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ILOVA
KIRISH

Vatanimiz mustaqillikka erishgach, Prezidentimiz Islom Karimov rahnamoligida ta’lim tizimini tubdan takomillashtirish, yoshlarga jahon andozalari darajasida bilim berish, yuksak intelektual salohiyatli, boy dunyoqarashga ega barkamol avlodni tarbiyalash davlat siyosatining ustuvor yo’nalishiga aylandi. 

Prezidentimiz ushbu sohaga respublikamiz mustaqillikka erishish arafasidan e’tibor qaratdilar: “Fan mustahkam bazis negizidagina samarali rivojlanishi mumkin. Shu munosabat bilan sizlarning e’tiboringizni xalq ta’limi butun sistemasini, eng avvalo, oily maktabni isloh qilish zarurligiga qaratmoqchiman” [1].

Prezidentimiz ta’limning jamiyat rivojidagi o’rniga “Shuni unutmasligimiz kerakki, kelajagimiz poydevori bilim dargohlarida yaratiladi, boshqacha aytganda, xalqimizning ertangi kuni qandaay bo’lishi farzandlarimizning bugun qanday ta’lim va tarbiya olishiga bog’liq” [2] deya baho beradilar. 
Prezidentimiz I. Karimovning kadrlar tayyorlash milliy modeli ta’lim tizimining barcha bosqichlarini modernizasiya qilish va xalq xujaligining barcha sohalari uchun yuqori malakali, ilmiy salohiyatli kadrlar tayyorlash tizimini tubdan yaxshilashni nazarda tutadi.
Prezidentimiz tashabbuslari bilan qabul qilingan qator tarixiy farmonlar va qarorlar o’zluksiz ta’limning barcha bosqichlaridagi islohatlar uchun huquqiy – miyyoriy asos va amaliy dastur sifatida xizmat qilmoqda.

Yoshlarning bilim olishlari uchun yaratilayotgan sharoit, katta e’tibor ularga katta majburiyat ham yuklaydi. 
Ko’pgina fizikaviy hodisalar, jumladan: suyuqlik dinamikasida, elеktr va magnitizm, mеxanika, optika, issiqlik o’tkazuvchanlik umuman olganda xususiy hosilali diffеrеntsial tеnglamalar yordamida tavsiflanishi mumkin. Matеmatik - fizika,  optika, kvant mеxanikasi, fizik kimyolardagi aksar tеnglamalar xususiy hosilali tеnglamalardir. Ba'zi bir soddalashtiruvchi farazlar natijasida bu tеnglamalar oddiy diffеrеntsial tеnglamalarga kеltirilishi mumkin, biroq tizimni to’la tavsiflash albatta xususiy hosilali tеnglamalardan foydalanishga olib kеladi. 

Xususiy hosilali tеnglamalar – bu xususiy hosilalarni o’z ichiga olgan xususiy hosilali tеnglamalaridir. Oddiy diffеrеntsial tеnglamalarda noma'lum funktsiya bitta o’zgaruvchiga bog’liq bo’lsa, xususiy hosilali tеnglamalarda noma'lum funktsiya bir qancha o’zgaruvchilarga bog’liq bo’ladi (masalan, 
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 harorat funktsiya  x  fazoviy koordinata va  t  vaqtga bog’liq).

Hozirgi vaqtda, tabiatning ko’pgina hodisalarini nochizili tеnglamalar orqali ifodalanmoqda. Lеkin, hodisalarning matеmatik modеlini, tеnglamalar orqali ifodalashni bilish muhimdir. Ko’pgina, fizikaviy tabiat qonuniyatlari xususiy hosilali tеnglamalar tilida ifodalash mumkin. Masalan quyidagi tеnglamalarni kеltirish mumkin: Maksvеlli tеnglamasi, Nyutonning issiqlik almashish qonuniyati, energiyaning saqlanish qonunyatlari, Nyutonning harakat  tеnglamasi, kvant mеxanikasi tеnglamalari va boshqalar. Bu masalalar fazoviy va harorat hosilalari  orqali ifodalanadi. Tеnglamadagi hosilalar muhim fizikaviy kattaliklarni (ya'ni, tеzlik, tеzlanish, kuch, tеbranish, oqim va hokazo) ifodalaydi. Shunday qilib, aniqlanish lozim bo’lgan xususiy hosilali tеnglamalar hosil bo’ladi. Xususiy hosilali tеnglamalarni qanday hisoblash  mumkin? Matеmatik modеl to’zilgandan so’ng, bu modеlni qanday tеkshirish mumkin dеgan savol paydo bo’ladi.

Xususiy hosilali differensial tenglamaning umumiy ko’rinishi quyidagicha bo’ladi:
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Bu yerda F – barcha argumenlarning o’zluksiz funksiyasi, 
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–noma’lum  funksiya bo’lib,  
[image: image4.wmf]12

,,...,

n

xxx

– erkin o’zgaruvchilar; 
[image: image5.wmf]12

...

n

kkkk

+++=

.


Tenglamada qatnashayotgan eng katta xususiy hosilaning tartibiga shu tenglamaning tartibi deyiladi.


Ushbu 
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(1.1)

ko’rinishdagi tenglama birinchi tartibli n ta o’zgaruvchili xususiy hosilali tenglama deyiladi.

Birinchi tartibli xususiy hosilalar uchun ko’pincha qisqartirilgan ushbu 
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belgilashlar ishlatilib, bular yordamida yuqoridagi tenglama bunday oziladi:
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(1.2)


Erkli o’zgaruvchilar soni ikkita bo’lgan holda ularni x va y, noma’lum funksiyani u, hosilalarni esa   
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 orqali belgilab, tenglamani 
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(1.3)

ko’rinishda yoziladi. 

Mazkur magistirlik ishi kirish  

Birinchi bobda birinchi tartibli xususiy hosilali differensial tenglamalar haqida asosiy tushunchalar: ularning harakteristikasi, umumiy yechimi haqida ma’lumotlar keltirilgan va tenglamaga qo’yiladigan asosiy masalarning yechish usullari ham keltirilgan. 

Ikkinchi bobda birinchi tartibli giperbolik sistemalar  


[image: image11.wmf]II BOB.

BIRINCHI  TARTIBLI  GIPERBOLIK  TENGLAMA

Bu bobda birinchi tartibli giperbolik tenglama uchun Koshi masalasi va unuing yechimi haqida fikr yuritiladi, shuningdek yarim cheksiz sohalar uchun chegaraviy masalalar ham qaraladi.
Ushbu 
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(1.1.1)
tenglamani tekshiramiz . (1.1.1) tenglamani birinchi tartibli xususiy hosilali chiziqli bir jinsli tenglama deyladi. (1.1.1) tenglamaning 
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 nuqtaning biror atrofida aniqlangan, o’zlarining birinchi tartibli hosilalari bilan o’zluksiz hamda bir vaqtda nolga aylanmaydi deb faraz qilamiz. Masalan,
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deb hisoblash mumkin.


(1.1.1) tenglama bilan bir qatorda ushbu 
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(1.1.2) 

simmetrik formadagi oddiy differensial tenglamalar sistemasini tekshiramiz. 
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 koeffisientlarga nisbatantan yuqorida qo’yilgan sharlarga asosan (1.1.2) sistema 
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(1.1.3)
Bu faktning to’g’riligi (1.1.2) sistemaning ushbu 
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(1.1.4) 

tenglamaning normal sistemasiga teng kuchligidan, (1.1.4) sistema uchun normal sistema integrallarining mavjudligi haqidagi teorema shartlarining bajarilishidan kelib chiqadi. Integrallarning (1.1.3) sistemasi 
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 o’zgaruvchilarning fazosida (n-1) parametrli chiziqlar oilasini aniqlaydi. Bu chiziqlar (1.1.1) tenglamaning xarakteristikalari deyiladi.   


Teorema–1. (1.1.2) sistema ixtiyoriy birinchi 
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 integralining chap qismi xususiy hosilali (1.1.1) tenglamaning yechimidan iborat.


Isbot. Birinchi integralning ta’rifiga asosan (1.1.2) sistemaning ixtiyoriy integral chizig’i bo’ylab 
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 funksiya aynan o’zgarmasga teng bo’ladi, ya’ni 
[image: image25.wmf]C

y

=

. Demak,


[image: image26.wmf]1

0.

n

i

i

i

ddx

x

y

y

=

¶

=º

¶

å






(1.1.5)
Bunda 
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 differensiallarni (1.1.4) tengliklarga asosan ularning qiymatlari bilan almashtirsak, ushbu
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 (1.1.6)
ayniyat hosil bo’ladi.


(1.1.2) sistema integral chiziqlari uchun 
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 o’zgaruvchilarning tekshirilayotgan o’zgarish sohasining har bir nuqtasida yagonalik o’rinli va (1.1.6) ayniyatning chap tomoni 
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 o’zgarmaslarga bog’liq bo’lmaydi. Shunday qilib, (1.1.6) ayniyat biror integral chiziq bo’ylab o’rinli bo’libgina qolmay, balki tekshirilayotgan sohada o’rinlidir, bu esa 
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 funksiya berilgan (1.1.1) tenglamaning yechimi ekanini bildiradi.


Teorema–2. (1.1.1) 
[image: image33.wmf]tenglamani qanoatlantiradigan ixtiyoriy 
[image: image34.wmf](

)

1

,...,

n

xx

y

 funksiyani o’zgarmas songa tenglashtirilsa (1.1.2) sistemaning birichi integrali hosil bo’ladi .

Isbot. 
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funksiya (1.1.1) tenglamaning yichimi bo’lsin. U holda (1.1.7) ayniyat urinli.
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 funksiyaning to’liq differensialini hisoblab, (1.1.2) yoki (1.1.3) sistemaga asosan quyidagi tenglika ega bo’lamiz:
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Bu tenglikdan (1.1.6) ayniyatga ko’ra 
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 ya’ni (1.1.2) yoki (1.1.3) sistemaning ixtiyoriy integral chizig’i bo’ylab 
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 ifoda ham (bunda F– ixtiyoriy funksiya) (1.1.2) sistemaning birinchi integralidan iborat, chunki (1.1.2) sistemaning integral chizig’i bo’ylab barcha 
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 funksiyalar o’zgarmasga aylanadi, shuning uchun   
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funksiya ham (1.1.2) sistemaning integral chizig’i bo’ylab o’zgarmasga aylanadi. Demak, 
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, ( bunda F – ixtiyoriy duffersiallanuvchi funksiya ) (1.1.1) chiziqli bir jinisli tenglamaning yechimidir.

Teorema–3. Ushbu 
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funksiya (1.1.1) tenglamaning umumiy yechimidan iborat, ya’ni (1.1.1) tenglamaning barcha yechimlarini o’z ichiga oladigan yechimdir.


Isbot: Faraz qilaylik,  
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 funksiya (1.1.1) tenglamaning biror yechimi bo’lsin. Shunday F funksiya ekanligini ko’rsatamizki, bu funksiya uchun 
[image: image46.wmf](

)

11

,...,

n

uF

yy

-

=

 bo’ladi. 
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 funksiyalar (1.1.1) tenglamaning yechimlari bo’lgani uchun 
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(1.1.7)
(12.4) tenglamani 
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 larga nisbatan n ta tenglamalardan to’zilgan chiziqli bir jinsli sistema deb qaraymiz. 
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 lar shartga ko’ra bir vaqtda nolga aylanmagani uchun tekshirilayotgan sohaning har bir 
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 nuqtasida (1.1.7) trivial bo’lmagan yechimga ega. Bundan bu sistemaning determinanti 
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tekshirilayotgan sohada aynan nolga teng. Ammo  
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 funksiyalar yakobiani nolga tengligi bu funksiyala chiziqli bog’liq ekanini ko’rsatadi, ya’ni 
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(1.1.8)
(1.1.2) sistemaning 
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 birinchi integrallari chiziqli erkli bo’lgani uchun
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yakobianning  
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ko’rinishdagi minorlardan kamida bittasi noldan farqli bo’ladi. Demak, (1.1.8) tenglamani  
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ko’rinishda ifodalash mumkin. Shu bilan teorema isbot bo’ldi.


Chiziqli bir jinsli tenglama uchun Koshi masalasining yechilishi. (1.1.1) tenglamaning 
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(1.1.9)
shartni qanoatlantiruvchi 
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 yechimini topish Koshi masalasi deb ataladi. Bunda 
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Yuqorida isbotlanganiga asosan (1.1.1) tenglamaning umumiy yechimi 
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formula bilan aniqlanadi.

 
Koshi masalasini yechish uchun (1.1.9) shartga ko’ra F funksiyani shunday aniqlashimiz kerakki,
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(1.1.10)
tenglik bajarilsin. Ushbu 
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(1.1.11)
belgilarni kiritib, (1.1.10) quyidagicha yozamiz:
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(1.15)
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(1.16)
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 EMBED Equation.DSMT4  [image: image74.wmf]i
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 qiymatlarni qabul qilganda ularga mos 
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funksiyani olsak, bu funksiya (1.17) tenglamani va (1.1.10) shartni qanoatlantiradi. Haqiqatdan, (1.17) ifoda xususan 
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 yechimlarning funksiyasi bo’lgani uchun, o’zi ham (1.1.1) tenglamaning yechimidan iborat bo’ladi. Agar 
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 EMBED Equation.DSMT4  [image: image86.wmf]
funksiya (1.1.1) tenglama uchun qo’yilgan Koshi masalasining yechimidan iborat bo’ladi.
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(1.18)
ko’rinishdagi tenglamani xususiy hosilali chiziqli bir jinisli bo’lmagan tenglama deyladi. Bu tenglama hosilalarga nisbatan chiziqli bo’lib, noma’lum 
[image: image88.wmf]u

 funksiyaga nisbatan chiziqli bo’lmasligi mumkin. Shu sababli (1.18) tenglamani kvazichiziqli tenglama xam deyladi. (1.18) tenglamadagi
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O’zgaruvchilarning tekshirilayotgan o’zgarish sohasida o’zluksiz differensiallanuvchi deb va bir vaqtda nolga teng bulmaydi deb faraz qilamiz. (1.18) tenglamani chiziqli tenglamaga keltirish yo’li bilan integrallash mumkin. Shu maqsasda (1.18) tenglamaning 
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 oshkormas ko’rinishda izlaymiz ;
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Bunda 
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 funksiyani (1.19) tenglikdan aniqlangan deb hisoblab, ushbu 
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Bunda 
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 xususiy hosilalarning bu qiymatlarini tenglamaga qo’yib, tenglamaning har ikki tomonini 
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 ga ko’paytiramiz. Natijada quyidagi chiziqli bir jinsli tenglama hosil bo’ladi;


[image: image100.wmf](

)

(

)

11

1

,...,,,...,,0

n

inn

i

i

u

XxxuRxxu

xu

u

=

¶¶

+=

¶¶

å

 

(1.20)

Shunday qilib, (1.20) chiziqli bir jinisli tenglamani (1.19) tenglamaga asosan ayniyatga aylantiradigan 
[image: image101.wmf]u

 funksiyani topish kerak. (1.20) tenglamaga mos oddiy differensial tenglamalar sistemasini to’zamiz:
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Bu sistemaning 
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 ta chiziqli erikli birinchi integrallarni topamiz 
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(1.19) tenglamaning umumiy yichimi quydagi ko’rinishga ega bo’ladi 
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bunda F-ixtiyoriy funksiya .

Oxirgi funksiyaning nolga tenglashtirib , (1.19) tenglikka asosan berilgan (1.18) tenglamaning yechimini ushbu 
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Ko’rinishda topamiz. Bu yechimni (1.18) tenglamaning umumiy yechimli deyladi. Bu usul bilan topilgan yechimlardan tashqari 
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 tenglamaga asosan ayniyatga aylantiradi. Bunday yechimlarni maxsus yechimlar deyladi.
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Eng sodda birinchi tartibli xususiy hosilali tenglamani ko’ramiz:
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Ushbu ifodadan ko’rinib turibdiki  (1)  tenglama  
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 kesmani ham kesib o’tadi (3-rasm). Bunda masalaning yagonalik sharti bo’ziladi.
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(3) 
tenglamaga nisbatan takrorlab chiqish mumkin. (3) tenglamanig umumiy  yechimi 
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§3. Birinchi tartibli tenglamalar uchun masalalar.

Yarim chekli soha uchun masala. 
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qanoatlantiruvchi 
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 yechimlari topilsin.
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(1)  tenglama uchun umumiy yechim quyidagicha bo’ladi:
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Bu yerda 
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 shart yechimning o’zluksizligini ta’minlaydi.
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 sohada (1) tenglama yechimi (2) shart orqali topiladi, ya’ni Koshi masalasining yechimidir
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 sohada esa (3) chegaraviy shart orqali topiladi. Xarakteristikalar usulidan foydalanib yechimni qidiramiz. Bunda (1) tenglamani harakteristika chizig’i ustida integrallaymiz. Shu sababli (1) tenglama  uchun quyidagicha almashtirish kiritamiz:
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(6) dan fodalanib quyidagilarni hisoblaymiz
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(6)-(8) ifodalardan foydalanib (1) tenglamani
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ko’rinishga keltiramiz. (9) tenglamani ikkala qismini 
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(10) tenglamani 
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(3) shartdan foydalanib (1) tenglamaning 
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 sohadagi yechimini topamiz
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Shunday qilib (1)-(3) masalaning umumiy yechimi quyidagicha bo’lar ekan
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2 – hol (
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Bu holatda (1) tenglama xarakteristikasi 
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 chiziqlar oilasidan iborat bo’ladi va (2) shart  (1) tenglamaning yechimi D sohada to’la aniqlanadi. Tenglamaning yechimi esa (5) orqali topiladi.
Misol. 
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tenlamaning 
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shartlarni qanoatlantiruvchi yechimi topilsin.


(5) va (13) formulalardan foydalanib, yechimni yozamiz.
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Bu masalaning  Delphi 7  muhitidagi  sonli yechish dasturi to’zildi va olingan natijalar vizuallashtirildi. 
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II BOB. 
BIRINCHI  TARTIBLI  TENGLAMALAR  SISTEMASI.

Bu bobda birinchi tartibli sistemalar uchun qo’yiladigan asosiy masalar, uning xarakteristikasi va umumiy yechimlari haqida ma’lumotlar berilgan.

§1. Sistema xarakteristikasi.


 Ma’lumki, ixtiyoriy chiziqli 
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(2.1.1)
ko’rinishda bo’ladi. Bu yerda 
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Sistemani umumiy yechimini topishda xarakteristikalarining roli juda katta. Shu sababli sistema xarakteristikasini topish masalasini qaraymiz.  
Buning uchun (2.1.1) sistemada 


[image: image258.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

=

=

2

1

2

1

22

21

12

11

22

21

12

!

11

,

,

,

f

f

f

u

u

u

B

B

B

B

B

A

A

A

A

A


kabi belgilashlar orqali uni vektor formada yozib olamiz:


[image: image259.wmf]f

x

u

B

t

u

A

=

¶

¶

+

¶

¶

.




(2.1.2)
Biror G sohada (2.1.2) sistemaning regulyar yechimlarga ega bo’lsin. Bu sohada biror 
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(2.1.3)
bu yerda E  ni birlik  matritsa. (2.1.3) tenglama 
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shart bajarilganda qidirilayotgan hosilalarga nisbatan yechiladi. Demak, 


[image: image270.wmf]det0

AB

dtEdxE

=






(2.1.4)
tenglama  (2.1.2) sistemaning xarakteristikasi deb ataladi. (2.1.4) uchun quyidagi 
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(2.1.5)
formula o’rinlidir. 
Misol: Berilgan sistemaning xarakteristikasi topilsin.
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(2.1.5)
(2.1.5) sistemaning vektor formadagi ko’rinishini yozib olamiz
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(2.1.4) formulani (2.1.5)  sistemaga nisbatan qo’llab quyidagicha ifodani keltirib chiqaramiz 
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Bundan foydalanib xarakteristika tenglamasini yozamiz va ularni topamiz
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Demak, (2.1.5) sistemaning xarakteristikalari
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Sistema kvazichiziqli bo’lganda ham (2.1.4)  formula o’rinli bo’ladi.

Misol: Berilgan sistemaning xarakteristikasi topilsin
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(2.1.6)     

Yechilishi:  (2.1.4)  formuladan foydalanib quyidagilarni hisoblaymiz
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Bu ifodadan foydalanib, (2.1.6) sistemaning xarakteristikalarini topa olamiz:     
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Endi (2.1.1) sistemaga nisbatan soddaroq o’zaro ikkita bog’liq bo’lmagan quyidagi sistema ko’ramiz,
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(2.1.7)

(2.1.7) sistemaning  yechimlari mos ravishda  
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Bunda (2.1.7) sistema yechimi xarakteristikalarining kesishishidan yo’zaga kelish ABC uchburchakda bir qiymatli topiladi (6–rasm).
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Misol. Quyidagi sistemaning umumiy yechimi topilsin.
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(2.1.8)
Yechilishi: Berilgan sistema uchun  
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(2.1.9)
ko’rinishdagi tenglamaga kelamiz. Bu yerda 
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(2.1.10)
bu yerda 
[image: image312.wmf](
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(2.1.10) dan foydalanib (2.1.8) sistemaning umumiy yechimini topamiz
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Misol.  Berilgan sistemaning umumiy yechimi topilsin.
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(/)

Yechilishi: 


(/) sistemani vektor formada yozib olamiz
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  xarakteristikalarini topamiz. Demak sistema xarakteristikalari 
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 chiziqlar oilasidan iborat ekan. Xarakteristikalardan foydalanib sistemaning umumiy yechimini topa olamiz
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bu yerda 
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Misol – 2
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(*)
(*) sitemani vektor formada yozib olamiz
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(**)

bu yerda 
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(**) sistemani 
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ko’rinishga keltirib 
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§2. Koshi masalasi. Masala yechimi yagonaligi.

Tutash muhitlar mexanikasida o’griladigan va yuqoridagi kabi sistemaga keltiriladigan murakkabroq sistema qaraymiz
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 EMBED Equation.3  [image: image333.wmf]ï
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(2.2.1)
Bu sistema tinch muhitda tovush to’lqinlari tarqalishini ifoda etadi. Bu yerda 
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(2.2.1) sistemani umumiy yechimini topish masalasini qaraymiz. Buning uchun ikkinchi tenglamani  
[image: image337.wmf]00

1

c

r

 ga ko’paytiramiz


[image: image338.wmf]00

0

0

p

cu

c

tx

r

¶

¶

+=

¶¶


va uni


[image: image339.wmf]0

1

=

¶

¶

+

¶

¶

x

t

u

r

r


tenglamaga qo’shamiz:
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Agar  yuqoridagi qo’shish amali o’rniga ayirish amalini bajarsak, quyidagi tenglamani  olamiz:
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Endi quyidagi belgilashlarni kiritsak
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 yuqorida o’rganilgan (2.1.7) sistemaga kelamiz 
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[image: image344.wmf]
Bu sistemaning umumiy yechimini topamiz
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(2.2.2)
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(2.2.3)
belgilashga ko’ra
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(2.2.4)
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(2.2.5)
 formulalar to’lqin tarqalish tenglamasining umumiy  yechimini  beradi.


Agar boshlang’ich vaqt 
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 (2.2.1) sistemaning  boshlang’ich shartlarni 
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 (2.2.6)
qanoatlantiruvchi  
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 funksiyalarga Koshi masalasining yechimi deb ataladi.


Teorema. (2.2.1)  sistemaning  (2.2.6) boshlang’ich shartlarni qanoatlantiruvchi yechimi mavjud va yagona.


Isbot (Mavjudligi). (3)-(6) formulalardan foydalanib quyidagilarni yozamiz


[image: image360.wmf](

)

(

)

(

)

2

fxgx

x

j

+

=

, 
[image: image361.wmf](

)

(

)

(

)

00

2

xfxgx

c

y

r

-

=


yoki 
[image: image362.wmf]

[image: image363.wmf](

)

(

)

(

)

(

)

(

)

(

)

0000

,

zz

fzzgzz

cc

yy

jj

rr

=+=-

,


[image: image364.wmf](

)

(

)

0

0

0000

xct

p

uxct

cc

y

j

rr

-

+=-+

,


[image: image365.wmf](

)

(

)

0

0

0000

xct

p

uxct

cc

y

j

rr

+

-=+-

,

bu yerdan
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(2.2.7)
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(2.2.8)
Koshi masalasining yechimini hosil qilamiz. 


Yagonaligi.  (2.2.1) birinchi tenglamasini 
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(2.2.9)
Bu formuladan ko’rinib turibdiki ixtiyoriy bo’lakli silliq yopiq kontur uchun quyidagi o’rinlidir
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Bu  integral  tenglik tovush tarqalishi tenglamasi silliq yechimlari uchun enirgiyaning saqlanish qonunidir.

Energiyaning  saqlanish qonunini tushuntirish uchun olingan ayniyatni to’g’riburchakli kontirga qo’llaymiz
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Bu yerda  
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Integral ayniyat nimaga energiyaning saqlanish qonunini deb atalishini endi tushunsa bo’ladi.


Energiyaning saqlanish qonunlaridagi masala yechimi yagonaligini ko’rsatishda foydalanamiz .


(2.2.6) boshlang’ich  shartlar AB kesmada beriladi  va  yagonalik  ABC  xarakteristik  uchburchakda  ko’rsatiladi.
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 (2.2.10)
Quyuidagi  integiralni  qaraymiz 
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(2.2.11)
bu integral  
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Xuddu  shu  kabi,  BQ  bo’yicha topamiz. 
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Ko’rsatilgan tengsizliklarni  hisobga olgan holda yozamiz.
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Demak,  
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  PQ  da xulosa  sifatida shuni aytamizki,  agar  xarakteristik  uchburchak asosida  berilgan  shartlar nolga teng bo’lsa, undan  butun uchburchakda  yechimning nolga tengligi  kelib  chiqadi.
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[image: image405.wmf]12

0,

uuu

=-º



[image: image406.wmf]12

0

ppp

=-º

. 

tengliklarni olamiz .

Demak, Koshi masalasi uchun yagonalik  teoremasi ko’rsatiladi.

Sistema uchun Koshi masalasi: 
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(3)

boshlang’ich shartni qanoatlantiruvchi 
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Yechilishi: Quyidagicha almashtirish bajaramiz:
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(5)

(4)-(5) tengliklardan quyqidagilarni topamiz
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(6)

(6) foydalanib U va V ga nisbatan yangi masala olamiz 
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(7)

(4), (5), (7) foydalanib U va V ga nisbatan yangi masala olamiz: 
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bu yerda  
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(7) va (9) maslalarning yechimini (……) formuladan foydalanib topamiz
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(11)

(10) va (11) formulalardan foydalanib (1)-(3)  Koshi masalasining yechimini  topamiz
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Exp   1.1       

 Berilgan masala uchun Koshi masalasining yechimi topilsin.
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Berilgan shart
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Yechilishi:
Sistemani quyidagi ko’rinishga yozib olamiz
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deb belgilash kiritib olib, sistema ko’rinishini o’zgartiramiz.
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Bu sistemaning yechimini yozib olamiz.
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Topilgan yechim formuladagi to’lqin tarqalish tezligi 3 va 1 orqali xarakat tenglamasini ko’rishimiz mumkin.

§3. Chegaraviy masala (Aralash masala).
 (2.2.1) sestema uchun 
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(2.3.1)
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Bu masala feksirlangan 
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(13) (2.3.3)
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(14) (2.3.4)
f, g funksiyalar  (2.3.1) shart orqali quyidagicha topiladi 
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 (15) (2.3.5)
bu formula yechimini   
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Yagonaligi.  (2.2.1), (2.3.1), (2.3.2) masala yechimi yagonaligini ko’rsatish uchun kerak bo’ladigan bir nechta lemmalarni isboti bilan keltirib o’tamiz.  
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 (2.3.6)
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 (2.3.7)
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 (2.3.8)
tengsizliklar o’rinli bo’ladi. Bu yerda 
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Isbot. (2.3.8) tengsizlikni keltirib chiqaramiz:
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(2.3.6) va (2.3.7) ni isbotlash uchun 
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 (2.3.9)
Bu bahoda n – ixtiyoriy natural son. Kvadrat ildiz ostida kelgan ikki ketma–ket natural sonlar ayirmasi farqi birdan kichik, ya’ni  
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tengsizlikni olamiz.  
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shartlarni qanoatlantirsin. U holda  
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Isbot.  Haqiqatdan ham yuqoridagi lemmaga ko’ra (2.3.8) ni iki marta qo’llasak (2.3.10) tengsizlik isboti kelib chiqadi:
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(2.3.11)
Lemmaning ikkinchi qismini isbotlaymiz. Buning uchun 
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tengsizlikni keltirib chiqaramiz.

Lemma–3: 
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 (2.3.13)
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 tengsizliklar o’rinli bo’ladi.
 
Isbot.   (7) tengsizlik isboti yuqorida foydalanilgan 
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Endi aralash masala yechimi yagonaligi teoremasini isbotlash uchun 
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foydalanib, (*) ni 
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(***)(2.3.17)
ko’rinishda yozamiz. 

(2.3.16) va (2.3.17) shartlardan foydalanib, 
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(2.2.1) sistemaning 
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R operatorni qaraymiz. 
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kiritiladi.

Haqiqatdan ham, 
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(2.3.18)
tenglik o’rinlidir ya’ni, 
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(2.3.19)
tengsizlikni qanoatlantiruvchi norma kiritish mumkin. Bundan 
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tensizlik bajarilishini osongina ko’rish mumkin.


Agar 
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 deb olsak, (2.3.18) va (2.3.19) formulalardan foydalanib quyidagicha 
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tengsizlik kelib chiqadi. 

Yuqoridagi gaplarni 
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Berilgan sistema musbat yo’nalishga ega 2 ta xarakteristikalar oilasidan:
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Bitta manfiy yo’nalishli xarakteristikalar oilasidan
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bitta vertikal xaraktristikalar oilasidan iborat.
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berilishi yetarlidir. 
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shartlar orqali  D  sohada butunlay yechiladi. Shunga o’xshash 
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shartlar yetarli bo’ladi. 
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shartlar orqali aniqlanadi.


Xulosa qilib aytadigan bo’lsak sistema yechimi D sohada quyidagicha boshlang’ich va chegaraviy shartlar orqali aniqlanadi.

Boshlang’ich shart 
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Sohaning chap chegarasi 
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O’ng chegaraviy shart 
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Demak sistemaning qancha farqlanuvchi chegaralari bo’lsa, shuncha chegaralanuvchi shartlari bo’lar ekan.

Misol.  
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(2.3.20)
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(2.3.20) sistema ikkita xarakteristik to’g’ri chiziqlar oilasidan iborat.
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(2.3.20) sistemani quyidagicha ko’rinishda yozib olamiz
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Quyidagicha belgilash
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kiritamiz. Natijada (2.3.20) sistema quyidagi ko’rinishga keladi.
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(2.3.21)

[image: image577]
(2.3.21) masalani yechish uchun sohani bir necha bo’limlarga bo’lib olamiz.
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Chegaraviy shartini etiborga olsak 
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Xaraktristik chiziq ustida intergriallab quydagi ifodani olamiz 
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Demak 
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sohada (2.3.20) yechim quydagicha ko’rinishda bo’ladi.
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III BOB.

BIRINCHI TARTIBLI TENLAMALAR VA SISTEMALARINING TADBIQLARI

Bu bobda birinchi tartibli sistemalarning ba’zi masalalarga tadbiqlari qaralgan.
gidrodinamikaning asosiy tenglamasi Harakatlanuvchi suyuqlik tabiatini tasvirlashda kerak bo’ladigan parametrlarni kiritib olamiz. 


Biror  kuch ta’sirida  harakatlanuvchi T xajmli suyuqlikni (ideal suyuqlik) qaraymiz. Bosim kuchi ta’sirida harakatlanuvchi suyuqlikni quyidagicha
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(3.1.1)

 sirt integrali orqaliifodalaymiz. Bu yerda S –  T  hajmli suyuqlik sirtining yo’zasi, n – o’zunligi birga teng tashqi normal vektori. Ostragradskiy formulasidan foydalanib (3.1.1) ni 
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(3.1.2)

Suyuqlik tezlanishini hisoblash uchun berilgan nuqtada 
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Harakatlanuvchi suyuqlik holati tenglamasi suyuqlikning biror qismi tezlanishi va unga ta’sir qilayotgan kuch orqali ifodalanadi
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– T  xajmli suyuqlikka tekis ta’sir qiluvchi kuch. Ta’sir etuvchi kuchning ixtiyoriyligidan foydalanib harakatlanuvchi ideal suyuqlik tenglamasini
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(3.1.4)
ko’rinishda yozish mumkin.


Endi o’zluksizlik tenglamasini keltirib chiqaramiz. Agar T  suyuqlik ichki qismida manba bo’lmasa, u holda vaqt birligida suyuqlik miqdori o’zgarishi S sirtning chegarasidagi oqimga teng bo’ladi:
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(3.1.5)
Sirt integralini hajm integraliga akslantirib (3.1.5) ni quyidagicha 
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ko’rinishda yozimiz. Bu tenglikni etarlicha kichik hajmlarga bo’lib o’zluksizlik tenglamasini keltirib chiqaramiz.:
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(3.1.6)
(3.1.6) va (3.1.4) tenglamalarni birlashtirib quyidagi 
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ko’rinishdagi termodinamikaning holat tenglamasini olamiz.


Shunday qiliib yuqorida keltirilgan tenglamalarni birlashtirib yopiq sistemada gidrodinamika tenglamasini hosil qilamiz
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3. Porshen haqidagi masala: Trubada erkin harakatlanuvchi porshehn berilgan. a tezlanish bilan harakatlanuvchi porshenning  o’ng qismida (
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Yechishi.  Bir o’lchovli barotrop gazining tenglamasini yozib olamiz:
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(3.3.1)
bu yerda  
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hisoblab, (3.3.1) sistema xarakteristikasi topiladi


[image: image653.wmf]xc

u

=+

&

.





(3.3.2)

(3.3.1) tenglamalar sistemasini integrallash uchun avvalo Riman invarianlarini topish kerak bo’ladi. Buning (2.1.5) formuladan foydalanib,  
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(3.3.3)

 ko’rinishdagi Riman invariantlarini hisoblab topiladi.
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bu yerda 
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Bundan tenglamaning umumiy yechimini topamiz
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(3.3.5)
bu yerda 
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Endi, 
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(3.2.2) va   (3.2.3) tenglamalarni telegraf tenglamalari deb atash qabul qilingan.
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Agar izolyatsiya orqali oqib chiqishni 
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Ilova-1

unit Unit1;

interface

uses

  Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,

  Dialogs, StdCtrls, Buttons, TeEngine, Series, ExtCtrls, TeeProcs, Chart;

type

  TForm1 = class(TForm)

    Label1: TLabel;

    Edit1: TEdit;

    Label2: TLabel;

    Edit2: TEdit;

    Label3: TLabel;

    Edit3: TEdit;

    Label4: TLabel;

    Edit4: TEdit;

    Chart1: TChart;

    Series1: TLineSeries;

    BitBtn1: TBitBtn;

    BitBtn2: TBitBtn;

    Timer1: TTimer;

    procedure BitBtn1Click(Sender: TObject);

    procedure Timer1Timer(Sender: TObject);

    procedure BitBtn2Click(Sender: TObject);

  //  procedure Timer1Timer(Sender: TObject);

   // procedure Button1Click(Sender: TObject);

  private

    { Private declarations }

  public

    { Public declarations }

  end;

  const n=50;

var

  Form1: TForm1;

  u:array[1..n+1,1..n+1] of real;

  h,tau,t,x,a,b,y:real;

  i,j,k:integer;

implementation

{$R *.dfm}

function fxat1(var xx,tt:real):real;

begin

      fxat1:=cos(3.14*(tt-xx/a)/15)*exp(-b*xx/a);

end;

function fxat2(var xx,tt:real):real;

begin

      fxat2:=sin(3.14*(xx-a*tt)/15)*exp(-a*tt);

      end;

procedure TForm1.BitBtn1Click(Sender: TObject);

var ab,x1,t1,hh,tt,s,tlim:real;

tmax,tau1,tmax1:real;

l,ii:integer;

begin

a:=strtofloat(Edit1.Text);

b:=strtofloat(Edit2.Text);

ab:=strtofloat(Edit3.Text);

tmax:=strtofloat(Edit4.Text);

 h:=ab/n;

 tau:=tmax/n;

if a>0 then

begin

for i:=0 to n do

begin

x1:=h*i;

if x1-a*tmax>=0 then

begin

s:=0;

for j:=0 to n do

s:=s+tau*(exp(-b*(tmax-j*tau))*exp((x1-a*(tmax-j*tau))*tau*j));

s:=s+exp(-b*tmax)*cos(x1-a*tmax);

end

else

begin

s:=0;

tt:=x1/a/n;

tlim:=tmax-x1/a;

for j:=0 to n do

s:=s+tt*exp(-b*(tmax-tlim+j*tt))*exp((x1+a*(tmax-tlim+j*tt))*tt*j);

s:=s+exp(-b*x1/a)*sin(tmax-x1/a);

end;

 u[1,i+1]:=s;

end;

end else

begin

for i:=0 to n do

begin

x1:=h*i;

s:=0;

for j:=0 to n do

s:=s+tau*(exp(-b*(tmax-j*tau))*exp((x1-a*(tmax-j*tau))*tau*j));

s:=s+exp(-b*tmax)*cos(x1-a*tmax);

u[1,i+1]:=s;

end

end;

 l:=strtoint(Edit5.Text);

end;

procedure TForm1.Timer1Timer(Sender: TObject);

begin

Chart1.Series[0].Clear;

for j:=0 to n do

Chart1.Series[0].AddXY(h*j,u[1,j+1]);

Timer1.Enabled:=false;

end;

procedure TForm1.BitBtn2Click(Sender: TObject);

begin

Timer1.Enabled:=true;

end;

end.
Ilova-2
unit Unit1;

interface

uses

  Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,

  Dialogs, StdCtrls, Buttons, TeEngine, Series, ExtCtrls, TeeProcs, Chart;

type

  TForm1 = class(TForm)

    Label1: TLabel;

    Edit1: TEdit;

    Label2: TLabel;

    Edit2: TEdit;

    Label3: TLabel;

    Edit3: TEdit;

    Label4: TLabel;

    Edit4: TEdit;

    Label5: TLabel;

    Edit5: TEdit;

    Edit6: TEdit;

    Label6: TLabel;

    Chart1: TChart;

    Series1: TLineSeries;

    BitBtn1: TBitBtn;

    procedure BitBtn1Click(Sender: TObject);

  private

    { Private declarations }

  public

    { Public declarations }

  end;

  const n=50;

var

  Form1: TForm1;

  u:array[1..n+1,1..n+1] of real;

  h,tau,t,x,a,b,y:real;

  i,j,k:integer;

implementation

{$R *.dfm}

function fxat1(var xx,tt:real):real;

begin

      fxat1:=cos(3.14*(tt-xx/a)/15)*exp(-b*xx/a);

end;

function fxat2(var xx,tt:real):real;

begin

      fxat2:=sin(3.14*(xx-a*tt)/15)*exp(-a*tt);

end;

procedure TForm1.BitBtn1Click(Sender: TObject);

var ab,x1,t1:real;

tmax:real;

l:integer;

begin

a:=strtofloat(Edit1.Text);

b:=strtofloat(Edit2.Text);

 ab:=strtofloat(Edit3.Text);

 tmax:=strtofloat(Edit4.Text);

 h:=ab/n;

 tau:=tmax/n;

 for i:=0 to n do

 for j:=0 to n do

 begin

 x1:=j*h;

 t1:=i*tau;

 if j*h-i*tau<0 then

 u[i+1,j+1]:=fxat1(x1,t1) else

 u[i+1,j+1]:=fxat2(x1,t1);

 end;

l:=strtoint(Edit5.Text);

Chart1.Series[0].Clear;

 for j:=0 to n do

Chart1.Series[0].AddXY(j*h,u[l,j+1]);

end;

end.
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