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Summary. 1. V. Atamas’. The area of solutions of linear difference Hukuhara
equations. In this paper we study the question of area calculation for solutions to linear
difference Hukuhara equations

A X, =A4X, .
We introduce here auxiliary sequences
& =S[X,.AX, | ke,

Then we can write a comparison system in abstract form A¢, :(Q+1) & with initial

conditions &, =(Q+2)" &,, where operator Q:1, — 1 is given by

(Qf)k =&, +& k=21, (Qé)0 =2&.
Examining a comparison system, we get a main result: we obtain the exact formula for
area S[X,,X,|for solutions to linear difference Hukuhara equations:
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HECTABIJIbHA JTU®EPEHIIAJIBHA TOYKA 3BOPOTY II POAY
B CUCTEMIYETBEPTOI'O IIOPAJIKY

s HeoOHOPIOHOT cucmemu CuHeYIAPHO 30YpeHUx OughepeHyianbHux pieHAHb 3 MATUM
napamempom npu cmapuiitl NOXiOHil i MOYKOW 360POMY OMPUMAHO YMOBU 0] N06Y008U
PisHOMIpHOI acumnmomuky po3e’a3ky. Posenadaemvca eunaoox, xonu cnekmp 2panudnozo
onepamopa Micmums Kpammi i MOMONCHO PIBHI HYIO eneMenmu. Acumnmomuxy nooyoo8auo
Memooom  iCMOMHO-0COOIUBUX — (PYHKYIL, AKUNL O00360719€ 6 OKOML MOUKU 360DOMY
suxkopucmamu mooeavHull onepamop Eipi-Jlaneepa 0ns 00nopionoi 3adaui i ¢hyHxyiro
Ckopepa onsi neoonopionoi 3aoadi. Koncmpykyis acumnmomuunux po36 a3Kie Micmumo
Q008IIbHI cmani, AKI BUSHAYAIOMbCA OOHOZHAYHO NIO YAC D036 SA3AHHSA IMepayiiHuX piGHsHb.
Jogedeno makooic icnyeéanHs po3e’s3Ky cucmemu OupepeHyianrbHux pieHAHb 3 MATUM
napamempom npu cmapuiii NOXIOHIU ma Npu HAAEHOCMI MOYKU 360pPOMY, 3d YMOBU, WO
mouka 36opomy micmumscsi Ha inmepegani [—1,l]. I[lpoeedena oyinka 3a1UUKOBUX U/eHi8
ACUMIMOMUKU PO38 "A3KY).

KuarouoBi caoBa: iiHiliHA cuctema, Majauil napaMmerp, TOYKa 3BOPOTY, MPOCTIp
0e3pe30HaHCHUX PO3B’s3KiB, MojenbHU omeparop FEiipi-Jlanrepa, piBHaHHS Tumy Oppa-
3ommepdenpaa.
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Beryn

Acumrnrotdyda Teopis piBHAHHSA Oppa-3omMmepdenbaa s TiAPpOAMHAMIYHOT
CTabITPHOCTI Ma€ JIOBTY iCTOPit0. YBara JOCTITHUKIB c(OKYCOBaHa Ha 3ajjadax bOTO THITY 3
METOI0 MOOYJOBM €IWHOTO AaCUMITOTHYHOTO pPO3B’s3Ky, SAKMUH O MoxHa Oyno
BUKOPHCTOBYBATH TIPU JOCITI[HPKCHHI XapaKTEpHUCTUK MPOIECIB MpH Mepexonai Teuii 3
JIaMIpHOTO CTaHy y TypOyneHTHHH. Y paHix po6ortax Bazos [1], Jlanrep [2], Jlin [3], JliH 1
Pabenmrreiin [4] Ta iHIII JOCHIPKYBAIH 33/1a4y METOJJOM NOPIBHAJIBHUX PiBHSAHB. B ycix nux
poboTax roJloBHa MeTa IoJifAraja B OTpUMaHHI aCUMITOTUYHUX PO3B’3KiB piBHAHHSA Oppa-
3omMmepdenbaa, siki 6 Oyau piBHOMIPHO 30DKHHMMH 1 PUAATHUMHU B OKOJI1 TOYKU 3BOPOTY.
Teopii mporo TUMy B 3Ha4yHi Mipi 0a3yloThCs Ha imel y3arajbHEHHs Teopii Jlanrepa Ha
pIBHSHHA BUIIMX MOpsikiB tumy Oppa-3oMmepdenbaa, 3anponoHOBaHOI HUM B poOOTax,
MPUCBAYCHUX JOCHIIPKEHHIO PIBHAHb APYroro MOPsAKY 3 MPOCTOI0 TOYKOIO 3BOpoTy. Ciin
3ayBa)KUTH, II0 YCIIX TaKOTO MiAXOy 3aJIKHUTh BiJ BUOOPY MOPIBHSIBHOTO PIBHSHHS, SKE
Ma€ OyTH IOCHTHb TPOCTHM, 1 PO3B’SA3KH SKOTO BBaKarOThes Bimommmu. [lo-mpyre, 1mi
PO3B’S3KM MalTh OyTH ONM3BKMMM 3a BIACTUBOCTSMHU JO PO3B’SA3KIB JOCIIIKYBAHOTO
piBHAHHA. [IpoBeneHi NOCIIPKEHHS BUIE 3a3HAUYEHHMX aBTOPIB IOKa3aliy, IO BUHHUKAIOThH
MEBHI TPYIHOIIII 3 KOe(illiEHTaAMU alPOKCUMAIlIN BUILUX MOPSIKIB.

B maniii po0OTi 3ampomOHOBAHO METOJ, SIKHA J03BOJIIE€ MOOyayBaTH PIBHOMIPHY
ACHMIITOTUKY PO3B’SI3Ky Ha BCHOMY BiIpi3Ky 3MIHU HE3aJEXHOiI 3MiHHOI, TOOTO B 00OyacTi,
sSKa MICTUTh TOYKY 3BOPOTY 1 y3araJIbHIOETbCS K Ha JAMQEPCHINaJbHI PIBHAHHS BHIIHX
HOPS/IKIB, TaK 1 HA BEKTOPHI PIBHAHHS (CUCTEMU AU(EpEHIIaTbHUX PIBHSHB).

Cuctemun cuHryaspHo 30ypenux mudepeniianbaux piBHsHb (CC3/IP) 3 Toukammu
3BOPOTY € ACHMITOTHYHHMH MOJCNSMH sl 0ararboX MpOIECiB, M0 BigOyBarOTbCS Y
NpUKIagHuX cdepax ¢izuku, Oiojyorii, imkeHepii [5]. OCHOBHa CKJIQAHICTh TaKOrO THUILY
3a71a4 MoJIArae y nodynoBi aCUMITOTUKH PO3B 3Ky, HA BCbOMY BiZIPi3Ky BKJIIOUAIOUYM TOUKY
3BOpOTY [6,7,8].

3amava, siky OymeMo JOCTIPKYBATH B JIaHild poOOTi, Mae BUTIISI:

eY'(x,&)—AX)Y (x,&)=H(x), (1)
ne £>0 xe[-1,0] Y(x,&)=colon(y(x,8), y,(x,8), y;(x,8),y,(x,8)) - uykana BekTOp-
bynkuis,

H(x) = colon (0,0,0, h(x)) — 3amaHa BeKTOP-PYHKITis,
0 £ 0 0
swo=a@ra= oo o] @)
—c(x) —-b(x) —a(x) O

- BimomMa Matpwuiid, B ki a(x), b(x), c(x)eC” [—l ,O].
Cucremy piBHsHB (1) Oynemo nocniaKyBaTH 3a yMOB
a(x)=xa(x), a(x)<0, b(x)#0, c(x)=0. 3)
OCKUIbKM JIaHy CUCTEMY DPIBHSHb MOXHA 3BECTH JO PIBHSHHS UYCTBEPTOTO MOPSIKY
tumy Oppa-3omMepdernsaa BUAY:

£’y P (x,8) +a(x)y? (x,) +b(x)y'(x,€) +c(x) y(x, &) = h(x),
TO B TAKOMY BUMAAKY OyJIeMO pO3TisfaaTu oughepenuianvry mouxy 3eopomy II pooy [8].

1. IIpocrip 6e3pe3oHaHCHUX PO3B’sI3KiB
[Tpocrip ynxuiii, B sikomy Oynemo OynyBaru PAP 3anaui mae BUrsin

R, =, (X)Ai()+ 571811{ (X)Ai'(2), R,, = a,, (x)Bi(?) + g}/IBZk (x)Bi'(2),
R, = f(x)v(t)+&"g, (xWV'(1), R, = o, (x),
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ne a, (x), B,(x), f,(x), g,(x), o, (x) e C*[-1,0],i =1,2; k =1,4.
Ockinbkn  ¢yskiis  Bi(f) HeoOMexeHO 3pocrae  Ha  HECKIHUCHHOCTI, TO
midepeHLianbHa Touka 380poTy 11 posty Ha 3a1aHOMY BifIpizKy Oyne HecTadlibHOMO [9].
3 UMX MIOPOCTOPIB HOBMIA MPOCTIP OTPUMYEMO SIK IPAMY CYMY
R =GR,
j=l
EnemeHT npocropy 6e3pe30HaHCHUX PO3B’SA3KIB Oyjie MaTu BUTIIS:

Y(x.t,6) =Y [ (DU, + & B |+ [,V (1) +&7 g, V' (1) + @, (x),

ae yukuii U,(¢), i=1,2, Tobto U,(¢) = Ai(?), U,(t) =Bi(¢) - pynkuii Eiipi-Jlanrepa,
a v(t) - ynkuis Ckopepa [10].

2. Peryasipu3anisi CHHIyJIApHOCTeH
Ocob6iuBa Touka & =0 y pO3B’sI3KaX CUCTEMHU IMOPOPKYE iICTOTHO OCOOIMBI (PyHKIIIT

(I0®). 3 mMeroro iX BU3HAUCHHSA BBEAEMO HOBY 3MIHHY f=¢& ”-@(X), € HNOKa3HUK p 1
perynapusyroda QyHKUiS ¢(X) OiAIsaraioTh BU3HaueHHIO. [licis BBe€HHS HOBOI 3MIHHOT ¢
BEKTOpHE piBHSHHA (1) MepexoauTh B pO3IMIKUPEHE BEKTOPHE PIBHSHHSI

,0Y(x,t,8) g oY (x,t, &)

LY(xte)=¢"p —A(x,&)Y (x,t,&) = H(x), 4)
ot Ox
MIpU BUKOHAHHI TOJIOBHOT TOTOKHOCTI peryIsipu3arii
Y(x,t,8) () = Y(x,¢).

3rigHo 3 po3pobsieHMM MeToA0M icTOTHO ocobmuBux ¢(yukuid [3] mns CC3P 3
TOUYKaMH 3BOPOTY, MOAIEMO PO3LMIMPEHUM onepaTtopoM Ha enemeHt [1bP R, Ta R,

L(a, (x, &)U, (6)+&" By (x, )U/(1) = ", (x,6)p' (x)U (1) =

=" B (x, )p(x)9' (U, (1) — A(x, £) et (x,€)U (1) =

—&” A(x, &) B, (x,&)U!(t) + ), ()U,(2) + &7 Bl (x)U!(t) = 0.
[Ticns eneMeHTapHUX NEPETBOPEHD OJTHO3HAYHO BU3HAYAEMO:

p=2iy=1.
3 3
B pesynbrati Oynemo maTtu
Ui(®): a; (x,8)@'(x) — 4, (%) B (x, &) = _ﬂ3ﬂi;c (x,&)+ /13"41:81'/{ (x, ), (5)
U (1) B (x,£)p(x)@'(X) = Ay (Xt (x,8) =~ o (x, &) + 1 Ayt (x, €), (6)

1
e =g,
Posnumemo BekTopHi piBHsAHHA (5)-(6) 3 ypaxyBanHsM (2). B pesynbraTi MatuMeMo
HACTYIIHY CUCTEMY
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a, (x,8)¢'(x) =~ B} (x,6) = B,(x, )],

a, (x,8)p'(x) =~ [ B (x,8) = B (x.8)],

0,3 (%, 6)¢'(x) = By (x,6) =~ 1’ B (x. €),

0,4(x, &) (X) + () B, (x, &) +b(x) B, (x, ) + a(x) B3 (x, ) = =4’ By (x, £),
B (x,8)p(x)@'(x) = — [t} (x, ) — @, (x, )],

B (x,)p(x)g'(x) = =’ [at)y (x,€) = 5 (x, €)1,

By (x,8)p()@'(x) — a1, (x,8) =~ at5 (x, ),

B (x,8)p(x)@'(x) + c(x), (x, ) + b(X)at,, (x, &) + a(X)a; (x, £) = _ﬂ3a1'4 (x,€).
OtpumaHi cucteMu anreOpaidyHUX pIBHSAHB pPEryasipHO 30ypeHi BIHOCHO MAaJloro
napamerpa.
Hesinomi koedinientu «, (x,¢), B, (x,&) OyaeMo BU3HAYATH Yy BUIIISL PAMIB BEKTOP-

bynkuint (=12, k= 1,_4) :

ay(re) =Y wa, (), Bune)= iu’@k, (x).

Toni MaTuMeMoO peKypeHTHI CUCTEMH BUILY
Dx)Z,, (x)=0,r=0;2, D(X)Z,.(x)=FZ,, 5(x), r=3. (8)

3 MEeTOI0 BU3HAUEHHS Peryispu3yrouoi QyHKIIl ¢(x), BUMAIIEMO BU3HAYHUK cHCcTeMH (8):

det@(x) =[] ([0 ] +20000(000° () + ()| =0,

, 2
(o(x)¢" (x)+a(x)) =0.
3BIIKM OTPUMAEMO 3a/1ady A7 BUSHAYCHHSI PETYISIpU3YI0U0i QyHKIIIT:
P()p" (x) =—a(x), @(0)=0,

(7)

PO3B’A3KOM SIKOT €:

o(x) = [%I —a(x)dxj3 .

3. IToGynoBa popMaibLHOTO PO3B’SI3KY OJHOPIIHOI CHCTEMH
[Ipu TakoMy BH3HAY€HHI pEeryasipu3yrodoi (yHKIIi ICHYIOTh HETPHBIaJbHI PO3B’A3KH

oHOpiaHOI cuctemu piBHAHD P(x)Z, (x) =0, npu r =0,2 BuraALy

Z,.(x) = colon (o, 0, ﬁ B (0,009 (X) B, (),0,0, B, (), By <x>}

ne pB, (x), i=1;2, k=14 - no neBHoro uyacy JAOBUIbHI, JOCUTh Iiajaki (yHKUIi mpu
xe [—l R O].
[TponoBskyroun maii po3B’si3yBaTH iTepalliiHi CUCTEeMH anreOpaidHuX piBHSIHB, MOXHA

MOKa3aTH, 0 ICHYIOTh PO3B’SI3KW HEOTHOPIAHUX PEKYPEHTHUX cUCTEM (8).
Toni po3B’sa3ku ogHOPiAHOT cucTemu (1) OynemMo BU3HAUATH K

Dy 1,6) =3¢ {a U, (0)+ B, (, e)U;(r)} i=1;2,

r=0
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e o, (x)=colon(a,, (x),c,,(x),a,, (x),c,, (X)) i
By (x) = colon(,, (¥). B, (¥) f,(x) /3, (x)) - Biztomi BexTOp-(yRKLi

2
3BY)KEHHS 1IbOTO PO3B’A3KYy pH f =¢&° -(x) 1i=12:

2 £

D (x,&’p(x),e)=> & [a,-kr<x>U,-<e‘3(p(x)+e3 ,-,a‘(x)U;(ewx»} i=12.

r=0

4. IToOynoBa ¢gopmMajibLHOT0 YACTHHHOTO PO3B’A3KY HEOAHOPIIHOI cUCTeMH
Ha nactynmHOMYy Kpol1ii mojiieMo posmupeHuM oneparopoM (4) Ha enementu [IbP R, Ta

R, . Pe3ynpTaroMm aii Oy1yTh HaCTYIHI BEKTOPHI PIBHAHHSL:
V()10 () £, (x,8) [ A, (x0) + 14, |g(x,8) =—1’g} (x, ),
V(0): ()P (D) g, (x.8) +[ A, () + 124, £, (x.8) = 4 fl(x, ),

10 (x,8) =[A4)(X) + 1 4] (x, ) + 19 (x) g, (x, &) = h(x).
Kommonentu BEKTOP-(DYHKITIN [, =colon(f, (x), f,,(x), ;,(x), f,.(x)),

g, = colon(g,,(x),g,,(x),&;,(x),8,,(x)), @, =colon(a,(x),,,(x), @, (x),®,,(x)), Oynemo
BHU3HA4YaTH 3 TAKUX pﬂ,[[iBI

L= gme=Y g oo =3 g,

r= r==2
[TincraBumo nani psau B cucteMmy (7), 3 HACTYIHHMX PEKYPEHTHHUX CHCTEM pPIBHSHb
3HaNWJEMO YaCTUHHUHI PO3B’S30K.

D(x)Z“™ (x) = 0,r =-2;0, D(X)Z“" (x) = FZ“"(x), r21,
pe Z*"(x) =colon(f,(x), f,,(x), f5,(x), f,,(x), &, (%), &, (), &3,(x), 84, (x)).

-4, ()@ (x) =h(x), —A4,(X)@(x)=0, r=1,

—Ay(X)@,(x) =—¢'(x)g,(x), r=2,

—A4 ()@, (x) = 4 (¥)@,(x) ==¢'(x)g, ,(x) — @ ;(x), r=3.
Pan

Y (x,1,8) = Z W S V() + pg, (V' ()] + Z o, (x)

BU3HAYa€ YACTUHHUM PO3B’S30K PO3IIMPEHOTO BEKTOPHOro piBHSIHHS (1).
Taxum unHOM, TOOYTOBAHO 3araJIbHUMA PO3B’ 30K PO3ITUPEHOTO BEKTOPHOTO PIBHSHHSA (4):

Y(x,t,€)= 3 g {i[aik,,(x)U[(t)+g3 [kr(x)Uri(z)H+

r i=1

wu [fk,(x)vm+e3gk,(x)v'(z)}+ie’wk,(x).

2
3BYXKCHHSI LILOTO PO3B’A3KY NpH ¢ = &3 - ¢(x), TOOTO psl
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2

)7(x,t £) i Z l,kr(x)Uk(g (/J(X))+83 lkr(x) dU (8 3 (P(x)) n

et e d(e ; -(x))

W fo e g+ e gmM £ 0, ()
dis o) |
€ ¢opmanbauM po3B’szkom CC3/IP (1).

5. Ouinka 3aJMIIKOBUX YIeHIB AaCHMIITOTUKHU PO3B’A3KY
BpaxoByroun BrnactuBocti [OD Ai(¢), Bi(¢), v(¢) Ta ix moxigaux [3], A7 3aIUITKOBUX
YJICHIB BIANOBIHUX PO3B’S3KIB, ACHUMMTOTHKY 3arajibHOr0 pO3B’A3KY CHCTEMH MOXHA
3aIMCcaTd y BUTIISAII
2

)7(x,f £) Z{[Ze oy, (x)+0(gq+1)}ui(g_3 -@(x))

i=1

e {ie”/ik,(x) + 0(8"“)} aUe oD,

d(z > -(x)) ®)

J{i & fo () + 0(8'”1)} V(e 3 -p(x))+ 8% {i &g, (x)+ O(eq“)} —dv(g_; o),
d(e” - p(x)

+i &, (x)+0(™).

r=0

BucnoBku

Onepxani pe3yabTaTH ¢HOPMYITFOEMO y BUIIISIII HACTYITHOT TEOPEMHU:
Teopema. Hexait mis CC3/IP (1) Buxonyrotecs ymoBu (2) i (3). Toni Bume onucanum
METO/IOM MO’KHA MOOYTyBaTH aCUMITOTUKY PO3B 3Ky BUY (8).

Cnucok BUKOPHCTAHOI JIiTepaTypu:

1. Wasow W. Asymptotic solution of the differential equation of hydrodynamic
stability in a domain containing a transition point/ W.Wasow // Annals of mathematics. —
1958. - Vol.58, No 2 — P.222-252.

2. Langer, R. E. Formal solutions and a related equation for a class of fourth order
differentialequations of hydrodynamic type/ R.E. Langer // Trans. Amer. Math. Soc. — 1959. —
V.92.-P.371-410.

3. Lin C.C. On the instability of laminar flow and its transition to turbulence/
C.C. Lin // Proceedings of the Symposium on Boundary Layer Research— Freiburg. — 1958. —
Vol.5, — P. 144-160.

4. Lin C.C. On the asymptotic theory of a class of ordinary differential equations of
forth order. II Existence of solutions which are approximated by the formal solutions/ C.C.
Lin, A.L. Rabenstein // Studies in Appl. Math. — 1969. — Vol. 48. — P.311-340.

5. Awrejcewicz J. Introduction to Asymptotic Methods./J. Awrejcewicz, V. Krysko —
New York: Champan Hall. CRC Taylor Group, 2006. — 242 p.

80



Cepis «Pi3uko-maremMaTnyuHi Haykm», 2016

6. 3emeHckas WM.A. Cucrema CHUHIYJIpHO  BO3MYIIEHHBIX  YpPaBHEHUH  C
muddepeHnaIbHOl  Toukod moBopoTa | poma/MI.A. 3enenckas // V3BecTus BY30B.
Marematuka. —2015. - Ne 3. -C. 63-74.

7.  boninmii B.O. HecrabinbHa TouKa 3BOPOTY B AU(DEpEHLIIIHOMY PIBHAHHI TPETHOTO
nopsanky/ B.O. boninuit// Marematnuani Crynii. — 2002, — T.18, No2. — C.157-168.

8.  bommerit B.A. AcuMnToTHYecKO€ HHTETPUPOBAHNE CUCTEMBI TU(PPEPEHITHATBHBIX
ypaBHeHUN ¢ jauddepeHnmansHoi  Toukod moBopora Il poma/  B.A. Bomwibiid,
N.A. 3enenckas // Mexa. Hayd. )KypH. «CIeKTpaIbHbIe U ABOJIOMUOHHEIE 3a1aun». — 2013, —
T.23-C. 21-31.

9. bobGouko B.M. AcuMnTOTHYHE IHTErpyBaHHSA piBHSAHHS JIiyBULIS 3 TOYKaMH
3Bopoty/ B.M. bo6ouko B.M., M.O. Ilepectiok — Kuis: Haykopa mymka, 2002. — 310 c.

10. A6pamoBury M. CrhpaBoyHMK 1O cheuiagpHiM ¢yHKIiAM., M.AOpamoBull,
C. Cruran — M.: Hayka, 1979. — 832c.

References

1. Wasow W.( 1958). Asymptotic solution of the differential equation of
hydrodynamic stability in a domain containing a transition point. Annals of mathematics,
58(2), 222-252.

2. Langer, R. E.(1958) Formal solutions and a related equation for a class of fourth
order differentialequations of hydrodynamic type. Trans. Amer. Math. Soc.

3. Lin C.C.(1958). On the instability of laminar flow and its transition to turbulence.
Proceedings of the Symposium on Boundary Layer Research, 144-160.

4. Lin C.C., Rabenstein A.L.(1969). On the asymptotic theory of a class of ordinary
differential equations of forth order. II Existence of solutions which are approximated by the
formal solutions. Studies in Appl. Math, 48, 311-340.

5. Awrejcewicz J., Krysko V.(2006) Introduction to Asymptotic Methods. — New
York: Champan Hall. CRC Taylor Group, 242.

6. Zelenska I. (2015). The system of singularly perturbed differential equations with
turning point of the I kind.. Izv. Vysshikh uchebnykh zavedenii. Mathematics, 3, 63-74. (in
Rus.)

7. Boliliy V.0.(2002). Non-stable turning point in the differential equation of the third
order. Matematychni studii, 157-168. (in Uk.)

8. Boliliy V.O., Zelenska 1.0. (2013). Asymptotic integration of systems of
differential equations with differential turning point of II kind. Intern. Scient. Journal.
Spectral and Evolution Problems: Proceeding of the Twenty Second Crimean Autumn
Mathematical School-Symposium, 23, 21-31.(in Rus.)

9. Bobochko V.N., Perestuk M.O.(2006) Asymptotic integration of the Liouville
equation with turning points. Kyiv: Naukova dumka, 310. (in Uk.)

10. Abramowitz and Stegun (1979). Handbook of Mathematical Functions. Moscow:
Nauka, 832. (in Rus.)

Summary. V.0. Boliliy, 1.0. Zelenska. Non-stable differential turning point of the
2-nd kind for the fourth order system. This paper is concerned with the nonhomogeneous
system of the singularly perturbed differential equations of the 4th order with the small
parameter at the higher derivative. This system is consequence of reduction of the 4th order
scalar singularly perturbed differential equations with the differentiable coefficients and the
turning point of the second derivative and the Orr—Sommerfeld type equation with the small
parameter of the fourth derivative. The reduced equation is the differential equation of the
second order. The turning point is the second genre discontinuity in the solution of the
reduced equation. The characteristic equation that corresponds to the system of interest has
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two identically zero roots and two simple roots which are identically double. Due to the
method of essential singular functions the new regularizing variable is obtained and the
extension of the vector equation is kept. Asymptotic forms of solutions for the homogeneous
problem are constructed with the help of Airy functions and their derivatives. Asymptotic
forms of solutions for the nonhomogeneous problem are constructed using Scorer functions.
The article discusses the variation of the non-stable turning point or the variation when the
turning point is on the left of origin.

Keywords: linear system, small parameter, turning point, space of the nonresonance
solutions, Airy-Langer model operator, Orr—Sommerfeld type equation.
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OCOBJIMBOCTI JUCKPETHHUX AJI'OPUTMIB IEPETBOPEHHSI
IH®OPMALII 3A 1O0IIOMOTI'OIO OBEPHEHUX TUHAMIYHUX CUCTEM

Komn'tomepna peanizayiss  anecopummie nepemeopenHs iHgopmayii Ha  OCHOBI
XaoMuuHoi OUHAMIKU Npusooums 00 HeoOXiOoHocmi — Ouckpemusayii cucmem. Poboma
NPUCBAYEHA BUBYEHHIO 0CcOOIUBOCmel O00epHeHUX OUCKDEeMHUX CUCmEM KepyB8aHHs K
nepemeoprogauié inopmayii, 30kpema, maxoi IXHbOI eracmusocmi, K OUHAMIYHA
dezpaodayis. Bona nonseac 8 Moxcaugomy pizkomy smeHulerHi OUCKPemHOi MHOMCUHU CINAHI8
CKIAOHOT OUHAMIYHOI cucmemu npu 88e0eHHi IHopmayitino2o nogioomients. B snaunii mipi
ye sAuwie 3anexcumsv 8i0 NoYamrKo8ux 3HAYEeHb MPAEKMOPIU ma Napamempis Cucmemu.
Haseoeno npuxnad ounamiunoi cucmemu, mpaexkmopii Axoi mMawoms CKIAOHY GHYMPIUHIO
OUHAMIKY, ane npu 66edeHHi 6 Hel IHGOPpMayYiuHO020 NOBIOOMIEHHS NOMPANIAIMb HA
HYTb08ULl  iHeapianmuulli  MHo208uo. Tum camum, 3amicmeb  wu@ppyeanus 6XiOHOL
iHghopmayitnol nocrioognocmi, Guxio cucmemu Oas  0yO0b-AKUX 3HAUEHb  KIIOYOBUX
napamempis, NOYUHANOYU 3 O0eAKO020 MOMEHmY, 6 MOYHOCMI nepeoac 3HAYeHHS
iHopmayitinoco 6x00y 3 OOUHUUHOIO 3AMPUMKOIO.

Karo4doBi ciioBa: oOepHEHI TUHAMIYHI CUCTEMH, JUHAMIYHA JIETPaJalis, KUTbIEe MUTHX
Yrcell, TeHEePaTOpH M1CEBAOBUITAIKOBUX MOCIIIOBHOCTEH, M(pyBaHH:, (PyHKIIiS KepyBaHHS.

Beryn

V 3B'I3Ky 3 PO3BUTKOM CYIYTHUKOBHMX, MOOUIBHHMX, KOMIT IOTEPHUX KOMYHIKALIHHUX
CHCTEM 3pOCTa€ 3HauyeHHSA NpolneMu KoH(pimeHUitHOCTI mepenadi iHdopmarii i OiLTbII
IIMPOKOi MpobieMu 3axucTy iHpopMauii Ha PUHKY KOMYHIKAL[IHHUX IMOCHYr. Y Haml 4Yac
BUHHUKA€E HarajgbHa moTpeda y 3aXUCTi KOMepIiiHOi iHpopMaIlii B KOMI'TOTEPHUX MeEpekKax,
3a0e3rneueHHs Oe3IeKn eIeKTPOHHUX TUIATEeXIB Ta iHTepHeT-TeneoHii i Take iH. THUIOBOIO
BHMOI0I0 CTa€ HEOOXiJHICTh MAaCOBOTO 3aCTOCYBaHHs aJTOPUTMIB KOJYBaHHS Ta iX HU3bKa
co0iBapTicTh Ha OJUHHULIIO «iH(popMaliiiHO» mpoaykuii. B ocranHiii yac, 3 mosiBoro podoTH
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