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B nepuoo mapma — mas 2001 zo0a na cemunape "H3yuenue ¢ernomena gpemenu” 8 yuxne
00KNa008 Ol UCCTIeO08AHBL PAZTUYHBIE HOOX0ObL K 88COCHUIO MOHAMUSL SHMPONUU U CMENCHbIX
NOHAMUIL  CTONCHOCMIY U UHoOpMayuu & dacnekme cesa3u ¢ NOHAMUEM 8peMeHU 8 MOYHbIX,
ecmecmeenHblx U obujecmgenHvlx  Haykax. Dot paccmompensl  cybcmanyuaivHele U
Kombunamopueie mouku 3penus. Ocoboe eHUMaHUe YOeleHO npobreme HEObPaAMUMOCMU X00a
BpeMeHU U C8A3U DMO20 CROTICMBA ¢ MeHOeHYUell USMEHEeHUS SHMPONULL.

1. BBenenue

HzyueHue BpeMeHH Kak 00BEKTa HAYKH TpeOyeT 0co00ro BHUMAHHA K MOHATHAM, HECYIIUM B
ceOe (hakTopsl HCOOpPATHMOCTH. Ha camo SIBICHHC HCOOPATHMOCTH X0Ja BPEMCHH CYIICCTBYCT MHOTO
TOYCK 3peHUS. [Ipekae BCETro, 3T0 MpodieMa JIOTHUCCKOTO ONPEACICHIS d((eKkTa HCOOPATHMOCTH.

Ecmu moHEMAaTh 0OpaTHMOCTh BpEeMEHH OyKBAJIbHO, KaK YXOJ HaOmogaTensd WiH OOBEKTa B
MPONLTOE M COBMEIICHUE C CAMHM COOOM B 3TOM IPOILIOM, B TOM COCTOSHHUHM, KOTOPOE TOrAa OBLIO, TO
ABJICHUC CTAHOBHTCSA TPHHIMITHANIBGHO HCHAOMIOMACMBIM W HCHM3MEpUMBIM. Jlio0ad cucrema
PETHCTpAIMH TAKOTO YXOZa B MPOIIIOC MECPSHACT B TO COCTOSHHC, KOTOPOC Y HES OBLIO B 3TOM
MPONLTOM (BO3MOXKHO 3TO — IIOJHAS ACCTPYKLHUS CHCTEMBI HA TC KOMIIOHGHTBI, M3 KOTOPHIX OHA
MO3THEE BOZHHKIIA) C MOCTICAYIOIMM TOUHBIM BOCCTAHOBICHHEM €€ COCTOSHHS B HACTOSAMEM, KOTJa
Hauazack perucrtpamusd. [1osToMy moKaszaHHA BCEX HPHOOPOB CHUCTEMBI B JAalNbHCHIIEM HE OyayT
3aBHCETh 0T TOT'O, COCTOAJICS WM HET OTKAT B IIPOILIOE.

Ecmu moHuMars 00paTHMOCT X042 BPEMCHH KAK BO3MOXKHOCTD A1 HAOMIOAATETI IICPCHTH B
TAKyK) CHCTEMY OTCUCTa, IZIC €ro COOCTBCHHOE BpeMsA OyIeT MPOJODKATh HATH BICPEHA, BKIFOUAS U
H3MCHCHUC COCTOSHHM BCEX PCTHCTPHPYIOIMX HPHOOPOB, HO TPH 3TOM OH H IPHOOPHI HAYHYT
OIYINATh W PCTHCTPUPOBATH COOBITHS HMPOIIIOTO, TO BO3MOXHBI JABA BAPHAHTA. OOBCKTHI MPOIILIOTO
MOTYT OLIYINATH MM HET 3TO B3AMMOICHCTBHE. B MEPBOM CIIyyac U3MCHCHHE HATPABJICHHS BPEMCHH
HAOOMATENI HM3MCHACT COCTOSHMA OOBCKTOB MPOIITOro. JTO MOPOXKAACT MPOOICMBI C IPUHIHIIOM
OPHYMHHHOCTH. [IOSBISICTCS BO3MOYKHOCTE MEHSTH HACTOSINGE, BIWsSsA HA mpomuioe.  Mcuesaer
OJHO3HAYHOCTh (paKkTa CyINCCTBOBAHHA (DPU3MUCCKOTO fABICHHA. Bo BTOPOM ciydac IpOILIOEC HE
YYBCTBYCT JBIDKCHHS HAOMIOZATCIS TPOTHB XOAA BPEMEHH. [1poOIeMBI ¢ IPHYUHHOCTRIO TIPH 3TOM HE
BOZHHMKACT, HO TOTAA TPEOYCT KOPCHHOTO TEPSCMOTPA 3aKOH COXPAHCHHS OSHCPTHH, KOTOPHIH HC
JOIyCKACT IMPOBCACHHSA H3MCPCHHIH 0€3 SHEPTeTHUCCKOTO B3aUMOJCHCTBHA.

[pome BCETO CUMTATh, YTO OOPATHMOCTh BPCMCHH HH B KAKOM BHAC HC BO3MOXHA. Tax
TIPHHATO BO BCEX MATCMATHUYCCKHX MOJCILIX COBPEMCHHOM (DM3HKH (B MCXAHHKAX), HE CUMTAs TICPBOTO
HCH3MEPHMOTO BAPHAHTA, KOTOPBIH COBMECTHM C JIHO00H MOICIBIO, MOCKONBKY HA TPOILECCH HE
BausicT. OIHAKO MPUYHHBI TAKOH HEOOPATHMOCTH, KAK COOCTBCHHOTO CBOMCTBA BPCMCHH, MBI CCTOTHS
VOCAMTCIRHO YKa3aTh HC MOXKCM. Boee TOro, HCKOTOPBIC YUCHBIC CUMTAOT BO3MOXKHBIM TCPCIAMY
mH(popMamH u3 Oyaymero B mponrioe. [Ipw 3ToM Takas mepeaada perucTPUPYCTCS B HACTOSIICM KAk
SBJICHHC, TPCABAPSIOMECE COOBITHC OyAyIICro, HO HE CHOCOOHOC OBITh €r0 MPHYMHON TIO
SHCPTCTHUCCKHM COOOPAKCHHSM.

B aTolf CBA3M OUCHB BAKHO H3y4aTh TE CBOMCTBA (DH3HMHMCCKOTO MHPA, KOTOPBIC HMCIOT
ACHMMCTPHIO OTHOCHTCIIHHO 3HAKA HMPHPAIICHHS BPCMCHH, KAk H3MEPACMOH BEITIUHHEI — MAPAMETPa
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ypaBHCHHH. OmHHM H3 TAaKUX CBOWCTB NPHPOJHBIX IIPOLCCCOB SABIACICA  9Hmponus. Jnd
SHEPIeTHYCCKH HM30JIMPOBAHHBIX TEPMOJUMHAMHMYCCKMX CHCTEM 3Ta XAPAKTCPHUCTHKA HMEET TOJIBKO
HCOTPHIIATCIBHBIC PHPAIICHHA. B 0oce mMMpOKOM KIacce MPOLECCOB 3Ta YMCIO0BAA XaPAKTCPHCTHKA
MOKET MEHATHCSA MPOU3BOJIBHO, HO 0€3 IMOABOJA SHCPTHH U3BHE OOBIMHO BBIXOAMT 3a KOHCUHOC BpEMs
HA MOHOTOHHBIH PEKUM H3MCHCHHA. VI3yUCHUIO 3TOTO SBICHHA OBLI MOCBAIICH CEMECTP MapT — Maii
2001 roma Ha cemmHape "H3yuenue ernomena epemenu”, padoraromero ¢ 2000 roma B paMKax
Buptyamenoro MucTuTyTa MccnenoBanuii [1pupoasr BpeMeHu.

2. OcHOBHBIE TOYKH 3PeHHS] HA SHTPONHIO

O0muM 11 OOTBIIHHCTBA JOKIAA0B CCMECTPA OKA3AICSA BOMPOC O TPHPOAC SHTPOIHH:
SIBIIICTCSI T OHA:

1) HEKOTOPOI CYOCTaHIMCH, KOTOPYIO HAKATUIMBAIOT WITH OTJAOT MPOLCCCHI, WA

2) KOMOHWHATOPHBIM CBOWMCTBOM, XAPAKTCPHU3YIOMMM BAPHATHBHOCTH COCTOSHHS TMPOLCCCA,
HIIA

3) YHCIOBOM XaPAKTEPHUCTUKON MATEMATHYCCKON MOJCTH MPOLECCa, UIH

4) HAKOIJICHHCM / TOTEPEH M3MEPACMON HH()OPMATIHH O TIPOLIECCE.

CTOpOHHHKH (PH3UYCCKOI CYOCTAHIMATBHONW MPUPOIBI SHTPOIHH BBIABUTAFOT THIIOTC3BI O
BO3MOXKHBIX MATCPHANBHBIX HOCHTEINIX JTOH XapaKTepUCTHKH., MareMartmyeckue (Hopmysl,
OIIPEACTIAIONINC 3Ty BEIMUMHY, PACCMATPHBAIOTCSA KaK YIIPOIICHHBIC MOJCTH HEKOTOPOTO MPHPOTHOTO
Tpomecca, KOTOPBIH JODKCH HMMETh HE3ABHCHMBIC CIIOCOOBI TPSIMOTO HM3MCEPCHHSA. OJTH METOBI
H3MEPECHUH MOKA HE HAMJCHBI B CHITYy TEXHHYCCKHUX MPEMATCTBHMA.

CropoHHUKH OOBCKTUBHOW KOMOWHATOPHON TCOPHH IOIPA3YMCBAIOT OOBCKTHBHBIH CTATYC
TOHATHS "MHUKPOCOCTOSHUC (PU3HICCKOH CHCTCMBI". ODHTPOIHS MPOLECCa PACCMATPHBACTCSA KAk MCpa
MHOXXCCTBA MI/II(pOCOCTOSIHI/H‘/'I, HCPAZIMIUMBIX IMPH JAHHOM 3HAYUCHHHA MAKPOCKOIMHYICCKHX I/ISMepeHI/II\/‘I
mporecca, 00pa3yIomuMX B COBOKYITHOCTH €ro MakpococTostHre. COCTOSHUS MATEMATHYCCKUX MOACTCH
TIPH 3TOM IIOJXOJC PACCMATPHBAIOTCS KAK OTPYyOJICHHOE OIMMCAHWE HCTHHHBIX COCTOSHWH. IIpm 3ToM
TPU3HACTCS TPHHIMINATGHAS HEH3MCPHUMOCTh AO0CONIOTHOTO COCTOSHHSA, HO OHO CUHTAcTCs
OOBCKTHBHO CYINCCTBYIOIIMM. OJTa KOHICIIMS IO CyTH SBIICTCS 4YHCTO (DHIocockoi W He
TOAPA3YMEBACT B JaIbHEHIIEM OOBCKTHBHBIX H3MCPCHUH HCTHHHOM SHTPOIHH B PEATHHBIX MPOLECCAX.

CTOpOHHWKH MATEMATHYCCKOW INPHPOIBI HOHATHA SHTPOIMH HCXOAAT W3 TOTO, YTO 3TO
XapakTCPUCTHKA TAphl, COCTOSMICH M3 PEAJbHOrO MpoIecca W €ro mareMmartmueckod mozemm. [lo
peambHOMY TIPOIIECCY MOJCIh HACHTH()HIHpPYSTCS IyTeM BHIOOpA TAKHX 3HAYCHHH TCOPECTHUCCKUX
napaMcTpOB, KOTOPBIC AAKOT COBHAACHUC BBIMHUCIIACMBIX XAPAKTCPHCTHK C HCKOTOPBIM H360p0M
m3MepeHui. I1ocie 3Toro 3HTPOMHA PACCUUTHIBACTCA MO COCTOSHHAM MOACTH C YYCTOM MOACIBHOH, a
HE peaNbHOM, TMHAMHKH. TOTa, IHTPOMHS OIMMUCHIBACT MPOIIECC TOIBKO MO OTHOICHUIO K HEKOTOPOMY
€r0 MaTEeMaTHYCCKOMY OIMCAHMIO. JHTPOIMH CAMOTO IIPOLECCa HE CYIIECTBYET, IOJOOHO TOMY, KaK HE
CYIICCTBYET OOBCKTHBHOTO JIOTapH(Ma YHCIA, CCIM HE YKA3aHO OCHOBAHHC jJorapudmupoBarug. Camo
COCTOSHHC TIPOIIECCCA TOKE OMPEACIHICTCS M0 HACHTH(DHIMPOBAHHON MOACTH M HE MMCET aOCOIFOTHOTO
cMbIcma. M3mepeHns paboTarOT TONMBKO HA CTAAWH WACHTH(MKAMHE MOJCIH. BeposSTHOCTHBIC
MATCMATHYCCKHC MCPbBI HA MHOMKCCTBC COCTOSTHHH HMCIOT BTOPHYIHYIO CTATHCTHICCKYHO
HACHTH(DHKALIAIO WTH HOCAT YHCTO THIIOTCTHUCCKHIA XapaKTep.

AHamm3 3THX TOAXOZOB HA CEMHMHAPE TIIOKA3al, YTO pasHelc HAOOPHI HM3MCEPCHHH,
TIPAMCHCHHBIX K MPOLECCY, WM PA3HBIC THIIOTE3BI, TTOTOKCHHBIC B OCHOBY MATEMATHYCCKHX MOJCTICH,
CYIICCTBCHHO BIMSIOT HA YHCIOBOC 3HAYCHWC SHTPONWH W HA TCHACHIMIO €€ W3MCHCHHS MOCIC
uacHTH(UKAIMA. B x01a¢ 00CYKICHHUS JOKJIAA0B HA OJHA U3 TOUCK 3PCHUS HC MOIYYHIIA PCIIAFOIICTO
TIPEHUMYIICCTBA.

[lprumHEBI pOCTa SHTPONHH B HM30JHPOBAHHBIX MPOLECCAX TAKKE HMCIOT HECKOIBKO
TpakTOBOK. CTOPOHHHKH CyOCTAHIHAIBHOTO IOAXOJA BHIIT B HEM YKA3aHWC HA HAKOILICHHC
"3HTpONHMITHON CyOCTaHIMH" B (PH3UUCCKOM HOCHTEIIC Tporecca. MIMCIOTCS MOTBITKH OTOKACCTBHTD 3TY
CyOCTaHIIMIO C MATCpHAIBHBIM HOCHTEIeM BpeMcHH B [Ipmpome. B OOBCKTHBHO- KOMOMHATOPHOM
TIOAXO/IE K IHTPOIHH €€ POCT CBI3BIBACTCS C HAPYIICHUEM B IIPHPO/C ACTCPMUHN3MA, YTO YBCIMUMBACT
BAPHATHBHOCTH COCTOSTHESI IIPOIICCCOB BO BpeMeHH. B MaTemaTmyeckoM moaxoae (pakT pocTa SHTPOIHH
HE SBIICTCS 0OS3aTEIBHBIM T Mozencil. YacTo OH CBA3BIBACTCA C HAKOIDICHWEM HH(popManmw o
TPACKTOPHH COCTOAHWA MOACITIA BO BPCMCHH HWIH C TNOCTCTIICHHBIM MOBBIMICHHCM OIHOPOIHOCTH
COCTOSTHHA OTHOCHTCIFHO HCKOTOPO#H Tpymnmsl peodpa3zoBanmii. [10CICIHSAS TPAKTOBKA JICTIIA B OCHOBY
TIPEACTABICHHUS 00 IHTPOIHH, KaK O MEPE XAOTHYHOCTH COCTOSHHS ITPOLIECCA.
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Bompocs! pocTa SHTPOIMH TECHO CBA3AHBI C BOMPOCAMH TICPEIAYUM SHCPTHH W HH(popManuu. B
HCU3OTHUPOBAHHBIX CHCTEMAaX MOHOTOHHOCTh M3MCHCHHSA JHTPONHH yXKe HE HaOmomaercsa. Jaxe B
H30JUPOBAHHBIX HO CYIICCTBCHHO HE CTAMOHAPHBIX CHCTEMAX MOXKCT HC OBITH POCTA 3HTPOIHH, TIO
KpalHEH Mcpe IpH MAaTEMAaTHYCCKOM IOAXOAC K 3TOMY MHOHATHIO. [IpmMepoM MOXKET CIy:KHTh ras,
PaCIIMPSIOIIMICA B HCOrPAHMYCHHOM BakyyMme. I1o Mepe pasieTa 4acTHIl COYIAPCHUSA CTAHOBATCA BCE
MCHEC BCPOATHBIMH M TEMTICpaTypa MajacT A0 aOCOMOTHOTO HYIA, a TEIJIOBAsA JHCPTHA MECPEXOTUT B
KHHETHYCCKYI0 SHCPTHI0 CBOOOJHOTO MOJICTA YACTHUIl Ta3a. DHTPONHUA COCTOSAHMA IIPH 3TOM MajacT J0
HyJIf 32 KOHCYHOE BpEM4.

B3auMmoneHCTBHE W HECTALMOHAPHOCTh HEMOCPEACTBCHHO CBA3AHBI C TEpefayci o
mpeoOpa3oBaHUEM 3HCPTHH. BO3HMKACT BO3MOXKHOCTH TOBOPHTH O TMEpeaauc mH(pOpManwu. MHOTHC
JOKJIAABI KACATHCh ONPEACTICHHUS U TPAKTOBOK 3TOro MOHATHA. [lpu CyOCTaHIMAIBHOM IIOIXOIC
NPCATONATAeTCA M3YYCHHC W TIOTTIOMCHHE OCOOBIX 4YACTHII HOCHTEICH —HH(OpMammm u
B3aUMOJCHUCTBHIA. JTH K¢ YACTHIBI OTBCTCTBCHHBI 32 POCT JHTPONHH B H30IHPOBAHHBIX CHCTCMAX,
obccrieurBast ICPeaady BHYTPCHHHUX B3aMMOACHCTBHIHA. [1pH KOMOWHATOPHOM W MOJCIFHOM TOIX0AC K
SHTPOTIHHM MCPOH WH(POPMALMHU CIIY>KAT BOSHHUKAFOIINC W3MCHCHHS B HAOIOZACMOM MPOLCCCE WITH B
€r0 HACHTU(PUIIMPOBAHHOMN MOICIH.

BOoTBIMMHCTBO aBTOPOB CXOAWTCA HA TOM, YTO H3MEPCHHEC HH(OPMALMH BETHUUHON
YMCHBIICHHUS SHTPOIMH TOIWTCS TOIBKO B Y3KOM KJIACCE 3a74a4, TAC COACPKATCIbHAS HH(OPMAIHS
CBOIUTCA K YMCHBIICHHIO YHCJIA BO3SMOXKHBIX aIbTCPHATHB. B 00meM ciaydac TpeOyercs pa3paboTka
6omee rmOKoro moxxoma. Hampumep, Hago yMETh W3MEPATh WH()HOPMALWIO, MCHSIOIIYE) CTPYKTYPY
00BEKTa WM MOACIH, KOTrJa HCH3BCCTHO HIM HC HMCCT CMBICIIA MOTHOC MHOXKCCTBO BO3MOXKHBIX
aTbTepHATUB. Bo3HMKIIA Takke MUCKYCCHSA O BO3MOXHOCTH CUMTATh HH()OPMALMOHHBIM JIOOOH akT
JHCPICTUUCCKOTO B3AHMOACHCTBUA MEKAY (pusuueckumu oObekramu. [Ipeanonaraer m mHpOpMALHA
[CICHATIPABICHHYI0 JACATCIBHOCTD TOTO, KTO €¢ MPHHAMACT B MOXKHO JIH TOBOPHTH 00 MH(opMarmu 0¢3
OTPCICIICHHS TPOLICCCA HHTCPTPCTAIIMH COOOICHFST?

B nenom, pabota ceMHHApa IO BOIPOCY 00 SHTPOIHMHU M HH(POPMAIMHU IIO3BOIHIA OIPEACIHTD
U YTOUHHUTH UMCHOIIUCCA TOYKH 3PCHUA HA 3TH NMOHATHSA, BBIICHUTE CTCIICHB 060CHOBaHHOCTI/I KaXKIa0ro
TOAXO0A M BO3HUKAKOIINEC TPH 3TOM TPyIHOCTH. Hu omHa Touka 3peHHs HE ObLIAa BIOJTHC OTBCPTHYTA
WA TMPUHATA 332 OC3yCIOBHYI0 HCTHHY. CTAN0 SCHO, YTO MMECTCS HCCKOJBKO PA3THYHBIX TIOHSATHI
SHTPONMH M HH(POPMALMH, HC TOTHOCTBI0 AHAJOTHUHBIX. Kakmoe mu3 Hux Tpebyer cBoci
TCOPETHUCCKOM Pa3pabOTKH.

Hiokxe mpemmararorcst peheparsl JOKIAKOB MO TEME CEMECTpa. OTH ped)epaTsl VUHTHIBAOT TC
3aMCUAHUS U MONPABKH, KOTOPhIC BHOCHIUCE MO X0y OOCYKICHUA M KOMMCHTApHCB. B psaae ciydacs
HCTIPABJICHBI HCTOYHOCTH B ()OPMyIAX HJIM B WX TPAKTOBKAX. PedepaTsl JaHBI C 3aroJI0BKAMH,
VKA3aHHBIMH B MPOTPAMMC CEMHHApPA, W TOX HMCHEM OCHOBHOTO NOKIAMYHKA, OC3 VKA3aHHS
VYACTHUKOB 00CYyKaAcHUSA. OHH PACTIONIOKCHBI B IOPSAIKS XPOHOJIOTHH PAOOTHI CEMHHAPA.

3. OcHoBHBbIE 3Tanbl POPMHUPOBAHMS MOHSITHSI JHTPONHH
(TTo BBOTHOMY mokmaay A. I1. Jiepmua)

1865 r. Pynoand FOmmyc Knaysmyc.

B paMkax TeopmH TCIUIOBBIX MAINMH BBCACHO MPEACTABICHHE O OJHTPONHH, KaK O
TEPMOAMHAMHYCCKON BEIMYMHC. JHTPONMHSA S 33/71aHA AWHAMHYCCKHM YPAaBHCHHEM dYepe3 CKOPOCTh
H3MCHCHHSA TCILIOBOM 3HEprum QQ 1 a0COMFOTHYIO TEMIICPaTypy .

4S=dQIT

1872 r. JIronsur BoasnMan.
OHTpOnHA BBOAMICS Kak Mepa MHOKeCTBA W MHKPOCOCTOSHHE TEPMOAHHAMHYCCKOH
CHCTEMBI C TIOMOIIBIO CTICIHATRHOH KoHCTAaHTBI K=1.38/10° dre/zp. K.

H=K log|W|

1902 r. A:xo3oiia Bunnapa I'n6oc.

DHTpOTHA BBOTMTCA uepe3 pacmpencicHue miotHOCTH A(X) BEPOATHOCTH COCTOAHHME TIO
(hazoBomy mipoctparcTBy W cTaT(HU3HUCCKOM CHCTCMBL,

k= mon YAME ST 1 E . I TR |
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H=/y p(x) logp(x) dx

1948 r. Knox Illennon.
BBoauTcs Mepa SHTPONMAM JUCKPCTHOTO PACHPCICICHUS BCPOSTHOCTH P; Ha MHOMXKCCTBC
ATTBTCPHATUBHBIX COCTOSHHUH W HH(OPMAIHSA, KAK YMCHBIICHAC 3HTPOIHH MPH MOIYICHHH COOOIMICHHS.

H=-%-1 nPi logP; ;
I=H1-H>;

1953 r. Anercauap Axorjepnd XuHYNH.

TocroseHas BojbuMaHa BBOIMTCH KAK — MATCMATHYCCKAS HOPMHPOBKA  OCHOBAHHS
Jorapu)MOB, HE3ABHCHMO OT TCPMOAMHAMIYCCKOM HHTCPIPETALNH.

S= -KZizl_N P; InPi
1955 r. Aptyp Podepr Mak.

KomOuHATOpHAS WHTCPIPETAIMA 3HTPONHH, KAK MCPBI CTPYKTYPHPOBAHHOTO MHOXKCCTBA
ambTEPHATHB: N=N1+...+Npy

S= -KZi-1_m (ni/n)In(ni/n)
1965 r. Anapeii Hukonaesua Kosamoropos.

O000meHIe MOHATHA 3HTPONME HA 3PrOJMYCCKHE Clydalimele mpomeccel U(t) wepes
MPEACIFHOE PACTIPEICICHHE BEPOSTHOCTH, HMEIOIIUE TTOTHOCTH f(X) .

S=-fiu f(x) log f(x) dx; F(x)=lim... Prob{u(t)=x}.
BBeacHHC SHTPOIHH, KAK WHBAPHAHTA AWHAMHYCCKOH CHCTECMEI C ONCPATOPOM J ,HMCIOIIHM
HHBAPHAHTHYI0 BCPOATHOCTHYI0O MEPy HA MHOMKCCTBC COCTOSHHH W, NONYYCHHOTO MPCACITBHBIM

MEPEXO0A0M TIO CPSAHUM KOMOHHATOPHBIM HTpomHsM ciaeaa D(t) HauaapHOTO H3MEPUMOT0o OHHAPHOTO
pazoucuusa D Ha W (CKOPOCTh reHepanuu HH()OPMAHA JHHAMIYCCKOH CHCTCMOK)

H :SUpoz{A;W\A} |imt_,oo ('l/t) ZVIZID(t) P(V)l nP(V), D(t):nizl_t Ji* D;

TpousBencHue Ocpercs B amrcOpe pazomcHmit HA W ,Kak BCC BO3MOXKHBIC TMCPCCCUCHHS
3ICMCHTOB COMHOKHTCIICH.

BBeacHHE MEpHl  CIOKHOCTH — CHMBOJIBHOW — TOCICHOBATCTBHOCTH  Y=(Y1,Y2,...), KAk

MUHHMAJIBHOH yACIBHOH (HA CHMBOM) MUIMHBI MPOrpaMMbl P, ¢ MOpOKIAIIMCH HA YHHBEPCATBHOH
MamuHe THIOpHHTA.

C(y)=lim,_ . (1/n)min long P(y4,....yn ) .

1970 r. Anpu Pennn.
BBecHHE 3HTPONAH KAK [3-MOMCHTA MEPbI PA30HCHHUS.

_ -1 .
S=(1-B"In(Zi-Ln (M) #);
1999r. Anexcannp Mounceend XaszeH.
BBeacHne TOHATHS IHTPONMHH- WH(POPMAIWMH KAk OOOOIICHHOTO JCHCTBHS B MCXAHHKE C

(yuxumei sueprmm L Ha (pazosom mpocrpanctBe W. IlocrosHHas BonpIMaHa 3aBHCHT OT YPOBHS
mporecca. 910 — obodmenue moaxona P. FO. Kmaysmyca.

S=Kfiog LOW(D)ct .

2000r. Anexcanap Baagnvmpornu Koranos.

e T T / ANY - . | =
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Beeacame wMeper  ciokHoctH C maremarmueckod mozemm A, kak Haopa dmceln,
XApPaKTCPH3YMHX PECYpchl Ri, MOTpeOmsICMbIC TPH pealm3alil MATCMATHYCCKOH MOJCTH Ha
TEXHHYCCKHUX CPEACTBAX. B cimydae, ecmu pecypcoM SBJIACTCA NMAMATh BBMUHCIUTCIBHBIX CPEICTB,
ToJTyyacM BapHaHTHI (popMy suTpormu A. P. Maka u cioxuocta A. H. Komvoroposa.

C=(Ri ..., Ru); R=R(A).
SHTPOIHUS BBOJUTCS, KAK CIIOKHOCTh MHOYKECTBA COCTOSHHMN MOJCIH.
S=(R:,...,Rv); R=R(state A).

Hupopmanmsa u3MEpACTCA CTOKHOCTBIO TICPSCTPOHKH MOJCIH, KAK CICACTBHA MOIyYCHHOTO
COOOIICHUS.

I=(Ry,...,Rm); R=R(AJA").
4. Pedepatni noxkJ1ag0B

4.1. Pedepar noxinaga A, B. Koranosa ""MHOrokoMnoHeHTHasi Mmepa
CJIO’KHOCTH, HH(POPMALIHHM ¥ IHTPONHH IS MATEMATHYECKUX MoeJiei "
(06.03.01r.)

TpaINUHOHHBIC ONPCACTICHHS OJHTPONMHH, WH(POPMAIIMH ¥ CIOKHOCTH CO3JAKOT  PAX
TPYAHOCTCH, B TPHMCHCHHM K MATCMATHYCCKOMY MOJCIMPOBAHMIO B MPUKIATHOM MATEMATHKE.
Hanpumvep, BO3MOXKHO TONYYCHHC OTPHIATCIHHONH WM HYJICBOH MCpBHI HH(POPMAIMH COOOIICHWS,
pPacommpArOmICT0 MHOXKCCTBO BO3MOYKHBIX AJIBTCPHATHB MOBCACHUA MOACTIH. Memy TEM — 3TO CAMBIC
LCHHBIC cOoOOmeHusI. Kpome TOro, KOMIMYECTBO ANBTEPHATHB HE YYUTHIBACT CTPYKTYPHI
MAaTEMaTHUYCCKON MOICIH, BISIONCH Ha (opMmar mx 3ammcu. [TOHATHE CIIOKHOCTH COACPKATCIBHO
MOXET OBITH CBS3AHO HE TOJNBKO C JTMHOM NPOrPaMMBI, HO H TOTPEOICHHEM TAaKHX PECYPCOB, Kak
00BCM TAMSATH HYCIOBCKA, CTOMMOCTh TIOMYYCHHS HMCXOTHBIX JAHHBIX, OTPAHHYCHHS TIO BPCMCHH
BBIUHCITHTCIIHHOTO IIPOLICCCA, JHEPro3aTparhl M CTOHMMOCTh HEOOXOAMMOTO OOOpYAOBAaHUA, W T. IL
Hampumep, He yYHTBIBAS PECYpC PEaKIMH UCIOBEKA, HE BO3MOXHO OLCHHUTH 3(D()EKT OT BBEACHHA
ymoOHOro — HWHTEp(eiica. OrpaHmyuB  00JACTh MPUMCHUMOCTH  ONMPCACICHHH  KOHCYHBIMH
MATCMATHYICCKUMH MOZACTAMH, MOXXHO HCIOCPCACTBCHHO H3 TAKOIrO MOAXOOAd MOJIYy'YHTH SABHBIC
GopMymBI mIA y4eTa HEKOTOPBIX DECYpCOB. Y4YeT JAPYrHX PpECypcoB MOXKET MOTpeOOBaTh
3KCTICPHMCHTATBHOH pabOTEI.

IpennaracmMas Mepa CIOKHOCTH HPCACTABICHA KOPTEKEM YHCCH, KAXKIOC M3 KOTOPBIX
BBIPAYKACT TOTPCOICHHE OTHOTO M3 BHAOB pecypcoB. OgHA MaTeMaTHHUCCKAasd MOJCTh MOXKET HMCTh
MHOTO MEpP CIOKHOCTH B 3aBHCHMOCTH OT CHoco0a M YCIOBHIf MCTIOb30BaHMSA. PasHBIC MEPEI MOXKHO
O0OBCTUHATE B OTHY, COCAUHSAA KOPTCIKI.

Tpumep KOPTEXKA CIIOKHOCTH MPOTPAMMHOTO 0OCCIICUCHHS,

1) /e HCXOTHOTO TEKCTA MPOTPAMMBIL

2) OOBEM TAMSATH CTPYKTYPBI TPOTPAMMBI TIOCTIC TPAHCISIIHHL
3) O0BEM HUCXOTHBIX TAHHBIX,

4) OOBEM TTAMSATH TS PACUCTOB.

5) JlnuHA OTHOTO 3ICMCHTA JAHHBIX.

6) OrpaHuucHIE BPEMCHH cueTa (00paTHAs BEIHYMHA).

7) OrpaHuucHuIE HA BpeMsA 00paOOTKH BHEIIHETO MPeObIBaHMA (00paTHAS BEIMYHHA)
8) Uncno omepanuii HA OIWH IHUKI BEIMHACICHAMH.

9) O0BeM HHCTPYKIHH K TPOTPAMME,

10) KommuecTBO TECTOB K MPOrPaMME.

BeeaeM (yHKIHIO WH(POPMAIMOHHOTO JIOTAPH(PMA, BBMHCIIEOIIYE) UIHHY MHHHMAJBHOTO
KOJA A7 X AIbTCPHATHB!

il g(x)=1(for x=1)| Mog(x) (Afor x>1)| 0 (for x<1);

e — R ™ / ANAs F 3 — paraen 9 = T &
FEHAMENR Il HOWVMEH SppaMenll. . 2 (48, 20U, Lor-JL CMPOHLEEE J U3 10
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JU1 MOZCTHPOBAHKS MPOLECCOB YIOOHO MCIMOIB30BATH S3BIK WHAYKTOPHEIX MPOCTPAHCTB, B
KOTOPBIX OMPEIEIICTCS TOMOIOTHS MPOCTPAHCTBA-BPEMEHH TIPOLIECCA YKA3AHHEM I KAXKIOH TOUKH
ONHO WM HECKOJNBKMX MHOXKCCTB  TOYCK, OT KOTOPBIX 33ABHCHT 3HAUCHWE TIPOICCCA B HEH
(uraykTopoB). OOo3HaumM |(f) — MHOXKCCTBO HHAYKTOpPOB Touku t. OOBEM aapeCHOH MaMATH,
HCOOXOIMMOM 7151 XPAHCHHS KOHCUHOTO MHAYKTOPHOTO TTPOCTPAHCTBA T, OmpeacIIeTcs 1o opmyne

C=ilg([T)ZmrZvaiy VI iTg(IV]) -

B uacTHBIX ciy4yasx 3Ta (opMmyra mpeBpamacTca B (OPMYNy CTPYKTYpHOH sHTpommu A. P.
Maka, mepenucaHHy0 B KOMOHMHATOPHOH (hopme

Clilg(JT)= (In(n)-nS)/K= Zi=1_mniln(n;).

CozmepkaTenbHBIM  OyJEM CUHMTATh TAKHE COOOINCHHSA, KOTOPBIC TPEOYIOT H3MCHCHHSA
HCTIOJIB3YEMBIX MOZACICH. B kauecTBe MEpBI CIOKHOCTH COOOLICHHS HCIOJNB3YEM KOPTCIK PECYpPCOB,
MOTPEOIACMBIX TIPH TAKOM W3MCHEHHWH. Hampmmep, 111 MEpecTpoiKH HHAYKTOPHOTO MPOCTPAHCTBA,
cocrosmel B otopaceiBaruu N umMerormuxcs Touek U K(t) uaaykTopos u3 kaxmoro | (t), modaBieHun
M HOBBIX TOUCK U BBeAcHUH HaOopa P(t) HoBbIX uHAyKTOPOB B Kaxaoe | (), TpeOyercs 3aaciicTBOBATH
JIBYXKOMITOHCHTHYIO IIAMATh, 00beMa

C={ ilg(IT)(N+Zar K(t) il g(K(t)));
M ilg(M)+il g(JT|-N+M)Ziar Zomeg V] iT9(V]) }-

IMpun 1r000M W3MCHCHHH MOACTH 00C KOMIIOHCHTHI HCOTPHIATCIEHBI M XOTS OBl OgHA —
TIOJIOKUTCIIBHA.

AHAOTHYHO MOTYT OBITH BBIMHCAHBI (DOPMYTBI CIIOKHOCTH 3AIACH COCTOSIHHS MOJCITH
OTHOCHTCTHHO 33JaHHOH CTPYKTYPHI HMAMATH. B IPOCTBIX YACTHBIX CIyYasX OHH MNPEBPAINAIOTCSA B
(opmymer suTponmE mo K. IlleHHoHy. Ho B 00meM Clydac OHH HECYT TOpasao OOIBINC CBCACHHHA O
MOJCTH W JIy4IIC COTJIACYFOTCSI C HHTYHTHBHBIM IPEACTABICHHEM O CIOKHOCTH M COACPKATCIHHOCTH
mH(popMmammu. HampuMmep, mccreaoBaHWA, MPOBSACHHBIC mox pykoBoactBoM A. H. KomMoroposa,
mokazamu, yto mo (opmymam K. IllerHOHAa yzmempHas WH(OPMANUS, COACPIKAMAACST B HAYIHBIX
TEKCTaX, 3HAYMTCIBHO HIDKE, YEM B XYHAOJKCCTBCHHBIX. JTO CBSI3aHO CO CTPOTOCTHIO TCPMHHOJIOTHH,
OTPAHHYHBAIOIICH CIOBAPh YUCHOTO, M C OONBINMM KOJIHYCCTBOM KOPOTKHX CCBUIOK HA OOTBINHC
TEKCTHI, 0€3 KOTOPBIX JAHHBIN TEKCT HE MOKET OBITh BIIOTHE MOHAT. MCmombs30BaHHE pPEeCypPCHOM MEpHI
CIIO’KHOCTH, VUUTBHIBAIONICH CTPYKTYPY CCBIIOK M BIOKCHHOCTH OIPCIACICHHUH, MCHSCT COOTHOIICHHC
OIICHOK CIIOYKHOCTH B CTOPOHY IIEPEBECA HAYKH, YTO BIIOJIHE COTIIACYETCI C HHTYHIIUCH.

Jlureparypa.

1. A. B. KoranoB. BekTopHBIC MEpbI CIOKHOCTH, SHTpormH, HH(popManmm. Maremarnka.
Kommerotep. O0pazosanue. Bem. 7., .2, M., Iporpecc-Tpamumua. 2000, CC 540-546.

2. http://5.vertebra.bio.msu.ru/REPORT SKoganov_tezisy.gz.ps

3. A. B. KorasoB. HMHIyKkTOpHBIC MPOCTPAHCTBA, KAK CPCACTBO MOACTHPOBAHHUSA. "Bompocs
kuOepHeTHKH" (AnreOpa, ['mmepreomerpmsa, Bepoarraocts, Mogemuposanue) mox pexa. B. b. beremmna,
PAH, M., 1999r, CC 119-181.

Jannble 00 aBTope. KoranoB Anexcanap Biagumuposuy;, e-mail: koganow@niisi.msk.ru

4.2. Pedepar nokaaga A, II. Jlepuua "IHTpOoNHUs KAK Mepa
CTPYKTYPHPOBAHHOCTH CHCTEM H SHTPONUIHAS MapaMeTpu3alnus BpeMeHu"
(13.03.01r.)

OHTpOnHMsSI — 3TO MEpa CTPYKTYPHPOBAHHOCTH CHCTEMBI, M OHA JKC HIPacT poib
TapaMeTPH3ANK BPESMCHH U IPUPOIHBIX MPOLECCOB. B MHOTHX CIIy4asx ee MOKHO PacCMATPHBAThH
Kak pe(epecHTa BpEeMCHH. MHOTHEC aBTOPHI YKA3BIBANM HA OHTPOIMHHYIO "CTpEly BpEMCHH',
YCMaTpHUBAs B TCHACHIIMH HW3MCHCHHS SHTPOIHMH MPHIMHY HCOOPATUMOCTH X0/1a BPECMCHIL.

Poct sHTponmMH, KAk (PH3MYCCKOTO CBOMCTBA IIPOIICCCOB,  MOKHO IIPEIIIOIOKHUTCIHHO
OOBSCHUTh (PAKTHUCCKOH OTKPBITOCTBIO HPHPOJHBIX CHCTEM, HAXOAANIMXCA B IOCTOSHHOM
B3aMMOZCHCTBHH APYT C APYTOM, XOTS HE BCEIJA 3TH B3aMMOACHCTBHS BXOIIT B MOJCIb IIPOLIECCA.
[MoTox BHCIMHIX COOBITHI MPHBOIUT K BO3PACTAHUIO YUCIIA MHKPOCOCTOSHHH MPOIICCCa.
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INpuHIMN MakCHMyMa 3HTPONHH MOKHO CopMymmpoBaTh Tak. [lpm OTCYTCTBHM BHCITHHX
BO3CHCTBHI, KOTAA MHOXKCCTBO MHKPOCOCTOSHHH 3a(DMKCHPOBAHO, CHCTCMA TCPCXOAWT B TAKOC
MaKpOCOCTOSIHHE, IIPH KOTOPOM JHTPOIHA MHMKPOCOCTOSHHM HauOOibmas. MaTeMaTHuecKu 3TO
03HAYACT BBIXOA HA HAMOOIBIIYIO0 OXHOPOAHOCTh PACHPEICTICHHS BEPOATHOCTEH MHKPOCOCTOSHUM, TIPH
(uKCHPOBAHHO CHCTEME OTPaHIYCHHUI ((DH3HUCCKUX CBA3CH).

IMpunmun M. HBOTOHA TIACHT: BMECTO CAMOTO BPEMCHH MBI H3MEPSACM  HCKOTOPBIA
MOHOTOHHBIH IPOIECC — PE(EPEHT BPEMCHH.

MOXHO NPEIUTOKHMTE MOJEIh HM3MEPEHMS JHTPOIMH HA OCHOBE MATEMATHYCCKOH TCOPHH
KOHCUHBIX KATCrOpHWif. Takyr0 KATCTOPHIO OMNPCICIAIOT KAK COBOKYIMHOCTH KOHCYHBIX MHOMKCCTB,
AMCIOIIUX OJWHAKOBYKO CTPYKTYPY BBIICIICHHBIX MOAMHOXECTB C TOYHOCTBIO 40 Mop(dm3ma. Mopdpuzm
— 3TO OXHO3HAYHOC OTOOPAKCHHUE OMHOTO MHOXKCCTBA B IPYro¢, NMPH KOTOPOM BBIACICHHBIC
TMOAMHOKECTBA MPOOOpa3a TEPEXOAAT B BBIACICHHBIC TOAMHOMKCCTBA 00pasa, M COXPAHACTCS
CTPYKTYpa BBIACICHHBIX IIOJMHOXKCCTB IO BIOXKCHHIO. CIICAYIOIMH IMpHMEp IBYX OOBCKTOB Pa3HBIX
KOHCYHBIX KaTCTOPHIT TOKA3bIBACT BO3MOYKHOCTh CYHICCTBOBAHUC OMCKIIMH TPH OTCYTCTBHH MOp(r3ma.

Kareropus 1. {{A;B;C};{D}}.
Kareropus 2. {{A;B};{C;D}}.

HHTepecHO, 4TO B KA4eCTBC OOBEKTOB KATCTOPHH MOXKHO OpaTh MHOMKCCTBA HC BIIOJHC
(hOpMaTM30BAHHBIX 3ICMCHTOB, IOCKOIBKY KOHCUHBIC MHOXKCCTBA MOYKHO OTPCACIATH (DH3HUICCKAM
MPSIBABICHUCM HX 3JICMEHTOB M MOAMHOMKECTB, JTO MO3BOJIACT MPUMEHSTh U3/IaTaCMYH0 TCOPHIO I
aHam3a OHOJIOTHUCCKUX /M COLMATBHBIX CHCTEM. Hanmpumep, OpraHu3M >KHBOTHOTO CTPYKTYPHUPOBAH
IO OPraHaM, H 3A0POBBIC JKMBOTHBIC OHOTO BHIA OTHOCATCA K OZHOH KOHCUHOH KaTeropum. COIHyMBI
CTPYKTYPHPOBAHBI HA COIMANBHBIC M IIPOM3BOACTBCHHBIC HHCTHTYTBL [ OCyZapcTBa OmHOH cTamum
PA3BHTHS MOKHO OTHECTH K OJTHOM KATCTOPHH.

OYHKTOp — 3TO MATEMATHYCCKOC MOHATHE, O3HAYAIOMICE OTOOPAKCHHME KATCTOPHH JPYT B
JpyTa, IPU KOTOPOM MOp(u3M mepeXoauT B Moph3M. [ KOHSUHBIX KaTCropuit mMeeTca ()yHKTOp B
KATCTOPHI0 KOHCYHBIX MHOKCCTB. [Ipm 3TOM cama KaTeropus OTOOpPa’kacTCd Ha MHOMKCCTBO CBOHMX
MOP(HU3MOB, a 0OBEKT OTOOPAKACTCS B CBOM TOKIACCTBCHHBIH MOP(HH3M.

B03MOXEH MOAXOA K ONMPCACICHHUIO SHTPOIMH MPHPOTHBIX CHCTCM HEPE3 UMCIO PA3THIHBIX
MOpP(U3MOB B TOM KaTCrOpUH, KyJa MBI OTHOCHM 3Ty cucteMy. Ecimm

X={Xy;...;Xm} u A={Aq;...; AN} A JE N TASX

— JBa CTPYKTYPHPOBAHHBIX MHOKCCTBA H OTOOPAKCHHC  CTPYKTYPHI OZHOTO HA CTPYKTYPY
JPYToro, TO YHCIO BOSMOXKHBIX OTOOpaskeHHi - Mop(m3MoB [A] Ha [X] , cornacoBaHHBIX C t paBHO

[ (A>X[t)=i=1_n( Nygy ) I

OHTPOIHIO CTPYKTYPHI A OTHOCHTEIBHO CTPYKTYpHI X IIPH YCIOBHH OTOOPaXKCHHA KJIACCOB t
ompeaeuM (hOpMyIIOH:

H(A>X[)=log | (A>X[t)=M (-Zi1 n(ni/M)log(ni/M) );

Jra (hopmyna coBnagacet ¢ popmynoi borpmMaHa 419 HCCTPYKTYPHPOBAHHBIX MHOKCCTB.

Ecmm onpeiemits MOACTh H3MCHCHHS YHCIIA MUKPOCOCTOSTHHN W CTPYKTYPBI MX HOJMHOXKECTB
JUIA HEKOTOPOH (PM3MUECKOW CHCTEMBI, TO MOXKHO OTCIC)KHBATH AWHAMHKY H3MCHCHHS JSHTPOIIHH.
Hanpumep, ecam 4ucio CTPYKTYPHBIX IOAMHOKECTB HE MCHSCTCS, HO PACTET YHCIO MUKPOCOCTOSTHHHN B
HEKOTOPBIX W3 HHUX, TO 3HTPOIHS MOHOTOHHO PACTET.

Jlnreparypa.

1. A Il JleBumu. Teopmi MHOXKCCTB, S3BIK TCOPHH KATCTOpHHi M HX IPUMCHCHHC B
TEOPETHUCCKOI Omonornm. M., MI'Y, 1982,

2. A. T1. Jlem4. BpeMms Kak H3MCHYHBOCTh CCTCCTBCHHBIX CHCTEM: CTIOCOOBI KOTHUCCTBCHHOTO
ONMMCAHNA M3MCHCHHH W TIOPOKACHHUC W3MCHCHHI CyOCTAHIMOHATHHBIMH TOTOKAMH. // KOHCTpyKImm
BPEMCHH B CCTCCTBOZHAHNH: HA IyTH K MOHUMAHHIO ()eHOMEHA BpeMeHu. M., MI'Y | 1996, cc 235-288.

CeHaMEN I HOVMEH spedenu. T.2 (1), 2005, C1-16 cHipanuya 7w 16
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3. A. P. Levich. Varitiona modeling theorems and algocoenoses functioning principles/
Ecological modeling. 2000, V. 131, No 2-3, pp. 207-227.

4. A. Tl Jlepwd. JHTpOMHS KaK OOOOIMICHAUC MOHATHS KOJTHICCTBA AJICMCHTOB JUIST KOHCYHBIX
MHOXCCTB. // @umocopckme nccnemoBanms. 2001, Nel. C. 59-72.

5. http://mww.chronos.msu.ru/lab-kaf/Levich/levich.html

Janneie 00 asTope. JIeBuu Anckcanap [lerposuy; ¢-mail: levich@chronos.msu.ru

4.3. Pedepar pokiaaga C. [, Xaiityna "IHTponus u 3Boaouus’
(20.03.01r.)

DHTPONHIO HE CICAYET PACCMATPHBATh KAK MATCMATHYCCKYI0 XapPAKTCPUCTHKY CCTCCTBEHHBIX
MPOLECCOB. 3Ta TOYKA 3PCHHUS HE JOCTATOYHO OOOCHOBAHA B COBPCMCHHOW HAYKE M NPHUBOAWT K PSIAY
TPYAHOCTEH C HHTEPIPETAIMCH 3TOr0 MOHATHA. MaTeMaTHYECKas HHTEPIPETALHS SHTPOIHH KAK MEPhI
Xao0ca MPUBOJUT K JIOKHOM KOHICTIIHK TCIUIOBOM cMepTH BeeneHHOM.

B 1O e BpeMs TEpPMOAMHAMHYCCKHE IPOLECCHI, MPOTCKAIOIMHE B OOMBINMX MAacmTadax,
TOPO’KAAIOT HEOTHOPOAHOCTH W (DMFOKTyammu, CIOCOOHBIC IICPEBOAMTH YACTh TCIUIOBOH JHCPIHH B
MEXAHHYCCKYIO H APYTHE BUABI HE SHTPOMHIHON sHeprun. [IpuMmepamMu ABIIOTCA BETEP HIH MOPCKHE
TCUCHH, BOSHHKHOBCHHUC 3BC3AHBIX CHCTCM H3 TyMaHHOCTei/'I. (DaKTI/I‘IGCI{I/I, POCT 3HTPOIMHH MOKCT
COIPOBOYKAATECS U BOSHUKHOBCHUEM YIIOPSAIOYCHHBIX CTPYKTYP.

DHTPONHIO CIICAYET PACCMATPHUBATH KAK HMPHUPOAHOE CBOMCTBO BCEX ITPOLIECCOB BO BPECMCHH.
Bo3pactaHue SHTpPOIHMH — 3TO €€ ECICCTBEHHOE CBOMCTBO KaK IPHPOJHOTO SBICHHA. TOIBKO
HCKYCCTBCHHBIC MCPHI MOTYT MPHBOAWTH K CHIDKCHHIO OJHTpommu. K HUM cieayer mpuOerate B TEX
CIIy4asX, KOIJAa POCT SHTPOIMH YXYAIIAET SKOJOTHYECKUE YCIOBHA B MECTaxX KHU3HH JHOACH. JTO
MPEXC BCETO TIEPEBO SHCPTHH U3 TCILUIOBOH B ApyTrHe (hOPMBIL.

Ho cam mo ceb¢ poCT 3HTPOMHH CCTCCTBCHCH W SBACTCH ILCABE0 OHOJOTHYCCKOH H
COIMATHHON 3BOMFOIMH. BHOCHCTEMBI W COIMYMBI BBIOMPAIOT M3 BCEX IMYTCH PA3BHTHS TE€, KOTOPHIC
obecrieumBarOT Hamboiee OBICTPBIH POCT 3HTPOIMH OKPY)KAFOIICH Cpe/bl. [IprumHON W TEIBIO
BO3HHUKHOBCHUA KHM3HH, a IOTOM H pa3yMa, ObLT HEZOCTATOYHO OBICTPHIM POCT HTPOIHMH B IPUPOJE.
YcnoKHCHHE JKUBBIX (DOPM ITO3BOMHIO OCYIICCTBINTH CIOKHBIC IPOTPAMMEI, BHAYAJIEC BPEMCHHO
3aMEAIIIOIIE POCT 3HTPOIMH, HO IOTOM BBI3BIBAIOMIHAC €€ CBEPXOBICTPBIH POCT. ITO JOCTHTACTCS
CO3MAaHUECM CICIHMATBHBIX YCIOBHM M TEXHHYCCKHX CPEACTB B HHU3KO3HTPONUUHBIA NEPHON
JCATEIBHOCTH. JTOT 3(h(eKT OOBICHACT NMPHPOAY BOWH W TEXHOTCHHBIX KATaCTPO(d yKe Ha Pa3yMHOH
CTaJMH 3BOJIFOLUH.

H3MepeHne SHTPOIMH CBS3aHO C YYCTOM BO3MOKHBIX BAPHAHTOB IPOTCKAHMS ITPOLIECCCOB.
Boree sHTpONMITHBIC yTH PA3BHUTH CBSI3AHbI C OOIBINCH IIOTCHIMATFHON BAPHATHBHOCTHIO. Hammpumep
B Mozemm bomerivana ama pacnpenencaus N yactun mo M mectam umcio BapuaaToB W u 3HTpOrms S
COOTBETCTBCHHO PABHEI

W=M!/(N!(M-N)1); S=K In(W).

B mycTOM MPOCTPAHCTBE Ta3 PACIIHPACTCA, YBSIMYMBAA KOMIMYCCTBO BOSMOKHBIX MECT. JTO
BIICUCT POCT 3HTpommH. Ho mpw Hawaww CBsA3CH OBICTPBIN POCT SHTPOIHH TPEOYET OOJICE CIIOKHOTO
TIOBCIACHMSL.

B TepMOAMHAMHYCCKHX CHCTEMAX UL 3HTPOIHH ACHCTBYET (hopmyna ['mOOCa OTHOCHTCIBHO
IUIOTHOCTH  BCPOATHOCTH MHKPOCOCTOsHME., IIpH BBIpABHMBAHMM IUIOTHOCTCH Ha  (ha3oBOM
TPOCTPAHCTBE JHTPONHSA BCCH CHCTEMBI W B KAXIOM MHKPooOBeMe pacteT. Ho mpw Hamwmawm
B3aMMOJCHCTBHN YACTHI[ POCT JHTPONHH YKC HE O3HAYACT BHIPABHUBAHMSA BEPOATHOCTCH. YACTHIIEI
COOMpPArOTCS B MOTCHIHMAJBHBIC sMbL JIOCTHUTACTCS YCJIOBHBIA POCT JHTPONHHM IO JIOKAIBHOTO
MakcuMyMa, IMEHHO paau MPEOIONCHUS 3TUX OTPAHUMCHUH YBOIOIMA UACT B CTOPOHY YCIOKHCHHSL,

Jlureparypa.

1. C. [, Xaiityn. Mexanuka u HeoOpaTumMocTb. M. STHyc. 1996.

2. C. 1. Xaiityn. Mou uaeu. M. Arap. 1998.

3. C. A. Xaiityn. CommanpHAst SBOJIOIMSA, SHTPONHS M PHIHOK. \\ OOIMICCTBCHHBIC HAYKH H
COBPEMEHHOCTB. 2000. Neb.

4. C. A. Xaiityn. OyHmaMeHTaIbHASA CYINHOCTH 3BOJIOIMH. // Bompocs! (mnocopuu. 2001,
No2,
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Jannsie 06 apTope. Xaiityn Cepreit JJasumoBud; ¢-mail: haitun@ihst.ru

4.4, Pedepart noxiaaga A, b. Pyouna "/Ilunamuueckasi opranuszanust
JKHBBIX ccTeM' (27.03.01r.)

OpraEm3anmg >KUBBIX CHCTCM HWMCCT JHHAMHYCCKHE xXapakrtep. [Ipm 3TOM OmpeacTdTh
KHHEMATHYCCKHUE 3aKOHBI (DOPMHPOBAHH OHOJIOTHUCCKUX CHCTEM HIIH MOBCICHYCCKIX PEAKIHAH MOYKHO
TOIBKO BONH3M TOYCK pPABHOBCCHOTO COCTOSHHSA, KOTJa CHCTEMAa CBOCH JWHAMHKOHW TacHT
CPaBHHUTCIIFHO Malble BO3MYIICHHS. [Ipr GONBIIHX OTKIOHCHHAX OT PABHOBECHS CHCTEMA TIEPEXOIUT K
TIOUCKOBBIM PCAKIHSAM, MMCIOIIUM BHI CTPAHHBIX ATTPAKTOPOB. OHH IO3BOJLIIOT 332 KOPOTKOE BpEMS
mepedpaTh MHOTO COCTOSIHHM, MMCIONIMX PA3IHYHYIO JHHAMHKY Pa3BHTHSA W BRIOPATh TO, HA KOTOPOC
cpema pearmpyer HambOomee OmarompuarHO. DaKTHUYCCKH BO3HHKACT OH(ypKamms, mMO3BOIOIIAS
ONITHMATHHBIM 00PAa30M H3MCHHUTH ITOBCACHHC.

Peaxrun OHOCHCTEM HOTYMHCHBI PA3IMYHBIM PHTMAM C XapaKTCPHBIMH neprogamu. Mimeercs
HepapXus XapaKTePHBIX BPEMEH MPOTCKAHMUS OHOTOTHYCCKHX IPOIECCOB: OT MHILTHCEKYHI HA YPOBHE
XAMHYCCKHX AKTOB MAKPOMOJIEKYT 0 YacOB, CYTOK H JAKE TOJOB HA MAKPOYPOBHE OpraHm3Ma. Temn
m000T0 OHOJOTHYICCKOTO TPOISCCa OMPEACIACTCS "Y3KHM MECTOM" — CAMBIM MCJICHHBIM PHTMOM,
YYIACTBYHOLIEM B HCM U IMPHUYHHHO BIIMAOIICM HA APYTHC KOMIIOHCHTBI.

XapaxTepHbIC BpEMEHA B JIUCTE PACTCHUS pa3amyaroTca Ha 12 mopsakos. ®orocuuTe3 — 10°
12 ¢ u poct mmcTa — okomo 10 JEeii.

[loka MeaCHHBIH TPOLECC HACT MO CBOEMY IUKIIY, OBICTPBIC IPOIECCHI KPYTATCS IO CBOMM
MPSICTBHBIM ATTPAKTOPAM MHOTO pa3 W, (DAKTHYCCKH, BBIXOAAT HA CTAMOHAPHBIC PEKHUMBL OHH
VCIICBAFOT IOTHOCTBI) ITOTACUTH BCE BO3MYMIICHHSA, 33J0JT0 J0 MOMCHTA, KOTIA MCUICHHBIN IPOIIECCC
pemmT CBOK 3agady. TakuM o0pazoM, TCHACHIMS TOBCICHHS 337aCTCS MCEIICHHBIMH PHTMAMH.
HaanMep, KOTrJa OPraHu3M HCOBITBIBACT TOJOLA, HCKOTOPBIC KIICTKH HAYHHAKOT KOIIUTH Q)epMeHrH,
HY>XKHBIC 151 TiepeBapuBanHus mwmmy. OHE pa0OTarOT B CTAMOHAPHOM PEXXHME, HO TOIBKO IIOKA HE
3aBEPIINTCS MCUICHHBIH IPOLECC MOMydYCHWS numm. Bo BpeMs eapl M MOCIC OHM MCHSIOT CBOKO
(yHKIHFO, OBICTPO MEPEXOAA B APYTOH CTAMOHAPHBIN PEIKHM.

B Tteopnu [lpurosknHa BOMH3H TOYKH PABHOBCCHA CHCTEMA MHHHMH3HPYCT IMPOH3BOACTBO
SHTPONHH, TMEPEXOAd K ACTCPMHHHPOBAHHOMY MABIDKCHHIO. JTO IOPOKAACT HEYCTOHUMBOCTD U
HCTIMHCHHOCTh PCAKIHH HA CHJIBHBIC BO3MYIICHHSA. HEeXHBYIO CHCTEMY CTAaOWIH3HPYET MEICHHO
HM3MCHSIOMAACS BHCINHAA CpPEa, 3aCTaBILII HAXOAWTH yCTOHUMBOE cocrogHme. Ho Omomormueckume
CHCTEMBI MOTYT caMmu ceOs CTaOWMIM3HpOBATh 3a CUYCT OOpATHBIX CBs3eH. Poxb craOmisHOM cpempl
HTPAFOT MCUICHHBIC OHOPUTMBL

B maremarmueckmx MOACIX OAXKEC NpPH ACTCPMHHHPOBAHHOM ONMHCAHHH CCTh MCPEXOA K
Xa0Cy, €CIH CHCTCMA YCHIIMBACT CIA0BIC BO3MYLICHHSA. JTO HCKIOYACT MOBTOPICMOCTD COCTOSHHE B
JOCTAaTOYHO  CHOKHBIX  cucreMax. W3BectHa Mozens [lyaHkape, 3amaHHad — CHCTEMOI
mu(depeHIHATEHBIX YPABHCHUH

X'=X-Y; Y'=2X-y-XZ, Z=Xy-Z,

B mpoekmu HA MIOCKOCTh XY MONy4YaeTCs CTPAHHBIH ATTPAKTOP, MPOXOIAMMH BOM3H BCCX
TOYCK 00JIACTH 3HAUCHHHU mporecca. Takue sk 3(h(ekThl HAOTIOAAIOTCS MPH IMPOTHOSHPOBAHHH TTOTOBI
HITH B MOZCIIAIX XHIMHUK — KCPTBA. [Iepexo K Xa0Cy MPOUCXOAUT UCPe3 MPOLCCC YABOCHHS NMICPHOMA.
OH 3aKIOYACTCS B TOM, YTO COOCTBCHHBIN IICPHOX CHCTCMBI HAKIAIBIBACTCS HA 00ICE MEUICHHBIN
nporecc. Korma MEICHHBIH TEPHUON CTAHOBUTCS BABOC OOIBINC COOCTBCHHOTO, BOZHHKACT HOBOC
MCPHOAMYCCKOC TIOBCACHHC TIpolecca. TakuM 00pasoM, TOMCKOBBIC PCAKIMH —TPCATOIATAOT
MCIJICHHBIC PUTMBI,

KomneOanusa mOABIKHBIX 4ACTCH OCJIKOB HATIOMMHAIOT OCMBICTICHHBIC IBIDKCHHA. Ho oHE
CONEPXAT W TOYTH HEHOABHKHBIC (DPATMCHTHI, KAK CKEJICT ¥ MBINIBL 3aIMyCK JIBIKCHHUS
MaKPOMOJICKYIBI  TABHHOOOpasHbIi. C TOMOINBI0 IICTICHANPABICHHBIX JBW)KCHHM, HAIPHEMEP,
TEMOTTIOOMH OTAACT aTOM KHCIOpOAA APyroi Monackyae. Momekyna AT® mMmeeT MOABHKHYIO TPYIITy
aTOMOB, pPAOOTAMOMIYI0 KAK BHHTBI B JKHAKOCTH. YCTOHYMBOCTE KOH(Hrypamuu O0OCCICUHBACTCS
JHCPTCTHYCCKOH AMOH MOTCHIMATA CBA3M aTOMOB, 20 AMHHOKHCIOT MOTYT TIOpOIMTH He MeHee 107
pa3mudHBIX O¢IKOBBIX memeil. Ho peambHO OCITKOB HA HECKOIBKO MOPSAKOB MCHBING. SIBHO HMEETCS
CCIICKIIHST BAPDHAHTOB,
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Kaxk mporuecc cHHTE3a MOJICKYJIBI B XA0THYHOM Cpeie NPUBOJUT K ICICHATIPABICHHBIM aKTaM?
J14 KU3HH XapaKTCPEH SHTPONMUHBIM MPWHIOUN MAara3uHa. TOBapel BBICTABJICHBI XAa0THYHO, HO
MOKYIaTeIb caM oTOHpaeT HyxHoe. CaMocOOpka MOJCKYJT OCHOBAHA HA OTJIOBC HYXKHBIX aTOMOB B
TOTHOM Oecriopsiake. [1pu 3TOM mponece CHHTE3a — MEIJICHHBIHN, a 3aXBaT aTOMa — OBICTPBHIIA.

MeEIICHHBIC TPONIECCH (DAKTHUCCKH 33JAK0T LCIb JACHCTBHH OWOCHCTCMBI, a OBICTpPHIC
MPOLIECCHI PEaTH3YIOT 3Ty Ieb. YCJIOBUS, KOTOPHIC CO3AAIOT MCICHHBIC MPOIECCHI I MPOTCKAHUS
OBICTPBIX, MOXKHO PACCMATPHBATh Kak HH()OPMALIMIO O TEKYIICH permacMoi 3agade. J1a HH(pOpMALUL
CHIDKACT OHTPONMIO HA BPEMA [JOCTIDKCHHA LEIM. BpEMEHHBIN MEPEXON B HEYCTOMUHBOC
MaKPOCOCTOSHHC, MMCIOIICE CTPAHHBIN aTTPAKTOP HA MHKPOCOCTOSHUSX, (DAKTHUCCKH ABIsACTCA (ha30it
BBIOOPA HOBOM IICTH. JTO TIOXOXKE HA TICPEXO K OTTIABJICHAIO BCCH KHUTH TIOCTIC MPOYTCHHUS OTHOTO W3
pa3acioB ATA BBIOOPA HOBOTO Pa3Acia. JTO YBCIMUCHHC SHTPONHH COCTOSHHA C LCITBI0 TIOBBIIICHHSA
3(deKkTHBHOCTH TIOUCKA.

Jlnreparypa.

1. A Bb. Pyomn. bmodmsmka. Tom 1. (1999); Tom 2. (2000). M. KHmkHBIH a0M
"Yrusepcurer”.

Jannsie 06 aBTope. PyOur Auapeit Bopucosma; ¢-mail: rubin@biophys.msu.ru

4.5, Pedepar noxsnana B. B. Apucrosa "IloHsiTHE SHTPONHH B
PeJISIHOHHOM cTaTHcTHYeckol Moaean Bpemenu' (03.04.01r.)

IIpencraBicHHE O MOHOTOHHOM pOCTC OJHTPONMH B JHCPICTHUYCCKH H30HMPOBAHHBIX
CTATHCTHYCCKUX  QHCAMOIAX HC BCETAA COOTBETCTBYCT ACHCTBHTCIFHOCTH. ABTOPOM IOKIaja
MATCMATHYICCKHA OOKA3aHO, YTO I CHCTCMbBI YACTHUL, ABHXKYHIUXCA BAOJIb HeKOTOPOfI OCH H
OPETEPICBAOMUX  YIPYTHE COYAAPCHUA APYT C APYTOM ypPaBHCHHE BOMbIMAHA JACT CAA 3HTPOIHH
aHCaMOITs1 BIOTH OCH ABIKCHUS X. [Ipw 3ToM Temmeparypa T BAOIB OCH 3aBHCHUT OT IUIOTHOCTH MOTOKA

g(x) mo dopmyme

dT/dx = q(x)/A(v) ,

V — cpemmas ckopocts B ancambne, A(V) — xoHcTanTa BIOTH BCek ocH X.

3T0 03HAYACT, YTO CBI3b TCHACHIWH HW3MCHCHHS J3HTPONHMH C JHCPTCTHUCCKOW HM30ILIIMCH
CHCTCMBI YACTHI[ CJIIOXKHCC, YCM CHHTATIOCHh.

INpemnaracTcss MOACTh (PU3MUCCKOTO H3MEPEHHS BPCMEHH 4Yepe3 HAOMIOACHHE 3a
MCPEMCIICHHEM YACTUIl B HEKOTOpOM aHcamOie. THII B3aUMOJCHCTBHSA YACTHUIl MAJO BIMACT HA
MOJIENb, XOTS MOXKET H3MCHATH YHCIIOBYF0O MEPY BPEMCHH IIpH peabHOM H3MepeHu. [loctymupyercs,
410 (PM3MICCKOC BPCMS COACPKHUT B CCOC HCKOTOPHIN JIMHCHHBIA TIOPSAOK TOUCK — MOMEHTOB. Ho
YHCJIOBYK0 MEpY, TO €CTh MOHOTOHHOC OTOOPaXKGHHE 3TOr0 MHOpSAIKAa HA YHCIOBYK) OCh, BHOCHT
M3MCPUTCTBHBIN MPHOOp —  4acel. Kakaprid mpuOOp WMEET OMPCACICHHYH) HYYBCTBHTCIBHOCTD K
W3MCHCHHIO BPCMCHH W BOCHPHHAMACT [BIDKCHHC (DH3WMUCCKHX TEJN, KAK AWCKPCTHYK) CMCHY
COCTOSIHHIA. BpeMs m3MepsAeTcs ¢ moMOIBI0 aHcamOms yactun Pj, i=1,...,N. 3a oOWH TaKT CMCHBI
COCTOSHUIT YaCTHIIA TICPSMEINACTCS B MPOCTPAHCTBE HA paccrostaue AR . Mepa Takta BpeMcHH Ot B
Mozemm u oomee npomeamce BpeMs T(K) 3a K takto onpeaemsercs (opmyaaMu

dt’=(a’/N)Zizy n (dRi-V)?; V=3 ndRIN ;
T(K)=Zj=1  dt())
Koapdumuenr a 3agact Macmrad MIKATH BPCMCHH IO OTHONMICHHIO K TPOCTPAHCTBCHHBIM
nepeMemeHnsaM. Ecmi Henome30BaTh ABA THIA TAKUX YACOB, IPHYEM Y 4acoB 1 mar BpEMEHH PAaBEH

menoMy udcary M TaktoB wacoB 2, To 3Has mepememieHus OR[1] MOXHO yKazaTh TOJBKO
COOTBETCTBYIOIICE MHOKECTBO BOSMOXKHBIX M-TakToBBIX Tpackropuit dR[2](1_M),

dR[1]=dR[2](1)+...+dR[2] (M) .

HVMCHHO HCOMPEICICHHOCTh 3TOM TPACKTOPHH BOCIIPHHHMACTCS KAK JHTPOIHSA. TIPH €€
H3MCPCHAH MBI CO3Aa¢M MAKPOCKOIMHYCCKOS OTPYOJICHHC IIAra BPCMCHHU MO OTHOMICHHIO KO BPCMCHH

PeHoMeH U HOWVMER speranu. 1.2 (1) S0, L. 1-14 cmpaHuga 0 u
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CAMHUYHOTO AKTA B3AMMOACHUCTBHS YACTHI[ aHCAMOIL. MOXKHO CKA3aTh, YTO 3HTPOIHI — 3TO MEpa
3a0BIBAHHUA TMPOMCKYTOUHBIX COCTOSHHHM aHCAMOmL. [10 HCPAaBCHCTBY TPCYTOMBHHKA MOXKHO
VIBEPIKAATH, YTO OrPyOICHHC YACOB MIPUBOAUT K YMCHBIICHHIO YHCIICHHON MCPHI BPCMCHH!

T[1]<T[2](M) .

B xa4ecTBe yCIOBHOM MEPBI 3HTPOIMH IPEAIATACTCA BEIMIMHA, KOTOPAA HE M3MEPHMA B CHITY
OTCYTCTBHS JAHHBIX O T[2] :

dS=In (T[2(M))*In(T[1])*=2In(T[2}(M)/T[1]) .

Ecnm BBSCTH BEpOATHOCTHYIO Mepy IUTOTHOCTH f Ha MHOXeCTBE W BO3MOXHEIX T[2], TO
MOYKHO JATh JPYTO¢ OMPEICICHHE SHTPOIIMH, HCTIOMB30BaB onpencacHue k. [uboca

H=£,f(T[2]) log (f(T[2])) dT[2];

DT0T MOAXOA MO3BOJIICT MOIYIHTh KHHCMATHKY [ aymtest m mexanuky HerotoHa, Eciam macca
YacTUIl M, TO KMHCTHUYCCKAs JHCPTHS aHCAMOMII (OTHOCHTCIIFHO AAHHBIX M3MCPCHHH BPCMCHH) H €C
TPOHM3BOIHAS TIO BPESMCHH BBIMHCILICTCS IO (popMymam

E=(M/2)Z i-1_n (T[2](M)/T[1])* =(m/2)exp{dS};
E' = (m/2)exp{dS}dS)' =E(dS) ;

HeoOpaTuMOCTs BPEMEHH B MAKPOIPOIECCCAX CBA3AHA ¢ MOTEPCH HH(HOPMAIMH O TPACKTOPHIX
HA MHKPOYpOBHE. [103TOMy HET BO3MOXKHOCTH BEPHYTh IIPEKHEE MHKPOCOCTOSHHE. TakuM o0pa3oM,
HEOOPATHMOCT BPEMCHH CBSI33aHA C HATHUKCM IIOJIOKUTCIIBHOTO IPHPOCTA SHTPOIIHH,

Jlureparypa.

1. http//mww.chronos.msu.ru/lab-kaf/Aristov/aristov.html

Jannbie 06 aBTope. ApuctoB Bragumup Bragumuposuy; e-mail: aristov@ccas.ru

4.6. Pedepar noxnana 0. A. EpmoBa "JHeprernka 1 KHHEMATHKA
HH(popmanHoHHBIX B3aumoaeicTeuii' (10.04.01r.)

KoHcTpykmmro mro00# pearbHON CHCTCMBI MOYKHO ONHCATh MATCMATHUYCCKOH CTPYKTYPOH,
MOKA3BIBAOIICH YACTH 3TOH CHCTEMBl B TOPSAKE CTPYKTYPHOH NOAYMHCHHOCTH (SS-CTPYKTYPBI).
Maremartmdecku, 310 — rpad TEma acpeBa. COCTOSHHC CHCTCMBI OMHCHIBACTCS HAOOPOM COCTOSAHHI
€e JacTen.

[IpumepoM MOTYT CIyXHUTh OHOJOTHYCCKHEC OPTAHU3MBI, TJC XOPOIIO ITPOCICKHBAOTCS
VPOBHH HEPAPXHH: OPTaHU3M — OPraHbl — (PYHKIHMOHATHHBIC 3IEMCHTHI — KIICTKH — CyOKJICTOUHbIC
CTPYKTYPBI — MAaKPOMOICKYIIBI — AMHHOKHCIOTBI — aTOMBL. ~AHAIOTHYHO MOKHO IIPEICTABHTH
COIMATBHBIC, TEXHHYCCKHUE, ACTPO(U3NICCKUC U IP. CHCTEMBL.

(B 10 XE& BpeMsA TaKHE HECPApPXHH HE OMNHCHIBAKOT BHYTPCHHUX B3aUMOACHUCTBHH IO
TOPH30HTATBHBIM YPOBHAM CTPYKTYpel. He BCAKOEC PACUICHCHHE CHCTEMBI MOMKET CUHTATBCA €€
CTpykTypoii. HeoOxomumo, dYTOOBI HYACTH BBIACIULINCH B3aUMOJCHCTBHSAMH, ACHCTBYIOIIUMH B
HepacwICHEHHOH cucteMe. Hampumep, ecmm pa3OWTh YamKy, TO OCKOIKH HE 00Pa3yHOT CTPYKTYPHBIX
CTMHUIT TICJIOH YaTIKH. )

Ha xakxaoM ypoBHE HEpapXwHM WMECTCS CBOSI XAPAKTCPHAS SHEPICTHYCCKAS WHTCHCHBHOCTH
B3aMMOJCUCTBHUSL 3JICMCHTOB YPOBHS (YacTed CHCTEMBI, PACIOJIOKCHHBIX Ha 3TOM ypoBHeE). Kak
MPABHIIO, 3TA YACIbHAS WHTCHCHBHOCTh, OTHCCCHHAS K XapaKTCPHOW BHYTPCHHCH 3HCPTHH 3JICMCHTA
BBIIIC U151 HIDKHUX YPOBHCH.

OmnpenenicHAE MEPBI CIIOKHOCTH CHCTCMHOTO OTIHCAHYSL

1) CrooxHOCTP OmpeAcICcHA TOMBKO IS ONWCAHWH CHCTEMBI B (popMe KOHECUHOH
HEPAPXHICCKOU CTPYKTYPHL.

2) CoyKHOCTh CTPYKTYpPhI paBHA YHCIY BEPIIHH Tpada, ¢¢ MPeICTaBILIOMICTO.

e —r B T e i / g 7 = SR =
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3) Mu(opManmsa CTPYKTYpHOTO OMHCAHUSA PABHA JIMHC ONTHMAIBHOW TECKCTOBOH KOIMPOBKH
rpaga CTPyKTypHL.

Ecmm U — MHOXKCCTBO YPOBHCH SS-CTPYKTYpBI, YHCIO BEpIImH ypoBHA | parO f(i), TO
uH)OPMAIMA H CIOKHOCTh COOTBETCTBCHHO PABHBI

I=2imuf(i)log(f(i)),
C=5uf(i) .

Jlnsa mepenaun wH(GOPMANHN HHOTAA IMPHXOTUTCS OrpyOIsiTh CTPYKTYPY OOBCKTa, IeperaBast
TOJIPKO BCPXHHC YPOBHH HCPApXHH (YCTPAHCHHC MOAPOOHOCTCH) WM MOACTPYKTYPY HOAYHHCHHOTO
YpoBHA ( OMHCAHWE YACTH CHCTCMEI). B 3TOM Ciydac mcpa mH(popMmarmmm ymeHpmacrcsa. Ho wHorma
TIPUXOJUTCS YCIOKHATH CTPYKTYPY OOBCKTa, BBOASI HOBBIC IOAPA3OWCHWS I TIEperavd BCeH
CTPYKTYpBI N0 4acTsaM. [IpuMepoM MOXKET CHy:KUTh NEpeAada MOHOXPOMHOTO MPAMOYTONTbHHKA B
TEJICCHTHAJIC IyTeM pPazOHMCHHS €ro Ha NMUKCENbl. B 3TOM ciydyae Mepa mH(pOpMAIWHM BO3PACTACT, HO
VYMCHBIIACTCS CIIOKHOCTH NIEPEIABACMOTO 3ICMCHTA.

W3MeHEHUS, TPOWCXOAAINHAC B CHCTEMC, M3MCPSIOTCS M3MCHCHHCM CIIOKHOCTH —HIH

HH(OPMAIIHHA ¢¢ CTPYKTYPBL
Al=3ipu ' (Dlog(f" (1)) Ziouf(H1og(f(i));
AC=Jipu f (1) Zinuf(i) .

B mpexnoskeHHOM (hopMaH3ME BCE H3MCHECHUS 00PA3yIOT JUCKPETHBIH P

JIrobas cucteMa BXOAWT KAk MOJCHCTEMAa B CBOC B3aMMOZICHCTBHE C BHEIHCH cpemoi. M3
Cpeasl OHA OTOHMPACT TO, HA YTO OHA HACTPOCHA. [l03TOMY HHTCHCHBHOCTH B3AHMOJCHCTBHS
OMPCICILICTCA CTPYKTY PO mpreManka. axrwmdaecku, uapopMmarms, 310 3QPekt oT mpueMa curHana, B
pe3yabTaTe KOTOPOro MPHEMHHUK (JOPMHPYET HOBYIO CTPYKTYPY B ceO¢ WIH B OKPYXKAIOIICH €ro cpere.
UmcroBoe 3HaUCHAE HH(POPMAIMH HIMEPSET MOIYICHHBIN 3(D(EeKT.

Oror 3(pQPCKT HE ONpPEACTICTCS 3aTPAaucHHOM mnpm mepegadc sHeprued. [lostomy
cozeprkaTeIbHAs HHPOPMALHA HE MOKET HMETh TCPMOTMHAMHUYCCKOE onmpenencHue. Ompenenchue K.
[llerroHa maer Mepy IEpeAaHHOW WH(POPMANWH, IPOMOPIHOHANBHYIO  (PHIHYCCKOMY ICHCTBHIO
MEPeAATYHKA IPH KBAHTOBOH CHCTEME CBA3H WM 3aTPAYCHHON SHEPTUHU NMPH AMILTHTYAHOM CHCTEME
CBM3HW. JTa MCpa HE OTPAKACT COACPKATCIHHOTO 3((peKTa OT MPHUEMA CHTHAA.

Jlureparypa.

1) 0. A. Epmos. XypHan ¢pusmaeckor xumun. 1999, Tom 73, NelO, cc 1817-1823.

Jannsie 06 asTope. Epmos FOpwuit Anekceeuy; ¢-mail: Nso3145@mail.sitek.net

(Matepuan mokIaga CyHMICCTBCHHO NepepaloTaH MO COACPKAHUIO OOCYKICHUA Ha CEMHUHAPC.
YCTpaHCHBI MATCMATHUYCCKHC M JIOTHUCCKHC MPOTHBOPCUHS B OMpEACICHAIX U (popmynax. — AK. )

4.7. Pedepar noxaana B. I1. Maiikosa "KBaHT 3HTpOnHH U npupoaa
BpeMeHH B HeJIOKAJIbHOI TepmoauHamuke' (24.04.01r.)

TepMoaWHAMHKA OCHOBAHA HA HMICC PABHOBCCHOTO COCTOSHHS B3aWMOJACHCTBHSA YACTHI[ B
(puxcuposarHOM 00BeMe. HoBbIC 3()()eKTHI BOZHUKAIOT IIPH COCAWHCHUH YPABHCHHN TCPMOIWHAMUKH,
KBAHTOBOH MCXAHUKH W OOMICH TCOPHU OTHOCHTCIIFHOCTH. [IpHHIHI HCOMPCSACICHHOCTH H YPABHCHHC
Bomprvana Jar0T CHCTEMY I PACUYeTa MHHHMAIBHBIX MAKPOCKOIHMYCCKUX IPOCTPAHCTBCHHBIX I H
BPEMCHHBIX { HHTEPBAIOB B 00BEMOB V, B KOTOPBIX MOKET YCTAHOBHTHCS PABHOBCCHC.

AEAt=h/2; AE=KT; O At=h/2KT; r=CAt=Ch/2KT;
v=(4/3) r*=(716)( Ch/KT)>;

Jna T=300°K r=4 10°m , uro Gmm3ko K pa3Mepy JKHUBOM KICTKH. YPAaBHCHHC
TEPMOAMHAMHYCCKOTO PABHOBECHS 4yepes AaBineHue P, o6vem V m 3HTambmmro H maer cooTHomeHme
II  XapakTCPHOH (DIIFOKTyaIH JABICHHSA HYCPE3 SHTPONMHIO S . DTO Pe3yabTaT B3AHMOICHCTBHS
MaKpoOOBEMA C BHCITHEM TIPOCTPAHCTBOM.

CeHoMEH 1 HOVMeEH apedent. 1.2 (1), 2005, C1-16 cmparuya 12 us 16
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v=0H/dP 0 AP=KT/v; P=P(S);

Yncno wactam N B Maxposteitke pu T=300°K okomo 10%, C poctom TemmepaTypsr 00seM
MAKPOSAYCHKH H YHCIO YACTHI B HCH yMeHpmArTcA. [Ipm TemmepaTtype, KOraa B SYCHKE HET
BHyTpeHHHX 4acTun (N<1), Bo3HWKACT ropsumid BakyyM. [lpm mamerx N BOZHHKAOT (DIrOKTyammw
temmepatypsl. [lpu AT>T TemmepaTypa CTAHOBHTCS HCHAOTFOZACMOM. DTO OTHOCHTCS H K JPYTHM
mapaMerpaM, KOTOpBIC (DIIOKTYHPYIOT BMecTe ¢ Temmeparypoil. Jedopmammu sueek Ar poskmaroT
3apAmbl  (MCKTPHUYCCKUEA (, CTa00ro B3aMMOICHCTBHS (), JJIICKTPOMATHHTHBIC IO W CITHHBI
(KpywICHE).

AT=aT/N"%  Ar=AT |r|=ChAT/2KT?;
— V2. oy
g=(enCh)™*; g=eq;
£ — 3apsx AICKTPOHA, € — OCHOBAHHC HATYPATBHBIX Jorapu(moB. KBaHT 3apsaa HE 3aBHCHT
oT TeMmeparypsl. [ paBUTarmoHHAA IIOTHOCTE P ¥ 3apsax " monyqaroTca u3 (opmyrsl [aycca ams
TPAaBUTANMOHHON HAMPSDKCHHOCTH ¢ W TPABHTALMOHHOMW MOCTOSHHOH G

divg =4nGp; O |pl=(KT)YnGh ; |o*|=C°h/6KKTG ;
g =mar; O A =m=AT(d|g"|/aT);
(6907 AT-(9S/dm)Am=0 ;

Tlpu Ag™>0 »t0 HaOmOmacMas macca M. Ckpeitas macca mpu AQ*<0 — 310 (paroxTyarms
MHTCpBATA Makposucikn S=C°At’-r* — MurnMaTbHbIH Makpourtepsax CTO. (OIOKTYAIHH MAcCht
SABIHOTCA (DCPMHOHAMH TpABHTHHO.  OIIOKTyalMH TEMIICPATYphl B KJIACCHUYCCKOH MEXaHHKE
TOTHOCTEI0 KOMIICHCHPYROTCA. B OTO 3a CUeT pOXKICHHS TPABHUTHHO MPOMCXOJUT HEC TOJHOC
BOCCTAHOBJICHHS. B Pe3y BTaTe TepAeTCA TCILIOBAA SHEPTHA MAKposuciiky (ur(mamms). AT'/AT=10
1. ¢. 10® rpK 3a 1000 mer. Tlpu mameix At u Gombmux Ar B suciike BO3MOXKHBI B3AHMOICHCTBHA
obronsaromue CBET. [1podacMa CHHTYIAPHOCTH CHAMACTCA, TAK KAK B 30HC OOJBINHMX TCMIICPATYP BCC
IapaMeTpsl He HAOTIOAAEMBL. T10ydACTCA OLCHKA BPEMCHH KH3HH MPOTOHA okono 10°7 jer (rmOmer
OJMH TIPOTOH B KyOOKMIOMETpe BOABI 32 47 1er). VicmapeHue YepHBIX JBIP MOXKHO OOBSICHUTH PE3KUM
CHIDKCHHEM TEMIICPATYPHI HA MX MOBEPXHOCTH B POCTOM MakposdceK. COMyTCTBYIOIIHE B3PHIBBI MOTYT
SIBUTHCS TIPHYHMHON HAOIIOZACMBIX TaMMA-BCIUICCKOB B KOCMOCE. UHWCIO SHECPIeTHUCCKAX YPOBHCH B
makposuciike T/AT=S/K .

Uncno Makposyeek BO BCeIeHHON MOKHO OLICHHTH, UCXOASA M3 TEMICPATYPhl PEITUKTOBOTO
winyucrns. s cerommsmmmeii — 2,91 rpK —  momyuaem 10%° srucex. BOTBIIMHCTBO M3 HHX MyCTH,
TAaK KAK YaCTHI — BCero mopaaka 10%,

B ypaBHCHHAX DWHIITCIHHA UMCCTCS /\ - YWICH OMPCACTISIONIMI CHITY, ICHCTBYIOMIYIO HA MACCY
B myctote. Ecmm R — kpuBH3HA, § — METPHUYCCKHM TCH30D (TPABHTANMOHHBIN OTCHIAA) TO

Ryv' ( 1/2) RgMVZSI-GTIJV/CA'-AgIJV

I'paBuTAIMOHHBIH 3apsAA MPHHATO CYNTATh COBOKYMHOH (prrokTyanmed Bcex moned. Ecmm € —
IJIOTHOCTH 3HEpTuH, TO pu A=0

R=8nGe/3C".

UncHTH(UKAINS TIO JAHHBIM acTpoHOMHE acT JA|<10™°. 1o Xopomo cormacyercs ¢
TCOPHCH MAKPOTICCK.

TocrostHHAs BoTBIMAHA OTIPSACTACT MHHHMATBHYIO SHTPOIIHIO B MaKpoOsTucHke: S(v)>K.

Jlureparypa.

1) B. Il. Maiixo. PacmmpeHHas BepcHA KJIACCHUCCKOM TEPMOAMHAMHKH — (hU3HKa
JUCKPETHOTO MPOCTPAHCTBA - BpeMeHH. M., 1997.

Jannbie 00 apTope. Matixos Bukrop ITaBmoBru. e-mail: maikov@com2com.ru
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4.8. Pegepar noxaaga C. M. Koporaesa ""JxcnepuMeHTAIbHBIE
HCCJIEIOBAHMSI MAKPOCKONHYECKOH HEJI0KAJIbHOCTH KOHTPOJIHPYeMBbIX
npoueccos' (22.05.01r.)

Ha nporskeHHH psAma 1T TPYNIOH HCCICAOBATCICH MPOBOAATCH OSKCICPHMCHTHI IO
OOHAPY)KCHHIO PACIIPOCTPAHCHUS CHTHATOB CO CBEPXCBETOBBIMH CKOpPOCTAMH. B wacTHOCTH, 3TO
03HAYACT BO3MOXKHOCTh B HCKOTOPOH CHCTEME KOOPAMHAT 3a()HKCHPOBATH COOBITHC - MPHYHHY MOIKCE
YyeM COOBITHC - CICACTBHC. TeOpHsS OCHOBAHA HA KO3BIPEBCKOM IIPEACTABICHHU O BPEMCHH, KaK O
CyOCTaHIHH, CIOCOOHOM TICPEAABATH CHTHAIBI HCTIOCPCACTBCHHO MCIKAY TOUYKAMH TpocTpancTBa. Camo
3HAUCHUC BPEMCHH IPH 3TOM 3a(DHKCHPOBAHO. B ACBAHOCTBIC TOABI TAKas TCOPHUS MOIYYHIA HA3BAHHC
KBAHTOBBIX HCIIOKATBHBIX B3AHMOJACHCTBHI, MOCKOJBKY CHTHAN NEPSIACTCA W3 TOYKH B TOYKY, HC
TIPOXOAA MO IMPOMEKYTOUHBIM TOUYKAM IPOCTPAHCTBA. [Ipm TakoM B3rIAAc HA IMPOIECCC HE BO3HHKACT
MPOTHBOPEYHH C TCOPHCH OTHOCHTCIHHOCTH, PACCMATPHUBAIOLICH HENPEPHIBHBIC MHPOBBIC JHHHH. B
OMBITAX OXKHAACTCSH MOJNYYUTh PCAKIHI0 H3MCPHUTCIBHOTO MPHOOPA, COOTBETCTBYIOLIYID HEKOTOPOMY
COOBITHFO HA H3MCPSACMOM OOBCKTC, PAHBIIC, HYCM MPOM30OUIO 3TO coOprtme. OOmas Tteopus
MPEIIOIATACT, YTO MPHYHHON HEOOPATHMOCTH BPEMCHH SBIICTCS HAPYIICHHC €T0 CHMMCTPHH B 30HAX
MPOCTPAHCTBA-BPEMCHH , TIC MPOMCXOAUT HHTCHCHBHBIH POCT SHTPONHH. B TaKHMX 30HAX SCTCCTBCHHO
OKHJATh ¥ BO3HMKHOBCHHS OIICPCKAFOINMX B3aWMOACHCTBHH. Eme B mepBhIX J1a0OPaTOPHBIX OIMBITAX
OBLTH TIOIYYCHBI 00HATCKUBAOIUC PE3YIBTATHL, HO B HEIOCTATOYHO YHCTOM HKCIICPUMCHTC.

B HOBOM cepwu OIBITOB OBLTH HCIONB30BAHBI JATYHKH, PETHCTPUPYIOIIUC HANPSDKCHHEC HA
3JICKTPOAAX, MOTPYKCHHBIX B 3JICKTPOJIUT, HAMOIHSIIOIINI H30IUPOBAHHYIO OT BHCIMHHX BO3ACHCTBHH
KaMepy. DKPaHHPOBAIHCH BCC U3BCCTHBIC IONS KPOME HEHTPHHHBIX M TPABHTANHOHHEIX. KpoMe ToTO,
IO PSIAy MONCH BEIACh MAPALICIBHAS PETHCTPAIMS B OKPYXKAFOMIEM IIPOCTpaHcTBE. I[lpmOop ObIT
CHAOKEH MPOOHBIM MPOLIECCOM, CHTHAT OT KOTOPOTO HCIOJIB30BAJCA A1 KATHOPOBKH PCAKIUH HA POCT
sHTporuu. OOWH W3 JATYHKOB HAXOAWICA ONMH3KO OT MPOOHOTO MPOIECCa, APYroH IOOJATb.
PermcTpupoBaiachk pa3HOCTh IMOKA3aHWH. B KauecTBe IMPOOHOTO MPOIECCA HCIOIB30BAIOCH KHIICHHC
BOABI (HarpeBaTteab 1,3 kBT). B kauecTBe MEpBI BXOJHOTO CHTHAJA PACCMATPUBAIACh MPOU3BCACHHAA
SHTPONHS, BEMUCIIEMAs 1O (POPMYIIC [T TBOHHOTO CIIOS

AS=|glAU/6Y°KTg

Peaxmusa Ha mpoOHBIN mpornece muia 0¢3 ONCPSKCHUS. XapaKTCPHOS 3aMa3IbIBAHIC — OKOJIO
JBYX 4acoB. Bpems pemakcanuum — OKOIO MATH 4acOB. YPOBCHb NMHKA PEAKIMH — OKOMO 10 MB.
Cpeanaa peakrms 2,24+1,72 MB. ECl JIHTEIBHOCTH Peakimu r (oK. 15 yac.) u Bo3acHcTBHA V (OK. 40
MHH.) TO UMCCTCS SMIHPHICCKA (popmyna

AS=In( (r-v)iv) ;

B OCHOBHBIX OIBITAX PETHCTPHPOBAIACh PEAKIMA NMpHOOpPAa HA COMHCUHYIO AKTHBHOCTB.
[IpoBoammch TOmOBBIC HAOMOACHWS C MUCKpPeTOM | CcyTku., OOHAPYKCHBI OJMHM3KHC IO BPCMCHH
KOJICOAHUS AKTHBHOCTH COJTHIA W BBIXOJA JATYHKA. J[THTCIFHOCTH MOJIYIICPHOIOB OT 24 CYTOK 10 6
MECAICB. B TEX CIIyvasx, KOTa CHTHA JATYHKA OTICPEKAJT COTHCUHYI) AKTHBHOCTh, CHTHAJI B CPEIHCM
OBLT CHIBHCE, UCM IPH HOPMAIbHOM PCAKIMH ¢ 3aMa3AbIBAHHCM. PETHCTPHPOBANIHCH OMCPCIKCHHUSI HA
HECKOJIBKO JTHCH.

B1980 romy mosmumace tecopus (k. Kpamep) ayx tmmoB mnpmumaHOCTH, (Crmadas
NPUYHHHOCTh — ACHCTBHA HAOMIOJATEI ONEpPekaeT UX CACACTBUA. CHIbHAs MPUYHUHHOCTh — BCC
MPUYUHBI OTICPEXKAIOT CBOHM CJICACTBHA, [10 pe3y/IbTaTaM OMBITOB HA JATYMKE MOXHO CKA3aTh, UTO
c1a0as MPUYIWHHOCTH HAOIFO1A1aCh, HO CHJIBHAS BBI3BIBACT OOJIBIIAC COMHCHMA,

B 00CyXacHHN PE3YIBTATOB BHICKA3BIBATICH COMHCHHS B YUCTC BCCX BO3ACHCTBHIA, KOTOPBIC
MOTJIM MOACHCTBOBATh HAa TpHOOpP ObicTpee, ueM Ha Commme. OTMEUANCsS TAKKE KBA3ZHIICPHOIMUCCKII
XapaKTEP COTHCUHOM AKTHBHOCTH, CTIOCOOHBIH CO3AATh HILTIO3UIO 00PATHOM PHYHHHOCTH.

Jlureparypa.

1) http://www.chronos.msu.ru/lab-kaf/K orotaev/korotaev.html

Janneie 06 asTope. Kopotaes Cepreit Mapatosmy; e-mail: trofimov@geo.igemi.troitsk.ru

4.9. Pedepar noxaaga U. M. iImutpuesckoro "O natuposke Typunckoit
Inamanunel u Amanbsrecta IlTonnomesn (HoBbIi B3rJisiA Ha Bpemsi)' (29.05.01r.)
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B npupome HaOMOZAETCA MHOTO CHOHTAHHBIX IPOLECCOB, NMPHYMHY KOTOPBIX COBPEMEHHAS
(pm3HKa BUIUT B MICPBHYHON CIy4aWHOCTH, KaK CBOHCTBA mpupoabl. OOBMHO A1 00OCHOBAHHUS TAKOTO
B3T3 TIPUBICKACTCS ANMMapaT KBAHTOBOH MCXAHHKH, DTa TOYKA 3PCHHS IIOXA TCM, YTO MHOTHC
SIBICHUST OOBACHAIOTCA IMPOCTO AMIHPHYCCKAME PACHPCACICHUSIME BCPOATHOCTH, 0€3 OOBACHCHHS,
mOYCMy B HHX HAPYIICHA CHMMCTpPHS BpOAC OBl PABHONPABHBIX BApHAHTOB, K wumCoy Takmx
IKCIICPUMCHTOB OTHOCHTCS HapyuleHue Yyemnocmy mpu OeTTa-pacnase.

n°p'+e’+v

B aT0l1 peakuun pacmaga HEUTPOHA BBUICTAIOT CO 3HAYMTCIBHBIM CTATHCTHYCCKAM TEPEBECOM
3NMCKTPOHBI C JCBBIM CHHHOM. JIT BBIMIOTHCHHMA 3aKOHA COXPAHCHHUS CHHHA B PCAKIHI0 BBEIH
THIOTETHYCCKYIO YACTHIly — HEHTPMHO, C MAJOH MACCOH M MaJbIM PaJMyCOM B3aHUMOICHCTBHA.
[Nozmsee, oHa ObLIa OTKpHITA. HO CIIOHTAHHOE HAPYIICHHUE YETHOCTH OOBACHSIH YHCTO CTATHCTHYUCCKI,

BeiaBuracTcs YHUBEpCAIbHAS THIOTE3a AT OOBACHCHHA TAKUX SMIHPHUCCKHX ACHMMETPHH.
INpeanonaraercs, 4TO B PEIUKTOBOM H3JIYyYCHHH MMECTCS KpoME (JOTOHOB €IIe B 0COObIe HEHTPHHO P.
B cuny HecHMMETpHH, BO3HHKIICH NPH IEPBHYHOM B3PBIBE B 30HC CHHIYIPHOCTH 3TH YACTHIIBI
00J1a7a10T HEKOTOPOH W3OBITOUHON JIeBOH mopipu3armeli crmHa. CIOHTAHHBIC PEAKIMH IMPOUCXOIAT
npu BSHI/IMOJIGI\/‘ICTBI/II/I BCIICCTBA C 3THMH YaCTHLAMH.

n’+ p~p - p+e’+v

INondapu3oBaHHBIC YACTHIBI HMCHOT J((CeKTUBHOC ceucHHE [ , IIPEBOCXOAIICE
HCTIOIPH30BAHHBIC CCUCHHMS @ HA deThIpe mopsaka: W/@PIA0" (3ddeKT pe3oHAHCHOrO MOTIOMICHHS).
IlosTOMy y PpEIHMKTOBBIX HCHTPHHO 3HAUMTCIBHO YAIE MPOUCXOAAT B3AUMOACHCTBHA C APYTHMH
YAaCTHIAMH, YTO H 00BACHIET BBICOKYH) CIIOHTAHHYK0 AKTHBHOCTbB. Ecmm A0 HCTMIOJIAPHU30BAHHBIX

PETMKTOBBIX HEHTPHHO P , a MOMAPH3OBAHHBIX — (| , To 3QdekTuBHOE ceucHue @ m3myucHus
CTATHCTHYCCKA PABHO

@ = pp+o O¢(p+10°q)

[ToTok PEenMKTOBBIX HEHTPHHO (DAKTHUCCKH BIMSACT HA TEMII BCEX NPHPOTHBIX ITPOLIECCOB.
Bo3MOXHO, 3TO THpHYMHA TEX WM3MCHCHHH TOHKOH CTPYKTYpHl pa3dpoca moka3aHwii mpuOOpOB,
PCTHCTPHPYIOMIMX TCMIT PA3IHYHBIX PCaKmuii, KOTopeic oOHapyxkuna rpymma C. O. ITaoma. Ecmm
yuecTh Bo3pacTaHue d(dexTa 3a CUeT MOJIPH3ANMH HA YCTHIPE MOPSAAKA, TO pacCTosHWS L mexmy
mukaMu guarpaMM  [ITHOTA COOTBETCTBYIOT KOTCOAHHAM TOTOKA PETHKTOBBIX HeiTpuro 107L.
OTHOCHTEIEHO TaKOTO pa3dpoca 3TH MAKH CTATHCTHYCCKH JOCTOBCPHBL (B 00CYKACHHH OTMCHUATIOCH,
YTO MO CTAHAAPTHOMY OTKIOHCHHIO AT (| HEIb3s OLCHHWBATH JOCTOBCPHOCTh 3HAYUCHHUS APYTrOH
ciy4aitHo#t BeumHSI L .)

H3MeHeHnEM TeMIIa Peakii Pacnajga HM30TOIOB MOYKHO OOBSICHHTH PACXOXK/ICHHE B BO3PACTE
Typurcko# [TnamaHuIel MO JAHHEIM HCTOPHKOB penmrud (00rociaoBoB) m (hm3ukoB. Ecmm pacmax
3aMEUTHICA HA KAKOW-TO TEPHOJ BPSMCHH, TO (DU3MKH MOTYy4AT MCHBINHN BO3PACT YCM HCTOPHKH,
HCTIOTH3YIOIIHC ACTPOHOMIYECCKOC BPEML

Temm pacmaga ompeaeiieTcs YpaBHCHHEM, B KOTOPOM IIOCTOSIHHAS BPEMCHH 3aBHCHT OT
a(dexTHBHOTO pagmMyca  B3aUMOICHCTBHSA PCIMKTOBBIX HCHTPUHO € yueTtoM (umoxtyaunu O u
BEPOATHOCTH IIOTJIOMICHHUS HEUTPHHO (.

dN/dt=—AN ; A=®dw .

[lomsiTKa OOBACHUTH MOJOOHBIM 00pPA30M TOTPEITHOCTH 3BE3AHOTO KATanmora Amaibsrect
ITromomes (1 B. H. 3.) CTOJIKHYTHCH C OMPEACICHHBIMI TPYIHOCTSMH.

B memoM, peHKTOBBIC HEHTPHHO SBIBTOTCSA Pe()epeHTOM CTPYKTYPBI BPEMCHH, BIISS HA TCMIT
MHOTHX IPOIIECCOB, ONMPEACILTIIONINX B3AUMOICHCTBHS | Tiepenady HHpopManmy Mexay (pu3ndecKkumMu
00BEKTAMH.

Jlureparypa.

1) 1. M. [murpuesckmii. HoBas (yyHmaMeHTaNbHAd pPOIb PEIMKTOBOTO M3IYUCHHSI B
(puzmaeckoit kapTuae Mupa. "Tlommraozuc”, 2000, Nel, ¢38.

EEHOMER 1 HOVMEH & T2¢1) 2005 C1-16 cmpanuga 13 us 16
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Jannbie 00 apTope. [IMuTtpuesckuit Mrops MuxaiiioBuy,
e-mail: dmitriev@radian.mephi.msk.ru

5. 3axkmouenue

He cMmoTps Ha pa3HOOOPA3HYK0 TCMATHKY [JOKIAZOB CCMECTPA, MOXKHO BBIBHTH [BA
NPUHIMIHAIBHBIX IOAX0AA: PACCMOTPCHHE MHTPOIMH M HH(pOPMAIMHU, KaK MEPhl BapHATHBHOCTH
TMPUPOAHBIX MPOLCCCOB HITH KAK CBOMCTBA HCKOTOPOH CYOCTAHIINH, CBA3AHHOU C XOA0M BPCMCHH.

O06e TOYKH 3PEHUA TIPEACTABICHBI HECKOIBKIMH BAPHAHTAMHE, HHOTIA HECOBMECTHMBIMH APYT
¢ apyroM. [l KOMOHHATOPHOTO MOAXOJA XaPAKTCPHA KOHCTPYKTHBHOCTD BBIYHCICHHH, HO HEKOTOPAs
OTOPBAHHOCTh OT MPHPOABI caMHX mpoueccoB. CyOCTAHIHATBHBIC MOAXOABI TATOTCHOT K TPAKTOBKAM
KOHKPCTHBIX SKCIICPHMCHTOB, HO HCCKOJIBKO CIICKYJIATHBHBI B 0606H.[6HI/I$1X.

Crnenyer oxumaTh, 4yTo 00€ MOZHUIMHA OyAyT Pa3BUBATHCS BO B3AMMOACHCTBHH, JOTOIHSI IPYT
apyra. PesympraroM MokeT OBITh MOSBICHHC HECKONBKHX IOHATHH SHTPOIMHM ¥ HWH(OpMAIWH,
HMCHOIMUX PAa3HyK) NOPUMCHHUMOCTH H 06’LﬂCH}IIOHII/Ie Pa3HBIC ACICKTHI BPCMCHHU, KAK SABIICHUA
HAOII0AACMOTO MHUpA.

e nrr Lt T8 RN Tk
TEHOMEH W MOLM
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