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SPECIAL CASES IN CALCULATING THE DERIVATIVE OF A FUNCTION
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YACTHBIE CJTYYAHU BBIYUCJEHUS ITIPOU3BOJHOM ® YHKIIUH

Xiilasa. Funksiyanin téromosi anlayisinin genis tatbiglorinin oldugu malumdur. Ekstremum moaso-
lalori, geyri — standart saholorin, oyrinin uzunlugunun , ixtiyari foza fiqurunun hacminin hesablanmasi vo
sair. Magalads téromoenin hesablanmasinn anonovi diisturunun deyil, xiisusi segilmis funksiyalar {igiin ilk
baxigda diizgiin olmayan hasil va nisbotin téroma diisturlarinin ¢ixarilist verilmisdir. Bu kimi yanagmalar
riyaziyyat miollimlarinds va riyaziyyat sevarlords fonnos ¢ox ciddi tosir edon stimul yaradir. Bu baximdan
riyaziyyatin darindan 6yranilmasinds ¢ox boyiik shamiyyat kash edacayi gozlonilondir.

Agar sozlor: funksiyamin toromasi, diferensial tanik, natural adadlor ardicilligi, geyri-miiayyanlik,
sonsuz cam, hasil, nishat, hesablama, hasilin toramasi, nisbatin toromasi, riyazi arasdirma

Abstract. It is known that the concept of the derivative of a function has wide applications.

Extremum problems, calculation of non-standard areas, the length of a curve, the volume of an
arbitrary spatial figure, etc. The article does not give the traditional formula for calculating the derivative, but
rather the derivation of derivative formulas for products and ratios that are not correct at first glance for
specially selected functions. Such approaches create a very serious stimulus for mathematics teachers and
mathematics lovers to the subject. From this point of view, it is expected to be of great importance in the in-
depth study of mathematics.

Key words: derivative of a function, differential equation, sequence of natural numbers, uncertainty,
infinite sum, product, ratio, calculation, derivative of product, derivative of ratio, mathematical investigation

AnHoTanus. M3BecTHO, YTO MOHATHE NPOU3BOAHON (YHKIMU UMEET IUPOKOE MPUMEHEHHE. 3a1aun
Ha 3KCTPEMYM, BBIUMCJICHHE HECTAHIAPTHBIX IUIOMIAACH, UTMHBI KPUBOM, 00bEMa MPOM3BOJILHON MPOCTPAH-
CTBEHHOH (GUTYpHI U T. 1. B cTaThe HE MPUBOAUTCA TPATUIIOHHAS (GOpMyJa Ul BBIYHCIEHUS POU3BOTHON,
a BBIBOIATCA (HOPMYJBI NMPOW3BOIHBIX Ul NPOM3BEICHUH M OTHOIICHHWH, KOTOPBIE Ha MEPBBIA B3IJISA
HEKOPPEKTHBI JJIs CHEeNHaIbHO MOJ00paHHbIX (GyHKIHNA. Takue moaxosl CO3AA0T CEPhE3IHBINA CTUMYIT IS
y4HTEeNeH MaTeMaTUKU | JII0OHUTEeNeld MaTeMaTHKy K rpeaMeTy. C 3TOW TOYKHM 3peHUs], 0KUJAETCs, 9YTO OHA
Oyzner uMeTh 0OJIbIIOE 3HAYSHUE ISl YIITyOJICHHOTO U3YUYEeHHUS] MaTeMaTHKH.

Knwouesvie cnosa: npouszsoouas ynkyuu, ouggepenyuanvroe ypasHenue, nocie008amerbHOCHb
HAMYPANbHbIX YUCesl, HeonpeoeieHHOCmb, DeCKOHEUHAs CYyMMA, NPpOou3eeoeHue, OMHOueHUe, GblYUCTIEHUE,
NPoU3B00HAs NPOU3EEOCHUS, NPOU3BOOHASL OMHOULEHUS, MAMEMAMUYECKOe UCCIe008aHUe
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Aydindir ki, riyaziyyat dagiq elmlorin siralamasinda birinci yerds galir. Belo ki, burada har
hansi bir anlayisin torifi, xassolori, hesablamalar, diisturlar vo s. hamist mitkommal montigo
osaslanir. Bununla bels riyaziyyatda da 6ziinamoxsus Kenara ¢ixmalar, geyri-miiayyanliklar, molum
hesablama diisturlarindan konar xiisusi hallar, yoni timumi diistura sanki tabe olmayan xiisusi hallar
olur. Bu tip masalalora, mosalon sonsuz sayda odoadlorin hesablanmasi zamani, masalon 1-dan
baslayaraq, sonsuz sayda natural adadlorin cominin sonsuz boyiik yox, sonlu adada barabar olmasini
gostaran riyazi hesablamalar var: izah {i¢iin bunu gostarak:

=1+2+3+4+5+6+--=
=1+2+3+49)+G+6+7)+B+9+10)+(11+12+13) + - =
=1+9+18+27+34+45+-+=1+9(1+2+3+)=N

N
olarsa, 1 + 9N = N almus olariq ki, burada 1-don co0-a qodor sayda natural adodin cominin
1
1+9N =N,N = — 3
olmasi goriiniir. Bu geyri-daqiqliyin sabablori sonsuz sayda toplananlarla baglidir.
Bununla yanasi, moaqalodo gdstoracoyimiz qeyri-doqiqliklo bagli, daha dogrusu funksiyanin
téroms gaydalarinin "pozuldugu" hallara baxacagiq.
Iki funksiyanin cominin vo forqginin téromosinin
) +gx) =f ) +g9'(x), Fx) —gx) =f(x)—gx)
kimi hesablandigi molumdur. Funksiyanin hasilinin vo nisbatinin téromosi iso téromonin
torifindon alinan vo bir godor daha miirokkaob
(F@) - ge0)) = /() g + f () g’ (), ,
(f(x)) _ &g —f() - g' )
g(x) g% (x)
diisturlar1 ils hesablandigini bilirik.
Riyaziyyat kursunun téromo ilo bagli dorslorindo sagirdlor vo ya tolobolor sohvon iki
funksiyanin hasilinin vo nisbatinin téromasi neco hesablanir? —sualina bazon sshv va talssik olaraq,
bozi xiisusi hallara asaslanaraq

(f)-g@) = f(x)g'(x)

(2%) _ )

\'&

g’ (%)

kimi anlayirlar.

Sual olunur, bas sohv kimi geyd etdiyimiz bu iki diistur haqigatonmi sahvdir?!, yoxsa xiisusi
hallarda, yani f(x) vo g (x) funksiyalarinin bazi xiisusi qiymatlorinds bu diisturlar dogru olur.

Mogqalodo yuxarida iki funksiyanin hasilinin vo nisbotinin téromosi ilo bagli iki hali
aragdiracagiq.

Ovvalea (f(x) - g(x)) = f'(x) - g'(x) oldugunu siibut edok (xiisusi secilmis f(x) vo g(x)
iiclin). Bu geyri-miiayyan, geyri doqiq diisturun dogrulugunu isbat iigiin sol torafin toromasini tosdiq
edilmis molum diisturla, sag torafini iso isbat1 tolob edilon kimi yazaq:

fO)-g)+f)-g(x)=fx) g ) @1)

Sadolik iiclin x-doyisonini nozors almadan yazsaq, asagidaki kimi dayisenlorine ayrila bilon
diferensial tonlik almis olurugq.

fr9+f-9=f-9,

flg-9)=~f-9,
Borabarliyin har tarsfinin f (g — g”) hasilina bolsak, alariq:
f g

_ _ _ f 9-9
Hor torafi x doyisonina goras inteqrallasaq

f9-rg=-f-9g,
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f];dx = f (—,g €g> dx

lnfz—f g -dx + C,
9g—9

(=9 — [—9X)
F(x) = Ce Io=% _ o™ gto—am®™ )
almis olarig. Malumdur ki,

I f&)=u, | _ cau_,
I 75 ¢ = |Foode = qul =1 % = e = nf @),

Indi iso g(x) funksiyasmi secok. g(x) = e® kimi gobul etsok, g’'(x) = ae® (3) olar. (3)-ii
(2)-do noazars alsaq,

g' ax ae®
fx) = Ce J5-0% = (o Vemegeandx _ Cefeax(J D% = celami®™ = ¢ - eat”,
f(x)zC-em (a+1)
olar.
Indi gostorok ki, g(x) =e* (a # 1) oldugda, (f(x)-g(x))" = f'(x) - g’(x) baraborliyi
dogrudur. Bunun ii¢ilin hasilin téromosi diisturunda bunlar1 nazars alsaq

(F) g = F ) ga) + F() - g'0) = (ea) "+ e + ea-1* - (e™) =

a a x a x a x a
= T ea-1" e 4+ ge™ - ea-1" = ea-1" - ¥ (—1+ a)
a— _
a _ 2 a
— pai¥.pax AIATTA _ @ oTX . pax 4)
a—1 a—-1

F)-g'(x) = (eﬁx) (™) = a(jl e&x g et = aa_zeaal e (5)
Beloliklo, (4) va (5) barabarliklorindon aling ki, g(x) = e** (a # 1) oldugda
(Fx) - g(x) =f(x)-g'(x)

boraborliyi 6danilir.
Forz edok ki, g(x) = x™. g’(x) = nx™ ! oldugundan (2) dusturundan alariq ki,

X n-1
f(X) = e % e—f#dx = ef%dx =e nfd(n - = e‘"l”(n‘x) = —( ! )n’
n—Xx
@ g@)) =) g(x)+f(x)-g'(x) =

— 1 () 1 . ny — .. 1 () 1 . n-1 _

_<(n—x)”) M o O Ty Y N T ™ T
_ nx™nx™i(n-x) _ nZx"l
(n—x)n+1 - (n—x)n"'l’

, , _ 1 nnx""l  pZxnl
f (x) g (x) = ((n—x)n) (xn) (n—x)"+1 — (n—x)n+1’
Belolikla, gostordik ki, g(x) = x™ oldugda
&) -gx) =fx)gx)

barabarliyi 6donilir.
Indi iso iki funksiyanin nisbatinin tdromasinin onlarin tdromalori nisbatino borabar oldugu
xtiisusi hal1 aragdiraq.

Molumdur ki, (; g;) =L (x)g(:) (9]: )(x)g *x) (6) diisturu biitiin funksiyalar {igiin dogrudur.

Forz edok ki, elo iki f(x) vo g(x) funksiyalar1 var ki, (%) ;Exi (7) borabarliyini

odayirlor. Onda (6) vo (7) barabarliklorine gora
FXgD)-f)g ) _ fx0) (8)
9% (x) 9

olar. Sadslik iiciin (8)-i L gg 19— g—: (9) soklinds yazaq. Bu tonlik doyisonlorine ayrila bilon

tonlik oldugundan (9) — u sados gevirmalarlo asagidaki soklo gatirak:
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(g)
9-9-9%" (10)
(10) tonliyini x dayisenina gors inteqrallayagq:

r_
f

f@, _[_g)
ok fﬂ'-g—gzdx' o
fd(f(X)) [ (992 _dx, In(f(x) —f (g) ~dx +C,f(x) = Cefg 792" . (12)

) 9-9-9°
Indi iso g(x) funksiyasini segok. Masglan, g(x) = x™ soklindo gétiirok. Onda g (x) = nx
olar.

n-1

(g)? .
_ dx inteqralina baxagq.

Yazilisin sadoliyi tigiin ovvalca fg, s

( ')2 2.42N-2 2
[ZE—dx = [———dx = fnxn_xzdx.

g-g—g2 nex2n—1_,2n
Sonuncu inteqralalt1 ifado rasional ifado oldugundan onu
2
n A B

— = +
nx—x? x n-—x ,
Sado kasrlorin comi soklinds yazib, buradan A = B = n tapariq. Bu qiymatlori [ nxn_xz

dx
nozors alsaq, onda

n
) =(=)"
Belalikla, segilon g(x) = x™ funksiyasina gora elo f(x) = (ﬁ) funksiyasini toyin etdik ki,

(g)? n
fx) = efg"g—gzdx = ef(%"'%)dx = elnx"~In(n-0)" — em(nxTx) = (

bu funksiyalar {igiin (g) = gbarabarliyi odonir.
n
Asanligla yoxlamaq olar ki, g(x) = x™ va f(x) = (ﬁ) funksiyalar1 li¢iin, masalon, n = 2
olarsa, (g) = 5 boraborliyi odanir. Dogrudan da bu halda,

2
g(x) =x%va f(x) = (szx) soklindo olur. Onda

(f:) N <(2x%5) > - ((z—lx)z), =(2-07) =55 (12)

x 2
f_ [(ﬂ) ] _ 2x(4—4x+x?)+x2(4-2x) _ 4-2x (13)
g @ 2x(2-x)* T -0t (2- x)3

(12) vo (13) borabarliklarinin sag taroflarinin barabarliyindan sol taroflarinin do (5) =§

borabarliyi alinir. Eyni gaydada gostarmak olar ki, istanilon n igiin (5) = ;—:barabarliyi Odonir.
n
gx) =x"vo f(x) = (ﬁ) funksiyalar1 tigiin, masalon, n = 3,

n = 4,va sair hallar ligiin (i) = g—: boraborliyinin =~ dogrulugunun  yoxlanilmasini

dinloyicilars havalo edirik.

Problemin aktualligi. Baxilan problemin todgiginin naticalorinden praktikada, miixtalif masalslorin
intensivlogdirimoasinds baxilan {isullardan istifado etmoklo sagirdlorin tofokkiiriiniin inkisaf etdirilmasinda
istifads xiisusi aktualliq kasb edir.

Problemin elmi yeniliyi. Maqalads funksiyanin tdramoesi anlayisinin milkommal totbiqi Oyradilir.
Homginin riyazi diisturlara daha yaradici yanagma yollarmni, iimumi hallarda kenara ¢ixmalar - istisna allari
varmi? sualina praktik cavab hazirliginin olmasi arasdirilir.

Problemin praktik oshamiyyoti. Baxilan isbat {isullarindan istifado etmokls riyaziyyatin tadrisindo
daima aktual olan vo Oyrodonlor iigiin stimulyaradici, dyronanlor ii¢iin iso stimulverici kimi metodiki
xiisusiyyatlorin formalagdirilmasi baximimdan shamiyyatlidir.
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