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CJOXHOCTD KAK KATET'OPHS 9BOJIIOIUA

HBanos O.II. xaHuj. reoy1.-MuH. H., B. H. ¢. MI'Y umenn
M.B.JIomonocoBa ivanovop2007@yandex.ru

AHHOTanusA. B craree mnpencraBieHa KpaTkas HCTOPUS
(bopMHUpOBaHUS ITPEJICTABICHUH 110 KATETOPUH «CII0KHOCTHY. [loka3zaHbl COBpeMEHHbIE
TOJIKOBaHMSI TEPMUHA B pa3M4HbIX Haykax. HaunOosee MmoJHO W310XKEH CHCTEMHBIN
NOJIXOJ K TOHUMAaHUIO CIOKHOCTH.

KiroueBble ¢J10Ba: CI0KHOCTb, YBOJIIOIHS, CHCTEMBI, HETUHEHHOCTh

Cos0anue 6ce bonee CLONCHBIX U COBEPULEHHBIX (POPM
ecmb UMMAHEeHMHOe C8OLCNEO NPUPOODL.

JI.C. bepe
3uarowue ne 2060pam, 2ogopawue He 3HaArm.
Jlao-1[3v1
BBEJIEHUE
3arparuBaemasi TeMa KacaeTcsl BCeX HCClieoBaTeNield, HO BPs JIU KTO-HUOYIb
U3 HUX MOXET OTHECTH CeOsl K 3HAIOIIUM MPHUPOIY U CYTh KATETOPUU «CIOKHOCTHY.
EcTb TONBKO pa3MbILIUISIONINE U UCCIeAYIoMNe (aBTOp ToXke). [leicTBUTENbHO, JaHHOE

HAayYYHOC HaIIPaBJICHUEC TOJIBKO HCIABHO HAYalJlo CBOM IIyTb W BHOEpCAN CIIC MHOIO

HCU3BCAAHHOI'O.

1. KATETOPUs «CJOXKHOCTDb»
Bce, uTo yenoBek 3HaeT 00 OKpyKaroIIeM ero MUpe U 0 cebe caMOM, OH 3HAeT
B (hopme MOHATUH U KaTeropuid. BeceoOiiero onpeneneHus MOHATUS «CII0KHOCThY» HE
cymectByeT. TeM He MeHee, B pa3paboTke (uimocodckoil KOHIETIHUA CIOKHOCTH
B KOHTEKCT€ KOHKPETHO-BCEOOIIe TeopuH pa3BUTHUSI KATETOpHsl CIIOXKHOCTH
paccMaTpuBaeTCsa Kak OJHA U3 y3JIOBBIX KaTETOPHUM IUAJEKTUKH, OTPAKAOIIAs JIOTUKY

HU3MCHAIOIICTOCA MUpa.


mailto:ivanovop2007@yandex.ru

Heanoe O.11., 2023

[TockosbKy MHp pa3BUBAETCS, HE3ABUCUMO OT CYOBEKTUBHBIX NPEACTABICHUM,
AT TPEJICTABICHUS HEU30€KHO BXOJAT B MPOTHUBOPEUHUE C JEHCTBUTEIBHOCTHIO, TaK
yTO HA0Op KATEropuil JOJKEH OOHOBIATHCA — KaK 3a CYET MOSBJICHHUS HOBBIX
KaTeropui, TaKk M 4Yepe3 pPacKpbITUE COJEPKAHMS YXKE M3BECTHBIX — BKIIIOUEHHE HX
B HOBBIE KaTETOPHAJIbHBIE CXEMBI.

[lo Mepe HakOIUIEHHMsS ONbITa HCIONb30BAHUS HOBOM KaTeropuu, B HEH
oOHapy>KuMBaeTcs BHYTpEHHEE CTpPOCHHME, a CHUTyallud, TOJ Hee TIOJBOJAUMBIE,
COOTHOCATCSI C JPYTUMH CHUTyallMsIMH, OOOOINAIOTCA U JeTamu3upyrorcs. Tak
MIPOUCXOAUT "BIUCHIBAHUE" KAaTETOPUl B KAaTErOPUAJIbHBIE CXEMbl M PACKPBITHE UX
JIEMCTBUTEIIBHOTO COJEPKAHUS.

B cBere n3510)K€HHOTO aBTOPBI BUJAT CBOIO 33Jlady HE TOJBKO B HAIOJHEHHUH
HOBBIM CMBICIIOM KaT€rOpUU CJIOXHOCTh, HO M B MPEBpPAILEHUH €€ B MHCTPYMEHT

HCCIICOAOBAHUS U aHaJIn3a MHUPa OTKPBITBIX CUCTCM.

2. PETPOCIHIEKTUBA ITPEJICTABJEHUH O CJIOXKHOCTH

[lepBoe mnpUKOCHOBEHHE K MpoOIEMe CIONKHOCTH BO3HUKIO B 1965 r.,
KOIZla HE3aBUCUMO Jpyr OT Apyra, coBerckuii marematuk A. H.Kommoropos
U aMepuKaHCKMM MareMmatuk [.YeWTuk, BIEpBbIE MNPEIIOKWIA  IOHITHE
«QITOPUTMHUYECKAs CI0KHOCTB». JlJI1 HEKOTOPOM MOCIENOBATEIbHOCTH JAaHHBIX OHA
ONpeeNsAIach KAK MUHUMAJIbHAS! IJIMHA BBIYMCIUTEIBHOIO aJrOpUTMa, KOTOPBIA MOT
Obl BOCIPOM3BECTH 33JaHHYIO MOCIEA0BATEIBHOCTh. ECIM anroputM HCIONb3yeTcs
B KOMIIBIOTEpAX, TO €ro JJIMHA MOKET U3MEPATHCS KOIMUecTBOM OuT. HekoppekTHOCTh
TAakoro II0AXO0Ja BHJHA Ha cieaywolmeMm mnpuMepe. HyxHO onucates anropurm
IIOCTPOEHHUSI NPSIMOYTOJIbHUKA CO CTOPOHAMH, HMMEIOIIMMH JUIMHBI, HCUMCIISIEMBIC
JBYMSl pa3HbIMU HUppalMOHANIbHBIMU 4uciaaMHu. Ecium naxe BbIOpaTh CHCTEMY
VCYHUCIICHUS, UMEIOLYI0O OCHOBAHME, COBIIAJAIOIIEE C OAHUM YHUCIOM, TO BCE PABHO,
BTOPOE OCTAHETCS UPPALMOHAIbHBIM; KOJIMYECTBO 3HAKOB B ONMIMCAHUU €r0 OECKOHEUHO.
CMbICIT TIPOCTEHIINMA, a aNroOpuTM OECKOHEUHBIN. 3/1€Ch Ba)XXHO HE CaMO 3HAYEHHE
CJIO)KHOCTH, @ OTJINYME KOHEUHOM CII0XKHOCTH OT OeckoHeuHOH. bosee Toro, ckojibko

MaTeMaTUKOB OyAeT ydyacTBOBAaTh B pPa3palbOTKe alropuTMa KOHKPETHOW 3ajaud,

CJIOXHBIE CUCTEMBI, Ne 2 (47),2023
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CTOJIBKO Pa3HBIX AJITOPUTMOB OYZET MPEI0KEHO.

Heckonpko mo3xke Ui M3ydyeHHUs IPHUPOJBI  CIOKHOTO  H3BECTHBIM
aMEpPUKAHCKUM ¢uzukom  M.I'emn-ManHOM ObLI NPEUIOKEH  TEPMHUH
«mIeKTuKe» (plectics), KOTOPBIN JOMKEH BBIpaX)aTh B3aWMOOTHOIICHUSI TTPOCTOTO H
CJIOKHOTO BO BCEX MX OECUMCIEHHBIX MPOSBICHUAX. [[aHHBI TEPMHUH — I'PEYECKOTO
npoucxoxaeHus. OH CBSI3aH CO MHOTUMH CMBICIIAMH: «HCKYCCTBO MEpPEIIETECHUS,
«TKAueCTBO», IUIECTU», «CIUIETaTh», «BBLAYMBIBATHY», «COCTABIATHY, «YCIOXKHATHY,
«3aIyThIBaTh.

B nanpHeiieM noj cI0KHOCTBIO YacTh MCCieoBaTeNel cTana MOHUMAaTh
AMEPAKEHTHOCTD, T.€. HECBOAUMOCTbD LIEJIOT0 K IPOCTOM CyMME 4acTel U CBOMCTB.

Jlonroe BpeMs K KaTerOpuu CJIOXHBIX ObUIO NPHUHITO OTHOCUTb CHUCTEMBI,
cocTosiue U3 OOJBIIOro YKcia MOACUCTEM WX JIeMEHTOB. bblio mpuHATO monaraTs,
4TO CJIOKHOE NOBE/ICHNE npucyuie TOJIBKO TaKUM CUCTEMaM.
CamoBocnpousBojsmuecs: aBromarsl Jlxona ¢oH Heliman cocrosim Oosee uem u3
HOJyTOpa COTeH J1eMeHToB. Kak mokazanu nocienyrolue HCCIeloBaHus, B
JeMCTBUTENBHOCTH, CAMOBOCIIPOM3BOISAIIMICS aBTOMAT MOXKET UMETh M 3HAUUTENIbHO
MEHBIIEE YHUCIO 3JIEMEHTOB. bosiee TOro, ClOXHOE IMOBEJEHUE U, B YACTHOCTH,
CaMOBOCIIPOM3BEIEHUE, BO3MOKHO U B OTHOCUTEIBHO MPOCTHIX CUCTEMAX.

OTtcnexxuBaHue MHIMBUAYATbHON IMHAMHKU KaKJIOTO 3JIEMEHTa CIIOKHOW B
YKa3aHHOM BbIIIE CMBbICIE (T.€. MHOIO3JIEMEHTHOW) CHUCTEMBI CTAHOBUTCSA
3aTPYJHUTEIBHBIM U JaXke OECCMBICIEHHBIM: HaOII0aTeNlb YTONAeT B OOMIIUU
uHpopmanmu, o0beM KOTOpo He mojmaercs oOpadorke. Hampumep, ecimm Obl KTO-
HUOY /b B3AyMaJl OMCHIBATh IIOBEICHHE MOJISI Fa3a ¢ MOMOIIbIO YPaBHEHUN BUKECHHUS
OT/ENBHBIX MOJIEKYJ, TO €My MOTPeOOBaIoOCh Obl pemarh cucremy u3 103 (dmcmno
ABorazpo) ypaBHeHui. Hanuio 66110 Obl SBHOE HapylIeHHE 3allOBEAM CIIEHUATNCTOB
[0 YHUCIEHHOMY MOJEIUPOBAHHUIO M AHAINU3Y: IJIYNOCTh BBIYHACIUTENS HE JIOJKHA
IPEBOCXOIUTh 00BEM MaMATH U ObICTPOIEHCTBHE KOMITBIOTEPA.

CraceHue OT upe3MepHO OoJbIIoro oObeMa HHPOPMAIUH, MOAJIeKAIICH
00paboTKe, MPUHATO MCKaTh B TaK Ha3bIBaeMOM cCxkaThuM HHpopMmanuu. Cxxatue
IPOU3BOAUTCS JINOO MyTEM YCPETHEHHS HHANBHUIYabHBIX TAHHBIX LIEHOU

HeoOpaTUMOW MOTepH YacTu MH(OPMALIMU, KaK B MOJIEKYJISIPHO-KUHETHUECKON TEOPUU
6
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WM CTaTUCTHYECKON (pU3HKe, THO0 IMyTeM 00paTHMOTO MepPexo/ia OT MHOTOYHCIICHHBIX
MIEPEMEHHBIX COCTOSIHUSI K TOpa3f0 MEHEE MHOTOYHMCIIEHHBIM IapaMeTpaM MOpsKa
0e3 norepu UHPOpMaLUK, Kak B cuHepretuke I'.XakeHa.

[TocTaHOBKa peayKIMM MHOTMX CHUCTEM YpPaBHEHUN BOCXOIUT emie K Pene
JlexapTy, Korga OH CTOJKHYJICS € MpoOJeMOil ONHMCAHMSI CIOXKHBIX CTPYKTYp,
00BeIMHEHHBIX B KOHBEKTUBHYIO CUCTeMY. PerieHue 3Toil, He pemraeMoil B TO BpeMs
B moctaHoBke J[lekapra, mpoOnembl juisi ColHEYHOW CHUCTEMBbI OBLIO 0003HAYEHO
Ncaakam Hproronom. HpHOTOH ympocTuin 3agaudy, TPEANOJIONKHB IUIAHETHI U CAMO
ConHile B3aMMOJICHCTBYIOUIMMHU To4ykaMu. Takum oOpa3zom, HbioToH mpoussen
PEAYKLHIO MTPaKTUYECKN OECKOHEUHOW CUCTEMbl ypaBHEHUH, CIIOCOOHBIX ONMUCATh BCE
camocoryiacoBanuble siBeHUs] COMHEYHON CHUCTEMBI M TUIaHET, OTOPOCHUB MPOOIIEMbI
aTMocpep UM BpallleHHd IUIAHET, KaK HeCyIeCTBEHHble. MeTonbl peayKIuu
UCIIONB3YIOTCSI HE TOJBKO JUIsl  YOPOILUEHUS ONHMCAHUS IMPOCTPAHCTBEHHBIX
nepeMeneHnid, HO M JUIsl ONMUCaHUS OCOOCHHOCTEH TMPOTEKaHUS KOMIUIEKCHBIX
npoueccoB Bo BpeMeHH. OCHOBHOM mNpoOieMOl NpPUMEHEHHS METoJa PeayKIUU
ABIIAETCA TpoOJieMa aJeKBATHOCTU YIPOIIEHHOHN (0a30BOi) CHCTEMBbl YpaBHEHUI
ABJICHUSAM TPUPOABI, HUCCIEAYEMBIM C HMX nomomblo. T.e. Bcerga NPUXOAMUTCS
YCTaHABIMBATh - HE BBIOpOIIEHA JIM CYTh SIBICHUS BMECTE€ C OTOPOIICHHBIMHU
YpaBHEHUSIMH.

Jlaypear HoGeneBckoii npemun ['epbepr CaliMOH Tak Mmucad O «IPOKISATHU
cinoxxkHocTu»: «COpoK JIeT MOJAEIMPOBAHMS CIIOKHBIX CHUCTEM HAa KOMIIBIOTEpax,
KOTOpBIE C Ka)XJbIM TIOJIOM CTaHOBWJIMCH OoJibllie M ObICTpee, HayyWsl HAac TOMY,
4TO rpy0Oasi cCuiia He BEeT HacC 10 MAPCKOM TPOIIe K MOHUMAHHIO TAKUX CUCTEM, TTIOITOMY
UX MOJENMpoBaHHe TpeOyeT oOpallleHuss K OCHOBOIIOJIATalOLUM MPUHIIUIIAM C TeM,
YTOOBI CITPABUTHCS C MPOOIEMOI CII0)KHOCTH CUCTEM.

3agaya HEJIMHEWHOW JWHAMUKM WM CHHEPIE€TUKH COCTOMT B HAXOXKICHUU
U TMOAPOOHOM HWCCIEAOBAaHUHM TeX O0a30BBIX MaTEMaTHYECKUX MOJENEeH, KOTOphIe
UCXOJIAT U3 HAauOOoJIee TUITMYHBIX MTPEANOI0KEHUN O CBOWCTBAX OTACIBHBIX JIEMEHTOB,
COCTaBJISIIOIIUX CHCTEMY, M 3aKOHaX B3aUMOACUCTBUA MexAy HUMHU. [lockonbky

IJIaBHBIM OTJIMYUTEIILHBIM CBONCTBOM N3Y4aCMBIX CpCI ABJISIIOTCA ITPOTCKAOINUE B HUX

CJIOXHBIE CUCTEMBI, Ne 2 (47),2023



Cnoscrnocmob Kak Kamezopus reéonrouuu

IPOIIECCHl CAMOOPTaHM3AINN, CHHEPTETUKY MOKHO TaK)K€ PacCMaTpUBATh KaK OOIIYIO
TEOPHUIO CaMOOPraHU3alliy B CPelax pa3InyHOU PUPOIBIL.

Camoopranuzanusi psiia TPOLECCOB TECHO CBs3aHA C  3apOXKJIECHUEM
TypOyneHTHOCTH. [Ipy MaKpOCKONMMYECKOM TEUEHHH KUJKOCTH K KaKJIOMY €€ MaJIoOMy
AJIEMEHTY MOCTYNAET SHEPrHsi OT KPYNHOMACIUTAOHBIX MOJ, KOTOpasl MpEeBpaIlaeTcs
3aTe€M B TEIUIOTY 3a CUET JEHUCTBUS BA3KUX CHII. UeM BBILIE CPEIHAS CKOPOCTh TCUCHUS
KUAKOCTH, TEM UHTEHCHUBHEE ITOTOK YHEPTUH, IPOXOASILEH Yepe3 KaK bl €€ JIEMEHT.
Kak n3BecTHO, pu OOJIBIIMX CPETHUX CKOPOCTSAX TEUEHUS OHO, KaK IMPABUJIO, SIBISETCS
TypOYJIEHTHBIM, T.€. XapaKTEPU3yeTCs XaOTHUECKUMHU ITYJIbCALUAMU MOJIsI CKOPOCTEH,
JaBJeHUs, Temmeparypbl, IuloTHocTh U T.n. [lepexonq Kk  TypOyleHTHOCTH
OT JJAMMHAPHOT'O TEYEHHSI MOKET OCYILECTBIISTHCS ITOCTEIIEHHO, HE CKa4KOM. B aTOM
cllydae  BO3HMKHOBEHHIO  TypOYJIEHTHOCTH HpeIIecTBYeT ocobas  cTanus,

XapaKTCpU3yromasacs moABJICHUCM BCC 0oJiee CII0KHOTO TCUCHHS.

3. PETPOCIIEKTUBA PA3ZBUTHUA TEOPUU CJIOKHBIX CUCTEM

B nocnennue ronpl MupoBasi HaydHasi OOIIECTBEHHOCTh MBITAETCSl 00BEIUHUTD
CBOM YCHJIHUS MO KOOPJIWHAIIMM HAyYHBIX HCCIACAOBAaHUW B JAHHOM HaIpPaBIICHUH.
Tak yxe B 80-¢ roabl CIOXWIACh CIEIMalbHAS Hay4dHas IUCLMUIUIMHA, Ha3BaHHAS
meopueti CI0HCHOCMU.

Hayka o cnoxubeix HenuHelHbix mnpoueccax (Nonlinear Science, Science
of complexity, Science of Chaos) HaxomuTcs ceiiuac JIMIIb B HAYaJIbHOW CTaJHH
CTPEMUTEIBLHOTO POCTa, O Y€M CBHUJETEILCTBYET OYypHOE pa3BUTHE STON OTpaciu
B CHIA. IIpoGiemMbl CIIOKHBIX HETWHEWHBIX CHUCTEM, B TOM YHCJIC OMOJOTHYECKHX,
M3Yy4aloTCs BO BCEX KPYMHBIX YHUBEpcUTeTax EBpornbl 1 AMepuKu.

B 1984 roay 6w1 ocHoBan Muctutyr Canta @e B Hplo-Mekcuko, a nByms
roiamu no3xe — LIeHTp u3y4yeHust CII0KHBIX CUCTEM B YHUBepcuTeTe mrara MinmHolic.
[Tocnennuii Bo3rmaBun CtuBeH Bonbdpam, aBTop Oectcemiepa «A new kind
of science» («Hayka HOBoro Tuma»). DOTO JBa KpyNHEHIIMX LEHTPA,
rae  npodecCHOHANbHO 3aHUMAIOTCS  MEXIUCIUIIIMHAPHBIMU  UCCIIEIOBAaHUSIMHU

CJIOKHBIX CUCTCM C YUACTUCM CIICHUAIMCTOB PAa3HbIX CHCHH&HBHOCTCI)’I — 9KOHOMHUCTOB,
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ononoros, ¢pu3nkoB u MatematukoB. Llentp B Jloc-Anamoce HacuuThiBaeT okoio 2000
HCCIIEA0BaTENEH.

Poccuiickue wuccnenoBarenu Takke MOJY4YHSIM 0a30Bble pe3yibTaThl B ATOU
obOnactu. JloCTaTOYHO BCIOMHHUTBH OTKpPBITUE XUMHUYECKOW peakuuu benoycoBa-
Kabotunckoro (MI'Y wu IlymmHO), KOTOpOl B MHPOBOW JUTEpaType MOCBSIICHBI
ThICSIUM cTaTed, uccienoBanus Apnonbaa (MIY) mo maremaTtuyeckodl Teopuu
kKatacTpo u cuenapueB mnepexona k xaocy, Kpunckoro u HWsanunkoro (MH-T
buoduzuku PAH B IlymunHo) no uccienoBaHuio aBTOBOJHOBBIX PEXKHUMOB B HEPBHOM
BOJIOKHE CEpPJIEYHON MBIIIIIBI, MOJIEIU MPOIleCCOB MOp(oreHe3a U BHYTPUKIETOUHOTO
nBxeHus: npodeccopoB MI'Y  UYepnaBckoro u PomaHOBCKOro, ucciieJoOBaHUS
[0 KOHTPOJIUPYEMON TEPMOSACPHON peakiuu B NHCTUTYyTE MPUKIIATHON MaTEMATUKH
(axan. A.A. Camapckuii, ui.-kopp. C.ILKyparomoB) u ap. B 1995 r. B MI'Y um. M.B.
JlomonocoBa co3maH MHCTUTYT MareMaTUYE€CKHUX HCCIEAOBAHHUM CIOXHBIX CUCTEM
MI'Y (nmouetHslif ipe3uneHT - taypeatr HobGeneBckoil npemun npod. W.P.Ilpuroxun,
aupekTop (mpe3uaeHT) - akaaemuk PAH, Pektop MI'Y npod. B.A.CanoBanunii).

OcHoBHOIl 00nacThi0 HcchenoBaHui, mnpoBoauMbix B HMMUCC MIY
B corpynHuuectBe ¢ HMuctutyrom um. ConwsBest (bproccenb) u psiaomM Apyrux
EBPOIEHCKUX HAYYHBIX LEHTPOB, SBJSETCS pa3BUTHE HAed mpodeccopa
N.P. [IpuroxuHa mo co3qaHUI0 TEOPUH HEPABHOBECHBIX CUCTeM. Benmercs pa3paboTka
MaTeMaTH4eCKOro ammnapara (CHeKTpalibHas TEOpHsl OINepaTopoB) MJsl OMHCAHHS
JUHAMUKH CIIOKHBIX cucteM. Kpome Toro, Beayrcss pabOThl MO MPOEKTY CO3AaHUA
3¢ (EeKTUBHBIX METOJOB pacro3HaBaHUs oOOpa3oB M MPOLECCOB  YIpaBICHUs
HEJIMHEWHBIMU  JAMHAMUYECKMMHU  cucTteMamu.  [IpoBojsitcs — McclieoOBaHUA
10 MPYMEHEHUIO0 MaTEMATUYECKUX METOJIOB YIIPABJIECHUS U KOHTPOJIS CIOKHBIX CHCTEM
B Ouosioruu (copmectHo ¢ CIAMM - Mekcuka).

B unctutyre neiictyet nexkropuit "Bpems, xaoc 1 MmareMatudeckue npoodiemMbr"
U CEMHMHAp MO MOJICIUPOBAHUIO JUHAMUKNA U UH(MOPMAIMOHHBIX MPOILIECCOB B JKUBBIX
CUCTeMax, TJIaBHAsl 3ajlaya KOTOPBIX COCTOHWT B Pa3pabOTKE COBPEMEHHBIX METOOB
OMMCAHMS CIIOXKHBIX CHCTEM B Mpupojie W oOimectBe. B jexkropunm U ceMuHape

Y4acTBYIOT BEJIYILIUE POCCUNMCKUE U 3apyOEKHbBIE YUEHBIE.
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B 1999 r. B Mockse cocrosiics 1I-it cpe3n 6nmodusukoB Poccuu. OH cocTosit
U3 CeMH 3acelaHuii 1o TemaMm: "MONEKYISIPHO-KUHETUYECKHE CHUCTEMBI',
"Camoopranuzanuss B Ouocucremax", "CBoHcTBa HETWHEWHBIX JTUHAMHUYECKUX
cucreM", "OU3MKO-MaTEMaTHUYECKUE TMOJXOJbl K aHaJu3y CIOXHBIX CHCTEM",
"Knerouno-tkaneBbie cuctemsl", "CeHCOMOTOpHBIE CUCTEMBI", "DKCIIEpUMEHTAIbHbBIC
UCCJIEIOBAHUS CIIOKHBIX CUCTEM .

B 2003 r. B MockBe cocrosimack IX HayuHas koHdepeHius «IIpoGraemsr
yIpaBlieHUs1 0€30aCHOCTBIO CIIOKHBIX CHCTEM». BbUIO TOKa3aHo, 4TO B MPOCTPAHCTBE
BO3MOXXHBIX COCTOSIHMM HCCIeAyeMOil CIOXKHOW CHUCTeMbl (MPOrHO3 MOBEIACHUS
KOTOpPOl Hac MHTEPECYET) MHTYUTUBHO WJIM CO3HATEIbHO BBIACISAIOTCS OTAEIbHBIC
oOnact. B HuUX cocTosiHME OOBEKTa XapaKTepU3YyeTCs HECKOJIbKUMHU BENYIIMMHU
MEPEMEHHBIMU, CBSI3b MEXIY KOTOPBIMH ONMCHIBAETCS HEKOTOPOM
JNeTepMUHUpOBaHHOW  cuctemoi. Hampumep, cucremoir  nuddepeHunasbHbIxX
ypaBHEHHI, 0TOOpaKEHNEM, KOHEUHBIM aBTOMATOM, JIOTHYECKOM CXEMOM, U B KOTOPBIX
TOPU30HT MPOTHO3a HE CIMIIKOM Masl. Takue obOsacTu ObUIM Ha3BaHbl pyclaMHu.
B mpemenax pycen cuTyanuus MOXKeT OBITh 'mpocuuTaHa", MOXKeT OBITh JaH
JIOCTOBEPHBIA MPOrHO3. Hapsany ¢ pyciaMu B MPOCTPAHCTBE COCTOSIHUW CYIIECTBYIOT
"obOsactu KoKepa', Te CUTYyalusl MEHAETCSl OUeHb OBICTPO, MPUHUMAIOTCS KITIOUEBHIC
pelleHuss ¥ Ha TEpPBBIM IUIaH BBIXOJSAT WIPOBBIE, BEPOSTHOCTHBIE, CYOBEKTHBHBIE
dakropsr (.. Manuneuxuit). 31ech OXUAAHHS, OMNBIT 3KCHEPTOB, KYJIbTYpPHBIH
KJIMMAT, CMBICJIBI U LEHHOCTU JIMl, MNPUHUMAIOIIUX PELIEHUsS, MOTYT OKa3aTbCs
pelIaroIIMH.

B Hacrosimiee BpeMsi MPOEKTUPOBAHUE CIIOKHBIX CHCTEM — HE TOJBKO
MH(OPMALIMOHHBIX, HO MMEIOUIUX COBEPIIEHHO pa3HyIO MPUPOIY, BBIIEIAETCS
B OTJEIbHYIO HHKEHEPHYIO AucuuInHy. B CIIIA riaBHEIM HEHTpPOM, I'ZI€ U3Y4arOTCA
npo0JieMbl TPOEKTUPOBAHUS CIIOKHBIX cUCTeM, sBJsieTcss OTaeneHue TEeXHUYECKUX
cucteM MaccauyceTcKoro TEeXHOJIOTHUECKOro HHCTUTYyTa. Ee coTpynHukamu
MOATOTOBJIEH MPOrPAMMHBIN JOKYMEHT, OTPHIBOK U3 KOTOPOTO IPUBEJICH HUXKE.

«B pesynpraTe riuo0anu3alvy, MOSIBICHHUS HOBBIX TEXHOJOTUMN, MOBBIILICHUS
MOJIb30BATEILCKUX 3alpPOCOB M BO3HUKAIOMIMX HOBBIX COIMAIBHBIX TpeOOBaHUI

TCXHUYCCKUC CHUCTCMbI YBCIWMYHUBAIOTCA B pasMEpax, OXBATbIBAIOT OOJIBIIIEE YHCIIO
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byHKIUN U cTaHOBSTCS clokHee. Kak ciencTBue, mpu MPOEKTUPOBAHUHM BO3HUKAIOT
KauyeCTBEHHO HOBBIE MPOOJIEMBbl, COBCEM WHbIE, HE TpaaullMOHHbIe. [TaBHOE
3aKJII0YAETCAd B TOM, YTO TPeOYyeTCs MHTETPUPOBAHHBIN IMOIXOJ, CUCTEMBI CIEAyeT
paccMaTpuBaTh HE MO YacTaM, a B LeJioM. [Ipupoga TEXHUYECKHMX CUCTEM HOBOTO
MOKOJICHUSI MOXET OBbITh Pa3jM4HON, HO MPU 3TOM OHM MOTYT 00JanaTh OJIM3KUM
M0 XapakTepy MoBeneHueM. [ Jydinero MOHUMaHUsA OCOOCHHOCTEH B IMOBEIECHUU
HOBBIX TEXHUYECKUX CHUCTEM U CIIOCOOOB MX MPOEKTHPOBaHUs TpeOyeTcs pa3paboTka
HOBBIX METOJIOB H TEOPHIl.

CHOXXHOCTh TEXHMYECKHX OCOOCHHOCTEW OOBSACHAETCA pAIOM MPHUYHKH.
Hanpumep, uHTErpanusi pa3auyHbIX KOMIIOHEHTOB WJIM MOJCUCTEM CO3HAET €AUHYIO
cuctemy, o0Oyajarolryro 0ojiee BBICOKOM CIIOKHOCTBIO, YEM €€ COCTaBJISIOLIHUE.
Cnydaercsi, YTO KaXblil U3 CUCTEMHBIX KOMIIOHEHTOB M Ka)K/1asi U3 MOJICUCTEM MOTYT
OBITb JOCTYIHBI I TIOHMMaHUs, a COOpaHHbIE BMECTE, OHU OOpa3ylOT CHUCTEMY
C TPYAHOIPEICKa3yeMbIM MOBEACHUEM M HEOXKHUJIAHHBIMU MposiBIeHUAMHU. WUnu xe
BHECEHHE N3MEHEHUI B IIPOLIECCE IKCIUTyaTallMH MOCTOSIHHO MOBBIIIAET €€ CIIOAKHOCTb,
CO BPEMEHEM CTAaHOBUTCA 3aTPYAHUTEIBHON AanbHelas MoauuKanus 1 n3MEHEHNE
MOBEJEHUS CUCTEeMBI. JIjisi TOro, 4ToObI MOHSTH YCTPONCTBO OOJBIION M CIIOXKHOM
CHUCTEMBI, TPeOyeTCs LIETOCTHBIN B3I HA CUCTEMY.

K coxanenuro, B cucteme oOpa3zoBanusi Poccuu naHHOE HampaBieHUE JIMIIb
CJIETKa 3aTparMBaeTCs B CTAaHAAPTHOM YHUBEPCUTETCKOM MpOrpaMMeE B paMKax Kypca
CTaTUCTUYECKON (DM3HKH, KaK (PU3UKa CIOXKHBIX CUCTEM (Uarie GaKyIbTaTUBHOE).

®dusnKa CIOXKHBIX CUCTEM HM3y4aeT MOBEACHUE JIOOBIX CHUCTEM U3 OOJBIIOTO
KOJIMYECTBa OOBEKTOB, €CIM WX B3aWMOJCHCTBHE TOMUYUHSAETCS KAKUM-JTHOO
OTIPEJICJIEHHBIM 3aKOHaM. DTO MOXET OBbITh IOBEICHUE aTOMOB M MOJIEKYJI (3TOT pa3jen
GU3UKM YacTO Ha3bIBAIOT (PUBMKON KOHJICHCHUPOBAHHOTO COCTOSIHHS BEIECTBA),
NBKEHUE TECUMHOK B BHUOpHpylomeM cocyae ((dhu3uka TpaHyIHMpOBAHHBIX
MaTepuajoB) WU TOBEACHUE aOCTPAaKTHBIX CHCTEM, KOTOPBIMH 3aHUMAaETCS
craTucThueckasi pusnka, pusuka pazynopsJoueHHbIX CUCTEM, XaOTHUECKasi TUHAMUKA

U T.J.
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OnHuM U3 HauMEHEee U3BECTHBIX, HO OYEHb AKTHUBHO M3Yy4a€MbIX HAIPaBICHUN
SBIIACTCA MPUMEHEHHE METOJ0B (DU3UKHU CIOXKHBIX CUCTEM K COI[MAIBHBIM SIBICHUSM,
T.. K YeJIOBEYECKUM coobmecTBaM. OCHOBHBIMU OOBEKTaMHU HM3YUEHUS SIBIISIFOTCS
MaKpOCKOIMYECKHE CBOHCTBA CHUCTEMBI B LEJIOM, OOpa3oBaHUE HETPUBUAIBHBIX
CTPYKTYp U SBJIEHUS CaMOOPTraHM3alUU M KOJUIEKTUBHOIO IIOBEJICHHUS B TaKUX
CHUCTEMAX.

B »ToM mutane HanOGonbIIUK MHTEPEC MPECTABISIOT CISAYIOIINEe HalpaBIeHUs
UCCIIEA0OBaHUM:

nuHamMuKa (GOHIOBBIX OMpK, KypCOB BaNIOT, U T. A. HampasiieHue, u3yuaroiiee
MOBE/ICHUE ATHX CHCTEM, NOJYUUJIO Ha3BaHHe SKOHOPU3UKHU. Cpean ero JOCTHKEHUM
MOKHO Ha3BaTh YCTAHOBJIEHHME YHHBEPCAJIBHOTO 3aKOHA MpPeJoOBaJIbHOIO KoJeOaHUs
aKLHM WK KypCOB BAJIIOT;

pacrpoCTpaHeHHE DSIHUJIEMHM B CETAX B3aUMOJICUCTBYIOIINX OOBEKTOB,
KaK CpeJid KUBBIX CYIIECTB, TaK U, HAIPUMEP, KOMIIBIOTEPHBIX BUPYCOB. OKa3bIBaeTcs,
YTO CKOPOCTb HX PACIpPOCTPAHEHUS, a TAKXKE MOPOr SIHUJIEMHH, BO MHOTOM 3aBHCHUT
OT II00AJIBHBIX TOMOJOTUYECKUX CBOMCTB TAKUX CETEH.

Ho, nmoxkany#i, caMoif BaXKHOM sIBJIsIETCA MpoOJieMa CTPAaTerHuecKoro MporHo3a
JIaJIbHEMIIEN ABOJIOIUMU CII0KHOM CUCTEMBI YEJIOBEUECTBA, PEUICHUE KOTOPOW MPOCTO
HEMBICIUMO 0€3 MOJXO0J0B C MO3UIMHA OCOOCHHOCTEW Pa3BUTHS CIOKHBIX CHCTEM
B YCJIOBHSIX B3aWMOJICHCTBHS C TAKMMH K€ CIIOKHBIMU CUCTEMaMH Kak, Hampumep,
npupojaa. Paspactanue rio0anbHBIX YKOJOTUYECKUX MPOOIEM SIBISIETCS CIEACTBHEM
HE MMOHUMAaHMS MPAaBWJI KOABOIOLNH, U TOATOMY MOCTABJIEH BOIIPOC O BBIKUBAEMOCTH
YeJI0BEYECTBA KaK BUA.

B pamkax enMHOro CMHEpreTH4ecKoro mnoaxofa oOCyx AaeTcsl psJl OCHOBHBIX
HAaIlpaBJICHUHA  WCCJIEAOBAaHUS  HEPAaBHOBECHBIX  IPOLECCOB,  MPOUCXOMISIINX

B paClpCacCIICHHBIX U COCPCAOTOUYCHHBIX CJIOKHBIX CUCTCMAX.

4. POJIb CAMOOPI'AHU3AIINN U XAOTU3ALINU
[lepBoHauanbHO TMOHMMAaHHE  CIOXKHBIX  CHCTeM  (Hampumep, Takux,
KaKk OMOJIOrMYECKHe) OBUIO CBSI3aHO C MPEACTABIEHHUEM O TOM, YTO MX HEBO3MOXKHO

OIMCAaTh MPU MOMOIIU MAaTEMaTHYECKUX MOJENIe. boree Toro, 1oiroe Bpems Ku3Hb
12
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paccMmaTpuBaliach Kak AaHTHIIOJ] HeopraHudecko mpupoabl. CeromHs, OIHAKO,
MPOUCXOIUT Bce 00Jiee aKTUBHOE MPOHUKHOBEHHE (PU3UUECKUX METO/I0B U TOJIXO0JI0B
B Ononoruro. OKa3bIBaeTCs TAKXKE, YTO OCHOBHBIC (DOPMBI KOOIIEPATUBHOTO ITOBEICHUS,
CBOMCTBEHHBIC JKMBBIM OpPTaHH3MaM, UMEIOT CBOHM QHAJIIOTH CPEIU HEOPTaHUUICCKUX
CHUCTEM.

JIroboii KMBOM OpraHu3M IMpPEACTaBIAET COOOW HEpapXui0 JOCTATOYHO
aBTOHOMHBIX MOJCHCTEM, B KOTOPOM MCXOMSIIME OT BEPXHETO YPOBHS CHUTHAIIBI
YIPaBIICHUS HE UMEIOT XapakTepa )KECTKUX KOMaH/, TOIHHSIONINX ce0e¢ aKTUBHOCTh
BCEX MHAMBUAYAJIBHBIX JIEMEHTOB OoJiee HU3KUX ypoBHEH. BMecTo 3Toro ot BeICIInX
YpOBHEH HEpapXuu IMOCTYIAIOT CHUTHAIBI, KOTOPBIC TMPEIONPEACISIIOT MEPEXOIbl
MOJICUCTEM W3 OJHOTO peXMMa (DYHKIMOHUPOBaHHS K JApyromy. Hepapxudeckoe
YCTPOMCTBO CIOKHBIX JKUBBIX CHCTEM, KOTOpBIE MPEACTABISIOT CO00M aHcamOib
CBSI3aHHBIX  TOJACHCTEM 0oJiee TMPOCTOrO0  CTPOEHHUA, TO3BOJSIET H30€XKATh
HEYCTOMYMBOCTEH M HEXKENATeNbHOW IUHAMUKU, KOTOpbIe HEM30EKHO BO3HUKAIOT
B CJIOXKHBIX CUCTEMaX C )KECTKUM IICHTPATU30BaHHBIM YIIPABICHUEM.

Haubonee oueBunHass 0cOOEHHOCTh OMOJIOTMUECKUX CUCTEM 3aKITFOYAETCS B TOM,
YTO OHU CITOCOOHBI K CAMOOPTaHHU3AIHH, T.€. CIIOHTAHHOMY 00pa30BaHUIO W PAa3BUTHUIO
CJIOXHBIX YIOPSATOUYEHHBIX CTPYKTYP. DTO HE IPOTUBOPEUYUT 3aKOHAM TEPMOAMHAMUKH,
MOCKOJIbKY BCE JKUBbIE OHOJIOTMUECKHE CHUCTEMbl HE SBISIOTCS 3aMKHYTHIMH
U OOMEHMBAIOTCSI SHEPrUEH C OKpYXKAIMIeH cpenoil. DHTpOMuUs, ClayXKaias Mepou
Oecriopsiika, MOXKET YMEHBIIAThCS B OTKPBITHIX CUCTEMAaX C TEUEHHUEM BPEMEHHU.

Heob6xoaumast mpeanoceuika 3¢ (HeKToB caMoOpraHu3aliy 3aKiI04aeTcs, KpoMe
TOTO, B HAJIMYUH MOTOKA YHEPTUH, MOCTYIAIOIIETO B CUCTEMY OT BHEIIIHETO UCTOYHUKA
U JTUCCUMHPYEeMOro ero. MMeHHO Omaromapsi 5TOMY IOTOKY CHCTEMa CTaHOBUTCS
AKTUBHOM, T.€. MPHOOPETAET CMOCOOHOCTh K ABTOHOMHOMY OOpa30BaHHUIO CTPYKTYP.
OueBuaHO, 4TO 3(PEKTHl CaMOOPTraHU3ANMK HE MOTYT OBITh HCKIIOYHTEIbHBIM
CBOMCTBOM OMOJIOTHYECKUX 0OBEKTOB, M JOJKHBI HAOJI0IATHCS B TON MU UHOH (hopme
TaK)Ke B CUCTEMAaX HEOPTraHUIECKOTO MPOUCXOXKICHHUS.

Bosbiroit nHTEpEC MpeICTaBISIOT pacipeieICHHbIC CPEIbl, KOTOPBIE MOCTPOCHBI

U3 JUCKPETHBIX JJIEMEHTOB, JIOKAJIBHO B3aMMOAECUCTBYIOIUX APYT C APYIOM U, TAKUM
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O6p&30M, ABJIAIOITUXCA HpI/I6J'II/DKeHI/IeM CCTCCTBCHHbBIX MMPOCTPaHCTBCHHO

IMPOTAKCHHBIX CUCTCM.

5. IMHAMMYECKHUH XAOC M TEOPUSA CJIOKHBIX CUCTEM

I'me nexur rpaHuna MeXAy peryjsipHOM, HO CI0XXHO OpraHM30BAHHOU
CTpYKTypol u xaocoMm? KpurepueM MOXKET CIyKUThb YCTOMUMBOCTH BO3HUKAIOIUX
B IIPOIIeCCE TeUEHUsI 00pa30BaHM M0 OTHOIICHUIO K MaJIbIM BO3MYIIeHUsIM. Eciiu Takast
YCTOMYMBOCTh  OTCYTCTBYET, JI€TEPMUHUPOBAHHOE OIMCAaHUE TEPSAET CMBICI,
U HEOOXOJMMO HCIIOJIb30BaTh CTATUCTHUYECKUE METONbl. BriepBble Ha CBSI3b MEXIY
CTaTUCTHUYECKHUM MOAXOJ0M U HEYCTOMYMBOCTHIO YKa3biBal enle Aupu [lyankape.

N3 cka3aHHOrO $ICHO, YTO TEOPETHYECKHI aHalW3 MpPOLECCOB XaOTU3aLUU
(3apoxaeHust TypOYJIEHTHOCTH) B Pa3IMYHBIX CpPEAax TaKKe JOJHKEH ObITh BKIIOYCH
B Kpyr nmnpoOjieM, HU3y4aeMblX CHHEpPreTHKOil. EcTecTBEHHO OTHECTH K HHUM
U HCCIEJOBaHHE OOIIMX CBOWCTB XAOTUYECKUX PEKUMOB, BO3HHUKAIOUIMX BCIEH
3a pa3pyLIEHUEM PETYISIPHBIX CTPYKTYD.

Kak »xe Bo3HuMKaeT xaoTtmueckoe aBmkenue? Kazamoch Obl, myTel ero
BO3HUKHOBEHMS JOJDKHO OBITh O4Y€Hb MHOTO. OJHAKO, BBIICHUJIOCH, YTO YHCIIO
CLIEHapHEB Mpolecca XaoTH3allMu COBCEM HEBENHMKO. bojee Toro, HEKOTOpble U3 HUX
MOJUYUHSIIOTCS YHUBEPCAJIbHBIM 3aKOHOMEPHOCTSIM, M He 3aBUCAT (!) OoT mpuposl
cuctemMbl. OIHU M Te€ XK€ MYTU Pa3BUTHS Xaoca MPHUCYUIM CaMbIM pa3HOOOpa3HbIM
bu3nuecKUM, XUMUYECKUM, OHOJOTHUYECKMM H Jp. OOBEKTaM. YHHUBEpCAIbHOE
MOBE/ICHUE HANOMHUHAeT O0ObIYHbIE (ha30BbIE MEPEXO0JIbl BTOPOTO pojia, a BBEACHHE
PEHOPM-TPYIIIOBBIX M CKEWJIMHIOBBIX METOJIOB, H3BECTHBIX B CTATHUCTUYECKOMN
MEXaHHMKE, OTKPHIBAET HOBBIE IEPCTIEKTUBBI B U3yYEHUU Xa0TUUECKON TUHAMUKH.

OpHako, Kak TMOKa3ajdd MHOTOUYMCIEHHBbIE MCCIEAOBAHUS, CTAaTUCTUYECKUE
3aKOHBI, @ BMECTE C HUIMU U CTaTUCTUYECKOE ONMMCAHUE HE OTPAHUYEHBI TOJIBKO OYEHB
CIIOXHBIMM CHUCTEMaMHU C OOJIbIIUM YHCIOM cTeneHed cBoOoabl. [leno 3mech He
B CJIOXHOCTH HCCJIEyEMOM CHCTEMbl M HE BHEUIHMX UIyMax, a B IOSBICHUU
OpU HEKOTOPhIX 3HAYEHUSX MapaMeTpOB HSKCIOHEHIMAIBLHON HEYyCTOMYMBOCTH

JIBUKCHMS.
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Kaxkue e 3akoHBI yripaBisioT XxaocoM? Bo3MoxkHO 11 co31aTh MAaTEMaTUUECKUIMA
anmapar, IO3BOJIIONIMN HENPOTUBOPEYMBO OIKCHIBaTh XAOTHYECKYIO JUHAMUKY
U MPEJCKa3bIBaTh MOSIBJICHUE Xaoca B TEX WIM MHBIX cucTemax? HakoHen, MOXHO JH
HAalTH METOJbI MpPEACKAa3aHMUs NMOBEACHMS XaoTHdeckux cucteM? OTBeTaMHM Ha 3TH
U Psiji IpYyTUX BOMPOCOB 3aHMMAETCS TaK Ha3bplBaemas "TeOpHsi IMHAMHYECKOTO (MM
JIETEPMUHUPOBAHHOI0) Xaoca', SBIAIOMIAsICA OJHUM U3 pa3/elioB HEIUMHEHHOMN
muHamukd. K Hacrosmiemy BpeMeHHM pa3paboTaHbl METOJbl  KiIaccU(UKaruu
pa3IMYHbIX TUIOB Xa0Ca, HaleHbl 3aKOHOMEPHOCTH €0 Pa3BUTHs, CO3AaHbI METO/BI,
MO3BOJISIIONINE OTIMYUTH, HAIPUMEP, B IKCIEPUMEHTE, XaoC OT Oesoro myma, u T.I0.
Bonee Toro, 0110 0OHAPYKEHO B CTPOTO 0OOCHOBAHO, UTO CII0KHOE TPOCTPAHCTBEHHO-
BPEMEHHOE MOBEICHUE paACHpEleICHHBIX Cpel C TPOMAJHBIM YHUCJIOM CTEHeHEeH
cBOOOZIBI MOKET OBITh aJEKBATHO OMHCAHO HEIMHEHHBIMU CHUCTEMaMH HEOOJIbIION
pa3MepHOCTH.

@u3NYEeCKH  OCMBICIEHHOE TMOHATHE JEeTEPMUHHUPOBAHHOIO  ONMHUCAHUSA
3aKJII0YAETCs B TOM, YTO HA4YaJIbHOE COCTOSTHUE MPOLIecca 3a4aeTCsl B CHITY HEN30€XKHBIX
baykTyanuii HEKOTOPBIM BEPOSITHOCTHBIM paclpe/ielieHreM. 3aadya COCTOUT B TOM,
YyTOOBl Ha OCHOBAHMM HM3BECTHOTO HAYaJIbHOI'O pacHpelesieHusl MpeicKa3aTrh ero
sBostonMio. Eciy Manible BO3MYILEHHS HAYaJbHOTO YCJIOBHSI C TEUEHUEM BPEMEHHU
HE HapacTaroT (T.. MMEET MECTO YCTOMYMBOCTH), TO IOBEACHHE TaKON CHUCTEMBI
ABIIE€TCA NIpeJICKa3yeMbIM. B IpOTUBHOM cilydae mpoLecc MOKET ObITh OMUCaH TOJIbKO
BEPOSATHOCTHBIM 00pa3oMm. o cyimiecTBy, UMEHHO 3TH COOOPa)KEHHS JIETJIH B OCHOBY
COBPEMEHHOTI'0 MIPE/ICTABIIEHUSI O TUHAMUYECKOM Xaoce.

Kak u3BecTHO, MaTeMaTHYECKUM OOpPa30oM YCTAaHOBHMBIIHUXCS TEPUOAMUECKHX
KosieOaHU SIBJISETCS MPEIENbHBINA LMK, a KBa3UINEPUOJAUUYECKUX — WHBApPUAHTHBIN
Top. M ycTroliuMBBIE LMKIbI, U WHBApPUAHTHBIE TOPBI SBISIOTCS ammpakmopamu
(OykBanbHO — "mpUTATATENSIMH'"), TOCKOJIBKY B IPSIMOM CMBICJI€ OHU MPUTSATHBAIOT BCE
Onmu3kue TpaekTopuu. PU3MYECKH 3TO O3HAYAET, YTO MPU OTKIOHEHHH OT TaKHX
KosieOaHui (BCIEACTBHE KAaKUX-ITHOO BO3JACHCTBUI) CHCTEMA CITYCTSI HEKOTOPOE BpeMs
BHOBb BO3BpaIllaeTCsl K HUM, T.€. TaKO€ JBUKEHHE Kak Obl mpuTsaruBaer. [IpocThiM

IPUMEPOM 37I€Ch MOXKET CIIY>KUTh OOBIYHBIN 4aCOBOW MasiTHUK.
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Ecnmu nmuccumatmBHash cucteMa MPOSIBISIET Xdomuyeckue CBOWCTBA, TO
MaTeMaTH4YeCKH 3TO COOTBETCTBYET HATUYHIO B €€ (Ha30BOM IMPOCTPAHCTBE CIMPAHHOO
(MHOT/Ia TOBOPAT Xaomuueckoz2o) ammpakmopa. JJaHHOe IOHSATHE BIEPBBIE OBUIO
BBeJIeHO B M3BecTHOU padote JI.Prosng m @.Takenca "O mpupoae TypOyiaeHTHOCTH"
B 1971 r. W O3HayaJO NPUTATUBAIOIIEC MHOXKECTBO, OTIUYHOE OT KOHEYHOTO
o0BbeNMHEHHUS] THAAKUX TMOAMHOTOOOpa3mil. [losiBIeHMEe TaKOro MOJAMHOXKECTBA
B cucreMax auQQepeHIHanbHbIX ypaBHEHUH TOrga Ka3aloch JK30THUKOW, OTCIOJa

1 Ha3BaHHUC — CTPAHHBIC aTTPAKTOPHI.

6. YIIPABJIEHUE XAOTUYECKNUMU CUCTEMAMUN
N INIOJABJIEHUE XAOCA

PazButne Teopun AMHAMHYECKHX CHUCTEM BHECJIO MHOTO HOBOTO B NTOHMMAaHUE
MPOUCXOKACHUS XAOTHUYHOCTH U TPHUBEIO K PAAY BAKHEHIIMX OTKPBITHUM.
OO6ocHOBaHWE 3ProJWYecKOd THUIOTe3bl bosbIIMaHa [JI1 ONpPEACICHHOro Kiacca
CHUCTEM, JI0Ka3aTeILCTBO COXpaHEHHUs KBa3UIEPHUOTUUECKOTO JIBYKCHUS
MpyU  BO3MYIIEHUM MHTETpUPyEeMbIX cucTteM (Teopema KomamoropoBa-ApHoibiaa-
Mo3zepa), BBeaenue sutponuu Konmoroposa, moakosl Cmeitna u Y-cucteM AHOcOBa
CTUMYJIMPOBAJIO  pa3BUTHE HOBBIX HANpaBICHUW COBPEMEHHOM  MaTeMaTHKU
¥ MaTEMaTUYECKOW (PU3UKH, OTPAKAIOIINUX BCIO TIyOUHY Mpo0OIiieM, paccMaTpUBaeMbIX
B HENWHEWHOW aumHamuke. B pe3ynbrare ObUIO TMOKa3aHO, HACKOJIBKO THUIUYHBIM
U BCEOONIMM SIBJICHHEM OKa3bIBAe€TCS XaOTHYECKOE IIOBEJICHHE B CHCTEMax
¢ HEOOJBIIMM YHUCIIOM CcTeleHed cBoOoAbl. CTallo OYEBHUIHBIM, YTO XAOTHUYECCKHE
CBOMCTBa MOT'YT IIPOSIBJIATH CaMbI€ Pa3HOOOpa3HbIC HETMHEHHBIC CUCTEMBI, U €CITH Xa0C
He 0OHapYKHBAETCS, TO, BO3SMOXKHO, JIMIIIh MOTOMY, YTO, TUOO OH BO3HHKAET B OUYCHD
MajblX OOJACTAX MapaMeTPUUECKOTr0 TMPOCTPaHCTBA, JHOO Npu HePU3UUeCKux
3HAYCHHSIX  IMapaMeTpoB. Takum  oOpa3zoM, 1ipoOieMa  IPeacKa3yeMOCTH,
MEepBOHAYAIHPHO  TOSBHUBIIMCH B JOCTATOYHO  CJIOKHBIX  CHUCTEMax  (TaKux
KaK THUAPOJAMHAMHYECKHE WM CHUCTEMbI CTATUCTHUYECKOW MEXaHWKH), CTana oOmieit
JUUISI MHOTHUX HaIpaBJICHUH COBPEMEHHOM HAYKH.

B cBs3u ¢ 3TMM B mocneaHee BpeMsi CTalo0 MHTEHCHUBHO Pa3BUBATHCS HOBOE

HaIpaBJICHUC B HEJIMHEMHOU ANMHAMHUKEC U CHHECPTCTHUKE, IMOCBAIICHHOC HpO6H€MaM
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MPEICKa3yeMOCTH TIOBEICHUS XaOTHYECKUX CHUCTEM, YIPABICHUS WX JIUHAMHUKOMN
U BO3MOXXHOCTH IIOJIaBJICHUS Xxaoca. VccinemoBaHWs TIOKa3ajdd, YTO OHO HMMeEET
HETMOCPEJCTBEHHOE OTHOIIEHNE KO MHOTHM O0JIACTSM €CTECTBEHHBIX HAYK, TOCKOJIBKY
Ha TOM ITYTH yIaeTCsS HAWUTH MOAXOAbl K TAKAM Ba)KHBIM U HACYIIHBIM MPHIIOKCHHSIM
Kak 00paboTka (3amuch, KOJUpoBaHUEe U paciudpoBka) HHGOOPMAIIUU, CKPBITAs CBI3b
(T.e. mepechUika 3amU(POBAHHBIX COOOIIEHMI), TMpobieMa CcaMOOpraHu3aluu,
cTabmM3anus HEYTIOPSTOYCHHBIX COKpAaIICHUN CEepICUHOM MBIIIIIIBI
U neuOpWUBIIUSA,  UCKYCCTBEHHOE  CO3/JaHHE  KOTEPEHTHBIX  CTPYKTYD
B paclpe/elIeHHBIX CHCTEMaX, 00JIAAaroIIuX MPOCTPAHCTBEHHO-BPEMEHHBIM Xa0COM,
WHXKCHEPUS AUHAMHYCCKHX CHUCTEM, W Ipyrux. [IoHATHO, 4TO perieHue gake 4acTH
ATHX TPOOJIEM, C OJHOW CTOPOHBI, B 3HAYUTEIHHOW CTCIICHH YIIyOJseT MOHUMaHUE
TIPOIIECCOB U 3aKOHOMEPHOCTEH, JISKAIIHUX B OCHOBE ITOBEICHHUS CAMBIX Pa3HOOOpa3HBIX
HEJTMHCWHBIX TUHAMUYECKUX CUCTEM, W, C JPYTOd CTOPOHBI, MTO3BOJISICT 3HAYUTEIHHO
NPOJBUHYTHCS B Pa3BUTHH TCOPHH HEIMHEHHBIX KOJICOAHMH KaK COCPEIOTOUCHHBIX,
TaK U PACTIPEICIICHHBIX CHCTEM.

VIHTCHCUBHBIC  TEOPETHUYECKHE U  JKCICPUMEHTAIbHBIC  UCCIICAOBaHUS
XA0TUYECKUX JTMHAMHYECKHX CHUCTEM BBISBUIM WX HEOXHIAHHOE U BMECTE C TEM
3aMedaTeIbHOC CBOWCTBO: OHM SBJISIOTCS BEChbMa TMOJATIIMBBIMA M YPE3BBIYAHO
YyBCTBUTEIHLHBIMU K BHEIIHUM Bo3AecTBUsAM. [lo-BUaUMOMY, HMMEHHO 3TO
00CTOSTEIIBCTBO JISKUT B OCHOBE TIPOIIECCOB CTPYKTYPOOOPa30BaHUS B KHUBBIX TKAHSX.
Pa3zBuTHe nmr060T0 KMBOTO OpraHU3Ma €CTh MOCJIEeI0BATEIHLHOCTh aBTOHOMHBIX aKTOB
camMoopranm3anuu. biaromaps 3TOMy pa3BHBAIOIIASCS CTPYKTYpa XapaKTepPH3yeTCs
BO3MOXHOCTBIO TIEPEHTH B OJHO U3 OYEHb OOJIBIIOTO YHUCHIA JOMYCTHMBIX
PaBHONIPABHBIX COCTOSHUWA. TeM HE MEHee, BOJIONHMOHUPYIOMIAs CHCTEMa BCET/ia
MPOSBIIICT TOJBKO OMNPEACICHHYIO (3aJaHHYI0) JHHAMHKY. YTPaBJICHHE HTHUM
MPOIIECCOM MOXKET OCYIIECTBISATHCS C TOMOIINBIO CIAa0bIX BO3ACHCTBHUI, KOTOpBIE
U BIIMSIOT Ha BBIOOP TOTO WJIM MHOTO KOHKPETHOTO COCTOSHUA. Takum oOpa3om, Oblia
oOHapykeHa  BO3MOXHOCTb  YIPaBJISATh JHHAMHKOW  XAOTHYECKHX  CHCTEM,

T.e. TIOCPEICTBOM JOCTAaTOYHO CJIA0bIX BO3JICUCTBUI TEPEBOAUTH IEPBOHAYATHHO
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Xa0TUYECKUE CHUCTEMbl M3 peXUMa XaOTUYECKUX KoyieOaHuM Ha TpeOyeMblil
TUHAMUYECKUI PEeKUM U TEM CaMbIM CTaOMIIU3UPOBATH X MTOBEACHHE.

Crabunn3anusi XaoTUYECKOTro MOBEACHHSI MOKET OBITh OCYILECTBIIEHA JBYMS
paznuuHbIMU  criocoOamu. [lepBblii M3 HHMX OO0ECHEUMBAET BBIBEJACHHUE CHCTEMBI
U3 XAaOTHYECKOTO Ha PEryJsipHbIA pEXUM IOCPEICTBOM BHEIIHUX BO3MYIICHHIA,
peain30BaHHbIX 0€3 oOpaTHOM CBA3U. J[pyruMu cioBamu, 3TOT METOJ HE YYHUTBHIBAET
TEKYyIllee COCTOSHUE TUHAMUYECKUX MEPEMEHHBIX cHCcTeMbl. KaueCTBEHHO OTIMYHBIN
OT JAaHHOTO METOJl pealu3yeTcs IOCPEIACTBOM KOPPEKTHPYIOLIEro BO3AECHCTBUS
B COOTBETCTBUHM C TpeOyeMbIM 3HAYCHHEM IMHAMHYECKHX MEPEMEHHBIX M, TaKUM
00pa3zom, BOBJIEKAET OOPATHYIO CBA3b KaK HEOOXOAMMYIO KOMIOHEHTY JUHAMUYECKOM
cuctembl. M1 3T0 oueHb Ba)KHO, TaK KaK BCE MPHUPOJHBIE CUCTEMBI CTAOUIU3UPYIOTCS
oOpaTHO¥ cBs3b10. [10 ycTaHOBUBIIIEMYCS COTJIANIEHUIO TIEPBBIN CMIOCO0 CTAOMIIU3AINH
XA0TUYECKON JMHAMUKH HA3bIBA€TCSl MOJABICHHEM Xaoca WM KOHTPOJIUPOBAHUEM
(MHOT/Ia yrpaBlieHUEM WM PErYIHPOBAHUEM) XaOTHUECKOW TUHAMUKHU 0e3 oOpaTHOM
cBsi3u. BTopoii crmocod HOCUT Ha3BaHUE KOHTPOJIUPOBAHKE Xaoca ¢ 0OpaTHON CBA3BIO
(controlling chaos). B cBoto ouepenn, peanusaius KaKJI0r0 U3 dTUX METOJ0B MOXKET
OBITh IPOBEJIEHA MAPaMETPUUYECKUM WJIM CUIIOBBIM CIIOCOOAMH.

Pa3BuTHe 3TUX METONIOB, a TaKXKe 3HAHME 3aKOHOMEPHOCTEH caMOOpraHU3aluu
AT BO3MOJKHOCTH B CaMOM IIPSIMOM CMBICIE BMEUIMBATbCA B JESATEIBHOCTH
CYILECTBYIOUIMX OMOCUCTEM U YIPABIATh UX TUHAMUKOU (CM. HUXKE).

bonee TOro, »SKCIEPUMEHTAIBHBIE JAHHBIE CBUIETEIBCTBYIOT O TOM,
YTO aBTOKOJeOaHUsl (B TOM YHUCJIE Xa0C) UTPAIOT BAXKHYIO POJb B IMPOIIECCE aHAIU3a
uHpopMaIMKU HeHponogoOHbIMHE cucTeMaMu. ClieZIoBaTeNbHO, IPUHIUI OpraHU3aluu
naMsTH He0OXOUMO MPEJCTABUTH KaK TMHAMUYECKUN Tipotiecc. Tako moaxo 1 mpuBet
K HCIOJIb30BAaHUIO TEOPUM JUHAMUYECKHX CHCTeM B Ipobiieme o00paboTKu
UHpOpPMAIMK U CO3AAHUS CUCTEM HMCKYCCTBEHHOIO MHTe/UiekTa. OH OCHOBaH Ha TOM
dakTe, 4YTO XaOTHUYECKHME MHOXKECTBA, KaK TMpaBUJIO, CcojAepkKaT OeCKOHEYHOe
MOJIMHOKECTBO CEIJIOBBIX (T.€. HEYCTOMYMBBIX ) IPEAEIbHBIX [IUKIIOB.

K noHMMaHHIO CIOKHOCTH CUCTEMBI KaK OOJbIION TE€OPETUKO-MHOXKECTBEHHOM

cytu 6mu3ko BBeZeHHoe benya MannensOporom nonarue ¢pakrana. OTHOBpEMEHHO
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ATO HANpaBJICHHUE OTKPBUIO OOJBIINE BO3MOKHOCTH I Pa3pabOTKH CIIOCOOOB CHKATHs
uH(pOpMaLIUU, HATPUMED, IPU PEIICHUU 3a/1a4 TI0 paclo3HaBaHUIO 00pPa30B.

[To Mannens0poty, ¢ppakrad — 3To 0OBEKT, CaMOIMOAOOHBIN B TOM WM HHOM
cMbiciie. [[pyrue BapuaHThI ONPEAEIICHUS IPUBOJUIN K HEONPEACICHHOMY CYXEHUIO
o0beMa MOHATHUS «dpaKTam», OCTaBlsAid “3a OOpTOM™ BaKHbIE M IIUPOKHE KIIACCHI
bpaxTanbHbIX 00bEKTOB. benya Mannens0poT BBesl B HayUHbIH 00MXO] HEEBKIUIOBY
T€OMETPUIO  HETJIAJKUX, IIePOXOBAThIX, 3a3yOPEHHBIX, W3BEIEHHBIX XOJaMHU
U OTBEPCTHSIMH, LIEPIIABbIX M T.I. 00BEKTOB, CBOETO POJla MAaTEeMATUYECKUX IMapui,
paHee 10 MOJIYAJIMBOMY YrOoBOpPY H3IOHSBLIMXCS U3 PACCMOTpEeHHsI Oolee
051aro00pa3HbIX  YCPEIHEHHBIX, CIJIAXKEHHBIX, OKPYIJICHHBIX, OTIOJUPOBAHHBIX
UeaIM3UPOBAHHBIX 00BEKTOB. MeXAy TEM UMEHHO HETJIaJKUEe 00BEKThI COCTABIISIIOT
O00onbIIMHCTBO 00BEKTOB B mnpupone. Cam b.MannensOpor oxapakTrepu3oBal
CO37IaHHYIO UM (DpaKTaIBHYIO TEOMETPHIO Kak Mopdoioruto 6ecopmeHHoro.

Ho B peiicTBUTENBHOCTH (paKTasibl 00MAAI0T YAUBUTEIBHO TOHKOW M3SIIHON
CTPYKTYpPOH, HEOTPaHUYEHHO MOBTOPSIONIEICS BO BCEBO3MOXKHBIX MaciTabax. denuke
Krneitn B “Opnanrenckoit mporpamme” (1872) ompenenun reoMETpUIO Kak HAYyKy
00 WHBapuWaHTaX HEKOTOPOW Tpymmbl TMpeoOpa3zoBaHuil. EBkingoBa reomeTrpus
3aHUMAETCSd W3YyYCHHEM WHBAPUAHTOB TPYIIbl JBHKEHUW U TpeoOpa3oBaHUM,
OCTaBIIAIONIUX HEU3MEHHBIMU PACCTOSHHUSI MEXIYy JII0O00W mapoii Todek. ['eomeTrpus
JloGaueBckoro-boitnn  3aHMMaeTcs U3Y4EHHMEM HWHBApUAHTOB IpeoOpa3oBaHUIl
Jlopenna. ®pakTtanbHas reoMeTpusi 3aHUMAETCS W3YyYEHHEM HWHBAPUAHTOB TPYIIIBI
npeoOpa3oBaHUi CaMOTIOIO0HS.

[IpumenurtenbHo K (ppakTansam BMECTO JJIMH, TUIOMIAZEH U 00BEMOB, KOTOPHIC
CTpeMSTCSI K HYIIO WM K OECKOHEYHOCTH, KaK HEKOTOpPbIE CTETNEeHH IJIUHBI TOTO
AJIIEMEHTApHOTO OTpe3Ka, C IUIOLAJAbI0 KOTOPOIO MX HM3MEPSIOT, BO (PpaKTalbHOMN
reOMETPHUH PACCMATPUBAIOT MOKA3ATEIN STUX CTENEHHBIX 3aBUCUMOCTEN. Tak Kak 3TH
MoKasaTeiau TMpeACTaBUMBl B BHJIE€ OTHOIICHHUS JIOTapU(PMOB, TO OOIBIIUHCTBO
MoKa3areseil MpeaCcTaBIIIOT cO00H NpoOHbIe MEeHCTBUTENBHBIC Ynciaa. MHOTHE, B TOM

yuciie 1 benya MannensOpor, mojaraiayd, OyaTo ‘“HEHEIOCTHOCTH, “ApoOHOCTH”’
b b 9
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¢dpakTambHON pa3sMEpHOCTH, B YaCTHOCTH, pa3MepHocTH Xaycaopda-besnkoBuua, —
XapaKTepHOE OTIIMYUTENBHOE CBOMCTBO (hpakTasos. Jlaxke camblii TepMuH “ppaxTan” —
NPOU3BOJHOE OT JIaTUHCKOro ‘“fractus” — ApoOHBIA BBIOpAaH HMMEHHO W3 3TUX
cooOpakenuil. OHAKO BBISICHWIOCH, YTO CYIIECTBYIOT PETYISIPHBIE CaMOMOJ00HBIC
00BEKThl C IIEJOUYUCICHHOW pa3MepHocThio Xaycnopda-besukoBuya. Hampumep,
€CJIM B3STh TETpaj’Ap C IUIOCKOCTSAMH, MPOXOASIIMMU MapajuieIbHO TpaHsAM uepes
cepeluHbl Tpex pedep, UCXOIAUIMX M3 MPOTUBOJIEKALIEH I'paHU BEPUIMHBI, BBICEUD
HEHTPAIBHBIN MEHBIIHNHI TETPadAp, KOTOPHIH 3aTeM BBIOPOCUTEH, TO MOCIIE OECKOHEUHOTO
NOBTOPEHUS] TAKOM MpPOLEAYphl Mbl MOJYYUM B Ipejaene (pakraa ¢ pa3MEPHOCTHIO
Xaycnopda-be3nkoBuua, B TodHOCTH (a He NpUONMKEHHO!) paBHOW nByM. Mud
O HENpEeMEHHOW IpOOHOCTH (PpaKTaIbHOM pa3sMepHOCTH ObUI pa3BesiH, HE YCIIEB
yTBepauThesa! Pa3Besnmuch W HAASKIBl Ha CTPOTOE OMNpeesieHHe (PpaKTalioB

Kak 00BEKTOB C APOOHOM pasmepHOCThIO Xaycaopda-besukosuua [3].

7. DPAKTAJIBHBIE MHOKECTBA U CJIO’KHBIE CUCTEMBbI

K cunepreTrke u TeOpur HEPABHOBECHBIX CHCTEM OTHOCHUTCS M ApyTast 00JIacTh
HeNMMHEeWHON (u3uku — ¢pakransl. Dpakranamu OOBIYHO HA3bIBAIOT MHOXECTBA,
KOTOpbIE 00Jaar0T MacHITaOHOW WHBApUAHTHOCTHIO, T.€. B JIIOOOM MaciiTabe OHHU
BBITJTISIAT TpakTUuecku oauHakoBo. CaMblii W3BeCTHBIM mpumep ¢(pakrama —
MHO)kecTBO Kantopa nHa mnpsmoil. Tepmun "¢paxrtan" Obu1 BBEJEH H3BECTHBIM
MaTemMaTukoM bernya MaHens0poTOM B 03Ha4all MHOKECTBO, Pa3MEPHOCTh KOTOPOTO
HE COBIMaJiaja ¢ OOBIYHOM.

Teopus ppakranoB qoaroe BpeMs He HaXOIUIa IIMPOKOTO MPUMEHEHHUSI, TTOKa HE
ObLIIO OOHAPYKEHO OOJBINIOE YUCTIO 3a/1ay, I/ie (ppakTagbHasi CTPYKTypa U pa3MEPHOCTh
CIIy)KaT OCHOBHBIMHU XapaKTCPUCTUKAMH CUCTeMbl. Hampumep, B TypOyJIEHTHOCTH
Teopus (PpakTajJoB TECHEHIIMM 00pa3oM CBs3aHA C TEOpHUEH MacmTaOHOM
uHBapuaHTHOCTH KomMoropoBa. Eciin paccMoTpeTh CKOPOCTh TypOYJIEHTHOTO MOTOKA
KaKk (QYHKIUIO TPOCTPAHCTBEHHBIX TEPEMEHHBIX W BPEMEHH, TO OHa OyaeT

NPEJCTABIATH COOOH (hpaKTal TOro K€ TUIA, YTO U OPOYHOBCKAasi KpUBAs.
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B Teopun nuHammueckux cUCTeM (ppaKTalbHBIE MHOXECTBA 3aHUMAIOT 0C000€
MECTO, MOCKOJIbKY pelIeHUs] OOJBIIMHCTBA HEIMHEWHBIX 3a7au MPEACTaBISIOT COOOM
¢pakran. Jleno B TOM, YTO MaTreMaTH4YeCKUM OOpa3oM XaOTHYECKUX KoJeOaHUi
B JMICCUTIATUBHBIX CUCTEMAX SIBJISIETCS aTTPAKTOP, KOTOPHIN yKe He 00J1ajaeT TaKoM ke
IJIaJIKOW CTPYKTYpOH, Kak, Hampumep, Top. ['eomeTpuueckoe CTPOEHHE CTPaHHBIX
aTTpakTOpoB Oojiee ciaoxkHOe. B yacTHOCTH, OHM MOTYT 00J1alaTh T€OMETPUUYECKON
(MacmTaOHOM) WHBAPUAHTHOCTHIO, T.€., MOJOOHO (PpaKkTaTbHOMY MHOXKECTBY, HUX
CTPYKTypa TOBTOPSIETCS TPH IMOCJIEAOBATEILHOM YBEIWYEHUU Macitabda. ITo
CBOMCTBO CTPaHHBIX aTTPAKTOPOB MHOTJA TIO3BOJISIET OMUCHIBATh UX AHAIIOTMYHO TOMY,
KaK OTMHICHIBAIOTCS (PPAKTATIBI.

Y dpakrtanbHOW TEOpUM MHOTO TOYEK COMPUKOCHOBEHHUSI C METOIOM
PEHOPMTPYIIBI U TeOpHeil (a30BbIX Nepexo10B. B ¢hrHaHCOBOI MaTeMaTHKe MHOTOE
MOXHO OMHCaTh, HCMOIB3YAd ¢pakTalbHbBIA MOoaX0A. HeoXuaaHHO BaKHBIC
MPWIOKEHUS] TEOpUU (HPAKTATBHBIX MHOKECTB OBLTN BBISIBJICHBI B TOCTATOYHO HOBBIX
00JIaCTAX COBPEMEHHOM HAyKH — TEOPETUUYECKOW OMOJIOTHUM M MaTEeMaTUYeCKOU
MEIUIMHE. 37ecCh MHOTO€ yAalloCch TMOHSITh, ONHUPAsiCh Ha  MAacIITaOHYIO
WHBAapUaHTHOCTh. Hakoner, (pakTaibHble MHOXKECTBA MHTEPECHBI C TOYKU 3PEHUS
CO3/IaHUS MOCTa MEX/Iy MaTEMaTUKON 1 UCKYCCTBOM.

OCHOBHOW TEOMETPUYECKOW XapaKTePUCTUKOW (paKTaIOB SBISETCS HX
pa3MEpHOCTh, KOTOpasi yKa3blBa€T Ha OJM30CTh TAKUX MHOXKECTB K PETYISPHBIM
00BEKTaM U MO3BOJISET ONPEEITUTh YHCIO HE3aBUCUMBIX ITEPEMEHHBIX, OJHO3HAUYHO UX
onuchIBarOmMUX. HeoxugaHHBIM 00CTOSTENBCTBOM SIBISETCS TO, YTO (DpaKTaibHBIC
CTPYKTYPBI BCTPEUAIOTCS B IPUPOJIE U POKIAIOTCS B PUBNUECKUX IKCIIEPUMEHTAX.

l'eomerpust ¢pakTanoB ¢ HX TOHYaWIIEed BHYTPEHHEW CTPYKTYpOH,
MTOBTOPSIIONIEH caMOI0 ce0si BO BCEX MaciiTabax, MO3BOJISET MPUOTUZHTHCA K CIIE
OJIHOMY Ba)KHOMY BBIBOJTY, KOTOPBIN TOATBEPKIA€TCS B YACTHOCTH, UCCIETOBAHUIMH
A.H. Hlapkosckoro [6]. OH wuccienoBan CHOXHBIE ‘XaOTUYECKHE PEKUMBI
B JIOTUCTHUYECKOM OTOOpakeHUHU. CIIOKHOCTh M JaKE XaOTUYHOCTH CTPYKTYPHI WIH
peXMMa HE O3HAYAOT OECHOPSIOYHOCTH M MOTYT OBITh COBMECTHUMBI C TOHKHUM

BHYTPEHHHUM TOPSIKOM (CaMOINoao0ueM B ciyyae (ppakTanoB v MOCIEI0BATEIbHOCTHIO
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[ITapkOBCKOIO NEPUOJOB B OKHaX IEPUOJUYHOCTH XAOTHYECKOTO pexXHMa
B JIOTUCTUYECKOM OTOOPAKCHHH ).

Co BpeMeHEeM BBISICHWIIOCH, UTO Ha CJI0KHOM (XOTSI M perysipHON) ppakTalbHON
CTPYKType  MHOrue  ¢usnueckue  mnpoueccbl  (auddys3us,  aKycTHUECKUE
U DJEKTPOMArHUTHbIE KoJeOaHus U Jp.) MPOTEKaloT HE TakK, Kak B Cpejaax,
OMKCHIBAEMBIX B KIACCHYECKUX TEOPHUSAX CIUIOMIHBIX cpeld. Bo3nukma ¢usnka
bpaxTanbHbIX cpell. CI0KHOCTh T€OMETPUUECKON CTPYKTYPBI CpEIbl OTKIIAJIbIBAcT
[IYOOKHI OTHEYaTOK Ha (PU3UKY MPOTEKAIOIIUX HA HEW MPOLIECCOB.

Crnyualinpie (pakTanbl (B KOTOPBIX CaMOIOA00MEe MOHUMAETCs, HampuMep,
KaK COXpaHEHUE HOPMAJILHOCTH paclpeesIeHUs Ae(PEKTOB MPU BAPUAHTHOCTH CPETHUX
3HaYEHUN U JUCIIEPCUU) MO3BOJSIOT CTPOUTH eIé Oojee CI0XKHbIE, HO 3aTO U Ooiee
pealuCTUYECKUE, YEM PETYIIsIpHbIE (PAKTaANIbI, MOJIEIN PEATbHBIX CPEN).

Opnako (pakrajapbHble XapaKTEPUCTHUKU (BCEBO3MOXKHBIE pPa3MEpPHOCTU —
OT HSMIMpPUYECKUX U pa3MmepHocTeld Xaycnopda-besukoBuua u MHHKOBCKOTO-
bynurana 10 KOHTHHyaJIbHOTO ceMeWcTBa pa3sMmepHocTeil Anbdpena Penbn)
HEe 00pa3yloT MOJHOW CHCTEMbI, MO3BOJSIOMICH (MIPU OMPENETCHHBIX YCIOBUSX)
CpPaBHUBATH CJIIOKHOCTH PA3JIMYHBIX CUCTEM U PAHKUPOBAThH UX.

Emé onHo HampaBiieHHE B OLIEHKE CIOXHOCTH NPEJCTaBICHO cepuei padot
O OIIGHKEe TMpeAesioB TMpeackazyeMoctd. IlpencraBurenu 3TOro HarpaBlICHUS
paccMaTpUBAIOT CJIOKHOCTh KaK SKBUBAJIICHT HEMPEICKa3yeMoCTH [9].

Kak MOXHO omucaTh pOXKIEHHE TaKUX CIOKHBIX OOBEKTOB, Kak (paKTaibi?
OnuH 13 MEXaHU3MOB — ATO arrperanus, orpannuenHas nuddysueit (diffusion limited
aggregation, nmamee — DLA). CormacHo »3TOMy MeEXaHU3MY, OIMpeaeIeHHAs
Pa3sHOBHUIHOCTH (DPAKTAJIOB MOXKET OBITh MOJy4YeHAa B MPOILECCE HEYNOPSI0YEHHOIO
HeoOpatumoro pocta. [IpeacraBum cebe 00BEKT (KiIacTep), pacTyIIM CIIEIYIOIIUM
00pa3oM: C TeYeHHEM BPEMEHU K HEMY IIPUCOEINHACTCS MOJIEKYIIa, IpUYeM, KOorjia 3Ta
MOJIEKyJIa TPUXOAUT B CONPUKOCHOBEHHE C KJIACTEPOM, OHAa cpa3y K€ NpUIIHITAeT
K Hemy. Takoil mpouecc Ha3bIBaeTcsl arrperamueil. Jlonyctum Tenepb, YTO YaACTHUIIBI
(Monekynbl) TUPPYHIUPYIOT K pacTyIIeMy KiacTepy abCONIOTHO CIy4YaifHbIM 00pa3oM

(T.e. MO OPOYHOBCKOMY 3aKOHY). ATTperanus 4YacTHI], POTEKAIoIas B YCIOBHIX
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ciayyailHOro JnBmkKeHHs, — 3T0 U ectb DLA. Takoit mpouecc sBisieTcs KpaiiHe
HEpaBHOBECHBIM. TeM He MEHee, B KaUECTBEHHOM OTHOIIEHHH C IIOMOIIBIO HETO MOXKHO
JIETKO OOBSICHUTH HEKOTOPBIE CBOMCTBA pocTa (paKkTalbHBIX CTPYKTYP.

OmauM u3  ¢GyHIAAMEHTAIbHBIX OTKPBITHM HETWHEWHOW TEPMOJMHAMUKH
ABIIIETCA OOHApPY)KEHHE KOHCTPYKTHUBHOM pOJM HEOOPAaTHMOCTH, KakK CIEACTBUS
HenuHeHoctu. C BO3pacTaHWEM BPEMEHH BMECTO CTPEMIICHHSI K XaOTHUYECKOMY
TEPMOJMHAMUYECKOMY PAaBHOBECHUIO MOTYT IPOUCXOJIUTH  MPOTHUBOIOJIOKHBIE
MPOLECCHI, U B PE3YJIbTATE BOZHUKAIOT YIOPSIOYEHHBIE IPOCTPAHCTBEHHO-BPEMEHHBIE
CcTpyKTypbl. O0pa3oBaHue CTPYKTYpP JKECTKO CBSI3aHO C TOSBICHUEM HEYCTOHYHBOTO
CTaI[MOHAPHOTO COCTOSIHUS. 371eChb MBI NEPEXOoJUM B 00JacTb HEJTUHEHHOM
HEPAaBHOBECHOW TEPMOJMHAMHUKH, YPABHEHUS KOTOPOM CTAHOBATCA JAPYTUMH
10 CPAaBHEHUIO C KJIACCUYECKON TEPMOJANHAMUKOM.

B pamkax 3Toro HanpapJIeHUS TIOHATHE CAMOOPTraHU3allMd U OPraHU3alH Tal0T
€lle OJMH IYTh B HCCJIEAOBaHUM ciloXHOCTU. [loxg camoopraHuszanueid NPUHSITO
MMOHUMAaTh MEPEXO] OT OJHOTO YHOPSAOUYEHHOTO COCTOSIHUS K IPYTOMY, €CIIA CUCTEMA
MpeloCTaBlIeHa caMoil cefe M He HCHBITHIBACT BHEIIHETO CTPYKTYPUPYIOIIETO
Bo3AecTBus. [Ipeanonaraercsa, 4To HOBOE COCTOSIHHE COJIEPIKHUT, IO KpanWHEW Mmepe,
OJIMH HOBBIA CTPYKTYPHBIN 3JIEMEHT, KOTOPOTO HE OBLIO B CTAPOM COCTOSIHUM (MHA4e
TOBOPSI, HOBOE COCTOSIHHE CJIOKHEE CTapOTo, TaK KaK COAEPKUT OOJbIIE CTPYKTYPHBIX
aneMeHTOB). HepaBHOBecHass TEpMOJIMHAMHKAa OTKPBITBIX CHCTEM OIKCHIBACT
MIPOUCXOXKICHHE TTOPSIKA U3 Xa0ca, HO ATOT MOPSIIOK UMEET 00JIee HU3KYIO CIIOKHOCTD.
Ectp npyras 3aiaua: 00bICHUTH MEPEX0]T OT HU3KOM CI0’KHOCTHU K BRICOKOM, HAITpUMED,
OOBSICHUTh CIIOHTAHHOE€ BO3HUKHOBEHHE CaMOBOCIIPOU3BOMSIIMXCS aBTOMATOB,
GYyHKIMOHMPYIOUIMX Ha 0aze perysspHoOil cpeabl MpocTod CTPYKTypbl. Miu, roBops
KOHKpETHEE, OOBSICHUTH MPOUCXOXKICHUE KUBOU KIIETKH.

Bo3HukaeT ecTeCTBEHHBIM BOIPOC O HAYaJie CaMOOPraHU3aLMKU WIIH O TPOCTOM
MEePBUYHOM DJJIEMEHTE, Ha 0a3e KOTOPOTO HAYMHAETCS CTPOUTEIHCTBO CJIOKHOTO.
K coxanenuro, moka HEM3BECTHO, MPU KAKOM MHUHUMAJIBHOM CJI0KHOCTHM BO3MOYKHA

CaMOOpraHnu3anu.
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CymiecTByeT /ABa MPUHIMIHUAIBHO PA3IMYHBIX THUIIA OPraHU3aIluU CTPYKTYP:
JUIsl paBHOBECHBIX ITPOIIECCOB M HEPABHOBECHBIX. B mepBoM ciiydae BO3HUKAET
KOHCEpBATHBHAsI OpraHM3aIus 3a CUYET IMepexojia MexAy oOpaTUMBIMU CTPYKTypaMH
B COCTOSIHUM TEIUIOBOTO paBHOBecHs. Bo BTOpOM ciydae, B COCTOSAHUSX JAJEKUX
OT TEIJIOBOTO PAaBHOBECHs, BO3HMKAET JAMCCUIIATUBHAS CAMOOPTraHU3alMs 3a CYET
nepexojia Mexy HeOOpaTUMBIMU CTPYKTYpPaMH.

CymecTByeT /ABa MoAXoja B OOBSICHEHUH JUCCUMATUBHON CaMOOpraHU3alUU.
B mnoaxonme MW.P.IlpuroxuHa mnpeanonaraercs, 4YTO HOBBIE MaKpPOCKOIHYECKHE
CTPYKTYpHBIE 3JEMEHTHl BO3HUKAIOT IIpU JUCCUNATUBHOM CAaMOOPTaHU3alUH
BCJICICTBUE HEJIMHEWHOTO B3aWMOJECUCTBHS MHUKPOCKOIMYECKUX 3JIEMEHTOB CTapoOu
CTPYKTYpbI, KOTJa OOMEH »JSHEeprued OTKPHITOW JUCCUIIATUBHOM  CHCTEMBI
C OKPY’KaroIIeH Cpelof JOCTUTraeT HEKOTOPOTO KPUTHYECKOTO YPOBHS.

[Togxon A.Il. Pynenko OCHOBaH Ha HaJIMYUU HE TOJBKO MPSMON, HO U 00OpaTHOM
CBSI3M MEXKAY KaTaIM3aTOPOM M PEAKUUOHHOM cpenor. Takod TMoaxon —Jani
BO3MOHOCTb PAaCCMOTPETH SIBJICHHE M3MEHEHUS KaTaln3aTopa B XOJ€ XHMHYECKOU
peakiuu B camMoOM OOIIeM BHUJE M TMPEACTaBUTh €ro KaK IOCIeA0BaTEIbHYIO
xumudeckyo 3oonnio. A.Il. Pynenko B kauecTBe 00BEKTa 3BOIIOLUN MPEATOKUT
YHU(PUIIUPOBAHHYIO  JUHAMHYECKYI0  MOJEIb —  DJIEMEHTapHYI0  OTKPBITYIO
karanutuueckyro cucrtemy (DOKC). DTo 00BEKT ¢ HEPaBHOBECHOM CTPYKTYPHOM
M (QYHKIHOHAJIBbHOM oOpraHu3anueld, B KOTOPOM COBOKYITHOCTh KaTallu3aTtopa
U pearupymoiux BemecTB (pYHKIMOHAIBHO CBSI3aHBI B €IUHOE Ieoe (KOHTHHYYM)
C DK3EproHMYECKOM Oa3uCHOM peakuuel, MpoTeKarolle Ha LEeHTpe KaTaiusa.
NunuBunyansaeie DOKC mMoryT B3auMoeiiCTBOBaTh BO MHOKECTBE M BOCIIPUHUMATD
Opyr Jpyra Kak Bo3JeiicTBHE (aAKTOpOB BHEUIHEH cpeabl, BIMAIOMIMX Ha HX
KUHEeTH4YeCcKyto cdepy. Takoe B3anMoeCTBHE MOKET OBITh KaK OJU3KOIEHCTBYIOITUM
B Clydyae CONMPUKOCHOBEHMS M YAaCTUUYHOTO OOBEAMHEHUS WX KHUHETHUECKUX cdep,
TaK U JAJIbHOJACHCTBYIOIIMM B CIIy4ae PE30HAHCHOTO JCUCTBHUS XapaKTEPUCTUUECKUX
penakcauMoHHbIX u3aydyeHuit oguux OOKC Ha gpyrue opnopoansie 2DOKC.
B nmnocinenHeM ciaydyae BO3HMKAET MMEHHO TOT MEXAaHU3M KOOIEPATHUBHOIO
B3aUMO/ICICTBUS WHIMBHUIYaJIbHbIX OCIUJISITOPOB, KOTOPbIN MIPUBOIUT

K KOT€pCHTHOMY MMOBCACHWIO BCEIr0 MHOXKCCTBA.
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B koHTuMHyanbHOIl camoopranuzauuu uHAMBUAYanbHbIX ODOKC MomHocTh
IOTOKOB JHEpPrHM, HCIONb3yEMBIX Ha €€ OCYIIECTBICHHE, Ha MOPSAIOK OoJblle
[0 CPAaBHEHHMIO C KOTEPEHTHOW CcaMOOpraHu3alMeil, MOCKOJIbKY B IEPBOM Cilydae
MOIIIHOCTh COOTBETCTBYET BCEMY 3HEPIeTUUYECKOMY MOTEHLHMANy Oa3UCHOU peakiuH,
a BO BTOPOM — OIpeNesieTcs JHILb YacThIO MOJIE3HO PACCEUBAEMON SHEPIHH B XOJI€
penakcannu JOKC.

KonTuHyanpHas caMoopranu3zaius He IpoCTO €11e OJJUH TUI CaMOOpraHU3aL1H,
HO M HauOoJiee BayKHBIN €€ BHUJ, C KOTOPHIM CBSI3aHA CIIOCOOHOCTh MHAMBHAYaIbHBIX
MHUKPOCKOIIMYECKHUX OTKPBITBIX CHCTEM K MPOIPECCHUBHON HBOJIOLUU U, B YACTHOCTH,
cnocobHocth DOKC k xumuueckod osBomrouud u  Ouorenesy. Ilo MHeHHro
A.Il.PyneHko, OT MakpOCKONMMYECKHX CHUCTEM C KOTEPEHTHOW CamMOOpraHu3aluei
MO>KHO OKMJAATh JIUIIb MPOSBIEHUS JTUHEHHON 3BoMonnU 0e3 (OpMUPOBaHUS HOBBIX
KayecTB, a CYIIHOCTb MPOTPECCUBHOM HBOJNIOIUU COCTOMT B CaMOpPa3BUTUHU
KOHTHHYaJIbHOM caMOOpraHu3alMi MHIAUBUIYaIbHBIX OOBEKTOB IPU MOJI0KHUTEILHOM
pHUpalIeHUH 001N U MOJIE3HOW MOIIIHOCTH 0OMEHHOr0 npoiiecca [4].

[IpencraBieHne 0 HEPAaBHOBECHOW CaMOOPraHU3allMU IO3BOJSIET I10-HOBOMY
B3INIAHYTh Ha ujeto ['epbepra CrmeHcepa O TOM, 4TO OHWOJIOTHYECKas HBOJIOLUS

IPOUCXOIUT B HAIIPABJIICHUHU BO3PACTAIOIIEH CII0KHOCTH.

8. KOTEPEHTHBIE CTPYKTYPBI B XAOTHYECKHUX CPEJJAX

[ToueMy U1 HEKOTOPBIX HEJIMHEWHBIX CpEJ CJIOKHOE IPOCTPAHCTBEHHO-
BPEMEHHOE COCTOSIHUE SBJsieTCS O0Jiee MPEeOYTUTEIbHBIM, YEM ITPOCTOE OJHOPOIHOE
nosejeHue (T.e. KOrja M3 MPAaKTHUYECKH OJHOPOAHOM cuUCTeMa Kak Obl
"'caMONpPON3BOJIBHO" TEPEXOJUT B MPOCTPAHCTBEHHO HEOJHOPOJHYIO) M KaKuM
00pa3oM Takoe COCTOSIHHE MOKET peaqu3oBaThCsi? DTO OJUH U3 JAaBHO H3BECTHBIX
¥ BOJIHYIOIIHMX BOMPOCOB, BOCXOASIINI K MpoOJeMe yMEHBIICHNUS SHTPOIIUHU B KUBBIX
cuctemax. Jlo cux mop Ha HEro He MOJIY4eHO HcueprnbiBaromero orsera. C mo3uiuu
TEOpUN HEJIMHEHHBIX HEPAaBHOBECHBIX CHCTEM MOYKHO HEO0’KMJIAHHO MPOCTO IMOJOMTH

K PCIICHUIO 3TOT'O BOIIpOCaA.
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VYCTOWUYMBOCT HOBBIX CTPYKTYpPHBIX 3JEMEHTOB OO€CIEUMBAETCA TOYHBIM
O0amaHCOM  HETMHEHHOCTH  B3aUMOJICHCTBUS  MHUKPOCKOMHMYECKHX  AJIEMEHTOB
u Juccunanued. Hapymenue »3Toro ToHKoro OanaHca MPUBOAMT K  yTpaTe
YCTOMYMBOCTH U K BOSHUKHOBEHUIO HOBBIX IEPBOHAYAIBHO CTAOMIIBHBIX CTPYKTYPHBIX
AJIIEMEHTOB, KOTOPBIE B X0/1€ JAJIbHEHIIIEH HBOTIOLNH TAKKE YTPAUMBAIOT YCTOWUNBOCTD
U YCTYMAOT MECTO HOBBIM CTa0MIIbHBIM 00pa3oBaHusM. [IpuMepom cKa3aHHOTO MOXKET
CIY)KWTh KacKaJ YJABOEHHUU TMepruoaa, OTKpPBITEIH Mutdyemmom @DelireHOaymMoM
B JIOTUCTUYECKOM OTOOPAKEHUH, BEAYILIUN K YCTAHOBIEHUIO CII0)KHOI'O Xa0THYECKOIO
pexuma [8].

Br10paB HayaibHOE COCTOSIHME BHYTPU 3TOT'O Xa0TUYECKOTO PEXKUMA U IBUTasiCh
BCIIATH 110 3HAYCHHSIM [TapaMeTpa, Mbl OOHApYKUM TociieoBaTeibHOCTh LllapkoBckoro
— BCIO WJIM YacTh €€ — B 3aBUCUMOCTHU OT BbIOOpA HayaibHOTO cocTosiHUsA. U 31ech Mbl
JOJKHBI BEpHYThCS K Teme (pakrama. Tosbko B 70-X rojax MpoOILIOTO BeKa
UCCJIEIOBAaHUA Xaoca M (paKTaloB UM MapajljIeIbHO U Ka3aluCh HECBSI3aHHBIMU,
HO YX€ CIyCTS HECKOJIbKO JIET BBISICHWIOCH UX OJIM3KOE poACTBO. Bo-mepBhiX, 3TO
POJICTBEHHBIE MaTeMaTUYECKHUE TEOPHM, HAICJICHHbIE Ha OMNHUCAaHUE CTPYKTYPHI
HEeperyJsipHocTel peanbHOro wMupa. Bo-BTOppiX, 00a 53THUX HampaBJICHUS,
Onaromapsi KOMIIBIOTEPHOMY MOJICIMPOBAHUIO U BU3yalU3alluy, 00Ja/1al0T BBICOKOM
HarJIsiJHOCThIO, B HUX I'€OMETpUYeckoe BooOpakeHue nepBocTeneHHo. Ho B xaoce
reoMeTpusl MOJYMHEHA JWHAMHUKE, OHAa OOCIHYyXHBaeT W JenaeT e€ HarisJaHOM,
a BO (pakTaiiax reoMeTpuuecKas BU3yalHu3alus SBJISIETCS OCHOBHOW. B-TpeThux,
Tenepb MNPHUHITO OINpEJENsTh CTPaHHbIE ATTPAKTOPHI xaoca Kak (paktansl. OHHU
€CTECTBEHHbIM 00pa3oM BO3HUKAIOT MPHU H3YUYCHUHU JMHAMHUYECKUX CHUCTEM.
Haxkonen, ¢ppakrtansl onpenenstoT CTpyKTypy Xaoca. dpakTaibl, 0 CyUIECTBY, €CTh
HOBBIN SI3BIK, Naromui onucanue Gopm xaoca [10], oHM TIO3BOJIIOT aHATH3UPOBATH
TOHKYIO CTPYKTYpY Xaoca M Jaxke OOHapyKUBaTb B HEM IMPOSBICHUS MOPSIKA.
[Tpumepom Takoro (pakrana sBisieTcss 3HaMeHHTOE (urooe aepeBo dDelirendayma
(figtree). KakoBa ponb nuddy3uu B xaotuzanun?

C pocrom  auddy3um  OPOUCXOTUT  KadecTBEHHass  IepecTpouka:
MPOCTPAHCTBEHHBIN MOPSAJOK HAYMHAET MCKaXKaThCsl, B CHUCTEME TMOSABISIIOTCS

cllydaiiHbIM 00pa3oM pa30pOCaHHBbIE TTEMEHTHI KakK ¢ PETyJIIPHOM, TaK U ¢ XaOTUYECKON
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muHaMukod. C nmanpHedmmM yBennueHueM Tu@y3uu MOBEIEHHE pacIpeaeieHHON
CHCTEMBI B LIEJIOM CTAHOBUTCS XaOTHUECKUM. M Bcerjia mopsiiok MorjaomaeTcst XaoCoM.
Takum 00pa3oM, OCHOBHOW pe3yJIbTAaT HCCIIEIOBAHMS 3aKIIOYACTCA B CICAYIOLIEM.
Ecnu nonycTuth, 4To MPOUCXOIUT OOMEH SHEPTUEN MEXKY PACTIPENEICHHON CUCTEMOM
U OKpY)KaIoIlel cpesloif, To Mo IeHCTBHEM MOCTYMAOLIEH SHEPIUHU B CUCTEME MOT'YT
(opMHpOBaTHCS MPOCTPAHCTBEHHBIE KIACTEPHI, COCTOSIINE U3 OAMHAKOBBIM 00pa3oM
(GYHKIMOHHUPYIOMIUX MojacucTeM (ortoOpakeHuit). MHbIME cioBamMH, B OTKPBITOH
CUCTEME MOSABIIAIOTCS YCTONUMBBIE IPOCTPAHCTBEHHO-BPEMEHHBIE CTPYKTYphl. OHAKO
OHU MOTYT CYIIECTBOBATh B JOCTATOYHO y3KOM JHMaNa3oHe 3HaUeHUN KO3 PUIINEHTOB
mubdy3un: ecinu UX 3HaYEHUs HWKE KPUTHUECKHUX, UMEETCS aOCOIIOTHBIM MOPSIOK,
€CJIM BBIILIE — ITOJIHBIN Xaoc.

[Touemy 11 HEKOTOPBIX HEJTUHEMHBIX CpeJ CIOKHOE IPOCTPAHCTBEHHO-
BPEMEHHOE COCTOSIHHE SIBISIETCS O0JI€e MPEeIOUTUTENBHBIM YEM IIPOCTOE OJHOPOIHOE
nosejgeHue (T.e. KOrja M3 MPaKTHUYECKH OJHOPOAHOM cuUcTeMa Kak Obl
"'caMONpPON3BOJIBHO" TEPEXOJUT B MPOCTPAHCTBEHHO HEOJHOPOJHYIO) M KaKuM
00pa3oM TakKoe COCTOSIHHE MOJKET peaiu3oBaTbca? DTO OJUH U3 JaBHO M3BECTHBIX
Y BOJHYIOIIKMX BOIIPOCOB, BOCXOISALIUHN K IPOOJIEMe YMEHbBILIEHUS SHTPOIUH B KUBBIX
cuctemax. Jlo cux mop Ha HEro He MOJIY4EHO HcueprbiBaomero orsera. C no3uiuu
TEOpUN HEJIMHEHHBIX HEPAaBHOBECHBIX CHCTEM MOKHO HEO0’KMJIAHHO IIPOCTO IMOJONTH

K PCIICHUIO 3TOT'O BOIIpOCA.

9. TEOPUSI BU®YPKAIIMM U CJIOXKHOCTD

PazButne HenIMHEWHOW JUHAMHUKM W TEOPUHA JTUHAMUYECKUX CHCTEM
CTUMYJUPOBAJIO OOJIBIION HHTEPEC K TeOpur OMPypKaluid. ITO CBSI3aHO C TEM, YTO BCE
CHUCTEeMBI OOBIKHOBEHHBIX AU (EepEeHIINATBHBIX YPABHEHUN OJIMHAKOBON pa3MEpPHOCTH
BOJIM3U 3HAYEHUI apaMeTPOB, MPU KOTOPBIX B HUX UMEET MECTO OU(ypKalus OJHOTO
TUMA, SIBISIOTCS TOMOJIOTHYECKH OJKBHBaJeHTHbIMHU. (ClieioBaTelbHO, OIKCaB
Ooudypkanuo 1 OMpeJeuB €€ THUII, JETKO CYJIUTh O TOM, KaKO€ MOBEACHHUE MPOSBIT
CHUCTEMBI B OKPECTHOCTH OM(YpKaIIMOHHOTO 3HaueHus mapamerpa. [loMuMo mmpoko

U3BECTHBIX TUIOB Oudypkammii, Takux kak Oudypxammus AngpoHOBa-Xomda,
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oudypkauusa poxxaeHust Topa, Oupypkanus yABOSHHUS MEPUOAA WU T.I., JOCTATOYHO
4acTo BCTpeuaroTcs OudypKanuyd KOHTYPOB, COCTaBJIEHHBIX M3 CEmapaTpuc ceied.
OnuuM u3 GakTOpOB, CIIOCOOCTBOBABIIMX UCCIIEA0OBAHUIO TaKUX OU]ypKaIui, SBUIOCH
00Hapy)eHUE TOMOKIIMHUYECKUX TPACKTOPUM U CenapaTpUCHBIX KOHTYPOB B MOJIEISX,
MMEIOIINX TNPUKIaAHOE 3HaueHWe. He mocineqHio posib 371€Ch Chirpajia W3BECTHAs
Mozelb JlopeHiia, uMeroriasi TOMOKJIMHUYECKHI KOHTYp THUIIa BOCbMEpKa-0abouka. JTa
CHUCTEMa MCTOPUYECKH SBHJIACh IMEPBBIM MPHUMEpPOM, Tne ObUIo 0OHApYKEHO
Xa0TUYECKOE MOBEICHUE.

[Ipu  uccnemoBanuum  Oudypkanuil  KOHTYpPOB  TJaBHBIM  00pa3oM
U paccMaTpUBAETCS] BOMPOC O KOJUYECTBE YCTOMYMBOCTU POXKIAIOMIMXCS MPHU ITOM
MpeAeNbHBIX HUKIOB. M3yueHne Oudypkanuii poxAeHUS UKIOB U3 CEmapaTPUCHBIX
KOHTYPOB Ha JIBYMEPHBIX MOBEPXHOCTIX BOCXOAMUT K pabOTaM TOPbKOBCKOM IIKOJIBI.
Bbonee mmpokue nccneqoBaHus B 5TOM HAPaBICHUHU ObUTH HAYaThl MOCIE BEIABUHYTOU
B 1985r. B.U. ApHOIBAOM U Jp. IPOTrPaMMBbl, TOCBSIIIEHHON OMHCAHUIO OM(ypKALIHUSIM
MOJIMIIMKIIOB, BO3HUKAIOIIMX B THUIUYHBIX JABYMEPHBIX MaJOMapaMeTPUUECKUX
ceMelcTBax BEKTOpHBIX ToJiel. HenaBHue pabOThl 3HAYUTENHHO PACIIMPHINA Kiacce
Takux Oudypkanuidi U CyIECTBEHHO MPOJBUHYIU MOHUMAHHUE CYTH MPOUCXOIAIIUX
IIPU 3TOM SIBJICHUM.

UccnenoBanne Oudypkanuii BEKTOPHBIX TMOJIEM Ha IUIOCKOCTH W 4YHCIA
MPEJETbHBIX LHUKIOB, POXIAIOMIMXCS M3 MOJUIMKIOB, BOCXOJUT K WU3BECTHOM 16-i1
npobiieme ['mnpbepra (TOUHEe K €€ BTOPOM YacTH): MOJIYYUTh OLIEHKY CBEpXY uHuCIa
MPEACIIbHBIX IUKJIOB CUCTEMBI ABYX OOBIKHOBEHHBIX TU(DPEpEeHITNATBHBIX YPaBHEHUH,
nmpaBas 4acThb KOTOPBIX CYThb MHOTOWIEHBl. BapuaHT [ MOJUIMKIOB Ha3bIBaeTCA
"mpo6nemoii I'unpbepra-ApHoabpaa': J0Ka3aTk, YTO B THIUYHOM A-TIapaMeTpUUECKOM
CeMENCTBE BEKTOPHBIX IMOJIEH Ha IJIOCKOCTH M3 TMOJHUUHUKIA POXKIAETCA TOJIbKO
KOHEYHOE YHUCJIO MPEeNIbHbIX LUKIIOB, OLIEHUBAEMOE CBEPXY IMOCTOSIHHOM, 3aBUCSIIEH
TOJIBKO OT K.

Jns  pemieHuss 9TOM  mpoOiemMbl, MO  KpaiHed Mepe, I JIByX-
U TpexmapaMeTpUYECKUX CEMEHCTB BEKTOPHBIX TOJIel, HEOOXOJAMMO 3HAaTh BCE
MOJUIUKIIBL, BCTPEYAIOIIUECS B TAKUX ceMercTBax. [10JHBIN CIMCOK BCEX MOJIUIUKIOB

kopasmepHocterd 1, 2 u 3 HemaBHO (19951.) Obu1 OmyOGnMKOBaH. DTOT CIHCOK,
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Ha3biBaeMbll  "300mapkoM  KoToBoil", BK/IIOYaeT BCE pEryJspHbIE  KJIAacChl
AIIEMEHTApPHBIX TMOJIMIMKIOB HAa OPUEHTHUPYEMBIX JIBYMEPHBIX MHOT000pa3usx.
HeMHOro mnoszxe ¢ MOMOIIBIO CHENUAIBHO IOCTPOEHHOTo (opmanu3ma ObLIN
UCCIIEAOBAaHbl PEryJISIpHBIE KJIACCHI IOJIMIMKIOB KOPa3MEpPHOCTH HE BbIIIE 3
U ONpeleJieHa BEpXHsAA OLEHKAa IUKIMYHOCTH MOJULHUKIOB I KaXKJIOro Kiacca
3o0mapka KoroBoii.

B mHacrosimee BpeMs B OTHOLIEHWH TMPOOJEMBI CIOXHOCTU CIIOXKHIACH
CIEAYIOIIAs CUTYyalMsl.

B Teopuu nepenaun JaHHBIX CIOKHOCTH U3MEPSIETCS] OOIIUM YHCIIOM CBOWCTB,
nepe1laBaeMbIX 00bEKTOM U IPUHUMAEMBIX 0003peBaTENIEM.

B ¢Qusuke Ccra0KHOCTH OIpenensercs BEpPOSTHOCTBIO BEKTOpAa COCTOSHUSA
cucteMbl. I 371ech HE KOPPEKTHO MCIOJIb30BAHHE CBOMCTBA BBICOKOM CIIOKHOCTH
B KaueCTBE apryMeHTa MaJION BEPOSITHOCTH. JIUIIIb B MACCOBBIX COOBITUSAX BEPOSITHOCTh
uHpopmatuBHa. Ecnmm ke peub uaer o0 YHUKANBHBIX SBJICHUAX, TUIA TEPBOTO
MOSIBJICHUSA KJIETKH, TO CIIy4YalHOCTH BIIOJIHE JTIOTMYHA.

B maTemaTuke roBOpST O BBIUUCIUTEIBHOM CIOKHOCTH aITOPUTMOB.

B KOTHUTHBHOW MCHXOJOTHUU CJIOKHOCTH TPOOJEMBI OILEHUBAETCA C TOUYKH
3pEHMS BO3MOXXHOCTH PELICHHUSI €€ YEITOBEKOM.

Taxum 06pa3om, KpaTkasi peTpOCTIEKTUBA MPEJICTABICHUI O opMax CIOKHOCTH,
M3JI0’)KEHHAsA HAMU, MI0Ka HE BHOCHUT SICHOCTH B TOHUMAHUE MPUHIIMIIOB BOSHUKHOBEHHUS
cioxkHoctu. OHa OTPaXKAET JIMILIb YaCTHbIE CUTYalUH, MOJTYyYEHHbBIE HCCIIEI0BATEISIMU
U MHTYUTHUBHO KiIacCU(UIIMPOBAHHBIE HMH KaK CJIOXHOCTh. Bce ompeneneHus
CJIOHOCTHU (aNropuTMUYecKas, HHHOPMAIIMOHHAS, CTATUCTUYECKAs U T.J.) COAEpKaT
OILICHKY 3aTpyJAHEHUI pasyMa. BHe pazyMa, BHE collMyMa KaTE€ropusl CIIOKHOCTH CTOJIb
e OeCCMBICIIEHHA, KaK U KaTerOpHsi CTOUMOCTH.

U B 3TOM 1UTaHE, TTOKAITYH, TOJIBKO B OOIICH TEOPUHU CHCTEM YKe UMeeTcs Ooee-
MEHEE aJIEKBaTHOE NIPEACTABICHUE O CI0KHOCTH. OHO CBOJUTCA K CIEAYIOLIEMY.

OpHolf W3 Ba)XHEMIIMX XapaKTEPUCTUK IO-HACTOSALIEMY CIIOKHOW CHUCTEMBI
ABIA€TCA  HempenckazyemocTb. (OOpa3 MOBENEHUS  CHCTEMbl  CKJIAJIbIBAETCS

KaK pC3yJibTaT B3aI/IMOI[eI\/'ICTBI/I}I U B3aMMOOTHOIIICHUMN MCXKJYy €€ KOMIIOHCHTAMH.
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CBsi3n MeXAy KOMIIOHEHTaMHM CJIOKHOW CHUCTEMBI JIOCTATOYHO KOPOTKHU.
DIEeMEHT CUCTEeMbI OOBIYHO MOJy4yaeT MH(OpMAIMIO OT OMMKalIIuX coceieid, a 3To
3HAYUT, YTO MO IMYTHU CJIEJOBaHUS Ha OOJBIIOE PACCTOSIHME OHa IOJBEPraeTcs
WU3MEHEHHUSM.

OTHollleHUsT HE  SBISIOTCA  JIMHEWHBIMHU;  CIEAOBAaTENbHO, HEOOJIbIIOE
BO3MYIIIAIOIIEE BO3ACHCTBUE MOXKET BbI3BATh 3aMETHBIN 3P PeKT, U HA0OOPOT, OOIBIION
BO3/ICHCTBYIOIIMI UMITYJILC MOXKET OKa3aThCsl HEPE3yIbTaTUBHBIM.

OTHolIeHUs: MEXy KOMIIOHEHTaMU MOTYT BKJIFOYAaTh OOpaTHBIE CBA3H, IPUUYEM
KaK T[OJIOXKUTENIbHbIE  (pacKayMBalOlIME CHCTEMY), TaK U  OTpHIATEIbHbIC
(memndupyromue ee).

CnoxHasg cucTeMa [0 OINpPENEICHUIO SBIISIETCS OTKPBITOM, €€ TIpaHUIlbl
B 3aBHCHMOCTH OT TIPHUPOJABI CHCTEMBl JOJDKHBI OBITh TMPOHUIIAEMBI WM
JUtst ”HOpMaluu, WiK A sHepruu. [1o 3Toil npuynHe oHa MOABEpraeTcs U3MEHEHUSM,
OJIHAKO CPEJICTBAMHU YTPABIEHUS €€ MOXKHO YJEPKHUBATh B CTAOMIBHOM COCTOSHUHU.
Hu onuH u3 s1nemMeHTOB HE 00J1aJaeT MOJHOTOM MH(POPMALUU O CHUCTEME B IIEJIOM.
JleficTBUTENBbHO, ecal Obl TAaKOBOM CYIIECTBOBAJI, TO BCS CIOKHOCTh CHCTEMBI Oblia
Obl cocpelnoTOY€HAa B HEM; JaHHOE OOCTOSITENIbCTBO OTBEPraeT BO3MOXKHOCTH
MOHOITOJIUU Ha yTpaBJIEHUE.

CnoxxHble CHCTEMBbl HMMEIOT HCTOPUIO (HAa Hall B3TJISAJ MNaMSTh), MPUYEM
HEeOOJIbIINEe U3MEHEHUH B HACTOSIIIEM MOTYT IPUBECTH K 3HAUUTEIbHBIM NU3MEHEHHSIM
B OyayIIeM.

XapakTepHOe KayecTBO CJOXKHBIX CHUCTEM - BJIOKEHHOCTb; HampuMep,
PKOHOMHMKA, KaK CHUCTEMA, MOKET COCTOSATh M3 BXOIAIIMX B HEE MPEANpUSATHH,
SBIIAIOIIMUXCS CUCTEMaMU, NMPEANPUATHS U3 OTICNbHBIX PAOOTHHUKOB, KOTOPHIE TOXKE

SIBJIAIOTCSI CUCTeMaMH, U T.1. [13].

10. COBPEMEHHBIN CUCTEMHBIN MOAXOJ K MPOBJIEMATHUKE
CJIOKHOCTH
[TonpoOyeM M3I0XKUTH Hall B3IJISA Ha JaHHYIO IPOOJIEMY C MCIOJIb30BaHUEM

CUCTCMHOTO KYMJIITUBHO-AWUCCUIIATUBHOTO ITOAXO0AA.

A. THITOJIOTUSA CJIOKHBIX CUCTEM

30
CJIOXHBIE CUCTEMBI, Ne 2 (47),2023



Heanoe O.11., 2023

[Tox cioxHOM cucTeMOM MbI OyJeM MMOHUMATh COBOKYITHOCTb 3JIEMEHTOB HIIH
MOJICUCTEM, CBS3aHHYIO €MHON (PYHKIIMOHAJIBLHOUM Cpeoi U 1enbio ObiTusd. EquHCTBO
(GyHKIMOHAIBHOM cpeibl 00beKTa (TPpyYIIbl 00BEKTOB) WU JOKAJIIM30BaHHOIO MpoIiecca
J000M TPUPOJBI JOCTHraeTcsl 3a CYET «OCOOBIX» CBOMCTB, T.€. CBOMCTB, KOTOPBIX
HE MMEET HU OJIHA U3 YacTel CUCTEMbI, U OHU HE BBIBOJSATCS U3 CBOMCTB €€ 4acTeil.
CnenoBarenbHO, J00as cUcTeMa J0JKHA 00JanaTh, KaAK MUHUMYM, JBYMS BaXKHBIMU
CBOMCTBaMHU. BoO-IEepBBIX, 3JIE€MEHTHI, COCTABISAIOIINE CUCTEMY, B3aUMOJACHCTBYIOT
MeXay CcOOOM 3a CUeT BHYTPEHHMX CBSI3€H, a COBOKYIHOCTb BHYTPEHHHUX CBA3EH
U COCTaBIsieT (YHKIMOHAIBHOE TMOJ€ CUCTeMbl. BO-BTOPBIX, /TOJKHA CYIIECTBOBATh
eanHas GYyHKIUS WM HECKOJbKO (YHKIUH, 00€CTIeUnBAIOIINX U YIPABIEHUE BCEMU
CBA3SIMH, M TOIOJOTHYECKYIO0 CBSI3HOCTh BCEr0 IOJsI BHYTPEHHUX CBS3€il,
T.e. IEJOCTHOCTh cucTteMbl. [lo aHamormu c¢ mapaMerpaMu MOpPsSAKAa TaKUe
yIpaBIAOMUEe PYHKIUUA MOXHO ObUIO Obl Ha3BaTh MapaMETpPaMH YNPaBICHUS WU
LEJIOCTHOCTU. VIMEHHO 3THU CBOMCTBA M SBIISIIOTCS TEMU CAMBIMHU JTONOJIHUTEIbHBIMU
WIK OCOOBIMH CHCTEMHBIMH CBOMCTBAaMH, HapyIIAIOUUMHU 3aKOH aJJUTUBHOCTH
JUISl COBOKYITHOCTH 3JIEMEHTOB, COCTABIIAIOLIUX CUCTEMY.

MOoXHO TpPennoNokKUTh (TOABKO MPEANONIOKUTH), YTO MEPOH CIOXKHOCTU
cuctemMbl OyzaeTr sBIATbCA HHPopManus, coepxamiasicsi B cucteme. Ilpouecc
BOCIIPOM3BE/ICHUSI Ha OCHOBE MH(pOpPMAIMHM 3KOHOMHT TPYJ MOBTOPHOTO CO3HMIaHUS,
MOCKOJIBKY QJTOpPUTM MaMATH BOCHPOM3BEACHMS TMpOILE aIrOpUTMa CO3UIAHUS
B npupozae. OObIYHO 3TO O3HAYAeT HAJIMYUE TMPOLEAYP, CXOAHBIX C MAaTPHUUYHBIMHU,
KOTOpBI€, COOCTBEHHO, U TMPEJCTABISAIOT CTEPKEeHb WMH(OPMAIMOHHOTO Mpolecca.
HNudopmanust kak Ob1 M30aBISIET HAC OT CIOXHOCTH UMEHHO B 3a/ladyaX KOMUPOBAHUS
MOJCMOTPEHHOIr0 B npupoje. CylecTByeT JIn CUTyalHus, KOTJa JIIOJEH HMHTEPECYyeT
CJIOHOCTb, HO He uHTepecyeT uHpopmanusa? [la, Takas cuTyallsi UMEeT Ha3BaHUE
"HpaBCTBEHHOE COCTOSTHUE", U TIIaBHBIM O0OBEKTOM MHTEpEca B HEH SBISETCS YEIIOBEK.
[To3HaHue ero He ecTh MO3HaHUE AEUCTBUIA, HO TO3HAHUE CMBICJIOB MOTUBOB, KOTOpBIE
JIMILIb KOCBEHHO BBIPAJKAIOTCS B IEHCTBUSAX.

C npyroii CTOpOHBI, 3HAUEHHUSI BHYTPEHHEH SHEPruu W SHTPOIUU B OTIHYHE

ot uHbopManuu OYAYT OINHUCHIBATH COCTOSTHHME CHUCTEMBI M €€ B3aUMOOTHOIICHHS
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C BHEIIHUM MHPOM. OHeprus (0T Tped. energeia — IESTETbHOCTH) XapaKTEPH3yeT
OoOIIyI0 Mepy pa3Iu4HbIX BHJOB JIBIKEHHMs M B3auMoAeWcTBUi B (opmax:
MEXaHUYECKOW, TEIUIOBOM, JJIEKTPOMATHUTHOM, XWUMHYECKOW, TIPABUTALMOHHOM,
anepHoi. MHpopManus ke XapakTepu3yeT Mepy pasiuuus CHCTEM NpH HUX
COIOCTaBJICHUM. DTU J1Ba (hyHIaMEHTAIbHBIX NapameTpa (3Heprus v HHpopmarus)
CUCTEMBI (HapaBHE C €€ BEUIECTBEHHBIM COCTABOM) OTHOCHUTEIBHO 000COOJIEHBI ApYyr
oT apyra. ToUHOCTb CUTHaJa, epelaloero HHPOopMalHo IpU OTCYTCTBUHU LIyMa, HE
3aBHCHUT OT KOJIMYECTBA SHEPIUHU, KOTOPAsl UCIIOJB3YyETCs JUIS Mepefaun curHana. Tem
HE MeHee, 3Heprus U MHQpOopMauus CBs3aHbl MEeXIy coOoi. Bunep mpuBoauT Takoi
npumep: «KpoBb, oTTekaromas OoT Mo3ra, Ha JOJII0O Tpadyca TeIjee, YeM KpOBb,
npurekarouas K Hemy». CyTb CBA3HOCTU COCTOUT OIISATH K€ B COITOCTABICHUH PA3ITUUUI
paccMaTpHUBaeMbIX TapaMeTpPOB.

Nudopmanus pacteT ¢ MOBBILIEHUEM pa3HOOOpa3us CUCTEMBI, HO Ha 3TOM €€
CBS3b C pa3HOOOpa3ueM He KoHuyaeTcs. OIHUM U3 OCHOBHBIX 3aKOHOB KMOEPHETUKU
ABIIIETCA 3aKOH «HE00X0AMMOI0 pa3Ho0Opa3us». B cooTBeTcTBUYU ¢ HUM 3(pPeKTUBHOE
ylpaBi€HHE KakoW-1MOO CHCTEMOW  BO3MOKHO TOJBKO B TOM  Ciydae,
KOIJla pa3HooOpasue YNpapisiolled CUCTEMbI OoJiblIe pazHooOpa3us yIpaBisieMOoi
CUCTEMBl. YUHUTBIBASI CBS3b MEX]Y pPa3sHOOOpa3HMEM U yNpPaBIECHUEM, MOKHO CKa3aTb,
4TO YeM OO0JIbIIIe MBI UMEEM HH(POPMAIIUU O CUCTEME, KOTOPOI coOMpaeMcs yrpaBisTh,
TeM 3¢ dekTuBHEee OyAeT ITOT MpoLecc.

Yactu cuctemsl, 001a1at0IHe 1IeTOCTHBIMA CHCTEMHBIMU CBOMCTBaMH, HA30BEM
noacucreMamu. OObeAMHEHHE HECKOJbKMX CHCTEM, OOJsajaroniee IeJOCTHBIM
CUCTEMHBIM CBOMCTBOM, OyJIeM Ha3bIBaTh HAJACHCTEMOM WJIM CHUCTEMOU Ooiee
BBICOKOTO TOPSI/IKA.

DJIeMEHTOM CHUCTEMBbI SBJSIETCS OOBEKT (YacTh CHUCTEMBI) C OJHO3HAYHO
OIPE/IEIIEHHBIMU U3BECTHBIMU CBOMCTBAMM.

[Tox cocTosiHeM cucTeMbl OyJieM MOHUMATh YIMOPSAIOYEHHYIO COBOKYMHOCTD
3HaYEHU! NapaMeTpPoB, BHYTPEHHUX M BHELIHUX, ONPEIEISIIOIIMX XOJ IPOLECCOB,
MPOUCXOAIINX B CUCTEME. MHOXKECTBO COCTOSIHUN CUCTEMbI MOKET OBITh KOHEUHBIM,

CUCTHBIM WJIN KOHTHHYAJIbHBIM.
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IloBenenune cucreMbl €CThb pa3BepHYTas BO BPEMEHU IOCIIENOBATEIBHOCTD
peakIuii CHCTEMbl Ha BHEIIHEe BO3JeHCTBHE. Bo3melcTBHE MOXET COCTOSITh
B IIepe/aue BEUIeCTBA, YHEPruu, HHGOpMAIUU WM KOMOWHAIIMK 3TUX KOMIIOHEHTOB
[11].

Cpexa ecTb OKpYXEHHE, C KOTOPBIM CHCTEMa B3aMMOJICHCTBYET.
B3aumMopeicTByromume co cpeioil CUCTEMbI Ha3bIBAIOTCSA «OTKPBITBIMUY. «3aKPBITHIE)
(«3aMKHYTBIE») CUCTEMBI Cpelibl He UMetoT. Cpeoi sl OHOM U3 MOJICUCTEM CHCTEMBI
MOTYT CHYXXUTh OCTaJbHbIE TOJICUCTEMbl WM YacTh M3 HHUX, a TaKXKe JpyTHe
«CcTOpOHHHUE» cUcTeMbl. Cpefa — TOXkKe CUCTEMA.

CnoxHbl€ CHUCTEMBl MOTYT HMMETh PA3IMYHYI0 MPUPOAY. OTO U «UHUCTO
du3HUecKre» TEPMOJIMHAMUYECKHE HEPAaBHOBECHBIE HEOOPATUMBIE CUCTEMBI (BYJIKaH,
3BE3/1a), U TEXHHYECKHE CUCTEMBI (TIPOMU3BOACTBO), M OMOJIOTHICCKUE CUCTEMBI (KIIeTKa,
YKUBOE CYIIIECTBO, IKOJOTUYECKUI KOMILIEKC), U OOLIECTBEHHBIE CUCTEMBI Pa3TUIHOTO
YpOBHS (YETOBEK, OTpacib MPOMBIIIICHHOCTH, JKOHOMHKA CTpaHbl). MOXHO
JIU TIPETOJIOKUTh, YTO CTOJIb PA3IUYHbIe OOBEKTHl BOZHUKIN HA OCHOBE OJIMHAKOBBIX
3akoHOB? IIpexae yem nckaTh 000OIIEHHBIE 3aKOHBI, HECOOXOAMMO H3YYUTh 3aKOHBI,
JEHCTBYIOIINE B KOHKPETHBIX CUCTEMax — MHa4Ye Heuero 00001ars.

[To mpuHATEIM MpaBUIaM 3aKOH JOJKEH BBIPaXKaTh YCTOMYHUBBIC, IMMaHEHTHBIC
MPUYMHHO- CIICJICTBCHHBIC CBS3M MEXIy OOBEKTaMH, MPOILECCAMH W BEIIMUYMHAMH.
BBuay pa3nudHOro MOHSATUWHOTO ammapara, UCIOIb3yeMOro JJis ONMHCAHHUS CHUCTEM
pPa3IMYHON TPHUPOJBI, HANTH TaKWe BCEOOIIHE CBSI3M, KOTOPBIC OXBATHIBAIU OBI BCE
CJIO’KHBIE CUCTEMBI M B TO JK€ BpeMsl IOMyCKalu KOHKpeTU3aluio, He ynaercs. [lonsrue
MIPUHITKIIA SIBJISETCS O0JIee MTMPOKUM U B JaHHOM ciydae 6osee moaxoaanuM. [Toatomy
MBI OyJIeM UCKaTh €ANHBIC MPUHIIUIIBI CYIIIECTBOBAHUS U IBOJIIOIIUU CIIOKHBIX CUCTEM.

B. POJIb HEJIUHEMHOCTH U KYMVYJIAIIA
B BOSBHUKHOBEHUU CJI0OKHOCTHA
Cuctema, cocrosimas Jaxe M3 JBYX DJIEMEHTOB, YK€ MOXET HMETh JH00

MpocTyro (TMHEHHYI0), 00 0oJiee CI0XKHYIO (HeTUHEHHYI0) CBA3b. [IpruMepomM BTOpOi
CUTYAIMH SIBJISETCS BpAIlEHUE JIETKOTO KOCMHYECKOTO Teja BOKPYr 0ojiee TSHKEIO0ro
0 AJUIUIITUYECKOI opouTte.

[Iponmorom Kk MOHWMAHWIO B3aUMOJCHCTBHUS OOJBINETO YHCIA TEI C MO3UIUN
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MEXaHUKHU cTalu Kiaccuueckue padotsl A. Ilyankape [7]. On BnepBbie gokazan (1892),
YTO B3aUMOJEHUCTBHE TPEX TEI HOCUT HEIMHEHHBIA XapakTep, U IMO3TOMY MOTYT
BO3HUKATh XaOTHMUYECKH HECTAOWIbHBIE OPOUTHI, KOTOPbIE B CYILIECTBEHHOM CTENEHU
3aBHUCST OT Ha4aJIbHBIX JAHHBIX U HE MOTYT OBITh 3apaHee BIYUCIIEHBI. MOKHO CKa3aTh,
4YTO UMEHHO 3TUMHU paboTamMu ObLT OTKPBIT IMYTh B IPOOJIEMbI HETUHEMHOCTH COCTOSIHUM
Y B3aWMOJECHUCTBUM CUCTEM, T.C. IYTh K CO3JAHUI0 TEOPUU IMHAMHYECKUX CHUCTEM.
Crasin pa3BUBaThCsS OCHOBBI TEOPUM aBTOKOJIEOaHUM, TEOpHs TYpOYJICHTHOCTH, a 3aTeM
U TEOpUM JHHAMMYECKOTO Xaoca. HMrak, mnepBas HUTOYKA — HEJIMHEHMHOCTD
B3aMMOJICHCTBUS.

HenuuelHOCT BO B3aMMOAECHCTBHAX XOPOIIO M3BECTHA TAK)KE B COBPEMEHHOU
TEeOpUHU KojeOaHuil, 0COOEHHO B YCIOBHAX pe3oHaHca. [IpuueM noHsTHE HEMMHEHHOTO
pe30HaHca SABISETCS OHUM U3 [IEHTPaJIbHBIX. Pe3oHanc (¢p. resonance, OT JaT. resono
— OTKJIMKalCh) — SBJIEHUE pE3KOro BO3pPACTaHUS AMIUIUTYAbl BBIHYKJIEHHBIX
KoJIeOaHM, HacTymarollee Mpu MNPUOJMKEHUH 4YacTOThl BHEIIHErO BO3AECUCTBUS
K COOCTBEHHBIM PE30HAHCHBIM YaCTOTaM CUCTEMBIL. A 3TO YK€ BTOpasi HUTOUKA B KITyOKe
CIIO)KHOCTH — HEJIMHEWHOE CYMMHPOBAHHE OTHOCHUTEIBHO MPOCTHIX KOJIeOaHUH
KaK CpPeJCTBO 00pa30BaHUs HOBOM, HO YK€ CIIOKHOM K0JIeOaTeIbHONW CUCTEMBI.

IIpy wmccnenoBaHMM  HEMMHEWHOIO  pPE30HAHCA  IPOBOIAT  pa3/eiICHHE
UCCIIElyEMOW CHUCTEMBI (HAampUMeEp, OCLMIUIATOpPA) HA «HEBO3MYIIEHHYIO YacTb)»
U «BO3MYyLIEHUE». J[BMKEHNE HEBO3MYIIECHHOM CHUCTEMBI, KaK IPABUJIO, IOJIHOCTBIO
U3BECTHO. Bo3MmyllieHHe MPUHITO CYUTATh MaJbIM, YTOOBI MOXKHO OBIJIO HUCCIIEOBAThH
CUCTEMY C TIOMOIIBI0 MPUOJIMKEHHBIX METOJOB WJIH TEOPUHM BO3MYUICHHI.
Ilog pe3oHaHCOM IIOHMMAETCs Takas CUTyalus, KOIZa HEKOTOPBbIE YaCTOTHI
HEBO3MYIICHHOM CHUCTEMBbl OJIM3KM MeXAy coO0OMl MM K YacToTaM BHEIIHErO
BO3MYyIIeHUs. J{J1s TMHEWHBIX KoJieOaHUM IeHCTBHUE BO3MYILIEHUS IPUBOJUT K TOJIHOMY
OoOMEHY DHepruedl MexJay COOTBETCTBYIOUIMMH CTENEHSMU CBOOOJIBI CHCTEMBI —
PE30HAHC CBSI3M — WM K HEOTPAaHUYEHHOMY POCTY IMOJHOM JHEPrUU CUCTEMBI —
BHEIIHUW PE30HAHC.

B HemuHenHONM cucreme BCe MPOUCXOMUT IO-ApyroMmy. HenmHenHOCTH
HEBO3MYIICHHBIX KOJICOAHMI XapaKTepu3yeTcsl OBYMs pPa3IMYHBIMH CBOWCTBAaMHU:

AHIrapMOHUYHOCTBIO KoJIeOaHUM U  HCHU30XPOHHOCTHIO. Iosicaum CUTYyaluro
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C aHTapMOHHNYHOCTBIO.

B kBaHTOBOM MEXaHMKE IS MOJICIU rapMOHHYCCKOI'0 OCHUJIIIATOPA IIOJIYYCHO

cieayromce BBIp@(KCH € 1A IW@TH I[X SHCPICTHUYCCKUX COCTOSITHUH:

E(n)=hv n+l = h n+%,

2) om y7i

rae V- 4acToTa CHCTEMBI OCHHJLIATOPOB; /- mocrosnHas IlmaHka; /. BTOpas
NPOM3BO/IHAs TIOTEHIMAIBLHON SHEPTUM B TOYKE paBHOBECHs; - Macca CHCTEMBI; n=
0,1,2..- konebaTenbHOE KBAHTOBOE YUCIIO; MpaBmiio otoopa: An==1.

JI7isl TapMOHHYECKOTO OCIIJUIATOPA KPUBasi MOTEHIINATBHOW YHEPTUHU SIBIISIETCS
CHMMETPUYHOM, TaK KaK MOYMHAETCS IPOCTOMY BbhIpakeHuro tuna E=kx?/2 (puc. la).
KpuBas moTeHIManbHONW SHEPTHH IS aHTAPMOHHYECKOTO OCIIIIISTOPA MOXKET OBITh
pHOIKEHHO BhIpakeHa GpyHkuuein Mopse: E=D(1 — exp[-k(r-r0)])*> u MOXKeT OBITH
npeicTaBIeHa HECUMMETPUUHOM KpuBOil, n300paxeHHon Ha puc.16. [Ipu s3Tom sHEeprus
JTUCKPETHOTO KOJIEOATEIHHOTO YPOBHSI JJI1 aHTAPMOHUYHOTO OCIIIIISITOPA MOXKET ObITh

3armrcaHa CJICayronuum 06pa30M:

E(n)= hv(n +1j— hy” (n +lj .

2 4D 2

AHanu3 MoKa3bIBaeT, YTO AHFAPMOHUYHOCTh HapyIIAeT JIB€ 3aKOHOMEPHOCTH:

a) CTpOrocTh MpaBuia oTOOpa, a 3TO O3HAYAET, YTO HAPSAY C OCHOBHBIMHU
konebanussMu (An = 1) CTaHOBUTCS BO3MOXHBIM CYIIIECTBOBAHHUE YACTOT KPATHBIX
OCHOBHOM yactoTe (An =+2, £3,...), T.e. pypbe-rapMOHHK HJIL OOEPTOHOB;

0) paccTosiHUE MEXKIY DJHEPreTHUYECKMMH YpPOBHSMHU TI0O CpPaBHEHHIO

E A \\ a ’l v A 6
\ 7 am — |
\ / \ <]
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C TAPMOHUYECKUM OCIIUJUISITOPOM CTAHOBSITCS MEHBIIIE C YBEIIMUCHUEM H.

Puc.l. Kpusvie nomenHyuanvHot  dHepauu  2apMOHUYECKO20  (a) U
aHeapmonuyeckozo ocyuiiamopa: D - suepeus ouccoyuayuu, r9 — pasHOBecHoe
paccmosnue medxcoy amomamu. Lllmpuxoexka — ouckpemmuvle dsHepeemuyeckue yposHu.

Jlpyroe CBOWCTBO — HEH30XPOHHOCTb HEJIMHEWHOM CHUCTEMBI - YUYHUTHIBAET
3aBUCUMOCTh BCEX YaCTOT CHUCTEMBI OT aMIUTUTYAbl WX 3Hepruu konebanuii o(E).
3HaueHWE HEU30XPOHHOCTH COCTOMT B CTAOMIM3AalUU JIEUCTBUS PE30HAHCHOTO
BO3MYIIICHHS 32 CUET 00paTHOU cBsi3U. Bo3mylleHne n3MeHseT 3Hepruo KojiebaHuil,
a 3HAYUT U UX YaCTOTY, Hapylllasi TEM caMbIM pe3oHaHC. Bo3HuKaeT paccTpoiika Mex Iy
gacToToi kojiebanuii ®(E) u gacToroii Bo3myiieHus €2, ¥ TorJa u3MeHeHHe dHepruu E
MPEKPAIIAETCs — MPOUCXOAUT CTAOMIN3AIMS PE30HAHCHOTO BO3MYILICHUS. JleTanbHBIM
aHaJM3 MOKAa3bIBAET, UTO U3MeHeHue E, B 3TOM ciydae, HOCUT XapaKTep YCTONYHMBBIX
KoJeOaHUN BOKPYT PE30HAHCHOTO 3HAYEHHUS OHHEPruu, MpPH KOTOPOM HYacTOTa
HEJIMHEHHOT0 OCHWJIIATOPA B TOUHOCTH paBHA yacTtoTe Bo3MmymieHuss o(E) = Q [5].

OpnHako craOuiu3anus pe3oHaHCa HETMHEHHOCTHIO JEUCTBYET TOJIBKO TOT[A,
KOI'Jla BO3MYILIEHHE ACICTBYET Ha OAHON YacTOTE, T.€. UMEETCS TOJIBKO OJJUH PE30HAHC.
B cinyuyae HECKOJNBKHX PE30HAHCOB MPHUXOJIUTCS YUUTHIBATH UX B3aUMOJCHCTBHE
U mpuberatb K MCCIEIOBAHUIO OTOOPXKEHUN AMHAMUYECKUX MEPEMEHHBIX CHCTEMBI
(17151 IPOCTBIX CUCTEM).

[Ipu momomu siBJIEHUS pPE30HAHCA MOXKHO BBIACIUTH W/WIU YCUIIUTH JaXKe
BecbMa cialbie konebaHusi. OCOOCHHO MOKAa3aTeJIeH B 9TOM IUIaHE CTOXACTUYECKUU
pPE30HAaHC — YCWJIEHHE NEPUOAMYECKOr0 CHUTHajla MOoJ JedcTBUEM Oejoro mnryma
OTpENIeNIEHHON MOITHOCTH. JTO YHUBEpPCAJIbHOE SBJICHHE, NPHUCYIIEe MHOTUM
HEJIMHEHWHBIM CHUCTEMAaM, HaXOJSAIIMMCS O]l BHEIIHUM BO3/IECTBUEM OJHOBPEMEHHO
Xa0TUYECKOTO U cJ1a00ro MepuoinyecKoro BO31eHCTBUSI.

Takum 00pazoM, B JaHHOM ClIy4ae Mbl UMEEM BIIOJHE KOPPEKTHBIH MpHUMEp
GhopMHUPOBAHUS CIIOKHOM CHCTEMBI 3a CUET «KyMYJISIIHI YHEPTUH CPEIbl (HETUHEHHOE
CYMMHPOBAHHUE) PE30HAHCHBIM ITyTeM. Takoi 3QPeKT MOKET IPUBOIUTH K PA3TUUHBIM
MIPOSIBJICHUSIM.

[TokazaTenpbHBIM MPUMEPOM SKCTPEMAJIBHOTO KOJIEOATENIbHOTO PE30HAHCHOIO

B3aUMOJICUCTBUSI MOXET CIY)XWUThb SIBJICHHE B3pbIBAa XPYCTaIbHOTO OoOKaya
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NOJl BO3JCHCTBMEM BO3pACTAIOIIEr0 3BYYaHUS MY3bIKaJIbHOIO HWHCTPYMEHTA,
HaXOJAIIErocs psioM. bokai 3By4uT TOJIbKO Ha HOTE COOTBETCTBYIOLIEH ero 00beMHOM
yacToTe (WJik OJU3KUX 4acToT). SIBeHre B3phIBa — 3TO HEIMHEHHBIN PE30HAHC YaCTOT
u3y4yaTens, B JaHHOM cllydae MY3bIKaJbHOTO HWHCTPYMEHTa, U COOCTBEHHBIX
PE30HAHCHBIX YacTOT OOKaa.

Hpyroii mnpumep — wmoauduuupymoee Bo3aeicTBue. IlIpuHATO cuMTaTh,
4TO IUPKAJUAHHBIA PUTM YeEJIOBEKa CHOPMHUPOBAICA B IPOLECCE SBOIIOLUHM IOJ
BJIMSHUEM CYTOYHOI'O LMKJIA OCBEIIEHHOCTH OT BpAIlCHHs 3e€MJIM M IIyMAaHOBCKOIO
pe3oHaHca Ha yactoTe 7,8 I'll. DTOT pe30HAaHC COOTBETCTBYET 3JIEKTPOMArHUTHOU
BOJIHE, JIJIMHA BOJHBI KOTOPOW MPUOIM3UTENBHO paBHA JJIMHE OKPYKHOCTH 3€MHOIO
mapa (A =38 461 kM., L ~ 40 000 km. [Tpu R =6 371 xkm.). UnTEpec k aTiM KoJlebaHUAM
00yCJIOBJIEH TE€M, YTO MX YacTOTHI MOMNAJAl0T B JAMANA30H COOCTBEHHBIX KOJEOaHMIt
OouoTokoB Mo3ra: anbda-putma (8-13 I'u) u 6eta-putma (13-30 I'n) 1 moaTOMy MOTyT
ObITh OMOJIOTMYECKH 3HAYUMBIMU. B paMkax HaydHbBIX NpEACTaBICHUH H3BECTHO,
YTO CTaOMIBHOCTh OMONOrMYEeCKMX (OCOOEHHO UUPKAIHBIX) PHUTMOB KHUBBIX
OpPraHM3MOB BO MHOIOM ompefjensercs OanaHcoMm MenatoHuH/cepoTtoHuH (M/C),
KOTOpBIM BIMSET Ha BCE€ (PYHKIUM W OpraHbl, BKIIOYas KPOBSHOE JaBJICHHE,
JIbIXaTeIbHYI0, IMMYHHYIO, CEPJIEYHO-COCYIUCTYIO U HEPBHYIO CUCTEMbl. MenaToHUH
OKa3bIBAET HEMOCPEACTBEHHOE BIMSHUE HA UMMYHHYIO cUCTeMY OJjarojaps HaJIU4Uio
crenuduyeckux kietouHeix peuentopoB (Poon et al., 1994; Currrier et al., 2000).
YMeHbIlIeHHe  MEJIOTOHMHA  CIOCOOCTBYET — Pa3BUTHIO  CEPACYHO-COCYIUCTBIX
u HeBpojornueckux 3abosneBanuii (Reiter and Robinson, 1995). Takum o6pa3zom,
OCHOBHBIM  OHMOJOTMYECKHM  MEXaHW3MOM  BJIHMSHHS  COJHEYHO-T€OMarHUTHOU
aKTUBHOCTM Ha JKMBBIE OpraHuM3Mbl, MO MHeHHI0 Ouosiora H.YUeppu, sBisercs
JNETEKTUPOBAHME  MO3IOM  IIYMAaHOBCKUX PE30HAHCOB, KOTOPbIE HEJIMHEWHO
B3aMMO/JICHCTBYIOT C OCUMJUIMPYIOIIMMHU B TOM K€ JIMara3oHe YacTOT HOHAMM KaJIbLIMSI
B HEHpOHax, U3MeHssl ypoBeHb MenatoHnHa u M/C 6ananca.

Taxum 00pa3om, siBIEHHE Pe30HAHCA MOXKET MPOSIBIATHCS B Pa3HBIX Ka4eCTBAX:
B KauecTBe (hakTopa o0Opa3oBaHHUsS CIOXHBIX CHCTEM, a TakXe B KadyecTBe

MOTUDHUIUPYIOMIETO U 1aXKE€ CHHXPOHU3UPYIOIIETO CUTYAIHIO B3aUMOJICHCTBUSI.
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B myaHe MMEHHO CHUCTEMOOOpPAa30BaHMS K IMOHSATHIO HEJIMHEHHOrO pe30HaHca
OnMu3Ko TOHATHE coiuToHa. Haumbonee o0YeBMAHO ATO SBIEHHWE Ha MpUMEpe
OKeaHM4YeCcKux BOJH. Bce Buaenu, xkak BbICOTAa BOJIH OBICTPO YOBIBAE€T C POCTOM
paccTosiHUA (¥) OT MecTa MajJieHuss KaMmHs. MOXXHO Ha3BaThb cpa3y JB€ IJIaBHbBIE
OPUYMHBI, BeAylMe K TakoMy oclabienuto BoiH. llepBas w3 HuUX CcBs3aHa
C pacXOJMMOCTBIO KPYTOBBIX BOJIH, TAK KaK COXpaHEHHE CYMMapHOTO 3HAaYEHMsI TIOTOKa
SHEPruM MpHU pa3pacTaHUd 0O0beMa BENET K MaJCHHUIO aMIUIUTYAbI (BBICOTHI) BOJIHBI
10 3akony H~r""2. Jlpyroii ekt MeHee TpuBHaIeH: CKOPOCTh BOJIH HA BOJIE 3aBUCUT
OT uX /UIUHbI (y 6oJiee ATUHHBIX BOJH U CKOPOCTh OOJIbINE); B pe3ybTaTe BOSHUKACT
abpdext nucnepcun. CoBMECTHOE BO3ICHCTBHE JTHX JIByX TMPUYHUH BEACT
K CyMMapHOMY OCJa0JIEHUIO BBICOTHI BOJIHBI (BCIEACTBUE JUCIEPCUN U PACXOAUMOCTH)
no 3akony H~r'. Brnaromaps GbICTpOMY OCIAOIEHHIO BBICOTHI BOJHBI IPOMCXOIUT
JIOKaJIu3alys BO3MYIIEHUH Ha BojAe (MHade Obl IITOPMOBBIE BOJHBI, 3apOJUBLIMCH
B OJJHOM MECTE, OCTaBaJIMCh OMACHBIMU JJI1 BCETO OKEaHa).

Hpyrum QakTtopoMm, SBISETCS HEIMHEHMHOCTh, a TOYHEE HEU30XPOHHOCTb,
O3Hayarollas 3aBUCUMOCTb CKOPOCTH PAaCIpOCTPAHEHHUsI BOJHBI OT €€ aMIUIUTYIBI.
Bo Bcex JMHEHHBIX MOJENAX CKOPOCTh  PACOPOCTPAHEHHUS  OMpPEAEIAETCS
XapaKTepUCTUKAMHU CPEbI.

CoBMecTHOE BIUSIHUE HENMHEHHOCTH (HEM30XPOHHOCTH) U JIUCTIIEPCUM BIUSET
Ha TpaHchopmauuio BOJH. PaccMoTpuMm, Hampumep, 3BOJIOLUIO T'peOHS BOJIHBIL.
HenuneitHocTh cTpeMuTcst caenath nepeqHuil GpoHT Kpyue, U rpebeHb CTPEMUTCS
JIOTHATh NOJIHOKHKE. Jlucnepcus e B YUCTOM BUJE CTPEMUTCS pacTallUTh BOJHY Ha €€
CHEKTpaJbHbIE KOMIIOHEHTHI, 4TOOBI 0o0Jiee KOPOTKHE BOJHBI OTCTaBajlM OT TeX,
KoTophle jinHHee. ClenoBaTeNnbHO, HEMMHEHHOCTh, CIOCOOCTBYIONIAsE 00pa30BaHUIO
Oonee KpyToro (poHTa BOJIHBI (C TAPMOHUKAMHU BBICOKOW YaCTOTHI), U JTUCIIEPCHS,
cTpemsiliascs YTalluTh KOPOTKHE BOJHBI C KPyTOro (QpoHTa, JEHCTBYIOT
B IIPOTUBOINOJIOKHBIX HarpaBieHusX. Ho Torga Bo3MokHa UX B3auMHasi KOMIIEHCAIHs,
U (Qopma BOJNHBI B TPOLIECCE pACIpPOCTpaHEHUss OyneT He H3IMEHSIOMencs
(crauvoHapHOM). DTOT KaueCTBEHHBIM aHadu3 MOATBEPXKIAETCS pe3yibTaTaMu

MaTEMaTHU4YCCKOro MOACINPOBAHMS.
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Taxas BosTHA TIpeCTaBISAET COOOH MBIKYIIHUIACS OJMHOYHBIN TPeOEHb, CKOPOCTh
W JUTMHA KOTOPOTO 3aBUCAT OT BbICOTHI BOJHBEI. H. 3a0ycku u M. Kpyckan B 1965 1.
Ha3BaJll €ro COJUTOHOM (aHri. solitary wave - yenuHeHHas BoiHa). C TOUKH 3peHHS
CUCTEM — JTO CHCTEMa, BO3HHUKIIAs B pPeE3yJibTaTe HEIUHEWHOr0 CYMMHUPOBAHUS
(B3amMoIeCTBUS ) OJIM3JISKAIIMX BOJTH.

['maBHass 0COOEHHOCTH COJIMTOHOB 3AKJIIOYAETCS B HEU3MEHHOCTU HUX (HOPMBI
B IIpOlleCC€ paACIpOCTPAHEHMs, W, CIEAOBATEIIbHO, TAaKU€ BOJHBI MOTYT
pacipoCTpaHATHCS Ha OYEHb OOJIBIINE pacCTOSHUA 0e3 moTepu cBoei 3Hepruu. Poib
MIPEACTABICHUIN O COJIMTOHAX PE3KO BO3pPOCa, KOT/Ia CTAJIO SCHO, YTO €CJIM HayalbHOE
BO3MYIIIEHHE HMEET Jpyryio ¢GopMmy, TO OHO cOpachlBaeT BCE JIMIIHEE B XBOCT
U TpaHCPOPMUPYETCS B COJUTOHBI, YHCJIO KOTOPBIX OMpPEACISICTCS 3aKOHAMHU
coxpaHeHusi (Macchl, 3Heprum). Kpome TOro, COJUTOHBI COXpPaHSIOT CBOIO (opmy
MIPU B3aMMOJICUCTBUH C aHAJIOTUYHBIMU 00pa30BaHUSMH.

BonHa conuToHa onMchIBAa€TCS BCETO IBYMsI IapamMeTpamu: aMIUIUTYIOU (WIH
CKOPOCTBIO) U KOOPAMHATON (MECTOIOJIOKEHUEM), TOATOMY COJIUTOH OUYEHb IMOXOXK
Ha KJIACCUYECKYI0 JBWXKYIIYIOCS YacTHUIy. YpaBHEHHE [UJIi TaKOM YacCTHUIbI
npeAcTaBiIsieT co00il BTopoit 3akoH Hpl0TOHA: yCKOpEHHE YaCTHIIbI, yMHOKEHHOE Ha €€
Maccy, paBHO BHEIIHEW cuie, OEUCTBYyIONIEd Ha yactuly. B Takux 3agayvax,
KaK W3BECTHO, OYEHb YyJOOHO ONHCHIBATH BHEIIHUE BO3JCHCTBUS B paMKax
MOTEHIMATBHBIX MOJIEH, U HATJIAIHBIM IPUMEPOM 371€Ch CIYKUT JIBH)KCHHUE IIapUKa 1o
KPUBOJIMHEWHON MOBEPXHOCTHU: YaCTHIIA KOJIEOJIeTCs B MOTEHIIMAIBbHOM sime [12].

SApkuM TpUMEPOM CaMOOPTaHU3AIUU COJUTOHOB SIBJISIETCS MOSBJICHUE BOJH-
KEUMPOYIIEPOB MIIM TUTAaHTCKUX BOJTH-YOUIII] B okeaHe. Kak ycTaHOBJIEHO B MOCIIETHUE
roJibl OHM TOSBJISIFOTCS. HA OTKYJa, T.€. MOSABIISIOTCS HEMOCPEICTBEHHO B CaMOW cpefe
BOJIH OKE€aHa W M3 JTUX BOJIH. B OCHOBE Takoro SIBJICHHS JIEKUT HEIUHEHMHOCTH
B3aMMOJICHCTBUS MOPCKUX BOJIH. B pe3ynbraTre HeMMHEHMHOCTH A((EKT ClokeHUs
MEepBOHAYATHHO HE3aBUCHUMBIX BO3MYIICHHN MOXET CYIIECTBEHHO OTINYAThCA OT MX
MpPOCTOM CYMMBI — KOMIIOHEHTHI BETPOBOIO BOJHEHUS MOTYT HWHTEHCHUBHO
oOMeHHUBaThbCsl MEXIy coOoil sHepruei. IlpuHumMnuanbHeiil Quznyeckuit > dexT,

CBSI3aHHBIM C HETWHEHHOCTHIO BOJIH, — BO3MOXKHOCTh (DOPMHPOBAHHS BOJHOBBIX
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IIAKETOB M YEIWHEHHBIX BOJH, T.€. COJUTOHOB. OTIENIbHbIE HEIMHEHHBIE BOJIHBI
(Tpynmsl) MOTYT PaclpOCTPAHATHCS HA 3HAUUTEIbHbBIE PACCTOSHUS 0€3 CYIIIECTBEHHOTO
u3MeHeHus (popmbl. IMEHHO ¢ HETMHEMHOCTHIO MOPCKHUX BOJIH CBSA3aHO TO, UTO BOJHBI-
yOuiIIbBI MOTYT 0O0pa3OBbIBaTbCS HE TOJBKO B BHUJIE BHE3AIHOIO BCIUIECKA,
HO M CYIIECTBOBaTh B TEUEHHE OTHOCUTEIBHO OOJBIIOTO BPEMEHHM, YBEIUUYUBAS TEM
CaMbIM BEPOSITHOCTH CTOJIKHOBEHHMSI C CYIAMH U MOPCKUMH COOPYKEHUSIMHU.

Haubonee n3pecTHbIM ci1a60 HETMHEHHBIM 3(PPEKTOM SBIIAETCS MOTYJIALIMOHHAS
HEYCTOMYMBOCTh IIOBEPXHOCTHBIX BOJIH (HeycroilunBocTh benmxamena-deiipa). JIBe
OJIM3KHE 10 YaCTOTE BOJIHBI MOT'YT COIMKATHCS U3-3a TOTO, YTO UX CKOPOCTH PA3JINYHbI
(@ dexT yacToTHON AUCTIEPCUU), OJHAKO 3TU CKOPOCTH 3aBUCSAT €IE€ U OT aMILIUTY/
BOJIH — Y€M BBIIIE€ aAMIUIUTY/1a, TEM BBIIIE CKOPOCTh PACIPOCTPAHEHUS HEJIMHEWHOMN
BOJIHBI (aMIUIMTyIHasg aucnepcus). Mrpa 4acTOTHOM M aMIUIMTYJHOM IUCHIEPCHH
OPUBOJIUT K TOMY, UTO Mpolecc OyIeT MOBTOPATHCSA KBazunepuoaudecku. [[nunHnas
BOJIHA, JIOTOHSIs KOPOTKYIO, OTIAET SHEPTHUI0, a 3HAYUT, TEPSAET CKOPOCTh, U HAUNHAET
oTcTaBarh. Takoi mpouecc onuchiBaeTca HelMHEWHbIM ypaBHeHueM lpenunrepa (1),
KOTOpOE SIBJIIETCS] YHUBEPCATbHBIM U IPUMEHSIETCSI BO MHOTUX 00J1aCTAX COBPEMEHHOU

¢buzuku [1]:

4 4

i(aA aAJ_ w, 0’4 +m¢k§
8k2 axt 2 (1)

o " %

XapakTep penieHui MPUHIMIHAIBHBIM 00pa3oM ompeensercss 6e3pa3MepHbIM

apaMeTpoM — KpYTHU3HOU BOJIHBI:
€ =2mA/A,

rae A — xapakTepHas aMIUIMTY/A BOJIHBI. XapaKTEpHbIA MacTad MOIyIALUN
(mepuonMyYecKue OCUMJUIALMM AMIUTUTYJl BOJH) MUMeEeT MOpSAOK e, T.e. Kaxabie l/e
NEepUO/I0B HHTEHCUBHOCTD BOJHEHHS OyI€T 1OCTUraTh HEKOTOPOTO MAaKCUMyMa.

O¢ddexTsl cUIbHON HENMMHEHHOCTH MOPCKHUX BOJIH H3Y4Y€HBl HEJOCTATOYHO

xopomro. OuU3n4ecKkre MOJEIH, JONYCKAIOMKE I€TAIbHBI MAaTEMaTUYECKUN aHAJIN3,
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B OJTOM Clly4yae IIPaKTHYECKHM OTCYTCTBYIOT, M OCHOBHBIMH HMHCTPYMEHTaMH
UCCIICZIOBAHUS SIBIISIIOTCSL SKCIIEPUMEHTHI (JJaOOPATOPHBIM U MOPCKOM) M YHUCIIEHHOE
MozaennpoBanue. IIpy OTHOCHMTENBHO MajOM KPYTH3HE BOJH M IE€PBOHAYAIbHO
ONHOPOJHOM  BOJIHOBOM  IIOJIE  NIPOHUCXOAUT  PA3BUTHE  MOIYJLILUOHHOU
HeycToNunBOCTH. OHa, B CBOIO 04epeb, MOXKET IPUBOJUTD K MOSBICHUIO YCTONYHUBBIX
KBa3UCTAI[MOHAPHBIX BOJHOBBIX MakeToB. CTaJKMBasCh, TaKW€ MAKETBl MOTYT
0o0pa30BbIBaTh MAaKeThl OOJbIIEH aMIUIUTYAbl M, Jajnee, YECIUHEHHbIE BOJHBI —
COJIUTOHBI. [Ipy IOCTMKEHWM KPUTHUYECKOW AMIUIMTYIbl TAaKHE COJMTOHBI MOTYT
CTaHOBUTHCSI HEYCTOWUYUBBIMU U 0OpymuBaThes. CreHapuil, TOAOOHBINH OMMCAaHHOMY
BapUaHTy, HEOJHOKpPATHO HaOmofancs. BoaHBI-yOMHIIBI B HEKOTOPBIX CIy4asx
PacIpOCTPaHSIOTCA IPYIINaMHU U3 HEOOJIBIIOTO YHCTIAa OYeHb KPYTHIX BOJH [1].

Takum oOpa3om, moaBoAs OOWIMIT WUTOT, MOXXHO OTMETUTb, 4YTO MEPEXO]
K HEJIMHEHHOCTH COCTOSIHMSA, MpOoLecca WIM B3aUMOJCUCTBHSA, M €CTh Ta camas
HavaJIbHas IPaHb CJI0KHOCTH. OJJHAKO CIEyET OTMETUTD, UTO pealn3alus U pa3BUTUE
HEJIMHEMHOCTH BO3MOKHO B JIBYX IPOTUBOIOJIOKHBIX (pa3ax *KU3HU JTHOO0N CUCTEMBI: B
¢aze npeobiiaganus akKyMyJIsinuM U B (aze npeobnananus nuccunauuu. [lepBudnoit
ABIIAETCA AKKYMYJISILIMS, TaK KaK YyTOObl JUCCUIMPOBATH SHEPIHIO, HAJO0 CHayalla ee
HakonuTh. [lpuueM, mpocras akkymynsuusi (PaKTHYECKH CO3/aeT IMPOCTO CyMMY
AIIEMEHTOB (HaNpUMep, HAKOIUIGHHWE JeHer B OaHKe) M JHIIb NpU Pa3BUTHU
HEJIMHEMHOCTH BO3HHMKAIOT KOHIIEHTPUPOBAHHbBIE (KyMYISTUBHBIE) (POPMBI MPOLIECCOB
WIA CHCTEM, IEJIOCTHOCTh KOTOPHIX O(opMiIeHa 3aKOHAMH KyMYJSIUH CHIIBHBIX,
AJIEKTPOMArHUTHBIX, TPABUTALMOHHBIX, OMOJOTUYECKUX MOJIEH U MOJIeH COIMalIbHON
HaIPsHKEHHOCTH.

Hanpumep, 3aK0HBI KyMYJISIIUN PEAIBHBIX CHJI M TOTEHIIUATIBHBIX ITOJIEW MOXKHO

MPEJCTaBUTh B BUJIE:

VUq(r) = Fq ~ 1/1,
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rne Ug(r) — o0oOmeHHpld moTteHnuan. JIJis TOYEYHBIX, WM CBOISIIMXCS
K TOYCYHBIM, TPABUTAIMOHHBIX M KYJOHOBCKHX aTTPaKTOPOB 3aBHCHMOCTh

HpHBCZ[CHHOfI CHJIBI OT PACCTOAHUA OO aTTPAKTOpPAa MOYKHO 3allCaTh B BUJC!

VU() = Fy(r) = - v/t ~ 1/S(r), (1)

rae S(r) — momanb cheprl, OKpYyXKalolleld aTTpakTop, Ha KOTOPOH
pacroyioxkeHa BbIOpaHHass Touka r. B TOuke r CO CTOPOHBI TPUTATATENS WU
OTTAJIKUBATENsl  JEHWCTBYeT TMpuBEICHHas o0oOmeHHas cuna  Fg(r) ~ 1/S(r),
COOTBETCTBEHHO, TPABUTALIMOHHOT0, AJIEKTPUYECKOTO WIIM JaK€ MarHUTHOTO CBOMCTBA
(B 3TOM ciyuae BMECTO BEKTOpa I CIEAYET WCIOJIb30BATh BEKTOPHBIE MPOU3BEIACHUS
TOKOBBIX 2JIEMEHTOB) [2].

[Ipy nOCTM>KEHMM HEPABHOBECHOTO COCTOSIHMSI HAUMHAETCS JAUCCUIALUS
SHEPIrUU B COOTBETCTBUU C 3aKOHOM COXPAHEHUS IIETOCTHOCTU CUCTEMBI. UeM CUIIbHEE
HEPABHOBECHOCTh, TeM OoJice A (EeKTUBHBIE MEXAaHU3MbI BBIHOCA SHEPTUU JIOJDKHBI
BKJIFOYATKCS: OT CJ1a0oi (JTMHEWHOMN) TETUIONPOBOJAHOCTH O CHJIBHOW (HEIHMHEHHOM)
TypOyJIEHTHOCTHU U Ja’ke€ BO3MOXKEH MEPEX0/1 K KyMYJISITUBHOM (B YACTHOCTU CTPYHHOMN)
JMCCUTIALINM (SIBICHUSI MOJTHUM, JIKETTOB U JIp.).

B utore HenmuHEWHBIMU CTAHOBSITCS JTUOO B3aMMOJICUCTBUE MEXKIY CUCTEMaMHU
(morpaHnYyHas BpeMEHHas TMOJACHCTEeMa), JHOO ToJie BHYTPEHHHX CBsI3€l BHYTPH
CHUCTEMBI-MUIIIEHU, JHOO TIOBEICHUE CHCTEMBI, BOIIEIIIEH B HEPABHOBECHOE
COCTOSIHHE.

HenuneitHoCcTh 00BENUHSAET BCE OINUCAHHBIE BHINIE OOJHMKH CIOXHOCTH.
Hanpumep, MOXXHO yTBEp)KJaTh, 4eM OOJbIIE DJIEMEHTOB COJEPKHUT CHUCTEMA, TEM
00JIbIIIe BEPOSITHOCTh BOSHUKHOBEHUSI HETMHEHHBIX OCOOEHHOCTEH BHYTPH CUCTEMBI U
TeM O0oJjiee BEpOSITHO €€ HEIMHEWHOE TMOBEJICHHUE B IEJIOM MPU B3aUMOICHCTBUU
CO Cpenou.

DTO O4YE€Hb XOpOLIO MOATBEPKIACTCS Ha HOpuMepe Kyuu ¢ neckom. I[lpum
MOCJIEA0BATEIbHOM IIONOJHEHUU €€ [ECUMHKAMHU, HECMOTPS Ha KaXyL[yHCS
CTaTUYHOCTh, CKJIOHBI KYy4YM CTAHOBATCS KPUTUYHBIMH, IOJIE HANpsDKEHUNW Ha ee

MOBEPXHOCTH HE TOJIBKO pacteT, HO U AuddepeHupyercs. Korga B oTaenbHBIX
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«JIOKyCax» HaNpsDKEHUS JOCTUIalOT KPUTHUYECKUX 3HAYEHWM, TO BO3HHUKAIOT
JIOKaJIbHBIE JIAaBUHBI, MPHU3BAHHBIE BBIPOBHATH 00mIyl0 cutyauuto. I[Ipogomxas
OKCIEPUMEHT, Mbl YBUAUM LEIbI CHEKTp pa3HOMAaclITaOHOM AaKTUBU3ALMU
IIOBEPXHOCTH Ky4dHd IIeCKa 3a cyeT JaBHH. PAKTUYECKHM — 3TO NPHUMEDP HEINHEWHOIO
MOBE/ICHUSI BCEH CHUCTEMBI, KOTOPOE JIOCTUTaeTCs HE MPOCTO OOJBIIUM KOJIUYECTBOM
AJIEMEHTOB, a KpailHe HETMHEHHOW CBSI3bI0, BOSHUKUIEH MEXIy HUMH. T.e. QyHKIMS,
OMKCHIBAIOIIASA TI0JIE HANpSHKEHUM HAa TMOBEPXHOCTH Ky4yd WM  (QYyHKIHS
TOMOJOTUYECKON CBA3HOCTU CHUCTEMBI JOCTUTAET COCTOSHUS (prykTyaumid. M kaxnas
CwibHasi (QUIYKTyalusi — 3TO CXOJ JIaBUHBL. CIOKHOCTh CTaHOBHUTCS CIIEIACTBHEM
KOJUIEKTUBHOTO HEJIMHEHHOTO NMOBECHNS MHOKECTBA B3aMMOICUCTBYIOIIUX ar€HTOB.

Kyua mecka MoOeT paccMaTpuBaThCsi KaK CIIOKHAs CHUCTEMA, ITOCKOJBKY
Ha)kKaTue Ha OJIHY MECUMHKY YBEJIWYMBAET CWJIbl JIaBJIICHUS Ha BCE JIPYyTrU€ NECUMHKU
B KydYe, a OTH MECYMHKH, B CBOIO OYEpE/lb, OTBEUAIOT HA ATO JIETKOHN nedopmariuei,
BBI3BIBAIOIIEH CHIIBI MPOTHUBOACHCTBU. DOHI0BasI OMpka — IPYroi mpuMep CI0KHOM
CHUCTEMBI, IJi¢ MOKYNATeJM W MNPOJABLBI MEHSAIOT CBOE INOBEICHHUE NP HW3MEHECHHUH
MOBEJEHUS NPYTUX MOKyINareled W MpoAaBLOB. Takue CHCTEMBI, KaK Kyda IecKa
u QoHgoBas Oupka, Tl€e MOBEJEHUE 3JIEMEHTOB MEHSETCA B pe3yjbTaTe ACHCTBUI
IPYTUX AJIIEMEHTOB, Ha3bIBAIOTCS CJI0KHBIMU aJlanTUBHBIMU,
WIH CaMOIPHUCIIOCA0IMBAIOIINMUCS CHCTEMaMHU.

Ba)xHO OTMETHUTB, 4TO HOBOE CBOMCTBO HE IOSBIIAETCS MIOCTEIIEHHO, @ BO3SHUKAET
BHE3aITHO, Kak (pa3oBbIil nmepexona. IHbIMU clioBamMH, ThICSYHAs MECUYMHKA HE CO3JAET
TBHICSIYHYIO JOJIIO JIABUHBI, @ MEHSIET BCE KapAMHAIBLHBIM 00pa3oM, KOTJa 4yTh OoJiblee
npeBpalnaeTcss B HeuyTo nHoe. Takum oOpa3om, B paMKax COBPEMEHHOI'O CHCTEMHOTO
M0JIX0J1a COETUHSIOTCS BCE OOJIMKH CIIOKHOCTH.

Eme oquH acnekT HeITWHEWHOCTH JIEKUT B OCHOBE BO3SHHUKHOBEHHUSI OOpaTHBIX
CBsI3€l — OTPULIATENBbHBIX (TOPMO3AIIUX MPOIIECC) U MOJOKUTEIbHBIX (Pa3TOHSIONINX
npouecc). Bech HaOI01aTENBbHBIN ONBIT MOKA3bIBAET, YTO JACUCTBHE OOPATHBIX CBS3EH
B HE TEXHUYECKUX CHUCTEMAax BCErJa HEJIMHEHHO W B INEPBOM Clly4ac MPUBOIUT
K KyMYJISTUBHBIM 3¢ (exTam, a BO BTOPOM — K IUCCUTIATUBHBIM.

OnHa W3 BENMKHUX 3a7ad, CTOALIMX Iepel HAayKoW cerofHs, — BbIpabOTaTh
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CIIOCOOHOCTh IPEACKA3bIBaTh IOSIBJICHHE HEOXUJAAHHBIX CBOWCTB HAa OCHOBaHUU
CBOMCTB OTJIENBbHBIX JIEMEHTOB CUCTEMBI, CYMETh U3 JIOHA MEHEE CJIOKHOM CHUCTEMBbI
YBUAETh KOHTYpPHI OyayIiei Oosee cl0)KHOM CUCTEMBI U TEM 00Jiee CMOJEINPOBATh €€
cBoiicTBa. T.e. cTpaTerust mporHo3a B CI0KHOM MHPE COCTOUT B IPEIyraJblBaHUU
HOBBIX CBOWCTB, BOHUKAIOIIUX IPU 3BOIIOIMOHHOM YCJIOXKHEHUU. Bece ucuesnysmme
B HEOBITHE LMBUIM3ALMU TaKXKe HCIOJIb30BAIIM MPOTHO3BI HAayK TOrO BPEMEHH,
HO HayKd HE CIPaBWINCh C 3TUMHU 3ajadamMu. Ho Torja nuBMIM3aluU SBISUIUCH
nokaibHbIMU. COBpEMEHHas LMBUWIM3AIUS OXBAThIBAET BCE YEJIIOBEUECTBO, U BOIPOC
CTOUT O BBDKMBAHUH YEJIOBEYECTBA KAaK BU/A.

OYHKIIMM HAyKd B COBPEMEHHBIX YCJOBHSX CTAHOBATCS HCKIIOYUTEIBHO
CIIOHBIMH M OTBETCTBEHHBIMU. J[1000€ HaydHOE OTKPBITUE MPOXOAMUT IUKIMUECKHIMA
psn craauit ctaHoBieHus. W ecnu mpuUMEHHUTh oOpa3HOE CPaBHEHHE, TO ATOT IMKII
HAaIlOMHMHAET LUK NeTJIu Tuctepe3uca. Hampumep, mo0oe oTkpbITHE (pacial aTOMHOTO
A7pa), TaK K€ KaKk 1 HaMarHu4MBaHue oOpaslla, HAUMHAET CBOW MyTh MO JMHEHHOMY
(MM HEMMHEHWHOMY) 3aKOHYy, T.€. NPONOPUUOHAIBHO HHQOpPMAUMU O HEM U
paCIIMPEHUIO YHUCIia IO0JIb30BaTeNeld. 3aTeM — HauyMHAeTCs 3Tal BHEJPEHUs WU
B pa3iMyHble cepbl, N300UTYIOMMHA Pa3HbIMU TPYAHOCTSAMU, HAIIPUMEpP, — CO3JaHUE
aTOMHOM OOMOBI. DTO — CYIIECTBEHHO HEJIMHEHHBIN Tal (COOTBETCTBYET MAarHUTHOMY
HACBINIEHUIO 00pa3lia Mpyu HaMarHMYMBAaHWUU WM HEMHEHHBIM A dexTam 3a rnpeaenom
YIPYTOCTH NPU pacTsbKeHUH o0pasna). [lanee Mbl HauMHaeM pa3MarHU4MBaTh 00pasel]
WIM CHUMAEM Harpy3ky. B mpakTuke BHEIpeHUS HAyYHOH UJEU — 3TO 03HAYAET, YTO MbI
MO3HAEM U TMIIeM TMpaBUiia TEXHUKH Oe3omacHOCTH (Hampumep, 3PQeKTbl
paMOaKTUBHOIO  3apa)K€HUsT  WIM  BEPOSATHOCTb  BO3HUKHOBEHUS  BOWH
C UCIOJIb30BAHUEM YKAa3aHHOTO JTOCTHXKEHUSI M MOCIEAYIOLUUX MOTEPh). DTO TUIUYHAS
oOpaTHas oTpuuarteiabHas cBsi3b. OHa JeNaeT Bech Mpolecc abCoNMOTHO HEIMHEWHBIM.
W, HakOoHel, Korja NOoYTH BCE BHEPEHO U OMMCAHO, MBI BO3BPAILAEMCS [IOYTH K Ha4aly
omnbiTa, HO He coBceM. CoxpaHseTcs OCTaTOYHAasT HAMAarHUYeHHOCTb, OCTATOYHbIE
IUIacTUYecKue Aeopmanuu u 1.1,

B Hayke — 3TOT «CyXO# OCTaTOK» U €CTh UTOTOBBIH IlIar BIIEpE]] C YIETOM BCeX
OTPaHWYECHUH COTJIACHO TeXHUKE Oe3onmacHOCTH. Ho MBI HUKOT/1a HE 3HAEM, CMOXKEM JIN

MBI ITIPpHU OYCPECAHOM OTKPBITHHU 3aMKHYTH «IIC€TJII0 HAYYHOT'O THUCTCPE3HCA» HIIU ITO
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Oyner mar B HEObITHE, U MBI HE YCIIEEM HAIUCaTh MpaBUa HaIIe Oe30MacHOCTH.
B 3TOM TO M COCTOMT yrpo3a HOBBIX Hay4YHbIX TEXHOJOTUW JJIi BCEH CTpaTeruu
COBPEMEHHOI'O YEJIOBEYECTBA. JTO IMYTh IMOCTHKEHHUS CIOKHOCTH Oyayuiel Oosee
CJIOHOW cHCTEMBI MeTOA0M Ipo0 M ommbok. OH upe3BblYaitHO omaceH. [loatomy
HAay4YHOE HalpaBJEHUE IO UCCIEAOBAHUIO ABOJIOLUMHU U TUHAMHUKU CIOKHBIX CHCTEM
SBJISIETCS] HE TPOCTO BAXKHBIM, & CTPATETMUE€CKU BaXKHBIM.

Jpyroi acrexkT CUCTEMHOIr0 MoaxoAa. Buaumeiii MuUp COCTOMT U3 cucTeM. Bee
CHUCTEMBl OTKPBITHI WJIM KBa3HOTKPHITHL. Jlaxke cropa U MyMmMus cinado H3Iy4aroT
OTIPEJICJICHHBIN CIEKTp 3JEKTPOMATrHUTHBIX KojiebaHuil. Jlrobas, mgaxke mpocTeifias
OTKpbITasi cucreMa o0siagaeT XoTsd Obl OJHOM OOBEMHOM PE30HAHCHOM 4acTOTOW U
MOTOMY CHOCOOHA aKKyMYJIMPOBaTh BHEIIHIOI SHEPTHI0 M TpeBpaliaTh 4acTh €€
BO BHYTpeHHIOO »HHepruto. [lo mepe pocta BHYTpEHHEW OJHEPrUM CHUCTEMA
MpUOIIKAETCST K HEPAaBHOBECHOMY COCTOSIHMIO, W TIOBEJEHHE €€ CTaHOBUTCA
HEIMHEWHBIM.  AKKYMYJISTHBHBIE  CIOCOOHOCTH  CHUCTEMBI  3aBUCSAT OT €€
CTPYKTYPUPOBAHHOCTHU (CI0XKHOCTH). HBIMU clTOBaMH, cHUCTEMa C OOJIBIIUM YUCIIOM
(GYHKIIMOHANIBHBIX AJIEMEHTOB (a HE MPOCTO AJIEMEHTOB) M CTPYKTYp UMEET OONbIINiA
CIIEKTP PE30HAHCHBIX YACTOT («aHTEHH JJIs IPUEMay) JUTsl OOIICHUS C BHEIITHUM MHUPOM
U MOXKET BXOJIUTh B HEPAaBHOBECHBIC COCTOSIHUSI HE TOJIBKO MO OOIIEMY COCTOSHHUIO,
HO U MO KOHKPETHBhIM mapamerpaM. [lomuepkHeM — oHa crocoOHa HMCKaTh HOBBIE
YCJIOBHS aJamnTallid M ATO C TOYKH 3PEHHUS IBOJIIOIUU PE3KO YCHIMBAET BAXKHOCTH
mapamMerpa  CJIOXHOCTh  CHUCTEMbl BO  BCEM  DJBOJIIOIMOHHOM  IIpOILIEcCe.
Heucnons3oBanHast uau oTpaboTaHHAs YacTh DHEPTUU JUCCUIIUPYETCS BO BHEIIHIOO
cpeny. Takas IMKIMYHOCTH OOpaTHOM CBSI3M — SIBJICHHE HE JIMHEHHOE, HO 3TO
€AMHCTBEHHBIA MYTh aJanTaluu 000N CHUCTeMbl K BapuaOeIbHOCTH BHEIIHHUX
ycioBuil. Heuto mogo6HOe MBI MMEeeM B 30HaX TEKTOHUYECKUX HAMPSIKCHUN B 36MHOM
Kope (peanm3anusi B BHUIE 3E€MIIETpSICEHHWI), HAa pbIHKax (OHAOBBIX Oymar,
Ha TPAHCIIOPTHBIX apTEPUSIX KPYITHBIX TOPOJOB U T.J.

EnuncTBO akkyMynsiuu v AMCCUTIALIMU — HE TOJIBKO JBMXKYIIIAs CHJIa SBOJIOLINH,
HO ¥ TIOJITBEPIKJCHUE 3aKOHA JUAJCKTUKH O €IMHCTBE MPOTHUBOIOIOKHOCTEH.

OnHako cieayeT OTMETHTb, YTO €CIHM (PYHKITUIO TTOBEACHMS JINHEHHON CHCTEMBI
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MO>KHO TOYHO Pa3JIOKUTh B psif Dyphe, TO 3TO 0O3HAYAET, YTO UCXOAHAS DyHKIHS OyaeT
OTBEYATh CYIEPHO3UIMHM psAfa TapMOHMYECKHUX Kosiebanuil. CremoBaTenbHO,
MOBEJICHUE CUCTEMBI MPEICKA3yEeMO I10 JF000H rapMOHHUKE U TTIOITOMY HE COOTBETCTBYET
CJI0’)KHOMY TIOBEJICHUIO, HE CMOTPS Ha BHYIIUTEIbHBIN BUJT (DYHKIIUH.

3a TmoCHeoHUE NECATUIICTHS KATEropusl «4UTO M3 YEro COCTOUT» MOJy4yuia
B (u3HMKE HOBOE MCTOJKOBaHHUE. JIBE yacTUIIbl, B3aUMOJEHCTBYS, POXKAAIOT OOJIbIIIEE
YUCJIO YaCTHIl, Kaxaas M3 KOTOPBIX HMMEET MacCy IOKOS OOJBIIyI0, HEXeIu 00e
UCXo/HbIe YacThllbl. [IpencraBienne o ToM, 4To «0O0Jiee CIOKHOE» HIIH «OOJbIIEe)
COCTOUT M3 YacTel «MEHEee CJOXXKHBIX» M «MEHBIINX» MOTEepsio cMbIci. M3 atoro
npuMepa CiIeayeT, YTO He BCIKOE PACWICHEHUE CII0KHOU CHCTEMBI TIO3BOJISIET MOTYYHTh
yacTu (MOJCUCTEeMBI), OoJjiee TPOCThle W JOCTYMHbIE JUIsI  HCCJIEIOBAaHMUS.
[Ipu opraHuzamuu B CHCTEMY OJHOTHITHBIX IOACHUCTEM IPOUCXOIUT OOBETUHECHHE
HEKOTOPBIX CBOMCTB MOJICUCTEM, YCHJIMBAIOIIMX TMOJOXKHUTEIHHOE MPOSBICHUE ITHX
CBOMCTB, HO O3TO HE IMPOCTOE apU(PMETHUYECKOE CIOKEHHE, a HEYTO TIOJI00HO0e
HEJIMHEHHOMY KBaHTOBaHHOMY pe3oHaHcy. [Ipu ompenereHHOM ypOBHE YCHUIICHUS
OJIHUX U OCJTabJIeHUs IPYTUX CBOMCTB, MPEBAIMPYIOIIEe 3HAUCHHE MPHOOPETAET HOBOE
OOIIIECHCTEMHOE CBOMCTBO, BO3HHKAIOIIEE BCICACTBHC B3aUMOACHUCTBHSI €€
KOMITOHCHTOB.

Nrak, MOXXHO clienaTh CJIEAYIOITNE BBIBOJIbI:

1. CnoxHpIMH MOTYT OBITb COCTOSSHHE U CTPYKTypa CHCTEMBI, €€
B3aUMOJICMCTBHE C JIPYTMMU CUCTEMaMU M TOJCHCTEMaMHM U TOBEJECHUE CHUCTEMBI
KaK OTKJIMK Ha B3aMMOJICHCTBUE UK COCTOSHUE;

2. OTcueT CTAHOBJICHHS CJIIOKHOCTH B CHCTEME HAYMHACTCS C HEJIMHEHHBIX
SBJICHUM, BO3HUKAIONIMX JUOO B TIOJIe BHYTPEHHUX CBS3€M cHUCTEMBI, JIMOO B €€
MOBEJICHUH, TUOO B T0JIe B3aUMOJIeHCTBH. [IpooroM MOryT SIBASTHCS TMHAMUYECKAS
Y CTATUCTUYECKAS COCTABJISAIONINE CHCTEMBI U/WIIH CPEIIBI.

3. ba3oBBIMH YCIOBHUSIMU JIsl BOSHUKHOBEHUS CJIOKHBIX CHCTEM MOTYT OBIThH
KYMYJSITUBHBIE TIPOIECCH JIO00H TONEBOM (OpMBI SHEPruM WM  crienudpuka
TOTOJIOTHH MTPOCTPAHCTBA-BPEMEHHU.

B. CBOMCTBA CJOXHbBIX CUCTEM

Bce wu3noxxeHHoe BBIIIE IO3BOJSIET BBIACIIUTDH 0coOBIE CBOMCTBA CJIOXKHBIX
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CUCTEM.

IlenocTHOCTE — HOBOE JIOTIOJHUTEIBHOE CUCTEMHOE CBOMCTBO, BO3HUKAIOILEE
npu OOBEIMHEHUU 3JIEMEHTOB B CHUCTEMY M XapaKTEpU3YIOIIEECs HECBOJIUMOCTBIO
K CYMME€ CBOMCTB 3J1eMeHTOB. CHCTEMHBIE CBOMCTBA (DOPMHUPYIOTCS ITyTEM HAKOIUIEHMS,
YCWIEHH W NpPOSABIECHHA  OJHHUX  CBOMCTB  IOJACUCTEM  OJHOBPEMEHHO
C HHUBEJIMpPOBAaHUEM, OCIA0JIECHUEM U CKPBITHEM JpPYrUX IpU B3aUMOJIECHCTBUU
nojacucreM. [IponcxonuT ckadok — mepexo] KOJIMYecTBa B KauecTBO. lloaromy He
BCAKOE DPACUICHEHHE CHUCTEMBI IMO3BOJISIET IMOJYYUTh YacTH (IOJCHUCTEMBI), Oosee
IIPOCTBIE U JOCTYIHBIE ISl HCCIEAOBAHMUS.

OTKpBITOCTBb. DTO CBOMCTBO BIEpBHIE ObUIO MpoBo3riameHo Jlroasurom Gox
bepranandu B cepenune 50-x romoB, Ha OCHOBE OOIIEW TEOPUM CHUCTEM, KOIJa OH
OPE/UIOKUI TEOPHIO OTKPBITBIX CHUCTEM, KOTOpas JIOBOJBHO ObICTpo Oblia
pacnpocTpaHeHa HE TOJbKO Ha OMOJIOTMIO, HO M Ha Jpyrue AUCHUIUIMHBL. J[aHHOe
CBOICTBO TMpe/mnojiaraeT BCEOOUTHOCTh B3aUMOJACUCTBHII BO BceneHHON U sBisieTcs
JKU3HEHHO HEOOXOIUMBIM I DBOIIOLIUH JTI000H CII0KHOM CUCTEMBI.

AZanTUBHOCTB. /laHHOE CBOMCTBO SIBJIIETCSI CUCTEMOCOEPEraoIuM 0COOEHHO
B yCIOBUSX OBICTpOl BapuaOenbHOCTHU YCIOBUN BO3ICHCTBUII BHEIIHEH CpEbl.
B ocHoBe ero JeXHUT «IpaBUIO HU30BITOYHOTO PA3HOOOPA3UsS CIOXKHOM CHCTEMBI»
BBITEKAOIIEE U3 «3aKOHA HEOOXOJIUMOro pa3sHooOpasus», chopMyIrpoBaHHOTO Y. P.
Ouiou B 1950 —x rr. BeposiTHOCTH COXpaHEHUs! CI0KHOM CUCTEMBI TPOMOPLIMOHAIbHA
HAKOIJICHHOMY B HEW pa3HooOpa3uio, KOTOpoe (PakTHUECKH MNpeACTaBisieT coOOou
MOTEHIIMAJ 3aMIaCHBIX ABOJIIOIIMOHHBIX BBIXOJIOB CUCTEMbI U3 KPU3UCHBIX COCTOSIHHM.

JKOHOMHUYHOCTb — pealn3alus NPUHLNIA MAaKCUMyMa W3BJICYEHUS SHEPIUU
U3 OKpY’Karolel cpeibl (MaKCUMHU3alusl OTKPBITOCTH Ha MOTJIOIIEHUE), MAaKCUMyMa ee
OCBOGHHS 3a CYET YCJIOKHEHUS BHYTPEHHEW CTPYKTYpbl (MakCHMHU3aIMs
HHEProEMKOCTH) U MUHUMYyMa JIUCCUIIALIMU SHEPTUHU BO BHE (MUHUMHU3ALUS SHTPOIHH,
B TOM YHCJIC U 32 CUET YCIOKHCHHS).

YHUKaJBHOCTh — cHCTEMa JI00Or0 Kjlacca HE HMMEET IOJIHBIX aHaJIoroB
MOBE/ICHUS WJIM aHAJIOTU HACTOJIBKO PEJIKHU, YTO C UX HAIMYUEM B UCCIIECOBAHUSIX U

IMMPAKTUKEC MOKHO HC CYUYHUTATHCA. CBoiicTBO YHUKAJIBHOCTHU SABJISICTCA BHCIIHUM
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110 OTHOUIEHUIO K CUCTEME U BIMSAET Ha OTHOLIEHUE K HEW APYTUX cucteM. JlocTaTouHo
OTMETUTD, YTO 3BE3/Ibl PAIUYAIOTCA MEXKIY CO00I IBETOM, OJIECKOM, a UCCIEAOBAHUS
C TOMOILBIO TEJECKONOB IOKAa3bIBAIOT, YTO JBYX OJMHAKOBBIX 3B€37] HE OBIBAcT.
D¢ deKkTuBHbIE TEMIIEPATypbl X U3IYYAIOUIUX MOBEPXHOCTEH HAXOMISITCS B Mpejenax
ot 3 000 K g0 80 000 K, macchl pa3nnyaroTcsi B COTHH pa3, a painiyChl — B MAJLJTAAPIbI
[11].

YceToiiuuBOCTh — CIIOCOOHOCTh  YCTPAHSATh TMOCJEACTBHUS BHEIIHUX U
BHYTPEHHUX CIIy4allHbIX BO3JCHCTBUN U CTAOMIN3UPOBATH BHYTPEHHEE TUHAMUUECKOE
cocTosiHue (Mepa BEpOSITHOCTUM NpeObIBaHUS B JaHHOM cocTosHuM). Onpeneiser
«CTPEMIIEHHE» CUCTEMBI K OCHOBHOMY MPOIIECCY.

AHTHIHTPONUIHOCTh — CUCTEMA B COCTOSHHUH (B ONMpPEACIICHHBIX Mpejeliax)
VIPaBIATh CBOECH HHTpomnuel (yMEHBIIATh €€, COXPaHSATh, TOPMO3UTH YBEIMUYEHUE)
Opy CIy4yalHOM W HeOJaronpusiTHOM BO3JEWCTBUM Cpenbl HMIU (M) CHocoOHa
OCYUIIECTBJISITH ~ PETYJIMPOBAaHWE  TOBEICHUS,  NpecleAyromee  JOCTHKEHHE
onpeaeneHHon uemu [11].

LenenanpaB/IeHHOCTD — «CTPEMJICHHE K JOCTHUKEHHIO IIEJTH — KOCBEHHO TOXKE
BBIp@)XaeT AHTUAHTPONHUIHYIO TEHICHIMIO: COXPAHCHUS U YCUJICHHS OCHOBHOTO
npouecca, BEIyIIero K Ield. 37ech MPOUCXOJUT MUHMMM3AIUS 3aTpaT 3HEPIHH U
BpEMEHU JUis JOCTHKeHHs 1enu. CBONCTBO IIEJICHANPABICHHOCTH  SIBJISETCS
BHYTPEHHUM, TPYAHO pACIIO3HABAaCMbIM W HE BCETJa JOCTYIMHBIM TOHUMAHHUIO
UCClIeIoBaTelNsd, 0COOEHHO Ha OTHOCUTENIBHO KOPOTKOM (IIO CPaBHEHHUIO CO BPEMEHEM
CYLLIECTBOBAaHUSI CHCTEMbl) HWHTEpBaJle BpeMeHH. lleneHanpaBIeHHOCTh MOKHO
MOHUMATh KaK (YHKIMOHAIBHYIO TEHJEHIIMIO, HAIMPABJICHHYIO Ha JOCTHKEHHE
CHUCTEMOW HEKOTOPOTO COCTOSHHS, JIMOO Ha yCHJICHHsS (COXpaHEHHE) HEKOTOPOro
npouecca. [Ipu 3ToM cucremMa OKa3bIBaeTCsl CIIOCOOHOW MPOTUBOCTOSITH BHEUIHEMY
BO3JICHCTBUIO, a TaKXKe HCIOJIb30BaTh CPely W ciaydaiiHble coObIThsA. CreacTBuemM
NPUHIIMIA [EJICHANPABIECHHOCTU SIBJISETCS MOCTYJAT BbIOOpa. CIlI0KHBIE CHCTEMBbI
007a/1af0T CIOCOOHOCTRI0 K BBIOOPY TOBENEHUS, M, CIEAOBATEIHHO, OJIHO3HAYHO
npescka3aTh crnocod ASHCTBUS M AKCTPANOIUPOBATh UX COCTOSHHE HEBO3MOXKHO HH
Ipy KaKOM amnpuOpPHOM 3HAHUHM CBOMCTB cuUCTeMbl W curyaruu. CIOXKHAs CUCTeMa

CTPOMUT CBOE MOBEJCHUE B CYIIIECTBEHHOM (XOTs U HEOAHO3HAYHOM ) CBSI3U C CUTYaIIUEH.
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YacTo NpuUXOIUTCS B OCHOBHOM HMMETH J€J0 C CUCTEMaMH, ISl KOTOPBIX IOCTYJAT
BbIOOpA BBIJBUTAETCS Ha mepenHei miaH. [lo3Hanue u mpakTUYecKoe HCIOJIb30BaHNE
ATOTO MOCTYJIaTa UMeeT JBa acnekra [11].

[lepBBIif KacaeTcsi CTUMYJIMPOBAaHUSA WM MOJABIEHUS «CBOOOABD» BBHIOOpA.
B wuccnenoBaTenbCKuX, MOUCKOBBIX, TBOPYECKHUX CHCTEMaX BO3MOKHOCTH BbIOOpa
JOJKHA OBITh MaKCUMAaJIbHOW C LENbI0 PACIIMPEHMS JHaNa30Ha JesSTEIbHOCTH.
HcnonuuTtenbHble CHUCTEMBbl JODKHBI HMETh BO3MOXKHOCTH BbIOOpa B Ipejaenax
NIOCTaBJIEHHOM 3a1auun 1100 HEe UMeTh ee BoBce. Ciien0BaTeabHO, JOIKHBI CO3/1aBaThCs
CHUCTEeMBI C OOJBIION WM Majoi cBOOOIOW BhIOOpa WM C YIPaBIIeMOM CBOOOIOM
BBIOOpA.

Bropoii acmekT cBfi3aH C KOJMYECTBEHHBIM OINKHCAHMEM BbIOOpa, €ro
dbopMaIbHBIM TIPEJICTABICHUEM, KAaueCTBEHHON WM KOJIMYECTBEHHOM OIEHKON U
MCII0JIb30BAHMEM ATOM OLIEHKU IIPH PEIICHUH 3a/1a4 o01ero xapakrepa. OnHa u3 3aaa4y
MaTEeMaTUKA COCTOMT B pa3paboTKe arrmapaTa KOJWYECTBEHHOTO OINHUCAHUS He
JETEPMUHUPOBAHHBIX, HO U HECITYYalHbBIX (HE CTOXaCTUYECKUX) CBOMCTB.

Caabas mnpeacka3dyeMocTb — HHKaKoe€, CKOJIb YTOAHO MOApPOOHOE 3HaHUE
Mopdosioru U (QYHKIIUN 3JE€MEHTOB (TIOJICUCTEM) HE TO3BOJISIET OMPEICIUTh BCEX
(GyHKIUH CIIO)KHOM CHUCTEMBI; TO3TOMY HHUKAaKO€, CKOJIb YIOJIHO MOJPOOHOE U TOYHOE
3HaHUE MOBEACHUS CIOKHOW CHUCTEMbl Ha pEaJIbHOM HMHTEpBasie (IIPOCTPAHCTBA WIH
BpPEMEHM) HE MO3BOJISIET TOYHO Mpe/icKa3aTh €€ MOBEIeHUE B Oy IyILLIEM.

Biio:xxkeHHOCTH 3BOJIIOIMH moacucTeM. [IpocToil mpumep — MeEra’BOJIOLHUS
BceneHHOW COCTOMT M3 pslia OCIEA0BATEIbHBIX YBOIIOLNN: KBAPK-TJIIOOHHASI CMECH,
NPOTOH-HEUTPOHHAsI CMeCh, BOAOPOJHO-TEINeBble 00JaKa, MOJEKYJIspHbIe 00Jaka,
3BE3/IHAs DBOJIOLNS, TAIIAKTUYECKASI DBOJIIOLINS, DIIEMEHTHAsS 3BOJIIOLMS, NIAHETapHAas
ABOJIIOLIMS, XHMMMUYECKasl HBOJIIOLMS, OHOJOrMYecKass 3BOJIOLHUSA, COLHUaIbHAas
DBOJIFOLIUS.

W, HakoHel, O BO3MOKHOCTM MAaT€MaTHYECKOTO MOJEIMPOBAHUS CIIOMXKHBIX
cucteM. B cooTBercTBUM ¢ OpJaHr€HCKOM MpPOrpaMMoOil pas3jIMyHbIE KIIACChI
(GU3UYECKUX SIBICHUN MOTYT OBITh TOCTaBJIEHBI B COOTBETCTBHE PA3JIMUHBIM TpyIIaM

npeoOpa3oBaHMid, Kaxaas TpyMma MOPOXKIAET CBOIO TreoMeTpuio. Takum o0pasom,
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peayM3alysl 3TOM MporpaMMmbl OCHOBAaHAa Ha IMPUMEHEHUH TEOPETUKO-TPYIIOBBIX
METOJIOB K CcO3JaHui0 (YHIAMEHTaJIbHBIX M NPUKIAIHBIX Teopuil. W xots
«reoMeTpu3alus» (PU3UKHU HE 3aBEPIICHA, MOXKHO YTBEPKIATh, YTO T€OMETPUUECKOMY
MPEACTABICHUIO CIIOKHBIX CUCTEM CBOMCTBEHHA BCEOOIIHOCTH U TityOuHa [11].

Paznuune reomeTpuii CTAaHOBUTHCS PA3IMUMEM KIIACCOB CHUCTEM, U 3TO PAa3INUHe
uMeeT ueTkuil (opManbHBII TpPU3HAK — JIPYyryl0 Tpynmny mOpeoOpa3oBaHUiA.
[Ipeanomnarasi, 4TO MHTEpECYyIOLlas HAac CHUCTEMa pAaCIOJOKEHA B aJCKBATHOM €
FEOMETPUUECKOM TMPOCTPAHCTBE (peasibHOM, (PYHKIMOHATBLHOM, MBICIUMOM) U
OTPAaHUYUBASICh METPUUYECKUMH IPOCTPAHCTBAMM, MbI JOJDKHBI KaXXJOMy Kiaccy
cucteM  (KOHKpPETHOW  CHCT€ME€)  NpHUIHcaTb  METPUKY,  ONpPEIeIsIeMYIo
COOTBETCTBYIOIIEH I'pYNIoN mpeoOpa3oBaHUil. ITO — aBTOHOMHASI METPHUKA CHUCTEMBI,
1160 aBTOHOMHAs TpyIIa IpeoOpa3oBaHHiA.

CnoxHasg cuCTeMa HaxOJIUTCS B pealbHOM T€OMETPHUUYECKOM MHUpPE U
B3aUMOJCIICTBYET C HUM, HO OCHOBHOE 3HAUY€HHE ISl €€ CBOWCTB MMEIOT IMPOIIECCHI,
KOTOpBIE MMPOTEKAIOT BHYTpU cucTeMbl. [lo3HaHue cuctemsl TpeOyeT, Mpex/ie BCEro, ee
0003pUMOT0 OIMCAHUs, U 3/1eCh BEIOOP METPUKH MOXKET UTPaTh OMPEACIISIONIYIO POIIb.
PaccTostHue B €BKJIMIOBOM IPOCTPAHCTBE MEXY KJIETKaMHU )KUBOT'O OpraHu3Ma OYeHb
Majo CBSI3aHO C TaKUMHU (YHKUMOHAJIbHBIMU CBOMCTBAMH, KaK BpeMsl Mepenayu
BO3OYXKJEHUS, BpeMsl peakluud U T.0. OTO KE PACCTOSHHE MEXKIy arperataMmu
MIPOU3BOJICTBEHHOTO KOMILIEKCA CPaBHUTENIBHO CJIA00 BIUSET HAa TEXHOJIOIMYECKHE
XapaKTEPUCTUKKU TPOU3BOJCTBEHHOTO Mpoliecca. B CIOXHBIX cHcTeMax €BKIUIOBO
paccTosiHMe, KaK CPeACTBO OMMCAHUs, OTCTYNAeT Ha 3aJHUH IUJIaH, TaK KaK pellaroiee
3HaueHUEe MPUOOpETaeT MyTh W BPEMsl PACHpPOCTPAHEHUS Mpolecca. 3HAYUTEITHHO
s dexTrBHEE HCTONIB30BAaTh (PYHKIIMOHATBHOE MPOCTPAHCTBO C COOTBETCTBYIOIIUM
YUCJIOM WM3MEpPEHHM M aBTOHOMHOW METPHUKOM. B cymHoOcTH, cioXkHas cucreMa H
(CKMBET» B aBTOHOMHOM (DYHKIIMOHAIBHOM MpoCTpaHcTBe. Bce, 4TO MpOUCXOIUT
B CHCTEME, OMMCHIBAETCS B 3TOM IMPOCTpPAHCTBE Oojee MpocTo. BBeaeHue meTpuku
03Ha4yaeT CO3/1aHHe MOJENIM T€OMETPUU CUCTEMBI, UYeM OJIMKE 3Ta MOJIENIb K UCTUHHOM
reOMETPUHM CHUCTEMbI, TEM IIPOIle MpeJICTaBlIeHUEe CHUCTeMbl. B 3TOM miaHe, mMo-
BUIUMOMY, IPUBJIEKATEIHHYIO MEPCIEKTUBY MPECTABISIET Kacc quddepeHmanbHbpIX

YpaBHEHM ¢ JPOOHBIMU CTENEHSIMU, TIOPOKICHHBIN pa3BUTHEM TEOPHUH (PPaKTaIOB.
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Oman u Te ke (PU3MKO-XMMUYECKUE IPOLECCHl IMPOTEKAIOT B Pa3IMYHBIX
CHUCTEMax C pa3iau4HOi ckopocThio. [lo3ToMy MX ecTeCTBEHHONH Mepol BpeMEHU
JOJDKHO CTaTb TEYEHUE HEKOTOPOro ONPEIEIIOMEr0 BHYTPEHHETO IIpolecca,
3a4acTyl0 KBAaHTOBAaHHOE I10 PUTMaM HAJCHCTEM, HAIPUMEpP, BHEIIHETO JBM)KCHHUS
3emnu Bokpyr ComHua. CroXHbI€ CHUCTEMBI MOT'YT UMETh JIOKAJIbHBIM MacuTad
BPEMEHH, OTJIIMYHBII OT aCTPOHOMHYECKOro Macmitada. /[ pa3BUBaIOMIMXCSA CUCTEM
OH MOJKET OBITh Pa3HbIM Ha pa3IMUYHBIX CTAJUSIX HBOJIOLUMOHHOTO pa3surtus [11].

Bce ykasaHHBIE OCOOCHHOCTH CJIOKHBIX CHCTEM IIO3BOJISIIOT B ONPEAEICHHOM
CMBICJIE MApPKUPOBATh 3TAlbl IPOLIECCA IBOIIOLMHM BECbMA CIIOKHBIX HAJICUCTEM, TAKHX
kak buochepa u Bcenennas, m Takum 00pa3oM HCCIEIOBaTh CaMHU MPUHLIMIIBI
sBomonuu. Kak Oyner moka3aHo Jajnee NpoOLEcC HBOJIOLUHU SIBICHUE CYTry0o

HEJIUMHEHHOE M MOXKET OMUCHIBATHLCS CTCIICHHBIMU 3aKOHAMMU.
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VIIK 517.9

OCOBEHHOCTHU BEKA HEJIMHEMHOCTH B HAYKE
O 3EMJIE

HBanos O.II. kauj. reoj.-MuH. H., B. H. ¢. MI'Y umenn
M.B.JIomonocoBa ivanovop2007@yandex.ru

AnHoTanusa. KpaTko H3710KEHBI OCHOBHBIC MOHATHUS HEJIWHEWMHON NUHAMHKH,
TaKhe Kak 3BOJIOIMS, OMQypKaIuy, aBTOBOJIHBI, HEYCTOMYHBOCTh, ()paKTalibl, Xaoc,
ITUHAMHYECKUH Xa0cC.

KiaroudeBble ciaoBa: 3Boorus, Oudypkamuu, aBTOBOJHBI, HEYCTOWYHMBOCTD,

dpaxTanbl, Xaoc, TMHAMUYECKUI Xa0C

BBEJIEHUE

Hauunas ¢ Aupu I[lyankape (1997 r.), BO3HUKIIO HOBOE HAy4YHOE HAIMIPABICHUE —
HeJIWHEHHas JWHAMHUKa, O3BYYCHHas Ha OCHOBE €ro HaydyHOH paboThI
o B3aumopeiictBuu 3-x kocmuueckux ten (Comuue, 3emus, JlyHa). DTo Hayka,
M3y4dawmas CTPYKTYPy W CBOMCTBA SBOJIOIHUOHHBIX IPOLECCOB B HEIUHEHHBIX
nuHamuueckux cucremax. Konen 18, moutu Bech 19 Bek u Hauano 20 Beka 3HAMEHYIOT
nepexo/] Ha HEeJTMHEHHOE MBIIIJICHHE 110 HECKOJIbKUM HampaBieHusm (Poccust):

1. DTO aBTOBOJIHEI ¥ ABTOKOJIEOAHHS;

2. Teopusi HEMTMHENHBIX TMHAMHYECKHUX MPOLIECCOB;

3. Teopus 6udypkanuii 1 JMHAMHUYIECKOTO Xa0ca;

4. Teopus (pakTayios.

Hemnoro mnosxe B 20 Beke HayagoCch AaKTHUBHOE pa3BUTHE pa3JIMYHBIX,
PACKpBIBAIOIINX €ro, TCOPUH - TEOPHUHU OCOOEHHOCTEH, TEOPHUH CaMOOpTraHU3aIluH,
TeopuH Karactpod, Teopuu (ppakTagoB U T.A. B 1es0M 3TO 3ByUHMT Kak BEK aHaIu3a
C TIO3UIMI HEMUHEMHOTO ITOAX04a IJIS CI0KHBIX CUCTEM.

Cranu He cocrosATenbHbIMA HpOTOHOBCKUM M JlaninacoBCKU JETEPMHUHU3M,
MPOJIBUHYJIOCH [OHMMAHHME KaTeropuil MpPOCTPAaHCTBA-BPEMEHHU, BO3HHUK P

MCKIUCHUIIIIMHAPHBIX HaHpaBHCHI/IfI, TaKMX KaK CHHCPreTuka, HCPAaBHOBCCHAsA
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TEPMOJUHAMUKA, KyMYJISITUBHO-IMCCUIIATUBHBIN TOJIXOJ, TEOpUs THIEPLUKIOB,
Teopus kaTacTpod u Ap. Bo3HUK MHTEpec K TaKUM MOHATHSIM KaK HEPAaBHOBECHOCTb,
HEYCTOMYHMBOCTb, HEJIMHEHMHOCTh, OTKPBITBIE CUCTEMBI, IJ100aIbHBIA ABOJIIOIIMOHU3M,
Xaoc, aTTpakTopbl, (pakTasbl U T.4. DakTUUecKH ABUTaTENEeM Iporpecca craja
HeJIMHelHast AUHaMuKa. W00 OHAa BHEAPWIACh B MaTeMaTUKY, (PU3HKY, XUMHUIO,

OMOJIOrUI0, SKOHOMUKY U Jp. HAYKH.

OCOBEHHOCTHY HEJIUHEWHBIX TMHAMWYECKHUX CUCTEM

Cpean IUHAMUYECKHMX CHCTEM MOXHO BBIACIUTH JBa OONBIIMX KJacca:
JTUHAMUYECKUE CUCTEMBI C HEMTPEPHIBHBIM BPEMEHEM Pa3BUTHSI (IIOTOKOBBIE MOJIENH) U
JTUHAMUYECKUE CUCTEMBI C JTUCKPETHBIM BpeMeHeM (0TOOpakeHMs) U K HUM YKa3aH
3aKOH JBOJIOLUU COCTOSHUSI BO BPEMEHM. PaznuyaroT JBa TUIA HEJIWHEHHOCTEMH:
cnabsie u cymectBeHHble. K crnabo HENMMHEHHBIM OOBEKTaM OTHOCSAT OOBEKTHI,
XapaKTePUCTUKUA KOTOPBIX MPU MAJIOM JUANa30He U3MEHEHUS! KOOPAUHAT MOTYT OBITh
3aMEHEHbl JMHEHMHBIMU 3aBUCUMOCTAMH. K CyIIECTBEHHO HEIMHEWHBIM OTHOCST
OOBEKThI, XapaKTePUCTHUKH KOTOPBIX OMUCHIBAIOTCS HEIMHEHHBIMU (DYHKIHSIMHU,
T.€. QYHKIUSAMH, HE TOMYCKAIOUIMMU JIMHEAPU3ALMIO TI0 METOAY MajblX OTKIOHEHUH
(HampuMmep, JIOMaHble WM pa3pbiBHbIE (QYHKIUHU). YTO K€ HCKIIOYUTEIBHOTO
B HenuHelHoU quHamuke? [IpuBeneM HeKoTophie €€ 0coOeHHOCTH [2].

1. Bun ypaBHEHH, MOAENTUPYIOIINUX HETUHENHBIE SIBJICHUS, COACPIKUT UCKOMBIE
HEU3BECTHBIE B cTeneHu Ooubie 1 uin ko3P UIIMEHThI, 3aBUCSIINE OT CBOWCTB CPE/IbI.
HEJIMHEWHbIE OMKUCAaHUS MOTYT UMETh HECKOJIBKO KAUE€CTBEHHO Pa3JIMYHBIX YpaBHEHUM;

2. HennHEWHOCTH - 3TO MHOTOBAapUAHTHOCTh COOBITUH (B 30HaxX OMQypKaimii)
U Pa3MBITOCTh CBOMCTB CCTEMBI.

3. Hannuue monoxuTensHON 0OpaTHOM CBS3U C OKPYKAIOIIEH CPEIOH.

4. MHcnonb3yloTcsl B CHHEPI€TUKE, B TEOPUU DBOJIOLUMU M B TEOpUHU
CaMOOPTaHU3AINH CIIOKHBIX CHUCTEM.

5. Pa3ButHe nuer yepe3 HeyCTOMYMBOCTD, AMHAMAYECKUM Xaoc.

6. Cuctema ciokHasg ¢ OOJIBIIUM YHUCJIOM 3JIEMEHTOB, IpuueM (IyKTyaluu
B OCHOBE CaMOOpIraHU3alUH.

7. Y cuctemsl MNPUCYTCTBYCT TCHACHIIUA PA3BUTHUSA IO CIIOKHOCTH.
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8. OOMeH ¢ BHEIIHEH cpefoi SHeprueil, BeuecTBoM, nH(OpMaIuei - IBUraTenb
DBOJIIOLIMH.

9. Jlump HETUHEHHBIC CHCTEMBI CHOCOOHBI K DBOJIOIUHM (BBIXOJ HE
MPOTOPIUOHATIEH BXOY).

10. B HenMHEWHBIX CHCTEMax HEW3BECTHBIE OIMCBHIBAIOTCA HEJIMHEHHBIMU
Tudypamu.

11. IIpuTOK BHEIIHEH SHEPrUM YMEHBINAET SHTPONUIO. DTO HEPAaBHOBECHBIN
TEPMOJAVMHAMUYECKHUN ITPOLIECC.

12. CamoopraHu3yoomascs CUCTeMa JOJDKHA OBITh OTKPHITONM HEpaBHOBECHOM,
HEJIMHENHOM, CIIy4YallHOCTbh B HEW KaK 2JIEMEHT Pa3BUTHSL.

13. Camoopranusanus B HEIMHEHHOM CUCTEME HJAET KOTEPEHTHO C IOTEpeu
CUMMETPHMH 32 CYET PA3PYLICHMs CTapbIX M CO3WAAHMEM HOBBIX CTPYKTYpP B 30HAax
oudypkauuu.

14. XapakrepHa aJbTEpHATUBHOCTh IHyTEH HBOJIOLUH, HEOOPATUMOCTh
pa3BUTHSL.

15. IlpuHnunuambHast BO3SMOXHOCTh BOSHUKHOBEHHUS MOPAIKa U3 Oecropsiika u
Xaoca 3a CYeT METIU 0OpaTHOM CBSA3H CO CPEOil.

16. HenpepbIBHOCTH BIOOpA aIbTEPHATUBHBIX MYTEH pa3BUTHSL.

17. HenuueliHas cucTeMa MHOTOMEpPHAa, MHOTOBapHaHTHA W TpeOyeT
HEJIMHEWHBIX METO/I0B OITUCAHMUSI.

18. He noguuHsIOTCSA METONY CYIIEPIIO3UIIUH.

OcoOyto poJib B pa3BUTUU HANpPaBIEHUSI HEIMHEWHON TUHAMUKU UTPAIOT TEOPUS

Xaoca, TEOpHs CaMOOpraHU3alMK U (hpaKTaibl.

OCHOBHBIE ITPUEMBbBI U3YYEHUS
[Toq nMHAMHUYECKOHW CHCTEMOW ITOHUMAIOT JFO00M OOBEKT WIIM MpOIlECC,
JUISE KOTOPOTO OJHO3HAYHO ONPEJCICHO TOHITHE COCTOSHUS KaK COBOKYITHOCTH
HEKOTOPBIX BEIWYMH B JAaHHBI MOMEHT BpeMeHU (ypaBHEHHUs COCTOSIHHS) M 3aJaH
3aKOH, KOTOPBIA ONHUCHIBACT HM3MEHCHHUE (DBOJIONNIO) HAYAIBHOTO COCTOSHHS

C TCUCHUCM BpPCMCHH. DTOT 3aKOH IIO3BOJISIET IIO Ha4YaJIbHOMY COCTOSHHIO
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MPOTHO3UPOBATh OyAylllee COCTOSIHUE AMHAMUYECKOW CHUCTEMbl, U €ro Ha3bIBAIOT

3aKOHOM 35BOJIFOIINH.

oA pa3oBON NNOCKOCTH

U3meHeHue COCTOAHMA CUCTEMBbI OMUCLIBAETCA 2 TNWHEWHbIMW
YPaBHEHUAMM:

d|
—ax+by % = cx+dy

dx
dt

Mycte B Ha4yanbHbIM MOMEHT BpemeHn { = fo KOOPAWHATDLI
nsobpaxarwwen Toukm Mo (xo, yo) . B kaxxabi cneaylowmm MOMeHT
BpemeHnn t wusobpaxawwaa TO4Yka Oyaer pBAratbCa B
COOTBETCTBUMM C CUCTEMOWN YPaBHEHUWA W 3aHMMaTb NOnoxeHwue Mt

(xt, yi).

CoBokynHOCTL TOueKk Mt Ha pasoeown
NMOCKOCTW, nonoXxeHue KOTOPbIX
COOTBETCTBYET M3MEHEHUK COCTOAHUA
CUCTEMbI BO BpPeMeHW, Ha3biBaeTCA
«tha3oBOW TPAGKTOPUEN Y.

COBOKYNHOCTb (pa30OBbLIX TPAEKTOPUK NPU
pasHbIX HayvanbHbIX COCTOAHNAX
CUCTEMBI, aaeT «pa3oBbIN NOPTPETY.

Puc.1.0cnoswvt memooa gazosoti nnockocmu [3].

Kaxk onpenensierca nenuneitnocts? [Ipexae Bcero 3To BUJ ypaBHEHUM, aHATU3
TpaekTopuii Ha (a3oBoi T™IOCKOCTH (Oudypkamuii U aTTPakTOpPOB), aHAIU3
HBOJIIOIIMOHHBIX CBOMCTB (3aKOHOMEPHOCTH JIJIsi MHOKECTBA O ypKaruii).

CocrosiHue 0001 JTMHAMUYECKOMN CUCTEMBHI, OTMCBHIBAEMOM
nuddepeHIuanbHBIM ypaBHEHUEM N-TO MOPsIKA, MOXKET OBITh OMPECICHO B JFOOOM
MOMEHT BPEMEHHU 3HAUCHUSIMU 71 IEPEMEHHBIX, HAITPUMEP, PEryIUPYEMOIl KOOPAUHATHI
X U I - 1 ee IMPOU3BOAHBIX B «N-MEPHOM MPOCTPAHCTBE, HA3bIBA€MOM (ha30BBIM

NpOoCTPaHCTBOM CHUCTCMBEI. CocTosiHME TOYKH XapaKTCpU3yCeTCsad KOOpAWHATAMHU
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n3zoOpaxaromeit Touku (Mo nim M Ha puc.l), OTKIaIbIBAEMBIMH TI0 OCSIM (pa30BOTO
npocTpaHcTBa. B ycTaHOBUBIIEMCS peKUMe CUCTEMbI M300paXkarolasi Touka 3aHUMaeT
(uKCHpOBaHHOE TOJOKEHUE M Ha3bIBaeTCs 0COO0M TOukoil. B mepexonHom pexume
KOOpPJMHATHI X U I - 1 € MpOM3BOJIHBIX OyAYT U3MEHATHCS, 00YCIOBIMBAs IBUKEHUE
n3o0paxaromiei Touku (0T Mo k M1 Ha puc.1) o ha3oBoii TpackTopuu. XapakTep 3TOro
JNBUKEHUS M TOJOXKEeHHE (a3oBbIX TPaeKTopuil B (Pa3oBOM MpPOCTPAaHCTBE
ONPENEIAI0TCS AUHAMUYECKUMHU CBOMCTBAMHM CHCTEMbl M HAYaJbHBIMHU YCIOBHUSMH.
[TonHass cOBOKYMHOCTH (Da30BBIX TPAEKTOPUM, COOTBETCTBYIOIIAsI BCEM BO3MOXHBIM
HAYaJIbHBIM YCIIOBUSIM, Ha3blBaeTCsd (a30BbIM TOPTPETOM CHUCTEMBI. J[ByxmepHOoe
¢$ha3oBo€ MPOCTPAHCTBO MPEACTABISET COO0M (Ha30BYIO MIOCKOCTb.

da30Bo€ MPOCTPAHCTBO JaeT YyAOOHOE CpPEICTBO JJIi  HAIrJISIIHOTO
NpEJICTAaBICHUST TMOBEJEHUs JAWHAMHueckod cuctembl. [lomyuyaemast  ¢urypa
U3 TPACKTOPUI Ha3bIBAETCS aTTPAKTOPOM.

ATTPAKTOP - 3TO r€OMETPUYECKAsI CTPYKTYpPa, XapaKTEPU3YIOIIasl MOBEICHHE
TOYKM B (ha30BOM MPOCTPAHCTBE IO TMPOMIECTBUM HEKOTOPOTo (JOCTaTOYHO
JUIMTEIbHOTO) BPEMEHM. 3]1eChb MMEETCSd B BHUIY, YTO 3TO TOYKAa WM MHOXECTBO
B ()a30BOM MPOCTPAHCTBE, K KOTOPHIM IMPUTITUBAIOTCS BCE TPAEKTOPUU U3 HEKOTOPOM
OKPECTHOCTH aTTPAaKTOpa, Ha3bIBAEMOM Takke o00yacTbio, WIM OacceilHoM,
nputTskeHusd. [Ipu onucaHum 3BOJIIOLMK TPAEKTOPHUH, BB U3 HAYAJIBHBIX COCTOSIHUIA,
B KOHIIE KOHIOB MpPHUOMMKAIOTCA K aTTpakTopaM. ATTpPaKkTOpbl - TIOHATHE,
o003Hauarollee aKTUBHbIE YCTOMYMBBIC LEHTPHI MOTCHIMAIBHBIX IyTeH HSBOJIOLUU
CUCTEMBI, CIIOCOOHBIE NMPUTATMBATh U OPraHU30BBIBATH OKPY’KaIOILIyI0 cpenay. Yacrto
COBIIAJIAIOT ¢ 30HAMHU OMypKaInid. 37€Ch CHCTEMa CTAHOBHUTCS HEYCTOWYMBOM M HMIIET
palMOHANIBHBIN NyTh JalbHEHIIET0 pa3BUTHS IYTEM BEPOSTHOCTHOIO BbIOOpA. 30HBI
Ooudypkauuyu BecbMa pazHOOOpa3Hbl, PEIIAIOT MHOTO MPOOJIEM M MOATOMY TPeOyIOT

Oosiee 1eTaNbHOTO PACCMOTPEHUS.

30HbI BU®YPKAIIUHU
Tepmun "Oudypkamus" (ot nart. bifurcatio — pasaBoeHue, pa3BETBICHUE)
B Hay4YHBIH 000pOT BBEN (paHiry3ckuil ¢pusuk u marematuk Aupu I[lyankape (1854—

1912), xotopelii wu3y4as pa3zHOOOpa3Hble MPOSBIEHUS MeXaHu3Ma Oudypkaruu
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B npupogHoM Mupe. OcHOBBI Teopuu Oudypkaruu 3amoxun A. Ilyankape, a manee,
B Hayane 20 B., ux pa3zsuin A. M. JlamyHoB, 3aTeM 3Ta Teopusi Oblia MPOIOKEHA
A. A. AHIpOHOBBIM U YYEHHUKAMH.

Tepmun ynotpeOnsiercss st 0003HAUYEHHS KAueCTBEHHOW MEPECTPOMKH,
U3MEHEHHUS TOM WM HMHOMW KapTHMHBI — B HalleM ciydae (a3oBoro moprpera
OOBIKHOBEHHOTO U (epeHIaTbHOTO YpaBHEHHS PU U3MEHEHHH BXOJAIIETO B ITO
ypaBHEHHE MapameTpa.

[Ipy maTemMaTH4ecKOM MOJEIMPOBAHUU OOJBIIMHCTBA MPAKTUYECKUX 33734
HEJIMHEWMHON JMHAMUKHU Yallle BCEro MCMOb3yloTcsa nuddepeHinaibHble ypaBHEHHUS,
3aBHCAIINE OT psAAa MapaMeTpoB. M3MeHeHre Toro HOro mapaMeTpa CHCTEMBI MOXKET
BBI3BAaTh KA4YeCTBEHHOE W3MEHEHHE (a30BOr0 TOPTPETa CHCTEMBI, Ha3bIBAEMOE
oudypkarme.

[Ton kagecTBEeHHBIM H3MEHEHHEM (Pa30BOTO MOPTpETa MOHUMAIOT TaKYIO €ro
CTPYKTYPHYIO INEPECTPONKY, KOTOpas HapyllaeT TOMOJOTHYECKYIO SKBHUBAJICHTHOCTh
¢dazoBoro noprpera. 3HaueHUE MapaMeTpa, TP KOTOPOM MPOUCXOAUT OUdypKalus,
Ha3bIBaeTCs OMQypKAIIMOHHBIM 3HAYCHHEM WJIH TOUKOU OndypKammm.

VYcnoBus, xapakTepusyromue Oudypkauo, HaKIaJAbIBAIOT ONpeieIeHHbIE
TpeOOBaHMA Ha TapaMeTphl CUCTeMBbl. KOMMYecTBO TaKWX YCIOBHW Ha3bIBACTCS
KOpa3MEepHOCThIO Oudyprauu.

Hanpumep, xopa3mepHocth 1 o03Ha4yaer, dYTO WMEETCS TONBKO OJHO
OoudypkranmoHHOE yCIOBUE, CIEI0BATEIBHO, B IPOCTPAHCTBE MApaMeTPOB OMQypKaIuu
KOPa3MEpPHOCTH 1 COOTBETCTBYET MHOXKECTBO TOYEK, PA3MEPHOCTh KOTOPOT'O BCEro Ha
€IMHUIlY MEHbIIIE Pa3MEPHOCTH MPOCTPAHCTBA MapaMeTpoB (Ha IMJIOCKOCTH - JIMHHS,
B TPEXMEPHOM IMPOCTPAHCTBE - TNIOCKOCTB ).

budypkanusa - morepss CUMMETPHM; SBOJIOLHUS CTAaHOBUTCS HEOOpaTUMOM,
T.K. BBIOOP BEpOSITHOCTHBIH MTpHYeM JIMO0 3BOTOIMOHHBIH (1), 1100 KOHBOIIOIMOHHBIT
(2) (puc.2).

B touke OGudypkanuu (touka 0 Ha puc.l) cuctema HaXOAWTCS B COCTOSHUU
BPEMEHHOW HECTAOMIILHOCTH M YPE3BbIUAHO YYBCTBUTEIbHA JIAXKE K HE3HAYUTEIIbHBIM

BHCIITHHUM BO3I[CI\/’ICTBI/I$[M.
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[ Touyka budypkamm J

| Ananrama -1 |

PocTt npoTueopeyrmi u
koHpKTOR B cucteme |+ ( Kpmsuc 0

IIOBBILIde T HaIIpAXKeHIe

[J.Ieaa,uamamm -2 ]

O

Vceroituieoe 0
PaBHOBecHe

Puc.2. Cxema pazeumus senenus ougpyprayuu.

DTO COCTOSIHUE CHUCTEMbl COOTBETCTBYET HAYaJIbHBIM 3TalaM KpU3Huca, Korjaa
Ha (hoHEe HapacTarollel HeCTaOUILHOCTH IPOUCXOAUT MOOUITU3AIMS TICUXUIECKUX HIIH
(GUBUYECKUX PECYpCOB M MPOXOJUT aKTUBHBIN MOWCK HOBBIX mMyTed pa3Butus. [lycth
P HEKOTOPOM HauyajJbHOM 3HAYEHUU NapameTpa Mbl UMEEM HMCXOJHOE YCTOMYMBOE
COCTOSIHUE CHUCTEMBI. 3aTeM, TP HEKOTOPOM WM3MEHEHUU YTPABISIONIETO MapameTpa
CHUCTEMBI CTAIlMOHAPHOE COCTOSIHUE TEPSIET CBOK YCTOMYMBOCTH M POXKIAIOTCS B
HOBBIX YCTOMUYMBBIX CTAIMOHAPHBIX cOCTOsIHUS (pucC.1). [Ipu 3TOM BHOBB MOSIBUBIIIHECS
COCTOSIHUSI PACIIOJIOKEHBI B HEMOCPEICTBEHHOM OJIM30CTH OT MCXOJHOTO COCTOSHUS,
KOTOpPOE MOTEPSI0 YCTOMYMBOCTH (amanTaius, Ae3aaantanus). budypkamnuu takoro
TUIMA HA3bIBAIOTCS MSTKUMU, UMES B BHUAY TO, YTO BHOBb POJUBIIUKUCS PEXKUM
(GYHKITMOHMPOBAHUS CHCTEMBI KaK OBl TIOSIBISIETCS W3 PEXKUMA, MOTEPSBIIETO
YCTOMYMBOCTh, U COCYIIECTBYET PSAAOM C HHUM. OTO MOMEHT BBIOOpa MEXIY

pa3IMYHBIMU aTTPAKTOpPaMH, pa3BHIIKa Jopor 3Boitonuu! (puc.3).
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ATTPAKTOP

Puc.3. Cxema svixooa na ammpaxmop.

B CnoXHBIX HENWHEHMHBIX CHCTEMAX CYIIECTBYET MNOTEHUHUAIBHO CIEKTP
BO3MOXXHBIX CTPYKTYDP Pa3BUTHUSI — «I10JIE BOZMOXKHOCTEH». ITO yKe moaudypraiusi.
CaMopa3BUTHE — WHHUIMAPOBAHUE U3 BHE TOTEHIHAIBHO UMEIOIIETOCS B CUCTEME. ITO
BHYTPEHHUU MPOIECC «OIyKIAaHUSD TI0 TIOJF0 BO3MOKHOCTeH. CitydaitHOCTh BRIOUpaeT
€AMHCTBEHHBI TyTh JajdbHEWIIEro pa3BUTHS JaHHOW CHUCTEMBl MyTeM BbIOOpa
artpaktopa. Hcxonm  Oudypkanmum  TEOpeTHUECKHM  HEMpeackazyeM  (Todka
CUHTYJIAPHOCTH - ¢a3oBblii mepexon). Llenmp — 3To KoHeuHBIN 00pa3, Ha KOTOPBIM

BBIXOJUT CHCTEMA Noclie OM(pypKalMKi Ha3bIBAEMbIN aTTPAKTOPOM.

TUIIBI BUD®YPKAIIUIA
Paznmuuator nokanpHBle U HenokaidbHble Oudypkamum JC. JlokanbHbie
OudypKanuu OMUCHIBAIOTCS OKPECTHOCTBIO TPACKTOPUM HA MPEAEIbHOM
MHOKecTBe. OHU OTPAKAIOT U3MEHEHUE YCTOMYMBOCTH OT/ACJIBbHBIX TPAEKTOPHIL U BCETO
MPEAETBbHOTO MHOKECTBA B IIEJIOM WA HCYE3HOBEHUE NPEAEIBHOIO MHOXKECTBA

B pE3YyIbTATC CIMAHUA C JPYTUM NIPEACITIbHBIM MHOKCCTBOM.
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Henokanbapie OudypKamuy CBsA3aHbI C TMOBEIECHHEM MHOTO00pa3uil CelIOBBIX
IpEeJeNIbHBIX MHOXECTB: 00pa3oBaHME CENapaTPUCHBIX IETelb, IOMOKIMHUYECKHX
U TEeTEpPOKIIMHUYECKUX KPHUBBIX, KaCAaHHE aTTPAKTOPOM CENapaTPUCHBIX KPUBBIX WU
noBepxHocted U T.A4. C mpencraBieHHeM O OMPypKalMsIX TECHO CBS3aHO IOHSATHE
rpyooctu (ctpykrypHOil ycroruuBoctr) [{C. IloHsiTHE TpyOOCTH CHCTEMBI OBLIO
BIiepBble BBeACHO A.A. AH1poHOBBIM U JI.C. [IOHTpATUHBIM JIJIs1 IBYMEPHBIX CUCTEM.

I'pyObiMu (MM CTPYKTYpPHO yCTOW4YMBBIMU) Has3biBatoTcs Takue JIC,
JUIsL KOTOPBIX MaJjble TIJIaJKUE BO3MYLIEHHS oOlleparopa 3BOJIOLUUU HPUBOJAT
K TOTOJIOTUYECKH IKBUBAJIEHTHBIM PELICHUSIM.

Ananuz oudypkanuii JIC npu Bapuanuu ee mapameTpoB MO3BOJIAET MTOCTPOUTH
Ou(ypKaMOHHYIO IUarpaMMy CUCTEMBI.

budypkaunonnas nuarpaMma— 3TO MHOKECTBO TOYEK, JMHHM, MOBEPXHOCTEN
B TPOCTPAHCTBE NapaMeTpPOB, COOTBETCTBYIOIIMX TEM WJIA HHBIM OHPypKaLUsIM
IIPEEIbHBIX MHOKECTB CUCTEMBI.

JUis HarasiAHOCTH TPEJICTABIEHUS YacTO HCIMONB3YIOT (ha3onapaMeTpuyecKue
auarpaMMel. B 3ToM citydae mo olHUM KOOpJMHATHBIM OCSIM OTKJIa/JbIBAIOT 3HAYCHUS
napaMeTpoB, MO JAPYTUM - JWHAMUYECKHE NEPEMEHHbIE WM CBA3aHHBIE C HUMH

BEJIMYUHBI (puc.4).

Puc.4. Buo ®@asonapamempuueckot ouazpammol.
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[Tosy4aroT HEKOTOpPYHO IOBEPXHOCTb, TOYKM KOTOPOH COOTBETCTBYIOT
onpenenaeHHbIM pexxumaMm J{C, MEHSIOMMCS ¢ U3MEHEHUEM [TapaMeTpOB.

VYcnoBus, xapakTtepusyromue Oudypkanuio, HaKIaJbIBAlOT ONpEIEICHHbIE
TpeOOBaHUsI Ha MapameTpbl cucTeMmbl. KonMuecTBO TakuX YCIOBUI Ha3bIBaeTCs
KOpa3MepHocThIo Oudypkanuu. Hanpumep, kopazmepHocTh | 03Ha4aeT, YTO UMEETCS
TOJIBKO OJTHO OM(ypKalMOHHOE YCIIOBHE, CIIE10BATENBHO, B IPOCTPAHCTBE NAPAMETPOB
Ooudypkauun KopasMepHOCTH | COOTBETCTBYET MHOXECTBO TOYEK, Pa3MEpPHOCTb
KOTOPOTO BCEro Ha EIUHUI]y MEHbIIE pPa3MEPHOCTU IPOCTPAHCTBA MapaMeTpPOB
(Ha IUIOCKOCTH - JIMHUSA, B TPEXMEPHOM MPOCTPAHCTBE - IUIOCKOCTh). B 3amaun nanHoi
paboOThl HE BXOIUT JETaJbHBIM aHAJIM3 IO TEOpUU OUPypKaLM, MOITOMY MBbI
OTrpaHUYMMCS KPAaTKUM MepevrciieHne Haubosee 3HaYMMbIX UX TUIIOB!

1. dupypxanmu cocTosiHUIM paBHOBECHS;

2. budypkaruu npeaeabHbIX ITUKIIOB;

3. buypxanmu KBa3sUNepuoIUIECKUX U CTPAHHBIX aTTPAKTOPOB;

4. HenokalbHbIE OU(YypKaLINU;

5. TOMOKJIMHUYECKUE TPAEKTOPUHU U CTPYKTYPHI.

Wrak, nocae touku 6udpypkanmu J{C 160 nepexoauT K XaOTHUECKOMY PEXUMY,

a1M00 MEHSET CBOM MyTh K APYroH 1esn (aTTPaKTopy).

TEOPHUU XAOCA

XaoTuyeckue SBICHUS M COCTOSIHMS HambOosee SpKUe IpelCcTaBUTeNn
HEIIMHEMHON JHMHaMUKU. DopMalbHO, TEOpUs Xaoca ONPEACNSeTCs Kak Y4YEeHHUE
O CJIOKHBIX HEJIMHEHHBIX AUHAMUYECKUX cucteMax [4]. JluHamuyeckne — oO3HA4YaeT
HEMOCTOSIHHBIE U Hemepuoaudeckue. Takum oOpa3oM, TEOpus Xaoca - 3TO YUEHHE
0 TIOCTOSIHHO M3MEHSIOIIMXCS CIIOKHBIX CUCTEMaX, OCHOBAaHHOE HAa MaTE€MaTUYECKUX
KOHIICTILMSAX peKypcuu, B (¢GopMe JM pEeKypcHUBHOIO Ipolecca wuiau Habopa
muddepeHMaNbHbBIX  YPaBHEHUH, MOJEIUPYIOIUX (QHU3NYECKYI0 cucTeMy. Xaoc
B TEOPUHU Xa0Ca U €CTh NOPSAJOK — U JIaXKE HE MPOCTO MOPSAIO0K, a CYIIHOCTh HOPSIKA.
Ho oxHO# U3 LIEHTpaJIbHBIX KOHLENLHWI B TEOPUH SIBIISETCS HEBO3MOXHOCTH TOYHOTO
Ipe/iCKa3aHusl COCTOSIHUS cucTeMbl. BmecTo TpaaunuoHHbix X-Y rpaukoB, Ternepb

MOKHO HWHTEPIPETUPOBATH (PA30BO-IPOCTPAHCTBEHHBIE JMArPAMMBbI, KOTOpbIE —
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BMECTO TOTO, YTOOBI OINHKCHIBATH TOYHOE IIOJOXKCHHE KAKOW-THOO0 MepeMeHHOU
B OMpE/ICTICHHBIH MOMEHT BPEMEHU — IMPEICTABISIOT O0Iee TOBEICHUE CHCTEMBI.
Omnmcanuie BeEeTCs C MOMOIIBI0 aTTPAKTOPOB Ha (a30Boil miockoctu. Bmecto Toro,
YTOOBI CMOTPETh HAa TOYHBIC PABCHCTBA, OCHOBAHHBIC HA CTATHCTUYCCKHX JAHHBIX,
TENepb MBI MO’KEM B3TJISTHYTh Ha JIMHAMUYECKHUE CUCTEMBI C TIOBEJICHHEM ITOXOXKHUM 10

CcBOCH npupoac Ha CTATUYCCKUC JAHHBIC — T.C. CUCTCMBI C IOXOKNMH aTTPAKTOpaMHn

[4].
Py . 1 -.‘ :
, Y
O >
T -

; -

__ ¥ il
- ~%
A CROPOCTE CROPOC | ks

- — = -
M OE -
HUE

Puc.5. Jluneiinoli u nenunetinvii MAssMHUKY U UX AMMPAKMOPBL.

Hampumep, ecnu BO3A€HCTBOBATH Ha DJJICKTPUYECKUE MASATHUKUA BHEIIHUM
MEPUOJUYECKUM CHUTHAJIOM, TO PEaKlus JMHEHHOW W HEIMHEWHOW cucTeM OyneT
pa3IuYHOM.

B mnepBoMm ciiydyae NOCTENEHHO YCTAHOBSTCS PETYJISPHbIE TMEPUOTUUYECKUE
KoJieOaHus C TOM e 4acTOTOM, YTO M 4acTOTa BRIHYXaroliero curuaia. Ha ¢gasooii
IJIOCKOCTH TaKOMYy JIBHKEHHIO COOTBETCTBYET 3aMKHYTas KpHUBas, Ha3blBaemas
aTTpakTOpoM (IPUTATUBATH), - MHOXECTBO TPACKTOPUM, XapaKTEepU3YIOIINX
YCTAaHOBUBIIMKCS Tpoliecc. B ciydae HEMMHEHHOro MasTHHUKA MOTYT BO3HUKHYTH
CJIOXHBIC, HETIEPUOAMYECKIE KOJIeOaHus, KOT/1a TPaeKTOpus Ha (pa3oBoii TIIOCKOCTH HE

3aMKHETCH 3a CKOJIb YTOOHO A0JIr'OC BpEMHI. HpI/I 9TOM IIOBE€ACHUEC JICTCpMPIHPIpOBaHHOfI
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CUCTEMBI OyJIeT BHEITHE HAMIOMUHATH COBEPIIEHHO CIyYalHBIN MPOIECC - 3TO U €CTh
SBJICHUE JUHAMHYECKOT0, WM JIETEPMUHUPOBAHHOTO, Xaoca. O6pa3 xaoca B ¢pa3zoBOM
MPOCTPAHCTBE - XAOTHYECKHM ATTPAKTOP - UMEET OYEHb CIOKHYIO CTPYKTYpPY: 3TO
xaoTuueckuit ¢pakran. B cuiny HeOOBIYHOCTH CBOMCTB €r0 Ha3bIBAIOT TAKXKE CTPAHHBIM
aTTPAKTOPOM.

31ech Xaoc MOPOKIAETCS COOCTBEHHON NMHAMUKOW HETMHEHHON CHCTEMBI - €€
CBOMCTBOM 3KCIOHEHIIMAILHO OBICTPO Pa3BOAUTH CKOJIb YTOJIHO OJIU3KUE TPACKTOPHUHU.
B pesynbrate opma TpaekTOpuil OUYEHb CHJIBHO 3aBUCUT OT HayajbHBIX YCIOBUMA.
[TosicHuM, YTO 3TO 3HAYUT, HA MPUMEpE HEIMHEHHOro KoyieOaTeIbHOro0 KOHTYpA,
HaxXOJAIIETOCs I0J BO3ACHCTBHEM BHEIIHETO IEPUOAMYECKOTO CHUTHaja. BHecem
B Hally CHUCTEMY HEOOJBIIIOE BO3MYILIEHHE - U3MEHHUM HEMHOTO HAaudalbHBIN 3apsij
KoHZIeHcaTopa. Torma koneOaHus B BO3MYIIEHHOM W HEBO3MYIIEHHOM KOHTYpax,
MIEPBOHAYAIBHO TMPAKTUYECKA CHUHXPOHHBIE, OYE€Hb CKOPO CTAHYT COBEPILICHHO
paszubiMH. [loCKONBKY B peaqbHOM (PU3UYECKOM JKCIEPUMEHTE 3a/1aTh HadallbHbIE
YCJIOBHUSI MOXHO JIMIIb C KOHEYHON TOYHOCTBIO, MPEICKA3aTh MOBEICHUE Xa0TUUECKUX
CHCTEM Ha JIUTENbHOE BPEMSI HEBO3MOKHO.

Korna roBopsT 0 A€ TEpMUHUPOBAHHOCTH HEKOW CUCTEMBI, UMEIOT B BUJTY, UTO €€
MIOBEJICHNE XapaKTEPHU3YETCS OJHO3HAYHON NPUYMHHO-CIEACTBEHHON CBS3BIO. Xaoc
K€, HANPOTHUB, IMOJpPa3yMeBaeT OCCHOPSAOYHBIN, CIy4alHBINH Mpolecc, KOrja XO
cOOBITHII Heb3d HU MpeJCcKa3aTh, HU Bocmpou3BecTu. UTo ke mpeacTaBiisier coOoit
JNETePMUHUPOBAHHBIA XaoC - Kazaloch Obl, HEBO3MOXXHOE OOBEIUHEHUE JBYX
IIPOTUBOIOJIOKHBIX TOHATUI?

Hampumep, nuHamMuka KoJeOAaTeIbHOTO KOHTYpa OMpenessieTcss JByMs
MEepEMEHHBIMU, MO0 TOKOM B KOHTYype, JHMOO HaINpsHKEHHEeM Ha eMKOCTH. Ecim
OTKJIQJIBIBATh 3TU BEJIUYMHBI BAOJIb OCeH X U Y, TO KaXKJIOMY COCTOSIHUIO CHUCTEMBI [ 5]
OyZeT COOTBETCTBOBAThH OIpE/AeNCHHAss TOYKa Ha TMOJYYEHHOH KOOpJAUHATHOU
wiockoctu. Takyro miaockocTh Ha3piBalOT —(pa3oBoil. (COOTBETCTBEHHO, €CIU
JMHAMHUYECKasi CUCTEMa ONpeNeNseTcss n MEPEMEHHBIMU, TO BMECTO JIBYMEPHOM
$az0BOMl TUIOCKOCTH €M MOXHO IOCTaBUTh B COOTBETCTBHUE N-MepHOE (a3oBoe
npoctpancTBo) [5]. Ha ¢a30Boil MIOCKOCTH TakOoMy MABUXCHHIO COOTBETCTBYET

3aMKHYTasi KpuUBas, Ha3blBaeMasi aTTPakTOpoM (OT aHIJIMICKOTO riarona to attract -
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IOPUTIATUBATH), - MHOYKECTBO TPACKTOPUM, XapaKTEPHU3YIOIIMX YCTAHOBUBLIMIICS
npouecc. B cioydae HEIMHEHMHOro MasTHUKAa MOTYT BO3HHUKHYTH CIIOJKHBIE,
HEenepHoaNIecKre KoiebaHus, Korjaa TpaeKTopus Ha (pa30BOM MJIOCKOCTH HE 3aMKHETCSI
3a CKOJIb YTOJIHO J1ojiroe Bpems. [Ipu 3ToM noBeneHne AeTEPMUHUPOBAHHON CHCTEMBI
OyzeT BHEIIHE HallOMUHATh COBEPILICHHO CIyYallHBIA MpPOIECC — 3TO U €CTh SIBICHUE
JMHAMHUYECKOTO, WM JETePMUHHPOBAHHOTO, xaoca. OOpa3 xaoca B (a3oBoM
IIPOCTPAHCTBE - XAOTUYECKUI aTTPAKTOP - MMEET OYEHb CIIOXKHYIO CTPYKTYpPY: 3TO
¢paxTan. B cuiny HEOOBIUHOCTH CBOMCTB €0 Ha3bIBAIOT TAK)KE CTPAHHBIM aTTPAKTOPOM
[5].

Xaoc MNOpOXKJIaeTcs COOCTBEHHOM JAMHAMMKON HEIMHEWMHOM CHUCTEMBI - €€
CBOMCTBOM 3KCHOHEHIIMAIBHO OBICTPO Pa3BOAUTH CKOJIb YTOJHO OJIM3KUE TPACKTOPHUHU.
B pesynbrare ¢popma TpaeKTOpHUil OUEHb CHIIBHO 3aBUCHUT OT HAYaJIbHBIX YCIIOBUIL [5].

Kak xe oOecreunBaeTcsi LEIOCTHOCTh U YCTOMYMBOCTD JKUBBIX OPraHU3MOB U
JPYTUX CIOXKHBIX CUCTEM, €CIIH OT/EIbHbBIE UX YAaCTH BEyT ce0sl XaOTUYEeCKH?

Oxka3bIBaeTcs, KpOME Xaoca B CIOKHBIX HEIMHEHHBIX CHCTEMaX BO3MOXXHO U
IPOTHUBOIIOJIOKHOE SIBJIEHHE, KOTOPOE MOXKHO ObLIO OBl Ha3BaThb aHTHXAocoM. B Tom
clIydae, €CJIM XaOTUYECKHUE MOACUCTEMBI CBSI3aHbI IPYT C IPYTOM, MOKET MPOU30NTH UX
CIIOHTAaHHOE ymopsaoyeHue ("kKpucramnuzauus'), B pe3yslbTare Yero OHU OOpETyT
4epThl €AUHOTO Lesoro. [IpocTenmuii BapuaHT Takoro yIopsiAOYEHHUs - XaOTHYECKAs
CUHXPOHM3aIlUs, KOTJ]a BCE CBA3aHHbIE IPYT C APYTrOM MOACUCTEMbI IBUKYTCSI XOTSA U
XA0TUYECKH, HO OJIMHAKOBO, CMHXPOHHO. IIponecchl XaoTHYECKON CUHXPOHM3ALUU
MOTYT MPOUCXOJUTh HE TOJBKO B OpraHU3Me >KMBOTHBIX M 4€JIOBEKa, HO U B Oolee
KPYIIHBIX CTPYKTypax - OMOIIeHO3aX, OOIIECTBEHHBIX OpPraHU3alUsAX, TOCYAapCTBaXx,
TPAHCIIOPTHBIX CUCTEMAX U Ap. [S].

N3 Teopun XxaoTMUECKOW CUHXPOHU3ALMH CIEYET, YTO COTJIACOBaHHYIO paboTy
OTJICJIbHBIX YacTeH CJIOKHOM cHCTEeMbl MOXKET 00eCreunBaTh OJIMH U3 €€ DJIEMEHTOB,
Ha3blBa€MbI  melicMelikepoM, win  'purMmoBoauteneM".  bByayunm  cBs3aH
OJTHOCTOPOHHUM O0pa3oM €O BCEMH KOMIIOHEHTaMH CHCTEMbI, OH '"pYKOBOIUT" HMX
JBUKEHUEM, HaBsA3bIBas CBOM puUTM. Eciv mpu 3TOM chenath Tak, YTO OTIEbHbIC
MOJICUCTEMBI HE OYAYT CBSI3aHBI PYT C IPYTOM, @ TOJIBKO C IIEHCMEHKepPOM, - MOITyIUM

Clly4ail mpeienbHO LIEHTPAIM30BAaHHOW CHCTeMBbl. B rocymapctBe, Hampumep, poJib
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"puTMOBOJUTENA"  BBINOJHSAET LIEHTpalbHash BJIACTb M  CPEJICTBA MacCOBOMU
uH(pOpMaILUY, JEHCTBYIONINE HA BCEH HIIM 3HAUYUTEIHHOW YaCTH TEPPUTOPUU CTPAHBI
[5].

Kak MoxeT mnpoucXoauTh pa3pylieHHe CHUHXPOHU30BAHHOTO COCTOSHUS?
OO0 onHON BO3MOXHOCTH MBI YK€ YHNOMSHYJIU. OJTO ocnabieHue cBszeit. Jpyras
npuYrHa - HEaJeKBaTHOE BO3JeWcTBHE  "puTMoBoauTENs" HA  aHCcamOJib.
JlefictBuTenbHO, eciau  "pUTM", JAMKTYeMbIH TielcMerKkepoM, OyAeT CIHIIKOM
MPOTUBOPEUYUTh E€CTECTBEHHOMY TIOBEJACHUIO KOMIIOHEHT CHCTEMBI, TO XK€ MpH
JIOCTaTOYHOM CHJIE CBSI3M €EMY HE yJIaCTCs HaBA3aTh aHCAMOIIIO CBOIO JIMHUIO MOBEICHUSI.
OnHako MpexHee MOBEICHHE TaKXKe HE COXpaHWUTCS. B pesynbTare CUHXPOHHU3ALMS
OyZIer pa3pylieHa.

HEJIMUHEWHAS JUHAMHKA U ®PAKTAJIBI

Mup COCTOUT M3 CIOXHBIX OTKPBITBIX CHUCTEM, KOTOPBHIE BCIEICTBHE 3TOTO
B3aMMOJICHCTBYIOT JpYyr C JPYyroM U OHBOJIOIHOHUPYIOT 3a CYET DHEPrui
B3aMOJIEUCTBUSI.

B3aumonelicTBue peanu3yercs Ha KBa3UPE30HAHCHBIX YAaCTOTaX - ATO O3HAYAET,
YTO HE BCAKAS OTKPBITOCTh PEANM3YETCs MOJHOCTHI0. CpaBHUTE >KUBYUYECTH IBITUISIT

nocJie ”HKy0aTopa v Npu y4acTHH KYpHIIbL.

Ax

112

Puc.6. Cxema nepexooa cnoicroil
cucmemvl Om JUHEUHO20 (CaMblil
J1eaulll YYACMOK), K
K8A3UNEPUOOUUECKOMY (CpeoHutl) u
7 > danee K XAOMU4ECKOMY COCMOAHUIO
0 ' ' Fr  (npaswiii).

CMepTHOCTI) ICPBBIX BHIIIC, néo B 1-m cIyda€ HET InCpcaadynd pPHUTMOB
KU3HCOACATCIIBHOCTU, O6GCHG‘II/IBaIOH_[I/IX YCTOP’I‘{PIBOCTB U KOICpCHTHOCTHL PA3BUTHA

MOJIOJOTO0 OpraHu3Ma. Pa3HOMacmTaOHOCTh 3BOJIOLUI paziIudyHa B 3aBHCHUMOCTHU
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OT pa3MepoB U PHEPreTuxku cucteM. Ho Bce TUIbl 3BOIIOIUN 00Jaal0T CBOMCTBOM
uepapxuanoctd. Hanbonee nHTEpeCHbI HEIMHEWHbBIE TMHAMUYECKUE CUCTEMBI (pHC.5).

B Hacrosimiee BpeMsi NpPU3HAHO, YTO HBOJIOLMS JIIOOBIX CIIOKHBIX CHCTEM
Opu Iepenaye »SHepruu (BKIHOYas CUCTEMBI JIUTOC(EPBI) XapaKTEPU3YETCS
CIHEAYIOIINM:

1) sBnsSieTCS HEMOHOTOHHOW M COIPOBOXKIAETCS NPOXOKACHHUEM KPH3UCHBIX
COCTOSIHUH;

2) SBOJNIOLMS CHUCTEMBbI Yepe3 JIOKaJbHbIE KaTacTpo(bl IOACUCTEM WU
CTPYKTYpHO-(a30BbIE€ TMEPEeXOAbl PETYIUPYETCS] YHUBEPCATbHBIM JUPUKEPOM -
CaMOOpraHu3aluei.

[Tox cTpykTypHO-(a30BBIMU MEpPEXOJaMU B OTJIIMYUE OT MPOCTO (Pa30BBIX MbI
MOHMMAaeM  TPOCTPAHCTBEHHO-BPEMEHHbIE  HM3MEHEHUs  (QOpMBI  MOIYy4aeMOro
B PUEMHHUKE CUTHAJIA MOCJIE BO3JIEUCTBUS cpeasl [1].

B »THX TOYkax, OTBEYAOIIMX HEPABHOBECHBIM CTPYKTYpPHO-(a30BBIM
nepexojaM, W CaMOOPTraHM3allMM  JHCCUIATUBHBIX  CTPYKTYp, PEAIM3YIOTCA
ambo mepuoaMyYecKrde, JMOO KBa3zUNEpUOAMUYecKHe KosieOaHus (aBTOBOJHBI),
00 Xa0TUUYECKHE COCTOSTHUS.

3nech obecrnieunBaeTca TOT WIM MHOW MEXaHU3M CaMOOPraHU3alMHu CTPYKTYP.
Kputnueckue touku (Touku Oudypkanuil) MapKUpyrOT TEPHOIL HEPABHOBECHBIX
XA0TUYECKUX COCTOSSHUM CHUCTEMBl M TOTOBHOCTh CHUCTEMBI TIepedTH K Oolee
COBEPIIEHHOM CTPYKTYpPHOU OpraHu3aluu B npocTpancTBe. CelicMUUecKuil mpouecc -
CJIEACTBUE PA3PSIAKA TEKTOHHYECKUX HAIPSIKEHWM W HOCUT BCE YEPThI, NMPUCYILHE
HEPaBHOBECHBIM CaMOOPTAaHU3YIOIMIMMCS HEoOpaTUMBIM mporeccaM, HOO cpena
HEOJHOPOJHA IO COCTAaBY MOPOJ, YacTO CILIOIIHOCTh €€ HapylleHa TEKTOHUYECKUMHU
pas3iioMaMM, pa3Has HCTOPUS CTAHOBJIEHMs. lcmosb3yemple B HacTosliee BpeMs
MOJIEJIM CEHCMHMUYECKOT0 peXMMa M oyara 3eMJIETPSICeHHs, KaK MpaBuilo, 0a3upyroTcs
Ha MPEACTABICHUAX O Fe0PU3NYECKOI cpeie KaK O CIUIOLIHOM, pa3pyliaeMoi B MOMEHT
3eMIIETPSCEHHS TUIOCKUM pa3pbhIBOM (pazioMom) [6].

JIro6o¥ BUJ [BHXKEHHSA, KOHEYHO >K€, peallu3yeT TIIyOMHHOE CTpeMIICHUE
CUCTEMBl K MPOMJICHUIO, K CBOEMY paclIMpeHUto. ToT ’Ke IPUHLHUI 3aII0KEH

B CIIOCOOHOCTH K BOCIIPOU3BOACTBY, YTO CTOJIb HNPUCYHIC XUBBIM OPraHUYCCKUM
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CTpyKTypaMm. B mpocTpaHcTBe 1M, BO BpeMEHU — IOBCIOJlY HAC OKPY’KaOT, 3pUMO U
HEe3puMO, KaHanbl CB3U [4]. Ponb Takux KaHaioOB BBIMOMHSIOT (PpakTasbl — OHU
MO3BOJISIIOT OTOOPa3UTh BCIO CIOKHOCTh M HEJITMHEHHOCTh 3a CUET IPHUCYIIEr0 UM U
YETKO BBIPA)KEHHOI'O CBOMCTBA CaMONO00HUS.

@pakTalbHble MHOXXECTBa YK€ II0 CBOMM MaTeMaTHYeCKUM TMpU3HAKaAM
COBMEIIAIOT YEPTHI JIBYX TUIIOB CAMOIOJ00MS — BHUXPEBOro (1O JorapupmMudeckomy
3aKOHY OmNMcaHus (PpaKkTagoB) U BeTBsIIErocs (Mo IuXxoToMu4eckoMmy crocoOy). Ecnu
PUIEP)KUBATHCS IEPBUYHOCTH BOJBIIOro B3pbIBa, €CTh IOBOJ TOBOPUTH O MEXAHU3ME
reHepaluu U TPAHCISLUU DHEPTHH B MUPE MMEHHO BHXPEBBIM (PKCIOHEHIIMAIBHO
UIYIIUM TYTEM) U O CIOC0o0axX TPaHCISAIUMU ATOW SHEPruu 4vepe3 OMHAPHYIO CETh
BETBJICHUS. DTO BIIOJIHE KOPPECTIOHIUPYET C MPEACTABICHUEM Pa3IUUHbBIX IPUPOIHBIX
00BEKTOB M CUCTEM B BUJIE CTPYKTypHOro MupoBoro JpeBa, 3akimtouéHHOro B GopMy
«1070Ka» — JBYXIIOJIOCHOTO BHUXPEBOrO0 OO0pa30BaHHUsI C MEPUIUOHATBLHBIMU
KOHBEKTHBHBIMU BeTBAIMUMUCA TToToOKaMu (cM. «[lenpducy NeNe 1(17), 2(18) 3a 1999
r.). CaMm Buj (ppakTanbHbIX CTPYKTYp, IPUCYTCTBUE UMEHHO BETBIEHUS B Pa3IMYHBIX
MpoIeccaX, CBSI3aHHBIX C IBIDKEHHUEM — TEPEHOCOM, TIOTOKAaMH, YXKE HaBOJIUT
Ha MBICJIb O TPAHCIILIMOHHOM IpeJHa3HaueHuH (pakTanoB B npupone. Opakransl —
ATO IO CYTH HPUPOIHBIE MYTENPOBObI HAMIIYUIIEH KOHCTPYKIUH [6].

OPAKTAJIBI U PASMEPHOCTD

®pakran (nar. fractus — apoOJI€HBIN, CIIOMaHHBIN, pPa30UTHIA) —
MaTeMaTHYeCKOoe MHOXKECTBO, OOJajaroniee CBONCTBOM CaMOINOAOOHs, TO €cCThb
OJIHOPOJHOCTH B PA3JIMUHBIX IIKadax  u3MepeHus (Mrodas yacTh (ppakTana mogooHa

BCEMY MHOYKECTBY IIEJTUKOM).

S
AT
/\

Puc.7.Cxema nocmpoenus
¢paxmana "3se30a Koxa [7].
G
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"B Marematuke 1noja (ppakrajaMu NOHUMAIOT MHOXECTBA TOYEK B €BKJIMJIOBOM
IOPOCTPAHCTBE, MMEIOIIUME JPOOHYI0 METPUUYECKYI0 pa3MEpHOCTb (B CMBICIE
MunkoBckoro win Xaycaopda), JAMO0 METPUUECKYI0 pPa3MEPHOCTb, OTIMYHYIO
OT TOIOJIOTMYECKOM, MO3TOMY HX CIeAYyeT OTIMYaTh OT IMPOYMX I'€OMETPUUYECKHX
¢buryp, orpaHH4eHHBIX KOHEUHBIM YHCIIOM 3B€HbEB" [8].

bonee mpocrto, pakrans — 3TO €CTECTBEHHOE SIBJICHHWE WM MaTeMaTH4YecKoe
MHOKECTBO, KOTOpO€  JIEMOHCTPUPYET  MOBTOpsromMiics mnarrepH  (oOpa3s),
oTOOpaXkaroluiics B KaxJoM MacmTadbe. OH Takke M3BECTEH KaK pPACIIUPSIONIAsICs
CUMMETPHUS WM 3BOJIOLUOHUpYIOLIas cuMMeTpus. Ecin perumkanuss B TOYHOCTH
OJ/INHAKOBA Ha BCEX YPOBHAX, OHA HA3BIBAETCS CAMOIIOA00HOW MOIeNb0. OCTaHOBUMCS
HEMHOI'0 Ha CXeMe ONpe/IesIeHUs] pa3MEPHOCTH C IMOMOMUIbIO (pakTaios [7].

B nauane OepErcs OTpe30K, AETUTCS HAa TPU pPaBHBIC YACTH (HIDKHSS TpsMast
JVHUA) U CPEIHAA YacTh 3aMEHseTCs Ha JIBa OTpe3Ka (BTOPOW yyacTOK B BUIE yrIJja),
paBHBIX U3BATOMY. [losydaeTcs JomMaHast U3 4ETHIPEX PaBHBIX OTPE3KOB (puc.6).

Ha BTOpOM mIare meWcCTBUS MOBTOPSTCS C KaXABIM U3 YETHIPEX OTPE3KOB H
nojy4aercs JiomaHast U3 16 oTpe3koB. DTU MOCTPOEHHS MOBTOPSIOTCS OECKOHEYHOE
YHCJIO pa3 U B KOHIE KOHIIOB Y HAC MOJIy4aeTcsl IOMaHasl, COCTOALIAs U3 OECKOHEUHOTO
yrcna oTpe3koB. CKoOIbkO Obl MBI €€ He MacimTabupoBaiM, Mbl BCE paBHO Oyaem
MOJIy4aTh OJTHO U TOXKE.

W3 mocTpoeHUst U PUCYHKA BHJHO, YTO 3BE3Jy MOXHO DPa30OUTh Ha 4YEThIpe
paBHbIE YacTH, MPU 3TOM pa3Mep (CKaxkeM, JUIMHA UCXOAHOr0 OTpe3Ka) Kaxa0M 4acTu
OyAeT paBeH TpeTu pazMmepa ucxogHou ¢urypel. To ecTh Oynydun yMeHblIEHA B TpU
pas3a, oHa yJOXHUTcA B ceOe derhipe paza: OTcro/la MOXKHO IMOJIYUYUTh Pa3MEPHOCTb

JUISL JAHHOTO JICJICHUS PaBHYIO:

D = In(4)/In(3) = 1.26185950714291487419

Ecnu paccmarpuBath Bc€ Ha IulaHeTe 3emulsi C MO3WIUN  TUIaHETapHOU

AKOJIOTMYECKOM camoopranuzamnuu [ 1], To,
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BO-TIEPBBIX, (PpAKTAIBI — ATO METOJ ANNPOKCHUMALMHM 3KCHEPUMEHTAIBHBIX U
TEOPETUUYECKUX JTAHHBIX 110 ONHCAHUIO JIOOBIX CIOKHBIX CUCTEM, SBJICHHM, TPOLIECCOB
JUISL TIOJy4eHHUs JpoOHOM Mepbl pa3MEpHOCTH Kak BaKHEHIIEW M YHHUKaJIbHON
VMHAUBUAYAJIbHOW UX XapAaKTEPUCTHKU;

BO-BTOPBIX, JTO IIOKA EIUHCTBEHHBIM METOJ, CBA3YIOIIMHA IPOCTPAaHCTBO MU
JTUHAMUYECKUE CTPYKTYPHI;

B-TPETHHX, 3TO JAONOJHUTEIbHOE OOOCHOBAaHUE HAIIEr0 TEPMUHA "CTPYKTYpPHO-
¢dazoBble mepexonbl" Ui BCceX KaracTpopuueckux (CTyNEHYaThlX) M IPOCTO
HBOJIIOLIMOHHBIX [IEPEXOOB;

B-YETBEPTHIX, T.K. 3TO CBSI3b CO CPENOM, TO BBIAEPKUBAIOTCS IKOJIOTHMUYECKUE
TpeboBaHus. Jlanee Bce cucTeMbl Ha 3eMJie, Kak U BO BCEM MHUPE, CII0KHbBIE, OTKPBIThIE
U B3aMOJICHCTBYIOIIME MEXIy CO00H M, KaK CIEACTBHE - 3BOJIOIHMOHUPYIOIIHE.
[ToaTOMy MOXHO BBLAECIUTH MOCIEAOBATEIbHBIE TUIIBI SBOJIIONUN, a MO HUM CTpENly

BPCMCHHU.

®PAKTAJBHOCTH U YCTOMYUBOCTH

@DpakTalbl — caMOIIoA00HbIE, BHYTPEHHE JUHAMHYHBIE CTPYKTYPBI, SIBJISIOLIUECS
NPEICTAaBUTEIbCKONM YacTbl0 MM (PParMEHTOM TaKUX CIOXHBIX, HEIMHEHHBIX,
OTKPBITBIX, CAMOOPIaHMW30BAaHHBIX (MOXKET OBbITh, HAMOAO0ME «IUCCUIATHBHBIX)»
no WM. IlpuroxuHy) M MOCTOSHHO TpPaHCHOPMUPYIOIIUXCS CTPYKTYp HPHUPOJBI,
KaKk HeyJOBHMas MOJHHMS, Tyda-o0jako, Kopa JepeBa, OeperoBas JUHHUS U Jp.
beperoByio TUHUIO OAHOTO U TOTO K€ MOpPS HEJb3s U3MEPUTh, KOPa OJTHOTO U TOTO K
JiepeBa HUTJE HE MOBTOPSIET CBOETO y30pa. PpakTan — 3TO pa3HOMAIITaOHOCTh OJTHOTO
U TOTO e, KOTOPOEe He UMEET TOYHOM KOJIMYECTBEHHOH XapaKTepUCTUKU (pa3Mepa),
HO 00JIaJaeT OTHOCHUTENIBbHBIM MOCTOSHCTBOM COOTHOIIEHUW U COpa3MEpPHOCTEH.
®paxran sBISETCS pazHOMACIITAOHBIM CPEJICTBOM (MHUKPO-, ME30- U MaKpoOpa3Mephl)
JUTSL alIPOKCUMAIIUU CJIOKHBIX (DOPM, HETMHEHHBIX MPOIIECCOB, CIOKHBIX COCTOSHUM.
denomeH «(ppakran», HAKOHEI, YIOBUI TO, YTO MOXKET ObITh 0003HAUEHO CTPYKTYPHOI
eIMHUIIEH BCEX HEJIMHEHWHBIX, OTKPBITHIX, CBEPXCIIOKHBIX CaAMOOPTIaHU3AI[MOHHBIX

cucteM (4enoBeK — He uckimoueHue). [Ipu ¢ppakTanbHOM MOAX0/1€ Xa0C IepecTaeT ObITh
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CMHOHUMOM Oecropsiika ¥ MpHOOpETaeT CYHIHOCTh TOHKOW yIOPSI0YEeHHOU

JTUHAMHYECKOUW CTpYKTYpHI [9] (puc.8).

Puc. 8 Buo cmpannoeco ammpaxmopa Jlopenya (cnesa) u 6uovi npocmuix
ammpaxkmopoes (cnpasa).

OcoOyro poiap B COXpaHEHHWU YCTOWYMBOCTH CIIOKHBIX CHCTEM HIPAlOT
dpaxTanbl, TaKk KaKk OHM TECHO CBS3aHBI C MOHsATHEM xaoca. OOpa3 xaoca B (a3oBOM
NPOCTPAHCTBE - CTPAHHBIA aTTpakTOp (PHUC.8 ciieBa) - T€OMETPUUYECKU TPEICTABISAET
coboit pakran. HecmoTpst Ha TO, 4TO Kaxaasl OTAEIbHAS XaOTHYECKas TPACKTOPHS
Ype3BBIYAHO YYBCTBUTEJIbHA K MAJICUIIUM BO3MYIIECHUSIM, CTPaHHBIM aTTPaKTOp
(COBOKYMHOCTb BCE€X BO3MOXHBIX TpPAEGKTOpPUil) ABISIETCS OYEHb YCTOWYMBOMU
CTPYKTYpOH.

Taxkum oOpazoM, TUHAMHYECKHN Xaoc MoAo0O0eH IByaukoMmy SHyCy: ¢ omHOMU
CTOPOHBI, OH MPOSBIIAET ce0s1 KaK MOJIeNb OeCIopsiKa, a ¢ APYrou - Kak CTaOMIbHOCTh
U YIOPSJIOYEHHOCTh Ha pa3HbIX MacmTadax [5]. OTmeTnm, 4To B OOILIECTBO, KaK U
B MPUPOJE, MHOTHUE CHCTEMbI TIOCTPOCHBI IO MPHHIMIY (PPaKTAIOB: HU3 MAaJbIX
AIIEMEHTOB OOpa3yrTCs HEKOTOpble KOMIUJIEKChI, OHM B CBOIO O4Yepelb CIIyXaT
DIIEeMEHTaMU Jiisi O0Jiee KPYIMHBIX KOMILJIEKCOB | T. JI. B KOMMYHUKaIIMOHHBIX CXEMax
Xa0C MOXET UCIOJIb30BaThCs KaK HOCUTENb MH(POpMAIUH, KaK JUHAMUYECKHIl ITpoliecc,

o0ecrnieunBarONMil MpeoOpazoBanue HMHGOpPMAIMM K HOBOMY BHUAY, W, HAKOHEI,
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KaK KOMOMHAIUs TOTO U APYroro. Y CTpOMCTBO, MpeoOpasyroliee ¢ MOMOIIBI0 Xaoca
CUTHAJI B MepeaTUMKe U3 OJIHOTO BUJIA B IPYTOM, Ha3bIBAECTCA XaOTHYECKUM KOACPOM.
C ero nmoMomipl0 MOXHO U3MEHATh UHPOPMAIIUIO TAKUM 00pa30M, YTO OHA OKAXKETCs
HEJOCTYIHON CTOPOHHEMY HAOJIIOIATENI0, HO B TO K€ BpeMs OyJIeT JIETKO BO3BpaIlleHa
K ICXO/IHOMY BUJTY CHIEIIUATBHON TMHAMUYECKON CUCTEMOM - XaOTUYECKUM JIEKOJIEPOM,
HaXOJAIIMMCS Ha IPUEMHOM CTOPOHE KOMMYHHUKAIIMOHHON CUCTEMBI.

[TogseneM uror moueMy BaxkHbl ¢ppaktaisl [10]:

. [TpupoaHble 1 MHOTHE COLMATIbHBIE 0OBEKTHI—TO (PpAKTaAIBI.

. XaoTH4ecKkre TPaeKTOPUU MPU OMHCAHHUH CIOKHBIX CUCTEM Ha (a30BOi
IUIOCKOCTH (CTpaHHBIE aTTPAKTOPHI) — 3TO (PPAKTAIIBI.

. Ouenka (¢pakTajdbHbIX CBOMCTB HaOJIOAaEMOI0 BPEMEHHOrO psja
ABIII€TCS MH(OPMATUBHOM;

. JlaroT BO3MOXHOCTH alMPOKCUMHUPOBATH OOBEKTHI JIIOOOW CIOKHOCTH U

OIIPCACIIATDh UX IICPCOHAJIBHBIC PAa3MCPHOCTH.

OCHOBHBIE CBOMCTBA ®PAKTAJIOB [10]:

CgoiictBo 1. OHH MMEIOT TOHKYIO CTPYKTYpPY, T. €. COAEpPKAT MPOU3BOJIBHO
Manble MacmTaObl. OHM CIMIIKOM HEPETYJSIpHbI, YTOObI OBITH ONKWCAHHBIMHU
Ha TPaJIMIIMOHHOM I€OMETPUUYECKOM SI3BIKE.

CpoiictBo 2. OHM uMEIOT HEKOTOpYyl (opmy camonoaolus, AomycKas
npUOIKEHHYIO.

CaoiicTBO 3. OHU UMEIOT APOOHYIO "(DpaKkTaIbHYI" pa3MEPHOCTH, Ha3bIBAEMYIO
TaKXKe pPa3MEpHOCTbIO MMHKOBCKOTO ([Ji1 CaMOMOJOOHBIX MHOXECTB, THIIA
KanropoBoro MHOkecTBa).

OpaHo 13 HauboJee MOIIHBIX MPUTIOKEHUN (PPAKTAIOB JICKHUT B KOMIIbIOTEPHOU
rpaduxe. Bo-mepBeiXx, 3TO ¢pakTarbHOE CXKaTHe H300paKEHU, W BO-BTOPHIX,
MOCTPOCHHE JAaHAMA(TOB, JEpEeBbEB, PACTEHUN M TIeHepUpoBaHUE (paKTaATbHBIX
TEKCTYP.

3AKJIIOYEHHUE
Takum 00pa3oM MOXHO KOHCTaTHPOBATh, YTO TOJIBKO HEJTHMHEWHBIE MOJEIU

CJIOKHBIX  DBOJIOLMOHUPYIOIIMX M B3aUMOJCHCTBYIOIIUX CUCTEM IIO3BOJISIOT
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NPaBUIBHO OTPA3HUTh PEATHH CIOKHOTO Mupa. [Ipu 3TOM HCIONIb3yeTcsl BeCh apceHal
HETMHEWHOW JMHAMHKH — OT MOJCIUPOBAaHHS C IOMOIIBI0  HEITUHEHHBIX
QG epeHuaNbHBIX YPaBHEHUA 10 CHENHaTbHBIX METOJIOB HMX aHalin3a, BKIOYas
aHayn3 (pa3oBBIX OTOOpaKEHUI, TEOpUIO OM(ypKalHii, TEOPUIO ATTPAKTOPOB U TEOPHUIO

Xaoca.
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FEATURES OF THE AGE OF NONLINEARITY IN EARTH SCIENCE

Ivanov, O. P., phd, Ministry of health of the Moscow state University named
after M. V. Lomonosov; ivanovop2007@yandex.ru

Abstract. Starting with Henri Poincare (1897), a new scientific direction has
emerged: nonlinear dynamics-the science that studies the structure and properties of
evolutionary processes in nonlinear dynamical systems. A little later in the 19th century
began active development of various revealing his theories - the theory of bifurcations,

singularity theory, theory of self-organization, catastrophe theory, theory of fractals etc..
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In General it sounds like the age of analysis from the standpoint of nelinho approach for
complex systems.

Newtonian and Laplace determinism have become inconsistent, the
understanding of space-time categories has advanced, and a number of interstitial trends
have emerged, such as synergetics, the cumulative-dissipative approach, hypercycle
theory, and others.. There was an interest in such concepts as non-equilibrium,
instability, nonlinearity, open systems, global evolutionism, chaos, attractors, fractals,
etc.in Fact, non-linear dynamics became the engine of progress.

Keywords: evolution, bifurcations, autowaves, instability, fractals, chaos,

dynamic chaos.
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JIPEVi® IIEHTPA MACC 3EMJIA 1 BEKOBBIE
BAPUAIIMU CUJIBI TSKECTH

Bbapkun FO.B., 1.¢-M.H.; ['ocymapcTBEeHHBIN aCTPOHOMUYECKHUI
uHctutyT uM. [L.K. IlItepuGepra, r. MockBa, Poccus

AnHoTanus. [TokazaHo, 4To BEKOBOE CMEIIeHHE IIEeHTpa Macc 3emiu (apeitd),
Ha0JII0/1aeMOE METOJJaMU KOCMUYECKOM reo1e3un, U JeopMaliys MOBEPXHOCTH 3eMITU
MAl0T HaumOoJiee 3HAYUTENbHBIE BKJIAJIbl B BEKOBBIE WM3MEHEHHUS CHIBI TSKECTH
Ha TIOBEPXHOCTH 3€MJIM, KOTOpbIe (PUKCHUPYIOTCS C IOMOIIBIO aOCOJIOTHBIX U
CBEPXIIPOBOJAIIMX TpaBUMETpoB. IIpocTeiinine OLEHKH BEKOBOTO M3MEHEHUS CHIIbI
TSOKECTH Ha JaHHOW CTAaHIMU MOTYT OBITH ClieJlaHbl HEMOCPEJICTBEHHO MO BEKOBOM
BapHAallMd BBICOTHl CTAHUWH, OINPEACICHHON 1O CIYTHHKOBBIM JaHHbIM GPS
HAOMOIeHNA. OTHU  JaHHBIE ONPEACNAIOT TPEHJ CTAHIUU HEMOCPEICTBEHHO
10 OTHOLICHMIO K JApeidyromeMy neHTpy macc 3emiau. OgHaKko, OHU HE MO3BOJISIIOT
OIICHUTh BKJAJbl YKa3aHHBIX BbIlIe 3(PQeKToB: npeiida 1eHTpa Macc U U3MEHEHUS
BBICOTHI CTaHIMM M3-3a JAedopmaiuu, a (aKTUYECKH OMPENENsioT HUX Pa3HOCTb.
BrinoHeHHBIN aHAMM3 TMO3BOJIMI OIEHUTh BKIaA Jpedda meHTpa macc 3emiu
B Bapualliyd CWJIbl TSDKECTH HA JAHHON IpaBUMETPUUYECKOW CTAaHIMHU, a TAKXKE BKIAJ
nedopMaliiy MOBEPXHOCTH 3€MIJIM U COOTBETCTBYIOLIETO U3MEHEHUS BHICOTHI CTAHLIUU.
JInst 8 U3BECTHBIX U BEAYIIUX TPABUMETPUUECKUX CTAHIUMN YKa3aHHbBIE COCTABJISIOIINE
BapHalil CUjbl TSHDKECTH ObUIM BBIYMCIIEHBI. BbUIO MOKa3zaHo, YTO yKa3aHHBIE JBa
dakTopa SBISIOTCS OCHOBHBIMH, @ UX CyMMa B OCHOBHOM OOBSCHSET HaOIO/1aeMble
B HACTOSIIIIEE BpEeMsl BapUAIIMK CUJIBI TSKECTU Ha PAJIe U3BECTHBIX TPABUMETPUUCCKUX
cranuuii: Heto Anecynn (Hopserus), CeBa (Antapkruna), Yepuunn (Kanana), Byxan
(Kurait), Mennuuna (Utamust), bonoubs (Mtanus), Mem6ax (benbsrusi) u MercaxoBu
(DunnIHANSA).

KiroueBble cji0Ba: Bapualiyl CHIIBI TSOKECTH, BAPHAIIMK BBICOT, Apeid meHTpa

Macc 3eMiin
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BBEJIEHUE

Eme B pgaBHHME BpemMeHa Y4Y€HbIE 3a/1aBaINCh BOIPOCOM O BO3MOXHBIX
CMEIICHMUSIX LIEHTpa Macc 3eMJIM BCJEICTBHUE NepepacnpeneneHus ee macc. OgHum
U3 MEPBBIX 3Ty Npobiemy uccienosai M.B. JIoMoHOCOB, KOTOpBIN “... cliena yeTslpe
HOBOM300PETEHHBIX MEHIyNa (MasTHHUKA)..., YTOOBI Y3HATh BCET/a JI C 3eMJIU LIEHTD,
NPUTIATUBAIOIINN K ce0e TsHKENble Tela, CTOUT HEMOABUKHO WM MEPEMEHSIET MECTO™
(u3 mepenrcku M.B. JlomonocoBa [KynukoBckuii, 1986]). Ilpu momMorm yka3aHHBIX
npuOOpoB  MPOBOJMINCH HU3MEpEHUst HempepblBHO ¢ 1756 mo 1764 r.,
HO, TaK KaKk TOYHOCTh HE OTBeYasia TpeOOBaHUSM MOCTAaBIECHHOTO HcclienoBanus, M.B.
JIoMOHOCOB BBIHYK/I€H ObLT KOHCTATUPOBATH: “KOJ€0aHUs CUIIbI TSKECTH CTOJIb MaJIbl,
YTO YHNOMSIHYTBIM HpUOOpOM He Moriau ObITh moamedeHsl” [KynukoBckuid, 1986;
ABciok, JIeBuH, 1999]. bonee Toro, M.B. JIoMoHOCOB hakTUUYECKU TTOCTABUIT OOPATHYIO
3a1auy — 00 oIpeeIeHnH BO3MOXKHBIX CMEIIEHUH LIEHTpa Macc M0 TPaBUMETPUUYECKUM
n3meperusM [Barkin, 2010a, 6].

[loznHee rpaBUMETPUCTBI HE pa3 oOpaljaJid BHUMAaHUE Ha B3aUMOCBS3b
BO3MOJKHBIX CMEILIEHHMI LIEHTpa MacCc M IepepaclpenesieHus Macc 3eMIM U HX
OTpaXeHHUI B MOKa3aHUSAX IpaBUMeTpuyeckux npubopos [[pymmuckuii, 1983]. /IBa
C MOJIOBUHOM BEKa yIIUIO Ha pa3paboTKy TaHHOU MpoOIeMbl U MOMCK OTBETA Ha BOIIPOC:
€CJIM BEKOBBIE U3BMEHEHUS CUJIbI TSHKECTH UMEIOT MECTO B PEaIbHOM JE€HCTBUTEIIBHOCTH,
TO KaKOBbI OCHOBHBIC MEXaHHU3MBbI 3THX M3MeHEeHUI? B manHol paboTe naercs OTBET
Ha YKa3aHHbBIA BONpoc. BexkoBble U3MEHEHHUS CUIIbI TSHKECTH — 3TO PEajbHOE SIBICHUE,
KOTOpPO€ YCTAaHOBJIEHO U HAOII0JaeTCsl HAa MHOTUX IPaBUMETPUUYECKUX CTAHIMIX MUPA.
OcHoBHBIMU (haKTOpPaMH yCTAaHOBJICHHBIX Bapuaiuii cuibl Jpetd neHTpa mace 3eMiau
U BEKOBBIC BapHalluU CHJIBI TSHKECTH SIBJISIIOTCSA: M3MEHEHUS CUJIbl TPABUTAIIMOHHOTO
NPUTSDKEHUS U3-3a Jpeiida ILeHTpa Macc 3eMJIM B CEBEpPHOM HAIpaBiICHUH U
nedopMaliiy MOBEPXHOCTH 3E€MJIM IO OTHOIICHHUIO K 3aJIaHHOW OMOPHOM MaHTHUHHOMN
cucteme koopaunar. [lonsipuelit apeiid neHTpa Macc 3eMiau B CEBEpPHOM HaINpaBICHUU
OB TeopeTH4ecKu mpenackazan aBTopoMm B 1995 r. [bapkun, 1995] u BnocneacTsuu
MOJIYYWJT TIOATBEP)KJICHHE B CIYTHUKOBBIX HAOIIOJEHUAX METOJaMH KOCMHYECKOM
reonesun [Tatevian, Kuzin, Kaftan, 2005; bapkun, 3otos, JItoOymuH, 2007; Zotov,

Barkin, Lubushin, 2009]. BeimonHeHHble UCCIEIOBAaHUS TMOKA3aIH, YTO yKa3aHHBIM
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,leeﬁ¢ UeHmpa macce 3emjin U 6eKoebvle eapuauuu Cujibl mascecmu

npeiid meHTpa Macc 3eMIIM XapaKTepU3yeTCs 3HAYUTEIIbHON CKOPOCThIO (OKOJIO 5—6
MM/TOJI) M HE MOXeT OBITb OOBSICHEH W3BECTHBIMH IepepacipeieIeHIUsIMU
MOBEPXHOCTHBIX Macc 3€MJIM, HO BIIOJHE €CTECTBEHHO OOBACHSETCS C IMOMOILBIO
MEeXaHU3Ma OJJHOHAIPABJIECHHOTO peida 1eHTpa Macc BHEIIHETO siipa 3emun [ bapkuH,
1995, 1996a, 6, 2009a; Barkin, 2005]. [To HamuM reoAUHAMUYCCKUM HCCISIOBAHUSAM
BEKOBOH JIpeil( LieHTpa Macc AJipa OTHOCUTENBHO LIEHTPA MACC MAaHTHH B COBPEMEHHYIO
AMOXY MPOUCXOIUT CO CKOpocThio 2.6+0.4 cM/roa MO HampaBiIEHUIO K TOIOCY
¢ koopauHatamu 70° c.mi., 104° B.a. (paiton n-Ba Taiimbip) [Barkin, 2001; bapkun,
2008]. H30mITOuHas Macca BHEIIHETO sjpa (BbI3BaHHAas KOHTPACTOM CpEIHEH
IUIOTHOCTH SIpa U IJIOTHOCTU MPHU MOJOIIBE MAaHTUU) OLIEHUBAETCA MPUMEPHO B 16.7
macc Jlynsl. B nanHoil paboTe i MIMPOKOro CHUCKAa TPaBUMETPUYECKUX CTaHIIUM,
pacmpeielieHHbIX 10 BCEMY MUPY, IOJYYEHbl TEOPETUYECKHE 3HAYEHUS BEKOBBIX
BapHallli CUJTBI TSDKECTH M BBICOT CTaHIIUMN, 0OYCIOBICHHBIX Apeidom siapa 3emin (ee
neHTpa macc) (tabi. 1; cMm. B koH1e ctaTthh). [Ipu yaere BekoBoro aperida mentpa macc
a1pa 3eMJIM U C YYETOM JaHHBIX O BEKOBBIX U3MeHEeHUAX GPS BbIcOT AaHO 00BsiICHEHUE
Ha0JII0/1aeMbIM BEKOBBIM BapHAIUsIM CHJIBI TSKECTH HA BEAYIIMX TPABUMETPUUYECKUX
craniusax: Heto Anecynn (Hopserus), Cesa (AnTtapkruna), Yepunmi (Kanaga), Byxan
(Kuraii), Menuunna (Utanus), bonouss (Mtanus), Membax (benbrusi) u Mercaxosu
(Ounnsuaus) (Tabi. 2; cM. B KOHIIE CTaThH).

BexoBoii npeiid nentpa macc 3emiin K ceBepy MO OTHOUIEHHUIO K CIIEIUATbHOMY
neHTpy O Ha ocH BpameHust 3eMiIH, A KOTOPOro KO3 QHUIMEHT TpeThbel 30HaTbHON
rapmonuku 3J ' oOparaercs B HyJb, ObLI IpeicKa3aH B paboTe aBTopa [bapkun, 1995].
Jpeiid mporcxoaut mo HarpasiIeHHIO K reorpaduueckoii Touke (momtocy P) 70°0' ..
u 104°3’ B.1. BiepBbie OHO ObLIO YCTAaHOBIIEHO TEOPETUUYECKU B IPYTUX paboTax aBTOpa
(cm., Hampumep, [Barkin, 2001]) B pe3ynbrate MOJEIBLHOTO aHaau3a rio0aqbHOTO
HaIIPaBJICHHOTO TepepaclpeeicHus] Macc 3eMJId, OOBSICHSIOIIETO BEKOBOM apeid
MOJII0OCA OCH BpallleHHs] 3eMIIM U HENPUIMBHOE YCKOPEHHE €€ OCEBOTO BpAIIEHUS.
B [bapkun, 1995; Barkin, 2010] cxopocts apeiida Obiia onenena B 1-2 cm/roa.
Jnst ykazanHoro nentpa O ¢urypa miaHeTsl Kak Obl iviieHa rpymeBuanoctd (3 0J "=
). 1 B 3TOM cMbIC/IE TOYKA MOXKET OBITH YCIOBHO COINOCTaBJIEHA T'€OLEHTPY 3€MJIH,

npUOIMHKEHHO OIpeeNIieMOMY 10 MOJOKEHUIO CTAaHIIUN CITYTHUKOBBIX HAOTIOACHUH,
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KaK IIEHTP OIpeaeJICHHOW MaHTUHHOW cucTteMbl koopauHat Oxyz. J[ns oObsicHeHUs
TaKOro 3HAYMTEIBbHOTrO Jpeida meHTpa macc 3eMiid ObUI TPEIJIOKEH MEXaHU3M
OJIHOHAIIPABIICHHOTO CMEIEeHUs siapa 3eMiu (M ero ILEeHTpa MacC) OTHOCUTEIHHO
Bsi3koynpyroit mantuu [bapkun, 1996a,0]. B mocnenyromue rojibl HEOJHOKPATHO
MPEANPUHUMAIKCH TTOMBITKA OINpPEETICHUs] CKOPOCTH BEKOBOIO Jpeida IeHTpa Macce
[0 OTHOILLICHUIO K MAHTUWHOW CHCTEME KOOPAMHAT METOIAMU KOCMUYECKOW TE€OAEC3UU
Ha OCHOBE BBICOKOTOYHBIX CIyTHHKOBBIX HaOmoneHuit. B padotax [bapkun, 30TOB,
JroOymmn, 2007; Zotov, Barkin, Lubushin, 2009] nns onpeneneHus TpeHaa ueHTpa
Macc HMCIOJIB30BAJIUCh JaHHBIE MEXAyHApoaHOW ciayxObl BpameHus 3emin (IERS)
JUIsl CIyTHUKOBBIX HabmoaeHuit cuctembl DORIS.

B kauectBe 0a30BOi cHUCTEMBl KOOpPAMHAT BBIOEPEM MAHTHIHYIO CHUCTEMY
koopauHat OXyz, 3amaBaemMyr0 0a30Boii cucteMoit craHmuii cucrembl DORIS,
10 OTHOIICHHIO K KOTOPOM OMpeesiiIuCh KOOPAWHATHI IIEHTpa Macc 3emun. Ha ocHoBe
M3BECTHBIX BpPEMEHHBIX psaoB cucteMbl DORIS 11 koopauHaT IIEHTpa Macc
B OCHOBHOM cucteme koopauHaT Oxyz (naHHble MexnyHapogHOU cily:KObl BpaleHHUs
3emun) OBLIH ONIPEACIICHBI COCTABIISIONINE CKOPOCTH Jperida meHTpa Macce 3eMitn IS
uHTepBaia BpeMeHu HaOmomeHuit 1993-2007 rr. [Zotov, Barkin, Lubushin, 2009]:
Cx =—1.75+0.06 mm/rox; Cy =0.27+0.06 mm/rox; Cz =5.24+0.29 mm/rox. (1) Ha ocHoBe
JTAHHBIX Ha3BaHHOM pabOTHI ISl COCTABJISAIOIIMX CKOPOCTH Jpeiida meHTpa Mace B TOM
)K€ TEOIEHTPUUYECKON TPUHBUUCKOM CHUCTEME KOOPAMHAT, HO Uisi 0ojiee KOPOTKOTO
npoMexyTtka BpemeHH 1999-2007 rr., ObuUM TOTy4YEHBI AHAJIOTMYHBIC OIICHKH:
Cx =1.46+0.05 mm/roa; Cy =0.79+0.05 mm/ron; Cz =5.294+0.15 mm/roa. (2) B atom
cly4yae JMHEWHBIM TpEeHJ LEHTpa MacC XapakTepuszyercs ckopocTbio 5.5440.16
MM/TO/]I, a HanpaByeHue Apenda — mupoToit 72°6'+10°5" c.i1. u nonroroit 118°4'+0°68’
B.Jl. DTO HaAMpaBJEHUE CMEILCHUsI [IEHTPa MacC XOPOIIIO COTJIACYETCs C HAMPABJICHHUEM,
npesickazaHHbIM paHee Teopetruecku [Barkin, 2001; bapkun, 2005]: 70° c.m1. u 104°3’
B.JI. MojenbpHbIE UCCIEA0BaHUS BEKOBOTO HAIMPABICHHOTO TEpepaclpeesiCHUs] Macce
3emun ObUTH BBITIOJTHEHBI HA OCHOBE MOJIEIIH TOUKH IepeMeHHo Macchl [ Barkin, 2001].
OHa npencTaBisieT co00¥ MaTepuaIbHYIO0 TOUKY C MEIJIEHHO HapacTarollel Maccol u
PacroJ0KEHHOM Ha TOBEPXHOCTH 3€MJIU B yKa3aHHOM noiitoce P ¢ koopannaramu 70°0’

cm. u 104°3" B.n. JlomyckaeTrcsi, 4TOo Macca TOYKH aKKyMYyJIHPYETCs CO BCEH
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noBepxHocTH 3emun. DakTHUeCKW YKa3zaHHAs MOJENb €CTh NPOCTEHIIas MOJIEeih
HAIPABJICHHOTO MPWIKBA (DIIOUIHBIX MAacC B BEPXHUX CIIOAX 3eMIIM IMOJ ACHCTBUEM
IPaBUTAlIMOHHOTO TMPUTSDKEHHs, CMellaronierocss K mnomocy P sapa  3emm.
BrImostHeHHBIE MCCIIeIOBaHUS TTOKA3aJIi, YTO 3Ta MOJIEIb XOPOIIIO OOBSCHSIET BEKOBBIC
Bapuanuu koddduimenToB reonorennmana 234 68,,,,JJJJJ,21C,21S, HO He
MOKET OOBSCHUTH Bapualnuu KOd(P(OUIMEHTOB MEPBON TapPMOHUKH TEOMOTEHIMANA:
11C, 11S u 10C (B 6a30B0O# cucTeMe KOOpAUHAT, TPUHATOMN J1J1s1 HAOIIOEHUN CTaHIIUH
cucteMbl DORIS). D1t Bapuanum MOXHO OIICHUTH MO TMOJYYCHHBIM U3 HAOIOACHUI
3HAUCHUSM COCTABJISIOIIMX CKOpocTel aperida nentpa mace (2): 11 /CC x rP= =(—
22.9240.94) -10-11 1/rox, 11 /CS yrp= =(12.40+£0.94) - 10-11 1/rox, (3)10 /CC zrP=
=(83.03+2.35)-10-11 1/rox. Otu 3HaYeHHs] MPUMEPHO B 25 pa3 OO0JjbllIe MOJEIbHBIX
3HaueHu#, KoTopwele cocrtaBmsaoT [Barkin,2001]. (4) Takum o6pa3zom, Monenb
HAIIPABJICHHOTO Tepepaclpe/IeICHuss MacC 3eMJIM B BHUJIC TOYKH TIEPEMEHHON MacChl
XOpOILIO  MOJAENUPYET BapvalMu BTOpOM M Oojiee  BBICOKUX  TapMOHHUK
TeONOTeHINANIa, HO HE OOBSICHICT U3MEHEHUH MEepPBOM TapMOHUKHU (OOBSCHSET JIUIIb
MaJyro 4acTh Habr0aeMoro cMemieHus 1nentpa macce (2) (~4%)). bonbire 3HaueHus
BEKOBBIX CKOpocTel (3) MOXHO ObLIO OBl OOBSCHUTH B paMKax MOJEIN TOYEK
nepemeHHoil maccel [Barkin, 2001], ecnmu yBenuuuTh mpuMepHO B 25 pa3 CKOPOCTh
W3MCHCHHS MACChl MOJICIIEHOM TOUKH M3 YKa3aHHOUW paboThl. Ho 3TOro HEb3s caenaTs,
TaK Kak IpHU 3TOM YCIEIIHOE MOJeNrupoBaHUE KOA((UIMEHTOB BTOPOWM M BBHICIIHUX
TapMOHUK TEOIMOTEeHIMaa OyJeT yTpaueHo. A 3TO O3HAYaeT, 4To CIEAYyeT HCKATh
JIPYTYI0 IPUYUHY CO3AaBIICHCS CUTYAIINH, TOCKOJIBKY Tiepe-/lpeiid renTpa mace 3emiu
U BEKOBBIC BapHallUU CHIIbI TSKECTH, paclpeiesieHne MacC B BEPXHHUX CIOSIX 3eMIIU
HUKAK HE MOTYT OOBSICHUTH HAOJI0JTaeMBbIi Apeiid 1ieHTpa Macc, 4To U MOATBEPIKIACTCS
MHOTOYHCIICHHBIMH ~ WCCJICIOBAHUSAMU  TIepepacrpesesicHuss  (QUIFOMJIHBIX ~ Macc
Ha TU1aHeTe. BBIX0/1 TONBKO OJTUH — JOMYCTUTh, YTO LEHTPHI MacC OCHOBHBIX U HanboJsee
MACCUBHBIX O00OJIOYEK TUTAHETHI WCIBITHIBAIOT 3HAYUTEIIBHBIE CMEIICHUS JPYT
OTHOCUTENIBHO apyra. [IpM 3TOM HMX CMENICHUS BHOCSAT CaMblii OOJIBIIOW BKJIAJ
B Bapualuu K03(PUIIMEHTOB MepBOM TAPMOHHUKH, HE OKA3bIBask 3aMETHOTO BIIMSIHUS Ha
KOX((UIIUEHTH BTOPOW M BHICHIMX TapPMOHHK TeomnoTeHIuana. [IpuBeneHHbIe 37€Ch

paccykAeHus  ONMUPAIOTCI  Ha  IE€OAUHAMHUYECKYIO  MOJEIb  BBIHYKICHHBIX
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OTHOCHUTENIHHBIX CMEIICHUN W KOJeOaHU spa U MAaHTUU U IPYTUX 00O0JI0YEK 3eMITu
Mo/ IEWCTBUEM TPABUTAIIMOHHOTO BIMSHUSA BHEIIHUX HeOecHbIX Ten [bapkun, 2002].
@DakTUYECKH OHU CBUIETEIBCTBYIOT B MOJIb3Y PEAIBHOCTH OTHOCUTEIBHOTO CMEILIEHHUS
s]ipa 1 MaHTUU 3eMJIH (TOUYHEE TOBOPS — HAIPABIIEHHOTO BEKOBOTO Jpeiidha 1eHTpa Macc
sApa OTHOCUTEIBHO IIEHTpa MacC MaHTHH). BBINIOJHEHHOE MOJEIMPOBAHNE
nepepacupeneneHus mMacc 3eMiId (ToueyHas MOJEib) CIYXUT OJHUM H3 BECKUX
JTIOKa3aTeNbCTB CMEICHUH U apeiida sapa 3eMiir OTHOCUTENBHO BA3KOYIPYTroil MaHTHU
B COBPEMEHHYIO 310XY. J[pyruMu cBuaeTeIbCTBAMU Jpeiida sapa ciykart, Hanpumep,
JJAHHBbIE O LUKIWYECKOM MUTPAlHd CEUCMUYECKOM W BYJIKAHMYECKOW aKTUBHOCTH
MEXy CEBEPHBIM U HOKHBIM MOJIYIIAPUIMU 3€MIIA U €€ “3epKAIBHOCTH , MEIUICHHOE
HapacTaHue TJ00aJTbHONW CEHCMHUYECKOW M BYJKAHUYECKOH aKTUBHOCTH [l OpbKaBBIi,
TpanesnukoB, ®puaman, 1994; benos, llecronanos, Xapun, 2009; ®puaman,
[Tonstuenko, INaceipkanos, 2010; Barkin, 2007a,b], koHTpacTHOE HapacTaHHe CPEIHUX
YpOBHEH OKeaHa B CEBEPHOM M FOKHOM mnonymapusax 3eminu [Barkin, 2007a,b; Barkin
etal., 2008; Barkin, 2009d, 2010c]. Ha ocHOBe yka3aHHOI T€OAMHAMHYECKONH MOJIEIH

BO30YXIeHUST 000JI04eK HEOECHOTO Tejla MOJIYYWIN JUHAMUYECKYI0 WHTEPIPETAIUIO
TaKUe CIIOKHBIC SIBJICHHMSI KaK BBICOKAas aKTHMBHOCTh MOJSPHBIX 00JIACTEH IIaHET U
cnytHukoB [Barkin, 2009c], sBnenue cryneH4aTblx (KaTacTpouueckux) BapUaluil
aKTUBHOCTH TPHUPOAHBIX mpoiieccoB [bapkun, 20096], sABieHUS IUKIWNYHOCTH H
CUHXPOHHOCTU MPUPOAHBIX MPOIECCOB Ha 3emiie U Ha Tenax CONMHEYHOW CUCTEMBI
B 1ienioM [bapkun, 2002, 20098], nana uHTEpHpeTaus HaOIIOJAEMbIM IUKINYECKUM
WHBEPCUOHHBIM U3MEHEHUSAM KJIMMaTa B CEBEPHOM M FOKHOM IMOJYIIAPUAX 3€MIIH
[Barkin, 2009a]. Bce yka3anHbie siBeHUs! (paKTUYECKH OBLIH MPEACKA3aHbl aBTOPOM Ha
OCHOBE T€OJIMHAMHYECKON MOJENN BBIHYXICHHON PACKaYKU U KOJICOAHUM CHCTEMBI
00osio4ex 3eMii ToJT IeWCTBUEM I'PaBUTAIMOHHOTO MPUTSKEHUSI BHEIIHUX HEOECHBIX
TEJ U BIOCIEACTBUU MOTYUYUIN YETKUE MOJATBEPKICHUS B JaHHBIX T€OJMHAMHYECKUX
U reoduznyueckux HaOmoAeHui. B obmiem ciaydae pedyb, KOHEYHO, MJIET HE TOJBKO
O BEKOBOM TpeHJE, a O HIMPOKOM CIIEKTpe KOJIeOaHUN CHUCTEMBI SIPO-MaHTHS,
COMPOBOXKJAIOIIUXCA ~ IUKIMYECKUMU UM CHHXPOHHBIMM  BapUalMsIMU  BCEX
HaOJI0JaeMbIX TIJIaHETAPHBIX TPUPOIHBIX MPOILIECCOB B CAMBIX PA3HOOOPA3HBIX IIKAIaX

BPEMEHHM, BKJIOYas reosiorndeckyro. Ilepepacrpeznenenue NOBEPXHOCTHBIX Macc
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3emiid, B YaCTHOCTH BBI3BAHHBIX CMEIICHHEM LIEHTpa Macc 3€MIIM, TaKKe MPUBOJIUT
K U3MEHEHHUIO CHJIBI TSDKECTH B IAaHHOM ITYHKTE Ha ToBepXHOCTH 3emin. Habmonaemele
MEJICHHbIE  HM3MEHEHUsl TPAaBUTALMOHHOTO TMOJSI  3eMJIM, XapaKTepHU3yeMble
COOTBETCTBYIOLUIMMHU H3MEHEHHMSIMH KO3(Q(QULIUEHTOB BTOpPOH, TpeTbed u Ooiee
BBICOKHMX TapMOHHMK T'€ONOTEHIIMAaa, TAKKE€ MOIYT OBITh YYTEHBI IPU OIpeeIeHUU
Bapualuil cuibl TskecTd. OJHAKO, 3Ta BEKOBAs COCTABIAIOIIAs XapaKTEPU3YETCs
Masioil BennunHoi. Hanpumep, BekoBoe n3MeHeHue ko3ppuineHta BTopoil rapMOHUKU
reonotennmana () 11 2 2.9 0.4 10J — = — = - 1I/rog [Cheng, Shum, Tapley, 1997]
IIPUBOJUT K JIOIIOJIHUTENBHOW BapHalluH CWIBI TSKECTH CO CKOpocThio g = —0.05-0.10
Mkl 'an/rog (B 3aBUCHMOCTH OT MeCTa PACHOJIOKEHHS! IPaBUMETPUUECKON CTaHIUH).
B nanHoll paGoTe yka3aHHbIE Majble MOMNPABKU K BapuUalUsM CHIIbl TSKECTH HE
paccMaTpUBAIOTCS, a MOKAa3aHO, YTO ONpPENEAIOIINN BKJIaJ B 3TH Bapualuyd BHOCUT
npeiid nentpa mace 3eMiau u Aedopmaluu ee MOBEPXHOCTH.

BekoBoil apelid siapa xk ceBepy M BapualM CUIIBI TSXKECTH Ha IOBEPXHOCTHU
3emuin Cmemaronieecss aapo 3emiid 00J1alaeT KOJIOCCATbHOM H30BITOYHONW Maccoiu
npumepHo B 17 macc Jlynsl. M30bITouHas macca omnpefensercss KOHTPAaCTHBIMHU
3HAYEHUSMHU CPEIHUX IUIOTHOCTEH siipa W MaHTHM (O1M3 MOJOLIBBI) MU COCTaBIISET
19.32% wmaccer Bcenn 3emnm [bapkun, 2002]. Ilpn cMmemeHnu sapa OTHOCUTEIBHO
BSI3KOYIIPYroif MAaHTHH €0 U30BITOYHAS Macca BbI3bIBaeT HAOIIOAAaeMBbIi Jpeiid) IieHTpa
Macc, a Takke MPHUBOJUT K M3MEHEHUSM CUJIbI TSDKECTH HA MOBEPXHOCTU IUIAHETHI.
Kpome »3TOro rpaBUTAaMOHHOE MPUTSIKEHUE CMELIAIOLIETOCs sApa BbI3bIBACT
nedopMalivy BCeX CII0EB MAaHTUH, BKIIIOYasi TOBEPXHOCTHBIN cnoil. [ledopmupoBanHas
MaHTHUSl CO3/JA€T JOMOJHUTENIbHbI TPAaBUTALMOHHBIA MOTEHLMAJ, KOTOPBIM JaeT
JIOTIOJIHUTENIbHBIA BKJIaJ] B 3HAUEHUE CHJIBI TsKeCTH. Takum oOpa3oM, OTMEUEHHBIE
dakTopbl MPUBOJAT K BEKOBOM BapHallMM CHUJIbI TSYKECTH, KOTOpas OIUCHIBAETCS
npoctoit popmynoii [Barkin, 2001; bapkun, 2005]:

3nech 0.1932cm mE@PA =—u3bbiTouHas Macca sjipa 3emiid B Maccax 3emiin mép;
g — yckopeHue cBoOojHoro majnenus; 2k— u 2h— — uucna JlsBa nmopsiaka (-2); p —
CKOpOCTb Jpeiia 1meHTpa Macc siapa OTHOCHTEIHHO LIEHTPa Macc MaHTUU; ® — yroin
MEX/1y HamlpaBlieHHEM Ha moJitoc P, Mo HampaBiieHHI0 K KOTOpoMy ApeddyeT siapo

3emJH (MM ee [IGHTP Macc), U Ha 3aIaHHYI0 TPaBUMETPUUECKYIO CTaHIuIO. J[J1s1 rpyOBIx
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OILICHOK TPaBUMETPUYECKHX IPPEKTOB OT BEKOBOTO Jpei(a meHTpa Macc B Ka4eCcTBE
nomoca P mpunumaincs ceBepHblii nomoc 3emiu. Ilpu 3tom / 20 = w — @ ecTh
JOTIOTHEeHHE 10 WUpOoThL. [Ipu Gosee TouHOM omucaHuu japeida 1eHTpa Macc 3emiu
(unu ee siapa) yron O onpexaensercs hopmyioi ()cos cos cos cos sin sinP P PO = ¢ ¢
A—A+ @ ¢, rne Po u PAL— mmpota u nonrora nomtoca P; ¢ u A — mmupora u goarora
craniuu. Yucna JIsBa nopsiaka (—2) BriepBbie ObUTN OlleHEeHBI B paboTe [bapkun, 2005]:
Hpeiid neHTpa Macc 3eMJIM M BEKOBBbIE BapHalMu CUJbl TskecTH [loguepkHem, 4To
BBICOTA CTAHIIUU OIIPEACIIAETCS MO OTHOIICHHUIO K ApeiyrolemMy HEeHTPY Macc, Kak 3TO
dakThuecku TNPUHATO B JHTENbHBIX psgax GPS  wHaOGmogenwit. OtmeTuwm,
YTO TPAaBUTALMOHHOE MPUTSIKEHUE CMEIIAIOLIErocs siipa MPUBOAUT Takke K 3PdeKTy
BO3pacTaHMsl TOPU3OHTAIBHOM COCTaBISIONMIEH CHUJIbI TMPUTSHKEHHS 3eMId Ha ee
MOBEPXHOCTH, HANPABIEHHOM K CEBEPY BJOJb COOTBETCTBYIOLIErO MeEpUAUaHa
¢ nomocoM P [bapkun, 2009]. OTta cocraBisronmas XapakTepU3yeTCs MOJI0KUTEITbHBIMU
3HAYEHUSIMU CKOPOCTH HapacTaHusi COCTaBistomed (1o BenuuuMHe mopsiaka |
Mkl an/rom), 4To yKa3piBaeT Ha ee oOmee HampaBieHue K ceBepy. OHa umeeT
NEPBOCTENIEHHOE 3HAYEHUE JJIi MEJUIEHHOTO (3BOJIIOIMOHHOIO) IepepacipeieaeHus
Macc 3eMIId BJIOJIb HAPaBIICHUS FOT—ceBep (B COOTBETCTBYIOIIMX IIKaTaX BPEMEHHU) U
Oyner uzyueHa B oTaenpHOM padore. B padotax [Pazuumun, bapkun, 2010; 'onuyapos,
Pazuuiun, bapkun, 2010] uccnenoBanbl KpyIlHbIE TEKTOHUYECKUE CTPYKTYPhI 3€MIIU
Ha TOBEPXHOCTM KOHTHMHEHTOB M Ha JHE OKEaHa C XapaKTepHOM OpUEeHTaluueu u
NPOCTUPAHUEM  TIO HalpaBJICHUIO  IOT—CEBEP (c cyOMepuIMOHaTBLHON
HANPABJICHHOCTHIO) U MOKA3aHO, YTO UX MPUPOJIAa TECHO CBSI3aHA C TPaBUTAIIMOHHBIM
BO3JICHCTBMEM Ha BEPXHHE CIOM KOpPbl H JUTOC(Eepbl (BAOIb MEPHUIUAHOB)
nperidyromero k cesepy sapa 3emin. Dopmynsl (6)—(8) u (11)—(14) nmo3BomstoT
BBIUHMCIIUTh BEKOBBIC BapUalldd CHUJIBI TSDKECTH M BBICOT, BBI3BAaHHBIE CMEIICHUEM
LEHTpa Macc 3€MJIM, a TaKKe HUX MOrPEIIHOCTEN A JII0OOM TIpaBUMETPUUYECKOMN
CTaHIMM C 3aJIaHHBIMH TeorpaguuecKuMH KoopauHaTamMu ¢ u A. PacueTHble 3HaUeHUS
BapHallil CUJIBl TSXKECTH M BBICOT CTaHIMU, OOYCJIOBIIEHHBIE BEKOBBIM Jpeidom
1eHTpa Macc 3emiid PacueTHbie 3HaUEHUS TPAaBUMETPUUECKUX XapakTepucTuk (9) u (11)
JUISI IIIMPOKOTO CIHMCKA IPaBUMETPUUYECKUX CTAHIIMMA U JIJIS 3aJaHHOTO pekuMa apeiida

HeHTpa Macc 3eMiu (2) moJydeHbl B JaHHOW paboTe u mpuBoasaTcs B Tabn. 1. Dtu
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pe3yAbTaThl YTOUHSAIOT U JOMOJIHSAIOT aHAJIOTUYHbIE PE3YyJIbTaThl, OJyUYeHHbIE B paboTe
[bapkun, 200906] nis 4eThIpex rpaBUMETPUUYECKUX CTAHIIUM, Ha cllydait npeida reHTpa
Macc, omuchiBaeMoro ¢opmynamu (2). Ecniu mpuTAruBaromuii LEHTp COMMXKAETCS
C TPaBUMETPUUYECKON CTAaHLMEH, TO U3MepseMasl Ha HEW Cuia TSKECTH Bo3pacraer. U,
HAa00OpOT, MPHU YJAICHUH LEHTpa Macc 3eMJIM OT CTaHIMM CHUJia TsDKECTU yObIBaeT.
Hcropuuecku ClOXWIOCH TaK, 4TO COBpeMEHHbIE cryTHUKOBble GPS ompenenenus
BBICOT CTAHIMU XapaKTEPU3YIOT M3MEHEHHUS PACCTOSHUSA MEXAY MOJABUKHBIM
(zpeitdyrommm) eHTpOM Macc 3eMiIu U cTaniuei. TpeH neHTpa Macc B 3TOM cuctemMe
U3MEpPEHUN NabHOCTEH (haKTUYECKU UCKITIoUaeTcss U3 paccMorpenus. Ho mogqoOHbIM
HEJIOCTAaTKOM He o00JsiajiaeT Jpyras Kocmudeckas cuctema usmepeHuir — DORIS,
MO3TOMY B Hamleil paboTe HCHOJB3YIOTCS JaHHBbIE JJIs 3TOM cuctembl. Jljig Hammx
UCCIIEAOBAaHUN BaXHOM XapaKTEPUCTUKOM SIBJISETCS BEKOBas BapUalldsl BBICOTHI
CTaHIMH HE 10 OTHOIICHMIO K LIEHTPY Macc 3eMJIH, a [0 OTHOLLEHUIO K IIEHTPY 6a30B0i
CHUCTEMBI KOOPJMHAT TAaHHOW 3IMOXH (B KOTOPOW ONMpPEAENAIOTCS 3HAUEHUsI KOOPAUHAT
uentpa macc 3emun o DORIS na6mogenusam). @akTuuecku pedb UjeT 00 U3MEHEHUH
BBICOTHI CTAHIIMM B YKAa3aHHOM cHUCTeME KOOpPJIMHAT, BBI3BAHHOM jaedopmanueit
MOBEPXHOCTU 3emiin. [ onmpenesieHus: 3TOM BapualMu BbICOTHI HY)KHO K BapuallUu
GPS BbIcOTHI cTanmu 100aBUTH 3QPEeKT OT apeiida camoro neHTpa Macc. Y Ka3aHHbIC
n00aBKM J1si OOLIMPHOIO CIUCKA CTaHUMW mpuBeneHbl B Tadm. 1. M3mepenus GPS
BBICOT SIBJISIFOTCS JIOBOJIBHO TOYHBIMH (C morpemHocTsMu nopsaka 0.1 Mm/rox) u B
nocinennue 5-10 ner Beayrcs Ha MHOTHX CTaHOMSIX Mupa. [paBumerpuyeckue
U3MEPEHUSI YCTYNAlOT B TOYHOCTH CIYTHUKOBBIM H3MEPEHUSM U C IOMOLIBIO
aOCOJIIOTHBIX TPaBUMETPOB BeayTcs B nocieanue 10—-20 neT qoBoJIbHO 3MU30AUYECKU
U Ha BBIOOPOYHBIX CTaHIMIX. TeM HE MeHee, B JJaHHOW padoTe JaHO OObsICHEHHE
HAOJI0/IaeMbIX BapHalMil BBICOTBI W CHJIBI TSKECTH JJIE BOCBMH BEIYIIHUX
rpaBuUMeTpuYecKuX craHuuil. OObsICHEHUE HAOIIOJAeMbIX BEKOBBIX BapUallUi CHUJIBI
TSOKECTM U BBICOT Ha TrpaBuMeTpuyeckux craHnmsx. Cranuus Heio AnecyHp
(Hopserust) umeet reorpadudeckue koopauHatel: 78°93" c.mr.,11°87' B.a. JIuHelHbIN
TPEH]I CUJIBI TSDKECTU OBLT BBISBIICH IO YETHIPEM HAOIOIECHUSM Ha TPEX Pa3IUIHBIX
abcomoTHeIX TpaBuMeTrpax FGS5 B mepuon 1998-2002 rr. u coctaBun —2.5+0.9

Mkl an/ron. BekoBas Bapuanus GPS BbICOT MpUMEPHO B TOT K€ MEPHOJ] COCTaBMIIA
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6.9+0.9 mm/ron [Sato eal., 2006]. Tlo Hame#t Momeny MeIIEHHOE PUONIKEHUE Ipa
K cTaHiuu Hpio AJecyHJT BBI3BIBAECT MOJOXKHUTEIBHYIO BapUALUMIO CHIIBl TSKECTH
1.61+0.09 mxl'an/rox ¥ OTpHIATENBHYIO BapHaIMIO BHICOTHI cTaHImu —5.06+0.30
mM/ron (tabmn. 1). IlpuBenaeHHBIE JaHHBIE CBUACTEIBCTBYIOT O JAeQopMarivu
MOBEPXHOCTH 3€MJIM B pailoHE CTaHIMU C OONBIIONW CKOpocThio 11.96+£1.20 mm/ron,
BCIICJICTBUE KOTOPOM CHJIAa TSHKECTU WCHBITHIBACT OTPUILIATEIBHYIO BapHaIlUi0 —
3.76+0.38 mxI"an/ron. CknagsiBasi 3pQeKThl Bapualuy CHUIIBI TSDKECTH U3-32 CMEIICHUS
a1pa 1 oT AepopMaluu OBEPXHOCTH, MOJIyYaeM OTpHUlaTesibHOe 3HaueHue —2.15+0.47
Mkl an/roa, 4To B mpenenax MOTPENIHOCTEN coryiacyeTcsi ¢ HabIoJaeMbIM 3HaAUCHUEM
—2.5+0.9 mxIl"an/ron.

Crannus CeBa (AHTapkTHIa) UMEET reorpaduyeckue koopauHaTsel 69°01' ro.1.,
39°59’' B.x. Cuita TsDKECTH Ha CTAaHIIUU MEHSETCS C MaJIOd CKOPOCTBIO U €€ ONPEICIICHHE
MpeICTaBIsIET COO0N CPaBHUTENBHO TPYIHYIO 3aa4y. [1o u3MepeHusiM Ha abCOMFOTHBIX
rpaBumetpax FG5 B 1995, 2001 rr. u B nepuox nexadps 2003 — dpespans 2004 rT. OblIa
nonyueHa ouenka —0.27+0.42 mxl'an/rox [Fukuda etal., 2004]. CnytHukoBeie GPS
onpezeseHUs] BEKOBOW BapHallMK BbICOTHI Jj1s ieproaa 1999-2004 rr. naroT 3HaueHUe
2.4+0.3 mm/ron [Fukuzaki etal., 2005]. MennenHnoe ynajaeHue IEHTpa Macc 3eMIIH
oT crannuu CeBa K CEBEPY BBI3BIBACT OTPHUIIATEIBHYIO BapHAIUIO CHJIbI TSHKECTH —
1.67+0.10 mkl'an/roq U MOJIOKUTENBHYIO BapUalUi0 BbICOTHI cTaHuuu +5.31+0.30
MM/roA (Tabi. 1). DTu naHHbIE CBUAETEIBCTBYIOT O JIeOpMaLIKU TOBEPXHOCTH 3€MIIU
B pallOHE CTaHIMUA CO CKOPOCThIO —2.75+0.54 Mm/ron, BCIEACTBHE KOTOPOW CHIIA
TSDKECTH UCIIBITBIBACT MOJIokuUTENbHYI0 Bapuanuio 0.86+0.17 mxl"an/ron. CxiagsiBas
¢ GdeKThl Bapualuu CUJIBl TSHKECTH U3-3a CMEIEHUs sjpa U OT jaedopmanuu
nmoBepxHocTH, TmoiydaeM 3HaueHue —0.81+£0.27 wmlan/rom, KoTopoe C y4eTOM
UMEIOILIUXCSI 3HAYUTENBHBIX TIOTPEIIHOCTEH COrIacyeTcs ¢ paHee MOJIyYeHHOH OIIeHKOM
B —0.27+0.42 (npyras ounenka cocrasiusger —0.56) mxl'an/ron [Fukuda etal., 2004].
Cranuus Yepunnn (Kananga) umeet reorpadguyeckue koopauHaTtel 58°77' c.mi., —94°17'
3.1. HabGmromaemplil Ha 3TOM CTAHIIMU JTUHEWHBIA TPEHJ CHUJIbI TSDKECTH COCTaBISET —
2.13+0.23 mlan/ron, COOTBETCTBEHHO, B (50 (O} 1987-2001 IT.
[http://gsc.nrcan.ge.ca/geogn/midtilt ehp] nam —1.9940.10 Mkl an/ron 3a ATUHHBIN

nepuoy Bpemenu 1986-2009 rr. [Leetal., 2008]. CmyTHuKOBbIE HaOIIOEHUS
85
CJIOXHBIE CUCTEMBI, Ne 2 (47), 2023



,leeﬁ¢ UeHmpa macce 3emjin U 6eKoebvle eapuauuu Cujibl mascecmu

MO3BOJIMJIN BBISIBUTH BEKOBOE BO3pAcCTaHHWE KOpPHI B pallOHE CTAHIUHU CO CKOPOCTHIO
9.0£0.9 mm/ron [Lee et al., 2008]. B aTom ciyuyae MeajieHHOE MPHUONMKCHHUE Sapa
K CTaHUMH Yepuriul BBI3BIBACT MOJOKUTEIBHYIO Baprualuio criibl TsokecTy 1.38+0.09
MKI an/rox 1 OTpULATENBHYIO BapHALMIO BHICOTHI cTaHIU — 4.41+0.28 mm/rop (Tadm.
1). Takum obOpa3om, o00a ¢akTopa — nedopMamus MOBEPXHOCTH W TPHUTHKECHHUE
CMEIIAIOIEroCcs d/ipa — NPUBOAAT K Bapuanuu cuiibl TsokecTH —2.83+0.46 mx["an/ron,
4YTO B Mpejeniax OmMOOK corjacyercs ¢ HaOIoJaeMoil Bapualldeil CHIIbI TSXKECTH
B niepuof 1987-2001 rr. 4.21+0.37 mxIl"an/ron.

Craamus Byxan (Kwurait) mmeer reorpaduueckue koopauHatel 30°52' c.r.,
114°49" B.n. U3mepenus cuiibl TsHKECTH ¢ 1998 1. Ha CBEpXIIPOBOIAILIEM TPABUMETPE
no3Bonuian [peid 1meHTpa Macc 3eMiIM U BEKOBBIE BapHallid CHJIBl TSKECTH
OTIPENICTIUTh €€ IMOJOKUTEIbHBIN nuHeHHbIH Tpera 1.85+0.03 mxlan/rog. DTomy
3HAYEHUIO MOXHO COIOCTAaBUTh YMEHBIIECHUE BBICOTHI CTAaHIUU CO CKOPOCTBHIO —
5.94+0.11 mm/ron. CrniytaukoBsie GPS onpenenenus BeKOBOM BapHaIliy BBICOTHI JIJIs
ykazanHoro nepuoaa 1998-2004 rr. gatot 3HaueHue —6.43+0.20 mm/ron [Zhong, Xu,
2004]. MenneHHoe CONMKCHHUE sapa K CTaHIMH ByXaH BBI3BIBACT IMOJOKHUTEIbHYIO
Bapuanuio cuibl Tsokectd 1.10+£0.07 mx['an/ro u oTpuLaTenbHYI0 BapHallio BHICOTHI
cranimu —3.50+0.22 mm/ron (tabn. 1). DTu naHHBIE CBUAETENBCTBYIOT O ciaboi
nedopmariy (OIMyCKaHUHM) IMMOBEPXHOCTH 3€MJIM B palOHE CTaHIIUH CO CKOPOCTBIO —
2.93+0.42 mm/ron, BCAEACTBHE KOTOPOM CHJIa TSXKECTU UCIBITHIBAET MOJOXKUTEIbHYIO
BapHaIrio 0.92+0.13 MkI as/Toz. CkiaapiBas s pexTh
BapuallUM CHJIBI TSKECTH U3-32 CMEIIEHHUs siipa U JedopMalud TMOBEPXHOCTH,
noydaeM 3HadeHue 2.02+0.20 mxl'an/rox moBosbHO OnM3KOe K HAOIOAaEMOMY
3HaueHnio 1.85+0.03 mxl"an/rox [Xu et al., 2008].

Cranmus Menuuuna (Mrtanus). [lepuon nabmoaenuit 1996-2001 rr. Cranuus
uMeeT reorpaduueckue kKoopauHaTbl 44°52' cam., 11°65" B.1. V3MepeHHS CHIIBI
TsokecTh B mepuon 1999-2002 rr. Ha aOCONIOTHBIX TpaBUMETpPax MO3BOJUIN
OTIPEJICIIUTD €€ TOJOXKUTEIbHBIN JuHEeHHbINA TpeH 1.9+0.1 mxl"an/ron [Zerbini et al.,
2001]. CnyTHUKOBBIE OIPEACIICHHS BEKOBOM BapUallMd BBICOTHI JJI YKa3aHHOIO
nepuoga marT 3HaueHwe —7.0+0.2 wmm/rox. Ilo Hameldk Moaenu MeJUICHHOE

HpI/I6J'II/I)K€HI/IC AApa K CTaHIOUH MC}II/I‘II/IHa BBI3BIBACT IMOJIOKHUTCIIbHYIO Baprualnio CUIIbI

86
CJIOXXHBIE CUCTEMBI, Ne 2 (47), 2023



bapkun 10.B., 2023

sokectd 0.78+0.09 Mkl an/rom w OTpHUIIATENTFHYIO BapUAIlMI0 BBICOTHI CTaHIUU —
2.49+0.27 wmwm/rox (tabn. 1). DOTu gaHHBIE CBUACTEIBCTBYIOT O JaedopManuu
MOBEPXHOCTH 3€MJIU B pailoHE CTaHLIUU cO CKOpocThio —4.51+0.47 mm/ron, BclieaCcTBUE
KOTOPOHM CHJIa TSsDKECTH MCHBITBIBACT IIOJIOKHUTENbHYK Bapuaumuioo 1.42+0.15
MkI an/ron. CximanbiBast 3PeKThl BapHalliy CHIIbI TSHKECTH M3-3a CMEIICHHS sipa |
nedopmalu NOBEPXHOCTH, nofiydaeMm 3HadeHue 2.20+0.24 Mkl 'an/roa, 4to Xopoiio
coTJlacyeTcs ¢ HaOJIIoJaeMbIM 3HaUECHHEM Bapualluu cuitbl TsbkecTH 1.9+0.1 Mkl an/ro.

Cranmust bonmoness (Bolonga, Urtanus) pacnosnokeHa HEAaJIeKO OT CTaHIHH
Menuunna. Ee koopaunarsl 44°48" c.mi., 11°33’ B.a. B nociennue rogasl Ha CTaHIIMU
bononpst OBLIM  BBIMOJHEHBI OOIIMPHBIE UCCIEAOBAHUS BO3MOXHBIX BEKOBBIX
WU3MEHEHUN CHJIBI TSDKECTH U MX TTOTPEITHOCTEH ¢ MOMOIIBIO a0COIIOTHBIX TPABUMETPOB
FG5-220 (2003/2004-2008). beuia momydeHa NpUOIMKEHHAs OIEHKA BEKOBOTO
HapacTanus cuwibl Tshkectd B 4.17£1.75 mxlan/ron [Gitlein et al., 2009]. C apyroit
CTOPOHBI, CITyTHUKOBBIC HAOJIOICHHS TT0O3BOJIMIIN BBISIBUTh BEKOBOE YOBIBAHHUE BHICOTHI
ctaHuu co ckopocteio —10.56+0.25 mwm/rox [Gitlein et al.,, 2009]. Mennennoe
cOMMKEeHNE SAApa co CTaHIMEeH BOJIOHBS BBI3BIBAET MOJIOKHUTEIBHYIO BapHAITUIO CHIIBI
tsokectu 0.78+0.08 mklan/ronm u OTpUIATEIBHYIO BapHAIlMI0 BBICOTHI CTAHIIMU —
2.49+0.25 mm/ron (taba. 1). 10 3HAYUT, YTO CKOPOCTH JehopMali MOBEPXHOCTH B
parione cranuum coctaBiseT —8.07+0.50 mm/roa. Eif cooTBeTCTBYET BapHalus CHIIBI
Tsokectn 2.53+0.16 mklan/ron. Takum o6pa3zom, ob6a daktopa — aedopmarus
MOBEPXHOCTH U MPUTSHKEHUE CMEINAOIIEToCs Ipa — OMPEIesS0T CyMMapHbIi 3 dexT
Bapuanuu cunbsl  Tsokectd  3.31+0.24 wmklan/ron. IlonmyueHHoe 3HaueHHe He
MPOTUBOPEUUT MMEIOIIMMCS TMPUOIMIKEHHBIM OIIEHKaM TpPEHJa CHJIbI TSKECTH
4.17+1.75 mxl"an/ron [Gitlein et al., 2009].

Cranmust Membax (benbrusi) mmeer koopauHatel 50°61' c.m., 6°01" B.a.
W3mepenust cUitbl TSDKECTU HA DTOM CTAaHIIMU HA a0CONOTHBIX TPAaBUMETPAX 3a TEPUOJ
OKOJIO 7 JIET TTO3BOJIMIIU BBISIBUTH €€ Masbiii TpeHa —0.6+0.1 mx["an/rox B mepuoa 1996—
2002 rr. [Francis et al., 2004]. CnyTHUKOBBIE OIIPE/ICIECHNS BEKOBON BapUaIlH BHICOTHI
s iepuoaa 1996-2004 rr. marot 3HaueHue 2.5+0.5 mm/rox. Ilo mamum popmymnam
NpUOJIMKEHHUE s]Ipa, CMEMIAIOIIErocsi K CeBepy, JaeT BKJIAJ B HM3MEHEHHUE BBICOTHI

CTaHIIUU CO CKOpocThlo —2.97+£0.27 mm/ron W B BO3pacTaHUE CHJIBI TSKECTHU

87
CJIOXXHBIE CUCTEMBI, Ne 2 (47), 2023



,leeﬁ¢ UeHmpa macce 3emjin U 6eKoebvle eapuauuu Cujibl mascecmu

co ckopoctbio 0.93+0.08 mx['an/ron (tabm. 1). [To 3HaUEHUSM yKa3aHHBIX CKOPOCTEH
U3MEHEHUS BBICOT HAXOJUM CKOPOCTH JeopMmaiiii MOBEPXHOCTH 3eMJIU B paioHe
ctanuuu Memb6ax 5.47+0.77 MM/To1 1 BBI3BaHHOE 3TOM JlepopMalirieil "3MEHEHUE CHUITbI
TAXKECTH co cKopocTtbto —1.72+0.24 wmxl'an/ron. CxnanpiBas tenepb 3(PQEKThI
oT AeopMaluy MOBEPXHOCTHU U Jpeiida sapa, HAXOIUM 3HAUEHHE CKOPOCTH YObIBAaHUS
CUJIBI TSKECTU Ha crtaHuuu MembOax co ckopoctbio —0.79+0.32 mkl an/roa, kotopoe
B IIpeleiax MOTPEIIHOCTEH COBMaJaeT C HaOMoAaeMbIM 3HAYE€HUEM CKOPOCTH
M3MEHEHUS CHJIbI TsDKecTH Ha ctaHimu MembOax —(0.6+0.1 mxI'an/ron [Francis et al.,
2004].
Crannus MetcaxoBu (Ounnsuaus). McciaeqoBanus BEKOBOTO U3MEHEHHUS CHIIBI TSDKE
CTH C TIOMOIIbIO a0COJIIOTHBIX TPABUMETPOB Ha CTAHIIMU MeETCaxOBHU BBHITOJHSIOTCA
¢ 1980 r. OnHoii u3 HamboJIee TOYHBIX OLIEHOK CKOPOCTH YOBIBaHUS CHJIBI TSDKECTH B
palioHE 3TOM CTaHLIUH, ITOJYYEHHOM IO U3MEPEHUAM CHIIBI TSDKECTH B niepuon ¢ 1980 r.
o 2008 r., sBnsercs 3HaueHue —1.14+0.1 MxI"an/roa. Beicokotounsie GPS u3mepenus
BBICOTBI cTaHuMu MercaxoBu B mnepuon 1993-2009 rr. mo3Boianiau YCTaHOBHUTH
BBICOTHBIM TPEHJ CTAaHIMU IO OTHOIICHUIO K MOABMKHOMY LIEHTPY Macc 3eMIIH
co ckopoctbio 3.5+0.5 mm/ron [Bilker-Koivula et al., 2007]. Mennennoe commkenue
A/pa K CTAaHIMU METCaXxOBH BBI3BIBACT MOJIOKHUTEIBHYIO BapHAIlUI0 CHJIBI TSKECTH
1.20+£0.09 mxl"anm/ron u OTpUIATENbHYIO BapHAlMIO BHICOTHI cTaHmuu —3.81+0.29
MM/roA (cMm. Tabi. 1). DTo 3HAYMT, UTO CKOPOCTH AedopMaliui MOBEPXHOCTU B pailoHe
craniuu cocrapimsger 7.31+0.79 wmm/ron. Ei  cooTBeTCTByeT Bapuanus CHIIBI
Tsokectn —2.30+0.25 wmklan/ron. Takum o6pasom, oba dakrtopa — nedopmarms
MOBEPXHOCTH U MPUTSHKEHUE CMEIIAOIIET0Cs sIpa — OMPEIeSI0T CyMMapHbIi 3 dexT
Bapuaiuu cuibl Tsbkectu —1.104+0.34 mxI"an/roa. [lonyyeHHoe 3HaYeHHE MPAKTUUECKU
COBIIAJIAET C YKAa3aHHOM BHIIIE OILICHKONH CKOPOCTH TPEH/Ia CHIIBI TSXKECTU MPHU CTAHIIUU
MertcaxoBu B —1.10+0.10 mxI"an/rox.
SAKIIIOYEHUE

B nanHOl paboTe M3y4eHBI Bapuallid CHJIbI TSKECTH U BBICOT ISl BOCHMU
W3BECTHBIX TPABUMETPUYECKUX CTAHIMM, IS KOTOPBIX HMEIOTCS HEOOXOJMMBIC
JIOCTaTOYHO JJIMHHBIC Psbl HaOmOaeHuN Ha abcomroTHhIX TpaBumerpax u GPS

u3MepeHus BeIcOT. [lokazaHo, 4To HaOMOAaeMble 3HAYCHHUS] BEKOBBIX BapHALUid CUIIbI
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TSAKECTH U BBICOT B OCHOBHOM OOBSICHSIIOTCSI BEKOBBIM JIpeii(hoM IIEHTpa Macc 3eMJIU U

nedopmMaiield ee MOBEPXHOCTH. Pe3ynbTaThl McciienoBaHUS MPUBEACHBI B TaOu. 2.

ECTCCTBCHHO, 4TO IMPHU HAJIMYINH aHAJIOTUYIHBIX JAaHHBIX JJIA APYTUX I'PAaBUMCTPHYICCKUX

CTaHIMI HalM McclieoBaHus OyAyT NpoAouKeHbl. [lomydyeHHble HaMU Pe3yJbTaTh

6y,Z[yT YTOUHATHCA B 6y,Z[y1[ICM IO MCPC MOCTYILJICHUA HOBBIX U 0oJiee TOUHBIX JaHHBIX

M0 U3MEpPEHUsIM ciibl TskecTd U GPS BBICOT niist cTaHIMi, yka3aHHBIX B TaO. 1.

No Koopaunatst PacuerHble 3HaUeHUA
- Cranmus Crtpana CTaHIIAHA
1/
o d)o 2\° g , h o,
M’;d“an/mﬂ Mm/ron
1 2 3 4 5 6 7
1 Hpro Anecynn Hopgerus 78.93 11.87 1.61+0.09 -5.06+0.30
2 Dcarmm Snonus 39.15 141.33 1.41£0.08 —4.50+0.25
3 Yepunmn Kaunana 58.77 -94.17 1.38+0.09 —-4.41+0.28
4 Kamuoxa Slnonus 36.43 137.31 1.35+£0.08 —4.291+0.24
5 Martcyxupo Snonus 36.54 138.21 1.35+0.08 —4.31+£0.24
6 Kennmusunn ['pennannus 67.01 -50.71 1.35+0.09 —4.311£0.30
7 MyH ['yanr 1O. Kopes 36.64 128.21 1.314£0.08 —4.161£0.24
8 Kuoro Snonus 35.03 135.79 1.31£0.07 —4.184+0.24
0 Kynycyk ['pennannus 65.57 -37.18 1.304+0.04 —4.1310.30
10 Baaca OuHISHIUSA 63.10 21.60 1.25+£0.09 —-3.9840.29
11 Mexn. ®oic Kanama 48.59 -93.41 1.20+0.08 -3.8240.26
12 MeTtcaxoBu Ounnmauaus 60.22 24.40 1.20+0.09 -3.81+0.29
13 Mokca ['epmanus 59.65 11.62 1.16+0.09 -3.68+0.29
14 Byxan Kurait 30.52 114.49 1.10£0.07 -3.50£0.22
15 Kantim Kanama 45.59 284.19 1.0240.08 -3.2610.26
16 CuHuy TaiiBaHb 24.79 120.97 1.01£0.06 —-3.2310.20
17 Cancrior HM CIIA 32.77 —105.82 | 0.95+0.07 -3.0240.22
18 [Teun Uexus 49.92 14.78 0.93+0.09 -2.97+0.27
19 ban-XomOypr I'epmanus 50.23 8.61 0.93%0.08 —2.95+0.27
20 Membax benbrus 50.61 6.01 0.9340.08 -2.97+0.27
21 Yondepnanx JlroxcemOypr 49.67 6.15 0.914+0.08 —2.891+0.26
22 Berrnens ['epmanus 49.14 12.88 0.9140.08 —2.89+0.27
23 Bena ABcTpus 48.25 16.36 0.89£0.08 —2.84+0.27
24 CrpactOypr OpanHiys 48.62 7.68 0.88+0.08 —2.8110.26
25 bakcan Poccus 43.20 42.72 0.8740.08 —2.79+0.27
26 3eneHyyKcKas Poccus 43.51 41.36 0.8740.08 —2.79+0.26
27 Octun CIIA 30.29 -97.74 0.82+0.06 —2.621+0.21
28 Hexpanyn Nuaus 30.32 78.07 0.80+0.07 -2.5610.21
29 Menuunna Wramms 44.52 11.65 0.78+0.09 —2.4940.27
30 Bonoubs Wranus 44 .48 11.33 0.7840.08 —2.49+0.25
31 banyHr Wuione3us —6.90 107.63 0.05+0.04 —0.15+0.11
32 Tantn ®panius —-17.58 -149.61 | - 0.28+0.17
0.0910.05
33 Manayc bpazunus -3.01 —-60.00 — 1.38+0.10
0.43+0.03
34 TunounOuna ABcTpanust -34.44 148.94 — 1.61+0.23
0.5140.07
89
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35 KanbGeppa ABcTpanus —35.32 149.01 - 1.69+0.24
0.53+0.07

36 | Koncencbon Ynmm —36.84 286.98 — 3.76+0.23
1.18+0.07

37 CazepiieHa 10. Adpuxka —32.38 20.81 — 4.11£0.22
1.29+0.07

38 CeBa AHTapkTHAQ -69.01 39.59 — 5.31+0.30
1.67£0.10

Tabnuya 1. Pacuemnusie 3nauenus eapuayuil Cuibl maxcecmu r g u eapuayuii 8icom h
2PABUMEMPUYECKUX CIMAHYULL MUPA, 8bI36AHHbIE BEKOBLIM OpeLihoM YyeHmpa macc
3emau. 3nauenus ykazauvl ¢ NO2PEUHOCHAMU.

Crrasms Crpana 3HaveHHS BapHallui CUIIBI TSKECTH, MKI an/rox

pacueTHbIE HaOII0JaeMbIe
Hpro Anecynn Hopgerus -2.240.5 -2.510.9
Cena AHTapKTHIQ —0.8+0.3 -0.3+0.4
Yepumin Kanana —2.840.5 -2.1£0.2
Byxan Kuraii +2.0+0.2 +1.9140.1
Menununna HUranusa +2.240.2 +1.940.1
bosnoubs Wranus +3.310.2 +4.2+1.8
Membax benbrus —0.840.3 —0.610.1
MercaxoBu OuHIAHAUA -1.11£0.3 —1.1+0.1

Tabnuya 2. Pacuemnvie u Habnrooaemvle 3HA4eHUs 6APUAYUTL CUTIbL MAHCECTIU
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DRIFT OF THE EARTH'S CENTER OF MASS AND AGE-OLD
VARIATIONS GRAVITY FORCES*

Barkin Yu.V., Sternberg Astronomical Institute, Moscow, Russia

Abstract. It is shown that the secular displacement of the Earth's center of mass
(drift) observed by space geodesy methods and the deformation of the Earth's surface
make the most significant contributions to the secular changes in gravity on the Earth's
surface, which are recorded using absolute and superconducting gravimeters. The
simplest estimates of the secular change in gravity at a given station can be made directly
from the secular variation in the height of the station, determined by satellite GPS
observations. These data determine the trend of the station directly in relation to the
drifting center of mass of the Earth. However, they do not allow us to estimate the
contributions of the above effects: the drift of the center of mass and the change in the
height of the station due to deformation, but actually determine their difference. The
analysis made it possible to estimate the contribution of the drift of the Earth's center of
mass to gravity variations at this gravimetric station, as well as the contribution of
surface deformation The ground and the corresponding change in the height of the
station.

Keywords: gravity variations, height variations, drift of the Earth's center of
mass
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HEJIMHEMHASI BCEJIEHHASI

Kaumos B.K., unxenep, r. Bnaguoctok, Poccuiickas
Oenepanus

AHHOTauMA. [IOHATH CKPBITBIE MEXaHHU3MBI NPUPOJBL,
CBA3aTh PAa3pO3HEHHbIE HAONIOJAEMbIE SIBJIICHHUA B €AUHYIO KapTHHY Mupo3gaHus,
OIIpeNIEeNTh Hallle MECTO BO BcenleHHOM U npenonpeaenuTs cBo¢ Oyayiiee — BOT LEb
Y 33J1a4a JaHHOTO UCCIIEA0BaHUS.

KuroueBbie ciioBa: TEMHas MaTepusi, IpUPOIa TPABUTALIMH, SBOIIOLNS IIJIAHET,
KJIUMAT 3eMJIn

BbaarogapnocTu: aBTop BbIpaxkaeT mnpusHareabHOCTh O.E.AxkuMOBY u

B.H.JIeonoBuu 3a o6cyxneHrue paboThl U TIOJIE3HBIE 3aMEUaHUSI.

BBEJIEHUE
JlaBuHOOOpa3HO HapacTalOmMii O0BEM HOBBIX JIAHHBIX, IOJYy4aeMbIX
B pe3ylbTaTe pealu3aliil KOCMHYECKHX TMporpamm wuccienoBanusi ColHEYHOM
CHCTEMBI, CKJIAJbIBACTCS B MO3aHKy, KOTOpas SBISETCS TNPEIABECTHUKOM DPOXKICHUS
HOBOM aKaJleMU4eCKOM HayKH. JTa HOBas HayKa HauOoJjee MPOCTO U C EAMHBIX 03U
crocoOHa OOBSICHUTH OoJiee MUPOKUI KPYT HAOMIOAaeMbIX SIBICHUM U TIPUBOJIUT HAC

K KapaAWHAJIbHO WHOU KapTHHC MUPO3TaHH.

1. CYBCTAHIIMOHAJIBHOE IMTPOCTPAHCTBO

«C TOYKHM 3peHHs] CTAaTUCTUYECKON TEepMOJMHAMHUKH, CTaBIIas KJIACCUYECKOMN
¢dpa3a «...maTepus CyLIeCTBYEeT B BHJIE BellecTBa U B (opMe MOJeil...» He sBiIieTcs
COJIEpKATEbHBIM ~ OTIpENIeICHHeM». bollee KOHCTPYKTHUBHBIM SIBJSIETCS  JIPYTroe
ompenenenue: «Matepus CyHIecTBYeT B BHJE YAacTHIl (IUCCUIIATUBHON CTPYKTYpHI),
SIBIISTFOIIMXCST TTOJICUCTEMAaMHU C TOYKH 3PEHHUS MaKpO, U CHUCTEMaMH, C TOYKH 3PCHUS
MHUKpPO. AHCaMOJIb IOJCUCTEM, CPOPMHUPOBABIINIA B JaHHOW 00JaCTH IPOCTPAHCTBA HA
JTAHHOM TIPOMEKYTKE BPEMEHH «YacCTHUILy», CTAHOBUTCS aHW3OTPOIHBIM M BHE JTOU

O6J'IaCTI/I, rac M3MCHANOTCA €ro JIOKAJIbHBIC «CPCAHUC») XAPAKTCPUCTHKH. Paznuunsie
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TUTIBI AHWU3OTPOTIHH, BKITIOYAsT aHU30TPOINI0 (QYHKIUI pacrpe/ieleHus] KBa3UIacTHII,
00yCJIaBIMBAIOT COCTOSIHUE aHcamOJsi, KOTOpbIE CIeAyeT Ha3blBaTh MoJsiMU. B sTom
CMBICJIE TOJIsl — BEIIECTBEHHBI, TaK KaK BEIIECTBEHHBI UX HOCUTENHU (MMEIOT opMy U
cojiepKaHue) — nojcuctemMsn» [1].

BBeném mnpencraBineHne o kBazuuactuie. KBazuuacTuia SIBISETCS YCIOBHO
JIOKAJIM30BAHHOW CTallMOHAPHOW €AMHUIECH MOACUCTEMBI, O0Nafaroniell eIMHUYHOM
Maccoii ¢ HyJIEBBIM 3apsIOM U HEOTPAaHUUYEHHOMN CTETIEHbIO CBOOO/IBI.

[Tons (moacucTeMbl) TPOSABISIIOTCS 1O WX  CHUJIOBOMY  BO3JICUCTBUIO
U XapaKTepU3yIOTCAd, KaKk NpaBUIO, JBYMs napamMeTpaMm — [OTEHUHAIOM
U HanpspKEHHOCTHIO. [loTeHIMaN TpaBUTAIIMOHHOTO MOJS MOXKHO WHTEPIPETHPOBATH
B TEpMHUHAX IUIOTHOCTH TOACUCTEMBI. JlaHHBIN BBIBOJ CJIEIYEeT M3 OCHOBHOIO
YpaBHEHHUs TEOpUHU MOTEHUUANOB — ypaBHeHusa llyaccona: A@ = 4mwGp, tae ¢ -
MOTEHIMAJ, p — JIOKaJbHAas IJIOTHOCTH cpenbl. Ho Takas wuHTeprperanus OyaeT
HEJ0CTATOYHOM: HE cleayeT 3a0bIBaTh O BOJHOBOW MPHUPOJIE IPABUTAIIMOHHOTO TOJS,
Ha 4TO YKa3bIBAET XapakTep ABIKEeHU aneT. O01iee ypaBHEHUE IIOTHOCTU YHEPTUU
BostHbI (E) umeer Bun: E = pA2w?/2, rae p- IIOTHOCTh Cpenbl, A, @ - aMIUIUTYyJa U
yrioBag 4yactora BoiHbel. CmmMBas  1Ba  ypaBHEHHSA, MOXHO  IPHUITH
K TpEeIBAPUTEIHHOMY BBIBOAY: TMOTEHIIMAT TPABUTAIIMOHHOTO TMOJsA (CKaJsIpHAs
BEJIMYMHA) OMPEIeIseT SHEPTUI0 (DIYKTyaly TUIOTHOCTH CPEJIbI C YIIIOBOM 4acTOTOM
U amMIuIMTyoi (wo, Ao), 3aBUCAIMX OT MPOCTPAHCTBEHHOW KOOpAMHATHI R
(paccTosiHME OT WCTOYHWUKA TPaBUTALMOHHOTO TIOJIS, BEpHEE, OT HCTOYHUKA
ociuiAnMil). B gaHHOM ciiydae peub HMAET O CTATUCTUYECKU 3aBHCUMBIX WIH

KOPPEIUPOBAHHBIX APYT C APYrOM apaMmeTpax Cpeibl.

2. IPOLECC ITOJIAPUSAIINA OUSUYECKOI'O BAKYYMA

Hanpsk8HHOCT, ~ IPAaBUTAIMOHHOTO  MONS -  BEKTOpHAs  BeJMYHUHA,
XapakTepusyromas motok mojs: E- = F7/m = (mg~”)/m =g” rne F — cuna mapnenns
T0TOKA Ha IIPOOHYI0 Maccy (m), g — YCKOpeHHe CBOOOIHOTO TaieHHS.

HanpsEHHOCTh ~ IPaBUTALMOHHOTO MO  MOXHO  MHTEpPIIPETHPOBATH
KaK JIMHEHHO YCKOpPEHHBIH MOTOK KBAa3WYaCTHI], HATIPABJIEHHBIA depe3 MOBEPXHOCTH

cdepsl K EHTPY MacChl, MHUIMUPYIOMIEeH 3To mose. [Ipu 3ToM HY>KHO y4ecTb, YTO HU
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Macca (KOJMYECTBO MAaTE€pPUH), HU PACKAIEHHOE SAPO IUIAHEThI UM 3BE3bI HE MOTYT
IeHEpUPOBATH LIEHTPOCTPEMUTENIBHOE T10JI€ YCKOPEHUI: HET MEXaHNW3Ma I'eHEepalyH.
[IycTb Am — BbIAE€JIEHHBII OOBEMHBIN AJIEMEHT MOTOKA IPAaBUTALIMOHHOTO MOJIS.

[Tpouecc Tpancpopmanuy 3HEPTUN U MAaTEPUHU B IEPBOM MIPUOINKEHUU OYAET:

@ v
; = .
E =m J.L(Q'O)qu o & m J'V('}T'lf’: _ me
20! c 2

@1 - TOTEHIMAJ OECKOHEUHO YAANEHHON TOYKH (1),
(2 - MOTEHLIMAJ TOJISl HA TPAaBUTALMOHHOM paauyce (Ig),

vV — CKOPOCTb USMCHCHM IMOTCHIIMAJIA.

[lpy yBenmMYeHWM TOTEHOMAJda TPABUTAMOHHOTO TONA  (TMIOTHOCTH
KBa3WYaCTUI) B YCTOMYMBON CHCTEME paBHOBECHE CIBHracTCs B HAIpPaBICHUH
YMEHBIICHHUSI CYMMapHOTO KOJHYECTBA KBA3WYACTHI[ C OOpa3OBaHUEM IPOIYKTOB
peakuuu — 3JeKTpoHa u no3utpoHa (mpunnun Jle [llarense, ha3zoBblil mepexon nepBoro
poxa). @a3oBbIe MEPEXO0/IbI U3 OJHOTO CTAOUIBHOTO COCTOSHUS B IPYTO€ OMUCHIBAIOTCS
OKCTIOHEHIMAIFHO pacTymuMu (QyHKIussMu. OJHAKO PpE30HAHCHBIE BO30YXKICHUS
(mapamMeTpHuecKuil PEe30HAHC, KaK IMPaBHJIO, BO3HUKAET MpPHU OBICTPOM H3MEHEHUH
napaMeTpoB Cpelbl) CYIIECTBEHHO W3MEHSIOT JAMHAMUKY TIpoIecca: BMECTO
HKCIOHEHIMAILHOTO YJaJIeHUs] OT CTAI[HOHAPHOTO COCTOSIHUSA CHUCTEMa IEePEXOAUT
K HOBOMY KOJI€OAaTEJIbHOMY COCTOSIHHIO, KOTOpoe B ()a30BOM HPOCTPAHCTBE
ONHKCHIBaeTCS B BUJAE LUKIAa. B JaHHOM ciydyae, yacToTa MPOXOXKIACHUS IUKIOB
COINOCTaBMMa C YaCTOTOW H3JIy4eHHs IMyJIbCapoB: B Mpenesiax LUKIa MPOUCXOIUT
HAKOIIJICHHUE AJIEKTPOHOB M MIO3UTPOHOB U MX aHHUTHIISIIIHSL.

Ha BeposTHOCTH 00pa3oBaHusl 3IEKTPOH-TIO3UTPOHHBIX Hap NpPU YBEJIWYEHUU
napameTrpoB mosisg ykaseiBan Jxynuan IlBunrep (J.Schwinger). On oOHapyxun

3aBUCUMOCTb MHTEHCUBHOCTH TeHepalnu nap (w) ot Hanpspk€HHoctd nodst (E):

w = celE? ex {EKD}
= 2z SXP g
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DdheKr poxkaeHHs map CTAHOBHUTCSA 3aMeTHBIM mpu Eqp= 10'¢ B/cm. Takum
o0pa3oM, B IpoOLECCe YBEIMYEHHUS MapaMeTpoB TMousid (FPaBUTALMOHHOTO,
AJIEKTPOMArHUTHOI0) OyJeT HaOMoAaTbcsl NOPOroBeld 3pekT (Hampumep, (a3oBbIid
nepexo/] IePBOTo pojia) IMOO0 MO YacToTe, TUOO0 MO0 MHTEHCUBHOCTH.

Poxnenne e - ¢ map W3 BakyyMma HaOJIOIAeTCs NMPH B3aUMOICUCTBUU Y —
KBaHTOB C TMIOJEM sfJpa, NpPH B3aUMOJECUCTBHM BCTPEYHBIX JA3€pPHBIX ITYYKOB,
OPU HYKJIOH-HYKJIOHHBIX WJIU SIIEPHBIX CTOJKHOBEHMSIX M IPEACTABISET OCOOBIN
uHTepec. OpHako cTporoil >PQEeKTUBHONM TEOpUHU, MO3BOJIAIOIIEH OMUCATh 3TOT
npolecc HEMPOTHUBOPEUUBBIM 00pa3oM, 0 CHUX HOp He cymecTByeT. Ecinu nmpuHATH
BO BHUMAaHHUE, YTO aTOM KaK CTPYKTypa BecbMa OBICTPO pa3pyllaercs, TO €CTh BCE
OCHOBAaHUS OXKMJATh YCTOMYMBBIA BO BPEMEHU W NPOCTPAHCTBE KOMIIEHCATOPHBIN
OpollecC POXACHUS CTPYKTYPHOHM MaTepuu. OTH OOCTOSTENbCTBA MOTHUBUPYIOT
MCCIIEe0BaHUS Tpoliecca 00pa3oBanus e- ¢ map B CHJIBHOM TPaBUTAIMOHHOM II0JIC
JanpHelInee UX B3auMojelcTBUE C (opMmupoBaHHEM Oosiee CIOXKHBIX aHcamOJei,
KOTOpBIE MOXHO OyZI€T OTOXAECTBIIATh C HYKJIOHAMH. JTa 3a/1a4a M0 CO3[JaHUIO0 OCHOB
Oosiee o01IEH TEOPHH CTPOSHUS MAaTEPUU YPE3BBIYAMHO cI0KHA. VICIIONIb3ysl METOABI U
ONHUpasCh Ha Pe3yJbTaThl, HOJydeHHbIE aBTOpaMu B psge pabor [2,3,45] moxuo
NOPEJIOKUTh K OOCYXKIEHHUIO CIEAYIOIIYI0 YIPOLIEHHYIO CXeMy (OpMUPOBAHUS
CTPYKTYPHOU MaTEPUHU.

HeoOxonuMbIM ycoBueM MOJSPU3aLUU CPEibl, KAK YCTOMYMBOTO BO BPEMEHU
npoliecca, SIBISIETCS HaJIWYMe BHEIIHETO0 BBICOKOYACTOTHOTO MCTOYHHUKA KOJIEOaHMH.
TakuM NOpPUPOIHBIM HMCTOYHUKOM SIBJIIETCS HEUTPOHHO-U3OBITOYHOE SAPO WU
HEUTPOHHOE SJIpO — AHAJIOT aTOMHOTO fJIpa C OTIWYKEM 10 Macce. HelTpoHHoe s1po
WIH KBaHTOBBIN OCLIMJLISITOP KOT'€pEHTHOTO COCTOSIHUS U3Iy4aer
KaK B BBICOKOYAaCTOTHOM CHEKTpE (M31ydyeHUE «KOMIUIEKTYIOIIMX» A]Ipa — HEUTPOHOB U
IPOTOHOB Ha YacToTax Wpu “p), Tak M B HU3KOYACTOTHOM CIIEKTPE, IJIE JUIMHA BOJIHBI
U3ITy4eHUs1 CpaBHHMMa C pa3MepoM CaMoro sapa. YCTOMYMBOE HHM3KOYaCTOTHOE
u3ydyeHue (®W3) CBsI3aHO C BpallCHHEM SApa, KOTOPOE BO3HHMKAET B pE3yJbTaTe
CHHXPOHM3AIIUK UCXOIHBIX Koyebanuii. Komebanus Ha yactotax @nu “p mMOpOXKIAIOT
B CHCTeMe KoleGaHHe Ha KpaTHOI KOMOMHHPOBaHHOI dacToTe JW3: @n +@p = j®3

rae J = 1,2,3, ... (ycnoBue pe3oHaHca MM CUHXpoHM3Ma). TakuM 06pa3oMm, BpalleHue
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HEUTPOHHOTIO sJipa HE IPOU3BOJIBHO, a IPEIONPEIEISAETCS PEKMMOM CUHXPOHU3ALUN C
MTOCTaBUIMKOM 3HEPTHUU.

[Ipy BBICOKOYACTOTHOM BHENIHEM BO3JCWCTBHM B CIUIOIIHOW  Cpele
C IUCHepCHEN U JUccCUNaleil BO3HUKAIOT CPepuyecKd CUMMETPUYHBIE (OTHOCUTEIBHO
A7pa) aKTUBHBIE 30HBI Jedopmaru Cpelbl BOJHOBOTO XapakTepa C JAUCKPETHBIM
U PaBHOMEPHO paclpeAe€éHHbIM Ha0OpoM 3HaueHWi »sHepruii. dopmupoBaHUE
AKTUBHBIX 30H HEUTPOHHBIM SIIPOM CBSA3aHO C M3JIYYEHHEM KOTE€PEHTHO
OCHWUITMPYIOUIMX BHYTPU HEro HEUTPOHOB W NpoTOHOB. Ilpym pasHOCTH 4YaCTOT
U3ITyYeHUsl HYKJIOHOB (IUJIMHBI BOJIH Jie bpoiins /Uit HeWTpoHa M MPOTOHA Pa3IUYHBbI)
HAa OrPaHUYEHHBIX MWHTEpBaJlax MPOCTPAHCTBA BO3HUKAET CBS3aHHBIA PEXKUM
Kosie0aHui, OJIM3KUN K CTAallMOHAPHOMY — aMIUIMTYIHO-MOAYJIMPOBAHHOE KoJieOaHue
(AMK) ¢ yrmoBo#i monysiiueii. B pe3yabTupyromnieM ABMKEHUH ¢ KOA(DPHUITMEHTOM
Monymsiu paBHoM enuuuiie AMK mpencrasnsier coboi xapakTepHOE YepeoBaHHe
y3JI0B U TYYHOCTEW WJIM MOCJIEI0BATEIbHOCTh BOJHOBBIX IMAKETOB MEPUOJMYHBIX
C MepUoIOM 7t. AKTHUBHAs WM PE30HAHCHAs 00JACTh XapaKTEPU3yeTCsl LEIbIM YU CIOM
BoiH AMK, ykmanpiBaeMbiX 1Mo 3KkBatopy cdepbl. KonnuecTBO pe30HAHCHBIX 30H
HaXOJUTCSl B MpPSIMOM 3aBUCHUMOCTH OT Macchl siipa. OueBHIHO, 4YTO pasiinyue
HEHUTPOHHOTrO sJipa MO Macce Ha MHUKPOYPOBHE OOYCIOBIMBAaeT BCE MHOrooOpasue
AIIEMEHTOB (M UX U30TOMOB) TabmuIlkl MeHeneena.

DOBOJIOUMOHMPYS 1O Macce, HEUTPOHHOE SApO OCTAaéTcs KBAaHTOBBIM
OCLHMJUIITOPOM ~ KOTEPEHTHOIO  COCTOSIHUS, JJI  KOTOPOTrO  NPOMU3BEJIECHUE
HEOMNpeeIEHHOCTEN KOOPIMHATHI M UMITYJIbCa IPUHUMAIOT MUHUMAIbHO BO3MOXKHOE B
pamKax COOTHOILIEHUS HEONIPENEIEHHOCTEN Ax - Ap = h/z 3HAYEHUE:!
B sTOoM ciyuae, pacpocTpaHeHHE MOIIHBIX KOT€PEHTHBIX UMITYJIbCOB B PE30HAHCHO-
MOTJIOLIAIOLIEN Cpe/ie COMPOBOXKAAECTCS COJUTOHHBIMU 3(@eKTaMu, T. €. BOIHOBbBIE
nakeTsl AMK He pacrubIBatoTCs, a UX IEHTP JBHXKETCS MO KIACCUYECKON TPACKTOPHH.
HenuneiiHoe B3auMojeiicTBHE TapPMOHMYECKHX BOJH, CTPYNIHMPOBAHHBIX B MAKEThI,
OoOHapy’KMBaeT MOBEIECHUE, POAHSILEE UX C YACTULAMHU: JIOKAJIM30BAHBI B KOHEUHOMU
00JacTH, TMEPEeHOCAT SHEPTUI0 M UMITYJIbC, OOpPa30BBIBAIOT CBSA3aHHBIE COCTOSIHMS,
O0BEMHAIOTCS B  KOJJICKTUBBI  (aHCAMOIIM), COXpaHSAIOT CBOIO  CTPYKTYPY

npu BSaHMOHCﬁCTBHHX. Ecan monoxuts B OCHOBY 00BICHEHHS 3apssaa 4YaCTHIBI
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pa3HOCTh (a3 Ha T, TO CTAHOBUTCS BO3MOXHBIM OTOKJECTBUTH YCTONUNBBIE BOJHOBBIC
MaKeThl C OJIMHAKOBBIMU 3HAYEHUSIMU MACChl U CIIMHA (CIIUH BO3HUKAET MPH pa3phbiBe
AMK Ha oTaenbHbIE BOJIHOBBIE ITAKETHI), HO C MPOTUBOIIOJIOKHBIMH 3HAKAMU 3apsja,
C DJIEMEHTAapPHBIMU YaCTULIAMH — JIEKTPOHOM M ITO3UTPOHOM. Takas MOAENIb CTPOCHHUS
aToMa, a pedb HIAET MMEHHO O MOJENIN CTPOEHHUS aTOMa, MOYKET pa3pelluThb psif
mpoOaeM: po0aeMy CBOOOAHBIX JIEKTPOHOB MPH OOBSICHEHUU AJICKTPUUECKOTO TOKa,
npoOyieMy HM3Iy4eHHUs SJEKTPOHA TMPH €ro BpalleHWH BOKPYT sipa WKW HpoldiieMy
«IBIPOK» B MOJYNPOBOJHUKAX p — TUIIA.

[IpeBblllIeHUs MAacChl HEUTPOHHOTO S/Ipa HEKOM IMOPOrOBOW BEIWYHUHBI BEHET
K HOBBIM 3((deKTaM CBS3aHHOTO COCTOSIHHS. P mociemoBaTeNbHBIX JIOKAIBHBIX
npeBpanieHuit (hopmupoBanue u paspeie AMK Ha OTJelbHbIE (pParMeHTHI,
CTOXAacCTH3allsl BOJHOBOTO IIOJISI M POXKJIEHUE HOBBIX COCTOSSHUN paBHOBECHS
¢ (QopMupoBaHHEM YCTOWYMBHIX aHCaMOJied BOJIHOBBIX TAKETOB (DJIEKTPOHOB
U TO3UTPOHOB)) MPHUBOJAUT K BO3HUKHOBEHHIO YCTOMYMBOTO BO BpPEMEHH
JIOKaJIM30BAHHOTO B IIPOCTPAHCTBE IIPOLIECCA POKICHHS HYKIOHOB. HaCTUYHO HYKJIOHBI
MOTJIOIIAKOTCA HEUTPOHHBIM SIAPOM, IPU 3TOM Macca HEMTPOHHOIO SApa MOHOTOHHO
pactér. Jpyras 4yacTh HyKJIOHOB MAET Ha (OPMUpPOBAHHE aTOMApHOIl cepbl BOKPYT
anpa.

B npemioxenHoit Monxenu (U3MKH  AJIIEMEHTApHBIX YacCTHIl HYKIJIOHBI
NPEJCTaBICHbl B BHUJEC YCTOHYMBBIX aHCAMOJEH, COCTOSIIMX W3 CBA3AHHBIX MEXIY
c0001i BOJIHOBBIX MAKETOB (JIEKTPOHOB U MO3UTPOHOB), C PA3IUYHEM IO YUCITY YACTHULL
B cUCTEME Ha enuHuLly. Pacnag HeHTpoHa HAET € caMOro ysI3BUMOT'O IIOBEPXHOCTHOI'O
cinosi. [Ipu Gera-pacrajie HEUTPOH TepsSeT MOBEPXHOCTHBINM OOMETaromMiA (CITMHOBOM
«XBOCT» BOJHOBOM (DYHKIIMM) OSJIGKTPOHHBIM BOJHOBOM MaKeT W MpPEBpAIIaeTCs
B MPOTOH C MOBEPXHOCTHBIM MO3UTPOHHBIM cioeM. Ilpu 3ToM 0Opasyercs 31IeKTpoH
U DJIEKTPOHHOE AHTHHEUTPUHO — YacTHILA C DHEPrUeH, COOTBETCTBYIOIIEH DHEPIUU
CBSI3M MEXIY JJIEKTPOHOM W MO3UTpoHOM. OUeBHIIEH U APYroi Tun Oera-pacmana —
OeTa-IuTroC-paciaj] WM IO3UTPOHHAS SMUCCHS: IPOTOH TEPSIET BHEUTHUI TO3UTPOHHBIH
BOJIHOBOM IIAKET M IpeBpamaercs B HEUTpoH. K mpumepy, HEKOTOpbIE H30TOIBI
(yrnepoa-11, kucnopon-15) ucnyckaroT Ho3UTPOHBI (COTTIACHO JAaHHOM MOJENIN aToma,

MO3UTPOHHASL SMUCCHUSI MOXKET UMETh HE SAEpHYI0 npupoay). Ilpu manHom monaxone
97
CJIOXKHBIE CUCTEMBI, Ne 2 (47), 2023



Henunennas Bcenennasn

K CTPOCHHIO HYKJIOHOB, CYUTAaTh HEUTPOH HCTUHHO HEUTPAIbHOU YaCTULIEH YXKE HEIIb35.
OH KOHCTPYKTUBHO JOJIKEH OBITh OTPHULIATENIBHO 3apsyKEHHON YaCcTUIICH.

OTpunatenbHblid 3apsa] HEUTpOHA — MPUHLUIIAAIBHO BaKHOE MPEAIOI0KEHUE.
N sTromMy epeTHyeckoMy IMPEANOJNIOKEHUI0 €CTh BCE OCHOBaHUA. Paccmorpum
IIPOCTEHIINE IPUMEPBI.

JledTepunt — A1po, COCTOSAIIEE U3 MPOTOHA U HEUTPOHA.

pn=>D E.=2.2M>B p- n-

[Ipu TakoM MoAX0/1€ K CTPOEHHIO YACTHUL, MOKHO C YBEPEHHOCTBIO CKa3aTh, YTO
YCTOMUUBBIX SA€p, COCTOSALIMX M3 JIBYX IPOTOHOB (IUIPOTOHA) WM JABYX HEHTPOHOB
(IMHEUTpPOH) B MPUPOJIE HE JOJHKHO CYIIECTBOBATh. DKCIIEPUMEHTAIBHO TaKue siApa He
0oOHapyKEeHBI.

Tputnii — 41po, B cOCTaB KOTOPOT'O BXOAST JIBa HEUTPOHA U IIPOTOH.

pnn -°T Ec=8,48 M3B npn

PUYEM CIIMHBI HEUTPOHOB aHTUIIAPAIIIIEIIBHBI.

I'enuit — 3 — aapo, cocTosimiee U3 ABYX NPOTOHOB U HEUTPOHA.

ppn-°He Ec=7,72MsB  p+ n-p+

CruHbBI IPOTOHOB TaK)K€ aHTUIAPAJUIEIbHBI.

B npu6nrkeHnH M30TONMYECKOM MHBAPUAHTHOCTH SHEpruu cBs3u B °T u B *He
JOJDKHBI Obl ObITh paBHBl. HO oHu pasznuusbl. [IpuumHa Takoro pasiauyusi MOXKET
00BSACHATHCA TOJIBKO TEM, YTO HEUTPOH SIBJISIETCSI OTPULIATENIBHON YacTULEH ¢ IPOOHBIM
3apsaaoM. BenencTBue uWero KyJlOHOBCKas OJHEPIUs OTTAIKUMBaHUA B ST Mexmy
HEMTPOHAMY MEHBIIE aHAJOTHIHOM dHeprun B *He Mex 1y mpoToHaMu.

HaubGonee Tounble mpsiMble uM3MepeHUs 3apsga HelTpoHa (Qn) BBITOIHEHBI
M0 OTKJIOHEHHUIO MYYKOB YJIBTPaXOJOJHBIX HEHUTPOHOB B 3JIEKTPOCTATHUECKOM IOJIE.
Onu nokassisaror: @n = 3 1072'e e ¢ — 3apsin snexpona [6]

HelitpanpHblil HEUTPOH CO CIHUHOM Y2, coryacHO CTaHAApPTHOW MOJENHU H
ypaBHeHus: Jlupaka, He JODKeH o0nagaTh MAarHuTHBIM MOMEHTOM. OpHako
AKCIEPUMEHT MO0 PACCESIHHMIO MydKa HEHUTPOHOB MOKA3bIBAET, YTO HEUTPOH HMEET
MarHMTHBIA MOMEHT U OH paBeH: B n = - 1,913... p n. I8 cpaBHEHMsI, MarHUTHBII

MOMEHT T1poToHa pasen: Mp = 2,793 ... ptn,
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I'paBuTanmonHas nossspu3anus BaKyyMa SBIIIETCS. HEOTHEMIIEMBIM 3BEHOM
npolecca TIpaBUTAlMM W WIPAaeT OCHOBONOJATalollyld pojib B 0Opa3oBaHUU
CTPYKTYPHOM MaTE€pUH B NPOCTPAHCTBE. YBEJIMYEHUE MOJIU MACChl CTPYKTYPHOU
MaTEpUH KOMIUIEMEHTAPHO YMEHBIICHHIO IUIOTHOCTH BakyyMa. CeroaHs onpeaeaeHue
OpUpoabsl TEMHOM MaTepuM SBISETCS OAHMM U3 Haubosiee BaXHBIX MpobdieM
B COBPEMEHHOM KOCMOJIOTMM M (U3MKKH >BJIeMeHTapHbIX dYacTtul. OueBHIHO,
YTO MHOXECTBO Am fABJIfeTCA MOJAMHOXECTBOM MHoxkecTBa Um: Am
Um {Am|Am € Um, [Am| > 03] rne mmoxectBo Um — mpoctpancTBO MeTaramakTuku
macco M. Marepust mpocTpaHCTBa (Macca IOJACHUCTEMBI) U €CTh Ta 3A2A004YHAA
mémnaa mamepusa (NEPBUYHBIN CyOCTpaT), Ha TOMCK KOTOPOH BBIACIISIIOTCS OTPOMHBIE
CpelICTBa M KOTOpas SIBJISETCA caMOW MHTPUTYIOIIEH 3arajkoil COBpeMeHHOU (U3HKHU.
TEémHas Matepus He U3y4aeT U HE OTPAXKAET CBET, HO IIPU 3TOM SIBJISIETCS IPOBOIAIIEH
cpenoil myig BOJHOBBIX TmporueccoB. CTaHaapTHas MOJENb, KOTOpas CHocoOHa
00BsICHUTD JTUIIB 4% BemiecTBa MeTarainakTHKH, BBITJSIAUT SIBHO YApYyYalollle.

OmyH u TOT ke (QyHAAMEHTAJbHBIM 3aKOH HPHUPOJABI SBISAETCS MNPUYUHON
BO3HUKHOBEHHS MaTepUAIbHBIX OOBEKTOB M  MPUBOJUT K  YAMBHUTEIHHOMN
YOOPSAOYEHHOCTA  CJIOKHOM  opranu3anuu  BcemenHoil.  Jlokaqn3oBaHHBIN
B IIPOCTPAHCTBE U YCTOMYMBBIM BO BPEMEHH IIPOLIECC POKICHUS CTPYKTYPHOU MaTepUH

HHUIOUHUPYCT IIOTOK II0JIA B 001acTh PCAKIHH.

3. MOAEJBHOE INPEJACTABJIEHUE ITPOLUECCA TPABUTALIUN

Ecte 1nu cmbicn BO3BpamiaTthesi K 3aKOHY TATOTEHHS, €CIU  Pacy€Thl,
OCYIIECTBIISIEMBIE COTJIACHO XOPOIIO pa3padOTaHHOW TeopuHu, AT MPABUIbHBIE
pe3ynbTathl? be3ycnoBHo, ecTh. SICHOE mpeacTaBlieHHe O MPUUYUHHOCTU (PU3HUECKUX
MPOLIECCOB caMO MO cele SABISETCS Ba)KHEHIIeW COCTaBISIONIEH 3HaHUS, KOTOpOe U
oOecrieunBaeT JanpHEeIIee pa3BUTHE HAYKH.

[IpencTaBum BepTUKAIBHOE CMEIIEHUE TIAHEThl OTHOCUTEIHLHO COJIHIIA B BUJIE
FapMOHHMYECKOTO KOJIeOaHUs OKOJIO TOUKH PaBHOBECHUSI C EPUOJIOM PABHBIM OJHOMY
roy. COBOKYIMHOCTh TOUEK PAaBHOBECHUS 3a MEPUOJ] ONIPEICIIACT HEKYIO OKPYKHOCTh L
paguycoMm R (puc.l). 3ameHa cuibl TATOTEHUS MEXAY MacCaMH Ha BHEUIHIOI CHILY

BO3JICUCTBUS MOTOKAa AT TMpeACTaBICHUE, TOJIBKO 00 OJHOM IICHTPAJIBHOU CHIIE.
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[Tox nedictBueM OQHOM 3TOM CWIIbI IUTAaHETAa MMeNa Obl CHHUPATBbHYIO, CIAJIAIOIIYIO
K HEHTPY TPACKTOPHIO ABMKEHHSI U HeMUHYeMo BeTpeTuiiach 0b1 ¢ ConnueM. Ho sToro
HE IPOUCXOAUT IIOTOMY, YTO CYLIECTBYET ApPYyras BCTPEYHAsl LICHTpaJbHAas CHJA —
BO3BpAILAIONIAs CUJIA, KOTOPast ¥ MPUBOJIUT K COCTOSIHUIO TAPMOHUYECKOTIO PABHOBECHUS
cuctemy tuiaHeta — Connue. Ilombitaemcs Haiith  usmdeckoe 000CHOBaHUE
BO3Bpaularonieil cuie (LUeHTpoOekHas cujla U CWIa MHEpUUU B JAaHHOW paboTe He
paccMaTpHUBAIOTCS: ATH CHJIbI HE BBI3BIBAIOT YCKOPEHHUIA).

Tak kak 3Heprus CBsI3U AJIs KaXI0H YCTOMUMBOM CTPYKTYpHOM KOH(UTrypanuu
BCErJa CTPOTO OMpeeseHa, 0 YEM CBUACTEIBCTBYIOT XAPAKTEPUCTUUECKNE aTOMHbBIE
CHEKTpPbl M3JIY4YEHHs] — TIOIJIOUIEHUS, TO CaM CTPYKTYpHbIH OOBEKT MOKHO
O0XapaKTEPHU30BaTh 4Ye€pe3 yCPEAHEHHBIC 3HAYCHUSI «BHYTPEHHEr0» IMOTECHLIHANIA IOJIS
MOJICUCTEMBl O0BEKTa — KOHCTaHTa CBsI3M (MOTEHIMAN CBsA3u). VIMEHHO ToJe
MOJICUCTEMBI 00BEKTA OTBEUYAET 3a COXpaHEHUE (POPMBI U COACPHKAHUE CAMOTO OOBEKTA.
Ho uTo npou3oiinér, eciiv mapamMeTpsl BHEIIHETO MOJIS ISl 00beKTa OyAyT MPEeBHIIATh
YCpEeOHEHHBIE TMapaMeTpbl IMOJiA CaMoro oObekTa? B npanHOM ciydae MBI
paccMaTpuBaeM IUIaHETy (CTPYKTYpHBIH OOBEKT) KakK CHUCTEMY, MapamMeTpbl
MOJICUCTEMBI KOTOPOM CYyIIECTBYIOT U OIpeAesieHbl. BHEITHUMU ISl TUTaHEThl OynyT
rapaMeTpsl rpaBUTallMOHHOTO 1ojs CoHua.

[Ipu 3amaHHBIX HapaMeTpax YIPYrod cpelbl CTPYKTYPHOTO OOBEKTa — @co,
BpAIIAIOLIEroCs BOKPYT HEHTPAIbHOM MacCChl, CYIIECTBYET TAKOM pa3Mep LEHTPAIbHOU
obnactu — L, mpu KOTOpoM coOII0OAaeTCss PABEHCTBO: (Pco = @ ony TIE @ 2n - OTEHIIUAI
rpaBuTaimoHHOro noJist ConHua.

Onpenenum Takyl MOBEPXHOCTb KAK COMNPSIKEHHYIO SKBUIIOTEHIMAIBHYIO
noBepxHocTh (COII) nmnmsg AByX B3auMOJACHCTBYIOMIMX Tel. B oOnactu Hubke
CONPSDKEHHOTO  pa3Mepa, T[Ae IOTEHUHWAJ TPaBUTALIMOHHOIO TIOJI IPEBBIIIAET
NOTEHIMAJl TOJs TMOACUCTEMBl O0BEKTa, BO3HUKAIOT CHJIBI JABJICHUS, CXKUMAIOIINE
00BeKT. DTO OOBICHSET, MOYEMYy B MEPUTENUU HAONIOAAETCA C)KaThue IJIaHeT, a
B adenuu — uX pacumpeHue. B cTpykKTypHOM 00BEKTe BOSHHMKAIOT CHJIBI YIPYTOCTH,
KOTOpBIE Mpeo0afaoT HaJl CUJIAMH CXKaTus, BCJIEACTBHE YEro M BO3HUKAET CHia
BbITECHEHMs (aHanmor cuibl Apxumena). M3MeHeHHMe pa3MepoB IUIAHET MPU UX

JABHKCHHUHN II0 DJJIJIMIITHYCCKHUM 0p6I/ITaM OBLIIO 3aMEYEHO JaBHO, HO JIOT'MYCCKOI'O
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OOBSICHEHUSI ITOMY SIBJICHUIO B paMKaxX CYIIECTBYIOLIUX TEOPUM TaK W HE ObLIO
Haiigeno. Ilynecamuio Hameidl mnnaHeTl Ha (OHE MOHOTOHHOTO —PAaCHIUPEHUS
AKCIIepUMEHTaNIbHO OOHapyxmn M.A.YcoB em€ B 1938 roay, ogHako A0 CUX MOP

O(I)I/ILII/IaJ'IBHaﬂ HayKa HC an/maéT 9TOMY OTKPBITHUIO JOJIZKHOTO 3HAYCHUA.

\V4

:ﬁ_. { o
S e \ Puc.1

L (C3II)

Puc. 1. Touxku oxpyscrnocmu L, 0obpazoeanHoll ceueHuem niocKOCmu opoumul
naanemwl u CII1, onpedensarom cocmosnue pasHo8ecUsl U Xapakmepusyionm npeoeibHyio
MPAeKmopuio, K KOMOPOU CMpemMumcs OUHAMUYECKAs cucmemd. DNIUnmudecKast
MPaekmopusi O8UNCEeHUsL NAaHemvl 6y0em NPUOIUNCAMBCA K YCIMOUYUBOU MPAEKIMOPUL.
Cnedosamenwvro, okpyscHocmo L sensemes ammpakmopom 8 OUHAMUYECKOU cucmeMme.
Bce mpaexmopuu uz nekomopou oxpecmuocmu L cmpemamces k L npu t — .

YpaBHeHHe ABVIKCHHUA TAPpMOHHNYCCKOro OCHULIIATOPAa MOTYT OBITH IMMOJIYUYCHBI

C MOMOIIbI0 BTOpOro 3akoHa HeroToHa u 3akoHa ['yka:

md?x _ —kx
dez wim X+ w?x=0

roe ¥ = (Ry — R) - cmemenune ot monoxenns pasxosecusi, K = f(@) = @(r) -

K03 (ULKEHT yNpyrocTH rpaBUTaliuoHHOro nosisg CojaHIa,w - yriioBas 4yacToTra
@ = 2T/ = Jk/m)

B nuneiinom npubmmkennn (k = const) pemenue 3toro auddepeHmanbHOro
ypaBHEHUS BTOPOTO TOPSIKA UMEET BHI:

x(t) = Acos(wt + @) = Re[Aexp i(wt + ¢)]

3necs A — aMIMTyAa KonebaHuii, ¢ — HadanpHas ¢asa.

KonebarenpHOE ABM)KEHUE TPOMCXOIUT MO BIMSHUEM BO3BpAIIAIOIICH CHIIBI,

HpOHOpHHOHaHBHOﬁ BCINYNHE CMCIICHUA U HaHpaBJ'IeHHOI\/'I K ITOJIO?KCHUTO PABHOBCCHA.
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Umnynsc cunpl (P = MX) p3mensercd aHanoruyno X(t), HO co caABUroM no ¢ase Ha

T/y. p(t) = mwA cos(wt + @ +T/,)

[TonHast sHEprust cUCTEMBI, paBHAsI CyMME KMHETHYECKOM W MOTEHIHATbHON

SHEpPruu (OHU U3MEHSAIOTCS B IPOTUBOGA3E), COXpaAHSIETCS:

mi®  mx?
E= T + T = const

Cpe,Z[HI/Ie 3HAUCHUA KOOpAWHATBI WM HMMIIYJIbCa B (1)a3OBOM IMPOCTPAHCTBC

OITMCBIBAIOT SJIJIUIIC:

xz PZ
—t+t——==1

A2 (mwA)?

¢ mojiyocsiMu A 1 mwA.

OuyeBUHO, YTO CHJIAa B3aUMOJCHCTBUA MEXAYy MaccaMu  SIBJISIETCA

3HaKOHepeMeHHOﬁ BEJIMUMHOM U B IICPBOM HpI/I6JII/I}KeHI/II/I IIpUHHUMACT CJ'IGIIYIOI_HI/Iﬁ BU:

s (R,—R)GmM
F, =k——
" R (1)

RL - paguyc paBHOBeCHOU OpOUTHI, R - pacCTOSIHHE MEX]ly MacCaMH.

Ipu RL=R =F.=0.

B3aumopeiicTBue MexJy MaccaMU XapaKTepu3yeTcs 00JacTbio NMPUTSHKEHUs
K [IpeIeIbHOMY LIUKIIy COOTBETCTBYIOLIETO aBTOKOJIEOaHUSI.

Bo3zaeiicTBre TaHTeHITMATBHON COCTABIISIONICH CHUITBI TATOTCHHS (€€ PU3uIecKoe
o0ocHOBaHMe OyAeT JaHO YyTh HMKE) Ha KOJIEOATEIbHYIO CUCTEMY OOYCIOBIMBAET
paséHomeproe TIOCTYNATENIbHOE JBWKEHUE OcCIuLIATOpa 1o okpyxkHoctH (L),
a TpAeKTOpHUs pEe3yJIbTUPYIOLIEro MABIKEHUs IUTaHeThl BOKpyr ComHua — Oyner
npencTaBisaTh coboro sumnc. CrenoBaTeNbHO, ABWKEHHE IUIAHETHl  OKOJIO
HEHTPAIBHOTO 00BEKTa HEOOXO0IMMO pacCMaTpUBaTh Kak CYNEPIIO3UIINIO HE3aBUCUMBIX
OCLUJUISALIN.

[TapagokcanbHO, HO AIUIMOTUYHOCTH OPOUT BpaleHus miaHeT Bokpyr CousHia
WK TIepBbIi 3akoH Kemepa 10 HacTOSIIEro BpeMEeHH aKaJieMUYeCcKOW HayKOW HUKaK
HE Pa3bsCHSIETCS, HET AaKe MOMBITOK OOBACHEHUS.

B Hacrosumii MOMEHT He CYIIECTBYET OTBETa W Ha BOIPOC, NMOYEMY IJIAHETHI
BpaiaTcs BOKpyr ConHila U BOKpYr coocTBeHHON ocu. COBpeMEHHasl HayKa B 3TOM
BOIIPOCE TPUIEPKUBAETCS MHEHHMs, BbicKazaHHoro emé ['amuneem u HproToHOM.
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Cornacuo emy, npu (OpMUPOBAHUH TIAHET UMITYJIHC HEM3BECTHOU MPUPOIBI MPUAAI
UM YCTOWYUBOE BpamiarenbHoe ABMkeHne. CYuTaeTcs, 4To A0 CUX MOp 3TO BpalleHHe
OCYIIECTBIISIETC TO uHepuuu. Ho 3To Bcero mump BUAMMOCTH JIOTHYECKOTO
00BsiCHEHUs: HaONoAaeMble KOJeOaHUs OCEBOM M OpOUTAIIBHOM CKOPOCTH BpAICHUS
3eMJIi TPOCTO HECOBMECTHUMBI C MOHSATUEM UHEPIMATBLHOTO JABHXKCHHS.

OceBoe BpamieHue HedTpoHHoro sifpa CoiiHIa 3aaéT BpAIAIOIINN MOMEHT
OUHaAMUYeckoil  cucteme.  TonbKO ~ BO3JEWCTBHEM  TMOTOKAa  KBA3MYACTHIL
K BpalIaoIIEeMycs SAPY MOXHO OOBSICHUTH NMPHPONY KacaTelIbHOW CHIIBI, BIIHSTHHE
KOTOPOI U BBI3BIBAET OpOUTAIILHOE M OCEBOE BpallleHue IuianeT. [IoTok kBa3uuacTuiy
K BpaIIAOMEMyCs APy YKe HE MOKET OBITh CHEPUIECKH CHMMETPHUYHBIM: B CHCTEME
BO3HMKAET BpAIAONIMN MOMEHT, KOTOPBIM MPOSBISIETCS 0Opa3oBaHUEM 30H
HKBATOPHUAIILHON U OCEBOM CUMMETPHH U aCUMMETPHUH MEXay Toitocamu. B obOractu
BpaIeHusi GOPMHUPYIOTCS CTPYHHBIC TEYCHHUS C TUIABHO M3MEHSIOIIUMCS TPaJIUECHTOM
YTJIOBBIX CKOPOCTEH HE TOJBKO B pajyalibHOM HANpaBlIEHUU B IMIIOCKOCTH BpaICHHUS,

HO W B HAIIPpAaBJICHUHU OT 3KBATOpPA K IMOJIIOCY.

aF; 19F; 1 d0F; -
e er Tan eB . @
grad F- (r, 0, ¢) = 97 r a6 rsin@ dgp

[Ipy OTHOCUTENBHOM MEPHOJUYCCKOM JIBM)KCHHH IUIAHETHI BJOJIL paauyca
OpOUTHI U3MEHSAETCS PACCTOSIHUE J0 OCH BpAIICHMsI, YTO M MPUBOAUT K KOJEOAHUIO
JIMHENHON CKOPOCTH BPAIllCHUS.

Takast TpaekTopHsi MOTOKAa KBa3u4yacTHIl 00bsicHSET 3Pdekt ITBéma (0ObEKT,
JBUKYIIUNCS IO HAPABICHUIO BPAIICHUs 3€MJIU, BECUT MEHbIIIE, YeM JIBIKYIIUNCS B
0o0paTHOM HampaBJIEHUU) U CO3Aa€T HM30UPATEIHHOCTh JKBATOPHAIBHOM 00JIaCTH
BpallleHus IeHTpadbHOr0 00bekTa. CTAaHOBUTCS MOHITHBIM U 3PPEKT OTHOCUTEITHHO
OBICTPOTO 3aMe/JICHUsT aHOMAaJIbLHOTO BpalicHus BeHepsl. JlaHHBIC CBHIETEIBCTBYIOT
o ToMm, 4TO BeHepa BpamiaeTcsi MeIJIeHHEe, 4eM 16 JeT Ha3zal, Korja KOCMUYECKUI
anmapat usMmepui e€ ckopocTh (http://astronomy.com/~/link.aspx? 1d=246156dc-

8c9d462c-a0e9-5d38e17652¢4).
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PeanbHBIM aHAIOTOM JAaHHOTO (DPM3MUYECKOTO SIBJICHHS OYAET MOBEIACHHE BOJBI
B OacceilHe MpH OTKPHITOM CIMBHOM KianaHe. Eciu 3epkalbHOE OTpaxKeHHE
BEPTUKAJIbHOW IUIOCKOCTH, MPOXOMSIIEH Yepe3 LIEHTp KialaHa, MOBEPHYTh BOKPYT
TOPU30HTAIBHOM OCH M COBMECTHTH IO HUXXHEMY Kparo (OHO OacceiiHa), TO MbI
IOJIyYUM IPHUMEPHYI0 KapTHHY TPA€KTOPHM IOTOKAa KBA3WYACTHIl K BPALLAIOIIEMYCS
HeliTpoHHOMY sapy. [Ipn 3TOM BUA «CBEpXy» Ha MOJIOCA TUTAHETH OYJET HATOMHHATH
BOJIHYIO BOPOHKY. CaM ITOTOK KBa3WYACTHIl HE IETEKTUPYETCS. HA COBPEMEHHOM JTarle
Pa3BUTHSI HAYKH, HO €r0 BIUSHUE HA CTPYKTYPHYIO MaTEpUIO Mbl UMEEM BO3MOKHOCTh

HaOJIIO1ATh.

Puc. 2. Vpacan nao FOxcuvim nonocom Camypua [13].

«KonoccanbHblii IITOPM C BHUXPEBBIM JABUKEHHUEM U SPKO BBIPAKEHHBIM
1eHTpoMm OymryeT Ha roxHOM montoce Carypua. Illtopm Ha CaTypHe oTinyaercs
OT yparaHoB Ha Hallel MIaHEeTe TEM, YTO HE CABUTAETCS C MOJK0CA U HE IepeMeIaeTcs,
U TeM, 4TO c(HOpMHUpOBAJCS HE HaJ OKEAHOM, COCTOSIIIMM U3 XKUAKOCTH, COOOIIMIN
B HACA» (o marepuanam Astronomy Picture of the Day).

N s10 He emuHuuHbINA ciydaidl. [lomoOHBIE SBICHUS MOXHO HAONIOATh U

Ha JIPYTUX IJIaHeTaxX.
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Cornacuo ¢opmyse (1) meHTpaNbHBIN 0OBEKT B TPABUTAIMOHHON CHCTEME YXKE
HE SBJISETCS TOYKOM MNPUTSDKEHUs. B KkauecTBe mepBoro u, BEpoOsSTHO, Hauboiee
BaYKHOTO HOJITBEPKACHHUS YCTaHOBJIEHHOU 3aKOHOMEPHOCTHU CIIyXaT
AKCIEPUMEHTAIBHO OOHAPYKEHHbIE YBETUUEHHUSI ACTPOHOMUYECKON €TUHUIIBI JTUHBI U
AKCIIEHTPUCHUTETA JYHHOU OpOUTHL. OOBSACHUTH TOJNBKO CHUJIOW NPUTSHKEHUS MEXIY
Maccamu rnocreneHHoe ypaaneHue 3emiau oT Comnua (Jlynsl ot 3emiun, Mepkypus
ot CosiHIA U T.J.) IPOCTO HE MPEJICTABISIETCS BO3MOKHBIM.

CormacHo JaHHOM MOJENW, BO3HUKHOBEHHUE TIPaBUTALMOHHOIO  IOJSA
y HeOeCHOro 00beKTa OOBICHSIETCS ITPOLECCOM MOJSPU3ALMU BaKyyMa B LIEHTPaJIbHOU
o0nacTu 00BEKTa, YTO MPUBOAMUT K YBEIMUYEHHUIO €ro Macchl. C yBEIMYEHUEM MAcCChl
3emiid, MOTEHIMaJl TPAaBUTALMOHHOTO TOJIA B 00iactu opouThl JIyHbl yBeIUUMBAETCS.
U JIyHna pearupyet Ha Takoe U3MEHEHHUE: exeronHo JIlyna otnansercsa ot 3emin Ha 38
MM. C yBenuueHueM macchl CoJiHIA, MOTEHIMAN TPAaBUTALMOHHOTO TOJIs B 00JaCTH
opbutsl 3emnu yBenuuuBaetcs. Y teneps yxxe 3eMisl pearupyeT Ha TaKoe U3MEHEHHE:
exxeronHo 3emutst otaansercs or Connua. [Ipu HensMeHHOW OpOUTANIBHON CKOPOCTH
YBEJIMYEHNE aCTPOHOMMUYECKOM €IMHULIBI JUTMHBI IPUBOJAUT K yBeJIn4YeHuto roga. v ato
YBEJIMUEHHUE T0/1a YK€ PAaCCUMTAHO: MO OLEHKAaM, HEJAaBHO MPOBEAEHHBIM (U3UKAMU
u3 Slnonuu, 3To npupanienue cocrasiser 0,62 cex. 3a OJUH TOJI.

Emé o1HO moATBEpkKACHUE IPOCIEKUBAETCS IPU JBUKEHUN KOMET, OCHOBHBIMU
CTPYKTYPHBIMU KOMIIOHEHTaMU KOTOPBIX SIBJISIOTCSA TOJIOBA, KOMa U Ta30BbIA XBOCT.
[Ipu HarpeBe BeIIECTBO KOMETHI MEPEXOJUT B Ta30BYI0 (a3y Kak C pPas3sIoKEHUEM
Ha (parMeHThl, TAK U C UCTIApEHUEM B BUJIE O0JIee IMIIOTHBIX KOHTToMepaToB. [Ipu aTtom
npoliecc “cmapeHus: HabmogaeTcs npu Oosiee BBICOKUX Temreparypax. Eciau komera
00Ja1aeT HECKOJIbKUMHU XBOCTAMM, TO 3TH XBOCTBHI PA3IMYAIOTCAd MO XMUMHYECKOMY
coctaBy W IUIOTHOCTH. [0 COBpEeMEHHBIM NpPEICTaBICHUSM HAIpPaBICHUE XBOCTa
KOMETbl B CTOpoHY OT CoyiHIIa OOBSCHSAETCS CHJIOW JaBJIEHUS COJIHEYHOIO BETpA.
Ho kak Torma oOBACHUTH TOT (DaKkT, YTO OJAMH M3 XBOCTOB y KOMETHI HampaBlieH
HernocpeacTBeHHO B ctopoHy Connna? Ha cuumke, momyuenHoM B Utanuu B heBpase
2009 rona, 3aneuvariena komera Jlynun (C/2007 N3 Lulin). KomeTa umeer aBa XBocra,

OJIMH U3 KOTOPBIX HarpasjeH B ctopony CoJHLa.
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- “e

Puc. 3. omema Jlynuns (C/2007 N3 Lulin) [14].

XBOCTBI KOMET OpPHUEHTHPOBAHBI [0 HAIPAaBICHUIO JEHCTBYIOIIMX HA HHUX
LHEHTpalbHBIX cWiI. VOHHBI XBOCT, HampaBleHHbIH B cTOopoHy oT ConHia,
XapaKTepU3yeTcs HU3KUM MOTECHIMAIOM MOJCHCTEMBI U NOJBEPKEH JACHCTBUIO CHUJIBI
BbITeCHeHHsI. [Ib1eBOM XBOCT, 00pa30BaHHBIN HCTEYCHHEM U3 Tall0 KOMETHhI Oojiee
IUIOTHBIX KOHIJIOMEPATOB, HampaBlleH B cTopoHy ComHna, Ttak kak COII
JUIs KOHTJIoMepaToB JexuT Onuxe kK ConHily. B 3ToM cimydae Ha MbUIEBOW XBOCT
JNEHCTBYET TOJIBKO Cuja JABJIEHUS MOTOKa KBazudacTll. Kak TOJIbKO KOMeETa INpu
JBUKEHUU 10 cBoell opoOute nepecekaer COII A KOHIIoMepaToB, MBUIEBOW XBOCT

PE3KO NCUYC3AacCT.

4. OCOBEHHOCTH HOBOI TEOPUU TATOTEHUA
['eHepatopoM LEHTPOCTPEMHUTENIBHOTO MOJSl YCKOPEHUM CIYKUT HEUTPOHHOE
A0p0o HeOecHOro oOBEeKTa, aTOMapHbIE Tejla HE IMOPOXKIAT BOKPYr ceds mous
TATOTCHUS M, KaK CIIEICTBUE, aTOMApPHBIC Teja HE MPUTIATUBAIOTCS APYTr K JPYTy.
AToMapHbple  Tena  JUIIb  MOAYMHSIOTCS  TATOTEHHID K CONPSDKEHHOMN

HKBUITOTEHIIUAIBHON MOBEPXHOCTH, KOTOPYIO (HOPMHPYET BOKPYT ce0si HEHTPOHHOE
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A1p0. OTO JOBOJIBHO CEPbE3HOE 3asBICHHE MOYKET BbI3BATh JKYTKOE HENPUSATHE
B Hay4YHBIX Kpyrax. OJHO J€JI0 — COMHEBAThCS B TEOPUU OTHOCUTEIBHOCTH, U COBCEM
JPYroe JeJ0 — BbIPa3UTh COMHEHHE 10 TOBOJlY YHHBEPCAIBHOCTH 3aKOHA BCEMUPHOTO
TaroteHus. «laes o BCeMUpHOM TATOTEHUHM — 3TO BEIUKasg Hjiesd. 3a TPUCTA JET OHA
OUEHb HEIUIOXO NpPWKUIach B (u3uke. YX, Kak yd€HbIE JIOOST Takue HUIeU —
C IPETEH3UsIMHU Ha BCEJICHCKUI OXBaT siBJieHUH. YeM uzes rmodanpHee, TeM Ooublie e
MICUXOJIOTHYECKasi TMPUBJIEKATEIbHOCTh. Beab T100aNbHOCTh HIEH ACCOLMHPYETCS
C II0OATBHOCTBIO MBIIUIEHUSI €€ CTOPOHHUKOB. YCOMHHUTBHCA B HJIEE O BCEMHPHOM
TATOTEHUU O3HAYAE€T — HU MHOTO, HU Majl0 — YCOMHUTBHCS B Ka4y€CTBE TPAJAUIIMOHHOTO
¢uznueckoro MpinuieHus! Bor moueMy, 3Ta uues o0iagaeT MOIIHBIM MEXaHHU3MOM
CaMOCOXPaHEHHUs, KOTOPBIM 00ecreyMBaeT HMMMYHHUTET JlaXe IPOTHB BOIHUIOIIUX
(bakToB, KOTOPHIE B ATY UACIO HE YKIaAbIBalOTCs» [7]. HekoTopsie u3 atux (axros, mo-
BUJUMOMY, CJIEyET IPUBECTH.

«B pacnpeneneHud MIJIOTHOCTH BEIIECTBA B IOBEPXHOCTHOM CJIO€ 3€MIIH
CYLIECTBYIOT 3HAUUTEIbHBIE HEOJHOPOAHOCTH. ECTh 3a/exu oueHb IUIOTHBIX MOPOJ,
€CTh U pbIXJible MOpoabl. [10 3aKOHY BCEMHUPHOTO TATOTEHUS OTBEC — IMPOCTEHUIIMIA
U3 TPaBUMETPUYECKUX MHCTPYMEHTOB, KaK U B skcnepumente [.KaBennuia, 1omkeH
Obl pearupoBaTh Ha TaKU€ HEOJHOPOIHOCTH, OH JOJKEH OBLI YKIOHATHCA B CTOPOHY
MacCHBHBIX 00beKTOB. HO 3TOr0 HE MPOUCXOANT J1aXe B TOM Cllydae, KOTja MaCCUBHBIM
00BeKTOM SBISIIOTCS Topbl. OTBEC COBEpIIEHHO HE pearupyer Ha OOBEKT, macca
KOTOpOro cocTapisieT Muuiuapasl ToHH. Kak ke ynanocs ['enpu KaBennumy (XVII
BEK) MOJIYYUTh TMOJOKUTEIbHBIE PE3YJbTAaThl B HKCIEPUMEHTE MO OOHAPYKEHHIO
COOCTBEHHOI'O TATOTEHUS Y «KMMHUATIOPHOTO» I1apa BecoM Bcero B 150 kunorpamm u
MOYEMYy HE CYLIECTBYET MOATBEP)KIEHUS JAHHBIX ATOr0 S3KCHEPUMEHTA JIPYyrUMHU
naboparopusiMmu mMupa? SIcHO onHO: TMOO OTBEC AOKEH YKIOHATHCA B CTOPOHY
MaCCHBHBIX HEOJIHOPOJHOCTEH, JINOO MOJOKUTENbHBIM pe3yabTaT B JKCIEPUMEHTE
[".KaBenauia umeeT coBceM UHOE OOBSICHEHHE.

Ho He Tos1bKO 0TBECHI, HO U TPABUMETPHI, IPU IOMOLIN KOTOPBIX U3MEPSIIOT CUITY
TSKECTH, TMOJHOCTBIO Oe3pa3MuHbl K MOBEPXHOCTHBIM HEOAHOPOAHOCTSIM. Popma
reopja 3eMiIM TakK K€ YyKa3blBaeT HAa OTO: MUJUIMOHBI TOHH HKBAaTOPHAJIBHOMN

BBIITYKJIOCTHU HE BJIUAIOT HAa ITOKAa3aHUS TPAaBUMETPUIYCCKUX NHCTPYMCHTOB.
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B xone peanuzanuum KOCMHYECKOW NPOrpaMMbl 10 BBIBOJY HCKYCCTBEHHOIO
30712 NEAR Shoemaker Ha opOuty Bokpyr actepousia 3poc BBISICHUIOCH, UTO JIaXe
IPpY MUHUMAJIbHOM PACCTOSIHUM OT €ro MOBEPXHOCTH, KOCMUYECKHUM 30H[ BEAET cedst
TaK, CJIOBHO Y acTE€pOMJla HAYUCTO OTCYTCTBYET COOCTBEHHOE mojie TsaroteHus. [Ipu
BBIKJTIOYEHHBIX JBUTATENAX 30HJ HE TOJILKO HE Tajajl Ha acTepouj, HaoOOpoT, OH
JIOBOJIHO OBICTPO YXOJWJI OT Hero. Bce ycwinsg amepukaHCKUX Y4EHBIX MO BBIBOY
30H7a Ha OpOUTYy Dpoca B TeUEHHUE Tojla He IPUHECIH JKETaeMOro pe3ybTara.

[lonbiTKa MOCaAWTh 30HJ HA IOBEPXHOCTh aCTEPOMJA TAKKE 3aKOHUYMIIACH
Heynayell — 30HI pa30uics. AHaJIOrMuHas CUTYyalUsl CIOXWIACh M C SIIOHCKUM
KocMuueckuM 30H7I0M Xasioyca (Hayabusa), koTopbiit ObIT OTIPABIEH K acTEPOUY
HNrokaBa (Itokawa). COMM3UBIIMCE C acCTEPOMIOM Ha PACUETHYIO BBICOTY, 30H]
MOTBITAJICSI COPOCUTH Ha €ro MOBEPXHOCTh HCCIENOBATEIbCKUNA poOOT «MuHEpBay.
Ho BmecTO TOro, 4toObl IJIABHO ONMYCTUTCS HA acTEPOUI, MCCIEA0BATENbCKUI poOOT
HavaJl TUTABHO OTAANSATHCA OT HEro M Bckope mpomai. CrpaBeIMBOCTA Paju HAJIO
CKa3aTb, YTO JAHHBIM MHIMJEHT C OTJAECICHUEM poOOTa MOXKHO OOBSICHUTH Pa3pbIBOM
JAbHE KOCMUYECKOM CBSI3U C 30HIOM B 3TOT MOMEHT. Ho U B 3TOM ciyyae BO3HUKaET
P HESICHOCTEW, KOTOPbIE AMOHCKOE KOCMUYECKOE areHTCTBO HUKAaK HE KOMMEHTHUPYET.
[Tpu BTOpOI1 MombITKE cOpoca ¢ BhICOTHI B 40 METpOB Ha MOBEPXHOCTh acTepouia
Hay4YyHOM amnmaparypbl — Mponaj OTPAKAKOIINAN 1Iap, TPEAHAa3HAYCHHBIN U1 TOYHOMU
paboThl Jla3epHBIX JanbHOMEpoB. Jla M camM KOCMUYECKHIl 30HA BCE 3TO BpeMms
yIIep’KUBaJICs BO3JIe acTepouia ToIbKo Onaronapst pabote nurareneil. Tem He MeHee,
0 CJIOBAM PYKOBOJUTEINS MpoeKTa JokTopa KaBaryTu, KOHTaKT KOCMHUYECKOTO 30H/1a
C IIOBEPXHOCTBIO acTepomja BCE K€ CcOCTosCA. Bpems KOHTakTa NO pa3HbIM
ucToyHuKaMm Bapeupyercs or 30 muHYT 10 1 MuHYTHL. Bo3moxHO, Onaromaps
MacTEepCTBY ONEPATOPOB, 30HAY BCE ke yAaNOCh B35ATh 00pa3libl TPYHTA C aCTEPOUIA»
(mo matepuanam http://newfiz.narod.ru/).

Ho u »Tum Hagexmam He CyXJIEHO OBUIO COBITBCS: TOCHEIHEE COOOIICHHE
areHTcTBa SIMOHMM 1O OCBOEHHIO a’3pOKOCMHUYECKOrO0 MPOCTPAHCTBA Pa3BESAIO 3Ty
HAJICXK Y B MBLITb.

«SImoHCKOE KOCMHYECKOE areHTCTBO CErOAHs COOOIIMIIO O TOM, YTO B Karcyse

KocMHuueckoro 3oHAa Hayabusa Obiin OOHapyXeHBI «MeTbYaMIINEe YaCTHUIIBI»,

108
CJIOXHBIE CUCTEMBI, Ne 2 (47),2023


http://newfiz.narod.ru/
http://newfiz.narod.ru/
http://newfiz.narod.ru/
http://newfiz.narod.ru/
http://newfiz.narod.ru/
http://newfiz.narod.ru/
http://newfiz.narod.ru/
http://newfiz.narod.ru/
http://newfiz.narod.ru/

Knumoe B.K., 2023

KOTOpBIE, KaK HaJICIOTCS YUEHbIE, ABJIAIOTCS aCTEPOUIHON NbLIbI0. Eciin 00pa3iibl NbLIu
NEHUCTBUTENBHO OKaXYTCS yacTsMu actepoupa Itokawa, To 3To MoOXeT NpuHECTH
M0JIb3Y B HUCCIEAOBAHMSIX MPOUCXOXKACHUS U UCTOpUM Hauieil COJTHEYHOM CHCTEMBI.
«IIpouecc oTkpbITHS KOHTEHHEpa ¢ oOpa3uamu ¢ Hayabusa Havaincs 24 utons 2010, u
Tenepb Mbl MOATBEPXKIAEM HaIWYHe BHYTPU MENbUANIINX YaCTHID» — TOBOPUTCS
B 3asBineHun JAXA (SImoHCKOoe areHTCTBO IO OCBOCHHUIO a3pOKOCMUYECKOTO
MIPOCTPAHCTBA).

Tem He MeHee, pamoBaThCs emie paHo. J[o CHX MOp HE SICHO, SABJISIOTCSA JIU
oOHapy>KEeHHbIE YACTHUIIbI IEHCTBUTEIHHO MBUIBIO C ACTEPOM/IA UITH K€ JTUIIH 3€MHBIMU
3arpsi3HeHUAMH. [0 moJlydeHHs] OKOHYATENbHBIX PE3yJbTaTOB aHaJIN3a MPOMAET ele
Heckonbko MmecseB»  (http://iscience.ru/2010/07/05/pervye-naxodki-v-kontejnere-s-
apparata-hayabusa/).

Bo Bcex yueOHuMKax 1o (pU3MKE YTBEPKIAETCS YHUBEPCAIBHOCTH 3aKOHA
BCEMHUPHOTO TATOTEHHUS, OJTHAKO TPUYyMQaATbHOTO MOATBEPKIACHHUS YHUBEPCAIBHOCTH
ATOr0 3aKOHA HA acTEPOMJAX HE COCTOSUIOCh. DKCHEPUMEHT MOKA3bIBAET, YTO MaJble
terna CONHEYHOW CHUCTEMBbI HE HMMEIOT MPHU3HAKOB IEHTPOCTPEMHUTEIBLHOTO OIS
TATOTEHUA. Y IUBUTEIBHO, HO ATOT BBIBOJ MOXHO ObUIO ObI CIeNaTh 3HAYUTEIBHO
paHblle, cpazy mnocie OTKpbiTus Koyiell CarypHa. Cucrema KOJjblia, COCTOSLIAs
13 OOJIBIIIOTO KOJIMYECTBA TEJ, BCICICTBUE CUIIbI MPUTSHKEHUS MKy TeJaMH JOJKHA
Obl cOOpaThcs B €IMHOE 1I€TI0€, HO ATOr0 HE MPOUCX0AUT. boiiee Toro, 3Tu Tena cocTosT
U30 JbJ1a, UCKIIOYUTEIHbHOH OCOOEHHOCTBIO KOTOPOTO SBIISIETCS €ro MepBO3JaHHAs
oemusHa. [louemy Besnmecymass KOCMHYECKas MbUIb UTHOPUPYET OOBEKTHI KOJbIA?
KocMmuyeckass mbuib HE OCEAET HA 3TH Tela TOJIBKO IMOTOMY, YTO OHM HE HMMEIOT
cOoOCTBEHHOTO MOJs TAroTeHus. Y peub 31ech UAET O Bellax JaneKo HEIIyTOUYHbIX, peUb
UaET O HEOOXOAMMOCTH TMEPecMOTpa OCHOBBI COBPEMEHHOW TEOPETHUECKOU
acTpodu3UKH - Teopun oOpa3zoBaHusi HeOeCHBIX Ten Bo Beenennoit. OTcyTcTBre MOs
TATOTEHUS y MaJlbIX Tl O3HayaeT, YTO MpOlecC TI'PaBUTALIMOHHOW KOHJEHCAIUU
ra3ombUIeBbIX 00JaKOB B PEAIbHOCTH HEBO3MOXKEH, M HaM MOTPEOYETCsl HOBAs TEOPHUs
o0pa3oBaHus IJIaHET.

CeronHss paccMaTpuBaeTcs BO3MOXKHOCTb OTIIPaBKM KOCMHYECKOTO 30HJA

K ciiyTHUKY Mapca — acrepouny «®Poboc».
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Puc. 4. @oboc c paccmosnus 5800 kunomempos [15].

HccnenoBarenbckas rpymnna mnojx pykooactBoM Tomaca Anzaepra (Thomas
Andert) u3 repmanckoro yHupepcuteta BBC wu3ydama nomiepoBCKHE HCKaKEHUS
pasrocurHasioB OT amnmnapara «Mapc-Dkcnpeccy Bo BpeMs ero conmxenuit ¢ @odocom.
OTH UCKaKEHUsI TO3BOJISIIOT C BBICOKOM TOYHOCTBIO OINPEAEIATh U3MEHEHUSI CKOPOCTH
30HJA W, CIEA0BATEIbHO, U3MEPUTh IPABUTALIMOHHOE BO3/EICTBUE CIyTHHKAa Mapca.
AHanu3 JaHHBIX MOMOTI MOJYYUTh OOJee TOYHbIE 3HAYEHHUS MAcCChl M IUIOTHOCTH, a
TaK)Ke CJeNlaTh BbIBOJBI O BHYTpeHHEH cTpykType doboca. «Mbl IpHUILIN K BBIBONY,
yro Henpa Doboca ¢ OONBIION BEPOSITHOCTHIO CONEPKAT OOJBIIME MYCTOTHD»
(http://www.rian.ru/science/20100511/232985195.html)

JIeCTBUTENIBHO, JOIUIEPOBCKME MCKa)KEHMsI PaJMOCUTHAIOB OT ammapara
«Mapc — Dkcnpeccy» CBUACTENBCTBYET 00 N3BMEHEHUH MOTEHIMaa MOJIsl B OKPECTHOCTH
®oboca, HO HE TMO3BOJAIOT [e/laTh Kakue-IMOO BBIBOJABI O CYIIECTBOBAHUU
LHEHTPOCTPEMUTEIBLHOTO MOJIS TAToTeHUs y camoro doboca.

3HAUUTENBHYIO CJIOXHOCTh IMpPEACTaBlsAeT CcOO0OM 3arajka MPOUCXOXKIACHUS
kparepa CtukHH quameTpoM 9 kuimomerpoB. Pazmepsr camoro ®oboca cOCTaBISIOT
23x21x19 xumomerpoB. Cunraercs, yTo Kparep CTUKHU YJApHOTO NMPOUCXOKICHUS.
Ho coderanue anomanbHO HU3KOH IuIOTHOCTH Doboca ¢ THraHTCKUM yJapHBIM
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KpaTepoM Ha €ro MOBEPXHOCTH MPAKTHYECKU HecoBMecTUMO. Kak mpaBuio, Tako# cien
OCTaBJISICT CTPYS pacKan€HHOro raza. Buemnwii Bug ®oboca M €ero MUKPOIOPUCTAS
CTPYKTYypa, pafilalbHO pacXoJsIuecs OT KpaTepa O0po3/bl, CPABHUTEIbHBIN aHAIN3
pasmepoB doboca U Kaiabpaep B jKepiie MapCHAHCKOTO BYJIKaHA MPUBOJAT K Haubojee
nocroBepHoi Bepcuu: P00OC — MPOAYKT IKCIUIO3UBHOTO M3BEPKEHUSI MapCHAHCKOTO

ByskaHa Olympus Mons.

Puc. 5. Mapcuancxuii eynkan Olympus Mons. [16].

Manbie KOCMHUYECKHE Tela HE UMEIOT COOCTBEHHOTO TMOJIS TSATOTEHUS U JTI0ObIe
TIOTIBITKU «IIPU3EMIIUTHCS HA aCTEPOH]I 3apaHee 0OpedeHsl Ha Heyaady. Ho 3To Bcero
JUIIb TEXHUYECKasl Mmpoliema, KoTopas JIETKO pemaeMma. Bri3biBaeT 0ecrnokoncTBO
npyrast mpodbnema. CoraacHO JaHHOW MOJIENTH Hay4YHasi 3HAYMMOCTh MpoekTa «Poboc —
['pynT» Onu3ka HYMIO: 3HaHHE XMMHUYECKOoro coctaBa d®oboca, Tem Oojiee 4TO OH
npejcKa3yeM, HM B KOed Mepe He NpUONM3HT HAC K pPa3pelieHHI0 TailHbI
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npoucxoxaenus CONIHEYHOM CUCTEMBL. A, BOT, 3aTpaTHas 4acTh poekTa oamska 5+10°
pybnei. Kak-to cinumkoMm yx mnepeoueHeHa uHpopmanus o rpyHTe Doboca.
ConyrcTByromasi nporpamMma — BIMSHHE KECTKOTO H3JIYYEHHMs Ha IITAMMBI

MUKPOOPIaHU3MOB, HE MOXKET CIY’KUTh ONPABIaHUEM TaKOro AucOanaHca.

5. IINTAHETA 3EMJIA

HoBelil ogxon K mpoueccy paBUTallMK NMPUBOAUT K YAUBUTEIBHO CTPOMHOMN
JIOTUYECKU HEMPOTUBOPEUYMBON KApPTHHE 3BOJIIOLMHU CTPYKTYPHOM MaTepuu, HauuHas
C POXJAEHUS DJJICKTPOHIO3UTPOHHBIX MAap M KOHYas OOpa3oBaHUEM TIaJlaKTHUK.
B pesynpTaTeé MOIEIBHOTO NPEACTABIECHUS OCHOBHOIO Iporecca BO BcenenHoi
ynaérca CBsA3aTh BOEOUHO, Ka3alloch Obl, HEYNMOPSAOYEHHbIE (U3HUECKHUE SIBICHUS,
YCTaHOBHUTbH MHBIE MPUHIIMIIBI, JIEKAIME B OCHOBE 00Pa30BaHuUs U CTPOCHUSI HEOECHBIX
TeJI. JTO KaYeCTBEHHO HOBBIM IIar B HAIIEM IIPEACTABICHUU O CTPOCHUH BeeneHHom.
HNmeHHO Takoil MOAXOA yCTpaHsAeT OOJBIIMHCTBO NPoOJIeM, HAKOMUBIINXCA
B TEOPETUYECKON PU3UKE, U JaET BO3MOKHOCTH SKCTPAIOJISILIMK ITPOLIECCOB IBOIIOIIUU
Halllel TUIaHeThl, KaK B MpoIuIoe, Tak U B Oyaymee. Ho moHago0uTcs kakoe-1o Bpems,
YTOOBI 3TO OCMBICIUTD U TOHATb.

Takast 3anepkKa BO BpEMEHH SIBJISIETCS €CTECTBEHHOM B IIPOLIECCE BOCIPUATHUSA
Bcero HoBoro. Kakoe-To Bpemst Ha3aj ¥ 1apooOpa3HoCTh 3eMIIH, U FeNTMOLIEHTPUYECKOE
ctpoeHre COJIHEUHON CHCTEMBI TAK)KE CUUTAJIUCH JIMIIb CMEJIBIMA IPEIIIOIOKEHNUSMHU.
«Benukas Hay4yHas wuaesd peIKO BHEAPSAETCS MyTEM IOCTENEHHOIO YOEXKICHUS
U oOpalieHusi CBOMX MPOTUBHUKOB. B JEMCTBUTENBHOCTH €0 MPOUCXOAMT Tak,
YTO ONIOHEHTHI MOCTENEHHO BBIMHMPAIOT, & PacTyllee MOKOJEHUE C caMoro Havasa
OCBauBaeTCs ¢ HOBOM ujaeen» - Makc Ilnank [8].

B aHTHMYHBIX KynbTypax 3emiisi IpeiacTaBisiach B (GopMe IUIOCKOro JUCKa,
IUTABAIOLIETO 110 IOBEPXHOCTH OKeaHa. Co BpEMEHEM Hallle IIPECTABIEHUE O CTPOCHUU
3eMJIM TIOCTOSIHHO M3MEHSJIOCh U CErOAHS HaM Ka)KETCsl, YTO Mbl MHOTOI'O JOCTUIIN
B [IOHMMAaHUU YCTPOMCTBA U 3BOJIIOLIMU Hallel mianeTsl. Ho Tak au 310 Ha camom aene?
OO61enpu3HaHHas MoJielb CTPOEHUs IJIaHEThl 3emisi, chopMmHupoBaBiIasics Ha 0Oase

MOCJICAHUX SKCIICPUMCHTAJIBHBIX HAYYHBIX TdHHBIX, ITPCACTABJICHA HA PUCYHKC 6.
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Bepiman manTha
=

KaHTiA

BHewHEE Agpo

BHyTpeHHER Agpo

Puc.6. 3emnas kopa - cmpoenue [17].

B wnentpe 3emim pacnosaraeTcs BHYTPEHHEE IKEJIE3HOE SAPO TBEPIOU
KOHCUCTEHIIMH. TeMmiiepaTypa siipa COCTaBIISIET MO pa3HbIM HcTOouyHHUKaM oT 3000°C
no 6000°C wu maBneHuu okxosio 3 MiH. atMocdep. BHemiHee sapo, Bpalaroiieecs
BOKPYI' BHYTPEHHEro siapa, IPEACTaBISETCS PACIUIaBICHHBIM KEJI€30HUKEIEBbIM
CILJIAaBOM, XOPOIIO MPOBOASAIINM AJIEKTpUUeCTBO. CUNUTAETCS, YTO IJIEKTPUUECKUE TOKH
BO BHEIIHEM sjpe (KakoBa MPUYMHA HMX BO3HUKHOBEHHS — HHUKTO HE 3HAET)
OTBETCTBEHHbI 32 BOSHUKHOBEHHME MArHUTHOIO mojs 3eMiau. HWKHsSS MaHTUS WK
acteHocepa — meperperas Bsi3Kas >KHAKOCTh, COCTOSIIAs U3 CUJIUKATOB MAarHWS,
KaJbIusl W Kene3a. BepxHsas MaHTus U Kopa oOpasyror nutocdepy. IIpoxoxaeHue
CEeCMMUYECKUX BOJIH MOKA3bIBAET, UTO KOpPa M BEPXHsIST MAHTUS HAXOASATCS B TBEPIOM
COCTOSTHUHU. DTOT KECTKUIA CIIOM PACKOJIOT HA TEKTOHMUYECKHE IITUThI, KOTOPbIE KaK ObI
IUIaBaloOT 1Mo acteHocdepe. Ha rpanuniax pa3ioMoB MEXKTy TEKTOHHUECKHUMH TUTUTAMHU
MPOUCXOAAT 3EMIICTPSCEHHS, TOpPOOOpa3OBaHUs, TMPOSIBISETCA BYyJKaHUYECKas
AKTUBHOCTb.

CymecTByromas MoJiejb CTPOCHUS 3eMJTU TaKKe Jajieka OT peajibHOM MOJeu,

KaK U MOJIEJIb TUIOCKOM 3emiu [9].
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Pacuérnas TemnepaTypa BHyTPEHHETO Spa IIJIAHETHI IPEBBILIAET TEMIIEPATYPY
IJIABJIEHUSI BCEX M3BECTHBIX MOPOJ, HO MO JaHHBIM PACIPOCTPAHEHUS CEUCMHUYECKUX
BOJIH BBIXOJMT, YTO OHO HAXOJUTCS B TBEPAOM cOCTOSHMU. HM OIHO M3 M3BECTHBIX
HayKe XHMHYECKMX COEJUHEHUI HE MOXXET HAXOJWUTHCS B TBEPIAOM arperarHoMm
COCTOSIHUM B pacuy€THOM TeMmIepaTypHOM AuanaszoHe. llpeamonokeHue o TOM,
YTO LIEHTPaIbHYIO 00JacTh 3eMiu (M IUIAHET B LEJIOM) 3aHUMAET JKEJIE3HOE AJIpO —
JIOBOJIBHO criopHoe. [Ipexe Bcero, 3aMeTuM, 4to yke B MaHTUU Ipu naBiienun 95 ['Tla
u temrneparype 2000K naOmrogaeTcst nepeoprueHTanusl JIEKTPOHOB B MOHAaX Kele3a
C BBICOKOCIIMHOBOTO COCTOSIHMSL (CIMH 2) B HH3KOCIUHOBOEe co crnuHOM ()
(http://www.sciencemag.org/content/317/5845/1740.abstract).

Brnopy Obuto Oml  OXHMAATh, YTO JajbHEWIEe YBEIUYCHUE 3HAYCHUU
TEMIIEpaTypbl M [aBJICHHS [IOJDKHO NPHUBECTH K TPAHCMYTALMU SIEp JKele3a U
B KOHEYHOM BapHaHTE - K peakuuu HehTpoHuzauuu. Ho BMecTo 3TOr0, Ka3anoch Obl,
€CTECTBEHHOT'O0 BBIBOJIa, M3MBILUISIOTCS TaKWE MPOTUBOPEUYMBBIE CBOMCTBA U TaKHE
napaMeTpbl COCTOSHUS JKEJIE3HOTO siipa HEOECHBIX 00BEKTOB, KOTOPhIE HECOBMECTHUMBI
C CYyILIECTBOBAaHUEM CAMOW aTOMAapHOMN CTPYKTYPHI.

[IpencraBuTh CYHIECTBYIOIIYIO MOJENb CTPOEHUS 3€MJIM C TOYKH 3pPEHUS
ABOJIFOLIMOHHOTO TIPOLiEcCa HEBO3MOXHO, TaK Kak CIEAYIOIIMM IIaroM B Pa3BUTHH
JAHHON JIMHAMHUYECKOW CHCTeMBbI OyJeT CKauKoOOpa3HBIH pacmaa, TO €CTh B3PBIB.
OrpoMHbI€ TeMIEpaTypa U J1aBJICHUE B LICHTPE XapaKTEPU3YIOT KpailHE HEYCTOMYHUBOE
COCTOSIHME U HE OCTAaBJISIFOT TAKOM CUCTEME JIPYTOU aJbTEpHATUBBI. BeC BhIlIenexammx
CJIOEB, MPOHMU3AHHBIN pa3ioMaMH U BYJIKaHUYECKUMHU KaHaJIaMU, HE MOXET CUMTATHCS
cTabmnmu3upyromuM (GakTopoM i Takod cucteMbl. I B 3TOM cMmbIcie, MoOJenb
IUIOCKOM 3eMJIM BBITTIAIUT Kyna OoJjiee MpearnouTUTEIbHOW, YeM CYLIECTBYIOIIAS
B HACTOSIIEE BpEMS.

[lenTpanbHy0 00JIacTh TUIAHETHI 3aHUMAaeT HEUTpoHHOE sAnpo. «Ilockonbky
aToOM, KaK CTPYKTypa, CyIIECTBYET B IPAaBUTALIMOHHOM I10JIE€, TO IPU HAJIOKEHUH 3TOTO
1o, OMU3KOr0 K KPUTHYECKUM 3HAYCHHSIM, IPOU30UAET Aeopmanius u pazpyuieHue
cTpykTypb» [10]. OueHp *anb, YTO 3TO MOPA3UTEIBHOE MO CBOEH (pU3MUECKON CyTH
TEOpETUYECKOe ToNyIeHue (MPO3pPEHHE) TaK 1 HEe OBLIIO 3aMEYCHO APYTUMH YIEHBIMHU.

Cam ABTOP TAKKC HC IMprUJal EMYy JOJPKHOTO BHUMAHUS.
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Puc.7. I panuyer ooracmu cywecmeosanus amomapHou Mamepuu.

JIeCTBUTENBHO, CYIIECTBYIOT KOHEYHBIE MO IIMPUHE O0JacTH, B Mpeaesax
KOTOPBIX aToMapHasi CTPyKTypa ycroiuuBa. ['paHuiibl 00JIacTH CYLIECTBOBAHHUSA
aToMapHoI1 Marepu (puc.7) o6o3nauensl Toukamu K u L, 3a npenenamu 31oit ob6nactu
HaO0JII0/1aeTCsl BBIPOXKIACHHE aTOMapHOW CTPYKTyphl. BennuumHa mnoTeHUMana MoJis
B JTHX TOYKax SBJISETCS IOPOrOBOM BEIMYMHOM [UIl aTOMapHOW MaTepuu U
COOTBETCTBYIOT YETBEPTOMY arperaTHOMY COCTOSIHHIO BelllecTBa — IutazMe: Touka K
COOTBETCTBYET BHEIIHEH paJuallMoOHHON cdepe oObekTa (XoJonHAs IUIa3Ma),
oOpa3yrouieiicss mpu pacrnaje aToMOB, To4uka L. — rpanune BHyTpeHHEW pagualiioOHHON
cdepe (ropsiyas miazma).

HelitpoHHOE AP0 M HWXKHIOK MAaHTHIO pas3ieiisieT IO0JIOCTh, IapaMeTphl
Kosie0aHus cpe/ibl KOTOPOU MPEBBIIAIOT TOMYCTUMBIE JIJIsl CYILIECTBOBAHUS aTOMapHOI
MaTEpUH 3HAYEHUS.

N3ny4yeHnuto HEUTPOHHOTO SApa, HMEIOUIEMY TEIUIOBOM CHEKTP, MOXHO
COIIOCTABUTh OIpeNeNEHHY0 Temneparypy. Ha BCEM NpOTsKEHMM OT XOJIOAHOU
JI0 TOpsiuel mia3mMbl HAOJIOJIAeTCSl BECh CHEKTP BO3MOKHBIX arperaTHbIX COCTOSHUMN
aToMapHoil mMatepun. Kaxkmoe W3 arperaTHbIX COCTOSTHUH, Mu(depeHIInPOBaHHBIX
1o ciosiM (opOuTanbHas celeKUus, KaK JUisi aTOMOB, TaK U JUIsl COCIMHEHHI), U BCS
atomapHas cdepa B unenmom (K — L) naexur B oOgactéd  coOnmpspKEHHOM
HKBUMOTEHIIUAIIBHON TMOBEPXHOCTH, KOTOPYIO (OPMHUpPYET BHYTpEHHEe HEUTPOHHOE
anpo. To ectb atroMapHas cdepa HaXOAUTCS B PAaBHOBECHOM COCTOSHUU: OHA HeE

OKa3bIBACT JABJICHUA HA AAPO IIAHCTHI.

115
CJIOXHBIE CUCTEMBI, Ne 2 (47),2023



Henunennas Bcenennasn

CymecTByeT MHOMECTBO  JKCIIEPUMEHTAIBHBIX  CBHIETENICTB O  TOM,
YTO IUJIAHETHl MPEACTaBISAIOT COOOW HE CIUIOIIHOE TENO, a UMEIT TOHKOCTEHHYIO
obomouky. K mpumepy, ycTaHOBIIEHHBIE TaTYNKH Ha IOBEPXHOCTH JIyHBI pearupyioT Ha
ceiicMuyeckoe coOBITHE IOBOJIBHO TMPOJNOJDKUTENbHOE Bpems. [lameHume pasroHHOU
CTYNEeHU pakeTbl AmnoiiyioH 13 BbI3Banio KoyieOaHUE JYHHOM KOpbI Oojiee TPEX 4acos.
EnvHcTBEeHHBIM 1 HanboIee TOCTOBEPHBIM OOBSICHEHHEM MOOOHBIX SBICHUI CITY)KUAT
NpU3HAHUE HAJIWMYUS BHYTPEHHEH MOJIOCTH B OPraHU3alNH IJIAHETHI.

Wnoe mipencraBieHne 0 CTPOCHUH TUTAHETHI MO3BOJISIET BBIMTH 32 paMKH BeChbMa
COMHHTEINBHBIX TUIIOTE3, MPETEHAYIOMUX Ha 00BsICHEHNE BYJIKAaHUYECKON aKTUBHOCTH
3emiu.

Ha puc. 7 (a, b) o6imacts A COOTBETCTBYET 36MHOI Kope - muTocdepe, 001acTh
(A — L) cootBeTcTBYyeT acteHOCcepe 3emin (BEIIeCTBO HAXOAUTCS B PACIUIABIEHHOM
coctostHum), obnacte (A — K) - atmocdepe. 3a BpeMsa At, yBelIHMUYeHHE HEUTPOHHOTO
anpa - M(R) mo macce (puc.7 B) cnpuraet Bieo ypoBHu: r(L), r(K). Ho xopa 3emnun
o0mamaeT onpeaenéHHON CTETIEHBIO KECTKOCTH M HE MOYKET CBOOOIHO PAaCIIUPATHCS.
B o6usacti (A — L) Bo3HuKaeT u30bITOYHOE 1aBJICHHUE, YTO IPUBOJUT K JIeCTaOMIH3aIH
36MHON KOpBbI, JIOKaJbHOMY BBIIABIMBAHUIO acTeHOC(epbl. DTOT MPOLECC JIEKUT
B OCHOBE CEHCMHYECKOW M BYJKAHWYECKOM aKTHUBHOCTHU IJIAHETHI, TOPOOOpa30BaHus,
npeiida MaTepruKoB, pacIupeHus: 3eMIIH.

CormacHO JaHHOM MOJENM CTPOCHMS IUIAHET MOJXKHO  YTBEP)KIATh,
YTO TepMaJIbHAS U BYJIKaHWYECKasi aKTUBHOCTb HEJIP MJIAHET SBISIOTCS HEOTHEMIIEMOM
XapaKTEPUCTUKOHN MX SBOIIOIMOHHOTO Tporiecca. J[aHHOe yTBepKICHNE KacaeTcs BCeX
TUTaHeT (CIYTHUKOB IUIAHET) 3€MHOM TPYIIBI U HE 3aBUCUT OT TEMIEPaTypbl Ha UX

TMMOBEPXHOCTH. cI)aKTOBi, YKa3bIBAIOIIMX Ha 3TO, HAKOMUJIOCH MMPEA0CTATOYHO. Bot numsb

HEKOTOpasi MoJ00pKa MaTepHAaJIOB 110 JaHHON TeMe.
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N3 caumkoB Tpurtona (cnytHuka HenTyHa — 1utaHersl Ha okpanHe ColHEUHOM
CHCTEMBI), TMIOJYYCHHBIX KOCMUYECKUM 30HI0M «Bosmkep — 2» B aBrycre 1989 rona,
SCHO BHJHBI TPOSIBIICHUSI BYJIKAHUYECKOW AKTUBHOCTU: TPEIIUHBI T'€OJOTHMUECKOM
CTPYKTYpBI, JE€UCTBYIOIIME reusepol. [Ipm 3TOM Temmeparypa Ha €ro mOBEPXHOCTH
cocrasisier -240°C.

OOpamjaer Ha ce0s BHMUMAaHHE U MAaJIEHbKMM JensHONW OHuenax — BTOPOH
cnyTHUK B cucrteme CarypHa. Ero nmamerp cocraBisier Bcero 500 KuiomeTpos,
skcueHTpucutrer opoutsl — 0,0045 u amsbemo — 0,99, cpeansis Temrieparypa
noBepxHocTH cnyTHHKa He O0ojee 73K (-200°C). ABTomaTtmdeckas ctanius Kaccunm,
nocturmass B 2004 1. cnyrauka CaTypHa, 3aperucTpupoBajia HeoObIlYalHYIO
TEpMaJIbHYIO aKTUBHOCTB Ha €T0 0’KHOM MoJtoce. ['eli3epbl BHIOpachIBalOT CMECH BOJIbI
M rasa Ha BBICOTY HECKOJIbKMX COTEH KHJIOMETPOB, UYTO SIBHO CBUJIETEIbCTBYET
O BHYTPEHHEH aKTUBHOCTM OHuenana. CeroaHss HE CYIIECTBYET HH OJIHOTO

JIOTUYECKOTO OOBSICHEHUS ITOMY (PaKTy.

Puc. 9. Jleosinvie ceuizepvt Inyenaoa [19].

Hla u cam CaTypH BBI3BIBA€T MHOT'O BOIPOCOB. Temmeparypa atMmocdepsl
CarypHa Ha ypOoBHE BEpXHEH IpaHuUIlbl 00J1a4HOT0 TOKpoBa cocTaBiser 85K. PacueTs
MOKA3bIBAIOT, 4TO BiMsHUEeM COJHIIA TAKyI0 TEMIEpaTypy He OOBSICHUTH, HEOOXOAUM
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BHYTPEHHUH HMCTOYHMK TEIUIa, MOTOK OT KOTOPOro B 2,5 pa3a JOJDKEH NPEBbIIIAThH
comHeyHbI. B pamkax o¢uIuaibHBIX TEOpHl OOBSICHEHHsS 3TOMY (EHOMEHY He
CYILECTBYET.

Ha ocHoBe mnocnenHUX TMOJYYEHHBIX HAy4HbIX JaHHBIX CYIIECTBOBAHUE
noanéaHoro okeaHa Ha cmytHuke lOmnutepa EBpore y wucciemoBareneil yxe He

BBI3BIBACT COMHCHMUS.

Puc. 10. Cemv mpewun na Eepone [20)].

Jlensinast OBEpXHOCTH EBPOIIBI HCIIECTPEHA TPEIMHAMU U PAa3JI0MaMu, KOTOPBIE
MOCTOSIHHO 3aIOJIHAET MOCTyIMammas U3 HeAap TEmnas BoAa. B HacTOAIMIT MOMEHT
CYILLIECTBYET JBAa MHEHUS Y YYEHBIX OTHOCHUTENIBHO MPUYHUH TEPMAIbHOM aKTUBHOCTH
IOJIENHOTO OKE€aHa — BHYTPEHHUM PaJUOAKTUBHBIM HCTOYHUK U ACHCTBUE IPUIMBHBIX
cui. OJHaKo cleayeT 3aMeTUTh, YTO AKCLUEeHTpucuTeT opoutsl EBpomnsl pasen 0,009.
BIIMSIHUE K€ COCEHUX CIIyTHMKOB Ha BO3HUKHOBEHUE IPWIUBHBIX CUJI, €CIIU U UMEET
MECTO, TO HOCHT IEPUOJUYECKHM XapaKTep M SBHO HEJOCTAaTOYHO JUIsl HarpeBa
nognénHoro okeaHa EBpombl. [lo cytu, odpunmanbHas Hayka He 3HAET IMPHYUHBI
pasorpesa Henp EBpoIbI.

Ha texymuii momeHnT B CojHeYHOW cucTeMe He HaOJIoJaeTcss HU OJHOU
OCTHIBILIEH MIaHETHI. bosiee Toro, HabII0JaeTCsA MPOTUBOMOIOKHOE SIBJICHUE - TUTAHETHI
HarpeBaloTcs. JlaHHOE€ 0OCTOSITENBCTBO CBOAUT K HYIIO JIOCTOBEPHOCTH TEOPHH

KOHJACHCAIIUH IIJIaHCT M3 Ira30I1blIJIICBOTO o0Oaka.
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6. HOBAS TEOPUSA OBPA30BAHUS IIJIAHET
OOpatuMcss K 4Ype3BbIYAtHO HMHTEPECHOMY acTPOHOMHUYECKOMY (DEHOMEHY —
koMeTe XoyMca. BOJIBIIMHCTBO COJIHEYHBIX KOMET HMMEIOT CHUJIBHO BBITSIHYTHIE
IIMNTUYECKUE OpOUTHI, Iepecekarolne OopOUThl IUTaHeT. ['paBUTALIMOHHBIE
BO3/JICHCTBUSL TUJIAaHET MOTYT CHJIBHO HMCKa3UTh TPACKTOPUIO IBUKEHUS KOMETHI U
IPUBECTH K 4Ype3MepHOMY cOmkeHuto ¢ CosHueM. J[0BOJIBHO 4acTO 3TO MPUBOJIUT

K IIOJIHOMY pa3spymCHUIO KOMCTHI. Ho nHoraa Bo3HUKaOT U IIOTPAHUYHBIC ABJICHUA.

Puc. 11. Komema Xonmca [21].

«l'ox Hazan xometa 17P/Xonmca yauBuna moodurteneld HabI01aTh 32 HEOOM IO
Bcell muaHeTe 3emiisi. B pesynpTaTe HEOOBIYHO OBICTPOI BCHBINIKK OHA M3 ci1aboit
KOMETHI, CIIOKOWHO oOpamatomieiicss Bokpyr ConHIla ¢ MEpHOJOM OKOJO 7 JET,
IpEeBpaTUIach B BUJIMMYIO HEBOOPYKEHHBIM IJIa30M KOMETY, COIEPHUYAIOLIYIO I10
Onecky ¢ spuaiiiiuMu 3Be3gamu co3pe3aus Ilepces. Ee orpomubsiii pasmep U MoyYTH
IIOJIHOE OTCYTCTBME XBOCTa, XOpPOIIO BHUIMMBIE Ha 3TOM IIMPOKOYTOJBHOM
n300pakeHuu, mnoiaydyeHHoM 11-ro HosiOps 2007 ronma, cTajid XOpOIIO H3BECTHHI
acCTpOHOMaM, MBITAIOUIUMCS pa3rajlaTh 3araJky yJIMBUTEIbHON BCIBIIIKA KOMETHI. Bece
&Ke y KoMeThl XoyiMca ObIT ClaOblii MOHHBIM XBOCT, OTJAEJCHHBIN OT SPKOM KOMBI.
Ha »ToM wu300pa’keHUWH OTIEICHHBIH XBOCT MOXKET I0Ka3aThCsl OTpakaTeIbHOM

TyMaHHOCTbI0. OH BBITJISIIUT Kak c1aboe roryboBaToe TYMaHHOE IISITHO MTPaBee LEHTPaA,
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Ha (oHE 3Be3Nl Ciad0 CKOHIICHTPUPOBAHHOTO JBIXKYIIErocs CKOIUIeHUs Aubda
[Tepces» (mo matepuanam Astronomy Picture of the Day).

HeoOrpiuaiiHoe moBeeHHE KOMEThI XO0JIMCa MOXXHO OOBSCHHUTH CJIEAYIOIIUM
obpazom. [Ipu 1BMXKEHUN KOMETHI K LIEHTPAIBbHOMY OOBEKTY U3MEHSIOTCS TTapaMeTphI
BHENIHETO I KOMETHI IIOTEHIHMANlAa I'PaBUTAMOHHOro mouns - ®o.Ae (R). Do
IPUBOAUT K IIAPAMETPUYECKOM HEYCTOMYMBOCTH, BO3HHUKAIOIIEH B PpE3yJIbTATE
MPOCTPAHCTBEHHO-BPEMEHHOM ~ MOJYJSLMU  [MapaMeTpoOB,  XapaKTePU3YIOIIUX
coOCTBEHHbIE KojeOaHHs BellecTBa KOMEThl. MOAyIsIuUs COBEPILAETCS BOJIHAMH
BHEIIHEH cpeapl — BOJMHAMHM HAKayKd, HWMEIOUIUMU KOHEYHYI0 aMIUTUTYIY.
[Ipu mipeBbIIIEHUN HEKOETO MTOPOrOBOTO 3HAUYCHHSI COOCTBEHHAS MOJIa HAUUHAET PACTH
C TEIJIOBOTO YPOBHSI, MOTJIONIAsl SHEPTUIO BOJIHBI HaKauKu. Bo3HuKaro1as mpu 3ToM Tak
Ha3bIBaeMas pachajHas [apaMeTphueckas HEyCTOMYMBOCTb, MPHUBOIUT JHOO
K pPE30HaHCy, JUOO0 K B3PHIBHOW HEYCTOMYMBOCTH BOJH. YCJIIOBHE BO3HUKHOBEHUS
napaMeTpUYecKoro pe3oHaHca UMEIOT BU/I:

nwy = Wy + @y ; nky=ky +k; n=123.. [pu pacraHoi
HEYCTOMYMBOCTU BO30Y)KIAIOTCS BOJIHBI C YaCTOTAMHU, MEHBITUMHU YaCTOThI HAKAYKH.
s onrcaHust mapaMeTpUIECKOro pe30HaHca MOXKHO TPUMEHUTh YpaBHEHHE MaThé:

R

aZ
— - qu,[l + gcos(wot — Kox)] a—x(f

otz 0

I'ne ¥ - BenuumHa, onuchIBaroNIasi BOJHY (HaIp., IOTEHIMAJ TPAaBUTALIMIOHHOTO
OJIST), &- aMIUTUTYZA BOJIHbI HAKAYKW B OTHOCUTEIbHBIX €TMHUIIAX.

Pemienne sToro ypaBHEHUs OmpeaesseT 00JacTh 4acToT Aw (IIMpUHA 30HBI
Martb€) 1 mopor o amIUIUTYJI€ BOJHBI HAKAUKH &, € MOXET BO3HHMKATh paciiajiHas
napaMeTpuieckasi HeyCTOHYMBOCTb.

[TapameTpuyeckuii pe30HaAHC MOXKET, KaK pa3pymuTh kKoMety (Hamp., D/1993 F2
(Shoemaker — Levy)), Tak u npuBecTu K peakuuu HedTpoHuzauuu. Ilpu peaxnuum
HEUTPOHU3AUKU YOBIBA€T KOJIMYECTBO JIJIEKTPOHOB, MPHU 3TOM YHCIO SIep aTOMOB
COXpaHsieTcsl. DJEKTPOHBI, O00ECIEUMBAIOIINE YIOPYIOCTh CTPYKTYPHOTO OOBEKTa,
B3aMMO/JICHCTBYIOT C TPOTOHAMH C OOpa3oBaHUEM HEUTPOHOB. OTO NPUBOIUT
K yOBIBAHMIO TIOJIOKUTEIBHOTO 3apsjia sipa aTroOMOB, YTO W TIO3BOJSIET SApaM
o0beANHATHCS. JIOCTUTHYB KPUTHUUYECKOM Macchl IpU OObEIUHEHUH, siipa 00pa3yroT

HEUTPOHHOE SAJIPO B LIEHTPE KOMETHI, KOTOPOE CTAHOBUTCS HEOTHEMIIEMOM YacCTbIO
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CTPYKTypHOT0 00BbekTa. C 3TOro MoMeHTa 00bEKT 00J1a/1a€T COOCTBEHHBIM BHYTPEHHUM
IpPAaBUTALIMOHHBIM TOJIEM, TOJI BO3JEHCTBHEM KOTOPOTO MPOUCXOIUT pa3pyllieHue
CBA3EH XMMHYECKHX COCIUHEHUI BHEUIHETrO BellecTBa KOMEThl. OOBIYHOE BEIECTBO
KOMETHI MPEBpAIIAETCS B CMECh OTAEIBHBIX aTOMOB. TakoMy Ipolieccy COMYTCTBYET
MOIIHOE 3JIEKTPOMAarHUTHOE siBJieHue. BHemHss aromapHas o0oiouka, yxe OoJblie
HAaIlOMHMHAIOIIAS TJ1a3My, CTPEMUTCS 3aHITh PAaBHOBECHOE IOJIOKEHHE B BO3HUKIIEM
IpPaBUTALIMOHHOM I10JI€ M KakK Obl BCIUTBIBAECT, 00pa3ys IPaHUYHYIO MOJIOCTh MEXIY
HEHUTPOHHBIM SIPOM M aTOMapHOW Marepuel. BHemHe mnpouecc COnpoOBOXKIACTCS
PE3KUM U HUCKIIOUUTEIHHO CUMMETPUYHBIM YBEIMYEHHEM cQepbl 00bEKTa U OYEHBb
SAPKUM CBeUCHHEM. Peakiins HEUTPOHU3AIMHU B CTPYKTYPHOM OOBEKTE, BO3HUKAIOIIAS
B YCJOBMSIX MapaMETPUYECKOTO0 PE30HAHCA, JIEKUT B OCHOBE OOpAa30BaHUS IJIAHET:
HA CHUMKE KOMEThI X0JIMca 3anedaTiiéH Ipoecc pOXKIACHUS MJIaHETHI.

Tpanchopmanuss cTpykTypsl U TOSIBIEHHE COOCTBEHHOTO TI'PaBUTALMOHHOIO
noJisi y 00beKTa MPUBOAUT K U3MEHEHHUIO €r0 OPOUTHI U MOCIEAYIONIEMY 3aXBaTy €ro
IUTAHETOM TUTaHTOM, TJ€ M MPOUCXOAUT JalibHelliee (POPMUPOBAHUE IUIAHETHI.
Ha nepudepuun ConHeyHol CUCTEMBI IPU HU3KOM TEMIIEpAaType BHELIHSS chepruecKas
MOBEPXHOCTh TOJIBKO YTO POKAEHHOM MJIaHETHI 3aMep3aeT, 00pa3ysl JIEASHON MaHLHPb,
MO/ KOTOPBIM Hauajcsi aKTHBHBIN mpolecc GOopMUPOBAHUS MAHTHH M KOPHI Oyayiien
IUTAHETHl. YBEITMYEHHE MAacCChl aTOMapHOW cdepbl HOBOHM IIaHeThl (Kak U €€
HEUTPOHHOTO sApa) MPOUCXOAUT HE 3a CYET BHEIIHUX NPUYUH (METEOPHUTOB,
acTepOMJIOB), IMOCTABIIMKOM YacTUIl sl (GopMUpOBaHUS CHEPBl CIYKUT pPEaKIUs
NOJIIPU3alliY BaKyyMa.

AHanoruvHele SBICHUSI ¢ KOMeTaMu HaOmoganuck u panbline. Komera Tytis-
Jxaxkoounu-Kpeccaka (1973 r) mociie MpOXOXIACHUS TMEPUTENHS YBEIMYMUIA CBOIO
sapkocTh B 10 000 pa3. Komerta [lonca-bpykca (1884 r) nepuoandecku u3MeHs1a CBOM
omeck B 1 000 pa3, mpu stom Habmromancs cOpoc cepuueckoil 00OJIOUKU KOMBI
kKoMeTbl. OTMETHUM TakKe, YTO B MPEIBIAYIIUX COMMKEHHUAX 3TUX KoMeT ¢ CoJHIeM
pe3koro m3MeHeHus Oinecka He Habmomanock. Bompoc o mpuponae 3TuX SBICHUN
0CTa€Tcs HEPEIIEHHBIM U BO3MOXHOCTD PEIIUTD 3Ty 337a4y B paMKax CyIIECTBYIOUICH

Hay4YHOU MapaJurMbl HE IPEIBUIATCS.
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MOoXHO NpUBECTH U JPYrHe€ TOBOJBI TOMY, YTO MPApPOJAUTEIbHULEN IIAHETHI
apisieTcst kometa. 12 mapra 2008 r ammapar KaccuHum BO Bpems COJMMIKEHUS
¢ DHuenanoM coOpall JaHHbIE O XMMHYECKOM COCTaBE BOJSHBIX BBIOPOCOB C €ro
noBepxHOCTU. [Ipubopel oOHapyKuiu: BOAY, METaH, YIIEKUCIBIA M yrapHbId Tra3bl
U JApyrue opranuyeckue Mosekynel. I[locme oO0paGoTKHM [aHHBIX CTajlo SCHO,
YTO XHMHUYECKUH COCTaB BBIOPOCOB HAXOAMUTCS IOYTH B IOJHOM COOTBETCTBUHU
c XUMUYECKUM COCTaBOM BBIOPOCOB KOMET
(http://www.gazeta.ru/science/2008/03/28 a 267943 1.shtml?incut3).

N3noxxeHHplt MexaHu3M o0pazoBaHus miaHeT B CONHEYHOW cHUCTEME JICKHT
B 00Jiee TOBEPUTEILHOM UHTEPBAJIE, YEM COBPEMEHHASI TEOPHUS KOHJEHCAIIUN HEOECHBIX

TEJI U3 ra30IbUIEBOrO 00JIaKa.

7. MIPUHIOUII YHUPUKALINU B CTPOEHUU I'PABUTAIIMOHHBIX
OBFBEKTOB BO BCEJIEHHOM

HelitponHoe s1po sABIAETCS HEOTHEMIIEMON M BaKHOM COCTABIISIOLIEH YaCThIO
000 TpaBUTAIMOHHOW CHUCTEMBI. B 3aBHCUMOCTH OT Macchl HEHUTPOHHOTO sjpa
HeOecHbIe OOBEKTHl MOAPA3NEIAIOTCS Ha IUIAHETHI, 3BE3/bI, 3BE3AHBIE CHUCTEMBI,
ranaktuku. [locTenmeHHoe yBEeNWYEHHE MacChl HEUTPOHHOTO siipa OOBSICHSET
ABOJIIOIMIO TPABUTALIMOHHON CUCTEMBI.

Ha puc.12 uzoOpaxena cxema ComHeuHoil cucteMbl. Cekylas IJIOCKOCTb
NpOXOAUT uepe3 LeHTp macchl CojiHIa W TEMHOrO NsATHA (OTBEPCTHs) Ha €ro

MOBEPXHOCTH.

IOmuren
CoHeYHOE MATHO
/_ (mermeccust YuiacoHa)
(@)

[
I I TTorenxHoCTh

| L CoHira

K A L
Puc.12. Cxema Conneunoti cucmemoi.
EcTp 4TO-TO 3aMeuaTeIbHO YHUBEPCAIbHOE B JAHHOM CXEME: OHA CIYKHUT
O0IIMM KOHTYPOM €IMHOM TOMOJIOTMH OOBEKTOB Meramupa M HMMEET MOBBIIMICHHOE

npejackasaTesnbHoe 3HadeHwe. (OceBoe BpallleHWE HEWTPOHHOIO sApa CO3JaéT
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MarHMTHOE TOJ€ IUIAHEThl, 3BE3/bl, TlaJaKTUKM U SBISETCS HCTOYHUKOM
HU3KOYaCTOTHOTO M3IydeHus. HU3KOYaCTOTHOMY H3JIy4EHHMIO HEUTPOHHOIO s1pa
HEOECHBIX TEJ MOYKHO COIIOCTaBUTh pe30HaHCHble BoJiHBI lllymana (ycroiiumBeie
HU3KOYaCTOTHBIE KoeOaHus Ha UKCUpoBaHHOU dacTore 7,83 I'm. — mmanera 3emiist)
WIA aKTUBHYIO pe3oHaHCHylo ob6nactb ConHuma — kopoHy ConHua. Beicokas
TeMIeparypa KOpoHsl B 2 — 6 MiH. rpaaycoB no mkane KensBuna npu 6000 K
(doTocdepsl 10 CUX MOP BBI3BIBAET HEJOYMEHUE Y HCCIe0BaTeNeH.

Octmmrssniun - oBepxHocTr  CoOJNHIIA  HOCAT TJ00ANbHBIM W HECKOJIBKO
XAOTHYHBIN (Ha nepBbli B3ris11) Xapakrep. [lepexpbiBanue Koe6aHuH, OTINYAIOIIUXCS
10 YaCTOTE U aMIUIUTYJIe, IPUBOJUT K JIOKAIbHON HECTAl[MOHAPHON MHTEepdepeHIINN
BOJIH, OTBETCTBEHHOM 3a pa3HooOpa3Hble ImposBieHus Ha CoJHIE: COJIHEYHbIE
BCIIBIIIKY, KOPOHAJIbHBIE BBIOPOCHI, 00pa3oBaHUE (IOKKYJ, BOJOKOH U CIHUKYIL
Konebanus oTaenbHbIX y4acTKoB noBepxHocTH CoJHIIA MHOTAA MEPEXOJAT B PEKUM
pe3oHaHca, 4To MposBisgercs nporydepannamu. [Ipu riay6okoM pe3oHaHce, Korjaa
aMIUIMTYyJa PE30HAHCHOM BOJHBI BBIXOAMT 3a rpanuny L (puc. 12), BO3HHKaeT
PE30HAHCHBIM siAepHBIM  pacmajy BemiecTBa (oTocdepbl HKCIUIO3UBHOTO THIA.
[Tpu B3pbIBE 00Opa3yroTcsi QorocdepHble AbIpbl (OHH, KaK MpaBUiIo, GOPMUPYIOTCS
napaMM WM TpynnamMH) U TMOTOK YaCTUL[ BBICOKOW SHEPTHUH, MPEUMYLIECTBEHHO
nporonos ¢ E> 10?° 5B. IIpupoaa KOCMUYECKHX Iydel BbICOKOM sHeprun ot ConHna
B paMkax ctaHaaptHoil moaenu ConHua pemieHus He umeer. OOpaTuMcs K CHUMKY

TEMHOTO IISITHA Ha IMMOBCPXHOCTH COJ'IHI_Ia.

Puc. 13. I'pynna namen na Connye, cghomocpagpuposannas 6 BUOUMOM ceeme.
CHumox coenan kocmudeckum annapamom Hinode 13 oexabps 2006 2oo0a. [22].
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Takass 4€TKOCTb M300paXEHHs] MPOCTO HE COBMECTMMA C COBPEMEHHOM
UHTEpIIpeTaIeil naTeH (MCKPUBJICHUE CBETOBBIX JIydel MarHUTHHIM mojemM CoJHIa):
Kpasi ISITeH pe3Kue U sicHble. TEMHBIE MATHA Ha COTHEYHOW ITOBEPXHOCTH - HE YTO HHOE,
kak Qorocepubie apippl. OO0 3TOM CBHUAETEIBCTBYIOT M 00pa30BaHUE MOIIHBIX
JIOKQJIbHBIX MAarHUTHBIX TMOJeil B 00JacTu MATeH (dKpaHUpymollee JeHCTBUE
dboTochepsl): yepe3 oTBepcTUe B PoTtochepe MPOUCXOAUT «UCTEKAHUE)» MATHUTHOTO
M0JIsl, TEHEPATOPOM KOTOPOTO SBJISETCS €r0 HEUTPOHHOE SAPO.

B cnektpe nepuommueckux konebanuii ¢dorochepst ConHila HalmIOIaETCS
(bpyke, Cesepnsiit, Illeppep, Yunkokc) cTtaOuiabHOE H30JIMPOBAHHOE KojeOaHUE
¢ mepuomom Fo =~ 160.0101(2) num. (Vo ~ 10416 wmxI'm), perucTpupyemoe
10 JIOIUIEPOBCKOMY CHABHUTY (GpayHroepoBbIX CHEKTpaibHBIX JuHME. B 1974 r.
PokcOypr BBIIBUHYI MPEIONIOKEHHE O TOM, YTO MEXaHU3M BO30YKICHHUS KOJIeOaHMi
doTtochepsl 00ycaoBIeH OBICTPBHIM BpalieHueM sjipa CosHua.

EctecTBeHHO, B paMKax CTaHAApTHOW MOJEIH BHYTPEHHErO CTPOCHHMS 3BE3IbI
3Ta TEOPHs HE MOTJIa OBITh TIPUHSTA.

N3smepenuss  Kpeimckoit  Actpodusuueckoit ~ OOGcepBaTopuu — MOKa3aiu
(B.A.Koros, B.M.Xaneluyk), uto mocie 1982 r. Bmecto Fo cramo momummposats
xonebanue ¢ mepuogoM P1 = 159.9657(4) mun. Tepron 6uenuil ABYX MyIbCaIHil CYT.
Py = (1 /p, — 1 /PO)"l = 400(4) COBIAJAeT C CHHOJUYECKUM MEPUOJOM OOpalleHUs

399 ¢yr.) ¢ Tounocts0 10 1% [11]..

KOnurepa Bokpyr ComnHua (PJ =

bouto 661 607bIION OMIMOKON Mojarath, 4To 3TO - MPOCTOE COBMAJICHUE WIH
NPOSIBIIEGHUE AHTPOIIHOTO TNpHHLHMIA, peanusyromerocs B CoOJHEYHOH CcHUCTEME.
BosBpamasce k mnpeamnonoxeHuto PokcOypra, JuIllb YTOYHMM €ro: IapameTphbl
ocUMJUISINUU  HelTpoHHOro siapa ConHIIA ONpenensioT MapaMeTpbl yCTOHYMBOTO
koneOanus ¢otochepbl M UTPAOT BAKHEHIIYIO pPOJIb B paclpeelieHUu IJIaHET
ConHeuHOU CUCTEMbI. DBOJIOLIUOHUPYS MO Macce, HEUTPOHHOE SIAPO, TEM HE MEHEE,
COXpaHsET CTaTyC KBAaHTOBOI'O OCLMJUIATOpPA KOIME€PEHTHOTO cocTosiHUSA. VIMEHHO 3TO
dbyHI1aMeHTaJIbHOE CBOMCTBO HEUTPOHHBIX sijiep OOHAPYKUBAET ceOsl KaK B BapHaIUAX
OJnecka aKTHBHBIX SiZiep TaTaKTHK (Hanmpumep, konebanue 6mecka siapa NGC 4151 [12]),

TaK M B paclpeiesieHny JacToT nmyhabcauuid 38€3a tuna Jlensra luta (Kotos B.A.,

Koros C.B.).
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[Ipouiecchl TEPMOSAEPHOrO CHUHTE3a HEJb3sl CUUTATh HCTOYHUKOM SHEPIUU
3Be3/1bl. MICTOUHMKOM H3ITydyeHUs 3Be3/bl SBISIOTCS aTOMbl XMMHUYECKUX 3JIEMEHTOB,
KOTOpblE TpU  BBICOKOM MOTEHIMAJE TIPaBUTALMOHHOTO TIOJSI  HAXOASATCS
B BO3MYIIEHHOM COCTOSIHMM: MPOUCXOAUT TpaHC(HOPMALIUS SHEPTUH IPABUTALIMIOHHOTO
HOJISl B JIYUYUCTYIO SHEPIHIO.

AMEpUKAaHCKHE YYEeHbIE C TMOMOIIBI0 Tejeckona Xabbiia OOHapyKUIH
B TraJlakTUKe AHJIpoMeabl OOBEKT, Ha3BaHHBIM MMU «TaMHCTBEHHBIM» - CTPaHHOE
KOJIBLIO 3BE€3, OKPYXAIOLIEE LIEHTPAIIbHYIO YEPHYIO JbIPY rajJakTUKU. B HEro BXxoaut
npuMepHo 400 oueHb TopsiuuX U APKUX TodyOBIX 3BE3]l, OOpallaoIuxcs Harnoaooue
IUTAHETHOM CHCTEMbI Ype3BbIYatHO OJIM3KO K IIEHTpaIbHOW YepHO# npipe ["amakTukmu.
IMeHHO OHHM H3IIy4aroT SIPKOE CBEUYEHHE, OOHAPYKEHHOE TeseckornoM Xabbia erle
NecSITUIIeTHE Ha3a U 0 CHX IOp 033a4KBaBIlIee aCTPOHOMOB.

[lono6HOE OTKpPBITHE MOPA3UTEIBHO U B KOPHE MPOTUBOPEUYUT COBPEMEHHBIM
($U3NYECKUM TMPEICTaBICHUAM — I'PaBUTALIMOHHOE T0JIe BOJIU3U YEPHOU JBIPBI TAKOBO,
4yTO 0 ((OPMUPOBAHUU 3BE3]1 BOJIM3HU HEE HE MOXKET OBITh U PEUH.

Kak coobmaer New Scientist, 3B€3/1b1 00pa3yoT OYeHb IUIOCKUH TUCK pa3MepOM
1 cBeroBoil oA B momnepeyHuke. VX OKpyXaeT 3JIMNTHYECKUI JUCK Oosee cTapbIX
KpPacHBIX 3BE€3[l — €ro pasMep COCTaBIsIeT OKoJo 5 cBeToBbIX JeT. Ob0a nucka
pAcIoJIOKEHBI B OJJTHON TNIOCKOCTH, YTO MOXET CBUAETEILCTBOBATH 00 UX B3aUMOCBS3H
JIpyT C IpyroM, OAHAKO O MPHUPOJAE B BBICIIEH CTENEHU TAMHCTBEHHOTO 00pa30oBaHUS
HUKTO B Hay4HOM MHpE I[I0Ka HE MOXKET CKa3aTb HHUYEro OIPEAEIEeHHOrO
(http://www.cnews.ru/cqi-bin/redirect.cqi).

Yro kacaeTcs U31y4eHUs IEPEMEHHBIX 3BE3/], TO MOYXKHO MPEAIOJIOKHUTH IPIMYIO
3aBUCUMOCTb MEXAY HSHEpruell M3iaydyeHus 3Be3[bl U MapaMeTpaMu OKpYKaroulero
3Be3ay npoctpaHcTBa. Hanpumep, eciu 6b1 Hame ColiHILIE BPaIIajoch MO BBITSHYTON
AIITUNTHYECKONW OpOUTE BOKPYr HEHTPOHHOW 3Be3/bl, TO B adenuu mpeobiiagan Obl
KpacHbI LIBET, a B mepureauu — roiay0oil. Tak kak Bce pUCKU sl HEOECHBIX Tem
CBSI3aHBI C TIEPUTEIIMEM HX OPOUTHI, TO JOTHYHO OBLIO OB OKUAATH KaTaCTPOPUIECKHE
coObitTus g ConHua MMEHHO B TonyOoil ¢aze. IlogoOHoe mpenmnosiokeHue He
IIPOTUBOPEUYUT HaOII0AaeMbIM SABJICHUSIM: B 1987 I.

B MaremnanoBom OO6make B3opBasiach MaccuBHas roiyoas 3Be3aa Sanduleak 69 202a.
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OHa oTHOCHUTCS K KJIacCy NMEPEMEHHBIX roIyObIX 3BE31 BBICOKOM cBeTuMOCTH — LBV.
DTO COOBITHE TPOTUBOPEUYUT OOIIECTIPUHATON Teopuu 3Bojronuu 3BE3A. B 2005 T
B rasaktuke NGC 266 B3opBanach emé oaHa cBepxmaccuBHas LBV3Be3ma. UToObl
OOBSACHUTH 3THU B3PbIBBI, IO MHEHUIO U3PaMIbCKOro acTpoHoMma ABumail ['anb-fma,
notpedyercs MIEPECMOTP MIpeACTaBICHUN 0 3BE3AHOU HBOJIIOLUU.
Ho B peiicTBUTENbHOCTH mpoOsieMa JIEKUT 3HAYUTENBHO TIIyOxke: mnoTpedyercs

PCBOJIIONHA B HAIUX ITPCACTABIICHUAX O CaMUX 3BE3/1aX.

8. 9BOJIOIIUA HEBECHBIX TEJI

B nenu nocnenoBaTenbHBIX NMpeoOpa30BaHUN MOYKHO BBLACIUTH CIEAYIOIINE
ATambl SBOJIIOIMM HEOECHBIX TEN: acTepou]; — KoMeTa — IUIaHeTa — 3Be3da —
HEUTpPOHHAs 3BE3/1a.

Heob6xomuMo 0co60 momyepkHyTh, 4TO Majbie Tena COJHEYHOW CHCTEMBI
(MeTeopuUThl, KOMETBI, ACTEPOUbI) COCTOAT U3 BEIIECTBA, paHEE MPOUIEAIIETO CTa U0
NOJIHOTO IuIaBiieHUs. B xoxme peamuszanmuu nporpammbl ANSMET no mnowucky
MeTeopuToB B AHTapkTuke B 2006 1. Obutn 0OHapyxeHsl 1Ba meteoputa: GRA 06128
n GRA 06129. VYHUKaIBbHOCTH MX COCTOMT B TOM, YTO OHHM COCTOSIT M3 aHJIC3MTA,
Ooratoro MojeBbIMH IIMaTaMU. DTa TOPHAsl Topojia oO0pa3yercs B TNyOUWHE IIaHEThI
npu Oonb1IoH TEMIEPATYpe u BBICOKOM JABJICHUU
(http://www .nature.com/nature/journal/v457/n7226/abs/nature07651.html).

AHaJi3 KOMETHOTO BEIleCTBa, COOPaHHOT0 KOCMUYECKHM arrmaparom «Stardusty
¢ komeThl «Wild 2» nokazain npucyTcTBie MUHEPAIOB, KOTOPbIE (DOPMHUPYIOTCS TOJIBKO
B YCJIOBHSAX BBICOKOW TeMIepaTypbl 1 OTPOMHOTO JlaBieHUs. bbuin oOHapyKeHbl Takue
MUHEpaJIbl U TYTOMJaBKHE KOMIIOHEHTHI, Kak (JOPCTEPUT, OJIUBUH, TUTAH, KaJIbLUEBO-
aJIFOMUHUEBBIC BKIIIOYEHHS. B TO ke Bpemsi B BEIIECTBE KOMETHI COJIEPKUTCS OO0JIbIIOE
KOJIMYECTBO JibJla U 3aMép3uiero rasa. OOBICHUTH TaKOe COBMEIICHHE HayKa He
B COCTOSIHUU.

Acteponn Becra (Ha MOl B3rJISA, 3TO KApJIMKOBas IIJIAHETA) COCTOMT
u3 0a3aJbTOBBIX MOPOJ, KOTOpbIE OOpa3yloTCs MpPHU OCTHIBAHUM JIaBbl — MOPOJbI
IUTAHETHOT'O MPOMUCXOXKACHUSA. TPyaHO COTNIacUThCS ¢ OQUIIUATIBHON HAyYHOU TOUKOU

3peHuss O TOM, 4To Majble Tena COJHEYHOM CHCTeMBbl NpPEICTaBISAOT coO0M
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CTpOUTENBHBIM Mycop. KosnuecTBO acTepouioB, UX BHEIIHUN BHJ U XUMHUYECKHI
COCTaB SIBHO CBUJICTENBCTBYIOT O KaTaCTPOQUUECKUX COOBITHUSX, MPOU3OIICIIINX U
MPOUCXOAANINX ¢ I1aHeTaMu B COJTHEYHOM cHCTEME.

OKBUIOTEHIUAJIbHAST TOBEPXHOCTh HJiIi ACTEPOMJIOB PACIOJIOKEHA MEXIY
opb6butamun Mapca u FOnutepa. JliiurenbHOE BO3IEHWCTBHE COJHEYHOTO H3JIYUCHHS,
MOTOKA KOCMHUYECKMX  YaCTHUIl BBICOKOM  SHEPruM, HHU3KOrO0  MOTEHIMaIa
IPaBUTALIMOHHOTO TMOJS TPUBOAUT K TMOCTENEHHOMY HW3MEHEHHIO XHMHYECKOTO U
M30TOMHOIO cocraBa actepouaoB. Crenuduueckoe COOTHOLIEHUE H30TOIOB
XUMHUYECKHX DJIEMEHTOB, XapaKTepHOE TOJIBKO JUIsi acTepOMJOB,  SIBIISIETCS
MpUOOPETEHHBIM CBOMCTBOM: IMPOIIECC paclaja XUMMUYECKUX JIEMEHTOB B OTKPBITOM
KOCMOCE HMMEET CBOM CHELH(PUUYECKHE OCOOCHHOCTH W OTJIMYEH OT AHAJIOTUYHOTO
mpolecca, MPOUCXOMAIIET0 B 3€MHBIX YyclHoBUsiX. KaMeHHas CTpyKTypa actepouja,
W3HAYAJIbHO HE cojJeprKaiias JICTYYuX BEIIECTB, MPETEPIICBACT Ps H3MEHEHUM:
B IIpoliecce CIIOHTAHHOIO pacmaja sjiep XUMHUYECKHX AJIEMEHTOB, MOCIIEeI0BATeIbHON
LEMOYKH anb(a-pacmana 6oee THKETBIX 2IEMEHTOB 00pa3yr0TCs BO/Ia M Ta3000pa3HbIe
COENIMHEHUs (ITOT Ke MPOIECC XOJOAHON TPAHCMYTAIlUU AJIEMEHTOB JIEKUT B OCHOBE
oOpaszoBaHusi aTMOCc(ephl U BOJBI Ha IJIAHETaX 3€MHOM TPYIIIbI). DIEMEHTHBIA COCTAB
acTepouja Ipu 3ToM MeHsieTcs. boiiee Toro, Takue npouecchl Kak Gporoaucconuanus 1
cyOnuMaIus BbI30BYT YMEHBIIICHHE IIOTHOCTH U MAacCChl aCTEPOUJIa, YTO HEMHUHYEMO
BEJIET K YBEIMYCHHUIO DKCIIEHTPUCUTETA U MEJUICHHOW TpaHChOpMAaIlud €ro OpOUTHI.
B adenmuu opbutsl, oOpa3oBaBIIrecs JETy4Yre BEIIECTBA Ha TOBEPXHOCTU acTEpPOUA
OyAyT 3aMep3aTh, a B IEPUTEIUHN — UCTIAPSITHCS.

Jlutub coBceM HemaBHO (2005 r.) rpynna y4y€HbIX U3 ACTPOHOMHUYECKOTO
uHctuTyTa [aBaiickoro ynusepcuteta (I'enpu Xcu (Henry Hsieh) u [I»Bug JLxyutt
(David Jewitt)) oOHapyxuiia JBa KOMETOIOJOOHBIX acTepouja B OCHOBHOM IIOSICE
Mexay FOmurepom u Mapcom. Emié onun mogo0HBINH 00BEKT W3 OCHOBHOTO MOsICa ObLT
oOHapyxeH paHee. XOTs OpOUTHI acCTEpOUJIOB M OJIM3KH K KPYTOBBIM, TEM HE MEHEE,
B MEPUTEIINN OPOUTHI Y ATUX aCTEPOHUIOB MOSBISIETCS KOMa U XBOocT. HoBoMy kitaccy

00BEKTOB OHU JaJIM Ha3BaHUEC «KKOMCETBI OCHOBHOT'O I1OACa».
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Puc. 14. Cnumku 6cex mpex komem oCHO8HO20 NoOsCA (8 YeHmpe HA KAHCOOM
usobpasxcenuu). Ocmanvhvle 00beKMbl — MO 36€30bl U 2ANAKMUKU (DOHA,
pasmasammsie 8 pe3yibmame moeo, Ymo meeckon cieoun 3a komemou. CHUMKU
nonyuenvl Ha 2,2- mempogom meneckone I asatickoeo ynusepcumema. [23].

BolmenpuBeiéHHble  JaHHBIE TO3BOJIAIOT OTKA3aThCsl OT  OOLIEHMPHUHSITOrO
MHEHUS O TOM, YTO KOMETa MPEJCTaBIsAET co00to0 JieasHoe sapo. Ha npeacraBineHHbIX
CHUMKaX IOKa3aH He OCOOBIM Kiacc OOBEKTOB, HA CHUMKaX 3aredariieHa HadaiabHas
daza Tpanchopmaluu acTepouAOB B KOMEThl. JlanmpHelias moTeps Macchl
y acTepOUJIOB M IPaBUTAIIMOHHBIE BO3MYIIEHUS CO CTOPOHBI IJIAHET U3MEHST OpOUTY
3TH 00BEKTOB CaMbIM HENpeJCKa3yeMbIM 00pa3oM, Ha 4TO HaM HE00X0JIMMO 00paTUTh
camoe npucTtaibHoe BHUMaHue. CerofHsi CYUTaeTCs, YTO KOMEThI 00pa3zyroTCs B TOsICe
Koiimepa u o6make Oopta. OT0 — omubOouHoe MHEHHE. [locTaBIIMKOM KOMET
B ConHeuHOU cucTeMe sBiseTcs OCHOBHOW mosic. B obmake Oopra mpouCXOauT
NanbHEWIass W OKOHYaTelbHas CyOJauMaius «OTXOJOB JKU3HENEATEIbHOCTU
ConHEeyHOM CHCTEMbI: CBEPXBBICOKMM (U3NUYECKUN BaKyyM SIBISIETCSI arpecCUBHOMN
Cpemoil ansi aTOMapHbBIX CTPYKTyp. OdeBHAHO, 4TO B Ommkaiiem Oymyiem OyayT
OTKPBITHI HOBbIE OOBEKTHI MOAOOHOTO BI/1a B OCHOBHOM ITOSICE.

[logBeném wutor. Ilmanera pokmaercss B TpaBUTALIMOHHOM TIOJIE 3BE3]IbI
B Ipoliecce TpaHCHOpMAlUMU KOMETHI. 3aMeTuM, mnepexoi Manbix Ten CoiaHeuHoM
CUCTEeMbl K IUIaHeTaM (M O0OpaTHO) MPOMCXOJUT €CTECTBEHHO U HENPEPHIBHO.

ChopMupoBaBIIUCH U MPUYMHOKHB Maccy B IPaBUTAI[MIOHHOM TOJI€ Fa30BOT0 TUTAHTA,
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IJIaHETa CPBIBAETCS CO CBOEW OpOUTHI M 3aHMMAET MECTO HAa BHYTpPEHHEW opoOute
Connua. Hammpumep, Takue kapiukobie maHeTsl kak Llepepa u Becra smurpupoBaiu
B Tosic actepouioB, a Jlyna Obuta 3axBaueHa 3emui€il. B mporiecce sBomonuu
ConHe4HOM CHUCTEMBbl MPOUCXOJUT TOCTOSIHHAS MUTpPALMS MaJlbIX IJIAHET, YeM
U 00BsACHseTCs aHOMallbHOEe Bpanienne Beneprl. OOHapykeHHble Ha Mapce naBHO
BBICOXIIIME PEUYHBIC PyCJa BO3HUKIU B PE3yJbTaTe TasHUS €ro JEASHOW OO0O0JIOYKU
npu CMeHe OpOMTHI IUIaHEThl Ha COJHEYHYI0 opouty. JlemsHas obGonouka Mapca
pacTasijia, BOUTANIAch B MOYBY M CKOHIEHTPUPOBAIACH B MOAMOYBEHHOM MEp3IOTE,
OCTaBHB TOCJIE ceOsl OBparu, MoxXoXue Ha MPOMOUHBI, MAPaJOKCAIBHO CY>KUBAIOIIHECS
BHM3 10 CKJIOHY. [l0 COBpeMEHHBIM MpE/ICTABICHUSIM CUMTAETCS, YTO aKTUBHas (pa3a
XKU3HU Mapca yxke 3aKoHYWJIach. JTO 3a0IyXJ€HHE, OHa TOJIbKO HAYMHAETCH.

KoneuHbsIM 3Tanom OBOJIIOIIUH ITIJIAHCTHI ABJIACTCA 3BC314.

9. BYAYUIEE 3EMJIN
UYro oxuaaeT Hamry miaaHeTy B OynymeM? MckmounTenbHasi BaXKHOCTh OTBETA

Ha 3TOT BOIIPOC CErOJIHS HU Y KOI'O HE BbI3bIBAET COMHEHUS.
MOHOTOHHOE BO3pacTaHUE MACChl HEWTPOHHOrO sapa 3eMJId  BEIET
K IOCTENIEHHOMY pOCTY TeMIEepaTrypbl B 0OOJacTH 3€MHOM KOpBI, K MOBBIIIEHUIO
BJIAroco/iepKaHus aTMocQepbl, YBEIMUYEHHUIO KOJMYECTBA BBIMANAIONIIUX OCAJKOB,
YCKOPEHHUIO Tpollecca KpyroBOpoTa BOJAbI Ha IUIaHETe, M3MEHEHHUI0 TIpaduka
dopMHUpOBaHUS LMKIOHOB M AHTHIMKIOHOB M MYyTeH WX IepeceueHus. Y CUJIeHHE
CEHCMUYECKOM W BYJKAHMYECKONW AaKTUBHOCTH BBI30BET MPUPOJHBIE KaTaKIU3MBI
U BBIOpOCY B atMocdepy OOJBIIOr0o KOJTMYEeCTBA JUOKCUAA CEpbl, KOTOPBIA Oymer
B3aMMO/JICHCTBOBaTh B aTMmocdepe C Biaroil Bo3ayxa, oOpa3ysi CEpHYIO KHCIOTY.
MMeHHO ~ KHUCJIOTHBIE  JOXAM  MPEACTaBISIOT  HAMOOJBUIYIO  OMAaCHOCTh
JU1s OMOJIOTNYECKOM KM3HU Ha miaHete. Co BpeMeHEeM HHTEHCUBHOCTH ATHX MTPOLIECCOB
OyAeT TOJNbKO MOBbIMATHCA. OYEBUAHO, YTO YK€ HA 3TOM JTare SBOJIOIUOHHOIO
npoliecca MiIaHeThl ONoIornYecKast )KU3Hb Ha 3emile IPEKPATUT CBOE CYIIECTBOBAHHE.
Temneparypa U MIOTHOCTh KOPBI Takxke OyayT yBenuuuBaThes. [Ipu mocTuxkeHUU
temrepatypsl noBepxHoctu 800 — 1500 °C muiaHeTa HAYHET U3Ny4YaTh B BUAMMOM

Juaria3oHe JIMH BOJIH. CTOpOHHI/Iﬁ Ha6J'IIOJIaT€J'H) OTMCTHUT, YTO Ha HEOOCKIIOHE
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3a)XT7ach HOBash MoOJiojas 3Be3/la. B chekTpe H3iydeHus: MOJOION 3BE3Ibl OyIayT
npeo0iaaTh JUHUU yTIepoja, xkenesa, 6apusi, Maprania. KoHeuHslil aTan 3BOIIOIHUH
0001 3BE3/1bl — HEUTPOHHAS 3BE3/1A.

OBOJIOIMOHHBIE TPOLECChl HAa IUIAHETE, BEPOSITHEE BCETO, HE IO3BOJIAT
YeJIOBEUECTBY BOWTH B YETBEPTOE ThicsuesneTue. [lpu 3TomM MBI He OepéM B pacuéT
BO3MOJKHBIE KatacTpoduueckue coObiTus B COTHEUHOU cucTeMe (acTepouIHas yIpo3a,
n3MeHeHus akTUBHOCTU CoiHIA), UCKII0YaTh KOTOPbIe HUKAK Henb3s. L{uBunuzanus,
00JacTh CYIIECTBOBAHHUS KOTOPOW OrpaHHMYEHa OJHOM IUIAHETOW, OYEHb YsI3BHMa
OT BHelIHe# yrpo3sl. Oco3Hanue Toro (akTa, 4To Mbl COBEPIICHHO 0€33alIUTHBI Iepe]]
HAJBUTAIOIIENCS ONAcHOCTbIO, YTO Mbl HHUKOMM O0Opa3oM HE MOYKEM MOBIHSITH
Ha TPOLECChl TAaKUX MAacIITabOB, BBI3BIBAET TNIYOOKYIO 03a00UYE€HHOCTHh IO TMOBOIY
OKOHYATEIbHOW KOCMHUYECKOW CynbObl Hamed nuBmim3anuu. Komy-To Moxer
IIOKa3aThCsA, YTO y HAC €€ MHOTO BPEMEHH, HO ITO AAJIEKO He Tak. 1lo maHHBIM
METEOPOJIOTUUECKUX HAOMIOIEHUH, CpeaHsis TeMIeparypa IOBEPXHOCTH 3eMIIH
3a mocnegnue 100 mer Bo3pocma Ha 0,74°C, mpuuém Temmbl €€ pocTa MOCTOSHHO
YBEJIIMYMBAIOTCS. MI'DUK  (MexnpaBUTENbCTBEHHAsi  IpyIla  3KCIEPTOB
M0 U3MEHEHUIO KJIMMaTa) — aBTOPUTETHBIN MEXIYHAPOJHBIA OpTraH, O0hEIUHSIOIINI
ThICSIUM Y4€HBIX U3 130 cTpaH Mupa, MPOTHO3UPYET POCT TEMIEPATYPHI B OiMKalIINe
20 net, xoTopseiii coctaBut B cpenneM 0,2°C 3a pecsrtunetue, a K KoHIy 21 Beka
Temmeparypa 3eMiId MOKeT MOBbICUTHCS OT 1,8 10 4,6°C. Takas ckopocTh I1100aTbHOTO
MOTEIUICHUS! HE XapaKTepHa JUIsl HUKINYECKUX MPOLECCOB € MEPUOJaMU MOTEIJICHUS U
MOXOJIOAAHMS U HE OCTABJIET HUKAKHUX IIAHCOB KOCHCTEMaM U OMOJIOTHYECKUM BUAAM
Ha BBIKHMBAHMUE.

OBomtonusi  HeOECHBIX Tel BO BceneHHOW oOCTaBleT 4eIOBEYECTBY
€AVUHCTBECHHBI IyTh K CHACEHUIO — GO3HeceHue K JPYruM 3BE3AHBIM CHUCTEMaM

B IIOMCKAX INIAHCT, paBHO3HAYHBIX 3emie.

3AKVIFOYEHUE
BcecTtoponnuii aHanu3 mpUYMH W3MEHEHMs] KJIUMara Ha 3eMJie HaxOJUTCS
B IICHTPE BHUMAHUS BCero MUpoBoro coodmectBa. B 2007 r. MI'OUK mpencraBuna

«YeTBepThI OLEHOYHBIA AOKIA», U3 KOTOPOro cieayet, yto ¢ 90% BepOsSITHOCTHIO
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HaOJII0JaeMble U3MEHEHUsl KIIMMaTa CBS3aHbl C JIEATENIbHOCTBIO 4YelOBEeKa. OJTO —
JIOBOJILHO CTpaHHOE 3asBlieHHWEe. be3ycloBHO, HSKOJIOTMYECKHE W KIMMaTHYECKUE
MpoIIeCChl UMEIOT TOYKH COMPUKOCHOBEHMS, HO NPUHIIUIHUAIBLHO 3TH MPOIECCHI
paznuuHbl. Eciii Ha 3KOJIOTHIO IJIAHETHl OKA3bIBAET BIUSHUE JCSITEIHLHOCTh YEJIOBEKA,
TO  KIUMAaTHYECKHE HW3MEHEHHs  CBA3aHbl C  (U3MUYECKHMMH  IPOIEeCcCaMH,
OpOUCXOIAIIMMU Kak Ha 3emiie, Tak U B ConHeuHoll cucteme. EcTecTBEeHHO,
TEXHOT€HHas KOMIIOHEHTa B MpPUYMHAX KIMMAaTUYECKUX H3MEHEHUW MPUCYTCTBYET,
HO €€ JI0Ji1 HE TaK 3HauuTenbHa. J[aHHAs TOUKa 3pEHUS HUKOMM O00pa3oM HE ymalsieT
BakHOCTh nipuHATHA OOH Pamounol koHBeHIMU 1o n3meHeHuto kimumata (PKUK) u
Kuotckoro mpotokosia — MEXIyHAPOIHBIX COTJIAIIICHUM, HAITPABIICHHBIX HA CHIKCHHE
AQHTPOTIOTEHHON Harpy3ku Ha atMmocepy 3eMiau U CMSATYCHUIO HETaTHBHBIX
MOCIIC/ICTBUN M3MEHEHUsl KiInMata. TeM He MeHee, SKOJIOTHYECKHE MPOrpamMMbl HE
MOTYT B TMPHUHIMIE pa3peliuTh mpodieMy kiumara. «llomoxkenue, mpu KOTOpom
CynbObl MHpa HAXOJATCS B pyKax JIOJCH, ONEpPUPYIOUIUX OpYIUEM, O MPHUPOJE
KOTOPOTO OHU HMEIOT COBEPIICHHO JIO)KHOE TMPENICTABIICHHE, - KpailHE OMacHO» —
['epbeptr Huurn. HoBble mnpencrtaBieHuss O NPUPOJE TpaBUTAIMH, pallMOHAIbHAS
uHTepnpeTanus GU3NIECKUX SBICHUN U3 YUCia T€X, KOTOPhIE Ha JaHHBIH MOMEHT HE
WHTETPUPOBAHBI B COBPEMEHHYIO HAaYKy M3-3a CBOCH «HEMOCTHKUMOCTHY, MO3BOJISIET
3aKITHOYUTb.

['moGanpHOE W3MEHEHHME KiIMMaTa Ha 3eMjie SBISETCS  CIEJCTBUEM
€CTECTBEHHOI'0 IPOIIECCa SBOJIOIUU TUIAHETHI M CJIa00 CBSI3aHO C JIEATEIHHOCTHIO
YeJoBeKa.

brmuxaitimuM (M0 acTpPOHOMHUYECKUM MepKaMm) MpoodpazoM KiumaTa 3emiid
ABJISICTCS] KITUMaT BeHepsl.

O06oO1IeHne paHee HAKOIUICHHBIX 3HAHWM, HOBBIE OTKPBHITHUS B 001acTH
ACTPOHOMHH TIO3BOJIUJIM OMPEICIUTh OOIIHME 3aKOHOMEPHOCTH B 00pa3oBaHUU
Y pa3BUTHH BceneHHoM U pUBEIN K POXKISHUIO HHOTO MPEICTaBICHUS 00 YCTPOMCTBE
OKPY’KaIOIIEro Hac MUpa.

Cynepnio3univisi pa3IMYHBIX TIO0 CBOEH TMPUPOJAEC € TPOJOTKHUTEIBHOCTH

OCHOBOTOJIATalONNX (HU3UIECKUX IPOIIECCOB BO BceeneHHOW ompenensioT CpeIHIo
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TEMIIEPATYPY U XUMUYECKUI COCTAB OBEPXHOCTH HEOECHBIX OOBEKTOB, B TOM YHCIIE -
Y 36MHOM OBEPXHOCTH.

[locTeneHHOe yBenMYeHHE TEMIEPATYpPhl HA ITOBEPXHOCTH IUIAHETBI HOCHT
YIOPSAOYEHHBIM U HEYKJIOHHBIN Xapakrep. Bece nmonbITku crnactu 3eMiIto OT TEII0BOM
cMepTH - O6e3ycremHbl. bynyiee yenoBedecTBa JEKUT 3a IpeeaMu IUIaHeThl 3eMils
Y HUKAaKOM aJbTEPHATUBBI ’TOMY MHEHHIO HE CYIIECTBYET.

be3 sCHOro KOHCTPYKTHMBHOI'O TIOHUMaHHs OOLIEH HanmpaBIe€HHOCTH U
NOCJIEIOBATENIbHOCTH 3TAllOB ABOJIIOLMM HAIllel IUIAHETHI, CTPOUTH IJI00ATbHYIO
CTPATEeTHI0 Pa3BUTUS CTpPaHbl - OECCMBICIECHHO. JlaHHBIA (QakTop HOKEH OBITh
ONpEEINAIONIUM MIPU pa3pabOTKe MpOorpamMM pa3BUTHS IS BCeX CTpaH. MbI mpocTo

00s13aHbI IEPEOCMBICIIUTD HAIIIM OTHOILIEHUS C IPUPOAON U IPYT C APYTOM.
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A NONLINEAR UNIVERSE

Klimov V.K., engineer, Vladivostok, Russian Federation

Abstract. To understand revealed mechanisms of nature, to connect isolated
observed events to the consolidated macrocosm pattern, to determine our place in the
Universe and predestine out future — this is purpose and objective of this research.

Keywords: dark matter, nature of gravity, planetary evolution, Earth's climate
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