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BBenenune

B Hacrositiiee Bpemsi peain30BaHbl MepBbIe
IIOIIBITKHU OIIMCaHHs C IIOMOIIIBKO MaTeMaTH4C-
CKHX MOIIeJIeﬁ IICUXOJIOTUYECKHUX aHaJIOI'OB 4Yc-
JIOBEKA, TaK Ha3bIBAEMBIX IIU(PPOBHIX JBOHHUKOB
WK poOOTOB ¢ HEAOCOMOTHOM MaMAThio [1].

CoBpeMeHHbIE (HITOCO(BI MO-Pa3HOMY OT-
HOCSITCS K 3aKOHAM JMaleKTHKU ['eresnst: oT mo-
HOTO MX TIPU3HAHUS J0 MOJTHOTO OTpHUIanus [2, 3].
[Tosromy, uTOOBI HEe BIaBaThes B (prutocodckue
OUCKYCCHM, MbI IIOIIbITAEMCA Ha OCHOBEC paGOTBI
[4] mocTpouTh OOIIME MaTEMaTHYECKHE MOJCIH
9THUX 3aKOHOB JIsI HCKOCI0 BUPTYAJIbHOI'O MHpPA,
npernonaras, 4rTo JUajiekKTHKa 3TOr0 MUpa OCHO-
BaHa Ha I'CreJICBCKHUX ITOJIOKCHUAX U YTO B OTOM
MHpE, B YHCJIC TPOYETO, CYIICCTBYIOT HU(POBHIC
JIBOMHUKH.

M0)1e.1m AUAJIECKTUKHU JIBUKCHUA

BYIIGM npe;[nonaraTI), YTO OABHUXXCHUC OIlU-
X ()  dynxumit
X)) =(x,(£)....x, (1)),

ChIBacCTCs

x,(1),...,x, (1),

BEKTOPOM

T.C.
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pr4eM CIpaBeINBO COOTHOLLCHUE

n
ZXI.Z (t)#0, e t — Bpewmsl.
i=1

[lycTh HampaBieHHe pa3BHTHS Ipolecca
(BeKTOp 11eMH) 3a1aeT BeKTop A , rie

A= (a],...,an), a,=const,a, #0,i=1Ln.
CornacHO 3aKOHY €IWHCTBA M OOpBOBI
npoTtuBononoxkuocredt l'erens [2], MoxHO 3a-
KIIIOYUTh, 4YTO JABWIKCHUC IIPOUCXOJIUT B XOAC
O0pBOBI TIPOTHBOMOJIIOKHOCTEN, TO3TOMY CpPEAH

KOMIIOHEHT BeKTopa A CyLIECTBYIOT TaKUE KOM-
TIOHEHTHI, YTO BEHITIONHSCTCS YCIIOBHE

3i,3j:aa,<0, i=Ln, j=1n.

OTMeTuM, YTO TaKXK€ JODKHO OBITH CIipa-

n
BEUTHBBIM COOTHOLLICHUE Zai =0, xoropoe
i=1

€ANUHCTBE MPOTUBOMOJOXKHOCTEH.

O‘IeBI/IZIHO, YTO KOMIIOHCHTBI BCKTOpa A SABJIA-
I0TCSI CBOGOOPA3HBIMU BECOBBIMH KOX(PHUIIHEH-
TaMH, OIPEAEISAIOMUMU 3HAUYMMOCTh KaxKJI0M
HPOTHBOIOJIIOKHOCTH B OOIEM pa3BUBAIOLIEMCS
nporecce. Uem Oomblilie MOIYNb KOMITOHEHTEHI,

FOBOPUT O
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TEM BBIIIE 3HAYMMOCTh ITPOTHBOIOJIOKHOCTH.
Eciu pacnoioXuTh 3J1EMEHTHI BEKTOpa B HEYObI-
BAaIOILIEM IMOPSIKE, TO JIETKO BHIETh, YTO IS Be-
COBBIX KO3(D(PHUIIMEHTOB IODKHBI BBIIOIHATHCS

n n
paBeHCTBa Zai =—1 nna a, <0 n Zai =1

i=1 i=n+1

ang a, <0, rae 1, — KOMMYECTBO OTPHIIATEINb-

HBIX KOMIIOHCHT BEKTOpa A , N —HN; — KOIN4IECT-

BO TIIOJIOKUTCIBbHBIX KOMIIOHCHT BEKTOpa A 5
nzl,n>n,.
Cremnyer OTMETHTbh, UYTO COTIIACHO CBOWMCT-

BaM BEKTOPOB BCE KOMITOHEHTHI BEKTOpOB X (7)

u A [OKHBI M3MEPATHCS B OJMHAKOBBIX €JIH-
HHUIIAX U3MEPCHHS ¥ MMETh OJMHAKOBBIN "(H3H-
YECKUU" CMBICTI.

B paGorax [5, 6] npeayioxkeH croco0, mo-
3BOJISIOIIMN  YKMCJCHHO OICHUBATh BCIUYMHY
JNOCTH)KCHHSI 1M B XOJIE BOCIHUTATEIBHOIO
nporiecca. Croco0, MpeyIoKEeHHBIA B 3TUX pabo-
Tax, TAKXKE MMO3BOJISICT BBIUMCIISITh YIOJl OTKJIOHE-
HUS OT 1EJIM BOCIIUTATEILHOIO IpoIiecca.

B acnekre MonenmMpoBaHUs THATICKTHKA JIBH-
YKEHUS Mbl, MOIIM(HLIUPYS CITOCO0, Oy 1eM Tpe/Irora-
raTh, 4YTO IIQJIb IPOLECCA PA3BUTHS ONPEIACIIACTCS

BEKTOPOM A HAIpaBJICHHUI 3TOrO PA3BUTHSL

Tornma, He Hapymias OOIIHOCTH, MOXHO 3a-
KJIIOYUTh, YTO YCHEIIHOCTh pPa3BUTHA IIpolecca
onpenensercss MaTeMaTHUYeCKOM 3aBUCUMOCTBIO

F(t), sBnsroreiicss OTHOMIEHHEM MPOCKIMH BEK-

topa X (¢) Ha Bektop A K ymHe Bektopa A .
TakuM 00pa3oM, Ha OCHOBE IIPaBHJI BEK-
TOpPHOHM anreOphl [7] CTAaHOBUTCSA CIpaBeINBA

dbopmya
> a0
F(t)="——. (1)

2
Zaz-
i=1

Bynem cuurtath, 4TO IpoliecC pa3BUBaeTCA
YCIEIIHO Ha HMHTEPBaJe BPEMEHU (tO,T) B Ha-

[paBJICHUH, 3aJaHHOM BeKTOpoM A, eciu Ha
oToM uHTepBaie F(f) sBisercs MOHOTOHHO
BO3pacTaromeh GpyHKIHueH.

B npennonoxenun nuddepeHppyemMocTr

ynkumii x,(¢),i=Ln npu te (tO.T), npumMe-
HSSL TEOPEMbl MAaTEMaTHYECKOro aHal3a, OIH-
CBHIBAIOIIME CBOMCTBA MOHOTOHHBIX HH(phepeH-
nupyemblx Qynknmii [8], ycmemmHocTh, Heyc-
MENHOCTh WM 3aCTOH Mpolecca pa3BUTHI MOXK-
HO OTOOPAa3UTh cleaytomeld Tabauiei.

Yenosus npomexkanust npoyecca

Brimonnenus YCJIOBUSL

PaszButue npoiecca

n

Za.M>O

1

i=l dt

PazButne mpouecca UACT B 3aJaHHOM BEKTOPOM A
HalpaBJICHUN

$, dx () _,
i=l dt

PazButne porecca XapaKTepu3yeTrcsa 3aCTOEM

n

i=l dt

PasBurne mnpomecca uaeT B INPOTUBOIIOJIOXKHOM BEKTO-

py A wnanpasnenun

Ha ocHoBe pa0ort [4, 7] U CBOWCTB cKaJIsp-
HOTO MPOU3BENICHUS BEKTOPOB [7] yroi OTKIOHE-
aus W(¢) mporecca, xapakrepusyeMbIM BEKTO-

pom X (¢), or HampaBieHus aBIKeHuss A orpe-
nensercs GyHKIuel UKIMIHOCTH

z(f) = cos(¥ (1)),

3aJ1aBa€MOIl COOTHOILIICHUEM
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i a.x,(t)
2(t) = ——=2 @)

S 30
i=l1 i=1

[IpuHrMas rereneBcKkoe MOJMIOKEHUE 3aK0-
Ha OTPHUIAHUS OTPHUIAHHS O MUKJIAYHOCTH pas-
BUTHSL TPOIECCOB, MOKHO 3aKIFOYHMTH, YTO
Gyukiust z(f) ompenenser W OMKMCHIBACT ATy
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MUKIAYHOCTE M OOpb0y MPOTHBOMONOKHOCTEH

JIPYT C IPYTOM.
Ormerum, uto 3aBucumoctu F(1) u z(t)

SIBIISIIOTCS Oe3pa3MepHBIMH (PYHKIIHSIMU.
[Ipeamonaras, 4To Ka)kaas M3 KOMIIOHEHT

x,(t),i=1,n smusercs muddepenmupyemoit

byHkuuen npu f € (tO.T ), MOYXHO BBIYHCIIUTH
dz(t .

NIPOU3BOIHYIO , 3HA4YCHUs KOTOPOU OIIpe-

ACIAI0T CKOPOCTh HHUKJIOB B 3aKOHE OTpUILIaHUA
OTpHULIaHHA. Jlerko IMoKasaTb, 4TO 3Ta NpPOU3BOA-
HasA yAOBJIETBOPACT COOTHOUICHHUIO

aAt) _
dt

n

> B0 0-Fan 00

i=1

pXs >0 i

CornacHo ["erento HEOOXOAMMBIM yCIOBH-
€M pPa3BUTUA ABIACTCA HUKINYHOCTH, TO €CTh,

byHKLIYS Z(t):cos(‘P(t)) JOJDKHA  MEHSTh

CBOM CBOMCTBA: TO CTAHOBUTHCS BO3pacTarolIeH,
TO yOBbIBaloIIeH, YTO SKBHBAJICHTHO CBOMCTBY

3HaKOIEPEMEHHOCTH (PYHKIIHH . Iocnen-

Hee y)Ke HakKJaJblBaeT OrpaHWYCHUS Ha OOIIue
MaTeMaTHYeCKHe CBOMCTBA IIPOTHUBOITOJIOKHBIX
Jpyr IpyTy IpPOLIECCOB BUPTYaIbHOIO MUDA.

Tak kak cormacHo I'erento st pa3BUTHS
OOJDKHBI CYIIECTBOBATH KAK MUHUMYM JIBa IIPO-
THUBOIIOJIOXKHBIX APYT JAPYTY Tpoliecca, TO KOIH-

4ecTBO KOMIOHEHT B Bekropax A u X (¢)
JIOJDKHO OBITh HE MEHbIle JBYX. Jlokakem 3To
YTBEPKICHUE MAaTEMATHUCCKH.

Cornacho I'erento it ABHKECHHS OJKHA
OBITh IIMKJIIMYHOCTH, TO €CTh JOJKHA OBITH CIIpa-
BetnBa opmyia z(t) # const nipu t € (to T )

IIycte TONBKO OAMH TIpOLIECC Xapak-
Tepu3yer JABWKEHHE. B 3TOM ciiydae crpaBemiu-
BO COOTHOIICHUE 1 = 1.

[MoxcTapnsist 3HaueHue n =1 B COOTHOIIE-
HUe (2) mocie HECIOKHBIX aaredpandecKux mpe-
o0pazoBaHu# MOTY4YHUM PaBEHCTBO
z(t) =cosY(¢) =1 =const, to ecrb, QyHKIHSA
UKJIMYHOCTH HE SBJISIETCS 3HAKOIIEPEMEHHOIA.
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TakuM 00pa3oM, MbI JOKa3alH, YTO JUIs
ONKMCAHHs Mpolecca Pa3BUTUS JODKHO OBITh
CIIpaBeIUIMBO COOTHOIIICHHE /1 > 2 .

ITokaxkxem, 4TO AJId JBHXKEHUS TPOTUBO-
IIOJIOXKHBIE JAPYr APYrY IIPOLECCHl HE JOJDKHBI
OBITh TIOJTHOCTBIO SKBUBAJICHTHBIMHU JPYT IPYTY.

Jlokaskem 3TO MeTOIOM "OT MPOTUBHOTO"
IIycTes nBa MPOTHBOMOJIOKHBIX IMpoOLlECCa HKBHU-
BAJICHTHBI IPYT APYTY, TO €CTh, 00JIQIAI0T CBOWi-
CTBaMH, ONPEACIIAEMbIMU COOTHOIICHUAMN

n=2, A=(,-1), x,(t) = x,(t), t (¢, T).
Jlerko BHUJETh, 4YTO COIJIaCHO COOTHO-
menusm (1) u (2), B 3ToM ciiydae JBUKEHUS HET,
TaKk Kak crpaBeaauBel paBeHctBa F(£)=0 wu
z(t) =0. TlonyueHHOE MPOTHBOPEYHE TOKA3BI-
BaeT YTBEPIKACHUE.

IIpuMep npuMeHeHUs1 NAPHON MOJeJIH
MPOTHBONOJI0KHOCTEH
PaccMorpuM mpuMep MPakTUYECKOTO MpH-
MCHCHH NPUBCACHHLIX BBIIIC MOJIOYKEHUM Ha OC-
HOBE ITPOCTOM 3a]1a4M KJIAaCCUYECKONH MEXaHUKHU.

OnuieM AWHAMUKY TIPOLIECCa BEPTHUKAIb-
HOI'O MMOJKW/IBIBAHUS KAMHS BBEPX C IIEPBOHAYAIIb-

HOI CKOPOCTBIO V,, € OBEPXHOCTH 3eMIIH Oe3 yde-

Ta COITPOTHUBJICHUA BO3yXa €0 IBHKCHHIO.
Bynem cunTaTh, 4TO B 3TOM MpOLIECCE JIEH-
CTBYIOT JIBE IIPOTHBOIOJIOKHOCTH: IIepeMeIle-

Hue X,(f), HapaBICHHOE BEPTUKAIBHO BBEPX, U
HepeMeleHne X, (f), HalpaBICHHOE BEPTHKAIIb-

HO BHU3.
JU1s1 3THX NPOTHBOIOJIIOKHOCTEH BEKTOP

A wnmeer Bun A = (1,-1). CnenoparensHo, pas-
BuTHE Tiporecca F'(f) COrIaCHO COOTHOIICHHIO

(1) onuceiBaercst hopmynoit

F(ry=20~%0 (”;"2(’) . 3

Herpynno 3aMerutb, 4TO MOPOTHUBOIOI0XKHOCTH

X1 (l‘ ) ompenenserca pemeHneM 3anayu Korm:

d’x,(t) _  dx(t)
dt 7 dr

IIpOTHBOMONIOKHOCTh X, (f) OMHCHIBACTCS

=V, %(0)=0. (4)

b
/t=0

3agaueii Komu:
d 2x2 (t) _ abc2 (®)
dt dt =0

rae g — yCKOpeHHe CBOOOIHOrO MaJeHHSI.

2

=0, x,(0)=0, (5)
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B pesynbrate pemenus 3aga4 (4) u (5) mo-
Jy4aeM COOTHOIIEHHUS:
2 2

gt gt
x (1) = —7+Vof, x,(t)= B3 (6)

Cornacuo paBeHCTBY (3) pa3BUTHE INpO-
11ecca ONMUCHIBACTCS PAaBEHCTBOM
2
t V
Ft)=-2—+Y.
2 2

®OyHknus nukiaaHocTH  z(¢)  ymoBier-
BOPSIET COOTHOIIEHUIO

2(t) = —gt+2v,

N

Ha puc. 1-3 npuBenens! rpaduku u3MeHe-

HUSL KaXJIOH U3 MPOTHBOIONIOXKHOCTEH X,(f) H
X, (t), rpadux passurus npouecca F'(f) u rpa-
¢uk GyHKIMH TUKIHYHOCTH Zz(f) COOTBETCT-

M
BEHHO IIpHU V, =5—, emuHHWIAX H3MEPEHUS
C

BpeMEHH [ B CeKyHmax (och albciucc Ha Beex
rpadukax),a x,(¢f) u x,(¢) B merpax.
200

100

-100

-200

Puc. 1. I'paguxu wusmenenus npomueono-

JIOJCHOCmeu, x] (t) — HUDJICHAAL 6€meBb 2[)(14)1/{—

Kka, X,(t) — eepxnsin 6emew 2papuxa

-100

-200

-300

-400

Puc. 2. I'pagux pazeumus npoyecca

0.6
0.4

0.2

Puc. 3. I'paghux ¢pynxyuu yuxnuynocmu

Puc. 1 nemoHCTpHpYET TO, YTO C TEUCHUEM
BpEMEHH TPOTUBOIOJIOKHOCTH BCE OOINbIIEC H
OoJblIIe OTIINYAIOTCS APYT OT APYTa.

Ananus rpaduka, H1300paXKEeHHOTo Ha puUC.
2, TMOKa3bIBACT, YTO PA3BUTUE PACCMATPUBAEMOT'O
BHJ]a MEXaHHYECKOTO JBHIKEHHUS COTIAcHO (op-
Myne (3) uaer B HampaBlIEHMH IPOTHUBOIIO-
noxHocTH X, (7).

I'paduk, m3obpakeHHBI Ha puc. 3, ne-
MOHCTPHPYET OTCYTCTBHE IHKIUYHOCTH 3TOTO
JIBYDKCHHS.

AJITOPUTM NIPUMEHEHUs!
MaTeMaTH4YecKUX MojeJeil THaJIeKTUKH

Hcxonast M3 HAMMCAHHOTO BEIINIE, MOXKHO
MPEUIOKHUTD CICIYIONIUI aJIrOPUTM TTOCTPOCHHS
MOJICIM M aHajM3a IPOSBJICHUS 3aKOHOB JHa-
JICKTHKH JIBHOKCHUS JIJISl BUPTYaJbHOT'O MHUPA:

1. OnpenenstoTess MPOTHBOMOIOKHEBIE Xa-
PAKTEPUCTUKH, BXOMAAIIME B OIUCAHHUE TIPOIIECCa;

2. Onpenensiercss Bektop A, 3amaroimnuii
HarpaBJIeHHE Pa3BUTHUS MPOIIECCa;

3. 3anmuChIBalOTCA COOTHOLIEHMS, OMpese-
JIAIOMINE YWCJICHHBIC 3HAYCHUA IPOTHUBOIIOIOK-

HBIX XapaKTepucTHK X,(t),i=1,n, yuactBylo-
IMX B POIIECCE;

4. JIns TUajeKTU4ecKoro aHalusa IpoLec-
cca ucrnonb3ytoTes cootHomeHus (1) u (2);

5. [Ipu HEOOXOMUMOCTH CTPOSITCS TpadUKH
MPOTUBOIMOIIOKHOCTEH, Ppa3BUTUS Mpolecca |
(YHKINY IUKITAYHOCTH.

Mogaeas ynpasBjieHust
NPOTHBOMNOJI0KHOCTAMH

[TocTaBUM CIEIYOLIYIO 3a/1a4y: OIPEICUTh,
BO3MOYKHO- JIM B IPOIIECCE BHKCHUS JIOCTHYb 3a-
JaHHyro BemmuuHy D pas3ButHs nporecca?

OueBugHO, uTO coracHo (opmyne (1),
OTBETOM HA TOCTaBJICHHBIN BOIIPOC ABJIACTCA
CYILIECTBOBAHHE PELICHHS YPAaBHEHHUS

> a0
i=1 _
>a
i=1

Herpyano 3aMeruthb, 4TO 7151 ABYMEPHOTO
ciydast ¢ yaeroMm ¢Gopmyiisl (3) coortHomeHue (7)
OKBHUBAJICHTHO PABEHCTBY

(D=0 _
- |

D. 7)
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OtmerumM, uto dpopmyna (7), mo cyTH, 1mo-
3BOJISIET OMPENETUTh BO3MOXKHOCTD JTOCTHIKCHHS
MOCTaBJICHHOM 1ieni D B X0/ AMATEKTHYECKOr0
JIBVDKCHHS.

JomycTuM, 4To B X0JI¢ ABHIKCHHUSI MBI BBO-

JUM ynpapieHus U, (f), KOPPEKTHPYIOLHE IPo-

THUBOIOJIOXKHOCTH X, (t), Te i = 1,7, Takum 06-
pas3oM, 4TO HOBBIC IIPOTHUBOIIOJIOXHOCTU IMPUHHN-
maroT Bun X, (¢)+u, ().

OueBHIHO, YTO TIPU BBEACHUU YIpaBiie-
HUH QyHKIMS pa3BUTHS MTPOIIECca MMPUMET BH/T

S ax (1) + 1,(0)]
F(t)=F——
S

IIpu BBeAeHMM ynpaBIIEHUH 3ajady OIpe-
JIeTIEHUd yOpaBJIE€HUW, TO3BOJISIOMIUX JOCTUT-
HYTb HaH6OJ’IbIHeI71 BCIIMYMWHBI LICJIIKM, MOXXHO 3a-
MHCATh CJASIYIOIUM 00pa3oM:

Hauimu

> a0+ 1,0
>

eoe U(t)eQ, U(t) = (u/t),...u, ), Q -
MHOICECmB0  8cex  OONYCMUMbIX  YAPAGICHUL
0BUICEHUEM.

[lycte mpoliecc ABMOKEHHS HAXOOUTCS B
3aCTOC, TO €CTh CIPaBEIJIMBO COOTHOIICHHE

zaiMEO,
dt

i=l

max

LU0, 1)

9

Teopema

Ecnu muoxectBo ) BKIIIOYaer B ceOsl Bce
muddepeniupyembie QYHKIIUH, TO YIIPABICHUEM
JUTS JTF000M OJHOW HPOTHBOIIOI0KHOCTH MOXKHO
M3MEHUTh HalpaBJICHUE JBMOKCHUS K I[€NH, TIPH-
BECTH MPOLIECC K 3aCTOI0 UJIM BBIBECTH U3 3aCTOsL.

Jloxazamenvcmeo
ITycTh cripaBeasiuBbI COOTHOIIEHUS

U(t) = (0,...,u;(2),
L@

2.4, dt

i=1
[lpu BBemeHuu ympaBieHus B (OpPMYIy
Pa3BUTHSA IIOJYYUM LENOYKY PABEHCTB:

31

! . d(x.(t)+u,(t " ,
S (), (x; (O +u,( ))+zai dx(1) _
= dt ! dt S0 dt

! . dx.(t
=Y q dxl(t)+a. o )+

P dt Todt

"odx(f)  du,(t)  du (1)
+ >a——+a, =a, .

z "odt Todt Todt

i=j+1

Takum 00pa3oM, ecii BO MHOXKECTBE YII-
paBieHuit () cCylIecTByeT Takoe YIpaBJICHUE

U(t) = (0,...,u;(2),
du (1)

dt
HarpaBUTb B CTOPOHY AOCTHMIXCHUA LICIIU pa3BU-

,0), 4ro crpaBeTHBO He-

PaBEHCTBO d; > (0, TO ABMIKEHHE MOXKHO

THS, €CJIHM CYIIECTBYET TaKOe YIpaBJieHHE
U(t)z(O,...,uj(t), ..... 0), uro crnpaBemIUBO
du;;(?)

HEPABEHCTBO d, <0, T0o — B MpPOTUBOIIO-

dt
JIOKHOE OT IIEJIM Pa3BUTHS HampasieHue. B 060-
WX CIydasiXx BBEICHHEM YIPABIICHUSI OAHOW MpPO-
THUBOIIOJIOXKHOCTH MOXXHO BBIBECTH Pa3BUTHE W3
3acTosl.
Takum obpazom, meopema dokasana.
OrmeruM, 4TO eclnu MHOXKecTBO (2 co-
CTOUT W3 CUETHOW M KOHEYHOM COBOKYITHOCTH
yIIpaBJIeHUH, TO HEOOXOAUMBIC YIPABICHUS IS
BBIBOJIa DPA3BUTUS M3 3aCTOS MOXHO BBIOpATh
MIPOCTHIM METOOM Iepedopa.

Jlerko BUJACTH, YTO IIPU BBINIOJHCHUH YC-
n

du (¢
JIOBUS Zai%>0 JBIDKEHHE Oyaer Ha-
i=1

MMpaBJIATECA B CTPOHY AOCTHMIXKCHUA LCIN pa3BU-

du, (1)

n
THSI, @ TIPU YCIIOBUH Zai

i=1
3acTosi OyJeT HAaIlpaBlieH B IMPOTHBOMOJIOKHYIO
CTPOHY OT 3aJIaHHOW LIEJH.

< 0 BeIXOI U3

MartemaTnueckas MojaeJb
KJIACTEPHBIX MPOTHBOIOJIOKHOCTEH

Iycts x)(¢) — IPOTHBONONIOKHOCTH, y4a-

CTBYIOIIME B IPOILIECCE ABMIKCHHUS, OOBbEIUHECH-

HBIC B KJIACTECPHI, a; — KOMIIOHCHTHI LICIIN OBU-

JKEHMs B KJIACTEPE, IJie I — MOPSAKOBBIH HOMEp
KIIacTepa, j — HOPSAAKOBBIH HOMEP MPOTHBOMO-

noxHOCTH B Knacrepe, [ =Lk, j=1m , k —
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KOJIM4YECTBO KIACTEPOB, 71, — KOJIMYECTBO IIPO-

TUBOMNOJIOKHOCTEHN B KIacTepe 1 .
HpI/I BBCJICHHBIX 0603H3‘I€HI/I$IX pa3BUTUC
mporecca B KaXIOM KIJacTepe OImpeaesseTcs

dhopmyioi
| z a;x;(t)
Fi(t)y="

m—)z'

— ®)
2
=

ITyctp BekTOp B = (b],...,bk) onpeenser

BeCOBbIC KO3(D(DUIIMEHTH BIMSHUS KaKIOTO W3
KJIACTEpOB Ha JIBHXKEHHE B ICJIOM, MPHYEM, BbI-

k
TIONHSAIOTCA yCnoBus b, € (0,1), i =1,k, Zbl. =1.
i=1
AmnanornydHo ¢opmyne (1) MOXKHO 3amucaTh
(GyHKIHMIO K1actepHoro passutus O (t) :

ibl.Fi(t)
Sty =" ——

>0
i=l

DyHKIUSA KIaCTepHOM UKIHIHOCTH  V(¢)

©)

HIPUMET BUJ

ibl.Fi(t)
B Bror

C yueroB pasencts (1) u (8) dopmyns (9)
u (10) mpumyT BUI

y(0) = (10)

k b )
Zm, Za (1)
T
5(t)=——— .
b
i Za;x;(t)
b,
T Xla)
(1) = =.(12)

ml . .

| Sax
=1

; O (i )2

Jj=1
AHAJIOTUYHO CBOKMCTBY IMPOTHBOIOJIOKHO-
CTeH, BXOJIIMX B OTIEIBHBIA KIacTep, MOXKHO

J
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copMymMpoBaTh MONOKEHUE O TOM, YTO KOJIUYECT-
BO KJIACTEPOB, YYACTBYIOIIHUX B IBIKEHUH, YETHO.

C yuerom ynpasnenuii u)(¢) s kaxoi
NPOTHBONONOKHOCTH X (f) , BXOasuel B Knacc-

Tepsl, popmyisl (11) u (12) mpumyT BUI
b,
' Za () () + ) (0]

(13)

i
m;

. a'[x () +u'(1)]
e

o)

- . ia;[x;(t)+u;(t)]
;biz z =]

i=1

3

~.
Il

y(t) =

m;

> (e

J=1

IIpaBus10 nepexoaa KoJM4ecTBA
B Ka4eCTBO
[ToctaBuM 3aady: MO H3BECTHBIM (DYHK-
LUSIM TIPOTHBOINONIOKHOCTEH X, (£),...,X, (¢) Haii-

THU BEKTOP LEIIU ABHUKCHUA

A= (a],...,an ), a;
DTy 3amadyy MOKHO MaTEeMaTHYCCKH OITH-
caThb CIIEIYIOIIIM 06pa30M'

=const,a, #0,i =Ln.

Hatimu mm z I x,(t)—aq, ] dt (14)
npu 02paHUYeHUsIX: Zai =0,

i=1
di,3j: aa; <0, izl,_n,jziﬁn, T>0,

rae I — BpeMmsi Havaja CyIeCTBOBAHHS CHCTEMBI
B HOBOM KauecTBe.
Jlerko Buaers, uTo pemeHue 3anaun (14)

omnuchIBaeTcs: GopMyliaMu:
T

[x(at

=T (15)

IIpU YCIIOBHH

n T
[x.ny@r=0,7>0. (16)
0

i=l1
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[IpumemM B KauecTBE TUIIOTE3BI CIIEAYIOIIEE
YTBEpKICHHUE:

— IIpu nepexooe cucmembl U3 00HO20 Kaue-
cmea 8 dpyzoe MeHAemC s 8eKMOp Yelu pa3eumus.

C yuerom rumote3bl U cootHomeHus (15)
u (16) chopmynupyeM 3aKOH IMepexona Koiaude-
CTBa B KQUECTBO CIICTYIOIIIM MPABUIIOM:

1. Tak Kak cucTteMa HaXOIUTCS B HACTOS-
IeM KadecTBE, TO Uil Hee OMUCAHBI (YHKIUH

IPOTUBOIONOKHOCTEH X, (f),...,X, (f) 1 u3BecTeH

Bektop A=(a,,...,a,), a, = const,a, #0,i=1,n.

2. C TeuenueM Bpemenun 1 mporecca
JIBUKEHUS] BBIYHCIIAIOTCA KOMIIOHEHTHI S; BeK-
TOpa 1enu 1o Ghopmyie

jxl. (t)dt

5, =0
T

DneMeHThI BekTOopa S = (s],...,sn) HOp-
U]
MHUPYIOTCS, UCXOMIS U3 YCJIOBHMA ZSI. =—-1 mua

i=1

s, <0 — na orpeske [-1,0], u ZSI. =1 ms

i=n,+l
s, >0 —na orpeske [0,1], rne n, — xonmmuecTBo

OTPpULIATCIIbHBIX KOMIIOHCHTOB B BEKTOPEC S .
3. Ecmum chnpaBemMBO  COOTHOIIECHHE

n

Z(al. -5 )2 2¢&, £€>0, 10 cuuTaem, 4TO CHC-
i=1
TeMa Tepenuia B HOBOe Ka4eCTBO, U HEOOXOJIMMO
3aHOBO OMpPEAENSATh BEKTOPHI LIETH  Pa3BUTHUSA
cucTeMbl W (QYHKIUH MPOTHBOMOIOKHOCTEH.
OTmeruM, YTO YHCIO & MOXKHO CUHUTATh MEpOii
repexojia CUCTeMbI B HOBoe kadecTBo. [Ipu aTom
Bpemst 1 Oyner ompenensTh BpeMs Iepexoja
CHCTEMbI B HOBOE Ka4eCTBO.

B xauecTBe mpumepa HCIOIB30BaHUS Ipa-

BHJIa PAacCMOTPUM OMNHMCAHHYIO BBIIIE 3a7ady O
JIMANIEKTHKEe MEXaHWYECKOro JBIDKEHHS Opoca-
HUS KaMHS. YYUTBIBast, YTO MPOTUBOMOIOKHOCTH
OIMHMCHIBAIOTCS COOTHONICHUSIMH (6), MOXKEM 3a-
MMCcaTh yCJIOBHE Mepexo/ia KOJIMYecTBa B Ka4ecT-
BO LIEMIOYKON PaBEHCTB:

T

J

0

T
x, ()t + [ x, ()dt = _&ps +%T2 8-
) 6 6

Vo 2
=277 =0. 17
) 17
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[locnennee paBeHctBo B menouke (17) mo-
3BOJISIET 3amucath cooTHomenue: 1 =0, koro-
poe mpoTuBOpeurT ycioButo (16), a, 3HaYuUT, 1e-
pexon B HOBOE Ka4eCTBO paccMaTpPUBAEMOTO Me-
XaHUYCCKOIro IBMKCHUA B paMKax MMOCTaBIECHHOM
3aJaud 0 JUHAMUKE TOoAOpachIBaHUS KaMHS
BBEpPX HEBO3MOXEH.

OTmeruM, 4TO IIPU KJIACTEPHBIX MPOTHUBO-
MOJIOKHOCTAX MEepexo]] KOIWYecTBa B KadeCTBO
OCYILECTBISETCA TPU H3MEHEHHU KOMIIOHEHT
ey XOTsl OBl B OJJHOM KJIacTepe W3 BCEel COBO-
KYITHOCTH KJIacTEpOB.

IIpu BBEeneHUU ynpaBIeHUN JUIsl IPOTUBO-
MOJIOKHOCTEH OIMMCAaHHOE BBILIE MPABUIIO Tepe-
XOZla CHCTEMBI B HOBOE KadyeCTBO OCTAETCS TeM
KE€, HO IIpu HU3MCHCHUU B COOTBCTCTBYIOIIHX
dopmynax dynkumii x,(¢), ..., x, () Ha byHK-
unn x, () +u, (1), ..., x, (£) +u,(t).

OdeBHaHO, YTO TMpeIaraeMoe MpaBUIIo,
ONKMCBIBAIOIICC HENPCPBIBHBIC ITPOTHUBOIIOJIOXKHO-
CTH, MOYKHO JIETKO aJlaliTUPOBATh K JTUCKPETHBIM
3HAYEHUSAM MPOTHUBOIOJIOKHOCTENH, TO €CTh, K
cllydaro, KOorja 3Ha4eHHUs MPOTUBOIOIOKHOCTEH
HU3BCCTHBI BO BPEMCHHBIX TOYKaX.

B muckperHoM cimydae mpaBUIIO 3aIUCHI-
BaETCs CICAYIOIIMM 00pa3oM.

1. Tak kak cucremMa HaXxOAWTCS B HACTOS-
eM Ka4yecTBe, TO JJIs Hee OMMCHIBAIOTCS 3Haue-
HUA byHKINH IPOTHUBOIIOJIOKHOCTEN

x,(t),...x,(t), t,>t_,, [=LL, t,=0 B
KOHerTHBIX BpeMeHHBIX TOYKAX U MU3BCCTCH
BeKTOp A= (a1 e ), a,=const,a, #0,i=1,n.

2. BBIYUCTIAIOTCSA KOMIIOHEHTBI §; BEKTOpa

z (&, —1,)x,(¢))

=1

nem no gopmyie S, . One-

T,

L

MEHTBI BeKTOopa S :(S],...,Sn) HOPMHUPYIOTCH,

ny
HCXOIS U3 YCIOBHiA ZSI. =—1 gna 5, <0 — Ha

i=1
n
orpeske [—1,0], u ZSI. =1 ma 5, >0 — Ha
i=ny+l
orpeske [0,1], rae n, — xonmuectBo oTpHIa-

TCIbHBIX KOMIIOHCHTOB B BEKTOPEC S .
3. Ecmm cmopaBemiuBO COOTHOIIICHHUE

n
2
|Z(al. —5.) |2 €&, 1o cunraem, uTo cucTema
i=1

nepeiuia B HOBOC KadeCTBO, U H606XOI[I/IMO
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3aHOBO OIPENEsATh BEKTOPHl LEINU PA3BUTHUA
CHCTEMBI U YUCIICHHBIX 3HAaYeHUH (QyHKIUH mpo-

tuBonojaokuocreil. I[Ipu stom Bpems T ) Oyzaer

ONpeAciiATL BpeMA IICPEXoJia CUCTEMBI B HOBOC
Ka4ecTBO.

OTMeTI/IM, YTO HAYMHATL PCaJIN30BLIBATH
JMCKPETHOE TIPABUIIO MOYKHO O 3Havenus L =1,
a 3aTeM MPH MOCIIENOBATEIbHOM MOTYYCHUH Be-

mmunH X, (Z,,,),...,X,(¢,,;) MOXKHO IMKIMYECKH

HCMOJB30BaTh MPABUJIO JUISI BBISIBJIEHUA TEPEXO-
Jla CUCTEMbI B HOBOE KA4€CTBO MPHU KAXKIOM yBe-
JIMYEHHOM Ha €IVHHUILY 3HAYeHHH L .

MO)ICJII/IPOBaHI/Ie 3aKOHa OTpUIaHUsA
OTpUIIAHUSA

Bynem mpenmonarats, 4to oOWINI BEKTOP

uenu A [5id BCeX KauyecTB CUCTEMBI UMEET BU/I

A= (a] ,...,aN).
ITycTh BEKTOp Lienu A, s MepBOro Kave-
CTBa CUCTEMbI UMCET BU

1 1
4, =(a!,...a",0...0),

npudeM, 1, <N .
JIiist BTOPOrO KauyecTBa CHUCTEMBI BEKTOP
uenu A, uMeer BUJ

2 2
4, =(0,..0,d,....a a?0,...0)

U T. 1., TJI€ BEPXHUN HHIEKC, 3aKIIOYEHHBIA B
KBaJpaTHbIE CKOOKH, ONpENCIsAeT IOPSIKOBBIM
HOMEpP Ka4yeCTBa CUCTEMBI.

Takum 00pa3oM, 3aKOH OTPUIAHHS OTpPHU-
LaHUS MOYKHO MaTeMaTHUYeCKU CHOPMYIUPOBATH
CIICIYIOLIMM 00pa3oM:

— Ilpu nepexode cucmemuvl U3 00H020 Ka-
YeCMBEHHO020 COCMOAHUSL 8 Opy20e KAYeCHGeH-
HOe COCMOsIHUe Oompuyanue OMpuyaHusi Xapax-
Mepu3yemcs Npucymcmeuem 6 GeKmope uyeiu
nocnedyiowe20 Kavyecmeda CUCHeMbl HEeKOMOPbIX
91EMEHMO8, NPUCYMCIMBOBABUUX 6 GeKMOpe CO-
CMOSIHULL npeodvloyue20 Kavecmed, HO C B03-
MOJICHBIM USMEHEHUEeM UX YUCTEHHbIX 3HAYEeHULL.
Iloo ompuyanuem npedvidyujeco Kawecmsa cie-
dyem NOHUMAMb NOSGNEHUE HOBbIX OMJIUYHBIX OM
HYISL DNIEMEHMO8 8 GeKMope yeau HO8020 Kaue-
cmea cucmembl.

OTMeTuM, 4TO Ha OCHOBE TIpaBHJa Iepe-
X07la KOJIMYECTBAa B KA4YEeCTBO, OIMCAHHOTO B
MPEIBIAYIIEM pasjeiie, 3Has MPOTHBOMOIOKHO-
CTH I KaXIOr0 Ka4eCTBEHHOI'0 COCTOSHHS
CHCTEMbI, MO’KHO BBIYMCIIUTh YHCJICHHBIC 3Haue-
HUS 3JIEMCHTOB BEKTOpA ICNIM JJIs KaKJIOro Ka-

[2]

m

[2]

m+1ot

,a
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YecTBa, a, 3HA4YUT, ONPELEIIUTh HOBBIE U IIOBTO-
pAOMIECAd THUIIbI BEKTOPOB HCIN Ka4CCTBEHHOI'O
COCTOAHUA CUCTEMBI, T'OBOPAIIUEC 06 OTpULIaHUKN
U OTpULAHWU OTpHULAHHA MPEABIAYIINX Ka4CCTB
HOBBIM Ka4Y€CTBOM CHCTEMBI.

Jnst WIUTIOCTpalii OTCYTCTBHS TPOSIBIIE-
HHJA 3aKOHA OTpHUUAHWA OTpULaHUA JJIsI KOHKPET-
HBIX (OpM JBMKCHUS MOXKHO HCIIONIL30BaTh
(GYHKINIO TUKIAYHOCTH (2), KaK ATO CAEIaHo B
npuMepe Ha puc. 3.

3akjaueHue

TakuMm 00pa3oM, B HAcTOAIIEH CTaThe
MNpEAJIOKCHBI MAaTEMAaTHYCCKUE MOJCIIN, OIMUCHI-
Baromue usocodckue 3akonsl ['erens. It Mo-
ACIN MOI'yT NPUMCHATLCA IIPpHU YUCICHHOM aHa-
JIN3¢ THATEKTHYECKUX TIPOIECCOB, MPOXOIAIIMX
B HCKOEM BHUPTYaJIbHOM MHUPE, HAIIPUMCP MHUPC
IUQPOBBIX JIBOMHHUKOB 4eioBeka. OmUCcaHHBIC B
CTaThe MOJIEIN MOXKHO HCIIOIb30BaTh MPH CO3/Ia-
HHUHM KOMIBIOTEPHBIX HWIpP, CLEHApUM KOTOPBIX
YYUTBHIBAIOT, B YHUCIIC MPOYEro, CMEHY OOIIecT-
BEHHO-D)KOHOMHYECKHUX (hOpMaIluii.

HpeIUIO)KeHHBIe B CTaThbC MAaTEMAaTUUYCCKHNEC
MOJIETI, HECOMHEHHO, MOTYT OBITh YCOBEpIIICH-
CTBOBaHBI, YCJIOKHEHBI U JOPabOTaHBI C IETBIO
0oJiee aleKBaTHOTO OMHCAHUS PEATbHOIO MHpA.
Ho na mpam B3I, ABHBIC 3aKOHOMCPHOCTHU OK-
pyXarollei Hac peaqbHOCTH, HalpuMep H3MeHe-
HHE KAaYCCTBCHHOI'O COCTOAHUSA ITOJIUTHYCCKUX H
HKOHOMHUYECKUX MPOIECCOB, yXKE celdac MOXKHO
onucaTtb ¢ NOMONIbBIO MPCATOKEHHBIX MaTEMaTH-
YECKHX MOJeNel BUPTYaIbHOTO MHPA, a Pe3yJib-
TaThbl I/ICCHCZ[OBaHI/Iﬁ 0 yHnpaBJICHHUIO IPOTHBO-
MOJIOKHOCTSIMM MOXKHO TNPUMEHSATH IPU YIIPaB-
JICHUU YCIOBCUCCKUM COLMYMOM, BIUIOTH [0
OIICHKU OJIN30CTH PEATLHOTO BEKTOpa Pa3BUTHS
K 3aIlJIaHUPOBAHHOMY.
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Mathematical models of the dialectics

of the virtual world
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Mathematical models describing the dialectical movement, the laws of Hegel's dialectics — the
transition of quantity into quality, the unity and struggle of opposites, and the negation of
negation are proposed. An example of using models to describe the dialectic of one of the
problems of classical mechanics is given. The properties of controls dialectical opposites are
described.
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