Kpamkoe uznoscenue nauwieii Konyenuuu, KAk 0CHOBbl_ 6CeX KOHKDEMHbBIX PEUICHULIL 8

oonacmu KOHCIMPYUpo8aHus NPUOOPHOU MEXHUKU U MEMO00102Ul PeUleHUs NPAKMUUECKUX,

IKOHOMUUECKUX U d)uﬂocod)cwux npoosem.

B ocHOBy Hamux uccieoBaHui Mbl 3ay10Kuian npuHiun M. HeloTOHA «HE M3MBILLUIATH
runote3». [1o3ToMy MBI HCIIOIB30BAIN TOJIBKO T€ 3HAHUS, KOTOPBIMU PACIIOJIAraeT CErOIHSAIIHSSA
00JacTh JEATENBHOCTH YEJIOBEYECKOT0 OOIECTBA MOJ HAa3BAaHUEM MPAKTUYECKUE IOCTHKEHUS
Hayku. K cBoeMy yJUMBICHHIO MbI OOHAPYKHIIM, YTO HBIHE CYIIECTBYIOMas chepa HAydHOU Ies-
TEJIbHOCTH, MOJArarollascs Ha UENbId psiJi TEPMUHOB M MOHSATUN, TAKMX KaK MaTEpus, MarHe-
TH3M, JJIEKTPUUYECKUH 3aps/l, JIEKTPOMATHUTHBIE B3aUMOJICUCTBUS, TPaBUTALMS, U T.J., OCHOBBI-
BAETCS HA HE3HAHUYU UX TTPUPOBI.

[TpocTo dpopmynupoBKa “MarHeTU3M — 3TO CBOMCTBO MaTepuu’ JIIOOOTO YeJIOBEKa, MBIC-
JSIIIETO 3/IPAaBO, YCTPOUTH HE MOKeT. CBOM KOMILIEKC MCCIICIOBAHUN Mbl HAYaJIH C ONPEICIICHUS
OCHOBHOI'O TEPMMHA - IIOJISIPU3ALUA», MOJIPAa3yMeBasl, YTO MOJ 3TUM TEPMUHOM CKpBIBAETCS
MpollecC BCEX BUAOB B3aMMOJECHUCTBHI, B pPE3yJIbTaT€ KOTOPBIX B IMPOCTPAHCTBE BO3HUKAIOT
(dbopMUPOBaHUS - CTPYKTYPBI 3TOTO K€ MPOCTPAHCTBA C PA3HOW HAMPABIECHHOCTHIO BpAIllCHUS U
cojiep Kalieiicss B HUX maccel. Tem 0Oosee, XOpoIlo U3BECTHO C JAPEBHEUIINX BpeMEH, uTO Oec-
CTPYKTYPHBIX (hopM MaTepuu He ObIBaET.

[lenpoy3 npeanaraet u3yyaTh SIBICHUE MOJSIPU3ALNU Ha IPUMepe Mossipuzanuu GoToHa
B TEPMHMHAX BOJIHOBOW KapTUHBI CBETA, MPEIOKEHHON MaKcBeIoM, Kak Crioco0 paccMOTpeHust
CBETa B BHJIe KOMOWHAIINH OCHUJUIMPYIOIIUX AJIEKTPUIECKOT0 U MarHuTHOTo moJjeit: «IIpu aTom
asleKmpuyecKkoe Toje oCILIHpyeT (KoaebaeTes) B IIIOCKOCTH, HA3bIBAEMOH TIOCKOCTHIO TOJIS-
pY3aluy, a MarHUTHOE IOJIE B TAKT C AJIEKTPUYECKUM, HO B OPTOTOHAJIBHOM IUIOCKOCTH.» JTa
¢dpaza onATh ke U3 00IaCTU MOCTYIATOB, TaK KaK 3a0bITHl (POPMYTUPOBKH MOHATUN IEKTpHUE-
CKHMX UM MarHMTHBIX IIOJIEH, a TaK k€ IEHCTBUE 3aKOHOB coXpaHeHUs B peasibHOil BC u B ¢Bsi3u ¢
ATUM Cpa3y K€ BO3HHUKAET BOIMPOC: MOYEMY MACHUMHOE NoJe B TaKT C dleKmpuieckum Komeo-
JETCS 8 Opmo2oHanbHoU niaockocmu. 110ToMy, 4TO Tak NMOKa3bIBAET IKCIEPUMEHTAIBHBIE U3ME-
peHusi? OTo He yOeauTenbHO, TaK KaK HE COBCEM JOCTOBEpHO. M cBA3aHO C TeM, YTO Te WIU
WHBbIC PUOOPHBIE PEIeHHUs, B TOM YHCIIe U3 00JIAaCTH M3MEPUTEIBHON TEXHUKH, OCHOBAHBI Ha
JIOKHBIX METOJOJIOTHUYECKUX MPHUHIMUIIAX O BO3MOXHOCTH CYIIECTBOBAHUS 3aAMKHYTBHIX, 3aKpbI-
TBIX CHCTEM B OKPYXAIOILEM Hac MUpE.

CyTb Halle KOHUEMUIUU TaKOBa, YTO MO/ MOJISPHOCTHIO U COOTBETCTBYIOIIEH MOJIApU3a-
LA€W Mbl IOHUMAEM CIIETYIOLIUH ITPOLIECC.

[TepBuuHbIll UMITyTbC B BUIE (POTOHA, DIIEKTPOMATHUTHOW BOJIHBI, WJIH B BUIC KAKOW-

60 ¢aspl, MO0 CTPYKTYpHl M IPOY., HAPyIIAIOMIEH COCTOSHHUE PABHOBECHS aHW30TPOITHOM



Cpebl CTPYKTYPHI ONPENEIEHHOTO YPOBHSI MaTE€PUH, JIFOOOW CIIOKHOW CHCTEMBI WM €€ JIF000H
YacTH, C ONPEaeIEHHON HHTEHCHBHOCTBIO W BEKTOPHOH HANpaBJICHHOCTHIO, HA OCHOBE 3aKOHOB
COXpaHEHHsI BBI3BIBACT KOMILJIEKC MPOIIECCOB (PEaKIUIO CPE/ibl), YCTPEMIIEHHBIX Ha BO3BPAT CHC-
TEMBbI B TIPEKHEE paBHOBECHOE coctosiHue. [lpu sToM, Omarogaps MEpBHYHOMY UMITYILCY, B
aHATM3UPYEMOH CHCTEME CO3AaeTCs SAPO MOSPU3ALNH, TaK KaK Ha JTF0OOM YPOBHE IOTPYKEHHS
B riy0b Marepuu (B IiyOb aHU30TPOIHOTO CTPYKTYPHOTO YPOBHSI MAaTe€puH), B TOM YHCIE HA
ypOBeHb penukToBOro uanyuenus (PU), Mbl uMeeM [esio, B MEPBYIO OYepe/ib, C aHU30TPOIHEH
IPOCTPAHCTBA, KOTOPOE MBI paccMaTpuBaeM Oe3 JIOOBIX WHTepHpeTaluid, Kak (akrt, MmoaTBep-
xnéaabii HoOeneBckumu npemusimu 1o ¢usuke 3a 2004r, 2006r. u 3a 2008r., a BO-BTOpHIX, Ha
JTF000M CTPYKTYPHOM YpOHE JEHCTBYIOT 3aKOHBI COXpaHEHHUs. JTH 3aKOHBI COXPAHCHHUS B CHUC-
TEME, B KOTOPYIO MOTPYKACTCSA ITOT MMITYJIbC, PEATU3YIOTCS, KaK B JUHAMHUKE COCTABJISFOIIUX
CUCTEMBI, TaK U B JUHAMHKE BCEH CHCTEMBI B 11eJIOM. [lepBUYHBIC UMITYJIECHI PA3TUYHOTO CTPYK-
TYpPHOTO YPOBHSI TI0 Macce M KMHETUYECKOH PHEPTUU MOCTOSHHO TPOHU3BIBAIOT MPOCTPAHCTBO
KOCMOCa, KakK CJICJICTBHE MHOTOBAapHAaHTHBIX MPOIECCOB, (PU3MKO-MAaTEMaTHUECKOE OIMCAHHE
KOTOPBIX COCTOUT B CIICIYIOIIEM.

JIro6oii 00BEM V', OT KBapka J0 CyOMUKPOCTPYKTYPhl KOHKPETHOTO BEIIECTBA, TaK U
TUTAHETHI, 3BE3/bl, TAJIAKTUKU M METarajlakTUKu, ¥ “Bemukoro arrpakropa” ompejaensercs, B
o0rmieM Buze, GopMyIIoi:

divU, =7 > rot U, | (1)

rae divU, — nuBeprenmms win pacxoxaenue noust BC mmm kakoit-To - mo6oit vactu BC, ¢ co-

OTBCTCTBYIOIUM HMITYJIbCOM HAPYUICHUA paBHOBGCI/Iﬂ;
h — ko3 duImenT cBa3u Mexay GopmupoBanusamu (crpykrypamu) BC, Ha ypoBHE TIEpBUYHOTO

mporecca HapylIeHHs pPaBHOBECHOTO coOcTOsiHUS mpoctpaHctBa BC wmmmynscom  divUg;

Z rot Un — KOMITIOHEHTBI, BOBJICUEHHEIEC B IMponecC KOMIICHCAIIUKY HAPYIHICHHOI'O COCTOAHUA OII-
n

peleN€éHHOrO MPOCTPAHCTBA, MPEACTaBIIoMUE CO00i 00BEMHBIE MPOU3BOIHBIE KOMIIEHCALU-
OHHOTO TIpoIiecca BOJHOBOTO Bo30yxaeHuss BC, 4yTo M MpUBOAMT K BO3SHUKHOBEHHIO OPTOTO-

HaJIbHOM IIJIOCKOCTH IO OTHOIICHHI0O K O00BEMY (POPMHPYIOIIETrocsl CKaJspHOIO 3HAuY€HUs

divU,, Gmaromapsi AefcTBHIO 3aKOHOB COXPAaHEHUs, B BUJIC BCTPEYHOrO Hporecca Zrot u,.
n

371ech Ke MpPOCMaTpUBaETCA ACHCTBUE BEKTOPA M3BECTHOrO, Kak BeKTop YMoBa-Iloiitunra. Xo-
TS BO3HUKHOBEHUE BEKTOPA MAarHUTHOTO MOJISI B TUIOCKOCTH, MEPIEHIUKYJISIPHON K MJIOCKOCTH
antekTpudeckoro mosi, H. YMoB B cBoelt JOKTOpCKoii quccepranuu ot 1874 r. BliepBbIe MOKa3al
MPUMEHUTEIHHO K BO3MOXKHOCTSIM HCIIOJIb30BaHUSI MAaTHUTHBIX 00pa30B i HUCCIEA0BaHUN Ieo-

MAarauTHBIX IIPOHECCCOB. N IloHTUHT HE UMEET K 9TOMY HHUKAKOT'O OTHOLICHMUA.



I[J'IH dHaJIn3a MpoueccoB pealn3yCMbIX B 00péMe V B cBOHX HCCICOOBAHUAX MBI HC-

MI0JI30BAJI THPHHT-TOTIOJIOTHIO HA OCHOBE TeoMeTpuu U pyHKImn JlobaueBckoro:
— -k
() = 2arctg(e ™) (2)

rae, I1(l) - onpenenénnas yciaoBHas BepTHKaib (OTPE30K), Kak (yHKIMs 3TOro orpeska | B mpo-
CTPaHCTBE, [0 OTHOLICHUIO K KoTOpoMy cyrnectByeT yron « = [1(l) mapamnensHoctn Jlob6aues-
CKOT0, TIPEJIOKEHHBI UM U Ha3BaHHBIA B 4eCTh Hero. Eciu yBenuduBaeTcs 3HadeHue £, yroi
a yMeHbIaercs, ocraBasch B mpenenax: 0 < a <z /2, Tak 4TO Ui KaXIO0T0O 3aJaHHOTO yIiia

a , cymectByeT onpenenéunoe 3uauenue |; K — pammyc xpuBusHsl npoctpancTBa JlobageBcko-

TIO.

Lentp ueprait
NBIpH

Pucynok 1 — I'eomempuueckuil 6u0 npocmpancmea-epemMeHy Hawetl 2araKmuku, KaK ananoe

npocmpancmea Jlobauesckozo. Pucynox 63am uz pabomet b.1 puna «Onecanmuan 6cenreHHan»
ITo HamwMM MpeacTaBiIeHUsIM paauyc KpuBH3HBI K mpocTpancTBa JIo6aueBCKOro cOOT-
BETCTBYET MacmTaOy WU3MEpPEHHS PACCTOSHUM M KOHCTAHTE CBS3aHHOCTH TOJIIPOCTPAHCTB BO
BceoObemmromeii cpeae (BC), omHoBpeMeHHO onpeaenseT GUKCHPOBAHHBIN 110 BEIUYHUHE OTpE-

30Kk ¢ aHm3oTpomHoro ooséma V, mpoctpanctBa BC, a Tak ke sBIA€TCS KOHCTAHTOW MOA00US

A" Ul pasaMYHBIX FE€OMETPHYECKUX (POPMUPOBAHMI B 3TOM IPOCTPAHCTBE, TO €CTh ABIACTCS
MOCTOSTHHOM neficTBUsA. Bc€ OeckoHeYHOe MHOXKECTBO MPOCTpaHCTB JI06aueBCKOro BO BCEOOD-
EeMITIONIEH cpenie pa3nvaeTcsl 3HaueHueM Kod((UIIMEHTOB KPUBHU3HBI MpocTpancTBa Jlobayes-
CKOTO, ompezenser noctosuuyro Ilnanka K~ 74" ¥ COOTBETCTBYIONIYIO TeOMETPUIO (Ha30BOrO
npoctpancTsa BC. [l ka)10ro 3aJaHHOTO yIUIa ¢ , CYLIECTBYET ONPEACIEHHOE 3HAaUCHUE / |

limF (0)=2 limF (£)=0 3)

2 {— oo
-0



IIpoBeast BecbMa HECIOKHBIE TpeoOpa3oBaHus ypaBHeHus (2) u mposorapupmMupoBaB

MOJKHO ITIOJIYYHTh.

a=-k-In|tg % (4)

F () y
Tanrenc tg — B 9TOM (hopmysie O0TOOpakaeT eIUHOE MPOCTPAHCTBO (KOHKPETHOE

3Ha4YeHue /) COOTHOIIECHHUI MOTEHI[HAIOB B COOTBETCTBUH ¢ (hopmyioii (1)
KaxoMy 3HaYeHHIO ¢ COOTBETCTBYET MOANpPOCcTpancTBO BC, reoMeTprst KOTOPOro Ofl-

pemensiercs  koad¢uimertom K w ompenenéHHbIM - comepkanneM  obbéma  BC

F(
V =In|tg [% ), 4TO B CBOIO OYEpEab OMPEAETACTCS COOTHOIICHUSIMHU JUHAMHYCCKUX I10-

TEHLIUAIOB 10 Gopmyie (1).
B cootBetcTBHM ¢ BenmnunHON ¢ U yriaoMm kpuBH3HbBI K 1 Ha ocHoBaHMH (opmyisl (1) u
UCIIOJIb30BaHUSI TOMOJOTHYEeCKUX npeacTaBinennit [11-13], MoxHO 3amucars:

|W,) =]divU,)®( DJrot U, |) =m, + D =V, (5)

n
rmue |‘P1> — BOJIHOBOE BO30YXIICHHE YCIOBHO PaBHOBECHOTO COCTOSHHSI aHU30TPOITHOTO aHaJIH-
supyemoro mpoctpanctBa BC, koTtopoe comepXuT B ceOe, BOZHUKHOBEHHUE CHCTEMBI ITOJIS:

divU, , Kak IepBUYHON YacTH ¥ PEAKIHUIO Ha 3TO IOJIE — MHOXKECTBO CYMM MaTpPHI] KOMIIEHCAIIU-

OHHOTO TIporecca Zrot U

n

4YTO W ONpCACTIACT CKaJlsAp IMEPBUYHOIO MMITYJIbCa WU KOJIUYCCTBO

n!?

MaTepuu, BOBJICUEHHOW B mporecc (GpopMUpOBaHUS KOHKPETHONH HOBOW CTPYKTYpPBI. DTHM 3Ke

OTIPENIeNISIOTCA CBOMCTBA, CPOPMHUPOBAHHBIX ITHM KOMILIEKCOM MOANPOCTPAHCTB MPOCTPAHCTBA

1 o
JIo6aueBckoro 'S, COOTBETCTBYIONTUM OMpPENEIEHHOMY 3HadeHMIO Kod(dumuenta ‘K, anamu-
3UpyeMOi CUCTEMBI ¢ 00BEMOM U Maccoit: V, = M, +J, e COIepXKUTCS MyCTOE MHOXKECTBO

. DTO MHOXECTBO, OTOOpaKkaeT B 0000IMIEHHOM BHJIE aHU30TpoNHio mpoctpancTea BC 1o Mo-
MEHTa U B MPOIECCE HAPYIICHUSI €r0 COCTOSHUS, MPU OTCYTCTBUH IOJIHOM KOMIIEHCAIIUU TIPO-

1IeCCOB, MHUIIMMPOBAHHBIX NMepBUYHBIM uMityabcoM divU,, mmm divU,, uyto npuBoaut k peanu-

3allM¥ Ha OCHOBE JIeHCTBUS 3aKOHOB coxpaHeHust (.HbIOTOH) TakMX MPOIECCOB, KaK IKPAHUPO-
BaHHE, TaK U aHTU — SKPAHUPOBAHME, B MOCJIEIOBATEIBHOCTU ()JION - MEPEeCcCTPOEK K BOJIHAM B
NPOCTPAHCTBAX PEIUKTOBOTO M3IyueHHs, B 0OpazoBaHMM THpocTpaHcTB Tuna Kommabu-Sy u
1poY., B TOM YHCIIE, TIPOIIECCOB IBOIOIMHU (YCIOKHEHUIO U (OPMUPOBAHUIO HOBOH CHCTEMBI 10

BapUaHTaM B3aWMOJICUCTBHI C OKPY)KAIOIIMM HAC MHPOM) MM MPOIECCOB JACCTPYKIIUH, €CIIH



CUCTEMA BXOIUT B HpOTI/IBOpe'-II/Ie C )IGI\/'ICTBPICM 06’I)CKTI/IBHI)IX 3aKOHOB HpPIpOI[I)I NN 3aKOHOB
I'ocnionma bora, 4To 0HO U TO K€.

OI[HOBpeMeHHO C DTHUM, U3JI0XKECHHOE SIBIISICTCS OCHOBOUL npuUpoosbl z2pasumayuu, KuHe-

MUYECKOU IHeP2UU, MAZHEMU3MA U 6CEX U008 83AUMOOCIICIEUIL 8 NpUPOOe.

[lepBuuHbI UMIYJIbC, HAPYIIUB PAaBHOBECHE MCXOJHOTO COCTOSIHUS KakOM-TM0O cucTe-

MBI BCJICICTBUC ,Z[CﬁCTBHfI 3aKOHOB COXpPaHCHH:, BLI3BIBACT KOMIICHCAIIMOHHBIC KOMIIJICKCHI

Z|r0t Un|' C @HKC&HI/ICI\;I BCEM MOCJICAYIOIHUM IMPOUECCOM KOHKPETHO — CKAJIAAPHOI'O 3HAUCHUA
n

IIEPBUYHOTO MMITyJIbCa B IMHOM LIEJIOM ¢ IMycThIM MHOXKecTBOM: divU, + &, uTo naér B cymme
aHAJIM3UPYEMYIO CUCTEMY C Maccoll M, u coomeemcmeyroujue MUKpo - RPOCMpAaHCmea ¢ pasHo

HanpaejienHHo spaiarouumMucs Cy6 — MUKpO — maccamu 4acmudex BC, 6 Mmom vucie, no cpanu-
yam 3mux MUKpo NpoOCMPpAHCME, HeCYUUX 8 cebe CMbICI PA3HO HANPABIEHHbIX 3aps008, Ymo U
nPUBOOUM K 803HUKHOBEHUIO MHO208APUAHMHBIX 8UO08 NOJAPUSAYUOHHBIX NPOYECCO8,
N — YUCIIO CTPYKTYPHBIX 00pa30BaHUN — yCTOHUMBBIX paccioeHHi mpocTpancTBa JlobaueBcko-
ro: 'S, .

st Toro, 4TOOBI OMpPENEINTh 3aKOHOMEPHOCTH, PEAU3yeMble B CTPYKTYPHPOBAHHOMN
BC, xak ananore mpoctpanctBa JIo6baueBCKOro, ObLT BBITIOJIHEH CUCTEMHBIM aHAN3 HAKOIUICH-
HBIX COBPEMEHHOW HAyKOW JAHHBIX O CTPYKTYPHOM CTPOCHMH HAIIETO MUpa U OCOOEHHOCTSX B

€ro JZMHaAMHUKHU. I[J'I?I 3TOTr0O HAMH 6I>IJ'Ia BI)I6paHa ciaeayromas 3aBUCUMOCTB.
+
A =h"1,62 (6)

rac, A{ — HAUCKPCTHBIC YHCJIOBBIC 3HAYCHUA MacIITabHOM 0CH, COOTBECTCTBYIOUIHUEC OIIPECACIICH-

HOMY 00B&éMy-MaTpunie V B BC; 7 — mocTostHHasi AEUCTBUS — KOA(PPUIMEHT CBSI3U CTPYKTYP-
HBIX cocTaBisronmx o0béma BC. Jlns mamel ramaktuku 7 = K =h — mocrosianas [Tnanka u,
OJTHOBpEMEHHO — 3T0 K03 durment K B pyHkimu JlodaueBckoro; N — ar000€ 1eIoe Yucio, co-
OTBETCTBYIOLIEE YHCITY PACCIOEHHBIX IPOCTPAHCTB, 00bEMOB B BC, B KOTOPBIX BOSHUKIIU T€ WIIH
UHBIC CTPYKTYPBI (CHCTEMBI); + —[ETOUMCICHHBIIA Psil HATYPAIbHBIX YHCEI, KOTOPBIi ajiee MbI

OyJeM HCII0JIb30BaTh B 00O3HAUEHUSX PAHIOB CTPYKTYPHBIX YPOBHEW MmaTepuu, B BUae ‘M’ ;
1,62 z% OCHOBaHHUE, ONpEAEIAIoIIee KOIMYECTBO JAUCKPETHBIX MPOMEXYTOUYHBIX 3HAUEHUH
00bémMoB BC B enuHudHOM OTpe3ke «|» BRIOpaHHOM IIKajibl Ha OCHOBAHMU IMPOCTPAHCTBA U

¢ynkun JIobaueBckoro.

B cootBercTBUHM ¢ opmysioii (6) ObLTa OCTpOEHA YCIOBHAS IIKAjIa:



-0... A, SAS, SAS, SAS, SAS SAS, SAS SAS ... to. (7)
Tac, A{ — AUCKPCTHBIC YUCIIOBBIC 3HAYCHUSA MacIITaOHOM IIKaJibl, COOTBCTCTBYIOIIUEC OIIPECAC-

JTeHHOMY 00BéMy — Matpuiie V, B BC ¢ mHmekcamu N 171 pa3iInyHBIX PAHTOB MAaTpPHUIl — 00BE-

MOB (CTPYKTYPHBIX ypOBHEH Marepuu) mKaisl (7): s — siipa aTOMOB, & — aTOMBI; M — MOJICKYJIbI

M KPpUCTAJIJIbI, B — BCIICCTBA, IJI. — IJIAHCTHI; 3 — 3Bé3Z[I>I; T — TAJIaKTUKH,; MI' — MECTaraJJakTUKu "

T.J., B TOM YHCIE, IS HALIETO aHaIu3a, 150 =AsS,, OTHOCHTCS K IPOCTPAaHCTBY HAIlEH MJIaHETHI,

1S)+l OTHOCHUTCS K IIPOCTPAHCTBY Halllel IJIaHETHI, HO C COYETaHUEM PAa3INYHBIX JUHAMHUYCCKUX

MOTEHIUAJIOB PA3HOTO CTPYKTYPHOI'O YPOBHS, B TOM YMCJIE OTINYAIOLIUXCS 10 arperaTHOMy CO-

2
. — 3 — 2
CTOSIHMIO, HO CBSI3AHHBIX B SIMHOE LIENOE, h= As,, 'S, = AS, uT.1. —UHAEKC “S, OTHOCHUTCA K

MpOLECCaM BHYTPHU MIPOCTPAHCTBA HAIIEW 3BE3JHOM CUCTEMbI, MHICKC B HUKHEW 4aCTH 33% OT-
HOCHUTCSI K IIPOCTPAHCTBY, B COCTaB KOTOPOTO BXOAMUT HAIlla 3BE€3]1a, HAIPUMEP MPOCTPAHCTBO
nosica ['yiia B ranakTMue€CKOM MPOCTPAHCTBE U T.1.;

Koncranra =K B dopmynax (4) u (6) cBa3siBacT MHOXeCTBO map (TOYEK) IMOAIPO-
CTPaHCTB, KOTOPBIE MOTYT OBITh OTHECEHHI K MHOXKECTBY 3JIeMeHTOB. Kakmasi M3 3TUX TOYEK
HUMEET CBOIO Pa3HOCTh MOTEHIIMAJIOB, 32 KOTOPbIMH cToAT KoopauHathl (1o I'.Kpony — A. Briaco-
By — JL.IlouTpsruny — U. [puroxuny).

KoopanHaTh! onpeessitoTes 10 CISAYOIIM TaHHBIM:
1. Ummynsc neiictBus div U,, cBS3aH ¢ IPOCTPaHCTBOM 'S, wm S
2. Unaexc °S, ompenenser mpouecch B 6ojiee rio6aTbHOM MPOCTPAHCTBE, YeM HHIEKC

1Sn WA 13'»1 U T.II.

3. Unpexc “n+1”, onpenensieT CBI3aHHOCTh B aHAJIM3UPYEMOM MPOCTPAHCTBE, HO C MPO-
CTPAHCTBOM, XapaKTEpU3yeMbIM 00Jiee HU3KOYACTOTHBIM COOTHOIIEHUEM MTOTEHIIHAIIOB.

[Mpuyém QpopmupoBaHUE CTPYKTYpHI, ¢ KaKOH-TMOO Maccoil, MPOUCXOAUT Oiaromaps
]-S'H 2
BCTPEUHBIM MMITyIbcaM » rot U, Kak U3 MPOCTPAHCTBA 3, TAK H MPOCTPAHCTBA S WIH S,
n

Onarogapst yuemy (popMHpYeTCs aHAIM3UPYEMOE MPOCTPAHCTBO C MACCOM M, , M300pakacMoe B

BHJIC TAHTCHIIMATBHOW (PYHKIIMU 3HAYCHHH. B YUCIIHTENC - coJepikaliee oO0IIee KOJIMYEeCTBO
KOHKPETHBIX CTPYKTYp - aTTpakTopoB N , COCTOSIIINX M3 MOJACTPYKTYpP B 3HAMCHATEJIC TAaHTCH-

IMAIBHOKW (QYHKIMH, XapaKTEPU3yEMbIX YHEPIETHUECKU CBA3AHHBIMM COOTHOIWEHMsAMH N.In.!,

JTUHAMHKA KOTOPBIX OTOOpaskaeTcst Z rotu, :



FIO) - N 'S
tg( 2 j_wl_ng!ngl " ®)

HIJIN

2
tg (&) =W, = i = ) =V, (8a)
2 n.In! Kk,

Takum o6pasom, koukpetssiii 06béM V, =W =M, B popmyune (8) MoxeT ObITH MpencTaB-
JIEH BEPOSITHOCTHOM NWHAMUKOHW, B BUAEC CTPYKTYphl B meiaoM — N, a Tak ke MOACTPYKTYp-
aTTPaKTOPOB B BUAE N 5!” 6g! , UTO U CO3/1a€T JUHAMUKY IOJIIPU30BAHHON CUCTEMBI 00bEMOM — V,

n, = f(§) — gynxums pacnpesienenus 4acTUI-TONOrPaMM aTTPAKTOPOB MO SHEPTHSAM B3aHMO-

JEUCTBUS B 00BEME Vl’ B KOTOPOM IMPOUCXOIAT MHTCPECCYIOIHNE HAC IIPOUCCChl JUHAMUKHA pac-

CJIOCHUs, BXOXICHUA B 6H(1)ypKaLlI/IOHHOC COCTOSAHHUEC KOHTPOJIMPYEMOTI'O Xa0Ca, CHHXPOHU3AIIUU

H BO3BpaTa B pPaBHOBCCHOC COCTOSHHUC. Ecnu Ha ocHOBaHUU H3JI0OKCHHOI'O, B TOM YHMCJIC, UCIIOJIb-

F(/
3ys IEUCTBUE 3aKOHOB COXPAHEHUsl B €IUHOM IIPOCTPAHCTBE B BUJIE: % B (opmyiy (8) BMme-
F(0)
cro | tg - ) Beectd W MBI MONMyYnM 3HaAMEHUTYIO (OpMYJIy SHTponuHu bonbimana —

[Tnanka, rae 3HaK ornpenenser GopMUPOBaHKE, KaK NMPOCTPAHCTBO, TaK U KOMILJIEKC MOJ-
IPOCTPAHCTB AaHAIM3UPYEMOU CUCTEMBI C OOPATHBIM 3HAKOM IO OTHOIIEHHUIO K MIPOCTPAHCTBY U3

KOTOpOTro NMpuIén HHPOpMannoHHbIH uMityiase divU,, 9To 1 onpenesnsieT ero CKaIspHOe 3Haue-
HUE!
S=-k-InW 9)
JIpyTHMH CIIOBaMH, SHTPOIIHS — 9T0 4acTHbIT BiA byHKuuu JlobadeBckoro: S = o
_o[ F(D)
W =tg (Tj — BEpPOSTHOCTHOE PHEPreTHICCKU — MH(POPMAIIMOHHBIC COCTOSIHUE CUCTEMBI (Me-
pa COOTHOLICHUI YHEPreTUYCCKUX B3aMMOJICHCTBHUII B TOI WJIM MHOW CHCTEME), PUUYEM, OYCHB

Ba)XHO CHUCTEMY pacCMaTpUBaTh B €€ reOMETPO-TOIOJIOTHIECKON [IEIOCTHOCTH, KaK e€ paccMaT-
puBan O. mu baptuau: A = 9T0 W JMa€T MpaBO Ha CYIIECTBOBAaHHE MapaJUICIIbHBIX IPO-

CTpaHCTB, 0OMeH HH(OpMaIMell ¢ KOTOPHIMU peau3yeTcsl Yepe3 COOTBETCTBYIOIINE IroJorpam-
MBI

B cooTBeTcTBUM € H3JI0)KEHHBIM, IPOLIECC MOJIPU3ALUN PEAU3YETCs IO CIEAYIOLIEH
CcXeMe: Kakoh-muOo NMepBUYHBIA MMITYJbC, KaK MPAaBWJIO NpUIIEAINN K3 Oosee riodalbHOTO
MIPOCTPAHCTBA M HAPYIIMBIIUNA COCTOSHHE PAaBHOBECHUS HCCIEAYEMOr0 aHH30TPOIHOIO Ipo-

CTPAHCTBA, BCJICACTBUC JEUCTBUS 3aKOHOB COXpPAaHCHUA CcO371a€T HOBOE MNpOCTPAHCTBO — MHOKCEC-
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CTBO, CoOJIeprKallee MOIMPOCTPAHCTBA - MHOXKECTBO TEPBUYHOTO MMITYJIbCA, BBI3BABIIETO (op-
MHUPOBaHKE MOANPOCTPAHCTB UMITYJIbCOB C MPOTHUBOMOJIOKEHHON BEKTOPHON HANpPaBICHHOCTHIO
B HOBOM NPOCTPAHCTBE — aHU30TPOITHOM CPe/Ibl, KaK CIIEICTBHE KOMITEHCAI[MOHHBIX MPOIIECCOB.
OTOT KOMIUIEKCHBI MPOLECC ONPENEInM, Kak MHOKECTBO M, € YCIOBHBIM CYMMAapHBIM 3HaKOM
“+” 10 OTHOLIEHUIO K aHAIU3UpyeMoMy pocTpancTBy BC nmpuMeHHTENbHO K HaIleH TIaHeTe, B

KOTOPOM OH pCaJIN30BaAJICA. HpI/I 9TOM MHOXCCTBO m1 COCTAaBJIACT YaCTb MHOKCCTBA - MATPUIIbI,

B COOTBETCTBUH CO IIKaioi (7), HampuMep Haliel IMIaHeThl ]Sﬂ, KOTOpPOE B CBOKO OYEpEIb CO-
CTaBIIIET YaCTh MHOYKECTBA CUCTEMBI HAIICH 3BE3HON (COTHEUHOU) CUCTEMBbI 3&»1 =N, =As, B
mikasie (7) u 1.1. B3aumoaeiicTBue MEXIy MPOCTPAHCTBAMH PEAM3yeTCsl Ha OCHOBE MPUHIIAIIA
npoctpancTBa JI00a4eBCKOT0: TOMIOCHI COOCTBEHHBIX IJIOCKOCTEH MHOMKECTBA lSﬂ ABJSIOTCS

nacaJbHbIMH TOYKaMH, a COOCTBEHHBIC TOYKU MOJIFOCAMU nacaJIbHBIX IIOCKOCTEH MMpOCTpPaHCTBA

’S,; =AS, M UMEHHO MO 3TOMy MPUHIMTY (BOPMUPYETCS IEHTP MOTAPU3AIMH, OBATbHAS — KBAJI-

pHUKa IPOCTPAaHCTBA 1Sm, sIpo Halel muaHeTsl. B nmpoctpancTse Hamiel yactu BC, xak aHanore

npoctpancTBa JlobaueBckoro, acictByer Gynkuus JlobaueBckoro (2), kotopas onpeaensieTcs

CI)I/ISI/I‘IGCKI/IM CMBICJIOM.

k=>[non=> {2, (10)

n+l pn
rac ZJ.Z - UHTCrpaJibHadA CyMMa JIAIIYHOBCKUX XaPaKTCPHUCTUYCCKUX HOKaSaTeHeﬁ, a Tak-

e, KaK d)PMHUTOBBIX, TaK U TaMUJIBTOHOBBIX OINEPATOPOB IMPOLIECCOB B MpocTpaHcTBe JloGaues-

CKOI'0 U BCEX OCTAJIBHBIX MAKpPO — MPOCTPAHCTB, C(I)OpMI/IpOBaBI_HI/IXCSI B IIPpOLECCE DBOJJIIOLUA HA

6a3e MepBOHAYATBLHOTO MMITYJIbCA M3 MPOCTPaHCTBA -3 ,. [T03TOMY MBI BBOJMM TIOHSTHE OTEpa-
TOpa npoctpaHcTBa JIobaueBckoro ¢ 0603HaueHueM ero kak JI | :

‘ ro +qu> ®<rot‘eq J. ‘
ale

‘xpj>®<mK|:%Zj 0 06, =F(0) =2 arctg(e ") =V, |1,) ®( /7| =1, (11)
non

rze, “P j> umnyiasc BC; m, —Mmacca MaTpullbl KBapka; I, — IapaMeTpbl MaTpUILbl KBapKa,
I} —4acToTa COOTHOLICHHUII IOTEHINAIIOB - IPOCTPAHCTBA MAaTPHLIb! (hasbl BosHbI BC;
I, NT; — TOIOJIOrMIECKOE MEPECEUCHUE MHOXKECTBA JJIEMEHTOB NPOCTPAHCTBA MATPHIILI KBAPKOB

I, - MHOXKECTBO 3JIEMEHTOB IPUHAICKALIMX MHOXKECTBY [POCTPAHCTBA CTPYKTYpbl BC — I

‘rot”qkl>® <rot“’qj ‘

I ﬂrj

+@=J,, =% (12)



@opmyna (12) — ¢usnueckne ocHOBHI omepaTtopa JlobaueBckoro, rae rotq, — sIeMeHTapHBIH

BUXPb MaTPULIbI KBapKa; rotq; — sJ1eMeHTapHbIil BUXpb MaTpuLibl — (passl BoaHbl BC;

ZJ. — CyMMa BOJIHOBBIX IIPOLECCOB CBA3AHHOCTH HA YPOBHEC KBAPKOB, 91- — JUHaAMHYCCKOC

N n
COIIPOTUBJICHUC MPOCTPAHCTBA CBA3AHHOCTHU MATPHUILIbI KBAPKOB C posHo#i BC Ha YPOBHC KOZ-)(b-

¢unmeHTa KpuBU3HbI K;;
'k — k0> HUIMEHT KPUBH3HBI IPOCTPAHCTBA HA YPOBHE orepaTopa JIoGaueBcKoro.

[TepBUuHBI UMITYJIEC, HAPYIIAIOIINI PABHOBECHE B CIIOKHOM cHCTeMe 0003HA4YMM B BU-
Jie cKalspa BEKTOpa-MaTpHIlbl, KBajapuku — opaa: "KJI divU, ¢ ycrnosHBIM 3HaKoM «+». JleiicT-

BUE 3TOr0 MMIYJbCa BbI3bIBaeT peakuuto BC. Dta peakiysi B MOJIHOM COOTBETCTBUU C 3 3aKO-
HOoM M.HploTOHa, 3akoHamu coxpaHeHus U (yHkuueil Jlo6baueBckoro peanusyercs B aHU30-

TPOIHOU cpene ¢ 00BEMHO-00paTHRIM HampaBlieHHEeM BpaieHus cpeapl BC Kk mpocTpaHCTBY,
v 1 -

CO3/1aBa€MbIM BEKTOPOM-MATPHUILICH kJIOH_ d'VU1- B pesynbTaTe BO3ZHMKAET KOMIUIEKC BCTPEY-

HOT'O UMITYJIbCA B BHJIC MHTETPHUPOBAHHOW CYMMBI MaTPHIl, KOTOPBIA Mbl 0003HAYHM YCIOBHBIM

sHakoM «-» 1 B Buae KJI divU, > JI rotu™
(a1, divl, > "k 3T ot ) (13)
rae, "k, — Ko3(QQUIHMEHT KpUBHU3HBI ITpocTpaHcTBa JIobayeBCcKoro, Kak pe3yabTaT HOJApU3alu-

(v} l -
OHHOTO B3auMoJencTBus umiynsca KJI  divU; ¢ miockocTsio mpocTpaHcTBa M, , B pe3yJibTa-
T€ 4Yero BOKPYI MPOCTPAHCTBA, CO3IaHHOTO 3THM HMITYJIbCOM KaK IIEHTPOM KpHUCTaIM3alUU
(mosstpu3anuu), chopMUpoBaIach CKaIsApHAs BEIHYHUHA ITOTO UMITYJIbCA M PEATU30BAICS KOM-

miekc " K, ZHOH_rOtU ¥¢ . Ilpu 9TOM MHIEKC M B BepxHeil yacTu kodpduunenta "K o0o3Hada-

€T MHOXECTBO IIPOCTPAHCTB, BOLIEIINX B COCTaB CUCTEMBI aHAJIIM3UPYEMOIO IIPOCTPAHCTBA HA
IpeAbLAYIINX 3Tanax BOJIOIMH 3TOU CUCTEMBL. B pesynbTare co3naércst HOBBIM 00bEM, “oBai —
KBaJIpUKa”, YTO U ONpPEJEISIET €ro Maccy U INIOTHOCTh MAaTE€PUH, C KOHKPETHBIM COJIEPKaHUEM
10 BO3MOKHBIM BApUAHTaM IPOLECCOB B3aUMOJEHCTBUSA, a TAK )K€ OPTOrOHAIBHYIO INIOCKOCTH
JUHAMUKH JBYOKEHUS 4acTH cpebl BC 1o OTHOLIEHHIO K TIIOCKOCTH — 00BEMY MEPBUYHOIO UM-

nynbca divU, u ogHOMY M3 BapuaHTOB 3TOro uMItyssca B Buae divU, .
Eciu F(/) > 0, to B cootBercTBrM ¢ hopmynamu (1) u (3) u gradU — o, a 310 3Ha-
9UT, YTO MPU MUHUMANbHOM 3HayeHuu F (/) , cooTBercTByIomemM 06pa3oBanuio, Harpumep, Go-

TOHA, CKOPOCTh €r0 PacCHpOCTPaHEHUSI CTPEMHUTCs K OeckoHedHOCTH: V —> o0 . UTo HE TomyCKaeT

IIPABOMEPHOCTh OJIHOTO M3 OCHOBHBIX MOCTYJIATOB DWHIITEMHA U MOJHOCTHIO OMPOBEPIaeT Bce



OpenoBeie MeTonoNOTHUECKUE (haHTasmu ODWHINTEHHA, DpuaMaHa O HEKOM TOPH30HTE, M HX
BECbMa U B€CbMa MHOT'OYHUCIIEHHBIX ITOKJIOHHUKOB M APBIX 3aLIUTHUKOB.

Taxum 06pa3oM, BCTpEUHBIH MpoLIECC peanu3yeTcs B aHAIU3UPyEeMOM HaMU ITPOCTPAHCT-

1 . o
BE ¢ KO3((UINECHTOM KPUBHU3HBI ~ K, ¥ CO31aET COOTBETCTBYIOIIEE OPTOrOHAIBHOE I0JIE JICHCT-
Bust nmmmysibea 'K, JI divU, coBmectHo ¢ poneccom 'k, Y JI, rot™U, .

B cootBerctBun ¢ dopmyioii (11) mo rpaHuiiaM npocTpaHCTBA KaKOW-THOO CTPYKTYphI
BO3HHKAIOT MHUKpPO - MOJANPOCTPAHCTBA, B KOTOPBIX peanusyercs ¢usnka onepatopa JloOaues-

CKOTO, 4TO M CO3HAaET, TaK HAa3bIBACMBIC, 2J1eKHPUUECKUE 3apaovl_u_cOOMEeHCmEyruLee_maz-

HUMHbIE NOJIA — Mampuubl, KaK 4aCTb 0oJiee riI00aJIBHOIO IIPOCTPAHCTBA, BpalllatOIIUECA B OP-

TOTOHAJBHOM MJIOCKOCTHU 10 OTHOIICHHUIO K 00BEMY AIICKTPHUYECKOTO 3apsijia, KaK €IHHOTO IMpo-
1ecca mMpuxoJia Hecylero B cede MHGOPMAIUIO UMITYJIbCa, C JaHHBIMH U3 0oliee TI00aTbHBIX

MPOCTPAHCTB KAkl (7).

1
[Tpu sTOM M3BECTHO, UyTO O = E— COOCTBEHHAsI TMHAMUYECKAsi EMKOCTh CUCTEMBI 00pat-

HO TIPONOPIMOHAIbHA €€ COMPOTHBIICHUIO M OJTHOBPEMEHHO C 3TUM OOpaTHO MPOIOPIMOHAIEHA U3-
MEHEHHIO 3apsi/ia U IPSMO MPOIMOPIUOHAIbHA U3MEHEHUIO IOTEHIIMANA, €r0 POCTY U MO3TOMY JIMHA-
MHYECKasi EMKOCTh CAMBIM T€CHBIM 00pa30M CBsi3aHa C KaU€CTBEHHBIM COJepKaHueM HH(pOpMa-
[IMH, COAEPIKAIICHCS B TOM WJIM UHOM 3HAYCHHH OOOOIIEHHOTO AMHAMUYECKOTO MOTEHITHANA, C

TOYKHU 3PpCHUS YCTOﬁqHBOCTH CHUCTCMBI.

Kaxxmas marpuia mikansl (7) coaepuT B ceOe Ba mapaMerpa: Bpemst | U TEMIIEparypy

. Bpems T, otHOCHTCS K ToMy npocTpancTBy BC, KOTOpOoe 0Ka3anoch y4acTBYIOLIUM B IIPO-

1ecce ACHCTBUS MEPBUYHOIO MUMITYJIbCA 1leOH_diVU1 u peakuud BC Ha 3TOT UMITYJIbC B BHJE

1k22HmrotIeUn , UTO Y IPHBEJIO K BO3HUKHOBEHUIO JAHHOH MaTpHIbI-00BbEMA ¢ onpenenéH-

HBIM BUJIOM COZAEpKaHMs U KonndecTBa Matepun. Y. IIpurosxus 310 BpeMst OTHOCUT K BHYTPCH-
HEMY BpEMEHH aHaJIM3UpyeMol cucteMbl. B 3ToM 00bEMe-MaTpulle BOSHUKAET IO MOJIIpHU3a-
K (KKBaJIpUKa») WIH LEHTP MOJSPU3AINH, CBSI3aHHBIN C ITyOWHON-ypOBHEM NEpBOHAYAIBHO-
ro HapyLIeHHs] paBHOBECHOT'O COCTOSIHUA aHn30TponHoi cpeaslt BC. Ilpu aToM cpa3y, npaktuue-
CKH OJHOBPEMEHHO (9TO 3aBHCHUT OT cTeneHu anuzorpornuu BC), BO3HMKAeT rpaJueHT MOTEH-
uanoB. C OIHOM CTOPOHBI 3TOT MUMITYJIbC IEPBUYHOIO HapyuieHus paBHosecus BC, a ¢ qpyroi
peakuys Ha 3TOT UMITYJILC KOMIUIEKCAMH BCTPEYHBIX MMITYJIbCOB, YACIO KOTOPBIX U UX UHTCH-
CHUBHOCTb 3aBUCST OT crerneHu anuzotponuu BC, cornacHo Tpethero 3akoHa HeroToHa u qpyrux
3aKOHOB COXPAaHEHUs. DTOMY, BHOBb BO3HMKILIEMY I'PaJMEHTY MMOTEHUIHUANIOB, OyJIET COOTBETCT-

BOBaTh CTPOTO ompeaenéHHas yactora konebanuit BC, uyTo u ompenenuT, kak oblee HHTETPU-
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poBaHHOE BpeMs | ¢dopMHpoBaHUs 00IIEH MacChl — 00bEMa, TaK U HUHTETPUPOBAHHYIO TeMIIE-

parypy +. OgHako, ’TO MHTETPUPOBAHHOE BpEMsl HANO pa3JeisTh HAa BpPEMs, OTHOCSIIEECA K

npoleccaM B3aUMOJICHCTBHS aHAIM3UPYEeMO Macchl-00bEMa C BHEIIHEH cpefoi, KOTOpOoe MbI

0003Ha4YnM, Kak T,,H OMpeneinM, Kak BHEITHEE BpeMs, a BpeMs, KOTOpOE MBI 0003HAYUM, KaK

T,, ompenenum, Kak BHy TPCHHEE BPeMs.

JlokanpHBIN 00BEM-IIEHTP MOJSPU3ANNHA XAPAKTEPU3YETCS KOHKPETHOM YacCTOTOH COOT-
HOIIIEHUH TTOTEHIIUANIOB, €ro C()OPMUPOBABIIKX. ITa YACTOTa COOTBETCTBYET TOMY, YTO MPUHSITO
Ha3bIBaTh TemnepaTypoil. Ho, B pa3BuBaeMbIX HaMH MPEACTABICHUSAX, B 3TOM KOMILIEKCE OyaeT

BO3HHMKATh TEMIIEpaTypa MepBoro sTana -1 GpopMupoBaHus Macchl Bo BcéM o0béme BC, BoBie-
YEHHOM B aHANM3UPYEMYIO HaMH Maccy Matepun ummyiscoM 'K JI_ divU, u sTa Temmeparypa

COOTBETCTBYET TEMIIEpaType B SIAPE IUIAHETHI, T.¢. Temieparype Bbime > 6000°C. ITo mMepe Toro,
KaK B JIOKQJIbHOM 00BbEME peaan3yloTcsl IPOLECChl KOMIIEHCAIIMM B COOTBETCTBUM C TPETHUM 3a-
koHOM HbroTOHA, Ha onpenenéHHOM YJAJIeHUH OT 3TOro, JOKAJIBHO BO3ZHUKULIETO siipa MOJSpH-
3anuu - HeHTpa (00béMa) chopMHpOBABILEHCS MAaTePHH ¢ KOHKPETHOH IIOTHOCTHIO MaTEpHH,
YMEHBIIIAETCSl YaCTOTa B3aUMOJICHCTBUI MOTEHLIMAJIOB, TEMIIEpaTypa MOHUXKAETCs, YBeINYUBa-

eTCcsl BpeMsi JICHCTBUsSI HOBOTO 3Tana (OpMHUPOBaHUs Macchl — Matepuu (00bEMa), B paMKax mpo-

. 1 .
CTPAHCTBA OOILIET0 BPEMEHH, TIPEAONpeIeEHHOr0 nepBHYHbIM uMitysscoM K JI  divU, . Mnaue

TOBOpsI, MPOLIECC MPHOOPETAET XapaKTEPHCTUKY, COOTBETCTBYIOIIYIO BPEMEHU I,

1+x

C COOTHO-

0
IICHHEM MOTEHI[MATIOB Ha OTPAHUYECHHOM MPOCTPAHCTBE COOTBETCTBYIOMIUX —x-3 K. Best cuc-

TCMa CTAHOBUTCA HNPOCTPAHCTBCHHO HOI[O6HOI71 MNPOTAKCHHOCTBIO MOJIAPU30BAHHOI'O MOMAIIPO-

CTpaHCTBA, NIpU 00513aTeILHOM BIIOKEHHH B HETO CMBICTIA BPCMCHHU KakK

oy » TAK 1 Tn_y ¢ 00-

PaTHO NPONOPLHOHAIBHBIM 3HAYCHHEM TEMIIEPATyPhl BIUIOTh 0 —— MM —-

Taxum o0pa3oM, Mbl HabOaeM (OPMHUPOBAHKE MPOCTPAHCTB B MOJTHOM COOTBETCTBHUH
C MaTeMaTHKO# 1eneit Mapkosa u unesimu JlobaueBckoro, B KOTOPHIX K03 uineHToM mogoous
siBisiercst KoadduienT kpuBu3Hbl K npoctpancTsa JlobaueBckoro.

ITo Mepe pa3BUTHA CUCTEMBI, HAIPUMEP HAIEH rajJaKTUKHU WM HAIIEeH MJIaHEThI, €€ TEM-
nepaTrypa Ha MOBEPXHOCTU 3BOJIOLUOHUPYIOIIEH CHCTEMbI YMEHBIIAETCS, UM, UHA4YE TOBOPA,
TEMIIepaTypa o Mepe yJalleHUs! OT LeHTpa (GOPMHUPOBAHUS YMEHBILIAETCS, YaCTOTAa COOTHOIIIE-
HUS IOTEHIIMAJIOB TaK K€ YMEHbBINACTCS, XOTs KOJIMYECTBO MH(OPMAIMK COAepKalieics B 00b-
€Me yBEIIMYNBAECTCS.

CooTBeTcTBYIOIIMM 00pa3oM, TEMIIEpaTypa BHYTPH OTAEIbHON CHCTEMBI MOJSPU30BaH-
HOT'O MPOCTPAHCTBA OyAET paclpenessaThCsi 00paTHO MPOMOPLHOHAIBHO BPEMEHH MOJISPU3ALHH,

B pe3yJbTaTe, KOTOPOro BO3HUKIIO BCE 3TO MPOCTPAHCTBO:
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2 J[Fo%, = £ 9L (14)

rae knz_” +0F, , — MHTerpupoBaHHas TeMIEpaTypa NOJISPU30BAHHOIO POCTPAHCTBA Yac-

N n

TH BC, KOTOpaAa onpeacirsieTCsa recoOMCTpUICCKUMHA (TOHOJ’IOFI/IHGCKI/IMI/I) XapaKTCPUCTHKAMU 3TO-

ro NMPOCTPAHCTBA 3a BpeMsl [, TO €CThb, 10 MEpe yAaleHUs OT LIEHTpa MpolLecca B3auMOAEHCT-

BUSl NOTEHIIMAJIOB ZHOHI rot Un|, OTHOCALIMXCS K (opMUpOBaHUIO O0BEMOB, TeMIleparypa
n

yMmeHnbliaercs. [Ipu 3ToM — Tonosoruyeckas TeMieparypa, Kak 0To0paxeHue nociae10BaTeIbHO-
CTH TIPOIECCOB (POPMHUPOBAHUS CTPYKTYP-00BEMOB U COOTBETCTBYIOIIETO COUETAHHS, BRICOKUX B

LIEHTPEe U HU3KHUX YacTOT V, , 10 Mepe NPUOJIMKEHHs K TPAHUIIE BCETO MPOCTPAHCTBA BOBJICUYEH-
HOTO B 3TOT mpouecc. Takum oOpaszoM, mepBuuHbIi uMnyssc JI | divU, momspusyer omperne-

JNE€HHOE MPOCTpaHCcTBO-00bEM BC, a nanblie peannsyeTcs Npouecc KOMIEHCAMH HAPYLIEHHOTO
paBHOBecust B BC B Buie HOBBIX 00BEMOB-IIPOCTPAHCTB, KOTOPhIE B MHTEIPUPOBAHHOM cymMme

c(hOpMHPYIOT EIUHYIO CUCTEMY MAcChI-00bEMa, TO €CTh TO, YTO U MIPHHSITO HA3BIBATH MATEPHUECH.

DTa MHTErPUPOBAHHAS CyMMa OyeT CoAepKaTh V(I KV,) — MHTerpupOBaHHYIO 9acTOTY KOJIe-

6anunit 00EMoB BC, BOBIEUEHHBIX B MPOIIECC, C MPOTHBOIOIOKEHHBIMH BEKTOPHBIMH OpHEHTA-
[USIMH, KaK MHTETPUPOBAaHHAS (YHKIHS COOTBETCTBYIOIIMX OOBEMOB B BHJE OIPENEIEHHOTO

COYETaHUs BBICOKO M 0CO00 HM3KOI'0 YaCTOTHBIX AWaIia3oHoOB, C pas3JIMdYHbBIMHU UHTCPBaJlaMH TO-

TOJIOrM4eCcKOro BpeMenu ux peamusanuu T (F,) . [Ipu 5ToM HEOOXOAMMO YUHTBIBATL |, — BpeMst

MO3TAHOr0 (POPMUPOBAHHUS CYMMApHOTO UTOrOBOTO 00BEMa M MO Mepe yAaleHHs OT IEHTpa
YacTOTa COOTHOIICHUI 0000IIEHHBIX MOTEHIIMAIOB YMEHbIaeTcsa. B pesynbpTaTe 3TOr0 cymmap-
HOT'O UTOTOBOTO 00bhEMa M CHOPMHUPOBAH OKPYIKAIOIIMIA HAC MHUP, YTO M OTHOCHUTCS K ITOHSTHIO
TUPUHT-TOIOJIOTUU TIpocTpaHcTBa KpoHa, MHA4e roBoOpsi, K CIOXHBIM CHCTEMaM, OTACIEHHBIM
JPyT OT Apyra MPOCTPAHCTBOM C TEMIIEPATYypPO KOCMOCA, HO BIIOKEHHBIM B 00IIIee eMHOE ToJIe
BC.

Takum 00pa3om, B HAIlIEM MHPE TMOJFOCHI COOCTBEHHBIX IJIOCKOCTEH Oosee riodanbHBIX
NPOCTPAHCTB, COOTBETCTBYIOUIMX B3aUMOJICHCTBUIO TIOTEHIIMAJIOB 0CO00 HU3KOIO JHana3oHa
ABIAOTCA UACAJTIbHBIMU TOYKAMH, a COGCTBGHHLIG TOYKHU MOANPOCTPAHCTB IMOJIFOCAMU HCATIb-
HBIX TUIOCKOCTEH aHATM3UPYEMOT0 MTPOCTPAHCTBA.

Ot10 oTKphITHE, KOTopoe H. JlobaueBckuit coBepmmi emé B 1826r., ToBOpUT 0 CBsA3aHHO-

CTH, OTKPBLITOCTU 1 B3AUMHO BJIO’KCHHOCTHU IIPOCTPAHCTB HAILIETO MHUPA. ITo CyTH AeJia JlobGaues-
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ckuii cBsazan uzaero M.HproToHa o0 abcontoTe ¢ COBPEMEHHBIMH HJESMU O OECKOHEUHOCTH,
B3aMMOCBSI3aHHOCTH, OTKPBITOCTH CJIOKHBIX MOJSIPU30BAHHBIX CHCTEM HAIIETO MUPA, UX HEJH-
HEWHOCTH U OECKOHEYHOCTH B Pa3BUTHU H 3aJI0KHJI OCHOBBI JJISl MX ONMCAHHUI HAa OCHOBE HEPaB-

HOBECHOW JMHAMUKH, 3aKOHOB HEJTMHEHHON (PU3UKHU M TOTIOJIIOTUH TOJIIPU30BAHHBIX CPEI.

[Tporuecc BOZHUMKHOBEHHS ?nﬂon_Zrot“Un coBMecTHO ¢ mponeccom V,JI divU, cos-

AT 00bém, C KOHKPETHBIM COJEPKAHUEM M IUIOTHOCTBIO Mamepuu, 4TO U ONPENEINSET €ro
Maccy, KOTOpble Mbl XapaKTepu3yeM, B YaCTHOCTH, KaK CTPYKTYpy My, Tak U (PU3UKY MPOCTpaH-

ctBa - BpemeHu K. Munkosckoro. Ilepsuunsiii ummynse JI, divU, monsipusyer u cozngaér on-
penenénnblii 00BbEM — KBaJIPUKY |.]Ion.diVU0> =V, Tononorudeckoro npocrpanctsa BC, 4to BbI-

3bIBACT KOMIIJICKC ITPOLECCOB 110 I'PaHUIIAM 3TOI'0 O6’béMa, KaK aHaJIOT'OB MMPOCTPAHCTB Konnabu-

.|+ <. B cymme 3T0 IpUBOAUT K BOSHUKHOBEHUIO CHCTEMBI:

Sly, B BUzIIE ZJIM ‘roti U
n

rot* U,

|1, divu,)@( >, =vi+ [[[ O, Yaoaur], +@ (15)
n m-n+1

IJIe MHJCKC CTeTNeHW “‘r+y” Kak paHr o0o3Ha4aeT mporiecC (GOpPMHUPOBAHUS HOBOH CTPYKTYPBI

Yepe3 MPOIECCh MOJSIPU3aLUU U3 0oJiee MI00aTBHOTO CTPYKTYPHOTO YPOBHS MaTepuu C MOcie-

JIYIOIMMU ITPOLECCAMH B3aUMOJECHCTBUS:

[[[ &, yeoor;, +@ (16)

m-n-1

I71Ie€ UHJEKC ZH KaK U ”J‘ O3HayaeT MPOLECC BO3JACHCTBUS Ha CUCTEMY MOJIIpU3aLueit

m-n-1
OJIHOT'O YPOBHS CTPYKTYPHOT'O YPOBHSI MaT€PUHU CO BCEH aHAIN3UPYEMON CUCTEMO.
B ¢opmyre (15) oroOpaxeHO COOTHOLICHHE NOTEHIMAIOB IPOCTpaHCTBA AS, a Tak ke

Ooiee TII00aTBHBIX TPOCTPAHCTB KAk (6), pacloNOKEHHBIX B TPABOM YaCTH ATOU IIKAIIBI.

B ¢opmyiie (16) oroOpaxeHa yacTh MOANPOCTPAHCTBA IPOCTPAHCTBA V1 CBSA3aHHOE C ACHCTBHEM

n| ¥, TAKHM

nummyisea JI, divU,, HO He CKOMIIEHCHPOBAHHOE CyMMOM HMITYJIbCOB ZJIM. ‘rotjr U
n

00pa3zoM, 3TO MOAMPOCTPAHCTBO V1, XapaKTepu3yemMoe Ha CyOMUKPOYPOBHE COOTHOIIIEHUEM TIO-
TEHIIMAJIOB 3TOTO K€ TOANPOCTPAHCTBA. B TO e Bpemsi, €CIIi MOJIb30BAThCS TOMOJIOTHYECKUMHU

HOHATHSIMHU MBI MOKeM (opmyiy (11) npencraButh B BUIE:

Zﬂan‘ D) .HmdiVU1 = V1+@ (16)

Muaue roBopsi, MHOXKECTBO Zﬂon.
n

rot* U,

rot* Un COCTaBJIACT YaCThb AaHU3O0TPOITHOI'O MHOXKECT-

Ba JI, divU,, a 3To 3HA4HT, Y4TO KaKas-TO YacTb KOHKPETHON CHCTeMBbI mpocTpaHcTBa BC, BO3-
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OyxnénHas ummynscoM JI, divU,, HecMOTpsl Ha peann30BaHHbBIA KOMIIEHCAIIMOHHBIN MIPOIECC,

0CTaJach MOJIHOCTHIO HE CKOMIIEHCUPOBAHHOM 3THM IPOIIECCOM U CIIOCOOHOM, MpHU omnpeaenéH-
HBIX YCJIOBUSX, OOMEHHMBATHCS WHQPOpPMaNMed Kak ¢ MapajuIebHBIMHA IMPOCTPAHCTBAMHU WIIH

CKPBITOM YacCTbIO MAaTEPUH, TAK U C JPYTUMHU 00bEMAMH — CTPYKTypaMH IPOCTpaHCTBA V.
Takum o6pa3om, mpocTpaHcTBO, Bo30yxaeHHOe ummyiabcoM JI, divU, wmnmm anamorny-

HBIMU UMIIYJIbCAMHU B paHHHX Mporeccax B cpeae BC, unm B kakoi-to e€ 6oee rinodaibHOM 1o
HapyILIEHHOMY COCTOSIHUIO paBHOBecHs dacTu cpeiasl BC, oTBeuaeT 3a B3auMOJAEWCTBHE ITOU
CHUCTEMBI, KaK C BHEIIHEH Cpeloil, TaK M 3a MPOIECChl B3aUMOJEHCTBUN BHYTPU CHUCTEMBI, TO
€CTh HECET B ceOe CMBICIOBYIO Harpy3Ky Kak “‘CBOOOJHOM SHEprun”, Tak U KHHETHYECKON dHep-
T'MH, 32 KOTOPOW CTOUT MOHUMaHUE SHEPTHU U MPUPOJIBI TPAaBUTALINH.

Ho B camom anemeHnTapHOM 00bEME MBI 3HaeM, Ha ocHoBaHuM HobeneBckoll npeMuu 3a
2004r. 00 OTKPBITHU «aCUMITOTHYECKOM CBOOOJBI», UTO «...Macca 0ObIYHO2O 8eujecmea Haou-
paemcsl u3 3Hepauu Oe3MACCO8bIX 2NOOHO8 U NOUMU DE3MACCOBLIX K8APKOS, KOMOpble ABNAIONCA
cocmasnArwumMy 0Jisk NPOMOHO08, d, C1e008amenbHO, U O/l AMOMHBIX s0ep... Lleemosoul 3aps0
K8apKa modicem Oblmb COKpawen Kaxk anmukeapkom (moz2oa oHu 06pazyiom Me3oH), maxk u na-
potl keapkoe ¢ oonoaHsrowumu yeemamu (6 smom ciyyae nonyyaemces 6apuon)... Keaprxu u an-
MUKBAPKU ONUCHIBAIOMCSL BOTHOBLIMU (PYHKYUAMU, 3a NPOCMPAHCIEEHHLIMU 2PAOUEHMAMU, KO-
MOPbIX CIMOAM IHEP2UU».

[ToaToMy MBI BIIpaBe CUMTATh, UTO AJIEMEHTApHAs KBaJpuKka npocrpaHcTBa JlobaueBcko-
IO CKJIa/bIBAE€TCSA U3 ONPEAEIEHHOTO COOTHOLIEHHs MOTEHLUANIOB, HECYIIUX B ce0e coyeTaHue
pa3nuuHbIX BoaH BC, rae nmomockl COOCTBEHHBIX IIOCKOCTEH SBISIOTCS MI€IbHBIMU TOUKAaMHU,
a cOOCTBEHHBIE TOUKH MOJIOCAMH UACATIBHBIX IUNIOCKOCTEH U MOXKET ObITh NMPHUHATA, KaK CaMBbIH
AJIEMEHTAPHBIN OIIEPAaTOP YHEPIETHUECKOr0 B3aUMOJCHCTBUS, JICKAIIUNA B OCHOBE BCEX BHJIOB
B3aMMOJICHCTBHI B OKPYKArOIIEeM HAC MHUPE B TIOJTHOM COOTBETCTBHHU C paboramu A.BriacoBa u

Hob6eneBckumu npemusimu o pusuke 3a 2004, 2006 u 2008rr.
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