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NMpouecchbl ¢ NaMATbIO KaK OCHOBA
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Ousnyeckuit uactutyT uM. I1. H. JleGenesa, Mocksa, Poccus

B ocnose coepemennoii nayxu aexcum mapkoeckas napaduzma, CO2AaAcHO KOMoOpou npu
U36ECMHOM COCMOAHUU CUCMEMbI 8 HACMOAUWUI MOMEHm ee 0aAbHelas I60410UUA He 3a-
eucum om cocmoanus cucmemst 6 npowiom. B o63ope oceewqaemcs cmanoeaenue nHogoi
HeMapKo6cKoli napaduzmst (meopuu npoueccos ¢ NAMANbBIO), HAX00AUel NPUIONCeHUA OyK-
6a1bH0 60 6cex obaacmax 3nanusa. Paccmompenvt oepanuvenus, obycioerennvie Mapxog-
CKUM no0xo00M, cnocobbl u 0COOeHHOCMU ONUCAHUS NPOUECCO8 C namamoio (6 mom uucie
ypaeHenus, ycmoiuiyueole pacnpedeaenus, pacnpedeaenun Ilunpa-Ilapemo, wucaia Pubonay-
wu). Jlan anaau3 ocobennocmeil nemaprkoeckozo mupa (cmpykmypot, ungpopmauus, epemen-
Hble Xapaxmepucmuku, npoCmpancmeeHHan Heaokasbnocms). Obcyxucdaemcs cosoKynHocmp
UMEIOWUXCA HeMAPKOGCKUX modesell 6 u3uke, Huosozun, KOCMO102UU, IKOHOMUKE.

Oco6eHHOCTM HEMApPKOBCKOro Mupa
Chodxcrsie cucmemvl: cmpykmypa u ungopmauus

3a mocinegHue AECATUIETHS TIPOU3OILIM M3Me-
HEHUSI B TPAKTOBKE psila OCHOBOIIOJAralolmx ¢u-
3UYECKUX TIOHSTUM, 3eCh UMEETCST HETOCpeICTBEH-
Hasi CBSI3b C OCOOEHHOCTSIMM HEMApKOBCKOTO MHpa.
BTO KacaeTcsi, B YACTHOCTHU, CIOXHBIX PUIHYECKUX
cucreM. B xuure Kamomuesa [36] moguepkupaercs,
YTO BCE OCHOBHBIC Pa3ieibl (PU3MKHU MOCTPOESHBI Ha
MPUHIUIIAX TUHAMWKH, U, Ka3ajoch ObI, HET obiac-
TH, TOe TOHATUS TUHAMHKU W WHGOPMALNU BXOLST
B COINPHUKOCHOBEHHUE ApPYr C IpyroM. OmHako mwist
CJIOXHBIX (PU3UYECKUX CUCTEM OKAa3bIBAIOTCS OIM-
HAKOBO BaXHBIMU KaK IWHAMHYECKHe, TaK U HH-
dopMalMoHHbIe acleKThl MX noBeaeHus. O6a ac-
MEeKTa MoApoOHO aHATHU3NPYIOTCS B pabote [36].

Hnga vHDOpMAlMOHHOTO IOBEACHUS CIOXHBIX
CHCTEeM OIpeRefisionice 3HaYeHHE MMEIOT CTPYKTYp-
Has CJIOXHOCTh U CTPYKTypHasl uepapxus. Ilo cy-
IECTBY, CMBICT SHTPOIIUM — TIOHSITUSI, TECHO CBSI-
3aHHOro ¢ uHdopMalue, — Mepa CTPYKTYpHpPO-
BaHusl oobekTa. Uneu b. b. Kagomiiesa Hernocpel-
CTBEHHO TPOSIBIISIIOTCS B HEMAPKOBCKUX hopMysnax
(30) m (31) mna pacopedeneHUil 1O SHEPTHM U
CTPYKTYpaM. OTH OpMyJbl COBHANAIOT C TOYHO-
CThIO [0 3aMEHBbl I[epeMeHHBbIX. OHHU Hemnocpem-
CTBEHHO 3aJal0T JBYEJAMHOE OITMCAHME CIOXHBIX
CUCTEM.

* Yactb | naHHOM craThu omnybnukoBaHa B XypHane "[lpu-
wiagHas gusuxa” Ne 3 3a 2005 r. B oroit wactn Hymepauus
$opMyT ¥ cChUTKa Ha HCTOYHMKH JIMTEPaTypbl NPOHOIIKAIOTCS.
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B crnoxubix cucreMax Hapsily ¢ BHELHHMMU OM-
HaMUYECKUMHU TIEpEMEHHBIMU UMEIOTCSI BHYTPEHHUE
cTerieHu CBOOOIBI, KOTOpBIE OIpPeaeasioT BbIGOp
TPaeKTOpUU B ToYKax OudypKalMu. 3mech BaxXHO
UHGOPMAIIMOHHOE YKa3aHUE Ha TO, KaKasli TPAEKTO-
pus npenmnoyrureabHa. IToBemeHUe TaKoi CHCTEMBI
OIIpee/sIeTCSl HE TOJBKO BHEUIHMMU IHPUYUHAMH,
HO ¥ BHYTPEHHUMHU WHQOPMAITHOHHBIMIU CBOMCTBA-
Mu. Jlpyrumu coBaMH, TIOSBJSIIOTCS IIPU3HAKHU
cBobosnHoro moseneHus. B [36] ormevaercd Bo3-
MOXHOCTb PACCIOEHUS] CAMOOPTAHU3YIOLIUXCS CHC-
TE€M Ha NUHAMMWYECKYI0O U UHOOPMAIIMOHHYIO 4acTu
M yKa3bIBaeTCs, YTO CUCTEMBI, ¥ KOTOPBEIX CYLUECT-
BYET BO3MOXHOCTh PEIUTMKALIMM W MHOTOKPATHOIO
MOBTOPEHUS LIMKJIA PA3BUTHSI, UMEIOT TIPEUMYIIECT-
Ba B OopbOc 32 XU3Hb. B yCIOBHSIX KOHKYpeHLMH
JIUHAMHYECKOE ITOBEEHUE CUCTEMBI U e€ pasBUTHE
BCe B OOJIBIIEH Mepe HAYMHAIOT OMPEHENISIThCH €€
UHGpOpPMaILIMOHHBIMK cBoiicTBaMU. CucreMa IOJy-
YaeT BO3MOXKHOCTh UHGMOPMAUMOHHOTO PA3BUTHS,
T. €. YCIOXHEHWUS W COBEpIIEHCTBOBAHMWS CBOEro
yIOpaBiAeHUSI. DTOT MPOLIECC XapaKTEPU3YETCsl Kak
MOJAY4YeHUE TOIMOJHUTEIbHON HH(POPMAIIMA OT He-
pPaBHOBECHOTO BHeIIHero Mupa [36].

B ycioBusIX, KOIJa HET 3aBUCHMMOCTH OT Iipe-
JIBICTOPUM, & 3HAHUS O ITPOIIUIOM HUYETO He AT U
HE MOTYT 0Ka3aTb BAMSHUS HA Oymyllee, MOHATHE
“HpOopMaIY MPUBHOCUTCSI B CYLIECTBYIOIIYIO TEO-
puto usBHe. [TocnenoBaresyibHoe MTOCTPOEHUE TEOPUU
MHGOPMAIIUM OKA3bIBAETCSI BO3MOXHBIM TOJBKO B
pamMKax HeMapKOBCKOro noaxona. B omnpeneseHHOM
cMbiciie MHDOPMALIMS — 3TO CUTHAJIBI M3 TNPOLILIO-
ro, KOTOpPbIC MOIYT MATH PAa3HbIMU NYTAMHU C pas-
Holt ckopocTthlo. Ilonyuas u npeoGpasya 3Tu
CUTHAJIbl, MOXHO W3MEHSTh CMOHTAHHBIA XOJX CO-
OBITHIA.
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Konkpertnsiit anamus wHGbOPMALMOHHBIX I1pO-
ueccoB nposeneH J. C. YepHasckuMm [37]. ITokaza-
Ha NPUHLMIIMAIbHAS POJb ITOHSATUS LEeHHON WH-
dopmanuu 1 paspaboTaHsl MOJENH €€ TeHepalluH.
CroxHasi cucTeMa JOJLXHA o0JamaTh Te3aypycoM,
T. €. CIIOCOOHOCTbIO BOCHPHMHMMATH LIEHHYIO WH-
¢dopmauuio. JIpyrumMu cioBaMu, Te3aypyc — WH-
dopmanus, comepXkalascs B CHCTeMe Ha HAHHOM
YpOBHE, HeoOXxoauMast Uil peuenuuy HHGOopMauu
(1. e. BBIOOpA, CAENAHHOIO HAa OCHOBAHWH INPUHSI-
Toit undopmauuu) Ha creayouieM yposue. Cyiie-
CTBYET Pa3HOCTh BPEMEHU MeXIy COOBITUAMU Haya-
Ja nmnepemayd UHGOPMAIIMM UM BpEMEHEM €€
BOCIPUSITUSI. DTO — HE MTHOBEHHBIN TIpouecc, U
3/1eCh HEMAapKOBOCTh HOCHUT INPUHUUIIMAJIBHBINA Xa-
paktep. B paGore [37] paccMoTpeHa Takxke CBA3b
MEXIY MOHATUAMHU UHGOPMAIUU U SHTPOIINHK.

Vxe nasHo obpalllajiock BHUMAaHHWE HA CXOJCTBO
IUIST BRIPAXKEHHUST KOJIMYecTBa uidopMaluu f;, omnpe-
IEJISIEMOro 4Yepe3 4YacToTy (BEpOATHOCTH P;) mosiB-
JIEHUSI TOTO UM MHOTO CUMBOJIA i B COOOIIEHUH,

l; =-klog, P.,

C aHAJOTMYHBIM MO ¢dopMe BBIpAXEHUEM UTSI Her-
sHTponuu S. BpunniosH [38] BBen HersHTpomwuii-
HBIH IpUHUIKMH HH)OpMaLKu

AS+1)<0. (33)

CyMMa HErsHTpolMU M HMHPOPMALUU ocTaeTcsd
HEM3MEHHOI Ipu oOpaTUMOM IpeoOpa3oBaHUMU, B
MIPOTUBHOM cJjiyyac oHa yObiBaeT. IlpHMeHSs 3TOT
NpUHLUIT K TpolieccaM u3amepeHus:, JI. BpuminosH
paccMoOTpesl M3BECTHBIM Tapamokce "meMoHa" Mak-
CBEJUIa, KOTOPbI Ha OCHOBE MMEIOILIEHCS Y Hero
vHbOpMalMX MOr' COPTHPOBaTh MOJIEKYJABI TaKUM
00pa3oM, 4YTO TEIo Iepexonuio oT Oosiee XOJol-
Horo rasa Kk Oojee ropstuemy. JleiicrBus "memMoHa”
KaK npeoOpa3oBareyisi MHPOpMaUUM B HETIHTPO-
MU0 MONYUHSIOTCS HETrIHTPOIUIAHOMY IPUHIIMITY.
BMecte ¢ TeM STOT IPHHLIMII TOIBEPTAJICS KECTKOM
KpUTHKe [39], CBA3aHHON ¢ TE€M, YTO OTOXIECTBI-
JIUCh OOBEKTHI PA3TUYHON TIPUPOIBI: YACTOTA TIOSIB-
JICHUSI CUMBOJIOB U (pU3NYECKIE CTPYKTYPBI.

Kak nokasano B padore [37], HEraHTPOIUAHBIN
MMPUHIMIT OTHOCUTCS K MUKpOUHGDOpMALUKM, Kade-
CTBEHHO OTJIHYalollelics OT MakpouHbopMaLUH,
KOTOpasl ONpeeNsiETCsl KaK 3aTIOMHEHHBIN BRIGOP.

CyluecTBEHHBIM MOMEHTOM 31eCh IBISIETCS TO,
yTo npuHuMn (33) nomkeH paboTarh I ONHOTUII-
HBIX CTPYKTYp (HampuMmep, CTPYKTYpa MHXEeHEPHOTO
MexXaHu3Ma ¥ MHGOpMAaLUs UMEHHO 00 3Toil cTpyK-
Type, 4 HE BEPOSTHOCTb IIOSBJIEHUS B COOTBETCT-
ByIOLIEM COOOLHEHUM TeX MJIM MHBIX CHMBOJIOB).
HNudopmanuss MoXeT onpenenarbCcs, HampuMep,
COOTHOUIEHUEM

I=5,-5. (34)

Wz (34) cnenyet, uro uHdopMmauus [ maetr Bo3-
MOXHOCTb T€peXxoAa OT OJHOro YPOBHS HET3IHTPO-
nuu (CTPYKTYpHl S]) K IPYTOMYy YPOBHIO HETr3HTPO-
nuu (cTpykType S>). HarnsnHeiii npuMep: ypoBeHb
S; — Habop OepeBIHHBLIX Hetajeidl M KpemexXHBIX
usgeaui s wkada, S — roroswrit mkap, / —
Habop npaBWI IS MMOCTpOoeHUS WIKada U3 meTaneit.

MHdopMaLimoHHBIE MAacCHBbI, HampuMep Habo-
PBI JOKYMEHTAIIUU TIO U3TOTOBJIEHUIO T€X MM UHBIX
W3[eUN, 10 aHAJIOTHU ¢ OMOLIEHO3aMM HAa3bIBAIOT
uHpopMIleHO3aMu [6]. i ux aHaIU3a MOTYT GbITh
KCIOJIb30BaHbl PABHOBECHBIE PACIPEACICHUSI Teo-
PUM HEMAapKOBCKUX TIPOLECCOB

N = Ny exp(=S /), (35)

rIe 3HAUYeHUsI HEraHTpONuU § SBISIOTCS MeEpPoif
CJIOKHOCTH OTHEIBHOIO OOBEKTa, aHAJIOr TeMIiepa-
TYPHI 6 XapaKTepU3yeT CUCTEMY B LICJIOM.
3aBUCHMOCTh S OT ITapaMeTpa X, HrpalolLero
pOJIb CTATUCTUYECKOTO Beca, MoXeT OBITh Ipen-
cTaBleHa B Bule S(x) = kInx, a paBHOBecHOe pac-

npeneaesue (35) MoxeT OBITH MpeNcTaBIeHO B I'M-
nepboyuueckoit popme (25).

CTpyKTypbl M OITUMM3ALMS HHGOOPMIIEHO30B,
BKJIIOYass HabOpbl JHOKYMEHTOB, ILIAHOB, OTYETOB,
NpeANUCaHUM, TOAYMHSIIOTCS ONpPENeJeHHBIM J0C-
TATOYHO XECTKUM 3aKOHOMEpHocTsAM. [Ipu aroMm
HYXXHO YYMTBIBaTh OCOOGEHHOCTH HEMAPKOBCKOTO
noaxoja. Beiite ormevancs 3¢ dekT KOHUEeHTpauu,
CBI3aHHBI C pe3Koil acUMMETpuUeil pPaBHOBECHBIX
pacrnpenenenuit (25). C olHOH CTOPOHbBI, JOCTATOY-
HO 3hdEKTUBHBIM UISI CHCTEMBI B LIEJIOM OKAa3bIBa-
eTCSl PEryAMpOBaHUE TOU ee YacTU, KOTOpasi COOT-
BETCTBYET OOJBLIMM 3HAYeHHAM S, C Jpyrou
CTOPOHBI — HE€ CJIeAyeT IOABepraTh Ype3MEPHOIM
periaMeHTald OCHOBHYIO Maccy OOBEKTOB C Ma-
JpIM 3HadeHueM S. C yBenwueHUeM HeTaJau3aluu
UHOOPMAMOHHONW HOKYMEHTAaUMM (MHCTPYKLUMH,
OPEANUCAHUNA, TIPOEKTOB) TIPOMCXOIUT OBICTPBIi
KOJIMMECTBEHHBIH POCT MHPOPMAITMOHHOTO MacCHBa
NpU BeCbMa HE3HAYUTEJIBHOM IIPUPOCTE CTPYKTYpP-
HOI MHGOpPMALIUK.

Hepapxudeckass cTpykTypa MHGPOpMALUKU MOXET
ObITb MCMOJB30BaHA B UHGMOPMAIIMOHHOM BO3JEi-
cTBUM. Tak, ycnex BO3IEWCTBHA CPeACTB MAacCOBOM
nH(pOpMaIUU O0YCHIOBAEH KOHLEHTpAUMEH YyCUIUiA
MMEHHO Ha BBICIIMX 10 HMEPAPXUH MOHATUAX (C
bonblIUM 3HadeHUEM S). SPPeKTUBHOCTL BOCIPU-
SITUSL MaTepuasa TakKe B 3HAYMTEJBHON CTereHu
OTpPENCNSIETCS MEePapXUYECKH CTPYKTYPHUPOBAHHOM
nojadyey Marepuana, BKJIOYAs 3arojloBKH, pe3lome,
HEMOHOTOHHOCTb M3JI0XKEHHS.

B uH(popMaumMoHHBIX, KaK U B APYrHMX HEMAapKOB-
CKHUX, CHCTeMax paBHOBecHe M0 .S ycTaHaB/IuBaercs
33 CYET CTOXaCTUYECKUX IIpolieccoB. Bo3HMKaOT
nepexofipl Ha O6oJjiee BBICOKHE HETIHTPOITUITHbBIE
YPOBHU, HHPOPMAIIUS CTPYKTYPUPYETCS, CO3NAI0TCS
HOBbIE OOIIMe MOHSTUS. 37JeCh, B YACTHOCTH, MOX-
HO BBIAENHUTH 3(deKkT nopusMa, XapakTepHbIA s
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pabotel Moszra [39], korma yTBepXIeHHS, IOJydyeH-
Hble M3 DPELIEHUS] YAaCTHOM 3aJayu, OKasbIBalOTCs
NPUMEHUMBIMU K TIEJIOH COBOKYIIHOCTM Ka3ajloCh
ObI HE OTHOCSIIMXCS CIONA IIEPBOHAYAILHO SIBJIE-
HUil. B aTOM mnane HeMapKoBcKue MOMEIN JOJKHBI
BKJIIOYaThb B ce€0Sl MPOLIECC CTPYKTYPUPOBAHUST MH-
dopmanyn ¢ nepexogaMu Ha Gojee BBHICOKHI ypo-
BeHb 1o S. Hamuume moMoXuUTEIbHBIX OOpPATHBIX
CBsI3€, BETBSLIMXCS TIPOLIECCOB, HEJIMHEHHBIX BE-
pOSATHOCTEH [JenaeT BO3MOXHBIM YCTAHOBJIEHHE
PaBHOBECHUS B HEMAPKOBCKUX CHCTeMax ¢ GopMu-
POBaHUEM B PACIPEACICHUSIX BBICOKMX 3HAYeHHUIL S,
C BO3HUKHOBEHHEM HOBBIX ITOHSITHUM, He comepxka-
IIUXCS B MOCTyHamolleid MHGpOpPMAIUU, YTO Xapak-
TEpHO i1 paboThI Mo3ra.

IIpu 3TOM HEOOGXOAMMO YYMUTBHIBATH CHELV(PHKY
CTPYKTYp HWHGMOpPMAllMOHHBIX MacCcHBOB. Kak wu3-
BECTHO, XUBasg TKAHb OPraHM3MOB O0OJIATaeT BbICO-
Koil crenmeHbo crenududHoctyd. Ilpu mepecanke
TKaHEeH OfHa U3 OCHOBHBIX IpoOJeM — HECcOBMecC-
TUMOCTb CTPYKTYp. st uH(OPMAalMOHHBIX CTPYK-
Typ CUTyalMsi BO MHOTOM aHaJloTHyHa. JlnurensHoe
BpeMsl CYLLECTBOBAJIO YOEXICHWE, YTO CBOICTBA
J1000i MHpOpMAUMHK [PHMEPHO OAWHAKOBBL. BDTO
HalUIO CBOE OTPaXKeHHME B KOHIIEIIIMM YHHUBEPCATh-
HOCTM Hay4YHo-TexHu4eckoit uHbopmauuu (HTH).
QPaktuuecku WHpOPMALIMS CYMTANACh BECCTPYKTYp-
HOM, W €6 MOXHO ObLTIO IPYIIIHPOBATh HE3aBHCUMO
oT ee cytd. Heyder cnenmudukn WHPOPMaLMOHHbBIX
CTPYKTYD YNPAaBJCHUSI M MX OPraHU3aLMSI 10 HECo-
BMecTuMoit ctpyktype HTH obycioBunu psig Hera-
TUBHBIX SBICHUH MpU BHEAPEHUN WHGOPMALIMOH-
HbeIx cucteM [40]. B ob6umieM 1mnaHe MOXHO
BBIIEIUTb TPH TUMA HMHOOPMAIIHOHHBIX CTPYKTYD.
Onna u3 HuUX, CBSI3aHHAS ¢ NPOLUIbIM, — UHOP-
Mallus o0 BHeIWIHeM Mupe ("KapTuHa Mupa” B MO3Ty
[41]); aopyrag — BHyTpucucTeMHas (yIIpaBieHyYe-
ckast) wHGpOpMaLMs, pEryJIUpyiollias Mpoleccsl B
HACTOSILIEM; TPeThsl — TMPpOrHocTUudeckas (IJIaHOo-
Bast), HaIpaBjJIeHHas B Oymyilee.

HecoBmecTMOCTh MHGOPMAIIMOHHBIX CTPYKTYP
pa3HOro THMAa O3HAYAET, 4YTO JISI HUX IIOCTPOECHHUSA
HeoOxonuma IMpeaBapuTesibHasE oOpaboTka nocTy-
namouieir wHopMalluy ¢ paszdbueHueM ee Ha HEKO-
TOpbIE CTPYKTYypHbIe eauHuLbl. [IpuMepamu momo6-
HBIX eIMHUL B ciiydyae Ouojorudyeckoil MHbOpMaLUu
ciiyxat ocHoBaHusi JIHK, aMUHOKMCIOTBHI, COCTaB-
JisouMe 0e0K, 0cobu B MONYNIAIWU, B Ciiydyae co-
LHMaNbHOI MHGOpMALIMU — CNoBAa B JIMTEPATYPHBIX
TEKCTaX, CTAaTbU IO OIpPENEeJeHHON TeMAaTHUKE B
XKypHanax. JOJKeH CyHIecTBOBaTb W MeEXaHM3M
(hopMHpPOBaHUST ONpeNeIEHHBIX €IUHWLl B MO3TY,
KyOa TIOCTYNaeT HEMNpPEephIBHBIM IMOTOK MHGpOpMa-
uuu. Ero MOXHO yriomoOUTh CBOEro poja IMpoLEeccy
"paspe3anust GainoB”, MMEIOIIEr0 OMpeaeIeHHYIO
(YHKUMOHANBHYIO aHAJOTHIO C IUILEBAPEHUEM, B
pe3yabTare KOTOPOro IMpPOUCXOIUT pasfelieHue Oe-
KOB, XXUPOB U YIJIEBOJOB HA COCTABHBIC YaCTH, TIO-
CTYNAIIUE B OPraHU3M M CIyXallie He TOJIHLKO
UCTOUHUKOM 3HEPTHMM, HO U CTPOUTENbHBIMU 0j10-
KaMH, HecyllMMHU c coboif HersHrponuio. B aTOM

riane tesuc [lpenuHrepa o TOM, UYTO OpraHMU3M
"uTaeTcsl” HErsHTPOIHeEl, OTHOCHICA M K pabore
MO3ra.

BMmecTe ¢ TeM HecMOTpS Ha CTPEMUTEJIBHOE pa3-
BUTHE KOMIBIOTEPHBIX TEXHOJOTHI, He yaaercs
MIPEONOJIETh MPONACTh, PA3NEISIONIYIO paboTy MO3ra
U IEHCTBUE CaMbIX COBEPILIEHHBIX KOMITBIOTEPOB.
KayectBeHHoe oTIMuYMEe MBIIUIEHUS OT paGoOTHI
KOMITIBIOTEPOB 3AKJIIOYAETCSI B TOM, YTO B OCHOBE
ero (GYHKLUMOHUPOBAHUS JIEXKUT CTOXACTUYECKHM
HEMApKOBCKUU TIpoliecc, @ He 3aHaHHBIH aJrOpUTM.
Komnrelotep He MoxeT BbIpaGaTsiBaTh 0GOGIIEHHBIE
[IOHATUS, HE COAEpXalluecs B MCXOmHON uHboOp-
Mauuu. [ToatoMy mist aHanu3a BO3MOXHOCTEH CO3-
JaHUS KOMIIBIOTEPOB HOBOrO THIIA HEOOXOIUMO
MPOBEACHUE NETATbHBIX HCCAECAOBAHHUH HEMAapKOB-
CKHUX IPOLIECCOB.

Bpemennsie xapaxmepucmuxu

JIns HEMapKOBCKUX CUCTEM XapakTEPHbI Kayect-
BEHHbIE OCOOEHHOCTM BPEMEHHBIX XApaKTEPHUCTHUK,
K KOTOPBIM OTHOCHUTCH YHUBEPCAJIBHOCTh LIMKJIOB U
putMoB. CyluecTByeT OIpOMHBIH Habop Koseba-
TEJIbHBIX IIPOLIECCOB, HAIMpUMeEp, OHOJIOrHYecKue
PUTMbI, MEPUOJUYECKUE KOJIEOAHUS OOIIEeCTBEHHO-
ro MHeHUs, kosebaHusi OMpXKeBBIX KypcoB. na ux
aHaJIM3a MOIYT OBITb MCITOJB30BAHBI MUHAMUYECKUE
HemapkoBckue ypasHeHUs1 Ttana (18)—(20). Iloxd-
pobHOe onKcaHue MHOroodbpasust pUTMOB B IIPUPO-
Jle TIpencrasieHo B paborax [42, 43], rae, B YacTHO-
CTH, OTMeEYaeTcsl, UYTO paBHOBECHE  CJIEOYET
paccMaTpuBaTh HE KAaK 3acThiBLIee HETIOABUXHOE
COCTOSIHME, a4 KaK PaBHOBECHE B IBMKEHUM, WIU
JBUXyleecsl paBHoBecHe. CBOMCTBO YHMBepcaib-
HOCTU OOYCJIOBIEHO pPEeKYPPEHTHBIM XapaKTepoM
U3MEHEHUS] CHCTeM, 3aBUCHMOCTBIO OT MaMSTH.
C mareMaTuyeckoil TOYKM 3pEeHUs] OHO CBA3aHO C
HJIMYUEM B DPCLUICHUSIX HEJIUHEHHBIX WHTErpo-
IvddepeHIanbHbIX ypaBHeHui THa (20) KoM-
IJIEKCHBIX 3HAYeHUI KOpHEH, KOTOPbIM COOTBETCT-
BYIOT OCLIWLISILMM. AHAIW3 TaKUX HEJIMHEHHBIX
YPaBHEHMIA BeCbMa CJIOXKEH.

B pabote [44] Gbuio HalileHO pellleHUe ypaBHe-
Hus TUna (20) ¢ HeJMHEHHbIM OIIepaTOPOM CTOJIK-
HoBeHul bBonsumana Q. OHo onpenensieTcst Kop-
HSIMU XapaKTepUCTUYECKOTO YpPaBHEHMSI, KOTOPbIE
MOIYT B 3dBUCHUMOCTHM OT 3HAUYEHUN IapamMeTpoB
NPpUHKUMATL 3HAYEHUS] KaK NeUCTBUTENbHBIE, TAK U
KoMILIeKCHbie. B [44] mpuBeneHbl KOHKPETHDIE BbI-
PaXEHUS ST OCHWIMPYIOIIUX pelleHUH.

buonoruueckne, 3KOHOMHUYECKHUE, COLMANBLHBIE
SIBJIEHUS] BKJIIOYAIOT B cebsfd TPOMAamHYI0 COBOKYII-
HOCTb DUTMOB. Tak, PUTMbI OTAEJILHBIX OPIAHOB,
TKAHEW, KIETOK, BHYTPUKICTOYHBIX KOMIIOHEHT
YYacTBYIOT B CO3MAHUM BPEMEHHOM YIIOPAZOYEHHO-
CTU GUONOTUYECKUX SIBIEHUN M COCTABJISIIOT OCHOBY
MHTETpalUyd TIPOIECCOB B 3KUBBIX OPraHu3Max.
Knrouepoit MoMeHT 3mech — B3aUMOICHCTBHE OC-
wusiuui. U3-3a Haiuuus GoiblIoro 4ucia Hajga-
TajoUXCsl CTPYKTYPHBIX PUTMOB Kaxpjoe Iocie-
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Jylolee KojiebaHue HeceT ONpeeSeHHbIE OTIUYMS
OT IIpejblmyllero. BHemHue BO3NEHCTBHS MOTYT
caBurath Gasy M MeHSTh aMIUIMTYyOy OWOJIorm4e-
CKHX PHUTMOB, KOTOpPBIE CIIOCOOHBI IONCTPAHBATHCS
K U3MEHEHUSIM IUMKIMYHOCTH BHELUHEeW cpellbl (cy-
TOYHBIE, T'OAMYHBIE, IPUIHBHBIE, JYHHBIE PUTMBI,
LIMKJIBI aKTUBHOCTH CONHIIA).

C onpeleleHHBIMH B3aUMOACUCTBUSIMU BHYT-
PEHHMX W BHEILUHUX OCHWUISIIMHA cBsi3aHa M pabora
Mo3ra. IMu oOyclIoBI€HBI, B YACTHOCTU, OUONOTHU-
YyecKMe acmlekThl 3cTeTUKH. B pabore [45] mokaza-
HO, YTO BpEMEHHAs OpraHu3alus CTUXOTBOPHOTO
pa3Mepa COBIIANAeT C BPEMEHHBIMU OCOOEHHOCTSIMHU
paboThl CAYXOBOH CHCTEMBI, TAHEI[ MMEET aHAJIOIUH
C KOMMYHUKATHBHBIM [TOBEIEHUEM XWBOTHBIX, BO3-
JIEHACTBHE MY3BIKM COOTHOCHTCSI C YacCTOTAMU PHT-
MOB. B LeloM psine Takux SIBIeHHI HEOXUIAHHO
niposiBisiiorcst yucna PuboHau4Yw U 3070TOE cede-
HME, HANMpUMEP B apXUTEKType M HM300pa3UTeSIbHOM
HUCKYCCTBE, 3CTETUYECKOM BOCTIPUSITUM U YCBOEHUH
HOBOTO MaTtepuaya. X 1osiBjleHHe CIYy:KUT CBOETO
poJa MHIAMKATOPOM IIPOLIECCOB € MaMSITHIO.

B HeMapKOBCKHX IpouLeccax ¢ pOCTOM SHTPONUU
B XO[€ 3BOJIOLHUU MPOUCXOAUT YNPOILUEHUE CTPYK-
TYP, HO MHOXECTBO PUTMOB U LIMKJIOB He UCYe3aeT.
DT0 HeoTheMJleMas XapaKTepHUCTHKAa HEMApKOBCKHX
CUCTEM, YTO, BIIPOYEM, XapaKTEPHO W JJIST KBAHTO-
BOoil MexaHHMKW. Tak, YpOBHM 3HEPrMHd KBaHTO-
BOr0 OCUMISITOpa 3amarorcsl ¢opMmyaoit E, =
= (n+ 1/2)ho, v gaxe npu # = ( 3HEpPrus oTJinyHa
OT HYyJS U paBHA hw/2.

PaccMmotpenHoe Brlule pacrnpeneneHue (35) cps-
33HO C JMHEWHBIMH YPABHEHUSIMH U YCTOMUMBBHIMH
cutyauuaMu. OQHAKO B peaibHbIX YCJIOBUSIX BO3HU-
KaIOT TOJOXUTENbHbIe OOpaTHBLIE CBSI3U, MPOSIBIS-
10Tcs1 3¢ GeKThl YCKOPEHHOIO HEPaBHOBECHOIO pas-
putus. Tak, ¢upma, xoropas IO BoJie ciydas
“BhIpBasiack” BIIEpel, IMPUOOPETAET NMPEUMYLLECTBA,
oIpelesolINe ee NaJIbHelllee YCKOpeHHOe pa3BU-
THe. MeXaHU3MBI TMOJIOXKUTeJbHOU 00patHOl CBS3U
HAapYIUIAIOT NPUBBIYHBIE TOHATHS KOHKYPEHIIMU WU
TpeOyIoT HoBoro mnoaxona. KauecrBeHHbIN (eHOMe-
HOJIOIHYeCKU aHaiu3 3TOro Kpyra sIBJIeHUA ObuI
paccMotpeH B [46], roe cTaBWJICS BOIIPOC O paspa-
00TKe HeNMHEeIHOW TEOpUHM BEpPOATHOCTEH, B KOTO-
POH BEPOATHOCTH TOSBACHUSI OOBEKTOB JAHHOIO
TUII@ 3aBHCHUT OT MMEIOLLErocsl YMUCIA TaKUX Xe
o0bekToB. HenuHeliHble BEpOSITHOCTU - paccMaTpu-
BAJIUCh B paMKaX MapKOBCKHX ITPOLECCOB (Tipoliecc
KOna)

P(x = x+1, A1) ~ AxAt .

CpelHSIT CKOPOCTh pPOCTa 3IeCh IPOIOPIHO-
HaJibHA 00BbEMY MMEIOILEHCS COBOKYITHOCTH. Xapak-
TEPHBIA NpHUMep: 4YeM OOoJblle craTeil HamUcaHo

YVUEHBIM, TEM JIerde HAIMCATh IMOCIEMYIOILYIO.

B npouecce K0na umeeTcsi COBOKYMHOCTb 3je-
MEHTOB X, KOTOpPBIE MOIYT IOPOXIATh HOBBIE 3JiE-
MEHTBI, HO HE MOTYT McYe3aTh. B 3TUX ycJOBUSIX

BepoSITHOCTU P,(f) Toro, 4to oObEM COBOKYITHOCTH
paBeH X, YIOBJETBOPSIOT YpaBHEHMIO OayaHca
P.(t)=-xP,()+(x-DP._1(#), x>1. (36)
Pexkyppentnoe cooTHouienue (36) omuchiBaeT
MAapKOBCKUI MPOLIECC, KOTOPBI UMEET BUI

P.(t) = exp(-An)[1 —exp(-A)]* . (37)

MareMaTuyecKoe OXUAAHUE [JIS1 BEJIWYUHBI X
paBHO X; = exp(—Af), YTO COBMANAET C U3BECTHBIM
3aKOHOM pocTa MH(POPMALIMOHHOIO MaCcCHUBA.

PeanpHo mpouecc lOna spisiercst rpyboit uaea-
Jusanmeil. Bcerma cyliecTByeT OorpaHMYeHUE Bpe-
MEHHM 3KCIOHeHIUanpHOro pasButus. Jlioboi yye-
Hblfi paboTaeT KOHEYHOe BpeMs ! A 3TO O3HAyaer,
YTO J€J0 HE TOJBKO B HEJIMHEHHbBIX BEPOSATHOCTSX,
HO M B HEOOXOIMMOCTM HEMAapKOBCKOIO IOAXOJA.
IlpuHuMasi npocteiillee NPEAIONOKEeHUE, YTO Be-
POSITHOCTb TIpeKpalleHUsT paboTbl YYEHBIM [OCTO-
SIHHA B KaXHIbId MOMEHT BpEMEHU, TIPUXOIUM K
IKCIOHEHIIMAIBHOMY PACIIPEeIEHUIO Is1 BPEMEHH
padoThI

p(1) = exp(—1).

Yepennsis P(#) 1o npomo/DKUTENBHOCTH BpeMe-
HM paboThl, MOJy4aeM paBHOBECHYIO (YHKIIHIO
pacripeaeaeHUs

P(x) = TPx(t) p)dt = oaB(x, a+1),
0

rae o = p/A, HMEIOIUYIO MpU X —> «© TUllepbonnye-
CKYIO aCUMIITOTUKY (25).

HenuHelHblii HEMAapKOBCKMU TIOOXON MOXET
0Ka3aTbCsl BaXXHBIM 3BEHOM B OINMHCAHUM HEYCTOM-
YUBOCTEH B SKOHOMHKE, B OLEHKE CHTyauuii Ha
OupxKe, aHaIU3e BAMSHUS TEXHUYECKOIO Iporpecca.

Yucaa Dubonauquu u onmumMaibHocms

B kauectBe HyJeBOro NpUOIUXEHUS OOIIECH He-
MapKOBCKOH TEOpUM MOTYT pPaccMaTpHUBaTbCsA Map-
KOBCKME TpOLIECChl, U1 KOTOPBIX KapTHHA ITOBEJe-
HUSI CHCTeMBbl B OynyllleM OMNpenensieTcsl ee
COCTOSTHHEM B MOMEHT BPEMEHH Iy ity = fuy).

HawubGonee mpocToe NUCKpETHOE YpaBHEHUE, 0O-
Jlagaioniee HEeMapKOBCKMMU CBOVICTBAMU, COLEPXKUT
JIBa TIEPBLIX WICHA psiga U UMEET BUL

U1 = Qi + Gyl . (38)

30ech Uy 3aBUCUT HE TOJBKO OT TPEAbIIYLIETO
COCTOSTHUSI, HO U OT TOro, 4YTo ObUIO IUAar Hasam.
B pamkax Takoil TEOPMM MOXHO UCXOOUTH U3 I1O-
cIeIoBaTeNBHBIX MPHOMUXKEHUI. 31ech CylIecTBEH-
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HYIO POJib MOXET UTpPaTh MOJOXKEHUE O 3aTyXaHuU
MaMsATH C ylajdeHueM Bo Bce Oosiee najekoe Ipo-
mioe. PexyppeHnTHoe ypaBHeHue (38) 3amaer nep-
BOe IpHOJMXEHHE B OTKJIOHEHMH OT MAapKOBCKOIO
MHpa, OHO YYMTHIBAET ONMXKHIOK MaMATb — Iep-
BBl wieH obuiero ypaBHeHust (17), T. e. coObITHS,
KOTOpHBIe NMPOU30LLUTH "BUepa’.

Bazosas Monens (38) onmuchIBaeT OHPEAEICHHYIO
COBOKYIIHOCTb PEeXHMOB JIJISI [TPOLIECCOB C NAMSTBIO.
B 3aBMCHMMOCTH OT 3HAYEHWUI @] ¥ a; PEIUeHUST MO-
[yT WMeTh MOHOTOHHBIA WIM KoJebaTenbHbII
XapakrTep, ¢ Bo3pacrtamoilieidl Win yOsIBaroled am-
JUIMTYROM KoJeGaHuil. MoxXeT MposiBisITbCA HEYC-
TOMYHUBOCTb, NPH KOTOPOH BO3HMUKAIOT B3PBIBHbIE
HapacTalolye KoJeOaHusi, WIM HeorpaHWYEeHHbIN
pocT.

B uactHoM ciyyae ypaBHeHus (38), onmuchIBalo-
uiero OGMMXKHIOW MaMsiTh, MPU 3HAYEHUAX MMapaMeT-
poB a; = ay = 1 Bo3HuUKaeT ypaBHeHue (1), peLue-
HUSAMH KOTOPOTro SBIfioTcs uucna PuboHauuu,
TECHO CBAI3AHHbIE C 30J0ThIM ceueHueM. Kazamoch
OB, B 3aBUCHMOCTU OT 3HAUYEHUU IOCTOSHHBIX 4y,
@y JOJXKHBI PEANTU3OBBIBATLCA Da3Hbie BAPUAHTHI
BO3IeicTBUS ONMXHEH naMmsiTi, OOHAKO B OIPOM-
HOM uHuCJie 3aJa4 BO3HMKAIOT MMeHHo yucna Pu-
OoHayuM, a He pelleHUs], COOTBETCTBYIOLIME KAKHUM-
auGo ApYyruM 3HAYEHUSIM @y, a. [IpuurHa 3TOro —
ocobble cBoiicTBa yuces PuUOOHAY4YM, KOTOpBIE
MOXHO Ha3BaTb YCJOBUAMHU OoNTHMaibHOCTH. Ha nx
ocHoBe GopMYJTUpPYETCsl TeopHsA Tioucka [9].

ITpuMepoM TaKoro ONTUMATIBHOIO TUTAHA MOXET
CIYXUTh OIMpelesieHe ¢ HAMMEHBIUEH IOTrpeIHO-
CTbIO TOYKU X, MUHUMU3UDYIOILEH (PyHKUUIO f Ha
oTpe3Ke LIuMHbl L Ha ocHoBe n HabmoneHUH. Taxoi
IUIaH HAa3bIBAKOT K-1IAroBbIM. TOYHOCTH oOllpenese-
HUS X 3aBUCHUT OT caMoro IaHa P, a Takxke OT n "
ot L. O6o3Hayum ee tp (n, L). Torna n-1arosblit
miad Py onpemeneHusi MUHUMYMa f Ha OTpe3Ke
JUIMHBI L SBJSIETCS ONTUMANBHBIM, €CIU

p (n, L) =mintp(n, L).

Kak mokasaHo B [9], onTUManbHBIM [LIaH CTpO-
UTCH Ha ocHoBe 4Yuces PuboHadyu, T. €.

Tp(n, LY=L /u,,,.

HmenHo peanuzauusi ¢$uboOHay4ynesa ONnTUMANb-
HOro IUlaHa BblIensier ypasHeHue (1) cpeau Beex
ypaBHeHH# (38) ¢ IPOU3BOJIBHBIMU 4y, «

Kak wmsBecTtHo, niobast 3aMKHYTasl [1pUPOIHAS
cHUCTEMA CTPEMHTCS K COCTOSTHUIO YCTOHYMBOTO
paBHoBecus. [lpy 3TOM BBIMOJHSAETCH [IPUHLUII
HaWMeHbIlIero ACHCTBUS, COINIACHO KOTOPOMY IIpH
Mepexole CHCTEMbl U3 OJHOIO COCTOSIHUSI B APYroe
32 HEKOTOPBIN MPOMEXYTOK BpEMEHHW OHA BbIOMPAET
TAKOM IyTh, TpPU KOTOPOM U3IMEHEHMUE II0JHOM
SHepruM CUCTEMBI MUHUMANbHO. B KayecTse xapak-
TEPHOTO I[pUMepa paccMOTpuM 0asoByl0 MoIEIb
tepMogHaMukyn — uukin Kapno. Kaxk noxasan B

cBoe Bpems C. KapHo, TertoBast MalllMHa MPOHU3BO-
Iut paGorty Giaaromapsi riepenade TETUIOTHI OT ropsi-
yero Tejla K xojoxHoMy. Ee addeKTHBHOCTL onpe-
aensiercsi Kod3¢h@UiueHTOM IT0JIe3HOro AeicTBus 1,
pPaBHBIM OTHOILIEHHIO PabOTHI, COBEPIUICHHOHW Ma-
LWIMHOM 3a OJUH UMKJI, K IONJIOWIEHHOI TEeIIoTe.
KapHo Takxke IOKa3aja BO3MOXHOCTb OOpalleHHsI
LIMKJIA TETUIOBOM MAlUMHBI M IIpeBpalllcHUs €€ B
xosonwiabHyto Manmmby (¢ KITJ 1), koTopass mepe-
IAET TEIUIOTY OT XOJONWIbHMKAa K HarpeBaTenio,
3aTpayMBasl npu 3ToM paborty. CornacHo [47] crnpa-
BEIJIMBBI CJIEAYIOIINE COOTHOIIEHHS:

n>=1—1:, r=1/(1-1), 1=1,/1,

rae 7 — TeMmepaTypa HarpeBartelis;
T, — TeMiepaTrypa XOJO04UJIbHUKA.
Orciona cienyer, 4YTo

A+Mn=1. (39)

B pa6ote [48] paccMoTpeH ciyyail A = n onuHa-
KOBOM 3(@dEKTUBHOCTU TEIIOBOW M XOJOAWIBHOU
MailuH, OOBEOIUHEHHBLIX B OLHOM YCTPOHCTBE —
MIeaTbHOM TeruioBoil MaiuHe. Torma ypaBHeHHE
(39) npuHuUMaeT BUL

n2+n—1=0,

YTO COOTBETCTBYET ypaBHeHUIO (3) IS 30J0TOrO
CEeUeHHUsI, T. €. B Clyuyae WICATbHOW TEIUIOBOI Ma-
IIMHBL ¢ paBHOMpaBUEM "TEIUIOBOI MAlUMHBI' H
"XOJIOAUABHOM MAaIMHBI" BO3HUKAIOT MPONOPLUAU
30JI0TOTO CEYEHMSI.

3osnotass mporopuMsi ¥ uuciaa ®ubonayuu, 3a-
JAoLIMe YCTOMYMBBIE XapaKTEPUCTUKU OIUXKHEH
ITAMATH, JAIOT TaKXe CBOEro pojaa perernT onTuMH-
3aLMU POLIECCOB JUTSI XUBBIX CTPYKTYpP U OpraHU3-
MoB. CaMo pa3sBUTHE OpraHU3Ma MOXET paccMarpu-
BaThCcd KakK BbIIOJHEHUE HEKOTOPOro OINTUMAJIb-
HOTO MJjaHa.

B paGote [49] npoaHanu3upoBaHa padota cepnua
Miekonuraommx. OHa cBg3aHa ¢ NEPUOANYECKOit
CMEHOM JBYX HMPOTUBONOJIOXKHBIX (HYHKUIMOHANBHO
IOMOJHSAIOIMX COCTOSIHUN CEepHeYHONW MBI —
CUCTOJIBI (HAaNpspKeHWsA) W Auactoiibl (pacciabiie-
uust). TloxaszaHo, YTO B peXMME KPOBOCHAOXKEHMUS,
NpUOIU3UTENIBHO COOTBETCTBYIOLIEM ITOKOIO oOpra-
HU3Ma, COOTHOLIEHUSI MEXIY CUCTOJIMYECKUM, Oua-
CTOJIMYECKUM Y CYMMApHBIM 3HAUYCHUSIMU MapaMeT-
POB CTPYKTYPBI CEpPIEYHOTO HUKIA COOTBETCTBYIOT
MIPOTOPLIMM 30JI0TOI0 ceyeHus. B pabore paccMoT-
PEHO TAKXE BIMSHUE BEca U OTHOCUTEJIBHOIO KpO-
BOCHAOXeHUd OpraHu3Ma Ha BCIO COBOKYIIHOCTb
napaMeTpoB CTPYKTYP CEpAEUHOro LuKia. JlenaeTcd
BBIBOJI O TOM, YTO XMBasl IIpUpoJa B XOI€ IIUTE/b-
HOI 3BOJIOLMUHK CO3MAET TAKME CHUCTEMbI, B KOTOPbIX
JSHepreTMyeckass M MaTepuaabHas 3aBUCMMOCTM OT
OKpyXaloliei cpeabl cBedeHbl K MUHHMyMYy. [py-
TMMHU CJTIOBAMU, ONTHMM3ALUSl Ha OCHOBE 30JI0TOIO
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CEYeHHsT MO3BOJISICT OPraHM3My aJeKBATHO MCITOJ-
HATb CBOIO (QYHKIVIO NP MUHUMAJIBLHO BO3MOX-
HOM Pacxole PecypcoB BHEIIHEH Cpelpl.

Heaoxaasnocme

B otinyue oT coBpeMeHHO MapKOBCKOif mapa-
JUTMBI, B paMKaxX KOTOpPOIf paccMaTpUBAIOTCS B3aul-
MONEHCTBME W JBUKEHHE TOYEYHBIX YACTHL, B He-
MapKOBCKOM MBI MMEEM [0 ¢ HeJOKATbHLIMU
obnekramu. Ilpexne Bcero o cBoeMy cMbICIy Npo-
IIECCHl C IMAMSATBHIO HEJIOKANTBHBI BO BpeMeHU. MH-
rerponuddepeHIIMaNbHblE YPABHEHUS TUIIA

dP /dt = [ A(G)P(t - 6)do
HUMEIOT NpoCTOC pPCIICHUE

P = Pyexp(-t /7). (40)

Yrobnl pacripenenenue (40) ymosieTsopsuio pe-
KYPPEHTHOMY COOTHOLICHUIO IUISI 30JI0TOTO CEYEHHUSI
Uyl = Uy + Uy, OTHECEHHOMY K TOC/IENOBATEIbHBIM
MOMEHTAaM BpeMeHU, HEOOXOMUMO, YTOOB! BEIUYMHA
g =exp(-1/1) YVAOBJIETBOPsUIa  COOTHOLLUEHKIO

1+q=q2. Ilpn atom
t=1., = In7 ((1+45)2) = 2.1,

T. €. pacnpeneneHue (40) ¢ ykasaHHBIM 3HAYEHUEM
T COOTBETCTBYET PACIPENENCHUIO 1O 30JI0TOMY CE-
YEHUIO

P = FRyexp(-t/1,).

OTo pachpenesieHUe WIPaeT pojb STATOHHOTO.
[lon Hero NnpoMcXomUT TMOACTPOIKA MPOLECCOB B

Guonoruu u sKoHoMuke. Hampumep, pacmpenene- -

HHUE¢ BaJOBOI0 HalUMWOHaJIbHOro mponykra W= C +
+ I + G mo KOMITOHEHTaM, COOTBETCTBYIOLIMM He-
MTOCPEACTBEHHOMY TOTPEOIEHUIO, OJIMXKHENR U Jalb-
Heil nepciekTUBe (C — pacxoabl Ha moTpebiaeHue,
I — wnBecTuuH, G — NPABUTEbCTBEHHbIE PACXO-
Ibl), MPUOIU3UTENBHO COOTBETCTBYET 30JI0TOMY Ce-
veHuo [50]. Oro, mo-BUAMMOMY, — OIHA U3 Xapak-
TEPUCTUK YCTOMYMBOIO Pa3BUTHUSL.

C pacnpenenenuem (40) tecHo cBsizaHa mpoGie-
Ma JUCKOHTMPOBaHUSI B 3KOHOMuKe. MHBecTUL UM
JAIOT Pe3yJIbTaThl HE B TOT MEPHOM BpEMEHU, KOraa
OHU TIPOBOIATCS, a B OoJiee mosmHHe CpokU. Ilo-
9TOMY IIpM CPaBHEHHUH 3aTpaT ¢ IOJYyYaeMOI OT HUX
NpUOLUILIO BO3HMKAET 3a7aya COU3MEPEHMS Pa3HO-
BpPEMEHHBIX LEHHOCTHBIX Tokasareneil. Kak wuz-
BECTHO, OHA DELIAETCS METOLOM JUCKOHTHPOBAHMUSI.
YTobbl OmpeneanTh, YTO CTOMT CErOAHSI BO3MOX-
HOCTb IOJIY4EHUS] HEKOTOPOH CYMMBI IEHET Yepes3
! IeT NPH OTCYTCTBUM MHOASILMY, HYXKHO 3Ty CyM-
My pasgenutb Ha (1 + R),, toe R — nucKouTHas

CTaBKa. 371eCh MO CYIIECTBY MBI UMEEM JEJO ¢ pac-
npeneaeHueM (40), roe

t=1/In(1+ R).

JU1s1 pa3sHbIX 9KOHOMUYECKUX CYOBEKTOB UMEETCS
CBOSI NMCKOHTHass cTaBka R (mokasatens 1). OHa
33aeT Mepy IIPeANoYTCHUS] HBIHEINHEH LEeHHOCTH
Oymyweil. OmnpeneneHHOU opUeHTaLWel B CTaH-
IapTHBIX YCJIOBUSIX, KaK YKa3bIBaJIOCh BEIIIE, CIIy-
XKHT BEJIUYMHA Ty ;.

JMCKOHTUpOBAaHUE — HEOOXOAUMBIA 3JEMEHT
aHaJiM3a KOHKpeTHbIX WHBecTHUMil. Ilo keilHcuaH-
CKOM MHBECTMLIMOHHOM Momenu [51] olieHka uene-
COOOpPA3HOCTM MHBECTULIMIT B TEKYLIEM IIEPHOJIE
HUCXOLUT U3 COOTHOIIEHUS

Ky <Y /(1+R)+Y,/(1+ R+ Y3 /(1+R),

rie Y; — 4YHCTBI IOXOA B COOTBETCTBYIOLUEM IIe-
puoze.

Ha os10it ocHoBe B paGorte [52] paccMoTpeHBbI
METObI IMITHPUYECKOTO onpeaeneHus 1. Pacnpene-
Jienust tuna (40) MOryT TakXe MCHONB30BaThCH MPH
aHajn3e HEeoOXOLMMBIX 3aMacoB, OOpa3OBAHUSI MH-
dpacTpykTyp. J[MCKOHTHPOBaHUE KAaK IpUBEICHHE
nokasarejied pasHbIX JIET K COMOCTABUMOMY BHIY
UrpaeT NMPUHLUNHAIBHYIO POJIb B 3KOJOCHU, B 4a-
CTHOCTH, B U3BECTHOM KOHLECMUUM 3aTPaThl — Bbi-
urpoii [52].

Hapsiny ¢ HenoKajJbHOCTBIO BO BPEMEHHM KaK He-
OTBEMJIEMOI XapaKTEPHUCTUKOH HEMAPKOBCKMX IIPO-
[IECCOB JOXHA CYIIECTBOBATh OOLIAs HEJIOKAJIbHAS
napagurMa, B KOTOPOW peanusyeTcs olpeneiaeHHast
CUMMETpPHUS MEXIY INPOCTPAHCTBEHHBIMH M BpEMEH-
HBIMU HEPEMEHHBIMHU X|, X, X3, X4 = ict B paMKax
€UHOTO NPOCTPaHCTBEHHO-BPEMEHHOTO KOHTUHYYMA.
ITpocTpaHCcTBEHHAST HEJOKAJIBHOCTD MOXET OITHUCHI-
BAaTbCd B paMKax MAapKOBCKOIO MOIXONA HA OCHOBE
UHTerpoAudGepeHINANbHBIX  ypaBHEHMI. Takoe
olcaHWe B MOCAeNHEE BpeMs HauyMHAaeT HAaXOOUTHb
NpUMeEHEHNWE B pa3IMYHBIX pasgenax (pu3HKu, B Y-
CTHOCTH, B TEOPUU OJMXKHETO IOJI.

B pabote [53] 3anmcaHo wuHTerpomuddepeHIy-
aJIbHOE YpaBHEHHE [JIs1 HAIPSDKEHHOCTHU JIOKAJILHO-
TO 3JIEKTPUYECKOTO NOJIS TIPH y4yere Oiauxaiiliero K
TouKe HabjaoneHus1 okpyxeHus. Hamnpumep, mnpu
pelICHHWM TPAaHUYHOM 33aJa4l KJIACCMYECKOH ONTUKHU
B3aUMONENCTBUSA MOHOXPOMATHYECKOIO M3JIYYEHUS
C TOHKOW IIEHKOH

E(r, 1) = E;(r, t)+jrotrot%P(r’, t—-R/c)dV’,

rne E(r, f) — HanpsXeHHOCTb 3JIEKTPUYECKOTO
JIOK&JILHOTO TIONISI B TOUKE Habione-
HUS;

R= |r—r' — PAacCrosiHUE OT TOYKM HaAGJIIONEHUS 7

IO HEKOTOpOil TOYKU r’ BHYTpU
TIJIEHKHU 1100 Ha ee NOBEPXHOCTAX;
¢ — CKOPOCTL CBETA B BAKyyMe;
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anddepeHIMPOBAHUE OCYILIECCTBISIETCSI [0 KOOp-
IMHATAM TOYKHW HaGJIIoAeHUSI;

MHTErpUPOBAHUE IIPOM3BOAMTCS MO BCEMY OOBE-
My ILUIEHKU.

B [36] omucCBHIBAIOTCST MPOLIECCHl TEJIEMOPTALIUM,
TIpencTaBisifone coboit CKayoK B IIPOCTPAHCTBE,
MI'HOBEHHBIH IMEepEeHOC U3 OAHON TOYKU B APYIYIO.
OOBIYHO KMeeTCsl HeIpepbiBHASI TPAEKTOpHUS Iepe-
MEIIeHUSE TOYKM (Tena) B MPOCTPAHCTBE, HO BO3-
MOXHBI Y TIPOLECCH CO CKauKaMM, OINMCBIBAEMBIE
ncesroauddepeHIHAIBHEIMU ~ onepatopaMu  [21].
TUMUYHBIM TIpUMEp — OTepaTop CABUIA, KOTOPBIit
OINCBIBAET IEepeMELUCHUE B IIPOCTPAHCTBE Ha KO-
HEeYHOe paccTosiHue ¢ (MCHOBEHHBIA MepeHoc)

d
e & f(x) = f(x+a).

HenokanbHOCTb B MPOCTPAHCTBE MOXET OIMUCHI-
BaTbCs ¢ MOMOIIBIO KAK TIceBroauddepeHINMaNbHBIX
OIEpPaToOpoOB, CoOAepXKallMX OeCKOHEYHOE YHCIIO
TIPOU3BOAHBIX, TAK YW WHTETPATIOB IO HEKOTOPOM
OKPECTHOCTH TOYKM — o00a TMoaxona TMO3BONSIIOT
yYECTh BJIUSTHHE BHEIIHMX YCJIOBHMII Ha pelleHue B
HEKOTOPOI OKPEeCTHOCTH TOYKM — OOJIacTU HENo-
KaJbHOCTH.

Boiite Mbl  paccMoTpenau TiceBroanddepeHLIn-
aneHble ypasHeHust (12) u (13), nalouude nocjienao-
BaTeJbHOE OINUCAHWE TIPOCTPAHCTBEHHONH HeEIo-
KaJbHOCTU C MAcIUTAGHBEIM IapaMeTpoM A (Xapak-
TEpHOM BeIMYHHOHN ckauxkoB). B npenene Oecko-
HEYHO 4YaCThIX OECKOHEYHO MAaJIbIX CK44YKOB 3TH
ncesnoguddepeHIIHANIbHBIE YPABHEHHUS TEPEXOMIIT,
COOTBETCTBEHHO, B ypaBHeHHe Poxkepa-IlnaHka u
ypaBHeHue IllpenuHrepa, a A uMeeT CMbICT IJIUHBI
cBoOOgHOTO Tpobera UiIM KOMIITOHOBCKOM IJIMHBI
BOJIHBI.

XoTs mpuBeneHHbBIE TceBroauddepeHIHaTIbHbIE
YpPaBHEHUS SIBIISIOTCSI MADKOBCKMMHU, B CMBICIE Ha-
JIMYIUST HAYAJIBHBIX YCIOBMIT M JIOKAIBHOCTH BO Bpe-
MEHH, OHU OITUCHIBAIOT YACTUIIBI, HEMOKAJNbLHBIE B
npoctpaHcTBe. C 3THX MO3ULUA MEPKOBCKUE TMCEB-
noauddepeHMaabHble  ypaBHeHUs  (YpaBHEHUS
0GeCKOHEYHOro MOpsiaKa) IJIsi MPOLECCOB CO cKay-
KaMM, OMMUCBHIBAIOIIHE TPOCTPAHCTBEHHYIO HEJO-
KaJbHOCTb, TIO CBOEil CYTH SABISIIOTCS COCTaBHOM
4acTblo 0600UIEHHON HEMAPKOBCKON NAapagurMbl.

B Oosnee obmieil Teopuu JOMXKHO CYyLIECTBOBATH
LIEJIOCTHOE €IMHOE OMMCAHUE HEeJOKAIbHBIX IIpO-
1IeCCOB B mpocTpaHcTBe—BpeMeHu. C 3ToH Lesbio
MOFYT OBITh HCIIOJb30BaHBl KaK HHTerpoaudde-
peHIManbHBIe, TaK W TcepronuddepeHIHATbHbIE

ypaBHEHHS.
B pa6ote {21] paccMOTpeHO MHOTOMEPHOE IICCB-
nonuddepeniyanbioe ypasHenue llpeauHrepa.

,HHH CBOOOTHOM 4acTHLBl €r0 MOXKHO npeacTaBuUThL B
BHIC

n
1—x22—a—z—

iy =Sl
A k=18xk

= W(x, 7). (41)

B npenmene 910 n-MEpHOE ITPOCTPAHCTBEHHO-
HEJOKATBLHOE YpaBHEHHE IIEPEXOAUT B COOTBETCT-
BYIOLIlee HepensiTUBUCTCKoe ypaBHeHue Lllpenunrepa.

B ypaBHeHMe (41) NMpPOCTPAaHCTBEHHBIE KOOPAM-
HAaThl U BpEMsl BXOASIT acUMMETpU4HO. OCHOBbIBA-
SICb Ha WCHOJB30BAHUM COOCTBEHHOTO BpEMEHM 1
(B NMpUMeHEHUY K ypaBHeHUIO [lupaka meton coG-
CTBEHHOFO BpeMeHHU u3jaraercsi, Hampumep, B [54]),
MOXHO 3anucaTh YpaBHEHME, OIMHUCHIBAKOIIEE KakK
MPOCTPAHCTBEHHYIO, TAK U BPEMEHHYIO HEJIOKaNlb-
HOCTb, T. €.

3 82 62

k=18x/% %3 1?

. 0
l_

T, Y(x,1)-

‘P(x,‘c):% 1- [1-22

Ecim ecrecTBeHHBIM MAacCIITadOM IIPOCTPAHCT-
BEHHO! HEJOKAIBHOCTH CIYXUT KOMIITOHOBCKAS
JUITMHA BOJHBI A, TO HENOKAIBHOCTH BO BpeMeHHU
onpegessieTcsl IapaMeTpoM 5, =A/c.

Hemapxoeckan hopmyaupoexa Keanmoeoii Mexanuxu

B mocnegHue roxpr pacrer 4ucio paboT, MOCBSI-
IEHHBIX OCHOBAHMSIM KBAHTOBOW MEXaHHKH W IIO-
TBITKAM [pUIaTh € HEMapKOBCKYH (hopMyIHpoOB-
Ky. KpaTko ocTraHoBHMcA Ha ABYX XapaKTepHBIX
HaITpaBJIEHUSIX.

IlepBoe HanpaBieHHe MpeAcTaBieHO B padorax
I'. A. Ckopoborarona [55—58]. Ero o6iuast uaeoso-
rMsl 3akiovaercs B cnenyiomeM. CylnecTByeT aib-
TEPHATUBHAST BO3MOXHOCTh OITMCAHMSI KBAHTOBBIX
SIBJICHUM KaK HEMapKOBCKHMX CKa4KOOOpa3HBIX IPO-
1IECCOB JUIA OOBIMHBIX IJIOTHOCTEH BEpPOSTHOCTH,
3aBUCSIIUX HE TOJIBKO OT KOOpAHHAT X, HO TaKXKe U
OoT UMIyIbcoB p. Ho 1py 3ToM ypaBHEHUS] KBaHTO-
BOH MeXaHMKM HAalo pacCMaTpHBAaTh KaK HEMAapKOB-
CKHe, KakK IIpoliecchl ¢ mnamsithio. Kak u3BecTHo,
napa cornpsixeHHbix ypapHenuil Lllpenuurepa 3KBH-
BAJICHTHA IBYM THIPOJUHAMHYECKHM YPABHEHUSIM
IUTSt TUTOTHOCTH BEPOSITHOCTH

o(x, D=y nP s plen) = iV, G -F V) /20.

I'maponyHaMuyecKue YpaBHEHUSI B CBOK Ode-
pedb MOTYT OBITh IOJYYEHBl U3 TPAHCIIOPTHOIO
ypaBHEHUS ISl TUIOTHOCTU BeposTHocTu P(p, x, 9
KaK ypaBHEHUS ISl TIEPBBIX IBYX MOMEHTOB

w(x,0=[ P(p,x,0)d*p; p(x,1) = & | pP(p,x,1)d>p .

DT0 KBAHTOBOE TPAHCIIOPTHOE YpPaBHEHHE ITpes-
cTapisieT coboit mHTerpoauddepeHIMaTEHOE YpaB-
HeHHue JJIsI HEMapKOBCKOIo CKauKooOpa3HOro Ipo-
1iecca.

TakuM 06pa3oM, KBAaHTOBAas MEXaHUKa MOXET
ObITh CPOPMYIMPOBAHA KAK HA SI3bIKE MapKOBCKHUX
MPOIECCOB [UISI aMIUIMTYI BEPOSITHOCTH, TaK W Ha
SI3bIKE HEMapKOBCKHMX CKAauKOOOPAa3HbBIX IPOIIECCOB
AJ1s1 OOBLIYHBIX BEPOSATHOCTEIA.
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BTopoe HampabieHMe IpencTaBiIeHO B paGote
. A. CnasHosa [59], rne 6puta mnpemioxeHa Mo-
Iej]b KBAaHTOBOM TEOpPHUH, B KOTOPOH CYILECTBCHHYIO
pPOJb WIpaloT HEeMapKOBcKMe mpoiecchl. CoriracHo
3TOM MOZEJM B KBAHTOBOM OOBEKTE KOPIYCKYJISAp-
HBIE M BOJHOBBIE CBOHCTBA pasfelieHbl MEXITy
coboii. B Bakyyme HMeeTCsl CIOXHAsL CHCTEMa KO-
JiebaHuUl, KOTOpbie 00pa3yioT HEKOTOPOE HEJIOKAH-
3yeMoe BOJIHOBOe Iojie. B 3ToM mosie uMetoTcs
TOYKH CHUHTYJSIDHOCTEH — SIIP&, HOCUTEIU KOpPIIyC-
KYJISIDHBIX CBOWCTB, TAKXK€ MPUHUMAIOIIME YYacTHE
B KoJyiebaTeNbHbIX nBUXeHHSIX. HocutemeMm mamsTn
KBAHTOBOIO OOBEKTA CIIYXWUT HEJIOKaJIbHOE BOJIHO-
BOC roJie. B KonmeGaHusIX IT0JIsI, KOTrepeHTHBIX KoJe-
OaHMSX smep 3Toro o0BEeKTa, 3alIMGpPOBAHBI CBele-
Husg o0 ero mnpenplCTOpUM, M[pU 3TOM 4YacTb
CBEJEHUU M3 MaMSTU IOCTETIEHHO TepsieTCsl, 3ame-
HSIsSICh D0Jiee CBEXUMU.

B pamMkax Hemapkosckoit Momenu [59] mipen-
CTaBJEHbl AHAIM3 U pelleHue psiia npobieM, B TOM
YyHciie KBAHTOBBIX u3MepeHuii. Ho HaubGonee xapak-
TEPHOU OCOOEHHOCTBIO MPENIOXEHHOW KBAaHTOBOM
MOIENU CJIEAYET CYMTATh TAKOM MOMEHT KaK 3aTy-
XAIOIIYIO OJVKHIOK ITaMSITh.

B HacTosiiee BpeMsT MOXHO T'OBOPUTH O HEKOTO-
poii obweil TeHneHUMH pabotr B oONACTHM OCHOBA-
HUA KBAHTOBOW MEXaHMKM, BKIIIOYalOLIEeH mepexon
K HEMapKOBCKOW TEOPHH.

Moaenu npoueccoB ¢ NaMaTbio
Duszuxa

JnutensHoe BpeMsi HCIOIb30BaHWE HEeMapKOB-
CKOro moixolla HOCWJIO BechMa OTpaHWYEHHBIH Xa-
pakTtep. OnHAaKO ceifyac B psie HAyYHbIX HaIlpapBje-
HUH pa3BUTbl KOHKPETHBIE MOIEIN M MCIIOJIb3YeTCs
3aBUCUMOCThL OT IIpenbicTopuu. B ¢usuke 310 B
MEPBYIO o4Yepelb OTHOCHICS K TepMOIMHAMHUKE He-
PAaBHOBECHBIX IPOLIECCOB, IIe UCCIEeIOBAHNE CPEd C
NaMSTBIO HACUUTHIBAET YK€ HECKOJIbKO ICCSATHIIE-
tuit [60, 61]. OHO CBSI3aHO C U3YYEHUEM JIOKAIBHO
HEPAaBHOBECHBIX CHUCTEM M IIPOLECCOB IIepeHoca B
Hux. CoorsercrBytomue 3¢deKThr HabGIIOAAITCS
IPpY HU3KUX TEeMIlepaTypax, IpHu oOJyYeHWM Bellie-
CTBa CBEPXKOPOTKMUMHU UMIYJILCAMU 3HEPruM, B
YyIapHBIX BOJHAX M AMCIEPCHBIX CUCTEMAaX, Korma
BpeMsI pelakcallii CUCTEMBI K JIOKaJTbHOMY pPaBHO-
BECHUIO CPABHMMO C XapaKTEPHBIM BpeMEHEM CaMoro
npoltecca. IlTonpobHO maHHBINA Kpyr BOIPOCOB pac-
CMOTpeH B 0030pe [62], IMO3TOMY OTMETHM JIMIUb
HEKOTOPbIE KAYECTBEHHBIE MOMEHTEL.

Ecnu ckopocts M3MeHEHMs] MaKporapaMeTpoB
CUCTEMB! 3a CYET BHENIHUX BO3AEUCTBUHA MHOIO
MEHBILIE CKOPOCTU YCTAaHOBIEHHMS PABHOBECUS, TO B
HEld MOXET YCTAHOBUTBCS JIOKAJNBHOE TepMOJMHA-
MHuYeckoe pasHopecue [63]. OHo cnpaBemIMBO s
MOMEHTOB BpEMEHH [, 3HAUMUTEIbHO IIPEBBILLAIO-
IIUX XapakTepHOE BpeMs pejaKcalluM CHUCTEMBl K
JIOKAILHOMY paBHOBecHIO 1. IIpubmikeHHe CIuioLI-
HOU cpenbl, MOApa3yMeBaIOIee OTCYTCTBHE Y Hee

BHYTPEHHEH CTPYKTYpBI, O3HAa4aeT, 4YTO B WHTe-
IPAJbHBIX 3aKOHAaX COXpaHEHMs JUISL 3TOR cpebl
MOXHO COBeplUaTh I[peAcJbHBIA Iepexol MpHu
CTpeMJIEHUM O0BbEMa MHTErPHPOBAHHA K Hymo. Ta-
KON TIpEACNbHBI MNepexoq TIO3BOJSIET TOJYYUTH
YpaBHEHUE COXPAHEHUSI SHEpruu (Macchl U T. 1I.) B
nuddepeHunanbHOil ¢dopMme. Ecmm  xapakTepHbIid
Macutad cucrembl L MHOro 6oblile XapaKTepHOIo
pasMmepa ee MUKPOCTPYKTYPBI A, TO MOXHO HpeHes-
peyb AUCKPETHOCTBIO BelIecTBA M paccCMaTPHBATh
TAKYI0 CHUCTEMY B IIPUONMKEHUU CIUIOIIHOM Cpelbl
YcnoBust cripaBemIMBOCTH IIPUOIMXKEHUN JIOKAIb-
HOIO0 TEPMOAMNHAMUYECKOIO PABHOBECUSI W CIUIOLI-
HOH cpelbl UMEIOT BUI
h>>1 L>h 42)
s HepaBHOBeCHOH TEpMOAMHAMHKM BBOISTCS
MOHSITUST JIOKATBbHO-HEPaBHOBECHBIX SHTPOIMUU S U
BHYTpeHHEN 3Heprum E, JOKanbHO-HEpaBHOBECHAS
TeMIIepaTypa OIpeneIsieTcs Kak

T-''=dsS/dE.

Korzma cocrossHUe cHCTEMBI 3aBHCHT OT CKOPOCTH
U3MEHEHUS] TeMIIepaTypbl, aOCOIOTHASI TeMIIepary-
pa MoxeT ObTh 3aMeHeHa "TepMOIUHAMHYECKOH",
Kotopasi siBiseTcd yHKIKHEH aOCONIOTHOW TeMIIe-
paTyphl U CKOPOCTH €€ U3MEHEHHUs. DTH obe TeMriie-
paTyphl COBNANAIOT, €CJIH CKOPOCTh M3MEHEHHS ab-
COJIIOTHOM TeMIleparypbl paBHa HyJio. CTeneHb
JIOKQJIBbHOW HEPABHOBECHOCTH CHCTEMBI OIIpeaens-
eTcsl BEJIMYNHON OTKJIOHEHUS TEPMONUHAMUYECKON
TeMrneparypsl oT abcosoTHOM. Ilpu BBICOKOCKOpO-
CTHBIX TMpoileccax, Korga HepaBeHCTBa (42) He BbI-
MOJTHSIIOTCSI, B TEPMOAUHAMUKY BBOIMTCS TIOHSITHE
TEeTJIoBOM Mmamsitu |60, 61].

Ecnu cucteMa He HaxoQWUTCS B JIOKAJILHOM Tep-
MOAMHAMUYECKOM pPABHOBECHHU, TO CBSI3b MEXIY
TEIUIOBBIM TMOTOKOM ¢ H TPaIleHTOM TEMIICPATYphI,
a TaKKe MeXIy BHYTpeHHeldl SHeprueil CUCTeMbl U
TeMIepatypoil T UMeeT HHTerpaibhylo ¢popMy

g=— [ K@VT(t-2)dz ; 3)
0

E=CpT + [B@)T(t-2)dz, (44)
0

rne K(z) u P(7) — dbyHKUMM perakcaldy TEIJIOBOro
ITOTOKA U BHYTPEHHEH 3HepPIruH, COOTBETCTBEHHO.
Bripaxkenus (43), (44) yuutsiBaloT TOT GaKT, YTO
BIAJIH OT JIOKAJIBHOTO PABHOBECUSI TEILJIOBOM ITOTOK
W BHYTPEHHSSI SHEPTUsl He 3aBUCIT OT MIHOBEHHBIX
3HAYCHUN TPagvueHTa M TEMIIEPATYpbl, a OIPENesisi-
I0TCSL BCEi MPENbICTOPUEIl mpoliecca TeljIonepeHoca
B paccMaTpyMBaeMOM IIPOCTPAHCTBEHHOM 3JIEMEHTE.
U3 (43), (44) u 3aKoHA COXpaHEHUS] SHEPTHUU MOX-
HO TOJYYHUTh ypaBHEHUE NEPEHOCA B Cpele C MaMsi-
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TbIO. SIBHBINM BUI COOTBETCTBYIOIIErO WHTErpoaud-
(hepeHIIMANBHOIO ypaBHEHUS IepeHOoCca IPUBENEH B
oG3ope [62].

K sokanbHO-HEPAaBHOBECHBIM CHCTEMAM OTHO-
CATCSL Y TOJMMEPHBIE HEHBIOTOHOBCKHE XHIKOCTH
[64, 65]. DTo BA3KME XMUIOKOCTH, KOS(DPHLIUEHT
BSI3KOCTH KOTOPBIX 3aBUCHUT OT IIPHJIOXKEHHOro Ha-
NMPSIKEHUS HEJIMHEHHbIM o0Opa3zoM. s oOblYHOMH
HBIOTOHOBCKOW XHIKOCTH HMMEET MECTO IIPOIIOp-
LIMOHAIBHOCTh MEXIY TeH30paMu HanpsokeHui I1 u
JedopMallid y, OHA OIMMCHIBAETCS YpaBHEHUSIMU
Haspe-Croxca

dv/dt=F -1/pgrad p+vV?v,

TIe v — CKOPOCTB;

F — o0ObveMHuasn cnia;

p — IUIOTHOCTb;

P — IaBJeHUE;

v — K03bOULIMEHT KUHEeMAaTUYEeCKOM

CTH.

Ecau HBIOTOHOBCKHE XUIKOCTHM OIMCBHIBAIOTCH
IubdepeHIMANBHBIMU ~ YPaBHEHUAMU, TO  JUIA
HEHBIOTOHOBCKUX XUAKOCTeH Haubojee obuiee (JTu-
HEWHOE) COOTHOLIEHHE MEXIy HalpsokeHHEM |
CKOpOCTBIO AedopMaruu y (TEKy4eCcTb) UMeeT HHTE-

rpajbHyIo dhopMy

BSIBKO-

()=~ [n(t - ) Y(s)ds .

3aBucsiliee OT BPEMEHU SPO 1 HA3bIBAETCA
dbyukuueit Bszkoit namstd. Hanpsxenue omnpene-
JSeTCsl HEe TOJNBKO TEKYIIUM 3HAYEHHEM CKOPOCTH
JedopMalnu, HO U ABIseTCsS JUHEHHBIM YHKLIO-
HAaJIOM TPEeNbICTOPUM M3MEHEHMSI CKOpocTH aedop-
Mauuu. Kak u B cnyyae siBieHUi TiepeHoca, OTAU-
Yue OT CTaHHAPTHOU (HGOpMYTUPOBKU 3aKII0YAETCS B
KCIIOJIB30BAHUM HHTerponuddepe HHUATbHBIX YpaB-
HEHUU U1 OIMMCAHUSA IIOBEACHHUsE I1OJNMMEPHBIX
HEHBIOTOHOBCKMX XUAKOCTEH. DTOT MOJAXOM Xapak-
TEPEH IUJIS1 PEOJIOTHH — COBOKYITHOCTU METONOB MC-
CIeNOBAaHUS TedeHUsd M nehopMallMU  peabHBIX
cped. OTMeTUM, 4YTO BCe XUAKOCTU B OMNpeleseH-
HOM CMBICJIE CJIOBA SIBJISTIOTCS BSI3KOYITPYTHMM, I10-
CKOJIbKY 3aTyxaHue (IyKTyaluil paBHOBECHOrO Ha-
MIPSDKEHMST TIPOXOIUT 33 KOHeyHoe Bpemsi. TloaTtoMy
B TIPUHIUITE JIIOOYI0 XUAKOCTh MOXHO paccMaTpu-
BaThb KaK HEMAPKOBCKYIO CUCTEMY. DTO OTHOCUTCH U
K MPOLECCaM CaMOOPraHU3aIUM.

JlaHHBIA KpYr BOIMPOCOB SIBJSIETCSE TPEAMETOM
peoJIoruy, paccMaTpUBAIONIEH 3aBUCHMOCTH MeEXIy
JEHCTBYIOUIMMIA Ha TEJIO0 MEXaHMYEeCKUMH Hampsi-
JKEHWSIMM, BBI3BIBAEMBIMU UMM nedopManusIMu U
UX U3MEHEHMsIMU BO BpeMeHM [66]. Peomorusi co-
CTABNSIET OIpPENESEHHYI0 COBOKYITHOCTh METOIOB
HCCIENOBAHUSI TE€YEHUS W AedopMaluu peanbHbIX
cpen. 3nech BechbMa IEPCIEKTUBEH HEMApKOBCKUM
MOMXOM, sl y4eTa MPeAbICTOPUY MOXHO HCIOJNb30-
Barh MHTerpommuddepeHIialibHble YpABHEHUS] TUIIA
(20).

Hapsany ¢ mpoueccamMu mepeHoca B JIOKAJIBHO-
HEPABHOBECHBIX CUCTEMAaX W PeoJIOrHeif yJeT Iipe-
IOBICTODUY MPOBOAWUTCS B (PU3MKE TBEpHOro Teja B
SIBJIEHUSIX THCTEpe3rca, KOTOPhIE OMUCHIBAIOTCS HeE-
MapKOBCKUMH YPABHEHHUSIMHU. DTO SBIEHUE COCTOMT
B TOM, 4TO (puU3NyecKasi BeMMYHHA, XapaKTepU3yio-
10As1 COCTOSIHUE TeJld, HeAHO3HAYHO 3aBHCHT OT BE-
JIUMMHBIL, XapaKTepu3ylomieid BHEIIHHE YCIOBUSL.
OHa ompenensieTcsi BHEIIHUMM YCJIOBUSIMH  HeE
TOJNIGKO B JNAaHHBII MOMEHT, HO U B IMPEILUECTBYIO-
UK€ MOMEHTHI BpeMeHHM. PeakiiMs Tena oTCcTaeT oOT
BBI3BIBAIOIIMX €€ NMPUYUH. 151 HEKOTOPBIX IIPOLIEC-
COB OTCTaBAHME IIpU 3aMEICHUM U3MEHEHUS
BHELIHUX YCJIOBUM HE yMeHbluaetcs. B atux ciaydya-
SIX HEOOHO3HAYHYIO 3aBUCHMOCTH BEJIMYUH HAa3bI-
BalOT TUCTEPE3UCHOU. OOBIMHO BBIIEJISIOT THCTEpe-
3UC MarHUTHBIN [26, 67], rucTepe3uc CerHeTo3JIEK-
Tpuueckuil {68] u rucrepesuc ynpyruit [69].

MarHuTHBII# THUCTEepe3Uc OOYCNOBJIEH HEOIHO-
3HAYHOH 3aBHCHMOCTHIO HAMAarHMYEHHOCTH MAarHu-
TOYNOPSIAOUEHHOTO BElIleCTBa, Hampumep ¢eppo-
MAarHeTuKa, OT BHEIIHETO0 MArHWTHOrO TIOJsA IIPU
€ro UUKIHYECKUX M3MEHEHHUsX. MeXaHM3Mbl 3TOro
ABJICHUSL CBSI3aHBI C MAarHWUTHON NMOMEHHOM CTPYK-
Typoit [67]. OTMeTHM, YTO IS TOKA i B 3JIEKTpUYE-
CKUX LENAX NPpU HAUIMIYUHM MAarHUTHOIO CepAeYHHKA,
B KOTOPOM TIPOSIBJISIETCS] TUCTEPE3NC, YACTO MCIOJb-
3yeTcss UHTerpoauddepeHIUAIPHOE YpaBHEHUE TH-
na [26]

di / dt=] F(v)i(t - ) dx+ f (1),

rne F — sigpo uHTerpania;
J — Hexkoropas zagaHHast GyHKIHS.

Hemapxosckue ypaBHeHust bioxa, BO3HHKAO-
IIMe MPU 3aMEHE PEeJaKCALUOHHBIX YWIEHOB IIOIE-
PEYHBIX KOMITOHEHT ITOJTHOTO CITMHA Ha COOTBETCT-
BYIOLIME HUHTErpaibl ¢ ITAMATBHIO, XOPOIIO OIMUCHI-
BaOT $hopMy JUHUM MATHUTHOIO pe3oHaHca [70].

CerHeToaIeKTpUYECKHIT rUCTepe3ruC MMEET MHO-
ro obuero ¢ MarHUTHBIM. 31ech TakXke HMeeTcs
HEONHO3HAYHASI 38BUCHUMOCTD ITOJISIPU3AIAMN CeTHe-
TO3JIEKTPUKOB OT BHEILIHETO 3JCKTPUYECKOIO ITOJIS.
CyLUECTBEHHYIO POJIb B ABJIEHUM MIPAeT JOMEHHAs
cTpyKTypa. B ciydae ynpyroro rucrepesuca Inpouc-
XOIUT OTCTaBaHMe nedopMallMM YIPyroro Tejia or
HanpsDKeHUs1 Mo daze, B CBA3M C YeM B KaXIblil
MOMEHT BpEMEHM BeJUYMHA HedopMaluM Tejia SB-
JISIETCSl Pe3y/IbTaToOM ero IpeabicTopuu. Ilpu 1LUK-
JIMYECKOM TIPUJIOKEHNM HArpy3Kd JUarpaMma, M30-
Opaxaioniass ~ 3aBHcUMOCTb  gedopmalMy  OT
HaNpSIKEHUN, CONEPKHUT IETII0 THCTepesuca. Me-
XaHU3MBI YIIPYroro rucTepe3rca, B YaCTHOCTH POJIb
IUCIIOKalnii, paccMoTpeHb! B pabore [69].

B Hacrosiee BpeMsi NepexXuMBAeT CTaHOBJIECHHE
ele ofHa obnacth, rae MPUHUUIIHAIBLHYIO POJIb WI-
paloT mpolieccsl ¢ namsTsio. B paborte [71] B pam-
Kax MOJAEJH, YIUTHIBAIOIEH COBMECTHYIO TMHAMUKY
NnoJei ynpyrux cMenieHU# cpenpl U KOHLEHTpalyu
JIA3EPHO-UHAYUMPOBAHHBLIX TOYEYHBIX JedeKTOB,
HCCAEA0BAHO PACTIPOCTPAHEHNE MPOIOJBLHOM BOJHbI
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nedhopMalui B TBEPIOM TeJe € KBAIPATUYHOM He-
JIMHEHOCTBIO  YNpPYroro KOHTHMHyyMa. Hannuue
CTPYKTYPHBIX Ne(eKTOB IPOSBISETCS IIPpU STOM B
TNOSBIEHUM 3alla3[blBaollel peakUMU CHUCTEMBbl Ha
PACIIPOCTPaHEHUE BO3MYLICHUN HedopMamuu, 4TO
XapaxkTepHO IS Cpell ¢ peiakcanyeid WM MaMsIThIO.
ITonydeHsl MomejibHBIE YpaBHEHHUs ISl OIMCAHMUS
HEJIMHEMHBIX BOJH B 33aBUCUMOCTH OT 3HAYECHHUIt
napaMmerpa penakcauuu. B pabore [72] oTMedaercs
BIWSHUE TEPMMUUYECKOU TMPEIbICTOPUM pacIlIaBOB
HUHKA U KaJMMS HA UX KPUCTALIUZALHUIO.

VpaBHeHusT C MaMsITbiI0O BO3HHUKAIOT TAKKeE IMpU
ananu3e IVIOTHBIX I'a30B, KOTHA CTOJKHOBCHMS 4ac-
THUL, HEJb3s1 CYUTATh MIHOBEHHBIMU. Tak, ypaBHe-
Hue bosibiMaHa, ONHMCHIBAIOIIEE ra30BYI0 KHHETH-
Ky, XOTsl M siBAsieTcs1 UHTerpoauddepeHIUATBLHBIM,
HO JIOKAJIbHBIM I[10 BpPEMEHMU, T. €. MAPKOBCKUM.
B pabote [44] oHO OBUIO ecTecTBEHHBIM 0OOpazom
00001IeHO Ha HEMAapKOBCKHMI ciayyaili. D10 06006-
LIIEHME YYUTBHIBACT IJIMTEJIbHOCTh MApPHBIX ATOMHBIX
CTOJIKHOBEHHUU JUIA IUIOTHOTO Ta3a, KOrma, B 4acT-
HOCTH, MOTYT OOpa30BbIBATHCS BOMOPOTHBIC CBSI3U
MexXny MosiekyaaMHu. O0oOIlUeHHOe ypaBHEHHE HME-
€T BUJ

of /ot=(1/7) [g(s/DQ(f(v,1~5))ds,
rae BeMuuHa Q 3amaetcs onepartopoM boabimana

Q[f(v,x,0)]=
= [h,u,m)[fV,x,0) fU,x,t) - FO,x,0) f(u,x,0)]d*v d*u,

Ie i, v — CKOPOCTU MOJIEKYJ IO CTOJIKHOBEHMUSI;
U, V — cKOpoCT MOJIEKYJI IIOCJE CTOJKHOBE-
HUSI;

b4
h — sapo MHTErpania,;
n — BEKTOp €AWHUYHOHN IIMHBI, XapaKkTepu-
3yIOIUMA HampaplIeHUe TepefaHHOoro
MPU CTOJKHOBEHUU MMIIYJIbCA.

B pabote [44] HaiineHo oOlliee pelileHHe HeMap-
KOBCKOTO ypaBHeHUsI bBosbliMaHa, oOmUchbIBAKOLIEE
IUIOTHBIA ra3. OHO 3aBHUCHUT OT KOpPHEl HEKOTOPOro
XapakTepucTuieckoro ypasHeHus. Ilpd rnipeBbiie-
HUW OMNpefeNeHHOro 3HadyeHUs] BEeJUYUHBI T,
HMMEIOILEH CMBICT JUIMTEIbHOCTU CTOJIKHOBEHHUS,
KOPHHY CTAaHOBSITCSI OTPULIATENBHBIMU, YTO COOTBET-
CTBYeT 1IEPEX0Ay OT MOHOTOHHOTO K OCHWUISILIUOH~
HOMY XapakTtepy penakcauuu. as BoasgHoro napa
3TO COOTBETCTBYET TUIOTHOCTH ~1 r/cM3 [44].

Bo MHorux ciyvasx HEeMapKOBCKUH XapakTep
SBOJIOUMM  GYHKUMNE  paclipenesieHusl  SIBJSIETCS
NpPSMBIM ~ CJIIEICTBUEM KOHEYHOM JUIMTEJIbHOCTH
TIpOLIECCOB B3aUMOIEHCTBUA T M pacrpeleseHUs
0o01afaloT NaMmsThIO, COXPAaHAOUIECcs B TeyeHue
3TOro BpeMeHM. B pabortax kazaHCKoi wiKoabl [73]
ObL1 pa3BUT METOJ aHAN3a HEMAPKOBCKUX IPOLEC-
COB HAa OCHOBE HWCIOJb30BAHUS LIENOYKH HHTETPO-
JnddepeHIMANBHBIX YpaBHEHMII OIS BpeMEHHbIX
KOppensuuoHHbIX GyHkuuid M,(9). B tepMunax
dbyukimit M,(f) 6bliu BBEZEHBI KOJIMYECTBEHHBIC

KPUTEPUH OLIEHKH HEeMapKOBCKUX 3¢pPeKToB. DTOT
METONl NPUMEHSUICSl ISl ONMMcaHusl pama ¢busuge-
CKUX SIBJIEHUI, B 4AaCTHOCTH, B [73] ObUI paccuuTaH
CIIEKTP IIapaMeTpa HEeMapKOBOCTH IUISI THOPOIMHA-
MUYECKUX CHCTEM H TIOKA3aHO HANMYME HEMAPKOB-
CKUX CBOMCTB Ha pasHbIX YPOBHSIX THAPOIUHAMUYE-
CKOTO OITKCaHUS.

Cpenyn mpyrux IIPUIOKEHHH HEMapKOBCKOIO
[10AX0a MOXHO OTMETHUTh Takue o0nacTH, KaK I'ui-
pOIMHAMYKA HEU30TEPMMUYECKON IUTasMbl, (HU3UKa
CJIOUCTBIX Cpel, KojebaTeJbHble XMMHUYECKUE peak-
uuu. st KojebaTeIbHbIX XMMUYECKHX PEaklMii, B
yacTHocT peaxkiiuu benoycopa—2XKaboTuHCKOro, B
psiie 3KCMEPUMEHTAJIBHBIX HCCIeAOBaHUI OTMeda-
JIOCh, UTO WHAYKUWOHHBIN ITepHoa A0 Hayaja KoJie-
OaHMil 3aBUCUT OT mpeabicTopuu [74]. '

Ilns aHamu3a MpoLeccOoB B HUCHEPTUPYIOMIUX U
JUCCUMIATUBHBIX Cpelax TakXe WCIOJb3YIOTCS HH-
TerponuddepeHIIanbble ypaBHeHUA. Tak, ypas-
HEHHWe YH3eMa, OIMMCHIBAOIIEE pacHpOCTpaHEHNE
HEJMHEHHBIX BOJIH HA MeJKoil Bome, MOXHO IIpel-
CTaBUTE B BHaE [75]

+oo
U +uu, + | K(x-y)u(y,t)dy=0.

—00

3nech GYHKIMS u(x, f) OMUCHIBAET CBOOOIHYIO
ITOBEPXHOCTH XUIKOCTH.

B Hacrosiiuee BpeMs IpOLIECCHI, 3aBHCLILIUE OT
[IPEOBICTOPUM, OXBAThIBAIOT IIMPOKUI Kpyr sIBie-
HMI1 LIS BCeX arperaTHBIX COCTOSIHMIA BEILECTBA.

buoaozua

ITamaTe — BaXHEHIAs] COCTABHAY 4acTb GHOJIO-
rudeckux Inpoueccos. Ilpy aHanmm3e 3aKOHOMEPHO-
cTeil GUOJIOTMYECKOTO PA3BUTHSI HETOCPENCTBEHHO
MpOABJISIETCA 3aBUCUMOCTb OT IIpeAbICTOpUHU. 3a
nocjieiHee OecATHWIIETUE NOJydyeH OoJbluoil o0beM
(hbeHOMEHONIOTMYECKUX PE3Y/ILTATOB 110 ITPOSIBIEHUIO
3aKOHOMEPHOCTEH 30JI0TOIf ITponopurHd B OHO-
chepurix smieHusix. Tax, B paGorax [7, 8, 12] mo-
KA3aHO, YTO MHOrue OJarornpusiTHbIe IJISI KMBBIX
OPTaHU3MOB MapaMeTpbl BHEIIHEN cpelbl MOXHO
ONPENENATh C TIOMOUIBIO 30J0TOM MPONMOPLHU. DTO
KacaeTcss 6UOPUTMOB opraHu3Ma, pyHKIMH cayxa u
3peHUsl, KosicbaHUl TeMmmepaTyphbl TeJia 4YejloBeKa,
KPOBSIHOIO HaBJI€HUsI, pabOThI cepalla X OpraHoB
Ibixanusi. HampuMep, uMeeTcsl B3aMOCBSI3b, BbITe-
Kaonas U3 30JIOTOTO CEYEHUS, MeXOYy IpaHULaMHU
3PUTEJILHOIO BOCIIPUSITUS U 00JIACThIO, ONMTUMAJIb-
HOW JJIs1 3peHUsI.

OrpoMHBblit  00beM  (heHOMEHOJIOTUUECKHUX pe-
3YJILTATOB IIOJIYYEH 10 POJIU 30JI0TOM MPONOPLVH B
Mopdosoruu xuBbix opraHusmoB. Eme WM. Kemrep
0o0paTujl BHUMAaHUE HA TIOPA3UTEILHYIO POJIb YHCE
DuboHayyu B CTpOeHUH pacTeHUil. CBs3aHHBIE C
HUMHU 3aKOHOMEPHOCTU TIPOSBIISIOTCS, HAlIpUMED, B
pacrionoxeHuu, ¢opMe U CTPOEHUM JUCTLEB, Ce-
MSH, LIMUICK, LIBETKOB, 3epeH. 3HAYMUTEJIbHBI 00b-
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€M KOHKDPETHBIX (haKTOB MO POJIM 30JOTOH Mporop-
WX B pAacTUTEIbHOM Mupe HpHUBeIeH B paborax
[11, 76]. HoBemenre XUBOTHBIX BO MHOIOM OIIpe-
JieNsgeTcs NaMsThlo o TponuioM. Besl XU3HB CBA3aHa
C reHeTHYeCKOi mamsiThlo. Kak yxe ormeuyanoch, B
XKUBOTHOM MHpe 3aKOHOMEPHOCTU 30JI0TOH IIpo-
nopuuy (yucna PuboHayuu) HposBasAOTCA B (op-
M€ U CTPYKTYpe Tesa, CTPOEHUM PAKOBHUH Y MOJLIIO-
CKOB, CE'MEHTOB Y HACEKOMBIX, CKeJieTa Yy I103BO-
HouHbIX. KOHKpeTHBIE JaHHble MpHBeAeHb! B pabo-
tax [12, 76, 77].

B sTnx pabGoTtax Obl1 TakkKe CHEJaH BBIBOI O
TOM, YTO IIOCTPOCHUE KOHEYHOCTEH IO3BOHOYHBIX
MPOMCXOIUIO O] AeACTBHEM IBYX OCHOBHBIX (haK-
TOPOB: 3aKOHOB TTOCTPOCHUS 30JI0TOM MPOIOPLUU U
npucrnocobieHuss opraHu3Ma K obpasy XM3HH. 3a-
KOHBI 30JI0TO{ MPOMOPLIMHU OMpPeNessiioT OCHOBHOMH
MJIaH, OCHOBHYIO HIIEI0 KOHCTPYKIIMM KOHEUHOCTEH,
OTKJIOHEHHE OT 3TOro IJiaHa ((payKTyalluu, CBSI3aH-
HbIeé C KOHKPETHBIMH YCJIOBUSIMU CYLUECTBOBAHUSA
KaXIoro >XHWBOTHOTO) OIPEIeIsitoT BCE MHOrooopa-
3U€ CTPOEHMS CYLUECTBYIOHIMX (opM. DTO TOJIBKO
OOLIMHA TIPUHIMII, CAM X€ IPOLECC Pa3BUTUS elle
KIET AeTATbHOrO MaTeMaTH4eCKOro aHajIn3a.

B cBoe Bpemsi B. M. Bepuanckuit [78] obparun
BHMMaHMe Ha KayeCTBEHHOE pa3lMuMe CUMMETPU
HEOpraHu4ecKoi W OpraHW4ecKod Npupoabl, 00y-
CJIOBJICHHOUW HAJMYHMEM B OPraHUKE OCH ILTOro IOo-
psiIKa, OTCYTCTBYIOUIe B MHpe kpuctamioB. Kak
U3BECTHO, OChb ISITOTO IOPSAKA HEPa3pblBHO CBsA3a-
Ha ¢ 300THIM cedyeHHeM. OmHoll U3 Haubosee pac-
[POCTPAHEHHBIX CUMMETPUIl pacTeHU siBaAsieTCS
MeHTaroHaabHAasi CHUMMETPUS,, B KOTOPOH UYETKO
MPOABISIOTCS 3aKOHOMEPHOCTH 30JIOTOU ITpOIop-
uuy. MHorue M3 UBETKOB TaK Xe, KaKk U KOpHH, B
paspese UMEIOT TeHTaroHajbHYyl0 CHMMETPUIO, TIsi-
TUJIEINIECTKOBBIMM  SIBJSTIIOTCSL LIBETKU  KYBLUWHKH,
LIMITOBHUKA, OOSIPBILLIHUKA, YepeMyxy, sOJIoHHM,
3eMJIsHUKM ¥ np. Lenblid pstn BUCSUMX TSDKENBIX
TUTOAOB, HampuMmep SIOJIOKM, TaKXKe HWMEIOT MeHTa-
TOHAJIBHYIO CUMMETPHUIO.

B paGore [49] oTMeuaercsi, YTO BUpPYChI, CO-
crosume 3 PHK u Gesnka, npencrasisioT coboi
MpaBUIbHbBIE MKOCA3JPBI, TECHO CBSI3aHHbIE C TIEH-
TaroHajJbHO! CTPYKTYpPOil.

B uenom, umeloluiics Habop ¢GaKTUYECKUX
JAHHBIX TOBOPUT O TOM, YTO HAYaJo Pa3BUTUSI OpP-
raHMYeCKOro Mupa ITPOM3OIILIO HAa HAHOYPOBHE,
T. €. B Npeleiiax JacTil pasMepoM nopsinka 30 HM
n meHee. IlepBoHayanpbHO B paMKax HaHOCTPYKTYp
MPOUCXOAWIO UX ToCieqoBaTeibHOe IpeoOpa3oBa-
ume. Kak u3BecTHO, B HaHOKJIAcTepax MPUHUUIU-
AJBbHYIO pOJNIb  UTPAIOT [OBEPXHOCTHBIE AaTOMBI.
Bonbiiioe oTHOILIEHHE IOBEPXHOCTH K 00beMy TpH-
BOJAUT K KayeCTBEHHBIM OTIIMYMSIM CBOMCTB Ki1acre-
poB oT MaccuBHBIX wactull [79, 80]. CrpykrypHasd
crieundrKka HAHOKJIACTEPOB B 3HAUUTENBHOI Mepe
o0ycjioBieHa OCOOEHHOCTSIMA DJIEKTPOHHOU 000-
JIOYKH, KOTOpasi B KJacrepax CHJIbHO I10JspU30Ba-
Ha. Braromapst stoMy oBpasytorcsi crieliuduyeckue
MPOCTPAHCTBEHHbIE CTPYKTYPbI, PE3KO OTIMYAIO-

LMECS OT MPUBLIYHBIX KpHUCTADIOrpadUyecKux c
OCSIMU CUMMETPUHU 2-T0, 3-r0, 4-ro, 6-ro IMOPSAKOB.
3mech okaspiBaeTcsl HauboJiee YCTOMYMBOW oCbh 5-T0
nopsiaka, T. €. BOSHMKAeT HOBOE IPYIIIIOBOE OMuUca-
HUE, MMEIOIee KAa4eCTBEHHOE OTJIMYUE OT Makpo-
ckonuueckoil ¢pusnkd. OTHAKO C PpOCTOM pa3MeEpoOB
KJTacTepa BO3HUKAET PACCOIIACOBAHME ITOBEPXHOCT-
HBIX ¥ BHYTPEHHHUX CTPYKTYP, COOTBETCTBEHHO MEH~
TaroHAJTBHbIX ¥ T€KCaroHAJIbHBIX.

Takum o00pa3zoM, cCOXpaHEHHE II€HTArOHaJbHON
CTPYKTYPhl Ha BCE€X YPOBHSX XWBOW MPUPOABL I10-
3BOJISIET CYMUTATh, YTO OHA HE TOJBKO OepeT Havyalo
HA4 HAHOYPOBHE, HO C HHM CBS3aHO W BCE HANb-
Heiilllee ee pasBuTHe. TeM caMbIM, UCTIONB3YST HeE-
MapKOBCKHME METONbI aHajJIn3d, Mbl MOJIy4aeM UHCT-
PYMEHT IUISl MCCIENOBAHMSI PA3IUYHBIX CTagui
IBOJTIOUMM XKUBOI'O MHpAa, B TOM YMCIE M CAMbIX
JIPeBHYIX.

B pazau4HbIX GMONOrMYeCKUX MOMAEJSIX HA ITOBe-
CTKY [OHS BBIXONUT YYET ITPEABICTOPHUU. DTO, B Ya-
CTHOCTH, OTHOCHUTCSI K SKOJOTHYECKUM IPOOIeMaM.
PaccmoTrpuM B KauecTBe NpUMepa MOAENTb "XHUI-
HUK" — "XepTBa", KoTopas HalUia IIUPOKYID 00-
JlacTh TIpMMEHEHHWH B MaTeMaTUyYeCcKOH 3KOJOrnu
[81]. B Mogmenu npeamnojaraercsd CyIECTBOBAHUE
IBYX BUIOB OpraHu3mMoB. OnuH M3 HUX — "XepTBbI"
¢ yncnoM ocobeit Ni(f) MOXeT HeOrpaHUYEHHO I10-
Jiyyarb TMUTaHHE K3 OKPYXawolueil cpenbl, APYroi
BUA — "XWUIHHUKHK" € 4ucaoM ocobeil No(f) muraer-
¢ TOJABKO I[IPEACTABUTEISIMM TIEPBOTO  BUIA.
M3meHeHue yncaa "XepTB" MOXeT ObTh, OUEBUIHO,
MpeACTABICHO YpaBHEHUEM

dNy [ dt=(ki —& Ny (D) Ny (D), (45)
rae k| — CKOpOCTb Pa3MHOXEHMUSI XKEPTB;
g1 — Koo(DULIMEHT TIPOTIOPLLHOHAIBHOCTH

rnepel 4YUCIOM BCTped "XMIIHUKA" U
"XepTBbI', KOHYAIOWIUXCS T[UOENBIO TOo-
CIIEMHUX.

Jns yicaa "XHUIHUKOB" UCMOAB3YIOT YpABHEHUE

AN, [ dt=[-ky + &, Ny (D] Ny (P).

OnHako M3MeHEeHUe 4Yuciaa "XMUIHUKOB" CKIIAbI-
BaeTCsl U3 yObUIM 332 CUET €CTECTBEHHOI CMEpTH U
MPUPOCTa B pe3yJibTaTe POXAAEMOCTHA, 3ABUCSLIEH
OT IMTaHUS B TeYeHHE HEeKOTOpOro BPEMEHU T,
MPeIUIeCTBYIOLIEro MOsIBICHUIO notoMcTBa. Coot-
BETCTBYIOILEE YPABHCHHC MOXET OBbITH IpencTaBie-
HO B BUIe [82]

' T
dN, /di=|-ky + &, [ N{(t =) F(v)dt | No(t), (46)
0

rae F(t) xapakTepusyeT BJIMSIHME KOJIMYECTBA Chbe-
JEHHOM "XMIUHUKOM" B MOMEHT BPEMEHHM f—T MUIIHU
Ha pOXOaeMOCTh B MOMEHT 1.

TakuM o0Opa3oM, UHMCJIEHHOCTh TIOMYJSIUANA
YAOBJICTBOPSICT CUCTEME HeJIMHENHBIX ypaBHCHMﬂ
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(45), (46), onHo 13 KOTOphiX sABNsieTcsa AudbepeH-
HUaJBHBIM, @ JApyroe — UHTerpoauddepeHIHAb-
HbiM. HHBIMM ciloBaMM, cHcTEMa “XWIIMHUK'—
"XepTBa" Kak IleJoe SIBASETCS HeMapKoBckoii. Ta-
KO MOJXOZ IO3BOJSIET YYUTBIBATh MPENBICTOPUIO U
MOXeT ObIThb 3(GPEKTUBHO MCIIONB30BAH B APYIHX
KOJIOTMYECKUX MOIEISIX.

B nocnenHee BpeMsi HEMApKOBCKUN TIOIXOX
IIPUMEHSUICH U1l aHANM3a PacIIpOCTPAHEHMS 31U~
JEMUOJIOTMYECKHMX MPOLIECCOB, B YACTHOCTU TPMIIIA
Y PECNIMPATOPHBIX UHGEKLIMIM, a TAKKE B KApAKOJIO-
'Y U Helporncuxonoruu [83—86].

Kocmonoeun

AHanu3 npoueccoB 3BoOUUK BeenenHoil ocHo-
BaH Ha MapkoBckoM noaxoje. OTHAKO IOCTENEHHO
II0SBAsIETCS Bce OOJNbIIIe CBUAETENIBCTB O MPOSBIIE-
HUM B aCTPOHOMMYECKHX SIBICHUSIX IPOLIECCOB C
namsiTelo. B cBoe Bpemss Moranu Kemsep BhIcKazan
UIEI0 reoMerpuyeckoii rapMoHun CojHEYHOH cHc-
TeMbl ("My3blka cdep”), KOTOpYIO MOCIENyIOLUE
IIOKOJIEHUsI ACTPOHOMOB HE IPUHHMMAIH BCEpPhE3.
OnHako BHOCNENCTBMM OblIa YCTAHOBJIEHA CBS3b
nepuosoB obpalueHust miaHeT ColHEYHON CUCTEMbI
C 30JIOTBIM CEYEHHEM, U CHUTyalldss H3MeHUJach
[7, 87}.

B paGote [7], rme mnpoBemeHO comocTaBieHHE
nepuonoB obpalueHuit miaHeT BoKpyr CollHIA U UX
6ueHHiT (OCHOBHBIE TOHBI) C IEPHOLOM OOpalLiEHUs
3eMiH, MOKa3aHO, YTO YacTOThl 0OpalleHUil IIaHeT
W pa3sHOCTH 4YacToT obpallleHuit o0pas3yioT CIEKTpP C
UHTEPBAJIOM, PaBHBIM 30J0TON mpomnopuuu. IIpu-
YeM [aHHAagd 3aKOHOMEPHOCThH COOMIONAETCS ¢ TOu-
HOCThIO 95 %. 3pech NeiCTBUTENBHO TONXONMT Ha-
3BaHUe "My3bIKa cdep”.

B paGore [7] Takxe IpHUBeAEeHBI JAHHBIC
K. JombpoBcKoro, MmokasaBLIEro, YTO PACCTOSIHUS
maHeT 1o ColHUA MpONOPIUOHANBHEl YHUCIAM Psi-
Ja 3oJyiotoro cedyeHus. Ilpu aToM cpenHue OTKIIOHE-
HUSI PACUETHBIX panuycoB OpOMT OT (pakTUYECKUX
He npeBbIUAaT 6,7 %. AHaNOIMYHBIE 3aKOHOMEp-
HOCTH OBUIA YCTAHOBJIECHBI U IJISI CUCTEM CITYTHHKOB
Mapca, IOnutepa, VYpana, Henrtyna. Jns Hux
cpenHee OTKJIOHEHWe cocTaBwio MeHee 2 %. Ilpo-
SABJIEHUSI 3aKOHOMEPHOCTEH 30JI0TOr0 CeyeHUs Ha-
GMoNaI0TCST MU B PUTMHUKE KOCMO3EMHBIX CBS3eH
[88].

IlpuBenenHble naHHBIE YKA3bIBAIOT HA HeMap-
KOBCKMI xapakTep 3Bomionuu CoJjIHeYHOl cucrte-
Mbl. OHa B MPUHIUIE HE MOXET OBITh HOCTATOYHO
MOJIHO OITMCaHa Ha OCHOBE CYHIECTBYIOLUUX (PH3MN-
yeckux Teopuil. MakTUyecku peds UIET O Npolec-
Cax ¢ MaMATLIO B MacLITabax KOCMMYECKUX BpeMeEH,
COCTABJIAIOIINX MWLUIMAPIHI NeT. JpyruMu cioBamu,
1amMsaTb B HEOPraHWYECKOM NpUpode UMEET ellle
GosiplKMe MacluTaGbl, YeM IeHEeTUYecKas NaMsITh, C
KOTOPOH CBSI3aHBI OMOJOrMYEeCKUE ABJIEHUA. Taknum
obpaszoM, 31eck pedb MOXKET MIUTH O KAYECTBEHHBIX
HU3MEHEHUSIX B HAllIlEeM MUPOBO33PEHUH.

B 5Toit CBSI3M yKaXeM Takxke Ha MU3BECTHOE B aC-
TPOHOMUHU pacopefeneHne XoJbLIMApKa, OIUCHI-
BalOIIEe paclpeaeieHUe WHTEHCHMBHOCTH TIpaBMTa-
LIHOHHOTO TOJSI 3BE3THBIX CUCTEM. DTO YCTOMYMBOE
pacnipeliejieHUe ¢ rokasaTteneM 1,5 mMeer creneH-
HYIO aCHMITTOTHKY Xx™>/2, XapaKTepHYyIO UISl pacrpe-
nenennsi Lunda-Iapero. He uckioueHo, 4T0 3TOT
dakT CIyXUT yKazaHMEM Ha HEMApKOBCKUM Xapak-
Tep OOpa3oBaHUsI U SBOJIOLUU 3BE3IHBIX CUCTEM.
OrMeTHMM HelaBHee IpPUMEHEHHE HEMapKOBCKOIO
moaxona K oOpa3oBaHHMIO KOCMHUYECKHX CTPYKTYP
[89].

30eCh BO3HMKAET Psili METOMOJOTHYECKUX IIPO-
6J1eM: HACKOJIBKO aJeKO MOXET IpOCTHUpaThes IIa-
MATb, 3aTyxaeT JU oHa. Bo BcIKOM ciydae, MMeEO-
muecss Monesu BceneHHoil, mo-BHAUMOMY, ClieLyeT
MOIBEPIHYTh AOMOJHUTEIBHOMY aHATH3Y.

ITpy nocTpoeHHM KOHKPETHBIX MOMEEH claenyer
HMETb B BHUIY, YTO KOCMOJOTMYECKHE IIPOLIECCHI
IPOKCXOIAT B 3KCTPEMANbHBIX, JOKAJIHHO HEPABHO-
BECHBIX YCJIOBUSIX, PACCMOTPEHHBIX B [62], B KOTO-
PBIX CYLIECTBEHHYIO POJIb UTPAET IIAMSTh.

Ixonomuka

B skoHomuKe yxe mnurtenbHOoe BpeMs (pakThye-
CKU IPUMEHAIOTCH SIEMEHThl HEMAapKOBCKOIO ITO/-
xona. IIpy NpUHATUM TeX WIM MHBIX PEIEHMI BO3-
HUKaeT HeoOXONMMOCTb 3HAHMS TpenbicTopuu. Tak,
LEHOOOPa30BaHUE ONPENENSIETCS CIIPOCOM — IIpES-
JoxeHneM. B mpocreiiuieM (MapKoBCKOM) ciyyae
4KCIOBAsT IOCNENOBATENLHOCTh BEJIUYUH ), OIIpe-
JEeAIOINX OTKIOHEHUE TeKylluei IIeHbl OT paBHO-
BECHOM, NpeACTaBiasieT coboil 3HaKO4YepenYIOLIYIOCH
TEOMETPUYECKYIO MIPOIPECCHIO

YVirl == 47)

Iie ¢ — XapaxkTepHbIA TapaMeTp, 3aBUCAIUUN OT
(YHKLUUI clipoca U NMpeaioXeHus.

IIpn g > 1 mocnesoBaTeNbHOCTh y; HEOrPAHH-
4YEeHHO BO3pacTaeT, X aMmIUIUTyna KojgeBGaHuil LeH
VBEJIMYMBaeTCS.

Ilpu HEeMapKoOBCKOM IOIXOA€E TOBAPOIIPOU3BOIHU-
Tejlb, MPUHMMAas peuieHUe o6 obbeMe NpeIIoxe-
HUf, OPUEHTHPYETCS HE HA TOCJEIHIOI IO BpeMe-
HM UEHY, 4 IPUHUMAET BO BHUMAaHHE €€ AUHAMHUKY.
Ytob6bl crenars Gojiee amekBaTHBIN MPOTHO3 YPOBHSI
LEH HAa 3aBTpa, OH WCXOIUT M3 WHAOPMALIUMK O IiE-
Hax "cerogus” u "Buepa”. Ilpu 3TOM mporHosupye-
Masl LIEHa paBHA yXe HE );, 2 3aHMMAaeT HEKOTOpoe
MPOMEXKYTOYHOE 3HAYEHUE MEXIY Yy U Yy j, ONpene-
Jsgemoe BeslMuuHOM r. Torma nmeem [90]

Vet ==q{1=7)yr —qrys . (48)

B Makpo3KOHOMHUKE MCMONb3YIOTCSI AUCKPETHBIE
ypasHeHHs thna [51, 90]

Ve =@y +ayy, g + f (1), (49)
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rae f{f) — QyHKUUS aBTOHOMHOTrO MoTpeOieHus, He
3aBUCSLIAS OT TEKYLIMX JOXONOB.

Dro TpocTeifiliee ypaBHEeHHE MOXHO Ha3BaTh
ypaBHEHUEM JUIST ONMXHEM TMaMsTH, TIOCKOJIbKY
YYUTHIBAETCS TOJBKO ONMH MOMEHT BpeMeHH (f — 1)
B npouuioM. Peirenne (49) HaxoguTcsi ¢ TIOMOILIBIO
XapaKTepUCTHUYECKOTo ypaBHeHHS [91]

A2 —gqh-ay =0,
MMEIOLLEro KOPHU

2
a a
AMy)=—t, L ta .
1255 .

Hpu auckpumuHanre D = a12 +4a, > 0 nmeroTcs
JBa A€ACTBUTEIBHBIX KOPHS, U peIlicHHe UMEeT BUL
= AN + A0S
Yt 1M /2
anpu D=0, uMeeM &; = hy = A,
t
Ve = (A4 + A1)\

BenanuuHsl A; ¥ A; olnpenensioTcss U3 HAYaIbHbIX
yeJoBuit (3Hadenmit y, ipu t = 0,1). Ilpu D < 0
pelleHre MOXHO IPEACTaBUTH B BUIIE

v =p' (B, cos ot + By sin wt),

3

rae A, =p(coswr +isinat), p=[A|=%;

B;, B, — mnocTosiHHBIE, OIpefeasieMble Hauallb-
HBIMHU YCIOBUSIMH.

B »TOM ciyyae peleHue WMeeT KojeOaTesbHBIN
Xapakrep. AMIUIMTYIA KojeGaHUil MoOXeT Bo3pac-
TaTh Ipu p > 1 1 yObiBath npu p < 1.

Taxum o6pa3oM, HeMapkKoBcKoe ypasHeHHE (49)
ONKCHIBAET UEJNYIO COBOKYIHOCTh DEXHMOB IUIS
[IPOLIECCOB € MAMSIThIO, ¥ COOTBETCTBEHHO COOBITHS,
KOTOpbIE MPOM30LUIM "BYepa”, BO MHOI'MX clyyasix
UIPAIOT OMNPENENSonyio poib. OCHOBHOE Xe Kaye-
CTBEHHOE OTJINYME OT MapKOBCKOTO ypaBHeHUs (47)
COCTOUT B TOSIBJICHUH IIPH OIpPEIeNeHHBbIX 3HaJe-
HUSIX T1apaMeTPOB LUKIIOB IJUTENBHOCTBIO 21 /.

Ha 6a3oBoit HemapkoBcKoit Momenu (49), yuu-
ThIBaouiei OJIMXHIOW MaMsiTh, OblUIda B 3HAYUTEIb-
Hoit Mepe ocHoBaHa Tteopus JIx. KeifHca [92],
ABJISOIIAsAcd (PYHIAMEHTOM COBPEMEHHOW Makpo-
9KOHOMHMKH. OHa, XaK M3BECTHO, HAlllNa LIMPOKOE
IpHMeHeHUe B IIpakTHKe. MiMeHHo Gnaronaps mpu-
MeHeHHI0 TeopuHm KeifHca 3amagHas 3KOHOMUKA B
IePUON MEXJy IBYMsS MHUPOBBIMH BOMHAMM BBILLLIA
u3 xpusuca. Y1 nocne KeliHca uesanlit psn KOHKpeT-
HbBIX 3KOHOMHYECKMX MOJENeil 110 CYIIEeCTBY HMCXO-
Inn U3 HeMapkobckoit cucrembl (49). TlpuBenem
HekoTopble U3 Hux [51].

B nuHamuyeckoit Mmogenu CamyasibcoHa — XHK-
ca [93, 94], Bkioyalolleil B ceGa pbIHOK O7ar, 9Ko-
HOMUKA HAXONUTCSl B COCTOSIHUM PAaBHOBECHSI, €CliU

Vet =(Cy + )y —kyp_y + Ay, (50)

rae Yy — COBOKYMNHBIH chpoc (HanuoHAb-
HBII J10X0[);

k(J’t_J’t—l) — HWHAYLUWPOBAHHLIE UHBECTULIMH,
BKJIANbIBAEMbIE  TIpedTIpUHUMATE -
JSIMH, ~ OPUEHTUPYIOLIMMUACA Ha

MpeBbIILIEHUE COBOKYITHOTO CIIpoca
B IIPEIIIIECTBYIOLIEM TIEPHOIE;
Cyy — OynxuMsa norpebaeHus;,
A; — BeJIMYMHA aBTOHOMHOTO CIIpoca.

YpasHenue (50) xapakTtepusyeT AUHAMUKY Ha-
LIMOHAMBHOIO 0X04a BO BpeMeHU. B cooTBeTcTBHM
C TIpUBEOSHHBIM BhILle aHaMu3oM (49) MoOXHO 3a-
Nnucarb YCJIOBUSI MOHOTOHHOTO U KOJIe0aTeIbHOIO
U3MeHeHUU y,. Bcero umeeTcst MaTh TUIOB U3MEHE-
HMS J;, U KaXJIOMY M3 HHMX COOTBETCTBYET CBOSI 00-
JIACTh IIapaMeTPOB.

B nunamuueckoit monenn Teseca [95] yuuteiBa-
€TCSl TEHEXHBIN PHIHOK, KOTOPBI B3aUMOJIEHCTBYET
C PBIHKOM Onar yepes3 cTaBKy IpoueHTa i. OHa Tak-
K€ 3aIMChIBAETCS B KAHOHMYecKoit opme (49)

Vi1 = (Cy +k)yt —(k"' I;L, /Li)J’t-l + B,

rae I; — vHBecTULINY;
M =Ly + Li — ycloBusi paBHOBECUS HAa pBbIHKE
JIEHET;

M — rnpennoxeHue OEHET;

L, — cnpoc Ha feHbIn Ui CHENOK;

L; — crmpoc Ha DeHbIW KaK HA MMYIIE-
CTBO;

B, =4, — 1, + MI,/L;

B Monmenu TeBeca, yIWTHIBAIOIICH PBIHOK IEHET,
obacTb YCTOMYMBOrO paBHOBecHsI cyxaercsa. Ho
3MeCh  MMEETCS  BO3MOXHOCTh  PerylupOBaHUS
KOHBIOHKTYPHBIX KOJeGAHUH 3KOHOMUYECKOH aK-
TUBHOCTU 4epe3 MoCpeNcTBO GAHKOBCKOM CUCTEMBL.
Tax, Mpu opyeHTaUNN oOGbeMa TIPeUIOKEeHUS JECHET
LEHTPAJIbHBIM 0aHKOM Ha BeJIMYUHY HALMOHAJIBHO-
TO I0X0[a IPEeIlIeCTBYIOLIEro NePUOAa U TEKYIHYIO
CTABKY IIPOlIEHTa AMHAMHYECKAsl (PYHKIIUSA TIpeIo-
JKEHMSI JeHer MOXeT ObITh NpeNCcTaBieHa B BUIIE

M, =ay,_| +b,
roe a, b — napameTphl peryJHpoBaHusi JeHer B 00-
palieHuH.

B sTOM cnyvae ypaBHEHMUE ANt J; MOXET GbITb
[IpeICcTaBiIeHo B KaHOHuYecKoi dopme (49)

Vel = (Cy +k)}’t ~(k=h)y;_1 + B,

rae h = 1; (a — Ly)/(L; — b).
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3a cueT COOTBETCTBYIOLIETO Iombopa peryiu-
PYIOLLKMX [apaMeTpoB a WU b LieHTpaibHbii GaHK
MOXET CIBHUTaTh O0NacTH YCTONYMBOrO paBHOBECHUS,
HalpuMep, TaK, YTOObI B Cliyyae BO3MYILEHUH BO3-
HMKA4JIH He B3pbIBHBIE, a 3aTyXalollue KoueOaHUs.

CxeMa (49) npuMeHsieTct U B NOCTKEHHCHAaH-
CKHX MOJEJSIX, OITUCHIBAIOIINX PaBHOBECHBIA POCT
3a JUIMTEJIbHBIA MMepron. BTO OTHOCUTCS, B YACTHO-
cTH, X Momenu Xappona [96], tae Gpul choenaH BbI-
BOJl O HEYCTOMYMBOCTH TUHAMUYECKOTO PaBHOBECHS
B YCIOBHUAX DKOHOMHYecKoro pocra (6e3 TexHuve-
ckoro mporpecca). Bo Bcex mpuBeneHHbIX (MCITONb-
3yeMbIX Ha [IPAKTHKE) 3KOHOMUYECKHX MOHAEISX
YYUTBIBAETCS TTAMSITh O MPOLLIOM.

Takum obpa3oMm, uMeeTcsl Lieabld Habop KOH-
KPETHBIX MOJgeJieil IpoLliecCcoB ¢ NaMAThIO B pasiiny-

HBIX oOnacTax 3HaHusA. OHM comepXar psin OOLIUX

YepT, B YaCTHOCTH OJIMXKHIO, 3aTyXalollylo Ta-
MSATh, YTO MOXeT CJIYXHTh OCHOBOW pa3pa®oTku
IIOC/IEA0BATEIBHON HEJIOKANTBHOM TEOPHH.

JanbHas namMATb.
MupoBo33peHYEeCKME acneKThbl

Ilpobaemot daavneli namamu. bupicesvie uzpot

TlpoBereHHBIA aHAIK3 MTO3BOJISIET CAENATh BBHIBOI
0 HaIMYMU B paccMarpuBaeMoil oOleil Teopuu
IBYX NPUHLMIHAAJIBHBIX MOMEHTOB: yyeTa MNaMsITd
BOOOIIE, T. €. HEMAPKOBOCTH, M 3aTYXaHHs TIAMSITH,
ee TPUHLUMIIMAJIBPHON oOrpaHMYeHHOCTH. [ryGuHa
MMaMSTH 3aJaeTCs XapaKTePHBIM BpEMEHEM — Mapa-
METpOM 3aTyXaHUsl (BpPEeMEHHON HEJIOKAIbHOCTH).
Jnst cucteMbl KOHEYHO-PAa3HOCTHBIX YpaBHEHUIH,
OIMCBIBAIOIINX HEMAPKOBCKUE ITPOLIECCHI

Virl = QY + @Y + BYy g+t QY+ ey (51)

OOpBbIB CUCTEMBl Ha M-M WieHe W O03HAYaeT KOH-
KPETHOE OrpaHHYeHHEe MaMSITH O IpouLioM. B Hy-
JIeBOM (MAapKOBCKOM) TIPUOIMKEHUU, KOTHA COXpa-
HSIETCS JIMIIb TIEPBBIA WIEH psiga, aMsiThb He
YYUTBHIBAETCSI BOOOIUE. YpaBHEHUE ¢ NBYMS 4JeHa-
MM B MPAaBOU YacTH 3amaeTr OJMXKHIOI HaMSITh.

Bonpoc 06 yyeTe mochaenyoOILUMX YiEHOB psina
(51) uenecoobpa3HO pacCMOTPETbh HA KOHKPETHOM
MpuMepe TMpouecca lieHooOpaszopanusi [90], ormpe-
JEJSIEMOTO CIPOCOM — MpeNsioXeHueM. Beiilue Mbl
paccMOTpeNy HeMapKoBcKoe ypaBHeHme (48), yuu-
ThIBalOILIeE ONMXHIOKD TaMmsith. OIHAKO IPOrHO3
MOXET ONMUPATHCS U Ha OONbIIMK 00BEM NaMSITH O
MPOILIIOM, YYMTBIBasl "Mo3aByepa” Hapsily ¢ "cero-
JHs" W "Buepa’. DTOMYy CIyyal0 COOTBETCTBYET
ypaBHeHUe

Vi1 =—q(1=r)y —qry,_ + by 5. (52)

3nech Mbl YXe IOJy4aeM JOMOJHMUTENbHBIH ma-
paMeTp PpEeryJIMpOBaHHUS W MOXeM YTOYHUTH TIpo-
THO3 LIeHOOOPa30BaHMsI.

Beina mpoBeneHa olieHKa BIMSIHUS YieHa a3 = b
Ha TMpoliecChl YCTOUYMBOCTH M CXOMMMOCTH HUTepa-
LUOHHOTO Ipolecca muHaMuKu 1ieH (52). Tlox yc-
TOMYMBOCTBIO 3[€Ch IMOHUMAETCA YCTOHYWBOCTh
petteHHs ¥(f) K MaJIbIM BO3MYILUEHUSM Ko3dduuu-
€HTOB CHCTEMBI 4;, @y, (3, @ CXONUMOCTh IIOHHMAeT-
cs B CMBICNIE BBINOJHEHUS ycinoBus (7)) — 0 npu
t — oo, PemeHnueM pasHocTHoro ypasHeHUs (52) c
ITOCTOSIHHBIMU  KO3(DUIMEHTAMH CNYXHUT JIHMHEH-
Hag KoMmbuHauusg dyHkuui Buma y(f) = A, roe A —
KOpEeHb XapaKTepUCTHIECKOro YpaBHEHHUS

A —agA? —ah—a; =0.

Ero KOpHSMU SIBJISIIOTCS NEHCTBUTEIBHOE YUCIIO
M (ap, ap, 03) M Tapa KOMIUIEKCHO-COMPSIKeHHBIX

Ay 3(ay,ay,a3) = pexp(+io) . Obluee pelieHHe ypas-
HeHus (52) uMmeer BUI

Y (1) = AN + Bp' [ cos(ot) +sin(gr)],

rae 3HayeHus KoaddUuLUneHToB A U B oNpeaensior-
Csl HAYaJbHBIMH YCIOBUSIMH, MOIYIb M (ha3a KOM-
IUIEKCHOTO YHUCTa SIBJASIOTCS PYHKUUAMU NEepeMeH-
HBIX @, ap, 43.

ToyHOe aHaNTUTHYECKOE BBIPAXEHME IUISI pelle-
Hust Y(#) siBnsieTcsi BECbMa TIPOMOBINKMM, IIO3TOMY
TpUBEAEM JIMLIb KAYECTBEHHBIC PE3YAbTATHI BBINOJI-
HEHHOro rpauyecKoro aHajau3a, COIJIACHO KOTO-
PbIM TIPOTHO3WMPOBAHUE NTUHAMMKH II€H Ha OCHOBAa-
HUM HHPOpMALMU O HeHax "ceromHs” W "Buepa”
SIBJISIETCST HEYCTOMYMBBIM ITPOLIECCOM, TaK KaK He-
GoJIblIME U3MEHEHUSI B KO3(PPULKEHTAX CHUCTEMbI
(48) npUBOIAT K CUJIBHOMY BO3MYILEHUIO B pelle-
Huu. [lpu 3TOM KapauMHaJIBHBIM 0OpPa3oOM MEHSETCS
pelieHue OT "pacKayWBaHUS" aMIUTUTYABI EeH JO
YCTaHOBJICHHSI PABHOBECHOIO PELIEHUsS. YYeT Mmamsi-
TY O TIpOLLIOM "To3aByepa” faeT BO3MOXHOCTb IO-
Ay4YuTh peiieHre Y{(7), ycToHyMBOe K MaJbIM BO3-
MYILEHHSM BXONHBIX NAHHBIX, & TAKXe YBENIHYUTH
CKOPOCTb CXOOMMOCTH B HecKoJbKo pas. Cxonu-
MOCTb pelleHuss Y(#) ompenensieTrcss OTHOBPEMEH-

HbIM BBITIOJIHEHUEM HEPaBEeHCTB |7‘1 (a,ay,03 )| <ln

|p(al,a2,a3 )l < 1. Pacyersl 3aBUcMMOCTEll A ¥ p OT

napaMmetpa 0 < a3 < 1 mas 3agaHHBIX 3HAYEHUH T10-
Kasaid, 4To IpU BbIOOpE MNapaMmeTpa M3 YCIOBMSA

MUHUMYMa yHKIMU  p(a), ay, a3)

pEeLUEHHs] JOCTUIAeTCs 33 MEHBILEE YHUCIO UTEPALIUA
rio BpemeHu. [lpu a3 > 0,58 peleHueMm siBisieTcs
3HaKorepeMeHHas (yHKUMS C YBEJIW4YUBalouieiics
aMIUTUTYAOH, T. €. y4YeT IOJHOM MHbopMaUUX O
MIPOUIJIOM C BECOBBIM MHOXWTEJIEM @3, OJM3KUM K
€AUHMIIE, TPUBOAUT K HEYCTOMYMBOCTH pelleHHS.
Takum obOpazoM, yrinybneHHe ydyeTa MaMsITH He-
ceT ¢ coboii HOByH0 HHpopmauuio. B kauecTse
NpUMepa BO3MOXHOCTENH €€ MCIOJb30BaHUs Ipeh-
CTaBJIsSIET UHTEpEC PacCMOTpeHHEe OMPXKEBLIX UIP HA

CXOONMOCTb
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dhoHnoBoM peiHKE. POHNOBBIT PEIHOK XapaKTEpU3y-
€TCSl HENPEPLIBHBIMU KOJIEOAHUSMHU YPOBHST LICH.
Ecnn 3Hath 3apaHee moclenyollde W3MEHEHUS
LIeH, TO, MMPOAAaBasi LIEHHBIC OyMaru Ha MUKax LeH U
MOKyIast MX Ha BNAIUHAX, MOXHO U3BJEKATh COOT-
BETCTBYIOLIYIO TNpUOBLIb. MCKYCCTBO oOInpeneseHus
ITMKOB U BIAOWH, T. €. TOBOPOTHBIX MOMEHTOB W3-
MEHEeHUS LEHbl, HOCUT Ha3BaHWe "TeXHUYECKUHN
aHamu3s”. OH HMMeeT CMBICH, eClId Hapsay cO Cay-
YaHLIMU PIYKTYALMSAMU LIEH UMEIOTCH U YCTOHYU-
Bble TEHIEHHWHU UX CIOBUrA, BO3MCHCTBYIOIIME Ha
LEHBI B TeYEHUE OIPENECJEHHBIX MPOMEXYTKOB Bpe-
MeHU (TpeHABI). YTOOBI BHIIBHTH ITOBOPOTHbBIE MO-
MEHTBI, HYXKHO 3HAaTh MPUPOLY TPEHAA U CBSI3AHHYIO
¢ HUM TaMATh O HOpouuioM. (3HAYUTENbHASI COBO-
KYIIHOCTb NAHHBIX MO TEXHUYECKOMY aHAJIU3y Co-
nepxwures B {97].)

Cpenu TpeHJOB HamboJee YacTo MCIIONB3YIOTCS:
MEePBUYHBIA, IUIAILMiics obplyHo oT 1 nmo 2 Jer,
MIPOMEXYTOUYHBIHA (0T 3 Hemedb 10 HECKOJIBKMX Me-
CALIEB) U KPATKOCPOYHBIA (0T OMHOU M0 3 HeNesn).
J1S1 1ONTOCPOYHBIX WHBECTOPOB NHPUHLUIMAIBHOE
3HAYCHUEC UMEET MEpPBUMYHBIN TpEHJ, 4 TaKxke Iep-
CITEKTUBBI ObIYBLETO (CTamus poCTa) U MEIBEXLErO
(cTanus mameHus1) PhIHKA.

Haubosee M3BECTHBI MeTON ONpene/ieHus I1aB-
HbIX TPEHIOB HAa pBIHKE akuuii — Tteopus [loy.
Ee neas cocrout B onpenesieHUM U3MEHEHMII B OC-
HOBHBIX KOJieOaHUsIX pbIHKA. JIJIST OLEHKH COCTOSI-
HUA peIHKa oy CKOHCTPYMpPOBaN OBa UHAeKca, KO-
TOpPble B HACTOSILEE BpeMS HOCAT Ha3BaHUs
"MHAyCcTpUaIbHBIA uHAeKc Joy-JIxoHca" u "Tpac-
noptHelil MHAEKe Hoy-/IxoHca". Teopus oy ucxo-
OUT K3 TOTO, YTO M3MEHEHUS] B IICHAX 3aKPHITUS
PBIHKA OTPaXaloT COBOKYIMHYIO OLIEHKY M CTpemie-
HUS BCEX YYACTHUKOB PbIHKA, 4 3HAYUT, YYUTHIBAIOT
BCE€ M3BECTHbIE W MPEICKAa3yeMmble (aKThl, BIHAAIO-
L{Me Ha cnpoc U npepioxerue. 1o moseneHuIo 1eH
OMPENENIIOT TPEHO, TPU 3TOM MCIIOJb3YeTCs pPsil
sMmrupuyeckux Ipasui. CyllecTBeHHOE 3HAYeHHe
UMEET COIJIACOBAHUE TMOATBEPXKAEHHUS W3MEHEHUH
TpeH1a 060MMU UHIEKCAMY.

st ananusa koneGauumii uen Dsnorr B 1939 .
BBIABMHYJI BOJHOBOU I[IPUHLMII, OCHOBAHHBIIA Ha
ycnoab3oBanuu uyuces Mubonayyu. OH nokasal Ha
JaHHpIX 80-7eTHEro nepuMoaa CyiUeCTBOBAHME yc-
TOMYMBBIX HUKIOB U3 BOCBMU BOJIH, ITATh M3 KOTO-
PbIX I[OOHUMAIOT PBIHOK, a 3aTeM TPU OMYCKAlOT.
Teopust DmuoTra olieHMBaeT GOpPMy BOJIH, MX Bbl-
COTY U AUTENbHOCTh. COrnacHo DIIMOTTY, ObIUbs
(asa cOCTOUT U3 IATH BOJH: TPEX BOJH IBUXEHHS
BBepX (1-21, 3-A1, 5-51 — BOJIHBI MMITYJIBCA) U JIBYX
BOJIH JIBMXEHUS BHU3 (2-4, 4-s1 — BOJHBI KOPpEK-
uMK); MenBexnsl ¢asa COCTOUT U3 TpeX BOJH: IBYX
IIOHMXKAIOIMX ¥ OJHOW BOAHBI Koppekuuu. OnHa
U3 TPEX BOJH UMIYJBCA SIBISICTCA PACTSIHYTOM, T. €.
UMeeT OONBIUYI0 IO CPABHEHUIO C JIPYTMMU Mpo-
JOJIKUTENBHOCTL, KOTOpasi, KaK IIPaBWIoO, COCTaB-
asier 1,618 oT IIUTENbHOCTH OOLIMHONH BOJHBI M-
nyjbca, 4YTO COOTBETCTBYET 30JIOTOMY CEYeHMUIO.
[Inkn v BNagMHBI OTCTOSIT APYT OT JApyra Ha Bpe-

MEHHbIE MHTEPBAJIbl, COOTBETCTBYIOIINE YUCIaM
®ubonauyu: 13, 21, 34, 55, 89.

Bbicota cocenHuX BOJH MO DJUIMOTTY COOTHO-
cutcad B oTHouweHusX 1,618 (Mexay BosHaMu um-
nyneca); 0,382; 0,5; 0,618 (Bblcota BOJH KOppeK-
OUM TI0 OTHOLUEHUIO K TMPEANIECTBYIOIIEl BOJHE
uMmnynasca). OtHouienust uuces DuboHayuu wuc-
MOJIb3YIOTCS 1Sl ONpPENeNIeHUs! YPOBHEH, Ha KOTO-
pble BBIXOAAT BOJIHBL C TeYeHUEM BpPEMEHHM CKO-
poCTb U3MEHEHHH IeH B TIEPUOL TPEHIA MOXET
MeHsThesl. Koppekimsi TpeHIoB MOXET IPOBOAUTHCS
C TTIOMONIBIO TaK Ha3bpiBaeMoro Beepa OuboHayyu.

Kak BUIHO M3 MpUBeIeHHBIX JaHHbIX, OMUCAHME
KoNebaHui ueH Ha ¢GHOHIOBOM DPLIHKE TECHO CBSI3a-
HO ¢ yuciaamu PuboHayyud. JTO 3HAYUT, YTO B yC-
JIOBUSIX MAaJIbIX BO3MYIIEHMIT COOBITHSI HA PBhIHKE
ONpEneJSIIOTCS ONMXKHEH MaMATHIO.

Onnako B o0leM ciydae mpy NMpPOrHO3MpPOBAHUH
MIPEOCTABISIETCS] TIEPCIIEKTUBHBIM yYeT U Oosiee na-
JIEKOU NamsTv, T. €. HE TOJBKO "CeromHsiuHux" u
"BuepalliHUX", HO W "TIO3aBYepalIHUX" NAHHBIX. DTO
MTOATBEPXKAAIOT U NPOBEACHHbIE OLUEHKHU.

C [DOMOLIBIO YpaBHEHMHI IJISI OTHOCHUTENBHO
JNaJbHEH MaMATH MOXET TaKKe HCCIeLOBATHCS I0-
HSTHE BUPTYAbHOH PEalbHOCTH, COOTBETCTBYIOLLEE
BOOOPAXAEMOIl peaNbHOCTH, KBa3HObITHIO. K moHs-
THIO BUPTYIbHON PEATBHOCTH Ceiyac OTHOCAT Le-
JBIA psAf, Ka3aloch Obl, Pa3sHOPOJHBIX ITOHSITHIA
KOMIIBIOTEPHBIE WIPBI, [N OT MHUpa pearbHOCTel
OTHleIeH KOHKPETHBLIH YENOBEK, CPeAcTBA MacCOBOIA
uHdOpMaLMK, MOA AeHCTBUEM KOTOPhIX OTPOMHEBIE
MaccChl JIole MOIrYT UATH TIPOTHB COOCTBEHHBIX
MHTEPECOB, HEANEKBATHOE BOCHPUATHE HEICTBU-
TCAbHOCTU IIPU IICUXUYECKMX 3a00JIEBAHUSIX U
NpueMe HAapKOTUKOB. MOXHO BBIIEJIUTH TPU OCO-
GCHHOCTU KOMIIBIOTEPHBIX BUPTYaIbHBIX MUpPOB [98]:

BUPTYyaJIbHasl PeaJlbHOCTh CO3JAETCS HE € ca-
MO0, 4 WHBIM, BHCIUHWM TIO OTHOWUEHUK K HEN
OOBEKTOM;

BUpTyajlbHasi PEATbHOCTh HajejeHa COBCTBEH-
HBIM IIPOCTPAHCTBOM, WHIWBUAYAIBHBIM BpEMEHEM,
CBOEOOPA3HBIMU 3aKOHAMM CYILIECTBOBAHUS

MMEETCHA aKTHBHAasi KOMMYHUKAUMS C IPYyTUMH
CUCTEMAMH, B TOM 4HCJIe M NOPOIUBIIEH ee.

B pasButoil cragum Icuxuyeckux 3abosieBaHUit
rajuTIoUMHALUY W OpeAOBbIE PACCTPOMCTBA UMEIOT
danTacTyeckoe comepxkanue. PaHTacTUYeCcKUi
CMBICJ]I IPUOGPETAIOT U BOCMIOMUHAHUSI TPOLLJIOTO,
TIpEeXHUE 3HAHUS, OKPYKAIOIIAsl AeHCTBUTEIbHOCTD.
BupTtyansHas peanbHOCTb OTpaxaeT TO, YEro He
CYyUIECTBYET, U B 3TOM TUJIAHE HOCUT WJLIIO30PHBII
Xapakrep (oTpaxkeHue BHE ObITHS). BupryanbHbIi
MUpP HEU3OEKHO CONPSLKEH € MaMAThIo, 06pa3aMu 1
ONBITOM IIPOLIOTO, HO B HEM HCKIIIOYAETCS peaib-
Hoe Hacrosiuee. OnucaHue BUPTYAIbHOM pPEaIbHO-
CTV BO3HMKAET Npu a; = 0 ¥ HaTUYUM HEKOTOPBIX
3HAYEHWI g;, OTAIMYHBIX OT Hylisl B YpaBHEHUN TUTIA
(51), T. e. npu oTCYTCTBMM Hacrosiero. Kaxmas
BUpPTyaJibHasd PeaJbHOCTb HaAclicHAa CBOUMHU 3aKO-
HaMH, TMpOCTPAHCTBOM, BpeMeHeM, U HEMAapKOoB-
CKU 1oJxo[, JaeT OCHOBY Il UX CUCTEMATH3AIU.
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IIpu paccMoTpeHUU OOLLEro  HEMAapKOBCKOIO
clly4asi BO3HHKAeT BOMPOC O MNpENeJbHOM CiIyyae.
O6beM M CTPYKTypa MaMATH OMNpEIeNsioTcs: Koad-
¢duuueHTaMu a, B ypaBHeHUM (51), mpuyeM ¢ poc-
TOM m BCTYIAeT B HIelicTBHE Bce OoJiee NaibHAA nNa-
MsITh. Korma oTnuuHbl oT Hyast Ko3bDUITUEHTHI G,y
IPpU M —> oo, TO TIAMSITh MOXHO CUUTaTh BECKOHEU-
Hoit. UHdopMalis Kak Obl 3al0XeHa M3Ha4YaibHO
U B TIPUHLMIE MOXET OIPENENsTh SBOJIOLMIO.
3aech BO3HUKAIOT mapajuieny c ¢unocodueii I'. Te-
rejisi, BBOJIMBILIETO ITOHSTUE abCONIOTHOW HOen —
aBCONMIOTHOIO AYXOBHOIO M pasyMHOro Hadyana, Je-
KaIlero B OCHOBE BCEX SIBJIEHUI MPUPOALI U OOILe-
CTBAa, T. €. HEKOTOPOro MOJO0MsI MUPOBOTO NyXa.

Muposo3s3penueckue acnexntvt

B caMpIX pa3jIMYHBIX OOMACTSIX 3HAHUA CYLIECT-
BYIOILIME TEOPUM TMOAOLLIH K IIPEHeNy, 338 KOTOPBhIM
BBIDMCOBBIBAIOTCS TPaHWIBI WX IPUMEHHMOCTH.
BosHukawluas HoOBas MapaniurMa yooBAETBOpsET
HNPUHIIMITY COOTBETCTBHA M B MpENENbHOM cCiyyae
repeXoguT B OOBIYHYIO TEOPHIO MAPKOBCKUX IpO-
ueccos. IlocTpoeHue TEOPUH IMPOLECCOB € MAMATHIO
[O3BOJIAET OOBSICHUTH OOJIbILIONH 00bEM SMIUpHUYE-
CKUX JAaHHBIX KaK B €CTECTBEHHBIX Haykax, TaK U B
couuatbHoil cdepe. Ilpu sToM B paMKax HOBOMH
BO3HUKAIOILEH MapafurMbl, BKJIIOYAIOLLEH 3aryxa-
HUe TIaMATH, TPaHCHOPMUPYETCS psil OCHOBOITOJA-
FalolIUX MMOHATUN, TOSBISIOTCSI HOBblE MUPOBO3-
3peHYeckue acnekTel. Ha cMmeHy Mupy mare-
PUAJbHBIX TOYEK MPUXOIUT MHUD HEJTOKATIbHbBIX 00Bb-
exToB. [loBefeHUe CHCTEMBI YXE€ HeE OIpeAessieTcs
HAYaJbHBIMU YCIIOBUSIMH B HEKOTOPbIA MOMEHT
BpeMeHM (BpeMEHHOM ToYke), a 3aBUCHT OT IIpe-
IBICTOPUM, OT IIPOILIOr0 Ha OIpelelIeHHOM Bpe-
MEHHOM MHTEpBaJe, oIperenseMoM  OmxHel
namsaThlo. Hajmugue IpocTpaHCTBEHHON HEJIOKasib-
HOCTM CTaBUT BOIIPOC O IIpeaeiie HEJIMMOCTU MaTte-
pui B ee OOBIYMHOM TTOHMMaHHU. Tak, 3neMeHTap-
Hble 4Y4ACTMUBI HEeb3s PAa3de/iuTh HA 4YacTH, IIpU
J1I00BIX Mpoueccax oHU (IO COBPEMEHHBIM BO33peE-
HHMSAM — TOYEYHbIe, He MMEIOIUe MPOTSLKEHHOCTH)
npeBpalaTed APYr B APYyra.

B HeMapkoBcKoOM mMapagurme OMpPEAcIsIOLYIO
poJIb Urpaer MOHSTHE CTPYKTypbl. ONHAaKoO B 3aKo-
Hax IUAIEKTHKH, chopMynupoBaHHbix I'. TereseM U
BKJIIOYAIOIIMX TIOJIOKEHMST O BCeoOLlei B3aMMOCBS-
3U, IBMXKEHUM WM Pa3BUTHH, MIEPEXOLE KOJIUYECTBA B
KayecTBO, €IMHCTBE U OOpbOe MPOTHUBOIIOJIOXKHO-
CTeil, OTPUIIAHUW OTPUIIAHMS, Takoe GyHZAMEH-
TaNbHOE MOMSTHE, KAK CTPYKTYpa, OTCYTCTBYET. DTO
He CJyyailHo, MOCKOJIbKY AUANEKTUKA B 3HAUUTEJIb-
HOM cTeneHM ObUIa OCHOBAaHA HA MapKOBCKOM Mapa-
JIMIrMe, OTMcaHue NBUXCHHSI B KOTOPOW HE 3aBUCEJIO
or mpeapicropuu. IIpouutoe MoXeT 3aNUCHIBATHCA
KMEHHO B crpykType. [TocinenHss Hapsigy ¢ ABUXe-
HUEM U B3aUMOCBS3BIO SIBJISIETCSl BCEOOILHMM CBOM-
CTBOM, aTpuOyTOM MaTepHHU.

B HeMapKoOBCKMI MOAXOL OPraHUYECKHU BXOOUT
nHpopmMalmsg. MoXHO €KazaTb, YTO OOBEKTHI HAXO-

ITcst B MHQOPMAaILMOHHOM TI0Je, OHU HEOTAEIUMBI
oT mamsaty o npouutoM. bonee Toro, Kak ormeda-
joch B [36], cyuecTByeT oMpenefeHHbIH AyalnsMm
OIUHAMUYECKOTO U MHGOPMALUWOHHOIO [10JX0.4a.
MartepnajbHOe M HAEANBHOE HAXOOSITCS B TECHOM
B3aMMOCBSI3M, 4 UX pasfesieHue HOCUT MPUOTHXKEH-
HBIH, YCIOBHBIH XapakTep.

3HAYUTENbHBIA HHTEpeC MPENCTABISET BBEICH-
gt I. B. JleiitbHuueMm npenen AEJIUMOCTH — MO-
Haga. OHa TIpelcTaBIsieT HEKOTOPYIO CYIIHOCTb,
CBSI3AHHYIO C HECIJIOBBIM KOIEpPEHTHBIM B3aUMO-
neiicreueM. B pabote [99] oTMmewanoch, 4TO Kore-
PEHTHOCTD SBJSIETCA HEKOTOPBIM OOIUM CBOMCTBOM
Marepud. B ¢unocodckoM 1uiaHe uAess 0 HUIMYKUM
rmomoGHOroO cBoOMcTBa comepXkanace y JleidbHuua,
KOTODBIH MHUCAT O MEepBUYHON CyOCTAHLUHUU — MO-
Hamax [100]: "Monana ectp He YTO HMHOE, KaK Ipo-
crast cyOcTaHIUs, KOTOpasi BXOLUT B COCTAB CJIOX-
HbIX, IIPOCTas, 3HAYUT He UMEIOLIasi YacTel... A rie
HET YacTeil, TaM HET HU MPOTSDKEHUS, HU QUTYPBI U
HEBO3MOXHA NEeUMOCTb. DTU-TO MOHAObl U CYTh
WCTUHHBIE aTOMbl NPUPOABI, OAHHUM CJIOBOM, 3Je-
meHThI Beleit”. Tlo JIefiOHMIly MOHanbl — HE MepT-
Bbl€ aTOMBI, 4 XMBbIC TOABUXHEIE, BECh MUD OTpa-
xaoume B cebe, obmagamoume  (CMyTHOM)
CIOCOBGHOCTBIO TIpEACTaBieHUsl, NyIUOH CBOEro po-
na. ITpouecc oTpakeHUs BHEIIHETO MHUpa MOHAana-
MU JIelHOHUIL NpeaCcTaBiIslyl KaK corjacoBaHHe, CUH-
XPOHM3ALIMIO YACOB, & HE KAaK BO3OENCTBHE 4YacoB
Ipyr Ha Ipyra, B pe3yibTaTe 4Yero OHM MAYT CHH-
XpOHHO, T. €. y JleiibHuUlla CONEPKUTCA OCHOBHAA
uaes MOHATUSI KOTEPEHTHOCTM — HECWOBOE B3au-
MoneiicTBue, cuHxpoHU3auusi. Ha coBpeMeHHOM
SI3bIKE€ MOXHO TIPEICTABUTh MOHAAY KaK HEKOTODPYIO
HeJeJIUMYIO CYIIHOCTb, HEJOKaJbHYIO B IPOCTPaH-
CTBE M BpeMeHH, O0JIAIAIONIyI0 CIIOCOOHOCTHIO OT-
paxaTh BHEIUHUN MHP M B3aUMOAEHWCTBOBATb HECHU-
JioBBIM (¢ha3oBbIM) 0Opa3oM ¢ IPyrMMH MOHAIaMH U
BHEIITHEH Cpenou.

Mensietcs M TIOHMMaHUE IUHAMMUKU Pas3BUTUA
yejoBeyeckoro obuiectsa. [uTenbHOe BpeMs OHO
paccMaTpuBaoch KakK IOCTyMNaTeNbHbI Ipolecc:
nepBoGeITHOE 0011IeCTBO, pabcTBo, (eonaausM, Ka-
[MUTAJIU3M, CONMaMu3M (WIM TMOCTUHIYCTPHAIBLHOE
o61ecTBo). st HEMapKOBCKMX IIPOLIECCOB Xapak-
TEPHO BO3HUKHOBEHUE LIUKIIOB, MPOSBJIAIOLINXCA B
caMblX pasHbIX ABIEHUSX XMBoil npupodsl. Ilocne-
naytolnne ¢aspl UK He SIBASIOTCS TOYHbIM ITOBTO-
pEHUEM TIPENBIIYILIMX U MOTYT CWJIBHO OTJIMYAThCS
OT Toro, 4yTo GbLIO B mpoumioM. Tak, eciu B ApeB-
HOCTH IIPUMEHSUINCH (u3ndeckre METOAbl yaepxka-
HUS paGoB B IOBUHOBEHUH, TO B OyIylIeM MOXeET
oKas3aThCsT 3(PPEeKTUBHBIM HETTOCPEACTBEHHOE BO3-
JeiicTBMe Ha CO3HAHME, TO3BOJSIOLLEEe MAHUITYIIH-
popath JionkMu. B dunocodckoM miaHe rnonoxe-
HHe 00 WCTOPUYECKUX LUKJIAX HAXOOUT CBOE
OTpaXeHNWe B 3aKOHE OTPUIIAHUS], COIVIACHO KOTO-
pOMY TIPOMCXOIOWT BO3BpAILEHUE K IPOLUIOMY, HO
Ha HOBOM OCHOBE.

B pamkax HOBOH napagurmbl CTUpaeTcss Kasa-
Jlock Obl HEIpOXOMMMBIA Oapbep Mexiy ofuect-
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BEHHBLIMU M €CTECTBEHHBIMU HayKaMu. OTKpbIBAIOT-
¢ BO3MOXHOCTH CTPOUTH ITOC/IEIOBATEIBHYIO Ma-
TEMATHYECKYIO OCHOBY OOIECTBEHHBIX HAayK, OIpe-
JensATh ONTUMANbHBIN TyTh pa3BuTusi. Co BpeMEHEM
MOSABIAIOTCS BCE HOBbIE M HOBbIE Chephl MPUIIOXKE-
HUH HEeMapKOBCKHX IMpolileccoB. OHU HOCIT YHU-
BEPCAJIBHBLEA XapaKTep U MHOTO€ MEHSIOT B HAILUX
MIPEACTABIEHUSIX O BHEIIHEM MUpE.
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Processes with memory as the basis of new paradigm
in science
Part i

A. L. Shelepin, L. A. Shelepin
Lebedev physical institute, Moscow, Russia

Markov paradigm is the basis of contemporary science. According to this paradigm, if
one knows the state at present, the future is independent of prehistory. The review describes
the formation of new non-Markov paradigm (the theory of processes with memory), which
now are coming into use in almost all areas of knowledge. We consider limitations of
Markov approach, description and features of processes with memory (including equations,
stable distributions, Zipf-Pareto distribution, Fibonacci numbers). Factors of non-Markov
world (structures, information, time characteristic, space non-locality) are analyzed. Non-
Markov models in physics, biology, cosmology, and economics are discussed.

YIK 538.56

9ddekTbl HEOAHOPOAHOCTU NPOCTPAHCTBA U KOHEYHOMN
CKOpPOCTHU pacnpoCcTpaHeHUs 3N1eKTPOMarHUTHbIX BOJH*

Jd. A. IToxmenvuvix
Komnanusa 3JIAT, r. Mexuko, Mekcuka

Paseuma rkonuenuyus ceazu npocmpancmea ¢ NOAAMU U HACMUUAMU HA NPeOCMAGACHUU
M. Dapades 0 peasbHocmu cuao06bIX AUHUL UEHMPAALHO20 NOAA U NOHAMUU HAOMHOCMU
npocmparncmea. Co21acHO KOHUENuuu 6 yYCAO0BUAX KOHEMHOU CKOPOCMU pacnpocmpanenus
4eKMPOMACHUMHBIX 60AH HeUu30edCcHO pazau4ue 3anuceii Qu3uvuecKux 3aK0HO6 6 OMHOCU-
meabio 0GUNCYyWuUXcA cucmemax omcuema, npunuyun omuocumeavhocmu Iasunsea cnpaeed-
AU Auwb npubauNCeHHO, @ NpuHYUn omHocumeavhHocmu Jiinwmeina — owubouen. Ha
OBUNCYWYIOCA 8 6aKyyMe HACMUNY 004XCHA Oelicmeoeams MopMO3AUA CUAA, NPONOPUUO-
HaavHaa ee cxkopocmu. Jlan HepeaamueuCmcKuli 661600 6bIPANCEHUSA CEA3U IHEPIUU IACK-
mpomazRummnoil 604nbl ¢ Maccoi nokos wacmuusbl. Boieedena zaxonomepnocmv nepexoda
nocmynameabn020 08UNCEHUs MeAa 60 BPAU,AMEALHOE 8 NPOCMPANHCINGE C NONEPenbvIM 2pa-
duenmom naomuocmu.

B pabore [1] nokaszaHo, YTO KyJIOHOBCKAasl 3a-
MUCh DIEKTPOCTATUYECKOIO B3aMMOJAEHCTBUSL He
COOTBETCTBYET TIPUHIMITY OJM3KOAEHCTBUSI, IIO-
CKOJIBKY B HEH He Jenaercsl pasiuyue Mexay 3apsi-
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JOM — UCTOYHUKOM MOJSI U 3apsiioM — OOBEKTOM
BO3[eicTBUS BHEWIHero mojisl. Ilo Toit Xe mpuymnHe
3TOMY TPWHIMIYY HE OTBEYAET M HBLIOTOHOBCKAS
3aIMCh PAaBUTALIMOHHBIX B3aUMONEUCTBUI. 3alruch




