Yechilishi. Berilgan vig‘indini g ga ko‘paytirib, undan S, ni ayiramiz:
4Sn— Spn=q*+2¢* +3¢* + -+ ng""' — (g + 29> +3¢> + -+ ng") =
=—(q+ q2 +g3 4+ +q")+ ng"tl.
O°ng tomonda qavs ichida birinchi hadi b; = g, maxraji q ga va n-hadi g™ ga teng bo‘lgan chekli
progressiya yig‘indisi:

ql—q") _q—q""
= = <1
turibdi.
U holda
q— gt ng™tt g — gt
-1, =—— n+1 S = )
(g — 1S, —T T S S =t T
Shartga asosan, |g| < 1 bo‘lganligi uchun T{i_r}rc}onqn"'l =0, T%i_}r&q"“ =0.
U holda
ng™tl g — gt q

$=1imS, = lim (Iq] < D).

woe s [q =1 (- DF| (- DF
ckanligini hosil gilamiz.
Demak, javobi (q_ql)z :

Tahlil va natijalar. Sonlar ketma-ketligini hisoblashda turli metodlar qo‘llanilishi ma’lum, ammo
bu muammoni hal etishda progressiyalar nazariyasining tatbiglari ochib berilmagan. Bu nazariyaning tat-
biglari konkret misollar asosida ko‘rsatilib ishonchli natijalar olingandir.

Xulosa va takliflar. Sir emas, sonlar ketma-ketligini limitini hisoblashda ajoyib limitlar, muhim li-
mitlar nazariyasidan foydalanish ko‘p qo‘llaniladi. Mazkur ishda progressiyalar nazariyasidan foydalanib
ham ko‘plab limitlarni osongina hisoblash mumkinligi ochib beriladi. Bu metodni kelgusida ham tegishli
limitlarga qo°llab, natijalar olishga to‘la ishonamiz.
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(3). Azlarov T., Mansurov X. Matematik analiz. T., 1986.
(4). Glagolov N.S. va bosh. Matematika. 1-qism, T., 1970.
(5). Baranov . A. va bosh. Matematika. T., 1986.
(60). Gusev B.A., Mordkovich A.G. Matematika. T., 1988.
(7). Modenov P.S. Matematika masalalari to*plami. T., 1956
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O‘SISH-FRAGMENTATSIYA MODELI UCHUN BOSHLANG‘ICH-CHEGARAVIY MASALA
YECHIMINING MAVJUDLIGI VA YAGONALIGI

Annotatsiya. Bugungi kunda saraton kasalligi jahon migyosida tibbiyotning eng murakkab muam-
molaridan biri bo ‘[ib golmoqda. Kasallikning asoratli shakli-birlamchi o ‘smadan hujayra klasterlarining
qon va limfa tizimi orgali boshga organlarga ko ‘chib, u yerda ikkilamchi o ‘smalar hosil qilishi jarayoni,

ya 'ni saraton bilan bog‘lig oVt € RY limlarning asosiy sababi hisoblanadi. Ilmiy adabiyotiardagi ma -
lumotlarga ko ‘ra, saraton bilan bog liq o ‘limlarning taxminan 90 foizi aynan shu jarayon ogibatida yuz
beradi. Shu bois ikkilamchi o ‘sma hosil qilish jarayonini matematik tarzda tavsiflash, uning dinamikasini
miqdoriy baholash hamda davolash strategiyalarini asoslash zamonaviy matematikaning dolzarb muam-
molaridan biri hisoblanadi.

Kalit so‘zlar: metastaz, hujayra klasterlari, birlamchi o'sma, o ‘sish-fragmentatsiva tenglamasi,
zichlik funksiyasi, xarakteristik egri chiziglar, eksponensial o ‘sish, Gompertz o ‘sish gonuni, Banax fazosi,
yagona yechim.

6



Banraesa Ymnaa Hcvonsosna (IIpodeccop puznko-MareMaTHIECKHX HAYK, TJIABHBIH HAYYHBIH COTPYTHHAK
0T/1e71a TOYHBIX HAYK Xope3Mckoii akagemnn MabmyHa),
Ackapora lnngopa Yayroexosna (IlpenogaBarens kadenpol " Aare6pa m MaTeMaTnieckasi nHKeHepust'
YPpresuckoro rocyapcTBeHHOT0 YHHBepcuTera nmenn Aoy Paiixon bepynmii),
Pysumoga Instnoza IaiipaTtosna (Marucrpant 2-ro Kypca Hanpajenus «MaremaTndeckasi HHKEHepHsh»
YPreHuckoro rocyiapcTBeHHOT0 YHHBEPCHTETA)
CYIIECTBOBAHUME U EMHCTBEHHOCTD PEILIEHUS HAYAJIBHO-KPAEBO 3AJTAUN
JJIA MOJEJIU POCTA-®PPAT'MEHTALIUU
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EXISTENCE AND UNIQUENESS OF THE SOLUTION TO AN INITIAL-BOUNDARY VALUE
PROBLEM FOR A GROWTH-FRAGMENTATION MODEL

Annotation. Cancer remains one of the most complex challenges in global medicine today. The most
severe form of this disease is metastasis—the process by which clusters of cells spread from the primary
tumor through the bloodstream and lymphatic system to other organs, where they form secondary tumors
— which is considered the leading cause of cancer-related mortality. According to data from the scientific
literature, approximately 90% of cancer-related deaths are attributable to this process. Therefore, the
mathematical description of the metastasis process, the quantitative assessment of its dynamics, and the
Justification of treatment strategies represent one of the most pressing problems of modern mathematics.

Keywords: metastasis, cell clusters, primary tu(t,x) €]0,00[XI mor, growth-fragmentation equa-

tion, density function, characteristic curves, exponential growth, Gomperiz law of growth, Banach space,
unique solution.

1. Kirish. Mazkur ishda o‘sish-fragmentatsiya tenglamalari doirasida hujayra klasterlarining dina-
mikasini hisobga oluvchi yangi matematik model quriladi. Ushbu yondashuv birlamchi o‘smadan turli o°l-
chamdagi klasterlarning stoxastik chiqarilishini, metastazlarning o°sishini va fragmentatsiya jarayonini bir-
galikda tavsiflaydi. (¢,x) €]0,00[x/ sohada quyidagi masalani qaraymiz [1]:

0,p(1,%) + 8,((X)p(1,1) + B(x) p(t,x) = F(t.x) + [ BO)K(x,»)p(t. ¥y,

ap(t,x,) + ,Bg—';)(t,xo) =h(t), VteR",

p(0,x)=p,(x), Vxel.

bu yerda,
g(x)-o'lchami x bo lgan klasterlarning o ‘sish tezligi;

B(x)—parchalanish intensiviigini tavsiflaydi;
k(y,x)- fragmentatsiya yadrosi;



Pi (I ) —minimal o ‘lcham chegarasida aniglangan, birlamchi o ‘simtadan chigadigan emissiya in-
tensivligini ifodalovchi chegaraviy kirish ogimi;

£ (X) — Klasterlarning t=0 da boshlang ‘ich o ‘Ichamini ifodalaydi;

Bu yerda: (¢, 8) - berilgan konstantalar bo‘lib, ¢ 2+ yé) ? #0 shartini qanoatlantiradi. /(¢) esa
berilgan ma’lum funfsiya. P(f, X)ni { vaqt momentida va X o‘lchamdagi metastazlarning zichlik funksi-

vasi deb qaraymiz. Mazkur modelda F'(¢,X) manba hadi birlamchi o‘simtaning metastatik jarayon rivo-
jiga qo‘shadigan hissasini tavsiflaydi, uning vaqtga bog‘ligligi esa birlamchi o°simta hajmining vaqt bo‘-
vicha evolyutsion o‘zgarishi bilan belg‘ilanadi [2].

Otsish tezligi g(x) bilan bog‘liq xarakteristik egri chiziglar § — X (¢, X) ko‘rinishidagi funk-

siyalar bo‘lib, s € R, da aniglangan, (f,Xx) € R, x R parametrlar orqali beriladi va quyidagi Koshi ma-
salasining yechimlari bo‘lsin:

4 X (sit,0) = g(X (s5:1,))
ds
X(tt,x)=x

Biz g(x)e C'(I) deb faraz gilamiz hamda barcha (Z,X) € R, x I, uchun (2) masala R da
aniglangan yagona X (¢,X) yechimga ega bo‘lishini qabul gilamiz. Biz xarakteristik egri chiziglarning
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boshlang‘ich nuqtasi sifatida (7(Z,x), X (,x)) ni kiritishimiz mumkin.

7(t,x) =0, X (1,x) = X(0;¢,x) agar x > X(1;0,x,) ;
X(t,x)=x,, X(z(t,x);t,x) = x, agar x < X (1;0,x,) ®
shuningdek, asosiy xarakteristik egri chiziglar quyidagi ko‘rinishda bo‘ladi:
¢ (x)= X(1,0,x).
Eksponensial va Gomperts o‘sish qonunlari uchun wushbu faraz, mos ravishda,
x, 20 yoki x,>0 bo‘lganda bajariladi.

a(s—t)

1.Exponensial o°sish uchun g(X)=a X vabiz X (s;¢,x) = xe egamiz hamda

—at t 1 X
e ™ agarx>x.e’ t——In| — | agarx<x,e”
. T(t,x)= a \x,

0 aks holda

Xt,x)=1"
" |lx,  aksholda

b
2.  Gomperts o°sish qonuni uchun, g(X)=ax ln(— bo‘lgan  holda, biz
X

efa(sft)
X
X(s;t,x)= b(zj ni olamiz va

at —at

xY x, )
— b| = agar x > b| =~

X aks holda

0



x
1 In (b] X e
{——In aga:rx>b[?°]

7(t,x) = a ln[x()]
b

0 aks holda

Lemma 1. Faraz qilaylik, p ushbu masalaning yechimi bo‘lsin, u holda xarakteristik egri chiziglar
bo‘ylab aniglangan funksiyalar quyidagicha aniglanib:

Ve8> p(s, X (851, x))
W, st g(X(s;t,x))p(s, X (551, %))
bu yerda funksiyalar quyidagi tengliklarni ganoatlantiradi:

av

ZS(S) = —(g'(X () + BIX)IV, .(5) + F (5, X (5)) + G(p)(s, X (5)).
aw,
#(S) =—B(X ()W, () + g(X(S))(F(S,X(s)) + G(,O)(S,X(s))) .
Bu yerda

G(p)s. X (D)= [~ Bk X()(s,)dy.
belgilash bo‘lib,
V() =58, (.07, (0 + [ S, (s.0)(F (u, X () + G(p)ut, X (w)) ) .

W, (5) = (SO0, (0 + [ 1, (5.0 @(X @NE +G(p))at, X (1))
Bu yerda:

S, (5,8)= exp(—f(g'(X(u;t,x)) + B(X(u;t,x)))du) va

4, (5,8)= exp(—fB(X(u;t,x))du)

Eksponensial o‘sishning ushbu xususiy holatida, ya’ni, g(X)=a X bo‘lganda, metastazalar o‘lchami
X,, chegaraviy qiymatidan kichik bo‘lsa, fragmentatsiya jarayoni mavjud emas, ya'ni, B(X(s;t,x))=0
.[3] Shu sababli xarakteristikalar

VVt x(s) — axga(s—t)Vt x(s) — VVt x(t) n aJ.Sxea(S_u)F(u;axea(s_u) )dl/l .
’ ’ ’ t

1-teorema.
Quyidagilarni faraz gilamiz:
e 0, € X manfiy bo‘Imagan va Kl = [XO R fo] oraliqda kompakt bo ‘Isin.

o g funksiva g €C 1(] ), g funksiya [ oraligda uzluksiz yetarlicha silliq funksiya bo ‘Isin.
o B funksiya [XO ,+OO) oraligda uzliksiz va shunday X 5 mavjudki, X < X 5 bo ‘Iganda B(x)=0
e k(y,X) yadro funksiyasi bo'lib, shunday X, <Xg o'zgarmas son mavjudki, barcha X 2 X,,

uchun J.x yk(y,x)dy = X boIsin.






