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Annotasiya. Ushbu magolada bugungi kunning dolzarb biologik muammo-

larini fanlararo bog‘lanishi sifatida matematikaning differensial tenglamalar sistemasi
yordamida yechim topishini nazariy usuli ishlab chigilgan. Maqolada bazi bir
bakteriyalarning ko ‘payishi ularning bor bo‘lgan miqdoriga proporsional ravishda
bo‘linish va shu vaqtdan boshlab zahar ishlab chigarishi hamda ularni o‘lishi
bakteriyalarning soniga to‘g‘ri proporsional deb qaralgan. Shuningdek macolada
bakteriyalarning boshlang‘ich soni (N) va maksimal qiymatlarini vaqtga bog‘lanish
grafigi keltirilgan.

Kalit so‘zlar: bakteriya, zahar, funksiya, to‘g‘ri proporsional, differensial

tenglama, miqdor, giperbolik kosinus.

AHaJIM3 pa3MHOKEHUA 0aKTepuil ¢ HCNOJIb30BaHueM TP PepeHunATbHBIX
YPaBHEHU U
AnHoTanusi. B gaHHOW cTarbe pa3paboTaH METOJ HAXOXKIEHHUS CBS3U
aKTYaJIbHBIX OMOJOTUYECKUX MPOoOJIeM C MOMOIIBI0 MaTEeMaTHYECKUX YPABHEHUN KakK
MEX TMPEIMETHAas CBSI3b CETONHAIIHEro AHSA. B cTaThe Takke pacCMOTPEH BOMPOC O
Pa3MHOXXEHUU HEKOTOPBIX OaKTepwii, WX MPOMOPIMOHAIBHOE IO OTHOIICHUIO K
KOJIMYECTRY, BBIPAOOTKHU qana, KaTopas MPONOPIHOHAIbHA
quCciTy moruomux Oakrepuil. B cTaThe 3aBHCMMOCTH OT BPEMEHHM HAYaJIbHOTO H

MaKCUMaJbHOTO 3HAY€HUW OaKkTepuil PacCMOTPEHO C TOMOIIBIO Trpaduka.
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Analysis of proliferation of bacteria using differential equations

Abstract. This article is worked out the theoretical method of finding actial
to date biologicalproblem of inter subjective relations through mathematicalequations.
As well analyze the problem of multiplication of some bacteriums, their proportional
division to the quantity of generation of poison
which is prorated to the number of dead bacteriums. Also there is a time diagram of
unital number (N) and maximal quantity of tacteriums.

Keywords:  bacterium,posison,  function,  directly  proportional,
differentialequation, quantity, hyperboliccosine.

Bizga ma’lumki, bakteriologik (biologik) qurol — bu biologik vositalar bilan
ta’minlangan maxsus jangovar aslahalar va ularni qo‘llash uskunalaridir. Ular
dushman tirik kuchlariga, gishlog xo‘jalik hayvonlari va o‘simliklariga ommaviy
ravishda shikast etkazish, ba’zi hollarda esa qurol yarog‘, harbiy texnika, jihozlar
qismlarini yarogsiz holatga keltirish magsadida qo‘llaniladi. Anaerob va aerob
bakteriyalarni  ko‘payish wusullari har xil. Aeroblarni ko‘payishi uchun
kislorod zarur. Anaeroblarni ko‘payishi uchun kislorodsiz muhitni yaratish zarur.
Bakteriyalarni ko‘payishi odatda 36...40°S da rN =7..7,5 muhitda amalga
oshiriladi[1].

Dolzarb masala.(Bakteriyalarning bo‘linishi)

Ba’zi bir bakteriyalar o‘zining miqdori (massa, molekulalar soni yoki hajm) ga
proporsional ravishda ko‘payadi. Bakteriyalar soni (N) yoki ularning og‘irligi (P),
hajmi (V) ham k-ko‘payish koeffitsientiga to‘g‘ri proporsional bo‘lIsin.
Bakteriyalarning ko‘payishiga qarshilik giluvchi, ularni o‘ldiruvchi (qirib tashlovchi)
ta’sirlarni  ifodalovchi N ga proporsional bo‘lgan koeffitsient k; bo‘lsin.
Bakteriyalarning dastlabki soni N, uning eng katta M giymatgacha o‘sishini, so‘ngra
dastlabki soni N giymatgacha kamayishni vaqt t ga bog‘liq nazariy formula hosil

gilinsin. Bakteriyalarni ko‘payishpaytidan boshlab, zahar ishlab chiqgishi ma’lum
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bo‘lsa, zahar ishlab chigarish ham N ga to‘g‘ri
proporsional bo‘lib, k, bilan belgilansin [2].
Yechish. Zahar miqdori x orqali belgilab, masala shartiga ko‘ra quyidagicha

differensial tenglamalar sistemasini tuzamiz.

anN

;E'=:kA/—'k1Akb
dx (1)
—_— = kzN
dt

. . . . dN da .
Bu (1) differensial tenglamalar sistemasida —Va d—’: mos ravishda

bakteriyalarning ko‘payish va zahar ishlab chiqgarish tezliklari (1) differensial
tenglamalar sistemasidagi tenglamalarni mos ravishda bir-biriga bo‘lib, quyidagi

differensial tenglamani hosil gilamiz:
dNn _ kK

- @

dx  ky, ke
hosil bo‘lgan (2) tenglamaning ikkala tomonini x bo‘yicha integrallab, N-
bakteriyalar soni bilan koeffitsient (k, k4, k,) larva ishlab chigilgan zahar miqdori

orasidagi bog‘lanish kelib chigadi.

N=Xx_fay2i¢ (3)
ke 2k

Agar x = 0da N = 0 bo‘lsa ideal holda (real hayotda bo‘lish mumkin
emas) C; ham nolga teng bo‘ladi. U holda bakteriyalar soni bilan zahar miqdori
orasidagi bog‘lanish

N = bx — ax? (4)
formula orgali aniglanadi, bu yerda ki = b,szl = a deb belgilaylik;
2 2
y = N(x) —funksiya parabolaning grafigi bo‘lib, koordinatalar boshi va A (S; 0)
2
nuqtadan o‘tuvchi, simmetriya o‘qi OY o‘qqga parallel bo‘lgan va uchi o4 (%; + Z—a)
nuqtadan o‘quvchi paraboladan iborat. Demak,

b?  k?2k, k?
Rax 4a  4k3 'k,  2kqk, (5)
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Endi bakteriyalar migdorini t vaqtga bog‘lanishini topaylik. Buning uchun (4)

tenglikni ax? — bx + N = 0 ko‘rinishga keltiramiz va uni x ga nisbatan yechamiz:

b b2 N
%12 =% % ©)

x ning N orqali ifodalash magsadida bu (6) ifodani (1) tenglamalar

sistemasining birinchi tenglamasiga qo‘yamiz, u holda

dN—kN kle+kN b* _N 7
dt 2a — Y |4a?2 «a 7

(5) va (6) hosil qilingan formulalarni (7) qo‘ysak va ba’zi bir
soddalashtirishlardan so‘ng [3],

dN _  2abkN __ k_|b?2 N

a_ — — —

E_kN 2a + b 4a?2 a

dN—$2kN 1 N 7
dt M 7

(7°) ni hosil gqilamiz. Bu esa o‘zgaruvchilari ajraladigan differensial tenglama

(N va t ga nisbatan) ekanligini ko‘rinib turibdi. Agar o‘zgaruvchilarni ajratsak, u
quyidagi ifoda kelib chigadi:
dN

, N
N 1_M

Bu integralni ’1 —% = y yang’i almashtirish bilan yechayli.

N = M(1 — y?) bu ifodani ikkala tomonini differensiallasak dN = —2Mydy

= +kdt (8)

hosil bo‘ladi. Shuning uchun +kde = —2 [ 25 =In| 22| + ¢,

+kdt = In |1;—§| + C;, bunda C; - ixtiyoriy o‘zgarmas. Agar bu tenglamaga

t = 0 da N=M boshlang‘ich shartni qo‘ysak, C; = 0 xususiy integral hosil
bo‘ladi:
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1-y — ptkt
1+y
oxirgi tenglamadan y ni topsak, giperbolik tangens (t4x) hosil gilamiz.
okt Lkt .
e 2—-e 2 . t
Y=—m = YOKi y=dtth—
¥ T 4ot 2

Awvalgi N va M kattaliklarga gaytib, ushbu tenglamani hosil gilamiz:

1 N—+thkt
)

Buning ikkala gismini kvadratga oshirib, N ga nisbatan yechamiz.

N=M<1—thE) yoki N = —2 9)
2 ch%
Natijaviy nazariy formulani hosil gilamiz. Xulosa qgilib, aytganda Mualliflarning
fikricha bakteriyalar (9) formula yordamida ko‘payadi va o‘ladi.

Agar (9) formulaga t = 0 shart qo‘yilsa, giperbolik birga teng bo‘lib,
bakteriyalar soni eng katta giymatga erishadi, ya’ni N = M bo‘ladi. Bu esa masalaning
shartidagidek bakteriyalar boshlang‘ich giymatiga erishadi. Demak

bakteriyalar hech gachon yo‘qolib ketmas ekan degan xulosaga keldik. Chunki

giperbolik kosinusning grafigi Dekart koordinatalar sistemasining 1, 1l
choraklarining yuqori gismida joylashadi (1-rasm). Bakteriyalarning yashash vaqti
giperbolik kosinus qonuniga mos ravishda o‘zgarib, giperbolik kosinusning hech

qachon nolga teng bo‘lmasligi bilan izohlanadi.

Y
Nit)

0 t

1-rasm. Bakteriyalarning sonining yashash vagqti bilan bog’ligligi.
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