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Isdo riyazi anlayslar, tokliflor vo isbatlar, eloco do riyazi miihakimolorlo bagli masoalolorin
todris metodikast baximindan xarakterik xiisusiyyotlori arasdirilmis, baxilan masalolorin totbiqi
imkanlari ilo bagli arasdirmalar aparilmis, imumilosmalr verilmisdir.

Riyazi anlayis. Riyazi “anlayis” termini fikrin miioyyon cismlor, predmetlor, proseslor,
miinasibatlor sinfinin suratlorinin, obyektiv realliglarin, obyektiv gercokliklorin vo ya bizim dork
etdiklorimizin naticasinds dorketdiklorimizin ifads edilmosi mogsadi ilo istifado edilir (torif
formasinda).

Aydmdir ki, riyazi tofokkiiriin (imumiyyotlo tofokkiiriin) montiqi baximdan ii¢ formasi
vardir ki, bu formalar agagidakilardir:

a) anlayis;

b) miithakimo;

C) aglinaticagixarma.

Obyektlor biri-birindon miioyyon xiisusiyyatloring, xassolorino vo olamaotlorino  goro
forqlonirlar. Tadqiq olunan obyektlorin xassalorini  fordi vo imumi xassalors ayirmagq olar.

Obyektlorin timumu xassalori forqlondirici vo forqlondirici olmayan ola bilor. Obyektin
imumi xassasi mithiim xassa olarsa, onda o forqlondirici xasso adlanir.

Anlayis Oyronilon obyektin miithiim (farqlondirici) xassalorinin inikas olundugu tofokkiir
formasidir. ©gor anlayis real alomdo mdvcud olan obyektlorin inikasindan ibarotdirsa, onda homin
anlayis diizglin anlayis adlanir. Hor bir anlayis1 mozmun vo hocmine gora xarakterizo etmok olar.
Anlayisin biitiin miithiim (farqlondirici) xassolarinin kiilliisii onun mozmunu adlanir.

Anlayisda tomsil olunan obyektlor kiilliisii onun hacmini ifads edir.

Masalon “paralelogram” anlaiginin mazmununu asagidaki miihiim xassslor
toskil edir:

1) qars1 toraflorin borabarliyi,
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2) gars1 bucaglarin boraborliyi,
3) diagonallarin kasisma ndqtasinds har bir diaqonalin yartya boliinmasi va s..

“Paralelogram” anlayisinin hacmini iss asagidaki fiqurlar toskil edir:

1) paralelogramlar;
2) romblar;

3) diizbucaqlilar;
4) kvadratlar.

Anlayisin hacmi onun mozmununu birqiymaotli miioyyon edir vo torsino. Anlayisin hocmi vo
mozmunu arasinda bir név “tors” slaqe vardir: agor anlayigin mozmunu artarsa, onun hocmi azalar
Vo torsing, anlayisin mozmunu azalarsa, onun hocmi artar.

Maosolon, iimumilogdirms zamani anlayisin hacmi genislonir, mazmunu iso daralir. Lakin
xiisusilosdirmo zamani anlayisin hocmi daralir, mozmunu iso genislonir. Anlayisin mozmunu vo
hocmi arasindaki gostarilon asililiq o zaman dodru olur ki, mozmunun doyismasi prosesi zamani bir
anlayisin hocmi digor anlayisin hocminin altgoxlugu olsun.

Ogor bir anlayisin hocmi ( h1 ) o biri anlayisin hocminin ( hz ) altgoxlugu olarsa, onda ikinci
anlayis birinci {islin cins anlayis, birinci is9 6z ndvbasinds ikinci {igiin ndv anlayisi adlanir.

Maosalon, romb paralelogram anlayisina nazaron ndv, 6z ndvbasinds paralelogram iss romb
anlayis1 li¢iin cinsdir.

Anlayisin formalaagmasinda onun soézlorlo vo ya simvollar vasitosi ilo ifado olunmasi
zoruridir.

Elm vo texnikanin miioyyon anlayisini birqiymotli ifado edon séz elmi termin adlanir.
Moasalan, “romb” sozii elmi termindir.

Anlayisin mozmununu tosvir etmak ticlin onun miihiim xassalorini géstormak lazimdir. Bunu
anlayisin torifindo gostorirlor. Anlayisin hor biri ayriliqda zoruri, hamist birlikds kafi olan biitiin
olamatlorinin (xassalorinin) alaqgoali ciimlolor soklindo
tosviri (ifadesi) anlayisin torifi adlanir.

Anlayisin torifindo artiq s6z olmamalidir.

Qeyd olunmalidir ki, anlayisin torifi isbat olunmur. Anlayislarin toriflori miixtolif iisullarla
verila bilar.

1. Yaxin cins vo ndv forqinin gostorilmasi ilo anlayisa torif asagidaki sxem
izro verilir:

Ar={xxe AAPX)INAL1= D,

Ao ={xxe AA P(X)}r A=,

AiN A=, A1 A=A olarsa,

A1(A2) anlayst A anlayisna nozoron név, A anlayisi iso A1(A2) anlayisina nozaran cins
anlayis adlanir (burada P miioyyon xassadir).

Yaxin cins vo nov forqinin gpstorilmasi ila verilon torifo misal gostorak :

“Diaqonallar1 barabar olan paralalograma diizbucaqli deyilir” . Burada yaxin cins — paralelogram,
nov forqi — diaqonallarin barabar olmasi, termin iss diizbucaqlidir.
Yuxaridaki sxemo uygun olaraq yazsadq:

A= {paralelogramlar ¢coxlugu},

A1= {diaqongllqr1 barabar olan paralelogramlar ¢oxlugu},

P= “Diaqramlarin barabor olmas1”.

Yaxin cins ndv forqinin gostorilmasi ilo verilon toriflor asagidaki konkret formalarda ola
bilar:



1) obyektlorin xrakterik olamotlorini gostormaklo onlara verilon toriflor;

2) inkar edon toriflor;

3) konstruktiv vo rekursiv tariflor.

Bu formalarin har birinde mantiqi bagliliglardan ( vo, va ya) istifade oluna bilor. Ona goro
da orta moktabin riyaziyyat kursunda konyuktiv va dizyunktiv tariflor do forqlondirilir.

Qbyektlors onlarin xarakterik alamatlorini géstormoklo verilon toriflors aid bir
misala baxaq: “Qars1 toroflori ciit-ciit psrslel olan diiz xottlor {izorindo yerlogon dordbucaqli
paralelogram dordbucaqli paralelogram adlanir”.

Bu torifda:

cins - dordbucaql;

nov farqlari— bir ciit qars1 torafin paralel olmasi vo o biri ciit qars1 torafin paralel olmasi;

termin — paralelogramdir.

Digor torafdon, bu torifds nov forgleri montiqi “ve” baglayicisindan istifade
olunmagqla birlogdirildiyindon o hom do konyuktiv torifdir.

Basqa bir misal gostorak: “Moxraclori suratindon kicik olan vo ya moxraclori suratlorine
borabor olan kasrlor diizgilin olmayan kasrlor adlanir”.

Bu torifdo:

cins— adi kasr;

nov forqlori-moxraci suratindan kigikdir vo ya moxraci surating barabordir;

termin- diizgiin olmayan kosr.

Bu torifdo nov forglori montiqi “va ya” baglayicist ilo birlosdiyindon o dizyunktiv torifdir.
Inkar edon torif tosvir etdiyi obyektlorin xassalorini yox, bu obyektlords olmayan xassalori tosvir
edir. Masalon, “Bir miistovido yerlosmoayon vo ortaq ndqtasi olmayan diiz xottlor carpaz diiz xattlor
adlanir”.

Bu torifdo:

cins — diz xottlor;

nov farqlari-bir miistovido yerlosmomak va ortaq noqtays malik olmamaq;

termin — ¢arpaz diiz xattlor.

Bu torif hom do konyuktiv torifdir.

Konyuktiv vo rekursiv torifdo obyektin xassolori onun konstruksiya olunmasinin tosviri ilo
gostorilir. Bagsqa s6zlo, ndv forqlori omallor vasitasi ilo verilir.

Mosalon, “y = kx+ b soklindo gostorilo bilon funksiya xotti funksiya adlanir, burada &k va b
molum adadlar, X iso sorbast doyisondir”.

Bu torifda:

cins — funksiya;

nov farqlori— X sarbast doyison va k vo b malum oadadlor;

termin— xotti funksiyadir.

Obyektin qurulmasi (konstruksiya olunmasi) iigiin tolob olunan omallor
miixtolif formalarda verilo bilor. Bels ki, pekursiv torifdo miioyyon bazis obyekti vo
bu xassali yeni obyektlori qurmaga imkan veran qayda verilir.

Mosalon, "odadi ardicilliqda ikincidon baglayaraq hor bir hadd 6ziinden
ovvalki hadls bu odadi ardicilliq {igiin sabit olan bir ododin hasilino barabor olarsa,
onda bu odadi ardicilliq hondasi silsilo adlanir” :

an=an1°¢, N>2.



Hor bir anlayis miioyyon obyektlor sinfini 6ziindo birlosdirir ki, bu xilisusiyysto anlayisin
hacmi deyilir.
Maosalon, “ilicbucaq” anlayisi.
Anlayislr iki yers ayrilir:
1. Tlkin anlayislar:
a) torifi verilmoyan va ya torifi verilo bilmoyon anlayislar;
b) ilkin anlayislarin vasitosi ilo formalasdirilan (toriflori verilon) anlayislar.
Ilkin anlayislara misal olarag---- noqto,diiz xott (Evklidin 6z hondesosindo), miistovi,
istiqgamot, komiyyat, coxluq vo s. gdstormok olar.
2. flkin anlayslar vasitesi ilo formalagdirilan anlayislar.
Toriflori verilon (diizeltmo) anlayislara aid olaraq elo moktob riyaziyyatinin 6ziinden do kifayot
godor mosallar gotirmok olar — parga, romb, téroma vo s..
Anlayislarin verilmasinds iki formani (pilloni) geyd etmok olar:
a) hissi (duygulu) ;
b) montiqi.
(c) intellektual — intuitiv--- (xiisusi forma).
Qeyd edok ki, riyazi anlayiglar miicorrad anlayislardir vo bu mogsodlo miicorradlikls,
miicorradlosdirmo v. s.ibagli olaraq otrafli malumatlarin verilmosi daha da shomiyyatli olardi.
Yekun olaraq qeyd olunmalidir ki, anlayislar toriflorlo verilir vo har bir torif torifi verilon
anlayigin on azi bir xassosini 6zlinds oks etdirmoalidir. Masalon;
Romb, miiddea, ¢oxluglarin birlogmasi va s..
Anlayislarin verilms formalar:
Anlayislarin yazi il verilmasi. Burada torif vo s. Nozords tutulur.
Anlayislarin cadvallar va s. ilo verilmasi: Tabiidir ki, bu forma ils hor birimiz
tanis oldugumuzdan, slavs izaha ehtiyac yoxdur.
Anlayislarin simvolik olaraq verilmasi: ), f, Z , m[ .+, \ vas..

Anlayislarin diisturlar vasitasi ilo (formullarla) verilmasi:
B={x/xeAAP(X)} = A(X) A P(x).

) .c':}XUd,K:{iX/XEN, x =2k -1},
Anlayislarin tolimedici xarakteri:

Bununla bagli olan agagidaki izahat daha olverislidir:

Kvadrat-- bucaglari diiz olan romb.

Romb -- garsi bucaqlar vo toraflori barabar olan paraleloqram.
Paralelogram— qars: toraflori paralel olan dordbucaql .
Doérdbucaqli— dord torofi olan goxbucaqli.

Coxbucaqli— qapali siniq xatlorlo mohdud olan miistovi hissasi.
Fiqur — Miistavi tizorindoki ndqtalor soxlugunun hondosi yeri.
Anlayislarin verilmasinda asagidaki prinsiplor gozlonilmolidir:
a) asyoavilik prinsipi — iicbucaq, coxlugq, ...

b) birqiymeotlilik prinsipi— siia, parca, bucaq va s. isars olunmasi.

Hondosi fiqur Komiyyat Komiyyatin qiymati
1. AB pargasi AB parg¢asinin uzunlugu AB pargasinin odadi
qiymati
Isarolomo: Isarolomo:




[ Ab ] |Ab|=4cm 4
2. ABC bucag ABC bucaq komiyyati ABC bucaq kamiyyatinin
adadi qiymati
Isarolomo: Isarolomo:
Z ABC £ ABC =60° 60

Anlayislarin  mahiyyat ina va digar forqlondirici olan forma va xiisusiyyatlorino gors
verilma tisullar::
Anlayislar forqgli va ya qohum anlayislar vasitosi ilo verilo bilor.
Masalan; "Torif: Bucaglar diiz olan romba kvadrat deyilir'". Burada
kvadrarin torifi ona "*gohum’ olan romb vasitasi io verilmisdir.
Genetik tisulla verils bilor.
Masolon; "Tarif: Miistavi iizorindd, marksz adlanan néqtadon eyni (barabar) uzaqhqda duran
noqtalor ¢oxlugunun handasi yerina cevra deyilir". Burada handasadon bizs tanis olan "“fiqur"
anlayisindan, hondosi yer anlayisindan istifado olunur ki, mohz elo bunlar da kokiin, genetik
xiisusiyyatin saxlanilmasini gostorir.
Induktiv iisulla verila bilar. ( ©dadi silsile, rekurent diisturlar vs s..).
Miicarrad formada verilod bilar:

Natura| adad ~

Sado miirokkab Vahid

Digor bir misala baxaq: Verilon néqtoys simmetrik ndqtonin qurulmasi.

Riyazi tokliflor.

Riyazi tokliflore misal olaraq asagidakslar1 geyd etmok daha dorkedilon olardi:

«atb =Dbta»,

Miiddealar mantiqindon misallar.

dnatural x ododi vardir ki, x <5.

Miixtasor vurma eyniliklori va s...

Tofokkiirds anlayislar biri-biri ilo slaqade olur vo anlayislarin olagolari tokliflor vasitasi ilo
ifads olunur.

Riyazi tokliflorin asagidaki névlori forqlondirilir: aksiomlar, teoremlor va qaydalar
(algoritmlar).

Axcuomlar dogrulugu dark olunub, basa diisiilon va isbatsiz qobul edilon riyazi tokliflordir.
Masalon, “Miistovinin iki miixtalif ndqtosindon yegans diiz xott ke¢irmok olar”.

Riyazi nazariyyslar qurularkon ilk anlayislar, ilk miinasibatlor, aksiomlar sistemi va natico
cixarmaq qaydalar1 qabul edilir.

Aksiomlar sistemi ziddiyyatsiz, asili olmayan vo tam olmalidir.

Ogor verilon aksiomlar sistemindon bu sistemlo qurulan nozoriyyoys aid olan eyni bir
toklifin hom dogru, ham do yalan olmas1 alinmirsa, onda aksiomlar sistemi ziddiyyatsiz adlanir. 9ks
halda aksiomlar sistemi ziddiyyatli adlanir.

Ogor aksiomlar sisteminin he¢ bir aksiomu bu sistemin yerds qalan
aksiomlarindan natico kimi alinmirsa, onda verilon aksiomlar sistemi asili olmayan
adlanir.



Aksiomlar sisteminin tamligi dedikds bu sistemls ifado olunan bilon
istonilon toklifin dogru va ya yalan oldugunu isbat etmoyin miimkiin oldugu basa diisiiliir.

Dogrulugu isbat olunan (esaslandirilan) riyazi tokliflore teorem adlanir. Yaxud belo do
soylomok olar: Isbata ehtiyaci olan toklifo teorem deyilir.

Alqgoritm (qayda) dedikdo qarsiya qoyulmus mogsado ¢atmaq vo ya qarsiya qoyulmus
mosaloni hall etmok {iciin miioyyon ardicilligla yerino yetirilon omoal vo ya omollor kiillisi basa
diisiiliir.Moktob riyaziyyati kursunda alqoritm vo qaydalar soxdur. Masalon, natural adadlorin sado
vuruqlara ayrilmasi qaydasi; kosrlorin on kigik ortaq moxraco gotirilmosi qaydasi va s..

Algoritmlora qoyulan toloblorin on mithiimlori agagidakilardir:

1) alqoritmi yerins yetirdikdo homiso konkret natico alinmalidir;

2) alqoritm sads vo aydin olmalidir;

3) alqoritm sonlu sayda addimlardan (omal vo ya omoaliyyatlardan) ibarst olmalidir vo s..

Mosalon, ax = b soklinds olan tonliyin halli alqoritmini yada salaq:

1) ogor g (Qiso,o0nda x=%

2) agor a = 0 vo b = 0 is9, onda istonilon adad haldir; 3) ogera =0 va isa,

onda tonliyin halli yoxdur.

Asanligla yoxlamagq olar ki, bu alqoritm yuxaridaki toloblorin har birini 6doyir.

Qeyd edak ki, riyazi takliflorin asagidaki novlori vardir:

--teorem;

--aksiom;

--postulat;

--digor tokliflor.

Isbatlar. Isbatlar mahiyyatine géra iki ciir olur:

Formal;

Qeyri-formal.

Formal vo geyri-formal isbatlardan bohs edorkon miitloq teorem, onun novlari, isbat tisullari
ilo bagli ohatoli sorhlor verilmalidir. Bu mogsadlo, asagidakilarla tanis olaq:

Teorem, teoremin novlari va onlarin qarsihiqh slaqgasi.

[lkin olaraq belo bir suali aydinlasdiraq: Teorem nadir?

Torif: Isbata ehtiyaci olan toklifs teorem deyilir.

Hor bir teorem asasaon iki hissadan ibarat olur:

1) bu vo ya digor riyazi fakta hansi sortlorlo baxilir (teoremin sorti);

2) bu fakt haqqinda nalarss tasdiq olunur (teoremin hokmii) .

Masalan, bels bir teoremi nozordon kegirak “Ogor dérdbucaqli paraleloqramdirsa, onda onun
diaqonallar1 kosisarok, yartya boliiniir”.

Bu teoremin sorti (p) : dordbucaqli-paraleloqramdir; teoremin hokmii (q) : diaqonallarin
kasisma ndqtesi onlarin har birini yartya boliir.

Teoremin sortini vo hokmiinii asanligla ayird etmok ii¢lin onu ¢ax vaxt “ogor ..., onda ...)”
monriqi baglayicisindan istifado edorok, implikasiya soklindo ifads edirlor. Ona goro do teoremi
imumi sokildo, montiqi dilds asagidaki kimi yazmagq olar: Teoremin isbat edilmasi iso onu
Oyronmakdon ibaratdir ki, agor sort 6danirsa, bu halda mantiqi olaraq ondan miivafiq hokm alinir.
Yoni, a- nin dogrulugunu qobul edorak, mantiqin miioyyan qaydalarina uygun olaraq b- nin dogru
oldugunu isbst etmokdon ibarotdir.

Verilmis d = D teoremindon istifado edorak asagidaki teoremlori almagq olar:
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a) A= b (bu teoremi sorti olaraq diiz teorem adlandiraq) :
b) diiz teoremin aks Teopemi: b= a;
c) diiz teoremin tars Teoremi: a — b :

d) aks teoremin tors teoremi: 0O = a.

Ogor yuxaridaki teoremi diiz teorem olaraq qobul etsok, onda bu teoremdon
asagidaki teoremlori almaq olar:

1) Ogor dordbucaqli - paralelogramdirsa, onda onun diaqonallar1 kosigorak,

kosisma ndqtasinds yartya boliiniirlor ( d = b ).
2) ©Ogor dordbucaqlida diaqonallar kosigsorok kosismo noqtosindo kosisorak, yariya

boliiniirss, onda bu dérdbucaqli paralelogramdir (b = a).
3) Ogor dordbucaqgli paralelogram deyilso, onda onun diaqonallar1 kosisorok, kosismo

ndqtasinda yariya boliinmiirler (a4 = b ).
4) Ogor dordbucaqlida diaqonallar kasisorok, kosismo ndqtasinds yariya boliinmiirss, onda

belo dérdbucaqli paralelogram deyil (b = @).
Asanligla isbat etmoak olar ki, bu misalda alinan biitiin dord teoremin hor biri dogrudur.
Lakin bu hamisa belo olmur.
Belo bir toklifo baxaq:
“Ogor bucaqlar qarsiliqlidirsa, onda onlar borabardirler (p = )” Verilmis bu teoremin oks
teoremini, torsini vo aks teoremin tars teoremini tortib edak:
b) Ogar bucaqglar barabordirss, onda onlar garsiliqh bucaglardir (q= p).

¢) Ogor bucaqglar qarsiligh deyilss, onda onlar barabor deyil  ( p=q ).
d) Ogor bucaqlar baraber deyilse, onda onlar qarsiligh deyil (J=>P).

Bu misal gostarir ki,

a) diiz teorem dogru olsa da, onun oksi olan teorem dogru deyil (masalon, diiz bucaqlar
barabirdir, lakin onlarin qarsiliqli olmalar1 vacib deyil;

b) diiz teorem dogru olsa da teoremin torsi olan teorem dogru deyil;

c) verilmis teoremin oksi olan teorem dogru olmasa da oks teoremin torsi olan teorem
dogrudur.

Burada miiayyan edilmis xassoalor tosadiifi deyildir. Bu dérd nov teorem arasinda six slage
vardir (dogru teoremlordo).

1) p=q va 0;=P; eyni zamanda dogrudur vo ya dogru deyildir.

2)q =p va ( P,=>0, ) homginin eyni zamanda dogrudur vo ya dogru deyildir.

Teoremlor arasinda bels qarsiliqli alagonin olmasi onlarin Gyronilmosini
asanlasdirir.

Dogrudan da, riyazi obyektlorin teoremlor soklinds ifado olunmus xassalorine
baxdiqda, biitiin dérd ndv teoremlorin hamisinin Gilironilmasi zorurati yoxdur: ciit-clit ekvivalent
olan teoremlordon (diiz vo tors vo ya diiz vo oks va s.) har hansi birinin dogru oldugunu vo ya dogru
olmadigin1t miloyyanlosdirmak kifayatdir, bels ki, bu iki teoremdon haor birinin dogru olmas1 vo ya
dogru olmamast qalan iki teoremdon hor birinin dogru olmasinit vo ya dogru olmamasint miioyyan
etmok yetorli olar. Elo buna goro do istonilon riyaziyyat kursunda biz adston yalniz diiz va tors
teoremlorlo rastlasiriq, qalan teoremlor vo onlarin isbatlari ils ¢ox tasadiifi hallarda rastlasirig.
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Zoruri vo kafi sort..

Asagidaki tokliflori nazarden kegirak:

1) Ogor verilmis natural adad ciitdiirss, onda homin adad 6—ya boliiniir..

2) Ogor verilmis natural odod 6— ya boliiniirsa, onda homin odod ciitdiir.

3) Ogor verilmis natural adad ciit deyilso, onda homin adod 2 —ya boliinmiir.

4) Ogor verilmis natural odod 2 — ya boliinmiirse, onda natural adad ciit deyil.

Bu tokliflorin hor birini riyazi mantiq dilinds ifade etmok olar:

Dp=062)q=p:3) p=0;9) 4= p.

Biz goriiriik ki, birinci toklif dogru deyil, lakin ikinci, {gilincii vo dordiincii tokliflor
dogrudur.

Teoremlori ifada etdikdos tez-tez “kafi”, “zoruri”, “zoruri vo kafi” terminindn istifads edirlor.
Bu terminlorin monasini aydinlagdiraq:

1. ©Ogor p —don montiqi olaraq ¢ alinirsa (yoni P = ( teoremi dogrudursa), onda p
sortino g hokmii {igiin kafi sort deyilir.

2. Ogor q — don mantiqi olaraq p almirsa (yoni J = P teoremi dogrudursa), onda p
sortino  hokmii liglin zoruri sort deyilir.

3. 9gar p - don montiqi olaraqg q alinirsa vo g —don do mantiqi olaraq p
alinirsa (yani har iki teorem : diiz vo onun tarsi dogrudursa), onda p sortindo g hokmii tigtin zaruri
Vo kafi sort deyilir.

Yuxarida baxdigimiz misalda p sorti q igciin kafi sort deyil, ¢linki, p—
montiqi olaraq g- don alinmir (yoni p —in dogru olmasindan ¢ -niin dogru olmast
alimuir ); p1 iso Qp ticlin kafi sortdir, ¢linki p1 —don montiqi olaraq q alinir.

Burada p1 sorti (1 tiglin zoruri sortdir belo ki, 1 —don montiqi olaraq pi alinir.

p1 sorti iso (q li¢lin kafi vo zoruridir va har iki teorem eyni zamanda dogrudur:

P1 = 01Va (1 = P1 (yoni burada pi1= Q1 montiqi ekvivalentliyi vardir).

Asagidaki hallar miimkiindiir:

a) p sorti g hokmii {i¢iin kafidir, lakin zoruri deyil;

b) p sorti g hokmii ii¢iin zoruridir, lakin kafi deyil.

Birinci halda p —nin dogrulugundan g —niin dogrulugu alinir, lakin ¢ —niin dogrulugu hom
do basga p1 sortindon do alina bilor . Masalon, adadin ciit olmasi ii¢lin, onun yalniz 6-ya boliinmasi
deyil, hom do 4-o béliinmasi kafidir. Ikinci halda ¢ — niin dogru olmasindan p —nin dogru oldugu
alinir, eyni zamanda, ogor p dogru olarsa, onda ¢ hor halda dogru olmaya da bilor. Masalon,
odadin 6 — ya boliinmasi {i¢iin , homin adadin ciit olmas1 zoruridir, lakin kafi deyil; masolon, 4 ciit
odaddir, lakin adod, 6 - ya boliinmiir.

“Kafi”, “zoruri”, “zoruri vo kafi” terminlorindon istifado etdikdo “sort” séziinlin ovozino
tez-tez “olamot™ sozii islodilir.

“Zoruri vo kafi” s6zlorinin ovazino ¢ox vaxt belo sdzlordon istifado olunur: “onda vo yalniz

29 ¢ 29 ¢

onda”, “o halda vo yalniz o halda”, “o vo yalniz 0”. Onu da qgeyd etmok faydalidir ki, bu baglayici

29 <6

ifadolorin ayrica baxilan hissolori do miioyyon mona dasiyir: masalon, “yalniz o halda”, “yalniz
onda” va s. sdzlori “yalniz o halda”, “yalniz onda” va s. s6zlori ise “kafi sort” sdzlorini avoz edir.
Aksiomatik iisul. Evklid hondasasinin aksiomlari.
Aksiomatik tisul elmi nazariyyslorin qurulmasi tisuludur. Homginin elmi
nozori miiddsalarin bu va ya didor riyazi masalslors totbiqi Gisuludur. Elmi nazoriyys aksiomatik

iisulla qurulduqda:
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1) bu nozoriyyonin ilk anlayislar1 vo ilk miinasibotlori miioyyon edilir vo ilk
miinasibatlori miioyyan edilir (qeyd edak ki, bir sira ilkin anlayislara vo
miinasibatlora torif verilmir);

2) ilk anlayiglar vo miinasibotlor arasinda olagoni toyin edon aksiomlar sistemi segilir vo
isbatsiz qobul edilir;

3) elmi nazariyyonin har bir yeni anlayisina ilk anlayislar vo daha avval daxil
edilmis anlayislar vasitosi il torif verilir;

Elmi nozoriyyonin hor bir yeni toklifi qobul edilmis aksiomlardan vo daha ovval isbat
edilmis dokliflordon deduktiv metodla alinir.

Natico ¢ixarmaq qaydalari, yeni bir dogru toklifdon digor tokliflorin alinmasi qaydalari
qurulan nazariyyanin deyil, riyazi montiqin predmetidir.

Aksiomlar sistemi ziddiyyotsiz, tam vo asili olmayan aksiomlardan toskil olunmalidir.
Aksiomatik metoda asagidaki ti¢ morhoalo forglondirilir:

1) mozmunlu aksiomlasdirma morhoalosi;

2) yarimformal aksiomlagdirma morholosi;

3) formal aksiomlasdirma moarholasi.

Elmi nozoriyyonin mozmunlu aksiomlasdirilmasi zamani aksiomlar sistemi miioyyon
coxlugun elementlori arasinda osas alago vo miinasibatlori tosvir edir. Teoremlorin isbat1 zamani
formal montiq qanunlarindan istifads olunur.

Maosolon, osaslart moktob riyaziyyati kursunda sorh olunan Evklid hondasasi mohz belo
formada aksiomlasdirilmigdir.

Elmi nazoriyyonin yarimformal aksiomlasdirilmasi zamani onun ohats etdiyi obyektlor do
aksiomlar vasitosi ilo toyin olunur. Yarimfirmal aksiomlasdirma zamani tokliflorin isbati prosesindo
yend do formal montiqin qanunlarindan istifade olunur. Masalon, qruplar nozoriyyasinin snonavi
sorhini yarimformal aksiomlasdirmaya misal olaraq gostormak olar.

Elmi nozariyyonin formal aksiomlagdirilmasi zamani1 hom onun shats etdiyi
obyektlor, hom do natico ¢ixarmaq qanunlar1 aksiomiar vasitasi ilo toyin olunur.

Bu baximdan hondaso kursunun aksiomlatik qurulusunu xatirlamaq kifayatdir.

Isbatlar: Isbatlar notico almaqdan 6tori aparilan miihakimo prosesi olub, elo isbat tisullart
nozordos tutulur ki, onlar da asagidakilardan ibaratdir:

1. Adi va yaxud sorti olaraq soylesok, diiziina isbat tisulu;

2. Oksini forz etmoklo aparilan isbat tisulu. Tobiidir ki, bu {isullarin hor birino aid, istor
maoktob riyaziyyati kursundan, istorso do ali moktob kursu ilo bagli olaraq, kifayat qodor misallar
gotirmok olar.

Qeyd edok ki, isbat etmok miithakima prosesidir. Burada dogrulara, ilkinlors,
osaslanaraq natico almaq prosesindon bohs edilir ki, mohz bu prosess miithakima

prosesi deyirlor. Misal:  ~1+71-72-73-74 ifadesini radikalhqdan qurtarn. Aydindir ki,
miihakimosiz heg bir riyazi aragdirmadan, heg bir natico almaqdan s6hbat belo oluna bilmaz.
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ABSTRACT
M.Hajiyev
Mathematical concepts, suggestions and evidence. Mathematical judgments

We investigated the characteristic features of mtematicheskogo understanding types
theorems and methods of mathematical proofs. Specific examples and facts described genera and
species of mathematical concepts. Considered haraktericheskih properties and razliyaayuschieysya
devils contacts to methodology set out in particular isledovannom paper discusses the relationship
birth theorems. It describes the methodical exposition of the meaning and significance of
mathematical reasoning. With the aid of mathematical judgments are methodical way
vozmozhnestey presentation of the axiomatic method and in the construction of a school course of
geometry and solving mathematical problems. And explore ways to apply the considered problems
in the practice of teaching mathematics.

PE3IOME
M. I'ag:xkueB
MaTtemaTnueckas MOHATHSA, NPEAJTOKCHUA U T0KA3aATEC/ILCTB. MaTtemaTHuyecKoe CY/KACHUSA

I/ICCJ'IGI[OBaHBI XAPAKTCPUCTHUICCKUC YEPTHI MTEMATUYCCKOI'0 IIOHNUMAHUE, BUABI TCOPEMOB U
CHoc000B MaTeMaTUYECKUX J10Ka3aTeabCTB. KOHKPETHBIMU MIpUMeEp U (pakTaMHu 0XapaKTepHU30BaAHbI
poael W BHUABI MATEMATHYCCKUX HOHATHH. PaCCMOTpeHI)I XapPaKTCPUICCKUX CBOUCTB WU
pa3J'II/I‘-IaIOH_[I/IeI\/'IC}I qepTeﬁ CBA3SAHHBIC C MeTOHquCKOﬁ n3noxxenueM. B YaCTHOCTH, MCJIICAJOBAHHOM
pa60Te pacCMOTPECHBI B3aUMOCBA3H POAOB TECOPEM. OnuceiBaeTcs METOANYCCKAaA U3JI0KECHUA CMBICII
U 3HAYCHUC MAaTEMAaTHUYCCKHUX Cy)KHeHHfI. C nomolreii MaTeMaTHYECKUMU CYKIACHUAMU HAaHBI
MCTOAUYCCKUC IIYTU BO3MOJKHECTEH H3JIOKEHHH aKCHOMAaTHYEeCKOI'O METOAda U B HOCTpOGHHefI
IOKOJIBHOI'0 KypCa TreoMETprr, H PEIICHHUIO MAaTECMAaTUUYCCKHUX 3aaad. 4! HUCCIICAOBAHbI IIYTHU
MNPUMCECHCHUS PACCMOTPCHHBIX 3a1a4 Ha IPAKTHUKY B oOiacren npenoaaBaH MaTEMATUKY.

NDU-nun Elmi Surasiin 24 dekabr 2015-ci il tarixli qorar ilo ¢apa
tovsiys olunmusdur (protokol Ne 05)
Mogaloni gapa toqdim etdi:
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MOTEHIMAJ BECCEJISI TIOPOKJAEHHBIN OIIEPATOPOM JAHKJIS B
L, (R) IPOCTPAHCTBAX

Acar sozlar: Dankl operatoru, Bessel potensiali, Dankl ¢evirmasi, mahdudlugq, kafi sart

Key words: Dunkl operator, Bessel potential, Dunkl translation, boundedness, sufficient
conditions

KuaroueBsble cioBa: onepamop awnkisn, nomenyuan beccens, npeobpazosanue Jlanxis,
02paHU4YeHHOCMb, Oocmamoqﬂaﬂ yciaoesus

B craTthe onpeneneH u u3ydeH noreHmnuan beccens, mopoxaeHHsii onepatopom Hankinsa (=
norennuanos Janknsa-Beccens wim D -norennuana Beccens). Jlokazan ananor TeopeMbl Xapiu-
Jluttnyna-CoboneBa. Jta Teopema SBISETCS OCHOBHBIM PE3YyJbTaTOM, B KOTOPOM IONy4YEHBI

nocraTounple yciaosus mus D - noremmmana Beccens J B THIA JlaHKis1, IQyHCTBYIOIIETO

OTpaHUYEHHO M3 HPOCTPaHCTBA Ly (R) B mpoctpancTBo Ly 4 (R), 1<p<(<oo u u3 mpocTpaHCTBa
L, «(R) B mpocTpancTBO Ly o (R), 1< p < 0.

OnHO M3 OCHOBHBIX JOCTHXKEHMH MOCIEIHUX JEeCATWIETUH, MOBIUSABLUIMX Ha OOJIUK
FapMOHMYECKOTO aHalli3a, COCTOMT B YCICIIHOM IIPUBJICYEHHH HUAECH U TEXHUKH TEOpUU
MaKCHMAaJIbHBIX ONEPATOPOB M MHTETPAIbHBIX ONEPATOPOB TUIA NMOTEHIMANIA. DTH UAEH U METOJbI
IPUMEHSIOTCS B TeopuH AU(DQepeHnanbHbIX YpPaBHEHUH C YaCTHBIMH IPOM3BOJIHBIMHU, TEOPUU
GyHKIUH, QYHKIMOHAIBHOM aHAINU3€, TEOPUM BEPOSITHOCTEH, B 3ajadyax TEOPUM NPUOIMKEHHH,
rapMOHMYECKOM aHaJIN3€ Ha OJHOPOJHBIX TPYIIaxX U JAPYrux pasjenax mMareMatuku. [lpumenenue
METOJla TEOpUU MOTEHIMalla K PEIICHWI0O MHOTOUYMCIICHHBIX KPaeBBbIX 3a/lad, BCTPEYaloUIUXCsS B
Teopun JUQPQepeHInanbHbIX YpaBHEHHH B YaCTHBIX MPOU3BOJAHBIX, B 3aJadax TEOPHUH
aHAJIMTUYECKUX (YHKIIMM, a TakkKe B 3aJadaX MEXaHUKH UMeEeT OOraTrylo MCTOPUIO U YCIELIHYIO
MIPAKTHUKY.

Omneparopsl  Jlankns sBisitoTcs  AudepeHInalbHO-Pa3HOCTHBIME — OllepaTopaMHu  Ha
JENCTBUTENBHOM OcH, KoTopble BBeneHbl B 1989 romy [lanxiiom [1]. Omneparopom JlaHkis
Ha3bIBaeTCs ciaenyromuil nugdepeHnuanIbHO-pasHoCTHEIN oniepatop D, :

D, f(x)= ;h:((x) +(a+ ;) f(x) —Xf (—x) |

e & -TIpOMU3BOJIBHOC JIEHCTBUTEIIFHOE YHCJI0, YAOBJICTBOPSIOIICEC YCIIOBUIO X > _1/2 . I[eﬁCTBHC

onepatopa D, onpeneneno mis seex dpynxuuit T € CHY(R).
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Mycts o > —1/2 duxcupopannoe uncio un M, BecoBas Jleberosas mepa Ha R, samannas

110

1
2° T (a +1)

Jns xaxporo 1< p<oo obosmaumm wuwepes L, (R)=L,(R;dw,) npocrpancrsa

dz, () = | x|“*dx.

KOMIIJIICKCHO-3HAYHBIX q)YHKHHﬁ f , I/I3MepI/IMBIX Ha R TaKuXx , 4TO
1hp
I#l,.. =11, =[] f 0P8, M) < com pefnon), u

Jdus 1< p<oo obosmaunm uepes WL, (R) cmaboe mnpocrpanctso L, ,(R) ,

o =l HL =esssup| f(X)| e p=oo.
0, xeR

ompejieNsieMoe KaKk MHOKECTBO JokanbHo muTerpupyembix ¢ynxmmii f(X), X €R ¢ xoneunoit

HOPMOM
—_ . 1/
HfHWLp =supr (i, {xeR:| T(X) P r})™, rae ﬂaA:jAdﬂa(X)_
@ r>0
s X,Y € R orepaTop 0000IIeHHOTO cABUTa JIaHKIIS OIpe/iesiIeTcsl CIEeYIOIUM 00pa3oM

7, f(y)= c;ﬂfe(\/xz +y2=2|xy| cosH)hl(x, y,0)(sin 6)% do

+C, Iof( X*+y*=2[xy| cose)hz(x, y,6)(sin 8)**do, (1)

e f=f+f, , f, n f

¢ =T(a+1)/(/zT(a+1/2)),
h.(x,y,60) =1—sgn(xy)coso,

(X * y)[l_ Sgn(xy)cose] eciu Xy #0,

(%, y,0)=1 . [x? + y2 —2| xy|cosd 2
0 eciu Xy =0.

e UCTHad1 W  HCYCTHAA 4YacCTb f COOTBCTCTBCHHO, C

Jna o >—1/2 n A € C, nauanbnas 3a1aua
D,(f)(x)=Af(x), f(0)=1, xeR

MMeeT eAMHCTBeHHOE pemeHne E (AX) maswiBaemoe sapom Jlankns [2, 3, 4] u 3anaeTcs no

E,(AX)=J,(AX)+ ———— Ax J,n(AX), XeR,
2(a+1)

rae J,- HopmupoBanHas QyHkuus Beccens mepsoro poga, mopsiaka @ u J,, dyskums Beccenst

MepPBOTO PoJia, mopsAka ¢ [268], onpeneneHHas mo

: o a( ) _ -1)"(z/2)™
o (2) =2 o+ l) == = e 1)r§)nll“(n+a+1) zeC.

MbI MoskeM Hammcath, uto i X €R u A € C([5], cp. 295)
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i) = T(a+1)  pln ovaargq it
E, (~iZx) a1 L(1 £2)“M2(1-t)e" dt.

3amerny, uto E_,(AX) = ™.
IpeoGpasosanue Nankms pynxmwmn F,, f ey ,(R) 3amaercs mo gopmymne

F A= E, (i) f (0du, (0), AeR

E, (iX)| <1 (5], crp. 295).

OtmeTHM, 9TO I KaKI0ro X € R cnpaBeminBa oreHka

3amerum, uro F,,, coBmagaer ¢ mpeobpaszosannem ®ypse F, 3amannbiM 1o dopmyie:

Ff (1) = (22) j e E(xdx ZeR

Tenepr mepexoauM K ONpeNENCHUIO MOTEHIMANoB beccens, MOPOXKAECHHBIX orepaTopam
Janknsa (= norenuuanos Jankns-beccens umu D -norennumana Beccens). Paccmorpum oneparop

B
2\ 2 o
(1 —D7) 2, onpenenennbiii B 06pasax Jlankis kak

B B
2\ 2§ — -1 2\ 2
(1-D)) 2f=F,(1+¢°) %2F,f.
HOKa?»aHO, 4YTO OH pCAIM3YCTCA B BUJAC MHTCTPAJILHOI'O OICparopa THUIla CBECPTKHU, IMTOPOKIACHHOTO

omeparopoM ob0oOmennoro casura [ankma. CrenoBarenbHO, becceneBblii  MOTEHIMA,

MOPOKJIEHHOM orniepaTopoM JlaHKIIs onpeiesieH CiaeayIoIM 00pa3om:

35 t00= Gy * )0 = [ £,(Gy, () F()- i, (1),
rae siapo D -noreHnmaia becceis

I'a+ ;) Lo dt ) "
G,,(x)=c, —5 ) e ! -t'm_“_l-T, xeR, re ¢, = (2" T(a +1))™".
2I°(%)
2
B
U3 onpenenenus oneparopa (I — Dé) 2 chenyer, 4To

(SN

Jﬁ’af(x)=(I—D§) 2f, feoR), >0,

T.C. OIICpaTop J,B o PCAUIN3YCT OTPHULIATCIBHBIC CTCIICHU OIICpATOpPA I - Da .

Jna D -noremmman Beccens uMeeT MeCTO CIEAylOIMii aHAIOr TeopeMbl Xapiu-
Jluttnyna-CoboneBa. Dta Teopema SBISETCS OCHOBHBIM PE3YyJbTaTOM, B KOTOPOM TMONyYEHBI

nocratounsie ycnosus a1a D - morenmmana Beccenst J . THTA JIAHKIS.
Teopema. Ilycms f el (R),1<p<oou g, onpedeneno kax (2). Tozoa

1) Ecau 1< p <00, mo onepamop J 3 , oepanuuenno deticmeyem us L, , (R) s Lo (R).

LI
Lp,a Lp’a’

bonee moeo, H‘] Ba f
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2) Eem 0< f<2a+2,1<p< 20‘;2, P

, mozoa onepamop J 5,

oepanuuenno desicmeyem uz Ly (R) 6 L, , (R). Boree mozo,

Dpafl,  SGlfl, ®

3) Ecu p=1, 1—EZ p

q 2a+2
L, (R) e WL ,(R). Bozee mozo,

, mozoa onepamop J B O2PAHUYEHHO Oeticmeyem u3

Vsl <Gl @
200+ 2

B
Ly« (R) 6 L,(R). Boree mozo,

st =Calfl, ®)

4) Ecu P=

, =00, mozoa onepamop J B O2PAHUYEHHO delicmgyem U3

5) Ecu 1< p<g<oo, B>Q2a+ 2)(1 —E) , moeda onepamop Jﬂ o 02panuvenHo
P q ’

oeiicmeyem uz Ly ,(R) 6 L, (R). Boree mozo,
H'Jﬂ'a f Ly cx = Cle HLp,a' (6)

Jloka3aTenbcTBO. 1) momydaercst u3 Hepasencrsa HOHra ¢ yderom toro, uro L, ,- HOpMma siapa

Gﬁ]a(X), X € R pasna enunuue, T.€. HGﬂ,a L =1. YroOsl mokazats 2) u 3), Aapo Gﬂ,a (X)

[l

npesicrasum B Buze Gy, (X) = Gy(X) +G,(X), re
G, (%), [x|<t 0 , [x|&t
G,(x) = 0 , [xtu Gy(x)=.G,,(x) , [X[>t.

Torma J 5, f(X) = (G * £)(X) + (G, * £)(X) = A(X,t) + C(X,1), u 3uaunr,
Spall <Gt +G T
YUuTBIBas ACHMITOTHYECKHE PABEHCTBA MMEEM

G,(x) =C | x| > 7 +o(| x|’2a72+ﬂ), npu |X|>0, u 0<f<2a+2,

1
X
Pl

1 G,(X)= O(e

J, npu | X | 0. Mycts K -mo6oe nemoe uncno. Cymmupys ams mo60oro

k <0, umeem
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| ACDIE [ 007y F (09GNt () = = 2. [ s T 008 ), () <
<C zl: )™ Ty T 00104, (Y) UM, T (0.

CJ'IG,I[OB&TCJIBHO, CIIpaBCJiMBa CJICAYIOI[asa OOCHKa
| A(x,t) < CtPM T (%), )
rae nocrosinnas C me 3apucur or f, X u t Jlanee, npumenss mepasenctBa [enbaepa u

HepaBeHCTBO | T f|p.o < 4l p,¢ HUMeeMm
1

001 [y 0f7 T O 00, ) ([ 50 0D Wt () <

1

L My

I, T oG O i, ) <], [f N ya(y)Jp .

R

1
Pk d g =C ® _%P' 2a+1d P
HNmeem J‘R\B(O’t)e /ua(y) - L e °r r

tp’ ot 2042
v p 20042+ ———
Tak kak mist m1r000rO ]/>0 lime 2t” =0, cnenosarensuo |lime 2t ® =0 , TO
t—w t—oo
_E 20;+2+20!+'2
cymecteyer C >0, Takoe, uto Vt >1 cnpaBemmBo nepasenctso € 2t % <C. Takum
1
© 2a+2—1—[2a+2+2“;2j P’ _2a+2
q
oOpazom, _L r dr <Ct MOJIy4YUM
lyl ., ? 2a+2
M -
e 2 d <Ct 9.
(.[R\B(o,t) M, (Y)J OueBHIHO,
_2a+2
conisclfl, t 7. ©®)
,a

CnenoBartenbHO,

_2a+2
Jﬂaf(x)SC[tﬂMaf(x)+t T\fL J
, b

p/(2a+2)
Munumusupyst o T npu t = C|:(|\/| f (X)) Hf }

HL , IMeeM

“]ﬂ,a f (X)\ <c(M, f(x)™|f ||1pr/q -

Joondpa f O dut (< CIFIL” [ ML) du () <L
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Otcro1a mory9nM HepaBeHCTBO (3).
3)lyers f el (R).
His toro, 4YroObI JOKa3aTh HEPABEHCTBO (4) JMOCTaTOYHO NPHUMEHHUTH CJEAYIOIICe
HepaBeHCTBO. Jlaiee,
1, (X eR 135, F()1> 24)< 1, (X eRT AX D) > A])+ + 1, (X eRI C(x, 1) [> A)).
B cuny (7) umeem

Ju, ((eRT AL P ) = A du, (¥)

{xeR|A(x,t)> 2}

A
<A fucs ﬂ(Maf)(M}dﬂa (0= Au, (fx eR: (M, )0 > -53)

Ct’

<2 jR|f(x)|dya(x):CltﬂHfHLM.
A Taxxke
CODIS [ g ofy F OO Y7272 i () <
<] o T ) <t [ 1E (01 du, (y) =
_2a+2 _2a+2
=t [ 1fWIdu, =t *f]_
_2a+2
W TakuM  obOpasom, ecom t O HfHLl =1 , 10 ‘C(X,I)Sl ¥ OYEBHIHO,
‘{X eRC(x,t)|> /1}‘0[ = 0. Hakower, umeeM
Uit e
u(xeR 13, f(0)|>22})<C, “=ct 9 =

q
2042 —q ¢ Hf HLI a
=Cit =CA Hf HLM =C, =

C »>TuM MBI TIONyduM HepaBeHcTBO (4). Takum o6paszom, otoOpaxenne f —> J B , [ aBsercs

cmaboe (1,Q) -Tuma.

saverm o Gy # £, <Coo[Gyx £, e Gy =X * 7, xeR
q,x q,@
Te xe pacCyxI€HUs IMOKAa3bIBAOT, YTO

Gy fl, <Cuf

HL ,ipu 1< p<q<oou f=(20+2) ]r;—;)aTaKme
p.a

C-|f
A

q
H'“J pn = (20 + 2)(1—; .

xeR:[G, * f>/1}as[
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Kom6unnpyst ouenkn wis D - ceeprok ¢ sapamn G, n G,, nonmyunm 1okasarenseTso 2) u

3).
UtoOn1 nokazats 4), cienys Creitny ( [6], cTp. 140), paccMatpuBaem (QpyHKITHIO
B
_ 1 .- (A+¢) 1
X[ (In =) 22 x|< S
f(x)= | x| i rae £ > 0-nocrarouno manoe uuco.
0, | x> =
2
2+ 2

Herpyano npoBeputs, uto npu P = , fe Lp’ ,(R). Ho, x Tomy e,

NP L 235 TO)F ©)

Hakonen, nmyHKT 5) 10Ka3bIBacTCsl HEMOCPEACTBEHHBIM NMPUMEHEHHEM HepaBeHcTBa HOHra
s D - cBeprku. Takum 06paszom, TeopeMa J0Ka3aHa.
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XULASO

Y.Mammadov
Dankl operatoru ils bagh Ly, ,(R) fozasinda Bessel potensial

Dankl operatoru ilo bagli Bessel potensiali ( = Dankl-Bessel potensiali yaxud D-Bessel
potensiali) toyin edilmis vo Oyronilmisdir. Hardi-Litlvud-Sobolev teoreminin analoqu isbat

edilmisdir. Bu teorem 2sas notico sayilir vo Dankl tipli J p.a D- Bessel potensialinm Ly 4(R)

fozasindan L, ,(R),1 <p < q < o fozasna vo L, ,(R) fozasindan L, ,(R), 1 < p < o fozasina
mahdud tasir etmasi {igiin kafi sartlor alinir.
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ABSTRACT

Y.Mammadov

Bessel potential associated with the Dunkl operator in L, ,(R) space
In the article Bessel potential (=Dunkl — Bessel potential or D- Bessel potential) associated
with the Dunkl operator was defined and studied. The analogue of the Hardy — Littlewood-Sobolev
theorem was proved.This theorem is considered the main results and sufficient conditions are

formed for boundedness influence from Ly ,(R) t0 Lg4(R),1<p < g < oo space and from
Lyo(R)t0L,,(R), 1<p < oospaceof D — Bessel potential Jﬁ,a of Dunkl type.

NDU-nun Elmi Surasinin 24 dekabr 2015-ci il tarixli gorar1 ilo ¢apa
tovsiya olunmusgdur (protokol Ne 05)
Moqaloni gapa toqdim etdi:
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OBIIUE PEIIEHUE OJTHOPOJHOM KPAEBOM 3AJAUA PUMAHA B KJIACCAX
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KuroueBsble cioBa: xuaccot Moppu-Xapou, 3adaua Pumana, 00HopoOHas Kpaesas 3adaya
Pumana, kycouno-nenpepwignwiii kod¢hguyuenm, npocmparncmea Mopu-Jlebeza

B pabome paccmampusaemcsi 00HOpoOHas Kpaeeas 3aoaua Pumana ¢ Kycoumo-
HenpepuleHbiM Ko puyuenmom 6 xnaccax Moppu-Xapou. Ilpu onpedenennvix ycuosusx Ha
K0a(huyuenm 3adavu uzyuaemcs paspewumocms dMmou 3a0auu U Cmpoumcs obwee peulenue
00HOpOOHOU 3a0auu 6 knaccax Moppu-Xapou. Ilonyuennvle pe3yibmamovl MOJICHO RPUMEHAMb K
U3y4eHuI0 OA3UCHBIX CEOUCME CUCMeM IKCNOHEHm C KYCOYHO-TUHEUHOU (a3ol 6 npocmpancmee
Mopu-Jlebeea.

Classification 2010: 46E30; 30E25
1. BBenenne

ITpoctpancTBo Moppu BBeneHo B 1938 roxy Moppu u 10 CHX IOp MHTEHCUBHO M3y4arOTCs
pa3iIMyYHBIE BOIIPOCHI, CBA3aHHBIE C OJTUM NPOCTPaHCTBOM. OHO WIrpaeT BaXHYH pOJIb B
KayeCTBEHHON TEOpHM JJUIMNTHYECKuX AupdepeHnuanpHplx ypaBHeHu#d (cM. Hamp. [1;2]). Onu
TaK)Xe MO3BOJISIIOT IOCTPOUTH Maccy NMpuMepoB ciaboro pemreHusi cuctembl HaBbe-Ctokca [3]. B
KOHTEKCTE TUHAMHMKHU XUAKOCTH, MPOCTpaHCTBA MOppH HCMONB30BAINCH ISl MOJAEIUPOBAHUS
TEUYEHMsI KHUJIKOCTU B ClIyyae, KOI/la 3aBUXPEHUE SIBIISIETCS CUHTYJISPHONH MEpOii, Mo iepKuBaeMon
Ha HEKOTOPBIX MHOKECTBax IpocTpaHcTBa [4]. B mocnennee BpeMs MOSBUIOCH JOCTATOYHO MHOTO
paboT, paccMaTpHBalOIIMX B O3THUX HPOCTpaHCTBaX (yHIAMEHTalbHblE 3aJaud TEOpUHU
muddepeHHanbHbIX ypaBHEHUH, TEOPUH MOTEHIMAala, TEOPUH MaKCUMAaJbHOTO M CHHTYJSPHOTO
OIIEepaToOpOB, TEOPUU MNPHUOIMKEHHH M T.I. (CM., Hampumep, [5] U BBIIEYNOMSHYTHIE CCBUIKH).
HexoTtopble neTanu OTHOCHTENBHO HpOCTpaHcTBa Moppu MOXKHO PacCMOTpETh, Hamp., B paboTax
[6,7].

B cBsi3u ¢ 3TUM B mocienHee BpeMs MHTEpeC K HM3YYEHHMIO T€X WJIM HHBIX BOIPOCOB B
npocTpancTBax Tuna Moppu Bo3poc. PaznuuHble BOMpPOCH TAPMOHMYECKOTO aHAIU3a U TEOpUU
anmpoKCHUMAIH PACCMOTPEHBI B padoTtax [8-12].

[Ipu pemieHun MHOTMX 3ajad MaTeMmaruyeckoil ¢usuku metogoM Dypbe [13-16]
BO3HUKAIOT BO3MYIIEHHbBIE CHCTEMBI CHHYCOB U KOCUHYCOB BUJA
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sin(nt + a(t)) ey (1)
{cos(nt +a(t))}.n 2)

rae a() (,B t+7/) B, v € R— neiictBurenbHpie mapameTpbl ( N -HaTypanbHBIE YHCIA).

OGOCHOBaHHe METOJIa JIUKTYeT HW3Yy4YeHHE Oa3WCHBIX CBOWCTB AITHX CHUCTEM B JIOCTOBBIX H
coboneBbix mpocTtpancTBax ¢yHkumid. Ilpu y =0 O0a3ucHbIE CBOWCTBA JTHX CHUCTEM B

npocrpancTBax L, 1< p<+0o0 , MONHOCTBIO u3ydeHbl B paborax [17-21]. Becosoit ciy4aii
npocrpancTBa L, paccmorpen B paborax E.M.Monceesa [22;23]. basucHble cBOMCTBa HEKOTOPBIX

BO3MYIIEHHBIX CHCTEM JKCIIOHEHT B COOOJIEBBIX MPOCTPAHCTBAX HM3y4eHBI B padorax [27-30]. K
110 100HBIM YHCIIaM pabOT MOKHO OTHECTH pe3yabTaThl aBTOpoB [31-36].

OpHuM M3 METONOB M3YydeHHs Oa3ucHbIX cucteM Buua (1), (2) sBasercs MeToa KpaeBbIX
3aa4 Teopun aHamuTHYeckux (QyHkiuid. OH OepeT cBoe Hadano ¢ oJHOW 3ameTku A.B. bunanse
[37]. DTUM METOIOM YCIEUIHO TOJb30BATIMCH aBTOPBI padoT [18-26]. Crmemys stomy merony,
4T0OBI M3y4yaTh Oa3ucHbIe cBOMCTBa cucteM BHna (1), (2) B mpocTpaHcTBax TMna Moppw, crepsa
ClleyeT HCCIIEJOBaTh Pa3pelIuMOCTh KpaeBbIX 3a7ady PumaHa B mpocTpaHcTBax XapAu TuMa
Moppu.

B nanHoit pabote paccMarpuBaeTcsl OIHOPOAHAsI KpaeBas 3ajaya Pumana B mpocTpaHCcTBax
Xapau THma Moppu. U3ydaercs pa3pemmMocTh 3TOM 3agaud M CTPOHUTCS oOliee peuieHue
OJTHOPOJIHOM 3a7auu TIPU OTPEAEICHHBIX YCIOBUAX Ha KOI(DPHUIIMEHT 3a1auu.

Otmerum, uto B padote [11] paccmarpuBarotes kiaccel Morrey-Hardy u Morrey-Lebesgue.
OmnpenensitoTcsi MOANPOCTPAHCTBA ITUX IPOCTPAHCTB, B KOTOPBIX ONEPaTOp CABUIrA HENPEPBIBEH.
N3yyaroTcst BOpockl 0a3uCHOCTH KJIACCHMUYECKOM CHCTEMBbl SKCIIOHEHT M HEKOTOPBIX €€ YacTed B
3TUX MOANPOCTPAHCTBAX.

2. Heo0xoauMmeble cBeIeHUS
Ham moHamo0sTcsi HEeKOTOphIe CBEACHUS U3 TeopuH mpocTpanctB Tuma Morrey. Ilycrs I

HCEKOTOpasa CIipaMisieMasd KpUuBas )KopL[aHa Ha KOMIUIEKCHOM tockoctu C . IIepe3 |M|F

o0o3HauyaeM JHMHEHHYI0 Mepy Jlebera MmHOXkecTBa M I,

f(x)

3amuck f(X)~g(X), XxeM | o3Hauaer, dYTO 35>0:5£WS54, vVxeM

AHAJOTHYHBINA CMBICIT HECET 3amuch | (X) ~ g(X), X—>a.
ITox mnpocrtpanctBom Morrey-Lebesgue LP“ (F) , 0<a<l , p=>=1, noHumaem
HOPMHPOBAHHOE MPOCTPAHCTBO BCeX H3MepuMbix Ha [ ¢yHkumit f (§) C KOHEYHOW HOpPMOU

” ' ”va“(r)

Yp
[F).or) =sum [BOL 16 ag]| < oo

BN

LP*(I') smmsercs Gamaxoseiv n L°*(T)= ( ), LP°(T)=L,(T) . EcrectsennsmM oGpasom

omnpenensaeTcsd BecoBou ciydad L OPOCTPaHCTBA C BECOBOWU KIuen
p yuaii L)“(T") npocrp Morrey-Lebesgue YH

,u(f) Ha ' ¢ HOpMoIA || ||Lpa
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” f | Lh(r) :” flu”L“v“(r)’ fe '—f}a(r)-

Bepro Bxmouerne LP™(I)c L™*(T) mpu 0< o, <a, <1 . Takum obpasom, L**(I')c L(I),
Yae [0,1], Vp=>1.
Hanee Oynem paccMarpuBaTh citydaidl I'= [— 7T, 72'] u ionoskum LP* (=7, 77)= LP“.
EnuHuYHYI0 OKpYKHOCTh C LEeHTpoM B Z=0 0003HauuMm uepe3 y M IycTh iNty=ow .
Onpenenum mpoctpadctBo Morrey-Hardy HP“ ananutudeckux BHYTpH @ GyHKIHIA f(Z) c

HOPMOU || . ||H+M :

[£1,.r. = sup] f(re")

B pabote [11] ycraHOBII€HA CIIPABEITTMBOCTD CIICIYIOIICH TEOPEMBI.

LPe

Teopema 1. @yuxyus f() npunaonexcum HP“ monorko mozoa, kocoa 3If * € L"*:

F(2)= 1 ¢ f(c)dr .

2mY 1-1
e
CripaBequiiB Takke ananor treopembl CMupHOBa B kinaccax Morrey-Hardy.
Teopema 2. IIycmo f e HM* 1< p <40, 0<a<l, u f"el™, 20e p,<p, <+, f*
- HekacamenvHble 2panuunbie sHavenus gyukyuu f na y. Toeoa f e H™.

O6o3naunm uepe3 LP* numueitnoe mnoampoctpancTBo L°” (yHKIMIA, COBMIM KOTOPBIX

HenpepsiBabl B L7, T.e. ||f(-+5)— f(')||m —0, npu 5 —>0. Bepem 3ambikanue L*“ B L u

06o3Ha4nM ero gepes L"“. B pa6ore [11] nokasana ciemyomas
Teopema 3. beckoneuno Oughghepenyupyemvie Ha [O, 27[] @yHKyuu  naOmMHLL 8

npocmpancmee L™ .
PaccMOTpuM ciieyroLui CUHTYIISIPHBII OllepaTop

L fehs
(Sf)(r):ﬁjy.?’ TEY.
Hcnonb3ys pesynabTaTsl padot [9, 10, 12] nerko nokaspiBaeTcs ciaeayrouas
Teopema 4. Cunzynspuuiii onepamop S ozpanuyenno Oeiicmeyem ¢ L**(y), npu 0< a <1
ul<p<+4oo,
Takxe gokaszaHa ciaeayromas
Teopema 5. ITycms f € LP*, 0<a <1, 1< p < +o0. Toz0a

[CAXre)- ().

2de (ff Xz) unmeepan muna Koww

(SCf)(z)=2iﬂij%, 2ey

.—0,r—>1-0,

Ananocuunoe ymeepoicoenue éepho u 0ns ciyyas f ’(cf ) npu r —-1+0.
HtoroBsiM pe3ynabTaToM padoThl [11] sBnsiercs crienyromas
Teopema 6. Cucmema sxcnonenm {ei m}nez obpasyem 6azuc 6 L"* npu 1< p<+oo,

O<a<l.
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Paccmorpum mpoctpanctBo H P . TloampoctpanctBo mpoctparctBa L™, mopoxaeHHOE
cyxenusiMu Gyrkimit u3 HP“ Ha y, obGosnaumm yepes L"” . M3 pe3ymbraTroB mpeaplaymmx
IIYHKTOB HEMOCPECTBEHHO clieyeT, uTo npoctpanctea H P u LP“ nzomopdHs! u f+(T)=(Jf )(Z)
, tne feHP, f" - HekacarenbHble TpaHWuHble 3HaueHuss f Ha y , W J ocymecTBiser
COOTBETCTBYIOLIUH U30MOPHHU3M.

Mycts LP“=LP“NL" . Scmwo, uro LP“ ssasercs mnoampoctpanctsom LP*

OTHOCHUTEJIEHO HOPMBI || . || . Honoxum HP* =] *l(Lf'“). Omo siBisieTcs moanpocrpancteom H P

LP

. IMycte f eH" u f* ee rpanuunbie 3Ha4yeHus. COBEPILICHHO OYEBUIHO, YTO HOPMY ||f||Hp,a

|

MO>KHO OIPEIETUTh U BHIPAKEHUEM || f ||H b
!

Lre
AHaJIOTHYHO KJIacCHYECKOMY Cllydaro, ompeznensieM kiacc Morrey-Hardy Bue @ . Urak,
nyctb D=C\® . Bygem rosoputs, uro anaiutudeckas B D~ ¢ynkius f wumeer KoHedHsIit

nopsiiok K Ha GeCKOHEYHOCTH, eciii psi JopaHa ee B OKPECTHOCTH OECKOHEYHO YAAICHHON TOUKH
HMEET BUI

Kk
f(z)= > a,2", k<+ow, a #0. A3)

n=-ow

Taxkum obpaszom, mpu K >0 dyskiws f(z) umeet nomoc nopsiika K ; mpu K =0 ona orpanuucHa;
a B ciyuae k <0 nmeer myms nopsaaka (—k). Iyers f(z)= fy(2)+ f,(z), rae f,(z) - rmasmas, a B
f,(z) - npaBuibHas wactm pasnoxenus (3) dymxumn f(z). Cnenoparensro, ecmm k<0, To
f,(z)=0. Ilpu k>0, f,(z) ectb momuuom cremenu Kk . Bynem roBoputh, uTo (yHKIMS f(z)
npuHauIekuT Knaccy HP“, ecnmn f umeer nopsmok Ha GECKOHEYHOCTH MEHbIIe Jub0 paBeH M,
T.e. K<Mu fl(lj eHP™,
Zz

CoBepureHHo aHanmormuno crmydato H“ | ompenmensercs xmacc , H™* . Mnade rosops,

~HP* - mommpoctpancTeo Qynkimii u3  HP”, cIABHTM KOTOPBIX Ha €IMHUYHON OKPYKHOCTH

HCMPEPBIBHBI OTHOCHUTCIILHO HOPMbI ” . ”Lp"” o)

Ham nonano6utcs Takxke cleayronmi pe3yinbTaTt u3 padotst [11].

Teopema 7. Cucmemvi {eim}nEA ; {e’i m}ngN ( {Z "}neZ+ ; {Z - }neN ) obpaszyrom baszucel 6
npocmpancmeax L*“; L (HP*; HP®), coomsemcmeenno.

Bynem monp3oBateecst Takke cienyromuMu moHstHsmu. [lycte ' C - Hekoropas
OrpaHUYEHHas clpsMisieMas KpuBas, U t=t(0'), 0<o<l, ee mapamerpuyeckoe MpeaCTaBICHHE
OTHOCHUTEJBHO JUnHA ayru o, | - nmuna . Tlonoxum d,u(t): do, T.e. ,u() - IMHEHHas Mepa Ha
I'. Ilycts

Ft(r): {r eF:|T—t| < r}, Ft(s)(r): {z‘(a)el“:|a—s| < r}.
CoBepIIEeHHO OYEBHUIHO, YTO Ft(s)(r) cT(r).
Omnpenenenune 1. Kpusaa I nazvieaemcs kapneconogoti, eciu 3¢ >0

sup (T (r))<cr, Vr>0.
tell
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ToBopsT, uro kpuBas I ynoBnerBopsier ycioBuio arc-chord B touke t, :t(SO)EF, eCITH
cyliecTByeT KoHCTaHTa M >0, He3aBucAmas ot t, Takas, 4To |S - SO| < m|t(s)—t(so], Vt(s)e r.r
YIOBIETBOPSIET YCIIOBHIO arc -  chord pPaBHOMEPHO Ha r ., eciu
Im>0:[s— o] <mit(s)-t(c), vt(s)t(c)eT.

IIpuBenem cruemyromyro nemMMmy wu3 pabGoTel [12], KoTopas NpeACTaBIAeT TaKKe

CaMOCTOSITENIbHBIN HHTEPEC.
Jlemma 1 [12]. IIycmo T ocpanuuennas, cnpsamisiemasn kpusas. Eciu cmenennas ¢pynkyus

|t —t0|y, t, e, npunaorescum npocmpancmey L** (F),ls p<w, O<a<l, mo umeem mecmo
o
y2>——. Ecnu T kapneconosa xpusas, mo smo yciogue u 00CmamouHo.

CymiecTBeHHO Oy/ieM MOJIb30BaThCs CICIYIOIICH TEOPEMOM U3 pabOThI N. Samko [12].
Teopema 8 [12]. Ilycmov kpusas T' yooeremeopsiem arc - chord ycrosuro, u eec p()

onpeoeiieH 8blpaXiceHuem
m
pt)=TTrt-t|" &I’ =T, t;=t, npui=j. 4)
k=1

o p.a
Cuneynsapnwlii onepamop Sy oepanuyen 6 6ecosom npocmparcmee L (F), l<p<+owo, 0<a<l,

€CJlU 8bINOJIHEHbl HEpABEHCMBA

—g<ak<—g+1,k:1,_m. (5)
Y

Bonee moco, ecnu I sasnaemca enaokoii 6 nHekomopwix oxkpecmuocmax mouex t,, kK=1,m, mo

8bINONIHEHUSL Hepasencmea (J) AGNAIOMCA HeoOXOOUMbIMU Ol 0SPAHUYEHHOCMU onepamopa S 6
p,a
LP(T).
CoBepiienno a"amorungdo pabote [11] ompenennm npoctpanctBo LP% . O603raunm vepes
/ol

JIMHEWHOE MOAIpPOCTpaHcTBO L KIMHM, COBUIM KOTOPBIX HempepulBHBI B L™ | T.e.
Ly« L2 dyrxumi, L"
||f(-+5)— f(- ]|LW —0, mpu & — 0. 3ampikanue L0 B L) o6osmaumm vepes L2 .

P

B nanbuelimem B kauectBe ' Oynem B34Th €AMHUYHYIO OKPYXHOCTh ¥ = Ow. PaccMoTpum
BECOBOE IIPOCTPAHCTBO LZ‘“(}/)z: LZ"". Ilycts Bec p() ynosierBopsieT ycnoBuio (5). Torma mo

Teopeme 8 omeparop S, orpaHu4eH B LZ"" ,T.e. 3c¢>0:

s, ], <clfl

vf e Lf;“ )

LE"I L};,(Z i)
IMokaxewm, uro L “ sBnsercs MHBAPHAHTHBIM HOIIPOCTPAHCTBOM OTHOCHTEIBHO CHHIYIAPHOTO
omeparopa S, , eciii BBIIONHEHbI HepaBeHCTBA (5). COBEPIICHHO 0YEBHIHO, YTO JOCTATOYHO
JIOKa3aTh HEMPEPHIBHOCTE caBura S, . BosbmMem VO € R u paccmotpum
i 1 (&M
5.1 2 ] 1

279 & —7e"

Nmeem
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(5, f)er)==]| fle e bl s) 1 [Tl be)

- |§ = -
27 &’ -1 2m.  &-1

V4YuThIBas 3TO0 COOTHOIIICHHE noJjrydyacm

5,115, k)= (s (1) 1))

ITycts f e EE'“ . Torma u3 Teopemsl 8 [12] HEmOCPEACTBEHHO ClICAYET
5, 1065, el =[5, (1 - £ e, <€l ()1 0,550,

Takum oOpa3om, cripaBeIIMBa CIEAYONAs

Teopema 9. Ilycmsb secosasn ¢pynxyus p() onpeoenena svipadicenuem (4), 20e I' =y . Eciu

[ o« _p’a
6bINONIHEHbL Hepasencmea (5), mo cunzynaphviil onepamop S, ozpanudeno oeticmeyem ¢ L .

[Tycts | —HekoTopbIi wHTEpBaN, U f € Lp'“(l), ge Lq‘“(l), rIe 30eCh U Jajee i+£:1.
q

Nmeem
JIfaldt <[} sup re [|fgldt=[1[""|fq],
| xel,r>0 Ir(x)
rje |I|— neberoBo mepa | Ir(X)Elﬂ(X—r,X-i- r). [IpumenuB HepaBeHCTBO ['enpaepa u3

MIPEIbIIYIIEr0 HEPABEHCTBA, [10JIy4aeM

1 1 1

P q p
I|fg|dts|l|l_a sup [r“ J|f|pdtJ X {r‘“ _[|g|thJ £|I|1_a sup [r“ j|f|pdtj x
I xel,r>0 1 (x) 1, (x) (%)

xel,r>0l

1

a-1 q a l-a
p( [ dt] WLl lel..

xel,r>0
’ 1 (x
r

Wrak, cipaBeiinBa cieayromas

Jlemma 2. Ilycms f e Lp'“(l)/\g e Lq'“(l), %+%:1, pe[1,+oo). Toz0a cnpaseo- nugo

cnedyrwujee Hepasencmao I envoepa

Itall, <01l <0171, lell,..
HpI/I MOCICAYIOMUX PACCYKACHUAX YACTO UCIIOJIB3YCTCA CICAYIOIIast

Jlemma 3. ITycmo |f(t) S|g(t), n.e. te[-rx,z|. Tozoa |f " S||g||LW :

[Ipy momyuyeHUU OCHOBHOTO pe3yibTaTa HaM MOHAJ0OMUTCA TaKKe CIEAyIollas JIeMMa,
KOTOpasi HEMOCPEACTBEHHO cuenyeT u3 Jlemmsr 1 [12].

Q
Jlemma 4. Koneunoe npousgedenue | ||t —tk| * npunaonesxcum npocmpancmey L*“, eciu
k

o
guinoaHensl Hepasencmea o, > ——,VK, ede 0 <a <1, 1< p <+oo.

3. OxHopoaHasn 3axaua Pumana B kiaccax Morrey-Hardy
PaccmoTpum ciienyronnyro oOTHOpOIHYIO 33/1ady PrmMana B Kitaccax (H e Hj""‘);
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F*(z‘)—G(r)F’(r)zO ,TEY,
(6)
F'(z)eHP* ; F(z)e HP,
rze G(e“)z‘G(e“}e”(‘), o(t)=argGle" )t e[- 7, 7).

3amauy (6) Oyaem ucciaeoBaTh 10 METOAY, paspadboranHomy B MoHorpadhun W.U.Jlanwmmroka [38].
BBenem crepyronye aHaTUTHYECKUE BHYTPH (3HAK «+») M BHE (3HAK «-») CAMHHUYHOTO Kpyra

Gyakuun X ii (Z) ;

X, (Z)Eexp{%fm\e(en}

e"+z i etz
eit_Zdt}, Xz(z)zexp{aj;é?(t) it_Zdt}.

e

X; (z) |7 <1,
[Xi (Z)Tl,|2| >1.
®opmynbl Coxoukoro-Ilnemens narot
o)
BBons 06o3HaueHne Z(Z) =7, (2)22 (Z), uMeeM

Z*(r)-G(z)2 (r)=0,rer. @)

Cﬂedyﬂ Klaccu4ecKkomy cuydaio, @yHKL;M Z(Z) HA306€M KAHOHUYECKUM peuleHUuem 3a0aqu

Omnpepennm ~ Z; (Z) = {

(6).

[ToncTaBisis 3HAYCHUS G(T) u3 (7) B (6) nonyunm ;+ 2:3 _ ;:g; rerl.
d"(z), |z <1,
Tonoxum (I)(z)ziz)’ nmyers (2) (2) 7| <

Z(z ® (z),|7>1.
HerpynHo 3ameTuth, 4TO (QyHKLUSA Z(Z) He uMeeT Hyneil u momtocoB mpu Z & [ . Tlostomy
byHKIUN CD(Z) u F(Z) UMEIOT OJIMHAKOBbIE MOPSAKM Ha OeckoHeyHocTu. M3 pesynbraTroB
MoHorpaduu [38] HEMOCPENCTBEHHO CIEAYyeT, YTO (PYHKIUs q)(z) MPUHAJICKUT Kiaccy Xapau

+ +
H; npu mocratrouno mamom O >0 . Tlokaxem, dro CD(Z)E H; . Jua sroro nocrarouno

nokasarn, uro O* (T) € Li(F ) JanbHeiIee HEMOCPEACTBEHHO ClIeIyeT U3 TeopeMbl CMHPHOBA.
N3 cootHomenuss F~ e HP” (3r0 BKiIIOYEHHE BEPHO MO OIMPENCICHHIO PEIICHUS)
HEMOCPEACTBEHHO cieayer, uro F e L™ . Tlooromy, kak cuexyer u3 JlemMMsl 2, s
crpaBeIMBOCTH BKIoueHnss @~ € L, foctaTouHO 1MOKa3aTh, YTO [Z*(Z')T1 e L%,
B nanpuelimem Oynem npenmnoiaraTh, 4To (GyHKIHS 49() UMEET OTPaHNYEHHYIO BapHaIHIO
u nmeer npencrasienne Ot)=6,(t)+6,(t), rae 6,(-)— wnenpeprras wacts (- ) Ha [— 7z,7z], a

6,(+) dpysxums cxauxon
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0(-7)=0, 6(s)= > h,

h, =6(s +0)—6(s, —0)k= Lr—  ckaukn GyHKIUT o(-) B TOYKaX pa3pbiBa
{shi—w<s <..<s, <z.Tonoxum hy=6(-7)-6(x), ho = 6(z)-6(- 7).
i
t—rz|| 2 17 t—7
T‘} exp {—EJ;QO (T)Ctg Td‘[} .

h

s
}27[

Kak cnenyet u3 pe3ynbpTatoB paboTsl [38],

Iycts  Uy(t)= {sin

t—s,

O003HauUNM u(t) = lL[ {sin

k=1

Z, (z' X BBIpaKaeTcs HopMyJIoii

hy
72-} 2z

‘Z;(e“} = uo(t)ul(t){sin
J4 K] q)OpMyHBI COXOHKOFO'HH@MCHH HCTIOCPEACTBCHHO CJICAYCT

SU(E)ﬁyﬂ'r)ai{‘Zl_ (elt lil }< +w '

N1
— (it
Takum obpazom, s ‘Z (e } UMeeM IPEACTABICHUE

ho

‘Z‘(eit }_l =[z; (e“}_l|u0(t)|_1 |u(t)|{sin }2” : (8)

. +1
Kaxk cnenyet u3 pabotsi [38], uMeeT MeCTo COOTHOIICHHE Supvra||uO (] <40,

—7T, 7T

t—x

[Mpumenus Jlemmy 1 [12] k BbIpaxenuto (8) u yuutbiBas Jlemmy 4 mosmydaem, uTo (pyHKIHS

L y-1
‘Z‘(e") HPHHAUICKHUT MPOCTPaHCTBY L, ecii BRITIOIHEHBI CIEAYIONINE HEPABEHCTRA

Doy @ eor ©

2r q
Hrak, B pe3yabTaTe NOIydYaeM, YTO €CIIM BBINOJHEHBI HepaBeHCTBA (9), To (yHKIMA (D_(e“)
npuHaanexut L, . Ono cmenyer HenocpenctseHHo wu3 Jlemmsr 2. Torga wu3 TeopeMsl o
enuactBennoctn [38] (Jlemma 19.1, ¢. 194) cnenyer, yto d)(z) SIBIISICTCS.  TIOJTMHOMOM Pm(z)
crenenn K <m, u B pesynprare umeem F(z)=Z(z)P,(z). Boisichum npuHamiexHOCTh QyHKIMHK

F() kmaccy H/”. Jlns aToro nocraTtodHo 0Kas3aTh, YTO Z*(e“) npunamnexur P . U3 (8)

o
} 2z

CuoBa o6patuB BHMMaHue K Jlemme 4 momywaem, uro Z~ € L”” Torma m Tomeko Torma, xorma

t—x

TIOJTy4aeM MPECTABIEHHE ‘Z - (eit ] = ‘Zlf (eit 1|uO ©u)” {Sin

BBITITOJIHCHBI HCPABCHCTBA

h

de <% k=or. (10)
2r p
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B pesynprare momydaem, 4to eciau BbimosiHeHbI HepaBeHcTBa (9) m (10), To oOmiee permieHue
omHOpOAHOM 3amaun (6) B kmaccax HP“x HP* umeer sum F(z)=Z(z)P,(z), rne P,(-)-
POU3BOJIBbHBIN MOJMHOM crenenu K <m. Urak, cipaBenBa

Teopema 10. Ilycmv kospppuyuenm G(~ ) 3a0auu (6) yooenemeopsiem yciosusm: 1)
G*elL,(y);

i) 6(-)=arg G(eit )— Kycouno nenpepvisna na |-, x| {s, J. 1 —m <8, <...<S, <7~ mouxu
paspwisa, h, = O(Sk + O)— O(Sk - O), k =1,r — coomeemcmeyiowue ckauxu, h, = H(— 77)— 0(72').

Toeda, €CJIU 8bINOJIHEHbL HEPpABEHCMBA

_eho @ ot (12)
q 27 p

mo oonopoonas saoaua Pumana (6) umeem obwee pewenue ¢ wiaccax HP*x HP" euoa

F(Z)z Z(Z)P (Z), 20e Z(-)— KanoHuueckoe pewterue, P ()— NPOU3BOILHBIU NOAUHOM CHENneHU

m m
k<m.
W3 3T0i1 TeopeMbl HETTOCPEACTBEHHO CIICAYET CIeIyliee
CaencrBue 1. Ilycms swvinonnensvt éce ycnosus Teopemwt 10. Tocoa oonopoonas 3adaua

Pumana (6) umeem monvko mpusuanvroe pewenue 6 kiaccax H?* x H"* npu m<-1.
3ameuanue 1. Crnenyer oOpaTUTh BHHMaHHE HAa TO, 4YTO TMPEAEIbHOE IOJIOKEHUE

HepaBeHCTB (11) mpu o —1—0 sBASAIOTCS HEpaBEHCTBA
o 1o (12)
qa 27 p
KOTOpPBIE€ JIOCTATOYHBI ISl YCTAHOBJICHUS OOIIETO pelIeHUs OJHOPOAHON 3amaun Pumana (6) B
xiaccax Xapmu HPx HP . B stom cimydae Teopus 3amaum PumaHa JOCTaTOYHO XOPOIIO
pazpaborana u ocBemnieHa B MoHorpadpuu WM.M. anwmmroka [38]. Urak, momydaem, 4TO eciu

HepaBeHCTBa (11) BBIMOJHEHBI TIPH HEKOTOPOM & € (0,1), TO 00lIlee pelIeHre OJHOPOTHOMN 3a1aun
Pumana (6) B kiaccax Xapau HP x HP umeer Bua F(Z)E Z(Z)Pm(z), e Z(- )—KaHOHI/IqGCKoe
pemrenne, P, (-)— npoussonbHbIi nonmHOM cTenenn K <m.

HaoGopoT, eciu BHITOTHEHBI HepaBeHcTRa (12), To sicHo, uto Jar € (0,1), Takoe, 4To HMEOT

MecTo HepaBeHcTBa (11), U B pe3ynbraTe cpaBeasiuBo yreepxkaeHue Teopemsr 10.
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XULASO
Nacafov T.I, Quliyeva A.A
Isdo Morri-Hardi siniflorinds hisss-hisso kesilmoez omsala malik bircins Riman sorhed
mosalasine baxilir. Masalonin omsali {izorine mioyymn sortlor daxilindos  bu masalonin hall
olunanlig1 6yranilir vo Morri-Hardi siniflorinda bircins mosalonin {imumi holli qurulur. Alinan
noticolori Morri-Lebeq fozalarinda hisso-hisso Xotti fazaya malik eksponent sisteminin bazislik
xassalorinin dyranilmasine totbig etmok olar.

ABSTRACT
Najafov T.I, Quhyeva A.A

This work considers the homogeneous Riemann boundary value problem with the piecewise
continuous coefficient in Morrey-Hardy classes. Under some conditions on the coefficient, the
solvability of this problem is studied and the general solution of homogeneous problems in Morrey-
Hardy classes is constructed. The obtained results can be applied to study the basis properties of
exponential systems with piecewise linear phase in Morrey-Lebesgue space.

NDU-nun EImi Surasinin 24 dekabr 2015-ci il tarixli gorar1 ilo ¢apa
tovsiys olunmusdur (protokol Ne 05)
Mogaloni gapa toqdim etdi:
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TOKRAR XARAKTERISTIKALI 4-CU TORTIB TONLIK UCUN
BIR QARISIQ MOSOLONIN TODQIQI

Acgar sozlor: spektral masala, tokrarlanan xarakteristika, ayrilis diisturu, requlyarliq, kontur
integrallar

Key words: spectral problem, recurring character, expansion formula, regularity, contour
integrals

KiioueBble cj0oBa: cnekmpanvHas 3a0aud, KpamHvle Xapakmepucmuku, ¢opmyna
PAa31024CEeHUA, pecYIIAPHOCMb, KOHMYPHble UHmMeSPpaJlbl

Omsallar faza dayigonindon asili funksiyalar vo ya sabitlor olan

[‘9“ S %) G % KA 0 AR % S
ox' ox’ot? ox’ot ox’ ot ox oxot

84

4

e X R A ] T R

atz
xe(01)
tonliyino

ot ot’ox ot*ox otox

x=0

(2
84 84 84 84 | o
+ B —+ B ——+ B + B u(x,t)=0, v=14
P ot " ot°ox “ ot’ox’ P otox’ x1j| ( )
sorhad sortlorilo va
%’f’t) = (x), k=0,3 3)

baslangic sortlorilo baxaq. Burada P. - sabit ododlar, RK(X)ECA"”[O,].], 0<k<i,i Zﬂ,
aa,a, a, B, B2, B, B verilmis sabit ododlor, ®(X), k = 0,3 Kifayat gador hamar

funksiyalardir.

(1)-(3) garisiq mosalasi (2) sortlorindo zamana nazaran téromolor istirak etmadikds [1]-do
aragdirilmis, normallasdirilmis sorhod sortlori ti¢lin requlyar sorhad sortlori  ayrilmis, qarisiq
moasalonin hallinin uygun spektral masalonin halli vasitesilo gostarilisi alinmigdir. Uygun spektral
mosalonin forqli xarakteristik koklori iki dofo tokrarlanan oldugu halda spektral parametr sorhad
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sortlarina daxil olduqgda [2]-ds 4 -qat ayrilis diisturu alinmisdir. Bu isda (1)-(3) masalasinin hallinin
kontur integrallar vasitasilo gostarilisi tadqiq edilir, hallin varlig: tigiin kafi sortlor alinir.
Laplas inteqral ¢evirmasini [3, 4] (1)-(3) masalasins totbiq etmoklo va

fe*“u(x, t)jt =y (X, l) (burada A -kompleks parametrdir) isarolomosi aparmagla formal olaraq

asagidaki spektral masaloni almaq olar.

TR, AP (x)+ RIS+ 2P (5)+ 4P (x)+ P (]S + o
|:/’l’4 P44 + 2'3 PAS(X)+ 2’2 PAZ(X)+ ﬂ'PM(X)-i_ PAO(X)]y = f (X’ ﬂ’)
Burada
F(x,2)= P, S [0,()+ 20, (<]+ P, (X)5 -0, (x)+

+ P00 [0,(0)+ 20, (K] +P, () £, () +

+ P [® (X)+ AD,(X)+ 2D (x)+ AD (x)]+
+ P (X))@, (x4 2D (x)+ 2D, (x)]+ P,(x)[@,(x)+ 2D (x)] +
+ P (x),(x)=2P.®,(x)++2[P.® (x)+ P,(x)D, (x)]+

44 7 0

44 2 43 1 42 0

£ Py 0004 R0 0,00+ R0+ PO, (0)+ R0, () 4

P00+ P 0 0P, S0 (4P 0,0
+ PAA(DS(X)+ PAzq)z(X)-l_ P42(D1(X)+ P41(D0(X)]’

sarhad sortlori iso asagidak: soklo diisiir
2alV(0)+ £aV'(0)+ XaV"(0)+ 1aV""(0) +
BV AV AV O 2BV O=F () v=1a
Burada
F(1)=a(2®,(0)+2®,(0)+ 10,(0)+ ®,(0))+ (XD (0)+ 1D (0)+ @/ (0)) +
+a(A0(0)+ @'(0))+ a'®"(0)+ B (1D, (1) + 2D (1) + 1D, (1) + D (1)) +
+ 4 (20; 1)+ 20,(1)+ @)+ £ (A1) + @)+ B D (2).
Tutaq ki, @'+ P60 + P, =0 xarakteristik tonliyi 8 =1, 6, =—1 hor ikisi iki dofo tokrarlanan
koklorine malikdir. Onda P, =—2, P, =1 gobul eds bilrik.

Qarigiq masalonin hollinin varligr ii¢lin bu sortlor 6donilmoalidir: Elo bir hagiqi o odadi
olmalidir ki, u(x,t)e‘“‘, ux’(x,t)e‘“, u, (x,t)e“‘“, u_ (x,t)e‘““, u_ (x,t)e“‘“ funksiyalar1 t —> oo
oldugda x-a nazaron miintazom olaraq mohdud olmalidir. Bu sort 6donildikds yuxaridaki Laplas
cevirmasi (1)-(3) mosalasi (4)-(5) spektral mosalasinin dyranilmasinag gotirir. ©gar biz (4) tonliyino
Laplas ¢evirmasi vasitasilo xiisusi toramali tanliyin gevirilmasi kimi baxsaq, onda hokm etmok olar
ki, xarak-teristik tonliyin forqli koklori 8 =1, 8, =—1 [5] tokrarlandiqda qoyulan masals klassik
hallo malik deyil. Bu zaman maxsusi adadlor Laplas xsttindon konarda da yerlaso bilar. Bels olan
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halda spektral masalonin moxsusi vo qosma funksiyalarina nozoron doérdgat ayrilis diisturunu

mioyyan  sinif  sorhod  sortlori  {iglin  almaq  mimkiindiir. [2]-don  alimir ki,
P(x)=P,(x)=P,(x)=P,(x)=0  gotirmoklo (4) -tenliyino uygun bircins tonliyini

fundamental hallar sisteminin ifadslorinds spektral parametrin kasr daracalorini atmaq olar va (1)
tonliyinin avazins bels tanliys baxmaq olar:

o'u 9 o'u o‘u N F)20()()82u B iPM( ) o'u (X)azu

+ X)———P, +
ox'  ox‘ot® ox' ot’ oxot ot’
# PP (X) 54 P (i 0.

Holli u(x,t)=3ce“V (x) (burada ¥ (x)

V' +(22 + P, (x)V + (P (x)+ P (x)V'+ (2 + £P,(x)+ AP, (x)+P,(x)V =0
tonliyi tiglin requlyar sorhad sartlorilo [2] sado maxsusi adadlara uygun moxsusi funksiyalardir)
soklinds axtarmaqla baslangic funksiyalarin moxsusi funksiyalara nazaran ayrilist alinir.

Tutaq ki, (4)-(5) mosoalasinin maxsusi odadlori Laplas xottindon solda yerlosir. u(x,t)
funksiyasi tizarina qoyulmus yuxaridaki mahdudiyyatlori nazars almagla (1)-(3) masalasinin hallini
1 i
———1Iim [e"V(x,A)dA (6)
27~\—-1" rjv (x A

(burada I' - bir-birinin daxilinde yerloson, markazlori koordinat baglangicinda olan miintozom

u(x,t)=

geniglonan konturlardir, moxsusi adadlar konturlar {izorine diismiir) soklinds axtarag. (6)-n1 formal
(1) -do nazars alsaq

0" 0" 0’ o 0’ o
Rl R0 R0 D R0 R ()

—+
ox‘ot OX ot ox oxot

FR0)L RS RS+ S R0 k)=

_ M#\/—_llvim fe" H(x,AH2 =0

(inteqralalt1 funksiyanin analitik olmasina asason).
Indi forz edok ki, @ (kv)(X) funksiyasi parcanin uclarinda miioyyan tortibli toromoloro godor

sifira gevrilir. Onda (5) sorhad sortlori bircins formaya ¢evrilir. Hom do forz edok Kki,
f(@)z P& +PO+P, funksiyasmin koklori biitiin xe(01) tgiin tokrarlamir, yoni

f(@)=2P8 +P,=0 burada 6=16=-1 gotiirok. Onda
P.+P,+P, =0, P, —P,+P, =0 borabarliklori édonilmalidir ki, burada P, =0 gtiirmoklo

P, =P, =0 alnr.

Sarhad sortlorinin omsallarinin [2]-doki requlyarliq sortlorinin 6donmasi nazare alinmagla
(6)-n1 sarhad sortlorino totbiq etdikdo onlarin 6donilmasi alinir. Baslangic sortlorin 6donilmasini

1
yoxlamaq ii¢iin (4) tonliyinin hor torofini A" -0 béliib z -n1 & -la oavoz etmoklo asagidaki

miinasibatlori aliriq.
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o'y o'y oy

4 _ 2 2 4 3 4 _
& 8)(4 +( & + ong )8)(2 + (Pal(x)g + Pao(’x)g ) ax +

+ @+ &P, (x)+ &P (x)+ &P, (X)) = ed,(x)+ &D (x)+

—® (x)+

+ g{— Z%CDO(XH ®,(x)+P, (Do(x)} + g“{— 2 ;:2
+R 2 0.00+0,00+ P, ()4 P3|

(7)-nin hallini

(
(I)l

V(x, )=V, (x)+&V.(x)+ &V, (X)+ &V, (x)+ &'V,(X)+...
soklinds axtarag. (8) -i (7) -do nozars alsaq asagidaki formal miinasibat alinir:
84(3/: +&V, +&YV, +&V +&V, + ...+)+ (28" + ong“)(yo” +&V!" +

()

(8)

+eV! +&V! +&V! +...)+(I331(93+Psog“)(yo’ +eV! +&'V vV +eV! +...)+

2 3 4

+(+6P,+6P, +£P WV, +&V, +&V, +&V, +£V, +..)=

=0, (050, (0)+ 7 ~2.5 0,0+ 0,0+ P, (0, () | -2
2.9 0 (x)+0,()+ P, ()0, (x)+ P, (x)d)o(x)}.

dx

Buradan ise
gV (X)+&V (X)+ &V (X)+ &V (X)+ &V, (X)+..—2eV" —28°Y" —
=2&'V! =2&V! -2&V" +..+PeV! +P V" +PeV! +P V! +

0 20 1 20 2 20 3

+P eV +..+PeV! +P eV +PeV +PeV +PeV! +..+

4 0 1 2 3

+V +eV, +&V, +&YV, +&V, +.. 4PV +PYV 4+ PV, +

42 0 42 1 42 2

+&PV, +ePV, +.. 4PV, +e' PV, +ePV, +&PV, +

42 3 42 4 41 0 417 1 41 2 41 3

+ &PV +..+&PYV +&PYV +&PV +&PV. +&PV +..=

41 4 40 0 40 1 40 2 40 3 40 4

_ o (x) 4 £, (x)+ gs[_ 29" 4, (x)+ ®.(x)+ P, (x)d)o(x)} .

dx
v 280,00+ P, L0, 00+0.(+ (0, (4 P (00, ()=
V. +eV, +& -2V +V, 4PV, |+&-2V'+V, +PYV +PV +PY ]+

317 0 427 1 417 0

e[V +PYV" —2V" 4PV’ +PV' +V, 4PV, +PV +PV |+..

20 0 317 1 0 42 2 417 1 40 0

~ o0 () 5@ ()4 &7 -2 8,0+, (0 P, (02,
ro| <2500+ P, 5 0.0+ 0,0+ P, (00, (0)+ P, (00, ().

& -nun uygun daracalaorini miiqayisa etmokls aliriq:
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dx’




YV (x)=0, V. (x)=® (x)
—2V" +V, +PYV, =® (x)

42 0

2

- 2y1”+ y3 + P?:lyor + P42y1 + P41y0 = _Z%QO(X)*_ ®2(X)+ P42 (X)QO(X)

V. +RPV" =2V +RPV! +PV! +V, +PV, +PV +PV =

20 0 0 42 2 417 1 40 0

d’ d

o D)+ P @, (x)+ @, (x)+ P, (x),(x)+ P, (), (x)
Buradan isa

Y, =0,Y.(X) =D, (x),Y,(X) =D, (X)

=2

2

—20"(x)+Y,(xX) + P,(x)D,(x) =—2 d @ _(x)+

+®,(x) + P,(X)P,(x) = Y,(X) =D,(X);
=207+ P, (x)@;(x) +Y,(X) + P,(X)®,(x) + P, (x)®,(x) =

2

dx

;0. () + &(X)%@o(x) +@,(x) + P,(X)0(x) + PO, (x) =

=Y, (X) =D (x).
Belaliklo, aliriq ki,

1 1 1 1
X,A)=—D (X)+—D (X)+—D (X)+—D_(X)+---.
y(x,4) P ,(X) pr (%) pr ,(X) 7 ()

Bu diisturdan isa baslangic sortlorin 6donilmasi Kosinin inteqral diisturuna (bax [4]) asason alinir.
Indi isa [2]-y2 uygun olaraq (4) tonliyi ii¢iin serhad sortlorini

L(y)=L.(y)+L(y)=AR)+B (De", i,j=14, k=12

(burada k =1, j=1,2 oldugda k =2, j =3,4 oldugda A (4), B, (1) (2) sorhad
sartlorinin omsallar vasitasilo askar sokilds goxhadlilor kimi ifads olunur, y (x, 1), j =14
iSo (4)-o uygun bircins tonliyin fundamental hallor sistemidir) soklindo gdstorok vo
e (x,A), v=14 il (A.,» (A4, B, (ﬂ,))“ I, j =1 matrisinin v -cii satrinin elementlorinin
on yiiksok artma tortibini isars edok. Onda [2]-doki teorem 1-5 osason requlyarliq sortlori

C.(A) =detiC(A)j,, C.(2) =det{C(A)j .

CP’(A)=AQ), i=14, j=12, C°(A1)=B,(1), i=14, j=34;
C®(A)=B,(1), i=14, j=12, C?(A)=A(1), i=14, j=34
coxhadlilorinin eyni artma tortibi H ili < H olmasi ilo miiayyan olunur va spectral masalonin

Qrin funksiyasi [1] dglin bitin x,& e[0] Ugiin spektrin kicik & otrafindan konarda

2

O[ 1 j, |A| —> oo asimptotik ifadosi alimir. [1] —don istifado etmoklo birbasa hesablamagla

alinir ki, spectral masalonin halli ti¢iin asagidaki miinasibat dogrudur:
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d"v (0G4
Y 00+ ] TC%ED e o ®
Burada G(X, &, A) - Qrin funksiyast, y (X)) = {(])c’(r;’ :)(’),fn —4

0 Géx,f,/t) funksiyalarmin - | 4| — oo oldugda asimptotik giymotlondirilmasini spektral
"
parametra nozaron aparmagla

0"G(x,&,4)
ox"
(burada M _ -sabit ododlordir) miinasiboti alinir.

<M_-[A]", m=04, (10)

Belaliklo asagidaki teoremi isbat etmis oluruq:

Teorem. Tutaq ki, D(x), (k= TS) funksiyalar1 [0,1] par¢asinda 7-cCi tortibo godor
kasilmoz toromays malikdir vo uclarda funksiyalarin toromolori sifra cevrilir, sorhad sortlori
requlyardir, moxsusi  ododlor Laplas xottindon solda yerlogir. Onda (1)-(3) qarisiq mosalasinin
klassik halli (6) diisturu vasitasilo ifads olunur.

Qeyd. Baglangic sortlorin 6donilmasini belo avazlomalor aparmagqla asagidaki sxem {iizra do
yoxlamagq olar:

u=u, u,|, =,(x), u| = (x)
ou
~=Uu u| =o(x), ul =d(x
8’[ 1 2 |1=0 2( ) 3 |t=0 3( )
o‘'u, au,
= =U
ot ot ’
du,_au, _ (11)
o’ ot ’
ou 6“u 82 ou ou
= - P, (x - P, (x -
ot 8“ 8X () 31()8 3°()8
—P.(u, =P, (xu, - P.u,
Uygun spektral masalos olaraq bu sistem gotiiriiliir.
Vl - 2/VO = _®O(X)
vV, — AV =-0 (X)
= AV, =—] (x)
Shialop ~P,(0V, -
dx'’ dx’
- I:211()()V1 - P40V0 - /1 - _(Da(x)

Burada v, -1 geyd edok. Onda
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V=Av - (X)
V, = AV, — O (X) = AV, — AD (X) — D,(X)
V=4V, - O (X) = AV, — LD (X) — AD (X) — D, (X)

_dy, 2/12dv dzq)°(x)—2d2q)1(x)—l3zo(x)ﬂ

dx* dx* dxz dx’ dx*

d<D (X) .

+P.(x)———-P,(x ) — AP, (X)v, + AP (X)®D, (X) + P, (x)D (X) —
—/IPM(X)VO + P“(X)CDO(X) - Ro(x)vo AV, + XD (X)+ LD (X)+ AD,(X) +
+0 (x)=0=
d'v, 1 5. dv,
™ +[-22+P (x)] +[AP.(x) + P, (¥)] ot

+[A + 2P, (x)+ AP, + Ro(x)]vo = 1D (X)+ LD (X) +

+ /1[— 2 (;j : O (X)+P,(X)P, (X)+ D, (x)} +

25
= Zn\/—_l lim ]_jvvo(x,/i)di = ().

Indi iso (12)-do v, -i geyd edok. Onda

VvV, ="V, + D (X)

VvV, = AV, — D (X)

V, =V, — D _(X) = AV, — AD (X) — D,(X)

CD (X)+P.® (xX)+P.D (x)+ D, (x)}

42 1 41 0

—Ild v, d (I)O(x)+2/1d vl_zd ‘©_(x) P (x )/Ild vV,

dx* dx* dxz dx dx’
ch X )
P00 00 SR (2 S

dx

-P,(x)®, (X) P, (X)Av, + P ()P, (x) =Py, = AP, (X)v, = P,(X)®,(X) -
— AV + LD (X)+ AD,(X) +D,(x) =0.

Sonuncu barabarliyi A -ya vurmagqla ahrlq

av, _,pdv., P(x) P (x)d"(x)
dx’ dx’

+[A+ AP (X)+ AP (X)+ P.(X) ]V, =

Rmmﬂ+

dCD(x) d'd,(x)

dx’
AR, (X)@,(x) + AP, (X) @, (X) + AP, (X)®, (X) +

— 21—

_ZP()dCD(x)

+ A0 (X) + D, (X) + AD,(X).
Buradan
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- \/_ I![IJ jv (x,4)dA =D _(x).

Yeno do (12)- do ovvalco v, -ni, sonra ise v, -ii qeyd etmoklo alinmis sistemlorin sonuncu

tonliklorini uygun olaraq A% vo A*-na vurmagla

lim jv (x,A)d1 =@ (x), = 2,3 ayrilis diisturlarin almag olar.
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conditions for coefficients of border conditions and initial functions. In this case classic way of solution
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KPaTHBIMHU XapaKTepUCTHKAMU
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MOpsAZIKa C KPaTHBIMU XapaKTEPUCTUKAMM U COJEP)KALIMMH B KPAaeBbIX YCIOBHSX NMPOU3BOJHBIE IO
BpeMmeHu. HaiineHs! qocTaTouHble ycaoBUS Ha KOA(QQHUIMEHTH U HAaYaJbHBIX YCIOBHM, NMPH KOTOPBIX
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Mogaloni gapa toqdim etdi:

40



NAXCIVAN DOVLOT UNIVERSITETI. ELMi 8SORLOR, 2015, Ne 5 (73)
NAKHCHIVAN STATE UNIVERSITY. SCIENTIFIC WORKS, 2015, Ne 5 (73)

HAXYBIBAHCKHI TOCYIAPCTBEHHbBI YHUBEPCUTET. HAYYHBIE TPY/IbI, 2015, Ne5 (73)

FAMIL MoOMMoDOV
Naxcivan Doviat Universiteti
UOT:

ANIZOTROP ELLIPTIK HISSOLI, QEYRI XOTTI DISSIPASIYALI UC OLCULU
HIPERBOLIK TONLIYIN QLOBAL HOLLORI

Anizotrop elliptik hissali yarimxaotti hiperbolik tonlik ti¢iin asagidaki qarisiq masaloys
baxaq :

3
U+ (-1 D2 u+u,| "u, =u" "y, t>0, xel,, (1)
k=1
u0,x)=p(x), u(0.x)=y(x), xe 1, 2)
D/fu(t, x; (0)) = Dffu(t, x (1)) =0, B, =0.1...I, -1, k=123, (3)
Burada |, natural odad, D, =a% k=123, I, = {x:x=(x,%,,%) 0<x, <1, j=123],
k

X;(a) = (%, %5), X5 (8) = (X1, 8, %), X3 (8) = (X, X;, @)

Owvalco asagidaki isarolomoni aparaq: I = (I,,1,,1,),
= 11 1 1 1 LL+LL+L] . . ) )
‘I*l‘ =‘: ==+ +—=23 23 212 fsdo ||| ilo L,(J7;) —normasi isaro olunur. Xiisusi
T LI, :

halda p =2 oldugda ||||p avazine || kimi isaradon istifade edacayik.

Biz W, (17,) ilo

Ju

1
3 2|2
o =+ 2ok

anizotrop Sobolev normasini isara edacayik [1]. V\72r (11,) ila Wzr (71;) -nin asagidaki alt
fozasini isaro edok:

W, (17,) = {u 1ueW, (17,), D/ u(t, x; (0)) = D u(t, x, ) =0, B, =01...1, -1k =J,2,3}

Malumdur ki, ‘rfl‘ <2 oldugda 2 <s <+, vo ‘ f’l‘ >2 oldugda 2<s< ‘rz‘ll‘l‘z

sarti odoanilirso n vo s-don asili elo B, adodi varki istonilon

S
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v()eW, (I7,) iigiin

VO, < B {Z\ D,V } (4)
k=1
borabarsizliyi 6danilir (bax[1]).
Teorem 1 (Local varhiq). Tutaq Ki ,
ﬂ ﬂ i
‘I ‘l‘<2 Vo 1<p<+4c0 Vo ya ‘I ‘l‘>2 , 1< pg‘r_l‘ 5

®)

Onda istanlon ¢(.) EVVZF (11,), w(.) e L,(I1;) baslangic verilonlori iigin elo T >0
var ki, (1)-(3) mosalesinin u(.) ec([o,T);ij (173)), u, () eC(0,T)L,(/1,))NL,,(0,T]xIT,)
sortlorinin  6dayan lokal halli var.

Ogor T' >0 lokal hsllin maksimal varliq intervalidirsa onda asagidakilardan biri
odanilir

i 3 ) 2
B il + 31080 |-

2) T' =+o0.
Teorem 1-in isbati malum Fayedo-Qalyorkin isulu ilo aparilir.

Teorem 1-in isbat sxemi.

sz (71;) separabel Hilbert fozasi oldugundan homin fozada xotti asili olmayan tam

sistem var.Homin sistemi {ek (X)}f:1 ilo isaro edok.Onda teoremin sortinden almirki @(.) vo

w(.)-i asagidaki kimi approksimasiya edo bilorik

on ()= 0l (0 > 0() Mmoo W (I7,)-do

k=1

V()= Cnl (0 5u() Mmoo L)t

k=1

m
Masalonin hallinin yaximlagmalfrimi U, (t,x)= Z Cym (t)ek (x) sokilindo axtaraq. Buradac,, (t) -
k=1

lor asagidaki masalonin hallidir .

j j U, (t,X).8, (X)dxdt +j j 23: D"u_ (t,x).e, (x)dxdt +
0 17, 0 11, k=1 (6)

+j [ (€] g (8, )6, (X)dxdlt = j [luntt. X)|" Uy, (t, X)., (X)xdt.

A 0 1,
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Un(0.X) =9, (x),  xell;, 7

Umt(o, X) :l//m(x)’ Xell,. 8

(6)-;n har torafini ¢, (t)-ys vurubk =1-don k =m -dok comlayib [0,t]x 7, oblast1 iizra
integrallayaq.Hissa-hisss inteqrallama apardiqdqan sonra biz asagidaki boraborliyi aldo edarik

r+1

3l Zlotneof [+ funen

= J.|um(t,x)| |umt(t,x)|dx.

m

(5) sortini nozora alib (4) barabarsizliyindan istifads etsok

2t {” ) Un (¢, )H } |umt(t x)| " dx <

<lle
2

Goriindiyii kimi elo T >0 varki

TH(3 )H } |umt(t,,)||

Jume €] +Z\

D}/ Uy (t, )H |umt(t x)""dx<C, te[0,T).

Buradan alinir,ki {Um(t,X)} ardicilligindan elo {Umj(t,X)} alt ardicilliq ayirmaq

olar ki, m; — oo -da

Uy (6 X) Ut X)W, (I75) -do *- zaif, 9)
Unj, (& X) = U, (t, %) L, (/1) -do *- zaif,

(10) Upyj, (8 X) = U, (8, X) L., (I1,)-do zaif.
(11)

Limito kegmok ti¢iin (9)-(11) -don vo iimumi qaydadan istifado edorok gostora bilarik
ki, u(t,x) (1)-(3) moasalasinin hallidir( bax[2])..
Maraqli natico p<r halinda alinir. Bu halda isbat edilirki lokal halli global davam etdirmak
olar.

43



Teorem 2. Tutaq ki, p <r , ondateorem 1-in miioyyoan etdiyi halli global davam
etdirmoak olar.

Isbati. Tutagki u(t,x) (1)-(3) masalasinin [O,T]x IT, oblastinda Teorem 1-in miiayyon
etdiyi haldir. (1) -in hor torafini u,(t,x) -o vurub [0,t]x /7, oblast: iizro integrallayaq

t 3

[ Ju (€. x)u,(t, x)dxdt +j [> (1" D™ u(t, x).u, ¢, x)dxdt +

0 17, 0 173k:1
t t
] [u €0 dxatt = [ [luct, )| u(t, 0., (t, xdxdt.

0 1T, 0 1T

(12)

Hissa-hissa integrallama aparsaq

j Ju ()., (t, x)dxdt =%ﬂ|ut )|’ —||y/(.)||2], (13)

0 11

phuct)f -3
k=1

A k=1

j Ii(—l)'* D2 u(t, x).u, (t, x)dxdt = %E:\ D} go(.)”z} (14)

borabarliklorini alariq. (13) vo (14) miinasibatlorini (12)-do nazors alsaq

1 2 S
| :E{”ut(t,,)” +kz\
1 2 <
-2wor+3]

t
D, u(t,.)”z} L [uct,x)| "ax+ [ [, @) dxdt =
j p+1 I, o 7, 15)

t
D! (p(-)ﬂ w2 0ol a2 [lut 0] utt, w6 0dxclt
P +1173 0 17,

borabarliyini aldo edoarik. Sag torafdoki sonuncu integralda q=r_+1, q'=r+1 gotirib
r

Holder boarabarsizliyini totbiq etsok

J< j [lut. 0| u(t, x)u, (¢, x)dxdt| <

0 17

sUI|u(t,x)| r dxdtj [“.|ut(t,x)| dxdtj

017, 01,

1 1
borabarsizliyini alariq. Sonuncu ifadeys 77 =g (r+1)"™ parametrli Yunq boraborsizliyini

totbiq etsok
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t p(r+1) /+1 %+1
U J'|u(t,x)|rdxdt) [J' I|u %) dxdt] <

1. 0 I,

[

p(r+l)

gﬁmu(t x)| r dxdt+gj [lu, )] et
(r+1) er 0 17, 0 17,

oldugunu alang.

Yenidan, r > p halinda q:M Vo ’:M gotiriib Holder va Yung
p(r+1) r-p
borabarsizliklorini totbiq etsok
J<— T(rrjlp) P j fluex dxdt+gj Jluo"aat,  (5)
e (r+1) r (p+1) e (p+1)(r+1r 0% 07,
oldo edorik.

Biz (15) borabarsizliyi r = p halindada dogrudur.
(13)-(15) -don asagidaki barabarsizlik oldo edirik

3w
A

}_ﬂu(t x| dx + (1 25)”|u (6, %) dxdt <

0 113

: +— If|u(t,x)|p+ldxdt.
g’ (r+1) (p+1) e (p+L)(r+r o

} 2T (r—p) 2p

Qronuol borabarsizliyindon istifado etsok

}—ﬂu(t X)| " dx+ (1 2g)jj|u (t, %) dxdt <C,

0 11

3wy

aprior qumatlandlrmssml oldo edorik. Burada

[ ) ()H 2T(r p) 2Tp

A 1
e (r+1) (p+D e (p+(r+1)r
Onda teorem 1-o osason T >0 istonilon odoaddir.
Qeyd edok ki, I, =1, =...=1 =1 halinda (1)-(3) mosalasi V. Georgiev, G. Todorova [3]
vo E. Vitillaro [4] torafindon aragdirilmigdir.
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ABSTRACT

The global solutions for three dimensional hyperbolic equations
with the anisotropic elliptic parts and nonlinear dissipation
In this paper, we consider the mixed problem for the three dimensional hyperbolic
equations with anisotropic elliptic parts and non- linear dissipation. We prove theorems of
existence of local and global solutions.

PE3IOME

I'nodanbHBIe pelieHMs TPEXMEPHbIX T'MIIEPOOJIMYECKUX YPAaBHEHMH € HeJIMHEWHOM
AMCCHNIANIMEN W AHU3O0TPONHOM IJIIMITHYECKON YaCTbIO
B pabote paccmarpuBaercs cMmellaHHas 3ajaya JUIsl TPEXMEPHBIX TUIEepO0INYECKUX
YPaBHEHUN C SJUIMNTUYECKOM YacThl0 M C HEIMHEWMHOW auccunanueit. JlokazaHnsl T€OpeMbl
CYIIIECTBOBAHUS JIOKAJIBHBIX U TJIOOAIBHBIX PEHICHUH.

NDU-nun Elmi Surasinin 24 dekabr 2015-ci il tarixli gerar ilo ¢apa
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B nmnpenogaBaHum MaTeMaTUKM peIIEHUS 3aJad M YINPaKHEHUH NPUMEHSIeTCs Kak
CaMOCTOSITENTbHBIA MeTO/1 00yueHHsI; OH MMEET XapaKTEePHbIE YePThl, OTIIMYAIOIINE €T0 OT JPYTUX
MeToJ10B. B 3ajauax m ynpakHeHusiX TpeOyeTcs HalTH HEU3BECTHbIEC BEJIMYMHBI HAa OCHOBAaHUU
psana 3aJaHHBIX 3HAUYEHUU BEIMYMH U ONPEIENIEHHBIX 3aBUCUMOCTEH MeXIy BenuuuHamu. Jlig
HaXO0X/IEHHUS HEU3BECTHBIX BEJIUYMH HCIOJIb3YIOTCS pa3iMuHble METOAbl U cpencTtBa. Hapsny c
3THM CaM IMPOLECC PEeLICHUs 3a/1a4l KaK CBOE0Opa3HbIii METO/1 YCBOSCHHsI HOBOI'O MaTepHrajia UMeeT
OIpeJieIeHHbIe 0COOEHHOCTH.

J.Iloiia [1, ctp. 16] BeIIENsAET YeThIpe 3Tama MpoLecca pelIeHUs 3a1a4u:

1) ycBoeHHe conepiKaHus 3a1a4H;

2) YSACHEHHE CBSI3M MEXIy 33J[aHHBIMHU U ICKOMBIMH BEJIMUMHAMH B 33]1a4¢;

3) cocTaBJeHHUE IUIaHa PELICHUS 3a/Ia4d U €r0 pean3alius;

4) pabGoTa HaJ pelICHHBIMHU 3a7a4yaMH.

Pemenue 3amaun, kak MeToT 00YUEHUS, MOKET CIY>KUTh pean3aluen
pPa3NUYHBIX JUAAKTUYECKMX  (DYHKIMHI: TOpUMEHEHHE TEOPETUYECKUX 3HaHUM, 3aKperjieHue
IIPOMJEHHBIX MATEPHAIIOB, O3HAKOMJICHHE C HOBBIMU 3HAHMSIMH U NOHATUSMHU U T.J.

CrnenyeTr OTMETUTB, 4TO AJI PAllMOHAIBHOCTH YCBOEHUSI HOBBIX 3HAHWW W MOHATUHI IIyTEM
pemieHus 3agay TpeOyeTcsi OrpaHMYMBaTh O0OBEM HOBOIO MaTepualla, YTOObI CTYJIEHTHI MOTJIH
MIPUMEHMTD JIOTHYECKOE MBILIUIEHUE U YCBAWBAJIU OIPE/IEICHHbIC IPAKTUUECKUE HABBIKU.

Pemenne 3amaun urpaer CymecTBEHHYIO pOJIb B aKTyalM3allMM MAaTeMaTH4YE€CKUX 3HAHUN
CTyIeHTOB. Jlyis 3TOoro cienyer BbIOpaTh TakWe 3a/ladyd, MPU PEIIEHUU KOTOPBIX CTYACHTHI,
UCIONIb3YS B HOBBIX CHUTYalUsX YK€ HMMEIOLUECs 3HAHUS, MOTJM Obl YCIENIHO OBJaJeTh U
HOBBIMU 3HaHMsIMH. K TakuMm 3agauaM OTHOCSTCS MaTeMaTHYeCKHe NpeAsIo:KeHHUsl, KOTOPhIM
MOCBAILIEHBI OoJiee paHHME NyOnuKanmuu [2]. DTOT pas3zmen HE paccMaTpHUBaeTCsl B paMKax
TPaJMLIMOHHBIX KYpCOB IPENOJaBaHUsl MaTEMaTHUKU, OJHAKO €ro YCBOEHHE OUYEHb BAXKHO IS
CTYIEHTOB. MareMaTH4ecKue MPeIIOKEHUS TOKE MOXKHO IPEACTaBUTh CTYJE€HTaM B BUJE 3a/1a4 U
ylpakHeHHH. 3ajjaua mpernoiaBaTesisi COCTOUT B TOM, YTOOBI PacIIUPsTh 00JaCTh TEOPETHUYECKUX
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3HaHUM CTYACHTOB U PEryJSIPHO MOBTOPATH BBOAUMBIE HOBBIE MOHATUSA U MPEIIOKEHUS I UX
YCBOEHUS 4epe3 3aauH.

Ony0nukoBaHO MHOTO  (YHIAMEHTAIBHBIX PAa0OT, TOJA PAa3IMYHBIMU  ACIEKTaMH
UCCIIEAYIOIINX POJIb M 3HAUYEHHUE, a Takke (YHKUUU M METOIMKU PELICHHs 3a/ady B Ipolecce
00y4eHHs MIKOJIBHON MaTeMaTuKu. OTpaHnINMCsl YKa3aHUEM HECKOJIBKUX U3 HUX.

B pa6orax IO.M.Komsaruna «3amaun B oOydyeHuH matemaTukw»  [3,4] wucciemyrorcs
TEOpETUYECKHE BOMPOCHI, CBSI3aHHBIE C CAMUM TOHSATHUEM 3a/1a4yM, Kiaccuukanuii yueOHbIX 3a1ad,
MPOLIECCOM HMX peIICHUs, OnpenenstoTcss (YHKIUU 3aJad B OOYYeHMH MAaTEeMaTUKH.
DOopMyYIUPYIOTCS OCHOBHBIE METOAMYECKHE MPUHLHUIIBI MOAX0Ja K PEIICHUIO 33a4 U O00yYEHHIO
MaTe€MaTUKU 4Yepe3 3aJaud, JaloTCsd PEKOMEH-AAlM, HAIPABJICHHBIE HA IIOBBILICHHE KadecTBa
00y4eHHs, BOCIIUTAHUS U PA3BUTHS IIKOJILHUKOB, U3YYaIOIINX MaTEMATHKY.

B knure «Meroauka mpemnojiaBaHus MaTeMaTUKU B cpeaHeidl mkose » [5, ctp.150]
M3JI0KEHBI 00YUaIOUINe POJIU 3aauu:

1) B yCBOCHHH MAaTEeMaTHYECCKUX MMOHSTHIA;

2) B W3y4YCHHU MATEMATHYECKOW CHMBOJIHKH,

3) B OOydYCHHH JOKa3aTEIbCTBY;

4) B GOPMHUPOBAHUH YMCHHUS M HABBIKOB.

ABTOpHI [5, cTp.163] emie pa3 moKa3bIBaIOT, UTO Y€pe3 pEHICHUE 3a71a4 MOXKHO:

- U3y4yaTh TEOPETUUECKUE BOIIPOCH MATEMAaTUKU (HOBBIE TIOHATHS, METO/Ibl, TEOPEMBI

U T.J.);

- 3aKpEeIUISATh YCBOECHHBIE 3HAHMUS;

- WJTIOCTPUPOBATh MPUMEHEHHE TEOPETUUECKUX 3HAHUM;
- (opmHpOBaTH YMEHUS U HABBIKU;

- IPOBEPUTH NPUOOPETECHHBIE MATEMATUYECKUE 3HAHUSI.

B knure H.B.Merenbckoro «/lunaktuka MareMaTuku» B 1i1aBe 8 - «MeToabl peleHus
3amaun» [6, cTp.176] - U3M0KEHO ONpeeieHre MaTeMaTUYeCKON 3a/1auu, HalmaraeMmble TpeOOBaHuUs
K Hel, oOydaromue (QpyHKIMM 337a4d, METOJbl pelIeHuss U 00ydeHHe penleHuo 3anad. bosbiioe
BHMMAaHUE yJIEJIEHO IICUXOJIOTMYECKOMY ACIIEKTY IPU ITOUCKE PEIICHMS 3aJa4H.

EctecTBeHHO, 4TO 3TH pabOTHI aKTyaJIbHbI KaK JJIs MPENoJIaBaHus Kypca anreopsl B LIKOJIE,
TaK U JUIsl MIeJarorMueckux yHHBepcUTeToB. OHAKO Ha HAIl B3IJISAJ CYIIECTBYIOT U HEpELICHHbIE
BOIPOCHI B YKA3aHHBIX 00JaCTAX.

Mpl uccnenoBaay HEKOTOphIe AMJAaKTHUecKHue (YHKIIMH BBHIOPAHHBIX 3adad JUTSt
MPAaKTUYECKUX 3aHATUH B Kypce anredpsl B BbIcuIed mikose [7] . B aTolt paboTe knaccudukaus
3a/1a4 1Mo AUJAKTUYECKUM (PYHKIHSAM CJeNaHa CIeIyIIUM 00pa3oMm:

- 3a7la4d THUIIA TPEHUHTOBBIX YIPAKHEHUH;

- 3aJaud ¥ MPUMEpbl, MOTUBUPYIOIIME TIyOOKOE YCBOEGHHE NPONACHHBIX Ha JEKIUSIX
MaTepUaIoB U MPUMEHEHHUE UX B HOBBIX CUTYaIlUsX;

- 3a]1a4i, NpeJHa3HAYEeHHbIE JJI U3JI0KEHHS U YCBOCHUSI HOBBIX MOHITHH, MPEAJIOKEHUN U
METO/IOB;

- 33/1a44 U YIPAKHEHUS], CIY)KAILME MPOIEIEBTUKAMU Pa3IUYHBIX MaTEMAaTUYECKUX
MMOHSTHUH;

- 3a/1a4¥, WJUTIOCTPUPYIOIIHE 00pa3oBaHNE BHYTPUIIPEIMETHBIX U MEKIPEIMETHBIX
CBsI3EH;

- 331441 [IPUKJIAJTHOTO XapaKTepa.
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Kak mokaszaHo Bblllle, B MPaKTUYECKUX 3aHATUSAX HapsAy C 3aJadaMH  YIIIyOJSIOIIUMHU U

3aKpEIUISIIOIMMU  JICKIIMOHHBIE ~ MarTepuaibl BaXHYIO  POJb  3aHUMAIOT  3ajJayH,

BBITIOJTHSIONTUE TUIAKTHYECKHE (DYHKIMK BBEJCHHS HOBBIX TCOPETHUECKHX MATEPUAIIOB.

BaxHOCTB Takoro BUja 3agay OOBACHSAETCS CIEIYIOLIIM:

1) npu paccMOTpEeHUH MapagurMbl pe(OpPMbI BBICHIMX IHIKOJ TMOCICIHET0 BPEMEHHU
HaOJIO/IaeTCsl TEHJEHIUS YMEHBUICHHs YacoB, BBIACIEHHBIX TIOJ MPOrpamMmy
MpernojaBaHus Kypca anreOpbl. YUYuThIBasi HEOOXOAWMOCTb M3Y4YEHHs LIEJIOro psjaa
MOHATHM, MpPEeNJOKEHU M METOAOB, KOTOpbIe TPYAHO BKIIOUUTH B KypC IpHU
COKpAIIEHUH YacOB IMPENoJiaBaHus, U3yYeHHE UX CIIEYeT BBIIOJHATH Yepe3 3a/laud U
YIPaXHEHMUS;

2) Tpolecc PeLICHHUs 33/1a41, HAIPABJICHHON Ha U3JI0)KEHHE U YCBOCHUE HOBBIX IMOHATHH U
METOJIOB, CIOCOOCTBYIOT Oojiee TIyOOKOMY MOHHUMAHHIO W TPOYHOMY YCBOCHHIO
CTYJEHTaMU MaTEPUAJIOB;

3) 3ajayM, HaNpaBJICHHbIC HA W3JIOKEHHE M YCBOCHHE HOBBIX MOHSATHH, MPEIOKECHUH U
METOJIOB UTPAIOT BaXKHYIO POJIb B Pa3BUTHUH MAaTEMATHUECKOTO MBILIUICHUS CTYICHTOB.

JlJi WIUTIOCTpAU UCCIEAYEMBIX BOIIPOCOB MOYKHO MPUBECTH MHOTOYHUCIIEHHBIE MPUMEPHI

13 33JJaYHUKOB, KOTOPbIE OBLIM COCTaBJICHBI M HalleyaTaHbl B mociennee Bpems [9,10,11] .

EcTecTBeHHO, YTO HawiIyullee B3aUMOJCHCTBUE JIEKLIHOHHOIO Kypca M IMPaKTHYECKOIrO
MaTepuaia HaOarojaeTcs B MapHbIX ydeOHHKax (yuyeOHbIX MOcOoOUsX) U COOpHUKAX 3a/1ady, KOTOpbIe
COOTBETCTBYIOT JIpYI K Apyry. B 3ToMm cmbicie 1enecoodpa3Ho Moka3aTh HCCIEAyEeMbIE BOIIPOCHI
Ha OCHOBE Y4eOHOr0 mocoOus u coopHuKa 3anad [9, 11], aBTOPOM B COaBTOPOM KOTOPBIX
apnsgercs JI. . Kynukos. Crenyer oTMeTuTh, 4yTo B A3epOaiiakanckoil PeciyOnvke B 1eoM psize
BBICIIMX  Y4eOHBIX 3aBElICHUM, BBIIYCKAIOMIMX  y4YUTeled MaTeMaTHKUd  CPEAHHX IIKOJ
(AzepOaiimxanckoit  ['ocynmapctBennoit  Ilemarormueckux — YHuBepcuter, HaxubiBaHCKuit
I'ocynapctBennblii  YHuBepcurer, Wuctutyr Yuuteneil AszepOaiimxana, Muctutyr VYuurenein
HaxubiBana u ap.), mporpaMMbl Kypca anreOpsl JjIsl MOATOTOBKM OakalaBpOB MO CIENHUATbHOCTH
«Yuutens Marematuku», «Yuurenb Marematuku U uHbopMatuku» [12, 13] cocraBineHsl Ha
OCHOBE yKa3aHHBIX KHUT, WJIH K€ OHU PEKOMEHOBAHBI /ISl HCIIOIb30BAHUS.

[IpoummoctpupyeM npuMepbl NPUMEHEHHMs] MPAaKTUYECKUX 3a7ad JJig  YCBOCHHUS
TEOPETUYECKUX BONPOCOB B paMKax OJHOW JIMIIL TeMbI ajlreOpanueckoro kypca - «MaTpuubl U
OIIPEACITUTEIIN.

Chauana nokaxeM psia 3anad u3 KHurH [10], KoTopble mepearoT HOBBIE MOHSATHUS 3TOTO
Kypca ainreOpbl B BBICIIEH MIKOJIE.

B psane 3amay BBOOUTCS MOHATHE MATPUIILI Pa3IMYHBIX TUTIOB. MBI Oy/ieM yKa3bIBaTh THIIBI
MaTpull U HOMepa 3ajad (IPUBEAEHbI B CKOOKax), B KOTOPBIX 3aJar0TCSl COOTBETCTBYIOILIUE
MaTpPHIIbI.

Wtak, maTpuiibl ObIBatOT:
nepectaHoBouHbIe — (4.3.8), yHuTpeyrompHbie - (4.3.13),
ckamsipubie — ( 4.3.20), nuaronanbhbie — ( 4.3.21),
cummerpudnbie — (4.3.35), kococummerpuunbie — (4.3.36),
uaeMnotreHTHoie — (4.3.40),  uHBoMOTUBHBIC - (4.3.42),

HWIBIOTEHTHBIE — (4.3.44), oproroHanbHbie — (4.4.24) ,
SpMuUTOBEIE — (4.4.28), yautaphbeie — (4.4.31).

B »sToll r;maBe ompeAenstoTCs  CIEAYIOIIHE  TPYIIbI MaTpull, [OKa3aHHbIE

COOTBETCTBYIOIIMMU HOMEpaMH 3a/1ay:
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o01as TuHenHas - GL(n, F) - (4.4.14),
JTUaroHajJbHas - D(n,F) - (4.4.15),
TpeyrojbHas - T(n, F) - (4.4.20),
YHUTPEYTOJIbHAS - UT(n, F) - (4.4.21),
0e3 kpyuenust - (4.4.21),
OpTOrOHaIbHAS - O(n, F) - (4.4.24),

YHUTaApHA - U(n) - (4.4.33),
CIielMAJIbHAS JINHEWHAS - SL(n, F) - (4.9.4),
crenuaibHas OPTOTOHAIBHAS - SO(n, F) - (4.9.4),

crnienuanbHas yautapaas SU (n) - (4.9.9).

B 3amaue (4.8.4) nano monsTue omnpenenutens Bangepmonna, B (4.5.10) — mopsiaok
MOACTaHOBKHU, B (4.4 35) — yacTHBIM ciy4ail anreOpanmdeckol CTpyKTypsl — Teno, B (4.5.7) —
HE3aBHCHUMBIC IIUKJIBI U T.JI.

Tenepb MOKakeM HEKOTOPBIE 3a/1a4, B KOTOPBIX BBIPAKAIOTCS HOBBIC MPEJIOKECHUS Kypca
anreopshl:

Jlemma lypa — (4.3.20); cBoiicTBa ormepanuu TpaHncnonupoBanus — (4.3.21); cBoiicTBa
CUMMETpHUYECKOH Marpumbl - (4.3.35); cBoiicTBa KOCOCHMMETpHUECKOM Matpuisl - (4.3.35);
oOpartHas MaTpulia K CHUMMETPHYECKOH (KococUMMETpUYECKOil) camMa  sBIsAETCA
CUMMETPUYECKON (KOocOocMMMeTpuueckor) - (4.4.23); onpenenuTeiab 3pMUTOBOM MaTPHUIIbI €CTh
NelcTBUTENbHBIE Yncia — (4.6.14); cBolicTBa npucoequHeHHON MaTpullbl — (4.10.4); HeoOX0oUMBIC
U IOCTATOYHbBIC YCIOBUS I TOr0, YTOOBI KBapaTHasi MaTpuiia Obliia oproronanbhoii — (4.10.4).

Hakonen, mokaxeM HEKOTOpbIE METOIBI, KOTOphIE OOOCHOBBIBAIOTCS B 3a/ayax:
MIPEJICTABJICHHUE TIOJICTAHOBKHU B BUJC MTPOM3BEICHUS HE3aBUCHUMBIX IUKIOB — (4.5.7); BEIYUCIICHHE
nopsiika MmojacTaHOBKM — (4.5.12); BBIUMCICHUE OIPEACIUTENSE METOJIOM TMPUBEICHUS K
TpeyroibHOMY BuIy — (4.7.1).

B cBsf3u ¢ yCBOGHHMEM TEOPETHUECKHX MAaTepHallOB, 3a/laBa€MbIX  YIPaXHEHUSIMH U
3aJladyaMi, BO3HUKAET Psii METOJUYECKUX MTPOOIeM:

1) 4ToObI HEe HapylIaTh CHUCTEMAaTHYHOCTh JEKUUW MO anredpe, MOHSATHS, MPEIIOKEHUS U
METOJIbI, BBOAMMBIE B 3ajadyax, OOBIYHO HE paccCMaTpUBAIOTCA B JIEKIMOHHBIX Kypcax - 3TO
MTOBBIIIACT BEPOSITHOCTh 3a0BIBAHUS MaTEPHAIa;

2) crieayeT WUCKaTh MyTH JUIS CO3[aHMs MHTErPAIlMd MEXKIY JICKIIMOHHBIMUA MaTepHalaMH |
TEOPETUICCKIMH MaTepHaIaMU, BBOJUMBIMH B MMPAKTUICCKHUX 3aHATHSX;

3) cienyer ompeneNuTh BO3MOXKHOCTH KOHTPOJISI YCBOCHHSI TEOPETUYECKUX MAaTepHAJIOB,
BBOJMMBIX Uepe3 YIpaKHEeHUS U 3a]1auu;

4) creayer KOOPAMHUPOBATH BBOAMMBIC TOHSTHS B JICKIIMOHHBIX Kypcax M pa3HYHBIX
cOopHUKax 3aja4 o anreope.

J171 petieHust ’THX BOMPOCOB MOKET OBITh TOJIE3HBIM BBITIOJIHEHUE CIISAYIOMINX YKa3aHHH:

1) B umMCiIO 5K3aMEHAIMOHHBIX BOIMPOCOB IO KypCy aireOpbl BKJIIOYATh BOIPOCHI IO

TEOPETHYCCKUM MaTrepHaliaM, BBEJCHHBIM B IPOIECCE PEIICHUS 3aJ1a4 U YIIPAXKHCHHH.
Hampumep, MeTOn BBIYHCICHHS JICTSPMHHAHTOB C IOMOIIBIO TMPUBEACHHUS B
TPEYrojbHyI0 (OpMYy JaeTcs TOJBKO Ha MPAKTUICCKUX 3aHATHAX. [ 000CHOBaHHS
3TOrO METOJa MCIIOJNB3YIOTCSI CBOWCTBA JETEPMHHAHTOB, MPETOIaBaeMble Ha JICKITUSIX.
Jlis TIpOoBEpKHM YCBOGHHS YKa3aHHOTO METOJa Ha SK3aMEHE MOXHO MPEAOKUTh
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CTYJIEHTaM DPELINUTH CIEAYIOIINE MPUMEPHI - C MOMOIIBI MPUBEACHUS B TPEYTOJbHYIO
(hopMy BBIYUCIUTE CIECAYIOIINE JeTCPMUHAHTHI:

a, a, 0 O &1 & 5 ay
l aZl a22 0 0 . 2 a’21 a22 a23 a24 .
10 0 a, a, 10 0 a, a,
0 0 a3 44 0 0 A3 Ay
2 2 2 2 a b b
4 3 b a
3.3 3 6 .. 3| (n-romnopska); 4b b a b| (n-ro mopsiaka).
3 3 3 2 b b b a

2) HCKaTh JIOIMOJHUTEIbHBIC BO3MOYKHOCTH HCIOJB30BaHUSA (IIPUMEHCHHS) B JIEKIHAX U
MPAKTUYECKUX 3aHATHSAX TEOPETUYECKMX MAaTEPHAIOB, BBEJICHHBIX 4Yepe3 3ajayH.
Hanpumep, mocne BBeneHUsI TMOHATUN BUAOB MATpPHUIl - JHUArOHAJIbHBIX, TPEYTOJIbHBIX,
CUMMETPUYHBIX, KOCOCUMMETPUYHBIX, YHHUTPEYTOJbHBIX, YHUTAPHBIX U T.JO. -—
HCIOJIb30BaTh MX Ui CO3AAHMSI JMHEHHOIO MPOCTPAHCTBA WIIHM JPYTUX alre0pandeckux
CTPYKTYP, YTO JIOJKHO CITYXKHUTh 00Jiee TITyOOKOMY YCBOCHUIO ATHX TOHSITHH.

3) uCnoabp30BaTh HAMKMCAHUEC pedepaToB C IEIBI0 CUCTEMATH3AIlMM BBEICHHBIX depe3
3a/1aud TEOPETHUECKUX  MaTepuajioB W JUIsi  OCO3HAHUS OPraHUYeCKHX CBS3eH H
€IMHCTBAa MX C JICKIIMOHHBIMU MaTepuanamu. Hampumep, B HI)KE yKa3aHHBIX TeMax
MO>KHO MPEUIOKHUTh BBHIIOTHEHHE pedepaToB U KypCOBBIX padoT:

a) KBagpaTHbie MaTpulibl, ONIPEEICHHBIE 10 PACIIOIOKEHUIO SJIEMEHTOB.
[Tox sToM TeMOIl MmoOapa3zymMeBaeTCs U3yYEHUE MAaTPULl Pa3IN4HbIX BUIOB
(I[I/IaFOHaJ'II)HBIX, CI/IMMCTpI/I‘IHI)IX, KOCOCI/IMMeTpI/ILIHI)IX,
TPaHCIIOHUPOBAHHBIX MaTPUIl U MaTPHI] B BUJIE€ TPEYTOJIbHUKA) U UX
CBOMCTB.
a) HekoTopble THIIBI MAaTPHII, CBSA3aHHBIC C OOPATUMOCTBIO U TPAHCIIOHHUPOBAHHEM
MaTpuil.

3/1eCh HCCIENYIOTCS OPTOrOHAJIBHBIE (A‘lztA), VHUTApHbIE (t A= A*l),

SPMUTOBBIE (t A= A) U Ipyrue MaTpULbl U X CBOMCTBA.
b) HekoTtopble TUMBI MaTpUIl, ONPEICICHHBIC C MOMOIIBI BO3BEICHUS MATPUI] B
HaTypaJbHYIO CTEIIEHb.

371ech onpeenseTcs HAeMIOTEHTHbBIE (A2 = A), WHBOJTIOTHBHBIC (A2 = E),

HUJIBIIOTEHTHIE ((An = 0), rae NHaTypalbHOE YHCIIO) U IPYTHe MaTPHIIbI,
1 UX CBOMCTBA.

4) mnpuBJIeYb CTYJACHTOB K JIPYTUM CaMOCTOSTEIBHBIM PabOTaM — CTYJACHYECKUM METOIUKO-
UCCIIEIOBATENIbCKUM M HAy4YHO-HCCIIEOBATeNbCKUM paboTaM B 00JacTH  MOHSTHIM,
IIPEIOKEHUN U METOJOB, KOTOPBIE 33JAI0TCS 4Yepe3 PEIICHUE 3aJad U yNPaKHEHHUH.
Hanpumep, MOXXHO NPeIOKUTD CIEAYIOIINE CAMOCTOSTENIbHbIE PaOOTHI:
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a) Marpuisl CrienuaIbHOrO BUA U €r0 CBOMCTBA.
3/1ech UCCIeayeTCsl CTYIIeHYaThle MaTPULIbl, TUAarOHAIbHBIE U TPEYTOJIbHbIE
MaTpHIIbl, 0OpPATHBIE MATPUIIBL.
b) HekoTopsie KTaccCHYECKUE TUIIBI TPYIIIL.
B ykazanHo# Teme uzydaroTcsi 00pa3oBaHHbIE MHOXKECTBAMU MATPHIL MTOJIHAS
JUHEeHHas rpymna, crienuanbHas JUHEeHas rpyIna, OpTOrOHAIbHbIE U
YHUTApHbIC TPYIIbI U UX Pa3IMYHbIC ClIEIMaIbHbIC CBOMCTBA.[9,3a/1.4.9.4].

GL(n,R) ={Ae R™" /det A = (0},
SL(n,R) ={Ae R™" /det A=1},
O(n,R) ={Ac R™/'AA =A'A=E},
SO(n,R) ={A€0O(n,R)/det A=1},
U(n,C)={AcC™ /AA'= A'A=E},
SU(n,C)={AeU(n,C)/det A=1}.

r7ie NpuHATO obo3HayeHne A'= A [9,3a1.4.4.27].

C) Merto/ BBIYUCICHUS HEKOTOPBIX IETEPMHUHAHTOB BBICIIETO MOPSIIKA.
B sT0li Teme nmoapa3zymeBaeTcsi BEIYMCICHUE JETEPMUHAHTOB METOJI0M
MpUBEICHUA B TpeyronbHyto hopmy [9,3a1.4.7.1] onpenenurenem
Bannepmonna [9,3a1.4.8.4].
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XULASO
R.O.Hasanov
Cabr kursunda masala va tapsiriqlarin halli prosesinda nazori materialin talimi
Riyaziyyatin tadrisindos masalo va tapsiriglarin halli mistaqil tolim metodu kimi tatbiq edilir.
Isdo ali pedagoji moktoblorin cobr kursunda nozeri materialin taliminds masalo vo tapsiriglarin
roluna baxilmigdir. Konkret niimunoslor gostorilmis vo todgiq olunan mosslonin ugurlu halli ii¢iin
bozi miilahizolor ifado edilmisdir. Tapsiriq vo masalalorlo  verilon nozari materiallarin
monimsanilmoasinds yaranan bir sira problemlor géstorilmisdir. Bu problemlarin halli iigiin faydali
ola bilacak gostariglor toklif edilmisdir.

ABSTRACT
R.A.Hassanov
Teaching of theoretical materials in the solution process of sums and tasks in the course of
algebra

Solution of sums and tasks is applied as an independent teaching method in the teaching

of mathematics.The paper looks through the role of sums and tasks in teaching theoretical

materials in the course of algebra at the higher pedagogical schools. It shows concrete examples

and some considerations for the successful solution of the matter which is studied,have benn

mentioned. A number of problems dealing with the acquisition of theoretical materials given within

tasks and sums are shown. Instructions which can be useful in the solution of these problems are
offered.

NDU-nun Elmi Surasinin 24 dekabr 2015-ci il tarixli qorar ilo ¢apa
tovsiys olunmusdur (protokol Ne 05)
Moqaloni gapa toqdim etdi:
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BUXARLANABILON YUKLORO GORO HESABAT

En Kkasiklori, uzunluglar
eyni olan 3 odod polad mildon
sokildo  gostorilon  sort  brus
astlmigdir. Burusa orta mildon C -
mosafods olan P yiikii tasir edir. P-
yiikii orta mildon sagda vo soldan
tosir etdikdo asqi millorinds ig
gvvalarin  doyismasini  vo hadd
giymotlorini, en kasik sahalorini
hesablamaq tolob  edilir.
Buxarlana bilon gorginlik o =

1600 kq/san2 - dir.
P = 10tn
L=1,=1,
F,=F,=F;

HOLLI:
owvalco millarin elastiklik
hoddi morholasinds  islomasindo

yiikiin miller arasinda paylanmasini tapagq.
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Tutaq ki, millor hamis1 dartirlir. Onda millordoki qiivvalorin va yiikiin saquli ox tizarindaki
proyeksiyalari asagidaki kimi istifads olunur.

N1+N2+N3—P=0 (1)
Homin qiivvaloarin ikinci milin barkidilmis oynaga nozaron momentlori comi, ikinci

miivazinat tonliyini verir.

Nl'a_N3'aiP'C=O (2)
Sokilds verilmis sistemin millarinin deformasiyasini nazardon kegirsok alariq.

Al —Aly Al — Al

2a

a
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Al — Aly — 2Al, + Al; = 0
Aly —2Al, +3l; =0 3)
Deformasiya tonliklorinds millorin uzunluglar1 va en kasiklorinin barabar, eyni materialdan
olmalar1 nozors alinmsdir. Yoni
N, —2N, +N; =0 (4)
1; 2; va 4- tonlikloarini birgs hall etsok:
(4) tonliyindan:
N, =2N,—N; (5)
N1- in gqiymati, 1 va 2 tonliyinds yerins yazsaq
2N, — N3 + N, + Ny —P =0 (6)
{ZNZa—N3aiP-C—N3a=0 (7)

6-dan 3N, =P

N, =3 (8)

N, —nin giymatini — 7-do yerins yazsaq

2
=P-a—NzaxP-C—Nz;a=0

3
2

2N3-a=§P-aiP-C

N _P+P-C 9)

737 2a

N1 vo Ns- {in giymatlorini 5- do yerins yazaq
N1—2N2_N3

N 2P PP C_P_PC 10
73 3 a 3 2a (10)

Yoxlama:
N1+N2+N3=P
P PC P P P-C

TR T 4+ =
3+2a+3+3_2 P an

P=P
Demoli millorin elastiklik haddi marhoalasinds islomasinds alinan giymatlorin vo gorginliklorin
giymati asagidaki kimi olar :

v P oPe P _ PC
1537547 NT3F T 4 F

N, = _ P 12
2—3; GZ_BF ( )

v _P. PC P PC

3T 3% T3 F T2 4 F

Burdan goriindiiyli kimi elastiklik hoddi daxilinds tiglincii mil daha ¢ox gorginlikli haldadair. P-
qiivvasinin artmasi ilo bu milds yararnan gorginlik o biri millordon gabag, axma haddins ¢atacaqdir.
3-cii mil tigiin yiikiin haddi giymati asagidaki kimi olacaqdir:

Ny =0y F (13)
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P- qlivvasinin sonraki artmasi 2- milina aid olacag. Yani bu milds garginlik axma haddins ¢atacagq.
Yani:
Npod = NIod — 5 - F  olacaq
Indi yiik P™? hodd giymotine catdiqda, konstruksiyanin hoddi halina ¢atmasi iigiin miivazinot
tonliyini tortib edok. Birinci milin barkidilmis oynagina nazaran momentlar comini yazaq:
Opx " Fra+og-F-2a—P¥(a+c)=0
P . (a+c)=3-04F-a (14)

Bu tonliyi K ehtiyyat omsalina bolak:
Phad

— O—ax —
—=P vo  —=o] (15)

Yekun olaraq millarin en kasik sahalari asagidaki kimi olar:
_ PM¥(a+c) 10000 (a+c) 1a+c

3-a-[¢]  3-1600-a
(atc)

F=21- sm? (16)

Masalanin hallindon goriildityti kimi P-xarici ylikiiniin (1-2) vo ya (2-3) millori arasinda
yerlogsmosindan, habelo C- mosafasindon asli olaraq asqi millarinds i¢ qlivvalor doyisir. Yoni P-
yuki bursun AB-hissasindo yerlasdikda 1- milinds, BC — hissasinds yerlosdikdo 3-milinds on
boylik i¢ qiivve alinir.

1-ci vo 3-cii millardon forgli olaraq 2-ci milds yaranan daxili qiivve C masafasindon asli

olmayaraq biitiin hallarda P- yiikiin % — 2 borabar olur.

Bu sortl, 2 vo 3 millrin uzuluqlar1 va aralarindaki masafa borabar olduqda diizdiir.

NOTICO
Buraxilabilon yiiklora gora masalon hall etdikds buraxilabilon gorginliklora gora hesabatla
eyni naticays galirik.
Nozoro alsaq ki, asiqr millori eyni uzunluga vo en kasik sahasino malik olmagla, eyni
materialdan hazirlanmigdir, onda elastiklik morhalosindo millordaki qiivvalor asagidaki formula
toyin edilir:

N _P+P-C
173-2.qa
N P
273
N _P+P-C
3737 2-a

Goriindiiyti kimi orta mildo (N,) yarana daxili qiivve P yiikiiniin totbiq ndqtesindon asli
deyil.

Bu sort o halda diizgiindiir ki, millor eyni materialdan hazirlanmis, barabar uzunlug va en
kasik sahalorina malikdirlor.
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ABSTRACT

Solution that task at transmitter load in happen fact comes that to happening case to crossing

to that result calculation passing effort.
To learn that, all red made from one material and from long equal, at that time significance

in elastic (resilient). Giving that dividing next formulation for capful.

N _P+P-C
173=-2.qa
N_P
273
N _P_I_P-C
37 372-a

Which seeing forceful in rod ( N,) no depending from dot apposition loading P.
This condition really made when all rod from one material, to have same diametrical section

and length.

PE3IOME

Pemras 3aaa4y 1O AOIYCKA€MBIM HaArpy3kamM B JaHHOM CJlIy4dac IPHUXOAWMM K TEM IKC

pe3yjabTaTaM 4TO U paCyCT 11O JOITYCKACMBbIM HAaIPSKCHUAM.
Yyuurtupas 4TO, BCEC CTECPKHMU CleIanbl U3 OJHOTO MaTeruajlla ¥ HMX AJIMHBI pPaBHBI, TOTJa

YCHUJIUE B CTEPXKHSIX B YIIPYTroM CTaAUK MPUMET CIAEAYIOLII BUA:

a

P.
i_
2-a

w| o

N1:



P
N2:§
N _P+P-C
3737 2-a

Kak BugHO ycunue B crepkae ( N,) He 3aBUCUT OT TOUKH MPUJIOTICHHE Harpy3ku P.
OTO yCIIOBTS JIEHCTBUTENBHO TOI'Za, KOTJAA BCE CTEPXHHU CHEJIaHbl U3 OJHOTO Marepuana,
MMEIOT aJIMHOKOBOE ITOIIPEYHOE CEYECHUE U JITTUHBI.

NDU-nun Elmi Surasinin 24 dekabr 2015-ci il tarixli qerar ilo g¢apa
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[Tycth TpeOyercss MUHMMU3ALUS (PYHKIIMOHAIA

IW) =[oM)-z[ + uf|V @) - min, (1)
0
IIPU YCIIOBUAX
D(t) = a(t)D(t) +V (t),t €[0,T], )
D(0) =D,. (3)

3neck Hopmbl |D(T) —Z||2 n |V (1) osmauatror

[e).0) - @0 = [[Por, -, ()F ds
S

VO = [[R o (0f ds
Sp

Krnacc ympaBnenuit siBisiercs obmacte-pynknus V =V (1), B kotopoit V(t) e M, t<[0,T],

31ecb M COBOKYITHOCTH BBINYKIIBIX 3aMKHYTBIX OrPaHUYEHHBIX MHOkecTB B R". JIpyrumu
CJIOBAMM, Ha KJIACC YIPABJICHUN HE HAJIArarOTCs HUKAKUE OIPAHMYEHHS W IPEANOJaraeM, 4ro
pelieHnue paccMaTpuBaeMOM 3aJayd, B YKa3aHHOM Kiacce, CylecTByeT. B oToM ciiysae wu3
YCIJIOBHSI ONITUMAIIBHOCTH

(0" @+ 20y O1e VO -v* (1t 2 0,
0

W(t) = (V4 (1), V, (1)) € K
MoJIy4a€TCsd COOTHOUICHUEC

C(t) Pocry (X) + 24R, 1y (X) = ()P, (X)), 4)
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i
ja(r)dr

rae C(t) =€’

Takum oOpazoM, onTUMalibHas Tapa onpenensercs cootrHomenueM (1)-(4). Kak BugHo, Bce
T COOTHONICHUS 3aJal0TCS pPABEHCTBAMM. 3HAYUT, MBI MOXEM IMpeArnojaratb, 4ro Mpu
€CTECTBEHHBIX YCIIOBUSX, pemieHue 3agaun (1)-(3) HempepblBHO 3aBUCUT OT MCXOIHBIX JIAHHBIX.
Takke U3BECTHO, 4YTO MOXHO TOCTPOUTh HEHPOHHYI CE€Th, KOTOpas ammpoOKCUMHUPYET
HETPEPhIBHOE OTOOpaKeHHE C JII0OOH TOYHOCTHIO [...]. Micmomnb3ys 3T0, pemraem 3amaun (1)-(4) c
IIOMOILIbI0 HEHPOHHBIX CETEM.

Jlyist 3TOTO CHAYana BEIOMpaeM MHOTOCIOWHYIO HEUPOHHYIO CETh U ONPEJIEIISIEM €€ BECOBBIE
Kod(durimeHTsI. J{7s 3TOT0 HCMONIBb3yeTCss B OCHOBHOM JBa Moaxoza. [1epBrlii- aHATUTUYECKHI, B
KOTOPOM BeCOBble KOX(h(GULMEHTHl 33Jal0TCS MO KakuM TO (QopMmyiamM U JpYyrod, B KOTOPOM
BeCcOBble KOA((ULMEHThl BOCCTAHABIMBAIOTCS B Ipolecce oOyueHus. 31ech Mbl Oyaem
UCIIOJIb30BaTh BTOPOM MOAXOJ. B 3TOM MOaX0A€ TOYHOCTH PELIECHUS 3aBHCUT OT KOJIUYECTBA
BXOJIHBIX W BBIXOJHBIX JIaHHBIX U CHOc00a OO0y4deHHs HEHMpPOHHBIX ceTeld. BbIOOp BXOIHBIX H
BBIXOJHBIX JAHHBIX SBISICTCS CaMbIM TPYIHBIM UM aKTYaJIbHBIM JTallOM TpPU MPUMEHCHHUH
HEHUPOHHBIX CETEM.

JUia nprMeHeHus HEHPOHHBIX CeTel K PELIEHUIO 3a/ladyd ONTUMAaJbHOro yrpasieHus (1)-
(3), HaM HYXHBI B JIOCTATOYHOM KOJUYECTBE BXOJHBIC W BBIXOJHBIC JaHHBIC I IpoIlecca
oOyuenus. Kak Haxoqum 3Tu JaHHbIE?

3necs Mbl OyaeMm mpejuiaraTb CXeMy, AJS OMNpEeNieHHs B JIOCTaTOYHOM KOJHYECTBE
BXO/JIHbIC U BBIXOJHbIC TaHHBIE.

Hcxonuble nannble s 3agaun (1)-(3) ssustorcs a(t), Dy, 4, Z . 3agaBasg 3TH JaHHBIE,

onpexensercs pemerue V (t) . st pa3muvHBIX HCXOHBIX JaHHBIX pemath 3anaun (1)-(3) saeusercs
MpoOJIEeMAaTHYHO, TaK Kak, HAIICW IEbI0 SBIIICTCS HAWTH PEIICHUE ITOW 3ala4dl UMCHHO IS

KOHKPETHO 3adaHHOTO a(t), DO' M, Z . I[J'IH OIPCACIICHUA BXOAHBIX W BbIXOAHBIX JAaHHBIX

npuMeHsieM «oOpatHbli» nonaxozn. Koncranta p >0 He BapbupyeM, T.e. QukcupyeM. Bozpmem

o0nactb-pyHkuuo D, (t) e M, t €[0,T] u HenpephIBHYIO (YHKIIHIO al(t) [loxcraBnsist 53T JaHHBIE

B ypaBHeHue (1) u HavanbHOe ycnoBue (2), Haxoqum V, (t) u

Vi(®) = Dy (1) —a (D (1), t<[0.T], (5)
D[ = Dy(0). (6)
VuursiBas B cootHouieHuu (7.32), HaiinenHnoe ynpasienue V,(t) yuutsiBas B cooTHoLIeHHE (4),
uMeeM
2u
le (X)= PDl(T) ) +—— I:)vl(t) (X), xeSg. @)
¢, (t)
;
J'al(r)dz
3nece G (t)=et . Vcnosue (7.35) MOKHO Harucarh B 9KBUBAJICHTHOU (opMe

_ 2m
Zl_Dl(T)+C (t)V’ te[0,T] |

1
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3HauuT, MBl HaUUM BXoaHble gaHHble @, (t), D, Z,, B xoTopeix pemenuem 3anauu (1)-(3)

sBisiercs ynpasierue V,(t) . DTo ecTth COOTBETCTBYIOLIMIT BBIXOJAHON JaHHBIA. OJHAKO, B 9TOM
nporecce ecTb aBe npodiemsl. [lepsas, BeiOpanHble 00nacte ¢ynkuus D, (t) e M, te[0,T] u
uenpepbiBaass (yukius 8, () momwkebl ObiTh TakuMu, 4TOOBI HaiijieHHas 10 (Gopmynam (6)

obnacte pynkuus, aiig moboro t [0, T] Obuia Beimykioi. Bropoe, onpenensemoe mo ¢popmynam

(6) MHOXECTBO HE TOJKHO 3aBuUceTh OT t. Octaercs o0ecneunBaTh 3TH YCIOBHUS.
Jy1g 5TOrO, HAPUMEP, MOKHO B3SITh B BHJIE

D(t) =BOA + LA, +...+ B, (DA,
3necy A, HEKOTOpbIE BBIMYKIbIe MHOXecTBa U A, (), 1 =12,...,M, OJIIOXKUTETBHBIE , HETIPEPHIBHO-

muddepennupyemsie pynkunu. M3 ycnosuii (5), (7), momydnm

V()= Z[ﬂ{(t) —a() s O1A

Z =D(T) +%Z[ﬂ{(t) —a®)AOIA, te[0T].

[Tycts pynxuun £ (t), 1=12,...,M, Takue, YT0 UX MOXKHO MPEICTABUTH B BUJIE

At —-at)s ) =c(t)b;, te[0,T], (8)

rae b, > 0. Torna

V() =Y cObA

Z=D(T)+ 243 bA .

Tak kak, b, >0, c(t) >0, >0, BHIIIEOTMEUYECHHBIE JIBAa YCIOBUS OOECIIEUEHBI.
[TokaxeMm, 4To cymecTBYIOT GyHKIHU S, (t) , KOTOpBIE YIOBIETBOPSIOT yKa3aHHBIM yCIOBHsM. U3

ypaBHeHU (8) HaX0oAUM

Bi(t) = exp[ | a(r)er[ﬂi (0)-bd(®)],

rac
d(t) = j exp —ja(s)ds c(r))dr

VYuuteBasg, uro ¢ynkmus d(t) HempepsiBHa, cymectByer uucio K o, Takoe, 4YTO
d(t) <K, vte[0,T]. TornaB3ss b, >0 moodsre n S, (0) > b, K, yBugem, uro S, (t) >0,t [0, T].

Takum oOpa3omM, B3siB BXomHbIe naHHBIE @, (), Dl(o), Z,, Mbl TIOJYYMJIM BBIXOAHOHN NaHHBIN V, (t).

Bzss AHAJIOTUYHO, CKOJIb YTOJAHO BXOJHBIC

a, (), D, Z,,
aZ(t)’ DZ(O)’ ZZ!
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MBI HAaXOJHUM BBIXOJHBIC JaHHBIC

Vi), Vs (1) 50V, (1)

Hcnonb3yst 3T JaHHBIE MOXKHO MTPOBOJUTH MPOIECC 00yUEHHS] HEHPOHHOW CETH U HAaUTH BECOBBIC
koo durmenter. I[locae moctpoeHuss  cetm MOXHO pemath 3amadu (1)- (3) ¢ roObIMH

KOHKPCTHBIMU JJaHHBIMH. KauecTBo peI_HeHI/Iﬁ 1 HAJCKHOCTD HeﬁpOHHOﬁ CCTH 3aBUCHUT OT Ka4y€CTBa

BpIOOpa W KonuuectBa [)  HMCXOOHBIX JaHHBIX. IIpu  yBenn4eHHH P morpemrrocTh

NPUOIMKEHHOTO PEIICHHUS YMEHBIIIACTCS.
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ABSTRACT

This article deals with the solution of the optimum problems and in application of non-correct

line programme , by means of neuron networks. Multi-layer neuron network has been selected for
this purpose. It is clear that the selection of the structure of the neuron networks don’t demand
specific approach. It mainly depends on the output and input data and teaching process of neuron
networks. The main problem in the application of neuron networks is selection of the input and
output.
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[IpennoxeHp1 METOIb1 PELICHUS 3a1a4 ONITUMU3ALMHU C IOMOLIBIO HEHPOHHBIX CETEH,B
YACTHOCTH K PEIICHHIO 33/1a4 HEUECTKOTO JIMHEHHOTO MporpaMMupoBanus. [[iist 3Troro BeiOpana
MHOTOCJIONHAast HelpoHHast ceT. MI3BEeCTHO, YTO /1715l BBIOOpA CTPYKTYpPhI HEHPOHHBIX CeTeH HE
CYILIECTBYET KOHKPETHOIO MOAX0/a. ITOT BHIOOP B OCHOBHOM 3aBHCHUT OT KOJIMYECTBA BXOJHBIX U
BBIXOJIHBIX JIAaHHBIX U CIIOc00a 00y4YeHUsT HEUPOHHBIX ceTeil. BEIOOP BXOMHBIX U BBIXOIHBIX JTAHHBIX
SIBJISIETCSI CAMBIM TPYAHBIM M aKTYaJHbIM 3TallOM IMPU NPUMEHEHUH HEHPOHHBIX CETEH.

NDU-nun Elmi Surasinin 24 dekabr 2015-ci il tarixli qorar ilo ¢apa
tovsiya olunmusgdur (protokol Ne 05)
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YARIMKECIRICI CuFeS, TOBOQOSINDD YUNQ MODULUNUN TODQIQI
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ounamomemp

Son illords yarimkegirici nazik tobagolorin asagi temperatur oblastlarinda miixtalif fiziki
xassalarinin tadqiqi ¢ox boyiik shamiyyat kasb edir.

Xankonput aasl Wi Msmmyp osan yarimkegirici ligqat birlosmo CuFeS, kristali asagi
temperatur oblastlarinda fiziki xassolori ¢ox az todgiq olunan maddslordon biridir. Bu kristal
tetrogqonal sinqoniada kristallagir. Kristalin rangi biiriincii — sar1 olub, metal pariltilidir. Sartliyi 3-4
, sixligr 4100- 4300 kg/m? intervalinda doyisir. Bu maddads yiikdasiyicilarin konsentrasiyasi otaq

temperaturunda N ~1,2-10*sm™® tortibindadir. Kristal otaq temperaturunda 6ziinii metal kimi
aparir [ 1].

Odobiyyat [ 2] -do galinhigi 5-107*sm olan nazik CuFeS, tobogosinin xiisusi elektrik
miiqavimatinin temperaturdan asililig1 tacriibi olaraq tadqiq edilmisdir.

Toqdim olunan bu isdo asas magsad qalinligi  5-10*sm olan nazik CuFeS, tobagasinds
Yunq modulunu tadgiq etmakdir. Yung modulu vo ya basqa sozlo desok uzununa elastiklik
modulu, materialin elastikliyini xarakterizo edon odod , normal gorginliyin (G) cismin nisbi
uzanmasina (g) olan nisbtidir : E = o/ & . Elastiklik modulu termini elmo ilk dofo 1807 — ci ilds
Yung Tomas torofindon daxil edilmisdir. Yuxaridaki diisturdan goériindiiyi kimi, Yunq modulunu
hesablamaq tgiin garginliyi (0) Vo nisbi uzanmant (5) Vo ya istidon genislonmo omsalinin (a)
giymatlorini bilmak lazimdir.

Molumdur ki, siiso altliq tizorino buxarlandirilmis nazik tabagoalords ¢ox boylik
daxili gorginlik (109 —1Ol°dn/sm2) yaranir. Bu gorginlik ( tazyiq) tobogodoki daxili defektlorin
Vo althiq ilo ( siiso ilo ) yarimkecirici tobagonin istidon sixilmasinin eyni olmamasi hesabina yaranir.
Bu hal ham nazik tobagoni alanda vo homds onu 6lgmoak {igiin soyutduqda da miisahido edilir.

Verilmis material tiglin daxili gorginliyin giymoti vo isaroSi oSason materialin
spesifik xiisusiyyatindan, altligin forma vo néviindon, hamginin althigin temperaturundan asilidir.
Nazik tabagoalords yaranan daxili garginlik Staunun moshur diisturu ils toyin edilir [ 3].

EL2.4
i @)
1
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Masoalon, qalmhig 5-107*sm olan nazik CuFeS, tobagsi iigiin bu gorginliyin giymati

2-10"%dn/sm? - godordir.

Nazik tobagolords bels boyiik daxili gorginliyin yaranmasi bize nazik yarimkegirici CuFeS,
tobagasinds asagi temperaturlarda vo tozyiglards Yung modulunu tayin etmoys imkan verir.

Molumdur ki, nazik tobagolords istidon genislonma vo ya izotermik sixilma amsallarinin
oOl¢iilmoasi metodikasi, temperaturun vo ya tozyigin doyismasi zamani bispiralin sarbast ucunun
yerdayismasinin Kifayat gador boyiik  daqiqliklo 6l¢lilmasine asaslanir. Ona géra do dilatometrin
hossasligi  temperaturun bir doraco doyismosine uygun stoliistii qalvonometrin  skalasindaki
bolgiilor sayi ila toyin edilir ki, bu da niimunanin uzunlugunun nisbi dayismasini xarakterizs edir.

Kiilga sakilli ( massiv) niimunalarin Yung modulunu tayin etmak ticlin asasan
niimunanin ayilmasi metodundan genis istifads edilir. Lakin bu metod [ 4] - cii isdo
tobago - althiq sisteminin Yunq modulunu tayin etmok ii¢iin totbiq edilmisdir. Bu isdo asason
bispiral sisteminin Yung modulunun effektiv giymoti (E,) asagidaki diisturla toyin edilir :

(E,2 -E,L2)+4-LL,L°E,E,
(El Ll - Ez Lz )L3

E, = 2

Nazik tabagonin Yunq modulu, altliq siise spiral gotiiriildiikdo bels tayin edilir :

pl®
T 48 b (3

Burada, p - niimunoanin Sarbast ucuna tasir edon yiik ; ol — nisbi uzanma ; | -
niimunoanin uzunlugu ; b— niimunanin eni ; L - niimunanin galinhigidir.

(3) diisturundan istifado edorok galinhig 5-107*sm olan CuFeS, tobogosi iigiin 300 K —
do Yung modulunun giymati E, =8-10"dn/sm?, siiso iiciin iso E, =8-10"dn/sm* alinmisdur.
Al - in giymoti iso dogigliyi 5-10°sm olan komparator vasitesilo &l¢iilmiisdiir. Tobagalar iiciin
Yunq modulunun hesablamadan alinan qiymotlori massiv niimunslorin Yung modulundan
giymatca boyiik ola bilar. Bu onunla slagadardir ki, tobagalorda kifayat gadar daxili gorginlik vardir
ki, bu da bispiral sisteminin elastikliyinin giymatino tosir edir.

Qeyd edok ki, bispiralin komponentlarinin handasi olgiilarini va stoliistii gqalvonometrin
6lgmo haddini doyigsmoklos dilatometrin hassasligini hotta 1-107°- a godor artirmagq olar.

Dilatometrin  komokliyi ilo bispiral sisteminin  komponentlorinin istidon genislonmo
omsallarinin forgi, yoni (e, —a, )- in giymeti molum olduqda daxili gorginliyi bilmoklo todgiq
olunan niimunanin Yunq modulunu temperaturdan da asili olaraq asagidaki diisturla tayin etmoak
olar .

o
E=— 9% 4
(al_az)'T (4)
burada, «, - stigenin, a, - iso tadqiq olunacag maddsnin istiden genislonms omsallaridir. o -
tobagoadoki daxili gorginlikdir.
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Apardigimiz todgiqatlardan bizo  molumdur ki, otaq temperaturunda siisonin istidon
genislonmo omsali o, =90-107" - der.™- dir. Qalmligi 5-107*sm olan nazik CuFeS, tobagasinin

istidon genislonmo omsali iso a, =8,25-107° -der.™- dir. T =80K - doiso «, =2,2-107° -der.™-
dir. T =80K - do iso a, =8,9-107" - der.™ - dir. Bu giymatlors asaslanaraq , (4) diisturundan istifado
edorok qalinhigi 5-10*sm olan nazik CuFeS, tobogosinde 300K vo 80K temperaturlari iigiin
Yung modulunun giymatlori hesablanmisdir. Belo ki, 300K - do E(CuFeS, )=8-10"dn/sm?, 80K

- do iso E(CuFeS,)=8-10"dn/sm’ - olmusdur ki, bu da (3) diisturundan istifado edorkon
hesablamalardan alinan qiymatlors uygun golir.

Qeyd edok ki, Yunq modulunun hesablanmasinda hortorofli borabor sixilma zamani
bispiralin komponentlorinin ikinci xarakteristikasini, yoni Puasson amsalini (u) da nazars almagq
lazimdir. Bundan basqa homginin biitiin istiqgamatlords deformasiya ilo gorginlik arasindaki slagani
do noazors almaq lazimdir . Deformasiyanin tasiri 0 vaxt nozors alinmaya bilor ki, bu deforma-
siyanin qiymoati ¢ox kicik olsun vo bispirali toskil edon elementlorin en kasiklori sahalarinin
olgtilarinin dayigsmasina tasir etmasin.

O9DOBIYYAT

1. Azorbaycan Sovet Ensiklopediyasi, 1987, cild.10, soh.43

2. Qocayev F., Nuriyev M., Sultanova A., Tagiyev E.
Yarimkegirici CuFeSy tobogosinin xiisusi elektrik miiqavimatinin temperaturdan
asililiginin tadgiqi. NDU., EImi asorlor 2014, N-7(63), soh. 51.

3. ®wusmka marHMTHBIX MUIeHOK. CO.crareit. 1967, Boim. 1, ctp.200.

4, ®wusuka MarHuTHBIX TieHoK. CO.cTateit. 1971, Beim. 1, cTp.170.

ABSTRACT
Farman Gojayev
Aygun Sultanova
Elgun Tagiyev
The research of Jong module in semiconductor layer of CuFeS, .
Being semiconductor in tran saction of L =5-10"*sm in layer of CuFeS,.Jong module
cast was calculated at lav temperatures.
For it, before internal tensions have been identified the thicknees layer of 5-107*sm ,
CuFeS, with helpinf of staun formula.
After, the cast of Jong module has been calculated at 300K and 80K temperatures with
helping of E = 0'/(0:1 -a, )-T formula.
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Hccnenoanne moayns FOHra nienox nosynposoanuka CukesS, .
B paGore Bbruncinen moayns FOnra momynpoBognuxoBoi miénke CUFES, tommmnoil

L=5-10"Sm, mpu HHU3KHX TeMIlepaTypax.

JInst 3TOrO, C HA4Yano ONpeleNeHO BHyTpeHHoe HampspkeHus tuiéHkun CUuFesS, ,
tonmuuoit  5-107*sm, ¢ nomoro popmyna CrayHa.

[Torom, ¢ momomurto hopmyny E =o'/ (al -a, )-T BBIUMCIIEHO 3HaueHus bonyis FOura

npu temneparype 300K u 80K.
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Gunas stialarinin toplanmasi vo onun enerjisinin istilik vo ya elektirik enerjisina ¢evirilmasi
prosesinds radiasiyanin tasir mexanizminin toqdigi osas problem kimi garsiya qoyulur.Bu baximdan
giinos elektroenergetika qurgular istilik vo ya elektirik qurgularina ayrilir.

Giinogin siialanma enerjisini elektirik enerjisino ¢eviron qurgu vo avadanliglar kompleksi giinag
elektirik stansialar: (GES-lor) adlanir.

Hazirda diinyada foaliyyat gostoron GES-lorin iki tipi daha genis yayilmisdir: 1) qillali
GES-lor (belos stansiyalarda giinos stialari oksedici miistovi giizgiilor-heliostatlar vasitasilo qiilloda
yerlosdirilmis giinos enerjisi qobuledicisino-heliogobulediciys yonaldilir); 2)fotoelektirik GES-lor.

Fizika vo energetika kafedrasinin 2011-15-ci illorde aparilan todgigat naticasinde miioyyan
edilmisdirki Nax¢ivan MR-da giines stialarinin rayimkegirici birlogsmolor asasinda toskil olunmus
¢evrici qurgularin taSir mexanizmina baxilmis va giinas enerjisinin elektirik enerjisina ¢evrilmasing
istifado olunan hor 3 tisulla giinos radiasiya qurgularatasirinin miixtalif parametrlordon o ctimlodan,
sianin diismo bucagindan, giinosin enliyindon, fasillordon vo giinegin  fozada doyismoa
konfliqurasiyasindan asililigi toyin olunmusdur. Haliyyodo Muxtar Respublikada giinos elektirik
stansiyasinin qurulmasimna baslamis vo golocok perespektivlori aydinlagdirmis vo enerji
cevricilorinin somarali artirilmasi yollart gostorilmisdir.

1. Fotoelektirik iisulla isloyan qurgulara giinos radiasiyasinin tosiri:

2. Istilik-elektirik iisulla isloyon qurgulara giinos radiasiyasinin tosiri:

3. Elektirk  emissiyast  dsulla  glinos  radiasiyasinin  miqdarmi  mioyyan  edir.
Molumdur ki,yer sathinin iimumi sahosi 5-10%** m?-dir. Onda yer kiirasinin hor 1m? sathina dusen
stialanma seli gucunun 170Vt oldugunu alarig. Qeyd etdiyimiz kimi, bu qiymat yerin cografi
enliklorindon asili olaraq doyisir. Belo ki, yuxar enliklorde 80-130 Vt/m? miilayim qursaqda 130-
210Vt/m? gitmatlorini alur.

Miixtalif novlii giines siialanmalara qars1 davamli olan, spektrin gériinon va yaxin infraqirmizi
oblasti iigiin nozords tutulan yeni tip fotoelektirik iisulla gevrici qurgulara giinos radiasiyasinin tasir
mexanizmini iglonib hazirlanmasi miiasir elm vo texnikanin garsisinda duran miihiim masalalordon
biridir. Hal-hazirda yarimkegirici birlogsmolor asasinda g¢evricilordo on ¢ox istifado olunan material
galium, indium, forfor va arsendir. Lakin niifuzedici radiasiyasinin tosiri altinda bu materiallarda
bas veron struktur ¢evirmoalori naticasindos yarimkegiricilor asasinda yaranan birlogsmalordon
xarakteristikasinda ohomiyyatli doracads doyisir.

Giinagin siialanma enerjisindon istifadoni xarakterizo edon gostoricilordon birids verilon orazids
giinagli saatlarin illik migdaridir. bu gostarici qonsu Rusiyada 500-2000 saat/il oldugu halda Muxtar
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Respublikanin yerlosdiyi alverisli cografi mévgeyindan va iglim soraitinin nazors alarag burada il
arzinda 1m? sothino diison giinos enerjisinin miqdar1 daha yiiksok olub 2000-2200kVt-saat giinas
radiasiyasmin illik migdar1 iso 192 Vt/m2-don 212 Vt/m2-dok artir. demoli Muxtar Respublikada
ekoloji cohatso tomiz istilik vo elektrik enerjisi almaq tigiin genis imkanlar vardir

Naxc¢ivan MR Dovlot Energetika Agentliyi ilo Belgikanin “SOLTECH” sirkoti arasinda Beynalxalq
standartlara miivafiq 20MVt gilico malik Gilinos Elektrik Stansiyasinin tikilib-qurasdirilmasi iigiin
miiqavilo imzalanmisdir.Stansiyanin tikilmosi tiglin 36Ha orazi ayrilmigdir. Bu orazi, Babok
rayonunun Xalxal kandi yaxmliginda , Nax¢ivan-Sahbuz-Batabat avtomobil yolunun sol torafinds ,
okins yararsiz topaliklordir. Relyefdon asili olaraq Stansiya 5 arazids olmagla

11 odod ministansiyalardan ibarat olacaqdir. Hor bir orazi goporlonacok , goza generatoru ,
signalizasiya va nozarat kamera sistemi ilo tochiz olunacaqdir.

Ministansiyalar giiclorindon asili olaraq fotovoltaik giinos panellorindon vo onlarin armaturlarindan,
yigma qutularindan invertorlardan , transformatorlardan , 0.4 vo 20KV doyison gorginlikli
komutasiya avadanliglarindan vo kabellorindan, idaro etmoa va noazarot dlgii sistemlorindon ibarat
olacaqdir.

ministansiya | Nel | No2 | Ne3 | Ned | Ne5 | Ne6 | Ne7 | Ne8 | Ne9 | NelO | Nell

InvertorlMVt | 2 2 2 2 2 2 2 1 2 1 1

Invertor - - - - - - - 1 - - 1
0.5MVt

Transformator | 1 1 1 1 1 1 1 1 1 1 1
2.5MV1t
20Kv2x400V

255 Vit gilinog | 7866 | 7866 | 7866 | 7866 | 7866 | 7866 | 7866 | 5911 | 7866 | 3933 | 5911
panellori odod

X/Stril6kva |1 1 1 1 1 1 1 1 1 1 1

Yigma qutusu | 24 24 24 24 24 24 24 18 24 12 18
odad

Mini stansiyalar 20Kv -luq yeralti kabel vo yeriistii elektrik verilis xatlori ilo Nax¢ivan MR-nin
enerji sistemina hor birinin giici 10MVt olmagla 2 noqtods qosulacaqdir. Qosulma noqtasi
Energetika  Agentliyinin imumi giici SOMVA olan 110 /35 Kv -lug Xalxal yarimstansiyasinda
yerina yetirilocokdir. Bunun iiglin qosulma noqtasinds 2 adad 35 /20 kv-lug ,12.5MVA -lik
transformator vo lazimi1 komutasiya , muhafizo vo aftomatika qurgular qurasdirilacaq.

Stansiyanin idaro edilmosi morkoazi idarsetmo otagindan hoyata kegirliacokdir. Real rejimdo
stansiyanin biitiin texniki parametrlorino nazarot etmok miimkiin olacaqdir.
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ABSTRACT
Shamsaddin Kazimov
Valida Haciyeva
Sevinc Novruzova
Sun electric power station

In this research it has been analysed the condition of natural climate of the Nakhchivan
Autonomous Republic has been analysed and it has been determined that abundance and durability
of the Sun radiation is suitable for creating of the solar power station it has been considered the
process of obtaining electricity in the complex of devices and apparatuses which convert sun
radiation into electricity. In accordance to the physical geography of the Nakhchivan Autonomous

Republic it has been informed about the solar power station which is being built.
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anmapaToB, KOTOpble MIpPeoOpa3yloT H3IydeHHE COJHIA B 3JIEKTpUYecTBO. B cooTBeTcTBHHM C
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DYNAMICS OF THE MOVING LOAD ACTING ON A METAL ELASTIC PLATE UNDER
COMPRESSIBLE VISCOUS FLUID LOADING

Acar sozlar: harakot edon giivva, sixilabilon 6zIii maye, metal elastik lovha, kritik siirat

Key words: Moving load, compressible viscous fluid, metal elastic plate, critical velocity

KuouyeBble cjioBa: Oeuofcyu;uxc;l cuna, corcumaemas  6A3KaAA ofcuc)Kocm, memaiudyeckas
YIpyeas naacmuHd, Kpumuieckas CKopocmas

1. Introduction

The review of investigations related to the vibration plate + fluid systems was made in
papers [1, 2] and it was noted therein that until recently there was not any study in this field made
within the utilizing of the linearized exact equations of motion. In the mentioned sense the first
attempts were made namely in the papers [1, 2] in which the frequency response of the system
consisting of the elastic [1] and viscoelastic [2] plate and the half-plane occupied with compressible
viscous fluid was studied. Under these studies the equations of motion for the plate were written by
utilizing the exact linearized equations of elastodynamics and the equations of motion of the fluid
were written by utilizing the linearized Navier - Stokes equations.

The other considerable aspect of the investigations regarding the dynamics of the plate-fluid
systems is a dynamic response analysis plate-fluid systems induced by a moving load. Results of
these investigations are applied for construction of the floating bridges and for determination of
their efficiency. As an example for such investigations it can be presented studies carried out in
papers [3 - 5] and others listed therein. However in these investigations the fluid reaction to the
plate (i.e. to the floating bridge) is taken into consideration without solution of the equations of the
fluid motion. It is evident that the approach employed in [3 - 5] is very approximate one and cannot
answer the questions how the fluid viscosity, fluid compressibility, plate thickness and the moving
velocity of the external force act on the “hydrostatic force” acting on the plate and on the fluid flow
velocities. To find the answers to these questions it is necessary to solve the corresponding coupled
fluid-plate interaction problems within the scope of the exact linearized equations described to the
plate and fluid motions. In the mentioned sense, in the present paper the first attempt is made for
solution to the problems related to the dynamics of the moving load acting on a system consisting of
the metal elastic plate and half-plane filled with compressible viscous fluid.

2. Formulation of the problem and solution method
Consider a system consisting of the plate-layer and half-plane filled with a barotropic compressible
Newtonian viscous fluid. We associate the coordinate system OXx % > with the plate and the

position of the points of the constituents we determine in this coordinate system. Assume that the
plate occupies the region {|x1| <o, -h<x, <0}, but the fluid occupies the region {|x1| < o0,
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—0 <X, <—h}. Within this, we consider a motion of the system under consideration in the case
where the lineal-located force which moves with the constant velocity V acts on its free face plane
of the plate-layer. Assume that the plane-strain state in the plate and the two-dimensional flow of
the fluid take place in the Ox;x, plane.

The equations of the plate we take within the scope of the linear theory of elastodynamics,
i.e., as follows:

doy , 0oy 101@ b _, o’y doyp 00 | lola 5 _ azuzl
6X1 8X2 aXl atz 8X1 8X2 a 1 8t2
o11 = Ae1y + &) + 2811, Top = A& +80) + 209y, 015 =2uer,
ou ou 1({ou, ou
flu=—t, ey =—2, Ep = 2+2|. (1)
% %, 2\ 0%y o

Note that in Eg. (1) the conventional notation is used.

According to [6], we consider the field equations of motion of the Newtonian compressible
viscous fluid: the density, viscosity constants and pressure of which are denoted by the upper index
(1). Thus, the linearized Navier-Stokes and other field equations for the fluid are:

2
Lo o o 0wy Vi g w0 Mg
¢ a oxox;, 0% axa a0 ax
av op®
(~p® 4 2V) 5. +2u0e; 0= D0, N2 g LI 2_P 2
( p ) ij T "8 % 8X2 ij 2 6X 8X . 9 5,0(1) (2)

where p(()l) is the fluid density before perturbation. The other notation used in Eq. (2) is also
conventional.
Assuming that p® =—(Ty; + Ty +Ta3)/3, We obtain that A® =—2,® /3. Moreover, we

assume that the following boundary and contact conditions are satisfied:

ouy ou,
021|x2=o =0,022|X2:0 =—Ro(x -Vt), — o’ ot

_Vl

X2 :—h

3)

’ 022|X2:_h =Ty

021| _ =T21‘
Xo= h x2:—h

X2=—h '
where §(1) is the Dirac delta function.

This completes the formulation of the problem. For the solution of this problem, we use the
moving coordinate system X' =X, —Vt, X'5 =X, (below we will omit the upper prime on the new

moving coordinates) and replacing the derivatives o(e)/ot and 62(0)/&2 with -V /0% and

vzaz/axf , respectively, we obtain the corresponding equations and boundary and contact
conditions for the sought values in the moving coordinate system. For the solution to these
equations, we employ the exponential Fourier transformation with respect to the x; coordinate

+o0
fr(s.x) = I f (%, Xp)e™"dx

—0o0

(4)
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Before the employing the Fourier transformation (4) we introduce the dimensionless coordinates
and dimensionless transformation parameter

Below we will omit the over-bar on the symbols in (5). Moreover, we will also use the notation
V'=v/h, v® =0/, (6)

For reducing the volume of the paper we do not give here the other details of the solution
procedure, which are similar to those given in the papers [1, 2]. Nevertheless, we recall that under
the mentioned solution procedure the dimensionless parameters

V'h ., V'h? 1Oy
- NW:T’ M =

ag v ph
are introduced. Note that the dimensionless number N,, in (7) can be taken as a Womersley

2, (7)

number and characterizes the influence of the fluid viscosity on the mechanical behavior of the
system under consideration. However, the dimensionless frequency (2, in (7) can be taken as the
parameter through which the influence of the compressibility of the fluid on the mechanical
behavior of the system under consideration can be characterized. At the same time, the parameter
M characterizes the ratio of the characteristic stress caused by fluid viscosity to the shear modulus
of the plate material.

Thus, within the scope of the solution procedure discussed in the papers [1, 2], we obtain
analytical expression of the sought quantities, after which we determine the originals of those
through the expression

1 ~+00
(U3 Uz; 01130125090V Vo3 Tias Tho Toa :ZR{ J. {UTSHUPSHE BT
12k 020k ViE s Vor s Tk s Tioe s Toor | elsxlds} : ©))
The integrals in (8) are calculated numerically for which the infinite interval [—oo,+o0] is replaced
with the finite one [-S;,+S; ]. The values of the S, are determined from the convergence criterion

of these integrals in (8). Under calculation of the integrals in (8), the interval [—Sf,+8f] is divided
into a certain number of sorter intervals. Let us denote this number through 2N . Consequently, the
length of the mentioned shorter intervals is S; / N and in each of these shorter intervals the

integration is made by the use of the Gauss integration algorithm with the sample points.
Consequently, convergence of the mentioned numerical integration can be estimated with respect to

the values of Sf and N . The various testing of the convergence of the numerical results show that

for the quite converge and validate results are obtained in the case where N =2000 and Sf =5.0.

We do not here consider examples of the numerical results illustrated this convergence, however
note that such examples are given in the paper [1].
This completes the consideration of the solution method.

3. Numerical results and discussions
It follows from the foregoing discussions that the problem under consideration is characterized
through the dimensionless parameters 2,, N,, and M which are determined by the expressions in
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(7), A/ where A and u are the mechanical constants which enter the expression of the elastic
relations in Eq. (1). Note that the case where €2, =0 corresponds to the case where the fluid is
incompressible, but the case where 1/N,, =0 corresponds to the case where the fluid is inviscid.

In the numerical investigation we assume that the material of the plate-layer is Steel with

mechanical constants: . =79x10°Pa, A =94.4x10°Pa and density p=1160kg/m® [7], but the
material of the fluid is Glycerin with viscosity coefficient x® =1,393kg/(m-s) , density
) ~1260 kg/m3 and sound speed a; =1459.5m/s [6]. We also introduce the notation c, :4/;1/,0

Ao
which is the shear wave propagation velocity in the layer material.

viscous fluid 0.05 m
Tyh/P, ————- nviscid flui

004

h=0.01m _\ 0.01 m

o 0.000 7 0.001 m
0.005 m ] 0.005 m
0.05m 10,004 0.005 m
0.001 m 4
+0.008 —
1 v =500 (1)

] 0.01 m
012 0.05m \/

— xi/h

LI I B B e e e
-2000 -1000 0 1000 2000

Fig.1. Distribution of the T,,h/ Py with respect to the %, /h

Thus, after selection of these materials, the foregoing dimensionless parameters can be determined
through the two quantities: h (the thickness of the plate-layer) and V (the velocity of the external moving
load). Numerical results which will be discussed below relate to the normal stress acting on the interface
plane between the fluid and plate-layer and to the velocities of the fluid (or of the plate-layer) on the

mentioned interface plane in the directions of the Ox; and OXx, axes.

. . .005
viscous fluid 0 00\ "
vuh/(Pye) —===" inviscid fluid N
20 ] 0.001 m P !
i .. 0.001 m
3 JF/h =500 (1/s) ]
10 h 0.005 m ,'
0.05 J 'l
E 0.05m h
0.01 m ] 0.01 m ,’
D —
h=10.01m 0.01 m
. 05
0.005 m ] 0.05m 0.05 m
1070.005 m
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D e o o o o o o e e o o B SV
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Fig. 2. The distribution of the Vv,zh/(PyC,) with respect of the X /h
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Thus, first we investigate the distribution of the studied quantities Tooh/ Ry, Vouh/(Ryc,) and
vyuh / (Pyc,) on the interface plane with respect to the dimensionless coordinate X; /h. We recall that here
the coordinate X; is determined with respect to the moving coordinate system and, according to the
coordinate transformation X'; = X, —Vt, X'5 = X, which was introduced in the beginning of the previous
section (the upper prime over the moving coordinates was omitted), the change in the values of the ¥ /h

(i.e. of the x';/h) can also be considered as a change in the values of the dimensionless time Vt/h.
Consequently, the distribution of the foregoing quantities with respect to the moving dimensionless
coordinate X; /h can also be considered as the change of those at some fixed point in the frame of the fixed
coordinate system with respect to the dimensionless time Vt/h. Graphs of these distributions are given in
Figs. 1 (for the Tyoh/ By), 2 (for the v,h/ (RyCy)), 3 (for the vy h / (PyC,) in the viscous fluid case) and 4

(also for the vyuh / (PyC,) in the inviscid fluid case).

0.05 m vith/ (Pye,) 0.01 m

0.05 — 0.005 m ‘ 0.005 m
] i
] 0.005 m
0.00
P L 0.001 m ><
0.01 m 0.001 m

-0.05 0.05 m

2

0.005 m
h=0.01m
0.05m

-0.15 V/h = 500 (1/s)
viscous fluid 0.05 n

/ T 020 +rrrr e Y
0.001 m 0.001 m
-2000 -1000 0 1000 2000

Fig. 3. The distribution of the vyuh/ (Pyc,) with respect of the X, /h in the viscous fluid case

Note that these graphs are constructed in the case where V /h =500 (1/s) for various values of the

h. In Figs. 1 and 2 the results related to the viscous and corresponding inviscid fluid cases are given
simultaneously. Here and below under "inviscid fluid case" ("viscous fluid case™) we will understand the
case where the selected fluid (i.e. Glycerin) is modeled as inviscid (viscous) one. However, the results

obtained for the vy uh / (PyC,) in the viscous fluid case incompatible with those obtained in the inviscid fluid
case. Therefore the results obtained for the v;zh/ (RyC,) in the viscous and inviscid fluid cases are given
separately in Figs. 3 and 4 respectively. The mentioned incompatibility can be explained with disappear of

the contact condition 6u1/6t|x —h =v1‘ A in (3) for the inviscid fluid case. Consequently, according to
2= Xp=—

the results given in Figs. 3 and 4, we can conclude that the distribution of the velocity vjzh/ (Ryc,) cannot

be described within the scope of the inviscid fluid model not only in the quantitative sense, but also in the
qualitative sense.
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The analysis of the graphs in these figures shows that the attenuation of the investigated quantities
with |x1/ h| takes place more rapidly and the width of the action area of the moving load decrease with

increasing of the plate thickness h under fixed value of the velocity of the moving load. We again note that
the foregoing results can also be estimated as the change of the studied quantities with respect to time at a
certain fixed point of the interface plane. For instance, we consider a point which is in a distance L from
the origin of the fixed coordinate system. According to the relation X, = L—-Vt =0, we determine the time

t*=L/V at which the moving load achieves this point. Consequently, the left (right) branch of the graphs
given in Figs. 1 — 4 which illustrate the change of the studied quantities with respect to the X, /h under
% /h<0 (under x,/h>0) can also be taken as the change of those with respect to time t under t>t*

(under t <t*) at the point which is in a distance L from the origin of the fixed coordinate system.

E vatth! Bocy 0.001 0.05
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Fig. 5. The graphs of the dependence between
Tyoh/ PRy and V/h

Fig. 6. The graphs of the dependence between
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Fig. 7. The graphs of the dependence between Fig. 8. The graphs of the dependence between
viuh/ (Rycy) and V/hinthe viscous fluid case  vyuh/(Ryc,) and V/hin the inviscid fluid case

Now we consider the graphs of the dependence between the studied quantities and the velocity V/h.
These graphs for the stress Tooh/ Ry and for velocities v,uh/(PRyc,) and vyuh/(Ryc,) are given in Figs.

5, 6, 7 and 8 which are constructed for various values of the h. Under construction of these graphs the
values of the studied quantities are calculated at X, /h=0.

It follows from these graphs that in the case under consideration the influence of the fluid viscosity
on the values of the stress T,,h/ Ryis insignificant, but on the values of the fluid flow velocity is very

significant.

Now we consider the results which illustrate the influence of the fluid compressibility on the values
of the studied quantities. We recall that the influence of the fluid compressibility is characterized through the

parameter (2 (7). Numerical results show that the influence of the fluid compressibility on the studied
quantities becomes considerable in the cases where (2 >0.25. However, in the cases where (2 >0.25the

influence of the fluid viscosity on the distribution of the stress Tooh/ R, and velocity v,uh/(Ryc,)

disappears almost completely. Under obtaining results related to the incompressible fluid model we assume
that €2 =0.0. Basing this reason, we investigate the influence of the fluid compressibility on the values of

the studied quantities within the scope of the inviscid fluid case. Thus, according to the foregoing
discussions, an increase in the values of the velocity must increase the difference between the results
obtained within the scope of the compressible and incompressible fluid models. However, the investigations
shows that there exists such value of the velocity of the moving load under which the absolute values of the
studied quantities become infinite and the resonance type event takes place. Note that the existence of the
critical velocity is characteristic one for dynamics of the moving load acting on the layered medium. The
review of the investigations related to critical velocity of the moving load acting on bi-material elastic
systems was made in a paper [8]. However, up to now, we have not found any investigation on the critical
velocity of the moving load action on the hydro-elastic systems. Consequently, the results related to the
critical velocity, which will be discussed here, are the first attempts on the investigations of the critical

. . . . . .V, /a
velocity of the moving load acting on the hydro-elastic systems. We introduce a notation or/ 0 for
illustration of the values of the dimensionless critical velocity. Numerical investigations show that the values

V . . L
of the " /ao are the same for each studied quantities and for each point, i.e. for each value of the xl/h , at
which the values of these quantities are calculated. Numerical investigations also show that the values of
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Vcr/ao do not depend on the plate thickness h, but depend on the compressibility or incompressibility of

the fluid. Moreover, it is established that the values of the Vcr/ 4o depend also on the mechanical
properties of the fluid and of the plate materials. For the selected fluid and plate-layer material we obtain that

Vor /8y =0.3262 for the incompressible fluid model case and Ver /8 =0.3476 for the compressible fluid

model case. Consequently, the compressibility of the fluid causes to increase of the values of the critical
velocity.

Fig. 9. The influence of the fluid compressibility

Tii hi Py compressible fluid

0.0 ———— incompressible fluid on the values of the stress T22h / P
02 3
0.4 -
06 =050 m h=030m \‘

- 1 \

xi/h=0.0 || ‘I\l
0.8 - ' '
e AEEEEEsm e e ] Vih
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Now we consider the graphs of the dependence among T»,h/ R, and the velocity V / h constructed

for the compressible and incompressible fluid models in the case where V /h <V, / h. These graphs are

given in Fig. 9 from which follows that the fluid compressibility causes to decrease of the absolute values of
the pressure acting on the interface plane between the plate and fluid.

With this we restrict ourselves to analysis of the numerical results and note that the study of the problems
which are similar to that considered here will be continued in the further works by the author of the present

paper.
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XULASO
M. 1. ismayilov
Sixilabilon 6zlii maye ila yiiklanan 16vhaya tasir edan harakatli qiivvanin dinamikasi

Mogalods metal elastik 16vho vo yarimmiistovini dolduran sixilabilon 6zlii Nyuton mayesindon
omala golon hidro-elastik sistemo tasir edon harakatli giivvenin dinamikasi tadqiq edilir. Lovhanin harokati
xatti elasto-dinamikin dogiq tonliklori, mayenin horokati iso Xottilogdirilmis Naviye-Stokes tonliklori
vasitasilo yazilir. Lovhonin materiali polad, maye iso gliserin olaraq se¢ildiyinda, adadi naticalor verilir vo bu

noticolor miizakirs edilir.

PE3IOME
M. U. UcmaniioB
JAuHamMuKa IBMAKYIIUXCS CHJIA JeHCTBYIOIIAsI HA IUVIACTUHY HATPYKEHHOI ¢ BA3KOI c:xUMaeMoi
JKHITKOCTH

OOBEeKTOM HCCIEeOBAaHUS HACTOSINEH CTAaThe SBISIETHCS M3YUYEHHUS] NWHAMUKY ABWXKYIIHMXCSA CHIIA
JEHCTByIOIIasi Ha THUAPO-YOPYIOM CHCTEMY COCTOAIIMECS METAIM4EeCKOM yOopyro IUIACTUH U
MOJIYIUIOCKOCTh 3aIOJHEHHOW C 0apoTpomHOi cxumaeMoil HroroHckol Bs3koi skuakoctu. Ilpu atom
W3y4EHUsl [BIKCHMS IUIACTHHA OIMUCBHIBAECTCA C TOYHBIMH YPABHEHHSMHU 3J1aCTO-IUHAMHKH, W ABM)KECHUSA
JKHUJKOCTH C JTMHEAPU3NPOBAaHHBIMU ypaBHeHUsIMU HaBre-Ctokca. UuceHHbIE pe3yabTaThl MIPEICTaBIAETCS
u 00CyKJaeTcs B cilyyae KOrja MaTepHall MJIaCTHH SIBJISIETCS CTallb, 4 B KQUECTBE JKUIAKOCTH MPUHUMACTCS
TJINCEPHUH.
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TORPAQ NOMLIYINI OLCEN ELEKTRON CIHAZI
Acar sozlar: zond, tranzistor , rezistor, Skala

Key word: probe, transistor, resistor, scale
Kiroressle cjioBa : 30H, TPAH3UCTOP, COIIPOMUBJIICHUC, IKAJIa

79



Fermer ve ferdi tosarriifatlarda ¢alisan amok adamlar1 yaxsi bilirlar ki,akilan okin sahoalarinin
miinbitliyini, torpagin mohsuldar qatinin qalinligi, Gizvi ve mineral qida maddslor ehtiyyati vo S.
taxil vo torovaz-bostan bitgilorinin mohsuldarliginin artirilmasinda,onlarin normal inkisafinda
holledici rol oynadigi kimi, suvarmanin vaxtli-vaxtinda va diizgiin aparilmasi da vacib sortlordon
biridir.Bunun ti¢lin birinci ndvbads torpagin nomliyina vo riitubatlik doracasina fikir vermok
lazimdir. Toosiif ki, bir ¢ox hallarda bu gaydalara amol olunmur vo demok olur ki, lageidlik
miinasibat gostarirlor. Naticads taxil sahalarinin va toravaz-bostan bitgilorinin normal inkisafinin vo
mohsuldarliginin agag1 diigmasinag sabab olur. Torpagin haddindan artiq quru va namli olmasi da yol
verilmoaz haldir.Hor iki amil bitginin inkisafina vo mohsuldarligina manfi tosir gostorir.Biitiin bu
monfi faktlar1 aradan qaldirmaq tglin toklif etdiyimiz elektron 6l¢u cihazi kond tosorriifat1 ilo
mosgul olan adamlarin komayina cata bilor.Torpagin elektrik coroyan kegiriciliyi onun torkibinda
kimyavi birlosmalordon onda olan namliyin sixligindan ¢ox asilidir cihazin olgii haddi torpagin 15-
30kom kegirici miiqavimoti divarinda gétiiriilmiisdiir. Torpagin coroyan Kegirici miigavimatinin
doyismasi onda namliyin doyismasi demokdir.

Torpag quru olanda onun carayan kegiriciliyi azalir vo miiqavimat artir, oksina carayan
kegiriciliyi artiq olarsa, miigavimot asagi diislir. Asagida dl¢ii cihazinin prinsipial elektrik sxemasi
verilmigdir.

Cihazin skalasinin xattliliyini tomin etmok {igiin zonddan kegen sabit corayanin
diyismomozliyini miigavimatin miioyyan giymotinds nozords tutmaq lazimdir.

Elektrik 6l¢ii cihazi ¢ox sada qurulusa vo asan istifade olunma xiisusiyyatine malikdir.

0 E
+9
RP1
Rz
VT1 .
4 VT2
1
y-a |/ VT3
[] R1
2 I Rz
E Sakil 1.
o -

Cihazin islomo prinsipi beladir: VT tranzistorunun normal isci rejimini tomin etmak {igiin
onun bazasina RP1 vo R 2 miiqavimatlori ilo silirlismo gorginliyi verilmisdi yeniden o agiq
vaziyyatdadir. Tranzistordan kegen coroyan artdiqca R1
miiqavimatindo gorginlik diisgiisti do artacaqdir.Miigavimoatds gorginlik 0.6 v-a catdiqda VT:
tranzistoru acilaraq ondan artiq coroyan kegmays baslayacaqdir.Belo vaziyystdo R1 miigavimatinda
gorginlik homisa sabit galacaqdir va homin goarginlik VT2 tranzistorunun baza-emitter dovrasindoaki
gorginliya borabar olacaqdir. Noticodo VT: tranzistorun emitterindon kegen coroyan Ri
miigavimatindon kegmoklo sabit doyismoz sokildo qalacaqdir.Belsliklo VTi tranzistorunun
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kollektorundan kegen corayan sabit caroyan giymoti R: miigavimatindon vo VT» tranzistorunun
baza-emitter gorginliyindon asilidir.Bir ¢ox silsumlu tranzistorlarda bu corayan 0,6/R1 amper
nisbetina gotiiriiliir.Sxemds VT1 vo VT2 p-n-p tranzistorlarindan istifads olunmusdur va corayandan
kegon miisbat sin vo zonadan kegorok torpaglamaya daxil olur.Carayan R2 va dayison RP1 (
potensiometr) miiqavimatlori ilo tonzimlonir vo 0,08-0,2mA hoddinds gotiiriiliir. RP1-in  orta
giymatinda caroyan 0,12mA goéturiiliir ki,bu da torpagin 5-55 kom miigavimatine uygun golir.RP1
miiqavimatindo gorginlik diisgiisii 0,6-7,6v haddinds olur.Zondun ucunda alinan gorginlik VT3
tranzistoru vasitasilo giiclondirilir vo emitter tokrarlayict rolunu oynayir.Emitterin garginliyi baza
gorginliyindon 06 v asagi oldugu halda onun ¢ixisinda gorginlik 0-7v arasinda doyisir vo bu da
torpaq miiqavimatininin  5-55kom  hoddinds  doyismosi  demokdir.Garginliyin  torpagin
miiqavimatindon asililig1 xatti xarakter dasiyir.Emitter dovrasinin imumi miiqavimati cihazin daxili
miiqavimati ilo birlikds 7 kom olmalidir.Buna uygun olaraq Rz miiqavimati gotiiriir.Bu halda 6l¢ii
cihazindan kegen carayan gorginlikdon asili olaraq 0-1 mA haddinds gotiiriiliir,6l¢ii cihazi istenilen
diyapozonda olan milliampermetir gotiriiliir. Milliampermetrin ~ skalas1  ti¢ osas sektora
boliinmiigdiir.0-dan 1-o0 godor nomliyin asagi hoaddi,1-don 2-ya godor nomliyin buraxila bilon
normall hoddi,2-don 3-0 godor iso nomliyin yuxart haddi kimi nozorde tutulmusdur.R>
miigavimatindon 0,maqsad istifads edilir ki, RP1ilo tonzimlomo apararkon VT1 vo VT3 tranzistorlari
tam moanfi gorginlikdon siradan ¢ixmasinlar.

Milliampermetr

——q

Sakil 2.

RPimiigavimatinin 0 giymatinds,yani onun golunu sol terofo sona godor dondormok
vaziyystindo milliampermetrin gostoricisine baxiriq,ogor agrob 2-3 sektorundan konara ¢ixibsa
homin miiavimotlo skalanin % nisbotine qaytaririq vo RP1 miiqavimatini todricon artiririq  bu halda
ogrob 2-3 sektorundan 2-1 sektoruna dogru horokat edorok miisahido edacoyik.Ogor koklomo vaxti
cihazin gostaricisi deyilonlora tam cavab verirsa demoali cihaz isci voziyystindadir.

Cihaz praktiki olarag xotti sinaqdan kegirilmis vo 6ziinlin yararligint bir daha tostiq
etmisdir;

Zondun 6lgli parametrlori asagida gostarilon sokilds tosvir edimisdir.
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tutacaq

B Sm/“—’\jﬂg

Il latun elektrod I latun elektrod

izolyasiya qati

Sxema(sakil 1) 1 va 2 uclarina birlagdirilon moftillar.
Umumi aktiv uzunluq €= €1+ £2=10+15=25sm
Umumi uzunluq L= €1+ 02+ 03=20+10+15=45sm
Rezistorlar. Cihazin radio detallari :

1. RP1- 4,7 Kom

2. Ri1- 68 Kom

3. Rs-5,6 Kom

Tranzistorlar.
1. VT: VT,—RT 3107 U
2. VT3-RT 3102 1
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ABSTRACT

Q.B.Bagirov

T.T.Nadirova

First of all it is necessary to be careful of moistness and wetness of land because of being

important conditions fertility of sown areas , thickness of productive layer of land and reserves of

organic and mineral substances and in increasing fertility of grain and melon plants , taking

irrigation truly in time and electronic apparatuses measuring wetness of land were prepared. The

apparatus was passed from all experiences at out conditions and it verified usefulness of itself one
more time.
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KIMYA

H9SON HOSONLI
CIC1iiCEit HABUK TABATAJAPUHAA ®OTOKUMISABU PEAKCUMAJIAP

Wnaniis rsaasp anapbUIMbII HSPTAPAGIN €IMU TSATUraTiapAad MsSUIyM onMyminyp ku, A2bs
TUI OUPJISLIMSUISIPUH CAChIHA HapaIbUIMBIII (DOTOUEBUPUCUIISIPUH sICaC YaThIIIMA3JIbITTIapbIHAAH
Oupu ominapaa Oam  BepssH (GOTOKMMISIBM — peakcHuifanmapia — sjarsjap 4eBHPUCHISIPUH
napaMeTpiISpUHUH redpu-cTaOMITHHHIUD.

Ona nstopsg a1 Oy Tunm Mmarepuamiapaa (GOTOKMMISBU peakcHaiapblH TSIATMTH — HSHU
doromsiccac MAPKIIAPUH HapaHMa MexaHU3MHUHUH, OIMUYUHUH CrnCi-#Ceir Ha3uK TAOATSIISpUHIS
nedektnspun accocumifa Bsl AMCCOCACHUIACBIHBIH TAOMATUHHWH apallbIpbUIMAChl LU 15 103
aKTyaJUIbIbIHBI UTHpMoMisdir. bens ku, Oy Tsaaruratiaapaad aneiHaH HAtuCsissp  Mo/CulnSes/
CnCuriCeiir  cTpyKTypnaphbl sicachlHAa HapaJblUIMBIII LHALI eEMEHTISIPUHUH apaMeTpisipuHUH
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CTaOWJUIUK JSAPSCSACUHUH apThIPbUIMAChl MOJUIAPBIHBIH apallblphlIMAchlHa sicac POy oOiiHaiia
ousp.

Ielin emqsk KU, MHAWNS TAASP HapBIMKEUUPUCHIIAPIS (POTOKMMIASBU peakcuiianap mecadbiHa
HapaHMbIll  AspuH  (OTOAKTUB MSAPKS3ISIPUH HapaHMachl MIATTHIHIA MsUTyMaTIapblH OJMachIHA
Oaxmaifapar, Oy MSAPKI3JIAPUH HapbIMKEUMPHUCHUIS OJIaH Haaps OjyHa OuiMsiisH aedextisaps
(MSICSUISIH, OKCHD€EH BSI @30T aTOMJIaphl UJIsl) TapIbUIBITIIbI TCUPU JEMSIK OJlap KU, IOUPAHUIMSIHNO.

Msuptynnan enekTpoKUMsBH 4HOKApMsa 1cyny wist anbiHMbin CnCipCey  (1ankoseH
apThITJIbIbbIHA MaJHMK OJMaiaH) Ha3uK TAOATSAISPUHISA ASpUH IIccac MSPKS3JSPUH iapaHMma
MEXaHU3MH, I1adess OHJApbIH TIOUATH (POTOKEUMPUCHIMK B (POTOTYTYM CIEKTPOCKOIHUIAa
METOJUTaphl WISl TSATHT equiaMasine  baxag.

Tepmuk eman omyamambiin CnCiiCey Ha3uK TIAOATSUSIpUHIS (OTOKMMUSBU peaKkcHiiaaH
coHpa (hoTOIIICCACTBIbBIH CIIEKTpall NaiaanMackl UKW 1- s TscBup omyHmymayp. Lskunasn
SIOPIHALNI KUMH, (OTOKHMISIBY peakcuiiajaH coHpa CnCi14Ce; HaA3UK TAOATSISIPUHUH
(doTonrsiccacbIr CIIEKTPUHSA CEICHUH MUTAApPBhIHAAH ackulel onapar A1 = 0.75 + 0.86 Mkm nanbpa
y3yHIIyby MHTEpBaJbIHIA WEPISAILISH MaKCUMyMIIAPbIHBIH WHTCHCUBIUWN KSICKUH apThIp. H- UH
apTMachl WIS MaKCHMyMJIapbIH WHTCHCUBIMMHUH a3ajiMachbiHa Oaxmaiapar OHJIAphIH Y3YH Jajiba
TApsi(st cupImmsicu Gamr Bepup.

Tepmuk eman omyamambiil  CnCiiCey  HazuK TAOATSUIApUHAS (HOTOHISICCACTBIBBIH Oy CIp
apT™acsl bir sira islards ns mimammuas onyaMyn B epdekt p- MAPKSBISPUH/S SICKTPOHIAPBIH
TyTylAMachl Wi u3an] OJayHMymayp. <oromsgccacibll MaKCUMyMIAPBIHBIH — Y3YH Jaliba
capuaaauaasaH i = 0.2 Bs 0.8 TApKUOIN HUMYHSIISP HUIH Oy MSPKS3ISPUH €HEPIECTUK IAPUHINNAN

mecabnanmeiisp: &, =&, —1.57eB &, =&, —1.38¢B.
Musititsn omyamymayp ku, T = 380 + 400°C Temmeparypma © = 3 + 7 JarTurs sAp3uHis

TEPMHUK CEMaJIZlaH COHpa HOMYHAJIAPWUH (i)OTOHI?ICCElCJIBII:I)I KACKHMH apThIp. Onruman msIpanTaa

I

3 . .
TEPMHK €MaJlJlaH COHpa I_ =10 taptubunas onup Bs doromsgccacnbibbia Oy ruiimsTn 7 — 8 aii
g

Ap3uHAA cabuT ranblp. TepMHMK eManjaH COHpa Ha3MK TAOATSUIAPUH (DOTOIISCCACHBIT CIIEKTPH
KSACKUH Asiiumup (mskua 2). By 3amaH, HUIMYHsuISpuH (OTOUISICCACHBIT CHEKTPU Y3yH Jajiba
TApsIpsT SEHUNUIAHUD Bs QoTouriccacnbr cnektpunas Az = 0.95 + 1.15 MxM  gamba y3yHIyby
oOmacTeiHAa nama Oup MakcuMyM iapasblp. TepMmuk eman MIIITHHUH 3 < T < 4 narurs
TMAMSATISIpUHIAH Oanutailapar  A1- MakCUMYMYH MHTEHCHBIMIM a3anblp, A2 - MakCUMyMyn
MHTCHCUBJIMNAN UCS apThlp. T = 7 JATUTS AP3UHIS TEPMHK €MalllaH COHpa CHEKTpAs OMpPHHCH
MaKCUMyM HUTHUD, Oy 3aMaH MKMHCH MAaKCUMyMYH WHTEHCHUBIHMHM IO3LHIIH MakCUMall THHMSITHHS
qaTkIp.

Tepmuk emannan coupa CnCi-iCeir Ha3UK TAOATSUIIPUHUH (OTOLISACCANBI] CIEKTPUHAS A2 =
0.95 + 1.15 MM nampa y3yHJIyby OONAcCTBIHIA WapaHaH MakCUMymiap WeHH Oup (oToakTHB

MSIPKS3JIAPUH HapaHAbIbbIHbI S0CTApHUp. Dsp3 onyHyp KH, Oy MSPKS3IAp (VCd - Cdi )" nomop-

aKCenTop CUTJISApUHMUH MapYyaJlaHMachl UL ssaarssgapasip.
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Wskun 1. Tepmuk eman omyamambin CAS,  Se, wasuk TsaGsarsumipuaas GoroCapsiianbia

CIIEKTpaJ NanjJaHMAacChl.
T =300 K.
x:1-02,2-03,3-04,5-0.6,6-0.8

Wskun 2. Tepmuk emannan seesn (1) Bs compa (2-4) CdS,,Se,, Hasuk TAOArsApHHIs

boToCsapsiiaHbIH CIIEKTPAaJ MaiaHMAaCHI.
T. = 400° C.
Te, qar: 1-0,2-2,3-4,5-7.

ﬁapaHMblm fieHu (OTOAKTUB MSPKSI3ISPUH TAOUSTHUHU aWABIHIANIABIPMAT MSTCAIU WIS
HA3UK TAOATSISApUH (DOTOTYTYM CHEKTPISpH Bsi MakcuMymiiapaa (hoToCspsifaHbIH KHHETHUKACHI
taarur equamumaap. CdSe2Seos Hazuk TaOsarsmspuaas A1 = 0.86 MKM Bs A2=1.15 MKM
MaKCHMYMJIAPBIHIA (POTOCAPSIHAHBIH KHHETUKACHI IISSKWI 3 — 15 TACBUP ONyHMYymAyp. By 3aman
ISP WKA MaKCUMyM ITYIH (OTOCSpSIiaHbIH apTMachl €KCIOHEHCHald TaHyHa, a3ajiMachl HUCs
IUIepOOTUK raHyHa (KBaJpaTHK peKoMOMHacuiia uis smarsnaap) tadeaup. by ucs oHy srocTsapup
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KM, HapaHMbIII HeHu (OTOAKTHB MSPK3IAp akcentop TiaOusTiuaup. A2 = 1.15 MM
MaKCHMYMYHJIa WIIbIbbIH MHTCHCUBIIMIH apTAbIraa (GoToCsapsiiaHblH apTMa CHPATH HIKCSIIHD,
azayiMa CLPSATH UCS IEMSK oJiap KU, ITHUIIMS3 TaJIbIp.

Tepmuk eman MIUIATHHH 4 JSATUTSIAS TSAAp apTAbiraa A1 MakCUMyMyHIa (oToCspsiian
apteip  (MsHu (Vg —Cd. )" nomop-akcentop — Cumisipy — napuanaHelp),  JakuH
A2 IYIIH SIKCUHS CSApsIHaHBIH a3ajiMa Bs apTMa CLUPSTH KSICKHH a3aiblp (MEHU MSIPKS3IISAp HapaHbIp).

Mo/CnSo,2S€08 CTPYKTYpJaphl ITUIH (GOTOTYTYM CHEKTPU TEPMHK €MajljiaH SBBSJI BS COHpa
(T =380 + 400°C Temneparypma 1=0 + 7 msrurs sSp3uHAs TEPMHK eMaIIaH COHPA) MIAKUI 4- Jis
SroCTIpUIMUANIIUDP. DOTOTYTYM CHEKTPUHAS MINIAIUIS oyHaH oupuHCH munist (A1 = 0.86 MKm)
marreiHaa Mstymamnap 4doxayp. Jlakun ¢ororyrym chnektpunasku Az = 1.15 MkM pampa
Y3yHJIybYHJa HEpJIIsH MKHHCH MaKCUMyM HEHHM — Jalla MUPSKKAO MSPKS3UH HapaHIbIbbIHBI
Tacauraiup. POTOTYTYyM CHEKTPHUHIAH Oy MApKsa3msap muuH (X = 0,8 Ta0arsusapu muiH)
CHEPACTUK JAPHHIMK miecabianMeimsp: € =&, + 1.08 eB.

Msutymayp Ku, WapbIMKEUUPUCHIS JOHOP-AKCENTOpP CUTISPUHUH HapaHMAChl, allabblIaKbl

kuMuUp. KyJoH rapiubuIbInis! TACHp THBBSCH Wil suiarsap onapar jonopnap (D Ba ita D)
Bs1 akcenrropiap (A ) sicacbHa JOHOP-aKCenTop CUTLL HapaHbIp (ta (D;" A)° Bs ita (
D" AS)* Tumm).

EdbdextuB kuris ranyHyHa sicacsiH Oy KOMIUICKCISIpMH HapaHMachl allabblIaKbl JIOHSIH
peakcuiia uiis TSCBUP OJyHa OWJIsIp:

D'+A, <C° 1)
o 0
Tapasnbir  wsipautunasn  Cutspun koncentpacuitacet C° (N, ) Ba onnapem  oHOp-

AKCCIITOP KOMIIOHCHTJIAPH 103 apaJlapblHAa alllabblJaKbl TAHJIMKIIA AJlaraaapabIp:

N
T = K(T) (2) Gypana,
Np N,
Ag, . N -
K.(T)=pexp| ——— | - xommuekc iapanpicel caburaup, [ - D" Ba A, arom curnspu

KT

oA
apachIHIaKbl sularsjs onvama emrumansiabl owoctsapup, Ag, - (D" Ag ) momop-akcenrop

CUTJIAPUHHUH AJIars CHCPXKUCUIAUD.

86



AW we.Bamm

Isxmn 3. Tepmuk emanman sBBsit (1, 3) B conpa (2, 4) CdSy ,Se g g Ha3zuk
TAOATSIIApUHIS OTOCAPAHaHbIH KUHETHKACHI.
e=400°C, te=7 par
A, MM: 1,4 -0.78,2,3-1.15

AD, Hit.Bam

1.2 1.4 1.6 1.8
nv, eB
Isxmn 4. Tepmuk emannan sBBsut (1) B conpa (2, 3) Mo/ CdSy,Se g CTPYKTYpIIapbIHBIH
(GOTOTYTYM CHIEKTPH.

T.=400° C
Te, mar: 1-0,2-4,3-7
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by Hrorreiu-asa3sapasH Oens Oup UKHAp HIPHTMSAK ojlap KH, TEPMHK €MalijjaH COHpa

rapyajaaHaH (VCd —Cdi )" BUTIApM fama AApMH KOMIUIEKC CABHIHANApH Hapamslp. bens

sopytrup ku, 6y wmapkssuap (Vg —O, )" xommnekcnspunst aupmup. Bens ku, sosap Gy
MSAPKS3IIAp Oamra MSPKS3IApS auj  OJcaiabl (MSICSUISSH, KaJIMUYMYH ISP IIAaHCHI Oup
IUBaKaHCUHANAphIHA),  OHJA HIIKCAK TEeMIIepaTypily TEPMHK eMallJaH COHpa OHJap HOX
onMaieiidapl. TaarurataapeiMbizaa Oy Cp Maanucs MIIIAIIAIS OJTYHMAaIbIbbIHIaH, OCs CEOUIISIMSIK
omap KM, TepMHK emanblH OammadeeiCeiHma (T < 200°b) O aToMJIaphl  KaJMUyM

BaKaHCHHANAPBIHE TyTyp, UKHHCH Mapmuisas ucsa (T > 200°b) ommap Cdi MOHJIApBI WIS J1ala

MIIPSIKKSIO [(VOd -0)" -Cd N ]++ KOMIUICKCIISIpUHU HapaabIp.

Hasuk  Ta0srsspas 6amm BEPSIH (bOTOKUMIASIBH peaxkcuiianapias COHpa

-+
[(VCd -0)" -Cd i+] MIpPSKKSIO  JOHOpP-aKCENTOp  KOMIUICKCIISIPU — allabblJaKbl  KUMH

nap4ajiaslp:
+ —Cd/’

[(VCd _O)+ —Cdfr +€ 0 ' (3)
CnCi1Cei Ha3UK TAOSATSUIAPH IUIIH CEJICHUH MUTIAPBIHAAH achUIbl oyiapar Oy MSPKS3JISpUH

Hapanma CHEePIKUCH As, =009+0,12 ev B OHJIAPbIH KOHCEHTpacuiacsl

W=2-102 =-10%sm™® 1eca0IaHMBIIIITBIP.

ABSTRACT

In this article investigation of formation mechanism of deep sensitive (activated) centers in
thin layers of CdSiySey (with no hallogen remain/derivative) obtained by electrochemical
precipitation method, in addition, investigation of their nature by methods of photoconductance and
photocapacitance spectroscopy were conducted. Spectral distribution of photosensitiveness
following photochemical reaction in thin layers of CdS1.ySey with no thermal refinement.

Spectral distribution of photocurrent in Te = 400 °C in thin layers of CdSo2Seos before and after
thermal refinement were given.

In conclusion, it has been suggested that (Vcd — Cdi)* pairs splitted after thermal refinement form
even deeper complex levels. It seems that these centers belong to (Vca — Oi)" complexes.

PE3IOME

B crathe mOMydYeHBI METOJIOM 3JCKTPOXHUMHUYECKOTO ocaxacHus pacTBopa CdSiySey
(koTOppIe HE WMEIOT W30BITOUYHYIO XaJbKOTEHA) TOHKHE CIIOM YyBCTBUTENIBHBIX IIEHTPOB
MEXaHuW3Ma, a TaKke HX BBeaeHHe B mpupoae merogoB DIl m fototutum crexTpockonuu
paccMoTpeHHbIX. Fotokomyavi TOHKHE cliou TEmIoBOM 3JeK-TpocTaHIMKU HeoOpaboTanHoro CdSi-
ySey fotohassasligin criektpanbHOrO pactnpenenenus paccMaTpu-BaeMOM peaKIlny.
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Kpome Toro, 1o u mocie tepmuueckoii 0opadborkr CdSo2Seps fotocarayanin criekTpanbHoe
pacrpejieieHie TOHKUX clloeB ykasanbl Ha Te = 400°C.

WTOroBbIif NpUIIITK K BBIBOAY, YTO Takas ujes, 4ro yurudulmusdur paspymienHoii mocie
tepmudeckoit 00pa-6otku (VCD-Cdi) + mapsr co3nath Oonee riryObokue ypoBHH Komiuiekca. [lo-
BUIUMOMY, 3TH HeHTPbI (Vcd-Oi)" KoMIIeKcsl.

NDU-nun Elmi Surasinin 24 dekabr 2015-ci il tarixli qorar ilo ¢apa
tovsiya olunmusgdur (protokol Ne 05)
Magaloni gapa toqdim etdi:
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Ali pedaqoji moktablords yeni informasiya texnologiyalarinin tatbiqi ilo cobr va riyazi analiz
kursunun todrisinin elmi-nazari asaslarinin yaradilmasi, praktik mosololorin hollinds keyfiyyatli
nailiyyatlorin aldo olunmasinda rol oynayir.

Riyazi analiz va cobr kurslarinin todrisindo kompiiterlordon istifads, proqramlarin vo yeni
darsliklorin variantligi, bu kurslarin todrisine yanasmalarin miixtolifliyini meydana ¢ixarir ki, bu da
oziinli fonlorarasi oalagolords oks etdirir. Bir ¢ox hallarda riyazi analiz vo cabr kurslarinin tadrisindo
oldo olunmus bilikler fizika, kimya, cografiya, texniki fonlor vo s. kurslarin dyronilmosinds totbiq
edilir. Yoni fizika, kimya vo s. kurslardaki nozariyyelorin todrisindo miivafiq riyazi aparatin,
modelin qurulmasi hamin nazariyyalorin nazari va praktiki istigamatlords tadrisinds bir baza kimi
Oziinii oks etdirir. Ehtimal noazoriyyosi vo statistikanin elementlorinin kompiiterlorlo todrisindo
qurulmus aparata birlogsmolorin (kombinatorikanin) daxil olunmasi mahiyystca yeni modelin
yaranmasina sabab olur.

Bu problemlor ham do fizikada statistik nozoriyyslorin qurulmasi, biologiyada genlorin
oyranilmasi va s. kimi kurslarin 6yronilmasinds genis imkanlar yaradar.

Riyazi analiz va cobr kurslarinin todrisinds fonlorarasi slagalorin tatbiginde riyazi montiq vo
riyazi danisiq dilinin real dillo miiqayisesindo onun tolimi prinsipco miihiim shamiyyat kasb edir.
Tadris prosesinds tam doqiq, qlisursuz vo ndgsansiz riyazi danisiq dili tofokkiiriin inkisafina va dilin
yiiksok soviyyado monimsonilmasing tosir edir. Hom do tobiot vo humanitar elmlori arasinda danisiq
dili riyaziyyatin fonlorarasi alaqgalords tatbiqginds keyfiyyatli bilik aldo olunmasinda rol oynayir.

Kompiiterlarin totbiqi ilo riyazi analiz va ali cabr kurslarinin fonlorarasi slagslords tatbiqi ilo
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bagli yeni elektron dorsliklorinin vosaitlorinin yaranmasi bir problem kimi qarsida durur. Darsliyin
funksiyasi1 digar elektron kitablardan farqli olaraq 6ziiniin interaktivliyindo, talabalarin bilik, bacariq
vo vardislora yiyslonmoklorindo 6ziinii gdstormolidir. Bu halda hom do riyazi analiz vo ali cobr
kurslarindan oldo olunan elmi biliklorin fonlorarasi olagalords diferensiyasi vo inteqrasiyasi prosesi
0z miisbat hallini gostarir.

Yeni informasiya texnologiyalarinin totbiqi ilo riyazi analiz vo ali cobr kurslarinin todrisi vo
fonlorarasi alagolorindo totbiginds kompiiterlordon istifads tolimin mogsod, mozmunu, metod, vasito
vo formalarina baxilmasini tolob edir, bu gostaricilor iso yeni metodik sistemin qurulmasini qarsiya
goyur. Bu iso bdyiik problemlorin yaranmasina sabob olur. Lakin miiasir tolobloro uygun maddi-
texniki baza yaradildigda miasir tolim metodlarinin inteqrasiyasi naticasinds miisllimin qarsisina
¢ixan biitlin ¢otinliklor aradan galxir, bu proses iso riyaziyyat kursunun bir ¢ox istigamotlorindo
sagirdlorin kompiiterlorlo islomo vordislorini mdéhkomlondirir vo daha da hovoslondirir. Bu
gostorilonlor miiasir toloblora uygun olduqda, tolimin somorsliliyi 6ziini yliksok soviyyado oks
etdirir.

Digor torofdon bu proses sagirdlorin tofokkiiriiniin formalasmasina, diinyagdriisiiniin
artmasina, onlarda fordi keyfiyyotlorin meydana golmosing, intellektin inkisafina sabab olur ki, bu
da olds olunan biliklorin hom do basqa tobiat vo humanitar elmlords 6ziinii oks etdirir.

Golocak miisllimlarin riyazi, pedoqoji ve pisxoloji hazirligmin yiiksok soviyado olmasi
hom riyaziyyatin ve hom ds riyaziyyatin fonlerarasi alagsloride bdyiik rol oynayir

Elm vo texnikanin siiratlo inkisafi hom do riyaziyyat vo fizika elmlori ilo baghdir.
Riyaziyyat va fizikanin bir ¢ox bdlmalarini bilmadon onlarin bir ¢ox nozariyyslorindoki masalslorin
halli kompiiterdo miimkiin deyil. Digor torofdon riyazi analiz vo caobr kurslarin kompiiterlorlo
todrisinin fonlorarasi slagolordos totbiqi golocok ilkin misllimlarin keyfiyyatli bilik qazanmalarinda
rol oynayir va bels bir prosesin modelinin diizglin qurulmasi ham dos toloboslorin peso hazirliginda,
onlarin golocokds riyazi inkisafinda miistosna rol oynayir.

Son zamanlarda istor imumi tohsil moktob riyaziyyati istorsado ali pedaqoji moktablords
todris olunan riyazi nozoriyyslor cografiya, iqtisadiyyat, dilcilik , biologiya, psixologiya vo s.
elmloro sirayot etmisdir, basqa sozlo hom tobiot elmlorino hom do humanitar elmloro sirayot
etmisdir. Buna gora do elm va texnikanin siiratlo inkisafi naticasinds yeni elm sahalorinin yaranmasi
mixtolif fonlorlo olagolori daha da mohkomlondirir vo garsiya c¢ixan formalizmin aradan
qaldirilmasinda rol oynayir.

Riyazi analiz vo cobir kurslarinda fonlorarasi olagodon istifado digor doqiq fundamental
tobiot vo humanitar elmlords biliklorin dorinlogsmasine sobab olur vo analogiyadan istifads etmok,
tokrargil1g1 aradan qaldirmaq yliksok soviyyods keyfiyyatli bilik oldo etmok vo s. kimi istiinliiklori
meydana ¢ixarir. Fonlorarasi slagonin nazari vo praktiki istiqgamatlords dyronilmasi digor elmlorin
Oyronilmasinds keyfiyyatli bilik oldo olunmasina gotirib ¢ixarir. Vo bu slagolorin tamhigin da 6z
tosirini gostarir.

Yeni informasiya texnologiyalarinin totbiqi ilo riyazi analiz va ali cobr kurslarinin todrisinin
metodiki vesaitlorinin hazirlanmasi boyiik rol oynayir. Birdoyisenli funksiyalarm diferensial
hesabinin todrisi metodikasi, ¢coxdayisonli funksiyalarin diferensial hesabinin todrisinin metodiki
masalalari, adi diferensial tonliklorin se¢imi, siralar nazoriyyasi, ¢oxdoyisonli funksiyalarin inteqral
hesab1, kompleksdoyisonli funksiyalar nozoriyyssinin elementlori vo operasiya hesabi, ehtimal
nozoriyyasi vo riyazi statistikanin elementlorinin yeni informasiya texnologiyalarinin totbiqi ilo
tadrisi metodikas1 hazirlanmalidir. Bu halda slde olunan nailiyyatlor golocok miiallimlorin sonats
maragini daha da giiclondirir vo 6z pesasinds miisbat tasirini gostarir.
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ABSTRACT
M.Rajabov

Algebra training courses and analysis of new information technologies in the application of
key trends interdisciplinary relations

The article with the introduction of new information technologies in teaching interdisciplinary
courses in algebra and mathematical analysis considered the issue of the relationship.Algebra
interdisciplinary courses with the use of mathematical analysis and other detailed knowledge of the
fundamental sciences of nature and the deepening humanitarian causes and to use the analogy,
repetition, and to gain knowledge to overcome the high level of quality unveils advantages.With the
introduction of new information technologies in teaching and interdisciplinary courses in
mathematical analysis and higher algebra relations training in the application of the use of
computers, content, methods, tools and forms to be reconsidered. On the other hand, this process is
the formation of students' thinking, the growth outlook, the formation of their individual qualities,
leads to the development of intelligence, the nature of knowledge, and the other reflects the sciences
and humanities.

PE3IOME
M.PagxadosB

AJiredpa Kypchbl M aHAJIU3 HOBBIX HH(GOPMALIMOHHBIX TEXHOJIOTHii B IPUMEHEHU U
KJIIOYEBbIX TeHJACHUMH Me:KIUCIUIIIMHAPHbIE OTHOIIEHUH

B cratee ¢ BBCACHUECM HOBBIX I/IH(l)OpMaHI/IOHHBIX TEXHOJIOTHI B npenogaBaHNEC KYpCOB
anre6p51 U MaAaTeMaTH4YCCKOro aHajlau3a MCKIUCHUINIMHAPHBIX  pacCMOTpEI  BOIPOC O
B3aHMMOCBs3U.MaTeMaTHYeCKUil aHalu3 U anre6pa MCKIAUCHUIINIMHAPHBIC KYPChl C IPUMCHCHHUEM
CHJIbI U TYMAHUTAPHBIX HAYK W APYTHMMU 3HAHUAMHU O TOYHOM XapaKTEpPC OCHOBHBLIX IMPUYHUH
yrHyGHeHI/IH AHAJIOTUN HCIIOJIB30BaTh JIsI YCTPAHCHUS ,Z[y6J'II/IKaTOB MNpeuMynieCTB, TAKHUX KakK
BBICOKHI YPOBCHB 3HAHHUH B 00JIACTH Ka4yecTBa HpI/IBO,Z[I/IT._C BBCACHUCM HOBBIX I/IH(I)OpMaI_II/IOHHLIX
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TEXHOJIOTUH B OOYyYEHMHM M MEXIUCIMIUIMHAPHBIX KypCOB MAaTEMaTHYECKOIO aHajM3a M BbICIICH
anreOpbl OTHOIIEHUHM TOATOTOBKM B 00JACTH MPUMEHEHHsS C HUCIOJIb30BAHHEM KOMIIBIOTEPOB,
cojiepKaHue, METO/Ibl, HHCTPYMEHTHI B (POpMBI, YTOOBI OBITH TIepecMOTpeHbl. C Ipyroil CTOPOHBI,
3TOT TMpouecc sABigeTcs (opMUpOBaHME MBINUICHHUS — y4yallUXCs, IEPCIEKTUBBI  POCTa,
(bopMHpOBaHKE UX JTUYHOCTHBIX KAUECTB, IPUBOJIUT K PA3BUTHUIO MHTEIJICKTA, XapaKkTepa 3HaHUH, a
IPYTroH OTpa)kaeT U TyMAHUTAPHBIC HAYKH.

NDU-nun Elmi Surasinin 24 dekabr 2015-ci il tarixli gerar ils ¢apa tovsiya
olunmusdur (protokol Ne 05)
Mogaloni ¢apa taqdim etdi:
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Fatih Sultan Mehmetin Istanbulu fath edib Osmanlmi sorq vo gorbin birlosdiyi noqtoya
godar genislondirmosi ilo dovlst rohbarliyindo sorq vo qorbi qucaglamaq istoyan bir siyasat
ohomiyyat gazandi. Bu sintez axtarist modoaniyyst incasonstdo do oks olundu. Sargli gaynaglarla
yanasi qarbli qaynaqlardan da (yalniz burada qorb olaraq nozardos tutulan Bizansdir, Avropa deyil)
baslonmaya baslanildi. Bu vaziyyatin ilk niimunasini, Sslimiya Mascidinin tikintisina gadoar sah asar
olaraq gobul edilon Ayasofya Kilsasinin arasdirilmasi togkil edir(14, s.81).

Bu aragdirma istor estetik, istorso do texniki baximdan Osmanli giinboz memarlhiginin inkisafint
stirotlondirmisdir. Bir ¢oxlari torafindon XVI osri Osmanlinin on parlaq dévrii gobul edirlor. Siyasi
sahadoki golirlor baximindan bu miihakimonin no doraco dogru oldugu miizakira edilo bilor, lakin sonat
cohatdon xiisusi Osmanli memarligmin on yetkin dovriinii XVI asrdo yagamis oldugu danigilmaz bir
faktdir(13, s. 160).

Bu vaziyyatin asas sabablori belo sadalana bilar:
a- Sorhodlorin siiratlo genislonmosina paralel olaraq abadliq faaliyyatlori siirot qazandi belaca
arxitekturada boyiik inkisaf bas verdi.
b- XVI asrdo dovriiniin on bdyiik giiclorindan biri halina golon Osmanli buna paralel olaraq madani
sahoda da on yetkin ddvriinii yasadi. Oziindon avvalki modaniyyatlori sintez etmayi tamamlayaraq
6z moadoniyyatini meydana gatirdi.
c- Dovlatin igtisadi cohotdon olduqca giiclii olmasi ilo incasanat islori dastoklondi. Boyiik binalarin
tikintisi memarligin inkisafi tigtin hom moacbur, ham tasviq etdi.
d- Xiisusilo memarliq sahasindo bir-birini izloyon monumental xiisusiyystli abidosloro nozor
yetirildikds bu dévrdaki yaradiciliq tislubunda sultanin na gadar tasirli oldugu ortaya ¢ixir. Sultanlar
Osmanli Dovlatinin boyiikliyiine uygun, onu memarliq sahasinds simvolizo edacok xiisusiyyatlora
sahib osorlorin insasinda ilk togsobbiiskar oldular. Bu simvolik osorlorlo sultanlar Allaha
bagliliglari1 bildirarkon bir terofdon 6z varliglarini duyururdular (bu voziyyatin dolili ictimai
funksiyas1t olmasma baxmayaraq kiilliyalorin onu tikdiron sultanin varligiyla 6zdoslosmasi, bu
strukturlarin o sultanin adin1 dasimasidir). Bu nacib va ali magsods uygun olaraq memarliq sonati
do sah oSorlor yaratmaliydi. Dovriin 6ndo golonlorinin do hdokmdarin yolunu togib etmosi
arxitekturanin inkisafini stiratlondirdi. Klassik estetik zirvo noqtosine gatdi(14, s.165).

Klassik Osmanl arxitekturast giindalik hoyatin toloblorini qarsilayacaq strukturlarda ifadssini
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tapir. Yoni basqa bir s6zlo klassik anlayis doyisen ¢agla birlikdo doyison giindalik hayatin ehtiyaclarimi
erkon dovr sonatinin qarsilayamamasi ilo ortaya ¢ixmusdir. Bu xiisusiyyatine gora klassik Osmanli
memarliginda tikilinin on shomiyyatli xiisusiyyati funksionalligidir. Memarin magsadi iss funksionalligi
azaltmayacaq Ol¢iido yaradiciliq xiisusiyyati do olan abidalor insa eds bilmakdir(2, s.79).

Belaliklo Klassik Dovr strukturlarinda sisirtmodon qaginildi, sads Vo tarazli kompozisiyalar
yaradilmaga baslandi. XV asrdon XV1 asra godar olan dévrds (memarliq xalqin ehtiyaclarina cavab
veran bir vasito olaraq alo alinmasi va xiisusi miilkiyyat anlayisinin var olmamasima gors) ictimai
strukturlar ilk planda golirdi. Yerlosdiyi yerdos, xalqin biitiin ehtiyaclarina cavab veracak strukturlar
kompleksi olan kiilliyalorin ingas1 sitiratini artirdi. Belaliklo ham soharlogsmo nozarst altina alinmis
oldu, ham ds dovlat ictimai Shdsliklorini bir dofods yerina yetirmis oldu. Homginin bu strukturlar
voqflar vasitasi ilo idara edildiyino gora ham dovlste slave yiik olmur, ham do strukturu tikdiran
bina {izorindo haqq iddia eds bilmirdi. Beloliklo do binalar tamamilo xalqin istifadasine agiq
olurdu(10, s. 274).

Moasalan, klassik anlayisin ortaya ¢ixdigi ilk abida olan Il Bayazid Mascidi onun asari deyil.
Homg¢inin Memar Sinanimn tikililorinds istifado etdiyi giinbaz, yarim giinboz, bir nego Sorafali
minaralor, komorlar, tonozlar ondan ovval dofalorlo totbiq olunmusdur. Sinanin boylikliyii
memarliq ananasinin zongin tocriibasini yenidan alo alib yeni 6lgiilar vo nisbatlorlo forgli bir
gozalliya gatmaq tg¢iin ¢alisarkon oldo etdiyi miivaffogiyystdon gaynaqglanir. O, 6lgli vo nisbatlor
tizorindo calisaraq klassik memarligin asas dogrularini agkara ¢ixarmis, beloca "Sinan Moktabi
deyilon anlayis ortaya ¢ixmigdir(15, s. 39).

1. Ufligi vo saquli istigamotdo gdzii narahat etmoyacok bir kompleks kompozisiyasina iistiinliik
verilmasi, kobud va sart kegidlorin qarsisinin alinmaga ¢alisilmast;

2. Abids elementlarinin dlgiilarinin bir tam adodin gatlar1 olmasina digqot edilmasi;

3. Sisirdilmis vo ya hassas dekorasiyadan uzaq durulmasi, bunun yerins texniki iglordo hossas va
doqiq olunmast;

4. Giinbaz dizayninin davamli inkisaf etdirilmasi;

5. Abido elementlorinin ¢ox funksiyali istifadosi (masalon Sinanin osarlorinds giinbozo kegid
elementi olaraq istifado olunan mukarnaslarin sabit giinbozi saxlamasi, estetik gozalliys uygun
kegid tomin etmok va akustik sasin dagilmadan oks olunmasini tamin etmok funksiyasi vardir).

6. Horgii Karkas texnikasinin istifado edilmasi (Bu agirligin komorlora vo ayaglara verilmasini,
divarlara heg¢ yiikk diigmomosini tomin edan, Sinan torafindon tapilmig bir texnikadir. Belaliklo
divarlar dagilsa belo giinboz ayaqda galacaq; ham do divarlar incaldilorak tikilinin goriiniisiini
zoriflogdiracokdir.) Sinan tislubu klassik anlayigin standart xattini oks etdirir. Klassik dovr arzindoa
Sinan islubu qorunmusdur. Bu arxitekturada miixtalif memarlarin oSarlori arasindaki forq onlarin
miixtolif etnik mongolorina deyil, ayri dovrlordo yasamalarindan irali golir. Monso forgi {imumi
memarhigt forgli bir xotto istigamatlondirmomis, yerli bir ¢cox abidolordo belo saray tslubunun
agirligt miigsahido edilmisdir. Bu memarlarin dovlstin on ucgar yerlorino godor niifuz edsa bilon
toskilat nizamindan gaynaqlanir(3, s.55).

Osmanli Boyliyinin bir diinya dovlstina g¢evrilmasi diinya tarixi baximindan neco yeni
dovrlor agmigsa, eyni hadiso memarliq sahasindo do yeni vo orijinal tikinti kompozisiyalar ilo
cografi otraf miihiti do doyisdirmisdir. Osmanli arxitekturasi, Osmanli Dovlatinin har ciir tikintini
ohato edon foaliyyot sahasinin hamisini ifado edir. Bu memarliq dévlotin qurulusundan XVI asro
goadar timumiyyatlo Salcuglu vo Bayliklor dovrii arxitekturasinin xtisusiyyatlorini dasimaqla yanast,
Osmanlilarin bu dévrde meydana gatirdiyi asarlor, klassik dovr arxitekturasinin inkisafinda tasirli
rol oynamisdir. Bu dovr, eyni zamanda Osmanli memarliginin zirvads oldugu bir dovrdiir(22, s.23).
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Osmanli arxitekturasi, Islam arxitekturasinin iimumi xiisusiyyatlorini dasimagqla yanasi forgli
bir soxsiyyatlo meydana ¢ixdig1 qabul edilmokdadir. Belos ki, bu farglilik memarisi an yaxin sayilan
Solcuglu asarlari ilo miigayisada bels, 6ziinli miiayyan edir. Memarliq tikililorin forma, iislub, plan
Vo bazoklordoki digget ¢okon xiisusiyyatlori uygun kompozisiyani olds etmis olmasi Osmanli
arxitekturasini orijinal vo dzlinomaxsus etmokdadir. Xiisusilo Memar Sinana aid olan arxitektura
strukturlar1 o gadar gane edicidir ki, bu dévra aid niimunays yeni bir sey alave etmoak, hor hansi bir
detali goroksiz hesab edib ¢ixartmaq miimkiin deyil. Qisaca desok bu dovr strukturlarinda hiss
edilon sey biitovliik duygusunun verdiyi momnuniyyst duygusudur(11, s. 30-36).

Istanbulun fothi Osmanli memarligmin yeni, boyiik 6l¢iilii vo daha zongin niimunalor vers
bilmasi tiglin yeni saholor agmigdir. Yens bu dovrde imperiyanin har torafinds, memarliq tarixindo
xtisusi vo ahamiyyatli yer tutan arxitektura strukturlari ard-arda yiiksalmoys baslamis, Osmanli
cografiyasinin tarixi mithit vo madani silueti sokillonarok miisbat istigamotds doyismisdir. Topqap1
saray1, Fatih, Boyazid vo Siileymaniyys kiilliyoalori buna on gozsl niimunodir. Memarligdaki bu
inkisaf Qarbi Asiya vo Simali Afrikada Sam, Bagdad, Qahira vo Tunis; Sorgi Avropada Selanik,
Belgrad, Budapest kimi boyiik soharlori tosiri altina almisdir(7, s.145).

Klassik dovr Osmanli Memarligi, basda mascidlor olmagla digar strukturlarda da material,
plan va bazok cohatdon boyiik bir oxsarliq toskil edir. Tikinti materiali olaraq osason das istifado
olunmusdur. Gostarisdon uzaq va tesir giiciinii kompozisiyasindan alan {islub hakimdir. Strukturlar
daima giinbaz ilo ortiilii olub, pancaralar alt moartabalords diiz, tist martabalords kamarlidir. Qadim
das oyma sonati yerini, igari hissada istifads olunan ¢ini 6rtmalor, boyali bazak, rongli siisolor, agac
islomolor, hiisn-ii xatt yoni g6zal yazi sonatinin niimunalori almigdir. Siitun basliqlarda da paxlava
Vo sarkit motivlori istifads edilmisdir(8, s. 130).

Yeri golmiskon bu dovrds insa edilon asas memarliq strukturlarindan olan mascidlarin tislub
vo formalarindan qisaca bohs etmok istoyirik. Osmanli moscidlorinds minars nizami, iki vo dord
minaralilor simmetrikidir. D6rd minars, Siileymaniys moscidi niimunasinds oldugu kimi osas
kiitlonin kiinclorina yerlogdirilorken, yalniz Sultanahmet Moscidinds miisahido edilon alti minara,
osas kiitlo vo hoayat kiinclorine paylanmis vaziyyatdadir. Morkozi planli moscidlordoki osas
giinbozin, Islamdaki tovhid diisiincosindon ilhamlanilaraq insa edilmisdir. Daxili hissalorin
bozonmasinda Xatt Vo ¢inilor shomiyyatli yer tutur. Giinbaz-mokan slagesinin uygunlugu
ohomiyyatlidir. Mascidlords boyiik hayst vo sadirvan vardir. Mascidlarin otrafinda tez-tez modrass,
as evi, kitabxana, hamam va s. strukturlardan miitosokkil kiilliyys insa edilordi (16, 5.350).

Heg siibhosiz ki, bu dovr Osmanli arxitekturasini zirvo noqtasine g¢atdiran, dovriine 6z
damgasin1 vuran memar Sinan olmusdur. Olbatto ki, Memar Sinandan avval bir ¢ox memar var idi.
Ancaq Memar Sinan Salcuglulardan bari galon tocriibalordon on yaxsi sokildo faydalanarag,
mohsuldar zokasi ilo bunlari inkisaf etdirorok yeni vo orijinal osorlor meydana ¢ixara bilmisdir.
Memar Sinanin Osmanli arxitekturasina gatirdiyi on ohomiyyatli yenilik, giinbaz-mokan olagosini
on ideal sokilds ifads etmasidir. Memar Sinan 1530-cu ildon 1588-ci ildo godar davam edon uzun
maslok hoyati arzinds dovlstin miixtalif yerlorinds masciddon korpiiys, karvansaradan hamama
goadar bir ¢ox sahads 300-dan ¢ox asSar vermisdir(4, s.315).

Osmanli arxitekturasi ilo olagodar bilinmasi lazim olan bir basqa ohomiyyatli xiisus iso
memarlarin yetigsdiyi Hassa memarlar ocagidir. Bu ocaq, resmi tikililorin ingaat vo tomirlarini hayata
kegiran an shamiyyatli qurumdur. Sarayin an giiclii moktablorindon olan bu miiassiss, eyni zamanda
bir mithondislik moktobi sayilir, gabiliyyatli gonclor burada yetisdirilirdi. Memar Sinan, Memar
Hayreddin, Sodofkar Mehmet Aga, Memar Davud Aga, Memar Ayas va s. boyiikk memarlar bu
moktabin yetirmaloridir. Burada talim-tohsil, usta sagird slagesina gora olurdu. Bir memar, bu
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miiddotds tikilinin islori ilo alagodar bir nega forgli sonsti do yens bu moktabds dyranardi. Tahsil,
nozari va totbigli olurdu(17, s.10-12).

XVIII asrdon sonra arxitekturada mohtosom klassik dovr yerini Lalo Dovrii (1703-1730) ilo
yanagi siirotli bir Avropalagsmaya vermis; arxitekturada Avropa torzi Barok vo Rokoko iislubu
istifado edilmays baslanmis Vo ehtisamli klassik Osmanli arxitekturasi davam etdirilmomisdir(18,
5.190).

Osmanli Dovlotinin  Yiiksolmoa dovriinoe paralel olaraq inkisaf edon madoniyyat vo
incasanatin qizil ¢agina Klassik Dovr deyilmokdadir. Bir ¢ox tadqigat¢1 va moadaniyyat tarixgilarinin
fikrinco Istanbulun fathi (1453) ilo baslayib Lalo Dévriino godor (1718) davam etdiyi gobul edilon
Klassik Osmanli Sonati i¢inda, siibhasiz, arxitekturanin shamiyyatli yeri vardir. Ciinki 1920-ci ildo
siyasi Omriinii basa vuran Osmanli dovlatinin 6ziinti oks etdirir va soxsiyyatini tomsil edir. Ug qito
tizorindo genis bir oraziys yayilan vo oksariyyati dovriimiizo godar golib ¢atan bu monumental
madaniyyat abidalori, bazilorinin xiisusi plan vo arxitekturasi doyisso belo "Osmanli asari™ olarag
taninmaqdadirlar(19, s.97).

XV asrin ortalarinda miioyyanloson Klassik Osmanli arxitekturasi, dévlatin sarhoadlorinin an
genis oldugu XVI asrds zirvays ¢atmisdir. Klassik dovr, Fatih Sultan Mehmet (1451-1481), Yavuz
Sultan Salim (1512-1520), Qanuni Sultan Siileyman (1520-1566), Sultan I Ohmad (1603- 1617),
Sultan IV Murat (1623-1640) kimi iradsli padsahlarin Sokullu Mehmet Pasa kimi sadrazamlarla
dovlat rohbarliyindo tosirli digor vozifolilorin, alimlorin, sarkasrdolorin vo qazilarin loyaqatli
soxslordon meydana goldiyi bir dévrdiir(12, s. 195).

Dovlatin sorhadlori Orab Yarimadasi vo Yaxin Sorqdon Qafgazlara Krim, Polsa vo biitiin
Balkanlar iizorindon Serbiyaya, Simali Afrika sahillorindon Atlantik Okeanina qodor uzanmis,
dovlat igtisadiyyati, ictimai vo madoni baximdan an zangin noqtays ¢atmisdir. Bu genis torpaqglarin
idarasi tiglin moarkaza bagl giiclii togkilatlar qurulmus iginds yasayan ¢ox sayda etnik qrupa monsub
insanlara xiisusiyyatlorine goroa vozifo vo 6hdoalik verilmigdir. Hor na godor hokmdar miitlaq s6z
sahibi olsa da markazi idarsetmos timumiyyatlo odalot vo insan hiiquqlarina hérmat iizarinds
qurulmusdur. Bu miisbat material sayasindo Barbaros Hayreddin, Sokullu Mehmet Pasalar, Memar
Sinanlar, soxsiyyati bilinmoyan ¢ini ustalari, xottatlar, noqqaslar bu dévrdo yetismis, ¢ox sayda
memarliq asor bu dovrde ortaya qoyulmusdur. Idaro edonls idars edilon arasinda ortaq bir moxrac
meydana golmis Yaradani razi etmonin qul haqqmni qorumaqdan kegdiyi inanci vo davranisi ¢ox
vaxt morkazi idaroni yonlondirmigdir. Mindon ¢ox moadoniyyat niimunasi ilo bunlari ortaya qoyan
memarliq anlayigini, hazirlayib totbiq edon godor memar, usta vo sonatkari qisa bir ¢alisma ilo dilo
gotirmak, olbotte, bozi mohdudiyyatlori 6zii ilo gotirmisdir. Bu yazida, Klassik Osmanl
arxitekturasi, aparilan iglor osasinda niimunslori ilo yanasi qisaca nazordon kegirilocokdir(20, s.28).

Miihiti hazirlayan faktorlarla dovr ovveli memarliq anlayis1 vo Klassik Osmanl
memarliginin osas xiisusiyyatlori tizorinds dayanilib dévriin memarlarina toxunulacaq, memarhgi
omoalo gotiron struktur gruplar1 osas basliglar altinda toqdim edilmoys c¢aligilacaqdir. Sinan vo
asarlari, bu tadqigatda ayr1 bir mévzu bashigr altinda togdim edilocayina goérs, burada yalniz digoar
dovr va strukturlarla bagl abidslor tizorinds dayanilacaqdir (5, s. 221).

Klassik Osmanli arxitekturasina zomin hazirlayan asl inkigaf Sultan II. Murat dovriinds bag
vermisdir. Ankara miiharibesindon sonra yalniz Anadolunun deyil, biitiin Tiirk vo Islam 6lkalorinin
tok bayraq altinda birlogmasi lazim olduguna inanan II Murat, bdyiik dovlst olma idealin1 hor
sahodo totbiq etmisdir. Arxitekturada, atasi Colobi Mehmetin 6liimii iizorinds yarimg¢iq qalan Yasil
Kiilliyyoni tamamlamaqgla iso baslamis, Bursa vo Odirnado ¢ox sayda oSor insa etdirarok
miitoraqqilik foaliyyatlorini paytaxta layiq bir sokildo davam etdirmisdir.
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dirnads tikdirdiyi Ug Sorofoli Mascid (1437-1447), Klassik Osmanli arxitekturasinin ilk
xabargisidir. Osast Artuklular mehrab 6nii giinbazli yatiq (enino) diizbucaqli planli mascidlori ilo
Manisa Ulu Mascidine goder uzanan Ug Sarafali Mascidds, asas kiitloni érten giinbaz yanlara dogru
daha kicik iki giinbazlo genisladilorok markoazi plan sxemino dogru yeni bir addim atilmisdir.
Morkazi glinboz ikisi miistaqil olan alti ayaq tizorindo oturdulmusdur. Digar torafdon harimlo
inteqrasiya olunan gapali daxili hoyat, biri ti¢ Sarafali dérd minars olaraq bu tarixs godorki Osmanl
arxitekturasinda gortilmoyan ilkloro imza atilmisdir. Daha ovval Tirede insa edilon imarot
moscidinds (1441) mehrab qarsisini Orton vo giinbazlo inteqrasiya olunan yarimg¢iq giinboaz iso,
morkozi plan sxemini hazirlayarkon, Osmanli arxitekturasinin yalniz Ayasofyani niimuno
almadigini, 6z tocriibalori ilo da bir axtaris i¢inds oldugunu gostarmokdadir(1, s.485).( Sakil 1)

Sokil 2 Ug Sarafali Cami Plam

Klassik Osmanli arxitekturasi, siibhasiz, universal 6l¢iido xiisusi bir madaniyyat hadisasidir.
Osmanli memarlari, forqli cografiyalardaki moadoniyyat abidslorinin kenarinda, 6z i kimlorini do
asaraq yeni bir islub ortaya qoymuslar. Monumental olgiidoki arxitektura oasarlori ¢oxaldiqca
sohorlorin qurulusu vo goriiniisii do doyismis, XV asra gadar forgli monsubiyyats aid moskunlagsma
morkazlori artiq bir "Osmanli sohori" halina galmisdir. Bu dévrds xiisusi sahar planlamasi yerina,
mohoallo formasi, kiilliyys vo ya diger memarliq abidslorine gora formalasdirtlmigdir. Klassik dovr
Osmanli asarlorindo meydan vo prospektlora agilan monumental 6l¢iido fasadlar yox idi. Cox
uzaqdan diqgati ¢okdiklari halda, mahalls iginds goriiniislari hayat divari ila gizlodilmisdir. Klassik
arxitektura dizayninda Ol¢ii, nisbat vo dslub forgliliklori olsa da, erkon Osmanli dovriinds
formalasan modroso, hamam, xan, bedestan kimi ictimai strukturlarin sxemlarindon asili
qalinmigdir. Ancaq mascidlords sarbast sokildo doayisiklik aparila bilinmisdir. Memar Sinanin eyni
plan qrupundaki moscidlorindo belo yeni linsiir vo ya detalda doyisiklik goriiliir. Ancaq klassik
arxitektura strukturlarinda homogenlik vo kompleks i¢inde daima iislub birliyi mdévcuddur(21,
5.169)

Dini arxitekturada harim mokanin ifiiqi istigamotds genislondirmokdon daha ¢ox saquli
istigamatdo kompleks olarag olo alma sayi hakimdir. Boyiik programli strukturlarda giinboz ortada
kvadrat, alt1 vo ya sokkizbucaqli ayaq vo kamarlar tizarinds oturdulmusdur. Qalan hissalor giinbaza
bagli yarim vo dordds bir gilinbazlorlo kigik kiinc giinbazlaorindon amalo golon oOrtii sistemi ilo
baglanilaraq morkozi plan sxemi hazirlanmisdir. Bu 6rtii formasi Islam yaradiciliginda genis olaraq
yalmiz Osmanl arxitekturasinda istifado edilmisdir. Klassik dévrde mascidlords ayaq vo kemorlor
tizorinds oturan giinbazli orta mokan, handasi dizayninda tikilinin modulunu meydana gatirirdi.
Morkozi plan sxemindo xarici arxitekturada giinbaz alominda noqgtolonon pillali vo piramidal
fantaziya izlonarkan, daxili arxitekturada dinclik veran sarhadsiz mokan tasiri tomin edilmisdir(21,
s. 58).

Klassik arxitekturada infrastruktur diiz, ortii sistemi oyri xotlordon meydana golmokdadir.
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Ancaq Qarblilosma dovriinds struktur elementlorinds ayrilms vo dalgalanmalar meydana galmisdir.
Ortiido on ¢ox giinbaz istifads edildiyindon, Osmanli arxitekturas1 "giinbaz arxitekturas1" ila
eynilagdirilmigdir. Osmanli arxitekturasi inkisafinin son zirve noqtasine Memar Sinan aliyls ¢atmis,
Sinan sonrasinda Qarb toasirlori xaricindo klassik iislubda heg¢ bir iraliya dogru sinaq hoyata
kecirilmomisdir(6, s. 48).

Cami va Moascidlar Kiilliyalardaki boyiik programli mascidlorin xaricinds 6lkonin miixtalif
bolgalorinds klassik memarliq iislubu ilo ¢coxlu cami vo mascidlor insa edilmisdir. Umumiyyatlo,
qurulus dovriinds ortaya ¢ixan vo zaman kegdikca inkisaf etdirilon plan sxemlari istifads edilmisdir.
Memarliq vo modoniyyat tarixi arasdirmalarinda tok giinbazli mascidlor adi altinda arasdirilan
strukturlar, balka do totbiq olunmasi asan, iqtisadi kiilfati daha az oldugu ti¢iin, xiisusils, ayalatlords
ilk sirada istiinliik verilmisdir. Fatih dovriinds say1r 85-a ¢atan bu aSarlor, qurulus dovrlarindoki
kimi, iizori tok gilinbazlo ortiilii kvadrat harim mokani ilo girisindoki son camaat yerindon
ibaratdirlor. Coxunun simal-gorb kiinciindon yiiksalon tok Sorofoli minarasi vardir. Simvolik
funksiya verilon minaralar uzaglardan diggeti ¢okacok sokilda, mascid kiitlasina nisbston daha uzun
nozards tutulmus vo ag kasmo dasdan insa edilmisdir. Sinana qadar oksariyyatinds son camaat yeri
revak kamarlarindan etibaran yiiksoldilorak ii¢ agiqligi olan debdoboali bir fasad diizoldilmisdir(21, s.
71).

Klassik Osmanli arxitekturasinda an ideal mokan formasi morkazi plan sxemi ilo oldo
edilmisdir. Istanbul Kéhno Fatih vo Eyiip Sultan camilorinds goriilon tok yarim giinbozli morkozi
plan sxemina, Atina Fethiye (XV asrin. ortasi1), Hact Homzo az Sinan Pasa (1507) mascidlori kimi
dord yarim gilinbazlilor do slava olunaraq inkisaf prosesino daxildir. Memar Sinanla ideal 6lgiilora
catan bu mokan vo ortii sistemi daha ¢ox bdyiik kompleksli strukturlarda totbiq edilmisdir (9, s.
351).

Notico olaraq bunlar1 deys bilorik ki, klassik dovr Osmanli arxitekturasi ¢agina damgasini
vurmus, Afrikadan Avropaya, Orta sorqdon Balkanlara gadar imperiya arazilorini bazomisdir. Lakin
bu memarliq anlayis1 XVIII asrdan etibaron Qarblilosma ilo yanasi toqlidgi bir zehniyyata ¢evrilmis,
yeni addimlara cohd edilmayarok 6ziins xas xiisusiyyatlorini itirmays baslamisdir.
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ABSTRACT
Ali Tashdemir

The place of classic style in the architectural development of masjids of Istanbul Jami

Classic Osmanli architecture is special in the meeting daily life requirements. In other
words, classic conception appeared because of the early age art did not meet the requirements of
speedy changing life. For those peculiarities in the classic Osmanli architecture the functionality is
the most important peculiarity of buildings. The first memory of classic conception is the 1l Bayazid
Masjid. Osmanli Architecture of the classic age, mainly in masjids and in other structures there can
seem the similarities in materials, plans and in decorations. As the main construction materials used
from stones in the buildings. The structures were always covered with the domes, the windows built
in the down stairs, and upstairs were with the conduits. The ancient stone sculptural art was
replaced with the porcelains covers, coloured decorations, coloured glasses, wooden decorations,
and decorated with the manuscript it means, replaced with the beautiful writing samples.
Infrastructure in the classic architecture discovered with the straight and, askew lines. But in the
periods of inclination towards the West appeared the askew and wave lines in the structure. In the
covers used from domes and so that the Osmanli architecture identified with the “Domes
architecture”.
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PE3IOME

Auu Tamrremup
MecTo KJ1acCHY€CKOro CTHJISI B Pa3BUTHH APXUTEKTYPbI
CramOyabckux zkamu-meuereit
Knaccuueckas OcmaHCKasi apXUTEKTypa BbIpaXKajlaCh B CTPYKTYpPax, YIOBJIETBOPSBLIMX
TpeOOBaHUs NOBCEAHEBHOMN XKU3HU. VIHBIMM Cl0BaMH, NMOHATHE KJIACCHYECKOTO CTUJISI BO3HUKIIO B
pe3yabTaTe HECHOCOOHOCTH  30/[4YECKOr0  MCKYCCTBA  pAHHEro Iepuoja  yJOBJIETBOPSTH
[IOBCEJJHEBHBIE HYXK/Ibl, MEHSIOIIMECS HapsAAy C MPOMCXOIAIIMMHU u3MeHeHusMu. HawnbGonee
3Ha4YMMasi OCOOCHHOCTb 37JaHUH, TOCTPOSHHBIX B CTHJIE Kiaccuyeckoi OCMaHCKON apXUTEKTYpPhI —
(GyHKIMOHATBHOCTD. [IepBhIil MAMATHUK KJIACCHUECKOTO CTHIIS apXUTEKTYPHI -3T0 MeueTh cynTaHa
baszuna 1l. O6Gpa3ubsl OcMaHCKONW apXUTEKTYphl KIACCHYECKOTO MEPHUOJa aHATOTUYHBI C TOYKH
3peHus IUIaHa, OTJEJIKU M MCIOJIb30BaHHBIX MAaTepUaoB. B OCHOBHOM B KaueCTBE CTPOMTEJBHBIX
MaTEpHAJIOB UCIOJb30BAINCh KAMHH. ['OCIOICTBOBaJI CTHJIb, XapaKTEPU3YIOLIEHCS OTCYTCTBUEM
BBIYYPHOCTH U CHJIOW BO3AeHcTBUA. CTPYKTYpBI BCErJa COCTOSIM M3 KYIOJIOB, HA HUKHMX 3Ta)kax
OKHa OBUIM IpsIMble, @ Ha BEPXHUX — omosicaHHble. Ha cMeHy JpeBHEMY HCKYCCTBY pe3bOblI 110
KaMHIO Ipunuii GpaphopoBbie MOKPHITHS, UCIIOJIb3YeMbIe BO BHYTPEHHEH YacTu 37jaHus, KpaCOUHbIE
OTIENIKM, LIBETHBIC CTEKJa, JACPEBSIHHbIC u3aenus, oOpasmsl kawmrpadpuu. B kimaccmdeckoit
apXUTEKType MPHUCYTCTBOBAJIA MpsMas MHPPACTPYKTYpa, B CUCTEME MOKPBITUS HCIIOJIb30BAIUCH
KpUBbIE JIMHUU. JIMIIb B 310Xy FOCHOJCTBA IPO3anagHbIX TEHAECHUUN B CTPYKTYPHBIX 3JEMEHTaX
CTaJli TOSBIATHCS KPUBHU3HA W BOJHHUCTOCTh. Tak Kak IpPU MOKPHITUM MeueTell B OCHOBHOM
UCIOJB30BAIUCh Kymnosla, TO OcMaHCKas apxXUTEKTypa OTOXAECTBIAJIACh C «KYIOJbHON
aApXUTEKTYPOI».

NDU-nun Elmi Surasimin 24 dekabr 2015-ci il tarixli qorar ilo ¢apa
tovsiya olunmusdur (protokol Ne 05)
Mogaloni gapa toqdim etdi:
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Anadoluda Salcuq saharlorinin formalasmasinda tatbiq olunan saharsalma iisullar

Acgar Sizlar: Anadolu, Salcuq, soharsalma, idaraetmo

Giris, Anadolu Salcuqglarin min ilo yaxinlasan tarixino baxmayaraq abidalori vo o ciimlodon
soharlori halo do ayaqdadir. Burada totbiq olunan iisul vo formalar todgiqatgilarin maragini calb
edir. Anadolu sohorlorinds aparilmis todqiqatin naticasi olarag Anadolu Solcuq soharlarinin
funksiyalart vo buna uygun olaraq Sslcuq sohorsalmasinin asagidaki totbiqi tisullarini qeyd edo
bilorik.

1. Idaraetms morkazlari.

Solcuglu dovriindo Anadolu torpaglarinin, Orta Asiya dovlatgilik anonslorina asasen ulus
sistemino uygun olaraq xanodan {izvlori arasinda alt rohbarlik markazlorina ayrildigi deyilo bilor.
Yani siyasi baximdan paytaxt Konya rahbarliyina tabe olmagla birlikds muxtariyyst sisteminds bazi
Solcug maliklik markazlori vardir. Bu malumat Solcuq dovriinds bazi sohoarlarin inzibati moarkaz
funksiyasini yerino yetirdiyini bilmomiz baximdan shomiyyatlidir. Bu moarkazlor arasinda; Aksaray,
Amasya, Ankara, Olbistan, Oragli, Kayseri Koyulhisar, Malatya, Nigde, Sivas, Tokat vao Uluborlu
geyd etmok olar [4, s. 213-259].

Sakil 1 Salcuq dovrii Ankara qalasi va gohristani (Rijksmuseum-Hollandiya)

2. Hoarbi morkazlor.

Solcuq dovriindo tikilon Konya, Alanya va Sinop qalalarmin kitabalorinds soharlorin
funksional xiisusiyyatlorini oks etdiron shomiyyatli malumatlar yerlagir. Bu kitabalorda geyd edilon,
foth sonrasindaki abadliq faaliyyatlori ilo galanin insasina aid molumatlardan harbi-strateji moarkoz
funksiyasin1 gormak olar. Salcuglarin Orta Asiyada qurduglar1 harbi saharlor Anadoluda da banzar
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sokilda formalagdirilmisdir. Bu baximdan, aparilmig tohlillor gostarir ki, bu dévrds harbi moarkazlor
ti¢ forqli sokildo qurulmusdur:

Bunlardan birincisi subasiliq markozlori kimi taninir vo subasi termini Salcuq ordusundaki
komandirlorin imumi adidir. Selcuqlu dévriinde Anadolu goharlarine verilon iinvanlar vo miiayyan
sayda daim harbi qiivve saxlanilan vo subasiliq morkazlori olarag bilinon soharlor Kayseri-Darul
foth, Aksaray-Dariiz zofor, Ankara-Darul hisni, Nigde-Darul pahlovan, Alanya-Darul eman kimi
siralana bilar [2, s. 421-446].

Ikinci horbi formal1 sohor tipi Dorbonddir. Dslinda ticarat morkozi funksiyasina sahib kimi
goriinso do darbandlor miidafia galalar1 olaraq Salcuq saharsalma sistemins daxil edilmisdir. Ak¢a
Darband, Yunus Darbandi vo Goksu Darbandi hamin bu funksiyaya aid edilirlor [1, s. 125-135].

Solcuglarin Anadoluda soharsalma va nagliyyat sisteminin strateji ke¢id noqtalarinda, sarp vo
olcatmaz qayaliglar tizorino insa etdiklori tgilincii tipli sohorlor garahisarlar, Roma-Bizans
dovriindon miras olan Castro (qala sohorlor) xiisusiyyatindoki yerlosmoalor idi. Anadolu miidafis
sisteminin harbi va strateji baximdan harokat markazi kimi istifads olduglari toyin olunmusdur. Bu
yerlogsmolor arasinda qarahisari toks, qarahisar1 dovali, qarahisar1 osmancik sayila bilir.

3. istehsal va ticarat markazlari.

Salcuq hakimiyystindoki Anadolu torpaglarinda, beynolxalq ticarato vo nagliyyat sistemino
bagli olaraq doniz, ¢ay va ya dag silsilalori kimi cografi va siyasi sarhad noqtalorinds, imumiyyatlo
sohar yerlogsmalarine uzaq genis sohralarda, kond tosarriifati moahsullar1 va Sanatkarliq moahsullarinin
ticaratinin edildiyi bazar vo yarmarkalar qurulmaga baslanmisdir. Bazar vo yarmarkalarin cografi
movqe ustlinliiklori, tabii sarvatlorin ¢oxlugu ya da naqliyyat imkanlarina géra formalagmisdir. Bu
sokilda ilkin olaraq miivaqgati yerlogsmolor xiisusiyystindoki bazar va yarmarkalar, bir miiddst sonra
beynalxalg vo regional ticarot potensialina sdykonan ticarot morkazlorina ¢evrilmisdir. Anadolu
Solcuglarinda Yabanlu yarmarkasi, Ziyarot bazari, Alameddini bazar1 kimi bazar vo yarmarka
yerlogsmolorinin varligini gostormok miimkiindiir. Bu dévro aid  diger igtisadi yerlosmalori
moadangilik markazlori Kimi giymatlondirmok miimkiindiir. Bu yerlosmalor arasinda Bayburt,
Giimiigxana, Modonbazar yerlogmoalori sayila bilor.

Solcuglu dovriinda doniz ticarsti do inkisaf etmisdi. Xiisusilo Araliq donizi vo Qara doniz
sahillorindoki liman gaharlarinin ticarotdo shamiyyatli rol aldiglarini séylomok miimkiindiir. Araliq
donizi sahilindaki Antalya ilo Qaradoniz sahilindoki Sinop limanlar1 miisalman, xristian vo yshudi
tacirlorin morkazi sayilirdi. Salcuglar torofindon insa edilon dar-us-sina (liman) Vo zongin meso
ticarati naticasinds gomi istehsal markazlori bu saharlords yerlosirdi [3, s. 69-77].

4. Madaniyyat markazlari.

Solcuqlu dovriindo seyx vo dorvis kimi dini liderlor tokko vo zaviys deyilon mokanlarda
foaliyyat gostorardilor. Bunlar, Solcuglu dovriindo Orta Asiyadan Anadoluya golon Haci Bektas
Vali kimi seyx va darviglarin, Anadolu-Tiirk saharlarinin mokan formasindaki yeniliklarindan biri
idi. Nevsohor kimi yasayis yerlori Tiirk-Islam modaniyyatinin Anadoludaki tobligat morkozlori
funksiyasini boynuna gotiirmisdiir [8, s. 25].

Anadoluda peso homraylik toskilati morkazi olaraq Oxilik toskilatinin qurucusu Oxi Ovranin
yerlosdiyi Kirsehir, Kizilirmak Vadisindo ohomiyyatli bir Oxilik markazindoki Kimi istehsal vo
sonatkarliq faaliyyatlorinds ixtisaslasan tacirlorin markazi funksiyasini qazanmisdir [5, s. 87].

5. Kand tasarriifati markazlari.

Salcuglarin Anadoludan avvalki Tiirk-Islam dovlat ananasinin tosiri ilo kogari vo yari kogari
turk tayfalarin1 siyasi sorhadlorindoki yaylag vo qislaq sahalorini verorok oturaq hoyata
istigamotlondirmasi siyasatini, Anadolunun Tiirk- Islam hakimiyyat dévriinds 6z hallini tapmisdir.
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Tiirk fathlori dovriindo Anadoludaki tork edilmis kond va sohra yerlorini bu sokilds ticari inkisafi
miimkiin olmus va bu torpaglar okingilik vo heyvandarliq markazlori kimi istifado olunmusdur.
Bozok, Ucok, Bayat, Kinik, Kay1, Yiiriik kimi hom tiirk tayfalarinin adi ham da sohor adi olan
yerlar bu ciir markazlogmisdir.

Solcuglarin  Anadolunu fath etmolori ilo Anadoluda olan xristian - Bizans sohoarsalma
madoniyyoti yerli Tiirk-Islam soharsalmasina 6hdasine buraxmisdir. Bu baximdan, Salcuglar Orta
Asiya vo Islam modoniyyatinin tosiri ilo meydana gotirdiklori sohorsalma prinsiplorini Bizans
soharsalmasi ils sintez edorok Anadolunun 6ziinamaxsus cografi sartlorino uygun sohor modellarini
yaratdilar.

Xristian-Bizans soharsalma modaniyyati mirasinin miisalman Tiirk xalglarinin ehtiyaclarina
Vo ananavi hayat torzlorine uygunlagdirilmasi naticasinds meydana galon yeni sohorlor Anadolu-
Salcuq saharlari kimi adlanir. Ssharsalmadaki bu tasirlonma va sintez olunma Anadolu memarligina
da 0z tosirini gostormisdir. Salcuq sohorlorindoki mokanlarin yeni bir kompozisiya daxilinds
yerlosdirilmasi soharsalmanin memarliga tosirinin gostaricisidir. Belo Ki, Anadolu Salcuq saharlori
moscidlorin morkazdos yerlosdirilmoasi va soharin mohallolora ayrilmasi ilo formalasdirilmisdir.
Bunun yaninda qala, xondok kimi miidafia qurgulari Salcug modoaniyyatinin tasiri ilo soharlora
yerlosdirilmis vo gqodim Bizans sohoarlori Salcuq soharsalma anlayisina asason tezdon hall edilmisdir.

Monbaloro osason erkon dovr Solcuq soharlorinin gapali sohar kimi tanian qala soharlor
oldugu moalumdur. Masalon, Olsaddin Keyqubat (1220-1237) dovriinds beynalxalq ticaratdoki
inkisafla bagl olaraq Konya, Kayseri, Sivas vo Orzincan soharlorinin Bizans dovriindoki mévcud
qalalarin Kkonara ¢ixmasi ilo yeni bir gala ilo oshato olunmasi bizo qapali sohor tipinin genis
istifadasini bildirir [6, s. 99-100].

Ilkin dévrlorde Solcuglarin qapali sohar sistemini monimsemosindo siibhasiz Mongol
tohdidinin do tasirli olmusdur. Salcuglarda gala xaricinds yerlogsmalor XII asrin axirinda qurulmaya
baslanilsa da ancaq XIII asrin axirlarinda qala xaricindo ohamiyyatli abidalorin tikilmasinin sahidi
olurug. Buna misal Konya Sahib Ata mogbarasi (1283) vo Ankara Arslanxana mascidi (1290) kimi
niimunoalori sadalamaq olar. Ancag Anadolu Solcuq soharlorinin hamisi qapali sohor kimi
formalasirdi demok do diizgiin deyildir. Anadolu Salcuglarina aid Danismoant (Kayseri markaz
olmagla) oayalati kimi bolgalorda comiyyatin hayat torzins, arazi sortlorina va tohliikasizliys bagli
sabablara gora forqli tipologiyalarda saharlords formalasmigdi.

Zaman kecdikco Anadoluda siyasi sabitliyin tomin edilmasi, beynoalxalq ticaratin inkisafi,
Tiirk tayfalarinin Aandoluya koglori vo soharlorin otraf mithitindo moskunlagmalari qala daxilindo
sohorlorin sixlagsmasini vo gala xaricino ¢ixmasina sobob olmusdur. Qala xaricins tikilon boyiik
moscidlorin otrafina yerlogon xalg, yeni mohallolor quraraq sohorlorin sistemli bir sokildo
bdylimoesine imkan yaratdi. Beloliklo, Tiirk-islam sohorlorinin godim formalar1 Anadolu
soharlorinds do eynilo goriilmays baslanildi. Yuxaridaki arasdirmalara osason Anadolu-Tiirk
soharsalmasinda qapali, agiq va uc (sarhad) sohor olmag]la ii¢ tipologiya bélmak olar;

1. Qapal1 sohorsalma sistemi. Qapali sohorlor dedikdo otrafi gala ilo ohato olunmus soharlor
basa diisiiliir. Ilkin dovrlordo Anadolu Solcuq sohorlori Bizansdan miras galan vo Castron adlana
qalalarda yerlosirdi. ©halinin ¢coxalmasi naticasinds inkisaf edon bazi soharlorin mévcud qalalarin
konarina ¢ixmasi ilo Bizansdan galan bu sistem dagildi. Ancaq qalalarin i¢indoki yerlogsma oldugu
kimi saxlanildi vo qala idaroetmo morkoazi halini aldi. Bu baximdan, Konya, Kayseri vo Orzurum
kimi gohorlor bu soharsalma sistemino aid edilir. Beynolxalq ticaratin vo idarasetmonin morkozi olan
bu soharlor Orta Asiyadan sonradan golon Tiirk tayfalarinin moaskoni halini aldi.

Digor torofdon sort qayalar lizerinde qurulan vo qarahisar adlanan bozi sohorlor
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Anadolu Solcuq dovlotinin axirina kimi gapali qala sohorlor olaraq qalmisdir. Isco qarahisar

vo Osmanciq qarahisari bu tipli sohorlorin niimunoloridir. Sahil gohorlori olan Sinop, Antalya

vo Alanya da Solcuglar dovriinds gapali sohor formalarini qoruyub saxladilar. Bu sohorlor
doniz ticarat morkozlori olsalar da cografi sortlor qala xaricindo soher salinmasina imkan
vermomisdir.

2. Acgiq sohorsalma sistemi. Qirsohor (Kirsehir), Ziyarot Bazar1 vo Yabanlu Bazar kimi
beynolxalq yollarin cografi kegid noqtelorinds ticarst vo qonaqlama maqsadi ilo qurulan sohorlor
aciq soharlor olaraq adlanir. Bu sohoarlordos ortaq xiisusiyyat coxlu karvansaralarin olmasidir.

Ag1q soharsalma tipologiyasina bir do castron adlanan vo Bizansdan miras galan qala-
sohorlordoki qalalarin tamam dagidilmasi ilo qurulan sohorlori daxil etmok miimkiindiir.
Amasiya vo Tokat goharlari fiziki inkisafla bagl olaraq qala daxilins yerlosmomis vo qala
divarlar1 xaricine dagsmisdir. Bu sohorlora do harbi tohliikesizliyin tomin edilmasinds qalanin
ohomiyyatini itirmesi ilo qala divarlar1 dagidilmis vo homin sohorlor agiq sohorsalma
modelino goro formalagdiriimisdir.

3. Uc (sorhad) sohorsalma sistemi. Uc sohorsalma modelindo bir sohor daxilindo iki sohor
yerlosirdi. Bir torofds Bizans qalalarinin yerlosdiyi qadim sohor, digor torafds iso kdgari hoyati tork
edorok qala divarlart xaricindaki bir ndqteds oturaq hoyatt monimsomis ohalisi Tiirk tayfalarindan
ibarat tozo gohordir. Uc soharlorinds iki forgli etnik vo dini xalq vardir va bu iki xalq ticarat vasitosi
ilo olago do qururdular. Sohorin ticarot morkozindo yasayan bizanslilar qala sohorin igindo
yerlogsmisdilor. Tiirk ohali kond tosorriifatt vo heyvandarliq mohsullarim1 bu bazarlarda satmagla
hoyatlarin1 davam etdirardilor. Ankara, Oskigohor vo Kiitahya kimi soharlor Anadolu Solcuglarinda
uc soharsalma modelinds formalasan soharlors daxildirlor [7, 5.129].

Notico, Anadoluda siyasi sabitliyin tomin edilmosi, beynalxalq ticarstin inkisafi, Tiirk
tayfalarinin Anadoluya koglori vo goharlorin otraf miihitindo maskunlagmalari qala daxilindo
sohorlorin sixlagsmasini vo gala xaricino ¢ixmasina sobob olmusdur. Qala xaricina tikilon boyiik
moscidlorin otrafina yerlogon xalg, yeni mohallolor quraraq sohorlorin sistemli bir gokildo
bdylimosine imkan yaratdi. Beloliklo, Tiirk-islam sohorlorinin godim formalar1 Anadolu
soharlorinds do eynilo goriilmoys baslanildi. Yuxaridaki arasdirmalara osason Anadolu-Tiirk
sohorsalmasina aid olan qgapali, agiq vo uc (Sorhad) sohor olmagla {i¢ tipologiya haqqinda genis
molumat verildi.
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ABSTRACT
Ihsan Ergun Gokjen
Applied city building methods in formation of Seljuk’s
cities in Anatolia

Instead of Seljuk’s of Anatolia have near thousands years old, their monments and cities
exist even at the present-day. Here applied methods and forms have always attracted the
researchers’ attention. In the scientific article being as the conclusion of carried out investigations in
the cities of Anatolia, we could note applied methods of Seljuk’s city building according to the city

building functions of Anatolia’s Seljuk.

PE3IOME
Hxcan I'ekazkeH IPrioH orJibl
Metoabl rpagoCcTPOEHUsl, HCIOJIH30BAHHbIE B ()OPMUPOBAHUM CEJIbIKYKCKHX IT'OPO/JI0B B
AHagouy
HCCMOTpﬂ II0YTHU HA TBICAYCICTHIOKO I/ICTOpI/IIO CGJ’II)I[)KyKOB B AHaILOJ'Iy, UX IIaMsJITHUKHU, B
TOM YHCIIC ropozla COXpaHI/IJH/ICI) II0 HBIHC. I/ICHOJH)SOBaHHBIe 34€Ch METOAbI U (bOpMI)I BBI3BIBAIOT
uccuenoBarenbckuil uurepec. [1o pesynbratam ucciaeaoBaHus, MPOBEASHHOTO B TOpoiax AHaJ0Iy,
MOXHO OTMCTUTH q)YHKIII/II/I CeJII)I[)KyKCKI/IX FOpOIlOB B AHaZIOJIy U B COOTBCTCTBUHU 3TOMy
HUKECIIEAYIOIINE TPUKIIAHbIE METObI rpafocTpoeHust CenbIKYyKOB.

NDU-nun Elmi Surasimin 24 dekabr 2015-ci il tarixli qorar ilo ¢apa
tovsiys olunmusdur (protokol Ne 05)
Moagalani gapa togqdim etdi:
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Mseanios ymymmsawcun opma makmsaorapunun 7-11-vu cunugpnapu yuyn gusuxadan tienu
npoepam 65 oapcauxisapun metodoloji asaslart mawnun onynyp. Fuszuka maopucuHun HA3apU 6s
MEMOOUKU MACATANAPUHUH YCMYH 651 (PAP2IU bAUAMIAPU AUbITIAHBLD.

Etinu 3amanoa gpuzuxanvin msaopucunun mawkuiu 6 u0apsi OJMACIHIN MemOOO0I0NCU
UMKAHIApbl Mao2ue OyHapaz mamoueu toanapvl 3I0CMAPUIUD

Texniki-toroqqinin siiratli inkisafi, siyasi vo iqtisadi bohranlarin yaratdigi qlobal problemlor
Vo biitovliikkdo kainatda bas veran kataklizmlor insanlarin miivafiq naticalor aldo etmolori tigiin
somoarali faaliyyat istigamatinda toxirasalinmaz islorin yerina yetirilmasini talab edir.

Comiyyat tigiincii minilliyin kegidindo ekoloji, sosial va igtisadi problemlarin hallinds tohsilin
dstlinliiylinii vo halledici rolunu daha yaxindan hiss etmoys baslamigdir. Diinyanin inkisaf etmis
olkalorindo tohsilo, onun mozmununa, mogsad vo vozifolorine vo  texnologiyalarina olan
miinasibatlora yenidon baxdi. Humanist prinsiplora sdykanan, hortarafli inkisaf etmis sosialyoniimlii
insanin formalagdirilmasinda tohsilin aparici funksiyaya malik olmasi bir daha osas sort kimi
miioyyonlosdirildi. Soxsiyyatin formalasmasinda tokca bilik, bacariq, vordis, miioyyan foaliyyatlo
bagli funksional hazirliq deyil, hom do onun soxsi keyfiyyotlori: ictimai foalligi, yaradiciliq
gabiliyyati, bacarig1 vo s. xiisusiyyotloro malik bagsori insan kimi yetigdirilmasi osas tolablordon
birina ¢evrildi. XX osrdo gorkomli Amerika psixoloqu D.Dyiii yazirdi: “Usaq hor seyin morkazi,
baslangici vo sonudur. Onun soxsiyyati Vo Xarakterinin xiisusiyyatlori tadris fanninin mazmunundan
daha 6nomlidir. Tohsilin kamiyyat vo keyfiyyatini proqram deyil, usaq miiayyanlosdirmalidir[1, 9,
11].

Respublikamiz miistaqillik qazandigdan sonra, garsilagsdigimiz problemlardan biri da tahsilin
mogsadlorinin doyismosi ilo yanasi, hom do onun humanist, soxsiyystyoniimlii konsepsiyaya
yonaldilmasi idi. Burada asas moQsod vo vozifo gonclorimizin  bilik, bacariq vo Vardislora
yiyalonmoloari ilo yanasi, hom dos onlarin insani, soxsi keyfiyyatlorinin inkisafi vo tosdiqi, sosial vo
pesoyoniimliilityili, comiyyat vo dovlat ligiin yararli olunmalari idi.
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Bu prinsiplor zaman-zaman 6z oksini «Azorbaycan Respublikasinin tohsil sahosinds Islahat
Programi»nin osas miiddealarinda, Tohsil Haqqinda Azorbaycan Respublikasi Qanununda tapdi.
Tohsil haqqinda dovlat siyasatinin asas prinsiplorindon olan humanistlik, demokratiklik, barabarlik,
millilik, diinyavilik va s. magsadlari hayata kecirmoklo yanasi, Azorbaycan dovlsti qarsisinda 6z
mosuliyyatini dork edon, xalqinin milli ansnalaring, ideyalarina, demokratiya prinsiplaring, insan
hiiquglarina, azadliglarina hormat edoan, votonparver va 6lkasine sadiq olan, miistaqil, yaradici
diistinon vatondas va soxsiyyat yetisdirmak Kimi vazifolor miioyyanlosdirildi [2, 9].

Hazirda Azorbaycan oOziiniin tohsil sistemini diinyanin on qabaqcil 6lkalarinin  tohsil
sistemlorinds barqarar olan timumbasari doyarlordon istifado etmoklo tokmillogdirir, mozmun va
struktur doyisikliklori aparir.

Tohsil sahasinds aparilmis islahatlarin davami olaraq, fizika elminin todqiqi vo tadrisindo,
gonc miiallim naslinin yetigdirilmasinds, xiisusi amayi Vo tocriibosi olan professor Mirzali
Murquzovun elmi rohborliyi ilo foaliyyat gdstoron is¢i qrup 2003-cii ilde, “Umumtohsil orta
moktablarinin VII-XI siniflari ti¢iin fizikadan yeni program va darsliklorin konsepsiyasi”n1 (Toahsil
Nazirliyinin 05.07.2002-ci il tarixli 729 sayli qorarina osason tosdiq edilmis progqrama uygun olaraq
tortib edilmisdir) hazirlamisdir [6].

Bu konsepsiya uzun illor orta moktob fizikasinin mozmun va strukturunda kok salmus, fiziki
hadisa, ganun vo nozariyyalorin tamlhigina vo onlarin sorhinds ¢atinliklor yaradan bir sira
anlagilmazliqlara son qoydu, orta moktoblorin fizika proqramlarinin, dorsliklorin yeni ideya vo
mozmunda tokmillagdirmalara 6nam verdi.

Togqdim olunan yeni proqram indiyadok qlivvads olan fizika proqramlarindan asasl sokilda
farglonir. Respublikamizda aparilan tohsil islahatinin taloblorine uygun olaraq proqramin qurulusu,
mozmunu oshamiyyatli doracads yenilosdirilmis vo elmi saviyyasi yiiksaldilorok inkisaf etmis
olkalarin tadris programlarina uygunlasdiriimigdir [7].

Yeni konsepsiyada soxsiyyatin maraq va ehtiyaclarini, arzu va istoklorini asas gotiirmoaklo
tohsil alanlarin monafeyina xidmat gostorilmosi 6n plana ¢okilmis, moktob fizika kursunun
qurulusu, mazmunu Vs tadrisi metodikasi aparici ideyalar asasinda yenilogdirilmis, fizika fanninin
elmi saviyyasi yiiksoldilmis, sagirdlords yeni diinyagoriisiiniin formalagdirilmasi va onlara verilon
biliklorin keyfiyyatco artirilmasi yollar1 miioyyonlosdirilmisdir. Is¢i qrup torafinden konsepsiyaya
uygun fizika kursunun dovlat standart, iki pillali fizika (birinci pilla 7-9-cu siniflor, ikinci pillo 10-
11-ci siniflar tigiin) programi vo 7-11-ci siniflor iglin fizika dorsliklori hazirlanmigdir.

Konsepsiyada tobii proseslarin fiziki monzorasi ti¢ asas ideya asasinda qruplagdirilmigdir:

» Tobii proseslarin istigamatliliyi.

» Tobii proseslorin tokrarlanan olmasi.

» Tabii proseslorin saxlanma ideyalari.

Fizika kursunun mazmununun asasini 4 miiddenin taskil etdiyi asaslandirilmigdir:

e bizi ohato edon alom qarsiliqh tasirdodir;

e qarsiligl tasir alominin harakst novlarinin vahid 6l¢iisii enerjidir;

e qarsiligh tosir enerjilori istigamatlidir vo bu istiqgamat enerjinin azalmasi istigamatina
yonalmisdir (enerjinin minimumluq sortinin 6donilmasi);

e Dbizi ohato edon alom ganunuauygunluglar alomidir.

Fizikanin miiasir dovrdo todrisinin metodoloji osasinda fiziki nozariyyslorin, ganun va
hadisalorin dialektik inkisafi vo vahdati durur. Fizikanin todrisinin metodoloji asaslarin1 agsagidaki
kimi qruplagdirmaq mogsadomiivafiq hesab edilmisdir:
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1. Materiyanin makan vo zamanin qarsiliql tasiri vo harakatin ilkin falsofi anlayislart kimi
formalasdirilmasi.

2. Diinyanin dork edils bilon olmasi1 va dorketmo prosesinin dialektik xarakter dagimasi.

3. Diinyanin maddi vohdati.

4. Fiziki nazoriyyslor, ganun vo hadisslorin dialektik xarakteri, onlarin sobob-notico
alagolarinin obyektivliyi.

5. Maddi alomin xassalorinin vo tozahiir formalarinin tiikonmozliyi, dorketms prosesinin
sonsuzlugu.

Fizikanin todrisinin asas talim vazifalori asagidaki kimi miioyyoanlosdirilmisdir:

- fundamental fiziki nazoriyyslors, qanunauygunluglara dair eksperimental faktlar vo elmi
praktik naticalor asasinda fiziki hadisalorin stiurlu monimsanilmasini tamin etmak {iglin sagirdlara
fizikanin osaslarina (mexanika, molekulyar fizika, istilik, elektrik, isiq hadisolori, atom vo atom
niivasi) aid sistematik biliklar vermak;

- Sagirdlari fizika elminin asas nozari vo eksperimental todqigat metodlari ils tanis etmok;

- sagirdlordo insanin omoli faaliyystindo miithiim oshamiyyati olan 6l¢ii cihazlar1 vo
laboratoriya avadanliglart ilo islomak, fizikadan miixtolif hesablamalar aparmaq {i¢iin eksperimetal
Vo tadqiqi diisiinca bacariqlarini formalagsdirmag;

- sagirdloro fiziki, moisot vo tobiot hadisolorini miisahido vo izah etmok, miistoqil biliya
yiyalonmok bacariglarin agilamag;

- sagirdlorin tofokkiiriinii, texniki yaradiciligini vo todqiqatsiligini miistoqil omok foaliyyatinda
mohsuldar inkisaf etdirmoakls, onlarin bilik keyfiyyatlorinin yiiksaldilmasine vo bununla da fanno
maragin artirilmasina nail olmag;

- fizika elminin vo texnikanin inkisafinda Azorbaycan va Diinya alimlorinin rolunun askar
edilmasi ilo sagirdlarin vatanparvarlik va imumbagari ruhda tarbiys olunmasi.

Fizikanin todrisinin torbiyavi masalalori asagidaki kimi miiayyonlosdirilmisdir:

e respublikamizin inkigsaf etmis miistoqil dovlet kimi formalasmasinin maddi-texniki
bazasimin yaradilmasinda fizikanin rolunu miiayyanm edorak, sagirdlords elmo, xiisusilo do fizika
elmino maragin artirilmasina nail olmag;

e bdyiiyan naslin saglam, aqidali, toamiz monaviyyatli soxslor kimi yetismalorine yardim
etmak;

e Olkomizin miixtalif sonaye, kond tosorriifati, energetika, horbi, kosmonavtika vo S.
sahalorinin perspektiv istigamotlorinin inkisaf etdirilmasinds fizikanin ohomiyyatli rolu ilo
sagirdlori tanig etmoklo, onlarin galocokdo peso segimi isino amoli komok gostormak.

Aragdirmalar gostorir ki, yeni konsepsiyaya osaslanmis timumtohsil — maktabinin fizika
kursunun program va doarsliklori, 6ziindon ovvalki program va darsliklorlo miiqayisodo asagidaki
slamatlorino gora forglonir:

e yeni konsepsiyada canli tobioto tez-tez miiraciot olunmus, tokamiil ideyasi osas gotiirtilorok
canli vo cansiz tobiatin on timumi cohatloring istinad edilmis, diinyanin vahid fiziki manzarasi on
plana ¢ixarilmamisdir;

e diinyanin miiasir tobii-elmi monzoarasini tosvir etmoak liclin onun miixtalif tozahiirlorinin
fundamental vohdati asas gotiiriilmiisdiir;

e bizi ohato edon alom (materiya) miirokkablik doracasine gora forglonon miioyyon, ardicil
qurulus formalarina, obyektlorin alagoli sistemlarina boliinmiisdiir;

e mikro obyektdon makro obyekto dogru Oyronilma prosesi nazords tutulmus, on kigik
materiya formasindan on boyiik materiya formasina dogru ardicilliq miioyyon edilmisdir;
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e todris progamlari, doarsliklor vo dors vosaitlori elmi montigliklo yanasi tarixilik ideyasina
sOykonmisdir;

e mokan Vo zaman, zamanin istiqamatliliyi anlayislar1 daxil edilmis, tobistin fundamental
saxlanma qanunlarmin fsza-zaman simmetriyasi ilo olagali sokildo Gyranilmasinin  tomoli
goyulmusdur;

e tobii proseslorin istigamatliliyi, dovriliyi vo saxlanma qanunlari horokatin dovriliyi, istiliyin
Vo zamanin istiqgamatliliyinds 6z oksini tapmisdir;

e daxili enerjinin halin, is va istilik miqdarinin ise termodinamik prosesin funksiyasi olmasi,
enerjinin istigamatliliyi vo minimumluq prinsipi ideyasi osasinda ona uygun todris materallarinin
moarhalalar lizra asagidaki istiqgamatds formalasdirilmasi nazards tutulmusdur:

- molekullarin iraliloma harokatlorinin Kinetik enerjisi;

- molekullarin garsiligl tasirlorinin potensial enerjisi;

-“Termodinamik sistem modeli” ¢oar¢ivasindo makrocismlorin  Xassalorinin  vo istilik
hadisalorinin 6yranilmasi;

- Istilik tarazlig1, istilik tutumu vo maddonin aqreqat hallarmin doyismasi;

- atomdaki elektronlarin niivo ilo qarsiligh tasirlorinin potensial enerjisi vo elektronun tam
enerjisi;

- niiva daxili enerji;

- olagoli sistemlords rabito enerjisi;

- gravitasiya sahosindaki cismin potensial enerjisi.

e orta moaktabin 7-9-cu va 10-11-ci siniflorinda biliklor aparic1 didaktik prinsipa-
generalizasiya prinsiping istinad olunur, enerji, saha, qiivva, zaman-makan, harakat va digar
fundamental anlayislar homin prinsips uygun mazmunda verilir;

e ilk dofo olaraq materiyanin ilk néviiniin (madds vo saho) slagoali sokilds 6yranilmasine sorait
yaradilmig, onlarin imumi vo xiisusi cohatlori darsliys gotirilmisdir;

e “Qravitasiya sahoasi” foslindo ilk dofo olaraq osas fiziki komiyyotlordon biri “g”
(serbastdiisma tacili)-nin gravitasiya sahasinin intensivliyi kimi xarakterizo olunmasi gostorilmisdir;
saxlanma qanunlari, mexaniki rogslor vo dalgalar, istilik hadisolori vo maddonin aqreqat halinin
doyismasi movzularinin “Qravitasiya sahasi” ideyasi asasinda todris olunmasi planlasdirilmisdir;

e vyeni konsepsiyada ilk dofo olaraq elementar yik vo onun diinyavi sabit Kimi
formalasdirilmasi toklif edilmisdir;

e magnit sahasinin mangayinin daha darindan 6yranilmasi toklif olunmus, elektrik vo magnit
saholorinin qarsilighi miiqayisasi verilorak, vahid saha nozariyyssi haqqinda ilkin tosovviirlor
formalagdirilmis, didaktikanin tolimds vahidlik prinsipi rohbar tutulmusdur;

o “Elektromaqnit sahasi” movzusu altinda 7-9-cu siniflor {igiin yeni olan bozi miihim
moasalalor: elektromaqnit sahasi, elektromaqnit dal@alari, elektromaqnit dalgalar1 skalasi, radiorabito
Vo radiolakasiyanin todrisi toklif edilmisdir. Bu fosildon sonra “Sabit coroyan qanunlar”, “Miixtolif
miihitlords elektrik corayani” moévzularinin montiqi ardicilligla tadrisi nazards tutulmusdur;

e ovvalki fizika programindan forqli olaraq yeni fizika kursu {i¢ nozariyysnin: molekulyar-
kinetik, elektron va sahalar nazariyyslarinin tasavviirlari asasinda qurulmusdur;

e daxili enerji anlayisinin genis monada sorhinin miimkiinliiyii gostarilmis va bunu
reallasdirmaq maqgsadils yeni movzular taklif olunmusdur;

e tobiotdo bas veran proseslorin ehtimal vo statistik xarakterli olmasi ilk dofo orta moktabo
gotirilmisdir;

110



o fiziki hadisolorin dork edilmosindo miisahidalorin, tocriiba Vo nazoriyyslorin rolu
asaslandirilmis, mokan, foza vo zaman anlayislarina vahid yanasma prinsiplori miiayyan edilmisdir;

e imumi orta moaktabin fizika kursunun (7-9-cu siniflor) ilk dofo olaraq sahslor haqqinda
fizikanin olds etdiyi klassik vo oan miiasir elmi noticalor strafinda montiqi inkisafi istiqgamatindo
todris olunmasi tovsiya olunmus, bu siniflords 6yradilmasi nazards tutulan biitiin todris materiallar
gravitasiya, elektrik, magnit vas elektromaqnit sahslori otrafinda qruplasdirilmisdir;

e todris materiallari: mexanika, elektrodinamika, relyativistik fizika Vo kvant fizikasi
inteqrativ yanasma istiqgamotinds verilmisdir. Moas: Maksvelo gora elektrik, magnit vo optik
hadisalorin birlogdirilmasi, Eynsteynin xiisusi nisbilik nozariyyasi ilo foza vo zaman anlayislari,
kvant mexanikasina géro madds ilo sahanin, zarraciklo dalganin, atom fizikasi ilo kimyanin
alagolondirilmasi ideyasi 6n plana ¢okilmisdir;

e Azorbaycanda fizikanin todrisi tarixinds ilk dofs olaraq fizika kursu iki saviyyada: A vo B
saviyyalorinds verilmisdir. A saviyyasinds 10-11-ci siniflor ti¢iin fizika kurslari tamamils yeni
qurulusda verilmis, elmi soviyyasi xeyli yiiksaldilmisdir;

e ilk dofo olaraq "Dinamikanin osaslar1" faslindoki todris materiallarinin hamisi: dinamika
qanunlari, onlardan ¢ixan naticalor mexaniki harokatin sobabiyyat prinsipi ils slagosli verilmisdir;

e "Saxlanma qanunlar1”" faslinds isa avvalki programlardan forqli olaraq, enerjinin saxlanma
ganunu vo zamanin bircinsliliyi anlayiglar1 alagali sokilda, enerjinin saxlanmasi ganununun axan
gazlara vo mayelars totbiqinin 6yronilmasi saklinds planlasdirilmisdir;

e impulsun saxlanma ganununun fozanin bircinsliliyi ideyast ilo olagali todrisi nozordo
tutulmusdur;

o fizikanin todrisi tarixindo ilk dofo olaraq 10-cu sinfin fizika kursuna "Relyativistik
mexanika" elementlori mexanika kursunun qurulusuna daxil edilmisdir. Diinyanin klassik vo
relyativistik mexaniki manzaralorinin alagslari vo sarhadlori gostorilmisdir;

e molekulyar fizika bélmosinds gaz, maye vo bark cisimlorin xassalorinin molekulyar-kinetik
nozariyys asasinda tadrisi nozards tutulmusdur;

e "Termodinamikanin asaslar”" adlandirilmig fasildo termodinamikanin I, II vo III ganunlari
enerjinin saxlanmasi vo c¢evrilmasi ganununun tozahiir formalarindan biri kimi Oyronilmosi
osaslandirilmisdir;

e 7-9-cu siniflordo molekulyar-kinetik nozariyys, elektron nozariyyssi, sahalor nazoriyyasi
barodo on imumi molumat oldo etmok magsadilo, fiziki hadise, anlayis vo ganunlar homin
nozariyyslors uygun sorh edilmisdir;

e “Bork cisimlorin xassolori” fasline yeni movzular; kristallik qofoslor, rabitoys goro
gofaslorin tosnifati (metallik, atom, ion vo molekulyar) xassolorinin formalagmasinda rabitalorin
rolu, gorginlik diaqrami1 va s. daxil edilmisdir;

e “Termodinamikanin osaslar1” iki yeni anlayisin-termodinamikda ehtimal vo entropiya
oyranilmasi toklif olunmusdur;

e clektrodinamika bdlmasine saholorin ¢evrilmosi, elektrik sahosinds yiikli  zarraciyin
harokati, magnit sahasinds yiiklii zarraciyin harokoti, Lorens qiivvasinin totbiqi, biopotensiallar,
elektrik corayaninin va sahs enerjisinin sixlig1 adl fiziki anlayis vo hadisalor daxil olunmusdur;

e Nozori materiallar uygun niimayis tocriibalori vo frontal laboratoriya islori ilo miisayot
olunmasi osaslandirilmigdir. Belo ki, 7-9-cu siniflordo 125 nilimayis tocriibosi, 28 frontal
laboratoriya isi vo 16 todris filmi, 10-11-ci siniflords iso 107 (A soviyyesi liglin 52) niimayis
tocriibasi 25 (7) frontal laboratoriya igi vo 19 todris filminin niimayisi nozards tutulmusdur;
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e 7-9-cu siniflords 14 qanunun 6yradilmasi nazards tutulmusdur:

- Nyutonun L, I, III ganunu.

- Paskal ganunu.

- Birlasmis gablar ganunu.

- Arximed ganunu.

- Umumdiinya cazibs ganunu.

- Impulsun saxlanmasi qanunu.

- Enerjinin saxlanmasi qanunu.

- Elektrik yiiklorinin saxlanmasi qanunu.

- Kulon qanunu.

- Dovra hissasi iiciin Om qanunu.

- Isigin diiz xott iizra yayilmasi ganunu.

- isigin qayitmasi qanunu.

- isigin sinmasi qanunu.

- Niivalarin yerdayismasi ganunu.

e 10-11-ci sinif proqram mexanika, elektrodinamika, relyativistik va kvant-statistik
nazariyyslari asasinda inteqrativ yanasma istigamatinda hazirlanmmsdir. Elektrik, magnit vo
optik hadisalor Maksvellin tadqgiqatlarina assaslanmagqla, birlosmis sokilda taqdim olunmus,
faza vo zaman anlayislari Eynsteynin xiisusi nisbilik nazariyyasine uygun sorh olunmus,
madda ilo sahanin, zarraciklo dalgamin qarsihgh alagasi Kvant mexanikasi asasinda izah
edilmis, Atom fizikasinda fiziki-kimya vo kimyavi fizikadan gotiiriilmiis ideyalar iistiinliik
toskil etmisdir;

e 10-11-ci siniflorin proqram iki variantda verilmisdir: ham iiciin icbari ""A" varianti,
maraqlara gora tortib olunmus va Xeyli darinlasdirilmis mazmunda '""B' varianti: Osas
mazmun har iki variantda asagidaki ardicilliqla verilmisdir:

- Kinematikanin asaslari.

- Dinamikanin Jsaslari.

- Saxlanma qanunlar1.

- Termodinamika qanunlari.

- Qravitasiya qiivvalari.

- Molekulyar fizika.

- Bark cisimlarin xassalari.

- Termodinamikanin Jsaslari.

- Elementar zarraciklor.

""A'" variantinin 6yranilmasina 10-cu sinifda 68, 11-ci sinifda 34 saat vaxt ayrilmisdir.
"B' variantinda is3 uygun olaraq 136 vo 173 saat nazards tutulmusdur [1, 3, 6 - 8].

Konsepsiyanin magsad Vo Vvoazifalori, qurulusu comiyyatimizin ehtiyac vo toloblori  nozara
alinmagla, pedaqoji elmin toloblori gézlonilmaklo tortib edilmis, imumtsahsil maktablarinds fizika
fonninin tadrisinin miiasir taloblora uygunlugunu tomin edoan, asagidaki bir sira tistiin metodiki
toloblari 6ziinds comlosdirmisdir:

1. Fizika fonn konsepsiyasinin mozmunu:

- fizika elmina va fonnino aid olan xiisusi bilik va bacariglarin formalasdirilmasi va inkisafi;

- fizikadan qazanilmus biliklor sistemi asasinda sorbast bilik slds etma vo yeni biliklori sintez
etma bacariginin agilanmasi.
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- todris prosesinin gedisindo sagirdlorin timumi-intellektual vo soxsi inkisafini tomin edan,
dovlat va comiyyatin manavi dayarlorini 6ziindo comlosdiran sosial va saxsiyyatyoniimlii tarbiyanin
formalagdirilmast vo inkisafi.

2. Fizika fonn konsepsiyasinin mogsadi:

- sagirdlorin sosial-igtisadi soraito uygun miiasir talablora cavab veran hoyata hazirlanmast;

- sagirdlorin saglam hoyat torzinin vo vatondasliq movgeyinin istiinliiyli, respublika
igtisadiyyatinin talablari nazars alinmagla diistiniilmiis peso se¢iming hazir olmast,

- sagirdlarin tohsillorini davam etdirmoys hazir olmasi.

3. Fizika darsliyinin mazmunu va qurulusunun metodoloji prinsiplari:

- materiyanin Xassalori vo onun miixtalif formalarda harokatinin fizika elminin osaslarina
daxil edilmasi;

- fundametal fiziki nazariyyslor vo elmi fikirlorin formalasdigi dovrloro asason, materiyanin
horokat formasinin miirokkablogsmasine uygun ardicilligla qurulusun Syronilmasi;

- fizikanin hadiso Vo proseslori, onlara aid ganunauygunluglari 6yronon elmdon daha
fundamental elm olmasi haqqinda tesovviirlorin yaradilmas;

- fizikanin miasir texnika vo innovasion texnologiyanin inkisaf istiqgamatlorini
miioyyanlasdiron elm kimi toblig edilmasi;

- biitiin sagirdlor torofindon monimsonilo bilon, eksperimental faktlara osaslanan, fiziki
anlayis, fundamental fiziki nazoriyyslor vo onlardan tocriibado istifado olunmasi ilo bagl todris
molumatlarinin minimumluq prinsipino amal olunmast;

- hor bir sagirdin soxsi tohsil alma imkaninin hoayata kegirilmasini (o ciimladon fakiiltativ va
stimullagdirict maggalolorin kdmayi ilo) tomin edon saraitin yaradilmast;

- elmin va pedaqoji tocriibonin miiasir saviyyaSina uygunlasan, metodoloji baximdan vahid
movqe ti¢ 95as mozmunda markazlosmisdir:

I. Tabiot hadisalorinin fiziki metodlarla tadqiqi.
I1. Fiziki sahalor vo onlar arasindaki qarsiligli tasirin ganunauygunlugu.
III. Insanin hayat foaliyystindo fizikanin yeri.

4. Fizika darsliyinin asas magsad va vazifalori:

- mixtalif molumat vo informasiya texnologiyalarindan istifado etmoklo fizikaya dair
biliklorin oldo olunmasi prosesindo intellektual vo yaradici bacariglarin inkigsafninin tomin
olunmasi, sagirdlorin iistiin hoyata hazirlanmas;

- sagirdlordo basor madoniyyatin yaranmasinda fizikanin rolu vo ictimai teraggide onun
ohamiyyati, fizika elminin ideyalar1 vo metodlari, fiziki nozariyys vo qanunlarin totbiq olunma
sarhadlori, fizikanin inkisafinda rolu olan taninmig alim- fiziklor haqqinda tesavviirlarin inkisafi;

- sagirdlorin diinyanin fiziki monzarasinin osasinda duran fundamental fiziki qanun va
prinsiplori 6ziinda birlogdiran texnika vo texnologiyalarin inkisafina tosir gostoran, fizika sahasindo
edilmis daha vacib kasflarlo bagl biliklar sisteminin manimsamasi;

- sagirdlorin diinyagdriisiiniin asaslarinin, moanavi keyfiyyatlori, madani soviyyasinin, estetik
zovqiin formalasdirilmast;

- sagirdloro texnikanin, istimai-toroqginin, insan Vo tobiot arasinda harmoniyanin
yaradilmasinda fizikanin shomiyyatinin sorh olunmast;

- sagirdlordo miisahido aparmaq {glin todqiqatgiliq bacarigmmin vo fiziki eksperimentin
planlagdirilmasi, yerino Yyetirilmosi vo naticasinin giymatlondirilmasi, forziyyalor irali siirmok,
qurgular qurmagq, fizikadan alinmis biliklorin miixtalif fiziki hadiss vo maddslorin xassalarinin
sorhinds tatbig etmok bacariginin formalasdirilmasi;
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- sagirdlords tabistlo bagl elmi malumatlarin dogruluguna inamin yaradilmasi;

- sagirdlordo tobistdon vo otraf alomdon mogsodyonli istifads, hoyat foaliyyatinin
tohliikasizliyini tomin etmok moagsadilo fizikadan qazanilmig biliklorin tocriibado tothiq etmok
bacariginin formalasdirilmasi.

5. Fizika darsliyinin mozmununun qurulusunun asas prinsiplari:

- fizikadan doarsliyin mozmunu miiayyanloasdirilorkan ilk névbads anlayis, fakt, metodlar asas
gotilirtilmali, bir elm kimi fizikanin sagirdlarin tohsil vo praktik foaliyystinin davam etdirilmasinda
gorokli olaraq galmasi;

- fizikanin mozmununu miisyyanlosdirilorkon onun inkisafetdirici funksiyasina, manimsama
ticlin molumatin minimum hacminin miiayyan edilmasine vo miixtolif formalarda {imumilagdirmo
aparilmasina tistlinliiyiin verilmasi;

- fizika darsliyinin mozmunu inkisafetdirici talimin didakatik asaslarina, elmilik, sistemlilik va
ardicilliq, nazariyyas va tacriibonin alagasine uygun olaraq qurulmusdur.

6. Fizikanin todrisinin qurulusuna verilon asas talablor:

- imumi orta tohsilin miixtalif pillalorinds fizikanin 6yradilmasinin didaktik prinsiplarinin
qurulusu vo toskili iimumi prinsiplor nozoro alinmaqgla vahid mozmunun formalagsmasina
yonoldilmisdir;

- fizikanin mozmunu sagirdlorin maraq va toloblorini tomin etmolidir;

- imumi orta tahsilin ikinci pillesinds fizikanin mazmunu xatti prinsips goérs qurulmus, burada
hor bir bolma 6ziindon avvalkinin montiqi davami kimi gotiiriilmiisdiir. Bu, 6zliiyiindo todris
materialinin qurulusunda mazmunun vo fasilosiz 6yrotmo sisteminin davam etdirilmasine sorait
yaradir.

- imumi orta tohsilin tglinci pillasinds (10-11-ci siniflor) fizika darsliyinin mazmununda
fundamental fiziki nozariyyslorin daha da dorinlosdirilmasi ilo Gyradilmasi nazords tutulmusdur.
Eyni zamanda alinmig biliklor miasir hoyatla slagelondirilmis, tatbiq olunma imkanlar1 agiqlanmis
Vo sagirdlars diinyanin kvant-saha manzarasini dork etmalarinds fonn vo metodoloji biliklar sistemi
formalasdirmisdir;

- fizika kursunun moazmunu hor bir pillads fizika elminin nailiyyatlorini insan comiyyatinin
otraf miihitlo qarsiligh miinasibati va olagasinds 6zunu gostarir;

- yeni va gismon doyison soraitdo sagirdlorin fizikadan aldiglar1 biliklari nazari va tacriibi
masalalarin hallinds totbig etms, bunlarin riyaziyyat vo digar elmlorlo slagoalondirms bacariglarinin
formalasdirilmasina tistiinliik verilmisdir;

- program materiallarinin sistem xarakterli olmasi, fizikanin mozmununun qurulugsunda milli
tohsil ananalorinin saxlanilmast magsadomiivafiq hesab edilmisdir;

- imumtahsilin biitiin pillalorinds todris-tolim prosesinin biitiin forma vo metodlar1 pedaqoji
cohotdon asaslandirilmis, sagirdlorin yas xiisusiyyatlari va gavrama gabiliyyatlori nazars alinmisdir;

- fizikanin todrisinin togkilati-metodiki tominati miiasir innovasiyalar hesabina yenilogmisdir;

- todris prosesinin toskilindo fakiiltativ. = masgalo, maslohatverms, ekskursiya-seminar,
miihazirs, laboratoriya isi, eksperimental todqigatlar vo sairdon istifads asaslandirilmigdir.

7. Fizika dorsliyi iizrs tadris-metodiki kompleksin tarkibi va strukturu:

Tadris-metodiki komplekso osas talim vasitalori kimi dorslik (dars vesaiti), masalalor toplusu,
didaktik materiallar vo miisallim ti¢iin kitablar aiddir. Eyni zamanda buraya komputer proqramlarini,
elektron darsliklari, is doftorlorini, kino filmlori, cadvallori va s. aid etmok olar.

8. Osas va alavo tohsil sisteminds fizikanin yiiksok soviyyada dyradilmasi imkanlart:
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- osas tohsil tohsil miiassisalorinds dars prosesinds, slave tohsil iso fakiiltativ. mosgalalor,
sinifdonxaric, moktabdankanar foaaliyystds, homginin moktobdonkonar torbiys miiassisalarinds
aparila bilar;

- fizikanin Oyradilmasi osas tohsil tohsil standartlarina, todris planina vo miixtolif xarakterli
timumtahsil moktoblarinin tadris plan va programina uygun olaraq tomin olunmalidir;

- fizikadan fakiiltotiv masgoalalorlo hayata kegirilir. 10-11-ci siniflords x{isusi toyinatl lisey va
gimnaziyalarda fizikanin 6yradilmasine ayrilan saatlarin migdarinin artirtlmasi, sagirdlords nainki
minimum saviyyanin manimsanilmasing, ham do mazmunun yiiksok saviyyali tolim xiisusi toyinath
gimnaziyalarda, liseylordo vo moktablords digalorinds iss doarinlosmasine vo miixtalif tipli
masalalarin hallina do kdmoklik gostorir, tadqiqatciliga imkan yaradir;

- fizikadan aparilan fakiiltotiv. = mogsgoalolorin asas mogsodi osas tohsil programi ilo
miioyyanlosdirilmis mazmunun doarinlagdirilmasine va fonno maragin yaradilmasi yonaldilmalidir;

- olavas tohsil orta imumtohsilin biitiin pillalorinds hoyata kegirils bilor [10, 12].
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