMBAEMOMY
MOJIOJIHSIKY KPYIHOTO pOraToro CKoTa OMOCTUMYNATOpa U copOeHTa CcrocoOCTBOBAJIO
YIY4IIEHUIO TPOMEKYTOUHOT0 META00IM3Ma 3a CUeT ONTUMH3AIMH MEXaHW3Ma PyOII0BOTO
numeBapeHus. [loaToMy HCIonb30BaHHE OHOCTHMYISTOPOB, K KOTOPBIM OTHOCSITCS
AHTUOKCHUJIAaHTBI, COPOEHTHI U 1., CHIDKAIOUIMX BPEIHOE BO3JCHCTBHE MHUKOTOKCHHOB U
nepeKknuceii, Mpu KOPMIIGHHH PACTYIIETO W OTKApMIIMBAEMOTO MOJIOJHSAKA KPYITHOTO
poraroro CKoTa MOXeT ObITb OJHMM U3 CIIOCOOOB  CHIDKEHHMS  JeHCTBUSA
«@QHTHIUTATEIFHBIX» (PaKTOPOB HA OPTaHU3M KHBOTHOTO W TIOBBIIIECHHS MPOTYKTHBHOTO
MOTEHIMajla KOPMOB U palioHa B 1iesioM. J[i1st 6amaHcupoBaHUs pallOHOB MOIOMBITHOIO
MOJIOJHSIKA 10 MHUHEpPAIbHBIM M OWOJIOTUYECKH AaKTHBHBIM BEIIECTBAM B IEPHOJ
MIPOBE/ICHUS] HAYYHO-XO35IICTBEHHOTO OMBITAa OBLIIM UCIOIB30BaHbl ONOCTUMYJISITOPBI, ME
KOPMOBOM, MOHOKaIIbIIMK ocdaT u TuKanbIuii pocdar.

KiroueBble cJjioBa: KOpMOBbIE J00aBKH, KOPPEKLHUs, HMMYHOCTHUMYJISATOPHI,
OMOCTUMYISTOPHI, MOJIOKO, CKOTOBOJICTBO, JISHKOIIUTHI, JPUTPOIIUTHL.

EFFECTIVENESS OF USE OF BIOSTIMULANTS IN DIETS OF FATTERN
CATTLE

Abstract. The article presents the results of the use of biostimulant and sorbent as part
of the feed ration, due to the activation of proteolytic and amylolytic enzymes of the
gastrointestinal tract, it has an appropriate effect on the intensification of the hydrolysis of
protein and easily soluble carbohydrates in the feed. In particular, it was found that the
combined use of a biostimulant and a sorbent in the diet of fattened young cattle helps to
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improve intermediate metabolism by optimizing the digestion mechanism. Therefore,
feeding and feeding young cattle with biostimulants can be used as one of the ways to reduce
the impact of "anti-nutritional” factors on the animal organism and increase the productivity
of feed and diet in general. Biostimulants, which reduce the harmful effects of mycotoxins
and peroxides, include antioxidants, sorbents, etc. During the scientific-economic
experiment on mineral and biologically active substances, the efficiency of using
biostimulant, fodder, chalk, monocalcium phosphate and dicalcium phosphate to balance
the ration of experimental young animals was shown.

Key words: feed additives, correction, immunostimulants, biostimulants, milk,
livestock, leukocytes, erythrocytes.

Beenenne. Ha coBpeMeHHOM 3Tane pa3BUTHs 300TE€XHUUYECKONH HAYKH YCTAHOBJICHO,
YTO YCIEUIHOE pa3BUTHE MSCHOTO CKOTOBOJCTBA HEBO3MOXKHO 0€3 palrOHAIBLHOTO
UCIOJIb30BaHUS KOPMOB, KOTOPO€ OCHOBAaHO HA IOBBIIIEHHMM KOHBEPCHM IHMTATEIIBHBIX
BELIECTB, COJAEPKAIIMXCS B KOPMAX, B IPOLYKIMIO )KUBOTHOBO/ICTBA, B TOM YKCJIE U 32 CUET
MIOBBIIIEHUS] OMOJIOTUYECKOM MOJHOLEHHOCTH palMoHOB. CUnTAETCs, YTO Ul CHIDKEHUS
ce0ECTOMMOCTH  TPOM3BOJICTBA  NPOAYKIMH TPU  KOPMIIGHHH  PACTYIIETO0 |
OTKAapMJIMBAEMOI'0 CKOTa CIIEAYeT MAaKCHMAaJIbHO MCIIOJIb30BaTh KOpPMa COOCTBEHHOTO
npou3BojacTBa.  OpHAako  MHOTHME W3  KOMIIOHEHTOB  PAalMOHOB  00JajaroT
«QHTUIUTATENBHBIM» 3(PPEKTOM, KOTOPBI OKa3blBalOT CYIIECTBEHHOE BIUSHUE Ha
KauecTBO KOPMa, €ro NEepeBapUBAaEMOCTb U JOCTYIHOCTh NMUTATENbHBIX U MUHEPAIbHBIX
BEIECTB, M KaK CJICJCTBHE, HA MPOIYKTHBHOCTh KHUBOTHBIX [1].

KitoueBbM (hakTOpOM B MeEXaHHU3ME IOBPEKIAIOMIETO JEHCTBHS HSKOTOKCHHOB
SBJISICTCS AaKTUBALUS CBOOOJAHOPAIMKAIBHOTO OKUCIEHHS JIMIUAHOTO OHCciIos MeMOpaH,
WHTCHCU(UKAIMS TPOIECCOB MEPUKUCHOTO OKHCICHUS JUIHIOB, YTO NPEAONpPEesseT
BO3HUKHOBEHHUE aucOanaHca akTUBHBIX ()OpPM KHCIOPOAAa M HAKOIUICHHsS B OpraHu3Me
TOKCHYECKUX MPOIYKTOB nepokcuaanuu. CBOOOIHbIE paguKaibl, o0aagas peakKiMOHHON
CIOCOOHOCTBIO, OKA3bIBAIOT HETaTUBHOE BIMSHUE HA MPOLIECCH OMOCUHTE3a HYKJIEHHOBBIX
KHCIIOT U OEJIKOB, MHAKTUBHUPYIOT OOJIBIIMHCTBO (DEPMEHTOB, M3MEHSIIOT CTPYKTYpPHO-
(GYHKIMOHATIBHOE COCTOSIHUE OMOMeMOpaH U, TEM CaMbIM, IPUBOJAT K HapyIIEHUIO 0OMeHa
BELIECTB, YTHETEHUIO KJIETOUYHBIX U I'yMOPaJIbHBIX 3BEHEB UMMYHUTETA )KMUBOTHBIX, YTO
ABJIAETCS IPUUMHOM CHIDKEHMS UX IPOAYKTUBHOCTH. Kpome Toro, B mporiecce XpaHeHus B
3epHE KYKYpY3bl, SUMEHS, MIIEHUIIBI U AP. IPOUCXOJUT OKUCIICHHUE )KUPOB C 00pa30BaHUuEM
MIEPEKUCEN, pa3pylIalOUX CTPYKTYPbl BUTAMUHOB, CHIDKAIOIIMX AKTUBHOCTb MHOTHX
¢depmenToB. CunTaercs, YTO HEKOTOpPblE MUKOTOKCHHBI SIBJISIOTCSI aHTUOMOTUKAMM JJIS
Oaktepuii pyOLa 1, TEM caMbIM, OHU HapyLIatoT €ro GyHKIUI0. DTO NPUBOJUT HE TOJIBKO K
HapylLIeHUIO COOCTBEHHO IIpollecca NHUTaHMUA JKMBOTHBIX, HO TakXke o0Jserdaer
IIPOHUKHOBEHHUE uepe3 pyOel Ipyrux MUKOTOKCHHOB, KOTOPbIE B HOPME Pa3IOKUINChH Obl
B pyO1e [8].

Crenyer yuuThIBaTh U TOT (DaKT, 4TO B MpoOLecce MUIIEBAPEHUS Psii MUKOTOKCHHOB
MO/IBEPraloTCsl OKUCIICHUIO WM HW30MEpPHU3allMd U CTAHOBHUTCS HCTOYHHMKOM ele Oosee
arpecCUBHBIX M TOKCHYHBIX coeAuHEHMH. CyllecTByeT elle OJHa BakKHAs INPUYMHA,
BbI3bIBAIONIAs] TOBBIIIEHHBI HHTEPEC KUBOTHOBOJOB K MUKOTOKCHHAM, — COBPEMEHHBIE
IOPO/ABI M KPOCCHI BBICOKOIIPOJYKTHUBHBIX CEJIbCKOXO3SMICTBEHHBIX JKUBOTHBIX M IITHUI
00J1a/1a10T MOBBIIEHHON 4YBCTBUTEIHHOCTHIO K MUKOTOKCHUHAM [6].

Ha mnpaktuke 3adacTyro He YJAeTcsli IPEJOTBPATUThH IPOLIECCHI, MPUBOASIINE K
MOpaXEHUIO0 KOpMa IJIECHEBBIMU IpHOKaMH, U U30€KaTh UCIOJIB30BAaHUS ATOTO CHIPHS B
KayecTBE KOpMa JUIsl KUBOTHBIX. [l0o3TOMy OJHMM U3 CHOCOOOB CHMXKEHUS JEHCTBUS
«@HTUIUTATENbHBIX» (PAKTOPOB HAa OPraHU3M >KMBOTHOTO M MOBBILIEHHS MPOAYKTUBHOTO

186



QarDU xabarlari BIOLOGIYA 2024 (1) 2

MOTEHI[Majla KOPMOB U PALlMOHA B 11€JI0M MOYXET ObITh UCIOJIb30BaHUE OUOCTUMYIISITOPOB,
K KOTOPBIM OTHOCATCSI AHTHOKCHIAHTBI, COPOEHTHI W JIp., CHIDKAIONIMX BpPEIHOE
BO3/I€HCTBUE MUKOTOKCHHOB U IIEPEKUCEH.

Hcxons U3 BBIMIEU3IIOKEHHOTO, OJTHUM M3 CIIOCOOOB MOBBIMIEHUS d()PeKTUBHOCTH
HCIOJIb30BAHUS OMOCTUMYIISITOPOB B LIEJIOM U, KaK CJIEJICTBHE, YBEIMUCHHSI IPOU3BO/ICTBA
TOBSJIMHBI SIBJISIETCS. OOOCHOBAaHHOE C TOYKH 3PEHHUS HKOJOTHYECKOW XapaKTEePUCTHUKU
KOPMOB IPUMEHEHUE OMOCTUMYJIATOPOB U COPOEHTOB B UX COCTaBeE.

Heas u 3amaud  HccjaeAoBaHus. V3yunTh BO3MOXHOCTH  IOBBIIICHUS
IIPOAYKTUBHOI'O JIEHCTBHSI PALlUOHOB, COCTABIEHHBIX C IPUMEHEHHEM OMOCTUMYJISATOPOB,
U OTPEICIUTh YKPEIJICHHEe MMMYHHOM CHCTEMBI P OTKOPME UMHU MOJIOJIHSKA KPYITHOTO
poraroro ckoTa.

3aauu Ucciae10BaHus:

- U3YYUTh XUMUUYECKUI COCTAB U MUTATEIILHOCTh KOPMOB;

- my4uTh Mopdosornyeckue W OMOXMMHUYECKHE II0Ka3aTesd KPOBU C LENbBIO
OIpeNIeJIeHUs] BIIMAHUS OUOCTUMYJISITOPOB HAa WHTEHCHBHOCTb U HAIIPABICHHOCTb
OOMEHHBIX TPOIIECCOB B OPTaHU3MeE )KUBOTHBIX;

- OIIPEJIeIUTh S3KOHOMUYECKYIO 3()(heKTUBHOCTh UCIIOJIb30BaHUSI OMOCTUMYJISITOPOB B
KOPMJICHUH OTKOPMOYHOT'O MOJIOJHSIKA KPYITHOTO POTaToro CKOTa.

IIpyu mpou3BOJACTBE TOBAIUHBI OJHUM M3 B@KHBIX (AKTOPOB BHEIIHEH Cpemsbl,
BIMSIIOIIMX Ha AS((EKTUBHOCTh NPOM3BOJCTBA, SABISETCS KOPMIIEHHE, TaK Kak
KHU3HENeATeNIbHOCTh OpraHu3Ma CBs3aHa C 3aTpaTaMU SHEPrUM M C CHUHTE30M HOBBIX
BEIIECTB ISl TOCTPOEHHsI opranu3ma. Ha coBpeMeHHOM 3Tamne pa3BUTHS 300TEXHUYECKON
HayK{ OT MPOU3BOJUTENEH TpeOyeTcs MOCTOSHHBIA KOHTPOJIb 32 YCIOBHSMHM KOPMIIEHUS,
TaKk Kak IOJHOIEHHOE KOPMJICHHE M COOJIOJCHHE TEXHOJOTUYECKUX IapaMeTpOB
COJZIEpKAHUS TI03BOJIAIOT PACKPHITh T'€HETHMUYECKUH NOTEHIMaN >KUBOTHBIX, IOJIYYUTb
MaKCUMAaJIbHOE KOJHMYECTBO MPOAYKIHHA C HAMMEHBIIMMHU 3aTpaTaMy IPOU3BOCTBA.
CunraeTcst mpu 3TOM, YTO JUIS MOBBINIEHUS 3(P(PEKTUBHOCTH OTKOPMAa THIT KOPMIICHHS
KUBOTHBIX JIOJDKEH OBITH CBSI3aH C PETHOHAIBHBIMHA 0COOEHHOCTSIMH KOPMOIIPOH3BOICTBA.

ParyoHbl MOAONBITHOIO MOJIOJIHSAKA B HAIIMX MCCIIEOBAHUSX ObUIM COCTaBJIEHBI U3
KOPMOB XO3SICTB B COOTBETCTBHHM C JICTAIM3MPOBAHHBIMH HOPMaMH KOPMIICHUS
MOJIOJTHSIKA KPYITHOTO pOraToro CKOTa Ha OTKopMe. B mpupoaHo-KIMMaTHUECKUX YCIOBHIX
VY30ekucTana OCHOBY PallMOHOB KOPMJICHHSI KPYITHOTO pOTaTOr0 CKOTa B OCEHHE-3UMHHIA
MIEPUOJT COCTABJISIIOT 3€PHOBBIC U COYHBIE KOPMA, @ B BECEHHE-JIETHUH MEPUO/ - 3€pHOBBIE
W 3eJIeHas Macca KOPMOBBIX KyJbTYyp. B cOCTaB NETHHX paIiiOHOB MOJOIBITHBIX OBIYKOB
BKJIIOYAJlaCh TpaBa 3J1aKoBO-0000Bast (ropoxtoBec). B oceHHe-3uMHHE paIOHBI
OTKOPMOYHOTO MOJIOJIHSIKA KPYITHOTO POTaToOro CKOTa BKIFOYAIHNCH CEHO CYAaHKH H CHUIIOC
KyKypy3Hblil. Takue kopma, Kak JIepTh SUMEHHas, JepThb KYKypy3Has, IIPOT COEBBIH M
MaToKa KOPMOBasi BXOJMIIM B COCTaB M JIETHHX, M OCEHHE-3UMHHUX paloHOB. B xome
Hay4YHO-XO035HCTBEHHOT'O OTIbITa B LEJIOM HOPMHUPOBAIIU norpebiieHue
KOHIICHTPUPOBAHHBIX KOPMOB, a OOBEMHCTBIE KOpMa CKapMIIMBAIM IIOJOTBITHBIM
’KMBOTHBIM 10 ToegaeMocTH. /i 6amaHcHpoBaHUs pallMOHOB MOIOMBITHOTO MOJIOTHSIKA B
MIEPUOJT TIPOBEJICHNUS HAYIHO-XO3SICTBEHHOTO OMBITa IO MHHEPAIHHBIM U OMOJIOTHUYECKU
aKTHUBHBIM  BEIIECTBAM ObUIM  HCIOJB30BaHbl OUOCTUMYJISATOP, MeJI KOPMOBOHM,
MOHOKaNbLuH Gocdar u gukanbuuii pocdar. AHAINU3 PallOHOB MMOAONBITHOTO MOJIOAHSIKA
KPYITHOT'O POraToro CKOTa B pa3IMYHbIC BO3PACTHBIE MEPHO/IbI ITOKA3aJl, YTO TOJONBITHBIE
KUBOTHBIE OBUIM 00OECTICYeHBI OCHOBHBIMH ITUTATEIHHBIMH BEIIECTBAMH W DIIEMEHTAMHU
MTUTAHUS.

CyrouHoe moTpeOIeHNEe TOJONBITHBIM MOJIOJHSIKOM MHUTATEIbHBIX BEIIECTB C
KOpMaMH ONpEENsIOCh B 3aBUCUMOCTH OT BO3pacTa, KUBOW MacChl U HHEPTUU POCTA.

e
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CooTHomlieHne TpyOBbIX, COYHBIX U KOHIICHTPUPOBAHHBIX KOPMOB IO IHTATEIILHOCTH B
paloHax TMOJOMBITHOTO MOJOJHSKA COOTBETCTBOBAI TMPEIBSIBISIEMBIM TPEOOBAHUSIM
(Tabm. 1).

Tabmuma 1.
CTpyKTypa palHOHOB ITOJONBITHBIX XKHBOTHBIX 32 Meprox oT 9-ro mo 18-ro Mecsua.
Kopma %
CeHo cynaHKH 2,88
[IporenHoBOIT GHOCTUMYIIATOP 38,4
Cunoc KyKypy3HbIi 5,22
TpaBa 31aK0B0-0000Bast 38,19
HdepTb sumMeHHas 22,76
JepTb KyKypy3Has 24,90
Ipot coeBblit 2,09
[TaToka KopmoBas 3,96

YCTaHOBIIEHO, 4YTO CTPYKTypa palMOHOB MOJONBITHBIX >KMBOTHBIX IO OOMIEH
MUTATEIbBHOCTH BO BCE BO3PACTHBIE MEPUOJbI ObLIa OTHOCHUTEIHHO CTAaOMIBHOW, U
COOTBETCTBOBAJIA CYILIECTBYIOIIMM HOpMaM KOopMileHHUs. B xo/e nccnenoBanuii Hamu Bescs
CTPOTU y4eT ChEACHHOI'0 KOpMa MyTeM B3BEIIMBAHUS 3a/IaHHOTO KOJMYECTBA KOPMOB U
ux octatkoB. Kpome Toro, nanueie 0 (hakTHIeCKoM HOTPeOIEHUN KOPMOB U MTUTATEIBHBIX
BEIIECTB JIal0T 0OJIee HATISIIHOE MPEACTaBICHUE O KOPMIICHUH KUBOTHBIX.

W3 ananusa tabnuupl 1| BUJHO, 4TO B LIEJIOM 32 BpeMs MPOBEACHUS ONbITa HE ObLIO
OTMEUYEHO KaKUX-JTMOO CYIIECTBEHHBIX pa3IU4Mii B TOTPEOIECHUN KOPMOB M MUTATEIbHBIX
BELIECTB MEXK/Y KUBOTHBIMU CPAaBHUBAEMbIX I'PYIII.

3a mepuon ¢ 9 - mo 18 - MecsyHOro Bo3pacTa MOAOINBITHOMY MOJOJHSKY OBLIH
CKOPMJICHBI OMOCTUMYJISITOPHI  TIEpeBapUBAaEMOro MpoTenHa, caxapa. I[lpu sTowm,
SHEpreTHYecKas TMUTATEJIbHOCTh pALMOHOB, COJEP)KAHWE OCHOBHBIX IHUTATENbHBIX,
MUHEPAJIbHBIX U OMOJIOTHYECKU aKTUBHBIX BEIIECTB B PAllMOHAX MOJONBITHOTO MOJIOAHSIKA
HaXO/WINCh B COOTBETCTBUH C KOJIMYECTBOM MOTPeOIIsieMOro cyxoro BemecTtsa. O creneHu
YIOBJIETBOPEHUSI NOTPEOHOCTH pACTYIIMX JKUBOTHBIX B OSHEPruM, NHUTATEIbHBIX H
OMOJIOTNYECKH aKTUBHBIX BEIIECTBAX, KOJIWYECTBEHHON U KAUeCTBEHHOH OLIEHKE PaIl[iOHOB
U OTIENbHBIX KOPMOB MOXXHO CYIUTh IO JAMHAMUKE >XMBOM Macchl M IOKa3aTessiM
CPEIHECYTOUHBIX TPUPOCTOB Y MOJONBITHBIX KUBOTHBIX.

Hcxons w3 sToro, B Xo/€ HCCIEAOBAaHUN M3YYWIM JAMHAMUKY >KHBOM MaccChl
MOJIOTIBITHBIX OBIYKOB B 3aBUCHUMOCTH OT YCJIOBUIl kopmieHus. IlpoBeneHHBIMU
HCCIIEIOBAaHUSIMH yCTAHOBJIEHO, YTO CKapMIIMBAaHME B COCTaBE pALMOHOB IpEnapaToB
aHTUOKCUJAaHTa U CcOpOeHTa, Kak B OTAEIbHOCTH, TaK M COBMECTHO, OKa3alo
MOJIOXKUTETILHOE BIUSHUE HAa YHEPTHIO POCTa OBIYKOB OMBITHBIX TPYIII.

IlepeBapuBaeMoCTh NHUTATEJNbHBIX BelIeCTB PalMOHOB. BckapminBanue
OTKOPMOYHOTO MOJIOJIHSIKA KPYIIHOT'O pOTraToro CKoTa OMOCTUMYINSATOPAMHU B COCTaBe
PaIMOHOB MOXKET OKa3aTh CYIIECTBEHHOE BIMSHUE Ha IPOIIeCcChl pyOIIOBOT0 MUIIEBAPEHUS,
YTO HaNpsSMYyI CKa3bIBA€TCS HA MEpPEeBapuUBAEMOCTH MHUTATEIbHBIX BewlecTB. Mcxons us
3TOTO, ISl ONIPEIeNICHHs] BIUSHUS U3y4aeMbIX OMOCTUMYIISTOPOB HAa IIEpEBAPUBAEMOCTh U
YCBOSIEMOCTh THTATEIbHBIX BELIECTB Ha (OHE HAYYHO-XO3SICTBEHHOI'O OIbITa ObLI
MIPOBE/IEH OOMEHHBIH OMBIT.

Ha ocHoBaHMM MOJTyYEHHBIX JAHHBIX MO0 Y4€Ty KOPMOB, UX OCTaTKOB U KOJHYECTBY
Kaja, a TakkKe XHUMHYECKOMY COCTaBy, OBUIM paccuuTaHbl KO3(PPHUIIHEHTHI
MepeBapUBaEMOCTH MTUTATEIBHBIX BEIIECTB paruonHa (Tadm. 2).

B  ¢(usmonornyeckux uccieoBaHMAX, NPOBEIEHHBIX Ha (oHe HayuyHO-
XO035IIICTBEHHOT'O OIBITA, OTMeYajach 001as TEHACHIINS K MOBBIIIEHUIO IIEpEeBapUBAEMOCTH

188



QarDU xabarlari BIOLOGIYA 2024 (1) 2

BCEX MHUTATEIbHBIX BEIIECTB PAIMOHOB y OBIUKOB OMNBITHBIX TPYMHN MO CPaBHEHHUIO C
KOHTPOJIbHOW T'PYIIIOM.

Tabiuua 2.
Koa¢dunneHTsl nepeBapuBaeMOCTH MUTATEIBHBIX BEIIECTB PAIIMOHOB MOJOMBITHOTO MOJIOIHsKA, % (N = 3)
Iloxka3arenu I'pynna
KOHTPOJIbHAS 1 onbITHasA 2 onbITHAS 3 onbITHAS
Cyxoe BeliecTBo 66,8+0,88 69,2+0,82 69,0+0,92 69,5+0,74
Opranuueckoe 69,2+1,01 72,0+£1,02 71,5+0,79 72,4+0,96
BEILICCTBO
ChIpoii npoTenH 63,8+0,98 66,4+0,91 66,2+0,84 67,1+1,00
ChIpoi )Kup 61,2+0,64 63,0+0,96 62,3+0,78 63,8+0,83
ChIpast KJIeT4aTKa 60,8+1,08 63,9+0,88 63,4+0,69 64,4+1,52
OB 68,4+0,89 71,9+0,94 71,4+0,98 72,6£1,06

Tax, mogonbITHEIE OBIYKU OMBITHBIX TPYII [IEPeBapUBAIIH JTyYIlle, YeM UX aHAJIOTH U3
KOHTPOJIBHOM TPYIIIBL: CyX0O€ BELECTBO - Ha 2,4; 2,2 u 2,7%, opraHu4ecKoe BEIIECTBO - Ha
2,8; 2,3 u 3,2%, ceipoit mpoTeuH - Ha 2,6; 2,4 u 3,3%, cbipoii xup - Ha 1,8; 1,1 u 2,6%,
CBIpYIO KiIeTuaTKy - Ha 3,1; 2,6 u 3,6% u B9B - nHa 3,5; 3,0 u 4,2% cOOTBETCTBEHHO, B
abcomoTHBIX enuHunax. [Ipu sTom crneayer oTMeTUTh, 4TO HanboJiee BbICOKAst TEHICHITHUS
K TIOBBIIIEHUIO TEPEBAPUBACMOCTH THTATEIbHBIX BEHIECTB pallMOHa OTMEYEHa MpH
COBMECTHOM BCKapMJIMBAHUH MPOTEUHOM M COPOCHTOM.

Mopdoaoruyeckue H OHOXMMHYECKHE IM0KA3aTeJM KPOBU MNOJONBITHOIO
MOJIOAHAKA. JIJIs BBISICHEHUS IEUCTBUS MCIBITYEMbBIX IMPEnapaToB Ha (hPU3UOJIOTHYECKOE
COCTOSIHME MOJIOJHSIKA KPYIHOIO pOraToro CKoTa Ha OTKOPME HPOBOAUIIUCH
reMaTOJIOTMUECKUE UCCIIEIOBAHMS Y 3 )KMBOTHBIX M3 KaXJOW Ipymnibl B Bo3pacte 9 u 18
MecsieB. KpoBb Opanu U3 sipeMHON BEHBI YTPOM J0 KOpMIIEHHSA. B KpOBU MOAOMBITHBIX
YKUBOTHBIX UCCIIEJIOBAIIU KOJIMYECTBO SPUTPOLIUTOB, JIEHKOLMTOB U reMorjaoouHa (taba. 3).

Pe3ynbrathl vccnenoBaHu MOKa3aiH, YTO KUBOTHBIE BCEX TPYIII MPH MOCTAHOBKE
Ha OIBIT OBLIM aHAJOraMH HE TOJBKO IO JKUBOH Macce, HO M MO0 MOP(OIOTUYSCKUM H
OMOXMMHYECKHUM MOKa3aTelsiM KPOBH, TaK KaK HH 1O OJHOMY M3 U3Y4aeMbIX IMOKa3aTeneit
KPOBU M@Ky )KUBOTHBIMHU CPAaBHUBAEMBIX TPYIIN CYIIECTBEHHBIX Pa3IMuUil HE OBLIO.

CkapMinBaHUE U3y4aeMbIM KHUBOTHBIM OMOCTUMYIISITOPOB B COCTaBE PAI[MOHOB, Kak
B OTJEIHHOCTH, TaK U B CMECH, HE CKa3aJIOCh OTPUIIATEIILHO Ha 3/JI0POBBE MOJOIMBITHOTO
MOJIOJHSIKA KPYITHOT'O pOTraToro CKOTa B KOHIIE OTKOpMa.

Crnenyer mpu 3TOM OTMETUTh, YTO MOP(OJOTUUECKHE TOKA3ATEIN KPOBU y HUX C
BO3pPacTOM HM3MEHSUINCh B COOTBETCTBHH C OHMOJIOTMYECKMMHU 3aKOHOMepHocTsMHU. [lpu
3TOM, BO3PACTaHHE MHTEHCHUBHOCTH POCTa IOJ JEUCTBHEM BO3PACTHBIX OCOOEHHOCTEH
COMPOBOXKAANOCH TEHACHIIMEH K YBEIMUEHUIO aOCONIOTHBIX BEJIWYMH TOKa3aTeneit
SPUTPOIIUTOB, TEMOTJIOOMHA W JIEUKOLIUTOB Yy TIOJOMBITHOTO MOJIOAHSKA KPYITHOTO
poratoro ckora. OJHaKoO CoOMOCTaBiIeHHE MOP(HOIOTHUECKUX U OHOXUMHUYECKUX
MoKazarejael KpoBH y OBIUKOB CpaBHHMBAaEeMbIX Ipynn B Bo3pacte 9 u 18 mecsneB ¢
HOPMaTUBHBIMU MapaMEeTPaMH CBUETEIBCTBYIOT O TOM, YTO OHU HAaXOJWJIUCh B IIpeaenax
($bU3M0IOrMYecKON HOPMBI.

Tabnuma 3.
Jnaamuka MOp(OIOTHIECKHX ITOKa3aTeIe KPOBH
MOIONBITHBIX JKUBOTHBIX (N = 3)
IMokazaTenn I'pynna
KOHTPOJIbHasA | 1 onbITHaA | 2 onbITHas | 3 onbITHAsA

B Bo3pacre 9 mecsineB
OpUTPOLUTEL, 6,98+0,44 7,04+0,56 6,86+0,38 6,94+0,44
1012/n
JletikouuTsl, 109/n 9,32+1,02 9,54+1,32 9,15+1,49 9,61+0,88
T'emorno6uH, /1 95,2+1,58 94,6+1,69 94,9+1,62 94,0+ 1,73
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IematokpHT, % | 31,02£1,04 | 31,22%1,12 | 30,65+0,89 | 33,78+1,42
B Bo3pacre 18 mecsneB

DPpUTPOLIUTHL, 8,22+0,42 8,68+0,42 8,54+0,38 8,82+0,44

1012/n

Jleitkormtel, 109/1 10,18+1,54 10,23+1,78 10,34+1,49 10,5242,02

I'emornooOuH, /1 104,343,62 117,0£2,98 116,4+2,64 118,54+2,34

I'emarokput, % 32,24+1,21 32,82+1,18 32,58+1,26 33,72+1,46

Hef/’IKOLII/ITBI B OPraHu3Me JKUBOTHBIX BBIIIOJIHAIOT 3alllUTHBIC (I)YHKI_[I/II/I, 1 KOJIMYECTBO
6€J'IBIX KPOBSHBIX KJICTOK BAPbUPYCTCA B JOBOJIBHO HIMPOKUX HpCAciiax, 4TO BO MHOI'OM
3aBUCUT OT (DU3MOJIOTHUECKOTO COCTOSHUS OpraHu3Ma. Y CTaHOBJICHO, YTO B TCUCHHE
AKCIIEPUMEHTA MEKY TPYIITaMH ObIYKOB MPAKTUYECKU HE OBIJIO Pa3IMYUi 110 KOJIUYECTBY
JEHKOIUTOB B KpoBH. M3 Mopdonorndeckux Tokaszareied KpoBH Haubosee
MOABEPKCHHBIMA ~M3MEHCHMSIM 1O/ JCHCTBHEM YCIOBHM KOPMIICHHS OKa3aJIUCh
SPUTPOLUTHI M TEMOTJIOOWH, BBHITIOJIHSIONINE TPAHCTIOPTHYIO (DYHKIMIO TIO JIOCTAaBKE
KHCIIOpOJIa W THUTATEIbHBIX BEIIECTB, BCOCABIIMXCS 4Yepe3 CIHM3UCTYIO OO0OJOUKY
KHIIIEYHUKA K OpPraHaM M TKaHsIM opraHu3ma. Mcmoiap3oBaHue OMOCTUMYIISITOPOB B COCTaBE
PallMOHOB H3YYACMBIX KHWBOTHBIX CHOCO6CTBOBaJIO K KOHIY OTKOpMa TCHACHIHU K
YBEJIMYCHHUIO 3TUX IIOKa3zareje B KPOBH OBIYKOB OMNBITHBIX Tpymil. Tak, Hambosbliee
COJIep’KaHUE APUTPOLIUTOB U TeMOIVIOOMHA OBUIO YCTAHOBJIEHO B KPOBU OBIYKOB 3-i
OMBITHOW TPYIIbI, KOTOpbIE TMPEB30LUIM CBOMX KOHTPOJBHBIX AaHAJOrOB IO 3THUM
nokaszarensiM coorBerctBeHHO Ha 0,60 x 1012/1 u 14,2 r/n. CinegoBareibHO, MOKA3aTeNH
COACPIKAHUA SPUTPOLIUTOB U FGMOFJIO6I/IH3, B KPpOBU OTKApMJIMBACMBIX 6I)I‘IKOB YKa3bIBaOT
Ha UX CBSI3b C UTHTCHCUBHOCTBHO O6MCHHI)IX IMpoHeCCOB B X OpraHu3Mce.

3akuouenue. [lonmydeHHble HaMU pPE3yJbTAThl OOBSICHSEM TEM, YTO COBMECTHOE
CKapMJIMBaHHE OMOCTHUMYJSTOpa U COpPOEHTa B COCTaBE PAIMOHOB CIIOCOOCTBOBAJIO
YCUJICHUIO THUAPOJINM3a TPOTEMHA U JIETKOPAaCTBOPUMBIX YIJIEBOJIOB KOPMOB 3a CUET
aKTUBMU3ALMHU TPOTCOIUTUYECKUX M  aAMWIOJIUTUYECKUX (EPMEHTOB  KENyI04HO-
KHIOICYHOI'0 TpakTa. CJIGI[OBaTeJILHO, IJId  ITOBBIICHUS HWHTCHCUBHOCTU O6MCHHI)IX
MIPOLIECCOB B OpraHu3Me M (OPMHUPOBAHUS MBIIIEUHON TKaHU Yy MOJIOJHSIKA KPYIHOTO
poraToro cKoTa Ha OTKOPME UM CIIeJTyeT CKapMIIMBATh OMOCTUMYIIATOPEI. ClieI0OBaTEeNIbHO,
COBMECTHOE CKApMJIMBAaHHEC OHOCTUMYJISTOPOB W  COPOSHTOB  OTKapMIIMBAEMOMY
MOJIO/IHSIKY KPYITHOTO POTaToro CKOTa CIIOCOOCTBOBAIO YIYUIIECHHIO MPOMEKYTOUHOTO
MeTabonr3Ma 3a CUeT ONTUMHU3AINY MeXaHu3Ma PyOIIOBOTO MUIIEBAPEHUS.
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Annotatsiya. Bu maqgola Samargand viloyatining Qo‘shrabot tumanidagi Gulandom
ona nomidagi chorvachilikka ixtisoslashgan fermer Xo‘jaligida gisqa muddatli, past
intensivlikdagi lazerli nurlanishning yosh qo‘zilarni go‘sht mahsuldorligiga ta’siri
o‘rganilib, olingan natijalarga asosan yozildi. Tadgigotda umumiy gabul gilingan
zamonaviy fiziologik, morfo-biokimyoviy, biofizikaviy va statistik tahlil usullaridan
foydalanildi. Obyekt sifatida naslchilikda foydalanilmaydigan qorako‘l qo‘ylari va erkak
go‘zilar xizmat gilgan.

Tajribalarda qo‘llanilgan I, I, III guruh qo‘zilarning go‘sht mahsuldorligini baholash
magqsadida ular 5 va 7 oyligida nazoratga so‘yilgan va go‘shtning kimyoviy, morfologik va
mikrostrukturaviy tarkibi aniglangan.

So‘yilgandan keyin solishtirilgan guruhlar go‘zilari go‘shtining miqdoriy va sifat
ko‘rsatkichlari to‘g‘risidagi ma’lumotlar qo‘zilarning yoshidan qat’i nazar, tajriba guruhi
nazorat guruhiga nisbatan ustunlikka ega ekanligini ko‘rsatdi.

Hayvonlarning nazorat so‘yish natijalarini tahlil gilish shuni ko‘rsatdiki, 5 oylik
bo‘lganida Il va Il tajriba guruhlari go‘zilari so‘yish oldidan nazorat guruhining tirik
vazniga nisbatan 3.0 va 4.4% ni tashkil etgan. III tajriba guruhi qo‘zilari bu vaqtda eng
yuqori sog‘ish massasiga ega bo‘lgan. III tajriba guruhlari qo‘zilari sut iste’moli hajmi I va
I guruh hayvonlariga nisbatan mos ravishda 1.1 va 0.7 foizga yuqori ekanligida aks etadi.
Qo‘zilarni 7 oyligida nazorat gilish uchun so‘yganda, bu oyda so‘yilgan tajriba guruhlari
go‘zilari go‘sht mahsuldorligi bo‘yicha nazorat guruhidagi qo‘zilardan ustun ekanligi
aniglandi: tirik vazni bo‘yicha 2.2-3.4 foizga so‘yishdan oldin suyultirilgan tananing
massasi 2.3-5.3% ga, eritishdan keyingi massa -2.4-5.6% ga.

Aniglangan namunalar ushbu guruh go‘zilarida sut mahsuldorligining katta ortishi
bilan xarakterlanadi va ular | va Il go‘zilarga nisbatan 0.8-0.9% ga yuqori ekanligi bilan
izohlanadi. Tagqoslangan guruhlar orasida eksperimental 111 guruh qo‘zilari go‘shtliligi
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bilan ajralib turdi. Qisga muddatli past intensiv lazer nurlanishi go‘zilarning tanasiga ta’sir
ko‘rsatish orgali o°sish tezligiga ijobiy ta’sir ko‘rsatadi.

5 oylik go‘zilarning yelkalari uzun muskullarining kimyoviy tarkibini kimyoviy tahlil
gilish natijasida solishtirilayotgan guruhlardagi qo‘zilar o‘rtasidagi eng yuqori foizli farglar
mushak to‘gimalarining umumiy yog*‘ va namlik migdorida namoyon bo‘lishi aniglandi. 111
eksperimental guruh mushak to‘qimalarida namlik 1.12 va 1.19 foizni tashkil etgan bo‘lsa,
I va Il guruhlarga nisbatan mos ravishda 0.97 va 1.01 foizga kam.

Tayanch so‘zlar: Lazer nurlari, tajriba, nazorat, qo‘zilar, go‘sht, suyak, morfologik
tarkib, go‘shtlilik, kimyoviy tarkib.

EFFECT OF LOW INTENSITY LASER RADIATION ON ANIMAL
ORGANISMS

Abstract. This article was written based on the results of the study of the effect of
short-term, low-intensity laser radiation on the fertility of young lambs at the "Gulandom
ona" livestock farm in Kushrabot district of Samarkand region. The study used generally
accepted modern physiological, morpho-biochemical, biophysical and statistical analysis
methods. Karakol ewes and male lambs, which are not used for breeding, served as objects.

In order to evaluate the meat productivity of lambs of the I, II, 11l groups used in the
experiments, they were slaughtered at the age of 5 and 7 months and the chemical,
morphological and microstructural composition of the meat was determined.

Data on quantitative and qualitative indicators of meat of lambs of the compared
groups after slaughter showed that the experimental group had an advantage over the control
group, regardless of the age of the lambs.

The analysis of the results of the control slaughter of the animals showed that at the
age of 5 months, the lambs of the 11 and Il experimental groups were 3.0 and 4.4% of the
live weight of the control group before slaughter. Experimental group Ill lambs had the
highest milking mass at this time. The specified pattern is characteristic of this group, and
it is reflected in the fact that the volume of milk consumption is 1.1 and 0.7 percent higher,
respectively, compared to animals of groups I and 1l. When lambs were slaughtered for
control at the age of 7 months, it was found that the lambs of the experimental groups
slaughtered at this month were superior to the lambs of the control group in terms of meat
productivity: by 2.2-3.4 percent of live weight: before slaughter; the mass of the liquefied
body by 2.3-5.3%, the mass after melting by -2.4-5.6%.

The identified samples are characterized by a significant increase in milk yield in the
lambs of this group and it is explained by the fact that they are 0.8-0.9% higher compared
to the I and 1l lambs. Among the compared groups, experimental group Ill lambs were
distinguished by their meatiness. Short-term low-intensity laser radiation has a positive
effect on the growth rate of lambs by affecting the body.

As a result of the chemical analysis of the chemical composition of the long muscles
of the shoulders of 5-month-old lambs, it was found that the highest percentage differences
between the lambs in the compared groups are manifested in the total fat and moisture
content of the muscle tissue. In experimental group Il1, the moisture content in the muscle
tissue was 1.12 and 1.19 percent, while it was 0.97 and 1.01 percent less than in groups |
and 11, respectively.

Key words: Laser beams, experiment, control, lambs, meat, bone, morphological
composition, meat content, chemical composition.

Kirish. Ayni vaqtda chorvachilik bilan shug‘ullanuvchi fermer xo‘jaliklarining
magsadi xalgimiz dasturxoniga sifatli go‘sht mahsulotlarini yetishtirib berishdan iborat. Shu
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sababli bu soha bo‘yicha ilmiy ishlarni olib boruvchi olimlar tomonidan sifatli go‘shtlarni
yetishtirish uchun zamin bo‘lib xizmat giladigan yuqori texnologiyalarni ishlab chigish
ularning oldida turgan dolzarb vazifa ekanligini ta’kidlashimiz mumkin. IImiy izlanishlar
natijasida sifatli, xavfsiz, arzon go‘sht  mahsulotlarini hamda qishlog xo‘jaligi
hayvonlarining o‘sish va rivojlanish bosgichlarida ichki va tashqi faktorlarga nisbatan
chidamliligini oshirish uchun xizmat giluvchi usullarni yaratish olimlarimizning oldiga
go‘yilgan dolzarb vazifa hisoblanadi[1].

Hozirgi vaqgtda biofizik ta’sir obyekti sifatida past intensiv lazer nurlanishidan keng
foydalanilmogda. Bu usul yordamida olib borilgan tajribalar asosida hayvonlarning
organizmida metabolik jarayonlar normallashuvi bilan bir gatorda, hayvonlarning turli
yoshlarida ularning rivojlanishi va o‘sish ko‘rsatkichlarini sezilarli darajada o‘zgarishlar
sodir bo‘lishini ko‘rishimiz mumkin. Chorvachilikda past intensivlikdagi lazer nurlanishi
orgali hayvonlardagi turli xil patologiyalarni davolash hamda kasalliklarni oldini olish
magsadida go‘llashimiz mumkin. [2].

Lazer nurlanishining ta’siri hujayra, to‘gima va organlar migyosida himoya-
kompensator mexanizmlariga, umumiy biologik va adaptiv ta’sirlari bilan bog‘liq bo‘lib,
0‘z-o‘zini boshgarishni faollashtirishga yordam beradi[3].

Obyektlarga lazer nurlari bilan ta’sir gilinganida uning gon-tomirlarining ishlash
tizimi hamda nafas olish tizimining fiziologik xususiyatlariga samarali ta’sir gilinganligi
aniqglandi[4]

Past intensivlikdagi lazer nurlari ta’siri orgali hujayra va to‘gimalarning asosiy
funksiyasi hisoblangan modda almashinuvi hamda tabiiy chidamliligini oshirish kabi
muhim ko‘rsatkichlarining sezilarli darajada ortganligi ta’kidlangan. Lazer ta’siri natijasida
hujayralarning energetik sig‘imi oshadi, bu esa ularning adaptogen kompensator
gobiliyatlarini oshirishga yordam beradi. Bundan tashqgari[5]ning ishlarini o‘rganishda
olingan natijalariga ko‘ra, past intensiv lazer nurlanishi immunokrektor va reparativ ta’sirga
ega omillardan bo‘lib xizmat giladi.

Qulay tartibdagi va ta’sir gilish dozasini boshgarish tufayli tirik organizm tomonidan
gabul gilinadigan nurlanish energiyasining ham boshqarilishi orgali metabolik jarayonlarda
ijobiy o‘zgarishlar kuzatildi. To‘gimalarda gipoksiya kamayadi, ularning tiklanish
potensiali oshadi va pirovardida organizmning yashovchanligi, atrof-muhitning noqulay
omillariga chidamliligi oshadi, moslashish gobiliyatining chegaralari kengayadi[6].

Hayvonlar organizmiga past intensivli lazer nurlanishi bilan ta’sir ko‘rsatganimizda
metoxondriyada universal adenozin trifosfor kislotasi (ATF) ni ishlab chigarishini
kuchaytiradi, buning natijasida xo‘jayranin’g metabolik faolligi kuchayadi va obyektning
nafas olish samaradorligi oshadi[7]. Bu tadgiqotlar natijasida esa, past intensivlikdagi lazer
nurlarnishi orgali ta’sir mitoxondriya hajmining oshganligini ko‘rsatadi.

Lazer nurlanishi mutagenga garshi ta’sirga ega, DNK sintezini faollashtiradi va
neytronlar ogimi yoki gamma nurlanish ta’sirida o‘zgargan hujayralardagi tiklanish
jarayonlarini tezlashtiradi[8]

Past intensiv lazer nurlanishi to‘gimani tashkil gilgan hujayra organoidlarni tiklashda
ishlatiladigan samarali usul bo‘lib xizmat giladi. Shuning bilan birgalikda kuzatilayotgan
obyekt hujayralaridagi hosil bo‘layotgan yangi organoidlarni tezlashtiradi, hujayralarda
modda almashinuvi yaxshilanadi [9] va eng muhimi, somatik hujayra xromatinining
tiklanishi kuchaytiriladi.

Past intensivli lazerlar nurlanishining qon koagulyatsiya tizimiga ta’siri yordamida
obyektning qgon tomirlar tizimiga ta’sir ko‘rsatish natijasida qon tarkibidagi
trombotsitlarning harakatchanligi susayishini kuzatishgan, natijada gonning dinamik
govushgogligi hamda birikish gobiliyatining susayishi ko‘rsatib berilgan[10].
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Lazer nurlarini terapevtik ta’siri immun reaksiyalarga bog‘liq va immunotsitlar
tanadagi muhim sezgir ko‘rsatkich hisoblanadi. Populyatsiyalarning o‘zaro ta’siri, umumiy
immun tizimini yaxshilaydi va buning natijasida tananing himoya tizimining ishlash
samaradorligi oshadi. Shuni ta’kidlab o‘tish kerakki, past intensiv lazer nurlanish orgali
tananing immunokompetent hujayralariga ta’sir ko‘rsatishi va tanada sodir bo‘ladigan
o‘zgarishlar mukammal o‘rganilmagan degan xulosalarga kelindi[11].

Past intensivlikli lazer nurlanishining tanaga ko‘rsatayotgan ta’siriga immun tizimi
juda sezgir bo‘ladi. Shu sababli tanani boshqarish tizimi tabiati hali to‘lig o‘rganimagan.
Hozirgi vaqgtda biofizik usul yordamida immunomorfologik jarayonlarni o‘rganish bo‘yicha
tadgiqotlardan ko‘p foydalanilmayotgani sohaning keng rivojlanishiga salbiy ta’sir
ko‘rsatayapti, deb ta’kidlash mumkin. Lazer nurlanish orgali obyektning immunitet tizimiga
ko‘rsatilayotgan ta’sir natijalari to‘g‘risidagi ma’lumotlarga yuz tutadigan bo‘lsak, bunda
bu sohaning ganchalik murakkab ekanligi hamda magsadga erishish uchun tinmay mehnat
gilish zarurligini ta’kidlashimiz mumkin[12].

Lazer nurlanishining immun tizimining funksiyalariga, neyroendokrin apparati bilan
birgalikda immunitet gomeostazini shakllantirish orgali tizimlararo o‘zaro ta’sirini amalga
oshiradigan hodisani ko‘rib chigishga sabab bo‘ldi. Umumiy patologik jarayonlarning
rivojlanishi va natijasi (yallig‘lanish, regeneratsiya, ko‘payish, metaplaziya, skleroz) asosan
immunitet mexanizmlarining roli, immunokompetent hujayralar (T va B-limfotsitlar,
makrofaglar) ishtiroki, gumoral immunitet omillari (immunoglobulin, limfotsitlar,
monokinlar, tartibga soluvchi peptidlar) bilan belgilanadi[13].

Organizm immunitet tizimi iglimning o‘zgarishiga garab T va B-limfotsitlar
konsentratsiyasini, immunoglobulinlar IgA, IgM, IgG va simpatoadrenal tizimda
katexolaminlar darajasini oshirish orqgali erishish mumkin. Ushbu ko‘rsatkichlarni
bargarorlashtirish 14 kun davom etadi. Shu bilan birga, lazer ta’siri (qonga supravaskulyar
ta’siri) yordamida moslashish jarayonidagi stressning namoyon bo‘lishi susayadi,
moslashish davri sezilarli darajada gisgaradi (taxminan 5-6 kun) bu tadgigotlar natijalari
bilan tasdiglangan[14].

Tadgigot metodologiyasi: Tadgigotda umumiy gabul gilingan zamonaviy fiziologik,
morfo-biokimyoviy, biofizikaviy va statistik tahlil usullaridan foydalanildi. Obyekt sifatida
naslchilikda foydalanilmaydigan gorako‘l qo‘ylari va erkak qo‘zilar xizmat gilgan.

Tajribalarda qo‘llanilgan qo‘zilarning go‘sht mahsuldorligini baholash maqsadida
ular 5 va 7 oyligida nazoratga so‘yilgan va go‘shtning kimyoviy, morfologik va
mikrostrukturaviy tarkibi aniglangan.

Tadgigot natijalari va ularning muhokamasi: So‘yilgandan keyin solishtirilgan
guruhlar qo‘zilarining go‘shtining miqdoriy va sifat ko‘rsatkichlari to‘g‘risidagi
ma’lumotlar qo‘zilarning yoshidan qat’i nazar, tajriba guruhi nazorat guruhiga nisbatan
ustunlikka ega ekanligini ko‘rsatdi.

Hayvonlarni nazorat so‘yish natijalarini tahlil qilish shuni ko‘rsatdiki, 5 oylik
bo‘lganida Il va Il tajriba guruhlari qo‘zilari so‘yish oldidan nazorat guruhining tirik
vazniga nisbatan 3.0 va 4.4% ni tashkil etgan.

Ikkinchi va Il tajriba guruhlari yangi so‘yilgan qo‘zilar vaqtida eng yugori massaga
ega bo‘lib, bu ko‘rsatkich ularning nazorat guruhidagi tengdoshlariga garaganda 3.7-6.5%
yuqori ekanligi aniglandi. 11 va Il tajriba guruhlari qo°zilarining ichki yog*larni sintez gilish
gobiliyatining turlicha bo‘lishi ularning tana massasiga turlicha ta’sir ko‘rsatdi, bu esa
0zg‘in massaning ko‘payishini ta’minladi va shu bilan nazorat guruhiga nisbatan 4.0-7.3%
ga ortishni ta’minladi. Tajriba guruhi III qo‘zilari bu vaqtda eng yuqori sog‘ish massasiga
ega bo‘lgan. Belgilangan nagsh ushbu guruhga xos bo‘lib, sut iste‘moli hajmi I va II guruh
hayvonlariga nisbatan mos ravishda 1.1 va 0.7 foizga yuqori ekanligida aks etadi. Qo‘zilarni
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7 oyligida nazorat gilish uchun so‘yganda, bu oyda so‘yilgan tajriba guruhlari qo‘zilari
go‘sht mahsuldorligi bo‘yicha nazorat guruhidagi go‘zilardan ustun ekanligi aniglandi: tirik
vazni bo‘yicha 2.2-3.4 foizga, so‘yishdan oldin; suyultirilgan tananing massasi 2.3-5.3% ga,
eritishdan keyingi massa -2.4-5.6% ga.

Qo‘zilarning go‘sht mahsuldorligi darajasini baholashning eng muhim mezonlaridan
biri so‘yish oldidan massa hosil bo‘lishida tana massasining ichki yog‘larga nisbatini aks
ettiruvchi suyuglik iste’moli bo‘ldi. Ma’lumotlar tahliliga ko‘ra, Il tajriba guruhi qo‘zilari
yugori sut mahsuldorligi bilan ajralib turadi.

Aniglangan namunalar ushbu guruh go‘zilarida sut mahsuldorligining katta ortishi
bilan xarakterlanadi va ular | va Il go‘zilarga nisbatan 0.8-0.9% ga yuqori ekanligi bilan
izohlanadi. Taqgoslangan guruhlar orasida eksperimental Il guruh qo‘zilari go‘shtliligi
bilan ajralib turdi. Qisga muddatli past intensiv lazer nurlanishi go‘zilarning tanasiga ta’sir
ko‘rsatish orgali o‘sish tezligiga ijobiy ta’sir ko‘rsatadi. Biz iste’mol qilishni yaxshi
ko‘radigan qo‘y go‘shti hayvonning tana tuzilishi gismlarining rivojlanishiga bog‘lig.
Kundalik ehtiyojimizda iste’mol qilinadigan go‘shtning ozugaviy giymati oziglanayotgan
hayvonlarning nav va morfologik xususiyatlari bilan ifodalanadi. Bir jinsli hayvonlarning
massasi ular go‘shtining turi va morfologik tarkibiga ko‘ra farq gilishi mumkin. Agar
navlarni farglash uchun tana go‘shti maydalanganda turli navlar massasining bir-biriga
nisbati aniglansa, go‘shtni namlashda lahm go‘sht va suyak massasining nisbati aniglanadi.

Tana go‘shtining turli qismlarining nav tarkibi har xil bo‘lgani uchun go‘sht
mahsuldorligining muhim ko‘rsatkichlaridan biri tana go‘shtining nav tarkibi hisoblanadi.
Har xil guruhdagi go‘zilarning tana go‘shti namlangan yoki tana go‘shtidan ajratilgan holda
go‘zilarning tana go‘shtidagi lahm go‘shti va suyaklari miqdoridagi farglarni aniglash, ya’ni
iste’mol qilingan va iste’mol qilinmagan miqdorini aniglash uchun qo‘zichoglar tana
go‘shtidan ajratilgan. Tana go‘shtlari ikki gismga bo‘linganda, tana go‘shtidan olingan
ma’lumotlar asosida tana go‘shti va suyaklarining migdori aniglangan.

Tajribada 5 oylik bo‘lgan qo‘zilarning tana go‘shtining nav gismlarining
ko‘rsatkichlarini aniglash magsadida namlangan tana go‘shtining nav ko‘rsatkichlarini
giyosiy tahlil gildik. I nav bo‘laklarining mahsuldorligi tajriba guruhi Il va Il go‘zilarning
tana go‘shtida nazorat guruhidagi qo‘zilarga nisbatan mos ravishda 85.5% va 86.0%
(84.9%) yuqori ekanligi aniglandi. 1l va Il guruhdagi qo‘zilar go‘shtining nazorat
guruhidagi qo‘zilar go‘shtidan ustunligi mos ravishda 0.6 va 1.1 foizni tashkil etdi. Qiyosiy
o‘rganilgan guruhlar go‘zilarning tana go‘shtini namlash jarayoni natijalarida ham o‘xshash
nagshlarni ko‘rsatdi. Il va Il tajribalar guruh go‘zilarining tana go‘shtida ko‘p migdorda
yog‘siz go‘shtning saqglanishi bilan tavsiflangan. Tadgiqot natijalariga ko‘ra, tajriba
guruhidagi go‘zilar bilan nazorat guruhidagi go‘zilar o‘rtasidagi farq mos ravishda 1.2 va
2.3 foizni tashkil etgan. Tadgiqotda 7 oylik go‘zilarning tana go‘shtining nav va morfologik
tarkibini o‘rganish bo‘yicha olingan natijalarni tagqoslash shuni ko‘rsatdiki, tajriba
guruhidagi qo‘zilar nazorat guruhidagi qo‘zilarga nisbatan ustunlik ko‘rsatgan. Olingan
ma’lumotlarga ko‘ra, 1l va Il tajriba guruhlari qo‘zilarining tana go‘shtida 1-navli yuqori
mahsuldorligi aniglangan. Shunday qilib, 1-darajali namlikni iste’mol qilish bo‘yicha
nazorat guruhining ustunligi mos ravishda o‘rtacha 0.4 va 0.6 foizni tashkil etdi, bu umumiy
tananing sifatini oshirishdan dalolat beradi. Tagqoslangan barcha guruhlarda 2-darajali
nimtalarning massasi deyarli bir xil edi. Birog foizlarda 2 turdagi namlikning massasi |
guruhda mos ravishda 15.1%, Il guruhda 14.5% va 11l guruhda 14.0% ni tashkil etdi. 7 oylik
go‘ylarning tana go‘shtidan olingan go‘sht mahsuldorligi bo‘yicha 11 va Il tajriba guruhlari
nazorat guruhidagi qo‘zilarga nisbatan mos ravishda 0.9% va 1.3% ga yuqori ekanligi
aniglandi. Yog‘siz go‘shtning eng yuqori nisbati tajriba guruhi Il go‘zilarining tana
go‘shtida aniglangan va bu farq 72.3% ni, ya’ni | va Il guruh gqo‘zilariga nisbatan 1.2 va
0.3% ga yugori bo‘lgan.

Bogilgan hayvonlarning tana go‘shti koeffitsiyentini aniglashda so‘yilgandan keyin
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suyak va mushaklarni tanadan ajratib, massasini aniglashimiz mumkin. Bizning
tajribamizda go‘zilarning semizlik koeffitsiyenti 11 va Il tajriba guruh go‘zilarida yugori
bo‘lgan. Tajriba guruhlari hayvonlari 5 oyligida nazorat guruhidagi hayvonlarga nisbatan
mos ravishda 4.9 va 10.8%, 7 oyligida esa mos ravishda 2.3 va 6.4% ga ustun ekanligi
aniglandi. Tana go‘shti koeffitsiyenti bo‘yicha 7 oylik guruhda eng yuqori tana go‘shti
koeffitsiyenti 11 guruh hayvonlarida (2.63%) ustunlik gildi. Turli guruhlarga mansub
go‘zilarni so‘ygandan keyin namlash natijalariga ko‘ra shunday xulosaga kelish mumkinki,
barcha giyosiy o‘rganilgan yoshlik davrlarida (5 va 7 oylik) tajriba guruhlarida (11 va Ill
tajribalarda) nazorat go‘zilarining ko‘rsatkichlarlarini inobatga olib, xulosa qgilib aytish
mumkinki, turli yoshdagi go‘sht mahsulotlarining miqgdoriy va sifat ko‘rsatkichlarini
solishtirib, tadgiqot natijalariga erishildi va tajriba guruhidagi qo‘zilarning ko‘rsatkichlari
yuqori ekanligi aniglandi.

Tajribalarda go‘zichog mushak to‘gimalarining kimyoviy va aminokislotalar
tarkibiga biofizik usullarning ta’siri: tajribalarda go‘llanilgan barcha uch o‘xshash guruh
go‘zilarining kimyoviy va aminokislotalar tarkibi go‘shtning kimyoviy tarkibini hisobga
olgan holda o‘rganildi. Olingan ma’lumotlar tahlil gilindi.

5 oylik go‘zilarning yelkalari uzun muskullarining kimyoviy tarkibini kimyoviy tahlil
gilish natijasida solishtirilayotgan guruhlardagi qo‘zilar o‘rtasidagi eng yuqori foizli farglar
mushak to‘gimalarining umumiy yog*‘ va namlik migdorida namoyon bo‘lishi aniglandi. 111
eksperimental guruh mushak to‘qimalarida namlik 1.12 va 1.19 foizni tashkil etgan bo‘lsa,
| va Il guruhlarga nisbatan mos ravishda 0.97 va 1.01 foizga kam.

Protein va kul tarkibi bo‘yicha guruhlar o‘rtasida yoshga bog‘liq torayish vaqgtida
sezilarli o‘zgarishlar kuzatilmadi. 7 oyligida uzun yelkali mushakning kimyoviy tahlili
guruhlar o‘rtasida namlik va kulning foizini anigladi. Eksperimental guruh go‘zilarining
mushak to‘gimasi mutlaq foizda 0.26 va 0.43 foizda ko‘p namlikni saglab golgan bo‘lsa,
nazorat guruhidagi go‘zilar mushak to‘gimalariga nisbatan mutlaq foizda 0.13 va 0.41 ga
kam kul saglanishi bilan ajralib turardi. Bizning tadgiqotimizda guruhlarda qo‘zilarning
mushak to‘gimalarida ogsil va yog* miqdori bo‘yicha farglar kuzatilmadi.

Xulosa va takliflar: Yugorida adabiyotlar, ilmiy maqolalarda keltirilgan
ma’lumotlar va shu soha bo‘yicha shug‘ullanuvchi tadgigotchilarning keltirgan
ma’lumotlariga asoslanib quyidagicha xulosalar gilish mumkin. Olib borilgan tadgiqotlar
natijalarida erishilgan yutuglarning samaradorligiga garamasdan, hanuzgacha, hayvonlar
tibbiyotida lazer nurlanishidan biologiya va veterinariya amaliyotida keng ko‘lamda
foydalanilmay kelinmoqda. Hayvonlarni davolashda past intensivlikdagi lazer nurlanishini
go‘llash muhim hisoblanishi bilan birgalikda uning organizmga nojo‘ya ta’siri haligacha
to‘la-to‘kis o‘rganib chigilgani yo‘q. Biofizik usullar yordamida hayvonlar
mahsuldorligiga, fiziologik va biokimyoviy ko‘rsatkichlariga hamda organizmning himoya
tizimiga ta’sir mexanizmi mukammal darajada yoritilmagan. Shu sababli past
intensivlikdagi lazer nurlanishining go‘zilarga ta’siri, aynigsa, rivojlanishning birinchi
bosgichlarida ko‘rsatilganida muhim ahamiyat kasb etilishi yugorida ta’kidlab o“tildi.

Yuqoridagi tajribalardan olingan ma’lumotlarni tahlil gilib xulosa gilish hamda u
fikrlarni go‘yilgan savollarning yechimi bilan tagqoslab, natijalarning magolamiz magsadi
uchun mos kelishi, O<zbekistonning iglimiy va ozuqaviy ekstremal sharoitida ularni
shakllantirish yosh o‘suvchi go‘ylarning mahsuldorligini va organizmining turli omillar
ta’siriga chidamliligini oshirish muammolarini biofizik usullar yordamida ijobiy hal gilish
mumkin.
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