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OYHIAMIEHRTAJIHEIEIE MCCIIELOBAHIRA

VJIK 111

BBEJEHUE B CUCTEMHOE MUPOBO33PEHHUE

Kypxkuna E.C., 1. ¢-m. 1., npod. BMK MI'Y; KnusizeBa E.H.,
1. ¢uinoc. H., npod. N1.®. PAH; UBanos O.Il., kana. reos.-MuH.H.,
B.H.c. M3 MI'Y umenu M.B. Jlomonocosa ivanovop2007@yandex.ru.

BBEJIEHUE

B mociennue roasl MEUpoBas HaydyHasi OOIICCTBEHHOCTh IBITACTCS OOBEAMHUTH CBOU
YCHIIMS 110 KOOPJMHAIIMKA HAYYHBIX HCCICIOBAHUN B HAMPABICHUU HUCCICIOBAHUS CIIONKHBIX
cucteMm. Tak yxke B 80-¢ ToJpl CIOXKHIIACH CIICIHMAIbHAS HAy4YHAs TUCIUIUIMHA, Ha3BaHHAs
Teopuei cnoxknoctu. Hayka o cnoxxubix HenuHelHbIx mporeccax (Nonlinear Science, Science
of complexity, Science of Chaos) HaxomuTcsi celyac JHII, B HaYaJlbHON CTaguu
CTPEMHUTEIBHOTO POCTa, O YeM CBHUACTEILCTBYET OypHOe pa3ButTue 3Tou oTpaciu B CIIA.
[TpoOneMbl CIOKHBIX HETMHEWHBIX CHUCTEM HM3y4aroTCsl BO BCEX KPYITHBIX YHHMBEPCHTETaX
EBporibi u Amepuku. JlanHas paboTa MOCBSIICHA aHAIM3Y Pa3IUYHBIX IOJXOJOB K
HCCJICIOBAHHMIO MPOOJIEMBI CIIOKHBIX CHCTEM C COBPEMEHHBIX MO3MIMil. KpaTko ocBerieHbl
BOIIPOCHI CTAHOBJICHHSI CUCTEMHOTO MHpa. V3JI0)KEHBI OCHOBBHI COBPEMEHHOTO IMOHUMAaHHUS
ri00aJIbHOr0 DBOIIOIMOHU3MA.

PETPOCIHEKTHUBA B3I'JIs1/10B HA CUCTEMHOCTDb MUPA

Ilocnegune 20-21 Beka MOXKHO HAa3BaTh SIOXOM HEIMHEHHON IUHAMHUKH CIIOXKHBIX
cucteM. B e€ ocHOBe Jiexkar JIpeBHEHIINE MOHATHS MPOCTO CUCTEM. J|0CTaTOYHO BCIIOMHUTH
kutaiickue Tepmunsbl Tai [[3e1, UHb SHB, ['ereneBckoe noHsTHe CUHTES.

B 20 Beke 3kcniepuMeHTaNbHO OBLIO JOKa3aHa BAXKHOCTh apXUTEKTYPhI CTPYKTYP THIIA
TUaa v Tpua Ha (GOpMHUpOBAHUE MATEPHH C TTO3UITUN HaYaTl CaMOOPTaHU3AIIHH.

Cuctéma (0T Jp.-Tped. GUGTNIO — IENI0e, COCTABICHHOE U3 YacTe; COCTUHCHNE) —
MHOECTBO AJIEMEHTOB, HAXOJSIIMXCA B OTHOMICHUSX U CBS3SX JPYT C APYroM, KOTOpPOE
o0pa3zyeT onpeae€HHYO0 IIeIOCTHOCTh, €TUHCTBO.

C nHameil TOYKM 3peHUS, TPUMEHUTEIHHO K CJIOKHBIM CHCTEMaM 3TO ONpe/elieHue
clenyeT JOMOJIHUTh C YYETOM KaTeropuu KyMYJSTUBHO-IHMCCUIIATUBHBIX mpoueccoB. MTak,
CIOXKHAsi CHUCTeMa — O3TO COBOKYIHOCTh DJIEMEHTOB WJIM TIOJICUCTEM, OOBEIMHEHHBIX
B IIEJIOCTHOCTh 32 CYET TOMOJOTHYECKMX U (PYHKIIMOHAIBHBIX CBsi3el, (paKkTalbHOTO
caMomoI00Msl U €IMHCTBA 11eu pa3BuTHs. [lociennee BBOAUTCS ISl TOTO, YTOOBI BOZHUKAJIO
CBOMCTBO KOTE€PEHTHOCTH pPa3BUTHUS Bceil cucteMbl. [Ipum 3TOM cieayer ydyuThIBaTh, 4TO
MOHSITUE II€JIb PA3BUTHS JIOTHYHO W JIJISI CUCTEM HEKHUBOW MPHUPOJBI U ONPEICISIETCS TEMH
3aKOHAMU KyMYJISLIMH, KOTOPbIM MOJYMHEHbI JBUKEHUS W SBOJIOLUS JAaHHOW CHUCTEMBI.
[Ipu sTOM BemymMe MPUHIMIIBI YIpaBICHUS UIYT OT HajacucteMm. Hampumep, BO3mylIHBIC
MacChl 4YacTO OOBEIMHEHBI [IEHTPOCTPEMUTEIHHBIMU CHJIAMU B BUXPSIX, CMEpYaX, IMKJIOHAX,
AHTUIIMKIIOHAX; BOJHBIE MAacChl — B BOJOBOPOTAX; B IJIa3M€ JICUCTBYET KyMYJISIIUS IO 3aKOHY
Kynona, Tak 4eTro4yHble, JUHEHWHBIE M IIAPOBBIE MOJIHUU — 3TO HUTOT BJIEKTPUUYECKOMN
KyMyJISIUUA. OTH  KyMYJSTHBHBIE OOpa3OBaHMsI Pa3BUBAIOTCS C  Y4EeTOM  MeE30-
¥ MaKpO-MacIITaOHBIX 3aKOHOMEPHOCTEH, JUKTYEMBIX HaJCHUCTEMaMH (HampuMep, Ce30HHbBIS
IIUKJITBI Ha 3eMJIe IO TYMHEHBI [TUKIIaM KHHEMaTUKH oOpaiieHus e€ BOkpyr CoHIIa, a CyTOYHbIE
IIUKJTBI OTTPEe/IeIIEHbI BpatieHrneM 3emiin). Kak mpaBuiio, TUKTYIOT YCIIOBHS HaJICHCTEMBI, @ HX
B MHPO3JaHUH OYeHb MHOro. T.e. coOmromaercs uepapxus nomduHeHuil. OTCr0/1a BBIBOJ,
YTO IBOJIFOIUH B TIOJICUCTEMAaX HEPAPXUUHO PAH)KHUPOBAHBI U KaK OBl BIOYKEHBI JPYT B IpyTa.
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Beeoenue 6 cucmemnoe Mupoeoispernue

KocBenHblil BbIBOA — BO BceneHHOW cyluecTByeT cCTpena BpEMEHH, MapKupyemas
MOCJIEIOBATEILHOCTHIO ABOJIIOIUHI. B 3TOM, m0’kamyit, OCHOBHOM CMBICII TEPMHUHA TI100aTbHBII
HBOTIOIMOHU3M. [IOHSATHO, YTO BCE CUCTEMBI OTKPBITHI M B3aUMOJICHCTBYIOT, J1aBasi SHEPTHUIO
JIUTSL BOJIIOIIHH.

"CBeaieHre MHOXKECTBA K €IMHOMY — B 3TOM IIEPBOOCHOBA KpacoThl." [Tughacop

P P
C T
: :
H
T I
I
Temc ] Anmimenne —

Puc.1 Cxemor cumeonos mpuaonocmu I ecens (cnesa) Tau-1{3u (yenmp), Unv-AHuo (cnpasa)
[16]

CrpemiileHne ynpoCTUTb MHUPOIIOHMMAaHME H3[aBHA IPUBJICKAIO YYEHBIX IIyTEM
coemMHeHNs IpoTHBoooKHocTeH. Hampumep, Cumeon Bemmkoro Ipenena TAU I3U Toxe
00BbeIMHSET JIBE IPOTHBOIOIOKHBIX, B3aMMOIONOIHAIOMUX Kateropun MHp u SIHp B enuHOe
nenoe. O1o (GyHIaMEHTaIBHBIN MPUHIUIT MUPOYCTPOMCTBA M JTyal3Ma MHUpPa B KHTAHCKUX
npencraBienusx. O0veaunenue Mup u SIHb B KpyroBoil CUMBOI TAM 113U ectb TO TPETHE,
YyeMy aHaJIOI'OM BBICTYIIAeT CUHTE3 B Tpuaje I'erens.

Cucrema — KOMIUIEKC B3aUMOAECUCTBYIOLIUX 3JIEMEHTOB, 3TO 3aKPEILIAET LEIOCTHOCTh
U TpeOyeT KOTepeHTHOCTH B3aMMOJACHCTBHI dacTeid. YacTo HCIONB3yeTcs TEPMHH
OMEP/UKEHTHOCTD, U 3/1€Chb MHOI'O HEMOHUMaHus. CUUTaeTcs, 4T0 DMEPIKEHTHOCTh — 3TO
MOSIBJICHUE y CHUCTEMBbl CBOWCTB, HE MPUCYLIUX B3JIEMEHTaM CHUCTEMbI, MNPUHIUIHAIbHASL
HECBOJMMOCTb CBOWCTB CHUCTEMBI K CyMME CBOWCTB, COCTaBISIOIIUMX €€ KOMIIOHEHTOB
(HeagAUTUBHOCTH). BO3MOXHOCTM  cHUCTEMBI  IPEBOCXOJAT CyMMY  BO3MOXKHOCTEH
cocTaBisONMX €€ yacTed; oOmas (yHKIMOHAJIBHOCTh CHUCTEMBI JydIlle, YeM Yy MPOCTOH
cyMMbI ameMeHTOB. OTkyzaa Bce 310 Oepercsa? Ha nHam B3risa, 3To no0aBisieTcsl 3a cyueT
IPOCTPAHCTBEHHBIX CBSA3EH, BKIIIOYas JalbHUE CBA3H, T.€. PA3HOMACHITA0HOCTH CaMOI0A00Us
oT (pakranpHocTU. [Ipn 3TOM BenMka poiab MH(POPMALMOHHOIO oOMeHa putMamu. Tak,
HarpuMep, LBIIIIATA, BBICH)KEHHbIE KYpHUIIEH Topa3/io )KUBYyYee, BHIBEIEHHBIX B HHKyOaTOpe.
B »TOM Benmuuue nNpeABUACHHA JAPEBHUX YYEHBIX — OHM YBUICIU pOJIb NATTEPHOB
WIM NIPOCTPAHCTBEHHBIX 00pPA30B CUCTEM U IMPEXJE BCEro MHPOPMALMOHHYIO POJb PUTMOB.
Mup cucTeMeH U 3TO HY>KHO ObUIO OCO3HaTh. [lajee BO3HHKIA MOTPEOHOCTH OCMBICIECHUS
po0JieM CUCTEMHOIO MUpA.

KIIACCU®UKAIIUS CUCTEM

[IpakTyeck B KaXXAOM H3JaHUM [0 TEOPUUM CHCTEM M CHUCTEMHOMY AaHAJIHU3Y
00cyX)aaeTcst BOPOC O KJIacCUu(PUKaIUKU CUCTEM, TIPU 3TOM HanOoJIbIliee pa3HO0Opa3ue ToUeK
3peHusl HaOJII0aeTCs MPH KIacCU(PUKAIUU CIOXKHBIX CUCTEM. BONbIIMHCTBO KiaccupuKanui
SIBIITFOTCS TIPOU3BOJIBHBIMU (IMITHPUICCKUMHE ), TO €CTh UX aBTOPAMH IPOCTO MEPEUUCIISTFOTCS
HEKOTOpbIC BUIBI CHCTEM, CYIIECTBEHHBIE C TOYKH 3PEHUS DPEIIAeMbIX 3a/1ady, & BOMPOCHI
O TPUHIIAIAX BBIOOpA MPU3HAKOB (OCHOBAHUM) JCJIEHUS CHUCTEM U TOJTHOTE KJIacCUu(PUKaImu
Opu  ATOM Jaxe He craBarca. Y  GuiocopoB KIAaCCH(PUKALUU  OCYIIECTBISIOTCS
0 MPEJMETHOMY WJIH 10 KaTeTOPHATLHOMY TPUHITUITY.

[IpenMeTHBI TPUHIUIN KIACCU(DUKAIIMM COCTOMT B BBIJCICHUM OCHOBHBIX BHJIOB
KOHKPETHBIX CHCTEM, CYIIECTBYIOIINUX B MMPUPOJIC U OOIIECTBE, C YUETOM BHIa OTOOPAKAEMOTO
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Beeoenue 6 cucmemnoe Mupoeoispernue

00BeKTa (TEXHUYECKHE, OMOIOTHYECKHE, SKOHOMUUECKHUE H T. I1.) WIIK ¢ Y4ETOM BHJ1a HAYYHOTO
HAIpaBJICHUS, HCIOJB3YEeMOro JJii MOJEIHUpOBaHUsS (MareMaTudeckue, (u3NYecKue,
XUMHUYECKUE U JIP.).

[Ipu kareropuanbHOW KJIacCU(PHUKAMM CHUCTEMBI Pa3[eNAloTCs MO  OOIUM
XapaKTepUCTHKaM, NPUCYIIMM JIOOBIM CHCTEMaM HE3aBUCHMO OT WX MaTepHalbHOTO
BoruiomeHnus. Haubonee 4yacTo  paccmMaTpuBarOTCs — CIEAYIOIIHME  KaTeropuaibHbIC
XapaKTEPUCTHUKHU.

KonnuectBeHHO ~ Bceé ~ KOMIIOHEHTHI ~ CHUCTEM  MOTYT  XapaKTepU30BaThCs
KaK MOHOKOMITOHEHTBI (OAMH 3JIEMEHT, OJHO OTHOIICHWE) M TOJUKOMIIOHEHTHI (MHOTO
CBOICTB, MHOT'O 3JIEMEHTOB, MHOT'O OTHOIIECHHUIA).

JUis cTaTMYeCKOM CHCTEMbI XapaKTEpHO TO, YTO OHA HAXOJUTCS B COCTOSHUU
OTHOCHUTEIIbHOTO TMOKOSl, €€ COCTOSHUE C TEYEHHUEM BPEMEHH OCTAeTCS IOCTOSIHHBIM.
N Hao60poT, AMHAMUYECKasi CHCTEMA ITOCTOSIHHO H3MEHSET CBOE COCTOSTHUE BO BPEMEHH.

Tak OTKpBITBIE CHCTEMBI MOCTOSSHHO OOMEHHBAIOTCS BEIIECTBOM, JHEPrueil Wiu
uHpopmanueit co cpenoii. Cucrema 3akpbiTa (3aMKHYTa), €CJIM B He€ HE MOCTYMAIOT U U3 Heé
HE BBIJIEISIFOTCS BEILIECTBO, SHEPTUs WM UH(OPMALIUS.

[loBeneHue neTEpPMUHUPOBAHHBIX CHUCTEM IOJIHOCTbIO OOBSICHHMO U IPEACKa3yeMo
Ha ocHOBe wuH(popmammu 00 wux cocrosHud. IloBeeHHEe BEpPOATHOCTHON CHUCTEMBI
orpenensercs Toi nHpopMaIel He TIOIHOCTBIO, TI03BOJISAS JIUIIb TOBOPUTH O BEPOSITHOCTH
Mepexo/ia CUCTEMBI B TO WJIM HHOE COCTOSTHUE.

[Io mpOMCXOXAEHHUIO BBIIEISIOT HCKYCCTBEHHBIE, E€CTECTBEHHBIE U CMELIaHHbIE
CUCTEMBI.

[lo creneHn OpraHM30BaHHOCTH BBIIEISAIOT KJIACC XOPOIIO OpraHM30BaHHBIX, Kiacc
IUIOXO  OpraHu3oBaHHbIX (MU QY3HBIX)  CHCTEM M KJIAacC  Pa3BUBAIOIIUXCS
(caMOOpraHU3YIOIIMXCS ) CUCTEM.

[Ipn neneHun cucTeM Ha TMPOCThIE U CJIOXKHBIE HaOMIOAaeTcss HaubOoJbllee
pacxoKJIeHUe TOYEK 3PEHMsI, OJIHAKO Yallle BCEro CJIOXKHOCTh CUCTEME IPHUAAIOT TaKHe
XapaKTePUCTUKH, KaK OOJIBIIIOE YUCIIO AJIEMEHTOB, MHOT000pa3ue BOZMOXKHBIX (hOPM HX CBSI3H,
MHOKECTBEHHOCTh L€, MHOroo0Opasue MpUpPOAbl 3JIEMEHTOB, M3MEHUYMBOCTb COCTaBa
U CTPYKTYpPHI U T. [I.

Bce cnoxHble cUCTEMBI IBOIOLUOHUPYIOT. [lepBble Hay4HblEe KOHLIETIIIUN HBOJIIOLIUN
MPUPOJBI CTAalU CKJIAJbIBaThCs MO KpaliHell mepe ABa Beka Hazaj, a (umocodckre KOpHU
HBOJIIOLIMOHHBIX HUJAEW - eme padbuie. B Hacrosimee BpeMs pa3BUBAeTCs TEOpUs
YHUBEPCAIBHOTO IBOJIIOLIMOHU3MA, paccmarpuBaroas npouecc IBOJIIOLIMH
KaK HENpPEpBIBHBIA €IUHBIA IpoOLecC — OT 3apoKIeHUs BceneHHOW 10 COBPEMEHHOIO
COCTOSTHUS YeJI0BEYECTBA. YHuBepcaibHbII 3BOJIIOIIMOHU3M Iperosaraer,
YTO KOCMHUYECKas, XUMUYECKasi, T€OJOrHuecKas, OMOIOTHYecKass U COIHMAlbHAS JBOJIOIUU
UMEIOT (PyHJaMEHTalIbHbIE CXOJACTBA U IMOJYMHSIOTCS OOIIMM 3aKOHaM, IpaBHJIaM U J1axe
OT/IENIbHBIM MEXaHU3MaM 3BOJIIOLIMOHHBIX MPOLECCOB. B MpOIIJIOM BEKE CIOKUIIACh HOBas
MEXIUCUUIUIMHAPHAS HayKa, M3ydarolas 3aKoHbl »BojtolMU. OHa JaeT HOBBIE MOJXOJIBI
K HCCJIeIOBAaHUIO, OIpeessis HOBYIO mapaaurmy. OHa HacTONbKO OOIIMpHA U MHOTOTpaHHA,
YTO B 3aBUCHUMOCTH OT yIIOpa Ha TOT UJIM MHOM acTIeKT UCCIIE0BAHNN, UMEET pa3Hble Ha3BaHUS:
«Teopus cnoxxHbIX cuctem», «Henuuelinas nuHamuka u xaocy», «Cuaepretuka» u np. B 80-e
roJpl MPOLUIOTO CTOJIETHS CJIOXWIACh CHelHajdbHas Hay4dHas TUCILUIUIMHA, Ha3BaHHAas
teopueii cioxknoctu (Nonlinear Science, Science of complexity, Science of Chaos). B 1984
roay 0su1 ocHoBaH MHCTHTYT B CanTta ®@e B Hhio-Mekcuko, a 1BymMs rogamu mnosxe — LleHTp
M3Y4YEeHUs CIOKHBIX cucTeM B yHUBepcuTeTe mrara Unnunoiic B CIIA. D10 ABa KpynHeHImmx
HEHTpa, Thae NpodecCHOHATbHO 3aHUMAIOTCS MEXIUCHUIIMHAPHBIMU HCCIIEIOBaHUSIMU
CIIOKHBIX CHUCTEM C YYaCTHEM CIELUAINCTOB Pa3HbIX CHELUAIBHOCTEM — 3KOHOMHCTOB,
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6uonoros, ¢u3znkoB W MatematukoB. Llentp B Jloc-Amamoce HacuuThiBaeT okojo 2000
HCCIIeq0BaTENCH.

B I'epmanuu u3BecTHbI yueHblil ['epman XakeH B 70-X rogax co3jal M BO3IVIABHII
Hentp Cunepretuku npu Ilryrraprckom yHuBepcutere. OH K€ Jlal  Ha3BaHHE
«CuHepreTrKay, 4To 03Ha4aeT «COBMECTHOE JIEHCTBHE» B HOBOM MEXIMCIUIUIMHAPHON HAayKe.

Poccuiickue uccrnenoBareny Takxke MOTY4YHId 0a30Bble Pe3yJIbTaThl B 3TOH 001aCTH.
JlocTaTouHO BCIIOMHHMTH OTKpPBITHE XMMUYECKOH peakuuu bemnoycosa-Kabotunckoro (MIY
u [lymuHo), KOTOpoil B MUPOBOM JIUTEpaType MOCBSIICHBI THICAYM CTATEH, MUCCIETOBAHUS
ApnHonpaa (MI'Y) mo maTeMaTuueckoil TEOpUH KaTacTpod U CIEHapUEeB Mepexoja K Xaocy,
Kpunckoro u MHWBanunkoro (Mu-T buodmsuku PAH B IlymmumHo) 1o wHCClieoBaHUIO
ABTOBOJIHOBBIX PEXHMOB B HEPBHOM BOJIOKHE CEPJIEYHON MBI, MOJEIN IPOLECCOB
Mopdorenesa © BHYTPUKIECTOYHOrO JBIKEHHs mpodeccopoB MIY  UepnaBckoro
1 POMaHOBCKOr0, MCCIEN0BAHNS 10 KOHTPOJIUPYEMOM TEPMOsIEpHON peakiuu B MHCTUTYTE
npukiagHo marematuku (akan. A.A. Camapckuid, wi.-kopp. C.I1. KyparomoB) u mp.

B 1995 r. B MI'V um. M.B. JlomoHocoBa co3naH WHCTUTYT MaTreMaTH4ECKHX
UCCJICIOBAHUM CHOXHBIX cucteM MI'Y (MOYeTHBIM MpEe3uJEHTOM KOTOpOro ObLI Jiaypear
HoGenesckoit mpemun npod. W.P. Tlpuroxus, a tupexTopoMm (rpe3ueHToM) - akagemMuk PAH,
Pextop MI'Y nipod. B.A. CagoBauuuit).

O I'N1OBAJIBHOM 3BOJIIOIIMOHU3ME

B ocHoOBe mapagurmMel yHUBEpCAIIBHOTO SBOJIIOLIMOHU3MA 3AJI0KEH ITOCTYJIAT O TOM, YTO
OKPY’KAIOIIIMM Hac MHUP — 3TO CaMOOPraHU3YIOWIAsCd W CaMOPa3BUBAOIIAACS CIIOYKHAs
CHUCTEMA, COCTOSIAs U3 HE MEHEE CIIOKHBIX CaMOOPraHU3YIOMIMXCA U CaMOpPa3BUBAIOIINXCSA
¥ B3aUMOCBSI3aHHBIX TOJCHCTeM. HaOmomaemblid CErOMHs CIOXHBIA MHUP CHOPMHUPOBAIICS
B PE3yJIbTATE 3BOJIIOLMM U MPOAOKAET pa3BUBATHCS. BEKTOp pa3BUTHA HANIPABIEH B CTOPOHY
ycnoxHeHus. [lapagurma BKiIroyaeT NpeAcTaBiIeHUE O I03HABAEMOCTH HAILIETO MUPa, KOTOPHIN
CYILIECTBYET HE3aBUCUMO OT YE€JIOBEKA C OAHOU CTOPOHBI, C IPYroi - OHAa BCA MIPOHM3aHA €0
IIPUCYTCTBUEM U KPEATUBHBIMU BO3MOKHOCTSIMH €0 MO3ra.

CoBpemenHbIil B3rsii Ha BceenenHyro Oasupyercs Ha MOHSTHH YHUBEPCAIHLHOTO
sBororoHM3Ma. "C  TO3WIUI  YHHUBEPCATBHOTO JBOJIOIMOHM3MA OJBOJIONHS — OTO
HEIPEPBIBHBIA BO BPEMEHU €IMHBIN MPOLECC, KOTOPBIA CTAPTOBAl B pe3ysbrare bombiioro
B3peiBa u npuBen k QopmupoBaHuio BceneHHOHN, BOSHUKHOBEHMIO JKU3HU M TOSBICHUIO
yenoBeka". J[06aBUM, MMEHHO OH 3alyCTHUJ HPOLECCHl PAa3HOMACHITAOHOW, HMEpapXU4eCKU
CBSI3aHHBIX BOJIONNIM (pHC.2).

OBLAA CXEMA 3BOMIOLMNK
8 NCTOPUM BOIHMKHOBEHNA OCHOBNLIX ODvexToB Becenennon

_ Axtpononoruueckas
Buonoruyeckasn
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6uchypraumnn ] Feonoruyeckan
=

/ MnaHerapHan
S seee
Manakruyeckan
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44/
' 2 3 4 8 8 7
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Puc.2. Obobwennas cxema 104ceHHOCMU 268010YuUl. 30ech nepavle gbloeneHd
NIAHEMAPHASL FE0TIOYUSL.
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OcCHOBBIBasICh Ha pe3yJIbTaTaX HAYYHBIX HCCIEAOBAHUN, MBI MOXEM KOHCTATUPOBATH,
4yTO BO BCeIeHHON BO3HHUKIIO HECKOJIBKO ITyTel MEra’BoJIIOINH (puc.2):

1) kocmuueckasi, CBi3aHHas C BO3HUKHOBEHUEM U Pa3BUTHEM Pa3TMUHBIX KOCMUYECKHUX
CUCTEM OT TMTaHTCKUX MOJEKYJSPHBIX 00JaKOB, 3BE3/1, 3BE€3/IHBIX CHUCTEM, Pa3IMUHBIX THUIIOB
TaJIAKTUK, CKOIUICHUH FallaKTUK, KBa3apOB, YEPHBIX AbIP, TEMHOW MaTEpUH U TEMHOU dHEPIUU
U Jp., 2) 3Be3[IHAsl SBONIONMS, 3) siepHas SBOJIOLUSA C 00pa30BaHUWEM BCEX XMMHUYECKUX
BJIEMEHTOB B pE3yJIbTaTe B3PHIBOB HOBBIX W CBEPXHOBBIX B KOHIIE 3BE3JHON CTa/Iuu;
4) njaHerapHas 9BOJIONUS CO CBOMMHM MEXaHU3MaMU CaMOOpraHU3allMu  IUIaHET
u oOpasoBanmem reochep u Omochep kak Ha 3emie S) XUMHUECKAs DSBOJOIHS
C BO3HUKHOBEHHMEM CJIOKHBIX MOJIEKYJ; 6) mpeaOuosioruyeckas, 7) Ouosioruveckas, 8)
couuanbHas. XapaKTepHO IOCIEIOBATEIbHOE WX BKIIOYEHHWE W PA3BUTHE B IPOLECCHI
SBOJIIOIHH, U 3TO TOJATBEPKIACT HAJTMUUE CTPEIIbl BPEMEHH.

CJIOXKHOCTDb CUCTEM

CrnoxxHOCTh Kak ()eHOMEH Be3jecyIa 1 pa3HoriaHoBa. CII0KHBIMU SBIISTFOTCS. CHCTEMBI
HEXMBOW W KUBOW MPHUPOJBI, €CTECTBEHHBbIE U CO3/IaHHBIC YEIOBEKOM, HCKYCCTBEHHBIE
CHCTEMBI, COLIMAJIbHBIE OpraHU3aIli U OM3HEC COOOIIECTBa, IKOCUCTEMbI. PasHOMacITaOHbIe
CTPYKTYpbI B IMOBEPXHOCTHBIX CJIOSIX TUIa3MEHHOTo BemiecTBa Ha ComHIEe, BUXpU (IIUKIIOHBI
Y aHTHUIUKIIOHKI) B aTMOchepe 3eMITH, KIIETKH, OPraHu3Mbl U SKOCHCTEMBI, KOMITAHUH U PHIHKH,
00IIECTBEHHBIE OPTaHU3AI[UH U TPABUTENHCTBA, TOPOa, CTPAHbI U T€OTIOTUTUYECKUE PETUOHBI,
KOMITBIOTEPHBIE CUCTEMBI COPTBEp U XapABEp, MHTEPHET — BCE 3TO IMPUMEPHI CIIOKHBIX (POPM,
CTPYKTYp U CHCTEM.

CrnoxHble CHUCTEMBI O00JQJAlOT ONPEICIICHHBIMA  XapaKTePHBIMH  CBONCTBAMH
B 3aBHCHMOCTH OT CTETICHHU CJIIOKHOCTH.

IlepBUYHASI _ CJI0KHOCTH €CTh MHOXECTBO TIPOCTBIX JJICMEHTOB  CHUCTEMBI,
COCIMHEHHBIX HETPUBHUAIBHBIMU, OPUTHHAILHBIMUA OJMKHUMHU U JAIbHUMHU CBSI3IMU JPYT C
napyroM. J{ns aux CIoKHOCTh €CTh JHHAMHYECKAS CETh 3JIEMEHTOB (JIEMEHTHI COSTMHEHBI 110
OmpejieNieHHBIM TpaBUjaM), HampuMmep, Ha paHHeM odTane buochepsl rocmoacTBoBamu
0e3bsiepHbIe IPOKAPUOTHI, U 3TOT Nepuo Ha3BaH lIpokapuoruii (¢ 3,8 mupa. 1. 1o 1,5 mipa.
1. (mo 3aBap3uny ['.A.), a cnenyrommii nepuof - [IpoTucTuii - sTam rocnoacTBa OAHOSACPHBIX
opranm3moB ¢ 1,5 mo 0,7 mupa. n. WM Tonbko mocCie 3TOTO Havalach HBOJIOIHS
MHOTOKJIETOYHbIX. JIJI1 HEKMBOW MaTepuu MEpPBUYHBI TUTAHTCKHUE MOJIEKYJSpHBIE OOJiaka
U3 BOJOPOJIa M TeJIHsl, OT KOTOPHIX MOIUIH 3BE3/Ibl, X CKOIUICHHUS, TAJIAKTUKHN U T.1. U 3TOT
MPOLIECC MOACPKUBACTCS U ceiyac B3phIBAMU HOBBIX M CBEPXHOBBIX 3BE€3]l, HO TEMEpbh OHU
MOTYT HACBIIATHCS O0JIee THKEIBIMU dTIEMEHTAMH U MOJICKYJIaMH.

Cno>XHOCTh €CTh BHYTpPEHHEE pa3HOOOpa3ue CHUCTEMBI, pa3HOOOpa3ue €€ AJIEMEHTOB
WIH TOJCHCTeM, KOTOpO€ JeJaeT €€ TUOKOH, CIOCOOHOW H3MEHSTh CBOE TOBEICHUE
B 3aBHCHMOCTH OT MCHSIOIICHCS CUTYyaIIHH.

BropuuHasi ¢JI0:KHOCTh — 9TO CTAHOBJIICHHE MHOTOYPOBHEBOCTH CTPYKTYpP CHUCTEM,
HaIpUMep, 1O THUIAM KJIETOK WM THIAM CTPYKTYp (CYIIECTBYET apXUTEKTypa CIIOKHOCTH
MO BHUJAM OPTraHU3MOB, MOMYJSAIUSAM, [IapcTBaM U T.1.). Ho Hadano nexuT B 0O0pazoBaHUU
MPOCTEHIINX COSAMHCHUN JUAJTBI, TPUAJBI M KBAIPHI (HAIPUMEp, TMOHBI, IPOTOHBI, HEUTPOHBI
u3 kBapkoB. C TMOSBIEHUEM MOJIEKYJ OTKPBUICS MYyTh XUMHUYECKOTO YCIOKHEHHUS BIUIOTh
JI0 JUTHHHBIX OPTaHHYECKUX MOJICKYIL.

Cucrema Kak TIIEIOCTHBIH OOBEKT MOXKET SIBISATBCS HEKOTOPHIM 3JIEMEHTOM
WM TTOJCHCTEMOU JIPYTol CHCTEMBI 0OJiee BBICOKOTO YpOBHs. [1ojcHCTEMBI, COCTABIISAIONTNE
CHUCTEMY, MOTYT OBIThb HAMHOTO CIIO)KHEE CaMOW CHUCTEeMbI, (HampHuMep, YeIOBEK MOpoil
cioxHee obmecTBa. YacTh CHCTEMBI I MOXKET OBITh HOCHUTEJIEM BCEX CUCTEMHBIX KayeCTB,
HO  OJHOBPEMEHHO 007ajgaTb M CBEPXCIOKHBIMH  COOCTBEHHBIMH  pEXKUMaMU
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dbyHKIIMOHUpOBaHUs U pa3BUTHs. CII0XKHBIE CHCTEMBI OOJIbIIIE, YeM CyMMa MX 4acTel JIF000ro
pa3Mepa, H03TOMY MX HYKHO aHAJIM3UPOBATh B TEPMUHAX UEPAPXUU B3aUMOJICUCTBUI.

CHoXHBIE CHCTEMBI SIBIISIFOTCSI OTKPBITBIMA CHCTEMaMH, T.€. OOMEHHBAIOIIUMUCS
BEIIIECTBOM, DHEprued u/miu uHbopmaiumend ¢ oKpyKaromeld cpeaoi. ['paHUIBI CIIOXKHOM
CHUCTEMBI TIOPOHN TPYJIHO OINpPEACNIUTh (BUACHHE €€ TpaHUl] 3aBUCUT OT IMO3UIMU U 3HAHUU
HaOmonatens). [loHATHS BHYTpPEHHSAS M BHEUIHSS cpela SBISIIOTCS YCIOBHBIMH. Tak
JUISL 3JIEMEHTOB CUCTEMBI, €CJIM KX PACCMATPUBATh KaK OTAEIbHbBIE CAMOCTOSTEIIbHBIC CII0KHbBIE
cucteMbl. BHemHss cpena [uisi CUCTEMBI B CBOKO OYEpelb SABIISIETCS BHYTPEHHEW cpenou
CHUCTEMBI, IOJCUCTEMON KOTOPOM OHa sBisercs. Tak Iyl 4enoBEKa, €CIM Mbl €ro B3SUIU
B KaueCTBE CIJIOKHOTO O0BbEKTa HAOJIOJCHHS M M3y4aeM €ro MoBeJCHHE, BHEIIHEH cpenoit
SBIIIIOTCS BCE ApPYyTHE JIOAM W opranm3anmu. Ho ecnm MBI ero OyneM paccMarpuBaTh Kak
€MHUILY CEMbU WM DJIEMEHT MapTUU, WU KIyOa, TO OTHOLIECHUS MEXIY YICHaMH CEMbH,
MEX]Ty WICHAMU apTUHU WK KIy0a OyIyT y:Ke BHYTPUCUCTEMHBIMU. T0Ke KacaeTcsi TOPOJIOB,
pailoHOB, TOCYJapcTB U SKOHOMUYECKUX OpraHu3anuil jirodoro ypoBHs. ['opon — crnoxkHas
COIMAIbHO-9KOHOMUYECKass opranuzainus. CBsi3d ¢ APYrMMH TOPOJaMUd U HACEICHHBIMU
MIyHKTaMH SBJISIFOTCS BHEIIHUMH JJIs1 3TOI'0 TOPO/IA, HO €CJIM MBI €r0 pacCMaTpPUBAEM KaK OJIMH
U3 3JIEMEHTOB CUCTEMBI TOPOJIOB, TO 3TO OOBEKT.

CnoXXHbIMH MOTYT OBITH CTPYKTypa CHCTEMBI, €€ B3aHUMOJCHCTBHUS C JIPYTUMHU
CHUCTEMaMU M IMOJICUCTEMAMHU, COCTOSIHUSA CUCTEMbI, TOBEJACHUE CUCTEMBbL. DYHKIIMHU CI0KHON
CHCTEMBI 3a4aCTYI0 TOpa3/lo CJI0KHEE, UEM €€ CTPOCHHE.

CnoXHbIE CHUCTEMBI — 3TO TaKU€ CHUCTEMBbI, B KOTOPBIX BO3HUKAIOT 3MEP/KCHTHBIC
(beHOMEHBI (SIBJIICHUS, CBOICTBa). OMEPIKEHTHBIMHU HAa3bIBAIOTCS HOBBIE HEOKHJIAaHHBIC
CBOICTBA, MOSIBIIAIOIIMECS HA JUHAMUYECKOM YPOBHE CUCTEMBI KaK L[EJI0r0, KOTOPbIE HE MOTYT
OBITh «BBIYMTAHBD) W3 aHaIHM3a TMOBEIEHUS OTIENbHBIX 3eMeHTOB. Ho u Bempb (0OBEKT,
CUCTEMa), CTaBIIash YacThIO IIEJIOTO, MOXET TPAHCPOPMHUPOBATHCA W JICMOHCTPHPOBATH
SMepKEHTHbIE cBOMCTBA. Hampumep, 2 rameTsl (My»ckasi U JKeHCKas, OOBEAUHSISICH JAlOT
HAayaJlo HOBOMY opranusmy. Jlius HEXUBOM NpUpobl OOBEIUHEHHE PUBOIUT
K HeWTpanu3alluM MAarHUTHOTO 3aps/ia, W3MEHEHUM TIpaBHUTALMM, pOCTa TeIUia, T.€.
K KyMyJISTUBHOMY 3 (eKTy.

CnoxxHble CHCTEMBl UMEIOT MaMsATh, OHA 3aKJIIOUYEHA B HUX CTPYKType, T'€HETUKE
Y UCTOPHH.

CnoxxHble CHCTEMBbI MOTYT HaXOJUTbCS B Pa3HbIX COCTOSHMSIX MHPHU OJHUX U TeX
)K€ YCJIOBHUAX, COCTOSIHUE CHCTEMBI 3aBUCUT OT mpeasictopuu. [lpu mepexone cUCTEMBI
U3 OJHOTO COCTOSHHMSIT B Jpyroe u oOpaTHO HaOmOJaeTcsl SBIEHHE THCTepe3Hca,
HECOBMAaJIeHHE TO4YeK (TapaMeTpoB) TMEPECKOKa, MPOSBIEHHWE CBOEro pojaa HHEPIUH,
CTPEMJICHHS] COXPAHUTh TEKYILIEE COCTOSTHUE.

CnoxHble  CHCTEMBl HMMEIOT  CJIOKHYIO  HMEPapXMYECKyl0  MHOI'OYPOBHEBYIO
(dpakTaabHYIO0 CTPYKTYPY, BHYTPEHHHE B3aUMOJICUCTBHS MEX]Y DJIEMEHTAMH CUCTEMBI TOXE
UMEIOT (PpakTaIbHYIO CTPYKTYpY. [IpuMepoM MOXKET CIyKUTh yIpaBlieHYecKass OpraHu3aIus
HEKOTOPOW OTPaCIbI0 MPOMBIIUIEHHOCTH, COCTOSIAs M3 aHAJOTHYHBIX YIPABICHUYECKUX
CTPYKTYp OTpacibio, KOMOMHATaMH, OT/IeJIbHBIMU 3aBOJAAMH, [IEXaMHU U T.1I.

Cno>xHbIE CUCTEMBI — YHUKAJIbHBIE CHCTEMBI, HETIOBTOPUMBIC. HeT IBYyX OJMHAKOBBIX
JIOJIeH, CTpaH, TOPOJOB, OMOIOTUYECKUX 0COOEH, OPraHOB U Jake 3Be3]] U Tal(hyHOB.

CrokHBIE CHCTEMBI PETYJIUPYIOTCS TETISIMH OOpaTHOW CBSI3U: OTPHUIATEIHHOU
(racsimieil) w oOecredywWBAIOIe BOCCTAHOBJICHHE pPAaBHOBECHS, BO3BpaT K IMPEKHEMY
COCTOSIHHIO, U TIOJIO)KUTEIIbHON, OTBETCTBEHHOM 3a OBICTPBIN, CaMOIIOACTETUBAIOIITUICS POCT,
B XOJIE KOTOPOr'0 YBEJIMYUBAETCS CI0KHOCTD.

Kaxxnas cmokHasi cicteMa MMEeT CBOM BHYTPEHHHE XapaKTEPHbIE MAaCIITAObl BPEMECHH
UM TpocTpaHcTBa. Macmrad BpeMEHH OIpeAemseTcsi CKOPOCThIO TJIABHOTO Ipoliecca,
CBSI3YIOIIETO AJIEMEHTHI BOEIWHO, a MPOCTPAHCTBEHHBIM MacHiTad 3aBUCHUT W OT paguyca
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BHYTPUCUCTEMHBIX B3aMMOJEHUCTBUM, U OT CKOpOCTH. IIpocTpaHCTBO M BpeMs CBA3aHO
o0OpaTHO# 3aBUCUMOCTBIO. Eciii n3MeHstoTcs MacmTalbl, TO TOBOPAT 00 U3MEHEHUU TEYEHUS
CUCTEMHOI'O0 BpEMEHU. B 3Moxy AMHO3aBpOB, KOI/la INIABHBIMM JIMAEPaMH 3BOJIIOLUM ObLIN
JIPEBHHE AILIEPbI, IMEHHO MPOIECCHI, CBS3aHHbIE C HUMH, C MX TOMEOCTa30M, ONpPEesuin
BHYTpeHHHE MacmTaObl cuctembl. OrpoMHBIMH ObUIM W SIIEPBl, M JIEPEBbA,
U TPaBbl, U apeajibl UX OOUTaHMUS.

Cnoxnast cuctemMa He 00JIajlaéT CBOMCTBOM JSProAUYHOCTHM M HHUKOTJA
HE JEMOHCTPHUPYET BCEX CBOMX CBOWCTB Ha HalOmogaemol Tpaekrtopuu. OTciojga cienyer
cnabasi NpeAcKa3yeMoCTh IIOBEIEHUS B OyAylleM CIOXHOW cucTembl. M3-3a ciioxHON
uepapxuueckoil (pyHKIMOHAIBHOM W TOMOJOTMYECKOW OpraHu3allM, H3-3a BIOXKEHHOCTH
CJIOHBIX CUCTEM JIPYT B JIpyra, N3-3a HEIPEPHIBHOI'O U3MEHEHUS CUCTEMBI 1101 BO3JIEHCTBUEM
B3aUMOJICCTBUI C BHEUIHEH CPeIo B MPUHIIMIIC HEBO3MOXKHO OINPEACIUTh BCeX (DYHKITUI
CIIOKHOH CUCTEMBI M IPEJCKa3aTh IOBEACHME CUCTEMBI B OyaymieM. byayiiee cioxHoM
CUCTEMBI HE COBCEM OTKPBITO, CYIIECTBYIOT JIUIIb HEKOTOPHIE TOPU3OHTHI BUACHUS OYIYIIETO.

Ha ompeneneHHbIX 3Tamax 3BOJIOLUU CIOKHAs CHCTEMA MOYKET JIEMOHCTPUPOBATH
«dhdext 6a00UKI» — CHIIBHYIO YyBCTBUTEILHOCTH K MAJIBIM HE3HAYUTEIHHBIM BO3MYIIICHHSIM,
MOCNEACTBHSI ~ KOTOPBIX  CKa3bIBAIOTCS  HA  TPAGKTOPUU  Pa3BUTHS  CHCTEMBI
B Oymymem. CiiokHasi cucTeMa OajaHCHpYyeT «Ha Kpar Xxaoca». OOBIYHO TaKOe TOBEICHUE
HaOmoaeTcss BONMM3M Touek Oudypkauuid wiu B o0jacTu TypOyJIE€HTHOCTH, B 0O0JIacTH
CTPAaHHOTO aTTPaKTOpa. 37e€Chb IOPU30HT BUICHHS OYyIyLIEro CHUCTEMbl YpE3BbIYAMHO Mal,
MOBE/ICHUE CII0)KHON CHUCTEMBI MPAKTUYECKU HE HETIPEACKa3zyeMo.

OBIIUE 3AKOHBI PASBUTHUA U 3BOJIOLUH CJIOKHBIX CUCTEM
Haunbonee paHHMMH OKa3aJUCh 3aKOHBI HBOJIOIUH CIOXHBIX CHCTEM, KOTOPBIE
npoBosriacuia auanektuka (puc.3). OnHako B 19 Beke Hauaaoch pa3BUTHE HETHMHEHHOM
JUHAMHUK{, W MTOTOM CTaj0 HAIlOJIHEHHWE J3TOr0 IMOHSTHUS C HOBBIX Mo3uuuil. bbuio
YCTaHOBJIEHO, YTO OOJBIIMHCTBO CHUCTEM OTKPBITHI M COBEPIIAIOT HETUHEHHYIO IBOIIOLUIO,
IpUYEM HEIMHEHMHOCTh IMPUBHOCUT HEOOPATUMOCTH HBOJIIOLMH, a TAKXKE YCIOKHEHUE
U YCKOPEHHE 3TOro Mpoliecca.

C 3aKOHBI AHAJEKTHEN )

Jaxon
orpu wanus
OTpuBANNS

Jaxon

3aKon nepexoan
KOAMMECTHENNBIX

eannerna i Soprin

HIMCHECHNE B KAMCCTRCHHLIC HPOTHBONOTOAKROCTCH

Puc.3. Cxema 3axonos ouanexmuueckot s6onoyuu [17].

DTO B CBOIO 0YEPEIb OTMEHMWIIO IUKINIHOCTH IBOJIOIHH, HO YCHIIHIIO HEPAPXUIHOCTH
CTPYKTYpPHO-()a30BBIX TIEPEXOA0B, IEPEBOISI MX B 30HBI OMYypKaLUN U AaKe MOTUPYypKALIUK.
B Takux 30Hax GopMUPYIOTCS TCHACHIINH, KaK PUHIIAIIBI, KOTOPBIE JOCTATOYHO YacTO
U Cc OonpmION  BEpOSTHOCTHIO TMPU  OTOBOPEHHBIX  YCIOBHUSX  HAONIOMAIOTCA,
HO HE SIBJISIIOTCS CTPOTO 00s3aTebHBIMA. OHU TTOMOTAIOT Pa300paThCs B CIOKHBIX SBICHHIX
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HJIK mponeccax, U 1aTb UM FHYGOKOC HAay4YHOC OGBHCHGHHC. OHH TOMOTAIOT ACJIaTh IPOTHO3bL
Y BBISIBJIATH BEKTOPBI JabHEHIIIErO Pa3BUTHS CHCTEMBbI. 3aKOHBI BOJIFOIIHH CIIOKHBIX CHCTEM
HC MO3BOJIAKOT ACJIaThb TOYHBLIC IPOTHO3bI, 3TO B IMPUHIMUIIC HCBO3MOXHO, HO OHH OAarOT
BO3MOXKHOCTh  JIeJIaTh ~HEKOTOpbIE OOIIME 3aKIOYeHHs, Hampumep, 00 YCHUICHHH
HEYCTOWYMBOCTH Pa3BUTHS W YBEIMUYCHHS BEPOSATHOCTH pacraja, 00 YCHJICHUH IPOIECCOB
KOHIICHTPALIMK PECYpcoB, 00 YCHIIEHHH pacCiocHHs OOIIecTBa W T.JOI., W I[OMOTAIOT
pa3pabarbiBaTh NPABUIIBHBIC YIPABJICHUYCCKUAE PpEIICHUS. YIpaBicHHE OyayluM — OJHa
U3 HACYIIHBIX HAYYHBIX MPOOJeM deoBeuecTBa. DakTHUECKH HA TIEPBOE MECTO BBIJIBUHYJIHCH
sKoJIOTHYECKrEe (PaKTOPHI, 00JIee TIOJTHO YUYUTHIBAIOIINE POJIb BHEITHEH cpelibl (prc.4).

OCHOBHOM 3AKOH 3KOJIOrMm

OfHUM M3 TNaBHbIX AOCTM)‘KEHM% 3KO/10TUN ABNAETCA OTKPbITUE TOIO ¢8KT3, 41O

3aKOHbI Ppa3BUTHA

Pa3BUBAIOTCA HE TONLKO OPraHM3Mbl U BUZBI, HO U SKOCUCTEMDI. JKoCcCMmcTem
NocneaoBatenbHan CMeHa COOBLLECTB, CMEHAIOWAA APYF APYra Ha
OAHOM 1 TOM Xe buoTone HasbiBaeTca CYKLIECCUEN. 1. 3akoHbl 3konorum. Mpasuno onTMMyma. 3aKoH MUHUMYMa

CYKLECCUA — HanpaBneHHoe, npepackasyemoe M obpatumoe
pa3sBUTME IKOCMCTEMbI, CTPEMALLEECA K YCTAaHOBNEHUIO MaKCUMa/IbHO
3¢ peKTMBHOMY B3aMMOAENCTBUIO «PaBHOBECUIO» MeXAy buoTuueckumm
KOMMOHEeHTaMM U abUoTUYECKON cpeaoil.

JIubuxa. 3akoH TonepaHtHocTH LLiendopaa.

Jiumutunpyrowme pakropbl.

A6uoTnyeckue pakTopbl.

3KONIOMMYECKASA CYKLLEECCUA — 3akoHOMepHas, nocnefoBaTeibHaA CMeHa Buotuueckue pakTopbi.
61oLLEHO30B, NPEEeMCTBEHHO BO3HUKAIOLLMX HA OAHOM M TOM e bruoTtone nog,
BO34eMCTBMEM BHYTPEHHMX MW BHELHUX BO3AEUCTBUN.

AYTOTEHHAA CYKLIECCUA - BO3HMKaET B pe3ynbraTe UsmeHeHua Gusnyeckoin cpea
BB?&LC;KF:]TABS’?,)D, peictemem BUOLLEHO3A v KoHTponupyeTcs um (BHyTpeHHue JKONOIMYECKas CyKLeccus. BUAbI CYKLeccHii.

AJINOTEHHAA CYKLEECCUA — BO3HMKAET N0 BAUAHUEM GUSUKO-XMMUYECKUX, ®YHKLMOHa/NbHbIE NOKa3aTeNu 3pesioCTh CYKLLeCCUM.
rEOXMMMUYECKMX, Fe0NI0TMYECKMX, AHTPOMOTEHHbIX U APYTUX BHELUHUX CUA —
NOKapoB, LlyHaMK, CeNneBbiX 1aBWUH, U3BEPIKEHUI BY/IKAHOB, TEXHOTEHHbIX aBapy
M np. (BHELWHUX BO3AENCTBUM) .

Buapbl 6UOTUUECKUX CBA3EN.
OCHOBHOW 33aKOH 3KONOTUM.

Ny W N

Puc.4. Ocnoswvr Cykyeccuu u 3axonul pazeumus sxocucmem [18,19].

MHOroNeTHUN OMBIT MAaTEMAaTUYECKOTO MOJCIUPOBAHUS MOKA3bIBAET, YTO JUHAMHKA
CIOXHBIX CHCTEM TOJAJAETCS MaTeMaTH4YeCKOMY MOJAEITUPOBAHUI0O U Jaxe Cinaldyro
MPEICKAa3yeMOCTh OMNHUCHIBACT PEXKUM JIETEPMUHUPOBAHHOTO Xaoca M MeTacTaOuIIbHAS
YCTOWYMBOCTH CTPYKTYP, Pa3BUBAIOIINXCS B pexkUMe ¢ obocTperreM. OHaKO HUKAKOe CKOIb
YTOJIHO TIOJAPOOHOE M TOYHOE 3HAHUE TTOBEJCHUS CJI0KHOM CUCTEMBI HAa PEAIbHOM UHTEPBAJIE
(mpocTpaHCTBa UM BPEMEHHU ) HE MO3BOJISET TOYHO MpeAcka3aTh e€ MOBeACHHE B Oy IyIIeM.

Bpewmst sxu3nu cioxHOM cucTeMbl KOHEUHO. C OTHOM CTOPOHBI, YEM CIIOKHEE CHCTEMA,
TE€M OHa MEHEe YyBCTBUTENbHA K BaprHaOeIbHOCTH BHEIIHUX YCIOBUM, JIyUIlE alaliTUPYETCs K
WX U3MEHEHHUIO0, U B OTOM CMbICiie Oojiee ycroitunBa. IMEHHO MO3TOMY SBOJIONMS LI TIO
BO3PACTaHUIO CIOKHOCTH. C Ipyroi CTOPOHBI, YEM CIIOKHEE CTPYKTYpa CUCTEMBI, TEM TPYAHEE
MOJJIEPKUBATh BHYTPEHHUN OanaHC WM TapMOHHUIO MEXKIY BCEMHU €€ DJIEMEHTaMH, TEM OHa
MEHEee yCTOWYMBA MO OTHOIICHHUIO K BHYTPEHHUM (IYKTyaIusiM. DTO TOBOPUT O XPYIKOCTH
CIOXHOM cucTembl. ClI0KHBIE CUCTEMBI, KaK MPaBUiIo, Pa3BaJIMBAIOTCS U3HYTpU. B nmocnennue
JIecsATHIIeTUsT Mbl HaOmonaeM, Kak pasBanuBatorca rocynapcersa (CCCP, HOrocnasus,
YexocnoBakusi, ' py3ust U Ap.) ¥ PEBONIOIMOHHBIM IyTEM MEHSIOTCS pekuMbl (Kupruszus,
Eruner, Tynuc, JluBus u T.1.). BHenmHue BO3AEHCTBUA W Yyrpo3bl HA0OOPOT, KaK MPABUIO,
00BECAUHSIOT HAITUIO. OnHako B colmyme MHOT'0€ CTUMYJIUPYETCS
u3BHe. W ceiiuac B mepuwon OONBIION HECTAaOWIHLHOCTH HAIIETO MHpa HHUYETO TakK
HE CIUTAYMBaeT HAPOJIbl, KaK OOIIHE YTPO3bl AMUAEMUN, TEPPOPU3MA, TIT00ATBHOTO MOTETLICHUS
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WJIH HOBOTO JIGTHUKOBOTO MEPHO/A, MaeHUsI OONBIIOT0 KOCMHYECKOTO Telia U T.JI. 3aKOHHI,
Kak MpaBWio, JETATU3UPYIOTCA B BUAE TPUHIIUIIOB, TEHACHIUNA U CBOMCTB. 3aKOHBI YBOTIOIIMHI
MOYHO JE€TaJIu3UpOBaTh MPUHIIMIIAMHA U CBOMCTBAMHU.

CBOMCTBA CJIOKHBIX CUCTEM

CrnosHble cucTeMbl 00J1aJal0T CBOMCTBAMM LIEIOCTHOCTH, OTKPBITOCTH, aJallTUBHOCTH
(akTHBHOM ajanTanuu M CO3JaHUsA MOJ ce0s CBOM Cpelbl), SKOHOMHUYHOCTH (Bcerja
peanu3yercsi HanboJsee BHIFOJHBINA TUIT CHCTEMBbI /WK TPOLIECCa).

HenuneliHOCTp — riaBHas 4yepra CIOXKHOW cucTteMbl. MIMEHHO ¢ Hee HaudyMHaeTcs
CJI0HOCTb. Bce onmcaHHble BbILIE CBOMCTBA CIOKHBIX CUCTEM BBITEKAIOT U3 HEJIUHEHHOCTU
B3aUMOJICHCTBUM, IPOLIECCOB WJIM COCTOSHMM. J[JI1 BO3HMKHOBEHMS LIEJTOCTHOW CIIOXKHOU
CHCTEMBI HEOOXOJMMBI HEJIMHEHHbIE BHYTPEHHHUE CBSI3U MEXKIY €€ DJIEMEHTaMHu. DTH CBSI3U
o0ecreunBaroTCs Ha HTalle CTAaHOBJICHUS CJIOKHON CHUCTEMBI ITyTeM KyMYJISITUBHBIX 3P (PEKTOB
CHIIBHBIX, 3JIEKTPOMAarHUTHBIX, TPABUTAI[IOHHBIX, OMOJIOTMYECKUX MOJIEH, MMOJIeH COIuaIbHON
HAIPSDKEHHOCTH MJIM TOIOJIOTUU IIPOCTPAHCTBA-BPEMEHM. ODBOJIIOLMS CIOKHOM CHCTEMBI —
HenuHenHa. K »BomonMy NPUBOAAT HEJIMHEWHBIE B3aUMMOJEHCTBHUS C BHEIIHEH CPENou.
Cornacno mozenu C.I1.KyparomoBa, KOTOpBIN pa3BUBaJl CUHEPTETUKY KaK TEOPHIO PEKUMOB C
000CTpeHHEM B OTKpBITBIX M HEIUMHEHHBIX Cpelax, B BO3HUKHOBEHHUU CJIOXHOM,
YIOPAAOYEHHON CTPYKTYPhl B JUCCUIIATUBHOMN CPEJE KIFOYEBYIO POJIb UTPAET HEJTUHEHHOCTD.

HenuuellHOCTH O3BOJISAIOT BO B3aMMOJEHCTBUM C BHEIIHEHW CPENOM KyMyJIMPOBAaTh
BHEUIHIOIO DJHEPrUI0 M IIepecTpauBaTh €€ BO BHYTpeHHIOK. HemuHeilHocTHM mpucymia
MIOPOTOBOCTH BO B3aUMOJEHCTBUIX U M30MPATEIbHOCTh UyBCTBUTEIBHOCTH CIOKHBIX CUCTEM
K BHEIIHUM BO3AECUCTBUAM. VIMEHHO HENMHEMHOCTBIO OINPENEIAETCS AUCKPETHBIM CIEKTP
CTPYKTYp-aTTpakTop ((hopM), KOTOpBIE MOTYT CYIIECTBOBATh HA IAHHOM 3Tarle SBOJIIOLNH.

HenuHeiHOCTh OTBETCTBEHHA 3a MOSIBICHUE HOBBIX KaYeCTB, HOBBIX 0OJI€€ CIIOKHBIX
CTPYKTYD, (hOpM, IIPOIIECCOB H B LEIIOM — 32 YCIOKHEHHE CUCTEMBI.

Ponp HenuHeNHOCTH B BO3HUMKHOBEHUHM CTPYKTyp mnokasan Ttakxke A.ILPynenko,
KOTOpBIA pa3padoTaj TEOPUIO SBOJIIOIMOHHOIO KaTallu3a, Ha3blBAEMYI0 UM TaKXKe Teopuei
IIPOrPECCUBHOM XMMHYECKOM 3BoonMU. OH MPOTHMBONOCTABISI CBOK TEOPHID TEOPUU
quccunatuBHbelx — cTpykryp WM. Ilpuroxkuna, wHaue TOHMMasl [IJIaBHbIM  (axTop
camoopranuzannu. « KOHCTpyKTHBHYIO pOJib B BOSHUKHOBEHMH CaMOOPTaHU3aLNHU, COIVIACHO
[IpuroxxuHy, UrpaeT ycioBHE€ HEOOPAaTUMOCTH, a, COIJIACHO KOHIIEMIMHM 3BOJIOLMOHHOIO
KaTajau3a, — YyCJIOBUE HEPABHOBECHOCTH;, MPUYMHONW CaMOOpIaHM3allMM B IEPBOM Cily4yae
SBJISIETCA JTUCCHUIIAIUS, a BO BTOPOM Cllydyae — BHYTPEHHSs IoJie3Has paboTa MpOTHUB
PaBHOBECHSI; ABIKYIIEH CUIION caMOOpraHU3alliy B IEPBOM CIIydae sBJISETCS OTpULIaTEIbHAS
SHTPOINMS, MOCTYNAOMIAs B OTKPBITYI0 CUCTEMY M3 BHELIHEH CPEIbl, & BO BTOPOM CIIydae —
4yacTh NIOTOKAa CBOOOIHOM SHEPruu 0OMEHHOTO MPOLIEcca B OTKPHITON CUCTEMEY.

Jis poKIeHHMsT HOBBIX KaueCTB M Pa3BUTHS CIOXKHBIX CTPYKTYp HEOOXOIUMBI
HEyCcTONUMBOCTh U (PurykTyauuu. CIoKHbIE CTPYKTYpbI, KaK IPaBUJIO, JHILIb METACTaOUIBHO
YCTOMUUBEL, T.€. B HUX MOJ/IEP’KUBACTCS TOHKUH OaaHC MeXly TUCCUITalueil 1 HeTMHEHHbIMU
B3aMMOJICHCTBUSIMH, pacCeMBAIOIIMMK IpoOIlecCaMd U KyMyJssuued sHepruu. B mporecce
HBOJIIOIMM CJIOXKHOM CHCTEMBl M3-32 HEOJHOPOJAHOCTH pa3BUTHs €€ pasHbIX (parMeHTOB
(moacucTeM MU AJIEMEHTOB) 3TOT TOHKHI OajlaHC yTpauMBaeTCs, HAKaIJIMBAIOTCS OLIMOKH,
U TIPU CBEPXKPUTHYECKHX (IIYKTYalMsIX CHCTEMa pa3pymiaercs. YCIOXKHEHHE CTPYKTYp
MPOUCXOJUT MOTOMY, YTO CHCTEMa IO-pa3HOMY pearupyer Ha pasHble Bo3MmylleHHs. OHa
MOKET M HE CIPaBUTbCS C HOBBIM BO3MYLICHMSIMM, TOIAa BO3HUKAIOT CHJIbHBIE
HecTaOuIbHOCTU. B KauecTBe OJHOTrO M3 BO3MOXKHBIX BBIXOJOB M3 COCTOSIHUN C CHJIbHBIMHU
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HECTAOUIILHOCTSAMHU, COCTOSHUM KpH3uca (OPMUPYIOTCS CTPYKTYpPhl C HOBBIM KadeCTBOM,
KOTOpbIE YCIEIIHO CIPABISAIOTCA C HOBBIMU BO3MYLICHUSIMH.

B wurore HemWHEHHBIMH CTAHOBSTCS JMOO B3aUMOACHCTBHE MEXKIY CHCTEMaMU
(morpaHu4Hasi BpeMEHHas MOJACHCTEMA), TUOO TOJe BHYTPEHHHUX CBSI3€d BHYTPU CHCTEMBI-
MUIIICHH, JTHOO0 MOBEJCHUE CUCTEMBI, BOIIEIIICH B HEPABHOBECHOE COCTOSIHHE.

HenuneiinocTs 00beAMHSACT BCE OMHCAHHBIE OOMKHU CIOXHOCTH. Hampumep, MOxXHO
yTBEp)KJIaTh, 4YeM OOJbIIE 3JIEMEHTOB COJIEPKUT CHCTEMa, TEM OOJbIIe BEPOSITHOCTD
BO3HHUKHOBEHHUS HEJIIMHEHHBIX OCOOEHHOCTEW BHYTPH CHCTEMbl U TeM 0ojiee BEpOSITHO ee
HEJIMHEMHOE NTOBEJICHHUE B LIEJIOM ITPU B3aUMOJICHCTBUH CO CPEIOM.

DTO OYeHb XOpOIIO TMOJATBEPXKIACTCS Ha IPUMEpPE Kydd C  IECKOM.
IIpy mnocienoBaTenbHOM IONOJHEHUM €€ MECUYMHKAaMU, HECMOTPS Ha KaKYILIYICS
CTaTUYHOCTb, CKJIOHBI KYUd CTAHOBATCS KPUTUYHBIMH, I10JI€ HAIIPSKEHUM Ha €€ MOBEPXHOCTH
HE TOJIBKO pacTeT, HO U auddepennupyercs. Korga B OTAENBHBIX «JIOKYCax» HAMPSIKCHUS
JOCTUTAIOT KPUTHYECKUX 3HAYEHHWW, TO BO3HUKAIOT JIOKAJIBHBIC JIABUHBI, MPU3BAHHBIC
BBIPOBHATh OOIIyI0 cuTyanuio. [Ipogomkas 3KCHEPUMEHT, MBI YBUAMM IIENIBIH CHEKTP
pazHoMacIITaOHON aKTUBU3AIMU [TOBEPXHOCTH Ky4H Mecka 3a cueT JaBUH. DakTH4YEeCKH — 3TO
MIpUMEp HEJTUHEHHOTO MOBEICHUS BCE CUCTEMBbI, KOTOPOE JOCTUTACTCS HE TTPOCTO OOJIBIINM
KOJIMYECTBOM 3JIEMEHTOB, a KpalHE HEIMHEHHOM CBS3bl0, BO3HUKILEH MEXAY HUMHU.
T.e. GyHKIUS, ONMUCHIBAIOIIAS IOJIE HAMPSHKCHUH HAa TIOBEPXHOCTH Kydd WIH (QYHKIUS
TOTOJOTUYECKON CBA3HOCTH CUCTEMBI, TOCTUTaeT coCTosiHUS (prykTyanuid. M kaxkaas cunbHas
baykTyanuss — 3T0 c¢xoj JjaBUHBIL. CJIOXXHOCTh CTAHOBUTCSA CIEIACTBHEM KOJIJIEKTUBHOTO
HEJIMHEHHOT0 MOBEICHHS] MHOYKECTBA B3aUMOICUCTBYIOIINX areHTOB. MOXHO Ha3BaTh MHAYE -
M0JIC HAMPSHKEHUH OT 3THUX 3JIEMEHTOB BHOPUPYET, W JOKAIBHBIC YKCTPEMYMbI CTAHOBSITCS
JTABUHOT€HHBIMH.

Jpyroi acnekT CUCTEMHOT0 noaxoAa. BuauMbliii MUp COCTOUT U3 cucteM. Bee cuctembl
OTKPBITHI UM KBa3HOTKPHITHI. J{axke criopa U MyMmus cia0o M3Iy4yaroT ONpeAeNICHHbINA CIIEKTP
AIIEKTPOMArHUTHBIX KoJieOanwmii. JIrobast, naxke mpocTeiias OTKPhITas CUCTEMa, 00Ia1aeT XOTA
OBl 0JTHOM 00BEMHON PE30HAHCHOW YaCTOTON U IOTOMY CIIOCOOHA aKKyMYJIUPOBATh BHEIIHIOKO
SHEPIUIO u MpEeBpaILATh 4acTh ee BO BHYTPEHHIOIO JHEPTHUIO.
[To Mepe pocTa BHyTpEeHHEH SHEPTUU CUCTeMa MPHUOIIKAETCs K HEPAaBHOBECHOMY COCTOSTHUIO,
Y TIOBEJICHUE €€ CTAHOBUTCS HEJTMHEHHBIM. AKKYMYJISITUBHBIE CITOCOOHOCTH CUCTEMBI 3aBUCST
OT €€ CTPYKTYpUPOBAHHOCTH (CIOKHOCTH). IHBIMH ClOBaMH, cucTeMa ¢ OOJBIIUM YHUCIOM
(GYHKIIMOHAJIBHBIX 3JIEMEHTOB (2 HE IPOCTO 3JIEMEHTOB) M CTPYKTYp UMEET OOJBIIUI CIIEKTP
PE30HAHCHBIX YacTOT («aHTEHH Ui MpHeMay») JUIs OOIIEHUs C BHEIIHUM MHPOM U MOXET
BXOJIUTh B HEPABHOBECHBIE COCTOSHUS HE TOJBKO MO OOIIEeMYy COCTOSHHIO, HO U
M0 KOHKPETHhIM mapamerpaM. [loguepkHeM — oOHa CrmocoOHa HWCKaTh HOBBIE YCIIOBHS
ajjanTaluy, U 3TO C TOYKHU 3PEHHS HBOJIIOIUU PE3KO YCUIMBAET BAXKHOCTH IapameTpa
CIOKHOCTb ~ CHUCTEMBI BO  BCEM  D3BOJIIOIMOHHOM  Ipouecce. Heucrnonb3zoBaHHas
WM oTpaboTaHHAsl YacTh SHEPTUU JAUCCUIIUPYETCS BO BHEUTHIO cpefly. Takasi IIUKIMYHOCTD
00paTHOU CBsI3U — SIBJICHHE HE JIMHEWHOE, HO 9TO €IMHCTBEHHBIN MYyTh aJanTaiuu Jr000i
CUCTEMBl K Bapua0ENbHOCTH BHEIIHUX ycloBUil. Hedro momoOHOE MBI MMeeM B 30HAX
TEKTOHMYECKHUX HaIPSHKEHUHN B 3€MHOM KOpe (peanu3alius B BUAC 3eMJICTPSCEHHH ), Ha PhIHKAX
(GOHIOBBIX OyMar, Ha TPAHCIOPTHBIX APTEPUSIX KPYITHBIX TOPOJOB H T.J.

EnnHCTBO akKyMyJISIIUM M AUCCUITIAIIMU — HE TOJBKO JIBMKYIIAs CHUJIa SBOJIOIUU, HO U
MOATBEPKACHHUE 3aKOHA JUATIEKTUKU O EUHCTBE IPOTUBOIIOJIOKHOCTEM.

OCOBBIE CBOMCTBA CJIOKHBIX CUCTEM
Bce u3noskeHHOe BbIIIE MO3BOJISET BBIACIUTH 0COObIE CBOMCTBA CIIOKHBIX CHCTEM.
Ilej10cTHOCTL — HOBOE JOIOJIHUTEIBHOE CUCTEMHOE CBOMCTBO, BO3HHUKAIOIIEE
pu 0ObETUHEHUH 3JIEMEHTOB B CUCTEMY U XapaKTEpHU3yIolleecs He CBOJUMOCTBIO K CyMMe
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CBOWCTB 37eMeHTOB. CHCTEeMHbIE CBOMCTBAa (OPMHUPYIOTCA IMYTEM HAKOIUICHUS, YCHUJICHHUS
U NIPOSIBJICHUS OJHUX CBOICTB IOJCHCTEM OJHOBPEMEHHO C HMBEJIMPOBAHHEM, OCIIa0JCHHEM
U COKpBITHEM JPYTuX IpHU B3aUMOAEHCTBUM mHojcucTeM. ITpoumcxoauT ckadyok — mepexon
KOJIMYECTBa B KadecTBO. [103TOMy He BCSAKOE PACWIEHEHHE CUCTEMBI IIO3BOJIAET IOJYYUTh
4acTH (IIOJICUCTEMBI), 00JIee MPOCTHIE U JOCTYITHBIE IJIs1 UCCIIEJOBAHUSI.

OTKpBITOCTh. DTO CBOWCTBO BIIEPBBIE OBLIO TMpoBo3MiIameHo Jloasurom ¢on
Bepranandu B cepenune 50-x ro10B Ha OCHOBE OOIIEH TEOPHH CUCTEM, KOTJa OH MPEIOKUI
TEOPHIO OTKPBITBIX CHCTEM, KOTOpas JOBOJBHO OBICTPO ObLIa pacHpOCTpaHEHA HE TOJIbKO
Ha OHMOJIOTHIO, HO U Ha JIpyTrue TUCHMILIMHEL. J[aHHOE CBOMCTBO MpearnoaraeT BCEOOIIHOCTh
B3anMOIEUCTBUI BO BceleHHON U ABIISIETC )KU3HEHHO HEOOXOIUMBIM IS DBOJIFOLAH JIFOO0H
CJIO)KHOM CUCTEMBI.

AanTuBHOCTL. JlaHHOE CBOWCTBO SBISETCA CHCTEMOCOEperarmuuM, O0CcOOEHHO
B YCIIOBHAX OBICTPON BapHaOeNbHOCTH yCIOBUN BO3ACUCTBUI BHEIIHEH cpenbl. B ocHOBE ero
JIEKUT «IIPABUIIO U30BITOUHOIO pa3HOOOpa3usl CI0XKHOM CHUCTEMBI», BHITEKAIOIIEE U3 «3aKOHA
HE00X0IUMOT0 pazHoo0pasus», chopmyaupoBaHHoro Y. P. Ombu B 1950 —x rr. BepositHOCTB
COXPaHEHMsI CIIO)KHOM CHCTEMbI MPONOPIMOHAIbHA HAKOIUIEHHOMY B HEM pa3HooOpasmuio,
KOTOpoe (haKTUYECKH TPEICTABIISICT cO0O0M MOTEHIMAN 3allaCHBIX BOJIIOIMOHHBIX BBIXOJIOB
CUCTEMBI U3 KPU3HUCHBIX COCTOSIHUM.

JKOHOMHYHOCTh — pealu3alus MpUHIUIA MaKCUMyMa MW3BJIEUEHUS DJHEPIUU
U3 OKpy’Karomen cpeabl (MakCUMH3alMs OTKPHITOCTH Ha IOIVIOIIEHHE), MAaKCUMyMa ee
OCBOEHHUS 3a CYET YCJOXKHEHHS BHYTPEHHEH CTPYKTYphl (MakKCHMHU3allUs SHEPrOEMKOCTH)
U MUHMMYyMa JUCCUMALUU SHEPTHH BO BHE (MUHMMHU3ALUS SHTPONUHU, B TOM YUCIIE U 3a CUET
YCII0)KHEHHUS).

YHHUKAJIBHOCTb — CHCTEMa JIF000T0 KJIacca HEe UMEET MOJIHBIX aHAJIOIOB ITOBEICHUS MIIN
AQHAJIOTM HACTOJIIBKO PEIKHM, YTO C UX HAIUYUEM B MCCIEAOBAHUAX U IPAKTUKE MOYKHO
He cuuTarbes. CBOWCTBO YHMKAJIBHOCTH SIBJISETCS BHEIIHMM II0 OTHOLIEHHIO K CHUCTEME
U BIUSET Ha OTHOLIEHHE K HeW Jpyrux cucreM. J[OCTaTOYHO OTMETHUTb, UYTO 3BE3JIbI
pasin4aoTcs Mexay coOoil IBETOM, OJIECKOM, a MCCIIEJOBAaHUS C IOMOLIbIO TEIECKOIOB
MOKa3bIBAIOT, YTO JIByX OJWHAKOBBIX 3Be37 HE ObiBaeT. DPQPEKTHUBHBIC TEMIIEPATYPHI
UX M3JIyYaloIIUX MOBEpXHOCTEW Haxonarcs B mpenenax or 3 000 K mo 80 000 K, maccer
pa3M4aloTCs B COTHU pa3, a paanychl — B Musutnap sl [20].

YceToituuBOCTh — CHOCOOHOCTH YCTPAaHATh MOCJHEACTBHS BHEUIHMX M BHYTPEHHHX
CIIy4aiHbIX BO3AEWCTBUN M CTaOMIM3UPOBATh BHYTPEHHEE TMHAMUYECKOE COCTOSHUE (Mepa
BEPOSTHOCTH MNpPeOBbIBaHUS B JaHHOM COCTOSIHMM). OIpenenser «CTPEeMIIEHHE» CHCTEMbI
K OCHOBHOMY ITpPOLIECCY.

AHTHIHTPONMIHOCTL — CHCTEMa B COCTOSHHUU (B OIpPEIEICHHBIX Mpesenax)
yOpaBiATh CBOEW OHHTpoNuMel (yMEHBIIATh €€, COXpPaHATb, TOPMO3HUTH YBEIUYEHUE)
IpU CIydyallHOM M HEOJIAronpusTHOM BO3JEUCTBUU Cpelibl WK (M) CIIOCOOHA OCYIIECTBIATh
peryiupoBaHue MOBEICHHUS, TPECIeayIoIee JOCTHKeHUE onpeaeneHHoi emnu [20].

LenenanpaB/eHHOCTh — «CTPEMJICHHE» K JOCTHUKEHHIO LEIM — KOCBEHHO TOXE
BBIPAKACT AHTUIHTPONUIHYIO TEHICHIMIO: COXPAaHEHUS M YCHJIEHHMsI OCHOBHOIO Ipolecca,
BEAyLIEro K Mead. 371ech NPOUCXOAMT MHUHUMH3ALUs 3aTpaT >SHEPIUM M BpEMEHU
Uil JocTrkeHus Lenu. CBONCTBO LIENEHANPABICHHOCTH SBIISETCS BHYTPEHHHMM, TPYAHO
pacrio3HaBaeéMbIM U HE€ BCerja JOCTYNHBIM IOHMMaHHUIO UCCIEoBaTessi, OCOOEHHO
Ha OTHOCHUTEIBHO KOPOTKOM (II0 CPAaBHEHHMIO CO BPEMEHEM CYIIECTBOBAHUS CHCTEMBI)
UHTEpBajie BpeMeHH. lleneHanpaBIeHHOCTh MOXHO TOHUMaTh Kak (YHKIMOHAJIBHYIO
TEH/ICHIMIO, HAIPAaBJICHHYI0 Ha JOCTHXKEHHE CHUCTEMOM HEKOTOPOro COCTOSHHUS, JHOO
Ha yCWIEHHs (coxpaHeHHe) HekoToporo mnpouecca. [Ipm 3ToM cucTema oka3bIBaeTcs
CHOCOOHOW TMPOTUBOCTOSITH BHEIIHEMY BO3JCHCTBUIO, a TakKe HCIOJIb30BaTh Cpeay u
ciydaifHple coObiTus. CrencTBueM MpUHIMNA IIeJIEHANPAaBIEHHOCTH SIBJISETCS IOCTYJaT

14
CJIOKHBIE CUCTEMBI Ne 1 (46), 2023



Beeoenue ¢ cucmemmnoe Mupoeoispernue

BbIOOpa. CllOKHBIE CHUCTeMbl OOJIAZIAlOT  CIIOCOOHOCTBIO K  BBIOOPY  IOBEIEHUS,
U, ClIeZIOBaTeIbHO, OJHO3HAYHO Mpe/CKa3aTh cHocol0 NeHCTBHUS M SKCTPANOIUpPOBaTh HMX
COCTOSIHUE HEBO3MOKHO HU IIPU KAaKOM allpMOPHOM 3HAaHUM CBOMCTB CHCTEMbI M CUTYallUU.
CrnoxHas cucreMa CTPOUT CBOE MOBEJCHHE B CYLIECTBEHHON (XOTS M HEOJHO3HAYHOM) CBS3U
¢ curyauued. YacTo HNpUXOAWUTCS B OCHOBHOM HMETh JEJIO C CHUCTEMAaMH, ISl KOTOPBIX
HOCTYJIaT BBIOOPA BBIIBUraeTCs Ha MiepeiHel 1u1aH. [lo3HaHue 1 IpakTHUeCcKoe UCII0JIb30BaHHe
3TOrO MOCTyJIaTa UMeeT JBa actekra [20].

IlepBbIif KacaeTcsi CTUMYJIMPOBAaHUS MM IOJABJIEHUSA «CBOOOIBD»  BBIOODA.
B wuccnenoBarenbCcKux, MOUCKOBBIX, TBOPYECKUX CHUCTEMax BO3MOXKHOCTH BBIOOpa JIOJDKHA
ObITh MAaKCHUM@JIBbHOM C II€JbI0 PACIIMPEHUs AMAINa30HA JesTeIbHOCTH. VCnonHUTeNbHbIE
CHCTEMBI JIOJDKHBI MMETh BO3MOKHOCTH BBIOOpa B MpeesiaX IMOCTaBICHHOW 3aaa4yd JHO0
He UMeTh ee BoBce. Clie10BaTeNbHO, JOKHBI CO3/1aBaThCsl CUCTEMBI ¢ OOJIBIION WIIM Majlon
cB00O0I0# BBIOOpA WITH ¢ yIpaBsieMol CBOOOI0H BEIOODA.

Bropoii acnekT cBsf3aH ¢ KOJIMYECTBEHHBIM ONHCAaHHEM BbIOOpA, €ro (opMajbHbIM
[IPEICTABJIICHUEM, KAa4eCTBEHHOM WJIM KOJIMYECTBEHHOW OLIEHKOW M HCIOJIb30BAaHUEM JTOU
OLIEHKU TIpH pELIeHUWH 3agad oduiero xapakrepa. OnHa U3 3a7a4 MaTeMaTHKH COCTOUT
B pa3paboTKe ammapara KOJWYECTBEHHOTO ONHCAaHUS HE  JETCPMHHHPOBAHHBIX,
HO U HEeCITy4alHBIX (HE CTOXaCTMYECKHX) CBOMCTB.

Caabast npeacka3yeMocTh — HIKaKOe, CKOJIb YTOIHO MOApoOHOE 3HaHHE MOP(HOIOTHI
U (QyHKIMI 371eMEHTOB (IOJCHCTEM) HE IO3BOJSET ONpPENesIUTh BceX (YHKIMH CIIOKHOU
CUCTEMBI; I0ATOMY HUKAKO€, CKOJIb YTOHO MOJPOOHOE U TOUHOE 3HAHUE TIOBE/ICHUS CII0KHOMN
CHUCTEMbl Ha pEaJIbHOM HHTepBajie (IPOCTPAHCTBA MJIM BPEMEHH) HE IO3BOJISIET TOYHO
npeJicKa3aTh €€ NOBEeICHNE B Oy Iy1EeM.

W, HakoHel, 0 BO3MOYKHOCTH MaTe€MaTHYE€CKOIO MOJEIMPOBAHUS CIIOXKHBIX CHCTEM.
B cooTrBercTBUM ¢ DpiaHreHCKON MPOrpaMMOM pa3jiMuHble Kiacchl (PU3MUECKUX SBJICHUN
MOTYT OBITh IOCTaBJIEHBl B COOTBETCTBHE DPA3IMYHBIM IpylnaM MpeoOpa3oBaHMM, Kaxaas
rpymIa IOpPOKIAeT CBOIO TeoMeTpHro. TakuM o0Opa3om, peaiu3alys 3TOW MPOrpaMMbI
OCHOBaHa Ha IPUMEHEHUH TEOPETUKO-TPYIIIOBBIX METO/I0B K CO3/1aHUIO (PyHAaMEHTAIbHBIX U
NPUKIAJHBIX Teopuid. U XoTs «reoMerpusanus» GU3UKU HE 3aBEpIICHA, MOKHO YTBEP)KAATH,
4TO T€OMETPUYUECKOMY MPEICTABICHHIO CIOXKHBIX CHCTEM CBONWCTBEHHA BceoOHOCTh [20].

Pa3nuune reoMeTpuii CTaHOBUTHCS PA3IMUUEM KJIACCOB CUCTEM, M ATO Pa3INUUE UMEET
yeTKUi (opManbHbIf mNpu3HaK — JApyrywo rpynmy mnpeoOpasoBanuil. Ilpeamomnaras,
YTO HWHTEpecylollass Hac CHCTEMa paclojoXeHa B aJeKBaTHOM €W I'eOMETPUYECKOM
pocTpaHcTBe (peaibHOM, (PYHKIIMOHAJIBHOM, MBICIMMOM) M OIPaHMYUBAsICh METPUUYECKUMU
IPOCTPAHCTBAMH, MbI JOJDKHBI KaKIOMY KJIAcCy CUCTeM (KOHKPETHOW cHUCTeMe) MpUIUcaTh
METPUKY, ONPEENIeMYyI0 COOTBETCTBYIOIIEH Ipymoil npeoOpa3zoBaHuil. OTO — aBTOHOMHas
METpHKa CUCTEMBI, THOO aBTOHOMHasl rpyMia npeoOpa3oBaHuil.

CrnosxHasi CUCTEMa HaXOJUTCS B pealbHOM F€OMETPUUECKOM MHUPE U B3aUMOJIEHCTBYET
C HUM, HO OCHOBHO€ 3HAUEHHE VIS €€ CBOMCTB UMEIOT NIPOLIECCHI, KOTOPBIE IPOTEKAIOT BHYTPU
cuctembl. [lo3HaHMe cuCTeMbl TpeOyeT, Mpekae BCEro, ee 0003pHMOIo ONMUCAHUS, U 37eCh
BBIOOp METPUKHM MOXKET MWIpaTh ONPEACIAIONyI0 pojb. PaccrossHMe B €BKIMIOBOM
MPOCTPAHCTBE MEXJy KJIETKaMH JKMBOIO OpraHu3Ma OYeHb Majo, CBA3aHO C TaKUMU
(YHKIIMOHAJIBHBIMU CBOMCTBAMH, KaK BpeMs Nepeaayd BO30YXIAECHUS, BpeMs peakluu U T.J.
3T0 K€ pacCTOSIHUE MEX/1y arperaTaMu Mpou3BOICTBEHHOTO KOMILJIEKCAa CPAaBHUTEIBHO €1a00
BIMSET Ha TEXHOJOTMYECKUE XAPAKTEPUCTUKH MPOM3BOACTBEHHOIO Ipolecca. B cioxHbIX
CHUCTEMax €BKJIHUJ0BO PAaCCTOSHME, KaK CPEICTBO ONHMCAHUS, OTCTYIAET HA 3aJHUHU IUIaH, TaK
KaK pelaroliee 3HaueH1e MpruoOpeTaeT My Th ¥ BpeMs paclpocTpaHeHus npouecca. Hanpumep,
pedparuppoBaHHbIE BOJIHBI OBICTpPEE MPOCTO MPOJOJIBHBIX BOJH B COOTBETCTBUHU C 3aKOHOM
@®epma. 3HauuTeNbHO A(PPEKTUBHEE HCIOJIB30BaTh (YHKIMOHAJIBHOE IPOCTPAHCTBO
C COOTBETCTBYIOLIUM YHUCJIOM M3MEPEHUN M aBTOHOMHOM METPUKOW. B CymHOCTH, Cl0KHas
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CHCTEMa M CKHUBET» B aBTOHOMHOM (PyHKIIMOHAJILHOM IpOCTpaHcTBe. Bce, uro mpouncxoaur
B CHCTEMeE, OIMCBIBAETCS B 3TOM IIPOCTpAHCTBE OoJiee MpocTo. BBenenue MeTpukn o3Havyaer
CO371aHHE MOJIENIM I'€OMETPUM CUCTEMBI, YEM OJIMKE 3Ta MOJENb K UCTUHHOM TeOMETpUU
CUCTEMBI, TEM MpOILIE MPEACTABICHUE CHCTEMBl. B 53TOM 1maHe, NO-BUAMMOMY,
NPUBJICKATEIbHYI0 MEPCHEKTHBY MPEACTABIsAeT Kiace IuQQepeHINaIbHbIX ypaBHECHHN
C IpOOHBIMM CTETEHSAMH, TOPOKICHHBIN Pa3BUTHEM TEOPUU (PPAKTAIIOB.

OnHu U Te Xe (U3NKO-XUMHUYECKUE MPOLECCH MPOTEKAIOT B PA3IMYHBIX CHCTEMAax
C PAa3IMYHON CKOPOCTBIO. [103TOMY MX €CTECTBEHHON MEPON BPEMEHH JOJDKHO CTaTh TEUECHUE
HEKOTOPOTr'0 ONPEACIIAIOIEr0 BHYTPEHHETO MPOLECCa, 3a4aCTy0 KBAHTOBAHHOE 10 PUTMaM
HaJICUCTEM, Hanpumep, ooparienus 3emian Bokpyr CosHna. CiloKHbIe CUCTEMbI MOTYT UMETh
JOKaJbHBIA ~ MacmTad BpeMEHH, OTIMYHBIA OT  aCTPOHOMHYECKOro  MacmiTada.
Jl1s pa3BUBAIOIIMXCS CHCTEM OH MOJKET OBbITh pa3HbIM Ha PA3JIMYHBIX CTAIUSAX SBOJIIOLIMOHHOTO
pasButus [20].

IMAPAJTIOKCAJIBHBIE CBOMCTBA 3BOJIIOIUHA CJAO0XKHBIX CHCTEM

B ocHoBe mapaaurmMbl yHMBEPCAJIBHOTO 3BOJIIOLMOHU3MA 3aJI0KEH IOCTYJIAT O TOM,
YTO OKPYKAKOUIUH HAaC MHUpP — 3TO CaMOOPraHU3YIOIIAsACS M CaMOPa3BUBAIOIIAACS CIIOKHAS
CyHepCcUCcTeMa,  COCTOAIlAs M3  HE  MEHee  CIOXHBIX  CaMOOPraHU3YyHOIINXCS
Y CaMOPa3BUBAIOIINXCS U B3aMMOCBSA3aHHBIX IT0JCUCTEM, UMEIOIIAS CJI0KHOE TOIIOJIOTMYECKOE
u (yHKIMOHANBHOE Hepapxuueckoe (pakranbHoe cTpoeHue. Habmiomaemblii  cerogHs
CJIOKHBIA MUP c(HOPMHUPOBAJICS B PE3YIIHTATE IBOIOIHHU U TPOJIOJIKAET PA3BUBATHCS IO My TH
YCIIO)KHEHHUA, co3/laBasi 3(PQeKT BIOKEHHOCTH 3BOJIONMN. BekTop pa3BuTHs HampaBjieH B
CTOpOHY ycinoxHeHus. [lapagurma riao0anbHOro 3BOIOLMOHU3MA BKIIIOYAET PEACTABIEHUE O
MI0O3HABAEMOCTH HAILIETO MHUPA, KOTOPBIM CYHIECTBYET HE3aBUCUMO OT YEJIOBEKa C OJHOU
CTOPOHBI, C APYrOM — OHA BCSI IPOHU3aHA €0 IPUCYTCTBUEM U KPEATUBHBIMU BO3MOKHOCTSMHM.

Ho nouemy Hai Mup Takoi CI0XHBIN U IOYEMY OH IIPOAOJDKAET yCIoXKHAThCS? Kakue
MEXaHU3Mbl BEAYT K YBEIMYECHHUIO CIOXKHOCTH? B Kakylo CTOpOHY JBUKET HAC HBOJIIOLIMS?
Haunewm co ciioBa «3Bosronus».

CrnoBo 3BOMNIOLMSA MMEET MHOTO 3HAu€HUM, OOBIYHO IOJ HUM MOHHUMAIOT IJIABHOE
pa3zBuTHe 0€3 KPU3MCOB M PEBONIIOLMHA. B TEOpHM CIIOXKHBIX CHCTEM TEPMHH «IBOJIIOLIMSD)
npruoOpeTaeT HOBBIE INIyOOKHE CMBICIBI, 3/1eCh OH O3HAYaeT Pa3BEpHYTYIO B MPOCTPAHCTBE
U BpPEMEHH, IIOCJIEI0BATEIbHOCTh YCIOKHEHUS TONOJOTMYeCKOW U  (PyHKIMOHAIBHON
OpraHu3aly CUCTEMBI U YJIY4ILIEHUs KayeCTB €€ BHYTPCHHMX M BHEIIHUX CBs3el. To ecTb
HBOJIIOLIMSI HEJIMHEHHa 1o ompeaeneHuto. OHa JOMyCKaeT ATambl Kak IIJIaBHOTO, TakK
Y PEBOJIIOLIMOHHOTO PAa3BUTHUSA, KPU3HCOB, OM(YpKaIMA U J1a)ke KOHBOJIOLHIO.

Takoe BO3MOKHO TOJIBKO IIPH YCJIIOBUM PEAM3ALNN MOHATHUS BIOXKEHHOCTH CTPYKTYD
U MX HBOJIIOLHN MOCTPYKTYpHO (puc.2).

AHanu3 ATOM CXEMBbl TIO3BOJISIET YBUIETh IMOCIEAOBATEIBHOCTh  BOJIIOLIMI
U CTaHOBJICHMs CTPYKTYp BceneHHOH, 4To OAZHOBpeMEHHO OTOOpa)kaeT CTpelly BpPEMEHH,
COITYTCTBYIOIIYIO ABOJIIOLIMY WM 3aJIaHHYIO 3BOJIOIMEN. 371eCh BIIEpBbIE aBTOPAMHU BbIJIENIEHA
IUTaHEeTapHast SBOJIIOLUS KakK caMmocTosTenbHast. [TonpoOHOoCTH 0 Hell anee Mo TeKCTy.

PETPOCIIEKTHUBA B3I'JIA10B HA YYEHHUE OB 3BOJIIOIINHN

HcTopust 3BOIIOLMOHHOTO YUeHHsI OEpET Hauano B aHTUYHBIX (PUIO0COPCKUX cUCTEMAX,
B CBOIO OUY€PE/lb, KOPEHWINCh B KOCMOTOHNYECKUX MU(pax. ToIuKkoM K MPU3HAHUIO BOJIOIMU
Hay4YHBIM CcOO0OIecTBOM cTaia myOnukamus B 1859 romy kuurm Yapnp3a JlapBuHa
«IIpoucxoxaenue  BUIOB ~ NyTEM  ecTecTBEHHoro  otbopa, wimm  CoxpaHeHHe
0J1aronpuATCTBYEMBIX IOPOJI B 00pbOE 3a KU3HbY, IO3BOJIUBIIEH MOJHOCTHIO IEPEOCMBICIUTh
UJICI0 DBOJIOIMH, MTOJIKPENUB €€ ONBITHBIMU JTaHHBIMH MHOT'OYHMCIICHHBIX HabmoaeHui. [To3xe
CHUHTE3 KJACCHUYECKOro JapBHHM3Ma C JOCTH)KEHUSMU TEHETHKH NpPUBET K CO3JaHHIO
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https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
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CHUHTETHUYECKOM Teopuu 3Bomonuu. OAHAKO BCerja Ha IMEPBOM MeECTe LUIO CTPEMJICHHE
HOHSATH, KaK BO3HHUKJIA J)KU3Hb U TOJBKO TOTOM BO3HHUKIIO CTPEMJIEHHE OCO3HATh 3aKOHBI €&
pa3Butus. Hioke Ha puc.5 mpezacraBieHbl 0000IIEHHBIE TMPUHIMITBI BOSHUKHOBEHUS KU3HU
U IIepexo/ia K e€ SBOIIOIHH.

DBOIIIOLIMOHHAS TEOPHs - yueHHe 00 OOLIMX 3aKOHOMEPHOCTSIX M JBHXKYIIMX CHIIAX
HCTOPHUYECKOTO Pa3BUTHUS KUBOU MPHUPOAHI (puc.5).

e < i e 3
; Hexomanie - Monexyumst 1 MOJIEKYJISPHBIE ~ Cospemennpie
X BelecTBa i CHCTeMBI ‘ : OPraHu3MbI
5 r o Il
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CHCTEeMbLdh,, \ ’ YesnoBex
r 4 ,
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Bl CHCTEMBE / YKuBoTHBI
Bonopoxn (T TIpoTo6HOHTEI
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() xS sdi=s
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YIIeKHCITBIN ra3 TomeyrieoTiib!
BenkoBononooHbIe MOMMephI
ObpasoBarie 3enJit XynpraecKas 9BOIONUA 3 . Buosorvueckas
SBOJIIOIHS

Puc.5 Cxema nepexooa xumuueckou 36o1oyuu Kk ouonocuveckou [29].

Ilenb OSBOMIOIMOHHOTO YYEeHHs] — BBISIBICHHE 3aKOHOMEPHOCTEH pa3BUTHUSA
OPTraHWYECKOTO MHUpa ISl TOCIEAYIOMIEr0 YINPaBICHUS ITHUM TMPOIECCOM. DBOJIIOIMOHHOE
y4eHHE pelraeT 3a7adyd TMO3HaHUS OOIIMX 3aKOHOMEPHOCTEH OSBONIONUH, MTPUYUH
¥ MEXaHHU3MOB TPe0oOpa30BaHUs KUBOTO Ha BCEX YPOBHSX €0 OPTaHU3AIMU: MOJICKYISIPHOM,
CyOKIJIETOUHOM, KJIETOYHOM, OpTaHHOM, OpraHU3MEHHOM, MOMYJISIITUOHHOM,
OuoreoneHOTUYECKOM, OuochepHoM. B wucropum pa3BUTHS TEOPUM D3BOJIOLUUU MOXKHO
BBIIETIUTH HECKOJIBKO 3TanoB (puc.6.):

1. nopapsunoBckuii nepuo (1o cepenunsl XIX B.): K. JIunneit, Jlamapk, Pynse u ap.;

2. napBuHOBCKUH nepuof (2-s monoBuHa XIX B. - 20-e rogsr XX B.): popmMupoBanue
JAPBUHU3MA ¥ OCHOBHBIX aHTHIAPBHHOBCKHUX HAIPABJICHUI SBOTIOIMOHHON MBICIIH;

3. kpm3uc kiaccuueckoro mapuHm3Ma (20-e - 30-e rompr XX B.), CBA3aHHBIN
C BO3HUKHOBEHUEM I'€HETHKH U IEPEX00M K MOMYJISITHOHHOMY MBIIIICHHIO;

4. hbopMupoBaHUe U pa3BUTHE CUHTETUYECKOU Teopru BomonnH (30 - 50 ronsr XX B.);

5. TIOMBITKY CO3/IaHUS COBPEMEHHOH Teopun sBorormH (60-¢ - 90-¢ roger XX B.).
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Cxema 3B0/TI01[HH N0 JTaMapKy

HameHeHHe cpeabl
HameneHue morpedHocTel

Bripadorka mlux NpHBLIYEK

Jeanne-Baptiste de Lamarck anaxmenue opranon BLOO’[‘BETCTBHH C HOBLIMH
{1744-1829) YC/IOBHAMH H P HBLMKaMK

Ycurenue yﬂpﬂ)l(ﬂ,JEMth H 0C/1a0/1eHHE

HEYNPAXKHACMBIX OPraHoB

Htpmaqa MmoToMKam CHCHHBIX MPH3HAKOB

¢ ™
3BOJIOLMOHHaA Teopusa CuHTeTUYeCKaa Teopus
HpisHakK Y. OapBuHa 3BonoLUN
Aewylme dhakTopel | ECTecTBeHHbIR oThop - EcTecTBeHHbIR 0THOP - CneacTene
cneacTeve Hopebel 3a Hopebbl 3@ CyWeCTBOBaHUE 1
CylleCcTBOBArve OCHOB&H Ha HaKONMEeHUW MENKMX

CMyYarHe MyTaUWA, B OTASNBHLIX
cnyJasx - Apeliche reHoe,
CYLECTBEHHEX XPOMOCOMHBIX
MYTALMS MW NOAMNNORANK

CMbICN TEPMUHA Berueanue Hawbonee MazbupatensHoe
"eCTeCTBEHHBLIA npucnocobnerHblx v rmbens BOCNPOW3IBOACTEO Pa3nuyHbIx
otbop" MeHee NPMCNoCcobneHHbIx reHoTunoe (oTbop CBOAUTCA K
ocobe oTEO0PY reHOTUNOB C HOPMOK

peaKumu, COOTBETCTEYIOLEH
YCNOBKMAM Cpeflbl 0BUTaHUA).

Popmel Jevoryuni (nonosoi kak ero | ABVOKYLIMIA, CTABWNMBUDYIOLLMA,
eCTeCTBeHHOro Da3HOBM,[l,HOCTb) AW3PYNTHBHBIW.
oTbopa
EanHuua sBonioLmm Bua Monynauua
daKTopbl 3B0OMIOLUMM | HACNeACTBeHHOCT, MyTaLmoHHas u KomBUHaTUBHAEA
M3amMeH4rBoCTe, bopeha 3a M3MEHYMBOCTE, NOMYNALMOHHEIE
CYLWEeCTBOBAHWE BOMHLI Apeict reHoB. Maonauwa
YCUNMBAET AEHCTBKE 3THX
chakTopoe

PeayneTat seontoumm | MNoBbiwerne npucnocabnMeaemocTi K YCNOBUAM Cpelkl,
NOBLIWEHWE YPOBHA OpraH1Iaumii yeenyeHue mHoroobpasua
OpPraHlamMoe.

o A

Puc. 6. Cxemvl 380aroyuu no JK.b.Jlamapky(ceepxy), no 4 Hapeuny (yenmp) u no
cunmemuyeckol meopuu (cnpaea) cnuzy [21,22].
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3apoxaeHue Uaeu pa3BUTHS JKMBOTO OTHOCUTCS K IEpUOIy pacusera (huiocodcekoit
Mbicau JIpeBHero Bocroka u peBueii ['penun.

Ko Bropoii nonoBune XIX Beka OblT HAKOIUIEH OIPOMHBIA (PaKTHUECKUI MaTepHai
no OoTaHuke, 300J0THH, aHATOMUU. [losBNsOTCA HAen 00 M3MEHSEMOCTH BHUJOB, KOTOPHIE
HNOJKPEIUISUICh OYPHBIM Pa3BUTHEM CEILCKOTO XO3SHCTBA, BBIBEJICHHUEM HOBBIX IOPOJ
u copToB. bonbmioit Bkinan B pazButue 6uosnoruu BHEC K. JInHHEH, IPEIOKUBIINN CHUCTEMY
KJaccu(UKAUU JKUBOTHBIX M PACTECHHH NMPH TOMOIIM COMOAYMHEHHBIX TaKCOHOMHYECKUX
rpyni. OH BBEN OMHApHYI0 HOMEHKJIATYpy (ABoiHOE Ha3zBaHue Buia). B 1808 roxy B pabote
“@unocodus 3oonorun” K.b. Jlamapk cTaBUT BOIpPOC O MPHUYMHAX M MeEXaHH3Max
SBOJIIOIIMOHHBIX MPeo0pa30BaHUi, H3JIaraeT IMEpPBYI0 IO BPEMEHH TEOPHUIO HBOJIIOLHUU.
OBoitonMoHHas Teopus Jlamapka, co3gaHHME KIETOYHOM TEOpUH, JAHHBIE CPaBHUTEIIBHOMN
AQHATOMHUU, CUCTEMATUKH, MaJCOHTOJOTUU U 3MOPHOJIOTUN MOArOTOBHIN 0a3y JUIsl CO3aHUS
ydeHHus: 00 SBOJIIOLUH OPraHUYEeCKOr0 MHUpa. Takoe ydeHue, SBIAIOIEecs KPyMHEHITHNM
00o6mennem ecrectBo3Hanus XIX Beka, Owbwto cozmano Y. Jlapsunom (1809-1882r.).
Y. Hapsun B 1859 roay onmyOnukoBas cBoil ocHOBHOM Tpyn “IIponcxoxieHue BUAOB IMyTEM
€CTeCTBEHHOTO O0TOOpa”, B KOTOPOM Ha OrpOMHOM (DaKTHUYECKOM MaTepualie MoKa3aj
3aKOHOMEPHOCTH  3BOJIIOLMM  OPraHU3MOB, JKMBOTHOI'O  IIPOMCXOXKJEHHUS  4YEJIOBEKa.
[lepBpIM MO3HAKOMMI CTYJIEHTOB C cojaepkaHueM ydenus JlapBuHa mpodeccop
[TerepOyprckoro ynusepcurera C.C.Kyropra (nexuus B 1860 roxy).

XUMUYECKYl0, OHOJOTHYECKYI0, COLMAIbHYI0 U HIKOHOMHUYECKYIO SBOJIOIHUIO
MCCJIEIOBAJIM MHOTHE YUEHBIE C pa3HbIX CTOPOH. K IIEepBbIM 3BOTIOIIMOHUCTAM MOXKHO OTHECTH
A. Cwmura, KOTOpBIH 4YeTKO CHOPMYIHpPOBAI 3aKOHBI PHIHOYHOM KAMHTATUCTHUYECKON
SBOJIIOIIMH ¥ OTBETHJI Ha BOIIPOC, Ky/Ia OHa BEJIET — K 001ecTBeHHOMY Tiporpeccy; Y. lapsuna,
KOTOPBI ~ OTKPBUI ~ MEXaHM3MBl  OHMOJIOTMYECKOH OJBONIOIMM M TaKXKe I0Kasad,
YTO €CTECTBEHHBII 0TOOD BeneT K Oosee Bricokoit opranu3anuu; K. Mapkca, pa3padorasiiero
TEOPHIO CMEHBI COIMATbHO-DKOHOMHUYECKMX (OpPMALMi ¥ MHUCABIIETO O Pa3BUTHH
MPOU3BOJUTENBHBIX CHJI W TPOU3BOJACTBEHHBIX oTHomeHui; A.Il. Pyaenko, paspaboran
TEOPUIO HBOJIIOLMOHHOIO KaTalli3a, Ha3blBAEMYI0 MM TaKXe TEOpUed IpOrpecCuBHON
XUMHUYECKOH 9BOJIONUU. MHOrMe OTMedaad HepaBHOMEPHOCTh TIpoIlecca ABOJIOLUU,
HUKIUYECKUIM XapakTep, CIy4yallHOCTh M HENpEeACKa3yeMOCTh U B TO K€ BpeMs OTMeYalu
o0mue 3aKkoHOMepHOCTH. Bo MHOrMX paboTax MpOBOJMIOCH CPAaBHEHHE MEXaHH3MOB U YepT
OMOJOTrNYECKON U COLMAIIbHO-DKOHOMUYECKON 3BOIOIUHN, OTMEYAIIUCh [NTyOMHHBIE CXOCTBA
u pazmuuus. Tak B paborax Koporaea, Mapkoro, ['puHIHa cpaBHUBAIOTCS OMOIOTHYECKas
U COIMaJibHas MAaKpOABOJIOLUMU WU IO aHAJOTUM C OMOJOTMYECKUM TEPMHUHOM BBOJUTCS
MOHITHE apomopgo3za TO OTHOLIEHUIO K Ba)KHBIM COLMAIbHBIM H3MEHEHHSM, BEIYIIUM
K 3BOJIIOLIMOHHOMY Iporpeccy oOuiectBa. HeKoTOpsIMU yUEHBIMU MPOBOJIMIOCH CPAaBHEHUE
PBIHOYHOM KaIUTATUCTUYECKON SKOHOMHKH M €CTECTBEHHOT0 0TO0pa B pupoae. OTMeyanocs,
yto JlapBUH 3aMMCTBOBaN HaeH Y SKOHOMUCTOB T. Manbryca u A. CMHUTa U BBIBEJ TEOPHIO
IPOMCXOXKACHUS BUIOB U3 KOHKYPEHIIMH U OOpbOBI 32 CYIIECTBOBAHUE.

Jlpyrue uccienoBaid IUKIbl Pa3BUTHUS Pa3HBIX CUCTEM, UX MPHUPOAY, MEXAHU3MBI,
JTamnsl, 3aKkoOHOMepHOCTH. B mkone KyparomoBa naes I'erenst 0 HEpaBHO3HAYHOCTH LIUKIIOB
Y pa3BUTHS MO CIUPAJIH, JIETJIa HA MPOYHYI0 OCHOBY — MaTeMaTUUYECKYI0 MOJEINb HBOJIIOLINH,
ONMCHIBAIOLIYI0 COKPAILAIOLIYIOCS IOCIEI0BAaTENIbHOCTh LIMKJIOB BOKPYT  PacTYIIETO
BO B3PBIBHOM PEXUME OCHOBHOTO TPEH/IA.

K HacTos1ieMy BpeMEHHN HaKOIIJIEH OTPOMHBIN MaTepHall 110 UCCIIEJOBAHUIO TUHAMUKU
CIIOKHBIX CHCTEM, M3yYEHHUIO OOLIMX 3aKOHOMEPHOCTEW W OTHENbHBIX XapaKTEPUCTHK,
BBISIBJICHHIO CXOZCTB M paznuuuii. O600mias ero, oroupas cample BaxkHbIe (DAKThI, ONUPASCH
Ha CBOM OTIBIT UCCJIEIOBAHUS CIIOKHBIX CUCTEM, MBI BBIIETHIIN CJIEIYIOIINE OCHOBHBIE 3aKOHBI
HBOJIIOIMH, KOTOPBIE, KAK OTMEUYAJIOCh BBIIIE, B OTIMYUE OT 3aKOHOB (DM3HMKH, HAJ0 IOHUMATh
KaK MPUHIUIBI WIK HanboJjee XapaKTepHble TEHACHIIUH.

19
CJIOKHBIE CUCTEMBI Ne 1 (46), 2023



Beeoenue 6 cucmemnoe Mupoeoispernue

KorepeHTHOCTH MJIM COTIACOBAHHOCTBL. JTO CBOMCTBO HAIJIIJHO JEMOHCTPUPYETCA
Ha IpUMepe C UBIILIIATaMU. BeICH)KeHHBIE KypUIIeH )KUBYYe HHKYOAaTOPCKHX, HOO MEepBBIM ObL1a
nepeJaHa pUTMUKA KypUIbl, CBA3YIOIAs U FapMOHU3UPYIOLIAs JESTEIbHOCTh BCEX OPraHOB
[BITJICHKA.

OcHOBHbBIE IPUHIUIIBI IBOJIIONHH:

1) BCA CTPYKTypHas U (yHKIMOHAJIbHAs CIOKHOCTh BO3HHKAeT B Ipoliecce
ABOJIIOIMU B pe3yJIbTaTe MPOLECCOB KOHKYPEHIIMU U aJanTalluy K U3MEHUBIIMMCS BHEIIHUM
YCIIOBUSIM;

2) SBOJIIOIMSA MJET Ha TpaHUlIE TMOpsAKa U Xaoca, HPEEeMCTBEHHOCTH
¥ U3MEHYMBOCTH, 3aKOHOMEPHOCTHU U CITy4alHOCTH;

3) MakpoO3BOJIOIMS  HAET B  CAMOYCKODSIIOLIEMCS  PEXHUME,  pEXHUME

¢ oboctpenueM. Pexxum ¢ oGocTpeHHEM OIUCHIBAeT OCHOBHOW TpeHa. Huxke, Ha pucyHke
sBomonnu brocdepsl — 3TO cTeneHHas 3aBHCHUMOCTbD, MMOJYYCHHAsT METOJOM HAMMEHbBIINX
CpEIHEKBaIPATUYHBIX OTKIOHEHHH.

4) IPOIIECC SBOJIIOLUU UIET AUCKPETHO, CKaYKaMHM, IIMKJIAMH U BKJIIOYAET B ce0s
nepuoJibl OypHOTO pa3BUTHs U IEPUOIbI CMajla, KPU3HUCA,
5) rno0anbHbIE IUKJIBI  HMMEIOT HMHHOBAIIMOHHYIO TPHPOIY, 3aIyCKalOTCs

MHHOBalLMAMHU. Ha oyepelHOM BHUTKE 3BOJIIOLUHU IOSBIAIOTCS HOBBIE JIMAEPHI DBOJIOLNH,
HOBBIE 00JIee CII0KHBIE OPraHN3alMOHHBIC ¥ (PYHKIIMOHAIBHBIE CTPYKTYPHI;

6) SBOJIIOIMS BUOB, MOMYJISIUN TPOUCXOAUT 110 BOCXOASILEH CIIUPAU, IIUKIIBI —
9TO BUTKHU CIIUPAIH;

7) MOCIIEAOBATEIbHOCTh I[HMKJIOB COKpAIIaeTCs MO 3aKOHY TIeOMETPUYECKOU
MIPOTPECCUU U UMEET TOUKY CTYIICHUS,

8) B TMPOIECCE DBOJIIOIMU BO3pAaCTaeT IPOCTPAHCTBEHHAs HEOJHOPOIHOCTD,
YCUJIMBAIOTCSI MIPOIECCHI KOHIIEHTPALIHNH;

9) B XO0A€¢ TJOOAJIbHOW SBOJIONHMHM HAOIIOMAOTCS IPOIECCHl  PACCIOCHMS,

OTCTaBaHMA U TIOCTETIEHHOTO BBIMIAJACHUS U3 Pa3BUTHUSI HANOOJIEE OTCTANIBIX CTPYKTYP;

10)  roGanbHBIC 3TAIBI 3BOIIOIKMU BCelleHHOMN MPeACTaBICHbI dTallaMu;

11)  OombLIKe ITAIbI BOJIOLIMH 3aKAHUYMBAIOTCS KPUTHYSCKUMU TOYKAMH — TOYKAMH
CHHTYJISIPHOCTH, TIPOW/IS Yepe3 KOTOPhIe CUCTEMa BCTYIIAET B KAYECTBEHHO HOBYIO (a3y;

12)  Bcs crpykTypHas W (YHKIHMOHAIIbHAs CJIOXKHOCTh BO3HHKAKOT B IIPOIECCE
ABOJIIOIMH B Pe3yJIbTaTe MPOIECCOB KOHKYPEHIIMH U aaNTallid K W3MEHUBIIMMCS BHEIITHUM
YCIIOBHSM, T.€. 31€Ch YK€ MOKHO F'OBOPUTH O CyKleccuu (puc.7);

O6LMe 3aKOHOMEPHOCTU Pa3BUTUS CYKLIECCUM

1. WsmeHeHMe cocTaBa MXMBOTHbIX U
pacTeHuis;

2. MNoebiweHne Bugosoro pasHoobpasue
OpraHusmos;

3. YMeHblaeTca Konm4ectso cBoboaHbIX
3KONOMMYECKUX HULL;

4. YBenuyeHve pasmepoB OPraHWM3Mos
no xoAy CyKueccuu;

5. MMepexos OT AMHENMHbIX NUWEBbIX
uenei B CIOXHbIE NULLEBbIE CEeTH;

6. Buonoruyeckune KpPYrosopoTbl
YAMHSAIOTCA U YCNOXHAIOTCA, OPraHM3mbl

cTaHoBATCA BCE 6onee 3KONOrM4eCcKM P33H006pa3me " .
cneumanmMsmpoBsaHHbIMU; npoAYyKUUA Buomacca
7 MosbiwaeTca 6uonorunyeckas
NPOAYKTUBHOCTb 6MoueHo3a. \
Puc.7. Cxema pazeumus
BHoMA cykyeccuu [23].
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13) sBomto1Ms ST Ha TPAHUIIE OPSIIKA U Xa0ca, TPEEMCTBEHHOCTH U M3MEHYMBOCTH,
3aKOHOMEPHOCTH ¥ CIIYy4allHOCTH;

14) MakpO3BOIIIOLIUS HIIET B CAMOYCKOPSIOIIEMCSI PEXKUME — PEIKUME C 000CTPEHHEM,
PEKUM ¢ 000CTPEHUEM ONTUCHIBACT OCHOBHOW TPEH]I;

15) mporiecc 3BOJIONMKM HIACT TUCKPETHO, CKAYKaMHU, IIUKJIAMU U BKJIIOYACT B ceOsl
NepUOJIbI OYPHOTO Pa3BUTHS U IEPUOIBI CIIaJla, KPU3HUCA,

16) mocienoBaTEIbHOCTh LHUKJIOB COKpAIACTCS IO 3aKOHY T'€OMETPHYECKOM
NPOTPECCUU M UMEET TOUYKY CTYIICHUS;

17) B mpolecce OHBOJIONMU BO3pACTaeT NPOCTPAHCTBEHHAs HEOIHOPOJHOCTD,
YCHIIMBAIOTCS MIPOIECCHI KOHIICHTPAIINY;

18) B x01€ r1100aIBHOI 3BOIIOIUH HAOIIOAAIOTCS MIPOLIECCH PACCIOCHUS, OTCTABAHUS
U TIOCTETICHHOTO BBINIAJICHUS U3 PA3BUTHUSI HAN0O0JIEE OTCTAIBIX CTPYKTYP.

PETPOCIHEKTUBA CTAHOBJIEHUSI IOHUMAHUS CUCTEMHOCTH
MHUPA BO BCEJIEHHOM

B 1980 r. Anan I'yt, nmpodeccop MaccadyceTckoro yHUBEpCHTETa, MPEIIOKUIT MOJIEITh
pasnyBaromelics (uHIsAMOHHOI) Bceenennoit. Ha pannem srtame sBomonuu Bcenennoit
IPaBUTAIMOHHOE CHIIBHOE, cl1ab0e M 3JIEKTPOMAarHUTHOE B3aUMOJICHCTBUS MPHU YPE3BBIYAHO
BBICOKHX SHEPrUsX U TEMIEpaTypax MOKHO paccMaTpuBaTh Kak eAuHyko cuiny. Camo Havano
Ha3bIBaloT 310xoil Beero Cyiiero, a cocTosHUE - CHUHTYJIIPHOCTBIO. Paninyc CUHTYIIsIpHOTO
obpazosanns jgocturan 100 cm., E~10% 9B., T~10%, p~10% r/cM® , a camo oGpazopanue
007aano BeIcOYaiiliel CTENeHbI0 CAMMETPUN U MHOXKECTBOM CBOOOI.

Bce BplenepedncieHHblE BUABI SBOJIIOLMM "ABISAIOTCS PeE3yJbTaTOM Ipoliecca
CaMOOpraHu3allid MaTepUH, UMEIOT TeHETHYECKYI0 M CTPYKTYpHYIO IPEeMCTBEHHOCTh
Y TIOYMHSIOTCSI €IUHBIM 3aKkoHaM pa3BuTus" [12,13]. "BekTop pa3BUTHs HAIIPABICH B CTOPOHY
YCIIO)KHEHHS, HO HayMHATbCI OHM MOTYT C O00pa3oBaHUA MPOCTEHIINX, HO
MHOTOKOMITOHEHTHBIX cucteM" (puc. 2). Tak, Harpumep, KOCHas MaTepus craja popMupoBaTh
TUTaHTCKHE MOJIEKYJIIpHbIE 00Jlaka, CIOCOOHBIE KBAHTOBATHCS HA 0O0JIee MEJIKHE KOMIUIEKCHI.
buocdepa Hayana pa3BUBaThCA 110 IPUHLUITY YCIOKHEHHS TOJIBKO MOCIE POXOKICHUS IBYX
MHOT'03JIEMEHTHBIX ITyTEW Pa3BUTHUSA, KOTAA POCIO KOJIMYECTBO JIEMEHTOB, HO HE MEHSIIOCHh UX
KauecTBO. JTO, corjlacHo akaaemMuky ['.A.3aBap3uHy, MPOKapUOTHI (TOCIOACTBO Ha 3emiie
IPOCTEUIINX O€3bsIEPHBIX OPraHU3MOB — 3,8 MJIp/. JIET Ha3aja) U MPOTUCTUH (IpocTelIne
OJNHOsANIepHBIE opranu3Mbl — 1-1,5 mupa. nmetr Hazanm). MHOXECTBEHHOCTh OJIMHAKOBBIX
AJIEMEHTOB CIOCOOCTBYET BO3HMKHOBEHHIO B CHCTEME HENPEPBIBHBIX KOJIEOAHUN U CO3JaeT,
cormacHo wuccienoBaHusiM  A.TTOTKOBHHMKOBA, TOCTOSIHHYK — HepaBHOBeCHOCTH  [15].
[Tpu onpeaeneHHOM HaKOIJIEHUH BO3HUKAET HEPAaBHOBECHOCTh U uIleTcs 6os1ee 3¢ (HheKTUBHBIN
yTh Yepe3 Nepexo]l K HeMMHEHHOM (Jalie K CTeneHHol ) camoopranuzauuu. B buocdepe - ato
IepexXo]l K OBKApPUOTHOM »HBOMIOLMU. B KkocMoce — 93TO KBaHTOBAaHME T'MT'AHTCKHUX
MOJIEKYJISIPHBIX OOJIaKOB Ha YacTH € MOCIEAYIOLIeH caMOOpraHu3alMeld Mo CII0XHOCTH,
HaIpUMep, INIAHETAPHBIE CUCTEMBI, IBOMHBIE 3BE3/Ibl, CKOIUICHNUS 3BE3, TAJIAKTUKH U T.J.

SnepHas sBosOLIMS TIpUBEa K 00pa30BaHMIO BCEX 3JIEMEHTOB TaOIuIbl MeHeneesa,
B pPe3yJbTaTe XUMHUECKOM SBOJIIOLUHU ObLTH CUHTE3UPOBAHBI IPOCTHIE U CIIOKHBIE MOJICKYJIBI.
XuMHYeckasi HBOJIIOLNS 3aBepIlnIach 00pa30BaHUEM CIIOKHBIX OPraHUYE€CKUX BEIIECTB TUIIA
[JIMIHA U J1ajiee aMUHOKHUCIIOT, KOTOPBIE Jalli cTapT OMOJIOTHYECKOM 9BOIIOLMHU Ha 3eMIle.

buonoruueckas 3BosoLKs Hadajgach ¢ MPOCTEUIIUX KUBBIX O€3bANEPHBIX KIETOK —
IPOKApUOT, a 3aKoHuYWiIach mosABiIeHHMEeM Yenoeka PasymHOro — cioxHeWIero
OMOJIOTMYECKOTO BHJIA C Pa3BUTHIM MHTEIIJIEKTOM, CIIOCOOHBIM K TIO3HAaHMUIO BcenenHoi. 9xo
TaKUX CUTYAILMH JO CUX MOP BO3HUKAIOT B BUJIE BUPYCHBIX MMAH/IEMUM, KaK OTBITKA K BO3BPATY
TOCTIOJICTBAa TPOCTEUININX, HO MHOTOUYMCIEHHBIX B buocdepe Buaos. UemoBedecTBO cTajo
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CO3/1aBaTh CBOIO COOCTBEHHYIO aHTPOIOTCHHYIO Cpey HE3aBHCHMYIO OT IPUPObI, Hauanach
COLIMAJIbHO-9KOHOMHUECKAs! HBOJIIOLMS 00ILECTBa, KOTOpast poojpkaeTcs U ceiyac”. CeronHs
MBI CTOMM Ha TOpOre HOBOIO BUTKA DJBOJIIOIMHU, KOTOPBIA OIpenenseT OOJMK HAaIlero
o01iecTBa, B KOTOPOM HAy4YHO-TEXHUYECKHH IPOrpecc MpuBel K MOLIHOMY Pa3BUTHIO HAHO,
610, nH(}O U KOTHUTUBHBIX TEXHOJIOTHUH, K IOCTUKEHUSM T€HHON HHXKECHEPHH.

"[lapagurmMa  yHUBEPCAIBHOIO  DJBOJIOLMOHM3MA  BKIIIOYAET  INPEACTABICHUE
0 II03HAaBAaEMOCTH HALIET0 MUpPa, KOTOPBIN CYIIECTBYET HE3aBUCUMO OT YEJIOBEKA, HO OTPaXKaeT
€ro IPHUCYTCTBHE B MHUPE M KPEaTUBHBIE BO3MOXKHOCTH €ro CO3HaHUSA. Mup no3HaBaew,
IIOCKOJIBKY YEJIOBEK CaM SIBJIIETCS 3BOJIIOLUOHHBIM MPOAYKTOM 3Toro mupa. CyliecTByer
(yHIaMEHTaJIbHOE CPOJACTBO YEIOBEKa M MHpa, 4ro Obuio moamedeHo emie M.B.I'€re:
«IIpupona npuHaIEKHUT cama cede, CyIEeCTBO — CYHIECTBY. YeIOBEK MPUHAUICKUT IPUPO/IE,
a oHa — yenoBeky» [12]. Ho eciu cornacutbcest ¢ ['€re, TO Mbl OKa)KeMCs IAJICKH OT OHHUMaHUS
OpUYMH pAda SBICHUN, TAaKUX KaK KBAaHTOBAHUS THUTAHTCKUX MOJIEKYJISAPHBIX OOJIaKOB
Ha KOMIIAKTHBIE YaCTH, KyMyJSIIMA BUPYCOB i NAHAEMHUH, T.€. OT IIOHUMaHUS
HEOOXOMMOCTH KyMYJIALIMM TPOCTEHIINX CHUCTEM Ui MOCIEAYIOMmEro (opMHUPOBAHUS
CJIO’KHOT0, KOO MOXHO IMPEIIOI0KHUTh, YTO MPUPOJIA OMACAETCS CIIOKHOTO KaK MOTUJIbIIUKA
BCEr0 OCTaJIbHOTO.

Cuenapuii  camoopranuzauuu  BcenenHoil. @usuka  3JEMEHTAapHBIX  YacCTHI]
B Ka4eCTBE IPOCTEHMILNX CHUCTEM — YaCTHIl pacCMaTpUBAaeT KBapKHU U JENTOHbL. B mpupone
cyuiectByeT 12 sneMeHTapHbIX (EpMHOHOB. DTO LIECTh KBapKOB, KOTOPbIE, O0BEIUHSSICH
B mapbl (ME30HBI) U TPOUKHU (OapUOHBI), 0OPA3yIOT BCE YACTHIIbI, YYACTBYIOIIUE B CHIIBHBIX
(1epHBIX) B3aMMOJAEUCTBHAX; U 6 JIENTOHOB (3JIEKTPOH, 3JEKTPOHHOE HEHTPUHO, MIOOH,
MIOOHHO€ HEHTPUHO, Tay-HEUTPUHO U Tay-JIENTOH), KOTOPbIE YYaCTBYIOT B CJIa0BIX SIIEPHBIX
B3aMMOJICHCTBUAX (pacnaaax) u o0yagaroT JENTOHHBIM 3apsaaoM. CyMMa JIENTOHHBIX 3aps0B
IIPU BCEX MPEBPAILEHUAX OCTAETCS HEU3MEHHOM, IOTOMY UTO Ha HEE€ paclpOCTPaHAETCs 3aKOH
COXpaHEHMsl JIENTOHHOIO 3apsja. OJeMeHTapHble (epMHOHBI CBS3aHBI JPYT C JAPYroM
DJICMEHTApPHBIMU 0O30HAMHU: KBapKu — TIooHamu, JentoHsl — W- 0o3oHamu. Bcee
JJIEMEHTApHbIE YacTUIbl CBsI3aHbl (POTOHAMM A  y4acTHsl B 3JIEKTPOMAarHUTHOM
B3aMMOJEHCTBUM. ['TIIOOHBI YIEp)KUBAIOT KBApKU BMecTe, oOpa3yst cTpyHbl. llpu paspbise
CTPYHBI POXKJAETCS Napa KBapK — aHTUKBAapK, KOTOpas MOPOKIAAeT HOBYIO cTpyHy. [loaTomy
CBOMCTBOM KBAHTOBBIX IOJIEH SIBJISETCS] HATMYHUE HE TOJIbKO YACTHL], HO M aHTUYACTHULL.

Cnenyer momuepKHyTb, YTO KBApKH MOTYT CYIIECTBOBAaTb CAMOCTOATEIBHO JIMIIb
B OKCTPEMAJIbHBIX YCIOBHIX (KBapK-TIFOOHHBIN Xa0C paHHel BceneHHoil), a B MEHee JKeCTKUX
YCIOBHUSAX OHHM CTPEMSTCS K Pa3IUYHbIM OOBEJUHEHHUSAM, MO3TOMY HE TOJIBKO IPOTOHBI
U HEUTPOHBI, HO MU BCE AaIpOHBI COCTOAT M3 KBapkoB. (Co3maeTcs BIIEYATIEHUE,
YTO U1 MPOCTEHIINX CUCTEM THIIA KBAPKOB CAMOCTOSTENIBHOCTh HE BBIMOJHA. IMEHHO C 3THUX
YacTHUI M HAUYMHAETCS CTPOMTEIBCTBO OOJiee CIOXKHOrO MUpa. B To ke Bpewms, JIENTOHBI,
KOTOpBIE TOXXE MOXHO CYMTATh MPOCTEUIIMMH CHCTEMaMHu, He TpeOYyIOT 3KCTpEeMalbHBIX
YCJIOBHH M TIO3TOMY MOTYT CYIIECTBOBAThH CAaMOCTOSTEIBbHO [24].

OO1enpuHATHIN cCLieHapUi pOXKJIeHUS U pa3BUTHs BeeneHHol B epBOM NpUOIMKEHUN
COCTOUT B clenyomeM. B camom Hauane poxaeHus BeeneHHol (IIJTaHKOBCKOE COCTOSIHUE)
U3-3a CBEpPXBBICOKMX TEMIlepaTyp M JaBJIE€HUN CyLIecTBOBaja HeKas XaoTH4ecKas
U (Qaykryupyromas oT W30bITKa SHEPruu KBapK - JIENTOHHas cMech. ['pybo roBops, cMmech
U3 MEPBUYHBIX MPOCTEUIINX U HE JAEIMMBIX JIEMEHTOB (cucTteM), XoTs cama Beenennas Obl1a
B KpaiiHe BO30Y>KIEHHOM H, CJeI0BaTelIbHO, HEPAaBHOBECHOM cocTosiHMM (puc.3). B stom
cocrossHuu Bcenennas oGmagana makcuMymoM uMcia cumMmerpuit. OpaHa u3 daykTyanuit
CBEpX?IHEPIruM nepenuia B cocrostuue bonsioro B3peisa.

[TocnenoBano pasBepThIBaHUE IIpoliecca pacUIMpeHus BceneHHOH, 4YTo IpHUBENo
K CHIDKEHHIO TEMIEpaTypbl M [JaBJIECHMs, KOTOpPOE MPOJOJDKAETCS JO CHX IIOp
U, COOTBETCTBEHHO, K BO3HHMKHOBEHHUIO pa3JIMYHBbIX (a30BBIX MepexoioB. B HadampHOM
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COCTOSTHUM (CHHTYJSIpHOM) BcelleHHass HaXOAWJIach B XaOTHYECKOM COCTOSHUH H IOITOMY
o0J1aama MaKCUMyMOM CBOOOT M1 CUMMETpHi (puc.8.).

pressure heat quark-gluon
plasma

& L
‘

Puc. 8. Cxema 803HUKHOBEHUsL KBAPK-2IIOOHHOU NIAZMbL UIU UCXOOHOE COCMOSIHUE
Bcenennou [25].

[Tpu mocTmkeHUM NEpBOrO KPUTHUECKOTO YPOBHS B pe3ynbTare (pa3oBoro mepexona
MPOU30ILIO OTACJIICHUE TpPaBUTALMM — I[E€pBOE HapyulieHue cummeTpuu. [paBuranus
IIPEBPATUIIACH B CUCTEMOOOPA3YIOLIYIO CUITY.

Mput=10%¢, E > 10 58 u T = 10°K cpa3sy nocie Hauana hazsl HHOIAINE BO3HHKIIO
BTOpOE HapylleHHe I00aabHOW CUMMETPUU IyTeM OTEJICHHsI CHIIBHOTO B3aUMOJEHCTBUS,
00J1a/1al01[er0 CBOMM CHEKTPOM CTPYKTYPUpPOBAHMSI 3a CYET TJIOOHOB - IEPEHOCUHKOB
CUJIBHOTO B3aUMOJICHCTBUS. [ TIOOHBI COBMECTHO C KBapKamH Haudajiul 0Opa30oBbIBATh KBapK-
IFOOHHYIO TUTa3My Ha CMEHY KBapk-lenToHHOW ¢a3el. B I[EPHe B 1999 romy Obum
MPOBEJCHBl KCIEPUMEHThl C MOHHBIMH IyYKaMU, SHEPrus KOTOPHIX Obula HauOobIIeH
M0JIy4aeMOM J0 CHX IOp B COBPEMEHHBIX ycKOpuTeNsiX. [Ipu CTOJIKHOBEHMH YacTHI] TaKUX
BBICOKHMX JHEPruil C HEMOJBM)KHOW MHUIIEHBIO MPOUCXOJUT COCPENOTOYEHHUE OTPOMHOIO
KOJIMYECTBA HPHEPIHU B CTOJb MajOM OOBEME BEIIECTBA, YTO BO3HHKAECT KBAPK-TIIFOOHHAS
nnaszma [26]. CornacHo MHEHHIO GONBIIMHCTBA MccieaoBaTenei, Takue suepruu (T = 1012 =
10% K) coorserctBytor mepuoxy 10° ¢ mocne Bonbmoro B3psiBa. J{ysi monydeHHs KBapK-
TJIFOOHHOM T1a3Mbl OBLITN UCIIOJIB30BAHbI TSXKEJbIE HOHBI CBUHIIA, HOHBI 30J10TA, T.K. OHU MOTYT
CO3/1aTh MPU BBICOKUX CKOPOCTSIX Pa3roHa MOPa3UTEIbHO BBICOKYIO dHepruto B 35 I'9B. KBapku
OOBIYHO BXOJSAT B COCTaB aJ[pOHOB, UCHBITHIBAIOIINX CUIBHOE SIIEPHOE B3aMMOJEHCTBHE, HO
IIPU CTOJIb BBICOKUX DHEPrUsSX OHM HAYMHAIOT CYIIECTBOBATh CAMU IO cede, He MpUHaAIexa
KOHKPETHBIM aJJpOHaM, a T.K. [JIFOOHBI ABJISIFOTCS IEPEHOCUUKAMU CUIIBHOTO B3aMMOJIEUCTBHUS,
oOpa3yeTcss CMECh YacTHI] - KBapK-TJIOOHHas Imia3zMma. [[ns oOpa3oBaHUs IJIa3Mbl TSXKENbIE
anpa Pb u Au nomxkssl crankuBatbes npu E >> 2 3B ynbTpa-pensiTUBUCTCKUE SHEPTUH, T.K.
CKOPOCTH sijiep MpHOIMKAIOTCA K CKOPOCTH CBETA.

[Mpu KUHETHYECKUX SHEPrUsX Gosiee 270 MoB MOTYT POKIATHCS MAphl TMOHOB TT° U 7.
Jns Takux yIbTpapelaTUBUCTCKUX COYAApEeHHUH paccMaTpUBAeTCsl CTOJIKHOBEHHUE aJpPOHOB
KaK BO30Yy’)KJIEHHE MAaCCUBHBIX «CTpyH». CTpyHa «pBEeTCS» U INpeBpallaeTcsl B Mapy KBapK-
anTuKBapK. [lapsl kBapkoB OOBEAMHSIIOTCS B aHIPOHBI (MUOHOBBIE CTPYHBI). [Ipu GonbiIoM
KOJIMYECTBE CTPYH CHCTEMA MEPEXOINUT B KBAPK-TIIFOOHHYIO IJIa3My, a U3 Hee P OXJIaKICHUU
B mporiecce (a3oBoro nepexojaa KOHACHCUPYIOTCS aapoHs [24, 26].

Ananu3 ypaBHeHUs cocTosHUS sjepHod Marepun (X. ['yrbopa, X. Itokep)
MOKA3bIBAET, YTO OJHOBPEMEHHO, HO MpH pa3HbIX P, T ycrnoBusix, cymecTByeT HeCKoIbKo (as:
HOpManbHas (a3a, Korja siiepHasi MaTepusi aHATOTUYHA KUIKOCTH. [Ipu O0NbIINX 3HAUCHUSIX
P umu T - anpa «BckumaroT» u 00pa3yroT ¢aszy aapoHHoro raza. [Ipu ouens Gonpmux P,
HO HU3KHX T - siipa MOTYT 3aMep3aTh, 00pa3ys KoHaeHcaTsl. [Ipu ouenb Oonbmux P wmn T -
obpasyercs Tuta3MeHHas asza, COCTOAIIas M3 CBOOOJHBIX KBAPKOB U TJIFOOHOB, WIIH
00pa3yroTCcsl «CTpaHHBIE KAy, COCTOAIINE U3 «CTPAHHBIX» KBAPKOB U METaCTaOUIBHBIX
00bexToB. CHIIbHOE B3aUMOJIEHCTBUE CYIIECTBYET TOJIbKO BHYTPHU SJIEP U CBSI3bIBACT KBAPKH B
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Beeoenue 6 cucmemnoe Mupoeoispernue

a/IpPOHBI, TPOTOHBI K HEUTPOHBI, @ OCTATOYHOE CUIIbHOE B3aUMO/ICHCTBHE OOBEANHSACT IPOTOHBI
Y HEUTPOHBI B AApA.

Ipu T = 102 K u E = 10! 5B (3xcnepuments! B I]EPHe) 3apukcupoBaHO MOSBICHHE
0030HOB - MEPEHOCYUKOB CIA0bIX B3aUMOJICHCTBUHN, OJJHAKO MPH 3TUX YCIOBUAX MPOIIECC elle
HE HOCHT MaccoBoro xapakrtepa. Haumnas ¢ T = 103 + 102 K u suepruit E = 101 3,
IPOUCXOJUT MOCTENEHHOE YCUJIEHUE Ipolecca 00pa30BaHUs aIpPOHOB (IKCIEPUMEHTAIBHO
JI0OKa3aHO) U BCEX YaCTHUIl, YYaCTBYIOIIUX B CHJIbHBIX B3auMojeicTBusiXx. Ha sTom yposhe,
HaunHas co Bpemenn T = 10 ¢, BosHuKaOT JKk30TMuUeckue (OPMBI TEMHOH MaTepHu
Y aKTUBHO 00pa3yIOTCS TT- ME30HBI, OTHOCSIIIMECS K KJIaccy 0030HOB U CBSI3bIBAIOIINX HYKJIOHBI
B SIJIpe, a TAK)KE BO3HUKAIOT CaMU HYKJIOHBI [24].

@akTUYECKH BO3HUKAIOT NEPBBIE CUCTEMbl M3 MHOHOB, KOTOpPHIE B CHJIY BBICOKHX
SHEPTuil MpeObIBAIOT B COCTOSIHUM JMHAMUYECKOTO Xa0ca.

DTO NepBbIil caMblil TOpAUMil HYKIOHHBIH Xaoc. 3amernM, uto T = 10%?K sBisercs
MaKCUMaJIbHOM TEMIIEpaTypOll HEWUTPOHHBIX 3Be3JA. [IeHCTBHUTENBHO, Kak I10KAa3bIBAECT
9KCIIEPUMEHT, C 3TOr0 MOMEHTa BCE aKTHBHEE HJIeT 00pa3oBaHHE HYKJIOHOB — (IIPOTOHOB
U HelTpoHOB). BHauane npoliecca HyKJIEOCHHTE3a OTHOIIeHue 1/p = 1 (31ech T — HEUTPOH, p
— IIPOTOH), FOBOPHUT O TEIJIOBOM PaBHOBECHH M Xaoce, HO K MomeHTy t = lc u T = 101°K
MPOUCXOIUT HapyIllIeHWEe paBHOBECHs HYKJIIOHHOTO rasa: cHauyana n/p apocturaer 1/3, a 3atem
CTaHOBUTCA MeHee 1/7 B CHITy TOTO, YTO HEUTPOHBI HECTAOMIIFHBI M PACTIafarOTCs.

TonbKO 371€MEHTapHBIE YACTULIBI HE UMEIOT BHYTPEHHEHN CTPYKTYphI - OHU AeNsTCs
Ha 2 knacca: ¢pepmMuoHsl (criuH Y2) u 6030861 (ciuH 1) (puc.9).

OneMeHTapHble
YacTuub!

MepeHocumnku
I - ] tbynameH-
TanbHbIX !
DepM1OHBI BosoHbl B3auMopen- |
.......................... CTRUM.....!

G l'_I—l TAOOHb!

Aponn [ 5 Keaow | | flemosns | Bermoptbie Gosore
] ; ep A0TpON

5 16 norperpe = IosmERECTO

Banmones I Wesom I 0> APEIT) OHHOE HeTIOND

nm!uu, Kailmhl M“ it }
3ra-HoMb Teaou v meo £ nokALHME

qpesecTRbl  [TayNACTHR

QyHAaMeHTaanble YacTuubl

o lr_ay«eiwo } 3¢ nompere

Puc.9. Ilepsuunas mamepus 6e3 cmpykmypul - pyHOamenmanvhvle yacmuysi [21].

B nmpupone cymectByet 12 ¢pyHIaMeHTaNbHBIX (EPMUOHOB UM apoMaToB (6 KBapKOB
u 6 nentoHoB). UM cooTBeTCTBYIOT 12 aHTHU(EPMHOHOB.

[lepeHocuyMKH B3aMMOAECHUCTBUS: TIFOOHBL, TaMMa-KBaHTbl, W 1 Z 6030HbI. OHU
ABISAIOTCS (PyHIaAMEHTaIbHBIMU 0030HaMu. CriuHbI QyHAAMEHTaIbHBIX O030HOB paBHBI 1.

CocrtaBHbI€ YaCTHUIIBI. DTO aJPOHBI — ME30HBI U OAPHOHBI.

Me3oHbI (KBapK M aHTHKBAPK), K HUX 11€710€ 3HAYCHHUE CITMHA U OapUOHHBIN 3apsn B =
0 u KBapkonuu - pn'n'-¢-0-Jy-Y-0-K-B-D-T

Bbapuons! UMeIOT noyLenblil CuH (T.€. ABIA0TCA (PepMHUOHAMU U MOJYUHSIOTCS
npuniuny [laymnm).
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Beeoenue ¢ cucmemmnoe Mupoeoispernue

K unciny 6aproHOB OTHOCSTCS IPOTOH U HEUTPOH C KBAPKOBBIMU CTPYKTYpaMH p =
(uud), n = (udd). u l'umeporsr A-A-X-E-Q

K MomenTy, xoraa pasmep Beenennoit nocturaer R = 10* cm., mpoucxomut otnenenue
3JIEKTPOMArHUTHOTO B3aMMOJICHCTBUS OT CJIa0Oro, COMPOBOXKIAEMOE TPETbUM HapylICHHEM
CUMMETPHUH B3aUMOJICHCTBUIN (TpeThsi Oudypkamus wiu (Gpa3oBbIi MEpexoa), U HauWHACTCS
OCHOBHOM MPOLECC HYKJIEOCHHTE3A.

Ko Bpemenn t ~ 10 cipu T ~ 10° K 3a cuet psia mocienoBaTebHbIX peakimii: p+o=/1;
J+p=T; T+T=He Bo3HMKaeT NEpBUYHOE HOHM3UPOBAHHOE BewecTBO (/I — nelTepuid,
T —rputuit He — renwmit). Ero yxe MOXXHO Ha3BaTh CIIOKHBIM IEPBUYHBIM BEIIECTBOM HJIH
CJIOKHBIMU IIEPBUUYHBIMU CUCTEMAMH.

PesynbTarsl acTpou3nuecKoro MaTeMaTHueCKOro MOJAEIUPOBAHUS, COTIACYIOIIUECs
C aCTPOHOMHUYECKUMH JaHHBIMH, TIOATBEPXKIAIOT ATO. Tak, CYMTACTCS, YTO PEUIETKH «OEIbIX
kapmukosy» 1ipu T=10° K cocrost u3 siaep C, H, Mo u Binots 10 He, a npu T= 108 K - u3 siaep
He. Ilpu T =107 K BHYTpH 3Be3/bl HAuMHAETCSA SAAEPHOE TOPEHHE BOAOPOAA M 0Opasyercs
TeJInii, 9TO COOTBETCTBYET «KHMIICHHIO» HYKIOHOB, a mpu T = 10° K uzer peakums ropenus
JeiTepus U BOZHUKAET KOHBEKTUBHOE COCTOSIHUE BHYTPH 3BE3/1bI.

3a mepuoj HyKJICOCHHTE3a U J0 HACTOSLIEr0 BpeMeHU oOpa3oBasiach OOJbIIAS YacTb
snep Bogopoaa -71 % wm remus -25 %, a Taxke HemHoro sijep Be7, Li7 u He3. Dto mup
MPOCTEUIINX, HO YK€ CIO0XKHBIX cucTteM. CI0XHOCTh IpEeXAEe BCEro 3a CyYeT Hayaia
CTaHOBJICHUS! TUTAHTCKUX MOJIEKYJISIPHBIX OOJIAaKOB, CIIOCOOHBIX BOCHPUHMMATH BHEIIHIOK
IpaBUTALIMIO U KBAaHTOBAThCA Ha KOMMaKTHbIE oOpasoBanus. Kak mokazan [lonkoBHUKOB, B
OONBPIIMX CHCTEMaX BO3HHMKAET TEPMOAMHAMHUYECKAsh HECTaOWIBHOCTh, BeAyIIas K
camoopranuzauuu. KBaHTOBaHME — 93TO TMEpBbI IIar K Hayaly caMoOll IPOCTOM
CaMOOpTraHU3allMil MMEHHO ITyTeM KBAaHTOBAHUSA. OTO pPEaJbHBIH BBIXOJ (OPMHPOBAHUS
CTPYKTYp Juig OyTyiieil caMOOpraHu3aIluu 3B€3]1 U TJIaHeT.

Bce ocranpHbie O0iee TsHKeINbIe SIEMEHTHI — PE3yJIbTaT 3BE3IHOM IBOJIIOIMH, BKITFOYAs
B3pBIBBI HOBBIX U CBEPXHOBBIX 3Be3/1. CornmacHo monenu bonbiioro B3peiBa, Mpu 00pa3oBaHUU
AJ1ep U3JIy4eHUE OTIEINSIETCs OT BELEeCTBa, U BeeneHHast craHOBUTCS PO3pPAYyHOM.

[Io mepe cHuKeHUs TeMIlepaTypsl paciuvpsroleics BceemeHHoW 10 T~3-10° K,
npumepHo B Teuenue 100 000 ser, nmuto odpazoBaHue 60J€€ CIOKHBIX CUCTEM - HEUTPATbHBIX
aTomoB. JIMip mpu Temmeparypax, MEHbIIMX YKa3aHHOM TeMmrepaTypbl U npu E = 1 3B,
3aKaH4YMBAETCS APa PACCESTHHOTO BEIIECTBA.

CornacHo COBpEMEHHBIM IMpeAcTaBieHUsIM npuMepHo K 400 MIIH. JeT OT Havaia
Bcenennol HauMHaeTCss JOMMHUPOBAHUE TEMHON MaTEpPHUH.

Kazanoce Obl, pa3zpaboTka TeopuH (yHAaMEHTAIbHBIX YacTHUI[ Jaja BO3MOXXHOCTb
pelmUTh MHOTHE BOIPOCHl Hayal camoopraHuzauuu marepu. OJHAKO BO3HUK BOMPOC
10 TOBOJY MACChI AJIEKTPOHA, U OH Mepelén B KaTeropHuio 0oJiee KPyMHBIX BOIIPOCOB: OYEMY
y YacTHI], TUIIA JIEKTPOHOB, KBAPKOB U HEUTPUHO, €CTh Macca, a y (OTOHOB — HET?

HOJIA 1 YHACTHUILBI XUI'TCA

Korna ydensle yrinyOounamuch B U3yueHHe €1aboro sSiAepHOro B3auMOJCHCTBUS, OJHOTO
U3 YeTHIPEX U3BECTHBIX B IPUPO/IE, Y HUX MOSBUIIACh cepbE3Has npobiema. OU3MKy yxe 3HalH,
YTO HJIEKTPUUECKUE CHIIBI CBSI3aHBI ¢ (JOTOHAMHU, U 3aTEM MOHSJIM, UYTO cllaboe B3auMoieiicTBre
CBSI3aHO C YaCTHIIaMH, Ha3BaHHBIMU « W» 1 «Z». Ho ipu aToM y wactunr W u Z Gb1J10 OTIINYHE
oT (OTOHa B BHJE MACChl — OHM CPaBHMMBI [0 Macce ¢ aTOMOM 0JIOBa, 0ojiee YeM B COTHIO
TBICAY pa3 TshKesee dekTpoHa. K coxkanenuto, b3k OOHAPYXXWJIM, YTO HE MOTYT
BHEJPUTH Macchl YacTUl W 1 Z B ypaBHEHUS NPOU3BOJIBHO: IIOJYyYaBIIMECS YPaBHEHUS
JaBajiu OeccMBICIIEHHBIE TIpencka3zanus (puc.10).
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Beeoenue 6 cucmemnoe Mupoeoispernue

Puc. 10. Juacpamma Peunmana, nokazoléaoujas 603MOoH*CHbIE sapuanmul podxcoerus W-
unu Z-6030H08, Komopwvie npu 83aumooeticmsuu 00pa3yiom Helumpaibuslil 00301 Xueeca [28].

Ha npomenmeit B nHavyane utons 2017 roga xondepenuuu EPS HEP 2017 ATLAS
u CMS cooOmmiiy, 9T0 OHM HAKOHEI-TO HadaluW BUJAETh HaMEKM Ha pacraj 0030Ha Xurrca
Ha b-KBapK-aHTUKBapKOBYIO Tapy, YTO paHEe HEBO3MOXKHO ObUIO YBUAETh Ha MPAKTHKE
(TpyIHO OTAENUTH OT (DOHOBBIX MPOIIECCOB POXKICHHS TEX K€ KBAPKOB APYTUM 00pa3om);
cornacio CTaHApTHON MOJIENH, ITOT paclaj caMblii yacTelii: B 58% cnyuaes?2. Kak cramno
n3BeCTHO B Havajie okTs10ps 2017 roga, ATLAS u CMS 3asBUIM B COOTBETCTBYIOITUX CTAThSX,
YTO OHM HAOJIIOJIAIOT CHTHAJ paciaja yBepeHHo 2,

A Korja OHM M3y4YWJIH, Kak cllaboe B3auMOJICHCTBUE BIUSET Ha DJEKTPOHBI, KBAPKU
U HEUTPUHO, OHM OOHAPYX WM, YTO CTAphIi CIOCOO BHEIPEHUS MAacChl B ypaBHEHHUS HE
paboTaeT — OH TOXKeE JIOMAET BCIO CUCTEMY.

it OOBSICHEHHSI TOTO, KaK M3BECTHBIC JJICMCHTapHBIC YaCTHIBI MOTYT 00JaaaTh
Maccoi, TpeOOBaIUCh CBEXKKE HACH. JTa 3arajka MoCTEeIeHHO MposBisiack B 1950-¢ u 1960-
e. I B Hagane 1960-x mossuiocs Bo3MoxkHoe pemienue (Ilurep Xurrc um apyrue (bpayr,
Ournept, ['ypanpauk, Xaren u Ku60:1). OHU NpenioXuinu TO, 4TO ceiiuac Mbl Ha3bIBaeM
«MEXaHU3MOM XHUrrcay. JJomycTum, roBOPHIM OHU, B IPUPOJIE €CTh €IIE OJHO, HEU3BECTHOE
MOKa TOJie — KaK W BCE MOJIsSL, 9TO HeKas CyOCTaHIMs, CYHIECTBYIOIIAsh BO BCEX 00JIacTAX
MIPOCTPAHCTBA — HEHYJIEBOE M OJTHOPOJIHOE BO BCEM MPOCTPAHCTBE U BpeMeHu. Eciu 310 mone
— KOTOpOE Terephb 30BETCS MoJieM XHUrrca — OyJeT Hy>KHOTO THIIa, €r0 MPUCYTCTBHUE 3aCTaBUT
yacTuilbl W U Z NPOSIBUTH MAaccy, a TakKe MO3BOJIUT (PU3MKaM BEPHYTh B YPaBHEHUS MACCy
ANEKTPOHA. DTO MO-TMPEKHEMY OTJIONKHUT BOINPOC O TOM, MOYEMY Macca 3JIEKTPOHA UMEHHO
Takasi, HO, 10 KpaiiHel mepe, Torja MOXKHO OyJeT 3amucarth ypaBHEHHUs, B KOTOPBIX Macca
AJNIEKTPOHA HE paBHa HyNo! B mocnenoBaBimine AecATUIETHS HACKD MEXaHM3Ma XMHITca
MIPOBEPSUTA pa3HbIMU criocobamu. CerofHst U3 MOApOOHEUINX ucciaeqoBanuit yactun W u Z
M3BECTHO, YTO PEIICHHE 3araJIKy, MOsIBUBIIEHCS Oarogaps ciiaboMy B3auMOICHCTBUIO, JIEKUT
I7Ie-TO UMEHHO B 3ToM oOsactu. Ho geranu 3Toit HICTOpUU HaM HEU3BECTHHBI.

Uro Takoe mone Xwurrca, Kak ero noHsATh? OHO HEBUAMMO IJs HAC, U Mbl €r0
HE YYBCTBYEM, KaK peOEHOK HE UyBCTBYET BO3/YyX, WM Kak pbida — Boay. M naxe Oosble —
100, BeIpacTas, Mbl HQUMHAEM OCO3HABATh TE€UEHHUE BO3/TyXa BOKPYT HAIIHMX TeJ U YyBCTBOBATh
€ro MpH MOMOITY OCS3aHUs, HUKAKKE HAIlM YyBCTBA HE JAIOT HaM JOCTyNa K Moo XHrrca.
MBI HE TOJIBKO HE MOKEM OOHAPY>KUTh €T0 MPH MOMOIIU YyBCTB, MbI HE MOYKHO CAENaTh 3TOTO
HaIpsIMyI0 ¥ TIPH TIOMOIIM HAay4YHBIX MHCTPYMEHTOB. Tak Kak e MOXeM OBITb YBEPEHHI,
YTO OHO cymiecTByeT? M kak Mbl MOKEeM HAAESIThCS Y3HATh YTO-IU00 0 HEM?

Mo03KHO MCITOTB30BATh AHAIIOTHIO MEXIY BO3IyXOM H MOJieM XHUITCa XOPOIIo padoTaeT
B CJICIYIOIIEM MPHUMEpE: €CIU MOTPEBOKUTH JIFOOYIO M3 3TUX JIBYX Cpell, OHU 3aBHOPHUPYIOT,
u OyayT co3zmaBaTh BOJHBL. B BO3/yXe Takwe BOJHBI CO3/IaTh JIETKO — MOXXHO KPHKHYTh
WM XJIOTIHYTh B JIAJIOIIN — U TOTJIa HAIIIK YIIK OOHApY>KaT 3THU BOJHBI B BHJIE 3ByKa. B momne
Xwurrca BOJIHBI CO37aTh CIIOKHEE W CJIOXKHEe WX HaOmoaatrh. J[as »Toro moHamoOWTCs
TUTAaHTCKUH YCKOPUTENb 4acTHL, bosbiioi agpoHHbBIN Koiutaiaep. A A ux oOHapyX eHus
HY’KHbI Hay4Hble MHCTPYMEHTHI pazMepoM c noMm, Hampumep, ATLAS nmun CMS. Kak sto

26
CJIOKHBIE CUCTEMBI Ne 1 (46), 2023


https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0_%D0%A4%D0%B5%D0%B9%D0%BD%D0%BC%D0%B0%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D0%BD%D1%82_ATLAS
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%B7%D0%BE%D0%BD_%D0%A5%D0%B8%D0%B3%D0%B3%D1%81%D0%B0#cite_note-27
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%B7%D0%BE%D0%BD_%D0%A5%D0%B8%D0%B3%D0%B3%D1%81%D0%B0#cite_note-28
https://commons.wikimedia.org/wiki/File:BosonFusion-Higgs.svg?uselang=ru

Beeoenue ¢ cucmemmnoe Mupoeoispernue

paboTaet? XIIOMOK B JIaJI0IIH 0053aTEIFHO CO3/aCT TPOMKHUE 3BYKOBBIE BOJIHBL. CTOJIKHOBEHHE
JIBYX BBICOKOOHEpreTudeckux npotoHoB Ha BAK co3aact oueHb TuXHe BOIHBI XUITCA, IPUTOM
HeoO0s3aTeIbHO — K 3TOMY IMPUBEAET JIMILIL OJHO CTOJKHOBEHUE W3 JECSITH MUJUINAPIOB.
[TomyunBiIasicss BoiHa OyAeT caMOil TUXOW W3 BO3MOXKHBIX BOJH B MoJyie Xurrca (roBops
TEXHUYECKUM SI3BIKOM, OJHUM KBAaHTOM JTOTO THUIIa BOJIH). MbI Ha3blBaeM 3Ty BOJHY
«uacTtuneit Xurrca» min «0030HOM XHUTTCay.

Nuornga CMU Ha3biBaroT e€ «JacTuiieit 0oray. ITOT TEPMUH MPUIYMaIT OJIUH U31aTEllb,
YTOOBI €ro KHUTA JTy4llle MPo/1aBajiach, IO3TOMY OH MPOUCXOAUT U3 PEKJIaMbl, a HE HAYKH WU
penuru. Y4éHble 3TUM TEPMUHOM HE Mojb3yroTcs. Co3aarh yacTuily XUrrca — 3TO TOJIBKO
4yacTh MpoLecca, U OTHOCUTEBHO JIErKas. ['opasio Tsxkenee 0OHapyKUTh €€. 3BYKOBBIE BOJTHBI
CBOOOJTHO MEPEMEIIAIOTCS OT BAIIMX JIaJOHEH Yepe3 BCI0 KOMHATY JI0 yXa JPYroro 4ejJoBeKa.
A yacTtuna Xurrca Je3uHTErpupyeTcs Ha Ipyrue ObICTpee, YeM Bbl CMOKETe CcKa3aTh «0030H
Xwurrca». Ha camom mene, OpicTpee, yeM TpeOyeTcs CBETY, YTOOBI MPOUTH AMAMETP aToOMa.
ATLAS u CMS nuiibs MakCUMaJIbHO OCTOPOYKHO MU3MEPSIOT OCTATKUA B30PBABIICHCS YaCTHUIIbI
XwWrrca v NbITalOTCsl OTMOTATh MPOU3OLIEAIIEE Ha3ad, CIOBHO JETEKTUBBI, PaCIlyThIBAIOIIUE
JIEJI0 MO YJIUKaM, 4TOObI OMpeNeiuTh, MOTJa JU 4YacTHIla XUITca CTaTh MCTOYHHKOM STHX
octaTtkoB. Ha nene BcE emé€ crmoxnee. Mano co3gaTe OAHY 4YacTHUIy XHICa, MOCKOJIbKY €€
OCTaTKM HEBO3MOXHO pPa3iau4uTh. YacTo CTOJNKHOBEHHE JABYX MPOTOHOB IPUBOAUT
K IIOSIBJIEHHIO 00JIOMKOB, HATIOMUHAIOUIUX TO, YTO MOJIYYaeTcs B pe3yibTaTe pacnaja YacTUIIbI
Xurrca. Tak kak € HaM YCTaHOBUTb, YTO 4YacTHla Xurrca Bo3HuKana? Kiod B TOM,
YTO, XOTSI YacTULbl XHUITCA BCTPEYAIOTCS PENKO, HO MX OOJIOMKU MOSBISIOTCS JIOBOJIBHO
pEryJsipHO, B TO BpeMsl, KaK IPYrHe MPOILECChl MPOUCXOAST 4acTo, HO OoJiee CIy4aiHbIM
oOpa3zom. TouHO Tak ke, Kak Ballleé YXO MOXET pacrno3HaTh IOILIUN ToJOoC JaKe CKBO3b
0oOUJIbHBIC TTIOMEXHU Ha Pajuo, SKCIIEPUMEHTATOPbl MOTYT pa3o0paTh peryispHbIi 3BOH MO
Xurrca cpead Ciay4aHOW KaKO(QOHUH, CO3JAHHOW JPYTHMMH ITOXOXKHUMH IIPOIIECCAMH.
[TpoBepHYTh BCE 3TO OKA3bIBAETCS YPE3BBIYANHO CI0XKHO U TpyAHO. Ho 3T0 ObLI0 Mpoenano
B paMKax TpuyM@a 4es0BeueCcKoi N300peTaTeIbHOCTH.

3aueM ke BOOOIIEe OBUIO 3aHUMAThCS TAKUMHU TE€pPKYJIECOBBIMH IOJBUTAMH?
W3-3a upe3BbluaiiHON Ba)XHOCTH 1OJIsl XUITCA Ul CaMOro Hamiero cyumiecrBoBanus. C 3Toi
BAKHOCTBIO I10 BEIIMYMHE MOXKET CPAaBHUTBHCSA TOJIBKO HAILlE HEBEKECTBO II0 IOBOAY €rO
IIPOMCXO0KICHHS M CBOMCTB. MBI 1axke HE 3HaeM, CYLIECTBYET JIM OJHO TAKOE MOJIE; UX MOKET
ObITh HeckoJbKO. Ilome Xurrca MoxkeT camo Mo cebe OKa3aThCs COCTaBHBIM, COCTOSIINM
U3 Jpyrux nojiei. Ml He 3HaeM, IOYEMY OHO HEHYJIEBOE, M HE 3HAEM, II0YEMY OHO II0-Pa3HOMY
B3aUMOJICMCTBYET C pa3HbIMHU YAaCTULIAMH, U MPUAAET, TOMYCTUM, JJIEKTPOHY, Maccy COBCEM
HE TaKylo, Kak Macca BepXHero kBapka. [IockonbKy Macca Urpaer BaXXKHYIO POJb HE TOJIBKO
B OIPEJEIICHUH Pa3MEpOB aTOMOB, HO M BO MHOJKECTBE APYIMX CBOMCTB IPHUPOJBI, Halle
noHnMaHue BceneHHoii 1 Hac caMUX HE MOXKET ObITh OJTHBIM U YJOBIETBOPUTENBHBIM, TIOKA
nose Xurrca octaércsi TaKuM 3araJlouHbIM. M3yyeHnne yactuil Xurrca — BOJIH B Iojie XUIrea —
JlacT HaM TyOOKHMe MO3HAaHUS O MPUPOJIE 3TOrO MOJIs, TOYHO TaK XkKe, KaK O BO3JyXe MOKHO
y3HaTh 110 3BYKOBBIM BOJIHAM, O KaMHE — U3y4asl 3eMJIETPSICEHUs], U 0 MOpe — HaOJI10/1asi BOJIHBI
Ha TUISDKeE.

Krto-TO0 u3 Bac HaBepHsKa (M CIpaBeMJIMBO) CIIPOCUT: 3TO BCE OUEHb BIOXHOBIISET,
HO KaKyI0 IMOJIb3Y 3TO MOKET MPUHECTHU OOIIECTBY B IPAKTUYECKOM cMbIciie? OTBET BaM MOXKET
HE TOHPAaBUTHCI. MCTOpHS IOKAa3pIBa€T, YTO COLMAIBHBIE BBITOABI OT HCCIEIOBAHUN
(dbyHIaMEHTAIBHBIX BOMPOCOB MOTYT HE TMPOSBIATHCA JECATUICTUSIMH, JaXKe CTOJIETHE.
[Tono3peBato, 4YTO  CerogHss BBl  NOJB30BANIMCH  KoMIbioTepoM. (CoOMHEBaroCh,
4T0, Koraa TommncoH oTkpbll B 1897 rogy 31eKTpOHBI, KTO-HUOYIb U3 €ro OKPY>KEHUSI CMOT OBl
JorafaTtbes, Kak CHWJIbHO JJIEKTPOHHMKA CMOXKET H3MEHUTh 00mecTtBo. Mbl He Haaeemcs
[IPEACTABUTL TEXHOJOTUU CIEAYIOIIETO CTOJETUS MM TO, KaK KaxXylleecs 330TepUYECKUM
3HAaHHE, IIOJIy4YEeHHOE CEerojHs, MOKET MOBIUATh Ha ganékoe Oynymee. WuBecTunum
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B (QyHIaMEeHTaNbHBICE WCCIEAOBAHUS — OSTO BCETJa HEMHOXKEYKO aszapTHas Wurpa,
HO Ha OCHOBaHMM 3HaHUK. B Xynmem ciiydae Mbl y3HaeM O MPUPOJE HEUTO TIiIyOoKoe
U UMEIoIIee HEOXKUIaHHbBIE TTocheAcTBHs. Takoe 3HaHME, XOTs U He 00Ja1aroniee IEeHHOCTHIO
B JICHE)KHOM BBIPAKEHUH, B 00OUX CMbICIIAaX OECLEHHO.

He o0si3aTenbHO BCE MOMKHO ObUIO OBITH MMEHHO TaK. BBIIO BO3MOXKHO, YTO BOJIHBI
Ha 1oJie XUITCa HEBO3MOXXHO OBLIO Obl OOHApPYXUTh — 3TO MOIJVIO HAllOMHUHATH MOMBITKY
CO3/aTh BOJHBI Ha ac(abTOBOM 03€pe WM B TYCTOM cuporie. BoiHbI MO OBl 3aTyXHYTh
emeé A0 TOro, Kak MOJHOCThIO chopMupoBanuch. Ho MbI 3HaeM AOCTATOYHO O YacTULIAX
OpUpOIbl, YTOOBI 3HATh, YTO TakOW BapuaHT ObT  Obl  BO3MOXEH, TOJBKO
ecJiy ObI CYIIECTBOBAIM APYTHe HEOTKPHITHIE YACTUIIBI U B3AUMOACHCTBUS — a KaKue-TO U3 HUX
00s13aTennbHO MOKHO ObITOo OBl HaliTh Ha BAK. Wnu xe dactuna (wactuiiel) Xurrca mMoria
OBl CyI1IECTBOBATh, HO TAKUM 00pa3zoM, 4To €€ ObLI0 ObI ropa3/io CloKHEe MPOU3BECTH, HIIK OHA
MOTJIa JIE3UHTErPUPOBATHCS KAKMM-TO HEOKUIaHHBIM 00pa3oM. Bo Bcex Takux cirydasix MOTJI0
MPOUTH ObI €M1 HECKOJIBKO JIET /10 TOTO, KaK 1Mojie XUITca CTajao OTKPhIBaTh Obl CBOM CEKPETHI.
Tak 4TO MBI OBLITU TOTOBBI KIAaTh, XOTSI M HAACSITUCh, YTO HAM He MpUAETcs 00bsicHaTh CMU
BCE 3TH CJIOKHOCTH.

OTKpbITHE YaCTHUIBI XUITCA — 3TO MOBOPOTHBI MOMEHT B ucTOopuu. Tpuymd Tex, KTo
NpeIoKUIT MexaHu3M Xurrca u tex, yto padoraer Ha BAK, ATLAS u CMS. Ho ono
HE O3HAYyaeT 3aBEpIIEHHUs HAIMX 3araZioK, CBSA3aHHBIX C MACCOM M3BECTHBIX YACTUI[ — ITO
TOJIBKO HA4aJlo HaIIe HaJIeXk/Ibl pa3pelInTh 3T 3araJiku. B OymyiieM sHEpruu U KOJIU4eCTBO
cronkHoBeHuit Ha BAK Oymyr yBemmumBatecsi, 1 ATLAS u CMS OynyTr BcecTOpOHHE
Y CUCTEMaTHUYECKH UCCIIEIOBATh YacTUIly XUrrca. To, 4To OHH y3HAIOT, MOKET IMO3BOJIUTH HAM
pa3peuuTh 3arajgkd 3TOro MPOU3BOJAIIEIO MAacCy OKeaHa, B KOTOPOM BCE MbI IUIABAaEM,
Y HaIlpaBUT HAC JaJble MO MUYECKOMY IyTH, HauaBlIeMycs Oojiee cTa JIeT Ha3ad, KOTOPbIi
MOXXET 3aHATh M€ JACCATHICTUS U CTOJETHs, M TMPOCTHPACTCA 3a MPEAeNbl HalIuxX
CETOAHSIIIHUX TOPU30HTOB.

THUIBI DBOJIIOLUN

[Tocne maHeTapHOW CTaaWK BO3SHHMKAET HOBAs aKTHUBHAsI CTaJWS HBOJIOIHMH B (hopme
XMMHYECKOTO JIBM)KEHUS MaTepuU. OTO BIOJHE IMOHATHO, TaK KaK BIIEPBBIE BBIIEISAIOTCS
CaMOCTOSITENIbHbIE HE MPOCTO CUCTEMA, @ METaCUCTEMBI, 00J1a/1at01Ke OIU3KUMHU CBOHCTBAMU
(bopMHpOBaHHUS MOACUCTEM, NPEBPAIIASACH B CI0XKHbBIE CUCTEMBbl. DTO CTaaus (OPMHUPOBAHUS
IUTAHETOMIOB C 3JeMeHTaMu atMocgep, ruapocdep u T.4. IlepBoe Thicsuenetne Beenennas
ObUIa 3aM0JTHEHA MOYTH OJHOPOJHBIM I'a30M M HEUTPHHO. 3aTeM IMOC/IeA0BaNI0 00pa3oBaHKe
MOJIEKYJI U B TeueHue npumepHo 100 MiIH. J1eT uX 00beJMHEHNE U POCT CTYLIEHUH TNIOTHOCTH
U CTaOMIIBHOTO BellecTBa. IMEHHO B 3Ty cTaauio Onarojapsi J€HCTBUIO TpaBUTALIMM BO3HUKIIU
HepBbIE CYNEPCUCTEMBI, OJIarofapst YeMy B T€UEHHUE MOCIEAYIOMMX 3 MIP/. JIET MPOU30IILIO
CKy4HMBaHHE MOJIEKYJI, 00pa30BaHueE MPOTO3BE3/, IPOTOTATAKTUK U UX CKOILJIEHHM.

Bo3HMKHOBEHME NEPBBIX 3BE€3]l BHYTPU NPOTOTAJIAKTHK 3HAMEHYET 310Xy CHHTE3a
BElIeCTBa U 3Py 3Be3HOM 3Bomtounu marepuu. K mMomeHTy 3 mupa. JieT, MO-BHANMOMY,
oOpasyeTcs 0ojbllIas yacTh rajJakTHK U Muteunslit myTh - Hama [Nanaktuka. K momenty 8,3
MJIH. JIET BO3HUKAET JOMUHUPOBAaHNE TEMHOM 3Hepruu. BozHukHoBeHne CoHEYHON CHCTEMBbI
OOJIBIIMHCTBO MCCIIe0BaTeNe OTHOCAT K Meproay okono 13 mupa. net. )Ku3Hb BO3HUKIA HA
3emiie npuMepHo 3,8 MIIpA. JEeT Ha3aj. DTO YeTBEPTOE HapylIeHHE INI00aTbHON CUMMETPHUU.
Bo3HukHOBEHME colmyMa MOXKHO OTHECTH TpuMepHO K nepuoay 100 000 net Hazazn. ITo nsaToe
HapylIeHHe I100albHOI cuMMeTpuu. Bee 3T nporiecchl mocieaoBaTeabHbl U KaK Obl BIOKEHbI
JpyT B Ipyra, T.€. BBITEKAIOT OJIUH U3 JPYTOro.

Celiyac y»e CyIEeCTBYIOT OIIPE/IEIICHHbIE PACUEThI [0 UTOTaM 3BOJIIOLIMH, OCHOBAHHbIE
Ha HaOMIOJeHHBIX AaHHbIX. CuuTaercs, 4yTo B coBpeMeHHON Bcenennoit comepxurcs 0,03%
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TsDKeNbIX AneMeHToB; 0,3% uelitponos; 0,5% 3Be3m; 4% cBoOoAHOTO BoOpoaa U renus; 25%
TeMHOU Matepuu U 70% TeMHON SHEPTUH.

Takum o00pa3oMm, IO CpaBHGHHIO C paHHEH BceleHHOW HANMMIO TEHICHIUS
CHUCTEMO0Opa30BaHUsA U YyCIIOKHEHMsI cucreM. OHa IpOCIEXKHBAETCS KAK B YCIOXKHEHUU
AJIEMEHTHOI'O0 COCTaBa, TaK W B IOSIBJIEHWU METacTPyKTyp (OT 3BE€3]l A0 CBEPXCKOILICHUIN
rajnakTuk). M HecMoTpst Ha TO, 4TO OO0JIbIIIAs YaCTh MAaTEPUU CKPBITA OT HAC, MbI BCE XK€ 3HAEM,
YTO TEMHas W BUAMMAs MaTepUM TaKK€ I[OJYMHEHBl TI'PABUTALMOHHBIM  CBS3SIM
1 OOMEHMBAIOTCS AJIEKTPOMArHUTHOM M rpaBUTAIMOHHON dHepruei. CoBpemenHas Beenennas
— 3TO OIpPOMHAasl CBEPXCIIOKHAs MEpapXUUecKas CHUCTEMAa C MHOTOYPOBHEBOH CTPYKTYypoi
COINOJYMHEHHBIX U MapajlIeIbHBIX CETEH MOACUCTEM. DBOJIOLUI0 KOCHON MaTEPUH Ha CErOJHS
MOHO M300pa3uTh B BUJE CICAYIOLICH YIPOIIEHHOH cXeMbl [5]:

HyxioH — cucrema KBapKoB.

ATOMHOE 7Jp0O — CUCTEMA HYKJIOHOB.

ATOM — cuCcTeMa HYKJIMJIOB U 2JIEKTPOHOB.

MonekyJia — cucrema aTOMOB.

Kietka — cucrema MOJIEKyII.

Kpucrann — cuctema aToMOB UM MOJIEKYJI.

Ilopona cuctema KpUCTaIOB.

[InanerapHoe TeI0 — cucTEMa MOPOL.

ConHeunas cucreMa — cucTemMa IUIaHET, KOMET, aCTEPOUIOB M MaJIbIX TEll.

3Be3/1bI — OTPOMHBIE, HO TIPOCTHIE CUCTEMBI B TAJJAKTHKAX M MEXK3BE3THBIX 00IaKax.

I'anakTuku - cucTeMsbl 3B€3]l, 3BE3JHBIX CKOIUIEHWH, TYMaHHOCTEH, TEMHOW MaTepuu
Y TEMHOU 3HEPTHH.

Bcenennass — ruranTckas cynepcucreMa CKOIUIEHHMM M CBEPXCKOIUIEHMM TallaKTUK,
PENUKTOBBIX U COBPEMEHHBIX U3JIyYEHUH, TEMHOW MaTE€pUU U TEMHOW SHEPruU, TMTAHTCKUX
MOJIEKYJISIPHBIX 00JIaKOB, KBa3apoB

B3anmopeiicTBie W JIBHKEHHE SBISIOTCS OCHOBHBIMH (POPMaMU CYIIECTBOBAHUS
MaTepHH, TaK Kak repegada SHEPruu BO3MOXKHA MO0 uepe3 u3ilydeHue, 1100 uepes MnoJieBble
dopmbl, OO uepe3 IBMKEHHUE, THO0 Yepe3 KOHTAKTHOE B3amMmojeictBue. [l BCSKOTO
00BEKTa CYLIECTBOBATh - 3HAUUT B3aUMO/I€HCTBOBATh, KaK-TO MPOSBIIATH Ce0sl 10 OTHOLIEHUIO
K JpYTrdM TejlaM, HaxOJUThCS C HUMU B OOBEKTHBHBIX OTHOIIEHUAX. JIroOble (opmbl
JIBYDKEHUS, M3y4daeMble (PU3MKOH, €cTh MpOsBICHHE TNyOMHHBIX CBOMCTB MaTepuH - TaK
Ha3bIBaEMbIX  (YH/IaMEHTAJIbHBIX  B3aUMOJIEHCTBUH, TAaKMX KaKk TIPaBUTALMOHHOTO,
3JIEKTPOMArHUTHOT'O, CUJIBHOTO U CJ1a00ro B3auMOJIeHCTBUH.

"Cnenyer oOpaTMTh BHHUMaHHME, YTO HPOLECCHI CaMOOPraHU3alMM HMMEIOT MpSIMOe
OTHOILIEHHE K IIPOLIECCaM HapyIIEHUsI CHMMeETpUH. Bee pasButrue BeenneHHOH, OT ee poKIeHUs
JI0 COBPEMEHHOI'O COCTOSIHMSI, €CTh IOCJIEOBATEIbHOCTh HAPYIIEHUN CUMMETpPUH, Bedylas
K MOSIBJIEHUIO BCE 0OJIBLIET0 MHOT000pa3Hs IPUPOIHBIX CTPYKTYP U3 IEPBOHAYAILHON €AMHON
LEJIOCTHOW BBICOKOCUMMETPHUYHON CTPYKTypbl «IepBomarepun». (CKa3aHHOE MOXKHO
pacipoCTpaHUTh M HAa BO3HUKHOBEHHWE >KHU3HM, Pa3JIMUYHBIX CYIIECTB, S3bIKOB, KYJBTYp,
UCKYCCTB, pelauruii u T.1. Beskuit pa3, korja Hapyuiagach CUMMeETpUs (CHIOHTaHHO WM HE
CIIOHTAHHO), MOSBIISTIOCH HEUTO HOBOE. MOYKHO CKa3aTh, YTO BCE CYIIECTBYIOIIEE Ceiiuac ecTh
pe3yJbTaT pa3BEepPTHIBAHMS HAPYIIEHUH CUMMETPUM WM CTPYKTYpHO-(Da30BBIX IEPEXO0B
K HOBOMY THITy HenuHeHocTu" [11].

Mup panHeil Beenennoii o6magan MHOXXECTBOM CBOOOJI, HO OHH OBLIM HEYCTOHYMBBI
U KpailiHe n3MeH4YuBbl. Hapyiienusi ciMMeTpHuH — 3TO BblI€JIEHHE KOHKPETHBIX CHJI U CBSI3EH,
CHOCOOHBIX K CaMOCTOATEIBHOMY YCTOMUMBOMY CO3MJAHHMIO CBOEr0 MHpPA CHCTEM.
CucreMo00pa30BaHHUE COKPAILAET YUCIIO OOIIMX CBOOO, HO YBEIMUMBAET YUCIIO YCTOMUUBBIX
cBOOOJI B HANpaBJIEHUU PA3BUTHUS, U TEM CaMbIM CO3JaeT MEPCHEKTUBBI YCIOKHEHUS MTyTeM
CTPYKTYpUPOBaHUs. Y CIIOBHO 3TO MOKHO Ha3BaTh CTPYKTYpHOU Auccunanueit. B To xe Bpems
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Mbl MMEEM M IPOTUBOIOJOKHBIE TEHAECHLUUU — CTPEMJIEHUE MATEPUHM K SKCTPEMAIbHOMN
KyMYJISIIMM B 00JIaCTH 3B€3/[l, FAJIAKTUK, CKOIUIEHUH TraJlakTUK U T.J., T.€. K CHUKEHHIO 00LIero
yucia cBobon. Iloaromy Bompoc o ToM, 4TO AeT BceneHHyro B OyaylieM — 3TO BONPOC
O COOTHOILIEHHMH IPOLECCOB KyMYJSILIMK U JUCCUNIAIMKM B Meramacurabax, a BMecTe ¢ HUM
1 BOIIPOC O Mpejienax yCIO0KHEHUs MUPA.

Bce cucrembl BHyTpu BcenenHoil sBusitoress noacuctemamu. Kaxnas u3 HUX
YHUKaJbHA, YTO U CO3JIAET MEPAPXUUHYIO CTPYKTYypy Bcenennoil. OOMeH 3Heprueil Mexmy
HUMM IIPOUCXOAMT 3a cueT B3aumoJeiictBuil. HaOmroneHus noaTBep K 1at0T, 4TO B IPUPOAE HET
JlaXke IByX OJMHAKOBBIX 3Be31. Bce cucreMbl KOCHOM BeelleHHOM CrpynnupoBaHsl B KJIACCHI,
HaIpUMep, TaJaKTUKH, 3Be37bl U T.4. KaKIblil Kj1acc OCyHIECTBIIAET CBOIO IBOMIOLUIO. Takum
o0pa3oM (pukcupyeTcst HOHATHE BJAOKEHHOCTH IBOJIIOLHMIA, 2 TO 03HAYAET HAINYHE CTPEIIbI
BPEMCHH.

O IVIAHETAPHOM 3BOJIIOIIMHA U POJIM KHHEMATHUYECKHUX
HAPAMETPOB B DOHAOT'EHHOM PA3BUTHUU IIJIAHET

EctecTBeHeH Bompoc, moueMy JielnaeTcs aKkIeHT Ha IUIaHeTapHOW caMoopraHu3anuun?
ACTpOHOMI/I‘-IGCKI/Ie HHCTPYMCHTAJIbHBIC Ha6JHOII€HI/I$I IIOCJIICAHUX IIGCSITI/IJICTI/II\/JI IIO3BOJININ
OTKPBITh CBBIIIE ThicAYM aHaoroB ConHeuHOW cuctembl. Jl0o CUX HOp HE CHAT BOIPOC
O TMPOUCXOXKICHUM KU3HU Ha 3emiie M YyXKe€ JUCKYTHUPYETCs BONPOC IMaHCIEPMUU
C KOJIOTHYECKUX MO3UIUN — JKU3Hb 3aHECEHA BMECTE C 3JIEMEHTAMM 3KOJOTUYECKON HHIIIY,
Harmpumep, KOMETaMu, T.€. CTABUTCA BOIIPOC O JKU3HU KaK Bcenenckom sgBieHnN. HnaHeTapHaﬂ
dbopMa IBHKEHUS MAaTEPUU MTO3BOJISIET TPOJOJIKUTH SBOIIOIIMOHHBIN psii BeeneHHo HOBBIMU
q)OpMaMI/I caMoopranmu3anun MaTcpuu, TaKnUMU KaKk pa3BCPTbIBAHUC XPIMI/I‘-IGCKOﬁ,
OMOJIOTUYECKOW M COLIMAJIbHOW 3BOJIOLUN, CTAHOBJIEHHE KOTOPBIX PEATbHO TOJBKO IPHU
MIPEBPAICHUH TUIAHETHI B CIIOKHYIO CUCTEMY.

Wtak, yeM MOXHO OXapaKTepH30BaTh THII IJIAHETapHOU camoopranuzanuu? [Ipexne
BCETO JTO MPOLIECC CTPYKTYPUPOBAHUSA HA IIOACUCTEMBI B YCIOBHUAX CHJIBHOI'O BIIMSHUS
KMHEMaTUYeCKUX Bapualuil BpallleHus U oOpalleHusl MIIaHeThl C MOMEHTA €€ BOSHUKHOBEHHS
U mociieytomei sBosronuu (puc.11).

MONEKYNSIPHOE OBNAKO

BV

C)KATUE OBINAKA

_——
OYULLEHUE MEXIUTAHETHOI'O NPOCTPAHCTBA

Puc.11. Cxema 6031uKHOBeHUS NIAHeM U3 OONIAHEMHO20 MOEKYIApHO20 obnaka [28].
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Hcxonubie ycnoBus caeayrorme [8].

1. McTOYHUK OJWHOYHBIX 3BE3]] — TMTAaHTCKHE MOJICKYJISIpHBIE OO0aKa M~10°° Mg;
p=103-10 p=103-10"cm3; T=10-60 K.

2. Yri0BOH MOMEHT BpalleHHs] MPOTOCOIHEUHON TYMAaHHOCTH JOJDKEH OBITh paBeH:
Jo~10°2-10° rcm?/c; ecnu 3HAYEHHE YITOBOTO MOMEHTA MEHBIIE, TO BO3HHKAeT IBOWHAs
3Be3/a, a €clid O0JIbIlIe, TO OTMHOYHAS.

‘em: T=10-60 K.

3. [lnanera oJpKHA HaXOIUTHCSA Ha ONTHUMAJIBLHOM yAaJe€HUH OT LIEHTPa Macc, YTOObI
BO3HUKIIM yCIIOBUS JJIsI Pa3BUTHS TAaKUX MOJICUCTeM Kak ATMmocdepa, ['mnpocdepa, buochepa
u Coruym.

4. IlnaneTra JA0/DKHA MMETh HE MEHEE JBYX HMCTOYHHMKOB SHEpruu: 1) HEHTpaIbHYIO
3Be3ny Kiacca okoio G2 (ComHie) u 2) oOmieruiaHeTapHble HETMHCHHBIE KHHEMATHYECKHE
MEXaHHU3MBbI MPeoOpa3oBaHUs MEXAHHUYECKON HSHEPruu BpalleHUS W OOpaileHus B TEIUIO
(3KCIEHTPUCUTET OOpaIIeHH, HYTallHsl, ITyJIbCaIus).

[ToHsTHE O KHHEMATHYECKOM UCTOYHUKE YHEPTHH BhIABUTACTCS BIiepBbie. CyTh €To
COCTOMT B CIEAYIOIIEM.

I'eom3uku M0JITO CUMTAIA, YTO OCHOBHBIMH MCTOYHHKAMH BHYTPEHHEU TEILIOBOU
SHEPruu 3eMJIH SIBISIFOTCS:

TEIUIO TPAaBUTAIMOHHON nuddepeHimanu;

paZiMOreHHOE TEILIO;

TEIUIO MPHIUBHOTO TPEHHUS;

AKKpPELMOHHOE TEeTLIO;

TEIUIO TPEHHUS, BhIICIAIoNIeecs 3a CUeT AuQGepeHIINATHLHOrO BPAIEHUSI BHYTPEHHETO
aIpa  OTHOCUTEIBHO  BHEIIHETO, BHEIIHETO  siipa  OTHOCHTENBHO  MAaHTUU
U OTJCJIBHBIX CII0EB BHYTPU BHEIIHETO SJIpa.

K HacTosiemMy BpeMeHU KOJIMYECTBEHHO OILEHEHBI JIUIIb EPBbIC YEThIPE UCTOYHUKA.
Oco00 XOTeNIoCh OBl OTMETHTHh BTOPOW MCTOYHHK TEIUIA, TaK KakK 3Ta uies 0e3 Kakux-Tudo
JI0Ka3aTeNbCTB HanboJiee 10JIro rocroACTBOBaja B I€0JIOTHH.

Hogetimme uccienoBanus AMOHCKUX (U3UKOB C MTOMOIIBI0 HEUTPUHHOTO JETEKTOpa
«KamLAND» mokazanu, 4To KOJIWYECTBO OOpa3yIoIIerocs Teria 3a CYeT PajuOaKTUBHOTO
pacmajzia BIIBO€ MEHBIIIE, YeM TPEIoarajoch panee. Mi3aMepeHuss U pacdeThl MPOBOIMINCH
HECKOJIbKO JieT B mepuoa ¢ mapta 2002 roga mo HosiOps 2009 roga. Ilo oneHkam yueHBIX,
00HapyXEHHOE KOJUYECTBO HEHTPUHO COOTBETCTBYET BBIJICICHUIO TEIUIOTHI C ITOMOIIBIO
paZnoakTUBHOTO pacmana okoio 20 TtepaBart B roi, 4yTo COCTaBiIsieT MPUMEPHO TMOJOBHHY
OT BCETO TeIlIa, KOTOPOE pacxoyercs Ha u3iydeHue. Kak cauTaroT ydeHble, 3TO UCKITI0UaeT
TUMoTe3y 00 MCKIIIOUUTENBHO pPaJuOaKTUBHOM «pazorpeBey». Ocrtapmmecs 20 TtepaBart
yUYEHBIE TIOKA OTHOCAT K M3JIYUEHHUIO M3 3a1acoB JIOMCTOPHUUECKOTOo Teruia 3emn. [27].

Ho B mocnennee necsaTuiieTue ycrnexud B HKCIEPUMEHTATBHOW W TEOPETHUECKOMN
TCOXUMHUH M reoPU3NKe BHECTH PsJl KOPPEKTUB B HAIIM MPEACTABICHUS O HIKHEH MaHTHU.
['e0U3UKU-TEOPETUKH YK€ MaBHO TNPEACKa3blBall, YTO B YCJOBHSIX HHXKHEH MaHTUU
y JKeJIe30COepKAIINX MUHEPATIOB MOXKET CYIIECTBOBATH MIMPOKAsi 30Ha CTUHOBOTO MTEPexo0/1a
— KOrJa OJHOBPEMEHHO CYIIECTBYET BBICOKOCIIMHOBOE M HH3KOCIIMHOBOE JKEJe30.
MexayHapoaHOW KOMaH/Ie yYEeHbIX U3 HaydHbIX yupexaeHnid CIIA, Benrpun n @panmuu Bo
rmaBe ¢ L[3toH-®y Jluwem (Jung-Fu Lin) w3 I'pynmbl (u3MKu BBICOKHX JaBICHUN
JluBepMopckoit HanmoHanpHOU aboparopun um. Jloypenca (Kamudopaus, CIIIA) yaanock
OKCIIEPUMEHTAIbHO (B JTA0OpATOpHH) MOATBEPIUTH TEOPETHUECKHE pacdeThl Ha IpHUMEpe
NpeCTaBUTEIIS MarHe3MOBIOCTUTOB — MUHepaia depponepukiaza (Mgo 7s,Feo,25)0.

B ByX THICAYM 4YETBEPTOM TIOay TreobM3HKH u3 MenbcKoro yHHBEpCHTETA
u Kanudopuuiickoro yuusepcurera B bepkiu (CILIA) Bocripounssenu B 1a00paTopuu yCIOBHUS,
KOTOPBIC YCTAHABIUBAIOTCS B CIIO€ MAHTHH 3€MIIU, TIPUMBIKAIOIIEM K SAPY.
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B0 MpOAEMOHCTPUPOBAHO, YTO B HMKHEH YAaCTH MAHTHM (TaK Ha3bIBAEMOM CJIOE
D&#39; &#39) npu naBiaeHuu, npuMepHO B 1,3 MIIH. pa3 MpeBOCXOAAIIEM aTMOC(EpHOE,
u temneparype okosio 2500 K mepoBCKUT MOXKET U3MEHSTh KPUCTAUIMYECKYIO CTPYKTYpY
Y TIPe00Pa30BBIBATHCS B CIIOUCTHIN MocTiepoBcKUT. Huke crost D&#39; &#39 nexuT xeneso-
HukeneBoe sigpo 3emun. Ilo pesymbratam e€ wu3ydeHHss ObUI CHENaH BBIBOA O TOM,
47O JehopMalvs CTPYKTYPbI IEPOBCKUTA BIIOJIHE COOTBETCTBYET HEOOBIUHBIM CBOMCTBAM CIIOS
D", panee omnpenenéHHBIM B celicMUYecKHX HaOmoneHusX. K TakuMm «CTpaHHOCTAMY
OTHOCHUTCS, K TIPUMEDPY, MOSBIECHUE CYIIECTBEHHBIX PAa3IMUUil B CKOPOCTH PacpOCTPaHEHUS
TOPU30HTAIILHO W BEPTHKAIBHO TOJISIPH30BaHHBIX cedcmudeckux BosiH. [20]. 3mech yxke
BO3HUKAIOT COMHEHHUS B TPaBUJIBHOCTH WHTEPIPETAllMM JaHHBIX celicMoToMorpaduu.
[TosiBneHne 3TUX Pa3NUUMil C HALIeH TOYKU 3PEHHUS CBA3AHO C MOSBICHUEM TOHKOCIOUCTBIX
CTPYKTYp, @ B HUX CBOMCTB pedpakinu, n00 TOJIbKO pedparupoBaHHbIE MPOJOIbHBIE BOJIHBI
B COOTBETCTBUHU € 3aKkoHOM Depma o00safgaroT OOJbIIEH CKOPOCTBIO JaKe MO CPaBHEHUIO
C IPOCTO MPOJOJBbHBIMU P-BolIHaMu, pacrnpocTpaHsIOMMMUCS BAOIL clios. OTcyTCTBUE
APKOBBIPA)KCHHOW €IMHOM TpaHULbl - 3TO HEPAaBHOBECHOCTb YCIOBUU IO INPOCTUPAHUIO
rpanuipl D (puc.12) [5].

Mars

Moon

Venus

mantle

Earth

Puc.12. Cxema 08yxcnotinoeco cmpoensi nianem.

[Toutn mosioBMHA Macchl 3eMJIM COCTOMT M3 Mg-IepoBCKUTa, KOTOPBIM YCTOMUYUB
B IIMPOKOM HHTEpBajie JaBICHUH. DTO OCHOBHOW MHUHepasl HMkHeH MmaHTuu. HawmbGonee
Ba)KHBIM T'€0JIOTHYECKUM OTKpbiTHEM X XI B. cTano obHapyxkeHue (J1aboparopro) B D' - cioe,
pasessIoIeM HUKHIOI MaHTHUIO U AP0, (pa3bl MOCTHEPOBCKUTA. DTOT MUHEPAl UMEET TOT XKe
XUMHYECKHM cocTaB, HO Ha 2 % Oojee BBICOKYIO IJIOTHOCTb, 4eM NepOBCKUT. Da30BbIil
nepexo/1 MepoBCKUTA B IMOCTIIEPOBCKUT BJIEUET 3a coOOM MoBbIlIeHne Temneparypsl Ha 50°C.
MMeHHO 3TO M TOCHYXKWJIO TPUMAHKON Juig JIOKHOW uHTeprnperauuu. CIOUCTOCTh
MOCTIIEPOBCKUTA MOJIE3HA M JUIS pealu3aluu Iepexoja KUHEMaTHYeCKOro TeIula IpHU
M3MEHEHUHU CKOPOCTHU BpAIIeHUs 3eMJIM B TEIIO- BSI3KO-IUIACTUYHOIO TpeHus ciosd D, Ho Mbl
He Oy/ieM IOKa XBaTaThCsl 3a 3Ty COJIOMMHKY. MBI ImocTapaeMcsi mokas3arb, YTO BOJHbIE (a3bl
Ha JIEJHBIX CITyTHUKax CIOCOOHBI HMMHUTUPOBATh YCIOBHS TpaHHMIbl D M urpats poib
Bcepaorpanui D.

Ecim mpencraButh 3emitto aByxcioiHo# (1-nmutocdepatactenocdepa + 06e MaHTUH
U 2-Bce A1pa), TO MM0ICYET MOMEHTOB MHEPIIUH BPAILEHHUS TOKA3bIBAET, YTO OHH Pa3InYaloTCs
B 8.5 pa3. CrnemoBaTenbHO, BapuWallMl CKOPOCTH  BpaIllEHWUS 3E€MJIU  MPUBOIAT
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K TPOCKaTb3bIBAHUIO CIOEB 1-TO OTHOCHUTENHHO 2-TO U BBIJCJICHUIO TEIUIa TPEHUS Ha HX
rpanwutie pasaena D. [To nanaeim NASA Temno u3inydaemoe 3emiiei U IjaHeTaMy TUTaHTaMH1
Oonpiie nmpuHUMaemoro ot ConHma. B kadecTBe MCTOYHHMKA MOXKHO TPEUIOKHTh UMEHHO
rpanuny D. Ha neasHbIX IuTaHeTaX M CHYTHHKAX IUIAHET HET TaKOW CpPEAHEH IUIOTHOCTH
JUTsE 00pa30BaHUs TOCTIIEPOBCKUTA.

Ho Ha HMX ecTh MHOTO BOJIBI, KOTOpas 10 MOCJICIHUM Ja00PaTOPHBIM JaHHBIM MOKET
UMETh HECKOJBKO ()a30BBIX COCTOSHUHN. YUUTBIBAs SJUIMITUYHOCTh MX OOpaIleHus BOKPYT
POJUTEIIBCKUX TUIAHET M KBa3UHIOTCHHYIO aKTHBHOCTH B BH/JIE (POHTAHOB I'€3epOB M3 BOJIBI U
MEJIKUX OOJIOMKOB JibJia (IIIyra), pPacIOJIOKCHHBIX BJOJb TJIO0AIBHBIX TPEIIUH, MOKHO
MPEIITOJIOKHUTh, YTO UM MPHUCYIIEC TOXKE JBYXCIOHHOE CTPOCHHE W B BHJIC KBa3uUIpaHUIbl D
BhICTyMaeT ogHa 13 (a3 Bozsl. Takosel I'anumen, Kammucro, EBpomna. Ha cmytauke Mo BooG1e
3aprKCUPOBaHBI ClIebl H3Bep)keHUH modTH 100 BYJKaHOB CEPHUCTOrO COCTaBa. DHIOTCHHAS
AKTUBHOCTH - TO CBHJICTENHCTBO d(H(PEKTUBHOCTH KMHEMATHUYECKUX MApaMETPOB BpAICHUS
1 oOpaleHus (Bapualiy SKCIICHTPUCHTETA, MPEIeCCHH, HyTanuu ). OCHOBHAS 3BOJIIOIUSA 3TUX
napaMeTpoB TPOUCXOAWJIA Ha paHHeH craguu GopmupoBanus CONHEYHOW CHCTEMBI
B IJIOTHOM IUTAHETAPHOM 00JIaKe, KOTIa BO3MOYKHBI CHIIbHBIE MUTPAIIMH U TUTAHET U CITy THUKOB
OTHOCHTEJIBHO TJIaBHOM 3BE3IHI.

Htak, yeM MOXHO OXapaKTepH30BaTh THII ILUIAHETApHOM camoopranm3aimu? [Ipexme
BCEro, 3TO MPOILECC CTPYKTYpPUPOBAHUS HA IOJCHUCTEMBI B YCJIOBUSX CHJIBHOTO BIUSHUS
KMHEMAaTHYCCKUX Bapualliii BpallleHUs U OOpaIleHHs IIAHEThl ¢ MOMEHTA €€ BOSHUKHOBCHHS
U TOoCIIeAyIONIeH dBoroIu. Mcxomabie yeinoBus ciaeayrorue [3].

1. McTOYHUK OJWHOYHBIX 3BE3]] — TMTAHTCKHE MOJICKYJISIpHBIC OO0aKa M~10°° Mg;
p=103-10 p=103-10"cm3; T=10-60 K

2. Yrj0BOH MOMEHT BpAIllCHHs ITPOTOCOTHEUYHON TYMAaHHOCTH JOJDKCH OBITh PaBEH:
Jo~10°2-10° rcm?/c; ecnm 3HAYEHHWE YITOBOTO MOMEHTA MEHBIIE, TO BO3HHKAeT IBOWHAs
3B€3/1a, a €CJIM OOJbIIIEe, TO OJMHOYHAS.

“em: T=10-60 K.

3. ITlmanera MO/DKHA HAXOMUThCS HA ONTHMAJIbHOM YJIAJICHHH OT I[EHTpa Macc,
9TOOBI BO3HUKIIM YCIIOBHS JIJISl Pa3BUTHS TaKMX MOJCUCTEM Kak ATmocdepa, ['mapocdepa,
buocdepa u Coruym.

4. TlnaHeThl ¥ UX CIYTHUKH JOJDKHBI KMMETh HE MEHEE JIBYX MCTOUYHHKOB SHEPrUH: 1)
ICHTPaIbHYIO0 3Be37y Kiacca okoysio G2 W 2) HenuHEHHble KHHEMATHYECKUE MEXaHHU3MbI
peoOpa3oBaHUs TETUIOBOW DHEPTHM OT MEXAHWUYECKOW SHEpPruu BpaIlleHUS W oOparieHus
B TETUIO (BapHaIlUH SKCIICHTPUCUTETA OOpaIIeHUs, HyTalluH, MyJIbCAINi BpAIICHNS).

[TonsiTHE O KHHEMAaTHYECKOM HWCTOYHHUKE OSHEPTUM  BBUIBUTAETCS  BIICPBBIC
U TIPOJMKTOBAHO OHO HEJOCTATOYHOW MIIOTHOCTBIO (CM. TaONHIIBI) MJIAHET M MX CITyTHHUKOB,
BBICOKHM COJICPYKAHMEM BOJIBI H MHOTO()A3HOCTBIO €€ COCTOSHUS B YCIIOBUSX CBEPX HU3KHX
TEeMIeparyp.

JJABOPATOPHBIE JIAHHBIE 10 OCOBEHHOCTSIM DBOJIIOIINA
KOCHOM " ' KUBOM MATEPUH

PaccmoTpuMm ciywaii  pa3pylieHus METAIMYECKUX CIUIABOB MO JICHCTBHEM
UKINYECKUX Harpy3ok [12]. OTo yucTo QuccUnaTHBHBINA BapHaHT 3BOJIOLMU HUCIBITYEMOTO
matepuana (puc.l11). Ilpu omucaHum mnoBeIeHUS MeTalsla B MpOIecce LMKIMYECKOTO
Harpy’>KeHusl MpH Pa3HbIX YPOBHSX HAIPSDKEHMS NPU AHAIM3E IPUHATO BBOAUTH T'PAHUIIBI
MacCIITaOHBIX YPOBHEM:

1) HeycroitunBocTh | (MUKpOYpPOBEHB); TOUKA Owl, CBSI3aHHAs C MEPEXOJIOM K Haydaly
pa3pylIieHus MaTepuajda KaK YacTHYHO 3aMKHYTOH cucTeMbl (KpuBas 3 Ha pwuc.5);
IpU pacCMOTPEHUM Kackajga Oudypkauuil (mpaBas nuarpaMma) Ha OCHOBE CIEKTpa 4HCeln
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BBISIBIICHO CJIEYIOIIEE: M3BECTHBIE AKCIEPUMEHTANbHbIE JaHHbIE IO CIUIaBaM Ha OCHOBE
xene3a (pOCCHUICKME M SIOHCKHE MCCIEOBaHUs) YAOBJIETBOpstoT BenuuuHe A; = 0,618
JUIsl COOTHOLICHHSI MEK/IY YPOBHSMH HANPSHKCHUH Owi/Ow2 = Ow2/Ows B TOUKaX OHypKanum.
Jlns allOMMHMEBBIX M JIPYTUX CIUIaBOB OynmyT npyrue Ay (Hampumep, Ajis aTlOMHHHEBBIX
cruaBoB 0,213) B COOTBETCTBUU C COOTHOLIEHUEM CIIBUIOBBIX M HOPMAJIbHBIX HAIPSKEHUH.
Msb1 paccMoTpuM 2 BapHaHTa IIOBEICHHS HCHBITYEeMbIX OOBEKTOB: KOHBOJIOIIMOHHBIN
¥ HBOJIIOIIMOHHBIN. Y 100HO HaYaTh C EPBOrO BAPHAHTA - C Pa3pylIECHHs 00pa3iia HUKIMYECKH,
T.€. IUCCUNIATUBHBIN BapuaHT (puc.13).

Ney Owt [Owt/Cyp20.62]
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Puc. 13. Criea - 0000meHHas OudypkanmoHHas JuarpaMmma yCTaJloCTHOTO pa3pyIIeHus
Pa3JIMYHbBIX CIUIABOB C TPAaHUYHBIMHU YCTAJIOCTHBIMU KPUBBIMHU:

1) mpu arpeccMBHOM BO3JEHCTBUM OKpY>Karwolled cpeibl, 2,3) rpaHUlbl Iepexoia
JUIs peabHbIX cuTyanuid. CrpaBa — OudypKaloHHas JuarpaMma yCTaJ0CTHOTO pa3pyIeHHs
JUIsl CIUTAaBOB HAa OCHOBE >kenesa. 4) s MpeneiabHO YNPOUYHEHHBIX CIUIABOB C I'PAaHUYHBIMU
yCTaJOCTHBIMH KpHBBIMHU [12]. 37ech O4EBHIHO, YTO BCE ITHU KPHUBOJIHMHEHHBIC MEPEXOIbI
MO’KHO alMpOKCUMUPOBATh QYHKIUSAMU C 000CTPEHUEM;

2) neyctoiiuuBocTh || (Me30ypoBeHs 1); TOUKa Ow2 CBsI3aHHAS C IEPEX0I0M K OTKPBITON
CUCTEME, Y KOTOpOH ouar ycTaJOCTHOM TpeUIMHbI pacrojiaraeTcsi Ha MOBEPXHOCTH oOpa3ua
(xpuBas 2);

3) neycroitunBocTh |1l (Me3oypoBens Il) Touka ows CBsizZaHa C MEPEXOJAOM OTKPBITOU
CHCTEMBI K MHOI'OOYaroBOMY YCTaJIOCTHOMY pa3pyIlIeHUIO;

4) neycroiuuBocth |Y (MakpoypoBeHb), TOUKAa Ow4 — CBSI3aHHAs C IEPEXOJOM
K IOBTOPHO CTaTUYECKOMY pa3pyIlIEHHIO, KOIJ1a O4Yark U Ha MOBEPXHOCTU U BHYTPH.

Jlns  BapmaHTa KyMYJIATUBHOW DJBOJIONHMHA OBUIM TIPOBENEHBI HCCIETOBAHUS
0 KpUCTaLtoodpazoBanuio [9].

Tenepp paccMOTpUM  KyMYJSITUBHBIM  BAapHaHT  3BOJIIOLUU. OTO  IpoLece
KpucTaiu3anuu kanuid gocdatabix coenunennii (KOC) nox BausHUEM yIbTpaauCIIEpCHBIX
nopomikoB (Y /IT) uccnemoBancss METOIOM OTKPBHITON Karuti. KpucTtammuzamus mpoucxoauina
3a cueT M3MEHEHMs] KOHIEHTpAllMu pacTBopa B pe3yJsibTaTe ucnapeHus Bojbl. Habmonenue
OpOBOJWJIM B TONAPU30BaHHOM cBere. /[l omMcaHUs JAWHAMHUKH — CTPYKTYPHBIX
npeoOpazoBaHuii  ObUI  HCHOJB30BAaH  0a30BBI  QITOPUTM  CaMOYMPaBISEMOTrO
CTPYKTYpOoOOpa3oBaHus CIOXKHBIX cucteM [2, 3] (puc.14).
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Ai

ks 8i=0618 __J/ mn=1

JAUCUMMETPUSA

CUMMETpHUS

TiCesNos
mn 1 2 4 8 16 32 64 128

Puc.14. Cxema cmpykmypoobpazoeanusi u peanbHoe KpUCmaiiuieckoe CmpoeHue CeA3VIoueco
Ca(H2P0O4)2xH20 6 3asucumocmu om konuuecmesa 6sedenno2o yriompaoucnepcrno2o nopouwika (YT Ti
Co3No7 (mace, %). Bce waeu nocne0o6amenvHo20 CMPYKMYPUPOSAHUS MAKHCE MOICHO
annpoKCuMupo8ams nemeHmaprvimu Gyukyuamu ¢ obocmpenuem [9].

CrpykTypooOpa3oBaHne TPOMCXOAWT B IKHUJAKOM pacTBope. Peammsanus ero
NPOSIBJISIETCS. B M3MEHEHUU (DOPMBI KPHCTAUIOB M B M3MCHEHUHU (DU3MKO-MEXaHMUECKUX
cBoiictB  K®C. CrpykrypHble mnpeoOpa3oBaHusi B cHcTeMe HUAYyT HeoOpatumo. s
KPHUCTAJUTU3YIOMICHCS CUCTeMBI, coctosiiieii u3 pactBopa KDOC + VI (Ti CosNoy),
OTHOIIIGHHWE ympaBisiomero mapamerpa (konuentpauus Y/II) mpeasiaymein  Acn
U MIOCIIEYIOMIEH Acn+1 TOUeK OM(ypKalnii BO BCeX KOHIEHTPALMOHHBIX UAalla30HaX BEIMYHNHA
MIOCTOSIHHAS ¥ PaBHA:

| 1 11
=jf" =jf| :jﬁ' =0,9900596 (7)
C,

n+1 Chia Chia

F

3nech Mepa aJanTUBHOCTHU SABJISIETCS KO (UIIMEHTOM CaMONOA00MS CUCTEMBI, KOTOPBIH
ABJISIETCS TIOKA3aTEeJIEM HA4aJIbHOTO CTPYKTYPHOTO COCTOSIHUS CUCTEMBI (puc.15).

A1 Az As A4

Puc.15. bugyprayuonnas ouazpamma nepecmpouxu KpUCMALIU3yowuxcs cmpykmyp (A1X1 —
nepexo0 om chepoaumos K CAOUCMbIM OeHOpumam, AxXo — nepexoo om Cloucmulx K NIOCKUM
Oenopumam; AzXz — nepexod om NAOCKUX OEHOPUMOE K CIOUCTbIM NIACHUHYAMbIM KDUCIMATAAM, AaXa
— nepexoo om CIOUCmbIX K naacmunyamoim kpucmaniam) [9].
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[TosToMy, ompenenwB 3HAYEHHUS YIPABIAIOIIETO MapamMeTpa B  MpeablIyLIeH
¥ MoCJIeayIoMIel Toukax Oudypkanuii, B JII000M Juana3zoHe MOYKHO IMPOCYUTATH BCE 3HAYCHUS
YIpaBJIAIONIETO TapamMeTpa B Toukax Ougypkanuii. Ha 6a3e momyyeHHbIX SKCIIEpUMEHTAIBHBIX
JAHHBIX ObLIA IpeIokeHa OudypKaroHHas TuarpaMma nepecTpoOKN KPUCTALTH3YIOIIUXCS

cTpykTyp (puc.16).

VVM B J_-'&'\.\,’\;mﬁ‘

|
|
|
|
|
|
i

LgC. %

C,
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Puc.16. Yacmuoii 6ud  Ougyprayuonnon  ouazpammvl OISl AHAIU3A — UBMEHEHUS.
nogepxnocmuo2o namscenus pacmeopa K@C ¢ sasucumocmu om konyenmpayuu Y/IT Ti Co3No7 (%
macc.) (61C1 — nepexoo om cgheporumog k cioucmuim oenopumam; 62C2 — nepexoo om CLOUCTHBIX K
nrockum Oendpumam, 63Cz — nepexo0 om NIOCKUX OEHOPUMO8 K CIOUCHbIM NIACHMUHYAMbIM
kpucmannam, osCs — nepexoo om cioucmvix K naacmuHdamolm kpucmaniam) [9].

YMeHbllIeHHEe TOBEPXHOCTHOrOo HaTsbkeHus pactBopa KOPC  cBuaerenbcTByeT
O CHIKEHMH OSHepruu [umb0ca M yMEHbIIEHHE OSHTAIbIIMM, IpPU 3TOM aJAaNTUBHOCTbH
U CUMMETPUS CUCTEMbI YMEHBIIAIOTCS, @ yCTOMYMBOCTh BO3pacTaerT.

Takum o00pa3oMm, coOMNOCTaBsAs IPEJICTABIEHHbIE pPE3YyJbTaThl HMCCIEIOBAHUMN
U Y4YUTHIBAs XOpOIIEE COBMAJEHUE JIA0OPATOPHBIX M MOJENbHBIX JaHHBIX, IMOJyYEHHBIX
C MOMOIIBIO YHUBEPCAIBHOIO aJIrOPUTMAa, MOXHO YTBEP)KIAaThb, YTO CLCHAPUU 3BOJIOLUU
CJIOKHBIX CHCTEM B IMCCUIIATUBHOM U KYMYJISTHBHOM BapHaHTaX aHaJIOTHMYHBI.

CnenoBaTtenbHO, MOXKHO CAENATh CIECAYIOIINE BEIBOIBI:

1. DBosro1MsI BCAKOMN CIIOKHOM CUCTEMBI 1O JIF0OOMY CLIEHAPUIO HOCUT UEPapXUUECKHM
Xapakrep.

2. [TocnenoBarenbHOCTH OM(pYpKaLMOHHBIX  TIEPEXOJIOB MOXET  OBITb
annpoOKCHMUPOBAHA CTENIEHHON 3aBUCUMOCTBIO.

3. Jlng ChonomHBIX Cpel  TMOCIEAOBAaTENbHOCTh OMU(YPKAIIMOHHBIX ITIEPEXO0JIOB
MOJIENIUPYETCS UTEPALIMOHHBIMU YPABHEHUSMH THIIEPOOINYECKOT0 TUTIA.

[IpoBenem ananu3 Ay cucteM KUBOW Mpupojbl. COBEpPIIEHCTBO OpraHU3Ma — 3TO
CHOCOOHOCTh K ajanTallii B HOBBIX YCIOBHMSX BHELIHEW Cpeabl, peajau3yeMas 3a CueT
BO3HUKHOBEHHS  HOBBIX  (QYHKIMH B  OpraHU3Me,  BBIIOJHSAEMBIX  HOBBIMHU
CHeHMaTU3UPOBAHHBIMU TUNIAMH KJETOK. K coxkajeHHto, HemoCpeACTBEHHO OMOJIOTHUYECKUX
ONpejeNieHui THUMa KJIETOK MHOro, M 3TO JelaeT IOYTH HEBO3MOXKHON mpouenypy
dopmanuzanuu JUIs 1efei MOoCIeayonero MoAeIUpoBaHus. DTO OYEBUIHO U3 CIEIYIOLINX
onpenenennii [10].

OnpeneneHne HMHTYUTHBHOE: «KIETKH OJMHAKOBOH Mopdoduznonornyeckoi
XapaKTEPUCTHKH OTHOCATCS K OJHOMY KIIETOUHOMY THITY» [7].

Onpenenenne NPaKTHYeCKOe. COBOKYIHOCTb KJIETOK, KOTOpBIE SKCIPECCUPYIOT
cnenuduyeckue MapKepHbIE MOJIEKYJbl U 00JIaJaloT XapaKTEPHBIMH (DYHKIIMOHAIBHBIMU
CBOMCTBaMHM, OTHOCATCS K OTHOMY KJIETOUHOMY THILY.

Onpenenenue 3BOJIOHMOHHOE: B (pUTOreHe3e HOBBIE KJIETOYHBIE TUITHI (POPMHUPYIOTCS
U3 JIOYepHUX NyTeM YTpaThl, HpuoOpeTeHHs JTuO0 H3MEeHEeHUs (QYHKIHMU BCIEICTBHUE,
COOTBETCTBEHHO, YTPaThl/MPUOOPETCHUs]I TEHOB CHENU(PUIECKUX  TPAHCKPUIIIMOHHBIX
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¢axropos nub0 ux aymukanuu (no: Arendt D. Nat Rev Genet 2008; 9: 868-82 (P. 868, 870).
[Tomyyaercsi, 4yTO JAETEKUMH CHEUU(UUIECKOr0 KJIETOYHOro Mapkepa (Hamp., (akropa
TPAHCKPHIILIMK) JOCTATOYHO JUISI BBISBJICHHUS KJIETOK OJHOTO TUMAa (HO TOJBKO B Ciydae
CpaBHEHMS C KJIETKAMHU HBOJIOL[MIOHHO CXOKEro TUIIA).

Onpenenenue ri100ajJibHOEe TPAHCKPUIITOMHOE/IIPOTEOMHOE: y KJIETOK OAHOIO TUIIA
OJIMHAKOBbI HE TOJILKO MOph o] yHKIIMOHAIBHBIE XapaKTePUCTHUKH, HO
U TPAHCKPUMIMOHHBIM/TIPOTEOMHBIA Tpoguib (T.e. TIIOOATBHBIN KICTOUHBIH (EHOTHIN).
[TpobGnema: (peHOTUI KIETKH MOXKET MEHSThCs 0€3 U3MEHEHHs €€ THIIA.

Onpenenenue r1100a1bHOE JIMUTEHOMHOE: «KJICTKH C WJICHTUYHBIM HaObOpOM
pa3peLIeHHBIX K 3KCIPECCUU T'€HOB (BHE 3aBUCHUMOCTH OT TOTO, HKCIPECCUPYIOTCS JIM 3TH
IEHbl) OTHOCATCA K OJHOMY KieTouHoMmy Tumy» [18]. pyrumu cioBamu, rioOaibHbIN
SMUTE€HOMHBIN TPOQUIIb KIIETKU OTPAXKAET €€ MPUHAIJICKHOCTD K ONPEIeJIEHHOMY KIE€TOUHOMY
tuny. U3MeHneHus snureneTnyeckux Metok (mermnuposanus JJHK u mogudukanuu "xBocToB"
TMCTOHOB) IOTEHIMAJIbHO MOXKET IPHUBECTH (M HPUBOAUT) K CMEHE KIETOYHOIO THIA
WIN CTaguu JU(PepeHIIUPOBKH.

Takum oO6pazom, HauOojee TOYHOE OINpeNeiIeHHE KIETOYHOro Tuma O0a3upyercs
Ha  HMCXOJHOM  TpUYMHE  BapuaOenbHBIX  MOPPO(YHKIMOHAIBHBIX  MPOSBICHHIA,
Ha COBOKYIHOCTH T'€HOB, KOTOPBIE 3KCIPECCUPYIOTCS JUOO MOTEHLUHUAIbHO MOTYT OBITh
AKCIIPECCUPOBAHBI B KJIETKE.

®opmManu30BaHHBIA MOJAXO] U MAaTEMAaTUYECKOE MOJEIUPOBAHHME CTAIM pealbHbIMU
tonbko mocie pabor C.Kaydmana. B paborax C. Kaydmana mpemamonaraercs M OTYACTH
JIOKa3bIBACTCS, YTO THUIl KIETKH COOTBETCTBYET AaTTPaKTOpy LHUKJIa COCTOSIHWM, T.e. OH
BOILIOIIAET B ce0€ TOBOJIBHO CTAOMIIBHBIN IIUKII SKCIIPECCUU B OTIPENICIIEHHOM T'€éHHOM Habope.
Ecnyu THI KJI€TKM — 3TO aTTPaKTOp, TO MOXKHO MPEJICKa3aTh, CKOJIBKO PA3JIMYHBIX KJIETOYHBIX
THUIIOB JIOJDKEH COJICPIKaTh OpraHusm [6].

C.Kayddmanom ObU10 BBIIBUHYTO MPEAINOJIOKEHHE, YTO TUI KIETKU KaK aTTPaKTop B
JMHAMUKE TeHOMa, MOYKET KOHIIEHTPHPOBATh Ha ce0e Te WK WHbIE (PYHKIMHA. DTO MO3BOIUIIO
COIIOCTABUTh YHUCJIO THUIIOB KJIETOK B BHJE arTpakTopoB ¢ konumdectBoM JIHK B kierke
Y C YHMCJIOM T€HOB B T€HOME JaHHOTO opranusma (puc.17.).

YMCNO TEHOB
10 102 10° 104 105 108
T T T T T

o
)
T

=)
T
\

‘@ [P1150K —7
NEUROSPORA *

YUCNO ATTPAKTOPOB W KNETOYHbIX TUNOB

POXCOK

BAKTEPUA

0 1 ! ! 1 1
10718 10718 1071 10718 10712 10"
COAEPHAHWE AHK B KNETKE, I

Puc.17. Jluacpamma 3asucumocmu cooeporcanusn [HK 6 knemxe (unu uucia 2enos) om uucia
ammpaxmopos u Kiemounvlx munos [6].
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Ha puc.9, nocTpoeHHOM IO JaHHBIM MaTE€MaTH4YECKOI'O0 MOJEIUPOBAHUS, IOKAa3aHO,
KAK 4YMCJIO TUIIOB KJIETOK 3aBUCUT OT YMCJIa TEHOB B TEHOME KOHKPETHOIO Opranusma. Yucio
reHoB nponopuroHanbHo konudectBy JIHK B kieTke. Eciu perysisTopHble T€HHbIE CUCTEMBI
MOYKHO MpeICTaBUTh OyJieBbIMU ceTsiMU ¢ K=2, TO 4ncIi0 aTTpakTOpOB NPUOIUZUTENBLHO PABHO
KBaJPaTHOMY KOPHIO M3 YHCJIa 3JIEMEHTOB CETH (IE€HOB); CIEJOBATENIBHO, YUCIO KIETOYHBIX
TUIIOB JOJDKHO NPUOIU3UTEIBHO COOTBETCTBOBATH KBAJPATHOMY KOPHIO M3 4YHCIIA TEHOB.
OTcrofa y 4enoBeka J0IKHO ObITh 0Kk0j10 10° renos u 370 ki1eTo4HbIX TUIOB (puc.18).
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Puc. 18. Tabruya pocma uucia munog Kiemok 6 npoyecce ssomoyuu buocgepot [7].

CormnacHo caMbIM MOCJIETHUM MOACYETaM, Y YeJIOBEKa HACUUTHIBAETCS 254 pa3InyHbIX
TUTA KJIETOK, T.€. MOJEIbHBbIC JaHHBbIC ONM3KM K peajlbHBIM JaHHBIM. BBUIO yCTaHOBIIEHO,
YTO JUIsl MHOTHUX KPYNHBIX TaKCOHOMMYECKHX TPYII KUBBIX OPraHU3MOB JACHCTBUTEIBHO
YUCJIO KJIETOYHBIX THUIIOB BO3pacTaeT MPUOJU3UTENbHO KaK KBaJpaTHBIA KOPEHb OT YHUCia
reHoB B kileTke. CrieryeT OTMETUTh, MONBITKH OLUEHUTh YHUCIO TUIIOB KJIETOK B PA3TUYHBIX
JKUBBIX W TaJIeOOpraHu3Max ObLIM TMPEeANpHHSATHI HECKOIBbKO panblie. Hampumep, Bbiiie
Ha puc.10 moka3aHsl pe3yabTaThl HCCIIECAOBAHUI aMEPUKAHCKHUX YUEHBIX [7].

U3 3Tux pe3yapTaTtoB CIAEAYET YPE3BbIUANHO MPUBIICKATEIbHBIN BBIBOJI, UYTO XAPAKTEP
HBOITIOLIMHU KUBOTO MOKET OBITh OMHCAH M0 MapaMeTpy CI0KHOCTh. COBEPILIEHCTBO OpraHu3Ma
—93TO CITOCOOHOCTH BBIKUBATH U, CJIEIOBATEIHLHO, HAJIEKHO Al TUPOBATHCS B HOBBIX YCIIOBUSIX
BHEIIHEH cpeabl. [Ipy 3TOM KaXIplii HOBBIM JBOJIIOLMOHHBIA BHJ XapaKTEPU3YET
CKauKOOOpa3HOE HM3MEHEHHE XapaKTepa OHBOJIOIMUM BCEH HAJACUCTEMBI. ABTOpaMH ObLIT
000CHOBaH KOHKPETHBIM YIPaBISIIOMIMIA MapaMeTp [UIsl aHalu3a YCIOXKHEHHS Ipolecca
sBoJroIKH brocdepsr — 310 uyucmo tumoB kiaerok mo C.Kaydpmany [MBanos O.I1., 2000]
(puc.11).

Ecam b1 oOpatmmcsi K BOMpocam SBOJIONHMH KUBOW MaTepuu, TO OOHAPYKUM
HEKOTOPYIO aHAJIOTHIO.

OTMeTM, 4YTO Ha pPAHHUX JTamax SBOJIONUA KOCHOW MaTtepur (HOPMUPOBATHUCH
TUTaHTCKUE MOJIEKYyIsIpHbIe 00llaka, T.e. COOOIIecTBa MpocTelmux cucrem. M B kuBOH
[Tpupone, nanpumep, B buocdepe, Toxe 1mII0 JIUTETPHOE HAaKOIUIEHHE MpocTedmmx. Tak
COTJIaCHO  HccleloBaHUsAM — akaaemuka [.A.3aBap3uHa  Oe3bsAlEpHbIE  MPOKAPUOTHI
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rocroacTBoBaiu ¢ 3.5 mupa et no 1,5 mapa. ner Hazan. [Ipocreiinye oqHOs1€pHBIE BOZHUKIIN
K momeHty 1,5 mapa nmer. U jgumbs okono 700 000 ner Hazan MHOSBWIKCH HUBIIHE
MHOTOKJIETOYHBIE. DTUM IEepUoAaM Jaxke ObLIM MPUCBOEHBI HauMeHOoBaHMs - [IpokapuoTtuit
u Ilpoructuii. Celyac CTpyKTypHas JI€CTHUIIA HBOJIOLMU >KUBOM MAaT€pUM BBITJISIUAT
CIIETYIOIIMM 00pa3zoMm.

1. DnemenTtapu yactuilbl — SAapa, ATombl,

2. Monexyibl, MakpOMOJIEKYJIbI,

3. Muxkpo6s1, Kononuu Mukpo6oB,

4. Opranusmbl, COOOIIECTBA OPTaHNU3MOB,

5. ConmanbHble CTPYKTYPBI, TOCY1apCTBa.

I[Ipu oOmem anHamu3e HBOMIOUMKA BO BcelneHHOW JeTKO — yCTaHaBIMBACTCS
MOCJIEIOBATEIbHOCTh 3BOJIOLMM, T.€. CBOMCTBO BJIOKEHHOCTH, YTO MOJITBEPKAACT HATUUUE

cTpelbl BpemeHu (puc.19).
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Puc.19. Jluacpammol 3somoyuu bBuocgepor u Coyuyma [1,4].

CBOHCTBA U CIELHIU®UKA CJIOKHBIX CUCTEM

Taxum 00pa3zom, CONOCTaBIIsASA HALLU Pe3yIbTaThl (pHc.19) 1 pe3ynbTaTsl Hccaea0BaHUN
A.A.lllansiBckoro u B.B.CenenbHuKOBa, U yUUTHIBask XOpOIllee COBMAJieHUE Ja00paTOPHBIX U
MOJICNIBHBIX JIaHHBIX TIOJIy9€HHBIX C TMOMOINBI0 YHHBEPCAIBHOTO aJITOPUTMA, MOXHO
yTBEp)KJaTh, UYTO CLEHAapUU  HBOJIOLUUHM  CIOXKHBIX CHCTEM B  JHUCCUIATHBHOM
U KyMYJIITUBHOM BapHaHTaXx BO MHOTOM HJICHTHYHBI.

CrnenoBarenbHO, MOJKHO CETATh CIETYIONINE BHIBOJIBL:

1. 5BOJTIOLIMSI BCSAKOU CJIO’KHOM CHCTEMBI 110 JTFO0OMY CIIEHAPHIO HePAPXHYIHA;

2. MOCJIE0BATEIBHOCTD Ou(dypKallMOHHBIX  MEPEeXO0J0B  MOXKeT  ObITh
aNMPOKCHMHUPOBaHA CTENICHHON 3aBHCUMOCTBIO;

3. A7 CIUIOMIHBIX CpeJ  MOCJeNOBaTeNbHOCTh OH(YpKAIMOHHBIX IEpeX0/I0B
MOJIEIUPYETCS UTEPAITHOHHBIMU YPABHEHUSIMH THITEPOOTNIECKOTO THTIA;
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4. MeTo CTPYKTYPHO-(Da30BBIX MEPEXOA0B MO3BOJSET CTPOUTH CIICHAPUH IBOIIOLUU

JTHOOBIX CIIOXKHBIX CHCTEM M OTKPBIBAET BO3MOKHOCTH JUIsl YIPaBJICHHs HBOJIOLMEH 3THX
CHCTEM 3a CUeT BO3/eiicTBUS Ha HanboJiee HEPaBHOBECHBIE CTPYKTYPHO-(ha30BbIE IEPEXOIBL.

10.
11.
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13.
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15.

16.

17.
18.
19.
20.
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The summary. Principles of occurrence of complex systems are considered. Properties
of nonlinearity and complexity connections of system, character of behaviour and interaction
with an environment are basic. Evolution of complex systems passes according to a dialectic
principle of unity of contrasts accumulation - dissipation. Cumulative forms of processes of
both sides meet the requirements of a principle of minimization of power expenses and to
speeds of transmission of energy. In a nanoworld, despite of its specificity the basic aspects of
synergetrics are realized: Reality dissipative structures (self-organizing in existential scale),
presence fractal structures peculiar to dynamic chaos and shown in superpackings
nanostructures (self-organizing in phase spaces or spaces of condition of systems) and variety
of scripts of the evolution, testifying to complexity of structures of all scales (self-organizing
in space of strategy, the preferences, deciding rules).
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ITOYBA KAK MHOT'O®A3HASA CJIOXKHASA CUCTEMA

HBanos O.I1. kaH[. reoi.-MHH. H., B.H.C., ivanovop.2007@yandex.ru

AHHOTAUMA. AHaATU3UPYEeTCd MNOMU(PYHKINOHATHHOCTh CIOXKHBIX
9BOJIIOLMOHUPYIOMUX cucTeM. I1oka3aHo, YTO HE TONBKO KHUBBIE OOBEKTHI, HO
U Pa3UYHbIe KOCHBbIE, OMOKOCHBIE CHCTEMBI 00Jalal0T MHOTOYHMCICHHBIMU
(GyHKUMAMU B oOwieM NpUPOJHOM opraHu3me. OCOOEHHO MHOTIOYMCIEHHBIMU OKa3allCh
(YHKIHU CUCTEM JBOWCTBEHHON CYITHOCTH — OMOKOCHOM MOYBBI M OMOCOIMATIHLHOTO YETIOBEKa,
KOTOPbIE OKa3bIBAlOTCA 0a30BBIMU OOBEKTAMHU M3Y4EHHUS MONU(YHKIMOHAIBHOCTH CUCTEM
CYILLECTBYIOILErO MUpA.

KiroueBbie cjioBa: MHOTOQYHKIHOHAIBHOCTb, IOYBBI, CIOXHBIE CHUCTEMbI, KOCHBIE
CHUCTEMBI, JKUBBIE CUCTEMBI

BBEJIEHUE

MoXHO 1O-pa3HOMY CMOTPETb Ha MHUP, OKpPYKAIOIIMK HAac: BHIETh B HEM
OpraHU30BaHHOCTH U MOPSJIOK, 0€3 yCTalIu BO3MYIIAEMbIH CUIIAMU pa3pyLIEHUs], yCMaTPUBaTh
KpacoTy M TapMOHHIO, TIIOCTOSIHHO AaTaKyeMyK JE€MOHAaMH 3Ja, BOCIPUHUMAaTh
JeMCTBUTENIFHOCTh KaK WIPy Cilydass WM HapcTBo cyapObl. Ho mymaercsi, uro ocoOeHHO
MHOI'000CIIAIOLINM OKa3bIBAa€TCs B3IV HAa COOBITUS CYLIECTBYIOIIETO MUpPA KakK Ha >KHU3Hb
OTPOMHOTO OpraHM3Ma BBICIIETO MOpPsAKA, COCTOSIIEr0 W3 OECUMCIEHHOI'O MHOXKECTBa
OpraHu3MOB 0ojiee HM3KUX YPOBHEH, KaX/0My M3 KOTOPBIX YroTOBaHa CBOsS IJIaBHAas IIEJb
U pOJb, ONpEICNCHHl CBOM HE3aMEHUMbIe (YHKIMH B 0OHIeH KOCMHUYECKOH >KHU3HH.
Jlo HegaBHETr 0 BpeMEHU 10100HBIH B3IJIs1/1 MOT BOCIIPUHUMATBCS JIMILIb B paMKaX PeIUTHO3HbBIX
1 QrII0COPCKO-PETUTHO3HBIX YUCHHH.

OpHako, B KOHLIE KOHIIOB, CTaJIO SICHO, YTO TAKOW MOAXO0 K MUPY U €TI0 COCTABIIAIOIINUM
BIIOJTHE YKJIaJIbIBACTCSl M B HAYYHBIC PAMKH, O YeM CBHJIETEIBCTBYET psijt padoT [1].

PesynpTaToM HMCHONB30BaHMSA  JAHHOIO IOAXOJA  SIBUJIOCH, IIPEXKIE  BCETO,
YCTAaHOBJICHHE 3aKOHA MOJU(DPYHKIMOHAIBHOCTH NPUPOJHBIX OOBEKTOB U COLMAIBHO-
IIPUPOHBIX IBOJIOLMOHUPYIOLINX CUCTEM, B IIEPBYIO OYEPEb UEIOBEKA.

BbIsicHUIIOCh, UTO HE TOJIBKO UBBbIE OPraHU3Mbl, HO M Pa3IN4Hble OOBEKTHl KOCHOM,
OMOKOCHOM CYIIHOCTH 00J1a1al0T JIOCTaTOYHO MHOTOYHMCICHHBIMM (QYHKIHMAMH B OOIIEM
npupoaHOM opranusMe. OcoO€HHO MHOTOYUCIEHHBIMH OKa3aluch (QYHKIUH OOBEKTOB
CJIO)KHOM JIBOMCTBEHHOW CYITHOCTH: OMOKOCHOM MOYBBI M OMOCOLMAIBHOTO yesoBeka. Mx
MOKHO CMEJO OTHECTHM K 0a30BbIM OOBEKTaM H3yuYeHUS MOIH(PYHKIHOHAIBHOCTH CHUCTEM
CyllecTByomero Mupa. Ho MMEHHO 3TH 3amedaTelbHbIE TBOPEHUS [UIMTEIBHBIA MEPHOJ
OKa3bIBAIMCh B CTOPOHE OT (YHKIIMOHAIBHOTO MHTEpECA, MO3HAIOLIEr0 HAayyHOTo pasyMa.
[TosTOMy B MaccoBOM CO3HAaHUM 3E€MJISIH Ha3Hau€HHE IOYBBI CYrybO OJHOCTOpDOHHEE —
KOPMHUTb U KOpPMHUTH Bce Ooyiee pa3MHOKarolleecss IUIeMs JItoJel, Ha3HAu€HHWE CaMoro
YeJoBeKa - MUTaTh M MUTaTh OOILIECTBO PAa3NUYHBIMU MPOAYKTAaMH CBOEro Tpyaa. Takoe
npenenbHOe  OOelIHEHHWE  3HAUYMMOCTH  TOJBKO  YTO  yKa3aHHBIX  (DEHOMEHOB
HE CIIy4aiHo, TOCKOJIbKY MMO3HAHHUE CYLIECTBYIOIINX CUCTEM UJET OT MOHO(DYHKIIMOHAILHOTO
UX BOCIPUATHS K MOJU(PYHKIMOHAIbHOMY. M Ha 3TOM myTH Hac *kAyT HEOOBIKHOBEHHBIE
npo3peHus. Tak, crenuanbHbI aHaIU3 dKOJIOIMYECKOM poiu mousbl. IlepeBepHyn Hamm
npelIcTaBieHuss 00  STOM  NPUMNOBEPXHOCTHOW  IUIGHKE  IUIAHEThl M NPUBEN
K CO3JaHUIO0 HOBOI'O HAYYHOI'O HANpaBJIEHUS — Y4YEHHUs 00 HKOJIOTMYECKUX (PYHKLHUAX MOYB,
MOJyYMBILIEr0 HIMPOKUH pe3oHaHc. Benp ObUIM  BBISIBIEHBI HECKOJIBKO — JIECSTKOB
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HKOJIOTHYECKUX (DYHKIMHA MOYBBI, 0€3 OCYIIECTBICHUS KOTOPHIX HEBO3ZMOXKHO OJIaromnoixydue
HU OT/IE€JIbHBIX HA3€MHBIX OPraHU3MOB, HU Onocdepsl B 11€JI0M, BMECTE C €€ COCTABISAIOLIMMU:
BOJHON 000I5104KOH, aTMOCc(hepoid, 3eMHOI KOO, KUBBIM BemecTBOM 3emin. OJIUH TOJIBKO
nepevyeHb PyHKIUU [cxema 1] BHyIIaeT MOYTEHUE K ATOW M3BEYHOW TPYKECHHIIC TUIAHETHI,
OnecTsie CIpaBisSBLICHCS CO CBOMMH 3KOJOTMUECKUMH OOS3aHHOCTSMH €I 3aJ10JIr0
J10 MOSIBJIEHUS Ha CBETE YeJIOBEKa MPSIMOXO/ISILEr0, KOTOPBIH 10 HEJaBHETO BPEMEHHU OCHOBHOE
3HAUEHUE IOYBbI CBA3bIBAN JIMLIb C OOECHEYEHHEM €I0 PACTEHUM 3JeMEHTaMM MUTAHUS.
HecomHeHHO, 3TO oiHA W3 TIaBHEWIMX (yHKIMI HOYBBI, Haubosiee IMOJHO H3y4YCHHas
K HACTOSIIEMY BpPEMEHM, HO Jallek0 He eAMHCTBeHHas. Kak BBIICHMIIOCH, B MacmiTadax
OTJENBHBIX JKOCUCTEM CylIM (OMOreoLeHO3ax M arpoleH03ax) IMO0YBa BBIIOJHACT Pl
BaXHEHIINX K0P yHKIMA. OHa U KUITUILE JIs1 TOYBOOOUTAIONINX KUBOTHBIX, U MEXaHUYECKas
oropa JiIsl pacCTeHUH, U JIeN0 CEMsH, MOTYIIIUX COXPAHATHCS B Hell MHOrue rojsl. Kpome toro,
[I0YBA UTPAET POJIb PETYIIATOPA Psiia OMOXMMHUYECKUX M CE30HHBIX OMOJIOTHYECKUX MPOLIECCOB
B SKOCUCTEMAX, a TAK)KE OCYIIECTBISIET CAHUTAPHYIO U IpyTrue GyHKLHUH.

He Menee Brmewamisroniee 3Ha4eHHWE IMOYBHI B JKM3HM OMOC(EpHl M OTIENBHBIX €€
cocTaBisAoIMX. Tak, HE3aMEHMMbI THAPOJOrMYecKHe (DYHKIMHM IOYBbI, MOCKOJIbKY OHa
SBIISIETCS TPaHC(HOPMATOPOM TTOBEPXHOCTHBIX BOJI B TPYHTOBBIE, YYaCTBYET B (POPMUPOBAHUH
PEUYHOI0 CTOKA, OKA3bIBACTCS MOCTABIIMKOM JIJIs1 BOJHBIX OPIaHU3MOB JIEMEHTOB, BHIHOCUMBIX
U3 [10YBbI BOJIHBIMH ITOTOKAMH. ..

Ponib mouBBI B XHM3HM aTMOC(Epbl TakKe BHYIIACT yBa)K€HHE, K00 OHa BO MHOTOM
OIpezeNsieT ra30Bbli COCTaB BO3AYIIHOM OOOJIOUKM M COAEpXkaHHE B HEW BOJSHOrO mapa.
[ToapoOHO (hyHKIMM MOYBBI OIMCAHBI B CIIEUANIBHBIX KHUTAX U Opounopax. [ToaTromy 3aech
He OyJieM OCTaHaBJIMBAThCS HA UX JETAJIHHON XapaKTEPUCTHKE, a MOJTYCPKHEM JIUIIb BECbMa
CYLIECTBEHHOE TOJIOXKEHUE: 3KOJOIMYECKOe 3HAUEHHUE IOYBBI JJAJIEKO BBIXOAMT 33 PaMKHU
TONBKO OOECTeUeHHsT pPACTCHUH SJEMEHTaMHM IHTaHUS, MOCKOJBKY Y IIOYBBI HE OJHA,
a MHOJXECTBO SKOJOTMYECKUX pojieid. B cBi3u ¢ 3TuM 111000 KOMIIOHEHT Ha3eMHOMU
HKOCHUCTEMBI WJIH OMOC(EpHI B LIEIOM, TaK WM MHAYE CBSA3aH C TIOYBOM, B TOM MM HHOH popme
3aBHUCHUT OT Hee. A IOTOMY, BO3JICHCTBYS Ha MOYBEHHBIN MMOKPOB, Mbl HEBOJIBHO 3aTParuBaeM
U JpyTHe COCTaBISAIOIIME MPUPOJHOTO KOMIUIEKCA. DTO OCOOEHHO Ba)XXHO YYMTHIBATh
B CEJILCKOM XO3HCTBE, B KOTOPOM IIMPOKO BHEJPSAIOTCS MHTEHCUBHBIE (DOPMBI IPOU3BOJICTBA.

Ho He Tonbko B Ouocdepe nmouBa — «MacTep Ha Bce pyku». OHa U 10 OTHOLIEHUIO K
JIOASM HE OCTalach «y3KMM CIHEIHMAIMCTOM», YYacTBYIOIIMM JIMIIb B BbIpAllMBaHUU
CEJIbCKOXO3SMCTBEHHOW  NPOAYKIMH. Pa3HOCTOPOHHIOW  MOJB3y  HMPUHOCHUT  IOYBa
IIpY B3aUMOJACUCTBMM YEJIOBEKa C MNPUPOJONH. 31ech IOuYBa 33JCHCTBOBaHA HE TOJIBKO
B €XKErOJHOM BOCIPOU3BOJCTBE CEIbCKOXO3SANCTBEHHOTO W JIPEBECHOIO CBIPbS, OHA
CTapaTesbHO MUTAET BbIpAcTarollee Ha HeH SArofbl, rpuObl, OPEXH, a TAaKKe JIEKaPCTBEHHbIE
Tpasbl. Hampumep, 100 xm? sxocuctem CeBepa pachonaraioT TOIbKO 3amacaMd OpYCHHKH
6osee 400 ThIC. TOHH, MpUYeM 3aroTaBiauBatoTcs Jmiib 0,13 Teic. TOHH, TO ecTh Beero 0,03%.

ITouBa, kpome TOro, BBICTYHaeT B KayecTBE BaKHeimiero, Haubosee yI00HOTO
JKU3HEHHOT0 MpOCTpaHcTBa. He cirydaiiHO Kuiible U X035 CTBEHHBIE IIOCTPOMKH IIPH MIPOUNX
PaBHBIX YCJIOBUSX CTPEMSTCS Pa3MECTUTHCS M0 TOPU30HTAIN — IO MOYBE, a HE MOAHUMATHCS
CIIMIIKOM HaJl HeH B BO3AYLIHYIO Cpely U He 3ariayOisThCsl Ype3MEPHO B IPYHTOBYIO TOJIIIY,
MIOCKOJIBKY 3TO MEHee HaJIe’KHO U Oostee toporo. Tak mim uHave, HO OYBa, HECMOTPS Ha CBOIO
CKPOMHYIO MOIIIHOCTh, HECMOTPSI Ha TO, YTO 3TO, IO CYIIECTBY, JIULIb TOHKAsi TOBEPXHOCTHAS
IUIEHKa 3€MJIM, MCTOPUYECKM OKa3ajach Y3JIOM CBS3€H NPUPOAHBIX INPOLIECCOB, a TAKXKE
oOmrecTBa U OKpyxaromiei cpensl. [locneqnuii acekT HaIlesl CBOE OTPAKEHHE B BBIICIICHUN
rpymnIbl 3THOChEpHBIX GYHKIMN MOYBHI (cxema 1).

UckmountenbHas Monu(pyHKIMOHAIBHOCT OWOKOCHOW IMOYBBI C HEH30EKHOCTHIO
CTaBUT BOIIPOC: a KaK BeIyT ceOsi B 3TOM OTHOIICHUH Ipyrue OMOKOCHBIE OOBEKTHI, a TAKKE
00BEKThl KOCHOW (HEXHBOW MPUPOJbI) U OMOJOTUYECKHE CUCTEMBI — YKUBbIE OPTaHU3MBbI?
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[Touck oTBeTa MPUBOAUT K JOKA3aTEIbHOMY BBIBOAY O TOM, YTO MOJIU(PYHKIIMOHAIBHOCTH —
yHHUBEpcajbHas yepTa cucteM Mupa. Tak, eciiu paccMOTpeTh paboTy OMOKOCHOM rugpocdepbl
U atMocdepbl Ha olmiee Onaro MIaHEThl, TO BBIICHUTCS YeTKas MOJH(YHKIMOHATBHOCTD
u 3THUX o00pazoBaHMit Hanpuwmep, BOJIHAs 00osouka 3emiun
BO B3aMMOOTHOILICHHUAX C APYTUMH reocepaMu IUIaHEThl BeCbMa MHOTOTPaHHa B CBOEH
nesitenibHOCTH. [Ipekae Bcero, oHa ompenenseT CyIeCTBOBaHHE MUpA JKUBBIX OpraHU3MOB
3eMiIM, KOHTPOJIMPYET BeAyliue aTMOoc(epHbIC SBICHUS, OIpPENeNsieT COJACpXKaHUE
W HampaBJICHHOCTb MHOTMX TIEOXMMHYECKHX IIPOLIECCOB, 3apOXKAAaeT U JIBUXKET
0YBOOOpa30BaHUE, OKA3hIBACTCS HE3AMEHUMBIM PECYPCOM JIJIsl YEIIOBEUECTBA.

VY KOCHBIX CHCTEM MPUPOJBl TaKXKe MHOXKECTBO pojeil. Tak, eciu paccMOTpeTh
HEOPraHMYECKUE KOMIIOHEHTHl KaMEHHOW OO0OJOYKH, COCTABJIAIONINE OCHOBHYIO €€ YacTb,
TO uX (YHKUMOHAIbHAS MHOTO3HAYHOCTh TAK)KE€ HE BBI30BET COMHEHUN: OHM U OCHOBHOM
MCTOYHHUK BEIIECTBA s OMoc(hEepHBIX MPOIIECCOB U y3JI0BOE 3BEHO B YHEPTETUKE M TUHAMUKE
3emiiu, U KJIaJJoBasi MHOTOYHMCIIEHHBIX MUHEPaIbHBIX PECYPCOB.

BaxHo Taxke MOAYEPKHYTh, YTO MPUHIMITEI MOTU(PYHKINOHATHHOCTH BBIIOJIHSAIOTCS
HE TOJNBKO Ha TJI00ATPHOM YPOBHE, HO M Ha BceX OoJiee HU3KUX YPOBHAX, BKIOYAs
OTrpaHHYEHHBIE B IPOCTPAHCTBE IPUPOAHbIE 00pa3oBaHMsl (I0YBEHHbIE TOPU30OHTHI, MUHEPAJIBL,
OTJIebHBIC JKUBBIE OpraHU3MbI, TKaHU U KIIeTKH). Hampumep, eciau paccMOTpeTh OTIEIbHbBIN
OpraHu3M >KMBOTHOTO, TO JIEHCTBHE 3aKOHA MOJIM(PYHKIMOHATBHOCTU TPOSBUTCS, MPEKIEC
BCEro, B paloTe pa3IUYHBIX €ro OpraHoB W OyJIeT BO MHOTHX CIy4asX HEOKUJIAHHBIM
JUIA  TIO3HAIOIIEr0 CyOBheKTa, OOpPEeMEHEHHOrO0 MOHO(YHKIMOHAIBHBIM BOCIPHITHEM.
[TokazaTenbHbl B 3TOM OTHOUICHHHM JAaHHBIE IO TOBOJY HAa3HAUYEHHUs CKelleTa BBICIINUX
*KUBOTHBIX, ocBenieHHbIe b.C. KacaBunoit u B.I1.I'opbenko B kHure « X Ku3Hb KOCTHON TKaHW»:
«/lo HEe1aBHEro BpEMEHU CUMUTAJIH, YTO CKEJIET BHIMOIHAET (PYHKIIMIO MEXaHUYECKYIO, TO €CTh
ABJIIETCS ONOpPOM Tesla M crnocoOCTBYyeT nepenBukeHuto. OTcrojla MPOU30LIENT TEPMUH
«OTOpPHO-/IBUTATeNbHBIN anmapat». Ho B mocinemHee BpeMs YCTaHOBJIEHO, YTO CKEJET
BBITNOJIHACT U JIpyrue BakKHbIE JJs KU3HU (yHKUuU. [Ipexne Bcero, OH aKTUBHO y4acTBYET
B 0OOMEHE BEIIECTB, B YaCTHOCTHU, B MOJACPKAHUK Ha OINPEACICHHOM YPOBHE MUHEPAILHOTO
cocraBa kpoBu. KocTHas cucrema sIBIS€TCS MOILHBIM JENO HEOPraHMYECKUX COEIUHEHUI
U CITy)KHT Oy(hepoM, CTaOMITN3UPYIOLINM HOHHBIN COCTaB BHYTPEHHEH cpebi». (c.9)

Oco0blif UHTEpEC, KOHEYHO, BBI3bIBACT MPOSIBICHHUE 3aKOHA MOJIU(YHKIIMOHATBHOCTU
B OKM3HM JIIOJeH, Kak MpHUpPOJHO-coluanbHOro ¢(eHomeHa. K coxkaneHHio, MOCKOJIBKY
M3YYEHHOCTh CaMOT'0 YEJIOBEKa 0Ka3ajoch KyAa 6ojiee 4eM CKpOMHOM, Mbl MOXEM 0003HAYUTh
JIMIIB OOIME KOHTYPBI €r0 OCHOBHBIX KU3HEHHBIX QYHKIUHI (cxema 2).

[ToBpIIIEHHYO JMCKYCCHOHHOCTb BBI3bIBACT OIIpezie/IEHNE IIPUPOJHBIX
(buonornyeckux) (YHKIHN MBICIAIIETO CYIIECTBA, KOTOpPHIE HA CETOJHS TOHSTHI SIBHO
HEJ0CTaTOYHO.

OT0 00BSICHSIETCS BO MHOTOM MpeHEOpeKeHNEM K OMOJIOrMYeCcKO OCHOBE YEJIOBEKa,
IIPUHWKEHUEM €r0 4yBCTBEHHOro Hadana. [loka3aTenpHO B 3TOM OTHOILEHUHM BBIJECICHUE
3anagHoeBponeickum  punocopom Kbepkeropom Tpex cdep CyIIECTBOBAHUS YEIOBEKa:
ACTETUYECKOM, »THuecko U penuruozHoil. IlepBas cdepa, yxoasdmias B UYyBCTBEHHOE
BOCIIPUATHE MHUpPaA, pacCMaTpuUBaeTCs UM KakK 3aBeJOMO Oojee HM3Kasg U IOJAYMHEHHAas
10 CPAaBHEHUIO C IBYMS APYTHMHU.

B oteuectBennoit Qriiocopum m Hayke HEAOOIEHKA BKJIaJa MPHUPOTHOW OCHOBBI
yeJoBeKa B oOliee ero ObITHE NMPOSBMIIACH OLIYTUMO M HACTOHYMBO. DTO, B YaCTHOCTH,
yoenuTenbHo moka3ano B padore U. B. I'pymuna «ConmanbHas 3Ha4MMOCTh OMOJIOTHUYECKON
uHANBUAyaATbHOCTH» (1992), Te oOpamaeTcsi BHUMaHUE HAa TO, «YTO JIO)KHO MOHUMAaeMble
OJIHO BpeMsl YCTaHOBKU Ha O0OpbOy ¢ OMOJIOrM3aTOPCTBOM MMEJH CIEICTBUEM (haKTHUECKOe
UCKJIIOUYEHHE U3 COLMATbHO-QUIOCOPCKOW KOHUEMIMUA WHIUBHIYyaJbHOCTH YEJIOBEKa
ouonornyeckoro acrekrta» (c.2). Takoe HCKIIOUEHHE BeChbMa OTPHIATEIBHO CKAa3aJloCh
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Ha OOpa3oBaHMM, BOCIHMTAHUM, OpPraHU3alMU (U3UYECKON KyJIbTYpbl, HOPMHPOBAHUU
OMOJIOTMYECKOTO TIOTPEOJICHHS U JIP.

I'maBHEIM BBIBOJ paboThl [ pyminHa CBOJUTCS K CISAYIONIEMY Y3JI0BOMY ITOJOXKEHUIO:
OMOJIOrNYECKH MOJIHOLIEHHOE OBITHE YEI0BEKa BO3MOKHO JIUIIIb TP YCIOBUH YIOBJICTBOPEHUS
OpUCYIIEH HWHIMBUAYYMY NOTPEOHOCTH B OCYIIECTBICHHH T'€HETHYECKOW IpPOTrpaMMBI,
noTpeOHOCTH B (DOPMUPOBAHMM U HOPMAIbHOM (PYHKLMOHHPOBAHUM a/leKBAaTHO TE€HOTHILY
MOp(HOPU3HOIOTHYECKOTO  CTaTyca, IMOTPEOHOCTEH B COOTBETCTBYIOUICH  JaHHOU
VH/IMBUYaJIbHOCTU SKOJIOTUYECKOM HMIIM, MOTPEeOHOCTEN B peaau3alii MHIUBUIYaJIbHOIO
CTEPEOTHIIA TOBEACHHUS.

SIcHO, YTO AaHHBIE TOTPEOHOCTH MOJIyYaOT CBOE BOIUIOIIEHUE B X0JI€ OCYILECTBICHUS
YeJIOBEKOM CBOMX XM3HEHHBIX MPUPOAHBIX (YHKIMH, BKIIOYAIOMIMX B ce0sl MOAJIEpKAHHE
UHCTUHKTA COXPAaHEHMs JKU3HHM, 3allUTy OT (aKTOPOB  pa3pylIeHUs  30pPOBbS,
BOCIIPOM3BEJICHHE MOTOMCTBA, MHCTHHKTHBHYIO OPHEHTAIMIO Ha INajsiiee MoTpediaeHue
JTapOB MIPUPOJIBI U JIP.

[Tocnenusist mo3unms TpedyeT CnenuaIbHOTrO MOSCHEHHUs, TIOCKOJIBKY OeCCO3HaTeNIbHas
OpHEHTAlUs] HOPMAaJbHOI'O 4YEJIOBEKa Ha INAJsIee MCIIOJIb30BaHHE IMPHPOJIHBIX PECYpCcoB
OKa3bIBACTCS OJHON U3 HEHTPAJIbHBIX €T0 €CTECTBEHHBIX (PYHKIIHI.

W3BecTHO, YTO B MUpPE KHUBOTHBIX, Ky/la BXOJUT KaK OMOJOrMYECKHI BUJ U UYEJIOBEK,
JIOCTaTOYHO CTPOT'O BBIAEPKUBACTCS MPHUHILMII PALlMOHAIBHOTO MOTPEOJIEHNs HEOOXOANMBbIX
CPEACTB >KM3HEOOECHEeUeHHsl, 4YTO IMO3BOJSET COXPAHATh HCTOPUYECKH CIIOXKHBIIMECS
KpYroBOpPOTHI BEIIECTBA W SHEPruu B Ipupoje. Takas HACTPOEHHOCTh Ha 3KOJOTMYECKHU
cOaraHCUPOBAaHHOE COCYILECTBOBAHUE 3aKOIMPOBAHA, MPEX/E BCET0, B TEHOTUIIE HKUBOTHBIX.
buonoruuecky NOJHOLIEHHBIM 4YelOBEK HE SIBJIAETCS B JIaHHOM CJIy4yae HCKIIOUYEHHUEM,
HO MHCTHUHKTMBHOE COEpeXeHHME eCTECTBEHHOW cpellbl OOMTaHUs y HEero OOHapyKHBaeTcCs
B crienn(UIecKoi, B OCHOBHOM YYBCTBEHHOH (hopMe uepe3 BPOKACHHYIO JI0OO0Bb K MIPHUPO/IE,
KaJoCcTh K OpaTbsiM MEHbIIUM, MONaBIIUM B Oeny U 1p. VIMEHHO MOACHyAHOE eIMHEHHE
C IPUPOJON OKA3bIBAETCS] MOIIHEUIIIUM CTUMYJIOM B O0pbOE 3a €€ COXpaHEHHUE, B YEM HE MAJIO
Jro/ied, YJacTBYIOIIMX B 3€JIE€HOM JIBUKEHUH, BUJAT OJHO U3 OCHOBHBIX CBOMX YKHU3HEHHBIX
Ha3HauyeHM. 1 He ciydaiiHO, KOorja B Halled CTpaHE pPa3BEpPHYJIOCh JBH)KEHHE IIPOTHB
nepeOpOCKH CEBEPHBIX PEK Ha IOT, PEeIlAIOIMKA BKJIaJ B OTMEHY NMPOEKTa MepeOpOCKH BHECIN
BBICTYIUIEHHSI T€X, KTO B CBOMX JIOBOJIAX ONHUpAJICS, MPEXkIE BCEro, Ha 00IIre coOO0paeHUs
IYMaHHOT'O OTHOIIEHUS K OKpY’Kalollei cpeze, a He Ha HU(POBbIE pacyeThl YKOHOMHUYECKON
BBITO/IbI.

B pesynbrare TryMaHHCTHYECKHE JOBOABI IUCATENEH, JeATENed KyJIbTYpHI,
IPOTPECCUBHBIX  YYEHBIX OKa3zaluch YyOenuTelbHEe MaTeMaTHYeCKUX JO0Ka3aTelbCTB
nepeOpOCYUKOB.

I'enernueckn 3anporpaMMHUpPOBAaHHBIE YCTAaHOBKM Ha CONO3 C INPUPOJON BHEIIHEH
U BHYTpPEHHEH (COOCTBEHHBIM OpPraHM3MOM) 3aKpEIUISIIOTCS U BO MHOTHX COLMAIbHBIX
(GYHKLIMSAX YelIOBEeKa, SBISIOLUIMXCS B psAf€ CIy4aeB MPOJOIDKEHHEM €ro eCTEeCTBEHHBIX
¢byukuii (cxema 2). B 91Ol cCBsA3M cieayeT OTMETUTh Bce Oosiee  yCHIIMBAIOIIMICS
HPABCTBEHHBIM  aCHEKT COLUAJIBHOM DKOJIOTMH, 4YTO CBHUJETENBCTBYET O SIBHOM
IPOrpaMMHUpPOBAHUN OOLIECTBOM CBOMX HMHAMBHAYYMOB Ha pELIEHHE TJIaBHEWIIEeH 3amauu
COBPEMEHHOCTHU — CIIACEHUE €CTECTBEHHOU Cpeibl OOMTaHUS YeIOBEUECTBA.

OpaHako KOI0TU3aIMs MACCOBOTO CO3HAHUS 3eMJISIH U MPEAO0TBpAIllEHUE 32 CUET 3TOT0
HKOJIOTHUECKOM KaTacTpoQbl 1aeTcsi C OUYEHb OONBIINM TPYJIOM, UYTO CBSI3aHO, IIPEXK/IE BCETO,
CO CJIOHOCTBIO NMPOOJIEMBI, €€ KOMIUIEKCHBIM, IPOTUBOPEUYMBBIM XapakTepoM. Heobxoauma
HE TOJBKO IEPEOPUEHTALMSI HPABCTBEHHOI'O CO3HAHMS JIIOJIEH, O UYEM CIIPaBEAJIMBO T'OBOPUT
M. bykuuH, A. 1. CanoBckuil u 1p., HO U OJTHOBPEMEHHOE PEHIEHNE MHOTHUX APYIHX 3a]ad.
OdeHb eMKO aHHYI0 MbICIb Bbipaswia MHaupa [Manau: « Bepro, 4To KU3Hb U MUD - €IUHBI.
Bce npobiieMbl cpebl 0OUTaHMs TECHO MeperuieTeHbl. JleMorpadudeckuil B3pbIB, HULIETA,
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HEBEXKECTBO, OOJIE3HHU, 3arps3HEHHE IUIAHEThl, HAKOIJICHHWE SAEPHOT0, OHOJIOrMYECKOTro
U XMMHUYECKOT'0 OPYXHsI — BCE 3TO CO3J1aeT MOpouHbld Kpyr. Kaxkaas u3 atux npobiaem BaxkHas
U TpeOyeT HEOTIOKHOTO PEIICHHUS, HO PEIIaTh UX MOOYEPETHO — IYCTOE Aeio». [2].

U no xony pemeHus 3TUX B3aMMOCBSI3aHHbBIX 3a/1a4 HE0OXO0AUMO MOCTOSHHO TIOMHUTh
0 MONMU(PYHKINOHATBHOCTH PA3IUYHBIX MPOLIECCOB U SABJICHHI, B TOM YHCIIE CaMOT0 YEJIOBEKa,
KOTOPOMY MpeAONpeAeIeHbl HE TOJBKO HKOJIOTMYECKHE, HO W Jpyrue (QyHKLIUH, TaKxKe
HY>K/IalOIIHECs] B CBOEM OCYIIECTBICHUH (cxema 2).

B 3akmroueHue 1enecooOpa3HO OCTAHOBUTBHCS HA TEOPETHMUYECKOM M IPUKIATHOM
3HAYCHUHU 3aKOHA MOJU(PYHKIHMOHATBHOCTH.

Jlaxke U3 KpaTKOro OCBEIIEHUs paCCMaTPUBAEMOT0 BONPOCa SICHO, YTO YHUBEPCAIbHBIN
XapakTep 3aKoHa MoNM(yHKIIMOHATLHOCTH JIeIaeT BECbMa aKTyaJbHBIM €T0 HCIIOJIb30BaHHE B
TEOPETUYECKUX U MPUKIATHBIX pPabOTaxX, KacaroUIMXCS 3SBOJIOLMOHUPYIOIIUX CUCTEM
pasIMYHOrO  KJlacca W YpOBHS  CIOXKHOCTA.  Mcropuss ~ yuyuT, 4YTO  Tam,
rae noiu(yHKIMOHAIBHOCT HWIHOPUPYETCS, 4YENIOBEUECKHE JEsHUS OKa3blBalOTCA HE
3 PeKTUBHBIME WM yuiepOHbIMH. Hambonee MOy4MTeNbHBIM NpUMEp MNPEHOJHOCUT HaM
UCTOPUS OCBOEHHMS M HCIOJb30BaHUSA IOYBEHHOro mokpoBa 3emuu. [locunTtaB mnouBy
00513aHHON CITY’)KUTh YEJIOBEKY M yBHJIEB B Hell (pakTuyecku onHY (YHKIHIO — MCTOYHHKA
3JIEMEHTOB IUTaHMUA JUISI PACTEHUM, YEIOBEYECTBO YXKe pasjenanoch ¢ 4 MIpA. ra.
IUTO/IOPO/IHBIX TIOYB M CBS3aHHBIMU C HUMHU OHMOIICHO3aMH, IIPEBPATHB WX B aHTPOIIOICHHBIC
IYCTBIHU, Pa3pyIllUB 3pO3HEH, 3aCTPOUB PA3TMUHBIMU COOPYKEHUSIMHU U OJBEPrHYB APYTUMHU
nporeccamu aerpananun. Eciau ydecTts, 9to Ha 1.5 MipA. ra NaXOTHBIX 3€Mellb MHpa M0YBa
0003KeHa y100pEHUSIMHU U HEIIPEPBIBHO PAHUTCS 00pabaThIBAIOLIUMH OPYIUSIMH, TO MOYKHO
KOHCTaTupoBaTh:  Okoio  40%  MNOYBEHHOro  MOKpOBa  IJIAHETHl  BBIKIIOYHIOCH
U3 €CTECTBEHHOUCTOPUUYECKONH OHOC(Eephl, YTO HOBEPIIO €€ B IIyOOKHH 3KOJIOrMYecKUi
KPH3HC.

BoT HaM 1 ypok MOHO(YHKIIMOHATIBHOTO MOJX0/1a K LIEHTPAJILHOMY pecypcy 3eMiH —
noyBe. 3a JPyruM MPUMEPOM JaJeKO XOIUTh HE Hajo. JJ0CTaTOYHO BCIIOMHHUTH O IIMPOKOM
pacrpoCTpaHEeHUH B MEIUIIMHE B HEJJABHEM IPOILJIOM MHEHHUS O TOM, YTO TaKOH opraH, Kak
TJIaH/IbI, HE UTPAIOT 0COO0H PO B OpraHU3Me YeJIOBEKa M MMOTOMY B CIIy4ae UX JIUTEIILHOTO
3a00JI€BaHUs UX MOXKHO CMEJO YJalIATh B IJIAHOBOM TOpsJIKE 0€3 Cepbe3HOro JIeUeHHs.
MHOTrOYHCIICHHbIE OTPHIIATENbHBIE MOCIEACTBUS HEOOOCHOBAHHOTO YAAJCHUS TJAH]
U3BECTHBl — TMALMEHThl, JHUIIMBIIMCH BaXXHEWIIEro MPOTUBOMH(EKIMOHHOrO Oapbepa,
OKa3bIBAJIMCH B TUIEHY XPOHUYECKOTO OPOHXHTA.

OTueTnuBO BBIPAKEHHOE MNPHUKIATHOE 3HAYEHHE 3aKOHA MONU(YHKIMOHAIBHOCTH
no0y/JaeT K CIELUAIbHOMY aHajlu3y pa3IMYHbIX €ro acleKkTOB M HHTErPUPOBAHHOMY
OCMBICJICHHIO B CBSI3U C JICHCTBUEM JIPYTHX OOIIUX MPUPOIHBIX 3aKOHOMEPHOCTEH.

IIpencraBusier Takke MHTEpEC OLEHKA MOJU(PYHKIMOHATIBHBIX U3MEHEHUH CIIOKHBIX
ABOJIOIMOHUPYIOMNX CHCTEM C y4YeTOM 0a30BBIX IIOJIOKEHUI CHHEPTreTHKH. Tak, JacTo
HaOmroaemast runepTpodus Kakoi-mubo oaHOW (YHKIMH CONpPOBOXAAeTCs (HaKTHUYECKU
NpUOIMKEHUEM CHCTEMbl K TOYKe OM(ypKaluu C TMOTeped €1 YCTOMYMBOCTH B CBSI3U
C HapylIeHHueM cOalaHCUPOBAHHOCTHU B peasin3alluyl IPyTux (pyHKIU.

B cmydae mepexoma cucTeMBl Ha ApPYrod  ypOBEHb  OPraHM30BaHHOCTH
U QYHKIMOHUPOBAHUS CJIEeIyeT OKUAATh YCUIICHUE SBJICHUM TUCCUTIAIIMUA SHEPTUN CHCTEMOH.
CnenoBarenbHO, 1J11 COXpAaHEHHs] CUCTEMbI Ha HOBOM ypOBHE (YHKIIMOHUPOBAHMSI OHA OyJeT
HYK/IaThCSl B «3aKauke» JIOTOJIHUTENbHBIX 7103 SHEPTUU M3BHE. ECIHM 3TOro npoucxoauTs He
Oyzer, cucTeMa MOKET MOJBEPTHYTHCS ACTPATallMOHHOMY M3MEHEHHIO BIUIOTH JO IMOJIHOTO
paspyIeHHs.

Tak moka3aTebHBI IOMBITKA OTHOCTOPOHHEH YCHIICHHOH SKCIUTyaTallly TI0YB B IENSIX
MOBBIILIEHUS] YPOXKAHHOCTH CEJIbCKOXO3SHCTBEHHBIX KYJIbTYp 0€3 COOTBETCTBYIOIUX 3aTpaT
Ha TO/JIEpXKaHNEe U TOBBIIICHHE TIOYBEHHOTO IUIONOPOMs. Takue MOMBITKH 3aKaHYABAJIHCH,
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Kak IpaBuiio, ocjalieHueM OoJblIeld 4acTH 3KO(YHKIHMHA MOYB M, B KOHEYHOM CYETe, MX
JieTpajlaliiell 1 pa3pyLieHueM.

AHanornyHas KapTuHa OyaeT HaOJroAaThCs My OMOCOIMATIBHBIX CHUCTEM B ClIydae
THNEpTPOPHUN KaKoW—TO HX (YHKIUMH O3 COOTBETCTBYIOIIMX KOMIIEHCATOPHBIX 3aTpar.

Hanpuwmep,

YeJIOBCK,

peH_II/IBI_HI/Iﬁ MNPpUHOHUIINAJIBHO  YCHUIIMTb

KaKOM-TO BHJ CBOeEH

JACATCIIBHOCTH, JOJIXKCH 3a6nar013peMeHHo I103a00TUTHCS O JOIOJHHUTEIBHBIX pECYpCaxX CBOCTO

XKHU3HEoOecreueHusi, 4ToObl HE CTOJKHYThCS C mpobiaemoit  oOmiedyHKIHOHATBHOM
pa30aJaHCUPOBKU CBOETO MOBCEJHEBHOTO OBITUS M JIOCPOYHOI'O YXOJia C apeHbl aKTHBHOM
YKU3HU.
Cxema Nel Ocnogruie 3x0102UtecKUe QYHKYUU NOUEbL
Kareropuu u Buabl yHKUMH MOYBbI
Buoreounenoruue JnTocdepubie ATMochepHbIe Oomedonochepubie u
CKHe 3THOC(epHbIE
Kunnne, buoxumnueckoe | Tpanchopmanus Cpena oOuTaHus,
MEXaHUYECKas npeoOpa3oBaHue | MOBEPXHOCTHBIX BOJ B | HCTOUHUK BEILECTBA JJIs
Oropa JUIsl )KUBBIX | BEPXHUX  CJIOEB | [PYHTOBBIE OpPraHU3MOB CyIIH, (AKTOP
OpPraHU3MOB. auTocdepsl OMOJIOrNYECKOH 3BOIOLUN
Jeno cemsH. Y OTHOTEHE3a
Hcrounuk u neno | Mcrounuk PerynupoBanue VYcnosue HOpPMAaJILHOI'O
3JIEMEHTOB BELIECTBA Ui | pEYHOr0 CTOKA, | (YHKIIMOHUPOBAHUS
MATAaHUSI, BJIArd, | 00pa3oBaHUs (dhakTop ouocdepsl U 3THOChEPHI,
SHEPruu MUHEPAJIOB U | OMONIPOYKTUBHOCTH | TUIAHETApHBIN y3el cBsizei
opoJ BOZIOEMOB
Perynsauus [Tepenaua [Tornomenue u | ObecrieueHue
COCTaBa, AKKyMYyJIUPOBaHH | OTpa)KCHHE BOCIIPOM3BOJCTBA
CTPYKTYpPBbI U | ou COJIHEYHOH | COJIHEUHOM PpaJUaldU | CEIIbCKOXO35MCTBEHHOIO U
JUHAMMKH, SHEPruu B JIECOXO35IIICTBEHHOIO
«mamatb»  BI'Tl | rmyOGokue wactu CBIPbs
(OumoreonieHosa) | nutochepsl
AKkymysius ¥ | 3amura PerynupoBanune ®akTop  QopmMHUpOBaHUS
TpaHchopmanust | IUTOChepsl  OT | BIaroo0opora, IIOJIE3HBIX MCKOINAEMBIX U
BelIeCcTBa U | Ype3MepHO ra3oBOoro pexuMa | | JHEPreTUYECKUX PECYPCOB
DHEpPruu BI'Ll, | apo3un cocTtaBa aTMochepbl
CaHUTapHas
byHKIUSA
[TouBeHnHoe VYcnosue Hcrounuk TBepmoro | Mecto i IOCENICHMI,
IJI00pOINe HOPMAaJIbHOTO BELIECTBA U | IPOMBIIIJIEHHBIX u
pa3BUTHSA MHUKpPOOPTaHHW3MOB JIOPOKHBIX 00BEKTOB;
JauTocQepsl aTMocQepsl peKpeanonHasi QyHKLUS

Cxema Ne2 JKusnennvie pynxyuu uenosexa

IIpupoanbie GpyHKIHHU ConmnanbHble QYHKIHHA
HHAUBHUYAJIBHBI BH/0BbIE JIUYHbIE OO01mecTBeHHbIE
e
ITognepxanue Bocnpoussenenu | CoGmoneHue VYyacTue B CO3UIaTEIbHON
WHCTHHKTA € IOMYJIALHAN HPaBCTBEHHO- JeSITeIbHOCTH 00111eCTBa
COXpaHeHUs TUYECKUX
TpeOOBaHMIT
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3amura ot | Coxpanenne  u | PazymHoe VYyacTue B COXpaHEHUU U
(bakTopoB 3almTa HCIIOJIb30BaHUE U | pa3BUTUM  3THOCA, K
paspyleHus MO AU ONTUMHU3ALUS KOTOpOMY  NPUHAJIEKUT
3/10pOBbS 3/10pOBbS JMYHOCTb
IIpenoxpanenue | Yuacrtue B | Pa3Butue JInunbIii BKJIa B
oT yIrpo3bl | OMOT€OXMMHUYECK | MO3HABATEIbHBIX U | OECKOH(IUKTHOE
YHUYTOXXCHHUS UX KpyrOBOpOTax | APYTUX CIIOCOOHOCTEH | COCYILECTBOBAHUE
Pa3IMYHbIX ITHOCOB
Bocnpoussenenn | Opuenranus Ha | Onpenenenue cMbicia | Bknaxn B coxpaHeHHe
€ MOTOMCTBA niajsuiee CBOCH JKM3HM M €ro | OKpy’Karollei cpeabl
notpedaeHue peauzanus
MPUPOIHBIX
pecypcoB
CoxpaHeHnue u ®dakTop Bocnurtanue nereit 1 | AKTUBHOE y4acTue B
BBIpALMBaHUE OHOJI0rn4ecKon 3a00Ta O POJHBIX BOCCTAHOBJICHUU U
MOTOMCTBA SBOJIIOINH OIU3KUX MoAJIeP>)KaHUU
Onmarononyuns 6rnocgepsl
H o01IecTBa
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SOIL AS A MULTIPHASE COMPLEX SYSTEM

Ivanov O.P., candidate of geological sciences, v.n.s.,ivanovop.2007@yandex.ru

Annotation. The polyfunctionality of complex evolving systems is analyzed. It is
shown that not only living objects, but also various stagnant, biocontinuous systems have
numerous functions in the general natural organism. The functions of the systems of dual
essence — the biocosal soil and the biosocial person, which turn out to be the basic objects of
studying the polyfunctionality of the systems of the existing world, turned out to be especially

numerous.

Keywords: multifunctionality, soils, complex systems, stagnant systems, living systems
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NCCIEJOBAHUE 30H CTPYKTYPHO-®A30BbIX IIEPEXO/I0OB

HBanoB O.II., kaH/. T€0.-MUH. H., B.H.C. M3 MI'Y umenu M.B.
Jlomonocoga., Pykun M./., 1. tex. H. M3 MI'Y umenu M.B,
JlomoHocoBa, ivanovop.2007@yandex.ru

AHHOTAIUS. [IpoBenen aHau3 ponu OoudypKamOHHBIX
WIA CTPYKTYPHO-()a30BBIX MEPEXOJOB B 3BOJIIOLMU CIOXKHBIX CHCTEM C
MOMOIIbIO0 (PEHOMEHOJIOTUYECKOT0 aNropuT™Ma U (hOpMaTH30BaAHHBIX MOHSITUN aIaITUBHOCTH U
ycroiuuBocTu. [loka3aHo, 4TO alropuT™M IO3BOJIAET OLEHUTb CTENEHb TapMOHUYHOCTH
nepexo/ia ¥ yCTOMYUBOCTH HOBOTO COCTOSIHUA. 3HaHHE OCOOCHHOCTEH Hanboee KPU3UCHBIX
30H CTPYKTYpHO-(a30BBIX MEPEXOJ0B JAIOT BO3MOXXHOCTb MAaJIIMU JHEPreTHUYECKUMHU
BO3/JICHICTBUSIMU W3MEHUTh TPACKTOPUIO, TEMII M KOHEYHYIO LIE€Tb SBOJIIOIHH PA3IAYHBIX
OIACHBIX IPUPOJIHBIX IPOLECCOB, HE JOMYCKas UX Pa3BUTHUS /10 SKCTPEMAIbHBIX COCTOSIHUM.
3HaHue (PYHKUIMOHAIBHOM 3HAYMMOCTH TaKHX «aKYMyHKTYPHBIX» TOYEK 3BOJIOLMOHHBIX
IIPOLIECCOB, IO3BOJISIET YNPABIATh MMM C MUHUMAJIbHBIMM SHEPreTHUYECKHMMM 3aTpaTamu
B I[EJISIX IPEBEHTUBHOMN 3aIIHUTHI.

KiroueBble cjioBa: caMOOpraHH3alysi, CIOXKHBIE CHCTEMBI, CTPYKTYypHO-(ha30BbIii
nepexo/l, HelMMHEeHHas TMHAMUKa, Xa0THYECKOe COCTOSTHUE

BBEJIEHUE

PabGora mocBsAmeHa aHanM3y ~aNrOpUTMa  CTPYKTYPHO-(Da3OBBIX  IEPEXOIOB,
YTOOBl BBUICHHUTH €r0 BO3MOXHOCTH JJIsi M3y4eHHUs OCOOCHHOCTEH camMoopraHu3aluu
JUHAMUYECKMX CHCTEM B HEPAaBHOBECHBIX COCTOSHHUAX. AJTOPUTM aHalM3a IEpexo]l0B
pa3paboTaH Ha OCHOBE MCCJEIOBAHUM IPYrHX CIIEHAPHEB IMEpexojia TUHAMUYECKHX CHCTEM
K Xaocy.

BrnepBble numHamuueckuii xaoc Obul m3yueH M.Deiliren6aymoM Ha mpumepe
JIOTUCTHYECKOro ypaBHeHUs DepxronbcTa, Trae ObUIO MOKa3aHO, YTO NEepUOJUYECKUE
KoJIeOaHUs B 30HE NEPeX0/1a YCIOKHIIOTCS, OOHApy>KUBasl MOCIIEA0BATENLHOCTD C YABOCHHEM
nepuoia KojiebaHui. 3aTeM MpoIecc MepecTaeT ObITh MEPUOUUECKUM, TPUBOJIS K TOJI0CaM
XaoTudeckoro noseaeHus (puc. 1,2).

X

Puc.1. ITlokazana  nocredosamenbHOCMb
oughyprayuti npu yeeauuwenuu napamempa A
VOAIEHHOCMU OM PABHOBECHO20 COCMOSHUSL
[4]. X — napamemp npoyecca; b, b, C1, Ca, Cs,

Ca, U1, d2 ... - HOBBIE ycmotiuusbie peutenus,
B03HUKAIOWUE 8 MOUKAX OUPYpKyyuil nocie
nomepu cucmemou YCMOUYUBOCmuU.

Camoopeanusyrowuecs cucmemsl  O0enarom
B03MOMNCHBIM A0ANMAYUIO K OOMUHUPYIOUEMY
muny 6o30elicmeull OKpydcarowel  cpeovl
nymem  peanusayuu  nocuedo8amenbHOCmu
nepexo006 om 0OHOU MOYKU Ou@yprkayuu K
opyeoli.
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Puc.2. Ilokazan nepexo0 cucmemvl 8 XAOMUHUECKUL PEHCUM HA 3a8epuiaroujeti Crmaouu.

PaccmarpuBaeMblii fanee ajaropuT™M BXOJIUT B IE€pPEYCHb METOJOB HEIMHEHHOMN
JuHaMUKU. Teopust HEMMHEHHBIX TMHAMUYECKUX CUCTEM OepeT cBoe Havajo ¢ KoHla 18 Beka,
korna Anpu Ilyankape (ppaniry3ckuil yueHslii - mMareMaTuk, ¢pusuk, ¢pumocod) B 1884 r.
onyOJIuKOBall cepur0 paboT 1moj oOmuM Ha3zBaHueM «(O KPUBBIX, OMNpPEIETIIEMbIX
T depeHIMaIbHBIMI  YPAaBHEHUSMUY», 3aJ0XKHMB MaTeMaTUYECKHE OCHOBBI €LI€ OJHOIro
HAIPaBJIEHUSI B HEKJIACCHMYECKOM €CTECTBO3HAHUU — HEJIMHEWHOM nuHamuku, a B 1892 r.
BIIEpBble C(HOPMYIMPOBAI 337a4y O HEIMHEHHOM B3aMMOJEHCTBMM TpEX KOCMHUYECKUX Tell
(1892 r.). Ho 3anaua Oblia perieHa ToJbKo 1outu yepes croserue I'puropuem [lepenpmanom.
Tem He MeHee, UHTEpeC K HEITMHEHHOMY YMCIEHHOMY MOJEIMPOBAHUIO CTall Pa3BUBATHCS
BO MHOTHX pa3zJiejlax HayK, HallpuMmep, 3a CUEeT UCCIIEJOBaHUM B 00JIacTH Teopuil (a30BbIX
nepexonoB (Jlanmay), teopuit xummueckoi (Pymenko A.Il. (1960), auHamuueckoit
U TepMorHamMIueckoit camoopranusanuu (Ipuroxun U.P. (1962).

Komnen 18, mourn Bech 20 Bek ¥ Havano 21 Beka 3HAMEHYIOT IIEPEXOJ Ha HEJIMHENHOE
MBIILIEHUE 110 HECKOJIBKUM HalpaBJIECHUSIM:

1. DTO aBTOBOJIHBI U aBTOKOJIEOAHNUS;

2. Teopust HENMMHEHHBIX TMHAMHUYECKUX TPOIECCOB;

3. Teopust AMHAMHUYECKOTO Xa0ca.

[lepBpiMu Hayasiach pa3paboOTKU Teopuu aBTokosebanuii u aBToBoJH (A. Jlotka 1910,
Ban /[lep Iloms 1920. V. Bpeit B 1921 r. onucan nepByro KojeOaTeNbHYIO XUIKOPa3HYIO
peaKINIo pa3ioKeHHsT Tepokcua Bojgopona). Jlamee uccnenoBanust JI.M.Manpaenbimrama,
A.A. lloutpsruna, A.A.Burra, H.M.Kpsuiosa, A.A.AuaponoBa — 10 1960 rr.). Eme nozxe
C.I1.Kyparomos u E.H.Kpbu1oB — aHanu3 pexkMoB ¢ 000CTpEHUEM.

K aBrokonebarenbHbIM ~ CHCTEMaM  OTHOCWJIMCH  OTKPBITBIE  CHCTEMBI,
JIEMOHCTPHPOBABIIME B COCTOSHUSIX HEYCTOMYMBOCTH CIHOCOOHOCTh K YCTaHOBJICHUIO
HE3aTyXalolUX BOJIHOBBIX KoJieOaTeNbHBIX JBHKEeHUH. CyIIECTBEHHO TO, YTO MapaMeTpbl
TaKuX KoJiebaHui He ObUIM CBsI3aHBI C HAYAJIbHBIMU YCIIOBUSMU U 3aBUCETTH OT CAMOM CHCTEMBI
(BBIXOJ HA HUX MPOMCXOANI U3 OOJBIIOrO Mana3oHa Ha4yaJlbHbIX COCTOSTHU).

MaremaTHueckuM 00pa3oM aBTOKOJIEOaHMN CIYXHUT mpeaenbHbii muki [lyankape—
3aMKHYTas M30JUpOBaHHAs TpaeKTopuss B (a30BOM MPOCTPAHCTBE, OTBEYAIOLIass
NEPUOANYECKOMY IBIKEHUIO Wi ocuuiuisitop Ban nep [oss.

51
CJIOKHBIE CUCTEMBI Ne 1 (46), 2023



Hccneoosanue 30n cmpyKkmypHo-ghazoevix nepexooos

Puc.2. Cxemsl npedenvrozo yuxna Ilyankape 6 3one nepexooa.

B 1952 r. paspaGoranbl HenauHeHHbIe CTPYKTYpbl A.ThIOpHHra; cTalMOHapHAs
JBYMEpHasi CTPYKTypa HEJTMHEHHOW TMHAMHUKH, BOSHUKAIOIIAs BCIIEICTBHE BOJTHOBBIX CBOICTB
peakinoHHO-T1(pdy3HOHHBIX cpen  (HenuHelHoe ypaBHeHue auBGy3uH, ypaBHEHHE
Konmoroposa-Ilerposa-ITuckynosa (KIIIT)).

Baxwueilimue meronuuyeckue Mojaenu U Teopun cepeaussl 20 Beka - 370 CTpyKTyphl
Trropunra, ypasaenue ['un3z0ypra-Jlannay, bproccenstop U.P. Ilpuroxuna.

Hemuoro panbme Bb.Il.benoycoB (1964 r), A.M. JKaGoTHHCKHII CO30AIOT TEOPHUIO
XUMHYECKHX aBTOKoJieOaHWil. bonee mo3mHUE WCCIeNOBaHHUA TIOKa3ajdl HEJIWHEHHOCTD
nepeaHero GpoHTa TaKuX BOJIH.

Jlnsi  TUHAMHUYECKHX CHUCTEM HCCIIEOYIOTCS CIOXKHOCTH (a30BBIX TPACKTOPUUI
U CO3JIAl0TCsl HOBBIE OX0/1bI psifioM yueHbIX — A.H.Konmoropos (1954), J1.K.Mozep (1962),
B.U.Apuaonsn (1963). Hdust atoro wucciemyercs (QyHKIIMOHAIBHAS 3aBUCUMOCTh MEXKIY
BpPEMEHEM U MOJIOKEHHUEM B (Pa30BOM MPOCTPAHCTBE KAXKIAOIO 3JIEMEHTA CUCTEMBI.

[TouytTn OHOBPEMEHHO WIET pa3BUTHE TOAXOJOB K aHAIU3y HEIWHEHHOCTH
TypOyJIEHTHOCTH:

1950 r. — Jlanmay JI.JI. u Xond onuchiBaroT BO30YXICHHUE BTOPUUHBIX OCIMILISIIANA
yepe3 Kackazpl ondypxanuii. JI./1. Jlanaay omy6nukoBan padoty «K Teopun TypOyIeHTHOCTH
(1944). B neit Jlangay paccMoTpelsl BOSHUKHOBEHHE TypOYJIEHTHOCTH NPU YBEJIMYEHUH YHCIa
PeiiHosb/1ca (OCHOBHOTO YIIPABIISIOIIETO apaMeTpa B 3a/1a4ax TUAPOJUHAMUKHI).

ITo cuenapwuto, mpemioxkeHHOMy JlaHaay, IepBUYHOE TEYCHUE TEPSET YCTOMUUBOCTH
OTHOCHUTEJIBHO KO0JIe0aTeIbHOIO BO3MYIIEHUS, BO3/JCHCTBYIOIIEr0 Ha TEUE€HHE C HEKOTOpPOH
YacTOTOM, BO3HMKIIEE OCHWUIMPYIOLEE BTOPUYHOE TEUYEHHE, B CBOIO OUYEpeNb, TepsieT
YCTOMUMBOCTh NMPH BO3ACUCTBUM HA HETrO JPYroro KoyieOaTelabHOTO BO3MYILIEHUS C APYrou
yacToToi. B wuTore mocne MHoOrouucieHHbBIX Oudypkanuii, KOTOpble COMPOBOKIAIOTCS
BO3HMKHOBEHHEM BCE HOBBIX M HOBBIX 4acTOT, 00Pa3yIOUIMX UpPPalMOHAIbHBIE OTHOLICHHUS,
BO3HUKAET CIIOKHBIM JAMHAMUYECKUH peXUM — TypOyJleHTHOCTb. Takyloo KapTHHY
TypOyJIEHTHOCTH NPUHATO HAa3bIBaTh crieHapueM Jlangay—Xonda.

B 1971 r. 3axapos u [llabat co3naroT TEOPHIO YEAUHEHHBIX BOJIH (COJIUTOHOR).

ConuTOH — CTPYKTYpPHO yCTOWYMBas yeIWHEHHas BOJIHA, PACHPOCTPAHSIOIIAsICS
B HenmHelHo# cpene. CoMMuTOHBI BeyT ceOs MoJ00HO YacTHUIIaM.
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1960 rr. — NpPOMCXOAUT OCO3HAHUE BO3MOXKHOCTH ONMCAHMSI HEYNOPSIOYEHHBIX
CTPYKTYp CHUCTEMaMH MpPOCThIX ypaBHeHUH U B 1964 r. co3maercsi KaueCTBEHHAs TEOPHs
nuHamuueckux cucreM (A.M.IlapkoBckuit).

B 1970 r. D.Jlopenn uccnemayer (Ga3oByr0 TPACKTOPHIO aTTPaKTOpa JUIsl OMUCAHUS
atMocdepsl, a Proans u TakkeHc — 171 TypOyJISHTHOCTH;

1978 1. M.®Daiirenbaym co3maet 1-Mi crieHapuii mepexoja JWHAMHUYECKHX CHCTEM
K XaoCy 4epe3 yJABOCHUE IIEPUOJIOB.

Xaoc AETEPMUHUPOBAHHBIA — CIOKHBIA PEXKUM, BO3HHKAIONIUMNA B HEJIWHEHHON
JUHAMHYECKOW CUCTEME BCIIEJACTBUE €€ BHYTPEHHEN HEYCTOMYMBOCTH — CUCTEMA JIEHCTBYET
HE KAaK YCHJINTEJb BHEIIHETO 1IyMa, a KaK FeHEPATOP Xa0TUYECKOTO PEXUMA.

1990 r. — co3xan reHepaTop ¢ XaOTHUECKUM aTTPAKTOPOM AHUIIEHKO-ACTaxoBa.

2000 r. — ’KCcrIepuMeTalIbHOE JJOKA3aTeNbCTBO clieHapus xaoTusanuu (M.M. CnuHbKo,
A.A.Yxapckuii, H.Erep).

VYTBepxaaeTcs NoHATHE ATTPAKTOP — 3TO TAKUE COCTOSIHUS CUCTEMBI, YEPE3 KOTOPHIE
OHa CTPEMHTCS TONACTb B 30HY IEHTpa W3 JIOOOr0 CBOEro coCTOsHHS (attract — 3TO
"mputsruBate”, "mpusnekars'). Xopomwuii npumep — pynerka. Kak O0bl kpymnbe He Opocan
LIapUK, OH B UTOre NpUOBETCS B OJHY U3 38 JayHOK. BOT 3TH nyHKM M OyIyT aTTpakTopamu
JUISl CUCTEMBI KOJIECO — IApHK.

ATTpakTOpsl BHIa y3el, (GOKyC U IpeneiabHbId UK ceiuyac  SBISAIOTCA
MaTeMaTHYeCKUMHU 00pa3aMu YCTAaHOBUBIIMXCS PEKUMOB B TUHAMUYECKUX CUCTEMAX.

B 2002 r. Maruunkuit H.A., CuiopoB co3atoT yHUBEPCAIbHBIN CIIEHAPUI Mepexo/ia
K Xaocy B cucteMax AuddepeHnnaIbHblX ypaBHEHUN ¢ TUCCHUIALMEH, BKIIIOYas YpPaBHEHUS
C 3ama3iblBaHHEM M MapaldoyiMyecKkue cucreMbl ypaBHeHud. Hauwano (mepBele aBa-Tpu
nepuoza) - 3to cueHapuit Daiirendbayma, naiee cyorapmonumdeckuili kackajn IllapkoBckoro
0 3-To mepuoAa W Janee TOMOKIMHHYECKHH Kacka] Ou(ypKanuil yCTOWYMBBIX IIUKIIOB.
Jns cuctem pa3MEpHOCTHIO >3 y4acTBYIOT JIBYMEPHBIE TOPBIL.

Bce 310 cTaHOBUTCSA OCHOBOM ISl pa3BUTHS HEIIMHEMHOW TMHAMUKYU U Pa3BEPThIBAHUS
psAaa MEXIUCUUIUIMHAPHBIX MPUJIOKEHUNA U MEKIUCUUIIIIMHAPHBIX HAIIPaBJICHUI.

NHOOPAIIMOHHOCTD 30H CTPYKTYPHO-®A30BbIX IIEPEXO/IOB

TpaguionHo MHGOPMALMOHHBIA MOAXOA B JKMBOM M HEXKHUBOW INPUPOAE CBS3aH
C pacCMOTPEHHMEM CHUCTEMBI B BHAC HCTOYHMKA, KaHajga M NPUEMHHUKA PA3IUYHBIX
MH(OPMaLlMOHHBIX BO3/IeHcTBUI. Eciy curHassl npuHOCIT HH(OpMALIKIO, TO, CJIEI0BATENbHO,
cymectByer uH(popMannoHHoe B3aummojenctBue [3]. Wudopmaims, coaepikamiascs
B CTPYKTypax WM IIpOLEccax, WU3MEHAET COCTOSHUE IIPOCTPAHCTBA, T.€. IIOPOXKAAET
nH(pOopMallMOHHOE 1oJe. MakcuMaibHOE U3MEHEHUE MPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYP
NPOMCXOJUT MMEHHO B 30HAX CTPYKTYpHO-(a30BBIX IEPeXoj0B, I7e cucTeMa oOnagaer
Han0oJiee CUIBHOM HEPABHOBECHOCTHIO.

SAABJIEHUE NEPEMEXKXAEMOCTH 30H NEPEXO/J0OB

B [8] ormeueno ompenensitomiee BiaMsHUE (PaKTAIGHBIX BapUaluil HA HBOJIOLHUIO
CaMOTNIOJJOOHBIX OHMOJIOTUYECKUX CTPYKTYp. M3BeCTHO, 4TO Bce OHMOJIOTMYECKHE CHCTEMBI
OTHOCSITCS K CaMOOPIaHU3YIOUIMMCS OTKPBITHIM HEPaBHOBECHBIM CHCTEMaM, JUIS KOTOPBIX
XapakTepHa  BBICOKAas  YIOPSIOYEHHOCTh. B TakWx  cuUCTeMax  CTaOMIIH3aIlvs
CaMOOPTaHU3YIOIIMXCS COCTOSIHUHN TpeOyeT Hammuust pIyKTyanuid (B paBHOBECHBIX CUCTEMax
GIIyKTyalmuy WTparoT J1€30pTaHM3YIONIYIO0 pOJb, T.K. MPHUBOIAT K PAa3BUTHIO CIyYalHBIX
nporeccoB). JlelicTBUTENbHO B MOPQOJIOrMH OOHApYXKEH LIUPOKUIl Kpyr (pakTaibHbBIX
CTPYKTYp Ha BCEX YPOBHSX MEPApXWU OpraHM3Ma W HAJMYWE AWHAMHYECKOTOo Xaoca. [Tozxke
[Tomo u ManueBwis (Pomeau, Manneville, 1979) wuccnenyror mnepexonq K Xaocy
qepes nepemMexaeMocts [puc.1].
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[Ton mepeMexaeMOCThIO MPHUHATO TOHUMATh TAaKOW BHJl CHTHAJNIA, B KOTOPOM
CIydyalHbIM 00pa3oM 4YepeayloTcs [UIMHHBIE peryJsipHbie (JamMuHapHbie) ¢(a3el  (Tak
HA3bIBAEMbIC OKHA) M OTHOCUTEIHHO KOPOTKHE HEPETyJIApHBbIC BCIUIECKH. Takue CHTHAJBI
00HapyKUBAIOTCSA BO MHOTHX SKCIIEPUMEHTAX.

3aMeueHO TaKXkKe, YTO YHUCIIO XAOTUYECKMX BCIUIECKOB HApPACTaeT NPU YBEIUYCHUU
BHEIIHET0 MapaMerpa, a JTO O3HayaeT, uYTO IepPeMexaeMOCTh MpeACTaBisieT co0oi
HENPEPBIBHBIA TIEPEX0J] OT PEryJSPHOTO ABWKCHUS K XAOTUYECKOMY. MEXaHU3MBI 3TOTO
sBiieHus npeioxker [Tomo u Manneswiem (Pomeau, Manneville, 1979). [1epemexaemocts 1-
ro poga — cleAcTBUE oOpaTHO# KacarenbHOi Oudypkanuu (puc.l). Ilepexom k xaocy
yepes nepeMekaeMocTb 00J1a/1aeT YHUBEPCAIbHBIMU CBOMCTBaAMH U IIPECTABIIAET COOOM OJIMH
U3 PEIKUX MIPUMEPOB TOYHOTO PEIICHUS JINHEAPU30BAHHBIX PEHOPMIPYIIIIOBLIX YPAaBHEHUH.

[lepemekaeMOCTh €CTh YHUBEpCATbHOE OOBACHEHUE MPOUCXOKICHUS (PIUKKEp-LTyMa
B HEJIMHEWHBIX cucTemax. [loMmo 1 MaHHEBUIIb TaK OOBSICHIIIN 3TO MOBEJCHUE.

YcTOWYUBBIM ~ KOJIEOAHUSIM  COOTBETCTBYET YCTOMUYMBAas HEMOJBMXKHAs TOYKa
Ha oToOpakeHuu I[lyaHkape. DTa TOYKa CTAHOBUTCS HEYCTOWUYMBOH. Tak Kak 3TO MOXKET
MPOU30UTH JIMIIb TpeMs MyTsAMH (BO BCEX TpeX Clydasx MOJIYJIHU COOCTBEHHBIX 3HAu€HUI
JTUHEapru30BaHHOTO oToOpakeHus [lyaHkape OOibllle €AMHMIIBI), TO MPUHATO Pa3IndaTh TPU
poJia mepeMeKaeMOCTH.

TUNHYHbIE CLIeHapHUK Nepexoaa K Xaocy.

MpOCTPaHCTBO NapameTpoB

Budypkauum  Xaoc

<IN

MArKas Kackan
Yo npovcxonuT (cynepKpuTUYeCKas, y“gg;;gﬂ'” - 6udypraumi - XAOC
PerynsapHan no gopore npAmas) YABOHHS
[INHAMM1Ka
XKeCTkaA
lNepemexaemocTb |
Budypkauma (CVGJ‘&';’JT”'H“;C)K”' nalll XAOC
=1 +PeUHXeKLMA
budypkauma
Tlepyogyeckii p=t TlepemexaemocTb |
ppeEKvaM P san XAOC
Koz
KoMnneKcHo- MArkas
cynepkpuTudeckasi [Keasunepuopuuocts]_ Paspylenue
SEHIPAREHbC o pn[?ﬂmag) VI/VIHVIF;))EBgHaHCbI = Topa XAOC
: 6)KECTKaFI
CcybKpUTMYECKaS, lepemexaemocts | _
obpaTHas) ina ll XAOC
+PEUHKEKLS

Puc.l. Ocnosnvie cyenapuu nepexo0oa K Xaocy coCmosiHus.

Heckonpko mosxe Bak P. m ngp. [9] paspaboramu mMoaens “caMOOpraHHU3YIOMICHCS
KPUTHUYHOCTH .

CornacHo »TOM MojenH, MpeObIBaHHE CaMOOPIaHMU3YIOIIEHCS CHCTEMbI BOJIM3U
KPUTUYECKON TOYKH ONPEIENSET €€ YyBCTBUTEIbHOCTD K CITy4ailHbIM BO3MYILIEHUSIM, KOTOPbIE
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pacIpoCTPaHSIOTCS B CHCTEME MOA00HO “a(peKTy JOMUHO”, 3aXBaThIBast MPOCTPAHCTBEHHbIC
00J1acTH, pacMpsIIONIEerocs: MaciTata.

OPAKTAJIBHOCTDB U ®JIMKKEP-ITYMbI 30H IIEPEXOJA

[IpoBeeHHBIN YHUCIECHHBIM HKCHEPUMEHT II0KAa3aj, YTO YIpaBisieMas JIABUHHO
MPOTEKAIONIMM TIPOIIECCOM CHCTEMa DBOJIIOIMOHUPYET K HOBOMY 0o0Jie€ BBICOKOMY
OpPraHU30BaHHOMY  COCTOSIHHUIO.  JlIsi  3TOro  HOBOTO  COCTOSIHMSL  XapaKTEpPHO,
YTO MPOCTPAHCTBEHHBIC U BPEMEHHBIC XapaKTEPUCTUKH 00JIaJIal0T CBOMCTBAMHM MAacIITaOHOM
WHBAaPUAHTHOCTH, PAKTUICCKH (PAKTATBHOCTH. [IpH 3TOM IPOCTPaHCTBEHHO HEYIPABIISIEMBII
MacCHB 3JICMEHTOB CaMOOPTaHU3YETCSl B CUCTEMY CTaTHUCTUYECKH CaMOTIOIOOHBIX KJIAaCTEPOB,
a CllyqaliHbIe HEKOPPETUPOBAHHBIC BOSMYIICHUS - B (DpAKTAIBHBIE IIYKTYaIlHH CO CIICKTPOM

¢dmkkep-mryma 1/f B, rae f - gacrora, 3 - uncnennsi mapamerp (0,5 < B< 2). Illymsr co
cnekTpoM 1/f B, oTpakaroT XxapakTepHBIN 11 CHHEPTETHYECKUX CUCTEM PEKUM XaOTHYECKOU
HEJIMHEHHOU TUHAMUKHU.

B Ouonornueckux cucremax (paxTaabHble (QIYKTyalluy MPOSBISIOTCS Ha Pa3IHYHBIX
MaciTaOHbIX ypoBHsX, a 1/f B duykryanuu, kak nepapXuyecku OpraHW30BaHHBIA CHUTHAI,
oOecrieunBaeT ObICTPOE B3aUMOJCHCTBHE PA3JIMYHBIX CTPYKTYPHBIX YPOBHEH OpraHu3anuu
CHCTeMbI (ITOJICHCTEMBbI) C MIOTOKOM BHeEIIHeW nHpopmaiuu [6]. @pakranbHas pa3MepHOCTh
CHTHAJIOB, KAK HOBAs XapaKTEPHCTHKA, MOXKET OBITh OL[CHEHA 110 COOTHOIICHUIO [8]:

D=(5-B)/2 )

W3 (1) crmemyer, 4TO HU3KOYACTOTHBIE HMMITYyJIbCHl 1/f P npu =1 orBeyaroT
HEPaBHOBECHBIM (pa30BbIM IIEPEX0aM, COIIPOBOMKAAIOLIMMUCI U3MEHEHUEM THIIA (PAKTAIIOB -
Hepexo/1 OT IUIOCKUX (PPaKTATBHBIX CTPYKTYP K 00beMHBIM. [103TOMY HU3KOYaCTOTHBIE IITYMBI,
oteevaromue 1/f, sapistorcs Hanbonee nHpopmatuBHbIMU. C ToukH 3peHust M.B. beicTposa
[1], “ 3akoH 1/f“ u camoopraHu3anms OMKUCHIBAIOT [TO-PA3HOMY CAMHBIN M TIOCTOSIHHO WTyIIHIA
B INPUPOJE IMpoLecc co3uJaHus MU TBopuecTBa. [Ipm 3TOM OTMEuaeTCsl €QMHCTBEHHBIN
YHUBEPCAJIbHBIA NPUHIUI OpPraHU3alMl MPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHHYMa
U 00bEMHEHUS BCEX €ro JMHAMUYECKUX COCTABIISIONINX, CBI3aHHBIN ¢ 30JI0TOM MPOMOpIHEH.

C.®.TumamoBsiM [/] 3aKoHOMEpHOCTH 3((PEKTOB IIymMa IMOJIOKEHBI B OCHOBY
IIPOTHO3MPOBAHUS IOBEACHUS HEJIMHEHHBIX [JUHAMUYECKMX CHCTEM Ha PA3JIMYHBIX
IIPOCTPAHCTBEHHO-BPEMEHHBIX YPOBHIX. IMU 603MOHCHOCIMU CEA3AHbL C YHUBEPCAIbHBIMU
ceonicmeamu PpaKmanvHovlX CMPYKMYp, CAMOOPAHUYIOUWUXCA 60IU3U HEPABHOEECHbIX
Pazosvix nepexo0oe é paznuunvix cucmemax. PpakTaibHble CTPYKTYPbl 00J1aJal0T MHOTMMHU
CBOMCTBAMM JKUBOW KIIETKH, T.K. OHHU:

1. MHBapUAHTHBI K AHAJIU3UPYEMOMY OOBEKTY;

2. cnoco0HBl K CaMOINOA0OHOMY pPa3MHOKEHHMIO Ha Pa3IMYHBIX MPOCTPAHCTBEHHO-
BPEMEHHBIX YPOBHSX;

3. criocoOHBI nepeiaBaTh HHPOPMALIUIO CUCTEME O HapyIIEHUH YCTOHYUBOCTH CBOETO
CTPYKTYpPHOT'O COCTOSIHUS;

4. o0nagaroT CBOMCTBaMU aJlaliTAllUU K BHEIIHEMY BO3JIEHCTBHIO;

5. crmocoOHBI K CaMOYIpPAaBJIEHUIO MYTEM IMEPECTPONKU CTPYKTYpPhl B KPUTHUECKUX
TOYKaXx;

6. 0071a/1a10T MaMATHIO O MPOIIEIINX CTPYKTYPHBIX MPeoOpa3zoBaHUIX.

[lapamnenpHO MWAET pa3BUTHE  PA3IUYHBIX  MEXAMCUMIUIMHAPHBIX  IOAXO/I0B
u HampaBieHUd. OCHOBHblE MEXIUCUUIUIMHAPHBIE TEOPUH JUHAMUYECKUX CHUCTEM
clIeAyOUIye.
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1.Teopusi camopa3BUTHSI OTKPBITBIX KaTaJUTH4YecKHX cucreM. 1964, 1969 rr. -
A.Il. PyneHko — ycTaHOBJIEHHE 2-X THUIIOB cCaMOOpraHu3aiuuu (KOHTHHyalbHas Jisi
uHauBUyanbHbIX MuKpocucTeM ODOKC u korepeHTHas — aHajior XakeHOBCKOM st
MakpocucteM). JOKC=DKC-+iieHTpbl KaTaan3a+KOMILIEKC IIOCTOSHHBIX BHEIITHUX yCIIOBUM.

2. Teopus karacrpod. EE nHauano or teopum OudypKanmii TUHAMAYECKHX CHCTEM
[Tyankape u Augponosa. ABrop — Apaonba B.M. (1990).

3. Heckonbko panbiie B 1955 u 1970 r. co3maercst Teopusi 0cO0eHHOCTEH IIaKUX
oTOOpakeHuid YUTHHU U Teopusi oudypkamuii Toma (1959), Ix. Mazepa (1968), Teopust
karactpod B.U. Apronbaa (1990).

4, Teopuss camMoOpraHM3alMd TUNEPUUKIOB. ABTOpEl - M. Diiren
u IL.OIycrep (1982 r.) — koHuenuuss oOpa3oBaHMsI YIOPAJOUEHHBIX MaKpPOMOJIEKYJ
U3 HEYIMOPSIOYEHHOTO COCTOSIHUS Ha OCHOBE MATPUYHON PENPOIYKIMH U €CTECTBEHHOTO
otbopa.

5. MHMckyccrBeHHasi xu3Hb - wurpoBele  aBromarthl  (LletnmmH, 1969),
camoBocipousBojsauiecs: asromartsl (Heiiman, 1971), KoMIbploTepHOE MOJAEIUPOBAHUE
sposronuu (Kynaruna, Jlsnynos, 1969), reopus NK aBromatos C.Kaydmana (1986 -1991).
Oto cetb w3 N OyneBBIX JIOTHUECKUX 3JIEMEHTOB. BriepBble MONydeHO MpEICTaBICHNE
0 CaMOOpraHM3allMyi T€HHOTO apceHalla U MyTSAX €ro pa3BUTHS B paMKax 3Bojronuu. [Ipomor
K HOBOMY TOHUMaHHIO TEOPHH dBOJIOINH brocdeps.

6. Ayronoasuc — (1972, Marypana 1995; ®@pancucko Bapena 1995, u Pukapn Ypube
2001). D10 00600IIEHHBII OPraHU3AIMOHHO 3aMKHYTHIH MPOLIECC ISl )KUBBIX OPTaHU3MOB KaK
TUHAMHYECKONH aBTOHOMHUU. DTO CE€Th CAMOBOCIPOHM3BOJICTBA AJIEMEHTOB, COCTABIISIOIIMX
JTAaHHYIO CETb.

7. AHaau3 CTPYKTYPHO-(a30BbLIX NEpPexXoA0B ¢ IMOMOIIbI) MATPHUbI KOpHeii
0000111eHHOT0 YpaBHeHHs 30J10ThIX ceyeHuii — B.C. BanoBa — 1992 r.,

8. @paxkTaabHbIA aHaJIN3 peakuuu NPUPOIHBIX cpen
Ha celicMuuyeckue Bo3aeiictBusa — MBanos O.I1., Usanosa B.C. -2003 r.

Jlannast pabota — 3TO HPOAOKEHUE Pa3BUTHUS ATOro mnoaxonaa. Pabora mocsiieHa
aHaIM3y aIrOpUTMa CTPYKTYPHO-(a30BbIX nepexoaoB. [losicHuM noyemy:

C no3unuii MaTeMaTHYECKOTO MOJIX0a 30Ha CTPYKTYpHO-()a30BbIX MEPEX0JI0B — ITO
30HbI O ypKanuii wim BeTBICHUH pereruil. C mo3uimit GUu3ndeckoro noaxoa B TAKUX 30HaX
uccienyroTes Ga3oBble mepexonbl 1-ro U 2-To poja, B KOTOPBIX Pe3KO MEHSIOTCS CBOMCTBA
BEleCTBa WJIM MpoOIecca B paMKax M3MEHsIoMmUXcs napamerpoB. C Hamux no3uuuil 6osuee
IIUPOKUM SIBJISIETCSl TIOHATHE CTPYKTYpHO-(Da30BBIX MEPEXOJ0B, TJ€ YUUTBHIBAIOTCS BCE
POCTPaHCTBEHHO-BPEMEHHbIE M (PyHKIMOHAIbHBIE U3MeHEeHUs. [IpuurHbI — HepaBHOBECHOE
cocTossHME B 30HE (a30BOro mepexoga ¥ BBICOKAs UYYBCTBUTENBHOCTh K BHEIIHUM
BozaeiicTBusAM. [lapameTpsl mopsiaka npu pusnueckux (azoBbIX MEpexojiax — TeMIepaTypa,
JIaBJIEHUE, XapaKTEPUCTUKU AJIEKTPOMArHUTHBIX Moyiel. DIyKTyallil B 3THX 30HAX UTPAIOT
0c000 BaXKHYIO POJIb, TAK KaK 3a CYET HUX CHCTEMa CYIIECTBEHHO PACHIMPSAET CHEKTP MOHCKa
PE30HAHCHBIX YacTOT IS TOAKAYKA DHEPrUM W3 BHE Ha BHYTPEHHIOIO IIEPECTPOHKY.
Henuneitnoe B3aumMoneicTBue QuiyKTyaluil oOecrieunBaeT (pakTalbHOCTb 30HBI MEPEXOAa.
bonee Ttoro, cormacuo JI.JI. Jlammay (1937), mpu ¢a3oBbIX Mepexojgax BTOPOro pojaa
IPOMCXOTUT HM3MEHEHHE CHMMETPHH: BBIIIE TOYKM Ilepexojaa cucrema obiagaer Oonee
BBICOKOW CHUMMETpHEH, 4eM HWXKe TOYKH mepexona. CHMMETpHUs TOSBISIETCS M HCYe3aeT
CKauKOoM. MBI BBOJIUM MOHSTHE CTPYKTYPHO-(DAa30BBIX MEPEXOJOB - 3TO 30HBI YCIOKHEHHUS
CHCTEM 3a CUET TOSBJICHUS HOBBIX MOJICHCTEM B CTPYKType CUCTEeMBIL. [Iprmep — mosiBiieHHe
HOBBIX BUJIOB TIpH 3BOIIONMU bruocdeps! 3a cueT HOBBIX THUIIOB KJIIETOK.

[Ipennoxxenusiii 31ech u panee (2003 r.) GeHOMEHOIOTHYECKUN aTOPUTM TO3BOJISET
onucaTth (HaKkT BXOXKJCHUS CIIOKHOW CHCTEMBI B CTPYKTYPHO-(a30BBIH MEPEX0]] U OLEHHUTH
CUTYAIIHIO TPOXOXKICHHS M KA4ECTBO TOTO, YTO MOJTYUHIIIOCH Ha BbIxoie. CoBpeMeHHast TEOpHs
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JIUHAMHUYCCKUX CUCTEM oneppreT p}II[OM CLIeHapI/ICB Hepexona CUCTEMBI U3 paBHOBeCHOFO
COCTOSIHMSI B HEPABHOBECHOE XaOTHYECKOE COCTOSHHE, HO OHa aOCOJIOTHO OecCHIIbHA
B NIOHMMAaHUW TIPUHIIMIIOB BBIXOJ]a M3 HETO, TOT/Ia KaK JIt00as Jake MpOCTeHIas mpupoIHas
CHCTEMa JIETKO HAaXOJIWUT TaKOW BBIXOJ 3a CUYET CHUCTeM oOpaTtHoW cBs3u. [IpoOiiema
3aKJIFOYAETCs B TOM, 4YTO HH COBPEMCHHAs CHHEPreTMKa, HU Kakasg-mubo japyras
MEXKJIUCIUIUIMHAPHAST TEOpUsl HE MOJOLLIM K IOHUMAaHUIO TOrO, KakK JOMOJHUTh
HBOJIIOIIMOHHBIC YPaBHEHUS (QYHKIIUSMHU CaMOOPTaHU3alMU U 3TO MPEBpaIIaeT TEOPUIO Xaoca
B UYKWCTO MaTEMAaTMYECKUH SKCIepuMeHT. I[lpoaHanu3upyem CUTyallui0 XaoTU3alluu,
9TOOBI OIICHUTh KOHCTPYKTUBHYIO POJIb MIPEATIAraeMoro Jajee aJropuTMma.

[ToBeneHne MpOCTHIX XaOTUUYECKUX CHUCTEM MOKHO OMHUCATh MPOCTON UTEPALIMOHHOMN
HEJIMHEHHON 3aBUCHMOCTBIO!

Xnt1=f (Xn ) 7\-) (2)

B 1971 rony H.Metpononuc, M.Craiin u I1.Craitn (teopermueckuii otaen Jloc-
Anamocckoit 1a00paToprn) OTKPbUIM BaXKHOE CBOMCTBO UTEpALIM: IPYU U3MEHEHUH ITapamMeTpa
XapakTep [OBeJIeHHs UTepalluii He 3aBUCUT OT KOHKPETHOI 0 Buaa urepupyemoit pyuxmuu [10].
B uwactHOCTH, y Oo0nblIoro knacca (GyHKUMH NpU YBEIMYEHUHM MapaMerpa MPOUCXOIUT
paspylueHue npexe YCTOMUYUBOTO IMKJIA u 3aMeHa ero LUKIIOM
C YJBOCHHBIM IMEPUOJOM. OTO YJIBOEHHE IMEPUOJAA MPOJOJIKAETCS JI0 BO3HUKHOBEHUS
XA0THYECKOTO MTOBEJICHMSL.

[Iponorom k n3y4eHHIO TaKUX CUCTEM ABHIIOCH ypaBHeHHE [1.D.Depxronbera (1845 1.)
JUIS OIIMCAHUS CBS3U MEXJy YMCIIEHHOCTBIO MOIYJIALUN U o0ecliedeHneM IuIlel B Impeaenax
HUIIY €€ CYLIECTBOBAHMS. Y paBHEHHE, HA3BaHHOE IIOTOM B OMOJIOTUH JIOTUCTUYECKUM, UMEIIO
BUJL:

Nn+1=Nn+a Nn - Nn '}/an (3

3nmech o - KOIQOUIHMEHT pPOXKIAEMOCTH, [ - KOIPQPHUIMEHT CMEPTHOCTH, Y -
KO3(QUIIMEHT CMEPTHOCTH, CBSA3aHHBIH C OTPaHUYEHHOCTBHIO MUILEBOro pecypca. Bribop
KBaJPAaTUYHOW 3aBUCUMOCTH CBS3aH C  HEJOCTAaTKOM  pPECYpCOB,  TOPOKIAOIINM
BHYTPUBHJIOBYI0O 0OOpbOY, HHTEHCHBHOCTh KOTOPOW TMPONOPLHUOHANbHA  KOJHYECTBY
BO3MOXHBIX KOHTAKTOB MEXAY OTAEITBHBIMH 0COOsMH. KOIM4ecTBO BO3MOKHBIX ITapHBIX
KOHTakTOB cooTBeTcTByeT N 2. He BCe KOHTAKTBI 3aKaHYMBAIOTCS JIETAIBHBIM HCXOJOM,
yT0 W yuTreHo Kodpdummentom Y. Bo Bpemena ®DepxronbcTa emie HE OBLIO TOHSTHS
CaMOOpTaHU3aIlluKi, ¥ TOITOMY COBEPIIEHHO OYEBHIHO, YTO KOd(PHUIMEHT Y IHCKpeTeH
U HE B COCTOSHUM 00ecreuuTh 0OpaTHYIO CBSI3b U CAMOOP2AHU30BAHHBLIL 6bIX00 CUCHIEMbL
U3 MaTeMaTU4YeCKH HaIyMaHHOH cuTyanuu. TeM He MeHee, 3/1eCh BCE K€ €CTh YacTh NCTHUHBI.
JlaHHas HeMHEeWHas MOAEIb MOXKET OBbITh YIPOIIEHA CICAYIOUIMMU 3aMEHAMH

X=N(y/A), tneA=1+a—-B; 0<a; P<IL; 0Ol

B wutore ™Mbl nojrydacéM aHajJor JUCKPETHOTO 0T06pa)KCHI/ISI, TaK KaK TIIPpHUPOCT
MOMMyJIIHUU IMTPOUCXOANUT B ATUCKPETHBIC MOMCHTBLI BPEMCHU

Xn+1 =AXn (l*Xn) (4)

I[Tpu pa3ubIx 3HaueHUsIX napamerpa rpaduk Gyunkmnuu f(X, 4) = A X (1 - x) npeacrasiser
co0o# KBaJpaTHUHYIO MMapaboIy:
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Jx(A-X) =—z«x—§)2 —% ©)

QaifrenbayM rccie0Bal UTEPAlIOHHBIE CBOWCTBA 3TOTO0 OTOOPaKEHUS U YCTAaHOBMII,
4TO no6edeHue TAKUX XAOTHUECKUX CUcmemM omeeuaem CYeHapuio Y080eHUs nepuood
T—2T—4T—..... CkopocTh mepexona omnpenensercs KoHcranton o = 4,669...CyTb Takux
MIEPEXO0JIOB B TOM, YTO ITO KaK ObI Iepedop HITH IMOMCK HOBBIX 30H PE30HAHCA HIIM 30H OYXyIIHX
nedexToB, K00 TPEHIMHOBATOCTh B MAacCUBE MOPOJ MPH CEHCMUYECKUX BO3JIEUCTBUAX Oyaer
pacmpoCTpaHsATLCS UMEHHO IO HUM.

HccnenoBanus mokaszaiu, 4TO IMEPEXOAbl B TOUYKax Oudypkamuu Xn*/Xn+1* HOCST
caMoynpaBiseMblii  xapaktep [5]. OmHOBpeMEHHO 37e€Ch  PEAIN3YETCsl  YCIIOBHE
ABTOMOJICJIbHOCTH::

Xo*/xns1* = (1) LU(1-xn *) (6)

[Ipu A=\* BO3HHMKaET Mepexo/ OT YMOPSIOUYEHHUS K XaOTU3alMH B 30He OM(ypKalUu.
[lpu Xn=Xn*, OTHOWICHHE Xn/Xn* XapakTepU3yeT TPAHUIBI H3MCHEHHS YIPABJISIOLICTO
napameTpa, BIUIOTh JI0 KOTOPBIX, BEIMYMHA A=A* COXPaHSAETCsI MOCTOSHHOM.

O06o3naunM: 1/A* = Aj. 1 Ha30BEeM 3TO MEPOW YCTOWYMBOCTH CHUCTEMBI, a MapaMeTp
1/(1-Xn*) - KaK CIIOCOOHOCTh CUCTEMBI K MepecTpoiikam mpu 1/ A* = const.

B cBowo ouepenp s MEpapXHUECKOTO psja HMPPAUOHAIBHBIX YHCENT (QYHKIUSI
caMono 00 MOXKET OBITh IPE/CTABIICHA B BU/IC CTETIEHHON 3aBUCHMOCTH:

F :A_llm (7)

rJie M — IBOUYHBIN KOJI.
[Tpu Aj=const u3meHeHHs] TPOUCXOIAT B MocieaoBarenbHoct M=1,2,4,8,.,m*,
20e M* aenaemcs nopocom camono0ooHou cea3u Ai u m.
BBeneM moHATHE aJalTUBHOCTH KaK WMTOTa TEpexoja B BHJE BEIUYUHBI CKadyKa
YIOPaBISIOLIEr0 apaMeTpa, yCTaHOBUBLIETOCS MOCIE MPOXOXKICHHS TOUKM Oudypkanuu [3]:

A, =412, (8)

PaccMoTpuM BO3MOKHOCTB OIIEHKH COCTOSTHUSI CUCTEMBI, TIPOIIE/IIIeH yepe3 mepexo,
CpPaBHUB €T0 C PEHICHUSIMUA 0000IIEHHOTO YPaBHEHHS 30JI0TOM mpornopiuu (8):
XP_XxP_1=0 9)

I/I3BCCTHO, YTO KOpHH YPAaBHCHHA 9 cBs3aHbI cne/:[yfomeﬁ 3aBUCHUMOCTBIO:

dp 1= Aj (10)
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Torma cnektp kopHe# Ai (B coorBercTBUH ¢ i=1,2,3,...) BBIJISANUT CJIECIYFOIIAM
obpazom: 0.618; 0.465; 0.380; 0.324;....,0.213; mpup=1,2, 3,4 ...[4]

BelmenpuBeicHHBINM CIIEKTp HAMH ObUI TPUHAT B KAueCTBE NOPOTra YCTOMYHUBOCTH
CTpYKTYp. BaxxHO OTMETUTH, uTO 1/8 BIJIOTH A0 TPETHEro 3HAKAa OTBEYAET BOCBMOMY KOPHIO
0000meHHoi 30m0T0M mponopiwu  1/6=1/4,669=0,213, a nuHamMuYeckas YCTONYHUBOCTH
NEPUOTUNICCKUAX CHCTEM KOHTPOJUPYETCS BEIIMYMHOMN oOpartHoi CBSI3U
U COOTBETCTBYET MEPBOMY KOPHIO 00001IeHHO# 30510T0M Tiporiopiuu Aj = 0,618. Cucremsr ¢
0,213 < A} £ 0,618 sBisiroTcst mepexoaHbIMU. Ha HaHOYpPOBHE TakOW MPOIECC BKIIOYAST
camMonoJJ00HOe U3MeHeHHe CcBs3u KpurepueB Hyccenbra n PeliHonbaca mpu H3MEHEHUH KOJla
00paTHOM CBsI3H.

B pabore [4] ycTaHOBIEHO, YTO 6 moukax Oughypkayuti QyHKyus camonoooous
omeeuaem camoynpasiaemMomy CuHmesy Cmpykmyp. Imo no360au0 yciogue maxkoeo Cunmesa
CMPYKMyp npedcmasumas 6 uoe 6308020 alco0pumma.

An=X124,= F=A" (11)

BaxxHo OTMeTHTH, YTO [daHHBIM aaroput™m seisercss (enomeHomorndeckum. OH
CBSI3bIBACT BEJIMUMHY CKayka TMapamMeTpoB TOpPSAKAa WM YIPABISIONIMX [apaMeTpOB
B 30HE CTPYKTYpPHO-(a30BOT0 IMepexoAa CO CTEHNEHHBIMU MpeoOpa3oBaHUSIMU KOpHEH
ypaBHEHUs OOOOILEHHOrO 30J0TOr0 CEUEHUs IpPU 3aBEPUIMBIIEMCS IPOLIECCE, IO3BOJISISA
OILICHUTD CTETNICHb IOCTUTHYTOM CIIOKHOM CHUCTEMOM aJaTUBHOCTU M YCTOWYMBOCTH.

JlanHbIil anroputM ObuT TaOyMpoBaH (Tadi. 2), MOCKOJIBKY MEpa YCTOMYMBOCTH M KOJI
aZlanTalyu SBJIAIOTCS HHBAPUAHTHBIMU. JTO MO3BOJISET TECTUPOBATH CUCTEMY, U ONPEACIIATH
CMOrJIa JIU OHAa COXPAaHHUTh IOCJIE MPeoOpa3oBaHUS MPEKHIOI CHUMMETPUIO WM HET, T.C.
onpeaeNsaTh yciaoBue Aj = const ¢ poctom m.

Ecnu conoctaButh (8), (9), (11) u manHbie Tabmuip,, TO npu A i = 1/3, roe o -
nocrosiHHas @eiirenbayma 1 M —> oo oTHouIeHue (11) sBIsETCS MPEaeioM aJalTHBHOCTH
cucteMbl Am™ = 0,99 (mpu M = 128) k CTpyKTYpHBIM TiepecTpoiikam [5,4].

F= A; tm

i A ’ m

2 4 8 16 32 64 128
1 0.618 - :
2 0.465 0,68
3 0,380 0.62 | 0,79
4 0324 | 057 (075|087
5 0,285 0,53 | 0,73 | 0.85 | 0.92
6 0.255 1 05 10711 084 | 092 | 0.96
7 0,232 0,48 | 0,69 | 0,83 | 091 | 0,95 | 0,98
8 0.213 048 { 0.68 | 0,82 } 091 | 0,95 { 0.98 | 0,99

Taon.2. 3nauenus mepvi adanmusHocmu Am cucmemuvl K HAPYWEHUIO CUMMEMPUY, C8A3AHHO
¢ gynkyueii camonooobus, mepou ycmotiyusocmu cummempuu (4j) u kooom adanmayuu M cucmembvl
K HAPYWEHUIO CUMMEMPUU.
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B nocnenHee BpemMs  IOJYyYE€HO  MHOXECTBO  JaHHBIX, MOATBEPKAAOIIUX
MPABOMOYHOCTh TaKMX OIIEHOK. POJIb 30J0THIX MPOMOPUUN B MOJEIMPOBAHUHN TAPMOHUYHON
CaMOOpTaHU3aIH 3aKIIF0YAETCs, TIPEXK/IE BCEro, B TOM, UTO IapaMeTp mopsiaka 0o000meHHoN
30JI0TOM MPOMOPIUU MOXKET XapaKTEpU30BaTh KaK CBOMCTBAa BO3JCHCTBHI OKpY’Karoleh
CpeIbl, TaK M CBOWCTBA CUMMETPUU OOBEKTOB, TOJBEPraeMbIX BO3JCHCTBUSM [6]. Ota
0COOCHHOCTh 00O0OIIEHHBIX 30JI0TBHIX MPOIMOPLUI MO3BOJSIET pPacCMaTPUBATh UX MPOSBICHUS,
HarpuMep, B ABJICHUAX (QUITOTaKCHCa, B KAUECTBE MHIMKATOPA YCIOBUH OKPYKAIOMIEH Cpe/Ibl
M B JalbHEHIIEM HCIOJIb30BaThb dSTU CBOWCTBA JUIs  YOpPaBIEHUS  IPOLECCAMU
camoopranuzanui. HemaBHO moka3aHa B3aMMOCBS3b (DUTYPHBIX 4YHCEN, ONPEACTICHHBIX
Juodantom, ¢ 06001IEHHBIME 30J0THIMU TponopiusiMu. DurypHbie 4ucia TpeaCcTaBIsSIOT
pe3yJIbTaThl KBAHTOBBIX M3MEPEHUH M MOTYT MCIOJIb30BaTbCS B KayeCTBE MOJENEH Kak
pelieTyarbix, TaK M HE pEeLIeTYaThIX YINAKOBOK B IIPOCTPAHCTBAX IPOU3BOJIbHBIX
pa3MepHocTeil. YacTo npu Mcciae10BaHUU HENPEPhIBHON BEIMYMHBI IPUMEHSETCS aJITOPUTM
MOMCKa  JOKCTPEMyMa, pPEaTu3yIoOUIMii  METOJ]  30JO0TOr0  CEYEHHS. JlokazaHo,
4TO IS ONPEACTICHHBIX KJIACCOB HMCCIEAYEeMBbIX (DYHKIMI TakuMX Kak, aJlfOPHUTMBI TOMCKa
9KCTpEMyMa, OCHOBaHHble Ha unciaax DuOOHAYYM U 30JI0TOM CEYCHHH SIBISIOTCS
ontumanbHbiMu  (Batumes AWM., 1975; Kiefer J., 1957). TIluemsl,  BOCHPOH3BOJS
[IECTUYTOJIbHBIE COTBI, 3aTPAYMBAIOT MHHHMYM OJHEPrHH TPU CTPOUTENHCTBE KHIUIIA
C ompeeneHHoM nmoae3non miomaasio (Beis ., 1968).

TouHo TaK)ke MUHIMYM SHEPTUHU 3aTPAYMBaIOT MHOTOUHCIICHHBIC PUPOIHBIE 0O BEKTHI
(pacTeHusi, MOJUIFOCKH, TTO3BOHOYHBIC XMBOTHBIC W T.J.) TOJ BO3JCHCTBHEM OKpYKaroIIei
cpensl B xone Mopdorenesa. [Ipu 3ToM coeMHUTENbHBIE TKAHU, OTAEISIOUINE OJHU YaCTH
pacTeHus WM OpraHu3Ma OT JpYrux (JUCThS PACTCHHMM, KaMmepbl PAKOBHUH MOJUIFOCKOB,
CyCTaBbI I03BOHOYHBIX ), PACIIONAralTCs B MECTax, 00eCeUnBaOIINX MUHUMAIbHBIE 3aTPAThI
sHeprun (WM pocta HSHTponuu cormacHo mnpuHnuny H.H.MowuceeBa) B mporiecce
KUZHEJEATEIIbHOCTH. DKOHOMHUS DHEPTHMH WM JHTPOMHMU B JJAHHOM Cllydae MpeCTaBIISET
CYLIECTBEHHBIN (DaKTOp B IpOIECCE IBOJIOIMOHHOTO oTOOpa. Jlorapudmuyeckas crimpaib,
COOTBETCTBYIOIIAs 30JI0THIM MPOMOPIUSAM, IIUPOKO HCIOIB3YeTCS B TEXHHUKE, HaIlpHUMep,
IpU M3TOTOBICHMM TpoduiIel Bpallalmuxcs HOxed W ¢pe3, 3yOuaThix mnepemau [2].
I[To norapupmuueckoil cnupanu o0pa3oBaHbl PAKOBHHBI MOJUIIOCKOB, PACIIONIOKEHBI CEMEUKU
B IOJICOJIHYX€, YEHTYHKH B IIUIIKAX.

JIaHHBINA aNropuT™M anmpoOHUpOBaH Ha psje MPUMEPOB: 1) ycTajoCTHOE pa3pylleHHe
CIUIaBOB; 2) MpOLIECChl KPUCTAJUIM3AIMM B OTKPBITOM Kalle pacTBOpa B HIPUCYTCTBUHU
yIBTPAJUCIIEPCHBIX MOPOMIKOB; 3) KackaJHbli cmnoco0 mepegayd  CeHCMHYECKUX
B3aMMOJICHCTBHI B CIJIOLITHOM cpejie (CM. HUXKeE).

Kackamubiii cnoco6 mepemaun B3auMopeicTBui. PaccMoTpeHa 3amada o mepenade
DHEPIUU YIPYrHX KONeOaHWi OT ovara 3emileTpsiceHus K moBepxHocTH [4]. Baxweiimme
IIOKa3aTeIM CBOWCTB TpyHTa — paguycsl uH3oceicT. l3MeHeHHMe paauyca H30CEUCT
XapaKTepU3yeT CTENEHb M3MEHEHHMS CEMCMMUYECKOrO BO3JEHCTBUSA C  PACCTOSHHUEM
OT SIMULIEHTPA U MOKET CIYKUTh MEPON YCTOMUYMBOCTH (peakiuu) rpyHTa [4]. YHUBepcalbHbII
QITOPUTM, MOXKHO MOAU(DUIIPOBATH IPUMEHUTEIHHO K CEHCMUYECKUM MpoIleccaM B BUJIE:

r*n+1/ r*n =A illm (11)

rae I — paauycsl U30CEUCT, a A j — CTENIEHb YCTOMYUBOCTH.
Anroputm onpoOoBaH 1is 15 KpyNnHBIX 3eMiIeTpsceHui Ha Tepputopun Poccuu.
[TonyuenHble pe3ynbTaThl MO3BOJISIOT J1aTh KOJMYECTBEHHYIO XAPAKTEPUCTHUKY
KaK MOHSTHIO H30CEHCT, TaK U YyCTOHYNBOCTH I'PYHTOB [4].
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[lepenaua sHEPrUM KaCKaIHBIM CIIOCOOOM B Pa3HOPOAHBIX Cpe/laX 3a4acTyIO BBI3bIBAET
pasInyHble «KacKaaHble» KaTacTpogbl. Hampumep, 3emiieTpsceHHe MOMKET BBI3BATH CXOJ
OTIOJI3HEH, JTaBHH, 00BaOB. [IpeasioskeHHBII aIrOPUTM MO3BOJISIET IPOU3BOIUTH OLIEHKH PUCKA
JUId TaKUX CUTyallud 3a CYET HOPMHUPOBAHMS TEPPUTOPUH IO COTPSACAEMOCTH (aJanTaluu)
TPYHTOB OT IPEIIIOJIAraeMbIX CEHCMOBO3ACHCTBUM.

BbIBO/IbI

1. Touku OHPYpPKAIMOHHBIX WU CTPYKTYpHO-(A30BBIX MEPEXOAOB SBISIOTCS
KJTFOUEBBIMH, TaK KaK B HUX TapMOHU3UPYIOTCS aAallTHBHOCTh U TMHAMUYECKAsl yCTOWYNBOCTh
CIIO)KHOM CHCTEMBI B TMIpOIlECCE SBOJIOLUMU IPHU HM3MEHSIOIUXCS BHEUIHHX YCIOBHSX
HOJTY4EHHSI SHEPTUH.

2. llpepnaraemplii anropuT™M JaeT TMEPBYI0 pPEATbHYI0 BO3MOXXHOCTb OLICHKH
pE3yNbTaToOB CTPYKTypHO-(pazoBOoro mepexoma 3a cyeT (OPMAIM30BAHHBIX MOHSATHH
QIalITUBHOCTH U yCTOWYMBOCTH. OH MO3BOJISICT OIICHUTh CTENCHb FAPMOHUYHOCTHU TEpexoia
¥ YCTOMYMBOCTH HOBOT'O COCTOSIHUSI.

3. C mo3uruii HOBOTO ABOJIOIMOHHOTO MOIX0/1a MPUHIUIHAIBHO BAKHBIM SIBIISICTCS
3HaHHWE 0COOEHHOCTeH HamboJiee KPU3UCHBIX 30H CTPYKTYPHO-(a30BbIX IepexonoB. MiMeHHO
B HHUX, B YCJIOBUSX KpailHEeH HEpaBHOBECHOCTH, IOSIBIISCTCS BO3MOXKHOCTh MAaJIbIMU
SHEPreTHYECKUMH BO3/ICHCTBUSIMH H3MEHUTD TPACKTOPHIO, TEMII M KOHEYHYIO LIEJTb SBOJIOIINU
pa3muuHbIX OMacHBIX MPUPOJHBIX MPOLIECCOB, HE JIOMYCKas UX Pa3BHTHUS O SKCTPEMAJIbHBIX
COCTOSIHUH, KOTJIa OHU CTAHOBSITCS OMACHBIMU. 3HaHUE CHIeLU(DUKH SHEPreTUYECKOH CYIIIHOCTH
¢$a30BBIX MEPEXOAOB CHCTEMBI — OTO 3HaHUWE (PYHKIMOHAIBHOW 3HAYMMOCTH
«aKyIyHKTYPHBIX» TOYEK 9SBOJIIOIHOHHBIX IIPOLECCOB, IO3BOJIIONIEE YHPABIATH HMHU
C MUHUMAJIbHBIMU HEPTeTHYECKUMH 3aTpaTaMy B LIEJISAX MPEBEHTUBHOM 3alUTHI.
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named after M. V. Lomonosov, Rukin M. D., D. Tehn.S. Moscow state University
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Annotation. The role of bifurcation or structural-phase transitions in the evolution of
complex systems is analyzed using a phenomenological algorithm and formalized concepts of
adaptability and stability. It is shown that the algorithm allows to estimate the degree of
transition harmony and stability of the new state. Knowledge of the features of the most crisis
zones of structural and phase transitions make it possible to change the trajectory, pace and
ultimate goal of the evolution of various hazardous natural processes by small energy impacts,
preventing their development to extreme States. Knowledge of the functional significance of
such "acupuncture™ points of evolutionary processes, allows you to manage them with minimal
energy costs in order to preventative protection.

Key words: self-organization, complex systems, structural-phase transition, nonlinear
dynamics, chaotic state

REFERENCES

1. Bystrov M.V. About noise 1/f from the point of view of universal harmony.
Synergetics and methods of science. St. Petersburg: Nauka, 1998, p. 375-3809.

2. Vinnik M.A., Ivanov O.P., Charugin V.M. New earthmoving device. //Natural and
tech. Sciences. 2010. No. 2, pp. 266-267, 2010.

3. Zhvirblis V.E. Matter and consciousness in the model of nested worlds.
Consciousness and physical reality. 1996, Vol. 1, No. 1-2.

4. Ivanov O.P., Ivanova V.S. Nonlinear discrete seismology in the light of universal
chaotic dynamical systems. Sat. Synergetics. Proceedings of the seminar Synergetics. -M.:
MIPT, 2003, T5, S.128-151.

5. Ivanova B.C. Synergetics. Strength and fracture of metallic materials. M.: Nauka,
1992. p.157.

6. Ivanova V.S., Chernyshev S.L. Harmonious self-organization of dynamic systems.//
Reliability and quality: Proceedings of the international symposium/ Ed. N.K. Yurkova. -
Penza: Penz Publishing House. State University, 2008. p. 234

7. Timashov S.F. On the problems of predicting changes in the states of dynamic
systems. // Noise and degradation processes in semiconductor devices. MPEI, Moscow, 1998.

8. Uritsky V.M., Muzalevskaya N.l. Information function of slow variations of
stochastically organized Medium. On Sat. "Living systems under external influence". St.
Petersburg: Gidrometeoizdat, 1992, pp. 244-253.

9. Bak P., Tang C., Wisenfeld K. Self-organized criticality: an explanation of I/f noice.
Phys. Rev. Lett. 1987, v.59, no.4, pp. 381-384.

10. eigenbaum M.T. Universal behavior in nonlinear systems. Science, 19800, v. 1, No.
1, p.4-27

62
CJIOKHBIE CUCTEMBI Ne 1 (46), 2023



Heanoe O.11., 2023

YK 524.3; 524.4; 524.5
O INIAHETAPHOI CAMOOPT AHU3AIIAU U
POJIM KHHEMATHYECKHUX ITAPAMETPOB B
SHAOTI'EHHOM PA3ZBUTHUMU IIVTAHET

HUBanos O.I1., kaga.reon.-MuH.H.,B.H.c. M3 MI'Y nmenu M.B.
Jlomonocosa ivanovop2007@yandex.ru

AnHoTtanus. O0CyX/IeHa HEAKTyaTbHOCTh UCH, BBIIBUTACMBIX
paHee 00 HMCTOYHHKAx S3HIOreHHOro Tteria 3emiu. [lokazana
HEKOPPEKTHOCTb HOBOM MOJIENH IIEPOBCKUT-
IOCTIEPOBCKUTOBOro (pa3oBOro mepexona s rpaHunsl D. B cBere HOBBIX mpencTaBieHUn
HENIMHEHHON JMHAMUKH, MPEUIOKEHbl HOBBIE TOAXOJbI, HMMEIOUIHe Oojiee IIUPOKOe
IpUMEHEHHE JUId JIOObIX IUIAaHETapHBIX cHcTeM. PaccMoTpeHa posib BSI3KO - IUIACTHYHOIO
TPEHMsI Ha SHAOTCHHOE BBIJEJICHNE Telula Ha rpanuue D npu paznuuuy MOMEHTOB MHEpLUU
JUIsL ABYXCIIOMHOW MOJeNn 3eMJIM B YCJIOBUSAX BapualMili CKOpocTH BpameHus. IIposenen
aHaM3 OnyOJIMKOBAaHHBIX TAaHHBIX 1O cIiyTHUKaM KOnuTepa o cinenax SHAOTeHHOM aKTHBHOCTH
Ha MX IIOBEPXHOCTAX. BBIIBHHYTa HMIes O POJIM Bapualuil KMHEMATHUYECKUX IapaMeTpOB
(HyTaluu 1 IpeLeccuy BpallleHus1, SKCEHTPpUCUTETa OOpAaIlieH s ) Ha SHIOT€HHBIE MPOSIBICHUS
Ha UX IMOBEPXHOCTSIX KakK 00s3aTeJbHOM CBONCTBE HEJIMHEWHBIX IUIAHETHBIX CHUCTEM. OJTO
MIO3BOJISIET B NANIbHEHIIIEM TIOJJOUTH K 0O0BSICHEHUIO HOBEHIINX MccaenoBanuid yueHsIx NASA
[0 CIIyTHUKOBBIM JaHHbIM 00 H30bITKE HH(PAKPACHOTO M3JIyYeHHs IUIAaHET-TUT'AaHTOB B
ConneuHoii cucreme.

KiroueBbie c1oBa. MOMEHT HHEPLIUH, BpallaTeIbHbIIl MOMEHT, HH(pPAaKpacHOE TEILIO,
BA3KOE TPEHUE, HETMHEWHBIE CUCTEMBI, YH/IOT€HHBIE ITPOLIECCHI

BBEJIEHUE

EcrecTBeHeH Bompoc, moyeMy JeaeTcsl aKIeHT Ha TUIAHETapHOH caMOoOopraHu3aIimn?
ACTpPOHOMHYECKHE HMHCTPYMEHTAJIbHbIE HAOIIOAEHUS IOCIEAHUX JECSITUIETUH I03BOIMIH
OTKPBITH CBBIIIE THICSYM aHamoroB CONHEYHOH cucTeMbl. Jlo CHX TIOp HE CHST BOIPOC
0 TPOMCXOXAECHUU >KMU3HM Ha 3emje U YyXKe JAUCKYTHpPYeTCS BONpPOC NaHCIEPMUU
C DKOJIOTHYECKUX TIO3UIUI — KHU3Hb 3aHECEHA BMECTE C DJIEMEHTAMH DKOJOTHUECKOW HHUIIIH,
HalpuMep KOMETaMH, T.€. CTaBUTCSI BOIPOC O ’KU3HM Kak Beenenckom sinenuu. [lnanerapuas
(dopma IBIKEHUS MaTEPHUU TIO3BOJISIET TIPOIOJDKHUTE IBOJIOIIMOHHBIN psia BeerneHHO HOBBIMU
dopMaMH  caMOOpPraHM3alMU MaTepHH, TaKUMH KaK pa3BepTHIBAHUE XUMHUYECKOM,
OMOJIOTHYECKOM M COLMAIBbHOW HBOJIOIMM, CTAaHOBJIEHHE KOTOPBIX pPEATbHO TOJIBKO
NIPY TIPEBPAICHUHN TUIAHETHI B CIIOXKHYIO CHCTEMY.

Htak, ueM MOXXHO OXapaKTepu3oBaTh TUI IUIaHETapHOH camoopranuzammu? Ilpexne
BCET0, ATO MPOIECC CTPYKTYPHPOBAHUS HA IMOJCHUCTEMBI B YCIOBHSAX CHJIBHOTO BIIHMSIHUS
KMHEMaTUYeCKUX BapHalliil BpalleHus U oOpalleHus IUIaHeThl C MOMEHTa €€ BOZHUKHOBEHUS
¥ mocyeayroniei sBooiun. Mcxomnsie ycnoBus cinenyromrue [3].

1. VICTOUHHMK OJMHOYHBIX 3BE€3]l — 'MIAHTCKHE MONeEKyJspHble obmaxa M~10%0 My,
p:103-107CM'3; T=10-60 K.

2. YTIIoBOH MOMEHT BpAIIEHHUS MMPOTOCOIHEYHOW TYMaHHOCTH JOJDKEH OBITh PaBEH:
Jo~10%2-10% rcm?/c; ecnu 3HaueHMe YIIOBOrO MOMEHTA MEHBIIE, TO BO3HHKAET IBOiHAs
3B€3]1a, a €CJIM OOJIbIIE, TO OJUHOYHAS.
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o mumemapnoﬁ camoopzanulauuu U poiu KUHemMamuiecKux
napamempoe 6 IHOO2EHHOM pazeumuu njianem

3. Ilmanera moKHA HAaXOOUTHCS Ha ONTHMAJIbHOM YJAJIEHWHM OT IEHTpa Macc,
4TOOBI BOSHHUKJIM YCIIOBHS JJISl Pa3BUTHUA TaKHX MOJCUCTeM Kak ATmocdepa, ['mapocdepa,
buocdepa n Counym.

4. TlnaHera JOJDKHA UMETh HE MEHEE JBYX MCTOYHHMKOB SHEpruu: 1) HEHTPaJIbHYIO
3Be3/y kiacca okosio G2 u 2) oOuieruiaHeTapHble HETMHEHHbIC KHHEMATHIECKUE MEXaHU3MbI
npeoOpa3oBaHusl MEXaHUYECKON YHEPTUU BPAILICHHUS M OOPAIICHHUS B TEIJIO (IKCIIEHTPUCUTET
oOparreHus1, HyTamus, MyaIbCarus).

[TonsTHE O KHHEMATHYECKOM UCTOYHHUKE SHEPIUH BblABUTaeTcs Biepsble. CyTh €ro
COCTOUT B CIEAYIOIIEM.

I'eopu3uky cYMTaIOT, YTO OCHOBHBIMHU MCTOUYHUKAMH BHYTPEHHEW TEIIOBOW YHEPTUU
3eMIIH SIBIISIFOTCA:

. TEIUIO TPAaBUTAIIMOHHON MU depeHIanuy;

. pPaaMoOTeHHOE TEIUIO;

. TETUIO MPUJINBHOTO TPEHHUS;

. aKKpELHMOHHOE TEILIO;

. TEIUIO TPEHHs, BbLAEIsIOmeecs 3a cuéT auddepeHnnanbHOr0 BpalIeHUs

BHYTPEHHErO Spa OTHOCHTENHHO BHEIIHEro, BHEIIHEro SApa OTHOCUTEIbHO MAaHTUU U
OTJENbHBIX CJIOEB BHYTPH BHEIIHETO SIpa.

K HacTosiemMy BpeMeHU KOJIMYECTBEHHO OILEHEHBI JIUIIb EPBbIEC YEThIPE UCTOYHUKA.
Oco00 XOTeNIoCh OBl OTMETHTHh BTOPOM MCTOYHHK TEIUIA, TaK KakK 3Ta uies 0e3 KaKux-Tudo
JI0Ka3aTeNbCTB HanboJee 10JIro rocoACTBOBaja B I€0JIOTHH.

Hogelimue uccienoBanus AMOHCKUX (U3UKOB C MOMOIIBI0 HEUTPUHHOTO JETEKTOpa
«KamLAND» mnoka3zanu, 4To KOJIUYECTBO 00pa3yIollerocs Temia, 3a c4eT pajuoaKTUBHOTO
pacmajzia BIBO€ MEHbIIE, YeM Mpe/rnoaraioch panee. Mi3mepeHus u pacderbl MPOBOIMINCH
HECKOJIbKO JieT B mepuox ¢ mapra 2002 roga mo HosOps 2009 roxa. Ilo oreHKkaMm ydeHBIX,
00HApyKEHHOE KOJIMYECTBO HEUTPUHO COOTBETCTBYET BBIJCICHHUIO TEIJIOTHI C TOMOIIBIO
paanoakTUBHOTO pacmana okoio 20 tepaBart B ron, 4To cOCTaBisieT TPUMEPHO TMOJOBHHY
OT BCEro TeIljia, KOTOPOE pacxoyercs Ha u3inydeHue. Kak cuuTaroT ydeHble, 3TO UCKIIIOYAET
TUMOTe3y 00 MCKIIIOUUTENBHO pPaJuOaKTUBHOM «pazorpeBe». OcrtaBmmecs 20 TtepaBart
yUYEeHbBIE TIOKAa OTHOCAT K M3JTy4EHHUIO M3 3aacoB JTOMCTOPUIECKOTO Teruta 3emid. [6].

Ho B mocnegnee pecsaTuieTne ycrnexu B HKCIEPUMEHTAJIBHON U TEOPETUYECKOU
T€OXUMHH U TeO(U3NKE BHECTHU Psii KOPPEKTUB B HAIIIM MPECTABICHUS O HIDKHEW MaHTHH.

HOBBIE ITPEJICTABJIEHUSA O MAHTUU

Cunraercd, 4TO MO CBOEMY COCTaBYy HWXKHS MAaHTHS B OCHOBHOM IpEJCTaBIEHA
MUHEpaJIaMH, COJAEPKAIIUMHU KHUCIOPOJ, KPEMHUN, MAarHUW M KeJe30, U B 3HAUYUTEIHHO
MEHBIIINX KOINYECTBAX — KaJIbIIUA, alFOMUHUN, HATpU, kKanuit. Oxono 70% oObema HIKHER
manTrn ik 40% o0beMa Beeli 3emitn cocTaBiisiioT nmepoBckuthl (Mg, Fe) SiO3, okomo 20% —
MmaraesnoBrocTuTh (Mg, Fe)O.

CBoiicTBa  KEJIE30COAECPKAIIMX  MHUHEPAJIOB B  HW)XKHEH MaHTUU  3aBUCAT
OT >JIEKTPOHHOTO COCTOSIHMS aTOMOB kene3a. Jleno B ToM, 4To MOH »kene3a Fe?* (;kemeso
B MUHEPAIBHBIX COJISIX MPUCYTCTBYET B BUEC HOHOB) UMEET YETHIPE HE CIIAPEHHBIX JIEKTPOHA,
KOKIBIA CO COUHOM 1/2. DTH 3IIEKTPOHBI MOTYT CHApUBaThCsi JTUOO B TOJMHBIA CIUH 2
(BBICOKOCIIMHOBOE COCTOSIHWE), 100 B MonHbI cnuH 0 (Hu3kocmuHOBOE). [Ipu OOBIYHBIX
naBnenusx y Fe?* sHepreTmueckd BBITOJEH MONHBIA cruH 2. OJHAKO NPU 3HAUMTETLHOM
MTOBBIIICHUH JJABJICHUS, KOTJIa MOYKHO TOBOPUTH YK€ 00 YMEHBIIICHUH PAa3MEPOB TeJl, HAUNHAET
CKa3bIBATHCSA BIMSHHE COCEJHHX aTOMOB. B 9ToM ciywae »mektpoHamM B Fe?* yixe
SHEPTreTHYECKH BHITOTHO M3MEHHUTH CITApUBAHNE HA HU3KOCITMHOBOE, TIOCKOJIbKY OHH MTPH 3TOM
qyTh 00JI€€ KOMIIAKTHO «CHJIST» BHYTPH HOHA.
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['eor3uKu-TEOPETUKH YK€ TaBHO MPEACKA3bIBAIM, YTO B YCIOBUSAX HUKHEH MaHTHH Y
JKEJIE30COIEPIKALUX MUHEPATIOB MOXKET CYLIECTBOBATh IIMPOKAs 30HA CIIMHOBOTO NEPEX0AA,
KOrJla OJHOBPEMEHHO CYHIECTBYET BBICOKOCIIMHOBOE U  HHM3KOCIIMHOBOE  IKEJIE30.
MexnyHapoaHON KOMaH i€ yueHbIX U3 HayuHbIX yupexaeHuil CIIA, Benrpuu u ®@panuuu Bo
rmaBe ¢ I[3on-®y Jluwem (Jung-Fu Lin) w3 I'pynmsl Gu3MKM BBICOKHX JIaBICHHI
JluBepmopckoii HanmoHaNbHOH Taboparopun uM. Jloypenca (Kamudopuaus, CIIA) ynanock
SKCIIEPUMEHTANBHO (B J1a0OpaTOpPUHU) MOATBEPIUTH TEOPETHUUECKHE pacyeThl Ha MpHUMeEpe
NpEeJICTaBUTEIIsI MAarHE3MOBIOCTUTOB — MUHEpasia (heppornepukiiaza (Mgo,7s,Feo 25)0.

B JByX THICAYM 4YETBEPTOM IOy Teo(pHM3UKH U3 MembCcKOro yHHBEpCHTETa W
Kamudopuuiickoro yausepcurera B bepkinu (CILIA) BocripousBenu B 1a00paTopun yCIOBHS,
KOTOpBIE€ YCTAHABIMBAIOTCA B CII0€ MAHTHH 3€MIIU, IPUMBIKAIOILIEM K SAPY.

bbu10 IpOAEMOHCTPHUPOBAHO, YTO B HMYKHEH YacTU MaHTHUU (TaKk Ha3blBAEMOM CJIO€
D&#39;&#39;) npu naBneHuu npuMepHo B 1,3 MIIH. pa3 mpeBOCXOAIEeM aTMochepHoe
u temneparype okosio 2500 K mepoBCKUT MOXKET U3MEHSTh KPUCTAUIMYECKYIO CTPYKTYpY
1 MpeoOpa3oBBIBATHCS B CIIOMCTHIN MOCTHEPOBCKUT. Hrke cimost D&#39; &#39; nexur xeneso-
HUKEJIEBOE SIAPO 3EMIIH.

Puc.1. 3ona cnunosoco nepexooa 6 HUJCHEU MAHMUU NOKA3AHA HA 8pe3Ke. Cnpasa
(kpachovlii yeem) — vlcoKOCNUHOBOE dHcene30, cllesd (Cunull) HuUsKocnuHosoe [5].

OCHOBHOH COCTaBJIIOIIEH MAaHTUM NPUHATO CUYUTATh MHUHEpPAl NEPOBCKUT. bBpLIO
MOKa3aHO, YTO B HUXHeHW e€ uactu (cnoe D") mpu naBnenuu, mpumepHo B 1,3 MiH pa3
MpEBBIMIAIIEM aTMocepHoe, u Temneparype okosio 2 500 K mepoBCKHT MOKET U3MEHATH
KPUCTANTHYECKYIO CTPYKTYPY U PeoOpa30BhIBATHCS B CIIOUCTHINA MOCTIEPOBCKHUT.
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B3sB o0paser nepoBcKUTa, OHU PACIOI0KIIIN €r0 Ha aIMa3HOM HaKOBAJIbHE U Harpesu
no 3 500 K. IlomyuuB NOCTHEPOBCKUT IpPHU JABIEHMM OKolO 1,4 MIH. aTtM., yuyéHble
IPOJOJDKMIIM €0 CXKMMAaTh M YBEJIMYMIIM JIaBJIE€HUE 10 2 MJIH. aTM., [IOCJI€ Yero Ha obpaser
OBUIO HAIIPABICHO PEHTTEHOBCKOE U3ITyUeHHeE, AaBiiee IU(PPaKIUOHHYIO KapTHHY.

ITo pe3ynbTaTtam e€ u3ydeHus ObLI cliesIaH BBIBOJ O TOM, YTO JAepOopMaLus CTPYKTYpPbl
IIEPOBCKUTA BIIOJHE COOTBETCTBYET HEOOBIUHBIM CBOMCTBaM ciosi D, paHee onpenenéHHbIM
B ceilcMuyeckux HaOmroaeHusX. K TakuM «CTpaHHOCTAM» OTHOCHUTCS, K IPUMEPY, HOSABICHHUE
CYLLIECTBEHHBIX pPa3JIMUUil B CKOPOCTH pPACIpPOCTPAHEHHsS] I'OPU3OHTAJIBHO M BEPTHKAIBHO
HOJIIPU30BAaHHBIX CEHCMUYECKHX BOJIH. [7]. 3/1€Ch yKe BO3HHKAIOT COMHEHHS B IIPABUIILHOCTH
MHTEpIpeTaluu JaHHBIX celicMoroMmorpaduu. [losBieHne 3TUX pa3iavyuil ¢ Haled TOYKU
3pEHUs CBA3aHO C MOSBICHUEM TOHKOCIOMCTBIX CTPYKTYP, @ B HUX CBOHCTB pedpaxiuu, n6o
TOJILKO peparupoBaHHbIEC MPOJIOIbHBIE BOJIHBI B COOTBETCTBUU € 3aKOHOM Depma 001agaroT
OobLICH CKOPOCTBIO Jak€ 10 CPaBHEHUIO C MPOCTO MpOJOJbHbIMU P-BonHamy,
pacnpoCTpaHAIOLUMUCS BAOJIb c10s. OTCYTCTBUE SIPKOBBIPAKEHHOW €IMHON TPaHULbl — 3TO
HEPaBHOBECHOCTh YCJIOBUH 10 MPOCTUPAHUIO TPAHUILBL.

Hccnenosarenu nonpodoBaiy BeISICHUTD, YTO MPOUCXOIUT C MOCTIIEPOBCKUTOM B €I
OoJiee KECTKUX YCIOBUAX. 3a0paB oOpazel NepoOBCKUTA, OHU PACIOIO0KUIN €ro Ha alMa3HOU
HakoBaibHe W Harpenu 10 3 500 K. B3sB nocTnepoBCKUT IpU AAaBJIEHUU OKOJIO 2 MIIH. aTM.,
[ocjae 3TOro Ha IpuMep OBbLI0O OPUEHTUPOBAHO PEHTICHOBCKOE W3JIY4YEHHE, JlaBliee
nudpaKkIMOHHY0 KapTuHy. [6].

IToutn mosioBMHAa Macchl 3eMJIM COCTOUT U3 MgE-TIepOBCKHUTA, KOTOPBIH yCTOHYUB
B IIMPOKOM HUHTEpBaJE JaBJICHUNH. DTO OCHOBHOM MMHepas HukHell manTuu. Haubomee
Ba)XHBIM reosiorndeckumM oTkpbeiTeM XXI B. ctasio odHapyxeHue (JabopaTopHo) B D' - cioe,
pa3esoIeM HIKHIOK MaHTHUIO U AP0, (ha3bl OCTIIEPOBCKUTA. DTOT MUHEPAI UMEET TOT K€
XMUMUYECKUH COCTaB, HO Ha 2 % Oosee BBICOKYIO IUIOTHOCTh, YeM NepOBCKHUT. DazoBblit
Nepexo/]l IEPOBCKUTA B IMIOCTIEPOBCKUT BIIEUET 3a cOOOH MoBhIIEHHE TemnepaTypsl Ha 50°C.
VIMEHHO 3TO W TMOCIYXWIO NPUMAHKOW JUIs JIOKHOW wuHTeprperanuu. CloHCTOCTh
MOCTIIEPOBCKUTA MOJI€3HA M JUIS peaju3aluu IepexojJa KUHEMaTH4YecKoro Tervia Ipu
U3MEHEHUU CKOPOCTH BpaIlleHUs 3€MJTU B TETLJIO BS3KO-IJIACTUYHOTO TpeHus cinosi D, Ho MbI He
OyZeM IOKa XBaTaThCs 3a 9Ty COJIOMUHKY.

ABTOPCKHUHU MOAXO
Ecnu ke paccMaTpuBaTh JIpyrue miaHeThl, HapuMep, Fa30Bble, TO YacTh U3 HUX OyIyT
MMETh 3HAUUTEIbHO MEHBIIYIO CPEIHION0 INIOTHOCTh, YeM 3emils, (Tabi.1).

MNAHETbI (ThIC.KM) | (ricwe) BEPXHOCT (°C)|  (3EMHBIE PACCTOSIHVE 110 OPBUTE (FOfl) | ChyTHWKOB
CYTKVI) OT CONHLIA (AE.)
(T O N N
0 ) s
o [3[srocr e | o | m [0 | 1 | 1 | 1 | 1
= e [ [ o6 | o [w ] w ¥ e [l i
ECN

Puc. 2. Xapaxmepucmuxu nianem Conneunoti cucmemst [9].
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Ha ra3oBbIx miaHeTax-ruraHTax U MxX CIIyTHUKaxX M3-3a MaJoH IUIOTHOCTH BOOOIIE HET
JlaKe IEPOBCKUTA, HO SHAOICHHAsI I€ATEIbHOCTD CyIecTBYET. [II0THOCTH IUTaHET NpUBEIEHA
Ha puc.l Beime. JITA TIAHET-TUTAaHTOB OHA He IPEBBIIAET 2 T/CMS, TOraa Kak IIIOTHOCT
nepoBckuTta cocrasnser 3,97 — 4,00 r/cm®. OnHAKO, CIYTHUKOBBIE JAaHHBIE MO IUIAHETAM
TUTaHTaM TOBOPSAT O HPEBBIILICHUHM BEJIMYMHBI HU3JIy4aeMOro TeIla, HaJ IOJy4aeMbIM
ot CosHia, T.€. 0 HAIMYUHU CJIEI0B SHIOT€HHOM e TEIbHOCTH.

B nannoit pabore Hac OyJeT MHTEpeCcOBaTh APYroil acleKT — IJIACTUYECKOE TPEHHUE,
BO3HHKAIOIIIEE B PE3YJIbTATE PA3INYHUI MOMEHTOB HHEPIUHU B C(HEPUIECKH CIIOMCTHIX TUIAHETaxX
IIpU U3MEHEHMHM CKOpPOCTH BpallleHus IuIaHeTel. lloBomoM miid Takux pa3MbIIUICHUN
MOCTYXHJI0O OOHapyXeHHe HW30BITKOB WH(PPAKPACHOTO U3IYYCHHS Y IUIAHET-TUTaHTOB
CoOJIHEUHOM CHUCTEMBI IO CpaBHEHMIO C mnojydaemod paauaumet ot ComnHua.
[To yrBepxneHusiM XoraeHaa, HHPpaKpacHbli W30BITOK TUTAHTCKUX IJIAHET OYEHb XOPOIIO
KOppelnupyeT ¢ OJHUM OOIIMM /i BCEX HHUX I[apaMeTpoM — HUX o0OImel cucreMoit
«BpaiarenbHoro Momenta» [10].

Haunnas ¢ cepenunbl 60—x B HazeMHbIX HaOmojeHUsX CONMHEYHOM CUCTEMBI CTajo
OTMEYaThCs IOPA3UTEIBHOE SBJIEHUE — aHOMAJIbHOE BHYTPEHHEE MH(PPAKPACHOE U3IIyUYEHHUE,
uaymee c muaHetsl FOmutep. Ilo3aHee HaOmroAeHMs, MPOU3BEACHHBIE KOCMHYECKHUMH
anmaparamu «IInonep» n «Bosokep» B 70-x-80—X, 100aBuIM Ipyrue «rUraHTCKUE Ta30BbIC
maHeTs» — CatypH, Ypan u Hentyn — B criucok mupoB COJIHEUHOM CHUCTEMBI, KOTOPbIE
KaKuM-TO 00pa3oM, 6€3 HaJIM4uusl BHYTPEHHUX TEPMOSICPHBIX MPOLIECCOB (KaK 3TO IMPOUCXOIAHT
y 3B€3]1), U3JIy4al0T B KOCMOC OOJIbIIIE SHEPTUH, 4eM noinyuaroT oT CoHIa.

B Xome MHOTOYMCIEHHBIX JAHMCKYCCHH OBLTM YCTaHOBJIIEHBI TPH BO3MOXKHBIX
BHYTPEHHUX UCTOUYHUKA HTOTO0 aHOMAIILHOTO «MH(PPAKPACHOTO U30BITKAN:

1. IlepBuunoe Temio. OCTaTOYHOE «MCKOIIAEMOE TEPMAIbHOE 3X0» OIPOMHOMN 3HEPTUH,
CBSI3aHHOM C pacIIMpPEeHHEM U C)KaTHeM IUIaHEeThI B XoJie ee (opMupoBanus. B cooTBeTcTBUU C
TUM CLIEHApUEM DSHEPrusi COXPAHAETCSs BHYTPU IUIAHEThl OYKBaJIbHO MUWJLIMAPIbI JIET
Y IIPY 3TOM MEJUIEHHO U3JIy4aeTcsl B KOCMOC.

2. Mognens Tekyuectu renus. HarpeBanwe, mpoucxojsdinee H3-3a OKOHYATEIHHOTO
pas3zieneHus JErK1X 2JIeMEHTOB (TeNus OT BOJIOPO/Ia) B MIIaHETaX — TaK HA3bIBAEMBIX «TAa30BBIX
ruradtax». OTaeneHne BBHICBOOOXKIAET TOTCHIIMAIBHYIO DHEPrui0o, KOT/a  TeHid
MpOBaJMBAeTCsl K IEHTPY IUTaHeThl (4To sABiIsAeTcs (HOpMON  CBEPXMEIUICHHOTO,
HENPEKPaLIatoIIerocs CKaTHs MO IEUCTBUEM CHIIbI TSYKECTH).

3. PamuoakTuBHBIM pacmaa. AHOMaldbHOE  BBICBOOOXKIEHHWE OJHEPTrUU  U3-
3a M30BITOYHOTO pPaJMOAKTUBHOIO pacraja TsDKEIbIX AJIEMEHTOB, CKOHIIEHTPHUPOBAHHBIX
BHYTPH MacCUBHOI'O «KaMEHHOTIO $/Ipay ra30BbIX THTAHTOB.

W3 31X Tpex oObACHEHUIN «IHEPreTUYECKUX aHOMAJIUI TOJBKO MEPBOE MPUMEHUMO
k FOnurepy. 13-3a cBoeit macchl (318 «3eMHbIX» Macc) FOnuTep nonaaaer B KaTerOpHO MUPOB,
KOTOpBIE MOTYT YJEp>KMBaTh 3TO NMEPBHUYHOE TEIJIO HA BCEM NPOTSHKEHUU CYIIECTBOBAHUS
ConneuHoil cucrteMbl (MOYTH TMATH MWJUIMAPAOB JIET) W MOTYT H3JIy4yaTh €ro
B KOJIMUECTBAX, MOJJAIOUINXCS HAOJI0IEHUIO.

Opnnako, Korja yd4eHble TMONBITAINCh Ha CaMOM Jelie M3MEpPUTh KOJIUYECTBO
M30BITOYHOTO TEIUIa, KOTopoe u3iay4aer FOmurep, BBIICHWIOCH, YTO «MOJEIb MEPBHUYHOTO
TeIUIa» HEIOCTaTOYHA AJis OlEeHKH uH(ppakpacHoro usnmyudeHus IOmurepa. [laxe ceroms
KOA(Q(UIMEHT HBIHEIIHETO COOTHOIICHUS TIOIJIONIAeMOM COJHEYHOM »HHepruu (IsaTh
MUJUITHAPJIOB B TOJ) M M3JIydyaeMOM BHYTpeHHel sHepruu HOmurepa mno—mpexxHeMmy ABa
K OJTHOMY. DTO HAMHOTO MPEBOCXOAUT TOT U30BITOK, KOTOPHII MOKHO OBLIO ObI IPEIIOI0KUTh
I10 NIPOILIECTBUU CTOJIb OTPOMHOTI'O IIPOMEXKYTKA BPEMEHH.

[Tocne Broporo nonera «Bosbkepa» B 80—X Bce CTanM CKIOHATHCS KO BTOPOM BEPCHH
O0BSICHEHUS! «BHYTPEHHEro Teria» — «MoJenn TeKkydecTdu Tenus» — H3-3a TEIUIOBOTO
u30bITKa, u3nyyaemoro CarypHoMm. OHAKO MO MPUYMHE CPABHUTEIHHO HEOOIBIIONW MacChl
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maHeTsl (B 30 pa3 MEHbIIIE 3eMHO# ), TOIBKO TPEThsI BEPCUS — MaCCUPOBAHHBIN BHYTPCHHUMN
paIMOaKTUBHBIA pacrajg — Morjia Obl JaTh peajbHOe OObSICHEHHE elie 0ojee CTpaHHOMY
uH(ppakpacHoMy u3inydeHutro Ypana u Henrtyna. Ilpu 3TOM BO BceX Tpex OOBSICHEHUAX
BO3HUKAIOT CEPhE3HBIE TPYJHOCTH, €CIIM PeUb UJET O I1aHeTax Jjerye fOnurepa.

Bo Bpems mepBoro momnera «Bospkepa» k Ypany m HentyHy ero obOopynoBaHue
3a(UKCHPOBAJIO €/[Ba Pa3IMYMMbIN (HO BCE K€ 3aMETHBIN) «MH(PPAKPACHBII H30BITOK» YpaHa,
cocraBisBuid ot 1,14 no 1. ¥ Hentyna ke, KOTOpbIH, B CYIIHOCTH, SIBJSETCS IUIAHETOM-
Osin3HenloM YpaHa, OTHOLIEHME BHYTPEHHETO TEIja K I0Jy4aeéMOMY COJHEUYHOMY CBETY
COCTAaBJISUIO, KaK HU YJIUBUTEIIbHO, TPU K OJJHOMY.

OpHako NTPOBOAMBIIMECS OJHOBPEMEHHO C ATUM TI'PAaBUMETPUUECKUE H3MEPEHUS
noriepoBckoro 3¢ dexkra He OOHAPYKUIM aHOMAJIBHOTO CKOIUICHHUS TSXKENbIX 3JIEMEHTOB
BO3JIC SJIEP ATUX TUIaHET. XOTsS UMEHHO 3TO OBUIO OBl HEOOXOAUMO, €M Obl HAOJIF01aeMBbIid
M30BITOK HMH(PAaKpacCHOTO U3Iy4YyeHUs ObLT Ha caMOM Jelie BbI3BaH KOHIICHTpaluei
paZliOaKTUBHBIX AJIEMEHTOB BHYTPH IIJIaHET.

Byayun He B cmiax Joka3aTb MOJENb PaJMOAKTHUBHOIO pacmaja, GU3MKH 3aHSUINCH
MIOWCKaMU aJIbTEPHATUBHBIX 00BSICHEHUI N30BITOYHOTO BBIICTICHUS SJHEPTUHU Y paHoM. Bekope
OHM YBJIEKJIUCh OJIHOM M3 4YepT, KOTOpas BhlIesAna YpaH u3 psaa aApyrux ten CoaHedHou
CHUCTEMBI, — €TI0 SIPKO BBIPAKEHHBIN «OCEBON HAKIIOH.

B cpaBHeHuu ¢ Apyrumu IaHeTaMu Halledl CUCTEMBbl, YPaH UMEET «OTKIOHEHUE
(TEXHUYECKHI TEPMHH) OKOJI0 98° MIIOCKOCTH cBOeH opOuTHI oTHOCUTENbHO ConHila. HenTyn
B 9TOM CMbICie «0ojiee HOpMaiabHBI» — okoso 30°. (s cpaBHEHUs!) OTKIOHEHHE 3eMIIN
COCTaBJISET OKOJ0 23,5°.) DTO NpUBOAUT K HOBOW BEPCHUM, «MOJEIU MOCIEAHEN KOJUTU3UUY.
B cooTBeTcTBUU ¢ HEll, 33101T0 10 cBoero GopMUPOBaHUS Y PaH B CHITy HEU3BECTHBIX TPHUUUH
CTOJIKHYJICS C IPYT'MM KPYIHBIM 0ObEKTOM, BO3MOKHO, CO CTPAHCTBYIOIIEH MaJol MJIaHETOH.
1o Teopun, 310, B JOMOJHEHHUE K YK€ UMEIOIIEHCS Ha TUIAHETE CUTyallud, MOIJIO 3HAYUTEIbHO
YBEJIMYUTH KOJIMYECTBO B I€OJIOTMYECKOM CMBICIIE «HOBEHIIEH» BHYTPEHHEN SHEPTUM Y paHa,
MOBBIIIAs] BHYTPEHHIOIO TEMIIEPATYpy 10 ONPEAEICHHOr0 3HaY€HUsA. DTa MOJEIb JI0KAa3bIBAET,
YTO IIOBBIIICHHAs TeMIEparypa B YpaHe, BbI3BaHHAs KPYIIHOM KOCMHUYECKON KOJUIM3HEH,
MOIJIa BbBI3BaTh CYIIECTBYIOLIEE B HACTOSIIEM H30BITOUHOE MH(ppaKpacHOE H3ITydYeHHE,
4yTO U ObIO 0OTMeueHOo «Boskepom» B 1986 rony.

K coxanenuto, u B 3TOi MOieTH OBICTPO OOHAPYKUIHUCH «y3KHe» MecTa. Bo—TepBbIX,
VYpaHn wu3iIy4yaeT BCEro JHIIb «HEMHOTO OOJIbIe €IUHUIBD) (OONbIIe HCXOIAIICH, YeM
MOTJIOLIAEMOM SHEPTUH) Ha TOM PACCTOSIHMM, HA KOTOPOM OH HaxoauTcs T CoJHIa, B TO BpEMsI
kak HentyH u3nydaer moutu B TpH pasa OoJjblle dHEpruu, yem noiyyaer oT Connua. Eciou
JUIsl CPAaBHEHHUS «YPaBHSTH» OTHU IUIAHETHI, T. €. €CIM INPHUHATH BO BHUMAHHUE UX PA3IAYHBIC
paccrosiuus ot ConHIla, UX a0COIIOTHOE BHYTPEHHEE M3IIYYCHHE SHEPTUH «HEMHOTO OOJIbIle
€IMHULIBD», TO €CTh MOYTH OAWHAKOBO. Eciau Obl MOJenb nocieqHel KoJuM3uM Oblla BEpHa,
VYpan nomxkeH Obl ObUT M3JIy4aTh HAMHOTO Oojiblie 3Hepruu, yeM HenTyH. dakTuuecku xe
pasHuLbI TouTH HeT. Ecnu Manas niaHera, actepou] Wi eule OOJbIIMKA 10 pa3Mepy 0ObeKT
OTHOCHUTEJIbHO HEJABHO CTOJIKHYJCS C YpaHOM, NMPUYMHON M30BITOYHOIO TEIUIa IUIAHETHI
MIOCITY’KHJIO SIBHO HE 3TO.

Bonee Toro, naxe Ha psjae ciytaukos maneT (Kammucro, [N'anumen, Mo, EBpona u np.)
(bUKCUPYIOTCS CleJbl PHJIOTEHHONM aKTMBHOCTH (Teii3epbl M3 CMECH rasa, BOJbI, JbJa. A
Ha Mo aeiicTBYIOT ByJIKaHbl U3 CEPHUCTHIX 00pa30BaHUM.

Bynkansl Mo noapasnenstorces Ha HeCKOIbKo TUIOB. [1epBbie, KOTOphIX OOJBIIMHCTBO,
umeroT Temnepatypy nopsaaka 350—400 K u ckopocTs BbIOpoca ra3oBbIX MPOTYKTOB OKOJIO
500 m/c, BeicoTy BbIOpoca 10 100 KuMIOMETpoB, OCaAKU MPEUMYIIECTBEHHO OEJIOoro IIBETa.
BTopsle oTnnyaroTcst BBICOKOM TeMIEpaTypoil KaabAephl, CO CKOPOCTHIO BBIOpOCa ra3a 0KOJIO
1 xm/c u BbIcOTOM BBIOpOCa 10 300 kM. ['1aBHON MX OTJIIMYUTENLHOMN YepPTOH sBIsETCS TEMHAS
KOJIbIIEBasi OKAHTOBKA HAa PACCTOSIHUSAX HECKOJBKHUX COTEH KMJIIOMETPOB OT Kaibaep. Mmeercs
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TUIOTE3a O Tel3epHOM MPOMCXOKIECHUH BTOPOrO THIMA W3BEP)KEHUN, KOI/a MPOUCXOAUT
BHE3aMmHbIN (ha30BBI Tepexoj] KHUAKOCTh-Ta3 (Hampumep, Ha 3emiie TaKhe IMPOIECChI
HaOMroar0TCs Ha BysikaHax octpoBa Csaroi Enensr). CocTaB IpoIyKTOB U3BEPIKEHHUN — cepa,
CEPHHUCTHIN ra3 U HEKOTOPHIE CYIb(PUIBI, a TAK)KE CHIIMKATHBIE MarMbl.

[To OTCYTCTBHIO METEOPUTHBIX KpPAaTEPOB HA MOBEPXHOCTH 110 MOKHO TOBOPUTH O TOM,
YTO MOBEPXHOCTh 3Ta OYECHb MOJIOJAas, OKOJo | MuumoHa jer, u chopmupoBaHa OHA
13 IPOJIYKTOB U3BEpKeHUU. TomIuHa ciosi 0TJI0KeHu# orieHuBaeTcs oT 3-4 10 20-30 kM.

Ha mnosepxnoctu WMo HacuutTeiBaerca Oonee 10 aKTHBHBIX TOpSYMX IATEH
temriepatypoit ot 310 go 600 K, pasmepsl msTeH KojaeOmroTes B peaenax ot 75 10 250 kwm.
«Bosmkep-1» 3adukcupoBan 8 Takux 0OBEKTOB, a uepe3 4 mecsma «Bosmkep-2» oOHapy KUl
B aKTUBHOM cocTosiHuM 7 u3 Hux. Hausbiciias temmeparypa B 600 K Obuia 3aduxcupoBana
B 1979 roay B kaibjepe, nonyuuBiiei HazBanue «Ileme» [11].

Bynkan Mo AmupaHu sBIsSieTCS MCTOYHUKOM KpPYIHEHIIEro akTUBHOTO JIaBOBOTO
notoka Bo Beeit Conneunoit Cucreme. ITnotaocts Mo — 3,528 r/em™

AHaNOTMYHO W JI1 IONUTEPUAHCKUX CIYTHUKOB. DOTOCHhEMKa IOMUTEPUAHCKHUX
CIyTHHUKOB, IpoBeleHHas «Boskepamu», Mokasaja, 4TO OHM HE TOJBKO HMMEIOT Malylo
CPEIHIOO IIIOTHOCTD, HO U SHAOTCHHO aKTUBHBI.

['unore3pl OOBACHAIOT OCOOCHHOCTH 00nmka cnyTtHuka HOmnurtepa Oonee uyem
BEPOATHBIM CYIIECTBOBaHMEM Ha EBporme rio0ambHOro JEeIsSHOrO MOKPOBa, MOJ KOTOPHIM
HaxXOAMUTCS  IOJIypacTOIUIEHHAas Jie[sHas Kama (umyra), CMech O KMJIKOW  BOJBI
¥ MHOTOYHCIICHHBIX JbAUHOK. CyMMapHasi TOJIIMHA 3TUX cioeB paBHaeTcs 100 M. OTu cioun
COCTaBJISIIOT BHEILIHIOI KOpPY CIYTHHKA, TOTJA KaK €CTb M BTOpas, BHYTPEHHSA, CIOKEHHAs
KaMEHHBIMH ITOPOJAMH.

OpOutanbHbli yTh EBpOINBI TPAKTHYECKH KPYTJIBIA W3-32 HE3HAYUTEIHLHOCTU
nokasatens dkcuentpucurera B 0.09. ITnotaocTs cyTHHKa 3,01420,05 r/cm®, 1 3TO TOBOPHUT
0 TOM, 4TO 3/1€Ch HUKAKUX I1€PEXO0I0B IEPOBCKUTA B IOCTIIEPOBCAKUT HE MOKET CYILIECTBOBATD,
U B TO K€ BPEMsS MHOTO CBHJIETEIBCTB 00 HHJOT€HHOM pa3orpeBe CIIyTHHUKAa — rei3epbl
U3 MPOTSHKEHHBIX TPEIIMH Ha JICASHON MOBEPXHOCTH CITyTHHKA.

HaumeHoBaHue | Paawnyc Paguyc CpepaHss Bropas MnaHera
CNYTHUKA CMYTHUKA, opbuTbl, MNOTHOCTb, | KOCMMWYeCKas
KM TbIC. KM r/cm® CKOpOCTb, M/C
JlyHa 1737 384,4 3,55 2038 3emns
®oboc 12 9,38 2,20 11 Mapc
Uo 1815 422,6 3,57 2560 HOnutep
Espona 1569 670,9 2,97 2040 HOnutep
Kannucro 2400 1883 1,86 2420 tOnutep
TutaH 2575 12219 1,88 2640 CatypH
0b6epoH 761 587,0 1,50 770 YpaH
TpuTtoH 1350 355,0 2,08 1450 HenTyH
Tabauna 1. XapakrepucTuku OONBIINX CITyTHUKOB T1aHeT [11].
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Korga EBpoma mnpubnwmxaercs k HOmnurepy u3-3a SJUIMOITHYHOCTH OPOUTHI, HMX
IPWIMBHOE B3aUMOJICHCTBUE YCWJIMBAETCA, M CIIyTHUK CIIETKAa BBITATUBAETCS BJOJb
HampaBiieHus1 Ha miuaHeTy. CrycTs MOJIOBUMHY Iepuoja oOpamienust EBpona otnansercs ot
IOnurtepa, ¥ NpUIMBHBIC CUJIBI CAOCIOT, MO3BOJISAS € BHOBB CTaTh Ooiyiee Kpyrioi. Kpome
TOT0, M3-3a OJKCIEHTPUYHOCTH opOuThl EBpombl €€ mnpunuBHBIE TOPOBI MEPUOIUYECKU
CMEINAITCS 10 JA0JIr0Te, a M3-3a HAKJIOHAa Ocu €€ BpalleHus - Mo wmupoTe. BenuunHa
NPWIKMBHBIX JedopMaluii, cormacHo pacuéram, JIKHUT B mpeenax oT 1 M (eciu CHyTHHK
MOJTHOCTBIO TBEPBI) 1 10 30 M (ecin Mo KOpoil eCcTh OKeaH). DTH peryisipHbIe 1edopManun
CIOCOOCTBYIOT MEpeMENInBaHuI0 U HarpeBy HeAp EBpormbl. Temio ctumynupyer moja3eMHble
re0JIOTUYECKHUE MPOLIECCHI U, BEPOATHO, ITO3BOJISIET MTOANIOBEPXHOCTHOMY OKEaHY OCTaBaThCs
KuAKuM. [lepBOuCTOYHUK SHEPrUuu AJis 3TOro mpoiiecca — Bpauienue Fonurepa Bokpyr cBoei
ocu. Ero sHeprus mpeBpamiaercss B SHEPIUI0 OPOUTAIBHOTO JABIKEHHS U TMOCPEICTBOM
MPUJIMBOB, BBI3bIBAEMBIX 3TUM CHyTHUKOM Ha lOmwutepe, a manee mepemaércs ['anumeny u
Kannucto npu noMoru opOUTaIbHBIX KBa3UPE30HAHCOB - UX TIEPUOIbI OOpAIIEHUS OTHOCSTCS
kak 1:2:4. Ecnu Obl He B3auMojeicTBUE EBpOIBI ¢ IpyruMu ciiyTHUKamu, €€ opburta co
BpEMEHEM cTaja Obl KpPYIJIOM H3-3a JUCCUNALMU MPUIMBHOW HSHEPrUHM, W HArpeB HEJIp
npeKpaTuscs Obl.

Han roxHO#l momnsipHo# oOsacThio EBpomnbl 3aUKCHpOBaHBI NPU3HAKKA BBIOPOCOB
BOJISIHOT'O Mapa. BeposTHO, 3T0 pe3ybTaT AelCTBUS reii3epoB, ObIONINX U3 TPEIIUH e€ JTeITHOI
kopsbl. CoritacHo pacuéram, map BbUIETAET U3 HUX CO CKOPOCTHIO puMepHO 700 M/c Ha BBICOTY
mo 200 kM, mocie 4Yero KOHJSHCHPYETCS M MajgaeT oOpaTHO. AKTHBHOCTh Tei3epoB
MakcuMaJibHa BO BpeMsi Haubombiiero oraaieHuss Esponsl ot FOnuTepa. OTKpbITHE ClieIaHo
1o HaOMIOACHUSIM TeJleckomna «Xab0m», caenanHbiM B nekadpe 2012 roga. Bo Bpems npunusa
MOBEPXHOCTH 3TOro cnyTHrkKa Onurepa nogaumaercs Ha 11ebix 30 METPOB.

Kpome EBpombl, momgoOHble Teii3epbl HM3BeCTHbI Ha OHuenane. Ho, B orinuue
OT Tei3epoB DHIleNana, rei3epsl EBpornbl BEIOPACHIBAIOT YHCTHIA BOJASHOW map 03 mpumecu
JbAa ¥ TIbUTH. 3apuKCUpOBaHHAS MOIIHOCTDH Teli3epoB EBporibl jocTurana 5 TOHH B CEKyHAY,
4T0 B 25 pa3 Oosbiie, yeM Ha DHIlenane. Ha cnyrauke Mo maxe neHCTBYIOT BYJIKAHBI.

O KHHEMATHUYECKHUX HCTOYHUKAX TEIIJIA

W HeBaXHO, UTO 371€Ch BEAYIIYIO POJb UTPAET MPHIMBHOE TPEHHE, a MIEPBOIPHUUUHOMN
SIBIISIETCS DKCIICHTPUCUTET (XOTS M HE3HAYUTEIBHBIN) JUIHATICA 0OpameHust BOKPYT TJIABHOTO
TeJla — MJIAHEThl U IUIIOC HaKJIOHEHHE OpOUTHI 0OpalleHHs K MJIOCKOCTH HKBAaTOpa IJIAHETHI.
BaxHO nHIIb TO, YTO 3TO KMHEMATHYECKHE MapaMeTphl, U 3TO B MOJIb3Y HAIIEH THIIOTE3BI O
TOM, YTO KHHEMATHKa BpallleH! I 1 00palleHuil Kak IUIaHeT, TaK U UX CIYTHUKOB, CKOpEe BCEro,
U SIBJSIFOTCS, KaK ¥ Ha 3emuie, JONOJHHUTEIBHBIM M TIOCTOSHHBIM HCTOYHUKOM YHIIOTEHHOTO
teria. bojee Toro, KUHeEMaTHYecKHe IapaMeTphl IMPHCYIIH BCEM KOCMHUYECKUM
TUTAHETOUAHBIM 00pa3zoBaHusM. OIHOBPEMEHHO 5TO IO3BOJISIET OOBSCHUTH CIYTHUKOBBIC
nanHble NASA, 06 n366ITOYHOM HH(PPAKPACHOM M3IYUYEHUH psjia IIIaHET-TUTAaHTOB U 3eMIIH.

Jlnisi aBTOpOB Ba)XHO, YTO HCKIIOYEHA IIEPOBCKHUT - TMOCTIEPOBCKUTOBAS MOJIEINb,
KaK ouepeqHOW Iuion mycTod ¢aHTa3uu. BaxHO TO, YTO W NPWIMBHOE TPEHUE - 3TO
KMHEMATHYeCKHid TapameTrp. A 5TO TMO3BOJSET HaM OTCTaWBaTh [UISI KHHEMATHYECKHX
napaMeTpoB CTAaTyC KMHEMAaTUYECKOIO IUIaHETApHOIO MCTOYHMKA TEIUIa, OTBETCTBEHHOTO 3a
IUTAHETapHYIO CTaauIo 3BOMIONNH. [IOATONIKHYIO Hac K TaKOMY ITOHWCKY HECOIIOCTaBHMOCTh
TONMIUHBL ciog D ¢ modTu THICAYEKMIOMETPOBBIM pa3MepOM CIHUHOBOTO Iepexoja Jyis
KEJIe30COoICPKAINX COCTMHEHNH M COBEPIICHHO BOJbHAS TPAKTOBKA CYIEPIUTIOMOB C
HayanoM y cios D ¢ mocneayromuM yTBepKISHUEM O CyIepKOHTHHEHTAX.
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Ha nam B3rsig 10mKeH CynecTBOBaTh €AMHBIA MEXaHU3M, HE 3aBUCAILUNA OT COCTaBa
KOCMHUYECKHX TeJI, HO UMEIOIIMICS y Bcex Ted. Ha Takyro yHUBepcallbHYIO pOJib IPETEH/10BATh
MOTYT TOJBKO JTUHAMHUYECKHUE TIapaMeTpbl, CBOMCTBEHHBIE BCEM KOCMHUYECKHUM Tejam,
HaIpUMep, BapHali KUHEMAaTHYECKUX MapaMeTPOB OOpAIIEHUS OTHOCHUTEIHHO TIaBHBIX
HEHTPOB Macc — JUIsl CIIyTHHUKOB — 3TO UX IUIaHeThl, a aus ianer — Connue. K Takum
napaMeTpaM OTHOCATCS YKCIEHTPUCHUTETHI OOpAIICHUS, HyTalluy U MPEIECCHH BPAIIICHHUS.

Mogenu MOJIOIBIX IUIaHETApHBIX cucTeM [12] yKa3bplBalOT HA TO, YTO T'MTAHTCKHUE
TUTAHETHI 9aCTO HAPYIIAT OpOUTHI O0Jiee MaJeHhKUX BHYTPEHHUX IIaHeT. Jlaxke ecnu Takoe
B3aMMOJICIICTBHE HE MPHUBOJIUT HEMEIJIECHHO K KaTacTpode, OHO MOXKET MPHUBECTH K TOMY,
YTO TUIAHETA BBIMJET HA MU3MEHUYHMBYIO SKCIEHTPUUECKYIO OpOUTY, B PE3yJIbTaTe MOBBICUTCS
BEPOATHOCTh CTOJKHOBEHHUSI C JAPYTMMH OOBEKTaMM, TOIJIOMICHUS TIUIAaHEThl 3BE3/0i
Wik, HA00OpPOT, BBITAIKWBAHHS IUIAHETHI U3 CUCTEMbl. Ellle OJHAa BO3MOXKHAs OMACHOCTH
9KCLIEHTPUYECKONH OpOMTHI — 3TO BEIMYMHA TMPHJIMBHOIO CTpPECCa, KOTOPBIM HCHBITHIBAET
TUTaHeTa, KOTopask TO MPUOIUKACTCS K 3BE3JIe, TO OTAAISETCS OT Hee. PsmoM co 3Be3aoi cuna
IpaBUTALIMH BIIOJHE MOXKET AePOPMHUPOBATH IIJIAHETY, a, OTJANISISICh OT 3BE3/1bl, IJIAHETa MOKET
BOCCTAaHOBUTH CBOIO (hopMmy. Hanwume B CONIHEYHOW CHCTEME JIBYX IOSICOB acTEPOH]IOB
(Dastrona u Koiinepa) BO3MOXXHO CBHJIETENBCTBYET B TMOJB3Yy HJIEU DKCTPEMaTbHBIX
MEePECTPOEK HA HAYAIBHOM CTaJIUM PA3BUTHSL.

B nocnennee Bpems yuenbie NASA cramu ynensth ocoboe BHUMaHHE BOIIPOCaM
MPWIMBHOTO TPEHUS Ha TuTaHeTaX. MoIenn MOJIOBIX TIAHETAPHBIX CUCTEM YKa3bIBAaIOT Ha TO,
YTO TMUTaHTCKUE IUIAHEThl YacTO HApyIIAlOT OpOUTHI Oosiee MAJICHbKUX BHYTPEHHUX ILIAHET.
Jlaxke ecnu Takoe B3aMMOJCHCTBHE HE TPUBOAWT HEMEUICHHO K KaTacTpode, OHO MOXKET
OpPUBECTH K TOMY, UYTO IUIaHETa BBIHAET HA HM3MEHYMBYIO SKCLUEHTPUUYECKYIO OpOHTY,
B pE3yJIbTaTe TOBBICUTCS BEPOSTHOCTH CTOJKHOBEHHUS C APYTMMH OOBEKTaMH, MOTIIOMICHHS
TUTAHETHI 3BE3/I0M WJIM, HA00OPOT, BHITAIIKUBAHUS IIJIAHETHI U3 CUCTEMBI. J[pyras Bo3MOxHas
OMACHOCTh JKCIICHTPUYECKOH OpPOHWTHI — ATO BEIWYHHA MPWJIMBHOTO HANPSHKEHUS, KOTOPOE
UCIBITHIBACT IJIAaHETa, KOTOpasi TO MPUOIMKAeTCs K 3Be3fe, TO OTaaisiercsa oT Hee. Psmom
CO 3BE3/0H CHJIa TPAaBHTAIMM BIOJHE MOXKET ae(OpMHpOBATh IUIAHETY, a, OTHAJIACH
OT 3BE3/Ibl, TUTAHETa MOXKET BOCCTAHOBHUTH CBOIO (hOpMYy.

OnHOBpEMEHHO TaKue Bapuallid KUHEMATHUKH TUIAHETHI MOTYT T€HEpUPOBATH TPEHUE
MeXIy chepUuecKUMHU CIOSIMH, HalpUMep, MIaHeThl 3eMiisi, KOTOPOE BBI3OBET pa3orpeB
Y TIOBBIIIIEHUE TeMIIepaTyphl. B HOBOM uccienoBanuu, onyOJIuKOBaHHOM | WIOJIS B U3IaHUH
Astrophysical Journal, ydeHble ucciieoBanu BIWSHHUE MPUIMBHBIX CTPECCOB Ha IIAHETHI,
COCTOSIIINE U3 MHOXKECTBA CIIOEB — TAKUX, KaK CKAJINCTAasi KOpa, MAaHTHUS U KEJIE3HOE SAPO.

B pe3ynbrare oHM MPUIILTH K BBIBOAY, YTO HEKOTOPHIE IIIAHETHI MOTYT MEPEABUHYTHCS
Ha Oosee O6e3zonacHyto opouty B 10-100 pa3 ObicTpee, yeM CUMTAIOCh BO3MOXKHBIM paHee, -
BCETO 32 HECKOJIbKO COTEH THICSY JIET, a He 32 MHJUTHOHBI jieT [12].

B nmanHoit paGote Hac OyJeT MHTEPECOBATh APYTOM acleKT — IUIACTHYECKOE TPEHHUS,
BO3HUKAIOIIIEE B PE3YJIbTATE PA3INUKs MOMEHTOB HHEPIIUU B CHEPUUECKU CIIOUCTHIX TUTAHETaX
MpU HM3MEHEHMHM CKOPOCTH BpallleHWs IUIaHeThl. [loBomOM mjis TakuX pa3MbBIITUICHUNA
MOCTYKUJI0O OOHapyXeHHe H30BITKOB HH(PPAKPACHOTO U3IMyUEHUS Y T[JIaHET-TUTAHTOB
COJIHEYHOM CHCTeMBI TI0 CpaBHEHMIO C Tomy4daemoi paauamuedr ot  ComHia.
[To yrBepxkaeHusM XorieHaa WHPpPaKpaCHbI M30BITOK TUTAHTCKHUX IUIAHET OYEHBb XOPOIIO
KOppeIUpyeT ¢ OJHUM OOIMM IS BCEX HHUX MapaMeTpoM — HUX OOIeHd CHUCTEMOM
«BpaiarensHoro Momenta» [10].

Mpsl noctapaemcsi 0€3 MPUBJICYEHHS TMOJOXKEHUH THUIEpHpPOCTPAHCTBEHHON (pU3UKU
MOKa3aTh, YTO pazU4he MOMEHTOB HWHEpPIUU JaXe B paMKax caMOW TUIaHEThl 3eMJst
0e3 y4eTa JOMOJHUTENbHBIX BO3JICHCTBHI ciTyTHHKA JIYHBI MOTYT OBITh IPUUMHON BbIIETICHUS
TEeIJIa, BO3HUKAIOIIETO OT BA3KO-TIJIACTHYECKOTO MPOCKATB3BIBAaHUS CHEPUUYECKUX CIIOCB C
pa3HBIMU MOMEHTaMU MHEPIUHU TPU U3MEHEHUH CKOPOCTH BpallleHUs 3eMJIN.
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YINPOIIEHHAA METOAUKA PACYETA

Ha pannem ortane sBomonuu 3emid, KOTJa OHa eme NpeAcTaBisuia coOon
mubdepeHIIMPOBAaHHOE TEJNO, OHA UMeNa JIpyrue pajuyc, IUIOTHOCTh M YIJIOBOM MOMEHT
BpallleHus. 3Has COBPEMEHHBIC MapaMeTpbl 3eMJIM, MOXHO ObLJIO OBl MOCUUTATh PA3HUILY
MOMEHTOB BpatieHus. Ho y Hac HeT Ha/iexHbIX MajgeoJaHHbIX. [loaToMy npenenbHo ynpocTum
3aJa4y, CpaBHUB COBPEMEHHOE COCTOSTHUE M TIPEATIOIaraéMoe COCTOSTHHIE C 3TUM K€ PaInyCcoM,
HO YK€ C OCPEIHEHHOH IJIOTHOCThIO. Il MpUONMKEHHOW OLEHKU POJI CIOUCTOCTU
Ha MOMEHT MHEPILUHU 3eMJIH 3TOTO JJOCTATOYHO [2].

Jlyig ynpouieHus Takke MPearnosioKuM, YTo 3emils cepruyeckas U COCTOUT U3 sapa
(TBepIOe M KUIKOE) U BHEITHETO cJiosl (JTuTochepa U MaHTHs).

U3zBectHO, uto Wk = | 0?2, Tie Wk — MOMEHT BpareHus, | — yrioBoii MOMEHT HHEPIUH
TeJa, ( — yII0Basi CKOPOCTh BpameHus. Tak Kak CKOPOCTh BpAILlEHHs SApa U CII0S OJJUHAKOBBI,
TO JIOCTAaTOYHO CPABHUTHh MOMEHTbI HHEPIUH.

2 2
Jus sinpa: 1, = =MR’; s cnost: 1, = = (M,RZ —m,R?); m = 4/3 nR3p;
5 5 r

rae My,R1 — mapamertpsr saapa, a Mz, R2 — mapameTpsl 3eMiu, o - TUIOTHOCTh BEIIECTBA.
Jiia 3emiii uCnosb3yeM OOIIETPUHSATHIC CIIEAYIONINE 3HAYCHHUS:
R2 = 6371 km; oo = 5,518-10°% kr/m®; mz = 5,976-10%* kr; MOJTYyYUM
I, = 97-10%° kr M%;
R1=3471 xm; p1 = 11,8-10°% kr/m3; m1 = 2,066-10%* kr: 11 = 9.96-10%¢ kr M2

31ech IUIOTHOCTH s 3€MJIM IIPUHATA B COOTBETCTBUM C  MEXAYHapOIHBIM
COIIallIEHUEeM, a IJIOTHOCTH SApa B3siTa KaK CpelHee MEX]y H3BECTHBIMHM IUIOTHOCTSIMHU
TBEPAOI0 U )KUJKOTO SApa.

Maccy BepXHero ciosi M3 ¥ ero MOMEHT HHEpLMH |3 1erko paccuuTaTh Kak:

m3 = mz —my = 5,976-10% - 2,066-10%* = 3,91-1024 «r;
Is= I, — I1= 97-10% — 9, 956-10% = 87,04-10% kr M.

[TonyTHO 06pAaTHM BHUMAaHHE HAa COOTHOIIEHHE MOMEHTOB MHEPIIUH BEPXHETO CIIOS 1
obobmerHoro smpa: ls / 11 = 87,04-10%/9, 956.10%° = 8,74 , T.e. MOMeHTH WHepIUH
0600IIEHHOTO A/Ipa U CIIOS MAHTHH M JMTOC(hEphl OTANYAIOTCA TIOYTH B 9 pas. DTo BAXKHO C
HOSHHI/Iﬁ HepaBHOMepHOCTI/I BpaHleHI/ISI 3eMHI/I, TaK KakK 3TH CJIOU HpI/I BapI/IaHI/ISIX CKOpOCTI/I
OyIyT HCIIBITHIBATH BECHMa PA3IMUHOE BO3/CHCTBHE MHEPIMH, TTO3TOMY TEIUIOTA BSI3KOTO
TPEHMSI MOXKET BBIIENATHCS TOJNBKO Ha TIPaHMIlEe MX pasiena. VIMeHHo mosromy cinoii D,
COTJIACHO TOMOTpaMUeCKIM JTaHHBIM, G0JIee Pa3oTpeT, 4eM JKHIKOE SIpO U NMEET penbedHbIil
06HI/IK. 3)16CB MBI UMCCM HpI/IHHI/IHI/IaJ'IBHO I/IHOﬁ MCXAaHHU3M paSOFpeBa IIJIQHCTHI — HeHI/IHeﬁHaf{
JMHAMHKA B3aMMOJICHCTBUS TOJCHCTEM, KOTOPHIi KIIacCHUecKas TeONIOTHsS COBEPIIEHHO He
BOCIIpHHMMaeT. KBa3MIBYXCIOWHBIM CTpOCHHEM O0O0JNaaloT Bce chepougaibHbe Tela
ConHeyHo# cucTeMbl (TUTAHETHl M CIyTHHKH), JaXKe Te, TAe OCHOBY COCTAaBISeT Je, U
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3aBEIOMO HET PaJIMOAKTUBHOTO Temia. C Halllell TOYKU 3pEHUsS — ATO peajbHbId UCTOYHHK
TEIIOBOM OBOJIIOIIMKU BCEX INNIAHCTOMJHBIX TEJI B KOCMOCCE. BOHpOC TOJIBKO B TOM, KaKHC
MOMEHTbI HHEPIIUU COMOCTABIISTh.

Mars,;

Moon

Venus

mantle

Earth

Puc.3. Cxema cpagnumenbHoeo 08yXCIOUHO20 cmpoeHust pasiuynslx nianem [13].

Paccunrtaem motHocTh He qudPepenirpoBannoi 3emin (crasa) mo Gopmyiie:

m,+m,)-
o= (m, ) PiPs (1)
m, 03 + My 0,

IloacTaBuB M3BECTHBIE 3HAYSHUS MacC U HHOTHOCTeﬁ, IIOJIYy4YHUM: PO = 5,5103 KFM3.

2
Torma | =ng2: 81,91-10% xrm?, T.e. MOMeHT mHepruK IudQhepeHIHPOBAHHON 3eMIH

yBenuumics Ha Benmuuuny: Al =leogp — leyec= (97,0 — 81,91) 10%¢ = 15,09-10%¢ krm?.

Takum o0pa3om, BpamieHue 3emyin NPUBOIUT K AuddepeHInanuu BemecTBa o
IUIOTHOCTU K IIGHTPY BpallleHWus M MaKCHUMH3AaIlM MOMEHTAa WHEPIUU OTHOCUTEIBHO OCHU
BpaIICHHUS.

[IpuBeneHHBII pacyeT HOCUT OIICHOYHBIA XapakTep, TaK KaK BBEIEH s CHIBHBIX
yrmpoieHuid. Bo-nepBriX, HE SICHO COOTHOIIEHUE paauyca HeauddepeHnnpoBaHHON 3eMin
U pajJrlyca CMeCH WU CIIaBa, u00 BOIMPOC Jajeko He mpocToi. C 0HOM CTOPOHBI, B YCIOBUIX
BpaIleHUs] JIOJDKHO MPOMCXOJIUTh YIDIOTHEHHE W YMEHbIIeHHe panuyca 3emiu. C apyroi
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CTOPOHBI, T€OJIOTUYECKHE [IaHHBIE TOBOPSAT O TOM, YTO 3eMiisl MOCTOSHHO pa3orpeBajach
U pa30rpeBaeTcs, yBeIu4UuBas paauyc.

Bo-BTOpBIX, 2HEprus BpallleHUs] He MOTIJIa UCUE3HYTh. Toraa ocTaercs MpearnoioKuTh,
YTO MEHSUJICS MapaMmeTp YIiIOoBOW CKOPOCTU BPAIICHHS, TaK KaK IMOJHBI MOMEHT BpAICHHS
3aBucUT OT Hee. COrJacHO MaJCOHTOJIOTMYECKUM JIaHHBIM IO HCCIIEJOBAHHUIO KOPAaJJIOB
U CTPOMATOJIUTOB M3BECTHO, uT0o 500 MiH. neT Hazan Obuto 420 nHel B roay, a He 365,2422
cytok. Ho 3 3Toro abcoiifoTHO HE SICHO, Troj ObLI JyIMHHEe (MHOM 3JumMIiC oOparieHus),
WM 3eMiis Bpalaiach MEJICHHEE.

Mpsl MokeM 00paTuThesi K Oosiee TOYHBIM pacyeTaMm ¢ 0oJiee CIOKHBIMH MOJAEISIMU
3emun, kak 310 chenano y YyiikoBoid m Makcumosoii [4] wim y JKaposa B.E.[10].
[Ipeanonaraiocs, 4TO CXXaTUE TPaHUIILI AApPO-MaHTUS paBHO 1/391, a cxkaTue BHYTPEHHETO
sapa paBHo 1/412.

B pesynbrare mns momenmn PREM Obutk mosrydeHbl 3Ha4€HHs] MAacC U MOMEHTOB
MHEPIUH Pa3InIHbIX 000JI0YeK 3eMIIH, IPE/ICTaBICHHBIC B TAOJIUIIE HUXKE.

A C M
KT M2 KT
BuyTpennee s1po 5862. 107 5873.10™ 9851.10%
Buermmee s1po 0062.10% 0.080.10% 18413.10%
Manrus 70157107 70426107 4.0027.10%
Kopa 8340.10% 83636107 3.098.10%
Cymma 80112. 107 80401.107 5.9735. 104

3nece A u C »KBaropuanbHblE MOMEHTHI MHEpUMH. (s MoiydeHus ABYXCIOMHON
MO/JIENIN OCTAETCs IPOCYMMUPOBATh, T.€. 00bEAMHUTH CJIOH, KaK B HAILIEM CITydae, U MOCUUTATh
OTHOIIEHHE MOMEHTOB MHEPLUH, TO MOJIYYUM cleayrolee: Uisl Moaenu A-oTHomienue 7,78,
s moaenu C — otHomenue7,67. MoxHO NpHOIMKEHHO NpUHATH oTHomeHue §. (Hamra
NpUOIMKEHHAs OLIeHKa OTHOILIEHUs OJu3Ka K 9).

Taxum 0Opa3oM, OYEBHIHO, UTO MPHU BapHaIMIX CKOPOCTH BpAIIEHUS BIOJIHE PEaIbHO
MPOCKaJb3bIBaHUE OOOOIIEHHBIX CJIOEB JIpYr OTHOCUTENBbHO Jpyra Mo Trpanune D
Y BO3HHMKHOBEHHE TEIUIa 3a CUET BA3KO-TUIACTUYHOIO TPEHMsI NPU HU3MEHEHUU CKOPOCTH
BparieHus 3emin. CorjiacHO UCCIIEOBAaHUSM, CYIIIECTBYET MHOTO SIBIICHUM, CITOCOOCTBYIOIINX
WU3MEHEHUIO CKOPOCTH BpallleHus 3eMJIM. JTO B3aUMOJEHCTBUS IPELECCUU, HYTallUu |
BapHalMi SKCHEHTPUCUTETa OPOUTHI, BIUSHUE Bapyualluii IPUIMBHOTO TpeHus JIyHbl, BIusHue
NEPEMELIEHHS BO3IYIIHBIX MacC 110 MOBEPXHOCTH 3eMiu U Ap. IIpu pasnnyHbIX codyeTaHusax
MO>KHO BBIJIEJIUTHh PUTMbI CKOPOCTH BpalleHHs] CYyTOYHOI'O MaciiTaba, He/leJbHbIe, MECSIUHbIE,
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ce3oHHbIe, ToanuHbie, 10-metaue, 60-70-netaue, 100-netHue u ap. [8]. JlanHbie HaOMIOACHMI
110 UBSMCHCHHUIO CKOpOCTI/I BpaH_[eHI/ISI 36MJII/I HpI/IBel[eHBI Ha pI/IC4 HUXCE.

oP,ms . i

-3b -
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1] 3 4
1+ 4
2F o
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Puc. 4. Omxnonenus OP onumenvHocmu cymoxk om dmaiouHulx 3a nocieonue 350 nem
no H.C. Cuoopenxosy [8].
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ON THE ROLE OF MOMENTS OF INERTIA IN THE THERMAL
DEVELOPMENT OF THE PLANETS
Ivanov O. P., cand.geol.min, MD, PhD, Ministry of health of the Moscow
state University named after M. V. Lomonosov,

Annotation. In the light of the latest research on the role of tidal friction and excess
infrared emission of the giant planets of the solar system the role of viscous friction at different
moments of inertia for a layered planets for example Earth
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YK 101.1
CUHEPI'ETUKA U CJOXHOCTH
HManunos FO.A. xaug. ¢us.mar.H., noi., ct.H.c. DUAH PAH

1. IPEABICTOPUSA

Ha ctpike XIX 1 XX BEeKOB Hay4HOE COOOIIECTBO MPEOBIBAIIO B
paaykKHOM HACTpPOEHHMHM — M He 0e3 OCHOBAaHMS: Ka3ajocCh, eIé
HECKOJIBKO IITPUXOB, U KapTUHA Mupa Oyaer moctpoeHa. Kiaccudeckast Hayka K KoHITy XIX
BEKa I10 IpaBy MOIJIa TOPAUTHCS CBOMMHU JOCTHReHUsAMU. Co BpeMEéH HbproToOHa MUp, KOTOPBIi
JIPEBHHE pa3/IesUId Ha MOMTYHHYIO ¥ HAIITYHHYIO c(hepbl, CTal €IUHBIM, B HEM JEHCTBOBAIN
eVHbIe [I03HABaeMble (M, Kak TMoJjarajid MpPeICTaBUTEId €CTeCTBEHHOHAYYHBIX U
GUIT0COPCKUX KPYTOB, B 3HAYUTEIHLHOU MEPE MO3HAHHBIC) 3aKOHBI.

[TonBeneHue UTOTOB MPEBPATUIIOCH B TOPAYIO IEMOHCTPAIUIO OJIECTAIUX JOCTHKEHUN
KJIACCHYECKOTO €CTECTBO3HAHUS M TOUYHBIX HAYK U CTAJIO YOOHBIM TTOBOJIOM JJISI ONIPEICTICHUS
nepcnektuB. Tak, Ha Il MexnyHapoagHoM KoHrpecce maTreMaTukoB B aBrycte 1900 roma
B [lapmwxe aBun ['uns6ept B cBoéM noknazae chopmyinpoBai 23 mpoOiaeMbl, KOTOPEIE, 10 €T0
MHeHHI0, MaTeMaTtuka XIX Beka 3aBemana pemuTh maremarnke XX Beka. Kak nokaszamu
nocienyoomue cooptust, [ mp0epT He omuOCsS B ONMPEaeNIeHHH «TOYEK POCTa» MAaTEeMAaTHKU:
pemienue Kaxaoh u3 23 mpobiem ['mnbpOepTa cTaHOBWIOCH 3aMETHBIM IIArOM B Pa3BUTUU
MaTeMaTU4YeCKOW HAyKd M OBbLIO 3aMETHBIM MpojBMXKEHHEM. He MeHee MpoHHUIATEIbHBIM
okazazcs u marpuapx ¢usuku XIX Beka Yumibsam Tomcon (¢ 1802 r. mopa Kenbun). B cBoux
«banTUMOPCKUX JIEKIUAX» OH MTPO30PIUBO YKA3aJI Ha JIBA «TEMHBIX 00JIauKa» Ha OJIMCTAOIIEM
HebocBosie Kiaccuyeckoil ¢usuku. M3 omgHoro «rémHoro oOjadka» BCKOpE BBIPOCIA
CrielMagbHas TEOPHUs OTHOCUTEIBHOCTH DUHINTEWHA, U3 JAPYroro — KBAHTOBAas MEXAHHKA.
Ho cymiectBoBano emé oaHo «TEMHOE 00J1a4K0», YKPBIBIIEECS OT MPOHUIIATEIHHOTO B3IIIAAa
nopaa KenpBruHaA 3a ropu3oHTOM — HenuHeilHass nuHamuka. B 1884 r. Anpu Ilyankape
OmyOJIMKOBaNl cepuio paboT moj oOmuM Ha3BaHMeM «O KpUBBIX, OIpeIeIsieMbIX
nudepeHIMAIbHBIMA  YPABHEHUSAMI, 3aJI0)KHB MaTEMAaTHYECKUE OCHOBBI €€ OIHOTO
HaIlpaBJI€HUs B HEKJIACCUUYECKOM €CTECTBO3HAHUU — HEJIMHEWHON JUHAMUKH.

bnaroctHele WUTIO3MM O TNO3HAHOCTM MHpa  CPEACTBAMH  KJIACCHUYECKOIO
€CTeCTBO3HAHMS Pa3BESUIUCh JOBOJBHO CKOpo: B gekadbpe 1900 r. B cBoéM mJokiane
Ha bepnmuackom 3acenanuu Hemernkoro pusudeckoro coro3za Maxkc [1naHk BEIABUHYI JEP3KYIO
TUIIOTE3y KBAHTOB, COTJIACHO KOTOPOM 3JIEKTPOMArHUTHAs SHEPTUs MOIJIA MOIJIONIaThCs
U U3JIy4aThCsl HE CKOJb YTOAHO MaJIbIMHU, @ KOHEYHBIMH MOPIUSIMH — KBAaHTAMHU, BEJIMYUHA
KOTOpPBIX MPONOpPLUMOHATIbHA YacTOTE€ M3NMydeHHs. ['mmore3a KBaHTOB mo3Bosuia I[lmaHky
peuIuTh JAaBHO CTOSIBIIYIO B (DU3UKE OCTPYHO MpoOJeMy TOJYYSHHUS €IUHON KpUBOU
pactpoCcTpaHEeHHUs] SHEPTrUu B CHeKTpe uznmydeHus u€pHoro tena. (OO ocTpoTe mpoOieMbl
MOXHO CYIUTh XOTSI OBl IMOTOMY, YTO OHa TOJy4YWSia Ha3BaHUE «YyJIbTPa(HOIECTOBOU
kartactpodbi».) M xora y camoro [lnmanka kBaHT em€é He ObLT (PU3NYECKONM CYIIHOCTHIO,
a TUIOTe3a KBAHTOB HOCHWJIA XapaKTep YHUCTO MAaTEeMAaTHYECKOTO MpUéMa, TMO3BOJIMBIIETO
MIPOUHTEPIIOINPOBATH JABE U3BECTHBIE PaHEE BETBU KPUBOI pacipeiesIeHUsl SHEPTUU B CIIEKTPE
AJIEKTPOMArHUTHOTO M3JTy4YEHUs, BBEJICHHE TUITOTE3bl KBAHTOB MO3BOIMIIO [IMaHKy yCTpaHHUTh
ynbTpaduoneToByto karactpody. Dusnueckoil CymHOCTHIO KBaHT ctanm B 1905 1.,
Korga OWHINTEHH MOHSJI, YTO DSJICKTPOMAarHUTHOE W3JIYYEHHE HE TOJBKO IOIJIOIIAETCS
U UCITyCKAETCsl, HO U paclpoCTpaHseTcs kBaHTamu. Ha nmpeactaBneHuu o GU3NYECKU pealbHOM
KBaHTE ODWHINTEHH TOCTPOWJI CBOIO 3HAMEHHUTYIO TEOpHIO (OTOIIEKTPUUIECKOTO 3 deKTa,
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3a kotopyto B 1921 r. 61 ynocroen HobeneBckoit nmpemun no ¢usuke. «IlomHOKpoBHAS»
KBaHTOBasi Teopus Obwia co3maHa B KoHie 1920-x romoB ycunusamu 3oMmepdenbra,
I'eiizenOepra, Ilaynu, llpénunrepa, bopua n apyrux uccinenoparenei.

CBOIO HEKJIACCHMYECKYIO CIIEHHUAIBHYIO TEOPUI0 OTHOCUTEIBHOCTH ODUWHIITEHH
onyomukoBai B 1905 1. B pabote «K 31eKTpoAnHAMUKE TBUKYIIUXCS CPEI.

Ecnu kBaHTOBas Teopus MOphIBaJia C HEABHO COJIEPIKaBIIEICS B KIIACCUYECKOM Qu3uke
TUIOTE30M 0 Oe3rpaHNYHON JEIUMOCTH SHEPTUH, TO CHEIHAbHAS TCOPHS OTHOCUTEIHBHOCTH
3acTaBUjia OTKa3aTbCsl OT HBIOTOHOBCKOTO aOCONIOTHOIO MPOCTPAHCTBA U aOCOJIIOTHOTO
BPEMEHHU, BIJIMJIA HOBOE COJIEp)KaHUE B TMIOHATHE CHUHXPOHM3MA COOBITUA U cluia
CYILLIECTBOBABIIME PaHEE B OTPHIBE OJHO OT JPYroro MOHSATHS MPOCTPAHCTBA U BpPEMEHU
B €JIMHBII YETBIPEXMEPHBIM KOHTUHYYM «IIPOCTPAHCTBO — BPEMS.

Tperbs, CKpbITas 3a TOPU3OHTOM «TYy4YKa», B IMOJTHOW Mepe mposiBuia ceds B 1930-¢
TOJIbl, KOTJa HACYIHBIC TMOTPEOHOCTH PAa3BUTHS TEXHUKH, B YACTHOCTH DPATUOPUIUKH,
BBIHYTMIIM (PU3UKOB MEPEUTH OT JIMHEHHOTO MPUOIMKEHHS K HeTMHEHHbIM MojensaMm. [lepBoe
BpEMs Ka3aJI0Ch, YTO TAKOM MEPEXO] HE CONPSIKEH CO CTOJIb KOPEHHOU JIOMKOM KJIACCHUYECKUX
NpEJICTaBICHUM, KaK CO3[JaHWE KBAaHTOBOW TEOPUM WIM  CIEUHUATBHOW  TEOpUHU
oTHOCUTENbHOCTH. OONacTh JIMHEWHBIX SIBJICHWW ObLIA CTOJIb MPUBBIYHA, CTOJb XOPOIIO
«o0xuTa», O00OpyIOBaHA XOPOLIO  pa3pabOTaHHBIM  MAaTEeMAaTUYECKUM  alllapaTom,
HaJ CO3/IaHUEM KOTOPOTO HE OJTHO CTOJICTHE TPYIMIHCH CaMble OJICCTAIINE YMBI, UYTO IIOKHIATh
e€ 6e3 ocoboi HamOOHOCTH (PU3UKAM OYEHb HE XOTENOCh. BrIcKa3pIBaIMCh POOKHE HAIEKIbI,
YTO HEJTWHEWHOCTh, BO3MOXKHO, yJAcCTCS IMPEOAOJETh C MOMOIIbIO BBEICHHS B JIMHEHHBIC
Mozenu (B ocHOBHOM Aud¢epeHInanbHble YpaBHEHUS!) HEOOIbIINX J100aBOYHBIX YJICHOB.
Bricka3biBanuch Takke omaceHus (BbI3BAHHBIE TPYAHOCTHIO PEHICHUSI MAJIOU3BECTHBIX TOT/A
HENMHEWHBIX Aud@epeHuanbHbIX  ypaBHEHUH), 4YTO CO3[aTh HEIUMHEHHYI0 TEOpHIo,
CpPaBHUMYIO IO IIUPOTE OXBATa SIBJICHUN M YHUBEPCATHHOCTH C JIMHEWHBIMU TEOPUSIMHU, BPS
JIM y1aCTCsl, U HETMHEHbIE TEOPUU CBEIYTCS K KOJUIEKIIMOHUPOBAHHIO TOTO WJIM HHOTO Habopa
YACTHBIX PEHIAEMbIX CIYYaeB MOJEIICH HEIMHENHBIX SBJICHUI. MHOrO O3/IHEE 3TH OMACEHUS
ObUTM HAroioBy pa30UTHl (BCIIOMHUM XOTS OBl «COJUTOHUCTUKY», YHHBEPCATbHOCTHU
Oeitrenbayma, nenoykd Toasl U MHOTME JIpyrHe HEJIMHEMHbIE MOJENH, HE YCTYIAIoLue
MO IIMPUHE OXBaTa SIBJICHUMN JTMHEWHBIM MOJETSM U K TOMY e TOYHO pelnaeMbie). [IepBbim,
KTO TIOHSJT OeCHepCHeKTUBHOCTh <JIMHEMHOTO TOJIXO0/1a» K HEIMHEHHBIM SBJICHHUSIM
U TPaBUJIBHO OILIEHWUT HEOOXOJUMOCTh HU3YYEHHs HEIWHEHWHBIX SIBICHUNW KakK TaKOBBIX,
0e3 cBeleHUS HUX K JHHEHHOMY NPHUOIMKEHUIO, CJIETKA «IOJAMOPUYCHHOMY» MaJbIM
JOTIOJIHUTEBHBIM ~ uleHoM, cTan akagemMuk Jleonmn HMcaakoBuu Mangensuitam,
c(OopMyIMPOBABIINI MpOrpaMMy BOCIMTAaHUS (WIM BBIPAOOTKH) Yy (U3UKOB HEITMHEHHON
WHTYHUIIUU — «HEIIMHEWHOTO MBIIUICHHU» — Ha OCHOBE apceHasa ujiei u o0pa3oB MEepBUYHO
HEJIMHEWHBIX HE CBOJMMBIX K MajbiM JOOABOYHBIM YJi€HAM B JIMHEHHBIX MaTeMaTHYECKUX
mozaensax. JL.M. Mangensmram, ero kosiera akageMuk Hukonan ImutpueBuu Ilamanekcu,
Y4YeHUKHU U nocaeaosarenu A.A. Aanponos, A.A. Burr, C.O. Xaiikun, C.M. PeITOB 1 apyrue
BO MHOTOM OCYIIIECTBUJIA MPOTPAMMY CO3/aHHS «HEJIMHEHHOTO MbIUIeHUs». Pazpaborannas
UMHU TeOpUsI HEIMHEWHBIX KONeOaHWH cTana mpeaTedell CHHEPreTUKH U MO3BOJIMJIA MOHSTh
¥ TPOaHAJIU3UPOBATH MHOTHUE SIBIICHUS PA3TUYHOM TPHUPOJBI, OOBACHEHHE U TeM Oosee
npeJICKa3aHre KOTOPIX OBLIO HE MO CHJIaM JIMHEWHOU TeOpHUH.

2. ©ICTOPUA
B ncropun KynbTypsl TEPMUH «CHHEPIHs» — COBMECTHOE, COTJIaCOBAHHOE JIEHCTBHE
HECKOJIBKMX Hayall — BCTPEYaJIOCh U paHblle. Tak, y CpPEeIHEBEKOBBIX TEOJIOIOB MOXHO

BCTPETUTH YIIOMHUHAHUEC O KCUHEPTHUN) — CAUHCHWHA WJIN CIIMIHNUU YCJIOBCKA U Bbora B MmouTBE.
VY ¢wuzuonora llleppuHrTona Mbel BCTpeuaeM TEPMUH «CHUHEPTHUS», O3HAYAIOIINNA CIaKEHHYIO
paboTy crudarmuX U Pa3ruOAFOIINX MBIIIIII.
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TepMuH «cuHepreTuka» Kak Ha3BaHHWE HOBOI'O MEKIUCLUIUIMHAPHOIO HampaBiICHUS
HayY4HbIX HCClIeIoBaHUI ObLT BBeIEH ['epMaHOM XakeHOM B Kypce JIEKIUH, IPOYMTaHHBIX UM
B 1969 r. B ynuBepcutere lltytrapra. HayuHoe cOOOIIECTBO BCTPETHSIO MOSBICHHE
CHUHEpreTuku 0e3 0coboro sHTy3ua3ma, Oosiee TOro, IpaJoM HE3aclyKEHHBIX YIPEKOB,
HEOOOCHOBAHHBIX OOBMHEHUH. B 4€M TONBKO HM yHpeKaau HOBOE HANpaBICHUE HAy4HBIX
UCCJICIOBAaHUN €ro NMPOTUBHUKH U (HE BCETAa JOOPOCOBECTHBIE) KPUTUKU: OHU YTBEPXKAAIH,
6YI[TO CHHCPIrCTUKAa — JACHOTAT IIYCTOro MHOHATUA U HC UMECT HU COOCTBEHHOTO npeamera
UCCIICIOBaHMsI, HM IPUCYLIEr0 TOJBKO €l MeToja HccieloBaHusA, OyJITO OHa H3JIHIIHE
MaTeMaTH3UPOBaHa M MPEICTABISACT COOOW OIHY M3 Pa3sHOBUIAHOCTEH (QHU3MKANIM3Ma, OyITO
CHUHEPIeTHKa JIMIIEHA HEMPEMEHHOI0 OTJIMYUTEIBHOIO aTpuOyTa HayKH — IMPOTrHOCTHYECKON
CUJIbI, U pa3BHUBACTCA HC NHTCHCHUBHO, 4 S9KCTCHCHUBHO.

Ho BOT MuMHYIM TpHU HAECATUIICTHS, HAIIOJHEHHbIE HEYCTaHHBIMU TpyAaMmu MHpod.
I'. XakeHa, ero cOTpyAHUKOB, Y4EHUKOB, €IMHOMBIIINIECHHUKOB U JJa)K€, KaK HU N1apaI0OKCAJIbHO,
HEKOTOPBIX IPOTUBHUKOB, YIIOPHO HE JKEIAIOIUX IPU3HABATh CUHEPI€TUKY, HO 000raTUBIINX
¢€ HOBBIMH nacAMH, NOHATUAMUA U MCTOJaMH, U CO Bceit O4YCBUAHOCTBHIO BBIICHUIIOCH, UTO BCEC
OIaCeHMsI, COMHEHHMsI U YIIPEKH B aJPeC CUHEPIeTUKHU HECOCTOSATEIIbHBI.

3.4YTO TAKOE CUHEPI'ETUKA?

CoBpeMeHHass ~ CHHEpreTMKa  CcTaja  OPU3HAHHBIMH  MEXKIUCIUIUIMHAPHBIM
HAIPaBJICHUEM HAYy4yHBIX HccienoBaHuil. OHa 3aHUMAETCSl U3YYEHHEM CJIOKHBIX CHUCTEM,
COCTOAIIMX U3 MHOTHMX 3JIEMEHTOB, YaCTEH, KOMIIOHEHTOB, ITOJCUCTEM, B3aUMOIECUCTBYOIINX
MeEX1y COOOM CIOXKHBIM (HEMHEHHBIM) 00pa3oM.

CBoii BbIOOp TepMuHa «cuHepreTuka» mpod. [. XakeH OOBACHSAET CIEIyOINUM
o0pa3oM: «51 BbIOpa CI0BO «CHHEPreTHKa» OTOMY, YTO 32 MHOTUMH JUCHMIIMHAMU B HayKe
3aKperieHbl IPEYECKUe TEPMUHBIL. S MCKall TaKoe CII0BO, KOTOPOE BBIPaXXaslo Obl COBMECTHYIO
JeSITeIbHOCTb, OOILIYI0 SHEPrHI0 4TO-TO CleNaTh, TaK KaK CHCTEMBbl CaMOOPIaHU3YIOTCS,
U II0OTOMY MOXET II0Ka3aTbCs, YTO OHU CTPEMATCS IMOPOXKAATh HOBBIE CTPYKTYphl. Sl
oOpatuiics TOr1a 3a COBETOM K MoeMy IKosbHOMY Ipyry ["ancy Kpucrody Bonbdy, koTopsrii
XOpOLLIO pa3dupacs B rpPE€YECKOM, U Mbl C HUM 00CYAMIIN pa3IudHbIe OHTHS. S IpecienoBan
1eJIb IPUBECTH B JBM)KEHUE HOBYIO 00JIAaCTh HAYKM, KOTOpasi 3aHUMAeTCsl BbILIEYKa3aHHBIMU
npobiieMaMu. Yke TOrjaa s BUJEN, YTO CYIIECTBYeT MOPA3UTEIbHOE CXOJCTBO MEXIY
COBEPUICHHO  pa3jMYHBIMM  SIBJICHHMSMM, HAIpUMEpP, MEKIAY M3Iy4CHMsIMH Jia3epa
U COLIMOJIOTMYECKHMHU MpOLEeccCaMd WJIM HBOJIIOLMEH, M UYTO 3TO JIOJKHO OBITH TOJBKO
BepILIMHOM aiicOepra. IIpaBaa, B TO Bpems 51 HE OJ03pEBall, YTO 3Ta 00JIACTh MOXKET OKa3aTh
BJIMSIHHE Ha CTOJIb MHOTHE U OTJAJIEHHBIE 00J1aCTH UCCIIEI0BaHMs, KaK, HAIPUMEp, IICUXOJIOT s
u ¢punocodus» [11, c. 53].

B otnmume ot Ipyrux HaydHbBIX HaIllpaBJICHHH, OOBIYHO BO3HHMKABIIUX Ha CTHIKE JBYX
HayK (Hampumep, (U3MYECKOM XHMHHM, XUMHUYECKOW (QU3MKM U JlaXke acTpOoOOTaHHUKH),
KOI'Zla OJ{HA HayKa JaBaja HOBOMY HaIIPaBJICHUIO NIPEIMET, a Ipyras — METOJ UCCIEA0BAHMS,
CHHEpPIreTHKa ONMpAeTCs, TaK CKa3aTb, HAa «BHYTPEHHHE TOYKM» HAyK— Ha CXOJCTBO
MaTE€MaTU4YeCKUX MOJEECH, OMNMUCBHIBAIOIIUX IIPOLIECCHI, IPOUCXOAAIIME B CHCTEMax
COBEPILIECHHO PA3JIMYHOM PUPOJIBL; B CHITy 3TOTO CHHEPIeTHKA HapsiAy C TO3HAHWEM HOBOTO —
KOTHUTHBHOM (yHKIMEH, MpuCyllell HCTUHHOW HayKe, BBINOJHACT, NPUYEM BeCbMa
€CTECTBEHHO, HE MEHE€ BaXXHYI0 KOMMYHHUKATHUBHYIO (DYHKIIMIO, OCYIIECTBIISIS «IIE€PEBOJI»
MOHITHI OMHON 00JacTH HAyKW Ha SI3bIK TOHSTHUN, BO3MOXXHO, BeChbMa Nal€Koil OT Heé
COBEpUIEHHO Jpyroi o0jacTu HayKu. B 3TOM cMbIciie CHHEPreTHKy, Kak yXe YIOMHHaJIOCh
BBIIIIE, C MTOJHBIM OCHOBAaHHEM MOKHO CUMTATh UCTUHHOW MpPEEeMHHIICH TEOpHH KoJeOaHHIA,
KOTOpasi 3aHUMAaeTCs U3yYeHHEM KoJie0aTeNbHbIX MPOIIECCOB B CUCTEMaX Pa3IMuHOMN MPUPO/IbI
— 1o cioBaM JI.W. Manjenbirama, «roBOpUT Ha MHTEPHALMOHATIBHOM SI3bIKE HAYKN).
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Pazymeercsi, u3y4eHHEM CIIOKHBIX CHUCTEM 3aHMMAeTCsl HE TOJBKO CHHEpPIeTHKa,
HO HCHOJb3yE€Mble CHHEPIeTUKOM HIEM W METOAbl JeNal0T CHUHEPreTHYECKUM MOIXO0N
YHUKaJIbHBIM, NPUYEM HE TOJBKO B KOHLENTYaJbHOM, HO M B OIEPALlMOHAIBHOM ILIAHE.
B knaure «[Ipuanun paboTsel rojioBHOTO Mo3ray B pazzaene 1.2 «llenu cunepretuku» ['epman
XaKeH TaK XapakTepu3yeT CHeu(PpUIHOCTh CHHEPreTUYECKOTo Moaxo/a. «CII0KHbIE CUCTEMBI
COCTOAT M3 OOJBILIOrO 4YUCIA OTAEIbHBIX YacCTeH, 3JEMEHTOB WM IOACHUCTEM, HEPEIKO
CIIOKHBIM 00pa3oM B3aMMOJACUCTBYIOUIMX MEXIy co0oil. OAMH KIAaCCUUECKUH pEeLeNnT,
HO3BOJISIOIINN «CIIPaBUThCA» C TAKUMH CHCTEMaMHU, NpUuHaUIekUT JlekapTty. OH npeanoxul
pasyarath CJIOXKHYIO CUCTeMy Ha BCE Oosiee MEJNKHe JeTald OO TeX IOop, MoKa He Oyaer
JOCTUTHYT ypOBEHb, HA KOTOPOM 3TH J€Talld, WM YacTH, CTaHyT MOHATHbIMHU. HeTpynHo
BUJIETh, YTO TAKOTO MOAX0/1a MPUAEPKUBACTCS MOJIEKyJIapHast Ouosorust. C Ipyroil CTOpoHsI,
B3aMMOJICHICTBUI0O HAa MAaKpPOCKOIMYECKOM YPOBHE IPHCYIE HAJIMYME KAYECTBEHHO HOBBIX
CBOMCTB U 0cOOEHHOCTEH. He moie:kKuT COMHEHHIO, UTO B HAIlIEM IIOHMMAHUH B3aUMOCBSI3€H
MEXJY MUKPOCKOIMYECKUM U MAaKpPOCKOIMMYECKUM YPOBHSAMH BCE el ocTaércs OrpOMHBIN
paspbiB. Llenb cuHepreTuky COCTOUT B TOM, YTOOBI IIPEOI0JIETh ero. Bmecte ¢ Tem, kak Oyaer
[IOKa3aHO, B OOJIBIIMHCTBE CIIy4yaeB CTPYKTYpPbl CO3JIAIOTCSI HE KaKOW-TO OpraHu3yIoLleh
PYKOii, a caMMMM CHUCTEMaMH, JEHCTBYIOIIMMHU Oe3 BCSKOIrO BO3JEHCTBUS M3BHE. B pamkax
H0/J1X0/1a, KOTOPBI MOKHO ObUIO Obl HA3BaTh 1EKAPTOBBIM, CYILIECTBYET €I OJHA TPYAHOCTb.
Jis ommcaHUS OTAETBHBIX YacTeid HEOOXOJWMO OTPOMHOE KOJIMYECTBO HWH(OPMALNH,
00paboTaTh KOTOPOE HUKTO HE B COCTOSIHMM. DTO BBIHYKIAE€T HAc CO3/1aBaTh aJIeKBaTHbIE
METO/BI CkaThs HHPopManuu. [IpocTbiM MpUMEpOM TOT0, KaK JJOCTUTAETCS TaKas 1eJb, MOXKET
CJIy’)KUTh Hallle OLIyLIeHHe Temieparypbl. Kak u3BecTHO, ras3, Hampumep, BO31yX, COCTOMUT
U3 MUpPUAJ] MOJIEKYJI, IBMIKEHUSI KayKIOM U3 KOTOPBIX B OTAEIBHOCTH MBI HE 3aMeuaeM. Bmecto
3TOr0 Mbl KAKUM-TO 00pa30M UHTETPUPYEM I10 UX JIBUKEHHUIO U OIIYIIAaeM TOJIBKO HEKOTOPYIO
TEeMIIeparypy. AHAIOTUYHO 3TOMY B OOJIBIIMHCTBE CIy4YaeB OTICIBHBIC CIOBA O3HAYAIOT
LeJIbIE KJIACChl, KATErOpUU OOBEKTOB WU CIIOXKHBIE ICHCTBHUS.

MoxxHO 1M pa3BUTh OOIIYI0 TEOPHUIO, KOTOpas IO3BOJUT aJEKBAaTHO CXKHUMAaTh
uHpOpMaLMIO COBeplIeHHO aBTomarndecku? Kak OyaerT moka3aHo B JajbHEWIIEM, Takoe
ckaTue HHPOPMAILIUU IPOUCXOUT B TEX CIyYasx, KOTJa CHCTeMa KaueCTBEHHO U3MEHSIET CBOE
MaKpOCKOIIMYECKOE COCTOSIHME. B HeopraHm4eckoM MHpEe CYLIECTBYET pAJl TAKUX PE3KUX
M3MEHEHUH, Ha3bIBaeMbIX (ha30BbIMH mepexojamu. [Ipumepamu Takux NEpexol0B MOTYT
CIIy’)KUTh 3aMep3aHHe, Korja Boja (KHUIKOCTh) MEPEeXOAMT B TBEpIOE cocTosiHue (I€x),
BO3HUKHOBEHNE HAMArHUYEHHOTO COCTOSIHUS WJIM HACTYIUIEHHE CBEPXIIPOBOAUMOCTH. Kak MbI
YBUJIUM U3 JAaJbHEWIIEero, aHaJIOTUYHbIE KaueCTBEHHbIE N3MEHEHHMS, XOTs M Ha ropasjio Oosee
BBICOKOM YPOBHE CIIOKHOCTH, B M300MIIMH BCTpedaroTcs B Ouosorum» [13, c. 14-15].

buu Bcex HampaBieHHH, 3aHUMAIOIIUXCA W3YYEHHEM CJIOXKHBIX CHUCTEM, COCTOSIIMX
u3 OOJIBIIOrO YHcia B3aMMOJAEHCTBYIONMX 4YacTed, — oOmnne uHpopMaiuu, moaaexarien
00paboTKe [UIsl MOTY4YEeHHs AE€TaJbHOTO ONMUCAHUS MOBEIEHUsI CUCTEMBl. YTOObI YMEHBIIUTh
00béM MH(pOpMAIMM 10 CKOJBKO-HUOYAb MpHEMJIeMOro o0bEéMa, npuberaroT K Tak
Ha3bIBAEMOMY «CXKaTHIO HH(OpMalUn», KOTOpOE, KakK IpaBUJIO, COIpPOBOXKAAETCS €€
yacTUYHOW moTepell. Hampumep, B KMHETHYECKOH TEOPHHM Ta30B BMECTO OTCIIEKHBAHUS
TPAaeKTOPUHU OTACTBHBIX YACTHI[ MEPEXOAT K YCPETHEHHBIM XapaKTEPUCTUKaM, HAIPHMeED,
BMECTO HUMIYJbCa, MEPEIaBaeMOro YacTHIIAMU CTEHKE COCyJa, MPEANOYUTAIOT TOBOPHUTH
O JaBJIeHUH, co3laBaeMoM ra3oM. CHHepreTMyeckuil MOJIXO0J OCYLIECTBISETCS MyTEM
nepexo/a OT MHOTOYHUCIIECHHBIX MMAapaMeTPOB COCTOSHUS K TOPa3/l0 MEHEe MHOTOYMCIEHHBIM
napaMeTrpaM MOpsJKa B CWJIy TaK Ha3blBa€MOro MpUHIUNA MoJuuMHeHHs. Takoe cikaTue
uHpopMalMu O0paTHUMO: IOCNe pelIeHHs 3aJaud OT I[apaMeTpoB MopsaKa OOpaTHBIM
peoOpa3oBaHNEM MOKHO BEPHYTHCS K ICXOJIHBIM ITapaMeTpaM COCTOSTHUSI.

CunepreTndeckuil IMOJIXOJ TO3BOJIAET HE TOJIBKO MepedopMyIHpoBaTh B HOBBIX
TEPMHHAX HW3BECTHBIE HCTHHBI W (DAKTHI, T.e. MO CYLIECTBY OOBSICHHUTH CIIELUATHCTAM,
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paboTaroUIMM B pa3IMYHBIX 00JaCTAX HAYKH, YTO OHU «TOBOPST MPO30ii», HO U CIIOCOOCTBYET
HOBOMY, HIOPOil HEO)KUIAHHOMY MOHMMAHHIO CTaporo Marepuana. Hanmpumep, npoBenEHHBIN
I'. Xakenom u ¢usuonorom Keico ananus MOTOPHOH IeATENFHOCTH JKUBOTHBIX U YEIOBEKA
BBISIBUJI PaHEe HEN3BECTHBIC (DaKTHI, a MPOBEAEHHBIN A. baOI0sSHII 1 €ro COTpyAHNKaMH aHAIIN3
XAOTHUYECKOW 3JICKTPUYECKON aKTUBHOCTH TOJIOBHOT'O MO3Ta CIIALIETO YEJIOBEKA IMO3BOJIMII
COBEpIINTh HEOKUJIAHHOE OTKPBITHE: BBLICHWIOCH, YTO YHCIIO YIPABISAIOMIMX MAapaMeTpoB
CTOJIb CIIO)KHOTO COCTOSIHHSI yIMBUTEIIFHO MaJIo.

HecmoTps Ha 3penblii MO YeNOBEYECKMM MepKaM BO3pacT, CHHEPreTHYECKOe
HampaBlieHue BCE emE MpPoJOIDKaeT (OPMHUPOBATHCSA, O0OTrallasCh HOBBIMH HUICSIMU
u meronamu [12,15,14,16].

4. NEPCIIEKTUBbI

@panmysckomy reorpady bBypxkemto cuHepreTHka MOMOIja B PEHICHWH MPOoOieM
ypOaHUCTHKY, IPEYECKOMY CIIELHATUCTY 1O cpeacTBaM cBs3u [xony (Moannucy) Hukonucy
— B CO3JIaHMM HOBOHM KOHLENIMH nepeaayn nHpopmanuu, conuoinory A.Il. Hazapersny —
B pa3pabOTKe MOJIEIH aHTPOIIOT€HHBIX KPU3UCOB.

BelI1e MbI y)ke yHOMUHAIU 0 KOMMYHHKATHBHOW (PYHKIIUHM CHHEPTreTHKH. CHHEpTeTHKa
I'. XakeHa — 3TO sI3bIK, Ha KOTOPOM €CTECTBEHHO M YJJOOHO OMMCHIBATh 3BOJIIOLUIO U JKU3Hb
CHCTEM DPa3JIMYHON MPUPOIBI, B YACTHOCTH, crenudpuyeckoe sSBICHHE CaMOOPTaHU3AlUNd —
CIIOHTAaHHOE SIBJIEHHME Ooyiee CIO0XKHBIX, 4YeM CYyIIEeCTBOBABIIME paHee CTPYKTYD,
a KOHIENTYaJIbHBIA ammapar CHHEPreTHKH IO3BOJSET MPOCICKHUBATh BCE NEPUIICTHU
9BOJIIOLIUM CIIOKHBIX CUCTEM, Ha0II0/1as 32 HUMH «CBEPXY BHU3», XOJIMCTUYECKU — OT L[EJIOT0
(cMCTEeMBI) K JeTalisiM, a HE «CHH3Y BBEPX», OT JeTajeld M YaCTHOCTEH K IIeJIOMY, KakK 3TO
OPUHATO TPU  PEAYKLHMOHHUCTCKOM  (AekapToBckoM) mozaxonxe. OOpartumoe cxkarue
UHPOpPMALIUM — OTJIMYHUTENbHAS YepTa CHHEPTeTHYECKOTO IMOAX0Ja — IO3BOJISET, MUHYS
JIeTajy, ONHUCBHIBATh M IMOHMMATh SMEpP)KEHTHbIE CBOWCTBA M CaMOOPIAaHU3ALUIO CIIOKHOU
CHCTEMBI, YTO OCOOEHHO Ba)KHO NMPU M3YYCHHU CTOJIb CIOKHBIX CHCTEM, KaK YelIOBEK, €ro
HEpBHAs CUCTEMa, B YACTHOCTHU I'OJIOBHOM MO3T, COCOOHBIN K CaMOIIO3HAHUIO, U Pa3IMYHbIE
— KYJIbTYpHbIE, COLIUAJIbHBIE, 3KOHOMUYECKHE U T.J. COOOIECTBA, IJI€ AAJIEKO HE BCE JeTallu
U3BECTHBI M TOHATHBI.

B unTtepsbio ¢ npod. I'. XakeHoM 1o citydaro TpuALATUIETUs cuHepretuku [11], emy
6bu1 3a1aH Bonpoc: «Emé B cBonx kHMrax 70-x rofoB Bl ykaspiBaiu Ha Jajieko WAyIiue
¥ [IMPOKOMACIITaOHbIE BO3MOXXHOCTH TIPUMEHEHUS CHHEPTeTHKH, BKIIIOYAs NMpPUMEHEHHE
K MOHMMaHHIO CyTy0O YeIOBEUECKUX COLMAIbHBIX MPOILECcCOB. bbUIO IM B X0J€ pa3BUTHUS
CHUHEPIreTUKU 4TO-HUOYAb HeoxuaaHHoe i Bac? Bo3MOXHO, OOHAapYyXWJIHNCh HOBBIE
BO3MOXXHOCTH ITPUMEHEHHS, KOTOpbIe BBI mepBOHaYaIbHO HE IPEITIONaraiu?y

Otger I'. Xakena riacui: «XoTsl CHHEpPreTHKa BO3HUKIIA B PAMKaX €CTECTBEHHBIX HAYK,
MHE BCerjJa TMpeACTaBlsAJOCh, 4YTO €€ BaKHEWIIME NPUIIOKEHUs OyayT KacaThCs
crneuu(rUYeckux 4YeJOBEYECKMX U COLHUAIbHBIX mpoueccoB. Ilpuuém s MeHs  yxe
HEOJJHOKPAaTHO BO3ZHUKAIHM CIOPIPHU3bI B PAa3BUTHM CHHEPreTHKH. Hampumep, MHTEpecHBIC
HKCIEPUMEHThl MO HCCIEOBAHUIO JABMKEHMs NaiblieB, NpoBeaéHHble Kenco, koTopsle
yIaJI0Ch OYCHBb XOPOIIO OOBSCHUTH C IOMOIIBI0 MOHATHI cuHepretuku [12]. Emé omxamm
HEOXHJIAHHBIM TIPUIIOKEHUEM CTal CHHepreThdeckui kommbiotep [12, c. 286-315]. Oba
HOBBIX MOHSATHUSI CUHEPTeTUKH MOTYT IpUMEHAThCS B HHGopMaTuke» [11, c. 59].

N nanee: «Kakue oOmactu mnpumeHeHuss Bbl paccmarpuBaeTe Kak Haubosee
nepcrneKkTuBHble U MHoroo6emaronme? Kakue mnpoOieMbl ocTaloTcsl €€ OTKPHITHIMU
JUISL UCCIIEIOBaHUA Y.

[Ipod. I'. Xaken: «O4eHp BaXXHOU 00JIACTHIO SIBJISIETCS, HA MOUM B3IJIS, MEIUIIMHA,
I7ie IPOBOJATCS yBJeKaTeldbHblE (yHIaMeHTalbHble uccienoBaHus. Ha mepBbiil miaH ams
MEHS ~ BBICTYHNAIOT  HCCJIEOBaHMS  TOJIOBHOTO  Mo3ra:  Mbl  u3ydaeM  MOI
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(MarauTosHEedanorpaMmel) U D3I (3neKTpo3HLEDATOrpaMMBbI), TPUMEHSS METObI aHATTN3a
HOBOI'O THIIA, M 5 OYEHb paj, YTO 3TU METOJbl BCE OOJIee COBEPLICHCTBYIOTCS, a TaKXKe
3aMEHSIFOTCS] HOBBIMUY.

Jis  fanbHEHIIero HUCCiIe0BaHMUs CYLIECTBYET, HECOMHEHHO, OIPOMHOE YHCIIO
npo6eMm, U st Obl He B3sUICS IIEPEUUCIIUTD UX 3/1eCh Bce. K HUM OTHOCSTCS, HanpuMep, pa3BUTHE
HOBBIX KOMIIBIOTEPOB, KOTOpbIE DPA0OTAlOT IO CHUHEPreTMYEeCKUM MpUHLUNAM, Oonee
CKpYIyJIE3HOE HCCIIEI0OBAaHUE SKOHOMHYECKHX IPOLIECCOB, KOTOPBIE SIBISIIOTCS B BBICIIEH
CTEINEHU CJIOXKHBIMU U OJJHOBPEMEHHO KOOIIEPATUBHBIMU, T.€. CHHEPIeTUUECKUMH, U MHOTHE
npyrue npobiems» [11, ¢. 59-60].

5. YI'PO3A PACHIUPUTEJIBHOI'O IOHUMAHUA CUHEPTETUKHA

Ceituac, korja mnoy0aBMJIOCh YHUCIO CKENTHKOB, COMHEBAIOIIMXCS B HAJIUMYUHU
y CHHEPreTHKHM CBOEr0 IIpPEeIMETa HUCCIEAOBaHUS, CBOEr0 METOJa MCCIEJOBAHUS
Y [IPOrHOCTUYECKOM CHIIbI, HAaJl ’TUM ME€PCIEKTUBHBIM MEXAUCIUIUIMHAPHBIM HAIPaBICHUEM
HAyYHBIX MCCIIE0BAaHNN HABUCIIa HOBAs yIpo3a Ype3MEPHO PACIIMPUTEIBLHOTO TOJIKOBAHUS €€
TEPMUHOB U MOHATUH, MPHUBOJAIIEIO K Pa3MbIBAHMIO OCHOB CHHEPI€TUKU U IOSBJICHHUIO
WJUTFO30PHBIX IIPEICTABICHUM KaK O CBOEro poja naxaunee. Ham tpyn, Mo kpaiiHeil Mepe B €ro
TPETH, MpelHa3Ha4YeH A TOro, yToObl M30aBUTh TE€X, KTO BUAMT B CHUHEPIreTHUKE KIIOY
K PEIICHUIO BCEX MPOOJEM COBPEMEHHOM HAayKH, OT HECOBITOYHBIX WIIIO30PHBIX HAJIEKI,
BEPHYTbh UX Ha TBEPIYIO OCHOBY peallbHbIX BO3MOXKHOCTEH mpeioxkeHHoro I'. XakeHoM
MCKIUCHUIUIMHAPHOTO IMOoAXOoAa W INPpUAATh CHUHCPICTUYCCKUM HACIAM W IOHATUAM HX
NEpBOHAYAJIbHBINA €CTECTBEHHOHAYYHbIN CMBICI.

6. TE3AYPYC: OCHOBHBIE ITIOHATHUA CUHEPIT'ETUKH

JL.A. Mangensmiram IpefaocTeperain OT BBEACHUS CTPOTMX OIPENEICHUM Ha paHHEM
sTane pa3Butus Teopuu. Ilo ero cioBam, BBOIUTH CTpPOTrHMe ONpeeNeHUS — BCE PABHO,
YTO 3aBOPAYMBaTh HOBOPOXAEHHOIO MIIAJICHIIA B KOJIOUYIO IPOBOJIOKY. [IpuBOMMBIE HUXE
OIpesieNIeHUs] He MPEeTeHAYIOT Ha MaTeMaTH4ecKyl0 CTPOroCTb. DTO CKOpee MOSCHEHHS,
MO3BOJISIOIINE TIOHSTH CyTh IMOHATHUS U MPAaBUIbHO UCIOIb30BaTh COOTBETCTBYIOLIUN TEPMUH.

JluHamuueckass cucTeMa — CHCTeMa JH00OH NpUPOABI, COCTOSHHE KOTOpOH
HBOJIIOLMOHUPYET BO BPEMEHHU.

[TapameTpsl (mepeMeHHBIE) COCTOSTHUS — MapaMeTpsl (IepeMeHHbIe), HA0Op 3HAYeHUH
KOTOPBIX OJTHO3HAYHO OIPEJIENSIET COCTOSHUE CUCTEMBI.

VYnopasnsdomuye napameTppl — TE€ U3 [1apaMETPOB COCTOSIHUS, MU3MEHEHUE KOTOPBIX
MO3BOJISIET U3MEHATh COCTOSIHUSI CUCTEMBI (YIIPABIISATh COCTOSTHUEM).

[TapameTpsl nopsiaka — (PyHKIMK MapaMeTpOB COCTOSIHMSI, 3HAYEHMsI KOTOPBIX, Kak
Y 3HAYECHMsI CaMUX [1apaMETPOB MOPAAKA, ONPEAEISAIOT COCTOSIHUE CUCTEMBI.

[IpyHIMI MOAYMHEHUS] — TPUHIUI, YTBEP)KIAIOIIMMA, YTO CYLIECTBYIOT (DyHKUIUU
apaMeTpoB COCTOSHUS (TTapaMeTpbl MOpsi/IKa), KOTOPbIE, KaK U CaMH MapaMeTpbl COCTOSIHUSA,
OIPENIENAIOT COCTOSIHUE CUCTEMBI.

Uucno napaMeTpoB MOpsAKa, KaK IPAaBWIIO, MHOTO MEHBIIE YHCIA IapaMeTpoB
cocrossHus. Ilepexox OT mapamMeTpoB COCTOSIHMSL K IapamMeTpaM TOpsAKa TMO3BOJISET
OCYILECTBIIAITh CKaTHe UHPOPMALIUU O CHCTEME.

KpyroBasi npuYMHHOCTS — MPHUHINI, YTBEPKAAIOIMINUNA, YTO CYIIECTBYIOT (YHKIIUH,
oOpaTHbIe TeM, KOTOpBIE 3aJal0T NapaMeTpbl MOpsAIKAa B 3aBUCUMOCTH OT 3HAYCHHUH
napaMeTpoB coctosiHus. KpyroBasi NMpUYMHHOCTB JeNaeT ckaTue uHpopManuu (cM. I. 5)
B CHHEPreTHKE 0OpaTHUMBIM.

JluneiiHasg cuctemMa — CHUCTEMa, YAOBIETBOPAIONIAS MPUHLHUIY CYyHEprO3ULIUU
COCTOSIHUH, €CITU B CUCTEME CYIIECTBYIOT peXXUMBI Ul 1 U2, TO CyIiecTByeT U pexxuM oul + Bu2
— MPOU3BOJIbHAS JIMHEWHAs: KOMOMHALUS (CYTIepHO3UIMs) cocTOssHUM ul u u2.
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Teopema €OMHCTBEHHOCTM — TEOpEMa, JOKa3aHHAs Ul JIMHEMHBIX CUCTEM:
IIPYU JaHHBIX HAYAJIBHBIX WM KPAEBbIX YCIOBHIX B CUCTEME CYIIECTBYET TOJIBKO OJIUH PEXKHUM.

Henwuneiinas cuctema — cuctema, BO3JICHCTBYIOIIAst Ha ceOsl; COCTOSIHUE HA BBIXOJIC
CUCTEMBI CIY)KUT €€ HadalbHBIM COCTOAHHEM. CBA3b BBIXOJA CUCTEMBI C €€ BXOIOM
Ha3bIBaETCsl 00paTHOM CBA3BIO. [|JI1 HEMMHEMHBIX CUCTEM — CHUCTEM C OOpaTHOM CBSI3BIO —
IIPUHLIKII CYTIEPIIO3ULIMY HE BBIIOIHICTCS.

YcroluuBocth (1o JIsmyHoBy) — cucTema Ha3blBaeTCsi ycToiunBoi 1o JIsmyHOBY,
€CIIM PEeKUMBI, MAJIO OTJIMYArOIIMecs (Ha €) B HAYaJbHbI MOMEHT BPEMEHU OTJIMYAIOTCA
Ha KOHEYHYIO BETUYMHY (€) B JIFOO0H MOCIEAYIONUIH MOMEHT BPEMEHH.

D¢ dext 6a60UKN — MpUCYIIas HEIUHEHHBIM CUCTEMaM YyBCTBUTEINIbHAS 3aBUCUMOCTh
OT HauyaJbHBIX YCIOBHUH (HEYCTOWUYMBOCTH IO JIANMYHOBY), PEKUMBI, MaJO OTIMYAIOLIUECS
B HayaJbHbII MOMEHT BPEMEHM, B IOCIEAYIOLUIEM 3KCIIOHEHLHAIBHO OBICTPO PACXOASTCA.
(HazBanue s3¢dexra 3anmcTBOBaHO U3 pacckaza «M rpsHet rpom» bpanbepu.)

I'opu3oHT coObITHI (IpeacKa3yeMOCTb) — BPEMEHHOH WHTEpBall, Ha MPOTIKEHUU
KOTOPOrO IOBEICHUE JTUHAMUYECKON CUCTEMBI IIPEICKa3yeMO, T.€. JETCPMUHUPOBAHO.

Ciy4allHOCTb — CTPOr0 MaTEMATUYECKOTO OIIPEEICHUS CIIy4aliHOCTH HE CYLIECTBYET
JIaXKe JUIS ITOCJIEI0BATEIbHOCTY HYJIEH U €JUHULL.

CayuvaiiHocTb 110 poH Mu3zecy — 1o mepe npoABHKEHUS 110 OCIEI0BATEIbHOCTH OIS
HYJIeH U eIMHUI] CTpeMuTCs K 1/2.

Cnyuantnocts o A.H. KoiMOropoBy — mociie10BaTeIbHOCTb CIOKHO YCTPOEHA,
ecid e€ omMcaHue He MIpolle camol mocienoBaTesnbHOCTH. CiyuaitHocTs o KommoropoBy
SKBUBAJICHTHA CJI0)KHOYCTPOECHHOCTH.

CrnyuaitHocts 10 MapTtun-JIEQy — mocienoBaTeIbHOCTh HYJIEH U €IMHHMIL CIy4YaiHa,
€CJIM OHA TUIIUYHA, T.€. HE COACPIKUT HUKAKUX «OCOOBIX IPUMET» — HE MPUHAMICKUT MATOMY
MHOECTBY MOCIIEA0BATEIILHOCTEH ¢ 0COOBIMU IIPUMEPAMH.

Xaoc [eTepMHHMPOBAHHBIH — CIJIOKHBIM DPEXUM, BO3ZHUKAIOIIWN B HEJIWHEHHOU
JUHAMHYECKOW CUCTEME BCIIECACTBUE €€ BHYTPEHHEH HEYCTOMYMBOCTH — CUCTEMA JIEHCTBYET
HE KaK yCWJINTENb BHEIIHETO 1IyMa, a KaK T€HEPaTOp Xa0TUYECKOIO PEKUMA.

Mepbl Xaoca — UHCJIOBBIE XapaKTEPUCTUKH, IO3BOJSIOUIME (IO Ppa3InYHBbIM
KPUTEPUSAM) CPAaBHUBATH XAaOTHUYECKHE DPEKUMBI JUHAMMUYECKHX CHCTEM, BBIACHATBH, KaKON
U3 IByX XaO0THYECKUX PEKUMOB XaOTUUHEE.

Camoopranusanus — CIOHTaHHOe (0e3 BO3JeHcTBUS M3BHE) BO3HUKHOBEHUE
B JIMHAaMUYECKOM cucTeMe Oojiee CIIOKHBIX MO CPaBHEHHIO C paHee CYIEeCTBOBaBLIMMHU
CTPYKTYp WM COCTOSIHUM. MIHOr1a CHHEPreTUKY Ha3bIBAOT TEOPUEH CaMOOpraHU3aliy.

7. BOSBHUKHOBEHMUME U 3BOJIIOIIUS IIOHATUS
«CAMOOPT'AHU3ALIUS»
[TonsiTue «camoopranmuzanus» BO3HUKIO B 1970-x romax — mEepBOHAYAIBHO
KaKk coOMpaTellbHOE Ha3BaHHE MHOTOYMCICHHBIX SIBICHUHN, HAONIONABIIUXCS B CIOXKHBIX
CHUCTEMax, U3YYEHHEM KOTOPBIX 3aHUMAaeTCs cuHepreruka. OCo3HaHHE IEHTPAIBHOW POJIH
CaMOOpraHu3allid B Kpyre mpoOiieM, M3ydaeMbIX CHHEPTeTHKOW, PaBHO KaK M MOHUMaHUE
TOTO, YTO M KaK IMPOUCXOJUT B CHUCTEME NMPU BOSHUKHOBEHHH HOBBIX MPOCTPAHCTBEHHBIX,
BPEMEHHBIX U MPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp, MPHUIUIO Mo3ke. [lepBoHayanbHO
MCCJIEI0OBATENN OTPAaHUYNBAIINCH «KOMIJIEKTOBAHHEM 300TIapKa»— COCTaBJICHUEM 0oJiee WiTh
MeHee TOJPOOHBIX MEPEeYHEH SIBJICHUNH CaMOOPTaHU3allud B CHCTEMax pa3luYHON MPHPOJIBL.
W nume 1o 3aBepiieHWH TMepuoja «IePBOHAYATBHOTO HAKOIUICHUS» CHHEPIeTHKY CTalu
Ha3bIBaTh HANPABJICHUEM, 3aHUMAIOIIUMCSI U3YUCHUEM camoopranu3anuu [13].
Ha nayanbHOM 3Tane BHUMaHUE UCCIIEOBATENEH OBLIIO MOYTH BCEIIENIO COCPEAOTOYCHO
HA TOM OOCTOSITENBCTBE, YTO CAMOOPTaHM3AIlMs, KaK O TOM CBHJIETEIHCTBYET CaMO Ha3BaHUE
9TOTO SIBJICHUS, MMPOUCXOIUT O€3 Kakoro Obl TO HHU OBLIO BO3ACHCTBUA m3BHE. [Ipeapimyiee
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COCTOSHME CHUCTEMBl yTpayuBaeT yCTOWYUBOCTb, M  BMECTO HEr0  IOSABIAECTCS
(«caMoOpraHusyercs») HOBOE, ME€PBOHAYAJIbHO YCTOHYMBOE COCTOSIHHE, KOTOpPOE B XOJe
JaTbHENIIEH YBOJIFOLIMU TAK)KE MOKET IIOTEPATh YCTOWUHUBOCTD U, B CBOIO OYEPENb, YCTYIIUTh
MECTO HOBOMY COCTOSIHHIO. BaxkHast 0COOEHHOCTh CaMOOpPraHu3alui — C)KaTue UHGOpMaIu
— oCTaBaJlaCh HE3aMEUYECHHOW. Mexay TeM cxarthe MH(pOpMaIuu MpH CaMOOPTraHU3aAIUH
IPOMCXOIUT BeCbMa crieln(puIeckuM 00pa3oM. MHOXKECTBO MapaMeTPOB COCTOSHUSA OTXOIUT
Ha 33JHUI IUIaH, YCTyHas MECTO ropaszjfo Oojiee MaJOYMCIEHHBIM IIapaMeTpaM IOops/Ka,
XapaKTepU3yIOIIUM  CaMOOOpa30BaBIIMECS  HOBblE  CTPYKTypbl. MOXKHO  CKa3aTh,

YTO CaMOOPTraHM3alMs OCHOBOIIOJIATAIOIIUX TPUHILMUIIOB CUHEPreTUKH — MPUHIUI
MOTYMHEHHUS.

AHanu3 OOLIMPHOIO SMIMPUUYECKOTO MaTepuaia I03BOJIWI CENaTh HEOKUJAaHHOE
OTKPBITHE — OOHAPYKUTh CBOETO poOJia «CTPYKTYPHBIA 0a3uc» -HBOIIOLIMU — Habop

IIPOCTEUIINX CTPYKTYDP MU IATTEPHOB, U3 KOTOPBIX 10 ONPEAEIEHHBIM CLEHAPUSAM CUCTEMA
CHUHTE3MpYET O0Jiee CII0KHbIE CTPYKTYPhl. DTO OTKPBITHE 0Ka3aJI0Ch TEM 00J1e€ HEOXKUJaHHbIM,
YTO CAMOOPraHU3YIOLIMECS CUCTEMbl HEIWHEMHBbIE, M IPUHLUI CYHNEpPHO3ULHUA —
NPUHIUNNAIbHAS OTIMYUTENIbHAsE OCOOCHHOCTh JIMHEHHBIX CUCTEM — B HUX HE JIEHCTBYET.
Pasymeercs, 3TUM HEOKUIAHHOCTH, INOACTEPETABIINE HCCIIENA0BATENCH HEIMHEWHBIX
CUCTEM, HE HMCUEPIBIBATUCH. BBIICHWIOCH, YTO BOIPEKU TPAJAULUOHHBIM IPEACTABICHUAM
0 Xa0ce Kak 0 CHHOHUME OecTiopsiika Xaoc MOKET 00J1a1aTh TOHKOM U CJI0KHOM OpraHu3alyen.

8. ®DPAKTAJIbI

SpkuM npuMepoM xaoca, HaAEIEHHOIO TOHKOM CTPYKTYpPOHW, MOTYT CIIy’KHTb
camonofjo0Hple W camoadpuHHBIE OOBEKTHI, MONyYMBIIME C JIETKOH pyku benya
Mannens6pota HazBaHUE (PPAKTAIBI U MYJIbTU(DPAKTAIBI.

B Tpéx cBoux kHurax «P@pakranbHbie 00BEKTHI: POpMa, CIIydail U pa3MepHOCTHY (U3]1-
Bo «Dnammapuon», 1975), «®pakransl: dopMma, ciiydail u pa3MepHOCThY (U31-Bo «Dpumeny,
1977), «®@pakranpHas reomeTpus npupoab» (u3a-so «dpumen», 1977), benya Manaens0pot
IPEIUIOKUWIT U3YMIEHHOMY Hay4HOMY MHUPY, IO CYIIECTBY, HOBYIO HEEBKJIMJIOBY F€OMETPHIO
— HEEBKJIMJOBY HE B CMBICIIE OTKa3a OT AaKCHOMBbI O IApaJUICIbHOCTH, NPUHITON
B TPaJMLIMOHHON €BKJIWJOBOM IeOMETpUM, a 3aMEHbl €€ JPyrol akcuoMmoM, Kak 3TO ObLIO
caenaHo B reomerpun H.M. JloGaueBckoro m 1. boiisin, a B cMbIciie 0TKa3a OT HE3PUMO
npucytcTBoBaBmero B «Hawamax» EBkiampa TpeGoBaHMS TJIagKOCTH; TE€OMETPUH —
B COOTBETCTBUU C OINpEACIEHUEM TE€OMETPUM KaK Haykd OO0 UWHBapHaHTax TIPYIIIbI
npeoOpa3oBanuil, JaHHBIM B 1872 1. B «OpnanreHckoil nporpamme» denmkca Kneiina, —
(bpakTanbHas reoMeTpHsl 3aHMMaeTCsl U3YyYeHHEM OOBEKTOB, MHBAPHAHTHBIX OTHOCHTEIHHO
camoapUHHBIX U caMONOAOOHBIX peoOpazoBaHuil, 00pa3yIOLIMX IPYIIIbI.

benya Mannens0poT co31ain HEEBKINIOBY I'€OMETPHIO HEIVIAAKHUX, IIEpPOXOBATHIX,
U3BEJCHHBIX MPUUYYIIUBBIMU XOJAaMM, MOpaMH, TPEIIMHAMH U OTBEPCTHSIMH, U3BHIIUCTBIX
U T.I. OOBEKTOB, OBIBHIMX /O 3TOT0 CBOEr0 poJa MaTeMaTHUYECKMMH KPUTEPHIMH.
[To MoyaMBOMY yroBOpy, paHee Takue 0ObEKThl UCKIIOUAINCh U3 PACCMOTPEHHUS B MOJb3Y
6onee «6aroo0Opa3HbIX» YCPEAHEHHBIX, CIIIAXKEHHBIX OTIOJIMPOBAHHBIX OOBEKTOB. MexTy
TEM HMEHHO TaKuWe€ HeNpaBWIbHbIE OOBEKThl COCTABISIOT OOJBIIMHCTBO OOBEKTOB,
BCTpevaronxcss B mnpupoje. l'opasie cnoBa [amunes «®unocodus 3amucana B 3TOH
orpoMHeiet kuure Ilpupoasl, KoTopas Bcerja OTKpbITa Iepel HaMu (S TOBOPIO
0 BceneHHoll), HO TMOHATh HANMCAHHOE HEBO3MOXXKHO, IIOKA HE M3YYMIIb S3BIK
Y HE paclio3Haellb MMCbMEHA, KOTOPBIMY OHA HAallMCaHa. A HalKMcaHa OHA HA MaTeMaTHYECKOM
A3bIKE, U MHCbMEHAMU €€ SBIAIOTCA TPEYTOJbHUKH, KPYI'M M JIpyTHE T€OMETPUYECKUE
burypsl...», u3 ero counHenus «lIpodbupHbIX nena MacTep» HbIHE HAJJEKHUT TPAKTOBATh TaK:
«...TpEYTOJIbHUKH, KPYTH, PpaKTalbl U APyTrUe FreOMETPUIECKUE PUTYPBI...».
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Cam benya ManniensOpoT oXapakTepr30Bajl CO3AaHHYIO UM TEOPUIO KaK MOP(OIOTHIO
6echopmennoro: «lloueMy reoMeTpHi0O 4acTO HAa3bIBAIOT «XOJOMHOW» M «cyxoi»? OnHa
U3 IPUYNH 3aKITI0YaeTCs B €€ HECITOCOOHOCTH onHcaTh (opMy 00J1aKa, TOpbl, OeperoBoii TMHUN
wim aepesa. OOnaka — He chepbl, TOpbl — HE OKPYKHOCTH, IPEBECHAsE KOpa — HE IIajKasd,
MOJIHHSI PAcIIpOCTPAHSIETCS HE 10 MPSIMOM.

B Oonee obuiem miuane s yTBEep)KAaro, 4To MHOrue o0bekThl B Ilpuponme HacToiabko
HEperyJsapHbl U (PparMEeHTHPOBAHBI, YTO IO CPABHEHUIO C EBKIMIOM — TEpMHUH, KOTOPBINA
B 9TOH paboTe O3HAa4YaeT BCIO CTaHJAPTHYIO I'€OMETPHUIO, — IMPHPOAA 00JalaeT He MPOCTO
OOJBIION CIIOKHOCTBIO, @ CJOXHOCTHIO COBEPIIEHHO HHOTO YpPOBHS. UHMCIIO pa3IM4HBIX
MacmrTaboB JUIMHBI MPUPOAHBIX OOBEKTOB il BCEX MPAKTUYECKUX Iened OecKOHEYHO
BeNUKO». CBEpXCIOKHAsA TeOMETPHUs (PaKTAIBHBIX CpEel HAaKIAJbIBACT CBOM OTIEYATOK
Ha pasbIrphIBalOIIMEcs B HUX Ipouecchl. Ha ¢pakranax mo-HOBoMy, YeM B TPaJAWIIHOHHBIX
CIUIOIIHBIX CpellaX, MPOUCXOAUT TU(PQy3us, TPOTEKAIOT XUMUYECKHE PEAKLIUH, IPOUCXOIUT
paccesiHHe aKyCTHYECKMX M 3JIEKTPOMArHUTHBIX BOJH. Ho ¢pakTansl ¢ ux camomnomoOHOH
U caMoapPUHHON CTPYKTYpOU CIIy>KaT PerysspHbIMH MOACISAMH CIy4YalHBIX (XaO0THYECKHUX )
Cpel — CBOETO pojia aHAJIOTOM BIIOJIHE MHTEIPHPYEMBIX CHUCTEM KJIACCHUECKOH MEXaHUKH.
(XOoTst BIIOJIHE MHTETPUPYEMbIE CUCTEMBI SIBIISIIOTCSI CKOpPEE MCKIIIOUCHUSIMH, YeM MPABHUIIOM,
BCC yYCOHUKHM AaHAIMTHYECKOW IMHAMHMKH 3allOJHEHBl MMEHHO BIIOJIHE HMHTETPUPYEMBIMHU
CHCTEMaMH: pAacCMOTPEHHE WX TII03BOJIICT Pa3BUTh HWHTYHUIHIO, CTOJIb HEOOXOJUMYIO
JUIl aHanM3a OOIIMX, HE BIIOJHE WHTETPUPYEMBIX cucTeM. PpakTansl C¢ HX TOHKOH
camoapUHHON ¥ CaMOITOA00HOM CTPYKTYPOU TTO3BOJISIOT PA3BUTh HHTYHIIHIO, HEOOXOIUMYTO
JU1s1 pabOTHI CO CITyYallHBIMH CPEIaMHU. )

9. CHIEHUPUYECKHUE OCOBEHHOCTHU CUHEPT'ETUKHA

B wuHTEpBRIO 1O Ciy4yar0 TPUAUATHIETHS CO3AAHHOIO MM MEXAMCLUIUIMHAPHOIO
HanpaBieHus I'. XakeH Tak oxapakTepu3oBall crenuduueckue OCOOCHHOCTH CHUHEPreTUKU
[11].

Hccnenyemble CHCTEMBI COCTOST W3 HECKOJBKMX WJIM MHOTHMX OJMHAKOBBIX
WJIM Pa3HOPOAHBIX 4ACTEH, KOTOPBIE HAXOAATCS BO B3aUMOJEHCTBUU IPYT C IPYTOM.

OTHU CUCTEMBI HEJIMHEHHBI.

[Ipu paccMoTpenun (pU3NUECKUX, XMMUUYECKUX U OMOJOTMYECKHX CHCTEM peub HJET
00 OTKPBITBIX CUCTEMAX, JAJIEKUX OT TEIJIOBOI'O PaBHOBECHSI.

OTHU CUCTEMBbI MOJBEPKEHBI BHYTPEHHUM U BHEIIHUM KOJIEOaHUSIM.

CucteMbl MOTYT OBITh HECTaHJAPTHBIMHU.

B cucremax npoucxoasaT Ka4eCTBEHHbIE U3MEHEHUS.

B sTux cucremax oOHapyXUBaIOTCS YMEPKEHTHbIE HOBbIE KAUECTBA.

Bo3HuKalOT  IPOCTPAaHCTBEHHBIE,  BPEMEHHBIE,  IPOCTPAHCTBEHHO-BPEMEHHBIC
WM (PYHKIIMOHAJIbHBIE CTPYKTYPBHI.

CTpyKTyphl MOTYT OBITh YIIOPSJOYEHHBIMU WIIM XaOTUYECKHMHU.

Bo MHOrux ciydasx BO3MOYXHa MaTeMaTH3aLusl.

10. CJIO’KHOE NOBEJIEHUE MPOCTBIX CUCTEM

3aroyioBOK 3TOTO pasjelia Mo CyIIeCTBY MPeACTaBiseT co00il «HopMyny OTKPBITHSY,
COBEPIIEHHOTO B PyCJI€ CHHEPTETHYECKUX UCCIEAOBAHUM U Pa3BESABILETO JIOJITO ACP/KABIIUNACS
MU} O TOM, YTO CJIOXKHOE TOBEICHHE SIKOOBI SBISETCS HCKIIOYUTEIHHOU IMPEepOoTraTUBOM
CIOXHBIX cucTeM. OOuIue IeMEeHTOB, YacTel WK JIeTallel B CIOXKHBIX CUCTEMaxX O3HayaerT,
9TO I WX ONHCaHUs TpeOyeTcsi OrpoMHOE KOJMYECTBO HWHMOpPMAIMU, HEPEIKO
MpeBbIIIAONIee 00bEM TMaMATH W BO3MOXKHOCTH €€ 00padoTku. Bo3HHMKaeT HemoaHOTa
OTHCAHUA U, KaK CIIEJICTBUE, HETIPEICKa3yeMOCTh (|, CJIeI0BATENBHO, CII0KHOCTH) TIOBEJICHUS
CHCTEMBI.
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Ha mude (umm nobGpocoBecTHOM 3a0iykIeHHH?) O MOHOIOIUHM CIOXHBIX CHCTEM
Ha CJIOKHOE MOBEACHUE 3MKIWINCH MONBITKH OTOXAECCTBUTH CIOXKHOCTb CUCTEMBI C YHCIIOM
e€ DSJEMEHTOB — MOIIHOCTBIO CUCTEMBI KaK MHOXecTBa. HecocToATenbHOCTh TaKoro
INOHUMaHMUs  CJIOXKHOCTM  Obula  yOeAMTeNbHO  NPOJEMOHCTPUPOBAHA  TEOpHeEH
CaMOBOCIIPOM3BOIAIIMXCSl aBTOMaToB (hoH Heiimana. B ero xuure [5], pekoHCTpyupoBaHHON
bepkcom o oTpeIiBOUHBIM 3anucsM Jiekiuit pon Heiimana (bepkc coBepini HayYHBIN TOJIBHT,
CPaBHMMBIH C PEKOHCTPYKIMEH /1aBHO BBIMEPUIMX >KMBOTHBIX IO KPOXOTHOW JAETald HX
ckenera, BbIOJHEHHOH KroBbe), IepBOHadalbHO OblIa ONMCaHAa CHUCTEMa, CIOCOOHas
K CJIOKHOMY IOBEJICHHUI0O — CaMOBOCIIPOU3BEIEHHUI0, KOTOpas coctosyia u3 6oiee yem 200
Jerajgei, HO TMo3JHee ObUl TIOCTPOEH IpPUMEpP CaMOBOCIPOU3BOAALIETOCS aBTOMATa,
COCTOSIBLIETO U3 Ha MOPSII0K MEHBIIETO YUCIIA JeTaleH.

Cno)XHOCTh — OJHO M3 TE€X HMHTYUTHBHO SCHBIX, HO YIOPHO HE MOJAAIOIIHUXCS
dopmanuzanuu MOHATHHA, KOTOPBIE WIPAIOT BAXKHYIO POJIb B KOHLENTYAJIBHOM armapare
cuhepretuku. B snoxy Helorona nonaranu, OyaTO AE€TEPMUHMPOBAHHOCTH IIOBEACHUS
JUHAMUYECKOH CHCTEMBl HCKIIIOYACT BO3MOXKHOCTH CIIOKHOCTU. Pasocts oT oOpereHus
BO3MO)XHOCTH OINMCAHHS BEJIMYUMH HE CTAaTUYHBIX, a M3MEHAIOIUXCS BO BpPEMEHU
(o TepmuHonOrHK HptoToHa — (hirroKCHif), UX MPOU3BOAHBIX (110 TepMHUHOIOTHN HptoTOHA —
(JIIOEHT) U BO3MOXXHOCTH BOCCTaHOBJIECHHUS (IIFOKCHM 10 M3BECTHOMY COOTHOIIEHUIO MEXKIY
¢urroeHTamH, T.€. ¢ TOMOIIBIO penieHus auddepeHInaNIbHbIX YPaBHEHHH, ObLIa CTOJb BEJINKA,
YTO camasi MbICJIb O CJI0KHOM IOBEJICHUHU (DIIFOKCHUI Ka3a10Ch KOIYHCTBEHHON. HbI0TOHOBCKAs
BCEJIEHHasT (YHKIMOHHMPOBAJa HAMoJ00MEe XOPOIIO OTIAKEHHOIO YacOBOTO MEXaHH3Ma,
U CIIO)KHOCTh (TeM OoJiee XaOTUYHOCTb), Ka3ajloCh, HAIIPOYb HCKJIIOYalach M3 pernepryapa
BO3MOXKHBIX BapMAHTOB MOBEJCHUS JUHAMHUECKUX cucteM. Hambonee sipkas popmyaupoBka
HBIOTOHOBCKOTO JIETEPMHUHM3MA IPUHAUICKUT Jlanacy u U3BECTHA MO/ HA3BAaHUEM «JIEMOHA
Jlarunaca». Cyth e€ cBoautcs K caeayomemy: «Coctossaue cuctemMsl [Ipupoasl B HacTOS NI
MOMEHT €CTb, OYEBHJIHO, CIEICTBUE TOrO, KAKUM OHO OBLIO B MPEIbIIyLINI MOMEHT, U €ClIU
MBI IIpencTaBuM cebe pasyMm («JI€MOH»), KOTOPbIM B JaHHOE€ MIHOBEHBE IOCTUI BCE CBS3U
MEeXIy 00bekTaMu BceneHHOH, TO OH CMOXET YCTaHOBUTb COOTBETCTBYIOIIUE IOJIOKEHHUS,
JBYDKEHUS U 001IMe BO3ACHCTBHS ATHX OOBEKTOB B JTF000E BpeMs B ITPOIIIOM HJTH B OyayIIeM»
(1776).

[Ipo3penune npunuio MHOro no3nHee — B KoHue XIX Beka. B paborte Ha couckanue
npemun koposst Hopserun Ockapa Anpu [lyankape ycTaHOBUII IPUUNUHY HEUHTETPUPYEMOCTH
3HAMEHUTON MNpoOieMbl TPEX Tel — CJIOXKHOE IMOBEACHUE CenapaTpuc TMIepOOIMUYECKUX
0co0bIx Touek: «Ecnu monbiTaTbes NpeAcTaBUTH cedbe Gurypy, o0Opa3oBaHHYIO 3TUMH JBYMs
KPUBBIMHU [YCTOHYMBBIM U HEYCTOMYMBBIM MHOT0O00Pa3UsAMH CEIJIOBON 0c000M TOUKM]| M MX
OECUMCIICHHBIMU  TEPECEUYECHUSIMH, KaXKIO€ U3 KOTOPbIX COOTBETCTBYET  JIBOSIKO-
ACHUMIITOTUYECKOMY PEIEHHIO, TO 3TU MepeceueHusl 00pazyloT HEYTO BPOJE PEIIETKH, CETH
¢ OECKOHEUHO TECHBIMU IMETISIMHU; HU OJHA U3 JBYX KPUBBIX HUKOI/Ia HE JIOJKHA MEepeceKaTh
camo€ ce0s, HO OHa JIOJDKHa HaBHUBaThCsl Ha caMo€ cebs OYeHb CIOXKHBIM 00pa3oM,
YTOOBI Iepeceyb OECKOHEYHO MHOTO pa3 BCE METIIN CETH.

[Topakaembest CIOKHOCTH 3TOM (DUTYpPBI, KOTOPYIO 5 JaXKe HE IMBbITal0Ch N300pa3UTh.
Huuro He gBnsercs 6oee noAXo AII1M, YTOObI 1aTh HaM MPEACTABIEHUE O CII0KHOCTH 3ajaun
TpEX Ten M, BOoOIIe, BCEX 3ajJady JUHAMUKHM, B KOTOPBIX HET OJHO3HAYHOIO HHTErpaia
U B KOTOPBIX psijibl bomna pacxozsres» [10].

Ha cmeny crapomy, HbIOTOHOBCKOMY, NMOHMMAaHHIO JETEPMHUHH3MA IPHUILIO HOBOE
MOHMMAaHNE, HE HCKIIIOYAIOIIee CIOKHOE, XaOTHUEeCKOe MOBEACHHE TUHAMUYECKHX CHUCTEM
U TPOBOJMBINEE TaKOW (PM3NKO-MATEMATUYECKH OKCMMOPOH KaK «IETePMUHUCTUYECKHN
WU TUHAMUYECKUHI Xa0cy.

B «oKm3HM» JOUMHAMMYECKOM CHUCTEMBI pETyJsipHas JWHAaMUKa HE OTAeleHa
HEIPOHMIIAEMOU CTEHOM OT CIIOKHBIX PEKUMOB — OT Xaoca. Mexay perysipHOil TMHAMUKON
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U Xa0COM CYILECTBYIOT IIEPEXOJbl, NPOUCXOASAIINE IO TEM WIM HHBIM CLEHApHUIM.
[TepBoHa4yanbHO yCTONYMBOE COCTOSIHUE IMHAMUYECKOM CUCTEMBI IpeTepIieBaeT OudypKaiuo
— TepsAeT YCTOMYMBOCTD M CMEHSIETCS HOBBIM COCTOSIHUEM, KOTOpPOE I1€pBOHAYaIbHO
YCTOWYHMBO, HO ITPU U3MEHEHUH TapaMeTPOB COCTOSHUS B JAJIbHEHIIIEM TaKKe MOXKET OTEPSITh
YCTOMUYUBOCTB, T.€. IPETEPIIETh HOBYIO OM(YPKAIMIO U YCTYIIUTh MECTO HOBOMY COCTOSIHHIO.
Cepus Oudypkanui, npereprneBaeMbIX AMHAMUYCCKON CHCTEMOW Ha IyTH OT PEryJspHOU
JMHAMHKHU K Xa0Cy, Ha3bIBAETCsl CLIEHAPUEM IIEPEX0/A K Xaocy.

OTnpaBHBIM MYHKTOM B HCCJIEIOBAaHUU MMpOOJIEM IMepexofa K Xaocy Io o0iemMy
NPU3HAHUIO IPUHATO cuuTaTh padory Jlannay [2] «K teopuu typOynentHocTi» (1944). B Heii
JLJ. Jlammay paccMOTpen BO3HUKHOBEHHE TYpPOYJIEHTHOCTH NIpU YBEIMYECHUU YHUCIA
PeitHonbaca (OCHOBHOTO — yOpaBJISIIOLIErO MapaMeTrpa B 3ajladaX THAPOJAMHAMHUKH).
[To cuenaputo, npemioxkeHHoMy JlaHgay, mHepBHUYHOE TEYEHHE TEpSeT YCTOMYMBOCTh
OTHOCHUTEJIBHO KOJIE0aTeIbHOrO BO3MYIIEHUS, BO3/CHCTBYIOIIEr0 HAa TEUEHHE C HEKOTOPOU
YacTOTOM, BO3HHKIIEE OCHWUIMPYIOLIEE BTOPUYHOE TEYEHHE, B CBOIO OdYepelb, TepsieT
YCTOMYMBOCTh IPU BO3ACUCTBUM HAa HErO JAPYroro KojedaTeabHOro BO3MYILEHUS C APYroi
yacToTod. B wuTOre mocie MHOTOYMCICHHBIX Ou(ypKaiuii, KOTOphIE COMPOBOXKIAIOTCS
BO3HUKHOBEHHEM BCE HOBBIX U HOBBIX YacTOT, 00pa3yIOLIMX UPPALMOHAIbHBIE OTHOILIEHUS,
BO3HUKAET CIOKHBIA JUHAMUYECKUN PEKUM — TYpPOYJIEHTHOCTD.

Xora JI.J. Jlanmay paccmaTpuBail TMIpOJAMHAMUYECKYIO 3a]a4yy, HapUCOBAHHAs UM
KapTHUHA HOCUT CTOJIb OOIIUI XapaKTep, UTo €€ C paBHBIM OCHOBAHHEM MOYKHO OTHECTH KO BCEM
JTUHAMUYECKUM JUCCUNATHUBHBIM cuctemaM. [lo3gnee (1948) ananorudnbie mpeacTaBICHUS
ObTd  pa3BUTHl  DOeprapaoM Xomdom B pabore «MareMaTHyecKWil  mpuMep,
JIEMOHCTPHUPYIONIHIA 0coOeHHOCTH TypOyneHnTHocTr» [18]. Takyro kapTuHy TypOyJIEHTHOCTH
MPUHSTO Ha3bIBaTh clieHapuem Jlannay—Xomnda.

B 1963 romy amepukanckuii metreoposior DnBapa JlopeHi omyOJMKOBall CTaThIO
«JleTepMUHUPOBAaHHOE HEMEPUOAUYECKOE TEUYEHHE», B KOTOPOM H3IIOXKUI Pe3yIbTaThl
YHCJICHHOTO pEIIeHUs] CUCTEMBbl TPEX HEIMHEHHBIX TU(PPEpEeHINATBHBIX ypPaBHEHHI,
MOJICTUPYIONINX JUHAMUKY KHAKOCTH B TIOJOrpeBaeMoM cHuU3y cioe [3]. OCHOBHOM aKIIEHT B
aHAJIN3E I[OJIyYEHHBIX pe3yibTaToB JIOpeHIl clenal Ha B3aMMOCBA3M MEXAY CIIOKHOMN
JUHAMUKON W MpHUCyIIed cucTeMe HeyCTOMYMBOCTBIO TpaekTopuil. FiMeHHO B 3TOil pabote
Jlopen1y BBEN TepMUH «3PPEKT 6a00UKM».

B 1971 rony, onupasich Ha TOCTUKEHUS MAaTEMaTUYECKOTO anmnapara CUHEPreTUKU —
TaK Ha3bIBaeMOW HenuHeWHoW nuHamukH, [laBunm Proone m ®nopuc Takenc B 1971 .
onyb6nurkoBanu padory «O npupozae TypOynenTHocti» [20]. B Heil oHM MOABEpriN KPUTHKE
cuenapuii Jlangay—Xormda, ykazaB Ha TO, 4TO yxe nocie 3—4 Oudypkaruii AMHAMUKA MOXKET
cTaTb TYypOyJEHTHOH, B YaCTHOCTH, y CHCTEMbl MOXET BO3HUKHYTb XapaKTEpHbII
JUIsL  CIIy4allHOTO IIpolecca CIUIOIHOM cnekTp. Proane u  TakeHc cBsA3bIBaIM 3TO
00CTOSITENECTBO C BO3HUKHOBEHHEM B ()a30BOM IPOCTPAHCTBE «CTPAHHOTO aTTPAKTOPA»
U HEYCTOWYMBOCTBIO TpPAaeKTOPHHM Ha CTpaHHOM arTpakrope. Paszymeercs, paborta Prosns
u TakeHca, ucTopHuYecKOe 3HaUE€HUE KOTOPOH OTUACTH OMPENENSUIOCHh MPENIOKEHHBIM UMU
KJIFOUEBBIM TEPMHUHOM «CTPAHHBIN aTTPAKTOpP», TAKXKE OKa3ajach YSA3BUMOHM ISl KPUTHUKHU.
MHorre BOIpPOCHl, BO3HHUKAIOIIME B CBSI3M C MPEAJIOKEHHBIM MMM CIIEHapUeM Iepexoja
K TypOyJIEHTHOCTH, MIOKa OCTAIOTCS OTKPBITHIMH.

Oco60 moguepkuéM, uto padoTel Jlannay, Xomnda, Prosns u TakeHca, mocBAmEHHbBIE
THJIPOAMHAMUYECKAM CHCTeMaM, B JIEHCTBUTEIBHOCTH HOCAT OOLIMIM XapakTep, W UX
pe3yJIbTaThl U BBIBOJIbI PACIPOCTPAHSIOTCS HA BCE IMHAMUYECKUE TUCCUTIAaTUBHBIE CUCTEMBI.

N3y4yeHne TMHAMUYECKOIO Xaoca MPUBJIEKIO BHUMAHUE UCCIIENOBATENEH K BaXKHOMY
KJIaCCy MAaTeMaTH4YeCKUX MOJeNel, B CUIIy HCTOPUYECKUX MPUYUH, HE IOJIb30BABIIUXCS

JTOJKHBIM BHHUMaHUEM, — K JUCKPETHBIM OTOOpPaXKEHUSIM, 3aaBacMbIM PEKYypPPEHTHBIMU
cooTHomeHusIMA. K TpaguIimoHHBIM MaTeMaTHYECKUM MoOjaelssM — auddepeHnrnarTbHbIM
87

CJIOKHBIE CUCTEMBI Ne 1 (46), 2023



Cuuepeemuka U CJ10HCHOCHID

YPaBHEHHUSIM — JHMCKPETHbIE 0TOOPa)KEHHsI OTHOCATCS, KaK Yachl ¢ TUCKPETHOW MHIUKAIEH
BpeMEHU (B pPONM IOKa3aHUM TakMX 4YacoB BBICTYNAET MHIEKC, HYMEpYIOUIMH
1OCJIEeI0BAaTENbHbIE TNPHOIMKEHHUs) K YacaM C HENpPepbIBHOW WHIMKAIMEeHd BpEMEHU:
3aBUCUMOCTb peleHus AudQepeHnnanbHOro ypaBHEHHs HeNpepblBHA U (B KIACCHUYECKHX
ciydasix) naxe nuddepenupyema.

ITpu Bceil cBoeil (BO MHOIOM Ka)KyIIEHCs) IPUMUTUBHOCTH JUCKPETHBIE OTOOpaKEeHUs
CIIy’)KaT yIOOHBIMH MOJEISIMH JJIsl M3yYeHHs M JAEMOHCTPALlMd MHOTHX CHHEPTeTHYECKHX
3¢ (deKTOoB M SABJICHUH, MO3BOJISIONIUMX HCCIENOBATENIAM IOHATh, YTO HMPOMCXOOUT B Oolsee
CJIOKHBIX CHUTyalMsX. /IlMHaMHU4YeCcKHMii XaoC BO3HHUKAET YK€ B INPOCTEHIINX HEJIMHEUHBIX
JUCKPETHBIX OTOOPAKEHUSIX, HAlpUMeEp, B KYCOUHO-TMHEHWHBIX (TPEYrojbHOE OTOOpakeHHUe
WIA OTOOpakeHHe «3y0 NHIB») M KBAAPATHYHBIX (JIOTHCTUYECKOM OTOOpasKeHHH,
win  oroopaxenun Depxronbera). Kpome Toro, Ha AMCKpeTHblE OTOOpa)KeHUs
He pacripocTpansiercs reopema [lyankape—benaukcona, nokasannas st qudQepeHmnaibHbIX
YPaBHEHHH M OTPaHMUYMBAIOIIAS BO3MOXKHBIC BAPUAHTBI ABYMEPHBIX JUHAMHUYECKUX CUCTEM
(Hemapom A.A. AHAPOHOB, CTpeMsiCb H30aBUTBCS OT OrPAHHUYUTEIBHBIX IYT TEOPEMBI
[Tyankape—benauKcoHa, MPOBO3IIACHII JO3YHI: «BBIATH U3 INIOCKOCTH!», YECTh peaIn30BaTh
KoTOpeli Bbinana B 1963 r. DaBapnay JlopeHIily): IByMEpHbIE NUCKPETHBIE OTOOpPaKEHUS
OTJIMYAIOTCS] HECPABHEHHO OOJIBIIMM pa3HOOOpa3ueM PeXUMOB 110 CPAaBHEHUIO C IByMEPHBIMU
JMHAMUYECKUMHU CHCTEMaMH, OMTMCHIBAEMBIMU TN (HepeHIIHATBHBIMIA YPAaBHEHUSIMHU.

Hapx cooTHomeHHEM NPOCTOrO M CIIOKHOTO Pa3MBIIUIAIOT MHOTHME COBPEMEHHBIE
uccienosarenu. Tak, naypear HoOeneBckoit npemun Wnbs PomanoBuu Ilpuroxun u ero
corpynHuk ['peryap Huxomuc BUIAT 2JE€MEHTHI CIOKHOTO IIOBEJIEHUS B «HEPAaBHOBECHOCTH,
00paTHBIX CBS3SIX, MEPEXOMHBIX SIBICHUSX, SBOJIOLUW», WM 0OoJjiee MOAPOOHO: ATO —
«BO3HHUKHOBEHHME OM(YpKALMOHHBIX IEPEXO0J0B BJAIM OT PAaBHOBECUS U IPU HAIUYUU
MOIXOAAIINX HETMHEHHOCTEH, HapylIeHHe CHUMMETPHUHU BBIIIE TOUKH OM(ypKaIlluu, a TaKKe
00pa3oBaHue U HOIEPKaHIE KOPPEIAILUi MaKpOCKOIIMYECKOro Macirabay [6, c. 53, 96].

[lo muenuto [[xona (Moannuca) Huxonuca, ClOXHOCTh CBsI3aHa € CyOOpAMHALIUU
YPOBHEH, HMEpapXUUYECKUM IMPUHLUIIOM MOCTPOCHUS M, KPOME TOro, ¢ HEOOXOAUMOCTBIO
JIOJDKHA PacCMaTPUBATHCS B ABOJIFOIIMOHHOM acriekTey [8].

Onun u3 ocHoBateneil uHctutyTa B Canta-®e (1984), craBuiero npu3HaHHBIM LIEHTPOM
N0 M3y4YeHHI0 cioxHoro, Mroppeii ['emn-Manu B cBoeil kuure «KBapk u sryap» [17]
CTpEMHTCS OKa3aTh, YTO MUP KBAPKOB MMEET, KaK HU CTPAaHHO, MHOT'O OOIIEro ¢ MUPOM
OJry’>KJarolero B HoOYM sAryapa. J[Ba mosroca — MpPOCTOE M CIOXKHOE — B3aHMMOCBS3aHBbI.
«KBapk cumBOaAM3MpYyeT (QyHIaMEHTalbHble (HU3UYECKUE 3aKOHBI, KOTOpBIE YIPABISAIOT
YHUBEPCYMOM M BCEM BEILIECTBOM B HEM... SIryap CHMBOIM3UPYET CIOKHOCTh OKPY’KAIOLIETO
HAac MHpa, B 0COOEHHOCTHU TO, KaK MUP MPOSIBIISIET C€0sI B CJIOKHBIX a/IalITUBHBIX CUCTEMAX...».

I'enn-MaHH npeanoKui HOBBIM TepMHUH «plectics», KOTOPBIH, 0 €ro MHEHHIO, Y1a4HO
BbIpaXKaeT B3aMMOOTHOUIEHUSI TPOCTOTO U CJIOYKHOTO BO BCEM MX MHOI000pa3uu. ITOT TEPMUH
MUMEET TPEUYECKOE MPOUCXOKICHNE U CEMAHTHUUECKH CBSI3aH C «HUCKYCCTBOM IEPEIUIETEHUS»,
«COCTaBJICHUS», «yCIOKHEHUS».

Takum 00pa3oMm, B COBPEMEHHON TEOPUM CIIOKHOCTH IMPOUCXOAUT mepexon «from
complexity to perplexity».

Ilo muHeHuto mpesuzeHTa Hemenkoro oOmecTBa MO M3YYEHHIO CIOXKHBIX CHCTEM
u HenuHelHoN nuHamuku K. Maitntiepa (mou€taeiM nipe3uaenTom 3toro ObmecTBa n3dpaH
npodeccop I'epman XakeH), OINUCaHME CIOXHOTO HEBO3MOXXHO 0€3 TpeacTaBIeHUs
0 HEJTMHEMHOCTH U COBPEMEHHBIX HEIMHEWHBIX MoJieNel (T.e. 6€3 «HETMHEWHOTO MBILUICHUS»
B cMbiciie JI.W. Manpaenbpiirama).

«Crout emé€ pa3 moAYEpKHYTh, — MHUIIET MalHIlep, — YTO JMHEWHOE MBIILUICHUE
MOYET OBITh ONACHBIM B HEJIIMHEHHOHN CIOXKHOCTH peanbHOCTH... Hamm Bpauu U MCUXO0JIoTH
JMOJKHBl HAy4YUTBCS paccMaTpUBaTh JIIOJEH KaK CIIOKHBIX HEJIMHEMHBIX CYIIECTB,
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00Ja1at0muX yMOM U TeJIoM. JIMHeHHOE MBIIIUICHHE MOXKET TePIeTh Heylady B YCTAaHOBICHUN
NPaBWIbHBIX JHAarHO30B... MBI JODKHBI [OMHHTH, YTO B TIOJIUTHKE H HWCTOPHHU
MOHOKAy3aJIbHOCTh MOXET BECTH K JIOTMAaTU3MY, OTCYTCTBHUIO TOJICPAHTHOCTH U (paHATH3MY...
[Toxxom kK M3yYEHHIO CIOXKHBIX CHCTEM IOPOXKIAET HOBBIC CIICJCTBUS B SMUCTEMOJIOTUH U
strke. OH AaéT maHC MPEJOTBPATUTHh Xa0C B CIOXHOM HEIMHEHHOM MHpPE U UCIOJIb30BaTh
KpeaTHBHBIE BO3MOXXHOCTH CHHEpreTuueckux 3ddexron» [19].

11. CAMOOPT'AHU3ALIUA U CIOXKHOCTD

I'I"'Mamunenknit u A.b.IlotanmoB mnpemnoxwim auddepeHunpoBaTh MOHATHE
«cnoxkHoCThY. [lo MX MHEHMIO, «T€pMHUH "CIOXHOCTBH" HMeeT ABOSAKUN cwmbici. C ogHOM
CTOpPOHBI, €0 MOYKHO IOHMMAaTh KaK CJIOYKHOCTb YCTPOWCTBA, T.€. HAJUYME B HEKOTOPOI
cucTeMe OOJIBIIOTO YUCIIa 3IEMEHTOB U/WUJIM HETPUBUATIBHBIX CBA3EH MEX1y HUMU. A C Ipyroi
CTOPOHBI, PeYb MOXKET UJITH O CJIOKHOCTH BHEIIHUX MPOSBICHUNA CUCTEMBbI O€30THOCUTENHHO
€€ BHYTPEHHETO YCTPOMCTBA, T.€. B HETPUBUAJIBLHOM ITOBEICHUHU. XOTS 3TH JIBE "CI0KHOCTH"
BO MHOI'OM B3aMMOCBSI3aHBI, OHU HE SKBHMBAJCHTHBI, U Mbl OyJIeM yHOTpeOJATh MOHSTHE
"CI0XKHOCTB'" TOJILKO BO BTOPOM U3 YIOMSHYTBIX 3HAUEHUH, €CIIH HE OTOBOPEHO 0OpaTHoe» [4,
c. 287].

Ha maremaTndeckoM ypoOBHE CIOKHOCTh HEpPa3phIBHO CBs3aHA C HEIMHEHHOCTHIO
ONMCAHUA, IOCKOJbKY K JIMHEHHBIM CHCTEMaM [PUMEHUM [PUHLUI CYHEpPIO3ULUH,
MO3BOJIAIONICH HE3aBUCMMO paccMaTpUBaTh pa3lWyHble AEHCTBYIOIIHE (HAKTOPhI, YacTH
CUCTEMBI U T.II., YTO FapaHTUPYET €€ MIPOCTOTY.

Ha ¢usuueckoM ypoBHe onucanue, Kak MpaBUiIO, BO3MOXHO JIUIIb B CTATUCTHYECKUX
TEPMHHAX, KaK TO: IUJIOTHOCTb BEPOATHOCTH, KOPPEKLUs, JSIYHOBCKHE IIOKa3aTellu,
MaTeMaTHUYeCKOe OXHJAaHWE, NUCHEPCHUs U T.IM. DTO MPOUCXOAUT B CHIIy XapaKTEPHOTO
JUIsL MHOTMX HEJIIMHEHHBIX CHCTEM XAaOTHYECKOrOo IOBEAEHHUS, OrpPaHMYMBAIOLIETO
BO3MOXXHOCTH JE€TEPMUHUPOBAHHOTO OMHUCAaHMs, JHOO B CHJIIy OYEeHb OOJBIIOrO YHMCIa
COCTaBJSIIOLIMX CHCTEMY DJIEMEHTOB, JIENAIOIIEr0 TAaKO€ ONHCAaHME IPAKTUYECKU
0ecIoIe3HbIM.

Ha ¢wunocodckom ypoBHe Hambosiee CYHIIECTBEHHBIM SIBIISIETCSI OCO3HAHHE TOTO
0OCTOATENBCTBA, UTO YeM OoJiee U30IIPEH U CrIelU(pUUEH MEXaHU3M HEKOTOPOT'o SBJICHUS, TEM
peke OHO JJOJKHO PealIn30BbIBATHCS. A MOCKOJIBKY MPAKTUYECKU BCE CKOJIbKO-HUOY/Ib BaXKHOE
WJIM UHTEPECHOE B IIPUPOJIE TaK WIN MHAYE CBA3AHO CO CIOKHOCTBIO, TO JIEKAIUE B €€ OCHOBE
MEXaHU3MBI JOJKHBI OBITh IPOCTHI M YHUBEpCAILHB [4, c. 287-288].

MpbI HEOAHOKPATHO HCIIOJIB30BAIM TEPMUH «cHcTeMay. Hacrana mopa yTOYHHTH €ro.
CymiecTByeT TepMoOJMHAMHMUecKas KiacCU(UKalus CHUCTEM, CBsi3aHHas C JeTaau3aruen
HYHEPreTUYECKOro oOMeHa M 0OMEHa BEIIECTBOM MEX]y CHCTEMOW M OKpPY’Kalollel cpeaoil.
CornacHo 3ToH KJ1acCU(pHUKALMK, CUCTEMBI MOIPa3AEIAI0TCS Ha OTKPHITHIE (0OMEHUBAaIOLIHECS
SHEprueil M, BO3MOXKHO, BEIIECTBOM C OKpYyXKarolleW cpenoi) M 3akpbiThle (HET oOMeHa
BemecTBoM). IlocnenHue, B CBOIO ouepelb, MOJAPA3JENAIOTCA HA H30JMPOBAaHHBIE (HET
u oOMeHa »Hepruei), aanadaTUYeCKu H30JIMPOBAHHBIE (HET TEIJIO0OMEHa, HO BO3MOXHO
U3MEHeHHe o0bEMa IMpHU COBEPLICHHMM pPabOThl) MW 3aMKHYThIE (BO3MOXKEH TEIIOOOMEH
IIPU MTOCTOSIHCTBE 00BEMA).

Kak mnokasasM »KCHEPUMEHTBl U BECh OIBIT CHHEPreTHYECKUX HCCIEIOBAHUM,
BO MHOTHX OTKPBITBIX HEJIMHEWHBIX CHUCTEMaX BJAJIM OT pPABHOBECUS MPOUCXOIUT
camoopranuzanus. [Ipu 3ToM OOBIYHO BO3HMKAIOT JHOO NMPOCTPAHCTBEHHO HEOJHOPOJHBIC
CTalllOHapHbIE (T.€. HE U3MEHSIOIINECs CO BpeMeHeM) obpazoBanus, kotopsie 1.P.IIpuroxun
NPEUIOKUIT Ha3bIBaTh JUCCUIIATUBHBIMU CTPYKTypaMmH [7], 1100 BO3HUKAIOT MEPUOAUYECKHE
WM Henepruoanyeckre Konebdanus, KoTopsle o npegioxenuto P.B. XoxioBa cTany Ha3bIBaTh
AaBTOBOJIHOBBIMH Tpo1ieccami [1].
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B ocHoBe 00pa3oBaHusl AMCCUNIATUBHBIX CTPYKTYP M BOSHMKHOBEHHS aBTOBOJHOBBIX
MPOLIECCOB JICKUT SIBIICHUE CaMOOPTraHU3allMM, T.€. BbLIEJICHHE M3 OOJIBIIOr0, WHOTIA
0ECKOHEYHO OOJBIIOr0 YHCIAa MEPEMEHHBIX (MapaMeTpOB COCTOSHUS), OIMCBHIBAIOLINX
CUCTEMY, HEOOJBIIOTO YKCIa BETUYMH (HA3bIBAEMBIX MapaMeTpamMH MOpsAIKa), K KOTOPHIM
[0 MCTEYEHUHM JOCTATOYHO IPOJIOJIKUTEIBHOTO IPOMEXYTKa BPEMEHHU IOJCTPAUBAIOTCS
ocTajJbHbIE CTENEeHU CBOOOABI cucTeMbl. llapamerpsl mopsiaka He 0053aTeIbHO JOJKHBI
COBIAJATh C KAaKUMHU-TO HapameTrpamu cocTostHusA. OHM MOTYT OBITh HOBBIMH, BO3HUKIIMMHU
B XOJI€ CAMOOPIraHU3aIlNH, T.€. SMEP>KEHTHBIMHU.

[To muenuto I'.I". Mamuneuxoro u A.b. Iloranosa [4], B HacTosiiee BpeMsi HA CMEHY
9pe MUCCUMATHBHBIX CTPYKTYpP M aBTOBOJHOBBIX IPOLIECCOB B CHHEPreTHKE MPUXOIUT 3pa
CaMOOPraHU30BAHHOW KPUTUYHOCTH, ITOCTAaBIIUKAMU UICH KOTOPON CTaHOBATCS HEUPOHAYKa,
TEOpHsl PHUCKa, OMOJIOTHsI, TICUXOJOorus, Teopetmdeckas ucropus (Big History) m apyrue
00yacTH, CBA3aHHbIE C AaHAJTM30M CJIOKHBIX CUCTEM.

12. TE3AYPYC-2 {IPOJOJI’KEHHUE)

Hu Te3zaypyc-1, uu Te3aypyc-2, HU TEOPETUKO-MHOKECTBEHHOE 00bEIUHEHUE JIF0O0Tr0
KOHEYHOI'O YHCIa TE3aypyCoB, COACPXKAIUMX KOHEYHOE YHMCIO TEPMHHOB, HE MOXKET
UCUEPIIBIBAIOIUM 00pa30M OXBaTUTh BCE MOHATHS U TEPMHUHBI cuHepreTuku. Co3HaBasl 3To,
Mbl TEM HE MEHEEe IpPEJCTaBIsIEM B NOMOIIb YHUTATENIO-TYMaHUTAPUIO 110 HEOOXOAUMOCTHU
OTpaHUYEHHBIH HAOOp TEPMHMHOB, MOHUMAHME KOTOPBIX Ba)KHO JJIsI YTEHUS JIUTEPaTyphl
110 CUHEPTeTUKE, HEJIMHEHHON TMHAMMKE U JPYTUM pa3zeiiaM HEJIMHEHHON HayKU.

ATTpakTop — MPUTATHBAIOLIEE MHOKECTBO B (Ja30BOM IPOCTPAHCTBE.

BacceitH — 005acTh PUTSDKEHHS aTTPAKTOpa — Ta 4acTh (Ha30BOTO MPOCTPAHCTBA,
13 KOTOPOM TPAEKTOPUU CTPEMSATCS K aTTPaKTOpPy.

lerepoxymHMYecKass CTPYKTypa — CTPYKTypa, o0Opa3oBaHHAas IIepeCeUYCHUEM
YCTOWYMBOTO U HEYCTOMYHMBOTO MHOTOOOPAa3Hil IByX pa3IMUHBIX CEAJIOBBIX OCOOBIX TOUEK.
l'omoknuHMueckass CcTpykTypa (TOMOKIMHHMKA) — CTPYKTypa, oOpa3oBaHHas

HepeceyeHeM yCTOMUMBOrO U HEYCTOWYMBOIO MHOrooOpa3uil OfHOM M TOW ke ceayloBOM
TOUKH.

"'OMOKITMHMYECKUIT Xa0C — CIIO)KHOE (XaOTHYECKOE) IOBEACHUE TUHAMUYECKOH
CUCTEMBI, 00YCIIOBJIEHHOE clieln(PUKON FreOMEeTpUH TOMOKIMHINYECKON CTpyKTypbl. Hanbonee
noapoOHo uccienoal B padotax JI.ILIInapHUKOBA U €r0 YYEHUKOB U COTPYTHUKOB.

Crpena BpeMeHH — OJHOHAIPAaBIEHHOCTh BPEMEHU. TepMHMH «CTpejila BPEMEHN»
npemioxe B 1928 rogy Dnaunrronom B ero kuure — «The Nature of the Physical World»
(«IIpuponma ¢usuyeckoro mmpa») — Ann Arbor: University of Michigan Press, 1958.
Haubonee rimy0oko pa3nuuHble acTIeKThI CTPEIbl BpEMEHH — OT (PU3HUECKUX A0 Pritocoekux
— uccnenoBansl B Tpyaax U.P. [IpuroxuHa u ero coTpyaHuKkoB (cM, Hampumep, [9]).

budypxanus:

a) MoTepsi yCTOMYMBOCTH MPEABLTYIIUM PEXUMOM TUHAMHYECKOH CHCTEMBI M CMEHA €ro
(0OBIYHO ABYMSI) HOBBIMU MTEPBOHAYAIBHO YCTOMUMBBIMU PEKUMAMU;

0) TouKa, B KOTOPOIl MPOUCXOAUT Ou(ypKalUs B CMBICIE I1. a).

H-teopema BoabiiMana — Teopema, COTJIACHO KOTOPO# MpH BPEMEHHOM 3BOJIOIHH
K DPAaBHOBECHOMY COCTOSIHMIO SHTPOIIMS CHCTEMBI BO3pacTacT U OCTAETCS HEU3MEHHOUN
NP TOCTHKEHUU paBHOBecHOTrO coctostuus. (H oT anrnumiickoro heat — teruo).

OHTponus sBIAETCS Mepoil Heompeaen€HHOCTH (xaoTuuHocTH). Ilo Teopeme
bonbiiMana npu BpeMEHHOW 3BOJIONUHM K PAaBHOBECHOMY COCTOSIHHIO CTENEHb XaOTUYHOCTH
MOHOTOHHO BO3PACTAET U JJOCTUTaeT MAKCUMAJILHOTO 3HAYEHHS B PABHOBECHOM COCTOSIHHM.

S-teopema 10.JI. KinmMoHTOBHYA — KPHUTEPHUH OTHOCHTEIBHOCTH YIOPSAOYEHHOCTH
OTKPBITBIX CHCTEM. (S OT aHTIHIiCcKOro ciioBa self-organization — camoopranusanusi).
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KAM-teopuss — mnpemnoxkenHas B 1950-x romax A.H. Koamoropossim,
B.1.Apnonsaom u FOprenom Mozepom Teopusi, ONUCHIBAIOIIAs PETYISPHOE U XaO0TUUECKOE
NIOBE/ICHNE JUHAMUYECKUX CUCTEM.

Peakuust benoycoBa—KabGoTtuHckoro — konebarenabHass XUMHUYECKas peaKius
B TOMOT€HHOM cucteme, oTkpbiTas b.I1. benoycoBeim B 1951 r.; A.M. )KaGoTHHCKUI BBIACHUII
KUHETUKY PEaKIMH, MOCTPOUJ €€ MaTeMaTHYeCKylH MOJENIb U YTOYHWI IEPBOHAYAIBHYIO
runore3y b.I1. benoycopa. Peaknus benoycoBa—KaOOTHHCKOTO MOpOIUIa MOIIHYIO BOJHY
UCCJIETOBAaHUM TOMOTE€HHBIX XUMUYECKIX U OMOXMMHUYECKUX UCCIIeI0BAaHUM, JIETIINX B OCHOBY
TEOPHH OMOJIOTMYECKHX YaCOB.

Cucrema TeropuHra — MareMaTHyecKass MOJEJb, COCTOSINAs M3 CHUCTEMBI ABYX
Qg depeHnaIbHbIX YPAaBHEHNH, OMUCHIBAIOIIUNX PEAKLIUI0 MEXKIY JBYMs THIOTETUYECKHUMU
BeulecTBaMu-MopdoreHamu U AUPPy3u0 MPOAYKTOB 3TOM peakuuu. [lo mbican AnaHa
TrropuHTa, TaKass MOJIeNIb IPU3BaHa OblIa 00BACHUTH NEPUOTUIHOCTD B CTPOSHHH HEKOTOPBIX
JKUBOTHBIX, HaIIpUMEP, KOJIbUATHIX YEPBEH, U PACTCHUM.

Mopnens ThropuHra nopoausia MHOXKECTBO aHAJOIOB, CO3JAHHBIX JUIsl ONHUCAHUs
MEPUOIUYECKUX TBEPAOTEIBHBIX CTPYKTYP U XUMHUUECKUX peakunii. Ha3Banus Takux moaeneit
CTPOMJINCh TIO €IWHOMY O0Opa3lly: Ha3BaHHE Teorpaduyeckoro IyHKTa, Tae padoTaroT
co3/JaTeNy MOJENH, TUTFOC OKOHYAaHUE CJIOBA OCHMIUISATOP, HampuMep, operoHatop (Mojenb,
co3nmaHHas B yHuBepcutere mrata OperoH) win OproccensiTop (MOIENb, CO3/IaHHAs IIKOJION
W.P.Ilpuroxxnna B MexxyHapoIHbIX HHCTUTYyTaxX XxuMmun U ¢puszuku Conbsed B bproccene).

Bproccensitop — dacTHbIA citydaid Mojenu TeiopuHTra — OIHO AuQdepeHInaIbHOe
ypaBHeHue nupdy3un ¢ KyOMYeCKHMM HEJIWHEHHBIM YJICHOM, OMHCHIBAIOLIUM XHMHUYECKYIO
peaKkLuIo, MPOUCXOAILYIO IPU TPOMHOM CTOJIKHOBEHMH MOJIEKYJI pEarupyroluX BEIecTB, —
coObITUM TOpa3fgo Ooliee pPEAKOM, YeM IapHOE CTOJKHOBeHHE. Bpibop KyOuueckoit
HEJIMHEWHOCTH, AaHAJOTMYHOM HEIUHEHHOCTH B NpeiokeHHOW [elizeHOeproMm Teopuu
dbeppomarneTuzMa, OOYyCIOBWJI YCIHEIIHOE NPUMEHEHHE OproccensiTopa A OMUCAHUS
JUHAMHUKU DPA3IMYHBIX (PU3NYECKUX CUCTEM, HO CO3Jaj OIpenei€HHbIE TPYIHOCTH IpPU
MOABICKAHUU YJOBJIETBOPSAIOIICH MOJEIN XUMUYECKON peakiuu. Takoil peakuueil okas3anach
peakmust YenmmeHna — oOpazoBaHue MoJIeKyJ1 030Ha O3 B BEpPXHUX CIIOSIX aTMOCQEPHI.

13. OTKA3 OT OITUCAHUSI HA YPOBHE TPAEKTOPHUI

Kaxnasa u3 IByX «Tydek» Ha TOpPH30HTE KIACCMUYECKON HAYKH, O KOTOPBIX YHOMSHYII
B cBoux «bamtumopckux nexkumsx» Ywibsaim Tommcon (nopa KenwsBuH), paspacrascs,
MIpPEBpPaTHIIACh B HOBYIO HEKJIACCUUECKYIO HayKy. PoxieHne Kax10i U3 3TUX HAYK MOBJIEKIIO
3a cO0OM OTKa3 OT KaKMX-TO KJIACCUYECKHUX IMPEACTABICHHUI: KBAaHTOBAsS MEXaHHWKa — OTKa3
OT TIPEJACTABJICHUS O OE3rpaHUYHON NEeTUMOCTH SHeprum (mo IlmaHky, sieKTpoMarHuTHas
SHEPrysi MOrja MOTJIOMATHCS U W3JIy4aThCsl TOJBKO KOHEYHBIMM MOPLUUSIMH — KBaHTaMH,
a DWHINTEWH MOHSI, YTO AJIEKTPOMATHUTHASI DHEPTUS MOXKET M PACIPOCTPAHSITHCS TOJIBKO
KBaHTaMHU), crenuanbHas Teopus oTHocuTenbHOCTH (CTO) — oTka3 OT mpeacTaBiIeHHS
0 OECKOHEYHOUM CKOpOoCTH pacmnpocTpaHeHus curHana (cormacHo CTO, HM OAMH CUTHAI
HE MOXET pacipOCTpaHATbCs ObICTpee CBETa).

EcTtecTBeHHO BO3HMKAET BOIPOC: K OTKA3y OT KAKOI'0 KJIACCHUYECKOTO NMpeACTaBICHUS
MIPUBEJIO POKJICHUE HETMHEWHON HAyKU U, B YaCTHOCTHU, CUHEpreTuku? Takoe mpeicTaBiieHne
JIEUCTBUTEIIBHO €CTh B KJIACCHKE. DTO MPEACTaBICHUE O TPACKTOPHH KaK O T€OMETPUUYECKOMN
TUHUH, T.e. Mo EBKkimay, «uHa O0e3 mupuHb. DU3NYeckn OMHucaHue TOBEICHHS
JTUHAMUYECKOW CHCTEMBI Ha SI3bIKE TPACKTOPHH O3HA4YaJlo Obl, UTO y HAC MMEETCs Mpuoop
CO CTONIb BBICOKOW pa3pelaroiieii CrnocOOHOCThIO, YTO OH TMO3BOJIIET HAM «BHIIETH)
FeOMETPUUECKYI0 JUHHUIO. Pazymeercs, B AEMCTBUTENBHOCTH pa3pelaronias CIocoOHOCTh
mroboro nmpubopa KOHEYHa, a 3TO 03HAYAET, YTO Mbl MOXKEM «BUAETH» HE MHAUBHUIYAIbHYIO
TPAEKTOPHIO, & TOJBKO IEJIBIN My9YOK MHANBUAYATBHBIX TPACKTOPUH, HAXOIAIIUXCS B TPyOKe,
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MIOTIEPEYHOE CEYCHHE KOTOPOM OMpenensieTcsl pa3pelaromeid crnocoOHocThio npubopa. Bee
TPAeKTOPUH BHYTPH ITyUKa JJIsl HaC Hepa3InuuMbl. IMeeT cMbIC TOBOPUTH JIUIIL O HEKOTOPOM
BEPOATHOCTHOM pACIpPEEICHUN TPACKTOPUN BHYTPH IIyuka, NMPUYEM, 1O TEPMHUHOJIOTUU
N.P.Ilpuroxxuna u HW.Crenrepc, 5TO BEpOATHOCTHOE pacHpeieieHue HECBOIUMO,
T.€. TPA€KTOPUM BHYTPH ITydyKa HEBO3MOXKHO HMHIAUBUAYAIU3UPOBATh, — OT pacHpeesIeHus
BEPOATHOCTEM HEBO3MOXXHO TMEPEUTH K OTICNbHBIM TPAEKTOPUSIM, paclpeaesieHue
BEPOSATHOCTEN HECBOJUMO.

HecBonuMble BEpOSTHOCTHBIE paclpeieNieHUus] KOPEHHBIM 00pa3oM H3MEHSIOT
OTKCaHKUE JUHAMUYECKUX CUCTEM U JIa)Ke MOHUMaHHE (PU3NYECKUX 3aKOHOB.

Bor uro romopsar 06 »tom W.P.Ilpuroxkun u MW.Crenrepc: «TpagunimoHHO
CyLIECTBOBAIM JIB€ (hOPMYITUPOBKU (U3UUECKUX 3aKOHOB: OJJHA — B TEPMHUHAX TPACKTOPHIA
WIM BOJIHOBBIX (DYHKLIMH, Jpyras — B TePMHUHAX CTaTUCTHYECKHX aHcamOneil. Ho takas
cratucThyeckas (GopMmynupoBka He ObUla HecBoauMmoW. OHa ObUTa BIIOJHE MPUMEHHMA
K OTJEJIbHBIM TPACKTOPHUSM UM BOJHOBBIM (pyHKUIMSM. MHaue roBops, Mpu CTaTUCTHUECKOM
MOJXOJIe¢ HE TOSBJSUIUCh HOBBIC TUHAMHYECKHE CBOHCTBA. B pe3ynbraTte HeoOpaTtumoe
npuOIIKEHNE K PABHOBECHIO TPAIUIIMOHHO OBUIO MPHUHSATO CBS3BIBATh C MPUOIMKEHHOCTHIO,
«KPYITHO3EPHUCTOCTbIO» OMHMCAHUS, A CTPEIY BPEMEHM IPUIMCHIBATH HENOJHOTE HAIIEro
3Hanud. [lpemiokeHHas HamMu HecBoAMMas (HOPMYJIMPOBKA MOPBIBAET C ITOW CHUTyalUeH.
HeoOpaTtumocTh 1 BEpOSTHOCTh CTAHOBSTCS OOBEKTUBHBIMU CBOMCTBaMU. OHU BBIPAXKAIOT TO
00CTOSITENECTBO, YTO HAOMIOAAeMbIii HaMu (U3WYECKUN MHUP HE MOXKET OBbITh CBEIEH
K OTICNbHBIM TPACKTOPUSM WM  OTACIBHBIM  BONHOBEIM  (pyHkmmsMm. Ilepexon
OT HBIOTOHOBCKOTO OIMCAaHUSI B TEPMUHAX TPACKTOPUN WM HIPETUHTEPOBCKOTO OMUCAHUS
B TEPMUHAX BOJHOBBIX (YHKIMH K ONHMCAHUIO B TEpMUHAX aHcamOiell He BIEUY€T 3a coOOU
notepu uHbopmaimu. Hao6opot, Takoit moaxo/1 mo3BOJISAET BKIIOYUTH HOBBIE CYIIECTBEHHBIE
CBOICTBA B (PYyHJAMEHTAILHOE OIMCAHWE HEYCTOMUYMBBIX XaOTHUYECKHX cucteM. CBoiicTBa
JTUCCUIATUBHBIX CHCTEM IEPecTaloT OBITh TOJBKO (DEHOMEHONOTHYECKUMH, a CTAHOBSITCS
CBOICTBaMM, HE CBOJMMBIMH K TEM WJIM HUHBIM OCOOEHHOCTSM OTIEJIbHBIX TPACKTOPUN WIIU
BOJIHOBBIX (DYHKITUH.

Ho cymiecTByI0T Kj1accuueckue CUCTEMBbI, YCTOWUYUBBIE U 00paTHMble BO BpemeHH. Kax
MbI TENepb MMOHUMAeM, OHU COOTBETCTBYIOT NPENEIbHBIM CUTyalUsM, HCKIOUYUTEIbHBIM
ciaydasiM. B KBaHTOBOW MeXxaHUKe cuUTyalusi emié Oojee CloXHas, TaK Kak HapylleHUe
CUMMETPHUHU BO BPEMEHH SIBHO MPU3HAETCS HEOOXOAUMBIM /17151 HAOIIOJeHHS] KBAHTOBOT'O MHPA,
T.€. JUIsl TepexoAa OT aMIUIMTYJ, BEPOSITHOCTH K BEposATHOCTU. B Hamielt ¢opMynupoBke
3aKOHOB TMPUPOIBl XapaKTepHbIC (MPEACTABISAIONINE) CHUTyallMd MpPUHAIIekKAT K Kiaccy
HEYCTOMUYMBBIX XaOTHYECKUX CHCTEM, KOTOPBIE MBI OTOXAECTBUIM C CYUIECTBOBAHHUEM
HECBOJIUMBIX BEPOSATHOCTHBIX IPEICTaBICHUI. DTO HOBOE ONpEIENIEHUE JUHAMUYECKOTO
Xaoca BKJIIOYaeT B ce0s ero oObIYHOE OmpejeieHHe (B MPOCTBIX CUTyalMsIX, HalpUMep,
B Clly4ae IUCKPETHBIX OTOOpakeHWil, 00a ompeaeNeHus SKBUBAJIEHTHBI) U JOIYCKaeT
00o011eHne Ha 6oJiee CI0XKHBIE CUTYallul, COOTBETCTBYIOIIHE M10/IaBIISIOIIEMY OOJIBIINHCTBY
ClTydaes, MPEICTaBIAONNX hu3ndeckuii uaTepec» [9, c. 253-254].

14. YTO TAKOE HEJIMHEWHASA JMHAMHMKA?

Wtak, Mbl TO3HAKOMMJIHCH C BaXXHBIM pa3/eloM HeNUHEHHOW (u3ukn —
CHUHEPIeTHKOM, €€ OCHOBHBIMM MOHATHIMHU M Y3HAJINA, KAKO€ MECTO OHA 3aHHMAET B CHCTEME
COBpPEMEHHBIX HayK. boraras cBexuMu pu3ndeckuMu U Gui1ocohCKUMU UAESIMHU, CHHEPTeTHKA
WCITOJIB3YET HOBBIM MAaTEMATHYECKHH anmapar — HEIVMHEHHYH AMHAMUKY, KOTOpasl TAKkKe
OTJIMYAeTCAd OT KIACCHYECKOro maremaruyeckoro aHanusa Hetotona u JleiOuuna. B stom
pasziene Mbl IOCTapaeMcs, HE BJaBasChb B JI€TaJM, IIOMOYb UYUTATEII0 COCTaBUTH oOOIIee
IIPEICTABICHUE O HEIMHEMHON TUHAMHUKE.
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Henunelinasg nuHamMuka — paszesl COBPEMEHHONW MAaTEMAaTUKU, KOTOPBIA 3aHUMAETCs
VCCJICOBAHNEM HEITMHEWHBIX JUHAMUYECKUX CHCTEM.

[Ton nuHAMHYECKOW CHUCTEMOW YCIOBWIMCH IOHMMATh CHUCTEMY JIOO0M HpPUpPOABI
(pusnueckyro, XMMHUYECKYHO, OHOJOIMYECKYIO, COLHAIbHYI0, 3KOHOMUYECKYI0 M T.IL.),
COCTOSIHUE KOTOPBIX OIpEeIisieTCsi HAOOpOM BEJIMYHH, Ha3bIBAEMBbIX ITapAMETPAMHU COCTOSIHHS,
WIA TUHAMUYECKMMHU I[E€PEMEHHBIMHU, TaKUMM, YTO MX 3HA4YeHUs B JIIOOOW MOCIeAyIoUMi
MOMEHT BPEMEHHM I10 OIPEAEIEHHOMY IIPaBUIIYy IOJY4arOTCS U3 MX 3HAYCHUN B HadaJbHBINA
MOMEHT BPEMEHH. DTO IPABUIIO OCYIIECTBIIAET OIEPATOP 3BOJIOLUU.

Henunelinasg nuHamMuka MCIOJIB3YyeT IPHU U3YYCHUHU CHUCTEM HEJIIMHEWHBIE MOJEIU —
yaiie Bcero AuddepeHnnanbaple ypaBHEHUS U IUCKPETHBIE OTOOPAKEHMUS.

JlaTb TOYHOE OIpEACIICHHE TOT0, YTO COCTABIIACT NMPEAMET HEIMHEWHOU AUHAMUKH,
HUYYTh HE JIerde, YeM OIpelesiuTh, YTO COCTaBIAET NpPEAMET TEOpPUM KojeOaHUM.
[Tepedpasupys JI.U. Mannenpmrama («JIeknuu mo Teopun KojeOaHHiT»), MOXKHO CKasarh,
YTO «OBbLIO ObI OECIUIOAHBIM MEJAHTU3MOM CTAPATHCS KTOYHOY» ONPEAETUTh, KAKUMH UMEHHO
nporeccaMy 3aHUMaeTCs Teopust Kosebanuii. BaxkHo He 3T0. BaykHO BBIICIUTH PYKOBOSIINE
U/ier, OCHOBHBIE O0IIHE 3aKOHOMEPHOCTHY.

CrnenyeT NoI4EpKHYTh, YTO HEJTMHEWHOMN HA3bIBAETCS TEOPHS], B YACTHOCTH HEJIMHEWHAs
TEOpUsl ITUHAMUYECKUX CUCTEM, WIM HEIMHEWHAs IMHAMHUKA, HCIOJIB3YIOLAsl HEJIMHEUHbIE
MaTemaruueckue Mojaenu. Ho HenuHelHas Teopus He 00s3aTENbHO OTPAaHUYUBAETCS
W3Y4YECHHUEM HEIMHEWHBIX SIBJICHUM MU 3aKOHOMEPHOCTEN.

Mup HelMHEeNHHBIX 3aKOHOMEPHOCTEN MM (PYHKIIUM, TaK e KaK U CTOAIIUHN 32 HUM MU
HEJIMHEWHBIX SBJICHUMN, CTPALIUT, MOKOPSIET M HEOTPA3UMO MAaHUT CBOMM HEHUCYEPIIAEMBIM
pasHooOpa3ueM. 31ech HEeT MecTa YUHHOMY CTaHAapTy, 3/1eCh Oe3pa3/eNbHO TOCHOJCTBYET
U3MEHYUBOCTh M OyHcTBO (popM. To, YTO TOUHO CXBaThIBaE€T U MEPEXOIUT XapaKTEpHbIE
0COOEHHOCTH O/THOTO KJlacca HETMHEWHBIX (DYHKINI, HIUETro He TOBOPHT AaXe O MPOCTEUIITIX
O0COOEHHOCTSIX THUIMYHOI'O MPEJCTaBUTENd JpPYroro Kiacca HEJIUHEHHbIX (yHKIMH.
['eomerpuueckuii 00pa3 HeIMHEHHOW (YHKIMHM — KpUBAs HA IUIOCKOCTH, MCKPHUBIEHHAS
HOBEPXHOCTh WJIM TUIIEPIIOBEPXHOCTH B IPOCTPAHCTBE TPEX UM OOJIBILET0 YUCIIA U3MEPEHHH.
Ha ognnakoBbIe prpanieHns HE3aBUCHMOM ITepeMEHHON O/THA U Ta K€ HeJIMHEHAs QyHKIHS
OTKJIMKAETCS I10-Pa3HOMY B 3aBUCHUMOCTH OT TOIO, KAaKOMY 3HAUYEHHMIO HE3aBUCUMOH
nepeMeHHol npunaérces npupaieHue. [loutu nmonHeM «O6e3pa3nuuuem» K U3MEHEHUIO OJTHUX
U TOBBILIEHHON, OCTPOM YyBCTBUTEIBHOCTBIO K U3MEHEHHUIO JIPYTUX 3HAYCHUN HE3aBUCUMOU
NEPEeMEHHON HeNWHEWHble (QYHKIUM MOPA3UTENbHO KOHTPACTUPYIOT C JIMHEWHBIMHU
¢ynkuusamu. JlroGas nuHeliHas (QYHKUMSA OTKJIMKAETCS Ha NPUpPALICHHE HEe3aBUCUMOMN
NEPEMEHHOI OHUM M TEM >K€ MPUPALIEHUEM CBOErO 3HAUYEHUs, B Kakoi Obl yacTu 001acTu
ONpEEICHUsT HU HAaXOIWIOCh TO 3HAYEHUE HE3aBUCHMOM IEPEMEHHON, KOTOPOU MpHUIAETCA
npupaineHue. MIMeHHo 3/1ech ¥ IPOXOAUT JeMapKallMOHHAs JTUHUSA MEXKIY MUPOM JIMHEWHBIX
Y HEJIMHENHBIX SIBJICHUH U 3aBUCUMOCTEMN.

Uro ’xe Kacaercs IrpaHULbl MEXAY JIMHEWHBIMA U HEIVMHEHHBIMU TEOPUAMH, TO €€
IIPUHATO NPOBOJAUTH IO MHOMY IIPU3HAKYy. T€OpHsl CUMTAETCS JIMHEWHON WM HEJIMHEWMHOU
B 3aBUCUMOCTH OT TOT'0, KAKOM — JIMHEHHBINM WM HEIMHEHHBIM — MaTeMaTUYECKUHN allapar,
KAaKW€ — JIMHEHHBIE WIN HEJIMHEHHbIE — MAaTEMaTUYECKAE MOJIEIIH OHA UCITIOJIb3YET.

HenoBropumast oTinuuTenbHas OCOOEHHOCTh JIMHEHHOM Teopuu, Oe3BO3BpaTHO
yTpaunBaemasi IMpH Iepexojie K HEIUHEHHONM TEOpUH» — IPUHLHUII CYNEPHO3ULHA —
NO03BOJISIET (PU3MKY KOHCTPYHPOBATh JII00O0OE COCTOSIHME M3 OMpEeAETEHHOr0 Habopa YacCTHBIX
COCTOSTHUH, 00pa3ys UX JUHEHHbIE KOMOWHAIIUY, WU CYNIEPIIO3UIINH.

®u3KKy, AeTaBIIne MEepBhIe, elllé HeyBEPEHHbIE IIark B 00JIACTH HETMHEHHOT 0, TIe BCE
OBLIO «HE TaK», BCE WJIM MO KpailHel Mepe MHOT0€ MPOTUBOPEUNIIO YCTOSBIIUMCS JTUHEHHBIM
NPECTAaBICHUAM M JMHEHHOW MHTYMIIMH, MUTATU HECOBITOUHYIO HAJEXKIY, YTO MMIIBIH MX
CepIy NPUBBIYHBIA MaTEMaTHUECKUN anmapaT MyTéM pa3IMdyHOro poja yXUIIPEHUN (MasbIX
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00aBOYHBIX YICHOB) YAACTCS MPUCIIOCOOUTH K PEIICHUIO HOBBIX HEIMHEWHBIX 3a/1a4. Tex, KTo
NUTaJ] TAaKWEe HAAEXKIbl, OXKUIAIO PA304apOBaHUE: JMHEHHBI MaTeMaTU4EeCKUN amnmapar
OTTOpPrajl 4yXEpOJHYK TKaHb HEJIMHEUHBIX BKIIOYEHHU. «VMICKYyCCTBEHHAs JIMHEApU3ALUsD)
OKa3bIBanach Manod()PeKTUBHOMN U «OOJbIICH YaCThI0 HUUEMY HE Hay4yuia, a MHOTaa ObIBajia
npsimo BpenHoi» (JI.W. Mannensiiram).

OcoOeHHOCThIO HENUWHEHHOW Teopuu OBLJI0O HE TOJBKO OTCYTCTBHE MPUHIUIA
CYNEpPIO3ULMH, HO U HAJTMUUE OOPATHOM CBSI3U: CUCTEMA BO3JIEHCTBOBAJIA HA CaMOE ceOsl.

HenpaBunbHOe mnepeHeceHHWe JIMHEWMHOrO ONbITa W JIMHEWHOW  HMHTYWULIUU
HA HEJIMHEWHYI0 I[I0YBY HE TOJBKO JIMIIEHO IOCIEIOBATEILHOCTH M HAHOCHUT YIIEpO
JCTETHYECKON MPUBJIEKATEILHOCTH TEOPUHM (TE€M CaMbIM CHUTHAIU3UPYSd O HapylUICHUU
chopmynupoBannoro I1.A.M. JlupakoM KpuTepusi MaTeMaTH4ECKOHl KpacoTsl (hu3mueckont
TEOpUH), HO U 4YPEBATO TIPyObIM HMCKAKEHHEM CYIIECTBA IPOUCXOMSAIIUX IPOILECCOB.
PykoBoACTBYSICH OOMaHUYMBBIMH ITOKa3aHUSIMUA CTABIIETO HEHAAEKHBIM KOMIIaca JTHMHEHHOU
TEOpPHUH, HETPYIHO BIACTh B OLIMOKY U MPOTJISACTh BaXKHBIN 3((HEKT, He UMEIOIINN JIMHEHHBIX
AHaJIOrOB.

Emé na nanpHux noacrynax Kk OeCKpailHUM MPOCTOpaM HETMHEHHOCTH UCCIIeI0BaTelNb
BBEIHYXKJICH OTKa3aThCsl OT JMHEHHBIX BEX, CIIOCOOHBIX CKOpEe E30PHECHTUPOBATH, YEM
yKa3bplBaTh BEpHOE HampasiieHHe. He pacrnosiaras roToBpIM MaTeMaTUYECKHM aIapaTom
WJIU HE YCTIEB BBIOPATH MOAXOISIIEE OPYKHUE B OOIIMPHOM apceHasIe MaTeMaTHUYEeCKUX CPEJICTB
U METOAOB, (UMK TOpOil OBLT BBIHYKIEH CTAHOBUTHCS Ha TMYTh CBOErO poja
«MaTeMaTHYECKOrO CTApATENIbCTBa» M IMPUHUMATHCS pElIaTh HEJIWHEUHBIE 3aJaqyu
«TOUITYYHO», UCIIONB3Ys UX crlenuduueckue WHANBUAYyaIbHbIE OCOOCHHOCTH U TMOJIArasch
0oJbIIe HA yJauy — MPECIOBYTHIN craparenbckuil «papt». «ToT myTh, KOHEUHO, caM 110 cebe
npaswied, — noucan JLUWM.ManpgenpmitaM B IpeauCIOBUM K 3HAMEHUTOM
(u MHOrOCTpaganbHoi) «Teopuu konebanuit» A.A. Auaponosa, A.A. Butra u C.3.XaiikuHa.
— HWns no Hemy, psia ucciaeqoBaTesiel MoMyyuil BeCbMa LIEHHbIE PE3YJIbTaThl, COXPAHUBILINE
cBOE 3HaUEHHE U B HacTosmIee Bpems. U ceituac, mHOT 12, yTOOHO B TOM WJIM HHOM CITy4ae UATH
10 3TOMY Iy TH».

Ho ne roBops yxe 0 ToM, 4TO (haKTUYECKH TaKHE PEIICHUs PA3pPO3HEHHBIX OTEIbHBIX
3a/1a4 He UMeIU JIOCTaTOYHOI'O0 MaTeMaTUYeCKOr0 0OOCHOBaHMS, BECh 3TOT MyTh B Ka4eCTBE,
TaK CKa3aTb, OOJILLION JOPOTH BPAJ JIM 1Lierecoo0pa3eH, Tak Kak OH He BEAET K YCTaHOBJICHUIO
TeX OOIIMX TOYEK 3peHus, TOh 0a3bl, KaK MaTeMaTHYEeCKOW, Tak M (U3MUECKOM, KoTopas
HeoOXoauMa JUIsl JTOCTaTOYHO IOJHOIO M BCECTOPOHHEro OxBaTa OO0JACTH HETMHEHHBIX
Kosie0aHui B y)kKe U3BECTHOM HaM e€ 4acTu, U, 4TO enI€ BayKHEe, sl yCIEeITHOTO JaIbHEHUIIEro
IJIAHOMEPHOT'O PA3BUTHUSY.

BolfieneHHbIe KypCHBOM CJIOBAa «HEIMHEMHBIX KOJIEOaHWID» HE yMaJsIIOT OOLIHOCTU
yTBepKAeHHs. VX BIOJTHE MOXXHO 3aMEHHUTHh CJIOBAMH «HEINWHEHHOW (U3MKW», BEAb OHU
npuHamiexar JI.M. Mannensiiramy.

UToObI HE BIAYHUTH KAIKOE CYIIECTBOBAHNE MPUKUBAIKYU JIMHEHHOW TEOPUH U HE OBITH
HU3BEJAEHHOM /10 TIOJIOKEHHS YUYEHON XPaHUTEIBHUIBI OOIIMPHOTO COOpaHus pa3pO3HEHHBIX
pEeIIEHHBIX 3a7a4, HeTMuHeiHas (u3nKa MoKHA Oblla OOpecTH BHYTPEHHEE €IMHCTBO
M aBTOHOMHUIO OT CBOEH MpEeIIIeCTBEHHUIIBI — JUHEHHOW (u3uku. HeoOxonumo co3nathb
«HETMHENHYIO KYIbTYpY, BKIIOUAIOITYI0 HaIEKHBIA MaTeMaTUUECKUI anmnapaT u pu3ndecKue
MIPEICTABIICHHUS, aJICKBAaTHBIC HOBBIM 3a/1a4aM, BBIPA0OTAaTh HEMMHEHHYIO HHTYHUITUIO, TOAHYIO
TaM, TJI€ OKAa3bIBACTCsl HEMPHUTOJHON HHTYWIIMS, BhIpaOOTaHHAs Ha JIMHEHHBIX 3aJadax»
(A.A. AH1pOHOB).

OCHOBOIIOIO)KHUKOM W CO3/aTeleM HETUHEHHOro (PU3MYecKOro MBIIUICHHS CTajl
3aMedaTenbHbIl  (PU3UK — Hall COOTEYeCTBEHHUK akaaemuk Jleonun VcaakoBuy
Manaensnrram.
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SYNERGETICS AND COMPLEXITY
Danilov Y.A. cand. ph. and math, ass. prof., senior researcher FIAN RAS

1 ANNOTATION
At the turn of the 19th and 20th centuries, the scientific community was in a rosy mood
- and not without reason: it seemed that a few more strokes, and the picture of the world would
be built. By the end of the 19th century, classical science could rightfully be proud of its
achievements. Since the time of Newton, the world, which the ancients divided into the sublunar
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and supralunar spheres, has become a single, uniform cognizable (and, as the representatives of
natural science and philosophical circles believed, largely cognized) laws acted in it.

Summing up turned into a proud demonstration of the brilliant achievements of classical
natural science and the exact sciences and became a convenient occasion to determine the
prospects. So, at the Il International Congress of Mathematicians in August 1900 in Paris, David
Hilbert in his report formulated 23 problems that, in his opinion, the mathematics of the 19th
century bequeathed to solve the mathematics of the 20th century. As subsequent events showed,
Hilbert was not mistaken in determining the "points of growth" of mathematics: the solution of
each of Hilbert's 23 problems became a noticeable step in the development of mathematical
science and was a noticeable advance. The patriarch of nineteenth-century physics, William
Thomson (since 1802, Lord Kelvin), was no less perceptive. In his "Baltimore Lectures" he
sagaciously pointed out two "dark clouds™ in the shining firmament of classical physics. From
one "dark cloud" Einstein's special theory of relativity soon grew, from another - quantum
mechanics.
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