YIK 581.52

JIMHAMIKA CIHIJIKYBAHHS TA PEIYJISALIT

I'.Il. HOBEINEHKO

Po3risiHyTo MOKIHBiICTH MaTeMaTHuHOI (hopmMatizauii mporecy KOHKYpeHLii iei B
CYCIINBCTBI SIK B3a€EMOIIIO MPOIIECIiB CHIKyBaHHs Ta peryisiuii. Ha ocHOBI MaTema-
THUYHOT MOJIET MPOaHAaTi30BaHO Pi3Hi CUTYaIlil KOHKYPEHTHOTO 3MaraHHs Ta iX CTiii-
KICTB.

BCTYII

KoHkypeHIliss MiXk OKpEMUMH YaCTUHAMH CYCIUJILCTBA CHPUUYUHIETHCA THUM, IO
3a 0OMEXEHUX JDKEPEN BIAMOBIIHUX PECYPCiB 10 iCHYBaHHS OJHA CYCIIIIbHA TPY-
1a MMOYMHAE 3pOCTATH 3a paxyHOK iHmmMX. KoHkypeHiis HabyBae pizHOMaHITHUX
(hopM 1 MOYKE BIUIMBATH Ha IepeOir CycniIbHUX npolieciB. Hampukiiazi, moaiTH4Ha
KOHKYPEHIIisl y OyIlb-IKOMY CYCIIUTBCTBI € 30YPeHHSAM JUIsl €KOHOMIYHHUX, COIlia-
JBHUX Ta KYJbTYPHHX (TE€K KOHKYPEHTHHX) MPOIIECIB Yepe3 CBOIO Ha/3BUYANHY
MUHAMIYHICTB, aJDKE MOJIITHYHI TpollecH HabaraTto BHIIEPEIKAIOTH 1HIII CYCITTh-
Hi TIPOIIECH 32 MMBHIKICTIO Ta TEMITOPATBHICTIO.

OpnHiero 3 GOpM KOHKYPEHIIIT MiJK MaHYFOYUMHU B CYCIUIBCTBI X Ta Y igesMu
(Hampuknanm, MONITUYHA aHTUTE3a «COIlialibHAa CIPaBEIJIUBICTL — CBOOOIA BUOO-
py», GKOHOMIYHA aHTHTE3a «KOMaHJHA €KOHOMIKa — PHHKOBAa €KOHOMIKay, KUT-
JIOBA TIOJNITHKA «IHIUBiAyaJIbHE KUTIO — KOMYHAIBHE KHUTIIO» 1 T. iH.) € MpoIecu
CHIJIKYBaHHS MiX IX mpuxmwibHUKaMU. [Iporiecu CriKyBaHHS XapaKTEpU3YIOThCS
HASBHICTIO PI3HMX KOHTAKTiB MK HOCISIMA KOHKYPYIOUHX iJel, 4acToTa SIKUX
BIUIMBA€E Ha (pOPMyBaHHS CUMIIATIM Ta aHTUHATIH. 3PO3yMiJIO, IO XapaKTep CIiI-
KYBaHHSI BBKAETHCS IIJIKOM IWBITI30BaHUM, & BCl YUYACHHKH TPOIIECY CIIJIKY-
BaHHS 3Ba)XKalOTh Ha BIJIOBIHY 3MICTOBHY apryMmeHrailito. Taki IpoIecH €, paj-
1€, KyJIbTYypPHUM HaJI0aHHSM CYCITIJILCTBA, & HE SBHUIIEM IIPHUPOJIH.

3 omIsy Ha MITYYHICTH MPOLECIB CHIIKYBaHHS BOHHM TIOBHHHI MaTH Ti 4H
1HIII MeXaHi3MH PeryioBaHHS. BpaxyBaHHs peryJsTopHUX NpoueciB (1o peui,
3aHAJITO BIUIMBOBUX Y JCSIKUX CYCIUIBCTBAX, 30KpeMa, B YKpaiHi) BUMarae BHKO-
PUCTaHHS CKJIQJHOTO MAaTeMaTHYHOTO arapary pO3MOAUIEHUX MPOCTOPOBUX
3MIHHHX. 3apaJiy CIIPOIICHHS BBEIEMO MPHUITYIIEHHS PO PiIBHOMIPHHHA TEPUTOPI-
anpHUK po3moain X Ta Y CUMIATIH, 110 OUIBII-MEHII JOMYCTHUMO MPH MOJICITIO-
BaHHI MTOBEIIHKA CUCTEMH B I[LJIOMY.

Ha pe3ynbTaT KOHKYpPEeHTHOI OOpOTHOU BILTUBAIOTH OC3MEPEUHO BAXKIIUBI I'e-
HETUYHI MPOIECH B CYCHIUIBCTBI, MPOTE BOHU HE BPaXOBYIOTHCS 3 OTJIY Ha X
OJTHAKOBWH BIUIMB (SKIIO 1€ TaK) Ha BCiX YYACHHUKIB MPOIIECY CITUTKYBaHHS.

OsHaueHi npolecy € BHYTPINIHIMU TIpotiecamMu cuctemi [1]. Ae cycminbeT-
BO MOXe OyTH HE BUIBHHM BiJ 30BHIIIHHOTO BIUTHBY. JlesKi acrieKTH B3aeMoii
CHCTEeMH Ta il OTOYEHHS PO3IIIHYTO Yy poboTtax [1, 2].

© I'.I1. [losewenxo, 2007
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11 Ilogewenko

OcCKinbKH y CyCHUIBCTBI iCHYIOTH H iHII ifel, TO iX NPUXHUIBHUKIB OyJIeMo
BBA)XAaTH MPUXWIbHUKaMU Z ifei («TpeTs cunay). Taky CTpyKTypHU3aLilo cucTe-
MH CIIUIKYBAaHHS SIK CYKYIHOCTI i7iell MOKHA BBayKaTH MPHHHATHOIO, SIKIIO B CyC-
MIBCTBI MaHYIOTh 1BI MPOBIIHI 32 KUTBKICTIO MIPUXMIBHUKIB 17€1.

MATEMATHUYHA MOJEJIb CIHIVIKYBAHHSA

OTxe, MaEMO MaTEeMaTHYHY YMOBY KOHKYpEHINI MK mpuxmibHukamMu X,Y,Z
i1e#l y BUTIIs/1i OOMEKCHHS

X+Y+Z=N, 1)

ne N — cyMmapHa KiJbKiCTh aKTUBHUX yYaCHHKIB MPOIECy KOHKYpeHIii (Ha-
OpUKJIaa, 3araibHa KUIBKICTH BHOOPIiB), sIKy OyneMO BBa)kaTH IMOCTIHHOIO
(‘N =const ) Ha meBHOMY iHTEepBaJIi yacy.
B cuny (1) cyma mBHAKOCTEH 3MiH KUIBKOCTI MPUXWIBHHUKIB Ti€l 49X 1HIIOL
i71ei JOpiBHIOE HYITIO.
ax + av + 9z _ 0 (2)
d dt dt
Bynemo BBaxkatw, 1o mBUIKOCTI 3MiH X,Y,Z TPOMOPIIiiHI YacTOTI CIIiJI-
kyBanusg mixk X,Y; X,Z; Y,Z [1, 2, 3]. IIpomec cminkyBaHHS (KOHKYpEHITi
i7eit) MoxxkHa (hOpMaTi3yBaTH y BUTIISII CUCTEMHU TH(PEPEHIIATEHAX PIBHIHD

dX X YZg-YZ

— 3
dt T, N? )
dy Y X,Z-XZ
_2_5—25' (4)
dt T, N
dz Z XYq —X Y
- s 7’5 (5)

dt T, N 2

ne Ty — XapakTepHHil yac epeKTHBHOTO CIIJIKYBaHHSA MK MPUXUIbHUKAMU Pi3-
HUX i7e# abo MacmTad yacy (Hanmpukiiaz, Jac aritailii abo KOHTpariTarii 3a Ty 9u
iy igero); Xg,Ys,Zy — KOOPIAMHATH CTaliOHapHOTO cTaHy cuctemu (3)—(5),
110 MO>KHA MEPEBIPUTH OE3M0CePEaHBOIO MiJCTAHOBOIO.

3no0ytkn X,Y; X,Z; Y,Z MaioTb pi3Hi 3HaKH y Pi3HUX PiBHSHHAX, 00
SIKIIIO B PE3YJIbTATI CIIJIKYBaHHS KUIbKICTh MPUXWIbHUKIB i1ei X (Y,Z) 30inbmry-
€THCS 32 paXyHOK MPUXHIBHUKIB iel Y (X,Z), TO KUIbKICTh MPUXMIBHUKIB i7ei
Y (X,Z) 3MeHIIYeThCS Ha TaKy camy KiTbKiCTh. THM caMHM BUKOHYETHCS YMOBa

koHKypeHttii (1), (2), sxa 3a M. EifreHoM Mae Ha3By «KOHCTaHTa 3arajibHOI opra-
Hizanii» [4]. 3ayBaXUMo, 110 OJHOYACHA 3MiHA 3HAKIB B YCiX PiBHSHHSAX MaTeMa-
THYHO O3HAya€ 3MiHY HANpsSMKY 4acy, a 3MiCTOBHO — 3MiHy izeit (pormi X,Y,Z)
Ha MPpOTIIeKHI. OCKUTBKU CYTh 1/Iell He KOHKPETHU3YETHCSI, TO MOYKHA KOPHUCTYBa-
THCcs cucteMoro y Burisiai (3)—(5).

126 ISSN 1681-6048 System Research & Information Technologies, 2007, Ne 4



Junamika cninkyeanus ma pecynayii

Jlnst Toro mo6 cucremy (3)—(5) npeacraButi y MaremMaTHadHOMYy (O6€3p03Mi-
PHOMY) BHUIJISAII, MOTPIOHO BBECTH TaKi MO3HAYECHHS:

x=X/N, y=Y/N, z=Z/N — norouni BigHoCcHi BenmunHu (ab0 BiACOT-
KH) KUTBKOCTI MpUXWIbHHUKIB X, Y, Z imew; r=t/Ts — 3BeJCHUN ITOTOYHHN
qac.

3 ypaxyBaHHSIM BBEICHUX MO3HAYEHb MA€EMO TaKi CHiBBiTHOLICHHS ISl yMO-
BU KOoHKypeHUii (1),(2):

X+y+z=1, (6)
%+ﬂ+£:0. (7)
dr dr dr

MaremMaTHyHy MOJENb MPOLECY CHUIKYBaHHS MOXKHA 3alMCaTH y BHUIVIAAL
cucTteMH qudepeHLialbHIX PiBHSIHbD

ﬂ: XYZe—XYsZ, (8)
dr

Y xoyz-xyz, ©
dr

% =XV, Z— X, VZ. (10)
T

Od4eBuHO, IO OJHY 3 BEIWYWH X, Y, Z MOKHAa BU3HAYHUTH 3 0OMEKeHHS (6)
(sixe € mepmmM iHTerpaiom cuctemu (8) — (10), a i3 3MICTOBHOT TOUKH 30py MOKE
IHTEpIpPETYBaTHCS AK «3aKOH 30€peKEHHS» B «OKHUBHX» CHCTEMax) i, BIAMOBIIHO,
BUKJTFOUUTH OJIHE 3 piBHsIHB crctemu (8) — (10).

a

é(:xy(l_xs_ys)_xys(l_x_y): Fro (11)
Y o y—x—y) - xyl—x, —y,)=F (12)
df_ sy y y S yS —lyr

Xapaktepuctuaaa Matpuirst cuctemu (11), (12)

XsYs Xs(l_ Xs)

; (13)
_ys(l_ys) —XsYs
CITiJI XapaKTePUCTHYHOT MaTPHIl (AMBEPIeHIIis CHCTEMH)
oF, OF
S=—x4_ -0, (14)
ox oy

Le o3nauae, oo Oyab-sKe IOBUIbHE 30ypeHHS CUCTEMH (HANpHUKIad, Kepy-
BaHHS) MOXKE 3MIHUTH HYJbOBE 3HAUCHHSI AUBEPTEHINIi HA BiJl' €MHE UM TOAATHE i,

BIJIMOBIHO, SKICHO 3MIHUTH CTPYKTYpY (a30BOTO MPOCTOPY CHCTEMH Ta Xapak-
Tep TPOIIECY CITUTKYBAHHS.

JleTepMiHaHT XapaKTEPUCTUYHOT MAaTPHULI
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A= X2, (15)

XapaKTepUCTUYHI KOPEHi
A2 =t X VsZs (16)

VYsBHI XapaKTepUCTUIHI KOPEHI BKA3yIOTh Ha KOJMHBAIBHHM XapaKTep IMpo-
1IeCy CITIIKYBaHHS B OKOJIi CTaIliOHAPHOTO CTaHy 3a Ha3BOIO «IICHTPY», KOOPAUHA-
TH AKOro (X, ),) MOXHa BBaXaTH LICHTPOM HE3aTyXalOUMX KOJUBaHb (puc. 1).
Taki KoIMBaHHS ICHYIOTh Ha BCiff 007acTi (yHKITIOHYBAaHHS CHCTEMH 3a BUKIIIO-
yeHHsM ii rpanune x=0; y=0; z=0. VY 3B’sA3Ky 3 IUM HEOOXIJHO MiAKPECITHU-
TH, 1[0 TepeXiJl JO KOIMBAIHLHOTO PYXY CYIPOBOKYETHCS 3MEHIIICHHSIM SHTPOITi|
cHCTEeMH a00 3pOCTaHHAM 1i BITOpsmKoBaHoCTi [1].

®da30Bi Tpa€eKTOPIi MPOLIECy CIMITKYBaHHS 0€3 peryJsilii
y 1
0,9
0,8 \
0,7 \
N
0,6 \\ N
os ] Xs Vs \\\\\o
QNN
013 \ .Z
F—
01 % N\
S aYo | 3] \
o O
0 o1 02 03 04 05 06 07 08 09 1
X

Puc. 1. 30ypenHs nporecy CHUIKYBaHHS IUIIXOM 3MiHHM ITOYaTKOBHX YMOB (CTpilIKaMu
BKa3aHO HAIPSIMOK 00epTaHH)

Cucrema Mae e Tpu CTa]_[iOHapHi CTaH!U «MOHOIIOJIbHOTO» TUITY

X;=0, y.=0, z=1 4,=0, 17)
X=0, ys=1 2,=0, /1/1,2 =0, (18)
X.=1, y,=0, z,=0, 4, =0, (19)

SIKI € HEUTPaNbHO CTIMKMMH, TOOTO mepeOyBaloTh Ha TPaHULI CTiliKoCTi. 3a meB-
HUX 30ypEeHb HYJIbOBI XapaKTePUCTUIHI KOPEHI CHCTEMH MOXKYTh IIEPETBOPUTHCS
Ha J0JIaTHi, III0 03HAYaTHUME HECTIUKICTh MOHOIIOJEHOTO CTAIliOHAPHOTO CTaHY.
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PeanpHi mporiecu crikyBaHHS € OCHOBOIO OYTTS 1 AIMCHO CXWJIBHI JIO MiH-
nuBocTi. KonuBanHs BiacyTHI nuie 3a cnenudivyHoi yMOBH HPUCTalHOCTI mova-
TKOBHX YMOB 3 KOOPJIMHATaMH LICHTPY KOJIMBAHb

X=X Vo =Vs- (20)

BignosigHo, nepion konuBaHb 7 sIK Pe3yNbTaT JiHIHHOTO aHAIi3y CTIMKOCTI
B OKOJIi CTaLliOHAPHOTO CTaHy BU3HAYAETHCS TAKUM YHHOM:

T 2r
/N

KonuBanHg MarloTh HemepepBHUIA CIIEKTP YacTOT MO OE3KiHEYHI MHOXHWHI
1KITiB. KoXXHUH MUK — 1€ CTaH Ha TPaHUIll CTIHKOCTI, TOOTO Takuil CTaH, I
SKOT'O HaBiTh MaJIOr0 30ypPEHHS IOCHTh, 11100 3MIHUTH PyX CHCTEMH 38 HOBHM IIH-
KJIOM 3 BIIIIOBIJHOIO YaCTOTOIO.

OueBuHO, 10 MEPioJ KOMMBAHb 301JIBIIYETHCS (2 YaCTOTa 3MEHIIY€ETHCS) 13
HaOJMDKCHHSM IIEHTPY KOJUBAHb 0 TPaHUIls 001acTi icHyBaHHS cucteMu. ToOTo,
YUM MEHILIE TPUXWIBHUKIB OJHI€T 3 TPHOX i€, TUM HOBUIBHIIIMM CTA€ XapaKTep
CIJIKYBaHHS MK IPUXUIBHUKAMH JIBOX 1HIIUX.

3a MoNApHUX KOOPAUHAT

(21)

X=X;+rC0S¢@, (22)
V= Ys+rsing (23)

aMrmiTyz[a KOJIMBAHb MAa€ BUTJIA
r=y(x-x )7+ (r- o) (24)

Ha puc. 2 noka3aHo KOMUBaHHS aMIUTITY/ /(7), K1 BiJIIOBIIalOTh TPAEKTO-
pism Ha puc. 1. BumHo, 1o 30iIbIIeHHS aMIUTITYAu (IIUITXOM 3MiHU TTOYaTKOBUX

KonmBanus nporieciB CiIKyBaHHs 0€3 peryJIsiii
1

]
N/ 2 A
o NS W/

0

oo A E 4
08  \ ~ AL
06 Vil N\ /
0’5 T, \ , ..-""'-4-‘!-_
' - /
\ /

.V_,
(
-

AMITTITY1a KOJIUBaHb I

10 20 =2 4an BN AN 70 80 90 100
3BeZICHUI OTOYHUH Yac T

Puc. 2. HeniHiiiHICTh KOJMBAHB K HACIIIOK 301IBIICHHS aMIUTITYAA

YMOB) CYTTEBO 3MIiHIOE€ XapaKTep KOJIMBAHb HABKOJO TOTO ) CaMOTO IEHTPY KO-
JUBaHb BiJ MaiKe JIHIHHOTO B OKOJII CTAIliOHAPHOTO CTaHy M0 HemepeadadeHo-
o — TPOSBY HENHIMHOCTI MPHY BiAAaNCHHI BiJ cTarioHapHoTo crany. lle omgHa 3
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0cOoOJIMBOCTEH TMPOLIECIB CHIJIKyBaHHS 0e3 peryssiuii: cucreMa He Ma€ CTallioHa-
py — Touku abo opOiTH, MO SKHUX MPOIECH 30IraroThCs 3a PI3HUX MMOYATKOBUX
ymoB [1, 3, 5]. To6To, cuctema (11), (12) He Mae MexaHi3My KOMIIeHcaIllil 30y-
peHb (y HaIoMy BHIAAKY 30ypeHb [MOYaTKOBUX YMOB), IO BKa3ye Ha il CTPYKTY-
PHY HECTIHKICTB.

OTtxe, MaTeMaTHYHUM 00pPa30M MPOILECY CHUIKYBaHHS € MHOXHHA 3aMKHY-
THX TPAEKTOPI HABKOJIO CTAI[IOHAPHOI TOYKH, sIKa Ma€ Ha3By «IEeHTp». Taka oco-
OnmuBa Touka criiika 3a JIsmyHOBUM, aye aHi BOHA, aHi 0TOUYI0Yi 11 TpaekTopii He €
ACUMTOTHYHO cTiiikumu. KoXHa TpaekTopis Mae CBili BIacHWU mepiox, sikuil 3a-
JISKUTH BiJl TOYaTKOBUX yMOB. [Iporiec xapakTepu3yeThCsi HETIEPEPBHUM CIICKT-
POM 4acTOT, MOB’S3aHUM 3 ICHYBaHHSIM MHOXHHHU IEPIOAWYHUX TPAEKTOPIH.
3BiJICH BUIUIMBAE BiACYTHICTh aCHMITOTHYHOI OpOITaIbHOI CTIMKOCTI, TOOTO Bij-
CYTHICTb 3aTyXaHHs (pIyKTyaIllii i, BIAIMOBIIHO, CTPYKTYPHOI crifikocri [1, 3].

MATEMATHAYHA MOJIEJIb CIIUIKYBAHHS TA PETYJIALII

Tpeba 3ayBakuTH, 10 caMe KUBUM CHCTEMaM IpHTaMaHHE «3a0yBaHHS» IOYaT-
KOBMX YMOB Ta BHXiJ Ha «O10JIOT1YHUID PUTM BHACTIOK HASBHOCTI BHYTPILIHIX
3BOPOTHUX 3B’S3KiB. AJi€ OCKIIBKH IPOIECH CIUIKYBaHHS € 3HAYHOIO MipOoio
IITY9HUMH, TO CTA€ OYEBHIHOIO HEOOXIAHICTh BpaxyBaHHS PETyIATOPHUX Ta iH-
KX TPOIECIB, 3TaTHUX JI0 «PO3MUBAHHS TPai€eHTHUX Kpu3» [1, 3, 5, 6]. Y naniit
CHCTEeMi HE BUKOPHCTOBYIOTHCS MPOCTOPOBI KOOPAUHATH, TOMY TPaII€HTH — Py-
HIHHI CHIIM MPOIECiB Perysiiii — GopMalizyroThes TaK:

X _XYZ%Z X UZ-2)

, 25
a T, N s N? ()
aY_ Y X Z-XZ, | ¢ Yy X(Z,-2) 26)
az Z XY,-X,Y XY(Z,-2)
L L7 s (p+ s 7 27
AT A (p 0)75 v (27)

OueBuaHO, 10 151 cHcTeMa Biamosinae ymoBaM koHkypeHuii (1), (2). Ilapa-
METpH P, € YNHHHUKAMHU 3BOPOTHOTO 3B’A3KY, SIKM BpPaxoBYe€ BiJCTaHb MO-

TOYHOTO CTaHY CUCTCMU BiI[ CTaLliOHapHOI‘O. Be3p03MipHI/Iﬁ BUI'JIA CUCTCMHU

(25) - (27)

%: XYZ— XY 2+ pXAz,— 2), (28)
T

&y

o= XYz XYz + qxy(2,-2) (29)
az
e Xy 2= Xs y2—(p+ Q)xU 2, - 2). (30)

3 ypaxyBaHHSIM YMOBH (6) MOKHA KOPHUCTYBATHCS CHCTEMOIO TBOX PiBHIHB
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a
7;_(: yzs_)g/s(l_X_J/)+ pXJ’(X+y_Xs_J/5)' (31)
a)
7{ = X W= X= V)= xyzs + gxy(x+ y= X~ ¥s), (32)
abo B TepMiHaxX TEMIIiB IIPOIIECIB
d(In x)
temp x=—_"== A= x5 = V)= Vsll=x= )+ pAx+ y—x—- ), (33)
d(In y)

temp y=——= = X(1=X= Y} L= X = e )+ gx(e y=xe - ye). (39)

BuxopucTaHHs TEMITiB 3MiH MOSICHIOETHCS THM, 110 0araTo 3arabHOBITOMHX
MaTeMaTHYHHUX MOJEJEH «KHBUX» CHCTEM MOOYAOBAaHO caMe B TEpPMiHAX TEMIIiB.
Taky ¢opmanizamito MO>KHA BBaKaTH OJHIE€IO 3 KOHLENTYaJIbHUX 3acal MOJENI0-
BaHHs CyCHiIbHUX TporeciB [1, 3, 5, 6]. TeMnu MarTh OJHAKOBY PO3MIpHICTS,
IO Hagae MOKJIMBOCTI AJISI KiNBbKICHOTO TMOPIBHSHHS PO3PaxyHKiB, OLIHOK, pi-
HIeHb, BUCHOBKIB Tomo. Hampukiaz, piBHICTh TEMITiB 3MiHU MPOMO3ULIT Ta IiHA
Ha KOHKYPEHTHOMY PHHKY BiJIIIOBiJJa€ MAaKCUMyMY JTOXO/IiB.

YMoBa piBHOCTI TEMIIIB MPOLECIB CIINKYBaHHS

X
temp x—temp y= iIn(—J =0 (35)
ar \ y
BU3HAYA€ MHOXKHUHY CTa]_IiOHapHI/IX CTaHIB CUCTEMU y BI/IFJ'IS{,E[i

(py=gx+1)(x+ y-x; - y5)=0. (36)

ToOT0, KpiM TPHOX CTAaLlIOHAPHHUX CTaHiB MOHOIOJBHOTO THITY, CHCTEMa Ma€e
ZIBa cTauioHapHi cTauu (X, Yy, Z1) Ta (X = X;, Vo = Vs, Zp = Z;) , SIKI pO3TAILO-

BaHI Ha MPAMUX

:qL_ll (37)
D
Yy=Xt),— X (38)

OueBHIHO, 110 BpaxyBaHHS IPOLECIB Peryysiil 3MiHIOE (a3oBy CTPYKTYPY
CUCTEeMH — JIOJIA€ThCSI IIle OJUH CTamioHapHuid ctad. Lli craHuM MOXyTh OyTH
CTIKMMU, HECTIKUMH, HEUTPAITBHO CTIMKMMH Y 3aJI€)KHOCTI BiJl TapaMeTpiB CH-
CTEMHU.

[Napamerpu p, ¢ MOXHa BU3HAYHUTH Yepe3 KOOPIAMHATU CTAIliOHAPHUX CTa-

HIiB y BUTJISI

— Y +XoYg — X

p:yz Y1+ X3y 1y2’ (39)
YilX +y1 =% = y>)

_AT KT RN -XN) (40)

X+ -%-y)'

Cucmemni docniodcenns ma ingpopmayivini mexroaoeii, 2007, Ne 4 131



11 Ilogewenko

1-x -\ XV — XN

,0+L7:( 1 1)(1 2 2 1). (41)
SIACES /)

TakuM ke YMHOM MOXKHa 3anucati i cuctemy (31), (32)

%=x[y(1-x2 —¥2)= Yo l=x=y)+ py(x+y-x, -y, (42)

%: y[xz(l— X—y)—)((l—Xz —y2)+ q)((X+ =% _J/2)]- (43)

AHAJII3 CTAIIIOHAPHHUX CTAHIB

CramioHapHi CTaHH MOHOIIOJIEHOTO THITY MafOTh TaKi XapaKTePUCTHIHI KOPEHI:

x=0, y=0, z=1 4 =X%, L=-), (44)
x=0, y=1 z=0, 4 =(p+1)1l-x%-y), 1,=—X, (45)
x=1 =0, 2=0 A4 =), A,=0. (46)

Otxe, ctanu X=1 1 z=1 € HecTilikuMH, a CTIHKICTh cTaHy J=1 BHU3HaYa-
€THCSI 3HAKOM BUPA3y

(yZ_le)(l_)ﬁ_J/l) (47)

p+1l= .
WX +un-%-m)

To0To0, icHye MOXKJIMBICTh pealtizanii MoHonodii Ha Y ixero B pasi

p+1<0 (48)

abo
Vo> W, R+W—X%-)<0, (49)
Yo <Y1, X +Y1—Xp—Y,>0. (50)

Jns cramionapHoro ctany (X, 4,2 ) XapakTepUCTHYHA MATPUI CHUCTe-
mu (42),(43)

x1(py; +Y2) Xu[axq =X + Py + Y1 = X2 = ¥, . (51)
yilpys + Y2 +a(x + Y1 =X =¥, yi(ax - x)
Cri XxapaKTepUCTUIHOI MaTPHITL
1-x% -y
_ _ \ o)
=0+ Q)X +X) =X =XV — X% W (52)
S =( VX Ih+ %Y =X 4 = (4 1o 21/)(1+)/1—X2—y2
JleTepMiHAHT XapaKTEPUCTHYHOT MaTPHULI
Ay ==X 5 (6 + 15— % = 1 P pvi + v2 )+ alax — 20 )+
+ PgX+ =X - 1)) (53)
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XapaKTepuCTHYHI KOpeHi
5+ 57 —4A,
A2 . (54)

Jns cramioHapHoro craHy (X, =Xg, Yo =Yg, Zy =Zg) XapaKTepUCTUYHA

MaTpulls cucremu (42), (43)

(1+ p)X2y2 Xz(l—xz+pYZ)

55
Yo (qx2 +Y> —1) (q —1)X2 Yo %)

CJIi XapaKTEePUCTHIHOT MaTPHITi

1-X -y Xy Y
S, =(p+a)X Vs = (XY = Xo V4 ) 11 272 56
2 (p Q) 2Y2 (1Y2 2y1/x1+y1—x2—y2 X V1 (56)

JETePMiHAHT XapaKTePUCTUYHOT MaTPHLI

Ay :(1+ Py2 —qxz)(l—xz - YZ)X2Y2 =

2 2 2
_ KW -x%) +xh-2) - -0n) vy L-x%—-y), (67)
(4 + 25—~ ) X%
XapaKTEePUCTHIHI KOPEHi
2 p—
s = S, 14/ 5,2 —4A, | 8)

2

TakuM 4MHOM, YMOBA iCHYBaHHs opOiTanbHuX KonuBaub (14)—(16) Ha BCiit
00J1acTi ICHYBaHHS CHCTEMH B pe3yJIbTaTi BBEJACHHS apaMeTpiB P i ( 3BYKY€EThCA
IO CITiBBiTHOIIICHHS

A_X% (59)
n »
IO BiJAIMOBiJa€ yMOBaM
5 =0, 5 =0. (60)
Llefi BUCHOBOK y BUTIISIL

X;
—L =const (61)
Yi

BuruinBae Ttakoxk 3 (35). ToOTo, iCHYBaHHS KOJHMBAaHL THITY «IIEHTPY» MOMKJINBE
JMIIE 32 YMOBH PO3TAIlyBaHHS CTAIliOHApHUX TO4OK (X, )i), (X,),) Ha mps-
MiH, ka BUXOIUTH 3 MOYATKy KoopauHAT. [Ipm mpoMy iX KOOpPAWHATH CIIiB-
NajaloTh 3 KOOPAWHATAMH TOYOK MEPETHHY TaKol mpsiMoi 3 mpsmMumi (37), (38).

3 ypaxyBanusM (39), (40) cuctemy piBHSHE (42), (43), sika ONMKUCY€E JUHAMIKY
MPOIIECIB CIUIKYBAHHS Ta PETyJIAIil, MOJKHA 3aIMCATH Yepe3 KOOPIAUHATH CTAIlio-
HapHUX CTaHiB

o W= x)- 3 01-x)
E_){y(l—xz—Jé)_yz(l_X_y)Jr Wi =2, _yz)J'(X+y—X2—J/2)] (62)
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ay x(0-y5)-%0- 1)
i X% (1—x— )~ M1- % — 3, )+ T XX+ y-%—,)].(63)
OTxe, Ui KOPUCTYBAHHS CUCTEMOIO PiBHSHB (62), (63) HEOOXiqHO BHU3HA-
YUTH JIMIIE TTapaMeTpH CTalioHapHUX cTaHiB. (Hampwukiram, 3 meBHUMH 3acTepe-
JKEHHSIMH TIOAO X CTaIlllOHapHOCTI MOXKHA BBA)KaTH PE3YJIbTATH COIIOJIOTIYHUX
JociimkeHs abo Bubopis. Tak, 3a pesynbratamu BHOOpiB 10 BepxoBHoi Panu y
oepesni 2006 p. ogHy mpoBimHy igero miarpumanu 36% BHOOPIB, a iHITY —
32%. MosxHa NPUITyCTUTH Y JaHOMY BHIaAKy, o X =0,36; )4 =0,32.)

Od4eBuIHO, IO MOPYIIEHHS YMOBH (59) MOPOHKYE 1HITY MOBEAIHKY CHCTEMHU
CIIJIKYBaHHS, ICSKi CIICHAPIi SIKOi PO3TIISIHYTO HIDKYE.

CIEHAPIi CIVIKYBAHHS

3a xapakTepoM CITIJIKYBaHHS MOYKHA BU3HAYWUTH TPH OCHOBHI CIIEHApii CHiBICHY-
BaHHS Pi3HHX 17eH.

1. Kommnpomic — kocepenmue cniegionouleHnss Mk MPUXUIBHUKAMHU Pi3-
HUX i7eii. B oOMexeHii 0071acTi HABKOJIO TAaKOTO CIiBBIIHOIICHHS iICHYIOTh TTepi-
OIIMYHI HexpumuyHi IUIsl CUCTEMH BIAXWIIEHHS — KyJIbTypa CIIiBICHYBaHHS Ha
OCHOB1 CHPUHHSATTS CYCHUJILCTBOM (peHOMEeHY KOHKypeHUii ifei (HMOmiTHYHUX,
€KOHOMIYHHX, COIaIbHUX, KyJIbTypHHX). CHUCTeMa CTPYKTYpPHO HECTiika i He
KOMIICHCY€E TaKi BiAXWICHHS, MPOTE MA€E MEXaHi3M 1X oOMmedicenHs: B TIEBHIH 0e3-
TICYHIN JIJIs iICHYBaHHs cucteMu oOusacti. KpuTHuHi BiIXUIIEHHS 32 MeXi i€l 00-
JacTi pyWHYIOTh CTPYKTYPY CUCTEMH CIIKYBAaHHS SIK CYKYITHICTh €JIeMEHTIB-11ei
1 IPU3BOATH 10 MOHOIIOMI3AMI{ O/THI€T 3 HUX.

2. 3roma — cmitixe cniggioHouienHs MK IPUXAIBHUKAMH PI3HHUX 1JIeH K
pe3yabTaT IHMBLTI30BAHOTO CYCIIBHOTO CHiBicCHyBaHHA. CHCTeMa Ma€ MeXaHi3M
KoMneHcayii HeKPUTUYHUX JIJIs 11 ICHYBaHHS BiJXWJICHb BiJl TAKOTO CIIiBBIJIHO-
[IeHHsI IUISIXOM €BOJIOIIHOTO TIocnabneHHs 30ypeHb — Bill’eMHUH 3BOPOTHHIA
3B’s130K. [IpoTe cucrtema He 3aTHA KOMIICHCYBATH KPUTHYHI BiIXWJICHHS, BHA-
CHIJIOK SKHX pealli3ye€ThCsl MOHOTMOMIS TMEBHOI iaei (pyHHalisi CUCTEMH CIIiJIKY-
BaHHS).

3. Hesroma — wuecmiiike cniggionowenHs MiX TPUXWIBHUKAMH PI3HUX
i7Ie#l SIK MPUHIIUIIOBE HEBU3HAHHS CIIIBICHYBaHHS. Byb-sIKi BiIXWJICHHS BiJ TaKO-
ro CTaHy € KPUTHYHUMH i MPU3BOAATH JO HEKOHTPOJIBOBAHOI ecKamallii Iboro
30ypeHHs y HANPSIMKY MOHOIIOI3aIli1l oHi€T i1ei. 3a HasIBHOCTI B CUCTEMI TaKOTO
MIO3UTUBHOTO 3BOPOTHOTO 3B’A3KY CAMOCTilHE iICHYBaHHSI CHCTEMHU HEMOXKITUBE.

3ayBa)xMMO, 1[0 MOHOTIOJI3AIlis OjHIET imei Ta 11 migTpumaHHs (0 CyTi,
pyHHYBaHHSI CTPYKTYPH CHUCTEMH CIUIKYBAaHHS) BUMArarOTh 3HAUHUX BUTpAT pe-
CypciB Ui icHyBaHHs. Take MapHOTPATCTBO PaHO YH Mi3HO MPU3BOAUTH JO I1X
nediuTy 1, IK HACTiIO0K, 10 YeProBOi «iIeHHOT» 3MiHU.

O4eBHUIHO, IO TLTIOPAJI3M iJIel Ta TOJEPaHTHICTh, SIKi BiIMTOBIAAFOTH CIICHA-
pito «KOMIpOMIC», MalOTh OyTH CHMBOJaMH Hamoro 4acy. Jlo pedi, cTpykrypa
Oynab-siKoi cucTeMu, SIK 1 11 moBeiHKa, € GopMamu ajanTarii 10 3MiH yMOB (YHK-
mionysanHs [1, 2].
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Ha puc. 3, 4 nokaszaHo rpadiuHy iHTepHpeTamnilo clueHapilo «KOMIIPOMICY.
CranionapHa Touka (X, J4) , fiKa po3TamoBana Ha JjiHii (qus. (36)—(38))

py—qgx+1=0, (64)

Ma€ Ha3By «IIEHTp». BoHa oToYeHa 3aMKHYTUMH TpaekTopismMu 1 3 HelepepBHUM
CIIEKTPOM YacTOT Ta aMILTiTYZ. MHOXHHA TaKuX TPAEKTOPid OOMEKeHa MeTIIeIo
ceraparpucu — TPAEKTOPI€IO 2, IKa BUXOAUTB 3 TOUKU (X, ), ) 1 IOBEPTAETHCS
3HOBY 70 Hel. [1o3a meTiii 3HaXoAUThCs 00JIaCTh TPAEKTOPIH 3, SIKI IPAMYIOTh J0
touku ( x=0; y=1).

MakcumaibHa aMIUTITY1a KOJIMBaHb HABKOJIO «LEHTPY» HE MEPEBUIIYE BiJl-
CTaHi MiX CTallioOHAapHUMHU cTaHaMu (X, J4) Ta (X, )5) .

2 2
= Oi-0 )+ (-2 ) . (65)
dazoBuil MOPTPET KLUEHTP», OOMENKEHHUH NETIIEI0 cerapaTpucu
y 1Q
0,9 \
p+q=0
08 kB \
\Z‘l
0,7 0

Q
=
vy

&
Z

AN\

I N N
03 /’;—1 I &\ Co
&) N
0’2 e ] \
AV AraRNG -
0.1 X S B,
l. 3 o N
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1X

Puc. 3. I'padiunuii 006pa3 cutyariii «<KOMIPOMic)»

Iro BenmnuuHy (aKTHYIHO MO’KHA BBa)KAaTH 3a MacmTad kommpowmicy. Touka
(X2, ¥2), posramrosana Ha miii (quB. (36)—(38))

X+ Y=X — Y, =x+ y—-(1-2)=0, (66)

i € Toukow Oidypkamii, B OKOJMi SIKOI PO3raidyXyroTbca TpaekTopii 1 Ta 3, mo
MPSAMYIOTH IO CTIHKOTO CTaHy MOHOTIOJILHOTO THITY (45).

3rigHo i3 (56) — (58) Touka 6idypxarii (X,,),) € HecTilikoro. Bona mae Ha-
3BY «CIITIO».
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3a Teopiero 1. [puroxuna [1, 3, 6] Oyap-ska cucteMa MiCTHUTh Y cOO1 i/ICH-
cTeMH, sIKi 0e3ycTaHHO (UIYKTYIOHTh. IHOMI okpema (iykTyaris abo ix komOiHa-
Iis. MOXE MJICUIUTHCS (BHACTIIOK MTO3UTUBHOTO 3BOPOTHOTO 3B’SI3KY) JI0 TAKOTO
piBHSI, IO ICHYIOYA CHCTEMa HE BUTPHUMYE i pyHHYeTbCs. Y Takiii cuTyarii, 1o
Mae Ha3By «Touka Oiypkarmii», MPUHIUIIOBO HEMOKIMBO Ieper0auyuTH Hamps-
MOK HACTYITHOTO PO3BUTKY MOJii: OyJae CTaH CHCTEMH XaOTHYHUM YH BOHA IIe-
peiine a0 iHmoro pieHs opranizamii. I. [IpuroxxuH npurryckae MOKIJIHBICTh CIOH-
TaHHOTO BUHHKHEHHS MOPSJIKY Ta OpraHizalii 3 0e3mopsIKy i Xaocy SK HaclioK
nporiecy camooprasizauii [6].

CaMe TaKy KOT€pEHTHY BIIOPSIKOBaHY B 4aci MOBENIHKY Y BUTJISI HE3aTy-
Xal04UX KOJMBAHb JEMOHCTPYE CHCTeMa B OKOJNi To4kH (X,J)4) (auB. puc.3)y

pasi, KOJIM NPHUCYTHICTh «TPETHOI CUIIN» TepeBulllye OidypKaliiiHe 3HAYECHHA 2, .

VY npoTHiIeKHOMY BUIIAAKY BEPX OepyTh TpaeKTOpii 3.

IcHyBaHHSI He3aTyxarounMx KOJIMBaHb 3a0e3MeuyeTbess yMoBaMu (ouB. (52),
(59)

IO 03HAYa€ KePOBAaHMH KOTEPEHTHUH BIUIMB Ha MPOIEC CIJIKYBaHHS 3 METOIO
CTBOPEHHS CIICHapi0 «kKomMrpomicy. Ha puc. 4 mokazaHo MOXKIUBICTH 3abe3re-
YEHHsI TaKOTO CIICHapil0 y OyIb-akili oOmacti ¢azoBoro mpocrtopy. CriBBimHO-
mreHHs (59) Mk KOOpAMHATaAMH TOUKK OidypKalii Ta HEHTPY KOJIMBAaHb € KpPUTE-
pieM ICHYBaHHsI CIICHApil0 «KOMIIPOMIC» SIK TpaHMIII MDK <«GTOAOI0» Ta
«HE3rofIoo» (HaIpUKJIaJA, BOHO 3aCTOCOBYETHCS y MapjaMeHTaX AJsl epepo3Io-
Iy MK MEepeMOXKISIMA BUOOPIB YaCTKH TOJIOCIB MPUXWIBHUKIB ijell — «HEB-
nax»). Y pasi Horo mopyuieHHs BHHHMKAIOTH iHILI CIEHApii, PyIIidHOIO CHIIO0
SKHX € TEHJCHIIIT TUITY TpaekTopiii 3 Ha puc. 3.

®Da30BHUll TOPTPET KLUEHTPH

ylo

09

I

0,7

0,6

0,5 i
04 \J
—>
0,3 {
02 K \ rOS
01 ? o —
I 1. - n,_‘_‘_‘_‘_ | T
P -4
-~

0 0,1 02 03 04 05 0,6 0,7 038 09 1 X

Puc. 4. Cuenapiii «<kOMIpomicy»
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TakuMm 4MHOM, MaTeMaTHYHUM 00Pa30M CIICHAPII0 «KOMIIPOMICc» € oOMexe-
Hi TIETJICIO CeMapaTpruCH KOJIMBAHHS THUITY «IIEHTp». Bimomo, mo mepexia 1o Ko-
JMBAJILHOTO PYXY CYNPOBOJKYETHCS 3HW)KEHHSIM €HTPOIIII CUCTEMH SIK MipH BIIO-
psnkoBaHocTi [1].

Ha puc. 5 mokaszano rpacdiuny iHTEepmperarito cueHapiro «3roga». Crario-
HapHi Touku (X,)4) Ta (X,,),b) PO3TAIIOBaHI HA JIHIAX, SKi BU3HAYAIOTHCS
cmiBBigHOmeHHsAMU (36)—(38).

ITepion KoIMBaHB B OKOJII CTAI[lOHApPHOTO cTaHy (X,)[) BH3HA4Ya€THCS 3
BuKopuctanusMm (21), (53)

Ao 2 (68)
Ts

MatemaTHuyHUM 00pa3oM CIICHApil0 «3rofa» € «cTidkuii pokyc» («3aly-
BaHHs» MMOYaTKOBUX YMOB, TIpUTAMaHHE JKUBUM cucteMam). e — HOpMa uist
CTaJIOTO JIEMOKPATUYHOTO CYCITUTHLCTRA.

®dazoBuit mopTpeT «HOKyC CTIHKUIT», CHPUINHEHUH PO3PUBOM TIETIII CEMapaTpPUCH
y 1Q

0,9

0,8 N

N p+q<0
N\

AN
1 “ \ )

0

7/
ey

0,6 \ +7
ol /NN
0.4 5 J\\ 2/y2
, o — [
% \ Lo
0,3 X171 i "
3 211 @y \\
0,2 \“\:- D \/P‘r ‘
o It = X
-— \
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 X

Puc. 5. T'padiunnii 006pa3 curyanii «3romay — «CTidkuit hpoxyc»

Touka (X,){) € CTIHKUM CTaliOHAPHUM CTAHOM, JI0 SIKOTO 30iraloThCst Tpa-
€xTopii 1 3 MOYATKOBUX YMOB, IO € HEKPUTHIYHUMHU TSI ICHYBAaHHS CHCTEMH.
[IpoTe iCHYIOTh KPUTUYHI TPAeKTOPIl 3, sIKi cHCTEMa HE 3[jaTHA KOMIICHCYBATH.

Ha puc. 6 mokazano rpagiuHy iHTepIpeTalLiio CueHapilo «He3rofa». €1uHa
CcTilika TOYKa — CTaI[iOHAPHMIA CTaH MOHOITOJILHOTO TUTTY (45).

Cucrema sSK CyKyHHICTB iIeld HE 3laTHA JIO0 CAaMOCTIMHOTO iCHYBAaHHsI BHa-
CJiZOK BiAMOBH Bij 1IEHHOTO CIiBICHYBaHHSI.
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dazoBuii moptper «poKyc HeCTIHKUIT»

y 1Q
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Puc.6. I'padiuaunii 006pa3 curyarii «He3roaa — HeCTIHKHH HoKyc»

BUCHOBKH

1. MopaemtoBaHHS TPOIIECIB CITITKYBAHHS BHUSBISIE iX KOJMHBAIBHUM Xapak-
Tep SK MParHeHHs 10 BIOPSIAKOBAHOCTI.

2. KonmBanHS mpoleciB CHiJIKyBaHHsS HE HaOyBalOThb XapaKTepy «rpaHHy-
HOTO LMKJTY», 0 BU3HAYAE iX TOXOMKCHHS, pajlle, SK KyJIbTypHE HaJA0aHHS Cy-
CITITTLCTBA, HK HOTO O10JIOTTYHAN PUTM.

3. lleHTp KoNMBaHb MPIOPUTETIB CYCMiJIbCTBA HE € HOrO CTIMKUM CTallioHa-
pHUM cTaHOM. Bynp-sike BiAXWJIEHHS BiJl HHOTO HOPOMXKYE KOMUBAILHUH MPOLEC.
KonuBaHHs Mar0Th HeNepepBHUI CIEKTP YaCTOT, IO XapPAKTEPU3YE IX AK «ILIyM»
0e3 JKOPCTKO BU3HAYCHUX IMapaMeTpiB. [HIMME clloBaMHu, CHCTEMa CITUTKYBaHHS
SIK CYKYIHICTh PI3HUX 1l «MaHApye» Pi3HUMH OopOiTaMu 1 He 37aTHa AeMIidipy-
BaTH 30ypeHHs Ta BIATBOPIOBATH YaCOBY MOBEAIHKY, TOOTO HE Ma€ CTIHKOI cTalli-
oHapHOi opOiTH. [If0 0COOIUBICTL MOYKHA BBaXKaTH HACIIIKOM 3IaTHOCTI CYCITi-
JbCTBAa HAOyBaTW 3 IUIMHOM Yacy KHTTEBOTO AOCBimy, TOOTO IMEpPETBOPIOBATHCS
HA CHCTEMY, OPIEHTOBAHY B Yaci.

4. 3a manux BiOXWIEHb Bijl LEHTPY KOJMBAHHA BiOYBAIOThCS MPAKTUYHO 3
MocTiiHUM niepiosioM. (SIk mpukaz e MoXHa BBaXKAaTH 3a aHAJIOT CTaJIUX AEMOK-
pPaTHYHHX CHCTEM, KOJHM Ma€ CEHC MOCTIHHUM iHTepBan yacy Mix BuOopamu. Xo-
Ya i B IbOMY BHIIQJIKY 1HOMI BiJOYyBarOTHCS TOCTPOKOBI BUOOPH, a OT MPOJIOHTY-
I0Th BJIaJIHI TOBHOBAXEHHS JIUILIE B €KCTPEMAIbHUX CHTYAIisIX.)
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5. 3HauHi BiOXWJICHHS BiJ UEHTPY € IHIUKATOPOM 3aBXKIU iCHYIOUHX B CY-
CHIJICTBI CTUMYIIB 10 MOHOTOMi3alii MEBHOI ifei 1 CympoBOMKYIOTbCA 30111b-
HICHHSM Tepioqy KoiuBaHb. (MOXKINBO, 3aBASKHA LBOMY (aKkTOpy HE3MIHHHH iH-
TepBaJ yacy Mi>k BUOOpaMH CTPYKTYp Baau B IEPEXiAHUHN 0 IEMOKpaTii mepion
BUKJIMKA€ Y CYCIUIBCTBI MPAarHEHHs JO JOCTPOKOBHX 3MiH.)

6. IloueproBwii ycmix KOHKYPYHOUHX iI€H CIIiJ BBakKaTd OO0’ €KTHBHHM
SIBUIEM.

7. IlepeBaKHO MITYYHHWH XapaKTep MPOIIECIB CIUIKYBAHHS BUMAarae 3acTo-
CYBaHHS IX PETyJAIlil 3 METOI cTabuTi3allii y MeBHUX 3aralbHOBU3HAHUX ITUBII-
3aLiiHUX MeXax.

8. CrinkyBaHHsS B IMBIII30BAHOMY CYCIIJIbCTBI Ma€ OyTH KepoBaHUM (3a
CYCHITPHUMH 3aKOHAMH) JAMHAMIYHUM IPOIIECOM, OCHAIIEHUM MEXaHi3MOM
KoMIIeHcamii 30ypeHp pi3HOi MpUPOAH, 00 3armo0irTH 301IBIIEHHIO aMILTITYAH
konuBaHb. [Ipu mpomMy Tpeba 3BakaTw Ha 3MiHH CTPYKTYPH (a3oBOTO MPOCTOPY
CUCTEMH CIIJIKYBaHHS IpHU pi3HOMY 3acTtocyBaHHi kepyBanHs (p+g=0;

p+g<0; p+g>0).
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