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REZYUME. Ushbu magola harorat, namlik, karbonat angidrid, kislorod va etilen darajalari kabi muhim
atrof-muhit parametrlarini kuzatish va tartibga solishda ilg‘or sensorlarning rolini o‘rganadi. 10T texnologiyasini
integratsiyalashgan holda, ushbu sensorlar real vaqt rejimida ma’lumotlarni yig‘ish, masofadan turib monitoring
gilish va avtomatlashtirilgan boshqgaruv tizimlarini saglangan mahsulot sifati va uzog umr ko‘rishini ta’minlaydi.

PE3IOME. B »s10li crathe mccnemyercss poilb COBPEMEHHBIX TAaTYMKOB B MOHUTOPHWHTE W PETYIHPOBAHUU
OCHOBHBIX TapaMETPOB oxpymaromeﬁ Cpe€abl, TaKMX KaK TEMIICpaTypa, BJIAXKHOCTb, YPOBHU YIJICKHCIIOTO TIa3a,
KHUCIIOpOoAa W dTHIIeHA. braromaps mHTerpanuy TexHoJIoruu MHTepHeTa Bemel 3TH IaTYUKU 00eceYnBarT c60p
JaHHBIX B pCaJIbHOM BPEMCHH, y,Z[aHEHHHﬁ MOHHUTOPHUHI' W aBTOMATU3UPOBAHHBIC CHCTEMBI YIIPABJICHUA JIA
obecrnieyeHns KauecTBa 1 JOJIIOBECYHOCTH XpaHHMOﬁ MNpOAYKIHH.

SUMMARY. This article explores the role of advanced sensors in monitoring and regulating essential
environmental parameters such as temperature, humidity, carbon dioxide, oxygen, and ethylene levels. By integrating
loT technology, these sensors enable real-time data collection, remote monitoring, and automated control systems to
ensure the quality and longevity of stored produce.
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Bernulli sonlari matematikada juda muhim wva Shuningdek, bu sonlar algebraik va geometrik
gizigarli konsepsiyalardan biridir. Ushbu sonlar asosan tatbiglarga ega. Ushbu magolada kompleks o‘zgaruvchili
kombinatorika, ehtimollar nazariyasi, differensial darajali qgatorlar nisbati yordamida natural sonlar
tenglamalar va analiz kabi sohalarda keng qo‘llaniladi.  gatorining natural darajali yigindilarini hisoblash uchun
Bernulli sonlari, shuningdek, turli xil matematik gator- umumiy formula keltirilib chigarilgan.

larni hisoblashda, masalan, trigonometrik funksiyalarni Dastlab ikkita darajali gator nisbatini darajali gatorga

yoyishda yoki zeta funksiyalarini o‘rganishda muhim rol  yoyishni ko‘rib chigamiz. Aytaylik, bizga ikkita

o‘ynaydi. Bu sonlar Jakob Bernulli sharafiga nomlangan fR)=a,+az+..+az" +.. 1)

bo‘lib, u ularni birinchi marta o‘rganib, ularning va '

xususiyatlarini aniglagan. )
Bernulli sonlari butun sonlar va ratsional sonlar bilan L(Z) = b +bz 4. 402" A+ @)

chambarchas bog‘liq bo‘lib, ularning o‘ziga xos rekursiv ~ darajali qatorlar berilgan bo‘lib, bu darajali gatorning
formulalari va generator funksiyalari orgali aniglanadi.  Yyaqinlashish radiuslari mos ravishda musbat 7 va p
Ular yordamida maxsus qatorlarni soddalashtirish,  pocIsin. Bunda (2) gator uchun £(0)=b =0 O
differensial va integral tenglamalarni yechishda anig 2 0
formulalar hosil qilish, shuningdek, sonlar nazariya-
sidagi giyin muammolarni osonlashtirish mumkin. ;= min(r, p). U holda |z| < ¢ doirada ikkala gator ham
Aynan shuning uchun Bernulli sonlari nafagat nazariy ] _ ] o )
matematika, balki muhandislik, fizika va hatto moliyaviy ~ Yadinlashadi. Agar bu doirada f,(z) funksiyaning nollari
hiSOb'kitOIbLafda hallm mubhim ;ollo‘ynaydi. i sopalarid bo‘lsa, radiusi 0 dan kichik bo‘lgan shunday doira ola-
Kompleks sonlar tabiiy fanlarning turli sohalarida e i dni ;

keng q%‘llaniladi. Ulary yordamidg mexanika va mizki, yangi doirada f?(z) nolga aylanmaydi (, = 0):
fizikaning ko‘pgina masalalari 0‘z yechimini topgan. Bu doiraning radiusi /2 bo‘lsin. |z| < R doira ichida

30

orqali 7 wva p larnig kichigini belgilaymiz:
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f(z) = a, +az+...+az2" +.. ©)
by +bz+...+02" + ..
nisbat mavjud bo‘ladi. Ushbu
f@)=c +cz+..+cz" +.. 4)

qatorni  yuqorida berilgan qatorlarning bo‘linmasi
deyishimiz uchun quyidagi ayniyatlar bajarilishi kerak:

[co +cz+..+c" +...}~[b0 +bz . Ab2 4| =

=a,taz+..taz" +..

Darajali gatorlar | Z| ~ R doirada absolyut yaginlashuv-
chi bo‘lgani uchun hadlab ko‘paytirishimiz mumkin.
CObO + (C()bl + clb(])z + (CObZ + Clbl + CQb(])z2 —"_
+(eb, + b, +...+ch) + ... =

=aq,taz+...+a2" +..

Bu tenglik chap va o‘ng tomonidagi gatorlarning mos
koeffitsiyentlari o‘zaro teng bo‘ladi:

®)

cb, = a,
Cobl + Clb() - al 6
cob2 + Clbl + C2b0 = a, ( )
cb, +eb,  +eb ,+....+ch =a,
Bu sistema
CprCiyCoyeeeyCppyene @)

noma’lum koeffitsiyentlarga nisbatan chiziqli tenglama-
larning cheksiz sistemasidir. Shartga ko‘ra, b, = 0

bo‘lgani uchun bu sistema noma’lumlarga nisbatan
ketma-ket yechiladi.

Ikkinchi tomondan, ¢, koeffitsiyentni @y, Gy, 0

y Ay Gyyenn s @

n

va p,b,b

02 V12Y9y *-
yordamida ifodalash mumkin. Buning uchun yuqgoridagi
sistemadan dastlabki 7 + 1 ta tenglamani olib, unga
Kramer qoidasini gqo’llaymiz:

b koeffitsiyentlar orgali determinantlar

b, O 0 a,
1 bl bo O 0,1 (8)
Cn = bn+1 b2 b] bO a’2 ’
0
bn bn -1 bn, -2 an

Yugoridagi mulohazalarni quyidagi misolga tatbiq
gilamiz.

z
e —1
yoyamiz (garang [1]). Bu funksiya butun kompleks C
tekislikdan e* —1 funksiyaning nollarini chigarib
tashlangan sohada, ya’'ni bu funksiya
C\ 0,4 2mi,+ 4mi,... sohada golomorf. Agar biz ushbu

1-misol. F(z) = funksiyani darajali gatorga
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2 3
e-1=24+2 42 4 4 ©)
1 2! 3!
yoyilmasida F(z) ning ifodasiga qo’yib, 2 ga
gisqartirib yuborsak, F(z)funksiya quyidagi ko‘rinishni

oladi:

n

z
— 4+ ...
n!

1

n

1+ 2+ 4

21 (n+1)!

Bu nisbatning maxraji |z| < 27 doirada nolga
aylanmaydi. Demak, bu doirada F(z) funksiyani dara-
jali gatorga yoyishimiz mumkin. Agar bu nisbatning
surati faqat bir bo‘lgani va mahraji yoyilma bo‘lganini
e’tiborga olsak,

l=a,+az+az2"+...4az" +

+...=aq,=1LlLa, =0 (n=123,...).

n

14— 4.+ Foo=b A bzttt o
2! n+1!
1
b =— (n=012..)
' n+1"!

bo‘ladi. (6) tenglamalar sistemasining birinchi tengla-
masida ¢,-1=1 ya'ni ¢, =1 ekanligi kelib chigadi.

Bu boshlang‘ich koeffitsiyent yordamida izlanayotgan
gatorning koeffitsiyentlarini (6) tenglamalar sisemasi-
ning n 4+ 1 - tenglamasi yordamida

1 1

1
+eo—+...t+¢ (O)
n+1! n!

71l +c =0, n=123,...
n 2' n

G

to‘la aniglashimiz mumkin. Oxirgi tenglamadan ¢

koeffitsiyent undan oldingi koeffisentlar yordamida
aniglanadi. Ikkinchi tomondan ¢ koeffitsiyentni (9)

formuladan ham topishimiz mumkin:

1 0 0 1
i 1 0 0
21
1 1
c = — — 1 0| =
" 3! 2!
111 0
n+1! n! n-—11
l 1 0 0
21
A
3! 21
=Dt Ln=1,23,..).
111 1
n+1! n! n-—-11 21

1-ta’rif. Ushbu ¢ n! sonlarga Bernulli sonlari
deyiladi (Yakob Bernulli 1654-1705) va B kabi bel-
gilanadi:
B =cn!.
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Bu sonlar ko‘rinishidan juda oddiy sonlar bo‘lsa-da,
matematikada ular yordamida juda ko‘p masalalarni
yechishimiz mumkin. Bunga biz ushbu magolaning
oxirida batafsil to‘xtalamiz.

Bernulli sonlarini hisoblash uchun quyidagicha
amallarni bajaramiz:

B[] = CU . 0! = 11
1y 0 0
2!
r 1 0
30 2l

B =c, -nl=(-1)n!| . o (n=123..).

11 1 1

n+l! al n—-11 " 2!

Boshgacha qilib aytganda, (10) tenglamadan foyda-
lansak, bu sonlar ketma-ketligi uchun osongina quyidagi
tenglikka ega bo‘lamiz:

1 1
B

TR + B,
Oxirgi tenglikni

TR

=1,23...).
n+1 1 ga ko‘paytirsak hamda
binomial koeffitsiyent uchun
kEl(n+1-k)! e
tenglik o‘rinli ekanligini e’tiborga olsak, ushbu
B+ BC,, +BC, + .+
+B,C", =0 (n=123..)
munosabat kelib chigadi.
tasvirlash mumkin:
(1 _|_ B)n-H _ Bn+1 — 0 (11)
Bu formulani shu ma’nosida tushunish lozimki,
bunda darajali gavs ochilganda binomial koeffitsiyentlar
0‘z o‘rnida, darajalar esa indekslar bilan almashtiriladi.
B =1 deb garab, golgan Bernulli sonlarini (11) formula

Bu formulani quyidagicha

yordamida hisoblab chigamiz:

_ 1 —
BU_L Blz__7B:17 B3_07B4:_i7
2 6 30
B.=0,p — 1
TR
Demak, misolda berilgan funksiya ushbu
ezz—l =c¢tezted +.ote .= (12)
B B B B
B+_Z+ 2z2+ '3Z3+ + “n n+
1! 21 3!

ko’rinishdagi darajali qatorga yoylladl.

Agar (12) yoyilmada 2 ning o’rniga —Z ni qo’yib,
hosil bo’lgan yoyilmani (12) yoyilmadan ayirsak,
Bernulli sonlarining birdan katta tog nomerli hadlari
nolga teng ekanligi kelib chigadi:

vk eN dap, =0
Bundan ushbu
z z ~. B
=1—-24) 222 (2] <27 (13)
o1t (<

yoyilma o‘rinli bo‘ladi.
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Endi  (13) yoyilmaning keltiramiz.

Ma’lumki, quyidagi

tatbigini

17 427 437 +...+n” (14)

- Zj”,(p € N)
j=1

yig‘indi amaliy masalalarda tez-tez uchrab turadi. Agar
p = 1,2,3 bo‘lsa bu yig‘indini hisoblash ancha oson.

Ammo p >4 bo‘lgan hollarda yig‘indini hisoblash
qiyinchilik tug‘diradi.

Biz quyida (14) yig‘indi uchun umumiy formulani
keltirib chigaramiz.

1-teorema. Ixtiyoriy N, p € N soni uchun ushbu

N-1 P

) : va+1 1
1p+2p+m+(N_1)p:ZJPZZCJI;LI _k_(5)
j=0 k=0 p+1

tenglik o’rinli bo'ladi. Bu yerda B (n=0,12,..)"
n! )

"kln—k !

Isbot. Dastlab quyidagi

Bernulli sonlari,

N-1
1+€z +€2z _}_m_}_e(Nq)z — zejz
=0
geometrik progressiya yig‘indisidan foydalanamiz va
quyidagicha belgilashlar Kiritamiz:

Zef = YZ_1~
= e’ —1 2z
e —1 z

f(z) s 9(2) = ——

e —1

Ma’lumki, ikkita funksiyaning ko‘paytmasidan 7 -
tartibli hosila olishning Leybnits qoidasiga ko‘ra, ya’ni
agar u = ¢(z), v= U(z) funksiyalar n — tartibli differen-
siallanuvchi funksiyalar bo‘lsa, u holda:

ZCu

formula o‘rinli. Bu yerda u(°

(16)

(71 k)

V=, v =v.

(16) formuladan P - tartibli
giymati topilsa,

S S CRCE
— S CHI0)g7 D (0)

bo‘ladi.
eNz _
flz)=
z

uchun uni z=0 nugta atrofida 2 ning darajalari
bo‘yicha darajali qatorga yoyamiz:

hosila olib, z =0 dagi

17)

1

funksiyaning £ — tartibli hosilasini topish

2 n
1 Nz Nz Nz
flz) = Z 1+F+ 91 +...+ o —-1|=
B E N_ZZ N:}zQ + ann—l NnHzn
21 3! n! n+1!
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bundan Bundan esa
NE+H nn+1
f<k)(0):k+1 L4243 4dn = ——
. p = 2 bo‘lsa
ekanligi kelib chigadi. Shuningdek 9(z) = 01 2 L
e —1 =Y C"B, ,— =2 Can +C2Bn* + CiBpn® =
L ) - . . /. .
funksiyaning (p —k)- tartibli hosilasini topish uchun 01 1k 0 1 o 3
ushbu 2536 n+3- —§n+ §5—7+n =
! " 0)
_ 9(0) 90 2 g 0) , 1 n nn—1 2n-1
g9(z) = g(0) + ==~ AT e =T oS4l =
tenglikdan foydalanamiz. Buni va (12) formulani bundan
hisobga olsak, ushbu ol nn-1 2n-1
-k P42 4P - ——————
g p—k (0> — Bp_k ;] +2°+35 + +(n ) 6
tenglik kelib chigadi. Bunga asosan (16) formula
quyidagi ko‘rinishni oladi: p = 3 bo‘lsa
k 3 Rkt
Z]p _ Z k B N +1 (18) 13 +23 4o+ n—1 Z] — ch+1B 1
p p— k k=0 k=0
k=0 k=0 _ 1 273 2 373 .3 1 1
ekanligi kelib chigadi. Agar =g CBn GBS+ CiBn & CiBnt =
C’; C‘iii :i[4-0-n+6-é-n2—0—4-[—%]-713—0—714]:
k+1 p+1 :ln4—2n3+n2 =
ayniyatni e’tiborga olsak, (18) formuladan 4n w1 Y
i SRS
Zf—X:BM ,
k + 1 yani

N+ , : nn—1Y
:ZC;];E - P4+ 4+ n-1"=|—0
k=0 p +1 2
ekanligi, ya'ni (15) formula orinli ekanligi kelib chiqdi.  p = 4 bo‘lsa
Teorema isbotlandi. .
Topilgan (15) formuladan Kkelib chigadigan bir 14 4 94 4 4 _ 4
gancha natijalarni ko‘rib chiqgamiz. p =4 da (15) t2 43 4. 4n Zj

formula quyidagi ko‘rinishda bo‘ladi:
k41 n+ 1
P +2' 43"+ .+ (-1 = _ZC B, 5
4 \ nk+1
— -4 c+1 —
—;9 —;Q B, 5 :5(05134 n+1 + C:B, n+1° +
- % C;Bn + 05233”2 + CSBJLB + 054B1n4 +C.Bn” = +C;Bz n+l + 05131 n+1 + CE?BO nt+l)=
n® nt Wt n =1(5-[—i]n+1 $6-0- 41"+
~5 32 '3 w0 o Uso) 00
ya’ni ushbu +10.8.n+13+5.[_5]n+14+ n+1')=
F+2t 43+ 4t = 1 1 31 v 1 5
1 1 1 1 =——-n+l +-n+1 —=-n+1 +-n+1 =
Znd 4 Int 4 Zpd — — 130 . 13 2 5
5 2 3 30 _tos e Lo L
formula o’rinli bo’ladi. 5" * 2" * 3" T30
Bu topilgan (15) formuladan kelib chigadigan bir
gancha natijalarni ko‘rib chiqamiz. Demak,
= 1 da (15) formula quyidagi ko‘rinishda bo‘ladi: n ‘

b . Zﬁ:14—|—24—|—34—|—...n4:1n5+1n4—|—1n3 1n
14+2+3+..+ n—1 :Z:C’Hl N = ooz 8 X
=+ p = 5 bo‘lgan holda

k1 n'*! I 2p 2 kel
_IZC B =3 CiBn + C;Bn* = z] —Zc’f“B ntl
0
-1 2 L 2| =L e _LnT ! - ’ 2 3
=3 '<‘§>'”+” R = S(CiB, n+1 +C2B, nt1”+CIB, nt1’
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+C!B, n+1"+CB n+1" +C'B, n+1")=
~Y60 n+1 415 |-
6 30

+15-2 n+1t 6 |-t
6 2

+%~0-n+14+2yé~n+15+
n+174+20-0- n+1° +

+7-[—; n+l'+ n+l’)=

5 6
1 1
nt il 1 1 31 5001 6 1 7
=—-n+l -=n+l +-n+l —=-n+l +-n+l =
6 2 2 7

S NI T LRI IS (I IS 42
12 12 2 6 D YEID SRS WP UEO
S I T I W 7T T T T
6 2 T12" 12 Demak

1542043 +...+nf =

ya’'ni
5 s ; . "1 1. 5 , 1 ~ 1. 1s, 15 1 1
P+2 43 4. 4+n° =) =-n"+-n"+—n'——n’ = =-n"+-n"4+=-n"—=-n'"4+—n
! Z;j ¢ T2 " " Z;j T2 T2 6 a2
p =6 bo‘lsa Xuddi shunga o‘xshash p = 10 bo‘lsa,
k+1 n
n 6 n+1 10 __ 110 10 10 0 _
6 k+1 _ T =1"4+2"4+3"+...+n" =
> = e, S »
=0 k=0

:lnn _‘_lnlo +§n9 —n 40 _1n3 +in
11 2 6 2 66
ekanligi kelib chigadi.

Umuman olgandan Bernulli sonlari bilan bog‘liq

— LB ni1 1B ns17 0B w1+
7

+C'B, n+1" +CB n+1 +CB n+1' +CB, nt1')= .
ravishda xuddi shunga o‘xshash Z i yig‘indini P
3 J=0
ntl + parametr ma’lum bo‘lgan aniq 70 ga nisbatan ifodasini
topish mumkinligi ko‘rib chiqildi.
Adabiyotlar

1. Mapkymesuu A.M. Kparkwii Kypc Teopuu aHamuTHYeCKuX (QyHKIuH. —MockBa: [‘ocymapcTBeHHOE
M3JIaTENbCTBO TEXHUKO-TCOPUTHUECCKOH muTepaTyphl. 1957.

2. bepkoBuu @./1., ®equit B.C., lllneikop B.W. 3amaun cTyneHUECKUX MaTeMaTHYECKUX OJMMITHANA. YdueOHOe
nocobue. -Pocros #/]l: «®ennkcy, 2008. —C. 171.

3. Xudoyberganov G., Vorisov A., Mansurov H., Shoimqulov B. Matematik analizdan ma’ruzalar. —-Toshkent:
«Voris-nashriyoty», 2010.

4. Aonpymmaes XK1, 3amaun MeXIyHAPOTHOW ONMMITHAALI TI0 MaTeMaTtuke (ISl BOCOHUTAHHUKOB JTOBY30BCKHX
00pa3oBaTeIbHBIX YUPEKJICHHI rocyaapctB). Metoauueckuii mocodue, M3garensctBo «Milleniumus printy OOO.,
Vue6Hoe nocobue. — Yprenu.: 2024. YVK: 517.53(075.8), KBK: 22.1173.

REZYUME. Ushbu magolada kompleks o‘zgaruvchili darajali qatorlar nisbatining ba’zi tatbiglari keltirilgan

bo‘lib, bunda Bernulli sonlari yordamida ijp yig‘indini hisoblash usuli ixtiyoriy natural

S I B DRI SIS I CN I
T8 30

17 4+27 + 3 +...4n? =

j=1

P uchun keltirilib chiqarilgan. Maqola bakalavriatning matematik yo‘nalishi katta kurs talabalari va magistratura
talabalari uchun mo‘ljallangan.

PE3IOME. B nannoii  paboTe paccMarpuBaeTcs HEKOTOPhIE TNPUMEHEHHE 4YaCTHOE CTEIEeHHBIX PSIOB

KOMILJICKCHBIX TEPEMEHHBIX, TJI¢ OCHOBHYIO POJIb MIPAET, TaK Ha3biBaemoe, uucia bepuHymmu. B gactHOoCcTH, C

n
IIOMOUIBIO 3THX YHCEJ, TOKA3aHO PABEHCTBO sz JUIs JTI00BIX HaTypanbHBIX P . CTaThs

1P 4+22 437 + .. 4n? =
i=1

MOKET OBITh HMHTEPECHBIM ISl CTYIEHTOB CTapIIMX KypCOB MaTeMaTHUECKOTO HarpaBlieHHWs OakamaBpuaTa M

CTYZIEHTOB MarucTpaTypsl.

SUMMARY. In this article, there are considered some applications of complex variable power series, in which
with the help of Bernoulli’s numbers, the method of calculating the sum 17 +920 £30 4 4t = ij for an
j=1

arbitrary natural number p is given. The article may be of interest to senior undergraduate students majoring in
mathematics and master's degree students.



