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KOMIIBIOTEPHOE MOJAEJIMPOBAHHUE BJIUAHUA APTTOHOBOI'O
OKPYKEHUS HA JTUMEPBI METHJIOBOI'O CIITUPTA

A. Hek0oeB

KapmuHckuii rocyjapcTBEHHBIN YHUBEPCUTET, 0a30BBIN JTOKTOPAHT
b. KyilsiueB

KapmmHckuii rocyjapcTBEHHBIH YHUBEPCHUTET, podeccop

N. lopomeHko

KueBckuit HanmoHanbHBIN YyHUBepcuTeT uMeHu Tapaca llleBuenko, mpodeccop
A.Xynaiibepauen

KapmmHckuil rocy1apCcTBEeHHBIM YHUBEPCUTET, CTYIAEHT
bahromg@rambler.ru

ORCID: 0009-0005-9065-7050

VYIK. 661.721(045)

AHHoTanus. MeroaMH KBAaHTOBO-XUMHUYECKOTO MOJEIUPOBAHUSA HCCIECIOBAHO  BIMSHHE
aproHOBOI'0 OKPY)KEHHUS Ha CTpYKTypy U crekTpsl MK normomenus merunoBoro cnupta. Merogom DFT B
npubmmxenun B3LYP/cc-pVTZ paccuutanbl ONnTHMallbHBIE T€OMETPUYECKUE IMapaMeTpbl U CIEKTPBI
HH(PAKPaCHOTO IIOIVIOLIEHHS AMMEpa MOJEKYJl MeTaHola B BakyyMe U B aprose. Ilokaszano, 4to B
IIPUCYTCTBUH aproHa yBenuuuBaroTcs JUIMHBI cBazel C—O u O-H, a miMHA BOXOPOTHON CBS3H MEXIY
MOJIEKyJlaMH B AMMeEpe yMEHbIIaeTcs. M3MeHeHMsT reoMeTpUYecKHX MapaMeTpoB AuMepa HpPUBOIAT K
cMeleHnro nosoc B cnekrpax MK mornomenus B aproHOBOM OKpPY>KEHHH OTHOCHTENIBHO COOTBETCTBYIOIIUX
IIOJIOC B CHEKTpax AUMeEpa B BaKyyMe. BenMumHBI CMEIEHNH CHEKTPaNbHBIX MONOC A AUMEpPA MEHBIIE,
YEM aHAJIOTUYHBIE CMEILEHUS A1 MOHOMEPA METUIOBOT'O CIIMPTA.

KiioueBble cjioBa: METUJIOBBIA CIUPT, AUMEP, aproH, KBAHTOBO-XMMHYECKOE MOIEITUPOBAHUE,
cnextp MK mormnormeHus, BOZOpoaHAS CBSI3b

METIL SPIRTI DIMERIGA ARGON MUHITI TA’SIRINI KOMPYUTERDA
MODELLASHTIRISH

Annotatsiya. Metil spirtining tuzilishi va 1Q yutilish spektrlariga argon muhiti ta’sirini o‘rganish
uchun kvanto-kimyoviy hisoblashlar olib borildi. Vakuum va argonli muhitdagi metanol molekulasi
dimerining optimal geometrik parametrlari va infragizil yutilish spektrlari B3LYP/cc-pVTZ yaginlashuvida
DFT usulidan foydalangan holda hisoblab chiqildi. Argon bilan o‘ralgan muhitda C-O va O-H bog*
uzunligi ortishi, molekulalar orasidagi vodorod bog‘ uzunligi esa qisqarishi kuzatildi. Dimer geometrik
parametrlarining o‘zgarishi argon muhitidagi 1Q yutilish spektral diapazonini vakuumdagi dimer spektral
diapazonlariga nisbatan siljishiga olib keldi. Dimer uchun spektral diapazonlarning siljish giymatlari metil
spirti monomeri uchun o*xshash siljishlardan kichikrog.

Kalit so‘zlar: metil spirti, dimer, argon, kvanto-kimyoviy hisoblashlar, 1Q yutilish spektri, vodorod
bog".

BBenenue. Jlyis uccienoBaHuii KoJaeOATENbHBIX CHEKTPOB OTACIBHBIX MOJIEKYII,
KOTOpbIE HE TOJBEPKEHBI BIUSHUIO OKPYXEHHS, d(PPEKTUBHBIM IMOIXOIOM SIBIISIETCS
METOJ X M30JISIIMU B KPUO-MaTpHUIlaX MHEPTHHIX T'a30B, B MEPBYIO ovepeb aprona [1 -
4]. B Hammx mpeasiaymux padoTax [5,6] myreM KBaHTOBO-XHMHUYECKOTO MOJICITUPOBAHUS
CTPYKTYPHI U KOJEOATEIbHBIX CIIEKTPOB MOJICKYJIBI METHJIOBOTO CIUPTa B BaKyyMe U B
aproHOBOI cpene ObLIO MOKA3aHO, YTO aproHOBasi MaTpPHUIla BIUSET HA TEOMETPUUECKUE
MapaMeTpbl U30JMPOBAHHBIX B HEW MOJIEKYJ, B YACTHOCTU YBEIUYUBAIOTCA JUIMHBI CBS3EM1
C-H u O-H. Takue n3MeHeHUs B CTPYKType MOJEKYIIbI MPOSIBISIFOTCS B KOJeOaTeIbHBIX
CIEKTPax B BUJE CMEIIEHUSI COOTBETCTBYIOIINX KOJIeOaTeNbHBIX ToJoc [5, 6]. Pe3ynbrarht
pacdeToB XOPOIIO COrIACYIOTCS C DKCIEPUMEHTAIIBHO 3aPETUCTPUPOBAHHBIMU CIIEKTPAMU

MH(}paKpacHOro MOTJIOUIEHHS] METaHOJIa, U30JIMPOBAHHOTO B aproHOBOM Matpuiie [7, 8].
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OaHako M3BECTHO, YTO MOJICKYJIBI METHJIOBOIO CIHUPTa, Kak W JAPYTrHUX
OJTHOATOMHBIX CITHPTOB, CKJIOHHBI K (DOPMHPOBAHUIO MEKMOJCKYISPHBIX BOIOPOTHBIX
cBsi3eil u oOpasoBanmio kiactepoB [1, 2, 7, 8]. ['eomerpuyeckne W IHEPrETUUYCCKUE
napaMeTpbl KJIacTepoB, KOTOpbIE BKJIIOYAIOT Pa3HOE KOJMYECTBO MOJIEKYJl METaHOJIa,
MOTYT OTJIMYAThCA OT COOTBETCTBYIOLIUX MAapaMeTPOB OTIEIbHBIX MOJIEKYJ B MATPUUHON
m3omsinuu.  [losromy  mpencraBisieTcs  1enecooOpa3HbIM — MCCIENOBaTh  BIIMSHUE
aproHOBOTO OKPY>KEHHUS HE TOJNBKO Ha OTHEJbHBIC MOJEKYJbl, HO M Ha HeOOoJbIIne
BOJIOPOJIHO-CBSI3aHHBIEC KJIACTEPhl METUJIOBOTO CIIMPTa pa3HOro pasmepa. lannas pabora
MOCBSIIICHA W3YYCHUIO BIUSHUS aproHa Ha CTPYKTYpPY H KojeOaTenbHBbIE CIEKTPHI
JTUMEPOB METaHOJIa METOI0M KBAaHTOBO-XUMHUYECKOTO MOJICTUPOBAHMSL.

Metonosiorust ucciaenoBanusi. Ilpy momomm mnporpaMMHOrO Makera s
KBaHTOBO-XuMu4eckoro mojenupoBanus Gaussian 09 [9] metonmom DFT B mpubnmkenuun
B3LYP/cc-pVTZ Obui MpOBEACHBI KBAHTOBO-XMMHUYECKHE PacueThl ONTHMAJIBHOM
reoMeTpUUYECcKOil CTpyKTyphl U criekTpoB MK morsiomienus auMepa MeTaHosa B BakyyMe U
B aproHoBoil cpene. Ilpu mpoBeaeHHH MOJIENBHBIX PAcCUETOB apPrOHOBOE OKPYKEHHE
3aaBajlocb B BHUJAE  COOTBETCTBYIOLIEro  pactBopurens.  ONTUMHU3MPOBAaHHAs
reoMeTpuyecKas CTpyKTypa AMMepa METaHoIa [T0Ka3aHa Ha puc. 1.

) ,@043
J

9
Puc. 1. OnTuMu3upoBaHHas CTPyKTypa JuMmepa MeTaHosa. KpacHsle mapruku 0003Ha4ar0T aTOMBI

Kucjaoponaa, OoJibIIne TEMHO-CEPBIC — aTOMBbI YTIJIEPOIa, MAJICHBKHUE CBETJIO-CEPHIC — aTOMbBI BOAOPOAA,
HyHKTHpHOﬁ JIMHUEH ITOKa3aHa BOAOPOJAHAA CBA3b.

Pe3yiabTaTbl KBAHTOBO-XMMHMYECKOI0 MOAEJIMPOBaHMA M HX aHaau3. Kak
[IOKA3bIBAIOT PE3YJNbTAThl CPABHEHUsS PACCYUTAHHBIX TEOMETPUYECKHUX I1apaMeTpOB
JUMEPOB B pA3JIMYHBIX CpEAax, aproHOBOE OKPYKEHHE IPUBOIUT K HEKOTOPOMY
yBenuueHuto JuinH cBsazeit C — O u O — H B o0eux Mojekysnax Jumepa Mo CpaBHEHHIO C
COOTBETCTBYIOIIMMH JUIMHAMH CBsI3ed B BakyyMe. IIpu »TOM JyiMHA BOJOPOJIHOM CBSA3HU
O...H ymenbmaercs.

Kak w3BeCTHO, IIMHBI CBS3€M HENOCPEACTBEHHO CBSA3aHbl C 3HAYCHUSAMU
COOTBETCTBYIOLIMX KoJeOaTeIbHBIX 4acTOT. TakuM o0pa3oM, M3MEHEHME JUIMHBI CBS3H
MIPUBOJUT K CMELIEHUIO COOTBETCTBYIOMIEN noiockl B criekTpe MK mormomenns. Ha tom
K€ YpOBHE TEOpHUH, Ha KOTOPOM TPOBOJMIACH ONTHMM3ALUS T'EOMETPUH, OBLIH
paccuuTaHsl (6€3 IpUMeHeHus TpoLeaypbl MaciTabupoBanus) cinekTpbl MK nornomenus
JMMepa METaHoJIa B BaKkyyMe M B aproue. B Tabnuue | mpeacrtaBieHbl pacCUMTaHHbIE
3HAYEHHS YacTOT KoJjeOaHuM, a Takke MHTEHCUBHOCTH COOTBETCTBYIOLIUX ToJoc. B nByx
MOCTIeTHUX CTOJIOIAaX MOKa3aHbl BEIMYMHBI CMEIEHHsS] KaXIOH CIEeKTpaJbHOW IOJIOCHI
JUISL CLIEKTPOB B aprOHE OTHOCHUTENIBHO CIIEKTPA B BAKyyM€, a TAKXKE W3MEHEHUS B HX
MHTEHCUBHOCTH.

Tabmuma 1. PaccunTanHble 4acTOTHI U MHTEHCHUBHOCTH KOJIEOATENIFHBIX II0JIOC B
cnekrpax MK nornomenus numepa MeTaHona B BAKYyME U B aproHe
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Homep BaKyyM aprox Vap — Vaak, CM | lap—Isax,
MOIBI | V, CM™: L o.e. v, emt L o.e. ! 0.e.
1 42.9 595.8 31.4 1212.1 -11.5 616.4
2 46.3 721.0 49.1 214.2 2.8 -506.7
3 59.3 647.1 52.4 899.9 -6.9 252.8
4 101.7 111.6 105.8 111.0 4.0 -0.6
5 112.8 46.1 116.0 34.0 3.2 -12.1
6 195.0 55.6 196.2 50.0 1.3 -5.6
7 311.4 1166.7 332.0 1307.2 20.6 140.5
8 686.5 662.2 692.7 567.8 6.3 -94.5
9 1036.1 497.3 1032.2 568.2 -3.9 70.9
10 1067.5 349.4 1064.3 359.6 -3.1 10.1
11 1079.6 56.6 1078.7 50.1 -0.9 -6.5
12 1117.6 30.3 1119.0 32.4 1.4 2.2
13 1174.1 1.6 1173.8 1.7 -0.3 0.1
14 1174.6 2.3 1174.6 3.1 0.1 0.7
15 1368.1 71.7 1368.3 83.2 0.2 115
16 1431.5 89.7 1436.2 93.9 4.6 4.2
17 1480.8 9.6 1479.3 17.1 -1.6 1.4
18 1482.1 12.1 1482.3 6.5 0.1 -5.6
19 1494.9 3.1 1493.4 3.3 -1.6 0.3
20 1499.0 9.7 1495.7 10.9 -3.3 1.2
21 1510.2 7.8 1509.2 9.5 -1.0 1.7
22 1513.6 9.5 1512.6 11.1 -1.1 1.7
23 2971.7 109.2 2972.9 112.6 1.2 3.5
24 3007.8 100.9 3009.6 107.1 1.7 6.3
25 3009.5 76.5 3012.1 78.7 2.6 2.2
26 3063.5 58.2 3066.9 59.8 3.4 15
27 3083.2 63.7 3082.6 70.0 -0.5 6.3
28 3124.8 19.9 3123.8 25.5 -1.0 55
29 3681.6 487.7 3652.9 600.0 -28.8 112.3
30 3835.5 38.7 3828.6 46.5 -7.0 7.8

43 MPUBCACHHBIX TaHHBIX BUAHO, YTO IMPAKTUYCCKU BCC KoyicOaTeNIbHEIC MOJIOCH B
ApTOHOBOM OKPYXCHUU CMCIIAKOTCA OTHOCUTCIBHO COOTBETCTBYROIIHUX MOJIOKEHUN B

BAKyyMe€,

YMCHBIIACTCA,

4qTo

0003Ha4YeHO

npnqu qacTtoTa OJIHUX II0JI0C YBCJ'II/I‘-H/IBaeTCﬂ,
B Talmure

3HAaKOM «=»

a yacrora JApyrux —
(MuHYC)

nepen

COOTBETCTBYIOIMMH unciamu. Hambonbmee cmemenue (moutu 30 cml) mabmomaercs
Ui monockl BajneHTHBIX O — H konmeGanmii TOW MONeKymnsl, B KOoTopoil cBsizb O — H
3a/IelicTBOBaHa B OOpa30BaHMM BOJOPOJHOW cBsi3u. Kpome Toro, 3aMeTHO cMemaercs
nosnoca okono 300 cM™, KoTopast OTHOCHTCS K KPYTHJIBHBIM KoneOanusaM. Takxke CTOMT
3aMETUTh, YTO JUI OTHAENBHBIX IOJIOC JOCTATOYHO CHJIBHO HM3MEHSETCS WHTEHCHBHOCTH
IIOTJIONICHHUS.

Ha puc. 2 n 3 mnoka3anbl paccuutaHHble crekTpbl MK mormomenus numepa
MeTaHONa B BaKyyMe U B aproHe B CIEKTpalbHbIX AuamazoHax 0 — 1600 cm™ u 2800 —
4000 cM, COOTBETCTBEHHO, IJle MOXHO HAIJISIHO YBHUJIETh CMEIICHUS JUIS BCEX
CHEeKTpaJbHbIX Tosioc. YepHbiM 1BeToM mnokazaH crekTp WK mnornomenuss aumepa
METaHOJIa B BaKyyMe, a KpaCHBIM — B apTOHE.
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3akaodenue. [lyreM KBaHTOBO-XMMHYECKOTO MOJICIIMPOBAHUS CTPYKTYPBl M
KoJeOaTeNbHBIX CIIEKTPOB JMMEpa METaHOlla B BaKyyMe€ U B aproHOBOW cpene ObLIo
MOKa3aHO, 4YTO BJIUSHHEC AaprOHOBOTO OKPY)XCHHS TIPOSBISCTCS B W3MCHECHUU
TE€OMETPUUYECKUX TapaMeTpOB MOJEKYNI MeTaHoJa, 0O0pasyroluX AUMEp, B YaCTHOCTU B
yBenudyeHuu JuinH cBsazeit C — H u O — H. JlnuHa BoIopoHO#M CBSI3U MEKIY MOJIEKYyIaMu
B IUMEpE B AprOHOBOM OKPYKEHHUU YMEHBIIIAETCS 10 CPAaBHEHUIO C TAKUM K€ AUMEPOM B
BaKyyMe, YTO CBHJICTEIBCTBYET 00 YCHJICHUU BOJIOPOJHON CBSI3U B MPUCYTCTBUU aproOHA.
CTpyKTypHBIE H3MEHEHUS MPOSBIAIOTCS B criekTpax MK mornormienust B BUe cMeleHui
KojeOaTenbHBIX ToJoc. [IpyM CpaBHEHMHM pacCUMTAHHBIX CIEKTPOB JHUMEpa C
COOTBETCTBYIOIIMMHU CIEKTPAMH MOHOMEpPa METaHOJIA, BBIMOJIHEHHBIMH B TPEIBIIYIINX
paborax [5, 6], MOXXHO 3aMETUTD, YTO BEJIMUMHA CMEIIEHHUS CIIEKTPAIBHBIX TOJIOC AUMEPA,
CBS3aHHAas C TIPUCYTCTBHEM aproHOBOTO OKPYXEHHUS, B CpPEAHEM MEHBIIE, YeM
COOTBETCTBYIOIIAS BEJIMYNHA CMEIICHUS CIIEKTPATBHBIX TTOJIOC MOHOMEpa METaHOJIA.
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Annotatsiya. Ushbu maqola talabalarga elekir va magnitlanishni o‘rgatish uchun integral
yondashuv metodologiyasini taklif giladi. Amaliy tajribalar, simulyatsiyalar, real dunyo ilovalari va
fanlararo aloqgalarni birlashtirgan holda, ushbu metodologiya elektromagnit tushunchalarni yaxlit
tushunishga yordam beradi va talabalarning muammoni hal qgilish va tanqidiy fikrlash qobiliyatlarini
rivojlantiradi. Tangidiy fikrlash — bu ma’lumotni tahlil gilish, dalillarni baholash va asosli xulosalar
chiqgarishni oz ichiga olgan yuqori darajadagi kognitiv mahoratdir. Bu shunchaki faktlarni yodlash emas,
balki ma’lumot bilan faol shug‘ullanish, taxminlarni shubha ostiga qo‘yish va asosli xulosalar chigarishdir.
Bugungi murakkab dunyoda tanqidiy fikrlash har gachongidan ham muhimroq bo‘lib, odamlarga
giyinchiliklarni yengish, to‘g‘ri garorlar gabul gilish va jamiyatga mazmunli hissa go‘shish imkonini beradi.
Magolada ushbu yondashuvning afzalliklari muhokama gilinadi va uni auditoriyada amalga oshirishning
amaliy strategiyalari keltirilgan.

Kalit sozlar: integratsion yondashuv, elektr, magnetizm, fan ta’limi, STEM ta’limi, integratsiya,
elektr zaryadi ogimi, Amper (A), Qarshilik, Volt (V), magnitlanish

Abstract. This article proposes an integrated approach methodology for teaching electricity and
magnetism to students. Combining hands-on experiences, simulations, real-world applications, and
interdisciplinary connections, this methodology promotes a holistic understanding of electromagnetic
concepts and develops students' problem-solving and critical thinking skills. Critical thinking is a higher-
order cognitive skill that involves analyzing information, evaluating evidence, and drawing reasoned
conclusions. It's not just memorizing facts, it's actively engaging with information, questioning assumptions,
and drawing valid conclusions. In today's complex world, critical thinking is more important than ever,
enabling people to overcome challenges, make good decisions, and make meaningful contributions to
society. The article discusses the benefits of this approach and provides practical strategies for implementing
it in the classroom.

Keywords: Integrative Approach, Electricity, Magnetism, Science Education, STEM Education,
Integration, Electric Charge Flow, Ampere (A), Resistance, Volt (V), Magnetism

Kirish. Elektr va magnitlanish fizikadagi asosiy tushunchalar bo‘lib, bizning
texnologik dunyomizda hal giluvchi rol o‘ynaydi. Biroq an’anaviy o‘qgitish usullari
ko‘pincha mavhum nazariyalar va matematik hisob-kitoblarga garatilgan bo‘lib,
o‘quvchilarning bu tushunchalarni tushunishini giyinlashtiradi. Ushbu magola elektr va
magnetizmni o‘rgatish uchun integratsiyalashgan yondashuv metodologiyasini tagqdim
etadi, bu esa talabalar o‘rtasida chuqurrog tushunish va faollikni oshirish uchun amaliy
tajribalar va fanlararo alogalarni ta’kidlaydi.

Metodologiya. Elektr va magnitlanish bizning kundalik hayotimizda hal giluvchi
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rol o‘ynaydigan ikkita asosiy kuchdir. Elektr toki elektr zaryadining ogimidir,
magnitlanish esa magnit xususiyatlarga ega materiallarni tortuvchi yoki gaytaruvchi
kuchdir. Elektr va magnitlanish birgalikda ko‘plab zamonaviy texnologiyalar, jumladan,
kompyuterlar, smartfonlar va elektr motorlarining asosini tashkil giladi.

Elektr. Elektr zaryadi. Elektr zaryadi materiyaning asosiy Xxususiyatidir. Elektr
zaryadining ikki turi mavjud: musbat va manfiy. Xuddi shunday zaryadlar bir-birini
gaytaradi, gqarama-qarshi zaryadlar esa bir-birini tortadi.

Elektr toki. Elektr toki - bu elektr zaryadining ogimi. U Amper (A) bilan
o‘lchanadi.[1]

Volta: kuchlanish - bu ikki nugta orasidagi elektr potensialidagi farg. U Volt (V)
bilan o‘Ichanadi.

Qarshilik. Qarshilik - bu elektr tokining ogimiga qarshilik. U ohm ( O ) bilan
o‘lchanadi. Magnetizm. Magnit maydon magnit yoki elektr toki atrofidagi bo‘shligning
magnit kuchlarini aniglash mumkin bo‘lgan hududidir.

Magnit kuch - bu magnit materiallarni tortuvchi yoki gaytaruvchi kuch.

Magnit qutblar. Magnitlar ikkita qutbga ega: shimoliy qutb va janubiy qutb. Xuddi
bir qutblar bir-birini gaytaradi, garama-garshi qutblar esa bir-birini tortadi.

Elektromagnetizm. Elektr va magnitlanish bir-biri bilan chambarchas bog‘lig.
O¢zgaruvchan magnit maydon elektr tokini, o‘zgaruvchan elektr toki esa magnit maydonni
hosil gilishi mumkin. Bu aloga elektromagnetizm deb ataladi.

Elektr va magnitlanishning qo‘llanilishi. Elektr va magnitlanish zamonaviy
jamiyatda keng ko‘lamli dasturlarga ega.

Elektr energiyasi ishlab chigarish va uzatish. Elektr energiyasi elektr stansiyalari
tomonidan ishlab chigariladi va elektr uzatish liniyalari orgali uylar va korxonalarga
uzatiladi.

Elektr dvigatellari. Elektr dvigatellari elektr energiyasini mexanik energiyaga
aylantiradi. Ular turli xil ilovalar, jumladan, maishiy texnika, elektr asboblari va elektr
transport vositalarida go‘llaniladi.

Elektromagnitlar. Elektromagnitlar — bu elektr tokini sim bo‘lagidan o‘tkazish
orgali yaratilgan magnitlar. Ular MRI (Magnetic Resonance Imaging) apparatlari,
dinamiklar va elektr tormozlarni o‘z ichiga olgan turli xil ilovalarda go‘llaniladi.[5]

Elektronika. Elektronika — bu elektron qurilmalarni loyihalash va ulardan
foydalanish bilan shug‘ullanadigan fan sohasi. Elektron qurilmalar turli vazifalarni,
jumladan, axborotni gayta ishlash, ma’lumotlarni saglash va signallarni kuchaytirish
uchun elektr va magnitlanishdan foydalanadi.

Elektr va magnitlanish bizning zamonaviy dunyomizda muhim rol o‘ynaydigan
asosiy kuchlardir. Ular energiya ishlab chigarishdan tortib elektronikaga gadar keng
ko‘lamli dasturlarda qo‘llaniladi. Elektr va magnitlanishni tushunish texnik sohada
ishlamogchi bo‘lgan yoki shunchaki atrofidagi dunyo hagida xabardor bo‘lishni istagan
har bir kishi uchun zarurdir.[1]

Integrativ yondashuv metodologiyasi elektr va magnetizmni har tomonlama
tushunishni ta’minlash uchun turli xil o‘qitish va o‘rganish strategiyalarini birlashtiradi.
Ushbu metodologiyaning asosiy tarkibiy gismlariga quyidagilar Kiradi:

Amaliy tajribalar. Talabalar elektr va magnit hodisalarni bevosita kuzatish va
boshgarish imkonini beruvchi amaliy tajribalar bilan shug‘ullanadilar. Amaliy tajribalar
fanni o‘rgatish va o‘rganishda kuchli vositadir. Ular talabalarga ilmiy tushunchalar bilan
aniq va interaktiv tarzda shug‘ullanish imkonini beradi, ilmiy jarayonni chuqurroq
tushunish va qadrlashga yordam beradi. Ushbu maqolada fan ta’limida amaliy
tajribalarning afzalliklari va samarali amalga oshirilishi ko‘rib chigiladi.
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Amaliy tajribaga misollar. Oddiy sxemani qurish: talabalar elektr va zanjir
tushunchalarini o‘rganish uchun batareya, simlar va lampochkadan foydalanib oddiy
sxema qurishlari mumekin.

O‘simliklar o‘sishini o‘rganish: talabalar yorug‘lik, suv yoki ozuga moddalari kabi
turli xil o‘zgaruvchilarning o‘simlik o‘sishiga ta’sirini o‘rganish uchun tajribalar ishlab
chigishlari mumkin.

Materiallarning mustahkamligini tekshirish: talabalar kuch go‘llash va natijalarni
o‘lchash orgali yog‘och, metall yoki plastmassa kabi turli materiallarning mustahkamligini
sinab ko‘rishlari mumkin.

Natijalar. Amaliy tajribalar samarali fan ta’limining muhim tarkibiy gismidir.
Amaliy tajribalar talabalarga ilmiy tushunchalar bilan aniq va interfaol tarzda
shug‘ullanish imkoniyatini yaratib, tajribaviy o‘rganishga yordam beradi, ilmiy izlanish
ko‘nikmalarini rivojlantiradi, ijodkorlik va innovatsiyalarni rivojlantiradi. O‘gituvchilar
amaliy tajribalarni qo‘llashda va takomillashtirishda davom etar ekan, ular o‘quvchilarga
faol, tanqgidiy fikrlaydigan va tabiat dunyosini umrbod tadgiqotchisi bo‘lishiga imkon
beradi.

Simulyatsiyalar: Interfaol  simulyatsiyalar  talabalarga  elektromagnit
tushunchalarni o‘rganish va tushunishlarini tekshirish uchun virtual muhitni tagdim etadi.

Haqiqiy dunyo ilovalari: Elektr va magnetizm real dunyo misollari va ilovalari
orgali kundalik hayot bilan bog‘lanib, o‘rganishni yanada mazmunli va dolzarb giladi.[5]

Fanlararo alogalar: matematika, muhandislik va tarix kabi boshga fanlardan
tushunchalar elektr va magnitlanish hagida kengrogq nugtayi nazarni ta’minlash uchun
birlashtirilgan.

Integrativ yondashuvning afzalliklari. Tadgiqotlar shuni ko‘rsatdiki, integral
yondashuv metodologiyasi elektr va magnitlanishni o‘rgatish uchun ko‘plab afzalliklarni
beradi.

Tadgiqotlar fizika ta’limiga integral yondashuvning afzalliklarini izchil ko‘rsatib
berdi. Misol uchun, Merilend universiteti tadgigotchilari tomonidan olib borilgan tadgigot
shuni ko‘rsatdiki, fizikani integrativ yondashuv orgali o‘rgangan talabalarning fizikani
an’anaviy yondashuv orgali o‘rgangan talabalarga garaganda konseptual tushunish va
muammolarni hal gilish qobiliyatlari sezilarli darajada yugori.

Fizikani o‘gitish va o‘rganishga integral yondashuv oliy ta’lim talabalari uchun
ko‘plab imtiyozlarni beradi. Konseptual tushunish, muammoni hal gilish qobiliyatlari,
motivatsiya, fanlararo tayyorgarlik, mulogot va hamkorlik ko‘nikmalarini rivojlantirish
orgali integratsiyalashgan yondashuv o‘quvchilarni tayyorlaydi.

Kengaytirilgan konseptual tushuncha: talabalar bir nechta o‘rganish usullarini
birlashtirib, elektromagnit tushunchalarni chuqurroq va yaxlitroq tushunishga erishadilar.

Motivatsiya va faollikni oshirish: amaliy mashg‘ulotlar va real hayotdagi ilovalarni
o‘rganish talabalar uchun yanada gizigarli bo‘ladi va ularni rag‘batlantiradi.

Muammolarni yechish ko‘nikmalari yaxshilanadi: amaliy tajribalar va
simulyatsiyalar o‘quvchilarni elektr va magnetizm bilan bog‘lig real muammolarni hal
gilish ko‘nikmalari bilan ta’minlaydi.

Muammolarni hal gilish insonga giyinchiliklarni yengish, ongli qgarorlar gabul
gilish va o‘zgaruvchan sharoitlarga moslashish imkonini beradigan asosiy hayotiy
ko‘nikma hisoblanadi. Muammoni hal qilish qobiliyatlarini yaxshilash akademik,
professional va shaxsiy ishlarda muvaffagiyatga erishish uchun zarurdir. Ushbu maqola
talabalarda muammoni hal qilish ko‘nikmalarini rivojlantirish uchun samarali
strategiyalarni o‘rganadi.
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Muammolarni yechish malakalarini oshirishning afzalliklari. Kuchli muammolarni
hal gilish ko‘nikmalarini rivojlantirish talabalar uchun ko‘plab afzalliklarni beradi:

- tangidiy fikrlashni kuchaytiradi. Muammoni hal gilish talabalardan ma’lumotlarni
tahlil gilish, baholash va sintez gilishni talab giladi, bu esa yuqgori darajadagi fikrlash
qobiliyatlarini rivojlantiradi;[4]

-ishonch va chidamlilikni oshirish. Muammolarni muvaffagiyatli hal qilish
o‘quvchilarning o‘ziga bo‘lgan ishonchi va qat’iyatliligini oshiradi, bu ularning
kelajakdagi giyinchiliklarni yengish ehtimolini oshiradi;

- hagigiy dunyo muvaffagiyatiga tayyorgarlik. Muammolarni hal qilish
ko‘nikmalari hayotning turli jabhalarida, jumladan, akademik, professional va shaxsiy
harakatlarda muvaffaqgiyatga erishish uchun zarurdir.

- ijodkorlik va innovatsiyalarni rivojlantirish. Muammolarni hal qilish
o‘quvchilarni ijodiy fikrlashga va muammolarga innovatsion yechimlarni izlashga
undaydi.

Takomillashtirilgan muammolarni hal gilish ko‘nikmalarini rivojlantirish uchun
samarali strategiyalar. O‘gituvchilar talabalarda muammoni hal gilish ko‘nikmalarini
rivojlantirish uchun bir nechta samarali strategiyalarni amalga oshirishlari mumkin:

- hagigiy dunyo muammolariga asoslangan ta’lim - o‘quvchilarni haqiqgiy
muammolarni aks ettiruvchi, ularga mazmunli va go‘llaniladigan o‘rganish tajribasini
tagdim etadigan hagiqiy muammolarni hal qgilish vazifalariga jalb gilish;[2]

- muammolarni hamkorlikda yechish: o‘quvchilarni muammoni hal gilish bo‘yicha
vazifalar ustida hamkorlikda ishlashga undash, jamoaviy ish, mulogot gobiliyatlari va turli
nuqtayi nazarlarni rivojlantirish;

- refleksiya: talabalarni muammoni hal qilish jarayoni hagida fikr yuritishga,
takomillashtirish sohalarini aniglashga va metakognitiv qobiliyatlarni rivojlantirishga
undash;

- texnologiyani kiritish: simulyatsiyalar, modellashtirish dasturlari va onlayn
hamkorlik platformalari kabi muammolarni hal gilishni go‘llab-quvvatlash uchun
texnologiya vositalari va resurslaridan foydalanish;

Muammolarni yechish faoliyatiga misollar: Keys stady (Case Studies): Talabalarga
real hayot misollarini tagdim eting va ulardan tahlil gilish, baholash va yechim taklif
gilishlarini so‘rang.

Dizayn muammolari: talabalarni amaliy muammolarni hal qilish uchun o‘z
bilimlari va ijodkorliklarini qo‘llashni talab giladigan dizayn muammolariga jalb giling.

Muammoli ta’lim loyihalari: O‘quvchilarni hagiqiy muammolarga jalb giladigan
va muammolarni hal gilish jarayonida ularga rahbarlik giladigan loyihaga asoslangan
o‘quv faoliyatini amalga oshirish.

Munozaralar. Muammolarni yechish malakalarini oshirish talabalarning sinfda,
ish joyida va undan tashqgarida muvaffagiyatga erishishi uchun zarurdir. Hagigiy dunyoda
muammoga asoslangan ta’lim, hamkorlikda muammolarni hal gilish va mulohaza yuritish
kabi samarali strategiyalarni amalga oshirish orqgali o‘gituvchilar o‘quvchilarni ishonchli
va qobiliyatli, muammolarni hal gilish qobiliyatiga ega bo‘lishlarini ta’minlashlari
mumkin. Talabalar muammoni hal qilish qobiliyatlarini rivojlantirar ekan, ular
muammolarni hal gilish, ongli garorlar gabul gilish va doimiy o‘zgaruvchan dunyoda
muvaffaqiyat qozonish uchun zarur vositalarga ega bo‘ladilar.
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STEM  (“Science, Technology, Engineering, Maths”) natijalariga
tayyorgarlik: Integral yondashuv STEM Karyeralari talablariga mos keladi, talabalarga
elektromagnit tamoyillar va ularni qo‘llash bo‘yicha mustankam poydevor beradi. Amalga
oshirish  strategiyalari. Integrativ yondashuv metodologiyasini amalga oshirish
o‘gituvchilar o‘rtasida puxta rejalashtirish va hamkorlikni talab giladi.

Asosiy strategiyalarga quyidagilar kiradi:

O‘quv dasturlarini loyihalash. Elektr va magnitlanish tushunchalarini matematika,
muhandislik va tarix kabi boshga fanlar bilan birlashtiradigan fanlararo o‘quv dasturlarini
ishlab chigish.

Ta’lim strategiyalari. Har xil ta’lim uslublarini gondirish uchun amaliy tajribalar,
simulyatsiyalar va loyihaga asoslangan o‘rganish kabi turli xil ta’lim strategiyalaridan
foydalanish.

Baholash. O‘quvchilarning elektromagnit hagidagi tushunchalarini va ularni real
vaziyatlarda go‘llash gobiliyatini o‘Ichaydigan baholashni loyihalash.

Kasbiy rivojlanish. Oc‘gituvchilarning integrativ yondashuvni tushunishlari va
amalga oshirishlari uchun kasbiy rivojlanish imkoniyatlarini tagdim etish.

Xulosa. Integrativ yondashuv metodologiyasi elektr va magnetizmni o‘gitishga
transformativ yondashuvni ta’minlaydi, bu esa talabalar o‘rtasida chuqur tushunish, faollik
va muammolarni hal gilish gobiliyatini rivojlantiradi. Amaliy tajribalar, simulyatsiyalar,
real dunyo ilovalari va fanlararo alogalarni birlashtirgan holda, ushbu metodologiya
talabalarni STEM Kkaryeralarida muvaffagiyatga tayyorlaydi va ularga 21-asrning
texnologik muammolarini hal gilishga imkon beradi. O‘gituvchilar ushbu yondashuvni
takomillashtirish va amalga oshirishda davom etar ekan, ular o‘quvchilarda elektr va
magnitlanishga bo‘lgan qizigish va ishtiyogni uyg‘otadigan dinamik va mazmunli
o‘rganish tajribalarini yaratishi mumkin.
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Y]IK 662.997.631.344

AnHoTanusi: B paboTe COBMECTHBIM pEIICHHEM CHUCTEMBI TU(PepeHINaIbHBIX YPAaBHECHHH TEILIO-
U MaccOIepeHoca ¢ COOTBETCTBYIOIIUMH KpPAacBBIMHU IIOJy4eHa MaTeMaTHdecKas MOJACTh KOHBCKTHBHOM
cymkd QpykToB (B (QopMe NIACTHHBI, IWIMHIPA, IIapa) B YCIOBHAX IIEPHOAMYCCKOTO TEIUIOBOTO
BO3ICHCTBUS (B COJHEYHBIX CYIIWIBHBIX YCTAHOBKAX), Ha OCHOBE KOTOpOH Oblla JOCTHTHYTa
WHTCHCU(HUKAIHA TPOIIecca CYIIKH JIOMTHKOB (PYKTOB M OBOIIEH C MCIOIB30BaHIUCM COJTHEYHOH 3HEPTHUH,
myTeM OOBCIMHEHUS B CIUHBIA IHEPTETHUYCCKHI OJIOK COJHECYHOH CYIIMJIKH BO3IYIIHOTO KOJUICKTOpa W
CYIMIMIILHOW KaMephl. 3ajadya pelicHa Ha OCHOBE METOAa CYMMHPOBaHUS TU(P(HY3HOHHOrO MOTCHIUANA U
IIPOIIECCOB  BJIArolepeHoca B IIPoOIlecce IEPEeMEHHOIo TEeIUIOOOMEHa C SHEePreTHYecKUM arperatom
YCKOPEHHUS CYIIKU IJIOJOB M OBOIICH: COJHEYHBIM BO3yXOHArPEBATEILHBIM KOJUICKTOPOM M CYIIUIBHOM
KaMepoil. Pe3ynbpTarhl, MOJYYCHHBIC B XOJ€ KCIICPUMEHTA, ObLUTH MPOAHATHU3UPOBAHBI MYTEM CPaBHCHHUS
TEOPETHUYECKIX HCCICOBAHUH C pacdeTaMH U OKa3aJIiCh COTIIACYIONMMUCS APYT C APYTOM.
KiiroueBsblie €j10Ba: BIaXXHBIM MaTepuall, HATPEB Marepuasia, UCIIapeHUe BIary,
HU3MCHCHUC arperaTHoro COCTOAHUSA, OICPaTop Hannaca, YCJI0BUSA TCIIO- U MaCCOO6MeHa,
IPAaHUYHBIE YCIOBUSA, KpuTepuil dypbe, yCIOBUS CUMMETPUH, CKOPOCTh CYIIKH, CUCTEMA

YPaBHEHUM.

MATERIALLARNI KONVEKTIV QURITISHDA TEMPERATURA O‘ZGARISHINI
ISSIQLIK VA MASSA UZATILISHI QONUNIYATI ASOSIDA O‘RGANISH

Annotatsiya. Magolada quyosh energiyasidan maksimal foydalanishga mo‘ljallangan
quritkichda meva-sabzavotlar qirgimlarini quritish jarayonidagi zamonaviy innovatsion texnologiya
asosidagi issiqlik massa almashinuv jarayonlari differensial tenglamalar tabiiy real sharoitda olingan
natijalarini berilgan chegaraviy shartlarda yechish natijasida konvektiv davriy issiqlik ta’sirida (plastina,
silindr, shar shaklidagi) mevalarni konvektiv quritishning matematik modeli ishlab chigilgan. Qo‘yilgan
masala ichida meva-sabzavotlarni quritishni jadallashtirish uchun energetik blokli: quyosh havo gizdirish
kollektori va quritish kamerasidagi o‘zgaruvchi issiglik almashinuv jarayonida diffuziyalanish potensiali va
namlik uzatish jarayonlarini umumlashtirish metodikasi asosida yechilgan. Tajribadan olingan natijalar
nazariy tadgiqotlarni hisoblashlar bilan tagqoslab tahlil gilingan va ular bir-biriga mosligi aniglandi.

Tayanch so‘zlar: nam material, materialning gizishi, namning bug‘lanishi, Laplas operatori,
issiglik-massa almashinuv sharti, chegaraviy shartlar, Furye kriteriyasi, simmetriklik sharti, quritish tezligi,
tenglamalar sistemasi.

BBenenue. /{151 moayueHns BRICOKOKAUYECTBEHHBIX CYXO(QPYKTOB W3 BUHOTpaaa U
IJ10/10B, coaepskamux 75 + 90 % Bnaru, BaXKeH PEeXHUM CYILIKH, XapaKTEePe3UpyroLHuiics
TeMIepaTypoid, CKOPOCTH JBHXKEHHUS CYIIMJIBHOTO areHTa, €ero IUKIWYHOCThIO |
BJIAJXHOCTBIO. Ha OCHOBaHMM TEOPETUYECKUX M SKCIEPUMEHTAIBHBIX HCCICAOBAHUIN
ompeenaeHbl KO3PGUIIMEHTH TEeIJIOo- U MaccolepeHoca P KOHBEKTUBHOW CYIIKE B
3aBUCHMOCTH OT CKOPOCTH JABW)KCHHUS TEIJIOHOCUTENs, KOX(P(PUIIMEHT BHYTPEHHEH

mud¢y3un Biaaru (QpykToB, a TaKKe JOCTaBJ€Ha €ro 3aBUCUMOCTb OT TEMIIEpPaTyphl.
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O,Z[HaKO, HEC OIIKMCAaHO, KaK IIPOUCXOAUT KHUHETHKA B IIPOLECCE B03,Z[YXOO6MCH3 BO BpCMA
BJIArOBBIACJIICHUA U YAAJIICHUA BJIAXXHOI'O TCIIJIOHOCUTEIIA C COJIHEYHOM CYIINJIKH.

IIpn KOHBEKTMBHOM CYLIKH BJIQXXHBIM MaTepuall KOHTAKTUPYETCS CYLIUIbHBIM
areHTOM — TOpsiYMM BO3JyXOM M IIOJY4aeT OT HEero TeIUl0, KOTOpoe HeoO0XOAUMO Ha
HarpeB MaTepualla CYIIKH W HCIapeHue BIard. VI3MeHeHue arperatHoro COCTOSIHUS
Macchl, CBSI3aHHOIO BeIllleCTBa (BJlarv) BIMAET Ha TEMIIEpaTypHOE IOJe, CO3JaeT
TepMo iU (y3HOHHBIA TOTOK BIIArd, KOTOPBIA JHOO CIOCOOCTBYET BBIHOCY BIIArH U3
Tena, 0O MPENsITCTBYET MacCONEePEeHOCY, C IPaJIMeHTOM KOHICHTpaluy Biaru [1-6].

Metonoorus ucciaenoBanus. O60CHOBaHUE PEXUMOB Pa0OTHI TEINOTEPANUU -
YETKUX CYLIMJIBHBIX arperatoB ¢ OOECIEeYeHHEM MAaKCUMadbHOH 3()QEeKTUBHOCTH U
MHTCHCUBHOCTH TIPOLECCa CYIIKM C MHHUMAIbHBIMH JHEPreTHUYECKUMHU 3aTpaTaMu
ABIseTCd BaxKHOM 3anadell. IlockousibKy CIOKHOCTH JAHHOTO Ipolecca O0YCIIOBIIEHA
XOZIOM B3aWMOCBSI3aHHBIX TIAPAMETPOB, a UMEHHO JHEPreTHYECKUX, KHHETHYECKHX,
JUHAMUYECKHUX, a TaKKe TEIUNIOOOMEHHBIX IPOLECCOB M BBICOKOH H3MEHYMBOCTBIO
(U3HYECKUX CBOWCTB (PYKTOB.

JI1 TONTHOM KOJIMYECTBEHHOM OLICHKHM B3aUMOOOYCIOBICHHOHN CBS3M BIHSIOLIMX
apdekroB Tepmonudpyzun u audPy3HOHHON TETUIONPOBOJIHOCTH TPU CYIIKE BIAKHBIX
MaTepuajoB, JJI COCTAaBJIEHHS MAaTEeMAaTH4YEeCKOH MOJAEIM 3THX IPOLIECCOB CIEAYEeT
paccmaTpuBaTth aAudQepeHnnanbHble YpaBHEHHS CHCTEMbl B3aMMOCBSI3aHHOTO TEIUIO- U
MacconepeHoca, npeioxeHHble A.B.JIBIKOBBIM, KOTOpblEe IpPHU OTCYTCTBUHM TIpajHeHTa
oO0Iero JaBjacHuUs, 3aKChIBarOTCsA B BHje [1,2]:

oT 0°T VvoT)| egpoW
— =0t |t
or or ror c Or )
oW o'W v oW o’v vt
—=a, St |tand| - —
or or r or or: ror
IJie V mapaMmerp reoMeTpudeckoit popmer; v = 0,1,2 — COOTBETCTBEHHO IS
TUTACTUHBI, IWIMHPA | T1apa.
[IpeoOpazyem oneparop Jlamnaca [3] 1uist miIacTUHBL, [WIMHAPA U 11apa:
o'W vow 1 o( , oW
> +_—=—V— r——J| (2)
or ror r'or or
Torna cucrema (1) mpUBOIUTCS K BULY:
T2 2o T), oM
or r'or\ or) ¢ ot )
oW a,| o,,0W o ,,0T
— =" —(r"—)+0—(r'—)
or r'|or or oror

Jns  onHO3HAYHOrO  ompeneiaeHuss Temmnepatypbl T(r,T1) ¥  JOKaJIbHOTO
pacnpeneneHus yAenpHOro BiarocoiepxkaHuss W (1,T1) BHYTPH BBICYLIMBAaeMOI'O
MaTepHuaia HeoOXOAUMO 3aJaTh yCIOBUS TEIUIO- U MacCOOOMEHa Ha MOBEPXHOCTH Teja U
HavaJIbHbIE paclpeesIeHus] NOTEHLNAIO0B [IEpeHOca:

[T (r’T)]z‘:O =T, [W(r’T)]r:o =W, 4)
—A(VT), +a[T, ~T(r.7)] —@-2)pq(z)=0

. . " (5)
2(VW), +q'(r)=0

FpaHI/I‘-IHBIe yCI1oBUA (5) BBIIIMCAHbl HAa OCHOBE TEIUIOBOTO M MAacCOOMEHHOIrO
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OaaHca Ha MOBEPXHOCTH BBICYIIIMBaEMOro MaTepuaia [4-8]
Pe3ysabTaThl 1 00cy:kaeHus. B kadecTBe BBICYHNIMBAaeMOTO MaTepHaia BBIOpain

s6m0ku copra CuMupeHko U abpukocsl HauvanbHOM BiaxkHocthio W, =70,3....85,2%,

HapEe3aHHBIX KPYXKOUYKAaMU U JIOJbKAMH TOJIIMHOM 6 MM, mpU pa30BOM 3arpyske B
COJIHEYHYIO CYyWMWIKY M, =7,5kcCylika B COJHEYHOW CYNIMIKE TIPOBOAWIACH B

TeUeHWe 7 =52 I' TNpU  HEPAaBHOMEPHOH  TeMmepaType  JIOTOKa BO3AyXa M|
BBICYIIMBAEMOI0 00pa3lla B PEXKUME C HENPEephIBHBIM KOHTPOJEM €ro TeYEeHUs MU
[I09aCOBOM  pPErucTpanuesl KOHTPOJMPYEMBIX IapaMeTpoB. Pe3ynbrarsl M3MepeHuil
O0TOOpa)KeHbl COOTBETCTBYIOIIMMM TIpaUYecKMMU MaTepuajaMd B BHJIE BPEMEHHbIX
3aBUCUMOCTEH.

Jus Ten B (QopMme IJIACTHHBL, LWIMHApAa W 1Iapa, HaIpaBlIeHHE TIpaJueHTa
[IOTEHLIMAajJa COBNAJAET C HAlpaBICHUEM MPOU3BOJHON IO TEKYIIUM KOOpAMHATAM H
yCI0BUAM (5) BBIMHMCHIBAIOTCS B BUJE:

2D =aly ~T(.0)] - A=) Pa(o),
W (6)
A =70 0)

3anumieM cuctemMy ypaBHeHMi (3), HauajdbHbIE M TpaHUYHBIC ycioBus (4), (6) B

r
OTHOCUTEJBbHBIX KOOPANHATAX &) = E U KPUTEPHUAX 1000 TEIJIO- 1 MaccolepeHoca:

or 1 o0 ,, &a;
== (80 Lo
ok, &, 0g, = Og, a 8F @)
oW 1 0 oW
==l (e )+ ° (o &0 i
oF, & 0g,  O0gy, & 8 os,
re Fo= ngr - kputepuil @ypbe, (KpUTEpHl TOMOXPOHHOCTH HeEpeHoca
. _a,r_a, a T
Teria), Lu=3- KpUTEpU JIpikoBa, ' Om ~ Rmz - a_ =Lu-F - KpUTEpU
TOMOXPOHHOCTH MacCOCOAEp KaHUsI.
r
r . 0<g,==<],
paHWYHBIE YCJOBUS B OTHOCHUTEIBHOW KOOpAWHATE R ISt
r X
UWIMHAPA W IIapa u —lsg = R - R <1 JUTSL TUTACTUHBI  TOJIIIMHOM ZR(_]'S o Sl)’
npeoOpas3yroTcss K BUIY:
oar =Bi[T, - T(&,, F )L 1 E)qu(z')
os, o A
W) __Ra@)
o0&, ), A (8)
Bi — aR
re O 7 kpurepmit brmo. Ha mmacTHHE JOCTATOYHO HAWTH MO
0<g <1 [Ipu sTOM K rpaHUYHBIM YyciIOBUSAM (8) HEOOXOIUMO

INOTCHIHUAJIOB JJIsA

& =0

NPpUCOCAUHUTL YCIIOBHUA CUMMETPUN B CCPCAUHC IIJIACTUHBL 'a A1 qUInHapa u
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mapa €0 = 0. waocu u 1eHTpe mapa [6]:

T o (M)
0z, ), 7 | og, s o ©)

[lo anHamormm cO CpPEJHEHHTETPANBHONW  HECTAlMOHAPHOH  (hU3NYECKOH

BEJIMYHUHON C JIOKAJIIbHBIM pacHpeeIeHUeM 0 3aKOHY (QyHKIIUU F( ’T)

JI[F e (10)
< F‘r‘ >=
LS
s cperHEMHTErpalbHOU TeMIepaTypbl T(I’,T) U JIOKaJIbHOIO
MaccOCOepKAHMS W(r,7) 1IMeeM:

<T(F,)>= ijjT(r rvdr = (v+1)jT & F, Jelde, (11)

R 1
<W(FO)>:‘%11jw(r, o)r'dr = (v+1)[W(z, F, Jesde, (12)

0 0

Tonoxum Lo = o(F,)- W3MEHEHHE BO BpPEMEHU TEMIEPATypbl TOpPSYEro
Bo3ayxa. Pemmum cucremy (7) pu HayaJIbHBIX U TPAHUYHBIX YyciaoBUsX (4), (8)

AJIg CJIydaeB, KOria MOJXHO HPCAIIOJIONKUTD: [9]

~T(r,7)|_, =a|T,—<T(x) > (13)
Jliss  HEecBsI3aHHOTO YpaBHCHHSI nepeHoca, T.. I ypaBHCHUs
TEIUIONPOBOJHOCTH MPU  TPAHUYHBIX YCJIOBHUSIX TpeTbero pona coorHomenue (13)
. oR
Bi=—<1.
MPAKTUYECKH TOYHO BBITIOJNHSCTCS IS 1

(vV+1)sy

YMHOXHUM ypaBHEHUs cuecTeMbl (7) Ha , TIPOMHTErpUpyeM mo 0ot 0

no 1, rorna ¢ yuerom (8), (9) mnonyuum

% — W+DBi[p(F,)- <T(F,) >]- (1_5)(1_j)pRQ(F°) + ‘;’p:T d <dV|\:/:FO)
d<W(F)>_ <V(;’F(F)> (v+D)LuBi[p(F,)- < T(F, >)]- &= ‘”Tq(F) éRq/l(F)
(14)
Otkyna
9<TH) > pygia+ 22 CE,) > 4Q(F)
dF, c
(15)
rac

V+1L-£)R
A

i Dem R
QR = ¢+ B+ 2 L) @R -G (R g

Jlns cTanmapTHOlM 3amaun Y (1) +by(®) = (1), y(0) =y,
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Pemenuem Oyner [9];
y(t) =y, exp(-bt) +f w(7)exp[-b(t —7)]d7 (7)

Ha ocHoBaHuu 3T0i (HOpMYJIBI UMEEM:

FO
<T(F,) >=T, exp[~(v + )Bi(L+ 542aT Lu)F,]+ [Q) exp{- (v+1)Bi(L+ 5ng Lu)(F, - r)}dr
0
(18)
[ToncraBuB 3Hauenune (18) Bo BTopoe ypaBHeHHE cuctembl (14), Haxoaum:

d<W(FRy)> =(v+1)LuBig(F,) —%—(VH.)LUBWO exp{— (v+1)Bi (1+55% Lu)FO}

Fy

+| Q(r)exp{—(v+l)Bi (1+§g%—u)(F0 —T)}d‘[
0
KOTOpE OIpeaACACT CKOPOCTb CYILIKH BJIA’)KHBIX MAaTCpHaJIOB H (1)0pr1

IUIACTHMHBI, AIMHIPA | Iapa npy 3anannbix snadennsx ((F,), q'(F,), n o(F,). [10]
Ormnpenenum CKOPOCTh CYIIKH MPH MOCTOSHHBIX TEIUIOBBIX PEXKUMAX
[peanonoxum, uro @(F,) =T, =const, T, >T,), q(F,) =q = const,

q'(F,) =qg=const.

Toraga no popmyne (18) Haxomum:

<T(F,)>=T, exp[—(v+1)Bi(L+ ‘MOT""T LUF,]+Q, %[1—exp(—AF0)], 20)
rac
v+1)(1-¢ v+1)ewa RLU
Qo — ATcp _ ( )( )pR (l+ é‘)ql _ ( ) IL‘aT q2
A cA
(21)
A=(v+D)Bi+ 2P0 L) 22)
C
IloacraBuM 3HAUCHUE:
<T(F,) >=T, exp(—AF, ) + Q—AO [1—exp(-AF,)]
BO BTOpOE€ ypaBHEHHE CUCTeMBI (14) U IpeAnoaokumM, 4To
@(Fo):Tc' q(FO):ql’ ql(Fo)qu'
TOT A
d <T(F,) > _ (v+1)Bi[Tc— <T(F,) >]_ (v+1)(1-¢)pRg, L 88 d<W(F)
dF, A ¢ dF, 23
dWES>_ ¢ gyLugift - <1(F) 5] - LR TG,

dF, A p

Pe3ynbrarhl BeIUMCIEHUH 1O CUCTEME YypaBHEHHs (23) mpHu ONpeIesIeHHbIX
3HAYCHUSIX mapamMeTpoB Ul YCJIOBUH COJIHEUHBIX CYIIUIIBHBIX YCTaHOBOK,
MOKAa3bIBAIOT, YTO  TEOPETUYECKHE  pacyeTbl  XOpOILIO  COIIACYIOTCS €
AKCTICPUMEHTAILHBIMUA JTaHHBIMH (puc.1).
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310

300 0 1 ' 1 1 1 !
8 16 24 8 16 24 8 T

Pucynok 1. 3aBucuMocCThb Bjarocojep:;kanusi aépukoca ot Temnepatypsl Bo3ayxa B CCY u
BpeMeH:
1, 2-3xcnepumenmanvusie u pacuemmusie (popmyna 23) oannvle, 3-usmeHenue memnepam 6030yxd.

BoeiBoabl. Kak BugHO U3  ypaBHeHH# (23), mpoliecc CYIIKU ONpeaeseTcs
3HAYHUTEIILHBIM KOJIMYECTBOM napametTpoB (kodddunuent auddy3un Buary,
TEPMOBJIArONIPOBOTHOCTH, TEIUIONEpeIaul, MacCOOOMEHa, NCIapEHHsl, TeIIIOEMKOCTH U
1p.), KOTOPbIC MPUHUMAIOTCS MPU PEIICHUH 33a4M TEIJIO0 — U MacCOOOMEHa B TIpoIecce
cymku (pykToB. Hambomnee CyIIeCTBEHHBIM pPE3yabTaTOM HCCIICIOBAHUN  SIBISIIOTCS
MpeIIoKEHHbIE TEOPETUUECKHUE METObl pacyeTa OCHOBHBIX TEIJIO- U MacCOOOMEHHBIX
XapaKTePUCTHK IPOIECCOB CYIIKH (PPYKTOB M OBOIICH B COJHEYHBIX CYIIUIIKAX.

Ycaosuele odozHavenmsi: T,,T,T, — HayaiubHas, TeKyllas M CPEAHSS IO
00 eMy TekyIias TeMIiepaTypa Terionocurens, K,

T —BpeMs, 4,

A —xkoadurrent remionposoarocTd, B1/(MK),

C —remnoemkocTh Matepuana, JIx/(krK),

£ — IJIOTHOCTH a0COJIFOTHO CyXOT0 Tea, Kr/M°,

a;,a, ,—Ko>(pPUIEHTH TEMIIEPATyPOIPOBOMMOCTH, JudQy3un BIaru, M/c,
IR — texymmii nuHelHbIi pasmMep, MaKCHMAbHIT pagnyc, M,

& —Kputepuil pazoBoro nepexoza,

0 — ko3 duireHT TepMoBIaronposaumoctu, 1/K,

(VT)n — TeKyll[asi TeMIlepaTypa Ha [TOBEPXHOCTU MaTepuana, K,

(V )n — HaYaJIbHOE  BJIArOCOJIEP)KAaHUE MaTepuajga Ha TOBEPXHOCTH, KI/KT CyXOro
MaTepuaia,
W,W — HavyampHOe M TeKyllee cpefHee 1Mo o0 eMy Biarocojep:kanue (GpykToB, KI/KT

CYXUX (pYKTOB,
g — moTok Macchl, kr/m?K.

a — ko> dunuent Temnootaaun Br/(MK).
CCV —conneynas cymmibHas yCTaHOBKA.

Crnmcok MCIo/ib30BAHHOM JINTEPATYPbI:
1.JIsikoB A.B., Muxaiinos I0.A. Teopus Temno- u Macconepenoca. - M.-JI.: ['oconepromsaar, 1963. -
535c.
2.JIeikoB A.B. Teopwus cymiku. - M.: Duepro.usaar, 1968. - 472 c.
3.Jleu I'. PykOBOACTBO K NPAaKTHYECKOMY MPHUMEHCHHMIO mpeoOpasoBanus Jlammaca. — M.:
@uzmarruz. 1960. - 207c.
4 JIeikoB A.B. Temno- u maccooOMeH B mporieccax cyniku. —M. —JI.
Tocanepromsnat, 1956. - 464 c.
5.A6pamosnu W.I"., Jlynn T. JI., Onbronsi JI.O. @yHKINN KOMITIIEKCHOTO
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30HJUPOBAHUE BBICIIUX BO3BYXKJIEHHBIX COCTOSIHUA OCHOB
CTUPUJIOB - ITPOU3BOJHBIX BEH30THA30JIA C IIOMOLIBIO AHAJIM3A
CIIEKTPOB AHU30TPOIINU
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AnHoranusi. Hacrosimmas pabota MOCBSIIEHA CHCKTPAIbHOMY M KBAaHTOBO-XMMHUYECKOMY
HCCIIEIOBAHUIO BHICIIUX BO30YXJIEHHBIX COCTOSIHUN OCHOB CTUPHIIOB, IPOM3BOAHBIX OeH3oTnazona. Ocoboe
BHUMaHHE YJIEJICHO aHAJIN3y CHEKTPOB aHM30TPOIHMU BO30YXJIEHMs (IIyOpEClEHINH JaHHBIX COCAMHEHUI
JUT OTTIPEACIICHU S TTOJIOKEHU S BBICIIUX B036y)KI[CHHI)IX COCTOSIHUH JIMHEHHBIX MOTUMETHHOBBIX KpaCI/ITeHeI‘/'I
C TOMOLIbIO M3MEPEHUsl CIIEKTPOB aHMU30TPOINHMU BO30YxaeHHs QuyopecueHuun. [lapamiensHoe
CHEKTPaJbHOE HCCIEMOBAHHE ¥  KBAHTOBO-XMMHUUYECKOE MOJCTMPOBAHHME  MO3BOJIHIO  KOPPEKTHO
HHTEPIIPETUPOBATh CIIEKTPhI AHU30TPOIHU BO30YXKAeHUS (IIyOPECUCHIIMH OCHOB CTHPUJIOB, MPOU3BOIHBIX
0eH30THa3051a, ¥ CBsI3aTh MEPBbIE YETKUE MHHHUMYMbI C OJJICKTPOHHBIMH MEPEXOJaMH HCCIEIyeMbIX
MOJIEKYII.

KiroueBble cJI0Ba: OCHOBBI CTHPWJIOB, IPOM3BOJHBIE OEH30THAa30J1a, CIEKTPH IOTJIOMICHUS,
CIEKTPHBI (HIYOPECICHITUH, aHU30TPOTIHS BO30YKIAeHHs (DIyOPECIICHIIUH, KBAHTOBO-XUMHUCCKUE PACUCTHI.

ANIZOTROP SPEKTRINI TAHLIL QILISH ORQALI STYRYL
BAZALARINING YUQORI G°'ALAYONLANGAN HOLATLARINI TEKSHIRISH

Annotatsiya: Ushbu maqola stiril asosli, benzotiazol hosilalarining yuqori qo‘zg-‘atilgan holatlarini
spektral va kvanto-kimyoviy o‘rganishga bag‘ishlangan. Ko‘rsatilgan birikmalarning fluoressen go‘zg‘alish
anizotropiya spektrlarini tahlil qilishga alohida e’tibor berilgan. Spektral va kvanto-kimyoviy hisoblarni
parallel o‘rganish stiril asosi, benzotiazol hosilalari to‘plamining fluoressen qo‘zg‘alish anizotropiya
spektrlarini to‘g‘ri talgin gilish imkonini beradi. Birinchi anig minimumlarni o‘rganiladigan molekulaning
elektron o‘tishlari bilan bog‘lash mumkin.

Kalit so‘zlar: stiril asosli, benzotiazol hosilalari, yutilish spektrlari, floressen spektrlari, fluoressen
go‘zg‘alish anizotropiyasi, kvanto-kimyoviy hisoblar.

BBegenmne. Oprannueckue KpacuTeNM HMMEIOT IIUPOKHM CHEKTp NPUMEHEHHs, U
NPAKTHYECKH HEBO3MOXKHO HaWTH 00NacTh, re OHM He Obuln Obl BocTpeOoBaHbl [1].
Co3nanne HOBEHIIMX TEXHOJOTMHA M HOBBIX BBICOKOI()(PEKTHUBHBIX MaTEPHAJIOB Pa3IMYHOTO
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Ha3HAuUEHMUs] Ha OCHOBE Kpacuresel TpeOyeT NeTalbHOro M3ydeHHs (U3UKU INIPOLECCOB B
BBICOKOBO30YX/IEHHBIX COCTOSIHUSAX ITUX KpaCUTEJEH.

W3ydenne BBICIIUX BO3OYKIEHHBIX COCTOSIHMA OPraHUYECKHX KpacHuTeseH, B
YaCTHOCTH CTHJIMPOB M OKCHUCTHJIMPOB, MMEET HECKOJBKO BaXKHBIX (DyHIaMEHTAIbHBIX WU
IPUKJIAJHBIX aClEeKTOB. DTO MOMOTraeT MOHATh UX 3JIEKTPOHHYIO M ONTHUYECKYIO CTPYKTYpY,
YTO MOXKET OBITh IOJIE3HBIM MpPU Pa3pabOTKE HOBBIX MaTEPUANOB JJIsl SJICKTPOHHUKH,
(GOTOHMKM M Jpyrux TexHoJoruil. Beicmime BO30yKAEHHBIE COCTOSIHUS OpPraHUYECKUX
Kpacutesed MOryT o00JajaTh BaKHbIMU ONTHYECKMMH CBOICTBaMHM, TakUMH Kak
bayopecuieHimst  wium - pochopecuennusa.  [loHnMaHHMEe 3TUX  MPOIECCOB  TO3BOJISET
pa3pabaTblBaTh HOBBIE ONTHUYECKHE MaTepHaibl Ul IPUMEHEHUs B IIpoleccax 3alKcu
nHpopMaruu [2-5], TPOU3BOICTBE CBETOIMOOB, CCHCOPOB, JIA3€POB U IPYTHX ONTHUYECKHUX
ycTpoicTB. OpraHudeckre KpacuTelld TaKKe MOTYT OBITh MCHOJIb30BAaHBI B MOJEKYISIPHON
JMAarHOCTUKE JJIsi BBISBJICHUS OINpPENENIEHHBIX BEIIeCTB WIM XUMHUYECKUX IIPOLIECCOB B
OMOJIOTHYECKUX cUcTeMax. Briciie Bo30yXIEHHbIE COCTOSHHS ITHX KPacUTeIeH MOTYT OBITh
WCIOJIb30BaHbl JJI CO3JIaHUsSI CBETOBBIX CUTHAJIM3ATOPOB MM MapKepOB JJISl BU3yaaU3alUU
pa3IUYHbIX OMOXMMHMUYECKHX IpoueccoB [6]. HekoTopble opraHndeckue KpacUTEIHd MOTYT
OBITh HCIOJB30BaHBI B (POTOAMHAMHYECKOW TEpamuH, METOJAE JICUSHHsS paka M Jpyrux
3a00/ieBaHWl,  KOTOpBIM  HCIOJNB3YyeT  CBETOBOE  W3JydeHWEe  JUid  aKTUBAIlUU
($oTOCEeHCHONIN3aTOPOB U YHUUTOXKEHHUS TATOJIOTUUECKUX KIIETOK [7].

HccnenoBanne CHEKTPOB AaHU3OTPONUHU BO30OYKACHUS (IyOpPECUEHIMH SBISETCS
MOJIE3HBIM HMHCTPYMEHTOM I PETHCTPAIlMM BBICIIUX BO30YKIEHHBIX COCTOsSHUU [8], u
OCOOCHHO JJIi JIMHEWHBIX MOJEKYJ, /s KOTOPBIX BBICIIME 3JEKTPOHHBIE MEPEXO.IbI
MOJIAPU30BaHbl  B3aUMOINEPHEHIUKYJISIPHO TEPBOMY MEPEXoly. YCHELIHBbIM OKa3aJloCch
IPUMEHEHHE CIIEKTPOB AHMU30TPONUHU BO3OYXKAEHUS (IIoOpecueHMy Kak s HOHHBIX
MOJIMMETUHOBBIX KpacuTelled, Tak W A UX HEUTPabHBIX NPOU3BOAHBIX: CKBApaUHOB U
MeporaHuHoB [9-13]. Tak, Ha OCHOBe KOMOWHHMPOBAHHBIX CHEKTPAIbHBIX U KBAaHTOBO-
XMMUYECKUX HCCIIEZIOBAaHUHA OBLIO MOKa3aHO, 4TO BTOpPOE BO30YXIEHHOE COCTOSHHE B
CUMMETPUYHBIX KaTHOHHBIX KPACHUTEISX MOJIIPHU30BAHO MEPHEHIUKYISIPHO OCH Xpomodopa,
BCJIEJICTBHE YETO OH MPOSIBIIAETCS KaK NEepPBbIi MIyOOKHI MUHUMYM B CIIEKTPaX aHU30TPOIUHU
BO30YKACHUS (DITFOOPECIICHITHH.

YuuThiBasi BHIIICU3IIOKEHHOE, B TAHHOH paboTe paccMaTpuBaeTcs mpodiaema pU3HUKU
BBICOKOBO30YX/IEHHBIX COCTOSHUI Ha TIpUMEpPE OCHOB CTHUPUJIOBBIX KpacuTeled ¢
Pa3IMYHBIMH KOHLEBBIMH IPYIIIaMHU.

Metoauka ucciaenoBanus. /[ AO0CTHKEHUS MOCTAaBICHHOM LIETM UCCIEIOBAHUS —
n3ydyeHHs BO30YKICHHBIX COCTOSIHUH OCHOB CTHPWIOB, IPOM3BOJIHBIX OEH30THA30I]4a,
HEOOXOJMMO  BBINOJHUTH  CIEAYIOIIME  3aJaud: M3MEpPUTh CIEKTPbl  IOIJIOLICHUS,
(dayopectieHIIMHA, BO30YKIACHHUS (PIIyOPECIICHIIMU W CIEKTPHl aHW30TPOIUU BO30YXKICHUS
¢yopecueHIMN KpacuTeneil; MpOBECTH KBAaHTOBO-MEXAaHMYECKHE pacyeTbl MOJIEKYJSPHOM
FEOMETPUM B OCHOBHOM COCTOSIHUHM, pPAcCIpelesIeHUs] 3JEKTPOHHOW IUIOTHOCTH B
BO30Y)KJICHHBIX COCTOSIHUSIX, @ TAK)K€ YHEPTUil MEepexo 0B B 3THUX KPACHUTEINAX; MCCIE0BATh
NePEeXO0/bl B BBICIINE BO30YKICHHBIE COCTOSHUSI.

B HacTosmel paboTe UCIOIb30BAINCh CUHTE3UPOBAaHHbIE B MIHCTUTYTE OpraHnuecKou
xumun HAH VYkpaunsr opranmueckue kpacurenu. CTpyKTypHbIE (HOpPMYIIBI HCCIETyEeMBIX
OCHOB CTHUPWJIOB — IIPOU3BOAHBIX O€H30THA30J1a IPUBEIEHBI HA pUC. 1.
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Pucynok 1. CTpykTypHbIe (hopMyJIbl HCCTeTyeMbIX MPOU3BOAHBIX 0€H30THA301a

CrnexTpbl moryouieHus, (IyopecueHINH, Bo30YKIeHHS (IIyOpecUeHIIM KpacuTeen
M3MEPSIINCH B BUJIE PACTBOPOB B AllCTOHUTPUJIC U TJIMLIEPUHE, aHU30TPOITUH BO30YKICHHS — B
rounepune. Konnentpanus pactBopos coctabisna 10° M/,

Jns  peructpanmuu  CHEKTpOB  (pIyopecueHIMM W CHEKTPOB  BO3OYKIEHUS
¢anyopecueHInN UCCIIeTyEeMbIX pacTBOpPOB UCII0JIb30BaNICA ¢yopecLeHTHbIN
cnekrpodoromerp Varian Cary Eclipse, KOTOpbI COCTOMT M3 JIBYX MOHOXPOMATOpPOB C
nudpakionHbiMu perterkamu 1200 mTp/mMM, ycraHOBIEHHBIMU 10 cxeme YUepHu-TéEpHepa.
OnvH MOHOXpPOMATOP HMCIOJB30BAJICS JUII MOHOXPOMATH3alUU BO30YXIAIOLIETO U3ITy4eHUs,
a JApyrod - Ui MOHOXpOMAaTH3alMU WU3My4deHus ¢uyopecueHmu. Jns Bo30YXIeHHS
(ryopecueHIIMN UCTIONIb30BAIaCh UMITYJILCHAsE KCEHOHOBAS JIAMIIa C HEMPEPHIBHBIM CIIEKTPOM
n3nydeHus. Pabounii ciekTpayibHbIN Tuana3oH npudopa coctarisger 200—900 am. B kauecTe
($OoTOIETEKTOPA UCTIOIB30BAJICS (POTOINEKTPOHHBIN YMHOXHTENb R928 ¢ mHMpoKHM crieKTpom
CHEKTPAJIILHOW YyBCTBUTENIBHOCTH. Bce u3MepeHHs MPOBOIWINCH TP KOMHATHOM
TemIeparype.

CriexTpbl aHM30TPOIMH BO30YKAEHUS (DIyOPECIEHIINN N3MEPSUTUCh C UCIOIb30BaHUEM
cnektpodoTtomerpa Varian Cary Eclipse n aByx momsipuzatopoB. OyHKIUS aHU30TPOIUH T
Q. OGpasen
I, +21,
BO30Y)KJaJICSl INHEHHO TMOJISIPU30BAaHHBIM CBETOM, a (IyopecleHIrs Obuia IenosIpu30BaHa.
3a cyeT BTOPOro MOJSPU3ATOPa PETUCTPUPOBAIMCH MNapajulesbHash U NEpHeHIUKYIIpHas
KOMMOHEHTHL. [Ipu BO30YXIEHHM NOJISPU30BAHHBIM CBETOM H3JIy4eHHE (IyopecleHInN
TaKke noJysipu3oBaHo. [lomspuzanust sSBISETCS pe3yabTaToM (HOTOBBIOOpA JTHOMHUHO(GOPOB B
COOTBETCTBHHM C UX OPUEHTAIIMEH OTHOCUTEIHHO MOJSPU30BAHHOIO cBeTa. M3mydyeHue MoxeT
OBITH JIETIONSIPU30BAHHBIM TI0 HECKOJBKUM IPUYMHAM, BKIIIOYas BpaIIaTeNIbHYIO TUDDY3HI0
moMUHOGOpOB. M3MepeHne aHU30TPONMM TO3BOJISIET ONPEAETIHTh CpEIHEee YIJIOBOE
CMelleHne TIOMHH(Opa MeXIy MOTIJOIIeHneM U u3iaydeHueMm ¢oroHa. OHO 3aBHCHUT OT
CKOpPOCTH M CTETIEHH BpallaTeiabHON nn¢dy3un 3a Bpemst )KU3HN BO30YKJIEHHOTO COCTOSIHUS.
PoranmonHoe OBMXKEHHE, B CBOIO OYEpENb, 3aBUCUT OT BA3KOCTU PACTBOPHUTENS, MO3TOMY
ObulM BBIOpaHBI BS3KHE PACTBOPUTENN - IIIMLEPUH U ASTUICHIVIMKOJNb. Vcronp3oBanuch
MMEHHO CIEKTPbl AaHU30TPOIUH, a HE MOJSIPU3ALMHU, TaK KaK MOJSPU3ALU UCHIOIb3YETCs IS
XapaKTEPUCTUKU MCTOUYHHMKA M3IY4EHUs, KOrJa CBET HANpaBJEeH BAOJb ONPEEICHHON OcH, B
TO BpeMs Kak IPOCTPAHCTBEHHOE paclpesencHue (IyopecleHIMM HEMHOIO OTIMYaeTCs.
bonee Tounas pabouast ¢opmyna A ONpEAETICHUS aHU30TPONMUM (IyOpPECHEHIIMH HMEET

CIEIYIOIIUN BUI:
r(/1) _ I||(ﬂ~) - ILM’)
IH(/I) +21,(1)

3aBUCUT OT JIMHBI BOJIHBI U3JTYUCHHUA 06pa3ua H OIpPCACIACTCA KaK r=
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Jlis KBaHTOBO-XMMHUYECKHX PACUYETOB HCIIOJIB30BAJIOCh MPOrpaMMHOE oOecreueHue
HyperChem. Cnauana Obula ONTHMH3UPOBAHA pPABHOBECHAs TEOMETPHUS HCCIEIyeMOi
MOJIEKYJIBI ¢ TIOMOIIIBIO TTOTyIMIupudeckoro Metoga AMI1. 3aTeM 37I€KTPOHHBIE MEPEXObI U
WX XapaKTepUCTHKHU ObLTH paccunutaHbl MeTogoM ZINDO/S. Dvmmpuueckuii mapamerp OWF
(Overlap Weight Factor) u3ameHsicst Tak, 9T00bI TOCTHYL HAMITYUYIIETO COOTBETCTBHUS MEXKITY
SHEpruel  PacCUMTAHHOIO  IEPBOrO  JJIEKTPOHHOIO  Mepexoda U IMOIYYEHHBIM
9KCIIEPUMEHTAIbHBIM 3HAUECHUEM.

PaBHOBecHast reoMeTpusi M paclpesieseHue 3apsga B OCHOBHOM COCTOSIHUM ObUIN
paccuutansl ¢ nomoursio Mmetoga DFT B3LYP (6-31G**) B mporpamme GAUSSIAN 03.

PesyabTaTrel m ux oOcy:xkaenume. Ha puc. 2 mnpuBeneHbl CHEKTPbl NOTJIOLIEHUS,
(hyopectieHIMu 1 BO30YKIeHUS (PIIyOpECIICeHIINA pacTBOPOB OCHOB CTHPHIIOB, MPOU3BOIHBIX
OeH30THa30Ma B alleTOHUTpuie. Bece crekTpbl KpacuTeneld HOpMUPOBAaHBl HAa €IMHUILY, B TO
BpeMs, Kak B TaOiuuel mNpuBEAECHbI SKCHEPUMEHTAIBHO IOJYYEHHBIE XapaKTEPUCTHKH
CIIEKTPOB.

W3 mnpuBeeHHBIX PUCYHKOB BHJHO, YTO CHEKTPbl IOMIOIIEHUS MPaKTUYECKH
COBIIQJAIOT CO CHEKTpaMH BO30YXKAEHHUS, 4YTO CBHIETENBCTBYET O TOM, YTO IIEHTPBI
MOTJIOUIEHUS ABJISIOTCSA LEHTPAMU U3JIy4YEHUS.
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Pucynox 2 — CriekTphbI IoriommeHus (KpacHast KpuBas), (piyopecreHITun (CHHAS KPUBast) ¥ BO30YKISHUS
(dbayopectieHIIUY (3e1eHas KpUBasi) OCHOB CTUPWIIOB, TIPOU3BOAHBIX O€H30THA30J1a
Tabmuual. CpaBHUTENbHAS XapaKTEPUCTUKA WHTEHCUBHOCTEH (DIyOopecleHIud U
TIOTNIONMEHNsT PAcTBOPOB KpacuTeneil B ameToHmTpmie (KoHmeHTpamus 10°M/m,
HanpspkeHne Ha DY 495 B).
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No dopmyna ﬂ’/wa}cc , HM @JI ], a.o. D, a.o.
o
6-99 NT N 423 1,922 0.17
OCH;
CH]O\@TS
5-2000 N Z 505 15,600 0,29
N(CH3),
cngo\©\75
18-2000 N ~ 426 3,893 0,16
OCH3
(CH3)2N©\YS
19-2000 NT T~ 515 959,456 0,30
OCH;
(CHs)zN\CTS
20-2000 N = 527 816,081 0,28
H

Monekynbr  6-99, 5-2000, 18-2000 xapakTepu3yrOTcsi HH3KOH WHTCHCHBHOCTBIO
¢dayopecueHyn, B To BpeMs kak 19-2000 u 20-2000 1eMOHCTPHUPYIOT POCT HHTCHCHBHOCTH
H3ITy4YCHHUS Ha 3 MopsiaKa. BricokontoMuHeecuuupyome KpacuTean

coJiepkaT — N (C H 3) ,TpyIly B (hparmMeHTe OE€H30THA301a.

Hccnenyemble KpacuTeIM MOKHO Ha3BaTh JMHEHHBIMM, TaK KaK OHHU BBITSHYTHI B
OJHOM HampaBileHuM. JII1 Takoro TUIA MOJIEKYJ MEpPBBbI JJEKTPOHHBIA NEPEXOJ]
MOJIIPU30BaH BJOJb MOJIEKYJbI, @ BTOPOH - NMEPHNEHAUKYISPHO eMy. To ecTb QUIONbHbIE
MOMEHTHI IIEpeXoa sl 3TUX JIEKTPOHHBIX NEPEXOJ0B HAIpPaBICHbI COOTBETCTBEHHO. Eciau
MIOJIO’KEHUE MEPBOr0 AIEKTPOHHOIO MEPEX0Ja MOXKHO ONPEIEIIUTh U3 CIIEKTPOB MOTJIOLICHMUS
¢yopecueHIIMY, TO MOJOXEHHE BTOPOrO0 — C MOMOIIbI0 MHHMMyMa (IpoBajia) B CIEKTpE
aHM30TPONHHU (IIyOPECLCHIINH, ITPU BO30YKIEHUN 00pa3lia MOISIPU30BAHHBIM CBETOM.

Ha puc.3 npencraBieHs! CEKTPhl HOMIOLIEHNS U aHU30TPOIIUU AJIsl OCHOB CTHPHIIOB,
NPOM3BOJAHBIX  OeH3oTHasona. [l  METOKCHCTHPHIOB B CHEKTpax  aHU30TPONUH
GuryopecuieHINY YeTKU MUHUMYM He Obli 3apMKCHPOBaH, a JIMIIb MOCTEIIEHHOE CHIDKCHHE
MHTEHCUBHOCTEH B CTOPOHY 00J1€€ KOPOTKHX JIMH BOJIH.

CheiTp aHu3oTpoNAM CrieKTp aH3oTpon
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Pucynok 3. CriekTpsb! orionieHus (4epHasi KpuBast) 1 aHU30TPOIINHU BO30YKAEHHS (ITyopecleHIINH
(KpacHas KpHBasi) OCHOB CTHPUIIOB, IPON3BOIHBIX OEH30THA30J1a

JIONOJHUTENIBHO JUIsI MHTEPIpeTalud CIEKTPOB IOMIOIIEHHUs] ObUIM IPOBEIEHBI
KBAaHTOBO-MEXaHWYECKHE pacueTsl. B ocHOBHOM cocTosiHuM nporpammoit Gaussian MeToa0M
TD DFT (B3LYP c 6a3zucom 3-21G) OblIu pacuuTaHbl JAJIMHBI CBSA3EH, YIIIbI, TOPCUOHHbIE
yTJIBL, 3apsbl MOJIEKyJI. Bce pe3ysnbTaThl NPOMILIIOCTPUPOBAHBI PUCYHKAMU, IIPUBEIEHHBIMU
HIDKE, U COOpaHbl B COOTBETCTBYIOIINE TAOJINIIBI.

PucyHok 4 - ctpykTypHas Gpopmyna Moaekyisl 5-2000. [luppamu 0603HaUEHBI HOMEPA aTOMOB.
KpacHbiM 11BeTOM 0003Ha4YeHBI aTOMBI -O, CHHUM -N, KEJIThIM -S, CBETJIO U TeMHO cepbiM -C, -H

COOTBECTCTBCHHO.

Tabnuua 2. J[nmuHbI cBSA3€H, yIibl, TOPCHOHHBIE YTIIBI, 3apsas! MoIeKynbl 5-2000 B o0CHOBHOM

coctosinuu. NA, NB, NC — HoMepa aToMOB.

Ho
Mep Atom NA NB NC Amana VYron Topcronms 3apsing
aro CBSI3H yron
Ma
1 C 0.3265
2 C 1 1.4125 -0.2011
3 C 2 1 1.3816 121.0641 -0.1779
4 C 3 2 1 1.4039 119.6863 0.0000 0.2603
5 C 4 3 2 1.4202 118.8133 -0.0009 -0.2547
6 C 1 2 3 1.3950 120.3456 0.0000 -0.2530
7 C 4 3 2 2.2410 158.8975 -179.9919 0.0868
8 N 7 4 3 1.3101 35.1344 -0.0033 -0.6026
9 (0] 1 6 5 1.3861 124.5165 180.0000 -0.5508
10 C 9 1 6 1.4584 118.0338 0.0169 -0.3328
11 C 7 4 3 1.4432 161.4528 -0.0003 -0.2517
12 C 11 7 4 1.3526 121.8422 -0.0033 -0.1323
13 C 12 11 7 1.4535 127.5403 179.998 -0.0274
14 C 13 12 11 1.4097 119.3440 -179.9889 -0.1816
15 C 14 13 12 1.385 122.1120 179.9941 -0.2072
16 C 15 14 13 1.4166 121.0690 0.0004 0.3841
17 C 16 15 14 1.4198 116.9067 0.0057 -0.2018
18 C 17 16 15 1.3833 121.3753 -0.0071 -0.1906
19 N 16 15 14 1.3794 121.6306 -179.9960 -0.7224
20 C 19 16 15 1.4694 120.1188 -0.0436 -0.3724
21 C 19 16 15 1.4692 120.2898 179.9386 -0.3721
40 S 5 4 3 1.7472 109.6988 179.9975 0.3837
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Pe3ynpTaThl KBaHTOBO-MEXaHMUYECKHX PACUETOB IOCJIE ONTHUMHU3ALUU T'€OMETPUU
CBUJETEIBCTBYIOT O IUIOCKOH CTPYKTYp€ MOJIEKYJ, UTO SIBJISETCS XapaKTEPHBIM JUISl TT-

OJICKTPOHHBIX COIPSAKEHHBIX CUCTCM.
Tabmmma 3. Pacgersr mepexomoB st moiekynsl 5-2000 (TD FT(reomerpus), TD DFT(B3LYP,
0azuc 3-21G))

Ilepexon Moaexkyaa 5-2000
A, HM f,cuma OcHoBHas KOHQUTYpaITH
OCIUIIJIATO
pa
So— S; 380 1.508 0.98| H>L>
So— S, 310 0.010 0.95| H-1>L>
0.19 [H-1-L+3>
So—> S3 293 0.009 0.83 [ H-2-L>
0.42 |HoL+1>
So—> S4 283 0.024 0.40| H-4—>L>
0.88 | H—>L+2>
So—> Ss 280 0.001 0.98 | H-3>L>
So— Se 271 0.039 0.85 | H>L+1>
Se—> S, 267 0.000 0.96 | H>L+4>
So—> Sg 248 0.011 0.32 | Ho>L+2>
0.65 | H>L+3>
So—> So 244 0.037 0.69 | H-4—L>
0.58 | H>L+3>
So— Sio 238 0.186 0.90| H-5L>
0.21 | H->L+5>
0.17 |H->L+3>

3nece H — HOMO (Highestoccupiedmolecularorbital) — Bbiciiasi 3aHsiTas MOJEKyIsgpHas

opouTaIh

(B3MO)

L — LUMO (Lowestunoccupiedmolecularorbital) — Hu3iias BakaHTHast MOJIEKYJIpHAsS

op6utans (HBMO)

f—cuna OCHUJIIATOPA, NPOIIOPHHOHAIbHA HHTCHCUBHOCTH IIEPEXO/Ja.
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0.5

0,4 -

0.3 o

Anisotponis

0,2

0.1

0,0 -

nnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnn

- o6

1 1 1 1
c o o o
Mowo s @
TornuHaKHs

1
°
o

1
o
°

D, .0,

Pucynox 5. CpaBHeHHE SKCHIEpUMEHTAIEHOTO (ClIeBa) U

-3
<]
<]

A HM

TEOPETHYECKOTO (CIIpaBa) CIIEKTPOB MOTJIOMICHUS
MoJekyisl 5-2000

E, eB

0 g ;

o] =l

LUMQ

HOM(

HOMO-1

Pucynoxk 6./luarpaMma 3HepreTHYeKuX
HEepEeX0JI0B U paclpeieNeH s ILIOTHOCTH
MOJIEKYJISIpHBIX opOuTaneii B Mosekyie 5-2000
N3 puc.5 BUAHO, YTO TEOPETUYECKHM CHEKTP IOIVIOUNIEHUS YCIOBHO IOBTOPSIET

3KCHepI/IMCHTaHBHBII71 CIICKTD. Kak mnoka3pIBalOT KBaHTOBO-MEXaHUUYCCKHEC PpacCyucCThI,
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KOPOTKOBOJIHOBAsSI 10JIOCA MOTJIOMIEHUS COOTBETCTBYET Iepexoay So — Sio, B TO BpeMmst
KaK TIEPEeXo]l BO BTOPOE BBICIIIEE BO30YKICHHOE COCTOSIHIE So — S» TEOPETHUECKU JICKHUT
B oOmactu 310 HM U sABJIAETCS HU3KOMHTEHCHUBHBIM. EMY COOTBETCTBYET MUHHUMYM MEXTY
JIByMs [IMKaMU B CIIEKTPE IOTJIOIIECHU.

OTH  pacyeTbl XOpPOLIO KOPPEIUPYIOT C AKCHEPUMEHTAIBHBIM  CIIEKTPOM
aHu3oTponmu  BO3OyxkumeHus  (Qmyopecuenumu. KpuBas  aHU30TPONHMHM  OCTaETCs
MOCTOSSHHOW ITPY HEU3MEHHOM MOJISIpU3alvK Iiepexoaa. BTopoil sHepreTHYecKuii mepexo/n
B IUIOCKHUX JIMHEWHBIX IOJMMETUHOBBIX KPACUTENSIX NOJSIPU30BAH NEPIEHIUKYIISPHO
nepBomy nepexony [13], To ectb mepexox So — S; HaOmomaeTcss MpH JIMHE BOJIHBI,
COOTBETCTBYIOIIE MUHUMYMY Ha KPUBOM aHU3OTPOIMH U JIEKUT B obsactu 340 HM.

AHaJIOTUYHBIE pacyeThl MPOBEJAEHBI W [UJII BCEX OCTAIbHBIX MOJICKYJ. AHaIU3
pe3yJIbTaTOB, UX CPaBHEHHUE U1 OCHOB CTUPUIOB M OKCUCTUPHUIIOB — IPOU3BOJIHBIX
OCH30THAa30J1a C PaA3JIMYHBIMH KOHIIEBBIMU TPYNIAMU TO3BOJMIA CAENATh CICAYIOIIHNE
BBIBO/IbI.
3aki0ueHue.

OxapakTepr30BaHbl OCHOBBI IMPOM3BOJIHBIX OCH30THA30J7a C IMOMOIIBID METOIOB
ONTHUYECKOUN CIMEKTPOCKOIHUH C OJTHOBPEMEHHBIM MPUBJICYEHUEM KBAHTOBO-MEXaHUUECKUX
pacyeros.

[Tonyueno YIOBJIIETBOPUTEIBHOE COTJIaCOBAHUE MEXIY pe3yibTaTaMu
DKCIEPUMEHTA W TEOPETUUYECKMMHU pacyeTaMH, IIOJYYEHHBIMH C HCIIOJIb30BAHUEM
marematuueckoro naketa GAUSSIAN cHoekTpoB TOTJIOIIEHHS B HCCIEAYEMbIX
KpacuTensax

IIponeMoHCTpUPOBaH HOBBIM TMOJXOJI B OIPEJCICHUUA TOJIOKEHUS BBICIINX
BO30YX/JICHHBIX COCTOSIHMM JIMHEWHBIX TIOJIMMETUHOBBIX KpAcCUTEICH C MOMOIIbIO
M3MEpEHUsl CIEKTPOB aHU30TPONMHH BO3OYXKICHHS (IYOPECICHIIMH B CIy4asX HHU3KOU
WHTECHCUBHOCTH (DIIyOpECIIEHIIMA W3 BBICIIUX BO30YXKACHHBIX cocTOsHUH. TodHOe
pacmojoKeHue mepexoa BO BTOPOE BhICIIee BO3OYKJIEHHOE COCTOSHHE MOKHO HAalTH ¢
MOMOIIBI0 METOJIOB BPEMEHHO-PA3PEIIAIOIIEH CIIEKTPOCKOINH.
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Abstract. This article considers a discrete-time long-surviving branching process. This process is
defined by a simple Galton-Watson branching process under the non-extinction of its trajectory in the
remote future and called the long-surviving branching process. We will be assured the mean per capita
number of offspring in branching processes is a basic evolution parameter of the long-surviving branching
process. The principal aim is to investigate the asymptotic properties of this process. We investigate
asymptotic properties of transition probabilities and their convergence to stationary measures. We can
conclude that the long-surviving branching process may be replaced by a branching process allowing
immigration with an "immortal particle”. This fact will be used essentially in our research. In particular, we
find a limit to the joint distribution of generation sizes and total states of long-surviving.

Keywords and phrases. Branching processes; long-surviving; immortal particle; Markov chain;
transition probabilities; stationary measures.

UZOQ UMR KO‘RUVCHI DISKRET VAQTLI STOXASTIK
TARMOQLANUVCHI JARAYONLARNING XUSUSIYATLARI

Annotatsiya. Ushbu maqgolada uzog umr ko‘ruvchi tarmoglanuvchi jarayonni ko‘rib chigiladi. Bu
jarayon kelgusi uzog davr mobaynida uning trayektoriyasini yo‘qotmaslik sharti ostidagi oddiy Galton-
Vatson tarmoglanuvchi jarayoni hisoblanadi va uzog umr ko‘ruvchi tarmoglanuvchi jarayon deyiladi. Biz
ishonch hosil gilishimiz mumkinki, jon boshiga nasl goldirishning o‘rtacha giymati ushbu jarayonning
asosiy parametridir.Asosiy magsad ushbu jarayonning asimptotik xususiyatlarini o‘rganishdir. Biz o‘tish
ehtimolining asimptotik xususiyatlarini va uning statsionar o‘Ichovlarga yaqinlashishini tekshiramiz. Xulosa
gilishimiz mumkinki, uzog umr ko‘ruvchi tarmogqlanuvchi jarayonni “o‘lmas zarracha” bilan immigratsiyaga
imkon beruvchi tarmoglanuvchi jarayon bilan almashtirish mumkin. Ushbu faktdan tadgigotimizda
foydalaniladi.

Kalit so‘zlar va iboralar. Tarmoglanuvchi jarayonlar; uzog umr Ko‘ruvchi; o‘lmas zarracha;
Markov zanjiri; o‘tish ehtimoli; statsionar xususiyat.

1.Introduction and preliminaries. The theory of Branching Stochastic Processes is a
suitable model for many problems of the natural and technical phenomena connected with
population growth. There are numerous Branching Process models. The simplest Branching
Process is the discrete-time Galton-Watson Process (GWP), in which the sequence of
generation numbers defines the homogeneous Markov chain, and the reproduction law of each
particle is independent of time and other particles. Many Branching Process models are
generalizations of the definition of GWP.
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One interesting extension of GWP is the long-surviving branching process. The long-
surviving branching processes are defined by GWP under the conditioning of non-extinction
of its trajectory in the remote future. During the investigation, we discover a deeper
connection between the long-surviving branching process and Galton-Watson Branching
Process allowing Immigration (GWPI) with an “immortal particle”.

The article is organized in the following way. The current Section contains the
preliminary discussions concerning the long-surviving branching process and its connection
with GWPI. Section 2 describes limit theorems for population sizes and asymptotic properties
of transition probabilities of the long-surviving branching process. Finally, in Section 3 we
find out a limit of the joint distribution of generation sizes and total states of long-surviving
branching process.

1.1. On long-surviving branching process. Let a random variable Z, denote the
population size of the 7 th generation in GWP at an instant n € N, , and let

P Z, =1 =1. This variable can be defined by independent, nonnegative, integer-valued

random variables € ,, n,k € N recursively as

Z,”71
Zn - § :ink'
k=1

The variables €, will be interpreted as the offspring number of the k -th individual in the

n —1 -th generation. All offspring random variables &, have a common distribution law
for all n and k. Designate p, =P Z, =&, =k € N, the reproduction law of
offspring of one particle and assume p, >0, p, +p, = 1. Define a probability

generating function (GF) Fi(z):=)_, _\ P, on the set of |2 |<1 . In this
g 0

interpretation m = EZ = F’(1) denotes the mean number of offspring of a single

individual. It is known, that GF F. () := Ez” is determined by the functional iteration of

F(z): Fn+k(x) =F, F (v) for n,k € N. The sequence of generations’ numbers

Z,, n €N is a homogeneous Markov chain with state space on N, and these states

depend on the parameter £ ; see, e.g. [1].

It is known that in cases when m < 1 and m = 1 the trajectory of GWP is die out
asymptotically. Accordingly, in these cases, the properties of GWP are investigated
traditionally on nonzero trajectories. The classical instance in this context is appliance of
conditioning of degenerating trajectory of process at present situation time. Assume the
trajectory of GWP is not degenerated on the instant n + £, that is and the second moment

F"'(1) is finite. Introduce the conditional distribution

Smk(a;) =P W <z Zn—|—k > 0¢. [13]

has proved that if 72 = 1 and the second moment £”’(1) < oo, then

limS (z)=1-¢", 2>0.

n—oo ’
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Investigations show that treating the conditioning of not-extinction in the remote
future Z_ > 0 instead of fundamental conditioning Z, > 0 delivers a new limit

distribution law discrepant from the classical one (e.g. qua conditioning distribution of Z
under Z,, >0 we mean P Z ‘ZOO >0 =lim,_ P Z Z, >0 So, [3a

pointed out that under the same conditions, the following result holds:

f—xe ", x>0.

lim lim S (r)=1-¢"

n—oo k—o00 ’

The last distribution function is Erlang law and we see this is an asymptote of
distribution
2
P ,,VV” <z
F"(1)n

of stochastic process W , n € N0 , defined by transition probabilities

Q" =lmP Z :j‘Zl:i, Z >0

U] koo n+l n+l+k
=P Z_ =iz =i Z_>0
for 7, 5,0 € N.

Literature reviyew. Lately, the condition Z_ > O has been treated in [8], [9], [10],
[11], [2], [3]. [6] [1, pp. 56-60] has been proved, that for all values of parameter m the

transition probabilities QZ.(].") are a form of

q . .
Q" = ]z'B” P Z,, =ilZ =i. (1.1)
Where ¢ is the extinction probability of GWP, which is the smallest root of the equation
z=F(z) on te set of z€ 0;1 and B3:= F'(q) . The stochastic process

W ., n &N, defined by GWP under conditioning of Z__ > 0 is called by [1, pp. 56—

60] the long-surviving branching process. The variable IV, is interpreted as the state of a

long-surviving branching process at an instant 72 .
Research  Methodology. Thus the long-surviving  branching  process

W,

", n € N, isahomogenous Markov chain with zero state ¥, = 1 and transition

probabilities @\, 4,7 € N defined by (L.1), that is
PW,., =iW=i =0, (1.2)

We know that this chain is transient if m = 1 and positive recurrent if m == 1. In the
positive recurrent case, the stationary measures exist. Moreover “as in the GWP, the case
m = 1 plays a special role in the long-surviving branching process. Due to its transience,
W, — oo with probability 1”; see [1, p. 59].

Further, we need the GF
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2 : i
JEN
It follows from the branching property that

JEN,
Seeing this and (1.2) we have the foIIowmg lot of equalities:
JjEeN
ql—z .
= EPZ7I+k_j|Z=z’jqa:'7

qr O

ZB JeN
_ F,(s))
23" Os q
From here we obtain

W (@) = [F ()|

s=qx

W, (), (1.3)

L)

where the GF W, () :== W\ (x [ MW, = 1} has a form

)=
F, (qz)

n 9

w

n

n e N. (1.4)

(2) ==

We know that ¢ — F, () — 0 as m — o0, therefore in view of (1.3) is sufficient

to investigate the GF W, (x). It specifies that distribution bulk goes to Ql(?) at infinite

growing of generations’ number. Using (1.3) and iterating F'(x), we obtain the following
basic functional representation:

Wih(z) = —Fe] If;%)x) ] W, [F(qqx)], 19
’ q

where W (z) = .

We see that the evolution law of the long-surviving branching process is completely
given by defining the GF

W(z) =W (z) == F,gﬁ) ,

that has a finite first momentae = W/(1) = 1+ qF”(q)/B.

By differentiating (1.4) we can find out the mean of the variable W, in the form of

a—1n+1l, m=1,
W = (1.6)
" 1+~ 1-8" , m=1,
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where ~ == u—l/l—B .

1.2. Long-surviving branching processes GWPI. By iterating F'(x), the GF

W (x) may be written as
= (L7)
W, (x) =z] |G F az
k=0
where
F/
G(z) = qu .

It is easy to see that GF given by (1.7) is comparable following a special random sum of

random variables:
I/Vn,_l

m) = ]" Wn+1 =1+ Z Qn—!—lk + LIS (18)
k=1
Where ;. are the independent, nonnegative, integer-valued random variables with common

GF F' qx /q forall n and k. And m,, are the random variables with Ex™" = G(z).

In pursuance of the last reasoning, we can conclude that the long-surviving branching
process may be replaced by following the Branching Process. In the beginning, there is one
particle. Process evolution starts with the stream of the immigrating particles whose

emergence intensity law is originated by GF G (). The particles-immigrants have arrived in
the population further undergo to transformations with the distribution law obeyed by the GF
F qz /q. Besides the initial particle does not disappear and does not breed. This “immortal

particle” is present throughout the evolution of the process.
So we are assured that the state of the long-surviving branching process W may be

described by the special form of a random sum of random variables (1.8).
Sometimes putting W, = W —1 the relation (1.8) we write down in the form of

W1
k=1

We see that the sequence Wn, n € N, is nothing but a GWPI with zero state Wo=0
and transition probabilities

Qy =P Wapr = ]‘W’f =t = Qfﬂm
Besides particles’ reproduction law in “internal” GWP without immigration
= Zn o .
Ln+1 :Zk:1cnk obeys the GF Ezs = F qx /q and the arrival intensity of

particles-immigrants is regulated by G(z). In other words, the variables G, are interpreted

as the offspring number of the £ th individual in the 7m — 1 th generation and m,, is the

immigrating particles number into the population in the instant 72 ; see C.Heatcote (1965),
A.Pakes (1971b). In concordance with the definition of GWPI, we note that the GF

W(rf)(x) = Z@E;L)xf

jEN
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takes place the relations same (1.3) and (1.5).

Thus, the research on asymptotic properties of GWP may be reduced to studying of
corresponding properties of GWPI. The theory of GWPI has been well enough investigated
since [4], to which all appearances belong the prime results of this theory. Therefore in further
research, we essentially will base on the known properties of GWPI.

Remark 1.1. The GWPI Wn, n e N0 may not be supercritical.Really,the mean

of one particle in the “internal” process Zn, N € NO is

o | qx 1 , m=1,
or| q CB<1, m=1.

=1

(1.10)

Results and Disscussion. In this section we investigate asymptotical properties of
long-surviving branching process. As it has been told above we use the corresponding
properties of processes with immigration.

We consider the GWPI defined by relation (1.9) instead of the long-surviving

branching process. At first, let 72 = 1. In this case ¢ = 1 and therefore 3 = 1. [10]. has
proved that in general G(z) the variable Wn/n tends in distribution to a random variable
having the density function
o—1 t
1 ; K
p(t) = e ,  t>0,
0= Tore) [G’(l)]
where I'(z) is Gamma function and o = 20'(1)/]7”(1) . Note that in our case

G(z) = F'(z), 0 =2 and W,(z) = sWa(z). Remember that W, (z) is defined by
(1.2) and

Wi(z)=E [xW"

Wo = o} - ﬁF’ F(z) .
k=0

Thence keeping designations we directly receive above mentioned Harris' result.
Theorem 2.1. Let m = 1 and o < 0o. Thenforall z > 0

lim P{EW" < a:]» =1—e % —2ze ",

We note that this theorem in [1, pp. 59-60] was proved by using a consequence of
Helly’s theorem.

In another paper [11] proved that the limit lim nOW%)(JL’) exists. The direct

consequence of this statement is the following theorem.
Theorem 2.2. Let m = 1 and o < 0c. Then

n*W(z) = w(z) 14+01) , n— occ. (2.1)
Here limiting GF p(x) = ZkEN w,z" satisfies the functional equation
Wz F(z) =W, F(z) w(z). (22)
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Nonnegative numbers form the stationary measures for long-surviving branching process.
Moreover ZjeN h; = 0o and

n’ Z,(j”) =p; 14+o(1), n— oo (2.3)

In this theorem, the relation (2.2) directly follows from the basic functional equation

(1.5). Repeatedly using it we write down Z], = o<0. Equality (2.3) is a consequence
of (2.1).

It is known that in proofs of conditioning limit theorems of the theory of critical GWP,
an important role plays the conditional GF

eN ij

: : R (x
g,(x):=>"P Z,=j|7,>0 2’ = 1—ﬁ, (2.4)
JeN n

in which the central place occupies function R (z):=1— F (z). Thus and so the
asymptotic expansion
1—2
R, (z) ~
F"(1)n
Oy
is called the basic lemma of the theory of critical GWP. As we see below in theory long-

surviving branching processes needed for the asymptotic expansion of function Ré(:z:) This

) n — 00, (2.5)

expansion we obtain on the small neighborhood of point = 1. The following result holds.
Lemma 2.1. Let m =1 and o < o0 . Then in the small neighborhood of point
r =1 (z — 1) the relation

R(z) ~ —g’(z), n— oo (2.6)
holds, where the GF g, () is defined by (2.4).

Remark 2.1. One of the simple applications of Lemma 2.1 is it is useful in the proof
of Yaglom limit theorem by Stein-Tikhomirov method (STM). The Laplace transform (LT)

0, (0) = E[e‘%/F’“”" Z, >0

we write down in the form of ¢, (0) =1— R, 6, /Rn 0 and in the respect that (2.4)-
(2.6) we have

Pn(0) ~ —g,(6,) = —,(6), n— o0, @7)
where 6, := exp —26/F”(1)n , 0> 0. We know that LT of exponential law is the

solution of an equation '(8) 4 ¢*(0) = 0 with initial condition (8) = 1. Therefore, in
accordance with STM the relation (2.7) implies

1
0
kpn()—>1+e

It is equivalent to the assertion of the theorem.
Remark 2.2. Due to Lemma 2.1, we can receive a new proof of Theorem 2.1. Really,
by means of (1.4) the LT of variable Wn/E W we rewrite in the form of

y M — 00. (2.8)
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P (0)=-0 R (©,)), with © =exp —O/EW, ,0>0 . Seing (16) we
perceive that © = 0/~ Then by virtue of (2.6) and (2.7) we have

0,0 ~ (2], n— oo
From this and (2.8) come out

¥, (0) —

n— oo’

[”2}2’

The last LT corresponds to the Erlang density 4xe of the first order obtained from a
composition of two exponential laws with the same parameter X = 2.

Now by using Lemma 2.1, we obtain the following theorem.

Theorem 2.3. Let m =1 and o < oo . Then for the stationary measures

-2z

L, € N the following relation is true:

2
—17?
In the case m == 1, we observe absolutely another effect rather than the case m = 1.
Namely, the following theorem holds.

Theorem 2.4. Let . = 1 and oo < 00. Then

1
lim el U R AT

W9(z) =n(z) 1+0(1), n— oco. (2.9)
Here limiting GF () — Z w2 satisfies the functional equation
keN .
W(x)W[F(qqx)] _ W()[F(;zx)] (x)" (2.10)

Nonnegative numbers T, , n € N form the stationary distribution for long-surviving.

Transition probabilities are a form of
Q(") =7; 1+o0(1), n— oo; (2.11)

Moreover t'(1) = 1 -+ ~, where - is defined by (1.6).
Proof. We will be convinced of convergence of GF W (x) referring to [1, pp. 38—
40], where a convergence of lim R / 3" was proved. Let ©(x) :=lim, W (z)

n—oo

and as lim, _ W'Y(z) = lim W, (z), we have (2.9) and the functional equation

(1.5) leads us to (2.10). Repeatedly using this formula, we obtain

~(z) = W, (x) ,K[-F;L(qx)}
W}[F,,,,(qx)} q

n—oo

(2.12)

q
Now let the GF has a power series expansion w(z) = ZA Nﬁkx’f . Then in
A

accordance with (1.3) and (2.12), we write down the following equalities:
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' F,(qz)]"
T x) = T, | = W, (z
2 = 2 @
= @) = 3w
ieN ieN JjeN
=2 > mQ.
jeEN ieN

Equating here the coefficients at 2/ is obtained the equation true to the type of stationary

measures
T = Z“ngzﬂ i
jeN

Again by means of (2.9) and (2.12), it is easy to see T Fn(qx)/q ~ Fn(qx)/q as

n — o0 . Hence assertion F;L(qx)/q—& and continuity of w(z) entails

1) =), T =1
The relation (2.11) is the direct consequence of (2.9). To prove T(/(l) =14~ itis

sufficiently to differentiate of (2.10) in a point of £ = 1, by considering at that (1.9).

The theorem proof is completed.

Conclusion. In based on the above, we conclude that the long-surviving branching
process may be replaced by a branching process allowing immigration with an "immortal
particle”. This fact be used essentially in our research. In particular, we find a limit to the joint
distribution of generation sizes and total states of long-surviving.
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ORCID 0009-0004-9346-4759

UDK 519.644

AHHOTALMS: HCO6XOI[I/IMOCTL B BBIYMCJICHUU TaKUX MHTCTPAJIOB BO3ZHUKACT IIPU PCHICHUHU MHOTI'UX
KJIaCCOB 3a1a4 BBIYUCIUTSILHON 1 HpHKHaZ[HOﬁ MaTCMaTUuKH, TAKUX KaK KPACBbIC 3a4a491 [JId YPaBHCHUSA B
YaCTHBIX MMPONU3BOJAHBIX, AaBTOMATHYICCKOC PCTYJIMPOBAHUC, I_lI/I(prBaﬂ 06pa60TKa CUI'HAJIOB, MOJACIIMPOBAHUC
OINITUYCCKUX CUCTCM U CUMHTC3UPOBAHHBIX I'OJIOTPAMM, PACIIO3HABAHUC O6p8.30B, B 3aJa4ax smepHoﬁ (1)I/ISI/II(I/I

U JPYTHX.

B Hacrosieit pabore MeromoM nepuoam3anud  (GyHKUMH OyAyT IOCTPOEHBI ONTHUMajbHbIC
KBazpaTtypHble (OpMyJbl THNA DpMHUTa B MPOCTPAHCTBAX, TI€ BTOPHIC IPOW3BOJHBIE CYMMHpPYEMBIE C
kBazparamu. JIJii 3TOro HMCHOJB3YIOTCS ONTHMANIbHBIE KBaApaTypHble (OPMYJbl B TIPOCTPAHCTBAX
MepUOANYECKUX (PyHKIMIL.

Kpome Toro, OyayT mojy4eHbl TOUHbIE BEPXHHE OLEHKH OCTPOSHHBIX ONTUMAIBHBIX KBapaTypHBIX
(bopMyI T TPUOIMXKEHHOTO BEIYUCIICHUS HHTEIPAJIOB OT OBICTPO OCLMILTUPYIOINX (yHKIIHIA.

KaioueBble cioBa: (QyHKIMOHAIbHBIE IOTPEIIHOCTH, ONTHMAlbHAas KBajaparypHas ¢dopmya,

ONTUMAJIbHBIC KOA(GGUIMEHTHI, CIUIAHH HWHTCPIOJSANHUS, Y3JIbl KBaIpaTypHOH (HOpMYIIbl, MEPHOAUICCKHE
¢GbyHKIAN.

Annotatsiya. Bunday integrallarni hisoblash zarurati hisoblash va amaliy matematikaning ko‘plab
masalalarini yechishda, masalan, xususiy differensial tenglamalar uchun chegaraviy masalalarni, ragamli
signallarni gayta ishlashni avtomatik boshgarishda, optik tizimlarni va sintezlangan gologrammalarni
modellashtirishda, goliplarni aniglashda, yadro fizikasi va boshga masalalarni hal gilishda go‘llaniladi.

Ushbu ishda funksiyalarni davriylashtirish usulidan foydalangan holda, ikkinchi tartibli hosilalari
kvadrati bilan jamlanadigan funksiyalar fazosida Ermit tipidagi optimal kvadratura formulalari quriladi.
Buning uchun davriy funksiyalar fazolaridagi optimal kvadratura formulalaridan foydalaniladi.

Bundan tashqari, tez tebranuvchi funksiyalarning integrallarini tagribiy hisoblash uchun qurilgan
optimal kvadratura formulalarining aniq yugori chegaralari olinadi.

Kalit so‘zlar: Xatolik funksionali, optimal kvadratur formula, optimal koeffitsiyentlar, spline
interpolyatsiyasi, kvadratura formulasining tugunlari, davriy funksiyalar.

BBenenue. PaccmaTtpuBaroTcs METOABI BBIUYMCIEHUS HWHTETPAJOB OT OBICTPO
OCIILTUPYIOMKX (DYHKIHI BUIa

1 () =jl f (x)e'*dx, (1.1)
[ [f,g]:jl f (x)e'9™dx, (1.2)
|(tw)= [ 3, (ot) ()t 7dx, v>—1 (1.3)

rae J, (a)t) - pynkuus beccens mepBoro poaa u nopsiaka (MHIEKCa) V.

|(f,k)=j‘w(t)f(t)K(t;x)dt, (1.4)
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rac (a., b)- HHTCPBAJI Ha HpﬂMOﬁ, KOTOprfI MOJKET OBITH KOHEYHBLIM HIIH 6CCKOHC‘IHBIM,

W(t)- 3aJjaHHas BecoBass (QYHKIHMA, a SIPO K(t;X) €CTb (DYHKIUS, 3aBUCSIINE OT
napamerpa X M Takas, YTO OHAa CHJIBHO OCLWIIMPYET WM HUMEEeT OCOOEHHOCTH Ha

UHTEpBaJIe (a, b) WIH B €ro OJIM30CTb.
3nech f (X) € F (F - nexoropoii npoctpancTso GyHKImii ), @ - IPOU3BOILHOMN

BEIIECTBEHHOE UnCIIo ¥ nH(opMmarus o | (X) sagaercsa B N y3710BBIX TOUKax m3 (a, b) .

Heo0XoauMOoCTh B BBIYMCICHHU TaKHX WHTETPAJOB BO3HUKAET MPU PELICHHU
MHOI'UX KJIaCCOB 3aaad BBEIUHMCIIMTEILHON 1 HpHKHaIIHOfI MAaTCMAaTUKH, TAKUX KaK KPAaCBLIC
3aJa4d Ul YpaBHEHHS B YAaCTHBIX IPOHM3BOJHBIX, aBTOMATHYECKOE PEryInpOBaHHE,
mudppoBas  o0pabOTKa  CHUTHAJIOB,  MOJEIMPOBAHHUE  ONTHYECKUX  CHCTEM U
CHHTE3MPOBAaHHBIX TOJIOIPAMM, paclio3HaBaHUE 00pa30B, B 3aqa4yax sAepHOU (PU3UKH U

OPYIUX.
Jlns BBIMMCIEHUs uHTErpana | (a)) MOTYT OBbITh, IPUMEHEHBl MHOTHE M3BECTHBIE

KJIACCHYECKHME IPAaBWIA HHTETPUPOBAHMS, OJHAKO, OHM JAIOT XOpPOUIYI0 TOYHOCTH B
cillyyae, eciId UHTerpupyemas (QyHKIUS sBISETCS JOCTAaTOYHO TIJIAJKOM U He
ObICTpoM3MeHstoIIelics.  M3BecTHhIE  KJacCHYecKHe  KBajpaTypHble  (opMyIibl

MPAKTUYICCKU MOT'YT HPUMCHATHCA IJII BBIYUCIICHUSA I (C()) IIpu HEOOJIBIINX 3HAYECHUI ).

UtoObl MOCTPOUTH KBaJpaTypHble (OPMYIIbI, MPUTOJHBIC TPU U3MEHEHUU () B HIUPOKUX
npenenax, HeoOXOJUMO 3apaHee Y4YecTb HAJIWYME OCLMUIMPYIOLIEI0 MHOMKUTENS. OJTO
MOXKHO CcJieNaTh, MpPUHUMAs, HalpUMep, TaKOr0 MHOXHUTENS 3a BECOBbIE (DYHKIIMH.

Bnepseie ®aitnioHoM [l] OBLT TIOCTPOEH aHajor KBaaparypHoul dopmynsl CHUMIICOHA,
KOTOPBIM COXpaHseT PaBHOMEPHYIO TOYHOCTh, TAKKe M MPHU OONbIIHNX . EpydynHbIM

HIIL. u Co6onessim C.JI. [2] NPEMIOKEH METOH, KOTOPBIM TaKXKe COXpaHseT
PaBHOMEPHYIO TOYHOCTb OTHOCUTENBHO . KpbuloBeim B.U. [3] pa3BUT METOA paboThI

[1]. B [4] IpU TOCTPOECHUHU KBaApaTypHOU (OpMyJbl BbIUKCIECHHUS KO3((UINEHTOB
®dypbe nepuoanMyeckoil (QyHKIMM ObUla HCMONb30BaHA CIUIAHMH MHTEPHOSALMS JUIs

paBHOOTCTOAIMX TouyeK. B pabote [5] JUIS BBIYMCJIEHUS MHTETpaia I(a)) byHKIUSA
f(X) 3aMEHAETCS MHTEPIOJALNUOHHBIM  MHOrouiaeHoMm Jlarpanxka. YuciaeHHOMY

BBIUHUCJICHUIO HHTCIpajIOB (12) MOCBAIICHO OOJIBIIIOE  KOJIHUYECTBO pa60T (CM.

[6,7,8], [9], [10], up.).
B paborax ['pagumup B. MunoBaHoBHC  paccMaTpuBaeTcs  BBIYUCICHUS
WHTETPAJIOB THUIA (1.4). B »Tux paborax uCHONB3ys MOAXOASIIME WHTErpajibHbIE

NpPEJCTaBICHUS  CHEUMANbHBIX  (QYHKUMH WA  CHENMaJbHBIX  pa3pabOTaHHBIX
KBaJpaTypHBIX (HOPMYJ YCIENTHO MPUMEHEHBI 111 3()p(PEKTHBHOTO BBIYMCIICHUS CHIIBHO
OCHMJITUPYIOIIUX UHTErpanoB (MHTerpajsl Tuna Oypre, OCHMIUISIMOHHBIE OecceeBCKe
WUHTETPajIbl).

WHuTterpanel THma (1.3) MOSIBJISIFOTCSL B HEKOTOPBIX 3a/adax sAepHOM (U3HKH

BBICOKHX 3Hepr1/11”4. I/I3BCCTHO, 4TO HCEPCAKO IIpU pPEHICHHUU 3adad TpaadullMOHHBIMHA
MCTOAaMHU MbI HEC IIOJy4dYaceM Tpe6yeM0ro S3HAYCHHUA HCKOTOPOT'O ITOKA3aTeCJidA KadcCTBa
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pellieHus, HalpuMep, PEIICHUs ¢ 3aJJaHHOW TOYHOCTHIO MM C MAaKCHMAaJIbHO BO3MOYKHOM
TOYHOCTHIO B TAaKUX CiIydasx ObIBaeT MOJE3HO, a MHOTA M HEOOXOIUMO IMOCTPOUTH
ONTUMAaJIbHbIE KBaJIpaTypHble GOPMYIIbl B PYHKIIMOHAIBHBIX TPOCTPAHCTBAX.

B mnacrosimeit pabore meromom mnepuonusanuu (QyHKIHA OyayT HOCTPOSHBI
ONTHUMAJIbHBIE KBaJpaTypHble (QOPMYIbl C MPOU3BOJHBIMU JUIS MPHUOIMKEHHOTO
BBIUMCIICHUSI MHTETPAJIOB OT OBICTPO OCHWIIUpYIOMUX (GyHKuud. OHa COCTOUT W3
BBeleHUST U ueThlpex mnaparpadoB. Bo BBegeHuu mnpuBoasTcs o0030p paboT 1o
MIOCTPOCHHBIM KBaJPaTypHBIM (OopMyJaM M METOAOB Ul BBIYHUCICHUS HWHTETPAJIOB OT
OBICTPO OCHUJUTHPYIONTUX (YHKITUH.

Bo Bropom maparpade npuBOISTCS ONTUMANIbHBIE KBAApATypHbIE (GOPMYIBI JUIS
BBIUMCJICHUS] MHTErPajoB OT OBICTPO OCHWUIMPYIOIIUX (QYHKUHUNA B MPOCTPAHCTBE
MEPUOINIECKUX KOMIUIEKC Ha3HAUYCHHBIX (DYHKIIMHA U MX OLEHKH IOTPEITHOCTEH.

B Tpetbem naparpade npuBoasTCS MEPUOIU3ALNUN HE IEPUOIUUECKUX (YHKIUI.

B verBeprom maparpade naroTcs OCHOBHBIE PE3YJIbTaThl 3TOH paboThl. OCHOBHBIE
paboThl IPUBEICHBI B BHUJIE JBYX TEOpEM. 3/1eCh MPHUBEACHBI TEOPEMBI 00 ONTUMAIbHBIX
KBaJpaTypHBIX (OpPMyJIax C MPOU3BOJHBIMH B HETEPHOAMYECKHX MPOCTPAHCTBAX M HX
OLIEHKH MOTPEIIHOCTEH.

B msiToM maparpade npuBeeHsl 10Ka3aTeTbCTBO OCHOBHBIX TEOPEM.

2. OnTuMaJibHble KBAAPATYPHbIe (POPMYJIbI JJI1 NEPHUOANYECKUX (PYHKIIUIA.

ITycto H(zm)(O,l) , M>1 - runsbeproBOo NPOCTPAaHCTBO | MNEPUOIMYECKUX

KOMIUIEKC HAa3HAYCHHBIX (DYHKITHIA (D(X) (—o0 < X < 00) ormHuaromuxca Gonee YeM Ha

KOHCTaHTy, M - € mpou3BOJHBIM KOTOPBHIX (O0OOOLIEHHOM CMBICIE) KBaJApaTUYHO
UHTETPUPYEMBI, CO CKAJISIPHBIM ITPOU3BEICHUEM U HOPMOH

(f.9). :idmdigx)dmdigx) dx, (2.1)

H(p| H (2m)

3 —

= o™ ()0 (xpax | (22)
0

3necy 0603HaYeHue Q (X) ColpsiKeHHoe K (X) .

st (D(X) eH (2m) (0,1) pPaccMOTPUM KBaApaTypHYIO GpopMyna BUIA

Eexp(Zﬂin)¢(X)dXEgckw(xk), (2.3)

rie C, m X, COOTBETCTBEHHO KOI(QGUIHMEHTHI U Y3Ibl KBaApaTypHOH (HOPMYIIHI,

N =2,3,..., @€ Z( 7 MHOKecTBO LeNbIX YHCeN).

B nepuoauyeckoM cilydae IOIPENIHOCTh KBaApaTypHOH (OpMyIIbI (2.3)

orpenensercs popmyoit

(L) = iexp(Zniwx)gp(x)dx - kﬁ;ckgo(xk )=

:Hexp(zmwx)—gcké(x—xk)*¢0(x)}a(x)dx (2.4)

3ech O ( X) - nenpta pyHkus dupaxa,
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1(X) = &0 (x)exXp(27ic0X) — kZ::Cké(x — X ) * &y (X) (2.5)

OYHKIMOHA MOTPEITHOCTH, o (X) = i S(x— ).

P=—0

Hamra 3agaua o mocTpoeHU# ONTUMaNIbHON KBaIpaTypHOH (HOpMYIIbI AJisl MPUOIMKEHHOTO
BBIYMCIICHHS MHTErpaja

(@)= iexp(Z;zicox)¢(x)dx

npy  (QUKCUPOBAHHOM Y3JIOB X, KBaJpaTypHOH (GOopMyIIbl (2.3) 3aKJIIOYAeTCsl B
cienyroeM. TpeOyeTcs HalWTU BEIUUUHY
o)

|H(m)

-_—

inf sup
Cy peH™

|||—|()H

(2.6)

DTO O3HAaYaeT, YTO HaHTH (QyHKIMIO Y/ (X) u3 Hz (O 1) JUIL KOTOPOW JOCTHIaeTCst

o
TOYHAasA BCPXHAA I'paHb, OAJICC HalTH KOS(I)(bI/II_II/IeHTBI Ck IJI1 KOTOPBIX JOCTHUIaCTCA

TOYHasi HW)KHSA TPaHb B (2.6). IIpu sToM dyHKIMS Y/, (X) Ha3bIBAECTCS KCTPEMAIILHON

dbyHKIMER KBapaTypHOl (hopMyIbl (2.3). DTO 03HAYAET, UTO BBHIMOIHIETCS CIEAYIOIIee

PaBEHCTBO

(L () =17 HE™ m

(AR

o
koopuimentsl C, HasplBalOTCS ONTHMAIBHBIME KO3(QQuuueHTamu, a

o
I

HOpMOH

(GyHKIMOHANA TOTPEIIHOCTH ONTHUMAJIbHOM KBaapaTypHOil (opmyinsl. M3BecTHO, 4TO

m )z
IMPOCTPAHCTBO H 2 6y,[[eT COCTOATDH U3 BCEX MEPUOANYCCKUX (bYHKI_II/IOHaJ'IOB, KOTOPBIC
OpPTOTrOHAJIbHBI CAUHUIIC

(1,1)=0 (2.7)
Jisi  TOCTpOEHHs ONTUMAJBHBIX KBaJpaTypHbIX (GOpMYNI C TNPOU3BOJHBIMH B

MIPOCTPAHCTBE HEMEPUOINYECKUX (YHKIMI HaM MOHaJOOUTCS pe3yabTaThl padboThl [35].
o
Tam onrumansHele koodduumentst C, u Hopma

o

(yHKIIMOHANa TOTrPEIIHOCTH

ONTUMAJIBLHOW KBaJApaTypHOU QOpMysbl MPUBOAATCA B npOCTpaHCTBe Hz (0 272')

3nech Mbl IpeoOpas3yst 3TH Pe3yabTaThl PUBOJUM B IPOCTPAHCTBE H 2 (0 1) [IycTp

X, = L kh, h= i, N = 2,3,... . CrpaBeIMBbI CIIEYIOIINE TEOPEMBI.

Teopema 1. Eciu (p(X) eH (zm) (O,l), TOT/a JJIsl ONITHMAIBHBIX KOI(PUIIUEHTOB

KBaZpaTypHOH (HOPMYJIBI (2.3) ¢ (YHKIHOHAIOM TOTPENIHOCTH (2.5) CIpaBEIJIUBEI
(bopmyIb
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0 sin zwh \°" 2m —1)lexp( 2zicwkh
C, (m)=n[ Sz}, (Zn-dhep(2red) (28)
2> a2 ?cos2z(m—1-n)wh+al’T?
n=0
k=12,..,N
B »st0it dopmynsl ar(]zm—z) KO3 pUIMEeHTs MHOTOWIeHa Diinepa Emez(X) CTENIEHU
2m—2,Te
e \2m1 [ 2m 2m)!
e =3 (-(* j<n+1—1>2 (P

Teopema 2. B mpoctpanctse H 2 Ui KBaJpara HOPMbl (PYHKIIMOHAJIA MOTPEUIHOCTH

| (X) ONTUMAJILHON KBaJpaTypHOU (hOpMyIIbl CripaBeivBa cienyroas popmymna

||H(2m>

- 2m 1
_ 12m 1_[S|n7zz)hj (2m-—1)! (2.9)
7w ZZaZm 2cos2z(m—1—n)wh+al]?

n=0
3ameuanne 1. IIpy @=0 mnonyuaeM H3BECTHYIO ONTMMAIBHYI KBaIpaTyp
hopmyay

1 N
[ (x)dx=h>"p(kh).
0 k=1

IIpu sToM

2m|

(2m)!

(me|* _

o 2m
1/ H> &

B, - aucio beprymm.
3ameuanue 2. Eciu w=nN, n=1,2,..., Torma 6 (m)=0, k=1,2,..,N.
3. llepuoansanus GyHKUMI U3 MPOCTPAHCTBA H (0 l)
B sToM pa3sfene Mbl OyneM 3aHMMAThcs TNepHoau3armeil ¢yHkmum | (X) u3
MPOCTPAHCTBA H(m)(O 1).

HYCTB IMPOCTPAHCTBA H (0 l) - KJIaCCOB KOMIIICKC HO3HAYHBIX (1)YHKI_[I/II\/'I,

oOnanaroux 000OLUIEHHBIMU MPOU3BOAHBIMH HOpsAAKa M ¢ UHTErpUPYEMBIM KBaJIpaToM
CKans[pHLIM MIPOU3BEICHNEM H HOPMOU

((o, f) J‘(@(m) +¢)(m 1)(0)_¢(m—1) (1))(?(m) +?(m—1)(0)_?(m—1) (1))dx, (3.1)

Hf |H(m)H { (f (m 4§D (Q)_ f™D (1))[ f (m)+ f(m_l) (0)- f(m_l) (1)jdXJ2 (3.2)

Onpenenenns. Ilycte f(x)e H™(0,1) , npu M=>1 . Tlepuonusaumeii
2 ) p p

byHKIIUU f (X) OygeM Ha3bplBaTh HaXOXKJACHUE (PYHKIIMH (p(x) cH gm) (O, 1)
yIIOBJIETBOPSIONIEH YCIOBUIM
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?(1)=¢)(0) mpu @=01...m-1 (3.3)
j- f (x)dx:j:¢(x)dx. (3.4)

0
CnpaBemiiiBa cieayrolias Teopema.

Teopema 3. [Iycth f (x) e H{ (m) (0,1), TOr 1A CeAyromast byHKIHSA
N+ X n n
P()=1(x)+ 3 22l ;(1)?(f< (0)- £ (1)) (35)
SIBJIICTCS TICPUOJMYCCKON (yHKIMEH B MPOCTPAHCTBE H (0 l) , T.e. DJIEMEHTOM

IpPOCTPaHCTBA H 2 (0 1)
B cnenyromuM MyHKTe Mbl OPMBOIMM OCHOBHBIE PE3yJIbTaThl 3TOi pa60Te T.€.

ONITUMAJIbHBIE KBAJPaTypHBIE (OPMYIBI C MPOU3BOAHBIMH B MPOCTPAHCTBAX H (0 1)

H2 (0,1) U  HOPMBI Q)YHKIII/IOHBJI HOFpGIHHOCTCfI IMOCTPOCHHBIX  ONTHMAJIbHBIX

KBaJpaTypHbIX (hopMyiI.
4. OcHOBHBIE pPe3yJabTAThI.
B sTOM pazgene Mbl IpUBOAMM ONTUMAIbHBIE KBaJApaTypHble (JOPMYIIbl 1 HOPMBI
(yHKIIMOHAJIA MIOTPEITHOCTEH MOCTPOSHHBIX ONTUMAIBHBIX KBAJAPATYPHBIX (POPMYIIL.
CrpaBe/UIUBBI CIEIYIOLUE TEOPEMBI.

Teopema 4. Ilycte  f(x)e ng)(O,l) , TOrJa cleAylomas KBaapaTypHas
dbopmyna

iesz (x)dx = kz:él (2) f (kh)+ u( f (1) — (0)) (4.1)
(I)YHK]_[I/IOH&HOM MOTrpeIIHOCTU
1, (X) = g0,2°" = ;6 (2)5(x—hk)—u(5'(x—1)—5"(x))

SIBJISIETCS] ONITUMAJIBHOM, T/1€
—A npu k=0,

C(2)={C,(2) npul<k<N-1, (4.2)

CON (2)+ A npu k=N,
1 e27riwh

A= —d(o,N,2)———,

27Z'i6() (a) )e27rla)h _1

1 e27riwh
=————hd(wo,N,2)———..
# (272'ia))2 ( ) (1_ g2mioh )2

3necy C, (2), k=12,...,N onpenensercs u3 hpopmymsl (2.8) npu M=2,1e.
C.(2)=d(&,N,2)e*™™"  k=12,..,N, (4.3)
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- 4
d(w,N,2)=(S'””a’hj 3" h=l N=23. (4.4)
zzewh cos27zewh + 2 N

Teopema 5. Jlnsa kBaapara HOPMBI (PYHKIMOHANA TOTPEIIHOCTH |2(X)

ONTUMAIBHOM KBaapaTypHOU (OPMYIIBI CIIpaBeIJIMBA ClIeayromias hopmya
2 . 4
_ 14 1_[Sln7ra)hj 3 . (4.5)
w 7teoh cos2zcawh + 2

o 2
I/I3BCCTHO, qTo JI1 IIPOU3BOJIBHOH (byHKI_II/II/I n3 Hg )(0,1) , T.C. CCIIHU

[, I HE”

f(x)eng)(O,l) , TOrJa TOTPEIIHOCTh (HOPMYIIbI (4.1) OIICHUBACTCSA CBEPXY

PaBEHCTBOM

(1. )=

5. Jloka3aTeqbcTBO TeopeMbl. B 3TOM IyHKTE MBI NPUBOAMM JIOKa3aTENbCTB
Teopem 4, 5.

Jloka3zaTeJbcTBO TeopeMbl 4. /1711 5TOro MbI OyZIeM IOJIB30BaThCS Pe3yabTaTaMU
teopeM | u 3. B cuiny Teopemsl 3 ciaeayromuias GyHKIMs

o(x)= f(x)+(x—%j[f (0)— f (1)]+%(x2 —x+%j[f (0)- ()] (5.2

ABJISIETCS. 2JIEMEHTOM H(zz) (0,1) , T.€. (D(X) eH (22) (0,1), f (X) € ng) (0,1) , TOrza

1o TeopeMsl 1 crenyromas kBaapaTypHas Gopmyiia SBISETCS ONTUMAIBHOM

j;ez”i“’x(p(x)dx = ki;é)k (2)p(kh) (5.2)

I | H§2>*(o,1)HH IR (4.6)

3aech (D(X) eH (22) (0,1) U ONTUMAJIbHBIE KOI(PPHUIIMEHTHI Cok (2) KBaJIpaTypHOU
GopMyITBI (5.2) onpezensoTes GopMyaaMu (4.3) u (4.4).
[Tonw3ysich hopmymoit (5.1) IIOIy4YUM

iezﬂiww(x)dx:iezmx(f (X)+(x—%j( f(0)— f (1))+%[X2 _X+%j'
(f'(0)— f'(1))dx =_:[e2niwxf (x)dx+(f(0)—f (1))E(X_%jezmwxdx+

1
(10~ 1) j (xz _x+ %jez”“"xdx. (5.3)
Beruucsis BTopoyi 1 TpeTeil HHTEerpasl B IPABOM YaCTH (5.3) AMeEM
1
L (£(0)- (1))
1 : :
- (f'(0)- 1) (5.4)

( 271 a))2
B cuny (5_1) KBaJ[paTypHYIO CYMMY B (5.2) HAIUILEM B BUJIE

gé’k(z)w(kh):gé’k(z)[f (kh)+(kh—%)( £(0)- f(1))+

1 1
Ie2ﬂiwx¢(x)dx — J‘eZHi(uX f (X)dX +
0 0
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+%((kh)2 —kh +%j( f1(0)— f'(1))1= gé’k (2) f (kh)+
+(£(0)= F (W= £(0)+ F'(2) 2 (0)E,(2)+3(1(0)= '(1)-
S (kn)C,(2)+ 2(11(0) - (@)X (kn)'C,(2)+

k=1

N o
+[$ £(0) 5 T°(1)~ 2 1 (0) + 2 1 (1))§ck (2). (5.5)
CnpagennuBa cienyromas popmyina [37]
iqy?/k _ 1 i( q jl Aok — q" i[ q inyk |y:n, (5.6)
7=0 l1-gqgi=\1—q l1-g=\1—q
rze A }/k - KOHEUHasl PA3HOCTh MOpPsKa | OT 7/k, A'o¥ =Ai}/k |y:0 u

Ao =>(~1)" ¢/ j*
j=1

A“X" = ZV:[V]A“OPXV‘“

p=0

(5.7)
(5.8)

o N o N o
C. S.=Y (hk)C,, S,=>(hk)’C,.
k=: k=

k=1 1 1

VYuuteiBast GopMyITbI (4.3) nMeeM

N
Teneps 0003HaYMM Yepe3 S, = Z

N
SO — d (W, N , Z)ZGZHia)kh’
k=1
N
S, =d(w,N,2)> (kh)e*"*",
k=1

N
S, =d(w, N,2)> (kh)* e,
k=1

1 2riwh
VuutsiBasg, uto @€ Z, h=— u 0603nHauuB yepes (=€ 3aTE€M TIOJIb3YACh

dopmymnoit (5.6) mpu K =0,1,2, mocne HekoTOPHIX yrpomeHuii momy4aem

S, =0 (5.9)
eZﬂi(nh

Slzd(a),N,Z)W, (510)
_2h 2riwh 2iwh

S =d(e:N.2)) i o (5.11)

[ToxcraBnssi HaiileHHBIE BBIPAXKEHUS 50,81,52 mo QopmyIsl (5_9), (5_10), (5_11) B
paseHctBe (5.5) mnomaydaem
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N o 27iwh
k=

>C, (z)gp(kh):ic"k (2) F (kh)+( 1 (0)~ T (1)d (WN,2) iz~
hd (@, N, 2)e?™"

f'(0)—f'(1) =
( S

YuutriBas (5_4) Hu (5_12), [OCJI€ HEKOTOPBIX YIPOUIEHUN MMOTPEMIHOCTh ONTUMAIIBHOM

(5.12)

KBaJpaTypHOU (PopMyIIbI (5_ 2) MO>KHO HaITUCaTh B BUJIE

R=— iez”i(”x¢(x)dx _ gcﬂ (2)g(kh) = iezmwx F(x)dx — gé(z) £ (kh)—

2riwh
L(£(0)- (1)) (2;@)2 _hd El‘" ';‘22316) (5.13)
3nech
CON(2)+A npu k=N,
C.(2)={ C. (2 npu 1<k <N -1,
—A npu k=0,
1 eZ;ri(uh 9
me A=—— (a), N, 2)# : Ck (2) - ONTHUMAaJIbHBIE KOA(DOHUIIMCHTHI
27w e~ —1

. (2)
KBazlpaTypHOil (opMyisl B mpocTpanctee H 2 (0,1). U3 paBeHcTBa (5.13) cremyer,
yTO Cclelylollas KBajpaTypHas (opMysia sBISeTcs ONTUMANBHOM KBajapaTypHOM

OpMYHOﬁ B MMIPOCTPAHCTBEC HCIICPHUOINYCCKUX HKITAM H (2) 0,1
pocTp p y 2
1 N _o
[er f (x)dx=>"C,(2) f (kh)+
(0] k=0
1 hd(w,N,2)e*""
(27z'ia))2 (1_ @2rioh )2

Teopema 4 nokasano.
Joka3aTenbcTBO TeopeMbl S. J[0Ka3aTenbCTBO TEOPEMBI S CIEAYET U3 PABEHCTBA

J( £1(0)~ (1),

(5.13). JIeHCTBUTENBHO, TaK KaK JIeBas 4acTh PaBEHCTBO (5.13) €CTh MOTPEITHOCTh

ONTUMAJILHOW KBaJpaTypHOU (opMysbl B H(zz)(O,l), TOrJa B CHUJIy TEOPEMBI 2 IIpH
M = 2 creyeT cpaBeTMBOCTh TEOPEMBI 5.

3akiaouyenue. B nanHoil pabore MeTOAOM MepHOAM3alUN (YHKIHI MOCTPOEHBI
ONTUMAJIbHBIE KBaJpaTypHbIE (POPMYIIBI ¢ IPOU3BOIHBIMH, T.€. KBaApaTypHble (HOpMyIIbI
TUIAa DPMHUTA VI TPUOIMKEHHOTO BBIYMCIEHUS! OBICTPO OCUMJUTUPYIOIIUX HHTETPAIOB B
npoctpaHcTBe AuddepeHuupyembix GyHKIumi. Jas MOCTpoeHHs ATHX (GOPMYN MBI
MCIOJIb30BAIM METO/ MEePUOAN3alMy (QYHKIIUI U ONTUMANIbHBIE KBAJpaTypHbIE (OPMYITbI
JUIs OBICTPO OCHMJUIMPYIOIIUX HHTETPAJIOB B MPOCTPAHCTBE MEPHUOJUYECKUX (PYHKIIMM.
Kpome TOro, Mbl Haluid TOYHYIO BEpPXHIOI OLEHKY IOCTPOEHHBIX ONTUMAalbHbBIX
KBaJIpaTypHBIX POpMYII.
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Annotatsiya: ushbu magolada Gamilton-Ostrogradskiy variatsion prinsipidan foydalanib
matematik model qurish ko‘rib chiqiladi. Kirgof-Lyav gipotezasi asosida uch o‘lchovli model ikki
o‘lchamli modelga o‘tkazildi. Potensial va kinetik energiyani variatsion ko‘rinishi hamda tashqi
kuchlar ishi variatsiyasi aniglandi. Geometrik chizigli shaklda Koshi va Dyuamel-Neyman
munosabatlari, Guk gonuni hamda Lorens kuchi va Maksvell elektromagnit tenzor ko‘rinishidan
foydalanib, plastinaning deformatsion kuchlanish holatiga termo-elektro-mangnit-elastiklik
ta’sirlari ko‘rildi. Natijada ko‘chishga va xaroratga nisbatan boshlang‘ich va chegaraviy shartlarga
ega xususiy hosilali differensial tenglamalar sistemasi ko‘rinishidagi matematik model olinadi.
Murakkab shakldagi magnitelastik plastinani chegaraviy masalalarni yechish jarayoni hisoblash
algoritmi ishlab chigiladi. Algoritmni tuzishda Bubnov-Galerkin variatsion usuli, R-funksiya,
dinamika holida Nyumark usuli yoki statika holida — Gauss usullaridan foydalanilgan. Rvachev’s
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Function Method (RFM) vyordamida, qurilgan yechimlar tuzilmalari asosida noma’lum
funksiyalarni (u, v, w) aniglanadi.

Kalit so‘zlar: Gamilton-Ostrogradskiy, Kirgof-Lyav, Koshi, Dyuamel-Neyman, Guk,
Lorens, termo-elektro-mangnit-elastiklik.

MATHEMATICAL MODEL AND CALCULATION ALGORITHM OF
THERMO-ELECTRO-MAGNETIC-ELASTICITY OF COMPLEX SHAPED THIN
PLATE

Abstract: This article is devoted to the construction of a mathematical model based on the
Hamilton-Ostrogradsky variational principle. The three-dimensional model was converted to a
two-dimensional model using the Kirgoff-Lave hypothesis. The variation of potential and kinetic
variation and work variation of external forces were determined. Using Cauchy and Duhamel-
Neyman relationships, Hooke's law and Lorentz force and Maxwell's electromagnetic tensor in a
geometric linear form, effects of thermo-electro-magnetic-elasticity on the deformation stress state
of the elastic plate were observed. As a result, a mathematical model was obtained in the form of a
system of differential differential equations with initial and boundary conditions for displacement
and temperature.

An algorithm for calculating the process of solving boundary problems of a complex-
shaped magnetoelastic plate is developed. Bubnov-Galerkin variational method, R-function,
Newmark method in case of dynamics or Gaussian method in case of statics were used to create
the algorithm. Using Rvachev's Function Method (RFM), unknown functions (u, v, w) are
determined based on the structures of the constructed solutions.

Key words: Hamilton-Ostrogradsky, Kirgoff-Lave, Cauchy, Duhamel-Neyman, Hooke,
Lorentz, thermo-electro-mangnite-elasticity.

Kirish. Termoelastiklik nazariyasi xozirgi kunga kelib rivojlanayotgan
nazaryalaradan biri hisoblanadi. Termoelastiklik sohasidagi tadgiqotlardan oldin harorat
kuchlanish nazariyasi doirasida keng ko‘lamli tadgiqgotlar olib borilgan. Bu nom bilan biz
jismning qgizishi natijasida yuzaga keladigan deformatsiyalar va kuchlanishlar nazariyasini
tushunamiz. Ushbu yo‘nalish bo‘yicha J. Dyuamel, Foygtom, Djeffrisom, V. Novatskiy ,
M. Biot, V. D. Kupradze, T. G. Gegeliya, M. O. Bashelishvili, T. V. Burchuladze kabi
ko‘plab olimlar tadgiqotlar olib borganlar [5].

Magola [7] mualliflari vaqtga bog‘lig magnit maydonda sayoz konuscimon
gobig‘ning termo-magnit-elastik harakati bo‘yicha dinamik reaksiyani o‘rganganlar,
elektromagnit maydonlar va harorat maydonining bog‘lanishi ostida sayoz konussimon
gobig‘ining siljishining dinamik reaksiyalari tahlil gilingan. Anizotrop jismlarning ba’zi
muhim sinflari uchun mos keladigan kuchlanishning yagona ko‘rsatgichlari uchun aniq
ifodalar olingan va ularning parametrlarga bog‘ligligi ko‘rsatilgan [3].

Ushbu [1] tadgigot mualliflari magnit maydon ostida funksional darajali
fleksoelektrik nano-plastinkaning o‘lchamiga bog‘liq bo‘lgan chizigli bo‘lmagan erkin
tebranishini o‘rganish uchun Kirhkoff plastina nazariyasi va o‘zgartirilgan fleksoelektrik
nazariyasi tomonidan uzluksiz asoslangan termoelektromexanik model ishlab chigganlar.
Gamilton prinsipi va variatsion hisoblash usullaridan foydalanib, nano-plastinkaning
chizigli bo‘lmagan boshqaruvchi differensial tenglamalari va ular bilan bog‘liq chegara
shartlari chigarildi va Galerkin va tebranish usullari yordamida boshgaruvchi tenglamalar
yechilgan. Maqola [4] da yon devorlari issiqlik ta’sirida bo‘lgan plastinaning deformatsiya
muammosi uchun matematik model ishlab chigilgan. Magola [6] da Gamilton-
Ostrogradskiy variatsion prinsipi asosida haroratni hisobga olgan holda fazoviy yuklanish
ostida sterjenlarning kuchlanish-deformatsiya holatining matematik modeli ishlab
chigilgan.

Ichki yoriglari bo‘lgan bir hil anizotrop qattiq jismlar uchun umumlashtirilgan
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termo-elektro-magnito-elastiklik  nazariyasining aralash chegaraviy ~muammolarini
maqolada [7] o‘rganilgan. Ko‘rib chigilgan nazariya elastik, elektr, magnit va issiqlik
maydonlarining to‘liq bog‘lanishini tavsiflovchi Grin-Lindseyning termo-elektro-magnito-
elastiklik modeli bilan bog‘lig holda o‘rganilgan. Magneto-elektro-termo-mexanik
yuklanishlar ostida magnit-elektro-termoelastik (METE) nanoplastinkalarning burilishi va
keyingi burilishlarini  tadqgig qilish uchun nolokal bo‘lmagan birinchi tartibli
deformatsiyalanuvchi plastina modeli tagdim etilgan [8]. Nolokal parametr, chegara
shartlari, harorat ko‘tarilishi, tashqi elektr kuchlanish va tashqi magnit potensialning kritik
burilish yukiga va burilishdan keyingi reaksiyaga ta’siri o‘rganilgan.

Ali Kiani , Moslem.Sh va boshgalar maqgola [2] da visko-Pasternak muhitida
uchinchi darajali deformatsiyalanadigan plastinka doirasida nolokal elastiklik nazariyasiga
ko‘ra, funksional gradusli materiallardan tayyorlangan magnit-elektro-termoelastik
nanoplastinkaning termomexanik tebranish reaksiyasining nazariy tahlili o‘rganilgan.
Magnito-elektro-termo-elastik nanoplastina dastlabki tashqi energiya, magnit potensiallar
va harorat muhitiga ta’siri bo‘yicha natijalar olganlar.

Tadgigot metodologiyasi. Ushbu ishda Gamilton-Ostrogradskiy variatsion
prinsipi asosida murakkab shaklga ega yupga plastinaning termo-elektro-magnit-elastiklik
deformatsiyalanish jarayonining chizigli matematik modeli keltirib chigarilgan[10,11].

Plastinaning harakat tenglamasini ishlab chigishda ko‘chishning o‘zgarish
gonunlari sifatida Kirxgofa-Lyav gipotezasidan foydalanamiz [11,3].

u=u-z2z u —V—Zaw u,=w,
L=USZ— U=Vozn =W, ®

bu yerda: u,v,w—ko‘chishlar. Kirxgof-Lyav gipotezasiga ko‘ra, yupga plastina galinligi
bo‘ylab deformatsiya bo‘lmaydi, natijada masalaning uch o‘lchovli modeli ikki o‘lchovli
matematik modelga aylanadi.

z a ‘\

w

1-rasm. To‘rtburchakli yupqa plastina va uning kordinatalar tizimi
Gamilton-Ostrogradskiy variatsion prinsipining umumiy ko‘rinishi [10].
ﬂ%;mrmmwza @
t
bu yerda: ¢ —variatsiya K — kinetik energiya P — potensial energiya; A — tashqgi hajm va
sirt quchlari bajargan ish.
Kinetik  energiyaning o‘zgarishini  hisoblashda quyidagi munosabatdan
foydalanamiz:

ou, .ou ou, .ou ou, .ou
OoKdt = 52+ p25 =2+ p=25—=Vdr; 3
! ”('Dat a Pa’a P atjd )
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bu yerda: p — qaralayotgan obekt materialining zichligi; u,,u,,u,— ko‘chish,
V —hajmi, t —vaqt.
Variatsiya ostidagi kinetik energiyaning umumiy ko‘rinishi:
o, o, au, rql Of oy 0 au, 0 du, _
j5K-J(p p ou,+p p ou,+p p 5u3jdv‘ “L’t(p p 5u1+at p p §u2+at p > U, dvdt,(4)

t v t tv

Bu yerda Y, Uz, Us larning o‘rniga (1) formuladagi giymatlarini keltirib qo‘yamiz
va variatsiya ostidagi kinetik energiyani bo‘laklarga bo‘lib integrallaymiz.

Natijada variatsion Kinetik energiyaning umumiy ko‘rinishi hosil bo‘ldi:
ou ov ow ou oV ow

0K =1 |1 ph—ou- ph— v+ ph—dw :dydx| - h—-o0u - ph—dv+ ph—- dw dydxdt.

o[ [ v s
Potensial energiya variatsiyasini aniglashning umumiy ko‘rinishi:

a=|[o,0e, +0,0e, +0,0e, |dV; (6)
\Y

Bu yerda e —deformatsiya, o —kuchlanish

Koshi munosabatlariga ko‘ra Kirxgof-Lyav (1) gipotezasidan foydalanib
deformatsiya aniglanadi [13].

Koshi munosabatlariga ko‘ra ifodalarni variatsiyalash orgali quyidagi ifoda olinadi

2
OX OX
2
5eyy=5%—z5gy—vzv; 7)
2
e, =6 M s _750W
oy OX oxoy
1 E 1
€ :E(O-xx _luo-yy)+aT(T _TO)’ O :l—,uz (exx _ﬂeyy)_gaT (T _To),
e, ==(0, — 1o, )+ (T-T)), b 0, =—(e, —e,)-——a, T-T)[
Yy E yy XX T 0/ vy 1—/,[2 vy XX 1_,u T o/l
1+ u __E
exy :?O-xy’ ny —1+Iuexy.

Potensial energiya variatsiyasi (1) - formuladagiga e,,.e,,,e,, ni (3) — formuladan

keltirib qo‘yiladi. Bu yerda plastina galinligi bo‘yicha birlashtiriladi. Dyuamel-Neyman
munosabati va Guk gonunidan foydalanib ushbu ifodani keltirib chigaramiz[5].
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x Tad Myt |
2 2
Oy = _E 2[%_ZZyvzv_ﬂg_i+ﬂzngzv}_aT(T_To)$! ©)
S L )
Y2+ u) oy T ox T oxdy
E - elastik modul, x — Puasson koeffitsenti, ar — issiglikka chidamlilik
koeffitsienti. T, — plastinkaning dastlabki harorati, T — plastinka harorati.
(7) - formuladagi e, e, e, larnio‘rniga (8) — formuladagi ifodalarni keltirib
go‘yiladi va plastina galinligi bo‘yicha birlashtiriladi.

_E [au W v o*w

SI = ”D%dﬁ —jza dz§ +ja dza——jza d256—+

2 (10)
ou o0°W
+_Z[ G*ydﬁ@ +£ %dﬁa - .Z[ z0,,dz6 Y } dydx
bu yerda belgilash kiritamiz:
h/2 h/2 h/2
= I o,dz, N, = j o,dz, N, = j o,,dz;
—h/2 —h/2 —h/2 (11)

h/2 h/2 h/2
= I z0,dz, M = I z0,dz, M, = I z0,,dz.

-h/2 —-h/2 -h/2

Chegaraviy shartga va tenglamaga tushadigan hadlarni guruhlab o‘xshash hadlar
ixchamlanadi

01T =[N, 0u-M, W My s My Sv-M, 55W L yé—waw dy
f X OX " OX 2 oy 2 oy |
oM oM
+jNW5V—M 56—W+—5W+N a—Wc3w+1N ,OU+—— 5W+1N %(M dx -
X y oy oy 2 O 2 Vx| (12)

oN oN,, oN 2 oM o°M
—” N, X5~ L —25u-—2L6v LBy §v—a M2XX oW—-—2 dw-——=6w |dxdy,
X 2 oy oy 2 0OX oX oy oxay

Tashqi kuchlar bajargan ish variatsiyasi:
jaAdt = ”[(x + pK,)3u, + (Y + pK,)3u, +(Z + pK,)Su, |dvdt +
t tv

Xy

[ [+ T 00U, + (@, +T,)5u, + (g, +T,,)ou, || dxdydt+

tyx
+.[II:(PX +T,)ou, + (Py +Txy)5u2 +(P, +T, )5U3:” dzdydt +

tyz

[ [[(F +T,)6u +(F, +T,)ou, +(F, +Tyz)5u3]‘y dzaxdt,

t Xz
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X,Y,Z, pK,, pK,, pK, - hosil bo‘luvchi hajm kuchlari
Gy.0,.0,, T, Ty, T,, — CUPT Kywnapu, o —jism zichligi.
P. P, P. T Ty T F F,, T, T, T,, — kontur kuchlari

yx? tyy! Tyz

[ondt=[[[TN,+R+0,+T,)0u+(N, +R +q,+T,)ov+(N, + R, +0,+T,)ow]chdyt
¥y X

t t

#] [1(Np, Ny Yo+ (N + Ny )00+ (N, + N ) v (13)
ty

+”[(NFX N, )0+ (N, + Ny, )ov+ (N, + Ny, Jow] ydxdt
tx

NX=JXdz,Ny=Ide,NZ=JZdz,RX=ijXdz,Ry=JpKydz,R ijdz pr_jpdz Ny, =[P dzN, = [Pat

7 7

Ny = [T, 02Ny, = [T, 0, = [Tz, dezN _IFdzN _dezN _jT N, _jT N _jT 0

Tyz
Plastinaga ta’sir etuvchi elektromagmt kuchlar.
R=pK :i(rot(rot(u xH)))xH
2 2 2 2 2 2
:ijdz_h (e eHy) e 5! XA ATy
4r oy 0 G ] "oy X oxoy 0y
h o

2 2 2
R = [ K | H oot D
o oy

z

7

2 2 2
TN HyHZaVQ’ TRy}
oy’ ) oxoy oy

2 2 2 2 2
RZ:ijzd h HXHZatI Hsza_u_Htz 8V HyHZa (H2 H )a 2 4HXHya_—(H2 H )a :
Natijalar va muhokama.

2 oN
ha—l:+aN e —2+R +N +0, +T =0
ot”  Ox 2 oy
2y oN oN
h%+W+;a—w+Ry+Ny+qy+Tﬂ:0
X
2 ’M o°M 0°M
pha_w a 2 5W+ Xy5W+ 2W5W+RZ+Nz+qz+Tzz:0’ (14)
ot ox oxoy oy
aﬁﬂ 11
K o a ot
Boshlag‘ich shart:
ou ov ow
ph—-0ul =0, ph—-6v) =0, ph==6w| =0, T|,=T, (15)
t t t
Chegaraviy shart:
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=0, —Mxxéa—w
. OX

ow
=0,-M, 6=

X

ow
=0, -M,,6 —

=0,

X

Xy

N, U], =0, %N Sv

1
N,,6v| =0, >N, 0

M, 1. ow
——X 4+ =N, —+
x 2 ™a

:O,

x (16)

g—; +0; (T-T,)=0 uecapaoa;

Murakkab shaklga ega yupga plastinalarning termo-elektro-mangnit-elastiklik
deformatsiyalanishining umumiy matematik modeli quyidagi ko‘rinishdagi xarakat
tenglamasi bilan ifodalanadi:

o’ Eh 0°u  Eh wd*v Eh oT a
h—-+ s—5+ + — +
ot? 1-u® ox* 1-pP oxoy 1-pP ox1-p
Eh ou®* Eh ou® h ,0u h ,0U
+ — +— y—2+—Hy—2+
20+ ) oy 2Q0+u)oxoy 4z T oxt Am U oy

2
+LH262 thav h y6‘v
Az " Ox° 4m " Oxoy ar ox?
2 2 2 2
_LHHﬂ_lHHa_W h ow_h o'w

Hy— H—+—HH —-—HH —+N,+q,+T, =0
4 oy® 4r ox~ Ar oy° 2 OXoy

v Eh v Eh ﬂa?u+ Eh oT a
ot? 1-pP oy’ 1-pPoxoy 1-p’ oy l-p
N Eh 62u+ Eh 8_2\/+h zﬂ h ot
20+ p) oxdy 2(+p) ox* Ar Cox® Ar K oy?
PLLNYELch L VA L NP VRGACN
Az " OX° Arm 8X8y Az OX
LY azlj h yHZaZ—‘Q’—l yHzaz—"z"—L ) 262W+Ny+qy+sz=o
Ar Y oy A ox~ 4r oy 2rx oxoy
pOw__E Wow , E b ow E ho'w_
ot 1-pf12 0yt T1-pP12 %%yt 1- 4P 12 oX°
Chppdu b v h a9
4r " tox® Anm C toxdy 4m Y tox® Anm Y T oxdy

17
2 2 2 2 2

N e OWL D ey OW R ey OWN ey O D R, TN, g, 4T, =0,

iy ox*  Arx oy: 4rx ox~ 4rx o " oxoy

oT T _1aT

ox* oyt a, ot

bu yerda: q,=q,+d,, q,=q,+q,, d,=0;,+0,, T,=T,+T,, T,=T,+T,,
T,, =T, +T,, —hosil bo‘luvchi sirt kuchlari;

Mazrur tenglamalar yuqoridagi boshlang‘ich (15) va chegaraviy shartlarni (16)
xususiy xollarida yechiladi [14].
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Murakkab shakldagi magnitelastik plastinani chegaraviy masalalarni yechish
jarayoni quyidagi hisoblash algoritmi asosida amalga oshiriladi:

1. Berilgan chegaraviy shartlarga mos keladigan koordinat funksiyalari ketma-
ketligini (yechimlar tuzilmalarini) V.L.Rvachevning R-funksiya usuli (RFM, Rvachev’s
Function Method) yordamida qurish.

2. Fazoviy o‘zgaruvchilarga nisbatan diskretizatsiya, ya’ni diskret tenglamalarni
Bubnov-Galerkin variatsion usuli yordamida qurish.

3. Diskret tenglamalarni yechish (dinamika holida — Nyumark usuli yoki statika
holida — Gauss usuli) va yechimlar tuzilmalarining noma’lum komponentalarini aniqlash.

4. V.L.Rvachevning R-funksiya usuli (RFM) yordamida qurilgan yechimlar tuzilmalari
asosida noma’lum funksiyalarni (u, v, w, T) aniqlash.

Xulosa. Ushbu ilmiy tadgiqot ishida, elektromagnit maydon kuchlarini hisobga olgan
holda murakkab konstruksiyaviy shakldagi yupga izotrop va anizotrop plastinalarning
geometrik chizigli deformatsiyalanish jarayonlari tadqiq qilindi.

Bunda, murakkab shakldagi yupga plastinaning geometrik chizigli deformatsion-

kuchlanish holatiga elektromagnit maydon va temperatura ta’sirlari o‘rganildi, mazkur
masalaning matematik modeli ishlab chiqildi;
Ishlab chigilgan matematik model va masalani yechishdan olingan natijalardan
kelgusidagi shu kabi masalalarni tadgiq gilish jarayonlarida foydalanish mumkin.
Bubnov-Galerkin variatsion usuli va strukturaviy R-funksiya usulini

birgalikda qo‘llash natijasida murakkab shakldagi yupga plastinalarning deformatsion
holatiga, elektromagnit maydonlarning va xarorat ta’sirini tavsiflovchi tabiiy chegaraviy
shartlar asosida xususiy hosilali differensial tenglamalar sistemasini yechish uchun sonli
va analitik usullar, va hisoblash algoritmlar ishlab chigildi.
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KONVEKTIV KO‘CHISH VA MANBA TA’SIRIDA NODIVERGENT KROSS-
DIFFUZIYA JARAYONINI IFODALAVCHI PARABOLIK TENGLAMA
SISTEMASI UCHUN KOSHI MASALASINING YECHIMLARI SIFAT

XOSSALARINI TADQIQ QILISH.
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Annotatsiya. Ushbu magolada o‘zgaruvchan zichlikka ega nodivergent cross-diffuzion tenglamalar
sistemasining sifat xossalari o‘rganilgan. Bunday turdagi masalalarni yechishga hozirgi kunda talab juda
yugori. Sababi, bunday turdagi tenglamalar ko‘plab hayotiy jarayonlarni ifodalashi bilan ajralib turadi. Bu
turdagi nochizigli Koshi masalalari asosan sonli usullarda yechiladi. Sonli usullarda yechilishi uchun esa
dastlabki yaginlashish uchun yechim zarur. Ushbu maqolada bu masala hal gilingan. Ya’ni yechimning
globalligi va asimptotik yechimlar hagida teoremalar isbotlangan hamda ulardan kelib chigadigan natijalar
keltirib o‘tilgan. Olingan natijalardan esa dastlabki yaginlashish sifatida foydalanib berilgan masalani sonli
yechishimiz mumkin. Bu bizga jarayonlarni oldindan bashorat qilish imkonini beradi. Bu turdagi
jarayonlarni o‘rganish uchun ketadigan mablag*larni tejashga yordam beradi hamda tajriba natijasida yuzaga
keladigan turli xil ko‘ngilsizliklarni oldini olishga yordam berishi bilan ajralib turadi.

Kalit so‘zlar: Nochizigli tenglamalar sistemasi, nodivergent shakl, global yechim, asimptotik
yechim, yechimning asimptotik tasviri.

INVESTIGATION OF THE QUALITATIVE PROPERTIES OF SOLUTIONS OF
THE CAUCHI PROBLEM FOR A SYSTEM OF PARABOLIC EQUATIONS
REPRESENTING THE NON-DIVERGENT CROSS-DIFFUSION PROCESS

UNDER CONVECTIVE TRANSFER AND SOURCE EFFECTS

Abstract: In this article, the qualitative properties of a system of nondivergent

Cross-diffusion equations with variable density are studied. The demand for solutions to these types of
issues is very high today, as such equations represent many life processes. Nonlinear Cauchy problems of
this type are mainly solved numerically. To solve them numerically, an initial approximation is needed. This
article addresses this problem by proving theorems about the globality of the solution and asymptotic
solutions, and presenting the derived results. Using these results as an initial approximation allows us to
numerically solve the given problem. This capability enables us to predict processes in advance, saving
money on studying these types of processes and helping to avoid various disappointments that may arise
from experimentation.
Keywords: System of nonlinear equations, nondivergent form, global solution, asymptotic
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Kirish. Biz Q = {(t, x):t>0,xe RN} sohada aniglangan Konvektiv ko‘chishga
va manbaga ega nochizigli nodivergent kross-diffuziya parabolik tenglamalar sistemasiga
go‘yilgan quyidagi

ou. _ -2 :
_nzuf‘iv(u;"_iil‘Vui"‘p Vui)—dlv(c(t)ui)+ufi (1)
u,(0,x)=u,(x), xeR" )
Koshi masalasini ko‘rib chigamiz. Bu yerda k>0,p22,mi21(i=1,2) sonli
parametrlar, V(-)=grad () , U =Uu (t,X)ZO izlanayotgan nomanfiy yechimlar,
uovi(x) chegaralangan, uzluksiz, nomanfiy funksiyalar. Ma’lumki, (1) tenglamalar

sistemasi buziluvchan bo‘lib, u, (t,x) =0 yoki |Vui|=0 bo‘lganda klassik ma’noda
yechimga ega bo‘lmasligi mumkin. Shuning uchun (1)-(2) masalaning yechimi

ugfi_l‘Vuik‘pZVui EC(R+N x(0,+00)) u, 20(i:1,2) sinfda umumlashgan yechim

sifatida garaladi va bu yechim (1) tenglamalar sistemasini integral ayniyat ma’nosida
ganoatlantiradi. Ko‘pgina ishlarda (1)-(2) masala xususiy hollari ko‘rib chigilgan va ular
ko‘plab fizikaviy va biologik jarayonlarni tasvirlashi keltirib o‘tilgan [1].

(1)- (2) masalani xususiy hollarda juda ko‘p olimlar o‘rganishgan. Birinchilardan bo‘lib
nodivergent parabolik tipdagi quyidagi ko‘rinishdagi

M _ yPAU +u 3)
ot

u=0 (xeoQ,t>0),
u(x,0)=¢(x)=0 (XEQ, Qe RN)

tenglamalarni o‘rganish 1986-yildan boshlab Friedman A., Mcleod J. va 1987-yilga kelib,
Dal Passo va Luckhauslar tomonidan o‘rganildi. Xususan Friedman va Mckleodlar (3)-(4)

masalaning Pp=2, =3 holi uchun global va umumlashtirilgan yechimlarini

o‘rganishdan boshladilar. Ushbu (3)-(4) masala ikki devor orasida joylashgan plazmadagi
kuchsiz magnit maydonlarining diffuziyasi modelini ifodalashi aks etgan [3].

Ushbu [4] ishda o‘zgaruvchan zichlik va manba ta’sirida nodivergent diffuziya jarayonini
ifodalavchi quyidagi

(4)

ouk " GUJ

-1 5
— — |+[x u
OX OX

u(0,x)=u,(x)>0, xeR

parabolik tenglamaga qo‘yilgan Koshi masalasining yechimlari sifat xossalari o‘rganilgan.
Bunda global yechimning mavjudlik shartlari topilgan va yechimning asimptotik harakati
o‘rganilgan.

Ushbu [5] ishda

a_uziivmrla_uj’ﬂ:i(umz—lg} X€R+,t>0, kros
ot oX oX ) ot oX OX 3‘_ o
i

|x|'%“=uq§[|x|“u“
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uziya parabolik tenglamalar sistemasi nolokal chegaraviy shartlar bilan garalgan. Bunda
global yechim va yechim asimptotikasi haqida teoremalar isbotlanib, sonli natijalar
olingan. Olingan natijalarga asosan sekin va tez diffuziya hollari uchun parametrlarning
turli giymatlarida grafiklar tasvirlangan.
Ushbu [6] ishda quyidagi ko‘rinishdagi

W = div(|x|n v’“l’l|Vu|p72 VU) +p(x)y(t)u”

0 X))V " _
% — v U™ OV V) p (x) 7 (1)
u(0,x)=u,(x)=0,v(0,x)=Vv,(x)=0,xeR"
divergent shakldagi o‘zgaruvchan zichlikka ega parabolik tenglamalar sistemasining sifat
xossalari tadqig qilingan. Xususan, avtomodel tenglamalar sistemasi qurilgan va
avtomodel tenglamalar sistemasining yechimlari topilib, asimptotikalari tahlil gilingan.
Sekin diffuziya holi uchun glabol yechimning majudligi hagida teoremalar isbotlanib sonli

natijalar olingan.
Ushbu [7] ishda nochizigli divergent, quyidagi ko rinishdagi

\xng—l: = div(\x\kv”‘l‘l\Vu\p2 Vu)+\x\” us

X' % = div(\x\n umfl\Vv\p*2 Vv) %

parabolik tenglamalar sistemasiga qo‘yilgan Koshi masalasi ko‘rib chigilgan. Avtomodel
yechim xossalari o‘rganilgan va Zeldovich-Barenblatt tipidagi yechimlar olingan.
Avtomodel yechimning asimptotik harakati tahlil gilinib, sekin va tez diffuziya holati
uchun globallik shartlari olingan. Sonli natijalar yordamida sekin va tez diffuziya hollari
uchun grafiklar tasvirlangan.

Ushbu [8] ishda kritik hollarda ikki komponentali muhitlarda manba va
o‘zgaruvchan zichlikka ega quyidagi

MR % = uf‘iV(\x\" u?_‘i‘l‘Auik‘pz Au, ) +[x " uf 5)
u,(0,x)=u,,(x),xeR" (i=12) (6)

Koshi masalasi qaralgan. Masalasining global yechimi va yechimning
asimptotikalari hagida teoremalar isbotlangan. Bunda sistemaning zaif yechimlari
garalgan. Global va asimptotik yechimlar hagida teoremalar isbotlangan hamda ulardan
kelib chigadigan natijalar keltirib o‘tilgan. (5)-(6) masalaning xususiy hollari [9-12]
ishlarda ko‘rilgan. Bunda global va asimptotik yechimlar hagida teoremalar isbotlangan
hamda ulardan kelib chigadigan natijalar keltirib o‘tilgan va python dasturlash tilida
haydash metodidan foydalanib sonli natijalar olingan. Ular asosida tez va sekin diffuziya
jarayoni uchun grafiklar tasvirlangan.

Tadgigot metodologiyasi. Avtomodel tenglamalar sistemasini qurish uchun
tenglamalar sistemasida quyidagicha shakl almashtirish bajaramiz.

u(t,x)=z,(t,&), buyerda & =j'c(y)dy— X @

Natijada (1) tenglamalar sistemasi quydagi ko‘rinishga ega bo‘ladi.
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% = zf‘iV(z;“_ii‘l‘Vzi"‘p_z vz, ) +2 ()

(8)-tenglamalar sistemasidan avtomodel tenglamalar sistemasiga o‘tish uchun biz [2]
adabiyotda keltirilgan nochizigli ajratish algoritmdan foydalanamiz. Yani (8)- tenglamalar
sistemasining yechimini quyidagi ko‘rinishda izlaymiz.

7,(t.¢)=0,(1)-w(z(t).€) ®)
(9)- almashtirishdan keyin, 8-tenglamalar sistemasi quyidagi ko‘rinishga keladi.
p-2
oW, O aalow | ow | w o, 1
i A e R R Y (10)
ot 0¢ ol o¢| 1-8
Bu yerda yordamchi funksiya va parametrlar quyidagicha aniglangan.
(T +t)O_
r(t)z s at o=0
In(T +1t) at =0
T>0,0= k(P—2)+e, LSt S k(p—2)+a, LU St
1_ﬂ1 1_ﬂ2 1_/82 1_ﬂ1
v, =[k(p_2)+ai ML +1j
1-4 1- 5

(1)-tenglamalar sistemasidan avtomodel tenglamalar sistemasiga o‘tishimiz uchun
sistemada

w (¢, 7)=f(£).6="1
P
kabi shakl almashtirish bajaramiz, natijada quyidagi avtomodel tenglamalar sistemasiga

ega bo‘lamiz.
k|P~2
f d £, mt dafi” | dfi _,_éﬁ_,_,//i f./ __1 f. |=0 (11)
dé& dé| d&) pdé 1-3
Biz (12)-avtomodel tenglamalar sistemasining notrivial, manfiy bo‘lmagan quyidagi
shartlarni ganoatlantiruvchi yechimlarini topish bilan shug‘ullanamiz.
f,(0)=M,, f,(0)=M,,M, eR,M, eR (12)
f,(d,)=f,(d,)=0,0<d; <0, 0<d, <
Muhokama va natijalar. Sekin diffuziya holi. Yechimning globallik shartlari.
Biz (1) sistemaning zaif yechimlarini global yechim bo‘lishini tagqoslash prinsipidan

foydalangan holda amalga oshiramiz. Buning uchun esa U;, (t, X) yechimimizni quyidagi
ko‘rinishda izlaymiz.

0, (LX) =(T +1)* (&) (13)
(6)-Afa-) o

Bu yerda sonli parametrlar quyidagicha aniglangan.
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(P-1)(k(p—2)+as; —m +1)

a>0,y = (k(p—2)+a)(k(p—2)+a,)—(m —1)(m, —1)
P S
o, Vi

Aai+k(p—2)A3mi_—1 _ p 1_ﬁi
—i -2
7Vi |77i|p (Wi+2_l)
Yii2 :(Vik _1)( p_2)+73_i(mi _1)+7i -1

(13) topilgan funksiyamizdan foydalangan holda mavzuga oid teoremalar va ulardan kelib
chigadigan natijalarni keltirib o‘tamiz.

Teorema 1. (Globallik shartlari). Faraz gilayliky, >0,

o+ — m: = _ — 1
Vi o 2)‘As—'i LS 2|7/7/i|p ==,
p
1 y
l//i Aﬁ| la7lﬂ| Vi j_ 1 SO .
( 1- 5 PYii2

u;(t,0)<u,(t,0),xeR(i=12),
munosabatlar o‘rinli bo‘lsin. U holda (1)-(2) masala uchun Q sohada global yechim
mavjud va uning uchun quyidagi baholashlar o‘rinli bo‘ladi.
n ¢
Ui (t,x)<u, (t,x)=(T +1)." f,(&).
Isbot. Teorema 1 ni isbotlash uchun tagqoslash teoremasidan foydalanamiz [1].

Taqgqoslash funksiyalari sifatida (13) ni olamiz. (13) ni (1) ga olib borib go‘yamiz va
quyidagi tengsizliklarni baholaymiz.

p-2
- d L, |dfk df. df. : 1
e I P e B "‘é_l"'Wi [ ———1 |<0 @5
dé dg| d& ) pdé 1-5
@ +k(p— T 2 1
Agar teorema shartida ta’kidlangandek, yy,,, A% AMgP 2wl gt
P
tengliklar o‘rinli bo‘Isin desak.
Bi-1 y vibi=7i 1 7/i
v,| AV (a=¢ - }— <0
I[ ( ) 1-4 YViv2 P
1y By viBi=ri
tengsizlikga ega bo‘lamiz. Bu yerda A/ a7 > AS 1(8.—(,”) ekanligini
inobatga olsak, u holda
1 B 1 V. i
BiLaribi—v i —
w,| AP j_ <0.(i=12)
I( 1- 4 PYii2
tengsizlik o‘rinli ekanligi kelib chigadi. Bundan esa 1-teorema gipotezalariga va
taggoslash prinsipiga  ko‘ra, quyidagi  munosabatlar  o‘rinli  bo‘ladi.
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U, (t,x)2u,(t,x), xeR, Q sohada, agar U, (t,0)>u,(t,0),(i=12), xeR

munosabat o‘rinli bo‘lsa. Teorema isbotlandi.
Avtomodel tenglamalar sistemasi yechimining asimptotik harakati
Biz Avtomodel tenglamalar sistemasining yechimining asimptotik harakatini
o‘rganishga oid teoremalar va ular asosida kelib chigadigan natijalarni keltirishdan oldin,
quyidagi belgilashlarni kiritib olamiz.
e 1
: ==y  +—, a.. =
3y (7) =12 ey (7) e

16
(7i—}’iﬂi —1)77 ( )

yi€ yie”

yP(a-e”)’ 2 ()= 1-8)r"(a-e")

Bu yerda 7, = 75 (M —1)+(1k-1)(p—-2)+7, -1(i=12)

Faraz gilaylik (1)-sistemaning koeffitsiyentlari o‘rtasida quyidagi tenglik o°rinli bo‘lsin.
n(k(p=2)+a)+7(m -1)=7,(k(p-2)+a,)+r(m,~1) (17)
U holda bunga quyidagi teoremalar ulardan kelib chigadigan natijalarni keltirib o‘tamiz.

Teorema 2. Faraz gilaylik », >0 bo‘Isin. U holda (11), (12) masalaning kompakt
p-1

asi(ﬂ):

yurituvchili yechimlari uchun & — @ P da quyidagi asimptotika

f(&)=c(a-&")" (1+0(1)).(i=12) (18)
o‘rinli bo‘lishi uchun, quyidagi shartlardan birontasi bajarilishi zarur:
Ly-nB—-1=0,y,-7,5,-1=0 va G ( =1, 2) quyida ko‘rsatilgan nochizigli
algebraik tenglamalar sistemalarining birontasining mos ravishda yechimlari

-1 k(p—2)+1 -1 —2 l-oy -0 __
ail'cml C(p : 1p k® T8, 711G _"5'13'("1/;1 =0
1 k -2)+1_ p-1, p-2 17052 0y
a, " > Vs K t+ay, 7,-C —a23-cf =0.
2. v,— 1B —-1<0, 7, —yzﬂz —1=0 va C ( =1, 2) quyida ko‘rsatilgan nochizigli
algebraik tenglamalar sistemalarining birontasining mos ravishda yechimlari
a11 . le_lck( p—-2)+1 p—1k p—2 + 312 . 7/1 . 1—001 -0

Ay C1mz 1C|2<(ID2+1 1kpz"'azz "7,°C 10!2_8'23 Cﬁz “=0.

3. =B -1=0,y,—y,6,-1<0 va C( =1, 2) quyida ko‘rsatilgan nochizigli

algebraik tenglamalar sistemalarining birontasining mos ravishda yechimlari
k

ay, - Cp e PP a6 g =0

8y Clmz_lc;(p o p_lkp -’ T8y 7,C 1 “=0.

4. v, =P —-1<0,y,—7,0,—-1<0 va Ci( —1,2) quyida ko‘rsatilgan nochizigli

algebraik tenglamalar sistemalarining birontasining mos ravishda yechimlari
k

i le_lcl (P2 p_lk P +a, ) Cll_al =0

m2 =) k(p 2+1

a, -G G 72_1kp2+a22 V2 C 1a2:0-
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Isbot: Ushbu teorema isboti [9]da keltirilgan kabi isbotlanadi.
( p—l)(k( p—2)+az i—m; +1)
k( p—Z)(k( p—2)+ai +ag_ )+0‘i0537i _(mi —1)(”‘34 —1)
1
holda (1)-(2) masalaning umumlashgan yechimi |X| —a P r® daquyidagi
(p-1)(k(p-2)+arz ;—m;+1)

L P K( p—2)(k( P—2)+c+as )+aia3_i —(m=1)(ms_;-1)
1 \pa
()

Natija 1. Agar >0 tengsizlik o‘rinli bo‘lsa, u

Ua(xt)~c (T +t)"

asimptotikalarga ega, bu yerdac, ( =1, 2) aniglangan o‘zgarmaslar.

(1+o(1))

Tez diffuziya(}; < 0).Yech|mn|ng globallik shartlari.
Faraz gilaylik (11) sistema quyidagi shartlarni ganoatlantirsin.

£(0)=0, f,(:0) =0

Buyerda f,(£)=A (a+ 57) ga teng.
Teorema 3. (Globallik shartlari). Faraz gilaylik 7; <0,

o;+k(p-2) -—1kp 2‘ ‘

i+2

o1 y
Wi Aﬂ 1a7|ﬂ| Vi ]_ | Z O ,
( 1- 5 PYi.2

u;(t,0)>u,_(t,0) ,xeR (i=12),
munosabatlar o‘rinli bo‘lsin. U holda (1)-(2) masala uchun Q sohada global yechim
mavjud va uning uchun quyidagi baholashlar o‘rinli bo‘ladi.

u (tx)zu_(t,x)=(T+t)" f,(£).(i=12)
Teorema 3 ning isboti, teorema 1 kabi isbotlanadi.
Teorema 4. Faraz gilaylik 7, <0 bo‘lsin. U holda (11) masalaning cheksizlikda

so‘nuvchi yechimlari uchun & — ooda quyidagi asimptotikalar

f(&)=c(a+&) (1+0(1)) i=12
o‘rinli bo‘ladi, bu yerda C; (i :1,2) quyida ko‘rsatilgan nochizigli algebraik tenglamalar
sistemasining yechimi
ailcik( p_2)+1cgii_1k i 27/Ip N + a|27| i al + aI4C1 “ = O
Isbot:(11), (20) masala yechimlarining asimptotikalarini o‘rganishimiz uchun

(11)-avtomodel tenglamalar sistemasining cheksizlikda so‘nuvchi yechimlarini quyidagi
ko‘rinishda axtaramiz.

i(£)="T(¢) (1), n=In(a+¢").(i=12)

Bu yerda f, (&) = (a + &7 ) a>0,y, (77)(i =1,2) gidirilayotgan funksiyalar.
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(18) ni (11)-sistemaga olib borib go‘yamiz, natijada Y, (ﬂ)ga nisbatan quyidagi sistemaga
ega bo‘lamiz.

dL. d
Y o)y v (0 L v (o) )y )2 )-
n dn
-y (n)-a,(n)=0
Bu yerda, 8, (17)=75. R S ’ 3, () - ’
y(a—e’) p-y™
(1+7iﬁi —7i )’7
_yié w.e"
a. = , ; = ,
) )= e
p-2

Li(y)zygi—lotlj_ﬁwyiyik [%+7iyij , (i=1,2) kabi aniglangan. Shularga

asoslangan holda, bu teoremaning isboti [9] dagi kabi isbotlanadi.
( p—l)(k( p—2)+az i—m +1)

( p—2)(k( p-2)+ai+ay | )+ai az_i+m—1)(mg ;1)

holda (1)-(2) masalaning umumlashgan yechimi & — ooda quyidagi

(P-1)(K(p=2)+ez_i—m;+1)
P \k(p-2)(k(p=2)+ai+az i J+aaz_i+(m—1)(my_ 1)

Uia(X,t) 2 Cp (T +1)" | @+ &P (1+0(1))

<0 tengsizlik o‘rinli bo‘lsa, u

Natija 2. Agar ”

asimptotikalarga ega, bu yerdaC,; (i =1, 2) aniglangan o‘zgarmaslar.

Xulosa. Bu magolada olingan natijalardan dastlabki yaginlashish sifatida
foydalanish juda katta samara beradi. Bunda jarayon tez yaginlashadi, sonli yechishda
haydash metodidan foydalangan holda masalaning bizga kerak bo‘lgan yechimlarini
topishimiz mumkin.
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Annotatsiya. Algoritmlarning murakkablik darajasini tahlil gilish bo‘yicha bilim va ko‘nikmalarga
ega bo‘lish magsadga muvofiqdir. Bu ko‘nikmalar qo°yilgan masalani yechish uchun mavjud algoritmlardan
eng samaralisini tanlash va algoritmlarni takomillashtirishga yordam beradi. Ushbu maqolada ko‘rib
chigilgan bir o‘Ichovli massivning berilgan giymatga ega bo‘lgan elementini topish masalasi, binar gidiruv
algoritmining murakkablik darajasini baholash metodologiyasini ishlab chigish va tavsiflash dolzarb
hisoblanadi. Maqolada binar gidiruv algoritmidan foydalanilganda massivning berilgan giymatga ega
bo‘lgan elementini aniglash uchun bajarilishi zarur bo‘lgan amallar sonini hisoblash formulalari keltirib
chigarilgan. Olingan formulalar massivning tegishli elementini aniglash bo‘yicha bajariladigan amallar
hajmining massiv elementlari soniga logarifmik bog‘ligligini ko‘rsatadi. Formulalar xususiy hollar uchun
tahlil gilingan, tahlil natijalari nazariy farazlarning amaliy masalalarni yechish bilan mosligini ko‘rsatadi.
Binar gidiruv algoritmi samaradorligining ragamli xarakteristikasi aniglangan va tahlil gilingan, binar
gidiruv algoritmining asimptotik samaradorligi ko‘rsatilgan. Magola mavzusi bo‘yicha nashrlar tahlili
o‘tkazilgan.

Kalit so‘zlar: bir o‘Ichovli massivning berilgan giymatga ega bo‘lgan elementini gidirish masalasi,
binar gidiruv algoritmi.

Abstract. It is desirable to have knowledge and skills in analyzing the complexity level of
algorithms. These skills help to choose from existing algorithms the most effective one for solving a given
problem and to improve algorithms. The problem of searching for an element of a one-dimensional array
with a given value, the development and description of a methodology for assessing the complexity of a
binary search algorithm, considered in this article, is an urgent task. The article derives the formulas for
calculating the number of actions that must be performed to determine an element of array with a given
value when using the binary search algorithm. The derived formulas show the logarithmic dependence of
the volume of actions to determine an array element on the number of elements of a given array. The
formulasare analyzed for specific cases; the results of the analysis show the compatibility of theoretical
assumptions with the solution of practical problems. A digital characteristic of the efficiency of a binary
search algorithm has been determined and analyzed, the asymptotic efficiency of the binary search algorithm
is shown. An analysis of publications on the topic of the article was carried out.

Keywords: the problem of searching for an element of a one-dimensional array with a given value,
the binary search algorithm.

Kirish. Tadgiq etilayotgan obektning berilgan xossaga ega elementini qidirish

algoritmlari amaliy masalalarni yechishda ko‘p qo‘llaniladigan algoritmlardir. Qidiruv
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algoritmlaridan biri binar algoritm bo‘lib, u berilgan elementlar to‘plamini o‘rta element
yordamida ikki gismga bo‘lish usuliga asoslangan. Ushbu tadgiqotning magsadi va
vazifalari binar gidiruv algoritmining murakkabligini baholash metodologiyasini ishlab
chigish va taqdim etish, bir o‘lchovli massivning berilgan giymatga ega elementini
aniglash uchun binar gidiruv algoritmidan foydalanilganda bajariladigan amallar sonini
hisoblash imkoniyatini beruvchi formulalarni keltirib chigarish va tahlil gilish, algoritm
samaradorligining ragamli xarakteristikasini aniglash va uning asimptotik samaradorligini
baholashdan iboratdir.

Mavzuga oid adabiyotlarning tahlili. Binar gidiruv algoritmini o‘rganish,
tavsiflash va amalga oshirish tamoyillarini ishlab chigishga ko‘pgina nashrlar
bag‘ishlangan, shu jumladan [1-5] ilmiy magolalar, [6-8] monografiyalar, [9-10]
darsliklar, [11-12] o‘quv qo‘llanmalar. [1-2] maqgolalar binar algoritmni tavsiflashga,
dasturlashda uni amalga oshirish tamoyillariga bag‘ishlangan. [3] maqolada uch elementli
to‘plamda binar multioperatsiyalarning minimal algebralarini gidirish algoritmini ishlab
chigish masalasi tadgiq etilgan. [4] magolada ketma-ket gidiruvning va binar gidiruvning
murakkabligini o‘rganish amalga oshirilgan. Binar gidiruv algoritmi samaradorligining
ragamli xarakteristikasi, uning ahamiyati, amaliyotdagi o‘rni [5] maqolada yoritilgan. [7]
monografiyada algoritmning ishlash vaqtining o‘sish tartibini baholash uchun yetarlicha
katta hajmdagi kirish ma’lumotlari ko‘rib chigilgan va shu bilan algoritmning asimpototik
samaradorligi  o‘rganilgan. [6] monografiyada tadqgig etilayotgan jarayonning
Xususiyatlarini o‘lchash va ragamlar bilan ifodalash imkoniyatlariga, jumladan, gidiruv
algoritmlarining samaradorligiga e’tibor qaratilgan va algoritmlar samaradorligini tahlil
etishning asosi gayta ishlanadigan kirish axboroti hajmining oshishi bilan algoritmda
bajariladigan asosiy amallar sonining o‘sish tartibini tahlil gilish ekanligi gayd etilgan. [8]
monografiya muallifi dasturlashda eng keng targalgan amallardan biri gidiruv amali
ekanligini ta’kidlaydi. Chizigli qgidiruvni izlanayotgan ma’lumotlar hagida qo‘shimcha
ma’lumot bo‘lmagan qidiruv sifatida ta’riflaydi, bu holda aniq yondashuv massiv
elementlarini  oddiy ketma-ketlikda ko‘rib chigishdan iboratdir. [9] darslikda
ma’lumotlarni gayta ishlash algoritmlari bilan bog‘liq bir qator tushunchalarning
kompyuterli ta’rifi berilgan, jumladan, massiv bir nom ostida birlashtirilgan bir xil turdagi
kataklar guruhi sifatida, ma’lumotlar strukturasi sifatida ta’riflangan, massiv elementi —
kompyuter xotirasidagi katakdir. [10] oliy o‘quv yurtlari uchun darslikda keltirilgan
materiallarda ilmiy tadgiqot metodologiyasi, algoritmlarni loyihalash va tahlil gilish
masalalari ham o‘rin olgan. [12] o‘quv go‘llanmada boshga savollar bilan bir gatorda
massivni ikki gismga bo‘ladigan elementni tanlash masalasi, massivning berilgan
giymatga ega bo‘lgan elementini qidirish jarayoni o‘rganilgan. Ta’kidlanadiki, ushbu
elementni ixtiyoriy tanlash mumkin, tanlov algoritmning to‘g‘riligiga ta’sir etmaydi.
Lekin ushbu elementni tanlash algoritmning samaradorligiga ta’sir giladi, optimal yechim
massivning o‘rta elementini tanlashdir. [11] o‘quv qo‘llanmada binar gidiruv algoritmi
tadgiqgot obektini ikki gismga bo‘lishga asoslangan algoritm sifatida ko‘rib chigilgan.
Aytish mumkinki, binar qidiruv algoritmiga oid deyarli barcha nashrlarda uning
asimptotik murakkabligini O(n?) sifatida baholash mumkinligi qayd etilgan.

Tadqgigot metodologiyasi. Magolani yozishda ilmiy tadgigotning induksiya
metodidan foydalanildi. Induksiya metodi - bu kuzatilgan alohida dalillardan prinsiplarni,
nazariyaning umumiy qoidalarini aniglash va gonuniyatlarni o‘rnatishga o‘tadigan
tadgiqot va tagdim etish usulidir. Magolada xususiy hollar uchun, ya’ni berilgan massivda
elementlar soni n=1, n=2, n=3 va n=j bo‘lgan hollar uchun massivning berilgan
giymatga ega elementini aniglashda binar algoritmdan foydalanilganda bajariladigan
amallar sonining berilgan massiv elementlari soniga (n ga) bog‘liglik darajasi tadqiq
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etilgan, tegishli gonuniyat aniglangan va bu gonuniyat umumlashtirilib, binar gidiruv
algoritmidan foydalanilganda istalgan n ta elementli massivning berilgan giymatga ega
bo‘lgan elementini aniglash uchun bajarilishi kerak bo‘lgan amallar soni ~ N(n) ni
hisoblash imkoniyatini beruvchi quyidagi formulalar keltirib chigarilgan: nj=(nj.1-1)/2=
(n-(21 -1)) 121, Njoxirgi=(Njoxirgi-1 -1)/2= (n-(2X9" _1)) /21Xt =1 joxirgi= logz (n+1)-1,
N(n)= 3*joxirgi+1= 3* (log> (n+1)-1) +1 = 3*logz(n+1)-2. Bu yerda n; dastlabki massivni
va keyin hosil bo‘ladigan massiv ostilarini jami j- marta ikki gismga bo‘lganda hosil
bo‘ladigan chap va o‘ng massiv ostilaridagi elementlar sonini bildiradi, massiv yoKki
massiv ostini oxirgi marta ikki gismga bo‘lganda hosil bo‘ladigan chap va o‘ng massiv
ostilarida bittadan element goladi va shuning uchun njoxirgi=(Njoxirgi-1 -1)/2= (n-(22"9" -1))
/21191 =1 pu yerdan oxirgi= logz (n+1)-1 tenglik kelib chigadi.

Tadqiq etilayotgan obektning berilgan xossaga ega bo‘lgan elementini gidirish
algoritmlari ko‘p go‘llaniladigan algoritmlardir [1-12]. Qidiruv algoritmlari bir-biridan
asosan qidiruv strategiyasida farq qiladi. Ulardan biri binar algoritm bo‘lib, u berilgan
elementlar to‘plamini o‘rtadagi element yordamida ikki gqismga bo‘lish usuliga
asoslangan. Binar algoritm elementlari tartiblangan, masalan, o‘sish tartibida ai1< a»<
as<...< an, to‘plamga qo‘llaniladi, kerakli elementni izlash to‘plamning o‘rta elementidan,
o‘rta element xossasini izlanayotgan elementning berilgan xossasi bilan solishtirishdan
boshlanadi. Qidirilayotgan elementni izlash jarayonini berilgan to‘plamning, masalan,
massivning o‘rta elementidan boshlash optimal yondashuv hisoblanadi [6], chunki bu
yondashuv natijasida gidiruvning har bir keyingi bosgichida massiv elementlarining yarmi
ishtirok etmaydi, gayta ishlanishi lozim bo‘lgan elementlar soni ikki barobar kamayadi,
keyingi bosgichlar amallarini bajarish vaqti ham kamayadi. Agar elementni izlash jarayoni
massivning o‘rta elementi bo‘lmagan elementidan boshlansa, gidiruvning keyingi
bosgichiga massiv elementlarining yarmidan ko‘prog‘i qolishi va keyingi bosqichlar
amallarini bajarish vaqti ozroq kamayishi mumkin.

Saralangan massivning o‘rta elementi giymatini berilgan kalit gqiymat bilan, ya’ni
gidiralayotgan elementning giymati bilan solishtirganda quyidagi uchta holdan biri ro‘y
berishi mumkin: 1) o‘rta elementning giymati berilgan kalit giymatga teng; 2) o‘rta
elementning giymati kalit giymatdan kichik; 3) o‘rta elementning giymati kalit giymatdan
katta. Birinchi hol eng yaxshisidir va gidiruv masalasi hal gilinadi: massivning o‘rta
elementi — qidiralayotgan elementdir. Ikkinchi holda, agar gidiralayotgan element
massivda mavjud bo‘lsa, u ko‘rib chigilayotgan o‘rta elementdan keyin joylashganligi,
keyingi qgidiruv o‘rta elementdan keyin joylashgan massiv ostida (kichik massivda)
amalga oshirilishi kerakligi aniq bo‘ladi. O‘rta elementdan oldin joylashgan ikkinchi
massiv osti esa keyingi ko‘rib chigishdan chiqarib tashlanadi, chunki unda gidiralayotgan
element mavjud emas. Uchinchi holda, gidiralayotgan element ko‘rib chigilayotgan o‘rta
elementdan oldin joylashgan bo‘lishi mumkin va keyingi gidiruv o‘rta elementdan oldin
joylashgan massiv ostida amalga oshirilishi kerak.

Algoritmning murakkablik darajasi odatda berilgan ma’lumotlarning go‘yilgan
masalaga nisbatan eng yomon holi bo‘yicha baholanadi, chunki resurslar, ya’ni
algoritmning bajarilish vaqti va masalani yechish uchun ajratiladigan kompyuter xotirasi
hajmi boshga har ganday holda masalani yechish uchun etarli bo‘ladi. Ushbu maqolada
ko‘rib chigilayotgan masalada berilgan ma’lumotlarning eng yomon holi shundan iboratki,
gidiralayotgan element uni o‘z ichiga olgan massiv yoki massiv ostini ikkiga bo‘lish
natijasida hosil bo‘ladigan oxirgi massiv ostilaridan birida qolgan yagona element bo‘ladi,
massiv yoki massiv ostini ikkiga bo‘lish natijasida hosil bo‘ladigan massiv ostilari har
doim toq sondagi elementlardan tashkil topgan. Berilgan massiv toq sondagi
elementlardan tashkil topgan holga to‘xtalamiz. Bu holda berilgan massivning o‘rta
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elementi uning anig elementidir va farazga ko‘ra, u gidirilayotgan element emas. O‘rta
element massivning golgan gismini 2 ta kichik massivga ajratadi, hosil bo‘lgan kichik
massivlar, mos ravishda, o‘rta elementning chap va o‘ng tomonida joylashgan bo‘ladi.
Qaralayotgan massivni bo‘lish natijasida hosil bo‘lgan kichik massivlarni quyida massiv
ostilari deb ham ataymiz. Chap va o‘ng massiv ostilaridagi elementlar soni n1=(n-1)/2=(n-
(2t -1)) /2! ga teng, gidiralayotgan element ulardan birida joylashgan bo‘ladi. Oc‘rta
element giymatini gidirilayotgan element giymati bilan tagqoslab, gidirilayotgan element
gaysi massiv ostida joylashganligi aniglanadi.

Endi qgidirilayotgan element joylashgan massiv osti ikki gismga bo‘linadi. Bu
massiv ostilari tog yoki juft sondagi elementlardan tashkil topgan bo‘lishi mumkin. Agar
elementlar soni tog bo‘lsa, uning o‘rta elementi dastlabki massivga o‘xshashlik bilan
aniglanadi, uning giymati gidirilayotgan elementning giymati bilan tagqoslanadi va bu
o‘rta element qidirilayotgan element ekanligi yoki yo‘qgligi aniglanadi. Agar u
gidirilayotgan element bo‘lmasa, yangi hosil bo‘lgan massiv ostilaridan qaysi biri
gidirilayotgan elementni o‘z ichiga olganligi aniglanadi. Yangi hosil bo‘lgan massiv
ostilarining har biri n,=(ni-1)/2= (n-(22 -1)) /2? ta elementni o‘z ichiga oladi.
Qidirilayotgan elementni saglagan massiv osti toq sondagi elementlardan tashkil topgan
degan farazdan kelib chigamiz. Bu massiv ostini ikkiga bo‘lish, yani massiv va tegishli
massiv ostini ikkiga bo‘lishning uchinchi jarayoni davomida hosil bo‘ladigan yangi,
yanada kichikrog massiv ostilaridagi elementlar soni nz=(n.-1)/2= (n-(23 -1)) /23 ga teng
bo‘ladi va hokazo. Tegishli kichik massiv ostini ikki gismga j-chi bo‘linishda hosil
bo‘ladigan yangi, yanada kichikroq massiv ostilaridagi elementlar soni nj=(nj-1-1)/2= (n-(2!
-1)) /2! ga teng bo‘ladi.

Berilgan giymatga ega elementni izlash bo‘yicha go‘yilgan masalaga asoslanib va
gidirilayotgan element joylashuvining eng yomon holi ko‘rib chigilayotganligidan kelib
chigib, massiv va massiv ostilarining ikki gismga nechanchi bo‘linishida har biri fagat
birtadan elementni o‘z ichiga olgan kichik massiv ostilari hosil bo‘lishini, va, binobarin,
bu elementlardan biri gidirilayotgan element bo‘lishini aniglaymiz: njoxirgi=(Njoxirgi-1 -1)/2=
(n-(21rgt 1)) /2ixei =1 By yerdan joxirgi= logz (n+1)-1 (1) kelib chigadi. njoxirgi SON
kichik massiv ostini ikki gqismga oxirgi, joxirgi -Chi bo‘lishdan keyin kichik massiv ostilarida
goladigan elementlar soniga, yani 1ga teng. (1) formula dastlabki, berilgan massiv va
keyingi kichik massivlarning ikkita massiv ostilariga bo‘linishlar sonining n ga, yani
dastlabki massiv elementlari soniga logarifmik bog‘ligligini ko‘rsatadi.

Massivning berilgan giymatga ega elementini qidirishda binar algoritmdan
foydalanilganda bajariladigan amallar sonining berilgan massiv elementlari soniga
bogliglik darajasi hagidagi asosiy savolga javob beraylik. Qidirilayotgan elementni
saglagan massiv ostini aniglashning har bir gadamida quyidagi amallar bajariladi: o‘rta
element indeksini aniglash uchun massiv yoki massiv ostining chap va o‘ng chegara
elementlari indekslarini qo‘shish amali va ushbu yig‘indini 2 ga bo‘lish amali; o‘rta
elementning giymatini gidirilayotgan elementning giymati bilan taggoslash amali; jami 3
ta amal bajariladi. Massiv ostining ikkita kichikroq massiv ostilariga oxirgi bo‘linishidan
keyin, natijada har birida birtadan element bo‘lgan massiv ostilari hosil bo‘lgandan so‘ng,
ushbu elementlardan birining giymatini gidirilayotgan element giymati bilan solishtirish
amali bajariladi, bu elementlardan gaysi biri gidirilayotgan element ekanligini aniglash
uchun. Shunday qilib, massivning berilgan giymatga ega elementini gidirish uchun binar
algoritmdan foydalanilganda bajariladigan amallarning N(n) sonini hisoblash formulasi
(1) formula asosida kelib chigadi: N(n)= 3*joxirgi+l= 3* (log> (n+1)-1) +1 =
3*log2(n+1)-2, (2) ya’ni berilgan giymatga ega bo‘lgan elementni gidirish uchun binar
algoritmdan foydalanilganda bajariladigan amallar soni berilgan massivning elementlari
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soniga logarifmik bog‘liglikka ega bo‘lib, uni algoritm murakkabligining asimptotik
bahosi sifatida quyidagicha yozib olish mumkin: N(n)= O (log n).

Natijalar va muhokama. (2) formulani ayrim xususiy hollarda ko‘rib chiqaylik.
n=1 bo‘lib, int A[1]={1}; massiv berilgan bo‘lsin. Bu yerda va quyida set=1 giymatli
elementni gidirib topish talab qgilinsin. Qidirilayotgan elementni aniglash uchun berilgan
massivni ikkita gismga bo‘lish zaruriyati yo‘q, bitta taggoslash amalini bajarish yetarli.
(1)-(2) formulalar ham shu natijalarni beradi: joxirgi=0, N(1)=1. n=3 va, masalan, int
A[3]={1,2,3}; massiv berilgan bo‘Isin. Berilgan massiv ustida 3 ta amal bajarilib, uning
o‘rta elementi A[1]={2} qidirilayotgan element emasligi aniglanadi, massiv bir marta
ikkita massiv ostiga bo‘linadi, birta taggoslash amali, jami 4 amal bajarilib, gidirilayotgan
element aniglanadi. (1)-(2) formulalar ham shu natijalarni beradi: joxirgi=1, N(3)=4. n=7
va, masalan, int A[7]={1,2,3,4,5,6,7}; massiv berilgan bo‘lsin. Fagat bitta, gidirilayotgan
elementni saglaydigan massiv ostini hosil gilish uchun berilgan massiv ustida 2 marta
ikkiga bo‘lish jarayonini amalga oshirish kerak, gidirilayotgan elementni aniglash uchun
jami 2*3+1=7 ta amal bajarilishi kerak. Bunday natijalar (1)-(2) formulalar ham kelib
chigadi: joxirgi=2, N(3)=7. n=15 va, masalan, int
A[15]={1,2,3,4,5,6,7,8,9,10,11,12,13,14,15}; massiv berilgan bo‘Isin. Bitta, gidirilayotgan
elementni saglaydigan massiv ostini hosil gilish uchun berilgan massiv va hosil bo‘ladigan
massiv ostilari ustida 3 marta ikkiga bo‘lish jarayonini amalga oshirish kerak,
gidirilayotgan elementni aniglash uchun jami 3*3+1=10 ta amal bajarish kerak. Bunday
natijalar (1)-(2) formulalardan ham olinadi: joxirgi=3, N(3)=10.

1-jadval. Bir o‘lchovli massivning berilgan giymatga ega bo‘lgan elementini
aniglash uchun bajarilishi kerak bo‘lgan amallar sonining massiv elementlarining
giymatlarini kalit giymat bilan ketma-ket taqgoslash algoritmida va binar qidiruv
algoritmida massiv elementlari soniga bog‘ligligi.

N 1 3 7 15 31 63 127 255 511
N(n) |1 4 7 10 13 16 19 22 25

N 1023 | 2047 | 4095 | 8191 16383 | 32767 | 65535 | 131071 | 262143
N(n) | 28 31 34 37 40 43 46 49 52

Masalan, bir o‘lchovli massivning elementlari soni 262143 bo‘lsa, massiv elementlarining
dastlabki joylashuvi eng yomon bo‘lgan holda, berilgan kalit giymatga ega elementni
topish uchun massiv elementlarining giymatlarini ketma-ket kalit giymat bilan taggoslash
algoritmi 262143 ta, massiv elementlari soniga teng miqdordagi tagqoslash amallarining
bajarilishini talab giladi. Binar gidiruv algoritmidan foydalanganda esa fagat 52 ta amalni
bajarish kifoY. Binar gidiruv algoritmi eng samarali algoritmlardan biri hisoblanadi. Shu
bilan birga, 1-jadvaldagi ma’lumotlardan ko‘rinib turibdiki, n <= 7 bo‘lganda uning
samaradorligi birinchi algoritmining samaradorligidan past yoki teng bo‘Imoqgda. n=15
dan boshlab, binar qidiruv algoritmining samaradorligi namoyon bo‘lmogda va
masalaning berilgan ma’lumotlari hajmi ortishi bilan ortmogda. 1-jadvalda keltirilgan
ragamli ma’lumotlar binar gidiruv algoritmining asimptotik samaradorligini ko‘rsatadi.

Magolada bir o‘lchovli massivning berilgan giymatga ega bo‘lgan elementini
topishga mo‘ljallangan binar gidiruv algoritmining murakkabligini tadgiq etish mumkin
bo‘lgan metodikalardan biri yoritilgan, berilgan giymatga ega bo‘lgan elementni topish
uchun bajarilishi kerak bo‘lgan amallar sonining massiv elementlari soniga logarifmik
bog‘ligligini ifodalovchi aniq formulalar keltirib chigarilgan. n=1, n=3, n=7, n=15 hollar
uchun olingan formulalar tahlili va muhokamasi o‘tkazilgan, tahlil natijalari nazariy
gipotezalarning va amaliy hisoblashlarning mos kelishini ko‘rsatmoqda.

Xulosa va takliflar. Magolada yoritilgan metodikadan va keltirib chigarilgan
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formulalardan amaliy masalalarni binar gidiruv algoritmi yordamida yechish jarayonida
foydalanish mumkin.  Algoritmlarni loyihalash bilan bir gatorda ularning murakkablik
darajasini tahlil gilishni ham o‘zlashtirish magsadga muvofiqdir. Algoritmlarni tahlil gilish
medodikasi va ko‘nikmasiga ega bo‘lish go‘yilgan masalani yechish uchun mavjud
algoritmlardan samaralisini tanlab olish va algoritmlarni takomillashtirishga yordam
berishi mumkin.
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ABOUT THE APPLICATION OF THE STEIN-TIKHOMIROV METHOD IN THE
THEORY OF BRANCHING RANDOM PROCESSES

Abstract. Galton-Watson branching random processes have many practical applications. When
studying the structural and asymptotic structure of these processes, generating functions, characteristic
functions, and Laplace substitutions from mathematical apparatus are widely used. In this paper we show the
application of a certain method proposed by Charles Stein for proving limit theorems. Studying the speed of
convergence in the central limit theorem for stationary quantities satisfying Rosenblat's mixed condition, C.
Stein used a certain differential identity for the difference between the corresponding distribution functions.
Later, this method of his was modified by A. Tikhomirov in terms of characteristic functions. Currently, this
method is called the Stein-Tikhomirov (S-T) method and is widely used in the field of limit theorems.

Keywords: random variable, distribution function, generating function, characteristic function,
slowly varying function, limit theorem

BBenenne. Mbl paccMaTpuBaeM OOBIYHBIN BETBSIIMKCS CIIydallHBINA Mpolecc
l'anprona-Barcona (I'-B). O6mee omucanue oObraHOTO mporecca [-B 3akmroyaercs B
cineayromeM. Mmeercss nomynsiuust OAHOTUITHBIX YacCTHUIL, KOTOPbIE MOTYT IMPOU3BOIAUTH
YaCTUIIBl TOTO € Tuma. MHOXECTBO 4YacTHIl B HaYaJbHbIH MOMEHT BpPEMEHHU MBI
Ha3bIBa€M HyJIEBOE MOKoJIeHUE. VX «1eTn», KOTOpbIE MPOU3BOJIATCS CIYyYailHBIM 3aKOHOM
pa3MHOXKeHHs, o0pa3yloT MmepBoe MokoneHue u T.1. Kaxnas dvactuna mnperepreBaet
MPEBPALLIECHUE M0 CIyYalHOMY 3aKOHY HE 3aBHCUMO OT IPEIBICTOPUN OCTAJIbHBIX YaCTHI]
U OT YHCICHHOCTH CYIIECTBYIOUIMX B JAaHHBII MOMEHT BpeMeHH yacTuil. O003HauuM

qepes3 Z YUCJIICHHOCTDb IIoNnyJIinun B MOMCHT BpEMCHHU n N ]
n 0

N, ={0} U{N =1,2,...}. Eciu ne orosapusaetcsi IpOTHBHOE, TO MbI BCET/Ia OyeM

npeanonarats P Z, =1 =1.

Ha camom zene, npouecc I-B Z ,n € N, o6pasyer ogHOpo/HYyIO BO BpeMEHH

n?
IICIIb MapKOBa C MHOXCECTBOM HCOTPULATCIBHBIX HCJIOYNUCICHHBIX BO3MOKHBIX
COCTOSIHUU U NEPEXOAHBIMH BEPOATHOCTAMU

P,=P 2, =iz =i = Z DDy D 1)

byt + =

st mobsix ¢ €N, jn € N, e p, = B, u ZkeN p, = 1. Y HaoGopor, mobast
0

1enb, yaoBJieTBopsitomas cBorcTBY (1) mpeacraBnser coboit mporecc I'-B ¢ 3akoHOM
npespamenns D,k € N, . U3 BblIEn3noKeHHOro BBITEKAET, YTO 3aJaHHEM

pacrpesienenuss P, TOJHOCTBIO ONPENENseTcs mpouece 2,

n € N, , a Bennuuna

Zn npeacraBuMa B BUJIC CJIeI[yIOIJ_Ieﬁ CYMMBbI CﬂyqaﬁHOFO qyucliia C.]-Iyqal\/’lHBIX BCJIMYUH:
Zn+1 = gnl + inQ + ot gnZn’ ne NO’ (2)
rae BCJIMYMHBI &nk HC3aBUCHUMBI u UMCHOT O6U_II/H\/'I 3aKOH pacnupCaCJICHUA

P £, =%k = p,. Ouu nunrepnperupyrorcst Kak 4uciia MOTOMKOB K -i 4acTuul B 1 -M

nokoseHuy; eM. [7, cc.1-2], [19, ¢.19]. C sToro Mecra MbI MPEAIONOKUM, 9TO P, = 1 u

P+ p <L
B wuccnenoBanmsx cBoiicTB mpouecca ['-B BaXHbBIM HMHCTPYMEHTOM  SBIISIETCS
BeposiTHOCTHAsA npousBosias Gpyukuus (I1d) u ee urepauuu. Ilycts
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F(s):Zpksk, 0<s<1.

keN,

Iloutn O4YC€BUIHO, YTO €CJIM MAaTEMaTHYCCKOC OXXHUJaHHUEC E LeN kpk KOHCYHOC, TO

/
ancno A= F'(s T1) =Ef,, obosHauaer cpeiHee 4YHMCIO HENOCPEICTBEHHBIX
IIOTOMKOB OJHOM 4YaCTHULBI 32 OJHO IOKOJICHHE B paccMmarpuaemMoM npouecce I'-B. Mbl
0603HaunM s jroooro k € N 0

P(n)=P Z =j =P 2 =j|7 =i,
HEePEeXOJHYI0 BEpOSTHOCTH OT cocrosiHus ¢ € N B cocrosune j € N 3a 1 maros

Hamero MapkoBckoro mponecca I'-B. HMcnonwiys ypaBuenue Kommoroposa-Uenmena
JIErKO IpOBepUTh, yTo [1D

Es™ = E P Z =js —[Fn(s)]
jeN,
rae I1d EL(S) = Elsz” 3a7aeTcs 70 -KpaTHON utepauueii F' (s) , TO €CTh CIPaBEJIUBEI

COOTHOIICHHUA

F;H—m(s) = F’:I (Fm(s)) = Fm(F:z (8)) ’ (3)
cm. [5], [7]
PaBeHCTBO (3) 103BOJISICT BBIYHMCIISTH YHCIOBBIC XapAaKTCPUCTHKU BEIMYHHBI Z

JUIs JIF000TO 71 U UrpaeT BaXKHYIO POJib B MCCIIEJOBAaHUM aCUMITOTUYECKUX IOBEACHUMN
TpaekTopuu mnporecca ['-B. HemocpeacrsenusiM auddepenunpoanueM (3), moixydum

EZ = A" u nucnepcuro
O_QAnfl An . 1
DZ, = A-1
o’n , A=1,

y A=1,

rie o° = F''(1)+ A— A® . Tocnenune suipaxenns wis EZ, u DZ nossomsior

TO/Ipa3ieiuTh Ha TPH KJacca MPOLECCOB, B 3aBUCHMOCTH OT 3HaueHHs mapamerpa A .
[Iponecc I'-B Ha3biBaeTcsl NOKPUTHYECKHM, KPUTHYECKHM M HAJAKPUTHYECKUM, E€CIHU

A<1, A=1u A>1, coorserctBenno. B csasu ¢ >tum napamerpa A wunorna
Ha3bIBAIOT PETYJIUPYIOLIUM.

B oroit pabore MBI JEMOHCTPUPYEM BO3MOXKHOCTb TIPUMEHEHHSI OJHOTO
M3BECTHOI'O METOJla JIOKa3aTeNbCTBA NPEAETbHBIX TEOpeM, HJesi KOToporo Oblia
npeminoxkena Y.Creitnom [10] B 1972 rtomy. Hccienys CKOpOCTb CXOIUMOCTH B
LEHTPAJbHOM  NPENENbHONM  TeopeMe B ClIy4yae  CTAlMOHApHBIX  BEJIUYMH,
YAOBJICTBOPSIIOIIMX ~ YCJIOBHIO  mepememmBanus 1o  PosenOmarry, Y.Creitn
BOCIIOJIB30BAJIC  HEKOTOpPBIM U (depeHIuaTbHbIM  TOXKIECTBOM Ui pa3HOCTH
COOTBETCTBYIOIIMX (QYHKIMHA pacnpeneneHus. B mocienyromem ero Meroa ObLI
Moudunmposan A.TuxomupoBbiM [1] B TepMHMHax XapakTepucTH4YecKuX (yHKiuii. B
HacTOfAIlee BpeMsl 3TOT MeToja HasbiBaeTcsi metojgoMm Creitna-Tuxomuposa (C-T) u,
npuodpeTaeT OOJBIIYIO MONYISIPHOCTh B 00JACTH MPEETbHBIX TEOPEM.

AHaJIM3 JIMTepaTypbl N0 Teme. YTpolleHHbIH Bapuant Metona C-T, B cimydae
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HOpPMaJIbHOM ammpokcumanuu, Obut1 mpemioxkeHn LI.dopmanoBeiM [2]. B manpHeiimem
cTtano sicHo, uyto uaen Meroaa C-T MOXHO HCHOJB30BaTh U B JAPYIHX CIIydasx
cxomumoctu. Hampumep, B paborax [3] m [4] 3TM uaen yaadyHO HCIIOIb30BaHBI B
JIOKa3aTelIbCTBaX IMpPEACNIbHBIX TEOPEM TEOPUU BETBSIIMUXCS MPOIECCOB. TaM ke
HEKOTOpBIE H3BECTHBIE KJIACCHUECKHE TEOpPEMbl IepeloKa3aHbl C HCIOJIb30BaHUEM
MPUBEICHHBIX COOOpaKeHUH. B ciydae SKCIOHEHIIMAIBHOTO TPHUOIIKEHUST B TEOPUU
npoueccoB ['-B u MapkoBckux BeTBsiuxcs npoueccoB uaeu meroga C-T ucnonab3oBaHb
B pabotax [13], [14], [15], [16] u [17].

Metononorust ucciaenopanus. Cyrp meroma C-T moker OBITh 0O0BSICHEHA
crenymuM coobpaxkenueM. Ilycte TpeOyercs noka3aTh HPEICIbHYIO TEOpeMy JUIs
GbyHKIMA pactipeaesieHu

lim G (s) = G(s) (4)
B CMEBICE ci1aboil CXOOAUMOCTHU. BBeI[eM );apaKTepI/ICTI/I‘leCKI/IC Q)YHKHI/II/I
. 10s - 10s
f%@%iﬁedQﬁ) H w@piﬁeda@

u, mycts (0) sBnstercs peuennem Hekotoporo nuddepeHImanbHOro ypapuenus. Eciu

ll) n (6) ACUMIITOTUYCCKU  YAOBJICTBOPAKOT OJTOMY YPAaBHCHUIO, TO  CIPABCIIIMBO

yTBEpPXKACHUE MTPe/IeIbHON TeopeMbl (4).

B cnyuae skcnoneHmmanbpHOM anmpokcumanuu uiaes metona C-T mposicHsercs B
cinenyomei gemme. Crienys ®@opmaHoBy [2], BBeaeM kiacc mpeoOpazoBanuii Jlammaca
(ILJT)

1
L:=1¢0):]¢0)]= — beR,

B knacce I' BBemem onepatop

Te(0)] = ') +—*(0). 5

Jlerko yOeaumcs, 4YTO oOmepaTop T[*] sSBisieTcss  aHHyiMpyromuM i 1T

¢, (0) = f e *dT(z), sxenonenumansroro sakona I' () =1—¢e ", 10 ectp
R+
'I['[pr(e)] =0. (6)
Jemma 1. Ilycmo PH(ZB),TL € N - cemeiicmso pynxyuii pacnpedenenuii u
coomeemcmsyrowue 11J1
,0)= [ e™dP(x)eT.
R+
Jna moeo umobwvl npu M — OO BLINOIHANACH CXOOUMOCHIb
sup|P, () — T (z)| ——0, ™
HeobxX00UMO U 0OCMAMOYHO, wﬁ06bz npu N — 0O
sup|T ¢, (6)|——0, ©®)

6<O
npu nobom © > 0.
Moxazamenscmeo. Paccyxnenne 1O dYacTH HEOOXOAUMOCTH ycioBus (8)
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ocHoBaHo Ha cBoricTBax I1JI. JlelictButenbHo, U3 (5) u (6) ciaemyer, 4To

T, ®)] =[T[¢,®)] - T[¢,©)]

<

o (0) — ¢! ()] + —

(6

(0) — 2 (0)] 9)

[Tockonbky ¢Gynkums pacnpenenenuss u [1JI  sSBISIOTCS  OrpaHUYEHHBIMH, TO
Qg depeHIMpOBaHNE U HHTETPUPOBAHKE 0 YaCTAM HaM JaeT

0! (6) — ! (0)] =

L zed P (z)—T (z)

+

= ‘ L/;R [Pn (z) — I‘ﬂ(:z:)] (1—0z)e "dx

: (10)

<C,- sup‘Pn(x) —T (z)

rne C), = C|(0) — nonoxurenshas xoncranta mis 0 < © npu modom © > 0. C
JIPYrol CTOPOHBI

2 2
$(0) — 22.(0)] < 2|0, (0) — 0, (0)]. (11)
B cuny cootnomenuit (9)—(11), uz (10) noxyqum (8).
UtoObl  1OKa3aTh JOCTAaTOYHOCTH  ycioBus (8), paccmorpum (5) Kak
muddepenumansroe ypasHenue ¢ HauanbHbM yeaosuem (0) = 1 u nocie HekOTOpBIX

6,0) 0, 0] = ,0)0,0) [ —2las. 12

npeoOpa3oBaHuil, UMeeM
"T|p, (6)
o %,(0)

Ortcronia yoenumMcst B CipaBeNIMBOCTH HEPABEHCTBA

suple, () — ¢, (0) < C,-© - sup

6<O 6<O

T ¢,0)],

s moboro 0 < O, 3pecy C, = C,(0) — monoxurensuas koucranta. Ilocnemnee

HEPAaBEHCTBO, B CHJIY TEOPEMbI HEIPEPBIBHOCTH, JOKA3bIBAET JOCTATOYHOCThH YCIOBUSA (&)
TUTSE CXOTUMOCTH (7).
Jlemma nokazana. O
PesynbraTrel m oOcyxnenue. Paccmorpum kputnueckuil npouecc I'-B ¢ 1D

k . . .
F (8) = E kN, P,S  pacnpeleneHus OIHON YaCTHIBI ¥ KOHEYHOU aucnepcueit. Ilycrs

R (s):=1—F (s). U3 xnaccuueckoii Teopun mpoueccos I'-B m3BecTHO, uTO ecmm

1"
2B =F (1) < 00, TO B 3TOM Cllydyae, UMEET MECTO aCUMITOTHYECKOE Pa3JIOKEHUE

1—s
R (s) = 1+ o1
) =Bt W ()

npu 1 — 00, it Beex 0 < s < 1; cm. manp., [7, ¢.19].
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Unen metona C-T MOXHO paclpocTpaHuTh M Ha ciydail, korna [I® F(s)

nonyckaet st 0 < s < 1 mpencrasienue

F@:&HL@W4:1] R

1—s

v

rae 0 < v <1wu L(x) - MM-{ynkuus Ha GeCKOHEYHOCTH.
U3 ocHoBHO#T 1eMMbI [20] mosydaeM crieayrolee COOTHOLICHHE:

N (n)
P{H>n}:Rn(0): =,
(wn)!

rie gynxuus N () — MM-dyHkius Ha 6eCKOHEUHOCTH U YIOBJIETBOPSIET IIPU 71 — OO

(14)

i
CJIOBHIO eV (vn) 1.
y N (n) [ N )

[TpuBenem nuddepeHIraIbHbIil aHATOT OCHOBHOH JIEMMBI.
Jlemma 2. [lycmv ewvinonHeno ycnogue §RV . Tozoa npu s | 1 cnpaseonueo

Cﬂedyiowee COOMHOULEHUE.
1+v

R(s)| £LYRG)
1—s L 1/(1—3) |
20e Bl(n)/ﬁ(n) — 1 npu n — oo.

RI(s)= -

(15)

. "
Jdemma 3. Eciu A=1 u xoneuen emopoii momenm 2B := F"(1), mo
CNpaseonueo acuMnmMomu4eckoe npeoCcmasieHue

R =00

npu M — 00, 20e F/(s) < h(s) <1u R, (s) umeem pazrosncenue (13).

Hmxe ™Mbl BuauM, uro mnpumeHenue weroga C-T B couetanun c¢
muddepeHnanbHpIM aHaioroM OCHOBHOM JleMMBI TeopuM KpUTHYECKUX MPOILIECCOB
yIaqyHO UCHOJIB3YETCS B I0KA3aTEIbCTBE MPEAEIBHBIX TEOPEM.

3anuieM cleayomui «T0KalnbHbIN» BapraHT Jlemmbl 2.

R(s) 1+o0(1) , (16)

Jemma 4. Ecru A =1 u xoneuen emopoii momenm F”(l), mo npu § |1
cnpaseonueo ciedyroujee acuMnmomuieckoe npeocmaeieHue:.
2
R (s
R'(S)N—A , N — 00. (17)
" 1—s
Kombuuupys pasnoxennii (13) u (17), ybemumca B Tom, uto mpu S | 1

CIIpaBCAJINBO COOTHOLICHUC
2

R/(s)~— V'(s) , n— o0, (18)
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rie Vn(i)(s) = Z ENP@'(TL)Sj u sz(n) =P Z = j|H >n .
J
PaccmoTpum ycroBHOE pacnpeneneHue
G(x)=P qZ < x\H >n

rie g, = P H > n .Bseaem coorserctayromie ITJI

0,0):= [ evaG, =", .
R

+

snec 0, =exp{—0¢,} . W3 onpenenenus Vn@ () wu  cooTHOmIEHMIA
. R P
Vn(z)(s) ~1-— R:E;; = I{ES)) . Mn(s) , N — o0 u (18) cnenyer, 4to
b, (8) ~ =V7 8, ~—(6). (19)

npu 1 — 0O . IMockonbky I1JI 3KCMOHEHIMATBLHOTO 3aKOHA SBISIETCS PELICHHEM
ypasrerns '(0) +*(0) = 0 ¢ mavamsuev yemosuwem P(0) =1, To cormacko

—
Jlemme 1 Hanmumume cootHomenus (19) qoctatoyHo 11 CXOIUMOCTH Gn (x) —1—e .

DTO yTBEpKIAEHUE U3BECTHO MO Ha3BaHueM Teopema frinoma; cm. [6].

Hycre H=min n:Z =0 .Ecmycnosue R, Bemonneno, cupaenmsa
clieyrolas Teopema.

Teopema 1. IIycmo Ona 1@ F(s) uucia nomomxos npoyecca I'-B evinoaneno

yenosue R, . Toz0a ycnosnoe pacnpedenenue
G(r)=P qZ < x‘H >n
cnabo cxodumes x nesviposicoennomy saxony G(x) ¢ I

1+el)

1+
Dra teopema s cinyqas F(1—s) — (1 —s) € Ry ycranosnena B pabore [9].
[IpMBOMMOE HUKE OKAa3aTENLCTBO 3HAYMTENBHO TIPOIIE, YEM JOKA3aTENBCTBO aBTOPA

[al.

Jlokazamenvscmeo Teopemu 1. Paccmotpum 111

_Fi
v (0 ::f e”dG (s)=1—-————= heR_, (21)
0= [, oG =1 veR,
mpn 1 — 00, e 0, = exp{—0g, } . Mockomsky 1 — F'(s) ~ iR, (s), 10
R 0
¥ (0)~1—-—— (22)
: 7

u, muddepentupys o 0, u3 (21) naxoaum
v O)~6R 6 . (23)
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3nech Bocmonb3yemest yrepakaenreM Jlemmsr 2. Tlockonbky 1 — en ~0qg ,T0B

n’

cuny (14), £, 1/Rn(9n) ~ L 1/(1 —0,) nh 6, — 1, upu n — co. Ilosromy

1+v
R 0
R 6 ~——— , (24)
npu 1. — 00. U3 cootnomenuit (21)—(24) naxogum, 4yTo npu 1. — OO
I+v 1+v
R 6 1—Ww (6
\I;’(Q)N_ _nn = — —n() _ (25)
" Oq 0

n

Msl  oGHapyxwumn, uro Il pacmpemenenms G, (r) acummrotndecku
yIoBJIEeTBOPsET nuddepeHInaibHOMy ypaBHEHUIO

1+v
1— w6
v = |1 YO)
0
PEIICHUECM KOTOPOT'0, KaK HETPYAHO BUACTD, SABJIACTCA
1
() =1—

C + 6*1/ 1/11

31ecy, B CUy CBOMWCTBa lim%m \I/(O) = 0 nmaxomum C = 1. Toraa coriacHo HIEIO

metoga C-T coorHowenue (25) nocrarouno mis cxomumoct W (0) k BepaxkeHuto Bua
(20).
Teopema noka3ana. O
BbiBoabl M mpensioikeHMs. 3amMeTUM, UYTO 3Ta Teopema 0000IIaeT Teopemy

Stnoma. JleiictButensho, ecmu V = 1, 1o merpynno Bunets L(n) — F ”(1)/2 pu

-1
n — OO ¥ Toraa mpasas yacth B ILJI (21) mpunrumaer Bug 1+ 60 , gro m3secTHO,

COOTBETCTBYET CTAHJAPTHOMY SKCIIOHEHLUMAIBHOMY 3aKOHY. OTOT (akT eme pas
MOATBEPIK/IAeT, YTO NMPUMEHEHHE TEOPHH IPAaBUIBLHO MEHSIOUIecs QyHKIUI MO3BOJISET
HaM T1y0xe UCCe1oBaTh CTPYKTYPY U IIpeeIbHbIE CBOWCTBA BETBALUXCS POLIECCOB.
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YIPYTHX cpellaXx MMEIOT OOJbIIOe TEOPETHYECKOE W NMPAKTHUECKOEe 3HAYCHHE B TaKMX OONACTAX HAYKH U
TEXHUKH, KakK Teo(H3HMKa, TeOoJOTHs, CEHCMOpa3BelKa IIOJIC3HBIX HMCKOMAeMbIX, CEHCMOCTOHKOCTD
COOpYXXeHHUH U MHOTHE pyrue. B pabote paccmarpuBaercs 3a1a4a o qupakIuy HeCTAIIMOHAPHOH MIIOCKOH
MIOTIEPEYHON BOJHBI CABHIa HA HEMOJIBI)KHOM JKECTKOM Iape B HACHIIIEHHOM IOPUCTO-YIPYTOM
mpocTpaHcTBe. g pemieHHs 3aJadd  MPHMEHSUIOCh WHTErpanbHOe mpeoOpaszoBanue Jlamutaca 1o
6e3pa3MepHOMY BPEMEHHM M METO]| HEIMOJHOTO pa3JiefieHHs MepeMEeHHbIX. B mpocTpaHCcTBe M300paskeHUH
nojydeHsl QGopmysibl Ui KOI(G(GHUIUEHTOB PSIOB KOMIIOHEHT BEKTOpa IEepeMEelIeHUs] M TeH30pa
HanpsbkeHui. Ilepexox K OpHWTHHaJIaM OCYIIECTBISETCS C IOMOINBIO TEOPUH BBIUETOB. I[IpoBeneHEI
YHUCJICHHBIE SKCHEPUMEHTHI, pE3YJIbTaThl KOTOPHIX IIpeICTaBleHbl B Buae rpadukos. IlomxydeHHbe
pe3ynbTaTtel paboThl MOTYT OBITH HCIIOJIB30BAHBI B 00JacTH TE€O(U3UKH, CEHCMOJIOTMH M TPOEKTHBIX
OpraHu3aluil IPU CTPOUTENILCTBE COOPYKEHUH, a TaK:Ke MPU MPOESKTUPOBAHUHU MOA3EMHBIX PE3€pPBYapoOB.

KoaloueBble cioBa: nudpaxius, IolepedHas BOJIHA, JKECTKMH map, nmojuHoMbl I'ereHOayspa,
npeobpasoBanue Jlamnaca, BEIYETH, HECTAI[MOHAPHAS BOJIHA, YIIPYyTas cpelia, HAllpsDKeHHe, TIepeMelIeHue.

DIFFRACTION OF A PLANE TRANSVERSE SHEAR WAVE
BY A RIGID SPHERE IN UNBOUNDED ELASTIC SPACE

Annotation. The problems of propagation and diffraction of unsteady waves in porous-elastic
media are of great theoretical and practical importance in such fields of science and technology as
geophysics, geology, seismic exploration of minerals, seismic resistance of structures and many others. The
work deals with the problem of diffraction of non-stationary shear waves on a stationary rigid ball in a
saturated porous-elastic space. To solve the problem, the Laplace integral transform over dimensionless time
and the method of incomplete separation of variables were used. In the image space, formulas are obtained
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for the coefficients of the component series of the displacement vector and the stress tensor. The transition to
the originals is carried out using deduction theory. Numerical experiments were carried out, the results of
which are presented in the form of graphs. The obtained results of the work can be used in the field of
geophysics, seismology and design organizations in the construction of structures, as well as in the design of
underground.

Key words: diffraction, transverse wave, rigid ball, Gegenbauer polynomials, Laplace transform,
deductions, transient wave, elastic medium, stress, displacement.

BBenenne. 3amaum, OTHOcsmMecs K  mpoOieMaM — MaTeMaTHYECKOTO
MOJEIIMPOBAHNS U UCCIEIOBAHMS HECTALMOHAPHBIX BOJHOBBIX IPOLIECCOB B CILIOIIHBIX
cpeaax, a TakKe B3aUMOJCHCTBUS JeQOpPMUPYEMBIX TeJI C OKpYXKalolehd CpeioH,
SIBJISIFOTCA AKTYaJbHBIMM M IPEACTABISIIOT NPAKTUYECKUA M TEOPETHYECKUN HHTEpEC.
AKTyanqbHOCTh IIPOOJEM BOJHOBOH AMHAMUKM MEXAaHUKU CIUIOMIHBIX cpell 00ycloBiieHa
pa3BUTHEM pa3IMuYHBIX O0OJacTeil TEXHHKH, CO3JIaHUEM HOBBIX KOHCTPYKIIHIA,
paboTarolmMX TMpH JAWHAMHYECKHX Harpy3kax, a Takke mpodiemMamMu reo(us3ukH,
CEHCMOJIOTHH U IPYTUX MPUKIAIHBIX HAYK.

B mnHacrosimee Bpems cCymecTByeT OONBIIOE KOJWYECTBO HAYYHBIX padoT,
MOCBSIIICHHBIX HCCIIEIOBAaHUIO PACIPOCTpaHeHUs U JUGPAKIUK BOJH B CIUIONIHBIX
cpenax. Judpaxkuus cranmoHapHOW  IUIOCKOW  yNpyrol BOJHBI  CABMra Ha
LWJIUHAPUYECKUX MOJOCTAX B M30TPOIHOM IHOJYIPOCTPAaHCTBE paccMoTpeHa B [1].
KpaeBass 3agmaua cBoAMTCA K  PEIIEHUI0O OECKOHEYHOM  CHUCTEMBl  JIMHEWHBIX
anreOpanvyeckux ypaBHEHHI OTHOCHTENBHO aMIUIUTYIHBIX KOA(PPHUIUCHTOB PAaCCESIHHBIX
BOJIH. B mepBoii yactu paboThl [2] M3ydeHO pacrnpoCTpaHEHHE B YIPYroM CHeprUuecKOM
cioe BOJH Tuma SH, mopoxkaaeMbIX BpallaTesbHBIM BO3JAeWCTBHEM. TOYHOE pelleHue
3amaun  mpeoOpasyeTcs K CcymMMme HMHTep(EepeHLIMOHHKX BOJH, KaXKAas W3 KOTOPBIX
npeacraBisieTcss uHTerpaiom tuna @Pypee. Bo Bropoit wactu [3] wu3ydeHO
HECTaIMOHAPHOE T10JIe CMEUICHNH, BOSHUKAIOIIEE B pe3yiIbTaTe HHTepepeHny BoaH SH,
OTPaXEHHBIX OT TpPaHUI] YOpYroro cdepuyueckoro cios. BbsicHsAIOTCA ycnoBuS, NpU
KOTOpPBIX pacHpoCTpaHEHHWE MHTEPPEPEHLIUMOHHOW BOJHBI B CPEPUUYECKOM  CII0€
IIPOUCXOJUT TaK K€, KaK B CJIOE INIOCKONApaJIEIbHBIMU TPAaHULIAMH.

B pabote [6] paccmoTpena 3a1aua o qudpakiny Ha HEMOABUKHOM cepe MmIocKkoi
CABUTOBOM BONHBI KkpydeHus (SH-BomHa) B OeckoHeuHOU ympyroit cpeme. TouHoe
pellleHre 3aJaud HaiJleHO B BUJE MHTerpaia cBepTku. C MoOMoIIbI0 NpeoOpa3oBaHuUs
Barcona nana ¢usmyeckas HMHTEpIpeTaluss COCTaBISIIOMUX AU(DPAKIMOHHOTO TOJIS.
Cratps [10] mocBsimeHa H3y4eHNI0 HECTAIIMOHAPHOTO OTPAKEHUS U TIPETIOMIICHUS BOJIHBI
Kpy4YeHHUsl Ha JIBYXCIOHHON ynpyroil chepe. 3agaua perieHa MeTogaMu NpeoOpa3oBaHUs
dypre u npeobpazoBanus 3ommepdenbaa-Barcona. UncnoBbie pe3yabTaThl MOJIYYECHBI B
OKPECTHOCTH BOJIHOBBIX (poHTOB. B pabdote [13] meromom mpeobpaszoBanus Barcona
pemaercs 3ajadya o AUDPaAKIUM IUIOCKUX TONEPEYHbIX BOJIH chepoil M HaxoauTcs
KOPOTKOBOJIHOBasi aCUMIITOTHKA JJIsi CMEIIEHWH B pPacCeSHHBIX BOJIHAX B Pa3IMYHBIX
00JIacTsIX yNpyroro MpoCTpaHCTBa. PacnmpocTpaHeHHe HECTAllMOHAPHBIX MONEPEYHbIX
BOJIH B C()epPUUECKOM CJIO€ MOPUCTO-YIPYTOM Ccpeibl, OrpaHUYEHHON KOHIIEHTPUYECKUMHU
cepuuecKUMHU TOBEPXHOCTSIMU paccMoTpeHo B [14]. Tlomydensl ¢opmyssl JuIs
KOMITOHEHT HaIPsKEHHO-1e(OPMUPYEMOTO COCTOSIHUSI CPEIBI.

B pabGore [15] paccmoTpeHa 3amadya O HeCTallMOHApHbBIX KojieOaHMAX cdepbl B
JKECTKOW LUJIMHAPUYECKON IOJIOCTH, 3aOJHEHHOW CO C)KMMaeMol KXUAKOCThIO. Ilomyuena
OeckoHeuHast cucTeMa aireOpandecKux ypaBHEHHH, KO3()(UIMEHTHI KOTOPOH HMEIOT BHJ
HECOOCTBEHHBIX HHTErPAJIOB OT IWIMHAPUYECKHX (yHKIMHA. [l mosydeHuWst peuieHus
OCCKOHEYHOW CHCTEMBl HCIIOJIb30BaH METOJ peayKuuu. [IpuBeneHsl KOJIMYECTBEHHBIC
pe3yabTaThl. B [16] n3yyena ocecummeTpudHas 3a/1a4a O paclpoOCTPaHEHUU HECTALMOHAPHBIX
BONH OT cdeprnyeckoll MOIOCTH B aKyCTHYECKOM IUIOCKOM clioe. B  mpoctpaHcTBe
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n3o0paxenuii Jlammaca 3agaya cBeJeHa K PEIICHUI0O OECKOHEUYHOT0 MATPUYHOTO YpaBHEHHS,
peleHre KOTOporo, HOCTPOEHO B BUIE OECKOHEUHOTO Psi/ia 10 SKCIIOHEHTAM.

JlanHas paboTa MOCBsIIEHAa M3YYEHHUIO 3aJaud O JU(PPAKLUU HECTallMOHAPHON
MONEPEYHON IUIOCKOM BOJIHBI CJIBMra Ha JKECTKOM IIape B YIOPYroM H30TPOIIHOM
NPOCTPAHCTBE, a TaKXkKe pa3pabOTKe alNroOpuTM peIeHHs 3aJadyd M HCCIEOBAHUIO
HECTAllMOHAPHBIX IONEPEYHBIX BOJIHOBBIX IIPOLECCOB B YIPYrOM IPOCTPAHCTBE IPHU
TUQPPAKIMHA HECTAIIMOHAPHOM IMOTICPEYHOM TUTOCKOM BOJIHBI CJIBHTAa HA KECTKOM IIape.

Metonosiorusi  uccjaenoBanusi. I[lyctb B JWMHEHHO yOpyroM  HM30TPOITHOM

IPOCTPAHCTBE PACIIOJIOKEH KECTKMH map pamuyca I} . J[BikeHUe cpelibl paccMaTpUBAETCs B
chepuyeckoii cucreme xoopausat (I, 0, 3) ¢ Hauanom B reHTpe KecTKOroO MApa.

B nauansubiit MomenT Bpemenn T = 0 1060Boii ToUyke MOBEPXHOCTH IIAapa KACAETCs
(¢poHTa HECTAIIMOHAPHOW TUIOCKOW IONEPEeYHON BOJIHBI caBHra (S-BOJHBI) C 3aJaHHBIM

NOTEHIMANIOM \J, , 4TO 0OpasyeT BpamlarelbHoe IBuxkeHue cpensl Bokpyr ocu OX
POXOJISIIICH Yepe3 MEeHTP KecTKoro mapa [4, 12]

v (r,0,t) =g[t+n(rcos6—r)]H[t+n(rcos6 —r)]

1)
rae §(t) - mpoussonbHas (yHKUMA M3MEHEHMs TOTEHIMANA HAGErarollell BOJHBI IO
spemenn; H (t) - equnmunas gpynxius Xepucaiina.

B sTOM citydae TONIBKO O7iHA KOMIIOHEHTa W, BEKTOpa NEePEMEILEHUs OTIMYHO OT

Hylsi U e€ CBI3b C TMOTEHIMAIOM, a TakK)Ke CBSI3M HEHYJEBbIX KOMIIOHEHT TEH30pa
HaIPsDKEHUS € TIEpEMEIICHUEM ONPEIEISIOTCS CO COOTHOIIEHUSIMU [ 12]

W, =0y /or +y/r, v,y =1—1) (0w, /or —w,/r)/ 2,
Vgs = (L— k) (oW, /Or —w,ctgB)/ 2/
)
Ha nmoBepXHOCTH JKECTKOTO Iapa NepeMENICHUE PaBHO HYITIO
(W, + WSS)\r=r1 =0,
©)
rac WSS - KOMIIOHCHTA ICPEMCIICHU:A, OIpeACcIsAcMas IMOTCHOHAIOM . ; MHIACKCOM « S»

OTMEUYEHbI KOMIIOHEHTHI HAaIPsKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSA B HaberaroIeil BoHe.
C yuétoM OCEBOM CUMMETPHMM 3a/1a4 JIBH)KEHHE CPEIbl OTHOCUTENIBHO YIPYTroro
NoTeHIHajaa \J ONUCBIBAIOTCS BOJIHOBBIM YPABHEHUEM

2 0y

- =Ay—y/r?/sin’0

n
(4)

" Ha4aJIbHBIC YCIIOBHUA — OAHOPOJAHBIC
y|_,=0y/o7_,=0.
(5)
Ha Oecxoneunoctu OTCYTCTBYCT BO3MYILICHUC

limy =0.

r—o0

(6)

HauansHo-kpaeBast 3agava (3) - (6) pemaercss ¢ NPUMEHEHHEM HHTETPATbHOIO
npeoOpazoBanus Jlammaca 1o BpeMeHM T W METOJOM HETMOJHOTO pa3JelieHUs
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. L
nepeMeHHbIX. B mpocTpancTBe n300pakeHuii moteHuuan -, komnonenta Wy BEKTOpa

CMEIIEHUS. U Ly, TEH30pa HANPSKEHHMS TPEICTABUM B BHJE OECKOHEUHBIX PSJOB IO
3/2
nonuHoMmaMm ['erenbayaspa Cné 1 (cos0) [8, 11], a npencrapienne 6eCKOHEYHOTO A s

L
KOMIIOHCHTbI 098 TCH30pa HAIIPSXKCHUA UMCCT BU

gy = > Ubas (1,5)P, (c0s6) +cos0>_viar(r,s)C¥3(cosh),
=1

n=1
o) =-n(n+)A-k)ws /2/r, 08 =1-K)ws /T,
rne P (c0oSO) - mnomunombr Jlexanmpa [5, 8]. L osmauaer Ttpancpopmanty

npeoOpaszoBanus Jlamnaca, S - mapametp npeodpasoBanus [7].
Toraa mocTaHoBKa HaYaJIbHO-KpaeBoit 3aaauu (3)-(6) OTHOCUTEIIBHO
KOX(QPHUIIMEHTOB PSIIOB UMEET CIICTYIOIINI BU/I:

NSty =ANr, A, =£(r2£J/ r’—n(n+1)/r? 7)
or\ or

(W5 + Wi, )| =0 ®)

limy! =0.

(9)

C yuéroMm ycnoBHsS OTCYTCTBHsI BO3MYLIeHHs Ha OeckoHeuHocTH (9), peleHue
ypaBHeHuUs (7) IpeacTaBuM B cliefyrolieM Buje [4]:

Vi (r,8) = AT (8)K,0(ms) /T

Hanee, ¢ yuérom Bepaxernii K +1/2(X) - Mou(puIpoBaHHbIX GyHKUKN beccens
BTOPOT'O poja yepes3 aeMeHTapHsle [5, 11], mpuxoanM K BbIpaKEHUIO

v, (r,8)=r""(ms) "R o(ms)A; (s)e™,

(10)
rne A1L (S) - mpousBosbHBIE HeM3BECTHBIE QyHKIMK MapameTpa S [12].

Torma, B cmiy 3aBucumocted (2), HaWAEM cleAyromue  BBIPAKEHUS
K03 (HUIIMEHTOB KOMIOHEHT IMEpEeMEIIeHUsI U TEeH30pa HaMpsKEHUs Ui OKpYKarollen
Cpelbl:

W, (r,s) =—1""*(ns) "R;(ms) A  (s)e™"™,
1)

Vg, (1,8) = (L =1)r "°(ns) "R, (ms) Ay (s)e ™ / 2, (12)
Ve =N(N+DA=1)r "> (s) "Ry (ms) A (s)e ™ /2,
0fF, =~A-1r () "R, (M)A (5)e ™,
RnS(S) = Rnl(s) - RnO(S)7 Rn4(s) = an(s) - RnO(S) J
rae R .(S) - nonunomst napametpa S [12], 1=0,2.

Hanee, npousBoas B (1) mpeoOpasoBanue Jlamiaca mo BpeMEHH U HCIONB3Ys
Teopembl cioxeHuss s Qyakouit  beccens [4, 11], Haiiném BeIpaxkeHue IS
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n300pakeHni K03(Q(ULUEHTOB pa3/loKEeHUsl MOTEHIHMana Y, B psaj [0 IOJMHOMAaM
Terenbayspa C*2(cos®) [8, 11]:

\Vls_n (r1 S) = rﬁnian (S)U n+1,0 (rns) !

(13)

G,(s)=(D"(2n+3)(ns) "e g (s)/2:

I[MIpu mnomyuenun (13) wucmonwp3oBaHa cBs3b (QyHKOMI beccens mnomymenoro

HHJIEKCa C dJeMeHTapHbIMU QyHKIUsamHE [5, 11].
Torma wcmonb3ys CBS3M MOTEHIMATA C KOMIIOHCHTAMH TIIEPEMEIICHUS H

HanpspKeHus (2), MOTyIUM BbIpaXKEHUS 17151 KO3 (UIIEHTOB Wé‘ns (r,s), Ulr‘gsn (r,s):
Wng (1, 8) = =1 "G, ($)U,1,(Ms)
(14)
Vrgen (1,8) = A= 1)r "°G,(s)[U,,,,(rs) +2U ,,,(rms) |/ 2,
(15)

U n+l,v (S) = I:Rn+l,v (_S)es - Rn+l,v (S)e_s :I, V= 02

- L
Y I0BIIeTBOPSIsl IPAHUYHBIM ycIoBHsM (8), HailiéM HemsBecTHbIC QyHKIME A (s)

U B pe3yibTare MOJyduM (OPMyJIbl JIJIsl KOMIIOHEHT MEpEeMEIlEeHUs W HamlpsyKeHUs B
npocTpaHcTBe n300paxkenuii Jlamnaca

W, (r,8)=—1"?A,(S)R ;(rns)e™™,
Vg (1,8) =1 " (L=1)A, ()R, (rns)e ™,
o =r"°n(n+1)1L-«)A ()R ,(rms)e ™ /2,

0@ =" (1-Kk)A, (S)R4(rns)e™™,
A, (8) = _rl_an (s)U n+1,1(r1115) I R;(rms),

Koadduimentsl psagoB HUCKOMBIX  (QYHKIMHA  SBISIOTCA — palldOHATBHBIMH
byHKIIUSAMU MapaMmeTpa npeodpazoBanus Jlammaca S, 4TO MO3BOJISET HANTH OPUTHUHATIBI C
MTOMOIIIbIO TEOPUHU BBHIYETOB [7, 9].

Pesyabratel u oOcy:xaenusi. Jis  mpumepa paccmartpuBaercs  AUGPAKIU
HECTAlMOHAPHBIX IOMEPEYHbIX BOJH CJBUIra Ha HCIOJABMXXHOM JKECTKOM IHap€ B

IPOCTPAHCTBE M3BECTKOBOI'O IIIATa C IapamMeTpaMu E =0.89-104N1Ha , v=0.243 ,
p= 2850K2/ M3 , KOTOpPOMY COOTBETCTBYIOT CleAylomue Oe3pa3MepHbIe MapameTphl:
N =1, k=321. N =1.0. Pe3ynbpTaThl YMCIEHHBIX 3KCIEPUMEHTOB IPEACTaBIICHBI B BHUJIE
rpaQuKOB M3MEHEHHS KOMIOHEHT L 4, Uyq TEH30pa HampsukeHus ¥ W, NEepPEeMELICHUs I10
Oe3pazMepHOMY BpeMeHHU T. B kauecTBe 3aK0OHa M3MEHEHUS 3a/IaHHOW HATrPY3KU MO BPEMEHHU
BEIOMpanack GyHKIMS XeBucaiina g(’t) = qOH (T) v o =1 . Yucnossre pe3ysbTaThl

MOJTyYEHBI ¢ YYETOM CEMU WICHOB PSJIOB 1O NojauHoMaM [ erenbayapa.
Ha puc. 1 npencrasinensl rpaQvKy H3MEHEHHS! TAHTEHIUAILHOTO U o HAIPSKEHUS 110

Bpemenn B Toukax: F =1, 0 = 7/4 (xpuas 1, na nosepxuoctu mapa), F =1.4, 0 =m/4
(xpuBas 2) u r =18, 6= Tc/ 4 (xpupas 3). Ha puc. 2 mpuBeaeHbl IpaQUKd M3MEHEHHUS
KacarenbHoro W, mepememeHus 1o Bpemenn B Toukax: =1, 9=71:/ 4 (xpupas 1),

r=14,0= TC/4 (xpuBas 2)m =18, 0 = 7t/4 (xpuBas 3).

78



QarDU xabarlari FIZIKA-MATEMATIKA 2024 3 (2)

w
1.54

~ A A 3 ]~ T T T
",/ \-J 4 \"_'_-3-“__'_ Jl ¥ 3
0 1{; 2 :: i 5 ér 0 1 2 4 5 E:r
Puc. 1. Puc. 2

rpa(i)I/IKI/I HU3MCHCHHUA KOMIIOHCHT UrS TCH30pa HAIPAXKCHUA U WS MNEPEMCIICHU

110 6e3pa3MepHOMY BpPEMEHH T IIOKA3bIBAIOT, YTO € IPUXO0M BOJIHEI IIOSBIISETCS CKAYOK.
C ysneuenuem paccrosuus I =1.0,1.4,1.8 ymensmarorcs cxauku. YucieHHble

pe3yabTaThl IOKa3bIBAKOT YTO, OTPAXKEHHBIE OT JKECTKOIO IIapa BOJIHBI OKa3bIBAKOT
BIIMSIHUE Ha HANPSKEHHO-Ie(POPMHUPOBAHHOE COCTOSIHUE CPEJIBI.

3akmouenne: Pa3zpaboTaH alroputM peuleHds 3ajadyd O  JUQpakLuu
HECTAllMOHAPHBIX IONEPEYHbIX BOJH CJBHUIra Ha Cc(HepUUECKOM BKIIIOUYEHHM B MOPUCTO-
YIPYrOM IPOCTPAHCTBE, HACBIILIEHHOM XUAKOCTHIO. [lomydeHs! (popMyIibl 411 KOMIIOHEHT
HaNPsHKEHHO—IEePOPMHUPYEMOTO COCTOSIHUSL cpeabl. [lomydeHHbIe pe3ynbTaThl pabOTHI
MOTYT OBITh WCIIOJIb30BaHBl B 00JacTH TeO(U3MKH, CEHCMOJOTHH, a TaKkKe NpU
IIPOEKTUPOBAHUU TIOJI3EMHBIX PE3EPBYaApPOB.
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Abstract. Flutter problems for plates moving in a supersonic gas flow are considered in the article.

Mathematical models are given in a two-dimensional formulation; the Karman theory of large strains of

plates and the aerodynamic theory of A. A. llyushin are used. When the physical and mechanical properties

of the material of the object under study are actually taken into account, the mathematical model of the

problems presents partial integro-differential equations with the corresponding initial and boundary

conditions. The influence of the viscoelastic properties of the plate material is studied. It was determined

that an account for the viscoelastic properties of the plate material leads to a decrease in the critical flutter

speed.

P Keywords: plate, supersonic gas flow, flutter, critical speed, mathematical model, integro-
differential equation, aerodynamic theory

Annotatsiya. Magolada tovushdan tez gaz ogimida harakatlanuvchi plastinkalar uchun tebranish

muammolari ko‘rib chigiladi. Matematik modellar ikki o‘Ichovli formulada berilgan; plastinkalarning katta

shtammlarining Karman nazariyasi va A.A. llyushinning aerodinamik nazariyasi qo‘llaniladi.

O‘rganilayotgan obekt materialining fizik-mexanik xossalari hagigatda hisobga olinsa, masalalarning

matematik modeli mos keladigan boshlang‘ich va chegaraviy shartlarga ega gisman integrodifferensial
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tenglamalarni taqdim etadi. Plastinka materialining viskoelastik xususiyatlarining ta’siri o‘rganiladi.
Plastinka materialining viskoelastik xususiyatlarini hisobga olish kritik chayqalish tezligining pasayishiga
olib kelishi aniglandi.

Kalit so‘zlar: plastinka, tovushdan tez gaz oqimi, tebranish, kritik tezlik, matematik model,
integrodifferensial tenglama, aerodinamik nazariya

Introduction. The basis for studying the strain processes of composite materials is
the hereditary theory of viscoelasticity, the specific application of which depends on the
parameters of the materials, the shape of the product, and the range of variations in
ambient conditions. At that, significant difficulties in obtaining “good” models arise in
connection with an account for the properties of viscoelasticity. It should be noted that the
use of traditional materials in aircraft construction made it possible to apply mathematical
models (that could now be called simplified ones), which do not take into account the
properties of viscoelasticity to the full extent.

Mathematical models of problems of hereditarily deformable systems in the most
general form are complex systems of integro-differential equations (IDE) in partial
derivatives, obtained on the basis of integral models of the stress-strain relationship with
weakly singular hereditary kernels.

It is known that for the first time the simplest model of the stress-strain relationship
for a viscoelastic body was built in a differential form [1]. Differential models of the
stress-strain relationship can be expressed in integral form, with the creep kernel being a
linear combination of a finite number of exponential functions. The use of differential
models of stress and strain in the study of dynamic problems of the mechanics of a
deformable rigid body leads to a certain inaccuracy, especially at the initial time [2].

To describe the strain processes of viscoelastic materials, a wide range of models
of the hereditary theory of viscoelasticity were used. In [3], a brief review of the history of
the development of models is given, taking into account internal friction and the time
factor.

It is now recognized that the Boltzmann-Volterra hereditary theory with weakly
singular hereditary kernels, with a high degree of adequacy, describes the integral model
of the stress-strain relationship in viscoelastic bodies [4]. The Boltzmann-Volterra model
with Abel-type singular hereditary kernels is in good agreement with experiments and
accurately accounts for the time factor related to strain creep and stress relaxation.

At present, the problem of considering the hereditary effects of deformable
materials is of great theoretical and applied interest. Its solution is an effective application
of the theory of viscoelasticity to real processes. Therefore, the methods and problems of
the theory of hereditary elasticity attract much attention from researchers. There are a
significant number of publications devoted to solving problems of calculating the
characteristics of viscoelastic thin-walled structures [5].

V.l. Matyash [6] presented the first mathematical descriptions of the problems
under consideration based on integral models in the field of viscoelastic plates. The plate
flutter was studied using the averaging method.

The influence of the ratio of the coefficients of internal and external viscous
friction on the equilibrium stability of a compressed elongated panel in a supersonic gas
flow was studied in [7]. The Voigt model describes internal friction in the panel material.

V.D. Potapov in [8], when studying the stability of integro-differential equations,
used the Lyapunov exponent method.

From the above review, we can conclude that the development of adequate models
that describe the viscoelastic properties of the material of structures is a rather complex
and relevant research problem, directly solved in this work along with the construction of
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the corresponding mathematical models.

Models and methods. Let us consider the problem of vibrations of a flexible
hereditarily deformable rectangular plate moving in a gas at a high supersonic speed. A
plate with sides a and b is flown past on one side by a gas flow. We assume that the flow
direction is parallel to side a. We assume that the plate is compressed in the same direction
by constant forces [Jo. We take that the deflections are small compared to the thickness of
the plate, and we solve the problem in a linear statement. Taking a linear expression for
the aerodynamic pressure and not taking damping into account, we obtain the equation of
motion for a plate with the following finite ratio:

D(L-R VW —a&j(’i’:q (1)

where q is the excess pressure, that considers the forces of inertia and aerodynamic loads,
determined according to the llyushin theory:

oW oW oW
=— -B + BV 2
il ot? ot OX @)

in an expanded form

D Al oW OW | o, 0W _

“-R) = +2—+—

h OX oxoy" oy h ox’
82\N B@W+BV6W
6t h ot h 0x

P, 2z +1)p, Eh® . O stiffess: v i
Here B = v B, = YRR D _w is the bending stiffness; y is the exponent
of the polytropic gas; p...V.. are the pressure and speed of sound at infinity,
respectively; 1] - is the density of the material; h is the plate thickness; V is the flow
velocity on the plate surface.

(3)

We consider the case of hinge-supported edges and solve problems in a linear
formulation. The corresponding boundary conditions have the following form:

0°W 0°W

W=0; pa +,ua 72 =0 forx=0,a
(4)
2 2
W=0; 8V\/2 +,uM—0 for y=0, b
oYy o X°
The expression approxmatmg the deflection is taken in the following form
W (X, y,t) = z Zan sin ?sm ml;zy (5)
n=l1 m=1

where Wnm = Wam(t) are the sought-for functions of time; substituting (5) into equation (3)
and applying the Bubnov-Galerkin procedure, we reduce the problem under consideration
to solving the following IDE system:
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ph* = n 2
Ehzﬁzwkﬁlz(l_ﬂz)ﬁ—j 4] ] =R W, - 4[ jaowk|+

20,7 (2 o, ] KN (©)
+—2 - M) 1-(-1 W =0
Emz(h) le[ ) ]kz—nz "

nzk

In the case of hinged fastening of the plate edges, relative to the unknowns
Wi=Wi(t) we have a system of equations (6). Introducing the following dimensionless
quantities into (6)

. o,a’h s
f:—, t1= izt’ O-O = 0 ) q*:w’ kl:ﬁﬂ
h pa 7°D n'D a
we obtain:
L—p?) e K2+ . .
( 4k2 )sz ( )(1_R ) K _Goszkz +
LS 1)“") 0. (k=1,.,N; 1=1)
"2 o
n#k
nxk (k=1_N:.1=1) (7
We seek solutions of the resulting system in the following form
fua = fuexp(ift,), 8)

which, for sufficiently small ¢~ have the character of damped oscillations. At a certain
critical value of the reduced flow velocity q*Zq;- the real part of the characteristic
exponent vanishes, and at q*>q; its real part becomes positive. In this case, the solution
is unstable and the point ¢~ :q; corresponds to the flutter boundary.
Substituting (8) into (7) we obtain the following system of equations
((kz+—12;tz)(1—R +iR,)-ogk? —Qsz +
4 Cc2 S2 0 ki
+q*2(1—(—1)k+" )%fn, —0. (k=1,.,N; 1=1)

n#k

nxk. (k=1,....N; 1=1).

Here

z i L, 4 - - -
n: = 3':4:_ lg = = w; = %— is the frequency of the 1% mode of vibration of
the plate. )

3. Numerical results

The determinant of the first two equations is equated to zero
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2\2
(1+ﬂ ) (1_Rc2+iRs2)_O'g_Qz _gq*
=0.
2 )2
%q* £‘%1(1—&2+iRS2)—4a;;—92
The real value of 2 corresponding to the stability threshold holds for
* 3 * *
qg = E\/(QZ 0 _Afl(l_Rcz )X’Igl(l_Rcz)_Afo'o _QZ)"'R;z/Ifl/ﬁl,
where Ay = (k*+1°2%)/2.
In the case of a square plate, we obtain
q = g\/(gz +o —1+RC2)(?(1—RC2)—40’5 —sz+27451e§2.
The calculation results are presented in Table 1.
Table 1

The dependence of the critical flutter speed on the physico-mechanical and

geometric parameters of the plate
M 2

A O k O * O *
' Oy q,
0.0 3.6 3.9400
0.005 0.05 1/180 1 0 3.53 3.7885
0.05 2.45 2.6542
0.1 1.77 1.8020
0.03 3.49 2.7208
0.01 0.05 1/180 1 0 3.43 3.6423
0.08 3.40 3.6345
1.2 3,09 3.4709
0.05 0.05 1/180 1.5 0 4.43 5.0322
1.7 571 6.2765
1/50 3.50 3.8347
0.05 0.05 1/100 1 0 3.18 3.5259
1/250 1.72 1.7485
0.01 2.42 2.6248
0.05 0.05 1/180 1 0.1 2.14 2.3536
0.3 1.53 1.6650

4. Discussion of results. Table 1 shows the dimensionless critical flow rates q;
depending on the physical, mechanical and geometrical characteristics of the plate. Analysis

of the results obtained shows that an increase in A (0; 0.005; 0.05; 0.1) and o, reduces the

squared frequency 12 and the corresponding value of qf The critical velocity for an elastic

plate is 3.94, and for a viscoelastic plate, it is 1.8. The difference between them is 54.39%. For
A=0, the obtained results coincide with the results given in [9, 10]. The influence of the value
of "Il is insignificant.

Next, the influence of the relative thickness parameter ki (the ratio of the thickness h to
the side a of the plate) on the critical flutter speed is studied. As seen from Table 1, the critical

speed q; for parameter k; = 1/50 is 3.8347, and for k; = 1/250, q; is 1.7485. These results
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differ by 54.5%.
The effect of constant compressive forces on the critical flutter speed was studied. The
following values were taken for calculation: 4=0.01; 1= 0.05; |=1. The influence of

parameter o, is characterized by the following results: for 0,=0.01; 0.1 and 0.3, the values

of qf are 2.6248, 2.3536 and 1.6650, respectively. It can be seen that an increase in

compressive forces led to a decrease in the critical flutter speed.

The influence of parameter A on the value of the critical flutter speed was studied.
With an increase in A, an increase in the critical speed occurs, which is explained by the fact
that with an increase in A, the size of the plate decreases perpendicular to the flow direction
and, consequently, the relative rigidity of the system increases.

5. Conclusions.

On the basis of the software package developed, practically important problems of
flutter of a plate were solved and studied, taking into account the viscoelastic properties of the
material. The critical flutter speed was determined in a wide range of changes in various
parameters of the plates. It was shown that the viscosity parameter A affects not only the
vibrations of viscoelastic systems but also the critical flutter speed. It was determined that an
account for the viscoelastic properties of the plate material leads to a decrease in the critical
flutter speed by 40-60% .
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Abstract. In this paper, we discuss one problem in a nonlinear environment under the influence of
convective transfer, nonlinear absorption, and variable density of biological population processes described
by the divergent-mode parabolic dual nonlinearity equation. In problems of a nonlinear biological
population, due to the distortions of the parabolic equations that represent them, a special approach to the
numerical solution is required. An exact analytical solution was found for it, the analysis of which allows us
to identify a number of characteristic features of the processes of the biological population in non-linear
media. The following nonlinear effects were established: the inertial effect of the final velocity of population
propagation, spatial localization.

Keywords: biological population, convective transfer, extinctions, localization, parabolic equation,
effects.

Annotatsiya. Ushbu maqolada ikki karra nochizigli divergent holidagi parabolik tenglama bilan
tasvirlangan biologik populyatsiya jarayonlarining konvektiv ko‘chish, nochizigli yutilish va o‘zgaruvchan
zichlik ta’siri ostida nochizigli muhitdagi masala muhokama gilingan. Nochizigli biologik populyatsiya
masalalarida ularni ifodalovchi parabolik tenglamalarning buziluvchanligi sababli, sonli yechishga alohida
yondashuvni talab giladi. Buning uchun anig analitik echim topiladi, uning tahlili nochizigli muhitda
biologik populyatsiya jarayonlarining bir gator xususiyatlarini aniglash imkonini beradi. Yechimlarning
quyidagi nochizigli effektlari aniglangan: populyatsiya targalishi tezligining chekliligi, kuchli yutilishi
ta'sirida fazoviy lokallashish.

Kalit so‘zlar: biologik populyatsiya, konvektiv ko‘chish, lokalizatsiya, yo‘q bo‘lib ketish, parabolik
tenglama, effektlar.

Introduction. Consider the following problem about the effect of instantaneous
concentrated population growth in an incompressible non-linear medium with a
coefficient of double non-linearity of the biological population and its gradient in the
presence of volumetric extinction, the power of which depends on time and convective
transfer, the speed of which depends on time. Such a transient biological population
process is described by the following Cauchy problem

% = V(U™ Ve " Vu) + divvOu) + (e — b, )

u(0,x) =u,(x), (t>0,xeR") )
Here k, m>1, p>2— given numerical parameters, U=U(t,X) >0 population
density at the moment t >0 at point X € RV v(t) — convective transfer (migration)

rate, c¢(¢) — is the coefficient of linear population growth , and b(t)u® - population
extinction.
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The mathematical model in question also describes the change in one or more
properties of the bio ecological system under study over time and region. In the simplest
case, it is represented as a dependence U=U(t,X) , where u- vector of monitored
characteristics (one of which may be population density), X - vector spatial coordinate
system, - time. The meaning of the studied characteristics can be different. So, the
population density of separate unit populations can take only exact values.

Research methodology. Equations describing biological population processes
also describe energy transfer processes in high temperature environments. When studying
energy transfer processes in high-temperature environments, a number of their special
properties should be taken into account. For example, the dependence of heat capacity and
coefficient of thermal conductivity on temperature, it is necessary to take into account the
contribution of volumetric radiation to the energy balance, exo and endothermic ionization
processes, the course of chemical reactions, combustion, etc. Along with this, convective
heat exchange and its influence on the evolution of the studied process can also be taken
into account. The intensive development of the theory of nonlinear transfer was stimulated
by research in the field of plasma physics [1]. In papers [2], [3] properties of solutions,
following degenerate and singular parabolic equations in non-divergent form are
investigated

M _ u"v(vu|” vu)
ot
Then, obtaining an automodel solution, they showed asymptotic behavior of solutions for
long time. Cases of slow and fast diffusion are investigated, and the results of numerical
experiments of the Cauchy problem are given. Fundamental results were obtained and a
number of nonlinear effects were discovered that determine the properties of inertia and
localization of thermal processes [4]. Various properties of Cauchy problem solution for
(1), (2) are given in [5] - [7]. In particular, the paper [8] analyzes the case of variable
diffusion with migration flows depending on the uneven distribution of populations and
resources. Based on the direct method, the effect of migration on the formation of
population distributions was studied, scenarios of local displacement and coexistence of
species were studied. Zhou et al proved the conditions for the existence of solutions [9].
Studying nonlinear inertial effects in the unsteady process of energy transfer in an
incompressible medium, the thermal conductivity coefficient of which depends on
temperature and temperature gradient in a power-wise manner, a number of accurate
solutions to problems for quasilinear parabolic equations describing the evolution of
thermal structures in such a model medium with volumetric sources were found. In
particular, in [10], these effects are studied when considering the process of heat transfer
in an incompressible medium, the coefficient of thermal conductivity of which depends on
temperature and temperature gradient in a power-wise manner:

k=k(u,gradu) =k,u’ |gradu |*, k, = const > 0.
Such a generalized power model of a nonlinear medium can be used not only in the
theory of thermal conductivity, but also to describe diffusion-type transport processes of

various physical nature, fluid and gas filtration.
Martinson K.B. [11] having considered equation
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u, =div(u’ | grad u|* grad u) + f (u, Du,t, x), (x,t) € R" x(0,+), N =1,2,3.
in case f = f(u,t)=—IIt"u", where I1>0 - absorption parameter and >0, 0<Vv <1 at

v=(1-0)1+a)",0<o <1, v<l, ie. for the special case of problem (1) - (2), when k=1,
v(t)=0, c(t)=0 obtained the following exact solution

N
u(r,t) — a(t)[go(t) _ r(a+2)/(a+l)]+(a+1)/(a+0')’ r = (Z X2i)1/2
1

where the notation [£] — {5 mpu & >0, s ysed, which means the final propagation

O mpu £<0
speed of the perturbation in the nonlinear medium under consideration. The position of the
front separating the heated area from the area where u=0 is determined at any given time
by
r=r,(t) =[p]“" >

~1(a+o)

a(t) = aot—ll(a+6), a, = {[ o+ 2 jOH [n(a N 0) s 2]} ,@(t) — Ct51 _ Pt5z

a+o

(a+2)/(a+1) -1
a+2
Here P =117 211, §=8+D+(a+D)™" 8, >6

a value of C >0 - is determined from the integral condition

A CHO DM (N) V1 - gl e eerong e~
0

2 by N=1
where M(N)={27 by N=2,
—(a+o)8,
Therefore C = Q@ | a m(N)- 2L B[N(0z+1) e a+1} |
a+o a+2 a+o

Where is the B —beta of the Euler function.

Analyzing this solution, he established the following properties of the solution: the
inertial effect of the final velocity of propagation of thermal perturbations, spatial
localization of heat.

Results and discussions. Now consider the properties of the mathematical model
(1)-(2) and by constructing an exact solution, we establish the following properties of the
solution: the inertial effect of the final velocity of population propagation, spatial
localization. In order to show this, consider the class of radially symmetric solutions of
equation (1) obtained as follows

u(t,x) = TOW(z(), [£]=1), T(t) = exp[ | c(y)dy],

£ =[v(y)dy —x [¢] = (Zf‘ (Jv(y)dy) - XiJ  xeRN, 7(t) = [[T(y)]" 2 ™ tdy
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®3)
Then, after simple calculations and moving to a new variable in time, equation (1)
takes the following form

Wy wmvw, " v, w) — b (), (t>0,xeR"),

or (4)

u(0,x) =w(0,x) =u,(x) =0,
where b () =97 (z),g(t) =bO)[a@®)] “*" ™.

Taking into account the result of work [11], we will search for the solution to
problem (3) in the form of a finite, by a spatial variable, function

w(z,r) =2, (2)(f,(r) - "), -
y=p/(P-1,n=(P-D/(k(p-2)+m-1),k(p-2)+m-1+0
where & (z) and f(r) is the function to be determined and at (n), is
(n), =max(0,n).
Solution (5) takes into account the finite velocity of propagation of perturbations in

the considered nonlinear medium and describes the distribution of the population
occupying the spherical region of finite sizes in space. The position of the front separating

the heated area from the area where W=0 is determined at any given time by

r =1, =[f (@),

Calculating the derived functions W(t, ) we have

ow da 1 df 11
or - dr ( f.(2) ry)” 7124(7) dzl'( f.(2) ry)7 (6)
_ m_awkp_zaw _ oYKam ) D=2 (M—1) 7 7 —
(rN 1yt . r) (7k7/1)p 277/18(;3 2)k I’N(fl(T) r;/)(kn D(p—2)+(M-D)y+y-1 _

—(ky) P2y @ 2kemeN (O (7) — r7)K(P2rmya—pad
If we choose in (6) ¥, as
(P-1)

(k(p=2)+m)y,—(pP-1) =7, e 7/1:(k(p_2)+m_1)'

" ow

N O 1 | OWE _ Covem
N _(rN twmt E) :_(kW1)p 277/1Na1k(p 2 (fi(z)—r")" -

or or

~[(ky22) P72 @ P Ik (P = 2) + M)y, — (P —=D)r7 (f () —r7 )™
Calculating

r

p—2

1-N g(rN—lwm—l ow ow
or or or

+I(kyr) PPy (k(p—2) + m)y, — (P —Da "™ e [ (z) -7 T+
expression (7) can be rewritten as follows:
p-2

w0 oW P ow ) .
r”a(rw IE3 EJQ(r)w%(km)“mNaf“’ PN (0) )+

r

)=~y yNa T () )

H((kyr) "y (k(p=2) +m)y, = (p =1)a * 2" r” —by (1) [(f, () = r7)"* 7]
(8)
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if y0=7,-1
Then, substituting the computed expressions into problem (4), we get the following:

ow _d n
= de;i(fl(r)— r)" +}/1a1(r) (f @) —r )"
=—(ky)*" 2W1Na1(p 2)+m(f (x)—r")" +[(k771)p 2W1a1k(p Ay —

—b (D) 1[(f,(z) — )]

From here we have
da:l. p-2 k(p—2)+m 7\ dfl
[d—r+ Ky ) " (n +N)ay 1(f.(z)—r") +[ma(r)5—

—(ky) P2 @ P e —by ()2 I (2) — ¢ )]
Now, to define functions & (z) and f () we get a system of nonlinear
differential equations

@) b @l = (7 a0 ()

9)

da, p
—1 k p-2 N k(P 2)+m:0, —

Wﬁ&hﬁ%ﬂf@mammﬂ=Mﬂ# 0o

The first equation (10) has the following general solution

ai(Z') [c+1—(k(p— 2)+m)(Wl)Pl[(Wl+N)T]W

= P p-1 _ K p—2)+m (11)
= [C+(k(p—2)+m) (p+k(p-2)+n+m)Nr7]

where c - is the integration constant.
In order to integrate the second equation of system (10), we rewrite it as follows

gi—bvﬁ(@ b, () )

Then, taking into account (9) of (10) we have

_ p p-1 _ _ r -1
0,(8) =l + (o) (P K(p-2) +m-DNe]
b, (r) =b (7)[a,()]*

b,(z) = [(W)"Z(IOJr(k(IO—Z)Jr m-1)Nz]™

Therefore, the solution tendmg tow at 7—>0 is

p-2 _ _ -V(k(p-2)+m-1)
a,(r) = [(—k( ) )" (p+(k(p-2)+m-1)N)]J

Equation (12) is a first-order linear equation. It is integrable. Its general solution is:
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ZF (jv(y)dy —x)2 =[f ()", jv(y)dy <o, f(r) <o, V>0 (13)

Thus, the final solution of the desired problem on the effect of instantaneous
concentrated population growth in a non-linear environment with extinction is found in
the form (5), where functions a () and f () are defined by expressions (11) and

(13). An exact solution to the biological population problem was found, taking into
account convective transfer at a variable rate, and its effect on the evolution of the
population process was revealed. The found solution is also suitable for heat transfer
processes in a nonlinear medium with convective transfer. Using this solution, we analyze
the nature of the movement of the population distribution front and its features.

Theorem 1. Let in problem (4) p—1>0, k(p—2)+m-1>0
q= p—[k(pp—2;_+m—1]’ u,(x) < z(0,x), xe R".
Then, to solve problem (1) - (2), a score of U(t,X)<z(z,r) occurs in region

Q={(t,x):t>0,xeR"}. And there is a phenomenon of a finite rate of population
spread.

Here
z(z,r) =a,(7)(f(z) 1)L,
y=p/(p=1), n=(p-D/(k(p-2)+m-1), (k(p-2)+m-1) =0
n, = max(0,n), and functions &,(z), f,(7) are defined above.
Theorem 2. If the following conditions are met in task (4)

p—[k(p—-2)+m-1]
p—-1
Uo(X) <wW(0,¢), £eR,,0< f(t) <oo, t >0,
then the next evaluation in area Q ={(t,x):t >0,x € R} is appropriate for task (4)
u(t,x) <w(t, &) .

And there is a spatial localization phenomenon of the solution, where
w(t, &) =a,(2)(f (z)-&")." y=p/(p—1), r,=(pP-1/(k(p—-2)+n+m-1)
Here, functions & (7), f,(7) are defined above.

Fast diffusion case: K(p—2)+m-1<0
Theorem 3. Let in problem (1) - (2)

q= p—[k(p—2)+m—1]1uo(x
p—1

(2), there is a score U(t, X) < z(7,r), r e R, t >0, where

2(r, ") =a,@)(f,@)-r")." y=pl(p-1), p,=(p-)/(k(p-2)+m-1).

p-1>0,k(p—-2)+m-1>0, 9=

) <2(0,X), X € RN . Then, to solve problem (1) -
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Numerical modeling of the nonlinear diffusion process
From problem (4) we obtain the following one-dimensional nonlinear equation of
the biological population with initial and boundary conditions

ou_ o[ o au

— = — |-b(z)u®
or  ox x| x| P@ (14)

u(0.X)=y(x)20,0<x<b

u(z,0)=¢(r) >0
U(r.b) =, (1) =0°

For problem (14), construct a spatial grid x with steps h

a, Z{Xiih, h>0,i=0,1..n;, hn, =b} . And time grid with 7

@, ={t,- =jr, >0, j=01,..m, Tm1=T} replace task (14) with an implicit

t e[O,T]

two-layer difference scheme and get a difference problem with an error (h* +17)

Yoyl [am(yj )y =)= () (- i) = (! )q}

T h?
1=12,..,n-1 j=01..,m-1

yiozuo(xi), i=0,1,...,n1 (15)
Vi=d(r),  i=12..m
Vi=g,(7,),  i=12...m

Where g, and a; is a nonlinear term of problem (14). In our case, a,, and @, are the

coefficients of population change. To compute g, and a,,

i+l
p-2

ai+1(yj):% (yij )m_l (y|J+1) h_(y|1) +(yi"+1)m_1

-2

o

() = (yl)"
h

(Yij-1)k _(yij—z)k
" (16)

R (VA B
E(yi—l) % +(Yi)

p-2

a(y)=

If the function U(X,t) is sufficiently smooth, then more accurate values of the terminal
ordinates can be obtained using Milne formulas:

dul =¥, +4y,-3Y,  du| 3y, -4y, + Ve,
dx‘0 2h o dx 2h

n
j+1

The system of algebraic equations (15) is nonlinear with respectto y' .

(17)
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To solve the system of nonlinear equations (15), the iterative method is applied and
we obtain the following system of algebraic equations
S+l n
i s s+l s+l s s+l s+l
Yi Y, (yi+1li) | iy [ N i\
e E B R AR TS R I S (T
T h (18)
where s = 0,1,2,... initial and boundary conditions are unchanged, where s is the
number of iterations.

S

The system of algebraic equations (18) is linear with respect to y'**. The initial

s+1 0, .
iteration for y . is taken from the previous time step y'™ = y’. Iterative counting sets
the accuracy to ¢ iterations and continues until the following conditions are met

s+1 S
max|y,— V.| <&«
o=i=n :
Parameters radially symmetric structure
values
p=3,k=13, | -] .
m :1.3, 01 A " 8 | é
q > 1 81 l‘ l, 08 ‘ —
y u { 04
L 02 | -
o} L = < ':i;m
108 " 2> “’MH’ _‘$:§ “\‘ _/;:':\-gzé?o‘
‘ -100 075 -050 -025 000 O 0 L) 137 \ “:53
p = 4, k : Ve \‘\
=LLm= | . A
1.1, | VT \'\\ e =— o ‘
NP2 = '
0< q <1 1 /7 /4’_,—,_.;:1\~\\ \ p { |
0SS / i \:\\ N\ e b el - _10)
A S NN 1Bp g, e~ gt < P L
08 06 -04 02 0D 02 04 06 08 vr‘""?ig M B g 1028 55 J,j "~ ok $5

Fig.1. shows the plots of population changes at different values of the volume
extinction parameters. The dominant factor in the biological population is the dynamics of
population change, the growth wave is replaced by an extinction wave, the population
begins to decrease over time. At a finite point in time, the graph shrinks to a point and the
population ceases to exist.

Conclusion/Recommendations. The work establishes the processes of the
biological population and reveals the phenomena of the finite rate of population
distribution, spatial localization under the influence of precise strong extinction, the
existence of a global solution of the Fujita-type for problems described by a parabolic
equation with double nonlinearity. Using the Fujita-type global solvability splitting
algorithm, the problem under consideration is established, covering all the early results of
other authors. The results of numerical experiments have shown that the use of estimates
of solutions and a free boundary is well suited for constructing an iterative process that

rapidly converges to solving the problem under consideration, taking into account
nonlinear effects.
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Abstract. The Cauchy problem is considered for the heat equation with double nonlinearity, with
variable density and in the presence of a nonlinear source. Such equations degenerate into first-order
equations. Therefore, the Cauchy problem usually does not have a classical solution. Therefore, we have to
consider a generalized (weak) solution that satisfies the equation in the sense of distributions. Using the
methods of standard equations and nonlinear splitting, self-similar solutions to the equation were
constructed. A theorem on the global solvability of the problem for small initial data is proven. To prove
this, an upper solution is constructed for certain parameter values. The asymptotic behavior of a weak
solution with compact support is obtained. A condition is obtained regarding the parameters of the
environment under which the self-similar solution is asymptotic.

Keywords: weak solution, self-similar solution, self-similar equation, global solvability,
asymptotic behavior, mathematical model.

Introduction.
In the domain Q ={(t,x) |t >t, >0,x R}, let us consider the Cauchy problem for

the double nonlinearity parabolic equation
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ou_of ,lou"a
Au z—p(X)8—$+5(U” a_z a—i}/?(x)uﬁ =0, (tx)eQ @
|, =u,(9>0,xeR (2)

considering initial data that is neither trivial or negative. Where ¢ >0, p>2, #>1 are the

given parameters, o(X) = e™,

The equation (1) is degenerated to an equation of the first order in the domain
where U=0 or VU=0. Therefore, we will investigate the weak solution, because in this
case there might be no solutions to (1) in the classical sense.

Before the numerical investigation and visualization of processes describing by the
equation (1) it is necessary to study different qualitative properties such as finite velocity
of perturbation, localization of solutions, asymptotic behavior of solutions and free
boundary (fronts), depending on the numerical parameters of the equation (1).

Research Methodology.

In [4] given an asymptotic analysis of the behavior of blow-up solutions of the
following equation

p(x)ut = (um)xx in Q =Rx R+’
where
p(x)=[x" e e,

In [2,5] authors considered a nonlinear parabolic equation with a source and an

inhomogeneous density of the following form:

aU_ - m-1 p-2 B
p(X)E—dIV(u |Dul Du)+u,
and

ou

p(X)E = div(um’1|Du|p*2 Du)+p(x)u",
where
p(x)=|x" or p(x)=(+|x)",n>0.

They found conditions which the solution of the Cauchy problem explodes in a
finite time at critical parameters . =m+p—2+p/N,

N(m+p-3)+p
n = m+p-2

p

Authors of the work [6] established asymptotics of the solutions and gave global
solvability for the following problem
ou™|" ou™

P05 =5
ot Ox|| ox OX
u(0,x) =u,(x),xe R".
In [7], authors study the global solvability and unsolvability conditions of a

nonlinear filtration problem with nonlinear boundary flux and establish the critical global
existence exponent and critical Fujita exponent of nonlinear filtration problem in

where  p<N,
where  p>N.

p-2

J , (x,t) e R, x(0,+x),
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inhomogeneous medium. An asymptotic representation of the solution with a compact
support is obtained, which made it possible to carry out a numerical experiment.

ou o (|oul" éu p
X)—=—| |— —_— X U y X,t R O) )
P9 ax[ax ]w() (1) € R, (0, +0)
with nonlinear boundary flux

OX

aul”?

OX

a—U(O,t):u“'(o,t),t>0
OX

and u(0,x) =u,(x) 20,xeR,.
where p > 2 8,9 >0, p(x) =x",neR, uy(x) — is a bounded, continuous,

nonnegative and nontrivial initial data.

In [8], The properties of solutions of self-similar and approximately self-similar
system of the reaction-diffusion with double nonlinearity are investigated. The influence of
numerical parameters to an evolution of the studied process is established. The existence
of finite and quenching solutions is proved and their asymptotic behavior at the infinity is
described. The condition of global solvability to the Cauchy problem, generalizing the
results of other authors, is found. Knerr -Kersner type estimate for free boundary is
obtained.

Au = —p(x)gt—u+ L(n,m, p)u+&y(t) p(x)u” =0,

u(0,x) =u,(x),xeR".

where L(n,m, p)u= V( X"

u"“1|Vu|p_2Vu),/32],n,p,m -are the given numerical

parameters, V(-)—grad, (-),0 < y(t) e C(0,0),& = %1, p(x)=|x" ".

Furthermore, in [9], nonlinear diffusion, filtration, heat dissipation processes as
part of the research of new properties of expressive mathematical models, the exponential
in environments with visual density and in cases where there is absorption of heat
prevalence has been analyzed. The exponential density effect is calculated so that the
automodel solution is found and the front received an assessment for.

In [11], the properties of self-similar solutions of the Cauchy problem for the
equation with double nonlinear exponential effects are studied. The existence conditions of
Fujita-type global solutions are defined. Also, the conditions for having a lower solution
for the equation were found.

p-2 a_u
OX

ou

p(x)a_uzg uc |—
ot ox OX

J , (t,x) €Q,
and
u(t,X)o=Uy(x)=0,xeR,
where Q={(t,x):t>0,xeR}, p>=2,0eR,, p(x)=¢€".
In the case o+ p—2>0, it is shown that there exist the solutions u(t, x) , which

possess the property of the finite velocity of the propagation of perturbation. It means that
for every t >0 there exists such a continuous function I(t), that u(t,x)=0 as [x|>1(t)

(in the linear case when o =0, p=2 itis trivial). The surface |x| =1 (t) is called a front of
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perturbation or a free boundary.The solution of the equation (1) satisfying | (oo) <+o0, and

u(t,x)=0 for |x|>1(t) is called a localized solution.

In this paper it is studied the properties of solutions of (1) such as the finite speed
of propagation of the perturbance, the localization of bounded and unbounded solutions.

The main terms of the asymptotic of self-similar equations, the behavior of the
front (the free boundary), depending on the parameters, the condition of the global
solvability of the Cauchy problem for the equation (1) are established. We use the method
of nonlinear splitting for the construction of approximately self-similar equation for
nonlinear reaction-diffusion equation [1]. Based on these results, numerical calculations
and visualization the process for the one-dimensional case is done.

Results and Discussions.

1. Construction of a self-similar system of equations

For construction of a self-similar and an approximately self-similar equation for (1)

solution of u(t, x) of equation (1) is searched in the form
u(t, x) =u(t)w(z(t), r(x)) (3)

where
1

U(t) _ Cltg,ﬂ z1,¢c = (ﬂ—l)é
ce’,B=1c,=const>0
and function z,r will be choosen below.
Substituting (3) in equation (1) reduces it to the following equation

p-2

W _prp O | proaye (MW OW +&(Wﬁ +Ww) (4)

or or or or T

where the functions 7, r are chosen as
- Dt*, a#0
()= TP 2()dn=4 "t "’ 5
=Tty {Dzlnt,azo (5)
o+p-2 ] D = 1

a=1+ .D,=¢”"?* D, ==2 r(x)=Le? ¢=—--—
1-8 7 4 g (X)=28" ¢ B+1-(c+p)’

The self-similar equation shown below was created using the nonlinear splitting
method described in [4]

1
w(z,r)=f(&).&=rz° (6)
It is easy to see the function f satisfy the equation (6) and will form following
equation

555

,|df
d¢

p-2
a éim J(f7+1)=0

d¢ ) pdg

(7)
And we write the Fujita’s condition [10] for the equation (6) as following
1

— <«
pL+1-(c+p)
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According to the original problem statement, we will be looking for a non-trivial
non-negative solution of the equation (6) that fulfills the following condition:
f'(0)=0, f(d)=0,0<d <o )
The properties of a global solvability for weak solutions of the equation (1) were
proved a comparison principle [3]. For this goal, a new equation was constructed using
standard equation method as in [4,12]:

u,(t,x)=T(t) (&) (9)
f(&)=A@@-&m)r (10)
where
p p-1 |1 (1p ~ ~
= 0— 1,7/2 G+p—2’A_ 7172(I0] ,a=const >0,(d), =max(d,0)

Theorem 1. Let u(t,x) be a weak solution of the problem (1)—(2) u,(x) <u, (0,x),

where y, >0, ¢, <1, c,(Aa’?)”»* <1-c,.Then for weak solution u(t,x) of the problem
(1)—(2) the estimate
u(t,x)<u,(t,x) in Q.
Proof. The proof of the Theorem 1 is based on the comparison theorem for
solutions (see [3]). Hence, comparing solution methods it is taken the function u, (t,x) .
Substituting (9) in (7) the following inequality can be obtained:

Udfpzdf JEdf
gr 59“” i d pd§ +¢,(f/+1)<0 (11)

We rewrite the inequality c, <1 as L <lor B>p., here f.=c+p.
f+1-(c+p)
If the specific form (10) is given for the function f(x), inequality (11) can be
rewritten as follows:

(a=&")[c, T +c,-1]<0
because the term (a— En ) is nonnegative, this inequality can be written as follows:
¢,f+c,-1<0

It is easy to check that A”*(a—¢&” )72%1) < AP a2 Then, according to the

hypothesis of Theorem 1 and comparison principle, it will be:
u(t,x)<u,(t,x) in Q,if u (0,x)>u,(x), xeR.

2. Asymptotic behavior of the self-similar solutions
Next the asymptotic behavior of the self-similar solutions of the equation (7) is
studied.

Theorem 2. Let y,(1- ) <1 then a finite solution of the problem (1)-(2) has an
asymptotic representation f (&)= (&) (1+0(D))

Proof. We will search a solution the equation (7) in the following form
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f(&)=f()ym) (12)

P
where n:—ln(a—g‘”] and y(#n) should be determined. Now let us investigate the

Pt
asymptotic behavior of solution of the equation (7) at & =& —a P . Itis to check that
substituting (12) into (7) for y(7) we obtain the following equation for y(n):

d
(Ly)+b, Ly b L -7,y) +by(m)y +b )y =0 (13)
dn dn

where
-p
-n I-pp 7 1-p -n
b0(77)=£ ¢ = V2 b (77) = LA A ) b,(7) =c,A” 7/17p : —
Jpa-¢ p a—e
(r(1-8)-D)n p-2
o-pit, p & dy dy
h(n)=c Aoy PZ =y ay
) =6A T o by =y a7 (dﬁ ny)
We write (13) as
d dy
%(LV) (mLy-bi(n —n-yzy) b, (m7)y ~b,(n)y” (14)

-

and it is obvious that Ilim
n>+o g —e"

=0 and 77|_|)r1r1ooy =0 . By assumption,

f(&)=Tf(&)y(m) and the function Ly defined in (13) has a limit as

1-p
1-p 2
"*+mb—amgmm—7zQﬂﬂﬁw=ﬁlin@ﬁﬂﬁwzmmd
0, 7,0-p) <1
b= lim, b,(n) =1 A 1 ) =1
@, 7,1~ B) >1.
d 20
lim Ly = lim y° y y —y—yzy =y, Py o)
n—>+%0 n—>+0 dn d?]

By (14), the derivative of Ly has a limit as 7 — +oo, and this limit is equal to
zero.
Consequently, the following condition is necessary:

: d
f,lLrll[bo (m9(7) +b1(77)(%—72y) +b,(17)y +b,(17) yﬁ} -0.
Then from (13)—(14) we obtain the algebraic equation

1-p

Py o2 4y ﬁ-1_7/117p72 A7 =0 15
72 Yo +0,(n)Y, D (15)

99



QarDU xabarlari FIZIKA-MATEMATIKA 2024 3 (2)

From these expressions, it is easy to see that the equation (15) has a solution y(7)

with a finite non-zero limit, at 7 —> o . Then the compactly support solution of the
1

problem (7)-(8) has an asymptotic of the form (12) at £ =& — an .

1 72

lim y(7) = Yo =+ iﬁ”‘l
Unee Al nr. P

The proof of the Theorem 2 is completed.

3. Numerical analysis of solutions.

In the numerical solution for (1)-(2) problem, it is essential to choose an initial
approximation that keeps its nonlinearity features. Iterative processes were constructed
using Picard, Newton and special methods. Since we have an asymptotic solution (12), we
can use the numerical data of the asymptotic solution for the initial
approximation. Here are some examples from numerical experiments. The initial
approximation was taken in the form:

Table 1.
1 =
sl / O R S 1 O S S S L= e %f—\———————— RS PR A
Figl p=250=214=2. Fig2 p=25,0 =15 3=25
/\
Figs p=28,0=21/4=28 “Figa p=280-104=28

Conclusion. It has been studied in the article for the nonlinear modeling of
processes including diffusion, filtration, and exsponential inhomogeneous density heat
dissipation among others that a finite speed of perturbation can have an impact. By
utilizing a self-similar analysis of the solution, an asymptotically weak solution was
found. It is shown that the coefficients of the main terms of the asymptotic solution fulfill
the algebraic equation.
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Annotatsiya. Magolada ikki o‘yinchidan iborat o‘yin masalasi ko‘rib chigilgan. O‘yinda dastlab
birinchi o‘yinchi o‘z strategiyasini, so‘ngra bu strategiyani bilgan holda ikkinchi o‘yinchi o‘z strategiyasini
tanlaydi. Ikkinchi o‘yinchining strategiyalar to‘plami birinchi o‘yinchi strategiyasiga bog‘lig. Birinchi
o‘yinchining magsadi ikkinchi o‘yinchining strategiyalar to‘plamini bo‘sh to‘plamga aylantiradigan
strategiyani tanlashi, bunday strategiya topilmagan holda gavariq va bo‘lakli chizigli funksiyani
maksimallashdan iborat. Ikkinchi o‘yinchining maqgsadi strategiyalar to‘plami bo‘sh bo‘lmagan holda
chizigli funksiyani minimallashtirishdan iborat. Qaralayotgan masala bu masala uchun birinchi faza
masalasini yechish va/yoki maxsus chizigli maksimin masalasiga ikkilanma masala magsad funksiyasining
maxsus strategiyalar sinfida maksimal giymatini aniglash orqgali yechiladi. Qaralayotgan masalani yechish
algoritmi hamda algoritmni illyustratsiya giladigan misollar keltirilgan.

Kalit so‘zlar: o‘yin masalasi, maksimin masalasi, tayanch, algoritm.

ALGORITHM FOR SOLVING ONE GAME PROBLEM WITH
CONNECTED VARIABLES

Abstract. The game problem of two players is considered. The two players alternately choose their
strategies from their respective sets. First, the first player chooses his strategy, then, knowing the strategy of
the first player, the second player chooses his strategy. The set of strategies of the second player depends on
the strategy of the first player. The goal of the first player is to choose a strategy such that the set of
strategies of the second player is empty, if this cannot be done by choosing a strategy, then to maximize a
convex and piecewise linear function (the minimum function of the strategy of the second player). The goal
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of the second player is, if the set of strategies is non-empty, to minimize the linear function. The problem
under consideration is solved by solving the first phase problem for this problem and/or determining the
maximum value of the objective function of the binary problem in a special class of strategies for a special
linear maximin problem. The algorithm for solving of this problem under consideration is given, as well as
examples illustrating the operation of the algorithm.

Keywords: game problem, players, dual problem, support, algorithm.

Kirish. Adabiyotlar sharhi.

X={lf,=sx=f}lva¥(x)={vlg. £y =g’ Ax+By=Db}
(x=xU)LL=fD.f =FDER" , y=y(K)g =9g.K) g =g (K)ER",
be R™ A=A(I]) e R™™,B = B(I,K) € ™ : rankB =m < | ,
I={12,..,m}, J={1,2,.. ,n},K, ={12,..,1}) to‘plamlarda quyidagi o‘zgaruvchilari
bog‘langan o‘yin masalalarini garash mumkin: qulay vaziyatli o‘yin [1,2]; ixtiyoriy vaziyatli
oyin [3, 4]. ¥ = {x|f, < x < f*,¥(x) = 0} ko‘rinishda bo‘lganda tagiglangan vaziyatli
o‘yin masalasini garash mumkin [5-7].

Chizigli programmalashning ikki sathli passiv masalasi [8-12 ] quyi va yugori sath
magsad funksiyalari bir xil bo‘lganda o°zgaruvchilari bog‘langan (chizigli maksimim
(minimaks) masalasi) o‘yin masalasi bo‘ladi.

[8], [11] ishlarda chizigli programmalashning ikki sathli passiv masalasi
o‘zgaruvchilari bog‘langan o‘yin masalasiga keltirilgan.

[4-12] ishlarda o‘zgaruvchilari  bog‘langan o‘yin  masalalarini,  chizigli
programmalashning ikki sathli  passiv masalasini yechishning turli algoritmlari ishlab
chigilgan. Bu algoritmlarning barchasi u yoki bu ma'noda birma-bir garab chigish g‘oyasiga
asoslangan.

[4] ishda birma-bir garab chigish obyekti sifatida ichki masalaning tayanchi [13]
olingan ixtiyoriy vaziyatli o‘yin [3] masalasi uchun algoritm ishlab chigilgan. [14] ishda bu
algoritm takomillashtirilgan. [15] ishda ixtiyoriy vaziyatli o‘yin masalasi [4] uchun birinchi
faza masalasi kiritilib, bu masalani yechish algoritmi ishlab chigilgan.

Ushbu ishda ixtiyoriy vaziyatli o‘yin masalasini [4] yechish uchun [4,14,15] ishlar
algoritmlaridan foydalanib yangi algoritm ishlab chigilgan.

Masalaning go‘yilishi. Ikki o‘yinchi ketma-ket, dastlab birinchi o‘yinchi x vektorni

X={x|f, =x<f"}
to‘plamdan, so‘ngra x vektorni bilgan holda ikkinchi o‘yinchi ¥ vektorni

Y(x) ={vlg. =y =g", Ax+By=b}

(.'X', ﬁ;fi = Ru: v, Hs!ﬂi c R:: be Rm:‘q c Rm.m:B c Rm.ﬂ’ rankB = m = j)
to‘plamdan tanlaydi. Birinchi o‘yinchining magsadi
f(x) = min ¥(x,y),x € X,
_‘,'EY'x.r:'f .- ( )
cx+dyxeX yve¥V(x);
(W(xy) = { +w,xEX,Y(x)=0
funksiyaga maksimal giymat beradigan & € X vektorni tanlashdan iborat, ikkinchi
o‘yinchining magsadi esa
d'y,y € Y(x),
funksiyaga maksimal giymat beradigan ¥ € ¥ (x) vektorni tanlashda iborat.
Boshgacha aytganda, maksimin masalasiga ega bo‘lamiz [3,4]:
flx) = minII Y(x,¥) = max Q)

yEY(x xEX
x € X vektor birinchi o‘yinchining strategiyasi, v € ¥(x) vektor ikkinchi
o‘yinchining straregiyasi (ikkinchi o‘yinchining x - straregiyasi) deyiladi.
Birinchi o‘yinchining % strategiyasi optimal deyiladi, agar @(x) < @ (%) tengsizlik
ixtiyoriy x € X uchun o‘rinli bo‘lsa.
Tadgigot metodologiyasi. (1) masalani tadgiq etishda chizigli programmalash

c ER"; d ER")
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masalasini yechishning adaptiv usuli [13], ikkilanmalik nazariyasi, yo‘naltirilgan birma-
bir garab chiqish usullaridan foydalanamiz.

(1) masalani tadqiq etish va uni yechish algoritmini ishlab chigish umumiy holda
bu masalaning ko‘pekstremalligi bilan bog‘lig.

[4] ishdagi algoritm shartli ravishda ikki gismdan iborat. Algoritmning birinchi
gismida birinchi o‘yinchining ixtiyoriy x € X strategiyasida ikkinchi o‘yinchining
strategiyalar to‘plami Y(x) = @ ekanligi xulosa gilinadi yoki birinchi o‘yinchining
shunday x° € X strategiyasi aniglanadiki, unga mos keluvchi ikkinchi o‘yinchining
strategiyalar to‘plami ¥(x") = @. Boshgacha aytganda algoritmning birinchi gismida
quyidagi

Vx € X,¥(x) # 0? yoki 3% € X,Y(%) = 0? (2)
masala yechiladi.

(2) masalani yechish magsadida quyidagi

F(x) = min (¢'x +d'y) - max, (3)
ye¥(x) XEX
Y(x)={y1Ax+By=bg <y <7}
masala garaladi. Bu yerda
y; = max  |A(L)x(]) + B(L K )y(K,)— b(i).i = 1,m;
fizxsf g.5y2g

B=(Bi—-E:E)g,= (g k=11+2+m)g = (g, k=11+2+m),

e =Gk =LLg, =0k=1+11+2+m

e |

—F

g, =gnk=1Lg, =n.k=1mg, . =¥, k=1m, 4)

d= [Ek,k = l,E—I-E:-cm],Ek =0,k= 1:313;{ =1,k=14+114+2=m

c=(c,jE])c=0j€E];yeR"™,
(2) masalani yechish quyidagi

Yo, )= _min (b'u —I-E:cr —g T+ fA-f") = max (5)

I:A,IJ:IEAI:,L!_.E_.T:I |: T8 IiF_.'I.':IE;'-T‘.r
M={(40,7)|Bu—t+0=d;s=0,t=0}

Ao, ) ={(AV)I1Au—v+i=cv=01=0},
masala magsad funksiyasining (3) masala ichki masalasining tayanchlari [13] yordamida
aniglanadigan maxsus strategiyalar sinfida musbat giymati mavjudligini yoki bu masala
optimal giymati nolga tengligini aniglashga keltirilgan.

(2) masala bilan bir gatorda quyidagi

Fx) = mi”’i:ﬁf,n}eniﬂ(ef‘f+ e'n) — max, (6)
O(x) ={(».{m| Ax+By—-{+n=bg, =y=<g.,{=0n=0}
e'=(11,..,1)
maksimin masalasini garaymiz.
Jlemma [15]. Birinchi o‘yinchining ixtiyoriy x € X  strategiyasida ikkinchi
0 ‘yinchining strategiyalar to ‘plami ¥'(x) bo ‘sh bo ‘Imasligi uchun (6) masalaning yechimi
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(x°,°% &% n°) da &% n° koordinatalari nolga teng bo ‘lishi zarur va yetarlidir.
(5) masala (3) masalaga ikkilanma masala deyiladi.
x — (6) masala birinchi o‘yinchisi strategiyasi bo‘Isin.
Kﬂ‘i‘.}l = Kr:,vp [:x) = Kﬂ‘i‘.}ll U Kopf U Kﬂﬂﬂ’Kﬂﬁll o Kl* Kopf c Kﬁ’ Kopﬂ c KEI
K| =m Kk, ={1+ 1,142, .. l+mLK;={l+m+114+m+2,..,1+2m}  (6)
masala ichki masalasining taynchi [13] deyiladi, agarda detE(I, K,,) # 0 bo‘lsa.
[15] ishda (2) masala (1) masalaning birinchi faza masalasi deb atalgan. (2)
masalani yechishda (5) masala o‘rniga quyidagi

Y(p,s,t)=  min (b'p+gs—g t+fY'A-f'v)—> max , (7)

(AvIedlp.at) (pat)eEM
M={{pst)|Bju—t+s=0;,5=20,t=0,—e<pu<el},

Al s, t) ={(ALv) 1A u—v+iA=0v=04=0},

masala garalgan va bu masalani yechish algoritmi asoslangan. [15] ishda (2) masalaning
(7) masala yordamida yechish algoritmi (5) masala yordamida yechish algoritmiga
garaganda samarali ekanligi (2) masala parametrlari tasodifiy sonlar datchigi yordamida
shakllantirilgan masalalarni yechib taggoslash natijasida xulosa gilingan. Demak, (1)
masalani [6] ishdagi algoritm bilan yechilganda algoritmning (2) masalani yechishga
taallugli gismida [15] ishdagi algoritmdan foydalanish samara beradi degan xulosaga
kelish mumkin.

(7) masala (6) masala uchun ikkilanma masala deyiladi.

(n,s,t)EM —  vektorga (7) masala birinchi o‘yinchisi strategiyasi,

(A, v) € A(u,s, t) vektorga esa ikkinchi o‘yinchining (., s,t) strategiyasi deyiladi.
K,, tayanch yordamida (7) masala o‘yinchilari strategiyalari (i, s.t), (4, v) ni
quyidagicha

W'D =d (K,)[B(LEK,)] ™ 4'(K) = W (DB(LK) — d (K),
K={12,..1+2m}
v'() = # (DALT) =< ().
t,=4,,5. =0 ecmn A, =0;
t,=0,5, =-4, ecmn A, <0,k €K (8)

v; = 1?:1-,,1}- =0 ecmu V;=0;

v;=0,4; =V, ecom FV; <0;j€].
guramiz.

(8) orqali qurilgan (7) masala o‘yinchilari strategiyalari (i =.t), (4. v) quyidagi
b'u+g/'s—g't= max (b'u+g,'s—g''t)

(pF)EM

fYA—flv= _ min (f“i—ﬁﬁ],

(Avhed(ps.t)
ekstremal xususiyatlarga ega bo‘ladi.
Natijalar va muhokama. Yuqoridagi (1) masalani [6] ishdagi algoritm bilan
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yechilganda algoritmning (2) masalani yechishga taallugli qismida [15] ishdagi
algoritmdan foydalanish samara beradi degan xulosaga asoslangan (1) masalani yechish
algoritmini keltiramiz.
ij = {1,2,...,1n},f{§p ={1,2,....m—1,m+ l]-,...,KfFJ ={l+m+1,l+m+
2,....1+2m},q = [}, = [(1+ 2m)1]/[m! (I +m)!],
bilan (7) masala ichki masalasining leksikografik tartibdagi [16] mumkin bo‘lgan
tayanchlarini belgilaymiz.

l-gadam. z:=1,z:=zK_,:=K_,,f:=—ct0 deb olamiz (4) ga asosan
B = (B :—E : E) matritsani quramiz.

2-qadam. Agar K7, © K; yoki Kz, elementlari ichida shunday k € K,,q € Kj
elementlari bo‘lib, kK + m = g bo‘lsa, 6-qadamga o‘tamiz.

3-gadam. detB(1, KZ,) ni hisoblaymiz. Agarda detB(I,KZ,) = 0 bo‘lsa, 6-
gadamga o‘tamiz.

A4-qadam. p'(I)=d (K,,)[B(IK,)]" vektorni quramiz. Agar |u, |>1
bo‘ladigan i, € I mavjud bo‘lsa 6-qadamga o‘tamiz.

5-gadam. (8) formulaga asosan (g, s.t), (4, v) vektorlarni quramiz va hisoblaymiz

F=bu+g.s—g't+f'A-f'v

Agar F = 0 bo‘lsa, x vektormi quramiz:
V;>0bo'lganda x; = f, V;< 0 bo'lganda x; = f}';
V;=0 bo'lgandax; =f ;Vf,jeE]

z% =z K := K7, x%=x, f:= +oo deb olib, 11-gadamga o‘tamiz.

6-gadam. z < g bo‘lsa z: = z + 1 deb olamiz va 2-gadamga o‘tamiz.

7-gadam. g =C" K}, ={12,...m}LE; ={1,2,...m—1m+1}, .,
ij ={l-m+1l-m+2,..,1}zz=1z%= z,K = ij,E:= c.d:=d,
B:=B,K:= K, f:= —oo deb olamiz.

8-qadam. detB(I,KZ,) ni hisoblaymiz. Agarda detB(I,KZ) =0 bo‘lsa,
10-gadamga o‘tamiz.

9-gadam. Kz, tayanchda (8) formulaga asosan (i, s,t), (4, v) vektorlarni quramiz

el
va hisoblaymiz
F=butgs—g't+f'aA—f'wv

Agar F < f bo‘lsa, 10-gadamga o‘tamiz. Aks holda x vektormi quramiz:
V; >0 bo'lganda x; = f,;; V;< 0 bo'lganda x; = f;
V;=0 bo'lgandax; =f;Vf,jE].

z% =1z K2 := K7, x%=x, f:=F deb olib, 10-gadamga o‘tamiz.
10-gadam. z < g bo‘lsa z: = z + 1 deb olamiz va 8-gadamga o‘tamiz.
11-gadam. (1) masalani yechish jarayonini to‘xtatamiz: x°— birinchi o‘yinchi
optimal strategiyasi, f = @(x®) — (1) masala magsad funksiyasining x° dagi qiymati.
1-misol [15]. (1) masalani quyidagi
n=,m=21=5Ff = (-5-30;0),f" = (3;25; 40),

g'; = [:—ll:l'?;—f:; —101;—10; —3:],5!'“ = [44; 6;298;10; 15),
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1 0 -1 6 3 2 3 4

‘4' = !B = .I'E}|I = : r
(IZI 1 1} (42 123) (5:4)

I={12}]={123}.K, ={1,2345}

parametrlarda garaymiz.

Ky, ={12}K;, ={13},....K3 = {89},

K, = {67}, K, = {8,9},K = {1,2,3,4,5,6,7,89).
Keltirilgan algoritmdan foydalanamiz.
l-gadam 1. z:=1,z% =z, K2 := {1,2}, f: = —oo,
- 6 3 2 3 4 -1 0 1 0
B_(42123 0 —101}'

2-gadam. K, = {1,2} € K,. 6-qadam. z: = 2. 2-gadam. K, = {1,3} C K.
6-gadam. z: = 3. 2-gadam. ij = {1,4} c K,.6-gadam. z: = 4. 2-gadam.
K, = {15} C K,.6-gadam. z: = 5. 2-qadam. kK, = {1,6}. 3-qadam. detB(I,KZ,) = 4.
4-gadam. g = (—1;1,5) ... 6-gadam. z: = 36.
2-qadam. K25 = {8,9}. 3-qadam. detB (1, K3¢) = 1. 4-gadam. g’ = (1;1)
5-qadam. F = —1475. 6-gadam. z:= 37.7-gadam.
q:=10,z:=1,z% =z, K;, = {1,2},K2, = {1,3},.... K} = {45}, K5,:= {12}, f:=
— .
8-qadam. detB(I,K2,) = 0.10-qadam. z: = 2. 8-qadam. detB(I, K2,) = —2.
9-gadam. f = 147,x% = (3; —30; 0). 10-gadam. z: = 3. 8-gadam.
detB(I,K2,) = 0.10-gadam. z: = 4.. . . 10-qadam. z: = 10. 8-gadam. detB (1, KX%) = 1.-
gadam. F = 141. 10-qadam. z: = 11. 11-gadam. f = 147, x® = (3; —30;0).

Demak, x? = (3; —30; 0)- birinchi o‘yinchi optimal strategiyasi, ¢(x®) = 147.
(7) masala ichki masalasining mumkin bo‘lgan 36 tayanchidan 24 tasida detE[I, KZ )ni
hisoblashga, bu 24 tadan esa 13 martasida (6) masala magsad funksiyasi giymatini
hisoblashga to‘g‘ri keldi.

2-misol [15]. (1) masalani 1-misoldagi parametrlardan fagat f*' = (3;25; 50)
bo‘lganda, qolganlari o‘zgarishsiz holda garaymiz, ya'ni
f: = (—5; —3[!;(!],,]'5'%f = (3; 25;50),

g: = (—10‘3‘;—6; —101;—10; —3:],9'*" = [-’-1-4; 6;298; 10; 15),

1 0 -1 e 3 2 3 4
A= B = b =(5;:4),
(III 1 1 } (4 2 1 2 3) (5:4)
I={1,2}]={123}K, ={1,2,345}
parametrlarda garaymiz.
1 — 2 36 —
K., = {12} K, = {l,E},...,Kﬂp = {8,9},

K,={67}K; ={89},K=1{12,3456789}
Keltirilgan algoritmdan foydalanamiz.

l-gadam 1. z:=1,z% =z, K2 := {1,2}, f: = —oo,

—(63234—1 4] :LD}.

B =
4 2123 0 -1 01 )
2-gadam. K, = {1,2} € K. 6-qadam. z: = 2. 2-gadam. K, = {1,3} € K.
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6-gadam. z: = 3. 2-gadam. ij = {1,4} C K,.6-gadam. z: = 4. 2-gadam.

K, ={15} c K,.6-gadam. z: = 5. 2-qadam. k%, = {1,6}. 3-qadam. detB(I,Kz,) = 4.
4-gadam. ¢ = (—1;1,5). 6-gadam. z: = 6. 2-gadam.

K§, = {1,7}. 3-qadam. detB (1, K%,) = —6. 4-qadam. u' = (0.66667; —1)

5-gadam. F = 10.667,x” = (—5; 25;50),k1 =0, f: = +o0.

11-gadam. f:= +oo,x® = (—5;25;50).

Demak, x® = (—5; 25;50)— birinchi o‘yinchi optimal strategiyasi, @(x") = +co.
(7) masala ichki masalasining mumkin bo‘lgan 36 tayanchidan 2 tasida detB(1,KZ,) ni
hisoblashga, bu 2 tadan esa 1 martasida (6) masala maqgsad funksiyasi qiymatini
hisoblashga to‘g‘ri keldi.

Xulosa. Ishda ixtiyoriy vaziyatli ikki o‘yinchidan iborat o‘yin masalasini
yechishning [4] ishdagiga garaganda, yordamchi masalaga yangi ikkilanma masalani
yechishga asoslangan matematik hisoblashlari ancha kam bo‘ladigan algoritm keltirilgan.

Bu algoritmdan tagiglangan vaziyatli o‘yin masalasi [5-7] hamda chizigli
programmalashning ikki sathli passiv masalasini [8-12] yechish algoritmini ishlab
chigishda foydalanish mumkin.
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Annotatsiya. Maqolada sifatli mashina tarjimasini yaratish uchun bugungi kunga gadar amalga
oshirilgan ishlar tahlil gilingan. Mashina tarjimasida mazmunan to‘g‘ri tarjima kelib chigish yo‘nalishlari,
muammolari va ularni hal gilish usullari bayon etilgan. O°zbek tilidagi olmosh so‘z turkumiga oid 6 ta
olmosh turiga qurilgan matematik modellardan foydalanib olmoshlar qurildi. O‘zbek tilidagi olmoshlar
ingliz tiliga tarjima gilingan. IkKi til bo‘yicha o‘zaro mos kelgan olmoshlarning har biriga yangi matematik
modellar qurilgan. Maqgolada kompyuter tarjimasi jarayonida olmosh so‘z turkumiga tegishli so‘zlarning
sintaktik alogaga kirishganda olmosh turli so‘z turkumi bo‘yicha guruhlarga mansublanishi, o‘zbek va ingliz
tillari uchun grammatik kategoriyalarning modellashtirilishida rasmiylashtirish muhim ahamiyatga ega
ekanligi yoritilgan. Ikki til bo‘yicha qurilgan yangi matematik modellar olmosh so‘z turkumining har bir
turiga oid alohida jadvallarda namuna sifatida keltirildi. Magola matnida qurilgan yangi matematik modellar
bo‘yicha izohlar keltirilgan.

Kalit so‘zlar: tabiiy til, kiruvchi matn, chiquvchi matn, mashina tarjimasi, ingliz tili, o‘zbek tili,
olmoshlar, matematik model, so‘zlarning matematik modeli.

ANALYSIS AND MATHEMATICAL MODELS OF UZBEKI - ENGLISH
PRONOUNS FOR COMPUTER TRANSLATION

Abstract: the article analyzes the work carried out to create high-quality machine translation. The
article describes the directions, problems, and methods of solving semantically accurate translation in
machine translation. In this article, mathematical models of 6 types of pronouns related to the Uzbek
pronouns were built and translated into English based on this. New mathematical models were constructed
for each pair of corresponding pronouns in both languages. The article highlights the importance of
formalization in modeling grammatical categories for Uzbek and English when pronouns engage in syntactic
relationships during computer translation. New mathematical models for each type of pronoun are presented
as examples in separate tables. The article provides explanations of the newly constructed mathematical
models.

Keywords: natural language, incoming text, outgoing text, machine translation, English language,
Uzbek language, pronouns, mathematical model, mathematical model of words.

Kirish. Tarjima faoliyatining bugungi bosgichida innovatsion texnologiyalardan
foydalanish muammosi alohida ahamiyatga ega. Bularga asosan axborot texnologiyalari
kiradi. Inson miyasining ishlash mexanizmlarini hisoblash mashinasiga o‘rgata olsakkina,
zamonaviy tizimlarni boshgarish orgali zamonaviy sifatli va ilmiy terminlarga asoslangan
mashina tarjimasini yaratish imkoniyati paydo bo‘ladi. Tarjimani modellashtirish
tamoyillari hamda ilmiy-texnikaviy ma’lumotlarga doir dolzarb muammolarni hal etishda
tillararo tarjima moslashuvidagi ikki komponentli tarjima modeli, tilning statik tavsifi
hamda dinamik tarjima jarayoni aks etishi va tahrirlash sifatini oshirishda inson resursidan
foydalanish zaruriyatining borligini ta’kidlagan rus olimi Mapuyk Y. mashina tarjimasini
tavsiflangan tarjima modellarini tushuntiruvchi kuch, shuningdek, til mohiyatini ayni
paytda tekshirish imkoniyatini ko‘rsatuvchi, taklif etilgan ijodiy mulohazalarning
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samaradorligini oshiruvchi vosita sifatida baholagan [1]. Har bir tabiiy til (TL) matematik
jihatdan tuzilmagan va rasmiylashtirilmagan komponentlardan tashkil topgan murakkab
tizimdir. Birog TL bo‘yicha olib borilgan tadgigotlar shuni ko‘rsatadiki, tuzilmagan va
rasmiylashtirilmagan TL ni chizigli uslubiyat yordamida tuzilgan va rasmiylashtirilgan
shaklga Keltirish mumkin. So‘z tarkibini aniglash so‘zlar va jumlalar turlariga ko‘ra
mantiqgiy-lingvistik modellarni qurish va shu mantigiy-lingvistik modellar orgali TL
rasmiylashtirish uchun yoritilgan kengayuvchi kirish tilidan [2] foydalanib, matematik
modellar quriladi. Ushbu uslubiyatni tilni rasmiylashtirish darajasining sifati deb
aniglashimiz mumkin [2]. TL ni gayta ishlashda grammatik tahlil muayyan bosgichlarga
ega bo‘ladi. Grammatikaning morfologiya va sintaksis bo‘limlariga tegishli barcha
matematik qurilmalar, jumladan, so‘z turkumlarining matematik modellarini tuzish, ya ni
kompyuterning so‘zlar tahlilida tildagi barcha me’yoriy vaziyatlar gamrab olinishi
magsadga muvofiq. Ingliz va o‘zbek tillaridagi so‘z yasovchi go‘shimchalarni statistik
jihatdan hisobga olish va ularning semantik bazasini yaratish dasturiy ta'minotni aniq
shakllantirishga yordam beradi. Kompyuter uchun go‘shimchalarni alohida bazalar tarzida
ajratish, modellarini aniglash tahlil jarayonida muhim [3]. Har bir TL murakkab tizim
bo‘lib, tuzilmagan va rasmiylashtirilmagan matematik qismlardan iborat. Biroq TL
bo‘yicha olib borilgan tadgiqotlar shuni ko‘rsatadiki, TL ning tuzilishi va
rasmiylashtirilishi emas, uni chizigli uslubiyat — so‘zning tuzilishini aniglash, so‘z turlari
bo‘yicha  mantigiy-lingvistik va  matematik  modellarni  qurish ~ yordamida
rasmiylashtirilgan turga olib kelish mumkin [4]. TL tuzilgan jumlalarni tahlil gilishda
asosiy etibor uning gismlari o‘rtasidagi sintaktik va semantik alogalarga garatiladi, bunda
semantik asoslar hal giluvchi vazifani bajaradi [5]. Jumlalarini tahlil qgilish va sintez
gilishda, masalan, rus tilidan, ularning mantigiy-lingistik va matematik modellariga
muvofig foydalanish mumkin [6]. TL ni gayta ishlash jarayonining har ganday gismi
kelajakda o‘zgarishlarga duch kelishi mumkin, va bu ko‘p tilli kompyuter tarjimoni uchun
dasturiy ta'minot muhitini ishlab chigish uchun o‘z talablarini go‘yadi [7]. O‘zbek tili
agglutinativ guruhga, ingliz tili esa analitik guruhga tegishli. Shu sababli, asosiy
grammatik garama-garshiliklar kuzatilishi mumkin. Mashina tarjimasida morfologik tahlil
so‘z tarkibiy gismlarini ajratish va o‘rganilayotgan tilning grammatik goidalarini aniglash
juda zarur hisoblanadi [8]. Morfologik tahlil jarayonida tokenlarning qo‘shimchalarga
asoslangan ma'nolarini hisobga olgan holda grammatik ma’lumot olish amalga oshiriladi.
Mashinali tarjima jarayonida semantik qoidalar so‘z turkumini aniglashda ahamiyatli.
Masalan, so‘zning joy nomini ifodalashi aniqlansa, uning olmosh so‘z turkimiga mansub
ekanligi to‘g‘risida xulosa gilish mumkin [9]. So‘zlar lug‘aviy ma'nolari, morfologik
belgilari va gapda bajaradigan sintaktik vazifalariga ko‘ra o‘zaro farglanuvchi turli
guruhlarni tashkil etadi. So‘zlarning lug‘aviy va grammatik jihatdan farglanishiga ko‘ra
bunday guruhlarga bo‘linishi so‘z turkumlari deyiladi [10]. Mashinali tarjimaning A
tilidan B tiliga yuqori texnologiyasi A(G) va B(G) grammatikalari o‘rtasida 65-80%
doirasida bir ma'nolilikni o‘rnatishdan iborat [11]. Morfologik tahlil mashina
tarjimasining dastlabki bosgichlari sanalib, tokenlashtirish -> lemmalash -> stemmingga
bo‘linadi [12]. Tokenizator so‘zlarni chapdan o‘ngga garab tekshiradi. Natijada u yoki bu
so‘zning qaysi so‘z turkumiga tegishliligi aniglanadi. Tarjimon dasturimiz inglizcha-
o‘zbekcha yo‘nalishda olib borilganligi bois dastlab ingliz tilining o‘ziga xos barcha
xossalari o‘zbek tilining xossalari bilan giyoslanadi. Monografiyada [13] olmosh so‘z
turkumining affiksatsiya qoidalari bo‘yicha so‘zlar va gaplarning mantigiy-lingvistik
modellar asosida 16 xil matematik modellari qurilgan. Monografiyada [13] keltirilgan
matematik modellar olmosh so‘z turkumi uchun umumiy holda qurilgan matematik
modellardir. Bu tadgiqot ishimizda ana shu matematik modellardan foydalangan holda,
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ingliz tilidagi olmosh so‘z turkumining turlari o‘rganildi va o‘zbek tilidagi olmosh so‘z
turkumiga qiyoslab tahlil amalga oshirildi. Quyida ikki til bo‘yicha olmosh so‘z
turkumining har bir turiga yangi matematik modellar qurilgan.

Tadgigot metodologiyasi. Ushbu ishda o‘zbek va ingliz tillaridagi olmosh so‘z
turkumi tahlil gilindi, o‘zbek tilida 50 ta, ingliz tilida 60 ta olmosh turi bor. Shulardan,
ikki til bo‘yicha o‘zaro mos kelgan olmoshlar 16 tani tashkil giladi. O°zbek tili va ingliz
tili ikki oilaga mansub. Shu nugtayi nazardan kelib chigib, quydagilarni ta kidlashimiz
mumkin. O‘zbek tilida olmosh so‘z turkumlari uchun qurilgan matematik modellar orgali
biz o‘zbek tilida negizi olmoshdan iborat ana shu olmoshlarga so‘z yasovchi va so‘z
o‘zgartiruvchi go‘shimchalarni go‘shish orgali 281 ta so‘z yasay oldik. O‘zbek tilidagi
145 ta negizi olmoshlardan iborat, so‘z yasovchi va so‘z o‘zgartiruvchi go‘shimchalar
orgali yasalgan so‘zlar ingliz tiliga mos kelmadi. O°zbek tilidan ingliz tiliga tarjima
gilganimizda 136 ta so‘zlar ingliz tiliga 90 foiz ma'no jihatidan mos keladi.

Tahlil natijalari ikki til o‘rtasida tarjima sifatiga sezirali darajada ta'sir giladi.

Quyida keltirilgan belgilashlar jadvallarni ixchamlashtirish uchun olindi.
Matndagi hamma belgilashlar [13] asosida yaratildi: S(MM) — so‘zning matematik
modeli, kengayuvchi kirish tiliga go‘shimcha sifatida kiritiladi. EVX — Kiruvchi matn;
EVIX — chiquvchi matn.

O<zbek tilidagi olmosh so‘z turkumi uchun qurilgan yangi matematik modellar
quyida keltirilgan. Keltirilgan matematik modellar asosida o‘zbek tilida 281 ta so‘z
qurishimiz mumkin. Ozbek tilidagi so‘zlar ingliz tiliga tarjima gilindi. Ikki til bo‘yicha
tarjima ma'nosi semantik jihatdan mos kelgan so‘zlardan, olmosh soz turkumining har bir
turi bo‘yicha o‘zbek tilidan ingliz tiliga tarjimasi o‘zaro mos kelgan so‘zlarning yangi
matematik modellari 1 + 6- jadvallarda keltirilgan.

Natijalar va muhokama. Kishilik olmoshining 1- matematik modeli

$1i,61M LY XDL S, 151 X3

B S 1261U(AK)
Kishilik olmoshining turlanishi bo‘yicha namuna. 1- jadval
O°zbek tilida S(MM) Ingliz tilida S(MM)
Bizlargadir It is for us M1(M1,G3,Y)
=$1i,1-61 ML @4 $1-n; G3i
DI $in1-hm Ying
= ¥ $pLmMgy
Bizlardanmi g (;Z Is it from us M1(M1,G3,E,M1)
T X =$i,1-61 M1
‘T? i gﬁq,rhm G3p’]
~ B iz-hmEfa
2 3 D $pa-n ML
Bizlardangina s § Only from us M1(D,E,M1)=$ji 16 Dy
= ® = ®~L$U,1.h[]] Ep® Sz 1nmM Ljiag
Sizlardagina X S = Only you M1(M4,D,M1)=$;i 1.6 Dpi)
SS g AL $p.0m M1
Sizlarning-ku < EE = yours M1(M1,M1(X))=%(1-6) M1[i
= = J::L (‘B‘L$[i,1»h[]] M1(Xp)
Ulargami? 25S To them M1(D,M1)=$i.1-61 D
a3 >
See DL Sp0m Mg
Bizlardan M1(M1(X),M1(X3),M4) Who among us M1(M4,D,M1)=8$;i.1-6) M4i)
kim? =801, M 1@ 8, .imM1(Xg) ®4$j 1.0 Dy © Y8z 1M Ly
@ $piz.1-nm M1(X3in))
D $pi1.1-nM4in)

1- matematik model asosida o‘zbek tilida tuzilgan so‘zlarni ingliz tiliga tarjima
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gilganimizda semantik jihatdan deyarli 90 foiz mos keladi. Ikki til bo‘yicha mos kelgan so‘z
olmoshlarining yangi matematik modeli 1- jadvalda keltirilgan.

O‘zlik olmoshining 2- matematik modeli $};,15M2B XV $pi 1101X2 S $, 15 X3
S 161Uk

O°zlik olmoshining turlanishi bo‘yicha namuna. 2- jadval
O‘zbek S(MM) Ingliz tilida S(MM)
Tilida
M6(D,M3)  =$pi1-
O‘zlarimizg To ourselves 26Dt
ami M2(M2,M2(X),M2(X2M),M2(V)) S4$jj1-0mM2 (Dpy)
=$1,1-51M 2 @3 85,10 M2(X )
@ $p.1-nmM2(X2Mp)
O“zlaringiz | ®¥$1-0mM2(X3) @4 1.0mM2(Up) 5/|6(D,M3)
okU In yourselves | =$ji1-26D® 4 $pja-
nmM2 (Spi)
M2(M2,M2(X),M2(X2E),M2(X3))
s =$i.1-51M 2D B 1-0mM2(X i) M6(D,M1,M1(S))=
O‘zlarida @ ~L$u,1-hml\/l2 (X2Ep) In themselves $106Dm DL S50
(-B~L$[i,1-h[|]M2(X3[j]) rmM1g @~L$[i,1.
M2(M2,M2(X),M2(X2M),M2(U)) nmM1(Sg)
O*zlaridanc =811 M2 8500y M2(X ) From
hi DSy 10mM2(X2Mp) @S- themselves
hmM2(X3p)
&4 Sp.1.0mM2 (Ury)
M2(M2,M2(X),M2(X2M),M4) M6(M4,G3,M1)
O*zlaringiz | =$61-51M2m®&{$p 1amM2(Xg) , | =Si12eMég
kim (-B~L$U,1.h[|] M2(X2M[j])®»1«$[i,1-h[]]|\/|4m Who are you? ('Bi«$[j,1-h[]]G3[j]
@‘L$[il,1-h|]]M1[il]

2- matematik model asosida o‘zbek tilida 60 ta so‘zni yaratish mumkin. O‘zbek
tilidagi 60 ta so‘zni ingliz tiliga tarjima gilganimizda 5 ta so‘z semantik jihatdan deyarli
90 foiz mos keladi. Ikki til bo‘yicha mos kelgan so‘z olmoshlarining yangi matematik
modeli 2- jadvalda keltirilgan.

Ko‘rsatish olmoshining 3- matematik modeli. $i,17iM3[ii4 XD $ij, 151X 31 I $ik
116)U(A[k)

Ko‘rsatish olmoshini turlanishi bo‘yicha namuna 3- jadval
O‘zbek S(MM) Ingliz tilida S(MM)
tilida
Bulargami M3(M1(X),M1(X3),M1(U)) To these
? =3ri,1-26iM3[i) M3(D,M3)=$(i 1-281Diy D $pj.1-
Bulardanm | @48 1.nyM1(Xp)) Of these? no1 M3
i? Y $1,-mML(X3ing)
Bularnigin | &{$;1.1-ngM1 (Uping) Only these?
a
O‘shalarda Of those
n-ku
Bulardan | M3(M1(X),M1(X3),M4)=$}i 1-26iM3[i] Who of these | M3(M4,D,M3)=$}i,1.5]M4i
kim? @48, 1-amML(Xp) @8, 1-0m D@ $iv1-nm M3y
@4 $1,1-nmML(X3ying)
DS 1.1 Mfin)

Yugorida keltirilgan 3- matematik model asosida o°zbek tilida 72 ta so‘zni yaratish
mumkin. O°zbek tilidagi 72 ta so‘zni ingliz tiliga tarjima gilganimizda 28 ta so‘z semantik
jihatdan deyarli 90 foiz mos keladi. O‘zbek tilidan ingliz tiliga tarjimasi bo‘yicha mos
kelgan 5 ta so‘z olmoshlarining yangi matematik modeli namuna sifatida 3- jadvalda
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keltirilgan.

So‘rogq olmoshining 4- matematik modeli $i,110/M4[®¥Y XD $55, 151X3;i]

So‘rog olmoshining turlanishi bo‘yicha namuna 4- jadval
O°zbek S(MM) Ingliz tilida S(MM)
tilida
Kimlar | M4(M4,M4(X),M1(X3)) Towhom? | M4(D,M3)
ga? =3, 1-151M4 iy =$}i,1-151Dpip
DL, 1-nmMA(X ) &L $5.1-1mM3g)
@4 $1,1-nmM4A(X3ing)
Kimlar M4(M4,M4(X),M1(X3))=%i,1-15)M4i] From M4(D,M4)
dan? @ $p;,1-0mMA(Xi) whom? =$i,1-151 T
DI $in,1-ny M4(X3(iag) DL $p;.1-0m Mé
Kimlar Whom?
ni? M4(M4,M4(X),M1(X3))=%$i1-15M4i DL S 1-
Kimlar | ngiM4(Xp) Whose? | M4(M4)=$i1-
ning? | @4 $p11-hm M4A(X3[i1) 15]M4gi
Qaysilar Which
ni? ones?
Qanday What ones?
larni?
Qachon When?
larni?
Qaysilar To which? | M4(D,M3)
ga? =$ri,1-151 Drip
Qaysilar Of which? | @I$j1nmM4g;
dan?
Qaysilar In whish? | M4(D,M3)=%};,1-15]
da? Dpiy @4 $,1-nm; M3y

Yugorida keltirilgan 4- matematik model asosida o°zbek tilida 39 ta so‘zni yaratish
mumkin. Ozbek tilidagi 39 ta so‘zni ingliz tiliga tarjima gilganimizda 26 ta so‘z semantik
jihatdan deyarli 90 foiz mos keladi. Ikki til bo‘yicha mos kelgan so‘z olmoshlarining 10

tasining yangi matematik modeli 4- jadvalda keltirilgan.

Quyidagi 5- matematik model asosida o‘zbek tilida 33 ta so‘zni yaratish mumkin.
Oc<zbek tilidagi 33 ta so‘zni ingliz tiliga tarjima gilganimizda 10 ta so‘z semantik jihatdan
deyarli 90 foiz mos keladi. Ikki til bo‘yicha mos kelgan 10 ta so‘z olmoshlarining har
biriga yangi matematik modellar qurildi. Namuna sifatida 5- jadvalda keltirilgan yangi
matematik modellar yuqorida aytilgan gaplarimizning isboti sifatida keltirilgan. Xuddi shu
matematik modelning inkor olmoshi uchun qurilgan matematik modeli bo‘yicha amaliy
tahlil natijalari yuqorida keltirilgan ketma-ketlik asosida amalga oshirilgan.

Belgilash olmoshining 5- matematik modeli $[i,1/20/M5i®¥$(i, 151 X3(i]
Belgilash olmoshini turlanishi bo‘yicha namuna

5- jadval

O‘zbek S(MM) Ingliz tilida S(MM)
tilida
Barini & Everything M5(M5,M5(S))=$1i1-26iM5i]

2 D4 Sp;.0m M5(S)
Bariga g@ f To everything | M5(D,M5,M5(S))=$i.1-261 Dri @485, 1-n11y
Barida '-f§7 ES In everything M5 ;D $i1.1-n M5(Sging)
Barining 5S> = Everything M5(M5,M(S))=$ii,1-261 M5qiy 4 $j.1-ngg M5(Si)
Baridan EE), = From everything | M5(D,M5,M5(S))=$ji.1-26) D@4 $j.1-hp;

s - M5 @Y $iz.1-nmM5(Siizg)
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Barchaga Toall
Barchada Inall
Barchadan Of all M5(D,M5)=$i 1-26) D $p;,1-h M55
Barcha Everyone's M5(D,M5,M5(S))=$1-26M5i) &4 $;.1-n
ning M5(Spi))@ i1, 1-n1 M5(Sig)
Butunda All over

Inkor olmoshining 6- matematik modeli $i.vgiM6[®d$p,15 X3 (]

Inkor olmoshini turlanishi bo‘yicha namuna 6- jadval
O<zbek tilida S(MM) Ingliz tilida S(MM)
Hech kimga To no one
Hech kimdan 4 From nobody M6(D,M6)=8$i.1-261Dri
Hech gayerdan ﬁ"? From nowhere D851 n M6y
Hech kimda @ No one
Hech kimni =3 Nobody
Hech gayerda % ~ Nowhere
Hech gachonda 3 f Never M6(M6)=$i.1-261 M6
Hech narsani ® S nothing
Hech kimning = §E Nobody's M6(M6,M6(S))=$i.1-26jM6yi)
é = OY$p.1- npM6(Sp)
Hech narsada S In nothing
Hech narsadan ‘§ From nothing
Hech narsaning 5 Of nothing M6(D,M6)=$i,1-261D 1 $ 1-n M6
Hech nimada = In nothing @4 $it,1-n M6(Siay)
Hech nimadan From nothing

Yugorida keltirilgan 6- matematik model asosida o‘zbek tilida 27 ta so‘zni yaratish
mumkin. O°zbek tilidagi 27 ta so‘zni ingliz tiliga tarjima gilganimizda 14 ta so‘z semantik
jihatdan deyarli 90 foiz mos keladi. Ikki til bo‘yicha mos kelgan so‘z olmoshlarining har
biriga yangi matematik modelari qurildi. Yugoridagi 6- jadvalda namuna sifatida
keltirilgan.

Xulosa. O‘zbek — ingliz tarjimasi bo‘yicha qurilgan yuqorida keltirilgan yangi
matematik modellar asosida quyidagi xulosaga kelamiz.

Ikki til bo‘yicha mashina tarjimasini yaratish jarayonida EVX dagi matn EVIX
matn tarjimasi bilan ganchalik bir-biriga yagin ma no berishini oldindan xulosa gilishimiz
mumkin. Mashina tarjimasida so‘zlarning sintaktik va semantik tahlili asosiy masalalardan
biri hisoblanadi. So‘zlarda so‘z yasovchi va so‘z o‘zgartiruvchi qo‘shimchalar ikki tilda
bir xil go‘llanilmaydi. Ikki til bo‘yicha o‘zaro mos kelgan affiksatsiya usuli orgali
yasalgan so‘zlarda o‘zbek tilidan ingliz tiliga mazmun jihatidan to‘g‘ri tarjima kelib
chigadi. Agar berilgan EVX dagi matnda uchragan so‘z yasovchi va so‘z o‘zgartiruvchi
go‘shimchalar EVIX dagi so‘z yasovchi va so‘z o‘zgartiruvchi go‘shimchalarga mos
kelmasa, mazmunan ikki til bo‘yicha ma'nosi mos kelmagan mavhum m“anoga ega matn
tarjimasi kelib chigadi. Mashina tartimasini yaratishda aynan shu jihatlarni e tiborga olgan
holda yangi matematik modellarni qurishimiz lozim.

Qurilgan yangi matematik model mashina tarjimasida EVX dagi matnda uchragan
har bir so‘z yasovchi va so‘z o‘zgartiruvchi go‘shimchalarni EVIX dagi matn tarjimasi
uchun mosini tanlab olingan holdagina sifatli mashina tarjimasini yaratishimiz mumkin.

Foydalanilgan adabiyotlar ro‘yxati:

1. Mapuyk O.H. Mogenu nepeBona. Mozenu nepeBoaa: yued. mocodue Jist CTyA. YUpexkKISHUH BBICIL.
npod. obpazoBanus 3. H. Mapuyk. — M.: U3znarensckuii nentp «Axazemus», 2010. —176 c.

2. XakumoB M.X. Pacmmpsemblii BXOJHOH S3bIK MaTeMaTHYECKOr0 MOJIETMPOBAHHS E€CTECTBEHHOTO
SA3bIKA [V MHOTOA3BIYHOM CHTYAIlHK MAIIMHHOTO MepeBoja. - Y3MY xabapmapu, Ne 1, 2009, ¢.75-80.

3. Abduraxmonova N. MHrin34a MaTHIapHU ¥30€K THUIIHra TapKuMa Quinsh nacTypHHUHT JTMHIBUCTHK

113



QarDU xabarlari FIZIKA-MATEMATIKA 2024 3 (2)

Ta MUHOTH (coyia rarwiap muconuna). Avtoreferat Toshkent — 2018, 49 b.

4. Khakimov M. Processing of the Uzbek Language by Technology the Multilanguage Modeled
Computer Interpreter. International Journal of Advanced Research in Science, Engineering and
Technology/Vol. 6, Issee 3, March 2019, p. 8265-8270.

5. AbnypaxmonoBa H., XakumoB M.X. CemanTrdeckue 0a3bl aHTIIMHCKOTO SI3BIKA JJII MHOTOS3BIYHON
CUTyallnyd KOMITbIOTepHOTO TiepeBoaa // Tpyasl HaydHo# KOH]. «I[IpoOieMBI COBpEMEHHOW MaTeMaTHKID
(22-23 anpens 2011). Kapmm: U3n-so Kapl'V, 2010. ¢. 311-314.

6. XakumoB M.X. Mogenmn 00pabOTKH pPycCKOTO S3BIKA TI0 TEXHOJIOTHH MHOTOS3BIKOBOTO
MOJIETTMPYEMOT0 KOMITBIOTEPHOTO NepeBoaunka. M3n-so «Hayunsle myOnukanmumy, «/oCTIKEHNS HAYKH 1
obpazoBanusi», Ne3(44), 2019. c. 4-12.

7. Xakumor M.X., KagupoB b. AJropuT™mbl BBIBOJA TPEIJIOKCHHN AHTIIUHCKOTO S3BIKA JJISL CPEIbI
MHOTOSI3BIKOBOTO KOMITBIOTEPHOTO TepeBogunka. [Ipobmemsr nayku Ne 4 (52), Poccus, 2020, c. 9-20

8. Abdurakhmonova N., Tuliyev U. Morphological Analysis By Finite State Transducer For Uzbek-
English Machine Translation. Xopmxuii dhumonornya Ne3, 2018. p 7.

9. Axmedova X., Abjalova M. Algorithm Based On Linguistic Models In Machine Translation Between
English And Uzbek. GSJ: Volume 8, Issue 12, December 2020, Online: ISSN 2320-9186.

10. Rahimov S., Umurqulov B. Hozirgi o‘zbek adabiy tili. Toshkent: O‘gituvchi, 2003. 220 b.

11. XakumoB M.X. Moaenupyemasi TexHosiorust MamuaHoro nepesona // KomnpiorepHas o6paboTka
TIOPCKUX s3BIKOB. IlepBas mexayHaponmnas xoHpepeHmus: Tpymun — Acrana: EHY mm. JLH. T'ymunesa,
2013, c. 272-279.

12. Abdurakhmonova N. Representation morphological analysis in machine translation ¥36ekucronma

XOPWXKUH THIUIAp WIMHK METOAMK 3JIeKTPOH xypHai Ne 2, 2017. i 13

13. XakumoB M.X. TexHOJOTHST MHOTOSI3BIKOBOIO MOJICIUPYEMOI0 KOMITBIOTEPHOTO IMEPEBOIUHKA.

Mounorpadus JIAP IAMBEPT. Acanemuk [Tyonumunr, Pura, 2019, 174 c.

METOJbl MUHUMU3ALINU ®YHKIHN K-3HAYHOI JIOTUKH B KJIACCE
N3 BIOHKTUBHBIX HOPMAJILHBIX ®OPM

BaiixkymanoB A0aycaTtrap AOAyKaIMpPOBUY

K.(.-M.H., 1011 FOxHOo KazaxcTaHCKOro rocy1apcTBEHHOTO MeJarOri4ecKOro YHHBEPCHUTETA,
Kazaxcran, r. IIpIMKeHT

absattar52@mail.ru

ORCID: 0000-0002-4315-4734

Bepaumypoaos Mancyp AJiniepoBuY

PhD, crapmmii mpenogaBatens kapeaps «CoBpeMeHHbIE HHPOPMAIIMOHHBIE 1 KOMMYHHUKAITHOHHBIE
TEXHOJIOTHI» MexXITyHapOIHOH HCITaMCKOM akafeMuu Y30eKnucTaHa, r. TamkeHT
mansur_alisherovich@mail.ru

ORCID: 0000-0002-3031-5009

KynaiioeprenoB Anuiidaii AdbaroaeBuy

PhD, norr., noktopant, HalinoHa/IbHBINA YHUBEPCUTET Y30ekucTana, . TamkeHt
g_adilbay@karsu.uz; gudaybergenov_a@nuu.uz

ORCID: 0000-0002-2630-5182

VIK 519.711.3

AnHoTanus. VccrienoBanus, MOCBAINIEHHBIE KOPPEKTHUPOBKE PE3YNHTATOB IBPUCTUYECKUX METOJOB
Ha OCHOBE NPOTHO3MPOBAHMS, PACHO3HABAHM, KIACCU(UKAINH, ONpereaeHus abCOMOTHOTO IKCTpeMyMa
MHOTOMEPHOH (YHKITHH, aKTYaJIbHBI U IIUPOKO UCIIOIB3YIOTCS B TAKUX 00J1aCTIX, KaK METUITNHA, TE€OJIOTHS,
THUIPOJIOTHS, MEHEI[KMEHT, BBIUUCIUTEILHOM TEXHUKE. B CBS3M ¢ 3THM, BaXXHO MOCTPOCHHUE ONTUMAJIHLHBIX
KOPPEKTOPOB 3BPUCTUYECKUX aJTOPUTMOB Ha OCHOBE KOHTPOJBHBIX MaTepuaioB. [loatomy mpoBepka
MTOJTHOTHI KJIACCOB K-3HAYHBIX JIOTUYECKUX (DYHKIMIA M pa3pabdOTKa METOIOB M aJrOPUTMOB MHUHUMHU3AIIH
(GyHKOMH B KJIacCe KAHOHUYECCKHX HOPMANBHBIX (POpM, OICHKAa KOJIMYECTBA MOHOTOHHBIX (yHKImHA k-
3HAYHOH JIOTHKH, IOCTPOCHUE MHHUMAIBHBIX 0a3MCOB CIECIUAIBHBIX KIACCOB KOPPEKTUPYIOMIHNX ()YHKITHIA
JUISL KOPPEKTUPOBKU HEKOPPEKTHBIX aJrOPUTMOB OCTAETCS OJHOM M3 BaXKHBIX 3a7ad BBIYMCIUTENBHON U
JTUCKPETHON MaTeMaTUuKH.

B pabore paccmaTpuBaeTcs TpEACTaBICHWE K-3HAYHBIX JIOTHUECKUX (QYHKIMA B KIlacce
JMU3BIOHKTUBHBIX HOPMAIBHBIX (opM. MccnenyroTest pa3nudHble KJIacChl MOHOTOHHBIX (hYHKIIUH K-3HaYHOM
JOTUKH. JIOKa3bIBAIOTCS TEOpPEeMbl O COBIAJCHUM COKPAIICHHBIX M KpaTJ4alllinX JIU3bIOHKTUBHBIX
HOpManbHBIX (opM k-3HauHBIX QyHKIWA. [ onpeneneHHOro kiacca K-3HAYHBIX MOHOTOHHBIX (DYHKIIUN
JIOKa3bIBaeTCsl OlleHKa 4Yucia (YHKIUHA W3 d3Toro kiacca. JlOKa3pIBalOTCS KPUTEPHH MOTIIOUICHUS
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9JIEMEHTAPHBIX KOHBIOHKIMH OKPECTHOCTBHIO MEPBOTO IMOPSJIKA JU3BIOHKTHBHBIX HOPMaIBHBIX (GopMm k-
3HAYHBIX (QYHKIHH.

KnroueBble ciioBa: (yHKIMH K-3HAYHON JIOTHKM, [AW3BIOHKTHBHAs HopMmaibHas ¢Qopma (JHOD),
KOHBIOHKTHBHas HopmaibHas (opma (KH®D), snementapHas koHbIOHKIHA (JK), Ki1accel MOHOTOHHBIX
GYHKIUH, MUHUMA3ALU, aITOPUTMBL.

METHODS FOR MINIMIZING FUNCTIONS OF K-VALUED LOGIC IN THE
CLASS OF DISJUNCTIVE NORMAL FORMS

Abstract. In the world, research devoted to correcting the results of heuristic methods based on

forecasting, recognition, classification, and determination of the absolute extremum of a multidimensional
function is relevant and widely used in such fields as medicine, geology, hydrology, management, and
computing. In this regard, it is important to build optimal correctors of heuristic algorithms based on control
materials. Therefore, checking the completeness of classes of k-valued logical functions and developing
methods and algorithms for minimizing functions in the class of canonical normal forms, estimating the
number of monotone functions of k-valued logic, building minimal bases of special classes of corrective
functions to correct incorrect algorithms remains one of the important tasks of computational and discrete
mathematics.
The paper considers the representation of k-valued logical functions in the class of disjunctive normal forms.
Various classes of monotone functions of k-valued logic are investigated. Theorems on the coincidence of
abbreviated and shortest disjunctive normal forms of k-valued functions are proved. For a certain class of k-
valued monotone functions, an estimate of the number of functions from this class is proved. The criteria for
the absorption of elementary conjunctions by a first-order neighborhood of disjunctive normal forms of k-
valued functions are proved.

Keywords: functions of k-valued logic, disjunctive normal form (DNF), conjunctive normal form
(CNF), elementary conjunction (EC), classes of monotone functions, minimization, algorithms.

BBenenue. B Hacrosdmee BpeMs B MUPE IPOBOAUTCA MHOTO Hay4HBIX
HCCJICIOBAHUM, HAIIPABIICHHBIX HA PaCIIMPEHUE MHTETPALUU HAYKU U IPOMBILIJICHHOCTH,
B YACTHOCTH pAa3BUTHE TEOPUU K-3HAYHBIX JIOTUYCCKUX (YHKIMHA U1 KOPPEKIUU
pe3yJIbTaTOB 3BPUCTUYECKUX AITOPUTMOB. 1Ipu 3TOM BakHYIO pOJib UIpaeT NOCTPOCHUE
dbopMyll B KlacCce KaHOHMYECKHX HOPMAIBHBIX (DOpPM, KOJIUPOBAHUE DIIEMECHTAPHBIX
KOHBIOHKLIIMM W TPUMEHEHUE Ui HUX [pPaBWI CKJIEUBAHUSA, [OIJIOMICHU U
WUJIEMIIOTEHTHOCTH, TIPOBEPKA  TOJHOTBI ~ CHCTEM  KOPPEKTUPYIOIMX  (PYHKITUH.
CrnenoBatenbHo, pa3paboTka 3(G(HEKTUBHBIX YHUCICHHBIX BBIUYHUCIUTEIBHBIX METOJOB U
AJIITOPUTMOB TTOCTPOCHUSI KOPPEKTUPYIOMINX (PYHKIIUH Ha OCHOBE K-3HAYHOMN JIOTHUKHU ISt
MOBBIIIEHUS TOYHOCTH pE3YJbTATOB JOBPUCTUYECKHUX METOLOB CYUTAETCSA LEJIEBBIM
Hay4HBIM HccienoBanuem [8-11].

MeTtos! k-3Ha4HBIX JTOTHK BOOOIIE HEOOXOAUMBI JIJISl HCCIIEAOBAHUS PsIa BAKHBIX
3a/lad M3 CaMbIX Pa3IUYHBIX o0jacTteil: OWOJOTHH, MEIUIMHBI, BOEHHOTO JIefa,
aBTOMAaTHKH, YIpaBICHHUs, IUIAHUPOBAHUSA OKCIIEPUMEHTOB M T.A., T.€. BCIOAY, TZE
CYLLIECTBEHHBl HE TOJIbKO KOJIMYECTBEHHBIE COOTHOLIEHUS MEXAY BeEJIUYMHAMU,
XapaKTEepU3YIIIUMU PacCMaTpUBAEMBIE IIPOLIECCHI, HO U CBA3BIBAIOIIME UX JIOTMYECKHUE
3aBUCUMOCTH. MHOTO3HAYHYIO JIOTUYECKYI0 (DYHKIIMIO MOXXHO MPEICTaBUTh B BHJEC

Au3boHKIMKH (MHOTOMecTHOM QyHKuun «win») K vK,v..vK | roe kaxaeii uien

ABIISICTCS KOHBIOHKIIMEH (MHOTOMECTHOM (PyHKIMEH «W») TeX WM MHBIX NEPEeMEHHBIX U3
COBOKYITHOCTH, B3ATBIX C OTPHUIIAHUEM WK Oe3 Hero. K-3HauHas QyHKIUS JaeT OMUCAHUES
(YHKIIMOHMPOBAHUS YIPABIISIONIEH CUCTEMBI, a peanu3yromias ee GpopMyia, B YaCTHOCTH
IU3BIOHKTUBHAS HOpMaiibHas popma (JHD), naet onucanue cxembl 3TON CHUCTEMBI, TakK
4to wieHaMm u OykBam JIH® oTBeuaroT y3iibl U 35ieMeHTHI cxeMbl. Kak mpaBuio, K-3HauHas
(GyHKIHST ©IMEET MHOTO CyIecTBeHHO pa3nudHbiX JJH®D. B maremaTudeckoil ioruke oHU
paccMaTpUBAIOTCS C Ka4eCTBEHHON CTOPOHBL. C pa3BUTHEM KUOEPHETUKU WICHBI U OYKBBHI
JIH® cranm oTpakath 3aTpaThl 000pPYJOBAaHUS B CXEMax M ATO MPHUBJIIEKIO BHUMaHUE K
KOJIMYECTBEHHOH cTopoHe. [looToMy onmHOW W3 3amay K-3HAuHBIX JIOTHK, JUKTYEMBIX
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MIPAKTUKOM, sBIsieTcd 3aJadya MUHUMH3AlUUd MHOTO3HAYHbIX (QyHKUMHA. Pe3ynbrarhl
HCCIIE0BAaHUN HEKOTOPBIX HAIlpaBJIEHUN B 3TOW 00JaCTH, B YACTHOCTH MUHMMH3ALUUA B
OTpeIeNICHHBIX CHCTEMax MHOI'O3HAYHBIX (YHKIIMI, TOCTaTOUYHO IIMPOKO OTOOPAKEHBI B
nureparype. Iloatomy cpa3zy ke craeayer OTMETUTb, 4YTO pedyb IOWIAET JUlb O
MUHHMMH3aIIMAd MHOTO3HAYHBIX (QyHKIIMN B Kinacce JJHD.

Metononorus ucciienoBanus. PaccMoTpum MHOKECTBO (DYHKIIMI MHOTO3HAYHON
JIOTUKH, 3aBUCAIIMX OT N MEPEeMEHHBIX, T.€. MHOXECTBO (YHKIUH, OMpEeAeNCHHBIX Ha

o k
MHOXECTBE BCCX BECPIIWH n- MCPHOH k- PEIICTKU En U IPpUHUMAOOUX 3HAYCHUS U3

mHOokectBa E, = <{0,1,. . —l}. [Ipy Takol MHTEPNPETALUM CYLIECTBYET B3aMMHO-
OJIHO3HAYHOE COOTBETCTBHE MEKTY (DYHKIMAMH MHOTO3HAYHOMN JIOTUKH, 3aBUCAIIMMHI OT

N aprymeHroB, ¥ HOOAMHOXECTBAMU Nf - Erl]( . OyHKIMA f(Xl,...,Xn) u

noxmuoxkecTBO N, = Er': COOTBETCTBYIOT APYT APYIY B CIIy4ae

f(x)=

rne y € E; g{o,l,...,k—l}.

MO0>KHO cuuTaTh, YTO MHOXKECTBO Ef pasz6usaer Gpynkumo | Ha psaag moxdymkmuit

7, If xeN;
0, if xeEF\N,"

f71 (X) yoooy f}/ (X) da MHO>KCCTBO N ¢ “Ha IIOIIAapHO HCIICPCCCKAOIUCCA IIOAMHOKCCTBA
m

Ny oo Ny Lmne m=|E|,

0,if f(x)=y
N ={a:(ae Er‘f)/\(f(a)

JIerko 3aMeTUTh, 4YTO
f (a) = m;’ialx{ fy1 (a),..., fym (a)}

DO YHKIUIO f ) (X) MIPUHHUMAIOIILYIO TOJIBKO JBa 3HAYEHUS (0 uy ), OyJieM Ha3bIBATh

Il
B
N —
—
Il
3|
3
N—
——

KBa3uOYIIEBCKOHA, a mpeicTapnenne GyHkimu | (Xv ceey Xn) B Bujie (1)-kBa3uOyIeBCKUM

TIpe/ICTaBIIEHIEM MHOTO3HAYHOM JTorimueckoi Gpynkmun | (Xv ey Xn) .
Benem ¢dynKIMIO
3y (x)= TR XM M cE —(012.. k-1
M = 0, it XEM,rne cke =V1L14.., .

DOnemeHntapHoil kKoHbIOHKIMEN (DK) Ha30BeM BhIpakeHUE
2A=min[ Iy, (%), I, (%,),7 |- rie =M, CE,.(j=1n),

Jlanee myis KpaTKOCTH (HOPMYITBI max[Qll,...,le] OyayT yCIIOBHO 0003HA4YaThCsl Kak
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m
D/IAVIRIRVA), i =_\/_1 2.1 ecim 2. ecrp amanmor DK, T0 ykasannas ¢opmyna Oymer

Ha3bIBaThCS TU3BIOHKTUBHON HOpMalibHOH hopmoii(IHD).
O6nacteio ucturHoctd DK 2 HazoBem o6mactsb Nm , B kortopoii 2 npunuMaer

n
3nayeHue Y. Jlerko BuuaeTrh, 4YTO 00JACTBH NQI :| IM ; ©€CTb TOpeIIeTka
=L

k K
(moamuoxkecTBo MHOkectBa E. ) pemerkn E; . Ilpn Ttakom reomerpuueckom
k
paccmorpennn DK cootserctByer noapemetka Ny , pemerkn E; .
n n
Panrom DK 2l nazoBem umcio I’(Q{) = Z(k —‘I\/I j ‘) =kn - Z‘I\/I J- ‘
-1 =t
t . -
®opmyry, MM =vA rme Bce 2, ,(I =l,'[) - DK, Ha30BeM AW3BIOHKTHBHON
=1

HOpMaJIbHOU (DOPMOIA.
3aMeTuM, YTO KaXIO0H (QyHKIHH f(Xl,...,Xn) MHOTO3HAYHON JIOTHKH COOTBETCTBYET

HernycTo# knace JJH®, peanmsyrommx nanayro GyHKIHIO. MHOXXECTBO BCEX MHTEPBAJIOB,
cootserctBytommx DK onpenenennoit JIH® u3 sroro knacca, onpegensier nokpsitne N

k k
noapewerkamn pemerkn E. . Orcroma cnenyer, uro moamuoxectea M C E| moxno
3a7aBath npu rmomoru JJHO.

k
Iycts | = { Ny, }, €CTh HEKOTOPOE TIOJMHOXKECTBO HoApemeTok u3 B
Hoxpemerxy N g € | nazoBem makcumanbHOI oTHOCHTEMBHO M, eciu He cymiecTByeT B
| nompemerkn N, taxoit, uto Ny # Ny n Ny D Nj.
st mpenctaBieHust (GyHKIIAU f (Xl,. oy Xn) B Buae JH® wmbl paccmarpuBanu ee

xBasubynesckoe npencrapnenme: f =1f v...v f npuvem yy <y, <...<y,.

3amMeTuM, 4TO Ui OAHON U Toii xe (ynkuum f (X) MOJKET CYLIECTBOBATh HECKOJBKO
SKBHMBAJIEHTHBIX KBa3HOYJIEBCKUX Ipe/icTaBiIeHu. B camom nene,
f=1 f f =1 f

= 71\/"'\/ Yo = ylv...\/ !

rqu:N%uQUQQUNWU:Mﬂ.

j>i

M1 pPaccMOTPHUM TOJIBKO OAHO «MAaKCUMAJIBHOC) IMPCACTABICHUEC

f'=f/v..vi meN, =UN, (i=1m).

j=1 7j
Beizenum Bce MakCUMalbHBIE MOAPEIIETKH NB‘- ,(I :1,m) colepKalecs B ny,_
J i

i
uMerolmue Hemycroe mepecedenne ¢ N, m Takwe, 4To 3HayeHHe Bj paBHO }; B

Ny (i=1m). |
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mli

i . . . .
JHO® M=V v Bj HA30BEM COKpAIEHHOW JTU3BIOHKTUBHONW HOpMalbHOU (hopmMoit
i=1 j=1

byHKIUN f(X).

HOKpBITI/Ie MHOXECTBA Nf MaKCUMaJIbHBIMU MOAPCHIETKAMKU HA30BEM HCIIPHUBOJHUMBIM,

€ClIM Toclie ynajeHus J1t0o00il M3 BXOISAIIMX B HEro IMOJAPEHIETOK OHO MepecTaeT ObITh
MTOKPBITHEM.
JIH® peammsyromas ¢yHkimio f , Ha3pIBaeTCS TYNHKOBOH €CIM €l COOTBETCTBYET

HCIIPHUBOJAUMOC ITOKPBITHEC MHOKCCTBA N £ e

Paccmotpum  pyHKITHIO F(Xl,...,Xn) MHOIO3HAYHOM  JIOTMKHM, 3aJaHHYK0 Ha
McEF(X)=y; . eom xeM;,(j=1m), m<k,y eE,M=UM, =

i=0
MM =@ npu (i # j,i, j=0,m).

[Ipruem ]/1<...<)/m,]/O=O.

Takum oOpa3zom, F(Xl,...,Xn) onpezeyieHa 3aJaHUEeM IONAapHO HENEpPeCcEeKaroINXCs

muoxects Mg,...,M

n - OyHKIus F(X) 3aJlaHO0 BOOOIE TOBOps, HE Ha BCEM

MHOKECTBE E: . CymiecTByIOT pa3jivyHble O ONpeaesieHus B Kiacce (GyHKIUN F(X),

MHOT03HAYHOM JIOTHKH, HE YKBUBAJICHTHBIE MEXKTYy COOOI.
Hameit 3agaveit sBisieTCS HAXOXKIAECHUE NPOCTEHMIIMX, B HEKOTOPOM CMBICIE, O
ONPEACIICHUMN.

. (i=1mj=0,1,)

Z[J'ISI F(X) BBIACIIMM BCC€ MAKCHUMAJIBHBIC HWHTCPBAJIbI NB
i

1
“\ M
coxmepxkammecst B E M, , umeromme Hemycroe mepeceuerne ¢ M, rtakume, uro
v=0
sHavenme Bj pasmo 7.
m Ii A
| o ) o
JHO® M =\/\/B; mnazosem cokpamennoit HopmambHo# dopmoit s F(X)
i1 j=1

HerpyaHo Buznets, uto JJH® 751 0nHO3HAYHO ompenensercs pyHkimen F .
VKaxkeM Ternepb TOYKH, B KOTOPBIX NPH M3MEHEHWM 3HadeHuid QyHkuuum F (mepexonm
!
F') menstrorest 3Hauennst Nyrp (MEpexon K Myre: ).
O0cyxnennss u pesyabrarbl. MoHOTOHHBIe (pyHkumuu k-3nauynoi Joruku. Ha
MHOXECTBE & PacCMOTPEM HEKOTOPHIl mopstok. Jist fByx HabopoB I=(ay, @, ..., @, ) 1

p= ( B Borey ﬁn) BBINOJIHSIETCSI OTHOLIEHUE IpEeALIecTBOBaHUA I < f, eciu ¢; < 3 10
JaHHOMY MOPAIKY Juis J1rodoro i =1,n.
Onpenenenne 1. ODynkuus f (Xl, ) S Xn) K-3HauHON JOTWKH HAa3bIBAETCSA

MOHOTOHHOM IIO JaHHOMY TIOPAAKY, CCIIM IJIsA JHOOBIX Ha60pOB a u ﬂ TaKHX, 4YTO
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(S < ,5’) umeer mecto f (o)< f(f).

Ecmn 0<1<2<---<k—-1, To MHOXecTBa (PYHKIIMH, MOHOTOHHOH MO TaHHOMY
MOPSAKY, COCTABIISET KJIACC MOHOTOHHBIX (PYHKINH K-3HAUYHOMN JIOTUKH.
Teopema 1. Coxpamennas JIH® monoronnoii pynkunn f, k-snaunoit noruku ot

N mepeMeHHbIX & cocTouT u3z DK K*, MPUYEM HKCIOJIB3YIOTCS TOJKO JJIEMEHTApHBIE
dbopmynsl  BUaA J[a_kfl](x) , 0<a<k-1, b sgBagercs eIWHCTBEHHON MHHHMAJILHOMI

(xpatuaiimeit) JIH® ¢pynkmun f .

JokazaTesbcTBO. a) mycth K =J; ()(1)'\]T2 (Xz)'---‘JTn (X,)-7,rme T, :[aj,k—lj, =1,
0O<a; <k-1 T, =[b]u[a,k-1], b<a.

Torna xouptonkuus K, a snaunt u ¢ynkumu f, npunumaer sHauenuwe y Ha Habope
A=(8y,8,0 31, 8, By &)

U3 ycnosus monoronnoctn Qymnkuuu f, ciemyer, uro nis moGoro mabopa b TaKoro,
4TO b>a, fy (5) =7, CIIEI0BATEIHLHO CYIIECTBYET 2K
K’:JTl,(Xl)-JTZ,(Xz)-...-JTn,(Xn)-)/ rae Tj' =T, =i, T =[b.k—-1], mms xoropoii
U,cU. gva, un OK K He sBisieTcs MakcumanpHoi it U .

0) mo mokazaHHoMy Kaxaas MakcumanbsHast DK K ¢ynkuuu umeer Bua

K= J[al,k—l](xl)"][az,ku] (XZ)"""][an,kfl](xn)'y’

0<a,<k-1, j=1n

IMokaxem, uto Habop &= (al, Ay, an) sIBISETCA SAPOBBIM s ymkumm f, . T.e. B

coxpamennoi JIH® dynkuun f, mer 9K, xpome K, mpunumaromiedi 3Hauenue y Ha

3TOM Habope.
JleiictButensHo, ecnun 6bl B cokpamennoir JH® ¢ymkmuu f, 6pma K K'

NIPMHUMAIOIIAs 3HA4YeHUs ¥ Ha Habope &, TO M3 YCIOBHMS MOHOTOHHOCTH (yHkuuu f,
cnenosaiio Ob1, uto DK K' mpuHumaer 3Hauenne y Ha Bcex Habopax b rtakwx, uto b >4,

to Ttorma U, cU,., uro mpotuBopeunt yciosuio MakcumaibHocT DK K . Teopema

JIOKa3aHa.
Caencrue. Cokpamiennas JIH® monotoHHOM (yHkumu f K-3HauHO# noruku ot N

nepemenHnx octout u3 DK K* u spnsercs enuncTsenHoit Munnmansaoit JIH® ¢yHximm
f.

Jloka3zaTeabcTBO. MoHOTOHHast QyHKuus f obnagaer cleayomMM OYEeBHIHBIM
CBOMCTBAaM: JUIsl JFOOBIX CPaBHUMBIX HaOopoB d€ N u beN , BBIIIOJTHSCTCS b>a npu
y <@ . Cnenosarenbno, DK K , Bxomur B cokpamennyo JH® dynkumn f,
(7/ € {gk / 0}) , HE coJiepaKaTcsl aieMeHTapHble (popMynbl Tuna J, (X), IJIe MHOXECTBO |

MpEACTABJIACT €000 HECBI3HBIE MHOXKECTB TOUEK U3 E-
BTOpOC YTPCKACHUC OOKA3BIBACTCA MCETOAOM TCOPEMbI 1, npuiyeM SAApPOBBIMU  JJIS

byaxkuuu f Oymyt HaGOpHI a:(al,az,...,ah)s oK
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K =30y (X)) I (%) I 5y (%) 7

CreacTBHE T0KA3aHO.
Jns dymkmmii xmacca S 9K cocromt m3 smementapubiX dopmyn Buma Jr(X), rae

T c{&/0}.
Ecnu mis monoToHHbIX ¢QyHKimi f K-3HauHoW noruku cokpamenHas JJH® spnsercs

CIMHCTBEHHOM MHHUMAaIBHON, TO s (QyHKIMHA Kiacca S Takoe CBOWCTBO HeE
BBIIIOJIHSIETCS, YTO JIEMOHCTPUPYET CIEAYIOIIHN
[Mpumep. k=3, n=3.

Iycrs  ¢ynkums  f(X.X,, %)  npunmvaer  sHasemms | Ha  mHaGopax

(0,1,1),(1,1,1),(1,2,1),(2,1,1),(1,2,2) u 0 B OCTaIbHBIX CITydasx.
Coxpamennas JH® dynkiuu f umeer Bun;

D, (f)=3,(%)-3,(%)v Jl(&)-Jz(xz)-J[lyz](x)v Jl(x1)'3[1,2] (%,)- 31 (%),
a musumManbHas: Dy (f)=J,(%,)-J3;(%)v Jl(x1)'J[1,z] (%,)- 3, (%)
IMporecc nepexoaa ot cokpaineHuoi JJHD® ¢yukiun f K-3Ha4HOM JIOTHKH K TYMHKOBON

MOXKHO Pa30bITh Ha 3JIEMEHTApHBIC IIArd, KaXKIbIH M3 KOTOPBIX IMPEACTABIIAECT COOOM
ynanenue u3 JJH® D, momyuennoitna npeapiayniem mare, ogaoi DK K. Vnansemas DK

m
takoBa, uto U, < UU, , roe K ; — HEKOTOpbIe DK u3 IH® D, otimunsie ot K.
SR

B [4] onucan kpuTepuii MOKPHITUS UHTEPBAIa CYMMOI APYTrUX UHTEPBAIOB A (pyHKUIUN
f K-3mauynoit mormku. s ¢yskuumii f kimacca S gaHHBIM KpUTepblii mMeer OoJjee

mpocTyro Gopmy.
OK K, n K, naspBatorcs oproroHanenbiMu, ecan K -K, =0 . HupiMu cioBamuy,

KOoHbIOHKIMM K, m K, oproronampHsl TOoraa M TOJKJI TOTAa, Koruaa UKl U K, = .
OuyeBUIHO, UTO TIPH UCCIIEAOBAHUH TOTIIONMIEHHUSI HEKOTOPhIM Habopam DK {K i } j=1m

OK K nocrarouno pacmorpers numb Te DK, kotopble HeoproroHambHbl K. Jlis
MIPOBEPKU OPTOTOHANBLHOCTH TPOIIE BCETO BOCIOJI30BATCS CIEAYIOIIMM CBOMCTBAM: IBE
OK' oproroHanbHbl TOT/@ ¥ TOJBKO TOrJa, KOTJA CYIIECTBYET IEPEMEHHAs X, IJIs

KOTOPOH B DJIEMEHTAPHBIX (OPMyJIax ‘]le (x)m .]Tj2 (x, ) Bemomusiercst T, NT7 =,

JH® D , peanmsyromas ¢yukmuto f , mormomaer DK K, ecnim K ()N() < D()N() TUTS
aroboro X =g, .

Urax, mycts K =J; (Xl)-JT2 (Xz)‘---“]n (XI)‘}/.

OueBuano, uro K wmoxer mnormomarbcs Jumb TeM Habopam 2K {K J.} , KOTOpbIE

NPpUHUMAIOT 3HAYCHUA U3 {0,}/} , HO3TOMY pPACCMOTpUM IMPOLECC IIOITIOMICHUA Ha

npuMepe KBasuOyneBckoi pynkiuu f, .

ITo xaxnonn DK {K j}, j=1Lm nocrpoum OK K, 3aMeHHUB dlieMeHTapHbIe (HOPMYIIbI
J; (X), BeTpevaromuecs B K; Ha ‘][l,k—l] (X)

Ouesnyno, uto Uy Uy, Uy m(UD /UK1)=®.

BBeeM B pacCMOTpPEHHE MHOMKECTBO &, - COBOKYIIHOCTH BCEX HAOOpPOB U3 &, , Y
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KOTOPBIX t ICPBBIX KOOPpAMHAT IIPUHHUMAKOT 3HAYCHUA U3 {Sk /O} , a OCTaJIbHbIC

MIPOU3BOJIbHBI.
m
Teopema 2. Jluzptonkuus D=V K ; TIOrJIONIaeT OK K Torma m TOJIBKO TOrnma, Koraa
j=1
m

m
VK; =y must moboro K= g, 1.e. ecmn V K, = gt
j=1 j=1

Joxka3zarenbcTBo. Heodxonumocts. I[lycte D mormomaer DK K. [lokaxkem, 4to mipw
¥ G n.t

stom VK, =y mis moboro X =g . IIpeanonoxum, 410 570 HE TaK, T.€. CYLIECTBYET
=

m
Habop J TakoH, YTO VKJ.(S )=O. Ob6osHauuM 4epes X, ,...,X MCPEMCHHBIC, HE
j=1 P

BXOIAIIMUEC HU BOAHY OK u3 D. O‘IGBI/I,I[HO, YTO 3HAYCHHUA OCTAJIbHBIX IMEPEMCHHBIX HE

m
BIMAIOT Ha 3HaveHue Beipaxenus V K, [1,3].
=1

~

3uavenne (ynkumu f Ha maGopax J Oyaem oGosmauars uepes [ f|J . Torma moxuo

3a11ucaTb

=

[\m/K}{S}EO: )

~

rac {‘I} - MHOXKCCTBO Ha60pOB, Y KOTOPBIX (X11X21""Xt) KOOpAWHATBI IIPHUHUMAIOT

BCEBO3MOJKHEIE 3HAUYEHHSA W3 {gk / O} , a OCTaJbHBIE (n—t) KOOPJMHAT TaKHe, 4TO
BbInonHseTcs (2). OTcrona moiydaeM, uTo [KJ{J}zO I BCEX j:l,_m , TIO3TOMY
[D] 5 =0.

OnpenenM 3HAa4CHUS OCTANBHBIX NepeMeHHbIX, Bxomsammx B K (K #0 na Uy, Tak kak

K meoproronamsHa D) Tak, uto K oOpamaercs B y Ha 3tHx HaOopax. [lepeceueHus

ATHX JBYX HAOOPOB ONpeAessieT 3HaueHHsI BCEX NMEPEMEHHBIX TakuM oOpaszom, uto D
npuauMaet 3HaueHne 0 Ha sTom MHOXecTBe, a DK K 3Hadenme y . D10 mpoTuBOpEUUT

yenosmio K (X)< D(X) mist moboro X = &, C1e0BaTeIbHO, PEIOIOKEHHE O TOM, 4TO

m
VK, #y Ha £ N0KHO, U HEOOXOAMMOCTh YCIIOBHS TEOPEMBI J10KA3aHa.
j=1

m
Hocratounoctb. Ilycts BbionHeHo yciosue teopemsl, T.e. UU, =g . Torma
EN

U, cUU, ,Ho UKm(GUK UUJ:@.
J j=1 ]

! =

m
Cnenosarensro. U, < UU, .
IER

TeopeMa noka3ana.

BoiBoabl u mpensioxkeHusi. B pabore mpemsiokeHo mpencTaBieHHe K-3HauHBIX
GyHKIMH B Ki1acce TU3BIOHKTUBHBIX HOpMalbHBIX (GopMm. MccnenoBaHsl MOHOTOHHBIE
¢byukun k-3HayHoM soruku. JlokasaHbl TEOpPEMBI O COBMAJEHUM COKPAIIEHHBIX U
kparuaiimux JIH® k-3Haunbix ¢ynkuuid. Jns omnpeaeneHHoro kiacca k-3HauHBIX
MOHOTOHHBIX (DYHKIMH BBIYMCIEHO 4MciI0 (GYHKUMH M3 3TOro kiacca. llpemnoxeHs
KPUTEPUU MOTIIOILIECHHS DJIEMEHTAPHBIX KOHBIOHKIUN OKPECTHOCTBIO IIEPBOT0 MOPsIKa.
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DIRICHLET BOUNDARY VALUE PROBLEM FOR A MODEL OF
INHOMOGENEOUS POROELASTICITY DESCRIBED BY THREE ELASTICITY
PARAMETERS

Rakhimov Abror Maxmud o‘g‘li
Karshi State University, graduate student
abrorraximov2094@gmail.com

ORCID: 0009-0006-1890-3111.

UDC: 517.925

Abstract. Mathematical modeling of wave processes makes it possible to determine the values of the
propagation velocities and absorption coefficients of elastic seismic waves depending on the material
composition of the fluid-filled reservoir, its structure and the influence of the environment. A mixed problem
is considered for a poroelasticity model described by inhomogeneous equations with three elasticity
parameters in a reversible hydrodynamic approximation. Using the Fourier method, a solution to the mixed
problem was found and the effect of porosity on the propagation of acoustic waves was shown. As a result,
we obtained a formula for solving a mixed problem for a one-dimensional inhomogeneous system of
poroelasticity equations, which is described by three elasticity parameters in a reversible hydrodynamic
approximation. This solution is unique in the classical sense. The resulting formulas can be used to test
numerical methods for solving problems of wave dynamics of poroelasticity.

Keywords; porous medium, mixed problem, poroelasticity model, direct problem, slow wave, porosity,
Dirichlet boundary value problem.

Annotatsiya. To‘lgin jarayonlarini matematik modellashtirish suyuglik bilan to‘ldirilgan
rezervuarning moddiy tarkibiga, uning tuzilishiga va atrof-muhit ta'siriga garab elastik seysmik
to‘lginlarning targalish tezligi va yutilish koeffitsiyentlarining giymatlarini aniglash imkonini beradi.
Magolada gaytariladigan gidrodinamik yaginlashuvda uchta elastiklik parametrlari bilan ifodalangan bir
jinsli bo‘lmagan g‘ovak-elastik muhit modeli uchun aralash masala ko‘rib chigiladi. Fure usulidan
foydalanib, aralash masalaning yechimi topildi va g‘ovaklikning akustik to‘lginlarning targalishiga tasiri
ko‘rsatildi. Natijada, biz bir o‘Ichovli g‘ovak-elastik muhit tenglamalar sistemasi uchun aralash masalani
yechish formulasini oldik, bu esa teskari gidrodinamik yaginlashishda uchta elastiklik parametri bilan
tavsiflanadi. Ushbu yechim klassik ma'noda yagonadir. Olingan formulalar g‘ovak-elastiklikning to‘lgin
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dinamikasi masalalarini yechishning sonli usullarida foydalanilish mumkin.

Kalit so‘zlar: g‘ovak muhit, aralash masala, g‘ovak-elastiklik modeli, teskari masala, g‘ovaklik, Fure
metodi, Dirixlining chegaraviy masalasi.

Introduction. For applied problems of the theory of elastic wave propagation it is
often required to take into account the medium porosity, fluid saturation of the medium,
and the hydrodynamic background. Similar questions arise in seismology (see [1]-[3] and
the references therein). The nonlinear mathematical model for a fluid-saturated porous
elastically deformable medium constructed in [4] is based on three main principles: the
conservation laws, the Galileo principle of relativity, and the consistency of the equations
of saturating fluid motion with thermodynamic equilibrium

%p+divj:o, i= oty + pyU;

§+div(51j=o, p=pr+ps,
ot P

on
—— +div(pu,) =0,
o (auy)

o0,
%Jr OkjOiUyj + 950Uy j +U1j0; Qi =0,

% +divQ=0,  p, =const./det(gy) .
)i

it Ok (psuliulk + PsUgilUgi + POy + 1y G ) =0,

2
~ Uy, TS|.
Qx =[,u+—22 +_p ij + Pg (Ug, Ug = Up Uy + Uy O

aUz Vp Ps

h
E+(u2,v)u2 :——+2—V(u1—u2)2 — K

2p

Here, u, is the velocity of the elastic porous medium, u, is the velocity of the
saturating liquid, p=p, +ps, ps, p, are the density of the continuum, the partial density
of the porous body, the partial density of the liquid, respectively, g;. is the metric elastic
strain tensor, hy is the stress tensor, e and S are the energy and entropy of unit volume,

u is the chemical potential, T is the temperature, p is the pressure, and j, is the relative

momentum. In this case, the first law of thermodynamics is satisfied by the system under
consideration

VO -

i 1
dey =TdS + 2 p + (U — s, dj,) "‘Ehikdgik :

Research methodology. Consider the process of wave propagation in a porous
medium in a reversible approximation, described by the 1D inhomogeneous system of
equations

o%u o%u o%u

at21 o ale 2 axzz =Fu (21)
o%u o%u o%u

at22 oA ale "o 8x22 =F2, (22)

where the partial densities p, = pf (1—d,) and o =p,fd0, pd and p,f— are the physical
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densities of the elastic porous body and liquid respectively, d,— is the porosity,
A+2 A+2ul3 A+2ul3
11 = ﬂ+£l3a3+—éljps_—'u’
P p
o A+2ul3 A+2ul3)\p
8y = 7 —

Ps

pog+
Ps P

+/1+2y/3jﬂ_ﬂ,+2y/3
p p P
/1+2/4/3Jﬂ
p p
as, A, u —are the elastic parameters of the porous medium.

Let us consider the Dirichlet boundary value problem for the system of poroelasticity
equations (2.1), (2.2) with the Cauchy data and boundary conditions [8]:

2
ay = [P 03

2
a2 Z(P az+

0
Ul =2 (%), ah =y (x) 0<x<I (2.3)
ol
ou,
Ul o =2 (), == =w(x) 0<x<I (2.4)
ot t=0
u; (0,t) =u, (1,t) =0, u,(0,t)=u,(I,t)=0,t>0. (2.5)

It is convenient to introduce new functions d,, F, and d,, F,instead of u,, Fand u,,

F, by the formula
~ F =
Mgt o) b (2.6)
u, a, F F,

2 2
T :[Cll —8x»n C,—ax

where

ay ay

c|f=B*[1+ /1—%], o =B{1— /1—%],

B*:a3,02 L At2ul3| A+2u p

£ 1],
3
2
A+—u
b*=(ﬂ,+2,u)(i—£j A+opl3 1- 3 +053p2 .
Ps P p A+2u

Then the system (2.1), (2.2) is equivalent to the two string equations
0 2 0%

atZ —C|1 ax—z = Fl’ (27)
%y 20, = 28
o &

By the formula (2.6), we obtain the following boundary value problem for ¢, and
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2+ 25
T ThoR0cxe 10
X
2

l,
= o+ @y, 0<x<I
G, =G, a2 (le - C|22) : (2.9)

dyy —C

ol 1 az, —Cj,
i N I <x<
ot 2 21t 7 2 V2 0=x=<lI
t=0 €, —C ax(ci —¢j)

(4,(0,t) =0y (1,t) =0, t>0

2~ 2~
8U2 26“2

=F,, 0<x<l, t>0

oz ox?
2
Upl,_o = A i Py, 0<x<I 2.10
=0~ 2 _ 2 2_ 2P V=A=L _
G, — G, ay, (G, —¢j)) ( )
2
ou 1 ¢ —a
G| _ 2 T2, 0<x<I

141
2 _ 2 2_ 2
ot b G, =G, ap, (¢, —¢iy)

(0,(0,t) =0,(1,t) =0, t >0

The solution of (2.9) and (2.10) can be constructed by superposing the unique
solution of homogeneous boundary value problems corresponding to (2.9) and (2.10), with
the unique solution of the problems

——-¢—==F,0<x<l, t>0

V. =0, 0<x<l

theo , (2.11)
M o 0<x<l

at i

2 2

a_sz_Clza_sz:,fZ' 0<x<l, t>0

ot )

Vv =0, 0<x<I

2heo (2.12)
Mol _p, 0<x<l

ot oo

v,(0,t)=v,(I,t)=0, t>0

The problem (2.11) can be solved by reducing it to the Cauchy problem for the
inhomogeneous wave equation, by odd reflection of F(x,t) with respectto x=0 and

x=1I.

Another approach is to expand F,(x,t) in the Fourier sine series

where

R =Ry (t)sin@, 0<x<l,
)

|
Fln(t)zlzjlfl(x,t)sin@dx, neN. (2.13)
0

125



QarDU xabarlari FIZIKA-MATEMATIKA 2024 3 (2)

Let us try to find a solution v, (x,t) of the form

vy (X,t) = ZVm (t)sin—- n

7Z'X

(2.14)

where
Vi (0) =V, (0) = 0. (2.15)
Formally, substituting (2.14) into the wave equation, we get

2
vy () { il ] Vin () = Fin 1)

The last linear second-order ordinary differential equation with initial conditions
(2.15) has the unique solution

| : LAY
vln(t)_mj. Ry, (7)sin | (t-7) |dz. (2.16)
1 0

The solution of (2.11) is (2.14), where F,,(t) and v,,(t) are determined by (2.13) and

(2.16).
It is known that the unique solutions of homogenous case of the problems (2.9) and
(2.10) are expressed corresponding by the formulas [8]

] nzc nz
ml(x,t)zZ{A1 cos — b t+B,sin I % thI n7|rx’
n=1

X NzC . hzc nX
m2(x,t):2[cncos |'2t+Dnsm |'2 t}m IL

n=1

where

| 2
2 1 2 —G X
A’I:_J. 2 2 ¢l+ 2 22 §02 Slnl_dx’ n:l’2'5(217)
G, —Ci ay(c, —¢i)

I 2
2 1 A —G . N7X

n7c o a(Ci = i)
I 2
¢ —a
_TZJ . > 222 ?) sin” I "X i, n=12.. (219
0 ¢; —C| azz(C| -G,
|
2 1 C| —dy . NzX
Dy = .[ Wit Ve pfin—dx, n=12.... (2.20)
nzc, ol G —Ci 8(G, =¢i,) |
2 2 1 1 2

According to the above statement, the solution of problem (2.11) is represented by
the following formula

0 (x,t) =V (x,t) + my(x,t) =
nzc L
Z Ahcos 1t+anin Illt sin@+2v1n sm@, (2.21)
n=1 n=1

By the same way we find the following solution of the problem (2.12)
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Uy (X,t) =V, (X, 1) + my(x,t) =
® nc nzc ®
Y| C,cos il % t+D, sin Ty sin@+2v2n(t)sin@ (2.22)
n=1 I n=1
where
t
Vo (t) jFZn Sm[ (—f)]df , (2.23)
2 0
Fy (1) = Izjﬁ(x,t)sin@dx, neN (2.24)

0

Returning to u; and u,, we obtain the general solution to the equations (2.1), (2.2)

with (2.4), (2.5) and (2.6) conditions

uy (x,t) = (¢} —azz)[Z{A] cos C'1 t+B,sin i

=1

| C, t}sinT +Zv1n (t)sm—}

n=1

- azz){i{cn cos -

c _nm X
I Lt + D, sin I b th I—+Zv2n(t)smli]
n=1

2 nzc nzc,
UZ(X't):an[Z[Ah cos— Lt + B, sin t}sm|—+2vln(t)sm@J+
n=1

£ nzc nzc, nrz X
321(2(0 cos—, — 4D, sin I 2thml—+z“v2n(t)sm|LJ

n=1 =1

where

_ . . (NG
V1n(t)=WIF1n(T)Sm( Il(t—T)de,

ho
H

2 "3122—C|22 . nzX
Fin () = (—I)I(Fl(x,tﬂ - Fz(x,t)Jsml—dx, neN

21

\72n (t) =

. J.Ifzn(‘l')sin[mzlq2 (t—T)de,
I 0
|

= 2 CF —ag . NzX
Fon() = — Z)I R, (x) - R (kD) [sinT T dx, neN
21

I(cI1 -C)o

(2.25)

(2.26)

(2.27)

(2.28)

Results. Theorem 1. Let @(x), 9,(x)eC?[01] , @fx), py(x) are piecewise

continuous w4 (x), w,(x) €C[0,1], w{(x), w5(x) are piecewise continuous, and
@ (0)=¢{(0) = (1) = (1) =0
v1(0) =y, (1)=0
?2(0)=p2(0) =@ (1) =2 (1) =0
w2(0)=y,(1)=0

(2.24)

(2.25)

Then the functions (2.25) and (2.26), where the coefficients A, B,, C,,D,,, V,(t)
and v,,(t) are determined by (2.17), (2.18), (2.19), (2.20), (2.27), and (2.28) are the unique
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solutions of the problems (2.1) and (2.2) with conditions (2.3), (2.4) and (2.5).

Conclusion. Thus, we have obtained a formula for solving the Mixed problem for a
one-dimensional inhomogeneous system of poroelasticity equations, which is described by
three elasticity parameters in a reversible hydrodynamic approximation. This solution is
unique in the classical sense. The resulting formulas can be used to test numerical methods
for solving problems of wave dynamics of poroelasticity.
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MIXED PROBLEM FOR A POROELASTICITY MODEL DESCRIBED BY
HOMOGENEOUS EQUATIONS WITH THREE ELASTICITY PARAMETERS
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Karshi State University, graduate student
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ORCID: 0009-0006-1890-3111.

UDC: 517.925

Abstract. We consider the mixed problem for poroelasticity model described by homogeneous
equations with three elasticity parameters in a reversible hydrodynamic approximation. We find a solution to
the mixed problem by the Fourier method and show the influence of porosity on the acoustic wave
propagation.

In geophysics, the kinetic parameters of rocks carry information about the structure, composition and
conditions of occurrence of rocks; they also contain information about the lithology of rocks and the nature
of their boundaries, fracturing, porosity, the presence of various types of faults and local inclusions, as well
as the composition and phase state of fluids-fillers of the pore space of reservoirs. Mathematical modeling of
wave processes makes it possible to determine the values of the propagation velocities and absorption
coefficients of elastic seismic waves depending on the material composition of the fluid-filled reservoir, its
structure and the influence of the environment.

The revealed features of the attenuation of seismic waves in fractured-porous media with the
simultaneous manifestation of multiple electro seismic effects cannot be reconciled with the simplest models
of the ideal theory of elasticity and Frenkel-Biot-type media.

In [7], a mathematical model of the propagation of nonlinear waves in a porous elastically
deformable medium saturated with liquid is proposed.

Keywords. porous medium, mixed problem, poroelasticity model, direct problem, slow wave, porosity.

Annotatsiya. Maqolada qaytariladigan gidrodinamik yaginlashuvda uchta elastiklik parametrlari
bilan ifodalangan g‘ovak elastik muhit modeli uchun aralash masala ko‘rib chigiladi. Fure usulidan
foydalanib, aralash masalaning yechimi topildi va g‘ovaklikning akustik to‘lginlarning targalishiga ta'siri
ko‘rsatildi.
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Geofizikada tog* jinslarining Kinetik parametrlari tog* jinslarining tuzilishi, tarkibi va paydo bo‘lish
sharoitlari to‘g risidagi ma'lumotlarni o‘z ichiga oladi, shuningdek, tog* jinslarining litologiyasi va ularning
chegaralarining tabiati, yorilishi, g‘ovakligi, har xil turdagi yoriglar mavjudligi va tog® jinslari to‘g‘risidagi
ma lumotlarni, suv omborlari g‘ovak bo‘shlig‘ini to‘ldiruvchi suyugliklarning tarkibi va fazaviy holatini oz
ichiga oladi. To‘lgin jarayonlarini matematik modellashtirish suyuglik bilan to‘ldirilgan rezervuarning
moddiy tarkibiga, uning tuzilishiga va atrof-muhit ta’siriga garab elastik seysmik to‘lginlarning targalish
tezligi va yutilish koeffitsiyentlarining giymatlarini aniglash imkonini beradi.

Ko‘p elektroseysmik ta'sirlarning bir vagtning o‘zida namoyon bo‘lishi bilan singan-g‘ovakli
muhitda seysmik to‘lginlar susayishining aniglangan xususiyatlarini ideal elastiklik nazariyasi va Frenkel-
Biot tipidagi muhitning eng oddiy modellari bilan moslashtirib bo‘Imaydi.

[7] da suyuglik bilan to‘yingan g‘ovak elastik deformatsiyalanuvchi muhitda chizigli bo‘lmagan
to‘lginlar tarqalishining matematik modeli keltirilgan.

Kalit so‘zlar: g‘ovak muhit, aralash masala, g‘ovak elastiklik modeli, teskari masala, g‘ovaklik

Introduction. For applied problems of the theory of elastic wave propagation it is
often required to take into account the medium porosity, fluid saturation of the medium,
and the hydrodynamic background. Similar questions arise in seismology (see [1]-[3] and
the references therein). The nonlinear mathematical model for a fluid-saturated porous
elastically deformable medium constructed in [4] is based on three main principles: the
conservation laws, the Galileo principle of relativity, and the consistency of the equations
of saturating fluid motion with thermodynamic equilibrium

%0+diVj=& = psus + pu;

§+div(§jj:0a P=pP T Ps,
ot Yo

6p| .
L= 4+ div(pu,) =0+
ot (auy)

Og;
atlk + 9jO0iUrj + 9ijOkU1j +U1j0 05 =0

%+ divQ=0. ps =const/det(g;,)
a—ji+a(uu+uu+5+h )—O
ot Ok Psthily + PsUpiUy + POy + 1y g i ) =Y,

. us TS).
Q = ﬂ+7+7 Jk + Ps(Ug,Up — U Uy + Uiy O
ou \Y% 2 h
#+(U2,V)U2=—7p+§—;v(ul—uz) —ngik-
Here, U, is the velocity of the elastic porous medium, U, is the velocity of the

saturating liquid, p=p, + ps, ps, p are the density of the continuum, the partial
density of the porous body, the partial density of the liquid, respectively, g, is the metric
elastic strain tensor, h is the stress tensor, € and S are the energy and entropy of unit

volume, x is the chemical potential, T is the temperature, p is the pressure, and j, is

the relative momentum. In this case, the first law of thermodynamics is satisfied by the
system under consideration

dep =TdS + pd p + (uy — Uy, djo) +%hikd9ik'
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Research Methodology
Consider the process of wave propagation in a porous medium in a reversible
approximation, described by the 1D homogeneous system of equations

o%u, o%u, o%u,
atz 11 5 2 12 5 2
o%u, o%u, o%u, 2.2)
— —a = 01 .
oz rox? TP ox?

where the partial densities p, = psf (1-dy) and p = ,o,f dg, psf and ,o|f — are the
physical densities of the elastic porous body and liquid respectively, d,— is the porosity,
L A+2u +(,oa3 . z+2él/3Jps _A+2ul3,
Vs yeod

A+2ul/3 A+2u/3
312:(/02053+ pf - £ ]ﬂ’

S

Ps Yol
a21:(p2a3+l+2,u/3jﬂ_l+2,u/3’
P P P
A+2413
a22 :[p2a3++—ﬂ]ﬂl
yof yod

a3, A, u —are the elastic parameters of the porous medium [12, 13].

We consider the mixed problem for the system (2.1), (2.2) with the Cauchy data
and boundary conditions:

Ul o=a(0, 2 —y0  0<xs<l (2.3)
ot t=0
u2|t:o =0 (X), Uy =y, (X) 0<x<l (2.4)
ot t=0
w(@O,t) =u,(1,t)=0, u,(0,t)=u,(l,t)=0,t=>0. (2.5)
It is convenient to introduce new functions U; and U, instead of u; and u, by
the formula
1 2 2
u u C —a ¢, —a
[ lj:T[~1]’ T | k%22 M, T2 2.6)
U : a1 a1

where CE and c|22 are the velocities for the fast and slow longitudinal waves [5]:

b
¢ = B*[1+ /1—%) G = B*[l—,/l—g}
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2
B _ %P +/1+2,u/3 /1+§y£_1 ,
3
l+gy
b*=(/1+2,u)(i—£j A+2pl3) ~ 3 +oagp? |-
Ps P P A+2u

Then the system (2.1), (2.2) is equivalent to the two string equations

2~ 2~
O _ 20 @.7)
%0, 5 d%0,
atz IZ 8)(2

By the formula (2.6), we obtain the following Dirichlet boundary value problem for

-0. (2.8)

0, and U, :

%, 0%,

=0,0<x<l, t>0

1
2
t=0 2 2 2 2 ! -
G, —G, ay (Cj, —¢i)) : (2.9)
2
ol 1 agp —

A o CE —C|22 827 (CE -Cj,)

0%, o2 0%,

=0, O<x<l, t>0

oz e ax?
2
Oz, _o = pr—2 P2 g<x<l (2.10)
=0 2 2 2 2 ’ - . .
' Cj, —Cj ax (¢ —¢j)
2
0 C,_ —a
M __1 v+ "2 vy, 0<x<I

ot o cf —cf az (cf —cf)
0,(0,t) =0,(1,t) =0, t>0

Now we consider the (2,9) problem which describes the motion of the vibrating
string.

Our goal is to find the solution of (2.9) using the Fourier method.

A separable solution is a solution of the form 0; = X (x)T (t)

to the problem

ok,  , 8%,
6t2 _Cll axz

=0,0<x<l, t>0 (2.11)
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Putting the form into the wave equation, we get
X ()T"(t) =62 X"()T (1)
or

XX _ 1T() 4. (2.12)
X(¥) ¢ T

By the boundary conditions G, (0,t) = X (O)T t)=0, g (,t)=XT()=0 it follows
X(0)=X()=0.S0 X(X) satisfies the problem

X"(X)+AX(x)=0, 0<x<l|

(x) +AX(x) <x<l (2.13)

X(0)=X({=0

Solving (2.13) we find the nontrivial solutions
Xn(x)zansin@, n=12,.. (2.14)

corresponding

2

z:znz—(”l—”j, n-12,.. (2.15)

Plugging (2.15) into (2.12), we obtain the ordinary differential equation

n7Z'C ’
T”(t)+[ | JT(t) 0

with general solution

T,(t) =b, cos I ~t+c,sin I t,n=12,...

Therefore functions of the form

B N7zC . nhzC . hmX
ul(x,t)n[Ahcos I'1t+anm I'lt}sm T , n=12,..

known as normal modes of vibration, are solutions of the problem (2.11). In order to find a
solution of (2,9) we take a superposition of 0;(X,t),. Namely, we are looking for a

solution of the form

_ * NnzC . hzc . nzaX
ul(x,t):z A, cos |1t+anm bt |sin—. (2.16)
i I I I
Formally the last function satisfies the initial conditions if
2
1 a —C, nzx
0,(x,0) = ¢ + 0, = Zﬂhsm
G , G, azz(C| —C| )
2
oa 1 A —C, < nzc, nzrx
—1 ) 2 Y+ Vo= ZB I * Snl_
t=0 G, —C, a2 (C| _CIZ) n=1
. . : a22—c|2
Using the Fourier-sine series for ———¢ + ¥ and
G, —Gq, azz(Cl C|2)
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2
3y, —C
21 2 222 I22 v, We obtain that
G, ~C 82(Ci, —Ci,)
| 2
ay, —C
A2l a2, i T n-12,.. (217)
ol G, —C, ~ ax(c, —¢)
' 2
3y —C
B, = 2 I 21 2, sin X a4x, n=12,... (2.18)
N7ze, 5\ & —C a5, (Cj, —C;,) |
1 1 2 1 2

By the same way we solve (2.10) problem and have following solution

B * N7zC . hzc . nzX
Oy(x,t)=> | C,cos 2 t 4+ D, sin——2t [sin—— (2.19)
~ | | |
where
| 2
¢t —a
Co=2[| g+ —r 2 g, sin P n=12..,  (220)
15 G, —C, ay (C —¢i) |
| 2
2 1 G, —ax . NzX
D, = + 2 sin——dx, n=12,... (2.21)
" nxc, {[cé—cf £ a22(c,f—c,22)l//2} I

Returning to u; and u,, we obtain the general solution to the system (2.1), (2.2)

> Nz C . hxc . naX
ul(x,t)=(c§—a22)Z[An cos — Lt + B, sin I L t}sm T +
)

) (2.22)
> nzCc nzC
2 I . I . nxzXx
c —a C, cos 2t + D, sin 2t |sin——
6 w3 Gy oon e Dy % an
0 nzc nzC
Uy (X, 1) =azlz('°h cos— Lt+B,sin I 4 thin@+
= (2.23)

a21ni:(cn cos n;rlc,2 t+ D, sin n;rlc,2 t}sin n;lzx
Theorem 1. Let f(x) be a continuous function on I, =[-1,I], f (-1) =f (I)
and f’(x) be piecewise continuous on I, . Then the Fourier series off converges
uniformly to f (x) on I, [6].
Results and Discussions
Theorem 2. Let ¢ (X), goz(x)eCZ[O,l], @/(X), ¢5(x) are piecewise continuous

w1(X), W, (X) eC[01], wi(X), w5(x) are piecewise continuous, and

»(0)=/(0) = () =e/(1)=0 (2.24)
w1(0) =y, (1)=0
22(0) = 95(0) = 22N = P5(1) =0 (2.25)

w2(0)=w,(1)=0
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Then the functions (2.22) and (2.23), where the coefficients A, B,, C, and D, are

determined by (2.17), (2.18), (2.20) and (2.21), are the unique solutions of the problems
(2.1) and (2.2) with conditions (2.3), (2.4) and (2.5).

Proof. The main tool to justify differentiation of the series (2.22) and (2.23), is
Theorem 1. We show that (2.22) and the series

2
o%u > n nzc . nzc . nzX
L= (ayp—cf)>, 1| A cos—Rt+ B, sin—t [sin——> +
OX el | I I
0 2

n NzC . nzcC . nzX

(ay, —Cf )Z(—”j C, COS——2t + D, Sin ——2-t |sin—,
)2 7 | | |

2

2 . [ nzc nzc Nz X

aatglz(azz—c,f)Z[ I '1] [Ancos I —htiB, sml—'thinIL+
n=1

2
nzc nzc _ nzc  nzx
(az; — CQ)Z{ 'ZJ {Cn cos— L t+ D, sml—'thsmli

are uniformly convergent in (0,1)x (0,00).
Since

2
nzc nzc . nzc . nzx
(az; —cf )Z( '1j [An cos— ht+ B, sin I '%Jsm T +

2
NnzzC, NzzC . nhzc .. n X|
(a5 — G )Z[ '1J [Cn cos— 2 t + D, sin I 12 t}sm T ‘g

2
nzc
[ I IlJ (IAn]+[Bn| +|Cq|+[Dnl)

it suffices to show that the series

> 02 (|| +[Ba| +[Cal +]D4]) (227)
n=1

is convergent.

2 2
Let we define 1 8 —Cj, Ci, —az
+ ) ¢ 1
c,f—c,zzgo1 a22(c,f—c,22)¢2 c,zz—c,fng ag (¢ —cf) 2
82 —C|2 1 Cli —ap :
2 2 Y+ (@) and 2 2 Y+ 2 Vo with fl(X)v fZ(X) ) fS(X)
G, —G, ay (¢} l, —C| ) C, =€, ay (C, — ¢, 0)

and f,(x) corresponding and take the Fourier sine series of functions f;(x), f,(x) and

the Fourier cosine series of f,"'(x), f," (x) for xe[0,1]

1,00~ D A, sin@, £ (x) ~ Zp{:cos@, (2.28)
n=1 n=1

(2.29)

f,00 = > Cpsin 22, 1,7 (x) ~ > Clrcos X
n=1L n=1

Similarly for the Fourier sine series of f;(x) and f,(x)
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nzzX

3700 ~ ZB;; sin

& n;rc,1 nzx , (2.30)
f3(x) Z B, s |

N7z X

N (2.31)
|

fu(x) ~ | , () ~ ZD sin

Integrating by parts (2 17), (2.18), (2.20) and (2 21) using conditions (2.24) and
(2.25), we have

B 1 )?
N O D P (B B e 232
A=) A e (ﬂj : (2.32)
3 3
Bn:i[Lj BY, Dn=i[LJ D (2.33)
Cll V4 C|2 Nz

By the Bessel inequality [6], we obtain
ni(/\;")z < 'Ei( fl’”(x))2 dx r;ZZ(C,;")2 g%i( f2”'(x))2 dx
and
Z(B”) I(fg"(x)) dx Z(D") Ii(f4"(x))2 dx
Then the series (2.27) is convergent, because by (2.32) and (2.33)
o (o012 = (4 2{ 10 2 s+ 1051 <

I,
2
LAY &1 Zisaiien+ 2oz | |
2 7T n2 Cll n n C|2 n
101 1 1 ? 1 ?
—(—J —+2 Bnl | +2||Ch+—|Dn <
2\ 7 n C|1 C|2

A+
1( 1 s 1 2 1 2 2 1 2
- _ _+4 d +_ B” + Cﬂl +_ D” i
2 (ﬂ'j n2 ( A"I C|1 | n | n C|2 | n j

By the convergence of the series (2.27) it follows also that the series (2.28), (2.29),
(2.30) and (2.31) are uniformly convergent in [O,I] and the initial conditions

u (x,0) =@ () = (cf —azz)ij:An Sin@-'- (ct —azz)ij:(in sin @ xe[0,1];

oug. nz

p , xe[0,1].

=y (X) = (Cl1 azz)z 2 Bns nl X+(C| azz)z 2, D, sin——

It is shown that (2.23) and its second order partial derlvatlves are uniformly
convergent same as above.

The uniqueness of the solution follows by the energy method [6].

Conclusion. Thus, we have obtained a formula for solving the Mixed problem for a
one-dimensional homogeneous system of poroelasticity equations, which is described by
three elasticity parameters in a reversible hydrodynamic approximation. This solution is
unique in the classical sense. The resulting formulas can be used to test numerical methods
for solving problems of wave dynamics of poroelasticity.
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Annotatsiyaa: “Navoiyazot” AJ da metan pirolizidan atsetilen olish jarayonida hosil bo‘ladigan

ikkilamchi mahsulot — qurumni kislotali va ishqoriy ishlov berish, termik gayta ishlash natijasida uning

tarkibidagi eruvchan tuz va oksidlardan tozalash hamda olingan mahsulot rezina sanoatida, adsorbent va

to‘ldiruvchi sifatida qurulish materiallari ishlab chigarishda pigment sifatida foydalanishga tavsiya etiladi.

Qurumning amalda ishlatilish xossalaridan biri adsorbent sifatida go‘llanilishi hisoblanadi. Shuning uchun

qurum namunalarini adsorbsion xossalarini o‘rganish amaliy ahamiyat kasb etadi. Qurum namunalarining
adsorbsiya izotermalari Mak-Ben-Bakra qurilmasi yordamida o‘rganildi.

Dastlabka qurumga nisbatan sifati yaxshilangan qurumda suv bug‘i adsorbsiyasi o‘rganildi. BET
tenglamasi asosida olingan natijalarda adsorbentlarning monogavat sigimi (om), solishtirma yuzalari (S),
to“yinish adsorbsiyasi (0s), mikrog‘ovaklar vaW,, mezog‘ovaklar hajmi ortib boradi.

Kalit so‘zlar: Dastlabki qurum, gayta ishlangan qurum, benzol bug‘i, suv bug‘i, xlorid kislota,
BET (Brunauer, Emmet, Teller) tenglamasi, monogavat sig‘imi.

Abstract: In JSC" Navoiyazot", the secondary product formed in the process of obtaining from
methane pyrolysis is black carbon acid and working work, thermal return is recommended to be used at the
workplace as a pigment in the production of building materials in the rubber industry, as an adsorbent and as
a filler, to purify the soluble salt and oxides contained in it. One of the features of the performance of
Carbon Black practice is its application as an adsorbent. Therefore, the study of the adsorption properties of
carbon black samples acquires practical conditions. The adsorption isotherms of carbon black samples were
recovered in aid of the Mak-Ben-Bakra construction.

Initially Carbon Black was studied for the adsorption of water vapor in a better institution of
relative quality. In the data obtained on the basis of the betting equation, the volume of adsorbents is
increased by the volume of the monocavate sigim (am), the solution Surface (s), the payment adsorption
(as), microgovacs and Wy, mesogovacs

Keywords: originally carbon black, worked back carbon black, benzene couples, water couples,
hydrochloric acid, BET (Brunauer, Emmet, Teller) equation, monocavate capacity.

Kirish. Hozirgi kunda rivojlangan bir gator mamlakatlarda tabiiy gaz, neft
mahsulotlarini go‘shimchalardan tozalash va quritish ishlatiladigan sorbentlarni olish bo‘yicha
ko‘plab ilmiy tadgigot ishlari amalga oshirilmoqgda. Xususan, samarali sorbentlar olishda,
ularni adsorbsion va faol xususiyatlari, struktura g‘ovaklarining tuzilishi, faol markazlari soni,
kuchi va tabiatini aniglashda bir gancha metod bilan birgalikda adsorbsion mikrokalorimetrik
qurilma orgali olingan natijalar asosida ko‘plab ilmiy va amaliy yangiliklarga erishilmoqda.

Qurum kimyoviy tarkibi uni ishlab chigarish sharoitlariga va uglevodorod xomashyosi
turiga garab sezilarli darajada farq gilishi mumkin [1; 6 b.]. Qurum tarkibida ugleroddan
tashgari uglerod bilan birikmalar hosil gilgan vodorod, kislorod, oltingugurt ham mavjud.
Uglerod 89 dan 99% gacha, vodorod 0,5 %, kislorod 10% , oltingugurt 1,1% gacha uchraydi.
Qurum juda yugori zichlikga ega. Qurumning hagiqgiy zichligi 2000 kg/m*® gacha bo‘ladi.
Qurum polidispers material bo‘lganligi uchun, bir xil markadagi qurum tarkibida turli
o‘lchamdagi zarrachalar mavjud bo‘ladi. Shuning uchun elektron mikroskop yordamida
qurum zarralarining o‘lchamlari aniglangan. O‘lchangan zarrachalar soni va ularning katta-
kichikligiga garab ularning o‘rtacha diametri topilgan. Ushbu zarrachalarning diametri qurum
rangini eng muhim xususiyatlaridan biridir [2; 256 b.]. Qurum zarrachalari ugleroddan
tashgari vodorodning kichik miqdorini o‘zida saglaydi, ular uglerodning alohida atomlari
bilan mustahkam bog‘langan. Qurumdagi vodorod miqdori 0,3-1,0% ni tashkil etadi. Demak,
uglerodning o‘rtacha har bir o‘n beshinchi atomi vodorodning bitta atomi bilan bog‘langan.
Vodorod qurum zarrachasining skeletiga kiradi va u yerda uning hajmida bir xil tagsimlanadi.
Kislorod o‘zining kimyoviy kuchlari bilan uglerodning tashqi atomlariga bog‘langan [3; 101-
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103 b.]. Past haroratda hosil bo‘lgan qurum zarralari tuzilishi va xususiyatlari bilan yuqori
haroratda hosil bo‘lgan qurum zarrachalaridan farq giladi [4; 1528 b.].

Qurum tarkibidagi faol markazli funksional guruhlarini almashtirish natijasida turli xil
spetsifik bo‘lgan formasini tanlab olish mumkin. Shuning uchun ham bunday tipdagi
gurumning asosan adsorbsion va katalitik xususiyatlarini o‘rganishga bo‘lgan gizigish keskin
oshmoqda. Bunda kichik o‘lchamli uglerod atomlari qurumdagi uzun va ingichka
ko‘rinishdagi kanallarni va ularning kesishmalarida o‘zaro bir-biriga tutashishi ogibatida
tarmoglangan zanjirli uglerodlar migdorining oshishiga sabab bo‘lib, natijada mikrog‘ovaklar
sonining yugori bo‘lishiga olib keladi[5; 15-66 b.].

Qurum alohida kristallitlar to‘plami hisoblanib, 3-5 parallel olti burchakli
gatlamlardan iborat zarrachadir. Uning tuzilishida parallel gatlamlar bir-biriga nisbatan xaotik
ravishda siljiydi va kristallitlarga tartibsiz uch o‘lchovli tuzilish beradi. Bunda ular kristalli
panjara deyilib, ikki o‘lchovli sintez gilingan yoki turbostatik, ya'ni bu yerda gatlamlar
vertikal o‘q atrofida ma’lum bir burchak ostida joylashtirilgan bo‘ladi [6; 12 b.].

Ma’lumki [7; 3308 b.], uglerod nanotrubkalari suyuq va gazsimon moddalarni yutadi.
Tashqi bosim ta'sirida yoki kapillyar kuchlar tufayli kirib boradigan modda nanotrubkalar
ichiga joylashishi mumkin. Masalan [8; 1969 b.], sirt tarangligi 200 mn/m dan past bo‘lgan
suyugliklar yutiladi.

Tadgigot metodologiyasi. Qurum zarralari  kimyoviy jihatdan turli  xil
morfologiyalarga ega bo‘lgan suyultirilgan agregatlar va aglomeratlarni hosil etadi.
Qurumning asosiy xarakteristikalari hajmi (birlamchi zarracha kattaligi), tuzilishi (zarracha
kattaligi va shakli), g‘ovakligi va sirt kimyosi hisoblanadi [9; 39-42 b.]. Uning [10; 157-161
b.] g‘ovaklik xususiyatlari va ion almashinish guruhlari tarkibida katta farg qiluvchi
aktivlangan karbongidratlar, sinflar — FASE, SKD-515, BAU-A, asos va kislota
bo‘yoqglarining adsorbsiyasi o‘rganilgan. Grafitlangan termik qurum, bir xil qutbsiz sirtga ega
bo‘Imagan uglerod adsorbenti ham taggoslash uchun o‘rganilgan.

F.Stecli va D.Clearylar mikrog‘ovakli uglerod adsorbentlari va uglerod bo‘lmagan
namunalarda fenol adsorbsiyasi mexanizmini tavsiflashgan [11; 1968-1972 b.]. Bundan fenol
adsorbsiyasi mexanizmining benzol adsorbsiya mexanizmiga o‘xshash ekanligini ko‘rish
mumkin. Qurumda organik birikmalarning grafitlangan uglerod adsorbentlari bo‘yicha
adsorbsiyasi  qutbli  anizometrik  molekulalarning  monolaerlari  tomonidan  sirt
modifikatsiyasidan oldin va keyin gaz xromatografik usuli bilan tekshirilgan hamda
termodinamik xarakteristikalari hisoblab chigilgan [12; 68-78 b.].

Qurum suyuglik bilan ta'sirlashishidan ho‘llanish issigligi Q ajralib chigadi.
Adsorbentlarning sirt yuzasi gidrofillik xususiyatlarini Shottki mikrokalorimetri yordamida
suyuqlik sifatida suvni go‘llab aniglash mumkin. Bunda dastlab adsorbent namunalari sharikli
maydalagich yordamida maydalanadi. So‘ngra o‘lchami 0,25-10-3 m elakdan o‘tkazildi va
analitik tarozida 1 gr tortib olinadi. Adsorbent namunalari 150°C da gizdirilib, Mak-Ben-
Bakraning vakuumli qurilmasida qoldiq bosim 1-10-3 Pa bo‘lguncha 8 soat davomida
vakuumlanib termik ishlov berildi. Bunda adsorbentlar tarkibidagi fizik adsorbsiyalangan suv
va boshga gazlar molekulalari gizdirilganda chigib ketadi. Adsorbentlar solingan ampulalar
navbat bilan Shottki kalorimetr ichida suyuglik muhitida sindiriladi hamda ularning ho‘llanish
issigligi 20°C da aniglandi. Shottki kalorimetrida ho‘llanish issigligining aniglik darajasi
adsorbent massasi 102 kg bo‘lganda +0,5 kl/kgga teng. Adsorbent yuzasining to‘lig
energiyasini quyidagi formula bilan ifodalash mumkin:

Q=S(Ei-E2)

Bu yerda: S-adsorbentning solishtirma yuzasi ;

E:-adsorbent-havo chegarasining to‘liq energiyasi;

E»-adsorbent-suyuqglik chegarasining to‘liq energiyasi

Adsorbent-havo chegarasi energiyasi (E1) doimo adsorbent-suyuqlik chegarasi
energiyasi (E2) dan katta bo‘ladi, ya'ni E;>E> yoki Q>0. Ho‘llanish issigligi giymati adsorbent
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va suyuglik molekulalari ta'sirlanish kuchiga bog‘lig. Adsorbentlar qutbli molekulalar bilan
ta'sirlashganda ho‘llanish issiglik effekti yuqori, qutbsiz molekulalar bilan ozaro
ta'sirlashganda ho‘llanish issiglik effekti aksincha bo‘ladi[13; 85-151 b.].

Natijalar va muhokama.

Dastlabki va gayta ishlangan atsetilen qurumiga suv bug‘i adsorbsiyasi o‘rganildi.
Natijalaridan shuni ko‘rish mumkinki, namuna sirt yuzasida mezog‘ovaklar hajmi rivojlanishi
kuzatildi.

Izoterma chizmalari BET (Brunauer, Emmet, Teller) tenglamasi asosida topildi.
Hisob-kitob natijalariga ko‘ra adsorbentning monogavat sig‘imi (am), solishtirma yuzasi (S),
to‘yinish adsorbsiyasi (as), mikrog‘ovaklar hajmi (Wo), mezog‘ovaklar (Wme=Vs-Wo) va
to‘yinish adsorbsiya hajmlari (Vs) aniglandi. Natijalar 1-jadvalda keltirilgan.

1-jadval
Qurum namunalarining adsorbsiya izotermalari
Monogavat | Solishtirma | To‘yinish | Mikrog‘ovaklar MeZOg‘_ov_akIar To y-|n|-sh
Qurum DAL . Lo L hajmi hajmi
Ne . sig‘imi, yuzasi, adsorbsiyasi, hajmi 3 3
namunast | Cmollkg | Sm2g | o5 mollkg | Wol03mikg | Wmel0h o VedO%
m > ’ m3/kg m%/kg
1 D.Q-1 0,056 12,36 0,869 0,0012 0,001 0,026
2 | S.Y.Q-2 0,236 56,86 1,405 0,0735 0,05 0,125

Masalan, dastlabki qurumning solishtirma yuzasi 12,36 m?/g teng bo‘lsa, sifati
yaxshilangan qurumniki esa 56,86 m?/g tengdir. Va boshqga adsorbsiya izotermalari ham sifati
yaxshilangan qurumda rivojlangani aniglandi. Qurum namunasida suv bug‘i adsorbsiyasi
o‘rganildi va olingan natijalar asosida adsorbsiya izotermasi keltirildi 1-rasm).

a MOJIB/KI'

,168

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 09

1
P/P<
1-rasm. Qayta ishlangan qurumda suv bug‘i adsorbsiya izotermasi

303°K da qurumda suv adsorbsiyasining differensial issigligi hisoblandi [10:30]. Ular
hammasi bo‘lib 6 pog‘onadan iborat. Dastlabki qurumda esa bu ko‘rsatkich 2 pog‘onadan
iborat. Har bir pog‘onada qurum faol markazlari bilan suv bug‘lari o‘rtasida stexiometrik
moslikni ko‘rish mumkin. Kimyoviy analiz natijasida gayta ishlangan qurum tarkibidagi
funksional guruhlarning har biriga suv molekulalarining turli xil nisbatlarda to‘g‘ri kelishi
aniglandi.

Bu asosan karboksil guruhini kuchli asoslik xossasi bilan izohlanadi. Yuqorida aytib
o‘tilganidek (2-rasm), adsorbsiya issigligi grafigida jami 6 ta pog‘ona mavjud bo‘lib, birinchi
pog‘onada faol markaz bilan suv molekulalari 100% adsorbsiyalanib triakvakomplekslar hosil
giladi.

2-Rasm. 303 K da A-Qayta ishlangan qurum va A - dastlabki qurum namunalarda
suv bug ‘lari adsorbsiyasi differensial issigligi giymatlari Qd da keltirilgan. Shtrix chiziglar
303 K da suv bug ‘ining kondensatsiya giymati
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Xulosa va takliflar. Dastlabki qurumga nisbatan gayta ishlangan qurumda BET
tenglamasi asosida olingan natijalarda adsorbentlarning monoqgavat sig‘imi (om), solishtirma
yuzalari (S), to‘yinish adsorbsiyasi (os), mikrog‘ovaklar vaWy, mezog‘ovaklar hajmi ortib
borishi aniglandi.

Suv adsorbsiyasi molekulyar mexanizmlari, adsorbsiya-energiya xususiyatlari
o‘rtasidagi o°‘zaro bog‘ligliklar aniglandi. Faol markazlardagi guruhlar hisobiga gayta
ishlangan qurumda suv adsorbsiyasi dastlabki qurumga nisbatan deyarli to‘rt barobar ko‘p
borgan.

Adsorbent moddalar ko‘plab xususiyatlarga ega, shu jumladan, gazni saglash, gazni
ajratish va tozalash bilan bog‘lig bo‘lgan vazifalarni bajaradi va atrof-muhit muvozanatini
buzilishini oldini olishga yordam beradi.
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Annotatsiya. Bugungi kunda dorivor xususiyatga ega bo‘lgan moddalarning terapevtik
mexanizmlarini aniq tushunish, dorilarning molekulalarga ta'sirilari darajasidagi mexanizimlarini aniglash
biokimyo, tibbiy kimyo va kvant kimyoning eng muhim vazifalaridan biri hisoblanadi, chunki ligand-
retseptor komplekslarining bog‘lanish va dissotsilanish jarayonlarini tushunish preparatning ta'sir
mexanizmini aniglash, ta'sirini nazorat qilish usullarini ishlab chigish imkonini beradi. Dorilarning
organizm uchun mumkin bo‘lgan nojo‘ya ta'sirlarni minimallashtirish mexanizimlari yoki terapevtik
mexanizmlar bo‘yicha juda ko‘p savollarga anigq javoblar yo‘q hamda bugungi kunga gadar bunday
jarayonlarni o‘rganish yuzasidan yetarli darajadagi aniq fikrlar ham yo°‘q. Bu sohalarda birikmalarning
tuzilishi hagida aniq va to‘lig ma’lumotlar muhim rol o‘ynaydi.

Ushbu magolada biologik faol va supramolekulyar kimyo sohasida muhim ahamiyat kasb etadigan
glitsirrizin kislotasining mumkin bo‘lgan dimer shakllari nazariy jihatdan yarim empirik PM6 usulida
o‘rganildi. “bosh — dum” (2ta) va “bosh — bosh” va “dum — dum” (2ta) ko‘rinishidagi, jami to‘rtta dimer
shakllar hosil gilinib, ularning fazoviy tuzilishlari va hosil bo‘lish issigliklari tahlil qilindi. Nazariy
hisoblashlar natijasida energetik jihatdan magbul dimer shakl aniglandi.

Kalit so‘zlar: glitsirrizin Kkislotasi, dimer shakllar, nazariy hisoblashlar, PM6, hosil bo‘lish issigligi.

MODELING OF GLYCYRRHIZIN ACID DIMER FORMS BY SEMI-
EMPIRICAL PM6 CALCULATION METHOD

Abstract. Today, a clear understanding of the therapeutic mechanisms of substances with medicinal
properties is one of the most important tasks of biochemistry, medical chemistry, and quantum chemistry,
because understanding the processes of binding and dissociation of ligand-receptor complexes is the key to
the drug‘s effect. to determine the mechanism, to develop methods of controlling the effect. There are no
clear answers to many questions about the mechanisms of minimizing the possible side effects of drugs for
the body or therapeutic mechanisms, and to date there are no clear enough ideas on the study of such
processes. accurate and complete information about the structure of compounds plays an important role in
these areas.

In this article, the possible dimer forms of glycyrrhizic acid, which are biologically active and
important in the field of supramolecular chemistry, were theoretically studied by the semi-empirical PM6
method. A total of four dimer forms in the form of "head - tail" (2) and "head - head" and "tail - tail" (2)
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were formed, and their spatial structures and heats of formation were analyzed. As a result of theoretical
calculations, an energetically optimal dimer form was determined.
Keywords: glycyrrhizic acid, dimer forms, theoretical calculations, PM6, heat of formation.

Kirish. Keyingi 30-40 yil mobaynida tabiiy birikmalar asosida juda ko‘p dori
vositalari yaratilgan va qo‘llanilib kelinmoqgda. Tabiiy biologik faol moddalarni kimyoviy
modifikatsiya gilish va ular asosida tibbiyotda virusli kasalliklarni davolash, turli xil
etiologiyali immunotangisliklar uchun yangi dori vositalarini yaratish, gishlog xo‘jalik
ekinlarini himoya qilish hamda yangi biostimulyatorlar olish hozirgi kunda organik va
bioorganik kimyoning dolzarb vazifalaridan hisoblanadi. Jadallik bilan rivojlanib kelayotgan
supramolekulyar kimyo sohasi gator dori vositalarini molekulyar kapsulalash usullarining
yaratilishiga hamda olingan komplekslarning tuzilishini tadqiq etishga, ularning bargarorligini
aniglash imkoniyatlarini berdi. Yangi dori vositalarini yaratishning istigbolli yo‘llaridan biri —
bu suvda qgiyin eriydigan dori preparatlarini molekulyar kapsulalash usuli yordamida suvda
eruvchan shaklga o‘tkazib, biota'sirchanligini keskin oshirishdan iborat. Bu sohada biologik
faol triterpen kislotalardan bo‘lgan glitsirrizin kislotasi (GK) keng go‘llanilmoqda [1,2,3].

Adabiyotlarda GK va uning monoammoniyli tuzining (GKMAT) gator biologik faol

birikmalar (antimikrob preparatlar, shishga qarshi vositalar, antioksidantlar) bilan
supramolekulyar komplekslari olinib, ularning suvda eruvchanligi yaxshilangan, pirovard
natijada biota sirchanligi ortgan [1,2,3].

Yaponiyalik olimlar M. Kondo va boshgalar * C-YamR usuli yordamida aglikon
guruhi va uglevod gismi oxirida joylashgan glyukuron kislotasi karboksil guruhlarining o‘zaro
ichki molekulyar ta'sirlashuvi hisobiga halgasimon ko‘rinish hosil gilishi mumkinligini
ko‘rsatishgan [4].

Ammo o‘zbekistonlik bir guruh olimlar (M.G. Levkovich, N.D. Abdullayev,
D.N. Dalimov) nazariy hisob-kitoblar asosida bu halganing hosil bo‘lishi GKning halga hosil
gilmagan holati energiyasidan ancha katta ekanligini hamda halgadagi bo‘shlig o‘lchami (3.8—
4.0 A) mehmon molekulasining kirishi uchun yetarli emasligini aniglashgan [5]. Shuningdek,
kislota goldiglarining karbonil va gidroksil guruhlarining oriyentatsiyasi bir vaqgtda ikkita
vodorod bog*lari hosil gilishi fazoviy jihatdan noqulay ekanligi ko‘rsatilgan.

Yugoridagi fikrlardan kelib chiggan holda, ushbu magolada GKning dimer holatlarini
yarim empirik hisoblashlar asosida tahlil gilish magsad qilib olindi.

Tadqgigot metodologiyasi. GK molekulasining uch o‘lchamli geometriyasi ZINC [6]
ma’lumotlar bazasidan yuklab olindi. GK molekulasining gipotetik dimer shakllari (modellari)
Avogadro dasturida [7] hosil qilindi. Hosil qilingan dimer shakllar uch o‘Ichamli
geometriyalari Mopac-2016 [8] dasturiga kiritilgan PM6 [9] yarim empirik usulida to‘liq
magbullashtirildi. Hisoblash natijalari Avogadro dasturida [7] tahlil gilindi.

Natijalar va muhokama. O‘zR FA Bioorganik kimyo institutida professor
D.N. Dolimov boshchiligida GK va GKMAT supramolekulyar komplekslarini olish bo‘yicha
olib borilgan amaliy tadgiqotlar ushbu molekulalarning mehmon molekulasiga nisbati 2:1
holatda bo‘lishi mumkinligini ko‘rsatdi [10]. Masalan, 1Q-spektral izlanishlarda 2:1 nishatdagi
kompleksda go‘shbog® sohasida sezilarli o‘zgarishlar bo‘lishi, ya'ni yutilish chizig‘ining 20
sm™ yuqori chastotali sohaga siljishi aniglangan [11]. Karboksil guruhlarining yutilish sohasi
H-bog* hosil gilganda quyi chastotali sohaga siljishi adabiyotlardan ma’lum. Ammo keton
guruhi molekulalararo H-bog® hosil gilganda yuqori chastotali sohaga siljishi mumkin [12].
Ushbu holatga muvofiq, GK supramolekulyar komplekslarida >C(11)=0 keton guruhi
mehmon molekulalari bilan H-bog* orgali bog*lanadi deb taxmin gilish mumkin.
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1-rasm. GK molekulasi tuzilishi
GK molekulasi karboksil guruhlari o‘zaro dimer hosil gilishda gatnashishi yoki suv
molekulalari bilan ta'sirlashishda gatnashishi mumkin. GK molekulasi dimer shakllarini
tuzishda birinchi navbatda qand qismi C(5") atomidagi karboksil guruhi va aglikon qismining
karboksil guruhi ishtirokida “bosh — dum” ko‘rinishdagi dimer shakl (I, 2-rasm) asosiy
ehtimoliy dimer sifatida taklif gilinishi mumkin.
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2 -rasm. GKning “bosh — dum” Kko‘rinishdagi dlmer shakllari

Ammo PM6 usulida ushbu (1) dimer holat to‘lig magbullashtirilganda C(5") atomidagi
karboksil guruhi va aglikon gismidagi >C(11)=0 keton guruhi halga tekisligiga nisbatan
perpendikulyar (90°) joylashishi aniglandi. Bu holatda karbonil yoki karboksil guruhlari
ishtirokida H-bog* orgali “mehmon” molekulasining bog‘lanishi tashqi sferada yuz beradi.
Shu sababli bunday fazoviy tuzilishli GK dimer shakli supramolekulyar komplekslar hosil gila
olmaydi.

Keyingi “bosh — dum” ko‘rinishdagi dimer shakl (1), PM6 usulida to‘lig
magbullashtirilganda 6.65 va 11.33 A uzunlikga ega bo*shlig hosil bo‘lishi aniglandi (3-rasm).
Ushbu holatda keton guruhlari mehmon molekulalar bilan ichki sferada H-bog* hosil gilishi
mumkin. Il-dimer shakl gand qismi C(5") atomidagi karboksil guruhi orgali polimer zanjir
hosil gilinishi mumkin.

3-rasm. GKning Il-dimer shakli

Avogadro [2] dasturida “bosh — bosh” va “dum — dum” ko‘rinishidagi dimer shakllar
(11 va V) hosil gilinib (4-rasm), ularning ham uch o‘lchamli geometriyalari PM6 usulida
to‘lig magbullashtirildi. Xuddi 1 dimer holatdagidek, 111 dimer holatda C(5") atomidagi
karboksil guruhi va aglikon qismi >C(11)=O keton guruhi halgqa tekisligiga nisbatan
perpendikelyar (90°) joylashishi aniglandi. Ushbu holatda ham karbonil yoki karboksil
guruhlari ishtirokida H-bog* orgali “mehmon” molekulasining bog‘lanishi tashqi sferada yuz
berishi mumkin. Ammo 1V dimer shakl 7.82 va 11.99 A o‘Ichamli ichki bo‘shlig hosil giladi
va >C(11)=0 keton guruhlari mehmon molekulalar bilan ichki sferada H-bog® hosil gilishi
mumkin (5-rasm).
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5-rasm. GKning IV dimer shakli

Tadqiq gilingan nazariy 1-1V dimerlarning hosil bo‘lish issigliklari (AHs, kkal/mol) 1-
jadvalda keltirilgan. Shuningdek, 1-jadvalda ikkita GK hosil bo‘lish energiyasidan dimer
shakllar hosil bo‘lish energiyalarining fargini ko‘rsatuvchi AAHs kattalik ham keltirilgan.
AAHs kattalik monomer shaklga nisbatan dimer shaklning ganchalik darajada magbulligini
ko‘rsatuvchi kattalikdir. 1-1V dimerlar uchun PM6 usulida hisoblab topilgan AHfva AAHt
kattaliklar 1V dimer shaklning qolganlariga nisbatan energetik jihatdan sezilarli darajada
magbul ekanligini ko‘rsatdi.

Dimer holatlar hosil bo‘lish issigliklari 1-jadval.

| 1 1l 1\
—1521.46 -1521.43 —1522.46 —1528.97
-11.32* -11.29 -12.32 —18.83

*AAHs= AHg(dimer) — 2:AN¢{(GK),

AH#(GK)=—755.07 kkal/mol

Xulosa va takliflar. Xulosa o‘rnida shuni aytish mumkinki, biologik faol triterpen
kislotalardan hisoblangan glitsirrizin kislotasining mumkin bo‘lgan dimer shakllari nazariy
jihatdan yarim empirik PM6 usulida o‘rganildi. Bunda “bosh — dum” (2ta) va “bosh — bosh”
hamda “dum — dum” (2ta) ko‘rinishidagi, jami to‘rtta dimer shakllar hosil gilinib, ularning
fazoviy tuzilishlari va hosil bo‘lish issigliklari tahlil gilindi. Bunda nazariy hisoblashlar
natijasi energetik jihatdan I-1V dimerlar uchun PM6 usulida hisoblangan AHf va AAHf
kattaliklar ichida IV dimer shaklning qolganlariga nisbatan energetik jihatdan sezilarli
darajada magbul ekanligi aniglandi. Olingan natijalar GK yangi komplekslarini olishda va
komplekslarni kompyuter dasturlarida modellashtirishda go‘llanilishi mumkin.
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Abstract: It is shown that polyacrylamide and ion exchangers containing nitrogen and phosphorus
are used in the separation of Fe(l1l) and Ni(ll) ions from them in the sorption state, as well as the presence of
acidic or basic characteristic groups. Application of fiber ion exchangers for sorption of various substances
from air and cleaning of air from substances of various nature is the most important field of their practical
use. Phosphorus, as a key feature of these polymers, favors chemical functionalization and in some cases
(bio)degradation, facilitating their use in such therapeutic formulations. The first part of the review details
the relevant properties of phosphorus-containing polymers for therapeutic applications and highlights some
recent and innovative approaches that provide insight into the state-of-the-art research on phosphorus.

Keywords: Polymer, nitrogen, phosphorus, ion, ionites, sorbent, inorganic, cation, element, acid.

Annotatsiya: Tarkibida azot va fosfor bo‘lgan poliakrilamid va ion almashtirgichlar, ulardan Fe(lll)
va Ni(Il) ionlarini sorbsion holatda ajratishda go‘llanilishi, shuningdek, tarkibida kislotali yoki asosiy
xarakterli guruhlar mavjudligi ko‘rsatilgan. Havodan turli moddalarni sorbsiyalash va turli tabiatdagi
moddalardan havoni tozalash uchun tolali ion almashtirgichlarni go‘llash ulardan amaliy foydalanishning
eng muhim sohasidir. Fosfor, bu polimerlarning asosiy xususiyati sifatida, kimyoviy funksionalizatsiyani va
ba'zi hollarda (bio) parchalanishni yaxshi ko‘radi, bunday terapevtik formulalarda ulardan foydalanishni
osonlashishi keltirilgan. Ko‘rib chigishning birinchi gismida fosfor o‘z ichiga olgan polimerlarning
terapevtik magsadlarda go‘llanilishiga oid tegishli xususiyatlari batafsil tavsiflangan va fosfor bo‘yicha eng
zamonaviy tadgiqotlar hagida tushuncha beradigan ba'zi so‘nggi va innovatsion metodlar yoritilgan.

Kalit so‘zlar: Polimer, azot, fosfor, ion, ionitlar, sorbent, noorganik kation element, kislota.

Introduction: lonites, ion exchangers, ion exchange sorbents are polymer or inorganic
substances containing ionogenic and (or) complexing groups that can exchange ions when
exposed to electrolyte solutions [1].
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The chapter is a review covering the most important aspects of fibrous ion exchangers:
syntheses, physical chemical properties, equilibria and kinetics of sorption processes, and
possible and real fields of their applications. Their properties, methods of preparation, and
applications are in many ways different from those of conventional ion exchange resins.
Advantages and problems connected with fibrous ion exchangers are considered in the
chapter. Sorption of different substances from air and applications of fibrous ion exchangers
for air purification from substances of different natures (acid, base, neutral substances, water
vapors) is a most important field for their practical use. Fibrous catalysts, color-changing
sorbents, and hybrid fibrous sorbents impregnated with nanoparticles of inorganic substances
are also described. [1,2].

The effects of covalently bound phosphorus (P-) and nitrogen (N-) bearing groups on
the thermal and combustion attributes of polystyrene have been investigated. The necessary
chemical modifications were achieved through co - and ter polymerization reactions, in a
suitable solvent, under radical initiation conditions. The influence of P—N cooperative
interactions on the combustion properties of styrenic polymers was studied. It was found that
the thermal stability and combustion characteristics of polystyrene were significantly altered
by the presence of nominal amounts of P- and N- containing groups, and, in certain cases,
cooperative interactions of these groups were also evident. For instance, the extents of char
formation post-degradation of the prepared ter- polymers, as revealed by term gravimetric
investigations in an inert atmosphere (nitrogen), were found to be enhanced by more than
20%, as compared to the unmodified polystyrene. The heat release rates and heat release
capacities of the ter- polymers, as measured using the pyrolysis combustion flow calorimetric
(PCFC) technique, were reduced by almost 50% in comparison to the same parameters
obtained for the unmodified counterpart. [3].

Most ionites are practically insoluble solids in amorphous or crystalline form.
According to their chemical nature, they are divided into organic, inorganic, mineral-organic,
natural and artificial ionites according to their origin. Examples of organic ionites are ion
exchange resins, chemically activated coal, peat, cellulose, inorganic ionites are alum
inosilicates (zeolites, permutites) and hydroxides, phosphates, cyanides of polyvalent metals.
lonites can absorb positive or negative ions (cations or anions) from a solution of electrolytes
(salts, acids, and alkalis) and replace them with equivalent amounts of other ions of the same
charge. lonites are electroneutral due to their counterions under normal conditions. The
presence of trapped acidic or basic groups in the composition determines the ionic charge. The
movement of counterions determines the ion-exchange property of this ionite. Exchangeable
ions are divided into cations and anions, depending on the direction of their charge. Cation
ions have active acid groups (—SOsH, —COOH) that can exchange hydrogen ions (or other
positively charged ions) for metal ions [5,6].

Polymers in which phosphorus is an integral part of the main chain, including
polyphosphazenes and polyphosphoesters, have been widely investigated in recent years for
their potential in a number of therapeutic applications. Phosphorus, as the central feature of
these polymers, endears the chemical functionalization, and in some cases (bio)degradability,
to facilitate their use in such therapeutic formulations. Recent advances in the synthetic
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polymer chemistry have allowed for controlled synthesis methods in order to prepare the
complex macromolecular structures required, alongside the control and reproducibility desired
for such medical applications. While the main polymer families described herein,
polyphosphazenes and polyphosphoesters and their analogues, as well as phosphorus-based
dendrimers, have hitherto predominantly been investigated in isolation from one another, this
review aims to highlight and bring together some of this research. In doing so, the focus is
placed on the essential, and often mutual, design features and structure—property relationships
that allow the preparation of such functional materials. The first part of the review details the
relevant features of phosphorus-containing polymers in respect to their use in therapeutic
applications, while the second part highlights some recent and innovative applications,
offering insights into the most state-of-the-art research on phosphorus-based polymers in a
therapeutic context. [4].

Research Methodology Anionites have the main properties. Most of them are high-
molecular polymer compounds containing an active basic group (—NH2, —NH—, Ns); they
can exchange hydroxyl ions (or other negatively charged ions) for dissolved salt or acid
anions. They are used for water softening, extraction of rare metals (gold, uranium, yttrium,
etc.) from natural waters, separation and purification of various substances in the food and
chemical industries. It is used in analytical chemistry, in ultrapure substances, in the
separation of substances such as biologically active substances, proteins, viruses, DNA and
RNA, as well as in medicine (purification of blood from toxic substances). Nitrogen and
phosphorus ions are important elements in chemistry [5].

Nitrogen ions are anions with N-3 position. The following part of nitrogen ions is
carried out in laboratories for professional sampling, for use as genealogical information to
trace people.

Phosphorous ions are anions with the P-3 code. They are used in biological processes,
for example, in the formation of the main part of the ATP molecule, which is actively
processed into proteins [6].

Results and Discussions These ions are used in many fields in chemistry, and there are
several methods of analysis and synthesis for their use. lons containing nitrogen and
phosphorus grow. Nitrogen (N) and phosphorus (P) are located as two elements in the periodic
table. Nitrogen can have an electron configuration of -3, -2, -1, 1, 2, 3. It usually contains N (-
3), N(-2), N(1), N(2), N(3) ions. Phosphorus can have an electron structure of -3, -2, -1, 1, 2,
3,4, 5. In this case, it may contain P (-3), P(-2), P(-1), P(1), P(2), P(3), P(4), P(5) ions. These
ions are used for specific chemical reactions, creating molecules and participating in chemical
reactions. For example, nitrogen ions can appear in the form of ammonium, azide, nitrate,
nitrite, and phosphorus ions can exist in the form of phosphate, phosphite. To achieve the
desired use of these ions, you can use their chemical reactions, syntheses and related periodic
tables. There are several ways to obtain nitrogen and phosphorus ions, these ions can be
synthesized in a chemical laboratory, isolated from chemical materials, or obtained from
natural resources. In order to separate Fe (I11) and Ni(ll) ions by sorption, first of all, it is
necessary to obtain nitrogen (N) and phosphorus (P) ions, and legal sorption, dialysis,
electrodialysis and other methods can be used to obtain these ions [7-10].
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>N -
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< Tz > _) -
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b= < ’ C
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To separate Fe(ll1) and Ni(ll) ions by sorption, nitrogen and phosphorus ions can be
added to fuel, polymer and other materials. Fe(lll) and Ni(ll) ions can be separated using
separation tools based on this material matrix. Separation of Fe(I11) and Ni(ll) ions by sorption
methods depends on the objective, chemical equipment, matrix materials and separation
conditions.

Conclusion: In chemical laboratories, many technologies and techniques are available
for the study of these species, which help to carry out intensive sorption. You should be
familiar with chemical technologists, data, and laboratories before performing these methods
to obtain and use nitrogen and phosphorus-bound ions, and Fe(lll) and Ni(ll) ion sorption
experiments.
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Annotatsiya. Maqgolada Markaziy Qizilgum (MQ) fosforitlarini yuqori haroratda boyitish saralash
bosgichida hosil bo‘ladigan fosfat chigindisi — minerallashgan massadan (MM) ekstraksion fosfat kislota
yordamida faollashtirilgan fosforli o‘g‘it (FFO°) olish bo‘yicha olib borilgan tadgiqot natijalari keltirilgan.
Ekstraksion fosfat kislota konsentratsiyalari va miqgdorlarini olingan FFO°® larni sifat va miqgdor
ko‘rsatkichlariga ta’siri o‘rganilgan hamda ularning magbul konsentratsiyalari va miqdorlari aniglangan.
Magbul kattaliklarda olingan FFO* quyidagi tarkibga ega (og‘ir, %): P2Osywyn. — 32,58-33,15; P2Osysy. —
17,26-19,23; P2Osce. — 4,49-5,38; CaOyyyw. — 29,12-29,29; CaOys,, — 15,66-17,22; P>0s ning suyuq fazaga
o‘tishi — 0,80-0,92. Bunda holatlarning asosiy sababini EFK konsentratsiyasining ortishi va kislotaning
faolligi ortishi bilan tushuntirish mumkin. Ushbu o‘g‘it namunalaridagi P-Os... larning migdorlari esa 3,70
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va 4,25% ga teng bo‘ladi. Bu kattaliklarda CaOy,y.. Ba CaOyss, larning giymatlari esa mos ravishda 29,54 va
29,35% hamda 15,36 Ba 15,57% ga teng. CaO ning nisbiy o‘zlashuvchan giymatlari 18,0- va 21,0%-li EFK
asosida olingan FFY larda mos ravishda 52,00 va 53,05% ga teng bylishini keltirilgan natijalardan kyrish
mumkin.

Kalit so‘zlar: minerallashgan massa, ekstraksion fosfat kislota, kislota konsentratsiyasi, kislota
miqdori va faollashtirilgan fosforli o‘git.

OBTAINING ACTIVATED PHOSPHORUS FERTILIZERS FROM THE
MINERALIZED MASS

Abstract. The article presents the results of a study to obtain activated phosphorus fertilizers (AFU)
from mineralized mass (MM), which is formed during the sorting of phosphorites of Central Kyzylkums
(CK) by high-temperature enrichment using extraction phosphoric acid. The effect of the concentration and
amounts of extraction phosphoric acid on the qualitative and quantitative parameters of the obtained APF
was studied and their optimal concentrations and amounts were determined. APF obtained in optimal
parameters have the following compositions (weight, %): P2Os. — 32.58-33.15; P2Osacca — 17.26-19.23;
P2Osw.s. — 4.49-5.38; CaOy. — 29.12-29.29; CaOacca 15.66-17.22; the degree of transition of P,Os to liquid
phase — 0.80-0.92. In this case, the main reason can be explained by increasing the concentration of EFK and
increasing the activity of acids.

Keywords: mineralized mass, extraction phosphoric acid, acid concentration, amount of acid and
activated phosphoric fertilizer.

Kirish. Hozirgi vaqtda mamlakatimizda asosiy fosfat xomashyolarining zaxirasi
Markaziy Qizilgum (MQ) havzasida joylashgan va bugungi kunda ushbu fosfat xomashyolari
(FXA) mamlakatimiz uchun fosforli va fosfor tutgan kompleks o‘g‘itlar olishda muhim rol
o‘ynamogda. Ammo ushbu FXA asosiy komponent bo‘lgan R205 bo‘yicha past sifatli
fosfatlar turiga kiradi. Bundan tashgari ushbu FXA tarkibida katta miqdorda karbonatlar va
boshqa keraksiz chigindi moddalar mavjud bo‘lib, bu holat FXA lardan fosforli hamda fosfor
tutgan o‘g‘itlar ishlab chiqarishda qiyin darajadagi texnologik jarayonlarni olib borishni
tagozo etadi.

MQ FXA larni fosfat kislotali, ekstraksion fosfat kislota bilan gayta ishlab turli
darajadagi fosforli o‘g‘itlar olish bo‘yicha juda ko‘plab ilmiy-tadgiqgot ishlari olib borilgan.
Aynigsa ushbu ishlar ichida qo‘sh superfosfat olish bo‘yicha o‘tkazilgan ilmiy-tadgiqgot ishlari
muhim ahamiyat kasb etadi [1-4]. Olingan natijalar asosida ammofosfat, qo‘sh superfosfat va
azot-fosforli o‘g‘itlar olish texnologik sxemasi va material ogimlari hisoblangan. Qo‘sh
superfosfat ishlab chigarishda barabanli quritkich hamda barabanli donadorlash quritkich
jihozlari taklif etilgan. Ammofosfat, qo‘sh superfosfat va konsentrlangan azot-fosforli o‘g‘itlar
olishning asosiy texnologik ko‘rsatkichlari “Elektrokimyo” AJ qo‘shma korxonasida sinovdan
o‘tkazilgan va tajriba-sinov partiyalari ishlab chigarilgan. Ushbu ishlarning o‘ziga xosligi past
sifatli Qizilgum fosforitlardan yuqgori ozuga komponentiga ega bo‘lgan fosforli hamda
kompleks o‘g‘itlar olishdir.

S.S. Ortikova va boshgalarning ishlarida [5-9] esa MQ fosforit xomashyolarini termik
boyitishning saralash bosgichida hosil bo‘ladigan fosfat chigindisi — minerallashgan massani
esa EFK va EFK-sulfat kislota aralashmalari bilan gayta ishlab, faollashtirilgan fosforli va
ammofosfat o‘g‘itlar olish imkoniyatlari batafsil o‘rganilgan.

Yugoridagilardan ko‘rinadiki, juda past navli fosfat chigindilari — MM va FK larni
o‘g‘itlar ishlab chiqgarish sohasiga jalb gilish, sodda va igtisodiy jihatdan arzon texnologiyalar
ishlab chigish bo‘yicha ilmiy ishlar olib borilishi kerak. Shu tufayli MQ FXA larini yuqori
haroratli boyitish texnologiyasi orgali YUKFK olishda paydo bo‘ladigan fosfat chigindilari —
MM va FK larni ekstraksion fosfat kislota asosida faollashtirilgan fosforli o‘g‘itlar olishning
soddalashgan texnologiyasini yaratish zarurati ham mavjud.

Ushbu ishda MQ FXA larini yuqori haroratli boyitish texnologiyasi orgali YUKFK
olishda paydo bo‘ladigan fosfat chigindilaridan biri — MMni ekstraksion fosfat kislota (EFK)
yordamida qayta ishlash orqgali faollashtirilgan fosforli o‘g‘itlar olish imkoniyatlari
o‘rganilgan.
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Tadgigot metodologiyasi. Laboratoriya sharoitida tadgiqotlar olib borish uchun
quyidagi tarkibga ega bo‘lgan minerallashgan massadan (MM) foydalanildi: P2Osumum.-
14,60%; P20s 42.-3,07%; Ca0-43,99%; MgO-1,01%; CO,-14,11%; Al>0s3-1,04%; Fe,Os-
0,89%; SOs-1,58%; F-1,30%; H20-1,02%; erimaydigan qoldiq (e.q.)-10,82%; CaO:P.0s-3,01.
MM ni EFK bilan ta'sirlashtirishda kislotaning 110% me'yori (dikalsiy hosil bo‘lishga
nisbatan) hamda uning 18,0; 21,0; 24,0 Ba 27,0% konsentratsiyali eritmalaridan foydalanildi.

MM ni EFK bilan ta'sirlashtirish bo‘yicha olib boriladigan laboratoriya tajribalari
elektrodvigatel yordamida harakatga keltiriladigan parrakli aralashtirgich bilan jihozlangan
quvurli shisha reaktorda olib boriladi. Avvaldan o‘lchangan MM namunasi reaktorga solinadi,
so‘ngra asta-sekin o‘lchangan migdordagi EFK qo‘shib boriladi. MMning parchalanish
jarayonidagi harorat deyarli o‘zgarmaydi va 25-30 dagiga mobaynida boradi.

MM ning EFK bilan ta'sirlashishi natijasida asosan quyidagi kimyoviy reaksiyalar
sodir bo‘ladi:

Cas(POa)3F + 2H3PO4 + 10H20 = 5CaHPO4-2H20| + HF? (D)
CaCO3z + H3PO4 + H20O = CaHPO4-2H0| + CO27 )
MgCOs3 + H3PO4 + H2O = MgHPO4-2H>O | + CO21 3)
2SiO; + 10HF = SiF47 + HaSiFs + 4H,0 4)

Parchalanishdan keyin hosil bo‘lgan fosforli o‘g‘it suspenziyasi vakuumli filtrlash
orgali qattig va suyuq fazalarga ajratiladi. Filtrlashdan hosil bo‘lgan nam holdagi
faollashtirilgan fosforli o‘g‘it (FFO‘) namunalari 80-900S da quritiladi. Olingan FFO°
namunalari va hosil bo‘lgan filtratlarning kimyoviy tarkiblari [10-11] larda keltirilgan
usullarda tahlil gilinadi.

Olingan natijalar va ularning muhokamasi. Olingan natijalar 1-jadvalda
keltirilgan. Jadvalda keltirilgan ma’lumotlardan shu narsani ko‘rish mumkinki, MM ni EFK
bilan ta'sirlashtirishda kislotaning konsentratsiyalarining ortishi FK dagi kabi olingan
o‘g‘itlardagi ozuga komponentlarining (P20sumum. Va CaOoz1) miqdorlari sezilarli darajada
ortishiga olib keladi. Misol uchun, EFK konsentratsiyasi 15,0 dan 27,0% gacha ortganda P>Os
umum. Miqdori 32,04 dan 33,67% gacha va CaOq21.

1-jadval
Faollashtirilgan fosforli o‘g¢itlarning asosiy tarkibi
Asosiy komponentlar EFK konsentratsiyalari,%
15%-nm 18%- 21%- 24%- 27
E®K hivi byt hivvt %-
EDK E®K E®K I
E®
K
P2O05ymym. 32,04 32,58 33,05 33,46 | 33,6
7
2-% li limon kislotasi bo‘yicha P2050°zl. 16,34 17,26 18,18 19,09 | 20,4
4
P20sce. 4,22 4,49 4,81 505 | 5,32
P, 05;,1,[ 51,00 52,98 55,01 57,05 | 59,9
- 10084 9
Pf DEvrth.
CaOyyym. 29,42 29,29 29,21 29,11 | 29,0
1
2-% li limon kislotasi bo‘yicha SaOo‘zl. 15,12 15,66 16,34 16,84 | 17,6
9
CHD;,M. 51,39 53,47 | 55,90 57,85 | 60,9
— = . 100% 8
Ca0,
Karbonatsizlanish darajasi, % 49,85 52,20 53,87 55,69 | 57,3
0

Tarkibidagi suvda eruvchan P2Osce. ning miqdori ham 4,22 nan 5,32% gacha ortishini
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ko‘rish mumkin. Olingan o‘g‘it namunalaridagi P20s,21. va CaO o1, o‘simlik o‘zlashtira
oladigan shakllarning nisbiy giymatlari mos ravishda 51,00 dan 59,99% gacha va 51,39 dan
60,98% gacha ko‘tariladi. Minerallashgan massani karbonatsizlanish darajasi 49,85 dan
57,30% gacha ortadi. Bunda holatlarning asosiy sababini EFK konsentratsiyasi ortishi bilan
kislotaning faolligi ortishi bilan tushuntirish mumkin. Bundan tashqgari olingan o‘g‘itlar
tarkibidagi CaOumum. Ni migdorining ozroq kamayishini (29,42 dan 29,01% gacha) ko‘rish
mumkin. Bunday holatni EFK konsentratsiyasi ortganda hosil bo‘ladigan kalsiy digidrofosfat
tuzining ko‘proq hosil bo‘lishi bilan tushuntirish mumkin. Yuqorida ta'kidlab o‘tilganidek,
EFK konsentratsiyalarining barcha giymatlarini magbul deb olish mumkin bo‘ladi, lekin
bugungi kunda sanoat korxonalarida ishlab chiqgarilayotgan EFK konsentratsiyalari 18,0-
20,0% atrofida bo‘lishi hisobga olinsa, uning 18,0-21,0% li eritmalarini magbul deb olish
mumkin bo‘ladi.

Keyingi tadgigotlarda esa faollashtirib olinadigan fosforli o‘g‘itlardagi asosiy ozuga
komponenti bo‘lgan P2Os miqgdorini yanada oshirishga qaratildi. Buning uchun
minerallashgan massaning EFK bilan parchalash uchun ishlatiladigan migdori ko‘paytirildi,
ya'ni uning me yorlari oshirildi. Buning uchun EFK ning 18,0 va 21,0% li konsentratsiyalari
va uning meyorlari esa 100,0, 110,0, 120,0, 130,0, 140,0 va 150,0% larda olindi. Tajribalarni
o‘tkazish tartibi yuqoridagi kabi bir xil. Olingan natijalar jamlanmasi 2-jadvalda keltirilgan.
Jadvalda keltirilgan natijalaridan shuni ko‘rish mumkinki, EFK me yorlarining ortishi olingan
o‘gitlarning sifat va miqdor ko‘rsatkichlariga sezilarli darajada katta ta'sir ko‘rsatadi.
Masalan, EFK me yori 100,0% bo‘lganda hamda uning 18,0 va 21,0%-li konsentratsiyalarida
olingan FFO* tarkibidagi P2Osumum. Ning miqgdorlari mos ravishda 31,25 va 32,21% ga teng
bo‘ladi. Olingan FFO* tarkibidagi P2Os,:z1. ning giymatlari esa mos ravishda 15,65 va 16,37%
ga teng bo‘lib, nisbiy ozlashuvchan holatiga hisoblanganda ular mos ravishda 50,08 va
50,82% ga tengdir. Ushbu o‘g‘it namunalaridagi P2Osse. larning miqdorlari esa 3,70 va 4,25%
ga teng bo‘ladi. Bu kattaliklarda CaOymum. Va CaO,z1. larning giymatlari esa mos ravishda
29,54 va 29,35% hamda 15,36 va 15,57% ga teng. CaO ning nisbiy ozlashuvchan giymatlari
18,0- va 21,0%-li EFK asosida olingan FFO* larda mos ravishda 52,00 va 53,05% ga teng
bo‘lishini keltirilgan natijalardan ko‘rish mumkin. EFK me yorlarini

2-jadval
Faollashtirilgan fosforli o‘g‘itlarning asosiy tarkibi
Acocwuit EDK wme épaapu,%
KOMITOHEHTJIap. 100 110 120 130 140 150
18% | 21% | 18% | 21% | 18% | 21% | 18% | 21% | 18% | 21% | 18% | 21%
-JIn -JIN -JIn -JIn -JIN -JIn -JIN -JIn -JIN -JIn -JIN -JIn

E® | E® | E® | ED | E® | E®d | ED | ED | ED | E® | ED | ED
K K K K K K K K K K K K

P20syuym. 31,2 | 322 | 325 | 330 | 326 | 331 | 326 | 325 | 324 | 32,3 | 31,1 | 31,0
5 1 8 5 5 5 1 4 1 1 4 2

2-% 1y M. 156 | 16,3 | 17,2 | 18,1 | 17,6 | 19,2 | 18,2 | 195 | 21,0 | 225 | 23,9 | 24,7
Kuc.0¥yinmaa 5 7 6 8 2 3 6 4 8 7 4 6

P20sys1.

P20sce. 3,70 | 425 | 449 | 481 | 5,09 | 538 | 565 | 6,03 | 6,10 | 6,43 | 6,56 | 6,85

P,0c;., 50,0 [ 50,8 [ 52,9 [ 550 | 53,9 | 58,0 | 55,9 | 60,0 | 65,0 | 69,8 | 74,9 | 79,8
8 2 8 1 7 1 9 5 4 5 5 2

Pfoﬁ-vwnt.

- 10084

CaOyyym. 295 (293|292 | 292|292 | 291|291 | 290 | 288 | 28,4 | 27,7 | 26,3

2-% nu nuMm. 153 | 155 | 156 | 16,3 | 16,1 | 17,2 | 16,9 | 18,0 | 19,6 | 20,4 | 21,3 | 21,3
KHcC. Oyiinda 6 7 6 3 4 2 1 3 2 7 8 2
CaOygnA
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Caﬂfﬂl 52,0 | 530 | 53,4 | 55,9 | 55,2 | 59,1 | 57,9 | 62,0 | 68,0 | 72,0 | 76,9 | 80,8
pe— 0 5 7 1 4 3 7 0 1 0 6 5
Cﬂﬂku.
- 10004

Karbonatsizlani | 50,8 | 51,9 | 52,2 | 53,8 | 54,3 | 58,5 | 57,0 | 61,2 | 66,5 | 71,0 | 75,9 | 80,0
sh darajasi, % 9 4 0 7 6 7 5 0 0 6 6 7

P20s ning - - - - 0,80 | 0,92 | 1,02 | 1,64 | 2,25 | 2,95 | 4,04 | 501
suyuq fazaga
o‘tishi,%

ortishi bilan yuqoridagi keltirilgan umumiy qonuniyatlar takrorlanadi. Lekin EFK me yori
130,0% va undan yuqori giymatlarida olingan FFO® lardagi P2Osymum. Ning miqdorlari
kamayishi kuzatiladi, buning asosiy sabablaridan biri — bu umumiy fosforning eritmalarga
o‘tib ketishidir. Ushbu holatni 1-rasmda keltirilgan hajmiy diagrammadan ham ko‘rish
mumkin. Keltirilgan diagrammadan ko‘rinib turibdiki, EFK ning 120% me yorida ikkala
konsentratsiyasida ham P.Os ning suyuq fazaga o‘tishi kuzatiladi. Olingan FFO*
namunalaridagi P2Osez1. va CaO o2 larning nisbiy giymatlari 50% dan kam emas. Umumiy
olganda MM asosida FFO* olishda quyidagi kattaliklarni magbul sharoit deb olish mumkin:
EFK konsentratsiyasi — 18,0-21,0% va uning me’yorlari 110,0-120,0%. Ushbu holatda
quyidagi tarkibga ega bo‘lgan FFO° olinadi (og‘ir.,%): P20sumum-32,58-33,15; P205 o1~
17,26-19,23; P20sse- 4,49-5,39; CaOumum-29,12-29,29; CaO2-15,66-17,22. Bunda olingan
FFO* lardagi P20s 21 Va CaO o2, Iar?ing

31,02

—
— — —
— ———
— —
— —

24,76

PZOSyMyM., %1,2

6,85

PZOS)"'sn., %5,55

5,01
21,0

PZOSc.a., 3,0

%

HIeHTpauusicu, %
P,Os cyiok ¢azara / 08 / /
yrumu, % '
o V4 — V4 18,0
100 110 120 130 140 150

DK Menépn,
%
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nisbiy o‘zlashuvchanlik giymatlari mos ravishda 52,98-58,01% va 53,47-59,13% ga teng
bo‘ladi. Fosforni eritmaga o‘tib ketish darajasi, ya ni uning isrof bo‘lishi 0,80-0,92% ga
teng bo‘ladi, xolos.

Xulosa. Markaziy Qizilqgum fosforitlarini yuqori haroratda boyitish jarayonlarida
hosil bo‘lgan fosfat chigindisi — MM dan EFK yordamida FFO® olish imkoniyatlari
o‘rganildi. EFK konsentratsiyalari va miqdorlarini olingan o‘g‘itlarning sifat va miqdor
ko‘rsatkichlariga ta'siri o‘rganildi. Olingan FFO*‘ lar mamlakatimiz gishlog xo‘jaligi
tomonidan go‘yiladigan talablarga to‘liq javob beradi. Ushbu ilmiy-tadgiqot ishi natijalari
amaliyotga qo‘llansa, MQ fosforitlarini yuqori haroratli boyitishda hosil bo‘lgan fosfat
chigindisi — MM ni konsentrlangan fosforli o‘g‘itlar gayta ishlash imkoniyati paydo
bo‘ladi.
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Annotatsiya: Qo‘rg‘oshin (II) ionini sorbsion-spektrofotometrik aniglash uchun 2,2°-(1,8-
Digidroksi-3,6-disulfonaftilen-2,7-bisazo) bisbenzenarson kislotasi, 2,7-Bis(2-arsonofenilazo) xromotrop
kislota (Arsenazo-I11) analitik reagent sifatida tavsiya etildi. Qo‘rg‘oshin (1) ionini 2,2°-(1,8-Digidroksi-3,6-
disulfonaftilen-2,7-bisazo) bisbenzenarson kislotasi, 2,7-Bis(2-arsonofenilazo) xromotrop Kislota yordamida
aniglashning magbul sharoitlari taklif gilindi. Poliakrilonitril tolasini polietilenpoliamin bilan ishlov berilib
so‘ngra monoxlorsirka Kislotasi bilan ketma-ket modifikatsiyalash mahsuloti bo‘lgan PPM-1 ga
immobillangan Arsenazo Il bilan qo‘rg oshin (1) ioni o‘zaro kompleks hosil gilishi o‘rganildi. Arsenazo 1ll
go‘rg‘oshin (11) ionini aniglashda tanlab tasir etuvchan, yugori samarali bo‘lgan analitik reagent tavsiya
etilgan. Dastlab Arsenazo 111 PPM-1 ga immobillash xususiyatlari, so‘ngra metall ioni bilan kompleks hosil
gilishining analitik xossalari spektrofotometrik usulda o‘rganilgan. Hosil bo‘lgan kompleksning tuzilishi
turli spektroskopik usullar bilan o‘rganildi. Qo‘rg‘oshin ionini tolaga immobillangan reagentlar bilan hosil
gilgan komplekslarining tuzilishi, mexanizmi nur yutish hamda infragizil spektroskopik tahlili bilan
isbotlandi.

Kalit so‘zlar: Arsenazo Ill, immobillash, molyar so‘ndirish koeffisenti, sorbsion-
spektrofotometriya, qo‘rg‘oshin, Buger-Lambert-Ber qonuni

SORPSION-SPECTROPHOTOMETRIC DETERMINATION OF LEAD (I1) ION

Abstract: 2,2 - (1, 8 - Dihydroxy — 3, 6 - disulfonaphthylene- 2,7 - bisazo) bisbenzenearsonic
acid, 2, 7 — Bis ( 2 - arsonophenylazo) for sorption -spectrophotometric determination of lead (I) ion )
chromotropic acid (Arsenazo-I11) was recommended as an analytical reagent. Determination of lead (1) ion
using 2,2-(1,8 - Dihydroxy-3,6-disulfonaphthylene- 2,7- bisazo) bishenzenearsonic acid, 2,7-Bis(2-
arsonophenylazo) chromotropic acid acceptable conditions were offered. It was studied that polyacrylonitrile
fiber was treated with polethylene polyamine and then formed a cross-complex of lead (II) ion with
Arsenazo 11l immobilized on PPM-1, a product of sequential modification with monochloroacetic acid.
Arsenazo Il is a selective, highly efficient analytical reagent for the determination of lead (1) ion. First, the
immobilization properties of Arsenazo 11l to PPM-1, and then the analytical properties of complex formation
with metal ions were studied by spectrophotometric method. The structure of the resulting complex was
studied by various spectroscopic methods. The structure and mechanism of lead ion complexes with fiber
immobilized reagents were proved by light absorption and infrared spectroscopic analysis.

Keywords: Arsenazo Il1, immobilization, molar extinction coefficient, sorption-spectrophotometry,
lead, Bouguer-Lambert-Behr law.

Kirish. So‘nggi yillarda ilm-fan, ishlab chigarish va sanoat sohalarining rivojlanishi,
yangi texnologik jarayonlarning ishlab chiqgarishga joriy etilishi natijasida insonning atrof-
muhitga ta'siri sezilarli darajada ortib bormoqda. Buning natijasida turli xil chigindilar
tarkibidagi go‘rg‘oshin ionlari tirik organizmlarga va atrof-muhitga jiddiy xavf tug‘dirmoqda.
Ushbu metall ionlarning migdorini oqova suvlarda va yerusti suvlarida tahlilini olib borish
ekoanalitiklar oldida turgan asosiy va dolzarb vazifalaridan biri hisoblanadi. Organizmga
tushgan go‘rg‘oshinning asosiy miqdori gizil qon tanachalarida va suyaklarda (4-50 %)
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yig‘iladi. Depolardagi qo‘rg‘oshin ionlari uzoq vaqt (hatto butun hayot davomida) saglanib, u
yerdan gonga o‘tib organizm zaharlanishining doimiy xavfini yaratadi.

Qo‘rgoshinning havodagi REChm —0,01 mg/m® ni tashkil etadi. Organizmga
Pb(CH3COOQ); ning 145 mg/kg miqdorda tushishi o‘lim bilan tugaydi. Qo‘rg‘oshin bilan
zaharlanish ogibatida milklarda dog‘lar paydo bo‘ladi, nerv sistemasi ishdan chigadi, ichki
a'zolarda qattiq og‘rig paydo bo‘ladi. Kamquvvatlik, bosh aylanishi, hushdan ketish,
falajlanish hollari kelib chigadi. Bu metall ionining CH- guruhlarga bo‘lgan moyilligi yuqori
bo‘lib, u gator fermentlar va ogsillarning shu guruhlari bilan komplekslanib, ular faolligining
kamayishiga olib keladi [1]. Shu nugtayi nazardan tabiiy va chigindi suvlar og‘ir metall
ionlarini konsentratsiyasini aniglash ekologik muammolardan hisoblanadi. Shunday qilib,
metallarning miqdorini  oldindan aytish, keyinchalik ularni turli usullar bilan
konsentratsiyasini aniglash talab gilinadi [2,3]. Qo‘rg‘oshin ionlarini aniglashning ko‘plab
usullari mavjud bo‘lib, ularning ichida sorbsion-spektrofotometrik usullar alohida o‘rin tutadi.
Qotishmada Pb(ll) ni to‘g‘ridan to‘g‘ri spektrofotometrik aniglash, 5-bromo-2-gidroksil-3-
metoksibenzaldegid-4-gidroksibenzoilgidrazon yordamida biologik va suv namunalari, turli
xil real namunalardagi go‘rg‘oshin (II) ni aniglash uchun tezkor, sezgir va selektiv bo‘lgan
spektrofotometrik usul ishlab chigilgan. 5-bromo-2-gidroksi-3-metoksi benzaldegid-
fidroksibenzoy gidrazon Pb (1) bilan tampon eritmasida yashil rangli eruvchan kompleks [Pb
(1) -5-BGMBGBG] hosil giladi. Maksimal absorbsiya pH=7,0-9,0 oralig‘ida kuzatilgan [3].
Pb (1) va Cu (Il) ionlarini aniglash uchun elektrosintezlangan benzol sulfonik kislota
go‘shilgan polipirolga asoslangan yangi lyuminestsent sensor ishlab chigilgan. Zaharli og‘ir
metallarni aniglash uchun lyuminestsent sensorlar sifatida o‘tkazuvchan organik polimerlar
(COPs) tavsiya gilingan. Tavsiya etilgan sorbsion -ftorimetrik sensori suv namunalarida
zaharli og‘ir metall ionlari aniglash uchun go‘llash mumkin [4,5,7]. Polimer matritsasida
immobilizatsiyalangan alizarin-3-metilamino-N,N-diasetik kislota yordamida marganetsni
aniglashning yangi, yugori samarali usuli. Mn(ll) ioni bilan kompleksining spektroskopik
signallari mos ravishda 500 va 580 nm da; Mn(II) ioni uchun analitik usulning aniglash
chegarasi 0,02 pg/ml; ishlatilgan reagentning selektivligi AMADAA/PPP, Ca(ll), Mg(ll),
Cd(In, zn(l) va Fe(ll) ishtirokida Mn(ll) ioni uchun juda yuqgori bo‘lgan [8].
Immobilizatsiyalangan 4,5-dihidroksinaftalin-2,7-disulfonik kislota disodiy tuzi digidrat
yordamida Cr (VI) ionlarini aniglashning samarali va tejamkor usuli yuqori selektivlik va
sezgirlikka ega yangi analitik reagent qo‘llanilgan [9,10].

Tadgigot metodologiyasi. Qo‘rg‘oshin nitrat tuzining dastlabki eritmasi (6,04:10* M)
Pb(NOs), (DST- 4236-77) Sankt-Peterburg ZAO «UNIXIM») dan 0,2000 g analitik tarozida
tortib olinib, 1000 ml standart o‘lchov kolbasiga solindi va bidistillangan suv yordamida
belgisigacha yetkazildi. Ishchi eritmalarini 3,86-10° M tayyorlash uchun boshlang‘ich
eritmalar suyultirildi. 2,2° - (1,8-Digidroksi-3,6 — disulfonaftilen - 2,7 - bisazo)
bisbenzenarson kislotasi, 2,7 — Bis ( 2 — arsonofenilazo ) xromotrop kislota ( ARS -3 ) (HO):
C10H2 (SO3zH)2 ( N=N C¢HsAsO3H2) 2 776,37 g/mol ) ( DST- 1668-00-4 ) ( Arsenazo Il )
eritmasini tayyorlash uchun 0,0030 g reagent tortib olinib 1000 ml kolbaga solinib
belgisigacha distillangan suv go‘shildi. Eritma 30 sutkagacha bargaror bo‘ladi. Tahlil
jarayonlari va darajalash egrisini chizish uchun bir turdagi eritmalardan foydalanildi. Har xil
muhitlarni hosil qgilishda oldindan tayyorlab qo‘yilgan turli pH lardagi atsetatli bufer
eritmalaridan foydalanildi.

Tolasimon sorbent sifatida gidroksilamin bilan faollashtirilgan poliakrilonitril (PAN)
tolasini  polietilenpoliamin  (PEPA) va monoxlorsirka Kislotasi bilan  ketma-ket
modifikatsiyalash mahsuloti bo‘lgan PPM-1 toladan foydalanildi. PPM-1 tolasi PAN tolani
eritadigan erituvchilarda erimaydi va boshlangich PAN ga nisbatan Kislotalar va ishqorlarga
bargarorligi bilan ajralib turadi.

Tolasimon sorbent 0,2000 g dan analitik tarozida o‘lchab olindi. O‘lchab olingan
gattiq holatdagi tolasimon sorbent 0,1 M xlorid kislotaning standart eritmasida bir sutka

155



QarDU xabarlari KIMYO 2024 3 (2)

mobaynida bo‘ktirib go‘yildi, so‘ngra distillangan suv yordamida pH-7 ga kelguncha yuvildi
va maxsus idishlarda saglandi.

Olingan natijalar va ularning muhokamasi: Arsenazo Il reagenti bilan Pb (1) ionini
kompleks hosil gilishi uchun optimal muhit pH=5-6 oraligi tanlab olindi. Bu muhitni hosil
gilishda atsetatli bufer eritmadan foydalanildi. Komponentlarning qo‘shilish ketma-ketligi
reagent+bufer+metall da eng katta optiq zichlikga ega bo‘ldi. Keyingi jarayonlar shu ketma-
ketlikda olib borildi.

Immobillangan reagentlarni olish usuli: Bir nechta tolasimon polimer sorbentlar
sinab ko‘rildi va tanlab olingan tolasimon sorbentning statik almashinish (SAS mg-ekv/g) va
dinamik almashinish sig‘imlari o‘lchandi. Ulardan keyingi ishlarda qattiq tolasimon
tashuvchilar sifatida foydalanildi. Dinamik almashinish sig‘imini aniglash maqgsadida
dastlabki o‘Ichab olingan sorbentning ma’lum og‘irlikdagi namunasi diametri 10 mm bo‘lgan
maxsus kolonkaga joylashtirildi, undan 1,0 M HCI eritmasi ma'lum tezlikda o‘tkazildi,
so‘ngra tola distillangan suv yordamida pH-7 ga gadar yuvildi va alikvot gism (25 sm®) 0,1 M
li ishgor eritmasi bilan metil oranj ishtirokida titrlandi.

1 _OH Ho\.o

! 1
AS‘OH HO As i
b OH OoH N
¢ I Tg
HO-S S—OH
o o
1-pacm. 2,2°-(1,8-Digidroksi-3,6-disulfonaftilen-2,7-bisazo) bisbenzenarson kislotasi, 2,7-Bis(2-
arsonofenilazo) xromotrop kislotaning molekulyar tuzilishi
Aniglash uslubi: 25 ml li o‘lchov kolbalariga 1-10* M li 2,0 ml Arsenazo 11 ni eritmasi, 5,0
ml bufer eritma, 60 mkg/ml li Pb (Il) tuzi eritmasidan 1 ml dan solindi va kolbaning
belgisigacha distillangan suv bilan suyultirilib aralashtirildi. Hosil bo‘lgan kompleks
birikmaning yutilish spektri tagqoslash eritmaga nisbatan gatlam galinligi 1=1,0 sm standart
bo‘lgan kvars kyuvetadan foydalanilgan holda spektrofotometr “UV-1800" da o‘lchandi.
Reagentning yutilish spektri esa solishtirma eritmaga nisbatan o‘Ichandi. Ushbu keltirilgan
yutilish spektrlari bo‘yicha Arsenazo 111 reagenti Pb(Il) kompleksining maksimal optik zichlik
giymati nur yutish sohasining Akomp=610 nm da joylashgan, Arsenazo Il reagentining
maksimal optik zichligi nur yutish sohasining pastrog to‘lgin uzunligida ya ni Ar=540 nm da
kuzatildi (AA=70 nm). Hosil bo‘lgan kompleks birikmaning yuqori optik zichligi giymatidan
foydalanib (A=610 nm to‘lqin uzunlikda) ek molyar so‘ndirish koeffitsientini (&) topildi.

ek=A/Ce(=22055
Kompleks birikma va reagentning olingan nur yutish spektrlari 3- rasmda keltirilgan.

Aot

2-rasm. Arsenazo Il reagent va uning qo‘rg‘(ghvm(ll)lonl bilan kompleksining nur yutish spektrlari.
Arsenazo Il bilan Pb (I1) ioni kompleks hosil gilishining Buger-Lambert-Ber
gonuniga bo‘ysunishi o‘rganildi. Olingan natijalar 3-rasmda keltirildi.
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3-rasm. Kompleksni Ber gonuniga bo‘ysunish grafigi.
Olingan natijadan ko‘rinadiki, Buger-Lambert-Ber gonuniga bo‘ysunish sohasi 0,12-
1,7 mkg/ml oralig‘ida kuzatildi, bundan yuqori konsentratsiyada to‘g‘ri chizigdan chetlanish

yuzaga keladi.
1-jadval

Qotrgeoshin (1) ionini Arsenazo 11 reagenti bilan hosil gilgan kompleksining spektral tasnifi ( f =10
sm, Cpb?*= 60 mkg)

. % HR % MeR Cro®* &k Sendel bo‘yicha
Kompleks rangi | pH nm nm AL mkg/ml 10* sezgirlik, mkg/sm?
Binafsha 5-6 540 610 70 60 2,2 0,002448

Ishlab chigilgan usulning Sendel bo‘yicha sezgirlik ko‘rsatkichi mkg/sm? 0,001 birlikda
nur yutilishi quyidagicha topildi:
60-1,0-0,001

S.b.s= = 0,002448 mkg /sm®
0,98- 25

Yuqorida keltirilgan tahlil natijalardan ko‘rinib turibdiki, reaksiya katta kontrastlikka (A=70
nm) va yaxshi sezgirlikka (S.b.s =0,002448 mkg/sm?) ega ekan
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4-rasm. PPM-1 tashuvchiga Arsenazo 111 reagentning immobillashdan keyingi Roman spektri
(Bruker Bravo 3300-300 sm* 2021)

Tadgigot davomida olingan namuna Roman-spektridagi tebranish chastotalari tegishli:
3100 sm™ sohada Ar-H bog‘i uchun xos bo‘lgan kuchsiz tebranish yutilishlari, 2928 va 2856
sm™ sohalarda C-H tebranishlari, 2244sm™ sohada CN bog‘ining valent tebranishi, 1581-1474
sm™ sohada Ar halga uchun xos bo‘lgan tebranish yutilishlari, 1018-1185 sm™ sohada SOs;
guruh tebranishi, 500-344 sm™ sohalarda As-O tebranishi hisobiga tebranish chastotalari
kuzatilishi aniglandi.
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5-rasm. PPM-1 tashuvchiga immobillangan Arsenazo 111 reagentining metall ioni bilan kompleksining
Roman spektri

Roman spektridagi tebranish chastotalari tegishli: 3277sm™ sohada O-H guruhlar
valent tebranishi, 3100 sm™ sohada Ar-H bog‘i uchun xos bo‘lgan kuchsiz tebranish
yutilishlari, 2928 va 2856 sm™ sohalarda C-H tebranishlari, 2244 sm™ sohada CN bog‘ining
valent tebranishi, 1566-1469 sm™ sohalarda Ar halga uchun xos bo‘lgan tebranish yutilishlari,
1018-1185 sm™ sohada SOz guruh defarmatsion tebranishi, 600-684 sm™ sohalarda Pb-O
bog*larning valent tebranishi, 549 sm™ sohada Pb-O defarmatsion tebranishi va 507-340 sm™
sohalarda As-O tebranishi hisobiga tebranish chastotalari kuzatilishi aniglandi.

Xulosa. Qo‘rgoshin (1) ionini sorbsion-spektrofotometrik aniglash uchun Arsenazo
111 analitik reagent sifatida tavsiya etildi. Qo‘rg‘oshin (II) ionini Arsenazo Il reagenti bilan
kompleks hosil gilishining magbul sharoitlari topildi. Qo‘rg‘oshin ionini tolaga
immobillangan reagentlar bilan hosil gilgan komplekslarining tuzilishi, mexanizmi nur yutish
hamda roman spektroskopik tahlili bilan isbotlandi. Tashuvchi sorbent sifatida tanlab olingan
PPM-1 tolasiga reagentni immobillashda Arsenazo Il ni -SOsH guruhi, metall ioni bilan
kompleks hosil bo‘lishida esa -OH va -N=N- ishtirok etishi izohlandi.
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Annotatsiya. Depressor go‘ndirmalar go‘shimchali EKO sinfidagi sovugda muzlamaydigan dizel
yoqilg‘isini ishlab chigarish uchun asos sifatida yoqilg‘i ishlab chigarish uchun gidrotozalangan yozgi va
gishki dizel yoqilgisi hamda gidrotozalangan fraksiyadan iborat ikki komponentli aralashmani go‘llash
taklif gilindi. Ushbu komponentlarni aralashtirish bizga muzlash oralig‘ini sezilarli darajada kengaytirish va
quyilish gismini cho‘zish imkonini beradi, shuningdek, n-parafinlarning molekulyar og‘irligi bo‘yicha
tagsimlanishini moslashtiradi. Tadgigotlar asosida sovuqda saglash paytida cho‘kindi bargarorligi talablariga
javob beradigan EKO sinfidagi sovuq iglim uchun dizel yoqilg‘isini ishlab chigarish uchun optimal
go‘shimchalar taklif gilindi. Yozgi yoqilg‘ining asosiy aralashmadagi ulushi 15 dan 25 % gacha bo‘lishi
mumkin, samolyot yoqilg‘isi ishlab chigarish uchun 10 dan 30% og‘irlikdagi fraktsiyalar ishlatiladi.
Kompozitsiyaga arzonroq yozgi dizel yoqilg‘isi kiritilishi tufayli go‘shimcha iqtisodiy samaraga erishiladi.

Kalit so‘zlar: Depressor, komponent, bulutlanish harorati, muzlash harorati, past harorat.

CHANGE OF CLOUDING AND FREEZING TEMPERATURE BY ADDING
DEPRESSOR DEVICES TO ECO DIESEL FUEL

Abstract. It was proposed to use a two-component mixture consisting of hydrotreated summer and
winter diesel fuel and a hydrotreated fraction for the production of fuel as a basis for the production of ECO
class diesel fuel that does not freeze in the cold with the addition of depressor devices. Mixing these
components allows us to significantly expand the freezing range and extend the pour point, as well as adjust
the molecular weight distribution of n-paraffins. On the basis of research, optimal additives for the
production of diesel fuel for cold climates of the ECO class, which meet the requirements of sediment
stability during cold storage, were proposed. The share of summer fuel in the main mixture can be from 15
to 25%, fractions from 10 to 30% by weight are used for the production of jet fuel. Additional economic
efficiency is achieved due to the inclusion of cheaper summer diesel fuel in the composition.

Keywords: Depressor, component, cloud point, freezing point, low temperature.

Kirish. Hozirgi vaqgtda shimoliy kengliklarning barcha me’yoriy hujjatlariga javob
beradigan, shuningdek, iste'molchilar talablariga javob beradigan, sovugda muzlamaydigan
dizel vyoqilg‘isi bilan ta'minlash muhim ahamiyatga ega. O‘zbekistonda sovuqda
muzlamaydigan markali dizel yoqilg‘isini ishlab chiqgarish bo‘yicha tadgiqotlarga asoslangan
ushbu yogqilg‘i, bundan buyon matnda DE-A deb nomlanadi [1]. DE-A ishlab chigarishda
ishlab chigarilgan dizel yoqilg‘isining umumiy hajmining atigi 2,2% ni tashkil giladi.

Oc‘zbekiston rahbariyati yoqilg‘i-energetika sanoatini modernizatsiya gilishga garatilgan
bir gator garorlar gabul qildi. Kelajakda neftni gayta ishlashni rivojlantirish neftni gayta
ishlash chuqurligi va ishlab chigarilayotgan neft mahsulotlari sifatini oshirish hisobiga amalga
oshiriladi [2].

Hududning yarmidan ko‘pi o‘rtacha sovuq va O‘zbekiston uchun past gattiglashgan neft
mahsulotlarini, aynigsa DE-A bilan ta’minlash masalasi dolzarbdir.

Depressor go‘ndirma qo‘shimchalarning vazifasi past haroratlarda yoqilg‘ining
suyuqligini yaxshilashdir, bunda yoqilg‘i tarkibidagi qattiq parafinlar eritmadan ajrala
boshlaydi. Ular kerosin mumi Kkristallarini o°zgartirib, ularni kichraytiradi va ularning
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to‘planishi va o‘sishining oldini oladi, bu esa avtomobilning yonilg‘i tizimida cheklovlarga
olib kelishi ehtimolini kamaytiradi.

Depressor go‘ndirma qo‘shimchasi quyidagi past harorat xususiyatlarini yaxshilaydi:
filtrlash qobiliyati chegaralangan harorat va quyish nugtasi. Zamonaviy qo‘shimchalar hagigiy
ish sharoitida dizel yoqilg‘isining filtrlash chegarasi harorati va ish faoliyatini samarali
optimallashtiradi. Ular kerosin mumi kristallarining hajmini cheklaydi, bu esa dizel
dvigatelining yonilg‘i tizimlarida yonilg‘ining filtrlar va kichik diametrli liniyalardan oqib
o‘tishiga imkon beradi. Qo‘shimchalari hozirda Yevropada, shuningdek, dunyoning boshga
ko‘plab hududlarida gishda keng go‘llaniladi.

Shunday qilib, past haroratli xususiyatlarni yaxshilaydigan go‘shimchalar ish sharoitida
dizel yoqilg‘isining samarali ishlashini ta'minlaydi. Ammo saglash sharoitida, tortishish
ta'sirida gattiq kerosinlarning mayda qgilingan kristallarini bak tubiga cho‘ktirish jarayoni sodir
bo‘lishi mumkin. Bundan tashqari, avtomobil bakining pastki gismida kerosin mumlarini
cho‘ktirish uning past haroratlarda ishlashiga salbiy ta’sir ko‘rsatishi mumkin.

So‘nggi o‘n vyillikda ishlab chigilgan PCHOOQ (parafin cho‘kishining oldini oladi) va
KCHOOQ (kerosin cho‘kishini kamaytirish orgali suyuglikni yaxshilaydi) qo‘shimchalari eng
yangi turdagi qo‘shimchalardir. Ular saglash vaqtlari va avtomobil yonilg‘i baklari tubida
gattig mumlarning cho‘kishiga qarshi turishga qodir. Bu yerda qo‘shimchalaridan
foydalanishning sinergiyasini (qo‘shma harakat) gayd etish kerak. Sinergiya shundan iboratki,
ikkinchisining qo‘shilishi kristall hajmini standartga garaganda ancha katta darajada cheklashi
mumkin[3-7].

Tadqgiqot metodologiyasi. Usullarning mohiyati yoqilg‘i namunasini sovutish va
bulutlanish nugtasini, birinchi kristallarning ko‘rinishini va uglevodorod kristallarining
yo‘qgolishini aniglashdan iborat.

Namunalarni tayyorlash ishdan oldin ularni yaxshilab aralashtirishdan iborat. Namuna
harorati 18-20°C bo‘lishi kerak. Keyinchalik namunalar qo‘sh devorli qurug probirkalarga
quyiladi. Probirkalarning har biri termometr va aralashtirgichli tigin bilan yopiladi.
Termometrning simob rezervuari probirkada pastki gismdan 15 mm masofada va devorlardan
teng masofada joylashgan bo‘lishi kerak. Eritma kreostatga quyiladi va qurilma ishga
tushiriladi. Kreostatdagi harorat xona haroratidan 15-17 °C pastga tushganda, namunasi
bo‘lgan probirka qurilmaga tushiriladi, so‘ngra harorat asta-sekin pasayadi.

Sinovni o‘tkazish: Sovutish vagtida namuna oraliqda aralashtirgich bilan 20 s doimiy
ravishda aralashtiriladi va 15s dam oldiriladi. Termometr kutilayotgan bulutli nugtaga yaqgin
haroratni ko‘rsatganda, probirka kreostatdan chigariladi va loygalikni kuzatish uchun etalon
namunaga solishtiriladi. Agar yoqilg‘i shaffof standartga nisbatan bulutli bo‘Imasa, probirka
yana kreostatga tushiriladi. Namuna haroratining har bir keyingi 1 °C ga pasayishi bilan u
standart bilan solishtirish uchun olinadi. Namunada aralashtirish bilan yo‘golmaydigan
ko‘rinadigan loygalik paydo bo‘lganda, harorat gayd etiladi. Sinov gilingan yoqilg‘ida
loygalik paydo bo‘lishi kuzatiladigan harorat ushbu yoqilg‘i namunasining bulutli nugtasi
sifatida gabul gilinadi.

Bu usul go‘shimchalarsiz dizel yoqilg‘ilarining bulutli nugtasini aniglaydi va turli
miqgdorda go‘shimchalar go‘shilishi bilan sinovlar o‘tkazadi.

Neft mahsulotlarining qotib qolishi kerosinli uglevodorodlarning ajralib chigishi bilan
bog‘lig bo‘lib, ular neft mahsulotida hali suyuq holatda bo‘lsa-da, parallel joylashgan zanjirli
molekulalar to‘dalarini hosil gilishga moyil bo‘ladi.

Usulning mohiyati sinovdan o‘tgan neft mahsuloti namunasini xona haroratiga gadar
gizdirish va keyin uni ma’lum tezlikda kesish harakatsiz goladigan haroratgacha sovutishdan
iborat.

Bulutlanish nuqtasi aniglangandan so‘ng, dizel yoqilg‘isi namunalarini yoqilg‘ining
muzlash nugtasini aniglash uchun kreostatda sovutish davom etadi.

ALH-1, ALG-2, STN, SMK, GAL-1, EAL-2 depressor go‘ndirmalarni qo‘shish orgali
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EKO dizel yoqilg‘isiga bulutlanish va muzlash haroratining pasayishini amalga oshirildi.

Natijalar va muhokama. EKO dizel yoqilg‘ilarining bulut, muzlash, filtrlash chegara
nuqtasi va suyuglik haroratining o‘zgarishlar dinamikasi 1-6-rasmlarda keltirilgan. EKO dizel
yoqilg‘ilarining past haroratli xususiyatlarini o‘zgartirish magsadida go‘shilgan go‘shimchalar
miqgdoriga bog‘ligligi va yoqilg‘ining uglevodorod tarkibi hamda ushbu gqo‘shimchani
go‘shish samaradorligi o‘rtasidagi bog‘liglik ko‘rsatilgan.

Bulutlanish nugtasini aniglash magsadida EKO dezil yoqilg‘isiga turli xil depressor
go‘ndirmalarni go‘shish orgali eng yuqori samaradorlikka ega go‘ndirma aniglandi. ALH-1,
ALG-2, STN, SMK, GAL-1, EAL-2 depressor go‘ndirmalarni samaradorligi yuqorisi ALH-1,
ALG-2, GAL-1 go‘ndirmalar ekanligini bulutli nugtasi -9°C dan -25°C gacha o‘zgarganligi
ko‘rsatadi. STN, SMK qo‘ndirmalar go‘shilganda EKO dizel yoqilg‘isinining bulutli nugtasi
o‘zgarmaganligini ko‘rish  mumkin bo‘lsa, qo‘ndirmalarning past samaradorlikka ega
ekanligini ko‘rsatadi.

Bulut nugtasining go‘shilgan qo‘shimchalar miqdoriga bog‘ligligi 1,2-rasmda
ko‘rsatilgan.

1-rasm. Eko dizel yoqilg‘isining bulutli nugtaning ge‘shimchalar konsentratsiyasiga bogligligi

Konsentratsiya (2%0)
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5 ->
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ALH-1- namunaning bulutlanish qobiliyatining chegara harorati;

ALG-2 - namunaning bulutlanish gobiliyatining chegara harorati;

STN- namunaning bulutlanish gobiliyatining chegara harorati.

2-rasm. Eko dizel yoqilg‘isining bulutli nugtaning qo‘shimchalar konsentratsiyasiga bog*ligligi
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SMK- namunaning bulutlanish gobiliyatining chegara harorati;

GAL-1- namunaning bulutlanish gobiliyatining chegara harorati;

EAL-2- namunaning bulutlanish gobiliyatining chegara harorati.

Dizel yoqilg‘ilarining past haroratli xususiyatlarini o‘zgartirish darajasining qo‘shilgan
go‘ndirmalar miqgdoriga bog‘ligligi va yoqilg‘ining uglevodorod tarkibi hamda ushbu
go‘shimchani qo‘shish samaradorligi o‘rtasidagi bog‘liglik ko‘rsatilgan.

Olingan ma’lumotlarni tahlil gilib aytishimiz mumkinki, depressor qo‘ndirma ALH-1
va ALG-2 -sonli namunalar go‘shilganda muzlash nugtasini kamaytirishga eng katta ta'sir
ko‘rsatdi. ALH-1 namunaning muzlash nuqgtasi -9°C dan -25,5 °C gacha kamaydi. Eng katta
modifikatsiya effekti yoqilg‘i hajmining 0,1% qo‘shimcha miqdori bilan erishildi. ALG-2
namunaning muzlash nugtasi -9 °C dan -25,5 °C gacha kamaydi, modifikatsiya effekti
yoqilg‘i hajmining 0,2% qo‘shimcha miqdori bilan erishildi, bu dizel yoqilg‘isining biz
tanlagan go‘shimcha bilan muvofigligi hagida gapiradi. Oc‘zgartirilgan past harorat
ko‘rsatkichlari bo‘yicha ALH-1 dizel yoqilg‘isi dizel yoqilg‘isining yozgi navlari toifasidan
go‘shimchalar orqali qgishki toifaga (mo‘tadil iglim sharoitida -25.5°C) o‘tkazilishi mumkin
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bo‘ladi. Namunaga qo‘shilgan 0,1% qo‘shimchaning muzlash nuqgtasida eng yuqori
yaxshilanishga erishildi.

Namuna STN uchun bu go‘shimchaning muzlash nugtasining o‘zgarishiga sezilarli
ta'sir ko‘rsatmadi. Bu kuzatish shuni ko‘rsatadiki, ushbu go‘shimchani STN namunada
go‘llash samarasizdir. Muzlash chegarasi haroratining o°zgarishlar dinamikasi 3,4-rasmlarda
keltirilgan.
3-rasm. Eko dizel yoqilg‘isining muzlash nuqtaning go‘shimchalar konsentratsiyasiga

bog‘ligligi
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0% 0,01% 0,05% 0,08% 0,1% 0,2%

[ - -
S
- -10 —e—DZ
—
= = ALH-1
= = 1s
ia- ] ALG-2
% —=20 STN
= .

-25

ALH-1- namunaning muzlash harorati;

ALG-2- namunaning muzlash harorati;

STN- namunaning muzlash harorati.

Olingan ma’lumotlarni tahlil gilib aytishimiz mumkinki, depressant qo‘shimchasi EAL-
2 va GAL-1 -sonli namunalardagi muzlash nugtasini kamaytirishga eng katta ta'sir ko‘rsatdi.
EAL-2 namunaning go‘shilishi EKO dizel yoqilg‘isining muzlash nugtasi -9°C dan -15,5 °C
gacha kamaytiradi. Modifikatsiya effekti yoqilg‘i hajmining 0,2% go‘shimcha miqgdori bilan
erishildi. GAL-1 namunaning muzlash nugtasi -9 °C dan -25,5 °C gacha kamaydi, eng katta
modifikatsiya effekti yoqilg‘i hajmining 0,2% qo°‘shimcha miqdori bilan erishildi, bu dizel
yoqilg‘isining biz tanlagan go‘shimcha bilan eng yaxshi muvofigligi hagida ko‘rsatma beradi.
Oc‘zgartirilgan past harorat ko‘rsatkichlari bo‘yicha GAL-1 dizel yoqilgisi dizel
yoqilg‘isining yozgi navlari toifasidan, gishki toifaga (mo‘tadil iglim sharoitida -25,5°C)
o‘tkazilishi mumkin. Namunaga qo‘shilgan 0,2% qo‘shimchaning muzlash nuqtasida eng
yugori yaxshilanishga erishildi.

Namuna SMK wuchun bu qo‘shimchaning muzlash nugtasining o‘zgarishiga
ko‘rinadigan ta'sir ko‘rsatmadi. Bu kuzatish shuni ko‘rsatadiki, ushbu go‘shimchani SMK
namunada go‘llash samarasizdir.
4-rasm. Eko dizel yogilg¢isining muzlash nugtaning qo‘shimchalar konsentratsiyasiga
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SMK- namunaning muzlash harorati;

GAL-1- namunaning muzlash harorati;

EAL-2- namunaning muzlash harorati.

Xulosa va takliflar. Olingan ma’lumotlarni tahlil gilib aytishimiz mumkinki, depressor
go‘shimchasi STN va ALG-2 -sonli namunalarda maksimal filtrlash haroratini kamaytirishga
eng katta ta'sir ko‘rsatdi. PDP namuna uchun filtrlash imkoniyati chegarasi harorati -3°C dan -
6 °C gacha kamaydi. Eng katta modifikatsiya effekti yoqilg‘i hajmining 0,2% go‘shimcha
miqdori bilan erishildi.
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ALG-2 namuna uchun filtrlash chegarasi harorati -3 °C dan -6 °C gacha kamaydi, bu
dizel yoqilg‘isining biz tanlagan go‘shimcha bilan eng yaxshi muvofigligi hagida gapiradi.
Namunaga qo‘shilgan 0,2% qo‘shimchaning muzlash nugtasida eng yuqgori yaxshilanishga
erishildi.

Namuna ALH-1 uchun bu go‘shimcha filtrlash gobiliyatini cheklovchi haroratning
o‘zgarishiga kam ta’sir ko‘rsatdi. Bu kuzatish shuni ko‘rsatadiki, ushbu go‘shimchani ALH-1
namunada go‘llash samarasizdir.

Namuna STN, SMK uchun bu go‘shimcha bulut va muzlash haroratining qobiliyatini
cheklovchi haroratning o‘zgarishiga kam ta'sir ko‘rsatdi. Bu kuzatish shuni ko‘rsatadiki,
ushbu go‘shimchani STN, SMK namunada qo‘llash samarasizdir.
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Annotatsiya. Maqgolada Eremurus turkumi turlarining yer yuzi bo‘ylab targalishi va tan olingan
ma’lumotlar bazasiga kiritilgan turlar soni keltirilgan. O<zbekiston florasida tarqalgan Eremurus turkumi
ayrim turlarining O‘zbekiston florasi | tomida Vvedenskiy keltirilgan asosiy morfometrik ko‘rsatkichlari
bilan dala tadgigotlarimiz davomida o‘rganilgan turlarning morfometrik ko‘rsatkichlari giyosiy tahlil etilgan
va namunalar yig‘ilgan, turlarning florada uchrashini aks ettiruvchi GAT xaritalari tayyorlangan.
Tadgiqotlarimizda turkumning 11 turi o‘rganilgan bo‘lib, shundan 4 turi O‘zbekiston Respublikasi Qizil
kitobiga mansub turlar hisoblanadi. Qizil kitobga mansub turlardan E. robustus ni 4 ta populyatsiyasi, E.
aitchisoni, E. alberti. E. lactiflorus turlarining 1 tadan populyatsiyalaridan olingan natijalar keltirilgan. Keng
targalgan turlarni ham 1 tadan 4 tagacha populyatsiyalaridan olingan natijalar bayon etilgan.

Kalit so‘zlar: Eremurus, flora, botanik-geografik okrug, populyatsiya, Qizil kitob, GAT xarita,
GPS koordinata.

Abstract. The article presents the distribution of species of the genus Eremurus across the globe
and the number of species included in the recognized database. The main morphometric indicators of some
species of the genus Eremurus, widespread in the flora of Uzbekistan, given by Vvedensky in volume | of
“Flora of Uzbekistan”, were compared with the morphometric indicators of the species studied during our
field research, and GAT maps were compiled. reflecting the occurrence of collected species in the flora. In
our studies, 11 species of the genus were studied, 4 of which are listed in the Red Book of the Republic of
Uzbekistan. 4 populations of E.robustus, E.aitchisoni, E.alberti from species listed in the Red Book. The
results obtained on 1 population of the E. Lactiflorus species are presented. Also presented are results
obtained from 1 to 4 populations of common species.

Keywords: Eremurus, flora, botanical-geographical region, population, Red Book, GAT map, GPS
coordinates.

Kirish. Yer yuzida Asphodelaceae Juss. oilasining 40 turkumga mansub 900 dan ortiq
turlari targalgan [1]. Hozirga gadar IPNI (2024) ma’lumotlar bazasiga ko‘ra, turkumning 116
taksoni ro‘xatga olingan, oxirgi 20 yil ichida turkumning 5 taksoni kiritilgan [2].

lImiy manbalarda dunyo miqyosida Eremurus turkumining yer yuzida tarqgalishi
bo‘icha turlar soni har xil keltiriladi. W. Li et al. (2020) ma'lumotiga ko‘ra, yer yuzida
turkumning 45-50 turi [3], POWO (2024) ma’lumotlar bazasiga ko‘ra, 59 turi targalganligi
keltirilgan [4] (1-rasm).

1-rasm. Eremurus turkum turlaring yer yuzida targalishi [POWO, 2024].

Turkum geografiyasi asosan Markaziy Osiyo, Afg‘oniston, Eron, g arbda Qrim va
Kavkazda, shargqda Oltoy va Xitoyda, janubi-sharqiy Mo‘g‘listonda, Shimoli-g‘arbiy
Hindiston hududlarida targalgan [5].

Turkumning Eron florasida 24 turi [6], Shimoli-shargiy Ruminiyada 4 turi [7],
Turkmanistonda 9 turi [8], Kavkazda 4 turi [9], Afg‘onistonda 20 turi [10] targalgan.

Mavzuga oid adabiyotlar tahlili: Eremurus M. Bieb. — turlari urchugsimon etli ildizli,
ildizpoyali, rivojlanish ritmiga ko‘ra efemeroid hisoblanadi. Turkumning ko‘p vakillari
manzarali, ozugabop [11] uchuvchan va biologik faol moddalar saglovchi o‘simliklar sifatida
o‘rganilgan [12].
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O‘rta Osiyo — Eremurus turkumining kelib chiqgishi markazi va turlarining xilma-
xilligi eng yugori bo‘lgan hudud hisoblanadi. O‘rta Osiyo janubiy tog‘lari turkumning kelib
chigishida katta ahamiyatga ega bo‘lib, R. V. Kamelin [13] fikriga ko‘ra, mahalliy floraning
fargli xususiyatlaridan biri sifatida ajralib turadi. “®dmnopa V30ekucrana” [14] va
“Omnpenenuren pactenuii Cpennedt Asum” birinchi jildida [15] A.l. Vvedenskiy keltirgan
ma’lumotlarga ko‘ra, Oc<zbekiston hududida Eremurus turkumining 20 turi uchrashi gayd
etilgan. F.O. Xasanovning (Xacanos, 2016) so‘nggi Yyillardagi ilmiy ishlarida 28 turini[16]
hamda K.Sh. Tojibayevning (Tojibayev va boshg., 2014) go‘shimchalari bilan O°zbekiston
hududida turkumning 32 turi uchrashi gayd etilgan [17]. O‘zbekiston Respublikasining Qizil
kitobiga (Qizil kitob, 2019) turkumning 12 turi kiritilgan [18].

Tadgiqotning material va metodlari.

Tadgiqotning materiallari 2016-2019-yillarda amalga oshirilgan dala tadgiqotlari
davomida yig‘ilgan Eremurus turkumi turlari ma’lumotlariga asoslangan. Tur targalishini aks
ettiruvchi GAT xaritalar ArcGIS 10.0 dasturi orgali amalga oshirildi.

Tadgigotning dolzarbligi — Eremurus turkumi Markaziy Osiyo florasida ahamiyatli va
muhofaza gilinadigan turlarga boy bo‘lib, turkum vakillarini morfologik ko‘rstkichlarini
tadqgiq qilish turlarning sistematik o°rnini aniglashda muhim ahamiyat kasb etadi.

Tadgigotning magsadi — Eremurus turkumi ayrim turlarining asosiy morfometrik
ko‘rsatkichlarini O‘zbekiston florasi | tomida keltirilgan ma’lumotlar bilan qiyosiy tahlil
qilish.

Tadgiqot obekti - O‘zbekiston florasida targalgan Eremurus turkumining ayrim turlari.

Natijalar va muhokama.

Turli  populyatsiyalar tekshirilishida “O<zbekiston florasi kitobining 1 tomida
keltirilgan o‘simliklarning asosiy morfometrik ko‘rsatkichlari hisobga olindi (1-jadval) va
turlarning sistematik o‘rni A.l. VVvedenskiy ma’lumotlari bo‘yicha keltirildi (5: 398-410).

Jadval 1
Tabiiy sharoitda Eremurus turkumi ayrim turlarining morfologik xususiyatlari (min-max)

Tashqi O<simlik Shingil
Turlar Terilgan joy Yil N | bargeni, | balandligi | uzunligi, sm
sm , Sm
E. aitchisonii Boysun. Qizilnavur 201 | 10 3,4-8 112-165 42-78
Baker N38.240486, YE 67.094156 6
Flora Uzbekistana 3-5-(8) | 70-120 20-45
E. alberti Regel | Bobotog‘. Chagam 201 | 16 1,4-2,9 35-91 18-61
N38.161604, E68.10252 9
Flora Uzbekistana (1)-1,5-2 | (25)-40- (7)-20-50
80
E. ambigens Bobotog*. Arg‘amchi gish. 201 | 20 | 0,5-1,2 37-72 12-28
Vved. N38.112546, E68.035534 7
Flora Uzbekistana 0,4-0,7 40-60- 6-35
(25-80)
E. anisopterus Buxoro-Xorazm yo‘li. 201 | 10 0,6-1.4 50-91 25-60
(K.et K.) Regel | Xorazm vil. N40.509483, 9
E62.876045
Flora Uzbekistana 0,4-0,8 25-50- 10-20-(30)
(70)
E. inderiensis Buxoro-Xorazm yo‘li. 201 | 10 | 15-1.7 55-95 39-55
(M.Bieb.) Xorazm vil. N41.068596, 9
Regel E61.974243
Flora Uzbekistana 0.8-1.5- 50-80- 20-40-(8-70)
(0,5-2,5) | (25-120)
E. lactiflorus Nurota, Hayotsoy 201 | 5 1,7-2,6 42-68 21-33
O. Fedtsch. N40.331377, E66.434497 6
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Flora Uzbekistana 1,3-2,5- 35-70- 15-30-(50)
(3,5) (100)
E. olgae Regel | Nurota. Hayotsoy 201 | 16 | 0,6-1,5 66-96 33-56
N40.355668, E66.463203 6
Boysun. Podansoy 201 9 0,9-2 65-100 22-55
N 38.265644, E67.247521 7
Zomin. Boytepa gish. 201 | 11 0,6-2 54-98 25-58
N 39.838806, 7
E 68.373605
Zarafshon tizmasi, 201 | 10 | 1,1-16 70-101 31-70
Omongo‘ton 7
N39.184467, E66.581470
Flora Uzbekistana 0,5-1- 70-100, 30-50,
(1,5) (50-150) (20-80)
E. regelii Vved. | Nurota. Hayotsoy 201 | 10 | 2.1-45 94-135 25-51
N40.524945, E 66.762759 6
Chotgol tizmasi. Nurek ota 201 | 10 4,3-6 132-182 51-82
N41,213252, E69.491968 6
Chotgol tizmasi. Nurek ota 201 | 18 2-5,2 97-158 27-80
N41.213893, E69.491614 7
Flora Uzbekistana (1,5)- 80-120- 30-50-(15-
2,5-5 (60-180) 80)
E. robustus Chotqol tizmasi. Nurek ota 201 | 10 6,3-9 152-250 44-119
Regel N41.35869686, 6
E69.88513779
Chotgol tizmasi. Nurek ota 201 | 15 4,1-8 170-220 48-94
N41.34761509, 7
E69.89509415
Zarafshon tizmasi, 201 | 11 6-11 140-195 35-75
Omongo‘ton 7
N39.308330, E66.963501
Zarafshon tizmasi, Langar 201 5 8-12 171-210 78-100
gishdog’i 8
N39.413135, E 66.678391
Flora Uzbekistana 4-8 100-200 35-100
E. sogdianus Nurota. Majrumsoy 201 | 20 | 0,9-1,6 76-150 30-93
Franch. N40.583835, E66.723452 6
Flora Uzbekistana 0,5-0,7 50-80 30-40
(0,4-1,5) | (35-150) (15-70)
E. Nurota. Hayotsoy 201 | 8 1,8-3,3 60-80 24-50
turkestanicus N40.51248271, 6
Regel E66.76399063
Chotqol tizmasi. Nurek ota 201 | 10 2,8-6 91-168 46-101
N41.212593, E69.493214 6
Chotqol tizmasi. Nurek ota 201 | 10 2,1-4 91-121 37-62
N41.365438, E 69.846689 7
Flora Uzbekistana 2-3-(4,5) | 70-100- 30-50
(120)

Izoh: “Flora Uzbekistana” da keltirilgan ma lumotlardan sezilarli darajada farq
qiladigan morfometrik ko‘rsatkichlar ostiga chizilgan.

O‘zbekiston florasida tarqalgan Eremurus turkumi ayrim turlarining morfometrik
ko‘rsatkichlari o‘rganilgan hududlar 2-rasmda GAT xaritasi berilgan.
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2-rasm. 2016-2019-yillarda amalga oshirilgan dala tadqiqotlari davomida yig‘ilgan Eremurus turkumi
turlari

O‘zbekiston florasida tarqalgan E. aitchisonii, E. alberti, E. ambigens, E. anisopterus,
E. inderiensis, E. lactiflorus, E. sogdianus turlarini yakka populyatsiyalari, E. turkestanicus,
E. regelii turlarini uchtadan populyatsiyalari, E. olgae va E. robustus turlarini 4 tadan
populyatsiyalarida tadqiqotlar o‘tkazildi.

Olingan ma’lumotlar tahliliga ko‘ra ofrganilgan turlar asosiy morfometrik
ko‘rsatkichlari “Flora Uzbekistana” ma lumotlari bilan farqlar kuzatildi.

Shunday qilib E. airchisonii turida o‘simlikning umumiy balandligi 1,4 marta va
shingilining uzunligi 1,7 marta ortiq bo‘lishi aniglandi.

E. alberti va E. ambigens turlarida tashqi barglari kengroq va birinchi turda shingil
uzunligi 1,2 martda ortigligi aniglandi.

Asosiy ko‘rsatkichlari bo‘yicha E. anisopterus turida barglari kengroq, shingil va
o‘simlik balandligi “Flora Uzbekistana” ma lumotlaridan farq qilganligini ko‘rishimiz
mumkin.

E. olgae turi o‘rganilgan bir necha populyatsiyalarida o‘simlik balandligi va
shingilining uzunligi deyarli bir-biridan farq gilmadi, lekin Boysun va Zomin tog* tizmalarida
tarqalgan populyatsiyalarda tashqi barglari keng bo‘lishi aniglandi.

E. regelii turining Chotqol tizmasidan o‘rganilgan populyatsiyasida tashqi barglari
kengroq ekanligi va boshga populyatsiyalarda sezilarli farglar yo‘qligi kuzatildi.

Zarafshon tizmasining Taxtakaracha dovoni va Langar gishlog‘ining yuqgori gismida
o‘sayotgan E. robustus populyatsiyalari tashqi barglarining kengligi 1,4-1,5 barobar kengroq
bo‘lgan o‘simliklar aniglandi.

Xulosa. Shunday qilib E. alberti, E. ambigens, E. anisopterus, E. olgae, E. regelii, E.
robustus, E. turkestanicus turlarida tashqi barglarining keng bo‘lishi, E. aitchisonii, E.
turkestanicus turlarida o‘simlik umumiy balandligi va E. aitchisonii, E. alberti, E.
anisopterus, E. turkestanicus turlarida shingil uzunligi bilan “Flora O‘zbekiston”da keltirilgan
ma lumotlarga nisbatan farqlar aniqlandi.
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Annotatsiya. Avena L. turkumi Tog‘li O‘rta Osiyo va Eron-Turon floralarida alohida o‘rinlardan
birini egallaydi. Avena L. turkum turlari Poaceae Barnhart. oilasiga kiruvchi turkumlaridan biri bo‘lib,
Surxondaryo viloyati florasida alohida o‘ziga xos o‘rinni egallaydi.Ushbu oilaga mansub turlar xalq
xo‘jaligida muhim ahamiyatga ega bo‘lib, yem-xashak, chorva mollari uchun to‘yimli ozuga va ekologik
maqsadlarda, gishlogq xo‘jaligining turli tarmoglarida ishlatiladi. Mamlakatimizda Avena L. turlari keng
targalgan bo‘lib, adabiyotlarni o‘rganish va dala tadgiqotlari natijasiga ko‘ra O<zbekistonda Avena
L.turkumining 6 ta turi o‘sadi. Ushbu maqolada Poaceae oilasiga mansub Avena L. turkumi turlarining
Surxondaryo viloyati hududida targalishi, ushbu turlarning morfologiyasi, taksanomik tasnifi,
populyatsiyasining hozirgi kundagi ahvoli, targalish areallari va ahamiyati hagida ma’lumotlar berilgan.

Kalit so‘zlar: Avena L., flora, areal, ekologiya, fenologiya, populyatsiya, oila, turkum, tur, tog*, adir,
endem, yaylov.
GENERAL ANALYSIS OF AVENA L. (POACEAE) SPECIES

DISTRIBUTED IN THE FLORA OF SURKHONDARYO REGION

Abstract. The genus Avena L. occupies one of the special places in the flora of mountainous Central
Asia and Iran-Turonia. Avena L. Species Poaceae Barnhart. It is one of the genera belonging to the family,
and occupies a unique place in the flora of Surkhandarya region. Poaceae Barnhart. The species belonging
to this family are important in the national economy and are used as fodder, nutritious feed for livestock, and
for ecological purposes, in various branches of agriculture. Avena L. species are widespread in our country,
and according to the results of literature and field research, 6 species of Avena L. group grow in Uzbekistan.
This article provides information on the distribution of Avena L. species belonging to the Poaceae family in
Surkhandarya region, morphology, taxonomic classification, current population status, distribution areas,
and importance of these species.

Keywords: Avena L., flora, area, ecology, phenology, population, family, genus, species, mountain,
hill, endemic, pasture.

Kirish. Mamlakatimiz turli sohalarda boy va o°ziga xos tabiatga ega, yil fasllari
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to‘lig ifodalanadigan betakror hududlar gatoriga kirishi ayni hagigatdir. Shuni ta'kidlash
lozimki, Surxondaryo viloyati mamlakatimizning betakror, o‘ziga xos geografik o‘rni,
tabiiy sharoitiga ega bo‘lgan mintagasi hisoblanadi. Surxondaryo viloyatining geografik
o‘rniga bog‘lig bo‘lgan o‘ziga xos tabiiy geografik xususiyatlari ham mavjud, jumladan,
viloyat O‘zbekistonning eng janubida joylashgan. U o‘z ichiga Surxon-Sherobod vodiysi
va uning atrofini o‘rab turgan tog‘larni oladi. Viloyatning tabiati, o‘simliklar dunyosi,
xilma-xil landshaftlari O‘zbekiston milliy boyligining bir gismidir.

Surxondaryo viloyati hududi Boysun, Bobotog‘, Ko‘hitang, Sangardak-To‘palang,
Surxon-Sherobod botanik-geografik rayonlarni o‘z ichiga oladi. Ushbu hududning
taksonomik xilma-xillikning yuqoriligi, kamyob, endem hamda relikt turlarga boyligi
bilan ajralib turadi. Viloyat hududi o‘simliklarini o‘rganish bo‘yicha ko‘plab tadgiqgotlar
olib borilgan bo‘lib, ushbu tadqigotlar hozirgi kungacha davom ettirilmoqda.

Mavzuga oid adabiyotlar tahlili. Surxondaryo viloyati hududining o‘simliklar
goplami va floristik tarkibi bir gancha botanik olimlar tomonidan o‘rganilgan. Ushbu
hududda S.A. Nevskiy [1], R.V. Kamelin [2], K.Sh. Tojibayev [3], F.O. Xasanov [4] va
A.J. Ibragimovlar [5], O.T.Turginov [6] tomonidan tadgiqotlar olib borilgan va gerbariy
namunalari olib kelingan. Mazkur gerbariy ma’lumotlari tarqoq holatda bo‘lib, tadgigot
hududi florasi to‘g‘risida yaxlit ma’lumot bermaydi. Bu esa mazkur hududda aniq
magsadga yo‘naltirilgan tadqgigotlar olib borishga zarurat ortishi hamda ishning dolzarb
ekanligidan dalolat beradi. Poaceae Barnhart oilasi Tog‘li O‘rta Osiyo va Eron-Turon
floralarida yetakchi o‘rinlardan birini egallaydi hamda mazkur floralarning turlarga
boyligi jihatidan o‘zaro bog‘lab turadi. Poaceae oilasi boshga oila a'zolaridan o‘ziga xos
o‘simliklar dunyosiga ega ekanligi bilan ajralib turadi. Shunday qilib, yuqorida keltirib
o‘tilgan ma’lumotlar natijasi shuni ko‘rsatadiki, ushbu oilaga mansub bo‘lgan turlarning
yangi populyatsiyalarini o‘rganish bugungi kunning dolzarb muammolaridan biridir.
Avena L. turkumi turlarining Surxondaryo viloyati hududida targalishi, ushbu turlarning
morfologik tasnifi, populyatsiyasining hozirgi kundagi ahvoli, targalish areallari va
ahamiyatini o‘rganish, bugungi kunda Surxondaryo florasini o‘rganishni hamda ushbu
hududda o‘sayotgan o‘simliklarning kadastrini ishlab chigishda juda katta ahamiyat kasb
etadi.

Tadgigot metodologiyasi. 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 (Surxondaryo viloyati qgismi) davlat dasturi doirasida bajarildi.
Ma’lumotlarning manbasi TASH fondida saglanayotgan Avena L. turkum turlariga
tegishli bo‘lgan gerbariy namunalari hamda dala tadgiqotlari davomida to‘plangan
namunalar hisoblanadi. Mazkur tadgigot ishi davomida hududda targalgan Avena L
turkum turlari sistematikasi va targalishiga oid mavjud adabiy ma’lumotlar [11,13] ko‘rib
chiqildi. Dala tadgigotlari davomida to‘plangan gerbariy namunalarini aniglashda hamda
turning morfologik belgilarini aniglashda “®nopa V3oekucrana” [11] va “Onpenenuren
pacrenuii cpemnun Asuu” dan foydalanildi [13]. Turning gabul gilingan nomi va
mualliflari, ilk adabiyot manbasi hamda sinonimlar ro‘yxati The World Flora Online [16]
va IPNI [17] platformalari asosida keltirildi. O‘rganilgan namunalarning geografik
koordinatalari Google Earth bo‘yicha aniglandi. Turlarning GAT xaritalari ArcGIS
version 10.6.1 dasturidan foydalanilgan holda tayyorlandi.
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1-rasm. Surxondaryo viloyatida Avena L. turkumi turlarining tarqalish xaritasi

Tahlil va natijalar. Hozirgi kunda yer yuzida Poaceae oilasining 829 turkumga oid 12
366 ta turi uchrashi aniglangan. Avena L. turkumining yer yuzida 27 ta turi targalgan bo‘lib,
ushbu turkumning O‘rta Osiyoda 10 dan ortig, O°zbekistonda esa 6 ta turi targalgan. Oxirgi
yillarda olib borilgan ilmiy tadgiqotlar va Markaziy gerbariy (TASH) fondida saglanayotgan
namunalarni tahlil qgilish natijasida Surxondaryoda turkumning 6 ta turi ham uchrashi ma’lum
boldi.

1.Avena barbata Pott ex Link -Soqolli suli. Avena barbata Pott, ex Link in Schrad.
Journ. Bot. 2(1799) 315.— B. Fedtsch. Pact. Typk. (1915) 107.— Drob. in Omp. pacTt. okp.
Tashk. 1(1923) 28.— Roshev. in ®x. Typkm. 1 (1932) 104, fig. 48 e.— Nevski in Sched.
HFAM. 21 (1934) n 503 a, in clave.— Roshev. in FI. URSS. 2(1934) 262, tab. 19, fig. 10 - 11,
- Drob. in Fl. Uzbek. 1(1941) 210.

Tavsifi. Balandligi 30 - 100 sm gacha bo‘lgan bir yoki bir nechta tik poya hosil
giluvchi, bir yillik o‘simlik. Yashil tupsiz yoki kamdan kam hollarda gizg‘ish, tupli bo‘ladi.
Poyasi sillig, barglari tekis, 5 mm gacha kenglikda, uzunligi 1-2 mm bo‘ladi. Barglarning
qobig*i tuksiz yoki tukli. Barg tilchasining uzunligi 1-2 mm. Barglari tekis, kengligi 5 mm
gacha. yoki jingalak, tuksiz yoki tukli. Ko‘p sonli 2 gulli shoxlari bo‘lgan boshogchalari,
kamdan kam hollarda har bir shoxda bitta 3-(-4) gulli boshoqchalar hosil giladi. Ancha ochiq,
uzunligi 25 sm gacha bo‘lgan gulpoyasi mavjud. Har bir gulpoya ostidan bo‘g‘in bilan
tutashgan. Bo‘g‘imlar orga tarafida o‘rtasigacha naysimon, kamdan kam holatda tuksiz,
cho‘qqisiga garab naysimon, uzunligi 4 mm gacha bo‘lgan ikkita ingichka poyada tugaydi.
Changchilari deyarli bir xil, uzunligi 25-30 mm. Orga tarafdagi pastki gul tarozilari
uzunlikning o‘rtasiga gadar tukli, bazan tuksiz bo‘ladi.

Fenologiyasi. Aprel-may oylarida gullab, meva beradi.

Ekologiyasi. Qurug tog* etaklarida, yaylovlarda begona o‘tlar sifatida o‘sadi.

Tarqgalishi. Boysun, Bobotog‘, Ko‘hitang, Surxon-Sherobod botanik geografik
rayonlarida targalgan.

Ahamiyati. Yem-xashak o‘simlik hisoblanadi. Urug‘i ba'zan yovvoyi tabiatdan ozig-
ovqgat sifatida mahalliy foydalanish uchun yig‘ib olinadi, lekin odatda boshga don ekinlari
bilan begona o‘t sifatida o‘sadi.

2.Avena fatua L.-Bo‘sh suli. Avena fatua L.-Sp. pi. (1753) 80, — B. Fedtsch. Pacr.
Typk. (1915) 107, — Drob. in Onp. pact. okp. Tashk. 1 (1923) 28. — Roshev. in ®n. Typxwm.
1(1932) 106, fig. 48 e. — Roshev. in Fl. URSS. 2(1934) 267, tab. 20, fig. 2-5,- Nevski in
Sched. HFAM. 21 (1934) n 503 a, in clave, excl. syn. A. septentrionalis et A. fatua ssp. sep-
tentrionalis. —Drob. in Fl. Uzbek. 1(1941) 212,p.

Tavsifi. Bo‘yi — 80-120 sm uzunlikda bo‘lib, poyasi tik va ko‘tarilgan bir vyillik
o‘simlik. Pastki barglari tagida Kipriklar bo‘lib, uzunligi 3-4 mm bo‘ladi. O‘rta boshoqlar
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kattaligi 30 sm uzunlikda, ochiq yoki gisgargan bo‘ladi. To‘pguli ro‘vak shaklda tuzilgan, 2-3
gulli. Boshog‘i cho‘zinchog-o‘tkirlashgan yoki lansetsimon, uzunligi 5-7(10) mm, 3-5 gulli,
to‘q binafsharang, kamdan kam yashil; boshoq qipig‘i o‘tkirlashgan, o‘glari ustida ba'zan
girralarining atrofi kalta tukli. Pastki gipig uzunligi 2-3 mm. Yugqorigi qgipiq uzunligi 2.5-3.0
mm bo‘lib, ko*plab tikanlar mavjud. Changchi uzunligi 1.5-2.5 mmgacha, sarig rangda.

Fenologiyasi. May-iyun oylarida gullab, meva beradi.

Ekologiyasi. Tog® yonbag‘rlarida, dashtlarda va ekinlar orasida, begona o‘tlar sifatida
uchraydi.

Tarqalishi. Boysun, Bobotog‘, Ko‘hitang, Surxon-Sherobod, Sangardak-To‘palang
botanik-geografik rayonlarida targalgan.

Ahamiyati. O‘simlik ba'zan ozig-ovgat va dori sifatida mahalliy foydalanish uchun
yovvoyi tabiatdan yig‘ib olinadi. U aynigsa, bug‘doy va ma danli jo‘xori dalalarida uchraydi,
ba'zan boshga ekinlar orasida va cho‘llarda o‘sadi. Urug‘i yozning ikkinchi yarmida pishadi
va yig‘ib, quritilgandan so‘ng bir necha yil saglanishi mumkin.

3.Avena clauda Durieu-Tutashgan suli. Avena clauda Dur. in Duchart. Rev. Bot.
1(1845) 360 excl. — Roshev. in ®a. Typkm. 1 (1932) 103, tab. 48 a. — Nevski in Sched.
HFAM. 21(1934) n° 503 a, in clave. — Roshev. in Fl. URSS. 2(1934) 260, tab. 19, fig. 12.

Tavsifi. Poyasi 20-60 sm balandlikda o‘suvchi bir yillik o‘simlik bo‘lib, poyasi asosan
tuksiz, barglari tukli bo‘ladi. Barg tilchasi uzunligi 4-5 mm. To‘pguli 3-5 gulli, uzunligi 25
sm. Barg yaprog‘ining chetlari goramtir rangda, uning usti ancha tukli, pastki gismi tuksiz.
Boshoglari uzun, 2-4 gulli bo‘lib, pishganda alohida gulga bo‘linadi. Boshoq qipig‘i deyarli
teng, uchki gismi o‘tkirlashgan, uzunligi 3-4 mm, cho‘zig, tor lansetsimon, o‘rta girralarning
yuqori gismi tuklangan. Pastki gul gipig‘i uzunligi (2)-3 mm, girrasi va tomirlar bo‘ylab
mayda tukli, girralarida oz migdorda, tepa gismlarida ko‘pincha sarg‘ish yoki oq rangdagi
biriktiruvchi uzun tolalar mavjud. Changchi uzunligi 1.5 mm bo‘ladi.

Fenologiyasi. May-iyun oylarida gullab, meva beradi.

Ekologiyasi. Ochiq dasht yonbag‘irlarida va cho‘l joylarda, kamdan kam hollarda yo‘l
chetlarida uchraydi.

Tarqalishi. Bobotog* botanik geografik rayonida targalgan.

Ahamiyati. Yem-xashak o‘simlik hisoblanadi.

4.Avena eriantha Durieu-Tukli suli. Avena eriantha Dur. in Duchart. Rev. Bot.
1(1845) 360.— Nevski in Sched. HFAM. 21(1934) n° 503 a, in clave.— Drob. in Fl. Uzbek.
1(1941) 209, excl. syn. A. clauda— Roshev. in ®u. Typkwm. 1(1932) 104, fig. 48 b.— Roshev.
in Fl. URSS. 2(1934) 261, tab. 19, fig. 3—4.

Tavsifi. Hayotiy shakliga ko‘ra — bir yillik o°t (terofit). Poyalari 80-100 sm, tik shaklda
bo‘ladi. Barglari tekis, tuksiz yoki biroz tukli, tilchasi 0.5-1 mm, kiprikchali bo‘lib, gul topi
9-10 sm uzunlikda joylashgan. Barg tilchasi uzun, uchki gismi o‘tkir uchli, uzunligi 4-5—(6)
mmgacha. Ro‘vagi 12-22 smgacha, tarqoq, yetarli darajada uzun, uchli, dag‘al shoxlangan.
Boshoglari tor lansetsimon yoki chizigsimon-nayzasimon bo‘lib, deyarli bir xil 2-3 sm, eni
0,25-0,5 sm uzunlikda bo‘ladi. Pastki gul gobig‘i 11-13 mm, boshog‘i 12-13 sm uzunlikda
bo“lib, ikki bo‘g‘imli tuklari 0.2-0.3 mm. Changchi uzunligi 1.5-2.0 mmgacha bo‘ladi.

Fenologiyasi. lyun- iyul oylarida gullab meva beradi.

Ekologiyasi.Yarim cho‘l va dasht yonbag‘irlarida targalgan.

Tarqalishi. Bobotog* botanik geografik rayonida targalgan.

Ahamiyati. Chorva mollari uchun to‘yimli ozuga, yem-xashak o‘simlik hisoblanadi.

5.Avena sativa L.-Ekma suli. Avena sativa L - Roshev in FI. URSS. 2 (1934) 267, tab.
20, fig 2-5.—Lapin. Onp. pact. Tashk.1 (1923) 42. -Roshev. in ®x. Typkwm. 1 (1932) 104, fig.
48 c. —Draob. In Fl. Uzbek. 1 ser. 1 (1941) 210.

Tavsifi. Avena sativa - 60-100 sm balandlikdagi tik poyali, bir yillik o‘simlik. Poyasi
tuksiz, barglari asosan tukli bo‘ladi. Barglari tekis, chizigli, pastki gismi sillig va tuksiz,
girrasi va uchki gismi dag‘al tuklangan, uchki gismi o‘tkir uchli, ba’zan uzunasiga bukilgan,
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eni (1.5)-2.0-3.0 mmgacha bo‘ladi. Barg tilchasi uzunligi 2 mm gacha. Ro‘vagi cho‘ziq
ovalsimon, yoyilgan, uzunligi 4-8—(12) sm, dag‘al, tuxumsimon shaklda, uzunligi 2-5—(7)
smlik shoxchalar bilan shoxlangan. O‘rta kattalikdagi boshoglarining uzunligi 20 sm gacha
bo‘lib, 2-3 gulli. Pastki gipig uzunligi 4-5 mm, tuxumsimon shaklda bo‘ladi. Yuqorigi qipiq
uzunligi 5.0-5.5 mm, deyarli lanset tuxumsimon; ikkisi ham binafsha-yashil rangda. Pastki
gul qipig‘i uzunligi 4-5 mm, yaxshi tuklangan, yuqorigi qirralari sarg‘ish, girralari
yarmigacha uzun tuklar bilan tuklangan. Yugorigi gul gipig‘i yaxlit, girralari kalta Kiprikli.
Changchisi chiziqli, sariq yoki to‘q sarig, uzunligi 2-3 mmgacha bo‘ladi.

Fenologiyasi. May-iyun oylarida gullab, meva beradi.

Ekologiyasi. O-‘tloglarda, maysazorlarda, baland yaylovlarda va dashtlar
yonbag‘irlarida uchraydi.

Tarqalishi. Boysun botanik geografik rayonida targalgan.

Ahamiyati. O‘simlik bir gator shifobaxsh xususiyatlarga ega, uning quritilgan poyalari
turli xil kasalliklarni davolashda ishlatiladi. Umumiy holda ma’lum ozig-ovqat va yem-xashak
o‘simlik bo‘lib,uning doni, somoni, o‘tlari gimmatli yem-xashak mahsulotlari hisoblanadi.
Aynigsa, hayvonlarning kuchi va quvvatini oshirish uchun zarur bo‘lganda, otlarni va
umuman olganda goramollarni bogish uchun gadrlanadi. Odamning ovgatida suli boshga
donlar bilan solishtirganda kamroq ishlatiladi. O‘simlik doni odatda un mahsulotlari olish
uchun foydalaniladi. Oziglantiruvchi va foydali bo‘lganligi sababli, 0zig-ovqgat sifatida ham,
umumiy iste'mol uchun ham eng gimmatli mahsulotdir.

6.Avena sterilis subsp. ludoviciana (Durieu) Nyman-Naslsiz suli. Avena sterilis
subsp. ludoviciana (Durieu) Nyman-Roshev in FI. URSS. 2 (1934) 267, tab. 20, fig 2-5.—-
Lapin. Omp. pact. Tashk.1 (1923) 42. -Roshev. in ®x. Typkm. 1 (1932) 104, fig. 48 c. —Drob.
In Fl. Uzbek. 1 ser. 1 (1941) 210.

Tavsifi. Hayotiy shakli bir yillik o‘simlik bo‘lib, poyalari 70-100 sm balandlikda,
ko‘proq yoki kamroq ko‘tarilgan, barglarining cheti kirpiksimon tuzilgan. Pastki barg gobig‘i
tukli. Barg tilchasi o‘tkir va girralari tishli. Qirralar bo‘ylab pastki gismdagi barglar kiprikli,
kamroq tuksiz. Boshoglari juda katta 30 sm uzunlikda, deyarli bo‘linmagan shoxlari har biri 1
- 2 ta boshogli bo‘ladi. To‘pguli 3-5 gulli, pastkilari 2 ta, kamdan-kam 3 gulli bo‘ladi.
Changchi uzunligi 1.5-2 mmgacha, cho‘zinchoq, sariq rangda.

Fenologiyasi. Aprel-iyun oylarida gullab, meva beradi.

Ekologiyasi. Tog* etaklarida va dashtlarda uchraydi.

Tarqalishi. Boysun, Bobotog*, Ko‘hitang, Surxon-Sherobod, Sangardak-To‘palang botanik
geografik rayonlarida targalgan.

Ahamiyati. Avena sterilis foydali o‘simlik, ammo uning zarari ijobiy ta'siridan ustundir. A.
sterilis dala ekinlarining sifatini pasaytiradi, ekinlar bilan resurslar uchun ragobatlashadi,
boshogli don va urug‘larni ifloslantiradi. Bog‘larda va ekinlar orasida begona o‘tlar orasida
uchraydi.

Xulosa gilib aytganda, Avena L. turkumi Tog‘li O‘rta Osiyo va Eron-Turon floralarida
yetakchi o‘rinni egallaydi hamda mazkur floralarni turlarga boyligi jihatidan o‘zaro bog‘lab
turadi. Umuman olganda, Avena L. turkum turlarining barchasi ozig-ovgat va yem-xashak
o‘simlik sifatida qadrlanib, uning doni, somoni, o‘tlari gimmatli yem-xashak mahsulotlari
hisoblanadi. Shuningdek, Avena L. turkumining ayrim turlari bir gator shifobaxsh
xususiyatlarga ega bo‘lib, quritilgan poyalari turli xil kasalliklarni davolashda ishlatiladi.
Turkum vakillari to‘yimli oziglantiruvchi va foydali bo‘lganligi sababli, ozig-ovgat sifatida
ham, umumiy iste'mol uchun ham eng gimmatli mahsulotdir. Shuning uchun ushbu o‘simlik
turlarini targalish areallari va hozirgi populyatsiyasini o‘rganish katta ahamiyatga ega.
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Annotatsiya. Ushbu maqgolada Ko‘histon botanik-geografik okrugining dendroflorasining
geografik tahlili va amalga oshirilgan tadgigotlar natijasida Ko‘histon botanik-geografik okrugi
dendroflorasining tur tarkibi gilish natijalari keltirilgan. Okrug dendroflorasida areal sinflari tarkibiga
mansub tiplari ajratilib, areal sinflari kesimida yetakchi polimorf oilalar va geografik elementlarning o‘ziga
X0s xususiyatlari yoritilgan. Ko‘histon botanik-geografik okrugining dendroflorasini geografik spektrning
bosh gismiga Sapindaceae — Caprifoliaceae — Cupressaceae — Berberidaceae oilalari, turkumlardan Rosa —
Lonicera — Berberis — Ephedra boshchilik giladi. Olib borilgan tadgigot natijalariga ko‘ra, turlarning areal
tiplari bo‘yicha tagsimlanishi keltirilgan florada Tog‘lio‘rtaosiyo va Oc‘rtaosiyo areal sinflariga mansub
dendroflora turlari ustunlik giladi. Ko‘histon okrugi dendroflorasining Astragalus, Salix, Populus, Morus,
Crataegus turkum turlari Palearktik, Golarktik, Plyuregional areal tiplariga ega bo‘lgan turlari hisoblangan.
Ko‘histon okrugining dendroflorasidagi turlarning arealiga garab targalishi har bir floraning geografik
tuzilishini aks ettirilgan. Tadgigot natijalari asosida shakllantirilgan Ko*histon botanik-geografik okrugining
dendroflora ro‘yxati bo‘yicha turlarning areal sinflari tarkibiga mansub areal tiplari aniglangan va
dendrofloraning geografik tahlili amalga oshirilgan.

Tayanch so‘zlar: gegrafik targalishi, geografik tahlil, geoelementlar, areal sinflari, areal tiplari,
tabiiy dendroflora.

GEOGRAPHICAL COMPOSITION OF SPECIES IN THE
DENDROFLORA OF KOHISTON BOTANICAL-GEOGRAPHICAL DISTRICT

Abstract: This article presents the results of a geographical analysis of the dendroflora of the Ko
histonic-geographical region and the study of the dendroflora of the Ko histonic-geographical region. The
school’s dendroflora is divided into types of areal classes, highlighting the characteristics of leading
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polymorphic families and geographical elements in the areal classes. Sapindaceae — Caprifoliaceae —
Cupressaceae — Berberidaceae families, the categories Rosa — Lonicera — Berberis — Ephedra lead the
dendroflora of the botanical-geographical district. According to the results of the study, the distribution of
species by areal species prevails in the cited flora by dendroflora species belonging to the Mountain Middle
Eastern and Middle Eastern areal classes. The categories Astragalus, Salix, Populus, Morus, Crataegus of
Ko‘histon County dendroflora are considered to be types of Palearctic, Golarctic, and Plyuregional areal.
The spread of species in the dendroflora of Kohyston County, depending on the area, reflects the
geographical structure of each flora. Based on the results of the study, a list of dendroflora of the
Ko‘histonic botanical-geographical district identified areal types of species belonging to the areal classes
and carried out a geographical analysis of dendroflora.

Keywords: geographical distribution, geographical analysis, geoelements, areal classes, areal types,
natural dendroflora.

Kirish. Ko‘histon okrugi o‘simlik turlarining yuqori konsentratsiyasini, shuningdek,
tabiiy ekotizimlarning saglanib golishi bilan ajralib turadi. R.V. Kamelinning ta kidlashicha
[1. B. 356; 2. B. 117], Ko‘histon okrugi Turkiston va Zarafshon tizmalarini hamda Molguzar
tizmasining sharqiy qismini qamrab oladi. “Qozog‘iston va O‘rta Osiyoning botanika
geografiyasi” mualliflari [3. B. 425] Turkiston, Zarafshon, Hisorning shimoliy yon bag‘irlari
va Oloy tizmalarining ko‘p gismi o‘simliklarini Ko‘histon tipidagi hududga bog‘lab, bu
hududni Tog‘lio‘rtaosiyo provinsiyasining Ko‘histon okrugi sifatida ta'kidlagan. K.Sh.
Tojibayev va boshg. [4. B. 1105-1132] botanik-geografik rayonlashtirishda Ko*histon botanik-
geografik okrugini  Turkiston va Zarafshon tizmalarini, Molguzar tizma va Ziyovuddin-
Zirabulog tog‘larini gamrab olishini ta’kidlagan. Okrug to‘rt botanik-geografik rayonlari bilan
ifodalanadi: Shimoliy Turkiston, Molguzar, Urgut va Ziyovuddin-Zirabulog. Qo‘histon
okrugining O*zbekiston gismi Turkiston va Molguzar tizmalarini gamrab oladi.

Tadqgigot metodologiyasi. Shimoliy Turkiston rayoni O‘zbekiston, Tojikiston va
Qirg‘iziston chegaralarini kesib o‘tgan Turkiston tizmasining butun shimoliy yon bag‘rini
gamrab oladi. Turkiston tizmasi — Hisor-Oloy tog* tizimiga kiruvchi, taxminan 340 km
uzunlikdagi, kenglik yo‘nalishidagi baland tog‘lik tizmasi hisoblanib, Matcha tog® tuguni
orgali tizma sharqda Oloy tizmasiga qo‘shilib, g‘arbda Samargand tekisligiga cho‘ziladi.
Shimoliy yonbag‘ri uzun va muloyim, archa o‘rmonlari va o‘rmonzorlari bilan janubi gisga va
tik, toshlar va taluslar bilan janubdan Zarafshon tizmalaridan ajralib turadi. Eng baland
nuqgtalar Skalistiy cho‘qqgisi (5621 m.) va Piramidalniy cho‘qgisi (5509 m.). Ko‘histon
okrugining ekologik asosini Zomin davlat go‘rigxonasi tashkil etib Turkiston tizmasi g‘arbiy
gismining shimoliy yonbag‘rida joylashgan. 1925-1926-yillarda batafsil o‘rmon qurilishi
Oc‘zbekistonda birinchi marta maydoni 8500 ga teng Guralash qo‘rigxonasini tashkil etishga
sabab bo‘ldi. U 1926-yildan 1951-yillargacha davom etdi. 20-30-yillarda Turkiston
tizmasining g‘arbiy gismida kompleks tadgiqotlar (geologik, gidrologik, botanik va zoologik)
olib borildi. 1978-yildan boshlab maydoni 26840 ga teng go‘rigxona hududi O‘zbekistonning
Xalqg bog‘i go‘rigxona zonasiga Kirdi.

Xuddi shu nomdagi tizma Turkiston tizmasining shimoli-g‘arbiy bo‘g‘ini bo‘lgan
Molguzar tizmasi dastlab Kamelin butun Molguzar tizmasini Nurota rayoniga bog‘lagan
bo‘lsa, keyinchalik Molguzarning shargiy gismini Ko*histon rayoniga kiritgan [2. B. 117].

Ko‘histon okrugiga kiruvchi Molguzar tog® tizmasi Turkiston tog® tizmasining
shimoli-g‘arbida joylashgan. Janubi-sharqdan shimoli-g‘arbga 70-80 km masofaga
cho‘zilgan. Tizmaning eng baland nugtasi dengiz sathidan 2600-3000 metrni tashkil etadi
(Sho‘rbel dovoni). Molguzar tizmasi Nurota tizmasidan llono‘tdi tog® yo‘lagi orqgali ajralgan.
Shimoli-shargiy yon bag‘irlaridan boshlanadigan ko‘pgina soylarning (Zominsuv,
Pishag‘arsoy, Ravotsoy va boshqalar) konus yoyilmalari qo‘shilishidan prolyuvial shleyf
vujudga kelgan. Janubi-g‘arbiy yon bag‘ri Sangzor daryosi vodiysiga tik tushgan.

Baland tog* florasini tashkil etuvchi o‘simlik turlari ko‘p hollarda o‘rganilayotgan
hududdan tashqgariga chigadigan turli xil areallarga ega. Ushbu areallarni tahlil gilish
o‘rganilayotgan floraning xorologik xususiyatini, ustun geoelementlarni aniglashga imkon
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beradi, bu esa materialni, birinchi navbatda, hududni botanik-geografik rayonlashtirish
sxemalarini tuzish, shuningdek, flora tarixi bilan bog‘lig muammolarni hal qgilib berishda
ifodalanadi [5. B. 331]. Geografik tahlilning asosini geografik elementga tegishli turlarning
iyerarxik bo‘ysunishini aniglashga asoslangan floraning geografik spektri tashkil etadi [6. B.
19-33; 7. B. 122]. Har bir tur, ma’lum bir arealga ega bo‘lgan holda, dunyoning botanik-
geografik rayonlashtirish sxemasida geografik element sifatida ifodalanadi [8. B. 242—266].

Natijalar va muhokama. Turlarning ma’lum bir geografik elementga mansubligini
aniglashda A. L. Taxtadjyan [9. B. 522] tomonidan dunyoning botanik-geografik
rayonlashtirish tizimini gabul qgilib, ko‘plab oldingi tadgiqotchilar tomonidan ishlab chigilgan
fitoxorionlar konsepsiyasiga asoslanadi [10. B. 201; 11. B. 415]. Geoelementlar tizimini
shakllantirishda N.N. Porteniyer [12. B. 294] tasniflash sxemasi bo‘yicha ham foydalanildi.
Turlarning areallariga garab targalishi har bir floraning geografik tuzilishini aks ettiradi.
Floristik tadgiqotlarning mustahkam tarixiga garamay, areallarning unitar tasnifi hali ham
mavjud emas. Magsadga garab, har bir tadgigotchi turli botanik-geografiyasi asarlarida ishlab
chigilgan muayyan tamoyillarga amal giladi [2. B. 117; 13. B. 421; 14. B. 591]. Ba'zan
o‘xshash areallarni bitta turga umumlashtirish kerak bo‘ladi. Ushbu yondashuv ko‘pincha
geografik keng targalgan turlar uchun go‘llaniladi (palearktik, golarktik). Kam turlarga ega
bo‘lgan areal tiplarini tanlash muhim ahamiyatga ega, chunki ular tahlil gilinadigan floraning
geografik tuzilishida mahalliy turlarning o‘rnini eng aniq ko‘rsatuvchi asos hisoblanadi [4. B.
1105-1132].

Ko‘histon okrugining dendroflorasining geografik tahlili floraning tog*® florasiga
mansubligining navbatdagi asosi sifatida garaladi.

Okrugning tabiiy dendroflorasining targalish areallarini aniglash jarayonida dala
tadgiqotlari davomida yig‘ilgan gerbariy materiallaridan hamda turlarning umumiy targalishi
bo‘yicha [15] monografiyalardan, www.catalogueoflife.org, www.efloras.org, www.gbif.org
internet saytlaridan va boshga bir gator manbalardan [13. B. 20; 12. B. 98; 11. B. 258]
foydalanildi. Dendrofloraning joylashgan o‘rni, turlar tarkibi va boshga jihatlari ko‘zda
tutilgan holda areal tiplari har xil bo‘ladi. Olib borilgan tadgigotlarda hudud florasining
uchraydigan turlarning to‘liq ro‘yxati shakllantirildi. Shakllantirilgan mazkur ro‘yxatdagi
turlarni tip arellari belgilashda, hozirga gadar olib borilgan floristik R.V. Kamelin [1 B. 356],
L.S. Krasovskaya va bosh. [14. B. 173] tadgigotlardan foydalanildi. Tadgigot ishini amalga
oshirishning yana bir muhim jihati berilgan areal tiplari yirikrog hududlarga birlashtirgan
holda o‘rganildi.

Olib borilgan tadgiqot natijalariga ko‘ra, Ko‘histon botanik-geografik okrugining
zaminida joylashgan Turkiston hamda Molguzar tog* tizmalarining dendroflorasida topilgan
turkum turlarining tabiiy yo‘l bilan targalganligini o‘rganishda 7 areal sinfiga mansub 31 areal
tiplari aniglandi (1—jadval).

1-jadval

Ko‘histon okrugining dendroflorasining areal sinflari darajasida turlarning tagsimlanishi

No | Areal tiplari | Turlar soni | %
Pomiroloy sinfi — 9 (7,76%)
1 | Pomiroloy 4 3,45
2 | Ko‘histon-hisor 2 1,72
3 | G‘arbiy-pomiroloy 2 1,72
4 | Ko‘histon 1 0,86
Tog‘lio‘rtaosiyo sinfi — 31 (26,72%)
5 | Tog‘lio‘rtaosiyo 13 11,21
6 | Tiyonshon-pomiroloy 7 6,03
7 | G‘arbiytiyonshon-pomiroloy 6 5,17
8 | G‘arbiytiyonshon-g‘arbiypomiroloy 5 4,31
O‘rtaosiyo sinfi — 26 (22,41%)

9 | Tarbag‘atoy- tog‘lio‘rtaosiyo | 12 | 10,34
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10 | Kopetdog‘- tog‘lio‘rtaosiyo 6 5,17
11 | O‘rtaosiyo 4 3,45
12 | Jung‘oriya-tog‘lio‘rtaosiyo 2 1,72
13 | Kopetdog‘-pomiroloy 1 0,86
14 | Xoroson- tog‘lio‘rtaosiyo 1 0,86
Qadimiyo‘rtayerdengizi sinfi — 25 (21,56%)
15 | Eron-o‘rtaosiyo 7 6,03
16 | Qadimiyo‘rtayerdengizi 6 5,17
17 | Shargiy-gadimiyo‘rtayerdengizi 5 4,31
18 | Eron-himoloyoldi 4 3,45
19 | Himoloyoldi 3 2,59
Palearktik sinfi — 19 (16,38%)
20 | Yevro-shargiygadimiyo‘rtayerdengizi 3 2,59
21 | Yevro-qadimiyo‘rtayerdengizi 3 2,59
22 | Sibir-o‘rtaosiyo 2 1,72
23 | Kavkaz-sibir-o‘rtaosiyo 2 1,72
24 | Yevro-sibir-o‘rtaosiyo 2 1,72
25 | Pontik-janubiysibir-gadimiyo‘rtayerdengizi 2 1,72
26 | Palearktik 2 1,72
27 | Oltoy-o‘rtaosiyo 1 0,86
28 | Yevro-sibir-gadimiyo‘rtayerdengizi 1 0,86
29 | Pontik-gadimiyo‘rtayerdengizi 1 0,86
Golarktik sinfi — 3 (2,59%)
30 | Golarktik | 3 | 259
Plyuriregional sinfi — 1 (0,86%b)

31 | Plyuriregional 1 0,86
Avreal tiplari aniglanmagan turlar 2 1,72

Jami: 116 100

Bir-biriga yagin bo‘lgan areal tiplari areal sinflariga birlashtirildi. lyerarxiya
tamoyillari O‘rta Osiyo floralarini tadqiq etgan ayrim tadgigotchilarning fikriga ko‘ra,
o‘rganilayotgan floralarning geografik alogalarini yanada to‘liqroq tavsiflaydi. Keltirilgan
ma’lumotlar turli sinflarga mansub bo‘lgan geografik elementlarning o‘zaro nisbatini ochib
berishda asos bo‘la oladi (2-jadval).

2-jadval
Ko‘histon okrugi dendroflorasining areal sinflari bo‘yicha tagsimlanishi
Avreal sinflari . _Area} T_ur Jami
| tiplari soni lar soni dendrofloradan %
Toglio‘rtaosiyo 4 31 26,72
O‘rtaosiyo 6 26 22,41
Qadimiyo‘rtayerdengiz 5 25 21,56
Palearktik 10 19 16,38
Pomir-Oloy 4 9 7,76
Golarktik 1 3 2,59
Plyuriregional 1 1 0,86
Aniglanmagan tiplar - 2 1,72
Jami: 31 116 100

2-jadvalda keltirilgan ma’lumotlardan ko‘rinib turibdiki, Tog‘lio‘rtaosiyo areal sinfi 4
tip bilan ishtirok etib, turlar soniga ko‘ra (31 tur; 26,72%) boshqa sinflardan ustunlik giladi.
Tog‘lio‘rtaosiyo sinfi Tiyonshon (Sinszyan bilan), Pomir-Oloy (Shargiy Pomirdan tashqgari)
Turkiston, Zarafshon, Hisor tizmalarini va ularning g‘arbiy tarmoglari, Darvaz, Mazar
tizmalarini, Chu-Ili tog‘i, Qoratov, Qirg‘iziston tizmasining g‘arbiy gismidan Qurama va
Farg‘ona tizmasigacha bo‘lgan hududlarini gamrab olgan. Sinf tarkibida Tog‘lio‘rtaosiyo (13
tur), Tiyonshon-pomiroloy (7), G‘arbiytiyonshon-pomiroloy (6), G-‘arbiytiyonshon-
g‘arbiypomiroloy (5) areal tiplari nisbatan kichik maydonlarni egallab, turlarining soni
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yuqoriligi bilan ajralib turadi va ularning yig‘indisi areal sinfining asosidan iborat. Keltirilgan
bu hududlar, Tog‘lio‘rtaosiyo va Tiyonshon-pomiroloy hududlarini alohida areal tiplari
sifatida ajratilgan va Tog‘lio‘rtaosiyo areal sinfida zamonaviy tur hosil bo‘lishida mahalliy
o‘choglari borligini ifodalagan [23. B. 98]. Keltirilgan dendrofloralar orasida
Tog‘lio‘rtaosiyoning barcha tizmalari bo‘ylab targalgan turlar 9 oila 14 turkum bilan
ifodalangan: Ephedraceae (Ephedra L./2 tur), Sapindaceae (Acer L./2), Tamaricaceae
(Tamarix L./1), Fabaceae (Astragalus L./3), Caragana Fabr./1), Rosaceae (Rosa L./5), Prunus
L., Spiraea L., Pyrus L. (har biri 1 tur), Salicaceae (Salix L. va Populus L. (har biri 1 tur),
Caprifoliaceae (Lonicera L./3), Oleaceae (Fraxinus L./1), Thymelaceae (Restella Pobed./1).

O‘rta Osiyo areal sinfi 6 areal tiplari bilan ishtirok etib umumiy dendrofloraning
tarkibini 26 turini (22,41%) o‘z ichiga oladi. Ushbu sinf Pomir-Oloy, Tiyon-Shon, Jung‘or
Olatog‘i, Tarbag‘atoy, Qulja va Sinszyan chegarasigacha bo‘lgan hududlarni tashkil etadi. Bu
sinfga 6 areal tiplari kirib, Tarbag‘atoy-Tog‘lio‘rtaosiyo (12 tur) areal tipi boshga tiplarga
garaganda turlar sonining yugqoriligi bilan ustunlik giladi. Kopetdog‘-Tog‘lio‘rtaosiyo (6),
Oc‘rtaosiyo (4) va Jung‘oriya-Tog‘lio‘rtaosiyo (2) areal tiplari dendroflora turlarining muhim
miqdorini tashkil etadi. Kopetdog‘-pomiroloy va Xuroson-tog‘lio‘rtaosiyo (har biri 1 tur)
tiplariga mansub turlarning miqdori past darajada ifodalanadi. O‘rta Osiyodagi tog*
tizmalarini gamrab olgan dendrofloralar orasida targalgan turlar 10 oilaga mansub 14 turkum
bilan ishtirok etadi. Polygonaceae (Atraphaxis L./2 tur), Salicaceae (Salix L./1), Populus L./2),
Grossulariaceae (Ribes L./1), Rosaceae (Cotoneaster Medik./5), Malus Mill./1), Prunus L./4),
Sorbus L./1), Fabaceae (Astragalus L./1), Caprifoliaceae (Lonicera L./3), Ephedraceae
(Ephedra L./1), Ulmaceae (Ulmus L./1), Betulaceae (Betula L./1), Rhamnaceae (Rhamnus
L./1) oila va turkumlari O‘rta Osiyoning tekisliklari va tog‘larini birlashtirib turadi.

Tadqiq etilgan hudud dendroflorasidagi mazkur areal sinfiga mansub fanerofit turlari
taksonomik guruhlar orasidagi Ephedraceae (Ephedra L./1 tur), Berberidaceae (Berberis L./2),
Amaranthaceae (Salsola L./2), Rosaceae (Crataegus L./3, Rosa L./2, Sorbus L. va Prunus L.
(har biri 1 tur), Pentaphylloides Duham./1, Cotoneaster Medik./1, Anacaridaceae (Pistacia
L./1), Platanaceae (Platanus L./1), Salicaceae (Salix L./1), Elaeagneaceae (Elaeagnus L. va
Hippophae L. (har biri 1 tur), Juglandaceae (Juglans L./1), Ulmaceae (Ulmus L./1),
Ranunculaceae (Clematis L./1), Caprifoliaceae (Lonicera L./1) oila va turkumlari asosiy o‘rin
egallaydi. Mazkur taksonomik guruhlar ichida asosini fanerofitlar tashkil etib, ular tekislik va
adir mintagalarida keng targalgan.

Navbatdagi Palearktik areal sinfi Shargiy O‘rtayer, Yevropaning g‘arbiy va markaziy
gismlarini, Shargiy O‘rtayer, Yevropaning g‘arbiy va markaziy gismlari Sibir, O‘rta Osiyo va
Markaziy Osiyo hududlarini gamrab olgan. Mazkur sinf 10 areal tiplariga mansub bo‘lgan 19
tur (barcha turlarning 17% dan kamrog‘ini) o‘z ichiga oladi.

Keltirilgan dendrofloralar orasida bu sinfning Tog‘lio‘rtaosiyoning barcha tizmalari
bo‘ylab targalgan turlar 14 oilaga mansub 18 turkum bilan ifodalangan. Ulmaceae (Celtis L.
va Ulmus L. (har biri 1 tur)), Rosaceae (Spiraea L., Cydonia Mill., Rubus L. (har biri 1 tur)),
Solanaceae (Lycium L./1), Cupressaceae (Juniperus L./1), Polygonaceae (Atraphaxis L./1),
Ephedraceae (Ephedra L./1), Betulaceae (Betula L./1), Moraceae (Morus L./2), Tamaricaceae
(Myricaria Desv./1), Fabaceae (Halimodendron Fisch.ex DC./1), Salicaceae (Salix L. va
Populus L. (har biri 1 tur), Santalaceae (Arceuthobium M.Bieb./1), Rhamnaceae (Rhamnus
L./1), Caprifoliaceae (Lonicera L./1) oila va turkumlari ustunlik giladi.

Navbatdagi Pomiroloy areal sinfi hisoblanadi. U Oloy, Turkiston va Nurota
tizmalaridan G‘arbiy Pomirning Badaxshon gismini o‘zida aks etadi. Bu sinf to‘rt areal
tiplariga mansub bo‘lgan 9 tur (barcha turlarning 8% dan kamrog‘ini) bilan ifodalanadi. Bu
sinf Pomiroloy (4 tur), Ko‘histon-hisor, G‘arbiypomiroloy (har biri 2 tur), Ko‘histon (1) 4
areal tiplari bilan ifodalanadi. Pomiroloy sinfidagi dendrofloralar orasida targalgan turlar 4
oilaga mansub 6 turkum bilan ishtirok etadi. Fabaceae (Astragalus L. (3 tur), Colutea L.,
Caragana Fabr. (har biri 1 tur), Sapindaceae (Acer L./1), Caprifoliaceae (Lonicera L./1),
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Rosaceae (Prunus L./2) oila va turkumlari bilan ifodalanadi. Astragalus va Prunus turkumi
turlari Pomiroloy areal sinfining asosiy targalgan boy turlari hisoblanadi va hududning tur
hosil bo‘lish markazlaridan biri ekanligi ma’lum bo‘ldi. Ushbu sinfning joylashuvi
o‘rganilayotgan dendrofloraning Pomiroloy dendroflorasiga tegishli ekanligini yetarlicha aniq
ko‘rsatadi.

Geografik tagsimlanishining keyingi ikki areal sinfida Ko*‘histon okrugi dendroflorasi
butun floraning taxminan uchdan bir gismini tashkil etadi. Golarktika (3 tur) va Plyuriregional
(1) sinflarida to‘plangan turlarning tarkibi o‘rganilayotgan floraning o‘ziga xosligiga hissa
go‘shmaydi. Ular o‘rganilayotgan florani boshga floristik avlodlarning floralari bilan
bog‘laydigan turlarning maksimal sonini oz ichiga oladi va turlarning targalishi tekislik va
quyi tog* mintagalariga to‘g‘ri keladi.

Tadgigot hudud florasining geografik tarkibining ko‘rsatkich tavsifi sistematik
spektrning geografik elementi hisoblanadi. Geografik spektrdagi yetakchi (polimorf) oilalar
geoelementlari keltirilgan (2—jadval). Olib borilgan tadgigotda hudud dendroflorasining
geografik xususiyatlarini ochib berish magsadida polimorf oilalarning asosiy geografik
elementlar bo‘yicha tagsimlanishi tahlil gilindi. Ko‘histon okrugi dendroflorasining areal
sinflari bo‘yicha 8 yetakchi oila turlari tahlil gilish natijasida oila vakillarida dominantlik
giluvchi areal sinflari aniglandi.

Natijalar asosida Tog‘lio‘rtaosiyo areal sinfi 6 oilada dominantlik qilishi bilan
ifodalandi. Tog‘lio‘rtaosiyo va O‘rtaosiyo areal sinflarida Rosaceae 26.83% turlari bilan bir
xil ko‘rsatkichga ega, Salicaceae 30.0% O‘rtaosiyo, Berberidaceae 66.67% turlari bilan
Qadimiyo‘rtayerdengizi areal sinfida ustunlik giladi.

Ko‘histon okrugini dendroflorasida Tog‘lio‘rtaosiyo areal sinfi elementlari eng yugori
bir xil ulushga Cupressaceae va Sapindaceae oilalari (66.67%) ega bo‘lsa, eng past darajadagi
ulush Rosaceae (26.83%) oilasi bilan ifodalanadi. Ko‘histon okrugi dendroflorasining
geografik tahlili areal tiplari bo‘yicha ham tagsimlandi (3-jadval).

3-jadval
Ko‘¢histon okrugi polimorf oilalarning areal tiplari bo‘yicha tahlili
. . Miqgdor Areal tiplari
Oilafturlarsoni |\ rsatkichlari T0'0 TTO* TPO [ EOO
Rosaceae/4 turlar soni 3 5 2 3
1 % 7.32 12.19 4.88 7.32
turlar soni 3 1 1 1
Fabaceae/12 % 25.0 8.33 8.33 8.33
Salicaceae/ turlar soni 1 1 - -
10 % 10.0 10,0 -
Caprifoliac turlar soni 2 3 1
eae/9 % 22.23 33.34 11.12 -
Ephedrace turlar soni 1 - - 1
ae/5 % 20.0 - 20.0
Cupressace turlar soni - 2 -
ae/3 % 66.67 -
Berberidac turlar soni 1 65 -
eael3 % 33.34 7 ‘
Sapindacea turlar soni 2
e/3 % 66.67 - - -
Jami: 86 12 10 7 7
Izoh: TOO-Toglio‘rtaosiyo; TTO* Tarbag ‘atoy-tog ‘lio rtacsiyo; TPO-

Tiyonshonpomiroloy; EO ‘O-Erono ‘rtaosiyo.

Tahlil

Fabaceae
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(10.0%) — Rosaceae (7.32%). Sapindaceae oilasi to‘liq “tog‘lio‘rtaosiyo” hisoblanib,
tog‘lio‘rtaosiyo turlarining 5 oilani oz ichiga oladi, golgan 2 oila bundan mustasno.

Keyingi Tarbag‘atoy-Tog‘lio‘rtaosiyo areal tipining yetakchi 4 oilani ketma-
ketligini: Caprifoliaceae (33.34%) — Rosaceae (12.19%) — Salicaceae (10.0%) —
Fabaceae (8.33%) ifodalaydi. Tiyonshon-pomiroloy areal tipining oilalarining geografik
spektrida Cupressaceae (66.67%) — Berberidaceae (33.34%) — Caprifoliaceae (11.12%) —
Fabaceae (8.33%) — Rosaceae (4.88 %) oilalari ustunlik gqiladi. Eron-o‘rtaosiyo
geoelementlari ichida esa eng yugori ko‘rsatkichni Berberidaceae (66.67%), eng pastkisini
Rosaceae (7.32%) oilalari bilan ishtirok etadi. Mazkur natijalarga ko‘ra, Tog‘lio‘rtaosiyo
areal sinfiga mansub turlar 26.72% tashkil etdi va fanerofitlarga to‘g‘ri keldi. Yetakchi 8
oilaning 4 vyetakchi geoelementlar ketma-ketligida Sapindaceae — Caprifoliaceae —
Cupressaceae — Berberidaceae oilalari tashkil etib, tog‘lio‘rtaosiyo Sapindaceae,
Tarbag‘atoy-Tog‘lio‘rtaosiyo Caprifoliaceae, Tiyonshon-Pomiroloy Cupressaceae, Eron-
Oc‘rtaosiyo esa Berberidaceae oila turlarining ulushi yuqoriligi bilan ajralib turadi.

Ko‘histon okrugi dendroflorasining areal tiplar bo‘yicha targalgan dominant
turkumlari ham katta rol o‘ynaydi.

Ushbu turkumlar quyidagi ketma-ketlikda turadi: Berberis (66.67%) — Rosa
(33.34%) — Lonicera (33.34%) — Populus (25.0%) — Ephedra (20.0%) — Astragalus
(14.29%). “Eng” tog‘lio‘rtaosiyolik Rosa (33.34%) turkumi hisoblanadi, jumladan,
tarbag‘atoy-tog‘lio‘rtaosiyolik — Lonicera (33.34%), tiyonshon-pomiroloylik — Berberis
(33.34%), eron-o‘rtaosiyolik — Ephedra (20.0%) va Berberis (66.67%) turkumlari ustunlik
giladi.

Xulosa va takliflar. Xulosa qilib aytganda, Ko‘histon botanik-geografik
okrugining dendroflorasini geografik spektrning bosh gismiga Sapindaceae -
Caprifoliaceae — Cupressaceae — Berberidaceae oilalari, turkumlardan Rosa — Lonicera —
Berberis — Ephedra boshchilik giladi. Olib borilgan tadgiqot natijalariga ko‘ra, turlarning
areal tiplari bo‘yicha tagsimlanishi keltirilgan florada Tog‘lio‘rtaosiyo va O‘rtaosiyo areal
sinflariga mansub dendroflora turlari ustunlik giladi. Shuningdek, Qadimiyo‘rtayerdengizi
va Palearktik areal sinflariga mansub bo‘lgan turlar dendrofloraning aksariyat gismidan
iborat. Ko‘histon okrugi dendroflorasining Astragalus, Salix, Populus, Morus, Crataegus
turkum turlari Palearktik, Golarktik, Plyuregional areal tiplariga ega bo‘lgan turlar
hisoblanadi. Ko‘histon okrugining dendroflorasidagi turlarning arealiga qgarab targalishi
har bir floraning geografik tuzilishini aks ettiradi. Dissertasiya tadgigot natijalari asosida
shakllantirilgan Ko‘histon botanik-geografik okrugining dendroflora ro‘yxati bo‘yicha
turlarning areal sinflari tarkibiga mansub areal tiplari aniglandi va dendrofloraning
geografik tahlili amalga oshirildi.
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AnHotanusi: B pabore n3y4eHsl arpoOMOTEXHOIOTHH BO3/ICIBIBAHNS O3MMOM MIISHHUIIBI B TOYBaX
C Pa3HBIM 3aCOJICHHUEM M clieCH()UUECKIMHU MOYBEHHO-KIIMMAaTHYECKUMH yCJIOBHsAME byxapckoro oasuca. B
peLeHnH 3TOi MpoOeMbl OOJBIIYI0 POl UIPAaeT KOMIUICKCHOE N3yYEHHE COBPEMEHHOTO COCTOSHHUS ITOYB,
YPOBHS IUIOAOPOIMsST W (PAaKTOPOB, JHMHUTHPYIOIIMX TNPOAYKTHBHOCTb. B Hamell pecryOnuke B
CEINIbCKOXO3SICTBEHHOM IIPOM3BOJICTBE MHTEHCHBHO HCIIOJIB3YIOTCS TOJIBKO OpOIIaeMble ITOYBBI, HX 0OImIas
IUTOIIA]] COCTABIISET OKOJO 4,3 MIJIH ra, U3 HUX 3,3 MJH ra — MaxoTHbBIE 3eMJIM. DTH MOYBHI NPETEPIEIH
3HAa4YMTENbHbIE M3MEHEHHUS B XojAe opomleHus. Ha TeppuTopuu pecmyOIuKd paclpoCTpaHEHO 28 THIIOB
IIOYB, M3 HUX 22 THIIA IIUPOKO HCIOJIB3YIOTCA B CEIBCKOM XO3SHCTBE, a OCTaJIbHBIE 6 THIIOB OYCH PEIKH, U3
Hux 49,1% - ayroele oasucel, 12,7% - myromactOuminsle, 15,6% crennsle, 0,6% - nyroBbie oa3uchl. %.
6onotHO-nyroBbIe, 19,9% nyropo-ammoBuansHbie 1 2,1% 1yroBo-0ypsle OYBHI.

CopTra 03MMOH MIIEHMIIBI, IOCAKEHHBIE HA OpOINAeMbIX IMouBax byxapckoro oasmca, ObLTH
0oTOOpaHbl M 00paboTaHBl BOAOPOCISAMH XJIOPEIUIOW OOBIKHOBEHHOW B pasHble CPOKM M HOPMBI TIEpen
MOCaJIKOW M B TEPHOJA PAa3BHTHA POCTA, a TAKXKe MPOBEJCHBI (DEHOJIOTHUYECKHE HAONIOACHHUS 3a O3UMOM
MIIIEHUCEH W COpTaMH B TOJIEBBIX OMNBITAX HAa YCTOMYMBOCTH, YPOXAWHOCT M CEHHBIX XO3SHCTBEHHBIX
0OBEKTOB.

Onwmcansl  MOpGOJOTHYECKUE TOKAa3aTeM Oa3WCHBIX JIYyTOBO-AJUTIOBHAIBHBIX II0YB, OHHU
pa3iIuYaroTCs 1O CBOEH CIleCHU(HKe, CBETy, MEXaHWYECKOMY COCTaBY, TYCTOTE€ arpoOpOCHTEIHHOTO
TOPHU30HTA, TYMYCOBBIH CJIOI BBIpaK€H HEYETKO IO CPaBHEHMIO C OPOIIAEMBIMH JIyTOBO-AIITIOBHAIEHBIMHU
MoYBaMH, HO CHiIbHee BeieseTcs [Ipu BHecennn Unopena Bynbrapuc u3 pacuera 40 /T mepex moceBoM
03UMOI muIeHulbl BcxoxkecT cocraBuia 80%, BbicoTa pacteHuil 16,6 cM, KoaudecTBO rposued 6,
cojiepkanue azora 3,79%, Xopomuii Hoka3aTesb. BBICOKHI pe3ylbTaT, mpu 00padoTke n3 pacuera 50 ii/T, 10
CPaBHEHHUIO C KOHTPOJbHBIM BAapHAHTOM, YCTAHOBJIEHO, YTO BCXO)KecT yBenuumnac Ha 10%, BbIcoTa
pacteHuii coctaBmia 3,7 cM, KOJIMYECTBO OYTOHOB - 3, coziepkaHue azora yBeandauioc Ha 0,17. %.

KaoueBble ciaosa: Oasuc, rymyc, ajganracusi, COPTOUCIBITAHUE, 3UMOBKA, pa3MeIlEHHE,
Bereracus, 5JIEMEHTHl ypo)kaiHocTH, ¢enonorus, lllnopenna Bynbrapuc, BCXO0XECTb, KYCTHUCTOCTb,
MOpGhOoITOTHSL.
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Abstract: The work studied agrobiotechnologies for cultivating winter wheat in soils with different
salinity and specific soil and climatic conditions of the Bukhara oasis. In solving this problem, a
comprehensive study of the current state of soils, the level of fertility and factors limiting productivity plays
an important role. In our republic, only irrigated soils are intensively used in agricultural production; their
total area is about 4.3 million hectares, of which 3.3 million hectares are arable lands. These soils have
undergone significant changes during irrigation. There are 28 types of soils distributed on the territory of the
republic, of which 22 types are widely used in agriculture, and the remaining 6 types are very rare, of which
49.1% are meadow oases, 12.7% are grassland, 15.6% are steppe, 0. 6% - meadow oases. %. swamp-
meadow, 19.9% meadow-alluvial and 2.1% meadow-brown soils.

Winter wheat varieties planted on irrigated soils of the Bukhara oasis were selected and treated with
Chlorella vulgaris algae at different times and rates before planting and during the period of growth
development, and phenological observations of winter wheat and varieties were carried out in field
experiments for resistance, productivity and valuable economic objects.

The morphological indicators of oasis meadow-alluvial soils are described, they differ in their
specificity, color, mechanical composition, the density of the agro-irrigation horizon, the humus layer is not
clearly expressed in comparison with irrigated meadow-alluvial soils, but stands out more when Chlorella
vulgaris is added at the rate of 40 I/t before sowing winter wheat, germination was 80%, plant height 16.6
cm, number of bunches 6, nitrogen content 3.79%, a good indicator. high result, when treated at a rate of 50
I/t, compared with the control option, it was found that germination increased by 10%, plant height was 3.7
cm, the number of buds was 3, the nitrogen content increased by 0.17. %.

Keywords: Oasis, humus, adaptation, variety testing, wintering, placement, vegetation, yield
elements, phenology, Chlorella vulgaris, germination, bushiness, morphology.

BBenenne. Ha Ttepputopuu pecrnyOIUKM HAacUMTHIBaeTCs 28 THUIIOB MOYB, U3
KOTOPBIX 22 THIIA UCIIOJIL3YIOTCS B CEIIbCKOM XO3SHCTBE 00JI€€ HHTEHCHUBHO, a OCTAJIbHBIE
6 TUIOB OYEHb peaKko. B YacTHOCTH, CBETJIO-KOPUYHEBBIE JIYTOBO-CTEIHBIE IOYBBI
3aHuMaroT 578,5 ThIC. ra IUIOMIAaW, KOpUYHEBbIE TMOYBBI — 1712,8 ThIC. ra, TeMHbIE
cepo3embl — 1208,8 ThIc. ra, TunU4YHbIe cepo3eMbl — 2880,1 ThIC. Ta, CBETJIBIE CEPO3EMbI —
2191,9 TbIC. Ta, cepo3eMHO- JYTrOBbIE U JYroBO-cepo3eMHble mouBbl — 1192,0 Thic. ra,
cepo-Oypele, TakbIpHble mouBbl — 10833,9 ThIc. ra, cepo-Oypo-nyroBeie — 79,2 ThIC. Ta,
TakbIpHble 1OUBbI — 1003,0 ThIC. ra, TaKbIPHO-JIYTOBBIE M JYrOBO-TaKbIPHbIE MOYBHI —
445,6 ThIC. Ta, MYCTHIHHO-TIECUAHBIE MTOYBBI — 2466,2 THIC. Ta, TyTOBbIE, OOJOTHO-IIYTOBBIE
1mo4Bsl — 3547,8 ThIC. Ta, TUITUYHBIE COMOHYAKU — 793,9 ThIC. ra, MPUMOPCKUE COTIOHYAKU
— 1739,6 ThIC. Ta, npoune 3emuu — 14159,2 teic. ra [1],[2] .

MeTtoanl. MoaepHuzanus CeJIbCKOXO3MCTBEHHOT'O MPOU3BOJICTBA
HEMOCPEJACTBEHHO CBS3aHA C HEOOXOJMMOCTHIO TOBBIIICHHS TUIOAOPOAMS TOYB U
pa3pabOTKOM APYTUX Ba)KHBIX BOIPOCOB 3€MJIETIOIb30BAHUS.

B pemenun »oToii 3amaun Oosblias poNib MPUHAJICKUT KOMILIEKCHBIM
WCCTIEOBAHUSIM  COBPEMEHHOTO  COCTOSIHUS, ypPOBHA  IUIONOPOaus,  (aKTOPOB,
JTUMUTHPYIOIIUX TPOU3BOJUTENBHYIO CIIOCOOHOCTh TOYB. B Hamelr pecnyOnuke B
CEJIbCKOXO3SMCTBEHHOM TIPOU3BOJICTBE MHTEHCHUBHO HCIIONB3YIOTCSA JIMIIh OpPOIIAEMBbIe
MOYBBI, OOIIAsl TIIOIMIAh KOTOPBIX COCTABISIET OKOJO 4,3 MIH Ta, U3 HUX MaxOTHBIX 3,3
MJTH Ta. DTH MOYBHI B IPOLIECCE OPOIICHUS TIPETEPIICIIA 3HAUUTEIbHbIE N3MEHEHHUS.

OpolleHre B apuJIHBIX W JKCTpaapUJHBIX YCIOBUSIX, B HECKOJBKO pa3
MpeBOCXO/IsAIIee aTMOC(HEpPHOE YBIAKHEHHE, KOPEHHBIM 00pa3oM BHIOM3MEHSET BECh X0/
MoYBOOOpa30BaHMUS: TMOCTYIUICHHE U MHHEPAIU3AIMI0 OPraHMYeCKOro BEIIeCTBa,
rymycooOpa3oBaHusi, MUTpalMi0 coyied M OMOPHUIbHBIX 37eMeHTOB U JAp. OcobeHHO
MEHSIOTCA UX MOpQOIOTHYecCKue OCOOEHHOCTH, (u3mueckne, BOIHO-(PHU3UYECKUE,
arpoXuMHUYeCcKre, XUMUIecKkue, Ononornyeckune cpoiicta u np [3],[4],[5].

[IpousBoauTENbHAS CIIOCOOHOCTH OPOIIAEMBIX TOYB BO MHOTOM 3aBHCUT OT
CEIbCKOXO3SMCTBEHHOW  JIEATETLHOCTH  4YelloBeKa. B Ienmsx  parMoHaJIbHOTO
WCIONIb30BAaHUSI JITHX TMOYB HEOOXOIUMO M3y4YeHHE WX COBPEMEHHOTO COCTOSHUS,
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BBISIBJICHME M MPEJOTBpAllleHHE  OTPULIATENbHBIX  (PAaKTOPOB,  JIMMUTUPYIOLINX
MIPOU3BOIUTEIBHYIO CIIOCOOHOCTH MTOYB.

PesynabraTrel.  Mopdonornyeckue — moka3zaTelnd — OA3UCHBIX  JIYTOBO-
QALTIOBUATIBHBIX TIOYB OTIMYAIOTCS CBOCOOpa3HeM, I[BETOM, MEXaHHYECKHUM COCTaBOM,
IUIOTHOCTBIO U MOIMHOCTHIO arpOMPPHUTallMOHHOIO TOPU30HTA, T'YMYCOBBIM CJIOEM HeE
BBIDQKCHHBIM SIBHO OTHOCHUTEJIBHO OpPOLIAEMBIX JIyrOBO-aJUTIOBHAIBHBIX TIOYB, HO
Xapaktepusymoleiicas 0ompiiei MOIMHOCTHIO. [l0 MOIIHOCTH arpoHPPHUTralluOHHOTO
TOPU30HTA 0A3UCHBIE JTYTOBO-AJUTIOBUAIBHBIE MOYBBI OTHOCATCS K «MOIIHOWY TpyIIe, a
OpollIaeMbl€ JTYrOBO-aJJIIOBUATILHBIE MTOUBHI K TPYIINE «CPEAHENH MOIIHOCTH.

Oporraemble TOYBBI TEPPUTOPUN XAPAKTEPU3YIOTCSI HAJTMUUEM KOPPEISITUBHON

CBSI3U MEX]ly OCHOBHBIMU CBOICTBaMH IOYB U MUKPOOHOIOIHYECKON U (hepMEHTATUBHOM
aKTUBHOCTHIO: ¢ TymycoM 1=0,90-0,99, ¢ azotom r=0,93-0,97, ¢ moaBmwxkHbIM (pochopom
r=0,93-0,98, ¢ oOmenupiM Kammem 1=0,95-0,99. Hamuune  IOJIOKUTEIBHBIX
KOPPEJSILIMOHHBIX CBA3EH MMOKa3bIBa€T OMOJIOrMUYECKHUM MOTEHIMAJ II0YB, @ TAK)XKE BAKHYIO
UX poJib B CBOEOOpazuu (popMHpoBaHUS OYBOOOPA30BATENbHBIX ITPOLIECCOB.

CriocoOHOCTh a30TOOUKCUPYIOIINX CHHE-3EIEHBIX M IPOTOKOKKOBBIX BOAOPOCIEH,
Pa3sMHOXKAIOIMXCA Ha MOBEPXHOCTH MOYB U pu3ocepe, CUHTE3UPOBaTh OHMOJIOTHYECKU
aKTHBHBIE BEILIECTBA, JOCTATOUYHO U3y4eHbl. BOIOpOCIN MOTYT BBIAEIATH B OKPY/KAIOLIYIO
CpeAy BUTaMUHBI Tpynnbl B, KapoTUH M HEKOTOpbIE BU/ABI CHHE-3€JIEHBIX U 3€JIEHBIX
BOJIOpOCIEH-TToucaxapuabl, MENTO3bl, MOJUMENTHAbI, aMUHOKUCIOTH U Ap. (['oproHOB,
1966; I1ankpaTos, 1967; 6apamkos, 1972, Fogg, 1960).

[Tpu 3amMaunBaHUU CEMSIH PaCTCHUN B CYCIICH3HH BOJIOPOCIIEH METabOIUTHI KIETOK
BCAChIBAIOTCSl CEMEHAMH M CTUMYJIMPYIOT pocT U pa3Butue pactenuil (Lllatuna, 1964;
Kyukaposa u np 1972a,0).

Hamu usyuanoces BiusHHE a30TOQUKCUPYIOIINX CUHE-3€JIEHBIX M MPOTOKOKKOBBIX
BOJIOPOCIICH Ha POCT, pa3BUTHE U YPOXKAMHOCTD MIICHUIIBI B YCIOBUAX OOTrapbl paBHUHHO-
XOJIMMCTON 30HBI.

[ToneBble OMBITHI 3aK/IaJbIBAINCH HA ONBITHOM y4acTke B ["ayuisapanbckoM paiioHe
JKM3aKkcKoM 065acTy Ha pa3IndYHOM MUHepaibHOM (oHe (a301-35 kr, dochop-40 kr), a
JUTsl O3UMOM MIIeHHIIBI 0€3 BHECEHHs ynoOpeHuii, Ha cTepHe. Vcmonp3oBaMch ceMeHa
copra «Kb13pu1 [llapk» 1 MecsiuHBIE KYIBTYpPBI BOJIOPOCIIEN.

OnbIThl 3aKiIa/bIBAIMCh HA MOHOKYJIbType Ha momanu 0,5 ra (pasMep Kaxaoi
nensaku 100M?). 30HANBHEIN THIT TOYBBI-THIMYHEIH cepo3eM. IIpu ToceBe MOIB30BATHChH
CH-16, a >xaTBy HpOBOJWJIM C IOMOUIBIO JeNsHOYHOro komOaitHa Sampo. Cemena
3aMayuBaId B 00OBEMUCTBIX COCYyAax B TeueHUU cyToK. [lepes moceBoM UX MPOBETPUBAIU
Ha Ope3eHTe Mo OTKPHITOM HEOOM.

[lepen 3aknaakoil oOmbITa W TOCHE YOOPKHM TIIEHUIIBI B TIOYBE OINPEACIISIIN
cojiepkanue obuero azora no Keenpaanio u rymyca no Tropuny.

BapwnanTs! onblTa:

1) 3amMaunBaHue ceMsH B BOJIe (KOHTPOJIb):

2) B cycniensuu chlorella vulgaris.

ITo ¢aszam pa3BUTHS NIIEHHUIBI TPOBOIMWIN (HEHOJOTHMUYECKHE HAOIIONEHHUSIX ONpPENesin
coJiep’KaHue a30Ta B PACTEHUSX U CHIPOM MPOTEHH B 3€pHE.

VY CTaHOBIIEHO, YTO BOJOPOCIN OKAa3bIBAIOT IOJIOKUTEIBHOE BIMSIHME Ha IMPOpAcTaHUE,
BCXOKECTh M Pa3BUTHE MIIEHULIBI.
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Taoaunal.
Biausinue 3aMauyMBaHue CeMsIH CyClI€eH3HH BOIOPOCeil HA POCT NMIIEHHIbI
Bapuant onbita BcexoxecTs Bricora Kon-Bo kycToB, Cogepxanue o01ero
ceMsiH, % pacTeHuii, cMm mT a3oTa B pacTeHUH, % Ha
CyX.BeC.

Kontpon (B Boze) 75 14,8 4 3,72
Chlorella vulgaris 78 15,2 4 3,74
(30 5i/T)

Chlorella vulgaris 80 16,6 6 3,79
(40 51/T)

Chlorella vulgaris 85 18,5 7 3,89
(50 5i/T)

BcexoxecTs M KyCTUCTOCTh PAaCTEHUH TOCIE 3aMOYKHM CEMSIH B CYCIIEH3HHM BOAOpPOCIEH
Jy4llle 10 CPaBHEHUIO C KOHTpoJieM (Tabnuia 1.), kKak BUAHO MO TaOJIHIle KOHTPOJIbHBIE
copta uMeNnu BcxoxecTb 75%, BeicOTa pactenuit 14,8 cM, KOJIMYECTBO KYCTOB 4 IIT,
conepkanue obmero azora 3,72% Ha cyxoil Bec pacteHus. [Ipu HcCmonb3oBaHUM Kak
3amomuky Chlorella vulgaris 30 /T MBI MOXY4YHIH CIEIyIOIIME U3MEHEHHUE BCXOXKECTh
78% koTopslii npeBbimaeT Ha 3% O00JbIlIe YeM Ha KOHTPOJIHHOM, BbICOTa pacTeHus 15,2
CM, KYCTHUCTOCTb 4, copeprkanue azora 3,74% na 0,02 % Oosbliie yeM Ha KOHTPOJIE, TAKXKe
npu ucnonb3zoBanuu Chlorella vulgaris 40 1/T HaMu OBLTM TOJTYYEHBI OYEHb XOPOILKE
pe3yibTaTa 4eM Ha KOHTPOJIE W IEPBOM OIIBITE, BCXOXECTh aocturio a0 80%, BeicoTa
pactenuii 16,6 cm, KycTuCTOCTb 6, coaepkanue a3ora 3,79%.

JlanpHeiiee MOBBIIIEHNE TIOKA3aTeIel 10 CPABHEHUIO CO BTOPBIM IKCIIEPUMEHTOM
OBLIO IOCTUTHYTO 32 CUET YBEJIMYEHHUs KoJU4yecTBa xyopeuibl. [Ipu 3amaunBaHuu cemMsiH
cycniensun Bogopocieii Chlorella vulgaris 50 n/T BcxoxkecTs coctaBisuia 85%, BeicOTa
pacteHuii nocruriaa 18,5cM, KOJIMYECTBO KYCTOB 7 IIT U coAepkanue a3ora 3,89%.

PaznuuHble BUIBI BOJOPOCIIEH BIHSIOT HA POCT PACTEHUW MO Pa3HOMY, €CJIH B
BapuaHTax ¢ Nostoc muscorum BbICOTa pacTeHUi cocTaBisieT 18,5 ¢cM U KOJIUYECTBO
KYyCTOB-7, TO B BapMAaHTaX CMECH BUJOB BOJOPOCIEH M C XJIOPEJUION BBICOTA PACTEHUMU
16,6-18,5 cM, konuuecTBO KycToB-7. Bo Bcex BapuaHTax OMbITa HAOMIOAAETCS OTIUYHE OT
KoHTpous. [5],[6].

OpHoBpeMEHHO ¢ (DEHONOTHUECKUMU HAONIOJCHUSAMU OIpPENesuId  COACpIKAHHE
oOuiero a3ora B pacteHusx. Hanbosnee ero HakomieHue OTMEUEHO I0CIe 3aMOYKH CEMSTH
B cMecH 7 BUJIOB Bogopociier u Nostoc muscorum.

Vpoxkall mieHUpl B BapuaHTe C cycneH3uerd Nostoc muscorum TOBBICHIICA B
BECEHHEM Ce€BE B yCIOBUAX Oorapsl Ha 23%, cbIpoil mpoTeuH B 3epHe coctaBuil 13,47%, c
CyCIIeH3uel cMecu 7 BHIOB Bojaopociiel cootBerctBeHHo 1,3 m/ra, u 10,03%, B BapuanTte
¢ xopemnoii 0,8 i/ra u 10,61 % (Tabmn. 2,3).

Taoaunna 2.
BansiHue 3aMauynBaHMA CeMSIH B CyCIIeH3MH BOIOPOC/Ieil Ha YPOKaiiHOCT b MIIeHUIbI (T10J1€BOii ONBIT
2023 r.)
BapuanT oneita SpoBas nuieHuna O3umast IeHnIa
cpeaHee U3 Paznuna ot Cpennee u3 Paznuua ot
4-X TTIOBTOPH. KOHTPOJIA 4-X TIOBTOPH. | KOHTPOJS
S/ra S/ra
S/ra % S/ra %
KonTtpons (B Boje) 8,0 - - 4,2 - -
Chlorella vulgaris (30 i/t) | 9,6 1,6 20 5,0 0,8 20
Chlorella vulgaris (40 i/t) | 9,9 1,9 23 5,6 1,4 33
Chlorella vulgaris (50 s/t) | 10,9 2,9 36 55 1,3 30

TaK)Ke, HaMH OBLIO HpOBC,Z[éH OIIBIT M3Y4YCHHA BJIMAHUC 3aMauUBaHUA CCMSH B
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CYCIICH3MU BOJOPOCJEH Ha ypOXKAWHOCTHh SPOBOM M O3UMOM muieHuilbl. Kak BUAHO 1O
BBINIECTOSIIIICH TaONMuUIle, 3aMavYMBaHUE CEMSH O3UMOW M SPOBOM CEMSH TINCHUIBI Ha
cycriensun Chlorella vulgaris npuBeno k yBenuueHuto ypoxaitHocta no 30 % mpu
3aMauyMBaHuM cycreH3uu 50 1/T.

Takum 00pa3zom, BOJOPOCIN CTUMYIUPYIOT POCT PACTEHU U B KOHEUHOM CUETE
YBEIIMUYMBAIOT YpOKalHOCTh. [lOBBIIAETCS COIEp’KaHUE CBHIPOrO MPOTEHHA B 3€pHE 3a
cuéT MHTEHCU(UKAIIMK MPOLECCOB pPOCTAa PACTEHHM, H3MEHsAeTCs OOMEH BEIIECTB.
[TpubaBka yposkas MOTy4YeHO 3a CYET yBEMUUEHUS KyCTUCTOCTH pacTeHwuid [7],[8].

Bnusinue Bomopocreil sydiie mposBIiseTcs Ha MUHepalibHOM (oHe. B Tabiuue
(Tadnmua-3) mpuUBEICHBI JaHHBIC BIUSHHE 3amMadnBaHus ceMsiH B cycrnen3uu Chlorella
vulgaris Ha coaepkaHue ChIpOro NpoTerHa, YBelInueHue B % BECEHHETr0 U OCEHHETO CeBa.
B nayuno-mogonbsiTHOM y4actke B 2023 romy ObLIO OINpenesieHo, YTO BO3JEHCTBHEM
CYCIIEH3MM Ha BECEHHHIl CEB JOCTUTHYTO XOPOUIMX PE3yJbTaTOB YEM HAa OCEHHEM CEBE.

[91,[10].

Tabéumna 3.

Buausinue 3aMayuBaHusI CEMSIH B CyCcnneH3umn BO[[OpOCJIeﬁ Ha CoAepKaHue CHIPOIro NMpOTEHHA
Bapua#nT omnbiTa CopepxaHue ChIpOTo NpOoTerHa B 3epHE, %o

BecenHnuii ce OceHHUil ceB
KonTpons (B Boje) 12,65 9,22
Chlorella vulgaris (30 si/1) 13,88 10,03
Chlorella vulgaris (40 /1) 13,77 10,82
Chlorella vulgaris (50 /1) 13,88 10,61

NHTeHCHBHOCTD (DOTOCHHTE3a PACTCHHI MOJI BIMSHHEM BOJOPOCICH MOBBIIIACTCS
¢ ¢a3pl  OyTOHHM3aSWM, YTO MOXKHO CYHMTaTh MPU3HAKOM  TIOBBIIICHHUS WX
)KU3HEICATSIbHOCTH, AKTUBH3aLUUH (U3HOIOTMYECKHX MpoleccoB. ToONbKO K Havaly
CO3PEBAHUS ITH IPOLIECCHI CHIKAIOTCS.

Takum 00pa3om, 3aMadrBaHNE CEMSH MIIEHHUIIBI B CYCHEH3UN a30T(QUKCUPYIOLIIHX
CHHE-3€NI€HBIX M MPOTOKOKKOBBIX BOJOpPOCIEH OKa3bIBae€T BIUSHWE Ha AaKTHBHOCTH
(bepMEHTOB, MPOIECChI AbIXaHHs, POTOCHHTE3a U HAKOTUICHHUS XJIOpOQHILIA.

3akarouenusi. [loBpiieHne akTHBHOCTH (DOTOCHHTE3a TIPU IIPOPACTAHUH SIBIISIETCS
3aJIOTOM YJIIYHYHICHUA IMMOCECBHBIX KAY€CTB CEMSH, ypO)KaI\/JIHI)IX 7 TEXHOJIOTHYECKNX CBOMCTB
3epHa. [lomydeHHBIE pPE3yNbTAaThl CBUACTEIBCTBYIOT O BBICOKOW AKTUBHOCTH BIHSIHUS
3aMauMBaHud CEMSH B CYCIICH3UU BOI[OpOCJ'ICfI Ha COACPIKAHUC CBIPOTO IMPOTCUHA IIPU
o6pa60Tqu cemsn Chlorella vulgaris (50 51/T).

‘ AEEESES TR TRl A ba e A e

Chlorella 1 Chlorella ‘ Chlorella
7 Vulgaris L3011t Vulgaris L4011/t § Vulgaris L 50
i Lo P Bl i
Puc-1. Pe3ynbTarhl ONILITOB HA KOHTPOJILHOM BAPHAHTE, ITAJIOHE H ONBITAX.
Pesynbrarel nccnenoBanuii 3amaumBaHus cemsiH B cycrneHsun Chlorella vulgaris
(50 n/T) BcxoxkecThb ceMsiH cocTaBisiia 85%, pocT KycTa, TOUHEE BBICOTA MPEBBIIIACT Ha
18,5%, ynyumaercst OyroHusamus Ha 7%, cojaep)kaHue OOIIEro a3oTra B PacTEHUHM Ha

cyxoi Bec cocraBuia 3,89 %.

' Nazorat
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QARSHI SHAHRI URBANOFL ORASIDA TARQALGAN
BRASSICACEAE OILASI TO‘G‘RISIDA
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Annotatsiya: Magola Qarshi shahri urbanoflorasida olib borilgan magsadli tadgiqot natijalariga
bag‘ishlangan.

Mazkur ilmiy ishda Qarshi shahri urbanoflorasida olib borilgan dala tadgigotlari, mavjud gerbariy
fondlarida saglanayotgan Qarshi shahri va uning atrofidagi hududlardan yig‘ilgan gerbariy namunalari
hamda turli ilmiy adabiyotlarda keltirilgan ma’lumotlar asosida Qarshi shahri urbanoflorasida targalgan
Brassicaceae (Karamdoshlar) oilasining birlamchi tur tarkibi to‘g‘risidagi ma’lumotlar keltirilgan. Mazkur
ma’lumotlar ilk marotaba keltirilayotgan bo‘lib, urbanoflorada oilaning 33 turkumga mansub 54 turi
aniglangan, turlarning yig‘ilgan joy nomlari, yili hamda kollektorlari to‘liq ko‘rsatib o‘tilgan. Bu kabi
ma’lumotlarn bugunga gadar birorta ilmiy va ilmiy ommabop nashrlarda chop etilmagan va uchramaydi. Bu
esa ishning ilmiy ahamiyatining ortishiga xizmat giladi. Bundan tashqari, O<‘zbekistonda shaharlar
urbanoflorasining o‘rganilishi borasidagi gisqga bahs-munozaralar ham Kkeltirilib o‘tilgan. E’tiborli
jihatlaridan yana biri, tadgigotchi tomonidan Qarshi shahridan 400 dan ortig turning 1000 dan ziyod
geobog‘langan foto ma’lumotlari xalgaro o‘simliklarning biologik xilma-xillik bazasiga joylashtirilganligi
ilmiy ishning amaliy jihatini ko‘rsatib beradi.

Kalit so‘zlar: Qarshi shahar, Brassicaceae, Strigosella, urbanoflora, gerbariy, terofit, tekislik.

ABOUT THE FAMILY BRASSICACEAE, DISTRIBUTED

IN THE URBAN FLORA OF KARSHI CITY
Abstract: The article is devoted to the results of a targeted study of the urban flora of the Karshi city.
This scientific work presents the primary species composition of the family Brassicaceae, widespread
in the urban flora of the Karshi city, based on field studies conducted in the urban flora of the Karshi city,
herbarium specimens collected in the Karshi city and its environs, stored in herbarium funds, as well as
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information presented in various scientific literature. These data, presented for the first time, contain
information on the identification of 54 species belonging to 33 families in the urban flora, the names of the
collection sites of the species, the year and the collectors are fully indicated. Such information has not been
published in any scientific or popular science publication and has not been encountered to date. This serves
to increase the scientific significance of the work. In addition, a brief discussion was presented on the study
of urban flora of the cities of Uzbekistan. Another important point is that more than 1000 geotagged photo
data of more than 400 species from the Karshi city were posted by the researcher in the international plant
biodiversity database, which shows the practical aspect of scientific work.

Keywords: Karshi city, Brassicaceae, Strigosella, urban flora, herbarium, therophyte, plain.

Kirish. Floristika, jumladan, urbanofloralarni o‘rganishda flora tarkibi tabiiy
(aborigen) va adventiv flora fraksiyalariga ajratilgan holda tadbiq etiladi [1]. Shahar
sharoiti asosan antropogen omillar ta'siri kuchli bo‘lgan hududlar hisoblangani uchun
urbanofloristikada bu masalaga katta e'tibor garatiladi. Shahar florasining tur tarkibini
aniglash va uning keng ko‘lamini tahlil gilishga bag‘ishlangan tadgiqotlar Yevropa va
MDH davlatlarida (Rossiya Federatsiyasi, Qozog‘iston) gator ilmiy tadgigotlar olib
borilganini ko‘rish mumkin [2],[3],[4].[5]. Bu kabi tadgigotlar Qozog‘istonda ko‘proq olib
borilgan [5],[6]. O‘zbekistonda urbanofloralarni o‘rganish bo‘yicha magsadli tadgigotlar
olib borilmagan va nazardan chetda qgolib kelgan. Olib borilgan tadgiqotlar tabiiy flora
bilan go‘shilgan holatda amalga oshirilgan. M.G. Popov va boshgalarning tahriri ostida
tayyorlangan “Ompenenuren pactenuit okpectnocteit Tashkenra” (1923, 1924) [7],[8],
undan so‘ng A.M. Lapin tomonidan “B momosh Goranwueckum exckypcuyam” (1938)
hamda “Omnpenenuren pacrenuii Tashkenrckoro oasuca” (1938, 1941) kabi ishlarni
keltirish mumkin [9]. Keyingi yillarda H.Q.Esanov (2017) tomonidan Buxoro vohasi
florasi tadgiq qgilishga bag‘ishlangan tadgiqot ishi ham shu jumlasidandir. H.Esanovning
(2017) Buxoro shahri va uning atroflarida targalgan turlar tarkibini aniglashga
bag‘ishlangan tadgigotida Buxoro shahar florasi bo‘yicha ilk ma’lumotlar keltirilgan [10].
Bu esa Oc‘zbekiston urbanofloralarni o‘rganishga qaratilgan tadgigotlar uchun zamin
yaratadi. Urbanofloralar mavzusi bo‘yicha umumiy holatning qonigarli darajada emasligi
barobarida keyingi yillarda O‘zbekistonda olib borilgan yangi izlanishlar natijalarining
o‘ziga xos o‘rni borligini gayd etish lozim. Mamlakat florasi uchun yangi bo‘lgan bir
gator adventiv turlar aniglandi [11], [12]. Ko‘plab invaziv turlarning yangi
populyatsiyalari va ularning targalish dinamikasi bo‘yicha yangi ma'lumotlar olindi [13].
Olingan natijalarni global miqyosdagi ma’lumotlar bazalariga integratsiya jarayoni
boshlandi.

2022-yildan boshlab Qarshi shahar urbanoflorasini o‘rganishga qaratilgan tadqgigot
amalga oshirilmoqda. Hudud florsini inventarizatsiya gilishda fondlarda saglanayotgan
Qarshi shahri va unga chegaradosh bo‘lgan hududlardan yig‘ilgan namunalar asosiy
mezon bo‘lib xizmat gilmogda. Mazkur mintagadan terilgan tarixiy yig‘malar soni 500
dan ortig, asosiy fond O<zbekiston Milliy gerbariysi (TASH) hisoblanadi. 2022-2024-
yillar oralig‘ida Qarshi shahar urbanoflorasida olib borilgan dala tadgigotlari 400 dan ortiq
turning 1000 ga yaqin gerbariy namunalari yig‘ildi hamda 1000 dan ziyod rasmlar xalgaro
Inaturalist.org bazasiga joylashtirildi (https://www.inaturalist.org/people/azizal985). Olib
borilgan 2 yillik izlanishlar natijasida Qarshi shahar urbanloflorasining birlamchi ro‘yxati
shakllantirildi. Mazkur ishda urbanoflorada targalgan Brassicaceae oilasiga bag‘ishlangan.
Oila vakillar orasida efemer va efemeroidlarning ko‘pligi, hudud bevosita tekislik
mintagasida joylashganligi hamda antropogen omilining ta'siri kuchli bo‘lganligi uchun
boshga polimorf oilalarga nisbatan turlar soniga tezroq oydinlik kiritildi. Shu bilan birga
oila vakillari tekislikdan yuqgori tog® mintagasigacha bo‘lgan barcha mintagalarda
uchraydi.

Tadgigot obekti va metodlari. Ushbu ishni bajarishda 2022-2024-yillarda Qarshi
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shahrida olib borilgan dala tadgiqotlarda yig‘ilgan gerbariy namunalari hamda
O‘zbekiston Milliy gerbariysi (TASH), Moskva davlat universiteti gerbariy bazasida
(MW) saglanayotgan 1913-2020-yillar oralig‘ida terilgan namunalaridan foydalanilgan.
Turlarning ilk chop etilgan adabiyotida hayotiy shakli, targalgan balandlik mintagasi
hamda shahardan terilgan tur kollektori keltirilgan. Turlarning nomlari so‘nggi umum
gabul gilingan International Plants Names Index (www.ipni.org), the World plants
Catalogue of Life (www.catalogueoflife.org) bo‘yicha, taksonlarning mualliflari “Authors
of Plant Names” R.K. Brummit, C.E. Powell (1992) qo‘llanmasidan foydalanilgan holda
amalga oshirildi. Oila vakillarining ketma-ketmaligi alfavit tarzida keltirilgan. Ro‘yxatni
shaklllantirishda hozirga qadar amalga oshirilgan dala tadqgigotlari, fondlarda
saglanayotgan gebariy namunalaridan foydalanildi.

Munozara va natijalar. Qarshi shahri va unga yondosh bo‘lgan hududlar florasida
targalgan turlar to‘g‘risidagi aniq ma’lumotlar mavjud emasligi, mintagada maqgsadli
floristik tadgiqotlar olib borish kerakligini ko‘rsatadi. Qashqgadaryo viloyati kadastri
hamda boshga shu kabi manbalardan Qarshi shahri urbanoflorasi to‘g‘risida ma'lumotlar
olib bo‘Imaydi, bu esa mavzuning dolzarb ekanligidan dalolat beradi.

2022-2024-yillar davomida olib borgan dala tadgiqotlari, adabiyot manbalarda
keltirilgan ma’lumotlar, gerbariy fondlarida saglanayotgan namunalarni ko‘rish natijasida
Qarshi shahri urbanoflorasida targalgan Brassicaceae oilasiga mansub bo‘lgan turlarning
birlamchi ro‘yxati shakllantirildi. Bunga ko‘ra, Qarshi shahar urbanoflorasida oilaning 33
turkumga mansub 54 turi aniglandi. Shu bilan birga gerbariy namunalari yig‘ildi, har bir
turning fotorasmlari olinib xalgaro iNaturalist ma’lumotlar bazasiga joylashtirib
borilmogda (https://www.inaturalist.org/users/6633905).

Bular quyidagilar:

Aethionema carneum (Banks & Soland.) B. Fedtsch. 1905, Fl. Zap.( Tyan Shan) 176
. Go‘shtqizil kamplopterasi, tog® oldi va quyi tog‘gacha (Qarshi shahri, Norxodjayeva,
2023)

1. Alyssum desertorum Stapf 1886, Denkschr. Kaiserl. Akad. Wiss., Wien. Math.-
Naturwiss. KI. 51: 33. Cho‘l momagaldirog‘i, terofit, tekislik, quyi tog* (I'opi k 3amaxy ot
bushkenra, Kynsrnacos, 1914).

2. Alyssum turkestanicum Regel & Schmalh. 1799, (2): 290. Turkiston
momagaldirog‘i, terofit, tekislik, tog® oldi, quyi va o‘rta tog® (Xommi y BocTOKy OT
bushkenta, Kynstuacos, 1914).

3. Barbarea vulgaris W.T. Aiton 1812, W.T.Aiton, Hortus Kew. 4: 109. Oddiy
barbareya, terofit, tekislik, tog* oldi, quyi va o‘rta tog® (Qarshi shahri, Norxodjayeva,
2023)

4. Brassica campestris L. 1753, Sp PI.: 666. Dala karam, terofit, tekislik, tog* oldi va
quyi tog‘gacha (Qarshi shahri, Norxodjayeva, 2024)

5. Capsella bursa-pastoris (L.) Medik. 1792, Pfl.-Gatt.: 85. Oddiy jag‘jag",
achambiti, terofit, tekislik, tog* oldi, quyi tog‘, o‘rta tog® va yuqori tog‘gacha (Qarshi
shahri, Norxodjayeva, 2023)

6. Chorispora tenella (Pall.) DC.1821, Syst. Nat. 2: 435. Nozik gatorurug®, terofit,
tekislik, tog* oldi, quyi tog*, o‘rta tog*, yuqori tog‘gacha. (Kypraun 6au3 cransuu Kapshwu,
I'omomnuskuii, 1927; Karshi shahri, Norxodjayeva, 2024)

7. Crambe kotschyana Boiss. 1973, FI. W. (Pakistan) 55: 37. Kochi gatroni,
gemikriptofit, tekislik, tog* oldi, quyi tog* va o‘rta tog‘gacha (ropi k 3am. ot bushkenra,
KynpsTracos, 1914)
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8. Cryptospora falcata Kar. & Kir. 1842, Bull. Soc. Imp. Naturalistes Moscou 15:
161. O‘rogsimon kriptospora, terofit, tekislik, tog® oldi, quyi tog‘, o‘rta tog‘gacha (Qarshi
shahri, Norxodjayeva, 2024)

9. Descurainia sophia (L.) Webb et Prantl 1892, H.G.A.Engler & K.A.E.Prantl, Nat.
Pflanzenfam. 3(2): 192. Sassigkapa, shuvaran, terofit, tekislik, tog‘ oldi va quyi tog* (Paén
r. bek-Oymu, mo moporm Maiimanak, Kymnbruacos, I'panmros, 1927; Qarshi shahri,
Norxodjayeva, 2023)

10. Diptychocarpus strictus (Fisch. ex M. Bieb.) Trautv. 1860, Bull. Soc. Imp.
Naturalistes (Moscou) 33(1): 108. Sigilgan qo‘shmeva, terofit, tekislik, tog* oldi va quyi
tog‘gacha. (Qarshi shaxri, Norxodjayeva, 2024)

11. Erophila minima C.A. Mey. 1831, Pfl. Kasp (Verz) 184. Mayda momosirka,
terofit, tog* oldi (Qarshi shahri, Norxodjayeva, 2023)

12. Erophila verna (L.) Besser. 1828, Chevallier, FF Fl. Gen. Env. (Parij) 2(2):898.
Baxorgi momosirka, terofit,tekislik, tog® oldi (Qarshi shahri, Norxodjayeva, 2023)

13. Eruca sativa Mill. 1768, Gard. Dikt. 1. Ekma indov, terofit, tekislik, quyi tog* va
o‘rta tog‘gacha (Qarshi shahri, Norxodjayeva, 2024)

14. Euclidium syriacum (L.) R.Br. 1812, W.T.Aiton, Hortus Kew. 4: 74. Siriya
garg‘atirnog‘i, terofit, tekislik, tog® oldi, quyi va o‘rta tog* (Kapuanckuii yesu, crtemn mo
nopore, Crpiruss, 1913)

15. Goldbachia laevigata (M.Bieb.) DC. 1821, Syst. Nat. 2: 577. Silliq goldbaxiya ,
terofit, tekislik (Qarshi shahri, Norxodjayeva, 2024)

16. Goldbachia tetragona Ledeb. 1822, Index Seminum (TU, Dorpatensis) 1822:9.
to‘rtqirra goldbaxiya, terofit, tekislik va tog® oldi (I'opi k 3am. ot bushkenra, Kynbruacos,
1914;( Qarshi shahri, Norxodjayeva, 2023)

17. Goldbachia torulosa DC. 1821, Syst. Nat. 2: 577. Bo‘rtma goldbaxiya, terofit,
tekislik va tog® oldi (Hushanckaya crens, Yaparin, ['omonuskuii 1938; Qarshi shahri,
Norxodjayeva, 2023)

18. Hymenolobus procumbens (L.) Fourr. 1838, Fl. N. Amer.1:117. O‘rmalab
o‘suvchi  xornungiya, tekislik, tog® oldi, quyi va o‘rta tog‘gacha (Qarshi shahri,
Norxodjayeva, 2023)

19. Isatis gymnocarpa (Fisch. ex DC.) Al-Shehbaz, Moazzeni et Mummenhoff 2012,
Taxon 61: 948. Tuklimeva tausher, terofit, tekislik, tog* oldi va quyi tog* (Qarshi shahri,
Norxodjayeva, 2023)

20. Isatis hirtocalyx Franch. 1883, Ann. Sci. Nat., Bot., sér. 6, 15: 234,
Tuklikosabarg o‘sma, tuklikosabarg samerariya, terofit, tekislik, tog* oldi va quyi tog*
(Qarshi shahri, Norxodjayeva, 2023)

21. Isatis minima Bunge 1843, Index Seminum (TU, Dorpatensis): VII. kichik
0‘sma, terofit, tekislik va quyi tog* (Xomawmi k B ot bushkenra, Kynstuacos, 1914)

22. lsatis violascens Bunge Jafri 1973, Fl. W. Pakistan 55: 72. Kaltaband o‘sma,
kaltaband galinganot, terofit, tog® oldi, quyi tog‘, o‘rta tog® tog‘gacha (Qarshi shahri,
Norxodjayeva, 2023)

23. Lachnoloma lehmannii Bunge 1843, Index Seminum (TU, Dorpatensis) 1843:
VIII. Lemann tukmevasi, terofit, tekislik, tog® oldi va quyi tog‘ (Qarshi shahri,
Norxodjayeva, 2024)

24. Lepidium appelianum Al-Shehbaz 2002, Novon 12: 7.  Appel toroli,
gemikriptofit, tekislik, quyi tog® (bek-0ymu, okosio moporu Meiimanak, MaiinyH, 1952)

25. Lepidium chalepense L. 1756, (Centda) PI. 1lI: 23. Sudraluvchi boltirig,
gemikriptofit, tekislik, tog® oldi va quyi tog‘gacha. (r.Kapshu cransuya, JIunueBckui,
1928; Qarshi shahri, Norxodjayeva, 2024)
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26. Lepidium latifolium L. 1753, (Sp) PI.: 644. Kengbargli torol, baga jyxorisi, sassiq
tol, gemikriptofit, tekislik, tog® oldi, quyi tog‘, o‘rta tog‘gacha (Qarshi shahri, universitet
atrofi, Norxodjayeva, 2024)

27. Leptaleum filifolium (Willd.) DC. 1821, Syst. Nat, 2: 511. Ipbarg yog‘liqgora,
terofit, tekislik, tog® oldi va quyi tog‘gacha (bek-Oynu, x/x Tashmu u T'amaii-Tomnmac,
I'omonuskuit, 1928; Qarshi shahri, Norxodjayeva, 2024)

28. Lepidium pinnatifidum Ledeb. 1841, Fl. Ross. 1: 206. Patsimon girgilgan torol,
terofit, tekislik (Qarshi shahri, Norxodjayeva, 2024)

29. Litwinowia tenuissima (Pall.) Woronov ex Pavlov 1935, Fl. Centr. Kazakh. 2:
302. Ingichka litvinoviya, terofit, tekislik, tog® oldi, quyi tog‘, o‘rta tog® va yuqori
tog‘gacha (Qarshi shahri, Norxodjayeva, 2024)

30. Matthiola bucharica Czerniak. 1939, V.L.Komarov (ed.), Fl. URSS 8: 648.
Buxoro mattiolasi, terofit, tekislik, tog® oldi, quyi tog* (Kapshu, Kapnanckwuii ye3n, nocesi
u copuie mecra, Cripiruus, 1913)

31. Matthiola chenopodiifolia Fisch. & C.A. Mey. 1835, Index Seminum (LE,
Petropolitanus) 1:33. Sho‘rabarg mattiola, terofit, tekislik, tog® oldi (6113 pa3s. ITaiikenna,
Kynbstracos, Koposus, 1915)

32. Matthiola obovata Bunge. 1847, Arbeiten Naturf. (Vereins Riga) 1: 136.
Teskarituxumyaproq mattiola, gemikriptofit, quyi tog‘, o‘rta tog‘gacha (Bek-Oymwu,
r.Kynryp-tay, Kynstracos, I'panuros, 1927)

33. Meniocus linifolius (Steph.) DC. 1821, Syst. Nat. 2: 325. Kanopbargli yassimeva,
terofit,tekislik, tog® oldi va quyi tog® (ropi k 3amaay ot bushkenra, Kynbruacos, 1914;
Qapshu shahpu, Hopxomxaesa, 2024)

34. Neotorularia torulosa (Desf.) Hedge & J. Léonard 1986, Bull. Jard. Bot. Natl.
Belg. 56: 395. Bo‘rtig neotorulariya, tekislik, tog® oldi va quyi tog‘ (Bek-Oymm,
JIunueBckwuii, 1928)

35. Neslia apiculata Fisch., C.A.Mey. & Avé-Lall. 1842, Index Seminum (LE,
Petropolitanus) 8: 68. O‘tkiruchli nesliya, terofit, tog® oldi, quyi va o‘rta tog® (Qarshi shahri,
Norxodjayeva, 2023)

36. Noccaea perfoliata (L.) Al-Shehbaz 2014, Harvard Pap. Bot. 19:44. Teshikli
mikrotlaspi, terofit, tekislik, tog* oldi va quyi tog* (Toxxubaes, 2002)

37. Octoceras lehmannianum Bunge 1847, Arbeiten Naturf. Vereins Riga 1:172.
Lemann sakkizshohi, terofit,tekislik, tog® oldi (bek-0ynu cymecuanie Oyrpi B 8 B Ha B oT
komoases, Jlunuerckwuii, 1928; Qarshi shahri, Norxodjayeva, 2023)

38. Olimarabidopsis pumila (Steph.) Al-Shehbaz, O‘Kane & Price 1999, Novon 9: 303.
Pastbo‘yli olimarabidopsis, terofit, tekislik, tog® oldi va quyi tog‘ (Qarshi shahri,
Norxodjayeva, 2023)

39. Raphanus raphanistrum L.1753, Pl.: (Sp) 669. Yovvoyi turp, terofit, tekislik, tog*
oldi va quyi tog* ((Qarshi shahri, Norxodjayeva, 2023)

40. Sinapis arvensis L. 1753, Sp. Pl.: 668. Poliz rango‘t, terofit, tekislik, tog® oldi va
quyi tog® (bek-0yau okono noporu Moiimanak, Kynstuacos, 1927)

41. Sisymbrium irio L. 1753, Sp. Pl.: 659. Irio qurtanasi, terofit, tog* oldi, quyi va o‘rta
tog® (Qarshi shahri, Norxodjayeva, 2024).

42. Streptoloma desertorum Bunge 1847, Arbeiten Naturf. (Vereins Riga) 1: 156. Saxro
buramevasi, terofit, tekislik, tog® oldi va quyi tog‘gacha (Paéu k YU u YU3 ot r. bek-0yu,
JInauesckmii 1928; Qapshu shahpu, Hopxomxkaesa, 2024)

43. Strigosella africana (L.) Botsch. 1972, Bot. Zhurn. (Moscow & Leningrad) 57: 1038.
Afrika chitiri, terofit, tekislik, tog® oldi, quyi va o‘rta tog® (bex-bBymn Cax Arpo-myHKTa,
Kynbruacos, I'panutos, 1927)

44, Strigosella brevipes (Bunge) Botsch. 1972, Bot. Zhurn. (Moscow & Leningrad) 57:
1041. Kaltaband chitir, terofit, tekislik va tog® oldi (Capmno6a Yunes-I"'ym6a3, Teros, 1913)
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45. Strigosella circinnata (Bunge) Botsch. 1972, Bot. Zhurn. (Moscow & Leningrad)
57:1042. Buralgan chitir, terofit, tekislik, tog® oldi (Oxp. Kapshu, I"a3ues, 2011).

46. Strigosella grandiflora (Bunge) Botsch. 1972, Bot. Zhurn. (Moscow &
Leningrad) 57: 1044. Kattagulli chitir, terofit, tekislik va tog® oldi (Mamuk cmyck 1o
yshenyu u HmkHyaya yacts, Cripiruss, 1913).

47. Strigosella hyrcanica (Freyn & Sint.) Botsch. 1972, Bot. Zhurn. (Moscow &
Leningrad) 57: 1042. Xirgon chitir, terofit, tekislik va tog® oldi (ropi x 3amamy or
bushkenTa, KynsTracos, 1914)

48. Strigosella intermedia (C.A.Mey) Botsch. 1972, Bot. Zhurn. (Moscow &
Leningrad) 57: 1040. Oraliq chitir, terofit, tekislik va tog® oldi (Oxp. Kapshu Crpiruss,
1913)

49. Strigosella scorpioides (Bunge) Botsch. 1972, Bot. Zhurn. (Moscow &
Leningrad) 57: 1041. Chayonkabi chitir, terofit, tekislik, tog® oldi va quyi tog* (Qarshi
shahri, Norxodjayeva, 2023)

50. Strigosella stenopetala (Bernh.) Botsch. 1972, Bot. Zhurn. (Moscow &
Leningrad) 57: 1040. Ingichkatojbargli chitir, terofit, tekislik, tog® oldi (bek-Oymu
Y Aurukent, JlunueBckuii, 1928)

51. Strigosella trichocarpa (Boiss. & Buhse) Botsch. 1972, Bot. Zhurn. (Moscow &
Leningrad) 57: 1038. Tukmevali chitir , terofit, tekislik, tog® oldi, quyi va o‘rta tog
(Qarshi shahri, Norxodjayeva, 2023)

52. Strigosella turkestanica (Litv.) Botsch. 1972, Bot. Zhurn. (Moscow & Leningrad)
57: 1045. Turkiston chitiri, terofit, tekislik, tog® oldi va quyi tog‘ (Qarshi shahri,
Norxodjayeva, 2023)

53. Tetracme recurvata Bunge. 1847 in Arbeiten Naturf. (Vereins Riga) 1: 158,
1847. Egilgan to‘rttig*, terofit, tekislik, tog® oldi va quyi tog* (Kapnanckwuii ye3a. bysauu,
Cnpiruns, 1913).

Fondlarda saglanayotgan namunalarni ko‘rish natijasida, Qarshi shahri va unga
chegaradosh bo‘lgan mintagalarda olib borilgan tadgigotlar 1910-1940-yillar oralig‘iga
to‘g‘ri kelib, asosiy kollektorlar sifatida 1.Sprigin (1913), M.G. Popov (1913), M.
Kultiasov (1914), I. Linchevskiy (1928), M. Gomolitskiy (1938) e'tirof etish o‘rinli.
Qarshi shahri va unga yondosh bo‘lgan mintagalarda mustaqil xarakterdagi floristik
tadgiqotlarning olib borilmagaligi mavzuning yana bir bor dolzarb ekanligini ko‘rsatadi.
Oilaning Lepidium (5) Strigosella (10) turkumlari boshga turkumlarga nisbatan turlarga
boyligi bilan ajralib turadi. Shahar florasida olib borilgan tadgigotlarimizda Sinapis
arvensis L., Lepidium chalepense L., Eruca sativa Mill., Capsella bursa-pastoris (L.)
Medik. kabi turlar shahardagi gazonlashgan maydonlarda, yo‘l chetlarida hamda kichik
maydonchalarda keng targalgan bo‘lsa, Olimarabidopsis pumila (Steph.) Al-Shehbaz,
O°‘Kane & Price, Descurainia sophia (L.) Webb et Prantl, Meniocus linifolius (Steph.)
DC.,, Strigosella africana (L.) Botsch. hovlilarda, ekin ekiladigan kichik maydonchalarda
makon topganligi aniglandi. Oila vakillarining o‘ziga xos bo‘lgan xususiyatlaridan yana
biri sifatida, efemer va efemeroid turlarga boyligi, bahorgi sinuziyada gisqa muddat
vegetatsiyasini tugatishini ta kidlash magsadga muvofig.

Xulosa. Brassicaceae oilasi tarkibida efemer va efemeroid turlarga boyligi ko‘proq
tekislik mintagasidagi hududlarda yaqgol o‘zini namoyon etadi. Qarshi shahri hududi
bevosita tekislik mintagasida joylashganligi uchun hududda oila vakillari o‘rni yuqori
ekanligi bilan ajralib turadi. Olib borgan izlanishlar natijasida polimorf oilalar, jumladan
Brassicaceae oilasining gerbariylar bilan tasdiglangan holda birlamchi ro‘yxati
shakllantirildi. Har bir tur aniglik holatida umumiy florani konspektini shakllantirishga
go‘shildi. Shu bilan birga, Qarshi shahri urbanoflorasida olib borilayotgan magsadli
tadgiqot natijalarining xalgaro ma'lumotlar bazasiga joylashtirilayotganligi bilan o‘ziga
xoslikni namoyon etadi.
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Abstract. In this article, the need for education management in the global economy today and the
importance of education on a global scale, the role of education management in economic development and
its impact on the international level, how education management shapes national and global economies, Ta
The impact of the quality of education on international trade and production, approaches to how digital
technologies and globalization bring new opportunities and challenges to educational management are
highlighted. In the decree, it was noted that bureaucratic barriers and pitfalls should not be created when
considering the appeals of individuals and legal entities, and the process of communication with the
population should not be turned into campaigning. In addition, the openness of events held within the
framework of the state program, in which citizens, deputies of representative bodies of state power at all
levels, non-governmental non-profit organizations, self-government bodies of citizens, luminaries, women,
youth, representatives of creative and scientific institutions to ensure broad participation.

Keywords. Global Economy, Education Management, Global Importance of Education,
International Impact, How Management Shapes National and Global Economies, Digital Technologies and
Globalization

Annotatsiya. Ushbu magolada bugungi kunda jahon igtisodiyotida ta’limni boshqarishga bo‘lgan
ehtiyoj va ta’limning global migyosdagi ahamiyati, ta’limni boshqgarishning iqtisodiy taraggiyotdagi o‘rni va
uning xalgaro miqyosdagi ta’siri, ta’limni boshqarish milliy va jahon iqtisodiyotini ganday shakllantirishi,
Ta. Ta'lim sifatining xalgaro savdo va ishlab chigarishga ta'siri, ragamli texnologiyalar va globallashuv
ta’limni boshqgarishga ganday yangi imkoniyatlar va muammolarni keltirib chigarishiga yondashuvlar
yoritilgan. Farmonda jismoniy va yuridik shaxslarning murojaatlarini ko‘rib chigishda byurokratik to‘siq va
g‘ovlarga yo‘l go‘ymaslik, aholi bilan mulogot jarayonini tashvigqotga aylantirmaslik lozimligi ta’kidlandi.
Shuningdek, Davlat dasturi doirasida o‘tkazilayotgan tadbirlarning ochiqgligi, unda fuqgarolar, barcha
darajadagi davlat hokimiyati vakillik organlari deputatlari, nodavlat notijorat tashkilotlari, fugarolarning
o°zini o‘zi boshgarish organlari, nuroniylar, xotin-gizlar, yoshlar, ijodiy va ilmiy muassasalar vakillari keng
ishtirokini ta’minlash choralarini o‘rganish bo‘yicha yondashuvlar yoritilgan.

Kalit so‘zlari. Global igtisodiyot, ta’lim menejmenti, ta’limning global miqyosdagi ahamiyati,
xalgaro migyosdagi ta'siri, menejmenti ganday gilib milliy va global igtisodiyotlarni shakllantiradi, Ragamli
texnologiyalar va globalizatsiya

Introduction. Describe the current state of the global economy and the role of
education management in this context and discuss how management education can
contribute to economic development and innovation. We can see the impact of global
economic factors such as a change in educational management through cooperation and
integration between systems.

Participation of our country as an active participant in international economic
relations in the conditions of globalization is one of the priority tasks in the Strategy of
Actions on five priority areas of development of the Republic of Uzbekistan in 2017-2021,
signed by the President of the Republic of Uzbekistan Sh.M.Mirziyoyev. For developed
countries, the benefits of this are visible, but in some cases, this cannot be said about
developing countries.[9] It can be recognized that most of them participate in
internationalization as suppliers of raw materials and labor resources and become
dependent on developed and more powerful countries. Fundamental improvement of the
system of working with the appeals of individuals and legal entities to the state bodies and
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organizations responsible for the implementation of the measures provided for in the state
program, the introduction of new, effective mechanisms and methods of establishing open
communication with the population, the reporting of officials to the population
implementation of the system of giving, and on this basis, special attention was given to
strengthening the trust of the people in the state power.[10] In the decree, it was noted that
bureaucratic barriers and pitfalls should not be created when considering the appeals of
individuals and legal entities, and the process of communication with the population
should not be turned into campaigning. In addition, the openness of events held within the
framework of the state program, in which citizens, deputies of representative bodies of
state power at all levels, non-governmental non-profit organizations, self-government
bodies of citizens, luminaries, women, youth, representatives of creative and scientific
institutions to ensure broad participation.

Research Methodology. Analysis of literature on the topic The real chronological
history of management begins with the movement led by a group of Western engineers at
the end of the 19th century and the beginning of the 20th century. They are F. aylor,
A.Fayol, G. Emerson, and others.[12] Their focus was on improving labor productivity
and renewing social relations in the enterprise. With time, management is becoming a
higher branch of politics. Abdurahmanov K. Kh., a famous economist from Uzbekistan.[8]
Explained clearly in Labor Economics: Theory and Practice. In this article, the need for
education management in the global economy today and the importance of education on a
global scale today, the content of the approach with digital technologies is highlighted.[3]

% Results and Discussions. Educational management includes comprehensive
methods and approaches for managing and improving educational systems, and as the
main directions of educational management, we have identified the following main areas.
Educational management encompasses various methods and approaches aimed at
enhancing educational systems. Here are some main areas within educational
management:

% Strategic Planning: Developing long-term goals and strategies to guide the
growth and development of educational institutions or systems. This involves assessing
current resources, analyzing trends, and setting priorities;

+ Leadership and Governance: Focusing on effective leadership structures, roles,
and practices within educational organizations. This includes defining roles of
administrators, principals, and school boards, as well as fostering a positive organizational
culture;

% Curriculum Development and Implementation: Designing, evaluating, and
revising educational curricula to ensure alignment with educational goals, standards, and
student needs. This involves selecting appropriate teaching materials, methods, and
assessment strategies;

s Teacher Training and Development: Providing professional development
opportunities for educators to enhance their teaching skills, content knowledge, and
instructional practices. This may include workshops, seminars, mentoring programs, and
ongoing support;

193



QarDU xabarlari IQTISODIYOT 2024 3 (2)

% Student Assessment and Evaluation: Developing and implementing systems to
assess student learning outcomes, progress, and performance. This includes standardized
testing, formative assessments, and other methods to monitor student achievement and
growth;

“ Resource Management: Efficiently managing financial, human, and physical
resources within educational institutions. This involves budgeting, staffing, facilities
management, and procurement of educational materials and technology;

% Parent and Community Engagement: Building partnerships with parents,
families, and community stakeholders to support student learning and well-being. This
may involve communication strategies, volunteer programs, and collaboration with
community organizations;

% Quality Assurance and Improvement: Establishing mechanisms for monitoring
and evaluating the quality of educational programs and services. This includes setting
benchmarks, collecting data, and using feedback to continuously improve practices and
outcomes;

The two main foundations of globalization are information and innovation, and
they, in turn, provide a highly educated education system based on rapidly developing
knowledge of information. it should also have a profound effect on the transfer of
knowledge. Globalization in the education system, especially, increases the demand for
education and increases its high quality.[2]

Globalization is usually interpreted using economic, political, and cultural terms.
Globalization leads to the decline of the role of nation-states in the management of
education, the loss of their sovereignty, and the emergence of the global hegemony of
transnational media and entertainment corporations. As a result, standardization in
economics, politics, and culture has become the new norm for competitive corporations,
ideas, and media.[4] Educational systems are responding differently to changes in the new
economic, political, and cultural world order. Globalization has influenced the social
reforms of nation-states as educational sectors adapt to a new global environment
characterized by flexibility, diversity, increased competition, and unpredictable change.
Understanding the impact of globalization on teaching and learning is essential for any
policymaker, reformer, or education leader. In the research of scientists, according to
them, the way governments approach the reform of the education sector and its response
to globalization depends on three main factors:

% the objective financial situation of the government,
% interpret this situation,
¢ his political-ideological position about the state sector in the field of education.[7]

These three factors are usually expressed in macroeconomics through structural
adjustment policies and related large-scale education reform strategies as countries adjust
not only their economies but also their education systems to new realities. The main goal
of the policy of structural change in the field of education was the transition to “global
education standards™.[5] This is often done by comparing all the systems of less developed
countries with those of economically developed countries. Unfortunately, governments
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often assume that there is only one right approach to education reform and that certain
"global education standards” must be met if the system is to function internationally
competitively.[11]

Digital technologies and globalization are also widely used in the field of
education, and these processes have a great impact on various aspects of education. The
following points are important about how these trends are causing changes in education
and how they may affect the future education system, and it is described below. Digital
technologies and globalization are creating great changes and opportunities in the field of
educational management. Together, these two factors play an important role in increasing
the efficiency of educational systems, ensuring the convenience of education, and adapting
educational institutions to global changes.[1]

_ Digital technologies in educational - Globalization in Educational
management Management
Data Management: Implementation of International
Digital technologies make it possible Standards and Programs:
to automate processes such as creating a Implementation  of international
database, managing information about educational standards in educational
— students and teachers, and monitoring —> institutions, use of international
assessment results. accreditation and certification systems.
Communication and Collaboration: Cultural Diversity and Inclusive
Ability to communicate quickly - Education
., and effectively between parents, T Designing educational programs
teachers and students through digital taking into account the demands and
tools. needs of different cultural and ethnic
Development of international groups. _ :
cooperation programs and access to Development and implementation of
global educational networks. inclusive education methods.

Figure 1. Digital technologies and globalization, in the field of educational management

Digital technologies and globalization create new opportunities in educational
management and help to increase the global competitiveness of educational institutions.
These two factors play an important role in adapting educational systems to the
requirements of modern society and ensuring the effectiveness, convenience, and global
integration of education.[6]

Conclusions and suggestions. In conclusion, we must say that Educational
Management is the main factor of competitiveness and innovative development in the
global economy. A well-organized education system has a direct impact on the economic
growth of the country and the overall well-being of the society, and Digital technologies
and globalization are bringing about great changes in the field of education. These
changes make education more efficient, accessible, and globally integrated, so modern
approaches to Education Management, including distance learning, digital learning
methods, and international collaborations, are gaining importance. Through these
methods, educational institutions can be flexible and competitive in the global economy.
Based on the conclusion made in this article, we offer the following. Educational
institutions should introduce global standards, use international accreditation and
certification systems, introduce digital educational tools and platforms, organize digital
skills development programs for teachers and students, expand international cooperation
programs, especially students and exchange of teachers, participation in international
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research projects, promotion of lifelong learning in the Education Management system,
provision of opportunities for professional development and professional development,
etc. The role of management is very important because it is the main factor in economic
growth, innovation, and social development. The educational management system must be
constantly updated to be flexible, efficient, and competitive in modern global economic
conditions. Digital technologies, international cooperation, and the adoption of global
standards will be important in this process. It is also necessary to pay attention to cultural
diversity in the education management system, to promote lifelong learning, and to apply
innovative approaches to strengthen the position of educational institutions in the global
economy.
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