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Abstract. The solutions to ordinary differential equations have been well studied and published in a large number
of publications. However, the question of effective methods for solving ordinary differential equations remains open. This
paper explores an alternative method for finding a general solution to Bernoulli's differential equation.

n
The solution to Bernoulli's differential equation is well known by dividing Y, the entire equation by, contained

on the right side of the equation. Then this differential equation is reduced to a linear differential equation and solved in a
known way. The solution to Bernoulli's equation can be found in other ways. One such method is presented in this work. In
our opinion, the proposed method for finding a general solution to this differential equation is less labor-intensive, and
therefore more effective, compared to other methods for solving the Bernoulli equation. This article uses the well-known
formula for the derivative of the product of two functions.

Keywords: function, derivative, differential equation, general solution, integration.

Annomayua. Pewenue o0bbikHOBeHHbIX OuhheperyuasvHbix YpaHeHuil Xopouio usyuensl u onybauxobarv. 6
bo1vuiom korunecmbe usoarnui. Oouaxo Bonpoc 06 3gpghexmubrpix memodax peuieHutl 00bIKHOBeHHbIX OUPhepeHUarbHbLX
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ypaBrenuii ocmaemcs omkpuimsiM. B nacmoawei pabome uccaedyemea asvmepHamubroiil Menoo HAXOXOeHUs 0bujeeo
peuienusa Ougpgpepernyuaivroeo ypabuenusa bepnyasu. Xopouwio usbecmuo peusenue Ougpgpepenyuaisiozo ypabHenus
Beprysau  Oesenuem Bceeo ypabuenus Ha yn , codepxxawjerics 6 npaboi wacmu ypabuenus. Toeda Odanmoe
oughgpepenyuasvroe ypabrenue npubooumcs k AUHEUHOMY OughhepenyuasbHoMy YpabHeHuto U peuiaemcs u3becimHuim
cnocobom. Pewtenue ypabrenusa bepnyiiu moxuo naumu u opyeumu cnocobamu. OOHUM U3 maxux cnocobob npubooumcs
6 dannon pabome. [1o HaueMy MHeHU0, NpedAazaeMblll Meto0 HAX0KOeHUA 00ujee0 peulenus 0aHHOo20 OudeperuaIbHoeo
ypabuenus abasemcsa MeHee mpyoosampamuwiM, a ciedobamenvho, Oosee 3pdpexmububimM no cpaBHeHuro ¢ Opyeumu
memooamuy peuwienus ypabrenus bepuyssu. B Oanmoi cmamve ucnosvsobama usbecmmuas gpopmysa npousboorHoi
npousbederus 06yx GyHKyuil.

KatoueBvie caoBa: ¢pynxyusn, npousboonas, oupgepenyuarvroe ypabrenue, cA0kHAA pyHKkyusa, obuee peuierue,
unmeepupobanue.

PeueH3eHT: MapTexa AnekcaHgp Hukonaesuy — KaHOMAAT TEXHUYECKMX HaYK, AOLEHT.
HDoueHT ®IrE0Y BO «PIrAY-MCXA um. K.A. Tumnpssesa»

HacTtoswan crtaTbd MocCBelweHa HaxoXAeHno obuwero  pelleHusiypaBHeHUs
BepHynnn,ucnonbays dhopmyny NPON3BOAHON npovsseneHne ABYX
dyHKUMn. JnddepeHymanbHbiM ypaBHEHMEM MEPBOro Nopsigka B suae

¥y +P(X)y =Q(x)y" (1)

ABnsieTca ypasHeHnem beprynnu [1].
Ecrmn =0, TOypaBHeHne (1) ABNAETCA HEeOAHOPOAHbIM JINHENHBIM

oM depeHUmansHbIiM ypasHeHnem, a npu N = lasnaetcagmddeperHumanbHbiM ypaBHeHneM
pasfensaownuMcs NnepeMeHHamMmn, PeLLEHNST KOTOPbIE SBNSIOTCS U3BECTHbIMK [1].
B HacToswen paboTe paccMoTpuM obLee pelleHneypasHeHns bepHynnm (1) npwm

nNz0un=1.

YMHOM 06e CTOPOHbI ypasHeHUst (1) Ha tyHKLmio Z = z(X)

Y2+ P(X)yz=Q(x)y"z @

®yHKumio £ = Z(X) BblGepeM Tak, YTOObI BbIMOJIHANACH PAaBEHCTBO

' =P(X)z 3)

Ecnu noctaBuTb paBeHCTBO (3) B ypaBHEHME (2), TO UMEEM
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YZ+yz'=Q(x)y"z (4)

Ecnu  wcnonb3oBate  opmysly  MPOU3BOAHOM MPOU3BEedeHWs ABYX  (PyHKUMiA

!

!, !’
(UV) =uUV+Uuv 1o ypasHeHue (4) 6ygeT pasHo [2]

(12) =Q)Y"z ©
npeobpasysaypasHeHme (5)
(v2) =Q(x)z""(yz)
(v2)" (yz) =Q()z""

©27) _ gz

1-n
nosy4mm

(v2)") =@-nREoz" ©)
Tenepb Hangem OyHKLMIO Z(X) . Ons atoro n3 (3) nony4nm

P(x) = Z? = (inz)

OTcropa

Inz = [ P(x)dx

2(x) =@/t )

To noctaenas (7) ypasHeHus (6), noay4ymnm
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((yeJP(x)dx> 1-n )’ _ (1_ n)Q(X)e(l—n)jP(x)dx

Ecnun nHTerpupoBaTb 06€ CTOPOHbI 3TOr0 PaBeHCTBa, TO MONY4YMM

(yejP(x)dx )l—n —C+ (1_ n)J'Q(X)e(l—n)jP(x)dx dx

yl—ne(l—n)jP(x)dx _C4+ (1_ n)j'Q(X)e(l—n)jP(x)dx dx
nnun, obLLMM UHTErpanom (peweHnem) ypasHeHus (1) ssnsietcs
yl—n _ e—(l—n)jP(x)dx (C n (1_ n)j'Q(X)e(l—n)jP(x)dx dX) @

Tenepb paccMoOTpUM NpUMepbI.

Mpumep1. Hantn obuee peweHne ypasHeHns bepHynnu [3]

y’+k—y=xmy”, n=0,n=1

X

roe K, M, N — geiicteutenshbie uncrmn N#0,N =1,

PelwueHne. YMHOXUM 06€ CTOPOHbI ypaBHEHUS Ha DyHKUMO Z = Z(X)

K
y’Z+ yZ:xmynZ

X

OyHkumio £ = Z(X) BbIGEPEM TaK, YTOObI BbIMOHANACH PABEHCTBO
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TO

n

yz+yz' =x"y"z

Ecnn  wucnone3osatb  opmysly  NpPOM3BOOHOW Mpou3BedeHus OBYX  (yHKUUIN

4

(UV) =uv+uv , To ByaeT paBHO

((=)") = @-n)z

Tenepb Hangem yHKLMIO Z(X)

KoZ(inz)

X yA

nz=klnx=1Inx*

To noctaeBnsas ypaBHEHUA MNOJyHUM

((yxk )l_n )’ = (1— n)xmxk(l_”)
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((yxk )1_n )’ —(1- n)xm+k(1_n)

Ecnn nHTerpupoBaTtb 06e CTOPOHbI 3TOr0 PaBeHCTBAa, TO NOy4UM

(yxk )l_n =C+(1- n)jxm+k(1‘”)dx
nnn

e @k s (1_ n).“xm+k(1—n)dx
OTcropa

yl—n _ X—(l—n)k (C n (1_ n)"'xm+k(1—n)dx)
1. ecnmk(l_n)+m¢_1, TO

1-n X_(l_n)k [C N (1— n)xk(l—n)+m+1 j

y =

K(—n)+m+1
yl—n _ X—(l—n)k C 4 (1_ n)xk(l_n)+m+l
k(-n)+m+1

N 0OLWMM UHTErpanom (peLleHnem) ypaBHEH NS SBNSIETCA

(1 . n)Xm+1

-n _ ¢ —(1-n)k
4 X ’ k@l—n)+m+1
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2. ecnu k(l— n)+ m = —1, TOOBLLMM NHTErpanom (peLLeHnemM) ypaBHeEHNS ABNSETCA

Y = xER(C +(1—n)in x).

Mpumep 2. Hantu obLuee pelueHne ypaBHeHUs BepHynnm

,  kxy

V'+——==xy", n#0,n=1

x2+a?

roe k,n — nencteutensHble uncmu N#=0,N =1,

PewweHne. YMHOXUM 06€ CTOPOHbI ypaBHEHUSI HA DYHKUMIO Z = Z(X)

dyHkumo £ = Z(X) BblIGepeM TaK, Y4TO6bl BLINOMHANACH PABEHCTBO [4]

kxz
x* +a’

TO

yz+yz'=xy"z

Ecnm  wucnonb3osatb  ¢opmysly  NpOn3BOSHOMN

!

(UV) =u'v+uv , TO ByOeT paBHO

(vz) =x)"z
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(yz) =x(yz)' 2"
(yz) " (yz) =x"z*"

4

1-n
O2)")
1—-n

(G=)") =@-n)enz

Tenepb Hangem OyHKLUMIO z (X)

k Xz Z
rwcilUL)

In z_kj xdx :gln(x2+a2): In(x2+a2);

2(x)= (x* +a2)

To nocTtaBnsisi ypaBHEHWsS1 MOMyYUM

(y(xz +a? )Ig jln =(1- n)x((x2 +a? ): Jln

~
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Ecnun nHterpupoBaTtb 06€ CTOPOHbI 3TOr0 PaBeHCTBA, TO NOJy4nM

K k(1-n)

(e ) ) =Crlnfale +ar) o

nnn

k(1-n) k(1-n)

yl_n(x2+a2) 2 :C+(1—n)jx(x2+a2) 2 dx

OTcropa
—k(1-n) k(1-n)

Y= (x4 aZ)Z(C +([L=n)fx(x* + az)zdx)

1 OBLMM VHTErpasioM (PELEHNEM) YPaBHEHS SBNSIETCS

1-n 2 2\ k=N 1-n)x*+a’
¥y =|C(x*+a’) ¢ +( k(l)Exn)tLZ)

2. ecnu k(l— n) =—2, T0 06LWYM NHTErpanom (peLleHnemM) ypaBHEH NS SBNAETCSA
v =(x*+a*C+(@-n)in(x* +a?))

Mpumep 3. Hantn obLuee peweHne ypaBsHeHna bepHynnu

roe k,n— pencTBuTeNbHble Yucam n N # O,n=-1.
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PelwieHne. YMHOX1M 06€ CTOPOHbI ypaBHEHUS HA YHKUMID Z = Z(X)
ka
yz+kxyz=xe 2 y"z

OyHkumo £ = Z(X) BblIGEpeM TaK, YTO6bl BbINOMHANACH PABEHCTBO [5]

kxz=12

TO

Ecnm  ucnonb3oBatb  GopMynly  NpoOM3BOOHOW  MPOU3BEAEHUs  ABYX

!

(UV) =uv+uv , TO ByfeT paBHO

Tenepb Hangem PyHKLUMIO Z(X)

z' '
kx =—=(l
X == (Inz)

2

Inz:kj xdx=kx7

kxz
z(x)=e 2

TO NOCTaBNSAS YPaBHEHMS NOy4uM [6]

ke? k? ke?
ye? | =xe 2y'e?
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'
k2 _knx2 knx?

ye? | =xe 2e 2y

kxi2 knx? k x2
ye? | =xe 2 |ye?
2\"N 2 ' 2
k x ﬂ _knx
ye 2 yve? | =xe ?
'
k2 =n k nx?
1-n Y
'
kxf2 1-n _knx2
ye 2 =(1-n)xe 2

Ecnn MHTEerpmpoBaTb obe CTOPOHbI 3TOro paBeHCTBa, TO NOJyHUM

1-n
k2 knx?
ye ? =C+(1—n)jxe 2 dx
w2\ knx?
ye 2 =C- 1-n e ?
nk
(1-n)kx? o _kna?
yle 2 _c-1 N
nk
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—(1-n)ke? 1-n _knx2
y"=e 2 |C-—e ?
nk
—(1-n)kx? . _k x?
yl—n :Ce 2 _1 ne 2
nk

OTcroga nony4nm obLwmin nHTerpan (peweHne) ypasHeHns

nkx? k x?
_ 1-n| -
y'=|Ce? -— e ?
nk

HoBbIli MeToA Npeafiaraemblil B HAaCTOSLLER paboTe SBNSeTCA MeHee Tpyao3aTpaTHbIM,
a cnegoaTenbHO 6onee 3(PPEKTUBHLIM MO CPaBHEHUIO C KIACCUMYECKMU MeToaamu

pelleHns anddepeHumanbHOro ypasHeHus BepHynnn.
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