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KoHuenuusi cucteMbl MPOrHO3a NPUPOAHBIX KaTacTpod

U MPAKTHYECKHE Pe3YJIbTAThl, IOJYYeHHbIC HA OCHOBE ANIaparTa
< [ *

HEeJIMHEHMHOU (PU3UKU, MATEMATUKH U TAHHBIX CHCTEMbI

0.B. Mapmuinos

PaccmoTpeHo ncnonb3osaHne naen KpoHa O «TUPUHF - TOMOMOTMU» U TEH30PHOM aHanuae ceTel, MPUMEHUTENbHO K Nonspuso-
BaHHbLIM MPOCTPaHCTBaM Halleln BCEMNEHHOW, B COMeTaHn ¢ naesammn Brnacosa o He NokanbHOCTK TOYKW - SApa nonspusaummn, ma-
TeMaTuke Nonspu3aumm NPoCTpaHCTBa SAPOM MOMSPU3aLMn U COOTBETCTBYIOLLMX KUHETUYECKMX YPaBHEHUIA; NOKasaHo, YTO 3aKo-
Hbl COXPaHEeHWs, onpeaensioLMe reoguHamrKy, peanuayloTcs Yepes AencTBME KOMMNeKCca NonsapusoBaHHbIX MPOCTPAHCTB; MOHM-
TOPWHI BCEro KOMMJeKca reofMHaMUyecknx npoLeccoB NPOM3BOAEH Ha OCHOBE AaHHbIX, PUKCUPYeMbIX NPUGOPHON CUCTEMOW
LUIMPOKOMOJIOCHbIX rpagmeHTomeTpoB (LUMM), peanu3oBaHHOM Ha npuHUMNax «BecoB KaBeHgulla» CO cneuuanbHO ClpoeKTUpo-
BaHHbIMW aHTeHHaMmW;.AaHHble cucTembl LLIFM, no3BonsaoT cTpouTb B ANHAMKKE ronorpamMmmMbl (OpakTOHOB, OTOBPaXeHHbIe B Mpo-

CTpaHCTBe B BUAE (POHOHOB B AManasoHe yactot <1070 Iy, B peanbHOM MacluTaGe BPeMEHM U Ha OCHOBaHWUM Pa3paGOTaHHOV

HM3NYECKON KOHLENUMU, MaTeMaTUKN HEMMHENHON TePMOANHAMUKW, PaccUnTbIBaTb KOOPAWHATLI U BPEMs HaCTyMneHus 3emne-
TPACEHUI ¢ MarHnTyaon M>6, yparaHoB, HAGBOAHEHWI Y NPOYUX NPUPOAHbLIX KaTacTpod.

1. TIOJIAPU30BAHHBIE CPE/Ibl U COOTHOWEHMUSA NUX IOTEHLIMAJIOB
B ocHOBBI ncclieioBaHH O MPHYMHAX MEXaHM3Ma Pa3BUTHSI MIPUPOJIHBIX KaTacTpo(d 3a0KEHBI H3BECTHBIE, pe-
TYJISPHO HaOIIOJIaeMbIe JTaHHBIE 00 OKPYXKAMOIIEM HAaCc MHpE: MOJIIPU3yeMOCTh BakyyMa, 3ddekt Kazumupa,
KOHEYHOCTh CKOPOCTH CBETa, KOHKPETHBIC BETUYMHBI MATHUTHOM U AIEKTPUUECKOW MOCTOSIHHBIX B BaKyyMe,
casur JIaM0a, HyseBbIe KOJICOaHMS YacTHIT U T.1I.

[Tpu 3TOM TEPMUHBI «BCEICHHAS» U «(PU3NICCKUI BaKyyM», BO n30exaHe HEOOOCHOBAHHBIX MOCTYJIATOB,
3aMEHEHBI Ha TIOHSATHE «BceoObemiTtomias cpena» (BC).

H3BecTHO pacciioeHue 3Toi cpesibl, B TOM uncie: «MecTHas rpynina rajlakTUK», Hallla rajakTuka - «Mied-
HBIH MMyTh», MECTHOE CKoOIUIeHHe 3B&31 - «[losic ['ynma», CoiHeuHas cUcTeMa, IUTaHeTa 3eMJls, SAPO IUIAHETHI,
3emutst, €€ MaHTHsI, TUTOC(Epa, aTMOchepa U T. 1.

Kaxpiii u3 cnoeB cucTeMbl UMEET CBOM LIEHTP MAacchl (LIEHTP MOJApU3alMK MPOCTPAHCTBA) B CUCTEME, B
KOTOPYIO OH «BJIOK€H», M CBOW ITHKJI KOJIEOaHWH, XapaKTepH3yeMbIil ONpeleTIeHHbIM JHama30HoM 9acToT Ooee
BBICOKHMM, Y€M YaCTOThl CUCTeMBI. TakuM o0pa3oM, HaOJro/laeM, pacileIUIeHUe 4acTOT, HAIPUMEpP, B CIEKTpe
COJTHEYHBIX ITUKJIOB, YaCTOTa KOTOPHIX CABHHYTA B CTOPOHY XOPOIIO (PUKCHPYEMBIX 00J1€€ BEICOKUX 3HAUYCHUIA.

i cucteMHOTo aHaM3a HaKOIUIEHHBIX COBPEMEHHOW HAayKOHW JAHHBIX O CTPYKTYpPHOM CTPOCHHH HAIIETOo
MUpa U €T0 TUHAMUKH, OblJIa BRIOpaHa CIISAYIOIIasi 3aBUCUMOCTH [ 1]:

n t
A, =h"1,62 (1
rae Af — IUCKPETHBIC YMCIIOBBIC 3HAYCHHSI MACIITA0OHOH OCH, COOTBETCTBYIOIIUE OIMPEIEICHHOMY 00BhEMY —
marpurie VB BC; 7 — mocrosiHHast neicTBusS — KOA(DQHUIMEHT CBS3U CTPYKTYPHBIX COCTABISIONIMX TOTO KN

uHoro ooséma BC (g Hamel ramaktuky /i = h — noctogHHas IlnaHka); 7 — mo0oe LEN0e YHUCI0, COOTBETCT-
BYIOIIIEE YMCITY PACCIIOCHHBIX MPOCTPaHCTB, 00bEMOB B BC, B KOTOPHIX BO3HHMKIIU T€ WM HHEIC CTPYKTYPHI

(cuctembl); + — LENOYKMCIIEHHBINA PsIT HATYpadbHBIX unced; 1,62 — ocHOBaHHUE, ONPEEISIONIee YUCIIO AUCKPET-
HBIX TTPOMEKYTOUHBIX 3HaueHUH 00HEMOB BC B e TMHIIHOM OTpE3Ke BHIOPAHHOM IITKAJIHI.

*B maHHOM cTaThe M3Jaraercs Teopus, pazpabotanHas apTopoM B nepuoz 1980 — 1989 r.r. Ora Teopus mociykuna OCHOBOH CO31aHHOTO
nojauroHa u3 12 cranuuii npubopoB MUPOKONOIOCHBIX rpaareHToMeTpoB (ILII'M) nepBoro nokosnenus. Ilonuron pacmosarancs Ha Tep-
puropun Kazaxcrana (9 cranuuii), B paiione r. Monnao MockoBckoii obnactu (1 cranmus), r. Knuues, benopyccust (1 cranuums) u B T.
Tyna (Tynl'Y) (1 cranuus). Bes cuctema Obta o0beMHEHA €OMHOM MOAEMHOI CBI3bI0 U paboTaja B peaJbHOM MaciuTadbe BpeMeHH 10
1993r., no pacmaga CCCP. C 1999r. Ha ocHOBe JanbHEHIINX (HyHIAMEHTAIbHBIX HCCICAOBaHUN OblUTa CO3[jaHa MHOTOKAaHAJIbHAS CUCTE-
ma IIII'M — 9 ¢ HOBEIM KJIACCOM aHTEHH, ITO3BOJIIIOIINX BECTH MOHHTOPUHI M OCYIIECTBILITH IIPOTHO3 KaTaCTPO(PHUIECKUX MPUPOHBIX
TIPOLIECCOB U3 OJHOTO IYHKTa — MECTa PacroyioxkeHus: cucreMsl (yraboparopust Tynl'V, r. Tyna). B craree mpuBOAsSTCS IpakTHIECKUE
pe3ynbTathl 3a nepuoj ¢ 1999 no 2008 rr., BKIIOYUTEIHHO.
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3HayeHne OCHOBaHUs jiorapupma, paBHoro 1,62 , ObLIO HANJIEHO SMIMPUYECKH, IIYTEM MOCTPOCHHS BCEBO3-
MOJKHBIX PSAJOB C Pa3TUYHBIMY 3HAYSHISIMA OCHOBAHHS W MOCTAHOBKOW B 3TH MIKAJIBI PEasIbHO CYIIECTBYIOIINX
pasmepoB. Kputepuem asst Be1OOpa Ob110, ¢ OJHON CTOPOHBI, YA0OCTBO pabOTHI CO MIKAIOW (HE MOIYYHUTH Ype3-
BBIYAIHO OOJBIINX €€ Pa3MEpOB), C IPYTOH, - BOZMOXHOCTD MOJIYYUTh I CTATUCTUYECKH AOCTOBEpHON 0Opa-
OOTKM JOCTaTOYHOE YHCIO TOYEK B OMPEJEIEHHOM OTpe3Ke INKAaJbl JJIsi pa3MEIIeHHs pa3MepOB XapaKTEPHBIX
CTPYKTYD.

Ha monyuennyro ¢ nomomsio ypaBHeHus (1) 4MCIOBYI0 OCh OBUIM HAHECEHBI PAJNYCHhl INIAHET U PainyChl
uX OpOuT, TAOMMYHBIC 3HAYCHHS PAJNYCOB U3BECTHBIX YACTHIl U PAINYyCHl MX OPOUT U T.1., T. €. H3BECTHBIE T€0-
METpPUYECKUE BETUIUHBI OT CyOMHUKPO IO MAaKpo, MeraMupa u T.1.

B cooTBeTcTBUM C M3110’KEHHBIMU IPUHIUIIAMHY, CTPYKTYPY HaIlle YacTH BCEIEHHON MO>KHO TPEACTAaBUTH,
Kak psj (LIKajxy) aCHMMETPUYHBIX /! - MaTpHIl, BIOXKEHHBIX B €IMHBIN moTeHnuan noaspusanud BC. IIpu stom
HaJ0 MOTYEPKHYTh, YTO ACHMMETPHIO TIOHIMAEM, KaKk aCHMMETPHIO TOJIAPU3AIUH IIPOCTPAHCTBA HA BCEX CTPYK-
TypHbIX ypoBHsX BC. Ilonspuzanuonnas acuMMeTpHs BKIIOYAeT B ceOS U CTPYKTYPHYIO aCUMMETPHIO (HaIpu-
Mep 0apuOHHYIO) Kak 4acTh oOmieil acummerpun. Jlrobas BO3HUKIIAS CTPYKTYpa, T. €. HMEIOIas Kakyo-I11u0o
Maccy, HeceT B cebe MOSIPU3ANNOHHYI0 aCHMMETPHIO C MPOTHUBOMOJIOKHBIM 3HAKOM TI0 OTHOIIEHHIO K CTPYK-
Type ¢ KOTOPOW CBSI3aHO €€ BOZHWKHOBEHHE W B TO K€ BPEMs HOBas CTPYKTypa CO3[AeT CBOU HEHTP MOJSIpU3a-
1uu npoctpanctsa BC.

AcCHUMMETpUYHbBIC 1 -MaTPHIIbI MbI 0003HAYNM Kak AS , HHICKC B HIJKHEH 9acTh 1 -MaTPHUIIbl — CTPYKTYP-
HBI YPOBEHbB:

oo <>As, S As, S As, S As, S As, S As, S As. S As ot ()

TAC MaTpUulibl COOTBECTCTBYIOIIUX CTPYKTYPHBIX ypOBHeﬁ 0003HaYEHEI KaK AS; C UHACKCAMU: 4 — gApa aTOMOB; a -

aTOMBI; M - MOJIEKYJIBl M KPUCTAIIIBL; B - BELIECTBA; I—TUIAHETHI; 3 - 3BE3/IBI; T - TAIAKTHKH; MT - METaraTaKTHKH.

Kaxxnas u3 maTpuIl NpUBEIEHHOTO BHIIIE DSJIa UMEET MPsIMbIe U 0OpaTHBIE CBS3HM C OCTAILHBIMH MaTpH-
namu. OgHAKo, KaKIas MaTpUIla XapaKTepU3yeTcs TeM, 4TO B Hel €CTh 30HBI CHMMETPHUH (KOMIICHCAlus — JeH-
CTBHE 3aKOHOB COXpPaHEHHs 4Yepe3 MOJIPU3AIMIO C MIPOTHUBOIIOIOKHBIM 3HaKoM BC, B TOM umcie yepe3 «dKpa-
HUpPOBAaHUE» U aHTHU- SKPAHUPOBAHUE) U ACUMMETPUH.

30HBI aCUMMETPHHM — 3TO CTPYKTYPHBI YpPOBEHb, B KOTOPOM MOJISIPU3ALIMOHHOE COCTOSIHHME OCHOBHOMU
(aHanmu3upyeMon) MaTpullbl HE CKOMIIEHCUPOBAHO B MOJIHOM MEpE MPOIECCOM «BCTPEUHOM moiisipu3auun». [Ipu
5TOM HAJ0 OTMETUTH BBISBICHHYIO 3aKOHOMEPHOCTh: IBUXEHUE IO Py <«BIPaBO», B CTOPOHY MAakpo- U Me-
ra- ypoBHEH NPUBOAUT, KO BCE OoJiee CHIIBHOM MOSIPU3alliUd U COOTBETCTBYIOIIETO OoJiee TIIyOOKOMY YPOBHIO
B3aUMOJICHCTBU, «BJIEBO» — HA YPOBHE CYOMHUKpOypoBHe#. [103TOMy BO3HHKAET MPOILECC CYNEPCUMMETPUH U
3D PEKT «aCHMIITOTHIECKOH CBOOOIBI».

Uepes 30HBI aCHMMETPHH PEaTU3yIOTCS MPOIECCHl TUCCUMANNY, Ou(ypKalui, BOSHUKHOBEHUE COCTOSHUS
Xa0ca B CBA3SIX CHMMETPUYHBIX M ACHMMETPHUYHBIX COCTABIISIONINX (MOJCTPYKTYpax) CTPYKTYPhI WM CHUCTEMBI,
¥ BOOOIIIE BCE BUIBI B3aUMOJEHCTBHS OT CYOCTPYKTYpHOTO /IO M€ra W BBIIIE YPOBHEH, a TaK K€ MPOIIECCHI I0-
nmaBieHus xaoca (controlling chaos) Gonee rmoOanpHBEIME (0OJiee HU3KOYACTOTHBIMU W COOTBETCTBYIOIIMMH
oonbiM 00béMam BC) 1 6oiee MOIITHBIMU TOISPU30BAHHBIMU TTOJISIMH.

Ha ocHoBe ananm3a U3BECTHBIX CETOHS MOCICH CTpOCHH BeeneHHOM, MPUIUIA K BEIBOY, UTO Hanbosee
NpUEMIIEMOH TSI MOHUTOPUHTA ¥ IPOTHO3MPOBAHUSI MPUPOAHBIX KatacTpod seisiercs: Teopus ['. Kpona o «ru-
PHUHT-TOIOJIOTUN» — «Pa30PBaHHOM MPOCTPAHCTBE», T. €. MPOCTPAHCTBE, MOMANAIONIEM O] IEHCTBUE OIMpejie-
JIEHHOW Pa3HOCTH MOTCHIMAJIOB [2]. DTOT MOAX0a MOATBEPKICH MPAKTHUKOH BCET0 KOMILIEKCA JOCTOBEPHOCTH
pemenuit @apaznes — Makcpemna [3].

Cnenys noruke MakcBemna u KpoHa, nmpuHuMaeM, B 4aCTHOCTH, LIEHTP HalIEH ralakTHUKU, KaK TOTEHLIUAT
«3a3emiieHusi». U torma, cormacHo noruke HeloToHa wu aHanm3a miKaiel (2) 3amuchIBacM Cleyrolee o0Iee
COOTHOIIIEHUE TTOTEHIIMAJIOB (Ha TPUMEPE Hallle! TAIAKTUKH) B y3JI€ «3a3€MIICHUS» U B «CETAX»:

divU, 211 rot U, 1, 3)

rae divU, — quBepreHuus WM PacxXoXKJICHHE MaTepuu mnoust ¢ ummyibcoM nomspuzamuu U, B BC Hameii ra-

JTaKTUKH;, /i — Koo dumeHT cBsa3u Mexay GopmupoanusMu (ctpykrypamu) BC, oTHOcsmielcs K Hamiei
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ranaktuky; rot U — xommonentsl nonst div U,, koMrneHcupyomye HapylleHHe COCTOsHHS storo monst BC,

MpEACTaBJIAIOIINC c000¥ 00bEeMHEIE MPOU3BOJHBIC KOMIICHCAITMOHHOTO ITPpOIeCcCa BOJTHOBOT'O B036y)KZ[eHI/I}I BC:

|‘P0> :|divU0> ® Z|r0t U,

(C))

rue |‘PO> — BoJHOBOE BO30yxkacHHE BC, KOTOpOE CONEPKUT B cebe, B TOM YHCIIe BOZHUKHOBEHHE CUCTEMBI TI0-

ns div U, ¥ peakuuio Ha 3TO MoJjie CyMMbI MAaTPHIL] KOMIICHCALIHOHHOTO TIpolLiecca Z rot U, , xoTopoii u onpe-

n

JIENSIETCS CKAJSIP IEPBUYHOTO UMITYJIbCA; 71 — YHCIIO CTPYKTYPHBIX 00pa30BaHMA — YCTOWYHMBBIX PACCIOCHUHN TIPO-
crpanctBa BC ummynbscamu, kak div U, Tak n BCTpEUHBIMH UMITYIIbCAMU z rot U,

[NonsiTve MOTEHIMANIA IPUHSITA B MTOJIHOM COOTBETCTBHU C TEPMHHOM, BBeJeHHOM M. HproToHOM Ha c.2 B
€ro MIpeIrCIOBHM K MEPBOMY H3daHMM paboThl «MaTeMaTHYeCKHe Hauyana HaTypajibHOU ¢uinocodum» — M.:
Hayxka, 1989 xak TepMuH, XapaKTEepU3YIONINH BO3MOXKHOCTH MAaTEpPHH, BOBICUYCHHOW B KOHKPETHYIO MAaccCy —
00beM [4].

PaznmuyaroTcst cTpyKTyphl HAIPaBICHHOCTHIO KOMIICHCAIIMOHHBIX HMITYJIBLCOB (PKPAaHUPYIOIIUX W aHTH-
SKpaHUPYIOMHUX 3(PPEeKTOB) U AMANA30HOM YacTOT, B KOTOPOM OHH OYAyT CYHIECTBOBAThH ONPEAEICHHOE BPEMS

(Bpemst «ku3HU»!!!) mocine ux Bo30yKACHUS U3 CPeIbl HMITYJILCOM UO . CocrosiHue cpepl onpenenseT rayonny

UX TOJISIPU3ALMOHHO - HHpOopMannoHHOH eMkocTd B BC, TO T Ha ypOBHE aCUMIITOTHYECKOH CBOOOIBI U COOT-
BETCTBYIOIIUX CTPYKTYP IO UMEHH, HAIIPUMEP, «KBAPKI», TO JIM HA YPOBHE CTPYKTYp MO UMECHU «UCPHAS JIBIPa»,
«TAJTAKTHUKA», «3BE3/IHBIE CUCTEMBI»:

= divU,
- Z|r0t Un|

Ypasuenue (5) 1aeT BO3MOKHOCTh MPEACTABUTE CBI3aHHOCTH JTIO00M CTPYKTYPHI, TI000T0 BHJIA BEIIIECTBA,
B TOM YHCIIE, C TEM, YTO HA3bIBACTCS «TEMHON MAacCOi» U «CKPBITON SHEpruei» WM «CKPBITOM 4acThiO Mate-
puu» (CUM), eciii MOKHO B HEW ONPEJICIIUTh COOTBETCTBYIOIIECE 3HAUECHUE n, TeM OoJiee, 4TO 0 Macce Halll BU-
MBI MHp COCTaBIsieT JuIb 4-6% ot CUM [5].

Ecam mocTossHHO MOMHUTE 0 Tossipu3yeMocTd BC u 3akOHaX COXPaHEHHSI, TIPOSIBILIIONTNXCS B BHIE KOM-
TICHCAIIMOHHBIX MPOIIECCOB, TO OTPAKEHUE KAKOro-11b0 00bekTa B obIiee mpocTpancTBo BC, B ToM uyucie B
camoro ce0sl, B MAKCUMAJIBHO MTOJ0OHOM BHJIE MOXKET UMETh MECTO, B CHITY CBOSH WHBAPHAHTHOCTU M HEIIMHEH-
HOCTH, TOJIBKO B BHJE COOCTBEHHOI'O TOITIOJIOTa - T€OMETPUIECKOro o0pas3a co BceMu (U3NISCKUME KO3 GHUIIH-
€HTaMU CBS3aHHOCTH, COOTBETCTBYIOIIMMU, B TOM YHCIIC IUHAMUKUA U CTPYKTYPHOMY CTPOCHHUIO BBIJICICHHOIO
npoctpancTBa BC. KoHeuHo, BrOJHE BEpOsATEH ClieHapUi ¥ HA00OPOT: HAIl MUP SABJISETCS OTOOPAXKCHUEM I10-
TsIpu3anoHHBIX mporieccoB B CUM. Ilpu aToM mpasbie yactu (3) u (4) TOBOPSIT O TOIOJIOTHIECKOM ITOHUMAaHNH
nepapxudeckoil momsapusanuu BC B HameM Mupe, ¥ IO3TOMY HEOOXOIUMO YUHTHIBATh BCIO KaCKaJHOCTH, BCIO
UEPapXHI0 BIOKCHHBIX YacTOT B T¢ WM WHbIE 3HaueHus. Toraa mocrosiHHyio [Inanka B dopmyne (3) MOXKHO
MIPEICTaBUTh B BUJIC

h=>Y V& (6)

(&)

Ui
h=V,[£&)dE @

HO Ha KOHKPETHOM YPOBHC i, COOTBCTCTBYIOIIEM HCCICAYCMOMY BCHICCTBY ((bOpMBI MaTCpI/II/I), Wik aji Halei
TaJJaKTHKH:

& =1&1 n={n}. (8)

371ECh fn — KO3(pPUILHMEHT CBI3aHHOCTH MOACTPYKTYP B €IUHOM CUCTeME (CTPYKTYpbI), ONHUChIBAEMOH (popmy-
namu (3) u (4).
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Hampumep, 7 = {hl.} — roctossiHHAs [1naHka, HO 5TO M mocTosgHHas HeroTona, mocroguHas boieiimana, Bu-

Ha, @apajnies U Ap. B 3aBUCUMOCTH OT YCJIOBUM, B KOTOPBIX PEATU3yETCs TOT WJIM MHOM MPOIeCC, OTBEYAIOIINUMA
yposzio nomsipusanuu BC nmmynscom, mogo6usiM DivU, , 1 coOTBETCTBYIOIMMH KOMIICHCAIHOHHBIMH IIPO-

LeccaMi, Io00OHBIMA z rot Un .

B npaBoii yactu ypaBuenuii (6) u (7) BBogum omnepatop 'amunbrona V ¢ TeM, 4TOOBI yUUTHIBATh SHEpPre-
THYECKYIO CBA3aHHOCTh Ha YPOBHE PAcCIOEHHBIX MPOCTpaHcTB, B ToM uucie ¢ CUM. B nonstue & momien

BXOJUTHh BECh KOMILJIEKC HE CKOMIIEHCHPOBAHHBIX TOSIPU3AIMOHHBIX TIporieccoB B BC, B TOM 4rciie KOMIIEKCHI,

9KPaHUPOBAHUS M aHTHIKPAHUPOBAHUS, & YPOBEHb CTPYKTYPHOU (POPMBI MATEPUH OTIPEACIISIETCS] HHACKCOM I .
[To cytn nmema B 3THX ypaBHEHHUSX JAeTCS OTBET Ha (PM3NYECKYIO CYNIHOCTH MOHATHUS JIOOOW MAacChl, TO JIH

Ha YpOBHE KBapKOB, TO JIM HA YPOBHE TAIAKTHUK U MEXTAIAKTUIECKON CPEbl, a 3HAYUT U IPUPOIBI TPABUTAIIHH.

Kaxnprit Bun rotU, Oyner xapakTepH30BaThCsl ONPENETICHHBIM JMANa30HOM YacTOT COOCTBEHHBIX KOJe-
OaHMii, TaK KaKk OH BO3HUK B OTpaHUYEHHOM moJsipu3oBaHHOM ckamsipoM div U, anuszarponHoM o6bEMe, U T.JI.

Enunenne paccrnoennsix npoctpancts div U, u rotU, B Bune pasHOW HAaIpaBICHHOCTH MX BEKTOPOB H

COOTBETCTBYIOIIUMH Pa3HBIMHU 3apsaMH, 0OCCIICUMBAIOIINMHU 3TO €AMHCHUE, U CO37aéT HOBOE CTPYKTYpPHOE
obpaszoBanne (3pdekrsr C. Oxy0o0, mapIuabHO-CONPSKEHHBIE peakiuu). Ho w3 3ToW mpocToil 3aBUCHMOCTH
BBITEKAeT, BeCbMa (pyHIaMEHTalIbHAs MCTUHA, YTO, KaXAbIil MOTEHIHAN, OTHOCSIINNCSA K KOHKPETHOMY CTPYK-
TypHOMY 00pa30BaHHUIO, OYJET XapaKTepU30BAThCS KOHKPETHOW 4acTOTOW BO30YxkaeHus Bced cpemasl BC (mpu-
pozla MarHeTusMa), a 1o TpaHUIlaM COOTBETCTBYIOIIMX IMOJIIPH30BAHHBIX KOHKPETHOTO 00beMa (Macchl) U cpe-
I6I Oy/IeT BOSHUKAThH TI0JI€ HOBBIX BHXPEH OIpenesieMbIX, KaK dJIeKTPUIECKOe moie (MiIH dIEKTPHIECKUE TMOIs),
COTIPOBOX/Ia€MbI€ MArHUTHBIMU XapaKTEPUCTUKAMHU.

2. IOHATHUE MACCBHI, TOTEHIIUAJIBHOW U KHHETUYECKOM SHEPT A

OCHOBBIBAsICh Ha NPUBEACHHOHN JIOTUKE, MOJKHO IojlaraTh, 4YTO BCS CyMMa, B TOM YHCJIE€ HHTETPUPOBaHHAs
CyMMa TIPOIIECCOB MPEACTABIIEMBIX ypaBHCHUIMH (3) — (5) comepkuT B ceO€ BCIO HETWHEHHOCTH HAIIETO
MHpa, a TaKKe BCE BHUIBI HHEPIMM, KOTOPBIE MOTYT 3aKJIIOYaThCs B IPOLECCaX 3TOr0 HEIMHEWHOrOo MHpA.
®opmynsl (3) — (5) XapakTepHU3yIOT pacclO€HHE MPOCTpaHCTBa M (OCTaBasACh B paMKax PYCCKOTrO SI3bIKa) CO-
OTBETCTBYIOT IOHATHIO NMOTEHUMAJBHONW 3HEPrud. B MoOHsATHE NOTEHLMaIbHONW SHEPruU IOJDKHO BXOAWTH, Kak
[EpBOHAYAJILHOE, HE3aBHUCUMO OT BPEMEHHOI'O MHTEpBajla MMIIyJlbca ACHCTBUSA, HE CKOMIICHCHPOBAaHHOE IIOJE
noisipusanuy BC, Tak 1 mociexnyomye Mo paHraMm, B 0ojiee KOPOTKUX BPEMEHHBIX MHTEpBaiax, OIS KOM-
NEHCAIMOHHBIX NIPOLIECCOB, CO3AABLIMX €IMHOE LEJIOe: BELIECTBO MM KaKylO-TO €IUHYIO0 (hOopMy CIIOXKHOTO
BHJIa MaTepun (cuctemy). OTCYTCTBHE KOMIICHCAITUN, CYMMapHOTO JEWCTBHUS TOJIEH pasHOW TIIyOWMHBI ITOJIS-
pHU3alMy U BEKTOPHON MX HANPaBICHHOCTH Ha KAaKOM-THOO CTPYKTYPHOM YPOBHE CHUCTEMBI (BemiecTBa, (op-
MBI MaT€pUH) JOJKHO OTHOCUTHCS K MOHATHUIO KMHETHUYECKOW 3HEPTUH, B TOM YHCle €€ BO3MOXKHOCTEH IIO
B3aUMOJIEHCTBUIO C APYTMMH IIOJIEBBIMHM CUCTEMaMH, TaK U BUAAaMH BelecTB. IMEHHO B 3TOM NpHUpoJia TpaBUTa-
UM, TOAU(PaAKTaTILHOCTH MHUpa, OECKOHEYHOTO YHMCIa MHOIOOOpa3uid, aHW30TPONMHM W aCHMMETPUH OecKo-
HeuHoit BC, moboro Bua u3nmyudeHus, B3auMoneicTBul, ¢pusnka peakunii benoycoa, usndyeckoro cmeicia
MOTEHIIHAIbHON M KHHETHYCCKOW SHEPrui, MpOSIBIICHUI MarHeTH3Ma U T.I., a TaKkKe (pU3HUecKas CyIIHOCTb

MOHATHI TeMIlepaTyphl T u BpeMeHH I, B MX TOMOJOTMYECKOM COJIEP’KaHUH, B TIOJIHOM COOTBETCTBUH C pa-
ooramm U. Heiotona, [[. Makceemna, H. YmoBa, K. Munkosckoro, JI. ITontpsruna, A. Bmacosa, I'. Kpomna,
O. baptunu u U.Ilpuroxuna [2-18,25].

Bechb Harm BuAMMBIN WKW OApUOHHBIM MHpP TaKXKe IMONaaaeT MoJ| MaTeMaTHnIecKyto 3anuch (3) u (4) u cooT-
BETCTBYET MPaBOH YaCTH ITUX ypaBHeHHUH. TONBKO 3Ta 9acTh HeceT B ceOe OompenesieHHYI0, HO BCeria He TOJ-
HYI0, KOMIICHCAILIUIO TIEPBUYHOIO CUTHAJa B CBSI3U C TEM, UTO BBOJSTCS MOHATHUS — CTPYKTYPHOCTb MaTepuu U
COOTBETCTBYIOIIYIO Pa3HOCTh MOTEHIIMAJIOB, CBA3aHHBIC KOA(PUIIMCHTaMU, IIPEICTABICHHBIME B (hopMmyie (5) B
0000IIIeHHOM BH/IE /" ¢ OIpPE/IEeICHHBIM TOTIOIOTHICCKAM COICPKAHUEM.

O monsaTun Maccel B onpenenenuu I Y. Heioton nucan: «KommaecTBo MaTepuu (Macca) €CTh Mepa TaKo-
BOM, ycTaHaBIMBaeMasl IPOMOPITUOHATBHO TUIOTHOCTH U 00beMy ee» [4].
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Campble COBpEMEHHBIC UCCIICOBAHUS U MOIYUYCHHBIC pe3yabTaThl MOATBEpKaat0T npaBoTy M. Helotona, H.
YwmoBa, A. Brnacosa, I'. KpoHa B 0e3rpaHUYHOCTH MOJISPHU3AIMOHHOTO CTPOCHUS Ha BCEX YPOBHIX MaTEPHH Kak
OCHOBBI €€ KOJNHWYeCTBa B TOM WJIM HHOH Macce, 4eM H ompefensercs o0beM U MoTeHIran 3Toi maccel. Ho-
OeneBckast nmpemust 3a 2004r. B obnactu ¢usuku Obuta npucyxnaeHa /1.Jbx. I'pocc (D.J. Gross), X.J. [TomuTuep
(H.D. Politzer) u ®.A. Bunsueky (F.A. Wiczek) 3a oTKpbITHE, TaK Ha3bIBAEMOM, «aCUMITOTHIECKOW CBOOOIBI»
[19].

B cBoeili HOOeneBckoli ctatbe @.A. Buipuek mumieT: «...macca o0biuHO20 6ewjecmea Habupaemcs u3
SHepauu 0e3mMaccosvix 2I00H08 U NOUMU Oe3MACCOBbIX KBAPKO8, KOMOpble AGNIAIOMCA COCMAGIAIOWUMY  OJis
NPOMOHO8, A C1e008AMEeNbHO, U 015 aMOMHbIX Adep... [{eemosoii 3apao0 keapka modcem OvlmMb COKpAWeH KaK
AHMUKBAPKOM (Mmo20a OHU 0Opa3yiom Me30H), MAK U napou Keapkoe ¢ OONOIHANWUMY Yeemamu (6 3MoM Cy-
yae nonyuaemcs bapuon)... Keapku u anHmuxeapku OnNUCHIBAIOMCS BOTHOBLIMU (DYHKYUAMU, 34 NPOCHMPAHCHI-
BEHHBIMU 2PAOUEHMAMU, KOMOPbLIX cosam dHepeuu» [19].

B cratpe @.A. Bunpueka ecTb yTBepKACHHE, HA3BAHHOE UM, ITapagurMoi 2: «Macca MPOUCXOIUT U3 dHEP-
run». [lpu Bcell crpaBeIIMBOCTH YTBEPKICHHs Buiibueka HEOOXOAMMO pPa3/eiWTh BOMPOC HA JIBA TOHSTHS:
SHEPTUI0 00BENWHEHHS B €IMHYI0 YCTOWYHBYIO CTPYKTYpPY M dHEpruio mi3nydeHus. Ecim roBoputb 00 sHeprum
00pazoBaHMs, TO D3TOT BHJ DSHEPTHH BO3HHKAET BCieAcTBHE oOpazoBanus macc ( @.A. Buibuek U cOaBTOPHI
yepe3 500 net nmocie HproToHa OKa3anuch MpaBbl) B CUIY ACHCTBUS 3aKOHOB COXpaHEHUS, KAK OCHOBHBIX 3aKO-

HOB HesnHeitHoro Mupa. Ho u3-3a oTcyrcTBus nonxoi komnencauu divU, cymmoit z rot U, | sTa He cKOM-
n
NEHCUPOBAaHHAs YacTh OYJET OTHOCHTHCS K TOHSITHIO SHEPTHU M3IyUYEHHUS, TO €CTh K YPOBHIO OCTaTOYHOW TO-
JSIPU3ALUU-BO30YXKIEHUS CpPellbl C ONPEeETICHHBIM KOMIUIEKCOM 4acTOT WM, MHAaue TOBOPs, K KUHETUYECKOM
9Hepruu cucremsl. Ecim e Hago BRICBOOOIUTH SHEPTHUIO, CBSI3aHHYIO C BOSHUKHOBEHHEM Macchl, T. €. TOW Jac-
TH MaTepHH, KOTOpas BCTYNMWJIA B YCTOHUMBYIO CBSA3b IpoLiecCca KOMIEHCALUU, TO HaJ0 FOBOPUTH O COBCEM
JpyTuX BEJIMYUHAX U CYLITHOCTH SHEPTUH.
Torzna HE0OXOAUMO CIIOKUTH JBA UMILYJIbCA!

V| divU, +h" Zrot U,/||=m )

rae m — macca.

B sToM BapumaHTe 3amMCH M acUMITOTHYECKas CBOOO/IA, U KBAaHTOBAHHOCTH MHUpPA, U PACCIOCHHE IIPO-
CTPaHCTBA, U BCE, YTO U3BECTHO O BEUICCTBE WM JIFOOOW CTPYKTYpe, COACpIKAIICH MacCy B MOJHOM COOTBETCT-
BUM C onpenienenueM HploToHa.

B 10 *xe BpeMms, Kak yxe ObIJIO ONPE/ICIICHO, MOJTHAS KOMITEHCAIIHS MPoIlecca BOJIHOBOTO BO30yxaeHust BC
1 (DOPMHUPOBAHUS CUCTEMBI TPOUCXOANT, U 3Ty HE CKOMIICHCHPOBAaHHYI dYacTh mossipusanuu BC HeoOxoau-
MO OTHOCHUTB K MPOSIBIICHUIO KHHETHYECKOHN SHEPTHH ITON K€ CHCTEMBI.

Takum 06pa3soM, MOHSTHE MACCHI, MOKHO MPEICTABUTL KaK CTPOrO ONpeNeNeHHbIH 00beM V, . MONnsIpr30-

BaHHOH yacTh (00beMa) BC:
m=V, (VjV(ZIvnav))aV, (10)

rac V - 00BeM ¢ OIPCACJICHHBIM KOJINYCCTBOM MATCPUU B BUAC MOJAPU30OBAHHBIX YaCTHBIX 00BEMOB XapaKTepu-

3yeMbIX Pa3HOIUIAHOBEIMH BEKTOPAMH M MOJISPH3ALMAMH CBOMX MPOCTPAHCTB; V - omepatop I'aMHIBTOHA, Onpe-
JICIISTFOIINE 3HSPTETUYCCKHUE B3aUMOICHCTBUS MEXKAY 00beMaMu Vy,, BXOJSMIIMMHE B COCTaB o01iero oobema V.
KomrieHcanmmoHHbIE TIPOIIECCH OYAYT PealM30BBIBATHCS HA MHOKECTBE YPOBHEH BO30Yy ) meHHOM qactu BC.

Ho xaxzptit u3 yposHeit BC cpearupyer B pa3HbIX BpEMEHHBIX XapaKTePUCTUKAX, HA Pa3HBIX ypoBHsX BoH L. n

B Pa3HOM JIMaNa30He YacTOT B3aMMOAEHCTBHSA NOTEHIUANOB X, B cOOTBeTCTBUH ¢ hopmynamu (3) u (4). Ho mon-

Has KOMITCHCAIHS TepBUIHOT0 Bo30yxacHNSI BC Oymer 0TCyTCTBOBATS.
[To3aToMy BOTHOBYIO (hYHKIIMIO CUCTEMBI M MOXHO NPEACTABUTH B BUJIE TCH30PHOTO IMPOU3BEACHUS BOJ-
HOBBIX (DYHKIUI MOTEHIIMANOB, OOECIEYMBAIONINX CHUHXPOHHM3AIMIO B PEXKHMAaxX KOHTPOJIUPYEMOTO Xaoca
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(controlling chaos) B Bume divU,_, u Zrot U, mannmupyromux B uTore mpouecc (HOpMHUPOBaHHS HOBOIA

n

CTPYKTYPBI B CUCTCMC IIJIAHCTHI, C BI:ICBO60)K,Z[CHI/I€M HUMITYyJIbCa KHHETHYCCKOI OHCPruu, B BUAC |]_|_l> :

L) =|divU,_Y®( | rot U, || (11)

CurHanpHBIMA 3HaYeHUSIMA 00 YPOBHE W BEKTOPHOM HAIPaBIEHHOCTH HE CKOMIIEHCHPOBAHHBIX IMOJISPH-
30BaHHBIX ToJie BC SBISIOTCS COOTBETCTBYIOIINE 3HAYCHUS U 3HAKH «+» WIIN «-» 3apAI0B ( , KOTOPBIE B CBOEH

CYLIHOCTH OISTH ke 0ToOpaxaroT ¢popmyiny (3).

Hamo moggepkHyTh, 9TO PEKUMBI 0000IICHHOW Xa0THIECKOW CHHXPOHU3AINH B TAaHHOM Cliydae 00yCIIOB-
JIEHBI OJHON TPUYHUHON — IMOJaBICHUEM COOCTBEHHBIX XaOTHYCCKUX KOJCOAHMA ¢ TOMOIIBI0 MEXaHW3Ma JIHC-
CUTIAIINA Ha OCHOBE JICHCTBHS TI00ANBHBIX TPABHTAIMOHHBIX IOJICH W COOTBETCTBYIOIIUX YacTOT, HAIPUMED,
JUISL TUTAHETHI 3eMild, B Mpeenax 107 -10"r 1, YTO SIBJISIETCSA YPE3BBIUAHHO BaXKHBIM MPHU ONPEICICHUM CIIEK-
Tpa XapaKTepUCTUICCKUX IMoKkazaTenen JlsmyrnoBa. OmHako BO BCEX COBPEMEHHBIX ITyOJUKAIUAX, TTPH BCEX BBI-
OMpaeMBIX METOMMKAX HCCIEAOBAHMA HE pacCMaTPUBAIOTCS BOMPOCH! CHHXPOHU3AIMNHA XAOTHUYCCKUX IPOIIECCOB
COOBITHSAMU, PEATU3YEMBIMU B 0CO00 HU3KOYACTOTHBIX CIIEKTPaX, KaK BEAYIIUX, (T. €. JMHAMUKON U CHHXPOHH-
3areit 6oee rII00ATBPHBIMI TPABUTAIIMOHHBIME TIOJISIMH), KaK aBTOBOJTHaMH benoycosa [6].

3. PU3NKO-MATEMATHYECKHUE NPUHLOUIIBI OITUCAHUSA
TEOAMHAMMWYECKHUX MPOLECCOB

B cBoux pabortax A.A. Baacos yrBepxaaet: «DopmanbHast SJICKTPOI[I/IHaMI/IKa U T€OpHs TpaBUTALMU paclpesie-
MaKp [12]:

Upiarp :jE(I r—r’ ) p(r)p(rdr dr’. (12)

rae E(r,r’) - aapo, BeIpaxaroliee co6oii MOTHYIO U TOYHYIO SHEPIHIO B3aHMOJEHCTBHS, a HHTETpalUs IPOBO-

JICHUA MAaCC AacT CIACAYIOMICC BBIPAKCHUC JIA HOTCHLII/IaJIBHOﬁ OHCPIHHU TCJIa —

JIUTHCSA IO BCEM pacCTOsSTHUSIM» [12-15].
®opmynma (12) ocHOBBIBaeTCS Ha IEpexoiec OT DSHEPIHMH B3aWUMOICHCTBUS TOYCUHBIX YaCTHIL

q.4; N
— z Z ‘ K 00BEMHO pacnpeeieHHBIM 3apsiiaM HIId MaccaM.
I.-T. ‘

I[Jm ypaBHEHUSI HETPEPHIBHOCTH C JANBHOAECHUCTBYIOIIMMH CHJIAMH, C YY€TOM HEBO3MOXHOCTH JIOKAIHA30-
BaHHOU Touku (1o BracoBy) u pe3ynbTaTOB MCCIEIOBAHUMN, C UCIOJb30BAHUEM TOMOJOTMYECKUX IMPEJICTaBIIE-
HUN MOXKHO 3aIlncaTth BI:Ipa)KeHI/Ie

” (r-r)p(r',v")ovar', (13)
rae V — aHAJIU3UPYEMBIH 06’LCM, COOTBETCTBYIOLIUHI ompeaencHHoi macce (o M. HploTOHY) ¢ KOHKpETHBIM
TOITOJIOTHYECKUM COJEPKAHUEM TEMIIEPATYPHl —F- U TOIOJIOTMYeCKHM BpeMeHeM T, a 3Ha4YWT, ¥ TOTEHIIHAIb-
HOI1 SHeprueil 3aKiroueHHO B 3ToM 00beme; V = A B dopmyne (1), V = A B mkane (2); E, — obmas, cy™-

MapHas (OTeHIHaIbHAs) SHEPT U, 3aKII0UeHHas B 00beme peanpHoit cucremsr V(r, T)

E,= J-J-Ei(|r-1-'|)p(r1)(r2)8r1 or,, .

OnHako, eciii CMOTpeTh GoJjiee TiIyOoKo, He0OOXOIUMO BBOIUTH orepaTop I'amuiabrona V, comepskamiuii
CMBICJI B3aUMOIeHCTBUI MaTpul 1o KpoHy v cCOBOKYIMHOCTh (YHKIUM 1 camocornacoBannii no Biacosy. To-
I/1a TIOJTHAs U TOYHAs SHEPTHUs B3aUMOJICHCTBYS YacTeld OapuoHHOU cuctembl BC ¢ aHepruel siipa moispusa-
AW CUCTEMBI IIAHETHI MOYKHO OTIMCHIBATh CJICAYIONMIEH 3aBHCHMOCTHIO:
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E0=-VO.[V1.J-Ei (|r-r'|)p(r',T)dr'dT (15)

rae E, — oHeprus B3ammoneicTBUsA BHYTPH KaKIO0H M3 CTPYKTYp OapHOHHOW CHCTEMBI, UMEIOIIMX Pa3HbIE 1O

3HaKaM OOOOIICHHBIC TEPMOJUHAMHYECKUE MOTCHIIMABI U Pa3Hble 3HAYCHHSI COOTBETCTBYIOIIUX 3apsiiOB, BO3-
HUKAIOIINX BCIIEACTBHUE TIporieccoB nossipu3aruu cuctemamu CUM BC u 6apnonnoit yactu BC:

divp(r,T)= [ £ (r,m T)dv. (16)

3nece T=VU ; — TOIIOJIOTHYECKOE BpEMs, KaK OJHA M3 OCHOBHBIX XapPaKTEPUCTHK COCTOSHUS aHaJIM3UpYe-
MOW CHCTEMBI B BUJIE WHTETPUPOBAHHON CyMMBI YacTOT KOJIeOaHU M TUHAMHKH TOJSPU30BAHHBIX Cpell BCIIEH-
CTBHE BCTPEYHOIO BEKTOPHOTO HAIPABICHHUs JBYX WM MHOXecTBa moTokos; divp(r, T)- CKaJIsIpHOE TTOJIe
TUTOTHOCTH 3apsiIOB B UX TOMOJIOTMYECKOM pacHlpeAciieHUH, XapaKTepU3yollee Ty WIH UHYI0 CTPYKTYypy Oapu-
OHHOH YacTH BCeJeHHO# BO B3ammojeicTBuu ¢ CUM; ru r' — (DU3UKO-TOMOJOTHYECKHE KOOPIHUHATHI HCCIIC-
IyeMO#l CTPYKTYpBHI 1O OTHOIIEHHWIO TOTO WM WHOTrO siapa momspusaimuun BC BHyTpu OapHOHHON CHCTEMBI;
V — pasjau4HbIE YaCTOTHI B3aMMOJCHCTBHMI MOTEHIMAIOB HpocTpancTBa BC, COOTBETCTBYIONIEH TreoMeTpUYe-
CKOMY TIOJIOXKEHHUIO T'PpaJueHTa 0000MEHHOrO TEPMOJANHAMUYECKOTO MOTCHIIUANIA MEXKTy KOHKPETHOW CTPYKTY-
pol ¥ e€ MEeHTPOM MOJISIPU3AINH; 3TO TaKXke royorpaduieckas MaTpHila Kackajia 4acToT {v}, XapaKTepU3yIo-
MIUX TWHAMUKY CTPOro olpenelieHHbX 00beMoB BC, oTpakeHHBIX mpubopHoit cuctemoii LIII'M, u cooTBercT-
BYIOIIIUX CTPOTO OIpECeTIeHHBIM KO3(D(MHUIEHTaM CBA3aHHOCTH B3aUMOJICHCTBHI MOTEHIIMAIIOB TOW YacTH IMPO-
CTPaHCTBA, KOTOpasi OTBEYACT T'€OMETPHUUCCKOMY TOJOXKCHHUIO TpaguceHTa 000OIICHHOTO TEPMOAMHAMUYECKOTO
MOTCHIIMAIa MEXAY KOHKPETHOM CTPYKTYpOH M IIEHTPOM MOJSPHU3ALMU BCEH CHUCTEMBI PACCIOCHHBIX MpO-
CTpaHCTB (Hampumep, od0bema); dV COOTBETCTBYIOIIME OMOJHUTEIBHBIC YaCTOThI XapaKTEPU3YIOIIUE JTH00YI0

JUHAMUKY B TCUCHNEC BPECMCHU T

C yuéToM BBENEHHBIX MOHATHM MOTEHIHAIBHON M KMHETHUYECKOM SHEPTHi, /Uil ypaBHEHUS HENPEPHIBHO-
CTH C JAJIBHOACHUCTBYIOIUMH CHJIaMU U HEBO3MOXKHOCTH JIOKaJIM30BaHHON Touku (1o BracoBy) u BBeneHus
CTPOTO OIpeeNEHHBIX COOTHOIIEHUAX YaCTOT TeX MM UHBIX IOTEHIIMAIOB, MOXHO 3alucaTh

VH(rM,—T—,T) = J.J-El.(|rM -r'|)p(r',VHcmp.)8V or', (17)

HCemp.
rae, Iy, — TONOJIOTMYECKHH pa3sMep, BKIIOYAIOIMH B ceOs MOIAPU30BAHHbIN 00BEM OT LIEHTPa MacChl AApa Iua-

HCTHI A0 I'paHULBI MMOJIAPU30BAHHOIO IMMPOCTPAHCTBA BC AAPOM IUIaHCTHI, T. €. 10 T'paHUIbl, O KOTOpOﬁ pactnoja-
racéM AJOCTaTOYHO AOCTOBCPHBIMU JaHHBIMH, TaK Ha3bIBAEMOTO, IIOJIA I'paBHUTALlMU IUIAHCTBI B BEPXHUX CIIOAX

CTpaTOC(i)Cpr; T(V) - TONOJIOTUYECKAad BPEMs B BUJAC KAaCKaJla YaCTOTHBIX XapaKTCPHUCTUK KaXIO0Tr0 U3 PaCCIo-

EHHBIX MPOCTPAHCTB — 0OBEMOB OOIIETO €IUHOTO MPOCTPAHCTBA — 00bEMa TUTAHETHI VH; H(V) - pacnpenerne-
HUS TEMIIepaTyp B BUJE YaCTOT, C pa3TUYHBIMHA HHTEPBaJaMi BPEMEHH, B aHATM3UPYEMOM 00bEME, B TOM YHC-
7e B 00bEéMe HaIleH TIaHeThl, XapaKTePU3YIOIIeH TUHAMUKY HOBOTO 00pa30BaHUA B 00bEME IIIAHETHI B CBSI3H C
eé obmeit reomuramukoit; T(V(V))- Tomonormueckoe TemmepaTypa Kak 0TOOpakeHHE TIOCIEN0BATETLHOCTH

npoieccoB (HOPMUPOBaHKS CTPYKTYp B MaHTHH, atmocdepe u iutochepe; V. — BHOBb (POPMHUPYIOIIHUICS

Hemp.
00BEM Ha TpaHHIle «MaHTHS — JTUTOCc(hepa» ¢ 3epKATbHBIM OTOOPaKCHHEM B MAHTUHU U BOJHOW CPEJE U B aTMO-
ctepe, crpatocdepe u B nepuoauueckux Quykryanusx B mezocdepe; V,, — aHamm3upyeMsiii 00beM (B TaHHOM

BAapHUAHTC - 00BEM IJIAHCTHI, COOTBCTCTBYIOH.[I/If/i OHpeﬂeHeHHOﬁ MacC€ C KOHKPCTHBIM TOIIOJIOTUYCCKUM COACP-

xanneM temneparypsl & u Bpemenu T); |M 17” € ||Vn || - 00BEMBI (B TIOJIHOM COOTBETCTBHH C (HOPMYITHPOBKOI

W. HeroTona) B paccioeHHbIX pocTpaHcTBax BC miaHeTs, B KOTOPBIX (popMHpyeTcs, B TOM YHCIIe, HOBas Macca

BCEH IIAHETHI, KaK CJICICTBUEC JACHCTBUS 3aKOHOB COXPAHEHHUS, YeM M O0CCIEUMBACTCS YCTOMYMBOCTh  HAIICH
4

IUIAaHETBl B JUIMTEJIBHOM IIEPHOJEC BPEMEHH; I;- IapaMerTp cjaos I (Hn) MPOCTPAHCTBA ILIAHETHI, B KOTOPOM

HanboJee IposIBIIsiETCS Tpoliece (OPMUPOBAHUS HOBOIM CTPYKTYPHI.
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Kaxxnpiii 13 3TUX TIOTOKOB, HECET B ce0€ YacTh CPEJIbl, UMEIOIICH PHEPTHI0 JBMKCHUS (BEKTOP IMOJIAPU3a-
1iu 60J1ee TITyOOKOTO CTPYKTYPHOTO YPOBHS CPEIbI).

Takum 00pa3oM, YTOOBI TONYYUTh WHPOPMALHUIO O JWMHAMHKE B TOM WJIH WHOM TPOCTPaHCTBE-Macce
(cTpykType), 06 U3MEHCHUH €€ CBOWMCTB, HEOOXOMUMO OIPEICIATh 3MeHeHue €€ o0béma dV B TOmomoruye-
CKOM BPEMCHH, PaCCUYMTAaHHOM Ha OCHOBE AaHHBIX cucTeMbl IIII'M u 3areM mepelTH K aHaiu3y Ha OCHOBaHHH
3aBUCHMOCTH

du, =dv,, ® [V, UJF, (18)
rae dUk — OOIIOJHUTECIIbHAA KMHCTUYCCKAsA DSHEPIrus B Ha6JIIOI[aeMOM IIPOCTPaHCTBE HUJIU ,Z[OHOJIHI/ITCJILHHﬁ KHu-

HeTHYECKUi MOTeHNnan HabmoaeMoit cucteMsl; dV,, — dacTb HOBOro o0bema V ., B KOTOPOM pealn3yeTcs

Pe3yNIbTaThl KOMIICHCAIIMOHHBIX TIPOIIECCOB B 00hEME TUTAHETHI B BUJIC J. V. _UJT(V).

B 10 xe Bpems, isi 00OCHOBAaHUS OMPEACICHUS N U COOTBETCTBYIOIIMX KO3()(PHUIIMEHTOB CBSI3aHHOCTH
& manbonee npuemneMsiMu okaszanuch padots JI.C.IlonTpsruna. Tak, Teopema ITOHTpATHHA O ABOWCTBEHHOCTH

R" R"
«yCTaHABIMBACT aNreOpaHdecKylo CBsI3b MEXTy IpyNIoil romonoruit H, — HpocTpaHCTBA —— U IPYIIOH
K K
romosoruit H, (K ) xomrutekca K .» [9-11]. Ilpudem u, 3T0 pemaronie BaxxHo, U3 TeopeMsl [loHTpsirHa crie-

JIyeT BBIBOJI, OTIMYAIOIICHCS OT BCEX OCTALHBIX TEOpUH 00 M30MOpdH3Me, KaK HE SIBISIONIEMCS ONpeIeieH-
HBIM U €JUHCTBEHHBIM. 1. €. B pEaIbHOI ITHHAMHUKE MPOIIECCOB COXPAHACTCS HEIMHEHHOCTh U OTKPBITOCTD pe-

n RV!

aJIbHBIX IPHPOAHBIX CUCTeM: « H, —, comepxarnux B cebe kakoe-Tub0o KOIMYEeCTBO MOJCHCTEM —— C TIpYI-
K K

ot romonoruit H, (K ) komiuiekca K ». Takum 00pa3om, KO3(hGHUIIMEHTHI 3alleIUICHUS (KOTOPhIe HAC MHTEPE-

CYIOT KaK KO3(1)(1)I/ILII/ICHTBI CBH3aHHOCTI/I) Inpu pacCIOCHUN I'COMETPUICCKU OIPAHUYCHHOTO MPOCTPAHCTBA OIIpC-
JCIIAIOTCA 0606H_ICHHI>IMI/I TEPMOANMHAMUYCCKUMU MOTCHOHAJIaAMHU W SHTPOIMAMHU COOTBETCTBYIOIIUX PaHI'OB.

n

ITosTOoMy B manmbHelIeM OyaeM Moapa3yMeBaTh ? kak N — 4HMCIIO COCTaBJISIIOIIUX IIOJICHCTEM, aTTPaKTO-

POB, XapaKTCPUIYIOIIUXCId CBOUMHU CTPYKTYpaMU — MaTpullaMu HUCCICAYECMYIO CHUCTEMY, NIPCACTABJICHHYIO B BU-
AC MaTpUIlbI ASn HIKaJIbI (2) Ot MPUHIHAIILI TMTO3BOJINJIA UCIIOJIB30BATh B ITPOBOJAUMBIX UCCIICAOBAHUAX pa3ac-

ne1 pabot JI.C. TloHTpsTHHA 00 MHBAPWAHTHOCTH TPYIIIT TOMOJIOTHH TP OapUIICHTPHUICCKUX TOAPA3ACIICHUSIX.

W3 anamuza Gopmyi (2)—(7) ciemyeT, 4To B OKPYIKalOIIeM HaC MUpE Bceraa OyaeT MPUCYTCTBOBATh HEJIH-
HelHasi aCHMMETpUsI, a 3HAYUT, BCISACTBUE JCHCTBHS 3aKOHOB COXPAHCHUS JBMKCHUS Ta WIM WHAS TUHAMHKA, U
HE TOJBKO TEPMOJUHAMHKKA B OOIICTIPUHATOM OHUMaHuH. W 3TO KacaeTcs 1000 TOUKH, THO0TO CTPYKTYPHOTO
WM MeTa-, WA CyOCTPYKTYPHOTO YPOBHS MaTEPHH B ITOJTHOM COOTBETCTBHH ¢ paboTtamu A. Biacosa [12-13].

4. COOTHOLLIEHUS D)HEPTUM U PAHIOBBIX 3HAYEHUM DYHTPOITUMN
B HOJISIPU3OBAHHBIX CPEJIAX

B cBoeil nokTopckoi auccepranuu «Y paBHEHMs ABMKEHHA 3HEpruu B Tenax» H. A. YmoB B 1874r. onpenenun
CBSA3b MEX]y KOJMYECTBOM PHEPTHUH, OTHECEHHBIM K EIMHUIIE BPEMEHH, BTEKAIOIIUM B CUCTEMY uepe3 €€ rpaHu-

bl, © ©'3AMCHCHUCM KOJHNYCCTBA SHCPIUH B CUCTCME [7]

29
[[[==dxdy dz+[[91,do=0, (19)

ot
rac TpOI>’IHOI>’I HUHTCTpaJl paCIpoCTPAHACTCA HAa BECh 00BEM HOHHpI/BOBaHHOﬁ CpcabIl; dO' MNpeACTaBIIACT IJICMCHT

et T'paHUIIBL; ln — CKOpPOCTb ABUXKCHHA SHCPIUH 110 BHEIIIHCH HOpMAJIX K DJICMCHTY I'PAHUIIBL, T. €.

l,=1cos(n, )+1cos(n, )+l cos(n_). (20)
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TamM npuBeeHHbIE ypaBHEHUS Y MOBA MPEACTABISAET B KOPPEKTHO YIPOILEHHOM Bue [8]:

OE
—=P-0-9G.dG 21
- 0 <(]§ 3 1)

TAC——— IMOTOK 3HCPIruu, HOCTyrIaIOH.[I/Iﬁ W3 BHCIIIHCH CpCabl K JaHHOMY BCHICCTBY, P — ta gyactp OHCpruu, Ko-

TOpas pacXoAyeTcsl Ha M3MEHEHHWE paclpeeseHHs] YHEPTHH 110 TeOMETPHH BHYTPH BEIIECTBAa, a APYyras 4acTb
SHEPTHH, KOTOpasi B3aUMOJICHCTBYET, Yyepe3 ero moBepxHocTh G ¢ OKpY)Karolleil cpeioi TakKe B BUJIC T€OMET-

PHYECKUX COOTHOIIEHHH, Kak O — (ﬁ G,dG.
G

DTy 9acTh 3HEPTUHA YMOB OIPENEIIII KaK dJIEKTPOMArHUTHBIA MOTOK B TEOMETPUIECKOM BHUIE TIEPIICHAN-
KYJSIPHBIA K eMHUYHO# noBepxHOocTH G WJIM, TOYHEE, 10 TSPMHHOJIOTHH YMOBA, KaK TE€OMETPHICCKUE OIS
pPHU30BaHHBIE TIOJIS (TEOMETPpUUYECKHA 00pa3 moTeHImana ["aycca), KoTopsle OH Hadal IEepBBIM B MHUPE, aHATH3H-
pOBaTh MPUMEHUTEIIEHO K UCCIICIOBAHUIO MAarHUTHBIX 00pa30B 36MHOT'O MarHETH3Ma, WX, KaK Mbl CETOIIHS 3TO
Ha3bIBAEM, FOJIOTPAMM COOTBETCTBYIOLIUX CUCTEM.

Pa6otet H.A. YMoBa no3ponuin pa3o0parbes B pU3HUSCKOM CYNTHOCTH MMOHITHH SHEPTUU U MacChl, B I10-
CIIeTyFOIEeM TOATBEpkICHHOM HOOeneBckoi mpemueit 3a 2004r u 2006 roaer B 001acTH GU3KUKH, ¥ HUCTOIB30-
BaTh JUIsI UCCICAOBAHUM TOMOJIOTHIO MOJISIPU30BAHHBIX FOJIOTPAMM Ha OCHOBE 3aKOHOB COXPAHCHMS, 3aJI0KUB B
X OCHOBHI JIOTHKY O MPOCTPAHCTBE — BpeMeHH MuHKOBCKoro u baptuan [16 - 18]. OT0 BechMa BaxkHOE 00-
CTOATEIHCTBO, TAaK KaK MPH peaTn3alfy B €AMHOMN CBA3aHHOM CHCTeMEe KOMITEHCAIIHOHHBIX TPOIIECCOB, MPOSBIIS-
€TCs 3a OTPAaHWYCHHBIM BPEMEHHOM HMHTEpPBaj OrPOMHOE KOJWYECTBO SHEPTHH, Hapyllalollee paBHOBECHE B
SHEPTeTHYECKOM OallaHCe BCEW CHUCTEMBI IJIAHETHI U, MPOSIBIIAIONINECS KaK IUKJIAMHU 3eMIIETPSICEHNHN, TaK U IH-
KJIOHOB, YparaHoB, Tali)yHOB U TIPOY.

Kax u3BectHO,

E3=h-v,nnnh=E9, (22)
1%

rae E —osnement sneprum; h — nocrosuaHas [lnanka; v —4acToTa H3IIydeHHs.

H3MmecHeHne 3Ha4YCHUS 3apsaaa, IpoxXoasamero 4epe3 J'IIO6yIO CUCTCMY, 3aBUCUT OT PACIIPCACICHUA MMOTCH-
IYUajJIOB BHYTPH CUCTEMEI, T.€.

q,=qU) (23)
OTO OTHOCUTCS U K 3apsiy, paclpeieleHHOMY 10 JTUPAaKOBCKOMY MOPIO B CTaHJApTHOM TFaMHJIbTOHHAHE
SAnra-Mwuica, 1 K cynep3apsay, JeHcTByIONeMy B THIL0EpTOBOM mpocTpaHcTe. B To ke Bpems [21]

aq. aq aq. !
dq. =——dU,+——dU,+...+—~—dU_ = > ndU., 24
qz anl 1 an2 2 aU n jz_ll 0 J ( )

rac I/I0 — TCPMOANHAMUYCCKAA EMKOCTb CUCTCMBI C y‘-IéTOM BBHHMOHCﬁCTBHH C CqM, [ — CHUMBOJI 3apsaaa KOMIIO-

n

HCHTBI, j— CHUMBOJI apryMeHTa rnoTc€Huruasa.

B cBoro ouepenp, pactipeneneHue 3apsa0B B COOTBETCTBUN C PaCIpeIeIeHUsIMI U 3HAYEHUSIMHU MTOTEHIIHA-
JIOB B3aMIMOCBSI3aHbI U HA00OPOT, T. €.

U=U(g;) (25)
oU. oU. oU.

dU=—2"dqg +—Ldqg,+...+—~dq =) D.dq., 26
aql QI aq2 QZ aqn Qn Z ij q] ( )

dU = ZDiidq_i 27
J

I‘,Z[CD — TCPMOJUHAMHNYCCKOC COIPOTUBJIICHUC CUCTCMBbI, KOTOPOC YMUCJICHHO pPABHO U3MCHCHHIO IOTCHIMAJA
CHUCTEMBI 1P U3MCHCHUU 3apsa Ha CAUHUILY.
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U3zBecTHO, uTO NMFO0Ast CUCTEMa XapaKTePU3yeTCs TEPMOJIUHAMHUYCSCKUM MMOTCHIIMAIOM U 3HTPOIUEH, KOTO-
pBIe BKIIIOYAIOT B ce0sl, KaK €IWHOE ILIeI0e, MHTETPaIbHbIE CYMMBI TEPMOAMHAMUYECKUX MOTEHIINAIOB, COCTAB-
JISTIOIINAX CTPYKTYP CHCTEMY, U COOTBETCTBYIOIINX SHTPONHMA. [23—26]

JIto6oli mporiecc, HaXOASIIUACSA B CTPOTO OINpPENEIEHHBIX TPaHUYHBIX YCIOBHSX (MIYIIUN Ha OINMpEeeH-
HOM CTPYKTYPHOM YpPOBHE) MMEET CBSI3W B3aMMOJEICTBHSA HA IPYIHX Pa3IMIHBIX YPOBHAX C BECbMa Pa3BUTOU
MHOTOITJIAHOBOCTIO (CTEMEHBIO METCPMUHHPOBAHHON CBOOOMBI). B TakoMm cirydae TOHATHE «dHEpPrus — uHPop-
MaIs» CTAaHOBUTCS OCHOBHBIM JUIsl OTIPEMICTICHHS SIMHOTO MEXaHU3Ma BCeX BHUJIOB B3auMoJieicTBuii B [Ipupo-
ne. OTcrofa ClieAyeT, YTO MOHATHE «3HTPOIHUS» JJIS OTKPBITBIX CUCTEM MOXKET OBITh MPUMEHEHO MPAKTUYSCKU K
TF00BIM TIPOIECCaM H K JIFOOBIM COCTOSIHUSIM MaTePHATBHBIX O0OBEKTOB.

OuTponus no bonsimany — [Tnanky [22]:

S=kLnW, (28)
rne S — oHTponms cucteMbl, W — BEpOSTHOCTHOE HSHEPreTUYCCKH-MH(POPMAIIMOHHOE COCTOSIHUE CHCTEMBI,
N R" N y
W= — = ViN =Wen,In,! = ?, TO ecTb, KOHKpeTHbIiT 00b6EM V,, KoTophlii B popmyne (28) nmpencrasieH B
n.n.!
&g

BUJIe BepOATHOCTHOM auHamuky W cBoux moactpyktyp N, Kak yuclia CTPYKTYp — aTTPaKTOPOB TUHAMHUYECKOH

TOJISPH30BAHHON chCTeMbl 00bEMOM -V, n: ~ f (fl) — (ysKIIMS pacmpeneneHus YaCTUI-TOIOTPaMM (B TOM

1
4yCIIe MEKPOCTPYKTYP H T.J.) TIO 9HEPTHAM B3aUMOJEHCTBHA B 00bEMe V,, B KOTOPOM MPOMCXOIAT HHTEPECYIO-

€ HAC TPOIIECCHl TUHAMHUKH PACCIIOCHHUS, BXOXKICHUS B OM(ypKaIIMOHHOE COCTOSTHAE KOHTPOJIUPYEMOT0 Xaoca,
CHHXPOHHU3AIMHA W BO3BPaTa B PAaBHOBECHOE COCTOSHHUE. B COOTBETCTBHM C dTUMH MpOIlECCaMU Ha KaKIOM U3
yKa3aHHBIX JTAllOB MU3MEHSIIOTCS OOOOIICHHBIA TEPMOIWHAMUYCCKHNA ITOTEHITHAT M COOTBETCTBYIONIHN KacKay
PaHTOBBIX SHTPOIHIA; k — nocrostHHas bosbiiMana—Ilnanka, KoTopas, Ha OCHOBE pa3BMBAEMbIX 3/ICCh MPEICTaB-
JICHW 00 MepapXuu MOSIPU30BAHHBIX CPEJ] C PA3HBIMA COOCTBCHHBIMM YaCTOTHBIMU XapaKTEPUCTHKAMH COOT-
HOIIIEHUH TTOTEHITNAJIOB UX TEOMETPHA, OyJIET COOTBETCTBOBAThH ypaBHEHUAM (6), (7) 1 (8) ¢ TAKUM JOTTOJTHEHU-
eM:

k=h,=VY [ f(o,)0, (29)

Dopmyna (29) xapakTepusyeT (puznveckoe coaepkanue 0000meHHOro KodpPUIUeHTa CBSI3H MEXIY (HOPMHUPO-
BaHMSIMH (CTpyKTypamu) OapuonHOU (Bumumoi) dactu (BC), BOSHHUKIITUMHU BCJICACTBHE HAPYIICHUS YCIOBHO-

PAaBHOBECHOI'O COCTOSAHUA BC HUCXOAHBIM UMITYJILCOM IOJIApU3allN div U() " pacCCJIOCHHBIM NPOCTPAHCTBOM CO

cBoMMH K03 HUIIMEHTaMH CBsI3H, TT0 MapkoBy, JlsmyHoBy, [loHTpsrury, KonmMoropony, Ilpuroxuny, D06emuH-
ry, B ToM uncie ¢ CUM [5, 10, 11, 24 - 29]. Torna, Ha OCHOBaHMH YKa3aHHBIX pa0oT, a Takxke padot [30-33]:

N!

n!n!
rae A — BEPOATHOCTHAS YAaCTOTa OKHMAAHUS MPEe0Opa3soBaHUH B CTPOTO OMPEIEIEHHOM 00BbEME aHATU3UPYEMON
cucteMbl — npoctpanctBa BC, cooTBeTcTBYIOIAs JAMYHOBCKOMY XapaKTEPUCTUYECKOMY IMOKA3aTelio, 4To MO-
3BOJISIET BBOAWTH BPEMEHHOU (haKTOp B 3a7a4y OIpeNelIeHns MOMEHTa OKOHYAHUS MPOIlecca HEyCTOMYNBOCTH U
3aBeplicHUs (GopMHpOBaHUs (HANpUMEp, B CBA3KE «MaHTHS — JuTochepa — arMochepa») HOBOW CTPYKTYPHI,
KOoTOpasi Oy/IeT onpeiensIThCcsi KOHKPETHBIM 3HAYCHUEM O0OOIICHHOTO TePMOJUHAMHUYECKOTO MOTCHIIMATA U JH-
Tporuu S (TOHOJIOTUYECKOM DHTPONUHK) B €& PAHTOBOM COAEPKAHUH;, O — MHAEKC (DYHKIMH HOBBIX BapHalMi

W=

PacCIIOEHHOTO MPOCTPAHCTBA 0TOOpakaeMoro (opmyoi (3); (I)(V) — (GYHKIMS 94aCTOT TOHA WK (PYHKIIMS W3-

MEHSIOIINXCS COOTHOIIECHUH MEX]y YaCTOTHBIMHM XapaKTEPUCTUKAMU KOMIUIEKCOB OOOOIICHHBIX MOTCHIMAIOB
Pa3IUYHBIX CTPYKTYpHBIX ypoBHeH [28 - 30]; N - ymcino arTpakTopoB, a HHPOPMAIIMOHHAS EMKOCTh CHUCTEMBI
W3MEpPEHHAS B 3HAKOBBIX COCTOSHHUSX «+» U «-» cocTaBiser[24,c.261]

I=log2 N 31)

OTH BapHaIliy BKIIIOYAIOT B ceOs mporecchl Oudypkaiyu, mogaBicHus Xaoca riio0aTbHBIMI TPABUTAIIMOHHBIMHA
MOJIIMH B pekHMax o0co0o Hu3kux yactoT (OHY) (peanmmsamus aBTOBOJHOBBIX IMpOIlecCOB benoycosa),
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BXOXJICHUE CUCTEMBI B peXXHUMEBI «controlling chaos» B 6onee BricokouacTOTHOM, HO omsath ke OHY, nmamaszo-
Ha. llociemyromee MpoOX0oXKAEHHWE ATAIlOB BO3BpaTa B YCTOMYMBOE COCTOSHUE XapaKTEpHU3yeTCsl 3HAYCHHSIMHU
MepBOM U BTOPO# mocrostHHON DeirendOayma, GopMHUpOBaHHEM HOBOTO IICHTpa MOJSpU3alUU Wik ¢Gokyca (1o
WBanoBy u BriacoBy) Oymymieit katactpodbl (hokyc 0000IIEHHOTO TEPMOJAMHAMHYECKOTO TOTEHIIMAIa BHOBb
(dopmupytolIecs CTPYKTYpBI) U Tiepexoaa 3Toro (Gokyca B pexxuMbl «poctpancTBa CobosieBa» ¢ TUHAMUKOM
(hoxyca-«mpouspogHoi CodoseBa» B OAHOTUITHON reomopdosioruum [12, 33 — 38].

B pesynbrate, ucnons3ys uneu padotsl Jlssmynosa u Konmoropoga [28 - 29], MoxHO 3anucaTh

S<YR, (32)
A<0
Jnana3oH Bapuariii GyHKITHOHAIOB BEIYHUCIIAETCS TT0 opMyIiaM, TIpencTaBIeHHBIM B padoTax [30 - 32]:
N
oD | <> |T,||oY . (33)

i=l

rae [, — GyHKIHA 4yBCTBUTENLHOCTH (PyHKIIMOHAJIOB K BapHAUAM WIH QYHKIIHMOHAT OXKUAAHHUS, KOTOPBII IpH

OTIpEJICICHHBIX YCIIOBHAX MOXET OBITh MPEACTABJICH B BUjAE ramma - pyHkuuu Jitnepa—Dypobe; é‘Yl — Bapuanun
0000IIEHHBIX TEPMOINHAMUYECKHX TOTCHLIUAIOB B aHAJM3UPYEMOM MIPOCTPAHCTBE, KOTOPOE MOKET OBITH Mpel-
CTaBJICHO B BUJIE COOTBETCTBYIOIIMX MaTPHII IIKaIBI (2) U K03((UIMEHTOB CBSI3aHHOCTH Vz J- f (on )af .

H3noxeHHbIC (1)I/I3I/I‘-ICCKI/IC MPUHIUIIBI OMPEACIAOT ,I[eTepMI/IHI/IpOBaHO-CTOXEICTI/I‘-ICCKI/Iﬁ noaxon. OLICHKEI
MATEMATHYCCKOI'O O KNMAaHHA 6y;[eT BBITTIAACTD TaK:

1 (50(v)) =Y Ik (7). (34)

BeposiTHOCTH OCHIMIIIATOPOB (COOTHOIIEHHS YaCTOT MOTEHITMAIIOB) MOTYT OMUCHIBAThCs pacupeaeneHusmMu bo-
3¢ 1 @epmu. CTaTUCTHYECKUN BEC [UINTEIBHOCTH ONPEACIICHHOTO COCTOSIHUS €CTh BEIMUMHA, 00OpaTHast K BEpOSTHO-
CTH M3MEHEHHs 3Toro coctosiHus. [losTomMy Haumbosiee BEpOSTHOE, aKTyalbHOE YHCIO M3MEPEeHUil KOH(Urypauuu

aHCaMOJIs €CTh YUCIIO 1) , TIPH KOTOPOM BesidiHa ( H) MMeeT MUHMMYM H cooTBeTcTBYyeT BosHuKHOBeHn0 div U,
Ha ocHOBaHHMH M3JI0)KEHHBIX OOIIMX KOHIETITYAIbHBIX ITOJIOKEHUH MOKHO PAaCCUMTaTh 3HAYCHUE DHTPO-
nMd ¥ KO3 PHUIIMEHTOB CBA3aHHOCTH, B TOM YKCJI€ B BHJIE JIIIYHOBCKUX XapaKTEPHUCTHUCCKUX TOKa3aTesei, BO
BHOBb ()OPMHUPYIOIICHCS CTPYKTYPE BO BCEH CI0KHOCTH B3aUMOJICHCTBHIA MOJAPHU30BAHHBIX CPEI — CHCTEM.
3HayeHHe SHTPOIHH, KaK U3BECTHO, U3MeHsieTcst OT 0 10 1, HO KPUTHYECKUH MpeIeNt JUIs TUIAHETHI B 1IEJIOM
U e¢ COCTaBIJIAIOIINX MOJACTPYKTYp OJMHAKOB M IOCTOSIHCH Ha OMPEICICHHOM BapHaHTE Pa3BUTHA IUIAHETHBIX

. -1
CTPYKTYD, YTO H TO3BOJISIET HA OCHOBE «Ilereil MapkoBa», pealn3yeMbIx B quanasone yactor < 107 T’ myrem
BJIO’KEHUS BBICOKOYACTOTHBIX IOJISIPU30BAHHBIX CHUCTEM B JMAIAa30HBI HU3KUX U 0CO00 HU3KUX 4YAacTOT, KaK Be-
OyIMX, a TakKKe, UCIOJb3ysl TNPHUBEACHHBIE BBIIIE TMOHATHS TEPMOJMHAMHYECKOW WIIH, TOUYHEE YACTOTHO -

JUHAMHUYCCKOro COIIPOTHUBJIICHUA U COOTBGTCTByIOHleI;'I TCpMOI[PIHElMPI‘-ICCKOﬁ €MKOCTH M, KaK OCHOBHBIX Xa-

PAKTCPUCTHUK SPTOAUIHOCTU IMMPOLCCCOB, PCIIATh CTOAIIYIO IEPC HAMU 3a1avy.
Mexc):[y ,I[HHaMPI‘-IeCKOfI CMKOCTBIO H() CUCTCMbI, U COOTBCTCTBYIOIIIUMU e INEPBUYHBIM IMOTCHIINAJIOM BO3-

HUKHOBEeHISI B BC, TOmMOJNIOTHYeCcKON TeMIiepaTypoil 1 N3MEHEHHUAMH 3apsI0B BO BPEMEHHU C WX TOIOJIOTHYE-
CKHUM COJIEp>KaHHEM, CYILIECTBYET OJHO3HAUYHAS B3aUMOCBA3h [22-25]:

ﬂ _ u,0U,
oF oF,

Ecnu ocHOBBIBATHECA Ha pa3pabaTbiBaeMoOl HAMU KOHLENLUH, TO M, = const (1I0Ka IIJIaHeTa 11ej1a), ¥ Torjaa Ui

(35)

OJTHOW (DOPMEI IBUKCHHUS

AE=E,-E,=—"" (36)
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T.C. JUHAMHNYCCKAasA CMKOCTb YUCJICHHO paBHA M3MCHCHUIO 3apsa Mpyu U3MCHCHHUU COIMPAKCHHOTO C HUM ITOTCH-
1

nyajaa Ha CAUHULLY. B 06IJ_ICM cjydac D() =— H I/IO =—, T.C. CO6CTB€HHa$I €MKOCTb CUCTCMBI O6paTHO npo-

0 0
NOPIHMOHATbHA €€ COMPOTHBICHUIO U OJHOBPEMEHHO C 3THM OOpPaTHO MPOIOPIMOHATIBHO M3MEHEHHMIO 3apsiia U
MpsIMO MTPONOPIMOHATBHO U3MEHEHHUIO MOTEHIMana, ero pocty. IloaToMy nuHamMuyeckas eMKOCTb CaMbIM TeEC-
HBIM 00pa3oM cBs3aHa ¢ MHpOpMAIHMEH, conepKalieiics B TOM WM HHOM 3Ha4YeHHH O0OOIIEHHOTO TepMOANHA-
MHUYECKOT0 IIOTEHILIaJIa, C TOUYKU 3PEHUS] YCTOHUUBOCTH CUCTEMBI.

B rereporenHoli cucreme, SBISAIOUICHCS HE M30JMPOBAHHON (OTKPBITON), Kiaccuueckas (OopMyJIHpOBKa
BTOPOT'O 3aKOHA TEPMOAWHAMUKHY OyneT uMeTh Buf [23 - 26]:

dS=d S+dS=0. (37)
Ecmu 3a cueT motoka deS HNU3MCHSCTCSA HOTOKdiS , TO CUCTCMA YCJIOKHACTCS, a €€ 061]13;{ OHTPOIIKUA OCTa-

eTCsl HEH3MCHHOII BO3Je HEKOTOPOTrO CpEeQHEro 3HaueHus. 31ech d,S B IIOJHOM COOTBETCTBUM C paboTaMu
VMOBa, €cTh OJHEpPrus, KOTOpas pacxoiyercs Ha (OPMUPOBAHHE HOBOW CTPYKTYPHI B CHCTEME
dS-dS=0- Sﬁ G,dG n xapakTepHu3yeT IEKTPOMArHUTHOE COCTOSIHHE IPE00pa3yIomeiicst CHCTEMBI.
G
Pasiuane MeX/y OTKDBITBIME M 3aKPBITBIMH CHCTEMAaMH HPOSBISETCs B WwieHe d,S , KOTOPBI Il OTKPBITHIX

CUCTEM YYUTBIBAET U3MEHEHUE DHTPOIINH, MPOUCXOASIIEe BCIEACTBUE OOMEHA ¢ BHEIIHEW Cpenoi »Heprued — uH-
(hopmarueit. Ho mouemy - To BO Beel IMyOIMKyeMOi JIMTEpaType HE pacCMaTPUBAETCS BOIIPOC O TOM, 4TO MH(pOpMa-

LIHOHHOE conepxaHue Q —SBG,Z dG wmnd,S , TecHO CBA3aHO C IPOLIECCAMU BHYTPH CUCTEMBL, T. €. C IPOLECCaMH
G
BXOJKJICHHS TTIOTOKa d,S B (hOpMHpOBaHHE MPOIEcCca YCIOKHEHHS UM HE YCIIOXKHEHHUS, CTPYKTYPBI B LIETIOM.

Kak n3BecTHO TpoIIecCHl, KOTOphIE MAlOT BKJIAA Bd,S , HA3bIBAIOT OOIIMM TEPMHHOM <IIOTOKaMH» U 000-
3HaJaroTcs J,, a BBI3BIBAIONINE UX NPHUYMHEI (OTKJIOHAIOUINE TEPMOTMHAMHYECKUE IIOTEHIIUANIBI OT PABHOBECHBIX

3HadyeHui) — kak X, . Cea3p mexay J, u X, , 3anmceiBaercs B Bujie heHOMEHONOrHYECKHX ypaBHeHuil OH3arepa.

Hnaue TOBOps, MOTOK [ -TO CBOMCTBA JIMHENHO 3aBHCHUT OT BCEX TCPMOANHAMHUYCCKUX CHUII, ﬂeﬁCTBYIOHlI/IX
B cucteMe. Eciiu B OTKpBITOﬁ CHUCTCMC COBCPIIACTCA U3MCHCHUC KaKOH-THu00 MNOACTPYKTYpPBI, TO Cp€aa CHUCTC-
MbI KaK 4aCTHu BC, HpOTHBOﬂeﬁCTByCT OTOMY U B PC3YJIbTATC BO3HHUKACT MU3MCHCHHUC B COOTHOLICHUU YaCTOT
B3aHMOHCﬁCTBYIOHIHX IMOTCHIONAJIOB IOACUCTEM, YTO IMNPUBOAUT K BBIACICHHUIO TCIJIa WM, MHA4YC T'OBOps, K
BO3HUKHOBEHHUIO 00JIee BHICOKOYACTOTHOTO MOJII KHHECTUYCCKOM OHEPrun CUCTCMBI. Ho mosiBnenune temna npu-
BOJUT K BO3PACTAHUIO SHTPOIHUU CUCTCMBI U TOI'’Id MOKHO 3aIllUCaTh BBIPA’KCHUC

das
T — =) JX., 38
& )-ox =

eciu T =const, xak WHTEpBal BpEMEHU
WU3MEHEHUI BHYTPU CUCTEMBI, TO

X, =—grad q,. (39)

rac Xi - JUHAMHYCCKHC CHWJIBbI, CBsJ3aHHBIC C
,Z[HHaMPI‘-IeCKOﬁ €MKOCTBI0O U JUHAMHUYCCKHUM
CONPOTHUBJICHUEM IUIAHCTBI, 4 B TOACTPOYHBIX
HHACKCAX YKa3bIBACTCd CHUMBOJI 3apdaa H
CHUMBOJI aprymMeHTa TOro HWIM HHOI'0 IIOTCH-
1Mana, nmpejacTaBlieHHbIe Ha puc. 1.

Wnaue roBopsi, MOTOK j-ro CBOMCTBa
JIMHEWHO 3aBHCHT OT BCEX TCpMOAHAMHNYC-
Puc.1. I'paduueckoe n3o0paxxeHne coaepKaHus thﬁn B Gopmye (5) CKHX CHII, ﬂeﬁCTBy}OHlHX B cucteme. Ha pI/IC.l.
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J — TepMoaMHAMUYECKHE TIOTOKH; X - TEPMOJAUHAMUYCCKHUE CHIIbI, KOTOPBIC OIPEICISII0T OOIIYI0 TepMOJIUHA-
MHUYECKYI0 EMKOCTh M CHCTEMBI (MaccChl) B Mpeiesiax e€ 1eJI0CTHOCTH.

Slapo maHeTH M BCE €€ CTPYKTYypHOE MOCTPOCHHE, XapaKTepHU3YIOIIeecs YaCTOTHBIMU COOTHOMIEHUSIMU COOT-
BETCTBYIOIIMX MOTEHIIUATIOB B UX TOMOJIOTHYECKUX (00BEMHO T€OMETPUYECKUX) MpECTaBlIeHUIX B cucteMe BC
TaJlaKTHKH- TUTAHETHI, B COOTBETCTBUU € (opMyIoit (3), U MOHMKAIOTCS TI0 Mepe yIAJICHHsI OT [IEHTPa MoJsipr3a-
UM 00bEMa TUTaHEeTHI:

H(fu.}u) > Hsuem.ﬂd > H.Maltmuﬂ > Hflumoaj}epa > Ham.wocd)epa > Hcmpamocd)epa > H.Mesacd)epa > Hox.se.rw.cpeda (40)
rac vBHyTp.HI[pO - TOIIOJIOTUYCCKAsA 4aCTOTAa BHYTPCHHETO SAJpa IJIaHCTHI; vBHeHI.HI[pO - TOIIOJIOTHYECCKaa 4aCToTa
BHCHIHETO AApa IUIaHCThI; vMaHTI/ISI - TOIIOJIOTHYECCKass 4aCcTOTa MaHTHH, Vnmocd)epa - TOIIOJIOTHYCCKaA JacToTa

autochepsr; V -TOTIOJIOTUYECKAsl YacTOTa aTMOc(epsr; -TOIIOJIOTNYECKasl YacToTa CTPaTo-

aTMocepa VCTpaTOC(bepa

chepsr; Viiesocdepa - TOTOTOTHYCCKAs 4acTOTa Me30CPEPB; VomonmaneT. cpeja “TOTIOOTHUECKAs YACTOTA OKOJIO

TJIAHETHOU CpeIbl.

MOXHO TIPECTaBUTh B YKPYITHEHHOM BHUJE CIICAYIOIIEe pacipesaciicHre 000OIEHHBIX TepMOIUHAMMIYE-
CKHMX TIOTCHIIMAJIOB (HAIpUMep, UIS TUIAHETHI 3eMJIsI) B COOTBETCTBHM C 3aKOHAMH COXPAaHCHHUS W COOTHO-
MIEHUSMHU Macc (TIOTEHITMAIOB), B TIOJITHOM COOTBETCTBUU C MaTEeMaTHUKOH 1ieneit Mapkosa [27]:

6OUWI. ZvlUﬂ. +vZUM +§3Uﬂum.+ v4Uam.+Z:6 (41)

mxaxUnpoq.

3necy V - omeparop ['aMHIIBTOHA, ONMPEAECIAIONIAI TO, YTO SHEPTHUsI B3AaMMOJIEHCTBUS PACIIPEIEISIETCS B COOT-
BETCTBUH CO 3HAKAMH BEKTOPOB B3aWMOJICHCTBHS T€X WM HMHBIX MMPOCTPAHCTB — CTPYKTYP, OTHOCSIIUXCA K TO-

MY WA HHOMY 0000ILIEHHOMY T€pMOANHAMUYECKOMY [OTEHIIHAIY; vUM — 0000I1IeHHBIH TEPMOANHAMUYECKUI
MOTEHIMAJI TUIAHETHI; vUﬂ‘ - 00001IEeHHBIN TEPMOIUHAMUYECKUI TOTECHIUAI SIPpa TJIAHETHI, vUM - 0000m1eH-
HBI TEPMOAMHAMHYECKHH MOTEHLIUANl CTPYKTYp MaHTHH, ﬁU/wm‘ - 00001IeHHBIH TePMOINHAMUYECKUN TIOTEH-
Uan CTPYKTyp JuTochepsl, anm‘— 0000IIEHHBIN TEPMOANHAMHYECKHH MOTEHIMAT CTPYKTYp arMocdepsl,

Z Y e Unpuq - 0000IIeHHBIN TEPMOTUHAMUYECKUH TOTEHIHAT MTPOYUX TOJCTPYKTYP.
Xox :

B 10 ke Bpemsl, JTOKaIbHBEIH 00beM KaKIO0T0 YKa3aHHOTO CTPYKTYpPHOTO YPOBHS, COTJIACHO IIKajie (2) HECeT B
ceOe ompeeCHHBIN LICHTD MOJSPHU3ALMK, CBA3aHHBIN ¢ TIIyOHHOM HOJIsSpU3anun (MIyOUHOW-YPOBHEM HAPYIICHHUS
PaBHOBECHOTO COCTOSIHUS CPeJbl COTHEUHOH cucteMbl) BC, 1 TOKaJIbHBIM IpaIueHTOM TOTEHIIAIOB, COOTBETCT-
BYIOIIIEM OMPEJICIICHHONW JacToTe mo mikaie (2). B mpeaenax 3Toro JokanbHOTO 00beMa MO Mepe YIaJeHHUsS OT
HEHTpa MOJISPHU3AINH YacTOTa B3AaUMOICHCTBUS JIOKAIbHbIX TIOTEHIINAIIOB TIOJYHHSAETCS TOMY K€ TIPABIITY: BBICO-
KOH 9acToTe COOTHOIICHUH TOTEHINAIOB MOACTPYKTYP JOKAIBFHOTO 00beMa BOJM3H JIOKATHHOTO IIEHTPA MOJIAPH-
3aIuH, KOTOpasi, Mo Mepe yAAJICHUS OT 3TOT0 JIOKAJIBHOTO LIEHTPa, yMEeHbIaeTcs. B To ke BpeMs TOmoJIoruueckoe
3HAUCHHUE TEeMIIEPaTyphl BCEW CUCTEMBI IJIAHETHI, KaK U I'PaJIUEHT MOTEHIUAIOB, ONPEICTUBIINI e¢ BO3SHUKHOBE-
HUE, B IIEJIOM OCTaeTcs OJM3KOH K TIOCTOSTHHOM BEJIMYMHE B COOTBETCTBUU C KOJIEOAHUAMYU 3HAYSHHUH HHTETPUPO-
BaHHOW SHTPONHH BO3JIC ONTUMAIBHOTO MMOCTOSHHOTO 3HaUCHHs. BHYTpU OTIEIHHOTO 00beMa B CBS3H C MaJICHU-
€M YacTOThl COOTHOIICHHN MEXIY €ro oOpa3yIolUMU MOTEHIIMAIaMI BO3HHKAIOT CHEIM(PUYHBIE CTPYKTYpPHBIC
(hopMHpOBaHUS B MMOITHOM COOTBETCTBHH C TEMH K€ CAMBIMU MPHHIIUATIAMA: TIEHTP MONSAPU3AIMN CPEIbl U PEAKITHS
3TOTO MOJISPU30BAHHOTO MPOCTPAHCTBA COOTBETCTBYET PEATbHON TeMIIepaType U aHU30TPOIHH Cpelbl. DTO MO-
ryT OBITh KaK s4eiiku beHapa, Tak ¥ COOTBETCTBYIOIIME PA3HOTO POJia MOJICKYISIpHBIC U TOJIOOHBIC (hOPMUPOBa-
HUSI B MAHTHH, CTPYKTYPHBIC (QOPMUPOBAHUS B KUIKO-TBEPIOW YACTH, CTPYKTYPHBIE MOJICKYIISIPHBIC, aTOMapHbIC
u npoure hopMHUpOBaHUs B nutochepe, u T.1. B BepxHUX COIX aTMOC(hepbl HAYMHAIOTCS TI0J[ BO3ICHCTBHEM W3-
nydenus ConHna u ['anakTUKK ¥ yMEHBLICHUEM MOJISPU3ALMOHHOTO UCXOAHOI0 MOTEHIINANA, MPOIECChHl AUCCO-
[UAINH, Paclafa COCTABJISIONIMX MOJICKYN U APYruX (GOPMHUPOBAHUM BEPXHHX CIIOEB aTMOC(hEphl U CTPATOCQEPHI,
Me3oc(hepbl Ha KOMIIOHEHTHI, XapakTepu3yeMble 0oiiee BHICOKUMH YaCTOTHBIMH COOTHONICHHSMH TOTEHIIMAIIOB
y>K€ HOBBIX LICHTPOB MOJISIPU3ALIMU B TTOJIHOM COOTBETCTBUU C ACHCTBUEM 3aKOHOB coxpaHeHusl. OQHAKO 3TOT
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MPOIECC MOXHO HAOIIOAATh U B APYTUX CJIOSAX IUIAHETHI, B BUJIC JIOKAJIHHBIX MPOIECCOB pacrajia Ha MCHBIIHE,
CTPYKTYpHBIE (POPMHPOBaHUs, coaepkalnie B cebe 0oiee BHICOKOYACTOTHBIE XapaKTePUCTUKW COOTHOIICHHWM TMO-
TEHINAJIOB OTACIBHBIX CTPYKTYP, HO HE CTPYKTYPBI U COOTBETCTBYIOIIHE 00BEMBI. IJisi CTPYKTYpBI B IICJIOM W3-
MEHEHHE YaCTOThl COOTHOLICHUH MOTEHIIUANOB, ONPEACIUBIINX CTPOCHUE KOMIICHCAIIMOHHBIX MIPOLECCOB MO OT-
HOIIIEHUIO K O0IIEeMY LIEHTPY OIS MOISPU3AIHOHHOTO COCTOSHHUS IJIAHEThI, 0CTAETCsl HEN3MEHHBIM.

[TepBUYHBIA UMITYTIBC, B COOTBETCTBUU ¢ (GopMyIioi (4), B pe3yiabTaTe KOTOPOro chopMHUpOBaIach Halla

ITaHeTa, MOJIIPU30Ball ONPENeNIeHHbIH 00beM V, Tomomoruyeckoro npocrpanctsa CONHEYHOH CHCTEMBL. JTOT
CHUMBOJI COOTBETCTBYET pa3Mepy o0beMa, BOBICUCHHOTO B CBSI3aHHBIC MOJIIPU3AIMOHHBIC TIPOIECCHI HITH, WHAYC
TOBOPS, 3TO 3JEMEHT MPOCTPAHCTBEHHO MMOMOOHON MPOTSIKEHHOCTH TOISPU30BAHHOTO IOAIIPOCTPAHCTBRA,
pu 00S3aTENBHOM BIIOKEHHH B HEro cMbicna Bpemenu T, u Temmeparypsl T Ha ocHOBe (U3HMKH ypaBHe-

Huit (3) — (9), a Takke PU3UUECKOrO CMbICIA SKCIIOHEHIIUAIBHO - TOMOJIOTMYSCKOTO OMUCAHHUS JJIMHBI BOJHBI
L,, xoropast 06paTHO IPONOPUUOHATIBHA €€ TOMOJIIOTHYECKOil yacToTe H, . Takum 00pa3oM, TeMrepaTypa BHYTPH

OTJIEIPHOM CHCTEMBI MOJISIPU30BAHHOTO MPOCTPAHCTBA OYAET paclpenensThCsl 0OpaTHO MPOIOPIUOHAIBHO Bpe-
MEHU MOJIAPU3ALMH STOTO MPOCTPAHCTBA:

T /T ). (42)

TonbKkO HAa OCHOBAaHWHM HW3JIOKEHHOTO MOYKHO OCTaBAaThCs B OOJACTH HEMHEWHOCTH W OTKPBHITOCTH (HE
3aMKHYTOCTH), T.€. HCCIIEJIOBAHUS OYAYT COOTBETCTBOBATh TOMY, UTO €CTh Ha CAMOM JIeJIe.

Bce ucropudeckue coObITHS 10 (HOPMUPOBAHUIO HBIHEIIHETO COCTOSIHUS TIAHETHI 3eMIIS MIPOUCXOIMIH B
mpejieax 3TOro IMOJIIPH30BAHHOTO MPOCTPAHCTBA OT OJHOM IT00aIbHON KaTacTpodbl (OHM(YPKAIMOHHOTO CO-
CTOSTHUS TIOACTPYKTYP CUCTEMBI TUTAHETHI) IO APYTOM W 3aTeM IOJI BO3IeHCTBHEM O0oJiee TIIOOAIBHBIX TOJIS-
PHU3allMOHHBIX COCTOSIHUN 00bEMOB, B COCTaB KOTOPBIX BXOJMJIA U BXOJUT IJIAHETa, MPOLECChl OudypKamuu mo-
JABJISIOTCS U TUIAHETA BBIXOJUT WM HE BBIXOIWUT HA HOBBIH YPOBEHBH CBOCH ABOJIIOIIUH TIOJ BO3ACHCTBUEM TIPO-
neccoB B ConHeuHO# cucteme H B I'anakTHKe.

CTpyKTypHhI TUIAHETHI: SIPO U €€ BHEIIHEEe AP0, MAHTUS U BEPXHSS YacTh MaHTUH, TUTOC(Epa, aTMochepa

¥ 1p. HOPMHUPOBATINCE, U3MEHSIINCH M U3MEHSIOTCS B 9TOM, YK€ IOJIAPH30BAHHOM IPOCTPAHCTBE V,, M B Hpe-
ZIelnax Kak onpezeleHHoro oobema BC, Tak u onpenenenHoro rpaauenta notennuanoB VU, no u VU, , He yuu-

ThIBATb U3JIOKCHHOC IMPU MPOTHO3C KaK CCHCMHMYCCKUX U MCTCOPOJJOTUYCCKUX, TAK U KIMMATHYICCKUX, COLUOIIO-
TUYECKUX U ITPOYHX C06I>ITI/II71, BC€ PAaBHO, YTO MCKATh AK€ HEC UT'0JIKY, a €€ HAKOHCYHHK, B CTOT'C CCHA.
HpI/I BO3HHMKHOBCHUU YKA3aHHBIX JUHAMHWYCCKHUX IIPOLCCCOB O606H.[eHHBIﬁ nmoreHouall 6yZ[€T HU3MCHATHCA,

YTO OTpeAeNAeTCs H3ITydeHHeM (OTTOKOM OT CHCTEMBI DJHTPOIIHNH), HO H HO}IBHCHI/ICM|AS | , KOTOpO€ MOKET OBITH

HAIpPaBJICHO Ha (OPMHUPOBAHUE HOBOH CTPYKTYPHI (YCIOKHEHHE) B paMKaX MPEKHEH CUCTEMBI, T.e. peaiu3a-
U0 TIpoIlecca IBOIONUHU. IMEHHO T03TOMY HEOOXO0IMMO MTOHUMAaHHUE CIEAYIOIIETO.

«DyHaMeHTaIbHbIe UccaenoBanus Cowmapaa u bpumosHa nokasand, 4TO YMEHBIICHHUE HEOIpeeleH-
HOCTH KOJMYECTBEHHO CBS3aHO ¢ 0OMeHOM 3HTpornuu. KonmyecTBo mepenaBaeMoll HHPOPMAIUH OTIPEIEIIIETCS
YMEHBIICHUEM HeoTpeaeneHHoCT» [24.¢.258]:

Al =-AH (43)

B ykazannoit padote roBoputcs: «OcHoBHas uzes llleHHOHa cOCTOsUIa B TOM, YTOOBI TIOCTPOCHHE ITOCIIC-
JIOBaTEIILHOCTH CHMBOJIOB U3 ajgaBuTa {A, g-1,2,..., /1} paccMaTpuBaTh KakK CIIyYaiHBIH MMPOIIECC, B KOTOPOM

Ka)K/Iblii CUMBOJI T€HEPHUPYETCS C BEPOATHOCTBLIO p,. B KauecTBe Mepbl HEONPEIEIECHHOCTH, YCTPaHAEMON IpU

peanusaruu Oyksbl A, IllenHoH BbIOpan BenumuuHy log pi_1 .[24.c.270] B cpenHeM KakIplii CUMBOJ yCTpaHsET

HEOIMPEACIICHHOCTD

A A
H=Y) plog L =->p,logp, (44)

i=1 i i=1

(ocHOBaHME JIOrapr(PMOB MOXKET OBITH BHIOPAHO MPOM3BOJIBHO). BesuunHa Ha3biBacTCs MHGOPMAIMOHHOW 3H-
Tponuel (MHOTIa MPOCTO HHGOpMALMEH HIH SHTPOIIHEH )».
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Penient IllerHOHa MOXXKHO C(HOPMYITHPOBATE CIIETYIOIIUM 00pa3oM:
«HpopManus Ha CHMBOIT = cpeHsS BeJTMYNHA HEOTPE/ICTICHHOCTH Ha CUMBOJI».
«HeompeaeneHHOCTD IJ1s1 CHCTEMBI € 71-TIOCTOSSHHBIMHE 110 11leHHOHY 3amaetcs popmysioii [23. ¢. 258]

H=pY plogp;, (45)
im1

o o -1
rac H —ecmn CpCAHCC 3HAYCHUC HCOIIPCACICHHOCTCHU OTACIbHBIX COCTOSIHUU lOg p; »

B 10 e BpeMs cucTeMa MOXKET HaXOAUTHCS B PABHOBECHOM COCTOSIHHM, KAKOE-TO OTPAaHUYCHHOE BpeMs,
MIOCJIC YeTo IO ICHCTBHEM IIPOIIeCcCOB (aBTOBOJHOBBIE Tpoliecchl bemoycoBa) B okpyxartormieit cpene (B BC) ee
SHTPONHSI MOKET TUOO YMEHBIIATHCS, JIMOO BO3PACTaTh, JIMOO KAaKOH-TO CBOCH YaCTHIO SHEPTHH, a 3HAYHUT U JH-
TpONuU (BHYTPEHHUIN OTTOK SHTPOIMHHU) OBITh «3aTpavyeHa» Ha (OPMHUPOBAHHE BHYTPU CeOsl HOBBIX BO3MOXKHO-
CTel TPOU3BOJICTBA WH(POPMAITMOHHOTO IMOTOKA U3 BHEITHEH CpPe/Ibl 32 CUST BO3HHUKHOBEHHST HOBOHM IOJICTPYK-
TYpBI C HOBBIMHU CBSI3sIMH (BHELIHUI 0TTOK 3HTponuu) ¢ BC. TeM caMbIM 0011ast SHTPOMHMS CUCTEMbI OyaeT oc-
TaBaThCS, BO3JIE KAKOHM - TO CpPeIlHEH BEIWYHMHBI, HO BCSI CUCTEMa YCIIOKHUIACh, Y Hee TOSBUIACh OOJbINast yC-
TOMYMUBOCTD B HEIMHEHHOM MUpE, OHA TOJTYYHJIa HOBbIE BOZMOKHOCTH COXPAHATHCS Ha ITyTH YBOJIOINH.

Kaxxmoe m3MeHeHrne HEOTIPEEIICHHOCTH CBA3aHO ¢ U3MEHEHHEM dHTPOIUH cUcTeMbl [23.¢.258]:

AS = k,AH |, (46)

rae, kg- mocrostnHas bosbiMana, a BemuunHa H BBIUKCIACTCS C MOMOIIBIO HATYPATbHBIX JTOTapr(MOB.
Ho Tak xak He KaXkias SHTPOIHUS CBs3aHa C mepemaveii mHpopMmanuu, B 00IIEM cliydae CHpPaBEIIHBO
HEPaBEHCTBO

-1
Al <kj'|AS]. (47)
DTO HEPABCHCTBO O3HAYAET, YTO Iepeaavya WHpopMaIMK BCeraa MeHblle (B eAMHUIIAX Kg )Iepeaadn SHTPOIHH.

Coneprxanne uHGOpMaImH, 3aKIoueHHO B AH 1 COOTBETCTBEHHO B AN , OyZIeT onpenensThCs rITyOMHON TOJIs-
PHY3aIMOHHOTO OpOoIEecca, MPUBEAIIECT0 K BOSHUKHOBEHUIO HOBOM CTPYKTYPHI U €€ TUHAMUKOU B OIPEACICHHOM
BpeMEHHOM HHTepBaie. [loaToMy, paccMaTpuBas JTFOOOH MPOIIECC B HAIIIEM MHUPE, MBI TOJDKHBI YIUTHIBATH ACUM-
METPHIO WM TOYHEE aCHMMETPUUYHYIO TOJISIPU3ANI0 KOHKPETHOTO MPOCTPAHCTBA, KOHKPETHOTO YPOBHS, a 3Ha-
YUT U, TaK HA3bIBAEMOT'0 CYNEPCUMMETPUYHOTO COCTOSHUS B 3TOM CTPYKTypHOM ypoBHEe BC. M3naraemsiii mos-
XO/J1 MO3BOJIAET O0BEAUHUTh TCOPHIO IOJIS B FHMI0O-, MErO- U MakKpoMupe («pa30pBaHHOE MPOCTPAHCTBO» - «TH-
puHr-Tononorusi» mo Kpony) ¢ Teopueit 06 acuMITOTHUECKO# CBOOOE («pe3nHOBAs IEHTa» 110 OOIICTIPUHSITON 1
pa3pabaTeiBaeMO¥, Tak HA3bIBAEMOH, «KIaCCHUYECKOM, (yHIaMEHTAIHHOW» METO/IOJIOTHH) B CYOMUKPOMUDPE.

Kax usBectHo, «IlleHHOHCKAs PHTPOMUS 3aBUCHUT TOJIBKO OT BEPOSITHOCTEH, C KOTOPHIMH CTOXAaCTUUCCKUU
HMCTOYHUK TIOPOXKIAET MCKOMYIO HH(OPMAITHIO, TTO3TOMY OHA SIBISICTCS CBOMCTBOM HCTOYHHKA COOOIICHUN W
XapaKTepu3yeT He OTAeNbHOE cooldmieHue» [24]. [Toatomy juis pelieHus: JaHHOM 3a/ladydl HEOOXOIUMO BBOJHUTH
BBICIIIME SHTPOIMHH, HCIIONB3YIONINE B Ka4eCTBE JICMEHTOB HE OTICIIBHBIC CTPYKTYPBI, a CTPYKTYpHl Oolee
BBICILIEIO MOPSIIKA WK PaHra r, ¢ KOTOPbIMU CBSI3aHa WJIH, B KOTOPYIO «BIIOJKEHA», HHTEPECYIOIas Hac HH(Op-
MaIys, 3aKJIIOYCHHAs] B OTOW cTpykType. Ilpm 3TOM B KadecTBe paHTa JO/DKHA OBITh MPUHATO 3HAUCHHE 71 B

dopmyrne (3), ¢ cooTBeTcTBYIOINUM KoMIUiekcoM cTpykTypsl VU .1 COOTBETCTBYIOIEE MHOXECTBO 3HAYCHHE

cmp

{h}, KaK xapakrepuctuka ypoBHs noispmzammu BC. Ilpu sTom HEoOxommmo eme pa3 MOTYEPKHYTh, YTO K

BBICHICMY paHI'y OTHOCATCH 0oJlee HU3KOYACTOTHEIC XapaKTCPUCTUKNU 0c000 HH3KOYACTOTHOIO Juaria3oHa cCo-
OTHOIICHUN TUHAMHYECKUX MOTCHIIHAI0B TMOJIAPU30BAHHBIX CPEA U MMOJACUCTEM B €IMHOM CHUCTEME.

Ecmm ucrounmk I/IH(l)OpMaLII/II/I (B HaIlel 3aJade 9TO, B 4aCTHOCTH, CHCTEMaA «ComHie — AAPO HHaHCTBI»)
CTallMOHAPCH U T'CHCPUPYCT 3ProANYUCCKYIO IMOCICAOBATCIBHOCTD MapKOBa (COOTHOH.ICHI/IC O606H.[€HHI:IX JHUHAa-
MHUYCCKUX HOTCHI_[I/IaJIOB) B OIIPCACIICHHOM KaCKaJI€ CIICKTPa B3aMMOCBA3aHHBIX YaCTOT 0c000 HHU3KOTO Jauaria-

30Ha, TO CTPABEINBO HEPABEHCTBO S <8y cyliecTByeT npenen [23 - 26,40]:

S=lim S =lim >~ = lim h, (48)

r—oo r—eo p r—o0

371ech BeIMUYMHA S IHTPOIHS HCTOUHKMKA HHGOPMALMK, KOTOPYIO B JanbHelmeM Oynem 0003Ha4aTh Kak S, b
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OG6o01IeHHE Ha CITy4Yail MAPKOBCKOTO HCTOYHHKA /71-TO TIOPSIKA HMEET CIIEAYIOLIHIl BU/T:

S =S, _ +(r-m)S, =S, ) (49)

Bugum, 4To 1718 aHAIM3a MapKOBCKOIO MCTOYHHKA M-TO IOPSAAKA JOCTATOYHO BBHIYKCIMTH SHTPOIUH IO
(m + 1)-ro mopsaka BKIIOYATEIHHO.

Ecau BMecTO BepOSATHOCTEH BOCIONIB30BATHCS OTHOCUTEIBHBIMU YaCTOTaAMU, BIOKCHHBIMU, KaK B UHTEpPE-
CYIONIYIO HAaC CTPYKTYPY, TaK U B BBICIIYIO TIO PaHTY, TO IOJIyYaTCs CICAYIONINE MOTUPUIIMPOBAHHBIC SHTPOIIHH:

r r r 1 r r
S,==> hlogh!” =log N' >——Nm D> NV logN,) (50)
rane N fnr) — abCOJTIOTHAS 9acTOTa m-TO COpPTa CTPYKTYPHI paHra ! B 3a1aHHO# OCTIe10BaTeILHOCTH:
N(f)
r)_""m (r) _ (r)
I _W’FHCN =D N{ (5D
(n)
2 _Ni
k( ) N(n)( )
n) n
N ,_ZN" , (52)
S= Z%x)logz (n(x)/N),
" 6,62
S = T In/.

Bnaucune | paccuuthiBaeTcst Ha ocHoBaHuu (31),(43),(46) u (48) U HaHHBIX CUCTEMBI LIUPOKOIOJIOCHOTO
rpaguenaTomerpa (III'M). B to xe Bpems: N !=Wen 5/n 5/ . 1 Heob6xomumo nmomunTs, uto VAH B (43);

BOT TOJIBKO B M3JI0KEHHBIC TIPEICTABICHUS, KOTOPBIC BEChMa JJOOPOCOBECTHO W TIHIATEIHHO U3ydan 3alu-
yeB [40], He0OXOAMMO BBOJUTH IPEACTAaBICHUS 00 MH(POPMAIIMU, COACPIKAIICH, KaK MCXOIHYIO IMOJSPH3ALINIO
BC, Tak u mocneayronryo 3BOONNI0 MOMSPU3AIMOHHBIX MTPOIECCOB 3TOM CHCTEMBI B IJIaHE JEHCTBUSA 3aKOHOB
coxpaHeHus. VIMEHHO TakoW TMOJXOJ MO3BOJSET MEPEHTH K TeopuH (hpakTasioB — (PpakTOHOB — (POHOHOB, KaK
MOJTIOOHBIM CTPYKTYypaM-00beMaM B PAaCCIOSHHBIX MPOCTPAHCTBAX B CAMOM ITUPOKOM JUAIa30HE YacTOT, B TOM
apcie 0c060 HU3KHX 4actoT (<107°TI), U COOTBETCTBYIOIINM KOHKPETHBIM BEIMYHHAM IPAIHCHTOB 0GOOIICHHBIX
JUHAMHYECKUX TIOTCHIIMAIIOB, 3aps/iOB, a TaKXe J3HTPONUIH, KaK OCHOBHBIX M Ha ONPEICICHHOM JTare
BITOJIHE JIOCTATOYHBIX JHHAMHUYECKHX XapaKTePUCTUK M3ydaeMmoro mpoiecca. MiHaue roBops, B JAuama3oHe, Ha-
npumMep, dactors! 10T He0OXOAUMO YUUTHIBATH H AHATH3HPOBATH OOBEMBI (CTPYKTYpPHI), HMEIOIIHE 0006-
HICHHBIC TUHAMUYECKUE MOTEHIUAIbI, KOY(OUIMEHTHI CBS3U M 000OIIEHHBIC 3apsbl, XapaKTepulyeMble dac-
TOTaMHM, KaK MCHBIIIEC IO’SFL{, TakK U OOJIbIIIE IO’SFL[.

3a KaxapIM 0000IIECHHBIM JTUHAMUYECKUM MOTECHIMATIOM M 3apsi/IoM HaJl0 MOHUMATh WH(POPMAIHIO O TOH
WIM UHOHM CTPYKTYpe, YTO MOXKHO TOJYYHTh, TOJHKO Ha OCHOBE aHANM3a (OPMHPOBAHUSI €€ TOJIOrpaMMbl (reo-
METPUYECKOTO WA TOYHEE, TOMOJIOTHUECKOTr0 00pa3a) U COOTBETCTBYIOIICH i JMHAMUKH 3BOJIOIUH, a 3HAYUT,
YYUTBIBATh MPOIIECCH B OKpYXaromiel cpeae. MHave roBopsi, MapKOBCKHE IIeTTH HEOOXOUMO HCIIOIB30BaTh, HO
NPY 3TOM HAJI0 YYHUTHIBATH (U3MUYECKHE MPOIECCHI, peallu3yeMble, B COOTBETCTBUH C JICHCTBUEM 3aKOHOB CO-
XpaHEHUs, B CpeJie, KOTOpasi aHAIM3HPYETCsA. A yXKe Ha OCHOBAaHMM OOBEKTHBHOTO aHAIM3a JAHHBIX CHUCTEMBI
IIII'M  CcOOTBETCTBYIONUX MAaTEMATHUECKUX IMPOTPAMM, CTPOHUTH IPOrpaMMy IS TIPOTHO3a PEaTbHBIX CO-
OBLITHI, B TOM YHCIIE B T€OANHAMHUKE, B DKOHOMUKE, B 0o0mIecTBe U T.1. [1,51,52]

OnHAaKO 3TO MOXHO OCYIIECTBISTh, €CIM CBOW JCHCTBUS, OCHOBBIBaTh Ha KO3 UIMEHTaxX CBs3aH-
HOCTH Y COOTBETCTBYIOIIHUX (PU3NYECCKUX KOHCTAHTAX, OMPEISISICMbIX HA CIWHBIX MPUHIUIIAX U B MaKCHMAallh-
HOH CTETICHH COOTBETCTBYIOIINX HEIMHEHHOH (DM3UKU MHUPA.
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5. YPOBEHbB ITOJISIPU3ALIMA BC KAK OIIPEJE/ISTIOLIASI BETHYAHA
COJEPKAHUA NTHOPOPMAILIMU B AHAJIMBUPYEMOU CUCTEME (OBBEME-MACCE)

®dusnveckre XapaKTePUCTUKH MPOIECCOB M3MydYeHHs, HabmogaemMbix B BC, 3aBUCAT OT BCEro KOMIUIEKCA B3au-
MOJCHCTBHI. DTO B KOPPEKTHOM BHIEC MOXKHO OTOOPAa3WUTh JUHAMHKON TPATUEHTOB MEXKAY ITOTCHITHAIAMH

CTPYKTYPBI Ucmp u cpensl BC U, B cootBercTBuu ¢ (3) u (4) u onpeneneHueM (GpU3MYECKOTO U TONOJIOTHYE-

CKOT'O COACPIKAHUA KO3(1)(1)I/II_II/ICHTOB 0, /] , k , 1 DOHTPOIIUU — ManI/ILIBIS , [IpA PAaCCMOTPCHUH B KAXKIOM CIIydac

KOHKPETHOHM AMHAMUKH B MX COOTHOIIEHHUSIX Ha OCHOBE JAHHBIX CHCTEMHOTO aHAIHM3a MPEIBIIYIIEro IMepHoaa
nporiecca, Haoronaemoro cucreMoit Mmountopusra (IIII'M). Ho 4to0sl 3T0 caenaTh, HEOOXOIUMO UCTIONH30BATh
(hM3HKY TOHATHI «KUHETUYECKasi SHEPTUS» H «MACChl» Ha M3JIaracMbIX TPUHIIMIIAX B COOTBETCTBUU C YPOBHEM
noJisapu3aii BC 00beMOB, a 3HaYUT U HHPOPMaLMel BOBICYCHHOM B 3TH MPOLIECCHI.

BsaumoneiicTBus 1000H CTPYKTYpBI (JII000H Macchl) MO M3JI0KEHHOMY MEXaHHU3MY XapaKTepU3yeTcs 3-
JyYEHUEM SHEPTUU CO CTPOrO OINPEACICHHBIMU YaCTOTAMH U JIMHAMH BOJIH, ONPEACIIIEMbIMU T'PATUCHTOM I10-

TEHLIUAJIOB BHYTPU CTPYKTYPHI VUcmp‘ u B okpyxkaromieir cpene VU | B OJIHOM COOTBETCTBHH € paboTaMu

cp.?
H.YwmoBa u W.IlouTpsaruHa. 9TO MOXKHO NPEJICTABUTH B TSPMUHOJOTHH TEPMOJUHAMHKH HEPABHOBECHBIX MPO-
11eccoB, 00abIIKMM (0000IIEHHBIM) TOTEHIINAIOM JIFO0OOH CHCTEMBI:

. oU
VU, =VX. V> 4 X (53)

Ha ocHoBe M31m0X€HHOTO, €IMHCTBO U JOCTOBEPHOCTHh HCCIIEAYEMBIX IIPOIIECCOB MOXHO OINHCATh C MTOMO-
IIBI0 TEH30PHOTO aHaJM3a ¥ TOMOJOTHYECKHUX IMapaMeTPOB COOTBETCTBYIomUX ceTelt [2]. [Ipu 3ToM HeoOXoau-
MO IMPHUBECTH OIHO, BechbMa cyliecTBeHHOe 3amedanue . Kpona u3 aHanuza pabotsl JJ.Makcsemna [2,3]: «Ilpu
YCTaHOBJICHWW ypaBHEHHH IBHKEHHS, MPEICTABIAIONINX MMOBEACHNE CETH MOXXHO MPEJCTaBHTh IBa BapuaHTa
OTKJIMKA CETH B COOTBETCTBHUH C ACHCTBHEM 3aKOHOB COXPAaHEHUS:

1) TOKM, mpoTekaronue B 3aMKHYThIX KOHTYpPaXx;

2) «pa3HOCTH MOTEHINAIOB» BO3HUKAIOIINE Ha Y3JIOBBIX Mapax.

MakxkcBemt, B cBoeil paboTe «DNEKTPUIECTBO U MarHeTusM» [3], pazpaboTan nBa yKa3zaHHBIX MOJIX0/a, HO
MOYEMY—TO HCIIONB3YeTCs] TOJIBKO MEPBBIA MeTol. MakcBell MPUHUMAET MOTEHIMAN y3Ja, KaKoii—nm1bo ceTH 3a
MOTEHIXAN OTCYETa WIH «IIOTSHIUAT» 3a36MJICHUS U BBIUYUCISET Pa3HOCTH TOTCHIMANIOB, BO3HUKAIOIINE MEX-
Iy OTHM y3JIOM M OCTAJbHBIMU y37IaMHu.... Kaxkaeiid THI ceTeil nMeeT crennpuieckoe «ypaBHEHHE TBUKCHUI»,
OIIMCBLIBAIOIICE OBSICHUE CETH» [2].

B T0 e Bpemsl, B COOTBETCTBHE C MPHHIUIIOM (DPAKTATBHOCTH MEXKIY Y3JIaMU PEaNTU3YOTCS IPUHIIMITBI TO0-
Ous XapakTepHbIE U1 JAaHHOTO BBIIEJICHHOTO MpocTpaHcTBa. [Ipy pemeHun 3aay CTOAMMX Nepes] HaMH,— 3TO
HaIlla TaJTaKTUKa, KaK [EHTpP «3a3eMJICHH», M HaIlla 3Be3/1a, U Hallla IJIAaHEeTa, KaK «y3JIbD» CO CBOUMH «y3JIaMM».

Hanmaue VUCP_ B CHJIy aHM30TPOIUHU CPeAbl MPHUBOANT K BOZHUKHOBEHHIO CUTYallMd KOMIIEHCAIIMOHHBIX

MIPOIIECCOB Yepe3 OM(YPKAIMOHHBIC COCTOSHUS M BO3HMKHOBEHHIO Ha TIEPBOM dTare (OPMHUPOBAHHS HOBBIX
CTPYKTYp, KaK «CTPaHHBIX aTTpakTopoB». Ho Ha mocnienyromiem 3tarne npu ASHCTBUH TIO0ATBHBIX T'PABHTAIHU-
OHHBIX IMOJIEH CTpaHHBIN aTTPaKTOp mpruodOperaeT 0ojiee KOHKPETHBIC I'PAHUIIB, T.C. TOABJSIOTCS MPU3HAKHA HO-
BOH CTpYKTYpBel — arTpakropa. HapylieHHOe paBHOBeCHE HCXOIHOH CTPYKTYpPhl BOCCTAHABIIMBACTCS IyTEM
OKOHYATEILHOTO (DOPMUPOBAHUS HOBOU CTPYKTYPHI.

[onspusoBannbie «00beMbl» BC, BIIOXKEHHBIC IPYr B Apyra, OTOOpa)KalOTCsA IO 3aKOHAM IMOAOOHS
(«(pakTamTbHOCTE») B OKpYyXaromei cpeme Oojee riryOokoro (0ojiee HHU3KOYACTOTHOTO) —IOJSIPU30BAHHOTO
ypoBHs BC, B 3aBUCUMOCTH OT BEKTOPHOT'O HAIPABJICHUS B3aUMOJICHCTBUS B BUJC Pa3IMYHOTO THIIA HWHBAPH-
AHTHBIX rOJ0rpaMM ()PAaKTOHOB U COOTBETCTBYIOIIMX (POHOHOB.[33,42,43,49-51]

PasnocTh moteHnmanop Hamero mupa ¥ CUM mpemomnpenenseT BO3HUKHOBCHHE MHOKECTBA BapHaHTOB
nono0usix kak VdivU,,, Tak uVrotU, . Ho Bce onu GyayT COOTBETCTBOBATh TI'DaUEHTAM OIPEIENCHHBIX I10-

teHuuanoB B CUM wu Bo Bceit cucteme BC. B To ke Bpemsi, 0IHOBPEMEHHO C 3TUM B KOMIUIEKCE JEHCTBUS 3aKO-
HOB COXpaHCHHS OYJIyT BO3HHKATh BCIEIACTBHE aHu30oTpormu BC pasHble TpaJueHTHl MMOTCHIIMATIOB MEXKITY
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KaKUM-THOO0 KOHKpeTHbIM 3HaueHuem divU, HZrotUl_n . B CUM. U yem Ooxee 3Ta pa3HOCTH NMOTEHIHAIIOB,

TeM OolblIee Mo MOJSIPU3AINH, TIOAMPOCTPAHCTB —V, BOBJIEKAETCS ¢ OOPATHBIM 3HAKOM B IIPOIECC KOMIIEHCA-
1uH. DTa JIOTUKA J0DKHA OBITh IPABOMEPHA, B TOM YHCJIE B OTHOIICHUU TOTO, YTO HA3BIBAEM NCEB00EEKIUO0E0

npocmpancmeom (E" ) v npocmpancmeo Pumana (R" ).

Ecnu BBeneM B aHAIM3 OTKPBITOCTH CHCTEM H, HPEXkK/e BCETO, X cBA3aHHOCTh ¢ CUM, TO Hamo BBOAUTH Me-
XaHU3MbI B3aUMOJICHCTBHI C 3TOH Cpeloil Ha OCHOBE 3aKOHOB HEJIMHEHHOW (DM3UKU M 3aKOHA COXpaHeHUs. Peup
UeT 0 mpeoOpa3oBaHuM JIFO00H CHCTEMBI B 00OJIee CIOKHYIO Ha OECKOHEYHOM ITyTH DBOJIIOIUH, 32 CUET COACpKa-
HUSI HAKOIUIEHHOTO MH(OPMAIMOHHOTO Oaraxxa, obecrieuuBacTcsi mepexoa B 0ojiee CIIOXKHOE CTPYKTYpHOE CO-
CTOSIHUE, C OONBITUMHI BO3MOXXHOCTSIMHU TPUHSATHS MPABUIBHBIX PEIICHUH I COXPAHEHHUS Ha OECKOHEYHOM ITyTH
pa3Butus. Ho mpornecc HachIeHHUs] CUCTEMbl HOBBIMU BO3MOXHOCTSIMU IIPOUCXOJUT MyTE€M MOTPYXKEHUSI €€ BO
Bce OoMbIIyI0 rIyOuHy nonspusaru BC, T.e. peanu3syercs B HallleM BUJUMOM MHPE MO 3KCIIOHEHIIHATBLHON TO-
MOJIOTUYECKON 3aBUCHMOCTH, Ha TIPUHITUIIAX MOHOJPOMHH, 3epKalIbHO 0TOOpakaeMoil 4epe3 0ToOpakeHre camy B
ce6st B CUM 110 3KCIIOHCHIIMATBHBIM TOMOJOTHYSCKUM POCTPAHCTBAM, HO C OOpaTHBIM 3HAKOM.

B TononoruueckomM moHMMaHuy Haubosee OJU3KUM K HCTUHHOMY SIBIISTFOTCSI U3BECTHBIC TTOHSTHUS O CEIIIC —

~ s/
y3ne win o cemne. Cemno-y3en Heycroituus no JlsmynoBy. Eciu matpuna A = £°(X,) # 0, To ocobas Touka X,
(IeHTp MONAPU3AIUHN TTPOCTPAHCTBA— 00HEMA MATPHIIBI) JOJDKHA OBITH IS CUCTEMBI OJIM3KUM K BapHaHTY ceja-
y3J1a U [IPA 3TOM COOCTBEHHbIE 3HAYeHUs A, A,...A Marpuupbl A IOJKHBI YIOBIETBOPSTH CIEAYIOLIUM yCIIO-

Busm: a) A <0#A; O)A >A,>..A .=0

B mobom 13 3THX cioydaeB TOYKa Xy MOXKET OBITh JJISi CHCTEMBI TAK)K€ CEJIOM WM y3JIOM WM TOYKOM
uHOTO Tumna. Ecnu ke oHa SBISIETCS CEeayio-y3jJOM, TO JJIS HEe BCE MPUMBIKAIOIIUE K Xy MONY — TPACKTOPUHU
(T.€. TO, UYTO MBI HAOJIFOJJaeM B HallleM BUIUMOM, OapruoHHOM Mupe). CHCTEMBI KacaloTCsl B 3TOH TOYKE HaIpaB-
JICHHH, OTPEeieMBbIX COOCTBEHHBIMH BEKTOpaMHU MaTpHIbl. Mconp3ys HCTOpUYECKH pa3BHBaeMble yKa3aH-
HBIC TIPE/ICTABICHUS Ha OCHOBE JIOCTHKCHHI peatbHON (PU3UKU OBLIO OMpEeNeHO, YTO IIEHTPOM (GopMHpOBa-
HU JTI000H CTPYKTYyphl HAOJMIOAAEMOTO MHpa SBISCTCS JIOKAJIbHBIN MO OTHOIICHUIO K ONpECIICHHOW cpeie
IIEHTP TOJIAPU3AIMK 3TOH Cpeasl B COOTBETCTBHM C (PyHIaMeHTaIbHBIM ypaBHeHHEeM Bracopa (12) B KoTOpoM
K(r,r") — sapo, BeIpaxaromue co0oii MOTHYI0 U TOYHYIO SHEPIHIO B3aMMOJIEHCTBHSA, a HHTETPAIHS TIPOBOIUTCS

10 BCEM PACCTOSHUAM; FH I - IIPOCTPAHCTBEHHBIE KOOPIMHATHI B3aHMOJEHCTBHS A/pa C OKpYy’Kalomei cpe-
JOH. DTO ypaBHEHHE IOCIY>KUIO OCHOBOH AJs pa3pabOTKU TEOPUM TPABUTALIMU U COOTBETCTBYIOIIEIO LIEIOr0
psiza ypaBHEHMH, OIpPENeNAIOIIUX METOIbl ONUCAHUS I'€OANHAMUYECKHUX MIPOIIECCOB, 0€3 KakuxX J100 IOCTya-
TOB U jgonmymeHuil. B ypaBHenue (12) BBOAMM MaTeMaTHKy TOIOJOTHMH B3aUMOJECHCTBMH MOJISPHU30BaHHOTO
NPOCTPAHCTBA IUIAHETHI U ee MoJsipu30BaHHBIX B BC CcTpyKTYp, B BUIE, COOTBETCTBYIOIIEM 00Opa3oM CBA3aHHBIX
Matpwuil, mo H.YmoBy, A.Mapkogy, I".Kpony, JL.Iloatpsruny u WU.Ipuroxuny (3to ypaBuenus (4) u (5)).

Ho Tak xak MaremaTnieckoe OMUCAHNE HEIMHEHHBIX MPOLECCOB B OKPY’KAIOIIEM HAac MUpe TpeOyeT BBe-
JICHHE TPUHIUIIOB TOMOJIOTHH, TO BBOJUM B MaTpUIIbl, ONpeAenseMble ypaBHeHHEM (12), IpUHIUIBI SAEPHOTO
HOPMHMPOBAaHHOI'O IPOCTPAHCTBA, TaK KAK peajlbHOE MPOCTPAHCTBO HalIeH IUIAHETHl U €€ IeOMHAMHUKH, KOHEU-
HOMEPHO BO B3aMMOCBSI3aHHOCTH IOJIIPU30BaHHBIX, BJIOXKEHHBIX JIpYT B Apyra, IpocTpaHcTB. Takue mpocTpas-
CTBa 00JIaIAI0T CBOWCTBOM amNpOKCUMAaluu. A 3TO 3HAYMT, YTO JIFOOOH HENpEepBIBHBIA JHMHEHHBIN OnepaTop B
TaKOM IPOCTPAHCTBE MOXHO NPUOJIN3UTH B ONEPATOPHOI TOIOJOTMM K IPEAKOMIIAKTHOW CXOAMMOCTH Ollepa-
TOpaMH KOHEYHOTO paHra (T.e. HEIpPEePHIBHBIMH JTUHEHHBIMHA OTIEpAaTOpPaMH ¢ KOHEYHOMEPHBIMH 0Opa3amu). B
9TOM HIPOCTPAHCTBE BCE JIMHEHHBIE HEMPEephIBHBIE OTOOPaKEHUS! B Kax1oe 0aHaxoBO, MMOJHOE HOPMHPOBAHHOE
BEKTOPHOE, MIPOCTPAHCTBO SABJSAIOTCS SIIEPHBIMU onepaTtopamu. [Ipu 3TOM Ha OCHOBAaHMHU PE3yJBTATOB UCCIENO-
BaHUH NpEJCTaBICHHBIX (OpMyJI ObllIa BbIsIBIEHA HEOOXOAMMOCTh HCIIOJIb30BaHUS KaK SIIEPHOM, TaK U 3KCIIO-
HEHLMAJIBHON TOIOJIOIUU B COUETAHUU C YBEJIMUYEHHUEM I'€OMETPUUECKUX PACCTOSHUM OT LIEHTpa U YMEHBLICHU-
€M coJepKaHUl KHHETUYECKOH SHEPTHH 3TUX F€OMETPHIA, B COOTBETCTBUH € (OPMYJIOH KHHETUYECKOH BHep-

mmn: dU, =dV, ® [V, U, dT(V).

OnHOBPEMEHHO C KOHEYHO MEPHBIM CIIydaeM HaJ0 MCIOJb30BaTh U Moaeisix ¢opmyi (30) u (33) nokanb-
HBIE MOJEIH C Ha0OpPOM CTPYKTYpHBIX myukoB ®(N) (B 0aHaXO0BOM MPOCTpaHCTBE B — mpocTpaHCTBO IMIaHETHI,
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a B BapuaoHHOM cMbicie — N). OTkpeiToe MHOXKeCTBO B mpocTtpancTBe B n ©(I') onpexensiercs, kak dakTop
My4YKa POCTKOB aHAJMTUYCCKHUX OTOOpakeHHH mnoTeHnuajioB U— I' pPOCTKOB IO MydYKy OTOOpakeHHUH BHIA

x—@(x)f(x), tne ¢ Hom(U,,I') — nokansHOe aHamutHdyeckoe otobpaxenue, a O(N) & O(I') nopoxknaercss oTo-

OpaXeHUsIMH, IPUHUMAIOIIMMH 3HadeHus B N. M31mokeHHOE TIEPEBOAMT MPOIIECC K OMUCHIBAEMOMY Kak 0aHaXOBO
aHAJIMTUYECKOE MHOT000pasue, T.€. JTOKaTbHO N30MOP(HOE OTKPBITOE MOIMHOKECTBAM 0aHAXOBBIX MPOCTPAHCTB.
B cooTBeTCTBUY C 3KCITOHEHIIMALHOMN TOITOJIOTHEH 00pa3yroTCs MHOYKECTBA BHIA

Eepr:KCUUI.&EHUi #@D,i=1,....n (54)
1

rae, E, B coorBercTBuM ¢ hopmynoiit Biacosa (12) u ero 0003HaYeHUSIMHU, Ha OCHOBAaHUHU HMCCJICIOBAHUI aBTOpa
CTaThH, SBJSICTCS IICHTPOM TOJISIPU3AlMU U MOXKET OBITh OIpejesicHa, kKak Touka expU;, COOTBETCTBYIOMIAs NaH-
HOMY 3aMKHyTOMY MHOKecTBY K C Un. ¢ OTKpPBITHIME TTOJIMHOKECTBAMH.

N3 anamuza puc. 1 u popmyin (4) - (6) ciemyer, 9To MOHATHS ToOMeoMOop(dur3Ma U OTpaKeHUsS BITOJIHE TIpa-
BOMEPHO HCIOJIF30BaTh MPH HUCCIEIOBAHUH CUCTEM, CTPYKTYD, M MOACTPYKTYp OKpy»karomiero Hac mupa. [lpu-
YeM €CTh OJTHO BEChMa Ba)XKHOE OOCTOSTENLCTBO, BHITEKAOIIEE M3 TEOPUHU KaTacTpod ApHoabaa o0 oToOpaxke-
HHAH B 0COOEHHOCTAX YUTHH. [53]

I'panueHTHBIE OTOOpAXKEHHS TIEPEXO/IAT B HOPMAIILHBIE B TOYKE IIEHTPA MOJISPU3AIIH TIPH OTIPEICIICHHBIX

YCIIOBHSX. 3/1€Ch HAJI0 IOMHUTh O (pHU3HKE IIKalbI (2), T.C. diVU0 MaTpuisl ( AS ) HalleH IIaHEeTHI ABIAETCS OJl-

HuM u3 rot U, matpumel AS, ctpykTypsl ComHedHO# cuctembl. Takum 00pa3oM, OTydaeM BO3MOXKHOCTB HC-

MOJIL30BAaHUS TEOPUU CUMIUICKTHYECKUX TPOCTPAHCTB, B TOM YHCJIE WX U30MOP(PHOCTH, AJIS BBOJIA B aHAIIU3 UC-
CJIeTyeMBIX TIPOIIECCOB OTpaxKeHUs depe3 oudypkaruonHoe cocrossarue B CUM 1 MOJaBICHUS 3TOTO COCTOSIHUS
Oosee MI0OATEHBIMHU MOJISIPU3OBAHHBIMU MOJISIMH JTH, B HAIllEM [TOHUMaHHH, 0ojiee TIO0ATbHBIMA TPaBUTAITU-
OHHBIMH TOJIsIMH. OTHOBPEMEHHO C 3THUM MPH aHAIHM3E I'e0IMHAMHUYCCKHUX MPOIECCOB HA/IO YUYUTHIBATH MEXAHU3-
MBI MOHOJIPAMHH, KOTOPBIC MPEAONPEICIIIIOT B3aUMHO-0JHO3HAYHOE M B3aUMHO-HENPEPBIBHOE OTOOpaKCHHE
MHOT000pasust Ha caMoro ceds1. M 3To oToOpaskeHne—He TOXIeCTBEHHOE npeobdpa3zoBanre. OHO MOXKET Pean3o-
BBIBATKLCS MPH Nporieccax OudypKaimy gepe3 MoCpeCTBO OTIACIbHBIX JOKAIBHBIX IEHTPOB TMOJISIPH3AIUH. JTH
TOYKH, KaK TPABUIIO, MIPUHAUICKAT HE TOJIBKO MPOCTPAHCTBY IUIAHETHI, a TPOCTPAHCTBY, B KOTOPOE TOT WIIH
WHOW 00pa3 MOXKET OTPa3sHuThCA 3epKajdbHO. Ho BXOXKIeHHE B cUCTeMy OMQYpKaluu, 3a KOTOPOW BO3HHKACT
yKa3aHHBIM MEXaHU3M, TpeOyeT, OMHOBPEMEHHOE BXOK/IEHHE B COCTOSHNE OM(pypKaIi HECKOJIBKUX N TIOYTH
BCEX CTPYKTYPHBIX YPOBHEH OTOOpaskaeMoil CHUCTEMBI, OCOOCHHO YYHTHIBAas aHU3OTPOIHIO CPEIbI, B KOTOPYIO
MIPOUCXOUT OTPAKEHUE.

OCHOBBIBasICh Ha MIPHUBEJICHHBIX PE3yJIbTaTax MCCIEIOBAHHA, MOXKHO CHETaTh BBIBOJI, YTO KaXKIBIH HOBBIN
o6beM B dopmymax (17) u (18) OymeT xapaKTepH30BaThCS COOTBETCTBYIOIIMM JHEPTETUUCCKAM COJIEP KaHUEM
(vH(POPMALIMOHHBIMH BO3MOXHOCTSIMHU), MHOTOBAPUAHTHOCTHIO B3aUMOJICHCTBUM 110 MPSIMBIM M OOpaTHBIM CBS-
35IM C OKPY’KaIOIIeH Cpeioi U CTPYKTypaMu BHYTPU CHCTEMBI B 3aBUCHMOCTH OT XapaKTEPUCTUK IIEHTpa TOs-
pusarun npoctpanctsa BC, B KOTOPOM OH BO3HUK BCIIECTBHUE JEHCTBHS 3aKOHOB COXPAHEHHS.

VuureiBas 10, uto VU BelnunHa MOCTOSHHAS IS BCEM CUCTEMBI, B KOTOPYIO BXOAUT KaKas-Iubo0 aHaju-
3upyemMas MOJCUCTEMa, U BECh ATOT KOMIUIEKC BXOJHUT B CUCTEMY IMOJIIPU30BAaHHOTO mpocTpancTBa BC eciu Mbr
BEJIEM peub O 1IEJI0M, eIMHON, HE Pa3pyIIEHHON CUCTEME U TOJCUCTEM B HEE€ BXOJMIIMX B OMNPEACIEHHOM HH-
TepBajie BPEMEHH, TO HaJl0 Ha KaKIO0M dTare BBOAUTh monpasku Ha gradU = const . HO IMEHHO 1MO3TOMY IPO-

CTPAaHCTBO, C(l)OpMI/IpOBaHHoe OTUM T'paUCHTOM 6yZ[CT CTPOTro pacCIOCHHBIM HUMITYJIbCAMU B COOTBCTCTBHUU C
(3 fom,
n

Zrot Un . Imenno 34€Ch Ha6J'IIOI[aeTC$I pe3yabTart ﬂeﬁCTBHH OCHOBHOT'O 3aKOHa COXpaHCHUS B HECJIMHCHHOM

n
OTKPBITON CHCTEME: MEPEeX0]l CUCTEMBI OT OAHOH (YOPMBI CTPYKTYPHOTO cojiepKaHus K 6ojiee CI0XKHOM, HMeIoLIe
OoJibIlIee KOJIMYECTBO CBSI3EH C BHEITHUMH MUPOM M [TO3TOMY oOJajiaronier 0ombiel BepoSsTHOCTBIO YCTOHYHBOCTH.

wii B ¢opmyine (5) B COOTBETCTBUM C HMITYJIbCAMHU:

COOTHOLICHUAMHU B opmyiie J-V
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Ho Toraa paccTostHue B 5TOM IIPOCTPAHCTBE, KOTOpbie 0603HayaeM, kak L wmm, kak L, , nomkHo omuckiBaThes SKC-
MTOHCHITUAIBHOMN TOTOJIOTHEH, TaK KaK €€ COJCPIKaHUE OMPE/ICIIICTCS MOISIPU30BaHHBIMU 00bEMaMHU Pa3TUIHbIX
TEOMETPHUYECKUX (DOPM C MX KOHKPETHBIMUA KOMIUIEKCAMHU YaCTOT Hnan, B JUHAMUKE 3aTyXaIOIIUX COOTHOLICHUMN

KHMHETUYECKON PHEPTHH HCCIIEeyeMON CHUCTEMBI B TPOIleCCax PKPAHWPOBAHUSA W aHTHUIKPAHUPOBAHUS B BHUJE
BEChMa PA3INYHBIX [0 TEOMETPHUU U 00BEMaM MOJISIPHU30BAHHBIX IPOCTPAHCTB 110 OTHOIIECHHUIO K IEHTPY MOJISPH-
3anuu Beeit mianeTsl, Tak Kak VU ocraercs mocrosuuoi. IIpu 3ToM HEOOXOAUMOCTh UCIOIBE30BAHMSA KCIIOHEH-
UATBFHOU TOIMOJIOIMU MPOSIBISETCS B COOTBETCTBYIOUIEM MOHIKEHUHM YaCTOTHBIX XAPAKTEPUCTUK MOTEHIIUATIOB
CTPYKTYPHBIX (POPMUPOBAHUI 1O Mepe YAaJIeHUs OT [EHTPa MOJIPU3alluK aHATU3UPYEMOro 00beMa, HO B IEJIOM
WHTErpajibHas cymma 3tux 4dactor, kak u VU, Hamepen 3amaHbl MEPBUYHON MOJAPU3AILMEN, ONpPEAEIUBLIEN
(hopMHpOBaHUE aHATU3UPYEMON CUCTEMBI.

[Moaromy npu HekoTopoMm VU € VU,, muHaMuueckasi CUCTeMa MPOSBISET XaOTUYECKUE CBONCTBA M B I10-
CIIETYIOIEM B Pa3HOH CTENECHHM pean3yeT B ceOe KOMIIEHCAIIMOHHBIE MPOLECCHl. DTH KOMIICHCAIIMOHHBIC, T.C.
BEJIOMBIC npoueccerot ||Ui||, XapaKTepU3yloTcs yacToTamMu B auamnaszone 10° — 10° Tl B COOTBETCTBYIOT

1
BCEMY KOMIUIEKCY TeoanHaMUKH. HampaBieHus GpopMHpOBaHMN YKa3aHHOTO KOMILIEKCA IMOTCHIUAIOB ONpee-
JISIETCS IO U3MEHEHUIO0 OPUEHTALUN COOTBETCTBYIOIIMX KaHANoB cucteMbl LTI M.

Paccrosiaue 1o ouara HOBBIX ()OPMHUPOBAHUI ONPENENseTCs 10 JUIMHAM TOJISIPU30BAHHBIX BOJIH U B COOT-

BETCTBYIOIIEM YACTOTHOM AHMANa30He, Haxojdmemcs B mpegenax >10°—107Tm ¢ yderom Toro, uto rpaHuia

6yL[yLuero (bOKyca COOBITHA HAaYHHAET (bOpMI/IpOBaTBCH Ha rpaHULC «MaHTUA — HI/ITOC(l)epa», B IIOJIHOM COOTBET-
n+l

CTBHH C Z[HHaMHKOﬁ SAYCCK BHHapa B MaHTHUHU U OTO6pa)KeHI/I€M 1o BapTI/IHI/I B BHJC, HOI[O6HOM X, = z aiT.X:{F
T=1

Torna, npu Bcex NEHCTBUTENBHEIX a; F , yHUTAPHOE NIPE0OPa30BaHKE C KOOPAMHATAMH &; . OyJET BBINTIAICTh KaK

g.(3i6)=Da " =Y agtag(,T=1,2. ., n+l) (55)
£ F

rae (0; 5#) B IOJIHOM COOTBETCTBUHU C (34) M ABJISETCA OPTOrOHANBHEIM, Tak Kak det d;¢ =%1. CrregoBaTensHo,

3TO MpeoOpa3oBaHUe MpeACTaBisieT co00i BpallleHUEe MM WHBEPCUOHHEIN MMOBOPOT C BBEJCHUEM B IPOTPaMMBI
pacyeToB TEOPEMBI KOCUHYCOB JJIsl ONPEACIICHUS YCIOBHBIX KOOPAUHAT U MOCTPOCHUS TOMOJIOTHUU TOJIOTPAMMBEI,
C YUETOM OTOOpaXEHUS ITHX MPOIIECCOB B IIEHTP mosipu3anuu mianetsl (Leatp macc) u 8 CUM.

B (55) F - Ttemmeparypa IOISIPU30BAHHOTO MPOCTPAHCTBA OMPEHEIAETCS TEOMETPHUSCKUMH  (TOTIOJIOTH-
YeCKMMM) XapaKTepUCTUKAMHU 3TOTO MPOCTPaHCTBA 3a BpeMs 1 , T.e. ueM Goswmmii pasmep L o6bema, BoBie-
YEeHHOTO B OTH CBSI3aHHBIC IMOJIIPU3AIMOHHBIE MPOIECCH, TEM MEHBIIE YacTOTa B3aMMOJAEWUCTBYIOIINX TOTEH-
nuanoB. CaMo BO3HHMKHOBEHHE siueek beHapa, Kak u Tpacc mepeMelIeHU TUIaHKTOHA, SBISIOTCS JYYIIUM MO-
TBEPXKICHUEM CKa3aHHOTO.

Ho, co BcTymieHHEM BO B3aUMOJIEHCTBIE MHOXKECTB aHU30TPOITHOTO NipocTpancTBa BC Ha ypoBHe, Tiy0xke

nOoTCHIHaJia UO , TCOMCTPUA ITUX MHOFOO6pa3I/If/’I OIpeACIACTCA yCTaHOBHCHHOﬁ B HHUX MCTpHKOﬁ, HBMepHCMOﬁ

WHTEPBAJOM, a TIPOIe - B BHUAE KBaapaTHYHOU (GopMbl Mo bapTwHH, HO B CTPOTO OMpEAETICHHOM HHTEpBaJe
BpPEMECHU:

A= ) g AXAT G, F =120, (56)
iT

DTOT MHTEPBAJl 3aBHCHUT, KaK OT QYHKIIMU KOOPJIHHAT &,  ,TAaK U OT (yHKIMM UYKCIIa HE3aBUCHMBIX Tapa-

metpoB @,.. B popmynax (55), (30), (33) u (34), cBA3aHHBIX, KaK ¢ CYyOCTPYKTYPHBIM ypoBHEM momsipuzanuu BC,
BIUIOTh J0 YPOBHSI IIPOLIECCOB «aCUMIITOTHYECKOH cBOOOABI» U ganee ¢ CUM, Tak U ¢ MEracTpyKTypHBIM YpOB-
HeM CoHedHOH U ['aJakTHIecKoi CUCTEM | T.J. IT0 UX MErareoMeTPHIM.

ITotoxk |le> B BUJIE |diVUi> NpUMEHHUTENBHO K (popmyrie BiacoBa (12) BeI3bIBacT peakimio, BCICICTBHE

JEHCTBUSI 3aKOHOB COXPAaHEHNUS, B CTPYKTypax IUIaHETH, B BUAe ON(ypKaIMOHHBIX MIPOIIECCOB COOTBETCTBYIOMINX
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t 19
{VU, }. MHoxecTBa 0oJHONapaMeTPUUYECKHX IpeoOpa3oBaHuil mpocTpaHcTBa B B cebd OyayT Takue, UTO

VUnTlJrT2 = VUnT1 o VUnT2 = VUnT2 ° VUnT1 JUTSL JTEOOBIX T1 u T2 rue T1 u Tz— BpeMeHHbIe HHTepBaiibl. U
nanee Bc U, ; VU Z BcB win T=0 rue, B - samsikanue B; AU nT— mddepeHmpyeMoe 0ToOpakeHue
KOHEYHOMEPHOT0 MHOTroo0pasus (B,S). DTot ke moaxon cupaseanuB u 1t cucremsl U, & U, Ilpu HekoTo-
pom VU;€ VU, nuHamMu4ecKas CHCTEMa IMPOSBISIET XaOoTHYECKHE cBoricTBa. CumMTas aTTpakTop, Kak ompene-
JICHHYIO «IEJIb» SBOJIOLUH (YCIOXKHEHHUSI CUCTEMBI), pealu3yeMol MEPEX0A0M OT MPOCTHIX K CIOKHBIM CTPYK-
TypaMm, OyaeM MMeTh Bcernma Hekyio obnacte B (VU,), kak 00jacTh NMPUTSHKEHUS (TOTJIOIIEHUS) aTTpakTopa
VU,, a artpaktop VU, B CBOI0O odepenp SBIAETCS 007aCTbIO MPUTSDKEHUS (TIOTITIOMIEHHS) aTTPaKTOPOB — TO-

T
MHO>XECTBaA VU,'. B cBs3u ¢ 3THM MHOKECTBO ﬂ VUn B HasnBaeTcs MakcuMaJIbHBIM aTTPpaKTOPOM B IIOI'JIO-
F>0

miaroreit odnactu B(VU,,), rae VU, - TepMOAMHAMUYECKUI 000OIIEHHBIH MOTSHIIMAN sapa IiaHeTsl. VU nT ,B

T
u {VU, } xapakrepusyloT oToOpaxkeHUE CIOBHTa, (pa30BOE MPOCTPAHCTBO U IMHAMUUYECKYIO CHCTEMY C T€MU

CBOWCTBaMHU, KOTOPbIE COOTBETCTBYIOT BBIIICH3JIOKEHHOMY aHainu3y. PaccmarpuBaeMoe IPOCTPAaHCTBO HMEET
mepy {B,K,u}, rze, E - c-anredpa nogmuoxxects VU; u L - Mepa onpejeneHHas Ha £ - HHBapUaHTHas Mepa

T -l .
OTHOCHTENBHO MpeodpasoBanus VU  , ecan u(6,)= n(V U, 6,) nns nmoboit 6, E, e 6, — TepMoIMHAMUYE-
CKas eMKOCTh, KaK aHajor MH(MOPMAIMOHHONH €MKOCTH, a £ CBS3aHO ¢ MHOXKECTBOM IICHTPOB IMOJISIPU3AIIdU I10
¢dopmyne Bracosa (12).
B nanHOM citydae {T}I/IMGCT JCKpeTHbI ps 3uauernii 1 € 7 ,F=E, 10 {VU"}, uro COOTBETCTBYET JIH-

HAMHYECKOH CHCTEME C JMCKPETHBIM BpeMeHeM min otobpaxkenueMm dopmyn (54) u (55). Ecau ke T > 0, To

; —
obnacts {VU n}c vu i} MOTJIOMIAOIIAs], TAK KaK {VU " }C 4 " }. rne U, sampikanue U, , kak u U; - 3a-
MblkaHue 171 U; B ycinoBusx OJIM3KUX XaoCy AMHAMHYECKasi CHCTeMa — YPE3BbIYaifHO UyBCTBUTEIbHA K BHELI-
HuM BosgeiicTBusaM (W . ,) 9TO IpuU ompeneNeHHBIX IeTePMHHUPOBAHHBIX YCIOBUSX HPUBOJHUT K IIOCIELOBA-

T
TCJIIBHOCTH aBTOHOMHBIX aKTOB CaMOOpraHu3alMl KaKk B MHOXECTBE VUn , TaK U B IIOAMHO>XKCCTBC VUI .U

-3 -5
HUMCHHO 3TOT IIPOLECC Ha6J'IIOZ[a€M MO0 OTHOLICHUIO K JUAIIa30HY YaCTOT 107 - 10 FLI, KOTOPpOMY COOTBCTCTBY-

10T (opMHupOBaHHS Zrot U i Il ¢ Tomonormueckum mapamerpom r;. locneanuii OTHOCHTCS K 30HE IPaHHLL
J
«aurochepsl — aTMochepbl», TH00 «IuTochepsl — OKeaHHUYECKas cpena — atMocdepa», 1 0TOOpakaeT MPOLIECCHI
nonsipu3aruu BC 1utaHeThl HOBBIMU CTPYKTYPHBIMHA OOpa30BaHHMSMH BO BCEM KOMIUICKCE KOMIIEHCAIIMOHHBIX
MPOIIECCOB B MaHTUU — JUuTochepe — HammuTochepHoit cpene u T.1. COOTHOIICHHE 3TUX MapaMeTpoB B BHIC
BOJTHOBBIX B0O30YxieHuii BC B CTpOro OmpeesieHHBIX Uama3oHax 4acToT XapaKTepU3yeT MPaKTHUECKHU JIF000i
MIPOIIECC B3aUMOJICHCTBUN M (POPMHUPOBaHHI HOBBIX CTPYKTYp. [loiHOE 0TOOpaXkeHHe BCEro Kackada yKa3aH-
HBIX IPOLIECCOB PEaTM3yeTCs B COOTBETCTBHU C 3aKOHAMH COXPAHCHUS B BUJIC BO3BpaTa K HOBBIM 3HAYCHHUSIM
MOTCHIMATEHOW SHEPTUU (B COOTBETCTBUH C M3JIOKEHHBIM MOHUMaHUEM (HU3UKH IMOTCHIIUATLHON M KUHETHYE-
CKOW DHEPIHH), 3aKIIOUCHHON B 00beMe IITaHETHI, HO yKe B OoJiee CIIOKHOM €€ CTPYKTYpHOM CTPOCHHUU O0be-
Ma, C TOMOJOTHYECKUM MapaMeTpOM B 3aKIIOYHMTEIBHON (pase (opMupoBaHUS HOBOTO 00BEMa — CTPYKTYPHI

TUIAHETRI, B BUJIC KaK I ; (v j)’ TaKk 1 I’(VO) , CO BCEM KacKaJIOM MpeabayInux 4acToT. [Ipu 3ToM HEoOXoanmMo

elle pa3 NOJYEPKHYTh, YTO V; - KOMILIEKC YaCTOTHBIX XapaKTEPUCTUK, COOTBETCTBYIOIIMX Hadamy (GopmMupo-

BaHUS HOBOHM CTPYKTYpPHI B KOHKPETHOW KOOpDAMHATE HA TPaHUIE «MaHTHUA — JuToc(hepa», co3marolield CHurya-
U0 OJIN3KYIO0 K XaoCy, a Ha CTaJuy 3aBEpIICHUS (OPMHUPOBAHHUS HOBOW CTPYKTYPhl KOMILJIEKC YaCTOTHBIX Xa-

pakTepUCTUK OyAeT onpenensitscs V j » HO YK€ B JIpyTHX reorpauIecKix KOOpAMHATAX U HA TPAHUIIE B €TUHOU
CBsI3KE «MaHTHUs - JuTochepa — atMochepar», 4TO U MO3BOJSET PACCUUTHIBATH MO MPOTrpaMMe, B KOTOPYIO 3aJ10-

JKEHBI MPHUBEJICHHBIE (DU3UKO-MAaTEMaTHUSCKUE TPHUHIUIBI, JaHHBIC HAOIIOJICHUA MPUMEHHUTEIBHO JIJIS BCEH
TUTAHETHI U TeOpeMa KOCHHYCOB, KOOPIWHATHI KATaCTPOQBI.
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Ha ocHOBaHMM H310KEHHOTO B TIOHATHUE é: uk JAOJIZKHBI XapaKTECPHU30BaATHCS BCCM KOMITJICKCOM HE CKOMIICH-

CHUPOBAHHLBIX MOJIAPU3aUOHHBIX Z|I'Ot Un|Hp0LI€CCOB B BC MJIAHCThI, B TOM 4YHCJIC KOMIUICKCHI, KaK 3Kpa-

n
HUPOBAHUS, TaK M aHTUIKPAHUPOBAHUS, & YPOBEHb UCCIICIYEMOUW CTPYKTYPHOW (POPMBI MATEPUU OIPEIEIsIeTCs
COOTBETCTBYIOIIMMH COOTHOIIEHHUSIMA JHEPTHH, XapaKTepHU3yeMbIX 4acTOTaMH KoJeOaHUil MOTEHIIHAIOB B HC-

caemyeMoM obbeMe. YCIOBHO 0003HAuMM HHIEKCOM [ UV, - omepaTopoM ['amuibrona. CTaTHCTHYECKHIT Bec

JUINTENILHOCTH OINPENEIEHHOI'O COCTOSHUS €CTh BEJIMYMHA, 00paTHas K BEPOSTHOCTH U3MEHEHHS 3TOr0 COCTOs-
HUsI. DTOT BOMPOC, 0OCOOEHHO ¢ yueToM cKpbiTol yactu MaTepuu (CUM), TpeOyeT OTHENbHBIX U BeChbMa Cephe3-
HBIX HccliefoBaHui. [ToaToMy Hanbosee BEPOSTHOE aKTyallbHOE YHCIO U3MEpeHHH KOH(GUTypaluu aHcaMOms eCTbh

qUCJIO N, IpU KOTOPOM BCIMYMHA UMCCT MaKCUMYM B KaCKaTHOM COACPIKaHUN {i' V} COOTHOILICHUH C BI/II[I/IMOI;’I

U ¢ (0OpaTHBIM 3HaKOM) BO30Yk1aeMoi 4yacTbio CUM, B COOTBETCTBHM ¢ BO3HUKHOBeHHEM divU 01 » 9TO ¥ IPOSABIISA-

€TCs 3eMIIeTPsICEHHEM Ha ypoBHE M=8-9 miu KOMIUIEKCaMH yparaHoB (Tali()yHOB) ¢ KaT€ropyei Boiiie 3.

[TosToMy oOpaTHOe 3HaueHHWe (GyHKIMH D(V), KaK CIEACTBHE NEHCTBHUS 3aKOHOB COXpaHEHHUS B cpeaax
CBSI3aHHBIX IMPOLIECCAMU TIOJISIPU3AINHI, KOTOPhIC B aHATU3UPYEMOU CUCTEME OMPENESIOTCA UMITYJIbCaMH MOJIs-
pH3aluu MPOCTPAHCTBA, COOTBETCTBYIOT 00JIee HU3KOMY YaCTOTHOMY JTMANa30HY C TIOCTOSSHHBIM OTOOpaKeHUEM
B CUM 10 o0meMy IpaBmiIy:

q)rm. =1 /q)(v)zzUn—l =TVnJ1. (57)

NzomoppHO QyHKIMH BeTUUHMHbI MOBepXHOCTH Uy, - runepcdepsl eIMHUYHOTO paauyca B (n - 1) - mep-
HOM TIPOCTPAHCTBE, PaBHOM 00beMy n — MepHOTo. Hanpumep, «runepropa» ¢ noreHuanom U, a 1V, BennduHa
BpPEMEHHOT'O MHTEpBaJia YaCTOThI, CO3/IAI0IIEH TaHHBIA 00beM MOJSIPU30BAHHON CHCTEMBI M MOXKET 3aKJIIOYATh B
ceGe ruroo0beMbl HHGOPMALIMH CPe/Ibl, XapakTepu3yemoii Takke F = 2, 74 K°[16,17,25,26]

Wunexc F COOTBETCTBYET TOMOJOTMYECKOMY 3HAYCHHUIO TEMIIEpaType, Kak (YHKIMA BPEMEHHBIX 4Ype3-
BBIYAIHO pa3M4HBIX peodpasoBanuii B BC.

Kaxnoe 3nauenne U, Ha puc.] u B npuBeneHHBIX GOPMyIaX MOXKHO IPEACTABUTH KaK

U, =V,= GANS +%+al (58)
ox, ox, ox

34€Ch aUn— Z[OHOHHI/ITCJ'IBHI:If/’I NMOTCHOHUAI MOJIApU3allU TIJIAHCTHI; aVn - HOHOHHHTCHBHBIﬁ 00BeEM IJIAHCTHI;

n

aVl - HOBBIH 00BEM Ha pacCToIHUN aXl OT LOCHTpa MOJiApru3allii CUCTECMBbI IJIAHCTEI; aXl ,aX2 cseene aXn - COOT-

BETCTBYIOIINE PACCTOSHUS B TI0JIE — 00beM noJsipu3oBaHHoN yacTu BC oTHOCSIIEHCS K CUCTEME TUTaHETHI.

Ho mpu ananuse dopmyisl (58) Hamo oOpaTuTh BHHMAaHHE Ha CIICAYIOLIEE OOCTOSTEILCTBO: MHTEPBAIIBI
0X,, OX, ¥ T.1., IPEACTABIIOT U3 ce0sl, PsJ PACCTOSHUIT MeX Iy 00beMaMu. DTU PacCTOSHHS SABISAIOTCS 00be-
MaMH, OTOOPaKAIOIIMMH PACCTOSHHUS W OMPEICICHHBIN yroy (¢)OT IEHTpa MOJSIPU3ANK BCEH CHUCTEMBI T.€. OT
[EHTpa NoJspu3anuy Hameld miaHeTsl. OOBEMBI U 3TU PACCTOSHUS MPEICTABISIOT OIPEACICHHBIC COOTHOIIIC-
HUS TMOTCHIMATIOB MPOTUBOMOJIOXKHBIX 3HAKOB M XapaKTEPU3YIOTCA CTPOrO OMNPECICHHBIMUA COOTHOIICHUSIMU —
B3aMMOJICHCTBUSAMHU TIOTEHIMAJIOB MPOTUBOIOJIOKHBIX 3HAKOB. VX 3HEpPreTHYecKoe CoJiepKaHUe Takke OyAeT
pasHBIM U COOTBETCTBYIOIIMM 00pa3oM PErysipHO 3KCTIOHEHIIMAIFHO YMEHBIIAIOMIEMCS TIPA SKCIIOHEHITHATEHO
YBEJIMYUBAIOIINXCS PACCTOSHUSAX OTHOCHUTENFHO IIEHTPA MOJSPH3AINHA U MOSTOMY OCTAIOMIMMUCA B E€IWHOU
CHCTEME, KOTOpasl B IIEJIOM OTPEIeIseTCs] HCXOMHBIM MOTEHIIHAIIOM H COCTOsSIHHUEeM- peakmueir BC, B koTopoii,
9TOT MOTEHIMaN peanu3oBaics. Ho UMEHHO 5TO M MpeonpeAcnseT SProAudHOCTh NadbHEHIINX MPOLECCOB
BTOPUYHOM, TPETHYHOU W T.1. mossipusanuu BC, sKpaHUpPOBaHUS W aHTHAKPAHHPOBAHWUS W TPABOMEPHOCTH
MPUMEHEHUS BCEH MaTEMAaTUKU, CBA3aHHOU ¢ MOHATHEM 3PTOJUYHOCTHU U «Leneld MapKkoBar.

Ho Tak nnu uHaue, 3TU NPUHIUIBI aICKBATHBI AProIMYeCKON KOHLEINU, COTTITACHO KOTOPOI MPOCTPaHCT-
BEHHAs ¥ BpEMEHHAsl COBOKYITHOCTh SIBJISIOTCS 3KBHUBAJIICHTHBIMU aCIIEKTaMU MHOT'0O00pa3usl U XapaKTepU3yeTcs
€JIMHCTBOM TIPOIIECCOB CBSI3aHHOCTH OOOOIICHHBIX JMHAMUYECKHX MOTEHIMAJIOB, SHTPONHSIMH, KaCKaJHOCTHIO
KOMILJIEKCA 3JCKTPUUECKUX 3apsiiOB, a 3HAUUT U JUHAMUYECKUM COMPOTUBICHUEM U COOTBETCTBYIOIICH JUHA-
MUYECKON €EMKOCTBIO CUCTEMBI, B TOMOJOTMYECKOM OHUMaHUU. Bee 3To XapakTepu3yeTcs TONOJHUTEILHOM
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nonﬂpmauneﬁ MMPOCTPaHCTBA, COOTBCTCTBYIOLICTO IMMCPBOHAYAIBHOMY CKAJISIPY DiVUo, " ONPCACIICHHBIX II0JIA-

PH3AIMOHHBIX TIPOIIECCOB B MPOCTPAHCTBAX, XapaKTePU3yeMbIX | Zrot U,|, u npu nocraroyHOM IIIyOGOKOM

n
yposue noisipuzanmi BC umets otobpaxkenune B8 CUM BC ¢ mpoTHBOIONOXKHON BEKTOPHOW OpWEHTAIEeld Ha
COOTBETCTBYIOLIEM 3Tare MEPeyThIBaHUS WM, HHAU€ TOBOPS, MPOLECCY KOMIIEHCAIUH, T.€. ACUCTBUIO 3aKOHOB

COXpAaHCHUA HC JIMHESHHOT'O MHOT'OBAapUaHTHOI'O MHpPaA, HO YK€ B COOTHOIICHUHU IMOTCHIIUAJIOB diVUO_l Hu COOTBECT-

CTBYIOLIUX COOBITHI B pocTpancTse | rotU
n n—x
[MosTOoMy Hambomee BEpOSTHOE aKTyaJlbHOE YHCIO M3MEPEHWH KOH(QUTYpalMyu aHcamMOIsl ecTh YHUCIO A,
TP KOTOPOM BeIMdHHa (V) nMeeT MuuMyM (Hampumep, <10"°T'm) u coorBercTByer BosHuKHOBeHMIO DivU,, a
KOMIICHCAIMOHHBIE IPOLIECCHI OY/IyT Pealn30BbIBATHCA B quanasone >107 T,

OOBbEM COOTBETCTBYIOIUM KaKON-TO ONMpPENEIeHHOM rIyOrHe Mojsspu3aliy rnpocrpanctea Pumana(R" ),

KaK HEOThEMJIEMOW YacTH HAIllero MPOCTPAHCTBA, HAIIeH BCENICHHOW, Oy/IEeT CTPOTO COOTBETCTBOBATh TOH MPO-
TSOKEHHOCTH Pa3HOCTH IMOTEHIIMATOB B MOJSIPU30BAaHHOM MpocTpancTBe CUM, KOTOpoe MPHUHSIIN 332 UCXOIHYIO
BenuuuHy. [loatomy

VU, =& (59)

rae L, — sKcnoHeHIManbHO TOHOJIOrMYeCKHil (00BEMHO-BEKTOPHBIN) Hmapamerp momsipuzanuud BC n, B TOM

gucie, CUM, peann3yeMblii B CTpOro ompeneieHHoM o0seme BC, co cTporo omnpemeeHHON 4acToTOM nencT-

BHA H,, CBS3aHHOI ¢ NIyOMHOH MONAPH3ALUH « 11, », T.€. C h’i’, U JYIMHOM BOJIHBI H, = F H3BecTHO, UTO YeM HH-
1

K€ 4acTOTa BOJIHBI, TeM OOJIbIIE JJTMHA MOJSIPU30BAHHOTO €10 MPOCTPAHCTBA M, HA000poT. [loaTomy sTOT Mapa-
METp B IIEJIOM, B €IMHCHHUH TICEBIOCBKIMIOBON T€OMETPHH ¥ TIPOCTPAHCTB PuMaHa, MOKHO Ha3BaTh apaMeTpoOM
MPOCTPAHCTBA — BpPEeMEHW MUHKOBCKOTO W OJHHM K3 OCHOBHBIX KPUTEPHEB IS OINPEACIICHUS KOOPIWHATHI
MPEJICTOSAIINX COOBITHH, B TOM YHCIIE TOH WJIM HHON MPUPOTHOM KaTacTpOQBbL.

Koadduruenr xe 7 OGymer uMeTh OJMHAKOBBINA (PM3MUECKHM CMBICI B TOIOJIOTHYECKOM ITOHUMAHHUH Kak
JUISL HaIlel, BUANMOW, OApMOHHON YacTH BCEJICHHOM, TaK M TOM YaCTH BCEIICHHOH, KOTOpas Ha3bIBACTCS TEMHOMN
MaTepueil U KOoTopas CTala HWCTOYHUKOM BO3HUKHOBEHUS
Hameit vactu BC. Ho Torga oTkpbIBalOTCS BO3MOXKHOCTHU
mmpreMa M rnepeaadd MHGOpMalny Yepe3 TojIorpaMMbl B UX

norpyxenun Ha yposens nonst VdivU, n CUM, kak 310

MIPEICTABIICHO Ha pUC.2.
YkazaHHas KacKaJHOCTh, OTHOCUTCS K TOMY, YTO

0003HAUEHO KakK {ZrotUn}. Ho eciu roBoputh 06 0T-

KPBITOCTH HAIIETO MHUPA U PSAIOM C HUM — O COCYIIECTBO-
BaHWU TEMHOH MaTepHH, TO HaJ0 IPUBJICKATh OTOOpa)Ke-
Hue mpoueccoB B CUM, 0 KOTOpOH MpakTUYECKH HUYETO
HE MU3BECTHO.

O6bem BC koHkpeTHOH BenuuuHblV;, omnpeneinser

KOHKPETHOE 3HAYCHWE IOTCHIMAILHOM DHEPTUM, BOBJIE- pyos TonorpaMma chOPMHUDOBABIIEHCS HOBOH CTPYKTYDEL,
kaeMoli B oTH mpoueccel. OO0beM ¢ Oonmee IIyOOKHM  kax IIPUYMHBI KATACTPO(YUUECKOTO COOBITHS B BUIE 3e€MIIETpPS-
YpOBHEM moispu3anuu npocrpanctsa BC maet Oonbiee 3Ha-  cenms ¢ M=38

YeHWE DHEPTUH BOBIICKAEMOW B TOT WJIM MHOU mportecc. Ho GOMbIINi CIIEKTP MPOCTPAHCTB BOBJICKACTCS B KOM-
TIEHCAIMOHHBIN TPOIIECC WM B MPOLIECC PACCIOCHUsS MpocTpaHCTBa nmo MapkoBy, [lonTpsruny, IIpuroxuny.
[Moatomy, nocnenyromuii, 6oyiee yriryOJCHHBIM aHAHN3 JIOJDKEH OCYIIECTBIATLCS C MpUBIeUeHHeM padbotr bap-
TUHU U [IOHTpsIrMHA U B COOTBETCTBUM C TEM, UTO HA ONPEIEICHHOM HMHTEPBAJEC BPEMEHU DHTPONUS MOJSAPU30-
BAaHHOTO TMPOCTPAHCTBA (IUTAHETHI) OCTAETCS TOCTOSHHOW M €e KWHeTH4YecKas dHeprus Oyner Oim3Kka K IOCTO-
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suHoil Bermmuune, T.e. U, = const . IlostoMy, eciu HosBIseTCS onpeseieHHas BenuduHadV , TO BOSHHUKAIOT
MIPOIIECCHI, XapaKTepU3yeMble 3HaAUCHUEM janiaTO , 9TO W TIPOSABISETCS, HANIPUMEDP, CUHONMUYECKUMU U

celicMudecKkuMU npoyeccamy Tak TECHO CBSI3aHHBIMH JPYT C IpyroM. VX nWHAMUKY MOKHO paccumTaTh Ha OC-
HOBE JAHHBIX TOTy4aeMbIx oT cuctems! LII'M B amamasonax wactot 107 — 10” 'y — mepBUYHBIA CHrHAT paB-

Hb11 dV

mh ®

a B muanaszonax 10°—10° ' curaamsr xapaKTepmy}omHe.[VnUia—'l'—, paBHBIMH KOMILIEKCY YacToOT,

OTHOCSIINXCS K IUKJIOHAM, yparaHaM COBMECTHO C 3emiieTpsiceHneM ¢ M < 6,0 , Kak eIUHBIX KOMIUIEKCOB (op-
IIOKOB, 10 MBaHOBY, U B KOHEYHOM UTOTE 3EMJICTPSICEHUSIM C MarHuTygol M > 7 u yparaHoB 3-il BhIIIE
KaTeropuii B CTpOro OMpe/IeICHHOM UHTEPBAaIe BPEMEHH.

J11st BOTHOBOM (PYHKIIMH ‘H_(—T—)> Mepoii MepenyThIBaHUS CIIY>KUT SHTPOIHUS, BBIYUCIAEMAasl B COOTBETCTBUU

C KOMIIUICKCOM pemeHHﬁ Ha OCHOBEC M3JIOKCHHBIX ITPUHIIUIIOB. HpI/I IPUHATBIX 31CCHh YCIOBHUAX U HA OCHOBaHHUHU
pa60T MapKOBa, .HSIHyHOBa n KOJ'IMOFOpOBa, a TaK K€ IMPUBCACHHBIX I/ICCJ'ICI[OBaHI/Iﬁ IMMOJIYYUM BBIPAKCHUC

Sum[J. = Smon. = _Z fjlnfl (60)
Jj—oo

rac é: i~ COOCTBEHHBIE 3HAUCHUS peZ[yL[PIpOBaHHOf/i MaTpulbl NJIOTHOCTH, COOTBCTCTBYIOIHUC CIICKTPY XapaKTC-

PUCTHYECKUX IMMOKa3arejel JIamyHoBa CO 3HAKOM «-», YTO CBS3aHO C BO3HHKHOBCHHEM PEXHMOB OubypKaiuu,
MOTPYKEeHHEM B PEKUMBI Xaoca HanOoJiee HECTAOMIFHON ONpEeAeNeHHON YacTH CTPYKTYPHI IIAHETHl M YXOIOM
BCEH CHCTEMBI B ITPOCTPAHCTBO ¢ 00JIee HU3KUMU YaCTOHBIMH XapaKTePUCTUKAMH, KaK BEYIITUMH.

Ha cnenyroiem starne o JeWCTBUEM IIO0ATbHBIX TPABUTAIIMOHHBIX MOJIEH, IEPEBOISIIUX CUCTEMY B PEKU-
MbI controlling chaos, Gopmupyercst HoBast cTpykTypa (artpakropsl delirendoayma) ¢ GoKycoM —IIEHTPOM HOBOTO
MOJIIPU30BAHHOTO MPOCTPAHCTBA B MAaHTUM — JIMTochepe IUIAHETHI, B TIOJIHOM COOTBETCTBHH C paboTamu
A.A. Brnacosa u B.B. lIBanoBa u muraMukoi 3Toro Gokyca mo oJHOTHITHOH TeOMOP(OTIOTHH, TOCTATOYHO KOPPEKT-
HO OMMCHIBAEMOW MaTeMaTHKOU 000061eHHOM mpoussoauoi Cobonesa B mpoctpancTee Codonesa [10,21,30-37].

Ecnu ompenensiTb MOMEHT BpeMEHH 3aBepIIEHHs MPpeoOpa3oBaHUi CTPYKTYPHI U BO3BpPAT €€ B YCIOBHO
PaBHOBECHOE COCTOSIHHE Yepe3 MOCPEIICTBO KOMIUIEKCA IIUKIOHOB, aHTUITUKIIOHOB, Tal()yHOB U 3eMIICTPSICCHUIN

¢ M < 6,5, kak 6e3pa3zmMepHOe Torosorudeckoe Bpemsi 1, To K03 GHUIUEHT CBI3aHHOCTH 0 , KAK CIEKTP JISITYHOB-
CKUX XapaKTePUCTHUCCKUX TTOKA3aTeleH, OyIeT ONpeIenIThCs B BUC

o JF 61)

nit-
n

Pacuetsl, BBIONHEHHBIE HA OCHOBAaHUH W3JI0)KEHHOTO, TIO3BOJIMIM OMPEesaTh KO3 QUIUEHTHI CBI3aHHO-
CTH TEOAMHAMHYECKHX IPOLECCOB, a TAaKKEe BOJHOBYIO (DYHKIHIO M yOeamThes, 4TO (hakTopm3amus Jro0oi
aTOMHO-TIOJIEBOH CHUCTEMBI, KaK TakoBOH, Bcerza OyleT oTcyTcTBOBaTh. Tem Oosee, 3T0 OyIeT HPOSBISTHCA C
yBenuueHneM riyOounsl nonspuzauun BC unu, mo repmunonorun M. HeloToHa, ¢ yBenmuueHHEM IUIOTHOCTH Mate-
pun, T.e. Maccel. [lonnMaHue TTyOMHBI TOJSAPU3ALMA CHCTEMBI, €€ IUHAMHYECKOW €MKOCTH M COOTBETCT-
BYIOIIEr0 MOTEHIMANa MO3BOJIIO MOIYYUTh d((GEKTHI, HAa CHEHHAIbHO CO3IAaHHBIX YCTAaHOBKAX M NMPUOOPHBIX
cucreMax, KOTOpble MOTYT CTaTh OCHOBOM IPUHLUIINAIBHO HOBBIX PELIEHUH B 00JaCTU SHEPIE€THKH, TpPaHCIIOp-
Ta, KOPPEKIIMH TPAEKTOPUHN JBUKEHHS LUKIOHOB M aHTHLIHMKIOHOB, IPUHIUINAIBLHO HOBBIX CPEJICTB U CIIOCO-
60B oOmeHa uHpopmanueii, corponoruy U ap.PakT BOZHUKHOBEHUS JOIOIHUTEIbHBIX BbICOKOYACTOTHBIX BOJH
B KOMIIJIEKCE CKPEILEHHBIX BOJH Pa3HOI 4acTOThI, paHee OTKPBITHIH cO3/1aTesieM NIEPBOr0 B MUPE PajloIoKaTopa
ILK. OmenkoBa, ObUT MOATBEPkAEH B pacCCMOTPEHHON MPUOOPHOH cucteme. OH SIBUIICS OCHOBOM HE TOJIBKO MO-
Jy4eHUs MpeJBecTHUKA 3a 3-5 aHel 1o KaTacTpodbl, HO U AJSl MOHUMAaHHS NPUPOIBI SIEKTPHUECKH 3apsyKeH-
HBIX (POPMHUPOBAHMIM, MAarHETU3MA M CO3JaHMs YCTAHOBKH TOIYYCHUS SHEPIHH U3 OKpYysKaromei cpeanl [54].

B pesynbrare BBIMOTHEHHOIO KOMIUIEKCA MCCIEIOBAHUH OINpeesieHo, YTo HeoOxoanmas nHpopManus Ha
T1000M M3 3TANOB aHAIM3UPYEMBIX TE€OIMPOLECCOB, MOKET OBITH MMOMYyYEHA B JOCTATOYHO IOJIHOM U JOCTOBEp-
HOM BHJIE TOJIBKO Ha OCHOBE aHaiu3a €€ (TOIOJOIMYECKOro) royiorpauueckoro BHIAa IPEACTaBIEHHOIO Ha
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pHc.2, ¥ OCIeAYIONIero e¢ (GPU3NKO-MAaTEMAaTHIECKOTO OCMBICIIMBAHHS HA OCHOBE aHAJIM3a TOJIOrPaMM B HX JIU-
HaMUKe TI0 BCEU IUIaHeTe, KaK €IMHOM CHUCTeMBI. | omorpamma (puc. 2) TpencTaBieHa B OPTOTOHAILHBIX KOOPIH-
HaTax, TJIe 10 BEPTUKAIM B 0CO00 HHU3KOYACTOTHOM JHANa30He, OTIOXKEHO BpeMsl (JOPMHUPOBAHHS BCEro MOJSPH-
30BaHHOTO IPOCTPAHCTBA, B KOTOPOM c(HOpMUpPOBANach HOBas CTPYKTypa, Kak MpUYMHA KartacTpodel. B 3to mpo-
CTPaHCTBO BiOXeHa (copMUpOBaHA) BCsS TIOCIENYIONMAas TEOMETPHs CTPYKTYpPBI B Ooliee BBICOKOYACTOTHOM JWa-
Ma30He KackaJla 4acToT, KOTOpbIe Ha rpaduKe OTIIOKEHBI 10 TOPH30HTAILHBIM OPTOrOHATBHBIM KOOP/IHATAM.

6. MOJIEJIb TEOJJMHAMMKH U IIPAKTUYECKHUE PEILIEHUS

6.1 Mopgeab reoAMHAMUKH. O6H.[a§[ MOJCJIb TCOAUHAMUKU TPCACTABIICHA B BUJIC

A (BN
dv

dUk:jvﬂuQ#—

Vewr (J7[(2 fm)
(Z ;[Hn.7.aﬂ_/)= Vi—10 wemp.

(62)

||M v ‘

)Havyvmp. = VU

RL'mp.” - Hemp.

1 1
o=—.——> | u,dVU. du.0u .
q1+l 2 471_ i_"j i i,j i J
h L.
VURL””p. = — l = hL"ﬂp.Lzlu Ll = 1
H. H

B (62) T - Tomosiornyeckoe BpeMsi OTOOpaXCHHS MOCIICA0BATEIBHOCTH MPOLIECCOB (hOPMUPOBAHUS CTPYK-
Typ B sfipe, B MAaHTUH, B quTOChepe, B atMochepe U T.4.; V | - aHAIH3UPYEMBbIil 00beM (B JaHHOM BapHaHTE —

00BbEM IUIAaHEThl, COOTBETCTBYIOIIHUH ONPEIeIEHHON Macce ¢ KOHKPETHBIM TOIOJIOTHYECKUM COJIEPHKAHUEM).
Hcnonb3ys nomydeHHbIe pe3yabTaThl U s MPUHIHUIIOB U3JI0KEHHBIX B padortax [1,51,52], 6puto mpunATO,
YTO ToJ0rpaMMa BHOBb (hOPMUPYIOLIEHCS CTPYKTYPHI (aTTpakTopa), oToOpaskaeMasi B CHCTEMY IMOJISPH30BAHHBIX

MPOCTPAHCTB 0CO00 HM3KOYACTOTHOIO JMAIAa30Ha, UMEET AMILIMTYIHOE nponyCKaHHe—’I‘—(jxia—T—) , KaKk OCHOBHOI

KpHUTEpHi BBIOOpa TpeOyeMOoi KOHCTPYKITUH aHTEHHBI, C IIEIbIO ITONYUCHHUS ONPEIeTICHHOW NHPOPMAITHH.

lonorpamMma cTpoHTCS B COOTBETCTBUU C MOJICNBIO (62) Ha OCHOBE TOCJIEIOBATEIHLHOTO BBEJICHUS B I'e0-
METpPHUI0 00beMa CaMbIX HU3KHX YaCTOT U 3aTEM KOMIUIEKCA YacTOT B MOCJIEIOBATEIBHOCTH, MPECTABICHHON B
dhopmyinax (40), (54) u (58), ¢ TeM 4YTOOBI B KOHEUYHOM MTOI€ MPOBEPKA MOATBEPIHIIA MPABHILHOCTD IIOCTPOEC-
HHS pacyeTaMy 1o Gpopmyie | . j v,,0V i 1= Victuemp -

n

6.2. IIpakTHyeckne pemeHns 3amxadm. Ha craguy BocCTaHOBIIEHUS UCKOMON WHGOpPMAIMH B OCHOBY
KOHCTPYKITUM aHTCHHBI 3aKJIaJ[bIBACTCS MOJIOKEHUE, YTO BOJHA, HECYIasi MHQOPMAIUIO B JIONOJHUTEIHHO I10-
JSIPU3YEeMOM TPOCTPAHCTBE, KAaK OCHOBBI T'OJOTPAMMBI BHOBBH (DOPMHPYIOMIEHCS CTPYKTYpBI, COOTBETCTBYET

rapMOHHMKaM KPaTHBIM V_ OIOPHBIX, 0CO00 HU3KOYAaCTOTHBIX BOJIH, muarnazonal(”® — 107 T,

*

'3Ta yacTh paborsl Obuta BeimosHeHa O.B Mopo3zosbim., O.0.Mopo30BbIM., B.H.Ilapukossiu O.[Jlameikunbim, CII. Kyporuenko, A.B

JlerxoBbim, P.B. ITapmytunsim, JIJI.CemenoBbiM, A.B.Cypkosbim, C.A.IllonuubiM, B A. IllonuHbIM 110J] pyKOBOJICTBOM aBTOPa CTAaThU.
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ITosTOMy OCOGEHHOCTH KOHCTPYKLUHM IPUHUMAIOIIEH aHTEHHBI JOJDKHBI COAEP)KaTh «KOHLIEHTPAaTOPbI»
TapMOHHUK BOJIH COOTBETCTBYIOIINX YKA3aHHOMY 0CO00 HM3KOYaCTOTHOMY JHMAaNa3oHy W Ha MOCIEAYIONMX 3Ta-
nax HaGopy rapMOHMK BOJH C YacToTaMH AuanazoHos: 107 — 107 I, 10* — 107 'y u T.1. 10 mONMHO# KOMITeH-
caluy JOMOIHUTEIHFHOTO 00beMa, 0TOOPaKeHHOTO TIEPBUYHON BOJIHOM, T. €. BIUIOTH 10 OKOHYAHUS (OPMHUPO-
BaHMsI FOJIOTPAMMBbl HOBOM CTPYKTYPBHI.

Cama aHTeHHA JOJDKHA OBITh ONTUYECKH HE MPO3pavyHa, He MarHUTHA B TOM IPOCTPAHCTBE, B KOTOPOM OHa

I i it pacrmoyio’keHa U «OCBOOOXKIEHa» OT OCUCTBHUS BEPTH-
' 5 T KaJIbHOW COCTABJISIONIEH TPaBUTAIMOHHOTO TIONS IIJIaHe-
| ' THI, T.. OBITH ONpEIENCHHBIM aHaJOroM «BecoB KaBeH-
= =] e e et e e muia». Ho 4To0bl «BOCCTaHOBUTH 00pa3» TOJIOIPaMMBI,
i , . : HeoOXxoauMa (pUKcalus BOJH aHTEHHAMHM, PabOTarOMIUMU
B pa3HBIX JWana3oHaX YacTOT COOCTBEHHBIX KOJICOAHMIA,
_ YTO JOCTHTaeTCsl MyTEeM HCIOJIb30BaHUS PAa3HBIX MO BBI-
5 _ _ COTE CHUCTEM IIOJ[BECA, COOTBETCTBYIOLIMMU KOHCTPYK-
) . LIUSIMM QHTEHH M UX OpHUEHTAaIMed II0 CTpaHaM CBeTa B
= v % G| CIpOroM COOTBETCTBMM C OpHCHTALMell B Tpagycax o

820 4630 JIONTOTE U IIHPOTE MO OTHOUIEHWIO K OCHOBHOW BOJIHE
M ' B IT i npuHUMaeMoit gacroroir OHY nuamasona.

Cucrema III'M copepxur 3 moacuctemsl (2-, 3- u
4- xaHallbHBIE), KaXAash UX KOTOPHIX COCTOUT U3 aCHM-
F METPUYHOTI'O 3aMKHYTOI'0, METAJNINYECKOI0 3a3€MJIEHHOI'O
cocyna, m3obpaxenHoro Ha puc.3. BHyTps cocynma mo-
.| MemeHbl HEYyBCTBUTENBHBIM K 3IEKTPOMArHUTHBIM H3-

7 ¥ i 200 fll Jyd4eHHSAM MaKpOMHpa 3JIEMEHTHI CUCTEMHbI (OJIOK mpremMa

= —|  gradU —rpaBuTaliiOHHO BOJIHBI), COIEPIKAIIME B CBO-
Puc.3. IllupoxomonocHol TpagueHToMeTp. | — Kopmyc-
9KpaH; 2-yCTPOMCTBO KPEIUICHUS! U PEryIHPOBKU KPYTHIIb-
HOW CHCTEMBI; 3 — KpBIIIKa KOpmyca;4 — OCHOBaHHE MPHOO0-

pa; S — paboyee MOHT)KHOE OKHO

| H]
s
B

1930 max

€M COCTaB€ aHTEHHBI CHEINATBHOW KOHCTPYKLHHU C KOH-
KpeTHOU OpHeHTallel 110 cTpaHaM CBETa.

CxeMa KpyTWIBHOW CHCTEMBI MpUOOpa MpHUBEACHA
Ha pUCYHKeE 4.

Ha puc. 5 npencrasien rpaguk 0JHOTO U3 KaHAIOB

npubopa B CIIOKOHHOM COCTOSIHUM, COOTBETCTBYIOILEM
OTCYTCTBHIO HaOJIOA€MbIX BO3MYILICHMH B I'paBUTALU-
onHoM nosnie 3eminu. [lo BepTHKanbHOUN ocH rpaduka oT-
JIO’)KEH YTOJI MOBOPOTa KOPOMBICTIA KPYTHUJIBHOM CHCTe-
MBI [IpUOOpa B YCJIOBHBIX €IMHMLIAX, 0003HAYCHHBIX Kak
A, Topu3oHTanbHas oOch — 0ch BpeMeHu. M3 puc. 5 Bun-
HO, YTO KPYTHJIbHAas CHCTEMa HaXOJAWUTCS B IOJIO)KEHUH
paBHOBECHS U COBEPIIAET OTHOCUTEIHHO HEro HeOOJb-
LIMe 0 aMIUIMTYJe KOJIeOaHusl.
Puc.4. Kpyrunshnast cucrema 1 u 2: a — moasec; 6 — mpo6HOE [Ipy TOSBICHAN B IPAaBHTALMOHHOM IIONC 3eMIA
TEJO; B — CBETOMMOZ; I ~ (POTOGNEMEHT; 1 ~ aHTEHHA. BO3MYILEHHH, CBA3AHHBIX C MPEJCTOSAIIMMH KOMIIEHCA-
[IMOHHBIMH TIPOIIECCAMH B MaHTHH, JHUTOc(epe, aTMochepe MPOUCXOAUT YCTOMYMBOE UIMHHOIICPHUOANIECKOE
(nmamason uwactor <10°-10"" I'y ) OTK/IOHEHHe KPYTHIBHON CHCTEMBI IPHOOPA OT MONOKEHHS PABHOBECHSL.
OTKJIOHEHUE aHTEHH YKa3blBa€T HA U3MEHEHHWE HANpPAaBICHUS M BEJIWYHMHBl TOPU3OHTAIBHOW KOMIIOHEHTHI
BEKTOpa COCTAaBJIAIOIIMX I'PAaBUTALMOHHOIO 1o 3emiu. JlaHHble 00 OTKJIOHEHUSAX Yepe3 CHUCTEMY CUUTHIBA-
HUsI, apXMBallMi U rpaduueckoro npeodpazoBaHusi pazmemaroTcs B OBM. B mporpammy o0paboTku gaHHBIX
OBM BBeneHsbl Moka3aHus OJ0Ka-HABUTATOPa, OMpPEAEIISIOIIEro, MO CIeNHaabHO pa3padoTaHHOW MaTeMaThye-
CKOH TIporpaMme, asMMyTaJbHOE HAlpaBleHUE MPUXOJa HEOOXOAMMOH HMHGOpMAanuM O COOBITHAX Ha YPOBHE
MaHTHHU — IUTUTHI JIUTOC(EPbl B CTPOTO ONPEeNICHHOM AMAIa30He YacTOT B TOM WM MHOM KOHKPETHOM pe-
THOHE TUIAHETHI.
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Ayemen.
127.08 1
116.29 4
105.50

02.07.2004 Bpess
13:10:4%9

21.06.2004 24.06.2004
101817 09:31:25

Puc. 5. IToxazanust OJTHOI'O U3 KaHaJIOB an60pa B paBHOBECHOM COCTOSIHUM.

[lo BBISBIEHHOMY HAIIPABICHUIO AHAIW3UPYIOTCA M CTATHCTHYECKH 00padaThIBAIOTCS T€OJIOTHUYECKHE,
reo)u3MUECKUe M METEOPOIOTHYecKre NaHHbIe 3a 5 -10 mpeapigymux JeT ¥ Ha OCHOBaHHWU 3TOr0 M PacyeTOB
ompezensieTcss (OKyc IEHTpa MOJSPH3AINH HOBOH

CTPYKTYPHl  TIPEACTOSIIETO 3eMJIETPSICEHHS C
M> 6,5. OTo MOXeT ObITh ompezencHo 3a 10 net, Ho
MOXKeT OBITh U 3a 2-3 Mecsina 10 COOBITHS.

Ha puc.6 mpencrasieno ¢oto y1abopaTopu, B
KOTOpOM pa3MmelleHa 9-Tu KaHalbpHas CHCTEMa, CO-
crosimas u3 2-,3- 1 4-KaJbHOTO MPUOOPOB.

Hwmxe mpuBeneHbl NpeABECTHUKH KPYITHBIX
3eMJIETPSACEHUI, 3apeTUCTPUPOBAHHBIE CHCTEMOMU
III'M. Ha puc. 7 u 8 nokazansl B 00paboTaHHOM
1 OTQUIBTPOBAHHOM BHJE CUTHAJIbBI JUTMHHOMIEPHO-
JIUYHBIX OTKJIOHEHWW AaHTEHH, PETUCTPUPYEMBII
cuctemoii ILIT'M, Ilo BepTukanbHO 1IKane B yc-

JIOBHBIX E€AMHWIAX YKa3aHbl OTKJIOHEHHWS aHTEHH OT PAaBHOBECHOTO COCTOSIHHA, KaK TOKa3aTells HapylIeHHs
paBHOBECHS MOJSPU3AMMOHHBIX MTporieccoB B BC mianeTsI.

Puc.6 ®ororpadust 9-tn xanansHOU cuctems! IIITI'M

Taoauna 1. Xapakrepuctuka KpynHbeix 3emuerpsicernii 2004-2008rr.

Jata Marnuryna [uporta, rpag c.uL. Jonrora, rpan B.1. Peruon
26.12.2004 9,0 3,30 95,98 IOro-Bocrounas Azus
15.11.2006 8.3 46,59 153,27 Kypuibckue octpoBa
13.01.2007 8,2 46,24 154,52 Kypuibckue octpoBa
01.04.2007 8,1 -8,46 157,04 COJIOMOHOBBI OCTPOBA
12.05.2008 7,9 31,42 103,53 Kwuraii, BOm3u r. Ysumy

W3 pucynkoB 9—12 BUAHO, YTO MPEIBECTHUKU CHIIBHOTO 3eMIIETPSACEHUS! HAUMHAIOT MPOSIBIATHCSA HA 3HA-
YUTENHHBIX UHTEPBAIAX BPEMEHU JI0 caMoro coObiTrs. Ha 3THX pucyHKaxX MO BEPTUKAIH MOKa3aHbl MHTEPBAIIBI
BpPEMEHHU (B CyTKax U B yacax) IO TOPU30OHTAIU OTKJIOHECHUS aHTCHH OT PaBHOBECHOrO cocTosHus. CormocTrase-
HHUE 3TUX JIAHHBIX, [TOJYYCHHBIX B pEATbHOM MaciuTabe BPeMEHH MO3BOJISIET ONPEJIENIATh YaCTOTY COOTHOIICHUH
MOTCHIIMAIOB C MPOTHUBOIOJIOKHBIMHA 3HAKAMH, OTOOpaKaeMbIMH Ha TIPAKTHYECKH HEOTPAaHWUYCHHBIE PacCTOs-
HUS U TIPEOI0JICBAIOIINE KAaKOe-TM00 HCKYCCTBEHHO CO37aBaeMoe dKpaHupoBanue. Kak BumHO U3 (pakTrueckux
JAHHBIX, TPEICTABICHHBIX HA YKA3aHHBIX PHCYHKaX, MPOIECC MOATOTOBKH KOMIIEHCAIIMOHHBIX MPOIIECCOB B
CTPYKTypax IUIaHETHI SBJISETCS SAUHBIM IIETBIM U Pean3yeTcs JOCTATOYHO JINTENBHO 110 BpEMEHH.
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Puc.7. Inunnonepuonndeckoe otkionenue 27.02.2007-12.03.2007r. — npeaBecTHuk 3emiierpsicenus y Co-
J10MOHOBBIX 0cTpoBOB 01.04.2007r. Mw=8.2

Puc. Inunnonepuoauueckoe orxiaonenue 10.10.2006-19.10.2006r. — npeasecTHUK 3emiueTpsicenus y Ky-
punbckux octpoBoB 13.01.2007r. Ms=8.27
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Puc.9. Ilokazanus HyneBoro kanaia cucremsl LLII'M mpensectHukoB Ha 3emnierpsicenue B Kutae 12 mas 2008 r. ¢ M=7,9 3a 3-5 nueii
J10 coOBITHA (110 BEPTUKAIN YKa3aHO BpeMs B cyTKkax):1 — M 5,6 3emierpsceHue Ha rpaHuue BocToka Poccum u ceBepo-BocToka Ku-
Tas 42,6100.111., 131,61013./1. 19 mas 2008r. 10:08:32 TIlpensectHuk mnoxydeH 15 mas 2008r; 2-M = 5,9 3emierpsiceHHe Ha TpaHuUIe
Cuxyans u 'ancy (Kurait) 32,290c.m., 105,05013./1. 17 mas 2008r. 17:08:25 Ilpensectnuk momyuen 13 mas 2008r.; 3-M =5,5 3emie-
Tpsicenue B Bocrounom Cuxyane (Kuraif) 31,420c.m., 103,5303.11. 16 mas 2008r. 05:25:49 TlpensectHuk moxydeH 12 mas 2008r.; 4 -
M =5,7;5,5; 5,9; 5,6; 5,8 Cepus 3emnerpsicenuii B Bocrounom Cuxyane (Kwurait) 30,99 - 31,58%.1m., 103,28 - 104,07%.1. 12-13 mas
2008r. IIpensectauk nosryueH 8 mas 2008r.; 5-M = 7,9 3emnerpsacenue B Bocrounom Cuxyane (Kwurait) 31,lloc.m., 103,3203.;[. 12
mast 2008r. B 06:28:00 IIpenBectark momyden 8 mast 2008r.

Puc. 10 IToxazanus cBI3aHHOCTHU MPOLECCOB HAPYLIEHHs PaBHOBECHS B CTPYKTYpaX IJIaHETHI, XapaKTePU3yeMbIX Pa3HbIMU AMara3oHa-
MU OTKJIOHEHHH OT PABHOBECHO COCTOSIHMSL BCEX YEThIpeX KaHanos cucremsl [ITM-4 (110 TOPU30HTANM YKa3aHbI IU(PBI YCIOBHOM
LIKAJBI B LEJIBIX U THICSYHBIX JTOJIEH AJISl KaXKA0r0 U3 YEThIPEeX KaHAIOB-I0IBECOB aHTCHH)
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Puc. 11. Curnan nHyneBoro kanana cuctems! [III'MM-4 B nepuon ¢ 9 no 14 uions
2008 r. ¢ npeaBecTHUKOM 3emierpsicenus B Slnonuu 13 nrons 2008 r. ¢ M=6,8.

Ha puc. 11 npencraBieH MOMEHT OKOHYAHHUS (POPMHUPOBAHHUS HOBOW CTPYKTYPHI, OTOOpaXEHHOU €e TOJI0-
rpammoii. HoBast cTpykTypa BoGpana B ce0si Bech AHMANA30H MOJSIPH30BAHHBIX mpocTpaHctB ot 10°mo 10° T u
«omenack B TryOy» cBepxBbicOKMX dYacTtoT (CBY), mpencTaBieHHBIX HAa PUCYHKE HENOCPEICTBCHHO HaKaHyHE
karacTpodsl B mpenenax 3-5 mueil. Ho mpu 3TOM Hago oOpaTWTh BHUMAaHHWE HA TO, YTO NEPBUYHBIN WMITYIHC U
nocieytomnee (GpopMupoBaHUE TOJOTPaMMBI (DOPMHUPYETCS COBMECTHO C ITOCTOSHHBIM e¢ oTpaxkennemM B CUM B
00JIaCTH OTpPHUIIATENHHBIX 3HAYCHUH YACTOT B TPEJICTABICHHBIX JJIS YIPOUICHHUS OPTOTOHAIBHBIX KOOPIUHATAX
¥ B COOTBETCTBHH C TIOCIIEIOBATENFHOCTHIO BIOKeHUsI B BomHy OHY-gmamasoHa, koTOopash MOMKET COCTaBHUTh
MHOTHE TOfbl, BBICOKOYACTOTHBIX XapaKTepHUCTHUK BOJIH, OTHOCSIIMXCS K TpOIleccaM Ha TUIAaHEeTE B Pa3TUYHBIX
ee (popMHpOBaAHUSX.

Ha puc. 9 6p1m nIpeicTaBICHEI TaHHBIC HyJIeBOro KaHana cuctembl IIII'M HakanyHe 3emuieTpsiceHuss B Ku-
Tae ¢ M= 7,9 u HakaHyHe 3eMIIeTpsICEHUi ¢ M>5,5 B TOM e pETHOHE OHOTHITHBIX Pa3IOMOB.

6.3. MeTox pacuera koopamHaT katactpodbi . KoopanHara Gymymeil kaTacTpodbl OMpeaenseTcs 1o
YIIy OTKJIOHEHHS () B CHUCTEME HaBHTaTOpa Ha OCHOBE METONa M3JIOKEHHOTO HM)KE W TPEACTaBICHHOTO Ha

puc.12.Yron ¢ — 370 yroi Mexay yCIOBHOH MPSIMOM OT IIEHTpa Macc IJIaHeThl (IeHTpa MOJSpU3aldd CHCTe-

MBI TJTAHETa) K MECTYy PACIIOJIOKECHUS MPUOOPHON CHCTEMBI U YCIOBHOM MPSAMOM OT IICHTpa Macc K TOYKHU (op-
MHPOBaHUS HOBOU CTPYKTYPHI B CHCTEeMe TuTaHeThl . Ha puc.12 atot yronm mexny toukamu X, O, T.
B Touke T(or; Br) HAXOIUTCS CTAHIIUSA HAOTIOACHUS 32 CCHCMHYECKIMH ¥ CHHONITHIECKUMH COOBITHSMH, a

B Touke X (0 ; Px) — SMMIEHTp NpecTosero cruxuiioro 6encrusa. 7X =Ly nmm L, B popmynax (59) u (62);
touka O — 1ientp 3emun. Tpebyetcs BoipasuTh yron @ = LTOX yepe3 koopauHathl ar, Br, ox, Px. OCTpsiii yro

A,B , IOCTPOCHHBIN MeX Ty ToukaMu X, O, T, HaXOTUTCS CIIeIyIONTUM 00pa3oMm:
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AIB = ‘Q'T — Oy
JIEHUS ¥ SMULEHTP MPENCTOAIIETO CTUXUITHO-
ro OCICTBUS PACIOJIOXKEHBI B OJHOM TIO-
Tymapuu (BOCTOYHOM WJTH 3allaHOM);

AB=[180°—a, +a|umm AS =|a, +ay
€CIM CTaHIUS HaOMIOAEHWUS W JIHUICHTP
NPEACTOSIILEr0 CTUXUHHOTO OeNCTBHA pac-
TIOJIO’KEHBI B PA3HBIX MOTYIIAPUSIX.

Yron © — MeXay YCIIOBHOM
OpSIMON OT IIEHTpa MOJISIPU3AIMH CUCTEMBI
TUTAHETa JI0 MECTa PAaCIOJIOKEHUS TpUoop-
HOM CHCTEMBI U YCIIOBHOM MPAMOM OT LIEHTpa
CHCTEMBI IUIaHETa 0 TPEICTOSAIIETO dIIU-
IEHTpa COOBITUSA. DIMUIEHTP COOBITUS - 3TO
KOoOpJIWHaTa Havaiga (OPMHPOBAHHSI HOBOM
CTPYKTYpHI B CHUCTEME, TUIAHETHI KaK MPHYH-
HBI TPENCTOsIIEH KaTacTpopsl B BHIE 3EM-
netpsicenus c M > 8.

HomyctuM, 9to 3emiis UMeeT uiealb-
Hy10 (popMmy mIapa, T.e. paguyc 3eMid Be3ze
OJIVHAKOB M paBeH R (ImpeHeOpekeM yBelu-
YeHHeM paauyca 3emiid BOJIM3M DKBaToOpa
BCJIEJICTBUE €€ BPAIICHUS).

, €CJIH CTaHIUs Ha0JII0-

b}

Puc.12. 'eomerpuyeckas MOAENb IIAHETH! 3eMJIIS

Ha puc.12 ycnoBHo npencraBieHa cucreMa miaHeTsl 3emist. [Toatomy

OT =0T, =0X =0X, =R

3neck TH ,—Boicota ATOT,; XH , —Bbicota AXOX :

TH, =R-sin o,
OH, =R-cos a,
XH, =R-sin a,
OH, =R-cos o,

ITo Teopeme kocunycos u3 AH , OH ;, nomy4nm

2 2 2
H,H,”=OH, +0OH,” -2-OH, -OH, -cosAf3
Ha pI/IC13 npuBCcACHA JOIMOJIHUTCIbHAA CXEMa K pI/IC12 IIPpU BBIMMOJTHCHUHW PaCYC€TOB IO ONPCACIICHUIO KO-
OpANHATLL C06BITI/I$[, rac XT — pacCToOAHUC OT MECTa PACIOJIOKCHUA HpH60pHOI>’I CHUCTCMbI OO ILICHTpaA C06BITI/I$I;

OT — npsiMast OT LIEHTpa MOJSAPU3ANNN CHCTEMBI IIAHETa J0 MECTa PacIoyIoKeHHs MpUOopHOil cuctemsl; OX —
npsiMasi OT LIEHTPa MOJSPU3ALUU CUCTEMBI IJIAHETHI O MECTa

npexacrosmero cooeitus; TXH  H . — npsMoyronpHas Tpaneuus

/XHH, =ZH ,H,T =90°. Ilostomy

HT =TH, -HH,, HH, =H,X = HT =TH, — XH , , (69)

H,H, = HX
ITo teopeme IMudaropa uz AHTX :

XT>=H,H,” +(TH, — XH , )?

(70)

(63)

(64)
(65)
(66)
(67)

(68)

Puc.13 TpsivoyronsHas Tpanemus 1 X H x H T

v

(5.8)
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1o reopeme kocunycos u3 AXOT —
XT?>=R*+R*-2R-R-cos¢ (71)
XT? =2R*-(1—-cos @) (72)
XT?
cosP=1-—> (73)
2R
@ = arccos| 1 - XT* (74)
2R’
1o Teopeme kocunycos us AH , OH , —
H,H,”=H,0*+H,0*-2-H,0-H,O cosAf (75)
IToncrasnss ypaBuenus (65) u (67) B ypaBHenue (75) moisydaem
H,H,” =R’cos’ &, + R*cos’ &, —2-Rcosa, - Rcosa, -cos A3 (76)
IToncransiem ypaBueHus (64), (66) u (76) B ypaBaenue (70) nonydaem
XT* =R*cos 0y +R* cos oty —2- R costty - costt - cCosAB+(R- sinc, —R- sinaiy ) (77)

XT* =R’ cos @, + R’ cos’ &, —2- R’ coser, cosat, cosAB+ R sin’ &, —2R’ sine, sina,, + R’ sin” ¢, (78)

XT? =R*(cos” &, +sin” &, )+ R*(cos” &, +sin” &) —2R’ cosa, cosdt, cosAS—2R’ sina, sina, (79)
IIpunumas BO BHUMaHHE OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO cos’ a+sin‘a=1 MoJy4aem:

XT® =R +R* —2R*(cos, cosat, cosAB+sina, sina,, ) (80)

XT? =2R*(1—cosa, cose, cosAB—sina, sina, ) 81)

IToacraBnss ypasaenue (81) B ypaBHeHue (74), mOTydyuM

2R*(1—cos a, cos ¢ cos AB—sina, sin ¢, )

=arccos| 1—
4 2R ®
@=arccos(1—1+cos ¢, cosr, cos A +sine, sing, ) (83)
OKOHYATECIHLHO MOJIy4YuM:
@=arccos(1—1+cos 4, cos @, cosAG+sine, sing, ) (84)

6.4. IlepedyeHb O0TAEIBHBIX IPOTHO30B, NOATBEPKAAIIMX BO3MOKHOCTH KoHuenuuu. Ha ocHoBe npus-
IMIIOB  HEPaBHOBECHOM IWHAMUKH, HEJIMHEHHOr0 MaTeMaTHuYeCKOro ammapara, TOMOJOTHH, TpadUuecKuX METOIOB
MIOCTPOEHHUST TOJIOTpaMM pa3padoTaHbl MaTeMaTHYeCKHE MOJEINH, MO3BOJSIONME 00padaThiBaTh, apXHUBUPOBATh U
AQHAIM3UPOBATh JIAHHbIE IOKA3aHUHA MpUOOPOB, [UIS 3a0JIarOBPEMEHHOIO  ONpPENENeHUs KOOPAMHATHI M BPEMEHHU
peanu3ay TOW WIM MHOW MPUPORHOHM KaTtacTpodsl (Tabn. 2). Bee mporHo3bl HampaBisUIHCh 3a071arOBPEMEHHO B
COOTBETCTBYIOIIHE NTOCOIBCTBA MK BeAoMcTBa PD, ¢ yBenoMiIeHHAMH O TIOTyYEHUHN HX aJipecaTaMHu.

Haunnas ¢ 1999 r., OpU1 YCTaHOBIICH aHOMAJIBHBIN POCT PA3HOCTH ITOTCHITMAJIOB MEXAY IIEHTPOM IOJISIpH-
3alMU sIpa IUIaHeThl U [IEHTPOM IOJISIPU3AlMU TajJakTHYecKod cpenbl. ONHOBPEMEHHO C 3TUM ObUIM  OIpeese-
Hbl aHOMaJbHBIE OTKJIOHEHHS B PAa3HOCTH INOTEHLMAJIOB B AMANa30HaX 4YacTOT, COOTBETCTBYIOILMX JHHAMUKE
CTPYKTYPHBIX OOpa30BaHMII B CHCTEME «MaHTHUs - JUTOC(epa» W WX OpHEHTAIMH Ha LeHTp Macc CoJHEYHOH
CHUCTeMBI. Bce 3TH maHHBIC TOJHOCTBHIO ITOATBEPXKIATM Halle OTKphITHE, paHee, B 1989 r., 3aduxcmpoBanHoe
«Komurerom mo wuzobperenusiM u OTkpeiTHAM mpu CM CCCP» mon HauMeHOBaHMEM «SIBJIEHHE HCKasKeHUS
rpagyeHTa rpaBUTALMOHHOTO TOJIS TUIAHETHl HAKaHYHE 3eMJICTPSICEHHS».
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Tadoaunma 2. HepequL HECKOJIbKUX MPOTrHO30B U q)aKTI/ILIeCKI/Ie JaHHBIC 00 ux peajm3anuun

Ilepeuyens axpecatoB CopaeprkaHue, XapakTEpHCTHKA U KOOP- dakTHyecKHe COOBITHS Viiep6
HaIpaBIIsIEMBIX TIPOTHO30B JMHATBI COOBITHI yKa3aHHBIX POTHO- ¥ 4eJIOBEUECKHE
30B JKEPTBHI
ITucemo Ne 21 ot 09.08.1999 CubHoe 3emierpsicenrie M>6, 3emnerpsicenne M =7,8 17.08.1999 IToru6mo
B nocosbeTBO Typruu B KoopauHatax 40 c.m1. B koopa. 40,75° c.ur. u 29,86° B.A. 6omee 20000
u 28-30 B.4. mum 40 c.o. qell.
n 40-42 B.1. 3emnerpscenue M =7.5 12.11.1999 IMoru610
B koopa. 40,76° c.m1. 31,16° B.A. 7000 ge.
IMucemo Ne 43 ot 12.03.2003 3emieTpsceHne B KOOpAUHATAX 3emnerpscenne M = 6,4 01.05.2003 [Toru6mno
37-38°cm.ud40-41°.1. M >6 B koopa. 39° c.u1. 40,44° B.x1. 640 nereit
IMucemo ot 03.02.1999 O nukie 3emieTpsiceHuid B koopauHa- | 3emuerpscenne M> 6,2 04.06.1999 14 gen.
npe3uaenTy AzepOaiimxana tax 40°c.m. 48-49° B.4., ¢ mocuenyio- | B koopx. 40,8°c.u. 47,45° B.1.
IIMM [epeMELICHUEM B CTOpPOHY T. | (paiioH . Arjnam)
Kasu-Maromer u 3atem B baky ¢ M | 3emnerpsicenne M>5,5 21.03.2000 7 uel.
> 6 u 3arem B Kacniniickoe mope B koopa. 39,8°c.m1. 48,30° B.x.
B Kopa. 52-55°B.A., B palloH n00brdum | (paiion r. Kasu-Maromer)
HehTH 3emnerpsacenne M = 6,5 25.11.2000 ITo raHHBIM
B koopa. 40,33° c.u1. 49,9° B.4. r.baky MUYC PO
26.11.2000 3emmnerpsicenne M = 6,3 oru61o
B koopa. 40,11° c.u1. 49,9°B.1. r.baky 600 yei.
06.12.2000 3emnerpscerne M>7,2 -
B Kacnuiickom Mmope, paifoH noObr4n
HedTH B Koopa. 39,62° c.ii. 54,77°B.1.
IMucemo Ne29 ot 28.07.2000 3emieTpsceHne B KOOpAUHATAX: 3emierpscenne ¢ M>5.4 21.08.2000 B -
[Ipembep - munuctpy Uranuum u mapy | 44-45° cu. 7-9° B.1. Koopn.: 44,3° c.u1. 8,4° B.A.
r.Acrtu
ITucemo Ne 47 ot 24.05.2001 Vkazano 24.05.2001 o mnpexcrosmmx | 6 — 8 urons 2001 r. no ®pannuu U Bonee
[Ipembep munuctpy Utanuu, [Ipesu- COOBITHAX HaKaHyHE COBELIaHUs I'epMannn  mpoKaTHICS CHIIBHEHIIHH 500 mutH.
JIEHTY AMEpUKH, J1aB [IPaBUTEIILCTB B I'eHye, mrropM, 16 u 19 mrons 2001 r. JI0JLL.
IIpesunenty dpannun 20.06.2001 o cupHelieM yparase, | B yKa3aHHbIC B IIMCbME KOOpAUHATaX yOBITKOB
(TTepBblii OMBIT YKa3aHHsI BpEMEHH) TOPHA0 Ha TeppuTopuu PpaHuuu semsieTpsicenue M = 4.,9. Ilo3gpasne- | oOT yparaHa
u Wramuu n 3eMIIETpSCeHNM B KOOpP- | HHS OT yd4eHHIX MTammu , ¢ KOTOphIMH B0 ®pan-
nuHarax 44-45° c.ur. u 7-9° B.11. TOTOBUWJICS JJAHHBINA IPOrHO3 1AM,
noru6io
3 gen.
ITucemo Ne 63 ot 21.06.2005. O criagpiBaroleiicss ceficmuueckoi | 3emuerpsicenne ¢ M = 4,6 24.06.2005 -
[Ipe3unenty pecnybiuku Kazaxcran HaNpsDKEHHOCTH B paiioHe B koopa. 43,02° c.mr. 77,17°B.4.
(BTOpOI OIBIT yKa3aHUS BPEMEHU B r. AnM-ATBI B KOOpAMHATAX
npenenax 3 — 5 gHeit) 43,5-43°c.m. 77,0-77,5° B.1.
Hntepssio ¢ Panno Poccun O npuyMHAaX U MPOTHO3E C 3umbr 2005 mo 2008rr. HapacTaroT -
[Mucemo ot 12.09.2005. NpUOIIDKAIONNXCST NPUPOIHBIX KaTa- | aHOMajbHbIC IOTOJHBIE YCIOBUS U
ITnceMo MUHUCTPY HHOCTPAHHBIX cTpodax Ha TEPPUTOPHUU celicMUUecKrue COOBITHS Ha TEpPUTO-
nen P® Jlasposy C.M.ot 14.11.2006 EBpomnsl u Poccun puu EBpombI B IOJTHOM COOTBETCTBUH C
MEXaHH3MOM HU3JI0KEHHBIM B HHTEp-
Bei0 “Pammo Poccum” m mmcema Jlas-
poBy C.U.: B Benuxkobpuranuu, ®pan-
uuy, I'epmanuu, [lonbuy, I'py3un,
Poccun
IMucemo ot 11.08.2006(Ne1MT25433) | 54-55° c.m. 144-145° B.x M>7 3emnerpsicenue ¢ M>5 11.09.2006 -
Munuctpy P® o I'O u UC B Koopa. 55,5° cam. 143,33° B.A.
C.K. Hloiiry
[Iucema B agpec npaBu TeIbCTBA 3emierpscenue ¢ M>7 Bce peanuzoBanoch B yka3aHHOM pe- [Toru6mno
Kuras B 1998, 2000, 2003, u B2006rT. | | psit CUIBHBIX IUKJIOHOB ruone, B Tom uncie 12.05.2008r. OoJsee
¢ IpenynpexIeHUEM O HapacTarouen 3emsieTpsicenueM ¢ M = 7,9 70000 uvemn.
CHJIHOH CEIICMUYECKON ¥ CUHONTHU- C MOCJIEYIOUIMMH IIPOIMBHBIMHU 1 DKOHOMHHYE
4ecKo# omacHOCTH B T. UsHy n JOXISIMU U HaBOJHEHHEM CKUi ymepo
C MPEAJIOKECHUEM O COTPYIHHUYECTBE > 10 mipa.
B TOM uucie nucsMo ot 19.05.06. nomr. $

MTOJITBEPKICHHOE OTBETOM TIEPBOTO
cekperapsi mocojbCTBa B MocKBe
rocrnoau Ha CroH CsiHp ®3H
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Haumnas ¢ 1998 r., 8 2000 r., 2003 r., 2006 . 1, HakoHel, B 2008 r. OBUTO NMPEATIOKEHO MPABUTEIHCTBY
Kuras ncnonb3oBaTh pa3paboTaHHBII METOA M MPUOOPHBIE CPEICTBA A1 MOHUTOPUHIA U IPOTHO3a NPUPOIHBIX
KatacTpod, B TOM 4Hcie yKa3blBaiu paioH I. YsHny u r.Hakdy nposuniuu CheluyaHsb, Iie Hal0 OKUAATh  CUJIb-
HOro 3emueTpsicernsi ¢ M>6.B 2006r. moconbeTBo KnTast cooOuiio, 9To mporHo3 HalmpaBieH B IPaBUTEIbCTBO
Kuras. Ognako, Mepbl He OBLUTH TIPUHSTHI.

Ha ocHoBe cucTeMATH3AIHM JAHHBIX 00 OKPYKAIOI[eM HAC MHUPe NMpeII0KeHbl MPHHINNAX HepaBHOBeC-
HOWl JMHAMMKH moJsipu3oBaHHoili BC, maremMarunyeckue COOTHONIEHHUSI JUHAMUYECKUX MOTEHIHMAJOB,
ONNMCHIBAIOLIMX B 001IeM BU/Je BCe KOMIUIEKCHI rajlaKTHKe-, IreJIH0- U reonpoueccoB B €IMHOM IIeJIOM.
OmnpenesieHsl pu3NYeCKUe W MaTeMAaTHYeCKHe MPUHIHUIBI ONMHCAHUS YHEPreTHYECKUX MOTEHIHAJIOB BO
B3aHMOCBSI3aHHBIX MOJSIPU30BAHHBIX CPeIaXx JII000r0 CTPYKTYPHOT0 YPOBHSI MaTepHH B BH/ie YPABHEHHIH
COOTHOIIEHUII MOTEeHUHAJ0B Pa3HOro AMANa30HAa YacTOT U BEKTOPHOI HANPaBJEHHOCTHU MOJSIPU3OBAH-
HBIX 00beMOB BceoOBbemJIIONIell MaTepuadbHOH cpeabl. OJHOBpPEeMEHHO ¢ 3THM OINpeJe/ieHO ypaBHeHHUe
MaTeMaTH4ecKOro O:KMJAAHUS CTA0MIM3aUMU B JMHAMHKE YHTPONMMHU PACCIOEHHBIX MPOCTPAHCTB JI000M
CHCTEeMbI HA OCHOBAHUM BBeJeHHBbIX MOHATHUIl MOTEHINAJIOB NMOJSPU30BAHHBIX Cpel, TEPMOIUHAMHYECKO-
r0 CONMPOTHUBJIEHUS] U TEPMOJIUHAMUYECKOI eMKOCTH.

OnpenesieHO MOHATHE MACChl, KaK TOMOJOTHYeCKO reoMeTPHMH KOHKPETHOro 00beMa MOJSIPU30-
BaHHOIl BceoObeMJIIOIIEH cpebl, XapaKTepu3ylolleiics COOTBETCTBYIOIUM KOMILIEKCOM TOMOJOTHYeCKUX
YacToT KoJeO0aHUil MoASPpU30BAHHBIX CPe/l, BJOKEHHBIX APYT B APYyra v B JaHHbIH 00beM,  CO3IAI0UIUX
Ha OCHOBe /IeficTBHUA 3aKOHOB COXPaHeHMs, KAaK JKPaHUPOBaHUe, TaK U 3(PPeKThl aHTHIKPAHHUPOBAHMS,
peajn3yeMble Yepe3 MeXaHH3MbI MOJAABJEHHUA YAaCTOT ONMpeAeJeHHOT0 JHMaNa30HA YaCTOTHBIMH pe:kuMa-
MH 00Jiee HU3KOr0 AMANA30HA YACTOT IJI00AJBHBIX CTPYKTYpP. DTH pelleHusi, ucnojb3dyembie ¢ 1987 r.,
MOJTHOCTBIO MOATBEPKAEHbI OTKPBITHEM «aCHMNTOTHYECKOI cB000abI» (HobeneBckast npemus 3a 2004 r.) u
aHu30TpONUuU KocMuveckoii cpeanl (HobeneBckast mpemus 3a 2006 r.).

EnuHeHNe MOTOKOB MOJISIPM30BAHHBIX Cpel Pa3HOii BEKTOPHOI HANPaBJIeHHOCTH B €JHHYI0 Maccy B
TONMOJOTMYeCKOM BH/I€ onpeelisieT MOTEHUUAIbHbIE BO3MOKHOCTH YHEPrUHU, 3aKJII0YeHHOI B TaHHOII Macce
NMpHU B3aUMOJIECTBUHU ¢ BHelIHel cpenoii. Yem 0oJibllie mMoIsipu30BaHHBIX Cpe Oy/leT BoBje4YeHO B (hOpPMHU-
poBaHHe JaHHOH Macchl, TeM §0JIbIIEro 3HAaYeHus Oy/IeT JOCTUTaTh ee MOTEeHUHAJAbHAsA IHeprus. B 3tom
CMBICJ JaHHOTO MOHATHS NOTEHIHAJLHON IHEPrUM, a TaK:Ke 00001EHHOT0 TUHHAMHYECKOT0 MOTEeHIHAaaa.

KuHeTnuyeckasi JHeprusi onpejeisieTcsi NIpU OTCYTCTBUHU IKPAHU3ALUHM HA KAKOM-JIH0O CTPYKTYPHOM
YPOBHE PACCI0€HHOr0 MOJSIPH30BAHHOIO NMPOCTPAHCTBA. JTO ABJsieTC (PU3HMYECKOH OCHOBOW NMPHUPOALI
TPaBHTANIMH, MATHETH3MA, HOHU3AINH, BAJIEHTHOCTH, BCEX BH/I0B B3aHMOJEHCTBHIl, BCeil KIACCHIECKOMH
TEePMOANHAMUKY W JIO00r0 BHIa TMHAMHKH, B TOM YHCJE B KOCMOCE, TAJIaAKTHKAX, 3Be3THBIX CHCTEMAX,
CTPYKTYpAaX ILUIAHET H Jp.

Kaskapiii panr paccjiOeHHOT0 MPOCTPAHCTBA MMeeT KOHKPETHbIE 3HAYEHUS] IHTPONHMH H COOTHOIIE-
HUH TOMOJOTHYECKHX YacTo! KoJe0aHWil (COCTOAHMIE) 3TOro o0beMa. YCTOHYHBOE COCTOSIHHE aHAJIH3M-
pyemMoro odbemMa WK Macchl onpeaessieTcs: 00ojee BLICOKMM PaHIOM, T.e. 60ojlee HH3KOYACTOTHBIM JIUAMNA-
30HOM TOJISIPH3AINH CPeAbl, OTHOCSIIEHCS K JaHHOMY 00beMy—Macce, WJIH, HHAYe TOBOPs, TPABUTAIHOH-
HOMY M0JII0, B KOTOpPOe MOrpy:KeH 3TOT 00beM.

Hapymenue paBHOBecHsI B NMPOIeCCaX B3aHMOEHCTBUS PACCIOEHHBIX MPOCTPAHCTB B KaKOM-JIHGO
o0beMe—Macce, BOSHUKAET BCJIEICTBHE HAPYIIEHHS PABHOBECHS B KOHKPETHOM JIHANA30HE YaCTOT, XapaK-
TEePU3YIIIUX TOMOJOTHYECKOe COCTOsIHHME NaHHOW Macchbl (00bema). ITO MOKET MPOUCXOAUTH KAK MO
BJHSIHMEM MPOLECCOB BHYTPH PACCIOEHHBIX MPOCTPAHCTB aHAJIM3MPYeMOii Macchl 00beMa, TaK U Mpouec-
COB, MPOMCXOASAIINX BO BHEIIHEell cpele, 1 B 3TOM — NPUPOJa HeIMHEHHOCTH Beex MpoueccoB B mupe. B pe-
3yJbTaTe B3aMMOCBSI3aHHOCTH 3THX MPOLECCOB B HCXOIHON Macce (reoJOrm4eckoil CTPYKType OJXHOTHITHOI
reomMopdoJ10ruu) BO3HUKAET HOBOE paccjioeHne 00beMa, HOBOe NMPOCTPAHCTBO, HOBOE CTPYKTYpPHOe 00pa3o-
BaHHe €O cBOeil JHTponueil 1 CBOUM KOMILJIEKCOM (cneKTpoM) yacToT. HoBbIi HEeHTP moasspu3aluu mpo-
CTPAHCTBA HOBBIM 00beMOM NMPHUBOJMUT K 3TaNy YCTOHYHUBOr0 BOSHMKHOBEHHS HOBBIX KOMIIEHCAIIMOHHBIX
NMPOLECCOB, BCIIECKOM M BHIOPOCOM B OKpY:Kaloliee NPOCTPAHCTBO MOTOKOB 3JIEKTPHYECKHX M MATHUTHBIX
nojei, pe3koil aKTUBU3alUell Pa3INYHBIX BUIOB M3JYUYeHMii, B TOM 4Hc/e ¢ BO3IeiiCTBHEM Ha CHHONTHYe-
ckue popMupoBaHHs B aTMoc(epe (yale Bcero B Bujae (POPMHPOBAHHS AaHTHIHUKIOHHYECKUX YCTOMYMBBIX
¢opmupoBaHmii), a Tak:ke B BUA€e HOBBIX MOTOKOB JIEKTPHYECKHUX 3apSI0B ¢ MOCJHEAYIOIeil HX Pa3paaAKoii,
CONMPOBOKIaeMbIX MO/A3eMHON I'P0O30H, aKYCTHYECKMMH H3J1y4eHHssMU U T.1. IIpouecc MposiBJIeHUs YKa3aH-
HOr0 KOMILIEKCa MOKeT MepeMellaThesl Mo OJHOTHIHOW reoMopdosornn Ha 3HAYUTEIbHbIE PACCTOSHUSA B
CILUTY 00IIeil Te0IMHAMHMKH IUIAHETHI B MOJISIPU30BAHHOM HPOCTPAHCTBE COJHEYHOW M TAJaKTHYECKOH cpe-
nax. I'eosioruyeckasi, COBMeCTHO € reou3nuecKoii, KOOPANHATA ITOT0 KOMILJIEKCA NMOJSIPU3ATHOHHBIX
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npoueccoB u siBasiercs: pokycom Gyaymiero zemaerpsicenns ¢ M >6,5 nim 3apoxkaenus yparana (taiigpyna), a
TaK/Ke KOMILIEKCa NUKJIOHHYeCKHX 00pa3oBaHmii. OKoHYaTeJbHO cPOPMHPOBAHHBIH HOBBIH 00BLEM-
Macca B CTPOro onpeaejeHHOM KOMILIEKCe YacTOT 0To0pazaeTcss B MPOCTPAHCTBO B BH/Ie IOJ0rPaMMbl B
OHUY, xak 6a30BoM, BelyllleM IHANMA30He - TUHAMHUKA (PpaKkTanoB - «(ppakToHOB - GOHOHOB» (MOI00MeE
«KPOTOBBIX HOP»). ITO 0TOOpakeHue, B cuiry Hecymeii OHY, He 3xpaHupyeTcsi B MPOCTPaHCTBE MJIAHETHI U
MO:KeT ObITh 3a()UKCHPOBAHO BO BCeil cBOeil nnHaMuKe cnienHaabHoil cuctemoii III'M Ha HeorpaHMYeHHBIX
PACCTOSIHMAX OT MeCTa 0:KUAAeMOii MPUPOIHOH KaTacTPoPbI.

Ha ocHOBe YyTOUHEHHO! TeOopHH HeJHHEHHBIX MPOIECCOB B MOJAPHU3OBAHHBIX Cpedax ompeaeaeHa
¢usnyeckas cymHocTh OCHOBHBIX KOHCTAHT /JISi BBeJeHUSI X B MaTeMaTHYeCKHe MOJeJU PacyeToB KO-
3(pPUINEHTOB CBA3AHHOCTH, TAKAX KAK CIEKTP JANYHOBCKAX XapaKTePHCTHYECKHX MOKAa3aTelel U paH-
TOBBIX HTpONMH. Bedyuwjumu ovinu npunamel 0co60 HU3Kue uacmonivl, a gedomvie — 0oyee 8blCOKOUAC-
mommuule. IMo NO3601UNO0 GLLHMU HA HOBbIE MEMOObl ORUCAHUA NPOYUECCOB8 HAPYULEHUA PAGHOBECHO20 CO-
CMOAHUA 8 2e00UHAMUKE C NOMOULLI0 MOHUHIOPUHZA COOMEEMCHEYIOUWUX 207102PAMM, KAK NPeo8ecmHUKO8
npupoonsvix Kamacmpodg.

B noarBep:kaeHue NPaBUJIBLHOCTH BHIOPAHHONH KOHIENUUH M (PM3MKO-MATeMATH4YeCKOr0 0CMBICIHU-
BAHUS NPUPOABI MCCJIeIyeMbIX MPOLECCOB OBLIO OCYLIECTBJIEHO (e301M00YHOe NPOrHO3UPOBAHHE CHHONTH-
YeCKUX M ceiicMuYecKuX coObITHii HAa TeppuTtopuu EBponbl u A3uu B nepuoa 1999-2008 rr., yactpb u3 Ko-
TOPBIX ObLJIA MpPeACTaBJeHa B Ta0JI. 2.

OO0Hapy:KeHO NMPUHUUIHAJIBLHO HOBOE sIBJIeHMe, 3aKJII0Yalonieecss B MOSIBIEHHH KOMILIEKCOB BBICO-
KOYACTOTHBIX B3aMMOJeicTBUI MOJSIPU3OBAHHBIX MPOCTPAHCTB, NPH (OPMHPOBAHUH HOBBIX I'eOMeTpPH-
yecknXx (popMUpPOBaHMIi B paHee CylIeCTBOBABUIEM MOJISIPU30BAHHOM NMPOCTPaHCTBE.

Yka3zaHHble NpeACTABJeHHs] UCNOJb3YIOTCSI B NPaKTHYeCKHX padoTax aBTOopa B TeueHHe 0oJjee
20 jeT He TOILKO B 00J1aCTH MOHUTOPHHIA H MPOrHO3a NPUPOIHBIX KaTacTpod, HO U Gostee 40 et B 0bJac-
TH NPUHIUNHMAJIBHO HOBBIX pelleHUH MO CO3JaHMI0 HOBBIX MATepPHAJIOB, MCIOJb30BAHHMS ATOMHOM
JHEPrud B METAJJIYPru4eckoil NpOMbILIIJIEHHOCTH, PellleHUs] COLUAJBbHO- JKOHOMUYECKHUX NMPo0JieM U B
c(epe 3K010rMH, HAYYHBIX OCHOB METOH0JOTMU TBOPYECTBA YeJI0BEKA, BOCIIMTAHUI MOJIOIEKH, MPOOIeMbI
OTHOIIIEHUI MPaBoOCJaBHA U HAYKHU, BHIOOPA KU3HEHHOTO NMYTHU YeJ0BEKOM H JP.
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The Natural Accidents Forecasting System Concept
and the Practical Results, Obtained from Nonlinear Physics,

Mathematics and System Data
0. V. Martynov
It is shown, that anymass is associated withthe definite volume and matter densityinthis volume, generated by the Comprehensive

Medium (in modern terminology thatis "physica |l vacuum”) disequilibrium impulse onthe base ofl. Newton's definition Ne1. The disequilib-

rium impulse consistent with conservation laws, causes the medium, polarized by the primary impulse, reaction in the form of the new

n

volumes - vortexes integrated sum: |‘P<)>=|diVUo>®<Z|th |> here |\P0>-is the CM wave excitation which
n
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also comprises the field system le UO generation and the compensatory process matrixes sum S rotU reaction to this field,
n

n

that defines the primary impulse scalar; r-is the number of the structural constructions-the CM space stable stratifcations by

div U() impulses, and the counter impulses zm, U,- The G.Crone's potentials aggregation within every matrix-volume is pro-

vided by the Faraday-Maxwell's charge complexes. Therefore (in accordance with Vlasov's ideas), the total and exact energy of interac-

tion within the mass-volume:U(”aKp = J‘K(‘rl 'rz‘)p(”l )p(lg)dr, dr, > here K(l‘, I"/) -is the kernel with the essence of the

total and exact energy of interaction with integration by every distance r. Vlasov's formula is based on the transition from the dot parti-

cles interaction energy lzzﬂ , to the volumetrically distributed charges or masses. This allows two impulses com-
2

[/ 't

I’.-l‘j‘

position consideration in their topological tensor-vector contents V(divUo e

Z rot U,
P

]—m’ here m - is the mass, and the

associated volume - VMh , it can be geogeodynamically represented as VM;, = VIV ZJVnaV aV, here V -Is the Hamil-

n

tonian operator, it defines the energy interactions between the volumes Vn , participating in the general volume VMh . But in this case

h" = {hi}z Vj'f(&n)d{;, here & - is the coefficient of association between the substructures in the general dynamic sys-

tem (structure) represented by Liapunov's characteristic parameter, participating in Planck's, Newton's, Boltzmann's, Wien's, Fara-
day's and so forth constants, depending on the medium polarization conditions. The complementary kinetic energy is generated in
the definite nonlinear geodynamic processes. This results planet structures transition to a chaos, and its subsequent suppression by the
more global (less low-frequency fields), that is realized by the earthquake disasters with the kinetic energy release:

dU, =

|dVMh ><J.V,HUI.8T(V)‘> . The event duration is defined by the rank entropies and the general system entropy, following

Boltzmann-Planck S =k LnW , here S - is the system entropy, W - is the stochastic energetically - informational system state:
N
n.!

W =

:Vn; ng ~ f(E_“) - is the distribution by interaction energies function of the particles-holograms (microstruc-

tures, etc.) in the volume V , within there are the processes of the stratification dynamics, transition to the controlled chaos bifur-

!
cation state, synchronization and return to the equilibrium. But in this case W = N! — x — a(I)(V) , here X - is the stochastic

nln!
frequency of the transformation expectation, associated with Liapunov's characteristic parameter, new structure generation completion, for

example, within the mantle - lithosphere - atmosphere system; 8 - is the function index of the stratified space, represented by the
formula, new variations; (I)(v) - is the tone frequency function or the function of changing proportions between the various structural

levels generalized potentials; N - is the number of attractors, and the informational (thermodynamical) capacity of system evaluated by

the various frequencies V cascade and the associated volume: VA — Z J Vav .The instrument system had been designed on the
i

n
base of the previously mentioned principles, it had allowed the %eodynamical model development, real time monitoring, planet structures
deviations follow-up control within the frequency range of 107°-10° Hz. The monitoring is implemented on the basis of calculations
and the events had been predicted precisely with the coordinate and time correct indication. The high-frequency signals complex
develops three - five days before the event at the end of new structure generation process in the planet system. This process fol-
low-up control is exercised on the basis of the hologram development following R.O. de Bartiny's principles. These principles have
allowed alt the physical quantities, including the basic physical constants, and also time and geometrical parameters representation
in the form of the polarized media frequency characteristics proportion and the new formation hologram with its self-reflection and
the reflection into the matter latent part as the reasons of accident development on this basis.

Mapmuwinos Onee Bukmopoguu - akageMuk «MexTyHapoIHON aKaJeMHH HayK 9KOJIOTUH M 0Ee30MaCHOCTH JKH3HEICSATEIbHOCTH», JOK-
TOp TEXHHYECKHX HayK, mpodeccop kadeapsl «CBapka, JTUTbE U TEXHOJOTUsSI KOHCTPYKIMOHHBIX MaTepUaoB»» TyIbCKOrO rOCYaapcT-
BEHHOT'0 YHHUBEPCHTETA, 3aCIy>KeHHbIH pabOTHHK BhIcIIero oopazosanust PO, M3o6perarens CCCP.

Hayunvie unmepecul: HenuHelHas (U3MKa, MPUPOAA PaBUTALUM U (PH3MKA B3aMMOJCIHCTBHI, HEPABHOBECHAs TEPMOJIMHAMUKA, SKOJIO-
THs1, METOJI0JIOTUS TBOPUECTBA, METAJLTYPTHsl M MaTepHANbI C 33JaHHBIMU CBOIICTBaMHU, F€OANHAMUKA H IIPOTHO3 IIPHPOJHBIX KaTacTpod.
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