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NEPEJATHI ®YHKIIII TA YACTOTHI XAPAKTEPUCTHKH
TEIIVIOBUX OB’€EKTIB TUITY HUJITHAPUYHOI CTIHKHN

[IpencraBneni nepenaTHi GyHKIII Ta YaCTOTHI XapaKTEPUCTUKHU MITIHAPUIHOI TEIJIOAKYMYTIOKYOT
CTIHKH sIK 00’€KTa 3 pO3MOIUIEHUMH ITapaMeTpaMu y 3aJIeKHOCTI Bl FPaHUYHUX YMOB Ha 30BHILIHIH 1
BHYTPIIIHIN TOBEpXHsIX. Byno 3ampormoHOBaHO KUTbKa HETPUBIAIBHUX CIIOCOOIB I PO3pPaxyHKY
YaCTOTHUX XapaKTEPUCTUK MIIIHAPUYHUX TEIJIOAKYMYIIOYHUX CTiHOK. OTpuUMaHi pe3ylbTaTd
MOXXYTb OyTH BUKOPUCTaHI1 IIPH CHHTE31 CHCTEM KEpyBaHHS.

KawuoBi ciaoBa: mepegatHa  (QyHKIIS, YacTOTHA  XapaKTEpUCTHKA,  IMJIIHAPHYHA
TEIJIOAKYMYJTIOI0Ya CTIHKA, TPaHUYHI YMOBH.

Beryn. [lpaktuyHo Bci peanbHI 00’€KTH KepyBaHHS B XIMIUHIM, XapyoOBiid,
MeTalypriiHii, HagTonepepoOHil Ta IHIIKUX TaTy3sX TPOMHUCIOBOCTI, PAKTUUHO Yy BCIH
cdepi JIOACHKOI JISIIBHOCTI, € 00’€KTaMH 3 PO3MOJUICHUMHU MapameTpamu. Jluie y
JIESKNX YaCTKOBUX BUITJIKaxX (X04a 1 JOCTAaTHHO BXXMBAHUX HA MPAKTHIN) TaKi 00’ €KTH
MOYKHA 3BECTH 3 MPUHHATHOIO IMTOXHUOKOIO 0 BIATIOBITHUX 30CepeKeHUX 00’ €KTiB [1].
[To Mipi yckiagHeHHsT 00’ €KTIB 1 MiJABUIICHHS BUMOT JI0 TOYHOCTI Ta aJeKBAaTHOCTI iX
MOJICTIOBaHHS TOIOHI CHPOIIEHHS y 0araThOX CHUTYaIlisiX CTalOTh HEMOXKJIUBUMU 1
BUMAralOTh YpaxyBaHHS iX SKICHOI crneuu@iku siK 00’ €KTIB 3 pO3MNOALICHUMHU
napameTpamu. Bce 1e BuKIMKae MNOTpedy y CTBOPEHHI SKICHUX MAaT€MAaTHYHUX
MoJeJIel ISl TUIIOBUX 00 €KTIB 3 PO3MOIIJIEHUMHU MTapaMEeTPAMH.

AHagi3 gociimkenb i myOJikamiii. MatemaTuuHe MOJIENIIOBaHHS O00’€KTIB 3
PO3IOIJICHUMH TTapaMeTpaMU YCITIIITHO PO3BUBAETHCS Y CBITI BXKE O1IbIIE MIBCTOJITTS.
AHaNITAYHI METOIM PO3PaxXyHKy TaKUX MOJeNIed MOKHA PO3IUIMTH Ha TOYHI Ta
npubIM3Hi [2].

VY pobortax [3, 4] TouHul PO3B’SA30K 3a7a4 HABOJAUTHCS I HAUOIIBII MPOCTHX
CUCTEM, Kl ONHUCYIOTHCS OJHHUM DPIBHSHHSIM Yy YAaCTUHHUX MOXiAHUX 1-ro abo 2-ro
nopsiniky. Po3B’si3ku oTpuMmani metonamu neperBopeHHss Dyp’e, Jlammaca, MeTogom
JKEpe, pO3IICTUIIOBAHHS 3MIHHUX.

VY pobotax [5, 6] 3acTOCOBYIOTBHCS METOAM, SIKI 3BOJISITH PO3B’SI30K 10 CUCTEMU
IHTErpajpbHuX piBHSAHB TUITY Bosbrepa, @pearonpma, BUKOpUcTaHHIO (PyHKI1H PiMaHa.

[Ipu cnpobax poO3MOBCIOAWTH 11 METOAM Ha PO3B’SA3aHHSA MPAKTHYHUX 3ajad,
30KpeMa 3ajad, MOB’S3aHUX 13 CUCTEMaMHU aBTOMATHYHOTO KEPYBaHHS, BHUHHUKAIOTh
3HAYH1 TPYHOIII.

Bigomi pobotu, Hanpukiaa [7], y SKMX OTpHUMaHl TPAHCLEHJIECHTHI MepeaaTHI
¢byHKIIT 00’€KTIB 3 PO3MOAUICHHMHU TMapaMmeTpamMu. AJjie Ha Xaib 1[I METOIU MAaloTh
3aHA/ITO 3arajibHUM XapakTep 1 He 3aBXAM MOXKYTb OyTH 3aCTOCOBaHI NPHU CHUHTE3I
CUCTEM KepyBaHHS PEaIbHUMH 00’ €KTaMHU.

IlocTanoBKka 3aaa4i AocaigkeHb. Y nadiii podoTi oOpaHUM MUIAX JTOCTIHKEHHS
IPYHTYETHCS HA TAKUX MIPKYBaHHSX:
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1) posrisgaTé TIIBKM TEIUIOBI OO €KTH 3 PO3MOAUICHHUMH TapaMeTpaMu SK
HANOUTBII MOMIMPEH] Y TPOMHUCTIOBOCTI;

2) MaTeMaTH4Hy MOJIENb O0’€KTIB 3 PO3MOJIJICHUMHU IapamMeTpaMu OTpUMATH y
BUTJISAIL HCpCI{&THOl (I)yHKuu K HaOLIBII MPUAATHOT AJI MOAATBIINX JAOCTIIKEHb 3
TOYKM 30py aHami3y 1 CHHTE3y CHCTeM KepyBaHHS 3a JOMOMOIOI0 I1CHYIOUHUX
nporpamuux 3aco6is (MathCad, MatLab).

CdopmynboBani 0OMexKEeHHsI MIOA0 KJIacy JOCTIKYBAaHUX 00’ €KTIB 3aJIMIIAIOTHCS
BCE )K TaKM 3aHAJITO «CJIA0OKUMU», SIKIIO MAaTH Ha yBa3l 00CsIT HAyKoBOi cTrarTi. ToMy 3
METOI0 3BY3UTH KJIaC JOCIHIKYBaHUX OO’€KTIB, a TAaKOXX BpPAaxOBYIOUM, IO Oararo
00’€KTIB XIMI4YHOiI, Xap4yoBoi, HaTonepepoOHOi, METaAII000POOHOI Ta THIIMX Tramty3eu
MPOMUCIIOBOCTI 3 TOYKM 30py iX MaTEeMaTUYHOI'O MOJICNIIOBaHHS SK OO’€KTIB 3
pPO3MOAUIEHUMH  [apaMeTpaMd  MOXYTb  pO3DVISLAATHCS (K [WIHAPUYHI
TEIUIOAKYMYJIIOI0Yl CTIHKHA, METOI JaHOi poOOTH € po3poOKa MaTEeMaTHUYHOI MOJeNl
TEIJIOBOTO 00’€KTa, AKUH MOKe OYTH TPEICTaBICHO Y BHUIVISAL UWJIIHIAPUYHOL
TEIJI0OAKYMYJTIOI0YO0i CTIHKH, Y BUTJISIII MIEPEaTHOT (PYHKITII.

Ilepenatni pyHKUii HMTIHAPUIHOT TEIIOAKYMYTI0I04Y0I cTiHKM. OTHOBUMIpHE
nudepeHIiiie piBHSHHS TEIUIONPOBIIHOCTI B NUWTIHAPUYHIA CHUCTEMI KOOPAMHAT Ma€

BUTJISI
20 _ [a%0 106 (1)
ot or? r o
Bukonaemo Hajm HuM niepeTBopeHHs Jlamnaca 3a HyJTbOBHUX TTOYAaTKOBUX YMOB
2 7 —_
4’9 1d0_py_, (2)
dx* rdr a
BBenemo 3amiHy 3MIHHOI ,_ X , TOAl piBHAHHA (2) micis CHPOLIEHHsS Halyne

p

a
BUTJIAAY

Ile wvacrurHuit Bumagok (nmpu m=0) Tak 3BaHOro MOAM(IKOBAHOTO
nudepeHniiinoro piasHas beccens [8-10]
dzy 1dy m?
14— |y=0. 3
Ty 1 [ "y - 3)
Po3B’s130k (3) D0IIILHO IPEACTABUTUA TAKUM YUHOM:
Y =Cily (%) +CoKo (%), (4)
e 1, 1 Kyo(x) — momudikoBani ¢ynkuii beccenss I 1 II pomy HyapoBOro mopsaky.
Posknaganns y psin ans nux QyHKIiH Mae HACTYITHUN BUTIIS
— MPY MAJIUX 3HAYCHHSX X

() =1+[§j2 . @4 R @6

12.22 12.2%2.3?

Ell)j E:EZ (1+%)+%(1+%+%)+...

— IIPH BCIIMKHX 3HAYCHHAX X

Ko (X) :—(C+In ;j| (X) +
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I,(X) = e 1+ r + 'y’ +123252 +
P Vaax | U8k 2i(sx)? 3(8x)’

2 1232 123252
Ko(X) = \/7 [ Ti8x 2'(8x)2 _3!(8)()3 +J
ne C=0,5772157... — crana Eiinepa.

Haranaemo noseainky moaudikoBanux ¢GyHkuid beccesnst mpu rpaHnuHuX
3HAYEHHSX apTyMEHTY

I (x)|HO

o (X)|X B =

Ko (X)|

Ko (X)|
IToxiaH1 Big 15(x)1 K,(x) BA3BHAYAOTHCS HACTYITHUM YHHOM:

dld)((x) 1),

dKo () _
v K, (X).

POSKH&,Z[CHH}I B pH,HI/I JIA MaJINX 3HAYCHDb apFYMCHTy aae
GG
2 2
X +——t—+
h(0) = 2 T2 1073

1 X X3 1 x° 11
K, (x) :; Io(x)+[lnE+Cj |1(X)_E_ 22 [1+Ej—m(l+z+§j—...—.

ACUMITOTUYHI P (IJ11 BEIMKUX 3HAYCHB X) OYIyTh

2 [ ) )

x—>0

X—0

L (x)=

Varx | 18k gi(8x)
4-1%)(4-3°
Ki(x)=e" %[1+4_12+( )( )+J

118x 21(8x)°

[Ipu rpaHUYHUX 3HAYEHHSIX apryMEHTY QYHKIUT I,(x)1 K,(x) BEAYTh cebe
HACTYITHUM YUHOM:
Iy (X)|x:0 =0,
I, (x)|x=m =
Ky (X)|X:0 =—©
Ky (X)L(:OC =0

BignosigHo 3 (4) po3B’s130k audepeHIifHoro piBHIHHS (2) OyaeMo mykaTH y

BUTJISII
E:Cllo(r\/gj+CZKo(r\/§]. 5)

JIns BU3HAYEHHS TOCTIMHMX IHTETPYBaHHS C,1 C, MOTPIOHO, 3a3BWUYaM, 3ajaTu
rpaHu4Hi yMOBHU. JIOMOBUMOCS MO3HAYaTH IpaHUYHI YMOBHM Ha BHYTPIIIHIN MOBEpPXHI
LIMJIIHApa K Ny, (ke MoXke HaOyBaTu 3Ha4deHb 1,2,3, O BIJNOBiJA€ TPaHUYHUM

yMoBaM 1-ro, 2-ro Ta 3-ro pojy BIAINOBIIHO), Ha 30BHINIHIA MOBEPXHI — AK N, (3
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TaKUMH K MOXKJIMBUMU 3Ha4YeHHsMHU 1,2,3 1 BIAMOBIIHUM 3MicTOM). [{umiHap BBakaemMo
B 3araJIbHOMY BUIAJKy OPOKHUCTUM, BHYTPIILIHIN pajiycC r,, 30BHILIHIM - 1.

TakuM yuHOM, pe3ynbTaT PO3B’A3aHHS MOCTABICHOI BHIIE 3aJadyl MOBHICTIO
3aNeXUTh BiJ KOMOIHAIl FPaHUYHUX YMOB Ha 30BHIIIHIA Ta BHYTPIIIHIN MOBEPXHIX
mutiHapa. Y po6oti [11] po3rmisHyTo Aesiki 3 MOXIMBUX BaplaHTIB, HANpPHUKIA,
IrpaHUYHI YMOBM Ha 3OBHIIIHIM 1 BHYTpIIHIA TOBepXxHI 1-ro Ta 3-ro poay, Ha
BHYTPIIIHIN MOBEPXH1 2-T0 poay, Ha 30BHIIIHIN 3-r0. Tenep po3rissHeMO 1HII BapiaHTH.

BapianT 1. Ngv =1, Ngz =1. Y naHomy BUTIaJIKy FpaHUYHI YMOBH JJIs1 PiBHSIHHSA (5)
MAalOTh BUTJIA;

€|r:r0 = TZ (t) ,

{9|r=r0 = TV (t)

ne T, (t) Ta T, (t) — TeMnepaTypa BHYTpIIIHbBOI Ta 30BHIIIHBOI TOBEPXHI LIMIIIHIPA
BianoBiaHO. [lepeTBopruMo nany cucremy 3a Jlammacom:

{5\ -T@) 6)

9‘ =T (1)

e Ezje-e*ptdt,
(P = [T, 0-¢ "t

(P = [T.0-¢ "t
0

[TincraBastoun (6) y piBHSHHSA (5), MaEMO:

T, (p)=C; - Jq (ro\/g}rcz Ko (ro\/g]
T,(p)=Cy-Jq [rl\/g}rcz Ko (rl\/gJ
BukopucroByroun npasuio Kpamepa [16], 3Haxogumo HeBigoMi koedimieHTr Cq
Ta Cg
() Ko (ro\@
T, (p) Ko[a@ T(p)- Ko[q z] T.(p): Ko[ro\m

C = =

I
(wl) [ofE] ol lsfz (el lo2]

m

T,(p) Tz(p)-Jo[ro

roslof]
ol el

B L] <ol e
(o) o[+

ﬁ
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Tonmi piBHsHHS (5) HAOyBae BUTIISTY

T, (p)- Ko(n\ﬂ T,(p)- Ko[ro\/g] Tz(p)~Jo[ro\/Ej—Tv(p)~Jo[q@
= ~J0[r\/gj+ 'Ko[r

|

=

Z,(p) Z,(p)

o fE ) B} )

Sxmo piBasiHESA (7) MPENCTaBUTH y BUTJISIIL
0=W,,_,(p.1)-T,(P) +W;,_,, (P, 1) T, (P),
ne W,,_,(p,r) Ta W,,_,(p,r) —nepeaaTHi GyHKIIi 3a KaHAJaMHU «TeMIlepaTypa
BHYTPILIHBOI MOBEPXHI IIIIHAPA - TEMIIEpaTypa HUIIIHAPA 32 PalycoM» Ta
«TeMIIepaTypa 30BHIIIHBOI MOBEPXHI IMIIHpA — TEMIIEpaTypa HUIIHAPA 33 PaIlyCOM»
BIJIIOBIIHO, TOA1 OTPUMYEMO IIyKaHi NepeaaTHi QyHKIIi.

T ]

]. (7)

e

WTvaa(pl r) = 7 (p) )
a a a a
WTzaH ( P, r) = 7 (p) .

Bapiant 2. Ngv=1; Ngz=2. I'pannuanMu ymoBaM# Jj1s1 AUQEPEHITIITHOTO
piBHsHHS (5) OynyTh
4, =T.0
86’

2122

e Q, (1)

r=n

ne Q,(t) — 30BHINIHIN TETIOBUM MOTIK
[Ticas mepeTBopenHs 3a JlammacoM Ta miACTaHOBKH Y (5) oTpuMaeMo

TT(p)=cl-Jo£r0E]+cz-Ko(ro\@
— 1 _Z 1[['1\/EJ+C2.K1[rl\/EJ.

\F a a
L

a
Po3zpaxyemo HeBigomi koediieHTH 3a npaBuiiom Kpamepa:
T.(p) Ko(n)\m
a

( \/7 ﬁ(p)'Kl(ﬂ\/Bj_ QZ(t) 'Ko[ro pj

a a p a

NG

(8)
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JO[VO\FJ T.(p)
a
‘]1[r1 p] - %0 -ITv(p)'Jl(rl\/Bj"' %0 "]o[ro p}
a /1'\/3 a /1_\/6 a
a a

Cz = = ) (9)

Z,(p)=1J, (ro\/g) Kl(ﬂ\/§]+ K, (ro\/g)\]l(rl\/gj.

3 ypaxyBaHH:M (8), (9) piBHAHHA (5) Ma€ BUIIAL:

_ p|_Q® P p Q,(t) 0) = . 5

TV(p)'K{rl‘EJ_A \F.Ko(ro\faJ .J{r(ﬁ} A \F'JO[r\E]m(p)-Jl[n\/;j -Ko[r\/;]
2 2

Z,(p)
Tonai nepenatui pynkuii W,, , (p,r) (kaHan «TeMneparypa BHyTPIIIHBOI TOBEPXHI

ac

5:

LMJIIHPA - TEMIIEPATypa HMIIHAPA 32 paaiycom») Ta W, , (p,r) (KaHal «30BHIIIHIM
TEIUIOBUH MOTIK — TeMIepaTypa 3a pajalycoM») BU3HAYAIOThCS K

]

WTva& ( oF I’) =

Z,(p)
{]O[ro\/g)Ko(r\/EJ—KO(rO\/E)JO(r zﬂ
WQZ*}H(p' r) = .
e
a
BapianTt 3. Ngv=1, Ngz=3. ['pannuH1 yMOBHU 3alMCYIOTHCS TAKUM YHHOM
0|r:r0 :TV (t)’
A 060 :
LA T ¢
o, or - |r:"0 SZ()

ne A — Koe(ilieHT TerIOnpoOBITHOCTI MaTepialy HUIHIPA; o, — KOSPIIEHT
TEIIOBI1/I/1aul Bi/l 30BHIIIHHOTO CEPEJOBUIIA 10 TTOBEPXHI IuiiHapa. [lepeTBoproroui
JaH1 piBHSHHS 3a Jlamacom 1 mijcTaBisiiouu ix y (5), 1icTaemo:

-|Tv(p)=Cl-JO(I’O\/g]+CZ~K0£ro\/§J
_i.\/i.{cl.\]l(rl\/ij—cz : Kl(rl\/Elecl.Jo[rl\/E]+Cz . Koirl\/E]—i(p)
a, Va a a a a

Heginomi koeditieHTH po3paxoByeMoO 3a (popMyaaMu
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-ITv(p) Ko[ro\/gj
_i(p) Z'\/E‘K{G\/EJ_KOEG rl\/g]_Ko{q\/Eﬂ‘*Tsz(p)'Ko[rt)\/g]
C = : = :
Ko[ro\/gj Z.(p)
Pl o] (]
Jo(%\/g] T,(p)
a
—{%[q pj+’l~p-%(njgj} T, (p) —ikprao{aJ5j+?Xpr %[q pj+’l-p-%(qJB}
a) o Va a _ a i al o Va a_’He
Z,(p) Z,(p) ’

o Yo ()

o Va a

Tenep piBasHHS (5) HAOyBa€ BUTIISATY _
Tv(P)Lj \/E'K1 r1JE ‘Ko[roJE ro\/g 'Jo[r\E]Jf{‘Tsz(P)'Jo[%JE]JFTV(D)'{JO[E\/E}j'\/E'%[ﬁ\/gm‘Ko[rJg]
— 1 1
0= ,
Z,(p)

AHQJIOTIYHO BHIIE HABEJACHWM BHIIaJKaM BH3HAYaeMO IepenatHi  QyHKIIl
W, _,(p,r) (kaHa «Temmeparypa BHYTPIIIHBOT MOBEPXHI — TeMIepaTrypa LUIIHIPY 32

paniycom») Ta W, ,(p,r) (KaHanm «TemmepaTypa 3O0BHIIIHBOTO CEpPEeloBUINA —
TeMrepaTrypa HWIIHIPY 3a Pagiycomy)

o R B () ()

Z,(p)

el ]
ﬂ.ﬁ.zn(p)

BapianTt 4. Ngv=2, Ngz=1. ¥ nanomy BUNagKy rpaHHU4HI YMOBH TaKi:
200
or r=n,

0|H0 =T (t)

\P] Tv(p){” p-K{
a B a Va

h

2 =

o

T4 (p) Ko

=Q,(t
()’ (10)

ne Q,(t) — BHYTpPIUIHIN TEIUIOBUM MOTIK.

[Ticns mepetBopenns (10) 3a Jlarmmacom 1 migcTaHOBKH Y (5) Maemo:

t
- Q0 =C-J; I’O\/E -G, K r0\/E
\/B a a
L
a .
Tz(t):Cl-JO(I’l\/Ej—i-Cz-Ko[l’l\/E]
a a

Busnauaemo HeB110M1 KOEIlliEHTH

59 ISSN 2079.5459. Bicnux HTY “XI1l». 2014. No26(1069)



p Tz(p).Kl{rO\/BJ_ QV(t) 'Ko[r pj
T.(p) Ko[n@ 2 z-\ﬁ *) (1)
C, = = a .
Jl(roﬁ) ‘K{VO\FJ Z,(p)
a a

C, = (12)

Zn(p):‘ll[ro\/gj'Ko[rl\/gJ""]o[rl\/g}Kl(ro\/gj-
Toni 3 ypaxyBauusm (11) Ta (12) oTpumaemo:
Tz(p)'K1{r0\/FJ_ QV(t) Ko(rl\/HJ ~JO{I’\/B]+ Tz(p)"]l(rO\/B]"' QV(t) "]o(rl\/FJ 'Ko(r pJ
a /1-\/5 a a a /1'\/3 a a
a a

Z,(p)
3 0CTaHHBOT'O PIBHAHHS JiCTaeMO nepenatHi GyHkuii W,,_, (p,r) (KaHal «TErI0BHMA

e

5:

MOTIK HAa BHYTPIIIHINA MOBEPXHI — TeMIepaTypa HIIiHApa 3a paaiycom») Ta W,,_,(p,r)
(kaHaJI «TEeMIlepaTypa 30BHIIIHLOT MOBEPXHI ITUJIIHIApA — TeMIepaTypa HUIIHIpa 3a

paziycom).
y Kl(ro\/E)JoLr\/E]JFJl[rO\/E]KO(r z]
Tva@(p! r) - Zn(p) ’
2 )
WTHe(pyr) = .
e
a
Bapiant 5. Ngv=2, Ngz=2. MaeMo Taki rpaHU4YHI YMOBH
00
_zarzﬁ _Qv(t).
9|r:r0 = QZ (t)

[Ipu pganiii koMOiHANii TpaHUYHUX YMOB YCTAJIEHUH peXUM B 00 €KTI
(TycTOTLIOMY IUJIIHAP1) — HEMOXKIIMBHM, OCKUTBKU Q, (t) Ta Q,(t) - HE3aJIeKHI OJTHE Bi

OJHOTO, 1 TEMIIEpaTypa MpH HebanaHCl MOTOKIB TeMIepaTypa 3CepeIrHH 1 330BHI Oye
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a00 HeoOMeXeHO 3pocTaTd, a00 HEOOMEXEHO chmajath. TakuMm YUHOM, TIpU
BIJICYTHOCTI YCTaJIEHOTO PEXKHUMY HE MO>KHA TOBOPUTH MPO BIAXWIEHHS B HBOTO.
OTixe, BUBHAYCHHS MEepeAaTHUX (PYHKIIH y [IbOMY BUIIAJKY BTpAavya€e CEHC.

Jis  po3paxyHKy YacTOTHHX XapakTepUCTUK Ha 0a3l mnepenatHux (yHKIIN
WTIHIPUYHUX CTIHOK Tpeba OpaTu 10 yBaru Taki CIiBBIAHOIICHHS:

lo (xy/7) = berx+ jbeix,

ﬁll(xﬁ)=ber’x+jbei'x,

Ko (x\ﬁ) = ker x + jkeix,

ﬁKl(xﬁ):—(ker'H jkei'x).

dyukuii ber(x), bei(x) (Bessel real, Bessel imagine), ker(x), kei(x) (Kelvin real,

Kelvin imagine) imie Ha3uBaroTh QpyHKIisMu ToMmcona (KenbBina). L1 dpynkmii
tabynpoBaHi [8, 10, 12]. ITpu x < 1 iX MO>kKHAa OOYUCITIOBATH 3a TAKUMH (OPMYJIaMHU:

ber(x):ni;(_l)“_24n [(X:—:) !T ;

X4n+2

er(x) = 1 2= | ber (x)+ Z bei (x)+ 3 (-1 — 2§ L

( X j 4 nZ:(; 22" [(Zn) !J ma M

kei (x) = n2_c bei (x)+—ber (x)+ 3 (-1" K 2n+1i,
( X j nz(; 22 [(2n+1) 1] w2 ™

pei! (x)= 3" (-2)7 A2

o 222 [(2n+) 1]

= 2n
4n-1 l

ker/ (x)=—lber(x)+(lng—cjber’ (x)—%bei/ (X)+i(—1)n4nx—z_;

X n=0 24n [(2n) !]2 m=1 m

X 4 2 4n+1 2n+1
ol ()=~ et (1)« 0 o’ (9 oer’ (204 321 (4n+2)x 1.
X X 4 oo 24n+2 |:(2n+1) !:|2 am
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13252, (2n-1
- +Z r)] f cos(n%j;

z— s

= 123252 (2n+1)°
=1- Z (2n+1) . cos(nzj;
8x) 4

1 (2n-1)(2n+1)n !(8x

= 123252 (2n+1) . ( ﬂj
Z sin| n=|.
8x)" 4

1 (2n-1)(2n+1)n 1(8x

Jnis peamizaliii HbOro aIropuTMy Tpeda MaTH B PO3MOPSIKEHH] MIAMPOrpaMu st
obuuncienns ¢ynkmii ber(x), bei(x), ker(x), kei(x), a B OinbIn 3araJpHOMY BHUITAJIKY
takox 1 ber'(x), bei'(x), ker'(x), kei'(x).

[Ipu HEOOXIAHOCTI I MIANPOrpaMH KOPUCTYBAd MOXKE CTBOPUTH CAMOCTIMHO 3a
HaBeJICHUMHU BHIE opMynaMu. MoxKHA TaKOXK CKOPUCTATHCS TAOIUIIMU BIJIOBITHAX
¢GyHKii, chopMyBaBIIM Ha X 0a3l IHTEPHONALIWHI CTPYKTypu (TIOJIHOMH, KyOldHI
cruiaitiu abo B-crimaiinum). Ase HalO1IbIn JONUIBHUM BUTJISIIAE€ YUCEIIbHE 1HTETPyBaHHS
nudepeHiiauX piBHSIHB (1) 3 BIANOBIIHUMH TPAHUYHUMU YMOBaMHU MPU OJMHHUYHOMY
CTYIIHYaCTOMY BXIJJHOMY CHUTHaJI MPHU HYJIbOBUX MOYATKOBUX YMOBaxX. TakuM 4YMHOM
MokHa Oyno O cdopmyBaTu MacuB OpAUHAT MepexiHOi XapakTepucTuku. Imsxom
YrCcenbHOro audepeHiiitoBaHHs JaHUi MacuB MO)KHa Oylio O mepepaxyBaTH B MacuB
OpJIMHAT IMITYJILCHOI XapaKTEPUCTHKH, a BXKE 11eH OCTaHHINA B MIMCHO- W ySIBHO-YACTOTHI
XapaKTEePUCTHKU. TaKuii alrOpuT™ po3risiHyTO y [12].

BucnoBku. VY ganiii poOoTi oTpumani mnepedatHi (QyHKUII Ta YacTOTHI
XapaKTepUCTUKU OO’€KTIB 3 PO3MOAUICHUMH MapaMeTpaMmH, fKi 3 TOYKH 30py IX
MaTEeMaTUYHOTO  MOJENIOBAHHS ~ MOXYTh  pO3DJISiIATUCS — SIK I_II/IJ'IIHI[pI/I‘-IHl
TEIUIOAaKyMyJifotoul  cTiHku. JlaHi nepenaTm byHKIil € TPAHCIEHIeHTHAMH 11X
Oe3nocepeiHE BUKOPUCTAHHS ISl PO3B’SI3aHHS 33Jad aHai3y Ta CHHTE3Y CHCTEM
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KepyBaHHs He € TpuBianbHMM. Came 151 0OCTaBMHA OOYMOBIIOE IIISXHM MOAAJIBLIMX
JOCTiIKeHb. IX Moke OyTH JeKinbKa.

[lepmmit  msx MOB’sI3aHUM 3 PO3pPOOKOI0  METOMIB  0e3MocepeHbOTO
BUKOPHUCTAHHA MepedaTHUX (yHKILIA HETPUBIAJIbHOI CTPYKTYpPH [UIsl aHaIi3y Ta
CHUHTE3Yy CUCTEM KEpYBaHHS.

Hpyruii muisx nependadyae BUKOPUCTAHHS BIAOMHUX METOJIB aHaNi3y Ta CHUHTE3Y
CHUCTEM KepyBaHHS, ajie OTpPMMaHI y JaHiii poOoTi mepenatHi GyHKIIi MOBUHHI OyTH
MpeCTaBICHl Y BUTJIS1 JPOOOBO-paIlioHATLHUX (DYHKIIIH, III0 00YMOBIIIOE MTOTPEOyY Y
PO3poOIIi BIAMOBIAHUX METO/IIB alTPOKCUMAIliT Ta aHaJi3y 1X €EKTUBHOCTI.
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