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Bubip pecypcy tp BHPOOIB peami3yeTbess depe3 OKpemi neTam abo By3/IH

BKJIAJIAI0YY B HUX 3aJ[aHi MapaMeTpH HaJIHHOCTI.

TakuM 9YMHOM, HayKa PO HAAIHICTh 1 B JAHOMY BHIAAKY 3aIUIIAETHCS OCHOBOIO,
3aBOAKH AKifl BHPINIYIOTBCA EKOHOMiWHI 3100yTKH (ipM, OJHAK XOTUIOCH O
CIIOAIBAaTHUCS, L0 ICHYIOWI €KOHOMIiuHi Teopii i Herapasmu y Wil cdepi HE cTaHyTb
MIEPEIKOI0I0 TIepeoBii HAyKOBO-IH)KEHEpHIN IyMIl Ui pOo3poOKH MAaIIWH, Pecypc
SIKUX Habarato nepeOuUTbIIyBaTUME TapaHTIHHHUN CTPOK IX eKCILTyaTarlii.

BUCHOBKM Ta nepCHeKTHBH MOAAJbIIUX A0CTiIKEHb

[TigBomsTYM MiICYMKH, CIiJl 32yBasKUTH:

1. Hayka mpo HafmiiiHICTh TEXHIKM Ma€ BiIHONICHHS HE TUIBKH JO BCIX €TalliB
XKHUTTEBOTO LUKy MAIIMHH, A€ 3HAXOAWTh CBOE OE3MOCEpeiHE 3aCTOCYBaHHS 1 3a
OyIb-aKuX (POpM €KOHOMIYHOTO PO3BUTKY CyCITLIILCTBA.

2. HeratuBHuM [ pO3BUTKY MalIMHOOYIyBaHHS 1 3a0e3neueHHs HagilHOCTI
CKIIAJHUX TEXHIYHUX CHCTEM CJIiJ BBOXATH TEHICHINIO 3HIDKEHHS PIBHSI HATIHHOCTI
BHUPOOIB Il IPUMYCOBOrO iX PEMOHTY a00 MpHAOaHHS 1 3aMiHM Ha HOBY 1, TaKUM
YHHOM, OTPUMaHHS QipMaMy 101aTKOBOTO €KOHOMIYHOTO MPHOYTKY.
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JKuroMupchKuit HAITIOHATEHAN arpOEKOJIOTIYHUNA YHIBEPCUTET

AHATI3 ®A30BUX TPAEKTOPIA NMPU MOAENIOBAHHI AUHAMIKU
PO3BUTKY EKOCUCTEMM «XUNXKAK — XKEPTBA»

B cmammi npogedeno ananiz pazosux mpackmopii eKoio2iuHol cucmemu muny «Xunicax —
Jrcepmeay npu 3acmocy8aHHi MAmeMamudHux mooenei OUHAMIKU 83A€MOOii NOnyaAayitl 3
podOYUMU nApaAMempamu, OMPUMAHUMU HA OCHOSI PealbHUX OaHux O NIGHIYHO20 peiony
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Kumomupcoxoi obnacmi. Oyinena cmiuKicmb eKOI02IYHOI cucmemu ma 3pooaeHUll 6UCHOBOK
PO MONCTUBICIb NOPYULEHHS DIBHOBA2U | nepexody 00 XaomuuHo2o cmawny. B 3aneszcnocmi 6i0
Xapaxmepy 61acHux yucen Axobiany, 3p001eHO BUCHOBKU CIMOCOGHO TMUNY PO3PAXOBAHUX TNOUOK
pisnosazu. OOIpynmosana HeoOXiOHiCMb YNPABNIHHA XAOMUYHOW OUHAMIKOIO 3 Memoio
NONepeOHCeH s, KPUSUCHUX SAGUWY MA BUHUKHEHHA eKono2iuHoi kamacmpogu. B pezynomami
0ocioHcenb NOKA3AHO adeKeamue GIOMBOPEHHA NpPoyecy 63AEMOOIl «XUNCAK — dHcepmeay,
ONUCAHO20 3 OONOMO20I0 MAMEMAMUYHUX Moodenel, NoOYO008AHUX HA OCHOBI V3a2dlbHeHOi
MoOdeni esontoyil cucmem Ha 8IOMIHY 8I0 Moodenell, nobydosanux Ha 6azi yukyii Depxionvema.

Kniouogi cnosa: mamemamuuna moodenv, Gazosi mpackmopii, cucmema «Xuxcax —
JHcepmeay, OUHAMIKA eKOCUCeMU, OOYUCTIOBATLHUL eKCHEPUMEHTN.

IMocTanoBka npodeMu

HudepeHuiansHi piBHAHHS, SIKI OMHUCYIOTH B3a€EMOJII0 THUITY «XMXKaK — >KEPTBay,
BKJIIOUAIOTh HENIHIMHI eJeMeHTH. [ BUBYEHHS HENIIHIMHHUX CHCTEM Ta HaIrJISgHOI
JEMOHCTpAIlli MPOLECiB, AKi BOHH OMUCYIOTh, BUKOPUCTOBYETHCS (ha30BUil MPOCTIp, e
CTBOPIOIOTHCS (Pa30Bi MOPTPETH. Y KOXKHOI JUHAMIYHOI CUCTEMHU € CBiif MOPTpeET.

Ha ¢azoBomy moprperi € 0cobnuBi TOYKM — TOYKH 3HAXOIPKEHHS piBHOBaru. 3a
JIOTIOMOTOI0 BHU3HAYEHHSI [IMX TOYOK MOXIIMBO TepeadadyuTH MOBEIIHKY AMHAMIYHOI
CHCTEMH.

B 3anexxHocTi Bix xapakTepy BilacHUX uucen SkoOiaHy, Ili TOUKH MOXXYTb MaTH
pisHnii xapaktep (OyTm criiikumu, abo Hecriikumu). ToOTO, fKImO cHcTeMa
3HAaXO/JUTHCS B OKOJHII TOYKH PIBHOBAarW, TO HEBEJHKI KOJMBAHHS HE MOPYLIATh
piBHOBary cucreMu. SIKIO X TOYKa PiBHOBAarM HE CTilKa, TO 3 YaCOM Malli KOJIMBaHHS
OyIyTh MporpecyBartH, i cucreMa OyJie BTpadaTH CTiiiKicTh. Taki 3amadi € HEKOPEKTHO
noctapneHnMH [1]. Y 3B’SI3Ky 3 9WM JOCHIIKEHHS TMPOIECIB Y peaJbHUX CHCTEMax
MPOBECTH aHANITUYHO YaCTO HE BIAETHCS, TOMY BHUPIIICHHS L€l MPOOIEMHU JICKUTD Y
IUIOMIMHI  3aCTOCYBaHHS OOYHCIIOBAIBHOTO EKCHEpUMEHTY Ta 1H(pOpMamiifHuX
texHonorid. Came 3aBHsgku 1HGOPMAIITHIM TEXHOJOTIIM MOXHA MpoaHali3yBaTH
IUHAMIKY CHCTEMH «XW)KaK — KEpTBa» Ha PI3HUX peXuMax (YHKIIOHYBaHHS
MaTeMaTHYHHUX MOJIENEH, 10 OMUCYIOTH L0 CHCTEMY.

AHaJii3 0CTaHHIX JOCTiUKeHb 1 myOikamin

HexkopextHo mocTaBieHi 3amadi [1], ki BUHUKAIOTH TPH AOCTIIKCHHI THHAMIKA
EKOJIOTIUYHUX cHcTeM [2], TpU3BOIATH 10 HarajibHOI mOTpeOu (eHoMeHomizamil
BIIOMHX MAaTEeMAaTHYHHX MOJEJIe B3a€MOJIl «XWKaK — KEepTBa» 1 opradizamii
00UYnCITIOBATLHOTO eKcrepuMenTy [3]. 30kpema, MaTreMaTWdHi MOHEi B3aeMOIii
«XIDKaK — JKepTBa», MoOyAoBaHi Ha ocHOBI (yHKIIT DepxtonbeTa [4, 5] npu NeBHUX
yMoBax (CTaOlNBHICTH 30BHIIIHIX yMOB) JalOTh HealeKBaTHI  Pe3yJIbTaTu
MOJICITIOBaHHA. TOMY IS TOCHTIKEHHS 1 TTOPIBHSIHHSI TUHAMIKH PO3BHUTKY B3a€MOJIIi
«XIDKaK — JKEPTBa» 3aCTOCOBYETHCS 1 MaTeMaTHYHA MOJIENb, MOOyI0BaHA HA OCHOBI
y3aranbHeHol Moneni eBomtouii cucteM [6, 7, 8]. Ilpu mpomy, moOynoBa ¢azoBux
TPAa€EKTOPiH s PI3HUX 3HAUYeHb POOOYMX NapaMeTpiB MaTeMaTU4YHUX MOAETCH,
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JIEMOHCTPY€E XapakTep MUHAMIKK B3a€MOJII Ta BHUCBITIIOE JUISHKH CTIHKOCTI CHCTEM
HeNHIHHUX AU(EHIIHHNX PiBHSAHB [9], SKUMU MPENCTABICHO BiINOBITHI MaTeMaTUYHI
MOZEII.

Mera, 3aBIaHHSI TA METOJAMKA TOCTIiIKEHb

Iepen ycim ciin 3a3HaYUTH, UI0 TOCTIUKEHHS (HAa30BUX MOPTPETIB Ma€ IIMPOKUH
CIIEKTP 3aCTOCYBaHHSA, K MPH AOCTIIKEHHI TEXHIYHUX CHUCTEM, TakK 1 Pi3HOMaHITHUX
peaTpbHUX TPOIIECiB Ta SBWIN. 30KpeMa, MPU JOCTIKEHHI B3aeMOii ekocucteM [2],
3aKOHOMIPHOCTI IXHBOI AWHAMIKH BUCBITIIIOE caMe 00y J0Ba (a30BUX TPAEKTOPIH.

BpaxoByrounm CKIamHICTh MEXaHi3MiB B3a€MOJii TaKMX CHCTEM 1, B OLIBIIOCTI
BHIIAJIKiB, HEMOXXJIMBOCTI OTPUMATH AaHAJNITHYHUN pO3B’SI30K CHUCTEM HEIIHIHHAX
TUQEepeHIliaIbHUX ~ PIBHSHb JIMHAMIKKM  B3a€MOJii, HEOOXiJIHO OpraHi30ByBaTH
o0YHCITIOBaTbHUN eKCIIepUMeEHT [3].

B naniit po6oTi 069nCIIOBATEHUI €KCIIEPUMEHT OPTaHi30BaHO /IS MATEMaTUIHNX
MoJIeIieil B3aEMO/IiT «XHKaK — J)KEpTBa», MOOYA0BaHUX sIK Ha 0a3i pyHKUil DepxronbcTa
[4, 5], Tak 1 Ha OCHOBI y3araJlbHEHOI MOJIEJIi €BOJIOLIIT cucTeM [6, 7].

Heo0xinHo 3ayBaXkuTH, 1110 TOOY/10Ba (Pa30BUX TPAEKTOPii MOKIUBA TUTHKH ITiCHIS
PO3B’s3Ky 3amadi imeHTH]iKamii podoYnx mapaMeTpiB AOCTIIKYBaHUX Mojaenei. Jlmsa
MIPOBEJICHHS PO3PaxXyHKIB BUKOPUCTOBYEThCs cucteMa Mathcad Ta orpumani panirie
pe3ynbTaTH ieHTudiKalii MaTeMaTHYHUX MOJETIer B3a€EMOJIl «XMKaK — JKepTBa» Ha
MPUKIIAJI B3a€EMOJIT €KOCHCTEM, TPEACTABICHIX MHOKWHOIO BU3HAYECHUX XMXKAKIB Ta
XKepTB Ha Teputopil JKuromupcbkoi obnacti [8].

VY pesynbTati JOCHIKEHb NIOKAa3aHO aJeKBaTHE BiATBOPEHHS IMPOLECY B3a€MOMIl
«XMKaK — XKEpPTBa», OIMMCAHOT0 3a JO0IOMOI0I0 MaTEeMaTHYHUX MOJENeH, o0y 0BaHUX
Ha OCHOBI y3arajJbHEHOI MOJEJi CBOJIOIII CHUCTeM Ha BIAMIHY BiJ] MaTeMaTUYHUX
MoJeneil, oTpumManux Ha 6a3i ¢ynkuii Pepxronscra [4, 5] Ha mpukIaAi B3aeMOIIl
eKocucTeM [2] A KOPOTKOCTPOKOBOTO MPOTHO3YBAHHA. A TaKOX OIIIHEHO CTIHKICTh
PO3B’SI3KiB BIAMOBIAHUX CHCTEM HEMIHINHUX AudepeHmiaabHIX piBHIHB [9].

Jis peanizaiiii mocTaBICHUX 3a/ia4y, BUHUKAE HEOOX1IHICTh 3aCTOCYBaHHS OJHOTO
3 BIJOMHX 4YHCENBHUX MeToHiB. [l po3B’s3Ky naHol 3a1adi BUKOPHCTAHO METOJ
Pynre — Kyt 3 dpixcoBannm kpokom [10].

Pe3yabTaTu gociixkeHn

Jns BpaxyBaHHS 30BHIIIHIX (akTOpiB BIUIMBY B POOOTI BHKOPUCTOBYETHCS
y3arajJbHeHa MOJEJb  CBOJNIOLII  CHUCTEM, fKa MpEACTaBICHA  HENIHIHHUM
mudepeHITIHHUM PIBHAHHSAM MIEPIIIOTO MOPSIKY [6]

- ax) Y- )2t 8
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ne X — KUIbKICTb €J1€MEHTIB €KOCHCTEeMH, (P — IMOTEHIiall eKCIIOHEHIialbHOro

3pocTaHHs, d, 1 @, — MapaMeTpd, IO CTPUMYIOTh EKCIIOHEHLIWHUN pPO3BUTOK

1 0
€KOCUCTEMU.
IcHyroua MaTemaTHuHa MOJIENb «XHXKaK — kepTBa» [4, 5] Ha ocHOBI (yHKHII

@DepXrobcTa MPEACTaBICHA CUCTEMOIO IBOX HEMIHIHHNX MU epeHniaIbHuX pPiBHAHD

dx ) _
a+an — QX =),

dz
EerOZZ — WYX = X

1 IpuU3HAa4YeHa M7 BU3HAUEHHS KUIBKOCTI OCOOMH XmKaka 1 KepTBH, 0€3
BpaxyBaHH: epexTy aAudys3ii.

3 ypaxyBaHHAM piBHAHHS (1),
MEPETBOPIOIOTHCS B CUCTEMY

: )

cuctemMa AuQepeHIlialbHUX pPiBHAHL (2)

@+ alx)% +a X’ — X =z,
(3)
dz
@+ blx)a +byz% —yx =,

ae X 1 Z — KiIbKICTb €JIEMEHTIB B3a€MOAII0OYMX NPUPOJAHUX cucteM, (P Ta Y/ —

HOTEHIIAIM JKCIOHEHIIANIBHOTO 3pOCTaHHs, a, bl, a,, bo — TmapamMmeTpu, SKi

CTPUMYIOTh OJKCIIOHEHIIQIbHUH PO3BHTOK NPUPOJHUX CHCTEM, JI€ TaKOX He
BPaxoBY€eThCs eeKT nudys3ii [6].

Po6oui mapamerpu MatemarnaHux Mojenei (2), (3), siki BAKOPUCTOBYIOTHCS TPH
moOyI0Bi iX ()a30BHX TPAEKTOPIH, BXOASATH Y pO3pax0OBaHUH Jliaa30H 3a pe3ysibTaTaMu
pO3B’s3Ky 3a1aui inenTudikarii [8] i mpencrasieHi B Tab. 1.

BukopucroBytoun mnporpamuuii maker Mathcad i mani Tabn. 1, BCTaHOBHMO
0COONMBI TOYKH Il MaTeMaTHYHUX Mojened (2) i (3) Ta BU3HAYUMO XapakTep IuX
TOYOK, BHXOJSIYM i3 3HAUCHb BIAcHHUX 4ucen SkobiaHy Ui mepmioi rpynu pobouux
rapaMmeTpis.

Tabauys 1. Po6oui mapameTpu MmaTeMaTu4HuX Mojeeii (2), (3)

Mogenn (1)) V4 /4 a, bo a, bl
2 2,245 1,831 -38,32 2,7°10° 1,99:102 0,00 0,00
3 0,394 0,703 -15,148 1,410 -1,26:10%° | -9,80-10°% | -2,74:10*
Mounenb
¢ 7 v &, b, a b,
2 2,20 3,831 -6,00 1,80°10° 2,00:107? 0,00 0,00
3 -0,34 -7,35 -15,883 5,003-10% | -7,31-10° | -9,03-10° | -3,45:10°
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Jlst MaTemMaTHaHOT Mozei (2) 0coOIMBOIO TOYKOIO (TOUKa piBHOBaru) € Touka (0;
0), iHIII TOYKK HE MarOTh (PI3UYHOrO 3MICTY, OCKUIBKH JAlOTh BiJl’€MHI 3HAYCHHS JIs
TOYOK piBHOBaru. 3HaueHHs Sko0iaHy IS TOYKHM PIBHOBAru i BiANOBiAHI 3HAYCHHS
HOT0 BIIACHUX YHCEIN JUII MAaTeMAaTUIHOT MoJieii (2) HaBeIeHO HUKYE:

2.245 —1.831 _ [ 2162
1.831 —38.32 A = eigenvals (Al) ~ | _38.237

Buxomsun 3 xapakTepy OTPUMaHUX 3HA4Y€Hb I BJIACHUX YHUCEN A ,pOOHMO
BHCHOBOK, 1o Touka (0; 0) € «cimmoBa TouKa» IjIsl MaTeMaTHYHOI Moneii 2 TpH
KOHKPETHHX 3Ha4yeHHsX i1 poOoumx mapamerpiB. s matemaTwmyHoi Mozenmi 3
0COOTMBUMH TOYKaMH (TOUKH piBHOBAru) € Touka (0; 0) i Touka (21114.6; 10945.9), ne
Ha TepIIiid Mo3ulii BKa3aHO YUCEIbHICTh KEPTBH, a Ha JPYTild MO3MMLIi YUCETbHICTH
Xmkaka. 3HadeHHS SIkoOlaHy Uil TOYOK piBHOBar” i BiAMOBIMHI 3HAYEHHS MHOTO
BJIACHMX YMCEJ JJI1 MAaTeMaTUYHOT MoJieli (3) HaBeJICHO HUKYE:

. 2(0.394 —0.7033 ) = eigenvals (A1) A :( 0.362j

0.703 -15.14 -15.116
0.422 -0.88 . 0.469

A2 = = A =
(—0.351 —6.213 Al :=eigenvals(A2) (—B.ZGAJ

AHanizyloun XapakTep OTPUMaHUX 3HA4eHb MJIsl BJIACHUX 4YHCET A, POOHMO
BUCHOBOK, 1o Touku (0; 0) i (21114.6; 10945.9) € «CimmOBUMH TOYKAMED IS
MaTeMaTH4YHO1 Mozei (3) Mpu KOHKPETHHUX 3HAYCHHSX i1 poOOYMX MapaMeTpiB.

[epetinemo mo moOymoBU (Pa30BHX MOPTPETIB AT MATEMAaTHIHUX Mojenel 2 i 3,
BUXOISYM 3 PE3yNbTariB ineHTUQiKanii ix poOoYMx mapameTpiB Ta 3alJaHHX
[IOYaTKOBUX yMOB. Haragaemo, 1o 1mpomec B3aeMOIIl «XW)KaK — JKEPTBa»
JNOCHIJDKYETBCSI Ha TpHKIaAl mapu «mcnnsd — 3aenp»y (XOK) mnsg  Tepuropii
’Kutomupcepkoi obnacti. PezynbraTet moOymoBu ¢$a3oBUX MOPTPETIB MpEACTABICHO Ha
puc. 1 a,6, a 3aJIe)KHOCTI BiJl Yacy AMHAMIKHU )KEPTBH Ta XMKaka Ha puc. 2 a,0 Ta 3 a,0.

2107

XIDKaK (f
XIDKaK

1x10°

- 2107

4 4

7 5x10 610} 710 gx10*
sx10°  JKepIBa 1x10° KEPTBA

a) 0)
Puc. 1. ®a3oBi mopTpeTH AJs MATEMATHYHUX MOJAeel B3aEMOTIT «XMKAK —
JKepTBa»; a) AJsl MaTeMaTH4Hol MojeJi (3),
0) nJis1 MaTeMaTH4YHOI MoJeJti (2)
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1.5%10° l
2x10°
1 5
1x10 XIDKAK \
KepTBa ! \
1x10 [
N
il ‘
5x10%; : . \ [
0 2 4 6 8
qac 0 2 4 qac 6 H
a) 0)
Puc. 2. lunamika njisg MareMaTu4Hoi mojedti (3); a) 1J14 :KepTBH,
0) nasa xumkaka. Yac mo3HaueHo B yMOBHHUX OJJMHHISIX
12x10°
4107
1x10° |
- 3x10°
KepTBa
4 XIDEAK
8x10 —rred = < g _
. 210
6x10°f T + i 1x10° (ﬁ
0 2 4 gac 6 § EID 2 4 gac 6 8
a) 0)

Puc. 3. Iunamika 1y MaTeMaTH4HOI MojeJi (2); a) 1S :KepTBH,
0) nus xmkaka. Yac mo3HayeHo B yMOBHMX OJMHMUSIX

AHaIorivHi JOCTiKEHHS AJIsl IPYrol rpynH podounx napamerpis 3 Tadi. 1 1aroTh
HACTYIIHI pe3yJIbTaTH:

Jlst MmaTemMaTHaHOT Mozeli (2) 0co0IMBOIO TOYKOIO (ToUKa piBHOBaru) € Touka (0;
0), iHIII TOYKK HE MarOTh (DI3UYHOTO 3MICTY, OCKLIBKH JalOTh Bil’€MHI 3HAYCHHS IS
TOYOK piBHOBaru. 3HaueHHs SkoOiaHy AJs TOYKM PIBHOBAard i BiAMOBiZHI 3HAYECHHS
HOTO BIaCHUX YHUCEN Ul MaTeMaTUYHOI MoJiesi (2) HaBeleHO HUXKYe:

2.2 -3.831 2 . als (A1) A —0.439
= elgenvals =
3.831 -6 g (A1) —3.361

Buxonsun 3 xapakrepy OTpHUMaHUX 3HAa4YeHb IS BIACHUX YHCENI A pPOOMMO
BUCHOBOK, 10 Touka (0; 0) € «cTiiikuii By307» Ais MaTeMaTH4HOi Mogeni (2) mpu
KOHKPETHHX 3HAa4YeHHsAX i1 poOoumx mapamerpiB. Jns maremarnunoi momeni (3)
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ocobnuBUME Toukamu (ToukH piBHOBaru) € Touka (0; 0) i Touka (97999.5; 11070.49),
JIe Ha TIepIIIii MO3UIlii BKa3aHO YUCENbHICTh )KEPTBH, a Ha IPYTii MO3HUIlii YUCETbHICTh
XIKaka. 3HadeHHs SIkoOiaHy Ui TOYOK pIBHOBAar" 1 BIATOBIAHI 3HAYEHHS HOTO
BJIACHMX YHMCEJ JJI MAaTeMaTUIHOT MoJIeli (3) HaBeJICHO HIDKYE:

(03 7.3 ¢ cicevals(al) o[ 5%
= .= eigenv -
_7.35 15.883 eigenvals (Al) _10.636
A ~11.496 63.986 _ - [-12.90?
=\ 0197 _3019 M =eigenvals(A2) _2.514

AHami3ylouu XapakTep OTpHMaHUX 3HA4YEHb AJS BJIACHUX YHCENT A, poOUMO
BHCHOBOK, 1o Touku (0; 0) 1 (97999.5; 11070.49) € ToukamMu THITy «CTIHKUN BY30ID»
UL MateMaTuyHoi Mozenmi (3) mpM KOHKPETHHX 3HaueHHsAX ii poOouMx mapameTpiB
(mpyra rpyna pobouux mapaMmeTpis, JuB. Ta0I.1).

[lepetinemo no moOymoBu (ha30BUX MOPTPETIB TSI MaTEeMaTHIHUX Mozenei (2) i
(3), Buxonsuu 3 pe3yibTaTiB iAeHTHQiKamii iX poOOYMX MapaMeTpiB Ta 3aJaHHX
[IOYaTKOBUX YMOB.

Pesynpratn moOymoBm (pa3oBUX MOPTPETiB MpencTaBieHO Ha puc.4 a,0, a
3aJIeKHOCTI BiJ] yacy TMHAaMIiKH )KEPTBHU Ta XMKaka Ha puc. 5 a,0 ta 6 a,6.

5x10°

810’
XIDKaK

XIDKaK

6¢10°

-1<103

4 4 4
810 9x10 6x10° 7x10* 8x10* 9x10'
JKepTEa JKepTBa

a) 6)
Puc. 4. ®a3o0Bi nopTpeTH AJas1 MATEMATHYHUX MO/Iejlell B3aEMOIIT «XMKAK —
JKepTBa»; a) AJIsl MaTeMaTH4YHoI MojeJi (3), 0) AJ1s1 MaTeMaTU4YHOI Moei (2)

6x10* 7x10
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1.2x10%

1107

110

8101 8x10°
XIDHAaK
TS 6x10°

10

a) 6)
Puc. 5. Junamika s maremaTudHoi mojedi (3); a) 1 :KepTBU,
0) nus xukaka. Yac mo3HayeHo B YMOBHMX OJAMHHMLAX

12x10°
g 6107
1x10°
410°
XMEAaK
HepTBa §
4 210°
10
0 2 4 § dac g % 2 4 6  wacs
a) 0)

Puc. 6. unamika 11 maTeMaTH4HOI MojeJi (2); a) 1S :KepTBH,
0) nus xmkaka. Yac mo3HayeHo B yMOBHMX OJMHMUSIX

Pesynpratn MopenmoBaHHsS, MPEJACTaBICHI Ha PHUCYHKax 1—6, JIEMOHCTPYIOTh
peaibHy  AMHAMIKy  B3a€MOMIl  THUIy  «XH)KaK—KEPTBa» 3  BHUKOPHCTAHHSIM
3aMporoOHOBAaHOI Ta ICHYIHOUOI MaTeMaTHMYHUX MOJeNel JUii KOHKPETHUX 3HA4YCHb
poOounx TapaMeTpiB Ta IOYATKOBUX YMOB 3 BHUKOPUCTAHHSM BiJAIOBIIHOTO
IporpaMHOro 3a0e3nedeHHs. 30kpeMa 3 puc. | a BUAHO, MO HAa APYroMy poIli
€KOJIOTIYHAa CHCTEeMa IMepPeXOAUTh 0 XaOTHYHOI AWHAMIKH, IO MOXKE CIPHIHMHHUTH
HEKOHTPOJILOBAHE 3pOCTaHHs, a00, HABIAKW, BUPOJIKECHHS XWXKAKIiB 4M KepTB. Sk
HACJIiJIOK, BHHUKA€E HarajabHa oTpeda B YIIPaBIIiHHI XaOTHYHOK TUHAMIKOO.

BucHOBKH Ta nepcneKTUBH NOJAJBIINX J0CTIIKEHb

IMpn pocmimkeHHi (a30BHX TPAEKTOpid OTpUMaHI HACTYMHI pe3yJbTaTH:
3allpONIOHOBaHA MOJETb B3a€EMOJIl «XMKAaK — JKEPTBa» HE MAaE€ TPAHUYHOTO LHUKIY;
OCOOJIMBI TOYKH XapaKTEPH3YIOTHCS SIK «CIIUIOBI» Ta «CTIMKUH BY30ID» y 3aJIEKHOCTI
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BiJ XapakTepy BiacHHX uucen SkoOiany. JlochmimKeHHs! XapakTepy iHIINX MOXIUBUX
0cOOMBUX TOYOK CHCTEM MOTpeOye NOJATKOBOTO IOCITIJKEHHS IIISIXOM OTPHUMAaHHSI
KOMITOHEHTIB OUTBIII BUCOKOTO MOPAKY MPH po3KiIaneHHi B psa Teinopa.

HeoOximHo BimMiTuTH, 1o mnoOymoBa (a30BHX TpAEKTOpidl uisi aHamizy Ta
MPOTHO3YBAaHHA peabHOI TUHAMIKA CHUCTEMH MOJMJIMBA TUIBKM MICI BU3HAYECHHS
pobounx mapameTpiB Moaenei. OTpuMaHi pe3yJabTaTH YKa3yIOTh Ha MIJSHKHA CTIHKOCTI
CUCTEMH 1 Pe3yJIbTaTH KOPOTKOCTPOKOBOTO NMPOTHO3YBAaHHS BiMOOPaKalOTh peabHUIA
MPoIIeC Y MeXKax JOIyCTUMHUX BiAXHUIICHb.

[ToOymoBa (a3oBUX TPaAEKTOpid TaKOX TOBOIUTH aJACKBATHICTH YIOCKOHAJICHOI
MaTeMaTHYHOI MOJIENIi B3a€MOJIT «XIDKaK — JKEepPTBa», MO0 OTPHUMaHa Ha OCHOBI
y3araibHEHO1 MOJIENi eBONIONii chucTeM [7], a TAKOXK 3°SICOBYE 3B’ 30K MK peallbHOIO
OUHAMIKOIO XIDKaka 1 JKepTBU Uil KOHKPETHHX 3Ha4eHb pPOOOYMX MapaMeTpiB
MaTeMaTHYHHX MOJIENEH MPU KOPOTKOCTPOKOBOMY MTPOTHO3YBAHHI.

[Tpu 306inbIIEHH] TEPMiHY TPOTHO3YBaHHS MPOLECIB Y CUCTEMI, IO JOCIHIIIKYETHCS
70 BOX POKiB, BOHA MEPEXOJUTh Yepe3 MOABIMHMI mepiol A0 XaOTUYHOI AWHAMIKH,
II0 MOXXE CIPUYMHUTH HEKOHTPOJBLOBAHE 3POCTAHHS a00 BUPOHKEHHS HOIMYJISALIMH,
TOOTO TOPYIICHHS PIBHOBATH 1 MEPEXOTy IO XAaOTHIHOTO CTaHy. SIK HACIiIOK, BUHUKAE
HarajibHa NMoTpeda B yMNPaBIiHHI XaOTHYHOK JHUHAMIKOI, 3 METOH0 IMOMEPEKCHHS
KPU3UCHUX SIBUIL Ta BUHUKHEHHS €KOJIOT1YHOI KaTtacTpodu.

[Ipobnema MOBrOCTPOKOBOTO MPOTHO3Y NHHAMIKH CHCTEM THITY «XIDKaK —
XKepTBa» MOKe OyTH BHPpIllIeHa IPU 3aCTOCYBaHHI 1HIIMX MiAXOJIB 3 BUKOPHCTAHHSM
THCTpYMEHTapilo Teopii HMOBipHOCTEH Ta IMITAIIIHIHOTO MOJETIOBAHHS.
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Harmionansawmii yHiBEpcuTeT OiopecypciB i MPUPOIOKOPUCTYBAHHS Y KpaiHU

ONTUMI3ALISA BEJIMMMHU KYTOBOI LLIBUOKOCTI 3MILLYBAYIB
BAPABAHHOIO TUNY

O0OtpyHmogano  ymo8y  RIOBUWEHHS — DIBHOMIDHOCMI  3MIWY8AHHA  OAPAOAHHUMU
3Miuysauamu WIAXOM PIBHOMIPHO20 pO3NOOILY Mamepianry nO NOBePXHI 3a8any CYyMiuii
CRaoaioyuM 3 nepemiuylouoi ionamku nOmoKom. Bcmanoenemo, wo 0na  noHO20
PO30CepedIHCe st KOMNOHEHMIS CyMIULE CNadaryum nomoKom, HeoOXioHo wob mamepiai, sKuil
cnaoae 3 IONAMKU 6 OCMAHKIO Yepey, 00CA2a8 MOYKU CHONYYEHHs GiIbHOI NOGepxXHi Mamepiany
ma obuuaiiku 6Oapabana. Po3pobnena mamemamuuna MoOeib 045 GUHAYEHHS GeNUYUHU
Kymogoi wisuokocmi 6apabanno2o smiuysaua, 3a AKoi Mamume micye nogHe po30cepeolcenis
mamepianry no GIIbHIU NOGEPXHI Ce2MeHmy CYMIWL Cnaoarodum NOMOKOM Mamepiany 3
aonamxu. Bukopucmano poss'sizox oughepenyitinozo pienanna Ona 6UsHAUEHHA pAdianbHOL
WBUOKOCMI PYXY YACMUHKU NO TOnamyi 6apabana ma npoeedeHo KOMN romepHe MOOeI08aHH s
0J151 OMPUMAHHS 2PAPIUHO20 PIUeHHs CUCEMU DIBHSHD.

Kniwouosi cnoea: Oapabannuii 3miuyeay, WUpUHA JONAMKYU, KYMOBA WEUOKICb,
paodianvha weuoKicms, KoeqhiyieHm 3an08HeHHs.

IHocTanoBka npodaeMu

BupoOHUITBO SKICHOTO KOMOIKOPMY B yMOBaX TOCITOJIapCTB BUMAra€ BHPIMICHHS
MUTaHHS MO0 TEXHIYHOTO 3a0e3MeveHHs 3MillyBaHHSI KOPMOBHX 100aBoK. Bucokuii
piBEHb PIBHOMIPHOCTI 3MIllTyBaHHS KOMIIOHEHTIB KOPMOBHUX JT00OABOK 3a0e3MedyIOTh
3MmimryBadi OapabanHoro Tumy. Ilpm Timamkiii moBepxHi OapabaHa 3MilTyBaHHS
NPOXOJUTh JIMIIE B 30HI IJIOMIMHU cerMeHTa wMmarepiany. [ mokpamieHHs
nepepo3noAiNy NopuLiid Marepiainy npu oOepTaHHI Ha BHYTPIIIHIM MOBEpXHi KaMepH
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