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Annoranusi. B Hacrosmeit pabore 6blaa MCCAepOBaHA KAAacCHYecKasl MaTeMaTudeckasi Mopeab C.B. Ayb6oBckoro
AAsT omucaHusi AAuHHBIX BoAH H.A. KompparheBa (K-BoaH). OTa MOAEAB ONUCHIBAET AWHAMUKY CBOGOAHBIX
KoaebaHult 3P(PEKTUBHOCTA HOBBEIX TEXHOAOTHHM U 3PPeKTUBHOCTH (POHAOCOTAauUM. C TOYKM 3PEHUSI MATEMATUKU
OHa IPEACTaBAsiET COBOM CHCTEMy HEAMHENHBIX OOBIKHOBEHHBIX ANGM@EpPEeHINaAbHLIX YPABHEHNN [I€PBOr0 IOPSIAKA.
LTeabI0O MCCAEAOBAHUM SIBASIETCS BU3YaAU3ALUs PE3YABTATOB PEIIEHWS C IIOMOINLIO YUCAEHHOI'O MOAEAVUPOBAHUS
mopudukanuu MaTeMaTwdeckoili mopeau C.B. Ay6oBCKOro, KOTOpasi 3aKAIOYAETCS B y9YETe 3aBUCUMOCTH HOPMEI
HaKOIIAGHUSI OT (POHAOOTAQYY U BHEIIHETO IIPUTOKA WHBECTUIIWH ¥ HOBBIX TEXHOAOTMYECKUX MoAeaei. Tak>ke 6BIAO
[IOKAa3aHO C IIOMOIIBIO KPUTepusi BeHAuMKCOHa, 4To Kaaccudeckass Mopeab C.B. AyBoBCKOro MOXKeT reHepUpOBaTh
3aMKHYTHIE (Pa30BBIE TPAEKTOPUU, YTO yKa3bIBaeT Ha €€ IIPUMEHEHWE AASI OIIMCAHWE SKOHOMUYECKUX KPU3UCOB
¥ UIUKAOB. AHANOMMYHO OBIAO IIOKa3aHO, YTO B pPaMKaxX MOAUMUIIMPOBAHHON MareMaTmdeckoi wmopeaum C.B.
A yb60OBCKOro Tak>ke MOI'YT CYIIECTBOBAThH 3aMKHYTEIE (Pa30BBIE TPAEKTOPUYU. [I0Ka3aHO C IIOMOIIBI0 KOMIIBIOTEPHOI'O
MOAEAVPOBAHUSI, YTO 3aBUCUMOCTH HOPMBI HAKOIAEHUSI OT (DOHAOOTAAYN MOXKET BAUSTH HA [IEPUOA, IUKAUIECKUAX
KoAeDaHMi, YTO Ba’XHO IIPM MOAEAWPOBAHUYN PEAABHBIX SKOHOMHUYECKUX IMKAOB M KPU3UCOB. YUeT BHEIIHETO
IPUTOKA UHBECTUIMH ¥ HOBBIX TEXHOAOIMN (YyIPaBAEHYECKMX DPEIIEHWH) C [OMOIBIO TapPMOHUYECKUX (DYHKIIUI
3HAYUTEABHO YCAOXKHSIET BUA (PA3OBBIX TPAEKTOPU, OAHAKO U 3AECh BO3MOXKHBI 3aMKHYTHIE (Pa30BBIE TPAEKTOPUH.
OTU TrapMOHWYECKUE (QYHKIUYU ONPEAEASIOT BEIHYXAEHHBIE KOAEDAHUS 3(PEHEKTUBHOCTA HOBBIX TEXHOAOTHH M
3 PEeKTUBHOCTH POHAOOTAAYUN U 3A€Ch BO3MOXKHO BO3SHUKHOBEHUE 3(P(PEKTOB PE30HAHCA, KOTOPHIE OBIAY ITOKA3aHbI
C IIOMOIIBIO KOMIIBIOTEPHOI'O MOAEAUPOBAHUSI B HACTOSIIEN cTaThe. KOMIBbIOTEPHOE MOAEAXPOBAaHYE IPOBOAUAOCE B
cpeae KOMIIbIOTepHOM aarebprsr Matlab.

Karoueswie crosa: K-60aHwl, ocyuanozpamma, $asosas mpaekmopus, SKOHOMUMECKUE UUKABL U KPUSUCHL, HODMA
Haxonaerud, xkpumepull Benoukcora, modean, memod Adamca-Bawgpopma-Myasmona
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Abstract. In this work, the classical mathematical model of S.V. was investigated. Dubovsky to describe long
waves N.D. Kondratiev (K-waves). This model describes the dynamics of free fluctuations in the efficiency of new
technologies and the efficiency of capital productivity. From the point of view of mathematics, it is a system of
nonlinear ordinary differential equations of the first order. The purpose of the research is to visualize the results
of the solution using numerical modeling of a modification of the mathematical model of S.V. Dubovsky, which
consists in taking into account the dependence of the accumulation rate on capital productivity and external inflow
of investments and new technological models. It was also shown using the Bendixson test that the classical model
of S.V. Dubovsky can generate closed phase trajectories, which indicates its use in describing economic crises and
cycles. Similarly, it was shown that within the framework of the modified mathematical model S.V. Dubovsky can
also have closed phase trajectories. It is shown using computer modeling that the dependence of the accumulation
rate on capital productivity can influence the period of cyclical fluctuations, which is important when modeling real
economic cycles and crises. Taking into account the external influx of investment and new technologies (managerial
decisions) using harmonic functions significantly complicates the appearance of phase trajectories, however, closed
phase trajectories are also possible here. These harmonic functions determine forced fluctuations in the efficiency of
new technologies and the efficiency of capital productivity, and here resonance effects may occur, which were shown
using computer modeling in this article. Computer simulation was carried out in the computer algebra environment
Matlab.
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BBeaenne

[IpobareMa IIPOTHO3MPOBAHUST SKOHOMUYECKUX IIMKAOB U KPU30B C IIOMOIIHIO
MaTEMATUYIECKUX METOAOB SBASIETCS Ba’XKHOUM NIPaKTUYeCKOM 3apadeit. IlepBrie
HUCCAEAOBAHUS YKOHOMUYECKUX IIUKAOB C IIO3UIIUY CUCTEMHOI'O IIOAXOAA B OIKUCAHUU
IIPUYVH X BO3HUKHOBEHUSI OBIAKM OTPa>ke€HBI B paboTax aHTAWICKOTO MH>KeHepa Xafaa
Kaapka, koTophlit B 1847 roay ykKasaa Ha HaAWYVE SKOHOMUUECKOT'O IIMKAA C IIEPUOAOM
54 ropa [1]. Aanree pasBuBast paborsl X. Kaapka, aHTARNACKAN MaTEMATUK X SKOHOMUCT
YuabsiM APKEBOHC C IIOMOIIBIO MATEMATAYECKOM CTATUCTUKYU YCTAHOBUA KOPPEASIIUA
9KOHOMUYECKUX IIMKAOB [IEPEIIPOM3BOACTBA U CBSI3aA UX C COAHEYHOM aKTUBHOCTHIO [2].

Ha mam B3raAsp, CYIIEeCTBEHHBI# BKAAA B HMCCAEAOBAHUE 3KOHOMUYECKUX IIMKAOB
BHec poccuiickuii srvomomucT H.A. KooaparneB, KoTopwii B 20-x ropax 20
BEKA C IIOMOINBI0 MATEMATUUYECKOT'O MOAEAMPOBAHUSI MCCAEAOBAA OOABIINE IITMKABI
KOH'BEKTYPHI, OCHOBBLIBASICH Ha aHaAW3€e DOABIIOIO YUCAA SKOHOMUUECKUX IIOKa3aTeAel
3a npomexyTok BpeMmenum 100-150 aetr. Ocmosurble Tpyawsl H.A. KomapaTrheBa MOKHO
U3y9IUTH B MOHOrpacduu (3|, a IPUAOSKEHNUST €r0 TEOPUY K AAUHHEIM BoAHaM (K-BoaHaM)
Pa3AMYHBIX KOHOMUK Mupa — B MoHorpaduu [4]. Onucanme HaydHON mKoABl H.A.
KoupapaTbeBa, ee CTAaHOBAECHUSI, METOAOAOTUYECKYE IIOAXOALI, & TAKIKe MAaTEMATUIECKIE
MOAEAZ AOCTATOYHO XOPOIIO PACKPLIBAIOTCSI B MOHOrpaduu aBTopa [5].

Msr >xe B HacTosIelr paboTe OCTaHOBMMCSH Ha MAaTEMATUYECKUX MOAEASTX K-BOAH.
Boabmio#t BKAaA B Pa3sBUTHE MATEMATHUYECKUX MOAEAEH B ommcaHume K-BOAH BHECAU
MareMmaTuku Menbmmukos C.M., Kaumerko NA.A. [6], C.B. Aybosckuit [7], Xupooka M.
[8], A.A. Axkaes [9], U.IT. T'raaxux [10]. B MoHorpacuu [5] pAaeTcst onucanue pasAMIHbIX
MaTEMATUIECKUX MOAEAEH, IIPUBOASITCS UX AOCTOMHCTBA M HEAOCTATKU. OCHOBY TaKUX
MOAEAER COCTaBASIOT B OCHOBHOM HEAUMHEWHBIE OOBIKHOBEHHBIE AUMGEPEHITNANBHBIE
YPaBHEHUSI, KOTOPLIE PENIAIOTCSI C IIOMOINbIO YUCAEHHBIX METOAOB.

B mactosimie#t paboThl B KauecTBe OOBbEKTA MCCAEAOBAHUY BhIOEpPEM KAACCUYIECKYIO
MaTeMaTudeckyo Mopaeab C.B. AyboBckoro, koTopasi 6blra IpeANOKeHA B CTaThe [7].
STOT BLIOOP OOYCAOBAEH CAEAYIOUIMMU COOOPa>KEHUSIMU: 1) MaTeMaTHUecKasi MOAEAD
OIIMCEIBAET AMHAMUKY 3(P(PEKTUBHOCTYA HOBBIX TEXHOAOTHN ¥ (POHAOOTAAYUM, YTO HA
HAIll B3TASA SBASIETCS ONPaBAAHHBIM AAS MaTEMATUYECKOI'O OIUCaHus K-BOAH B
PaMKax MHHOBAIMOHHLIX IIUKAOB [11]; 2) MaTeMaTudecKast MOAEAD 0OAAAAET GOABIIUM
IIOTEHIIMAAOM B IIPAKTUYECKOM IIPUMEHEHUM M AO KOHIIA HE M3yUeHA.

Khaccuueckass MateMatmdeckass Mopeab C.B. AyboBckoro mpeactaBasieT coboit
CHCTeMY HEAVHENHBIX OOBIKHOBEHHBIX AUMGEPEHIINANDHEIX YPABHEHNH C HAa9aAbHBIMUI
ycaroBusMu (3apada Komu). B craThe MBI ITOKa’KeM C IIOMOIIBI0 KPUTEPHsT BeHAUKCOHA,
4TOo pemeHne 3apauu Komu MokeT 06AapaTh 3aMKHYTHIMU (Pa30BEIMU TPAEKTOPHUSIMI,
4yTo O6yAEeT YKa3bIBaThb Ha BO3MOXXHOCTH €€ AASI ONMCAHUSI YKOHOMUYECKUX IIMKAOB.
PaccmoTpuM HEKOTOPBIE MOAMMDUKAIIAKA MOAEAUW IIOCPEACTBOM VdUeTa 3aBUCKMOCTHU
HOPMBI HaKOIIAEHUS OT (POHAOOTAQUM, a TaK>Xe BHEIMHETO IIPUTOKA WHBECTULIUN U
HOBBIX TexHOAOTHH. [locTporM C IIOMOIIBIO YUCAEHHOTO AATOPUTMA, PEAAMIOBAHHOT'O
B CHCTEME KOMIIBIOTEPHOM aarebpnsl Matlab, ocimanrorpaMMEl 1 Pa30BbIE TPAEKTOPUM.
[Tora>keM, 4TO MOAUGUITIPOBAHHAST MOAEAD 0OAAAAET IIOTEHIINAAOM AAST AAABHERITIAX
MCCAEAOBAHUA.
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ITocTranoBka 3aJa491, ME€TO/JNKa pellleHud n ero CBOICTBA

B cratre C.B. AyboBckoro [7] 6plra IpepfrosKeHA CAEAYIOIIAST MaTeMaTHdecKast
MoA€eAb AAMHEEIX BoaH H.A. KoraparseBa (K-Boan):

X (t) = —Anx (t) (x (t) = 1) (y () —y7),
Yt) =n(l—n)y*(t) (x(t) —x), (1)
x(0) = a,y(0) =b.

rae x(t),y(t) € C'0,T] — dyurmuu 3GdEKTUBHOCTE HOBLIX TEXHOAOTHH 1
doupooTaaun, t € [0, T| — BpeMst mpomecca, T > 0 — Bpems MopeAurpoBanusi, 0 < n < 1
— HOpPMa HAKOIAEHUS, A > 0 — IOCTOSHHEBIN KO3 PUIINEHT, KOTOPBIN OIIPEAEASETCS U3
CTaTUCTUKHY, X* U Y* — IIOCTOSIHHBLIE 3HAYEHUSI, KOTOPbIE COOTBETCTBYIOT TOYKE IIOKOS
CHCTEMBI, A ¥ b — 33aAaHHBIE IIOCTOSTHHEBIE, KOTOPBIE OIIPEAEASIIOT HaYaAbHBIE YCAOBUS,
x (t) = dx/dt ,y (t) = dy/dt.

Onpepesienne 1. CucteMy HeAMHENHBIX AUG@EPEHIIMAABHBIX YPaBHEHUHR
(1), mpeacraBastrouryto coboit 3apady Komm, Mel 6yAeM HA3bIBATH KAACCHYECKOM
MaTeMaTuIecKoi mopeario C.B. AyboBckoro.

Sameuanme 1. 3aMeTumM, UYTO KAACCHMYECKasi MaTeMaTmdeckKass Mopeab C.B.
Ay6osckoro (1) onuceiBaeT cBOboAHBIE HEAMHENHBIE KOAEOaHUST 3 DEKTUBHOCTHE HOBBIX
TEXHOAOT'MY ¥ (POHAOOTAAUN.

Omnpenenenne 2. OpHOCBsA3HOU obaracThio U HaswIiBaeTcsi 0bAacTh, B KOTOPO# BCe
3aMKHYTEHIE IIyTY TOMOTOIIHBI HYAIO, T.€. X MOXXHO HEIPEPLIBHLIM 00pa3oM CTSIHYThb B
TOYKY. DTO O3HAYAET, YTO OOAACTH HE COAEPKUT ABIPOK U CAMOIIEPECEYEHUI.

[Tycte mempepwIBHBIE GyHRmuz fi(x,y) = —Anx(t)(x(t)—1)(y(t)—y*) =
f2(xy) = n(1—n)y?(t) (x(t) —x*), a f = (f;,f2) — BEKTOpPHOe TOAE, 3aAAHHOE B
OAHOCBsI3HOM obaacTu U C RZ.

Teopema 1. (Teopema Benduxcona [12]) Ecau dusepzenyus 8eKMOPHO20 NOAA
HA NAOCKOCTU 3HAKOMOCTMOAHHA U OMAUYHA O HYAA 8 HEKOMOPOoU 00HOC8A3HOU
obaacmu, Mo OMmCcymcmeyom 3aMKHYMbLE Pa306ble KpUBDLE TM020 NOASA, UEAUKOM
aesrcaujue 8 amotl obaacmu.

Sameuanue 2. B gacTHOCTH, 9TO TEOpEMa YTBEPKAAET, YTO B OOAACTU OTCYTCTBYIOT
IPEAEABHBIE ITMKABI.

Teopema 2. AsmoxomHas cucmema Ouppeperyuasvhoir ypasheHud (1)
Mootcem 0baadams 3aMKHYMBIMU Pad308blMU MPAEKMODUAMU.

HokazareabcTBo. Vcnoapsyst Kpurepuit Bemaukcona [12], MBI MOXKeM IIOKa3aTh,
YTO AVBEDPIEHIIASI BEKTOPHOT'O IOASI f MeHsIleT CBOM 3HAK U HE TOKAECTBEHHO paBHA
HYAIO B OAHOCBSI3HOI 0bAaCTH.

af] . 1 % afZ_ *
2 (x5 ) -y S =2y e,
TOrAA
div(f) :%—l—g—fj:—Zn (?\ (x—%) (y—y")—(1 —n)y(x—x*)). (2)
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/3 SKOHOMZYECKOTO CMEBICAA [apaMeTpoB 3apadm: x (t) > O,y(t) > O0,A > 0,
0 <n < 1 u MBI MO)KEM 3aKAIOUUTB, YTO MOXKET IIPOMCXOAUTEH CMEHA 3HaKa (OYHKIUK
(2) B opmOCBsi3HOM 0baactu U C R%. AefictBuTensHo u3 (2), ecAu BEIOpATh

0.5 <x < x. =%,

0 Ay (3)
SYSYe =S T

TOTAQ AMBEPIEHINSI BEKTOPHOTO IMOAsi f OyAeT MEHSIThb CBOM 3HAK B OAHOCBSI3HOM

obaracTu. [TocTpouM CpeACTBaMHU BU3YAaAM3AIUsI CPEALI KOMIIBIOTEPHOM MaTeMaTUKA

Maple mpumep OAHOCBSI3HOM 0OAACTM, B KOTOPOW BBIMOAHSIIOTCS CMEHa 3HAKa AAS

3HageHue mapamerpoB (1): n=0.2,A =2.25x* = 1.3,y* = 0.5.

Puc. 1. IIpuMep opHOCBsi3HOM obaacTu anst x € [0.5,1.3],y € [0,0.775].

[Figure 1. An example of a simply connected region for x € [0.5,1.3],y € [0,0.775].]

Vcxopst U3 BBHIIIECKA3aHHOI'O, MOYKHO CAEAATh BBIBOA O TOM, UTO cucTeMa (1) Moxxer
0bAaAaTh 3aMKHYTHIMY (Pa30BBIMY TPaeKTOPUSIMHU. [

Teopema 2 ykKa3bIBAeT Ha, TO UTO KAACCHYECKas MaTeMaTwdeckas Mopenab C.B.
Ay6osckoro (1) Mo)kXeT OBITH IPUTOAHA AASI UCCAEAOBAHUS IWKAWYECKUX PEKUMOB,
KOTOpPHbIE MOT'YT BOSHUKATb B TEOPUU SKOHOMUYECKUAX IIMKAOB M KPU3UCOB.

[TocTpouM ocumAAOrpPaMMEL 1 Pa30BLIE TPAEKTOPUU AAST KAaccudeckoi mopean C.B.
Ay6OBCKOrO NpM pPasAWYHEIX 3HAYEHWSX HAYAABHBEIX YCAOBHU u mapameTpa A. AAs
STOM IIeAM BOCIIOAB3YEMCSI OAHOIIArOBEIM MeToAOM Apamca-Bamdopra-MyaTona 2-ro
[IOPSIAKA CXOAMMOCTHY (IIpaBMAO Tpamenuu) [13], KoTopblil OBIA PeaAU30BaH B CUCTEME
KOMITbIOTEepHO# aarebprsl Matlab.
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Pacuernble pOPMYABI UMEIOT BUA:

;

k
=AY ¥ (4 1) (o]~ y),
j=0

k
Wa=vo+n(l-n) > u) (x—x),
=0

A k
X =% = 5 (M (e = 1) (Wl =) + e (5 1) (y—v) |

n(l—-n)t k
Yiet :‘JOJF% (Uiﬂ)z (xfsr —x7) +Zp(yj)2 (5 =x7) ],

=0

x(0) = x0,Y(0) = yo.

3aech T — Imar pacdeTHO ceTKU. [lepBble ABe (DOPMYAEL (4) SIBASIIOTCS IIPEANKTOPOM,
OCTaABbHBIE — KOPPEKTOPOM. BecoBble KO PUIIMEHTEI UMEIOT BHUA,

])j:O)
p=+<¢2,1<j<Kk,
1,i=k+1.

Busyaamsaiusi pe3yAbTATOB MOAEAWPOBAHUS IIPHBEA€HA HA PUC.2, a 3HAYEHUS
[IapaMeTpoB MOAEAX OBIAZ B3siThl U3 paborer C.B. Aybosckoro [7].

V3 puc. 2 MBI BUAMM, YTO YBEAWUEHUWE 3HAUEHUS IIapaMeTpa A, a TaK>Ke 3HAYEHUN
Xo IPUBOASIT K YBEAMYEHUIO 3HAYEHUN 3(pPEeKTUBHOCTY HOBBIX TEXHOAOTUY (puc.2a) u
dorpooTraum (puc.26). DTO B CBOIO OUEPEAb IPUBOAUT YBEAMUEHUIO OPOUTEI (ha30BOi
TPAEKTOPUYU, KOTOPasi SIBASIETCS 3aMKHYTON (TodYka paBHOBecumst cucTeMsbl (1) (x*,y*)
siBAsieTCst IeHTpoM). [lepmoarr aszoBeIX TpaekTopmit (puc.2c) coraacuo pabore [7]:
T = 50.1,54.9,60.6 aeT, a ux HampaBAeHUE 0OXOAA OCYIIECTBASETCS IIPOTUB YaCOBOH
CTPEAKH.

VHTepIpeTaIusl S5KOHOMUYECKOTO IIMKAA AAETCS IO (ha3soBOMY NOPTPETY (puc.2c),
10 aHanormm co crarbeir [7]. PasoBBII IOPTPET MOXKHO NPEACTABUTH B BHAE
YeTHIpEX KBAaAPAHTOB C IjeHTpoM B Touke (1.3,0.5). B mepBoM KBappauTe (CeBEpO-
BOCTOYHBI/ KOOPDAMHATHEIA YrOA) 43-3a I[IOBBIIIEHHON SKOHOMHUYECKON aAKTUBHOCTH
KCTOIIAETCS 3allac BBICOKO3((MEKTUBHLIX HOBIIECTB, X CUCTEMA IIEPEXOAUT BO BTOPOM
KBaAPAaHT (ABUDKEHZE IIPOTHB YacoBO# CTpeAKu). Bo BTOpoM KBappaHTe wu3-3a
TIOHVKEHHOY 3(M(EKTUBHOCTY HOBIIECTB CHUIKAETCS SKOHOMUYECKAs AKTUBHOCTDL, U
CHCTEMa IIEPEXOAUT B TPETHH KBaApPaHT. B TpeTbeM KBappaHTe Oaaropapss HUBKON
SKOHOMUYECKON AKTUBHOCTY HAKAIIAMBAETCS 3arac BBICOKO3(P(EKTUBHLIX HOBIIECTB,
¥ CHCTeMa IIEPEXOAUT B YETBEPTHI KBaApPaHT. B ueTBepToM KBappaHTe 6aaropapst
BBICOKOM 3((PEKTUBHOCTY HOBIIECTB HAUMHAETCS POCT SKOHOMUYECKOW aKTUBHOCTH, U
CUCTEMaA IIEPEXOAUT B IIEPBBIM KBAAPAHT, ITUKA IIOBTOPSIETCH.

Sameuanue 3. HeobxopuMO OTMETUTD, YTO MOAEAUPYEMBIE ITUKALL Ha PUC.2. TaKKe
obrapaioT acuMMeTpUel. OTO CBOMCTBO IIMKAOB CBSI3aHO C PA3HBIMU BpeMEHAMM BEIXOAA
B TOT MAM WHOM KBAAPAHT B CHAY TOT'O, UYTO IUKABI UMEIOT SAAUNTAYECKUE OPOUTEL.
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Puc. 2. OcruAnOrpaMMBL ¥ (Da30BBIE TPAEKTOPUM CUCTEMEI (1), IIOCTPOEHHBIE IIPU
Pa3AWYHBIX 3HAYEHUSIX A U Xg = d.

[Figure 2. Oscillograms and phase trajectories of the system (1), constructed for
various values of A and x; = a.]

Bameuanne 4. OTMeTuM, uTo 110 MHeHUIO A.A. AKaeBa [9], pe3yAbTATHI, TOAYYEHHEIE
C.B. AyboBckuM B pabore [7] OBIAM HECKOABKO 3aBBHIIIEHEI, IPUYEM KX IIOTPELIHOCTD
aocturaaa 50

Vcxoast u3 BBIIIIE CKA3aHHOI'O, BOSHUKAET HEOOXOAMMOCTD B YTOYHEHNY KAACCUIECKOMN
moaeau C.B. Ay6osckoro (1). Takoe yTouHEHNE MO>KET OBITH OCHOBAHO Ha 3aBUCUMOCTH
HOPMBI HAKOIAEHUS OT (DOHAOOTAAYUM, BBEAEHUM BHEITHUX (PAKTOPOB — IIPUTOKOB
WHBECTUIAYA ¥ HOBBIX TEXHOAOTHUY MAU YIPABAEHUECKUX PEIICHUH, a TaK’Ke HAAUIUE
9 HEKTOB HACAEACTBEHHOCTH (IIaMSITH).

Hopwma nakoruiennst kak dyHknusi ot dpongooraadu B Mosesm (1)

B pabore [7] C.B. AyboBckuil yKaseiBaa, Ha TO YTO HOPMAa HAKOIIAEHUS B CHUCTEME
(1) mo>keT 6BITH (DYHKIMEN OT POHAOOTAAYUN BHAQ!

_ b (L—1)
y(t)

rae L3 > 0,1, > 0 — x03pDUIUEHTE], KOTOPHIE OIPEAEASIIOTCS U3 CTATUCTUIECKUX

n(y(t)) ()

pamuelx [15]. OpaHako 3aBucuMmocTb (5) B cBoeit pabore [7] C.B. Ay6oBckuit He
HCCAEAOBAA.
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Bameuanne 5. B cratpe [7] 6bIr0 IpoBeaeHO mccaepoBaHmMe 3aBucumMocTz (5),
IOAYYEHbl OCIUAAOTPAMMEI ¥ (ba30Bble TPAaEKTOPHUM IPU DPAa3AMYHBIX 3HAYEHUSIX
IIapaMeTpPoB, HO He OBIAA AaHA WX SKOHOMUYECKAsS MHTEPIIPETAIHS.

Bameuanne 6. Heobxopummo oTMeTuTsh, uTO B 6onee mo3pmeidt pabore [14] C.B.
Ay6OBCKUI IPEANOIKUA UCIOAB30BATH APYTYIO 3aBUCUMOCTD:

(6)

rae l; > 0,1, > 0 — KOHCTaHTHI, KOTOPBIE TaKKe ONPEAEASIIOTCS U3 CTAaTUCTUKE [15].

OpHako u B pabore [14] He OBIAO NIPOBEAEHO UCCAEAOBaHUI 3aBucuMmocTH (6).
[TosTOMy B 3TOM IIyHKTE MBI YCTPAaHMM STOT HEAOCTATOK — IIPOBEAEM HCCAEAOBAHIUE
kaaccuaeckoit Mmopenu C.B. Aybosckoro (1) ¢ yueTom 3aBucumocreii (5) u (6), a Tak>Ke
AAAUM UX SKOHOMUYECKYIO MHTEPIIPETAIIHIO.

CaenaeM psip 3aMedaHUil [0 IPUMeHEHUI0 PYHKINOHAABHBIX 3aBUCHMOCTEl (5) u
(6) B kraccuueckoit MaTeMaTrueckoit Mopaeau Aybosckoro C.B.

Bameuanue 7. B CHAy TOro, 94TO HOpMa HAKOIIAEHHUSI AOAKHA OBITH IOAOKUATEABHA,
TO AAST 3aBUCHMOCTH (5) BBINOAHSIETCsT ycaoBue 1, > 1, a Aast 3aBucuMocT (6) ycAoBHe
11 > 1%

Bameuanme 8. 3aMeTHM, UYTO COIAACHO 3aBUCHMOCTH (5) NpPH YBEAUYEHUU
dOHAOCOTAAYUM HOPMAa HAKOIIAEHWUS YMEHBLIIAETCs. YMEHbBIIEHNE HOPMBI HAKOIIAEHUSI
B 3aBUCHMOCTH OT (DOHAOOTAAYM O3HAYAET, YTO IIPU YBEAWYEHUN 3(PPEKTUBHOCTH
MCIIOAB30BaHUST (DOHAOOTAAYM OPraHW3alWsi MOXKET CHU3UTH OOBEM COOCTBEHHBIX
CPEACTB, KOTOpLIE HEOOXOAMMO HaKallAUBaTh AASI ObecliedeHusi CTabUABHOIO
QYHKIIMOHNPOBAHUS X PA3BUTHUS OM3HECA. DTO IO3BOASIET ONTUMU3UPOBATEL CTPYKTYPY
KaIlUTaAa U IOBLICUTEH PEHTAOEABLHOCTh MHBECTULINY. Y MEHbBIIEHNE HOPMBI HAKOIIAEHUSI
MO>KeT OBITH OCODEHHO Ba’KHBIM AASI OPraHU3AlUil C OrPaHUYEHHBIMU (DUHAHCOBLIMU

pecypcamu, IIOCKOABKY II03BOAsIET 3(phEKTUBHEE UCIOAB30BATh AOCTYIIHBIE CPEACTBA.

Bameuanne 9. Tak>ke MOXXHO 3aMETUTh, YTO 3aBUCHMOCTEL (6) yKa3bIBaeT Ha
yBeAWYeHNE HOPMBI HAKOIIAEHUS OT (DOHAOOTAAYM. YBEAWYEHUE HOPMBI HAKOIIAEHUS
B 3aBUCUMOCTH OT (POHAOOTAAYUM O3HAYAET, YTO UeM BHIIIE YPOBEHDL 3(PPeKTUBHOCTHU
KCIIOAB30BaHUSI (POHAOOTAAYM, TeM OOABINE CPEACTB KOMIIAHUSI MOXKET HAKAIIAMBATH
AAST OYAYIIIUX MHBECTULIMY MAM (PUHAHCOBHIX Ieneli. [ToBrimenne (GOHAOOTAAYYN MOXKET
TIPUBECTH K YBEAWYEHUWIO IIPUOBIAKM, YTO B CBOIO OYEPEADL IIO3BOASIET OPTaHU3AIUA
YBEAWYUBATL OOBEM HAKONAEHWH. ODTO Ba’KHBIM acHeKkT (UHAHCOBOM CTpaTeruu
OPTaHU3AINY, ITOCKOABKY IIOKA3BbIBAET, KaK 3(P(PEKTUBHO UCIOAB3YIOTCT KMEIOIIAECS
PECYPCHI AAST AOCTUXKEHUSI (DUHAHCOBLIX IIEAEH.

ITpoBeaem mccaepoBarme 3aBucuMocteit (5) u (6). C yuerom saBucumoct: (5) uAm
(6) xnraccuueckast mopens C.B. Aybosckoro (1) mpurumaer Bup (y (t) # 0):

X (t) =—=An(y (1)) x (t) (x (t) = 1) (y (t) —y7),
Yt =n(y®) (1 -nly®))y* ) (x{t)—x"), (7)
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Bapaua Komu (7) Takke, Kak 1 3apada (1) MokeT 06AaAATh 3aMKHYTEIME (Da30BEIMU
TPAEKTOPUSIMU. DTO MOYKHO II0Ka3aTh C IIOMOIIbio KpuTepus Beraukcona (Teopema 1).

a) 6)
Puc. 3. IlpuMepEl  OAHOCBsI3HOM# obaacTu: a) AAst 3aBucumocTe  (5); 6) AAs

3aBUCUMOCTH (6).

[Figure 3. Examples of a simply connected region: a) for dependence (5); b) for
dependence (6).]

Ha puc.3 mpuBeA€HBI IPUMEDPHEI OAHOCBSI3HBIX ODAACTEN, B KOTOPBIX AWBEPTEHIVS
BEKTOPHOTO IIOASI MEHSET CBO# 3HaK: puc.3a — (YHKIUS HOPMHI HakomaeHus (5), a
puc.36 — yHKIUST HOpMa HakoIAeHUs (6).

Puc. 4. [IpuMeps! ociimanrorpaMM # (a30BBIX TpaeKTopuit Anst 3aBucuMocTH (5). Touru
Ha OCIIIAAOTPAMME — KOOPAMHATEI MEXKAY ABYMSI MaKCUMaAbHBIMU ITUKAMU.

[Figure 4. Examples of oscillograms and phase trajectories for the dependence (5). The
points on the oscillogram are the coordinates between the two maximum peaks.]
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Pemenne 3apaum (6) OyAaeM HCKAaThb C IIOMOIIBI YHCAEHHOTO OAHO IIIArOBOIO
MeTopa Apamca-Bamdopra-MyAToHa BTOPOro IOPsIAKA CXOAXMOCTH (METOA, TPAIENnit).
Da30Bble TPAEKTOPHUY, IOAYUEHHBIE COTAACHO UUCAEHHOMY METOAY AAS Mopeam (7),
IIPUBEAEHBI Ha puc.4 ¢ yderoM 3aBucumocteit (5) u (6).

Ha puc.4 npuBepeH pacyeT OCHIUAAOTPAMM ¥ (PA30BBIX TPAEKTOPHUH AAS
3aBUCHMOCTH (5) HOPMBI HAKOIIAEHUS OT (POHAOOTAAUX C YUETOM PAa3AMYHBIX 3HAUECHUN
L, L 1 xo. Mo>XHO 3aMeTUTD, YTO B OTAMYME OT PUC.2B, HOPMa HAKOIIAEHUS YCUAUBAET
aCHMMETPUYHOCTD ITUKAQ.

Tak>ke MO’XHO OTMETUTH, UYTO POCT 3HAUEHUHN ITapaMeTpoB li, l, BAUSET Ha 9acTOTy
¥ CA€AOBaTEABHO Ha IIepuop KoaebaHuit. [IycTh BpeMeHHast OCb COCTABASIET KOAXIECTBO
aet. Toraa, HampuMep, MBI BUAMM, YTO AAS Habopa sHawenuit: 1; = 0.8,1; = 1.3,xy =
1.45 mepumop, Koaebaumit cocTaBAsieT T ~ 40 AeT.

AefcTBUTEABHO AAST 3(PEKTUBHOCTH HOBBIX TexHoaormit x (t): T = 118.121 —
77.441 = 40,68 aet, a prst adbderTrBHOCTE poHpOOTAAUM Y (t): T = 86.361 —47.041 =
39.32 aer. AaHHOe 3HAUYEHVE IIEPUOAA COOTBETCTBYET yKa3aHHOMY AxaeBrIM A.A. B
cratbe [9], B KOTOpO#l aBTOpP YTBEP)KAAET, UTO IIPOAOAKUTEABHOCTb LUKAOB H.A.
KorppaTtbeBa B XX Beke b6nIna B cpepHeM 40 AeT.

Ha puc.5 npuBepeH pacdeT OCHUAAOIPAaMM ¥ (DA30BBIX TPAEKTOPHH AAS
3aBUCKMOCTH (6) IPY PA3AUYHBIX 3HAYEHUSIX Ly, 1) U Xo.

Puc. 5. [IpuMeps! ociimanrorpaMM # (pa30BBIX TPAEKTOPUi AAsT 3aBUCUMOCTH (6). Touru
Ha OCIIIAAOTPAMME — KOOPAMHATEI MEXKAY ABYMSI MaKCUMaAbHBIMU ITUKAMU.

[Figure 5. Examples of oscillograms and phase trajectories for the dependence (6).
Points on the oscillogram are coordinates between two maximum peaks.|
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Msz1 BupuM, 9TO Pa30BEIE TPAEKTOPHUY IBASIIOTCS 3aMKHYTHIMU. OCIUANOTPAMMEL Ha
puC.5 OTAWYAIOTCS OT OCIUAAOIPAMM PHC.4, OAHAKO (ha30Bble TPAEKTOPUM OOAAAAIOT
IOXOXXUMU opbuTaMu. 3AeCh TaK’XKe yBeAWdYeHWe 3HadeHuU# l;,l, ¥ Xy IPUBOAUT K
HboABIIIEY ACUMMETPUM — IIMKAQ, 9TO TaKXXe OTPA’KAETCsI Ha IEepUOAe KoaebaHwUil.
[Tepuoa KoaebaHU, HaIpuMep, AAS IIMKAA C mapamerpamu l; = 1.3,1, = 0.8,xy =
1.45 coctaBasier T =~ 56 aer. Takume 3HaUeHUsT MEPUOAOB Koaebammit moaydan C.B.
Ay6oBckuit B cBoeit pabore [7], oAHAKO 3TU 3HAYEHUSI OBIAM HECKOABKO 3aBHIIIEHEL 10
CPaBHEHUIO C PEANDBHBIM SKOHOMUYECKUM ITIKAOM.

OAHaKO HeCMOTPSI Ha 3TO, BCe BHIIIE CKa3aHHOE, YKA3bIBAET Ha TO, YTO IIEPUOA TOI'O
WY WHOTO KA MO>KHO OIIEHMBATDb UCXOAS U3 3aBucuMocTel (5) u (6), T.e. Ipu BepHOM
BeIOOpe 3HaueHW# mnapaMmeTpoB l; u 1,. HamoMmuwmM, 9TO 3Ha4YeHUS 3TUX IIapaMeETPOB
6epyT U3 CTATUCTUKIU.

B cayuae, xorpa BbIOpaHHBIE 3HAUEHUSI IIapaMETPOB AAIOT HEBEPHOE 3HAYEHUE
IepuoApa IWKAA, HeOOXOAUMO IIPOM3BOAUTEL YTOUHEHUE MOAeAU. Hanpumep, yIuThIBaTH
KaKWe-TO CBOMCTBA pacCMaTpUBaeMO¥ CHUCTEMBI. B KadecTBe TaKOBBIX MOXKET OBITH
YyUTEHO BHEIIHee BO3AEHCTBHE Ha cucTeMy (1), KOTOPOE OIPEAEASIET IPUTOK BHEIIHUX
VHBECTUIAY ¥ HOBBEIX TEXHOAOTUY UAY YIPABACHUYECKUX PEIIEHUN.

IIpuTOK BHEIIHNX WHBECTUINN M HOBBIX TE€XHOJIOTUIA B
kJsaccuveckoii monenu C.B. Jly6osckoro (1)

[IpuTOK BHENIHWX WHBECTULIVHA ¥ HOBBIX TEXHOAOTME MOXXHO VYeCTb B
MaTeMaTUIecKod Mopaeau (7) IOCPEACTBOM BBEAEHUSI B €€ IIPABblE YaCTU (PYHKIUN

f1(t) m f; (1)

X (t) =—=An(y (1)) x (t) (x (t) = 1) (y (t) —y") + 1 (1),
Y () =n(y ) (T —nly®)y*t) (x(t) —x) + (1), (8)
x(0) = a,y(0) =b.

Bameuanme 10. MareMaTtudeckasi MOAEAb (8) ONWCHIBAET BBIHY KAEHHBIE
HeAMHENHBIE KOAeDaHUsT 3PPEKTUBHOCTH HOBBIX TEXHOAOTMA ¥ (POHAOOTAAYUM.

Bameuanue 11. B Hameili pabore MBI OyAeM pacCMaTpUBaTh TapMOHUYECKUE
dyukmuit f;(t) = & cos(wit) um f,(t) = d,cos (w,t) B Mopeam (8), Tae & u &, —
aMIIAUTYABI, @ (W] ¥ (W7 — YaCTOTHI. BHIOOP TaKUX 3aBUCUMOCTEN OOYCAOBAEH TEM, UTO
IIPUTOK BHEIHUX WHBECTUIINA ¥ HOBBIX TEXHOAOTHH MMEET IIEPUOAMYECKUN XapaKTeP.
KpoMme, TOro Takme 3aBUCUMOCTU IIPUBOASIT K BO3HMKHOBEHUIO 3GEKTOB pPe30HAHCA
B KOAEDATEABHOM CHCTEME, YTO MMEET Ba’KHOE IPUKAAAHOe 3Ha4YeHWe. B paboTe MBI
IIOKa’XEM 3TH CBOIICTBA C IIOMOIIIEI0 KOMIIBIOTEPHOI'O MOAECAUDOBAHUA.

C nomomipbio yucAeHHOr0 aaropuTMa Apamca-Bamdopra-MyaTora Broporo nopsiaka
CXOAMMOCTH AASI PeIleHus 3apadu Komu (8) MBI MOXKEM IIOCTPOUTH IPHU Pa3sAWYHBIX
3HAYEHUSIX €€ [1apaMeTPOB C y9eTOM 3aBUCHMOCTH (5) OCIMAAOTpAMMBI U (Pa30OBbIE
TPAEKTOPUMN.
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 Ocumnnorpamma x(t) ¢ yuetom (5)

, Ocunnorpamua y(t) c yuerom

046
0 50 100 150 200 250 300 3/ 400 450 500 0 50 100 150 200 250 300 30 400 450 500
t t

C yyeTom (5)
i T T

122 124 126 128 13 132 134 136 138

Puc. 6. OcruarorpaMMEel u a3oBasi TpaeKTopust cucTeMsl (8) aast 3aBucuMocT® (5) ¢
yd9eToM 3HaUeHUs IapaMeTpos: O = &, = 0.1, w; = w; = 6.

[Figure 6. Oscillograms and phase trajectory of the system (8) for the dependence (5)
taking into account the parameter values: 61 = 8; = 0.1, w; = w; = 6.]

Ha puc. 6 npuBepeH IpUMEp, IOCTPOEHUS OCIUMAAOTPAMM U (PA30BOM TPAEKTOPHUH,
TIOAYYEHHOU NIPY CAEAYIOMUX 3HaueHUsX mapamerpos: T = 500,t = 0.01,A = 2.25,1; =
0.6,12 = ]1, Xo = ].35,1:]0 = 0.5, 61 = 62 = 0.],(1)1 = Wy = 6.

OTrMeTuM, YTO pa30Basi TPAEKTOPUS SIBASIETCSI 3aMKHYTOH, KPOME TOTO OHAa
UCIIBITHIBAET KOAEDAHUS 3a CUET BHEIIHUX FapMOHUYECKUX PYHKIIWI.

Puc. 7. OcniuarorpaMMBL ¥ (ha30Basi TPAEKTOPUsS CUCTEMEL (8) AAs 3aBucuMocTZ (5) ¢
ydeToM 3HAUYeHUsS IapaMeTpoB: O; = &; = 0.5, w; = w; = 6.

[Figure 7. Oscillograms and phase trajectory of the system (8) for the dependence (5)
taking into account the parameter values: §; = 6; = 0.5, w; = w; = 6.]
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Ha puc.7 mpuBepeH ApPYroil mpuMep IIPU 3HAYEHUSIX AMIIAUTYA &1 = O, =
0.5, ocTanbHBIE @apaMeTPhl OCTAAUCH 0€3 W3MEHEHWs. 3AeCh MBI BUAUM Ha
OCLIMAAOT'PAMMAX, POCT aMIAUTYABI COOCTBEHHBIX KOAebaHmil. Pas3oBasi TPAEKTOPUS
SIBASIETCSI HE3AMKHYTOM ¥ MMEET BUA PACKPYUUBAIOIIENCS COUpPaAU. Tak>Ke, KakK U Ha
puc.7 dazoBasi TPAEKTOPUS UCILITHIBAET KOAEOAHNUS 3a CYET BHEIIHUX MAPMOHUYIECKUX
PYHKIIUHA.

Anst 3aBucuMocTz (6), TaK)Xe MOTYT BO3HUKATH KaK IUKAWYECKUE KOAEOAHUS
(puzc.8), Tak u 3¢pderTH pesonanca (puc.9).

x(t) ¢ yserom ® O Yit) ¢ yserom (©)

Puc. 8. OcruarorpaMMEl u (ha3oBasi TPAEKTOPUsT CUCTeMEI (8) AAst 3aBucHMOCTH (6) C
ydueToM 3HadeHUs mapamerpos: 0; = 1,06, = 0.1, w; = w, = 50.

[Figure 8. Oscillograms and phase trajectory of the system (8) for the dependence (6)
taking into account the parameter values: &; = 1,0, = 0.1, w; = w; = 50.]

x(t) ¢ yserom (©) . ¥(t) ¢ yserom )

®asosan TpaeKTOpHS ¢ yeTom (6
T T

Puc. 9. OcniuarorpaMMbL # (ha30Basi TPAEKTOPUS CUCTEMEL (8) AAs 3aBucuMOCTZ (6) ¢
ydIeToM 3HadeHus mapaMmeTpos: 0 = 1,8, = 0.1, w; = w; = 15.

[Figure 9. Oscillograms and phase trajectory of the system (8) for the dependence (6)
taking into account the parameter values: &; = 1,0, = 0.1, w; = w; = 15.]
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Ha puc. 9 MBI BuAUM, 9TO paz30Basi TPAEKTOPUS HE 3aMKHYTas, OHA PACKPYYUBAETCSI
B CHAYy TOrO, YTO aMIIAUTyAA KOAeDAHUY pacTeET B YCAOBUSIX pe30HaHCA. Kpowme
TOrO, CaMa TPAEKTOPHUSI WUCIBITHIBAET KOAEOAHWSI 33 CYET BHEIIHETO IAPMOHUYECKOL'O
BO3AENCTBUS.

Ha puc. 6-9 co3paeTcs Brie9aTAEHHUE, YTO Pa30BasI TPAEKTOPHUS IPEACTABASIET CObOM
06beMHYIO PUIYPY. IDTO CBSI3aHO C TEM, YTO I'PaHUIA (PA30BOM TPAEKTOPUU TaKIKE
WCIIBITBIBAET KOAEDAHUS U BpeMsi t 3AeCh CTAHOBUTCS TPETbEl CTEIEeHBIO CBOOOABL.
HeobxoprmMmo orMeTuTh, uTo pyHKIuUH f (t) = 87 cos (wit) u f; (t) = d;, cos (w,t) moryT
AaBaTh bonee CAOKHBIE IUKABL (puc. 10).

Ocumnnorpamma x(t) ¢ yerom (©) o y(t) c yetom (6)
T T : Y : T : Y : T

®azosan ¢ yyerom

Puc. 10. OcruanorpaMmel u as3oBasi TPAEKTOPUs CUCTEMEI (8) anst 3aBucumocTy (6) ¢
y4eToM 3HaueHwus mapameTrpos: 0; = 0.2,6, = 0.1, w; =3, w,; = 6.

[Figure 10. Oscillograms and phase trajectory of the system (8) for the dependence (6)
taking into account the parameter values: &; = 0.2,0, = 0.1, w; = 3, w; = 6.]

OTU CAOKHEBIE IUKABI IIOXOXKe Ha PUTYpPHL AKCCaKy, popMa KOTOPBIX OIIPEAEASTETCS
OTHOIIIEHVEM YacTOT X . /I3BECTHO, YTO €CAU OTHOIIEHVE JaCTOT PaIMOHAABHOE YHCAO,
TO TpPaeKTOpusI OYAET 3aMKHYTO!, a €CAU MpPpPalMOHAABHBEIM, TO He 6yaer. B Arobom
CAydae U3y4UeHUe IOAOOHBIX PUIYD 3aCAYKUBAeT BHUMAHUE.

B paboTax aBTOpa [16—-22] 65110 IpepnrO>KeHO 060bIIeHNEe KAaccudeckoi Mopeau C.B.
AyboBckoro ¢ yueToMm 3 deKTa HaCAEACTBEHHOCTH. DTO CBOMCTBO YKA3bIBAET HA TO, YTO
CHCTeMa IIOMHUTL OKa3aHHOe Ha Hee BO3AEUCTBUE M C TOUKYU 3PEHUS MATEeMaTUKU OHO
OIIMCHIBAETCSI C ITOMOIIBIO APOOHOM mpom3BoaHOK [23-29]. B pabote [21] mokazano, 4TO
BBEAEHZE APOOHEIX IIPOM3BOAHEIX B cUCTeMY (1) IPHBOAUT K 3aTYXAOMIUM KOAEDAHUSIMY
¥ IIO3TOMY AASI TOrO, YTOOBI CYIIECTBOBAAUM IUKAWYECKUE KOoAebamus HeobXOAMMO
HaAWYVe BHEITHEro UCTOYHMKA TUIA ¥ . DTO AAeT BO3MOXXHOCTH (ha30BOM TPAEKTOPUU
Jepe3 HEKOTOPOE BPEMSI BEIXOAUTH Ha IPEAEABHBIN ITUKA.
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ABTOp H6AArOAAPUT 32 IIEHHEIE COBETHI I 3aMEYAHUSI CBOET'O PYKOBOAUTEAST A.(D.-M.H.,
poreHTa [lapoBuka P.U., KOTOpPBIE TOCAYKUAY YAYUIIEHUIO CTAThH.

3akJ/rroueHue

B pabore 6rvina mccaepoBaHa Kaaccmueckas Mopeab C.B. Ay6osckoro ¢
HEKOTOPBIMU MOAMPUKAIUIMU. B YacTHOCTH, HOpMa HAKOIAEHUS 3aBUCEAA OT
dOHAOOTAQYUN, & TaK>KXe OBIA IIPOM3BEACH Y4YET BHEIIHWN IIPUTOK WHBECTULIUYU U
HOBBIX Te€XHOAOTH#. [IoKa3aHO C IIOMOINbI0 KPUTEPHS BEHAMKCOHA, YTO KAACCUYECKAST
Mmopenb C.B. AyboBckoro m ee MOAMMUKAIIMK MOTYT IPUBOAUTL K 3aMKHYTHIM
$a30BLEIM TPAEKTOPUSIM, ¥, CAEAOBATEABHO, X MOXXHO MCIIOAB30BATBH AAS U3YUEHUS
SKOHOMHUYECKUX IIMKAOB. C IIOMONIIbIO YKCAEHHOrO aAropurMma Apamca-BamdoprTa-
MyaToHa OBIAM PACCYWTAHBI OCIUAAOTPAMMBI M (PA30BLIE TPAEKTOPHUHU. [loKa3aHoO,
YTO HOpPMAa HAKOIAEHUS KaK (PYHKIUS OT (POHAOOTAAUU IIO3BOASIET KOPPEKTHPOBATH
IIepUOA, LIWKAA. BHEIMHWA IPUTOK MHBECTALIMN ¥ HOBBIX TEXHOAOTHH IIOAYMHSIACS
TAaPMOHUYECKOMY 3aKOHY. 3AECh IIOMMMO 3aMKHYTBIX (PA30BBIX TPAEKTOPHUHA, MOTYT
BO3HUKATH HE3aMKHYTHIE (DA30BBIE TPAEKTOPUM, KOTOPBLIE BO3HUKAIOT B PE3YALTATE
pe3oHaHca. Tak>Xe OTHOIIEHWE YACTOT OIPEAEAsiET (popMY (PAa30BEIX TPAEKTOPUH, a
CaM¥ TPAEKTOPUU ITOXOKY Ha PUrypsl Auccaxy. [losToMy ucxXoas 3 BEIIIE CKA3aHHOTO,
mMopudukanysi (8) kaaccmdeckoit mopeaum C.B. Aybosckoro (1) obarapaer 6Gonee
boraThIMy CBOMCTBAMMU, KOTOPEIE 3aCAYKUBAIOT OTAEABHOTO U3YIEHNUS.
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