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Xiilasa. Apardigimiz todqiqatimizin mogsadi miixtolif miqdarlarda Mg?" ionlarinimn olavolorinin yasil yonca ilo
birlikds yemo qatilaraq disi ada dovsanlarina bir ay miiddotine erkok dovsanlarla ciitlosmoazdon avval verilmasinin
onlarin qaninda hemoqlobinin qatiligina va eritrositlorin sayina tosirinin dyroanmok, homginin gidaya qatilmis yasil
yoncanm Mg?" ionlarinmn toksiki tesirinin no darocods azatdigini gdstormokdir. Qida torkibina Mg?* ionlarinin va
yasil yoncanin miixtalif migdarlari slave edilmisdir. (50, 60, 70 mgk Mg?* va 50, 60, 70 q yasil yonca). Miiayyan
olunmusdur ki, Mg?" ionlarmin verilmosi noticosinde ganda hemoglobinin qatig1 vo eritrositlorin say1 intakt
heyvanlarin eyni gostoricilori ilo miigayisads yaximlasir. Heyvanlarin qidasina Mg?" ionlarmm v yasil yoncanin
miixtalif dozalarinin eyni zamanda qatilaraq verilmosi ganda hemoqlobinin gqatigini va eritrositlorin sayini
¢oxaldur.

Kontrol heyvanlarin ganinda hemogqlobinin qatilig1 (127.5 g/l ; 4.13 mil.), 1 ay orzindo sutkada 50 mkq Mg*"
verilmis heyvanlarin qaninda hemoqlobinin qatilig1 va eritrositlorin say1 miivafiq olaraq (118.5 g/1 ; 3.25 mil.), 70
mkq Mg almis heyvanlarin qaninda hemogqlobinin qatilig1 va eritrositlorin say1 (121.5 g/ ; 3.63 mil.) olmusdur. 1
ay orzindo sutkada yem paylarina 50 mkq Mg*" vo 50 qr yasil yonca olavo edilmis heyvanlarmn ganinda
hemogqlobinin qatilig1 vo eritrositlorin say1 intakt heyvanlarla miiqayisads (132.5 g/l ; 4.65 mil.), qida paylarina 70
mkq Mg?* va 70 gr yasil yonca oslavs edilmis heyvanlarin qganinda hemoglobinin qatiligi va eritrositlorin say1 (158.5
q/1; 6.91 mil.) artmigdur.

Aldigimiz naticaler gostorir ki, Mg?* ionlarmim dozalaridan asil olaraq orqanizmdas bas veran toksiki doyisikliklor
bir-birinden farqlonir, qida paylarina Mg?* ionlar1 ilo birlikdo verilmis yasil yonca Mg>" ionlar tosiki tosirini
azaldir.

Acar sozlor: Mg?" ionlari, yasil yonca, hemogqlobinin, eritrosit, ada dovsani, qida

Giris

Yer kiirasindo ohalinin sayinin siiratlo artmasi heyvan mongali qida ndvlarina tolobati
koskin siiratdo artirdigina gors reproduktiv funksiyani giiclondiron hor bir tisula maraq artmigdir
vo buna goro bioloji aktiv maddslorin, mikrolementlorin bu magsadls istifadasi olduqca
aktualdir. Mineral maddoslor o ciimlodon mikroelementlordon somaorali istifado etmok {igiin
miixtolif qrup heyvanlarin onlara tolobatini, yemlorin torkibindo homin maddslorin miqdarini,
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miixtalif heyvan ndvlari liglin yem paylarina mikroelementlarin hansi iisul vo normalarla slave
etmok lazim oldugunu bilmok ¢ox vacibdir. Har bir orqanizmin normal bdylimasi vo inkisafi
ticiin hamin orqanizm miitomadi olaraq lazimi1 miqdarda mineral maddaslar vo mikroelementlor
almalidir.

Makro vo mikro elementlor fermentlorin aktiv markazlorinds yerlogorak orqanizmda
maddolor miibadilosinin gedisino giiclii tosir gostorir. Yemin komiyyot vo keyfiyyotindon,
imumi enerji tutumundan asili olaraq orqanizmin fizioloji durumu doyisir [15]. Yemin
keyfiyyotinin doyismosi prenatal vo postnatal dovrlordo orqan vo sistemlorin struktur vo
funsional xarakteristikasina tosir edir [17].

Bir ¢ox fermentlorin aktiv morkozlorindo yerloson mikroelmentlorin ciizi dozalarda
qidaya qatilaraq verilmasi orqnizmde maddslor miibadilssini stiratlondirir [4; 7; 8;10; 11;14].
Bunun noticosindo ganda hemogqlobinin qatili§i vo eritrositlorin say1 doyisir vo bu da
reproduktiv funksiyalara tosir edir [6; 9].

Qan toxumast digor toxuma va orqanlarla tomasda olduguna goérs bu orqanlarda bas
veron doyisikliklor qana tosir edir vo onun torkibi (hom formali elementlor, homdo
hemogqlobinin vo plazman) dayisir [ 18]. Mineral maddslarden, o climladon mikroelementlordon
somarali istifads etmok iiclin miixtalif qrup heyvanlarin onlara tslobatini, yemlorin torkibinds
homin maddslorin miqdarini, miixtslif heyvanlarin yem paylarina mikroelementlorin hansi {isul
vo normalarla slave etmok lazim oldugunu bilmak ¢ox vacibdir. Endogen vo ekzogen faktorlar
heyvan organizminds giiclii tosiro malik olduqglarina goro onlardan biri olan avozolunmaz
metionin amin tursusunun miixtalif dozalarda qida torkibino qatilaraq verilmosi onlarin
organizminin inkisafini siiratlondirir [5; 16; 17;19].

Bu elmi todgiqat isini aparmaqda mogsadimiz Mg?* ionlarinin gida torkibindo bdyiik
miqdarda verilmasinin qanda hemogqlobinin qatili§a va eritrositlorin sayina tesirini dyranmok
vo homginin gidaya gatilmis yasil yoncanin Mg®" ionlarinin toksiki tesirinin no doracado
azaltdigin1 gostormok va tosir qabiliyyastinin izlonilmasidir. Blavalarinin kicik dozalarinin yem
paylarina qatilaraq clitlosmozdon bir ay 6ncadon disi ada dovsanlarina (Leporidase) verilmasi
naticasinda onlarin qaninda eritrositlorin vo leykositlorin saymnin vo hamginin reproduktiv
funksiyalarinin doyisilmosini 6yronmokdir ki, buda ¢ox aktual bir problemdir, ¢linki qanda
hemogqlobinin hansi tosirdon doyismo sababini, eloco do orqanizmin immun sisteminin hansi
fizioloji vaziyyatds oldugunu aydinlagdira bilirik.

Material vo metodlar

Tacriibolords 23 bas disi ada dovsanlarindan istifado olunmusdur. Heyvanlar iki qrupa
ayrilmigdir: 1) Intakt heyvanlar - 5 bas; 2) Tacriiba heyvanlari. Tacriibo heyvanlari da 3 grupa
ayrilmisdir: Qida torkibine 50, 60, 70 mgk Mg?*ionlar1 vo 50, 60, 70 q yasil yonca alava edilorak
1 ay miiddstino yedizdirilon 18 bas disi ada dovsanlari. (Disi dovsanlarin yasi 5 ayliq, erkon
dovsanlarin yas1 7 ayliq). Disi dovsanlarin bu ciir qidalandirilmasi erkok dovsanlarla
cilitlogsmozdon bir ay 6ncodon baslayaraq dogulan noslin siidlo qidalanma dovrii bitons kimi
davam etdirildi. Disi dovsanlardan qan 2 dofo gétiiriildii. Qanda hemoqlobinin gatilig1 065
markal1 eritrohemometrdon istifado edilorok 6l¢iilmiisdiir. Qanda eritrositlorin say1 Qarayev
kamerasinda is1q mikroskopunda toyin etmisik. Statistik hesablamalar qeyri — parametrik tisulla
apartlmigdir [12; 13]. Tacriibolor Azorbaycan Respublikast Elm vo Tohsil Nazirliyinin
akademik Abdulla Qarayev adma Fiziologiya Institutunun “Radiasiya fiziologiyas1”
laboratoriyasinda  aparilmigdir. Almmmis naticolor qgeyri-parametrik  lisulla  statistik
hesablanmigdir.

Aparilan tadqiqat isinin miizakirasi

Bundan ovvalki tadgiqat isimizdo dovsanlarin gidasma gatilmis yasil yoncanin Mg>"
ionlarinin asag1 dozalarinin toksiki tesirinin vo onlarin qaninda hemogqlobinin qatiligma va
eritrositlorin sayina tosirini 0yronmisdik [1; 2; 3]. Bu todqiqat isimizdo maqgnezium ionlarinin
va yasil yoncanin dozalarini artirdiq.
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Xroniki tocriibalords har bir disi dovsana erkok dovsanlarla ciitlosmozdon 1 ay 6ncadon
baslayaraq sutkada Mg?* ionlar1 suya qatilaraq miixtolif dozalarda (50; 60; vo 70 mkq) vo uygun
olaraq 50, 60, 70 mq yasil yonca verilmisdir.

Kontrol heyvanlarin qaninda hemoglobinin qatilig1 vo eritrositlorin say1 (127.5 ql; 4.13
milyon) 1 ay orzinda sutkada 50 mkq Mg?* verilmis heyvanlarin qaninda hemoglobinin qatilig1
vo eritrositlorin say1 miivafiq olaraq (118.5 gl; 3.25 milyon), 60 mkq Mg?* almis heyvanlarm
ganinda hemoqlobinin qatilig1 va eritrositlorin say1 (113.5 gl; 3.23 milyon) 70 mkq Mg almis
heyvanlarin qaninda hemoqlobinin qatilig1 vo eritrositlorin say1 (121.5 ql; 3.63 milyon)
olmusdur. (cadvel 1) 1 ay orzindo Mg*"ionlar1 qobul etmis ada dovsanlarinin qaninda oksor
hallarda hemogqlobinin gatilig1 va eritrositlorin say1 intakt heyvanlarla miiqayisodo daha az olur.

Alinan noticalori miiqayisa edorok %-lo ifads etdik. Malum oldu ki, 50 mkq Mg?" almig
heyvanlarda kontrol heyvanlarla miiqayisads hemoqlobinin qatilig1 7.05%, eritrositlorin say1
21.5% 60 mkq Mg?" almis heyvanlarda kontrol heyvanlarla miiqayisade hemogqlobinin gatilig1
10.8 %, eritrositlorin say1 24.2% 70 mkq Mg*" almis heyvanlarda kontrol heyvanlarla
miiqayisads hemoqlobinin qatiligi 4.7 % , eritrositlorin say1 24.5% az olur.

Torciibalorimizin ikinci hissasinds biz qida torkibino maqnezium ionlarinin miivafiq
dozalarina uygun olaraq yasil yonca slavs etdik. Aldigimiz naticalori tohlil etdik do asagidaki
noticalori aldiq.

(Cadval 1)

Mg?" ionlarmin miixtolif migdarlarda yem paylarina qgatilaraq disi ada dovsanlarina
verilmasinin onlarin ganinda hemoqlobinin qatili§ina va eritrositlorin sayina tosiri vo doyismo
dinamikas1 (M+ m, n =5 tocriibays osasan)

Tacriibalor Gostaricilor Hemogqlobinin Eritrositlorin say1
qatihigy, (q/1) (milyon)
Intakt heyvanlar M=+m 127.5+6 4.13+04
% 100 100
50 mkq Mg>* Mz=m 118.5+4 3.25+0.6
P <0.01 <0.01
% 7.05 21.5
60 mkq Mg>* M=+m 113.5+3 3.13+£0.3
P <0.05 <0.05
% 10.8 24.2
70 mkq Mg>* M=£m 121.543 3.63 £0.8
P <0..01 <0.01
% 4.7 12.
Cadval 2

Mg?* jonlarinin va yasil yoncanin miixtalif miqdarlarda yem paylarina qatilaraq disi ada
dovsanlarina verilmasinin onlarin qaninda hemoqlobinin qatiligina va eritrositlorin sayina tosiri
va doyisma dinamikasi (M+ m, n =5 tocriibaya asason)

Tacriibalar Gostaricilor Hemogqlobinin qatihig, Eritrositlorin
(q/D) say1l( milyon)
Intakt heyvanlar M=+m 1275+ 6 4.13£0.4
% 100 100
50 mkq Mg®* vo 50 q M+m 132.5 4 >4.65 £0.6
yasil yonca almig P >0.05 0.01
heyvanlar % 3.92 12.5




60 mkq Mg>" vo 60 q M+m 142.543 5.88+0.3
yasil yonca almig P >0.01 >0.05
heyvanlar % 19.2 423

70 mkq Mg*" vo 70 q M+m 158.5.. +3 6.91 +0.8
yasil yonca almig P >0.05 >0.01
heyvanlar % 23.9 67.3

Belo ki 1 ay orzinds sutkada yem paylarina 50 mkq Mg vo 50 qr yasil yonca olava
edilmis heyvanlarin ganinda hemoqlobinin qatili§1 va eritrositlorin say1 intakt heyvanlarla
miiqayiseda (132.5 ql; 4.65 milyon), yem paylarma 60 mkq Mg>" vo 60 qr yasil yonca olavo
edilmis heyvanlarin ganinda hemoqlobinin qatilig1 va eritrositlorin say1 (142.5 ql; 5.88 milyon,
qida paylarina 70 mkq Mg*" vo 70 qr yasil yonca olavo edilmis heyvanlarin ganinda
hemogqlobinin qatilig1 va eritrositlorin say1 (158.5 .q.1; 6.91 milyon) artmisdir. (Cadval 2)

Aldigimiz naticalori faizlo miiqayiss etsok hemogqlobinin qatiligi va eritrositlorin say1
kontrol heyvanlarla miigayisads (3.92 %, 12.5 %; 19.2%, 42.3 %; 23.9, 67.3) ¢oxalmisgdir. Bu
farq ancaq bir halda 60mkq Mg?*ionu va 60 q yasil yoncani gida torkibinds almis heyvanlarda
statistik etibarhidir. (p 0.0.5).

Kontrol heyvanlarin qaninda eritrositlorin say1 4.13 = 0.4 milyon, 1 ay orzindo sutkada
50 mkq Mg** va 50 q yasil yonca almig heyvanlarin ganinda eritrositlori say1 2.65+ 0.5 milyon,
60 mkq Mg**va 60 q yasil yonca almis heyvanlarin qaninda eritrositlorin say1 2.45 milyon, 70
mkq Mg?*va 70 q yasil yonca almis heyvanlarin qaninda eritrositlorin say1 3.0= 0.8 milyon olur
(cadval). lay orzindo Mg?" ionlar1 va yasil yonca gobul etmis ada dovsanlarin qaninda oksor
hallarda eritrositlorin say1 intakt heyvanlarla miiqayisads daha az olur.

Alinan noticolori miigayise edorak % lo ifads etdik. Malum oldu ki, 50 mkq Mg?" + 50
q yasil yonca almis heyvanlarda kontrol heyvanlarla miiqayisads eritrositlorin say1 36%. 60
mkq Mg?* vo 60 q yasil almis heyvanlarda kontrol heyvanlarla miigayisado eritrositlorin say1
41%, 70 mkq Mg®*vo 70 q yasil yonca almis heyvanlarda kontrol heyvanlarla miiqayisodo
eritrositlorin say1 27 % az olur.

Bu forq biitiin hallarda statistik etibarlidir. Belo ki 50 mkq Mg**+ 50 q yasil yonca almus
heyvanlarda vo 70 mkq Mg*" + 70 q yasil yonca almis heyvanlarda kontrol heyvanlarla
miiqayisado etibarliq omsali P > 0.05, 50 mkq Mg®"+ 50 q yasil yonca almis heyvanlarda
kontrol heyvanlarla miiqayisads etibarliq amsali P > 0.01 olur. Kigik dozalarda (50-60 mkq)
Mg** ionlarinin eritrositlorin sayina monfi tosiri daha giicliidiir, noinki 70 mkq almus
dovsanlarda. Biz bunu onunla izah edirik ki, 70 mkq Mg*‘ionlarmnin orqanizms toksiki tosirini
azaldan yasil yoncanin tosiridir. Buna baxmayaraq 70 mkq Mg?* ionlarinin organizmo monfi
tosiri tamamilo aradan gotlriilmiis vo bu intakt heyvanlarin qaninda eyni gostoricilorlo
miigayisodo daha yiiksok olmasi ilo izah edilir.

Aldigimiz naticolor gostorir ki, Mg®" ionlar1 kifayot qodar organizmdo hemogqlobinin
qatiligina va eritrositlorin sayma oasasli doeracods tosir gosterir. Bu elementlorin dozalarindan
asil1 olaraq orqanizmds bas veron doyisikliklor do bir-birindon forglonir.

Biitiin bunlara asason deys bilorik ki, Mg?" ionlarmnin kifayat bir miqdar1 orqanizm {igiin
xeyirlidirsoe onun izafi dozalari iso toksiki tosiro malikdir. Bu elementlorin normadan artiq qobul
edilmosi orqanizmds qan gdstariciloring, orqanlara, imumiyyatla biitiin orqanizma manfi tasir
gbstora bilir. Belo naticays golo bilorik qgida paylarma Mg?" ionlari ila birlikdo verilmis yasil
yonca Mg?" ionlar tosiki tosirini azaldir.

Notica

1. Disi ada dovsanlarmin yem paylarina Mg?" ionlarmin vo yasil yoncamin miixtolif
dozalarinin eyni zamanda qatilaraq verilmosi qanda hemoqlobinin gatigini vo
eritrositlorin saymi ¢oxaldir.
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2. Mg?" ionlarmin dozalarindan asili olaraq orqanizmdo bas veran toksiki doyisikliklor bir-
birinden forqlonir, qidasma Mg?" ionlar ilo birlikds verilmis yasil yonca bu ionlarm
tosiki tosirini azaldir.

3. Mg*" ionlarinm kifayat bir miqdar1 orqanizm iiciin shomiyyatlidirse, onun yiiksok
dozalar1 ise orqanizmda gedan fizioloji proseslora toksiki tosir gostarirlar.

Iddabiyyat

1. Abbasov, R.Y., Allahverdiyev B.H., Oliyeva N.N., Coforov Z.R (2013). Yem paylarina
gatilmis miixtalif dozada magnezium ionlarinin vo yasil yoncanin ada dovsanlarin reproduktiv
funksiyasina, qanda hemoqlobinin qatiligina vo eritrositlorin sayma tosiri. AMEA, M.F.
Nagiyev adina Kimya Problemlori insitutu. Kimya problemlori. Baki. Ne2. soh 219-222.

2. Abbasov R.Y., Oliyeva N.N., Allahverdiyev B.H. (2011). Yemin torkibindo miixtolif
dozalarda disi ada dovsanlarina verilmis bozi amin tursularin reproduktiv funksiyaya,
hemogqlobinin vo zordab ziilallarinin qatiligina, eritrosit vo leykositlorin sayma tosiri.
AMEA-nin A I.Qarayev adina Fiziologiya Institunun vo Azarbaycan Fiziologlar Comiyyatinin
kiilliyati, Fiziologiyave Biokimyanin problemlori. XXIX cild Baki, 15-20 s.

3. AGabkoB M.M. (1969). Conenkanre MUKPO3JIEMEHTOB B MUILIEBAPUTEIBHBIX COKaX U KPOBH
Opd BBICHHM B pAIMOH JKUBOTHBIX MOJMOIEHa, KoOambTa, MEAM M Maprasia,
MuxkpoaseneMeHThl B MEUIMHE U KUBOJCTBO, baky, c. 95.

4. Bnosuuenko B.II., I'onuapyk B.B., Kopmak T.A., Bponckas I''M. (2016). IIpenapatsl
KaJIusi/Marausi: pallioOHalbHbIE OCHOBBI IPUMEHEHHsI B KTUHUKE. Meaunnnckue HoBocTH. (11).
8-10. Available from: https://cyberleninka.ru/article/n/preparaty-kaliyamagniya-ratsionalnye-
oshovy-primeneniya-v-klinike.

5. Bobkowski W., Nowak A., Durlach J. (2005). The Importance of Magnesium Status in the
Pathophysiology of Mitral Valve Prolapse. Magnesium Research. Mar. 18 (1). 35-52. Available
from:https://www.jle.com/en/revues/mrh/e-docs/the_importance of
magnesium_status_in_the pathophysiology of mitral valve prolapse 265367/article.phtml
6. EBcukoB B.1., Hazaposa I'.I'., Poros B.W. (1999). IlonynsnuoHHast 5KOJIOTUSI BOJSHON
nosieBku (Arvicola terrestris L.) B 3anagnoii Cubupu CooOur. I.PenponykTuBHast CHOCOOHOCTH
CaMOK, HOJMMOP(HBIX MO OKpacKe LIEPCTHOIO IOKPOBA, Ha pa3HbIX (a3zax JUHAMUKU
yuciaeHHoctu nomyssiiun //Cubup. Ixomor. XypH., (1), ¢.59-68.

7. JL.P. Ho3aproxuna. (1977). buonorudeckast pojib MUKPO3JIEMEHTOB B OpPraHU3Me >KHBOTHBIX
u yenoBeka. M3narensctBo «Hayka». M.: 1977 6. c.110.

8. Ilepempaux H.II., TutoBa M.U., Kysuemona FJ.J[. (1970) BocnpousBoautenbHas
CIOCOOHOCTh CaMOK HOPOK-TIEPBOTOJIOK B 3aBUCHMOCTH OT KOJHYECTBA TpHUNTOpaHA H
Cepoco/IepKaIlluX aMUHOKHUCIOT B pauuoHax. // Hpyd. Tp. HUM nymmH. 3BepepoBoacTBa
u kposmkoBojctsa. T.9. C. 175-180.

9. C.A. Jlebenena, A.A. Cnacos, JL.LU. byraesa, A.B. Cmupnos, B.A. TonokonpauKOB, T.M.
bynauxosa (2015). Biusnue nedunura MarHusi Ha MOBEACHYECKYIO aKTUBHOCTb, MPOLIECCHI
(GepTHIBHOCTH M PeNpOAyKTHBHBIE  oOpraHbl  Kpbic-camok. HHWM  dapmakonorun
Bosrorpasickoro TocyIapCTBEHHOTO METUIIMHCKOTO YHUBEPCUTETa MUKpPOIIEMEHTH B
Mmeauiune, 15-21.

10. Xomxaesa 3.C., I'ypbanoBa C.P. (2009). Jlepunut marnus, HeauddepeHIInpOBaHHBIC
JUCTIIIA3UM COCIMHUTENBHOM TKAaHU U UCTUMUKO-IIepKBHAIbHAs HEIOCTAaTOYHOCTb. [Ipo0aeMsl
penpoaykiun. Ne 2. C. 97-100.

11. IlapekoBa M.A. (2010). IIpumeHeHMe MarHuiicoiepkalluXx MpenapaToB Mpu
HeBbIHaIIMBaHuU 6epemeHHocTH. ['uHekonorus. T. 12. Ne 6. C. 49-51.

12. I'ybnep E.b., Temkun A.A. (1973). IlpumeHeHue HemapaMeTpPUYECKHX KpPUTEpUEB
cratuctuku. JI. Meaununa.

11


https://cyberleninka.ru/article/n/preparaty-kaliyamagniya-ratsionalnye-osnovy-primeneniya-v-klinike
https://cyberleninka.ru/article/n/preparaty-kaliyamagniya-ratsionalnye-osnovy-primeneniya-v-klinike
https://www.jle.com/en/revues/mrh/e-docs/the_importance_of_%20magnesium_status_in_the_pathophysiology_of_mitral_valve_prolapse_265367/article.phtml
https://www.jle.com/en/revues/mrh/e-docs/the_importance_of_%20magnesium_status_in_the_pathophysiology_of_mitral_valve_prolapse_265367/article.phtml

13. Jlakun I'.®. (1990). buomerpus M; Briciias mkona. 352 c.

14. OpunanukoBa JI.LE. (2000). Ponp Tpoduueckux ¢GakTOpOB B PETYJSIIIUU UYUCICHHOCTH
BOAsIHOM ToneBka (Arvicola terrestris L.): ABtoped. duc xana. buomto nayk. UC u 9K CO
PAH: HoBocubupck, 20 c.

15. Tumoceea H.M., Eroposa B.B., Hukutuna A.A. (2008). KagecTBo muTaHusi BO BpeMs
OCpEeMEHHOCTH WJIM JIAKTAIlUH TMPOrpaMMHPYyeT (YHKIIMOHHPOBAHUE (EPMEHTHBIX CHCTEM
MUIIEBAPUTEIIBHBIX U HE MUIICBAPUTEIBHBIX OPTAaHOB y «IIPABHYKOB » BO B3POCIION KU3HU. \\
Kypn. 9Bon. buox. U ¢puzmon. 44 (2). c. 214-219.

16. Gueorguiev M., Gyth M.I., Korbonits M (1998). Leptin and puberty: a review // Pituitary.
4, p.79-86.

17. Gtalarodo M.A., Albi J.J., Sanher J. (1996). Uptake of L-leucine by trout red blood cells
and peripheral lymphjcytes. / Membrane Biol., 152 Nel. p. 57-63.

18. Millar G.N. (1991). Body composition and energy resevves of northern Peromyscus
leucopus //J. Mammal. 62. p.786-794.

19. Wade G., Schneider J.E (1992). Metabolik fuels and reproduction in female mammals \\
Neurosci, biobehav.Rev. 16. p.235-272.

EFFECT OF MAGNESIUM IONS AND GREEN CLOVER GIVEN TO FEMALE
ISLAND RABBITS IN DIFFERENT DOSES IN THE FEED ON THE
CONCENTRATION OF HEMOGLOBIN IN THE BLOOD AND THE COUNT OF
ERYTHROCYTES

Bakhtiyar Allahverdiyev

Vafa Yagubova

Sevinj Ibrahimova

Laura Hasanova

Qabil Yusifov

Ministry of Science and Education of the Republic of Azerbaijan, Institute of Physiology named after Academician
Abdulla Garayev, Baku, Azerbaijan

Azerbaijan State Medical University, Baku, Azerbaijan
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The aim of our study was to study the effect of different amounts of Mg2+ ions added to the feed along with green
clover and given to female rabbits for one month before mating with male rabbits on the hemoglobin concentration
and erythrocyte count in their blood, and to show to what extent green clover added to the feed reduces the toxic
effect of Mg2+ ions. Different amounts of Mg2+ ions and green clover were added to the feed. (50, 60, 70 mgk
Mg2+ and 50, 60, 70 g green clover). It was determined that as a result of the administration of Mg2+ ions, the
hemoglobin concentration and the number of erythrocytes in the blood approached the same indicators in intact
animals. Simultaneous administration of different doses of Mg2+ ions and green clover to the feed of animals
increased the hemoglobin concentration and the number of erythrocytes in the blood.

The hemoglobin concentration in the blood of control animals was (127.5 g/l; 4.13 million), the hemoglobin
concentration and erythrocyte count in the blood of animals given 50 mcg of Mg2+ per day for 1 month were
(118.5 g/1; 3.25 million), and the hemoglobin concentration and erythrocyte count in the blood of animals given
70 mcg of Mg were (121.5 g/l; 3.63 million). The hemoglobin concentration and erythrocyte count in the blood of
animals supplemented with 50 pug of Mg2+ and 50 g of green clover per day for 1 month increased compared to
intact animals (132.5 g/I; 4.65 million), and the hemoglobin concentration and erythrocyte count in the blood of
animals supplemented with 70 pg of Mg2+ and 70 g of green clover increased (158.5 g/1; 6.91 million).

Our results show that the toxic changes occurring in the body depend on the doses of Mg2+ ions, and green clover
given together with Mg2+ ions to the food rations reduces the toxic effect of Mg2+ ions.

Keywords: Mg2+ ions, green clover, hemoglobin, erythrocyte, island hare, food
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LBNKORAN DOVLST UNIVERSITETI

BJIMAHUE NOHOB MATHUS U 3EJIEHOT'O KJIEBEPA, JABAEMbBIX CAMKAM
OCTPOBHBIX KPOJIMK B PA3JIMYHbBIX JO3AX C KOPMOM, HA
KOHIEHTPAIIMIO T'EMOIJIOBMHA B KPOBU 1 KOJIMYECTBO
PUTPOLIUTOB

BaxTusip AitaxBepanes

Baga Aryoosa

CeBunpxk Hoparnmona

Jlaypa I'acanoBa

I'aduas FOcudos

MunucrepcTBO Haykd W oOpazoBaHmst A3sepOaimkaHckoir PecmyOmmku, HMHCTHTYT (rsnomorun WMeHH
akagemuka AOayssl ['apaea, baky, A3epOaifmkan

AzepOaiiyKaHCKHI TOCYIapCTBEHHBI MEIUITMHCKAN YHUBEPCUTET, baky, A3epOaimkan
BakuHCKkmil rocynapcTBEHHBIN yHUBEpCHTET, baky, AzepOaiimkan

AzepOaiiykaHCKHI TOCYIapCTBCHHBIN NIeIarOTHIeCKU YHUBEPCUTET, baky, AzepOaiimkan
AzepbaiimkaHckas CIOpTHBHAS akaneMus, baky, AzepOaiimkan

Llenpro HalIero MCCiIeAOBaHUS ObUIO W3YYHMTh BIMSHHE PAa3IMYHBIX KOJIMYECTB MOHOB Mg2+, no0OaBiseMbIX B
KOpPM caMKaM KpOJIMKOB BMECTE C 3€JE€HBIO KJIEBEpa B TEUCHHE MecsIla INepe] CIydKoH ¢ caMIlaMH, Ha
KOHLEHTPAIMIO TeMOIJI00MHAa M KOJIMYECTBO IPUTPOLUTOB B UX KPOBH, a TAaKXKe IOKa3aTh, B KaKOW CTEIEHH
Jno0aBIeHUEe B KOPM 3€lIeHHM KieBepa CHM)KaeT TOKCHuYeckoe aeiicTBue noHoB Mg2+. B kopMm moGapisiiu
pa3nu4HbIe KonmdecTBa HOHOB Mg2+ u 3enmenn kiesepa (50, 60, 70 mr/kr Mg2+ u 50, 60, 70 r 3eeHu KiieBepa).
YCcTaHOBIIEHO, YTO B PE3YJIbTATE BBEICHNS HOHOB M g2+ KOHIIEHTPALs TeMOTIIO0NHA 1 KOJIMYECTBO 3PUTPOLIUTOB
B KPOBH IPHOJIMKAIUCH K TIOKA3aTeNsIM HHTAaKTHBIX JKUBOTHBIX. OJTHOBPEMEHHOE BBEJICHUE Pa3JINYHBIX 7103 HOHOB
Mg2+ u 3eneHH KieBepa B KOPM JKHBOTHBIM IIPUBOJMIIO K ITOBBINICHWIO KOHIEHTPAIMM TE€MOTJIOOMHA H
KOJIMYECTBA SPUTPOLMTOB B KpoBH. KOHIIEHTpaIa TeMOTIo0nHa B KPOBH KOHTPOJIBHBIX JKUBOTHBIX COCTaBHIIA
(127,5 r/m; 4,13 MITH), KOHIIGHTPAIH TEMOTIIOONHA M KOTMIECTBO SPUTPOIIMTOB B KPOBH JKUBOTHBIX, TIOJTyYaBIIAX
50 mxr Mg2+ B neHb B Teuenue 1 mecsia, cocraBuia (118,5 r/m; 3,25 MiH), a KOHIIEHTpAIMS TeMOTIO0MHA U
KOJIMYECTBO IPUTPOLIMTOB B KPOBH KMBOTHBIX, Hony4yaBmux 70 mxr Mg, cocraswia (121,5 r/m; 3,63 mun).
KoHneHTpalys reMoriodnHa 1 KOJIMYeCTBO SPUTPOIUTOB B KPOBHU KHUBOTHBIX, KOTOPBIM €KEITHEBHO B TeueHHe |
Mecsina naBanu 50 Mmxr Mg2+ u 50 1 3e71eHOTo KiieBepa, yBeTHUMINCH 110 CPABHEHUIO C HHTAKTHBIMH KHUBOTHBIMHU
(132,5 r/m; 4,65 mutH), TOTJa KaK KOHI[CHTPALKS [eMOTJIO0MHA U KOJHYECTBO IPUTPOIIUTOB B KPOBH JKUBOTHBIX,
KOTOPBIM exenHeBHO naBanu 70 Mxr Mg2+ u 70 r 3esieHOro Kiiesepa, ysenudmiuch (158,5 r/x; 6,91 mun).
KaroueBble c1oBa: noHBI Mg2+, 3eNeHBIH KiIeBep, TEMOTIIOOHH, SPUTPOIUT, OCTPOBHOH 3asIl, ITHIIa

Daxil oldu: 08.07.2025 Cap edildi: 15.12.2025
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Giris

Biz fiziki xarakteristikasindan digorlorino kecgidlori hamar olmayan vo ¢ox real
proseslorin riyazi modellorinin tortibi tonliklorinin qarsisinda kigik parametr olan xiisusi
toromoali diferensial tonliklorlo tosvir olunurlar. Belo diferensial tonliklors sinqulyar
hayacanlanmis diferensial tonliklor deyilir. Sinqulyar hoyacanlanmis diferensial tonliklora A.N.
Tixonov, L.S. Pontryagin, N.N. Boqolyubov, Y.A. Mitropolskiy, V. Vazov, V. Fridrixs, N.J.
Visik, L.A. Lyiisternik, O.A. Oleynik, E.F. Misenko, N.X. Rozov, A.N. ilin va basqa bir ¢ox
gorkomli alimlorin digqotlorini colb etmisdir. Hazirda sinqulyar hoyacanlanmig diferensial
tonliklor ticiin qoyulmus sorhod masaloalorini todqiq etmok {i¢iin bir nego asimptotik iisullar
vardir. Lakin totbiq dairssinin genisliyi ndqteyi-nozarden bu lisullardan on effektli M.1. Visik vo
L.A. Lyusternikin torofindon islonmis vo mahiyysti ondan ibarot olan islorindo gostorilmis
metoddur [3, 4]. Bu {isul hazirda biitiin diinyada “Visik-Lyusternik metodu” adi altinda
moshurdur.

“Visik-Lyusternik metodu” islonildikdon sonra sinqulyar hoyacanlanmig diferensial
tonliklor sahasindo olan tadgiqatlarin sayi siiratlo artmigdir. Hazirda xiisusi toromoeli diferensial
tonliklorin klassik tiplorinin hor iiglino aid kifayot qodor islor molumdur. Lakin sinqulyar
hayocanlanmis hiperbolik tonliklors dair todqiqatlarin say1 elliptik vo parabolik tonliklors hasr
olunmus islor ilo miiqayisoedo azdir.

Isdo asagidaki kvazixatti hiperbolik tonlik iigiin qoyulmus garisiq mosolonin hallinin
kigik parametra nazoron asimptotikast qurulmusdur: [5]

52u 621/! ou
‘{a_tz_y]—(ﬂ(l,x,u)aw/(t,x,u) =0

Hamar sorhoddo malik olan mohdud Q c R’ oblastinda
au, +u, —Au+u’ = f
tonliyi {i¢iin bircins Dirixle mosalasi isindo todqiq edilmisdir [1].

Sinqulyar hayacanlanmig diferensial tonliklor sahasinde aragdirmalar miiasir dovrds do
aktualliq kasb edorak, siiratlo davam etdirilirlor.

14



M.M. Sobzoliyev vo I.M. Saobzoliyeva islorinde parabolik tonliya cirlasan sinqulyar
hoyacanlanmis hiperbolik tonlik ii¢iin sonsuz zolaqgda qoyulmus sorhod masoalosinin hallinin
kigik parametra nozoron tam asimptotikasini qurmuslar [2].

Sinqulyar hoyoacanlanmis hiperbolik tonlikloro hosr olunmus islorin bir necosi istisna
olmagqla oksoriyyatindo mohdud oblastlarda qoyulmus sorhod masolalorine baxilir. Togdim
olunan bu isdo iso sinqulyar hoyacanlanmis hiperbolik tonlik iigiin sonsuz yarimzolagda
goyulmus sorhad masalasi todqiq olunur.

1. Mbosalonin qoyulusu va iterasiya proseslarinin aparilmasi

Bu isdo Il= {(t, X)|0<t<T0<x< +oo} sonsuz yarimzolaginda asagidaki sarhod

masalasing baxilir:

O’u ou Ou
Lu=ée—+———+au= f(t,x), 2.1
M=EE Tt T Tau= ) @D
ou
=0 |, =00, 22)
u =0, lmu=0, (0<r<T). (2.3)

Burada ¢ >0-kigik parametr, a >0-sabit, f(¢z,x)—iso verilmis kifayot qodor hamar

funksiyadir. Mogsad (2.1)-(2.3) sorhod mosalosinin  hollinin  kisik parametrs nozoron
asimptotikasini qurmaqdir.

(2.1)-(2.3) sorhad mosalasinin hallinin asimptotik ayrilisini qurmaq {i¢iin iterasiya
proseslori aparilir. Birinci iterasiya prosesino (2.1) diferensial tonliyinin totbiqi halli

W=W,+eW +..+&"W, (2.4)
soklindo axtarilir. W funksiyasiin (2.4) ifadssini
LW =f(t,x)+0("") (2.5)

barabarliyinds yazib, & —nun eyni doracali qlivvatlorinin omsalin1 miiqayise edarak, (2.4)-lin
sag torofino daxil olan namolum W,(¢,x);i =0,1,...,n funksiyalarii toyin etmak {iglin asagidak:

diferensial tonliklori aliriq:

ow, oW,
—— Yy alW = 1, x), 2.6
o o 0=/ 0) (20
2 2
W Wy =t i1 2.7)
ot ox ot

Aydindir ki, (2.6), (2.7) tonliklori ii¢lin (2.2) baslangic sortlorindon yalniz birinden istifads
etmok olar. Biz (2.2)-do birinci yazilmis baslangic sortindon istifads edocoyik. Onda
W;i=0,1,...,n funksiyalar1 (2.2)-doki ikinci baslangic sortini 6domoya bilarlor. Iton bu sortin
O0donilmasini tomin etmok {igiin ikinci iterasiya prosesi aparib, ¢ = 0 yaxiliginda sarhad zolaq
tipli funksiya qurulmalidir. Bu serhad zolaq tipli funksiyalar (2.2) baslangic sortlorindon
ikincisinin 6donilmasini tomin etdiklori halda, W, funksiyalarimin 6dadiyi birinci baslangic
sortini poza bilorlor. Ona gora do birinci iterasiya prosesini aparmagqdan avval sarhad zolaq tipli
funksiyalar tiglin tonliklori yazmaq lazimdir.

t=0 yaxmhginda t=e&r,x=xovozlomasi aparaq. Onda ¢=0 yaxinhginda L,

operatorunun yeni (7, x) koordinatlarinda asagidaki ayriligi alinir:

15



0° 0 0’
L= L v Ll -2 1all. 2.8
= {[82’2 81] 8( ox* aj} 28)

t =0 yaxiliginda sorhad zolaq tipli funksiyani
L. V=0"") (2.9)
tonliyinin toqribi halli kimi
V=clV,+eV +..+e)) (2.10)
soklinds axtarildiqda (2.10)-un sag torafins daxil olan V;i = 0,1,...,n funksiyalarini toyin etmok

liclin asagidaki diferensial tonliklor alinir:

2
8Vz(’+%=0, (2.11)
ot ot
2 2
26+%=%—aml;izl,z,...,n. (2.12)
T T X

Indi W, funksiyalarimin toyin edilocoklori (2.6), (2.7) diferensial tonliklori iisiin
baslangic sortlorini vo V, funksiyalarinin toyin edilocaklori (2.11),(2.12) diferensial tonliklori
ticlin sorhad sortlorini tapagq.

Talob edok ki, W + V' comi asagidaki baslangic sortini 6dosin:

W+ _, =0. (2.13)
W-nin (2.4)-doki, V-nin (2.10)-daki ifadslorini (2.13)-do yazib, g€-nun eyni doaracoli
qiivvatlorini miiqayiss etdikds aliriq:
Wyl =0, W| ==V _; i=12..n (2.14)
Qeyd edok ki, W;;i=0,1,...,n funksiyalar1 (2.14) sortlorini 6dodikde W=V comi (2.13) sortini
doqiq sokildo deyil, asagidaki monada & -nun istonilon miisbat {istlii dorocosine nozoron
doqiqlikls togribi 6dayacokdir:

W+V)_ =7 (2.15)
(2.11), (2.12) diferensial tonliklori ii¢iin sorhad sortlori W+ cominin

0

E(W +V)|,_, =0. (2.16)

sortini 6domoasi tolobindon tapilir. (2.4), (2.10), (2.16) borabarsizliklorindon vo t=¢r
ovazlomasindan alirq:

% =—% ;i1=01,...,n. (2.17)
07 |, ot |,

(2.14)-ds yazilmis ikinci boraborlikdon vo (2.17)- -don alinir ki, W,ve V;;i=0,,...,n
funksiyalart novbe ilo W,V ,W.,V,,.... W,V ardicillig: ilo toyin edilmolidirlor. Bu iso o

demoakdir ki, ananavi iisuldan forqli olaraq W, funksiyalarinin qurulmas {igiin aparilacaq birinci
iterasiya prosesi, V; sorhad zolaq tipli funksiyalarin qurulmasi tiglin aparilacaq ikinci iterasiya

prosesi il i¢-i¢o salinmalidir.
Qurulacaq W+V cominin (2.3) sarhad sortlorinids 6domasi tiglin (2.6), (2.7) diferensial
tonliklori li¢lin

=0, Im W =0, (0<t<T)i=12,..,n (2.18)



sorhad sortlorinindon do istifade olunmalidir. Bundan olave V;;i =0,L,...,n funksiyalarinin da

x =0 oldugda vo x — +oosartindos sifra ¢evrilmalari tomin edilmalidirlar.
Indiiso W,vo V,;i =0,1,...,n funksiyalarinin qurulmasina kegak. (2.16),(2.14) vo (2.18)-

don aliriq ki, W, fiunksiyasi (2.6) diferensial tonliyinin

Wl =0, (0<x<+o0) (2.19)
W, _,=0, lim W,=0; (0<¢<T) (2.20)

baslangic vo sorhod sortlorini 6doyon hallidir. (2.6) tonliyi ¢ =0 yazdiqda (2.1) diferensial
tonliyindon alinir (2.6)-ya (2.1)-0 uygun cirlanms tonlik, (2.6), (2.19), (2.20) sorhod masalasino
159 (2.1)-(2.3) sarhad masalasing uygun olan cirlasmis masalo deyilir.

Molumdur ki, (2.6) diferensial tonliyinin (2.19) baslangic sortini vo (2.20)-ds birinci
yazilmis sorhad sortini 6doyon mohdud holli asagidaki diistur ils toyin edilir:

R U U PO B C 2 i I I 22
W‘)(t’x)_zﬁu\/r—rf p{ 4(1—1)} ep{ 4(t—z')}}
xexp[—a(t—7) f(7,&)ddS . (2.21)

f(t,x) funksiyasi lizorino elo gort qoyulmalidir ki, (2.21) disturu ilo toyin olunan W (¢,x)

funksiyasi (2.20)-doki ikinci sorhad sortini do ddasin.
Bu mogsadls asagidaki toklif isbat edilmisdir.

Teorem 2.1. Forz edok ki, f(¢,x) € C”?(I1) vo asagidaki sort 6donilir:

% < exp(—cyx)ic, > 0,¢, > 0k =k + ik =01 p; k, =0,l,..q, (2.22)
1 x 2
burada p-ixtiyari natural adad, g-iso g =2 sortini 6dayon natural adoddir. Onda (2.21) diisturu

ilo tayin olunan W, (¢, x) funksiyasi (2.6), (2.19), (2.20) sarhod masalasinin hollidir vo asagidaki

sorti 6doyir:
8" W, (t, x)
ot ox

Qeyd edok ki, bu teorem hom do sonra qurulacaq V,,W,V,,....W,,V, funksiyalarinin da

n’"n

<cgexp(—cx);c; >05k=k +ky; k=0,1,....,p+1; k,=0,,..4. (2.23)

x — +oo sortindo sifra ¢evrilmolorini tomin edir.
Belalikla, W,(¢,x) funksiyasi molum oldugu ticiin ¥, funksiyasini toyin etmok olar. ¥,
funksiyasi (2.11) adi diferensial tonliyinin i =0 olduqda (2.17)-don alinan
M| __om|
orl _,

(2.24)

w0 Oty
sortini 6doyan sarhad zolaq tipli hallidir. (2.11) adi diferensial tonliyine uygun xarakteristik
tonliyinin bir monfi kokii vardir. Bu fakt (2.1)-(2.3) sorhad mosslssinin ¢ = 0 {izorino requlyar
olaraq cirlagdigini gostorir. ¥, funksiyasi

V(o) = S

diisturu ils toyin edilir. (2.20) vo (2.25)-don alinir ki, ¥, (7, x) funksiyas1 (2.24) sortindon slavo
Vol =0, lim ¥,=0

X—>+0

exp(—71) (2.25)
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sortlorini do 6dayir .
i =1 olduqda (2.7)-don, (2.14)-don vo (2.3)-don almnir ki, W, (z, x) funksiyas1 asagidak:
sorhad maslasinin hallidir:

2 0
am—aV?WVK:a—WZ/‘), (2.26)
ot ox ot
I/Vl|,f:0 = _VO =0 (0 <x< —I—OO), (227)
W] _,=0, lm W =0; (0<¢<T). (2.28)

W,,V, funksiyalart malum olduglari {iglin (2.26)-(2.28) serhod mesalasinin halli olan W,(¢,x)

funksiyasini teorem 2.1-don istifado etmoklo qurmagq olar.
Proses bu qayda iizro davam etdirilorak, ardicil névbas ilo V,W,,.... W ,V, funksiyalar

qurulurlar.
Asagidaki isaroni gobul edok:
U=W+V =W +Y "V, (2.29)
i=0 i=0
(2.5) vo (2.9)-dan alinir ki, u =W +V funksiyasi
Lii=f(t,x)+0("") (2.30)

borabarliyini 6doyir .
(2.3),(2.15),(2.16) vo (2.29) —dan alinir ki, #' funksiyasi asagidaki baslangic vo sorhad
sortlorini 6dayir:

7 =o)L 20, (0<x<+o0), 2.31)
= Ot |,
i _, =0, lim =0, (0<¢<T), (2.32)

burada @(x)=V,

7=0"
u—1 forqini u—iu =&""'z ilo isaro edib, £""'z-i qaliq hoddi adlandiraq. Buradan vo
(2.23)-don alinq:
u=>Y W+ V. +&" 'z (2.33)
i=0 i=0
(2.33) boraborliyi (2.1)-(2.3) sorhod masalosinin hollinin kigik parametrs nozoron
asimtotik ayrilisidir. Asimptotik ayrilist elmi cohotdon osaslandirmaq iigiin &""'z qalq
haddindoki z funksiyasini qiymotlondirmak lazimdir.
2. Qalq haddinin qiymatlondirilmasi va asas natica
(2.1) tonliyinidon (2.30) tonliyini torof —torofa ¢ixaq ve u —i = &"'z oldugunu nozors alaq:

Lz=F(e,t,x). (3.1)
Buradaki F(g,t,x) funksiyast ¢ -nun biitiin qiymatlorinds
[[ F(e.t,x)dtdx<c (3.2)
I1

sortini 6doayen funksiyadir, ¢ > 0 iso ¢ -dan asili olmayan sabitdir.

u—1 =&""z boraborliyindon vo (2.2), (2.3), (2.37), (2.38) sortlorindon alimir ki, z
funksiyas1 asagidaki baglangic vo sarhad sortlorini 6dayir:
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2

2|, =), a—j =0, (0<x<+w), (3.3)
t=0

=0, lmz=0, (0<<T). (3.4)

Buradaki ¢(x) funksiyas1 @(x)=-V, (0,x) disturu ils toyin edilir vo
@(0)=0, lim (x)=0 (3.5)

sortini 6dayir.

Asagidaki toklif dogrudur.

Teorem 3.1. (3.1),(3.3),(3.4) sorhod masalasinin halli olan z funksiyasi li¢lin asagidaki
giymotlondirms dogrudur:

2 2 2
+00 a +o% a e a
:[ (a—j t_T] dx+}[ [a—i t_T] dx + .([(ZL_T)de %lg(a—jj dtdx <c,, (3.6)

buradaki ¢, >0, ¢, > Osabitlori ¢ -dan asili deyillor.

Isbati. Asagidaki komokgi funksiyaya baxaq:
z, = (2 +Do(x). (3.7)
Aydindir ki, z, funksiyasi da (3.3), (3.4) baslangic v sorhad sortlorini 6dayir. ©gor z, =z -z

isara etsok, z, funksiyasi agagidaki sorhod masalasinin halli olar:

LSZZZF;’ (38)
Oz
zz|[:0=0,a—t2 =0, (0<x<+o0), (3.9)
t=0
Z| _, =0, xﬁg{l@zzzo, 0<t<T). (3.10)

Burada F, ilo F,=F—L.(z) funksiyasi isars olunmusdur. (3.2) vo (3.7)-don almir ki,
F,(¢&,t,x) funksiyas1 & -nun biitiin qiymatlorindo
[[ Fi(e.t,x)dtdx<c, (3.11)
I1

sortini 6doyir, ¢; >0 iso ¢ -dan asili olmayan sabitdir.

0
(3.8) tonliyinin har iki torafini % funksiyasina vurub, sol torafds alinan ikinci hodden

basqa biitiin hodlori (3.9), (3.10) sortlorini nozoro almaqla IT oblasti {izro hisso-hisso
inteqrallasaq alariq:

+00 2 2 +00
L[z dx+jj£@jdtdx+—j &
24 o], L or 24 | ax

(3.12)-nin sag torfindoki hodde ab<a’a’ +

t=

2
" 2
J d+ !(zzL_T)de:ng%dtdx. (3.12)

> b* elementar berabarsizliyini totbiq edib,
a
(3.11) —i nazers alaq vo « -mi elo segok ki, 2— a5 =c, >0 olsun. Onda z, funksiyas {igiin (3.6)

. . .. 9 - . . c e 1
qiymatlondirmasinin dogru oldugu alinir (¢, avozins ¢,,c, avazing ¢; = a—32 gotlirdiikdo).
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(3.7) diisturu ilo toyin olunan z, funksiyas: iiglin (3.6) qiymatlondirilmosinin dogru
oldugu aydindir. z, vo z, funksiyalarinin hor ikisi {igiin (3.6) qiymotlondirilmesinin dogru
olmasindan vo z=z +z, diisturundan (3.6) qiymotlondirilmesinin z funksiyasi iiglin do

dogrulugu alinir.
Teorem 3.1 isbat olundu.
Bu isdo alinan noticoalori asagidak toklif soklindo ifads etmok olar.
Teorem 3.2. Forz edok ki, Il oblastinda toyin olunmus f(¢,x) funksiyasi

p=n+2,g=n+2olduqda (2.22) sortini 6dayir. Onda (2.1) - (2.3) sorhad masslssinin halli
ticlin (2.33) asimptotik ayrilist dogrudur. Buradaki W, -funksiyalar1 birinci iterasiya prosesindo

toyin edirlor, ¥, -funksiyalar1 ¢=0yaximliginda sorhad zolaq ipli funksiyalar olub, ikinci

1

iterasiya prosesindo toyin olunurlar, &""'z qaliq hoddidir ve z funksiyas: iisiin (3.6)
giymotlondirilms dogrudur.
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ASYMPTOTICS OF THE SOLUTION OF A BOUNDARY VALUE PROBLEM IN A
SEMI-INFINITE STRIP FOR A SINGULARLY PERTURBED HYPERBOLIC
EQUATION DEGENERATING INTO A PARABOLIC EQUATION

Ilhama Sabzaliyeva
Roya Babayeva
Azerbaijan State University of Oil and Industry, Baku, Azerbaijan

In this paper, we consider a boundary value problem in a semi-infinite strip for a singularly perturbed second-order
hyperbolic equation degenerating into a parabolic equation. To construct the asymptotics of the solution to this
problem in a small parameter, we use iterative processes. The first iteration process is based on a splitting of the
given operator in the equation. The second iteration is based on the second splitting of the operator, which is
obtained after the appropriate substitution. Constructing the asymptotics of the solution to this problem in the
traditional way, i.e., performing the first iteration and then the second iteration, is not possible. Therefore, the
iterative processes are embedded. We show that the problem regularly degenerates. We construct a complete
asymptotics of this problem, and estimate the resulting remainder term.

Keywords: asymtotics, boundary layer type function, remainder term
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Xiilasa. Maqalads riyazi modellagdirms iisulunun pedaqoji proseslora tatbiqi masalasi aragdirilir. Miiasir tohsil
sistemindo riyazi modellorin istifadosi miiollimlors va tolobalors tohsil prosesini daha sistematik vo analitik gokildo
dork etmayo, tohlil etmoya vo optimallagdirmaga imkan verir. Riyazi modellosdirmonin osas aspektlori, totbiq
sahalori, metodoloji modellar va onlarin praktik niimunaleri gatirilorak daha daqiq taqdim olunur. Magalods ham
nozeri, hom do tatbigi baximdan pedaqoji tacriibs iiglin ohamiyyat dasiyan tdvsiyalor veririlir. Isdo arasdirilan
mosolonin qoyulusundan sonra pedaoji proseslor vo tohsil miiosisolori ii¢liin modellorin qurulmasi, onlarin
marhololori sorh olunur. Isin sonunda qisaca olaraq asas noticaler ifada olunur va istifade olunan adabiyyat siyahisi
gotirilir. Bir sira imumilosmolor isin kompaktlig1 iiciin yeri galdikea gotirilir vo gostarilir. Miiallif isin miiallimlors
va tolobalora, moaqaloda gostarilonlorlo maraqlanan hor koso, istifads zamani faydali olmaga ¢alismisdir.

Acar sozlar: riyazi modellosdirmo, pedaqoji proseslor, simulyasiya, optimallagdirma, tohsil texnologiyalari

Giris

Riyazi modellosdirma iisulunun mahiyyati ondan ibaratdir ki, aragdirilan obyekt-prosess
vo ya real hadiso riyazi olaraq ifado olunur, yoni o riyazi yazilir, modellosdirilir, sonra onun
liclin qarsida qoyulan magsads uyqun olaraq arasdirma alqoritmi qurulur vo informatika yollar
ilo informasiya texnologiyalarinin istifado olunmasi ilo homin model Oyronilir-imitasiya,
simulyasiya vo sair olunur. Basqa sozlo, real obyektlor, hadisolor, proseslor onlarin modellori
ilo (riyazi modellori ilo) ovoz olunur vo informatika yollar1 ilo dyronilir. Bu zaman real
obyektlor, hadisslor, proseslor toxunulmaz qalir. Riyazi modellagsdirmanin bu {istiinlilyii goz
ontindadir va onlarin tatbiq dairasinin genis olmasi aydin goriinir.

Indiki dévrdo riyaziyyatin riyazi modellosdirmo iisullar vasitosi ilo todqiq olunmayan
hadiso proses, obyekt vo sair gostormok c¢otindir. Riyazi modellogdirmo metodologiyasi
“model-alqoritm-proqram” {i¢liiyii vasitaslo informatika yollari ilo genis obektlors, hadisolors,
prosesslora, hotta ¢otin formalasa bilon prosesloro totbiq olunur. Riyazi modellogsdirmo
tisulunun todris prosesslorinag totbiqi xiisiisi ohomiyyast dasidigi aydindir [1-9].

Riyazi modellogdirms, tohsil prosesini miiasir yanasmalarla sistemli vo analitik sokilds
toskil etmoyo imkan veran miihiim metodologiyadir. Miasir tohsil sistemindo analitik
yanasmalarin vo rogomsal texnologiyalarin totbiqi stirotlo artir, bu sobobdon riyazi
modellosdirms pedaqoji proseslorin optimallagdirilmast vo todrisin effektivliyinin artirilmasi
iclin aktualdir. Burada riyazi modellogdirma iisullarinin tadris prosesina sistemli totbiqi ti¢lin
konkret metodoloji model toklif olunur vo onun statistik, optimallagdirma vo simulyasiya
aspektlori praktik niimunalarlo gostorilir. Bu, mévcud tadgiqatlardan farqli olaraq, ham nazari,
hom da tatbiqi baximdan pedaqoji proseslorin optimallagdirilmasini birlosdirir. Bu is miiallimlor
vo tolobolor arasinda pedaqoji proseslori daha effektiv Oyronmo vo todris olagolorinin
qurulmasina, problemlarin dorin analitik tohliline vo optimal hallarin tapilmasina sorait yaradir
[4-6].

Riyazi modellogdirmanin iisulunun pedaqoji praktikaya totbiqi bir ne¢a asas morhaloni
ohato edir. Asagida riyazi modellosdirmo iisulunun pedaqoji proseslora totbiginin osas
aspektlori sadalanir. Riyazi modellosdirms tisullarinin pedaqoji proseslora totbiqi, tohsildoki
masalalarin analizi va halli {igiin riyazi nazariyyslarin, metodlarinin istifade edilmasini shato
edir. Bu yanasma, miiollimlara vo tolaboalors kompleks problemlari anlamagq, qiymatlondirmok
va effektiv gorarlar vermokds komok edir. Riyazi modellosdirma, pedaqoji prosesds tohlil,
prognozlasdirma va gorar qobuletmoni dostokloyon elmi-metodoloji yanagsmadir. Asagida bu
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sahonin osas aspektlori miizakiro olunur. Asagida mosalonin qoyulusundan sonra pedaqoji
proseslar li¢iin riyazi modelin asas morhalalori vo aparilan aragdirmanin metodoloji asaslari izah
olunur, sonra alinan naticolor qisaca sorh edilir. Hor yerdos izahin kompaktligina vo aydinligina
xtisusi fikir verilir.

3. Masalonin qoyulusu

Riyazi modelosdirmanin ohomiyyati bu masalorin halinds askar goriiniir, xiisusi ilo,
molumatlarin idars edilmasi isindo totbigine baxaq. Bu todris prosesinds toplanan malumatlarin
sistemli sokilds tohliline imkan verir, miixtalif tolim strategiyalarinin naticalorini avvalcadan
prognozlasdirmaga komok edir [6].
. Proqnozlasdirma: Miixtolif tolim strategiyalarmin naticalorini  avvalcodon
prognozlasdirmaq miimkiindiir. Pedaqoji proseslorin naticolorini prognozlasdirmagq iigiin riyazi
modellordon istifads edils bilor [2].
. Qorar qobuletma: Tohsil planlamasinda, idaroetmo prosesindo vo resurslarin
boliisdiiriilmasinds optimal gorarlarin verilmasini tomin edir.
Totbiq sahalori:
. Tahsilin planlanmasi: kurikulumlarin, dors cadvallorinin, onlarin modellorinin, tohsil
programlarinin va resurslarin planlasdirilmasi ti¢iin istifads edilo bilor.
. Taloba nailiyyatlorinin qiymatlondirilmasi: Statistik modellor vasitasilo tolaba
nailiyyatlori analiz edils bilor [1-3].
. Tadris metodlarimin miiqayisasi: Miixtalif pedaqoji vo miixtalif todris metodlarinin
naticolorini miiqayise etmok liciin riyazi yanasmalar istifado olunur.

Riyazi modelin asagidaki niimunalarini gostormak olar:
a) Statistik analiz: Tolobolorin naticalorinin statistik tohlili, tadris prosesinin miisbat vo manfi
toraflorini miioyyanlosdirmoyo komok edir.
b) Regressiya modeli: Miiollim tolobs naticolorini prognozlasdirmaq ii¢lin sado xatti model
qura bilor:
P(n) = o+ B1D + BE + B3S + €

burada:
. P(n)— tolobonin imtahan naticasi (prognozlasdirilan notica), n- asili dayigonlor
coxlugu, D — dorso davamiyyat, E — ev tapsiriqlari, S — sinaq naticalori, Sy, £1, 52,53 —
omsallar (modelin dyradilmasi zamani tapilir), € — tosadiifi xata pay1.
Burada modelo R> omsali, yoni determinasiya omsali olavo edilorok modelin dogiqgliyi
qiymotlondirils bilar [5].
. Optimallasdirma modeli: Resurslarin daha effektiv istifadosi liclin optimallagdirma

yanasmalari totbiq oluna bilor [7].
Tohsil miiossisasinda dors cadvallorinin optimallagdirilmas: problemi asagidaki kimi ifado
oluna bilor:

minZ = minz CijXij
ij

sortlorla:
inj =1 voya inj <1, x;j €{0,1}
j i
Burada x;;— miollim inci dorsini  j-ci  vaxtda toyin etmo  qorari,

¢;j —hamin toyinatin “xarci” (muisllim yliklonmsasi, auditoriya movcudlugu va s.).

Bu model, xatti programlagdirma iisullar ilo hall edilorok minimal yiliklonmoni vo maksimal
effektivliyi tomin edon codval verir. [1].
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e Simulyasiya modellari: Pedaqoji proseslorin miixtalif ssenarilor altinda necs isloyacoyini
simulyasiya etmok ii¢lin riyazi modellor istifads edilo bilor.
Tutaq ki, miallim dors strategiyasini doyismoklo tolobalorin naticolorini simulyasiya etmok
istoyir.
Pi(t+1) = Pit + aDi + ﬁEl + VSL
Burada P} — i-ci tolobonin t-ci ddvrdoki noticesi, D; — dorso davamiyyat, E; — ev
tapsiri8i icrasi, S; — sinaq noticosi. Miiollim forqli o, S, y doyarloari ilo simulyasiya aparir vo
hansi strategiyanin noticoyo daha ¢ox tosir etdiyini goriir. [8-9]
3. Riyazi modelin qurulmasi marhalalori
ovvalco problemin miioyyonlosdirilmosi, yoni doqiqlosdirilmasi aparilmalidir. Todris
prosesindo asas problemlor secilir vo todqiqat suallart formalasdirilir. Miisllim, sagirdlorin dors
planlar1 vo resurslarin somarali istifadasi kimi masalolori aydinlagdirmalidirlar. Bu morhoalado,
todqiqat suallar1 formalagdirilaraq modelin yonii miioyyon edilir. Pedaqoji prosesds hansi
maosalalorin models daxil edilacayini segir.

o Riyazi tonliklarin tartibi: Doyisonlor vo mohdudiyyatlor miioyyaon edilorak riyazi ¢orgivo
yaradilir. Novbati marhalada, se¢ilmis problemlori oks etdiron riyazi tonliklor vo funksiyalar
yaradilir. Bu, masalalorin riyazi dilo ¢evrilmasini vo onlarla islomok {igiin bir ¢or¢ivo
yaradilmasin1 tomin edir. Doyigonlorin miioyyanlosdirilmasi vo onlarin interaksiyalari
modelin asasin1 toskil edir.

o Analiz va prognozlasdirma: Toplanan molumatlar statistik metodlarla tohlil olunur, forqli
ssenarilor simulyasiya edilir vo prognozlasdirilir. Riyazi modellosdirmonin miisbot
cohotlorindon biri, statistik analiz vo simulyasiya vasitosilo miixtolif ssenarilorin test
edilmosidir. Bu morholodo, miivafiq molumatlar toplanaraq tohlil edilir, vo forgli dors
metodlarinin effektivliyi qiymotlondirilir.

4. Tohsil miiassisalarindd riyazi moodellosma iisulunun tatbiqi

e Tolimatlarin inkisafi: riyazi modelosdirmo, miollimlorin daha effektiv tolimatlar
hazirlamasina komok edir.

o Taloba maraqlari: riyazi yanagmalarin totbiqi, tolobalorin riyazi diisiinma gabiliyyatini
artirr vo onlara daha dorin anlayis qazandirir.

5. Riyazi modellosdirms iisulunun pedaqoji proseslors tatbiqinin metodoloji asaslari.
Riyazi model, todris proqramlarina inteqrasiya edilorok praktikada totbiq olunur.

Miisllimloar, riyazi modellogsdirmonin naticalorini dorslords istifade edorok tolobalorin yronmao

prosesini daha da optimallasgdira bilorlor. Eyni zamanda, bu totbiq vasitasilo talobalorin riyazi

diisiinco qabiliyyatlori artir. Riyazi modellosdirmanin pedaqoji proseslora totbiqi tiglin bir
metodoloji modelin yaradilmasi, riyazi diisiinconin vo yanagmalarin sistematik totbiqini shato
edir.
Metodoloji model asagidaki komponentlordon ibaratdir: [1]

a) Problemin miisyyanlasdirilmasi: Tadris prosesindaki konkret problemlar secilir vo onlara
dair tadqiqat suallar1 formalasdirilir.

b) Riyazi modelin qurulmasi: Problemi oks etdiron riyazi tonliklorin yaradilmasi. Bu,
masalonin riyazi dilo ¢evrilmasini shats edir.

¢) Analiz va simulyasiya: Molumatlarin tohlili ii¢lin statistik tisullar totbiq edilir vo forqli
ssenarilor simulyasiya olunur.

d) Naticalarin yigilmasi va qiymoatlondirilmasi: Modelin naticolori toplanaraq tohlil edilir,
effektivliyi vo doqiqliyi qiymatlondirilir.

f) Tatbiq va inteqrasiya: Riyazi model todris proqramlarina inteqrasiya edilir va totbiqin
naticalari izlonilir.

g) Geridoniis va tokmillasdirma: Talabs vo miiollimlordon alinan geribildirimlar toplanir vo
modelin tokmillogdirilmasi tigiin istifado olunur.
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Son moarholads, modelin tokmillogdirilmasi vo yenidon tonzimlonmaosi iigiin istifado olunur.
Belolikla, riyazi modellogdirma prosesinin dovri vo dinamik olmasi tomin edilir [1-2].

Totbigo dair nlimunoagdstorak. Bir miiallim tolobalorin imtahan naticalarinin zoaiflodiyini
misahids edir. O, davamiyyat, ev tapsirigi icrasi va sinaq qiymetlorini daxil eden riyazi model
quraraq miixtolif todris strategiyalarin1 simulyasiya edir [4-6]. Noticoloro osason on effektiv
strategiyan1 se¢ir, dorsdo totbiq edir vo tokrar qiymotlondirme apararaq naticolorin
yaxsilagdigini yoxlayir. O, asagidaki addimlari izloyo bilor:

A) Problemin miiayyonlasdirilmasi: Tolobolorin naticalorinin diismasi.

B) Modelin qurulmasi: Tolobolorin dorso davamiyyatini, ev tapsiriqlarini vo test naticalorini
oks etdiran riyazi tonliklor yaradilmasi.

C) Analiz va simulyasiya: Forqli dors metodlarinin naticelorini simulyasiya etmak.
D) Naticalarin toplanmasi: Hor bir metodun naticalorini toplamag.
F) Tatbiq: Daha effektiv metodlarin sinifds totbiqi.

G) Geridoniis: Talobalordon vo miisllimlorden alinan geribildirimlorin toplanmast.
Bu metodoloji model, riyazi modellosdirmanin tohsil prosesloring inteqrasiyasini sistematik
sokildo tomin edir.

Natica

Riyazi modellogdirmo tisullarinin pedaqoji proseslors totbiqi, tohsildo daha sistematik vo
analitik yanagmalarin oldo olunmasina gorait yaradir. Bu yanagma, miiollimlor vo talabolor
arasinda daha dorin vo anlamli alagolor qurmaga, eloca ds tohsilin keyfiyyotini artirmaga komok
edir. Riyazi modellorin effektiv totbiqi, tohsil sisteminin miiasirlogdirilmasi ii¢lin shomiyyatli
bir addim ola bilor. Bu aspektlor, riyazi modellosdirmonin tohsil prosesino inteqrasiya
olunmasinin neca hoyata kecirilo bilocoyini gostorir. Riyazi modellor, tohsilin daha effektiv,
sistematik vo analitik olmasina komok edir. Riyazi modellogsdirmo, tohsil sisteminin
miasirlosdirilmasi vo keyfiyystinin artirilmasi iiglin shomiyyatli bir vasitadir. Bu yanasma,
miiollimlore va tolobolora daha analitik vo sistemli diisiinmo bacariqlar1 gazandirir, noticodo
Oyronma prosesini daha da dorinlogdirir.
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This article about the application of mathematical modeling to the pedagogical processes. The use of mathematical
models in the modern education system allows teachers and students to more systematically and analytically
understand, analyze and optimize the educational process. The article presents a more detailed overview of the key
aspects of mathematical modeling, its areas of application, methodological models and practical examples. The
article provides recommendations that are important for pedagogical practice from both a theoretical and practical
perspective. After formulating the problem under study, the paper explains the construction of models of
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INPUMEHEHHUE METOJOB MATEMATHYECKOI'O MOJEJIMPOBAHUSA K
ITPOOECCAM OBYYEHMUAA

Maranat MycaeBa
AszepOaiiyKaHCKUI TOCYIapCTBEHHBI Mearornieckuii yuuBepcuret, baky, AzepoOaitmkan

B craTthe paccmaTpuBaeTcs BOIPOCH IPUMEHEHHS METO1a MaTEMaTHYeCKOTO MOICIMPOBAHUS K TeIarorHuecKuM
nponeccaM. lcmonp3oBaHHE MaTeMaTHYECKUX MOJENCH B COBPEMEHHOM cHCTeMe O0pa30oBaHMS IIO3BOJIACT
MpernoaBaTessiM U CTyIeHTaM 0ojiee CUCTEMHO M aHATUTHYECKH OHUMATh, aHAIM3UPOBATh M ONTHMU3UPOBATh
00pa3oBaTenbHBIN Mporecc. boee TOYHO MpecTaBIeHB OCHOBHBIE ACHIEKTHI MATEMAaTHIECKOTO MOICIUPOBAHYS,
o0JlacTi IPUMEHEHNs, METOANIECKHE MOJIENIN M MX MPaKTUYECKHe NMpHUMephl. B cTaThe aHbl peKOMEHIALNH,
B)XHBIC JJISI TIEJJATOTMYECKON NMPAKTUKU KaK C TEOPETHUYECKOH, TaKk M ¢ MpakTHYecKoil Toukn 3peHus. [locne
(hopMyIIMPOBKH HCCIEIyeMO TPoOIeMbI B pabOTE MOSCHIETCS IIOCTPOSHUE MOJISIICH ITe1arornueCcKX MPOIECCOB
1 00pa3oBaTeNbHBIX YUPEKICHUH 1 TaeTCsl NX OCHOBHBIE 3Tanbl. B KOHIIE pabOThI KpaTKO M3JIararoTcsi OCHOBHbIC
pe3ynbTaTtel pabOThl W IIPUBOJUTCS CIIMCOK HCIHOJB30BAHHOM JmTeparypbl. llpuBoanTes psn o0oOmeHni,
KOTOPBIE YKa3bIBAIOTCS 0 Mepe X HEOOXOJUMOCTH JJIs1 KOMIIAKTHOTO U3JI0KEHHHS B paboTe. ABTOP HPHIIOKUIT
yCHIIHS, 4TOOBI cienaTh padoTy IMOJIE3HOH Kak Ul MpernojaBaTeNiel ¥ CTyAEHTOB, TaK U IS BCEX KTO 3aiiMercs
3THM.

KnrodeBble cjoBa: MaTeMaTH4ecKO€ MOJEIMPOBAHME, IIE€JAarOrM4ecKhe IpPOIECcChl, HMUTAIMOHHOE
MO/JIeIUPOBaHNE, ONTUMHU3ALHUS, 00pa30BaTENbHBIEC TEXHOIOTUH

Daxil oldu: 08.07.2025 Cap edildi: 15.12.2025

26



199
LBNKORAN DOVLST UNIVERSITETI

O CYHHIECTBOBAHMU PEHIEHUA 3AJIAYU OIITUMAJIBHOT'O YIIPABJIEHUSA
C I'PAHUYHbIM OYHKIIMOHAJIOM JJIA HEJMHEHHOI' O
HECTAIIUOHAPHOI'O YPABHEHUs HPEIUHI'EPA CO CIHELOUWAJIBHBIM
I'PAAIMEHTHBIM CJIAI'”AEMbBIM

I'abun SAryo

Hatur UOparumos

Ty0a Yakep

Kapcckuit kaBkasckuii yausepcuret, Kapce, Typuus

JIsHKSIpaHCKUI TOCYIapCTBEHHBIN YHUBEpcUTET, JITHKsIpaH, A3epOanxaH
»-moura: gabilya@mail.ru

3-moura: natiq ibrahimov(@mail.ru

ORCID: 0000-0002-8343-4087

ORCID: 0009-0003-4385-4794

DOI: 10.30546/2960-1975.2025.2.327

AnHoranusi. B nanHOW paboTe paccmarpuBaeTcs 3aJada ONTHMAIBHOTO YHPABICHHS TSI HETMHEWHOTO
HECTAllMOHAPHOTO OJHOMEpPHOTo ypaBHeHHs lllpenuHrepa co crneUUalbHBIM TPAAMEHTHBIM CIAraéMbIM H C
KOMIUICKCHBIM TOTEHIIMATIOM, KOTa KPUTEpUi KadecTBa SBILCTCA WHTETPAJIOM IO TpaHHIle O00JacTH U POJb
YIOpaBJICHUS HTPAIOT OTPAHWICHHBIC 3MEpUMBIE KO3 PHUIINEHTH YpaBHEHHS, TO €CTh BEIICCTBEHHBIC 1 MHUMBIC
YaCTU KOMILJIEKCHOTO MOTEHIIMAJIa, 3aBUCALINE TOJBKO OT BpeMeHHOM nepemeHHoO. [Ipm 3Tom noka3piBatoTCs
TeopeMbI CyL[IeCTBOBaHI/Iﬂ U CAUHCTBCHHOCTHU pemeHHs{ paCCManI/IBaeMOﬁ 3aa4u OIITUMAJIBHOT'O praBJ'IeHI/IH.
KuroueBble cioBa: HenuHeiiHoe ypaBHenue lllpeaunrepa, 3agada ONTUMAIBHOTO YIpPaBlIEHUS, TPaJUEHTHOE
cllaraeMoe, KOMIUICKCHBIM MOTEHIHAIT

BBenenue

3aﬂaq1/1 OIITUMAJIBHOT O praBJIeHI/ISI JUJIA JII/IHGI;'IHOI‘O 158 HGJII/IHGI;'IHOFO HCCTaHI/IOHapHOFO
ypaBHeHus [llpenuHrepa 4yacto BO3HHMKAIOT B KBAHTOBOW MEXaHUKe, sIEpHON (HU3UKE,
HEJIMHEWHOM ONTHKE U B IPYTUX 00JacCTSIX COBPEMEHHOM (PU3UKU U TEXHUKU U U3yUYEHHUE ITUX
3a/1a4 HOCUT KaK TEOPETUUYECKUM, TaK U TpaKkTUYeCKuil uHTEpecHl [ 1-3]. OnHOM U3 Takux 3aaad
SABJIACTCA 3a1[aqel71 JABHUKCHUN Sapﬂ}KGHHBIX qaCTull B KOTOpOI\/'I IIOTCHOHUAJI ABJISACTCA
HEU3BECTHBIM U IIOJICKUT OlpenesieHnt0. M3BECTHO, YTO €ClM 3apshKeHHas 4YacTulla B
IIOCTOSAIHHOM OJIHOpOJIHOM MAarHuTHOM IIOJIC ABUXKETCA U HaHpaBHGHI/Ie MArdmTHOTO I10JIA
BBIOpAHO BIOJb OCU z , TOTJA IBYKEHUE TAKOW YaCTHUIIBI TPOUCXOTUT B MIIOCKOCTH (x, y)e E,n

3TO JIBUYKE€HUE OOBIUHO OMMCHIBACTCS ABYMEPHBIM JIMHEHHBIM ypaBHeHHeM lllpenunrepa co
CHEIHAIbHBIM TpaIueHTHBIM ciaraeMbiM (cM. [1, ¢.182]). [logoOHbIe 3amaur ONTUMAIEHOTO
YIIPaBICHUS ISl IMHEMHOTO M HEJIMHEWMHOr0 HecTalmoHapHOro ypaBHeHus lllpenunrepa co
CHelMalIbHbIM TPAJUCHTHBIM CJaraeMbIM paHee M3ydyeHbl B pabotax [4,5,16-21]. Cnenyer
OTMETHUTh, YTO BO BCEX ITHX paboTax B 3a7auyax ONTUMAJIbHOTO YIPABJIECHHUS, OT YIPaBIISIILINX
¢yHkuuit norpedoBamuch 1upHepeHIupyeMoCcTb 10 BpeMeHHON nepeMeHHOH. OTMETUM, 4To
3aJaud ONTHUMAJIbHOTO YMPABICHUS [UIsl JUHEMHOTO M HEJIMHEWMHOro HECTalMOHAPHOTO
ypaBHenuii lllpenunrepa 6e3 crenuanbHOTO TPaJUEHTHOTO CJIaraeMoro paHee MOAPOOHO
u3ydeHbl B pabortax u ap [6-15]. OmHako 3amaum 3a7a4l ONTUMAIBHOTO YIPaBICHUS ISt
HecTanMoHapHoro ypasHeHus lllpenunrepa co crnenuanbHbIM I'PaJUEHTHBIM CIaraéMblM U
KOIJla YMpaBJieHMs SIBISIFOTCSI BEIIECTBEHHBIMM W MHUMBIMH YacTSIMH KOMILUIEKCHOTO
MOTEHIIMala U BBIOMPAIOTCA M3 KJIacca M3MEPUMBIX OTPaHUYCHHBIX (DYHKIUH, 3aBUCSIIUX
TOJIBKO OT BPEMEHHOHM IepeMEHHOM, HanboJiee MaJlo MCCleAoBaHbl. B 2TOM HampaBieHUU
MOYKHO OTMETHTh palbOoTbhl, B KOTOPBIX M3YYEHbI 33/1a4l ONTUMAJIbHOTO YIpPABICHUS IS
JMHENHOTO M HEJIMHEWHOI0 HecTannoHapHOro ypasHeHus lllpenmHrepa co crnenuagbHbBIM
TPAIUCHTHBIM CJIAra€MbIM, KOI/Ia YINPABIEHUS SBISIOTCS BEIIECTBEHHBIMU M MHHUMBIMU
YacTSIMM KOMIUIEKCHOTO MOTEHIMAala U BBIOMPAIOTCS M3 KJIacca M3MEPUMBIX OTpaHHUYEHHBIX
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(YHKUIMH, 3aBUCAIINX TOJBKO OT BPEMEHHOH MEPEMEHHOM, a KPUTEPUH KAuecTBa SIBISIOTCS
¢bunaneHbiMu  [22, 23]. IlostromMy pnaHHas paboTa, TMOCBSIICHHAS W3YYCHHUIO 3aa4H
ONTUMAJILHOTO YIIPaBJICHUS JUIsl HEIMHEHHOr0 HecTallmoHapHoro ypaBHeHus Lllpeaunrepa co
CIIEHMAJIbHBIM TPAJUEHTHBIM CJAraéMbIM, KOI/la YIpPaBJICHUS SIBISIOTCS BELIECTBEHHBIMU U
MHUMBIMHM YacTSIMM KOMILUIEKCHOTO IOTEHLMala WU BBIOMpAIOTCA M3 Kilacca H3MEPUMBIX
OTpaHUYEHHBIX (YHKIMH, 3aBUCSIIUX TOJIBKO OT BPEMEHHOH MEepeMEHHOM, a KpUTepuit
Ka4yecTBa SIBISICTCA MHTETPAJIOM IO TpaHUIe OO0JacTH, MPEACTABIACT HEMalbli HAay4HBINA
MHTEpEC.
ITocTanoBka 3axaun

[ycts [>0, T >0 -3agannsie uncna, 0< x </ ,0<1<T,Q, E(O,Z)X(O,t),Q:QT ;C* ([O,T],B)
- 0aHaxOBO MPOCTPAHCTBO (PYHKIMHU, k-pa3 HempepblBHO MuddepeHpyeMbIX Ha OTpe3Ke
[O,T ] CO 3HAYCHHWSMH B 0OaHAXOBOM MPOCTpaHCTBe B ; LP(O,Z)-ne6er0B0 IPOCTPAHCTBO

byHKIUI, CyMMHUPYEMBIX IO MOAYJIIO Ha TPOMEKYTKE (0,1 ) CO CTeneHs0 p >1;L, (0, T ;B)—
0aHaxoBO MPOCTPAHCTBO (PYHKIIHI, OMPEICTICHHBIX U CYMMUPYEMBIX IO MOJTIYJIBIO C KBaIPaTOM

Ha OTpe3Ke [O,T ] CO 3HAYCHUSIMU B OaHaxoBOM mpocrpanctBe B ;L (O,T ;B)—6aHaX0B0
IPOCTPAHCTBO M3MEPUMBIX OTPAHMYEHHBIX Ha (O, T ) (GyHKIMIA cO 3HAYEHUAMHU B OAHAXOBOM

k k,m
npoctpanctse B ; Cobonesst mpoctpanctsa ¥, (O,l ),Wp (Q) p=1 k>0, m>0 , OIpEICICHBI,
Hanpumep, B padorax [24-26]. Huxe BCIOyNOI0XKUTENIbHBIE TOCTOSHHBIE, HE 3aBUCALIUE OT
OLICHUBACMBIX BEIIMYMH, O0O3HA4MM depe3 C;,] = 0,1,2,...u xommiekcHOe compskeHHE K

¢yHKuMM 0003HaYMM 4epTod Han ¢GyHkuuei. [IpuHaaIe)XKHOCTh KOMIUIEKCHONH (YHKIUHU K
OINPECIICHHOMY IPOCTPAaHCTBY O3HA4aeT, YTO JACHCTBUTEIbHAs W MHHMMAas 4YacTU 3TOH
GYHKIUM pUHAAIEKAT K 3TOMY IPOCTPAHCTBY.

PaccmoTpuMm  ciefyromyro 3aaady ONTUMAJIbHOTO YIPAaBICHUSA O MUHUMU3ALUU
byHKIIMOHANA:

J,0)= B w (0.) -

Ha MHO>KCCTBC:

Z(O,T) +’Bl Hl//(l’)_yl Hi(oj) +C¥||V—a)||2 (2.1)

V ={v:v(t) =(v0 (1) (t)): v, €L,(0,T),|v, (t)| <b,s =0,1,§’t e(O,T)}

IpU YCIOBUSX:

2
iaa—li/+010 gy;+ial(x,t)aﬁ—l//—a(x)w+vo (l)l//+ivl(t)t//+a2|(//|21// = f(x1),(x1)eQ, 22)
x x
v (x,0)=p(x), xe(0,]), (2.3)
w00 vt o o7, 2.4)
ox ox

e i=v-1; a,>0,b,>0,s=0,1, >0,5,20,5>0,5,+f, #0- 3anannsle 4Yncna;a, -

KOMIIJICKCHOC YUCJIO, YAOBJIICTBOPAIOIICC YCIIOBUAM:

a, =Rea, +ilma,,Ima, > 0,Rea, <0,Ima, >2[Reaq,|; (2.5)

a ()C) ,a, (X,t) - IBMCPHUMBIC OTPAHUYCHHLIC (I)YHKI_II/II/I, YAOBJICTBOPAIOIINC YCIIOBUAM!
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da(x d’a(x 0
ty <a(x)< , dEc ) <, %2) Sy, Vxe(0,0), fy s o, 115 = const > 0;
(2.6)
|a1 (X,[)|S/J4’ 8611 x t IS |a al jc’t)§gﬂ6,\;(x,t)eg,
a, (O,t)=a1 (1,8) =0, 5, 4y, pis., 1t = const >0 ; (2.7)

(o(x), f (x,t), Vo (t), Y (t) - KOMILJIEKCHO3HAYHbIE (DYHKIIMH, yIOBIETBOPSIONINE YCIOBUSIM:

20y 40(0) _do(l)
P} (0.0). = === =0 (2.8)
2,0 of (0,t of (1.t )
Fem(Q), féx ) féx ) _0.1e(0.7): 2.9)
Yo €L, (0,T); (2.10)

0
® € H - 3anansplii snemenT , H =1, (O, T )><L2 (O,T ) Y CUMBOJ VYV O3HA4aeT * mpu MOYTH
BCEX .
3anaqy o0 onpenenenun GyHKIMU y =y (x,t) =y (x,t;v)u3 ycnosuii (2.2)-(2.4) npu

KaKJIoM vel OyneM Ha3bpiBaTh PEeAyLHUPOBAHHOM 3amadeil. SICHO, 4TO peaylHpOBaHHAS
3a7jaya SIBJSETCS BTOPOM HAYAIbHO-KPAE€BOM  3adad il JIMHEWHOIO HECTAalMOHAPHOIO
ypaBHeHus Llpenunrepa co cnenuanbHbIM IPaAUEHTHBIM CIAaraeMbIM.

Onpeaenene 2.1. [Ipu xaxaom v €V moj pemieHueM peaynupoBaHHON 3aaayu (2.2)-
(2.4) Oynem mnonumarh ynkumo =y (x,t)=y(x,5v) U3 mpcrpanctea W7 (Q),

YJIOBJIETBOPSIONIYIO YpaBHEHMIO (2.2) /Ui OYTH BCeX (x,t) €(), a Ha4YaJbHOMY YCIJIOBHIO

(2.3) s noutn Beex x €(0,/) u kpaeBbIM ycnoBHsM (2.4) JUIsl OUTH BCEX £ (0,7).

O paspeminmMocTH peAyHMPOBAHHONM 3a1a4H

PenyuupoBanHble 3aiauM, TO €CTh HayalbHO-KpaeBble 3aJayd JUIsl JIMHEWHOTO U
HEJIMHEHHOTO HEeCTAalMOHAPHOTO0 YpPaBHEHUH 0e3 CIeLUalbHOTO TPaJMEHTHOrO CJIaraeMoro
paHee Wu3y4deHbI, Hampumep, B paborax [6-8,10,11,27,28] u nap., a co cHenuaIbHBIM
TpaJueHTHBIM cllaraeMbIM, HampuMmep, B padotax [4, 5, 20, 21, 29-33] u ap. Bo Bcex aTux
pabotax ot k03 PunrentoB ypaBHenus Lllpenunrepa norpedoBanuch nuddepeHpyemMoctsb
[0 BpEMEHHOW mnepemMeHHOW. CnemyeT OTMETUTh, UYTO HA4YaJIbHO-KpPAcBblE 3aladyd s
HecTanMoHapHoro ypasHeHus lllpenunrepa 6e3 crenuanbHOro rpaJME€HTHOTO ClIaraéMoro,
Korja Ko3(QQHUIHUEHTHI 3aBUCUT TOJIBKO OT BPEMEHHOM EPEMEHHOI U ABIISIOTCS U3MEPUMBIMU
OrpaHMuYEHHBIMU (YHKIUSMU paHee Hu3ydeHbl B pabore [11]. OpgHako HadalbHO-KpaeBbIE
3a7a4i Ul JIMHEWHOTO M HEJIMHEHHOro HecranuoHapHoro ypasHeHus lllpenunrepa co
CHEIHaIbHBIM T'PaJUEHTHBIM CllaraéMbIM, KOTJa MOTEHIMAN SBJISETCS KOMIUIEKCHO3HAYHOM
U3MEPUMOM OTrpaHMYeHHOM (YHKIMEH, 3aBUCAIIMM TOJBKO OT BPEMEHHOH IepeMeHHOU
n3y4yeHsl B padotax [34,35]. CnemyeT OTMETHTS, uTO B paboTe [35]. n3yueHa BTopas Ha4aJIbHO-
KpaeBasi 3ajJada Uil HEJIMHEHHOro HecTalMoHapHoOro ypasHeHus Illpeaunrepa co
CHEIMAIbHBIM TPAaJUEHTHBIM CllaraéMbIM, KOTJa BELIECTBEHHbIE M MHHUMBIE YacTH
KOMIUIEKCHOTO — TOTEHIMalla SBJAIOTCS HM3MEPUMBIMU  OIPaHUYEHHBIMH  (DYHKUIHAMH,
3aBUCSIIHMMHU TOJBKO OT BpEMEHHON NIEPEMEHHOM U JJ0Ka3aHa CIEAYIOLas Teopema.

29



Teopema 3.1. Ilycts uucio a, u ¢QyHKUUU a(x), al(x,t), (p(x), f(x,t)
YAOBJICTBOPSIOT ycoBUsM (2.5)-(2.9). Torna penyuupoBanHas 3anada (2.2)-(2.4) npu Kaxiom
VeV uMMeeT eIMHCTBEHHOE pelicHHMe M3 mpoctpanctBa W, (Q) u s 9TOro peuieHus
CrpaBe/yIMBa OICHKA:

2
N (W 1 O 7 W f||;21,0(9)) , (3.1)
rae ¢, > 0 -mocrosiHHA
B cuny Bnoxenns npocrpanctea W' (Q) nmpocrpancTBy CO([O,T ].L,(0,/ ))

paccmaTpuBaeMblil GpyHIroHam (2.1) B paccMaTpuBaeMOM KJlacce peIeH i pu Kaxaom v € V
UMEET CMBICIL.
CymecTBoBaHHEe M €IMHCTBEHHOCTb pellleHUsl 3aJa4yd  ONTHMAJbHOIO
ylpaBJieHUS
B stoM naparpade Oynem HM3y4yuTh BONPOC CYLIECTBOBAaHHMS U €AMHCTBEHHOCTH
pelieHus 3aa4u oNTUMaibHOro ynpasienus (2.1)-(2.4). [Toaromy cHayana OyeM yCTaHOBUTD
pe3yJbTaT O CYLIECTBOBAaHUM €AMHCTBEHHOI'O PEIIEHUs 3TOM 3a1auu.

Teopema 4.1. [1yctp uncino a, u byHKITIN a(x),al (x,t),(o(x),f(x,t),yo (t),yl (t)
YAOBIETBOPSIOT yeioBusM (2.5)-(2.10). Iycrs, kpome Toro, we H =1L, (O, T )><L2 (O,T ) -
3a/laHHBIN d5eMenT. Tora cylecTByeT mIoTHoe moaMHokecTBo G mpocTpancTBa /1 Takoe,
uro aust moboro @ € G mpu @ >0 3amava ontumansHOro ympasierus (2.1)-(2.4) wmmeer
€MHCTBCHHOE PEIICHHE.

Jloka3aTeabCTBO OMHUPACTCS Ha CICAYIONICe YTBEPXKACHHE W3  HEBBIMYKJIOM
ONITHUMHM3AINH, YKa3aHHoe B pabdore [39] B cienyromieit GpopmyaupoBke : eciii HyHKIIMOHAI

IO (V) MOJIYHCTIPECPBIBEH CHU3Y U CHU3Y OI'PAHUYCH Ha 3aMKHYTOM OTPAHUYCHHOM MHOKCCTBC

U paBHOMEpHO BBINYKJIOrO MPOCTpaHCTBA X , TOrJa CYIIECTBYET BCIOJy IIJIOTHOE
noaMHOkecTBO G 3TOro MpoCTpaHCTBa, 4TO s Jroboro w € G u «a >0 gpyHkumoHan

2
1,(v)=1,(v)+a|v-o|, mocrhraer mammenbiiee 3HaueHHe HA EIMHCTBEHHOM >IIEMCHTE

MHoO)ecTBa U .
CriepBa JOKaXeM HENPepbIBHOCTh (yHKUMOHAna J,(v) Ha MHOxectse V. Ilpu

IPUHATHIX YCIOBUAX (QYHKIHMOHAN J| (v) MIPUMET BHJIL:

I (V) =5 ”V/(O") _y0||l(o,7) +h, ”‘/l(l") _y1||j,2(0,T)' (4.1)
Mycte SveB=L,(0,T)xL,(0,7)- npupamenue moOOro siemeHTa VeV Takoe, 4TO
viovelV m Sy =8y(xt)=y(x6v+6v)-w(x6v),  tae  w(x,t;v)-pemenue
penyrupoBanHoi  3amaun (2.2)-(2.4) nmpu velV . U3 ycnosuii (2.2)-(2.4) cnemyer, 4TO
GyHKIHS O = oY (x,z‘) SIBJISIETCS PELICHUEM CIICIYIOISH HauyalbHO-KPaeBOW 3a/1a4u:

2
l,85l//+a0 885!//+ia1 (x’t)ag_'//—a(x)&/ﬂr(vo (t)+5v, (t))51/1+i(vl(t)+5vl(t))5l//+
X

oz X’
vty (jwl + ") S+ a7 = 5w, (1) (x.0) =i, (1) (x.1) , (x.0) €Q2, (4.2)
Sy (x,0)=0,x<(0,7), 65‘”6(0’0 = 65‘2(“) =0,1€(0,7), (4.3)
X X
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rae s =y, (x,t)=y(x,v+6v)-pemenne pexyuuposannoii 3agaun  (2.2)-(2.4) mpu
v+ovelV , oveB.

YcTaHOBUM OLICHKY JIJIS pelIeHUs HaualbHO-KpaeBoi 3anaun (4.2), (4.3) . C aTol nenbro
o0e uvactu ypaBHeHUS (4.2) YMHOXHM Ha (YHKIHUIO 5l/7(x,t) U IOJIy4YEHHOE PaBEHCTBO

npounrerpupyem mo odnactu €, . Toraa, ucrnons3ys GopMyITy HHTETPUPOBAHHS 10 YACTSIM U

KpaeBbIe yCIIOBUSA U3 (4.3), OJydYnM PaBEHCTBO,

2

J. (i 85W5V7 — 4 65_W

a, ot ox
+(v0 (2') + 0V, (T))|§l//|2 + i(v1 (T) +0v, (z‘))|5l//|2 +
say (vl +lf lowl +a (7)) vz =

= —I 8v, (7 owdxdr —iJ. 6v, (¢ yowdxdr, vt €[0,T] .
Q, Q,

+ia, (x,r)(f—w&ﬁ—a(x)bv,r +
X

N3 sToro PAaBCHCTBA BbIYUTHIBAA €I'0 KOMIIJICKCHOC COIIPSIIKCHUC U HpI/I6aBJI$I$I K 00€UM YacTbsIM

J- 8a1(x,r)

5 |5;//|2 dxdt vnmeeMm:
X

IMMOJIYYCHHOI'O PaBCHCTBA CJIaracMoc
Qt

I—|§w| dxdr+-[ (a1 x r |5l,//| )dxdr +2Ima2_[(|w5| +|!,//| )|51//| dxdrt =

Ql

't

= 2Ima, j Re(%w(ag;)z)dxdr —2Rea2j1m(l//5l//(5l/7)2)dxdr_
—2j v (2)+6v,(7))|Sw| drdz — 2j v, (7) Im (w67 ) dxdr —

—2I5v1 )Re(ywow )dxdr + IM

[

. |5l//| dxdr,Vte[O,T].

Bropoe ciaraeMoe JIeBOil YaCTH 9TOTO PABEHCTBA B CHIly TPAHMYHBIX yCIOBHii Juis a, (X,!)

paBHsieTCs K HyNI0. B aToM ciydae mpeoOpasys mepBoe ciaraéMoe M HUCIONIb3ysl HadyallbHOE
ycnoBue u3 (4.3) MoayduM CripaBeUTMBOCTh PaBEHCTBRA!

[+l o e =

[

:—ZImaZIRe(l//bl//(&//) )dxdr 2Rea2_|.hn(l//&l//(5l//) )dxdr—
=) j 7)+6w(7))|Sy| dxdr - 2 j v, (7) Im (w67 ) dxdr —

oa, (x,z')

—2I 6v, (t)Re(yow ) dxdr + I S

Q

|5(,//| dxdr, V't e[O,T].

N3 aToro paBCHCTBA HeprI[HO YCTaHOBUTH CJICAYIOIICC HCPABCHCTBO:
l

[ (Il +w o dxdr <

1
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< 2(Ima2 +|Rea2|) J. |l//5||l//||5l//|2 + 2J. |v1 (7)+6v, (r)||5!,u|2 dxdt +
Q Q

+2I |5v0 (r)||1//||51//|dxdr + 2J. |5v1 (r)||t//||5l//|dxdr +
Q, Q

|
Ql
B sTOM HepaBeHCTBE HCTIONB3YS YCIOBUE [T (QYHKIIUN Y (t) + 5\/1 (t) , 4 (x,t) 1 HCPaBEHCTBO

2
, @ TaKXkKe ycioBue (2.5) Moly4uM Cieyroliee HepaBeHCTBO:

9ay (x,7) |Sy[* dydr, vt €[0,T].

2l <+
]

[low (x.0)f dx +%Ima2 [ (ol 1T )| ow [ dvdr < (28, + ) [|owf ddz+
Q, Q,

0
+2.|. |6v, (7)||w||Sw | dxdz + ZJ. |6V, (7)|jw||ow|dxdz, Vi [0,T].
Q, Q,

HpI/IMeHHH HCPAaBCHCTBO KOHII/I-EYHHKOBCKOFO B npaBoﬁ YaCTH 3TOI'0 HCPAaBCHCTBA UMCCM:

I
[low (o) e +%Ima2 (sl + o o dsde <
Ql

0

<(2b,+ p5+2) I |51//|2 dxdr+j ‘5\}0 (2')‘2 |1,//|2 dxdt + H5V1 (z‘)‘z |l//|2 dxdz, ¥t €[0,T].
Q, Q, Q,

Ortcrona B cuiy oneHku (3.1) moayyum crpaBeUIMBOCTh HEPABEHCTBA!

j\sw(x,t) dx +%Ima2 [ (ol +lwl" ) oy dvdz <
Q

0

Z(o,r) + ”5"1”;(01))’\71 € [0’ T] . (4.4)

t
28+ +2) oy (o, d+ e (|6v,
0

B CUJIy HCOTPHULATCIIBHOCTHU BTOPOTO Cj1ara€Moro JICBOM YaCTH ATOTO HCPaBCHCTBA UMCCM!

j‘é’t//(x,t)zdxﬁ

0

,‘v’te[O,T].

2
L.,(0,7) )

+(2b1 T U+ Z)J‘H&// (" T)Hi(o,z)dr T4 (”5\20 ic(o,T) + ”5\)1
0

I[IpuMeHss B 3ToM JeMMy [ 'pOHYOJIIa TTOyYHM CIPABETHBOCTh OIIEHKH:
2 2
Hé‘l//(.,t)‘Lz(oJ) <c, (||5v0 +[ow Lx(O,T)),‘v’t e[0,7]. 4.5)
C ydereM 3Toif olleHKH n3 (4.4) TIONyYnM CIIpaBeTTHBOCTE CIIEyIOMIei OIEHKH:

low ()]0, +%Ima2 j (1wl +lorT Yl dtear <

<y (|val} oy ML o)) e €[0T,

. C oroit nenpto ob6e yactu ypaBHeHUs (4.2) Ha (QYHKIHIO

2
L,(0.T)

(4.6)

ooy

Tenepp oneHuM
ox

2 p—
Loy =—a, aai;// +a (x) Oy u npounterpupyemio obmactu €2, . Torma umeem:
X
OOy . _ 2. ooy .
i Loy —|Loy| +ia, (x,T Loy +
I( o, LoV Loyl +ia (x.7)—= L5

Q,
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+(vy (7)+ vy (7)) Sy LS +i(v, (7)+ v, (7)) Sy Lo ) dxdr +
+ j a2(|1//5| Tyl )51//L51//dxdt+ j ay wSTLSTdxdr =
=— j v, (7)w LS7dxdr —i j v, () w L&gdxdr, N1 €[0,T].
Mcromsays dopmysty s LSJ7 1 (popMyITy HHTSrpHDOBAHIS 10 YACTAM MEEM:

2 —_
0 5;// dxdt +

00y 2 . ooy
Iz P L5wdxdT—I|L5y/| dxdr—zjal(x,r)aog

& Q

I (XT)G() ‘//5y/dxdr+_[a0 Vo )+5V0(z'))ag_xl//2

Ox

dxdt +

851//
ox

—HJaO r)+6v (7 )

Q

[0+ (D)ow dndr 1] ()4 v (D)o e+

Q

dxdt +

V| dxdr + I azao(wgw)(%j dxdt +
Ql

+I a2a0(|l//5|2 +|‘/’|2) %

Q

oy, _ oy, Oy _ al/’j ooy
+ —2ys+ +—y+ o dr +
i “to K ox VoV ox  Ox v ox o ox ’

oy, oy | ._ 0oy
+Ia2aOK . Wys— . jé‘t// . }dxdz%
+.[ a(x) (|l//é| +|1//| )|51//| a’xa’z'+.|‘a2 Vs (67 ) dxdr =
Ql

=—j5v0 08‘”85'/’ddr zja 05"’85de

Ox Ox Ox Ox

j x) v, (7)yoydxdr —i[ a(x )5\/1( )wégdxdr, ¥t €[0,T]. (4.6)
Q/‘
BrrauteiBasg U3 3Toro PaBE€HCTBA €ro KOMIIJICKCHOC COIPSIKCHUE MOJTYYUM CHPAaBCIIMBOCTH
paBCHCTBA:

— 20— — 2
.[ i(aé‘w Loy + _851// Lé‘l//jdxdr —iI a,a, (x,f) ooy o 5;// + 0oy 0 5;// dxdt +
2 ot ot 2 ox Ox ox Ox

+iJ. a, (x,z‘)a(x)(ag—l/l&ﬁ +f—f5l//jdxdf +

Q X

22 [ a,(w(7)+ v, (1)) ag—‘/’z

Q X

dxdrt + 21‘_[ (v, (2)+6w,(7))a(x)|ow]| dvdz +

—\2
dxdr+12a01masze( l//(ag—l//j jdxdz'+
X

+i2a,ma, [ (lysf +ly[ )

Q
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+i2a,Ima, I ReKaW‘S Vs+Ws Vs +a—wl/7+l//a—wj5l//a5—w}dxdr+
X
Qt

ox ox X X
+i2a, ReaszmKawﬁ Vs+Ws 0 Wl/7+l//a—wj5l//85—w}dxdr+
a 1o ox ox X
oy oW\ ._ 00y
+i2a,Ima, | R Swty,—— |6y —— ldxdr +
<o azj GK axl// Vs 8x) W@x }dxr
+i2a, Reazj.lmﬁa‘//a WHys al//j5z/7@}dxdr+
a o ox ox

+i2Ima, J- a(x)<|l//5|2 +|l//|2)|51//|2 dxdr +i2Ima, .[ a(x)Re(l//dl//(5t/7)2)dxdr+

t 't

+i2Rea, J a(x)lm(t//dt//(&?)2 )a’xdr =

't

: Oy 0O Oy 00
:—21.[a05v0(r)1m( 8? a;//jdxdr 21Ia05v1( )Re (GZ a;//jdxd —

Q &

—21’_[ a(x)5v0(r)lm((//5y7)dxdr—21'_[ a(x)&v1 (T)Re(l//5l/7)dxdz', Vte [O,T] . @4

HepBoe cjlaraeMoe JIEBOH 4YacTH 3TOr0 PaBC€HCTBA MOKEM Hp606p330BaTb CJICAYIOIUM

oGpasom:
i (ag_;/l LS + ag—;pL&//dedr =
:ig(% ag_xy/}d dr+j (a(x)lof Jasar. w1 e[o.7].
3ech yuNTBBAA HavATbHOC YCIOBHE W3 (4.3) W yCHOBHE, HTO 55"”8—(;’0) —0,¥xe(0.])
MOMYSHM CIIETYIONIEE PABEHCTEO:
i (ag—t‘”w;; + ag—tWL&//jdxdr =
= jao a&//a—ix’t)2dx+ja(x)‘6w(x,t)‘2dx,Vt e[0,7]. (4.8)
0 )

C npyroit CTOPOHBI BTOPOE CIaraeéMoe JIEBOM 4acTh paBeHCTBa (4.7) MOKEM HamucaTh B BHJIE:

. oSy 0*Sy 95 Sy ¢ 0 oy’
lg.!. a, (x,r)ao( PR + PR dxdt =l§‘!‘ aoa a,(x,7) r xdt —
dxdr,V1e[0,T]. (4.9)

851//
ox

_iJ- 4 oa, (x,7)

Oox

QZ
Y4uuTeiBas ’TO PaBEHCTBO M paBEHCTBO (4.8) B JeBoif yacTu paBeHCTBa (4.7) UMeeM:
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) 8al X,T 851,//
—|a,— dxd
Ja a[ (57) j i,
a1 x,7)a(x) ( jdxdr+
+2j.aO (v](r)+5v]( ) dxdr+ 2_[ T)+6v (7 ()c)|5l//|2 dxdt +
Q, Q,

2 2\|00y
¥2a,Ima, [ (lv,|" +ly/ )E
Q[ Ql
—\2
+2a, Reazjlm{wgw(%—wj ]dxdr+
o, ox
oy _ oy; Oy _ oy ooy
+2a0hna2IRe{( gf W5+, gf +a—fl//+!//—wj5l// }a’xdr+
Qt
oy _ oy; Oy _ Oy ooy
+2a0Rea2J'ImK al/;é W+ al/)/: +8_ZW+W8_ZJ&//—}MZT+
QK
+2aOIma2_[ReKaal//5 W+, al/l}é'_aé‘_'//}dxdz%
QZ

+2a,Rea, I ImKa‘//a Wty awj51/785_w}dxdr+
a ox X

+2Rea2J‘a(x)hn(l//gl//(&?)zl)dxdr =
Q

—2j a,6v,(7)Im @Z agijdxd —2 j a,ov (7 [a—"” 85—‘1’] dxdr —

-2 j x)6v, (7)Im (w67 ) dxdr -2 j 5v1( )Re(wdy7 )dxdr,Vt €[0,T].  (4.10)
B cuny xpaeBbix ycnoBwii (4.3) TpeThe cliaraeMoe JICBOM YacTH ATOTO PaBEHCTBA PaBHSACTCS

HyJt0. [I03TOMy M3 3TOro paBeHCTBA HETPYJHO YCTAHOBHUTH CIIPABELUIMBOCTH CIIyIyIOLIETO
HEpaBEHCTBA!

2
aoj‘ —Gé'l//(x,t) dx +'l[
0

0

ox

Imaz_[(|'/’5| +yf )

8a1 X,T

dxd T+

21ma, [ a(x)(w,[ +[w[ )| dxdz < a, |

Q)‘

85‘/4 dxdt +

Q
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oSy [
ox

dxdt +

00
+2I a(x)‘al (x,r)‘|5l//|‘a—;/l

Q

dxdr + 2a, I ‘vl (7)+6v, (T)‘
Ql

— 2
+2j a(x)w (7)+6v (2')‘|5w|2 dxdz + 2a,(Ima, +[Rea,|) I |t//5||w|‘55—l// dxdr +

QI
‘|‘//|j|5 |‘
|y/5|j|5l//|‘—w}a’xdr+

Ima2 +|Rea2| .[ |l//5||l//||5l//| dxdr +
Q,

dxdt +

+a, (Ima2 +|Rea2|) J'( o

Q

+2ao(1mat2 +|Rea2|)f[

Q,

|l//a

Vsl @_v'

ooy
ox

ooy
ox

51//
ax

6w
Oox

+2aoﬂ5v0 dxdt +
Qf

dxdz +2a0ﬂ5

+2J.a(x)|5v0(r)||l//||5z//|dxdr+2I |5v1 ||1//||5z//|dxdz',Vt e[0,T].
Q Q

Hcnonw3ys ycnoBue (2.5) u ycnoBus Ha KO3(h(UIMEHTHl YpaBHEHHsI, a TaK)Ke HEPABEHCTBO

2 2
2lw,|lv|<|vs , M3 IOCIIEJIHETO HEPABEHCTBA UMEEM:

tosy(x)[ ! o5y
ao'([ l//i ) dx+,u00 anlmazj(|w5|2+|w|2)6—)z/l dxdrt +
1
+E,uolmazj'(|l//a| +|1,y| )|51//| dxdz'< ,u5a0+2a0 I d dr +

Q, Q

Y ag—x‘/’h&//wxdﬂ 2ub, [ |8y dvdr+
Q, Q,

0 00
+ l//||l//|j|5l//|‘—l//}dxdf+

|%|j|5 |‘ }dxdz'+

+44, (Ima, +[Rea,|) I( W,

8x|

+2aO(Ima2 +|Rea2|).|‘(

QI
Oy || 0oy 61// ooy
+2a0£!:‘5v0( ) e +2a0H5 15| 5 |+
w24, [|6v, (2)|lw|| Sy | dxdr + 24 | |6v1 ||l//||6l//|dxdr,Vt el0,7]. (411
Q, Q,

Teneps OIlEHUM TpPEThE U UYETBEPTOE CjaraeMble NMPAaBOM YACTHU 3TOr0 HepaBeHcTBa. [lo
dbopmyIie TPEThEeTO M TPETHETO cllaraeMobIX U HepBeHCTBA Kommu-byHIKOBCKOTO nMeeM:

0 0
4aO(Ima2 +|Rea2|)J( 6Z§| V/||,//|J|5t//|‘
Ql

||‘//5
a—w‘ }der +
X

dxdt <

oy, ’
<2a,(Ima, +|Rea2|)£ﬂ o

Sy [ +|ws|
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851//

2
+2a,(Ima, +[Rea,|) { }xdr,w e[0,7], (4.12)
X

2a,(Ima, +|Reas) j( |‘/’5j|5 |‘ d <
Q,
<a, Irna2+|Rea2| j{ V| 8 sid }dxdt+
Q
+aO(Ima2+|Rea2|)J{a—Z/: Gyl +l,[F122¥ :ldxdr vie[0,7].  (4.13)
Q[

C moMoIIbI0 3TUX HEPABEHCTB M HEPBEHCTBA KOHII/I-ByH}IKOBCKOFO n3 HepaBeHCTBa (4.11)
MOJIyYUM CJIEYIOIIEe HepaBeHCTBO'

Loy (x,t
QOJ‘M dx+y0_ﬂ5l// X, t) aO Imazj(|t//5| +lw| ) dxdr+
0 Q,
1
+5,u0 Ima, J. (|l//5|2 + |1//|2)|51//|2 dxdt < (psa, +2aub, + w14, + 24, ) I —W dxdt +
Q, Q
+( ph +2b, +2;¢1)I|51//|2dxd2'+
QI
+3a0 Ima, +|Rea2| .[ —‘ |é'l//|2aixafr+3aO(Ima2 +|Rea2|)J|y/5 851// dxdrt +
Q, Q
+3a0 Ima, +|Rea2| I |§l//| dxdr+3a0(1ma2 +|Rea2|)j —W dxdr +
Q, Q
+a, ‘5\/0(1')2 a—wzdxdr +a, ‘5\/1(1)‘2 a—l/jzdxa’z'-i-
o, o, ox
+,ulﬂ5v0(r)‘2|t//|2 dxdt +/11.H5V1(T)‘2|l//|2 dxdr, ¥t €[0,T]. (4.14)
Q, Q,

Beuay Toro, uro .,y €W, (Q) n npocrpanctso W, () BIOXKEHO B NMPOCTPAHCTBO
L, (O, T, (0,1 )), a poctpanctso W, (0,/) Bnoxeno B npoctparctso L, (0,/) ¢ momouiso
onenky (3.1) u ee aHanOra A1 ¥ ; HETPYIHO YCTAHOBHUTH CIIPABEITUBOCTH HEPABEHCTB:

W, o S coslvill, o S - (4.15)

C spyroit CTOpOHBI BBy TOTO, W,W, €W, (Q) u mpocTpancteo W, (Q) BJIOKEHO B

IIPOCTPAHCTBO LZ(O,T;sz(O,l)), U3 COOTHOIICHUH %—W,%&ELZ(O,T ;Lw(O,l)) MOYXKEM
X X

YCTaHOBUTH CIIPABEIMBOCTD CIIETYIOMINX HEPABCHCTB:
oy oY

o <G ”'/’”W;J(Q) {F

L(0.T3L,(0.1))

<G ”‘/’6”W22~1(Q)

L,(0.T:L,,(0.0))

Otcrona ¢ nomotsio oteHku (3.1) u ee anasora s ¥/ ; UMeeM:
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oy

oy <cpl 2 <c,. (4.16)
X

X Ml 0.7z, 0.) L(0.13L.(0.)
B cuny onenok (3.1), (4.6) u nepaencts (4.15), (4.16) u3 HepaBenctBa (4.14) nmomyuum
CIPaBEITMBOCTH CIIEAYIOIIETO HEPABEHCTBA!

oSy (1)

ox

2
ooy dxdrt +

0 ox

+ 4, H&//(.,t) ‘Z(OJ) + %ao Ima, I (|l//5|2 +|l//|2)
L(0J) &

1
+5,u0 Ima, J. (|l//5|2 + |l//|2 )|51//|2 dxdr <

Q,

t

851// T 2
s ony 10 o )+ ] 2oy (7)
0

<c||o
G (” Yo o

dr, ¥t [0,T]. (4.17)

L,(04)
B CHJIy HCOTpHUUATCIIBHOCTU BTOPOIro, TPETHEro U UYCTBEPTOIO CllaraCMbIX HU3 3TOTO

HCPAaBCHCTBA NUMCCM:

2 2

0oy (..t tlloow (..t
0 % < e (Il oy H0E o )+ |2 arveefor)
1,(0.) 0 L(0.)
13 3TOr0 HepaBeHCTBA C JIeJICHUEM Ha d, U C IPUMEHEHHEM HEepaBEHCTBO I poHyoIL1a nMeeM:
2
ooy (..t
# <, (||5Vo||i(o,r) +|ov, io(o,r))’ vee[0,T]. (4.18)
Ly(0.)
Hcnonb3ys 3Ty OLEHKY U OLEHKY (4.5) yCTaHOBUM CIIPaBEUIMBOCTh OLICHKHU:
2
2 ooy (..t 2
o (-0, % < ¢, |0V, . Ve €[0,T]. (4.19)
Ly(0.4)
Wuterpupys oe sacti 5Toro Hepasenctsa 1o ¢ € [0,7] umeem:
[S07[} 1000 < €101 - (4.20)
C noMo11bI0 TEOPEMBI 0 ciieax (CM. [40] , ¢Tp. 170) mosryuum cripaBeINBOCTb OLIEHKH:
2 2 2
o (0], oy S (LN, 0y =i 16V 4.21)

[Mocrosiaubie ¢, > 0,c, > 0,¢,, > 0,¢,, >0 B orenkax (4.18)-(4.21) He 3aBHCAT OT OV .
Tenepb paccMOTpUM npupaiienne Gpyskupuonana J,(v) Ha moGom snemente velV . C

nomouibio popmyisl (4.1) numeem:

5J,(v)=Jy(v+v)—Jy(v) = 2ﬁ0.1|CRe[(1//(O,t)— ¥, (t))§y7(0,t)]dt +

T
+28, j Re[ (w (1,6) =3, (1)) 8w (1.t) e+ i [y (0..)], o A0 (1) o 422)
Hcnone3ys oneHky (3.1) HETpyAHO yCTaHOBUTH CIIPaBEAIUBOCTh HEPABEHCTBA:
2 2
Jw(0..) Lo +w (2..) Lony S Gz (4.23)

N3 dopmynsr (4.22) mpumeHnssi HepaBeHCTBO Kommu-ByHSIKOBCKOTO M HCTONB3YS OIEHKY
(4.21), a Taxke HepaBEHCTBO (4.23) MoJy4uM CIIpaBeIMBOCTh HEPABEHCTBA:

[0, (V) e (v, +ov; ). wv e (4.24)
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W3 5TOr0 HepaBeHCTBA CIEAYCT HENPEPBIBHOCTH (QyHKUMOHANa J (v)Ha MHOXecTBe V.

MuoxecTtBo V siBisieTcss  3aMKHYTBIM ~ OTPAaHUYCHHBIM U BBIMYKIBIM  MHOKECTBOM
npocrpanctea B =L (0,7)xL,(0,7). HeTpynHo mokasaTh, 4TO OHO SIBISETCSA 3aMKHYTHIM

OrPaHMYEHHBIM U BBIIYKJIBIM MHOXXECTBOM PaBHOMEPHOTO BBINYKIOTO IIPOCTPAHCTBA
H=L,(0,T)xL,(0,T) [41]. Torma B cuminy cHOPMyIHPOBAHHOIO —BBIIE —YTBEPHKICHHS

HEBBIMYKJIONH ONTHMHU3alld M3 pabOThl CYIIECTBYET IUIOTHOE NOAMHOXecTBo G U3
pOCTpaHCTBa H TakKoe, 4To IpH JroboM @ € G u npu mobom « >0 3agada ONTUMAILHOTO
ympasieHus (2.1)-(2.4) umeer enuHcTBeHHOE perieHue. Teopema 4.1 nokasana [39].
Tenepp JOKa)keM TEOpeMy O CYLIECTBOBAHMM pEIICHUs 33Jayd  ONTHUMAaJIbHOIO
ynpasienus (2.1)-(2.4) npu a 20.
Teopema 4.2. [1ycTh BBINOJHEHBI YCIOBUS TeopeMbl 4.1. Toraa mpu modboma =0 wu
mo60oM @ € H 3amava ontumanbsHoro yrpasieHus (2.1)-(2.4) wmmeet xoTs ObI OJTHO pELICHHUE.
JlokazartenbcTBo. Bo3pMeM 1100yl0 MHHMMM3UPYIOUIYIO I10CJIEI0BATEIbHOCTD

{vk}cV: lggja(v"):Ja*:iana(v). [onoxuM y, =l//k(x,t)51//(x,t;vk), k=L12,.... B cuny

vel’

Teopemsl 3.1 pu kaxom V' €V pexynupoBaHHas 3amaua (2.2)-(2.4) MMeeT eMHCTBEHHOE
pemienue v, (x,z) U3 NPOCTPAHCTBA B, U JUISA 3TOTO PENIEHHs BEPHA OLIEHKa:

szZ»O(Q) +||¢”:V2‘(0,1) +||f||;/21»°(9)) k=12,.., (4'25)

vl < oo+

rJIc IpaBas 4acTh OICHKH HE 3aBUCHT OT K .
[TockoybKy MHOXKECTBO ¥ €cTh OrpaHMYeHHOE MHOXKECTBO OaHaxoBa MPOCTPAHCTBA
B=L, (O, T )xLOO (O, T ) , TO W3 IMOCIENOBATENbHOCTU {vk} ¥V MOXHO W3BJIEYb TaKylO

HOJIOCIIEI0BATEIBHOCTD {an}, KOTOPYIO JUIsl TPOCTOTHI U3JI0KEHHsSI CHOBA 0003HAYMM depe3
{v’f } , 4TO
k
vy > v,,s=0,1 (*) cmaboB L_(0,7), (4.26)

npu k — oo . Kpome toro, V' sBIsieTcst 3aMKHYTHIM BBITYKJIBIM MHOX€ECTBOM K3 B . [TosTomy
V' ecth (*) cnabo 3aMKHYTOE MHOXECTBO, TO €CTh V€V .
W3 ouenku (4.25) ciemayer, 4TO MOCIEIOBATEILHOCTh {1//k (x,t)} PaBHOMEPHO

2,1 )
OrpaHHuYeHa B HOpME IpocTpaHcTBa W)~ (Q) . Torga u3 3TON MOCIEA0BATENBHOCTH MOKHO

H3BJICYDL TaKYIO TOATIOCTICA0OBATCIIbHOCTD {l//k (x, t)} , KOTOPYTO JJId ITPOCTOTHI U3JTIOKCHHS CHOBA
»

obosnaumm uepes {w, (x,t)}, uro

y, >y cnabo B L,(Q); (4.27)
Wi , Y cnago s ;
- —— L Q ) 4.28
x o (%) (4.28)
Oy, Oy :
sz_)y cnabo B L, (Q); (4.29)
Wi L cnago s L(Q) (4.30)
ot ot

npu k — 0,
SICHO, YTO KaXK/IbIi AJIEMEHT {'//k (x,z)} us W, (Q) yIIOBJICTBOPSIET TOXKIIECTBY:

.0 0’ . 0
E[(z%+ao a;/;" +ia, (x,t)%—a(x)l//k +
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(O + 0 (O, +aslwi [ v = £ (0))7 (1) dde  =1,2,... (4.31)
s moboit dynkuun 7 =7(x,) U3 L,(Q), Ha4aIbHOMY yCIOBHIO:
v, (%,0)=0(x), Vxe(0.0),k=12,.. (4.32)

U KPaeBbIM yCIIOBUSM:
oy, (0,) 0w, (Lt)
& ox
B cWly KOMIAKTHOCTH BIOXeHHs mpoctpanctsa W, (Q) B L, (Q) U CUILy

—0,V1e(0,T)k=12.... (4.33)

MpeAeNbHBIX cooTHOIIeHUM (4.21)-(4.24) umeem:

lvi =¥l 0 =0 > (4.34)

npu k —>oo. Hcnonws3dys 310 M mpenenbHoe cooTHouienue (4.20) MoXKeM yCTaHOBUTh
CIIPaBEIJIMBOCTh COOTHOIICHHI:

J.vf ()y, (x,2)7 (x,1) dxdt — J.vs (t)y (x,0)7 (x,t)dxdt,s =0,1, (4.35)

Q
st 1000# a QYHKLIMK e L, (Q) upHu k — 0. JIeHCTBUTENBHO, MOKEM HAIUCATH CICAYIOLINE

pPaBEHCTBA:
J.vf (t)wk (x,t)ﬁ(x,t)dxdt = Jvf (t)(wk (x,t)—l//(x,t))ﬁ(x,t)dxdt +

Q Q
+J.(vf (t) -V, (t))l//(x,t)ﬁ(x,t)dxdt + J.VS (t)l//(x,t)ﬁ(x,t)dxdt,s =0,1. (4.36)
Q Q
CHayaia PACCMOTPHUM IICPBOC ClIaracMoce HpaBOﬁ 4JaCTH 3TOr0 paBCHCTBA:
J.vf (t)(wk (x,t) —y/(x,t))ﬁ(x,t)dxdt < “vf (t)”t//k (x,t) —l//(x,t) |77(x,t)
Q

Q
< ”V:{ L,(0.7) "77”1”_(9) ”l//k _l//”Lz(Q) <b, 77"L2(Q) ”lf//k _l’//”[,z(Q) $=0,1,Vnel, (Q) : (4.37)

C yuerem mpenenbHOro cootHouieHus (4.34) eciu nepexoauTh K Mpeaety B 000MX YacThsIX
STHX HEPABEHCTB MPU Kk —> 00 MOJYYHM CIPABEITUBOCTD MPEACTbHBIX COOTHOIICHHUH:
Ivf ([)(l//k (x,t) —W(x,t))ﬁ(x,t)dxdt —0,s=0,1,Vnel, (Q) . (4.38)
Q
Tenepb paccMOTPUM BTOpOE cllaraeéMoe IMpaBoil yacTu paBeHCTBa (4.36). fcHo, 4TO

dxdt <

1
bynxuus g(t)= jt//(x,t)ﬁ(x,t)dx npunazexur npocrpanctey L (0,7). Jeiictaurensho,
0

u3 yenosuit y € L, (Q),n € L, (Q) n nepasencrsa Kommm-ByHsIKOBCKOro moIydiM:

el o~ \g(f))dt:iiW(xat)ﬁ(xaf)dX}dtSii\w(x,t)ﬁ(x,t)wxdts
<|w < +40.

L(Q)

C yuereMm 3TOro U MpeneiabHbIX COOTHOIIEHUH (4.26) HETPYIHO MOJYYUTh CIPABEIUBOCTh
CIEYIOIIUX IIPENEIBHBIX COOTHOLLICHUN:

I(Vf (£)—v, (t))(//(x,t)ﬁ(x,t)dxdt —0,5=0,1,VneL,(Q) npu k— o . (4.39)

Q
C nomomipio npeaensHbIX cooTHOIIEeHUN (4.38), (4.39) u eciiu mepexouTh K Mpeieny B 00enx
4acThsAX paBeHCTB (4.36), TO OTTyJa MOJIYYHUM CIPABEAIUBOCTD MPEAEITbHBIX COOTHOIICHUIN
(4.35).

Teneps noKaxkeM clieyroniee NpeIeaIbHOE COOTHOIICHHE:
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Ja2|wk (x,t | v, (x,0)7(x, z‘)dxdr—{l‘a2 |l// (x,7) | w (x,t)77 (x,t)dxdt - (4.40)
Q
s moGoit Gynkumn  n=n(x,¢) u3 L,(Q). B cuty npenensroro coornowenus (4.34) u3

MOCIIEI0BATEIHHOCTH {z//k (x,t)} MOJKHO BBIJICIUTH MOAMOCIEI0BATEILHOCTD, KOTOPYIO JIJIst
obmmoctn GysieM cHoBa 0603HaTHTh Hepes {w, (x,¢)}, OyaeT cxomuThes MOUTH Beroy B (2,
TO €CTh UMEET MECTO CJIEAYIOIIee MPEACIbHOS COOTHOIIICHHUE:

v, (x,t) >y (x,t) s mouru Beex (x,1)eQ. (4.41)
C o1pyroil CTOpPOHBI, B CHJIy BIJIOXEHHH IpOoCTpaHCTBa Wf’l (Q) B IPOCTPAHCTBO
L, (O, T;W, (O,l )) U MIPOCTPaHCTBA Wzl (O,l ) B IIPOCTPAHCTBO L (O,l ) , @ TAK)Ke OLIeHKH (4.25)
HETPYJHO YCTaHOBUTH CIIPABEIJIMBOCTh HEPABECHCTRA!

a,|w, (x,t)|2 v, (x,t)rdxdt < |a2|J.|z//k (x,t)|6dxdt <

2
a v, (%0 v, (x,t)H < j

<Tialpal,

< Cia ”‘//k (OTWZ(O 1)) - ClS ”l//k W21( )~ C]6:k 1 2 (442)

31ech MOCTOsIHHAS €5 HEe 3aBUCHT OT k . Toraa u3 cootHowenuii (4.41), (4.42) B cuity JieMMBI,

U3BECTHOM U3 paboThl [25, ¢.530-531]mony4nm cripaBeATMBOCTh MPEAEIbHOTO COOTHOIIECHUS
(4.40).

Takum o0pa3oM, ucnonb3ys npenenbHble cooTHomenus (4.27)-(4.30), (4.35), (4.40) ecnu
HEePeXOUTh K Tpelesly B HHTErpajibHOM ToxaectBe (4.31), To mpu Kk —© momydum
CIPaBEIMBOCTD CJIEIYIOIIET0 HHTErPaIbHOTO TOXKIECTBA:

[[1% 0 2 i () 2 aloo

Q
v, (O +in (Y + syl v = £ (x,0))77 (3ot ddr (4.43)
s moGoi dyHkumu 77 =7 (x,t)u3 L,(Q). OTcrona cienyer, 4to npenenbHas GyHKIms v (x,t)

JUTA TIOYTH BCeX (x,7) €Y Y/IOBIETBOPSET ypaBHEHHIO (2.2).
B culy KOMIAKTHOrO BIOXCHHMs —mpoctpanctsa W' (Q)B  mpocrpaHcTBO

C° ([0, T],L,(0,! )) MOYKeM HAMKCaTh CIIeAyIoliee IpAeTbHOEe COOTHONIEHHUE:
H‘//k ("t)_l//("t)HLz(O,l) —0 (4.44)

paBHOMepHO oTHOCHTENbHO ¢ €[0,T ]| npu k — .
VY 10BiE€TBOpEHNE HAYAJIBHOIO YCIOBUS CIEAYET U3 MPeesIbHOr0 COOTHOIIeHus (4.44)
npu ¢ =0, HavaneHOTO ycnoBus (4.32) u u3 cne;lylomero HepaBeHCTBa:
||W("O)_ L,(04) = ”l//( O l//k ”14(01 +||l//k _(p”g(o,l) ’
JIelicTBUTENLHO, €CITH C yYeTeM MPeebHOT0 cooTHOIIeHus (4.44) ipu ¢ =0 u ycnosus (4.32)

€CIIM TIEPEXOIUTh K TIpeey B 00eHX YacThsX 3TOTO HEPABEHCTBA, TO MPU Kk — 0O MOIydInM
CIIPaBEIMBOCTH COOTHOLLIEHUS:

”l//(',O) - (0”1,2(0,1) =0
Orcrona ciesyer, 4To npeienbhas GyHKuns y(x,1) HavanbHOMY yCnoBHio (2.3) JUlst oYTH

BCEX X E (O,l).
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Haxkomner, nokaxxem, 4to npeaenbHas QyHKIUs 1//(x,t) YAOBJIETBOPSIET BTOPHIM KpPaeBbIM

ycnoBusM (2.4). JleiictBurensHo, B cuity JieMMbl 3.4 paboTsl [ 25, ¢.98] u ycrnoBwus, 4To
TIO/IIIOCIIE0BATELHOCTh {1//k (x,t)}HpI/IHaI[JIe)KI/IT npoctpancTy W' (Q), Moxem

YTBEPKAATh CIIPABEATUBOCTD MPEAETbHBIX COOTHOIICHUIA:
ow, (s,t) oy(s,1)
%
ox Ox
npu k — oo, Torma, UCHONB3ysl ATH MPEACIIHBIE COOTHOIIEHUST M KpaeBble yciaoBus (4.33), uz
PaBEHCTB:

]'al//(s’t)_(t)dt _ j[al//(s,t) Oy, (S’t)},_(t)dt+ }a‘/’k_(s”)ﬁ(t)dt,s =0,/

ox 0 ox ox Ox
C MEPEXO0/IOM K TIPEJIENTy MOJYYHM CIIPABEITUBOCT KPA€BbIX YCIOBHUIA:
oy (0,¢) ow(Lr)

Ox Oox
Takum 00pa3om, HAMH JI0Ka3aHO, YTO MpeaenbHas (yHKIHS t//(x,t) SIBJISIETCSI PELICHUEM

,s =0,/ cmabo B L,(0,7) (4.45)

0

—0.Vr(0.T).

penyuupoBaHHOM 3a1a4u (2.2)-(2.4), COOTBETCTBYIOIIUM NpeenbHoN GyHKIMH v € V', TO ecTh
w =y (xt)=y(x,t;v) . Kpome ToOro, as sroit Gpynkumu cnpasemmpa ouenka (3.1), koropas

HEIOCPEICTBEHHO CJIEYEeT U3 OLEHKH (4.25) ¢ mepexoaoM K Mpeaeity Mo cjiado CXOAsIuecs
MOJIIOCIIEIOBATEIIEHOCTH {.//k (x, t)} B cumy teopembr 3.1 Takoe pemnieHHE €IMHCTBEHHO

NpUHAINIEKAT TIPOcTpancTey W, (Q) Hcnonp3ys cnabyro MOIyHENPEPbIBHOCTb CHU3Y

HOPMBI IPOCTPAHCTB L, (0,7),H , a TAKXKe MPEIeIbHbIC COOTHOICHHS:! v —>v ,m=0,1 c1ado B

L(0,T), w(s,.) >w(s,.),s=0,/ cumeHO B L,(0,T) 1pu k —> o ana Va >0 u Vo H umeem:
< <l ) =i =

Jr<J,(v)<limJ, (V) =infJ, (v)=J

a* — a*

k—©
Ortcrona cienyert, 9yTo vV €V sBIseTCS pelieHneM 3aJa4d ONTUMAIbHOTO ynpasieHus (2.1)-
(24)npu a>0 u Voe H . Teopema 4.2 nokazana.
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ON THE EXISTENCE OF A SOLUTION TO THE OPTIMAL CONTROL PROBLEM
WITH A BOUNDARY FUNCTIONAL FOR A NONLINEAR NONSTATIONARY
SCHREDINGER EQUATION WITH A SPECIAL GRADIENT TERM

Gabil Yagub

Natig Ibrahimov

Tuba Ulker

Lankaran State University, Lankaran, Azerbaijan
Kars Kafkas University, Kars, Turkey

In this work, the problem of optimal control is considered for a nonlinear non-stationary one-dimensional
Shredinger equation with a special gradient term and a complex potential, when the quality criterion is an integral
over the boundary of the domain, and the role of control is played by the bounded measurable coefficients of the
equation, i.e., the real and imaginary parts of the complex potential, which depend only on the time variable. The
existence and uniqueness theorems for the solution of the considered optimal control problem are proved.
Keywords: nonlinear schredinger equation, optimal control problem, gradient term, complex potential

XUSUSI QRADIENT HODLI QEYRIi-XOTTi QEYRI-STASIONAR SREDINGER
TONLiYI UCUN SORHOD FUNKSIONALLI OPTIMAL IDARODETMO
MOSOLOSININ HOLLININ VARLIGI HAQQINDA

Qabil Yaqub

Natiq ibrahimov

Tuba Ulkar

Loankaran Dovlat Universiteti, Lonkoran, Azarbaycan
Qars Qafgaz Universiteti, Qars, Tiirkiya

Bu isds keyfiyyat kriteri sarhad funksionali olan xiisusi qradient hadli vo kompleks potensialli gqeyri-xatti geyri-
stasionar bir 6l¢iilii Sredinger tonliyi {igiin optimal idaroetme mosalasine baxilmigdir. Burada idaraetmalor rolunu
tonliyin mohdud 6lgiilon amsallari, basqa sozls, zaman doyigonindan asili kompleks potesialin haqiqi ve xayali
hissalori oynayir. Bununla baxilan optimal idarsetmo masalasinin hallinin varlig1 va tokliyi tiglin teoremlor isbat
edilmigdir.

Acar sozlar: qeyri-xotti sredinger tonliyi, optimal idaroetmo mosaloasi, qradient hadd, kompleks potensial

Daxil oldu: 08.07.2025 Cap edildi: 15.12.2025

45



Elmi xabarlor jurnali Lonkoran Dovlst Universitetinin
motbassindo ¢ap olunmusdur

Yi1gima verilmisdir: 08.07.2025
Capa imzalanmisdir: 15.12.2025

Kagizin formati: 60 x 84%
Cap varaqi: 6.25 c.v., tiraj: 100

Unvan: Az 4200, Lonkoran sohari, General Hozi Aslanov xiyabani 50
e-mail: elmi_meqale@lsu.edu.az
www.lsu.edu.az


mailto:elmi_meqale@lsu.edu.az
http://www.lsu.edu.az/

