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Meron ycepeaHeHHs 3a MIBUAKAMH 3MiHHMMH 3aCTOCOBAHO JUISl JOCIIJDKEHHS
MaTEeMAaTHYHUX MOJENEeH MPUPOJHUYUX MPOLECIB 3 JIHIHUMHU 3ali3HEeHHSIMHU
mig fJier0 GararodacToTHuUX 30ypeHb. [100yn0BaHO ycCepeqHEHY CHCTeMY 3a
MIBUIKAMH 3MiHHHUMH, SKa 3HAYHO MPOCTIIIa TOYHOI CHCTeMH PiBHSAHB. J{oBene-
HO iCHYBaHHS 1 €IMHICTH HENEPEPBHO NUQPEPEHIIHOBHOIO PO3B’A3KY Ha CKiH-
YEeHHOMY 4acoBOMY Bipi3ky. OOIrpyHTYBaHHS METONy yCepeaHEHHsS OyIyeThb-
cs Ha OLIHKAaX OCHWJLAIIMHHUX IHTETpaliB, BIAMOBIAHUX 0araTO4acTOTHIN CHC-
Temi. HanpsiM nocrikeHp 0araToyacTOTHHX CHCTEM 3alpOIIOHOBAHO y Mparsix
AM. Camoiinenka i P.I. [lerpummna. [IudepeHrianbHuM piBHSIHHAM 13 3ali3-
HEHHSIM apryMEHTy i MOYaTKOBMMH, 0araTOTOUYKOBUMHM M IHTETpaJbHUMHU YMO-
BaMH, JIOCJII/DKEHHIO 3a JIOTIOMOTOI0 METOY yCepeTHEHHs CHCTEM, SIKi B TIPOIIECi
eBOITIOLIi MPOXOAATH Yepes pe3oHaHc, npucBsueHi npaui S1.U. Birysa. Beranos-
JICHO YMOBY PE30HAHCY, sIKa 3aJIeKUTh HE TUTBKU BiJl 9YacTOT, aje i Bij 3aIi3HEeHb
y mBHAKUX 3MiHHEX. OnepkaHa OILiHKa METOIYy YCEpETHEHHS SIBHO 3aJIe)KHUTh
BiJl MaJoOro Mapamerpa Ta KiTbKOCTI IIBHAKAX 3MIHHHX 1 3amli3HEHb y HHX.
ACHMIITOTHKA OI[IHKH € HEMOKPAIlyBaHOK MPH HAKIAJAEHUX y poOOTi yMOBax.
OCHOBHOIO YMOBOIO NOOY/IOBH OLIIHKH € YMOBA BUXOJAY CUCTEMH 3 MaJIOTO OKO-
NIy pe3oHaHCy. Y poOOoTi TakO0 YMOBOIO € BiIMIHHICTB BiJl HyJIS Ha 4acCOBOMY
Binpisky [0, L] Bu3Haunuka BpoHchKOro mopsaky mg, moOynOBaHOrO 3a CHC-

TEMOIO (| BEKTOPIB YacTOT 3 JIIHIHHO MEPEeTBOPEHUMH apryMeHTaMH, M — KiJlb-

KICTh IIBHJKHX 3MiHHHX i yacToT. OmepKaHuil pe3ysbTaT MPOLTIOCTPOBAHO Ha
Mozeni Bonbreppu—JIOTKY M BIUIMBOM OZHOYACTOTHOTO 30ypeHHs 3 JIHIHHO
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MePETBOPECHUM apryMEHTOM. ACHMITOTHKA OLIIHKU TOXHOKH METOLY Ma€ mopsi-
JIOK /& 1XapakTepHa JUIi JBOYACTOTHOI cucTeMHu Oe3 3amizHeHHA. [l ycepen-
HeHol 3amadi IpoaHaii3oBaHO Oiypkamii craHy piBHOBaru, sKMil BiITOBiTa€e
CHIBICHYBaHHIO JIBOX BH[IB. Pe3ynpTaTti po60TH MOKHA 3aCTOCYBAaTH IpH MO0Y-
JOBI1 1 JOCIIKEHH1 MAaTEMATUYHUX MOJCIICU NUHAMIKU ITOIMYJIALl 3a HAABHOCT1
OararoyacTOTHUX 30ypeHb. Taki TOCHiKEHHS aKTyallbHi B IepioJ BOEHHUX JiH,
KOJIM Ha MPOLECH Y IPUPOAl BIJIMBAIOTh LIYMH, CBITJIOBI, MEXAHIYHI 1 €JIEKTPO-
MarHiTHi 30ypeHHs. Takox ofep:kaHU pe3yIbTaT 3aciIyroBy€e Ha yBary B MOJe-
JISIX MOUIMPEHHS emifeMill, IMyHHOI BiAIOBiAlI opraHi3My npu iH}pekuiitHux 3a-
XBOPIOBAHHSX, IIPH JOCTI/PKCHH] HONITHIHNX 1| BOEHHUX KOH(MIIKTIB.

KarouoBi cioBa: mareMaTHdHa MOACIb, METOJ YCCPECIAHCHHA, MaJln i rnapa-
METp, Pe30HaHC, JiHiliHE 3ami3HCHHS, OIiHKA MOXHOKH, ICHYBaHHS i €IU-
HICTb PO3B’SI3KY.

Pi3zHOMaHITHI Tponecu B €KOJIOTii, iIMyHOJOTIi Ta iHITNX Taxy3sSX OMHCYIOTHCS
CHUCTEMaMU 3BHYaiHUX nudepeHIialbHIX PiBHAHB. 30KpeMa, [1e MOJelli B3aeMOoii
MOMYJIAIIH, HOMHUPEHHs eMmiieMili, mpolecu B HEHPOHHUX Mepexax. Jns agexsat-
HOCTI MaTeMaTHYHHUX MOJejell BaXJIMBUM (aKTOPOM € BpaxyBaHHA 3aIi3HCHHS.
B exosorivHuX MOJeNsIX 3ami3HEHHSIM XapaKTepHU3y€EThCs PEIpPOJYKTHBHUI BiK 0COOMH
nomyJsnii abo 4yac BiATBOPEHHS BUIY, IO CIYXUTh pecypcoM [1]; B imyHoJIOTIT —
e Jac ¢popMyBaHHS KackKaay IUTa3MOKIITHH [2], y HeOecHI MeXaHili 3ami3HeHHS
BHHHUKA€ BHACIHIJOK CKIHYEHHOI HIBUAKOCTI MOUIMPEHHs I'paBiTalliiHUX XBWIb [3],
y MOJEJIAX KOH(IIKTHO-KEPOBAHUX MPOIIECIB BOHO BU3HAYAETHCS CTAHOM PYXOMHX
00’exTiB [4, 5].

Ha nunamiky eBONIOIIHHUX MPOIECiB MOXKYTh BIUIMBATH 30ypEHHS, BUKIHKAHI
30BHINIHIMYU cuiiaMd. JJOCUTh 3arajibHOTO BUIIIALY PETYJSIPHO 30ypeHi CUCTEMH 3 M

4acTOTaMH
da
—=X (T’ a, (P),
dt
] o)
o(t,a
20 _2®8 . v(a0)
dt €
nochimpxysanucs B [6]. Tyt t=gt — nosinenuil yac, manuii mapamerp €< (0, gg],
BeKTOp MOBinbHUX 3MiHHHX ac€ D cR", ¢ — BekTOp MBHAKHX 3MiHHHX O € R™

Bekrop-bynkmii X 1 Y 2n-nepioguuni abo Mmaiike MepioWvHi 3a KOMIIOHEHTaMH
O Py O — BEKTOP HACTOT.

Cucremu Burisiny (1) i3 3ami3HEHHSIM JOCIHIJDKYBAJIUCS METOJIOM yCepEIHEHHS
B [7-9] Ta iH. BcTaHOBIICHO iCHYBaHHS Ta €IMHICTH PO3B’S3KY UL CHCTEM 3 MOYATKO-
BUMH, 0araTOTOYKOBHMH Ta iHTETpaJibHUMH YMOBaMH, OOIPYHTOBaHO METOJ ycepes-
HEHHS il 0/IepXKaHO HEeTOKpallyBaHi IPH HAKJIAJCHUX YMOBAX OLIIHKU TIOXUOKH METOLY,
SIBHO 3aJIeXKHI Bl Majoro napamerpa. Y JaHiidi poOOTi METOIOM YCepeIHEeHHs JOCHi/-
KYEThCS BIUIMB M -4aCTOTHHUX 30ypeHb HA IWHAMIKY CBOJIOIIHUX MPOIECIB, SKi OIMH-
CYIOTBCS TH(EpeHIiIEHUME PIBHSHHSAMU 3 JIIHIHHAMU 3ai3HCHHAMHU.

ITocranoBka 3agaui

Posrisinemo cucremy nudepeHIiaabHUX PiBHSIHD BUTIISLY

g_::U(T’ UA)"F SBV(T’ aAD (P®)> (2)
da
d_=x(r, an, Pg) )
T
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do _ (1)

d +Y (T, aA’ (P®)s (4)
T €

ne t€[0,L], e€(0,gq], ueh cR! ae D, cR", D; i D, — obmexeni 3amk-
neni obmacti, ¢€R™; B20,A=(Ap,....A), A=(...kp), O=(y,...,00),
0<A<...<Ar <L, O<ly<i<dp<l, 0<0;<...<Og <L upy (@ =UA)....
...y U(A;1)), ananoriuno o (1) 1 @g(t). Bexrop-dynkuii V, X iY 2rn-nepioauyni 3a
KOMIIOHEHTaMH BEKTOPiB 0, V= 1,_q

Biamosinao cuctema (2)—(4), ycepenaHeHna 3a MBUIKAMHA 3MiHHUMHA @, Ha Ky0i

nepiostiB HabyBa€e BUTIISIAY:
du

— =U(r, Uy) +ePVy (1, 3y, (5)
dr
& Xo( 3y (6)
T
‘Z—t@wo(r,a). 0
T €
Axmo F:=(V, X,Y), To
2n 2n
Fy(t,ap) = . | F(r, ay, dog.
0(t,ax) (2n)mq£ (J; (T, 87, 99)d9g

VYcepenHeHa cucTeMa 3aNMIIAETHCS CHCTEMOIO PIBHAHB i3 3aIli3HCHHAM, aie
piBHSHHA (6) HE 3aJEXKUTh BiJl MBUAKKUX 3MIHHUX. SIKIIO 3HaWJIEHO PO3B’SI30K
a=a(r), To po3B’A3yBaHHA DiBHAHHA (7) 3 mouaTkoBol yMoBow0 (0, €)=y 3Bo-

JUTBCA 10 iHTCprBaHHﬂ

(T)(t’ 8) = \Tj + j(ﬁ + YO (89 aA (S))j dS,
0 €

a 3HaXOJPKEHHS PO3B’ 13Ky PIBHSHHS (5) 3HAYHO CIIPOIIYETHCS, OCKUIbKH TOJII BEKTOP-(hYHK-
uig Vg =V (1, 8, (7).

OOrpyHTYyBaHHSI METOJly YCEPEAHEHHS 3HAYHO YCKJIaJHIEThCS BHACIHIIOK pe3o-
HaHCy YacToT. Y cucteMmi (3), (4) npu ii eBosrollii, ik mokasaHo B [7], ymMoBa pe3o-
HAHCY 3aJIeXaTh BiJl 3ali3HEHb Yy MIBUJIKHUX 3MIHHUX 1 B TO4YLli T HaOyBae BUTIISALY

q
Yk (1) = z 0y (ky, @(0,7)) =0,

v=1

ne k, €2 k= (k... k) #0.

Axmo g = 0 =1, To 0OAePKUMO KIACUIHY YMOBY PE€30HAHCY [6] BUTIISA LY
(k, (0) =0,k %0,

sIKa BiAnoBigae cucremi piBHAHB (1).
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YMoBH i 10NIOMIKHiI TBepIKEeHHS

Meton ycepemHeHHS s CHUCTeMH piBHAHB (3), (4) 3 NMOYAaTKOBIMH yMOBaMH

(Y, y) obrpynroBano B [7]. Hexait G =[0, L]x Dlp xRI™ i BUKOHYIOTBCS TaKi yMOBH:
1) Bextop-¢ynkmii X,Y,V eC%’i1 (G) i oOMexeHi pa3oM 3 IOXITHUMH CTAJIOO
N
0 > 0;
2) icHye eauHHUIl PO3B 30K piBHAHHA (6) 3 moyaTkoBoto ymoBoro a(0) =Y, sxuit
JeXUTh B o0nacTi D paszom 3 fedkuM pq-OKoIoM;
3) s nesikoi cranoi 6y >0 ikoedinientiB Oyp’e BekTop ByHKIIT X BUKOHY€ETBCS
1

> max|| Xy (T, 5A(r))||+—

i EACENG)
kol [OL] Ikl r0:L]

ot

s Xy (T, @ (1)

+Zx max

A% = < o
T (R aakV

= 2,

q m
ne [kl =200k [ Ik]= 2]k |-
v=l v=l
AHamnoriyHi oliHKH 31 CTaJIOI0 G, BUKOHYIOThCSA Jid KoediuienTiB Oyp’e Bek-
Top-pyHKmid V Ta Y;
4) BekTOp-(QyHKIIis coeC[rg;qL] i moOynoBanuii 3a cuctemoro ¢yHkuiit {w(0;7),...

..., ®(8y7)} BU3HAYHHK BpoHCHKOTO

W(t) =0, te€[0, L]

Teopema 1. Hexaii euxonyiomoca ymoeu 1-4. Tooi ona xooxcnozo €< (0; €],
€ < g, Icnye eQunuil po3e’s30k cucmemu pisHans (3), (4) 3 nowamxosumu ymoeamu

Y, W), sxi 3adarombcs npu T =0, iona écix (t, €) €[0, L]x(0; 1] suxonyiomocs oyinku:
|atz. &) -a@||+]o(r. &)~ 5z, &) | < 1" e" < e, (®)

de o= (mq)_l, C; i Cy — Oodammi cmani, sKI He 3anexcamy 6i0 €, c3 = exp(cpL). O
Jlist mpaBuX 4acTuH piBHAHHS (2) MIPUITYCTUMO, [II0 BUKOHY FOThCS TAKi YMOBH:

5) Bexrop-dynkuis U e Ciu (G1), G, =[0, L]x Dé, oOMe)xeHa pa3oM 3 HOXiJHH-
sUA

MM CTalo G3 i
> K| max Vi (z. @ (@) < 0.
k=0 [0:L]

OOrpyHTYBaHHSI METO/IY YCepeTHeHHs 115 cuctemu (2)—(4)

Teopema 2. Hexaii suxonyiomscs ymosu 1-5 i ona xoocnozo € € (0; 1] icnye eou-
nuti pose’szok U =U(t, €) pisnanns (5) 3 nowamrosoio ymosorw U(0, €) = &, saKuil ne-
acums ¢ oonacmi Dy pasom 3 desikum py-okonom. Tooi snatioemvcs maxe €, o icnye
€OuHUll p036°30K cucmemu picnanv (2)—(4) 3 nouamxosumu ymosamu (Y, V, E) i ons

scix (1,€) €[0, L]1x(0; 8*], £ < €] BUKOHYEMbCS OYIHKA
|G, &) -T(x, )|+ P |acr, &) —a@) |+ &P | o(x, &)~ G(x, &) < cae®*P,

oe Cy >0 i ne sanexncums 6i0 €.
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Jloedenns. 3 yMOBH TJIAIKOCTI TIPaBUX YaCTHH PiBHSHHA (2) BUIUIMBAE iICHYBaH-
HS €JIMHOTO PO3B’A3Ky U=U(T,€), U(0,€)=¢& ma nesxomy imrtepsani (O, 7). 3 piB-

HaHb (2) 1 (5) nna T €[0, t)) orpumaemo

u(t, g)—U(t, &) = }(U (S,Ux (S, €))—U(S,UA (S, €))) ds +
0

+eP [(V(s. a5 (5. 2). 0o (5, £) ~V (5, 84 (5). Pe (5. £)) ds +
0

+eP [(V(5.5(5). 0 (5. £) =V (5. By (). T (5. £))) s +
0

T q
+eP 3 | {vk s, EA(S))exp(i > (ky, 30,5, S)B ds = eP(B, + B, + B; +By).

k=00 v=1

OuiHMMO HOPMyY KOXHOI'O 3 IOJaHKiB B, v= 1,_4 Ha mincraBi ymoBu 5

rt r T
|Bi <03 Y [[ua, (s.0)-Tp (s.8)]ds =033 A [[u(s, &) —T(s, &) ds.
0

v=10 v=1l

3actocyBasuy OuiHKY (8), onepxkumo wist B, Ha (0, 17):

p Ayt P
B2 <02 Y25t [ (s, e)-a(s)|[ds <5 [Zx;l(eczxvr - 1)J e <cue”,
v=1 0 v=1

p
R e i )}
v=1

Jst oninku Hopmu Bg 3 (8) 1 ymoBH 5 Maemo:

T q
[Bsl< X [ Vet an DI 2 [k [l 0Oys. &) =(0ys, )ds <
k=00 v=l
q 0,1
<206, "e" Y (max [Vic(s, @y (D] D[k | [ e%°ds | <
k=0 [O:L] v=1 0

< 2¢,c5 1 (€%2" —1) e® > ky ||$aé|Nk (s, @5 (9))] <cse’
k=0 ’

ne cg =2¢1C; 0, (€% —1).

Jutst oninku Hopmu By 3actocyemo oninky ocrpumsriitHoro interpana [7]:
J : 9)

38 ISSN 2786-6491

dfy (s)
ds

[ fk(s)exp (é jf)yk (z)dzjds
0

1
<og| max| f ()| + m:
5[[O;L]" <O Ikl [o:L]

e f e Cl[O; L], 65 >0 ine 3anexuts Big K ie.



3 Burmsiny By i piBrsiams (4) Maemo
q 0,s
fie () =V (5. @x (5)) exp[i > (k. W)J [exp [ [ (k. Yo(z. 8, (2))dz D
v=1 0
3BizCH OEPKUMO TaKi OI[IHKH:
fi (8)|| < max ||V, (s, & ()| ;
| i) < max Vi (s, &, ()]

Vi (s, ax (s))
8a;\v

dek ©) _[2vi(s B @) .

p
< +(max Vo (T, ax ()| > A
e Mt AR

p
+ ({gaé [Yo(s. @an DD [Vic (s, an (N 2 0y [y |-

v=l
CxopucraBIuch ouinko (9) i ymoamu 315, mis By maemo:
A

AAGEND),
ot

+max|Vy(t, ap ()| [*
0 [0:L] ‘ Vo 2 "J

— 1
<oge® Y] Fg'al_);"\/k (t, @y (O)||+ K (max
’ )

B GAGENG)
=1

=y +( {no;aé"Yo (v a @) *[klg E];aﬁinv" (x, 3, (5)) ||] <

NV (z, ax (7))
ot

1
<&%c(l+0y) max ||V (1, ax (1)) ||+—— |max ‘+
stren 2, |t Ol g 53

p —
T AN G)
b (VA Oy,

J] < 6205(1+ Gl)Sa = CeSa.

vV
Bpaxosytouu ouinku HOpM B, v =1, 4, OJIEP’)KUMO HACTYIIHE!
r AVT
Jut. &) -t &) <oy YA [ u(s. &)~ U(s. &)|ds +(cq +c5+c6)e™P,

v=1 0
0<t<t,

(10)

3acrocyemo iHTerpanbHy HepiBicts 3 [10]. Sxmo d >0, a, >0, v=1r, 10 3

HEpiBHOCTI
r At
u@<d+Ya, [ u@)ds,t>0
v=1 0
BUILIHBAE
r
u(r)Sdexp[Z(avAv)rJ, 1>0. (11)
v=l
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3acTocyBaBIH iHTErpanbHy HepiBHICTB (11) 3 (10), oep>kUMO OIIHKY:

a+f

|| u(t, €)—u(r, &) || <c7e” P exp(091),0<T< 7, (12)

e C7 =C4 +05 +C6.
Hexait

e<e =min (e, 26, ((exp(o,L)) / pg)(*P).

Toni po3B’s30k U(t, £) 3HAXOAUTBCSA B P-OKOJI po3B’si3ky U =U(t, &) ycepenHe-
. . . * . . . .
Horo piBusHHsA mis Beix 0<t<L i €e(0;¢ ]. Ha miacrasi owinok (8) i (12) mis
11 =L ozepxuMo OLiHKy HOPMHM BiJIXUIEHHS PO3B’SI3KiB TOUHOT i ycepeHeHO1 cucTeMu
PIBHSHB 3TiTHO 3 TBEPKCHHAM TEOPEMH 2 31 CTalIO0 C4 = C3 +c7 exXp(7o,L). o
Hpuxaag

Posrnsinemo mozens Bonbreppu—JloTku mix Ji€r0 01HOYACTOTHOTO 30ypeHHS 3 Ji-
HIAHUM 3aIli3HEHHSIM BUTIISLY

du _
a=([31—ylv)u—ua-i-blcos(k(p—i-l(pe),u(0)=u >0, (13)
dv _
a=(—Bz +YU)V, V(0) =V > 0;
da _
E =(k—a)a+b, cos(ke+log), a(0) =Y, (14)
do 1+21
- = ’ O =07
at ¢(0)

ne t€[0,1], p,x, B,,y, — nomarthi koedimientu, bh,=0, 0<0<l K,l1eZ,

k+16=0.
V cucremi (14) nocsraerbes pezonanc npu T =0, ockinbku

o(t) =1+21, y(1) = ko(t) + 0lo(0t) = 2(k + IOZ) T.

YcepenHena 3ajiaua Ma€e BUTIISA

da o _
d—=(61—v1V)U—ua,U(0)=u,
T

) (15)
j—v = (=B + 720V, T(0) =V,
T

da_ s oy g do_ 1421 _

2 (k- a0)-7. . 0(0) =0.

Sk mokazano B [10],
la(t, &)-a(®)| < e, ¢ >0, T1=€[0,1].

Tomy |u(t, &) —TU(7)| < c,\e mpn (1, €) €0, 1]x(0, € 1.
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IIpu n =0 ¢a3oBUME TpaeKTOpisIMH ycepeaHeHol cucteMu (14) € IUKIH, cTaH PiBHO-

Baru (B—Z, B—l — neHTp. s p > 0 cTaH piBHOBArd 3HAXOUTHCS 13 CUCTEMH PIBHSHb
Y2 N1

(B —v1V)U —pa =0,
(B2 +72)V =0,
(x—a)a=0,

3Bigku ogepaxumo (0, 0, 0), (uk/ By, 0,1).

IIle ogwH cTaH piBHOBaru

T=Py /vy, v =PIP2THE 5 (16)
1B2
ICHY€ NIPY BUKOHAHHI YMOBH
n<BPr/k 17)

XapakTepucTHYHe PIBHSHHS JIiHEApU30BaHOI cUcTeMH piBHAHB Ast (15) HaOyBae
BULJISTY

Pr—v10-2 —7u —n
Y10 —Ba+you—2 0 =12 — ik + By —puic = 0.
0 0 K—2a—\

Sxmo BukoHyeThCs yMoBa (17), To IilicHI YacTHHH KOPEHIB BiJ’€MHI i CTaH piBHO-
Bar# (16) acummrorndHo ctiikuit. [Ipu p =4, /K cTiliKicTh BTpayaeThes, OCKITBKN

M =0, =Py >0,A3 =—a<0. Orxe, B kagpanTi U >0,V >0 cran pisaoaru (16)
mpu p=0 — dokyc, mpu O<pu<Pyf,/« — criliknit Byson. Ilpu mepexoni ma-
pameTpa [ uepes MmpaBy rpaHuIo 13, /K BiacHi 3HaYeHHA Ay >0, A, =0 i cTilikicTs

BTPA4YarOThCA.
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In the article, the method of averaging over fast variables is applied to the study
of mathematical models of natural processes with linear delays under the influ-
ence of multi-frequency disturbances. An averaged system over variables is con-
structed, which is much simpler than the initial system of equations. The exist-
ence and uniqueness of a continuously differentiable solution on a finite time in-
terval is proved. The justification of the averaging method is based on estimates
of oscillatory integrals corresponding to a multi-frequency system. The di-
rection of research of multifrequency systems is proposed in the works by
A.M. Samoilenko and R.I. Petryshyn. For differential equations with delay of
the argument and initial, multipoint and integral conditions, research using the
averaging method of systems, that pass through resonance in the process of evo-
lution, is performed in the works by Ya.Y. Bihun. The condition of resonance is
established, which depends not only on frequencies, but also on delays in fast
variables. The obtained estimate of the averaging method clearly depends on the
small parameter and the number of fast variables and their delays. The asympto-
tics of the estimate is unimproved under the conditions imposed in the work. The
main condition for the construction of the estimate is the condition for the sys-
tem to leave a small area of resonance. In the work, such a condition is the dif-
ference from zero on the time segment [0, L] of the Wronskian of the order mq

built according to the system, ¢ of frequency vectors with linearly transformed

arguments, m — the number of fast variables and frequencies. The obtained re-
sult is illustrated on the Volterra—Lotka model under the influence of a single-
frequency disturbance with a linearly transformed argument. The asymptotics of
the estimation of the error of the method is of the order /¢ and is typical for the
two-frequency system without delay. For the averaged problem, bifurcations of
the equilibrium state corresponding to the coexistence of two species were ana-
lyzed. The results of the work can be applied in the construction and research of
mathematical models of population dynamics in the presence of multi-frequency
disturbances. Such studies are relevant in the period of military operations, when
processes in nature are affected by noise, light, mechanical and electromagnetic
disturbances. Also, the obtained result deserves attention in models of the spread
of epidemics, the body’s immune response to infectious diseases, and in the
study of political and military conflicts.
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