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Annotatsiya. Kiselev qora o‘ralari atrofida zarralarning harakati astrofizik tadgigotlar uchun
muhim sohalardan biridir. Qora o‘ralar juda kuchli tortishish maydonlariga ega bo‘lib, o‘z atrofidagi
zarralarga sezilarli ta’sir ko‘rsatadi. Qora o‘ralar atrofidagi mavjud zarralarning harakatini o‘rganishga
bag‘ishlangan ilmiy tadgigotlar olib borish bugungi kunda dunyo migyosida eng dolzarb mavzular gatorida
turadi. Umuman. Qora o‘ralar hagidagi ma’lumotlar kam bo‘lgani uchun ham, bu kabi tadgigotlar fan
olamida qiziqarli hisoblanadi.

Ushbu maqgolada Kkeltirilgan tadgiqot natijalari qora o‘ralar yaqinidagi zarralarning ganday
harakatlanishini, ularning trayektoriyalarini o‘zgartiradigan o‘zaro ta’sir va dinamikalarni tushunishga
garatilgan. Ragamli metodlar va modellashtirishni qo‘llab, zarralarning harakati tahlil gilingan va qora
o‘ralar ta’siri baholangan. Olingan natijalar gora o‘ralar dinamikasini va ularning kosmik muhitga ta’sirini
tushunishda yordam berishi mumkinligi ko‘rsatilgan.

Kalit so‘zlar: Kiselev qora o‘rasi, metrik funksiya, gorizont, nochizigli, parametr.

PARTICLE MOTION AROUND GENERAL KISELEV BLACK
SURFACES

Abstract. The motion of particles around Kiselev black holes is one of the most important areas of
astrophysical research. Black holes have very strong gravitational fields, which significantly affect the
particles around them. Scientific research devoted to studying the motion of particles around black holes is
one of the most relevant topics in the world today. In general, due to the scarcity of information about black
holes, the attention paid to such studies in the scientific community is high.

The research results presented in this article are aimed at understanding how particles move near
black holes, the interactions and dynamics that change their trajectories. Using numerical methods and
modeling, the motion of particles was analyzed and the influence of black holes was evaluated. It is shown
that the results obtained can help in understanding the dynamics of black holes and their impact on the
cosmic environment.

Keywords: Kiselev black hole, metric function, horizon, nonlinear, parameter.

Kirish Super massiv gora o‘ralar [1-2] hozirgi kunda juda katta gizigishlarga
sabab bo‘layotgan astrofizik ob’yektlardir. Eynshteynning umumiy nisbiylik nazariyasiga
asosan qora o‘ralar kuchli gravitatsion maydon hosil gilganligi uchun fazo — vaqtni
egrilantiradi. Bu egrilanishni esa metrik funksiya skalyar invariantlar yordamida ifodalash
mumekin. Kiselev qora o‘ralari uchun dunyo chizig‘i quyidagicha [3]:

dS?=-f(r) d2+f (r) dr>+r2d 02+r%5in20 d @2 @)
Bu yerda:
f=1 — 2% X 2)
- 1+3w

M — gora o‘raning massasi, K — metrik funksiyaga bog‘liq kattalik, w — bosim va zichlik
o‘rtasidagi bog‘liglik, ya’ni p=wp, r — esa orbita radiusi. Kiselev qora o‘ralari juda

4
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umumiy model hisoblanadi. Masalan, K=0 va w=0 bo‘lganda Shvarsshild, K=-0? va
w=1/3 bo‘lganda Rizner-Nordsrum metrik funksiyasiga mos keladi.

Tadgigot metodologiyasi. Ushbu ishda: K va w parametrlarga bog‘liq holda Kiselev
gora o‘ralari umumiy holda o‘rganildi.

a-rasm

-3+ QO' mavjud emas

0.0 0.5 1.0 15 2.0

)
00 o5 10 15 20 d-rasm

Cc-rasm.
1-rasm: w parametrning turli giymatlarida gorizontning o‘zgarish (a), K va w parametrning tanlangan
giymatlarida gora o‘raning mavjudligi yoki mavjud emasligi (b), w va K parametrlarining radial
koordinataga bog‘ligligi (c va d rasmlar).

Natijalar va muhokama. Olingan natijalarning grafiklarida w va K
parametrlarning musbat qiymatlari tanlab olindi. w parametrning berilgan oraligda
giymatining oshib borishi bilan gorizont ham shunchalik gora o‘ra tomonga siljishi
aniglandi. Qora o‘raning yuqoridagi ikki parametrlarining ganday giymatlarida mavjud
ekanligi va mavjud emasligini ko‘rish mumkin. Buni quyidagicha ifoda bilan olish
mumkin [4-5]:

f(r)y=0, ff(r)=20 3)
Ifoda (3) dan w va K parametrlarning radial koordinataga bog‘ligligini ham olish mumkin.
Bu bog‘liglik esa 1 — rasmning pastki ko‘k va gizil chiziglari bilan berilgan.

Xulosa. Ushbu ishda hozirgi kungacha o‘z dolzarbligini yo‘gqotmagan Kiselev qora
o‘ralari uchun umumiy metrik funksiyasi o‘rganildi. Metrik fuksiyaning giymati 0 ga teng
bo‘lgan holatda hodisalar gorizonti kuzatilib, ushbu masofa w giymatning oshishi bilan
nochizigli ravishda qora o‘raga yaginlashishi ma’lum bo‘ldi. Shuni ham ta’kidlash
lozimki, K va w parametrlarning berilgan giymatlarida w ning fagatgina noldan katta
bo‘lgan holatlarida, K ning esa manfiy giymatlarining ayrimlarida gora o‘ralar mavjud
bolib ayrim giymatlarida mavjud bo‘lmasa, musbat giymatlarida esa qora o‘raning
mavjudligi xulosa qgilindi (1-a rasm). Hodisalar gorizontining kuzatilish masofasi w ga
kvadratik ravishda ortishi aniglandi.
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NCCJIEJOBAHUE CKPBITbIX HAHOPASMEPHBIX ®A3 1 CJIOEB BasSiz,
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VK 533.537

AHHoTanms. B pabGoTe OnpeneneHbl oNTUMAaNbHbIE PEXKUMbI HOHHON MMIUTAHTALMK U OT)KUTa JUTs
MOJyYEeHHsl CKpPBITHIX HaHOpa3MepHbix (a3 u crnoeB BaSi; B mpunoBepxHoctHo#t obmactu Si. C
UCIIOJIb30BAHMEM METOJa CHEKTPOCKONMHU IIOTJIOIICHHS CBETa OLCHEHbI LIMPHHA 3alpelleHHBIX 30H H
CTeIeHb MOKPBITUs cios HaHo(dasamu BaSiy. YcraHoBIIEeHO, YTO mocie mporpeBa Si, HMIUIAHTHPOBAaHHOTO
nonamu Ba* ¢ Eo = 30 k3B nanokpucrammmaeckue ¢assl B Buae chep popMUpoBaIvch Ha TiyonnHe 25 + 30
HM. B o6onx ciydaes 10 D = 10% cm?stH da3sl nMetoT GopMy 6IM3KYyI0 K ceprueckoil. C manbHEHIIIM
poctoMm D rpanunel cocequux (a3 mepekphIBaoT ApYyr — JApyra, HauMHaIOT 00pa3oBbIBaThCs cion BaSio.
IMokasano, uto npu go3e D < 5:10%° cm? dopmupyeTcs HanopasmepHas dasza BaSi; 1 B HMX NposABIAIOTCA
KBaHTOBO paszMepHble 3(dekTsl. [Ipu Gosbmmx nozax D = Dy = 101 cm? popmupyercs nanocnoit BaSi,
TOJIIUHON ~ 10 + 12 HM.

KiioueBble c¢JI0Ba: IIMPHHA 3alpelICHHOW 30HBI, HAHOCJIOH, CKpbITas HaHOpa3MepHas (asa,
WOHHAs MMIUIaHTAlMs, MOP(OIIOTHS, HAarpeB, NapaMeTpbl SHEPreTHUECKON 30HbI, TOHKAs IUICHKA, BEPXHSSA
rpaHulla BaJICHTHOM 30HBI.

RESEARCH ON HIDDEN NANOSIZED PHASES AND LAYERS OF BaSi:
FORMED IN THE NEAR-SURFACE AREA OF Sl

Abstract. This work defines the optimal ion implantation and annealing regimes for the formation
of hidden nanosized phases and layers of BaSi, in the near-surface area of Si. Using light absorption

e ————————————
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spectroscopy, the bandgap width and the degree of coverage of the layer by BaSi, nanophases were
evaluated.

It has been established that after heating Si implanted with Ba* ions at Eo = 30 keV, nanocrystalline
phases in the form of spheres are formed at a depth of 25 to 30 nm. In both cases, up to a dose of D ~ 10
sm, these phases maintain a shape close to spherical. As the dose D increases further, the boundaries of
neighboring phases overlap, and BaSi.layers begin to form.

It is shown that at doses D < 5-10%° sm™, a nanosized phase of BaSi, forms, and quantum size
effects are observed in them. At higher doses D=D,=10%" sm?, a BaSi, nanolayer forms with a thickness of
approximately 10 to 12 nm.

Keywords: bandgap width, nanolayer, hidden nanosized phases, nanophase, ion implantation,
morphology, annealing, energy band parameters, thin films, valence band ceiling.

BBeagenue. MHOrOCI0HBIE TOHKOIIJIEHOYHBIE HAHOCTPYKTYPBI, COAEPKAIIUE CIIOU
NiSi2, CoSi2; ¥ Apyrux CHIMIMAOB METAJIOB MMEIOT IEPCIEKTHBBI B co3manuu MJITT
(MeTanmnm - auANEKTpUK — TONynpoBogHKK), [II1 (MOIYNpOBOAHUK - IUDICKTPHK —
MTOJTYITPOBOJTHUK) CTPYKTYP, OMHYECKHUX KOHTAKTOB M OaphepHBIX CIOEB Ha Mek(azHOH
TPAHUIIE ITUX CTPYKTYP, JJIEKTPOHHBIX U MarHUTO-3alIOMUHAIOMINX yCTpOoCTB. [loaTOMY,
MOCJIEIHUE TOABbl PE3KO BO3POC MHTEPEC K TMOJYYEHUIO M HU3YYCHHIO CBOWCTB
HAHOPa3MEPHBIX TOJYITPOBOJIHUKOBBIX CBepxpemieTok Ha ocHoBe Si [1-9]. TTomoOHbIe
CTPYKTYPBI OOBIYHO CO3JAFOTCS METOJOM MOJIEKYISpHO-Ty4eBoi snutakcuu (MJID).
[Ipyyem, kak TMoOKa3aau pe3yabTaThl MCCIEIOBAHUS METOAAMU JJIEKTPOHHOU OXKe-
cnekrpockonuu (D0C) m maudpakuu MeMICHHBIX 3JeKTpoHOB ([IMD), obpa3oBaHue
XUMUYECKUX COCJIMHEHHM HAUYMHAETCS C [103, MPEBBIIIAIOIMINX KPUTUYECKYIO 103y
amMopdu3aiu IOBEPXHOCTH Si IyIsk JAHHOTO THIIAa HOHOB. B yacTHOCTH aBTOPHI pador [10-
12] mokazanu, 4To AUCHIUIMA Oapus HA KPEMHUH, B CHIYy CBOUX ONTHYCCKUX CBOMCTB,
(OTO-BONMBTAaMUECKUX XAPAKTEPUCTHK M YCTOWYMBOCTU K BO3ACUCTBUIO aTMOC(HEPHOTO
BO3JlyXa  SBISETCS  TEPCIECKTHBHBIM  MaTepwaioM Uil (OTORICKTPOHHBIX
npeoOpaszoBareseil B Iuana3oHe COIHEYHON YHEPTHH.

JKcnepuMeHTATbHAsA TeXHuKa. OJHUM U3 NEPCIEKTUBHBIX METOJOB CO3JaHUs
HAHOPA3MEPHBIX CTPYKTYp Ha TIOBEPXHOCTH H B TPUIOBEPXHOCTHOW oO1acTu
MOJTYITPOBOTHUKOBBIX U JUAICKTPHUUECKUX IUICHOK SBJISICTCS METO/I MOHHOM UMIUIAHTAIIUU
[13,14]. B yactHOoCcTH, B [14] moay4yeH u W3y4eH cocTaB, CTpyKTypa U Eg Hanodassl u
narocyion CoSiy, GopMUpOBaHHBIE B IPUIIOBEPXHOCTHOM ciioe Si Ha riyoune 15 + 30 Hwm.
HoHHasi WMIUTaHTAIlMs TO3BOJSET HE TOJBKO BHEIPATh MPUMECH Ha HEOOXOIUMbIC
rIIyOMHBI B HEOOXOJUMOM KOJMYECTBE, HO M TPOBOJIUTH PACIBUICHHE YYKEPOJHBIX
npuMecei (KUCIIopo/ia, Yriepoa U JIp.) ¢ MOBEPXHOCTHO# o0acTu mopioxkku [15-20].

B nannoii paboTe BrepBbIe MOMBITATUCH MOTYYUTh HAHOpa3MepHble Qa3bl BaSiz Ha
pa3nuyHbIX IIyOMHax Si M c037aTh HaHOpa3MepHbIE TrerepocucTeMbl Thma Si/BaSia/Si.
Wmiuianranus WoHoB Ba®, mporpes 0o6pasiioB, MCCIeI0BaHME MX COCTAaBA U MapaMeTPOB
SHEPTeTUUECKUX 30H C UCMOoJib30BaHUEM MeT010B DOC M M3MEpEeHHEeM MHTEHCHUBHOCTH
MPOXOJSIIero uepe3 oOpaszel] CcBeTa, MPOBOAMIUCH B OJHOM MU TOM e mpubope B
ycIoBUAX CBepxBhicokoro Bakyyma (107 Ila). Mopdomorus moBepXHOCTH H3ydasach
METOJIOM PacTpOBOi 3yeKTpoHHOM Mukpockomun POM (Jeol). Hanopa3mephsie dasbr u
cion BaSi; Ha pasnmMYHBIX TIYOMHAX MPUIOBEPXHOCTHOTO CJIOSA Si  MOJYyYCHBI
uMIUIanTanueit nonos Ba* ¢ Bapuanueit snepruu Eo B npenenax 20 + 40 k3B u go3b 101
+ 10Y cm?, mpu Bakyyme He xyxe 107 ITa.

Pe3yabTaThl ucciaenoBanmii. Ha pucynke 1. mpuBefeHB KOHIEHTpAIMOHHBIC
npodunu pactpezaeneHus Ba mo rimyoune h anst Si (111), IMIIIaHTHPOBAHHOTO HOHAMH
Ba' ¢ 20 k3B npu no3e Hackmienus D ~ 107 cm? 1o u mocne mporpesa npu 950 K B
tedeHune 40 MUH. AHaNIU3 0’Ke-CIIEKTPOB I10KAa3aJl, YTO KPUBBIE IPOXOIAT YEPE3 MAKCUMYM
Ha rinyouHe 16 + 18 um. Ha 3aBucumoctu Cp, (h), m3amepenHoro mo mporpesa,
HaOyro1aeTcsl MIMPOKUN MakcuMyM ¢ KoHueHTpauued ~20 ar. %. Ilocne mnporpesa
MIPOMCXOIUT yBEIMUYCHHE KOHIIEHTPAIIMKA aTOMOB B o0actu Mmakcumyma 10 30 + 35 ar.%
U CYIIECTBEHHOC YMEHbBIIICHHE MONYIIUPUHBI KpuBoi pactpenenenus Caq (h). IIpu stom

R
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MOJIOXKEHHUE 0ke Muka KpeMHus Ly 3VV (92 3B) cmemaercs 1o sHepruu ~ 96 3B, uto
xapakrepro it BaSiz. M3 kpuBoii 2 BuaHO, uTO mmpuHa ciaos BaSiz cocraBiser

~10 + 12 um. Ha rpanunax Si/BaSi2/Si hopmupyeTcs nepexoIHbIME CIIOH ¢ TOIIIUHON ~6

+ 8 HM, YTO 3HAYMTENILHO OoJIbINE, YeM B ciydae CoSiz / Si/ CoSi2 [14].

Puc. 1. Ilpopunu pacnpenesnenus atomoB Ba mo riayoune h Si, uMrmiaHTHpOBaHHOTO

noHamu Ba' ¢ smeprueit Eo = 20 k3B npu D = 10'" cm?: 1 — 1o nporpesa; 2 — mocie

nporpesa rpu 7' = 900 K.

JIis 9TOM CHCTEMBI Ha PHC. 2 TPHUBEACHA 3aBUCHUMOCTH IBasi2/lsi OT sHepruu
doronos hv. Tne Is; u I, Si, — MHTEHCHBHOCTH MPOXOJIAIIETO CBETA YEPE3 YMCTHIH Si
(111) u uepe3 Si (111) ¢ ckpeiThiM HaHOCTOeM BaSiy coorBercTBenHo. M3 pucyHka 2
BUJIHO, YTO MHTEHCHBHOCTbH CBETa MCCIICAYEMbIX 00pa3lOB J0 OINpPEACICHHOrO 3HAYCHHUS
hv, npakTH4YecKH, He MeHseTcs. B ciydae uucroro Si pe3koe ymeHblinenue | HaumHaeTcs ¢
hv = 1 3B, a B ciiyuae Si ¢ HaHOCcH0eM BaSi; — ¢ hv = 0.55 3B. Dkcrpanosisiiuys 3Toi yacTu
KPHBBIX K OCH /v JaeT IPUMEPHOE 3HAUCHHE MIMPUHBI 3aPEIICHHOM 30HbL. BumHo, uTo Eg
s gucroro Si cocraBisier ~1.1 3B, a mis BaSi> - ~0.67 »B. Ilocne nporpesa Si,
MMIUIAaHTHPOBAaHHOTO MoHaMu Ba® ¢ mesbicokoit mosoit (D < 5:10® cm?) B
MIPUTTOBEPXHOCTHOM cioe bopmupyroTCS peryisipHO pacIoI0KEeHHBIC
HaHOKpUCTaueckue passl BaSio.

Inasiy

L
ool \

03 5 5 T 28

Puc. 2. 3aBUCHMOCTb MHTEHCUBHOCTU MPOXOJSILEro CBETa OT SHEPruu (POTOHOB
mist yuctoro Si (kpuBas 1) u Si ¢ Hanocnoem BaSi, (kpuBas 2)

B tabnuie mpuBeneHBl ONTUMAIbHBIE PEXUMbl HOHHOW MMIUIAHTAIIMA U OTXKHUTA
s nonydenuss HK BaSiz B aByx passbeix rayouHax moHokpuctamuia Si (111). Ilocne
KKIOro LMKJIAa HMIUIAaHTAllUM HMOHOB oOO0pasel] MporpeBajcs MpU COOTBETCTBYIOLIEH
TeMmmeparype B TeueHun 30 MuH.

Tabnuua
OntumanbHple  peXMMbl HOHHOW MMIUIAHTALlMM W ODKUTAa IS TOJyYeHHs
HaHokpucraioB (HK) BaSi,; Ha paznuunbix rmy6unax Si (111)

OOBEKT Eo=20xB Eo=30xB

uccnenosanust | D, em? | T, K daM |hm|D,em?® |T,K |d,mm | h', 5m
5x10% | 950 6+8 5x10% | 950 68

Ba'—Si (111) | 10%° 950 |8+10 |16- |10% 1000 | 810 | 25+30
510" | 1100 | 10:12 |18 5x10%5 | 1100 | 10:12

U3 TaGuuisl BUIHO, YTO MOCIE mporpesa Si, MMIUIAHTHPOBaHHOTO MoHamu Ba® ¢
Eo = 30 x»B Hanokpucrammmueckue ¢a3bl B Buae cdep GopMupoBaInCh Ha TIyOuHE 25 +

8




QarDU xabarlari FIZIKA-MATEMATIKA 2025 2(2)

30 um. B oboux cmysaes 1o D ~ 10 cm? stu ¢asel umeror dopmy 6Im3KyI0 K
cpepuueckoit. C panpHelmmM poctoM D rpanuiel cocenqHux (a3 nepekpblBarOT Ipyr —
Apyra, HAUMHAIOT 00pa30BBIBaThCs caou BaSiz. OqHako, OJHOPOAHBIN MO TOJIIUHE CIION

BaSi, popmupyercs pu D ~ 1017 e,
Ias

. 2 or hv ama Si ¢ CKPHITHIMH
L

HaHogasamu BaSip, momyueHHBIME MMIIaHTaNue# woHOB Ba* ¢ 20 xoB mpu 10 cm?
VYcpeaHeHHble 3HAYEHUs pPAcCTOSIHUM MexAy (a3aMu, KOTOpble OLEHMBAJINUCH IIO
pacTpoBOMY JIEKTPOHHOMY MUKpockomy (POM — m3o0pakenue), cocrapusimm ~45 + 50
HM. BuiHO, 4TO 3aBUCMMOCTh UMEET CTYNEHYAThIH XapakTep U cpeHee 3HaueHue Eg s
HaHOKpucTauioB BaSiz> cocrasnser 0.8 + 0.85 3B, a orHocuTensHas mwiomaas HK BaSiz B
31uX cnosx Si~ 0.25 + 0.3. T. e. Bapsupys 103y HOHOB B mHTepBaie ~510 + 5:10% cm?
MO’KHO KOHTPOJMPYEMO H3MEHSITh 00bEeMbl HAaHOKPUCTAUIMYECKUX (a3 B Ipejenax oT
~10"% 1o 108 cm®. Tlpu sTOM mmMpuHA 3ampenIeHHo 30HB MOHOTOHHO YMEHBIIAETCS OT
~1 no ~0.67 »B.

Ha pucynka 3 npuBeneHbl 3aBUCHMOCTb

[
-.LH\'— -~ t\‘:
0.8 | \l,ll \\__‘__ L
o4 b \12 \'-/ '
N\

0.4 (1K 0.8 1.0 hv, 38
Puc.3. 3aBHCHMOCTh HHTEHCHBHOCTH MPOXOSAIIETr0 cBeTa 0T Heprun ¢oToHoB 15 Si ¢ HaHopazamMu
BaSi; (kpuBasi 1) u nanocs1oem BaSi; (kpuas 2).
3akmiouenne. IIpu D < 10 cm? mamum He oOHapyxeHO 0Opa3OBaHHE
HaHOKpHcTaiuieckux (a3 BaSiz ¢ xopomeit crexuomerpueit. Kpome Toro, ns-3a manoi
KOHIICHTpanuu atoMoB Ba, Ha 3aBucumoctu I(hv) He HaOmomaeTcs 3aMeTHOro
YMEHBIICHUS! MHTEHCUBHOCTH MPOXO/ISILETr0 CBETa BIUIOTH 10 3HaueHui hv ~ 1 3B. Ilpu D
> 5x10%° cm? HabmroaeTcs IepeKPBHIBAHNS TPAHHIT OT/IENBHBIX KITIACTEPHBIX (a3.
OnpeneneHsl ONTUMAJIbHBIE PEXUMbl HOHHOM HMIUIAHTALMKM W OTXKHUra JUIs
MOJTYYSHHsI CKPBITBIX HaHOpa3MepHBIX (a3 u cinoeB BaSiz B mpunoBepxHOCTHOW 00s1acTH
Si. C uCronp30BaHMEM METOJa CIEKTPOCKOIMU IOTJIONICHHSI CBETAa OICHEHBI MIMPHHA
3anpeIIeHHbIX 30H U CTETICHb NOKPBITHs cosi HaHodazamu BaSiz.

[Toxa3zaHo, yto mpu m03e D < 5:10'° cm? popmupyeTcst HaHOpazMepHas aza BaSiz
U B HHUX MPOSBISIIOTCS KBAHTOBO pasMepHbie dpdexTsl. [Ipu Gompmux nozax D = Dy =

10 ecm hopmupyetcs HarOCHO# BaSiz TommmHOM ~ 10 <+ 12 HM.
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Annotatsiya. Rux oksidi (ZnO) nanostrukturalarining nochizigli optik xususiyatlari namunalarining
shakli va o‘lchamlariga kuchli bog‘ligligi ko‘plab tadgiqotchilar ¢’tiborini tortmoqda. ZnO
nanostrukturalarining ikkinchi tartibli nochizigli optik xususiyatlarini o‘rganishda to‘lqin uzunligi A=800
nm, davomiyligi t = 40 fs bo‘lgan impulsli Ti:safir lazeridan foydalanildi. ZnO nanokristallari va
nanorodlariga yo‘naltirilgan 800 nm to‘lgin uzunligidagi lazer impulslari ta’sirida ikkinchi garmonika
generatsiyasi nurlanishi A= 400 nm to‘lgin uzunligida chigarishini, shuningdek, ikki fotonli yutulish
natijasida 500-700 nm to‘lgin uzunligi sohasida fotolyuminessensiya spektrlari hosil bo‘lishi kuzatildi. ZnO
nanostrukturalariga yo‘naltirilgan lazer impulslarining energiyasiga bog‘lig ravishda ikkinchi garmonika
generatsiyasi hosil bo‘lishi tahlil gilindi. Uyg‘otuvchi lazer impulsining energiyasi E= 0,01 pJ dan E=0,1 pJ
gacha ortishi bilan, ikkinchi garmonika generatsiyasining intensivligi lazer impulsi energiyasining 1,7 dan
2,5- darajasiga bog‘lig ravishda ortib borishi aniglandi. Namunada ikkinchi garmonikanika generatsiyasining
hosil bo*lishi lazer nuri intensivligining o‘zgarishiga nochizigli bog‘liq ekanligi kuzatildi.

Kalit so‘zlar: ZnO nanorodlari, ZnO nanokristallari, nochizigli optik jarayonlar, ikkinchi garmonika
generatsiyasi.

STUDY OF NONLINEAR OPTICAL PROPERTIES OF ZnO NANORODS
AND NANOCRYSTALS

Abstract.The nonlinear optical properties of zinc oxide (ZnO) nanostructures are strongly dependent
on the shape and size of the samples, which has attracted the attention of many researchers. A pulsed Ti:
sapphire laser with a wavelength of A=800 nm and a duration of t = 40 fs was used to study the second-order
nonlinear optical properties of ZnO nanostructures. Under the influence of laser pulses with a wavelength of
800 nm directed to ZnO nanocrystals and nanorods, it was observed that the second harmonic generation
was emitted at a wavelength of A= 400 nm, as well as the formation of photoluminescence spectra in the
wavelength range of 500-700 nm as a result of two-photon absorption. The formation of second harmonic
generation was analyzed depending on the energy of the laser pulses directed to ZnO nanostructures. It was
found that as the energy of the excitation laser pulse increases from E=0.01 pJ to E= 0.1 pJ, the intensity of
the second harmonic generation increases as a function of the laser pulse energy from 1.7 to 2.5. It was
observed that the second harmonic generation in the sample is nonlinearly dependent on the change in laser
light intensity.

Keywords: ZnO nanorods, ZnO nanocrystals, nonlinear optical processes, second harmonic
generation.

Kirish. Nanotexnologiyalar va nanoo‘lchamli materiallarni o‘rganuvchi fanlarning
e
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tez sur’atlarda rivojlanishi suyuq fazada va yupga qgatlamlarda turli xil nanostrukturalarni
sintez gilish va ularning turli fizik xususiyatlarini tadqiq gilishga imkoniyatlar yaratmoqgda
[1-3]. So‘nggi vagtlarda ishlab chigilgan usullar materiallarning turli shakl va o‘lchamdagi
nanostrukturalarini sintez gilish imkonini beradi. Bu yangi ishlab chigilgan nanostrukturali
materiallarni optoelektronika, lazerlar va quyosh elementlarida go‘llash imkoniyatlarini
yanada oshiradi [4]. Jumladan, ZnO (tagiglangan zona kengligi 3,37 eV) nanozarralarining
nochizigli optik xususiyatlari [5] ishda o‘rganilgan. ZnO nanostrukturalarining
strukturaviy tuzilishi va optik xususiyatlarini o‘rganishga bo‘lgan gizigishlar ularning
arzonligi, toksik emasligi va bargarorligi bilan bog‘ligdir. ZnO nanozarralarining ikkinchi
va uchinchi tartibli nochizigli optik xususiyatlari biomarkerlar va optik tasvirlashda
go‘llanilmoqgda [6,7]. ZnO nanozarrachalarining markazga nisbatan nosimmetrik
strukturalari ikkinchi garmonika generatsiyasi (IGG) ni nisbatan kuchlirog namoyon etishi
mumkin [8]. Nanokristallardagi 1GG lazer spektroskopiyasida, chastota o‘zgartirgichlarda
va yorug‘lik diodlarida [9], shuningdek, biologik tasvirlashda va kimyoviy sensorlarda
go‘llanilishi mumkin [10]. Sapfir tagliklarga yotqizilgan ZnO ning mikrokristal yupga
plyonkalaridagi 1GG [11] ishda o‘rganilgan. Ikkinchi tartibli nochizigli optik javobning
tez ortishi ZnO yupqa gatlamlarida ikkinchi garmonikaning samarali hosil bo‘lishiga olib
kelishi aniglangan. ZnO vyupga gatlamlarining nochizigli optik xususiyatlarini
femtosekund (fs) va pikosekund (ps) impulslar yordamida tadqiq gilish [12] ishda
keltirilgan. ZnO yupga plyonkalarining nochizigli optik javobi orgali ularning tuzilishini
manipulyatsiya qilishga, ya’ni boshgarish mumkinligi ko‘rsatildi. [3] ishda ZnO
nanorodlarining hajmiy strukturalarida uchinchi tartibli nochiziglilikning kuchayishi
kuzatilgan. [7] ishda ZnO nanorodlarining ikkinchi tartibli nochizigliligini aniglash uchun
ps impulslari yordamida tadgiqotlar olib borilgan. ZnO nanostrukturalarining uchinchi
tartibli nochizigliligining kuchayishi ularni optik cheklovchi sifatida go‘llash uchun
foydali bo‘lishi mumkin. ZnO nanostrukturalarining uchinchi tartibli chizigli bo‘lmagan
optik xususiyatlariga asoslangan optik cheklash effekti [13] ishda tahlil gilingan.
Shuningdek, turli metallarni  ZnO  nanostrukturalariga  kiritish  orgali  optik
cheklovchilarning samaradorligini oshirishi mumkinligi ham ko‘rsatib o‘tilgan. ZnO
monokristallari va nanomateriallaridagi (nanoplyonkalar, nanorodlar va nanokristallar)
uchinchi tartibli nochizigli optik xususiyatlar va IGG si [14,15] ishlarda o‘rganilgan.
Ushbu tadgiqotlarda kuzatilgan 1GG ning burchakka bog‘ligligining g ayrioddiy shakli
ZnO plyonkalaridagi polikristal strukturaning turli yo‘nalishlari bilan izohlangan. So‘nggi
tadgigotlar shuni  ko‘rsatadiki, ZnO nanokristallarining noyob nochizigli optik
xususiyatlari nanoantennalarda infraqizil femtosekundli lazer impulslari yordamida
rezonansli IGG ni kuchaytirish uchun foydalanilishi mumkin [16]. Nanoo‘lchamli ZnO
kristallarining yana bir istigbolli go‘llanilishi yuqori tartibli garmonikalarni olish vaqtida
lazer impulslarining chastotalarini o‘zgartishidir.

Ushbu maqolada ZnO asosidagi nanostrukturali materiallarda kuzatiladigan
nochizigli optik jarayonlar tadqiq gilingan. ZnO nanokristallari, nanorodlarida hosil
bo‘ladigan ikkinchi tartibli nochizigli jarayonlarni kuzatishda to‘lgin uzunligi 800 nm,
davomiyligi 40 fs bo‘lgan lazer impulslaridan foydalanildi va nurlantirish orgali ushbu
nanostrukturalarda ikkinchi garmonika generatsiyasi hosil bo‘lish shartlari aniglandi.

Tadqgiqot metodologiyasi. 1-rasmda impulsli lazer nurlari ta’sirida ZnO
nanokristallari va nanorodlarida paydo bo‘ladigan IGG sini o‘lchash uchun mo‘ljallangan
eksperimental qurilmaning prinsipial sxemasi ko‘rsatilgan. Tadgigot ishida impuls
davomiyligi T = 40 fs, to‘lqin uzunligi A = 800 nm va takrorlanish chastotasil kHz bo‘lgan
Ti: safir lazeridan foydalanildi (Spitfire Ace, Spectra-Physics).
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¢;§ : CF
V*Q’

1-rasm. ZnO nanostrukturalarida ikkinchi garmonika generatsiyasini tadqiq gilishga
mo‘ljallangan eksperimental qurilma. NF neytral filtr, FL fokuslovchi linzalar; S namuna; CF rangli
filtr.

Lazer nuri neytral filtrdan (NF) o‘tib fokuslovchi linza yordamida (FL) namunalarga
yo‘naltirilgan. Hosil gilingan ikkinchi harmonica generatsiyasining chiqishi va to‘lgin uzunligi
800 nm bo‘lgan lazer nurlanish bilan uyg‘otilishi natijasida 500-700 nm to‘lgin uzunligi
diapazonida kuzatiladigan fotoluminetsensiya spektrlari fokuslovchi linza FL va yorug‘lik filtr
CF orqgali o‘tib, optik tolali spektrometr (USB 2000, Ocean Optics) yordamida gayd gilindi.

Natijalar va muhokama. ZnO nanorodlari past haroratli gidrotermal usulda sintez
gilindi. Rux nitrat geksagidrat (Zn(NO3)26H,0) va geksametiltetramin (CeH12N4) ning
deionlashgan suvdagi 100 mM konsentratsiyali eritmalari alohida tayyorlanib, keyin
aralashtiriladi. Aralashtirish jarayoni 30 dagiga davom etadi va shaffof, bir jinsli eritma hosil
bo‘ladi. So‘ngra tayyor bo‘lgan eritmaga tagliklar Kiritiladi va eritma ZnO nanorodlari sintez
bo‘lishi uchun maxsus termostatli pechga joylashtiriladi. Gidrotermal sintez jarayoni 90°C
temperaturada 5 soat davomida amalga oshiriladi. Reaksiya tugagandan so‘ng namunalar
eritmadan chiqgarib olindi va deionlashgan suvda bir necha marta yuvildi va ochig havoda
quritildi.

ZnO nanokristallari. ZnO nanokristallarini sintez gilishda kimyoviy cho‘ktirish
usulidan foydalanildi. 0,6586 g rux atsetat degidrat (Zn (CH3COO), 2H0; tozaligi 99,999%,
Aldrich) xona haroratida 30 ml metanolda eritildi va magnit aralashtirgich yordamida bir jinsli
eritma holatiga kelguncha aralashtirildi. So‘ngra 10 ml deionlashtirilgan suv qo‘shilib, 5
dagiga davomida ultratovush vannada ishlov berildi. Tayyor bo‘lgan suspenziya konus
shaklidagi kolbaga solinib, avvaldan tozalangan tagliklar kolbaning pastki gqismiga
joylashtirildi. Konus shaklidagi kolba 24 soat davomida 63°C haroratda bo‘lgan pechga
joylashtirildi. ZnO nanokristallarini cho‘ktirish jarayoni tugagandan so‘ng namunalar
kolbadan olinib, xona haroratida sovitiladi.

2a- rasmda kimyoviy cho‘ktirish usuli bilan borosilikat shisha va sapfir tagliklari sirtida
sintez gilingan ZnO nanokristalining skanlovchi elektron mikroskop (SEM) yordamida
olingan tasviri keltirilgan. Tasvirlardan ZnO nanokristallarining o‘lchamlari 400-500 nm
atrofida bo‘lib, oltiburchakli girralari aniq shakllangan geksogonal kesik konus shakliga
egaligini ko‘rishimiz mumkin. Bu sintez jarayonining sifatli amalga oshirilganini va
foydalanilgan reagentlar sifatining yaxshiligini ko‘rsatadi. 2b- rasmda esa shisha tagliklar
sirtida gidrotermal usulda o‘stirilgan ZnO nanorodlarining SEM da olingan tasvirlari
keltirilgan.

ZnO nanorodlarining asosiy gismi taglikka nisbatan vertikal yo‘nalishda o‘sganligini
2b- rasmdan ko‘rishimiz mumkin. SEM tasvirlaridan, o‘stirilgan ZnO nanorodlarining
o‘rtacha uzunligi ~2 pm va diametrlari esa ~50 nm ekanligi aniqlandi. Sintez qilingan ZnO
nanostrukturalarida nochizigli optik jarayonlar tadqiq gilindi. ZnO nanokristallari va
nanorodlarida ikkinchi garmonika generatsiyasini solishtirish uchun tajribalar davomida
uyg‘otuvchi lazer impulsining energiyasi bir xil darajada saglab turildi.

L

TSNS LT N et

2-rasm. a) kiio‘ktirish usulida sintez quZnO nanokristallari v) gidrotermal
usulida sintez gilingan ZnO nanorodlarining SEM da olingan tasvirlari.
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ZnO nanokristallari va nanorodlarining parametrlari A=800 nm, =40 fs, E=0,1 mJ
bo‘lgan lazer impulslar bilan nurlantirilganda ikkinchi garmonika generatsiyasining
nurlanishi A= 400 nm to‘lgin uzunligida chigarishi kuzatildi (3a- rasm). Bir xil uyg‘otish
sharoitida kuzatilgan ikkinchi garmonika generatsiyalarining intensivligi  ZnO
nanorodlarida nanokristallarga garaganda ikki marta katta ekanligini ko‘rishimiz mumkin.
Bu nanorod va nanokristallarning morfologik tuzilishi bilan bog‘lig bo‘lishi mumkin.

Olib borilgan tadgigotlar davomida uyg‘otuvchi lazer impulsining energiyasi ortib
borishi bilan ushbu namunalar sirtida nurlanish paydo bo‘lishi kuzatildi. ZnO nanorod va
nanokristallarining 800 nm to‘lqin uzunligidagi lazer nurlanishi ta’sirida uyg‘otilishi
natijasida 500-700 nm to‘lgin uzunligi diapazonida fotolyuminessensiya spektrlari
o‘lchandi (3b- rasm). ZnO nanorodlari fotolyuminessensiya spektrlarining maksimumi
585 nm to‘lgin uzunligida joylashgan keng nurlanish polosasidan iborat. ZnO
nanokristallarining fotolyuminessensiya spektrlari maksimumi 540 nm to‘lgin uzunligida
joylashgan bo‘lib, ZnO nanorodlarining fotolyuminessensiya spektrlarining intensivligiga
nisbatan 20 marta past ekanligi aniglandi (3b- rasm).

ZnO  nanorodlari  va  nanokristallari fotolyuminessensiya  spektrlari
maksimumlarining bir-biriga nisbatan siljishi va/yoki har xil to‘lgin uzunligi diapozonida
joylashganligi ularning kristall strukturasidagi nugsonlar tufayli yuzaga keladi. [17] ishda
ZnO monokristallarini 1064 nm to‘lgin uzulikdagi nanosekund davomiylikka ega bo‘lgan
lazer impulslari bilan uyg‘otilganda fotolyuminessensiya spektrlari maksimumlarining
o‘zgarishi batafsil tahlil gilingan.

so00 - ()

1GG Intensivligi, n.b.
FL intensivligi, n.b.

g 500 580 600
A, nm A
m

3-rasm. ZnO nanokristallari va nanorodlarida kuzatilgan a) ikkinchi garmonika generatsiyasi

va b) fotolyuminessensiya spektrlari.

Tadgigotda kuzatilgan namunalarimizning fotolyuminessensiya spektrlari turli
materiallarning atomlari Kiritilgan ZnO nanostrukturalari ustida olib borilgan tadgigot
natijalari bilan mos tushadi [18-19].

4-rasmda ZnO nanorodlari va nanokristallarida kuzatilgan ikkinchi garmonika
generatsiyalari intensivliklarining uyg‘otuvchi lazer impulsining energiyasiga bog‘ligligi
keltirilgan. ZnO nanorodlarida uyg‘otuvchi lazer impulsining energiyasi E= 0,01 puJ dan
E= 0,05 pJ gacha ortishi bilan, ikkinchi garmonika generatsiyasining intensivligi lazer
impulsi energiyasining 1,7 darajasiga bog‘lig ravishda ortishi sodir bo‘ldi.

6000 ] =
(@) s000] @

b

5 4000

2000 +

2000 4

1GG Intensivligi, n
1GG Intensivligi, n.b.

© ZnO nanorod S | © ZnO nanocristal|

0,5 1 0,5 1

Impuls nergyasi, pJ Impuls energiysi, pl

4-rasm. ZnO a) nano];odla?i( vayb) nanokristallarida kuzatilgan ikkinchi garmonika

generatsiyasi intensivliklarining uyg‘otuvchi lazer impulsining energiyasiga bog‘ligligi.

Uyg‘otuvchi lazer impulsining energiyasi E= 0,05 pwJ dan E= 0,1 pJ gacha ortishi
bilan esa ikkinchi garmonika generatsiyasining intensivligi lazer impulsi energiyasining
2,5 darajasiga bog‘lig ravishda ortib borishi kuzatildi 4-(a) rasm. Bu esa kuzatilayotgan
ikkinchi garmonika generatsiyasi majburiy nurlanish xarakteriga ega ekanligi bilan

izohlanadi.
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ZnO nanokristallarida uyg‘otuvchi lazer impulsining energiyasi E= 0,01 pJ dan E= 0,1
wJ gacha ortishi bilan, ikkinchi garmonika generatsiyasining intensivligi lazer impulsi
energiyasining 2,0 darajasiga bog‘liq ravishda ortishi kuzatildi 4-(b) rasm. Bu uyg‘otuvchi
impuls energiyasi bilan ikkinchi garmonika intensivligining kvadratik bog‘ligligiga juda
yaqgindir. Bunday o‘zgarish avvalroq [20] ishda kuzatilgan bo‘lib, ikkinchi garmonika
generatsiyasi va/yoki ikki fotonli majburiy lyuminessensiya bilan izohlangan.

ZnO nanorodlari va nanokristallarida kuzatilgan ikkinchi garmonika generatsiyasi
intensivliklarining turli ekanligi va ularning uyg‘otuvchi impuls energiyasining turli
darajalariga bog‘liq ekanligi quyidagi omillar ta’sirida vujudga keladi: birinchidan, ZnO
nanorodlari va nanokristallarining o‘lchamlari turli ekanligi. Ma’lumki, ikkinchi garmonika
generatsiyasi kuzatilishi uchun kristalning uzunligi bilan ikkinchi garmonika generatsiyasi
kuzatiladigan kogerentlik uzunligi o‘zaro mos kelishi zarur. Ikkinchidan, ZnO nanorodlari bir
o‘lchamli kristal bo‘lib, nanorodlar uchun shu o‘q optik nur tola vazifasini bajaradi. Bunda
ZnO nanorodlarida hosil bo‘lgan ikkinchi garmonika generatsiyasi asosan shu o‘q bo‘ylab
targaladi va intensiligi yugoriroq bo‘ladi. Shunday qilib, ZnO nanostrukturalari orasida
nanorodlar bir o‘lchamli bo‘lganligi sababli ularda ikkinchi garmonika generatsiyasi yaxshiroq
kuzatiladi va bu xususiyati ularni nochizigli optik qurilmalarda go‘llanilish imkoniyatlarini
oshiradi.

Xulosa va takliflar. ZnO nanorodlari va nanokristallarida to‘lqin uzunligi A=800 nm,
davomiyligi © = 40 fs bo‘lgan impulsli Ti:safir lazeri impulslari ta’sirida kuzatiladigan
nochizigli optik jarayonlar tadqiq qilindi. ZnO nanorodlari va nanokristallarida ikkinchi
garmonika generatsiyasini va uning intensivligini uyg‘otuvchi lazer impulslarining quvvatiga
bog‘ligligi tahlil qilindi. Bir xil uyg‘otish sharoitida kuzatilgan ikkinchi garmonika
generatsiyalarining intensivligi ZnO nanorodlarida nanokristallarga garaganda ikki marta katta
bo‘lishi aniglandi. Uyg‘otuvchi lazer impulsining energiyasi E= 0,01 pJ dan E= 0,1 pJ gacha
ortishi bilan, ikkinchi garmonika generatsiyasining intensivligi lazer impulsi energiyasining
1,7 dan 2,5- darajasiga bog‘liq ravishda ortib borishi aniglandi. ZnO nanorodlarida ikkinchi
garmonika generatsiyasi intensivligining kattaligi va uning uyg‘otuvchi impuls energiyasining
yuqori darajasiga bog‘liq ekanligi aniglandi. Bunga ZnO nanorodlari bir o‘lchamli kristal
ekanligi va shu o‘q optik nur tola vazifasini bajarishi tufayli IGG yaxshi kuchayishi sodir
bo‘ladi. Bu esa ularni nochizigli optik qurilmalarda qo‘llanilish imkoniyatlarining yanada
ortishiga xizmat qgiladi.
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CMEIEHHUE ITOJIOC B CIHEKTPAX UK ITIOI'JIOINEHUA METAHOJIA IO
BO3JECTBAUEM OKPYXEHUSI: CPCABHEHUE PE3YJBTATOB
MOAEJIMPOBAHUSA U DOKCIIEPUMEHTAJIBHBIX TAHHBIX

Ackap Hek6oeB

KapmuHckuii rocyiapcTBeHHbIH YHUBEPCUTET, 0230BBIN-T0KTOPAHT
A.Nekboyev@mail.ru

ORCID 0009-0003-0682-9936

YK 539.2

AnHorammsi. B pabore nmpoBeneHO cpaBHEHHE — pE3YNIBTATOB  KBAHTOBO-XUMHUYECKOTO
MO/ICTTUPOBAHUS BIUSHUS aprOHOBOTO ¥ METAHOJIFHOTO OKPYXEHHS Ha KoJeOaTeNbHbIe CIIEKTPhl MOHOMEDA,
JMIMepa W TpUMepa METaHoJla C IKCIICPUMEHTAJIbHO 3aperMCTPUPOBAHHBIMH CIIEKTpaMH HWH(PaKpacHOTO
MOTJIOLICHHUSI METaHOoJIa B ra3000pa3HOM COCTOSIHHUM, a TaKXX€ HM30JMPOBAHHOTO B HHM3KOTEMIEpPAaTypPHOM
aproHoBoir Mmarpume. Paccumrannsie meromom DFT B mpubmmxennmn B3LYP/cc-pVTZ BenmunHbI
CMEILEHNH CHEeKTpalbHBIX MOJOC METaHOla B BaKyyMeé M aproHe XOpOUIO COIJIACYIOTCS C BETUYHMHAMHU
CMEUICHUH COOTBETCTBYIOLIMX II0JIOC B CIIEKTpax METaHOJa, W30JIMPOBAaHHOIO B apPrOHOBOW MaTpHIE,
OTHOCHUTEJBHO TI0JIOC B CIIEKTPax ra3000pa3HOro MeTaHoJa. PaccunTaHHbIe TAKUM XK€ METOJOM CMEIIEHHS
JUIi METaHOJa B METaHOJIbHOM cpelje HE COMIACYIOTCA C 3KCHEPHMMEHTAIBHO 3aperHCTPUPOBAHHBIMU
CMELICHUSIMH TI0JIOC KUAKOTO METAHOJIA OTHOCUTENBHO T'a3000pa3HOTo.

KnrodeBble cioBa: MeTaHON, aprod, kiacrtep, MK moryomieHne, KBaHTOBO-XHMUYECKOE
MO/JICTTUPOBAaHNE

MUHIT TA’SIRIDA METANOLNING IQ YUTILISH SPEKTRI POLOSASINING
SILJISHI: TAJRIBA VA HISOBLASH NATIJALARINI SOLISHTIRISH
Annotatsiya. Ushbu ishda, metanolning monomeri, dimeri va trimerining tebranma spektrlariga

argon va metanol muhitining ta'sirini kvanto-kimyoviy modellashtirish usulini qo‘llash orgali o‘rganilgan
hamda metanolning gaz holatidagi infragizil yutilish spektrlari va past haroratdagi argon matritsasida
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izolyatsiyalangan holati bilan tajribada olingan spektral natijalar solishtirilgan. DFT metodidan B3LYP/cc-
pVTZ yaginlashuvi bo‘yicha hisoblangan metanolning vakuumda va argondagi spektral polosalarining
siljishi, argon matritsasida izolyatsiyalangan metanolning spektrlari bilan solishtirilganida, gaz holatidagi
metanol spektrlariga nisbatan juda yaxshi mos kelishi kuzatilmogda. Xuddi shu metod yordamida
metanolning metanol muhitidagi siljishlari hisoblanganda, ular suyuq metanolning gaz holatiga nishatan
tajribada olingan siljishlari bilan mos kelmasligi kuzatilmoqda.

Kalit so‘zlar: metanol, argon, klaster, 1Q yutilish, kvanto-kimyoviy hisoblashlar

BBenenue. MeraHon SBISETCS OMHMM M3 TPEACTABHUTENEH OJHOATOMHBIX CITHPTOB,
MOJIEKYJIBI KOTOPBIX COJAEpKaT OJHY THAPOKCWIbHYH TIpymy. brmarogaps »sTomy B
KOHACHCUPOBAHHOM COCTOAHHWHU MCKIAY MOJICKYJIaMU CIIMPTOB 06p33y}0TC51 BOJOPOJHLIC CBA3H,
YTO MPUBOIUT K (OPMHUPOBAHHIO KIACTEPHOH CTPYKTyphI. lIpormecchl kimacTtepooOpa3oBaHUS B
CIUpTax aKTUBHO M A((PEKTUBHO M3Y4YarOTCs METOAaMH KousiebarenbHO#l criekrpockonuu [1 - 3].
OILHaKO TPAAUIHUOHHBIC CIICKTPOCKOMMNYCCKUE METOABI MMO3BOJIAIOT IMOJYUUTD JIMIIb YCPECAHCHHYO
I/IH(bOpMaHI/IIO O CTPYKTypC BCIICCTBA B MLCJIOM, HE TMPEAOCTABJIAA MACTAJIBHBIX MOAaHHBIX O
TTOBEJCHUM OTACIBHBIX MOJIEKYJT WM MX KJIACTEPOB HEOONBITUX pa3MepoB. UTOOBI MpeomoieTsh
9TO OrpaHUYCHUC, UCIIOJIB3YCTCIA METOQ ManI/I‘lHOI\/'I HU30JIIIUH. Ero CYTh 3aKJIFO4YacTCda B TOM, YTO
HCCIIEIYEMBbIE MOJICKYJIBI OXJIAKIAIOT M (DUKCHPYIOT B Cpelle MHEPTHOTO Ta3a (0OBIYHO aproHa)
npu Ttemmeparype okosno 10 K. IlomydeHHble MaTpuubl Npo3padHbl Uil HHPPAKPacHOTO
H3JIyYEHHS, YTO JA€T BO3MOXKHOCTh PErUcTpupoBath criekTpbl MK mornomnieHus: n30JUMpoOBaHHbBIX B
HUX MOJICKYIJI. OtH CHCKTPBI MOXHO HAMNpsIMYKO CpaBHUBATL C PpPE3yJIbTaTaMHU KBAHTOBO-
XUMHUYCCKUX pacy€TOB, IIOCKOJIBKY OHH IIO3BOJIAIOT Ha6JHO,ZIaTB KoJsieOaTeabHbIE CIHEKTPHBI
OTACIIbHBIX MOJICKYJ WU UX HeOOJIBIINX KOMIUICKCOB, aHAJIOTUYHBIC TEM, UTO IIPOTHO3UPYIOTCA B
KOMITBIOTCPHBIX MOACIIAX.

OnHuM M3 TJIABHBIX MPEUMYILECTB METOJa MAaTPUUYHOW M3OJIALIMH SIBISETCS €T0
BBICOKass TOYHOCTb, CBSI3aHHAsI C OTCYTCTBHUEM 3HAUMUTEIBHOTO BIUSHHUA OKpYKArOUIEH
cpeapl Ha wHccienyemble  MoJiekynbl. OJHAaKO B psAle  OKCIHEPUMEHTOB  OBLIO
3auKcupoBaHO ciaboe BO3AEHCTBUE MATPHIIBI, BBIpaXKAIOLIeecss B HEOOIBIIOM (10
HECKOJIBKMX TMPOIEHTOB) CMEIIEHUN CIIEKTPAJIbHBIX JUHUN TIO CPAaBHEHUIO CO CTIIEKTpaMu
B razoBoil ¢aze. I1oT 3(PpQeKT, M3BeCTHBIH KaK MATPUYHBIA CIBUT, BO3HHKACT H3-3a
W3MEHEHUS CTPYKTYPbI U30JIMPOBAHHBIX MOJIEKYJ MO BIMSIHUEM OKPYKAKOLIEH MaTPHULIBL.
Hanpumep, B 0lHOM U3 HcCleI0BaHUN ObBUIO OTMEUEHO, YTO MPHU U3OJAIMU METaHOJA B
HEOHOBOIl MaTpuIle €ro Mojochl BaJleHTHbIX Kojebanuit O—H caBuramuch B CTOpOHY
JUIMHHBIX BOJH, TOTJ]a KaK B aprOHOBOW MaTpUIle HAOIIOAAI0Ch UX CMEIICHUE B CTOPOHY
KOPOTKHUX BOJIH OTHOCUTEIFHO COOTBETCTBYIOIINX TOJIOC B Ta30BO# daze [4].

B nmanHO#l paboTe cpaBHHBAIOTCS MOJyY€HHBIE HaMU paHee [5, 6] pe3ynbTaTsl
KBAaHTOBO-XMMHMYECKOTO MOJEIUPOBAHUS CTPYKTYypbl H crnektpoB MWK mornomenus
HEOOMBIIUX KJIACTEPOB METAHONA, COJEPKAIMX OJIHY, JBE W TPU MOJIEKYJbI, B TPEX
pa3IMYHBIX Cpelax — BaKyymMe, METaHOJ€ W aproHe — C  JOCTYIHBIMHU
AKCIIEPUMEHTAIBHBIMU JIAHHBIMHU, C IETBI0 MPOBEPUTH KOPPEKTHOCTh BHIOPAHHOTO HAMHU
MOAX0Ja M METOoJa MOJENMpoBaHMs. PacueTbl B BakKyymMe MOACIUPYIOT CIEKTPBI
COOTBETCTBYIOIIUX KIJIACTEPOB B Ta3000pa3HOM COCTOSHUHM, T/€ IMPEICTaBICHbI
MPEUMYIIIECTBEHHO MOHOMEpBI, TO3TOMY I1I€JI€CO00pa3HO MPOBOAWTH CpaBHEHUE
pe3ylnbTaTOB  MOJECIMPOBAHMS  CIIEKTPOB MOHOMEpA METaHOJa B BakKyymMe ¢
AKCIIEPUMEHTAJIBHO IOJIyYEHHBIMHM CIIEKTpaMU TIa3000pa3HOro MeraHoja. Pe3ynbpTaTsl
pacdeToB KoyieOaTeNbHBIX YACTOT KIACTEPOB METAaHOJIA B METAHOJIBHOM OKPYKCHHH
cienyeT cpaBHMBaTh co crnekrpamu MK mornomeHust Kuakoro MeraHona, B KOTOPOM
KXl KJIACTep HAXOJIUTCA B OKPYKEHHHM JAPYTHX MOJEKyn wmeTraHosia. CHekTpbl
METaHOJa, U30JIMPOBAHHOTO B aprOHOBOM MAaTpHIE, CPABHUBAKOTCS C PAaCCUUTAHHBIMHU
CHEKTPaMHU KJIACTEPOB METaHOJIa B ApI'OHOBOM OKPY>KEHUH.

0030p Jurepatypbl 1mo TeMe. BoaopoaHO-CBSI3aHHBIE KJIACTEPhl METAHOJIA
AKTUBHO M3YYaIOTCS B TOM YKCJI€ U C IPUMEHEHUEM METOJAUKUA MATPUYHOU U30ISIIHUH [7 -
12]. Bo Bcex cirydasix B MaTpuilax HaOJIOJAETCsl MAaTPUYHBIA CIBHUT, TO €CTh CMEIICHHE
CHEKTPAJbHBIX IOJOC OTHOCHUTEIBHO II0JOC B CIEKTpaX Tra3000pa3HOrO METaHOoJA.
MeToabl KBAHTOBO-XMMHUYECKOI'O MOJECIMPOBAHUS UCIIOIb30BAIUCH ISl OLEHKHU BIMSIHUS
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aproHOBOM MaTpHULbl Ha CTPYKTYpPY H30JMPOBAHHBIX B HEM MOJEKYJI M KJIACTEPOB B
HECKOJIbKUX HccliefloBaHusX. Tak, B pabote [13] Obl1M paccCMOTpPEeHBI MATPUYHBIE CABUTH
JUIsL KJIacTepOB BOJBI PA3JIMYHOTO pa3Mepa, M30JMPOBAHHBIX B aproHOBOil matpuue. B
YaCTHOCTH, ObLIO ITOKa3aHO, YTO BCE MOJIOCHI B paccunTaHHbIX cnekTpax VK nornomenus
KJIACTEPOB BOJABI B aproOHOBOW CpENE CMELIAIOTCS B JUIMHHOBOJIHOBYIO CTOPOHY I10
CPaBHEHMIO CO CIIEKTpaMU B BakyyMme. Takue pe3yapTaTbl XOpOILIO COIIACYIOTCS C
HKCIEPUMEHTAJIbHBIMU JaHHBIMH. B HemaBHHMX paboTax meTtomamu crekTpockoruu MK
MOTJIOUIEHUS] U KBAaHTOBO-XMMHUYECKOTO MOJICIHPOBAHUS M3YydajoCh BIHUSHHUE aprOHOBOU
MaTpUIIBl Ha JPYrHe OJHOATOMHBIE CIUPTHI — mponanoiu [14] u stanon [15]. [lomoOHbie
UCCJIEIOBaHUS BIIMSHUS MATPUYHOTO OKPY>KEHHUS HAa MOJIEKYJbl OPraHUYeCKUX KHUCIIOT
IPOBOIWINCEH B paboTtax [16, 17].

Mertogonoruss  ucciaenoBaHusi.  KBaHTOBO-XMMHYECKOE  MOJEIMPOBAHUE
MPOBOAMIOCH Tipu moMmotnu mporpammbl Gaussian09 merogom DFT B mpubnuxeHun
B3LYP/cc-pVTZ. PesynbraThl MOJAEIMPOBAHHS CPAaBHUBAIOTCS C SKCIIEPHMEHTAIBLHO
3aperucCTpUPOBAaHHBIMU CIEKTPAMHM METAHOJIA, U30JIMPOBAHHOIO B HU3KOTEMIIEPATYPHOMN
aproHoBoi matpurie [1, 8, 9], a Takxke )XHAKOTO M ra3000pa3Horo metanona [1, 2, 18].

PesyabTrarel M o0cy:kaenme. B pesynprare = KBaHTOBO-XMMHUYECKOI'O
MOJIETUPOBAHUS ONTHUMAIILHOM TeoMeTpuieckoil cTpyKTypbl U criektpoB UK mornomenus
MOHOMEpa, JAMMEpa U TpUMEpa METaHoJla B BaKyyMeé M aproHoBod cpeae Obuin
paccuuTaHbl BEIMYUHBI CMEIIEHUS KOJIeOaTENbHBIX MOJI0C MO BO3ACHCTBUEM OKPYKEHUS
[5, 6], xotopeie mnpuBeaeHbl B Tabmmie 1. Taxxe B 2TOM TabnuIEe MOKa3aHBI
AKCIIEPUMEHTANIFHO 3aperucTpupoBanHbie mosiockl K mormoieHuss MeTaHona B ra3oBoi
¢daze [18] u B apronoBoii matpure [1].

Kak BumHo, Habmomaercss JOCTAaTOYHO XOpOIIas  KOPPENSIHS — MEeXAy
pPacCUMTaHHBIMU M SKCIIEPUMEHTAJIBLHO 3apPETUCTPUPOBAHHBIMU MATPUYHBIMH CABUTAMHU
CHEKTpaJbHBIX ToNloc. HampaBneHue caBura COBMAnaeT A BCEX MOJOC, MOCKOJIBKY U
pacyer, M HKCIEPUMEHT IOKAa3bIBAIOT YBEJIMYEHUE YACTOTHl HAa HECKOJIBKO €IMHMIL
BOJIHOBBIX 4HCell. BenTH4nHbI CMeleHni Takke UMEIOT OAMH U TOT K€ MOPSI0K, TOIBKO B
ciydae BajgeHTHbIX C-H xonebaHuil paccyuTaHHbIE CMELIECHHUS HA MOPAIOK MEHbILE, YeM
AKCIIEPUMEHTANbHbIe. JTO MOXET OBIThb CBSI3aHO C AHTAPMOHUYHOCTHIO JIaHHBIX
Kosie0aHui, KOTOpasi HE YYUThIBAIACh MIPU BHINOJHEHUH pacueToB. [1o 3Toil ke nmpuynHe
pacxXolATCsl pacCUUTaHHbIE M 3apETUCTPUPOBAHHBIC 3HAUYEHUS YacTOT Je(OpMAIMOHHBIX
COH u HCH xone6anuii.

Tabmuua 1. CpaBHeHue paccCunuTaHHbIX " 9KCIIEPUMEHTAIILHO
3aperuCTPUPOBAHHBIX YACTOTHBIX CABUIOB  CIHEKTPAJIbHBIX IIOJIOC METaHoJla B
IIPUCYTCTBUM aproHa

Tun MOJIEJTHPOBAHKE SKCIIEPUMEHT
KOIEOAHHS | Viacyyw [6], | Vapron [6], Av, em?t | v [18], Vaarpua [1], | Av, em?
cm? et cm? et
Bax. C - 1029,2 1035,8 6,6 10315 1033 15
O
Bar. C — 1037,6 1040,8 3,2 1045 1052 7
O Tpumep 1040,2 1042,1 1,9 1065 1076 11
Hed. COH 1411,9 1419,9 8,1 1321 1330 9
1415,2 1427,3 12,1 1331 1337 6
1460,6 1468,5 7,9 1346 1340 6
1358 1366 8
1371 1379 8
Jed. HCH 1487,3 1488,1 0,8 1454 1466 12
1490,8 1496,7 59 1471 1474 3
1492,1 1498,2 6,1
Bar. C — 2947,3 2947,6 0,3 2826 2832 6
H 2966,5 2967,0 0,5 2844 2846 2
2996,0 2996,1 0,1 2865
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3047,9 3049,0 1,1 2922 2929 7
3086,9 3087,5 0,6 2940 2955 15
3088,3 3088,5 0,2 2972 2961
3005
Ban. O — 3810,8 3774,2 - 36,6 3681 3665 -16
H

B tabnuue 2 mokasaHbl pacCUMTaHHBIE BEJIMYMHBI CMEUIEHUH MOJOC METaHoja B
METAHOJIE OTHOCHUTEIBHO COOTBETCTBYIOIIMX IIOJIOC METAHOJA B BaKyyMe, KOTOpBIE
CPaBHMBAIOTCS C HKCIIEPUMEHTAJIbHO 3aperuCcTpUpPOBaHHBIMU B pabore [18] cmemenusmu
nosioc B cnektpe MK mnornomienus )KUAKOro MeTaHoJIa OTHOCUTENIBHO TEX K€ I0J0C B
ra3zoo0pa3HOM MeTaHoJIE.

Tabnuua 2. CpaBHeHue paccuMTaHHBIX u 9KCIIEPUMEHTAIIBHO
3aperuCTPUPOBAHHBIX YACTOTHBIX CABUIOB  CIHEKTPAJIbHBIX IIOJIOC METaHoJla B
METaHOJIbHOM Cpesie

Tun MOAOCJIMPOBAHNEC OKCIICPUMEHT
KoJIe0aHus Veakyym [6]1 Vaprou [6], cM | Av, cm?t Vra3 [18], Vikuaxocts [18], Av,
cm? ! om? cm? em?
Ban.C-0O 1029,2 1033,1 3,9 1031,5 1022 -95
Hed. COH 1172,0 1182,4 10,4 1114 1114 0
Hed. HCH 1477,8 1482,7 4,9 1454 1410 -34
1484,6 1488,1 3,5 1471 1452 -19
Ban. C—H 2947,3 2947,6 0,3 2826 2831 5
2966,5 2967,0 0,5 2844
2996,0 2996,1 0,1 2865
3047,9 3049,0 1,1 2922 2933 11
3086,9 3087,5 0,6 2940 2943 3
3088,3 3088,5 0,2 2972 2981
Ban. O-H 3810,8 3775,5 -353 3681 -
MOHOMEp
Ban. O - H 3509,7 3510,0 0,3 3370 3315 -55
TpHEMED

CpaBHHBasi paCcCUMTAHHBIE U KCIIEPUMEHTATIBLHO 3apETrUCTPUPOBAHHBIC CMEIIECHUS
JUISE MOJIEKYJl METaHOJla B METAHOJIBHOHN cpelie, BUIHO, YTO KOPPENSALUs MEXKIY HUMHU
orcyrctByeT. Tak, mmsa BameHTHBIX C — O kojebaHWUW pacdeT JaeT CMEIICHHE B
BBICOKOYACTOTHYIO CTOPOHY Ha 3,9 cM™, Toraa kak mnonoca BaneHTHbIX C — O Kone6anuii
B JKHIKOM MeTaHoJe Habmomaercs Ha gactore 1022 cm™, uro Ha 9,5 cm™ MEHBIIIE, YeM B
cnekTpe rasoBoil (aszpl. Takum oOpazom, HE COBMANaeT HE TOJBKO BEIWYHMHA, HO U
HanpasiieHue cmemeHus. Ilonoca nedopmannoHHbIX KoseOaHUM € U3MEHEHHEM YIiia
COH B ’XHMJKOCTH U ra3e HE MEHSET CBOETO MOJIOKEHHS, a pacyeT MOKA3bIBAET CMEIICHUE
Ha 10,4 cm®. Cmemenus nonoc aepopmanuonasix HCH kone6anuii Takke He COBIAIAIOT
HU 10 HaNpaBICHHIO, HU MO BenuuuHe. HaOmromaeTrcs cCoOBMAJeHUS HAMpPaBICHUS
CMEIIEHHST Moa0C TONLKO i1 BaneHTHBIX C — H konebOanmii, XO0Ts BeIWMYHMHA CMEIIECHUN
oTnan4arTcs Ha nopsaaok. Curyanus ¢ BaneHTHBIMU O — H konmeOGaHUSIMHU yCIOXKHSAETCS
TE€M, YTO YacTOTa ATOW MOJIOCHl KapAMHAJIBHO 3aBUCUT OT HAJIWYMs BOJOPOJAHON CBS3U
MEXIy MolleKynamu. B ra3oo0pa3HoM MeTaHone HaOII0gaeT mojoca CBOOOTHOM
THIAPOKCUIBHOM IpyNmbl Ha yacToTe 3370 M, a B )KHIKOCTH OHA OTCYTCTBYET B CBS3H C
TE€M, YTO BCE€ MOJCKYJIbl 3aJCHCTBOBaHBI B (DOPMHPOBAHUU BOJOPOIHO-CBSI3aHHBIX
KJIaCTEepOB, IMO3TOMY 4YacTOTa BaJEHTHbIX KOJeOaHMH TUAPOKCUIBHBIX  TPYIII
ymenpmaerca g0 3315 cm™l. TlockosnbKy B SKMAKOM MeTaHOJE OOpasyrOTCs KIacTepsl
Pa3IMYHOTO pa3Mepa, IJIsl Ka)KI0ro U3 KOTOPBIX XapaKTepHa CBOs YacToTa BaJeHTHBIX O —
H xonebanuii [1, 8, 9], TO HE coBCeM KOPPEKTHO CPaBHMBATH 3HAYEHUS C pe3yJbTaTaMu
MOJIETUPOBAHUS TOJBKO JIJIsl TPUMEpA.

BoiBoabl. Paccumranneiec meromom DFT B npubmwkenun B3LYP/cc-pVTZ
BEJIMYMHBI CMEIEHUN CHEKTPAJIbHBIX IOJIOC METAHOJa B BaKyyMe€ W aproHe XOpOIIo
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COTJIACYIOTCS C BEIMUYMHAMHU CMEIIEHUH COOTBETCTBYIOIINX MOJOC B CIEKTPAaX METaHOJIA,
M30JIMPOBAHHOTO B aprOHOBOW MAaTpPHIlE, OTHOCUTEIHHO TMOJIOC B CIIEKTPAX Ta3000pa3HOro
MeTaHona. Takoe coriiacue TOBOPUT O TOM, YTO JaHHBIA METOJ MOACIUPOBAHUS MOXKHO
3pGEKTUBHO  HCIONB30BATh ISl  MOJCIMPOBAHUS ~ MATPUYHBIX  CABHTOB  TpHU
HUHTCPpIPCTALIUN CIICKTPOB OAHOATOMHBLIX CIIUPTOB B ManHqHOﬁ H30JIA101UH, ITOCKOJIBKY OH
MO3BOJIACT aJCKBATHO OLCHHUTH BCIWYHMHY H HANPaABJICHUC CMCHICHUA CICKTPAJIBHBIX
TIOJIOC MO/ BO3/ICWCTBUEM apTOHOBOTO OKPYKEHHUSI.

PaccunTanHble TakUM € METOJIOM CMEIICHUS /I METaHoJla B METaHOJbHOU
Cpelle He COTJIACYIOTCS C DKCIIEPUMEHTAIBHO 3apEeTUCTPUPOBAHHBIMEI CMEIICHUSIMHU TTOJIOC
KHJIKOTO METaHOJIa OTHOCHTEIBHO Ia3000pa3HOr0. DTO MOKA3bIBAET, UYTO TAKOH TMOIXOJ
HE M03BOJIAECT IIPABUJIBHO YYUTHIBATH BIMSHUE HA MOJEKYIYy METAHOJA APYTHUX MOJIEKYI
METaHOJIa, KOTOpPBIE HAaXOIATCS BOKPYr He€. [leWCTBUTENBHO, B JKUJAKOM COCTOSIHUH
MEXIy MOJIEKYJIaMH METaHOJa, KaK W JPYTruX CIHUPTOB, (HOPMHUPYIOTCS BOJOPOTHBIE
CBSI3W, B PE3yJbTaTe YETO BO3HUKAIOT KJIACTEPHI, COCTOSIIUE M3 PA3HOTO KOJIUYECTBA
Mouekyin. OOpa3oBaHHE BOJOPOJHBIX CBS3€H CYIIECTBEHHO BIMSET Ha (DU3HUECKHE U
XMMHYECKHE CBOWMCTBA BEIIECTBA, B TOM YHCJIC W HA WX CIEKTPaJbHBIC IMPOSBICHHUS.
[Tosromy misi aHanmM3a OTIMYUN KOJIEOATEIBHBIX CIEKTPOB METAHOJA B Pa3IUYHBIX
arperaTHbIX COCTOSHUSIX HEOOXOJUMO YYMTBHIBATH HAJMYUE BOJOPOJHBIX CBS3CH, a HE
IPOCTO MPUCYTCTBUE METAHOJIBHOI'O OKPYIKEHHUSA BOKPYT MOJIEKYIIBL.
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Abstract. This article provides an in-depth analysis of methods for determining electron and hole
concentrations in degenerate semiconductors. Semiconductors become degenerate when the Fermi energy
level approaches very closely to either the conduction or valence bands. In such semiconductors, the
concentration of charge carriers is determined through specific physical parameters. Due to the impossibility

of solving integral equations analytically, approximate calculations based on parameters « and g are
utilized. The article presents methods for calculating electron and hole concentrations and determining the

Fermi energy level for the specific case when « and g parameters equal zero. Additionally, calculation
methods for cases with high donor or acceptor concentrations are thoroughly examined. Furthermore, the
implications of degeneracy on the transport properties and overall device performance are discussed. The
influence of temperature variations and doping levels on the behavior of degenerate semiconductors is also
considered.

Keywords: Fermi energy level, electron and hole concentrations, parameters « and g, conduction
and valence bands, theory of degenerate semiconductors, donor and acceptor impurities, approximate
solutions of integral equations, fundamental concepts of semiconductor physics.

XUSUSIY YARIMO‘TKAZGICHLARDA ELEKTRON VA KOVAKLAR
KONSENTRATSIYASI

Annotatsiya. Ushbu maqolada aynigan yarimo‘tkazgichlarda elektron va kovaklar
konsentratsiyasini aniglash usullari chuqur tahlil etilgan. Yarimo‘tkazgich Fermi energetik sathi
o‘tkazuvchanlik yoki valentlik zonasiga juda yagin bo‘lganda aynigan holatga o‘tadi. Bunday
yarimo‘tkazgichlarda zaryad tashuvchilarning konsentratsiyasi ayrim fizik parametrlar orgali topiladi.
Integral tenglamalarni analitik usullar bilan yechishning imkoni yo‘qligi sababli, konsentratsiyalar a va 8
parametrlari asosida taxminiy hisoblash yo‘llari orqali aniglanadi. Maqolada a, B parametrlari nol qiymatga
ega bo‘lgan holatlar uchun elektron va kovak konsentratsiyasi hamda Fermi energetik sathini aniglash
metodlari tagdim etilgan. Yugori donor yoki akseptor konsentratsiyalari uchun hisoblash usullari batafsil
ko‘rib chigilgan. Shuningdek, ayniganlikning tashuvchi transport xususiyatlariga va umumiy qurilma
samaradorligiga ta'siri muhokama qilingan. Harorat o‘zgarishlari va legirlash darajasining aynigan
yarimo ‘tkazgichlarning xatti-harakatiga ta'siri ko‘rib chigilgan. Zamonaviy yarimo‘tkazgich qurilmalarini
ishlab chigishda zaryad tashuvchilarning aniq konsentratsiyasini baholashning ahamiyatini ko‘rsatuvchi
amaliy misollar keltirilgan. Bundan tashqgari, amaliy yarimo‘tkazgich tadgiqotlarida anig modellashtirish va
tahlil gilish uchun ragamli dasturiy vositalar yordamida hisoblash yondashuvlari tavsiya etilgan.

Kalit so‘zlar: Fermi energetik sathi, elektronlar va kovaklarning konsentratsiyasi, a va 3
parametrlar, o‘tkazuvchanlik hamda valent zonalari, aynigan yarimo‘tkazgichlar nazariyasi, donor va
akseptor tipidagi aralashmalar, integral tenglamalarning taxminiy yechimlari, yarimo‘tkazgichlar
fizikasining fundamental tushunchalari.

Introduction. Intrinsic semiconductors are pure semiconductor materials whose

electrical properties are determined exclusively by thermal excitation of electrons from the
valence band into the conduction band. At thermal equilibrium, the concentrations of
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electrons and holes are equal and defined as intrinsic carrier concentration (n;). The
intrinsic carrier concentration is strongly temperature-dependent and varies with
semiconductor material properties, such as the bandgap energy and effective masses of
electrons and holes. Understanding electron and hole concentrations in intrinsic
semiconductors is crucial, as it serves as a foundational concept in semiconductor physics
and underpins the analysis of carrier transport phenomena in electronic and optoelectronic
devices. When the Fermi energy level is located very close to or within the conduction
band, electrons become degenerate. Similarly, when the Fermi energy level is positioned
very close to or within the valence band, holes also become degenerate. Such situations
refer to degenerate semiconductors. In degenerate semiconductors, the concentration of
charge carriers is determined using the following expressions:

2mikTN3/2 = x1/2

here,
_ M — Ec
o ) ) «* T
considering the relationships £, — ¢ = yr7 and 5 _ zo—u,
KT
2mpkT\*/? = y1/2
p—M( 72 ) fo Py Y (2)

we obtain these expressions. The integrals in equations (1) and (2) cannot be solved
analytically. These integrals depend on parameters, and their approximate solutions can be
found depending on the values of a and p.

/2

2mnkT
n = 4?’[( hZ ) - F1/2 (ax); 3
2mLkT\>/?
P = 471'( 2 ) Fi2(B). (4)
Since for intrinsic semiconductors »» = p = n;,
*[2 w2
my2Fy 2 (@) = my 2 Fy 2 (B) (5)

we obtain this expression. This equation enables the determination of the Fermi energy
level in degenerate semiconductors. It should be noted that in practical semiconductors,
electrons and holes never become degenerate simultaneously. In a given semiconductor,
either electrons or holes will be degenerate, but not both at the same time. For this to
occur, the concentration of donors or acceptors must be sufficiently high (impurity atoms

should constitute at least 1072 of the primary atoms forming the semiconductor's main
structure).

Research Methodology. The research methodology employed in this study is
primarily theoretical and computational, grounded firmly in the fundamental principles of
semiconductor physics. Initially, relevant equations governing intrinsic semiconductor
behavior, such as those describing intrinsic carrier concentrations, Fermi energy levels,
and effective density of states, are systematically derived. Subsequently, calculations are
performed using standard semiconductor physics parameters, including effective electron
and hole masses, energy bandgap values specific to semiconductor materials, temperature-
dependent variables, and fundamental physical constants. Analytical techniques and
mathematical modeling are applied to elucidate the temperature dependency and intrinsic
properties of electrons and holes. Finally, the theoretical findings are critically compared
with established data from semiconductor literature to validate the accuracy and reliability
of the derived theoretical models and computational approaches.

Highly degenerate states (&,f8 > 5) rarely occur in semiconductors, whereas
states around @, § ~ 0 are frequently encountered. In such cases, it is convenient to apply

the Ehrenburg approximation. Specifically, when @ = 0, the Fermi energy level for an n-
type semiconductor coincides exactly with the lowest energy level of the conduction band,
and the electron concentration is given by
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2;'1:mnkT 1/9
- &y

is equal to this expression.
If the semiconductor is a p-type semiconductor and the Fermi energy level
coincides exactly with the highest energy level of the valence band (i.e., f = 0), the hole

concentration is given by
8 (2mm kT 3/2 5
P=s5\"Hz ) - 73

Results and Discussions. The intrinsic carrier concentration (n;) obtained from
theoretical calculations shows significant temperature dependence, increasing
exponentially as temperature rises due to thermal excitation across the semiconductor's

energy bandgap (Ej). The results indicate that higher temperatures lead to a marked

increase in electron and hole concentrations. Consequently, the position of the Fermi
energy level slightly shifts within the energy gap depending on the effective masses of
electrons and holes. At typical operational temperatures, the Fermi level remains close to
the midpoint between the conduction and valence band edges.

Comparative analyses demonstrate strong agreement between calculated
theoretical results and previously reported experimental data, affirming the accuracy and
reliability of the applied computational and theoretical models. These findings confirm the
validity of the derived equations and their effectiveness in predicting intrinsic
semiconductor behavior under varying thermal conditions.

Let us now consider the case where @, 8 = 0. First, we examine an n-type
semiconductor. If we neglect electrons transitioning from the valence band to the
conduction band,

n=Ng;—nq (8)
we obtain from equations (4) and (8):

. Noh? 1
£y 2 (a) =

A (2mn kT D3/ o abg

L2 B =T —+ 1
According to the Ehrenburg approximation,

2T - e™® N ZR3 1

= . 9
4 + ex* A (2m, kT )3/2 AE 2

et RT 4+ 1

we obtain this expression, which allows us to determine the Fermi energy level. The

electron concentration is given by:

2m kT 8e® 2mmi kT

T ) Pemaeea (T )
If we find the value of e from equation (9) and substitute it into equation (10), we

obtain the numerical value of the electron concentration in a degenerate semiconductor.

By performing a similar calculation for degenerate p -type semiconductors, we derive the
following expressions for the Fermi energy level and hole concentration:

3/2

n = 411.'( (105

2my kT N,
4”(?) Fi(B) = e, (11)
ek +1
or
2Nmef N,h3 1
1t+ef T 4n(2mpkr)? S 41

(12)

8e« (2mmykT\>/?
Pp = :

4 + ef hZ
Conclusion. In the specific case where all impurities are fully ionized, that is, for
an n-type semiconductor »,, = ., and for a p-type semiconductor ,, , = n,, the Fermi

energy level in a degenerate n-type semiconductor is given by (Fig. 1).
Figure 1 degenerate n-type semiconductor description:
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1. The diagram shows the energy band structure of a degenerate n -type
semiconductor, in which the Fermi level (it) is located inside or very close to the

conduction band (E.). The conduction band is filled with a high concentration of
electrons, indicated by the hatched region, representing the partially filled density of

states. The valence band (E,) lies significantly below the Fermi level, indicating
negligible hole population.

2. In such semiconductors, due to heavy doping with donor atoms, the carrier
concentration becomes so high that the Fermi level rises into the conduction band. This
violates the classical non-degenerate approximation (Maxwell-Boltzmann statistics) and
requires the use of Fermi-Dirac statistics. The system behaves more like a metal with high
conductivity due to the abundant free electrons. This situation typically arises when donor
impurity concentration s/, = 1012 s»»—= and the semiconductor is in a degenerate
regime.

Figure 2 degenerate p-type semiconductor description:
3. This diagram illustrates the energy structure of a degenerate p -type
semiconductor where the Fermi level () is positioned inside or very close to the valence

band (E},). The valence band is partially filled with holes, as shown by the vertically
hatched region, and the conduction band lies far above the Fermi level. The energy level

E, may refer to an acceptor level, but the dominant process is thermal activation into the
valence band.

4. This represents a heavily acceptor-doped semiconductor where the acceptor
level is shallow and the hole concentration is sufficiently high to cause the Fermi level to

fall into the valence band. Similar to the n-type case, Fermi-Dirac statistics are essential,
and the material exhibits metal-like behavior in terms of hole conduction. This regime

appears when acceptor concentration N, >> 1018 sm~3 and the number of available
states in the valence band becomes significantly occupied by holes.

Degenerate n -type and p -type semiconductors occur under extreme doping
conditions. Their electronic transport properties are governed by quantum statistics, and
they exhibit characteristics that deviate from classical semiconductor models. These
diagrams are crucial in understanding thermoelectric, magnetoresistive, and optoelectronic
device behavior under high carrier densities.

Conduction band CONDUCTION BAND
E
2z )
Ec
Ey
Valence band
EV
Figure 1. Energy diagram of a degenerate 1 -type Figure 2. Energy diagram of a degenerate p-
semiconductor; i — E. represents the electron- type semiconductor; E,, — it represents the
filled portion of the conduction band. hole-filled portion of the valence band.

4N_h3

m=Ee + KN g e kTY3/2 — N R® (13
and for a degenerate p-type semiconductor (Figure 2):
3
u = E, — kTln AN R (14)

8(2mmpkT)’ T — N, h3
is determined by the following expression.
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AHHOTANMsl. YCTAaHOBJICHO, 4YTO TIOBEPXHOCTh MOHOKPHCTAJUTMYECKHX 00pasioB p-Si<B>
OpHEHTHPOBaHa M0 KpucTaurorpaduyeckomy HampasieHuto (111). Ilpu Temmepatype 950 °C, B cBsi3u ¢
OTHOCHUTEJIBHO HU3KOW MHTEHCUBHOCTHIO M (D(Y3MOHHBIX MTPOLIECCOB, pa3Mepbl CyOKpHCTALTUTOB (59,7 HM)
npaktudecku He uaMenstores. [Ipu 1050 °C HabmromaeTcst mpolece NepeKprucTaUIN3aliy, TPUBOAALINA K
yBENIMYEHUI0 HuX pasmepoB a0 61,1 um. Ilpn panpHelinmiem mnoBelmeHun Temneparypsl ao 1150 °C
MIPOMCXO/IUT pa3pylleHne U MOBTOPHOE (pOPMHUPOBAHKE CYOKPUCTAILIMTOB, B PE3yJIbTaTe Yero uX pasmMepbl
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yMeHbImaroTest 10 57,4 HM. B pesynbTate B3aMMOJICWCTBHS aTOMOB KpEeMHHs, Oopa W KHCIOpoIa
(hopMUpYIOTCS KpUCTAIDIATHL okcuaa kpemaus (Si02) u okcuma 6opa (B203), oTHOCSIIMECS K TPUTOHATBHOM
9JIEMEHTAPHOM sUeiike ¢ MpOocTpaHCTBeHHOU rpymmoit P3221. s SiO; mapamMeTpbl peIieTKA COCTaBJISIOT:
Aexp = Dexp = 0,5031 HM, Cexp = 0,5527 HM; pasmep KpucTaWUTOB - 21-25 aM. Jlist B2Os: @exp = Dexp = 0,4415
HM, Cexp = 0,8812 HM; pazMep KpUCTAIIIUTOB - 55 HM.

B mpummoBepXHOCTHBIX 00JACTAX MOHOKPHCTAIUIMYECKHX 00pas3moB p-Si<B> mocnme Tepmmyeckoit
obpaboTkn mpu Temneparypax 950 °C, 1050°C u 1150°C nabmomaercs (opMHpPOBaHHE KJIACTEPOB
pasmepom 2 M, 1,6 HM 1 1,7 HM COOTBETCTBEHHO.

KnaioueBble cioBa: cocTosiHus Je(EKTOB, PEHTI'CHOBCKas IUQPaKIus, KpUcTauiorpaduyeckas
OpHUeHTalusl, CYOKPHCTAJUIMYECKHE CTPYKTYPbI, MUKpPOIe(eKThI, KilacTepooOpa3oBaHue.

Annotatsiya. Monokristall p-Si<B> namunasining yuza qismi kristallografik jihatdan (111)
yo‘nalishga egaligi 950°C haroratda diffuziya jarayoni nisbatan past haroratda kechgani sababli,
subkristallitlar o‘lchami (59,7 nm) deyarli o‘zgarmasligi aniglanildi. 1050°C haroratda qayta kristallanish
jarayoni ro‘y beradi va natijada subkristallitlar o‘lchami 61,1 nm gacha ortdi, 1150°C haroratda esa
subkristallitlar yemirilib, gayta shakllanishi natijasida ularning o‘lchami 57,4 nm gacha kamaydi. Kremniy,
bor va kislorod atomlarining o‘zaro ta’siri natijasida trigonal elementar yacheykaga ega bo‘lgan, P3,21
fazaviy guruhiga mansub SiO. va B2Os kristallitlari shaklanishi aniqlandi. SiO2 uchun @exp = bexp = 0,5031
nm va Cexp = 0,5527 nm bo‘lib, kristallitlar o‘lchami 21+25 nmni tashkil qildi. B20s uchun esa 8exp = Dexp =
0,4415 nm va Cep = 0,8812 nm bo‘lib, kristallitlar o‘lchami 55 nmga teng ekanligi aniglandi. Termik
ishlovdan so‘ng (950°C, 1050°C va 1150°C) p-Si<B> monokristall namunalarining yuza gatlamlarida mos
ravishda 2 nm, 1,6 nm va 1,7 nm o‘Ilchamga ega klasterlar hosil bo‘lishi kuzatildi.

Kalit so‘zlar: Defekt holatlari, rentgen nurlarining difraksiyasi, kristallografik yo‘nalish, subkristallik
tuzilmalar, mikrodefektlar, klaster hosil bo‘lishi.

BBenenue. CoBpeMeHHass HaHOIIEKTPOHUKA TPEOYET BBICOKOYHCTBIX W COBEPIIECHHBIX
MOJTYTIPOBOJHUKOBBIX ~ KPHCTAJIOB, CpPEAM KOTOPHIX MOHOKPUCTAIMYECKUH KpEeMHHN
3aHMMAaeT OJHO W3 BEAYIIMX MecT Onarofapsi OTpaOOTaHHBIM TEXHOJOTHSIM M HHU3KOU
cTouMOCTH. OCHOBHBIMH METOAAMHU MPOMBIIIJICHHOTO MPOWU3BOACTBA Si SBISIIOTCS METO[
Yoxpaabckoro W OE3THTeIbHOW 30HHOW IUIABKH, TIPH A3TOM MeToa  YoXpabCKOro
ucrons3yercs npumepHo B 80% cirygaes[1-3].

[lpy BBIpamMBaHUKM MOHOKPHUCTAJUTMYECKOTO KPEMHHUS BaKHA MUHUMM3AINS
KOJINYECTBA HEKOHTPOJIMPYEMBIX IPUMECEH, MMOCKOIBKY UX M30BITOK MPUBOAUT K UCKAKECHUIO
KPUCTAITMYECKON PEmETKH M 00pa30BaHUIO Ne(PEKTOB, BIMSIOMMX HAa CBOMCTBA MaTepHaa.
OnHOM U3 TaKMX MPUMECEH SBISETCS KUCIOPOJ, KOTOPHI B MPOLECCE KPUCTAIM3ALUN U3
paciiaBa MEpexoAUT B KPEMHHM, YaCTHYHO PACTBOPSACH B HEM M (QOPMHUDPYS OKCHIHBIC
BmoueHust SiOx pasmepom or 1 mo 50 mxm. Ilpm TepmooOpaboTke KpeMHHUS B
temrieparypaom wuHTEpBaie 400—800°C mepechlmeHHbIid KUCIopo o0pa3yeT pa3iudHbIe
komrutekcsl tima Si—On (n = 1-4) [4-6]. YacTh 3THX KOMITJICKCOB PACIaacTCs C BhIICICHHEM
SiO: wmnm ocaxkgaeTcss B MEXIOY3IHAX KPUCTAUIMYECKON pEemeéTKH Si B ANIEKTPUYECKH
HEHTpaNBbHBIX COCTOSHHUSX. OTO BbI3bIBaeT (OPMHUpPOBaHUE J€(DEKTHBIX COCTOSHHIMA,
BJIMSIFOIIUX HA JIEKTPHUYECKUE CBOMCTBA KPEMHHUSL.

@dopma, TAI U pa3Mepsl TaKMX MHKPOOOPa30BaHUM 3aBUCAT OT TEXHOJIOTHYECKUX
YCIIOBMH BBIpaIlMBaHUS MOHOKPHUCTAJUIOB M TOCHENyIOIUX TepMooOpaboTok. [lanHas
npobiemMa A0 HACTOAILIETO BPEMEHHU OCTAETCsl HEPEHIEHHOM, TaK KaK BIHUSET HE TOJBKO Ha
ANIEKTPO(U3NIECKUE XapaKTEPUCTHKH, HO ¥ HA CTPYKTYPHbIE MapaMeTphl KpUcTaia. AHaan3
JUTEPATypHBIX  JAHHBIX  IOKa3bIBa€T, YTO  KHUCIOPOJ  MOXKET  0Opa3oBBIBATH
HecTtexuoMmeTpudeckue cion SiOx, MUKPOOOBEAMHEHUS THUTA TPEIUIUTATOB M aMop(HbIE
gacTuip! Si02, 4TO 3HAYUTENBHO 3aTPYAHAET U3yUeHHE CTPYKTYPHI U MOBECHHUS KHCIOPO/Ia B
KpEeMHHEBOM Kpuctauie. (OCHOBHBIM METOJIOM HCCIICIOBAHHMS TaKUX XapaKTEPUCTUK
KHCJIOPO/ia B MOHOKPHCTAITIMYECKOM KPEMHHUH SIBISICTCS PEHTTeHOAM(DPAKIIMOHHBIN aHaIu3
[7-9]. B cBsi3u C BBIIICU3IOKEHHBIM, IIETBI0 HACTOSIIEH pabOTHI SBISIETCS MCCIICAOBAHUE
CTPYKTYpHBIX ~ HEOJHOPOJHOCTEH, (OpMHpPYEeMBIX TpM  y4acTUH  KHUCIOpoga B
MOHOKPUCTAJUTMYECKOM KPEMHHH, BBIPALLIEHHOM METO10M Y0XpalibCKOro.

O0pa3upl uW MeTOAUKA HcciaeqoBaHusA. OOBEKTOM HCCIIEAOBAaHHS  SIBISIIOCH
MOHOKPUCTAJUTMYECKUI KPEMHUN P-THUIA, BBIPAIIEHHBIN MeTOI0M YOXPaIbCKOTO C yASIbHBIM
conpotuBieHreM p=3+10 Qecwm, KoHIeHTpanuerd mnpumecu Oopa Np=2¢1015 cwm-3,
IUIOTHOCTBIO Juciokatsiu Nd>1013 cm-2 u koHunentpanueii kuciopoga NO=2¢1017 cm-3.
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O6pasupl ¢ pasmepamu  1,4x4x22 MM3 ObUIM M3rOTOBJIEHBI W3 BBIPE3aHHBIX TIACTHH
MOHOKPHUCTAJIITNYECKOTO KPEMHHS.

KoHTponb cTpykTypHbIX M (a3oBbix coctosHuil, O B Si uccienyeMbix o0pas3lnoB
MPOBOAWIIOCh HAa PEHTIEHOBCKOM Jau(pakTOMeTpe TpeThero MokojeHus Tuma Empyrean
Malvern PANalytical L.T.D. Jlns ompeneneHuss MakcUMyMa IIMKa HCIOJIb30Balach
nporpamma OriginPro2022 [10]. Pentreno audpakuuoHHBIE H3MEPEHHs NPOBOAMINCH B
reoMeTpun mydka bparra — Bpentano B nuanazone 20b = ot 15° no 140° HenpepbIBHO cO
ckopocTbio ckanupoBanus 0.33 rpaxyca/mus u yrioBbiM marom 0.0200 (rpax).

PesyabTaThl U MX o0cyxkneHus. B Teyenue 5 yacoB ObUIM NMPOBEIEHBI TEPMUYECKUE
00pabOTKH MOHOKPUCTAIUINYECKOr0 p-Si<B> (KOHTPOJIbHBIX 00pa3lLOB) IpU TeMIeparypax
950°C, 1050°C u 1150°C. Ha puc. 1 npuBeneHbl peHTITEHOIpamMMbl 3THX 00pa3uoB. M3
pEHTreHorpaMM BHJIHO, YTO Ha yrjax paccesHus 20 = 28,53°, 28,5° u 28,45° nabmronatorcs
nudpakuoHHble — oTpakeHMs,  cooTBercTBytomue (111)Si kpucramiorpadguueckoi
OpHeHTalMK, oOJanaromme BbICOKOH uHTeHCHBHOCTBRIO (IS1,(950°C) = 3x10° wumr/c,
IS1,(1050°C) = 4,7x10°¢ mmn/c u ISi,(1150°C) = 1,4x10° uMni/C) 1 BBIPaKEHHOW CEIEKTUBHBIN
Xapakrep. ITO CBUACTEIBCTBYET O TOM, UYTO MOBEPXHOCTb KOHTPOJIBHBIX 00pa3lioB KPEeMHHUS
uMeeT Kpucramiorpadguueckyro opuentarmio (111). Takke OTMEHUTb, YTO C YBEITMUYECHUEM
TeMIiepaTypbl 00paboTKU, AU(PPAKIMOHHBIE MTUKU CMEUIAIOTCS B CTOPOHY MEHBIIUX YIJIOB (C
28,53° no 28,45°), a uX MHTEHCUBHOCTh CHavasia yBeianuuBaercs B 1,6 paza (mpu 1050°C), a
3areM ymeHblIaercs B 2,1 pasa (npu 1150°C). 310 yka3bIBaeT Ha TO, 4TO MPU TEPMHUUECKOU
00paboTKe B TEUCHHE 5 4YacOB IPOMCXOAUT IEpepaclpereseHHue aTOMOB U YMEHBILIECHHUE
KOJIMYECTBO JEPEKTOB B KPHCTAIUIC U YBEIMUCHHE TapamMeTpa pemeTk kpemHaus: aSi,(950°C)
= 0,534 um, aSi,(1050°C) = 0,535 um u aSi,(1150°C) = 0,536 um. Takum oOpaszom, mpu
1050°C mocturaercst MaKCUMallbHasl CTETIEHb KPUCTALTMYHOCTH, a ipu 1150°C Habmogaercs
ee cHikeHue. Kpome toro, Ha yriax paccesnus 20 = 94,95°, 94,94° u 94,98° 3adukcupoBaHbl
mudpakuoHHble  oTpaxkeHusi,  coorBercTByromue  (333)Si  kpucraiorpaduueckon
opueHTanuu, ¢ HTeHcuBHOCTIMH 1S1,(950°C) = 2,3x10* mmri/c, IS1,(1050°C) = 8,9%10* umn/c
u ISi,(1150°C) = 4,5x10° wmn/c. B nuamazone yrioB paccesus 10°+60° MOXHO
HaOIO/IaeTCsl HEMOHOTOHHBIM Xapaktep Heynpyroro ¢GoHoBoro ypoBHs. [Ipu sTom
cTpyktypHbie oTpakeHus (111)Si ciabo pa3zaenstorcsi Ha KOMIIOHEHTHI O U 02, TOTA KaK TPU
(333)Si AEMOHCTPHUPYIOT 3aMETHOE pa3/ICICHHE dTUX KOMIIOHEHTOB. DTO CBHUICTEILCTBYET O
TOM, YTO B pe3yjibTate TepMmuueckoi oOpabotku mpu 950°C, 1050°C u 1150°C B
MOBEPXHOCTHBIX 00JacTIX 00pa3oB (pOPMUPYIOTCS MUKPOHANPSHKEHUS (AMCIOKALUN HITH
apyrue Ae(ekThl), TOorna Kak BO BHYTPEHHEM O0BEME KpPUCTAIMYECKOM pPEIIeTKH
MpOUCXOaUT ux cTabunmzanust [7]. Kpome Toro, Ha yriax paccesHus 20 = 25,7° u 20 = 83,3°
HaOmroMarTesl B-cocTaBisONMe OoTpaxeHui nepeoro nopsiaka (111)Si u Tperbero mopsinka
(333)Si(cm. puc. 2au 2 c).

3.8010°
= — § g 3 2,8510°
1,9010°

9.5010°

p-Si<B= 950 ¢

Si

P-Si<B= 1050 "€

Intensity, pulss”

111
33,
i

p-Si=B= 1150 "C

20 40 60 RO 100 120
26. (")

Puc. 1. Pentrenorpammel 06pa3nos P-Si<B> nogBeprayTeix Tepmuyeckoii odpadorke npu 950°C,
1050°C u 1150°C.

CornacHo SKCHEPUMEHTAJIbHBIM pe3yibTaTaM M0 JU(PPAKLIUOHHBIM OTPaKEHHUSIM
neporo mopsinka (111)Si, ObUI0 yCTaHOBIEHO, 4YTO pa3Mepbl CYOKPUCTAJUINTOB B
KPEMHHEBBIX KOHTPOJIbHBIX 00pa3lax, MOABEPTHYTHIX TEPMUUECKON 00paboTKe B TeUeHUE
5 gacoB npu 950°C, 1050°C u 1150°C, coOTBETCTBEHHO cOCTaBIAOT 59,7 HM, 61,1 HM U
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57,4 M. D10, B CBOIO OuYepelb, YKa3bIBaeT Ha TO, YTO Ipu 950°C u3-3a OTHOCUTENHHO
HU3KOW TemmepaTypbl aud@y3un cocTtosHue CyOKpUCTANIMTOB HE MpeTeprieso
3HAYUTENbHBIX 3MeHeHuH, pu 1050°C B pe3ynbTarte mporecca nepekpucTamuinzatsia T.e.
3a CYET MPUCOCIUHECHUS CYOKPHUCTAJUTMTOB UX pa3Mep nuka yBenuuwics, a npu 1150°C
WHTCHCUBHOCTh TMHKA YMEHBINWICS U3-3a AaKTUBU3AIMHU TPOIECCOB YAAICHUS W
MOBTOPHOTO ()OPMUPOBAHUS CYOKPUCTAIIMTOB. Takke Ha peHTreHorpamMmax Mpu yriax
paccesHus 20 = 63,2° u 105,1° mnHabmomaloTcs CTPYKTYpHBIE  OTpa)kKeHUs,
cootBercTByromue (220)Si u (440)Si (cMm. puc. 2 ¢ u 2 d). DTO CBUAETEIBCTBYET O
HaMYuU B P-Si<B> monukpucTraummueckux obmacTeit paznuuHoro padmepa (ot 11 HM 10
87 HM), pacrpe/IcICHHBIX KaK Ha IIOBEPXHOCTHU, TaK U B 00beMe 00pa3IioB.

Kpome Toro, Ha peHIT€HOrpaMMax KPEMHMEBBIX KOHTPOJIBHBIX OOpPAa3IOB,
MOJABEPTHYTHIX TEPMHUYECKOW 00paboTke B TeUeHHE 5 "acoB mpH Temmeparypax 950°C,
1050°C u 1150°C, ma yrmax paccesaus 20 = 58,8°, 59,0° u 58,9° nHaGmromaercs
CTPYKTYPHOE  OTpa)keHHE, COOTBeTcTByoIiee (222)Si  kpucramiorpaguaeckoi
opueHTanmu (cM. puc. 2 c¢). Kak mnpaBuio, Takue CTPYKTypHBIE OTpPaKEHHs HeE
HAOJII0IAl0TCS Ha PEHTTeHOrpaMMe KPeMHHUS C KPUCTaJUIMYECKOM pelIeTKOM, cBOOOHOM
OT Ppa3IMYHBIX MHUKpOMCKaXeHHH. To ecTh MX MOSABICHHE YKa3blBa€T HA HaJIM4YUe
MUKpPOMCKQ)XEHUH B  KpHUCTaUIMYeCKyro  pemierky. CyliecTByeT  BO3MOXKHOCTb
KOJIMYECTBEHHOTO ONpPENEICHUsS] TaKMX MHUKPOUCKAKEHUH, IJIsl 4YEro MCIOJIb3yeTCs
OTHOIIIEHWE WHTEHCUBHOCTH CTPYKTYpHOro oOTpaxeHust (222)Si K HHTEHCHBHOCTH
OCHOBHOTO cTpyKTypHOTO orpaskenus (111)Si, T.e. [(222)/I(111). B namem cirydae 3tu
3HayeHus coctaBasaoT: 3,8x10™* mpu 950°C, 5,4x10* mpu 1050°C u 6,5x10°* npu
1150°C. Otm 3Hauenus npesblmatoT 1074, 4TO XapakTepHO I KPUCTAIIIMYECKHUX
PELIETOK ¢ aaMa30mog00HOM CTPYKTYpOH, B KOTOPHIX aTOMbl PABHOMEPHO Paclpe/elICHBbI.
DT0, B CBOIO OYepeab, CBHUJETEILCTBYET O TOM, YTO C YBEJIWYEHHEM TEMIIEpaTypbl
TePMHUYECKONH O0O0pabOTKH B KPUCTAITUYECKOW PEIIeTKEe KPEeMHHs pacTyT MEXaHHYeCKHe
HANpSOKCHUST B JIOKATBHBIX 00nacTsx. JlaHHBIH >QQeKxT 00yCIOBIEH HEpaBHOMEPHBIM
pacmpenenieHueM KHUCIIOpOAa, MOCTYMAomero B Kpuctamun u3 (oHoBbix mpumeceid. C
BBICOKOW BEpOSITHOCTBIO 3TO CBSI3aHO C pPa3sHUIEH HMOHHBIX paJNyCOB KPEMHHUSA H
KHCIIOpOJIa, a TaKKe ¢ HEOOJBIIMMU HANPSDKEHUSMHU, BOSHUKAIOIIMMHU BO BpeMs pocTa
KpUCTaJljla M3-3a TpajueHTa TeMIeparypbl. M3-3a pa3nuuuss HOHHOIO pajauyca
KHCIIOPOJIHBIE aTOMBI paclojiaraloTcs BOJIM3U TPAHUI] KPUCTAJUIMUECKHUX PELIEeTOK, Ha
rpaHULAX pasjiena KPEeMHHEBBIX CYOKPHCTAJUIMTOB, a TakXKe B CMELICHHBIX Y3Jax
pemerku. [Ipu 3TOM OHM KOMIIEHCUPYIOT HEHACBIILIEHHBIE CBSI3U KPEMHHUA. JTO, B CBOIO
ouepeslb, MOKAa3bIBAET, YTO B 00BEME KpUCTaIa MPEUMYILIECTBEHHO pacCIoJararoTcs
aTOMbl KpPeMHHsSI W JlaHHas CTPYKTypa o0ONaJaeT BBICOKOM CHMMETpPHEH, a aTOMBI
KHCIIOpOJ1a MOTYT CIIOHTAaHHO (hOPMHUPOBATh ACUMMETPHUYHBIE KPUCTAJIUTHI Ha IpaHUIAX
paszzaena cyOKpHCTaITUTOB.

B moaTBepikieHUe BbIIICYKAa3aHHBIX PACCyXICHHH, Ha peHTreHorpammax p-Si<B>
npu yriaax paccesaus 20 = 20,2°, 20 = 39,1°, 20 = 42,6°, 26 = 90,8° u 20 = 91,9° 6bu1H
OOHapy)XEeHBl CTPYKTYpHBIC OTpakeHUs, oOTHocsmmecs K ¢aze SiO2, KOTOphIe
COOTBETCTBYIOT KpHcTaiuiorpadpuueckum opuentarusm (100), (102), (200), (400) u (401)
(cm. puc. 2 a u 2 ¢). Kpome Toro, aHanu3 3Hauye€HWW TMOJHOM MIMPUHBI HA TIOJOBUHE
BbIcoTHl (FWHM = 5,7x1073 + 7,1x107 pan) noka3siBaeT, 4To B 00pasie GpopMupyrotcs
KpPUCTAJUIUTBL pasMepoM 21-25 HM, cogepKallMe aTOMbl KPEMHHUS W KHUCJIOpOAA.
JIOTIOJIHUTENBHO, IKCIIEPUMEHTANBHBIC 3HAYCHHS ATHX CTPYKTYPHBIX OTpaKeHHUU ObUIH
nepepadoTaHbl U MPOAHATU3UPOBAHBI, YTO MMO3BOJIMIIO YCTAHOBUTD, YTO KPUCTAJUIMUECKUE
napameTpsl SiO: cocraBisror: aexp = bexp = 0,5031 um, u cexp = 0,5527 um. OtH
KPHUCTAJUITMUTBI TIPUHAJIIIC)KAT TPUTOHAIBHOM SJIEMEHTApHOM sTYEHKE ¢ MPOCTPAHCTBEHHOM
rpynmnoit P3221. Takxe, Ha peHTreHorpamme p-Si<B> mpu yriax paccesHus 20 = 23,0° +
23,6° ObUIO BBISBIEHO CTPYKTYpHOE OTpa)keHue, oTHocsmeecs K ¢aze B20s;. Ono
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obpa3yeTcs 3a cueT HaJM4usl OHOBBIX MPUMECEH B KPEMHHH M B3aUMOJICHCTBHS aTOMOB
KHCJIOpoJla W Oopa, 4YTO MNPUBOAUT K (HOPMHUPOBAHHMIO KpHCTAIIOTrpaduIeCcKon
opueHtauuu (100), cocrosmeil W3 IByX KOMIIOHEHTOB AHA/N3 SKCIIEPUMEHTAIBHBIX
JaHHBIX JAHHOTO OTPaXEHWS IOKas3al, 4YTO KpucTtaumrtel B.Os mnpunamnexar
TPUTOHAJIBHOM 3JIEMEHTApHOW SYEMKE ¢ MpOCTpaHCTBEHHOW rpynmnoil P3221 u umeror
napaMmeTpsl pemeTku: aexp = bexp = 0,4415 um u cexp = 0,8812 um. Pasmep stux
KPUCTAJUIUTOB COCTABUII 55 HM.

: 4 b
120004 d 14000 J

(1)

12000 - P-Si<B=950°C
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P-Si<B=1150%
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Puc.2. U3meHeHue YPOBHS Heynpyroi (poHOBO# peHTreHorpaMmbl o6pa3sua p-Si<B> npu mMaJbIx,
CPeIHNX U 0OJILIINX YIJIaxX paccesiHus, a Tak:Ke (POPMBbI HAGII0AAeMbIX CTPYKTYPHBIX OTPasKeHMIi.

Kpome TOro, Ha peHTreHOTpaMMax KpPEMHHEBBIX KOHTPOJBHBIX 0OpPAas3IoB,
MOJIBEPTHYTHIX TepMHUYECKOil 00paboTke B TeueHue 5 yacoB mpu Temmepatypax 950°C,
1050°C u 1150°C, B obmactu ManbIx yrioB paccesHus (20 = 13°) nabmronmarorcs
muddy3Hbele oTpakeHus, oTHocsmuecs K ¢aze SiOx (cM. puc. 2 a). AHaIU3 3HAYCHUH
MOJIHOM mMpuHbI Ha nosioBuHE BeIcOThl (FWHM) nokazeiBaer: FWHM(950°C) = 7,2x1072
pan, FWHM(1050°C) = 8,7x1072 pan u FWHM(1150°C) = 8,4x1072 pan. Ilo »tum
3HAYCHMUSIM YCTAaHOBJICHO, YTO JAHHBIE CTPYKTYPHl HE SIBISTIIOTCS KPUCTAJUIUTAMH, a
NPEJCTABISAIOT cO00I MenKue GpparMeHThl, pa3Mep KOTOPbIX cocTaBisieT: 2 HM npu 950°C,
1,6 am mipu 1050°C, 1,7 am npu 1150°C. Takue ¢pparMeHTH B OCHOBHOM OOpa3yroTcs B
MIPUMTOBEPXHOCTHBIX 00JacTAX KPEMHHMS M YKa3bIBAlOT HA HaJIM4YMe HEHACBHIIEHHBIX
CBs3el MEXIy aTomMamMu kpemHHs. KpoMe Toro, mx maiblii pa3Mep CBHIETEIbCTBYET 00
OTCYTCTBHHM JAJBbHETO MOPSAJIKA B PACIIONIOKEHUH KPEMHHUEBBIX M KUCIOPOIHBIX aTOMOB.
ITosToMy Takme oOpa3oBaHUS HE SBISAIOTCA HAHOKPUCTAJUIMTAMH, a OTHOCITCA K
KinactepaMm. Takke, MOCKOJIbKY aHAJOTHYHBIE KJIACTEPbl YAaCTUYHO (OPMHUPYIOTCA B
pa3IUUYHBIX OOJACTAX KPEMHHEBBIX KOHTPOJBHBIX oOpasmoB mpu 950°C, 1050°C wu
1150°C, Ha peHTreHOrpamMmax B OOJIACTH MaJbIX, CPEIHUX U OOJNBLIMX YIJIOB PaCcCESHUS
HaOJII0AaI0TC U3MEHEHUsl Heynpyroro ()oHa peHTTeHOrpaMMbl Pa3HOro Xapakrepa. ITo,
B CBOIO OY€pe/ib, CBUICTEIILCTBYET O (POPMUPOBAHHUH JIOTIOTHUTEIBHBIX MUKPOAC(PEKTOB B
KPUCTAJNINYECKOH peleTke KpeMHUsL.

Ha penrtreHorpaMmax KpEeMHHEBBIX KOHTPOJIBHBIX 0Opa3IoB, MOABEPIHYTHIX
TepMUYecKor 00paboTKe B TeueHue 5 yacoB npu temmneparypax 950°C, 1050°C u 1150°C,
Ha yrie paccesHus 20 = 30,8° HaOmromaeTcst CTPYKTypHOE OTpPa)KCHHE, OTHOCSIIEeCsS K
¢aze SiBs (rexcabopun kpeMHus) ¢ Kpuctamiorpapudeckoii opuenrtanueit (110) (em. puc.
2 b). Ota dasza obpazoBaHa KyOMYECKUMH 3JIEMEHTApPHBIMU SUYCHKaMH C MapaMeTpaMu
pemetku: aexp = 0,4156 HM. Pa3Mep KpuCTaUIMTOB, COOTBETCTBYIOIMX JaHHOHM (asze,
coctasisieT: 75 am npu 950°C, 71 um npu 1050°C u 95 um npu 1150°C. Dto, B cBOIO
ouepelib, yKa3blBaeT Ha cienyrolue npoueccsl: npu 950°C npoucxoaut GopMUpOBaHUE U
poct kpuctammToB; npu 1050°C HabmromaroTcsi peopraHu3anus U (QparMeHTaIys, 4To
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IIPUBOJUT K BPEMEHHOMY YyMEHBIIEHUIO UX paszMmepa; npu 1150°C yBennuumBaercs
MOJIBJKHOCTh aTOMOB, M 3a cueT HHTeHcupukamuum wmexanuzma Ostwald Ripening
MIPOUCXOAUT YKPYIHEHUE KPUCTAJUIUTOB.

3akimouenne. Ha oOCHOBe NPOBEICHHBIX PEHTIEHOCTPYKTYPHBIX HCCIIEIOBAHUN
MOHOKPHUCTAITUYECKUX 00pa3ioB p-Si<B> cienaHbl cieayrome BEIBOIBI:

YCTAHOBJICHO, YTO IMOBEPXHOCTh MOHOKPHUCTAUIMYECKHX 00pas3ioB p-Si<B>
COOTBETCTBYET KpucTayuiorpaduueckoit opuenrauuu (111). B pesynbrate TepMuyeckoi
ob6pabotku mpu 950°C, 1050°C u 1150°C mpoucxoauTt mepepacnpesieicHHe aTOMOB U
nedeKToB, YTO MPUBOJUT K YBEIMUEHHUIO0 mapamerpa pemerku: aSi,(950°C) = 0,534 M
aSi,(1050°C) = 0,535 um u aSi,(1150°C) = 0,536 amé. Ilpu sTOM KpHCTAITMYECKOE
coBepuieHcTBO yBenuuuBaercs npu 1050°C u ymensmaetcst npu 1150°C.

B pe3ynbTaTe TepMuueckod o6Opabdotku mpu 950°C, 1050°C u 1150°C B
MOBEPXHOCTHBIX 00JacTSIX 00pa3ioB (OPMHUPYIOTCS MHUKPOHATPSDKEHUS (IUCIOKAIUU |
npyrue aedeKTsl), a B 00beMe 00pa3IoB MPOUCXOAUT X CTAOUITH3AIIHS.

yCTaHOBJE€HO, 4TO mpu 950°C u3-3a OTHOCHUTEIBHO HH3KOM TeMIepaTypsl
muddy3un cyokpuctautel (59,7 HM) mpakTHUYeckKd He usMeHstorcs, npu 1050°C
MIPOTEKAET MPOIIECC MEPEKPUCTAIIIUZAIMHI, YTO MPUBOJUT K UX yBeJlnueHuto A0 61,1 aM u
mpu 1150°C wu3-3a paspymieHds W TOBTOPHOTO (OPMHPOBAHUS CYOKPHUCTAJUTMTOB HX
pa3mep ymeHsbIaeTcs 10 57,4 HM;

B pe3yNbTaTe B3aMMOJCHCTBHUS aTOMOB KpeMHHs, O0pa U KHcIopoaa o0pa3yroTcs
kpuctamuTel SiO2 u B20s, oTHOCSIIMECS K TPUTOHAIBLHOW JJIEMEHTApHOHU sueiike ¢
npocTpancTBeHHO rpymmoit P3221, SiO:: aexp = bexp = 0,5031 um u cexp = 0,5527 um,
pasmep kpucrauutoB 21-25 um; B20s: aexp = bexp = 0,4415 um, cexp = 0,8812 Hwm,
pa3sMep KpUCTAJUIUTOB 55 HM.

B IOBEPXHOCTHBIX 00JACTAX MOHOKPHCTAJUIMYECKHX 00pa3moB p-Si<B> mocie
tepMudeckoit o6pabotku mpu 950°C, 1050°C u 1150°C ¢dopmupyroTcst KiacTepsl
pazmepom 2 M, 1,6 HM 1 1,7 HM. DTH KIactepsl 00pa3yroTCs 3a CUYET HEHACHIIEHHBIX
cBsa3eil kpemHus u kucinopoaa (SiOy) U MPUBOIAAT K OOpPa30BaHUIO TOMOTHUTEIHHBIX
MHUKpPOJ1€(DEKTOB B KPUCTAIIINUYECKON PEILETKE.

B pe3ynbraTe TepMmuyeckoi ob6pabotku mpu 950°C, 1050°C u 1150°C Ha
MOBEpXHOCTU 00pa3LoB p-Si<B> ¢popMupyroTCs HAaHOKPUCTAJUIUTHI pa3mepoM 75 HM, 71
HM U 95 HM, cocTosIue N3 KyOUYECKUX IEMEHTAPHBIX SYEeK C MapaMeTpaMu PElIeTKU
aexp =0,4156 um.

Cnmcok UCno/1b30BaAHHOM JIUTEPATYyPhI

1. CHEN lJia-he, et al Monocrystalline silicon used for integrated circuits: still on the way// Front.
Mater. Sci. China, 2008. 2(4) 335-344. https://doi.org/10.1007/s11706-008-0062-0

2. Yu X,, Yang D., Ma X, et al Grown-in defects in nitrogendoped Czochralski silicon// Journal of
Applied Physics, 2002. 92(1), 188-194.

3. Huang X., Taishi T., Yonenaga ., et al Dislocation-free Czochralski Si crystal growth without dash
necking using a heavily B and Ge codoped Si seed// Japanese Journal of Applied Physics, 2000. 39 115-119.

4. Bohoev A.Y., Photoelectric characteristics of the heterojunction n-GaAs-p-(GaAs)l-x-
y(Ge2)x(ZnSe)y// East European Journal of Physics. 2024. 3, 298-302 https://doi.org/10.26565/2312-4334-
2024-3-31

5. Bomap P. H. Brnusaune npumeceid W ycloBHH BBIPAIIMBAaHUS MOHOKPHCTAJUIOB KPEMHHS METOJIOM
YoxpalbCKOTO Ha BENMYNHY BPEMEHH KU3HN HEPaBHOBECHBIX HocuTene 3apsana / TAPIL. 2015. Ne4 (21).

6. Sh.B. Utamuradova, Kh.J. Matchonov, J.J. Khamdamov, and Kh.Y. Utemuratova, X-ray diffraction
study of the phase state ofsilicon single crystals doped with manganese// New Materials, Compounds and
Applications, 2023 7(2), 93-99.

7. Li M, Liu Y., Zhang Y., et al Effect of the Annealing Atmosphere on Crystal Phase and
Thermoelectric  Properties of Copper Sulfide//  ACS Nano, 2021. 15(3), 4967-4978.
https://doi.org/10.1021/acsnano.0c09866

8. Igamov B.D., Kamardin A.l., Nabiev D.Kh., Bekpulatov I.R., Study of the physical nature of Mn4Si7

crystals formed by the diffusion method using an X-ray diffraction// Journal of Crystal Growth 2025. 64(9),
27-32.

29


https://doi.org/10.1007/s11706-008-0062-0
https://doi.org/10.26565/2312-4334-2024-3-31
https://doi.org/10.26565/2312-4334-2024-3-31
https://doi.org/10.1021/acsnano.0c09866

QarDU xabarlari FIZIKA-MATEMATIKA 2025 2(2)

9. Cadapos A. C., Aonymrtaes b. A., Illykyposa JI. M. BzaumozelicTBHEe KHCIOPOAa C MOBEPXHOCTHIO
kpemuns // JOM. 2004. Nel.

10. SIkumenko A. A., Uepsownsiit . @. O6 oOpa3oBaHUU CTPATOBOI HEOJHOPOAHOCTH B MOHOKPHCTAILIIAX
kpemans // BEXKIIT. 2014. Ne5 (71).

S VA Rh ATOMLARI BILAN LEGIRLANGAN KREMNIY ASOSIDAGI p*-i—p*
HAMDA p*—i—-n* TUZILMALARNING ELEKTROFIZIK VA FOTOELEKTRIK
XOSSALARI

Boboyev Akramjon

Andijon davlat universiteti, DSc, dotsent

aboboevscp@gmail.com

ORCID 0000-0002-3963-708X

Mahmudov Sherzod

O°z RFA Yadro fizika instituti, k.i.x.

maxmudovsher@gmail.com

ORCID 0009-0003-6539-9278,

Normurodov Dilshod

Qarshi davlat universiteti, dotsent

normurodovdilshod2110@gmail.com

ORCID 0009-0000-7454-5917

Ibrohimov Ziyodjon

Andijon davlat universiteti, o‘gituvchi

ibrohimov_96@list.ru

ORCID 0009-003-6931-661X

Ibrohimov Sarvarbek

Andijon davlat universiteti, talaba

ibrohimovsarvar1602@gmail.com

ORCID 0009-0004-6907-8129

Annotatsiya. Magolada Si<B,S> va Si<B,Rh> tuzilmalarining fotosezgirlik xossalariga turli

nurlanishlar ta’siri bo‘yicha o‘tkazilgan eksperimental tadgiqot natijalarining tahlillari keltirilgan. Si<B,S>

va Si<B,Rh> asosida tayyorlangan fotodiodlarning sezuvchanligi harorat pasaytirilganda (300 K dan 77 K

gacha) bir necha barobarga (0,35 dan 2,6 A-W™' gacha) ortishi aniglandi. Si<B,S> asosidagi

fotogabullagichlarning ostona sezuvchanligi Si<B,Rh> asosidagilarga nisbatan sezilarli darajada yuqori (&,

~ 1,2-10"" Im-Hz'/?) ekanligi aniqlandi. Kremniyda oltingugurt (S) yoki rodiy (Rh) elementlari

konsentratsiyasining oshishi fotosezuvchanlikni oshirishi, biroq bu konsentratsiya me’yordan oshib ketganda

(NRh > 2,6-10" sm™) aksincha, sezuvchanlikning 3+4 marta pasayishiga olib kelishi aniqlandi. Si<B,S> va

Si<B,Rh> asosida shakllangan fotogabullagichlarning yuqori darajadagi radiatsiya sharoitida (protonlar,

neytronlar, elektronlar va y-kvantlar ta’sirida) sezuvchanlik parametrlarini saqlab qolishi aniglandi. p*—n—p—

n* asosidagi diodlarda kuzatiladigan S-simon VAX va sirilish kuchlanishining (Ucp = 0,5+10 V) harorat

oshishi bilan yo‘qolishi aniglandi. Si<B,S> va Si<B,Rh> diodlarida fotoo‘tkazuvchanlik relaksatsiyasi
zaryad tashuvchilarning yashash vaqti uzayishi bilan bog‘lig ekanligi aniglandi.

Kalit so‘zlar: oltingugurt, rodiy, fotoo‘tkazuvchanlik, nurlanish, monoxromatik sezgirlik,
relaksatsiya.

ELECTROPHYSICAL AND PHOTOELECTRIC PROPERTIES OF
SILICON-BASED p*i—p* AND p*i-n* STRUCTURES ALLOYED WITH S AND
RH ATOMS

Abstract. The paper analyses the results of experimental studies carried out to investigate the
photosensitive properties of Si<B,S> and Si<B,Rh> structures under the influence of various types of
radiation. It was found that the sensitivity of photodiodes fabricated on the basis of Si<B,S> and Si<B,Rh>,
increases several times (from 0.35 to 2.6 A-W™) at decreasing temperature (from 300 K to 77 K). The
threshold sensitivity of Si<B,S> based photodetectors was found to be significantly higher compared to
Si<B,Rh> based photodetectors (@, =~ 1.2:10! Im-Hz*2). Increasing the concentration of sulphur (S) or
rhodium (Rh) in silicon increases the photosensitivity, but the sensitivity decreases 3-4 times when the
permissible concentration is exceeded (NRh> 2.6-10* cm®). It was found that photodetectors based on
Si<B,S> and Si<B,Rh> retain their sensitivity parameters at high levels of radiation exposure (under the
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action of protons, neutrons, electrons, and y-quanta). In diodes based on p*-n-p-»n*, an S-shaped Volt-ampere
characteristic is observed, as well as the disappearance of the gating voltage (Ucp = 0.5+10 V) with
increasing temperature. Relaxation of photoconductivity in diodes based on Si<B,S> and Si<B,Rh> is due to
the increase in the lifetime of charge carriers.

Keywords: sulfur, rhodium, photoconductivity, radiation, monochromatic sensitivity, relaxation.

Kirish. Kremniyni legirlash orgali uning fotoelektr xossalarini yaxshilash
zamonaviy fotogabullagich, fotodiod va radiatsiya sensorlari kabi elektron qurilmalarni
yaratishda muhim ahamiyat kasb etadi. Kremniyning tuzilmasini magsadli o‘zgartirish,
ya’ni uni turli donor va akseptor elementlar bilan legirlash, uning tashuvchilar zichligi,
ruxsat etilgan energetik holatlari va optik sezgirligini nazorat gilish imkonini beradi. Bu
esa kremniy asosida ishlab chigariladigan qurilmalarning sezuvchanligi, ishonchliligi va
bargarorligini keskin oshiradi.

Xususan, oltingugurt (S) yoki rodiy (Rh) kabi elementlar bilan legirlash natijasida
kremniyning yuza gismida p*— qatlami shakllanadi [1]. Bu gatlam doimiy zichlikdagi
kovakli tok tashuvchilar manbasi bo‘lib, yorug‘lik ta’sirida yuzada fotoelektron
jarayonlarni samarali boshgarishga imkon beradi [2]. Natijada, bunday strukturalar asosida
p—i—p* yoki p—i—n*turidagi simmetrik va asimmetrik fotogabullagichlar yaratish mumkin
bo‘ladi.

Bunday tuzilmalar nafagat oddiy fotogabullagichlar, balki radiatsiyaga chidamli
sensorlar, infraqizil detektorlar, nonurun kameralar, astronomik priborlar va boshga yuqori
aniglikdagi qurilmalarda keng qo‘llaniladi [3]. Aynigsa, i-gatlamining mavjudligi
materialning kam legirlangan, deyarli oralig holida ekanligini ko‘rsatadi, bu esa
fotoelektrik effektni aniq va yugori samarada ro‘y berishini ta’minlaydi [4].

Shuningdek, kremniyni fosfor (P) bilan donor sifatida legirlash orgali »*—gatlam
hosil qgilinib, p—i—n* strukturalar shakllantiriladi hamda bu kabi tuzilmalarda ichki elektr
maydonining mavjudligi, fotoelektronlarni tez va samarali ajratishga yordam beradi [5].
Natijada, umumiy sezuvchanlik va tezkorlik yuqorilashadi. Yuqorida ta’riflangan
jarayonlar va strukturalar asosida yaratilgan fotogabullagichlar turli harorat va nurlanish
sharoitida o‘z xossalarini saqglab qoladi [6]. Shuning uchun ham bunday tuzilmalar
radiatsiya muhitida, jumladan, yadro energetikasi, kosmik ilmiy tadgigotlar va harbiy-
sanoat sohalarida go‘llash uchun ayni muddao hisoblanadi. Shu munosabat bilan, ushbu
magolada Si<B,S> va Si<B,Rh> tuzilmalarining fotosezgirlik xossalariga turli
nurlanishlarning ta’siri bo‘yicha o‘tkazilgan eksperimental tadgigot natijalari hamda
ularning muhokamasi keltirilgan.

Materiallar va tadgiqot usullari. p*—i—n* strukturani hosil gilish jarayonida
kremniy asosiy material sifatida xizmat giladi. Bu jarayonda p-turli, ya’ni bor (B) bilan
legirlangan kremniy plastinka ishlatiladi, uning o‘rtacha xos garshiligi p = 2+10 Om-sm ni
tashkil etadi. Tuzilmalarning asimmetrik tabiati va yuqori samaradorligiga erishish
magsadida kremniyning ikki garama-qarshi yuzasiga turli legirlovchi moddalar surtiladi.
Xususan, plastinkaning bir tomoniga akseptor xususiyatga ega bo‘lgan oltingugurt (S)
yoki rodiy (Rh) eritmasi go‘llaniladi. Bu moddalar kremniyda kovakli tok tashuvchilar
zichligini oshirib, yuqori darajada legirlangan p*—qatlam hosil gilishga xizmat giladi.
Ikkinchi tomonga esa donor xususiyatga ega bo‘lgan fosfor (P) eritmasi yuritiladi, bu esa
n'—gatlamni shakllantiradi. Shu tariga, tuzilmaning yugori gismida p*—qatlam, pastki
gismida esa n*—qgatlam va markazda oralig (kam legirlangan) i-gavat vujudga keladi.
So‘ngra kremniy plastinkalar surtilgan yuzlari bir-biriga garatilib, o‘zaro ancha yuqori
bosimda (kontaktli) joylashtiriladi. Bu usul legirlovchi moddalarning bir tekis targalishi va
kremniy tuzilmasiga samarali kirib borishini ta’minlaydi. Shu holatdagi tayyor plastinkalar
1250-1300°C haroratda, atmosferada yoki inert muhitda (massalan, azot, argon) ochiq
diffuziya sharoitida termik ishlov beriladi. Bu jarayon davomida legirlovchi moddalar
kremniy kristal panjarasiga kirib, profil bo‘yicha chuqurligi nazorat gilingan p—i-n"
tuzilma hosil bo‘ladi. Ushbu texnologiyaning afzalligi shundaki, u orgali strukturaning har
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bir gismida aniq energiya baryerlari va tashuvchi zichligi vyaratiladi, bu esa
fotogabullagichning yugori sezuvchanligi, kam shovqinli ishlashi va barqgaror elektr
xossalariga erishish imkonini beradi. Bunday tuzilmalar o°zining tezkorlik (t), spektral
diapazon, fototok/gorong‘ulik tok nisbati va radiatsiya barqgarorligi bilan ajralib turadi.
Natijalar va ularning muhokamasi. Fotoelektr xarakteristikalar. p*—i—p* va p*—
i-n* tuzilmalari asosida tayyorlangan fotogabullagichlarning spektral xossalari sanoatda
keng go‘llaniladigan FD-28KP fotodiodi bilan tagqoslangan. Tagqoslash natijalari asosida
turli tuzilmalarning spektral sezuvchanligi va ishchi holati aniq baholandi. Ushbu
tuzilmalarning spektral xarakteristikalari 1-a va b rasmlarda, mos parametrlari esa 1-
jadvalda keltirilgan. Tahlillardan ma’lum bo‘lishicha, harorat 77 K gacha pasaytirilganda,
fotogabullagichlarning sezuvchanligi ancha oshgani kuzatilgan. Xususan: Si<B,S>
asosidagi tuzilma uchun: A = 0,625 mkm bo‘yicha S, =~ 0,35 A-W (300 K) + 2,6 A-W!
(77 K); Si<B,Rh> asosidagi tuzilma uchun: A = 0,625 mkm bo‘yicha S, = 0,28 A-Vt!
(300 K) +0,74 A-W (77 K). Bu ko‘rsatkichlar past harorat sharoitida fotoyorug‘likka
bo‘lgan sezuvchanlikning bir necha barobar oshishini tasdiglaydi. Bu, o‘z navbatida,
bunday tuzilmalarni kriogenik sensorlar, nochirog nurlanish muhitlarida ishlovchi
detektorlar uchun juda mos ekanligini ko‘rsatadi [7]. Shuningdek, fotogabullagichlarning
ostona sezuvchanligi (®,) ham aniglangan. Yuklama garshiligi Ry = 50 kOm bo‘lgan

holda: Si<B,S> tuzilmasi uchun: ®, = 1,2-10"' Im-Hz'/?; Si<B,Rh> tuzilmasi uchun: @,
~ 4,0-10 Im-Hz /2. @, giymatining past bo‘lishi, qurilmaning juda kichik yoruglik
signallarini aniglash gobiliyatiga ega ekanligini anglatadi.

100 +

a 3 < —o— Si<B.S> (=300 K) & b ’,/(u\

1-rasm. Si<B,S> va Si<B,Rh> asosidagi p*—i—p (a) hamda p*—i-n* (b) tuzilmalar, shuningdek, FD-28KP
yorug‘lik diodining spektral xarakteristikalari.

Shu bilan birga, Si<B,S> strukturalari Si<B,Rh> ga nishatan yuqoriroq

sezuvchanlik va pastrog ostona sezuvchanlik bilan ajralib turibdi, bu esa uni yugori aniglik

talab etuvchi fotoelektrik qurilmalarda go‘llash uchun samarali ekanligini tasdiglaydi [8].

1-jadval.
Si<B,S> va Si<B,Rh> asosidagi fotosezuvchuvsan tuzilmalar parametrlari
Ne Parametr Si<B,S> Si<B,Rh>
1 Shovqin kuchlanishi (Ug), mkV 2+10 2+10

Monoxromatik sezuvchanlik (S;)

2 220,85 mkm, A/W 0,50+0,75 0,50+0,75
3 Integral tok sezuvchanlik (S;), mA/Im 40+50 40+50
4 Vaqgt doimiysi (1), s (2+50)-10* (2+50)-10*

Legirlovchi moddalar konsentratsiyasining ta’siri. p-tipdagi kremniyda legirlovchi
moddalar sifatida oltingugurt (S) yoki rodiy (Rh) elementlari go‘llanilganda, ularning
konsentratsiyasi  oshishi bilan fotosezuvchanlikning oshishi kuzatiladi. Bu holat
legirlovchi moddalarning kremniy tuzilmasida yorug‘lik ta’sirida tashuvchi zichligini
oshirishi va rekombinatsiya jarayonlarini susaytirishi bilan izohlanadi [9]. Biroq,
legirlovchi moddaning konsentratsiyasi meyordan ortib ketgan holda, ya’ni material o‘ta-
kompensatsiyalangan holatga o‘tsa, bunda donor va akseptor markazlarining o‘zaro
kompensatsiyasi ortib, erkin tashuvchilar soni keskin kamayadi [10]. Bu esa o‘z navbatida
fotogabullagichning sezuvchanlik darajasini 3+4 martagacha pasayishiga olib keladi [11].
Bunday holatda yuzaga keladigan to‘siq maydonlari va defektlar soni ortishi ham
fototokning kamayishiga sabab bo‘ladi. Ushbu ta’sirni empirik ravishda baholash
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magsadida 2-jadvalda turli Rh konsentratsiyalaridagi Si<B,Rh> asosidagi tuzilmalarning
fototok va qorong‘ulik tok xossalari keltirilgan. Jadvaldan ko‘rinib turibdiki, Rh
konsentratsiyasi ma’lum optimum qiymatdan oshib ketganda, fototokning pasayishi va
Ie/lg nisbatining keskin o‘zgarishi gayd etilgan. Bunda Rh konsentratsiyasi Nrn = 2,6-10'*
sm gacha oshirilganda, 77 K haroratda Ir/lg nisbati 107 gacha ko‘tarilgan, bu esa yuqori
sezuvchanlikni bildiradi. Biroq ushbu giymatdan ortiq konsentratsiyalarda zichlikning
oshishi emas, aksincha sezuvchanlikning pasayishiga olib kelishi mumkin [12].

2-jadval.
Rh konsentratsiyasi ta’siridagi fototoklar
Nzp, sM—2 300 K 77K
Ir, A Is, A I /1t Ir, A I, A I /17
7-10"* | 1,1-107*|1,0-107%| 91 |23-107°| 8-10°° 35
1,5-10% | 4-107° |3,8-107°| 95 - - 1,6-10°
2,6-10%° [ 1,6-107°| 1,8-10°° 11 1-1071% | 1,8-1072 | 1,8 - 107

Radiatsiya ta’siri. Radiatsiyaning Si<B,Rh> va Si<B,S> asosida shakllangan
tuzilmalarning sezuvchanlik parametrlari (S; va S;) ga ta’siri 3- va 4-jadvallarda
keltirilgan. Ushbu jadvallarda protonlar, neytronlar, elektronlar va y-kvantlar kabi turli xil
nurlanish turlari ta’sirida tuzilmalarning tok sezuvchanligidagi o‘zgarishlar tahlil gilingan.
Tajribaviy natijalarga ko‘ra, Si<B,Rh> asosidagi tuzilmalar ko‘p holatlarda Si<B,S>
tuzilmalariga nisbatan kattaroq sezuvchanlik o‘sishini ko‘rsatgan. Shu bilan birga,
Si<B,Rh> va Si<B,S> strukturalari y-nurlarining ~10'* sm™2 flyuyensida ham o‘zlarining
yugori darajadagi sezuvchanligini saglab qolganligi gayd etilgan.

3-jadval.
Radiatsiya turi va oqimlar ta’sirida tok sezuvchanlikdagi o‘zgarishlar

. . . ~ AS; (%)
Ne Nurlanish turi Integral ogim (sm2) Si<B 5>
1 Protonlar (E=18 MeV) 5-10'%/1-10'3/5-10" 20/50/92
2 Neytronlar (E>0,1 MeV) 3-10%/5-10'%/8-10"? 12/42/55
3 Elektronlar (E=6 MeV) 10'4/10'5/10'¢ 7/144/87
4 y-kvantlar (*°Co) 1,1-10'%/2,5-10'%/3,5-10'® 7/38/70

4-jadval jadvalda esa Si<B,S> va Si<B,Rh> asosida shakllangan tuzilmalarning
monoxromatik sezuvchanligi (S;), integral tok sezuvchanligi (S) hamda vaqt doimiysi (7)
kabi asosiy parametrlarining nurlanishgacha va nurlanishdan keyingi holatlari
solishtirilgan. Ta’kidlash lozimki, nurlanish ta’siri natijasida har ikki tuzilmaning ham
sezuvchanlik ko‘rsatkichlari biroz kamaygan bo‘lsa-da, ularning giymatlari hali ham
sanoat standartlariga nisbatan yugori darajada qolmoqgda. Bu esa Si<B,S> va Si<B,Rh>
asosidagi sensorlarning radiatsiya ta’siri ostida ishonchliligi va barqarorligidan dalolat
beradi. Shunday qilib, mazkur tuzilmalar yuqori radiatsiya muhitida uzoq vaqt ishlash
gobiliyatini saglab golishi bilan kelgusidagi amaliy go‘llanish uchun muhim afzalliklarga
ega ekanligini tasdiglaydi [13].
4-jadval
Si<B,S> va Si<B,Rh> asosidagi strukturalarning nurlanishdan oldin va keyingi parametrlari

Parametr Si<B,S> Si<B,S> | Si<B,Rh> | Si<B,Rh>
Oldin Keyin Oldin Keyin
Monoxromatik
sezuvchanlik (SA), AW 0,70 0,40 0,78 0,26
Integral tok sezuvchanlik
(S1), mA/Im 49,4 21 55 13,29
Vaqt doimiysi (1), s 1-10* 8105 1-104 6-10-5

2-rasmda nurlanishdan oldin va keyingi spektral xossalar taggoslangan bo‘lib,
natijalar shuni ko‘rsatadiki, maxsus elementlar (masalan, bor va oltingugurt) bilan
legirlangan kremniy (n-Si<B,S>) asosida tayyorlangan fotogabullagichlar spektral
sezuvchanlikning o‘zgarishi nuqgtayi nazaridan ancha yuqori radiatsion barqgarorlikka ega.
Bunday materiallar asosida yaratilgan tuzilmalar, tez neytronlar ta’sirida standart sanoat
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kremniy fotodiodlariga nisbatan 3+4 baravar yuqori chidamlilik namoyish etadi.

Bu xulosa tez neytronlar flyuyensining (E > 0,1 MeV) fotogabullagichlarning
integral tok sezuvchanligiga ta’sirini ko‘rsatuvchi 5-jadval natijalari bilan ham
tasdiglanadi. Jadvalda n-Si<B,S> asosidagi fotogabullagichlar hamda n-Si<P> (sanoat
fotodiodi FD-10K) asosida tayyorlangan fotogabullagichlarning nurlanishdan keyingi
integral tok sezuvchanligining nisbiy o‘zgarishi [S7™" / SP)-100%] keltirilgan.

J/A‘ N
# S

2-rasm. Si<B,S> va Si<B,Rh> tuzilmalarning nurlantirilmagan va 8-103smflyuens tez neytronlarda
nurlanishdan keyingi spektral xarakteristikalari.

Jadval ma’lumotlaridan ko‘rinib turibdiki, n-Si<B,S> asosidagi
fotogabullagichlarning integral sezuvchanligi yugori neytron dozalarida ham nisbatan
bargarorligicha golmoqda. Shu bilan birga, FD-10K tipdagi sanoat fotodiodi tez neytronlar
ta’sirida deyarli o°zining dastlabki sezuvchanligini saglab qoladi, bu esa sanoat
fotodiodining yuqori radiatsiyaga chidamliligidan dalolat beradi. Shunday qilib, yuqori
radiatsion  barqgarorlik  talab  qilinadigan  sharoitlarda n-Si<B,S>  asosidagi
fotogabullagichlar ham, shuningdek, sanoat tipdagi FD-10K fotodiodlari ham kelajakdagi

amaliyot uchun istigbollidir [14].
5-jadval.
Tezkor neytronlar ta’sirida integral sezuvchanlikning nisbiy o°zgarishi

Flyuyens (sm™) Si<B,S> (%) FD-10K (%)
2-10% 10 80
4-10% 17 83
6-10" 26 86

10 31 88

S-diodlar va ularning VAX xossalari. S-simon VAX ko‘rsatuvchi diodlar p*—n—p-n*
tuzilmasi asosida tayyorlangan. Bunday diodlarda to‘satdan “sirilish kuchlanishi” (Usr)
kuzatiladi. Temperatura oshishi bilan sirilish uchastkasi yo‘qoladi, bu esa diodni fotorele
sifatida go‘llash imkonini beradi. Hisobotlarga ko‘ra, Usr = 0,5+10 V, lsr = 0,2+1 mA
oralig‘ida bo‘ladi. 6-jadvalda UZ®* /UZ™ nisbati va kompensatsiya darajasi (K) ni turli
p qiymatlari bo‘yicha tagqoslangan.

Diodlar va ularning volt-amper xarakteristikalari (VAX).

p—nh—p—n*tipdagi yarim o‘tkazgich strukturalar asosida tayyorlangan ayrim turdagi
diodlarda noodatiy S-simon shakldagi VAX kuzatiladi. Bu kabi diodlarning VAXida
ma’lum bir kritik kuchlanish (sirilish kuchlanishi, Usr ) mavjud bo‘lib, diodning ishlash
rejimi to‘satdan o‘zgaradi. Sirilish kuchlanishi Usr odatda 0,5+10 V, shu nuqtadagi tok (lsr
) esa 0,2+1 mA oralig‘ida o‘zgaradi [15]. Qizig tomoni shundaki, bunday diodlarda
kuzatiladigan S-simon VAX va sirilish uchastkasining mavjudligi harorat ortishi bilan
yo‘qolib, VAX nisbatan silliq shaklga keladi [16]. Shuning uchun ham, haroratga bog‘liq
ravishda ishlash rejimining o‘zgarishi, bunday diodlarni turli fotorele va harorat sensori
sifatida go‘llash imkoniyatini ochadi [17].

Sirilish kuchlanishining kattaligi diodlarning ichki parametrlariga, ya’ni bazaning
xos qarshiligi (p) hamda kompensatsiya darajasiga (K) bevosita bog‘liqdir [18]. Bu
bog‘liglik 6-jadvalda aks ettirilgan bo‘lib, unda turli p giymatlarida va kompensatsiya
darajasida (K) kuzatiladigan maksimal va minimal sirilish kuchlanishi oralig‘ining nisbati

(umax/ Usn?:‘in) taqqoslab berilgan. Jadval ma’lumotlaridan ko‘rinadiki, kompensatsiya
darajasi ortishi bilan sirilish kuchlanishi intervalining kengayishi kuzatiladi. Bu esa
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diodlarning ish rejimini aniq boshqarish va moslashtirish imkoniyatini beradi. Demak, p*—
n—p-n* tipdagi strukturalarda kompensatsiya darajasini optimal tanlash orqali sirilish
kuchlanishini istalgan darajada moslashtirish mumkin, bu esa amaliyotda keng
imkoniyatlar yaratadi [19].

6-jadval.
p va kompensatsiya darajasiga bog‘liq ravishda UZ®* /U™ nisbati
p, Om'sm ymax jymin K = PINs
1 - 0,51
3 15 0,78
10 3,5 0,91
20 5 0,95

y-nurlanish ta’siri va relaksatsiya

Si<B,S> asosida tayyorlangan S-diodlar radiatsiya ta’sirida yuqori barqarorlik
xususiyatlariga ega ekanligi kuzatildi. ®°Co gamma-nurlari bilan nurlanish natijasida
mazkur diodlardagi sirilish kuchlanishi (Usr ) va sirilish toki (lsr) giymatlari amalda
o‘zgarmaganligi tajriba orqgali aniglandi (3-rasmga garang). Bu esa mazkur materiallarning
yuqori radiatsion bargarorligini to‘liq tasdiglaydi. Shuningdek, Si<B,S> va Si<B,Rh>
asosidagi diodlarda fotoo‘tkazuvchanlik relaksatsiya jarayonlari ham o‘rganildi. Ushbu
natijalar oldingi tadqiqotlarda keltirilgan ma’lumotlar bilan solishtirilganda, fotoprovodlik
relaksatsiyasi zaryad tashuvchilarning yashash vagtlari ortishi bilan bog‘ligligi tasdiglandi
[20]. Zaryad tashuvchilarning uzoq yashash muddati fotosezuvchanlikning bargarorligini
oshirib, fotogabullagichlarning uzog muddatli ekspluatatsiyasi uchun go‘shimcha afzallik
yaratadi [21]. Yugoridagi natijalardan kelib chiggan holda, Si<B,S> va Si<B,Rh>
asosidagi S-diodlarni yuqori radiatsiya dozasi mavjud bo‘lgan muhitlarda ishonchli va
uzog muddatli bargaror fotosezuvchan qurilmalar sifatida qo‘llash magsadga muvofiq

hisoblanadi [22].

J, mA

3-rasm. Si<B,S> asosida tayyorlangan S-diodlarning nurlanishdan oldingi va keyingi (gamma
nurlanish) voltamper xarakteristikalari.

Xulosa. Shunday qilib, Si<B,S> va Si<B,Rh> tuzilmalarining fotosezgirlik
xossalariga turli nurlanishlar ta’siri bo‘yicha o‘tkazilgan eksperimental tadgigot
natijalarining tahlillari asosida quyidagi xulosalar olindi:

Si<B,S> va Si<B,Rh> asosida tayyorlangan fotodiodlarning sezuvchanligi harorat
pasaytirilganda (300 K dan 77 K gacha) bir necha barobarga (0,35 dan 2,6 A-Vt! gacha)
ortishi aniglandi. Bu esa ularni kriogenik sensorlar hamda past intensivlikdagi nurlanishni
gayd giluvchi detektorlar sifatida go‘llash imkoniyatini beradi;

Si<B,S> asosidagi fotogabullagichlarning ostona sezuvchanligi  Si<B,Rh>
asosidagilarga nisbatan sezilarli darajada yuqori (®, = 1,2-10'' Im-Hz'/?) ekanligi
aniglandi. Bu esa ularning o‘ta kichik yorug‘lik signallarini yugori aniglik bilan aniglash
gobiliyatini ta’minlaydi;

kremniyda oltingugurt (S) yoki rodiy (Rh) elementlari konsentratsiyasining oshishi
fotosezuvchanlikning oshirishi, birog bu konsentratsiya me’yordan oshib ketganda (NRh >
2,6-10" sm™) aksincha, sezuvchanlikning 3—4 marta pasayishiga olib kelishi aniglandi;

Si<B,S> va Si<B,Rh> asosida shakllangan fotogabullagichlarning yuqori
darajadagi radiatsiya sharoitida (protonlar, neytronlar, elektronlar va y-kvantlar ta’sirida)
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sezuvchanlik parametrlarini saglab qgolishi aniglandi;

p—n-p-n* asosidagi diodlarda kuzatiladigan S-simon VAX wva sirilish
kuchlanishining (Usr = 0,5+10 V) harorat oshishi bilan yo‘qolishi aniglandi. Bu esa ushbu
diodlarni yuqori sezgirlikka ega bo‘lgan fotorele va harorat sensori sifatida amaliyotda
go‘llash imkonini beradi;

Si<B,S> va Si<B,Rh> diodlarida fotoo‘tkazuvchanlik relaksatsiyasi zaryad
tashuvchilarning yashash vaqti uzayishi bilan bog‘lig ekanligi aniglandi. Bu esa
fotogabullagichlarning uzoq muddatli bargarorligini oshirib, ularni yugori radiatsiya
dozalari mavjud bo‘lgan mubhitlarda ishonchli va samarali go‘llash imkonini beradi.
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Annotatsiya. Tadgiqot natijalarining ilmiy ahamiyati yadroviy nurlanishlarni gayd giluvchi Al-
pGe(p-i-n) struktura asosidagi yarimo‘tkazgichli detektorlar tayyorlash uchun yangi texnologik jarayonlar
ko‘rilgan va ularning elektrofizik xarakteristikasi aniglanilgan. Yarimo ‘tkazgichli detektorlar ishchi yuzasi,
energetik ajrata olish qobiliyati, ishchi kuchlanish, teskari toki, detektor sig‘imi va energetik ekvivalenti
detektorning asosiy parametrlari hisoblanadi. Yarimo‘tkazgichli detektorlarning aniq turi eksperiment uchun
detektorning fizikaviy va operatsion xususiyatiga qarab, ya’ni u bilan ishlashga qulayligi bilan tanlanadi.
Yarimo‘tkazgichlarda turli defektlarni tadqiq qilish, nazorat va mumkin bo‘lganda ularning
konsentratsiyasini boshgarish imkonining bo‘lishi, yadroviy nurlanishni yuqori sifatli yarimo ‘tkazgichli
detektorlarni ishlab chigishda prinsipial ko‘rsatkichga ega, chunki ular bunday asboblarning asosiy hisoblash
spektrometrik xarakteristikalarini aniglaydi. Bunday natijalar har xil yarimo‘tkazgichli qurilmalarni
amaliyotda go‘llashda muhim ahamiyat kasb etishi bilan izohlanadi. Tadgigot natijalarining amaliy ahamiyati
yarimo‘tkazgich monokristall kremniy asosida Al-pGe(p-i-n) strukturali detektorlar ishlab chigish va ularni
joriy etishdan iborat.

Kalit so‘zlar: detektor, geterostruktura, gamma kvant, spektr, zaryad, elektron, yarimo ‘tkazgich,
kristall, ionizatsion kamera, rekonbinatsiya, elektr maydon.

TECHNOLOGICAL AND ELECTROPHYSICAL PROPERTIES OF IONIZING
RADIATION DETECTORS BASED ON THE STRUCTURES OF AL-pGe(p-i-n)-
Au AND AUI-nSi-Al

Abstract. The scientific significance of the research results is that new technological processes for
the preparation of semiconductor detectors based on the Al-pGe(p-i-n) structure that reflect nuclear radiation
have been considered and their electrophysical characteristics have been determined. The working surface of
semiconductor detectors, energy separation ability, operating voltage, reverse current, detector capacitance
and energy equivalent are the main parameters of the detector. The specific type of semiconductor detectors
is selected depending on the physical and operational properties of the detector for the experiment, that is,
the convenience of working with it. The ability to study, control and, if possible, control their concentration
of various defects in semiconductors is a fundamental indicator in the development of high-quality
semiconductor detectors of nuclear radiation, since they determine the main computational spectrometric
characteristics of such devices. Such results are explained by the fact that they are of great importance in the
practical application of various semiconductor devices. The practical significance of the research results is
the development and implementation of Al-pGe(p-i-n) structural detectors based on semiconductor
monocrystalline silicon.

Keywords: detector, heterostructure, gamma quantum, spectrum, charge, electron, semiconductor,
crystal, ionization chamber, recombination, electric field.

Kirish. Hozirgi kunda jahon amaliyotida yarimo‘tkazgichli qurilmalardan
foydalangan holda yadroviy nurlanishlarni gayd qilish sohasi jadallik bilan rivojlanib
bormoqgda. Yadroviy nurlanishlarni gayd etish uchun mavjud yarimo‘tkazgichli
qurilmalarni takomillashtirish va yangi zamonaviy qurilmalar ishlab chigish talab
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etiladi.[1] Bu borada yarimo‘tkazgichli Al-pGe(p-i-n) struktura asosidagi detektorlar
alohida o‘rin egallaydi. Yarimo‘tkazgichli Al-pGe(p-i-n) strukturali detektorlar yadro
spektrometriyasi bir gator vazifalarda yetakchi o‘rinni egallaydi. Dunyo miqgyosida kichik
o‘lchamli yarimo‘tkazgichli detektorlar ishlab chigish keng rivojlangan. Dunyo olimlari
tomonidan hozirgi kungacha 50 mm o‘lchamga ega Si(Li) p-i-n — sturuktura asosidagi
yarimo‘tkazgichli detektor ishlab chigarilgan.[2] Yarimo‘tkazgichli Si(Li) p-i-n struktura
asosidagi detektorlarda kremniy kristallining hajmida ma’lum bir chuqurlikka kerakli litiy
ionlarini bir xil tagsimlash konsentratsiyasini ta’minlash muhim ahamiyatga egadir.
Tanlab olingan kirishma atomlarini kristallning asosiy gqismiga Kkiritishning keng
go‘llanilgan diffuziya va dreyf usuli jarayonlariga asoslangan holda, ushbu texnologik
jarayonlarni takomillashtirish va kirishma atomlarini kristall hajmida bir xil tagsimlash
talab etiladi.[3]

Tadgiqot obyekti va go‘llanilgan metodlar. Yadro nurlanishlarini gayd giluvchi
yarimo‘tkazgichli detektorlar tayyorlash murakkab bo‘lib, mexanik, kimyoviy va
temperaturali operatsiyalardan hamda strukturaviy dizaynlardan iborat.[4] Ularning har
biri o‘z vazifasiga ega va anig nazoratni talab qiladi. Yadro nurlanishning
xarakteristikasini juda uzogq vaqt mobaynida saglab qolishi, yarimo‘tkazgichli
detektorlarning namunaviy texnologiyalari asosida aniglanadi. Quyidagi ketmaketlikda
nurlanishning kremniyli detektorlarda olish usullari detektorlar tayyorlashning alohida
bosgichlari hamda texnologik jarayonlarning nazorati ko‘rib chiqildi.

Tadgiqotda diametri 6 (10 + 30) mm va qalinligi d=(1 +~ 3 ) mm bo‘lgan kremniy
plastinalari p = (0,01 + 5) kOm sm, r=(50-1000) mks p-turidagi kremniy monokristallarini
olmosli diskni ichki kesuvchi yoyi usuli bilan olinadi. Kesish vaqtida buzilgan gatlamni
yo‘qotish uchun silliglovchi uskunada M-14, M-5 mikroporoshokdan foydalanib 2
taraflama shlifovka gilinadi, keyinchalik diametr kamaytirib boriladi.[5] Bunda har bir
tomonidan 50 mkm.dan kam bo‘lmagan galinlikda gatlam olib tashlanadi. Plastinalar
ishgori  bo‘lmagan sovunli deionizatsiyalangan suv bilan shlifovka gilingach,
ultratovushli vannada qayta ishlov beriladi. Silliglash (shlifovka) jarayonida paydo
bo‘lgan shikastlanish chuqurligi silliglangan kukun zarrasidan sezilarli darajada katta
bo‘ladi. Olmosli kukundan foydalanilganda esa shikastlanish chiqurligi undan ham
ko‘proq bo‘ladi. Mexanik silliglashni to‘liq qgirish (travleniya) bilan o‘zgartirish mumkin.
Kimyoviy yemirilish jarayonidan oldin kremniy plastinasi sirti tozalab olinadi, namuna
distillangan suvda 15 minutdan kam bo‘lmagan vaqgtda yuviladi. Kremniy plastinasini
kimyoviy ishlov berishda ftorli vodorod (HF), azot (HNO3) va sirka (CH3COOH)
kislotalari ftoroplast materialidan tayyorlanilgan vannada kimyoviy gorishma tayyorlab
olinadi va amalga oshiriladi. [6] Kimyoviy yemirilish jarayoni 1:5:1 nisbatda kislotalar
yordamida qorishma tayyorlanib olinadi va harorati 5 °C gacha pasaytiriladi. Bunda
gorishma va vanna harorati past bo‘lsa, kimyoviy yemirilish jarayoni sekin amalga oshadi,
shu asnoda 15+20 daqiqa oralig‘ida elektrodvigatel qurilmasidan foydalanilgan holda
amalga oshirildi va yemirilishni vaqt birligida nazorat qilish imkonini beradi.
Elektrodvigatel qurilmasidan foydalanilgan kimyoviy yemirilish jarayoni bir tekis amalga
oshishi kuzatiladi. Harorat gancha past bo‘lsa, silliglash tezligi shunchalik sekinroq
bo‘ladi. Silliglash jarayoni uchun optimal tezlik 4 mkm/min deb hisoblanadi. Kimyoviy
silliglash jarayoni uchun ftoroplastik vanna ishlatilgan. Tekis sirtni olish uchun
ftoroplastik vannada kremniy plastinka 15-20 daqgiqga aylantiriladi.[7]

Olingan natijalar va ularning tahlili. Eksperimental tadgigotlar o‘tkazishga
mo‘ljallangan kremniy plastinkalari ustida yuqorida aytib o‘tilgan ishlar bosgichma-
bosgich bajarilgandan keyingi holatlari 1-(a, b, ¢) rasmda ko‘rsatib o‘tilgan.
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a) Kremniy plastinkasining b) Kremniy pléstinkasiga
kesilgandan keyingi mexanik ishlov berilgandan s) Kremniy plastinkasiga
ko‘rinishi keyingi ko‘rinishi kimyoviy ishlov berilgandan

keyingi ko‘rinishi
2-(a-b-s) rasmlarda texnologik jarayonlardan se‘ng atom kuch mikroskop - AFM tomonidan olingan
kremniy plastinalarning tasviri ko‘rsatilgan.

a) Kremniy plastinkasining s) Kremniy plastinkasiga

kesilgandan keyingi ko¢rinishi b) Kremniy plastinkasiga kimyoviy ishlov berilgandan
mexanik ishlov berilgandan keyingi ko*rinishi

keyingi ko‘rinishi

2 (a)-rasmdan ko‘rinib turibdiki, kremniy plastinasi kesilgandan so‘ng yuzasida 38
nm galinlikda notekisliklar hosil bo‘ladi; 2 (b) mexanik ishlovdan so‘ng 33,7 nm
galinlikka tushiriladi. 2 (s) rasmda kimyoviy tozalashdan keyin nosimmetrik gatlam 31 nm
gacha tushiriladi. Butun texnologik jarayondan so‘ng kremniy yuzasida nosimmetrik
gatlam kamayib borishi ko‘rsatilgan. Yarimo‘tkazgichli detektorlarni yuqori energetik
yechimlar bilan birga olib borilishini ta’minlash murakkab masalalardan biridir. Bu,
avvalambor, yarimo‘tkazgichli detektorlar uchun dastlabki yarimo‘tkazgichli materiallarni
o‘stirish texnologiyalari va ularning parametrlari bilan bog‘ligdir. Yarimo‘tkazgichli
detektorlarni sezuvchi hajmida joylashgan lokal va aralashmali polosalar uning
radiometrik xarakteristikasini yomonlashtiradi. Kremniy yoki germaniyga kiritilgan litiy
xususiyati shundayki, taxminan to‘lig kompensatsiyali galinligi 1 sm.dan ko‘p bo‘lgan
katta sohalarni yaratish imkonini beradi, demak, xususiyga yagin o‘tkazish sohasini ham
yaratish imkonini beradi. Bu IV valentli kristallarda litiy ionlarining yuqori
harakatchanligi bilan ganday bog‘lig bo‘lsa, uning ionizatsiyasining past energiyasi bilan
ham shunday bog‘liq (0.033 eV Si da va Ge da — 0,0043eV). Masalan, germaniyda litiy
diffuziyasi harakatchanlik koeffitsiyenti oddiy donorlarga nisbatan 10”7 marta ko‘p,
chunki litiy ioni radiatsiyasi kichik bo‘lganligi sababli panjara tugunlarida emas, tugunlar
orasida joylashishi mumkin. Kichik hajmli kristallarda litiy ionlari dreyf jarayonini olish
uchun maxsus qurilma ishlab chigilgan. Litiy ionlari dreyfi qurilmasi konstruktiv ravishda
kristallar joylashadigan termostat ko‘rinishida bo‘ladi. Duralyumindan gilingan platforma
kristallarni p-sohasiga umumiy kontakt bo‘lib xizmat giladi, yugoridan siquvchi kontakt
yassi parallel misli shayba yordamida amalga oshiriladi. Tayyor bo‘lgan namunalarga litiy
diffuziyasi p~10°mm.Hg vakuumda (50+200) mkm chuqurlikda t=(1+2) daqiga ichida
T=(380—450)°C temperaturasida plastinaning hamma yuzasi bo‘yicha o‘tkaziladi (3-
rasm). Kristallar 250 °C temperaturagacha sekin-asta sovitilgan, tez sovitishda hosil
bo‘ladigan defektlar generatsiyasini va xona temperaturasida otilib ketishini istisno gilish
uchun diffuziya chuqurligi sharshlif usul bilan nazorat gilingan.

P-tip kremniyga Li diffuzuya chuqurligi quyidagi formula yordamida
aniglanadi.[8]

x=2VDt erfet (34) (1)

Bu yerda D-diffuziya koeffitsiyenti hisoblanib solishtirma qarshiligi p~1000 om sm
bo‘lgan p-tip kremniyda quyidagicha hisoblanadi.

D=6-10"%exp (_E’;’;q) [sz/s] (2)
Bu yerda g-elementar zaryad, ks-Bolsman doimiysi T esa temperatura Kelvinda
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[T ]

3- rasm Litiy diffuziyasining amalga oshirish uchun qurilma sxemasi:
1-vakuum o‘rnatilgan hajm
2-gizdirgich (bug‘latkich)
3-qopgoq
4-namuna
5-gizdirilgan element
p- materialda litiy dreyfi yordamida akseptorli atomlar kompensatsiyasi quyidagicha
ishlab chigiladi. Avval litiy p-materialga yo‘naltiriladi, so‘ngra temperatura taxminan 430°
C gacha ko‘tariladi va litiy namuna ichida diffundirlanadi. Diffiziya bir necha dagiga
davom etadi, va litiy taxminan 0,01 mkm chuqurlikda diffundirlanadi. Shundan so‘ng p-n
o‘tishga gaytuvchi litiy ionlari o‘tishning n- tomonidan p-tomoniga garab harakatlanishni
boshlaydilar,u yerda ular p-materialning akseptorli atomlarini kompensatsiyalaydilar. [9]
Qashshoglangan qatlamni dreyfi natijasida olingan galinligi uchun hisoblashlar

quyidagi formulani beradi:

d = 2t (3)
Dreyf vaqti quyidagicha aniglanadi.
6= (4)

2V,
bunda p,;; — dreyf temperaturasida berilgan yarimo‘tkazgichlarda ionlar harakatchanligi.

Harakatchanlikning diffuziya koeffitsiyentiga bog‘ligligi.
Upi = ——-D [Snlz/(v . S)] (5)

U — dreyfda siljish kuchlanishi, t — dreyf vaqti, soatda sezgirlik sohasida litiy tagsimlanish
profilini minimal yuvib ketishdagi berilgan kompensatsiyani olish uchun zarur bo‘lgan
litiy ionlari dreyfi temperaturaviy rejimi batafsil bayon etilgan [10].

Dreyf bir taraflama T=(60+100)°C da, qaytuvchi siljish kuchlanishi 70+600 V da 4
sutka davomida o‘tkazilgan. Dreyfning yakunlanishi gaytuvchi tokning tez o‘sishi
bo‘yicha gayd etiladi. i-sohani aniglash uchun dreyf tugagandan so‘ng kristallni n* -
sohasining tomonlaridan biri n* -i- p* strukturasi kremniy karbidi mikroporoshogi bilan
shishali disk ustida shliflanadi. Yo‘qotilayotgan gatlam galinligi diffuzion profilni yuvish
hisobiga nazarga olinadi. Shliflangan gatlam galinligi asosan 50 + 400 mkm ni tashkil
giladi. i-sohani chigarib tashlash dekorlanuvchi yemiruvchi HNO3:HF=1:1000 yordamida
o‘tkaziladi. i-soha to‘liq chigarib tashlangan hisoblanadi, gachonki uning konturlari

diffuzion soha diametrigateng aylana diametriga yaqgin bo‘lganda.[11]
D1

a)
- D3 wts — P
= W = AN
\ n
) 2% |

b)

4-rasm. Detektorning kesilgan ko‘rinishi.
a— planar formalar, b — T namunaviy formalar D —detektor diametr, R —i —sohaning galinligi, h —p-sohaning
galinligi, 2r —n-sohaning diametri
Shuni ta’kidlash lozimki, kremniyni diffuzion legirlashda temperaturaviy- vaqgtiy
rejimni tanlashni termodefektlar hosil giluvchi sharoitlarini hisobga olib o‘tkazish lozim.
Si(Li) p-i-n detektorlar texnologiyasida litiy asosan diffuziyasi uchun ishlatiladigan
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300+500 °C temperatura intervalida 450°C kritik temperaturaga ega, bunda donor turidagi
termodefektlarning intensiv generatsiyasi sodir bo‘ladi.

Ma’lum bo‘lgan Si(Li) p-i-n detektorlarning litiy-dreyfli texnologiyasi kerak bo‘lgan
litiy diffuzion profili olish uchun, sovitish jarayonida litiy tagsimlanishining yuvilishini
oldini olish magsadida kristall tez sovitiladi. Biroq bunda sovitish tezligi (10?>+10°) grad/s
mustahkam termodefektlarni hosil gilishiga olib keladi, keyinchalik ular yarimo‘tkazgichli
detektorlarning xarakteristikasiga negativ ta’sir giladi [12].

Tayyor kremniy plastinkalariga kontakt hosil qilish vakuum universal post
qurulmasida VUP-4 amalga oshirildi. Maxsus dizayndagi tagliklar molibden va
volframdan tayyorlanadi, ular spirtda yuviladi va keyin 10-15 dagiga davomida vakuumda
gizdiriladi. Molibden uzunligi 40 mm, bug‘latgich va kremniy plastinkasi orasidagi
masofa 80 mm qilib olingan. Tayyor kremniy plastinkalari bug‘latkichga joylashtirildi va
5-107° mm sim ust bosim ostida vakuumli qurulma orgali kontaktlar olinadi. Kontakt
sifatida kremniy plastinkalar uchun oltin (~ 200 A) qalinlikda hosil gilindi

3) Si(Li) dreyf gilingandan keying b) Si(Au) uchirilgandan keyingi
kotrinishi Ko*rinishi
5-rasm. Detektorning kontakt hosil gilingandan keyingi ko‘rinishi
Si(Li) p-i-n strukturali detektorlarning voltamper (VAX) xarakteristikasi GOST
26222-86 metodikasi bo‘yicha tadqigq gilindi. Yuqorida gayd gilingan xarakteristikani
tadgiq qilish uchun qorong‘i tok kattaliklari hagidagi ma’lumotlarni bir vaqtda olish
imkonini beruvchi detektorlar teskari tok o‘lchovchi maxsus qurilma ishlab chigilgan va
tayyorlangan.
Siljish kuchlanishi Uss 0,1+800 V oraliglarida o‘rnatiladi, listok o‘lchash chegaralari
1, 10 va 100 mkA ni tashkil etadi.

I(mka)
N\

6-rasm. Yarimo‘tkazgichli Si (Li)p-i-n strukturali detektorlarning volt-amper xarakteristikalari
keltirilgan.

6-rasmda T-ko‘rinishli kesimga ega detektorning minimal va maksimal 1.
giymatlariga ega chigish tokining U.j kuchlanishga bog‘ligligi ko‘rsatilgan. Ushbu
rasmdan ko‘rish mumkinki, butun hajm uchun chiqish toklarining giymati 200 V da 0,5 +
9 mkA intervalda yotadi. Bu shuni anglatadiki, o‘lchami (diametri 30 mm, qalinligi 2
mm) kremniy hajmidagi litiy ionlari tomonidan birjinsli kompensatsiyaga erishilgan.
Ushbu olingan natijalar yarimo‘tkazgichli detektorlar uchun eng yaxshi natijalar bo‘lib
hisoblanadi. Shunday qilib, tekshirilishlar va texnologik ishlarni amalga oshirish natijasida
p-i-n strukturali Si(Li) asosidagi yarimo‘tkazgichli detektorlarning tayyorlanish
texnologiyasi ishlab chiqgildi va optimizatsiya qgilindi.

Xulosalar. Adabiyotlar sharhini o‘rganish davomida yarimo‘tkazgichli detektorlar
ishchi yuzasi, energetik ajrata olish qobiliyati, ishchi kuchlanish, teskari tok, detektor
sigimi va energetik ekvivalenti detektorning asosiy parametrlari
hisoblanadi.Yarimo‘tkazgichli detektorlarning aniq turi eksperiment uchun detektorning
fizikaviy va operatsion xususiyatiga qarab, ya’ni u bilan ishlashga qulayligi bilan
tanlanadi.Yarimo‘tkazgichlarda turli defektlarni tadqiq qilish, nazorat va mumkin

e ————————————
41



QarDU xabarlari FIZIKA-MATEMATIKA 2025 2(2)

bo‘lganda ularning konsentratsiyasini boshqarish imkonining bo‘lishi yadroviy nurlanishni
yuqori sifatli yarimo‘tkazgichli detektorlarni ishlab chigishda prinsipial ko‘rsatgichga ega,
chunki fagat ular natijada bunday asboblarning asosiy hisoblash spektrometrik
xarakteristikalarini aniglaydi. Xulosa gilib shuni ta’kidlash lozimki, olinayotgan materialning
strukturaviy defekt sohasida va unga dastlabki kremniyni strukturaviy defekti ta’sirini
o‘rganish uchun go‘shimcha tadgiqotlar olib borish kerak.
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PAJTIMAIIMOHHAS BE3OITACHOCTH B TIPOTOHHOM TEPAIINU:
N3MEPEHUSA U AHAJIN3
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Annoranus. [IpoTonHas Tepanws, Ojgaromaps CBOSH TOYHOCTH, MHHUMH3UPYET BO3JCHCTBHE Ha
3I0pOBBIE TKAaHW, HO BBI3BIBACT HABEICHHYIO PAJAMOAKTHBHOCTh B TaHTpU-KOMHaTe. B ucciemoBaHuH
M3yucHa HaBEICHHAS paAJMOAKTHBHOCTh B cHcTeMe Varian ProBeam ¢ wucmonb3oBaHHEM pexuma
CKaHMpOBaHUs KapaHmamHbiM mydkoM (PBS). OCHOBHBIM MCTOYHHKOM OCTATOYHOW pajMallid OKa3ajcs
MAIMCHT, ¢ MaKCHUMAaJIbHON MOIIHOCTBIO JT03bI 15,5 MK3B/4 Ha MOBEepXHOCTH Tena. J03bl 0OMydeHus s
MepcoHaja W CONMPOBOXKJAAIONIUX JIMI 3HAYUTEIBHO HW)KE JOMYyCTUMBIX TMpeAesioB (MakCUMyM
2,264 M3B/ron). JlomomHUTENBHAS [03a JUIA TMAIMEHTOB coctaBmia 48,865 Mk3B 3a ceaHc, dYTO
HE3HAYUTEJIbHO B CPABHEHUU C TEPANEBTUYECKOMN J030i1.

KiroueBble cji0Ba: IPOTOHHAS Teparwsi, HABEACHHAS PaJHOAKTHBHOCTD, OIICHKA JI03.
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PROTON TERAPIYASIDA RADIATSION XAVFSIZLIK: O‘LCHASHLAR VA
TAHLIL

Annotatsiya. Proton terapiyasi o‘zining anigligi tufayli sog‘lom to‘gimalarga ta’sirni
minimallashtiradi, lekin gantri xonasida induksiyalangan radioaktivlikni keltirib chigaradi. Tadgigotda
Varian ProBeam tizimida galam nur (PBS) skanerlash rejimidan foydalangan holda induksiyalangan
radioaktivlik o‘rganildi. Qoldiq nurlanishning asosiy manbai bemor bo‘lib, uning tana yuzasida maksimal
dozasi 15,5 mSv/soatni tashkil etdi. Xodimlar va bemorga hamrohlik giluvchi shaxslar uchun nurlanish
dozalari ruxsat etilgan chegaralardan ancha past bo‘lib, maksimal giymati 2,264 mSv/yilni tashkil etdi.
Shuningdek, bemorlar uchun go‘shimcha nurlanish dozasining har bir seans uchun 48,865 mSv ekani
aniglanib, bu terapevtik dozaga nisbatan ahamiyatsiz ekani gayd etildi.

Kalit so‘zlar: proton terapiyasi, induksiyalangan radioaktivlik, dozani baholash.

BBenenue. IIporoHHas Tepamus 3aBoeBajia MPU3HAHHE B JICYEHUH OHKOJIOTMYECKHX
3a0o0JieBaHMi OJylarojapss CBOMM YHHUKAJIbHBIM (DU3WMUECKAM CBOMCTBAM, TaKHUM KakK ITHK
bparra, u BICOKOW OTHOCHTENBbHOM Ounonorndeckoit apdexruproct (ObD) [1]. [Tuk Bparra
MO3BOJSIET TOYHO JIOCTABJATH 103y OONyYeHHS B OIyXOJb, MUHUMH3HPYS BO3ICHUCTBHE Ha
OKpY>KaroIle 370pPOBbIE TKAHU. DTO JIelaeT MPOTOHHYIO Teparuio 0coOeHHO 3((HEKTHBHOMN
JUTS JICYSHHUS OITyXOJIeH, PaclOI0KEHHBIX BOJIM3H KPUTUYECKUX OPraHOB, TAKUX KaK TOJOBHOM
MO3T, TO3BOHOYHHK U ri1a3a [2], [3].

CornacHo naHHBIM ['pynmbsl MO COTPYIHHYECTBY B OOJIACTH TPOTOHHOW TEpaIuu
(PTCOG), B mupe HacuutbiBaercsi 117 neiCTBYIOIIMX yCTaHOBOK MPOTOHHOW Tepanuu, 37
HAXOJATCS B CTAIMHM CTPOUTEILCTBA M 38 3alIlaHupoBaHbl K peanusanuu [4]. Dtor poct
MOTYJIIPHOCTH TIPOTOHHOM Tepamuy OOYCIIOBIIEH €€ MPEUMYIIEeCTBAMU Tepel TPaIuIHOHHON
(GOTOHHOI Tepammell, BKIIOYas CHIKEHHWE J030BOM HArpy3KH Ha 3[J0pOBble TKAaHU U
YMEHBIIICHUE PUCKa Pa3BUTHsI BTOPUYHBIX OImyXxoJieit [5].

OmanM w3 1OO0OYHBIX 3()(PEKTOB TPOTOHHOW TEparuu SIBISICTCS  aKTHUBAIWS
MaTepHalioB B TaHTPU-KOMHATE, BBI3BAHHAS SACPHBIMH PEAKIHUAMH MEXIY MPOTOHHBIM
MyYKOM, BTOPHYHBIMHM YacTUIIAMHA M OKPYKAIOIIMMU KOHCTPYKIHMSAMHU. OTO TPHBOAHUT K
00pa30BaHMIO PAAMOHYKIHIOB, KOTOpPBIE MOTYT TMPEACTABIATh PHUCK OOJydYeHHS s
MEIMIMHCKOTO  TEPCOHaNa, COMPOBOXKIAIOMIMX JIMI] M  HanueHToB. HaBeneHnas
PaZMOAKTUBHOCTh MOYKET COXPAHATHCA B TEUEHHE HEKOTOPOrO BPEMEHH IIOCIE 3aBEPIICHUS
ceaHca Teparuu, 9T0 TpeOyeT TIATelIbHOro M3ydeHus u KoHtpois [6], [7]. B cBs3u ¢ stum
BOXHO M3y4YWTh MCTOYHUKH U PACIpe/eCHHE HABEACHHOH paanoakTuBHOCTH [8], a Takke
OLIEHUTH J103bl OOIYUEHUS ISl Pa3IMUHbIX TPYIII JIUI, HAXOAALINXCS B TAHTPH-KOMHATE. JTO
MO3BOJUT pa3paborath 3()(eKTUBHBIE MEpPhl PAAMANUOHHON 3alIMTHI ¥ MHHUMH3HPOBATH
PUCKH IS IEpCOHAJIA M MAIIHEHTOB.

Lenbio JaHHOTO MCCIEIOBAHUS SBISETCS SKCIIEPUMEHTAIBLHOE U3YUYeHHE HaBEICHHOM
PaIMOAaKTUBHOCTH B TAHTPU-KOMHATE CHCTEMBI MPOTOHHOW Tepanuu Varian ProBeam wu
OLIEHKA /103 00Iy4YeHHUS JJIs1 MEUIIMHCKOTO IIePCOHANa, COMPOBOXK/IAIOIINX JIUII U TTAIlUEHTOB.

Matepuanbl U MeTOAbl. DKCIIEPUMEHTAIBHBIE U3MEPEHHUSI NMPOBOIMWINCH B TAHTPHU-
KOMHATe CHCTEMBI MPOTOHHOU Teparuu Varian ProBeam (kinunuka ['anbcy, Kurait), kotopas
o0ecrneunBaeT MaKCUMAJIbHYIO YHEPTHIO TIPOTOHHOTO Tydka 245 M»sB u MakcuMaibHBINH TOK
ny4ka 4 HA. JIns JIle4eHus MalueHToOB UCIOIb30BAICA PEKUM CKAaHUPOBAHUS KapaHJAIIHBIM
nyukoM (PBS), n3BecTHbII CBOCH BBICOKOW TOYHOCTBIO U THOKOCTBIO (pHc. 1.).

Puc.1. Cxema raHTpu-KOMHATBI.
B kauvecTBe Mojenu maideHta ucnosib3oBajics ¢anrom Chengdu Dosimetric
Phantom (CDP). U3MepeHuss 0CTaTOYHBIX MOIIHOCTEH 03 MPOBOJMIKMCH B TPEX TOUYKAX:
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Ha TOBEPXHOCTH Tella MallMeHTa, Ha Kparw KYIIETKH M Ha MOBEPXHOCTH coruia. Jlms
U3MEpEHHUI KCIONb30BaNach HOHM3alMoHHas kamepa Fluke 451P, mpenBaputenbHO
OTKaTMOpOBaHHAS.

[Tocie 3aBepuIeHUs ceaHca Tepalluy UCCIEA0BATENIN BXOAWIN B TAHTPU-KOMHATY U
M3MEPSIIN MOILTHOCTh 03Bl B K&XKI0i Touke B TeueHue 10 cekyHa, Guxkcupys crabuibHbIE
3HaueHUs. MI3MepeHus: MpOBOIUIUCH C MHTEPBAJIOM B OJHY MUHYTY.

PesyabTaTsl 1 00cyxaeHue. Pe3ynvmambl 59KCnepuMeHmanrbHblX UsMepeHull.

OcTtaTouHble MOIIHOCTH /103 B YKa3aHHBIX TOYKax BapbUpoBaUCH OT 0,68 10
15,5 mk3B/4  (Tabmuma 1). OCHOBHBIM HMCTOYHHKOM OCTATOYHOW paguaiiuul  ObLI
UACHTU(PUIMPOBAH MAalMEHT, YTO MOJITBEP)KIAETCSI BHICOKUMHU 3HAUYEHUSMU MOIIHOCTHU
70361 Ha TMOBEPXHOCTH Tesia mnamueHta (mo 15,5 Mx3B/u uyepe3 1 muHyTY mOCie
o0ydeHus ). DTO CBSA3aHO C aKTHBAIlMEH TKaHEH MallieHTa B Pe3yJIbTaTe B3auMOICHCTBHS
MIPOTOHHOTO IMyYKa C SIAPaMH aTOMOB.

NHTEpeCHO OTMETUTh, YTO B HEKOTOPBIX CIydasgX MOIIHOCTh JO3bl Ha
MOBEPXHOCTH CoIUia ObUTa COMOCTaBMMAa WM JlaXKe TMpEBbINIana 3HAYCHUS Ha Kparo
kymetku. Hampumep, depe3 1 MuHyTy mocie o0Ody4deHHs] MOIIHOCTh JO3bI Ha
MOBEPXHOCTHU cOIUIa coctaBuia 1,22 Mk3B/4, 4TO JIUIITh HEMHOTUM MEHBIIIE, YEM Ha Kparo
kymeTku (7,0 Mxk3B/4). DTO yKa3bIBaeT HAa 3HAYMUTEIBHBIM BKJIAJ MOTEPh MTydKa B PEKUME
PBS BHyTpH coruia B HaBEJICHHYIO PaJIMOAKTUBHOCTh. Takue MoTepu MOTYT OBITh CBSI3aHbBI
C B3aMMOJCHCTBMEM MPOTOHHOTO ITydKa C MaTepuajaMy CcOIUla, TaKUMHU Kak
MOJIMMMUIHAS TUICHKA U IPYTUe KOMIIOHEHTHI.

Taoaumna 1.
OcTaTo4yHble MOIHOCTH 103 B PA3JTHYHBIX TOYKAX TAHTPU-KOMHATHI
MecTono0keHne Bpems oxsiaxaenusi (MuH) | MomHocTh 103bI (MK3B/4)
1 15,5
IToBepXHOCTD TeJia MaIHeHTa 2 12,4
5 8,3
1 7,0
Kpaii kymreTku 2 5,5
5 3,3
1 1,22
[Mosepxuocts coma (Nozzle) 2 1,11
5 0,68

Oyenka 003 015 nepcouaa.

B wuccnepmoBaHumM npoBeneHa OLEHKA J03 OOJNydyeHHs Uil MeIUIUHCKOIro
IepcoHaNa, COMPOBOKIAIOUIMX JIMI] M MalMeHTOB. MakcumanbHas TrojaoBas J03a,
MOJIydYeHHAsT MEAWIMHCKUMH paOOTHUKAMU TpU TO3UIMOHMPOBAHUUA U  yIAJICHUU
nanueHTa ¢ Kymertkd, cocraBmwia 0,322 M3 u 1,250 M3B cOOTBETCTBEHHO (TabiwmIa 2).
OTU 3HAYeHHs] 3HAYUTEIBHO HIDKE TMpejaena mpodeccuoHanbHoro obmydenuss B 20
M3B/T0JI, YCTAHOBIIEHHOT'O MEXKAyHapoaHbIMU cTangaptamu [9], [10].

Jlo3a oOmy4yeHus, MONydyeHHas COMPOBOXKIAIOIIMMHU JHUIIAMH B TEUEHHE Kypca
Tepanmu, cocTaBmaa 7,469x102M3B mpum TIepBOM KOHTAKTE dYepe3 S5 MHHYT Ha
pacctosiauu 50 cM OT manuenTa (Tadiuma 3). DTo TakKe 3HAYUTEITHFHO HUKE JOMYCTHUMBIX
IpeJIesioB, YTO CBUACTENILCTBYET O HU3KOM PHCKE ISl COMPOBOXKIaromux jmiy [11].

Tabauna 2.
T'ogoBas 7032 1Jisi MEAMIMHCKOTIO MEPCOHANA
Paccrosinue ot Bpems nepBoro TI'onoBas no3a
JesiTeIbHOCTH
nanueHTa (cm) KOHTAaKTa (MMH) (m3B/ron)
50 1 1,014
Vnanenue nanyesTa 70 1 0,593
100 1 0,322
70 5 1,250
[To3unmonuposanue
TaIfeHTa
100 14 0,683

44



QarDU xabarlari FIZIKA-MATEMATIKA 2025 2(2)

Tabauna 3.
Jlo3a 1J1s1 CONpPOBOKIAIOIMX JIMIL
Paccrosinue ot Bpewms nepsoro WuTerpanpHas no03a ot
namueHTa (cMm) KOHTaKTa (MHH) obmrero kypca tepanuu (M3B)
50 9 7,293x1072
70 5 4,407107
100 14 2,301x1072

JlononHuTenpHas 103a, MOJMyYEHHAs MAalMEHTaMU I0CJIE OJHOI0 CEaHca Tepallvy,
coctaBuna 48,865 MK3B, 4yTO MeHee JBYX TBICAYHBIX OT MPEANUCAHHOW A03bl. DTO
MOATBEP)KIAET, YTO JIOMOJHUTEIbHOE OOJy4YeHHE TMAalMEeHTOB OT HaBEICHHOU
PaavOAKTUBHOCTH SABJISICTCA HE3HAYUTEIBHBIM U HE MPEACTABIISIET CYLIECTBEHHOTO pUCKa
JUISL X 30POBBS.

3akiouyenne. B 1maHHOM wmccinenoBaHMKM  OBUTM  TPOBEACHBI  M3MEPEHHUSA
HABEJICHHOW pPaJIMOAKTUBHOCTH B TaHTPU-KOMHATE CHCTEMbI IPOTOHHOM Tepamuu Varian
ProBeam, pa6otaromieit B pexxume PBS, u onieHeHBI 10351 00TyUeHUS AJIST METUIIMHCKOTO
MepCoOHaJIa, COMPOBOXKIAIOIMIMX JIUIL U MAlMeHTOB. OCHOBHBIM MCTOYHUKOM HABEJICHHOU
PaIMOAKTUBHOCTH ObUI HMICHTU(PHUIIMPOBAH TMAIMEHT, MPH 3TOM MOIIHOCTH J03bI Ha
MOBEPXHOCTH TeJia ManueHTa nocturana 15,5 Mx3B/4 uepe3 1 MUHYTY Tocie OOITydeHHs.
Taxxe BBIABICH 3HAYUTENBHBINM BKJIAJ COIUIa B HABEICHHYIO PAAUMOAKTUBHOCTbH, YTO
CBSI3aHO C MOTEPSIMH ITyuka B pexxume PBS.

MakcumanbpHass TOAOBas J103a JUI  MEOUIMHCKOIO TIepcoHaja COCTaBuia
2,264 M3B, YTO 3HAUUTENBHO HHUXKE YCTAaHOBJICHHOIO Ipeaena NpoQecCHOHATBHOTO
ob6myuenus (20 m3B/ron). JlonosHuTeNbHAS 1032, MOTYYSHHAs MMAIIMEHTAMH TI0CIIe OHOTO
ceaHca Tepanuu, coctaBuia 48,865 Mk3B, UTO MEHEE JIBYX THICSYHBIX OT IPEANUCAHHOU
10361 JIJIsT CONMPOBOXKIAONTUX JIMI] 1033 OOJYYCHHUSI B TEUCHUE Kypca Teparuy COCTaBUIa
7,469x107% M3B, uTO TaK)Ke 3HAYUTENHLHO HUKE JOIYCTUMBIX HPE/ENOB.

JInst MUHUMU3AIMK  HEO0O0SA3aTeNIbHOTO OOJydYeHHUS PEKOMEHAYETCS COKpaTHTh
BpPEMs KOHTAaKTa MEIUIIMHCKOIO IIEPCOHATA M COIPOBOXKIAIOIINUX JHUL[ C HALMEHTOM, a
TaK)XE YBEJIMYUTH PACCTOSHUE N0 aKTMBUPOBAHHBIX KOMIIOHEHTOB, TAKUX KaK KYyIIEeTKa U
COILIO. DTH MEPHI MO3BOJIAT CHU3UTH JO30BYIO Harpy3Ky Ha NEpCOHAN W MAlUEeHTOB 0e3
yiiepOa /1l Ka4ecTBa JICUCHHUS.
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Annotatsiya. Ushbu tadgigotda tarkibida aminoguruh tutgan mahalliy sorbentga Cr(l11) ionlarining

sorbsiya kinetikasi o‘rganildi. Xrom (II1) ionlari atrof-muhit uchun potensial xavf tug‘diruvchi og‘ir

metallardan biri bo“lib, ularni samarali usulda yo‘gotish muhim ahamiyat kasb etadi. Mahalliy xomashyodan

olingan aminoguruhli sorbentlarning Cr(I11) ionlariga nisbatan sorbsion xususiyatlari baholandi. Sorbsiya

jarayonining kinetik modeli aniglanib, fizikaviy-kimyoviy parametrlar tahlil gilindi. Tadgigot natijalari

psevdo birinchi tartib va psevdo-ikkinchi tartibli kinetik modellar asosida baholandi. Olingan natijalar

tarkibida amino guruh mavjud bo‘lgan sorbentlarning Cr(l11) ionlarini samarali ajratib olish uchun istigbolli
ekanligini ko‘rsatdi. Ushbu tadgiqot natijalari suvni tozalash texnologiyalarida qo‘llanilishi mumkin.

Kalit so‘zlar: Cr(lll) ionlari, sorbsiya kinetikasi, amino guruhli sorbent, adsorbsion jarayon,
pseudo-birinchi tartibli kinetika, pseudo-ikkinchi tartibli kinetika, ion almashinish, polivinilxlorid.

ADSORPTION KINETICS OF CR(IIl) IONS ON A LOCAL SORBENT
CONTAINING AMINO GROUPS

Abstract. In this study, the sorption Kinetics of Cr(lll) ions on a local sorbent containing amino
groups was investigated. Chromium (IIl) ions are one of the heavy metals that pose a potential
environmental hazard, making their effective removal crucial. The sorption properties of amino-
functionalized sorbents derived from local raw materials were evaluated in relation to Cr(lll) ions. The
kinetic model of the sorption process was determined, and physicochemical parameters were analyzed. The
research findings were assessed based on pseudo-first-order and pseudo-second-order kinetic models. The
obtained results demonstrated that sorbents containing amino groups are promising for the efficient removal
of Cr(I11) ions. These research findings can be applied in water purification technologies.

Keywords: Cr(lll) ions, sorption kinetics, amino group-containing sorbent, adsorption process,
pseudo-first-order kinetics, pseudo-second-order kinetics, ion exchange, polyvinyl chloride.

Kirish. Bugungi kunda dunyoda ekologik jihatdan xavfsiz, tannarxi arzon, faol
guruhlar modifikatsiyalab sintez gilinadigan, ogova suvlarni tozalashda go‘llanishi qulay
bo‘lgan sorbentlarni olish hamda ularni sanoatning turli texnologik jarayonlarida,
metallurgiya, gidrometallurgiya, kimyo sanoatida, jumladan, ogova va yerusti suvlarini
og‘ir metall ionlaridan tozalashda, rangli, nodir va kamyob metallarni murakkab eritmalar,
texnologik aralashmalardan ajratib olish muhim va asosiy vazifalardan biridir[1]. Amino
guruh tutgan sorbentlar odatda ion almashuvchi gatronlar, kation va anion almashuvchi
materiallar yoki organik-polimer asosli sorbentlar bo‘lishi mumkin. Ular kimyoviy
tarkibiga garab turli xil gazlar, ionlar va organik moddalarni adsorbsiya gilish uchun
ishlatiladi. Asosiy aminoguruhli sorbentlar: anion almashuvchi gatronlar — tarkibida
birlamchi (-NH.), ikkilamchi (-NHR), yoki uchlamchi (-NR:) aminoguruhlar bo‘ladi.
Kation almashuvchi gatronlar — tarkibida sulfon, karboksil guruhlar bilan birga
aminoguruhlar bo‘lishi  mumkin. Polimer asosli amino guruh tutgan sorbentlar
polivinilxlorid, poliakrilat yoki polistiren asosli modifikatsiyalangan amino guruhli
sorbentlar kiradi. Biopolimerlar (masalan, xitozan) — aminoguruhga ega bo‘lib, og‘ir
metall ionlarini sorbsiya qgilish xususiyatiga ega.

Tadqgigot metodologiyasi. Tadgigot uchun olingan sorbent polivinilxlorid (PVX)
asosida modifikatsiyalangan ion almashinuv xususiyatlariga ega bo‘lgan maxsus polimer

46



mailto:ismoilovahimoat@gmail.com
mailto:elyor.rajabov@internet.ru
mailto:zeboxonatajanova@gmail.com

QarDU xabarlari FIZIKA-MATEMATIKA 2025 2(2)

materiallar bo‘lib, kimyoviy va fizik ta’sirlarga nisbatan yuqori barqarorlikka egadir.
Tarkibida ion almashinuvchi NHz tutuvchi turli xil ionlarni (katon yoki anionlarni) o‘ziga
singdirish va chiqgarish qobiliyatiga ega bo‘lgan faol guruhlar bilan modifikatsiyalanadi.
Oqova suvlar tarkibidagi og‘ir metall ionlarni sorbsiyalash xususiyatiga ega.
Polivinilxlorid (PVX) asosida modifikatsiyalangan ionitlar yugori samaradorlikka ega
bo‘lib, ularni ishlab chigarish va qo‘llash sohasi kengayib bormoqgda. Ularning
xususiyatlarini yanada yaxshilash uchun nanokompozitlar va gidrofil funksional guruhlar
bilan birlashtirish ishlanmalari olib borilmoqda[2].

Sanoat miqgyosida ion almashinuvchi materiallarni go‘llanilish sohasiga, texnologik
jarayonlar va bajaradigan vazifasiga garab turli fizik-kimyoviy xususiyatlarga ega bo‘lishi
talab gilinadi. lon almashinuvchi materiallar gidrometallurgiya sanoatida kuchli agressiv
mubhitlarda go‘llaniladi, bunda ion almashinuvchi materiallar asosan yuqori kimyoviy va
termik bargarorlik talab gilinadi. Quyidagi muhokamizda polivinilxlorid (PVX) asosidagi
anion almashinuvchi materialning ayni muhim kimyoviy barqgarorligi haqida ma’lumotlar
keltiriladi [3].

Quyidagi tadgiqotda mahalliy xomashyolar asosida olingan tarkibida amin saglovchi
(PVX-A-N-1) anionitning ayrim fizik xossalari o‘rganildi. Anionitning SAS giymatiga
modifikatsiyalanish ~ jarayonidagi haroratning ta’siri, modifikatsiyalash jarayonining
davomiyligiga bog‘ligligi o‘rganildi. Modifikatsiyalash uchun magbul harorati 140-145°C
ekanligi tajriba sharoitida o‘rganilgan[4]. Bunday ion almashinuvchi gatronlar texnologik suv
tarkibidagi mavjud ionlarni tozalash uchun sanoat miqyosida eng keng targalgan va qulay
usuli ionitlar ishtirokida ion almashinish usulidir. lonitlar ogova suvlarni tuzsizlantirishda,
gimmatbaho va rangli metallarni eritmalardan ajratib olishda, gidrometallurgiya sanoatida
eritmalarni konsentratsiyalashda, farmatsevtika sohasida dorilarning analizi, analitik va
bioorganik kimyolarda va boshga juda ko‘plab sohalarda qo‘llaniladi. Hozirgi kunda sanoat
korxonalarida tarkibida amino guruh saqglovchi polimerlardan AB-17, A-100 Ba IA-1 kabi
anionitlar ishlatiladi[5]. Ushbu ishda granullangan polivinilxlorid asosida olingan anion
almashtirgichda kislotali eritmalardan Cr (V1) ionlarini sorbsiyalash jarayonining Kinetikasi
o‘rganildi. Kinetik modellar va adsorbsiya mexanizmini baholash uchun psevdo-birinchi va
psevdo-ikkinchi tartibli reaksiyalar ishlatilgan. Natijalar shuni ko‘rsatdiki, adsorbsiya
kinetikasi psevdo-ikkinchi tartibli modelga eng mos keladi. Olti valentli xrom ionlari holatida
maksimal adsorbsiya qobiliyati 218,2 mg/g ni tashkil etdi[6]. Statik sharoitlarda sun’iy
eritmalardan mahalliy xomashyodan tarkibida amino va fosfit guruhlari bo‘lgan anionit va
poliamfolitlarga Zn(11) va Cr(l1l) ionlarining sorbsiyasi o‘rganildi. Statik sharoitda sorbsiya
jarayoniga ta’sir etuvchi omillar (vaqt, harorat, konsentratsiya) o‘rganildi. Anionitlar va
poliamfolitlardagi rux (I1) va Cr (lll) ionlarining yutilishining Langmur monomolekulyar
adsorbsiya izotermalariga bo‘ysunishi aniglandi va Freundlix parametrlari hisoblab
chiqildi[7].

Tadqiqot ishini bajarishda «t.u.t.» markali CrClz-6H>O reaktivlardan foydalanildi.
Reaktivlar eritmalari ularning aniq tortimlarini ma’lum hajmdagi erituvchilarda eritib
tayyorlandi. Xrom (111) xlorid kristallogidratdan 0,1 M i 1000 ml eritmalari tayyorlandi.
Xrom (1) xlorid tuzining 0,1 M eritmasini suyultirish orgali, 8 xil kontsentratsiyali: 0.001,
0.0025, 0.005, 0.0075, 0.01, 0.025, 0.05, 0.075M eritmalar tayyorlandi. 8 ta 50 ml li stakanga
0,2 g dan ishchi holatdagi ionitlar analitik tarozida o‘lchab solindi. Ularga tayyorlangan metall
tuzli eritmalardan 50 ml dan stakanlarga solindi va xona haroratini aniglab bir sutkaga
sorbsiyaga qo‘yildi. Sorbsiya jarayonlari borganligini eritma konsentratsiyalarining
o‘zgarishidan hisoblab topildi. Keyinchalik sorbsiya jarayonining haroratga bog‘liqligi ham
o‘rganildi. Bunda eritmalarning harorati 30, 40, 50°C larda vaqtga bog‘ligligi ham o‘rganildi.
Sorbsiyadan oldingi va keyingi eritmalarning konsentratsiyalari V-5000 spektrofotometr
asbobi yordamida aniglandi.

V-5000 spektrofotometri — bu ko‘rinadigan yorug*lik diapazonida ishlaydigan, go‘lda
to‘lgin uzunligini sozlash imkonini beruvchi bir nurlik spektrofotometrdir. Ushbu asbob
kundalik tahlillar va umumiy tajribalar uchun mo‘ljallangan bo‘lib, yuqori samaradorlik, keng
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go‘llanilish doirasi va oson boshgaruv bilan ajralib turadi. To‘lgin uzunligi diapazoni 325-
1000 nm chizigli difraksion panjara oralig‘ida ko‘riladi. Optik yo‘l uzunligi 10 mm bo‘lgan 4
ta shisha kyuvetani o‘z ichiga oladi.
Sorbsiyadan oldingi va keyingi eritma konsentratsiyalari fargidan sorbentga yutilgan
metall ioni migdori quyidagi tenglama orgali hisoblab topildi.
(Co - Cp)
g, = —————x V

m
Bunda: ge—ionitga yutilgan metall ioni migdori mol/g, Co — metall ionlarining dastlabki
kontsentratsiya mol/l, Cp— metall ionlarining muvozanat kontsentratsiyasi mol/l; V — eritma
hajmi |; m — quruq sorbent massasi(g).

Natijalar va muhokama. lonitlarga Cr(Il1l) metall ionlarining sorbsiya kinetikasi
tahlili o‘rganildi. Bunda dastlab sorbsiyadan oldingi sun’iy eritmalarning konsentratsiyalari
tekshirildi. Harorat 30°C da qo‘yilgan eritmalarning konsentratsiyalari hisoblab chigildi.
Sorbsiya jarayoni dastlab 30-40 dagigasida jadal rivojlab, sorbsiya muvozanati 6-7 soatlarda
bo‘lganligi kuzatildi. Harorat 40°C da sorbsiyaga qo‘yilgan eritma konsentratsiyalari
tekshirildi va sorbsiya muvozanati 7-7.5 soatlarda kuzatildi. Eng yuqori harorat 50°Cda
sorbsiya jarayoni yuqgori bo‘lganligi konsentratsiyalarning fargidan va ionitga yutilgan metall
miqgdoridan ko‘rishimiz mumkin.

Psevdo birinchi tartibli kinetik model sorbsiya joylarini egallash tezligi band
bo‘lmagan joylar soniga mutanosib bo‘lishini nazarda tutadi. Psevdo-birinchi tartibli
tenglamadan ifodalanildi[8, 9].

dq;
dat

) kl
= k1(qe — q¢) log(qe — q) = logqe — 5553 ¢

Bu tenglamada: q: va ge ma’lum vaqtdagi va muvozanatdagi sorbentning metallarni
sorbsiyalangan miqdori (mg/g?), ki1-birinchi tartibli sorbsiya jarayoni tezligi (min*) bo‘lib,
log(ge-q:r) va t vaqtga nisbatan tuzilgan chizigli grafigida kesishish giyaligining burchak
giymati - k1/2,303 ga teng.

Psevdo ikkinchi tartib kinetik model 1995-yilda Xo ikki valentli metall ionlarining
torfga adsorbsiyasining kinetik jarayonini birinchi bo‘lib tasvirlab berdi, bunda ikki valentli
metall ionlari sorbent tarkibidagi funksional guruhlar, masalan, aldegidlar, ketonlar, Kislotalar
va fenollar o‘rtasidagi kimyoviy bog‘lanish ion almashinuvi hosil bo‘ldi[10].

t 1 1
a  Faaz * "
Dastlabki sorbsiya darajasi (t=0) quyidagicha topiladi h = k, g2
Bu tenglamada k> tezlik konstantasi, ge — ma’lum massali sorbentga yutilgan metall
migdori (mg/g 1), t-vagt (minut).

Sorbsiya jarayoniga ta’sir etuvchi omillar, ya’ni vaqtga, haroratga, konsentratsiyaga
bog‘ligligi o‘rganildi. Metall ionlarini ionitlarga yutilish jarayoni psevdo birinchi tartibli va
psevdo ikkinchi tartibli kinetik modellarda tahlil gilingan. Faollashtirilgan ionitlarning harorat
30, 40, 50°C larda sorbsiyaga qo‘yilgan 0.001, 0.0025, 0.005, 0.0075, 0.01, 0.025, 0.05,
0.075M konsentratsiyali eritmalarni sorbentga yutilgan metall ioni miqdorining psevdo
birinchi tartibli va psevdo ikkinchi tartibli kinetik modelning vaqtga bog‘liglik grafigi
keltirilgan. Cr(111) metall ionlarining ionitga sorbsiyalanish jarayoni kinetikasi keltirilgan
rasmda, log(ge - qr) va t vaqtga nisbatan tuzilgan grafikdan psevdo birinchi tartibli va psevdo
ikkinchi tartibli kinetik parametrlarini topish orqgali baholandi. Sorbsiya natijalari ikkita model
bo‘yicha Kkinetik parametrlar tahlil gilindi va sorbsiya muvozanati, barcha haroratlarda 7-8
soatlarda kuzatilishi xulosa gilindi. Metall ionining ionitga yutilishi harorat ortishi bilan ortib
borganligi, sorbsiya jarayoni kimyoviy bog‘lar asosida borganligidan dalolat beradi.

Tadqigot ishini Psevdo-birinchi tartibli kinetik model (Lagergren modeli) kam
konsentratsiyali eritmalar uchun mos bo‘lib, fizik adsorbsiyaga asoslangan ionlar yoki
molekulalar sorbent yuzasida kuchsiz Van der Waals bog‘lar orgali bog‘langanligi, olingan
natijalar tahlili nazariy hisoblashlar bilan tajribadagi hisoblashlar bir-biriga mos kelmaganligi
kuzatildi. Bu modelda sorbsiya jarayoni boshlang‘ich tezlik yugori, lekin ma’lum vaqt o‘tgach
sekinlashadi.
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Psevdo-ikkinchi tartibli kinetik model kimyoviy adsorbsiyaga asoslangan, ya’ni ionlar
va sorbent o‘rtasida kuchli kovalent yoki ion almashinish bog‘lari hosil bo‘ladi. Sorbsiya
jarayoni nisbatan sekin boshlanadi, lekin vaqt o‘tishi bilan bargaror bo‘lib boradi. Yugori
konsentratsiyali eritmalar uchun mos — aynigsa, og‘ir metall ionlari sorbsiyasida yaxshi natija
beradi. Dastlabki tezligi yuqori, ya’ni metall ionlari sorbent bilan tez bog‘lanadi. Ko‘pchilik
hollarda og‘ir metallarni sorbsiya qilishda psevdo-ikkinchi tartibli kinetika yaxshirogq mos
keladi, chunki u kimyoviy adsorbsiyani yaxshi tavsiflaydi va metall ionlarini samarali ajratib
olishga imkon beradi. Quyidagi grafiklardan olingan jadvaldagi natijalar fagat psevdo ikkinchi
tartibli modeldan olingan natijalar keltirilgan.

CrII) 303K

lng(m-quu ‘

vaqt{min)

s00

- 52 mgst

- 130 mast
260 mg/l
390 mast

# 520 me/t
1300 ma/l
2600 ma/l
3900 ma/l

t/q; (min g/mg)t

"

o

e

M /
°

-3

w

-1

=]

&

°

=3 \
w

aso
a00
EEN
300
250
200
150
100

s0

o -+

Cr @D 303K

52 me/t

=130 me/l
260 mg/1

> 390 me/l

520 ma/l
1300 mg/l

2600 mg/1

3900 mg/1

o

00 600

vaqt(min)

1-rasm. Psevdo birinchi va ikkinchi tartib kinetik model. 30°C

1-jadval
30°C da psevdo ikkinchi tartib kinetik modeldan olingan natijalar
Co 0e My/g
o) trend chizig‘i R? h t/ge Exs. His. k2
g nat nat
52 | y=0,675x +100,5 | R2=0,989 | 0,006 | 0,675 1,17 1,481 | 0,0045
130 | y=0,416x+83,71 | R2=0,981 | 0,004 | 0,416 1,71 2,403 | 0,0020
260 | y=0,314x +62,12 | R2=0,977 | 0,005 | 0,314 2,31 3,184 | 0,0015
390 | y=0,277x+29,80 | R2=0,978 | 0,0092 | 0,277 3,04 3,610 | 0,0025
520 | y=0,247x +25,95 | R2=0,974 | 0,0095 | 0,247 3,43 4,048 | 0,0023
1300 | y=0,155x + 5,564 | R2=0,997 | 0,0278 | 0,155 6,05 6,451 | 0,0043
2600 | y=0,105x + 2,922 | R2=0,998 | 0,0359 | 0,105 9,12 9,528 | 0,0037
3900 | y=0,081x +1,908 | R2=0,998 | 0,0426 | 0,081 10,6 12,34 | 0,0034
1 Cr(IIl) 313K 400 Cr(III) 313K
s = e w 2 = P
= o - a0o soo .6:;.“;/. % e .
£ | g %::‘ e
= S N A — — — ——————
s e Y e 0 a0 00 oo se0  eeo
= vagt (min) vaqt (min)
2-rasm. Psevdo birinchi va ikkinchi tartib kinetik model: 40°C
2-jadval
40°C da psevdo ikkinchi tartib kinetik modeldan olingan natijalar
c 0 mg/g
( /(;) trend chizig*i R? h t/ge EXs. His. ke
g nat | nat
52 | y=0,563x+71,34 | R2=0,992 | 0,0078 | 0,563 | 1,404 | 1,776 | 0,004
130 | y=0,437x + 66,07 | R2=0,982 | 0,0066 | 0,437 | 1,794 | 2,288 | 0,002
260 | y=0,297x+ 37,10 | R*=0,958 | 0,0080 | 0,297 | 2,704 | 3,367 | 0,002
390 | y=0,284x+17,69 | R*=0,989 | 0,0160 | 0,284 | 3,198 | 3,521 | 0,004
520 | y=0,190x + 18,09 | R*=0,972 | 0,0105 | 0,19 4,472 | 5,263 | 0,001
1300 | y=0,141x + 7,587 | R2=0,991 | 0,0186 | 0,141 6,5 7,092 | 0,002
2600 | y=0,089x +2,308 | R2=0,998 | 0,0385 | 0,089 | 10,66 | 11,23 | 0,003
3900 | y=0,082x+1,904 | R>=0,998 | 0,0430 | 0,082 11,7 12,19 | 0,003
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3-rasm. Psevdo birinchi va ikkinchi tartib kinetik model: 50°C

3-jadval
50°C da psevdo ikkinchi tartib kinetik modeldan olingan natijalar
Co Qe Mg/g
trend chizig‘i R? h t/qe Exs. His. K2
o/ nat | nat

52 | y=0,352x+ 71,05 | R*2=0,979 | 0,0049 | 0,352 1,976 | 2,8409 | 0,001744
130 | y=0,280x + 66,43 | R*=0,982 | 0,0042 0,28 2,366 | 3,5714 | 0,00118
260 | y=0,231x+55,73 | R*=0,957 | 0,0041 | 0,231 2,912 | 4,3290 | 0,000957
390 | y=0,211x+ 16,97 | R*=0,991 | 0,0124 | 0,211 4,108 | 4,7393 | 0,002624
520 | y=0,165x+ 11,34 | R*=0,992 | 0,0145 | 0,165 5,304 | 6,0606 | 0,002401
1300 | y=0,121x + 4,467 | R*=0,998 | 0,0271 | 0,121 7,722 | 8,2644 | 0,003278
2600 | y=0,081x+ 3,078 | R*=0,997 | 0,0263 | 0,081 11,44 | 12,345 | 0,002132
3900 | y=0,073x+2,841 | R*=0,995 | 0,0257 | 0,073 12,74 | 13,698 | 0,001876

Jadvalda keltirilgan natijalardan shuni xulosa gilish mumkinki, konsentratsiya va
haroratning o°tishi bilan sorbsiya jarayoni ortib borganligini hamda barcha
konsentratsiyalarda sorbsiya muvozanati 7-8 soatlarda bo‘lganligi kuzatildi. lonitlarga
metall ionlarning yutilishi olingan tadqiqot natijalardan va jadvaldagi ma’lumotlarni
tahlilidan psevdo ikkinchi tartibli kenetik modelga bo‘ysunganidan dalolat beradi.

Xulosa va takliflar. Ushbu tadgigot ishida bir nechta adabiyotdan olingan
eksperimental ma’lumotlardan foydalanib Cr(ll1) ionlarining ionitlarga sorbsiyalanish
metodikasi tuzib chiqildi va o‘rganildi. lonitlarga Cr(lll) metall ionlarining sorbsiya
kinetikasi 30, 40, 50°C haroratlarda, 0.001, 0.0025, 0.005, 0.0075, 0.01, 0.025, 0.05,
0.075M konsentratsiyalarning sorbsiya jarayonini bog‘liqligi o‘rganildi. Bunda eritma
harorati va konsentratsiyaning ortishi bilan ionitlarga metall ionlarining yutilishi ortib
borganligi kuzatildi. Suyuqlik adsorbsiya Kkinetikasiga oid hozirgi adabiyotlardagi
aksariyat asarlarda ma’lumotlarni tavsiflash uchun psevdo-birinchi tartib va psevdo
ikkinchi tartib kinetik modellarning tegishli qobiliyatlari solishtiriladi. Deyarli barcha
holatlarda, psevdo ikkinchi tarbib kinetik model birinchi tartib kinetik modeldan ustun
turadi, degan xulosaga keladi. Ushbu tadgiqot ishida ham suyugliklarda metall ionlarining
sorbsiyalanishi psevdo ikkinchi tartibga ko‘proq to‘g‘ri kelishini tahlil gildik. lonitlarga
Cr(111) metall ionlari sorbsiyasini psevdo birinchi tartibli va psevdo ikkinchi tartibli
kinetik modellar tahlil gilingan va grafiklardan olingan jadvaldagi natijalardan shuni
xulosa gilish mumkinki, sorbsiya jarayoni psevdo ikkinchi tartib kinetik modelga ko‘proq
bo‘ysunganidan dalolat beradi. Taklifimiz shuki, O‘zbekistonda mavjud barcha mahalliy
sorbent turlarini aniglash va o‘rganish. Ularning amino guruhlar bilan modifikatsiyalangan
variantlarini sintez gilish va sorbsion xossalarini tavsiflash. Sorbsiya jarayonlarini tahlil
gilishda ko‘proq ma’lumot beradigan kinetik modellardan foydalanishni tavsiya gilamiz.
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Annotatsiya. Hozirgi kunda kvant o‘lchamli yarimo‘tkazgichli materiallarni elektron, optik va
magnit xususiyatlari bo‘yicha turli o‘lcham va tuzilish geometriyasini hamda ushbu yarimo ‘tkazgichlarga
deformatsiya, harorat va hajmiy bosimlarning ta’sirlarini ko‘plab olimlar tomonidan muntazam ravishda
o‘rganib borilmoqda. Nanostrukturali yarimo‘tkazgichlarning asosiy xususiyatlaridan biri shundaki, ushbu
materiallarning kimyoviy, fizik, issiglik, elektr, optik va magnit xossalarini keskin o‘zgarishi uchun turli
konsentratsiyali kirishmalar bilan qo‘llanilishidan kuzatish mumkin. Bundan tashgari, kvant o‘raning
tagiglangan zona kengligida yangi energetik sathlarni (kirishmali sathlar) hosil bo‘lishini kuzatish mumkin.
Shundan kelib chigib, Kkirishmalar — kvant o‘rali yarimo‘tkazgichli strukturalarning optoelektronik
xususiyatlarini sozlash uchun ishlatilishidan darak beradi. Ushbu ishda kvant o‘rali yarimo‘tkazgichlardagi
elektronlar va kovaklarning Landau sathlariga deformatsiyaning ta’siri ko‘rib chigilgan. Kvadratik
dispersiya gonuniga bo‘ysinuvchi kichik o‘lchamli yarimo‘tkazgichlarda kvant ossillyatsiya effektlarining
haroratga bog‘ligligiga deformatsiyaning ta’siri tatbiq etilgan.

Kalit so‘zlar: Kvant o‘ra, tagiglangan zona, deformatsiya, nanostrukturali yarimo ‘tkazgich, kvant
o‘lcham, optik va magnit xossa, geterostruktura, gidrostatik bosim, kirishmali sathlar, magnit maydon.

EFFECT OF DEFORMATION ON THE FORBIDDEN BAND WIDTH OF
QUANTUM-WALL SEMICONDUCTORS

Abstract. Currently, the electronic, optical, and magnetic properties of quantum-sized
semiconductor materials are being regularly studied by numerous scientists, focusing on various sizes and
structural geometries, as well as the effects of deformation, temperature, and bulk pressure on these
semiconductors. One of the key characteristics of nanostructured semiconductors is that the chemical,
physical, thermal, electrical, optical, and magnetic properties of these materials can be dramatically altered
by the application of impurities at varying concentrations. Furthermore, the formation of new energy levels
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(impurity levels) in the forbidden zone width of the quantum well can be observed. Based on this, impurities
indicate the possibility of using quantum well semiconductor structures to tune optoelectronic properties.
This work examines the effect of deformation on the Landau levels of electrons and holes in quantum well
semiconductors. The effect of deformation on the temperature dependence of quantum oscillation effects in
small-sized semiconductors obeying the quadratic dispersion law is also applied.

Keywords: Quantum well, forbidden zone, deformation, nanostructured semiconductor, quantum
size, optical and magnetic properties, heterostructure, hydrostatic pressure, impurity levels, magnetic field.

Kirish. Kvant o‘lchamli yarimo*‘tkazgichli materiallarni elektron, optik va magnit
xususiyatlari  bo‘yicha turli o‘lcham va tuzilish geometriyasini hamda ushbu
yarimo‘tkazgichlarga deformatsiya, harorat va hajmiy bosimlarning ta’sirlarini ko‘plab
olimlar tomonidan muntazam ravishda o‘rganib borilmogda. Nanostrukturali
yarimo‘tkazgichlarning asosiy xususiyatlaridan biri shundaki, ushbu materiallarning fizik,
issiqlik, elektr, optik va magnit xossalarining keskin o*zgarishi uchun turli konsentratsiyali
kirishmalar bilan go‘llanilishidan kuzatish mumkin [1]. Ya’ni, kirishmalar kvant o‘rali
yarimo‘tkazgichlarning energetik zona tuzilishini tubdan o°zgartiradi, buni esa kvant
o‘raning elektron, optik va magnit xususiyatlarini o‘zgarishidan sezish mumkin. Bundan
tashqgari, kvant o‘raning tagiglangan zona kengligida yangi energetik sathlarni (kirishmali
sathlar) hosil bo‘lishini kuzatish mumkin. Shundan kelib chiqib, kirishmalar — kvant o‘rali
yarimo‘tkazgichli ~ strukturalarning optoelektronik  xususiyatlarini  sozlash uchun
ishlatilishidan darak beradi [2-3]. Shu bilan birga, kirishmani bog‘lanish energiyasini
boshgarish, kvant o‘lchamli geterostrukturali materiallarning bargarorligi va chidamliligini
ta’minlash uchun muhim hisoblanadi. Xulosa qilib aytish mumkinki, kirishmali kvant
strukturali materiallarni tashgi omillarga (gidrostatik bosim, deformatsiya, magnit
maydonlar) moyilligidan (chidamliligidan) bunday materiallarni o‘rganish ham nazariy,
ham amaliy jihatdan dolzarb ekanligini ko‘rsatadi.

Tadqgigot metodologiyasi. Kvant o‘rali materiallarning asosiy parametrlariga
deformatsiya ta’siri nazariy ko‘rib chigilgan. Gamiltoniyan tenglamasini kvant o‘raning
ruxsat etilgan zonasiga hajmiy deformatsiya va magnit maydon ta’sirini effektiv massa
yaqinlashuvi orqali H(T,e) funksiyasi sifatida quyidagicha yozish mumkin [1]:

1 —~ e\ e? 1
:m[p+EA(r):| +V(z,g,T)—m ()

bu yerda, p- elektronning impulsi, K(F) - magnit maydonning vektor potensiali,
bu magnit maydon o‘sish yo‘nalishiga (z -yo‘nalish) perpendikulyar go‘llaniladi, ya’ni
magnit maydon va vektor potensiali B =(B,0,0) va A =(o,B,,0)ko‘rinishlarga ega, ¢ —
yorug‘lik tezligi.

Effektiv massa m"(£,T) Va dielektrik doimiysi & (&) funksiyalari XOY
tekislikdagi elektron va donor kirishmalar orasidagi masofa r—. /2 (z—z) orgali
ifodalanadi. Bunda, ,=./x2+y? 0a teng. z va z esa, elektron va donorlarning

koordinatalaridir. Zaryadli zarralar uchun deformatsiya va haroratga bog‘liq effektiv
massa [4-6] ishlardagi olimlar tomonidan quyidagi topilgan:

. m 2)
m (&,T)= o

- 2 1
1+Ep|:Egr(g,T)+Egr(g,T)+Ao:|
Bu yerda, m, -erkin elektron massasi, E§=7.51ev , T=0 uchun impuls matritsasi
elementi bilan bog‘liq energiya, A, - spin-orbitaning bo‘linishi va E; (&,T), I'-eV

birliklarida kvant o‘ra uchun deformatsiya va haroratga bog‘liq energiya zonasi, bu [7-8]
ishlardagi olimlar tomonidan topilgan:

E' (£, T)=E}(0,T)+1.26*10°¢—3.77*10 ° ¢ 3)

bu yerda, E. (0,T)=1.519—(5.405*10 *T2) / (T +204)eV
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Deformatsiya va harorat (K), statik dielektrik doimiysiga bog‘liq [7-8].
£ (eT)= { (i)12.74e‘1'7*1°:£e9'4*1°757(:‘75'6); T < 200K uchun (4)
(ii)13.18e+ 70 #2040 7 (T=300) - T > 200 K uchun

Lekin ushbu olingan formulalarda kvant o‘raning energetik holatlar zichligini
deformatsiya va magnit maydonga bog‘ligligi ko‘rib chigilmagan.

Natijalar va muhokama. Maqolada deformatsiya ta’siridagi zaryadli zarralar
energetik spektrlarining o°zgarishi ko‘rib chiqildi. Ushbu energetik spektrlarni
o‘zgarishiga bog‘lig bo‘lgan bir qator fizik effektlardan biri siklotron chastotasidir.
Siklotron chastota zaryadli zarralarning Landau sathlarining energiyasiga bog‘lig bo‘lgan
kattalik: g _ 5, (N +1j . Ya’ni, siklotron chastotasi kuchli magnit maydondagi

c L 2

elektronlarning spektri bilan ifodalanadi. Ushbu spektrni hisoblash uchun kvantlovchi
magnit maydondagi Shredinger tenglamasini yechish kerak.

(H(K)+Hg —E)F =0 (®)

'k k. e a - to‘laimpuls, H=rotA; F-effektiv massa yaginlashuvidagi to‘lgin
c/

bu yerda

funksiyasi [9].

Effektiv massa yaqginlashuvi bo‘yicha (5) Shredinger tenglamasidagi H(K) ifodani
K bo‘yicha kvadratik hadlar bilan cheklanishi yetarli va shu bilan birga g- faktorni K ga
bog‘ligligini hisobga olish shart emas. Bundan tashqari, (5) dagi yaginlashuvda siklotron
chastota barcha zaryadli zarralar uchun bir xil bo‘ladi, bu esa spin ta’sirini hisobga
olmaslik mumkinligini ko‘rsatadi. U holda, (5) Shredinger tenglama effektiv massa
tenzorini asosiy koordinata o‘qlarida quyidagi ifodaga keladi:

[Z% KiZ—EJF =0 (6)

(6) ifodani kvant o‘ra uchun tatbiq etib yechimi topilsa, u holda En quyidagi ko‘rinishga
ega bo‘ladi:

E. =th(N +%)+%nf ()
bu yerda,
w, =B gateng ®)
m

[10] ishlardan ma’lumki, siklotron effektiv massa deformatsiyaga bog‘liq ravishda

o‘zgaradi. Masalan, [10] da %(5) funksiyani grafigi keltirilgan (1-rasm).
0

0.266 X\
0.264 {O//
5}0_0_0_0&

o 0,002 0,004 0. 006 0,008 0, 0010 0. 0012

1-Rasm. p-tip kremniyning siklotron massasini deformatsiyaga bOgW‘quIigi [10]
Ushbu rasmda p-tipli germaniyning m_Z(g) bog‘ligligi tasvirlangan. Bu rasmdan ko‘rinib
turibdiki, M (¢) Katta deformatsiyalarda deformatsiyaga (¢) chiziqli bog‘liqdir.
mO
Ushbu rasmdan ko‘rinib turibdiki, kvant o‘radagi ruxsat etilgan zonalarini Landau
sathlariga katta deformatsiya sezilarli ravishda ta’sir etadi.
Yangi turdagi hajmiy va kvant o‘ra asosidagi yarimo‘tkazgichlarda kvant
ossillyatsiya effektlariga bosim, deformatsiya va haroratlarning ta’sirini o‘rganish uchun
turli xil tajribalar sinovlardan o‘tkazilmogqda hamda yangi ilmiy-amaliy natijalar
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olinmoqgda. Chunonchi, energetik holatlar zichligining ossillyatsiya jarayonlari barcha
kvant effektlarini ossillyatsiyalanishlariga olib kelishi ushbu [11-15] ishlarda keltirib
o‘tilgan. [15-18] ishlarda hajmiy va nanostrukturali yarimo‘tkazgichlarning
magnitogarshilik, magnit singdiruvchanlik va kvant Xoll effekti ossillyatsiyalarini
haroratga bog‘ligligini yangi modeli taklif etilgan. Bunda, magnitogarshilik va magnit
singdiruvchanlik ossilyasiyalarining haroratga bog‘ligligini diskret Landau sathlarini
termik kengayishini hisobga olgan holda nazariy mexanizmlari ishlab chigilgan. Ammo
ushbu ishlarda energetik holatlar zichligi, magnitogarshilik va magnit singdiruvchanlik
ossillyatsiyalarini parabolik dispersiya qonunlari uchun deformatsiyaga bog‘ligligi
umuman ko‘rib chigilmagan.

To‘g‘ri burchakli kvant o‘raning o‘tkazuvchanlik zonasidagi Landau sathlariga
harorat va deformatsiyaning ta’sirini parabolik dispersiya qonuni uchun ko‘rib chigaylik.
Bunda, magnit maydon induksiyasi Z o‘gi bo‘ylab yo‘nalgan bo‘lib, kvant o‘raning
galinligiga parallel, XOY tekisligiga tik yo‘nalgandir. Zaryad tashuvchilarning energetik
spektri bo‘yicha sanoq boshini kvant o‘raning valentlik zonasi shipini tanlab olaylik. U
holda, erkin elektronlar va kovaklar uchun kvantlovchi magnit maydon ta’siridagi
energetik spektrlari quyidagi formulalar orgali hisoblanadi:

2d 2d 1 z°n’ 2 9
Ec (B,NL,nZ,d):Eg +(NL+E)ha)c+Wedznz ( )

1 7°h? (10)
EZ¢(B,N ,nz,d)_[(N +heao, + an
- ) 2m,d?

Kvadratik dispersiya gonuni uchun:
E— hzk%m, unda s = zk? = z(k> —k?),

m o BOS (11)
27 OE
Maqolada kvant o‘rali geterostrukturaning parabolik dispersiya qonuni uchun
energetik holatlar  zichligining haroratga bog‘ligligi N2‘(E,B,T,d) formulasi

keltirilgan. U holda, (9) shartga asosan quyidagicha yozish mumkin:

[E—(E§d+(NL+;jha)c+2”m2h;2 n? B (12)

(kT)*

> eB 1
N2 (E,B,T,d)= E L L —
s ( ) Nem, Th K P

(12) formulaning fargi shundan iboratki, N2* ikki o‘lchamli holatlar zichligi kvant
o‘raning tagiglangan zona kengligiga bog‘liq bo‘Imoqgda.

Xulosa. Kvant o‘rali yarimo‘tkazgichlarning tagiglangan zona kengligiga
deformatsiyaning ta’siri nafagat fundamental ilmiy ahamiyatga ega, balki amaliy nuqtayi
nazardan ham keng imkoniyatlar ochib beruvchi muhim hodisadir. Kvant o‘ralari,
o‘lchamlari atomlararo masofalarga yaqin bo‘lgan yarimo‘tkazgichli geterostrukturalar
bo°lib, ularda elektronlar va kovaklar fazoviy jihatdan cheklangan harakatlanadi. Bunday
cheklanish kvant effektlarining namoyon bo‘lishiga olib keladi va materialning elektron va
optik xususiyatlarini keskin o‘zgartiradi. Deformatsiya, tashqi kuch ta’sirida kristall
panjarada yuzaga keladigan mexanik zo‘rigish bo‘lib, yarimo‘tkazgichning elektron
tuzilishiga sezilarli ta’sir ko‘rsatadi. Deformatsiya tagiqlangan zona kengligini, effektiv
massa va energiya sathlarining holatini o‘zgartirishi mumkin. Bu xususiyat materialning
optoelektronik xususiyatlarini moslash uchun go‘llanilishi mumkin, masalan, yorug‘likni
yutish spektrini siljitish yoki yorug‘lik chigarish samaradorligini oshirish. Sigish
deformatsiyasi, odatda, tagiglangan zona kengligini oshiradi, bu esa materialning ko‘k
tomonga siljishiga olib keladi (ya’ni, yuqori energiyali yorug‘likni yutadi yoki chigaradi).
Cho‘zish deformatsiyasi, aksincha, ta’giglangan zona kengligini kamaytiradi va qizil
tomonga siljishga olib keladi (ya’ni, past energiyali yorug*likni yutadi yoki chigaradi).

Deformatsiyaning ta’siri materialning kristall tuzilishi, deformatsiya yo‘nalishi va
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miqdori kabi omillarga bog‘lig. Kvant o‘lchamlari tufayli kvant o‘ralarida
deformatsiyaning ta’siri ancha kuchliroq bo‘ladi. Elektronlar va kovaklarning harakati
cheklanganligi sababli, deformatsiya ularning energiya sathlariga sezilarli ta’sir ko‘rsatadi.
Bu esa, kvant o‘rali qurilmalarining sezgirligini oshirish va ularning xususiyatlarini
aniqrog sozlash imkoniyatini yaratadi.

Shunday qilib, kvant o‘rali yarimo‘tkazgichlarning tagiglangan zona kengligiga
deformatsiyaning ta’siri nafagat fundamental fizik hodisa, balki yuqori texnologik
qurilmalar yaratishda qo‘llaniladigan muhim vositadir. Bu sohada olib borilayotgan
tadgiqotlar yangi avlod elektron va optoelektronik qurilmalar yaratishga olib kelishi
kutilmoqda.
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KO*P O‘LCHOVLI FAZODA MANBA VA CHIZIQSIZ CHEGARAVIY SHARTL
BILAN BERILGAN ISSIQLIK O‘TKAZISH MASALASINING AVTOMODEL
YECHIMINING ASIMPTOTIKALARI
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UDK 517.957

Annotatsiya. Ushbu magolada ko‘p o‘Ichovli fazoda manba va chizigli bo‘lmagan chegaraviy shart
bilan berilgan issiglik o‘tkazuvchanlik masalasining avtomodel yechimlarining asimptotikalari o‘rganiladi.
Bir nechta teoremalardan foydalanib, ko‘p o‘Ichovli fazoda manba va chizigli bo‘Imagan chegaraviy shart
bilan berilgan issiglik o‘tkazish masalasi parametrlari uchun turli xil vaziyatlarda asimptotik bargarorlik va
shartlar keltirilgan hamda isbotlangan. Bundan tashgari maqgolada qo‘shimcha manba va chizigsiz
chegaraviy shartlar bilan berilgan issiglik o‘tkazish masalasining bir o‘Ichovli fazodagi avtomodel yechim
bargarorlik shartlari ham aytib o‘tilgan. Chekli vaqgtda yechimning cheksiz bo‘lish, ya’ni buzilish holatiga
olib keluvchi, yechimning lokallashuvini ifodalaydigan parametrlar ko‘rsatilgan. Sonli tahlilda
foydalaniladigan iteratsion jarayonning eng yagin boshlang‘ich yaginlashish masalasi yechilgan.

Kalit so‘zlar: Avtomodel tenglama, blow-up, chizigsiz tenglama, issiglik o‘tkazish masalasi ,
yechim asimptotikalari.

ASYMPTOTIC BEHAVIOR OF SELF-SIMILAR SOLUTIONS OF THE
HEAT CONDUCTION PROBLEM WITH A SOURCE AND A NONLINEAR
BOUNDARY CONDITION IN MULTIDIMENSIONAL SPACE.

Abstract. In this article, asymptotic behavior of self-similar solutions of the heat conduction
problem with a source and a nonlinear boundary condition in multidimensional space are investigated. Using
several theorems, asymptotic stability and conditions for the parameters for the heat conduction problem
with a source and a nonlinear boundary condition in multidimensional space proved. In addition, the article
also discusses the stability conditions for the self-similar solution in one-dimensional space of the heat
transfer problem given by an additional source and nonlinear boundary conditions. It is shown that there
exist some parameter values for which the effect of finite velocity of perturbation of distribution (FSPD),
localization of solution, onside localization can occur. The problem for choosing the appropriate initial
approximation for the iteration process used in numerical analysis is solved.

Keywords: Self-similar equation, blow-up, nonlinear equation, heat conduction problem,
asymptotic of solution

Introduction. Consider the following problem for a parabolic equation
pl(x)ut:V(p2(x)|Vum|k72Vum)+p3(x)uﬁ, xe RN, t>0, (1)

with nonlinear boundary flow and initial condition

—,oz(x)|Vu'“|k72 %L:: =u?, x =0, t>0, (2)

u(x,0)=u,(x), ©)

where g —{(%.¥) X R, x, >0} m>1, k=>1+1/m, /,q>0. given real

numbers, N >1 — size of space, pi:|x|"‘,i:1,_3 variable density, u” - source or

absorption and U, (X) - bounded, continuous, non-negative function.u =u(t,x)>0 -
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the desired solution.

Literature review. Equation (1) is encountered in various fields of natural science
[1]. In particular, it can be considered as a model of heat propagation with a nonlinear
thermal conductivity coefficient dependent on the gradient encountered in a chemical
reaction [2, 3, 4]. In addition, equation (1) arises in the mathematical modeling of
diffusion in nonlinear media, in the study of problems of fluid flow through porous layers,
in problems of the dynamics of biological populations, polytrophic filtration, the
formation of structures in synergetic and in a number of other fields [5, 6].
Since many physical, chemical, and biological processes are expressed by nonlinear
parabolic equations, many scientists have studied this process. In particular, many articles
[12-14] are devoted to the study of nonlinear boundary conditions and the Cauchy
problem. In recent years, in Uzbekistan, M.M.Aripov [11,18], A.S.Matyakubov [11,15],
A.Khaydarov [16-17] and others have studied the solution properties of various problems
expressed by such nonlinear parabolic equations..

Various qualitative properties of solutions of problem (1)-(3), for particular values
of numerical parameters, have been studied by many authors [7, 8] and references therein).

Research methodology. It is well known that due to degeneration, equation (1) at®
may not have a classical solution. Therefore, its solution is naturally understood in a

m [K—2 m . g
du ou c C(R+ x(01+oo)) and satisfies

generalized sense from the class o _ |,
T ox OX

equation (1.4.1) in the integral sense.

Conditions for the existence or non-existence of a global solution in time to
problem (1)-(3) at m =1 were studied in the work [8] and it was found that the solution of
problem (1)-(3) becomes unbounded if one of the following conditions is satisfied

1) 1<p<2(p-1)+1,2(p-1)/p<q<2(p-1);
2) £>1q>2(p-1)/p;
3) p>2(p-1)+1, q>2(p-1).

In the work [9] the conditions of unsolvability or solvability in general are proved,
and some properties of solutions of the Cauchy problem for equation (1) are investigated
for m =1 in the multidimensional case.

Results and discussions. We will consider the following cases and evaluate them
asymptotic behavior of self-similar solutions

Case g <1, q>2(k—1).Letus consider the following self-similar solution to
the problem (1)-(3)
u (x,t)=tg(&), &E=xt7, (6)
where  _ 1 __k-1-p .
R 4 kK(1+m— )
Using well-known solution comparison theorems, one can show, that u, (x,t) will

be the lower solution of problem (1)-(3). For this, the function must satisfy the following
boundary value problem:

d do™ [ de™ d 7

E[”“X)‘% %}”‘X)ﬁﬁ—wws(x)wuo "

B dgom|k72 d¢m| . )
pz(x) d§| d§ ‘;:0_0

Applying the method of standard equations [10] to solve (7), we obtain the
function
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¢(§)=[a—k;27“c§“]k2 ©)

where a>0.
Let us show that function (9) will be the asymptotics of the solutions of problem
(7). (8).
Theorem 1. The solution of problem (7),(8) with compact support has the
asymptotics
P(£)=P(£)(1+0(D)).
where @ (&) -the function defined above.

Proof. We will seek a solution to equation (7) in the following form

p=p(&)W(z) (10)
where | bgﬁ , p=KZ2 vy moreover 7 —>+00  at
— ” ,
ak e/ “, which allows us to study the asymptotic stability of the
s (k—2),7¢D

solution to the problem (7), (8) at z — +oo .
Equation (7), taking into account (9), takes the
form k1 - k1
plé(hwm) +p2[k1¢1(7) —lej(Llwm) + Pk, Lw— pkwib, (7) — pok, Wb, () =0
here and further
w w

, (11)

_ _ —[(B+1)(k—1)—k]z /(k—2)
Lw=1——"—— A =e/(a-e) 4 (r)-E ’
k2 k-1 (z) (a e )
J-bk, g k=1 ke, =KD L k-1
bk ™2 ™ (b ) b kT bk

The study of solutions of the last equation is equivalent to the study of those
solutions of equation (1), each of which satisfies the inequalities in a certain
interval: [7,+0):

w(e)=0, W) wW(@)
k—2 k-1
Let us check that the solution W(z')of equation (11) has a finite limit 77 — 4o .
Let
v(7) = (Lw)
Then for the derivative function v(7) we have

V= _[k1¢1(7) o ::;jv o k2|—1W+ k3W¢2 (T) + k4wq¢2 (T)

To analyze the solutions of the last equation, we introduce an auxiliary

function .,y — _(k1¢1(7) _ ::;jy Ky Lw+ kowe, (7) + kowie, () (12)

where £ - real number. From this it is easy to see that for each value z function
O(z,p) Preserves sign over some interval [z,,+ o) c[z,,+o0) and with all
z e[z,,+o0) ONE of the inequalities is satisfied

v(t)>0:v'(z)<o0-
Then, analyzing (12) taking into account Bohl's theorem, it follows that for the
function v(7) there is a limit at rel[r,+x).

Let us now make the limit transition. It is clear that when = _, (a/b)P/P
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limg¢ (z) >0 limg, (r7)— 0,

T—>+00

Then taking into account the last limit and W =0 from (11) for W we obtain the
following algebraic equation

w P ,
(p_l)(p_zj —k,w=0

the solution of which is w=1 and in force (10) 2(&)=7(&)(1+0(1)):
Case 5- ok 1, q - 2(k —1) . A self-similar solution to equation (1) is sought

k
in the form

uz(x't) :ta(p(f), g =xt7,
where k-1 ___k=1—qg . It is known [9] that the solution of
2(k—-1)—kq' 7~ 2(k—1)—kq
problem (1)-(3) for p>2k -1, ¢ — 2(k —1) is unlimited.
k

According to the principle of comparison of solutions, the function must satisfy the
following inequalities

ou, _ o ou," % au,m
£(x) - Sax[pz(x) " " J, (x,t)e R, xR,,
_ ou, Kz ou, q
£ (%) e~ " (0, t)<uj, t>o0.
Then, taking into account the specific type of function u, (x,t) for @ (&) We get
d (|de" [ de” do )
pz(X)dde az| dz ]+p1(><)7§d§ ap+ py(X)p” =0
(12)
Coaden[TPder| (13)
~0ag] Tag| TP

Analyzing the problem (12), (13) based on the method of standard equations, we
obtain

k—1
p(&)=K(a—-&)k=,

where kK =~ o, a>0.

Theorem 2. The solution of problem (13), (14) with compact support has the
asymptotics

?(£)=Cep(£)(1+0(2)),
where _ _ [ k-2 ayj’/(“) k—2 (&) the function defined above.
k—1 K(k —1)

Theorem 2 is proved similarly to the proof of Theorem 1

Conclusion. This paper presents the asymptotic behavior of the self-similar
solution of the nonlinear heat dissipation problem (1)-(3) given by any parabolic type,
additional source and nonlinear boundary condition defined in (1). The research results
show the necessary conditions for the self-similar solution parameters for the existence of
global solutions to the problem.
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Anotatsiya. So‘nggi yillarda klassik tizimlarning assotsiativ bo‘lmagan analoglari matematika va
fizikaning ko‘plab sohalarida go‘llanilib kelmoqgda. Li va Leibniz algebralari kabi ba’zi noassotsiativ
algebralar uchun lokal operatorlar, xususan lokal va 2-lokal differensiallashlar tushunchalari ham keng
o‘rganila boshladi. Ushbu tushunchalarga alogador asosiy muammolar har bir lokal (yoki 2-lokal)
avtomorfizm va differensiallash oddiy ma’noda avtomorfizm va differensiallash bo‘ladigan shartlarni topish,
shuningdek, avtomorfizm bo‘lmagan (mos ravishda differensiallash) lokal va 2-lokal avtomorfizmga ega
algebralar sinflarini aniglashdan iboratdir. Hozirgi kunda jahonda differensiallashlar nazariyasi bilan bir
gatorda, operator algebralarida lokal va 2-lokal differensiallashlar nazariyasi ham muhim hisoblanadi.
So‘nggi yigirma yil davomida Fon Neyman algebralari, C *-algebralari va JB *-uchliklarda lokal va 2-
lokal differensiallashlar nazariyasini o‘rganish bo‘yicha samarali natijalarga erishildi. Ushbu magolada 2, 3
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va 4-o‘Ichamli yechiluvchan Li algebralarining lokal differensiallashlari o‘rganilgan.

Kalit so‘zlar: Li algebra, differentsiallash, lokal differentsiallash

LOCAL DIFFERENTIATIONS OF SMALL-DIMENSIONAL SOLVABLE
Lie ALGEBRAS

Abstract. In recent years, non-associative analogues of classical systems have found applications in
many areas of mathematics and physics. For some non-associative algebras, such as Lie and Leibniz
algebras, the concepts of local operators, in particular local and 2-local differentiations have also begun to be
widely studied. The main problems associated with these concepts are to find conditions under which every
local (or 2-local) automorphism and differentiation are automorphisms and differentiations in the usual
sense, and to determine classes of algebras that have local and 2-local automorphisms that are not
automorphisms (derivations, respectively). At present, in addition to the theory of differentiation, the theory
of local and 2-local differentiation in operator algebras is also of great importance in the world. Over the
past twenty years, fruitful results have been achieved in the study of the theory of local and 2-local
differentiations in von Neumann algebras, C * -algebras, and JB * -triples. The article studies local
differentiations of solvable Lie algebras in 2, 3 and 4 dimensions.

Keywords: Lie algebra, derivation, local derivation

Kirish. A ba’zi bir algebra ( assosiativ bo‘lmagan). o:._4 —»_a chizigli
akslantirish barcha x,y e .4 elementlar uchun p(xy) = D(x)y + xD(y) tengligini
ganoatlantirsa, unda bu akslantirish differensiallash deyiladi. A chizigli akslantirish A lokal
differensiallash deyiladi, agar har bir X € A uchun D, differensiallash bor bo‘lib bunda A
( X elementiga bog‘liq) differensiallash ko‘rinishi quyidagicha A(x) = D (x). Lokal
avtomorfizmning ta’rifi ham xuddi shunday beriladi [1].

Adabiyotlar tahlili. Yuqgoridagi tushunchalar R.V. Kadison ishlarida keltirilgan va
o‘rganilgan. [1] Shu bilan birgalikda D.R. Larson va A.R. Sourour ishlarida ham keltirilgan

[2]. Yugorida ta’kidlab o‘tilgan ishlar avtomorfizmlar, C* -algebralar va operator
algebralarning differensiallashlariga yaqgin bo‘lgan akslantirishlarning tavsifiga bag‘ishlangan
bir gator ishlarga turtki bo‘ldi. D.R. Larson va A.R. Sourourlar 4 = B(x), tenglikni
isbotlashdi, X Banax fazosidagi barcha chegaralangan chizigli operatorlar algebrasi, u holda
A ning har bir teskari lokal avtomorfizmdir. Shunday gilib B(x ) dagi avtomorfizmlar
ularning lokal ta’siri yordamida to‘liq aniglanadi. Murakkab yarim oddiy chekli o‘lchovli
Leybnits algebrasidagi har bir lokal differensiallash differensiallash ekanligi isbotlangan. [7]
Tadgigot metodologiyasi. Yechiluvchan Li algebralari. £ Li algebrasi bo‘lsin.

Quyidagi markaziy gatorlarni garaylik:

L=r, O=[c50], k=>1,

9=, s =[U A81], s>1.

L Li algebrasi nilpotent deyiladi (mos ravishda, yechiluvchan), agar shunday
p € N ko‘rinishdagi £° =0 (mos ravishda, £*! = 0). Bunda K eng kichik butun son
L5 =0 tengligi £ ning nilindeksi (yoki nilpotentlik kllasi) deyiladi. [6]
Quyidagi kichik o‘lchamli yechiluvchan Li algebralarini garaylik[4-5]:
L ={e.e,}:[e;,.e]=e,.[e,e,]=—¢,,
L (a)={e.e,.6}[e,6;]=—[e;.e ] =6, [e,.6;]=—[e;.8,] = e,
L, = {61,62,63} :[el’es] = _[eS’el] =€ + ezi[ezves] = —[63,62] =€,

L, ={e.e,.e;,e,}:[e,,e,]=—[e,.e]=e;.[e.e,]=—[e,.e ]=e.[e,.e,]=—[e,.e, ]| = e,,
[es.e.]=—[es.e;]=(1+x)e..

Ls = {61,62,63,64} :[61162] :_[ez1e1] :es1[e1’e4] :_[64161] =€ +e21[ez1e4] :_[eA’eZ] =€,
[es.e,]=—[e,.e5] = 2e,.

Lﬁ(a’ﬂ):{euez’es’ezl}: [e1’e4]:_[e4’e1]:eli[e21e4]:_[e41ez]:a62’
[e;.e,]=—[e,.e;] = Be,.
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L,(x)={e.e,.e;,e,}: [e,e,]=—[e,.e.] =€, +e,.,[e,,e,]=—[e,.e, ] =e,,
[es.e,]=—[es.e5] = e,.
L, ={e.e,.e;,e,}: [e.,e,]=—[e,.e,] =€ +e,.[e,.e,]=—[e,.e;]=e, +e,,
[es.es]=—[es.es]=es.

Yugorida keltirilgan L1 - L8 algebralarning differensiallashlari matritsasining
umumiy ko‘rinishi quyidagicha:

R & 0 o & & O
per(L)=(£ o). per(L(@)~| 0 & of.per()=|0 & o
* $s . O gz ¢a O
& 0 Ss 0 = S2 g O
0 52 §4 0 0 §1 é:4 0
Der(L4(a)): 0 0 &+& O  Der (L) = 0 0] 25 O
54 Olé:3 0 0 54 §4_§3 55 0
¢ 0 0 O & ¢ 0 0
0 & 0 O 0O & 0 O
Der (Ls(a,B))= 0 0 & o , Der (L, («))= 0 0 & o
s %5 %6 O Ss 65 66 O

G S ¢ O

0 & & O

Der(L) = o i é;l 0

$a S5 s O

Quyidagi teoremada yuqorida keltirilgan 2, 3 va 4 o‘Ichamli yechiluvchan Li
algebralarining lokal differensiallashlari o‘rganilgan.

Olingan natijalar va muhokama. Teorema. L, — Lg algebralar uchun quyidagi
tasdiglar o‘rinli:

1. L, L,val, algebralar uchun ixtiyoriy lokal differensiallash oddiy ma’noda ham
differensiallash bo*ladi.

2. L,L,,L,L,, L, algebralar uchun esa oddiy ma’noda differensiallash

bo‘Imaydigan lokal differensiallash mavjud va ushbu algebralar lokal differensiallashlari
matritsasining umumiy ko‘rinishi quyidagicha:

4 4 o A4 O A, O
LocDer(L,)=| O A4, O/, LocDer(L,(x))= °© A& A& O
a a0 O 0 1 O
4 A, A, 0O O
A A, A O A4 4 0 0
lo a4 4 o© |o a4 o o
LocDer (Lg) = o o 4 ol LocDer (L,) = O 0 4 O
A, Ay A O A5 As A, O
A4 A A4 O
o a4 4 o
LocDer (L) = 0o 0 A o
A A A O

Isboti. Dastlab birinchi tasdigni isbotlaymiz. Ma’lumki, L, algebra differensiallashlari
matritsasining umumiy ko‘rinishi quyidagicha:
& 0].
Der =
-2 ¢
Aytaylik, A akslantirish L, algebraning lokal differensiallashi bo‘lsin. U
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holda A(e,) = e, +ae,, A(e,)=ase +a,e,
ko‘rinishda yozish mumkin. Boshga tomondan A(el) =d, (el) =Ze,- Bundan esa o, =0
tenglikni hosil gilish mumkin. Xuddi shu kabi Ae,) = d, (e,)=&e, tenglikdan o, =0
tenglikni olamiz. Natijada A(el) = a,8,, A(ez) =, e, ifodalarni hosil qildik, ya’ni
A e Der(L).
Shunga o‘xshash () V& Ly(a,p) algebralar uchun ham lokal

differensiallashlar va oddiy ma’nodagi differensiallashalrning ustma-ust tushishini ko‘rsatish
mumekin.

Endi L, algebrani garaymiz. Yugoridagi tasdigdan ma’lumki, bu algebra
differensiallashlari matritsasining umumiy ko‘rinishi quyidagicha:
51 §2 o .
Der(L3)=[O = O]
& &, O
Faraz qilaylik, ushbu algebraning lokal differensiallashi matritsasining umumiy Kko‘rinishi
quyidagicha bo‘lsin:
a, a; 813]

LocDer ( |_3) = £a21 Ay, Ass
Az, AQzy Ags

Lokal differensiallashning ta’rifiga ko‘ra A  akslantirish L, algebraning lokal
differensiallashi bo‘lsa, vx < L, element uchun shunday dX differensiallash mavjud bo‘lib,
A(x)=d,(x) tenglik o‘rinli bo‘lishi kerak. Xususan A(e)=d, (&) - U holda
A(e)=a.8 + a8 +a, e, Va d, (&)=<l + e, tengliklarni tagqoslaymiz:
018 + 0,8 + 0 38 = éllel + 52162

Bundan o 3= 0 tenglikni hosil gilamiz. Xuddi shu kabi lokal differensiallash ta’rifini €, va
€; elementlar uchun ham qo‘llab o, =, , =, , =0 tengliklarni olamiz. Lokal
differensiallash matritsasi quyidagi ko‘rinishga keldi:

a, a, O

LocDer(L,)=| O a,, O

ay &, O

Endi ixtiyoriy x e L, element uchun shunday d, differensiallash mavjud bo‘lib,

A(x)=d,(x) tenglik o*rinli bo*lishini ko‘rsatishimiz kerak. Faraz gilaylik, X € L; bo‘Isin.

U holda uni bazis elementlarining chizigli kombinatsiyasi ko‘rinishida ifodalash mumkin:
X = Be, + [3,€ + B.e,. A—lokal differensiallashning X dagi giymati
A(X) = A(/Blel + e, + /8363) = /BlA(el) + IBZA(eZ ) + ﬂsA(es) =
=5 (al,lel + & 56, ) + ., 5,8, + B (a3,1el + as,zez) =
= (ﬁlal,l + IBSaB,l)el + (/Blal,z + ., , + Py, )ez
Endi d € Der ( |_) differensiallashning X dagi giymatini yozamiz:
d(x)=d(Be + p.e, + Be;)=£d(e)+ B,d(e,)+ B,d(e;) =
= /61 (glel + szez ) + ﬁzé:lez + /63 (fael + §4e2) =
= (/8151 + /63§3 )el + (/61§2 + /8251 + /83§4 )ez
Ushbu tengliklarni tagqoslaymiz:
{ﬂlal,l + [z, = S + Fads, (1)
Pty , + o0, 5 + POtz = P&, + ol + [
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Bu sistemani &;,&,,&,,&, o‘zgaruvchilarga nisbatan yechamiz. Biz ushbu sistema yechimga

ega ekanligini ko‘rsatishimiz kerak.
Yugoridagi sistema uchun chizigli algebra kursidan ma’lum bo‘lgan Kroniker-Kapelli
teoremasini go‘llaymiz:

A [,6’1 O B O j B [ﬂl 0 45 O Lo, + [, j
B £ P 0 B B £ P 0 s i, + o, 5 + Pacs,
matritsalarning rangini taggoslaymiz. Agar LE+p2>0 bo‘lsa,

rank (A)=rank(B)=2, ya’'ni (1) sistema yechimga ega. Agar 2 4+ 82 =0 bo‘lsa, u
holda rank(A): rank(B):l va Kroniker-Kapelle teoremasiga ko‘ra (1) sistema har

doim yechimga ega. Biz L, algebra lokal differensiallashlari matritsasining umumiy
ko‘rinishi quyidagicha bo‘lishini isbotladik.

a, a, O
LocDer(L;,)=| O a,, O

a; a5 O
Qulaylik uchun matritsada gatnashgan parametrlarni A parametrlarga almashtiramiz:
A A 0),
LocDer(L;)=| O A, O
A, A, O

Endi L. algebrani garaymiz. Bu algebra differensiallashlari matritsasining umumiy
ko‘rinishi quyidagicha bo‘ladi:

&1 <2 s O

1 4 0

Der(ls)=| ¢ i fgl o
0

§4 54 - 53 65
Aytaylik L. algebra lokal differensiallashlari matritsasining umumiy ko‘rinishi quyidagicha
bo‘lsin:
[22%1 &, > & 3 [22W]
&5 &5 o &5 3 &5 4
(22 %1 3 33 3 4
(2 %Y &4 43 (=W

Dastlab bazis elementlari uchun lokal differensiallash ta’rifini qo‘llaymiz. Ae)=d, (&)
tenglik bajarilishi uchun ¢, , =0 bo‘lishi zarur. Shu kabi Ae,)=d, (&) -
A(e,)=d. (&) A(e,)=d, (e,) tengliklardan quyidagilarni hosil gilamiz:

=0, =0, oy, =0, =3, =0, «,,=0.
Natijada lokal differensiallash matritsasi quyidagi ko‘rinishga keladi:
Xy, Ghp c; O
(0] c,, o,; O
o] O o, O

&y, Oy, o, O

LocDer (Lg) =

Faraz gilaylik, X € L5 bo‘lsin. U holda uni bazis elementlarining chizigli kombinatsiyasi
ko‘rinishida  ifodalash ~ mumkin:  x = pge + B.e, + Be,+Be, . A— lokal
differensiallashning X dagi giymati
A(X)=A(pe, + e, + Bses + i, ) = BA(e) + B,A(e,)+ B:A(e;) +
+ :84A(e4) =p (al,lel + 58, + a1,3e3) + 5, (az,zez + az,ses) + P30tz 485 +
+ﬁ4 (a4,1el +a, 8, + 054’363)= (:Blal,l + ﬁ4a4,1)e1 + (:81051,2 + ﬁzaz,z + ,84054’2 )ez +

+ (,810‘1,3 + o0ty 5+ Pe0ty 5 + ﬂ4a4,3)e2
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Endi d < Der(L) differensiallashning X dagi giymatini yozamiz:
d(x)=d(Be, + 5., + fses + S,8,) = Bd () + Bd (e,) + Bd (&) +
+d(e,) =L (&8 + 5,8, +&:8;) + B, (&8, + &485) + 25,58, +
0, (S8 + (& —&)e, +&8,)= (B + Basa) e + (L&, + s + Lu(Ea —&5)) e, +
+(BGs + ol + 2538 + s )€

Ushbu tengliklarni tagqoslaymiz:
ﬂ1§1 + ﬁ4§4 = ﬂlal,l + ﬂ4a4,1’
B, + ol + Bi(E4 — &) = Lion, + oty + Bty ,, (1.2.2)
PriSs + Lols + 208 + LiSs = Liot s + Loty s+ Pally s + Salty -
Bu sistemani &, &,, &, &,, & o‘zgaruvchilarga nishatan yechamiz. Biz ushbu sistema
yechimga ega ekanligini ko‘rsatishimiz kerak. Ushbu sistema uchun ham Kroniker-Kapelle
teoremasini go‘llaymiz.
s/ O 0 B, O
A= L, B L. B 0
26, O B B B
ﬁl 0 0 /84 0 ﬁlal,l + ﬁ4a4,1
B=| 6. B —L. B, O L, + oty + iy,
205, 0 2 B Pa Pz + Loly s+ [0+ [, 5
A va B matritsalar  ranklarini  taqqoslaymiz.  Agar g%+ BZ >0

bo‘lsa, rank (A) = rank (B) =3> ya'ni (1.2.2) sistema yechimga ega. Agar g2 + 52 =0
bo‘lsa, u holda rank(A)=rank(B)=2 . Adgar g+ p7+p7=0 bo'ls,
rank ( A) = rank ( B) —1 va Kroniker-Kapelle teoremasiga ko‘ra (1.2.2) sistema har doim

yechimga ega. Biz L5 algebra lokal differensiallashlari matritsasining umumiy Ko‘rinishi
quyidagicha bo‘lishini isbotladik.

(2% & 5 & 3 0

(0] a,, a,; O

0 O o, O

6¥4,1 a4,2 a4,3 O

Quilaylik uchun matritsada gatnashgan parametrlarni A parametrlarga almashtiramiz:

A A, A3 O

O a1, A O

O O 4 O

A A A O

Shunga o‘xshash |, algebralar uchun ham lokal differensiallash matritsalarining

umumiy Ko‘rinishini topish mumkin. Teorema isbotlandi.
Xulosa. 1. L,L,val, algebralar uchun ixtiyoriy lokal differensiallash oddiy

ma’noda ham differensiallash bo‘lishi ko‘rsatilgan.
2. L,L,,L,L,, L, algebralar uchun esa oddiy ma’noda differensiallash

bo‘Imaydigan lokal differensiallash mavjud va ushbu algebralar lokal differensiallashlari
matritsasining umumiy ko‘rinishi topilgan.
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AnHoTanms. B nanHo#i crarbe Mbl u3ydaeM audQepeHnraibHble ypaBHEHHs IpoOHOTO TOpsaKa C
CHUHTYIISIPHBIMU KO3()(HIIMEHTaMH M TIOCTPOCHUE MX pPellieHHuH ¢ ucrnonb3oBanueM Qynkimu ['puna. Kpome
TOTO, B CTaThbe aHAJIM3UPYETCS BIMSHUE CHHTYIAPHBIX KOA()(UIMEHTOB U METOJI pELICHUS IPSIMOI 3a/1a49u.
JpoOubie nudHy3rOHHBIE YpaBHEHUS PACIIUPSIOT KJIACCHYCCKHE MoJeiu IU(G(GY3HMOHHBIX IMPOIIECCOB,
1o3BOJsIA  A(M(GEKTHBHO ONKMCHIBATH AaHOMANBHYIO JUGQY3HI0O M CIOXKHBIC (QU3MYECKHE SIBICHHS.
PaccmarpuBaloTcsi OCHOBHBIE BHBI NPOM3BOAHBIX JIPOOHOTO TMOpsAKA, UX CBOMCTBA M INPUMEHEHHE K
I GY3MOHHEIM ypaBHEHHAM. AHAJIM3UPYIOTCS METOIbl PEIICHUs KPaeBBIX 3aJad C HCHOJb30BaHHEM
¢ynxumn I'puHa, a Takke CTPOATCS M HMCCIeNyloTCs (DyHIaMEHTAIbHBIE peleHus! IPOOHBIX ypaBHEHHUH.
Kpome ToOroO, pesynbTaThl HCCICIOBAHUS NMOKAa3bIBAIOT IIMPOKHE BO3SMOXHOCTH HCIOJIB30BAHUS APOOHBIX
1 dY3MOHHBIX YpaBHEHHUH ISl MOACITUPOBAHUS CIIOXKHBIX (PU3UUECKUX MTPOLIECCOB.

KuaroueBble cioBa: 1pobOHas nmpousBoaHas Kanyro, gynkuus Murrar-Jleddiepa, npeodbpazoBanue
Jlannaca, HayaNbHbBIE YCIOBUS, TPAHUYHBIC YCIOBUSL.

KARS TARTIBLI DIFFUZIYA TENGLAMASI UCHUN BOSHLANG*‘ICH

CHEGARAVIY MASALA

Annotatsiya. Ushbu magqolada biz singulyar koeffitsiyentli kasrli differensial tenglamalar va
ularning Grin funksiyasidan foydalangan holda yechimlarini qurishni o‘rganamiz. Shu bilan bigra, magolada
singulyar koeffitsiyentlarning ta’siri, to‘g‘ri masalani yechish usuli tahlil gilingan. Kasr tartibli diffuziyali
tenglamalar diffuziya jarayonlarining klassik modellarini kengaytirish va anomaliy diffuziya hamda
murakkab fizik hodisalarni samarali tasvirlash imkonini beradi. Maqolada kasr tartibli hosilalarining asosiy
turlari, ularning xossalari va diffuziya tenglamalariga go‘llanilishi ko‘rib chigilgan. Grin funksiya yordamida
chegaraviy masalalarni yechish usullari tahlil gilingan va kasr tartibli tenglamalar uchun fundamental
yechimlar qurilgan va tadqiq gilingan. Bundan tashqari tadgiqot natijalari murakkab fizik jarayonlarni
modellashtirish uchun kasr tartibli diffuziya tenglamalaridan foydalanishning keng imkoniyatlarini
ko‘rsatadi.

Kalit so‘zlar: Kaputo kasr hosilasi, Mittag-Leffler funksiyasi, Laplas aylantirishi, boshlang‘ich
shartlar, chegaraviy shartlari.

BBenenue. B mociennue pecsatmiieTrs HaOMIOIACTCS PACTYIIHA HHTEPEC K H3YUSHHIO
muddepeHInaIbHBIX YPaBHEHUH APOOHOTO TOpsaAKa. DTO CBA3aHO C MX CHOCOOHOCTHIO
aJIeKBATHO OIKCHIBATh CIIOYKHBIEC MPOIECCHI, 00JIAAIONINE TTaMSITBIO M HACIIEJICTBEHHOCTHIO,
KOTOpBIE BCTpEYaroTcsi B (pr3nke, OMOIOTHH, SKOHOMHUKE W WHXKCHEPHBIX HaykaxX. OmHO# H3
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TaKUX Mojejel sBisieTcs ypaBHeHHE AMpPy3um apoOHOro mopsjika, KOTopoe 006001iaeT
KJIACCHUYECKOE YpaBHEHHE TEIUIONPOBOJHOCTH M YYMUTHIBAET APQPEKThl aHOMAJIbHOU
auddyzun.

Oco0Oblil HMHTEpeC BBI3BIBAET MCCIENOBAHUE MPSAMBIX M OOpaTHBIX 3a7ad Ul
ypaBHeHUH Auddy3un 1poOHOro mopsiika ¢ CUHTYJISApHBIMH Kodpduuuentamu. Mx Hanuuue
YCIIOXKHSET aHaJIU3 U TpeOyeT NPUMEHEHMs CHEelHaIU3MPOBAHHBIX METOJIOB JUISl M3Y4EHUS
KOPPEKTHOCTH IIOCTAaHOBKM 33/1a4, YCTOMYMBOCTU pPEIIEHUM M METOJOB HUX HAXO0XKICHUS.
ITonoGHBIe 33124k BOZHUKAIOT, HAIIPUMED, IIPU MOAEIUPOBAHUH IPOLIECCOB TEILIONEpeauu B
HEOJHOPOAHBIX Cpelax, MOPUCTBIX MaTepHajax WM B 3afadax (UIbTPALUU KUAKOCTEH U
ra3oB.

[Ipsimas 3amaua A ypaBHeHuss aud@ys3und apoOHOro mopsaka Mpearnoaraet
HaXOKJEHUE paclpeeseHHs TeMIepaTypbl WM KOHLIEHTPALMY [IPU U3BECTHBIX HAaYAJIbHbBIX U
I'PAaHUYHBIX YCJIOBHAX, a TaKXKe M3BECTHbIX Kod(duimeHTax ypaBHeHus. OOparHas 3ajaua,
HaIpOTUB, TpeOyeT BOCCTAHOBJIECHUS HEU3BECTHBIX MAapaMETPOB YPaBHEHMs WM HadaJlbHbIX
YCJIOBHM Ha OCHOBE MMEIOIIMXCSA JAHHBIX O COCTOSIHUM CHUCTEMBI B ONPEEIEHHBIE MOMEHTBI
BPEMEHHU WJIH B 33/IaHHBIX TOYKaX MPOCTPAHCTBA.

AXTyanbHOCTh HMCCJEJOBaHUS OOYCJOBIEHA KaK TEOPETHMYECKHMM MHTEPEeCOM K
yriIyOn€HHOMY aHaiau3y ApPOOHBIX AU(QEepeHLNAIbHBIX YpPaBHEHHM, TaK U IMPAKTUUYECKUM
CIPOCOM Ha TOYHBIE MOJEIM Ul OMMCAHMS CIOXKHBIX (PU3NYECKUX IpoleccoB. B naHHOMN
paboTe paccMaTpUBaIOTCS METOJbl PEUICHUS NPSAMBIX U OOpaTHBIX 33hay JUlsl ypaBHEHUs
aud@y3un poOHOro MopsaAKka ¢ CUHTYJISPHBIMU KO3(UIIMeHTaMu, a TaKKe aHaIU3HPYIOTCS
UX 0COOEHHOCTH U CIIOKHOCTH.

ITocTanoBka 3asaun. B nanHo# paboTe uccieayeTcss HaualbHO-KpaeBas 3aj1ada Jyis
i hepeHInaTbHOTO ypaBHEHHS, COJIEPIKAIIEro IPpOoOHYI0 POU3BOAHYIO:

DEuCe, ) = 2= uCe, ) + 52 u@, o) + flx,0), o eq, @

C Ha4YaJIbHBIMU YCJIOBUAMU
u(x,T) = @(x),x € [0,1], (2)

u I‘paHI/ILIHI)IMI/I YCHOBI/IHMI/I
lim x* 2 u(x,¢) = 0,u(l,e) = 0,t € [0,T]. 3)

B 3amaue (1)-(3) D oGo3mauaer mpobHyro mpousBomHyro Pumana-JIMyBHIUIL B CMBICIE
KamyTo, rae mapameTpbl NpUHUMAIOT 3HAYCHUS:

k € (—=1,0), T > 0,1l > 0,Q7 = {(x,t)|x € (0,01),t € (0,T]3}.

MeTononorust ucciaeaoBanus J[ns aHanuza JaHHOM 3a/1a4M MCHOIB3YIOTCS METO/bI
JIpOOHOr0 MCUHUCICHHS, TEOpUs KpPaeBbIX 3aJady M 4YHCICHHble MeToabl. B wacTHOCTH,
MPUMEHSIOTCS METOJBI TIOCTPOSHUSI PEIICHWH ¢ WCToNb30oBaHueM QyHKIWK ['puHa U
CHEIHMAbHBIX (QYHKIMA. BaKHBIM acriekTOM paboThI SBJISETCS UCCIIEIOBAaHUE CYIIIECTBOBAHHUS
Y €IMHCTBEHHOCTH pemieHus 3ana4yu (1)-(3), a Takke ero aCUMITOTHYECKOTO MOBEICHUS TIPU

t > 0% > T

Hacrosiiee uccrnenoBanne OCHOBaHO Ha (yHIAMEHTAJIbHBIX paboTax B 00JIaCTH
IPOGHOrO MCUMCIIEHHs, B TOM YHCIE HA TPyHaX TaKMX aBTOpOB, kak Y.A. Posukos, A.W.
Xampaes, Y.Y. Jlxamunon, Jlagpa, ®. MyxammenoB u npyrux ydeHslx. JlanbHeliiee
pa3BUTHE JAHHOW TEOpPUM  CIIOCOOCTBYET  PACHIMPEHHUI0  IPUMEHEHHUS  JPOOHBIX
nudQepeHnnanbHbIX YpaBHEHUH B pa3IMUHbIX 001aCTAX HAYKU U TEXHUKU.

IHoctanoBka mpsiMoii  3amaum: TpeOyercs Haith  QyHKUUIO u(x, t),
MPUHAJICKAIYI0  KJIAcCy C;fg (£27), Takyw, 4Yto xFu,(x,t) € C(2;) U
YIOBJICTBOPSIIONIYIO  CIEAYIOIIUM  YCIOBHSM: auddepeHnmanbHomy ypaBHeHuto (1),
HavaJlbHOMY YyclloBHIO (2),rpaHudHbiM ycioBusiM (3), toe ¢ (x) u f(x,t) — 3amaHHBIE
JOCTaTOYHO TJIaKue (QyHKIUH.

Pemenne pannoit 3amaum (1)-(3) mmem meronom dypee. IIpencraBuM HCKOMYIO
¢bynkuuio B Bune u(x, t) = X (x)Y (t). PaccmoTpum oxHopoaHyto yacTs ypaBHenus (1):

2
DE(XY) = % (XY) + g% (XY),
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15
XDEY YX' + YkX’ DY XX Az
= —_ —N = - = — .

i X Y X

Torza ONyYuM ypaBHEHHUE x 77 4 X 57 4 32, — o YICTIONB3yeM rpaHUYHbIE YCIOBHS
3):

lir% xFu,.(x,t) = lirré xEX'()Y(t) =Y (1) lirré xEX'(x) =0=

XxX— X — x—

lmxk X'(x) =0, u(l,t) = X(DY(£) =0 = X() =

CoOTBETCTBEHHO, MTOJIy4aeM CJIEIYIOIIYIO CIEKTPAJIBHYIO 3a7a4y:
X" +5x"+ 22x =0, (4)
chi_r)ré xF X" (x) = 0, X1 = 0. (5)
Ecnu B ypaBHeHuu (4) BBEZIeM 3aMEHY:

X =xz z(&), &=2Ax (6)
TO TIOTYYUM
2
22+ @O+ (2 —vHz) =0, v2=(5). O
Pemenue ypaBuenus beccens (7) mpeacTaBusieTcs: CIEAYIONUM 00pa3oM:

z2(&) = P1J, (&) + P2/, (). (8)
Bocmnonb3oBasimck ypaBHeHueM (8), pellieHre ypaBHEHUS (4) PpeaCcTaBIseTCs
CJIEYIOIIUM 00pa3oMm:

11—k 1—Kk
X(x) = Pix 2 Je—1(Ax) + Prx 2 Ji—x(Ax).
2 2

3ateM, IpUMEHUB ycIIoBUS (3), MOJIy4aeM CIeAyIoIIee BEIpaKEeHHUE:

1+ %k 1+k
lim x* X"(x) = lim (—Plilx Z Je+1(Ax) + P;Ax 2 ]k_._l()lx)) = 0.
x—0 x—0 = =
Jl1s BeIOSTHEHUS YCIOBHUSA (5) AOKHO BBITOJIHATHCA CIEIYIOIIEe:
P, # 0,P, = 0 (B IPOTUBHOM cliyyae He OyJeT yJIOBIETBOPEHA MepBas 4YacThb
paBeHcTBa (5)).
Otcrona nony4aem:
1—K
X = P1 ijk—l (/—I'x)l
2
a U3 BTOpOi yacTu (5) mosryqdaem:
1—Kk (9)
X 2 ]k—1(}l£) - 0,
2
U3 ycnosust k € (—1,0) ciaenyet, 4To Bce pelieHUs ypaBHeHHs (9) COCTOAT U3
YIOPSA0YCHHO-TIOJOKUTENIBHBIX Yrcell. Takke OTMETHM, 4TO Ui Hynel ypaBHeHus (9),
corjiacHo [2], mpu 6onbIuX N crpaBeyIuBa aCUMITOTAYECKAs (hopMyIia.
Uy = TN + g k — E

Jlnst ynoGeTBa 0603H;1HM MXKAK 1 o= 1,2,3, ..., A, = 22 Torna orcrona
MOJTYYUM

X,(x) = Plx%k]kfl(}lnx) = Plxlgk]kfl (ﬁx) (10)
Jlns yno6ersa kodpduuuent Py BLIGepeM TaK, 4To0BI || X, (x) || = 1. Hampumep,

([ x]k 1 (A4, x)dx) ([ x]k_]_C/lnx)dx)
=

X 2 ]k 1(/1 X)
X, (x) =

11

N|=

4
(fo xfZ 1 (A0 dx)
2
Jemma 1. Ilocnedosamenvrocmo {X,, (x)} AGNAEMCA NOIHOU OPMOHOPMU-POBAHHOU

cucmemou 6 npocmpancmee L0, 1].
Ctpoum pemenue 3agauu (1)-(3) B Bune psna @ypre—beccens, To ecTs:
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wu(x, t) = Z w,, () X,, (). (12)
n=1

I[Tocne sToro, yuutsiBas paBeHCTBO (12), n3 ypaBHeHus (1) momy4ynm cremyromiee
0OBIKHOBEHHOE T (epeHIInaTbHOE ypaBHEHNUE:!

D&u, + AZu,, = f,,(v), (13)
U YCIIOBHIO
un () = @y, (14)
rac
4
2, () = [ ulr, )x% X, (D dox,
(8]
fin () = fzf(x, )2k X, (), no=1,2,3, ... (15>
(s}
4
P = [ @CoOxF X, (xOdx,

Takum 00pa3oM, Mbl IPHIILIA K OOBIKHOBEHHBIM APOOHBIM TU(dEpeHITHATBHBIM

ypaBHeHUsIM (13) OTHOCHTENHFHO HEM3BECTHBIX ()YHKIUI un(t) ¢ ycnoBusimu (14). s
uX peuieHus OyleM HCIoib30BaTh GpopMaibHOE MpUMeHeHHne npeoOpa3oBanus Jlammaca.
B pe3ynpraTe noiay4um ciaeayrouiee BolpakeHHe:
s, (5) — s% 1y, (0) + 221, (s) = f,(s), (16)
rae
ﬁn(s) = L[un (] fn(s) = L[fn(t)]-
Pemas ypasuenue (16) nonyuum
ax—1
tn = uns?ig + sJZl-Sl)ﬁ' (17)

[TpumenuB oGpaTHOe mpeobpazoBanue Jlammaca k ¢opmyie (17), kak mokazaHo B

kHure [1], nonyuum pemenue ypaBHeHus (13), koropoe ynosneTBopsieT yciosuto (14), B

CIICYIOIIEM BHUJIC:
[

[ &= D Bp 0 (2% — DO f (DA (1)
0

OTcroa HaXOIMM, 9TO

1, (0) = (Eg(—2,T)) " ((pn

T
- fo (T — D) B o (—A2(T — DO, (r)dr). (19)

Torxa pewenne Uy, (T) MOXHO 3aricaTh B ClICAYIOMEM BULE:

T _ o
u, (t) = ((Pn — f (T — D) Eq o (—A5(T — D) f(z)dt Ea(—Ant?)
0

Ecx(_/lrz'aT‘x)
+ f (t — 1B, ,(—23(t — D) f,(D)dr.  (20)
0

Jemma 2: J[ns 0ocmamouno 6orvuiux N cnpasediusa ciedyoujas OYeHKa.:
|, (O] = |l + ClifullcroT® + Cllfallero,r1t ™, (21)
D&, (O] = Al pnl + CANfullcro T + CA N fullcrort® + 1 (0], (22)
20e C — nonoswcumenvnas koncmanma.

Ha ocHoBanuu HaiieHHBIX yacTHBIX pernennit (20) u (11) perenune 3amxaun (1)-(3)
3anuiem ¢popMmaibHO B Bue psaga Oypre—beccens

ulx, ) = X5 ()1, (0. 23>
BwmecTe ¢ psajiom (23) paccMOTpUM CHEIYIONINE PSIBI:
U (o, T) = X5 (), (B, 24>

oo oo

o (6, 8) = D XL COun (@), DFulx, ) = > XpGODE un(). (25)

=1 =1
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JIokaxeM pPaBHOMEPHYIO CXOAMMOCTh PsifioB (24) m (25) B obmactu {1, ecim
GYHKUIUH ¢ (x) U f(x, t) TOAUUHAIOTCS HEKOTOPBIM JOMOJHUTEIBHBIM YCIOBHSIM.

Jdemma 3: (cm. [3]) Hdna oocmamouno 6Goavwiux M u 011 6cex x € [0,1]
BbINOJIHEHA OYEHKU.

1X,COl = €, X, (Ol = CA, 11X, 00l =caz. (26)

Ecnu Bocmonb30BaThCsl MPUBENEHHBIMU BBINIEC JIEMMaMH, TO JJIS KaXJIOH TOYKU
(x,t) € Q7 dynxumonansusie psast (23), (24) u (25) MOryT GbITH MaXKOPHPOBAHEI
CJIETyIOIIMMHU YHCIIOBBIMU PSITAMH.

Io% Z_; (@n + Nl ccror ) - 27>
Cz i A (2 + 10 L tor) z8)

: ,:1
Cs > 25 (on + halloqorn) - (29)

=

Teopema 1: Hyz;ib Qyuxyuu @ (x) u f (x, t) onpedenena u @ (x) € C*([0,1]) u
f(x,t) € c*1([0,1] x [0, T]), npuvem

1 = F—a B E—1
) x?@(x)l = 0,£(x7qp(x))| = 0,;?<x7¢(x))| = 0,
x=0 =0 o
(30)
xkglf.(X, t)|x=0 — 0:%(xkglf'(x,t))| — o, d(.:sz (nglf(x, t))l
— 0’ =0 =0
(31)
E—1 1 32
x7¢(x)| . — 0}% quD(x))l =0, ( )
*= =1
K— e
x = flx, r)| = Q%(lef(x, r)) = 0. (33)
x=

x=1
Toz0a 0z kos(duyuenmos Pypve-beccens dynxyuu @ (x) u f (x,t) enpaseonuso
HepageHcmeo

c (34)

C
Ianl = F; |fn(t)| = a15/2
T

£

JlokazaTenbcTBO Teopembl | cnenyet u3 kuuru [2], maparpad 6, Teopema 1, cTp.
283.

Teopema 2: Ecau pynxyuu @ (x) u f (x, t)y0061emeopsiom yciosusim meopemol ,
mo cyujecmgyem eouncmeennoe peuerue u(x, t) saoaqu (1)-(3),onpedensemoe psaoom
(23), npu smom u(x, t) € CJE_Zt'l)(.QT).

HOK&S&TCJ’IBCTBO TCOPCMBI 2 6y,ZleT AHAJIOTMYHO O0KAa3aTCIIbCTBY, HpI/IBC,Z[éHHOMy B
pabore [3].
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IKKI AGRUMENTLI MITTAG-LEFFLER TIPIDAGI FUNKSIYASINING
BIR KASR TARTIBLI INTEGRO-DIFFERENSIAL TENGLAMA UCHUN
QO‘YILGAN KOSHI MASALASIGA TATBIQI HAQIDA

Usmonov Doniyor Abdumutolib o‘g‘li
Farg‘ona davlat universiteti katta o‘qituvchisi
Omonova Adibaxon Numonjon qgizi
Farg‘ona davlat universiteti talabasi
usmonov-doniyor@inbox.ru
adibaxonomonova@gmail.com

ORCID 0000-0002-3574-075X

UDK.517.91

Annottatsiya. Ushbu magolada bir kasr tartibli integro-differensial tenglama uchun go‘yilgan
Koshi masalasi o‘rganilgan. Qaralayotgan tenglamada kasr tartibli Kaputo ma’nosidagi differensial operator
va kasr tartibli Rimal-Liuvill ma’nosidagi integral operator qatnashgan. Qo‘yilgan masalaning yechimini
topish uchun, berilgan tenglamaga Riman-Liuvill ma’nosidagi kasr tartibli integral operatorni ta’sir ettirib,
kasr tartibli differensial va integral operatorlarning xossalaridan hamda boshlang‘ich shartdan foydalanib,
uni ikkinchi tur Volterra integral tenglamasiga ekvivalent keltirilgan. Bu integral tenglamani ketma-ket
yaqinlashish usuli yordamida yechimi topilgan. Topilgan yechim ikki argumentli Mittag-Leffler tipidagi
funksiyasi yordamida ifodalangan. Bu funksiyani absolyut va tekis yaginlashishi isbotlangan. Undan
tashgari bu funksiyaning differensiallash va integrallash formulalari topilgan. Ikki argumentli Mittag-Leffler
tipidagi funksiyasi xossalaridan foydalanib, masalaning yechim formulasi topilgan. Topilgan yechim ikki
argumentli Mittag-Leffler tipidagi funksiyasining differensiallash va integrallash formulalaridan foydalanib
tenglamani va boshlang*ich shartni ganoatlantirishi isbotlangan.

Kalit so‘zlar: ikki agrumentli Mittag-Leffler funksiya; kasr tartibli integral; kasr tartibli hosila;
Koshi masalasi.

ON THE APPLICATION OF THE TWO-VARIABLE MITTAG-LEFFLER
TYPE FUNCTION TO THE CAUCHY PROBLEM FOR A FRACTIONAL-
ORDER INTEGRO-DIFFERENTIAL EQUATION

Abstract. In this article, the Cauchy problem for a fractional-order integro-differential equation is
studied. The considered equation involves a differential operator in the Caputo fractional sense and an
integral operator in the Riemann-Liouville fractional sense. To find the solution to the given problem, the
Riemann-Liouville fractional integral operator is applied to the equation, and by utilizing the properties of
fractional differential and integral operators along with the initial condition, the equation is reduced to an
equivalent second-kind Volterra integral equation. The solution to this integral equation is obtained using the
method of successive approximations. The derived solution is expressed in terms of a two-parameter Mittag-
Leffler-type function, and its absolute and uniform convergence is proven. Furthermore, differentiation and
integration formulas for this function are derived. By employing the properties of the two-parameter Mittag-
Leffler-type function, an explicit solution formula for the problem is obtained. It is proven that the obtained
solution satisfies both the equation and the initial condition by using the differentiation and integration
formulas of the two-parameter Mittag-Leffler-type function.

Keywords: two-parameter Mittag-Leffler function; fractional integral; fractional derivative;
Cauchy problem.

Kirish. Kasr tartibli differensial va integro-differensial tenglamalar zamonaviy
matematikada keng qo‘llaniladigan muhim obyektlardan biridir. Ular fizika, kimyo, biologiya,
muhandislik va iqgtisodiyot kabi turli sohalarda go‘llaniladi. Kasr tartibli operatorlar orgali
modellashtirilgan jarayonlar anigroq va real hayotga yaginroq bo‘ladi. Shu sababli, kasr
tartibli tenglamalarni yechish usullari va ularning qo‘llanilishi bo‘yicha tadqiqotlar katta
ahamiyatga ega [1]-[6].

Kasr tartibli differensial tenglamalar (KDT) oddiy differensial tenglamalarning

R
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umumlashtirilgan shakli bo‘lib, ular orgali anigrog va real hayotga yaginroq modellar yaratish
mumkin. KDTlarning asosiy xususiyati shundaki, ular tizimning o‘tmishdagi holatini hisobga
oladi, ya’ni tizimning xotira effektini aks ettiradi. Bu xususiyat KDTlarni fizikaviy, kimyoviy
va biologik jarayonlarni modellashtirishda juda qo‘llaniladigan giladi [4]-[6].

Shu sababdan so‘nggi vyillarda kasr tartibli differensial operatorlar gatnashgan
tenglamalarga bo‘lgan gizigish ortgan. Bunday tenglamalar uchun masalalar qo‘yish va ularni
o‘rganish hozirgi kunning dolzarb yo‘nalishlaridan biridir. Yuqoridagilarga asoslanib biz
ushbu magolada bir kasr tartibli integro-differensial tenglama uchun go‘yilgan Koshi
masalasini o‘rganamiz.

Tadqigot metodologiyasi. (0, p) oraligda ushbu

‘D y(x)—alfy(x)—by(x)=f (x) 1)
kasr tartibli operatorlarni o‘z ichiga olgan integro-differensial tenglamani garaylik, bu
yerda p,a, f5,a,b-berilgan hagigiy sonlar bo‘lib, p>0, 0 < <1, 0< g <1, y(x)-

noma’lum funksiya, f (X) -berilgan funksiya,

¢ 5o 1 X e
DOXy(x)=m_£(x—z) y'(z)dz
-Kaputo ma’nosidagi hosila [1], [2],
15, y(x)= %i(x — z)")L1 y(z)dz
-Riman-Liuvill ma’nosidagi integral [1], [2], r(z)-Eerrning gamma funksiyasi [1], [2].
K masala. (1) tenglamani va
y(0)=A )
boshlangich shartni ganoatlantiruvchi shunday .y < c[o, p]j~c*(o, p) funksiya
topilsin, bu yerda A berilgan hagigiy son.
(1) tenglamaga 17 operatorni ta’sir ettirib, joc° DS y(x)=y(x)—y(0)
1814,y (x) = 157y(x) [2] tengliklardan va (2) shartdan foydalanib,
y(x)—alg”y(x) —blgy(x) = 15 £ (x)+ A )
tenglamani hosil gilamiz. (3) tenglama ikkinchi tur Volterra integral tenglamasi

bo‘lganligi uchun uni ketma-ket yaginlashish usuli bilan yechamiz.
Quyidagi belgilashni va rekurent formulami garaylik:

Yo(X) =I5 f(x)+AVE y=a+ [

Yin (X) = Yo + @15, Y s (X) +b1g Y, 1 (X),me N 4)
Dastlab, m =1 bo‘lsin. (4) formuladan Y, (X) ni topamiz:
Vi (X) = Yo +all, yo (X) + bl y, () )

Endi (4) formulada m =2 deb, yz(x) ni topamiz:
Yo (%) = Yo (X) +all,y, (x) + bl y, (x)
(B)va 12,12, =127 [1] ekanligidan foydalanib, y, (X) ni
Y2 (%) = Yo (X) +ald,yo (x) +blg, v, (x) + a1y, (%) +
+2abl g7y, (X) + b 157y, (%) (6)

2| 2
o
ko‘rinishda yozib olamiz.
Yugqoridagilardan foydalanib, y (x) ni
Y (X) = Yo + lecljal’jbj 17 dy (X)) +
j=0

2 i i L i iy iy H(meDead
+ZCZja2‘jbjI§£27’)+“’y0(x)+ ...... +ZCn’1am_‘b‘loi ’ Vo (%)
j—0

j=0
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ko‘rinishda topamiz. Bu yerda n! :
SENTYCE)T
Oxirgi tenglikni

Yo () = 3= S Clam b gl ey, (%)

n=0 j=0

()

ko‘rinishda yozib olamiz.
Integral tenglamalar nazariyasidan [7] foydalanib, (8) da m—oo da Yo (X)

funksiya y(x) funksiyaga intiladi. Bundan (3) integral tenglamaning yechimini

y(x):izcnjanfjbj|g)((n—j)+ajyo(x) (8)
n=0 j=0
ko‘rinishda topamiz.
Endi
00 k +00 400

formuladan foydalanib, (8) ni
y(x) iicj n— ijly(n J)+a1y (X)

ko‘rinishida yozib olamiz. Bu yerd_a n= j+k deb oxirgi tenglikni
Yo =33 cl abi ey, (x) ©)

ko‘rinishda yozib olamiz.
Endi v, (X)= A+ 15 F(x) ni (9) ga go‘yib, ba’zi hisoblashlarni amalga oshirib,
(3) integral yechimini
T a*x*pIx“'r(k + j+1)
YO)=A2 2k aj D (i )T (kD)
&= (k+ j+1)ak (x—z)" " p!

+I(X—Z)°’ RRECI>IDD

SimT(yk+aj+a)(j+1)I'(k+1)

4, (10

ko‘rinishda y02|b olamiz.
Natijalar va muhokama. Endi ikki argumentli Mittag-Leffler funksiyasini
Ez[ V1O PV o0 Oy,

garaylik
xj B
01,03, 3530,, 0,303, P3| Y
_ ZZ (7/1 cym-+An (7/2 )azm x™ yn (11)

=S (o +am+ B,n)I(S8, +a,m) (S, + £B;m)
buyerda e, c,,ct;, 0y, By, Bo, B3, 71, V2161, S, 55~ berilgan hagigiy sonlar,
I'(y,+am+ £n),
()
Ko‘rsatish giyin emaski, bu gator o, + ¢, —, —x, >0 Va B, + B, — B, > 0 bo‘lsa,
v (X, y)lar uchun absolyut va tekis yaginlashuvchi bo‘ladi. Ko‘rsatish giyin emaski, E,
funksiya uchun quyidagi tengliklar o‘rinli:
axyj, (12)

e 1.1,1,1,0; jax” )| _ YPE 1,1,1;1,0;
Ox 2 2
1,7,;1,1;1,1;| bx” 1+ B, y, ;1,111 | bx~
¢ o 1,1,1;1,0; ax” o -
Pox [ e [1, y.o;1,151,1; bx”jj = bE.a(bx*)+

e [ 2,1,1;1,0; ‘axyj, (13)
+ax’ “E

(71 )a1m+[>’ln =

1+y —o,y,x;2,1;1,1; | bx”
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L7, 1,151,115 | bx”® ¥y +1,7,x;2,1;1,1;|bx”

_ 2,1,1;1,0; ax” . 1,1,1;1,0 ax”
ax’ “E —ax” “E =
21+ y —a,y ;2,131,215 |bx® 21+ y —a,pya;1,151,2; |bx~

2,1,1;1,0;5 ax” ) (15)
1+ p,p,a;2,1;1,1;|bx”

Y] X Py 1,1,1;1,0; a(x _ Z)V B
145 [E'J‘(X_ Z) E, (a,ﬂ/va;l,l;l,l;‘b(x_ Z)QJ f (Z)dZ] =

:j(x—zylEz[ 1.1.1:1.0 ]la(x—z)yj f (z)dZ’

7,7, LLELYp(x —z)”
X - - _ Ve
o Jocay e[ TR RO e (2)az |-
rd o,y,o;1,1;1,1; b(x— Z)

= f (x)+J:b(x— 2 E,, [b(x— z)a]f (z)dz +

:1,0; ; , 14
e [1 1,1,1;1,0; ax”]: Eall(bx“‘)+ax7E2[ 2,1,1;1,0 axyj (14)
= abx” EZ[

(16)

2,1,1;1,0 |(x—2z)” (17)

+?‘ja(x— 2)7*1 E, {y,y,a;z,l;l,l(x_ z)a] f (z)dz1

Xa—lE 11 1: 1; 11 O, aX’/ _
N,y ;1,151,1|bx* )
2,1,1;1,0;

a+y,y, ;2,111

=x""E,, [bx“] +ax " E, [

ax] (18)

bx“

ax” a1 1,1,1;1,0 |ax”
—ax’ E, =
X~ 7,7, a;1,11,1 bx*
2,1,1;1,0; ax” . (19)
oa—+y,y, ;2,111 |bx”

2,1,11,0

ax’'E,
v, r,o; 2,151,141

=abx”"*'E, [

Endi (11) dan foydalanib, (10) ni

1,1,1;1,0; |a-x”
y(x)=A-E, i1 A- o
1Ly, oL, 1;1,1|b- x

+E(x—z)“lE2[ LLLLO; Ia-(x_z)yjf(Z)dz

o, y,o;1,1;1,15 . (x — z)“

(20)

ko‘rinishda yozish mumkin.
Teorema. Agar f (x)=x"9f,(x): f,(x)eC[0,p].0<g<ec bo‘lsa u holda
K masalaning yagona yechimi (12) ko‘rinishda bo‘ladi.
Isbot. Dastlab (20) ni y(x)=y,(x)+y,(x) ko‘rinishida yozib olamiz, bu
yerda
1,1,1;1,0;

) =A-E, [1,%0:;1,1;1,1 b - x-

a- xyj (21)

1,1,1;1,0; ‘a(x—zy . (22)

Ya(x) = [(x=2)" E{a,m;l,m,l; b(x_z)aj f(2)dz
Avval yl(x) ni (1) tenglamaning mos bir jinsli tenglamasini ganoatlantirishini
ko‘rsatamiz. Buning uchun (12) formuladan foydalanib 1/, y, (x) ni

ax” j (23)

bx*

1,1,1;1,0

172 x) = AX’E
Oxyl( ) 2[ﬂ+1,7/,0£:l,1,;1,1

ko‘rinishda topamiz.
Endi  °Dg,y,(x)  hisoblaylik. ~ Buning  uchun  (13)  formuladan

foydalanib° Dg y, (x) ni
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2,1,1;1,0;

‘Dg Y. (x)= 'A‘bEavl(qu{)+ AaxE, [1+ y—o+,y,a,2,511

ax” (24)
bx”]
Endi (21), (23) va (24) larni (1) tenglamaga qo‘yamiz:
Dy, (x)—alsy, (x)—by, (x)=A-E_,(b-x*)+
2,1,1;1,0; a-x”
b - x* J N

y—a+1,ry,«;2,1;1,1
j—A-b- E..(b-x")—

a-x”
b- x“] =0
(14) va (15) lardan foydalansak, oxirgi tenglikdan
*Dgyyi(x)—ald,y; (x)—by,(x)=0
ekanligi kelib chigadi. Bundan v, (X) funksiya tenglamaga mos bir jinsli tenglamani
ganoatlantirishi kelib chigadi
Endi ¥, (%) ni (1) tenglamani ganoatlantirishini ko‘rsatamiz. Buning uchun (16)

formuladan foydalanib 12y, (x) ni

+A-a-x"“- EZ[

y—a+1,y,«;1,1;1,1b - x*

2,1,1;1,0;
ry+1,r,«;2,1;1,1

Aax e E [ 1,1,1;1,0; ‘a-xy
AT ars T2

—A-b-xV-EZ[

1,1,1;1,0 ‘a-(xz)yjdz (25)

7,7, LLELp - (x — z)”

|£(y2(X) :_).(-(X_ 2)771 - f (Z) - Ez[
ko‘rinishda topamiz.
Endi  <pgzy, (%) hisoblaylik. Buning  uchun  (17)  formuladan
foydalanibe oy (x) Ni

‘Dg Y. (x)=f (x)+j:b-(x— 2)"E,, [b(x- z)“]. f(z)dz+

At (o) E{ 2.1.31,1 (X_Z)yjdz (26)

;/,y,a;2,1;1,1(xfz)°‘
Yugorida topilgan (22), (25), (26) larni (1) tenglamaga olib borib go‘yamiz:
°Dgy Y2 (x) —alfly, (x) —by, (x) = f (x)+
jb (x—2)"TE,., |:b(x — z)“:l - f(z)dz +

2,1,151,1 |[(x—z)
v,y,c;2,1;1,1 (X _ z)“

+a(x — z)y_l_[E2
(o]

]f (z)dz —

T - _ Ve
_J.a(x_z)yfl f(Z)E2 1,1,1,1,0 ‘a(x z) dz —
o 7,7/,a;1,1;1,1b(x_2)a

—Jjb(x— 2)E, ., I:b(x— z)‘z:lf (z)dz —

_J’ ab(x — z)”“lEz[
o

Endi (19) formuladan foydalansak, oxirgi tenglikdan
°Dg Y, (x)—als,y, (x)—by,(x)= f (x)

2,1,1;:1,0; a(x—z)"
o+ y,y,o;2,1;1,1; b(x—z)~

] f(z)dz

ekanligi kelib chigadi.
Masala yechimining yagonaligi esa integral tenglamalar nazariyasidan kelib chigadi
[3].

Teorema isbotlandi.

Xulosa. Tadgiqot natijalari kasr tartibli operatorlar nazariyasiga hissa qo‘shadi va
amaliy masalalarni yechishda qo‘llanilishi mumkin. Masalan, kasr tartibli tenglamalar
materialshunoslikda, seismologiyada, biologik tizimlarni modellashtirishda va boshga ko‘plab
sohalarda go‘llaniladi. Maqgolada keltirilgan usullar va natijalar fizika, kimyo, biologiya va
muhandislik sohalaridagi kasr tartibli jarayonlarni modellashtirishda foydali hisoblanadi.
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ION -PLAZMA USULI YORDAMIDA Mn4Siz NANOPLYONKASINI HOSIL
QILISH VA UNING TERMOELEKTRIK VA ELEKTROFIZIK XOSSALARINI
O‘RGANISH
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Annotatsiya. Bugungi kunda nanoplyonkalarni yaratish hamda ularning termoelektrik, elektrofizik,
magnit va optik xossalarini chuqur tadqiq etish ilm-fan oldida turgan dolzarb yo‘nalishlardan biriga aylanib
bormogda. Maqolada polikristall tuzilishga ega bo’lgan Mn4Siy (Oliy marganes silisidi) yupga plyonkaning
ion-plazma usuli orgali magnetron changlatish qurilmasi yordamida vakuumda hosil gilinishi va uning
termoelektrik xossalari haroratga bog‘liq holda tadqiq etilgan. MnsSiz nanoplyonkasi ma’lum haroratgacha
gizdirilib, uning mikrostrukturasi va morfologik xususiyatlari skanerlovchi elektron mikroskop (SEM)
yordamida tahlil qilindi. To’rt zondli usulda ishlaydigan (HMS-5000) qurilmada yupga plyonkaning
termoelektrik va elektrofizik parametrlari o’lchandi. Olingan natijalar MnaSi» plyonkasining termoelektrik
material sifatida amaliy ahamiyatga ega ekanligini hamda ion-plazma usuli bilan tayyorlangan
plyonkalarning struktura va elektr xossalari termik ishlov bilan sezilarli darajada boshqarilishi mumkinligini
ko‘rsatadi.

Kalit so‘zlar: Marganes silitsidi, ion-plazma usuli, magnetron changlatish qurilmasi, Zeebek effektri,
solishtirma qarshilik, elektrofizik parametrlar.

FABRICATION OF Mn4Si NANOFILMS BY ION-PLASMA METHOD AND
INVESTIGATION OF THEIR THERMOELECTRIC AND ELECTROPHYSICAL
PROPERTIES.

Abstract. At present, the development of nanofilms and the comprehensive study of their
thermoelectric, electrophysical, magnetic, and optical properties have emerged as one of the key areas of
contemporary scientific inquiry. In this study, a polycrystalline Mn4Si; (higher manganese silicide) thin film
was fabricated in vacuum using the ion-plasma method via a magnetron sputtering system, and its
thermoelectric properties were investigated as a function of temperature. The MnsSi» nanofilm was heated up
to a certain temperature, and its microstructure and morphological characteristics were analyzed using a
scanning electron microscope (SEM). The thermoelectric and electrophysical parameters of the thin film
were measured using the four-probe method with an HMS-5000 system. The obtained results demonstrate
that Mn.Si- films have practical significance as thermoelectric materials, and that the structural and electrical

e ————————————
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properties of films prepared by the ion-plasma method can be significantly controlled through thermal
treatment.

Keywords: Manganese silicide, ion-plasma method, magnetron sputtering, Seebeck effect, electrical
resistivity, electrophysical parameters.

Kirish. Hozirgi kunda nanoplyonkalarni hosil gilish hamda ularning termoelektrik,
elektrofizik, magnit va optik xossalarini yanada chuqur o‘rganish dolzarb masalalaridan
biriga aylanib bormoqda. Ulardan yuqori samaradorlikka ega bo’lgan qurilmalar yaratish
va mavjud bo‘lgan imkoniyatlarini kengaytirishda foydalanish asosiy yo’nalishlaridan
biridir. Yugori texnologiyali materiallar sifatida foydalanishda katta ahamiyatga ega
bo‘lgan oliy marganes silitsid strukturalaridan biri bu - MnsSiz nanoplyonkasidir. Ushbu
hajmiy strukturaning noyob magnit, issiglik, yorug'lik kabi xossalari tufayli,
nanoelektronika, yuqori haroratli dvigatellar, energiyani gayta tiklash tizimlari, infraqizil
detektorlar, fotodiodlar ishlab chigarish va boshga sohalarda ishlatiladigan qurilmalarning
faol gismi sifatida foydalaniladi. MnsSi7 ning termoelektr sifat ko’rsatkichi (ZT) 20-800
°C harorat oralig’ida 0.4 ga yetadi [1].

Oliy marganes silitsidining muhim afzalliklaridan biri bu boshlang’ich
komponentalarning ekologik tozaligi va ishlab chigarishning arzonligidir [2]. Bu
birikmalar vakuumda sublimatsiyasiz 1100 K gacha bo’lgan yuqori issiqlik manbalarida
ishlatish mumkin va ular yuqgori haroratda oksidlanishga kuchli chidamli birikmalardan
biridir [3].

Oliy marganes silitsididan termoelektrik qurilmalarda foyalaniladi va ular ishlab
chigarilgan materilning samaradorligiga bog'lig hisoblanadi. Ushbu samaradorlik Zeebek
koeffitsiyenti (S), elektr qarshilik (p) va issiglik o’tkazuvchanligi (k) o‘rtasidagi
bog'liglikni ifodalovchi termoelektrik ko‘rsatkich ZT bilan xarakterlanadi:

T S22

2k

Termoelektrik qurilmalarda yugori samaradorlikka erishish uchun koeffitsiyentining
katta va qiymatlarining esa Kkichik bo‘lishi maqgsadga muvofigdir. Shu sababli,
termoelektrik materiallarni ishlab chiqishda bu parametrlar o‘rtasidagi optimal
muvozanatni topish muhim ilmiy masala hisoblanadi [3].

Mn4Si7 asosidagi yarim o‘tkazgichli birikmalar ushbu talablarni qanoatlantirishga
qodir materiallardan biri bo‘lib, ularning termoelektrik xossalarini chuqur o‘rganish
dolzarb hisoblanadi.

Ishlab chigarilgan Mn, Si plyonkaning termoelektrik xossalari (garshilik va Zeebek
koeffitsiyenti) mos ravishda to‘rt zondli usuldan foydalangan holda va uni 10 Pa bosimga
vakuumga joylashtirish orqgali aniglanadi [4].

Ushbu magolada MnsSiz nanoplyonkasini magnetron changlatish usuli yordamida
hosil qilish hamda hosil bo‘lgan plyonkaning termoelektrik xususiyatlari tahlillari haqida
ma’lumot berilgan.

Metodlar. Nanoplyonkalarni hosil gilishning bir necha usullari mavjud. Ushbu
usullardan biri ion plazma orgali changlatish usuli hisoblanadi. lon-plazmali changlatish
usullari quyidagilarni o‘z ichiga oladi:

-doimiy tokda ion-plazmali (katod changlatish);

-magnetron changlatish;

-yugori chastotali ion-plazmali;

-reaktiv ion-plazmali [5].

Plyonka hosil gilishda ion plazma, diffuziya, termik bug latish va boshga usullardan
foydalaniladi. MnsSiz nanoplyonkasini ion plazma usuli yordamida magnetron
qurilmasida hosil gilishda dastlab Si/SiO, tagligi tanlab olinadi va kimyoviy usulda
tozalab olinadi va toza azot bilan quritiladi. Magnetron katodiga DC magnetron (metal
nishonlarga) Mn4Siz nishoni joylashtiriladi va vakuum darajasi 10 Torr yetgandan keyin
kuchlanish beriladi. Ar" ionlari nishon yuzasiga urilib Mn, Si yoki MnsSi; atom va
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molekulalarini ajratib taglik tomon harkatlantiradi. Changlatish jarayonida kuchlanish
300-600 V, plazma toki 50-200 mA, changlatish vaqgti 100 nm galinlik uchun 150 sekund,
taglik harorati 200-250 °C, o‘sish qalinligi esa 70-300 nm gacha oraligda bo‘lish
ehtimolligi samarali plyonkalarni hosil qilishda ahamiyatlidir. Hosil bo‘lgan
plyonkalaning kristall tuzilishini yaxshilash uchun 500-700 °C da vakuum yoki inert gaz
muhitida gizdiriladi. Termik ishlov berish natijasida esa Mn va Si atomlari plyonkada bir
tekislikda tagsimlanish ehtimolligi ortadi. Bu esa plyonkaning samaradorligini oshirishga
xizmat giladi.

Natijalar va muhokama. Biz MnsSiz nanoplyonkasini hosil gilishda ion plazma
usulida Epos-PVD-DESK-PRO magnetron qurilmasidan foydalanganmiz. Mn, Si
namunalarning tozaligi 99,5% ni tashkil etdi. Nishonning diametri va galinligi 76 mm va 6
mm edi [6, 7]. Dastlab taglik sifatida Si/SiO2 (oksidli kremniy) tanlab olinadi va plyonka
sifatiga ta'sir gilmasligi uchun uning sirti yumshoq mato yordamida ehtiyotkorlik bilan
tozalab olindi. Taglik kamera ichiga, marganes mishen (target) esa DC magnetron
elektrodiga joylashtirilib, 103 Pa vakuum olindi. Magnetron tizimi ichiga yugori
energiyali Ar* gaz plazmasi yuborilib, mishen atomlari taglikka yo‘naltirilishi natijasida
kerakli tarkibdagi MnsSiz plyonka 250 nm qalinlikda 15 dagigada hosil gilindi. Hosil
bo’lgan plyonkalarni tasviri SEM qurilmasi yordamida o’rganildi.

a) b)

1-rasm. MnasSiz nanoplyonkasining a)gizdirishdan oldin va b) T=800K haroratda gizdirilgan holatdagi
SEM dagi tasvirlari
Magnitron changlatish natijasida hosil bo'lgan MnsSi- plyonka termal isitishdan oldin

amorf holatda bo’ladi, biz buni aniglashimiz mumkin (2-a-rasm). Kremniy oksidiga
yotqizilgan kremniy va marganets atomlari taglikni deyarli to’liq qoplagan. Amorf plyonka
bilan o’tkazilgan tajribalar natijasida biz plyonkaning metall xususiyatiga ega ekanligini
kuzatdik. Amorf holatda plyonkaning qgarshiligi polikristal holatdagi garshilikdan kattaroqdir.
Buning sababi shundaki, marganes va kremniy atomlari orasidagi bog’lanish juda zaif va sirt
joylarida to’liq qoplanmagan nuqta nugsonlari mavjud. Nanoplyonka 800 K haroratda
qizdirilgandan so’ng, sirtdagi nuqta nuqgsonlari yo’qoladi, marganes va kremniy atomlari
bog'lanish hosil giladi va hosil bo’lgan struktura yarimo’tkazgich xususiyatlariga ega.

Plyonkani qizdirish natijasida hosil bo’lgan nugsonlarni keskin tarzda yo‘qolishini
kuzatishimiz mumkin. Bu esa ushbu birikmaning elektrofizik xususiyatlarini o‘zgarishiga ham
sabab bo‘ladi.

MnsSi7 nanoplyonkasining termoelektrik parametrlarini o‘lchashda biz Ecopia HMS-
5000 qurilmasidan foydalandik. Xona haroratida o‘lchangan natijalarni jadvalda ko‘rishimiz
mumkin:

jadval
MnsSiz nanoplyonkasining elektrofizik prametrlari
Ne | Elektrofizik kattaliklar O‘Ichov Mn4Siz
birligi

1 | Hajmiy konsentratsiya sm? 4.46-10%

2 | Harakatchanlik sm?/V-s 1.64

3 | Yuzaviy garshilik Om/sm 3.13-10?

4 | Solishtirma qarshilik Om-'sm 8-10°

5 | Xoll koeffitsiyenti sm®/C 1.28:10°

6 | Magnit garshilik Om 1.73-10%
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7 | Yuzaviy konsentratsiya

1/sm?

1.2-10"

8 Solishtirma elektr o’tkazuvchanlik

1/Om-sm

0.125-10°

TR TR

resistivity plud2"sm)

-=+ amorphous film Mn4Si7

Electrical conductivity(o uQ *sm™')
'
'
'

p= = =amorphous film Mn,Si,

Temperature (K)

Temperature (K)

2-rasm. Amorf holatdagi Mn4Siz plyonkasi garshiligining garshiligi va elektr
o'tkazuvchanligining haroratga bog’ligligi.

Hosil bo’lgan MnaSizplyonkaning solishtirma qarshiligi xona haroratida 20-107®
Q-sm; 750 K haroratgacha qizdirilganda uning garshiligi 50-10° Q-sm gacha oshadi (2-a-
rasm). Ushbu plyonkaning o'ziga solishtirma elektr o'tkazuvchanligi xona haroratida 5-10*
Q-sm. 750 K ga gizdirilganda uning elektr o'tkazuvchanligi 1,2:10* Q-'sm™ gacha
kamayganini ko'rish mumkin (2-b rasm). MnsSi-; plyonkasi 650 K haroratda 10 Pa
bosimda 1 soat davomida maxsus moslama yordamida gizdirilgandan so'’ng plyonka xona
haroratiga yetguncha vakuumda sovutilgan. MnsSiz plyonkaning qarshiligi va elektr
o'tkazuvchanligining haroratga bog'ligligi grafigi shaklda ko'rsatilgan. Xona haroratida u
7,86-10° Q-sm, 700 K haroratgacha qizdirilganda uning qarshiligi 3,9-10° Q-sm gacha
kamayadi (3-a-rasm). Bu plyonkaning o'ziga solishtirma elektr o’tkazuvchanligi xona
haroratida 0,12-10% Q1-sm™ bo'ladi. Uning o'tkazuvchanligi xona haroratida 70 K ga

oshishi mumkin 0,27-10% Q''sm gacha (3-b-rasm).

o =i
’

p. psm
»
4

»

= heated film NnySt

sm-

AT

——-—

0 400 500 600
00
l'emperature, K

400 00 6
Temperature. K
a b

3-rasm. Mn4Siz plyonkasining polikristall holatidagi solishtirma garshiligi a) solishtirma elektr
o‘tkazuvchnligi b) haroratga bog’liqligi grafigi

Grafikdan ko'rinib turibdiki, harorat ortishi bilan garshilikning kamayishi (3-a-rasm)
va elektr qarshiligining ortishi (3-b-rasm) plyonkaning polikristall tuzilishga ega
ekanligini tasdiglaydi.

4-rasmda MnsSi7 plyonkaning amorf holatdagi (4-a-rasm) va polikristall holatidagi
(4-b-rasm) Zeebek koeffitsientining haroratga bog'ligligi grafiklari keltirilgan. Polikristal
holatidagi plyonkaning Zeebek koeffitsiyenti amorf holatga garaganda taxminan 6 baravar
yugori bo'lib chiqdi.

Bu tajribalar Mn4Siz, polikristall holatdagi kremniy plyonkasi haroratining oshishi
plyonkadagi elektronlar va teshiklar konsentratsiyasining oshishiga olib keladi degan
xulosaga kelishimizga olib keladi.

= = = heated film NnySi- 130

:‘_I i __:::u;l..._u the film NMniSis “"’ Wiy o \

- S 100 St
~ 184 - 90 4 e
'A 16 ’/ e ‘O B ~
(= J b ~
=144 ' = 60 &
. 12 ll = 50 P

40
10 " ::. I,:
8 ] 20 i
———————————— 10 g
250 300 350 400 450 500 550 600 650 700 250 300 350 400 450 500 550 600 650 700
Temperature. K I'emperature. K
a b
4-rasm. a) Amorf plyonkaning haroratga bog ligligi, b) polikristall plyonkaning termoEMF haroratga
bogligligi

e ————————————
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Aniglanishicha, MnsSi; plyonkaning termoelektr quvvati amorf holatdan
nanokristall holatga o'tish jarayonida ortib boradi, bu nanoklasterlar chegarasida zaryad
tashuvchilarning tanlab sochilishi bilan bog'lig.

SiO2/Si  substratida o‘stirilgan MnsSi7 plyonkalari eng yuqori konversiya
koeffitsiyentiga ega ekanligi ko‘rsatilgan, bu SiO2/Si 149 Vt/m'K ning past o‘ziga
solishtirma issiglik o‘tkazuvchanligi bilan izohlanadi. SiO-/Si ustidagi Mn, Si plyonkalari
yugori sezuvchanlikka ega. Bu plyonkalar ko'rinadigan va 1Q diapazonlarida, termal
to'lgin radiatsiya detektorlarida qo'llanilishi mumkin.

Xulosa. Yuqori molekulyar birikma plyonkasi bilan o’tkazilgan tajribalar
natijasida plyonkaning termoelektrik xossalari amorf fazaga qgaraganda kristall fazada
yaxshiroq ekanligi aniglandi. Buning sababi marganes va kremniy atomlari orasidagi
bog’lanish juda zaif va material bilan to’liq qoplanmagan joylarda sirt nugsonlari mavjud.
Plyonkaning sirt nugsonlari qizdirish natijasida yo‘qoladi va butun tuzilish
yarimo‘tkazgich xususiyatga ega. Marganes silitsidlarining plyonkalari plyonkali
termoelementlar va radiatsiya gabul giluvchilar sifatida ishlatish mumkin. Shuning uchun
plyonkalarning elektrofizik parametrlarini o‘rganish amaliy qo’llash uchun juda
foydalidir. Oliy marganes silitsid-kremniy tuzulishidagi strukturalar asosida termoelektr
yurituvchi kuchlanishining qiymati katta bo‘lgan, samaradorligi yuqori termobatareyalarni
yaratish iqtisodiy jihatdan mavjud yarimo‘tkazgich materiallar asosida yasalganlardan
arzon bo‘lishi bilan ajralib turishi ko‘rsatib berildi.
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Annotatsiya. Mazkur maqolada nochiziqli chegaraviy shartlarga ega divergent ko‘rinishdagi
parabolik tenglamalar sistemasi orqali ifodalanuvchi reaksiya-diffuziya masalasining sekin diffuziya holi
uchun avtomodel yechimi qurilgan. Avtomodel yondoshuv va etalon tenglamalar usuli asosida avtomodel
yechimning asimptotikasi topilgan. So‘nggi yillarda fanning mexanika, fizika, texnologiya, biofizika,
biologiya, ekologiya, tibbiyot va boshga turli sohalarda uchraydigan, nochizigli differensial tenglamalar
orgali ifodalanuvchi hodisa va jarayonlarning chiziqsiz modellarini o‘rganishga katta qiziqish borligi
kuzatilmoqda. Aynigsa, bu keskinlashgan rejimlarda (blow-up) kechuvchi yuqori tezlikdagi jarayonlarga
bog‘lig bo‘lib, ularda o‘rganilayotgan funksiya (yechim) sohaning alohida nugtasida yoki butun sohada
cheksizlikka intiladigan jarayonlarga ta’luqlidir. Ko‘pgina fizik, biologik, ximik jarayonlarni ifodalovchi
masalalarda (masalan, yonish jarayonlarida, kimyoviy reaksiyalarda, gazodinamikada, biologik populyatsiya
jarayonlarida) aynan shunday yechimlar vujudga keladi.

Kalit so‘zlar: reaksiya-diffuziya jarayoni, parabolik tipdagi nochizigli tenglamalar sistemasi,
avtomodel yechim, avtomodel yechim asimptotikasi.

Abstract. This article constructs a self-similar solution for the case of slow diffusion of the
reaction-diffusion problem, which is expressed by a system of divergent parabolic equations with nonlinear
boundary conditions. Based on the self-similar approach and the method of reference equations, the
asymptotics of the self-similar solution is found. In recent years, there has been a great interest in the study
of non-linear models of phenomena and processes, expressed by nonlinear differential equations,
encountered in mechanics, Physics, Technology, biophysics, biology, ecology, medicine and other various
fields of science. Especially it depends on the high-speed processes occurring in sharpened modes (blow-
up), in which the function (solution) under study is trained to processes that seek Infinity either at a
particular point in the field or throughout the field. In matters that characterize many physical, biological,
chemical processes (for example, in combustion processes, in chemical reactions, in gazodynamics, in
biological population processes), such solutions arise.

Key words: reaction-diffusion process, system of nonlinear parabolic equations, self-similar
solution, asymptotics of self-similar solution.

Kirish. Ushbu maqolada nochiziqli chegaraviy shartlarga ega divergent ko‘rinishdagi
parabolik tenglamalar sistemasi orqali ifodalanuvchi

%:(ufi)w (i=12,....k), x>0,0<t<T (1)

nochizigli chegaraviy shartlar

_(uipi ) 0.t) = uiqj:ll 01, (=12..Kk), U, =U, G, =0, 0<t<T, (2)
uzluksiz, manfiy bo‘lmagan boshlang‘ich shartlarga ega

u(x,0)=u,(x), (i=L2...,k), x>0 €))
reaksiya-diffuziya masalasini garaymiz, bu yerda p, >1, g, >0,(1=12,...,k) berilgan sonli
parametrlar hisoblanadi.

(1)-(3) nochizigli reaksiya-diffuziya sistemasi fan va texnikaning turli sohalaridagi
amaliy masalalarda keng uchraydi. Jumladan, kimyoviy reaksiyalar, issiglik targalishi yoki
populyatsiya dinamikasi kabi jarayonlarni matematik modellashtirishda qo‘llaniladi [1-3].

Ma’lumki, bunday tenglamalar klassik ma’noda yechimga ega emas. Shu sababli, (1)-
(3) masalaning umumlashgan yechimlarini ko‘rib chigamiz [1, 2].

Nochizigli parabolik tipidagi tenglamalarga qo‘yilgan chegaraviy masala uchun
chegaralanmagan yechim (blow-up) va global yechimlar mavjudlik shartlari, lokalizasiya
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hodisasining hosil bo‘lishi, Fudjita tipidagi kritik eksponentalar gator olimlar tomonidan
keng o‘rganilgan (qarang [4-15] va ulardagi manbalar).

V.Galaktionov va H.Levine [15] tomonidan quyidagi chegaraviy masalaning

yechimlari xususiyatlari o‘rganilgan
u =), x>0 0<t<T

—(UP),(0,t) =u?(0,t), O<t<T (4)

u(x,0)=u,(x), x>0
Ushbu magolada quyidagilar isbotlangan:

- agar 0<q<q,=(p+1)/2 bo‘lsa, u holda (4) masalaning manfiy bo‘lmagan
yechimlari global (ya'ni vaqtning har ganday qiymati uchun mavjud) bo‘ladi, aksincha
g>(Q, va boshlang‘ich shart yetarlicha katta bo‘lsa, yechimlar cheklangan vaqt ichida
cheksizlikka intiladi (ya'ni, "blow-up" sodir bo‘ladi). Bunda, g, - bu yechimning global
mavjudlik kritik eksponentasi, g, == p, +1 esa Fujita turidagi kritik eksponenta deyiladi.

-agar g, <q<(q, bo‘lsa, u holda manfiy bo‘lmagan yechim cheklangan vaqt ichida

cheksizlikka intiladi, g, >q, da esa yechim global bo‘ladi.

Shuni ta'kidlash joizki, (1)-(3) masala uchun kritik eksponentalar bilan bog‘liq ayrim
maxsus hollar bo‘yicha quyidagi tadqgiqotlar mavjud:

[9-11] da mualliflar p, =1,(i=12,...,k) bo‘lgan holini ko‘rib chigishgan.

[12] da esa k =2 uchun sistema yechimlari tahlil gilingan.

[13] maqolada filtratsiya jarayonining quyidagi matematik modeli o‘rganilgan:

m; Pi—2 m
Zt—u:%[—a; —6;)( J, x>0, O<t<T
X
m; pi—2
_leu ou™ =u*(0,t), O<t<T,
OX oxX | o

u(x,0) =u,(x), x>0,
bu yerda m >1, p, >2. Mualliflar tomonidan yuqoridagi masalaning manfiy bo‘lmagan
yechimlari: agar

_ (m +1)(p,—1) bo‘lsa, vaqt bo‘yicha global ekanligi; agar
Py

_(m+1)(p,—1) bolsa, yechimlar chekli vaqtda cheksiz qiymatga erishishi
o)

isbotlangan. Shuningdek, q, <, <g, bo‘lsa, barcha notrivial yechimlar chekli vaqt ichida

cheksizlikka intilishi isbotlangan.
Zhaoyin Xiang va boshqalar [14] parabolik tipdagi nochizigli tenglamalar sistemasi
uchun quydagi chegaraviy masalani garashgan:

0<qg,=0q,:

=

ou o (leu™|™* au™
E—&[W 7}“0’0“”’ )
my P2—2 my
%:%[8;)( a\a/x ],x>0,0<t<T,
Bu yerda ular nochiziqli chegara oqimi orqali bog‘langan:
oum | aumll =v*(0,1t),0<t<T, (6)
ox x|, o
a(;’: ) 823’:2 I —u%(0,t),0<t<T,
u(x,0) =u,(x),v(x,0) =v,(x),x>0 (7
bu yerda m>1 p >2 va ¢ >0 i=L2 - sonli parametrlar. Ushbu maqolada

boshlang‘ich shart va sonli parametrlarga bo‘liq ravishda yechimlarning global yoki
chegaralanmagan bo‘lish shartlari topilgan.

e ————————————
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[16] da ushbu

a_uzi(umlla_uj, @zi(umzla_uj’ X e R+, t>o’ (8)
ot ox OX ot ox OX
m192 0ty =% (0,t), t>0, ()

_pm oY — _ ov
i~ (0,t)=u*(0,t), —u A
u(x,0)=u,(x), o(x,0)=0,(x), xeR,, (10)
nochizigli chegaraviy shartlar bilan berilgan, nochizigli kross-diffuziya sistemasi
yechimlarining hususiyatlarini ko‘rib chiqilgan. Ular avtomodel tahlil asosida (8)-(10)
masalaning umumlashgan global yechimlarining mavjudlik shartlarini aniglangan.
Tadqgiqot metodologiyasi. Biz yuqoridagi (1)-(3) masalani yechimini quyidagi
ko‘rinishda qidiramiz: y; (x,t) = (T+) “ @ (&)
bu yerda & = x(T +t)_"'H ' X :%. Ushbu ifodani (1)-(3) ga qo‘yish orqali quyidagi
(T+t)™™
hisoblashlarni amalga oshiramiz:

Au, o . de d& s
Te= a0 @)+ (0 (2T = (T ) o (8) +

do N S
+(T +1) dc x(=4) (T +1) a(T+t) " g (&)— A +1) T de
_ —o1f _ % .
~(T 0" (2) -5 52 |
our

_ —ap dg® ﬁ_ —ap dg ™ -4 —erp-4 A
x =(T +t) —dffi I =(T +1t) —dé (T+t) " =(T +t) —dé:i
o _ddg_d (T +1)"

ox d& dx d_f,

(T +t)“il[—a¢i (&) -4 ig—g} —(T+t)™ d%[(T Ly ddi;:}
d

Pi
R R R el
—o —l=—A4 —op, — 4
o +1=4 +o,p, + 4
A = al(l_ p|)+1
' 2
Chegara uchun

dui Pi _ Qisa
_[Wj (0,t) =u, % (0,1t)

P
_(T +t)7a' . ddq)% = (T + t)ia”lqi‘l ¢i+lqi+1 (O)

_ai pi - /11 = _ai+1qi+l

ap+A4 =, 0,
Natijada quyidagi avtomodel ko‘rinishga kelamiz:

A (9™ ), (e ae 9P (11)
dé( ds ] AlE) T AS G O
{%](o,t)zgﬁw (0), i=12,....k (12)

Endi (11)-(12) masalani yechimi quydagi funksiya ko‘rinishida qidiramiz:
9 (&)=(a—b-&7)* buyerda a >0

d | dg” do, B )
dcf,|: ds :|+21§' de + Ao — g + o (£)=0
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d%_dd@_m[ i‘j—?m}—wﬁm(é)ﬂ

d%_ddi; é[éfp.] o +ap (&)=0
B pi

42| or | Aagleml=o

az| @y |~ Aagleel

Toz| |- Al en)

De=-ate

%40. ==&,

pi(pi"‘lddL;?ﬂf.m

J.ﬂ pi_zd(ﬂipi = J.%édf

wipiil C:__/q"lfi2

pi_1 2p|
_ A (P —1)
¢|_|:C 2p| Ij|
@ :|:ai _Mﬂﬁéz]ﬂ (13)
2p;
buyerda , — P21, ., =2, , 1 ,i=12.. k.
2p| pi_

Natijalar va muhokama. Teorema 1. Faraz gilaylik : _)[%)Mp._n bo‘lsin, u
holda (11), (12) masalaning kompakt yurituvchili (compact support) yeichimi quydagi
asimptotikaga ega: B

@ (%)= (& )1+ o(2))
U Yerda 5 (5)= (@~ a2 0b (B 0y, —0y) #8) -

yugorida aniglangan funksiya.
Isbot: (11) tenglama yechimini quydagi ko‘rinishda izlaymiz:

@,(&) = (;(é:.)wl (@) (14)
Bu yerda 7 =-Infa-b-&’ , b :F;—_lzl , 7,—>+o bo‘ladi, agar
P;
£ _>[ai_eri ] e =a bf
i bi
(14) formulani hisobga olsak, (11) tenglama quyidagi ko‘rinishga keladi:
%_d(pI dr, dW(T)dT_d d(pI dW(T)
dz ~ dr dZ LW (7,) + 9, (&) dr. dZ _dé| dr W (z)+ (&) dr
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- = 7, =—In(a, —b,&?)
B ¢’i7:e B dTi ~ (_Zbé:)_ B
B d¢| — 1 ei‘ri pil—l B dgl B a'i _blgi2 U
dr; 1-p, 2b g
a a; _bi§i2
b 1 el 1 , f b
S e () v " () }zuée'
z'-f‘r-i a _e*Ti % 2 é
=2bse pi_lLl(\Ni)ZZbi( : b J TL(w) = 2b2(
i:i%:im}ge —Zb( —e" ]2 riizzbi%(a
d&  dr, d&  dr b, dz,
— b
oM (&)= (&)wP (Ti)
—_ b — b
dop, dg, dr dw,” (z;) dr;
=g @) (&) e
_p o pipll 7 =—In(y _bigiz)
=¢i7:e . =dTi _ l 2(_2bi§i)=
d @i _ pi effi pil,l d§| al _blé
dz, 1-p 2b,¢;
a _bigiz
aﬁz_bibéi:;;z [1 pipi e P e P (w ))J B
1 —n P 1 i Pi ' P 1 %
=2b%e"e "'(a—e")? p[(wp ) — ;V'_l}—ZbZep a -

d;[dw' WP () o (E)

) p,L" (W)

Topilgan (15)-(17) ifodalarni (11) ga qo‘yib quyidagilarni hosil gilamiz:

1
2b2 (a —

) e [sz (a—

[

—7;

”) e” 1p,L,(w™)

pi—2

+aeP W (7)) + 24&b2 (a, —e” ) zg' Pl =0

4b, (ai —eh )% e p,

+aye” (7)) + 24 [ !

di{(ai —e" )% e”'fl} _en (—
i

a —e

e

% _p@d 3 _ 1
eP 1(ai e ){ pi—1+2(a-

%l:(ai—e 2 e"llL (W, )Il

T 1
+eh? (a‘ —e )5
1

d
—L,(w"
dTi 2( i )

—eh 1(8.

)

-7

—e )2 +%(ai —e)

g[(ai—e )2 e"_rlL (w,” )}

1, Pi=

1

ays| 1 e
—e ){ pi—1+2(a-—e

_ehi(a e ) H z(aie_ne—f. ) |oil

-7

pi—1

jzb;(a —e )Ze""lLl(W) 0

%(e"' )e

5 (L™
)

+(w (7 ))'} -

L(w); (15)

4 (16)

dw, ™ (r)}

(17)

(18)
(19)

(20)

]Lz(wi”')+iLz(Wip')}
dr,
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=1 L | e’ py, 9 )
4bipi(ai—e )e |:|: P, —1+2(ai—er')j|L2(VVi )+dZ'i L2(VV| ):|+

=T P2
+a e tw (z) + 24, (8, —e " )e ML (w) =0

-1

1 e d ' e
{— o _1+2(ai_e,,)}Lz(vvip)+d—riL2(vvip>+ai e anp M (21)
27 1 _
270" - L(w) =0
Bunda:
L(Wpi):(Wipi)'_ wi P , (W)_v\/i(z‘i)+(w [
M T R ()
# (7)) = ° —d A ! 1

*“2op T
(11) tenglama quydagi ko‘rinishga keladi:

1
|:E¢L(fi)_ P —1
Oxirgi tenglama yechimlari xossalarini o‘rganish (1) tenglama yechimlari
xossalarini o‘rganishga imkon beradi, ulardan har biri [z,,+c0) oraligda quyidagi
tengsizliklarni ganoatlantiradi:

a—e"

(22)

:||—2(Wip‘)+di L, (W) + o (7)d, W, (7)) +e*d, L (w,) =0
7

w, (z;) >0, Vlv'_#i;)+(w, (z)) =o0.’ w," (z:) >0, (W;)il ) — r\;\ili_pil =0"
Endi (22) tenglamaning W, (z;) yechimi cheklangan w, limitga ega yoki 7 — +co da
cheksiz bo‘lishini tekshiramiz. Faraz qilaylik:

vi(7) = Li(w™).
Shunda v, (z;) funksiyaning hosilasi uchun quyidagini olamiz:

vi = _[%@(7}) - pil—ljvi — a4 (7)), W, (7)) —ed, L (w,).
Oxirgi tenglama yechimlarini tahlil gilish uchun yordamchi funksiyani Kiritamiz.
O, (zi, 1) = _[%@(Ti) _ﬁjﬂi — ¢ (7;)d,w, (7;) _ezridle(V\li) (23)

bu yerda g -haqiqiy son. Shundan ko‘rinadiki, har bir & (z;, 2) funksiyasi
(rl,+oo)oraliqda aniglangan va bu oraligda quyidagi tengsizliklardan biri bajariladi:

vi(z;) >0, v/(z;)<O.
Demak, (23) tenglamani Bo‘l teoremasini hisobga olgan holda tahlil gilsak, bundan v;(z;)

funksiyasi uchun z; €[z, +0) da limit mavjud degan xulosa kelib chigadi.
Endi limit holatini ko‘rib chigamiz, bunda:

a 1/(p; —1)
(3]

1im ¢(z,) >0

| Xulosa va takliflar. Shunday gilib, ushbu limit va w’ = o, (w,” )" =0 ekanligidan
W, uchun quyidagi algebraik tenglama hosil bo‘ladi:

Emri)— pll_l}{(ng) - ;V_l}+% Lo (™) + cah () (ri)+e2f-d{1 - +wi’}—0

1w _ 4 W ,bundan w, =1 ekanligi kelib chigadi.
pp—1p;—1 : pi—1
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Annotatsiya. Ushbu ishda turli xil atsetilen diollarining oddiy efirlarining sintezi o‘rganildi. Oddiy
efirlar sintezida katalizator sifatida mis (Il) triflat, trietilamin va erituvchi dixlormetan ishtirokida avval
sintez gilingan ayrim atsetilen diollarini, benzil spirti bilan reaksiyasi asosida biologik faolligi yuqori
bo‘lgan yangi avlod efirlar sintezi o‘rganilgan. Reaksiyaning borishi va mahsulot unumiga ta’sir qiluvchi
omillar tanlangan atsetilen diollari molekulasining tuzilishi, tabiati, harorat, reaksiya davomiyligi, katalizator
va erituvchilar, substrat va reagentlar miqdori ta’siri tadqiq gilingan va kimyoviy faolligi o‘rganilgan. Sintez
gilingan oddiy efirlarni sintez gilishning nishiy samaradorlik gatori ishlab chigilgan va o‘z navbatida oddiy
efirlarning xususiy konstantalari, tuzilishi, tozaligi, Rf giymati, elementlar analizi va tarkibi zamonaviy
fizik-kimyoviy tadgigot usullari yordamida aniglangan va tahlil gilingan.

Kalit so‘zlar: Atsetilen diollari, benzil spirt, nukleofil birikish, reaksiya mexanizmi, oddiy efirlar,
mahsulot unimi, katalitik sistema, erituvchi.

SYNTHESIS OF SIMPLE ESTERS BASED ON SOME ACETYLENE DIOLS
AND BENZYL ALCOHOL

Abstract. In this work, the synthesis of simple ethers of various acetylene diols was studied. In the
synthesis of simple ethers, the synthesis of a new generation of esters with high biological activity was
studied based on the reaction of some acetylene diols, which were previously synthesized in the presence of
copper (I1) triflate, triethylamine and dichloromethane as a catalyst, with benzyl alcohol. The effects of the
selected acetylene diol molecule, nature, temperature, reaction duration, catalyst and solvents, substrate and
reagent amounts on the course of the reaction and product yield were studied, and the chemical activity was
studied. A series of relative efficiency of the synthesis of the synthesized simple ethers was developed, and
in turn, the specific constants, structure, purity, Rf value, elemental analysis and composition of the simple
ethers were determined and analyzed using modern physicochemical research methods.

Keywords: Acetylene diols, benzyl alcohol, nucleophilic addition, reaction mechanism, simple
ethers, product yield, catalytic system, solvent.

Kirish. Oddiy efirlar, organik kimyoda muhim birikmalar bo‘lib, ular turli xil sanoat va
laboratoriya jarayonlarida keng qo‘llaniladi. Hozirgi kunda ushbu birikmalar, farmatsevtika,
to‘gimachilik, mashinasozlik va lok-bo‘yoq sanoatida keng miqgyosda qo‘llaniladi,
shuningdek, atsetilen diollari molekulasidagi gidroksil guruhidagi harakatchan faol vodorod
hamda turli xil tabiatga ega bo‘lgan o‘rinbosarlar va funksional guruhlar borligi hisobiga,
atsetilen diollari gidroksil guruhidagi vodorodi hisobiga nukleofil almashinish reaksiyasi
ketadi, shuning uchun bunday spirtlar asosida turli xil gimmatbaho organik moddalar sintez
gilinmoqda [1-3].

Adabiyotlar sharhi. Atsetilen diollari molekulasidagi gidroksil guruhi kuchli nukleofil
reagentlar ta’siriga chidamsiz bo‘lib, nukleofillar bilan to‘g‘ridan to‘g‘ri almashinish
reaksiyasi ketadi. Jumladan, atsetilen spirtlari gidroksil guruhi elminatsiyasi natijasida
elektronlari tangis bo‘lgan karbakationlar hosil giladi. Ushbu karbakationlar esa nukleofil
reagentlar bilan reaksiyaga kirishib turli xil yangi turdagi organik birikmalarni sintez gilishga
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xizmat qiladi [4-6]. Oxirgi yillarda turli xil tabiatga ega bo‘lgan spirtlar, diollardan efirlar
sintez qilingan [7]. Jumladan, so‘nggi vyillarda R.P.Redtenbaxer, V.V.Reppe,
L.V. Ladenburg, J.R. Klemo, R. Perkin, Y.A. Trager, F.F. Beylshteyn, B.Tyullens, L. Shefer,
M.F. Shostakovskiy, A.E. Favorskiy, B.A. Trofimov va A.V. Orlovlar [8-10] tomonidan turli
funksional guruh saglagan organik birikmalarning efirlarini sintez qilish ustida ilmiy
tadgiqotlar olib borilgan[11].

Tajriba gismi. (Namuna sifatida 3,4,5-trimetilgeptadiin-1,6-dioksi-3,5-
dimetilendibenzol sintezi keltirilmogda ). Reaksiya 500 ml sig‘imli, tubi yumalog kolbada
amalga oshirildi. Dastlab reaktorga mexanik aralashtirgich va ikki shoxli forshtoss o‘rnatib,
bitta shoxiga tomizgich voronka, ikkinchisiga esa “lovushka” orqali qaytarma sovutkich
o‘rnatib, 50 °C da suv hammomida amalga oshirildi (hammomga termometr o‘rnatish kerak).
Dastlab reaktorga 50 ml erituvchi CH2Cl, solinib ustiga 36,2 gr (0,1 mol) mis (lI) triflat
(Cu(OTf)2) va 20,2 ml 0,2 (mol) trictilamin (EtsN) go‘shib xona haroratida 30 minut
aralashtiriladi va hosil bo‘lgan katalitik sistemaga 53 ml (0,5 mol) 3,4,5-trimetilgeptadiin-1,6-
diol-3,5 go‘shilib 2 soat aralashtirilib turildi, bunda reaktordagi harorat 50 °C da ushlab turildi.
So‘ngra 2 soat davomida 54 ml (0,5 mol) benzil spirti aralashtirilgan holatda tomchilatib
turildi. Jarayon 10 soat davomida tindirildi va aralashma sovug suv bilan (1:1) suyultirildi va
dietilefir yordamida 3 marta (3x50 ml) ekstraksiya qilindi, keyin qurituvchi Na>SOas (yoki
CaCly) bilan 6 soat davomida quritildi. Mahsulot filtrlab olinib, vakuumli bug‘latgich
yordamida erituvchilar bug‘latildi, so‘ngra Silikagel 60 xromatografiya kolonkasi orgali
eluyent (geksan/etilatsetat)lardan o‘tkazilib, fraksiyalar yupga qatlamli xromatografiya
“Merck60 F254” plastinkasida Rf qiymati aniqlandi. Bunda 92 g 3,4,5-trimetilgeptadiin-1,6-
dioksi-3,5-dimetilendibenzol (86 %), 5,35 g oralig mahsulot (5% ), 3,21 g boshlang‘ich
moddalar (3%) va 6,42 g qo‘shimcha mahsulotlar (6%) unum bilan sintez gilishga erishildi.
Ushbu usul bo‘yicha 1. 87% 3,4-dimetilgeksadiin-1,5-dioksi-3,4-dimetilendibenzol (Rf=0,45);
2. 86,4% 3,5-dimetilgeptadiin-1,6-dioksi-3,5-dimetilendibenzol (Rf=0,48); 3. 86% 3,4,5-
trimetilgeptadiin-1,6-dioksi-3,5-dimetilendibenzol (Rf=0,56); 4. 85,3% 3,6-dimetiloktadiin-
1,7-dioksi-3,6-dimetilendibenzol (Rf=0,44); 5. 84,5% 3,5-dibenziloksi-5-metilgeptadiin-1,6-
tiofenil-3  (Rf=0,37); 6. 825% 3,5-dibenziloksi-5-triftorometilgeptadiin-1,6-tiofenil-3
(Rf=0,54); 7. 83,1% 3,4-dibenziloksi-3,4-dimetilgeksadiin-1,5-diildibenzol-1,6 (Rf=0,55); 8.
81,7% 3,5-dibenziloksi-3,5-dimetilgeptadiin-1,6-diildibenzol-1,7 (Rf=0,38); 9. 83,8% 3,5-
dibenziloksi-3,4,5-trimetilgeptadiin-1,6-diildibenzol-1,7  (Rf=0,53); 10. 82,9% 3,6-
dibenziloksi-3,6-dimetiloktadiin-1,7-diildibenzol-1,8 (Rf=0,65) 11. 81,4% 3,5-dibenziloksi-5-
metil-1,7-difenil-difenilgeptadiin-1,6-tiofenil-3 (Rf=0,62) 12. 80,7% 3,5-dibenziloksi-1,7-
difenil-5-triftorometilgeptadiin-1,6-tiofenil-3 (Rf=0,56) kabi oddiy efirlar sintez gilindi.

Reaksiya ximizmi va mexanizmi. Oddiy efirlarni sintez qilishda mis (I1)
triftormetilsulfonat Cu(OTf), va asos sifatida trietilamin EtsN tarkibli katalitik sistema va
erituvchi dixlor metan (CH2Cl;) yordamida benzilspirtining nukleofil birikish reaksiyasi
mexanizmi taklif etildi [3,12-14,]. Bunda katalizator mis (II) triftormetilsulfonat, atsetilen
diollidagi (OH) gidroksil guruhiga ikki bosgichda ta’sir etib kompleks birikmani hosil giladi.
Natijada sistemadagi mis (I1) triftormetilsulfonat tuzining kation gismi reagent anioni bilan
birikib bargaror nukleofil reagent mis (I1) triftormetilsulfonat tuzini va elektrostatik tortishish
kuchlari ta’sirida kompleks birikma H* OTf ~ ni hosil giladi [15].

R4

o
OH OH OH Cu2+{01$7CF3} Et~ —FEt o Il
2

‘
R, R, o Et R R
I i é CHLCL RSl
R, Ry, R,
1-12

R.= Me, Rs3= Me, Rs=H (l) R.= Me, R3= Me, R4= Ph (7)
R1: Me, Rzz H, R3: Me, R4: H (2) R1: Me, R2: H, R3: Me, R4: Ph (8)
Ri= Me, Ro= Me, Rs= Me, Rs=H (3) R.= Me, Ro= Me, Rs= Me, R4= Ph (9)
R1= Me, Ro= 2H, Rs= Me, Ri= H (4) R1= Me, Ro= 2H, Rs= Me, R4= Ph (10)
Ri= Th, Rz= H, Rs= Me, Rs= H (5) Ri= Th, R;= H, Rs= Me, R4= Ph (11)
R1= Th, R2= H, R3= CF3, R4= H (6) R1= Th, R2= H, R3= CF3, R4= Ph (12)
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Birinchi bosgichda mis (Il) triflat atsetilen diollining (OH) gidroksil guruhiga
nukleofil birikishi ikki bosgichda amalga oshadi. Birinchi bosgichda Cu?* ionlari gidroksil
guruhining elektronlarini o‘ziga tortadi va gidroksilni aktivlaydi va asos sifatida
trietilamin aktivlangan gidroksilni protonlaydi, bu esa 0‘z navbatida gidroksil guruhining
protonsiz holatini taminlab, nukleofil hujumni kuchaytiradi va protonsiz atsetilen dioli
Cu?*ioni bilan birikib mis (11) triftormetilsulfonat kompleksi hosil bo‘ladi[16-18].

CuOTf
- |
OH OH cu* oféfcp«, Et\rﬂ/Et OH O H o
Et | _Et _
Ri R o 2 = R Ry + NS O-S-CF
| I 3
I Ro CHLCl, IR, |l Et
Ry Ry R4 R,
(;uOTf 7/Cu\
OH O C @]
: — = R | R;" H OTf
Il =21l CH2Cl2 I =2 1l
R, R, R, R,

Keyingi bosgichda olingan mis kompleksi benzil spirti bilan ta’sirlashib oddiy efir
olindi, Bunda bezil spirti o‘zining gidroksil guruhini Cu?* ga berib Cu(OH), ni hosil giladi
va tegishli oddiy efir olindi[19-21].

cu E \) R,
e} O OH C

>

Ry R3 + _ = R I" R, + Cu(OH)
T é CrLCL A Rf? : .

R, R, R,

Olingan natijalar tahlili. Ik bor Cu(OTf)./EtsN/CH.Cl, Katalitik sistemasi
yordamida tadgigot obyekti sifatida tanlangan ayrim atsetilen diollarini benzil spirti bilan
reaksiyasining borishi va mahsulot unumiga boshlang‘ich moddalar, katalizator va
erituvchilar tabiati hamda miqdori, harorat, reaksiya davomiyligi, ta’siri tizimli tahlil
gilindi.

Dastlab oddiy efirlarni sintez gilish uchun boshlang‘ich moddalarning, jumladan,
substrat va reagentning mol miqdorlari ta’siri tahlil qgilindi. (1-jadval).

1-Jadval
Oddiy efirlar unumiga boshlang‘ich moddalar (substrat va reagent) miqdori ta’siri (reaksiya

davomiyligi 4 soat, harorat 50 °C, erituvchi CH:Cl.)

Mol Oddiy efirlar unimi, %
miqdori | 1 2 3 4 5 6 7 8 9 10 [11 |12
0,25:05 | 54 | 58 [52,4|51,7 | 59 | 56 | 48 | 572|542 | 50 | 52 | 488
05:05 |87 [864 |86 |853 845|825 831|817 838829814807
0,75:0,5 | 66,8 | 655 | 65 | 61,5 | 62,5 | 67,9 | 64,7 | 59,4 | 656 | 68,3 | 67 | 66,2
05:0,75 | 79,4 | 785 | 77,7 | 764 | 746 | 73 | 76 [ 753|733 | 74 [ 721 | 71

Yugqoridagi jadvaldan ko‘rinib turibdiki, 3,4,5-trimetilgeptadiin-1,6-diol-3,5 miqdori
benzilspirtiga nisbatan ekvivalent migdorda olinganda oddiy efirlar yugori unum bilan,
go‘shimcha mahsulotlar esa past unum bilan chigishi aniglandi. Benzilspirtining miqgdori
3,4,5-trimetilgeptadiin-1,6-diol-3,5 ga nisbatan 0,25:0,5 mol migdorda olinganda benzil
spirtining yetishmovchiligi sababli  3,4,5-trimetilgeptadiin-1,6-diol-3,5 bilan to‘liq
reaksiyaga Kirisha olmasligi sababli mahsulot unumi kam chigishi aniglandi, benzil
spirtining mol miqgdorini oshirganimizda, yani 0,75:0,5 mol nisbatda olib borilganda,
reaksiyada ortigcha migdorda benzilspirti oksidlanib benzil aldegidini hosil gildi va benzil
aldegidi hosil bo‘lgan oddiy efirning kislorodiga nukleofil hujum gilib benzoat ester hosil
gilishi aniglandi, natijada mahsulot unumining kamayishi kuzatildi. Agar atsetilen diollari
ortigcha  miqdorda olinsa, ular  bir-biri  bilan  kondensatsiyalanishi  yoki
polimerizatsiyalashuvi natijasida, yangi birikmalar yoki polimerlar hosil gilishi natijasida
oddiy efirlarning unumi pasayishiga sabab bo‘ldi.

Cu(OTf)2/EtsN katalizator va pramotrning mol miqgdori 0,05:0,1 mol migdorda
olinganda oddiy efirlarning chigish unumi kam miqgdorda hosil bo‘lishi kuzatildi.
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O‘rganish natijalariga ko‘ra katalizator va pramotr miqgdori 0,1:0,2 mol miqgdorda
olinganda molekulalar to‘liq ionlarga ajralishi hisobiga oraliq kompleks birikmalarning
bargarorligi ortdi va katalizator o‘zining yuqori faolligini ko‘rsatdi va oddiy efirlar yuqori
unum bilan sintez qilindi. Lekin Kkatalitik sistema mol miqdori 0,2:0,3 mol nisbatga
oshirilganda ortib qolgan katalizator hosil bo‘lgan oddiy efir bilan reaksiyaga kirishib
kompleks birikmalar yoki alkoksidlarni hosil gilishi hisobiga mahsulot unumi past

chiqishi kuzatildi 2-jadval.
2-Jadval
Oddiy efirlar unumiga Cu(OTf)2:EtsN migdori mol nisbati ta’siri
(harorat 50 °C, reaksiya davomiyligi 4 soat)

o Mahsulot unimi, %

Cralaly S 0,5:0,1 0,1:0,2 0,2:0,3
1 67 87 52
2 69 86,4 56
3 69 86 55
4 71 853 51
5 69 84,5 53
6 73 82,5 52
7 72 83,1 53
8 69 81,7 51,9
9 72 83,8 50,6
10 68 82,9 56
11 68 81,4 53,1
12 68,7 80.7 54,3

Oddiy efirlar sintezi uchun erituvchilar dimetilformamid (DMFA), DMSO hamda
dixlormetan (CH.Cl;) larning mahsulot unumiga ta’siri o‘rganildi (3-jadval).
Foydalanilgan erituvchilar Sn2 reaksiyalari uchun qulay sharoitni namoyon gilsa-da,
ammo mahsulot unumining CH2Cl> da yuqori chigishi tadgiqot natijalari asosida
aniglandi. Bunda DMFA va DMSO aproton erituvchilar bo‘lib, nukleofil almashinish
reaksiyalarining borishini osonlashtirdi. Ammo DMFA ning reaktorda fazoviy ikki xil
konfiguratsiyasini hosil gilishi natijasida ionlar bilan to‘gnashishlar sonining pasayishiga
olib keldi, natijada efir hosilalarining eruvchanligi CH>Cl. ga nisbatan past bo‘lishi, o‘z

navbatida oddiy efirlarning unumi pasayishi aniglandi.
3-jadval
Oddiy efirlar unumiga erituvchilar tabiatining ta’siri
(reaksiya davomivyligi 4 soat, harorat 50 °C)

L Mabhsulot unimi, %

Oddiy efirlar DMFA DMSO CHCl;
1 52 763 87
2 56 756 86.4
3 55 74.2 86
4 53 73.8 853
5 54 735 84.5
6 517 71.2 82,5
7 53.9 745 83.1
8 51 734 81.7
9 525 724 83.8
10 50,7 716 82.9
11 47 708 81.4
12 43 68.1 80.7

CHCl> ning DMFA va DMSO ga nisbatan dielektrik o‘tkazuvchanlik konstantasi
yugoriligi sababli, uning atsetilen diollari yaxshi eritishi aniglandi va CH.Cl, qolgan
erituvchilarga garaganda sistemadagi kationlarning bargarorligini oshirib, gisman katalitik
xossasini namoyon qilishi va sistemada go‘shimcha moddalar hosil bo‘lishi kuzatilmadi
va mahsulot unumining oshishiga olib keldi.

Oddiy efirlar unumiga harorat ta’sirini o‘rganish va muqobil sharoitni aniglash
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magsadida, reaksiyalar 25 va 75 °C intervallarda olib borildi (4-jadval). Dastlab jarayon
xona haroratida olib borildi. Bunda olingan efirlarning unimi past chiqgishi kuzatildi.
Jarayonni 50 °C ga oshirganimizda promotr Et:N atsetilen diollaridagi (OH) gidroksil
guruhni pratonlashi natijasida katalizator Cu(OTf). ning birikishi jarayonini tezlashtirib,

oddiy efirlarning yugori unum bilan chigishi uchun qulay muhit yaratdi.
4-jadval
Oddiy efirlar unumiga harorat ta’siri

(reaksiya davomiyligi 4 soat, erituvchi CH2Cly)

L Mahsulot unimi, %

Oddiy efirlar 25 °C 50°C 7500
1 57,1 87 81.4
2 56 86,4 80,5
3 55 86 79
4 53 85,3 77,8
5 54 84,5 75,2
6 51,7 82,5 74,6
7 53,9 83,1 78,3
8 51 81,7 77,5
9 52,5 83,8 76,6
10 50,7 82,9 75.1
11 47 81,4 74,5
12 43 80.7 72.8

Ammo haroratning 75 °C ga oshirilishi mahsulot unumida biroz pasayish kuzatildi,
hosil bo‘lgan oddiy efirlar gaytadan boshlang‘ich moddalarga aylanishi yoki atsetilen
diollari degidratlanishi natijasida efirlar, gisman eninlarga aylanishining mahsulot
unumiga salbiy ta’sir etishi aniglandi. Ushbu usul yordamida 1. 87% 2. 86,4% 3. 86% 4.
85,3% 5. 84,5% 6. 82,5% 7. 83,1% 8. 81,7% 9. 83,8% 10. 82,9% 11. 81,4% 12. 80,7%
unim bilan sintez qilindi.

Xulosalar. Ilk bor Cu(OTf)2/EtsN/CH:Cl: katalitik sistemi yordamida ayrim
atsetilen diollarini benzil spirt reaksiyasi orgali oddiy efirlarni sintez qgilishning eng
optimal usuli tadqiq qilindi.

Olib borilgan tadgigot natijalariga ko‘ra, atsetilen diollari sintez gilish jarayoni
Cu(OTf)/EtsN/CH2Cl. yuqori asosli katalitik sistema yordamida CH-Cl. eritmasida, 4 soat
davomida, 50 °C haroratda olib borilganda mahsulot unumi yuqori chiqishi aniglandi va
jarayon uchun eng muqobil sharoit gilib tanlandi.

Mahsulot unumiga boshlang‘ich moddalar va katalizator miqdori, reaksiya
davomiyligi va haroratning tasiri o‘rganildi hamda sintez gilingan birikmalarning ayrim
xususiy kattaliklari aniglandi. O‘rganish natijalariga ko‘ra mahsulot unumi 12< 11< 8<
10< 6< 7< 9< 5< 4< 3< 2< 1 gatorida oshib borishi aniglandi.
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Annotatsiya. Pachkamar suv ombori havzasida yashovchi baliq va mollyuskalarda tabiiy
radionuklidlar — “°K, 2%Ra, %32Th va texnogen — *’Cs ning solishtirma aktivligi o‘Ichovlari keltirilgan.
Qisgichbagasimonlarda ??°Ra, 2%2Th va “°K to‘planishi baliglarga garaganda yugori ekanligi ko‘rsatilgan.
Baliglardagi '*’Cs ning o‘ziga solishtirma aktivligi mollyuskalarga garaganda gariyb uch baravar yugori
ekanligi ko‘rsatilgan. Ushbu holat quyidagi omillar tufayli yuzaga keladi: organizmda radionuklidlarning
to‘planish yo‘llari, jonzotlarning funksional o‘ziga xosligi, ularning trofik ixtisoslashuvi va tana yuzasining
kattaligi. Suv havzasi o‘simliklari va hayvonlarida ba’zi radionuklidlarning selektiv to‘planishining o‘ziga
x0s Xxususiyatlari muhokama gilinadi: baliglarning ifloslanishi radioaktiv moddalarning tana yuzasi
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tomonidan to‘g‘ridan to‘g‘ri adsorbsiyasi, 0zig-ovqat bilan ta’minlanganda va organizm va atrof-muhit
o‘rtasidagi boshga metabolik jarayonlar natijasida yuzaga kelishi ko‘rsatilgan.

Kalit so‘zlar: radionuklidlar toplanishi, ifloslanish, baliglar, mollyuska, texnogen.
RADIOACTIVITY OF SOME INHABITANTS IN THE PACHKAMAR WATER
RESERVOIR BASIN

Abstract. Measurements of specific activity of natural radionuclides — “°K, ?%Ra, 2*2Th and
technogenic — *¥’Cs in fish and the mollusks inhabiting Pachkamar water reservoir basin are presented. It is
shown that accumulation of 22°Ra, 22Th and “°K in mollusks is higher than in fish. On the contrary, the $3’Cs
specific activity in fishes three times exceeded those ones in mollusks. This phenomenon is caused by
following factors: ways of radionuclides accumulation in organism, functional features of animals, their
trophic specialization and the size of body’ surface. Specificity of selective accumulation of separate
radionuclides in plants and water animals is discussed: it is indicated that fish pollution occurs through the
direct adsorption of radioactive substances by the surface of the body, when ingested with food and as a
result of other metabolic processes between the body and the environment.

Keywords: accumulation of radionuclides, pollution, fishes, mollusks, technogenic.

Kirish. Ko‘plab atrof-mubhitni ifloslantiruvchi moddalar orasida radionuklidlar va
og‘ir metallar tirik organizmlar, shu jumladan, odamlar uchun eng zaharli hisoblanadi.
Ular chang, aerozollar va eritmalar ko‘rinishidagi organik va noorganik birikmalar
shaklida atmosfera havosi, tabiiy va oqova suvlar tomonidan hosil bo‘lish manbasidan
uzog masofalarga tashiladi va keng hududlarni ifloslantiradi. Atrof-muhitga chigarilgan
radionuklidlar va og‘ir metallar tezda trofik zanjirlarga qo‘shiladi va “atmosfera-tuprog-
o‘simlik-hayvon-odam” tizimiga o‘tadi. Tirik organizmlarning organlari va to‘gimalarida
to‘planib, radionuklidlar va og‘ir metallar radiatsiya, kanserogen va mutagen ta’sirning
ichki manbalariga aylanadi [1,2].

Tabiiy suvlar tarkibida 28U, 2°2Th, ?Ra, ???Rn, ?%Po, ??®Ra, ?**Ra, #*U tabiiy
radionuklidlar, shuningdek “°K, 8’Rb tabiiy radioaktiv izotoplar mavjudligi aniglangan.
Suvdagi tabiiy radionuklidlarning konsentratsiyasi juda keng oraliglarda o‘zgaradi va
asosan suvosti jinslari va tuprogning radionuklid tarkibiga bog‘liq [3].

Bundan tashgari, turli mamlakatlar tomonidan atmosferada va suv ostida
o‘tkazilgan yadro sinovlari, radioaktiv chigindilarni daryolarga tashlash, yadroviy
qurilmalardagi avariyalar tabiiy muhitning, shu jumladan, suv omborlarining =*’Cs va %°Sr
kabi texnogen radionuklidlar bilan ifloslanishiga olib keldi [4].

Texnogen ¥’Cs va °°Sr radionuklidlar suvlarda yuqori dispersli va aralash holda
uchraydi, bu ularning biotik tizimlarning metabolik jarayonlarida intensiv ishtirok etishiga
yetarli sharoit yaratib beradi.

Suv muhitida, suv o‘tlarida va suvosti jinslarida mavjud bo‘lgan radioaktiv
moddalar suvda yashovchi jonzotlar tomonidan iste’mol zanjirlari bo‘ylab boshga mineral
elementlar kabi chegara to‘gimalari orgali so‘rilishi mumkin.

Ba’zi suv o‘tlari mollyuskalar uchun ozig-ovqat bo‘lib xizmat giladi. Mollyuskalar
esa baliq tomonidan iste’'mol qilinadi. Suv o‘tlari suvdan hamda suvosti jinslaridan tabiiy
radionuklidlarni o°‘zida to‘plashi mumkin. Suv hayvonlari tanasidagi turli radioaktiv
elementlar turli miqdorda to‘planadi va bu miqdorlar suvdagi, suv havzasi tubidagi va suv
o‘tlaridagi radionuklidlarning tarkibiga, hayvonlarning o‘ziga xos xususiyatlari va tashqi
tuzilishiga bog‘lig.

Masalan, dengiz planktonidagi radiy-226 va uran  konsentratsiyasi
100 pKyuri/kg gacha yetadi va toriy miqdori esa yangi to‘gimalarda 25 pKyuri/kg dan
oshmaydi. Mollyuskalar qobig‘ida radionuklidlarning intensiv to‘planishi aniglangan [5].

Ma’lumki, baliq mahsulotlarini iste’mol qilish butun dunyoda o‘sib bormoqda.
Ushbu mahsulot miqgdori va sifati baliq turiga, uning kelib chiqishi tabiatiga (tabiiy yoki
sun’iy sharoitda yetishtirilganligiga) bog‘liq. Miqdor jihatidan baliglarning mushak
to‘gimalari ularning umumiy massalarining 40-50% ini tashkil etadi. Bundan kelib
chiqadiki, inson baliq iste’mol qilganida dozaning asosiy qismi uning mushak
to‘gimalaridan o‘tadi [6].
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Tadqgiqot obyekti. Pachkamar suv ombori — Qashgadaryoning kam suvli chap
irmog‘i — G‘uzor daryosida barpo etilgan yirik gidrotexnika inshootidir. G‘uzor tumani
markazidan 15 km yugorida joylashgan. Kattao‘ra va Kichiko‘ra daryolaridan to‘ldiriladi.
Qurilish ishlari 1964-yilda boshlanib, 1967-yilda foydalanishga topshirilgan, 1968-yilda
to‘lig qurib bitkazilgan. Omborning suv yuzasi uzunligi 3,9 km, kengligi 1,8 km. Suv
yuzasi maydoni 12,8 km?, eng katta (maksimal) chuqurligi 51 m, o‘rtacha chuqurligi
30 m. Suv ombori daryoning mavsumiy va gisman ko‘p yillik suv rejimini tartibga soladi.
To‘g‘onning ustki uzunligi 593 m, balandligi 68 m. Suv omborining o‘ng qirg‘og‘ida
uzunligi 198 m va maksimal balandligi 12 m bo‘lgan ko‘tarma damba qurilgan.
Omborning o‘ng sohilida suv sarfi 30 m%s bo‘lgan suv chigargich qurilgan. Suv
chigargichning quyi gismiga 2 ta konussimon rostlagich o‘rnatilgan. To‘g‘onning chap
tomonida suv sarfi 260 m%s (favqulodda toshginlarda suv sarfi 480 m®s) bo‘lgan suv
tashlagich — Chap sohil kanali ochiq holda qurilgan. Suv omborining qurilishi G‘uzor
tumanining suv ta’minotini yaxshilashda va uning igtisodiyotida muhim rol o‘ynaydi, ekin
maydonlarini 15 ming gektarga oshirish imkonini berdi. Pachkamar suv omborida
baligchilik xo‘jaligi tashkil etilgan. Suv omborining hayvonot dunyosi gariyib 60 vyil
ichida o‘ziga xos tarzda shakllangan. Ushbu maqolada tajribaviy tekshirish uchun
Pachkamar suv omboridagi sharoitga juda mos kelgan baliq turlaridan Karas (lat.
Carassius) baliglari tanlab olingan.

——

[Sos > N ey

1-rasm. G*uzor tumani Pachkamar suv ombori.

Tadgigot metodologiyasi. Ushbu ishda ssintillyatsion gamma-spektrometriya
usuli yordamida Pachkamar suv ombori havzalaridan tutilgan mollyusakalar va
baliglardagi tabiiy radionuklidlar 2%°Ra, 2*2Th, “°K va texnogen radionuklid **’Cs ning
solishtirma radioktivligi aniglangan.

Mollyuskalar (Unionidae) va baliglar (Carassius) butunligicha quritildi,
maydalandi, og‘irligi tortildi. Tayyorlangan namunalar bir litrli Marinelli idishlariga
gadoglandi. Namunalarning og‘irligi 1000-1200 grammni tashkil etadi. Namunalarning
gamma-spektrlarini o‘lchash Marinelli geometriyasida °Co izotopining energiyasi
E = 1332 keV bo‘lgan gamma-nurlanish chizig‘ida 10% energetik ajratuvchanlikga ega
Nal(Tl) (63x63 mm) ssintillyatsion detektorli gamma-spektrometrda bajarildi.

Gamma-nurlanishi spektrlari 1024 kanalli impuls analizatori rejimida ishlaydigan
PC-IBM kompyuter xotirasida gayd etildi. O‘Ichov jarayonlari davomiyligi 2 soatni
tashkil etdi. Spektrlarda aniglangan fotopiklarni identifikatsiyalash kvant chigish
parametrlari, yarim yemirilish davri va fotopiklarning spektrdagi joylashgan o‘rnini
hisobga olgan holda energiyalariga ko‘ra amalga oshirildi. Namunalarning barcha
o‘lchangan gamma-spektrlarida tabiiy radionuklid “°K ning E=1460 keV energiyali
fotopiki yaggol namoyon bo‘ldi. Shuningdek, uran-toriy oilalarining radionuklidlari,
texnogen radionuklid *¥'Cs ning E = 661 keV energiyali fotopiklari kuzatildi.

Spektrlarda mavjudligi ma’lum bo‘lgan radionuklidlarning solishtirma aktivligi
taggoslash usuli yordamida hisoblandi. Bunda OMASN (maxsus magsadlar uchun hajmiy
aktivlik jamlanmasi) tarkibiga kiritilgan #?°Ra, 232Th, “°K 13'Cs kabi radioaktiv manbalar
ishlatilgan.

Natijalar va muhokama. Tadgiqotlar natijasida radionuklidlarning solishtirma
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aktivligi uchun olingan ma’lumotlar 1-jadvalda keltirilgan.

1-jadval
Mollyuska va baliglarda radionuklidlarning solishtirma aktivligi (Bk/kg).
Radionuklid Mollyuskalarda Baliglarda
2Ra <11,04* <6,11
232Th, <8,02 <3.03
K <71.14 <60.07
187Cs <4.06 <12.33

*) < — belgisi berilgan o‘lchov vaqti uchun spektrometrning sezgirligiga mos
keladi.

Ushbu ma’lumotlardan kelib chiqadiki, mollyuskalar va baliglarning radioaktivligi
asosan “°K tabiiy radioaktiv izotop va gisman uran va toriy catorlariga tegishli
radionuklidlar, shuningdek, texnogen radionuklid **’Cs ning hissasiga to‘g‘ri keladi. Baliq
va mollyuskalardagi “°K radioaktiv izotopining solishtirma aktivligi giymatlari bir-biridan
katta farq gilmaydi. Mollyuskalarda #2Th, “°K 3’Cs radioaktiv izotoplarning to‘planishi
baliglarga garaganda ancha ko‘proq ekanligini 1-jadvalda keltirilgan ma’lumotlardan
ko‘rish mumkin.

40K radioaktiv izotopi tabiatda keng targalgan elementlardan biri bo‘lib
hisoblanadi. Balig va mollyuskalarda “°K radioaktiv izotopining yuqori darajada
to‘planishi bu izotopning suv tarkibidagi konsentratsiyasi ham yugori darada ekanligini
ko‘rsatadi. “°K radioaktiv izotopining asosiy massasi boshga elementlar singari, vulgonlar
natijasida yer ostidan otilib chiggan tog* jinslarida bo‘ladi. “°K radioaktiv izotopining Yer
qobig‘idagi tarkibi 2,4% ni tashkil giladi [5]. Tog® jinslarining atmosfera yog‘inlari
(yomg‘ir, qor va sh.k) va boshga suvlar bilan yuvilishi natijasida *°K radioaktiv izotopi
nisbatan oson yuviladi, suyuq gorishmalar shaklida gisman suv havzalariga yetib keladi.
Daryo suvining radioaktivligi asosan “°K radiraktiv izotopining hissasiga to‘g‘ri kelishi
aniglandi [8].

Radiy ham tog* jinslaridan nisbatan osonlik bilan erib ajraladi. Bunga sabab uning
minerallar kristall panjaralari tashgarisida joylashganligi bo‘lishi mumkin [5]. Radiy
minerallardan suv havzalariga o‘tadi, uning ma’lum gqismi asta-sekin suv omborining
tubiga cho‘kadi. Shu bilan cho‘kindi jinslarning shakllanishida ishtirok etadi. Radiy
tuprogdan, shuningdek, loydan uranga garaganda ancha sustroq yuviladi. Bu esa radiyning
loy tarkibida yig‘ilib qolishiga olib keladi [7]. Toriy tabiiy suvlarda kam eriydi, shuning
uchun suv tarkibida toriy urandan yuzlab marta kamroq bo‘ladi. Toriy suvosti gillariga
eritmalardan emas, balki dastlab mavjud bo‘lgan magmatik jinslarning parchalanishidan
kiradi. Toriyning asosiy massasi loy cho‘kindilarda jamlanganligi ma’lum [9].

Mollyuskalarda tabiiy radionuklidlarning yugoriligi ehtimol suv ombori tubida, suv
o‘tlari va unga yaqgin joylarda radionuklidlarning to‘planib qolishi bilan bog‘lig.
Baliglarda radionuklidlarning to‘planishiga suv va suv o‘tlari kabi balig tomonidan ozig-
ovqat sifatida iste’mol gilinadigan muhitlar sabab bo*‘ladi.

Jadvaldagi ma’lumotlardan ko‘rinib turibdiki, baliq va mollyuskalarda *'Cs
texnogen radionuklidining solishtirma aktivligida sezilarli farq bor, ya’ni baliqda
137Csning solishtirma aktivligi mollyuskalardagiga garaganda 3 baravar yuqori.
Ko‘rinishidan, buni quyidagicha tushuntirish mumkin. Yadroviy portlashlar natijasida
hosil bo‘luvchi ¥*'Cs va %°Sr suv tarkibida yuqori dispersli va eritma shaklda bo‘ladi, bu
ularning biotik tizimlar metabolik jarayonlarida intensiv ishtirok etishiga yordam beradi.
Portlash natijasida hosil bo‘luvchi mahsulotlarning salmogli gismi suvda eritma holatda
bo‘ladi, shuning uchun ular suv havzalarining yuqgori gatlamlarida uzoq vaqt golishi
mumkin [7]. Suvda yashovchi hayvonlar o‘z to‘gimalarida favqulodda gobiliyatlariga
ko‘ra o‘zlari tanlagan radionuklidlarni to‘plash gobiliyatiga ega ekanligi aniglandi. Bu
xususiyatni ularning funksional o°ziga xosligi bilan tushuntirish mumkin. Masalan,
go‘ng‘ir suv o‘tlarining konsentratsiya koeffitsiyenti 20 dan 40 gacha. Yashil rangli suv
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o‘tlarida esa °°Sr deyarli to‘planmaydi. Dengiz fitoplanktoni intensiv ravishda %°Co va
8Zn konsentrlaydi. Birog, *’Cs texnogen radioaktiv izotopi ular tomonidan deyarli
sezilmaydi.

Umurtqgasiz jonzotlar suvni filtrlaganda undagi radioaktiv moddalarni o‘zlashtirib
olish gobiliyatiga ega. Umurtgasizlar tomonidan radioizotoplarning to‘planishi ifloslangan
yemishlarni iste’mol qilishda ham sodir bo‘ladi, ikki pallali to‘gimalarda *’Cs texnogen
radioaktiv izotopining to‘planish koeffitsienti 20-50 ni tashkil giladi. ¥'Cs texnogen
radioaktiv izotopi asosan mollyuskalar mushaklarida to‘planadi.

Radioaktiv moddalarning baliq tanasiga kirib borishi jabralari, terisi, hamda ovgat
hazm qilish trakti orqali ifloslangan yemishlarni iste’mol qilish va suvni yutish paytida
sodir bo‘ladi. Radionuklidlar tashqi to‘gimalarga saralanmasdan to‘liq joylashadi. Qator
tadgigodchilar tomonidan baliq to‘gimalarini radiokimyoviy tahlil qilish ustida olib
borilgan izlanishlari natijasi shuni ko‘rsatdiki, *¥'Cs texnogen radioaktiv izotopi asosan
mushaklarda va ba’zi parenximatoz organlarda to‘planar ekan. Baliglarning ichki
to‘gimalarining radionuklidlar bilan ifloslanish darajasi suvning solishtirma aktivligidan
past ekanligi aniglandi. Fagat jabralari, ganotlari va bosh gismi ¥'Cs va ®Sr texnogen
radioaktiv izotoplarni suvning solishtirma aktivligidan bir necha baravar yugori migdorda
to‘plagan [7].

Xulosa va takliflar. Shunday qilib, suvosti jonzotlari o‘z to‘gimalarida
radionuklidlarni tanlab to‘plash qobiliyatiga ega ekanligini hisobga olsak, mollyuskalar va
baliglardagi 1*’Cs texnogen radioaktiv izotopining solishtirma aktivligidagi fargni tushunish
mumkin, bu ularning funksional xususiyatlari bilan belgilanadi. Bundan tashqari, suvosti
jonzotlarining tashqi to‘gimalarida radionuklidlarning to‘planish intensivligi asosan ularning
tashqi sirti yuzasining katta yoki kichikligiga bog‘lig. Tanasining yuzasi nisbatan kattaroq
bo‘lgan jonzotlarda adsorbsiya samaraliroq bo‘ladi. Baliglar mollyuskalarga garaganda
nisbatan katta maydonga ega. Shunday qilib, bizning tajribalarimizda baliglarning
radioaktivligi butunlay o‘lchandi, shu jumladan, jabralar, ganotlar va bosh gismlari. Suvning
radioaktiv ifloslanish manbai bargaror bo‘lishi mumkin emas va tez-tez o‘zgarib turadi, bu esa
0‘z navbatida balig va boshga suvosti jonzotlarining radioaktiv ifloslanish xavfini
kamaytiradi.

Shuni ta’kidlash joizki, o‘lchashga tayyorlangan balig namunalari tarkibidagi
radionuklidlar miqdori ruxsat etilgan me’yordan ortiq bo‘lgan holatlar kuzatilmadi. Unga
muvofig, ¥’Cs texnogen radioaktiv izotopining tirik baliglar uchun ruxsat etilgan dozasi
<130 Bk/kg [10] ekanligini hisobga olsak, Pachkamar suv ombori havzasi baliglari iste’mol
uchun mutlago yarogli degan xulosaga kelamiz.
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AHHoTaumsa. B Hacrosmiee Bpemsi NpUpOAHBIE MOJUMEPHl - XWUTHH, XxuTo3aH (X3) u ero
MIPOM3BOAHBIC - TPEJICTABIAIOT 3HAYUTEIBLHBIN HHTEpEC B 00JIACTH XMMUU U XUMHYECKOH TEXHOJIOTHH. WX
MOJIYYaroT MYTEM XMMUYECKOU, (pu3nueckoil mim (pepMeHTaTHBHON MoauduKaluyM XUuTo3aHa. XUTHH U €ro
MPOM3BOAHBIA - XWTO3aH SBISIFOTCS HamOoJiee pacrpoCTPaHEHHBIMHA OHOJOTHYECKH aKTHBHBIMHU
nojuMepamu. braronmapsi cBoeil BBICOKOW OHOJIOTMYECKOW AKTHMBHOCTH OSTH OHOINOJIMMEpPHI aKTHBHO
BHEZIPAIOTCS B Pa3IH4HBIE Cephl KU3HEACATETHHOCTH YETOBEKA.

B kauecTBe (yHKIMOHAIBHBIX MaTepUaliOB XUTHH U XUTO3aH 00Jalaf0T YHUKAJIBHBIM HabopoM
XapaKTepUCTUK: OMOCOBMECTUMOCTD, OMOPa3/IaraéMocCTh 10 0€3BPEIHBIX MPOAYKTOB, HETOKCUYHOCTb.

YHUKabHBIE CBOICTBA XWTHHA M XUTO3aHA MPUBIEKAIOT BHMMAaHUE MHOTUX CIEHUAIUCTOB B
pa3iMuHbIX 00MacTax Hayku. Pojbp OMOMONMMEPOB B Hallel >KW3HHM MPH3HAETCs BCeMHU. B naHHOI crarbe
MIPEACTABIICHBI PE3YIIBTATHI MOIYUCHNSI OMOIIONIMMEPA XUTO3aHA M3 HOBOTO MEPCIEKTHBHOIO MCTOYHUKA —
y3KOnajpHOro paka. Takxke npHuBeAeHBI CBeleHHs 00 y3KomaioM Kpabe M ero pacnpoCTpaHeHHH Ha
TeppuTtopun Y30eKrucTaHa.

KaioueBsie cioBa: XuTHH, XMTO3aH, OHOTIONIUMEp, pPaKOOOpas3HbIe, y3KONAJIbIH pak.

USE OF NEW LOCAL RAW MATERIAL FROM (PONTASTACUS
LEPTODACTYLUS) IN THE PRODUCTION OF NATURAL BIOPOLYMERS OF
CHITIN AND CHITOSAN

Abstract. Currently, natural polymers chitin, chitosan (CH) and its derivatives, which are obtained
by chemical, physical or enzymatic modification of chitosan, are of great interest in the world in the field of
chemistry and chemical technology. Chitin and its derivative, chitosan, are the most common biologically
active polymers. Due to their high biological activity, these biopolymers are actively being introduced into
various spheres of human life.

As functional materials, chitin and chitosan have a unique set of characteristics: biocompatibility,
biodegradability to harmless products, hon-toxicity.

The unique properties of chitin and chitosan attract the attention of many specialists in various
fields of science. Everyone recognizes the role of biopolymers in our lives. This article presents the results
of obtaining chitosan biopolymer from a new promising source - narrow-fingered crayfish. Information
about the narrow-toed crab and its distribution in Uzbekistan is also provided.

Keywords: Chitin, chitosan, biopolymer, crustaceans, narrow-clawed crayfish.

BBenenune. Bo3aMoXHOCTH BapbUpPOBaHMS CBOMCTB MOJMMEPOB U CO3JaHUA HA HX
OCHOBE MMMOOMIM30BAaHHBIX COCIMHEHHH IO3BOJIAIOT pa3pabaThIBaTh JIEKapCTBEHHbIC
mpernapaTbl C PEryaupyeMbIM BBICBOOOXKICHHEM JEKapCTBEHHBIX BemecTB. OcoOeHHO
aKTyaJbHO HCIIOJIb30BaHME B OSTOM HANpaBICHUU THAPOQWIBHBIX HAOyXaromuX
MOJIMMEPOB, 00JIaAAIONINX HE TOJIBKO (hOpMOOOpa3yrolel CIOCOOHOCTHIO, HO U CIIEKTPOM
(YHKIMOHANBHBIX ~ CBOMCTB M BBICOKOW  OHMOCOBMECTUMOCTBIO €  TKaHIMH
MakKpoOOpTraHu3Ma, TaKuUX KakK TMoJucaxapuIbl W aMHUHOIOIUCAXapuIbl, K KOTOPHIM
OTHOCSITCSL XUTHH M XUTO3aH [1-2].

Leap wucciaenoBaHusi HAWTH W HM3YYUTh HOBBIE MPHUPOJHBIE HCTOYHUKU
OMOTOIMMEPOB XUTHHA U XUTO3aHA B YCIOBHUSIX Y30€KHCTaHAa M CHHTE3WPOBATh M3 HUX
OMOAKTHUBHbIC XUTHH U XUTO3aH, UCTIOJb3yeMbl€ B MPOAYKTAX MUTAHUS U MEAUIIUHE.

buononumeps! XUTUHA M XUTO3aHA HayaJlM MPHUBJIEKaTb BHUMAHHUE YUYEHBIX €Il
2000 net Hazan. XuTuH BrepBbie ObU1 OTKPHIT B 1811 X. bpakkono u A. Ongpe. Xuro3an
obut oTKpeIT C. Pyxe B 1859 r. m HazBan @. Xomme-3eiinepom B 1894 1. UnHTepec k
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XUTHHY M €T0 MPOHW3BOJCTBY BO3POC B MepBoii mosoBuHe 20 Beka. B wacTHOCTH, B ATOM
Ipolecce MPUHUMAIOT HEMOCPEACTBEHHOE yuacTue 3 HoOeneBckux aypeara: B 1903 r. .
dumiep cuHTe3upoBai rioko3amuH, B 1929 r. II. Kappep ocymecTBun pacuierienue
XUTHHA X®uTo3aHoM, a B 1939 r. B.X. XaBopT co3gam oOuIyr0o KOH(HUTYpaIUIO
riroko3amMuHa [3].

OCHOBHBIMU HMCTOYHMKAMH XUTHHA SIBJISIIOTCS PaKoOOpa3zHble, YICHHUCTOHOTHE,
HaceKoMbIe U TrpuObl. B HacTosiee BpeMs JTy4lidM HUCTOYHHKOM XUTHHA U XUTO3WHOB
SBIIAIOTCS] YWICHUCTOHOTHE, TO €CTh pakooOpa3Hble. B kauecTBe MPOMBIIUIEHHOTO CHIPhS
JUISL TIONMYYEHHUs XWTO3aHa WCIOJB3YIOT OTXOABl TMepepaboTKM TaHIMpPEH MOPCKUX
pakooOpa3HbIX: KpaOOB, KPEBETOK, OMapOB. | JTaBHAasi 0COOEHHOCTh TOTO CBHIPbS B TOM,
YTO IS €ro BBIPALIMBAHUS M HANpaBlICHUs HE TpeOyeTcs MHOTO pecypcoB. B poroBom
MOKPOBE  PAaKoOOpa3HbIX MPHUCYTCTBYeT a-popmMa XWUTUHA, cocTosmas wu3 19
MOJIEKYJSIpHBIX 1enei jamuHor 0,3 Mkm., aumamerp OOpasyeT HaHOPUOPWILTBI 3 HM.
XutuH 00pazyeT KOMIUIEKCHI ¢ OelIkaMH, B3aMMOJIEUCTBYET C aCKOPOMHOBOW KHCIIOTOM
WIH OCTaTKaMU THCTUIWHA ¢ MuHepaiamu (amopdHbIMEH KapOoHaTtamu, ¢ocdartom
KalplUsi M TUTMEHTaMU JIIOTEMHOM, [-KapOTMHOM, AacTaKCaHTMHOM) U CO3/aeT
MEXaHHYECKYIO IPOYHOCTD U AIMACTHYHOCTH [4-5].

B V306ekucrane MCTOUHMKAMHM XUTHHA U XUTO3aHA SIBISIIOTCS KYKOJKH TYTOBOTO
menkonpsiaa (akamemuk C.II. PammaoBa u ero yueHHKH) M moaMop myen (mpodeccop
I''A. HxTusipoBa U €ro y4eHHKH), B OITOH 00JacTh BeAyTCsS OOIIMPHBIE HAyYHbBIE
uccienoBanus. [6].

Pucynok-1. Y3konanvbrii pak (Pontastacus Leptodactylus)

B cratbe mpencraBieHbl CBEeIEHUS O J0ObIYE€ XUTHHA M XWTO3aHA U3 Y3KOMAJIOro
paka (Pontastacus Leptodactylus), oOwuratomero B pekax, o3epax W MPECHOBOIHBIX
BOJioeMax Y30eKHcTaHa, M €r0 CBOHCTBAX.

CymiecTByeT 3HAUMTENBHBIA MHTEPEC K aKBaKyJIbType Y3KOIAloro paka, Astacus
leptodactylus, yTo 00yCIOBIEHO BBICOKMM CIIPOCOM M €r0 BBICOKOM PBIHOYHOM IIEHOM.
Kussie Astacus Leptodactylus yxxe mHoro sner mmmoptupyiorcs u3 Typuuu. Kokcan
(1988) omuceiBaer ero KkyaeTypy B Typumm, a Xapmumoramy (2004) HenaBHO
MPOKOMMEHTHPOBAJl €ro HBIHEIIHEE COCTOSsHHE B Typmum. DTOT BHI TakkKe
KyJIbTUBUPYETCS BO MHOTUMX cTpaHax Boctounoit EBpombl u 3apbiOiieH BO MHOTHX
parionax benerum, IBeitmapumn u @pannuu. Astacus Leptodactylus Taxoke
KyJIbTUBUPYETCS Ha HEKOTOpBIX QepMax B CeBepHOHl M ueHTpanbHOW Wramuu. B
BenukoOputanuu Astacus Leptodactylus ObuiM HMHTpOAYLUHpPOBaHBI B OCHOBHOM ISt
pEeCTOpaHHON TOPTOBJIH, HO, HACKOJIBKO HM3BECTHO, HE KYJIbTHBHPYIOTCA B KaKOWU-THOO
crennenn. Cornacuo Xosauuy (2000), mobern NPOMCXOAWIM B JTUKOW TPHUPOIE, TIE
CYIIECTBYIOT OOJIbIINE, IPUTOIHBIE ISl cOOpa momyasuu [7] .

Astacus Leptodactylus o0bryHO gocturarot obmei amuabl 150 mm (1 go 170 mm
y camIIOB), HO u3BecTHHI ciydau 10 300 mm. M3BecTHO, uTO OHU XUBYT Oonee 10 ner. ¥
CaMOK 3pesiocTh Jocturaercs B 3-5 net u 75-83 mM. Pasmep siina 2,2-3,3 MMm. Astacus
Leptodactylus MOXHO y3HAaTh HO JUIMHHBIM U Y3KHUM KOTTSIM. BepxHss MOBEpXHOCTbH
KOI'TEH 1IepoXoBaTas, a HUXKHsS CTOPOHA TOTO K€ 1IBETa, YTO U TeJ0. XO0Td opMma U IIBET
TeNa WMEIOT TEHICHIMIO BapbHPOBATHCS, OHHU, KaK MPABUIIO, OJHMBKOBO-3€JICHBIC WU
KEJITOBaThle WJIM KOPUYHEBBIE C JIETKUM KpacHbIM OTTeHKOM. I[laHumps, kortu u
XOAWJIbHBIE HOTH MOTYT OBITh NMSATHUCTHIMU. bpromHas ctopoHa Tena Oemast; [laHumpn
MO>KET OBITh IIMPOKUM UJTU Y3KUM, O00Ka KOTOPOTO MOKPBITHI KOJIOYKAMU, YUCIIO KOTOPBIX
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Bapbupyetcs. IlaHuupb uMeeT 1Be mapbl 3aJHETVIA3HUYHBIX TIpeOHEeW mo3agu Tias.
PocTpym IiMHHBIN M 3a0CTpeHHBbIN, Oa3ajibHas 4acTb KOTOPOrO MMEET 3yOuaThle Kpas.
Boxka rpynHO# KieTku mepoxoBatbie. Uemnsl caMIloB OOBIYHO UIMHHEE, YeM Y CAMOK, XOTs
Yy HEKOTOPBIX CaMII0B HaOII0AAINCh KOPOTKHUE uebl [§].

Astacus  Leptodactylus uMeeT  IOro-BOCTOYHOE  paclpoOCTpaHEHHE U
MepBOHAYaAIbHO OBbLI PacIpoOCTpaHEH B apeaje, COOTBeTCTByroueM Typuuu, YKpauHe,
TypxkMenun u roro-3anany Poccun, a taxxke B Upane, Kazaxcrane, I'py3un, benopyccun,
CnoBakun, bonrapuu, Pymeinun u Benrpun. [lepBoHauanbHblii apean paclpoCTpaHEHUS
BKJItouan Takxe Kacnuiickoe mope, UepHoe Mope, HWKHUHN U cpenHuil [lyHali, a Takxke
Hu30Bbs pek JloH, J{nectp, Bonra u ux npurokoB (Kokcan, 1988; Holdich et al., 1999)
[1].

B pesynpTaTe TpaHCIUIAHTALIMM M E€CTECTBEHHOI'O paclpocTpaHeHus Astacus
Leptodactylus pacrmpocTpaHWiIcs Kak B 3amaJHOM, TaK U B CEBEPHOM HAIPABICHUU H
cerojHs BcTpevaeTcs B 29 cTpaHax, Oyaydd MHTPOAYIHPOBAaHHBIM B 14 3 HuX. OH ObLT
3aBe3eH B Yexwuro, Ilonbmy, ['epmanuto, JlutBy, JlatButo u OUHISAHAMIO, a TaKXKe B
Hanuto, Hunepnanabl 1 AHriuio. 3amnachl 3TOro BUa TaKKe MPUCYTCTBYIOT BO DpaHIINH,
[IBetinapuu, Asctpun, Mcnanun u Urtanuu. 3a uckmoyennem Anrauu (Holdich et al.,
1999), mmpokoe pacnpoctpanenue Astacus Leptodactylus B EBpome He mpuBeno k
YXYIIICHUIO COCTOSIHUSL OKPY Karoleu cpesl [§].

JInMHHOMANBII pak pacpOCTPaHEH 3HAYUTENBHO IIMPE U BCTPEUYAETCA MOYTH IO
Bcel Tepputopuu Poccuu, B TOM 4ucie M BCTpedyaeTcsl B BOJoEMaxX Y30eKkuctaHa. DTOT
BUJ PakoB HE TaK MPHUBEPEUIMB K YCIOBHSIM OKpYXKalolleil cpeabl, OOMTaeT Kak B
NpPeCcHOW, Tak M B COJOHOBaTOW Boje. JlnMHHOMANBIH pak Oojee YCTOMYMB K
3a00JIeBaHUSAM, M XOTSl UyMa PAKOB BBI3bIBAET FMOEh MPAKTUUECKU BCEX 3apaKCHHBIX €
MOMYJISILIMMA, BO3POXKJIEHUE PAKOBBIX COOOILECTB BO3MOXHO B IIOPAXEHHBIX 3TUM
3a0oneBaHreM BojoeMax yepes 5 - 7 net [9].

Payox rammapyc coxmepxutr no 6 % XUTHHA, KOTOPBIM BBIIEISUIM IIYTEM
MOCIeI0BaTeNIbHOM 00paboTKH ChIpbsi 3 % pacTBOPOM MEPOKCHUIA BOJIOPOJA, PACTBOPOM
XJIOPOBOJIOPOAHON KUCIHOTHI 0,6 MOJB/II, pacTBopoM Hatpus ruapokcuma 0,175 mons/i.
Kaxnyro crtaauio CcoOmpoBOXKAAIM NPOMBIBAHUEM ChIpbS OO HEWUTPaJbHOW pEeakuuu
npoMbIBHBIX BOJ (pH = 7). BeineneHHbIN XUTUH NPOMBIBAJIN 3TAHOJIOM U allETOHOM IOJ
BAKYYMOM [I0 TMOJHOTO H3BJIIEUYEHHUS] MUTMEHTOB W BBICYIIMBAIU. 3aTEM IPOBOAMIH
Je3aleTWINPOBAHUE XUTHHA HATpHsl TuApokcuaa pactBopoMm 50 % mnpu Temmeparype
120-130 °C B TeueHue OAHOTO Yaca B WHEPTHOH cpexe. JlJis OKOHUATENBHON OYHMCTKH
XUTO3aH MPOMBIBAIM JITAHOJIOM U alleTOHOM, BBICYIIMBaIM Ha Bo3ayxe. M3 400 T
HCXOJIHOTO ChIpbs (ramMmmapyc) moiay4yunu 25,13 r XxuTuHa, a 1ocjie Ae3aleTUINPOBaHHs
15,9 r xuTo3ana. Beixon xuro3aHa mo XuTuHy coctaBui 79,8 % ot Teopernueckoro [10].

Martepnansl 1 MeTOABI. [13]10)KEHHBIM BBIILIE METOJIOM CUHTE3UPOBAIM XUTO3aH
W3 y3KOMajbIX KpaOoB, MOMMaHHBIX B BojgoeMmax byxapckoit obmactu. B manHOM cirydae
Opayii 03epHYI0 y3KOMalbIX KpaboB CpeJHEro pasMepa, OUHMINAIM €€, YA BEPXHIOK0
yacTh Tejlla W KiemHH. Ilocie THiaTeNnbHOW NPOMBIBKM IMPOBOAWIA  IIPOLIECC
nenporenHusanuu npu remmneparype 70-800C B Teuenue 1,5-2 yacoB B npucyrcrsuu 0,5-
IM HatpueBo# menoun. 3aTeM npoBoAMIH cTtaauto nemunepanu3anuu B 0,1 M HCI mpu
KOMHAaTHOM Temreparype B TedeHue 0,5 yaca. XutuH ObLI BbIIETICH € BBIXOJ0M 15%.

+CHCOONa

40
HOH € 0

N-acetyt-D-ghucosamine

Peakuus neanernnupoBanusi — N anetui D-riroko3aMuHa 1iesi0ubio
JUJUIS1 TOJTyYeHH s XUTO3aHA

[lomyuyeHHble  MIACTMHKM  XWUTO3aHa  HaOmoAanu  1ojJ — BUHOKYISpHBIM
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mukpockonioMm tuna BioBlue BB 4260. bunokynsipHBIN CpaBHUTEIBEHBI MUKPOCKOIT — 3TO
Y3KOCMEUAIU3UPOBAaHHBIH  BUA  MUKpockoma. [lpumeHsercs B OCHOBHOM B
KPUMHMHAIMCTUKE JUII CpaBHEHHs OOpa3loB. OTO CIOXXHO CKOHCTPYHMPOBAHHOE
ONTUYECKOE YCTPOMCTBO Mpe/CTaBiIsieT co00il JBa CTEPEOMUKPOCKOINA COSAMHEHHBIX Ha
OJTHOM UITaTUBE M HMMEIOIIUX OJMH BBIXOJ Ha OMHOKYIsSIp. B OMHOKYISpHYIO Hacalaky
YEeJOBEK BUJUT OJMHAKOBYIO KAPTUHKY, KaK C MPaBOil, TaK U C JIEBOM CTOpOHBbL [lose
3peHHre TaKOro MUKPOCKON paszjiesieHo Ha 2 y4yacTka. C mpaBoil CTOPOHBI BHJIHO OOBEKT,
pa3MeNIeHHBIN MO MPaBbId CTEPEOMHUKPOCKOTI, a C JICBON CTOPOHBI — JIEBBIA OOBEKT.

PesyabTarel u o0cyxaenusi. OOpasylomuiics XUTUH HEPAacTBOPHUM B
OpraHMYECKHUX KHCIOTaX M Bojae. CBeTIO-KOpUYHEBBIC, B BHJE IUIACTUHOK. XUTHH
JeareTUIMpyeTcs U 00pa3yeTcsi XUTO3aH MPH B3aUMOJICHCTBUM TOJTYYEHHOT'O XUTHHA C
50%-HBIM PAacTBOPOM HATPHEBOH mienoun mpu TemmepaTtype 100-110° C B Teuenne 2
yacoB. I[lomyueHHBI XUTO3aH CBETJIO-KOPUYHEBOIO IIBETA, B BHJIE IUIACTUHOK, XOPOIIO
pacTtBopsieTcsi B 2%-HOM YKCYCHOM M IpYTrUX HEOPTaHHMYECKHX, OPraHUYEeCKUX KHUCIOTaX.
Bremnuii BUJI IOJIy4EHHOTO XUTO3aHa MIPECTaBIIEH HAa PUCYHKE 2.

Pucynok- -2. BHemmm BH/I XHTO03aHA U3 Y3KONAJIBIX KpaboB
OH HY>KeH Uil TOTO YTOOBI YBEJIMUMBATh U U3y4aTh MEJIKHE MPEIMEThI, KOTOPHIC
HEJIb3sI UCIIOJIH30BaTh HEBOOPY>KEHHBIM TJ1a30M. BUHOKYISPHBIM MHUKPOCKOIT COCTOUT W3
JIBYX OTAENIBHBIX ONTUYECKUX TPYOOK, MO3BOJISIIOIIMX HAOIIOAATh OOBEKT OJHOBPEMEHHO
C BepxHero riasza. brmaromapsi 3ToMy OWHOKYISIPHBIH MHKPOCKON oOecredmBaeT Oosee
KOM(MOPTHOE U EeCTECTBEHHOE HAOMIOJeHHEe 10 CpPaBHEHUIO C MOHOKYJISPHBIMU
MHUKPOCKOTIAMH.

=

Moamop muen (Apiss Mellifera)
Pucynok-2. BHemnuii BUjA 1Mo 0MOMHKPOCKOIIOM XHTO32aHOB, IIOJIY4eHHBIX U3 PA3JIHYHOIO ChIPbS

KOFI[a MbI Ha6J'IIOI[aJ'II/I nmoa MHUKPOCKOIIOM CTPYKTYPY INIACTUHYATOIO XHWTO3aHA,
CUHTC3UPOBAHHOTO H3 O3CPHOI0 Kpa6a, u aMOp(bHOG COCTOSAHHUEC XHUTO3aHA KYKOJIKH
TYTOBOI'O MICJIKOIIpAAa W MNYCIWHOTO IIOAMOPA, MbI Y6e,Z[I/IJ'II/ICL, YTO OHH HUMCIOT

OJIMHAKOBYIO CTPYKTYPY.
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Stachybotrys chartarum ZAMBURUG‘LARINING IKKILAMCHI
METABOLITLARI MIQDORINING OZUQA MUHITGA BOG*‘LIQ
O‘ZGARISHI
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Annotatsiya. 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 chartarum shtammining biomassasi kultural suyuglikdan filtrlash orgali
ajratib olindi va kultural suyuglik hamda biomassa tarkibi quyidagi usul yordamida o‘rganildi.

Stachybotrys chartarum zamburug‘idan ikkilamchi metabolitini ajratish, metabolitlarini ajratish,
ekstraksiya, organik sintez, 1Q, *H, *C YaMR, 2M YaMR 'H-'H korrelyatsion ROESY usullari, 2M YaMR
'H-13C korrelyatsion HMQC, HMBC usullari, rentgen tuzilish tahlil usuli, mass-spektrometriya usullari
hamda yuqori samarali yupqa qatlamli xromatografiya, yuqori samarali gaz — suyuqlik adsorbsion
xromatografiya usullari qo‘llanilgan.

Kalit so’zZlar: Stachybotrys chartarum, ikkilamchi metabolitlar, maltoza, sellyuloza, saxaroza,
glyukoza, laktoza, galaktoza, ramnoza, raffinoza, maltoza, fruktoza.

CHANGES IN THE AMOUNT OF SECONDARY METABOLITES OF THE
FUNGUS Stachybotrys chartarum DEPENDING ON THE NUTRIENT
ENVIRONMENT

Abstract. Stachybotrys chartarum strain was cultured in a 10L volume of Mandels medium at
room temperature for 20 days. Quantitative analysis of secondary metabolites revealed that secondary
metabolites were more abundant in the cultured strain grown for 14 days. In order to isolate secondary
metabolites, the biomass of Stachybotrys chartarum strain was isolated from the culture liquid by filtration,
and the composition of the culture liquid and biomass was studied using the following method.

Isolation of secondary metabolites from Stachybotrys chartarum fungus, isolation of metabolites,
extraction, organic synthesis, IR, 'H, *C NMR, 2M HMR 'H-H correlation ROESY methods, 2M NMR
'H-13C correlation HMQC, HMBC methods, X-ray structural analysis method, mass spectrometry methods
and high-performance thin-layer chromatography, high-performance gas-liquid adsorption chromatography
methods were used.

Keywords: Stachybotrys chartarum, secondary metabolites, maltose, cellulose, sucrose, glucose,
lactose, galactose, rhamnose, raffinose, maltose, fructose.

Kirish. Mikroorganizmlar o‘zlarining hayotiy faoliyati davrida ikkilamchi

e
102



mailto:kamolov.luqmon@mail.ru
https://оrcid/

QarDU xabarlari KIMYO 2025 2(2)

metabolitlarning turli sinflariga taallugli bo‘lgan biofaol birikmalar, jumladan, alkaloidlar,
antibiotiklar, vitaminlar va h.k.larni biosintez qilishi mumkin. [1; -p. 138-141.,2; -p.
7;10,123.,3; -p. 38-44]. Mikrozamburug‘lar biotexnologiyalar va farmatsiya sanoatining
keng qamrovli istigbolga ega bo‘lgan, amaliy jihatdan yuqori salohiyatli tizimlaridir [4; -p.
7943; 7; -p. 443., 9; -p. 529-542]. Zamburug‘larni ikkilamchi metabolitlarning strukrura-
faollilk munosabatlaridagi muayyan bir hosilani biosintez qilishga yo‘naltirish
imkoniyatlari ham yuqori bo‘lib, ular biotexnologik manipulyatsiyalar uchun juda qulay
vositalar hisoblanadi [19;-p.7546]. Hozirda zamburug‘larning biologik turlari va ularning
shtammlari xilmaxilligi, son jihatdan juda ko‘pligiga qaramay, adabiyotlarda faqat kam
sonli zamburug‘lar biologik faol metabolitlarni ishlab chiqarish qobiliyatiga ega ekanligi
ko‘rish mumkin [23; -p. 1604].

S.chartarum zamburug‘i gidrofil organizmlar bo‘lib, ularning o‘sishi va
rivojlanishi uchun nam sharoit kerak bo‘ladi. Ular gips, sellyuloza asosidagi qurilish
plitkalari, shisha tolali qoplamalar, devor qog‘ozi, tabiiy tolali gilamlar, izolyatsiyalangan
quvurlar, yog‘och va yog‘och qipiqlari asosidagi panellar, organik qoldiglarda ham yashay
oladi. Shuningdek, tuproq, o‘simlik donlari va axlatda ham uchraydi [24; -p. 241-249., 25;
-p. 144-172].

S.chartarum — eng Kkeng tarqalgan, yopiq joylarda yaxshi rivojlanuvchi
zamburug‘lardan biri bo‘lib, ular patogen mikotoksinlar ishlab chigaradi. Ushbu
zamburug® tarqalgan joylar inson hayoti uchun xavfli ta’sir ko‘rsatadi [25; -p. 144-172].
Zamburug® yoki uning mikotoksinlari bilan ifloslangan xona havosi va yuzalar jiddiy
patologik kasalliklarni keltirib chigaradi va hatto odamlarning o‘limiga olib keladi [24; -p.
241-249., 26; -p. 864-872]. Bunday kasallikning umumiy belgilari charchoq, ko‘krak
qafasining siqilishi, shilliq gqavatning yallig‘lanishi, bosh og‘rishi va sh.k. [24; -p. 241-
249]. Shuningdek, u yo‘tal va higichogdan tortib bronx va alveolalar zararlanishi yoki
o‘pka fibrozi kabi yanada xavfliroq tusdagi nafas yo‘llari kasalliklarini ham keltirib
chiqarishi mumkin [27; -p. 207-218]. Bundan-da xavfli tomoni, bu zamburug‘ning ta’sir
qilishi natijasida chaqaloglarda o‘pkadan qon ketishi bilan bog‘liq holatlarning yuzaga
kelish holatlari ham aniqlangan [28; -p. 627-637].

Tadqiqot metodologiyasi. Stachybotrys chartarum zamburug‘ining
seskviterpenoidlarini ajratish. 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.

Stachybotrys chartarum zamburug® ozuqa muhitida ekilib, 35—45°C haroratda 14
kun mobaynida o‘stirildi. O‘stirilgan zamburug‘lar filtrlandi va namunalardan 2 ml dan
supernatant olinib 8 ml Salkovski reagenti (50 ml 35% 1li HC104 va 1 ml FeClsz ning 0,5 M
li eritmalari aralashmasi) bilan aralashtirilib, 20-30 daqiqgaga qoldirildi. Alkaloidlarning
namunalari qizil-pushti rang hosil qildi. So‘ngra FEK — KFK-2 (Rossiya)
fotokolorimetrida 530 nm to‘lgin uzunligida yashil yorug‘lik filtri orqali
supernatantlarning optik zichligi tekshirildi.

Kultura suyuqliklaridagi terpenoidlarning miqdori ularning fosfor-molibden
volfromat kompleksi bilan hosil gilgan mahsulotlarning fotokolorimetrik tahlili orqali
aniqglandi.

Natijalar va muhokama. Stachybotrys chartarum zamburug‘ida uglerod manbasi
sifatida saxaroza va saxarozatmelassadan foydalanilgan variantda o‘stirishning 7-
sutkasida maksimal darajada (146 mkg/ml) 30-atsetatstaxibotridial sintezlangani ma’lum
bo‘ldi. Odatda tadqgiqot gilinayotgan bu shtammlarda 30-atsetatstaxibotridial o‘stirishning
5-7- sutkalarida deyarli sintezlanib bo‘ladi. Stachybotrys alternans zamburug‘ida esa 30-
atsetatstaxibotridial sintezi uglerod manbasi saxaroza va saxarozatglyukoza siropi
qo‘llanilgan variantda o‘stirishning 7-sutkasida maksimal darajada (108 mkg/ml, 129.5
mkg/ml) sintezlandi.
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Past molekulyar og‘irlikdagi metabolitlarni olish uchun tanlangan shtammni
yetishtirishning optimal vaqti, shuningdek, kultura suyuqligida hosil bo‘lgan 13,22-
dimetoksistaxibotrinning maksimal miqdori aniqlandi. Tadqiqot o‘sish dinamikasida 10 kun
davomida bug‘doy kepagi qo‘shilishi bilan suyuq va qattiq ozuga muhitida o‘tkazildi.
Stachybotrys chartarum o‘sayotganda aniqlandi, muhitning pH darajasi ishqoriy tomonga
oshadi, fermentlarning eng katta faolligi, asosan chuqur kultivatsiyada 3-kunda va qattiq fazali
kultivatsiyada 2-kunda sodir bo‘ladi. 13,22-Dimetoksistaxibotrinning eng katta miqdori 4-
kunda chuqur va 2-kunda qattiq fazali yetishtirishda hosil bo‘ladi. Tajribalarda azot manbalari
orasida (NH4)2SOs qo‘llanilganda Stachybotrys chartarum shtammida 3O-atsetatstaxibotrodial
sintezi maksimal darajada amalga oshishi kuzatildi (2.1-rasm). Xususan, o‘stirishning 8-
kunida 168 mkg/ml 13,22-dimetoksistaxibotrin hosil bo‘lgan bo‘lsa, NHsNO3 va (NH4)H2PO4
(nazorat) qo‘llanilgan variantlarda esa nisbatan kam (138 mkg/ml) 13,22-dimetoksistaxibotrin
sintez bo‘lishi aniqlandi. Ta’kidlash o‘rinliki, (NH4)2SOs4 qo‘llanilgan sharoitlarda
Stachybotrys chartarum shtammi boshqa azot manbalariga qaraganda ko‘p biomassa hosil
qilishi bilan ajralib turdi. Bundan shuni xulosa qilish mumkinki, qo‘llanilayotgan azot
manbasi avvalo hujayralar sonining ortishiga ijobiy ta’sir ko‘rsatadi. O‘z-o‘zidan ravshanki,
biomassa ortishi bilan 13,22-dimetoksistaxibotrinning miqdori ham ortadi. Ayrim
tadqiqotlarda ikkilamchi metabolitlar, jumladan, seskveterpenoid birikmalari sintezi ortishi
hujayra titri yoki biomassa ortishi bilan izohlanadi.
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1-rasm.Stachybotrys chartarum shtammida 13,22-dimetoksistaxibotrin va 30-
asetatstaxibotrodial sintezlanishiga turli azot manbalarining ta’siri

30-Asetatstaxibotrodial miqdori ham o°‘stirishning o‘ninchi kunida azot manbasi

sifatida (NH4)2SO4 qo‘llanilgan variantda eng yuqori darajada — 125 mkg/ml sintezlangan

bo‘lsa, eng kam miqdordagi sintez NHsNO3z — 69 mkg/ml variantida kuzatildi (2.1-rasm).

Lekin ushbu variantda 30-atsetatstaxibotrodial sintez qilishi o‘stirishning uchinchi sutkasidan

boshlab amalga oshdi, boshqa variantlarda esa 30-atsetatstaxibotrodial sintezi o‘stirishning
beshinchi sutkasidan boshlanganligi aniglandi.

Keyingi tadqiqotlarda uglerod manbalarining 13,22-dimetoksistaxibotrin va 30-
atsetatstaxibotrodial sinteziga ta’siri o‘rganildi. Uglerod manbasi sifatida sellyuloza, saxaroza
(nazorat), glyukoza, laktoza, galaktoza, ramnoza, raffinoza, maltoza, fruktoza va mannitdan
foydalanildi. Tajribalar davomida uglerod manbalarining ikkilamchi metabolitlar sinteziga
sezilarli darajada ta’sir ko‘rsatishi kuzatildi. Tajribalarda o‘stirishning birinchi haftasida
13,22-dimetoksistaxibotrin sintezi faol bo‘lgan bo‘lsa, ikkinchi haftasida asosan 30-
atsetatstaxibotrodial sintezlanishi aniglandi.

Stachybotrys chartarum shtammida yuqori darajadagi 13,22-dimetoksistaxibotrin sintezi
o‘stirishning to‘rtinchi sutkasida saxaroza qo‘llanilgan variantda (1,905 mkg/ml) kuzatildi,
eng kam miqdorda esa mannit qo‘llanilgan (0,0137 mkg/ml) variantda aniqlandi. Uglerod
manbasi sifatida laktoza va galaktoza qo‘llanilgan variantlarda ham maksimal darajada 13,22-
dimetoksistaxibotrin sintezlandi (mos ravishda 1.43 va 1.426 mkg/ml)(2-rasm).
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30-Atsetatstaxibotrodial sintezida esa uglerod manbalarining ta’siri sezilarli ta’sir
ko‘rsatdi. Stachybotrys chartarum shtammida uglerod manbasi sifatida maltoza ishlatilgan
variantda maksimal darajadagi (1,26 mkg/ml) 30O-asetatstaxibotrodial sintezi aniqlandi.
Shuningdek, saxaroza (1,22 mkg/ml), glyukoza (0,92 mkg/ml) va mannit (0,93 mkg/ml)
qo‘llanilgan variantlarda ham yuqori darajalarda 30-atsetatstaxibotrodial hosil bo‘lgani
aniqlandi. Eng kam miqdordagi 3O-atsetatstaxibotrodial sintezi esa uglerod manbasi
fruktoza bo‘lgan variantda (0,1 mkg/ml) kuzatildi. Laktoza va ramnoza qo‘llanilgan
variantlarda sintez kuzatilmadi (2.3-rasm).
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3-rasm. Turli uglerod manbalarining 30-atsetatstaxibotrodial
sinteziga ta’siri

Shunday qilib, tanlab olingan shtammlarning potensial miqdorda 13,22-
dimetoksistaxibotrin sintez qilishi uchun uglerod manbasi sifatida saxarozadan, 30O-
atsetatstaxibotrodial sintezida esa uglerod manbasi sifatida maltoza yoki saxarozadan
foydalanish magsadga muvofiqligi aniglandi.

Kuzatishlar davomida faol shtammlarning ikkilamchi metabolitlar sintezlashi uchun
arzon ozuqa muhitini tanlash maqgsadida uglerod manbasi sifatida sanoat chiqindilarining
ham 13,22-dimetoksistaxibotrin hamda 3O-atsetatstaxibotrodial hosil bo‘lishiga ta’siri
o‘rganildi. Uglerod manbasi sifatida saxaroza bilan birga makkajo‘xori ekstrakti, glyukoza
siropi va melassadan 1:1 nisbatda foydalanildi. Zamburug® shtammlari muvofiq
haroratlarda 14 sutka davomida o‘stirildi.

Saxaroza+makkajo‘xori ekstrakti qo‘llanilganda Stachybotrys chartarum shtammi
1,02 mkg/ml, saxarozatmelassa qo‘llanilganda esa 1,19 mkg/ml miqdorda 13,22-
dimetoksistaxibotrin  sintezlandi.  Stachybotrys  chartarum  shtammida  esa
saxaroza+melassali variantda 1,12 mkg/ml 13,22-dimetoksistaxibotrin hosil bo‘lgani
aniqlandi.Saxaroza+makkajo‘xori ekstrakti qo‘llanilganda o‘stirishning ikkinchi haftasida
1,08 mkg/ml 13,22-dimetoksistaxibotrin hosil bo‘lgan bo‘lsa, saxaroza+glyukoza siropi
qo‘llanilgan variantda 1,12 mkg/ml miqdorda 13,22-dimetoksistaxibotrin sintezlangani
ma’lum bo‘ldi (5—rasm).

Stachyvbotryvs chartarum

13,22-dimetoksistaibotrn migdor, kgl

=m saxaroza = sax-Hme

sax+glsiropi ™ sax+melassa
S-rasm. Har xil uglerod manbalarining 13,22-dimetoksistaxibotrinlar sinteziga ta’siri

Keyingi tajribalarda ozuqa manbasini yana arzonlashtirish maqsadida turli tabiiy
substratlarni 13,22-dimetoksistaxibotrin va 30O-asetatstaxibotrodial hosil qilishiga ta’siri
o‘rganildi. Uglerod manbasi sifatida o‘simlik qoldiqlaridan sholi qipig‘i, bug‘doy kepagi,
yantoq va bug‘doy somonidan foydalanildi. Tajribalar 35°C va 45°C haroratda tinch va
tebranma usulda o‘n sutka davomida olib borildi. Tajriba natijalari quyidagicha bo‘ldi:
Stachybotrys chartarum shtammida 13,22-dimetoksistaxibotrin sintezi tebranma usulda
o‘stirishning 3 sutkasida maksimal darajada (1,18 mkg/ml) uglerod manbasi sifatida
bug‘doy kepagi qo‘llanilgan variantda kuzatilgan bo‘lsa, tinch holatda esa o‘stirishning
shu sutkasida uglerod manbasi sifatida yantoq qo‘llanilgan variantda (1,48 mkg/ml) yuqori
darajada 13,22-dimetoksistaxibotrin sintezlangani aniqlandi (6— rasm).
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6-rasm. Stachybotrys chartarum zamburug‘ining har xil
substratlarda hosil qilgan 13,22-dimetoksistaxibotrin miqdori
Stachybotrys  chartarum shtammida ham yuqoridagi holat kuzatildi. 30-
asetatstaxibotrodial sintezi tebranma usulda uglerod manbasi sifatida bug‘doy kepagi
qo‘llanilgan variantda boshqa variantlarga nisbatan o‘stirishning 3 sutkasida eng ko‘p
miqdorda (1,43 mkg/ml) sintezlangan bo‘lsa, tinch holatda uglerod manbasi sifatida yantoq
qo‘llanilgan variantda o°‘stirishning shu sutkasida 1,49 mkg/ml miqdorida 30-
atsetatstaxibotrodial sintezlangani aniqlandi (7— rasm).
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7-rasm. Stachybotrys chartarum shtammining har xil substratlarda hosil gilgan 30-
atsetatstaxibotrodial miqdori

Olib borilgan tajribalardan ma’lum bo‘ldiki, 13,22-dimetoksistaxibotrin sinteziga
uglerod manbasi sifatida saxaroza o‘rniga turli substratlar qo‘llanilganda yuqori darajada
13,22-dimetoksistaxibotrin sintezlanishi aniglandi.

Ta’kidlab aytish kerakki, odatda 13,22-dimetoksistaxibotrin o‘stirishning ikkinchi
haftasida sintezlanadi, substratlar ishtirokida olib borilgan tajribalarda esa 13,22-
dimetoksistaxibotrin o‘stirishning uchinchi sutkasidan boshlab hosil bo‘lganini (1,28-1,38
mkg/ml) kuzatish mumkin. Yana bir e’tiborli tomoni shundaki, tadqiqotlarda turli substratlar
qo‘llanilganda 30-atsetatstaxibotrodial hosil bo‘lishi kuzatilmadi.
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Abstract. The development of aqueous dispersion technologies for polycondensation resins marks a
significant advancement in the varnish industry. This study investigates the synthesis, characterization, and
application of polycondensation resins derived from locally available raw materials. The focus is on using
environmentally friendly and economically viable resources to produce water-based varnishes with reduced
volatile organic compound (VOC) emissions. The research incorporates a detailed examination of resin
synthesis processes, the role of local raw materials, and performance evaluation in industrial applications.
Findings indicate that polycondensation resins made from regional raw materials offer competitive
mechanical, chemical, and aesthetic properties while reducing the ecological footprint. This article provides
a comprehensive foundation for implementing aqueous dispersion technologies in sustainable varnish
production.

Keywords: Aqueous dispersion, polycondensation resins, local raw materials, sustainable varnishes,
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epoxide, eco-friendly coatings.

NPOU3BOACTBO JAKOKPACOYHbBIX MATEPUAJIOB HA OCHOBE
BOJIHBIX DMYJIbCUM SITOKCUJIHBIX CMO.I

AHHoTanus. Pa3paboTka TEXHONOTHH BOJHBIX IUCIEPCUH IS IMOJUKOHJCHCAI[MOHHBIX CMOJ
mpeacTaBisier co0oi 3HAYMTENBHBIA IIpPOTpecc B JIAKOKPACOYHON IPOMBIIUICHHOCTH. B maHHOM
HCCJICAOBAHUU PACCMATPUBAIOTCA CHHTE3, XapaKTCpUCTUKA W IMPUMCHCHUC MOJMKOHJACHCATHBIX CMOJI,
TOJTY9E€HHBIX M3 MECTHOTO ChIpbsi. OCHOBHOE BHUMAHHE YJENSIETCS MCIOIb30BaHUIO IKOJIOTHIECKH YUCTHIX
U DKOHOMHYCCKH BBII'OJHBIX PECYPCOB, MPOU3BOJACTBY YCTOﬁQHBOﬁ ﬂaKOKpaCO‘IHOﬁ MpOoAYKIHUHU C HU3KHUM
coZiep )KaHMeM JIETyYHX OpPraHMYeCKUX COeNWHEHWH W Bojbl. McciemoBaHue BKIIIOUaeT B ceOs MOApOoOHOE
H3Y4YCHHUC MMPOUECCOB CUHTE3a CMOJI, pPOJIM MECTHOI'O ChIPpbA U pa60Ty IO NPOMBIIIJIICHHOMY ITPUMCHCHUIO.
Pe3yJ'H)TaTI>I MOKa3bIBaOT, 4YTO T[MOJUMKOHACHCATHBIEC CMOJIbI, H3IrOTOBJICHHBIE HN3 MECTHOI'O0 CbIpbA,
JACMOHCTPUPYIOT KOHKypeHTOCHOCO6HBIe MEXaHHYCCKHEC, XHUMHYECCKHEC M OCTCTHYCCKHUC CBOﬁCTBa,
OJHOBPCMCHHO CHWXKaAsl 3arpss3HCHHC 0pr>1<a}01uel71 CpEabl. B cratbe M3105K€HBI KOMIIIEKCHEIE OCHOBEI
BHEJPEHHs BOIHO-IUCIIEPCHOHHBIX TEXHOJOTHH B IMPOMU3BOJCTBO DKOJOTMYECKH YHUCTBIX JAKOKPACOYHBIX
MaTepruaioB.

KiaioueBrle ciioBa: BOJHasA OJUCHIEPCHA, TIOJIMKOHACHCAIIMOHHBIC CMOJIBI, MECTHOC CBbIPLE,
yCTOﬁ‘IHBHC JIAKY, STIOKCUAHA CMOJIa, DKOJIOTMYECKU YUCTHIEC IIOKPBITHA.

Introduction. The production of paints and varnishes based on aqueous emulsions
of epoxide resins is a growing trend in the coatings industry due to the increasing demand
for environmentally friendly, low VOC (volatile organic compounds) products. An epoxy
emulsion is a dispersion of epoxy resin in water, usually stabilized with surfactants or
emulsifiers. An additional factor in sustainable production is the use of local raw
materials. By leveraging resources that are regionally abundant, manufacturers can reduce
transportation costs, lower carbon emissions, and support local economies. This study
focuses on synthesizing and evaluating polycondensation resins using such materials, with
the goal of creating high-performance, eco-friendly varnishes suitable for various
industrial and decorative applications.

Research object and methods. The research was conducted at "Original Colormix
LLC", Shifobaksh Suvlar Street, Zangiota District, Tashkent Region. Epoxy and a
hardener medium were used to obtain epoxy enamel.

Results and discussion. The results confirm that epoxide-based aqueous coatings,
when properly formulated with emulsifiers and curing agents like RICh, can deliver high-
performance, environmentally friendly alternatives to solvent-based epoxy systems. The
balance of mechanical strength, adhesion, and chemical resistance highlights the potential
of such systems in industrial and architectural applications. According to the data
obtained, the results of the epoxy enamel preparation in the epoxy environment were
lower than those in the hardener environment. We first prepare the epoxy emulsion, the
quantities are given in Table 1 below. Then the main work is to prepare the white epoxy
enamel. The process is carried out in a mixer. We also use the hardener as another main
product. Known fillers are added to the epoxy and the process begins in the mixer in a
Bisser environment. The quantities are given in Table 2 below. The process is carried out
for about 1 hour and the perethir index is obtained. The perethir index is between 25-30
and the work is continued. The mass is put in the mixer, the epoxy emulsion is added,
mixed well, and finally the hardener is added. When the finished mass is applied to the
plate, the setting process took 10-12 hours. According to the results obtained, the enamel
obtained was shiny, clear and stable. In our research, we also tested the resistance of the
white enamel obtained on the basis of epoxy to the effects of alkali. In this case, the alkali
We used caustic soda solution as the medium. The amount is given in Table 3 below.

Table 1
Component Formulation #1(%) Formulation #2(%)
Epoxy resin (ER) 50.0 68.5
Butyl Glycol (BG) 20.0 12.6
Distilled water 30.0 18.9
Total 100.0 100.0

108




QarDU xabarlari KIMYO 2025 2(2)

Procedure:

1. In a clean dissolver equipped with a disc-toothed milling blade, the epoxy
resin was loaded at room temperature.

2. With the blade rotating at 500-600 rpm, butyl glycol was gradually added.
The system was mixed until the resin completely dissolved (assessed visually).

3. Distilled water was then introduced slowly to initiate emulsification. The

mixture was stirred continuously for 30-60 minutes until a homogeneous emulsion
formed, free of lumps or impurities.

A portion of the emulsions was stored for stability testing over time.

Both formulations produced stable emulsions with uniform consistency. The visual
assessment indicated that Formulation #2, with a higher epoxy resin content, formed
slightly more viscous emulsions compared to Formulation #1.

Stability: Emulsions remained homogeneous without phase separation during
storage for up to three months.

Then the main work is to prepare the white epoxy enamel. The process is carried out
in a mixer. We also use the hardener as another main product. Known fillers are added to
the epoxy and the process begins in the mixer in a Bisser environment. The quantities are

given in Table 2 below.
Table 2. The amount of raw materials required to produce white enamel based on epoxy resin

No Component Formulation
1 Epoxy resin 30
2 Butyl glycol 10
3 Dispersant 108 0.4
4 Titanium dioxide 13
5 Chalk 21
6 Bentogel BG-4 0.4
7 Emulsion 12
8 Hardener 13
| TOTAL 100.0

The process is carried out for about 1 hour and the perethir index is obtained. The
perethir index is between 25-30 and the work is continued. The mass is put in the mixer,
the epoxy emulsion is added, mixed well, and finally the hardener is added. When the
finished mass is applied to the plate, the setting process took 10-12 hours. According to
the results obtained, the enamel obtained was shiny, clear and stable. In our research, we
also rub out tested the resistance of the white enamel obtained on the basis of epoxy to the
effects of alkali. In this case, the alkali We used caustic soda solution as the medium. The
amount is given in Table 3 below. The rub out test is one of the important test methods
used to evaluate the quality of paints and coatings.[1] This test helps to determine the
uniform distribution of pigments on the surface of the paint or coating, flocculation
(aggregation of pigments) or separation.[2] This test is widely used to assess paint
quality.[3]

Table3. Amount of alkaline solution to assess the condition of the enamel

Ne Component Formulation
1 Caustic soda 20
2 Distilled water 80

Total 100.0

Conclusion. This study demonstrates the viability of aqueous dispersion technology
for the production of polycondensation resins using locally sourced raw materials.

Practical recommendations for industrial application:

1. Use of local raw materials: For cost-effective and sustainable production,
manufacturers are encouraged to utilize regionally available epoxy resins and fillers such
as chalk and titanium dioxide. This reduces dependence on imports and lowers production
costs. 2. Formulation optimization: The ratio of epoxy resin, emulsifiers, and hardeners
should be carefully balanced to ensure proper dispersion stability and curing performance.
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Emulsification should be carried out gradually to avoid phase separation. 3. Mixing
process control: To achieve consistent quality, the mixing process must be controlled with
appropriate shear force (e.g., 500-600 rpm) and duration (at least 60 minutes) to ensure
homogeneity. 4. Curing conditions: The final enamel requires a curing time of 10-12
hours at room temperature for optimal film formation. Accelerated curing can be tested for
efficiency improvements in industrial settings. 5. Resistance testing: It is recommended to
conduct solvent resistance (rub-out) and alkali resistance tests to validate durability. For
example, 50-100 rubs with MEK can assess crosslinking efficiency, and testing against
caustic soda helps determine chemical stability. 6. Storage and stability: The prepared
emulsions remained stable for up to three months, but for industrial use, batch testing for
long-term storage stability is advised.7. Environmental benefit: Water-based formulations
significantly reduce VOC emissions. Implementing such systems aligns with international
environmental standards and may qualify for green certifications.

By adopting the above recommendations, manufacturers can produce high-quality,
eco-friendly epoxy enamels suitable for industrial, architectural, and decorative use.
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ITOKA3ATEJIA TEXHOJIOIT'HYECKOI'O KAYECTBA TOBAPHOI'O
ADPPUKAHCKOI'O COMA, BBIPAIIEHHOT'O B BACCENHAX C ITIOJAYEU

TEPMAJIBHOM BO/IbI
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CamapkaHJCKUHM TOCYJapCTBEHHBIN YHUBEPCUTET, JOKTOPAHT
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@dwiman AcTpaxaHCKOIrO roCyJapCTBEHHOI0 TeXHUUECKOro Y HUBEPCUTETA B

TamkeHTckoit obmacTH, mpodeccop
ORCID 0000-0002-9274-8635
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Aunnoranus. Adpukanckuii com (Clarias gariepinus) - Tpomuueckas ppida ¢ BBICOKOI CKOPOCTBIO
pocTa ¥ IMMPOKUM CIEKTPOM TIMTAHWA, TPEACTABIAIONIas CO00H BaXHBIA OOBEKT TJI0OATHHOM
AKBAKYJIbTYPHbI. B V306ekucrane ero KYJIbTUBUPOBAHHUC OCYHICCTBIIACTCA b0 B TeEYEHUE OHOTI'O
BEreTallMOHHOIO CE€30HAa, mmbo B YCTaHOBKax € 3aMKHYTBIM BO}IOCHa6)KeHI/IeM. OT}IGJ’IBHLIM HaIlpaBJICHUEM
SIBIIIETCSL BBIpaIlIMBaHUe a(pUKAaHCKOTO COMa B TPOTOYHBIX OacceifHax ¢ momadeil TEmIOH BoOABI W3
TCPMAJIbHBIX CKBAXHWH. B I[aHHOﬁ pa60Te OIPCACIICHBL JIMHEHWHBIE M MAaCCOBBIE TEXHOJOTHUYECKUE
M0KAa3aTeNy KauecTBa CEroJIETKOB TOBAPHOTO a)pUKAHCKOTO COMA, BEIPAIICHHBIX B MPOTOYHBIX OacceitHax ¢
TepMaJ’IBHOﬁ BOI[OfI B YCJIIOBUAX (Depl"aHCKOf/'I JOJIMHBI. B kauectBe KOpMa HCIIOJb30BAJIUCH Cy6Hp0ZIYKTLI
nmepepaboTKK  IBILIAT-OpoiiiepoB. B sHBape cerojietku pocturand oOmeid mmubsl 42,0-62,0 cm,
cTaHmapTHOW mmuHBI Tema — 38,5-57,5 oM, maccel Tema — 526,8-1619,5 r. [lpuBeneHBl WHACKCHI
JIMHEHHBIX MPOIOPLUI TeNa, MacChl FOJIOBBI, TYLIKH U BHYTPEHHHX OpraHoB (B % oT o0IIei Macchl Tena), a
TAKKC JaHa OPraHOJICITUYCCKAs OLCHKa BLIpaHleHHOI)’I pr6BI.

KaoueBnie cioBa: Adpukanckuii com, Clarias gariepinus, akBaKy/ibTypa, TOBapHOE Ka4eCTBO
pBIOEI, Y30ekucTan

Annotatsiya. Aftika laqgasi (Clarias gariepinus) oziglanish spektri keng, yugori darajadagi o‘sish
tezligiga ega bo‘lgan tropik balig bo‘lib jahon akvakulturasining muhim obyekti hisoblanadi. O°zbekistonda
uni yoki bir vegetatsiya mavsumida yoki yopiq suv ta’minoti qurilmasida yetishtirish mumkin. Yerosti ilig
suvlari bilan to‘yinadigan ogar suv basseynlarida Afrika laggasini yetishtirish mustaqgil yo‘nalish
hisoblanadi. Farg‘ona vodiysida yerosti ilig suvi bilan to‘yinadigan ogar suv basseynlarida yetishtirilayotgan
tovar Aftika lagga baliglarining bir yozlik davridagi o‘lcham va og‘irlik ko‘rsatkichlarining sifat darajasi
aniglandi. Baliglar broiler jo‘jalar gayta ishlash qoldiq mahsulotlari bilan oziglantirildi. Bir yozlik
chavoglarning umumiy tana uzunligi yanvar oyida — 42,0 - 62,0 sm, tanasining standart uzunligi — 38,5 -
57,5 sm, tanasining umumiy og‘irligi — 526,8 - 1619,5 g ni tashkil etdi. O‘lcham ko‘rsatkichlarining tanasi
va boshi, gavdasi va boshqa a’zolarining baliqlar tanasi umumiy og‘irligiga nisbat ko‘rsatkichlari %%
shuningdek, organoleptik baholash natijalari keltirilgan.

Kaslit so‘zlar: Afrika laggasi, Clarias gariepinus, akvakultura, baliglarning tovar sifati,
O<zbekiston.

Beenenue. Adpukanckuii com, Clarias gariepinus (Burchell, 1822), - Beicoko
IJIACTUYHBIA BUJ, OOMTAIOIIUN B SKCTPEMAJIbHBIX YCIOBUAX BBICHIXAIOIIUX B OINpPEIEICHHbIE
CE30Hbl BO/IOEMOB, O0JIaAE€T BBICOKOM CKOPOCTBIO PpOCTA, BBICOKOH IUIOJJOBUTOCTBIO,
IIMPOKUM CIEKTPOM TMHUTaHUs, BCIEACTBUE YEro CTall BaXKHBIM OOBEKTOM TJI00aJIbHOM
akBakyJabTypsl [10]. OqHako, 3T0 TUNIMYHASA TpoNKUYecKasi pbl0a, KOTOpas He MOXKET BBDKUTD B
3UMHUNA MEPUOJ B YCIOBUAX Y30€KUCTaHa, pacIo0KEHHOro0 B ymMmepeHHoM kiumarte [3]. Tem
HE MeEHee, pBIOOBOACTBO Y30€KHCTaHa HAIIO BBIXOJ JMJISi OpPraHU3allMH MacCOBOTO
BBIPAIIMBAHKS 3TOTO 00BEKTA, PU KOTOPOM BOCIPOU3BOACTBO M BBIPAIIMBAHUE ITOCAJOYHOTO
Marepuaiga MPOBOAST B 3aKPBITBIX YCJIOBUAX C PEryJUpyeMOW TeMmIepaTypoll BOIbI U
BBIPAIIMBAIOT O TOBAapHOW pbIOBI B mepBBIA ke ron [4]. Y Takoro momxoma OCEHHeEe
MIOHMKCHUE TEMIIEPAaTyphl CKa3bIBACTCS HA 3aMEJICHHE POCTAa C OKTAOPS U HEOOXOIUMOCTh
peannzanuu  ToBapHOM pbIObL. OcoObIii HMHTEpeC MPEeNCTaBISIOT TMEpBble TMOUCKOBBIE
WCCIICIOBAaHUS TI0 BBIPAIIMBAHHUIO aQpPUKAHCKOTO COMa B TMPOTOYHBIX OacceifHax C
WCIIOJIb30BAHUEM CAaMOTEYHOW MMOJayM TEMION BOJABI M3 TEPMAJbHBIX CKBAXKUH, KOTOpPbIE
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o0ecreYnBaoT ONTUMAJIbHbBIE YCIOBUSA AJISl KYJIbTUBUPOBAHUS JAHHOM PHIOBI.

M3BecTHO, 4TO TOBapHOE KayeCcTBO PBIOBI KaK IMPOJYKTA MUTAHUS — Ba)KHEHIINH
nokasartesb, KOTOPBI 3aBUCUT OT BHAA, pa3Mepa, Bo3pacTa pblO, MECTHBIX yCJIOBMH. [lis
XApAaKTEPUCTUKU HCIOJIB3YIOT B TOM YHCIIE OPraHOJICNITUYECKHE, JIMHEHHBIE U MacCOBBIE
pasmepubie mokaszatenn [1];[6]. OmpeneneHne TOBapHBIX TEXHOJOIMYECKHX KadecTB
adpUKaHCKOTO COMa B YCIIOBHUSX PECIyOJMKHA TOJBKO HayaThl [7] W TpeOyroT AambHEHIINX
pabot. llenapto JaHHOrO UCCIENOBaHUS SBIIAETCS ONPE/EICHUE KayecTBa TOBApHOIO
adpUKaHCKOTO COMa, BBIpAlllMBaeMOro B OacceiiHax ¢ Tmoja4yeil BOABI M3 TEPMaJbHOM
CKBaXHHBI.

MeTononorust uccjeaoBanus. VcciaenoBanuio noABepraiuch appuKaHCKUE COMBI B
BO3pacTe 8 MecsIeB, BbIPAIIEHHbIE B IPOTOYHBIX OacceiHax ¢ mojauyeil BoJbl U3 TePMaIbHOM
CKBAJKUHBI, PaCIOJIOKEHHON B ANTBIAPBIKCKOM paiioHe PepraHckoil nonuHbl. Temmepatypa
BOJIbI B T€UEHHE BCero roja coctasisuia 23—24 °C npu nojgaude B yetslpe Oacceiina. bacceiinbl
ObuIN 3apbIOJIeHBl MOJIOABIO Maccoil 15-25 r B Hauane urons 2024 roxa. Peiby coptupoBamu
[0 pa3MEpHBIM IpynnaMm Kaxzable Tpu Mecsina. Kopmumu pei6 cyOnpoaykramu nepepaboTku
OpoitiepHbIX UBILIAT ((hapiieM U3 3aMOpPOXKEHHBIX 0JI0KOB BHyTpeHHOCTeH [4]. [lmoTHOCTH
TI0CAJIKM BECH MEPHOJL BBIpaIluBanus BbinepxkuBamd 20 kr/m3. Y poi6 usmepsim oouryro (TL,
CM), CTaHJapTHYIO UMHY Teia (6e3 xBocta) (SL, cMm) ¢ TouHOCThIO A0 1 MM, OOIIyI0 Maccy
tena (W, r) ¢ Tounoctsio 710 1 Mr. V3Mepsimn ps IMHEHHBIX MOoKa3aTeei ¢ TOYHOCThIO 110 1
MM 10 OOmmenpuHiATONH cxeme npoMmepoB [5]. Onpeaensuin MaccoBble IOKa3zaTeaH IO
OOILENPUHATHIM MeToJlaM (MOTpOIIeHUe, 00e3IVIaBIMBaHUE, OTJC/ICHUE IJIABHUKOB, CHATHE
¢une). B3pemmBany Bce ykazaHHbIE OpraHbl ¢ TOYHOCTBIO 710 0,1 Mr Ha 3JEKTPOHHBIX Becax.
Omnpenesnsiyii UHAEKCH OPraHOB MO OTHOIIEHHUIO K OOIIeld Macce Teila W CTaTUCTHKY OJHOMN
nepeMeHHol mns  kaxaoro wuHuaekca (%%) [9], [8]. PaccuuthiBamm craTHCTHYECKHE
MOKa3aTeNM WMHAEKCOB, BKIIOYas cpefaHee, omuMOKy cpenHero (Sx), a Takxke KoddduimeHt
Bapuaruu (Cy, %).

Pe3yabTaThl. Beibopka Bkitouana peid oOmieit anmunoit 42,0 — 62,0 cMm, craHmapTHON
nmHoi 38,5 — 57,5 cM, obmieit maccoit Tena 526,8 — 1619,5 r. Bunno, 4to appukaHckuii com
o0J1afaeT BBICOKON CKOPOCTHIO POCTA.

Mexay oO1iei JUIMHOI Tejla U CTaHIApTHOW JJTMHOM Tela Jake B Mpejesiax OJHOTO
IIOKOJICHUS!  BBISIBIIEHA CUJIbHAsl  IIOJIOKUTENbHAs  3aBUCHUMOCTb, KOTOPYIO  MOXHO
XapaKTepu30BaTh YpaBHEHHEM MPsIMOIHMHEHHON perpeccun: SL (cm) = 0,924 * TL(cm) —
0,8002 (r = 0,99).

Mexny oOmei maccoil Telna M CTaHIAPTHOM JUIMHOM Tela COMOB BBISIBIICHA
3aBUCHMOCTb, XapaKTepU3YIOIIasAcsd YpaBHEHHUE perpeccuu creneHHou (yHkuuu (puc. 1) u
BBICOKMM 3Ha4eHHeM Kod(duirenta koppensiuu (r = 0,97).

2000

W = 0,0071*5] %0636

1800

1600

30 35 40 a5 50 55 60

CTanaapTHan AnUHa Tena, cm

Puc. 1. 3aBucumocTh 0011€il Macchl Tesla M CTAHAAPTHOM JJIMHBI Tesla A PUKAHCKOr0 coMa
I/ICCHGI[OBB.HHBIC COMBI OBLIN CBCIKHC, OPraHOJICITUYCCKAsA OLCHKA a(prKchxor (6]
coma JaHa B Tabnuue 1.
Tabauna 1.
OpraHoJienTuyeckas oneHka ajppukanckoro coma corsacio 'OCT 24896-2013,
Poi0a :xuBas. TY

HaumenoBanue
XapakTepucTuka
OKa3aTelst
[IposBasieT mpU3HAKU XKU3HEIEATENBHOCTH, C €CTECTBEHHBIMU
CocrosiHue phIObI JIBIDKEHUSIMH Tena,
YETIOCTEH, )Ka0EPHBIX KPBIIIEK, IIABAET B BOJE
Buewmnuii Bug IToBepXHOCTb UHCTAas], ECTECTBEHHONW OKPACKHU, IPUCYILEH JAHHOMY
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BUJ1Y PbIOBI, C TOHKHM CJIOEM CIIM3H; TPU3HAKH 3a00JIeBaHN I
OTCYTCTBYIOT.
Kpachbplii
Caertible, Ipo3pavHble, 0€3 MOBPEKICHHUHA
CBOMCTBEHHBIH KUBOI PBIOE JAHHOTO BUAA, 0€3 TOCTOPOHHIX
3aI1axoB.

Bce mHeliHple 1OKa3zaTead B AOCOMIOTHBIX  BEJIMYMHAX  ITOJOXKUTEIHHO
B3aMMOCBSI3aHBI MEXKIY c000. B TO e BpeMsi HHIEKCHI ATHUX JKE TOKa3aTeseld BapbUPYIOT
HE3aBHCHUMO OT pa3MepoB Tena (puc 2, Ha IpUMEpPE JTMHBI TOJIOBHI).

IBeT xabp
CocrosiHHE TI1a3

3amax

15 25,20
v =0,2261x +0,8048 =2
14 R? = 0,973 3

13

12
24,20
24,00

11

10

[L11Ha ro0Bbl, v

23,80
23,60
23,40

e
=
=i
T
=]

CTanaapTHaa ONWHa Tena, cy
CraHnaapTHan ANWHa Tena, chm

Puc. 2. IlonoxurenbHas 3aBUCUMOCTb JIMHEUHBIX MPOMEPOB IJIMHBI TeJla U JUIUH
roJIOBbl a)pUKaHCKOTO coma (ClieBa) M OTCYTCTBHE 3aBHCHMOCTH DPa3MEpOB Telna |
WHJICKCA ITTUHBI TOJIOBHI (CIIPaBa) U UCCIEyeMbIX ahpUKAHCKUX COMOB

[Iporopuu Tena apuUKaHCKHX COMOB, XapaKTEpU3YIOIIUX TOBAPHOE KavyeCTBO,
npuBeleHbl B Tabmume 2. OTMeTHM, YTO BCE TIOKa3aTeNd o0dajaiyl HEBBICOKOU

N3MEHYHUBOCTBIO.
Tabnanna 2.
JInHeiiHbIe TOKA3aTEJM TOBAPHOI0 Ka4eCcTBa A(pPUKAHCKHUX COMOB
(%% oT cTaHaAPTHOI JJIMHBI TeJIA)

IToka3zarens MUH cpezHee Cv, %
JInvHa rogoBel, CM 23,5-25,0 24,30 + 0,25 2,5
JInrHa XBOCTOBOTO IJIABHHUKA, CM 9,6 -14,0 12,31 + 0,63 12,6
JlmiHa Tymku, cmM 74,0 -78,0 75,81 + 0,64 2,1
Hawubomnsias BEICOTA TEA, CM 18,5-21,0 19,75+ 0,39 4.8
Tonmuua Tena, cMm 13,7 -15,6 14,66 + 0,36 55

Bce uccnenoBanHbie 0cOOM MMENH TOHAIBI HA XOPOIIO BhIpakeHHOU pa3sutoii |l cragun
3penocTy, y caMok kodddutment 3penoctu goctur 0,5 — 1,5%, y cammos 0,0 — 0,2%.
MaccoBblii cocTaB appUKaHCKOrO coMmMa MPHBEACH B TaOJUIEe 3, COAEpKaHHE

Ppa3IuYHBIX OPraHOB NIPUBCACHBI B MHACKCAX.
Tabauna 3.
IToxa3aTenu TOBAapHOI0 Ka4ecTBAa a(ppPHKAHCKOr0 COMA, BHIPAILIEHHOT0 B HATYJILHOM cajiKe,
Tysa0yrysckoe Bogoxpanuauie, ¥Y3oekucran, 2024

Yacru Tena Mun. — Makc. Cpemnee + Sy Cv, %
OO6mias Macca Tea, T 526,8 - 1619,5 1103,1 -
IMopka 88,5 -96,0 90,90 + 1.13 3,0
WHpexc, Tymka 64,2 -71,3 66,66 + 1.00 3,7
% ot XBocT 05-0,8 0,68 + 0,03 12,5
obmeit T'osoBa 22,3-25,1 23,47 + 0,43 45
MaccChl Buyrtpennoctu 7,7-10,4 8,94 +0,40 11,1
Tela ) £:0:950%0 51 1,4-21 1,88 +0,10 12,7
Koctu 9,7-15,1 11,94+ 0,81 16,6
Koxa 59-77 6,69 +0,28 10,2
dute 41,6 —-51,0 45,15 +1,32 7,2

Obcy:xkaenne. AQpuKaHCKUIA COM — XHUITHAs pblOa, Kak 00BEKT PhIOOBOACTBA OH

HEOKUJAHHO 3aHSAJ OYEHb CBOECOOpA3HYIO HMIY B Y30eKucTaHe, Oyiarogaps HIMPOKOMY
CIICKTPY IIUTAHUA. IToucku AJIbTCPHATHB B KOPMJICHUU 6BICTpO BBIBCJIIM MECCTHBIX
CTHELMAINCTOB Ha HCIOJIb30BaHHE CYONpPOIYKTOB NepepadOTKU OpOMIEepHBIX IBIIJIAT,
KOTOpBIE UMEIOT HU3KYIO IeHy. [IpoM3BOACTBO WBILIAT B pecHyOiIMKe MOCeIHHE TOIbI

e
113




QarDU xabarlari BIOLOGIYA 2025 2(2)

OypHO pacTeT, M yTUiIn3alus cyOornpoayKToB MOTria Obl OBITh CYIIECTBEHHOI MpoOIeMoil B
AKOJIOTHUECKOM IIaHe. B HacTodiee ke BpeMsi Bce BUIbI CYONPOAYKTOB MPAKTUUYECKU
MOJTHOCTBIO 3a0MparoT PHIOOBOBI UII KOpMIIeHHs adpukaHckoro coma [4]. B wurore
CJIOKMJIaCh CBOE0Opa3Has CUTYyallusl, HU3KUE LIEHbl Ha TaKOM KOPM IO3BOJMIN CHU3UTh
CYIIECTBEHHO IIEHbI Ha TOBApPHOTO COMa. DTOMY CIIOCOOCTBOBAla M BBICOKAs CKOPOCTH
pocTa coma, KOrja 3a OJHWH TOJ MOXXHO MOJy4aTh TOBAapHYIO peIOy OT MKpHL. B mTore
KyJIbTUBUpPOBaHUE apUKAHCKOTO COMa CTajla CBOCOOPa3HBIM METOJOM IPEIOTBPALCHUS
3arpsA3HEHUs] OKPYXKAIOLIEH CPEBI.

Adpukanckuid coM o00Ja/JaeT O4YEeHb BBICOKOM CKOPOCTBIO POCTa, KOTOpPAs
peanu3yercss U B YCIOBUSX YMEPEHHOI'O KIMMara, B KOTOPOM PAacIOJOXKeH Y30EKUCTaH.
[Ipy sToM B TMJIaBYyYUX CajgKkax TOBAapHBIE COMBI TMPU KOPMJICHHH CYONPOIyKTaMHU
nepepaboTku UBIUIAT BhIpacTatoT 10 140 — 1500 t [7]. B Hamem e ciydae mpu
MOCTOSIHHOM TeMIepaType BoJibl B OacceiiHax appUKaHCKUI COM JOCTHUT K 3UME TEPBOTO
rojJia CylecTBEHHO 00jiee KPYIHBIX pa3MepOB BCJIEACTBUE OTCYTCTBUS 3aMEIJICHUS pOCTa
OCEHbI0. OJTO BCE OYEHb BBICOKME II0Ka3aTeld II0 CPABHEHMIO C TPaJULMOHHBIMHU
00BEKTaMU TIPYIOBOTO PBHIOOBOJCTBA, I'ZIe HOPMATHBHOM HaBECKOW TOJOBHUKOB y BCeX
00bekToB siBiseTcs 25 T [3]. CrneacTBueM 3TOro SBISETCS MCTOIB30BAHUE JIBYXJIETHETO
LMKJa BbIpAallMBaHUs pbIO B IMPYJOBOM pBHIOOBOJICTBE IO CPABHEHUIO C OJHOJIETHUM
BBbIpAlIMBaHUEM TOBAPHOI'O a()pPUKAHCKOTO COMA.

BbiBoabl U mpensto:kenus. AdQpuKaHCKUI coM 00JamaeT BBICOKUM TOBAPHBIM
Ka4yeCTBOM KaK OOBEKT B CETMEHTE «CBEXasl phIOay.

AdpuKaHCKUHA COM SIBISIETCSI BBICOKOKAQUYECTBEHHBIM CBIPbEM [UJISl CETMEHTa
«pbroonepepaboTkay, nHAEKC nopku 88,5 — 96 %, unnekc tymku 64 — 71 %, uaaexc guie
42 — 51 %.

MOXHO pEeKOMEH0BaTh pAacIIMpeHHe MPOU3BOJACTBA a(ppPUKAHCKOTO COMa B
V30ekucrane, caMoil OOJBIION TEpPCHEKTHBON SBISAETCS BHIpAIIMBaHUE B IUIABYYHX
caJiKax.
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AnHotaums. B nexabpe 2024 roma ompenensiay MEpHUCTHUECKHE U IIIACTHYECKHE MPHU3HAKH
nByxJyieTok kapra (Cyprinus carpio), KylnbTHBUPYEMBIX B IIPYIOBOM PHIOOBOJCTBE HH30BbEB PEKHU 3apaduiaH
(Byxapckast ob6nactb, Y30ekucran). Y ciaydailHbIX 25 0ocoOeil omnpeneneHbl MepUCTHUECKHE TToKa3arenu: D
IV 18-19, A 111 5, Ha iepBoii )xabepHOU Ayre 26 - 28 THIYUHOK. JIOCTaTOYHO CYIIECTBEHHAS YaCTh TOBAPHBIX
KapIioB ABJIAIOTCA 3€PKAJIbHBIMU, BCJICACTBUC YE€T0 KOJINICCTBO qulIyﬁ B OOKOBOM JIMHUH HE TIOJACYHUTHIBAJIN.
VY uemryiigaTeix KaproB B OokoBod mmHEH 37 - 39 wemryii. Ha mepBoii xabepHoit myre 26-28 TBIYMHOK.
I'morounsie 3yObl Tpexpsiaubie 1.1.3-3.1.1. Ha Bepxueit rybe nBe mapsl ycukoB. Kapn B mpymoBom
pHIOOBOICTBE UMEET JOCTATOYHO BBICOKOE TEJIO, YTO OBLIO OJHWM W3 HAIlpaBJICHWH cenekuuid. [IpuBemaeHbt
HWHACKCHI IJIACTUYCCKUX IMPU3HAKOB 110 KJACCHYECKOH cXeMe mpomepe pBI6 ceMeiicTBa KapIioBbIX, a TaKKE
10 METOJy FT€OMETPUYECKO MOpdoMeTpHu.

KaroueBbie ciaoBa: kapm, Cyprinus carpio, akBakyinsTypa, MOpQOJOTHS pPhIO, PHIOOBOICTBO,
Byxapckast obnactb, Y306ekucran

Annotatsiya. 2024 vyil dekabr oyida Zarafshon daryosi quyi ogimida (O‘zbekistonning Buxoro
viloyati) hovuz baligchiligi sharoitida yetishtirilayotgan ikki yoshlik karp (Cyprinus carpio) baliglarining
meristik va plastik belgilari aniglandi. Tasodifan olingan 25 ta baligning meristik ko‘rsatkichlari aniglandi
va ular quyidagicha: D 1V 18-19, A 111 5, birinchi oyquloq yoyidagi ustunchalar soni 26 — 28 ta. Tovar karp
baliglarining ancha gismi oynasimon karp baliglari bo‘lganligi sababli yon chizig‘idagi tangachalar soni
sanalmadi. Tangachali karp baliglari yon chizig‘idagi tangachalar soni 37-39 ta. Jabrasining birinchi
yoyidagi ustunchalar soni 26-28 ta. Halqum tishlari uch gator 1.1.3-3.1.1. Ustki labida bir juft mo‘ylovlari
bor. Hovuz baligchiligida karp baliglari tanasi sezilarli darajada baland, bu selektsiyaning yo‘nalishlaridan
biri hisoblanadi. Plastik belgilari ko‘rsatkichi karpsimon baliglar oilasi vakillarini o‘lchash chizmasi
bo‘yicha shuningdek, geometrik morfometriya usuli usuli bo‘yicha keltirilgan.

Kalit so‘zlar: karp, Cyprinus carpio, akvakultura, baliglar morfologiyasi, baligchilik, Buxoro
viloyati, O‘zbekiston.

BBenenne. Kaprn, Common carp, - mnpeacTaBUTeNb CEMEHCTBA KapIOBBIX
(Cyprinidae) — siBnsieTcsi OAHUM M3 BaXKHBIX B MPYAOBOM MOJMKYJIbType Y30eKUCTaHa,
KOTOPYIO pa3BUBAIOT B pecnyonuke ¢ Hadana 1960-x B Tamkentckoi obnactu. Torna s
CO3JIaHMsI HOBOTO CEKTOpa SKOHOMHUKH 3aBE3JTH KapIia YKPAHHCKOH TTOPOIbI, TPOUCXOIHIH
CMEIIMBAHUA C MECTHBIM OKYJIbTYPEHHBIM KaproM u3 o3ep. OCHOBHBIM METOJIOM
BOCITPOM3BOJICTBA SIBIISIETCS 3aBOJICKOE BOCTIPOM3BOACTBO [2]. Yke ¢ 1970-X moTOMCTBO
Kapna M3 pbhIOONMUTOMHUKOB TamkeHTCKOW 00JacTH 3aBO3WIM BO BCE PErHOHBI
VY30ekucrana, co3laBajd COOCTBEHHbIE MAaTOYHBIE CTaJa U OCBOWIM HCKYCCTBEHHOE
BOCIIPOM3BOJCTBO, B TOM 4YHcie W B byxapckoil obnactu (HH30BbS peku 3apadiuan).
HecmoTps Ha mNpOMBICIOBYIO 3HAUMMOCTh Kapma paboT 1o Mop¢oJIorHyecKum
0COOEHHOCTSIM 3TOT0 IIEHHOT'O BHJIAa IPAKTUYECKH HE MPpoBOoAWIH. Llenbio nanHoi paboThl
OBLIO HCclieIOBaHWE MOP(OJIOTHUECKHMX OCOOCHHOCTEH PHIOOMOCATOUYHOIO MaTepHuaia
(ro10BHKOB) Kapria, BeIpaluBaeMbIx B byxapckoil o01acTu B HU30BBSIX pekH 3apadiuas.

Martepuan u meroauka. Marepuan cobupanu B aekadpe 2024 roma B prioxo3e
«Nodir Nozim quli» Byxapckoit obiactu B HH30BbsX peku 3apadman. M3 ynoBos
TOBapHOIO Kapna (IBYXJETOK), HAalpaBisieMbIX Ha peaju3alyio B TOPTOBIIO, OTOOpaIu
6e3 BbIOOpa 25 ocobeit. Y pwid m3mepunu obmryto (TL, cm) u cranmaptayo (SL, cwm)
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JUTMHBI Tena, oomyo maccy (W, r) tena. Peib xmamu Ha OOK, pacHpsSMHIIN IJIABHUKA H
nenanu nuudposeie Gotorpaduu ¢ moMoniplo mratuBa. Ock GoToKamepsl ObLIa CTPOTO
NEPICHINKYIIpHA IUIOCKOCTH, Ha KOTOpOH Jexkana 3aduKCHpOBaHHAs — phiOa.
[Inactuyeckue Tmpu3HAKKM U3MEpsSIM Mo 1UGpoBbIM QororpadusiM C MOMOUIBIO
uHcTpymeHTa «JluHeiika» B mporpamme «Photoshopy». M3mepsiin npusHaku mo cxeme
mpoMepoB peI0 cemeiictBa kaprmoBeix (Cyprinidae). Taxke Boiaenumu 10 OpueHTHPOB 110
nepuMeTpy Tena peiObl, Jexameil Ha Ooky. dotorpadupoBanu pbld LETMKOM MO
CTPOTUM MPSIMBIM YIJIOM C MOMOIIBI0 3adukcupoBaHHoro mraTtuBa. [lo ¢ortorpadpusm
U3MEPSUTH PACCTOSHUS IO TPSMOM MEXAY OPHUEHTHPAMH, T.€. COCTABHIIM T.H. «truss»-
npotokon [7],[8],[9]. Jlunuu npomepoB ykaszaHsl B ciieayroiieM ¢popmaTe: Hanpumep, «2 —
4y o0o3HayaeT mpoMmep MeXAy opueHTtupamu 2 u 4 mo mnpsamor (puc. 1). s
HUBEJIHPOBAHUS BIUSHUS aJUIOMETPUUYECKOTO pocTa prI0 paccuuThiBaid HHIEKCH (%%)
IUIACTUYECKUX IPU3HAKOB 110 OTHOIIEHUIO K CTaHAAPTHOH AJIMHE Tena.

P o o SIBLR 2

Puc. 1. OpueHTHPHI HA IOBEPXHOCTH Tena JABYXJIETOK Kapﬁ;i, Byxapckas o6aactb

Pe3yabTaTel. B Haeil BbIOOpKe y IBYXJIETKOB KapIoB B CIIMHHOM IUiaBHUKE |V
18-19 nyueit, B anasnibHoM |1l 5 nyueit. ¥V yemryituateix kapnoB B 60koBoif suxuu 37 - 39
yemyi. OgHako, UIsl Kapma, Ui KOTOPOro OJHUM M3 HampaBlIeHUM celekuuu Obuio
YCWJIEHUE JOJM 3€pKAJbHBIX KaploB, JaHHBIA IIOKAa3aTeb HE BCErJa MMEET CMBICI
OTIpeeIIATh Kak Ouonoruueckyro BennunHy. Ha nepBoit sxabepHoit nyre 26-28 ThIYMHOK.
I'morounsie 3yon1 Tpexpsanbie 1.1.3-3.1.1. Ha BepxHneii ryoe nBe mapsl ycukoB. Kapn B
MPYAOBOM DPBIOOBOJCTBE HUMEET JOCTATOYHO BBICOKOE TE€JO0, YTO OBLIO OAHMM W3
HallpaBlIeHUN cenekuuil. Por HWKHMN. B CIIMHHOM M aHalbHOM IIJIaBHUKAX €CTh IIO
3a3yOpeHHOMY KOCTSHOMY Jydy. B Hamielr BeiOopke 12 ocoOeii u3 25 ObUT YenryidaThiid
MOKPOB M3BECTHBIM KakK 3epKaJbHBII pa30pOcaHHbII Kapll, y OCTaJbHBIX BCE TENO OBLIO
ITOJIHOCTBIO MOKPBITO KPYITHOM Yenryeil.

B uccnenoBanHON BHIOOPKE r0OIOBAJIBIX KapIloB ObLIH 0cOOH 00mIei 1muHoM 29,5 —
32,3 cm, ctanaapTHO anmuHOM 24,5 — 27,2 cm. O6miast Macca Tena rojloBUKoB Obuia 312-
446 .

MHuaekcesl MI1acTUYECKUX MPHU3HAKOB MMPOMEPOB Teja JBYXJIETOK Kapra B %% OT
CTaHJAapTHOM JUIMHBI TeJla 10 KJIACCHUYECKOM CXeMe IIPOMEpPOB KaploBbIX pbIO
npeacTaBieHbl B Tabuuie 1, mpomMepoB rosoBbl B %% OT JJIMHBI TOJIOBBI NPUBEJIEHBI B
Tabnmuie 2, IpOMEpPOB Tela 10 OPUEHTUPAM TIeOMETpUYecKoil MopdomeTpun («truss-

protocol») (%% ot craHmapTHOHN [UIMHBI TeTa) — B TabwuIe 3.
Taoauna 1. Uaaexkchl IUIacTHYECKUX NPU3HAKOB JIBYXJIETOK Kapma no KjiaccuyecKoii cxeme
NPOMEPOB KApHOBbIX

Ilokasamens Mun. Marxc. Cpeonee Owmbra C.,%
cpedHezo

O6was musHa tena (TL) 112,1 120,8 116,66 0,68 2,3
JmHa TynoBwuia 70,5 75,3 72,62 0,43 2,3
JlunHa peiaa 6,8 10,3 8,57 0,26 11,7
Juamerp riaza 3,7 5,6 4,58 0,13 11,0
3arja3sHUYHBIA OTIEI TOJOBBI 13,4 16,6 14,84 0,27 7,1
Jnvna ronoss 23,8 29,6 26,97 0,48 6,8
BricoTa royioBsl y 3aTbuiKa 20,3 24.6 22,15 0,30 53
HawnbGosnbmas BeicoTa TETa 32,4 37,2 34,76 0,35 3,9
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Haunmennias BoIcoTa TEIA 12,6 15,9 14,47 0,24 6,6
AHTenopcallbHOE PacCTOSIHHUE 48,8 55,7 51,22 0,49 3,7
ITocTaocanbHOE paccTosiHNE 24,0 32,8 27,49 0,58 8,1
JlmrHa XBOCTOBOTO CTEOIISI 13,4 19,0 16,11 0,39 9,3
Houna ocHoBanus D 39,1 45,4 41,25 0,44 4,1
Hawunbosnpmras Beicota D 14,8 18,9 16,84 0,28 6,4
JinHa ocHoBaHust A 8,1 12,5 10,70 0,31 11,3
HawuOousbIas Beicota A 13,6 19,4 15,74 0,43 10,7
Jana P 15,0 21,2 18,32 0,49 10,3
Jmuaa V 14,2 20,4 17,23 0,40 8,9
Paccrostane P-V 21,7 25,6 22,68 0,24 4.1
Paccrosnue V - A 25,6 31,4 28,33 0,43 5,8

Taonauna 2. UHaekcbl NJacTHYECKHUX NPU3HAKOB MPOMEPOB roJ10BbI ABYXJ1eTOK kapna (% %

OT JJIMHBI FOHOBLI)

Toxazamens Mun. Makec. Cpeonee Ouubxra C,,%
cpeoneco
JluHa peiia 27,0 36,9 31,75 0,67 8,2
Juametp rnaza 14,1 19,5 17,03 0,47 10,8
3ariasHuyHbIA OTAEN FOJIOBEI 47,7 64,8 55,13 1,05 7,3
BricoTa roJioBsl y 3aThlUIKa 71,6 103,3 82,57 2,17 10,2

Tabuuna 3. MHaexchl I1acTHYeCKHX NPU3HAKOB reoMeTpru4YecKkoil MopgoMeTpHH ro10BHKOB

Kapna
Iloxazamenv | Mun. | Maxc. | Cpeonee Owubxa Cy,%
cpednezo

2-4 19,8 24,7 22,76 0,36 6,1
4-6 26,0 32,7 29,60 0,51 6,7
6-8 38,9 44,7 41,04 0,41 3,9
8-10 8,8 14,6 12,30 0,44 14,0
9-10 14,7 16,9 15,95 0,16 3,9
7-9 9,3 15,6 12,49 0,40 12,3
5-7 8,3 11,4 10,31 0,21 78
3-5 24,0 30,9 27,53 0,46 6,5
2-3 47,5 52,6 49,46 0,36 2,8
1-2 21,5 27,6 24,42 0,48 7,6
1-4 22,3 25,9 24,17 0,26 4,1
1-3 21,6 27,9 24,82 0,59 9,2
3-4 39,5 42,1 40,69 0,21 2,0
5-6 41,0 45,4 44,26 0,31 2,7
7-8 12,6 17,8 15,99 0,35 8,5
4-5 60,1 69,2 63,19 0,60 3,7
3-6 331 37,1 35,31 0,32 3,5
6-7 45,4 56,9 48,47 0,69 55
5-8 20,4 23,8 22,58 0,26 4,5
7-10 18,1 21,3 19,82 0,25 4,9
8-9 17,0 23,4 20,48 0,50 9,4

Oocy:xaenue. B ppiO0X0341iCTBEHHBIX UCCIEAOBAHUIX PA3IHUAIOT TUKYIO0 (hopMy
BHUJa (ca3zaHa) W KylnbTypHYIO GopMbl. CazaH oburtan B OacceitHe ApallbCKOTO MOpsi 10
BCEM PaBHUHHBIM PETMOHAM, XOTsl U HE CO3/1aBajl IPOMBICIOBBIX CKOIUIEHHH. B ToM uncne
o0HuTan B pa3HOTUIIHBIX BojoeMax OacceitHa 3apadmana. KynbrypHbie ¢hopMmbl kapra B
VY36ekuctan BeAyT CBOIO HCTOPHIO OT 3aBE3€HHBIX pbIO (B Havane 1960x) ykpaumHCKOM
yelryiyaTod MOpoJbl KapH, a TakKe YacTUYHOTO CMEUIMBAHUSA HX C MECTHBIM
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OKYJIbTYPEHHBIM KapnoM u3 cpefHero teueHus Ceipaapbu. B TamkeHTckoil obmactu
OBUIO OCBOEHO 3aBOACKOE MAacCOBOE BOCIIPOM3BOJICTBO ITOr0 00BEKTA, IOTOMCTBO Kapra
PEryJsipHO 3apbIONIsIM BO BCE PErvMoHbl Y30ekHucTaHa. BBICOKOCTIMHHBIN KyJIbTYypHBIN
Kapl XOpOLIO IMPHUCIOCOOMIICS K YCIIOBUSIM €CTECTBEHHBIX BOJIOEMOB, 3aMEHMJI BE3JIE
JUKOTr0 IPpOroHKcTOro casana [3], [5].

B MupoBoM pbIOOXO3SHCTBEHHOM CEKTOpE Kapl Kak OOBEKT aKBaKyJIbTYphI
OTHOCHUTCSI K OCHOBHBIM M BXOJIUT B TSTh OOBEKTOB C CaMbIM OOJBIINM MPOU3BOJACTBOM
[4].

B ecrecTtBeHHBIX BojoeMax apeana B mpenenax crpan CHI' y xapma orMeuanu
cnenyromue Mepuctadeckue mokazarenu: D I — IV 15 —-22, A lll — IV 5 — 6, B GokoBoit
muaun 32 — 41 yemyii, Ha niepBoii xabepHor nyre 21 — 29 TeiuuHOK [1]. B Bomoemax
OacceiiHa ApaJibCKOTO MOpsI y Kapna OTMEYajIH CIEAYIOINE MEPUCTHUECKUE TTOKA3aTEeIH:
B crnuHHOM tuiaBHuKe |lI-1V 18-19, B amamsaOM Il 5 nydeil. B GokoBoit nuHHM Yy
yemyifuateix opm 36-40 uemyit. Ha mnepBoif sxabepHoit nyre 25-30 TBIYMHOK.
I'motounsle 3yObl Tpexpsianble 1.1.3-3.1.1. BuagHo, 4YTo HamM JaHHBIE XOPOLIO
BITMCBIBAIOTCS B YKa3aHHBIE pa30pOChl IOKa3aTeNeH.

BbiBoabl u mpenjoxkenus. Ha kapma, kak m Ha Apyrue OOBEKTHI, KOTOPBIX
COZIEp&KAT B OTKPBITBIX YCJIOBHUSX, OKa3blBAE€T BO3PACTAIOIIEE BIMSHUE aHTPOIOICHHBIN
¢daktop. /[lng Takoro BaXHO OOBEKTa CIEOyeT OTCIEKHUBATH OHOJOTHUECKUE
XapaKTEPUCTUKM M MX HM3MEHEHUs, O KOTOPBIX MH()OPMALUIO JAT MOpPQOJOrHYecKue
MoKa3aTen, KOHTPOJIMpYEeMbIe oJUreHaMu. MophomeTpruueckue oKa3aTean OTPaXaroT
HE TOJBKO TIE€HETHUYECKHE YCIOBHSA, HO aJalTallMOHHBIA IOTEHLMal BHUIOB. BaxHO
¢bukcupoBath (EHOTHUIHYECKHE HW3MEHEHHMsS BHAAa B IPOIECCe HMX OHTOreHe3a, Kak,
HalpuMmep, JAeJaloT B OTHOUIEHWH O€JOoro TOJCTOJIOOMKAa M JpPYyruX LEHHBIX BHJOB
cnenuanuctel Kutas [6], [10]. B VY30exkucrane, HecMOTps Ha LEHHOCTh Kapma s
IPOMBIIIJICHHOCTH, IPAKTUYECKHU MOP(OIOrMUECKUX UCCIIEI0BaHUI HE POBOAMIIN.

OTMeTuM, 9TO MBI NMPOAHAIM3UPOBAIH ABYXJETOK Kapra (B PhIOOBOJICTBE — 3TO
LICHHas BO3pacTHas IpyIIa, U3BECTHas Kak ToBapHas pbida). C GHONOrHYecKoil TOYKH
3pEHHS — 3TO HETIOJIOBO3PEIIbIE MOKOJICHUS Kapla B MECTHBIX ycloBUsAX. B manHo# pabore
MBI OXapaKTEepPU30BaJIM KapIa B MIPYIOBBIX X035 CTBaX HU30BbEB peKU 3apadiuaH.
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JANUBIY O‘ZBEKISTON SUDRALIB YURUVCHILARI SESTODALARINING
(CESTODA RUDOLPHI, 1809) TARAQQIYOT SIKLI

Toshov Utkir Jumayevich

Qarshi davlat universiteti, katta o‘gituvchi
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. Janubiy O‘zbekiston sudralib yuruvchilari sestodalarining (Cestoda Rudolphi, 1809)
taraqgiyot siklini o‘ganish magsadida 2020-202-yillarda tadgigot ishlari olib borildi. Bunda Cestoda
(Rudolphi, 1809) sinfining Cyclophylillidea (Beneden in Braun, 1900) turkumi Dipylidiidae (Mola, 1929)
oilasiga mansub Diplopylidium noelleri (Skrjabin, 1924) va Mesocestoidae (Poiriet, 1897) oilasiga mansub
Mesocestoides lineatus (Goeze, 1782) gelmintining taraqqgiyot sikli o‘rganildi.

Diplopylidium noelleri ning taraggiyot sikli oralig xo‘jayin — qo‘ng‘izlar va rezervuar xo‘jayin —
reptiliyalarning gekkonlar (Gekkonidae), agamalar (Agamidae), kaltakesaklar (Lacertidae) oilasi vakillari
ishtirokida o‘tishi aniglandi. Diplopylidium noelleri yetuklik bosgichida yovvoyi go‘shtxo‘r hayvonlarda
(bo‘ri, tulki, shoqol, yovvoyi mushuk va boshq.) parazitlik giladi. Oralig, rezervuar va definitiv
xo‘jayinlarning areali bir-biriga mos bo‘lib, bu sistematik gruppalar tur soni jihatdan Janubiy O‘zbekiston
cho‘l-dasht landshaftlaridagi biosenozlarda katta o‘rin egallaydi. Bu esa D.noelleri ning taraqqgiyot siklini
muvaffaqiyatli o‘tishini ta’minlaydi.

Mesocestoides lineatusning definitiv xo‘jayini — it, tulki, bo‘rsig va boshgalarning fekaliysida
kuzda (noyabr) hamda erta bahorda (mart) destrobilyatsiya jarayoni biroz tezlashadi va ko‘plab mezosestoid
tuxumi ajralib chiqgib atrof-muhitni invazion elementlar bilan ifloslantiradi. Bu vaqtda oribatid kanalar
sestoda tuxumlarini yutib yuboradi va shu tariga sestoda bilan zararlanadi.

Asosiy xo‘jayin ingichka ichagida voyaga yetgan sestodaning destrobilyatsiya davri gelmintning
oralig xo‘jayini — oribatid kanalarning aktiv harakat gilishi, ya’ni tuproq betiga ko‘proq migratsiya gilish
davriga to‘g‘ri keladi.

Mesocestoides lineatus ning taraqgiyot sikli oraliq xo‘jayin — oribatid kanalar va rezervuar xo*jayin
— reptiliyalarning agamalar (Agamidae) va kaltakesaklar (Lacertidae) oilasi vakillari ishtirokida o‘tadi.

Kalit so‘zlar: gelmint, sestoda, reptiliya, definitive xo‘jayin, oralig xo‘jayin, rezervuar xo‘jayin,
lichinka, tetradiy, mezosestoid, go‘ng‘izlar, oribatid kanalar, “parazit-xo‘jayin” tizimi.

DEVELOPMENT CYCLE OF CESTODA (CESTODA RUDOLPHI, 1809)
REPTILES OF SOUTHERN UZBEKISTAN

Abstract. Research work was carried out in 2020-2024 in order to study the development cycle of
cestodes (Cestoda Rudolphi, 1809) reptiles of Southern Uzbekistan. In this case, the development of the
helminth Diplopylidium noelleri (Skrjabin, 1924) belonging to the family Dipylidiidae (Mola, 1929) of the
class Cyclophylillidea (Beneden in Brown, 1900) of the class Cestoda (Rudolphi, 1809) and Mesocestoides
lineatus (Goeze, 1782) belonging to the family Mesocestoidae (Poiriet, 1897) cycle was studied.

It was found that the development cycle of Diplopylidium noelleri takes place with the participation
of the intermediate host — beetles and the reservoir host — representatives of the geckos (Gekkonidae),
agamidae (Agamidae), lizards (Lacertidae) family of reptiles. Diplopylidium noelleri is a parasite in wild
carnivorous animals (wolf, fox, jackal, wild cat, etc.) at maturity. The areas of intermediate, reservoir and
definitive hosts are compatible with each other, and these systematic groups occupy a large place in the
biocenoses of the desert-steppe landscapes of southern Uzbekistan in terms of the number of species. This
ensures the successful development cycle of D.noelleri.

In the feces of the definitive host of Mesocestoides lineatus — dog, fox, badger, in autumn
(November) and early spring (March), the process of destruction accelerates a little, and many mesocestoid
eggs are released and pollute the environment with invasive elements. At this time, the oribatid mites ingest
the cestodes eggs and are thus infected with the cestodes.

The period of destabilization of an adult cestode in the small intestine of the main host corresponds
to the period of active movement of the intermediate host of the helminth — oribatid mites, that is, more
migration to the soil surface.

The developmental cycle of Mesocestoides lineatus takes place with the participation of the
intermediate host — oribatid mites and the reservoir host — representatives of the reptilian family of agamidae
and lizards (Lacertidae).
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Keywords: helminth, cestode, reptile, definitive host, intermediate host, reservoir host, larva,
tetrad, mesocestoid, beetles, oribatid mites, “parasite-host"” system.

Kirish. Ma’lumki, Qashgadaryo viloyati O‘zbekistonning janubiy viloyatlaridan
biri bo‘lib, uning hududi, asosan, Qashgadaryo botig‘ini o‘z ichiga olgan; shimol, sharq va
janubi-sharqdan Zarafshon hamda Hisor tizma tog‘lari bilan o‘ralgan. Tog‘lar bilan
tekisliklar orasini adirlar egallagan. Tekislikning katta qismi g‘arbda Sandigli va Qizilqum
cho‘llari bilan tutashgan Qarshi cho‘lidan iborat [8].

Viloyatning tabiati o‘ziga xos bo‘lib, hayvonot dunyosi, aynigsa gerpitofaunasi
turlar xilmaxilligiga nihoyatda boy. Binobarin, reptiliyalar Janubiy O‘zbekiston cho‘l
ekosistemalarining muhim komponentlaridan biri sifatida ushbu ekosistemalarda katta
ahamiyatga ega. Shuningdek, sudralib yuruvchilar ekosistemalarda ozuga zanjirining
muhim halgasi bo‘lib golmay, gelmintlarning taraqqiyot siklida ishtirok etuvchi asosiy
zvenolardan biri hamdir [6].

Gelmintlar aksariyat umurtgali hayvonlarning parazitlari sifatida tabiatda keng
targalgan. Ular orasida Sestodalar (Cestoda, Rudolphi, 1809) sinfi vakillari alohida
ahamiyatga ega bo‘lib, biologik nuqgtayi nazardan sestodalar boshga parazit
chuvalchanglar ichida o‘ziga xos o‘rin egallaydi. Chunki ular biogelmintlar bo‘lib,
evolyutsiya jarayonida ontogenezining barcha bosgichlarini quruglik hamda suv muhiti
umurtgali va umurtgasiz hayvonlarida o‘tkazishga moslashgan. VVoyaga yetgan parazitlar
definitiv xo‘jayin organizmining ovgat hazm qilish sistemasi (ko‘prog ichakda) parazitlik
gilsa, lichinkalik stadiyasi esa odatda oraliq Xxo‘jayinning gavda bo‘shlig‘i va
to‘gimalarida o‘tadi. Cestodalar asosan baliglar, amfibiyalar, reptiliyalar, qushlar va sut
emizuvchi hayvonlarning turli organlari va sistemalarida parazitlik giladi. Bu
gelmintlarning taraqgiyot sikllari xo‘jayin almashtirish va nasllar gallanishi orgali o‘tib,
uchta organizm: parazit, definitiv va oralig xo‘jayin ishtirok etadi. Bunda bu
organizmlarning har biri invasion elementlarni targatuvchi hisoblanadi [1, 2, 7, 10].

Shuningdek, bu hayvonlar o‘zida turli-tuman mikro va makroparazitlar faunasini
saglashi bilan ham ahamiyatlidir. Mazkur fauna xo‘jayinlar (reptiliyalar) ning geografik
joylashuvi va turiga bog‘lig ravishda ma’lum darajada o‘zgarib turadi [2].

Bundan tashqari, reptiliyalar gelmintlar uchun asosiy va rezervuar Xo‘jayin
vazifasini bajaradi va ularning tabiatdagi sirkulyatsiyasida muhim rol o‘ynaydi [3].

Darhagiqgat, gelmintlar ham biogeosenozlarning muhim komponentlaridan biri
bo‘lib, bevosita yoki bilvosita — xo‘jayin (reptiliyalar) orgali ekosistemalarda moddalar
aylanishi va turlar sonini tartibga solib turilishida ishtirok etadi [1].

Sudralib yuruvchilar parazitlarining rivojlanish siklida o‘zlari yashaydigan sharoit
ham asosiy rol o‘ynaydi. Parazitlarni rivojlanish sikllari ham turli xilda amalga oshadi.
Rivojlanish davrida har bir parazit bir gator bosgichlarni bosib o‘tadi, ana shu bosqichlar
parazitlar morfologik xususiyatlariga ko‘ra bir-biridan farq giladi.

Tadgigot metodologiyasi. Janubiy  O‘zbekiston sudralib  yuruvchilari
sestodalarining (Cestoda Rudolphi, 1809) taragqgiyot siklini o‘rganish magsadida 2020-
2024-yillarda tadqiqot ishlari olib borildi. Bunda Cestoda (Rudolphi, 1809) sinfining
Cyclophylillidea (Beneden in Braun, 1900) turkumi Dipylidiidae (Mola, 1929) oilasiga
mansub Diplopylidium noelleri (Skrjabin, 1924) va Mesocestoidae (Poiriet, 1897) oilasiga
mansub Mesocestoides lineatus (Goeze, 1782) gelmintining taraqgiyot sikli o‘rganildi.

Bunda K.1.Skryabin (1928) uslubi asosida yil fasllarini inobatga olgan holda
reptiliyalar gelmintologik tekshiruvdan o‘tkazildi (jadval).

Jadval
Tekshirilgan hayvonlar tarkibi va migdori
. . Miqdori,
O¢rganilgan hayvonlar nusxada
Sudralib yuruvchi hayvonlar, shu jumladan: 86
Gekkonidae:
Cyrtopodion fedtschenkoi — Turkiston gekkoni 12
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Teratoscincus scincus — Ssink gekkoni 18
Agamidae:

Stellio lehmanni — Turkiston agamasi 8
Stellio himalayanus — Himolay agamasi 3
Trapelus sanguinolentus — dasht agamasi 5
Lacertidae:

Eremias velox — tez kaltakesakcha 21
Eremias arguta — rang-barang kaltakesak 19

Natijalar va muhokama. Go‘shtxo‘r hayvonlarning paraziti hisoblangan
Diplopylidium noelleri sestoda turining rivojlanishi oraliq (Insecta: Coleoptera) va
rezervuar (reptiliyalar) xo‘jayinlar ishtirokida boradi. Xo‘jayinlardagi rivojlanish
muddatlari eksperimental tarzda o‘rganildi.

Diplopylidium noelleri turining hayot sikli sutemizuvchilar (yirtgichlar) — tuxumlari
(tashgi muhit) — gattigganotlilar — sudraluvchilardan iboratligi aniglandi (1-rasm).

definitiv xo’javin tashqi muhit oraliq xo’jayin rezervuar xo’iavin

yirtgich | gelmint |—) hasharotlar — |—)| reptiliyalar
sutemizuvchilar tuxumlari qattigganotlilar

1-rasm. Diplopylidium noelleri (Skrjabin, 1924) ning taraqgiyot sikli sxemasi
Sudralib yuruvchilarda parazitlik qgiluvchi sestodalardan Dipylidiidae oilasi
vakillarining hayot sikli kam o‘rganilgan.

C.N.Macpherson va P.R.Torgenson ma’lumotlariga ko‘ra, mazkur oila vakili —
Diplopylidium skrjabini oralig xo‘jayin ishtirokida rivojlanib, bunda kaltakesaklarning
Gymnodactylus caspius turi oralig xo*jayin vazifasini o‘taydi [9].

2020-2024-yillarda Qashqgadaryo viloyatining cho‘l hududlari yaylovlaridagi
bo‘g‘imoyoqlilar gelmintlarning lichinkalik shakllari bilan zararlanganligini o‘rganish
jarayonida qo‘ng‘izlarning Adesmia gebleri, A.biseriata, A.septemcostata turlarida
morfologik belgilari bilan Diplopylidium avlodi sistiserkoidlariga mos keladigan
sistiserkoidlar topildi.

Sistiserkoidlar go‘ng‘izlarning tana bo‘shlig‘idan ajratib olindi. Ular biriktiruvchi
to‘gima kapsulasida joylashgan bo‘lib, diametri 0,28-0,37 mm va sharsimon yoki
ovalsimon shaklda. Skoleksi ichkariga tortilgan bo‘lib, diametri 0,06-0,08 mm keladigan
to‘rtta so‘rg‘ich bilan qurollangan. Xartumchasining uchki tomonida har birida 21-24
tadan 3 gator ilmoqchalar joylashgan. Birinchi gatordagi ilmoqchalarning kattaligi 0,03-
0,04 mm. Keyingi 2 gatordagi ilmoglarning kattaligi birinchi gatordagiga nisbatan ancha
kichik.

Hayvonlar 38, 64 va 97-kunlari to‘liq gelmintologik tekshiruvdan o‘tkazildi.

Topilgan lichinkalarning 25 nusxasini morfologik belgilarini chugqur o‘rganish
natijasida ularning Dipylidiidae oilasi Diplopylidium noelleri turiga mansub ekanligi
aniglandi.

Kaltakesaklardan ajratib olingan Diplopylidium noelleri tetratiridiylari 1,5-3 soat
mobaynida skolekslarini ichkariga tortgan holda turdi. Bu vaqtda lichinkaning tana shakli
noksimon yoki sharsimon formada bo‘lib, diametri 0,66-0,80 mm. Skoleksi to‘rtta kuchli,
gavariq so‘rg‘ichlar bilan qurollangan. Xartumchasi nisbatan kalta bo‘lib, ustki tomonida
3 gator ilmogchalar joylashgan. limogchalarning soni 1-qatorda 24-26, 2-qatorda 20-22, 3-
gatorda 18-20 tani tashkil etadi. Ilmoqchalarning uzunligi esa 1-gatorda 0,042-0,044 mm.
dan iborat. Ikkinchi gatordagi ilmogchalarning uzunligi ancha kalta. Lichinkaning gqobig‘i
zich biriktiruvchi to‘gimali tashqi va g‘ovak to‘gimali ichki gavatdan iborat. Parenximasi
turli shakldagi (sharsimon, oval) va o‘lchamdagi ohak zarrachalari bilan goplangan.
Integumentning uzunligi skoleksining asosida 0,25-0,32 mm.ni tashkil etadi.

Shunday qilib, Diplopylidium noellerining taraqgiyot sikli oralig xo‘jayin —
go‘ng‘izlar va rezervuar xo‘jayin — reptiliyalarning gekkonlar (Gekkonidae), agamalar
(Agamidae), kaltakesaklar (Lacertidae) oilasi vakillari ishtirokida o‘tadi.
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Diplopylidium noelleri yetuklik bosgichida yovvoyi go‘shtxo‘r hayvonlarda (bo‘ri,
tulki, shoqol, yovvoyi mushuk va boshg.) parazitlik giladi.

Oraliq, rezervuar va definitiv xo‘jayinlarning areali bir-biriga mos bo‘lib, bu
sistematik gruppalar tur soni jihatdan janubiy O°‘zbekiston cho‘l-dasht landshaftlaridagi
biosenozlarda katta o‘rin egallaydi. Bu esa D.noellerining taraqqgiyot siklini muvaffagiyatli
o‘tishini ta’minlaydi.

Mesocestoides lineatus (Goeze, 1782) sestoda turining hayot sikli. Janubiy
O<zbekiston sharoitida Mesocestoides lineatus turi ancha keng targalgan bo‘lib, voyaga yetgan
parazit xoldor mushuk, shogol, garsoq, gamish mushuklarida uchraydi va zararlanish
ekstensivligi 31,2% ga teng [4]. Shuningdek, tulki, bo‘rsiq kabi yovvoyi hayvonlarda invaziya
intensivligi yugori ekanligi (31-236 nusxagacha) gayd etilgan [5].

Sestodaning lichinkalari (tetratiridiy) sudraluvchilardan sariq ilon, cho‘l agamasi,
kaltakesaklarda hamda turli kemiruvchi hayvonlarda (kalamushlar, dala sichgoni va boshg.)
targalganligi ma’lum.

Tetratiridiylar uzunchoq shaklda bo‘lib, uzunligi 5-7 sm. dan 10-19 sm. gacha.
Tanasining oldingi gismi kengaygan, orga gismi esa torayib ingichkalashgan. Oldingi gismida
so‘rg‘ichlar bilan “qurollangan” skoleks mavjud.

Sestodaning targalishi, populyasiya strukturasi, hayot sikli, oralig, rezervuar, definitiv
xo‘jayinlarning turlar tarkibi, ekologik xususiyatlari, destrobilyasiya jarayoni va tashqi
mubhitni gelmint tuxumlari bilan zararlanishi, “parazit-xo‘jayin” tizimining faolligi va boshqa
jarayonlar bo‘yicha O<zbekiston hududi tabiiy sharoitida to‘plangan materiallar hamda
mavjud adabiyotlarda bo‘lgan ma’lumotlarni tahlil qilish natijalarini o‘rganib quyidagi
xulosalarga kelindi.

Sestodaning definitiv xo‘jayini — it, tulki, bo‘rsiq va boshgalarning fekaliysida kuzda
(noyabr) hamda erta bahorda (mart) destrobilyasiya jarayoni biroz tezlashadi va ko‘plab
mezosestoid tuxumi ajralib chiqib atrof-muhitni invazion elementlar bilan ifloslantiradi. Bu
vaqtda oribatid kanalar sestoda tuxumlarini yutib yuboradi va shu tariga sestoda bilan
zararlanadi.

Xarakterli tomoni shundaki, asosiy xo‘jayin ingichka ichagida voyaga yetgan
sestodaning destrobilyasiya davri gelmintning oraliq xo‘jayini — oribatid kanalarning aktiv
harakat gilishi, ya'ni tuproq betiga ko‘proq migratsiya qilish davriga to‘gri keladi. Oribatid
kanalar tog‘oldi yaylovlari, nam tuprogli biotoplarda ko*proq uchraydi.

Mezosestoidlarning ikkinchi parazit populyasiyasi — tetratiridiylar bilan rezervuar
xo‘jayin — sudraluvchilarning zararlanishi ko‘proq yoz hamda erta kuz fasllariga to‘g ri keladi.
Zararlanish intensivligi 32,6% ga teng.

Ushbu sestodaning oralig xo‘jayinlari asosan Scheloribates avlodiga mansub oribatid
kana turlari hisoblanadi.

Parazit lichinkalari rezervuar xo‘jayinlar — sudraluvchilar, kemiruvchilar, tipratikanlar
tanasida “akkumulyasiya” (to‘planish) sodir bo‘ladi. Shu sababli yilning turli fasllarida
definitiv xo‘jayinni zararlaydilar. O‘zbekiston sharoitida bu sestodaning asosiy rezervuar
xo‘jayinlari sudraluvchilar hisoblanadi.

Tadqgiqotlarimizdan ma’lum  bo‘lishicha, mezosestoidlarning to‘rtta  guruh
populyatsiyasi (tuxum, sistiserkoid, tetradiritiy hamda voyaga yetgan sestoda) davrini
(ontogenez) o‘taydi. U uchta sistematik gruppa vakillari organizmiga hamda atrof-muhit
sharoitiga bio-ekologik jihatdan yaxshi moslashgan. Bu esa o‘z navbatida turli ekologik
sharoitlarda yashovchi umurtgali hayvonlar biosenotik alogalarni saglanishi va shu tariga
gelmint hayot siklini ro‘yobga chigarishni ta’minlaydi.

Ushbu gelmintlarning hayot sikli sutemizuvchilar (yirtgichlar) — tuxumlari (tashqi
muhit) — oribatid kanalar — sudraluvchilardan iborat ekanligi aniglandi (2-rasm).

definitiv xo’iavin tashqi muhit oraliq xo’jayin rezervuar xo’iavin

yirtqich = gelmint | —) oribatid | reptiliyalar
sutemizuvchilar tuxumlari kanalar

2-rasm. Mesocestoides lineatus (Goeze, 1782) sestodasining hayot sikli sxemasi
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Shunday qilib, Mesocestoides lineatusning taraqqiyot sikli oralig xo‘jayin —
oribatid kanalar va rezervuar xo‘jayin — reptiliyalarning agamalar (Agamidae) va
kaltakesaklar (Lacertidae) oilasi vakillari ishtirokida o‘tadi.

Xulosa. Sudralib yuruvchilarning gelmintlar hayot siklida ishtirok etishi, tegishli
ekotizimlarning komponentlari bilan biosenotik o‘zaro alogalarning namoyon bo‘lishining
bir ko‘rinishi hisoblanadi va gelmintozlar epizootik jarayonida ma’lum bir rol o‘ynaydi.

Binobarin, sudralib yuruvchilar O‘zbekiston biosenozlarida umurtgali hayvonlar
landshaft guruhlaridan biri hisoblanadi. Tarqgalish areali bo‘yicha ular boshga quruglik
umurtgali hayvonlaridan ustunlik giladi, ko‘p migdorda hasharot va kemiruvchilarni giradi
hamda ayrim sut emizuvchilar va qushlarning ozuqgasi sifatida xizmat giladi. Bu bilan
sudralib yuruvchi hayvonlar ekosistemalarda moddalar aylanishida muhim ahamiyat kasb
etadi.
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Annotatsiya. Maqolada Qashqgadaryo sharoitiga introduksiya qilingan Spiraea L. navlarining
fenologiyasini o‘rganish natijalari Kkeltirilgan. Tadgigot obyekti sifatida Qarshi shahriga introdkutsiya
qilingan Spiraeaxcinerea 'Grefsheim', Spiraeax vanhouttei (Briot) Zabel va Shaxrisabz shahriga introduksiya
gilingan S. nipponica 'June Bride', S. nipponica 'Snowmound', Spiraeaxcinerea 'Grefsheim' navlari
tanlangan. S. nipponica ‘June Bride’, S. nipponica ‘Snowmound’ navlari Qashqgadaryo sharoitida barcha
asosiy fenologik fazalarni, Spiracaxvanhouttei (Briot) ‘Zabel’ esa gullash fazasini muvaffagiyatli o‘taydi,
ularda yozning stress omillaridan zararlanish belgilari kuzatilmaydi. O‘zbekistonning janubiy viloyatlari
shaharlarini ko‘kalamzorlashtirishda mahalliy sharoitga chidamli va yuqori darajada manzarali butalar
sifatida bu navlardan keng foydalanish tavsiya etiladi. Vegetatsiyasini erta boshlab, mo‘l gullaydigan
Spiraeaxcinerea ‘Grefsheim’ navini yozning issiq va quruq sharoitiga bardoshini oshirish masalalarini tadqiq
etish magsadga muvofiq deb topilgan.
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Kalit so‘zlar: introduksiya, Spiraea, nav, fenologiya, vegetatsiya, gullash, mevalash, issiq,

qurg‘oqchilik.
PHENOLOGY OF SPIRAEA L. VARIETIES INTRODUCED IN
KASHKADARYA

Abstract. The article presents the results of the study of the phenology of the varieties of the genus
Spiraea L., introduced in the conditions of Kashkadarya. The objects of the study were Spiraea xcinerea
'Grefsheim', Spiraeaxvanhouttei (Briot) 'Zabel', introduced in the city of Karshi, and S. nipponica 'June
Bride', S. nipponica 'Snowmound’, Spiraea>cinerea 'Grefsheim’, introduced in the city of Shakhrisabz. The
varieties S. nipponica ‘June Bride’, S. nipponica ‘Snowmound’ successfully pass all the main phenological
phases in the conditions of Kashkadarya, and Spiraea xvanhouttei (Briot) ‘Zabel’ successfully pass the
flowering phase, while they do not show signs of damage by summer stress factors. It is recommended to
widely use these varieties in landscaping of cities in the southern regions of Uzbekistan as shrubs resistant to
local conditions and highly decorative. It is considered appropriate to study the issues of increasing the
resistance of the abundantly and early flowering variety Spiraea xcinerea 'Grefsheim'to hot and dry summer
conditions.

Keywords: introduction, Spiraea, variety, phenology, vegetation, flowering, fruiting, heat, drought.

Kirish. Fenologiya o‘simliklarning atrof-muhit sharoitlariga moslashuvini
belgilaydigan eng muhim ko‘rsatkichlardan biridir. Bu usul introduksiya gilingan
turlarning yangi sharoitlarda yashashi va moslashish darajasini baholash imkonini beradi
[1]. Introdutsentlar ustida fenologik kuzatuvlarni olib borish landshaft arxitekturasida
ko‘kalamzorlashtirish tadbirlarini muvaffaqgiyatli rejalashtirish uchun hizmat giladi [2].

Global isish va urbanizatsiya sharoitida introduksiya gqilingan manzarali
o‘simliklarning moslashish qobiliyatini o‘rganish, aynigsa, dolzarbdir. Rosaceae oilasi
vakillari xilma-xilligi va manzaralilik xususiyatlari bo‘yicha dunyo florasida yetakchi
o‘rinlardan birini egallaydi. Oila daraxt, buta va otsimon hayotiy shakllarga ega bilan
ifodalangan 3000 dan ortiq turlarni birlashtiradi, ularning ko‘pchiligi manzaraliligi, uzoq
gullashi, chiroyli mevalari va barglari tufayli ko‘kalamzorlashtirishda keng go‘llaniladi

[3].

Ular orasida Spiraea L. turkumi vakillari o‘ta manzaraliligi, alohida parvarish talab
gilmasligi va shahar sharoitiga chidamliligi tufayli muhim o‘rin tutadi. O‘zbekistonning
janubiy viloyatlarini, xususan, Qarshi va Shahrisabz shaharlarini ko‘kalamzorlashtirishda
Spiraea L. navlari istigbolli hisoblanadi.

Spiraea barg to‘kuvchi buta hayotiy shaklidagi 80 dan 100 gacha turlarni o‘z
ichiga oladi. Shimoliy yarim sharning mo‘tadil va subtropik zonalarida keng targalgan. Bu
turkum vakillarining 70 ga yagini (47 tasi endem) Xitoy hududida o‘sadi [4, 5]. Turkum
navlari turli iglim sharoitlarida mo‘l va davomli gullashi, shox-shabbalarining shakli va
qurg‘oqgchil iglimga moslashish darajasi bilan bir-biridan farq giladi. Ammo, bizga
ma’lum bo‘lgan ilmiy manbaalarda O‘zbekiston janubining issiq kontinental iglimida bu
navlarning mavsumiy rivojlanishi haqida hech gqanday ma’lumot yo‘q. Shu bilan birga,
fenologik kuzatishlar ularning iglimga moslashish darajasini baholashga, manzaralilik
davrlarini aniglashga va mahalliy iglim omillariga eng chidamli navlarni tanlashga imkon
beradi.

Qashgadaryo viloyati sharoitiga introduksiya gilingan Rosaceae oilasiga mansub
Spiraea navlarining fenologik xususiyatlarini o‘rganish ularning yangi iglim sharoitiga
moslashganligi, o‘sishi, rivojlanishi va chidamliligini baholash imkoniyatini beradi.
Shunga ko‘ra, Qashgadaryo viloyatining Qarshi va Shahrisabz shaharlariga introduksiya
gilingan Spiraea navlarining o‘sishi va rivojlanishining fenologik fazalarini o‘rganish,
fenologik fazalarning rivojlanishiga igqlim omillarining ta’sirini baholash, o‘rganilgan
navlarning fenologik xususiyatlarini giyosiy tahlil gilish muhim ahamiyatga ega.

Ushbu tadgigot Qarshi va Shahrisabz shaharlarida introduksiya gilingan Spirea
turkumiga mansub uchta navda asosiy fenologik fazalarning o‘tish xususiyatlarini
o‘rganishga bag‘ishlangan. Olingan ma’lumotlardan ko‘kalamzorlashtirish ishlarini
rejalashtirishda, bog‘dorchilikda va boshga hududlarga introduksiya gilishga doir
tadgiqgotlarda foydalanish mumkin.
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Materiallar va metodlar. Fenologik kuzatuvlar 2023—-2024-yillarda Qashgadaryo
viloyatining ikkita: Qarshi va Shahrisabz shaharlarida o‘tkazildi. Tadgiqot obyekti sifatida
quyidagi navlar tanlangan: Qarshi shahriga introdkutsiya qgilingan Spiraea x cinerea
'Grefsheim', Spiraea * vanhouttei (Briot) Zabel va Shahrisabz shahriga introduksiya
qgilingan Spiraea nipponica 'June Bride', Spiraea nipponica 'Snowmound', Spiraea *
cinerea 'Grefsheim'.

Barcha o‘simliklar o‘xshash tuproqg sharoitlari bo‘lgan ochig maydonlarga (yengil
qumogq tuprogli), yetarli darajada quyosh tushadigan joylarda ekilgan. O‘simliklar shu
navlar uchun tavsiya gilingan agrotexnologiya bo‘yicha parvarishlandi [6].

Qashqgadaryo viloyatining Qarshi va Shahrisabz shaharlari tarixiy ahamiyati, iglimi
va iqtisodiy xususiyatlari bilan ajralib turadigan O<zbekiston janubi uchun muhim
markazlardan hisoblanadi. Qarshida yozda harorat ayrim yillari 45°C va undan yuqori
bo‘lgani holda, Shahrisabzda maksimal 37-38 °C bilan cheklanishi mumkin. Har ikki
shaharda gish nisbatan yumshog, ammo Qarshida harorat pastroq bo‘lib, o‘rtacha — 1,6°C
ni, Shahrisabzda esa o‘rtacha — 0,3°C ni tashkil qgiladi. Qarshi shahriga gishda (yanvarda
27-56 mm) Shahrisabzga (7-22 mm) nisbatan ko‘proq yog‘in tushadi. Har ikki shaharda
yozda yog‘ingarchilik deyarli kuzatilmaydi, ammo Shahrisabzda iyul va avgust oylarida
yil mobaynidagi eng minimal yog‘in yog‘ishi mumkin.

Tadgiqot obyektlarining vegetatsiya davrida rivojlanishining mavsumiy fazalarini
o‘zgarishi tizimli ravishda kuzatib borildi. Kuzatishlar faol vegetatsiya davrida (martdan
noyabrgacha) har 3-5 kunda amalga oshirildi. Olingan ma’lumotlarning ishonchli bo‘lishi
uchun har bir uchastkada har bir nav uchun kamida 5 ta o‘simlik o‘rganildi. Fenologik
fazalar sifatida kurtaklarning bo‘rtishi, barglarning hosil bo‘lishi, gullashning boshlanishi,
yalpi gullash, gullashning yakunlanishi, mevalarning hosil bo‘lishi, mevalarning yetilishi,
barglar rangining o°zgarishi, xazonrezgilik sanalari kabilar gayd gilib borildi. Har bir
fazaning davomiyligi, faza boshlanishigacha bo‘lgan davr haroratining o‘rtacha
ko‘rsatkichi aniglandi, rivojlanish fazalarning boshlanishi, davomiyligi bo‘yicha farglar
navlar, shuningdek, yillar kesimida giyoslandi. Spiraca x cinerea 'Grefsheim' navining
mavsumiy rivojlanish maromi har ikkala shaharda o‘rganilib, giyoslandi. Olingan natijalar
jadval va grafik shaklida ifodalandi, boshga sharoitda olingan natijalar bilan giyoslandi.

Natija va muhokama. Qarshi va Shahrisabz shaharlarida 2023-2024-yillar
davomida Spiraea navlarida fenologik fazalarning o‘tishini kuzatish natijasida fazalarning
boshlanishi vaqtlaridagi aniq farglar va har bir navning mahalliy iglimga moslashish
xususiyatlari aniglandi.

Spiraea nipponica ‘June Bride’ da kurtaklarning bo‘rtishi 2023-yilda 12-martda,
barglarning yozilishi 17 martda, g‘unchalash 5-apreldan boshlandi. Gullash 13-apreldan
boshlanib, 27 kun davom etdi. Mevalash fazasi 4-maydan boshlandi. Barglarning
sarg‘ayishi 28-oktabrdan boshlandi, xazonrezgilik 13-noyabrda tugadi. 2024-yilda esa
kurtaklarning bo‘rtishi 27-martdan, barglarning yozilishi 2-apreldan, g‘unchalash 12-
apreldan boshlandi. Gullash 2023-yilga nisbatan 1 hafta kechikdi va 2 kun uzoq (29 kun)
davom etdi, mevalashning boshlanishi 10 kunga kechikdi. Barglarning sarg‘ayishi 29-
oktabrdan boshlandi, xazonrezgilik 16-noyabrda tugadi.

Har ikkala yilda S.nipponica ‘Snowmound’ navi fenologik fazalari boshlanishi va
davomiyligi ‘June Bride’ naviniki singari kechdi. Bu holat Moskva sharoitida olingan
ma’lumotlarga mos keldi [7]. Tadgiqot yillari mobaynida har ikkala nav Shahrisabzda
yozning issiq va quruq sharoitidan zararlanmadi.

Spiraea % cinerea ‘Grefsheim’ uchun vegetatsiya va gullash boshlanishining eng
oldingi sanalari gayd etilgan bo‘lib, bu boshga mintagalarda, masalan, Markaziy Yevropa
va Janubiy Rossiya sharoitida olingan ma'lumotlarga mos keladi [8]. Qarshi shahrida
2023-yilda uning gulkurtaklari 14-fevraldanoq bo‘rta boshladi (jadval). G‘unchalash 27-
fevraldan, gullash esa 4-martdan boshlandi. Gullash 20 kun davom etib, 24-martda
yakunlandi. Yoppasiga gullash 14 kunni tashkil etdi. Barglari 18-martdan yozila boshladi.
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11-oktabrdan barglarining rangi sarg‘ayib, 3-noyabrgacha to‘kilib ketdi. 2024-yilda
kurtaklarning bo‘rtishni 2023-yilga nisbatan 30 kun kech boshlandi. Barglari 29 kun kech
yozila boshladi. G‘unchalash 20-martdan, gullash esa 24-martdan boshlandi (17 kun
kech). Gullash 26 kun davom etib, 19-aprelda yakunlandi. Yoppasiga gullash 20 kunni
tashkil etdi. Kuz oylari 12-oktabrdan barglari sarg‘aya boshladi va 10-noyabrgacha
to“kilib ketdi.

Qarshi va Shahrisabz sharoitida Spiraea x cinerea ‘Grefsheim’ barcha fenologik
fazalarni o‘tay olmadi. Vegetatsiya va gullashning boshlanishida kichik farglar kuzatildi
(1-4 kun). Bu fazalar Shahrisabzda biroz kechroq boshlandi.

Jadval

Spiraea navlarining Qashqgadaryo sharoitida fenologiyasi
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Tadgiqot o‘tkazilgan yillar mobaynida bu navning gullash fazasi tugagandan so‘ng
barglar hosil bo‘lishi va novdalar o‘sa boshlashi kuzatildi. Ammo, Qarshi shahri sharoitida
may, Shahrisabzda iyun oyi oxiridan o‘sish to‘xtadi. Yozning issiq va qurug sharoitida
barglar kuyib, o‘simlik manzaraliligini yo‘qotdi. Qarshi sharoitida manzaraliligi
tiklanmadi, Shahrisabz sharoitida avgust oyidan yangi novdalar o‘sa boshladi va o‘simlik
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manzaraliligini gisman tikladi. Qarshi va Shahrisabz o‘rtasida bu farglar o‘rganilayotgan
hududlarning mikroiglim xususiyatlari bilan bog‘liq. Shahrisabz dengiz sathidan 622 m
balandlikda joylashgan va atrofi ikki tomondan tog‘lar bilan o‘ralgan. Qarshi esa 374 m
balandlikda, cho‘l mintagasida joylashgan Shahrisabzning bunday joylashuvi bahorgi
havo haroratining biroz salginlashishiga olib keladi, bu esa o‘simliklarning o‘sishi va
gullashining biroz kechikishiga sabab bo‘ladi. Shunga garamay, fenologik fazalarning
umumiy tabiati o°‘xshashligicha qoldi, bu navning issiqga bardoshsiz ekanligini

tasdiglaydi.
py—— 0% | D
Jime Bride’ STy, | mm —
S.nipponica  Shaxrisabz 2023 [ | I
Sowmiound’ 204 ] | ]
2023 B s |
S.x cinerea Qarshi 2024
‘Grefiheim’ 2023 -,
efheim Shaxnisabz 2024 _
S < vahontie 20 . |
(Brio) ‘Zabel’ ' TH oo, [ |

[ - vegetatsiyaning boshlanishi - gul kurtaldarning bo'rtishi B - sullash
- mevalaming yetilish: - barglaming issigdan sarg‘ayishi
Rasm. Spiraea navlarining Qashgadaryo sharoitida fenospektri

Spiraea * vanhouttei (Briot) ‘Zabel’ Qarshi shahrida vegetatsiyasini 2023-yilda
21-fevraldan, barglari bir hafta o‘tib yozilishni boshlandi. Gullash mos ravishda 20-martda
boshlanib, 13-aprelda tugadi (24 kun). 12-oktabrdan xazonrezgilik boshlandi. Ushbu
navning 2024-yildagi vegetatsiyasi 7 kun, gullashi 11 kun kechikib boshlandi. Ammo
gullash davomiyligi 4 kunga farqg qildi (28 kun). Ushbu navning Qashgadaryo sharoitida
mevalash fazasini o‘tamasligini navga xos xususiyat ekanligi bilan izohlash mumkin [9].
Yozning issiq va quruq sharoitida Spiraea x cinerea ‘Grefsheim’ga nisbatan ancha
bardoshli ekanligini namoyon qildi. Har ikkala yilda hazonrezgilik deyarli bir xil vagtda
boshlandi.

Spiraea nipponica ning har ikkala navi hamda Spiraea x vanhouttei (Briot) ‘Zabel’
eng davomli va eng manzarali gullashi bilan ajralib turdi. Bu navlar qurg‘oqgchilikka
yugori darajada bardoshli ekanligini ko‘rsatdi.

Xulosa. Shunday qilib, o‘rganilgan barcha navlar Qashgadaryo sharoitida har vyili
gullaydi, gishda sezilarli zararlanmaydi. Spiraea nipponica ‘June Bride’, S. nipponica
‘Snowmound’ navlari Qashgadaryo sharoitida barcha asosiy fenologik fazalarni, Spiraea x
vanhouttei (Briot) ‘Zabel’ esa gullash fazasini muvaffagiyatli o‘taydi. Bu ularning
introduksiya sharoitidagi qurg‘oqchil iglimga yaxshi moslashganligini bildiradi. Suv
resurslari cheklangan va yozda haddan tashgari yuqori harorat kuzatiladigan hududlar
uchun ushbu xususiyat juda muhimdir. O‘zbekistonning janubiy viloyatlari shaharlarini
ko‘kalamzorlashtirishda mahalliy sharoitga chidamli va o‘ta manzarali butalar sifatida bu
navlardan keng foydalanish tavsiya etiladi.

Boshga navlarga nisbatan vegetatsiyasini erta boshlaydigan Spiraeaxcinerea
‘Grefsheim’ navi mart oyining boshida bilan gullaydi, ammo yozdagi jazirama issiqdan
zararlanishi tufayli har ikkala sharoitda ham meva hosil gilmaydi. Ushbu navni yozning
issiq va quruq sharoitiga bardoshini oshirish masalalarini tadgiq etish magsadga muvofig.
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Annotatsiya. Ushbu magolada Ferula turkumining O‘zbekistonning markaziy hududlarida
targalgan ayrim endem turlari — F. helenae, F. nuratavica, F. pratovii va F. kyzylkumica hamda ularga
morfologik jihatdan yaqin bo‘lgan gardosh turlarning fazoviy tagsimoti va kelib chigish markazlari tahlil
gilindi. Tadgigotda GIS texnologiyalari asosida Kernel zichlik, Point zichlik, o‘rtacha (mean), median
markaz va dispersiya radiusi (standard distance) kabi metodlar qo‘llanildi. Tahlil natijalari ushbu turlar
uchun asosiy zichlik zonasi Nurota tizmasi atrofida joylashganini ko‘rsatdi. Ushbu hudud Ferula
turkumining ayrim endem turlari uchun ehtimoliy kelib chigish markazi va turli ekologik sharoitlarga
moslashuv joyi sifatida ajralib turadi. Tadgigot natijalari biogeografik tahlillar, endemizm darajasini
baholash va tabiatni muhofaza qilish strategiyalarini ishlab chigishda muhim manbaa bo‘lib xizmat giladi.

Kalit so‘zlar: Ferula, endemizm, geofazoviy tahlil, Kernel zichlik, kelib chigish markazi,
O<zbekiston

GEOSPATIAL DISTRIBUTION AND ORIGIN CENTERS OF ENDEMIC
SPECIES OF THE GENUS FERULA L. IN THE CENTRAL REGIONS OF
UZBEKISTAN

Abstract. This paper examines some endemic species of the genus Ferula, common in the central
regions of Uzbekistan — F. helenae, F. nuratavica, F. pratovii and F. kyzylkumica. The spatial distribution
and centers of origin of these species, as well as morphologically closely related species, were analyzed. The
study used methods such as Kernel density, point density, Mean, mean center, and radius of dispersion
(standard distance) based on GIS technologies. The analysis results showed that the main density zone for
these species is concentrated around the Nuratau Ridge. This area stands out as a center of probable origin
for some endemic species of the genus Ferula and a place of adaptation to various environmental conditions.
The research results serve as an important resource for biogeographic analysis, assessment of endemism
levels, and development of conservation strategies.

Keywords: Ferula, endemism, geospatial analysis, Kernel density, center of origin, Uzbekistan.

Kirish. O‘zbekiston hududi, xususan, uning markaziy gismlari, geologik va ekologik
jihatdan xilma-xil tuzilishga ega bo‘lib, ko‘plab endem o‘simlik turlarining shakllanishi va
saglanishi uchun qulay sharoit yaratgan. Bunday hududlar gatoriga Nurota tizmasi, Qizilqum
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cho‘lining janubiy chekkalari va ularga tutash Zarafshon vodiysi kiradi. Bu mintagalar turli
ekologik gradientlarga ega bo‘lib, o‘simlik turlarining ekologik moslanishi va biogeografik
tarqalishiga ta’sir qiluvchi muhim faktor hisoblanadi.

Ziradoshlar (Apiaceae) oilasi butun Markaziy Osiyoda keng targalgan va turlar soni
jihatdan yetakchi oilalar gatoriga kiradi. Oila vakillari tarkibida efir moylari va kumarinlari
uchun juda gadrlanadi, bu uni uy sharoitida ham, tibbiyotda ham gimmatli turlar sifatida aks
ettiradi. Ferula L. turkumi oilaga kiruvchi turkumlar orasida uchinchi o‘rinda turadi [7] va
taxminan 170-180 turni o‘z ichiga oladi [4]. Ushbu turlar asosan Markaziy va Janubi-g‘arbiy
Osiyoda joylashgan bo‘lib, Garbiy O‘rta Yer dengizi mintagasi orgali Shimoliy Afrikaga
targaladi, ularning asosiy targalish markazlari Eron va Afg‘onistondir [3].

Turkumga mansub turlar morfologiyasining o‘xshashligi va keng targalishi tufayli
Ferula turkumi taksonomik jihatdan eng murakkab turkumlardan biri sifatida tan olingan.
Turli xil vakillari asrlar davomida ko‘plab mamlakatlarda dorivor o‘simliklar sifatida
foydalanib kelingan [1]. Ularning metabolitlari viruslarga, yallig‘lanishga, o‘smaga, yaraga,
diabetga qgarshi, antibakterial, sitotoksik, estrogenik va antiprotozoal xususiyatlarni oz ichiga
olgan keng ko‘lamli biologik faollikni namoyon etadi [6,8]. Ba‘zi qimmatli dorivor turlarga F.
foetida, F. kuhistanica, F. oopoda, F. tenuisecta va F. varia kiradi [2,5]. Ferula turkumi
turlari, shuningdek, kumarin hosilalari, seskviterpen birikmalar, gumulen, germakren
birikmalari, aromatik laktonlar va disulfid birikmalari kabi biologik faol birikmalarga boy [8].

Ferula turkumining O‘zbekistonda gariyb 50 ga yagin turi targalgan bo‘lib, ularning
aksariyati Eron-Turon floristik provinsiyasiga xos elementlardir. Aynigsa, Ferula helenae
Rakhm. & Melibaev, Ferula nuratavica Pimenov, Ferula pratovii F.O.Khasanov &
I.1.Maltsev va Ferula kyzylkumica Korovin kabi turlar O‘zbekistonning markaziy hududlariga
x0s bo‘lgan endem vakillar sanaladi. Bu turlar targalishi va ularning morfologik jihatdan
yaqin gardosh turlar bilan bo‘lgan alogadorligi ularning kelib chigish markazlarini aniglash,
evolyutsion jarayonlarni tushunish va muhofaza strategiyalarini ishlab chigishda muhim
ahamiyat kasb etadi.

So‘nggi yillarda fazoviy statistik usullar va GIS texnologiyalaridan foydalanish orgali
o‘simlik turlarining geografik targalishi, zichlik darajalari, areal markazlari va dispersiyasi
hagida chuqur tahlillar olib borish imkoniyati yaratildi. Bunday yondashuvlar yordamida
turlar targalishining umumiy tuzilmasi, ekologik nishalari va ehtimoliy kelib chigish hududlari
aniglanadi.

Ushbu maqolada Ferula turkumining yugorida tilga olingan endemik turlari hamda
ularga morfologik jihatdan yaqin gardosh turlarning O‘zbekistonning markaziy hududlarida
targalishiga oid geofazoviy tahlillar amalga oshirildi. Tadgigotning asosiy magsadi — ushbu
turlar targalishining statistik markazlarini, zichlik zonalarini va ularning biogeografik
ahamiyatini aniglashdan iborat.

Tadgigot metodologiyasi. Ushbu tadgiqotda Ferula helenae, F. nuratavica, F.
pratovii va F. kyzylkumica kabi endem turlar va ularga yaqgin bo‘lgan gardosh turlarni o‘z
ichiga olgan 40 dan ortiq joylashuv nugtalaridan iborat koordinatalar to‘plami ishlatildi.
Natijalar dala tadgiqgotlari orgali to‘plangan va mavjud floristik manbaalar bilan solishtirilib
tasdigqlangan. Geofazoviy tahlillarni amalga oshirish uchun ArcGIS 10.8 dasturiy
ta’minotidan foydalanildi. Quyidagi statistik va fazoviy metodlar qo‘llanildi:

» Kernel Density (yadro zichlik tahlili): Tur joylashuvlarining umumiy zichlik
darajasini aniglash uchun ishlatildi. Ushbu metod orqali turlar eng ko‘p yig‘ilgan hududlar
aniglanib, ehtimoliy kelib chigish markazlari belgilandi [9].

» O‘rtacha markaz (Mean Center), Median markaz (Median Center) va Dispersiya
radiusi (Standard Distance): Turlar targalishining markaziy koordinatalari (arifmetik va
median markaz), shuningdek dispersiya darajasini aniglash uchun qo‘llanildi. Bu metod turlar
arealining markazi va targalish radiusini baholash imkonini beradi [10].

» Point Density (nugtaviy zichlik tahlili): Har bir kvadrat km. maydonga to‘g‘ri kelgan
turlar soni hisoblab chigilib, areal bo‘yicha zichlik tagsimoti tahlil gilindi. Bu metod ko‘p tur
bir hududda to‘plangan zonalarni ajratib ko‘rsatadi [11].
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» O¢rtacha markaz (Mean Center) - barcha koordinatalarning o‘rtacha qiymatiga
asoslanadi (ya’'ni x, y). Har bir nuqta og‘irliksiz yoki og‘irlik bilan (agar mavjud bo‘lsa)
hisobga olinadi. U matematik jihatdan oddiy o‘rtacha nuqtani beradi. Noanig tagsimlangan
yoki chekka nugtalarga sezgir bo‘ladi.

» Median markaz (Median Center) - bu barcha nugtalargacha bo‘lgan masofalar
yig‘indisini minimallashtiradigan markaz. Ya’ni, bu nuqtadan barcha boshqa nugtalargacha
bo‘lgan masofalarning yig‘indisi minimal bo‘ladi. Chekka (outlier) nugtalarga kam sezgir,
shuning uchun ma’lumotlar simmetrik bo‘lmagan holatdagisi afzal. Statistik jihatdan
“Barqarorroq” markaz hisoblanadi.

Tahlil natijalari xarita shaklida vizual tarzda ifodalangan bo‘lib, ular orgali
biogeografik markazlar va targalish yo‘nalishlari aniglandi.

Natijalar va muhokama. Ushbu tadgigqotda F. helenae, F. nuratavica, F. pratovii va
F. kyzylkumica kabi endem turlar va ularga morfologik jihatdan yaqin bo‘lgan gardosh turlar
asosida bir nechta fazoviy statistik tahlillar amalga oshirildi. Xaritalar orgali tur tagsimotining
markazlari, zichlik darajalari va targalishning yo‘nalishlari aniglashtirildi.

Kernel zichlik tahlili natijalariga ko‘ra, turlar joylashuvining maksimal zichlik zonasi
Nurota tizmasi va uning atrofida gayd etilgan (giymatlar 12.24-15.35 oralig‘ida). Bu hudud
Ferula turlarining kelib chigish markazi (center of origin) yoki endemizm markazi bo‘lishi
mumekinligini ko‘rsatadi. Zichlik pasaygan sari rang och jigarrangdan to quyuq gizil tusga
o‘zgaradi. Zichlik darajasining kamayishi Qizilqumning janubi, Zarafshon vodiysi va
Tojikiston chegaralarigacha davom etadi. Bu turlar targalishining ekologik diffuziya
yo‘nalishlarini aks ettiradi (1-rasm).

Point Density tahlili turli maydonlarda gayd etilgan turlar soniga asoslanib, ularning
fazoviy zichligini ko‘rsatadi. Xaritada eng yuqori zichlik giymatlari (44.26-55.33) yana
Nurota tizmasi va unga tutash hududlarda aniglangan. Bu esa bir nechta tur aynan shu
hududda to‘planganini tasdiglaydi. Tahlil natijalari Nurota tizmasini nafagat turlar kelib
chigish nuqtasi, balki ko‘p turli biogeografik hotspot sifatida ham ko‘rsatadi. Past zichlikka
ega zonalar, masalan, shimoliy Qizilgum, Tojikiston chegarasi va Qashgadaryo tomonlar,
turlar sonining kamayganini yoki ma’lumotlarning yetarli emasligini bildiradi. Bu
ma’lumotlar potensial eksploratsiya ehtiyoji mavjud bo‘lgan zonalarni belgilaydi (2-rasm).

Turkmenistan

a0

2-rasm. Ferula turkumining endem va gardosh turlari asosida tuzilgan Point Density (nugtaviy
zichlik) xaritasi
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3-rasm. Ferula turkumining endem va gardosh turlari asosida tuzilgan e ‘rtacha, median markazlari va
dispersiya radiuslar ko ‘rsatkichlari xaritasi

Ushbu xaritada uchta asosiy fazoviy ko‘rsatkich tasvirlangan:
e Mean Center — barcha nuqgtalarning arifmetik o‘rtacha koordinatasi.
e Median Center — joylashuv nuqtalarining mediani.
o  Standard Distance — dispersiya radiusi (targalish darajasi).

Median markazi Nurota tizmasiga yagin joylashgan bo‘lib, bu hudud turlar
sonining eng ko‘p to‘plangan hududi ekanligini ko‘rsatadi. O‘rtacha markaz esa biroz
sharqga siljigan, bu ayrim turlar yoki gardosh namunalarning Tojikiston va Qirg‘iziston
tomonda ham targalganligini bildiradi. Dispersiya radiuslar doirasi katta maydonni
gamrab olgan bo‘lib, turlar keng geografik diapazonda targalganligini ko‘rsatadi. Bu esa
Ferula turlarining yuqori darajadagi ekologik moslashuvchanligi va biogeografik xilma-
xilligi mavjudligiga ishora giladi (3-rasm).

Xulosa va takliflar. O‘zbekistonning markaziy hududlarida tarqalgan F. helenae,
F. nuratavica, F. pratovii va F. kyzylkumica kabi endem turlar hamda ularning gardosh
turlari bo‘yicha amalga oshirilgan fazoviy tahlillar ushbu turlar targalishining umumiy
tuzilmasini va kelib chigish markazlarini aniglashga imkon berdi. Tadgigot natijalariga
ko‘ra, Kernel va Point tahlillari asosida turlar zichligining maksimal darajasi Nurota
tizmasi va unga tutash hududlarda kuzatildi. Bu hudud Ferula turkumining ayrim endem
turlari uchun ehtimoliy kelib chigish va diversifikatsiya markazi sifatida ajralib turadi.

Oc‘rtacha va Median markazlar ham Nurota yaginida joylashgani bu hududning
turlar yig‘ilishi nuqtayi nazaridan markaziy o‘rinda ekanligini tasdiglaydi. Dispersiya
radiusi esa ushbu turlar targalishining keng maydonni gamrab olganligini ko‘rsatadi, bu
esa ekologik moslashuvchanlik va biogeografik xilma-xillik darajasining yuqoriligi bilan
bog‘lig.

Ushbu tadgiqot natijalari O‘zbekiston hududida Ferula turkumining endemik
vakillarini muhofaza qilish, ularga oid ekologik monitoring ishlarini yo‘lga qo‘yish va
biogeografik zonallashuv bo‘yicha ilmiy asos yaratishda muhim ahamiyat kasb etadi.
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Annotatsiya. Magolada Katta va Kichik O‘radaryo havzalarida tadgigot olib borgan olimlar
tomonidan to‘plangan, O‘zbekiston Milliy gerbariysi (TASH) fondida saglanayotgan va dala tadgigotlarida
terilgan gerbariy namunalari asosida tahlili keltirilgan. Shuningdek, gerbariyning go‘llanilishi va uning
o‘simliklarning biologik xilmaxilligini saglashdagi ahamiyati gisqacha tavsiflangan. Tadgigot natijasida
hudud florasi uchun “Ozbekiston Respublikasi Qizil kitobi” hamda ‘“Xalqaro Qizil kitob” asosida
shakllantirilgan ro‘yxatga muvofiq 19 oila 37 turkumga mansub 59 turni 290 ta gerbariy namunasini o‘z
ichiga oladi. Bulardan, 3 oila 5 turkumga mansub 5 ta tur “Xalgaro Qizil kitob”ga kiritilgan. Yuqorida
keltirilgan turlardan 6 oila 11 turkum 17 turining 73 ta namunasi endem turlardir. Ushbu tadgiqot O‘zR FA
Botanika institutining Janubi-G<arbiy Hisor, Hisor-Darvoz va Panjoldi okruglari florasining to‘r tizimli
xaritalash (Surxondaryo viloyati qismi) davlat dasturi hamda tadgigotchining dissertatsiya mavzusi doirasida
bajarildi.

Kalit so‘zlar: Katta O‘radaryo, Kichik O‘radaryo, Qizil kitob, endem, oila, turkum, tur, gerbariy,
ekspeditsiya.

ON THE ANALYSIS OF THE FLORA OF THE GREAT AND SMALL
ORADARYO BASINS IN TERMS OF RARENESS DEGREES

Abstract. The article presents an analysis of herbarium specimens collected by scientists
conducting research in the Katta and Kichik O‘radarya basins and stored in the National Herbarium of
Uzbekistan (TASH) and collected during field research. The use of herbariums and their importance in
preserving plant biodiversity are also briefly described. As a result of the study, the flora of the region
includes 290 herbarium specimens of 59 species belonging to 19 families and 37 orders, according to the list
formed on the basis of the “Red Book of the Republic of Uzbekistan” and the “International Red Book”. Of
these, 5 species belonging to 3 families and 5 orders are included in the “International Red Book”. Of the
above species, 73 specimens of 17 species from 6 families and 11 orders are endemic. The flora list contains
at least one herbarium number for plant species collected and identified in this area for the Katta and Kichik
Oc‘radarya basins. This study was carried out within the framework of the state program of the Institute of
Botany of the Academy of Sciences of the Republic of Uzbekistan on the network systematic mapping of the
flora of the South-Western Hissar, Hissar-Darvoz and Panjoldi districts (part of the Surkhandarya region)
and the topic of the researcher's dissertation.

Keywords: Katta Uradarya, Kichik Oradarya, Red Book, endemic, family, order, species,
herbarium, expedition

Kirish. Gerbariy noyob va yo‘qolib ketish xavfi ostida turgan o‘simliklar
xilmaxilligini saglashda hal giluvchi rol o‘ynaydi [1]. Gerbariy turli ekotizimlardan
olingan o‘simliklar namunalaridan tashkil topgan namunalar to‘plami hisoblanadi. U
ma’lum bir joyning florasini tavsiflaydi. Shuningdek bioxilma-xillikni saglash borasida
ilmiy va amaliy tadgiqotlar olib borish hamda mavjud mintaga florasi hagidagi bilimlarni
o‘rganish va o‘rgatish vositasidir.

Qashgadaryoning oxirgi chap irmog‘i G‘uzordaryodir (uzunligi 86 km, suv
yig‘iladigan havzasining maydoni 3170 km?). G‘uzordaryoni Katta O‘radaryo va Kichik
Oc‘radaryo hosil giladi. Katta O‘radaryo (uzunligi 113 km, suv yig‘adigan havzasining
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maydoni 1400 km?) Chagqchar va Yakkabog* tog‘lari tutashadigan Xarkush dovoni (3448
m) yaginida boshlanadi va yuqori ogimida Egrisuv nomi bilan ataladi. Katta O‘radaryo
deyarli butunlay tog‘lar orasida oqib o‘tadi va tor vodiyga ega, uning Qizilsoy, Almatsoy,
Zarangbulog, Sho‘rsuv va boshga irmoglari bor.

Kichik O‘radaryoning uzunligi 93 km, suv yig‘iladigan havzasining maydoni 1588
km? bo‘lib, Hisor tizmasining janubi-garbiy tarmoglaridan 2500-2700 m balandlikdan
boshlanadi. Kichik O‘radaryoning yirikroq irmoglarini Shirindaryo (17 km), Qoradahana
(25 km), Go‘rota (20 km) va boshgalar hosil giladi. Qorasuv daryosi (G‘uzordaryoning
quyi ogimi) Qashgadaryoga quyiladigan eng so‘nggi irmoqdir. Qashgadaryoning o‘ng
sohilidagi irmoglar (soylar) Qoratepa tog‘larining janubiy yonbag‘irlaridan boshlanadi, bu
yerda 18 ta yirik va ko‘plab mayda soylar ogadi [2]. Katta va Kichik O‘radaryolari suv
resurslaridan samarali foydalanish magsadida ularning ogimida o‘tgan asrning 80-yillarida
Pachkamar suv omborini barpo etilishi ushbu daryolar suvini G‘uzordaryoga quyilishini
chekladi. Bu esa G‘uzordaryo havzasi florasiga o‘zining salbiy ta’sirini qo‘rsatdi.

Endem turlar muhofaza qilinishi jihatdan yuqori ustuvorlikka ega, chunki ular
geografik jihatdan cheklangan hududlarga xos. Ko‘pincha ekologik jihatdan kamdan-kam
uchraydigan har ganday noqulay o‘zgarish ularning tezda yo‘q bo‘lib ketishiga olib kelishi
mumkin [3]. K.Sh Tojibaev va boshqalar (2022) ma’lumotlariga ko‘ra, Surxondaryo
viloyatida endem o‘simliklarning 20 oila 35 turkum 63 turi tarqalgan [4]. So‘nggi yillarda
O‘zbekiston hududining floristik tarkibini o‘rganishga qaratilgan tadgiqotlar yangi
zamonaviy metodlarni go‘llash orgali olib borilmogda. Xususan, respublika hududi 5x5
km. 1i to‘r tizimli xarita orqali 19240 indeksga bo‘lingan. [5]. Kelgusida ushbu
indekslarning tur tarkibi aniglanib, to‘r tizimli xaritasi tuziladi.

Tadgigot obyekti, metodlari va materiallari. Tadgigot hududi Katta O‘radaryo va
Kichik O‘radaryo havzasi O‘zbekistonning botanik-geografik rayonlashtirish sxemasiga
ko‘ra, G‘arbiy-Hisor okrugining Qashqgadaryo botanik-geografik rayoniga kiradi [5].
Adabiyotlar tahliliga ko‘ra, mazkur hududga yaqin hududlarda ko‘plab tadgigotlar olib
borilgan bo‘lsada, ushbu daryolar havzalari magsadli ravishda flora tarkibi
o‘rganilmaganligini ko‘rsatdi. Katta va Kichik O‘radaryo havzalari flora tarkibi
shakllantirilmagan (1-rasm). Tadqiqot hududi O‘zbekistonning botanik-geografik
rayonlashtirish sxemasi [5] bo‘yicha, turlarning geolokatsiyalarini aniglash Google
EarthPro (2019), MAPS.ME dasturlari asosida, dala tadgigotlarini amalga oshirish A.l.
Tolmachev [6], A.V. Sherbakov, C.R.Mayorov [7] tomonidan ishlab chigilgan
metodlardan foydalanildi. O°zbekiston tabiiy florasining to‘r tizimli xaritasi ArcGIS
version 10.6.1 dasturida yaratildi. Xaritalarni yaratishda WGC 1984 (World Geodetic
System 1984) proyeksiyasi ishlatildi. Tadqigot obyekti sifatida Qashgadaryo viloyatida
Katta va Kichik O‘radaryo havzalarida targalgan endem turlar tanlab olindi. Endem
turlarning nomlari va taksonlarning gabul gilingan nomlari POWO (Plants of the World
Online, 2023), IPNI (International Plant Names Index, 2023) ma’lumotlar bazalari asosida
keltirildi [8, 9].
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1-rasm. Katta va Kichik O‘radaryolari havzasi florasining to‘r tizimli xaritasi
Kamyob va endem turlarning magomlari va tarqgalishi O‘zbekiston Qizil kitobi
(2019) bo‘yicha olindi [10].
Tadgigot materiallari mazkur tadgiqot hududi va unga yagin hududlarda olib
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borilgan dissertatsiyalar va ilmiy manbalardan iborat. Shuningdek, 11 jildli
“Omnpenenurens pactenuit Cpemgnern Aszum” [11; 1963-2015], 6 jildli “dDaopa
V30ekuctana” [12; 1941-1962] va 30 jildli “dnopa CCCP” [13; 1934-1964] asarlaridan
foydalanildi. O‘zbekiston Milliy gerbariysi (TASH) fondida saglanayotgan gerbariylar va
dala tadgiqotlarida yig‘ilgan gerbariylar.

Floraning zamonaviy konspektini shakllantirishda hamda ularni tahlilini amalga
oshirishda, kollektorlar tomonidan terilgan materiallar tahlili muhim ahamiyatga ega.
O<zbekiston Milliy gerbariysi (TASH) fondida saglanayotgan namunalar shuni
ko‘rsatadiki, Katta va Kichik O‘radaryolari hududida gator geobotanik tadgigotlar olib
borilgan. Quyida, tadgiqot hududidagi asosiy kollektorlar tahlili keltirilgan (1-jadval).

Hududda olib borilgan botanik tadgiqotlar. Katta va Kichik O‘radaryo
havzalarida olimlar hamda biz tomonimizdan olib borilgan tadgiqotlarni yillar kesimida
tahlil gilganimizda, tadgiqotlar 1913-2024-yillar mobaynida olib borilgan.

Dastlabki tadgiqotlar Heliotropium bucharicum B.Fedtsch. (7052) B.A.Fedchenko
(1913) va Moluccella bucharica (B.Fedtsch.) Ryding (1141) 1. Bornmuller (1913) bo‘lsa,
so‘nggi tadgiqgotlar esa Triaenophora bucharica B.Fedtsch. (sn) Omonov (2023) Bu turni
bundan dastlab A.Granitov (1931), (616) Kichik O‘radaryo havzasidan va A.Butkov
(1937) (89), Katta O‘radaryo havzasidan tergan bo‘lib, bizni tadgigotlarimiz davomida esa
bu tur Katta O‘radaryo havzasi Dehgonobod tumani Bozortepa gishlog‘i atroflaridan
terildi (uzunlik 66, 927793, kenglik 38, 241322 X192 indeksda dengiz sathidan 1621 metr
va (uzunlik 66,742276, kenglik 38,262212 X189 indeksda dengiz sathidan 1516 metr
balandlik) larda 2 ta namunasi terildi. Bu tur har ikkala daryo havzalarida ham uchrashi
gayd etildi.

O‘zbekiston Milliy gerbariy ma’lumotlaridan shuni aytish mumkinki, hudud
bo‘yicha dastlabki Lipskiy (1897) va so‘nggi Turginov (2022) tadgiqotlar olib borilgan.
Bu vaqgtda eng ko‘p tur va gerbariy namunalarini tergan olimlardan A.Pyatayeva (1942-
1980) 201 tur 495 ta namuna, E.Korotkova (1935-1972) 85 tur 143 namuna, A.Arnold
(1942) 85 tur 114 namuna, S.N.Kudryashev (1935-941) 53 tur 67 namuna, M.G.Popov
(1914-1916) 49 tur 62 namuna, A. Gnezdillo (1935) 42 tur 61 namuna, A. Li, B. Niyazov
(1950-1959) 39 tur 62 namuna, N.Koshurnikova (1941-1956) 37 tur 43 namuna,
O.Turginovlar (2011-2022) tomonidan 28 turga mansub 42 ta gerbariy namunalarini
tergan [14].

Quyida biz hududda kamyob va endem turlar bo‘yicha olib borilgan va hozirda
davom etayotgan tadgigotlarimiz davomida yig‘ilgan materiallar asosida tahlilini keltirib
o‘tamiz. (1-jadval)

1- jadval
Tadqiqot hududidan terilgan kamyob turlarning gerbariylar tahliliga ke‘ra asosiy kollektorlar
Ne Kollektor Yillar Tur soni Gerbariy soni
1 I.Bornmyuller 1913 1 1
2 A. Gnezdillo 1935 13 20
3 A.Granitov 1931-1937 8 11
4 A.Butkov 1933-1972 7 10
5 V.Bochansev 1936-1985 10 13
6 E.Korotkova 1947-1972 8 14
7 A.Pyatayeva 1954-1980 11 14
8 M.G.Pimenov 1971-1979 7 12
9 O.Turginov 2012-2023 6 15
10 A.Abdiraimov 2018-2019 12 16
11 0.0monov 2022-2024 14 44

Jadvaldagi ma’lumotlardan shuni aytish mumkinki, hudud bo‘yicha dastlabki
I.Bornmyuller (1913) va so‘nggi Omonov (2024) tomonidan tadgiqotlar olib borilgan. Bu
vaqgtda eng ko‘p tur va gerbariy namunalarini tergan olimlardan O.Omonov (2022-2024)
14 tur 44 ta namuna, A.Gnezdillo (1935) 13 tur 20 namuna, A.Abdiraimov (2018-2019)
12 tur 16 namuna, A.Pyatayeva (1954-1980) 11 tur 14 namuna va V.Bochansev (1936-

e
134




QarDU xabarlari BIOLOGIYA 2025 2(2)

1985) 10 tur 13 namunalari terilgan. (2-jadval)
Olingan natijalar va ularning tahlili.

2- jadval
Katta va Kichik O‘radaryo havzalari florasining oilalar bo‘yicha tahlili
Ne Oilalar Turku | %da | Turla | %da | Namun | % da
m r a

1. | Amaryllidaceae J.St.-Hil. 1 2,7 3 5,08 7 2,41
2. | Apiaceae Lindl. 3 8,1 5 8,47 9 3,1
3. | Asphodelaceae Juss. 1 2,7 4 6,77 9 3,1
4. | Asteraceae Bercht. & J.Presl 3 8,1 7 11,86 29 10
5. | Betulaceae Gray 1 2,7 1 1,69 6 2,06
6. | Boraginaceae Juss. 3 8,1 3 5,08 21 7,24
7. | Brassicaceae Burnett 1 2,7 1 1,69 3 1,03
8. | Capparaceae Juss. 1 2,7 1 1,69 23 7,93
9. | Caryophyllaceae Juss. 2 5,4 2 3,38 9 3,1
10. | Cynomoriaceae Endl. ex Lindl. 1 2,7 1 1,69 1 0,34
11. | Fabaceae Lindl. 5 13,51 7 11,86 44 15,17
12. | Iridaceae Juss. 2 5,4 3 5,08 17 5,86
13. | Lamiaceae Martinov 5 13,51 7 11,86 46 15,86
14. | Liliaceae Juss. 1 2,7 7 11,86 27 9,31
15. | Plantaginaceae Juss. 1 2,7 1 1,69 16 5,51
16. | Primulaceae Batsch ex Borkh. 1 2,7 1 1,69 1 0,34
17. | Rhamnaceae Juss. 1 2,7 1 1,69 1 0,34
18. | Rosaceae Juss. 3 8,1 3 5,08 15 5,17
19. | Rutaceae Juss. 1 2,7 1 1,69 6 2,06

Jami 37 100% 59 100% 290 100%

Ushbu tahlildan ko‘rinib turibdiki, turkumlar bo‘yicha yetakchilikni, Fabaceae,
Lamiaceae oilalari 5 ta 13,51% ni tashkil etgan bo‘lsa, quyi pog‘onada esa
Amaryllidaceae, Asphodelaceae, Betulaceae, Brassicaceae, Capparaceae, Cynomoriaceae,
Liliaceae, Plantaginaceae, Primulaceae, Rhamnaceae va Rutaceae oilasi vakillari 1 tadan
turkum bilan 2, 63%ni tashkil etmoqda.

Turlar bo‘yicha keltirilgan tahlilda Asteraceae, Fabaceae, Lamiaceae, Liliaceae
oilasi 7 tur 11, 86% bilan yetakchilik gilayotgan bo‘lsa, quyi o‘rinlarda esa Betulaceae,
Capparaceae, Cynomoriaceae, Brassicaceae, Plantaginaceae, Primulaceae, Rhamnaceae va
Rutaceae oilasi vakillari 1 tadan turni o‘z ichiga olib 1,69 % ni tashkil etganini ko rishimiz
mumkin va buni diagramma ko‘rinishida ham keltirib o°tdik. (2-rasm)

Gerbariy namunalari bo‘yicha amalga oshirayotgan tahlilimizda Lamiaceae 46 ta
15,86%, Fabaceae oilasi 44 ta 15,17% bilan vyetakchilik qilayotgan bo‘lsa,
Cynomoriaceae, Primulaceae va Rhamnaceae oilasi vakillari esa 1 tadan tur bilan 0,34%
ni tashkil etmoqda.

Bundan ko‘rinib turibdiki, keltirilgan 3 ta tahlilimizda Fabaceae va Lamiaceae
oilasi vakillari yetakchi turgan bo‘lsa, Cynomoriaceae, Primulaceae va Rhamnaceae oilasi
vakillari esa yuqorida keltirilgan 3 ta tahlilimizda ham eng past ko‘rsatkichni tashkil
gilganini ko‘rishimiz mumkin.
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2-rasm. Hudud florasining Qizil kitobga kiritilgan yetakchi polimorf oilalar bo‘yicha tahlili
Quyida O‘radaryo havzasi florasining birlamchi ro‘yxati keltirilgan. Bu yerda oilalar
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qora rangda oldida tartib ragami bilan, keyin turkumlar ular ham tartib ragam bilan, keyin
shu turkumlarga mansub turlar qavslar ichida va gerbariy fondidagi ragami bilan
keltirilgan. Ayrim turlardan gerbariylar ko‘p bo‘lgani uchun fagat bittasi keltirilgan.

Katta va Kichik O¢‘radaryo havzalari florasining “Qizil kitob”ga Kiritilgan
turlar ro‘yxati

1. Liliaceae Juss.

1. Tulipa (T. lanata Regel (235), T. ingens Hoog (271), T. fosteriana W.Irving)
(1650), T. carinata Vved. (sn), T. undulatifolia var. micheliana (Hoog) Wilford. (58), T.
korolkowii Regel (69), T. uzbekistanica Botschantz. & Sharipov (134)).

2. Amaryllidaceae J.St.-Hil.

2. AlliumL. (A. majusVved. (747), A. giganteum Regel (sn), A.
botschantzevii Kamelin (sn)).

3. Iridaceae Juss.

3. IrisTourn. ex L. (I. magnifica Vved. (468), I. svetlanae (Vved.) T.Hall &
Seisums)). 4. Gladiolus Tourn. ex L. (G. italicus Mill. (2500)).

4. Betulaceae Gray.

5. Betula L. (B. tianschanica Rupr. (1967)).

5. Caryophyllaceae Juss.

6. Acanthophyllum C.A.Mey. (A. gypsophiloides Regel (1232). 7. Dianthus L. (D.
uzbekistanicus Lincz. (71)).

6. Capparaceae Juss.

8. Cleome L. (C. gordjaginii Popov (717)).

7. Brassicaceae Burnett.

9. Crambe L. (C. gordjagini Sprygin & Popov (181)).

8. Rosaceae Juss.

10. Pyrus L. (P. korshinskyi Litv. (487)). 11. Malus Mill. (M. domestica (Suckow)
Borkh. (38)). 12. Prunus L. (P. bucharica (Korsh.) Hand.-Mazz. (200)).

9. Fabaceae Lindl.

13. Calispepla Vved. (C. aegacanthoides Vved. (3075)). 14. Chesneya Lindl. (Ch.
tribuloides Nevski  (76)). 15. Astragalus L. (A. terrae-rubrae Butkov (sn), A.
bucharicus Regel (2441)). 16. Eversmannia Bunge (E. botschantzevii Sarkisova (sn)). 17.
Hedysarum L. (H. magnificum Kudr. (686), H. bucharicum B.Fedtsch. (11)).

10. Rutaceae Juss.

18. Haplophyllum Rchb. (H. bucharicum Litv. (60)).

11. Plantaginaceae Juss. (Scrophulariaceae)

19. Spirostegia lvanina (S. bucharica (B. Fedtsch.) Ivanina (sn)).

12. Rhamnaceae Juss.

20. Zizyphus Mill. (Z. jujuba Mill. (sn)).

13. Cynomoriaceae Endl. ex Lindl.

21. Cynomorium L. (C. coccineum L. (sn)).

14. Apiaceae Lindl.

22. Paulita Sojak  (P. ovczinnikovii  (Korovin)  Sojak)  (581)).  23.
Zeravschania Korovin (Z. regeliana Korovin) (300)). 24. Ferula Tourn. ex L. (F.
tuberifera Korovin) (sn)), F. fedtschenkoana Koso-Pol. (408)), F. sumbul (Kauffm.)
Hook.f. (1741)).

15. Primulaceae Batsch ex Borkh.

25. Dionysia Fenzl (D. hissarica Lipsky (0251)).

16. Boraginaceae Juss.

26. Heliotropium Tourn. ex L. (H. bucharicum B.Fedtsch. (541)). 27. Onosma L. (O.
macrorhiza Popov) (882)). 28. Nonea Medik. (N. calceolaris Nikif. & Pazij) (45)).

17. Lamiaceae Martinov

29. Scutellaria L. (S. colpodea Nevski) (93)), S. fedschenkoi Bornm. (603), S.
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guttata Nevski ex Juz. (162)). 30. Dracocephalum L. (D. formosum Gontsch.) (sn). 31.
Phlomoides Moench (P. gypsacea (Popov) Adylov, Kamelin & Makhm.) (69). 32.
Otostegia Benth. (O. bucharica B. Fedtsch.) (1141)). 33. SalviaL. (S.
lilacinocoerulea Nevski) (23)).

18. Asteraceae Bercht. & J.Presl|

34. Cousinia Cass. (C. campylaraphis Tschern. (257), C. spryginii Kult. (938), C.
allolepis Tscherneva & Vved. (210)). 35. Jurinea Cass. (J. gracilis Iljin) (512), J.
psammophila Iljin (sn), J. sangardensis Iljin (48)). 36. Tanacetopsis (Tzvelev) Kovalevsk.
(T. botschantzevii (Kovalevsk.) Kovalevsk.) (5).

19. Asphodelaceae Juss.

37. Eremurus M.Bieb. (E. aitchisonii Baker) (413), E. robustus (Regel) Regel (sn),
E. alberti Regel (sn), E. luteus Baker (340)).

Ushbu tahlildan ko‘rinib turibdiki, “O‘zbekiston Respublikasi Qizil kitobi”ga
mansub 19 oila 37 turkumga mansub 59 ta turning 20 ta namunasi borligini ko‘rishimiz
mumkin. Bulardan, 3 oila 5 turkum ga mansub 5 ta tur “Xalgaro Qizil kitob”ga kiritilgan
bo‘lib, bu turlarning gerbariy namunasi 23 tani tashkil etmoqgda. Yugorida keltirilgan
turlardan 6 oila 11 turkum 17 turining 73 ta namunasi endem turlardir.

Quyida biz Katta va Kichik O‘radaryo havzalari florasining “Ozbekiston
Respublikasi Qizil kitobi” (2019) ga kiritilgan o°‘simliklarining hayotiy shakllari bo‘yicha
tahlilini keltirib o‘tamiz.

3-jadval
Kamyob turlarning hayotiy shakllar bo‘yicha tahlili

Hayotiy Oilalar | % da | Turkumlar | % da | Turlar | % da | Namuna | % da
shakllar lar
Fanerofitlar 4 16,66 7 17,94 7 11,86 24 8,27
Xamefitlar 2 8,33 3 7,69 4 6,77 49 16,89
Gemikripto 13 54,16 23 58,97 42 71,18 150 51,72
fitlar
Kiriptofitlar 1 4,16 1 2,56 1 1,69 16 5,51
Terofitlar 4 16,66 5 12,82 5 8,47 51 17,58
Jami 24 100 39 100 59 100 290 100

Ushbu tahlildan ko‘rinib turibdiki, oilalar kesimida tahlil gilganimizda
gemikriptofitlar soni 13 ta (54,16%) ni tashkil etib yetakchilik gilayotgan bo‘lsa, eng past
ko‘rsatkich bilan xamefitlar va kriptofitlar soni esa 2 tadan bo‘lib (8%) ni tashkil etmoqda.
Turkumlar kesimida tahlil gilganimizda gemikriptofitlar soni 23 ta (58,97%) ni tashkil etib
yetakchilik gilayotgan bo‘lsa, eng past ko‘rsatkich, kriptofitlar esa 1 ta (2,56%) ni tashkil
etmoqda. Turlar bo‘yicha tahlil gilganimizda ham gemikriptofitlar soni 42 ta (71,18%) ni
tashkil etib yetakchilik gilayotgan bo‘lsa, eng quyi o‘rinda esa kriptofitlar 1 ta (1,69%) ni
tashkil etganini ko‘rishimiz mumkin. Bundan ko‘rinib turibdiki, Raunkiyer tasnifi
bo‘yicha keltirgan tahlilimizda turkum va turlarning asosiy yetakchiligi gemikriptofitlarga
tegishli bo‘lib, quyi pog‘onada esa kriptofitlarni ko‘rishimiz mumkin. Yugorida keltirilgan
uchta tahlildan ham ko‘rinib turibdiki, xudud florasining asosiy gismini gemikriptofitlar
egallagan bo‘lsa, kriptofitlar esa quyi o‘rinni egalladi.

Shunday qilib hayotiy shakllar bo‘yicha keltirgan tahlilimizda 24 oila 39 nurkumga
mansub 59 tur borligini ko‘rishimiz mumkin.

Dastlabki maqolalarda keltirilgan ma’lumotlarga ko‘ra tadgiqot hududi
dendroflorasi 19 oila 29 turkumga mansub 66 turdan iborat bo‘lib, ularning 26 tasi daraxt,
40 tasi buta hayotiy shakliga mansub. Toksonimik tarkibga ko‘ra Rosaceae oilasiga
mansub turlar 23 tani tashkil etib, umumiy dendrofloraning 35 % ni tashkil etadi. Keyingi
o‘rinlarda Ephedraceae Dumort, Caprifoliaceae va Salicaceae, oilalarida 4 tadan tur
bo‘lsa, Cannabaceae, Vitaceae va Betulaceae oilalarida esa 1 tadan tur mavjudligi qayd
gilindi. Bundan ko‘rinib turibdiki, Qashqgadaryo botanik-geografik rayoni janubi-g‘arbiy
gismi dendroflorasi tur tarkibi, targalishi, yashash mubhiti tahlil gilinganda, mazkur
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hududda janubi-g‘arbiy Hisor florasiga xos bo‘lgan turlarni shakllanishi va targalishi
hamda dendroflorani saglanib qolishi uchun qulay sharoit mavjudligini ko‘rsatdi [15].

Quyida Qashgadaryo viloyati Qashqgadaryo botanik-geografik rayoni hududi Katta
va Kichik Oc‘radaryo havzalarida 2022-2024-yillarda olib borilgan hudud florasini
o‘rganishga garatilgan dala tadgiqotlari davomida O°‘zbekiston Qizil kitobi (2019)ga
kiritilgan ayrim turlarning aniglangan yangi o‘sish joylari va yangi gerbariy namunalari
terilgan turlar ro‘yxati keltirilgan.

Magomlar (Status) bo‘yicha amalga oshirgan tahlilimiz esa quyidagicha
ko‘rinishga ega bo‘ldi.

0. Yo‘golgan yoki ye‘qolib ketganligi entimoldan yirog emas. Bu magqomda 1 ta
oila 1 turkum 1 ta tur 1 ta namuna;

1. Yo‘qolib ketish arafasida turgan. Bu magqomdada 8 ta oila 12 turkum 14 ta tur
109 ta namuna;

2. Kamyob. Bu magomda 12 ta oila 19 turkum 24 ta tur 66 ta namuna;

3. Son jihatdan kamayib borayotgan. Bu magomda 10 ta oila 18 turkum 28 ta tur
93 ta namuna borligini ko‘rishimiz mumkin.

Bu tahlildan ko‘rinib turibdiki, son jihatdan kamayib borayotgan magomdagi turlar
yetakchi bo‘lsa, yo‘qolgan yoki yo‘qolib ketganligi ehtimoldan yirog emas magomda
keltirilgan turlar esa kam sonni tashkil etmoqda.

Tulipa carinata Vved. (Liliaceae) O°zQK. Magomi 3. Pomir-Oloyning janubi-
g‘arbidagi kamyob endemik o‘simlik [16].

Botanik tavsifi. Bo‘yi 15-50 sm orasidagi ko‘p yillik piyozli o‘t. Piyozi
tuxumsimon, diametri 1,5-4 sm, qobig‘i charmsimon qora qo‘ng‘ir rangli, ichki tomoni
galin tukli. Barglari 3—4 ta. Guli yakka, gizil yoki pushti rang. Gulining tubi sariq yoki
xiraroq sariq. Changchi iplari gora, changdoni qora yoki gizg‘ish, ba’zan sariq. May-
iyunda gullab, mevasi iyul-avgust oylarida yetiladi.

Targalishi. Surxondaryo va Qashgadaryo viloyatlari: Ko‘hitang, Boysun va
Cho‘lbayir tog‘lari, Hisor tizmasida (To‘palang, Sangardak, Katta O‘radaryo havzasi)
targalgan. Tojikiston va Turkmanistonda ham uchraydi [16].

Dala tadgiqotlari davomida ushbu turning tadgigqot hududining ayrim joylarida avval
gayd etilmagan (gerbariy namunalari terilmagan) Katta O‘radaryo havzasida yangi o‘sish
joyi aniglandi, gerbariy namunalari terildi va TASH fondiga topshirildi.

Yangi o ‘sish joylari. I'uccapckuii xpebet, 6acc. p. Katta Uradarya, okp. ¢c. Nayman
(N 38.606003 E 66.789632). 28.03.2023, h=1066 metr, AF190 indeks, Omonov (sn).
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3-rasm. Tulipa crinata Vved. (Katta (‘)“ragaryo havzasi Nayman gishlog‘i)

Pyrus korshinskyi Litv. (Rosaceae) XalgaroQK. Magomi IUCN Red List CR
B2ab(iii,v).

Botanik tavsifi. Tojlari sharsimon yoyilgan yoki cho‘zilgan, tikanlarsiz, katta, oval,
to‘mtoq kurtaklari va zich paxmoq tarozilari bo‘lgan daraxt. Bir yillik yosh kurtaklar zich
og-momigq, ikki yillik kurtaklari jigarrang-kulrang. Barglari nayzasimon yoki cho‘zilgan
lansetsimon, tilsimon, uzunligi 5-10 sm, pastki gismida eng katta, yumaloq kamdan-kam
hollarda keng xanjarsimon, asta-sekin toraygan, cho‘qqgisida cho‘zilgan, girrasimon
tishsimon, tishlari bo‘ylab kalozsimon yoki galinlashgan, pastda tishsimon yoki yaltirog,
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yalong‘och zich yosh og-momiq. Gullarning diametri 2-2,5 sm, barglari cho‘zilgan — oval,
gisga tirnogli. Mevalari keng nok shaklida, yashil, yashil-sarig, bir tekis rangli yoki
gizarib ketgan. May oyida gullaydi, avgust-sentabrda meva beradi. O‘rta tog® zonasida,
shuningdek, baland tog® etaklarida odatda juda siyrak chakalakzorlar va ko‘pincha
namunalar holida uchraydi.

Targalishi: Qashgadaryo (Hisor tizmasi: Yuqori Ogsuv daryosi) va Surxondaryo
(Boysun) viloyatlari. O‘rta Osiyo (G‘arbiy Tyanshan, Pomir-Oloy) [16].

Yangi o‘sish joylari. Hisor tizmasi, Kichik O‘radaryo havzasi Dehqonobod tumani
Qo‘ga qishlog‘ining shimoli-shargiy gismi, Qoplondara (N 38.438913, E 66.831294).
h=1777 metr, ABlQl indeks, 12.08. 2023 Omonov (487 (TASH)).

4-rasm. Pyrus korshlnskyl L|tv (KIChIk O‘radaryo havzaS| Dehqonobod tumanl Qo?éqlshIOg ‘i)

Dala tadgiqgotlari davomida ushbu turning Hisor tizmasida avval gayd etilmagan
(gerbariy namunalari terilmagan) Katta O°‘radaryo havzasida yangi o‘sish joylari
aniglandi, gerbariy namunalari terildi va TASH fondiga topshirildi.

Xulosa. Hudud florasida “O‘zbekiston Respublikasi Qizil kitobi”’ga mansub 19 oila
37 turkumga mansub 59 ta tur borligini ko‘rishimiz mumkin. Bulardan, 3 oila 5 turkumga
mansub 5 ta tur “Xalqaro Qizil kitob”ga kiritilgan. Yuqorida keltirilgan turlardan 6 oila 11
turkum 17 turining 73 ta namunasi endem turlardir. Hayotiy shakllar bo‘yicha keltirgan
tahlilimizda 24 oila 39 nurkumga mansub 59 tur borligini gayd etildi. Qashgadaryo BGR
hududiga kiruvchi Katta Oc‘radaryo havzasi florasini o‘rganishga qaratilgan dala
tadgiqotlari natijasida viloyatda O°‘zbekiston Qizil kitobiga (2019) Kkiritilgan Tulipa
carinata Vved. va Pyrus korshinskyi Litv. bo‘yicha olingan natijalar O‘zbekiston Qizil
kitobning navbatdagi nashrini tayyorlashda, turlarning targalishi va senopopulyatsiyalarini
o‘rganishda muhim manba bo‘lib xizmat giladi.

Mazkur tadqiqot Botanika institutining “O°‘zbekiston florasining polimorf
o‘simliklar oilalarini taksonomik reviziyasi” (FZ-20200929321) loyihasi va Janubi-
G‘arbiy Hisor, Hisor-Darvoz va Panjoldi okruglari florasining to‘r tizimli xaritalash
(Qashgadaryo viloyati gqismi) davlat dasturi doirasida bajarildi.
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Annotatsiya. Mazkur magolada Samargand viloyatida tashkil etilgan intensiv olcha (Prunus cerasus
L.) bog‘lari nematoda faunasi haqida ma’lumotlar keltirilgan. Tadqiqot materiallari 2023-2024-yillar
davomida viloyatning Bulung‘ur, Jomboy, Samargand, Oqdaryo, Taylog va Urgut tumanlari hududlaridagi
intensiv olcha bog‘laridan yig‘ilgan. Olib borilgan tadgiqotlar natijasida 67 turga mansub nematodalar
aniglanib, ular sistematik jihatdan tahlil gilindi. Qayd etilgan turlar Nematodalar tipining 3 ta sinfi (Enoplea,
Dorylaimea, Chromadorea), 7 turkumi (Alaimida, Triplonchida, Tripylida, Dorylaimida, Mononchida,
Rhabditida, Panagrolaimida) va 36 avlodiga mansub bo‘lishi aniglandi. Olcha nematodafaunasidagi
turkumlar orasida Panagrolaimida turkumi yaqgol ustunlik gilgan bo‘lsa, avlodlar orasida Prismatolaimus,
Diphtherophora, Eudorylaimus, Rhabditis, Aphelenchoides, Ditylenchus, Pratylenchus va Hoplolaimus
avlodlarining nisbatan keng tarqalganligi ma’lum bo‘ldi. Shuningdek, tadgiqotlarda nematodalarning
biotoplar bo‘yicha targalish darajasi ham tahlil gilingan.

Kalit so‘zlar: Intensiv bog‘lar, olcha, Prunus cerasus, nematoda, biotop, Panagrolaimida, tuproq

SPECIES COMPOSITION AND DISTRIBUTION CHARACTERISTICS OF
THE NEMATODE FAUNA OF CHERRY (PRUNUS CERASUS L.) ACROSS
DIFFERENT BIOTOPES

Abstract. This article presents data on the nematode fauna of intensive cherry orchards (Prunus
cerasus L.) established in the Samarkand region. Research materials were collected during 2023-2024 from
intensive cherry orchards located in the districts of Bulungur, Jomboy, Samarkand, Oqdaryo, Taylog, and
Urgut. As a result of the conducted studies, 67 nematode species were identified and analyzed from a
systematic perspective. It was established that the recorded species belong to three classes of the phylum
Nematoda (Enoplea, Dorylaimea, Chromadorea), seven orders (Alaimida, Triplonchida, Tripylida,
Dorylaimida, Mononchida, Rhabditida, Panagrolaimida), and 36 genera. Among the nematode orders
identified in cherry orchards, Panagrolaimida was the most dominant, while the genera Prismatolaimus,
Diphtherophora, Eudorylaimus, Rhabditis, Aphelenchoides, Ditylenchus, Pratylenchus, and Hoplolaimus
were found to be the most widespread. Additionally, the study assessed the distribution levels of nematodes
across different biotopes.
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Kirish. O‘zbekistonda intensiv bog*dorchiliklarni tashkil etish 2000-yillardan keyin
ancha jadallashdi. Hukumatning gishlog xo‘jaligini modernizatsiya gilishga garatilgan
dasturlari doirasida intensiv bog‘lar yaratishga katta e’tibor garatilmoqda. Xususan,
intensiv bog‘lar barpo etish bo‘yicha davlat dasturi ishlab chigilib (https://lex.uz/docs/-
4249824), Prezident farmonlari asosida intensiv bog*lar va tokzorlarni rivojlantirish uchun
fermerlarga imtiyozli kreditlar ajratildi (https://lex.uz/docs/-6059862).

Oc‘zbekistonning iglimi keskin kontinental va qurg‘oqchil bo‘lgani sababli,
an’anaviy bog‘dorchilik usullari ko‘p hollarda suv tanqisligi va tuprog unumdorligining
pastligi sababli kutilgan natijani bermaydi. Intensiv bog‘larda esa tomchilatib sug‘orish
tizimi qo‘llaniladi. Bu esa suvni 50-70% gacha tejash imkonini beradi va suv tanqisligi
sharoitida hosildorlikni ta’minlaydi. Shuningdek, seleksiya asosida mahalliy iqlimga mos
keluvchi qurg‘oqgchilik va sovuqga chidamli intensiv navlar yetishtirilmoqda. Bugungi
kunda Oc‘zbekistonda 200 ming gektardan ortiq yer maydoni intensiv bog‘lar bilan
goplangan bo‘lib, ularning asosiy qismi Samargand, Farg‘ona, Namangan, Andijon,
Toshkent, Qashgadaryo va Jizzax viloyatlarida joylashgan.

Yuqoridagilardan kelib chiggan holda O°‘zbekistonda kelgusida intensiv bog‘lar
maydonlari yanada kengayishini taxmin qilish mumkin. Lekin ushbu bog‘larning
kengayib borishi doimo turli abiotik va biotik noqulay omillar tufayli cheklanib turadi.
Intensiv bog‘lar zararkunandalari orasida o‘simlik parazit nematodalari ham bor. Parazit
nematodalar daraxtchil o‘simliklarning hali yosh, ildiz tizimi unchalik kuchli
rivojlanmagan davrida ularga kuchli ta’sir etadi. Parazit nematodalar ta’sirida
o‘simlikning ildiz sistemasi faoliyati buziladi, boshga kasallik qo‘zg‘atuvchilarning kirib
kelishi uchun yo‘l ochiladi. Shu sababdan barpo etilayotgan intensiv bog‘larning
nematodafaunasini o‘rganish, parazit turlar tarkibini aniglash, ularga garshi kurash
usullarini takomillashtirish va profilaktik chora-tadbirlarni ishlab chigishda nihoyatda
muhim ahamiyatga ega.

O<zbekistonda mevali bog‘lar nematodafaunasini o‘rganishga bag‘ishlangan ishlar
asosan an’anaviy daraxtchil o‘simliklarda (past bo‘yli bo‘lmagan) amalga oshirilgan.
Tadgiqotlar davomida tabiiy biotsenozlarda o‘zuvchi daraxtchil o‘simliklar [4, 11],
tokzorlar [5] hamda mevali daraxtzorlar [7, 10,11] nematodafaunasi tarkibi, ekologik
xususiyatlari hamda parazit turlariga garshi kurash choralari ishlab chigilgan. Lekin,
intensiv mevali bog‘lar nematodafaunasiga juda kam e’tibor qaratilgan [3] va olcha
bog‘lari nematodafaunasi bo‘yicha hali ma’lumotlar yetarli emas. Bu esa ushbu
yo‘nalishda olib boriladigan tadgiqotlarning dolzarbligi va ilmiy-amaliy ahamiyatini
oshiradi.

Tadgigot obyekti va metodlari. Tadgigotlar Samargand viloyatining Bulung‘ur,
Jomboy, Samargand, Urgut, Toylog va Oqgdaryo tumanlarida tashkil etilgan intensiv olcha
(Prunus cerasus) bog‘larda olib borildi (1-rasm).

Viloyatning geografik joylashuvi Tadgigot hududlari koordinatalari
> 1. 39.776861, 67.290040
o : 2.39.711448, 67.091244
™ e A 3. 39,7834310, 66,9110420

4. 39,5550010, 66.9120710
5.39.559931, 67.136867
6. 39.475575, 67.022533

1-rasm. Tadgiqgot hududi koordinatalari (Google Maps). 1. Bulung‘ur tumani, 2. Jomboy tumani, 3.
Oqdaryo tumani, 4. Samargand tumani, 5. Toyloq tumani, 6. Urgut tumani
Har bir tumandan 10 tadan o‘simlikning ildiz sistemasi va rizosfera tuprog‘idan
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namunalar olindi. Har bir o‘simlikdan ildiz sistemasi, ildiz atrofidagi tuprogning 0-15, 15-
30 va 30-45 sm gatlamlaridan alohida namunalar olinib nematodalar uchun tahlil gilindi.
Tadgiqot hududlari intensiv olcha bog‘laridan olingan 240 ta namunadan 208 tasida (86
%) nematodalar bo‘lishi aniglandi. Nematodali namunalarning 36 tasi ildiz sistemasiga,
172 tasi rizosfera tuprog‘i namunalariga to‘g‘ri keldi. Laboratoriya sharoitida
nematodalarni ajratib olishda Bermanning voronkali usulidan [6] foydalanildi. Ajratib
olingan nematodalardan umumgabul gilingan usullardan foydalanib vagtinchalik va
doimiy preparatlar tayyorlandi [6]. Turlarni aniglashda de Man tavsiya etgan [2]
morfometrik  ko‘rsatkichlarga asoslangan formuladan hamda fitogelmintologik
aniglagichlardan [8,9] foydalanildi. Nematodalarni sistematik holatini ko‘rsatishda
molekulyar, filogenetik va morfologik dalillarga asoslangan sistematikadan foydalanildi
[1].

Olingan natijalar va ularning tahlili.Nematodafauna tarkibi 67 turdan tashkil
topdi. Aniglangan turlarning taksonomik ro‘yxati Hodda tomonidan tavsiya etilgan
(Hodda, 2022) nematodalarning klassifikatsiyasiga asosan tuzib chiqildi. Olcha
nematodafaunasidagi turlar Nematodalar (Nematodes) tipining 3 ta sinfi (Enoplea,
Dorylaimea, Chromadorea), 7 turkumi (Alaimida, Triplonchida, Tripylida, Dorylaimida,
Mononchida, Rhabditida, Panagrolaimida) va 36 avlodiga mansub bo‘ldi.

Qayd etilgan turlarni turkumlar bo‘yicha tagsimlanishi tahlil qgilinganda
Panagrolaimida turkumi nematodafaunadagi turlarning 66 % ini (44 tur) o‘z ichiga olgan
holda yaqqol dominantlik gilishi ma’lum bo‘ldi. Shuningdek, Dorylaimida turkumi 13 tur
bilan (19%) subdominant turkum sifatida gayd etilgan bo‘lsa, qolgan turkumlar 1-3 tadan
turlari bilan fauna tarkibidan joy oldi (1-rasm).

1 2

= Alaimida

= Triplonchida
Tripylida
Dorylaimida

= Mononchida

= Rhabditida

= Panagrolaimida

2-rasm. Aniglangan turlarning turkumlar bo‘yicha tagsimlanishi
Turlarni avlodlar kesimida tahlil gilganimizda nematodafauna tarkibidagi turlar 1
tadan 4 tagacha turlarni o‘z ichiga olishi ma’lum bo‘ldi. Eudorylaimus, Aphelenchoides va
Cephalobus avlodlari o‘z ichiga 4 tadan turlarni olib, qolgan avlodlarga nisbatan kengroq
targalganligi kuzatildi (1-jadval).
1-jadval. Olcha nematodafaunasidagi nematodalar avlodlari va ularning biotoplar bo‘yicha targalishi

Biotoplarda qayd etilishi
Shu avlodga
Avlodlar ldiz 0-15 15-30 sm 30-45 mansub ?urlar
sm sm soni
Alaimus De Man, 1880 + + + 1
Diphtherophora De Man, 1880 + + + 1
Trichodorus Cobb, 1913 + + + 1
Prismatolaimus De Man, 1880 + + + 2
Dorylaimus Dujardin, 1845 + + + 2
Mesodorylaimus Andrassy, 1959 + + + 3
Eudorylaimus Andrassy, 1959 + + + 4
Discolaimus Cobb, 1913 + + + 1
Xiphinema Cobb, 1913 + + + 2
Nygolaimus Cobb, 1913 + + + 1
Mononchus Bastian, 1865 + + + 1
Mylonchulus Cobb, 1916 + + + 1
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Mesorhabditis Osche, 1952 -
Rhabditis Dujardin, 1844 -
Panagrolaimus Thorne, 1937 -
Aphelenchus Bastian, 1865 +
Aphelenchoides Fischer, 1894 +
Ditylenchus (Kuhn, 1857)
Filipjev, 1936
Nothotylenchus Thorne, 1941 +
Criconemoides Taylor, 1936
Paratylenchus Micoletzky, 1922
Hoplolaimus Daday, 1905
Helicotylenchus Steiner, 1945
Rotylenchus Filipjev, 1936
Pratylenchus Filipjev, 1936
Merlinius Siddiqi, 1970 -
Tylenchorhynchus Cobb, 1913 -
Aglenchus Andrassy, 1954 -
Tylenchus Bastian, 1865 -
Acrobeloides Cobb, 1928 1
Cervidellus Thorne, 1937 -
Chiloplacus Thorne, 1937 -
Zeldia Thorne, 1937
Cephalobus Bastian, 1865 +
Eucephalobus Steiner, 1936 -
Heterocephalobus Brzeski, 1961 - + + 1
Turlarning biotoplar bo‘yicha targalishi ham turlicha bo‘lishi kuzatildi (3-rasm).
Ildiz sistemasi turlar va individlar soni (16 tur) jihatidan eng kam ko‘rsatkichga ega bo‘ldi.
Ildiz sistemasida uchratilgan turlar Eudorylaimus, Aphelenchus, Aphelenchoides,
Ditylenchus, Nothotylenchus, Hoplolaimus, Rotylenchus, Pratylenchus, Cephalobus
avlodlari vakillaridan iborat bo‘ldi. Ushbu avlodlardan Ditylenchus, Pratylenchus va
Hoplolaimus avlodlariga mansub turlar ushbu biotopda dominant turlar sifatida gayd

etildi.
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3-rasm. Aniglangan tur va individlarning biotoplar bo‘yicha targalishi

Tur va individlarning eng yuqori xilmaxilligi rizosfera tuprog‘ining 0-15 sm
gatlamida gayd etildi. Umuman olganda, olcha nematodafaunasidagi barcha turlar ushbu
biotopda gayd etildi. Mazkur biotopda Prismatolaimus, Diphtherophora, Eudorylaimus,
Rhabditis, Aphelenchoides avlodiga mansub turlar individlari soni jihatidan dominant
turlar ekanligi ma’lum bo‘ldi. Rizosfera tuprog‘ining 15-30 sm.li gatlamida uchratilgan
turlar tarkibi 0-15 sm.li gatlamga ancha yaqin bo‘ldi. Shunday bo‘lsa-da, individlar soni
deyarli ikki baravarga kamayishi kuzatildi. 30-45 sm.li tuproq qatlamida 51 tur
nematodalar gayd etildi. Ushbu biotop turlar va ularning individlari soni ildiz sistemasiga
nisbatan ko‘p bo‘lsa-da, gayd etilgan turlarning har birining individlari kam sonda
ekanligi ma’lum bo‘ldi. Ya’ni ildiz sistemasida gayd etilgan turlarning individlari 1-34
oralig‘ida bo‘lsa, 30-45 sm gatlamda 1 tadan 8 tagacha bo‘lishi kuzatildi.

Xulosa. Olib  borilgan tadgiqotlardan  xulosa qilib aytganda, olcha
nematodafaunasida uchratilgan turlarning uchrash darajasi turli biotoplarda bir-biridan
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farq qilishi ma’lum bo‘ldi. Nematodafauna tarkibida Prismatolaimus, Diphtherophora,
Eudorylaimus, Rhabditis, Aphelenchoides, Ditylenchus, Pratylenchus va Hoplolaimus
avlodlari vakillari keng targalganligi aniglanildi.
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Annotatsiya. Maqolada Ficus elastica Roxb. ex Hornemning yopig sharoitda rizogenez
xususiyatini o‘rganish natijalari keltirilgan. O‘simlikning bir yoshli yashil va 3-4 oylik novdalaridan,
shuningdek, bir yoshli novdalarning apikal, o‘rta va pastki gismidan tayyorlangan bir bo‘g‘imli
galamchalarining ildiz olish xususiyati o‘rganilgan. Qarshi vohasida F. elasticani havo harorati 24-
28°C bo‘lgan issigxona sharoitida ko‘paytirish magsadga muvofigligi, bir yoshli novdalardan tayyorlangan
bir bo‘g‘imli galamchalarni kuz oyining dastlabki kunlarida, 3-4 oylik novdalardan tayyorlanganlarini esa
kuz oyi mobaynida ildiz oldirish samarali ekanligi, shuningdek, kuz oylarida bir yoshli novdaning apikal va
o‘rta gismidan tayyorlangan galamchalarning rizogenez xususiyati yuqori bo‘lishi aniglangan. Qarshi
vohasida havo haroratining yoz oylarida ko‘tarilib, gishda pasayib ketishi oranjereya sharoitiga ham o‘z
ta’sirini ko ‘rsatishi ogibatida o‘simlikning majburiy tinim davriga kirishi to‘g‘risida xulosa gilingan.

Kalit so‘zlar: fitodizayn, issigxona, vegetativ ko‘paytirish, galamcha, rizogenez.

EFFECTIVE METHODS OF PROPAGATION OF FICUS ELASTICA ROXB. EX HORNEM
IN THE CONDITIONS OF THE KARSHI OASIS

Abstract. The article presents the results of a study of the characteristics of rhizogenesis of Ficus
elastica Roxb ex Hornem in closed conditions. The rooting of cuttings prepared from green annual and 3-4-
month shoots of the plant, as well as from the apical, middle and lower parts of annual shoots, was studied.
It was found that in the Karshi oasis, propagation of F. elastica is advisable to carry out in greenhouse
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conditions at an air temperature of 24-28°C, that rooting of cuttings prepared from annual branches in the
first days of autumn is effective, and from 3-4-month branches - in the fall, that cuttings prepared from the
apical and middle parts of annual branches have a high rhizogenesis capacity in the fall. It is concluded that
an increase in air temperature in the Karshi oasis in the summer months and a decrease in winter also
affected the conditions in the greenhouse, causing a forced dormant period in the plants.

Keywords: phytodesign, greenhouse, vegetative propagation, cuttings, rhizogenesis

Kirish. Fitodizayn — botanika fanining rivojlanib borayotgan yangi yo‘nalishlaridan
biri bo‘lib, o‘simliklarni biologik muvofigligi, atrof-muhit xususiyatlari va bino ichi havo
sifatini yaxshilash gobiliyatini hisobga olgan holda ichki dizaynga va boshga binolarning
dizayniga magsadli ilmiy asoslangan joriy etishdir. Bu yo‘nalish o‘simliklarni sun’iy muhitda
o‘stirish, loyihalash va amalda qo‘llash bilan shug‘ullanadi. Fitodizayn faoliyati o‘simliklarni
obyektiv dunyo bilan birlashtirishga, sun’iy muhitni insonparvarlashtirish yo‘nalishini davom
ettirishga, insonda barcha yuksak narsalarni qadrlashga, go‘zallik qonuniyatlari bo‘yicha
yashash va ishlashga intilish hissini uyg‘otishga garatilgan (1). Oxirgi ma’lumotlarga ko‘ra,
insonlarning estetik, tibbiy-biologik, psixologik muammolarini yechishda ham ushbu
yo‘nalishdan foydalanilmogda (2).

Oc<zbekiston sharoitida binolar ichki giyofasini fitodizayn asosida bezash magsadida
asosan tropik va subtropik o‘simliklardan foydalaniladi. O‘tmishda tropik va subtropik
o‘simliklar introduksiyasi stixiyali tarzda amalga oshirilgan. Bizning davrimizda bu soha
o‘simliklar  geografiyasi, fiziologiyasi, ekologiyasi, bioximiyasi, genetikasi kabi
yo‘nalishlarning yutuglariga asoslangan holda o‘zining nazariy va metodik bazasiga ega
bo‘lishga ulgurgan. Shunga garamay, interyerlarni bezashda bir xillik ko‘zga tashlanadi.
O‘simliklarni joylashtirishda estetik talablarga rioya etilmaydi. Tijorat yo‘li bilan Xitoy,
Hindiston singari davlatlardan keltirilayotgan tropik va subtropik o‘simliklar esa biologiyasi,
ko‘paytirishning samarali usullari va parvarishlash qoidalari to‘g‘risida yetarlicha
ma’lumotlarning yo‘qligi sababli tez orada nobud bo‘lib, behuda va natijasiz sarf-xarajatlarga
olib kelmogda. Aynan shu muammolar tadgiqot ishining magsadini belgilab berdi.

Yopiq yerda o‘stiriladigan introdutsentlarni vegetativ ko‘payish xususiyatlarini bilish
atrof-muhit sharoitlariga moslashish nuqgtayi nazaridan ham, amaliy nuqtayi nazardan ham
muhimdir. Ayrim turlar issigxona sharoitida generativ ko‘paymaydi. Chunki issigxonadagi
sharoit ularning tabiatdagi o‘sish sharoitlariga nisbatan ekstremalga yaqgin bo‘ladi. Ayrim
turlar, hatto tabiiy sharoitda ham, aynigsa, arealiining chekka hududlarida targalgan bo‘lsa,
vegetativ ko‘payishga ko‘proq moyil bo‘ladi yoki fagat vegetativ tarzda ko‘payadi. Aynigsa
manzarali lianalar gisga vaqt ichida jadal o‘sishi orqgali ular igtisodiy jihatdan juda foydali
hisoblanadi (3). Ficus L. turkumining ko*pchilik vakillari shunday o‘simliklar sirasiga kiradi.

Ushbu turkum tutdoshlar oilasi (Moraceae Link) ga mansub bo‘lgan gadimiy
o‘simliklardan bo‘lib, hayotiy formalarga boy (4). Taxtasimon ildizli doimiy yashil daraxt,
ba’zan barglarini to‘kuvchi buta hamda liana o‘simlik bo‘lgan fikuslarning barglari poyada
navbat bilan joylashgan, butun yoki panjasimon. Barglarining o‘lchami turlicha: F. pumilada 1
sm bo‘lsa, F. lyratada 45 sm keladi (5). Barglarining rangi og-yashildan to‘q yashilgacha,
navlari va bog* formalarida targ‘il, yo‘l-yo‘l, shtrixli va gizg‘ish rangda. Gullari mayda, bir
uyli va ikki uyli, bir jinsli, etli o°‘qga ega bo‘lgan noksimon to‘pgulda joylashgan bo‘lib, bu
to‘rgul “sikoniy” deb ataladi. Uning ustki gismida mayda teshikcha bo‘lib, o‘simlik tanasi va
novdalarida rivojlanadi. Sutsimon shira chigaradi. Hasharotlar yordamida changlanadi (6).
Ko“pchilik turlari shifobaxshlik xususiyatiga ega (7).

Asosan tropik va subtropik rayonlarda targalgan. Ko‘pchilik turlari
madaniylashtirilgan. Oxirgi 50 yil mobaynida Toshkent Botanika bog‘i oranjereyasida
fikuslarning 14 ta botanik-geografik provinsiyadan kelib chiggan 26 turi turli mamlakatlardan
keltirilib  introduksion sinovdan o‘tkazilgan. Ularning 20 ga yaqgini urug‘laridan
ko‘paytirilgan. Urug‘lari asosan MDH davlatlari, Niderlandiya va Hindistondan keltirilgan
(8). Ushbu turlarni vegetativ ko“paytirish usullarini tadgiq gilish ularni respublika hududlariga
keng targalishiga imkon beradi.

Tadgigot obyekti va metodlari. Tadgiqot obyekti — Ficus elastica Roxb. ex Hornem
— elastik fikus yoki kauchuk beruvchi fikus. Ushbu daraxtsimon liana bo‘lib, tabiiy holda
uzunligi 25-40 m ga yetadi. Tabiatda Hindistonning shimoli-shargiy gismida, Indoneziyaning
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janubiy hududlaridagi nam tropik o‘rmonlarda targalgan. Barglari yirik, keng, seret, novda
uchida joylashgan, naysimon o‘ralgan holatida gizg‘ish rangda, yozilgandan so‘ng ellips
shaklida. Uzunligi 35 sm gacha, eni 10 sm. Bargusti to‘q yashil rangda, bargosti esa ochiq
yashil. Targ‘il va chipor tusdagi bargli formalari bor. Novdalari ko‘p sonli, malla rangda; juda
ko‘p havo ildizlar hosil giladi. Har ikkala turning tabiiy yashash sharoitidagi iglim
ko‘rsatkichlarida farglar mavjud (1-jadval).

1-jadval
F. elastica ning tabiiy holda o‘sadigan hududlarini tuprog-iglim sharoitlari
O‘rtachat, ° C Yog‘in, mm
Pr(_)vm yillik eng eng ¥I||Ik _ eng‘_ e‘ng . Tuprog'i
siya issiq sovuq | miqdori | seryog‘in | qurg‘oqchil
oyda oyda oyda oyda
Dekan | 26,4 30,6 19,6 1588 321 3 Karbonatli

O‘simlikni vegetativ ko‘paytirishda P.I. Lapinning (1984) tavsiyalaridan foydalanildi
(9). Shu magsadda Qarshi shahrida oranjereya sharoitida o‘sib turgan katta yoshli o‘simliklar
bir yillik novdasining yashil gismidan va 3-4 oylik yashil novdalaridan yaxshilab charxlangan
skalpel bilan galamchalar tayyorlandi va 2024-yil sentyabr va noyabr oylarida ekildi. Kesilgan
joydan chigayotgan sutsimon shira qotib golib, galamchalardagi o‘tkazuvchi naychalarni
yopib go‘ymasligi uchun galamchalar ilig suvga solinib bir necha dagiga chayildi. Yuvib
olingan galamchalar bir soat atrofida havoda quritildi. Har bir variantda bitta bo‘g‘im va bitta
barg yaprog‘iga ega bo‘lgan 12 tadan galamcha giya holatda qum aralashtirilgan yengil
tuprogga suqildi. Qalamchalar havoning nisbiy namligi 80%, havo harorati 24-36 °C bo‘lgan
issigxona sharoitida ildiz oldirildi. Tez-tez suv purkab turish orgali havo nisbiy namligining
baland bo‘lishiga erishildi. A.L. Filipenko ma’lumotiga ko‘ra fikusning ushbu turini vegetativ
usulda ko‘paytirishda o‘sish stimulyatorlaridan foydalanish galamchalarning ildiz olish
ko‘rsatkichining tushib ketishiga sabab bo‘ladi (10). Shu sababli tadgigot davomida biz o‘sish
stimulyatorlaridan foydalanmadik.

Natijalar va muhokama. Qalamchalarning ildiz olish ko‘rsatkichi ularni o‘simlik
tanasining gaysi gismidan olinganligiga va gaysi mavsumda ildiz oldirilganligiga bog‘liq
ekanligi aniglandi (2-jadval).

2-jadval

Issigxona sharoitida galamcha turi va uni ildiz oldirish muddatining Ficus elasticaning ildiz

olishiga ta’siri (2023-yil)

Qalamcha Qalamcha turi Qalamachalar soni Ildiz olishi, Ildiz olish
go‘yilgan vaqt % davomiyligi, kun
20.07 bir yoshli novda 12 58,0 46
3-4 oylik novda 12 65,0 40
01.09 bir yoshli novda 12 91,0 33
3-4 oylik novda 12 100 30
01.11 bir yoshli novda 12 75,0 34
3-4 oylik novda 12 83,0 38

Issigxonada havo harorati 36°C bo‘lgan iyul oyida qo‘yilgan bir yoshli galamchalar 46
kunda, 3-4 oylik galamchalar esa 40 kunda ildiz oldi. Harorat 28 °C bo‘lgan sentabr oyining
birinchi kunida go‘yilgan bir yoshli galamchalar esa 33 kunda, 3-4 oylik galamchalar esa 30
kunda ildiz oldi. Harorat 24 °C bo‘lgan noyabr oyida esa bir yoshli galamchalar 34 kunda, 3-4
oylik galamchalar esa 38 kunda ildiz oldi. Shunday qilib, issiq davr — 20 iyulda go‘yilgan
galamchalarning ildiz olish tempi nisbatan sekin borishi, sentyabrda ularning ildiz olish tempi
jadallashganligi, havo harorati nisbatan pasaygan noyabr oyida qo‘yilgan galamchalarning
ildiz olish tempi ham sekinlashganligi kuzatildi.

Yozda qo‘yilgan galamchalarning ildiz olish ko‘rsatkichi eng past (58-65%) bo‘ldi.
Kuzning boshida go‘yilgan galamchalarning deyarli barchasi (91,0-100%) ildiz oldi. Kuz
oxirida go‘yilgan galamchalarda bu ko‘rsatkich biroz pasaydi (75,0-83,0%). 3-4 oylik
novdalardan olingan galamchalarning ildiz olish ko‘rsatkichi uchala muddatda ham bir yoshli
yashil galamchalarga nisbatan yuqori bo‘lganligi kuzatildi.

Bir bo‘g‘inli galamchalarning ildiz olish xususiyatini yanada chuqurrog o‘rganish
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magsadida 2024-yilda elastik fikusni bir yoshli novdasining turli joylari: apikal, o‘rta va pastki
gismidan 10-sentyabrda (I variant) va 12-noyabrda (Il variantda) galamchalar go‘yildi. 1
variantdagi apikal galamchalar soni 13 tani, o‘rta gismidan tayyorlangan galamchalar soni
15 tani, pastki gismidan tayyorlanganlarini esa 12 tani tashkil gilgan bo‘lsa, Il variantda
ularning soni mos ravishda 14, 14 va 12 tani tashkil qgildi. Har ikkala variantda ham novdaning
apikal va o‘rta gismidan tayyorlangan bir bo‘g‘imli galamchalarning ildiz olish ko‘rsatkichi
yugori bo‘ldi (71,4% dan 84,6% gacha) (rasm). Bir yoshli novdaning pastki gismidan
tayyorlangan va sentyabr oyida ildiz oldirishga go‘yilgan galamchalar o‘rtacha (58,3%),
noyabr oyida gqo‘yilgan galamchalar esa past (27,3%) rizogenez xususiyatini namoyon qildi.

=0

50 ™ apikal
W oTta

past

I-variant ll-varian t

Rasm. Ficus elastica novdasining turli gismlaridan olingan bir bo‘g¢inli galamchalarning ildiz
olish darajasi

Shunday qilib, oranjereya sharoitida o‘stirilgan Ficus elasticani havo harorati 24-28 °C
bo‘lgan issigxona sharoitida ko‘paytirish magsadga muvofiq ekan. Bir yoshli novdalardan
tayyorlangan bir bo‘g‘imli galamchalarni kuz oyining dastlabki kunlarida, 3-4 oylik
novdalardan tayyorlanganlarini esa kuz oyi mobaynida ildiz oldirish samarali ekan.
Shuningdek, kuz oylarida bir yoshli novdaning apikal va o‘rta gismidan tayyorlangan
galamchalarning rizogenez xususiyati ham yugori ekanligi aniglandi. Tadgigot natijalari gqator
olimlarning ma’lumotlarini tasdiqlaydi (2, 11). Qarshi vohasida havo haroratining yoz
oylarida ko‘tarilib, gishda pasayib ketishi oranjereya sharoitiga ham o‘z ta’sirini ko‘rsatishi
ogibatida o‘simlikning majburiy tinim davriga kirishi bilan izohlash mumkin.
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Annotatsiya. Maqolada Qashqadaryo viloyati Yakkabog® va G‘uzor tumanlari qishloq sharoitida
yashaydigan 18-29 yoshli emizikli ayollarning laktatsiya davrida kundalik iste’mol taomlari orqali kalsiy,
fosfor, magniy, temir va rux moddalari bilan ta’minlanish miqdorini o‘rganish natijalari keltirilgan.

Olingan natijalarga ko‘ra, Yakkabog tumanida yashaydigan tekshiriluvchilarning kunlik ratsionidagi
ozig-ovqatlar tarkibidagi kalsiyning miqdori 653,6+47,4 mg, fosfor 1369,9+69,5 mg, magniy 405,1+20,7
mg, temir 22,1+1,2 mg va rux 8657,5+429.4 mkg ni tashkil etdi. G‘uzor tumanida istiqomat qiluvchi
emizikli ayollarning kunlik ratsionidagi kalsiyning migdori 562,2+30,5 mg, fosfor 1293,9+£60,3 mg, magniy
371,5+£21,2 mg, temir 20,1+1,0 mg rux 8240,2+393,2 mkg dan iborat. Aniglangan holat respublikamizning
janubiy viloyatlaridan hisoblanadigan Qashqadaryo viloyati qgishloq sharoitida istigomat giladigan emizikli
ayollarning ovqatlanishi va minerallar bilan ta’minlanishida nomutanosibliklar mavjudligi va bu boradagi
tadgiqotlar respuplikamizning turli hududlarida keng miqyosda olib borilishi lozimligini ko‘rsatadi.

Kalit so‘zlar: emizikli ayollar, laktatsiya davri, kunlik ratsion, makronutrientlar, mikronutrientlar,
mineral moddalar.

Abstract. The article is devoted to the study of the content of calcium, phosphorus, magnesium, iron,
and zinc in the daily food intake of lactating women aged 18-29 living in rural areas of Yakkabog and Guzar
districts of Kashkadarya region.

According to the results obtained, the amount of calcium in the daily diet of the subjects living in
Yakkabag district was 653.6£47.4 mg, phosphorus 1369.9+69.5 mg, magnesium 405.1+20.7 mg, iron
22.1+1.2 mg and zinc 8657.5+429.4 pg. The amount of calcium in the daily diet of lactating women living
in Guzar district was 562.2+30.5 mg, phosphorus 1293.9+60.3 mg, magnesium 371.5£21.2 mg, iron
20.1+1.0 mg and zinc 8240.2+393.2 ug. The identified situation indicates that there are imbalances in the
nutrition and mineral supply of lactating women living in rural areas of the Kashkadarya region, one of the
southern regions of our republic, and that research in this area should be conducted on a large scale in
different regions of our republic.

Keywords: lactation period, breastfeeding women, daily diet, calcium, phosphorus, magnesium, iron,
zinc.

Kirish. Laktatsiya davrida emizikli onalarning iste’mol gqilayotgan taomlarining
miqdori, sifati hamda tarkibi ona va bolaning umumiy salomatligiga va ona ko‘krak
sutining tarkibiga ta’sir etadi. Ona ko‘krak suti bola uchun eng magbul ozuga hisoblanadi.
Ko‘krak sutining sifat va miqdor ko‘rsatkichlari bolaning morfologik va fiziologik

jihatdan biologic rivojlanish jarayonini me’yorda kechishini ta’minlashdagi asosiy omillar
hisoblanadi [1].

Aholi turli guruhlarining sog‘lom ovqatlanishini tashkil etilishida ogsil, yog*,
uglevod va vitaminlar bilan bir gatorda mikronutriyentlarning yana bir guruhi hisoblangan
ma’danli moddalar ham juda ham muhim o‘rin tutadi. Xususan, laktatsiya davrida onalar
ratsionidagi kunlik taomlarda mineral moddalar yoki ma’danli moddalarning me’yoridan
kam yoki ko‘p bo‘lishi ona va bola organizmida turli o‘zgarishlarga sabab bo‘ladi. Ular
sog‘lom ovqatlanishning almashtirib bo‘lmaydigan komponentlaridan biri hisoblanadi .

Ma’lumki, homilador ayollarga qaraganda laktatsiya davrida emizikli onalarning bir
gancha vitamin va mineral moddalarga bo‘lgan fiziologik talablari oshadi [2]. Bu davrda
on ava bola organizmi uchun kerakli bo‘lgan muhim mineral moddalarga kalsiy va
fosforni misol keltirishimiz mumkin. Kalsiy va fosfor moddalari bolaning skelet tizimi
morfologik va fiziologik jihatdan me’yorda rivojlanishida muhim biologik ahamiyat kash
etadi. Keyingi yillarda kalsiy moddasining yetishmasligi tufayli yer yuzidagi Afrika,
tropik Osiyo mintagalari va boshga bir gancha mamlakatlar aholisi orasida raxit kasalligi
ko’p uchramoqda [6]. Ko’plab ilmiy adabiyotlarda reproduktiv yoshdagi ayollarning
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kunlik ovqat ratsionida kalsiyga boy bo’lgan mahsulotlarni ko’proq iste’'mol qilishlari
tavsiya qilingan. Aynigsa, emizikli ayollarning kalsiyga bo’lgan talabini qondirish uchun
har safar ovqatlanishdan keyin sut va baliq mahsulotlaridan qo’shimcha tarzda iste’mol
gilishlari tavsiya etiladi [1, 10].

Emizikli ayollarning oziq moddalariga bo’lgan ehtiyoji bola emadigan sutning
miqdori, onaning yoshi, turmush tarzi, tug’ilish oralig‘iga qarab o‘zgarib boradi [10].

Laktatsiya davrida sut emizadigan ayollar organizmidagi bir gancha to‘qimalarda
metabolik, morfologik va gormonal o°zgarishlar sodir bo‘ladi. Chunki, laktatsiyaning
asosiy vazifasi sut bezlari tomonidan sut ishlab chiqgarish va uni ajratishni boshgarishdir.
Bu davrda sut ishlab chigarishni me’yorda kechishi uchun kerakli migdordagi mineral
moddalar, shu jumladan kalsiy ham suyaklar tarkibidagi mineral moddalardan olinadi. Shu
sababdan ushbu davrda ko‘plab ayollarda suyak mo‘rtlashishi holati kuzatiladi [3, 4, 5, 9].

Yangi tug’ilgan bolaning me’yorda o’sib rivojlanishi va immunitet tizimi uchun
kerakli bo’lgan moddalardan yana biri bu ruxdir. Ruxning og‘iz suti tarkibidagi miqdori
qondagiga nisbatan 17 martagacha ko‘p. Shu sababli dunyo bo‘yicha 6 oylikdan kichik
bo‘lgan bolalar rux tanqisligi bilan bog‘liq kasalliklarga nisbatan kamroq chalinishadi. Bir
qancha ilmiy adabiyotlarda yer yuzida aholisi rux bilan kam ta’minlanadigan davlatlarning
ko‘p qismi Janubiy Afrika, Janubiy va Markaziy Amerika, Janubiy Osiyo mintaqalarida
joylashganligi va bunday davlatlarda yashovchi bolalarda yuqumli kasalliklar bilan
chalinishga moyillik yuqori bo’lishi qayd etilgan. Shu sababli, sut emizish davrida
onalarning rux bilan ta’minlanishini 50 % gacha oshirish talab etiladi [1, 6, 10].

Bolani ko’krak suti bilan oziglantirish bolaning salomatligi uchun ham onaning
salomatligi uchun ham juda foydalidir. Dunyo bo’yicha o‘tkazilgan ko‘plab tadqiqotlar
natijalariga ko‘ra bolasini uzoq vaqt davomida emizgan onalarda ko‘krak bezi saratoni,
diabet, gipertoniya, tuxumdon saratoni va boshqa ko‘plab jiddiy kasalliklar bilan chalinish
ko‘rsatkichlari past darajada ekanligi qayd etilgan [11, 13, 14].

Respublikamizda ayollarning laktatsiya davrida ovgatlanish holati bilan bog‘lig
ilmiy ma’lumotlar yetarli bo‘lmaganligi sababli uning turli mintagalarida istigomat
giluvchi emizikli ayollarning amaldagi ovgatlanishini va ozig moddalar bilan
ta’minlanishini o‘rganish va u asosida kerakli tavsiyalar ishlab chiqish dolzarb masala
hisoblanadi.

Yuqoridagi fikrlarni ¢’tiborga olib, kuzatuvlarimiz davomida Qashgadaryo

viloyatining Yakkabog‘ va G‘uzor tumani gishloglarida yashaydigan emizikli ayollarning

kunlik ovgati orgali ayrim mineral moddalar bilan ta’minlanishini o‘rganishni maqsad
qildik.

Tadgigot metodologiyasi. Kuzatuvlar Qashgadaryo viloyatining Yakkabog* (53
nafar) va Gcuzor (46 nafar) tumanlarida istigomat giladigan 18-29 yoshli emizikli ayollar
ustida olib borildi va emizikli onalarning kunlik ratsionidagi ozig-ovqatlar tarkibidagi
mineral moddalarning miqdori qay darajada ekanligi tekshirildi. Ularning amaldagi
ovqatlanishi an’anaviy anketa-so‘rov usulida o‘rganildi. Tekshiriluvchilar 1 hafta
mobaynida iste’mol gilgan barcha ozig-ovgat mahsulotlarini maxsus anketa-so‘rovnomada
gayd qilib borishdi. Anketalarda keltirilgan mahsulotlar tarkibidagi ma’danli moddalar
miqgdori aniglandi. Bunda ozig-ovgat mahsulotlarining kimyoviy tarkibi maxsus jadvallar
yordamida hisoblab chiqildi [7]. Anketalardagi ma’lumotlarni matematik hisoblash va
statistik gayta ishlashda Windows Microsoft Excel dasturidan foydalanildi. Olingan
natijalar esa tegishli me’yorlar bilan solishtirildi [8].

Natijalar va muhokama. Kuzatuvlarimiz davomida emizikli onalarning kunlik

taomnomalanishini tahlil gildik. Xususan, ularning kundalik iste’mol taomlari tarkibidagi
ayrim mineral moddalar miqdorini o‘rgandik. Quyida keltirilgan jadvalda Yakkabog‘ va
G‘uzor tumanlari teshiriluvchilarning ayrim ma’danli moddalar bilan ta’minlanish holatini
aniqglash natijalarini keltiramiz.
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Yakkabog‘ va G uzor tumanlari gishloglarida istiqgomat giluvchi emizikli ayollarning mineral
moddalar bilan ta’minlanishi

Mineral Yakkabog‘tumani G‘uzor tumani
Ne moddalar tekshiriluvchilari tekshiriluvchilari Me’yor
(n=53) (n=46)

1500-
1 Ca (mg) 653,6+47.4 562,2+30,5 2000
2 P (mg) 1369,9+69,5 1293,9+60,3 1000
3 Mg (mg) 405,1+20,7 371,5+21,2 300
4 Fe (mg) 22,1 41,2 20,1+1,0 27
5 Zn (mkg) 8657,5+429,4 8240,2+393,2 10000

Yugqoridagi jadvalda ko‘rinib turganidek, tekshiriluvchilarning kundalik ovqatidagi
kalsiyning miqdori ular uchun belgilangan me’yor ko‘rsatkichlaridan tegishli darajada farq
giladi. Xususan, Yakkabog® tumanida istiqgomat qiluvchi emizikli ayollarning kunlik
ovqati orqali kalsiy bilan ta’minlanishi me’yorning quyi chegarasiga nisbatan
tagqoslanganda 43,5% ga, G‘uzor tumanida istiqomat qiladigan respondentlarda esa
37,5% ga teng.

Respondentlarning fosfor va magniy bilan ta’minlanishi me’yor darajasidan yuqori.
Yakkabog* tumani qishloq sharoitida yashaydigan emizikli ayollarning kunlik ratsionidagi
fosfor va magniy miqdori me’yorga nisbatan taqqoslaganda, mos ravishda o‘rtacha 136,9
va 135% ni, G‘uzor tumanidagi tekshiriluvchilarda esa mos ravishda o‘rtacha 129 va
123% ni tashkil etdi.

Jadvalda keltirilganidek, tekshiriluvchilarning kunlik taomlanishi orgali temir va rux
bilan ta’minlanishida taqchillik mavjud bo‘lib, Yakkabog® tumanida bu ko‘rsatkichlar
me’yorga nisbatan tagqoslanganda mos ravishda 81,8 va 86,5 % ga, shuningdek, G‘uzor
tumanidagi respondentlar uchun 74,4 va 82,4% ga teng.

Kuzatiluvchilar tomonidan kundalik iste’mol taomlari bilan gabul qilinadigan oziq-
ovgat mahsulotlari miqgdori tahlil gilinganda, sutkalik ratsionda kalsiy, temir va ruxga boy
bo‘lgan sut va sut mahsulotlari, dukkakli mahsulotlar, tuxum va go‘sht mahsulotlari
kamligi, non va un mahsulotlari (turli pishiriglar, yupga, pechak, manti, somsa va h),
makaron kabilarning ko‘p iste’mol gilinganligi aniglandi.

Onalarning suti xattoki ular to‘yib ovgatlanmaganda ham mukammal ozuqaviy va
immunologik xususiyatga ega. Ona organizmiga yetarli miqdorda energiya yetib
bormaganda, sut ishlab chiqarishni davom ettirish uchun organizm o’zidagi zaxira
moddalardan foydalanadi. Lekin, muntazam ravishda yetarli ozuqaviy giymatga ega
mahsulotlar iste’mol qgilmaslik sut tarkibida va ona organizmi tarkibidagi ayrim muhim
moddalarning yetishmovchiligiga sabab bo‘ladi. Bu esa bolada bo‘y va vazn jihatdan
o‘sishda ortda qolish, anemiya, raxit, gipovitaminoz va turli ruhiy kasalliklarga olib
kelishi mumkin [1, 3, 8].
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Xulosa va takliflar. Xulosa qgilib shuni aytishimiz mumkinki, respublikamizning
janubiy hududlaridan biri hisoblanadigan Qashgadaryo viloyati gishloq sharoitida yashovchi
18-29 yoshli emizikli ayollarning ayrim ma’danli moddalar bilan xususan, kalsiy, temir va
rux bilan ta’minlanishida jiddiy yetishmovchiliklar bor. Ushbu hududda istiqomat giluvchi
emizikli ayollarning kunlik ratsionidagi fosfor va magniy miqdori me’yor darajasidan
ko‘p. Laktatsiya davrida sut emizadigan ayollarning mineral moddalar bilan fiziologik
ta’minlanishini o‘rganish ona va bola sihat-salomatligini saglash hamda mustahkamlashda
muhim hisoblanadi. Bu borada ularning ratsional ovgatlanishini hamda sog‘lom turmush
tarzini shakllantirish, ular o‘rtasida mavzuga doir tushunchalarni targ‘ib qilish muhim
amaliy tadbirlardan biri bo‘lib hisoblanadi. Kuzatuvlarimiz davomida olingan natijalar,
mamlakatimiz hududida emizikli ayollarning amaldagi ovgatlanishi tekshiruvlarini keng
miqgyosda davom ettirish lozimligini ko‘rsatmoqda.

Yuqoridagilardan kelib chigib shuni ta’kidlash mumkinki, onaning sog’lom
ovqatlanishi, turli stressli vaziyatlar va chekishdan yiroq turishi, toza havoda ko‘proq sayr
qilishi laktatsiya davrining me’yorda kechishi hamda ona va bola salomatligini yaxshi
bo‘lishida asosiy omillar hisoblanadi.
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Annotatsiya. Magolada 7-10 yoshli qishloq maktabi o‘quvchilarining jismoniy rivojlanish
ko‘rsatkichlarini o‘rganish natijalari Keltirilgan. Olingan natijalarga ko‘ra, o‘quvchilarning jismoniy
rivojlanish ko‘rsatkichlari mavjud standartlardan aytarli darajada farq qilmaydi. 7 yoshli o‘g il bolalarning
tana vazni o‘rtacha 22,4+0,74 kg, bo‘y uzunligi 124+0,02 sm va ko ‘krak qafasi aylanasi esa 62,6+1,5 sm ni
tashkil giladi. Ketle indeksi me’yoridagi 16 kg/m? o‘rniga 14,48+0,35 kg/m? ga teng bo‘lib, bu meyorga
nisbatan o‘rtacha 7-11% gacha kamligini ko‘rish mumkin. Shuningdek 8 yoshli bolalarda ham shunga yaqin
natijalar qayd qilindi.o‘quvchilarning tana vazni, bo‘y uzunligi va ko‘krak qafasi aylanasi ko‘rsatkichlari
ularning yoshiga bog‘liq holda ortib boradi. Xususan 7-8 yoshlilarda yuqorida qayd qilingan ko‘rsatkichlar
me’yorga nisbatan aytarli darajada farq kuzatilmaydi. 9-10 yoshli o‘g‘il va ayniqsa qiz bolalarda bo‘y
uzunligi, ko‘krak qafasi aylanasi hamda Ketle indeksi me’yorga nisbatan yuqoriligi bilan ajralib turadi.
O‘quvchilarning jismoniy taragqiyotini o‘rganish ularning salomatligini yanada mustahkamlashda muhim
gadamlardan biri bo‘lib hisoblanadi.

Kalit so’zlar: tana vazni, bo‘y uzunligi, ko‘krak qafasi aylanasi, kichik maktab yoshidagi
o‘quvchilar, o‘sish, rivojlanish.

Annotation. The article presents the results of a study on the physical development indicators of
rural schoolchildren aged 7 to 10. According to the obtained data, the physical development indicators of the
students do not significantly differ from established standards.The average body weight of 7-year-old boys is
22.440.74 kg, body height is 124+0.02 cm, and chest circumference is 62.6+1.5 cm. The Body Mass Index
(BMI) is 14.48+0.35 kg/m?, compared to the standard value of 16 kg/m?, showing a decrease of about 7—
11% from the norm. Similar results were recorded in 8-year-old children. The body weight, height, and chest
circumference indicators of students increase with age. In particular, among 7-8-year-olds, these indicators
do not show significant deviations from the norms. However, among 9-10-year-old boys, and especially
girls, height, chest circumference, and BMI tend to exceed the standard values. Studying the physical
development of schoolchildren is one of the key steps in strengthening their overall health. Studying the
physical development of students is one of the important steps in further strengthening their health.

Key words: body weight, height, chest circumference, children of primary school age, height,
development.

Kirish. Ma’lumki, jismoniy taraqqiyot o‘sib kelayotgan yosh organizmning
salomatlik holati va uni tashqi muhitning turli omillari ta’siri sharoitida o‘sish va
rivojlanishini belgilaydigan eng asosiy ko‘rsatkichlardan biri bo‘lib hisoblanadi. Shunga
bog‘lig holda bolalarning hayot tarzi, ovqatlanish holati, jismoniy faolligi va boshqa
faktorlar meyoriy o‘sib-rivojlanish jarayonlariga oz ta’sirini ko‘rsatadi [4-8]. Bolaning
hayotidagi o‘sish jarayonlarining eng yuqori ko‘rsatkichi dastlab uning yoshiga
to‘lgungacha bo‘lgan davrga, keyin maktabga chiqish davriga hamda balog‘atga yetish
davrlariga to‘g‘ri keladi. Bu esa bolalarning uyda va maktabda o‘tkazadigan vagqtlarini
to‘g‘ri tashkil qilish, kun tartibiga qat’iy amal qilish, aqliy va jismoniy yuklamalar
ko‘lamini yoshga mos holda belgilab unga amal qilish va boshqa shunga o‘xshash
jarayonlarni fiziologik talab darajasida bo‘lishi bolalar sihat-salomatligini saglash va
mustahkamlashda alohida o‘rin egallaydi [7-11].

Respublikamizda bolalarning salomatligi, ta’lim-tarbiyasi me’yoriy o0°sib-
rivojlanishi va boshqa masalalarga hukumatimiz tomonidan doimo alohida e’tibor qaratib
kelingan va kelinmoqda. Fikrimizning dalili sifatida ona va bola salomatligini saglash va
mustahkamlash, bolalarni kichik yoshidan boshlab to‘g‘ri parvarishlash, har tomonlama
sog‘lom o°sib, rivojlanishini ta’minlash masalalariga qaratilgan qator tasdiglangan qaror
hamda farmonlarni qayd etib o‘tish mumkin [1-3]. Shu bilan bir gatorda bu masala
fiziologiya va tibbiyot oldidagi dolzarb vazifalardan biri bo‘lib hisoblanadi. Zamonaviy
maktab o‘quvchilarining morfofunksional (antropometrik) ko‘rsatkichlarini o‘rganish,
birinchi navbatda, ularning sihat-salomatligi hamda aqliy va jismoniy faoliyatlarini
goniqarli darajada amalga oshirishlari uchun xizmat giladi. Bu masala hozirgi kunda
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yurtimizda va dunyo miqyosidagi dolzarb vazifalardan biridir. Aynigsa, bolalar va o‘smirlar
o‘rtasida uchraydigan noinfeksion hamda noto‘g‘ri ovqatlanish bilan bog‘liq kasalliklar,
ularni oldini olish, bolalarda gqad-qomat shakllanishining buzilishi va boshgalar fiziologiya
va tibbiyot oldidagi muhim ilmiy-nazariy masalalalardan biri bo‘lib hisoblanadi. Xususan,
tana vazni, bo‘y uzunligi, ko‘krak qafasi aylanasi va boshqalar bolalarning me’yoriy
jismoniy rivojlanishi hamda ijtimoiy-igtisodiy holatini belgilaydigan asosiy ko‘rsatkichlar
gatoriga kiradi [10,11]

Tadgigot metodologiyasi. Kuzatuvlarimiz davomida boshlang‘ich sinf
o‘quvchilarning ayrim antropometrik ko‘rsatkichlarini o‘rganishga harakat qildik.
Tadgiqotlar Qashgadaryo viloyatining ayrim gishloq maktablarida tahsil olayotgan 7-10
yoshli 117 nafar (shundan 52 nafari o‘g il bolalar, 65 nafari qiz bolalar) boshlang‘ich sinf
o‘quvchilari orasida o‘tkazildi. O‘quvchilarning jismoniy taraqqiyoti antropometrik
usullar yordamida o‘rganildi [9]. Tana vazni tibbiyot tarozisi (PORODO model: PD-
BF1321BT-WH Xitoy 2020 yil), bo‘y uzunligi yog‘och rostomer (Rossiya, 2019) va
ko‘krak qafasi aylanasi santimetrli lenta (Xitoy, 2019) yordamida aniglandi. Olingan
natijalar MS Exsel va Origin 6.1 dasturlari yordamida statistik tahlil gilindi. O‘rtacha
arifmetik qiymat (M), o‘rtacha xatolik (m) va kvadrat og‘ish qiymatlari (SD) hisoblandi.

Natijalar va muhokama. Boshlang‘ich sinf o‘quvchilarining tana vazni, bo‘y
uzunligi, ko‘krak gafasi aylanasi va boshqa ayrim somatometrik ko‘rsatkichlariga ular
yashaydigan muhit, kundalik ovgatlanish, agliy va jismoniy yuklamalar, o‘z navbatida,
kun tartibini ganday tashkil etish holati ham tegishli darajada ta’sir ko‘rsatadi. Bolalarda
me’yoriy-fiziologik holatni baholashda ishlatiladigan muhim ko‘rsatkichlardan biri
ularning jismoniy taraqqiyoti bo‘lib, bu o‘sib kelayotgan yosh avlodning salomatligini
belgilashda ham xizmat giladi. Bu esa, o‘z navbatida, bolalarning jismoniy rivojlanishi
hamda ayrim antropometrik ko‘rsatkichlarining pasayishiga ham sabab bo‘lmogda. Bu
borada bolalarning antropometrik ko‘rsatkichlari, bo‘yi, vazni, ko‘krak qafasi aylanasi
hamda tana tuzilishi, ularning jismoniy taraqqiyotini tavsiflashda ko‘proq ma’lumot beradi.
Shu munosabat bilan Kkichik maktab yoshidagi bolalarning morfofunksional
ko‘rsatkichlarini o‘rganish va tahlil qilish dolzarb vazifalardan biri bo‘lib hisoblanadi.

Kuzatuvlar davomida 7-10 yoshli o‘quvchilarning ayrim antropometrik
ko‘rsatkichlari, tana vazni, bo‘y uzunligi, Ketle indeksi hamda ko‘krak gafasi aylanasini
o‘rganish natijalari quyidagi jadvalda keltirilgan.

Boshlang‘ich sinf o‘quvchilarining ayrim antropometrik ko‘rsatkichlari (n=117, 2021-yil)

Yosh Tana vazni, kg Bo‘y uzunligi, m Ketle indeksi, kg/m2 KQA, sm
gl::rjih_ Mzm Me’yor Mzm Me’yor Mzm Me’yor |  M+m Me’yor
O‘g‘il bolalar
7(ny:og)h 22,4+0,74 | 22,6402 | 124+0,02 | 120404 | 14,48+0,35 16 62,6+1,50 | 58,6+0,3
?nﬁz; 255:0,78 | 25,0603 | 129:001 | 1252:03 | 1522037 | 16 | &> éﬂ’l 6003
?nfislr; 3124150 | 263403 | 1392001 | 1281205 | 1608046 | 17 | 2% | 60000
10yosh | 3426515 | 5y 104 | 1442001 | 1356205 | 1632061 | 17 | 103D 640504

(n=19) 5 0

Qiz bolalar

7(nyf5s)h 23,3£0,80 | 22,0£0,3 | 126+0,01 | 1185+0,5 | 14,57+0,57 16 65,1£0,74 | 56,8+0,3
?nffg; 2434069 | 236+03 | 1306001 | 1227404 | 14462033 | 16 | “M08 | sgau03
9 )_/osh 26,16+0,7 26,003 | 1354001 | 128.5403 | 14.2340.36 17 65,24+0,6 59.50,3
(n=25) 6 4

10 yosh 17

(n=19) 35,5+1,44 | 30,2+0,4 | 146+0,001 | 134,240,5 | 16,39+0,59 70£1,22 | 62,0+0,4

Yugoridagi jadvalda ko‘rinib turganidek o‘quvchilarning jismoniy rivojlanish
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ko‘rsatkichlari mavjud standartlardan aytarli darajada farq gilmaydi. 7 yoshli o‘gil
bolalarning tana vazni o‘rtacha 22,4+0,74 kg, bo‘y uzunligi 124+0,02 sm va ko‘krak
gafasi aylanasi esa 62,6+1,5 sm ni tashkil giladi. Ketle indeksi meyoridagi 16 kg/m2
o‘rniga 14,48+0,35 kg/m2 ga teng bo‘lib, bu meyorga nisbatan o‘rtacha 7-11% gacha
kamligini ko‘rish mumkin. Shuningdek 8 yoshli bolalarda ham shunga yagin natijalar
gayd qgilindi.

9-10 yoshli bolalarning tana vazni va bo‘y uzunligi ko‘rsatkichlari meyor
ragamlariga nisbatan tegishli holda 10,2-18,6% va 6,2-8,5% gacha ziyodligini ko‘rish
mumkin. Ketle indeksi 9 yoshli bolalarda 16,08+0,46 kg/m2 va 10 yoshlilarda esa
16,32+0,61 kg/m2 ga teng bo‘lib, meyoridagi 17 kg/m2 ga nisbatan o‘rtacha 4,5-5,5%
gacha kamligi gayd qilindi. Bundan ko‘rinib turibdiki 7-10 yoshli o‘g‘il bolalarda yosh
ortishi bilan ularning tana vazni va bo‘y uzunligi ko‘rsatkichlari yoshga bog‘liq holda
o‘sib boradi. Buni ularning tanasida kechadigan fiziologik va biokimyoviy jarayonlar,
yashash muhiti, turmush tarzi va boshqa omillarga bog‘liqligi bilan izohlash mumkin.

7-10 yoshli qiz bolalarda tana vazni, bo‘y uzunligi, Ketle indeksi hamda ko‘krak
qafasi aylanasi ko‘rsatkichlari ham ular uchun tavsiya qilingan meyorlardan tegishli
darajada farq qiladi. Xususan, 7 yoshli qizlarning tana vazni meyoridagi 22,0+0,3 kg
o‘rniga o‘rtacha 23,340,80 kg ni, bo‘y uzunligi esa 118,5+0,5 cm o‘rniga 126+0,01 cm ni
tashkil giladi. Ketle indeksi 14,57+0,57 kg/m? ga teng bo‘lib, bu me’yorga nisbatan
o‘rtacha 6,3-9,1% gacha oshganligini ko‘rsatadi. Ko‘krak qafasi aylanasi esa me’yorga
nisbatan o‘rtacha 14,6% ga ziyodligi gayd qilindi. 8 yoshli giz bolalarda tana vazni va
bo‘y uzunligi tegishli holda o‘rtacha 24,3+0,69 kg va 130+0,01 cm ga teng bo‘lib, bu
ko‘rsatkichlar me’yorga nisbatan tana vaznida aytarli darajada farq kuzatilmasada, bo‘y
uzunligiga nisbatan o‘rtacha 5-10% gacha ziyodligi ko‘zga tashlanadi. Ketle indeksiga
nisbatan yuqoridagi tendensiya kuzatildi. 9 yoshli qizlarda tana vazni me’yordagi
ko‘rsatkichlardan aytarli darajada farq gilmaydi, ammo bo‘y uzunligida esa me’yorga
nisbatan 4,7-6,5 cm gacha ziyodligini ko‘rish mumkin. Lekin Ketle indeksi o‘rtacha
14,23+0,36 kg/m? ga teng bo‘lib, bu ko‘rsatkich tegishli me’yorning o‘rtacha 83,7% ni
tashkil giladi. Shuningdek, ko‘krak qafasi aylanasi esa me’yorga nisbatan o‘rtacha 9,6%
ga yoki 5,7 cm ga ko‘pligi yuqoridagi jadvalda yaqqol ko‘rinib turibdi. 10 yoshli gizlarda
tana vazni me’yoridagi 30,2+0,4 kg o‘rniga 35,5+1,44 kg ni, bo‘y uzunligi esa 134,2+0,5
cm o‘rniga 146+0,001 cm ni tashkil qiladi. Bundan ko‘rinib turibdiki, shu yoshdagi
gizlarning tana vazni va bo‘y uzunligi ko‘rsatkichlarining o‘sish darajasi boshqa yosh
guruhlari va mavjud standartlarga nisbatan ziyodligi bilan ajralib turadi. Xuddi
shuningdek, ko‘krak qafasi aylanasi ham me’yorga nisbatan o‘rtacha 8,3-12,9% gacha
ko‘pligini gqayd gilish mumkin. Bunday holat bolalar hayotidagi prepubertat va pubertat
davrlarga bog‘liqligi, wular tanasida kuzatiladigan somatik va psixofiziologik
jarayonlarning o‘zgarishi bilan tushuntiriladi.

Xulosa va takliflar. Xulosa o‘rnida shuni aytish mumkinki, o‘quvchilarning ayrim
jismoniy rivojlanish ko‘rsatkichlari tana vazni, bo‘y uzunligi, Ketle indeksi va ko‘krak
gafasi aylanasi mavjud standartlarga mos kelmaydi. Xususan, 7-8 yoshlilarda yuqorida
qayd qilingan ko‘rsatkichlar meyorga nisbatan aytarli darajada farq kuzatilmaydi. 9-10
yoshli o‘g‘il va ayniqgsa, qiz bolalarda bo‘y uzunligi, ko‘krak qafasi aylanasi hamda Ketle
indeksi me’yorga nisbatan yuqoriligi bilan ajralib turadi. Bunday holat bolalar hayotidagi
balog‘atga yetish oldi davri, ular tomonidan bajariladigan agliy va jismoniy yuklamalar
ko‘lami, oilada va maktabda kun tartibini qanday darajada tashkil qilinishi va boshqa
jihatlar bilan tushuntiriladi.

O‘quvchilarning jismoniy taraqqiyotini doimiy ravishda o‘rganib borish ularning
salomatligini yanada mustahkamlashda muhim qadamlardan biri bo‘lib hisoblanadi.
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Annotatsiya. Ushbu maqola Respublikamizning janubiy viloyatlaridagi Qarshi va Termiz
shaharlarida tahsil olayotgan 7-17 yoshli o’quvchi-qizlarning tana vazni, bo‘y uzunligi, Ketle indeksi hamda
ko‘krak qafasi aylanasi ko‘rsatkichlarining qiyosiy xarakteristikasini o’rganishga bag’ishlangan. Olingan
natijalarga ko‘ra, ikkala shaharlarda yashaydigan qizlarning tana vazni, ko’krak qafasi aylanasi va Ketle
indeksida tegishli farglar aniglangan. Xususan, Termiz shahridagi 9 yoshli gizlarning tana vazni
Qarshidagiga nisbatan 7,25 kg ga, 11 yoshli qizlarda esa o’rtacha 9,23 kg ga ziyod. Shu bilan birga 13
yoshlilarda esa Qarshi shahridagi gizlarning tana vazni Termizdagilarda o’rtacha 5,9 kg ga kamligi kuzatildi.
Ko‘krak qafasi aylanasi ko‘rsatkichlari 7-11 yoshli gizlarda Qarshi shahridagiga nisbatan Termiz shahrida
o’rtacha 2,4-7,61 sm gacha yuqori, 12-14 yoshda esa aksincha, Termizdagilarga nisbatan Qarshidagi
qizlarda bu ko’rsatkich 3,06-8,93 sm ga ziyod hamda 15-17 yoshli gizlarda yana Termiz shahri bo’yicha
olingan natijalar 5,5-6,3 sm gacha yuqoriligi aniglangan. Shu bilan bir gatorda 7-17 yoshli gizlarning Ketle
indeksi bir-biriga taggoslanganda 7-8 va 11 yoshli o’quvchilarda Qarshi shahriga nisbatan Termiz shahrida
o’rtacha 8,3-11,8% gacha yuqoriligi gayd etilgan.
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Kalit so‘zlar: antropometrik ko‘rsatkichlar, shahar maktabi o‘quvchilari, 7-17 yoshli gizlar, tana
vazni, bo‘y uzunligi, ko‘krak qafasi aylanasi, Ketle indeksi.

COMPARATIVE CHARACTERISTICS OF CERTAIN ANTHROPOMETRIC
INDICATORS OF SCHOOLCHILDREN IN THE CITIES OF KARSHI AND
TERMEZ

Annotation. This article is dedicated to studying the comparative characteristics of body weight,
height, Body Mass Index (BMI), and chest circumference indicators among schoolgirls aged 7 to 17
studying in the cities of Karshi and Termez, located in the southern regions of our Republic. According to
the obtained results, significant differences were identified in the body weight, chest circumference, and
BMI of girls living in both cities. In particular, the body weight of 9-year-old girls in Termez is 7,25 kg
higher than that of their peers in Karshi, and for 11-year-old girls, it is on average 9,23 kg greater. On the
other hand, 13-year-old girls in Karshi were found to have an average body weight 5,9 kg lower than those
in Termez. Chest circumference measurements among 7-11-year-old girls were found to be 2,4-7,61 cm
higher on average in Termez compared to Karshi. However, in the 12-14 age group, girls in Karshi had chest
circumferences that were 3,06-8,93 cm larger than those in Termez. Among girls aged 15-17, the
measurements in Termez were again higher by 5,5-6,3 cm. Additionally, when comparing the BMI of girls
aged 7 to 17, it was recorded that for 7-8 and 11-year-old students, the BMI in Termez was on average 8,3-
11,8% higher than that in Karshi.

Key words: anthropometric indicators, urban school students, girls aged 7 to 17, body mass, height,
chest circumference, Ketle index

Kirish. Ma’lumki, bolalar va o‘smirlarning jismoniy taraqqiyoti, chidamliligi,
aqgliy hamda jismoniy mehnat qobiliyati, yashash sharoiti va ularning turli muhit
omillariga moslashishi har bir organizmning individual fiziologik xususiyatlariga uzviy
bog‘liq bo‘ldi. Shu bilan birga hozirgi kunda turli sohalarda amalga oshirilayotgan
islohotlar ta’lim muassasalarida tahsil olayotgan o‘quvchilar, ta’lim ishtirokchilari,
jamiyatimizning turli bo‘g‘inlarida faoliyat ko‘rsatib kelayotgan kishilar oldiga bu
o‘zgarishlar bilan bog‘liq vazifalarni bajarishni taqazo etadi. O‘z navbatida o‘sib
kelayotgan yosh avlod har bir mamlakatning kelajagini belgilash uchun xizmat giladi [1-
5].

Adabiyotlarda keltirilgan ma’lumotlarga ko‘ra, bolalar va o‘smirlarning sihat-
salomatligiga, ularning jismoniy rivojlanishiga hamda boshga hayot sifati
ko‘rsatkichlariga turli omillar o‘z ta’sirini ko‘rsatmoqda. Xususan, qiz bolalar o‘rtasida
tana vazni yetishmasligi yoki ortigcha vazn, noto‘g‘ri ovgatlanish, sog‘lom turmush
tarziga oid tushuncha va bilimlarning kamligi hamda boshqa faktorlar ular o‘rtasida davr
xastaliklarini shakllanishiga sabab bo‘lib qolmoqda. [3, 6, 8, 9-14]. Antropometrik
ko‘rsatkichlar aksariyat hollarda bolalarning, aynigsa qizlarning salomatligi, ularning
uyg‘un rivojlanishi, reproduktiv xususiyatlari hamda boshqa ko‘rsatkichlarini kompleks
baholashda asosiy mezonlardan biri bo‘lib hisoblanadi. [7]. Jismoniy taraqqiyot
ko‘rsatkichlarini baholash bolalar va o‘smirlar populyatsiyasida o‘sishning jadallashishi
yoki sekinlashishi, suyak tarkibining o‘zgarishi va muskullar massasining kamayishi kabi
holatlar haqida xulosa qilishga imkon yaratadi. Ko‘p sonli tadqiqotchilar tomonidan
olingan natijalarning ko‘rsatishicha, bolalarning bo‘yi va tana og‘irligi XX asr oxiriga
nisbatan ortgan [7, 8], ular ratsionida yuqori kaloriyali ozig-ovqatlarni ko‘pligi hamda
kamharakatlilik bois ortigcha vaznni yuzaga kelishi va targalishi kuzatilmogda [9-12].
Shuningdek, ularda biologik rivojlanish darajasining nisbatan tezlashganligi ham gayd
etilmoqgda [11, 12]. Vaholangki, bolalar va o’smirlarning jismoniy taraqqiyotini tizimli
ravishda o’rganish hamda tegishli xulosalarga kelish fiziologiya va tibbiyot oldidagi
dolzarb vazifalardan biri bo’lib hisoblanadi.

Yugqoridagi fikrlarni inobatga olib, biz 0’z kuzatuvlarimiz davomida 7-17 yoshli
o’quvchi gizlarning antropometrik ko’rsatkichlarini aniglashni magsad gilib oldik.
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Tadgiqot metodologiyasi. Kuzatuvlar 2024-yilning noyabr-dekabr oylarida
Qashgadaryo viloyatining Qarshi shahridagi 26-maktab (499 nafar) hamda Surxondaryo
viloyatining Termiz shahridagi 9-maktablarida (148 nafar) tahsil olayotgan jami 647 nafar
7-17 yoshli qiz bolalar o’rtasida o’tkazildi. O’quvchilarning bo’y uzunligi, tana massasi
hamda ko’krak qafasi aylanasi ko’rsatkichlari somatometrik usullar yordamida aniqlandi
[5-7].

Natijalar va muhokama. O’quvchi-gizlarning ayrim  antropometrik
ko’rsatkichlarini o’rganish natijalari shuni ko’rsatadiki, ularning bo’y uzunligi, tana vazni,
Ketle indeksi hamda ko’krak qafasi aylanasining o’lchamlari mavjud standartlarga to’la
mos kelmaydi. Jumladan, bu ko’rsatkichlar o’rtasida o’quvchilarning yoshi ortib borishi
bilan bog’liq o’zgarishlarni ham qayd etish mumkin. Quyidagi rasmda Qarshi va Termiz
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1-rasm. O’quvchilarda bo’y uzunligining yoshga bog’liq dinamikasi

7-17 yoshli qizlarning bo’y uzunligini aniqlash bo’yicha olingan o’rtacha natijalar
yuqoridagi rasmda ko’rinib turganidek ikkala shahar maktablari o’quvchilarining qayd
etilgan ko’rsatkichlarida farq kuzatilmadi. Jumladan Qarshi shahridagi 7 yoshli gizlarda
bo’y uzunligi o’rtacha 1,23+1,02 m ni, Termizda esa 1,22+0,01 m ni tashkil etadi. 8 yoshli
gizlarda tegishli holda 1,27+0,72 va 1,24+0,01 m, 9 yoshda 1,324+0,72 va 1,33+0,04 m, 10
yoshda 1,38+1,01 va 1,36+0,02 m, 11 yoshda 1,44+1,06 va 1,51+0,02 m, 12 yoshda
1,50+0,81 va 1,50+0,02 m, 13 yoshda 1,56+0,66 va 1,504+0,01 m, 14 yoshda 1,58+0,97 va
1,54+0,08 m, 15 yoshda 1,60+1,12 va 1,57+0,01 m, 16 yoshda 1,62+1,18 va 1,60+0,01 m
hamda 17 yoshda esa tegishli holda 1,64+1,10 va 1,64+0,01 m ga teng bo’lib, bu
ko’rsatkichlar o’rtasida statistik ishonarli farq aniqlanmadi.
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Kuzatuvlar davomida 7-17 yoshli gizlarning tana vazni ko’rsatkichlarini o’rganish
natijalari shuni ko’rsatadiki, Termiz shahridagi 9 yoshli qizlarning tana vazni
Qarshidagiga nisbatan 7,25 kg ga, 11 yoshli qizlarda esa o’rtacha 9,23 kg ga ziyod. Shu
bilan birga 13 yoshlilarda esa Qarshi shahridagi gizlarning tana vazni Termizdagilarda
o’rtacha 5,9 kg ga kamligi kuzatildi (2-rasm).
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3-rasm. O’quvchilarda ko’krak qafasi aylanasining yoshga bog’liq dinamikasi

O’quvchilarning ko’krak qafasi aylanasi ko’rsatkichlari bo’yicha olingan natijalar
shuni ko’rsatadiki, 7-11 yoshli gizlarda Qarshi shahridagiga nisbatan Termiz shahrida o’rtacha
2,4-7,61 sm gacha yuqori, 12-14 yoshda esa aksincha, Termizdagilarga nisbatan Qarshidagi
qgizlarda bu ko’rsatkich 3,06-8,93 sm ga ziyod hamda 15-17 yoshli gizlarda yana Termiz
shahri bo’yicha olingan natijalar 5,5-6,3 sm gacha yugoriligi aniglandi. Bunday holatni gizlar
organizmida yoshga bog’liq holda yuzaga keladigan individual o’zgarishlar bilan izohlash
mumkin.
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4-rasm. O’quvchilarda Ketle indeksining yoshga bog’liq dinamikasi

Jismoniy taraqqiyot ko’rsatkichlarini tahlil qilishda, aynigsa vazn-bo’y nisbatini
o’rganishda Ketle indeksidan foydalaniladi. Bu tanadagi yog’ miqdorining foiz ko’rsatkichini
ifodalash uchun xizmat giladi. Odatda uning me’yoriy chegarasi o’rtacha 18,5 dan 25,0 kg/m?
gacha bo’ladi. Biz olgan natijalarda bu ko’rsatkich o’rganilgan yosh guruhlarda me’yoridan
chetga chigmaydi. Shu bilan bir gatorda 7-17 yoshli gizlarning Ketle indeksi bir-biriga
taggoslanganda 7-8 va 11 yoshli o’quvchilarda Qarshi shahriga nisbatan Termiz shahrida
o’rtacha 8,3-11,8% gacha yuqoriligi gayd etildi.

O’z navbatida yana shu narsani ham alohida qayd etish kerakki, kichik maktab
yoshidagi qizlarda katta maktab yoshidagilarga nisbatan ular organizmida sodir bo’ladigan
gormonal o’zgarishlar bilan tegishli darajada farq qiladi. Ya’ni yuqori sinf o’quvchilarida
balog’at yoshining keyingi davrlariga to’g’ri kelganligi bois ular organizmida sifat
ko’rsatkichlari boshlang’ich sinfdagilardan ajralib turadi.

Xulosa va takliflar. Qarshi va Termiz shahridagi 7-17 yoshli gizlarning ayrim
antropometrik ko’rsatkichlarini o’rganish bo’yicha olingan natijalardan shunday xulosaga
kelish mumkinki, gayd etilgan janubiy viloyat shaharlaridagi maktab o'quvchilarining o'sishi
va rivojlanishiga ular istiqgomat giladigan tegishli sharoit, ularning kundalik turmush tarzi,
atrof-muhitning turli-tuman omillari hamda o'quv jarayonlari bilan bog’liq holatlarining ta'siri
bo'lishi mumkin. Shu bois ularning antropometrik ko’rsatkichlarini tizimli ravishda tekshirish
va tegishli natijalarni tahlil gilib borish bu boradagi masalalarni yechimini topishda alohida
xizmat giladi.
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Annotatsiya. Ushbu maqolada dunyo miqyosidagi allergen anemofil florani o‘rganish
bo‘yicha amalga oshirilgan hamda aeropalinologik tadgigotlarning xronologik rivojlanishining giyosiy
tahlili keltirilgan. Unda Shimoliy Amerika (asosan AQSH), Yevropa (Buyuk Britaniya, Germaniya,
Fransiya, Polsha, Ispaniya va boshqalar), Rossiya, Avstraliya, Afrika, hamda Osiyo (Yaponiya, Xitoy,
Hindiston), Markaziy Osiyo kabi geografik hududlar gamrab olingan. Aeropalinologiya sohasidagi

tadgiqotlar jahon bo‘yicha turlicha bosqichlarda rivojlanib, Shimoliy Amerika va Yevropa yetakchi
o‘rinni egallaganligi, Rossiya va Markaziy Osiyoda tadqiqotlar keyinroq boshlangan, ammo so‘nggi
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yillarda rivojlanish sur’ati oshayotganligi, Sharqiy Osiyo mamlakatlari zamonaviy texnologiyalarni
jadal qo‘llashda yetakchilik qilayotganligi aniqlangan. O‘zbekistonda aeropalinologiya so‘nggi o‘n
yilliklarda rivojlanayotganligi, lekin ilmiy infratuzilma va ragamli monitoringni rivojlantirish zarurligi,
jahon tajribasi O‘zbekiston uchun katta imkoniyatlarni ochishi va sohani takomillashtirishda muhim
o‘rin tutishi to‘g‘risida xulosa qilingan.

Kalit so‘zlar: anemofil, allergen, aeropalinologiya, gulchang, geografik hududlar, giyosiy
tahlil

Abstract. This article presents a comparative analysis of the chronological development of
aeropalynological research and the study of allergenic anemophilous flora on a global scale. It covers
geographic regions such as North America (primarily the USA), Europe (the United Kingdom,
Germany, France, Poland, Spain, and others), Russia, Australia, Africa, as well as Asia (Japan, China,
India) and Central Asia. It has been established that the development of aeropalynology varied across
countries: North America and Europe have taken leading positions, whereas research in Russia and
Central Asian countries began later, but the pace of development has increased in recent years. East
Asian countries are actively applying modern technologies and are at the forefront of the field. In
Uzbekistan, aeropalynology has started to develop over the past decades; however, there is a need to
strengthen scientific infrastructure and implement digital monitoring systems. It is concluded that
global experience opens up broad opportunities for Uzbekistan and plays a significant role in advancing
this scientific field.

Keywords: anemophilous plants, allergens, aeropalynology, pollen, geographic regions,
comparative analysis

Kirish. Bugungi kunda global iqlim o‘zgarishi, atrof-muhitning ifloslanishi va
allergik kasalliklar ko‘payishi kabi muammolar inson salomatligi hamda ekologik
bargarorlik uchun jiddiy tahdid solmoqda (1). Polllinoz — bu tananing o'simlik
gulchanglariga sezgirligidan kelib chiqadigan allergik kasallik. Juda ko‘p odamlar bu
kasallikdan aziyat chekishadi. Masalan, Rossiya aholisining taxminan 20-30%,
janubda - 25-30% va Krasnodar o'lkasida - 40% dan ko'prog'ida pollinoz uchraydi (2).
Ushbu kasallikni oldini olish, diagnostika qilish, dori vositalari va davolash choralarini
ishlab chigish uchun dastlab hududlardagi anemofil florani, undagi allergen gulchang
hosil qgiladigan o‘simliklar taksonomiyasini, ularni gullash fenologiyasini, havodagi
allergen gulchanglar konsentratsiyasi dinamikasini o‘rganish va molekulyar daraja
tadgiqotlarni amalga oshirish zarur.

Aeropalinologiya — ya’ni atmosferadagi o‘simlik gulchanglarini o‘rganish
sohasi — butun dunyoda muhim tadqiqot yo‘nalishlaridan biriga aylanmoqda.
Aeropalinologiya nafagat allergik kasalliklarni oldini olish, balki agrometeorologiya,
ekologiya va urbanistika kabi sohalarda ham katta ahamiyatga egadir (3, 4).

Jahon bo‘ylab AQSH, Germaniya, Fransiya, Yaponiya, Polsha, Hindiston va
boshga ko‘plab davlatlarda bu yo‘nalishdagi ilmiy tadqiqotlar keng miqyosda va
yuqori texnologik asosda amalga oshirilmoqda. Har bir mamlakat oz tabiiy-iglimiy
sharoiti va ehtiyojlariga garab maxsus gulchang monitoring tizimlarini joriy etgan.
Masalan, Yevropa davlatlarida Pollen Monitoring Network, Yaponiyada Aeroallergen
Monitoring sistemasi, AQShda National Allergy Bureau faoliyat yuritadi (5). Ushbu
mamlakatlarda allergen anemofil florani o‘rganish va aeropalinologik tadqiqotlar uzoq
yillik ilmiy tajribaga ega bo‘lib, yuqori texnologik uskunalar va zamonaviy tahlil
usullari yordamida olib borilmoqda. O‘zbekistonda esa bu yo‘nalish keyingi yillarda
shakllana boshlagan bo‘lib, hali ham yetarlicha kompleks yondashuvga mubhtoj.

Ushbu maqgolada turli mamlakatlardagi allergen anemofil florani o‘rganishga
doir va aeropalinologik tadqiqotlar tahlil qilinib, ularning o‘zaro umumiy va farqli
jihatlari ko‘rsatiladi. Maqolada asosiy e’tibor — dunyo tajribasini o‘rganish orqali bu
sohaning global rivojlanish tendensiyalari va ilmiy yondashuvlarini aniglashga
garatilgan. Bu tahlil orqgali kelajakdagi tadgigotlar uchun ilmiy asos yaratish imkoni
paydo bo‘ladi.

Material va metodlar. Ushbu magolada dunyo miqgyosidagi aeropalinologik
tadgiqotlarning xronologik rivojlanishi tahlil qilindi. Tadgiqot obyektlari sifatida
quyidagi geografik hududlar gamrab olindi: Shimoliy Amerika (asosan AQSH),
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Yevropa (Buyuk Britaniya, Germaniya, Fransiya, Polsha, Ispaniya va boshgalar),
Rossiya, Avstraliya, Afrika, hamda Osiyo (Yaponiya, Xitoy, Hindiston) va Markaziy
Osiyo mamlakatlari.

Ma’lumotlar manbalari sifatida so‘nggi 125 yil ichida chop etilgan Scopus,
Web of Science (Wo0S), PubMed bazalarida indekslangan maqolalar, monografiyalar,
gulchang monitoring markazlari va agentliklari hisobotlaridan foydalanildi.

Tadgigot metodologiyasi quyidagilarga asoslandi: xronologik tahlil — har bir
mintaqada allergen anemofil florani o‘rganish va aeropalinologiya sohasidagi ilk
tadqiqotlardan to hozirgi kungacha bo‘lgan ilmiy yutuqlar tartib bilan tasniflandi;
giyosiy tahlil — mintaqalar o‘rtasidagi metodik, texnologik va tashkiliy jihatlar tahlil
qilindi. Har bir hudud uchun ilmiy ma’lumotlar dastlabki tadqiqot sanasi, qo‘llangan
metodika, ishlatilgan asbob-uskunalar, muhim natijalar, hamda muvaffagiyat va
cheklovlar asosida xronologik tartibda 5 bosqichga bo‘lindi va bosqichlarga nom
berildi. Har bir hududdagi rivojlanish bosqichlari muddatiga ko‘ra baholandi.

Natijalar va muhokama. Tadgigot davomida 1900-2025 yillar oralig‘ida
Scopus, Web of Science, va PubMed bazalarida indekslangan maqolalar, shuningdek
monografiyalar, gulchang monitoring markazlari va agentliklarning hisobotlari
o‘rganildi. Xronologik tahlil natijasida Shimoliy Amerika, Yevropa, Rossiya,
Avstraliya, Afrika, Osiyo va Markaziy Osiyo mamlakatlarida allergen anemofil flora
va aeropalinologiyaning rivojlanish bosqichlari quyidagicha shakllantirildi:

I-dastlabki bosgich — anemofil florani o‘rganish, allergen anemofil o‘simliklar
va allergik kasalliklar o‘rtasidagi bog‘liqlikni aniqlash davri;

II- tizimli tadgiqotlar bosgichi — gulchanglarni sodda usulda tutish, ularni
identifikatsiya qilish orgali allergen gulchang targalish mavsumi va asosiy
allergenlarni aniglash davri;

I11- jadal tadgigotlar bosqichi — gulchang gopqoni, atlaslarni nashr etilishi va
immunologik usullar davri;

IV- yuksalish va geografik kengayish bosqgichi — Ill-bosqgich tadgigotlariga
molekulyar biologiya metodlarining qo‘shilishi va xalqaro hamkorlik davri;

V — zamonaviy metodlar va innovatsiyalar - ragamli monitoring va bashoratli
modellar davri.

Shimoliy Amerika (AQSH) aeropalinologik tadgiqotlarda yetakchi mintaga
hisoblanadi. Bu yerda I-bosqich 1910-yillarda boshlangan bo‘lsa, 1930-50 vyillarda I1-
bosqichga, 1950-1980 yillarda I11-bosqichga o‘tilgan. XX asr oxiri XXI asr boshidan
boshlab V-V bosqgichlar tezkorlik bilan rivojlandi. Bugungi kunda AQSHda
molekulyar darajadagi allergen diagnostikasi, ragamli monitoring, real vaqtli bashorat

modellari va sun’iy intellekt asosida ishlovchi tizimlar mavjud (6, 7, 8).
Jadval
Turli geografik hududlarda allergen anemofil taksonlarni aniglash va aeropalinologiya tadgigotlarining
xronologik rivojlanish bosgichlari

Mamlakatlar 1900- 1930- 1950- 1980- 1990-2010 2010 -
1930 1950 1980 1990 hozirgi
kungacha
Shimoliy Amerika | 1 11| v v-v V-V
Yevropa - I- 11 1-111 1 v-v V-V
Rossiya - I I-11-111 I-11- 11 1-1v-v V-V
Sharqiy Osiyo - | 1l - 1v n-1v-v V-V
Auvstraliya - - I-11 - 1v n-1v V-V
Afrika - - | I-11 I-11-111 - 11-1v
Qozog‘iston, - - | I-11 I-11 - 1v
Qirg‘iziston
O‘zbekiston - | I-11 I-11 I-11-111

Yevropa davlatlarida I-bosgich 1930-yilda boshlangan. 1950-yilgacha 1l- bosgich
boshlangan, Il- va Ill-bosgichlar 1960-1980 vyillarda kuchaygan. 1990-yildan keyin IV-
bosqichga o‘tilgan bo‘lib, ko‘plab davlatlarda yillik gulchang atlaslari nashr qilingan. 2000-
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yildan boshlab esa ragamli monitoring va bashorat tizimlari (V-bosqich) joriy etilgan (5, 9, 10,
11).

Rossiyada 1930-1950—yillarda dastlabki kuzatuvlar va flora ro‘yxatlari (I-bosgich)
shakllantirilgan, laboratoriya sharoitida mikroskopik tahlillar va mahalliy monitoring ishlari
(=111 bosgichlar) 1950-1980 - vyillarda amalga oshirilgan. 1980-1990 - vyillarda II-1ll
bosqichlar kengaygan, ayrim joylarda immunologik usullar sinov tarigasida qo‘llanilgan.
1990-2010 - yillarda cheklangan bo‘lsa-da, molekulyar tadgiqotlar va kompyuterli monitoring
yo‘lga qo‘yilgan (III-IV-V bosqichlar). 2010-hozirgi kungacha IV-V Dbosqgichlar
rivojlanmoqda, ammo ayrim hududlarda metodik kamchiliklar mavjud (12, 13, 14).

Osiyo mamlakatlaridan Yaponiya, Xitoy, Hindistonda 1930-1950 — yillarda I-bosgich
— fundamental floristik tadgiqotlar asosida boshlangan. 1l bosgich — anemofil o‘simliklarning
gullash fenologiyasi va allergen gulchanglar targalishining mavsumiy dinamikasi tahlillariga
garatilgan tadgigotlar 1950-1980 — vyillarda amalga oshirilgan. 1980-1990 - vyillarda 11-1V
bosqgich — molekulyar va immunologik usullar tatbig etila boshlagan. 1990 yildan hozirgi
kungacha IV-V bosgich — sun’iy intellekt asosidagi monitoring tizimlari va bashorat
modellariga o‘tilmoqda. Yaponiya va Xitoyda molekulyar metodlar asosida allergen
o‘simliklarni aniqlash va hududiy monitoring tizimlari mavjud (10, 15, 16, 17)

Avstraliya va Afrikada bu boradagi tadgigotlar nisbatan kech boshlangan. Avstraliya V
bosqichga yaginlashgan bo‘lsa, Afrikaning ko‘pchilik hududlarida II-111 bosgichda qolmoqda.
Asosiy muammo — malakali mutaxassislar, texnik baza va bargaror monitoring tizimlarining
yetishmasligi (18, 19, 20).

Qozog‘iston va Qirg‘izistonda 1950-1980 — vyillarda I-bosgich — fundamental botanik
izlanishlar asosidagi tadgiqotlar amalga oshirilgan. 1990-2010 - vyillarda 1l bosgich —
mavsumiy allergen monitoring ishlari yo‘lga qo‘yilgan. III-IV bosgich — zamonaviy
laboratoriyalar tashkil etilgan, xalgaro magolalar chop etila boshlangan (21, 22, 23).

O‘zbekistonda anemofil flora va allergen o‘simliklarni o‘rganish IT-bosgichda turibdi.
Ayrim yirik shaharlarda (masalan, Toshkent, Samargand) aeropalinologik monitoring ishlari
yo‘lga qo‘yilgan bo‘lsa-da, IV-V bosqichlarga o‘tish uchun texnik va tashkiliy salohiyat
cheklangan. Ammo so‘nggi yillarda ilmiy faollik ortib bormoqda (23, ).

Tadqiqot natijalariga ko‘ra, aeropalinologiya sohasidagi rivojlanish bosqichlari
mintaqalar bo‘yicha sezilarli farqlarga ega ekanligi aniglandi.

Shimoliy Amerika, aynigsa AQSH, mazkur sohada ildamlikni ko‘rsatgan hudud
sifatida ajralib turibdi (rasm). Bu yerda XX asrdan boshlab aniq tadgiqgotlar olib borilgan, shu
sababli ayni damda zamonaviy molekulyar biologiya va ragamli monitoring usullari keng
go‘llanilmogda. Bu mintaqada ilmiy infratuzilma, laboratoriyalar va xalqaro hamkorlik juda
yugori darajada rivojlangan.

1810 1520 1940 1850 1970 1580 1550 2000 2010 2020

0 AQSH B Yevropa O Sharqiy Osiye B Rossiya
O Qozog'iston O Awvstraliya | Afrika O O0‘zbekiston

Rasm. O‘zbekistonda va xorijda aeropallinologiya rivojlanishining qiyosiy xronologiyasi
Yevropa mamlakatlarida 1930-yillardan boshlab anemofil florani aniglash va
monitoring ishlari tizimli yo‘lga qo‘yilgan. Yevropa mintaqasida ham aeropalinologiya
tadqiqotlari 20 asr o‘rtalarida tizimlashtirilgan va so‘nggi 30 yil ichida molekulyar va
ragamli texnologiyalarni joriy qilishda katta yutuglarga erishilgan. Yevropa va

162




QarDU xabarlari BIOLOGIYA 2025 2(2)

Shimoliy Amerika o‘rtasidagi rivojlanish bosqichlari o‘xshash bo‘lib, ular xalqaro
ilmiy almashinuv va texnologiyalarni joriy qgilishda bir-biriga ta’sir ko‘rsatgan.

Rossiya va Markaziy Osiyo mamlakatlari (xususan, Qozog‘iston va
Qirg‘iziston)da aeropalinologiya tadqiqotlari asosan 1950-yillardan boshlab
faollashgan. Ammo ularning ilmiy rivojlanishi Shimoliy Amerika va Yevropa bilan
taqqoslaganda keyinroq va qisman cheklangan bo‘lib qolgan. Rossiyada 1990-
yillardan boshlab molekulyar usullar va xalqaro hamkorlik faollashgan bo‘lsa-da, ba’zi
mahalliy muammolar va resurs yetishmasligi ilmiy jarayonni sekinlashtirgan.
Markaziy Osiyodagi mamlakatlarda esa tadqiqotlar jadal sur’atda rivojlanayotganiga
garamasdan, hali ham ragamli monitoring va yuqori texnologiyalar keng targalmagan.

Sharqgiy Osiyo va (Yaponiya, Xitoy) Hindistonda aeropalinologiya tadgiqotlari
1930-yillarda boshlangan bo‘lib, 1980-yillardan boshlab yuqori texnologiyalar, shu
jumladan molekulyar biologiya va immunologiya usullari faol qo‘llanila boshlagan.
Xitoy, Yaponiya va Koreyada so‘nggi yillarda ragamli monitoring va prognoz
modellari tizimi joriy etilmoqgda, bu mintagani xalgaro miqyosda yetakchi hududlar
qatoriga qo‘ymoqda.

Avstraliya va Afrikada esa aeropalinologiya tadgiqgotlari biroz kech boshlangan
va aynigsa Afrikada ushbu sohadagi tadgiqotlar hanuz chegaralangan. Avstraliyada
1950-yillardan boshlab tadqiqotlar amalga oshirila boshlagan bo‘lsa, Afrikada ushbu
jarayon so‘nggi 30 yilda faollashgan. Bu mintaqalarda ham molekulyar va raqamli
texnologiyalarni joriy etish bo‘yicha harakatlar davom etmoqda.

O‘zbekistonda aeropalinologiya tadqgiqotlari boshlanishi 1950-yillarga to‘g‘ri
keladi, ammo ilmiy tadqiqotlar tizimlashtirilishi va kengayishi so‘nggi 20-30 yilda
kuzatilmoqgda. Buning sababi sifatida ilmiy infratuzilmaning yetishmasligi, malakali
mutaxassislar sonining kamligi va zarur asbob-uskunalarning cheklanganligi
ko‘rsatilishi mumkin. Shu bilan birga, mahalliy iqlim va geografik sharoitlarga
moslashgan, zamonaviy va integrativ tadgiqgotlar olib borish uchun imkoniyatlar paydo
bo‘lmoqda.

Jahon tajribasidan kelib chiqib, O‘zbekistonda aeropalinologiya sohasida yuqori
texnologiyalar, xususan, molekulyar diagnostika, ragamli monitoring tizimlari va
xalgaro hamkorlikni kuchaytirish muhim vazifa hisoblanadi. Bu esa nafagat ilmiy
salohiyatni oshirishga, balki allergik kasalliklarni profilaktika va davolashda samarali
choralarni ishlab chigishga ham xizmat giladi.

Xulosa. Aeropalinologiya sohasidagi tadqiqotlar jahon bo‘yicha turlicha
bosgichlarda rivojlanib, Shimoliy Amerika va Yevropa yetakchi o‘rinni egallaydi.
Rossiya va Markaziy Osiyoda tadqiqotlar keyinroq boshlangan, ammo so‘nggi yillarda
rivojlanish sur’ati oshmoqgda. Sharqiy Osiyo mamlakatlari zamonaviy texnologiyalarni
jadal qo‘llashda yetakchi hisoblanadi. Avstraliya va Afrikada esa soha hanuz
rivojlanish bosqichida. O‘zbekistonda aeropalinologiya so‘nggi o‘n yilliklarda
rivojlanmoqda, lekin ilmiy infratuzilma va ragamli monitoringni rivojlantirish zarur.
Jahon tajribasi O‘zbekiston uchun katta imkoniyatlar ochadi va sohani
takomillashtirishda muhim omil bo‘ladi.
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Annotatsiya. Mazkur magolada Respublikamiz aholisining barcha gatlamida, aynigsa, yoshlarda
ekologik savodxonlikni oshirish masalasining muhimligi yoritilgan. Yosh avlodning ekologik madaniyatini
shakllantirishda uzluksiz ekologik ta’lim-tarbiyani tizimli yo‘lga qo‘yish zarur ekanligi atroflicha bayon
etilgan. Shuningdek, o'quv va tarbiya jarayonida talabalarda ekologik madaniyatni shakllantirish bilan
bog'liq masalalarni gamrab olgan. Aholi jumladan, har bir fugaroning ekologik madaniyatini yuksaltirish
masalasi nihoyatda muhim ekanligi asoslab berilgan.

Aytish kerakki, butun dunyoda va mamlakatimizda ekologik muammolar tobora kuchayib
borayotganini inobatga olgan holda ekologik ta’limning vaqti soati etib kelganligi va uni uzluksiz ta’limning
barcha bug’unida o‘qitishning magsadga muvofiq ekanligi batafsil tushuntirib berilgan. Qolaversa, ekologik
muammolar davlat siyosati darajasida ahamiyatga molik masala bo‘lib, ushbu muammolarni hal etishda
O‘zbekiston Respublikasi Prezidenti va hukumatning qonun va qarorlariga tayanilgan.

Kalit so‘zlar: atrof-muhit, ekologiya, ta’lim-tarbiya, ekologik ong, ekologik madaniyat, ekologik
muammo, garor, farmon, konsepsiya.

Annotation. This article emphasizes the importance of increasing environmental literacy of all
segments of the population of our republic, especially among young people. It describes in detail that it is
necessary to systematically establish continuous environmental education in order to form an environmental
culture of the younger generation. It also covers issues related to the formation of environmental culture in
students during the educational and upbringing process. It is substantiated that the issue of increasing the
environmental culture of the population, including each citizen, is extremely important. It should be noted
that, given the growing environmental problems in the world and in our country, the time has come for
environmental education and the advisability of teaching it in all areas of continuous education is explained
in detail. In addition, environmental problems are an important issue at the level of state policy, and the
solution to these problems is based on laws and regulations of the President of the Republic of Uzbekistan
and the government.

Key words: environment, ecology, education, environmental awareness, environmental culture,
environmental problem, solution, decree, concept.

Kirish. So‘ngi yillarda inson o‘zining xo‘jalik faoliyati tufayli tabiatga kuchli ta’sir
o‘tkazib, uning tabily muvozanatiga putur yetkazdi va bu jarayon davom etmoqda.
Natijada havoning ifloslanishi, global iqlim o‘zgarishi, toza suv tanqisligi, tuproq
eroziyasi, tabiiy boyliklarning kamayib borishi va boshga sabablar ogibatida igtisodiy-
ijjtimoiy va ma’naviy muammolarni keltirib chiqardi. Bu muammolarni hal etishning
asosiy yo‘llaridan biri yosh avlodning ekologik bilimlarini oshirish va ularni tabiatga ongli
munosabatda bo‘lish ruhida tarbiyalashdir. Bu esa pedagoglar zimmasiga juda katta
mas’uliyatli vazifalarni yuklaydi, chunki atrof-muhit holati ana shu yoshlarning
kelgusidagi faoliyatiga bog‘liq.

Mamlakatda yangilash, modernizatsiya va isloh etish jarayoni ketmoqda. Ushbu
jarayon samarasi ko‘p jihatdan madaniy saviyasi baland barkamol inson shaxsini
shakllantirishga bog‘liq. Zotan, ana shunday shaxsgina ijtimoiy taraqqiyot mo‘ljallarini va
millat manfaatlarini chuqur anglab yetadi, Vatan ravnaqi yo‘lida xizmat giladi. Davlatimiz
ravnaqi va istigboli, uning samaradorligi yuqori malakali, yuksak ma’naviyatli, aqlan
yetuk, intellektual salohiyatli, taraqgiy etgan mamlakatlar darajasida ragobatbardosh
mutaxassislar tayyorlash, barkamol avlodni shakllantirish muammosi bilan uzviy bog‘liq.

Tadgigot metodologiyasi. Tadgiqotda O°‘zbekiston Respublikasi hukumati va
Prezidenti tomonidan qabul gilingan ekologik muammolarga bog‘liq huquqiy hujjatlarga
tayanilgan. Ekologik muammolarni hal qilish davlat siyosati, milliy gadriyatlar va uning
ustuvorligiga hamda aholining ekologik madaniyatiga bog‘liq. Buning uchun ilmiy,
nazariy va amaliy darajalarda tegishli usullarni ishlab chiqish, ularni sinovdan o‘tkazish va
o‘quv jarayoniga tatbiq etish talab etiladi.
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Mamlakatimiz Prezidenti Sh.M.Mirziyoyevning Umumiy o‘rta, o‘rta maxsus va
kasb-hunar ta’limi hamda oliy ta’lim tizimini tubdan takomillashtirish chora-tadbirlari
to‘g‘risidagi Farmon va qarorlarida barkamol shaxs va malakali mutaxassisni tarbiyalab
voyaga yetkazish, ta’lim muassasalarining resurs kadrlar va axborot bazalarini yanada
mustahkamlash va takomillashtirish, o‘quv — tarbiya jarayonini yangi o‘quv uslubiy
majmualar bilan to‘liq ta’minlash dolzarb vazifalar qatorida belgilangan [1-5].

Xususan, O‘zbekiston Respublikasida oliy ta’limni tizimli isloh qilishning ustuvor
yo‘nalishlarini belgilash, zamonaviy bilim va yuksak ma’naviy-axloqiy fazilatlarga ega,
mustaqil fikrlaydigan yuqori malakali kadrlar tayyorlash jarayonini sifat jihatidan yangi
bosqichga ko‘tarish, oliy ta’limni modernizatsiya qilish, ilg‘or ta’lim texnologiyalariga
asoslangan holda ijtimoiy soha va iqtisodiyot tarmoglarini rivojlantirish magsadida
“O‘zbekiston Respublikasi oliy ta’lim tizimini 2030 yilgacha rivojlantirish konsepsiyasini
tasdigqlash to‘g‘risida” 2019 yil 8 oktabrdagi PF-5847-sonli Farmon gabul gilindi [6].
Ta’lim tizimi tarbiya mutasaddilari oldiga yosh avlodda yuksak e’tigod va ilmiy
dunyogarashni shakllantirishni, dunyoni chuqur anglaydigan, zamon taraqqgiyoti bilan
barobar qadam tashlaydigan, mustaqil fikrlaydigan ma’naviy barkamol shaxsni
tarbiyalashni muhim vazifa qilib qo‘ydi.

Zero, so‘ngi yillarda mamlakatimizda ta’lim sohasida muhim islohotlar amalga
oshirib kelinmoqda. Barcha ta’lim tizimi muassasalarida tuzilishi va mazmuni jihatdan
katta o‘zgarishlar yuz berdi. Ularning soni ortdi, mutaxassislar tayyorlash sohalari
kengaydi, jamiyatimiz talablaridan kelib chiggan holda kadrlar tayyorlash va ularning
malakasini oshirishga jiddiy e’tibor berila boshlandiki, zero, ushbu mutaxassislar albatta
ekologiya va tabiatni muhofaza qilish haqidagi bilim va ko‘nikmalarni to‘liq o‘zlashtirgan
bo‘lishlari lozim. Bo‘lajak mutaxassislar yuksak darajadagi umumiy ekologik madaniyat
va kasb mahoratini egallagan, milliy va umuminsoniy qadriyatlarni o‘zlashtirgan, tabiatni
muhofaza qilish bilan bog‘liq bo‘lgan o‘zbek xalqining milliy an’analariga tayanadigan
insonlar etib tarbiyalanishi ahamiyatga molik. Shu sababdan ham bo‘lajak mutaxassislar
0‘z kasbiy faoliyati bo‘yicha chuqur bilim, yuqori ekologik madaniyatga ega bo‘lishlari
zarur. Bu ekologik ta’lim-tarbiya jarayonida amalga oshiriladigan muhim pedagogik
jarayondir.

Natijalar va muhokama. Bugungi kunda fan-texnika jadal sur’atlarda rivojlanib,
inson va tabiat o‘rtasidagi tabily muvozanat buzilayotganligi, tabiatga nisbatan jamiyat
a’zolarida g‘amxo‘rlik sust ahvolga kelib qolganligi oqibatida atrof muhitga katta ziyon
yetmoqda. Ona tabiatga istigbolni ko‘zlab munosabatda bo‘lish, kelajak avlodga uni
go‘zal va tabiiyligicha qoldirish bugungi kunning muhim vazifasi bo‘lib turibdi. Chunki
tabiatga nisbatan inson ganchalik berahmlik bilan munosabatda bo‘lsa, tabiat ham insonga
nisbatan aynan ana shunday javob qaytaradi. Insoniyat jamiyatida ekologik ta’lim qay
darajada shakllansa, jamiyat ham shu darajada taraqqiy etadi. Hozirgi kunda shaxslararo
munosabatlardan tortib jamiyat va tabiatning o‘zaro aloqadorligi orasidagi ko‘plab
muammolar kishilarda ekologik ta’lim-tarbiyaning talab darajasida emasligidan, ekologik
savodxonlikning sayyozligidan dalolat beradi.

Vaholangki, insoniyat tabiatning bir bo‘lagi ekanligini his etishi; tabiatni
insoniyatning tug‘ilishi, yashashi, rivojlanish makoni sifatida anglash va fikrlashi; tabiat
bilan jamiyatning uyg‘unligiga doir tabiiy va antropogen bilimlar tizimiga ega bo‘lishi;
tabiat qonuniyatlarini o‘rganishi, anglab yetish va so‘zsiz amal qilishi; tabiiy muhit bilan
ongli munosabatga kirisha olishi, uning holatlarini baholay bilishi, bilim va malakaga ega
bo‘lishi; atrof muhitni tabiiy holda kelajak avlod uchun saqlashi kabi g‘oyalarni inson
ongida shakllantirish ekologik ta’lim orqali amalga oshiriladigan muhim jarayonlar
hisoblanadi. Aynigsa, ekologik ta’lim-tarbiya orgali ekologik barqgarorlikka erishishimiz
mumkinligini insonlar anglab yetadilar.

Asrimiz boshlariga kelib mavjud ekologik vaziyat milliy gadriyatlar, insoniy
ehtiyojlarni qayta ko‘rib chiqishni yanada kuchliroq talab etmoqda. XXI asrda aql sferasi
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alohida ahamiyat kasb etib, barcha mavjud muammolarni ekologik ta’lim-tarbiya asosida
hal etishni taqoza etmoqgda. Buyuk V.Vernadskiy aytganidek, noosfera qobig‘ining
shakllanishi, insonlarda ekologik ongning shakllanishiga olib keladi. Qachonki noosfera
qobig‘i to‘liq shakllanib bo‘lsa, yer sayyorasida istigomat giladigan insonlar ongida
tabiatni muhofaza gilish va uni tuzatishga oid global dunyogarash shakllanadi.

Yoshlarga ekologik ta’lim berish asosida tabiatni muhofaza qilish, tabiat
zaxiralaridan oqilona foydalanish, ekologik muammolarni o‘rganish va ularning yechimini
topish masalalari katta ahamiyatga ega. Jahonda, jumladan respublikada yuzaga kelgan
ekologik vaziyatlar ya’ni havoning ifloslanishi, chuchuk suv tanqisligi, cho‘llashish
jarayoni, bioxilma-xillikning kamayishi, tuproq eroziyasi, Orol va Orolbo‘yi muammosi,
chigindilar muammosi kabi yoshlarning ekologik tayyorgarligiga oid bir gator talablarni
hal etishni taqoza etadi. Bularga:

- yoshlar ongida tabiat va jamiyatning o‘zaro aloqadorligiga oid ekologik ta’lim
berish, tabiatni umummilliy gadriyat sifatida his etish;

- tabiat bilan insonning o‘zaro chambarchas bog‘liqligini anglatish;

- "tabiat-jamiyat-texnika™ tizimi tufayli yuzaga kelgan ekologik muammolarni
tushuntirish;

respublika hududidagi ekologik muammolar, ularning kelib chigish sabablari,
ogibatlari; katastrofik (kataklizma) holatdagi ekologik vaziyatlarni yaxshilashga oid
masalalarning yechimini topishga o‘rgatish;

- tabiatni muhofaza gilishga oid gonunchilik bilan tanishtirish;
- yashil igtisodiyot madaniyatini shakllantirish va yuksaltirish;

- ekologik ta’lim darajasini ko‘tarish maqsadida ilmiy-ommabop adabiyotlar,
teleko‘rsatuvlar, masofaviy ta’lim va internet tarmog‘i yordamida ma’lumotlardan
olinadigan ekologik tushunchalarga asoslanib, tabiiy zaxiralardan foydalanish va tabiatni
muhofaza qilishga oid ma’lumotlarga tayanib ko‘nikmalarini tarkib toptirish va
rivojlantirish;

- yoshlarda tabiatni muhofaza qilishga oid faoliyatga undovchi ekologik ta’lim
berish asosida tabiat bilan sog‘lom munosabatda bo‘lishga o‘rgatish, o‘lkadagi ekologik
muammolarni hal etishda ishtirok etish tuyg‘ularini uyg‘otish orqali ekologik ong va
madaniyatni shakllantirish kabilar kiradi.

Mazkur talablarga muvofiq tabiat komponentlari: ekotizim, atmosfera; gidrosfera;
litosfera; biosfera; yaqin koinot; quyosh va uning tizimiga oid bilimlar majmuasi asosida
yoshlarga ekologik ta’lim-tarbiya berish muhim ilmiy-pedagogik muammao hisoblanadi.

Aynan ekologik ta’limning dolzarb masalalaridan biri sifatida uzluksiz ekologik
ta’limni yo‘lga qo‘yish, ta’limning sifat va samaradorligiga erishish hamda ekologik
madaniyatni shaklantirish asosida muammoning yechimini topish shu kunning talabi
bo‘lib golmoqda.

Xususan, Muxtaram Prezidentimiz Shavkat Mirziyoyevning “2017-2021 vyillarda
O‘zbekistonni rivojlantirishning beshta ustuvor yo‘nalishi bo‘yicha Harakatlar
Strategiyasi” Farmonida (2017 yil 7 fevral PF-4947) Ta’lim va fan sohasini rivojlantirish
magqsadida: uzluksiz ta’lim tizimini yanada takomillashtirish yo‘lini davom ettirish, sifatli
ta’lim xizmatlari imkoniyatlarini oshirish, mehnat bozorining zamonaviy ehtiyojlariga
muvofiq yuqori malakali kadrlar tayyorlash masalalariga katta e’tibor qaratilgan [7].

Shularni e’tiborga olgan holda, Respublikamizda ekologik muammolarni bartaraf
etish va ekologik xavfsizlikni ta’minlash, barcha aholida ekologik madaniyatni
shakllantirish maqsadida ekologik ta’lim-tarbiyani uzluksiz ta’lim tizimining muhim
tarkibiy qismi sifatida qarash va ta’lim tizimi jarayoniga keng joriy etishning ya’ni barcha
ta’lim turlarida o‘qitishning vaqt-soati kelganligini ma’lum gilish va anglatish magsadida
Ekologik ta’limni rivojlantirish konsepsiyasi ishlab chigildi. Mazkur konsepsiya 2019 vyil
27 mayda 434-sonli garor bilan tasdigdan o‘tdi [8].
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O‘sib kelayotgan yosh avlodda ekologik bilim, ong, madaniyat va tafakkurni
shakllantirish va rivojlantirish hamda ekologik ta’lim-tarbiya jarayonini tizimli va
samarali tashkil etish, ekologiya sohasidagi ilm-fanni jahonning ilg‘or innovatsion
texnologiyalarini jalb etgan holda yanada takomillashtirish Ekologik ta’lim
konsepsiyasining asosiy maqgsadidir.

"Ta’lim to‘g‘risida" va "Tabiatni muhofaza qilish to‘g‘risida"gi O‘zbekiston
Respublikasi Qonunlariga muvofiq uzluksiz ta’lim tizimida ekologik ta’limni
rivojlantirishning asosiy prinsiplarini belgilash, ularni izchillik bilan bosgichma-bosgich
ta’lim-tarbiya jarayoniga tadbiq qilish va buning asosida ekologik ta’limning
samaradorligini yangi bosgichiga olib chigish konsepsiyaning asosiy vazifalaridan biri
hisoblanadi.

Ekologik ta’limni tashkil etishning metodologik asoslarini o‘rganish va adabiyotlar
tahlilidan ma’lum bo‘ldiki, yoshlarga ekologik ta’lim-tarbiya berish va ularning ekologik
madaniyatni shakllantirishga imkon beruvchi dastur va konsepsiya, darslik, o‘quv ulubiy
qo‘llanma, risolalar mavjud, biroq uzluksiz ta’lim tizimida ekologiya mustaqil fan sifatida
umumiy o‘rta va o‘rta maxsus ta’lim hamda kasbiy (professional) ta’limda qabul
gilinmagan. Shu sababdan ham o‘qituvchilar yoshlarda ekologik dunyogarash va
madaniyatni shakllantirishda giyinchiliklarga duch kelmoqdalar. Bu esa, yoshlarning
ekologiya va tabiatni muhofaza qilish sohasidagi dunyoqgarashi va bilim darajasi sayyoz
bo‘lishiga olib keladi. Eng muhimi, insonlarning yashash sharoitlariga xavf solayotgan
ekologik muammolarni hal etishda ya’ni ularning yechimini topishda erkin fikr yuritish,
mustaqil xulosa chiqarish va qaror qabul qilishlariga salbiy ta’sir ko‘rsatadi.

Chunonchi, respublikamiz hududida ham ekologik muammolarning mavjudligi va
murakkablashuvi, har bir insonni atrof muhitga mas’uliyatli munosabatda bo‘lishini talab
etadi. Tabiatni muhofaza qilish va ekologiya muammolarining og‘ir tus olishi ijtimoiy-
iqtisodiy, siyosiy, axlogiy, ekologik, madaniy-tarixiy masalalarga yangicha garashlarni
tagoza qilmoqgda. Sodir bo‘layotgan ekologik muammolar insonlarni uning sabablarini
tushunishga va oldini olish choralarini izlashga turtki bo‘lmoqda. Zero, buning uchun
yoshlarda ekologik ta’lim yuqori darajada bo‘lishi lozim.

Atrof muhitni muhofaza qilish, tabiat boyliklaridan oqilona foydalanish ko‘p
jihatdan insonlarning ekologik savodxonligiga, ekologik ko‘nikma va malakalarni
shakllanganlik darajasiga bog‘liq. Qolaversa, dunyoda kun sayin keskinlashib borayotgan
ekologik muammolarni bartaraf etish uchun ekologik bilim yuqori bo‘lmog‘i lozim. Shu
sababli, ekologik ta’lim-tarbiyaga e’tiborni kuchaytirib, uni takomillashtirish ishlarini
amalga oshirish lozim. Aynigsa, bo‘lajak mutaxassislar chuqur bilim, intelektual salohiyat,
yuqori ekologik madaniyatga ega bo‘lishlari zarur. Yoshlar kelgusida gqaysi soha
mutaxassisi bo‘lib ishlashlaridan gat’iy nazar, ular yaratayotgan turli xil mahsulotlar va
faoliyat ko‘rsatayotgan korxonalardan chiqayotgan chiqindilar tabiatga, uning asosiy
unsurlari: havo, suv, tuproq, o‘simlik va hayvonot olamiga zarar keltirmasligi kerak.

Ekologik ta’lim-tarbiya har tomonlama rivojlangan barkamol avlodni voyaga
yetkazishda muhim ahamiyatga ega bo‘lib, Vatanga muhabbatli, sadoqatli, vijdonli,
insonparvarlik va olijanoblik kabi hislatlarni o‘zida mujassamlashtirgan kishilarning
shakllanishiga olib keladi. Davlatimiz milliy dasturi talablarining asosiy magsadi ham
shundan iborat.

Yoshlarga ekologik ta’lim-tarbiya berish, ularda tabiatga nisbatan ijobiy tuyg‘u,
qarash va harakatlarning shakllanishini ko‘zda tutadi-ki, ular mahalliy, milliy va
umuminsoniy gadriyatlar bilan uyg‘unlashib ketadi. Yoshlarga ekologik ta’lim berish
tabiatni saqlab qolish, uning umrini uzaytirishning asosi bo‘lib xizmat qiladi.

Ekologik ta’lim-tarbiya natijasida, yoshlarda tabiat bilan inson o‘rtasidagi
munosabatlar uyg unligi va atrof tabiiy muhitni muhofaza qilish ko‘nikmasi tarkib topadi,
shu bilan birga tabiatni sevish, u haqida qayg‘urish, yurtimiz tabiati go‘zalligidan
faxrlanish kabi his-tuyg‘ular shakllanadi. Ekologiyani o‘rganish jarayonida yoshlar tabiat
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hodisalari, tabiat obyektlarining bir-biri bilan alogasi, tabiat va inson orasidagi
muvozanatning buzilish sabablarini aniq tasavvur etadilar. Kelajakda tabiatga oid chuqur
bilim, malaka, ko‘nikmaga ega bo‘lishlari Ekologik qonuniyatlarning mustahkam
o‘zlashtirilishi insoniyatning tabiat bilan muloqgat gila olish chegarasini anglab yetishlariga
va tabiatga nisbatan ehtiyotkorona munosabatning shakllanishiga olib keladi.

Shuning uchun ekologiya fanini chuqur va har tomonlama o‘rganishlari, inson
faoliyati natijasida biosferada ro‘y berayotgan hodisalarning sabab va qgonuniyatlarini
tahlil etishlari, tabiat muhofazasini ilmiy asosda anglashlari zarur.

Aynan Konsepsiya ekologik ta’lim va tarbiyaning yagona tizimda turuvchi ajralmas
vositalar majmuasi bo‘lib, tabiatni asrab-avaylash, ekologiya va atrof-muhitni muhofaza
qilish, ona zaminning boyliklaridan oqilona foydalanish haqidagi ko‘plab tasavvur, bilim
va dunyogarashni shakllantiradi. Vatanimiz tabiatini, ekotizimlarni, atrof-muhitni izdan
chigishidan asrashga hamda aholining barcha qatlamlarini ekologik madaniyatini
oshirishga salmoqli hissa qo‘shadi.

Mazkur konsepsiya yoshlar o‘rtasida ekologik bilim, ong, madaniyat hamda
ekologik ta’lim-tarbiya jarayonini tizimli tashkil etish, ekologiya sohasini ilg‘or
innovatsion texnologiyalarni jalb etgan holda yanada takomillashtirish, yoshlarning Ona
tabiatni sevish va uni ko‘z qorachig‘idek asrashga qaratilgan bilim va ko‘nikmalarni
oshirish uchun uslubiy asos bo‘lib xizmat qiladi.

Ekologik ta’limni rivojlantirish konsepsiyasiga asoslangan holda uzluksiz ta’lim
tizimining barcha bug‘inlarida ekologiya fanini o‘qitilishini keng joriy qilish maqgsadga
muvofiq bo‘ladi.

Shuningdak, O°¢zbekiston Respublikasi Prezidentining “2030 yilgacha bo‘lgan
davrda O‘zbekiston Respublikasining atrof muhitni muhofaza qilish konsepsiyasini
tasdiglash to‘g‘risida” 2019 yil 30 oktabrda, PF-5863-sonli Farmoni gabul gilindi [9].
Konsepsiya yondashuvlarining muhim jihati sifatida ekologik madaniyat va ta’limni
shakllantirish — fuqgarolik jamiyati institutlarini jalb etgan holda, aholining uzluksiz
ekologik ta’limi kompleks tizimini tashkil etish, atrof-muhit masalalari bo‘yicha qarorlar
qabul qilishda aholining ishtirok etishi kabi masalalar e’tirof etilgan. Fuqarolik jamiyati
institutlari va aholining keng ishtirokisiz atrof muhitni muhofaza qilish muammolarini hal
etib bo‘lmaydi. Bunda aholining bilim darajasi alohida ahamiyatga ega ekanligi
institutsional muammolar sifatida gabul gilingan.

Xulosa va takliflar. Yuqorida keltirilgan barcha huquqgiy hujjatlarning bevosita
ishoti va tasdig‘i sifatida 2025 yil 15 mayda O°‘zbekiston Respublikasi Prezidentining
“2030-yilgacha bo‘lgan davrda aholining ekologik madaniyatini yuksaltirish”
Konsepsiyasi gabul gilindi [10]. Ushbu konsepsiyada atrof muhitni muhofaza qilish
muammolari umuminsoniy ahamiyat kasb etayotgan, insoniyatning tabiiy muhitga
yetkazgan salbiy ogibatlarining natijalari tahlil gilinayotgan bir paytda, aholining barcha
qatlamlariga ekologik ta’lim berishning uzluksizligini ta’minlash asosida ekologik
madaniyatni shakllantirish va yuksaltirish muammosi inson ongidagi o‘zgarishlar bilan
bevosita bog‘liq ekanligi asoslab berilgan.

Konsepsiyasining asosiy magsadi o‘sib kelayotgan yosh avlodda ekologik bilim, ong
va madaniyatni shakllantirish hamda rivojlantirish, ushbu yo‘nalishda ta’lim-tarbiya
jarayonini samarali tashkil etish, aholining barcha gatlamlarida ekologik madaniyatni, shu
jumladan, “yashil” iste’mol madaniyatini yanada yuksaltirishdan iborat deb qayd etilgan.

Binobarin insonlar tabiatning gadriyat ekanligini anglab yetsinlar. Havo, suv,
tuproq, o‘simlik hamda hayvonlar tabiatning mugaddas ne’mati, oliy in’omidir va inson
hech qachon tabiatning hukmdori bo‘la olmaydi va hech qachon uni boshqara olmaydi.
Aksincha, inson tabiatni hurmat qilish, e’zozlash, qadrlash yo‘li bilangina uyg‘unlikda
yashay olishi mumkin. Buni tushunish vaqti soati yetib keldi. Chunki insoniyat hayoti
davomida juda ko‘plab achchiq tajribaga ega bo‘ldi. Bugungi insonlar buning guvohi
bo‘lib turibdilar.
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Shu bois, Muxtaram Prezident Sh.M.Mirziyoyev ta’kidlaganidek, Hammamizga
ayonki, taraqqgiyotning tamal toshi ham, mamlakatni qudratli, millatni buyuk giladigan
kuch ham bu — ilm-fan, ta’lim va tarbiyadir. Ertangi kunimiz, Vatanimizning yorug*
istigboli, birinchi navbatda, ta’lim tizimi va farzandlarimizga berayotgan tarbiyamiz bilan
chambarchas bog‘liq [11].

Darhagiqat, insoniyat jamiyati ganchalik, ekologik muammolarni bartaraf etishga,
atrof muhit tozaligini saqlashga, amaliy va iqtisodiy ko‘mak berishga harakat qgilmasin,
jamiyat a’zolarining har birida ekologik madaniyat shakllanmas ekan, tabiatni muhofaza
gilish masalalari muammoligicha qolaveradi. Shuning uchun uzluksiz ekologik ta’limni
joriy etish asosida ekologiya fanlarini chuqur va har tomonlama o‘rganishlari, inson
faoliyati natijasida biosferada ro‘y berayotgan hodisalarning sabab va qonuniyatlarini
tahlil etishlari, tabiat muhofazasini ilmiy asosda anglashlari zarur ekanligini davr tagozo
etmoqda.
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