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Bpenenne

Beeaenue (4TO Takoe YaCTUYHO MH(PUHUTHLIA CTUN b MbILWSTEHUST
U B KAKMX CUTYALUSIX OH HYXEeH ruaposioram)

Oxpyxarouiye Hac moau (unM, 6osee BBICOKONApHO, cCOLMAalbHas
cpena ¢ ee MHPOBO33DEHHEM, KHHTaMH M T. IL) COBEPIICHHO HE3AMETHBIM
00pa3oM ONpeNesAioT «TPACKTOPHIO HAWEH JKU3HMY, (OPMUPYIOT JKeJIaHUS
u uenn. B 1973 1. Ha ceMuHape OoTAesa MUAPOMETPUH I OCYAapCTBEHHOIO
CUAPOSIOTHYECKoro HHeTuTyTa (r. Jlenunrpan) s cienan coobimeHue o Ma-
TEMaTHYECKON MOIENH «IIeTJIM» I KOCBEHHOrO M3MEPEHUs PacXofa BOAbI
[PM HEYCTAHOBHUBLIEMCS JBIDKCHMH B pekax (310 o6oblLieHHOe yparHeHHe
Pukxkaru). Bospakenuii He 6b10, HO 3aBenyrommi otaenom M. @. Kapaces
3aCOMHEBaJICS. B KOPPEKTHOCTH MO06HOro noxxona: seap AuddepeHnnans-
Hoe ypaBHeHue PHxkaTd HOCUT AMHAMUYecKuil (JeTepMHHUCTHYECKUIT) xa-
paKTep M BBEACHHE B HEro H3MEPUTENbHOM HHOpMaLMH 00 YPOBHE, YKIIOHE
u MopdoMeTpuH ruapocTBOpa (onpenesnseMoil 3aBeIOMO ¢ HOTPELIHOCTAMM)
CTaBUT BOIPOC O YUYBCTBHTESILHOCTH PEINSHUs K 3THM NOTPEIIHOCTAM, 06 UX
JOMYCTHMBIX 3HAYCHHSAX.

IepBriM waroMm Ass OTBETa HA 3TO 3aMeyaHHe ObIIO HCMONL30BAHHE
MeToza QYHKIMI YyBCTBUTENBHOCTH (€CTh TaKOH B TEOPHH aBTOMaTHYECKO-
'O YHpABJICHHs), 2 BTOPBIM — BOOGLIE NEpexo] K CTOXAaCTUYECKHM MOJENM,
YUHTHIBasl, YTO BBOAMMAs B MOJeib NH(opMauus npeactagnser coboi ciy-
Yaiiiele mportecchl. TlocnenoparensHoe BHEAPEHUE B I'MAPONOrHI0 (TMapo-
METPHIO, THAPABNMKY, PEYHOM CTOK, MMAPONPOrHo3bl) UACH NEPEBOJA MaTe-
MaTHUYECKUX MoOJened ¢ JMHAMMYECKHX «peslbCcOB» HAa CTOXAaCTHUECKHE
(B BUIE SBOMIOLMOHHBIX YPAaBHEHUH U1 INIOTHOCTH BEPOATHOCTH B Pa3ik4-
HBIX BapHaHTax) MO3BOJILIO FOBOPUTH 00 ONpeRenieHHOM HOoBOM (VIS MMI-
POJIOTHH, Pa3yMeeTCs) HanpaB/IeHHH.

Hcnons3oBanne mogoGHOTO CTOXacTHHECKOTO MOAXOJAa Ha OMpele-
JIEHHOM 3Talle MMPUBETO K MOHUMAHHIO MPEAEIIOB €ro IPUMEHUMOCTH: ECAH
MHTEHCHBHOCTh MYNbTHIUIHKATHBHBIX 1HYMOB [JOCTaTOYHO BeNHKa, TO pe-
MIEHHS YPaBHEHMI «IUIBIBYT», BO3HHKAeT HEYCTOHYMBOCTb MOMEHTOB pac-
ppeneneHus (B YaCTHOCTY — MOABICHUE «TOJICTHIX XBOCTOB», Ha COBPEMEH-
HOM skaprose). CIpalHBaeTcs, NMPU3HAKOM 4YEro SBNAETCS HeyCTOHdM-
BocTh? IIpu3HakoM pasBUTHS, BOSHUKHOBEHHMS y M3yuaemoro otbekra Ho-
BBIX CBOMCTB (00 mpH3HaKoM oOHapY>KeHHMs HAaLIero HerpaBU/IbHOTO, YII-
POLIEHHOTO MATEeMaTHYECKOr0 ONUCanust 06beKTa).

B 210 Bpems (Ha 3Tarie OCO3HAHUA MPUPOABI OHTOJOTHUECKHX TYIH-
KOB CTOXACTHYECKOr0 MOAXOAA K MATeMAaTHUYECKOMY ONMCAHHMIO THAPOIOTH-
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Brenenue

YECKHX IIPOLIECCOB, IPUMEPHO B 1985 I.) BblLe] pycCKuil MEPEeBON KHMIH
H. P. [lprroxuna (ero cemps B 1927 r. smurpupopana uz Coserckoro Coro-
3a) «OT CYIECTBYIOIIETO K BO3HUKAIOEMY: Bpems 1 ClI0XHOCTS B dusirue-
CKHX Hayxax» [79]. B >1oii MoHOrpadgu ¢ HCHONB30BAHHEM IMPOKOTO CO-
LUOKYJABTYPHOIO B3IVI[a HA COBPEMCHHY!O HAYKy [€Ia1achk HOMbITKA «Ha-
BECTH MOCTBDY MEXJLY TEM, YTO YXKE CYIIECTBYET, H TEM, YTO TOIBKO HAPOXK-
naerca. Kimouesoe monstve B Heif — Touka 6udyprarpm. FiMeHHO yepes Hee
(TOYKy HEYCTOHYHMBOCTH MITH, B COBPEMEHHOI TePMUHOJIOIMH, IIEpEMEINH-
BAKOMIMiA ciiolf) Hamo «mepebpacsiBars MocT». Ilo CymiecTBy, Aenanach Ho-
MEITKA HOCTaBUTE 3aJ(a9y MOIE/IMPOBAHYS HHHOBAIMOHHAIX, PA3BHBAIOLIMX-
Cs1 IPOLIECCOB.

Ho 4to o3HayaeT cnoBo «pa3sBUBATHCA»? 3MpaBhiil CMBICT HOACKA3HI-
BAET — YCIOXKHATECA. OBONMOLHA (B NPHPONe, TCXHHKE — BE3/IE) ITO NpUob-
PETEHHE CHCTEMOH HOBBIX CBOHCTB, a HA MATEMATHIECKOM SI3LIKE — [IPUBJIE-
YEHHEe HOBBIX NEPEMEHHBIX JJI OTMCaHUA Mponecca (paciuperue $pazoBoro
npoctpaHcTsa). HonobHoe ycnoxHeHue ONpaBNaHo, KOTA CTapbix. CBOMCTB
HE XBaTaeT, 4ToOBl BBDKMTh B M3MEHMBHIMXCH (32 CUET MMApaMEeTPOB X
BHEIIHUX BO3ACHCTBHIA) YCIOBHAX, KOTZA NOABISCTCA HEYCTOMIHMBOCTS,

Bosnukaer Bompoc: orkyzna OepyTcs sTi HOBbie cBOMCTBa ((pasoBbie
nepeMcHHbic)? ECThb JIM HX 3apofbIk B TOH cHCTeMe, KOTopas TepsaeT yc-
toitymBocTs? Ecan Her M ux moseneHde — xeno ciydas (wm Bora), to Bo-
1poC O BO3MOXKHOCTHM MOJE/MPOBATh HHHOBALMH HAAO 3aKPHITh. Ecmm ke
OHH MOJHOCTHIO HAXOATCK B CTAPOH CHCTEME, TO MEI (3HAOWIHE 3TY CTapyIo
CHCTEMY) CTAHOBHMCS «XO3J€BaMHU JKH3HI», TaK Kak [PHOOpeTaeM BO3MOXK-
HOCTh OJHO3HAYHO IIPOrHO3MPOBATH Oyaymice, Yero HHKOrJa He ObiI0, HET
U (Hazmeroch) HUKOrAa He Oyer. 3HaYuT, OHM HAXOIATCS YAaCTHYHO B CHCTE-
Me€, TepIonIcH yCToHIMBOCTh (CNER0BATENHHO, YACTHYHO MPECKA3yeMbl), a
YaCTHYHO BHE CHCTEMBI (4aCTHYHO He IpefcKa3yeMbl).

3JT0 CI0BO «4aCTHYHO» BEPTENOCH B I'OJIOBE, KOrNa 1 HATKHYJICA Ha
kaury . A. @. Kynpamopa «Onronorus. Merogonorus. Hereouen-
Tpu3M» [57]. B Helt HeT clIOB 0 MOZENMPOBAHUH, HO HyX 3TOM «YaCTHYHO-
CTW» JKMBET Ha KaKMOH crpaHmuue. KiroueBbie cioBa B Heil: (MHUTHOCTS,
HHGUHATHOCTD, YacTHYHAA HHQUHUTHOCTD. [l11 Toro 4robbl «4T0-TO» CHe-
7aTh OOBHEKTOM HAy4HOIO IO3HaHWA (2 He NPOCTO KaKoro-To HHrepeca)
«OHO» HOJDKHO OBITH 2a(UKCHPOBAHO ¢ NOMOIIBIO HAYYHOM TePMHUHOIOIUH
(1. €. ¢ IOMOMIBIO OOIIENPUHATHIX B HayKe MOHATHH — «kateropuii»). Bee,
YTO 22 ee paMKaMH g JaHHOTO o0BeKTa (yrke «IpeaMeTHOH obracTu» pas
HMeeT MecTo QUKcalyd) — UHQUHHTHO, T. €. He BBIPa3UMO B €€ MOHATHIX.
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Beenenue

Ho mexny GuHUTHEIM ¥ HHOHEMTHBIM €CTh KOHTAKT (pasyMeercsd, He 00s-
3aT€JIBHO B MATEPUAIBHOM CMBICIIE), HeOOXOMUMOCTh KOTOPOro JHKTYeTCs
BCEOOIMHOCTRIO CBs3eil. Jra rpaHMia KOHTaKTa YaCTHYHO HHGHUHWUTHA
(1. e. 4aCTHYHO BBHIpa3uMa B TEPMHHAX OJHOH IMpenMeTHOH obnacTh,
a 9acTHYHO — JPYroit).

Tak MOABWIOCH «YacTH4UHO HHGPUHHUTHOE MOENHpOBaHMe». Takoe
HazBaHHe TIOAPa3yMeBaeT, 4To JiK6ol o0LexT B Mupe (B TOM 4YHCie U Io-
3HatONH CYOBEeKT) YacTiHO MHGUHHTHH: HEYCTOMYHB;, MEHAETCH; IOJ-
BEP)KEH BAUAHMIO (AKTOPOB, HE NPUCYTCTBYIOIMHX SBHO B TNOHATHAX, (GHK-
cUpYIOIUX OOBEeKT NO3HaHMi. DBITh YacTWyHO MHGMHMTHEIM — 3HAYMT,
ObITh, C OHOM CTOPOHBI, peaabHbIM (T. €. BOCIPHHHMAEMBIM B paMKax IO-
gaTHH, (PUKCHPYIOIMX 3Ty peajbHOCTB), a C IPYrod — HLIIO30PHBIM, TaK
KaK 3T «PEealBHOCT» eCTh Pe3yabTaT HejocTarka uHbopMaLmy g Gonee
nosiHo duxcamuu. Yo ke cKphiBaeTcd 32 3ToH ¢paseonoruei? Hekas on-
TOJIOTHA HJIA TOJBKO rHOceonoruyeckuii anrypax? M To, u Apyroe. Ho
B OCHOBHOM aHTypax. [IpuyeM ero HeoOXOZHMOCTH BOZHHKAET JajieKO HE
Beerga. A xorga? Jns oreera Ha 3TOT BONPOC HA0 HEMHOIO NOPAcCyKAaTh
0 CTHISIX MBIIUICHHS.

Cymiectsyer a4 HayKa «(paHIy3ckas» WM, HaIpUMep, IposieTap-
ckam»? Y na, u "er. [iryno Bpoae 651 rOBOpUTH, HAOPUMeED, O (PpaHIly3CKHX
KOpHAX KBanparuuHoro 3akosa Tpenus Illesn. Ho 3akom-To ycraHoBNeH
¢paHIy3oM. A modeMy BCs «wilaccHueckas ¢miocodus» Hemenkas?
A «mareucTHYeckas ¢wiocopms» nosBwiack B Poccum? A B KOCMOC
NOJIETENH HA PaKeTaX, CACTAaHHbIX PYCCKMMH 1 HeMUaMu?

U1 mposSCHEeHKA CUTYalllK NOCMOTpPHUM Ha pHc. B.1.
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Bpema - Homenyuan Heesdospems

Puc. B.1. Tlpouecc nonyaeHus 3HaHUA: 0T HCTOPUMECKOTO (a) X TOTHYECKOMY (6) Yepe3 JacTHy-
Ho uHuHUTHOE (6).

Pumckye tudpsl COOTBETCTBYIOT NOMYUECHHOMY 3HAHHIO, A M B — NepHozb nEpexofa OT CTapOro 3uaHus K
HOBOMY.




Baenenne

3nanms, Guxcupyemsle nudpamu 1, I u IIT, — 310 Hekue 3aKoHs! (3a-
KOHOMEPHOCTH), KOTOPBIE HOCAT «OOIIEUEIOBEHECKHID XapaKTep U IOTHIe-
CKH HEONPOBEPIKMME! (TIIyTIO BO3PAXKATH MPOTHB 3akoHa OMa Jyis ycaoBui
€ro IpuMeHUMOCTH). Ho kak ocymecTisercs nepexox co CTyneHsku | Ha
crynensKy II? Y mioueMy Taxue Nepexofisl cIe/laHbl B OCHOBHOM B €BpOIIeii-
ckoit Hayke? B Jlpesreit Mnnuu, Hanpumep, 35anu apoGu, Obuia HOpOLIKO-
Bag METALTYPrus (¥ T. I.), HO «HAYKU», B COBPEMEHHOM TNOHUMAHMH, HE
noay4wiock, Jla 1 kax MOrJIa BO3HUKHYTH «HayKa» B JpesHeit Mupun, ecin
€T TIOHCKA HCTHHBI — HUPBAHA, T. €. KaK Pa3 Pa3pbiB ¢ PEalbHOM MKH3HBIO.
Kakas TyT colManbHas MOTHBALM MEPEXOAA C OJIHOM CTYNEHBKH Ha APYFYIO?

TlosToMy Hayxa (B CMBIC/IC TOTOBOTO 3HAHMS), KOHEUHO, HHTEPHALINO-
HaJlbHA, HO TEXHOJIOTHs €ro moiydeHus — Het. Ilepexon ot [ x II MoxHO
OCYIIECTBIATE PasHBIMH MyTAMU. DTO OIpenensercd U COLUMATbHON MOTH-
BalMCH, U CTEPEOTHIIOM OCMBICIICHHSI OKPYXKAfomieil pealibHOCTH, MPHCY-
UM KOHKPETHBIM 5THOCAM M MIOASM; KOpoYe — CTIieM Mbilvienus. Mcro-
pUUECKH HayKa BCETIAa «CTHIbHA», a JIOTHYECKU — HHTEpHALHOHAIbHA H
anoNuTHYHA. XOTA U HOC/IeHee, BUANMO, HEBEPHO. [t Toro utoGH! sKUTENb
bepera ci10HOBOH KOCTH NOHN 3aKkoH OMa, eMy HaJlo Ha4aTh MBICIHTD «I10-
tpasiy3ck» (C TOMOMBIO eBporeiickoit Jioruku). [losTomy myume cutya-
A0 TIOSULMOHUPOBATH TaK: 3HaHHA (FOTOBBIC) — OOIE3HATUMEL, a CIIOCOOHI
HX TONYUeHHS — MTHAUBHY IbHEL. Bosee Toro, mos3HaHue 4ero-To KOHKpPETHO-
ro M HOBOro TpeOyeT NpHHATHA (TOUHEE CO3MAHHSA) KOHKPETHOrO ¥ HOBOTO
CTHIN MBIUICHHS («opMa cConepskuTes, Conepkanie oGopMiIsieTcsy).

Ecnu MBI HaxoMcs Ha CTYNEHbKE / M HE BHUIMM B 3HAHUAX, MIPUCY-
IUX e, IPOTHBOpedHii (HeycToHIMBOCTEH), TO FOBOPHUTH O «CTHIEY €ILe
paHo. Ho o «cTHile» HeT CMbICIa TOBOPHTH, KOr/Ja POTHBOPEHHS PEOROoIe-
HB! ¥ Mbl HaxofuMmcs Ha crynenbke I/ (yxe nosmno). Tonbko npeogonenye
3aMEUYEHHBIX TIPOTHBOpeduil TpeDyeT CBOEro CTH/A MbllieHHs. Bee 31y Te-
3UCHI [T0J] Pa3/IMYHBIM YIJIOM 3peHHs passepHyTol B kHure [88]. JloGaBum,
YTO HOBBIE 3HAHHY MOKHO OCO3HATh TOJILKO C Gojiee «BBICOKOHM KOJIOKOJb-
au» (em. puc. B.1 g u 6): siorugeckoe 3aKpemieHe JOCTHFHYTOTO YPORHS
Tpebyer B 4eM-To Gonee riayboxoi dpusmueckoil KapTHHs! MHpa (MycTh pas-
MbiToi). Jlorvdecku 3aKkpeIUleHHBIH 3Tan MO3HaHHA — 5TO CBOEOOpPa3HBIH
aTTPaKTOp: K HEMY TPaeKTOpHM HHAWBHIYanbHOro MbIIIICHHS HOJLKHEI
NPUTAFMBATECA W «CBEPXY H CHU3Y», HO OOBICHMTEL «AMy» MOXHO TOJIBKO
obnanas GonplIAM 3HaHHEM, YeM B HEH, T. €. CBepXy.

Tak BOT, BONPOC, Ha KOTOPBI MBI XOTHM OTBETHTh BO BBEJICHHH: KO-
FAa THAPOJIOTAM HAJIO «CTHIATHY YaCTHYHO uH(UHUTHO? OTBET: ecnu HaJ0
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Brenenue

JIUKBUAMPOBATH 3aMEUYCHHBIE HEYCTOMYMBOCTH (HPOTHBOpedMA) B JOOHITHL
HOBBIC 3HaHMA. Eciu BEI YZOBIETBOPEHEI (CTPOHTENBHBIMH IIPABIIIAMUY
(HanpuMep), TO HUKAKOH YaCTHYHO MHOUHHTHOM IMAPOIOrUH BaM He HyX-
HO (TIo xpafiHell Mepe, B OTHOIIEHUHM Tponecca GOpMUPOBAHHS MHOTOJIETHE-
TO peusoro cToka). Ona Bac OyleT pasapakaTh: B PAMKAX HOPMATHBHEIX
NpaBKi BCE MBICIAT OAUHAKOBO — IO «CTPOUTENBHEIM MpaBmiaM» (Bce ofie-
Thl B YHUGOPMY M HUKAKUX (CTHILITY).

Ho ecsin xo4emns MONTyYHTs HOBBIE THAPOJIOTHYECKHE 3HAHUS, TO Ha-
9pHal «eHCTBOBATH»: BHIXOJM Ha TPAEKTOPHIO, YTOOBI IPOCKOYMTH TOUKY
6ndypraruu (3Ta TPAaeKTOpHS BCEra KOHKpETHa, TBOS, TaK KaK «CTPOH-
TENBHBIC NPaBUIIa» B Touke Gudypranuy He NeHCTBYIOT) 1 BbbKurail nHdy-
HHUTHOE OKpY»eHHE (CM. HIKE), TPaTs CBOIO 3HEPTIO. 3HaHKe POKIACTCA 1
YMHpPaeT HHAMBUIYaTbHO, a JKMBET KOJUIeKkTUBHO. DakT MepTB u oblesHa-
9iM (kaTeropus obiee), ero poxieHue — HemoBTOpuMoe cobkITHe (e~
Huuroe). JT03TOMy YacTHIHO WHGUMHUTHAS TUAPONIOTHS — 9TO AEHCTBHUTENb-
HO aHTYpPaiK, CONPOBOMAAIOLIMI IPOIECT HOMYHYEHHI HOBOI'O THAPOJIOTHYe-
CKOTO 3HaHHs. DTO crocob mepefars APYrHM CBOM OIMYIIEHHS HpH €ro Imo-
Ty4eHUH, Crocot KOMMYHUKAIMH C THAPONOTHYIECKHM COOOMECTBOM.

Tuzposorus — Hayka MHOTOILIAHOBasi, HO €CTh B HEl TPH «KUTa», KO-
Tophie Ha 80 % mepeKpHIBAlOT €e COTEpIKaHHe: MMAPOMETPUS, IHAPABIHKA,
peunoii crok. IIpeaMerHsie o6acT, GpUKCHpYEMBIE STHMH HAHCLMILIMHAMM
(ruapornporHo3sl 6a3sHPYIOTCS Ha MOJEIX FHAPABIUKY M PEYHOTO CTOKA),
OTpaX<aloT eAMHMIHOe, ocobeHHOe U oblee B npouecce HOPMUPOBABHUA pe-
®uMa pek. B kaxoi 13 »>1ux obnacteif cynecTBYIOT npobiemst, IPHAAL0-
HYe YacTHIHO MH()MHUTHOMY MOOXOAY K HX pa3pellieHHI0 THOCEOIOrHYe-
CKHif CMBICIT, KOTOpBIH 6yaer obcyxaaTbea B 1. 1.1.°

3Orta xuvra (HaJleroch He TIOCHEHAA) — pe3ynbTaT 20-1eTHero BHIUMa-
HuS K Ipobieme MOJEAUpOBAHMA IPOLECCOB Pa3BUTHA B TMAPOJIOLHH.
Y naHHOro HampaBlieHus eCTh MOCIENOBATENH — MOJIOJILIC COTPYNHUKH Ka-
tenpsl ruapodusniy ¥ rupponport€osor PITMY, a Tarke uHOCTpaHUBbE-
TUAPOJIOrH — OBIBINHE aCIMPaHTHI Kadepbl, KOTOPBIE Ha MTOCTOSAHHO JIeHCT-
BYIOIHEM CeMHHApe aKTHBHO €T0 Pa3BUBAIOT (WM, IO KpaiiHe Mepe, pa3BU-
sanu): H. B. Buxroposa, B. A. Xaycros, E. B. I'alinykosa, E. B. Illesnuna,
®. JI. ConoseeB (Poccus); Jomuurec Kamse 3¢paun Autonuo, Pusepa
O6epr I'ocano, Pusepa Mapus Sctep (Kosym6ns); Ontuepoc MonbHHENO
Murens Asxunb (Bonusus),; OmM6ono Orioct (Kamepyn); Cso Umuns (Ku-
Tait); Oxrop Monxe Asanoc (Huxaparya); Kyaccu bu I'accan Apman (Kor-
a’Usyap) 1 muorue apyrue. IT1020TBOpHOE 06LIIEHHE ¢ HUMH ¥ MPUBENIO K
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Beenenpe

TOABJICHUIO «YACTHYHO MHQHHUTHON TMAPOIOFHMY, KOTOpas MO3HIHOHHPY-
€TcA B IAHHOM MOHOrpahHy KaK HOBOE HayYHOE HAIPABJIEHHUE B THAPOJIOTHH.

Pasymeetcs, «qacTHHHO HHQUHATHON» MOXKeT GBITH HE TOJNLKO THA-
posorus. lIpakTtvgecku mobas HayuHas NHCLMIUIMHA, PaCCMATPHMBAIOWIASA
TPOLIECCHI Pa3sBUTHA, OyRET ONMPAThCs Ha OIHU M TE XK€ METOJONOTMYECKHE
ocHOBEL. B pabore [50] AocTatoyHO HOMHO M3y4EHB! MOTHBbE (BKJIFOYAs pe-
JIMTHO3HO-QUIOCOPCKHE H  HAYy4YHO-METONONOTHYECKUE), 3aCTABISAONUINE
npuberath K ONPEAEICHHOMY CTHJIFO MBIUICHHS, UCKIIOYAIONIEMY NOIHYIO
PaLMOHAIM3AMIO CAMOTO0 Tpoliecca Mo3HaHug. B xagecTBe omHOro ns npu-
MEPOB PacCMOTpeHa MCTOpHA PoccuM ¢ TOUKM 3pSHMA ee MOJEIMpOBaHHUs
(B 6oJiee MOJIHOM BapHaHTe 3TOT BoIpoc obcyrkaaercs B MoHorpaduu [48]).

Cama 1ofBITKa MOREIUPOBATE HCTOPUIECKUE MPONECCH! MOMKET HOKa-
3aThCA AOCTATOYHO ITynol. Kak y4ecTs MaTeMaTHYECKH MIOACKYIO MOTUBA-
M0, NIOJUIOCTh Y O61aropoiCTBO, COMPOBOKIAIOIME HCTOPHUUECKHE NEAHUA?
beckoHeuHble MHTPHTH, 3arOBOPBI, KOBapcTBO... Bee Tak, HO KpoMe 3THX
ABHO «YACTUYHO MH(UHUTHBIX» MOHATHH NSHCTBYIOT OOBLIYHLIE 3aKOHEI
JFOZICKOro cTaza (wi, Gonee O1aro3BydHO, — 3aKOHB! KOMYHAIBHOCTH, KaK
ux HaseiBaeT A. A. 3umioepeB [31]).

KomyHanpHOCTE — 3TO yMEHHE OCHOBHBIX IDYIII YEJIOBEYECKOrO My-
paseiinuka (OnaTh 110 3MHOBBEBY) B3aUMoeHcTBOBATE Mexy coboi. [Mpu-
poJia K& «IpHIyMainay BCETo IIECTh TUIIOB NAPHBIX B3aUMOJEHUCTBUM, U BCe
OHH TOJAaoOTCA MareMaTudeckolt Qopmanmszanuu. Ecmu xe «dopmyn He
XBaTaeT», MOJENb B KaKOH-TO HMCTOPUYECKOH CHUTYalH TepseT yCTONUM-
BOCTh, M HET 3HaHMH, CKONBKO U KaKMX ()a30BBIX IEPEMEHHBIX HAgo TIOA-
KIIOUHTh U1 00eCnedeHns yCTOHYHBOCTH, TO HAYMHAIOT HPOCTO MPaBONO-
nobHO paccyxxpars. Ha To 5T0 MOIEnHpoBaHME W HA3BIBACTCA «YACTHYHO
HUH(OHHHTHBIMY», YTO HE BCE €I'0 3TaIbl IIOIHOCTHIO (OPMATU3YIOTCS.

Bce oT0, yBaskaeMbIH UMTaTENb, A THILY Ui TOro, yro0bl ¥ Bac He
BO3HMKJIO OIYINEHMA, YTO B KHUTe PacCMaTpPUBACTCA TONBKO Y3KHH Crienm-
anbHel npexmet. Mororpaguio MoxHO ObuT0 Ob1 HassaTe U Tak: «dacTHy-
Ho MHGMHUTHOE MMUpOOIIyleHIE (Ha IPIMEpPE THIPOJIOTHI)».



1. Mero.qonorvm UCCrielOBaHKA pasBMBaIOLIMXCHA CUCTEM

1.1. O Bo3MOXHOCTH HEPExX0/a YACTHIHO HHPUBATHON FHOCEOIOrHH
B 9aCTHYHO HHPHHHATHYIO OHTOJIOTHIO

3ayeM HyXHO K4KOE-TO HACTHYHO MH(DHHHUTHOE MOJENMPOBAHKE M I1O-
4eMY HEYCTOHYMBOCTH (OHTOJIOTHYECKHE TYNMKH) HEJb3d IpPEeodocTh
«0OBIYHBIM» MoaemupoBaruem? IToTOMY YTO KOPpEeKTHAs OCTAHOBKA 3aJay
B KHaCCHYECKOM MOJEIMPOBAHUH HCKIIIOYaeT HeycTOHYnBOCTS petuenus. Ho
BE€Ib HEYCTOHYMBOCTE — ATPHOYT pasBHTHA, IOSTOMY B «OOBIYHOM» MOJie-
JIMPOBAHMH H3yJalOTCA CHCTEME], B KOTOPHIX HE MPOUCXONUT HHKAKHX Kade-
CTBCHHBIX M3MEHEHHMH: BCe, UTO MOMHO CKa3aTh O cHcTeMe (Ha KaueCTBEH-
HOM YPOBHE), YK€ CKa3aHO B CTAPTOBOM mozuiuM. IIpoucxomsT TONBKO Ko-
JIMUECTBEHHbIE N3MEHEHHS BEKTOPA COCTOSHHS CHCTEMB! (TI0ABICHUE HOBBIX
KOMIOHEHT Y 3TOro BexTopa uckmodaercs). Hexapom mareMaTHKM 4Yacto
JIOKa3BIBAIOT CYLIECTBOBAHMUE pellieHHlt 6€3 ero KOHKPETHOrO HaXOMKACHHA.
Pa3ButHe WHTEpHpETHpYeTCS HaMH KaK yclIoxueHHe (GazoBoro npo-
CTPaHCTBA CHCTEMBI, MIOABNCHHE ¥ BEKTOPa, OMMCHIBAIOMIETO €€ COCTOSHUE,
HOBBIX KoMITOHeHT. IIpousoliTn mono6Hoe paciinpeHHe MOKET TONBKO Ye-
pe3 HEYCTOHYMBOCTH, T. €. NpeKpaleHHe HeHCTBHS ycnosmx obecreun-
BaIOLIMX KOPPEKTHOCTE PEILICHHA.

JxoGas Momens CBA3BIBAET BEKTOP COCTOSHHA Y ¢ BEKTOpaMH H3-

BECTHBIX BHEIIHMX BO3JEHCTBMH & M 3agaBacMbpIX MapamMeTpoB A :

L(Y,E,A)=0, rae L — omeparop, BKIIOYAIOLINI Taoke PaHWYHbIE M Ha-
YajibHbIE YCJIOBHA, 3aJjaHMe H COIIACOBaHUE KOTOPHIX KAK pas M obecriedn-

BaeT KOPPEKTHOCTH. Bekrop napameTpoB A ofecreunBaeT uuTepdeiic cuc-
TEMBI C OKPYXEHHEM, H MMEHHO «OXXHBIICHHE» €ro cocTaBmommx (Tpe-
BpallcHHe B (a3oBBIe ITEpEeMEHHBIE, JKUBYHIHE B OJHOM TEMIOMHPE C YK
CYIIeCTBYIONIUMH (a30BbIMH ITEPEMEHHBIMH) ABAAETCA 3a/a4eil YaCTUYHO
HHOUHUTHOTO MogenHpoBaHua. Ero stansr: 1) BbISBIEHME YC/IOBHIA, TipH
KOTOPBIX IIPOHCXOMHT HOTEPA YCTOHYHBOCTY PEILiCHNS; 2) ONpenesieHUue He-
obxoauMoro umciia (a30oBBIX IIEPEMEHHBIX [l YCTOHYHBOYO OMMCAHUSA pas-
BHBaroUIeHcs CHCTEMBI (OCYIIECTBIISETCS MEeTOAaMU (PpaKTanbHOH AHAarHo-
cTuKH, cM. 1. 1.2); 3) onpeneneHye kayecTBa STHX ITEpeMEHHBIX (YTO OHH U3
cebs MpeICcTaBIMIOT KOHKPETHO) — 9TOT 3Tan HauGonee TBOPYECKHIA, Tak Kak




1. MeTofoioris HCClIeIOBaHus Pa3suBaIOILNXC CHCTEM

OH He MOJIAeTcs «ToJHOMY Gopmanuzanuy; 4) «oGbIMHOE» MONETUPOBAHKE
YCTOHUHBOTO yHKIHOHHPOBAHHA PACIIMPEHHOM CHCTEMBI; 5) BBIABICHHUE
YCIIOBKH HOTEPH €€ YCTOMUUBOCTH U T. . («II0 KPYIy»).

PaccmoTpum nosipobHee OCHOBHBIE NIOHATHSA, UCHOAB3YEMbIE B HAIIEM
NoAXoJle: IpeiaMeTHas o0JacTh; CYLIHOCTh M SIBJCHME; HPPALIMOHATbHLIN
mablnoH — «JepeBoy; (UHATHOCTH, HHOHUHUTHOCTH, YaCTHYHAA MHQUHUT-
HocTh. B kadectBe mpuMepa BO3BMEM CaMyIO MNPOCTYIO MOJENh PEeuHOro
Hacceiina:

doldt=-Qlkr+ X/, (1.1

rae () — pacxojl BOJBl B 3aMBIKAIOLIIEM CTBOpE; & — KO9bdULIMeHT CTOKa; T —

BpeMs penakcauuy; X — HHTEHCHBHOCTD OCAAKOB.
OcHoBeiBasch Ha ypasHeHUH (1.1), Mbl BeigenseM ((pHKCHpYeM) C IO-

MOIIBIO £ ¢ T (3TO U €CTh COCTaBASIOLIME BeKTopa A ) Takue CBOMCTBA pey-
Horo Hacceiina, KaKk IPOHHUIAEMOCTh IIOYBO-TPYHTOB, [TOTEPU Ha HCHAPeHHE,
uHepuroHHocTs. Ho Bemp GacceifH Kax MaTepHanbHbIE OOBEKT ropasmo
CIIO’KHEE, YeM MBI €ro IpeICTarwIH (TaM U JIOAM, ¥ ropoja, u duomacca H
T.1.). OnHako HaM (Kak TEAPOJIOTaM) BaXKHBI TOJBKO T€ CTOPOHBI 5TOr0
obnekra, KOoTOophe: 1) oTpaxaroT mpoiecc (OPMHPOBAHMS PEIHOIO CTOKA;
2) yxe HaMH «OCBOEHBI», T. €. PalldOHAIH3UPOBAHE! C MIOMOIUBIO HCKYCCT-
BEHHO CO3JAHHBIX MOHATHI (pacXoj BOABL, Bpems pejakcaliy U T. A.).
MOXHO CKa3aTh, YTO BBIJE/NEHA U3ydyaeMad rpeaMeTHas obnactb. B Hamem
KOHKpPETHOM CITydyae — TMEpOJIOTHMYeckas npeiMerHas oOJacTh; MpUyYeM
TONBKO B Heif TO, YTO HaM HHTEPECHO WIH «IIOJ| CHITY» M3y4yaThb (BHE MOJA
3peHHs OCTAJUCH JISHOBBIC SBIICHHA, AeopMalius pycen U MHOTOE APYToe).
B sTOM CMBICIIE MBI HHTEpecyeMcs He 00beKTaMu Boobile, a KOHKPETHBIMU
NpeAMETHBIMH 00JIaCTAMIL

Takum 06pazoM, MOXKHO JaTh CIIEYIOUISe «Pa3MbITOE» OIpee/ieHHe:
npeaMeTHas o6JIacTh — 370 CYOBEKTHBHO PAIMOHAIM3HPOBAHHBIA «KYCOK»
00LEKTHBHOIA PeallbHOCTH, UCIIONIB3YeMBblif B «KOPBICTHBIX» HeNsax. [loaromy
u mobas MoJIeNns NpeJHasHadeHa IS OIMCAHHA TOJIBKO KOHKPETHBIX Ipef-
MeTHBIX obOnacreit. IIpuueM IuIs omucaHUd TOMBKO CYUIHOCTH. (SIBrenus,
B IHPOKOM CMBIC/IE 3TOTO CJI0BA, HUKAKOH MOJENBIO ONMCATh HEBO3MOXHO:
0CafKH MOTYT COIPOBOMIATECA MOJHHEH, IPOMOM H T. 1. — «YJOBHUTE) Ka-
KHE-TO aCIEKTHl ABJICHHA MOXET TOJBKO HCKYCCTBO, OYEHb CYOBEKTHBHO U
OYeHb HETOYHO ¢ TOYKU 3PEHHA «TO4HbIX» Hayk.) IlapajokcanbHOCTB cH-
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1.10 NICPEXOAC YaCTHYHO HHQZHHP[THOﬁ THOCEOJ0rYH B OHTOJIOTHIO

TyaHHH 3aKII0OYacTCA B TOM, YTO B 3a)MKCHPOBAaHHOMN IpeJMETHOM 06nacTu
€€ CYIHOCTh HeHaOMmoAaeMa (He MOXKET «B3aUMOIEHCTEOBATE» C OPraHaMu
YyBCTB M NpuOOpaMu).

Beigenum (3aMKkcupyeM), HapuUMep, HPEAMETHYIO 00XacTs — Mellb-
HUILY, B3aUMOJEHCTBYIONMIYIO C BETPOM. SIBJIeHMe BeTpa MOXHO HabloAaTh
0O BPAIHEHUIO MEJBbHHLEL, HO CYI[HOCTH BETPa, T. €. Jiepenaj AaBJCHMI,
CBSI3aHHBIH C Pa3sHOCTBIO TEMIIEPATYp, MO BPaLEHUIO MEJbHHLE HEHAOIIO-
naeMa. CyHIHOCTh BETPa MOJKHO OCO3HATH TOJILKO YHCTO YMO3PHTENBHO, HO
JUIA 5TOTO HAAO MBICIEHHO PacIIMpHTH MPEAMETHYIO 00HacTh ¢ MENbHHLEI
[0 HEOJHOPOHO HAarpeToi atMoctepsl.

To e camMoe MPOMCXOAUT B ciiy4ae peuHoro bacceitna. Ero Bogioba-
JIAHCOBYIO CYIOHOCTB, onpenenseMyio Moaensio (1.1), «noTporare» Henbss,
3T0 yMo3puTesipHoe nousgrtre. Iloteps peieHreM YCTOHYHBOCTH O3HAYaer,
uyTo He «Obem» GanaHc. Mozenab Hago MoOM(HLHPOBATH, UCKATH HOBYIO
cymuocts. Kak? ITyrem HoBo# duxcaumu npeamernoit obnactu (baccelina),
3aTpadiBas IPH 5TOM 3HEPTHIO, U IyTeM HOBOrO YMO3PEHHS, PACKOAYS HH-
TEJUIEKTYalIbHYIO (SMOLHOHANBHYIO) SHEPTHIO.

Kakoi#i-ro «IOrMKM yMO3pEeHHI» HET ~ 5TO Ipolecc TBopqecmn (ue
tdopManu3yemsblii), HppaLro-

HAJILHBIH, HHTYUTHBHEIH, - K

Hnrynps NpOCHITIaeTCH, =

KOTAa H3-T0A HOT YXOMHUT

CYIOHOCTb. MaTeMaTHICCKUM /

HHAHKATOPOM 3TOrO SBILIET- ,L _ i //
2T, /

Cf HEYCTOMYMBOCTD PELICHHS
Mozenu. OHa TIOKa3bIBaeT,
YTO MPEIKHEES YMO3PHTEIbHOEe
noHaTHe (MOJENb), OINHUCHI-
BAalOIlee  CYNIHOCTH, HA/o
3aMEHSTH HOBBIM (T10-HOBOMY
QMKCHpOBaTh  INPEAMETHYIO
o0nacte, YTOGB HOBOE pe-
1eHue ObUIO YCTOHYMBEIM).

TlonpoGyem HarmsaHo
MpeACTaBUTh JEHCTBHE WH-
TyWUMH (JIOTHKH YyBCTB II0 /
IL Iuxacco). Jlioboe 4yBeT-  Puc. 1.1. K Meraope «KUppalMOHALHOIO I1al-
BEHHOE BOCIPUATHE SBJIE-  JOHa».
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1. Meronoaorus HCCIe/I0BaHMS PA3BUBAIOLIMXCH CUCTEM

HUS — 3TO HenoBTOpuMoe coObITHe (hHnocodckas KaTeropus — eIUHAYHOE),
T. €. «TOYKa»: g; — 3TOT KOHKPETHBIHl CTYH, gy — HTOT KOHKPETHBIH CTOJ
(puc. 1.1). ins voro urobrt chopMUpOBANOCH MOHATHE O YeM NGO (Guto-
coickas Kateropus — ofiee), HARO UMETh YTO-TO OOLIEe KAK MHHUMYM
B JIByX YyBCTBEHHBIX BOCIIDHATHAX: Y, — MOHsTHE Mebens (puc. 1.1).

A Teneps 3abyaeM npo «cTyibm». [lycTe nByMepHEBIe cymmecTBa (Ku-
TEIY IUIOCKOCTH), HaOJojas, Kak BeTEp PACKaYMBAET BETKH, YCTAHOBMIH
JUIS €AVHUYHBIX BOCHPHUATHI (TO4EK ¢;) OOLIHOCTh WX NepeMeuieHns, T. €.
copMmynuposany noHstus ;. IlycTs mojpacraiomas BeTKa NPOTHIKAET

IOCKOCTh. B paMKax JIOTHKH, OCHOBaHHON Ha JABYMCPHBIX MOHATUAX Y/, ,

910 coObITHE He 06BACHHTH. HO ecam HexoTOpnie ABYMEpHbIE CYWIECTBa
(«TBOpYECKHE») 0ONanaroT (becco3HaTeNbHO) HHTYHLMEN M KBHIAAT) IEPEBO
HenukoM (Kak Mbl ¢ BaMH Ha puc. 1.1), To 0B MOryT cOpMHPOBaTh yMO-
3pUTENPHOE (JUIA JKuTenell IIOCKOCTH) NOHATHE TPEThEro U3MEPEHHs U BCE
NIPEKPAcHO OOBACHUTE. 3TO JIEPEBO MOMKHO CHUTATH HEKHM HUPPalIHOHATILHBIM
11a0JIOHOM, B KOTOPOM CHIJIMCEH PallMOHAIbHOCTE Y MPPAlIUOHANBHOCTD.,

Tenepb MOXKHO BBECTH PsJi BaXKHBIX NoHsTHil [57]. Bynem HasbBath
nmro0bie O0BEKTH (M CBA3M MEXIY HUMH) Ha ILUICCKOCTU» — (DMHUTHBIMH,
T. €. BBIPa3MMBIMH B PALIAOHATIBHEIX CTPYKTypax (TIOHATHAX /), a 00BeKTh
(cBA3K) Ha BCeM «aepeBe» (T. €. HEBBIPA3UMBIC B PALMOHANBHEBIX MOHATHIX
V) — HHOUHHTHBIMY. VHQUHUTHAA pealbHOCTh — 3TO BCE ACPEBO» HIIH
«tec» (kopode — imabioH). Onupaics Ha 3TH DOHATHSA, MOXKHO CKas3aTh, 4TO
3adUKkCHpOBaHHAA MpeIMeTHasA 00MacTh BCerza ABIsLeTc GHUHUTHOM peasts-
HOCTBIO (caMuM haxToM durxcatum). Ita HUKCALUS MOKET OCYIHECTBIISTHCA
7m0 NMpakTHUECKOH AeATeNnbHOCThIO (Ha YpOBHE fABAEHME), NHOO yMO3pHU-
TeJBHBIMH TOHATHAMHE (Ha ypoBHe cymHOcTH). Takum ofpaszom, BCs mo-
3HaHHAA OKpYKalolnas Hac peanbHOCTh — 5TO B3aHMMOCBA3aHHAS CHUCTEMA
npenMeTHbIx obnacreil. Ho Briienenue npemmersoii obsiactu o3Havaer, 4to
BCE JIPYrHe IpEeOMETHBIE 00JaCTH YaCTHYHO WM IOJHOCTBIO MH(MUHUTHEL
(T. €. HEBBIPA3UMEI B €€ palMOHAIBHLIX CTpykTypax). CinenopatensHo, ¢u-
FYTHas PeaIbHOCTH ((IUIOCKOCTHY») 3aJ1aeTCA MPH NOMOIIH PealsHOCTH MH-
¢dunuTHOM («nepesay). ['panuna Mexy QUHUTHBIM W MHGHUHHATHBIM BCEraa
4acTUYHO WHQUHUTHAZ (TOJNBPKO HYACTWHMHO BHIpa3uUMa B pPALMOHAIBHBIX
cTpykrypax). HampuMep, Ui «IUTOCKOCTH», MHepecekarouleil KpoHy nepe-
Ba, YaCTHYHO WH(MHUTHBIM NOHATHEM OyJeT «paciuvpeHue AbIpku» («iie-
peMenieHne CYLUECTBYIOEH» — (UHUTHBIM, «MOSBJEHHE HOBOM» —
HWHOHHUTHBIM).
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1.1 O pepexone YacTHYHO HHMMHHUTHON FHOCEOIOTHH B OHTONOIHIO

HamuM Harmaguei o6pa3 4acTHYHO WHOUHUTHOTO MOAENHPOBAHUS
KaK TIEpexo/ia U3 BO3MOKHOCTH B XeHCTBHTEJNHHOCTH. MOXHO 1aTh TaKkoe
J0CTaTOYHO oOmiee OIpeleNieHNe. YaCTHYHO HH(MHHHTHOE MOJENHpPOBa-
HHE — 3TO FHOCEOJIOrUYECKHMII [TePEeXOAHBIH Mpolece U3 BO3MOXKHOCTH B Aei-
CTBUTENBEHOCTE C 3arparoil sHeprud. Hmwxe Oynet pacmudporsiBaThcs
3TO OMpeleJicHHE.

ITycTe MBI CHPOEKTHPOBaIM HHOHHUTHYIO pPEaIbHOCTH HAa «ILIOC-
KOCTB» (Touka 3peHus Ne 1) m moctpowms «oObuHyio» Mogess (puc. 1.2).
Ecnu ee peruenne oxazanoch HEYCTOHYHBEIM, TO HaAO MEHSTh TOYKY 3pe-
HUA, T. €. MO-HOBOMY (UKCHpPOBATH MPOCKIMIO (MaTepuabHbii 00beKT —
«IepeBo» — HpH 3ToM He Mensercs). Ecnu B pacumpenHoit obnacti (¢ Ho-
BBIMH (pa30BBIME IlepeMEHHBIMY) pelileHHe YCTORYHUBO, TO MOXCHO BPEMEHHO
«OCTaHOBUTHCH» JI0 MOABJIECHUS1 HOBOM «HEYCTOMUMBOCTHY. '

Kax MoxeT BO3HHMKHYTE 3Ta HOBas HeycTodmBocth? ToONBKO B mpo-
Hecce HESTEIbHOCTH IO OCBOEGHHIO MaTepHAIbHOIO o0BhekTa («IaepeBan—
mabiioHa). B pesynsTare 3TOH JEeATENBHOCTH MBI BBIXOJUM 32 paMK# pac-
IIHpeHHOMH MpeaMeTHOH obnacTu (Hanpumep, okasbiBaeMcsl B HOBOM JHara-
30He TIPEeKHHUX NIapaMeTpoB). PacniupeHHas (HampuMep, AByx¢asHast) Mo-
Jelib MOXKeT «He cpaboTaTh» M BCEe HAUMHAETCs «MO-HOBOMY: CHOBA ‘HAIO
MEHATh TOYKY 3peHms. CnefoBaTenbHO, YaCTHYHO UH(GUHUTHOE MOJEITUpO-
BaHHE HPEANoiaracT, YIe MaTepHasibHblil 00BEKT («MHQUHUTHBIN» ) MOXET
oCTaBaTbCA M IIPEKHUM, a MEHJETCA TONBKO TOYKa 3PEHHA YYEHOro, IIBI-
TAIOIIEroca MO-HOBOMY OOBSCHUTH CYIIHOCTH (T. €. MOCTPOUTE MOJENE)

2 6 1Y ;ol-:;f,ﬁz’::z@ 1}
' - -P
\ N - / / PIm/)zmumnaﬂ PedIbHOCHID

(uppayronarassi mabnon =
=<ROepecns)

AHeaypsepran npoexyus
wnpurumHOL pearsnocnu

OoHoMepH NPOeKyL
URDUHUMHOT PedTeHOCMI

Puc. 1.2. Harnanssii 06pa3 vacTuHO MHOUHHTHOIO MOJCIHPOBaHMS.
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1. MeTtomonoryd HCCIeAOBAHUS Pa3BUBAIOIIXCH CUCTEM

BHOBb PAacCHIMPEHHON NpeaMeTHo# obnacTu. 3TO paciIMpeHue TIPOHCXOIHUT
HE YMO3PUTENBHO, 2 B PE3YJIbTaTe IPAKTHUCCKON NesTeNnbHOCTH (YMO3peHH-
€M YK€ [IOTOM IIBITaloTCs 00BACHUTH CymHoCTs). Takum obpasom, yacTHuHO
HHOHUHUTHOE MOHEIMPOBaHNE — 3TO THOCEONIOTHYECKMM (oTHocAIuiics
K TEOPHH YIO3HAHWA) NEPEXOAHBIH mporece 0T oaHoN Touky 3peHus (Ne 1)
K Japyro# (pacmupensoi) — (Ne 1 + Ne 2), vanprimep, ot ogHOMepHO# npo-
€KIMM K JBYMEPHOH.

Bomnpoc: nepexofi orKyna Kyaa?

OtBeT: U3 BOBMOMKHOCTH B JEHCTBHTENBHOCTD (€CTh TakHe ¢unocod-
CKM€ KATErOpUH B JUATICKTHIECKOM MaTepUaiu3Me).

HoBag gedcTBUTENIBHOCTh — 3TO pacilMpeHHas npeaMeTHas obnacTb
(HOBas «IIOCKOCTH» Ha «Aepese»). Ho oHa He MOXXeT BO3HMKHYTh M3 HUYe-
ro. JlomkHe! ObITH TIPEANOCEUIKM 3TOH HOBOH JeHCTBUTENBHOCTH, T. €. €€
BO3MOXHOCTb. OTH HPEUIOCHIIKH 34I0MKEHBI: C OHOM CTOpPOHEI, B CaMoOi
MHOUHUTHOH pealbHOCTH («JepeBe», UHAYe OTKYAa BooOLIe BO3BMETCS HTO-
TO HOBOE), & C JIPYroif — B CYIIECTBYIOIEH akTyanpHOH ((aKkTuueckoit) aeii-
CTBHTEJIBHOCTH, T. €. B OCBOCHHBIX [pOeKLHUAX. TonbKo OnMMpasck Ha HUX
TO3HAOLHH CYOBEKT MOXKET AeHCTBOBATS, T. €. PHUKCAPOBATH HHOUHUTHYIO
peanbHOCTh. MOXHO BBIPa3UTHCS M TakK: BO3MOXKHOCTh HOBOH AEHCTBUTENb-
HOCTH 3aJI0’KeHa B AeHCTBUTENBHOCTH CyHIECTBYONIEH.

Takum 06pa3soM, 4ToObl OKa3aTkCs B HOBOH JIeHCTBUTENBHOCTH (T. €.
MIOTyHUTh HOBBIE 3HAHHS) HAZIO:

1) neiicrueM (T. e. 3arparoil 3Hepruv) 3apUKCHPOBATH IO-APYTOMY»
npeaMeTHYIo 001acTh (IeHcTBOBATh MOTYT U IpyrHe, noMelnas 1e6s
B HOBBIE YCIOBHA),

2) yMO3peHHEM (3aTparoif HHTE/UIeKTYaNbHOH 3HEepruv) OGBACHUTH
CYINHOCTP 3TOii paciiMpeHHol npeameTHol obnacTu.

Tax xak ¥ HelicTBue, 1 YMO3pEHHE — 9TO HppalMoOHaNbHble (TBOpYE-
CKMe) TIPOLECCH, T. €. U3 chepbl HHOUHUTHOCTH, TO BCe HOBOE (paLuoHalH-
3HPOBaHHOE (PUHUTHOE) HOCTHIAETCA ITYTEM «BBLDKMTAHK» MHQHHHUTHOCTH.
Otciofia, B 49aCTHOCTH, CNEAyeT IIYIOCTh BOMPOCA O TOM, I103HABAeM JIM
t.p (4roBBI €r0 MO3HATH, HANO 3TOT MHP 3a(HKCHPOBATEL B KadecTBE Mpef-
MeTHOM 00JIaCTH, a IJIA 3TOrO HE XBATHT HUKAKoH 3Hepruu). MBI No3HaeM
TONIBKO OTAENbHBIE [IPSIMETHbIE 001aCTH.

IMomerraeMes Tpadutecku (puc. 1.3) npeacraButh paccMaTpUBaeMbIH
IPOLIECC MO3HAHMSI K MECTO, KOTOPOE B HEM 3aHHMaeT YaCTMYHO HHGMHHUT-
HOE MOJIETHPOBaHHE.

14



1.10 HICPEXONEC YACTHYHO HHQHHHTHOFI THQCEOJNOTHH B OHTONIOTHIO

Hrnpunumuas peansroctie,
& KOMOPYK nO2PYIIcer cydrexnt

Brewmee 6osdedemaue (mo,
umo éo0bue cnocoben

soenpunsine CyGoexn us

UHOURUMHO20 ORPYHCERUSA)
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RORAMUTI~MOQCACH) ~

obbiunoe Moderuposane [+

Ofpamuas cesizo  OCy

Haparopuarenas navea

fwu ynpasnenue) ¢ 06xod
o py?

Cemanmuvecxuil guromp,

- q p
ocHoeanuvilt na KM i DKM (nanpusep,uepes
Dopmuposane HORbIX Wad- buonoae); sce na yposne
#0108 (modenesl)—-vacmusno avonuit
oc d Modeaup aane:

1p
snepzuu na }:ut)spenue
yepes avoyuu

Puc. 1.3. MecTo 4acTyMHO MHYUHUTHOTO MOJCAHPOBAHHUS B [IPOLIECCE NO3HAHUS.

Eciu cyOBeKT OTIIIOHSETCS OT HEMH, TO ¢ MOMOIIBE0 KOHTYpa obpat-
Holi cBasu OC, BrIGHpaeTca MOMXo A 1abIoH (MOIEIb), KOTOPKIH KOp-
pexTHpyeT ero Tpaekropuio. Ho eciii cyObekT B pe3ynbTaTe CBOMX (MU
Yy>KHX) IeHCTBHIH OKa3aJics B HOBOM IpeIMETHOH 06/1acTH, TO MOIXOAAIIErO
mwabnaoHa (Monenu) Het (Heycroirmsocts). Torna ects aBa myrH: 6o HO-
rubHyTh, 60 c(bopMHposaTb HOBBIH abnoH (mo6aButs (ha3oByo nepe-
MEHHYIO B HaCTHYHO MHPHHATHOM 6110Ke ¢ ToMoLbio KoHTypa OC,.

CeManTHuecKuit GHIBTP (OCHOBAHHENA Ha QHU3MUECKOM KAPTHHE MUpa
no3Hatontero cyorexra, ®KM) npepmoxpaHser oT «OpenoBbix Huei» Kak
B CTOPOHY YaCTHYHO HHOUHUTHBIX Mozenel, Tak ¥ or HuX (PKM wurpaer
CENIeKTHBHYO poiib). Ho Bo3MoskHO U 1psaMoe (B 06XOX «3/(paBOTO CMEICHAY)
BJIMSHUE MHTEIUIEKTYAIBHEIX 5MOIMiE Ha OOBIYHYIO SHepruio (cMm. BOJTHH-
CTYIO JIUHUIO Ha puc. 1.3).

Jnsi nposicHeHWA CHTyallud BepHeMcsa K rupposorus (puc. 1.4).
Iycte Hekmit CyOBEKT NPOrHO3UpPYET MPUTOK BOJB! B BOMOXPAHUIIUIIE, UMes
onpefieneHHsIil Habop MporHocTHueckux mopene#t (iabnonos). Ecmu Hu
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1. Meroaonorus uccaeioBaHus DAsBUBAIOIINXCH CUCTEM

ofiHa W3 MopJeiel He JaeT
"S§/650,8 (zmece S -

Yoo Cybvexm CpefiHsAs  KBaJpaTHYecKas
‘;npoaigg;’cc;’)z‘ NOTPEINHOCTD  TIOBEPOY-
Peanoii HPIX HPOTHO30B; © —
[ Gacceiin CpemHEE KBaJ[paTHUECKOE
OTKJIOHEHHE 3HAYEHHA
@_ 1 X OpefcKasblBaeMOM  mepe-
oc, d T2t MEHHOM OT HOpMbI), TO
c=WiQ HPOTHO3KCT HAYUHAET BBI-
JlyMBIBATH  JIOTIOJIHUTE -
i k>0 Hble 1aGIOHBI  («OXKUB-
JIATHY KO3 ULMEnTH Yike
. U3BECTHBIX MOJENEH), uTO-

0C T dk/dt = fik. O, X) 6b1 obuThCA ycrexa.
CeMaHTHYECKHH

¢bunpTp — 3TO 3HAHME MpO-
Puc. 1.4. Tusiposiornyeckuil mpuMep rpouiecca NMO3HAa- rHO3MCTOM — TOTO,  YTO,
HIL

panpumep, 020, X>20 u
YTO HOBBIH NPHIYMaHHBIE UM WabiaoH (MOAE/b) HE IOJDKEH 1aBaTh OTPULA-
TeIBHBIX K03 (dHIMeHToB cToka (3T 3ampemact ero DKM, rupponorade-
CKaf — B JJaHHOM CJIy4ae).

THoceosorns (TEXHOIOTHS TOMYYEHHs HOBBIX 3HAHMH, METOJONOTHS
MO3HAHUA — MEXKITY STHMH MOHATHAMH €CTh, KOHEHYHO, PasjIu4YHs, HO HaM —
TRAPONOraM — OHU He BKHBI) MPHBOIMT K HEKOTOPHIM 6a30BEIM.YCTaHOB-
KaM 00 OKpY>KaloHieM MHUpe, T. €. K OHTOJIOTHH, KOTOpas CcaMa B/IMIET Ha
rHoceonorio. Mopens (1.1) ABNgeTCS XapaKTepHBLIM NPEACTABUTENEM -
HaMu4eCKOM OHTONOHU» Opyy, KOTOPas MPENONAaraeT KeCTKYI0 OAHO3HAY-

HYIO CBA3b MEXIy NPHUYMHOM (B HauIeM clydae — 3T0 OCaikH X M Haualb-
roe yciosue Q1,_,=0,) u cnencrsueM O(2).
Jing toro uroGsel Mpousoulia cMeHa OHTONOTHH Oy, He0OX0MMMO

TOSBJIEHME TTAPaA/JIOKCOB (B paMKaX JOTHKH, TOpOskAeHHOH Oyyy). OHH MOTYT
HOABMTECK TONBKO M3 MH(GMHHMTHOM peasbHOCTH Yepes YACTHUHO HH(pHHHUT-
Hble TIapaMeTpel: T ¥ k. Mbi UX cYHTaeM 4acTHUHO HHQUHUTHBIMH, TaK Kak,
C OZHOM CTOPOHBI, OHH OCMBICJICHb! B paMKaX OHTOJOTHH Oy, (GHHUTHOCTS,
npudeM Oy, MOXKeT OBITH HelnUHEWHOH, MHOFOMEpHOH U T. A.), HO € ApYy-
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.10 nepexoe YacTHYHO HH!]}MHHTHOFX T'HOCEQJIOI'HH B OHTOJIOIHIO

roi ~ MOPONMTh MX MOMKET «4TO YFrofHO» (0 mpoleccaX, CTOSIUMX, HAMpPH-
Mep, 3a KOahdHUMERTOM £, MOXKHO TONBKO AOrafblBaThCH — WHOUHMT-
HocTh). Hy a B cyMMe — 3T0 1 €CTh 4acTHYHAs HHOUHUTHOCTS.

OTa HEOHPEAECNICHHOCTh MOPOXAAET HIYMbI, Pa3MBIBAIOINME TPAEKTO-
puio ((f), ¥ HO3TOMY JIOTHYHO 3aMEHHTD O,y Ha CTOXACTHYECKYIO OHTOMNO-
rir0 Ogpox:

Q1) __34p) 50" Bp) 12
2 -

ot 80 T 80

rae p(Q, ¢) — mioTHOCTE BepoaTHocTH; 4 U B — xosdduumenTs! cHoca u
1addy3un (o HuX noagpoduee Hwke). B ouTonorny, npeacraBnenHol ypas-
nenueM Poxxepa—Ilnanka—Konmoroposa (©IIK) (1.2), mymsr yxke panmo-
HaM30BaHE! ¢ MIOMOINBIO HHTEHCHBROCTEH Gy, G 5 H B3aMIMHOUN BMHTEHCHUB-

HOCTH GEFJ (snece c=1/kt=c+c, N=X/T=]V_+ﬁ, rme ¢ u N -

HOpMBL, @ ¢ M N — Gesbie mymsr). Ho 1 oHa crankuBaercs ¢ apagokcamu
(neycroiiuuBocth): MpH ¢ <0,57G; BO3HHKaeT HEYCTOMYMBOCTE MOMEHTOR

B-TO TIOPAZIKA M B HTOre — BCETO pacrpeneneHus B nejom. IToatomy sty oH-
TOJIOTHIO (OCT3BIIsA €€ CTOXACTHYESCKOH) HAfO «YTOMHSTHY, HalIpUMeEp je-
NIaTh PAcTIPENIC/ICHHs IUIOTHOCTH BEPOSTHOCTH MHOTOMEDHBIM (PaCIUMpSATE
tasoBoe npoctpaHcTso). 3aMmeHa OHTONOTHH Opyy —> Ocrox —>°? B €CTh rHO-
CEO0JIOTHYECKHMI TICpEeXONHEIH Iporece.

OTH ABe OHTOJOTHH COOTBETCTBYIOT JMHAMHYECKOH M CTaTHCTHYE-
CKOH 3aKOHOMEPHOCTAM, KOTOPBIE MCIIONB3YIOTCS cefiyac B HayKe. A MOXKHO
714 TIOCTPOMTH OHTOJIOTMIO EPEXONHOM rHOceonorum»? Bells H IuHaMude-
CKHH W CTaTHCTHYECKWH B3MVIAX Ha MUp — 3T0 He Gojiee uem 0GOOIEHHBLA
CTH/Ib MBHIUICHHA. A MOXHO 1M YacTH4YHO MHGMHHUTHBIA CTHIIB MBIIUICHHS
COIOCTAaBUTH C YaCTUYHO MH(UHUTHOM OHTONOTHEH, T. €. MONYYHTh 3aKOHO-
MEPHOCTH, COOTBETCTBYIOLIME HE TONbKO YK€ FOTOBBIM 3HAHHMAM — CTYNEHb-
KaM Ha puc. B.1, no u nepexosy ¢ OaHO# CTyneHbKH Ha qpyryto? _

B Teopun nosHaHus BCe KaTeropuy CBA3aHbL APYr ¢ APYroM (Kekaas
3aBHCHT OT APYTHX, T. €. HOCHT 3MEP/LKEHTHBIH XapakTep, WK, B Hay4HO-
€CTSCTBEHHON TEPMMHOJIOTHH, TpeOyeT IIOJeROro MblleHus). Ilostomy
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1. MeTononorys UCCACAOBaHI Pa3BHUBAIOINXCY CHCTEM

B NPYUHLIAAC HENb3% BHIPHIBATE KaKyIO-MHOC mapy KateropHit u o0CykmaTh
HX, Kak OyATO Opyrux He cymectryeT. KpoMe Toro, ects onpeneneHHas ue-
papxus kateropuit. [loaToMy cenaeM HECKOIBKO MpeABapUTEIIBHBIX IArOB,
npexae 49eM IepefieM K YK€ YIOMHMHABIUMMCS KaTeropusM «BO3MOX-
HOCTBY» H «(IEHCTBHTEILHOCTEY.

PasBuTHe — 310 pacinipenre ¢azoBOro NPoCcTPaHCTRA, HOBas (UKca-
1M ipeaMeTHOM obstactu. Ilono#ineM Kk 3TOMY NMOHATHIO, ONUPAACE HA rere-
JIGBCKHE KaTEerOpHH.

Ipenmernas 06nactTh — 5T0, BO-TIEPBLIX, OBITHE, a BO-BTOPHIX, ObITHE
HE TOJIBKO «BOOOIIe», HO OBITHE KOHKPETHOS. Y BCEro KOHKPETHOTO ecTh
Mepa Kak CIMHCTBO KOJMYecTBa M KadecTBa. CreloBaTeNpHO, PasBHTHE
eCTh CMEHa Mep.

Kouxpern3upys 4acTh ObITHSA, MBl MBICJICHHO (¥ C 3aTPaTOH 3HEPIUH)
BBELAEISIEM MPEAMETHYIO 06NIacTh U3 KOHTEKCTa OKPYKAIOMIEeH pealbHOCTH;
HaBA3LIBAEM 3TOMY ANsA-ce0i-OBITHIO (Kak ckazan 6wt ['erenp) onpeneseHHoe
KayecTBO, OTVIMYAIOUIEE ero OT OKpYXaromero mupa. Hanpmumep, pedHoit
Gacceild (pedHyIO CETH ONPEAETCHHOrO TOPsAJKa #) ¢ pacXxoJ0M BOABl Kak
€ro OTJIMYMTEIIbHOH ocobenHocThlo. Ho pacxonnt soapl ¢ MoryT 6BITh pas-
Hpie (Gonpluvie W MaJieHpKue), HOSBIAETCS KaTeropms «konudectso». Ho
ouu (n 1 Q) He MOryT GBITH MPOU3BOJILHBIMHU: [OKa YaCTh PEalbHOCTH Cy-
miecTBYeT Kak ofocobmentas rpeaMeTHast obJacTh, COXpaHAECTCA Mepa ero
OBITHS — €IUHCTBO KonuyecTBa () M kauecTsa (r), BHIpakaeMas, HanmpuMep,
3akonom XopTtoHa: #=2,21g(Q+6,35.

3OTa Mepa COOTBETCTBYET AMHAMUYECKOH OHTONOIHH Oy, TaK KaK KO-
NMYECTBO (KIIPUYMHA») OJHO3HAYHO ONPENEJISeT KauecTBO ((CIEGACTBHMEN).
Ho mepnt obHapyxeHHs «6bITHA pedHOro GaccetiHa» MOTYT OHIThH pasHble.
ArnmpoxcumupyeM ypasuenue (1.2) cucteMoll ypaBHeHHit 1715 Tpex Havaib-
HBEIX MOMEHTOB 11;:

dmy | dt =~ - 0,5G;)m; + N —0,5G 5;
dmy | dt = =2 ~ Gz )m, +2Nmy ~3G_cmy +Gy; 1.3)

dmy 1 dt ==3(C ~1,5G; )my +3(N - 2,5G; ym, +3Gzm,.



1.1 O nepexone 4acTUuHO BuGUHNATHON THOCCONOTHY B OHTONOTHIO

Mepa Takoro «craTucTH4eckoro OpiTHs» OacceiiHa — yBaska nuc-
KPETHO TEPAXOLIUX YCTOHYMBOCTE MOMEHTOB (Ka4€CTBO) ¢ HEMPEPLIBHO Me-
HAIOIMMCs! HapameTpoM P=Gz /¢ (KOMMYeCTBO) Hepe3 yCioBHe HOPMM-

posku | p(Q)dQ =1 u ero Hapywmenve (y3nosas junus Mep). [Ipuuem «xo-

JIM4ecTBOM» (@ 3HAYMT, M «KAYECTBOM)) YIIpaB/seT CMEXHas MpeaMeTHas
o6acTe (McrapuresbHas).

BosHuKaeT cTpaHHas cHTyauus: Mepa (ToYHee yNpaBieHue ero) Gac-
ceitna aexur He B HeM! Kax ke Torma ycTpoeHa 3Ta IipeMeTHas o6IacTh?
g oTBeTa Ha 3TOT BONPOC HAXO OOPATUTHCA K KATETOPHAM «CYHIHOCTEY M
«asneHuey». Ctok ¢opmupyer He caMm 1o cebe GacceifH. OH JMHIb 31eMEHT
rno6anpHOH THAPOMETEOPONIOTHYECKOH CHCTeMBl. TOBKO B KOHTEKCTE 3TOH
«BCeOOLIHOCTHY OCMBICICHHO ABJICHHE PEYHOrO CTOKA (IPHMEPHO 3TO COOT-
BETCTBYeET «OBITOBOM» (hpasze: CBUTA JesaeT KOposisi). Mbl yike YIOMHUHAM,
YTO CYITHOCTh HaJ0 MCKaTh B «Ipyroi» npeamernol obmactu. B madHoM
ciyyae €0 ABJACTCA HCIApUTENbHAd oOnactTh, KOTOpas caMa OCMBIC/ICHA
TOJBKO B KOHTEKCTE Goniee oOLIEH rAPOMETEOPONOTHIECKOH CHCTEMEL.

Xopowmii TipuMep A TIPOSCHEHHsS CHTYalMd MPUBOAMTCS B pabo-
1e [91]. «To, uro s xuBy, HOMyCTHM, paboTas y4uTelIeM, HMEET CBOMM OC-
HOBaHHEM TO, YTO OOLIECTBO IPOU3BOIMT 3HAHUA O MHUpE H IepefaeT uX
CBOMM MONPACTAIOMIMM HOKOJICHHsM. ClieoBaTebHO, OCHOBAHHEM MOETro
cyiiecTBoBanus (ABieHus — B. K.) B xauecTBe yuurens ABnAeTcs CYIHOCTh
of1ecTBa KaK TOTaNbHOCTH, KOTOPOil g mpuHaanexy». Mx enuuctBo (Cym-
HOCTH H SIBJICHUA) J]aeT KATErOpHIO AEHCTBUTENBHOCTH, T. €. TOro, YTO JIeii-
cteyet. Ho uTo6bI IeHicTBOBATh, HYKHA BO3MOXHOCTb JJIs 3TOTO.

Kateropun «Bo3MOXKHOCTE» U «HEHCTBHTENILHOCTE? MOXHO MOACHHUTH
garysaHo (puc. 1.5). B crapropoii nosuwu (1) MMeeM CTalOHapHOE CO-
crosHMe 6acceiina p(Q,?,), Mogenupyemoe ypapHeHueM OIIK. 3ta monens
OTIMCHIBAET CYLIHOCTB, B KOTOPOH 3aJI0)KEHA BO3MOXKHOCTE paspyLISHHUs Me-
pel (3a cuer wieHa [— (¢ —~0,5G;)]). YroOpl Bo3HuKIIa HOBag («ABYXdas-
Has») HeHCTBHTENBHOCT, OJHOMH

MOJICId Majio: HYXHO JeficTBHe —> >
(nefcTBUTENBHOCTE — TO, HYTO Q’ ‘Q\;, 0
aetictByer). JIoGoft mnporsos —
3TO FHOCEOTOTHYCCKAs MMHTAL(MS

- 1 U 2 2' 3

pevicTBusi. Eciu Mbl Ha WHTEpBa-

e ot (1) mo (2) MeHseM oKpyixe- Puc. 1.5. HoBeie BO3MOXXHOCTH MOTYT MOABHTH-
€5 TONBKO Yepe3 NEHCTBUTENEHOCTS.
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1. Me'rogonomx WCCACAOBAHNSA PA3BHBAIOUINXCH CHCTEM

HHE («CBUTY KOPOJII»), T. €. CYHIHOCTE (cooTHomeHue ¢ U Gz, T. €. 3), TO B

MOMEHT HapyLieHus Mepbl (1) ceneKTHBHBIE LIeHHOCTH ABHOM () U CKpHI-
Toi (F) (hasoBbIX NEPEMEHHBIX CPaBHHMBAIOTCA (CKPBITYIO IIEPEMEHHYHO
HENB3s CYMTATh KOHCTaHTOM: dQ/dt ~dE/dt ). B nosuuuu (2) umeem aBy-
meproe ypasHenue OIIK cpewenmem p(Q, E; ) u HoBoW Mepoii
{1 p(Q,EYdQdE =1 (ckpbitas cymuocts E ~—(c ~0,5G;) crana ncepao-
SIBJICHHEM ).

Ecnn B cocrosaum (Q, E) cucremMa 3akpuiTa i MyJ1bTUIUTHKATHBHBIX
IIYMOR, TO BO3MOMKHOCTEH AN nepexoda B coctosHue (3) y Hee Het. Huka-
KUMH feficTBusmMu Ge3 Hapywenus Mepsl | [ p(Q, EYdQdE =1 ycroituusyo

CHCTEMY HE BBIBECTH B HOBOE Ka4€CTBO (KOPOJb OKA3BIBACTCA [ONIBIM).

PazBanuTh HOBYIO MEpPY MOXET TONBKO HOBas CYLIHOCTB, & YTOOKI OHA
ccOs nposBuia, HANO NeHCTROBATH, HO-HOBOMY (DMKCHPOBATH (M MEHSTH ITY
dHKcanuIo) IpeAMeTHYIo 00acTb (MyIbTUINIHKATHRHO OTKPBIBAThCS ). Jlst
MOJENH 3TO O3HAYAET — B Hee HaJO BBOJMTH UIyMAILME NapaMeTpsl, a Koad-
¢duIHeHT CHoca AenaTh HepeMeHHBIM [ (¢ — 0,5G;)= f(f)]. Cymnocts —
TO, YTO paspyIHaeT Mepy W CTAHOBHUTCS HOBHIM SIBJiCH¥EM (€CITH IO SBJICHU-
eM roHumats Q u E).

MBI ceftyac onucanu (TIONB3YACh CBOMM «CTHIEM») TPOLECC pa3BH-
Tus. Ho mome3yercs jiu aTHM ke «cTwieM» U npupopa? Bems Hukakux
«UIYMOBY, «MYJIbTHIUIUKATHBHOIO OTKPBHIBAHUS» U T. M. HET (PyKaMH WX He
nmoTporath). Ho pykaMu Henb3s «HOTPOTATE» U BCE, YTO CBA3AHO C THHAMU-
YeCcKOH WM cTaTucThYeckol 3akoHoMmepHocTamH. Ilpocro cratmucTudeckuit
(HanmpuMep) B3I HA MUp, BEPOSTHOCTHBIM CTHIb paccyAeHui, no3posis-
et Gonee aleKBATHO OTPAXKATH KAKHUE-TO CTOPOHHI peansHocTH. [ToaToMy M
HUMEIOT 3TH 3aKOHOMEPHOCTH OHTONOrHYeckui craryc. Urto orpaxkaer wac-
THYHO “H(UHUTHAS rHOceoorus? YCOBHS YOSBJICHUA HEYCTOWYHBOCTU H
Hepexoi B yCToHuMBOe, HO Gonee MHOTOpasMepHoe ha3oBoe MPOCTPaHCTRO.
MoxxHO BO3pasuTs: Mepexosl B MAJIOPasMEpHOe IIPOCTPAHCTBO TAKKE MOKET
o6ecneunTh «ycTORuMBOCTLY. Hamprumep, B cHCTEME YpaBHEHUEH JUI MOMEH-
TOB (1.3) MOXHO OTOPOCHTE TPETHI MOMEHT M BCE, YTO ¢ HUM cBs3aHoO. [lomy-
YUM HOPMANBHOE pacnpefiefieHue, TaK KaK O HeyCTOMMHBOCTH TPETHEro Mo-
MEHTa HET CMBICIa I'OBOPHUTL (pa3s ero «HeT»), a BTOpoii MoMeHT Goiee yc-
Toiuus, yeM TpetHii (B, = 1, B; = 0,67). Ho Ham BaxxHO He TIpOCTO YCTOHUH-
BOCTb, a Pa3BUTHE CHCTEMBI, MEPEXO]] ee B OONiee «Pa3sBHTOE» COCTOSHUE.
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1.2. Mogennpopanye, AHArHOCTHPOBAHKE ¥ IPOrHO3 PA3BUBAIONINXCH CHCTEM

a)

8)

6ot / ,;vt, t
E E E E

Puc. 1.6. [leiictsue 4acTuiHO HHOUHHTHOH 3aKOHOMEPHOCTH PH NEPEXOE OT AUHAMIYE-
CKHX 3aKOHOMEPHOCTeH (g, 8) K CTATUCTHYECKHM (6, ) H NIPH PacIUMpEHAN (a30oBBIX Mpo-
CTPaHCTB JMHAMHYECKHX (g, 6) ¥ CTaTUCTHYECKuX (6, 2) CHCTEM. .

Ha puc. 1.6. noxazaHo Mecto 4acTH4HO UH(HUHHTHOH OHTONIOTHH
Oyt TIPH TIEPEXOJIE OT AUHAMUYECKOTO OTIMCAHHA K CTATHCTHUECKOMY H NIpH
pacinupeHHH (ha3oBBIX NPOCTPaHCTB B AWHAMUYECKONW M CTATHCTHYECKON
OHTOJIOTHAX.

1.2. MaTeMaTHYeCKHE ACHEKTHI MOAEIHPOBAHHUSA, HPpaAKTANBHOTO
AMArHOCTHPOBAHHA H NPOTHOZHPOBAHHS PA3BHBAIOIHUXCH CHCTEM

TpanuiwioHHasd MeTORONOrus HayKH OGBIMHO «periiaMeHTHpyeT» Ha-
YUHBIE HCCICHOBAaHMS CIEQYIOLIMMU pekoMeHnauuaMmu: 1) nosxeH ObITh
OIIHCAaH COCTaB U MOCNEeI0BATENLHOCTD JCHCTBHI (MATCPUANBHEIX H MBICICH-
HBIX), HEOOXOANMBIX JTS TIOMYYEHNs KHOBBIX» 3HAHWH; 2) H3/I0XKEHHE BEfET-
cs1 B GopMe HOPMATHBHBIX BBICKa3bIBaHHH («cHenaTh TO-TO ...»); 3) MOMDKEH
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1. MeToJ1010r 1A UCCHEXOBANUS Pa3BUBAIOIINXCSH CUCTEM

BBIIOJTHATHCS KPUTEPHiA OCYIHECTBHMOCTH (B OIMCAHKM ASHCTBHI HCKIOYA-
€TCst MPOTHBOPEUMS ¥ OHH BBITIONIHAIOTCS 38 KOHSHHOE YHCIIO IIaroB).

Ho moxHO ¥ peryiaMeHTHpOBATh IIYTH NONYYCHUsS HOBOTO 3HAHUSA?
3HaHKA HOBEIE, @ MyTh K HUM OMH U TOT xe? [lomyuaercd, yro noOUTHCH
Yero-To HOBOI'o MOXKHO H He «cTunas». Ho Benps HOBoe TpebyeT TBOpUECKUX
miaroe (MHaue moboro «Zypaka» MOKHO ObUTO GBI Cre1aTh TROPLIOM).

Kax «cTwib», T. €. HeGOpMaTU3yeMble IIary, BBECTH B MAaTEMaTHKY?
Bens oHa — Hayka cTporas, KaxXipli mar Tpebyer JoKasaTenbCTsa. 3ajayu
B Heii HO/UKHBI OBITh MOCTABJICHEI «KOPPEKTHO». Ho 9To 03HavYaeT aT1a «KOp-
PEKTHOCTEN? A TO, YTO Y€ B CTAPTOBOI MO3MIMH OTBEPrarOTCsA BCAKUE He-
OXKHMJAHHOCTH THIIA HeycToMumBocTd. Ho Heycroifumeocts — arpubyT pas-
BuTHS. [103TOMY FOBOPHTB O KaKOM-TO «CBOEM MAaTEMAaTHYECKOM alllaparey
B 4aCTHYHO MH(HHUTHOM MOJEJIMPOBAHWH HE NpHXoAuThca. Ho ecmu Gbr
y Hero BooOIIe He ObUIO Kakoro-nnbo crienududeckoro anmapara, To Moje-
NHPOBAHUE NPEBPATHIIOCH OBl IIPOCTO B KTYMAHUTAPHEIE PAacCy)KOCHUAY, He
TOIeKAIMe panHoHa3auy. Toraa 66l U CIIOBO «MOJETNPOBAHME» HEIb-
35 6bUI0 ymoTpe6nars. 310 6bLI0 6b1 HeKoe (IocohCTBOBaHUE C pa3Mbl-
TBIM CMBICIIOM. IT03TOMy Heo0XOAHMMO COUeTAHHE OTHOCHTEIHHO CTPOTOro
(«QUHEUTHOTO») MaTEeMaTH3UPYEMOro fA7pa ¢ OKHAMH HEyCTOHUMBOCTH
(«MHGUHATHOCTHY), B KOTOPHIX UMEIOTCS TPONE! B OTKPHITHI MHp (ABHBIE
MM «TOTAaCHHBIC», THIIBI yKasaTejiell B f3bIke nporpaMmupoBanusa C++).
3TH TPOIEI CYIECTBYIOT BCEIa, HO OTKPBIBAIOTCA TOJBKO B CUTyaLsiX He-
yeroiausoctH. [TocnexHee — MOHATHE B OCHOBHOM T'HOCEOJIOTHYECKOE, T. €.
BO3HMKAIOLIEE TOJIBKO TIPH 3arH0aHMy JIOTHKH y TIO3HAIOINEro CyOBeKTa.
Onnako MOXeT OBITh U KBa3HOHTONOTHYSCKUM: 00pasOBaHHEe HOBBIX BHIOB
u T. . KBasu-, Tak KaK 3T0 «HOBOEe» ABJFETCS HOBHIM TOJNBKO JUIA HAC, a ¢
TOUKH 3peHus « TBOpIa» MPOUCXOAUT MOABJICHNE HOBHIX (It HAac) CBOICTB,
KOTOPbIE TIPOCTO PACLIUPAIOT «(Pa30BOE IPOCTPAHCTBON.

PaccmoTpyM Ha TpHMepe, KaK MOXKET BO3HHKHYTH HEYCTOHUHBOCTb.
BeinenuM mpeaMeTHyo oO0nacTh I0J HasBaHHeM «pedHoii OGacceiim»
(puc. 1.7). IIpencraBuM ero nuHaMIYeCKHi! BOMHEIH GanaHe ypaBHEHHEM:

1dQ/dt=-Q-E+ AU+ X, (1.4)

e T — BpeMs penakcarys; Q — pacxoJ BOJK! B 3aMBIKAIoNeM crBope; £ —
HHTEHCUBHOCT WCTIAPEHHS C TOBEPXHOCTH OacceiiHa; + AU — msMeHeHue

3arnacos ITOA3CMHEBIX BOJ, X — MHTEHCHBHOCTDH OCAJIKOB.
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1.2, MOQCHH[!OB&HH&, AUArHOCTHPOBAHKE K IIDOrHO3 PA3BUBAIOMIMXCH CHCTEM

Bynem paccMaTpuBaTh AOCTATOYHO OOMBIIME BPEMEHHEIE MHTEPBAJIE
T (ronel), curras (KaK 9TO NPHHATO B THAPOJIOLHH), YTO NPH MHOTOIETHEM

ocpemnesmn AUT — 0, a moTepu na ucnaperue yureM Ko3(dHUHeHTOM
croka k:

wWQ/dt=-cQ+ X, 1.5)

rAe ¢ — BeH4HHA 00paTHas k, ocpeHeHHas 3a niepuos 7.
Ecmu mepuon ocpefHeHHA yMeHbliaeTcs XoTs Owl A0 roga, To

AU #0,uB (1.5) nosBnsercs «ciyyaiHas» cOCTaB/IAIOWAsL + C :
1dQ/dt =(-C £3)Q+ X , (1.6)

KOTOpasd MOXET clearh fponecc (OpMHPOBaHHA CTOKA HEYCTOUYHMBBIM:
€CIIM [IPY yBe/IHUeHuy Biarczanacos (¢ ~ ¢ ) dQ/dt >0 . Korna a1o npouc-

xoaut? Koraa BpeMeHa peslakcailiid AByX CMEXHbBIX MpPEeAMETHBIX obnacreit
(TOBepXBOCTHOH ¥ TOJ3EMHOM) CTAaHOBATCH ORUHAKOBBIMHM (Tnos ® Tuom)-
A 3TO 3aBHCHT OT TOTO, Ha KAKOM BPEMEHHOM HHTEpBAJie MBI HHTEPECYeMCs
pacxomom. Eciu B (1.6) nojg ¢ noHmMaercs MHOTONETHEE CpefHEe, TO
¢ — 0 u npouecc GOPMHPOBaHHS CTOKA YCTOHYHBY (B CMBIC/IE YCTOH'YH-
BOCTH pemenus ypasHenus (1.6)). Bo BzaumopnelicTByroninx npeaMeTHbIX
obnacTAx Bcerga CymeCTBYeT HepapXus
BPEMEH peNaKcaliy, KOTopas MOXET Je-
JaTh WX B3aUMOJICHCTBHE - IPAKTHYECKH
0e3BIHEPIMOHHBIM IO OTHOMICHMIO ApYY
K ZPYry. OTO NPUBOJIUT K HEYCTOHYMBO-
CTH, KOTOPYE) MOMCHO «OCTaHOBHTB», €CIU
HEYCTOHYHBHIE TIpeaMeTHBIe o0nacTu che-
JaTh egUHOM pacimupeHHol (1 GHHUTHOMN)
obnacTero.

Ilpouece MoXeT cTaTh «Oe3bIHEpPIH-
OHHBIM» H NP «CaMOBO3ZAEHCTBHUY Ipef-

o . Puc. 1.7. Bsaumoneiicreue npen-
merHolf  obmacru. Ilyers B (L5) MeTHBIx ofnacted: / — Gacceitn, 2 -

T=Ty —AQ (3mechb T, U A — NOCTOSH- ycnapurensHas, 3 — armocepa, 4 —
uele). Torna npH ypenugenun () Benuuaa CyHa», 5 — noasemuan (/ — wireH-
1—0 (Hanpumep, MOYBO-TPYHTHI HAchl- o 0P duneTparmm).
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1. MCTOQOIIOFI/DI HCCACNOBAHUA PASBUBAIOHIMXCA CHCTEM

HieHBI BOJOH W ocajky ObICTPO NOMAJAIOT B 3aMbIKarOLIMi cTBOp). B atoM
cilydae MMEEM MabIl IIapaMeTp NpPH MPOU3BOAHON, YTO MPHBOAHT K pas-
PHIBHBIM PEIICHUAM, CAE/IATh KOTOPBIE KOHCUHBIMH MMO3BOJIET KUHCICHHAS
BA3KOCTHY», pa3MbIBalOas MalMHHbA «0» (Hekuii aHanor uepapxuy HyneH
B HECTAHJAPTHOM aHanu3ze [75, 95], cM. HuKe).

Ecnu nocMoTpers Ha THITMYHBLA peunoil GacceiH («ruppoiorudye-
CKyI0 cHcTeMy», puc. 1.8), To BHIHO, YTO OH COEEPIKHT MHOTO KOMIIOHEHT
KaK OpUPOIHOTO, TaK M aBTPONOTGHHOro xapakrepa. OHHM MaTeMaryHyeck
ONKCHIBAIOTCS CaMBIMH pPa3HOOOPa3HBIMU MOJAENSMHU KAk ¢ COCPeIOTOYEH-
HBIMH, TaK M C pacnpefeieHHEIMY HapaMeETPaMH.

OueHb MPOKOe ITPUMEHEHHE HaXOAAT JIMHCHHbBIE H HeJMHEHbIE MO-
eau B BHOE OObIKHOBCHHBIX NuddepeHUManbHbIx ypaBHeHuid. Hanpumep,
€Clii Hac WHTepecyeT GopMHPOBaHHE pacxo/ia BoJbl TOJBKO B 3aMBIKAIOIIEM
crBope Gacceifna, TO BIIOJNHE JOCTATOYHO €ro OMMCHIBATL YPaBHEHHEM TH-

1 Ocudhas &
=P
3
Hcnapeniie /Q < 4
¥ 35
| B

. 1
W _agy 30&3() 3
Y- %‘\ | Oyenra

Vipasaenue |- \ cocmost
MHC e N . nia
7
gFer e
{xie AN
HC .
Tpoenos

Puc. 1.8. Tuaponoruyeckas cucreMa:

A"~ 30Ha aKTYBHOTO MCHIONB30BAHMA CTOKA; 5 — 30Ha dopmupoBaHUs cToka: / — Gonoro, 2 — BORO-
xpaniuite, 3 —~ I'2C, 4 — runpoMenuopaTusHas cuctema, 5 — nocT, HC ~ Hacockas crarums; [ HC ~
FRaBHas HACOCHA cTaniud;, OC ~ OUHCTHEIE COOPYIKEHHUA,
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1.2, Mogenupmsaﬂne, AHarsoCcTUpOoBaHue B NNPDOTHO3 Pa3BHUBAIOIIMNXCS CUCTEM

na (1.5) wm 6onee Beicokoro nopsmka. [Ipuuem mox 6acceifomM MOXKHO Tio-
HMMATh OTPOMHBIE TEPPHTOPHH THIIA BOJOCOOpHOH miowaan, GopMUpPYIO-
imeii crox B Cepepuslit JlenoBuTHIil OkeaH.

Ecnu o3epa, 60510Ta, BOZOXpaHWIHINA UHTEPECYIOT HAC KaK aKKyMy-
JIPYIOMIYME EMKOCTH, TO U3MEHEHHE YPOBHS B HUX TalOKe ONMCHIBAETCA MO-
JenIMH C COCPEIOTOYECHHBIMH HapaMeTpaMH.

Ectp eme Tak Ha3plBaeMble pPacUeTHO-H3MEPUTENbHBIE MOJEIH
(cM. m. 3.1). Ha yuacTke peku Iponecc ONHCHIBACTCA MOAETAMH C pacipe-
JeJeHHBIMH TlapameTpaMu (HarnpuMep, cucteMoli CeH-BeHaria), HO eclIH Hac
HHTEepecyeT H3MEHEHHE pacxofia B (DMKCHPOBAHHOM IHIPOCTBOPE M IIpEi-
nojaraercs, 4ro uH(popMaupa o MOpyOMETPUH, YPOBHE H €r0 IIPOU3BO/I-
HBIX TI0 BPEMEHH H KOODIMHATE H3BECTHA W3 M3MEpEHHii, TO TaioKe NpH-
XOONM K MOIENH C COCPeNOTOYCHHBIMH MapameTpamu (0Go0LIeHHOMY
ypaBHeHMIO Pukkaru).

bonee Toro, B pesyiabTare NpPUMEHEHHA pa3MYHBIX METOIOB
{cM. [51]) OeckoHeyHOMEpHBIE CHCTeMbl (OIMCHIBAEMBIE YPaBHEHHAMH
B YAaCTHRIX IPOHM3BOAHBIX) MOXHO CBECTH K  KOHEYHOMEPHBIM
dx; /dt= f(x;,t),i=1,2, ... (X; — KOMIIOHEHT BeKTOpa cocrosnms). Cyine-
CTBYET OIpEAENeHHBIN Knacc MoAOOHEIX MoAeneil, KOTopsle OTPAKAIOT He-
KOTOpHIC pealbHble UepThl pa3BHBaomuxcs cricreM. OHH XOpOILIO M3yYEHB
H JONYCKalOT KCIIEPUMEHTaIBHYIO NIPOBEPKY. DTO TaKk Ha3bIBaeMble MOMy-
JAIHOHHEEIe MOJETH, OMHUCHBAIONIHE 3BONIOLNIO BCEBO3MOMKHBIX TIOMY AL
(nocnegHee MMEET LIMPOKOE TONKOBAHHE).

Paccmotpum ux Gonee moapobuo [97, 106]. OGozHauum depes x(f)
IWIOTHOCTH MOIMYJISAIMM Kakoro-nmubo j-ro Buaa. Ckopocth pocra (6e3 yuera
MHUrpauuy u3 apeana oburanus) dx ; /di =(b; —d;)x; . YrenbHbIe CkOPOCTH
pasMHOKeHHA b; ¥ THOENH d 3aBHCAT Kak OT abHOTH4CCKIX (aKTOpoB (TET-
710, CBET U T. I.), TaK W OT B3aUMOJCHCTBUA C JPYIHMHM HOMYIACHAMYU X:
bi=b;(0), s Vp3 Xy X j500s X, )5 A=A (015005005 Xp 5003 X 50000 X, ) - O6O-

3Ha4MB b; — d; = 1y, nosyaum: dx; /dt =r;x ;. Ecnu ;= rg = const (r; He 3a-

BHCHT OT X; — PeiKasl NOMyJIAIH), TO MMeeM Mojienb Manbryca, pemueHue
KOTOpOH Jaetcs sKcHoHeHTo# x(F) = xo exp ro(f — %) (puc. 1.9). OpHako 60-
Jiee peasiCTUYecKas MONENb MOyYaeTcs, €CH CHUTATh, YTO ¢ MOBHIIICHHEM
IUIOTHOCTH TOIYJAUMH OHa caMa cebs HauMHaeT «TOPMO3MTEY (B — K03d-
Quuuent): r; =r, —Bx;. Mopens npumer Bux dx/di =ryx(1-x/K), rae

K = ry/B (uunexc j onyimeH, TaK Kak ceifdac paccMarpuBaerca ofiHa IIOIty-
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1. MeTomonorus HCCNEN0BaHHs PA3BAUBAIONIHXCS CHCTEM

NAuEg). OT0 Tak HasblBaeMoe ypaBHeHue @epxionbcra, W €ro pelneHHe
Jaercs dopmynoii x@)=K/(1+ (K —xq)/ xy)exp(—r,(t —1,)))
(cm. puc. 1.9).

BenuuriHa ¥y — GHOTHYECKHIl NOTeRNHAN NOMYJAUUH (MTOKa3bIBaeT
MOTEHIUANIBHEIE BO3MOMKHOCTH POCTa NPH OTCYTCTBUH OMEX CO CTOPOHEI
JPYrHX DOMYJSIMEA ¥ camoll cebs); K — 3Konornyueckass €eMKOCTh CPebl,
T. €. TOT IOTOJIOK, 10 KOTOPOTO MOXKET pacTH MOMyNAlMd B 3aJaHHOHU
3KOJIOrHMYeCKOl HHUIIE,

1
B ciyuae B3aMMOZEHCTBYIOMUX momymaumii (r, =7 — 2Byx;,
=1

i=1, ..., n) Momenp NpuMeT BUJ:
dx, [dt=(r0 = £B,x )%, i=lo.n. (1.8)
=l

Ecnu ! onpenensieT NpORyKIMBHOCTb i-ro Bufia (MO-IAPYTOMY: Cenex-
TMBHYIO UEHHOCTb WiIH OWOTHHUEGCKMH mnOTeHudan i-ro BHEa), TO

n —
2PByx; =E(#) — cpeHIO MPOAYKTUBHOCTE BCCH LIeMH B3aMMOJCHCTBYIO-
j=1

nx nomyysiuit. Pasmeprocth 7 06paTHO NPONOPLKOHATEHA BPEMEHH

perakcanum ([r,.o] =[1/1,]). CaenoratemHo, ecnu T, — 0, TO r’— o, 1. €.
TOT, KTO GBICTpEe IIOUTCS, HAXOAUTCS B BBIMIPBILLE.
Pano wWIM MO3JHO  HACTYNaeT  CEJeKTHBHOE  paBHOBECHE:

E‘(t)—émaxr,-o u dx/dt = 0. Cucrema ypasueuuit (1.8) paGoraer xak

GwisTp, BHUETMIOMMI  MHpOpMALHIO
1 2 (dasopsle mepeMeHHBIe) ¢ HanGONBIIEH
x LEHHOCTB10. UT00BI CABHHYTBCS C TOYKU
L paBHOBECHS!, JIO/DKEH NOSBUTHCS MYTaHT

Yutngmioems X(1)

i 3 c 7,.0 >maxri°, T. €. HeoOXOAUMO PoXK-
- i
- JeHUe HOBOI mHbopMaL|H.

PSRN T NN TN YUK TN NN W OO TOOE T 1 KOSQ)(bl/IuI/IEHTbI B{I quTBIBaK)T
% Bpemn t BAMSIHUE OXHUX nonynsiwii (unu daso-

Puc. 1.9. HenuMurupobamusii (/), nu- BPIX nepeMeHHsIX) Ha Apyrue. Ilpudem

MHTHpOBaHHBI (2) M dakrHueckn Ha- MOTYT OBITH pasHble cuTyauud: B; < 0,
SmoaenHsli (3) poct monyswi [97].
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1.2. MonenupoBanue, 1UATHOCTHPOBAHHE Y IPOTCHO3 PAIBHBAIOIIHXCH CHCTEM

By =0, By > 0. B 3aBucHMoCTH OT 3Haka [3; B CHCTEME MOTYT NPOUCXOAMTE
pa3HBle THITBI B3aUMOXEHCTRHIA, 00mas kiaccH(UKalis KOTOPBIX CBOIAMTCS
K CeAYIOmEeMY.

3anMuneM cHCTeMy ypaBHeHuH B obmeM Bune dx, /dt = f,(x, ..., x,),
i=1,..,n. llepemenHssie x; (mOMy/ALHM) B3aMMOXEHCTBYIOT APYT C APYroM
(6oproTes 3a cBet, TEIUIO, MUY U T. J.). Biuauue oxHoro BUaa Ha CKOpocTh
H3MEHEHUS IpYyrux onpenenieTca YacTHOM [IPOU3BOJHOM
@ 1ox)y, 5, =cy(t) 2 0. Ilpx 5TOM TUN B3aMMONEHCTBHS MOXET Me-
HATBCA CO BPEMEHEM.

Ecnu ecTh # BMIOB, TO HMCHEPNBIBAIONIYIO XapaKTEPHCTHKY MapHBIX

B3aumofielicTBuil naeT Marpuna (c;(#)); . Bcero usBecTHO wiecT: THIOB

MApHBIX B3auMogeiicTeuit (Tadm. 1.1).

Ecnu nonezoBaTeCcs BBENEHHOH HaMH TEPMHHOJOTMEH, TO HeHTpa-
NH3M XapakTepu3yeT Aee UHGMHUTHEIC APYr APYTY «NpeaMeTHBE 00aacTmy,
aMeHCAIM3M W KOMMEHCAIN3M — YaCTUYHO HHPHUHUTHBIE, KOHKYPEHLHS,
JKEPTBA-3KCILTyaTaTOP ¥ MyTyaIn3M — QUUHUTHBIE.

Tabnuya 1.1
THIbI NAPHLIX B3aHMOAeHCTBHIl
Tun BaugHUA
Ne HawmMeHosatme B3auMoJeHcTss Toro sh a3 D va——
1 Helirpanuzm 0 0
2 AMencanusm - 0
3 Kommencamsm + 0
4 Konkypenmis - -
5 Jeprea—skcmryararop + —
6 MyTtyanusm + +
TipuMenanne (xapakrep BiARNA): 0 HeHTPAIBHOE, — OTPULIATEABHOE, + NOIOKUTCIIEHOE.

Paccmorpenras nomynanmoHHas moaens Jlotku—Bossrepa usBectHa
¢ 20-x rogoe XX B. M. Diired mono6HOH MOAENBIO OMUCHIBAJ 3aPOXKACHUE
skH3HM Ha 3emie (x; — KOHKYPHPYIOIIHE U 00BbeINHAIOMIMEC] MAKpPOMOJIeKy-
a61). Ero x&e onuCHIBAIOTCA M APYTHE HPOLECCH], CBA3aHHble ¢ Teopueii 38O~
momux JlapeuHa, Hanpumep, GopsGa uneit B Hayke il «6oprbay Hcmape-
HUS ¥ CTOKA 32 BEINAJAIONIHE OCafkH (CM. HIDKE).

Teneps uMeeT cMBIC BEpHYTHCH K IIOTACHHBIM» TPONaM B OTKpBI-
Toiit Mup. HoBast nepemennas nosensercsa He ¢ JIyHsl, MHaYe HH O KakoH,
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L. MC’I‘OQOJ’IOI‘H}[ HCCIENOBaHMA DASBUBAICWIHXCS CUCTEM

JIKe YACTHYHOMN, palOHANH3AIMM IPOrHO3UPOBAHUS HOBOrO ¥ peut Gbl He
65u10. OHa CKPBITA B CaMO MOJISITH H «(KTO-TO» €e KIIPOOYKAACTY.
BepreMmcs K cucteMe HOITYJISIHOHHBIX MOAENeH:

dey [ dt=(r; = Byyx —Braxa )% s (1.8
diy 1 dt =(ry —Byx; —Bypxy)x,. 1.9

B 06bIYHBIX YCJIOBMAX 3T CUCTEMA OIIHCHIBAET B3aUMOJSHCTBUE ABYX
normyJsiui x; 1 x,. Teriepb BCIIOMHUM, 4TO 7; = 1/1;, H MyCTh Ty >> Ty, T. €.
CENIEKTHRHAA LEHHOCTL ¥ X; OUeHb Mana (x; ~ const, dx,/dtf =~ 0). Toraa
Bix, ~ P12 - const = const;; obo3HauMM rl0 =r, —const, . CnenosaresipHo,
cucremy (1.8), (1.9) ™Mbl BocTpMHMMaeM KaKk OJHO YpaBHEHUE

dx, /dt = (1" - Byx,)x, . Habmonas 3a x;, Mbl HASHTH(HLMPYEM YHCTICHHEIS

3HAYEHUS r1° u PBr;. Ham naxe HeBAOMeEK, YTO 3a BEMTYMHOM r,o elle YTo-To

CTOHT, KpOME CeJIEKTHMBHON IIEHHOCTH X; (TOuHee, TO, YTO CTOMT 3a rxo, u

ONpeNeNAer CeJeKTHBHYIO LEHHOCTh: yMeHbInaeT npu B, > 0, ypenu4usaer
npH PBi; < 0). Pazosas nepemeHHas x; kak Obl €CTh, HO OHA HAMHM HE BOC-
npuHEMaeTcs Kak HckoMmas GyHKupms. JIeHCTBHTENBHO, 3aNHIIEM ypaBHe-
uue (1.9) B KOHEUHBIX Pa3HOCTAX:

(X3 )11 = (62); + (A= TBy1 % — 15 (%)) (x,); At/ 1.

Ecmn Af << 15, TO AT = 0 1t (%) =

Hupurumnoe

onpyacane =(x);. B sTom cimyyae x» BEICTYNa-

eT Kak const, NpuHayIekKamas Jac-

v THYHO WHGUHATHON rpaHuLe
et (puc. 1.10). Ho ecnu  ypaBHeHue

apaniya

o dx/dt=(r" —Byx)x, norepser yc-
8 toitunBocTe (dx, /dt >0, x, —>®), TO
H

B ueH T,05 % =0 u (X)), #(X,);-

Benuuynba Xy «OKHBaeT» M IO0AABJIACT
Dunumnan >~ a
e e poct dazoroit nepemenHot x;. I'oso-

N pAT, 9TO OHM CTalld XWUTb B OJHOM
Puc. 01‘10. Bkmo‘je}me MeuieHHOH da- temnomupe (puc. 1.11).
30BOH NEpEMEHHOM X, B COCTaB YaCTHIHO

YWHUHATHBIX TAPAMETPOB.
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1.2 Moneauposasse, AHArH0CTHPOBEHHUE Y IIPOTHO3 Pa3BUBAIOIUNXCA CHCTCM

A CKOJIBKO BCErO TaKHX Xop
«3arauBHIEXcs» (ha3oBBIX TEpe-
MeHHBIX? OTBET Ha 3TOT BOMpPOC /.—-—-M/\/\/\
JaeT (pakranbHas JHarHOCTHKA. : :

Ee cmpicn 3awmouaerca B TOM, >
4To, HabMoHas 3a opHOHN (ha3oBoii
nepeMeHHOH  (MOCTYNHOH u3Me- e
PEHMIO), MOXHO CHENaTh BBIBOX
0 xoudecTBe Apyrux (okasmisa- !
ercs, 4TO BpPEMEHHAS peanusa- x,
uMs OfiHOH  (asoBoH mnepeMeH-

HOH B M3BECTHOM CMBICNIE 3K-
BHBAJICHTHA «IIPOCTPAHCTBEHHO- :
My» cpe3y MHOroobpasus (aso- . X >
BEIX TI€PEMEHHBIX: UB CAb  SBO- pue 1IL. lX/Imnocrpam»m «npobyxaeHna»
JIOOMs  OJHOMEPHOH THPOCKUMH  «ckpsiToiiy (TeHEBOW) (asoBoit nepemenHol x;
{cm. puc. 1.6) HHOUHUATHOMN pe- B MOMEHT BPEMEHH f; NPH BOHHKHOBEHHH He-

ANBHOCTH TNPOMCXONMT He CcaMa YCTOMUMBOCTH mepeMeHHOf x, (nepexonHstit
[POLIECC NPH «TIOAKTIOUECHIH»-X; B MOMEHT #| HE
no cebe, a c y4yeToM BIHAHMSA

paccMarpHBaemM).

Ommkaiimux cocezneil).

PaccMOTpUM BHauase HeCKOJBKO npuMepos. Eciu B3aTs svct Gyma-
I'H, TO TIPH HyJIEBOH TOJIIKMHE OH MpPEACTABAET cO6OM aHANIOT eBKITHAOBOM
TUIOCKOCTH ¢ Pa3sMEPHOCTHIO, paBHoli nByM. Teneps caenaeM U3 HETO KOMOK.
Kakas y Hero pasMepHocTh? DTO Befib He CIUIOUIHOE TEN0, UMEOIee pas-
MEPHOCTB TPH. 3HAYHUT, YTO-TO MEXIY ABYMSI H TpeMs. YeM cripHee crpec-
€OBaTh, TeM OIIEbKe pasMEpHOCTD K TpeM. B NoaoGHBIX cilydasx roOBOPAT, YTO
KOMOK (M MOXOXHE «PbIXJIble» Teja) HMeeT ApobHyIo (ppakrainnyio) pas-
MepHocTh. Tak Kak OH PacrofaraeTcs B TPCXMEPHOM MPOCTPAHCTBE, TO FO-
BODAT, YTO pa3MEpPHOCTh €ro NPOCTPABCTBA BJIOKEHHS €CTh TPH.

dpaxTanbHas pasMEpPHOCTh XapaKTepH3yeT He CBOHMCTBZ KaKMX-TO
abCcTpaKTHBIX NPOCTPAHCTB «BOOOILE», a KOHKPETHBIM 0o0bekT (B Hamem
npuMepe — koMox Symaru). Eie Tounee — oHa ABJS€TCH NPOXYKTOM (axTo-
POB BIHAHMA Ha cHCTeMy (JiMcT OyMaru). B maHHOM ciydae — 310 cuna, ¢
KOTOpOH ME! C2KMMaeM JHCT, ECH OUeHb CHIIBHO yTpaMBoBaTh KOMOK, TO
ero (hpaxTanpHas pasMEpHOCT YBEJHUHTCS (B npedene — o tpex). Ciaeno-
BaTeILHO, OHA XAPAKTEPU3YeT BIAMANUC HPUHHATHOTO OKPY)KEeHHS (TOUHEeS —
Y4aCTHYHO MHUHHUTHOrO B3aUMOIEHCTBHISL C HUM).

Ead
N"ﬂ
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o
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" r=ry constx.
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1. MCTOQ}OJIOI‘HSI YMCCACAOBAHUS PA3BHBAIOLINXCA CUCTEM

a) 6)
o]

Puc. 1.12. VsmeneHue dpaxranbHOR pasMEPHOCTH psjia PEYHOTO CTOKA:
a-1;6~1,.;e-1,..(=2)2-2.

Teneps paccMOTpHM BpeMeHHOH paa peuynoro croka (puc. 1.12). Ha
9TOM pUCYHKe n3o0paxkeHa nuuUs (OqHOMepHOe MHOrooGpasue, Kak ckasa-
au 651 Matematuky). OJHaKO B NMEpBOM Cllydae OHa mpsmas (eBKIHIO0BA
PasMEpHOCTh paBHa eIUHULE). A BO BTOpOM H TpeTbheM? M He npsmad, HO U
HE IUIOCKOCTh (KaK B UCTBEPTOM ClIyuae). YoKe He JIMHES, HO eLIe W He IO~
KOCTb. Pa3zMepHOCTh 3TOTO «OHO» MEXY CAMHHULICH W JBOMKOM.

Yem oryiuaercs BTOpOH cCilydail oT Tperbero? SIBHO BHUAHO, YTO BO
BTOPOM Cllydae TPOCIIEKHUBAETCS CHITbHAS aBTOKOPPENHPOBAHHOCTD, a Tpe-
THIl — MOX0XK Ha Oenblif 1yM. ABTOKOPPENMPOBAHHOCTE CO3HAETCH YCJO-
BUAMH (HOPMUPOBAHUA CTOKA (HH(UHUTHBIM OKpyeHHeM). [ToaTomy B ciy-
yae Genoro ulymMa npeamertHas oOnacth (npolecc (GOpMHPOBaHUS CTOKa)
($HUKCHpOBaHa HE OUYCHb XKECTKO. DTO 03HAUaeT, 4To reorpaduyeckuii obs-
€KT, HMEHYEMBIH peyHRIM BogocBOpoM, HaJlo OIUCHIBATE (XapaKTepPH30BATh)
He TOJILKO CTOKOM, HO U, HapuMmep, 6oMaccol, UcTIapeHHeM 1 T. I1.

Ecii BMecTo pana cpeaHerOAOBBIX PaCXOAOB BOABL NPEACTaBUTh IO~
CITeJOBATENBLHOCTD YACTHL {(«LIAPHKOBY), TO BO BTOPOM CIy4ae OHH JKECTKO
CBA3aHBI, 2 B TPETheM — HeT. TakuM obpasoM, dpaxranbpas pasMEpPHOCTb —
3TO XapaKTepUCTHKA JKECTKOCTH caMoro obsekra. Ecim nomecTuts «¢pury-
py», w3o0paxenHdyro Ha puc. 1.12, 6, He Ha MAOCKOCTE, & B MPOCTPAHCTBO
(«rpyBy»), TO OHa cOXpaHUT cBoto (opmy. Cliel0BaTENHHO, B MPOCTPAHCTRE
BIIOJKEHUS 060 pasMepHOCTH OOBEKT OCTaeTCs caMuM coOoi.

B cnyuae, korna «wacTHUp» He CBA3aHE! (Oelbiii LIyM, MOAEKYJb]
rasa), TO OHH MBITAKOTCA 3alIOJHHTE BCE NIPOCTPAHCTBO BJIOXKCEHHA (Kax Tec-
10). B Hamem ciryuae (puc. 1.12) 3anoiHseTcs NAOCKOCTh, HO 3TO MOXET
66iTh O0BeM WK (B ciyuae ()a30BBIX IPOCTPAHCTR) IMPOCTPAHCTEO JIIO-
Goii pa3mMepHOCTH.

E1ue oaus npuMep CBs3aH ¢ OIpesieNieHHeM AKMHEI GEPEroBoi JIHMHUM.
[MapanokcainbHo, HO y GeperoBod THHMM KOHEYHOH IMHBI HE CYIIECTBYET.
DToT HapajoKe CBs3aH ¢ ee (pakranpHOH pasmepHocTeio (puc. 1.13, 6).
OkaspiBaeTesd, YTO BenuduHa L 3aBucur oT (06pasHO) pacTsopa HMpKy”na /:
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1.2. MoxenupoBasye, AUarHOCTHPOUBAHNEG Y HPOTHO3 PA3BUBAIOIMMXCS CHCTEM

€CiM ero yMeHpmiats, To L Oyner crpeMutbcs X GeckoHedHocTH. JnuHa L
ompezessieTca peipaxenueM L ~ [ - N, rae N NoKa3sIBaeT, CKOJIEKO pas IpH-

KnajeBaeTcs WAPKyYs. Tak kaxk N ~(R/1)P (mmwxe moscHuM 31y dopmy-

ny), To L=I(R/1)" . loxazarens D u naspBaercs hpakTatbHOM pasMepHO-
crelo. Ecnm oHa copnapaer ¢ Tomonormyeckoit (D =1), To mpuxommMm x
OGBLIYHOMY TIOHSTHIO JUTHHEL ramkolt mummu L=I(R/I)' = R. (®paxras-

Hble OOBEKTHI, COLTIACHO CBOEMY HAYANBLHOMY OIpefieNeHuo, 0OnafaoT
Pa3sMEpHOCTBIO, CTPOrO IPEBHIIAIONIEH TOMOJIOMMYECKYIO Pa3sMEepPHOCTh
3JIEMEHTOR, H3 KOTOPBIX OHM ITOCTPOEHEL.)

Ecnu  pactBop wupkyias [/ —> 0, To L=}ingl(R/l)D =
-

= IR” /1°~1"P— 0 (ecr D > 1). Hanpumep, s 6eperos Anrmau D ~ 1,3,

HakpoeM Geperoryio nuHui0 mwiockoctsto (puc. 1.14). Ecnu L pac-
CMaTpHuBaTh Kak (haz0BYI0 NEPEeMEHHYIO, OTIMCHIBAIOILYIO COCTOAHUE CHCTE-
Mb1 «6eper», TO OHa HeycToHumBa (L —» o), T. €. OKA3BIBAEMCS B YCIOBHAX
HedeHoMeHoornyeckoro (CymHOCTHOro) napanokca. B 1o >xe BpeMs iwio-
1a8h TIOCKOH (urypel, B KOTOpyo BrMcan Geper, koHeuHa (ab = S < ).
CrepoBatenbHO, ecitvi a ¥ b — iBe HOBEIE (a30BbIe NepEeMEHHEIE, TaKOe OMH-

a é
) U e )

0,623
0,622 %’r Vi,:i .
S vy o
LA YY’}/ R7 B
2

0,62t

f, MHH

U wic
0,623
Puc. 1.13. Tlpumeps! ¢paxTams-
HBIX MHOXECTB: CKOPOCTH Tede-
HUfl, TIOKA3aHHBIE B PasHbIX Mac-
0622 mrabax (@ u 6); onpeacneHue
30 40 t e  JUTHHEI 6EDErOBOM UMMM (5).
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1. Meronoorisg HCCeNoBatus PA3BHBAIOUIMXCS CUCTEM

canue ycrodumeo. «Ilapamokcy»: HMeeM

g’%ﬂ% {V‘IJ‘) a BeckoreuHyro anuny (oxHOMepHOe ¢aso-
% & )/ o84 BOE MPOCTPAHCTBO) B KOHEUHOM (ABYX(a-
L, b/

7

30BOM) MIPOCTPAHCTBE.

OO6BexT, KOTOphIii HMeeT ApOoGHYIO
pasMEPHOCTb, Ha3bIBAaeTCA (PPaKTAIOM
(. ¢paKTaTLHBIM  MHOMXKECTBOM,
cm. puc. 1.13). O6b1uHO 3TO — cTpaHHbBIE
ATTPAKTOPBY, W (paKTaigbHas PasMEPHOCTb KaK pa3 XapakTepusyeT Mepy
3TOH «CTpaHHOCTHY. IIpUBeneM npuMeps! GpakTalbHBIX MHOKECTB.

1. Kpuras Kox (puc. 1.15, a). IlpaBusio nocrpoenus stoii KpmBoi
BHHO K3 pHCyHKa. B mpejene DOMyunM HeNpepuiBHYIO, HHIAE HE
JuddepeHIHpyeMyI0  caMONOAO0HYIO KPUBYIO C (DpakTATLHON pazMepHo-
creio Mexay 1 u 2.

2. Muoxecrso Kanropa (puc. 1.15, 6). Kaxaprif mar rocrpoenus ya-
BaUBAET YHCJIO OTPE3KOB, HO YMEHBINAET OOLIYIO ANMHY OTPE3KOB JI0 2/3 ee
BeJIMYMHEl Miepesi O0TOpackiBaHMEeM cpenHel uacTu (GpakranbHas pasMep-
HocTs Mexxay 0 1 1).

3. Ha puc. 1.15, ¢ npeactasneHo 6onee sx3oTHuYeckoe dpakraibHOe
MHOXeECTBO (0fHO M3 MHOXecTB JKronua). ITpumepni camornogo6Hex 06pa-
30BaHHI MOKHO MHOMKHTE 0 GECKOHEUHOCTH.

Tenepp OyneM neitarhes Goliee WiH MeHee CTPOro ONPEHENUTDb, UTO
Takoe JpoOHas pa3MEpHOCTh M TIOACUUTAEM €€ AJ1sl HEKOTOPBIX [IPHMEPOB.

BossmeM npoctpancteo R”. Jro npamas (# = 1), miockocts (7 = 2),
TpexmMepHoe mnpocrtpaHcTeo (# = 3). PaccmoTpuM, uemy paBubl JutmHa L,

a) 6) 6)

_/\(j_/\—(_/\
Puc. 1.15. TIpumepsr ¢ipaxranos: a — kpusas Kox; 6 — «neimns» Kauropa; ¢ —
MHOKecTBO JKionua (13 «JONMHB! MOPCKUX KOHBKOBY).

Puc. 1.14. HcxmoueHne HeGCHOMEHO-
JIOTHYECKOIO Mapajfokca NyTeM pac-
mupesus $GazoBoro IpoCTPaHCTBA.
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1.2. MoeTMpoBaHue, MArHOCTHPOBAKKE Y IPOTrHO3 PA3BUBAIOIMUXCS CHCTEM

nnomazs S, o6sem ¥ «mapa» pamuyca r: L = 2r, S = w?, V = 4nr’/3. 0606-
wMB Ha Mobyio pasMepHOCTh, nomyumM V, =y(d)r? | rae ramma-GyHKums
Y(d) pasHa: 2 (npu d=1), n (mpu d = 2), 47/3 (npu d = 3). OxazpiBaercs, 3Ty
($hopMyJTy MOXKHO PaCHPOCTPAHHUTH C HATypalnbHbIX d = 1, 2, 3, ... Ha mobsie
HEOTpHLATENbHBIE BELIECTBeHHbIe uucia, Hanpumep: ¥;,, =v(3/2)r*'%. Be-
mauna Vy HaspiBaetcs d-Mepoii 1mapa papmyca » B mpoctparctee R'. Hy a
€CAH Y HacC He 111ap, a POM3BOBHOE MHOXeCTBO («Geperopas muuua» ) A < R'?

Tlokpoem A miapamMu paagHyca € M OPOCYMMHMpYyeM HX OOLeMbl
(cm. puc. 1.13).  O6mmit  ob6vem (mMepa A) Gymer B,(4)~
~ N(e)y(d)e? ~ N(e)e? [y(d) ue urpaer B mansHeiimem poms, M) — Mu-
HUMAaJbHOE YHCIIO [IapoB Hid mokperis]. Ilomaras, uro cymecrByer Ko-
Heunas mepa B,(A)~C, nomyuaem N(g)~C/e”. Orcrona caenyer, 4To
d o log N(g)/loge. D10 — pasmepHocTs MuHKOBCKOro-Xaycuopda.

TToncumraem pasmepHocth Ais kpuBoii Kox. Ha n-m mare urepauuu
nonyynM uuciao otpeskoB N, = 47 (pamayc €, =(1/3)"). Ioaromy
dim=d =log4/log3=1,26185..., T. €. 9T0 yxe He npaMas, HO €Lle M He
wiockocTk, Kpubas Kox BroxeHa B IIOCKOCTb, MpUYeM d XapakTepHayer
CTelieHb 3aIOJHEHHOCTH IUIOCKOCTH («PBIXJIOCTIN) MAM CTENEeHb KOMHAKT-
HOCTH, Kak ckasayd Obl MaTemaruku. Takum ofpazoM, apoGuas pasmep-
HOCTh (ppakTana Bcernaa GOJNBIIE TOTONOTHYECKOH Pa3MEPHOCTH JJIEMEHTOB
¢pakTana («CTPOMTENHHBIX KUPIHYEH», Y HAac — MpAMas, ¢ TOMONIOTUYecKOoi
Pa3sMEpHOCTBIO, paBHOH eIHHHIE), HO MEHBIIE TOONOrHYECKOM pasMepHo-
CTH HPOCTPAHCTBA BJIOXKeHUA (Y HAC — IUIOCKOCTh, C TOTOJOTHYECKOM pas-
MEPHOCTBIO, PABHOM ABYM).

Temepys mma  MHoxectea Kamropa: N, = 2°, g,=(1/3)",
d=log2/log3=0,6092... Tlpenemusiii HaGop Touek Ha puc. 1.15, 6. me
HUMeeT MIMHEL, T. €. 9To «bonpmie», YeM Touka (TOMONOrHYECKas pasMmep-
HOCTb — HOJIB), HO ©lI€ He JOTATHBAET J0 IHHUH.

BeenenHas npo6Has pasMepHOCTh He XapaKTepu3yeT (pakral, ecim
OH BeomHOpomHLIi (puc. 1.16, a). TloaToMy B paccMOTpenye BBOJST LBl
cnexTp NONOOHEIX pasMepHOCTel ciemytomum obpazoM. TlokpoeM (parcran
(arrpaxrop) sueitkamu (puc. 1.16, 6) obmum uncnom Me) i= 1,2, ..., Me).
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1. MeToos10THs UCCAEIOBAHMS DA3BUBAIOIIIUXCA CUCTEM

a) 6)

[RPER . - — - v~

Puc. 1.16. IIpumep HeonHoporyoro dpaxrana (a) — MHOKeCTBO KaHTopa ¢
IBYMS XapakTepHLIMM MaclitabaMy AMHHBL MOKPBITHE aTTpakTopa sueiika-

MU «paguycom» € (6).

BeposTHOCTh TOMANaHUs TOUKM B i-10° s4eiiky Oyzper F, =A1,im {(N,/N)
>0

(3mech N, — unMcno TOUeK B I-it siueiike, N — obee uucno touek). Bromures
TakoH «00LEKT»:

1 (L P/)
D,=lim———=2—  f=0,1,2,..
e0 f—1 Ine

Mpu f— 0

'3 1
n
d=D, — im0 _ iy M)

, 1.10
e=0 Ing =0 |ng ) ( )

T. €. BEIXOJUM Ha Halle NpeablIyIee OmpefeieHHe pasMepHOCcTH Xayc-
nopda (i Munkosckoro). [Ipu f— 1 Bmecto (1.10) umeem:

M(e)
-3 PlnP

Dy = —lim 2"
50 Ing

T. €. HOSY4YaeM TaK HA3HIBACMYI0 HHMOPMANHOMHYIO Pa3MepHOCTb. Eciu
¢paxrai ogHOpOAEH, T. €. Vi P, =1/M(g), 10 Dy =D;. llpu f=2
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1.2, MO"GHHQOBH.HMC, JUArHOCTHPOBAHUE U TIPOTHO3 PA3BUBAIOMIHXCHA CHCTEM

M(g) 2
In( X P°) i . ,
D, =—lim—=% | (L1
50 Ing

T. €. NOJIYYaeM KOPPe/sIiHOHHYIO
PasMepHOCTD.

Hpyrue pasMepHocTM pac-
cMarpuBarth He OyneM, HO OTMETHM,
YTO MEXJAYy HHMH CYUIECTBYET
uepapxus: Dy > Dy nipu f/> f, 1. €.

Puc. 1.17. MonotonHsoe y6siBanue ¢pak-
Dy 2 Dy 2 D, (uns MHoxcecTBa KaH-  ranpuoit  pasmepmocrs 7]  (cmextp

TOpa 3Ta HEpapXHi INpeACTaBjIcHA 06obuIeHHsIX pasMEpHOCTEH I HEOnm-

Ha pHc. 1'17) H0ﬂ06HaX HemouKa HO_.p()IlHOl"O MHOXECTBa KaHTopa; 30€ECE
HepaBeHCTB BaXKHA, TaKk KakK Ha 9=/

NPAKTUKE JIETKO BEIMHCISETCA KOPPEeAsUMOHHAs pasmMepHocth Dy, M oHA Ja-
€T OLIeHKy pasmepHocTH Xaycaopda Dy.

Koneuno, unTepec npeacrapiteT (usnuka PpakTaioB ¢ nosuuuit yac-
THYHO HHOMHHUTHOTO MOZEIMPOBAHHA. PAaCCMOTPUM MEXaHH3M BO3HHKHO-
BeHH (paxTana Ha mpuMepe (POPMHPOBaHHS peuHOro croka. Eciam ma
«xom» moaemu (1.1) HomaTh ocazK B BHJIE MPAMOYTOEHOTO HMITYIIECA, TO
pelileHueM ypasHeHus OyaeT rnagkas kpuBad O(f) ¢ uesoil pasmMepHOCTEIO.
Tlpu nepexone x HenuHeHHOH Moaeny ¢ oOpaTHOH CBABIO M JHCKPETHBIM
sBpeMereM 7= 1 (T. e. kK OTOOpKEHHMAM) NOTYIHM

0 =F(0,)=0,0+(X/10,)1-0, / kX)), (1.12)

rae Qp = WIT (W = const). Benuunmy X/ (), Ha30BeM THAPOJOTHUECKAM

NOTeHUHAANOM peuHoro Oacceiina. B 3aBucuMocty ot 3Hauenua X /@, mo-
Jy4aloTcsl pELICHHS, NpelcTaBiacHHble rpagukamu Ha puc. 1.18. Moxso
NOJY4HTh ¢ TIOMOIIBIO HeMHEItHOTO pacuupenus (cM. {45]) nogoGHoit Mo-
Jenu u dpakTaibhble crpykTyphl (puc. 1.19). Ins Toro utoGri mogobHbIe
CTPYKTYpbI NIOJIY4HT, IOTpeboBamock:

1) BBECTH HENMHEHHOCTS,

2) UMeTh A0CTATOYHO OONbIIHe 3HAUEHH TIOTCHIHANA,

3) neficTBOBATH IO PEKYPCHBHOMY AIFOPHTMY ¢ 0OpaTHOI CBA3RIO.
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1 MCTOEOJIOI‘HH HCCICOOBAHMS PAZBUBAIOINUXCH CHCTEM

a) 6) 6)

| E %551] N
02 02

cpoooDe
Petecats
MRV O~

0.0
13357911315 13579 111315 1357 9 111315

Puc. 1.18. Bux pemenus ypasucuus (1.12) B 3aBHCHMOCTH OT 3HAYEHUS THAPOJIO-
THYECKOro NOTEHLMaNa (1o BEPTHUKAILHOH OCH OTNOXKEHS! 3Ha4YCHU (), a IO ropHu-
30HTAJIBHOU — 9HCII0 HTepaumil): a — 1,9; 6-2,41; 62,59

PaccmorpuM duzuueckuii cMeici (pakTanbHO# pasmepHocTd. Ecmu
Obt Oeperopas TMHKA L Opina He (pakTaIBHOMN, TO, KIIOTAHYBY 33 TOUKH 4 U
B (cm. puc. 1.13, ), MBI TOMyYuM OTPE30K NPAMOH C pa3sMEPHOCTBIO €AMHU-
na. Ho ecnu moTAHYTh 32 «KOBIBD PpakTanbHylo Geperosylo JHHHIO HIH
kpuByio Kox (cm. puc. 1.15, @), To nipu ee pactsoxeHun GyAyT caMOBOCIIPO-
U3BOIOUTHCA ee parMeHTEL.

CrpamnBaercs, 3a c4eT Kakux pecypcoB? (g Toro 4ToOBI NMONYYHTH
¢pakran, Hago cosepiuuth N mrepailuit 3a Bpems T =}!,1_t>r°1° At N, tne Ar —

BpEMsl, 3aTpauriBacMoe Ha OAHY Hrepauwo. Ecmu Ar # 0, To T — o, T.e.
(paxtajgbHble MpOLIECCH — HepeaaM3yeMas MaTteMaTmdeckas abGcTpakius.
Ecmu Af = 0, To nonydaercs, YTO MEPEXOM K3 OJHOr0 COCTOAHMS B ApYroe
[POUCXOJMT MTHOBEHHO Ge3 3arparsl 3Hepruu. Taxum o6pa3oM, oka3sbiBa-
eMcs B rapaIoKCalbHOM CHTyaliuH JIOTMKO-HEr€OLEHTPHYECKOrO XapaKrepa.
Jns toro yToObl OT 3TOrO YHTH,
HaZlo pecypc M3MepsTh He Bpe-
menem. IlpocTofi MTepauueit
npolecca mpH (GUKCHPOBAHHBIX
X, o v k dpaxranpHyO pas-
MEpHOCTh He H3MEHHTh. 3Ha-
YUT, pecypc A €€ U3MCHEHUS
(T.e. pa3BUTHA CHCTEMBI) Je-
MUT B HHQUHHUTHOM OKpY:Ke-

¢

= HUn, nopoxkparouM X, Jp 1
Puc. 1.19. «®paxransHoe peneHuey Monenu Gop- k, unn, Ha QU3MHECKOM s3bI-
MUPOBAHUS CTOKA. Ke, — BO (pakraapHOM cpeje.
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1.2. MojepoBanue, THarHOCTHPOBAHHE ¥ IPOTHO3 DAIBUBAIONIMXCS CHCTEM

ViMenHO BBDKMras ee (yBeJMdMBas oTeHmuan X / O, cnoBHO — MeTadopu-
YeCK# — Hakajl JIaMII), MOJKHO rpaduxom Q(f) 3amOIHMTE TUIOCKOCTB, KaK
Ha puc. 1.12, 2. Ho usmenenue X, Qo 1 k — 510 HOBas (uUKCANUA IpeaAMeT-
Hoil obnactu. IlosToMy rHOCeoOrHYeCKHME MEpeXOAHBIH NPOIECC MOXKHO
OpraHW30BaTh HE MHAYe KaK JKEPTBYS HaCThI0 Pa3MEPHOCTH IPOCTPAHCTBA
BNOXKEHMS. 3aTpata SHEPruM Ha HOBYIO (DPHKCALMIO U €CTh 3Ta JKEPTRa.

Taxum 06pazom, JaCTHYHO HHOHHUTHAS PeaIbHOCTh — 3TO MKUTATENb-
Has cpefia IUIA pocTa pa3MepHOCTH (pakTaia.

C npakTi4ecKol TOYKH 3peHMs IpoIe Bcero ONnpeaenseTcs Koppers-
1moHHas pasMmepHocth (1.11). Bermunna P; — 3T0 BeposTHOCTH MONANAHUS

TOYKH B /-10 SUEHKy PasmMepoM €; P’ — BepOSTHOCTH TIOMANAHMUS B 3Ty SUeH-
M)

Ky ABYX TOY€K; 2 P° — BEpPOSTHOCTb TOT0, YTO ABE IPOM3BOIBHEIC TOUKH
i=0

JexaT BHYTPH SYeHKU pa3sMepoM €. OTa CyMMa €CTh CIENYIOUIHI MapHbIii
KOppeNANOHHbIH HHTerpa

.1 . .. N?
Cle) = lim - 3 0(e-7 — 7, w22 (1.13)
Nowo N< i N

rae |7, —7; | — paccTosHMe MKy TIapaMK TOYEK i Ha TPACKTOPMH 7 pac-
CMaTpHBaeMOll AMHAMITHECKOM cucTeMbl (3nech © = 1, ecnu e~ |7, —7, |20
©® =0, ecnu &% —F,|<0). Taxum obpasom, u3 (1.10) cmemyer, uro

C(e) =€"2 nmu (06o3naunm D, = d)
d=InC()/In(e). L14)

IIpy MCMONB30BaHWM HTOr0 METONa MPUMEHAETCH TaK HashBaeMOe
nceBodazoBoe npocTpascrso. Jleno B TOM, 4TO NPH M3YHEHUH TOH HiIH
HHOM cucTeMbl OOBIMHO HEM3BECTHO, CKOJMBKO (PA30BRIX NEPEMEHHBIX €€
omuchiBaloT. B cimyuae peunoro 6accelina, HampuMep, OOBIYHO H3BECTEH
TONBKO pAn HabmoneHuit 32 pacxonoM O(f). Oka3bIBaeTCs, YTO MOMKHO II0-
crpouts papsl Q(f + 1), O(t + 21), ..., TO3BONSIONINE, B ONPEAENEHHOM
CMBICTIE, OTYUYUTH aHanor ¢azoBoro npocrpanctsa (puc. 1.20).
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1. Meronoaorus UCCAea0BaHUS pPa3BUBAIONINXCS CHCTEM

a) 6)
om o0
200 200
100 | 100 +
0 L 0
0 100 200 o(t+1) 0 100 200 O@t+1)

Puc. 1.20. $a30Bbie OPTPETEL, IPEICTABISIOLIHE B IBYMEPHOM HIPOCTPAHCTBE IBOTHOLMIO
TH/IPOAICTHYECKOTO PEXIMA 33 HECKOIBKO ASCATHIETHI: a — p. Moxma —~ c. lllesenesckuii
Maiiian (19341983 rr,, Fg, = 28 600 x?); 6 — p. Xomep — X. BecrnneMIHoBCKuH

(1920-1983 rr., Foaee = 44 900 k%),

M3 M3I03KEHHOTO BBITEKAET CIICAYOMIKH aJirOPHTM:
1. Onupasics Ha 3aaHHBIH psg pacxonoB, noctpouts Gynkuuio (1.13)
JUIs BO3pACTalOUpMX 3HaueHMH pa3MepHOCTel (Ha30BOTO NPOCTPAaHCTBA 7

(puc. 1.21, a).

2. OnpenenuTs «HAKIOH» d 110 BeipaxkeH IO (1.14) U HOCTpOMTD 3aBH-
camocts d = f{n) (puc. 1.21, 6).

B HaiueMm npumMepe MONy9Hnochk, 4To d = 2,7. 3T0 XapaKTepHcTHKa
aTTpaKTopa, KOTOp.IH BKIANEBAeTCH B (1a30BOE MPOCTPAHCTBO TPEX H3Me-
penntit. Takum 06pazoM, GOPMHPOBAHHME CTOKA Ha JJAHHOM KOHKPETHOM BO-
noc6ope MOXKHO OIHUCHIBATH CHCTEMOH 13 TpeX OOBIKHOBEHHBIX JHdiepeHIm-

a) 6
InCle)
d
0
//ﬁr 6 *
1
-0.5 /1"3}! st /
o/l
. nm:/ ;;‘;“[ 3} A
st /]l e
i Ny
20 RH g , x
123456 Ins 123 4 356 4

Puc. 1.21. Tipumeper 3aBucumocteit In C(€) = f(Ing) (@) n d = f(n) (6) 411 ruAPONOTH-
geckoro arrpaxtopa (p. Moxua — ¢. lllesenenckuit Malinan) (0) u 1is curHana, CooTBETCT-
BYIOLIEro OeoMy yMy (X).
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1.2, MOAEHLIDOBM&, AUaTHOCTNPOBAHHE W TIPOTHO3 PA3IBABAOMINXCA CHCTEM

ABHBIX YPaBHEHHH NEPBOTO MOPSAKA (IPOCTPAHCTBO BIOKSHUA PaBHO TPEM).
B Tabx. 1.2 npeacTaBieHE! XapaKTepHbIe 3HAUCHHS (PaKTanbHBIX PasMEpHO-
CTeH, a Ha puc. 1.22 mpeAcTaBIeHs! KapThl, TOKA3bIBAIOLINE pacnpejeIeHue
pasMepHOCTEH IPOCTPAHCTB BIOKEHHS 1A MUHAMANBHOro cToka ETP.

Tabnuya 1.2

DpakTanLHas PA3MEPHOCTL PSACE PEYHOI'C CTOKA U YpoBMeit ozep

TMepi- Bua peunoro cToka
Pexa, r‘?émc:; THEPONOTH- Fie, 108 ol;x Tofo- MHMHHManbHBIA MaKCHMaIbHBIH
CKas 30Ha Habm. soii nex- M- | momo- | naBox-
Hui HH BOJIBS Ka
p- AnaBap — c. Cricka- 78800 | 1934 2,86 | 286 _ _ _
12X, TYHApa 1980
p. Vmka—r. Maxape- | 1g550 | 1900\ 07 b gy | 286 | 222 ] 500
€B, JiecHas 1980
p- Ceitv—c. Mymawo, | 56 | 1944~ 0 | 90 | 250 | 235 | -
CTenmHas 1980
p. Abakan —r. A6asa, | y4a50 | 1987 | 500 | 586 | 333 | 286 | 143
TOPHO-JIECHAs 1980
CTOK B3BEIIEHHBIX HAHOCOB
1945—
p. Knssema —r. Kospoe | 24 900 1983 1,70
Vposenb
Jlanozxckoe o3epo — _ 1859- 250"
Banaam 1993 i
VIIsMeHE ~ B 1945- 143 ’
(¥xun-Kopocruno) 1995 T

Bee PacCMOTPCHHEBIC BBIIIC HHAMHIUCCKHE MOIECITH C COCPEAOTOUCH-
HBbIMH ITapaMeTpaMyl MOJXKHO 00O00IIEHHO 3aIHCaTh TakK:

&ildt=¢(%,1), (1.15)

rie X — BEKTOpP COCTOSHUS.

Jaxe ecnu ydecTs Bce ¢a3zoBbie nepeMeHHble (4TO COMHHTENBHO
TpoJeNaTs B PEaNILHOCTH), BCE PAaBHO B MOJEMHU MOSBSTCI HEONpPENeNeHHO-
CTH (x0T OBl H3-32 HETOUHOIO 3a[aHks HaYaAbHOTO COCTOSHHA M BHELIHUX
BO3JEHCTBHIL), KOTOpHIE MOXHO (OpMany30Barh, UACANM3HPOBAB MX Kak
6eniif mwym. Ecitv B peanbHOCTH OH He «Oesblifty, TO BCe PpaBHO MOXHO €ro
«3a6€MUTh», HCKYCCTBEHHO paciimpss Bektop X (cM. [52]). Ml omyckaem
npoliecc croxacThHyeckoro ofodmenus mozend (1.15), 1. e. mepexon k cro-
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1. Meroi0510THs MCCAC/IOBAHMS Pa3BUBAIOINUXCA CUCTEM

a)

Puc. 1.22. Paitonupoanne ETP mo pasMepHOCTH NPOCTPAHCTBA BIOMXCHHA A7 JIETHE-
oceHHero {(a) M 3UMHETO (6) MHHHMMAIBHOTO CTOKAa (KapThl TOMYYEHBI COBMCCTHO C
H. B. Buxroposo# 1 E. B. IaiinykoBoi).

XacTHYecKoMy I depeHIHaNIbHOMY YPABHEHMIO U K KBHBAIEHTHOMY €My
(B CMBICIIE MOJTy4aeMoro peuneHus) ypapHeHuo ®okkepa—ILnanka—Konmo-
ropoBa, KOTOpoe 3alMIIeM B «TOTOBOM» BHIE (BCe ONEpaLK, CBA3aHHLIC C
€r'0 BBIBOZOM, XOPOIIIO H3BECTHBI B HAYKE M IIOAPOGHO ONUCaHbI B yueOHHKe
[43, 52], a Takxe B 3HauMTeNBEHO Oosiee paHHMX ITyONHKALUAX OCHOBOIIO-
JIOHUKOB TEOPHH MApKOBCKHX CITydaHHBIX POHECCOB):

2

pEH_ 20 . o 1o D o
=X —[AG)pEN+ . X ———[B,EOpED), - (116
o ) 6x,.[ ,0p(x )]+2u=1 6x,-6xj[ ,G0OpGE, D] (1.16)

rae popMynaMu
- .1 5.5 -
A(x,t) = Algl}) A MIAX | X(1)=X],
- .1 S T B =
B(x,t)= gtl—l’_l)lo y MAX AX'| X (#)=x]

(3mece X ~ caydaitHeli mpouecc, a AX — ero IpupateHne) onpenensroTes
koo duLeHTH cHoca U g dy3UH COOTBETCTBEHHO.
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1.2 MOQCJIHQOB&HPIC, AMATHOCTHPORAHUE K IPOTHO3 PAa3BUBAIOINHXCH CHCTEM

Baxno momuepk- l l l o
Qcadsu
HyTh, YTO Jaxe ecJH
bynkuus  ¢(x,7) Henw- 2
HeliHag, caMO ypaBHe-
nue (1.16) 6ymer numeil- -
HBIM  Jubdepernyans-
HbIM ypaBHEHHEM Iapa- S
Gomuueckoro Tama. Ilo- n 3 & sona

Henaconyennan
§ Henapewne 3000

Crapnosnit cmox

Pyeaouoi
IR

H,
CICaHee CYLIECTBCHHO, ] /l i 77._2‘7:_
v : Ll £ E _72 ZZ 7 777 7 7 2_7_
Tak Kak MBI cefiuac yOe- (LZZIT77 7}
y Ty ) Boooynop Hanopuwit coprezoron
AUMCA, 4YTO OCHOBHBIC 5 /,m y.
: Y

TMAPOJIOTHYECKHE Moze-
JM C paclpeneneHHbIMU | |
napaMeTpaMH HMeIoT ma-
pabGomuyeckuit THN (OT-
HOCATCA K YpaBHEHHAM KOHBEKIMU—udPy3un).

PaccMoTpuM ocHOBHEIE 3BEHBs MHApOJIOrHYecKors mukia (puc. 1.23).
B npusemHoM cnoe atMocdepsl (GOPMHPYIOTCA OCAfKM, KOTOPHIE BMECTE
C APYrMMH METEOPOJOTHYECKMMU (axkTopaMHu (TeMieparypoll Bo3xyxa,
CKODOCTBIO BEeTpa M T. JI.) OKa3hIBAIOT BHEILIHEe BO3NCHCTBHE HA PEYHOM BO-
nocbop. BenaBuie ocanku (GOPMHPYIOT CKIOHOBBHINA CTOK, KOTOpBLH, Iio-
CTynas B PYCIIOBYK0 CETh, TpaHC(OpPMUpPYEICS B pycioBoi. YacTh BbINaB-
IHAX OCAJKOB HCHApAeTCs, 4acTh HHQMWIBTPYSTCS B I[OYBY, TIOAHMHTEIBAA
HEHACHILICHHYIO 30HY. BaaumopeiicTBHe HACBHIILEHHOH ¥  HEHACHIIIEHHOMH
30H, IOJIOXKEHHe HAMOPHOTO TOPH3OHTa M PYCHOBOH CTOK ONMPEHENTIOT
YPOBEHb IPYHTOBBIX BOJI.

3anuumieM OCHOBHBIE MOJENH C paclipe/iefIeHHBIMU MapaMeTpaMH, Ko-
TOPHIMH B HACTQAIIEE BPEMS OMMCBIBAIOT MHAPONOTMYECKUE TPOLECCHI, CO-
oTBeTCTBYIOMME pHc. 1.23.

PycnoBoil CTOK B OJHOMEPHON THAPABIHYECKOH Huealusallii TOM-
YUHAETCH YPAaBHEHHIO HEPa3pPHIBHOCTH

Pugc. 1.23. OCHOBHEIE 3BEHBS THAPOTOTHYECKOrO LIMKIA.

OF /3t + 00/ dx = (%, 1), (1.17)

rae F — nnomans Jusoro ceuenus; O — Pacxoj BOAbL, £ — BHEIIHEe BO3-
neficteue (HanpuMep, U3BeCTHHIH 6okoBOM TpHUTOK g(x, £)); X — IPOAONBHAL
KOOPIHHATA; ! — BpeMH.
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1. MeTononors UCCICA0BARNS PasBUBAKOIIMXCA CHCTEM

Vpapuenue (1.17) gononugercs SMOMPHYECKON 3aBHCHMOCTDIO:
Q= f(F,x)—kOF | dx,
4To NpUBOIUT K Auddy3rnoHHON MoaeH
OF |0t + Of (F,x)/ ox =k0* F [ &x* + q(x,1) (1.18)

(3mecs k — smmupyueckuii kosbdgunuent). Ecin He yuuThIBaTh BIKSHHE Ha
pacxon rpaguenta OF /0x , To ypaenenue (1.18) npeBpainaercs B MOAENb Ki-
HEMATHYECKOM BOJHBE, YUMTHIBAIOMIEH TOJIBKO CHOC BOSIHBI BHE3 TIO TEUCHHIO.

AHJIOTMMHBIE 110 CBOEH CYTH PACCYXKISHHS NPHBOIAT K ABYMEPHOM
napaboMHIecKoi MOAEIH s CJIOS CKJTOHOBOTO CTOKA &

0L/0t+0q,/0x+0q,/2y=R,(x,y)-I(x,y); (1.19)
g, = fi(§) -k /Ox; (1.20)
y =S (&) -k /0y, (121)

TRE g ¥ gy — MPOEKLHMH eIMHAYHOTO PACXOXA BOJBI HA OCH KOODAMHAT X, );
Ry, 1 [ — COOTBETCTBEHHO MHTEHCHBHOCTH OCafKoB ¥ (uunprpanum; ki u ky —
IMOMpHYECKUE KO3 (D OUIUSHTEL.

HeHachliieHHas 30Ha (30HA aj’pallvy) OIMMCHIBAETCH CIEAYIOMIMM
ypaBHeHHeM (OTPaHUYHMMCS OTHOMEPHBIM CITyYaeM):

69 9 % al;()+s(9 £), (1.22)

= —[ ()]

rge 0 — oobeMmHas BAAXKHOCTH; K(0) — xoadduuKeHT BAaronpoBOJHOCTH;
D(6) — xoodduumenT nouennoll smary (aHanor koddduumenta audby-
3un); €(0, z, ) — QYHKUMA UCTOYHMKOB (CTOKOB), HaNpUMEp, MONIOLIEHUE
BIIarK KOPHSMM PacTeHHI; z — BEPTHKAIbHAS OCh.

TakuM e THIOM YpaBHEHMS OIMCHIBACTCS HACLILIEHHAdA 30HA K Ha-
TIOPHBIE TOPH3OHTHE:
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1.2. MonenupoBaHue, JMarHOCTHPOBaHKE U NIPOFHO3 PAa3BUBAIOINMXCH CUCTEM

OH 0o OH 0 OH
H_0 k., %k, "y ey, (2
W = K gt (K )T ewnn,  0129)

rie U — yaenbHas BoJOOTAa4a; H — ypoBeHb TPYHTOBEIX BOJ, i GesHarop-
HOT'O IBIDKEHHA ¥ TEE30METPHYECKHH HATIOP VIS HATIOPHOT'O ABIDKEHHS.

OcHOBHasg MOJIENTh MEXAHUKHM KHMIAKOCTH B BHAE cHCrembl Ha-
Bbe—CrOKCa:

p(85/ 8t + (OV)0) =—Vp + V20, 124)
V=0 (1.25)

(31€ch p — IIOTHOCTD; p — AABIIEHHE; 1| — JUHAMHWICCKAd BA3KOCTh HKHIKO~
cri; V — rpaguent (VO = divl) Takke MOXeT pacCMAaTPHBATECA KAK YPaB-
HeHMe KOHBEKTHBHOTO ¥ AMGdY3HOHHOTO nepeHoca OTACIBHON KOMIIOHEH-
THI CKOPOCTH U (TS ONpENENeHKs [ABACHHS p NPUBIEKASTCS ypaBHEHHE
(1.25)). Ecimr 13 (1.24) ucxiounTh JaBIGHUE, TO TIONYIaeMOe ypaBHEHHE
IS 3ABUXPEHHOCTH W = 1oty :

p(OW/ Bt + (OV)W — (WV)B) =1 V2w (1.26)

Taloke onpeAenser «cnemuduie-

ckue» [84] KoHBeKTHBHBLL mepe- v .
HOC ¥ uddysuio. w
Takum obpasoM, paccMoT-
pEHHBEIE MOJENMM C pPaCIIPEAENICH-
HBIMM ~ [apaMeTpaMu  (BKIIOYAs
ypaBHerne ®IIK) orHocATes k ma-
paboNuYecKOMy THILY YPaBHEHHI
Maremarideckoli ¢umuku.  Ects,
KOHEYHO, H MCKIIOUeHuA (THUIIA ru-
tepOoNUecKoi CHCTEMEI ypaBHe-
puit Cen-Benana), Ho oHH ckopee e
MOATBEPIAIOT  obiee  MpaBiwio: Puc. 1.24. «ORuHAKOBOCTE» MEXaHM3MOB
OCHOBHpIC MOJCJIH THAPOROryHe- nepeHoca ¥ auddy3ud Kak «MaTepHanb-

CKHX IIPOHECCOB — ITO YPAaBHCHUA HoW» cyOGcranigy (@), Tak ¥ «HEMaTepH-
xouBekip—IupPy3un (puc. 1.24).  anenoi» miorHOCTH BeposTHOCTH ().
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1. MCTOQOJIOI‘H}I HCCIICAOBAaHUS DA3BUBAIOIINXCA CUCTEM

Vix Marematuueckme cBoiicTBa (CYHIECTBOBaHHE pelleHUi, UX €IUHCTBEH-
HOCTb H YCTOHYMBOCTB) X0OpomIo u3ydenst {64, 84, 90]. C noMoumpio cooTBeT-
CTBYIOUIHX TpeoOpa3soBaHuii X MOXHO NIPHBOTHTE K pasmuyHoMy Buay. Ha-
npumep, ypasHerue (1.16) MoxHO 3amucats Tax (U1 OZHOMEPHOTO CITydast):

g 0,,., 0O op
P9 apy+ 2 3%y,
o o AP 5B

rae A'=—A+0B/0x. 310 Tak Ha3blBaeMad JUBEpreHTHAs (GOpMa YpaBHe-
HHA KOHBEKIH—~AHD(Y3uM, NoApoOHO paccMoTpeHHas B pabore [84].

Bo Bcex ypaBaenusx npeobinagars MoxeT nnbo xonpekiws (Pe >> 1),
6o nudpdysus (Pe << 1), xpurepueM uero BeicTynaeT yucsio Hexne:

Pe=A}x,/B,,

rae Ay, Xy, B, — XapakTepHple 3HAaueHHMA COOTBETCTBYIOIMX BEIMYHH
(B cayuae, HanpuMep, ypasHeHud Hapre—Crokca B ponu Pe BricTymaer
gpcno Pelinonsaca Re = vgh, /v, roe v, u Ay — xapakrepHbie CKOPOCTh M

riiyOuna, v — BISKOCTH).

IHpu cunsHOM AOMHHUPOBAHUM KOHBEKUMH (3TO BRXKHBIA JUIA HAC
CiTy4ail, KOTOpBIH H CO3JACT NPEANOCHUIKY I/ OTKPBITHA «TaHHBIX TPOIM»)
NPHXOIUM K TaK HA3bIBaeMbIM CHHIY)IIPHO BO3MYIUEHHBIM 33jJayaM ¢ Ma-
JNBIM TapaMeTpoM Pe™ IpH CTapIiMX MPOM3BOAHEIX, YTO MPUBOXMT K HaJIM-
yuio obacTeil CHIPHOTO M3MEHEHMS peuieHHs (B YaCTHOCTH — K TOJICTBIM
XBOCTaM, CM. HIKe). Ec/M 4acTUYHO MH(UHUTHASA cpelia HeCxKuMaema (Ha-

- n
npumep, 1as (1.16) divd =304, /0x;, =0; ato byxet, B 4aCTHOCTH, JIs O~
i=l
HOMEpPHOTO ciy4as, npy 2¢ =G, CM. HIKE), TO CTAIHOHAPHOE pacnpene-
neHne (koHeyHas MHBapHAHTHASA Mepa, Kak cKasan# 61 MaTeMaTuku) Boob-
Il OTCYTCTBYeT. B rumpoiordu oO0bIMHO IBITAIOTCS UMeTh JIeNIo ¢ ceMeicT-
BOM KpHBbiX [IupcoHa, K XOTOpOMY OpHAEM, ecitu B (1.16) NpuHSTSH:

A(x)=a, +a,x; B(x)=by +bx +b,x*,

npyYeM s CTalMOHApHOCTH HeobxoauMo, 4tobst ¢; < 0, by > 0. Heycroii-
YHBOCTH ~ 3TO HApYIICHHE 3aKOHOB COXPaHEHH4, T. €. NOABIACHUE U3 HHU-
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1.3. Yactuyno uHUHATHEIT MeXaHusM TypOY IHsauuy

HUTHOH pealbHOCTH CBOeoOpa3HOl «Tesexku» (M. Huxe 1. 1.3), «Tpsacy-
Inei» pacnpeae/iCHHe IUTOTHOCTH BEPOATHOCTH.

OCHOBHOH Te3MC YacTHYHO HHOHHNUTHOMN M'MIPOJIOrHH 3aKIIIOYAeTCs B
TOM, YTO TIPH PacIIHpeHKH $a30BOro NpoCTPaHCTBA YaCTHYHO UHGHHUTHYIO
PeaNbHOCTD (6€ Pa3MEPHOCTH paBHA PAa3sHOCTH Pa3MEPHOCTH MPOCTPaHCTRA
BJIOKCHHA U 4HC/Aa PEAIbHO YUHUTHIBacMBIX ()a30BBIX HMEPEMEHHBIX) CHKAaTh
npoie. JT0 O3HAYAET, YTO, HANPHMEp, KTONCTHIH XBOCT», BO3HHUKAKOLIMA
IPH HEYCTOHYMBOCTH I10 AUCTIEPCHH, MOXKHO «pa3sMasaThy» MO BHOBH BBOJM-
Moit ¢a3oBoii MepeMEHHOI, CAENaB TEM CaMbIM JBYMEPHOS paclpeaeieHue
YCTOMUMBEIM. 3Ta OpoHeRypa NpPeANoNaraeT yMeHHe [POTHO3HPOBATh MO-
ABJICHVC HEYCTOHYMBOCTH M 3apOXIEHHEe HOBOM (azoroll mepemMenHoH, xo-
TOpas 3Ty HEYCTOHYMBOCTH M CO3JaNA.

1.3. YacTHuHO HAGRHATHLIH MeXaHU3M TYPOY IH3aUHH
OPHPONHBIX MPOUECCOB

B n. 1.2 yxe ynomuHanocs 0 (pakransHoi (apo6Hoif) pasMepHOCTH
CHCTEM, KOTOPBIE Pa3BHBAIOTCA H CTPEMATCSA «OCBOHTHY» NPOCTPAHCTBO BJIO-
sxeaus (M. puc. 1.12). YoomuHamu MBI ¥ 0 HEYCTOMYMBOCTH MOMEHTOB
pacrpeneneHHs IUIOTHOCTH BEPOSTHOCTH, Kak IIpM3HaKe pa3BATHA
(dmf/dt — «). Peansno 310 3ameuaercs Ha 2-M HEHTpanbHOM MoMenTe (He-
YCTOHUHBOCTS CTAapIINX MOMEHTOB H3-32 KOPOTKHUX PAJOB 1OKa BCEpbe3 He
BOCIIPUHUMAETCH, XOTA U3 TEOPETHYECKHX COOOpaskeHUH ciienyer, 9To ueM
CTaplire MOMEHT, TeM OH MEHee YCTONYHB) B BHIE YTONUIEHHBIX XBOCTOB (110
CPaBHEHHIO C HOPMATILHBIM PACTIPE/ICTICHHEM).

Eme onHa XapakrepucTaka NoRoOHBIX (pa3BHBAIOLIMXCS) CHCTEM: Ha-
JMYHe «B HUX» TaK HasHBAeMOro (QUIMKKep-lyMa, T. €. PacXOAHUMOCTh
CEKTpa SHEPrHM Ha HH3KHX 4YacToTaX. 3Ta PacXONWMOCTH — HpAMOe
crencTBue MHQUHWTHOrO OKpY)XeHus (cM. Hmke). llocMoTpuM, Kakue
HMEIOTCA CBEJISHHA O MOBEICHMM 3THX XapaKTePUCIHMK B PasiH4HBIX 06-
NACTAX 3HAHWIA.

B oTHOmICHUY PeYHOro CTOKa MOKHO NPHBECTH JaHHBIE O HAIHUMH
(dImKKep-loyMa B CIEKIpax rogosoro croka (puc. 1.25, a) u xonebaunmit
ckopocty (puc. 1.25, 6). PacxomuMocTs Ha HH3KHX 4acToTax oOBLACHAET-

45




1. MeTononorus ucceIOBaHUS PA3BUBAIOIIMXCSA CHCTEM

a) ¢4 TeM, YTO MO Mepe YBe-
JAUYEHHs MPOAOIIKU-
TENILHOCTH HalJOJEHUHR CBOKO
nenTty B crekrp OyayT BHO-
CUTh BCE HOBBIE H HOBEIE
npeaMerHele obnactu  (mmop-
pobuee cm. [19, 49]), a =He
TOABKO pe4HOH OGaccedtH uiu
«TYpOYNEHTHOCTEY.
Ob6patuMca Kk  «ppak-
TanbHOM SKOHOMHUKE». Jlo He-
JaBHEro BPEMEHM B 3KOHOMM-
yeckod Hayke (ecau SKOHO-
MMKY BOOOLIE MOKHO CHUTATb
HayKOM: CIHIIKOM B HEH cu-
neH cyGpekTHBHBIN dakTop,
CBAI3aHHBIH C KOPBICTHBIM HH-
Puc. 1.25. CnextpanbHple QyHKIMH FOJOBOro TEPECcOM) [OMHMHHMPOBAIA TeO-
croka (p. Hesa — c. Hosocaparoska; «orubaro- pusl adexrusHoro poiHka. Ee

Was» — CTEKTp, ONMpeieiseMslit Gopmynoi 1/ cMmblcn 3aiovaeTcs B Clie-

npu & = 1) (a) ¥ cnekrps! KoneGanuit ckopocTy o1eM efiCTBYET MHOIO
Ha Hipxmem JTnectpe (6) (om. [19, 49, 103]). Ayiowen.  Ji Y

YYaCTHUKOB, d KOHKYPEHTHOE

B3aUMOJCHCTBUEC NPUBOIUT K
HEKOTOpO# YCTOHYHBOH TOUKke paBHOBecUs (CIPOC PaBHAETCH MpenyIoXKe-
HHI0). B 3TOM cnyuae rnpuOpUib Y9JaCTHUKOB paclipefegeTcs N0 HOpMab-
HOMY 3akOHy. OJHaKO Ha NPAKTHKE BCE paclpefeliCHHs TOJICTOXBOCTHIE
(puc. 1.26). OTo yKas3pIBaeT Ha TO, YTO, KPOME YHCTO PBIHOYHBIX («4eECT-
HBIX», «OUHUTHBIX») B3aUMOACHCTBHIH, €CTL 04€Hb MHOI'O OKONCOPBIHOY-
HBIX, «AHQUHUTHBIXY BIAMSHUI (CTOBOPOB, CIIYXOB), T. €. CUJIbHO BIHMSHHUE
amoumi (kenanust Haxutbes). (IIpy ¢ ~G; U BO3HMKAeT HEYCTOMH-

BOCTB 1O JUCTIEPCHH, T. €. TONCTHIE XBOCTHI y pacnpencneHuii.)

CymecTByeT psal HHJICKCOB COCTOSHHMA OSKOHOMMKH: PpeHTHHro-
ot kommanuu Crangapr 3ua [lyp (S & P 500), unmexkca MexnyHapon-
Horo xamutaia Moprana—Creinu (MSCI). Bce oHu (paktanbHbl
(rabn. 1.3).
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1.3, YacryaHo nubuHUTHEI MEXaHu3M TYpGYIu3aluy

Tabnuya 1.3
@paxTanbHbIE PA3MEPHOCTH: 00bIKHOBEHHBIC aKiluy [77]
Wnnexc OpakTabHaAT PasMEPHOCTS
S&Ps500 CIHA 2,33
MSCI SAnonus 3,05
MSCI I'epmanns 2,41
MSCI Anrmnasa 2,94

Bosnuxaer Bompoc, €CY HpOCTPAHCTBO BIAGKEHWA M PHIHOYHOTO
aTTpakropa nmpuMepHo 3—4 (T. e. Majo), TO HOYEMY JO CHX IIOp He HaIencs
PHIHOYHBIH mapasur (winH, Oojiee MArko, HHBECTOP), KOTOPHIA He TOCTPOMI
MOJens PeIHKA M He CKYIIHN BCe MUPOBOE 5OrarcTro?

TlotoMy 4TO DEIHOK — OTKpHITas cHCTeMa (YacTHHHO MHOMHMTHAS,
B Hallleii TEPMUHONIOIHH), OH BCEINIA «Pa3BHUBACTCH», €I'0 HEBO3MOKHO «Ha-
MepTBO» 3aMKCHPOBATH KOHEYHBIM 4mcioM nomsTai. (Hdaxke, ecnm mpo-
CTPaHCTBO BIOKEHUA — 3, TO CaM BHJ YPaBHEHHUH, THIIH! B3aUMONSHCTBHMA U

T. II. Memsiorcs.) OJdexrus-
HEIf cnoco$ MmapasuTHPOBAHHS
— cIenaTh PHIHOK (QHHHMTHBIM
(1A Napa3sMToB), YTO W IHpak-
TUKyeTcss  (CTOBOpBI, JIOXHBIE
CIYXH ¥ T. 4.). Ho wndusnt-
HOE OKPYXCHHE — HE TONBKO
KyTbe, HO H peaspHoe IPOH3-
BOJICTBO, KOTOPOE, B KOHEY-
HOM WTOr€, M peryaupyer phi-
HOYHBI# aTTPaKTop.

Teneps o «¢pakranbHoi
Suonorum». (Kakoe oTHOmEHHE
OHa HMeeT K THAPONOrHA?
Hwmeer... eme xakoe...) Bce
HoKa3aTeNd PasBUTHI OCOOeH-
HO NPOSBJISIOTCS B JKUBBIX CHC-
Temax. TTOYTH 9TO BCE MOKaza-

Hopyanhoe
pacnpeaencime

SEes8B 38R
anaa SN

fea L A " " 4
5 4 -2 E 2 4

Criutaspruoe arKoiene

Puc. 1.26. Yacrornoe pachpenencHHe MATHAHEB-
HBIX npudsuieit mo mupexcy S & P 500, sumaps
1928 — nexabps 1989 r.: HopmanbHOe pacnpezene-
HHE M ACHCTBHTENBHLIE NPHOBUIM (BEPOATHOCTH
co0sITHst Ha DHIHKE IpM TPEX CHIMa B jBa pasa
BHIINE, YeM JUli TayCCOBCKOFO paclpeiencHus)

[77].
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1. MeTononorus HCCNIEI0BAHNS DA3BUBAIOINUXCA CUCTEM

st TEITH JKM3HEAES TEMBHOCTH HMEIOT
(paxranbHyio pa3sMepHOCTb
(cepmuebuenue, OO U 1. 1.).
Hanpumep, ¢paxranpHas nuar-
HocTHka DI ykassiBaeT Ha yBe-
JIMYCHHE Pa3MEePHOCTH IIPH mepe-
xone OT Ouonoruveckoil jes-
TETBHOCTH (animnenTHyUecKuit
NPHUNAafoK — OKOJIO 2, rryGoKmit
coH — 4-4.3) X MHTe/IeKTyalb-

Puc. 1.27. «CumOHO3» IETEPMUHMCTHYECKHX HO#t (d ~ 4,7). YacTo KoHeuHas
puTMOB M 1/f~dryxryaumii [94]. ’

pazmepHocTe Ha O3I° uenoseka
BOOOIIE He WASHTUMULIMPYETCS.

B Mo3ry uenoBeka CYIIECTBYET HECKONBLKO PUTMOB (A, ®, o, B,
y-pexkamel). Tak BOT, WX CNEKTpaibHad QyHKLUMA COOTBETCTBYET (IIHK-
kep-myMy (puc. 1.27), T. e. yenoBeYECKHMI MO3T — OYeHb HEYCTOMYHBAS CHC-
TEMa B TOM CMEICJIE, YTO CIIOCOOHA K OTKPBITHAM U CYMAaCII€CTBHIO.

Coscem yauBuTeNbHBI Qakt (puc. 1.28): xoppenaunodHas pasmep-
HOCTb HMHTEPBAJOB MEXAY aKTHBHOCTHIO HOJIOCATOTO COUHKTEpA YPETPHI
(2,57) nopazutenbHEIM 06pa3oM COBNANACT ¢ (DpaKTAbHON Pa3sMEPHOCTEIO
pedd YeJioBeKa (BapHaLMAMM JJIMTENBHOCTH Iay3). Y B Tom, U B Apyrom
clly4ae ZOCTaTOYHO TPeX NEPEeMEHHbIX, YTOGH! IIPOMOAEIUPOBATE CEKCYalb-
HBIH WK «peueBoity oprasM. M oba onu (BMAUMO) CBA3aHBl C TeHepauuen
unopMarmn (6HOTOruYecKoil MITH HHTEIUIEKTYAIbHOM).

OrpomHas 0a3a JaHHBIX cOOpaHa 0 BCEBO3MOXKHBIM COLIHAIBHBIM $B-
JICHHAM ¢ aHAIH30M XBOCTOB pacTIpefesenuit, uexous us qopmyist p(x) =
2 =C/x'"™ (ctpan — mo unmcmy
YUYEHBIX, )KyPHAJIOB — I10 HYKHC-
Iy nyOnukauuii onpeneneH-
HOrO TpOgWIs, YUEHBIX — X0
Yucily IMyONUKalMi, Tepuo-
JHUECKUX M3NAaHAU 10 BX LH-
THPOBAHHUIO, paclpeneieHue

Puc. 1.28. Tlonopas (31ekTpoMHuOrpaduueckoe OTBE- Oyke pyeckoro angasuta — 1o
TEHHE OT MBUIH MYXYMHLI BO BpeMs dskynsuuy; 14CTOTE€ BCTPCYaCMOCTH, Ha-
CTpenKoif NOXa3aH MOMGHT BO3HMKHOBEHHS 4YyBCTBa LIMOHANBLHOCTEH — IO UMCIIeH-
oprasma) (a) [18] 1 peacsan (6) aKTEBHOCTS. HOCTH M T. 1.). O6uime BLIBO-
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1.3. YacTuuHo HHGUHUTHEL MEXaHU3M TYpOyIu3aliin

a) 6)
200,09
500} 100,0
. 50,0
200} . =134
Te
100} * z 200
2 : S
5 sok o §
g S sg
3 S
g 20¢ 5 20
F 1,0
10} ’
0,51
5 -
\ 02k
2 ! ] 1 L - 1 1 i i
IR BT Ol 516 2030 700
Huecro byxe, x Yacmoma caos, x

Puc. 1.29. Pacnipeneneuue ciios B oquoif U3 crareit o uuciy GykB B ciiose (@) H 0 4acTore
BCTpedaeMoctH (6) [99] (koopaunaTk! sorapudMuseckue).

B 10 BCEM pachpefieNieHHs M XapaKTepusyloT CIeAylolie KapTHHKH
(puc. 1.29). Tax kax n(x) = C/x"™, To uem GombIIe O, TEM TOHBHIE XBOCT (T. €.
pacrpeaeiieHye 6/pKe K YCTOHUHBOMY HOPMAaNBHOMY). )

Jmuna cnopa (ducno 6yKB B COBE) OTpeeNsieTcs cBOHCTBAMY OO~
coBoro anmapata ($pusuonorueii), T. €. He oueHb TBOpUEcKol mpupomoi. Kak
CNE/ICTBHE, XBOCT TOHKHUI (pacnpezieneHye YCTOHYHBO MO AUCTIEPCHU): O, =
=13,4. A BOT 4acTOTa MCIONL30BaHMs (BCTPEUAEMOCTH) TeX HWIM HHBIX
cioB GOPMHUPYETCs: TBOPYECKMM MO3IOM (CTIOBAPHEIM 3aHacOM YeIOBEKA),
HO3TOMY XBOCTHI TOJCTHiE: 0 = 0,97 (mpu3Hak HEYCTOHUMBOCTH MO JMC-
TIEPCHH, T. €. KTBOPYECKOCTHY ).

Taximm obpasom, ueM Oomee TBopueckuii 00Bekr (Tpolecc), TeM
Gonpme o npubmirkaercd K HyMO (HEYCTOWYHBOCTE). IT0 06CTOATENLCTBO
nopoxxaeT He()eHOMEHONOIHYECKHH TMapafioKC CYINEeCTBYIOmeH Hay4HON
METOXOJOTHH. '

K paccMOTpeHHEBIM pacnipefeNeHusIM Hajo T00aBUTE Bce pacripeere-
HHA, ONHACHIBafOmue KatacTpodsl, GexcTeus, 3emuerpacenss u T. n. IIpo-
CTeliMe W3 HUX aHANWTHYECKH MOXHO OmAcaTh pacnpenenenmem [lapero
(puc. 1.30):
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1. MeTo010rHs HCCHIEIOBAHNS PA3BUBAIOIIUXCS CHCTEM

a) 6)

oy, >
Ep p R F(x):l x7 xz2l,ax>0,

0 ;o x<l.

B cucreme pacmpenmenenuit Ilup-
coHa — aro VI Tun (Gera-
paclipelieIeHUe I pona):

I R Rt P e T
Puc. 1.30. Pacnpenenchue [Tapero npu a = 0,5
(a) B WDIOCTPaUMsS HapyLICHUS MNPeNeIbHOMN
TeopeMsl (6). AOK MOMEHTa n < Ql, Mbl HAXOAUM-

C4 B YCJIOBUSX JEHCTBHA OOBIUHBIX

p(x)=F'(x)~x"""*_ Tloka nops-

n
HpesC/IBbHBIX TEOPEM TEOpUH BeposATHocTed, T. e. S, =X x, — S (npu ye-

i=1 n—r
JIOBUH, YTO X; OJHHAKOBO DAacHpe/esieHsl), T. €. ViX; HE BHOCHT oOmnpeje-
JSIONIEro BKJIAJA.
IlIpuy o < | Bce MOMEHTBI pacxXxojfTCsi, U B OITOM CJiyuae
x}i_r)roloM[Sn /m,,]:l/(l—a) (zmecp m,, =max{x1,x2,...,xn}). Tax xak npe-

Jen ABJILETCA KOHCTAHTOM, TO 3TO 03Ha4aeT, 4To JBE IIOCICHOBATEIEHOCTH
Sy U m, SKBUBAJEHTHBI, T. €. CyMMa 3 (EKTOB ONpERENAeTC b OIHUM
MaKCUMATLHBIM WIEHOM 1, (He AelCTBYeT npenenbHas Teopema UeOrite-
Ba). OTO He HYTO MHOe, KaKk HedECHOMEHOJIOrHyecKuil (CymHOCTHEIN) mapa-
JOKC KJIACCHYECKOH OHTOJIOTHH TEOPHH BEPOSTHOCTEH.

CyiHocTs sIBNieHHS (2 B TEOpHM BeposTHocTed o6pabaThIBalorcs
HMEHHO XapaKTepHUCTHKM SBICHHI) JEXUT 3a INpegeaaMu (QUKCHpyeMOH
npeaMeTHOM obnacty. Jing NUKBUAAUMM Napajiokca Hafo IO-APYTOMY €e
3aUKCHpOBATh, Hampumep pacmuputh. Hano, uro6bl HaGmonaeMoe fABJe-

Hue (lim M[Sn / mn]zconst) CTaNno CYIIHOCTBIO paCHIMPEeHHON NpeMETHOH
0

o6nacTH. DTO 3HAUUT, YTO B TEOPHIO JOIDKHEI ObITh BHECEHBI 3IIEMEHTEI (pa-
LHOHAJIbHEIE KOHCTPYKLHH), KOTOPBIE HE [IPOCTO KOHCTATHPYIOT (haKT SKBH-
BaJICHTHOCTH Sy, ~ My, HO U OOBACHSIOT €10, a 3HAYUT, ¥ IPOTHORUPYIOT.
YacTo BMECTO TOTO 4TOOBI pa3speHiuTh HapaJoKC, NBITAIOTCA OT Hero
yiitu. Hanpumep, eBMecto o6paborku psanma {x;} obpabareiBaioT psg jora-
pudmoB {y; = log x;}. B mocnenHee BpeMs ITOIBHIUCH BCEBOZMOKHBIE MOJe-
7M1 TaK Ha3hIBAGMOH «CaMOOPraHU30BaHHON KpUTHUHOCTUY. IIpuMep — kywa
necka: noGaBlieHUe HOBOH NECUMHKU MOXET BHI3BaTh JNaBUHY. Ho sTH Teo-
PHM POBHBIM CHETOM HUYEro He OOBSCHSIIOT, a TONBKO KOHCTATHPYIOT (aKT
HEYCTOMYHBOCTH: BHHOBATA HE KOHKPETHas NECUHHKA, a BCS Kyda (IKOHO-
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1.3. Yacriuno vt MHUTHEIN MCXAHU3M TYpOY IN3aluu

MHKa, TUAPOJIOTHYCCKMH PESKUM U T, A.) B LENIOM. OTO OHa HAaXOOUTCA B
KPHUTHYECKOM COCTOSHHH M ()EHOMEHOJIOTHUECKH ONHCHIBASTCA MOJENIMU
€aMOOpPraHH30BAHHON KPUTHIHOCTH.

OpmHako CYIXHOCTE He(eHOMEHOJNIOTHYECKOro napagokea (S, ~ m,),
T. €. HEYCTOMYMBOCTh «Ky4u», He B Hell caMoli. HeycToluuBocTs iMmb yc-
JIOBUE peayH3allui NPHIHHHO-CIEACTBCHHOM CBA3M (IIeCUMHKa—IaBHHA), HO
KTO CO3[1aJt CaMy 3TY HEYyCTOMIHBOCTH?

Berxon U3 Tymika 3aKJIH04aeTCs B IMOCTPOSHUM AMHAMHYECKOHM Moje-
7Y, Opy cTaTUCTHYecKoH obpaboTke pemenuii kotopoil (T. e. TpaeKTopuii)
MOXHO OBUIO GBI NIONYHHTB CTENEHHOE paclpesiesieHue. JT0 03Ha4alo Ok,
yTo «Ioroxmy» (S,) Aemaer He Gesymkas Macca COOBITHIT Ha TpaeKTOpHH (X;),
a 3KCTpeManbpHsle BRIGPOCH (M1, =max{x,.}). Jlng pasBHBAIOMIAXCA CHCTEM

TaKad CHTyalEs — OTKa3 OT 3aKOoHa OOJbIUMX WHCeN W OT CYILIeCTRYIOUIeH
OHTOJIOTHH TEOPHH BEPOATHOCTEH.

Taxum o6pa3soM, HaJO paccMaTpUBaTh Pa3jIMYHBIC MyTH (CLEHAPUM,
KaK TOBODST) BO3HMKHOBEHHS Xaoca («TypOyJeHTHOCTH») M CMOTPETH,
KakuM 00pa3oM BO3HMKAIOT NPH3HAKK HEYCTONUMBOCTH, TsDKEIBIe
xBocThl, ¢pakramsHocTh. K HHM oTHOcATcH creHapuu Jlanmay—Xomda,
Proans—-TakeHca, yaBoeHMa nepuofa u Ap. (cm. [50]). OxHako Hu oguH U3
NepeyrCICHHBIX ClieHapHeB He 00BiAcHIeT ¢UIHKKep-1UyM (HH3KOYaCTOTHYIO
PacXoIMMOCTh CIIEKTpa).

Ha ¢eHOMEHOIOrnIecKOM YpPOBHE OIMCAaHHA IpoLiecca ypaBHEHUEM
OIIK nosBneHye THKENBIX XBOCTOB CBS3aHO C HEYCTOHYHBOCTHIO MOMEHTOB
3a c4yeT «BHIOpOCOBY M, = max{xi} Ha ¢oHe Gonee WK MeHee YCTOHUMBOM

CTAaTHCTHYECKO#H COBOKYIHOCTH {X;}. 3HauuT, nponecc (TPaeKTOPHUs) HIH30-
gudeckn (MoxeT OBITh, «KBasHIICPHOIUYECKH») [OJDKEH BO3BpAILATHCA
B CTATHCTHYECKH YCTOMuUMBOE cocTosHue. KpoMe Toro, no Mepe yBesimdeHuUs
MPOOILKATENBHOCTH HaOMOASHHI 32 MpOLecCOM, AIUTENFHOCTH «JIaMHHap-
HOI (ha3b! JODKHA YBEMHMBATECS, TOYHEE, MbI HOMDKHBI KHATHIKATHCE» Ha
Gonee murenbHble $assl (3T0 HEOOXOMMMO T PACXORUMOCTH CIIEKTpa IpH
YacToTaxX, CTpeMsuuxcs K Hymo). Ha deHoMeHOmoru4eckoM ypoBHe onmca-
HHS 9TO MOKET OBITH PeaTU30BAHO JIH0O BHEMIHUMH BO3AEHCTBIAIMY (HarpH-
Mep, IPaHUYHBIME YCIIOBHAMH), THOO nmepeMeHHbIMH KO3(QpHUHEHTaMI MO-
JI€N, KOTOPBIE 3aBUCAT («(YTIPABIIOTCAY) OILITH K€ OT BHeIHeH cpejipl.
Taxkum oOpa3zoM, Hafo MIMETh TaKylO MOJENb PACIpERENEHHs HCKO-
MbIX QYHKIMH B ypaBHEeHHAX w3 1. 1.2, B KOTOpoH «BHeWIHAA cpenay» caMma
OBl «OBILIaNaY, TypOyIH3HpYs pacnpelie/ienne, kKaK JBIbKYHaicd 1o yxabam
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1. MeTOoAOIOrYS HCCNe/IOBAHHS PAa3BUBAIOIINXCS CHCTEM

TENIEKKa pacTpsicaeT cBoe cojepkumoe. Ecimm wrHopupoBate ¢akt nepeme-
[IeHHs] caMOH «Tenexkm» (CUHTaTh «CHUCTEMY OTCYETa» HENOABIDKHON —
«HMHEPLHAIBHOM® ), TO AeHCTBUTEIBHO BOZHHKAIOT MBICTH O «CaMOOpraHH3a-
LI COREPHUMOro Tenexxu. Hayka co BpeMeH ApUCTOTENs NBITaeTCs HalTH
TaKHe THIIB! «TeAEekKEK» (CHCTEMBI OTCYeTa), YTOObI MareMaTHUECKOe OIca-
HHIE JIMHAMHUKH HX COIEPKHUMOro He MEHANIOCH NIPH 3aMeHe «Tenexery. Io-
5TOMY Ha3BaHUE ¥acTHAA (WM 00Iasn) TEOPHH OTHOCHTEIbLHOCTH — MIPO-
CTO UCTOPHHECKHH Kyphe3: pedb B HHX HJET O Mouckax abconrora (yHUBEp-
CAILHOH «TEJIEHKI»), 3TO TEOPHH a0COMOTHOCTH CO CBOUMH MHBApPHAHTAMHY.

Kakopa mucropmss ¥ MOTHBAIMs CO3JAHUA 3THUX YHUBEPCANBHBIX «Te-
nexex»? OHU MOSBUIIUCH B Pe3yNIbTaTe NPEOHOJICHUS ONPeACHEHHbIX Ty M-
KoB (IapafioKcoB, B Halue#d TEPMHHONOTHH), KOTOpble BO3HUKIH HPH 3BO-
JOLHU HAYKHY, [TIABHBIM 00pa30M MEXaHUKH.

Cosnanme MexaHukuw Hayaitocs ¢ Apucrorens. Ilo soruke ero
paccyXOEHUH COCTOSHUE HABWXYINCHCI MaTepHanbHOM TOUKM OIUCHIBA-

erca TpeMa KoopauHatamum F =(x,y,z) [6], dF/dr= }'(? ), rme
F=( Fo (), £,(F), f,(¥)) omuchiBaeT BO3NEHCTBHE BHEWIHHX CHI Y HEro

OBLI0 MHOTO TIIyIOCTeH» (eie 60oMblile — He MIIyIocTel), HO INIABHOE — 3TO
MOCTYIMpOBaHye abCOIOTHOM cHcTeMbl OoTcueta — 3emnu. OTCIOHa ITOME-
MeeBCKasd reoneHTpHYecKas CHCTeMa, paspyllleHHE KOTOPOH IIOTHXOHBKY
TOJBENI0 K CO3JaHMIO KiaccHueckoli mexanuwku [amwies—Hrerorona. Tlo
HetotoHy, K Tpem KoopauHaraM (X, y, z) HOGABIIOTCS TPH COCTAaBIAIOIME
ckopocTH U= (V,,V y>V;), ¥ YPABHCHUS ABWKEHMA MaTE€PUAIHHON TOUKH

MaccoM m moi fdelicTBueM BHeIHEW Ccwiel F(F) UMeOT BUA;

dF1dt =0, m-do/dt=F(F). (Ecau yckopenue db/dt mano, To 062 nog-
xona coBmajaior.) Yerplpe u3BecTHHIX 3akoHa HproToHa Gasupyrorcs Ha
JIBYX OCHOBOHOMNATraoMMX NpuHIMnax [anumes.

Bo-nepBrix, MM ObIJI0O OCO3HAHO, YTO OBITh THXEBIM MWIH JIETKHM 3a-
BHCHT HE TOIBKO OT TeJia, HO U OT OKpyxarouel cpenpl (KHHQUHHATHOTO OK-
PYXXEHVA», B Halllell TEpMUHOJIOIHH): IIOJICHO Ha BO3AYXE TKeNoe (MOXKHO
yOuTH), 2 B BOJE JIerkoe (Jaxe He TOHET) — «BCE Tej1a TAKETIbIey.

Bo-Brophix (I7aBHOE) — 3T0 NPHUHLMII OTHOCHTENBHOCTH: JIF000€ TeNo
MOKHO C/IEJIATh HETIOMBUKHBIM, ECJIH TIPHEATH €T0 B KAYECTBE Te/a OTCUETa.
To-apyroMy: MexaHH4ECKHE ABJICHHS [TPOHCXOAAT OAUHAKOBO B HETOJBIDK-
HOH WM B MOJBIKHOH (HO JNBIDKyIIeHCHA MPIMOJHHEHHO U PaBHOMEPHO)
cUCTEMax OTCHeTa.
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1.3. YactHyHo nHOUHUTHENA MEXAHH3M TYpOyAu3anym

CHcTeMBl OTCUETd, B KOTOPHIX HA TENO HE JEHCTBYIOT HUKAKUE CHUTHL,
HAa3LIBAIOTCA HMHEPIHANBHEIMH (FOBOPST «TeNIO ABIKETCA IO HWHEPLHH»).
IMepexon OT KOOpAMHAT ONHOM HHEPIMANBLHOM CHCTEMBl K KOOpLHMHATAM
Jpyro#t omuceiBaeTcs npeoOGpasopanusmu Tamunes: x=x'+v't', y=y',

‘, t=t'. Drumu QopMyiaMu HAIpOUL OTBEPraeTcs Hies ApUCTOTeNnst

06 aGcomoTHO (BBIIENCHHOM) CHCTEME OTCYETA, T. €. 00 aBCOMIOTHOM IBH-

xeHuM (¢ nerTpoM Ha 3emiie). CucteM MOXeT OBITh CKONBKO YTOAHO, JIMIIL
651 OHM ObLIM HHEPRHAATBHEL.

ToBopsAT, 4TO 3aKOHBI MEXaHHKH WHBAPWAHTHEI (HE MEHIOTCA) OTHO-

CHUTENBHO TpeoOpasoranmii [anunes. JlelicTBaTenBsHO, IYCTh UMEETCA YpaB-

Hemne m-d’F/dt*=F u t=f, F=F +0-t. B Teopuu HsloroHa

IpeanongaraeTcs, 4ro CHia F n macca m sBnaorca aGCOMOTHLIMA
BCIMYMHAMH, T.€. OOHM H TE€ XC B HHCPUHAIBHBIX CHCTEMaxX OTCYEeTa

—_ ]

(m = m, F=F' ). llosromy (cuuras, uro Ov/8t=0) nomyunm:
m'd*(F +or)/dt* =F'=m'd*F | dt* =md?7 | di* =F , 7. e. BTOpO#l 3aKOH
HetoToHa MHBapuaHTeH OTHOCHTENBbHO NpeolOpaszoBammii Iamunes. Bee ato
B HalleH TEPMHHOJIOTMHY MOXKHO HA3BaTh OHTOJOTHEH KIACCHYECKOH MeXxa-
Hukn. Ha ee ocHOBe neHcTByeT mpakTHyecKas KOCMOHABTHKA M HebGecHas
MexaHuka. Ho ecin onronorus Ianmunes—HpioToHa Tak XOpoila, TO OTKyAa
nmoABMaCh 4YacTHasd TeOpHs OTHOCHTenbHocTH? Jlamaiite ee. (OHTONOIMIO)
«pyrars» (BMECTe ¢ aBTOpoM padotst [29]).

Bo-nepBeix, Bes KiaccHUecKas MEXaHAKa ueucmye'r TOJILKO B HHEp-
NUATEHEIX CHCTEMaX OTCYETa (T03TOMY M OBITH BBEJEHBI a0COIOTHEIC IPO-
CTPaHCTBO M BpeMst, 4To0bl Ha GECKOHEYHOM PACCTOSHHH CYUIECTBOBAIM
HHEPLHALHBIC CUCTEMBI OTCUeTa). B YCKOPEHHO ABHXKYIIHMXCA CHCTeMax
OTCYETa IIPOCTPAHCTBO HepecTaeT OBITH OZHOPOAHBIM M H3OTPOIIHBIM, a
BpeMs HepecTaeT «Tedb» paBHOMEpHO. [IpeobpaszoBanua amunes Tepsior
CMBICI, HapylIaeTCd MHBAPHAHTHOCTH 3aKOHOB, HE JEHCTBYET 3aKOH COXpa-
HEHUA MEXaHWYCCKOM SHEprHH, TaK KaK HpH Mepexone K YCKOPeHHO ABH-
KYLIUMCA CHCTEMaM OTCYETa BO3HHMKAIOT TAMHCTBEHHBIE CWIbI HHEPIMH.
OHH, KaK U CHJIa TATOTCHKA, HEKOHTAKTHBI, 4 €llle ¥ He HMCIOT MaTepHalib-
HOTo HocHTe/s (MHCTHKA, XOTS OHM OKA3BIBAaIOT CaMoe peabHOoe BO3ACHCT-
BHE: PE3KO TOPMO3HyJ — HiMuika; chia Kopuwomica — moamsie Gepera u
T. 11.). CwiIsl HHEpPLUUH BO3HHKAIOT IIPH YCKOPEHHSAX, TOPMOXKCHHX, Bpallle-
HUSX, KOstebaHuax. VIX 9acTo HaspBalOT GUKTHUBHBEIMH, TaK KaK HEACHO, OT-
KyZna onu GepyTes.
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1. MeTo/10310r1st HCCHER0BAHMS PA3BUBAIOHIMXCA CUCTEM.

Bo-BTOpBIX, Bce OCHOBAHO H4 NPHHLMIIE HHEPUMH, «YTBEPIKAAIOLLIHM
CYLIECTBOBAHME HEKOH HMHEepHMaNbHOM CHCTEMBI OTcdeTa, B KOTOPOil (npu
OTCYTCTBHH CHJI) TEJIO ABIIKETCS paBHOMEPHO U npsaMonuueiino. Ho kto sTo
nabmonan? Jlaxe ecmu OBl yIaloch TaKOe YBHAETh, BOZHHKAET BOIIPOC: O1-
HOCHUTENBHO 4ero Telo JBWKETCS PaBHOMEpHO M npsamonuHedHo. Otser
TOJIBKO OIMH: OTHOCHTEIBHO TOH Jke HHepIUMATeHOH CHCTEeMEBI OTCueTa. D10
JIOTHUYECKUI TTOPOYHEI KpYT (3arubaHue JOTHKY, He(heHOMEHOOTNUECKHi
napagokc). A INOTOM, KaK y3HATh, YTO Ha Tejlo «He JEeHCTBYIOT CHIIBLY?
CrnornHas MeTadH3HKa.

A uro Takoe abcoOTHOE, IMycToe npoctpaHceTBo? i abcomoTHoe
Bpema? Benp omy mpuuuiy K NOHATHIO BpeMeHH, HaGmiofas U3MEHEHHS
pemeii. Kak BooOme MOXHO NPHMEHUTH 5TH MOHATHA K 3akOHy HproToHa
m-d*Fldi* =F?

JleiCTBUTENBHO:

1. OTHOCHUTENBHO Hero H3MepsTcs YckopeHus? OTHOCUTENbHO
HHEpLMAaNBHON cHcTeMBl oTcyeTa — «roBopum» Heroton. Ho k kakomy Teny
ee IIpUBs3aTh B aOCOMIOTHOM mycToTe?

2. Jlns onpezeeHus yekoperus d’7 /di* Hano MMeTh MOHATHE Bpe-
menn. Ho mo Herotony abcomoTHOe Bpems He 3aBUCHT HU OT 4ero (B 4acT-
HOCTH, ¥ OT JBIKCHHUS Tel), a CIISAOBATENIPHO, ero HUKaK He ONPEACTHTS.

U tem He MeHee KJIaccHYEcKas MeXaHUKa — He TOAbko dunocodus u
MHCTHKA, HO ¥ HayKa, T. €. B Heil eCTh 3JIeMEHTBI TOT0, YTO MOXHO 000CHO-
BaTh M YTO MPH3HACTCA KaXKIHIM YenorekoM. Ha Heii moctpoena Bes Habnio-
JaTejpHAs aCTPOHOMHS, MAIUMHBI, MEXaHU3MBl, THIPOMEXaHWKa, peyHas
THAPABIMKa M T. [. 3aueM TOrAa JIOOU cTanu ee obobmare U pUAyMaiu
KaKYIO-TO «CICLHMATBHYIO TEOPUIO OTHOCHTENBHOCTH»? 3aueM NpaKTHUeCKH
Gbuta HyXHa Kakas-To HOBasg TeopHs Tarorenus? Bce-Taku Bce nepeuuc-
JIeHHBIE TaPaJIOKCH] U TYIMKH HOCAT Xapaktep ¢riocodexuil, Metadusude-
cxuit. Jlns Toro uro0bl 3amMaxuBaTecs Ha HeloTOHa, HyskeH ObUT TYIHK Npak-
THYECKOTO XapaKrepa.

OToT TYNHK MOSBWICS B CBA3Y C W3YUEHHEM B3JIEKTPOMArHUTHBIX IO-
nei. Crnoo «none» dyxgo onrosoruu ['amunes—HeroToHa, rae Bce npouec-
CHl IPOHCXOAST ¢ HEKMMHM abCTpaKIMAME, UMEHYEMBIMM MaTepHa/lbHBIMH
TOUKAMH, NIPUUEM B3aUMOICHCTBHE MEMXTY HUMM IIPOMCXORUT MIHOBEHHO.
Tak BOT, OKa3aJI0Ch, YTO YpaBHEHHS 3/MeKTPOMarHUTHOro noias Makcsenna
(MBI «OIyCKaeM» BCe, YTO K HUM OTHOCHTCS: 3TO 3aXBaThIBAIOUMH JETEK-
THB, CBA3aHHBIA ¢ 0XOTOH Ha 3(Hp) He MHBAPHAHTHEI OTHOCHUTEIHHO IIPE0b-
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1.3. YacTyyso pHOUHMTHEIM MexaHu3M TYpOYaH3aImm

pasoBanuii I'anmiies, T. €. BCTYNIAIOT B IPOTHBOPEHYHE C ero MPHHLHIIOM OT-
HocuTenbHOCTH. TakuM 06pasoM, B Hayke BO3HHK OYEPEAHOM Hed)eHOMEHO-
JoTUYeCKHi mapajioxc. BosHEK OH M3-3a TOro, 4TO IPEAMETHas 06NacTh
KJIacCHYEeCKOH MeXaHHKH ObUla pacli¥peHa Ha HOBBIM knacce du3mueckux
ABNEHUH (3NIEKTPOMATHUTHBIX), ¢ KOTOPHIMH He MOTJIA CIIPABHTHCA CTapas
onrosioryd. IloaroMy kaccuyeckas Mexanuka GbUta pacIiMpeHa OO Crely-
anpHO#H (YacTHOH) TEOPHH OTHOCUTENEHOCTH.

Baprep Obu1 npeofoneH ABYMS IIAraMu:

1. ('naBneii.) Bewn cdopMynupoBaH HOBBIH (IO CpaBHEHMIO C IIPHH-
LHIIOM OTHOCHTEIBHOCTH [anunes) yMO3PUTENBHBIH MPHHUMII, KOTODBIHA
ONATH BCE CBENM K IEOMYy KIIACCY NPUBWNETMpOBaHHBIX CHCTEM OTCYETa,
B KOTOPBIX yX€ pacLIHpeHHas TeopHs (MeXaHWKa IUIOC IEKTPOAVHAMHKA)
HE MeHAeTCs IIPU NepexoHe OT OTHON CHCTeMBI K JIPYToii.

2. Bb1a B34T Ha BOOPYXKEHUE SMIHpHYECKUH (akT MOCTOSHCTBA CKO-
pocTtH cBeTa (BO BCEX MHEPLMAJBHBIX CHCTEMAX OTCHETa OHA OJRHAKOBA H
He 3aBUCHT OT HaIpaBJICHNS).

Bwmecro npeobpazoBanuii I'anwres Hago MCTIONB30BaTh npeobpasosa-
-Hus JlopeHna, OTBepraiolye HbIOTOHOBCKHE ITOCTYNaThl 00- abcomoTHOCTH
IpOCTpaHcTBa M BpeMeHH (' =f, Ax'=Ax). BMecTO pasmenpHO CymiecT-
ByrouMx npocrpaHctBa (M = (x, y, z)) U Bpemenu (f) GbUIO BBEIEHO
4-mepHoe npocTpaHcTBO cobwituit (M = (x, y, z, #), Taxke abCoOMOTHOE, HO
B Gonee MMPOKOM CMBICHE, C HHTEPBATIOM MEXTY COOBITHAMM (IPOCTPAHCT-
BEHHO-BPEMEHHBIMH «TOYKAMI») B KauecTBe HHBapHaHTa peobpa3oBaHus.

ITepexon x oOmieit TeOPHH OTHOCHTENIBHOCTH — 5TO YK€ JINUHAS «3a-
ciyra» D#HWITERHA, XOTA OCHOBHBIE MeH ObuIA UM 3aUMCTBOBAHEI ¥ ApY-
rux. OHTONOTHYECKOTro TYIINKA, AUKTYEMOro IPaKTHYeCKUMH MOTpeGHO-
CTAMH, He OBU10. BbUI TYIHK yMO3PUTENBHEHA, Tak KaK BceM ObUIO ACHO, YTO
caMO IOHATHE '«MHEepLMANbHad CHCTEMa OTcYeTa» MeTabM3HYHO M peaiu-
3yeMO TOJIEKO HPUOIIFKEHHO (CKaXKeM, reNHOLEHTPUYecKas CHCTeMa OTCue-
ta). IlosromMy DHHIITEHH M MpeNpPHHAN MONBITKY JanbHelero pacuiape-
HUA NPHHUMIIA OTHOCHTENILHOCTH (6e3pazimrums K BEIOOPY CHCTEMBI OTCUe-
Ta — CTENEKKH») Ha YCKOPEHHBIE CHCTEMBI OTCYeTa. B OCHOBE 3TOH MOTBIT-
KU JIeXKall ero IPUHIKI SKBHBAICHTHOCTH: TIOJIE TATOTEHHs B MHEPLIMAILHOM
CHCTEME MOXKHO 3aMEHHTD IIOJIEM CHJI HHEPLUM» B YCKOPEHHOMH cucTeMe.

B ocHOBe 3TOr0 NpMHIMIIA JexuT uaes 3. Maxa o ToM, 4ro A yc-
KOPEHHBIX CHCTEM OTCHeTa CHia B OIHOHM cucTeMe MOXKET BBICTYNATh B Ka-
YECTBE CHJIBI TSHKECTH, 2 B IPYroi — B KauecTBe CHIbl HHEPLHHU (CHIbI MHEp-
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1. MeTonoI0ryus HCCe10BaHus Pa3BUBAIOIIIMXCS CHCTEM

IMH W IpaBUTalldd B3aWMOIpeBpalaemel). JTofomsieka 3Toi uaed B TOM,
410 Max BooOille BeICTynal npotuB MeTadusnkd HeioToHa M mbrTasncs rmo-
Ka3aTh, YTO HHEPLHS ITOPOXKIACTCA HE IMyCTHIM IPOCTPAHCTBOM, 2 Maccam,
COepXKAIUMUCA B MPOCTPaHCTBe. DTy HICI0 (3aBUCHMOCTh CBOWCTB Mpo-
CTPAHCTBA OT PACHpPE/IEsICHMs M JABHXKEHHs MAcChl) U B3sUl HA BOOPYIKEHUE
Oiinwrreiin. Peanmusaruist 3T0# Haen nortpeboBaia pacuiipyUTh NPUHLMIT OT-
HOCHTEJIBHOCTH TIPAMEHHTENBHO K YCKOPEHHBIM (B YaCTHOCTH, Bpalaio-
IuMes) cucTeMaM (3aMeHHTh NpeobpazoBaHus JlopeHna Ha HeNMWHEUHHbIE).
B ycKOpeHHBIX cHCTeMAaX BO3MOXHEI TOJBKO KPHUBOIMHEHHBIE CHCTEMEI KO-
OpAMHAT; CaMH KOOPIAMHATHI TepSIOT METPHUECKHH Xapaktep, a BpeMd —
CROIf (hm3mueckuii cMpich. [TosSBUIIACh HAES CBI3U FeOMETPUH MPOCTPAHCTBA
U rpaBuranpd. Ha Boopyxenue GbUM BIATHI TAK Ha3bIBaeMble HECBIIUIOBbI
reOMeTPUH — A-MEepHBle MHOr000pasus (MCKpHBIICHHBIE IPOCTPAHCTEA).

Mertadopuyeckas HHTepIpeTanus ocHoBHOro ypaeHeHus OTO, nan-
Has JIx. YenepoM: IPOCTPaHCTBO YKAa3bIBACT MATEPHM, KaK JBUraThCs, a
Marepus — IPOCTPAHCTBY, KaK UCKPUBIIATHCS.

Takum 0Opa3oM, OCHOBHEIC YCHIIMS YYCHBIX HAIIPaB/SUIMCE Ha To,
4Yro0bl «OOBEKTHBHEIY) MOJAESNM PEabHOCTH HE 3aBUCEIH OT «CyOBEKTHB-
Hoi» cucreMsl orcuera. Ho M OOBeKTHBHOCTS, U CYOBEKTHBHOCTL — 9TO
YECTO rHOceonoruyeckue kareropuu. OHU MMEIOT CMBICH TOMBKO B Hepe-
XOJHOM THOCEOJIOTHYECKOM PEXAME OT OJHOH OHTOIOrUH K Apyroi. Ecnu B
ouepemHOi OHTONOTHH JIOTHKA He «3arubaeTcsy (Z0 OnpenesieHHOro MOMeH-
Ta), TO CYIECTBYIOT O0Ie3HaYUMBIE JIOTHYECKHe IPaBWia IOy YeHHUs HCEB-
nonngopmanun. osromy Bech nadoc «dysaaMeHTAILHOR» HAYKH CBOJAMT-
csf K OBJAJICHHIO «abCcomoTHoMy OHTONOrHe. B Hell cucrema orcyera BO-
o61ie Urpaet BCHOMOTATENBHYIO POJIB: Ha KAKOM «TEIGKKE» He MOe/eIb, HO
B L[EIOM CHTYAIIUIO ONPEEIACT «H0OPOora» (€6 «KpUBU3HAY).

3purensuo Beenennyio (30 moxet ObiTh «BcenenHas» B (dasoBoM
MPOCTPAHCTBE) MOKHO NPEACTABUTH KakK HEKoe A0JIOKO (MCKPHBIEHHOE IIPO-
CTPaHCTBO) WK (HaykooOpasHO) Kak MHOT00Opasue, «IIOMEIICHHOSY B HH-
KyZa, T. €. «IpOCTPAaHCTBO BJIOKEHHD» OTCYTCTBYET. MI3y4aTs 3TOT 00BeKT
MO)XHO TOJBKO JIOKATBEHO — «YUEHOMY» HEUeM PYKOBOJICTBOBATHCS, KPOME
JIOKAJILHOM TCOMETPHE TOW HaCTH MOBEPXHOCTHY», B KOTOPOH OH HAXOIUT-
cst. TTOMHOCTBEO M3YUMTH 3TO «A0JOKO» He NAIOT CHHTYJIAPHOCTH (THNA
«DONBILOTO B3PBIBA»), JEjas IIPOLleCC HO3HAHWA OTKPBITHIM (YaCTHYHO
WH(QUHUTHBIM).
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1.3. YacTnyHO HOUHUTHEIN MexaHu3M TypOyIuzauuu

A Temepb BCIIOMHHM HalK ryaponorudeckde Mopenu (1.17)-(1.26),
TIpUBOASINME K YpaBHeHuro Tty OIIK:

G, 20 la 2
P =g GG, D+ 3

2i=10x a [B’J(i’t)p(i:t)] .

Hezarucumas mepeMeHuas B HeM (X ) UIpaeT pojib «IIPOCTPAHCT-
BEHHOI» KOOpAMHATHL. (DOpPMaTLHO-MATEMATHUCCKH OHA — HE3ABHCHMAs
(ot p) mepemennas. MOXHO Nake HAPHCOBATH YTO-TO IOXOMEE HaA «S0-
sioko» Ha puc. 1.31: n-meproe MHOroo6pazue (#-MEpHYIO ILIOTHOCTH BEpO-

ATHOCTH p(x;)). OnHAaKO B OaHHOM Clfyuae 06 MHBAPUAHTHOCTH (HanpuMep,
+00  +00

[ [ (s x5 )Ry

—0  —c0
nepepacipee/ICH#e BEPOSTHOCTH TONBKO IO «TIPOCTPAHCTBY» (X1, .., X5).
PaspuTHe — mofBJIeHHe HOBBIX CBOMCTB (Xs) — TpebyeT nepeHOpMH-
poBkH. B HameM cilyqae MHOroo6pasue yxe KyHa-TO «BKJIafBIBACTCS», Y
«IPOCTPAHCTBA BIOKEHH» €CTh TOMONOIHYECcKas! PasMEepHOCTh, IPEBOCXO-
JAamas GpaKTaNbHYIO, XapaKTepH3YIOmyIo MHOroobpasue «caMo 1o ceben.
OnHako 310 «camo 1o cebe» He Gonee yeM WELTO3HA: MHOT0OGpa3He TONBKO
HPOEKHMA «4Ero-TO» Ha TO MPOCTPAHCTBO, KOOPAHHATE! KOTOPOTO ((ba30m>1e
IIEpEMEHHBIE) HAMH KaK-TO OCBOEHEL.
IlpoBens TICEBOAHATIOTHIO
«Janpiie» M NOCUYMTAB BENUYHHY P
«QHAJNIOTHEH»  KPHMBU3HBEL, MOXHO
BCJIe 33 YWICPOM CKa3ath, 9I0
IUIOTHOCTh BEPOSTHOCTH YKa3pIBaeT
YHCTICHHBIM 3HAYCHHAM (a3oBBIX Ie-
PEMEHHBIX, KaK KOHIGHTPHUPOBATHCH,
a (ha3oBbIe TIEPEMEHHEIC YKA3BIBAIOT
IUVIOTHOCTH BEpOATHOCTH, KaK HC-
KPHBIATBCA — pacipeenarbcs. Ponb
«KPMBH3HED) MOXET HIparsb . jrodas

5 =COnst) MOXHO TOBOPHTH, I10Ka [POHCXOJUT

HCKOMas (PYHKIMA B PacCMOTPEHHBIX
B 1. 1.2 monensx. HausHo nymars, g4to
ckopocth U (WM OOBEMHas BIAX-
HOocTh 0) Gonee MarcpuasbHbl, 4eM

Puc. 1.31. TlaruMepHas (pasymeercs, Me-

_ Tad)OopHHecKkH) MIOTHOCTE BEPOSTHOCTH (38

OCHOBY B34T OMH H3 MPUMEPOR COGCTBCH-~
HOM (pyHKIMM, HOCTPOCHHOM A HENUHEH-
HOTO ypaBHEHHS TEIUIONPOBOAHOCTH [23]).
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1. Merononorus ¥CCneroBanKs Pa3sBUBAIOIIRXCS CUCTEM

IUIOTHOCTE BEPOATHOCTH. M1 TO, U ;pyroe — «BuiDyMku». CKOPOCTE TaxKe
HeJIb35 ONIYNaTh, KaK H IUIOTHOCTh BEPOATHOCTH, HO 00€ 9TH XapaKTepHCTH-
KH MOXKHO H3MEPHTb.

Yro nenaer mofoOHyIO MOJENb NMO3HaHus OTKphiToi? CBoeobpasHas
CHHTYJAPHOCTE. PoJIb HONA, OPOXKIAIOMIEro ee B JAHHOM Cilydyae, KHUrpaeTs
CHTyalWs, IIPH KOTOPOif He CYIECTBYET CTALMOHAPHOTO PacTIpeIe/ieHHs yKa-
3aHHBIX BBIIIE XapAKTEPUCTHK (BCEro B LIENIOM WM 110 MOMEHTAM THIia TOJI-
CTBIX «XBOCTOB» IIPH HEYCTOMYMBOCTH II0 auciepcuu). byjgeMm HasbiBath Ta-
Ky{0 HEYCTOMUMBOCTb TypOymmasatmeii p(xy, ..., X;, ...). Kak oHa peanusyercs?

Jis oTBETa Ha 3TOT BOIPOC HAJ0 3HATL CBOMCTBA ABYX OGBEKTOB:
MozenH g p(xi, ..., X;, ...) U CBOHCTBa TOH HEeYUTeHHO! sBHO (a TaKoKe He-
SIBHO, B K03(huUUHeHTax) HHQHHUTHON! PeanbHOCTH, KOTOpas (CTYUUTCS» B
NPOCTPaHCTBO (Pa30BBIX NEepeMeHHBIX. C MareMaTHYeCKOM TOYKH 3pEHUS
ypasHenue OIIK npuHagieadT Kk napabonuueckoMy THITY, KOTOPBIH H3yueH
(eMm. 1. 1.2). IIpoGneMBl MOTYT BO3HHKHYTH TONBKO IPU OTCYTCTBHM CTa-
LHMOHApHBIX pactipefienieHuil (HpH G ~ ¢ ). FIMeHHO 3TO COCTOSIHME MBI U
Haz3bIBaeM «TypOysusammeit p(x)» (daxTudecku — ee pacnon3aHuem).

Ecnu Ui ypaBHeHHH TEIUIONIPOBOAHOCTH (B TOM HMCIe U IS TAKO-
BBIX C HeJHHEHHbIM HCTOUYHUKOM [82]) HaiijeHBl aBTOMOIENBHEIE peIleHus,
1o i1 ypasrenus ®IIK nmpy mepexonme K HOBBIM (ha30BLIM KOOPAMHATAM
HMHBApHaHTHOCTL He coxpansercd (cM. [53]): apyras dukcauus npeaMeTHO
obacTH BEZIET K U3MEHEHUIO 3HaUeHHH k03P HUMEHTOB cHOoca ¥ AUddy3uH
kak QYHKUHMI HOBBIX NEPEMEHHBIX (YHHBEPCATBHON MHOCCONOrnUeCKol «Te-
JISXKKH» HE CYIRECTBYET B OTJIHYHE OT HeNeycTpemieHuil «yunamMeHTans-
HOM» Haykn). Kaxxnas «tenexka» Tpscercs 1o-CBOeMy. _

Ota «Tenexka» (CHCTeMa OTCYETa), B CBOK OHepelb, MOKeT OBITh
pasMeliieHa Ha Jpyro# «Tenexke» u T. A. B pamkax moznenu ®IIK typGynu-
sauuro QyHKIMA p(X) MOKET BHI3BaTh B MEPBYIO Ouepels TO MH(PHHHTHOE
OKpY2KeHHe, KOTOpoe BIMAET Ha cooTHomeHne G /¢ =f3. D10 Biwsinpe He
JOJDKHO OBITH OHO3HAYHAIM U TIOCTOAHHBIM. JlelicTBUTENBHO, €CHTH Ha Npo-
TSDKCHHM JUTUTENIBHOrO HHTepBana B ~ 2, TO 9T0 03Ha4aeT, YTO U3yvaemas
NpeAMETHas 0671aCTh, KOTOPYIO MBI OIIMCBIBAEM BEPOSTHOCTHBIM paciipene-
geHMeM p(x), MepecTaeT CyLIECTBOBATh KaKk OOBEKT MO3HAHUS C TIOMOLIBIO
CTaTHCTHYECKHX 3aKOHOMepHOCTE! (p(X) He CXONUTCS HH K KAKOMY YCTOM-
YHUBOMY pacHpeselicHuro). B aToM ciryyae Hago no-HoRoMY 3aUKCHPOBATEH
HpeaMeTHYEO o0nacTs (Haupumep, p(x, ¥)) ¥ u3ydats ee (a 3HAYMT, U YIpas-
JATh) B paMKax «pacHIHPEHHOTO» NBYMEPHOro pacnpeneyieHus. Ecmu ke
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1.3. Yacriano uaduurTHRI MeXaHU3M TYpOYIN3aIY

B(®) — Ban0 M3MeHMOIAsCA QYHKIMA, KOTOpas SMH30AHYECKH (WM HepHo-
AMHYECKH) CO3HAET HEYCTOHYMBOCTE IO MOMEHTAM, TO Mbl BCE-TAKH MOIKEM
OCTaBaThCA B PaMKaX TPAJHIMOHHLIX paclpeleneHul, HO IPU 3TOM «yIHB-
TATHECAY, HAIIPUMED, TOJICTHIM XBOCTAM.

Yero Mol gobusanucek? Mel XoTenyu o0BSCHUTE OOHUM H TEM XKE Me-
XaHM3MOM (4aCTHYHO MHOUHHTHBIM) TYpOYIH3aLHIO BCErO pacipeaesicHus
HJTH HEYCTOMIHUBOCTS OTHEIBHBIX MOMEHTOR. J[OCTATOUHO [aXe TOMBKO TOJI-
CTBIX XBOCTOB, YT00H! 00BACHUTS imuxkep-mmyM (pacxoquMOCTh CIIEKTpa Ha

a)
0.004
0.003
kS
§
2
3 0
§
&
0.001
0000
000 0:05 010 015 020 025 030 035 040 0.45 050
Freguency
0.092
0.090
'S
0.088
¥ EYMIC
0.08 . h [
086 v
M
04 9
0.084 7‘- 2 )
0082 ee 8 v M4
082
I 5@/ s
0.080 74 : °
TN of -] e
0.078} ] < 2
181 e |ee
0076 2BV Ll -
.
0.07

0.60 0.62 0.64 0.66 0.68 0.7¢ 0.72 074 0.76

Puc. 1.32. Cnextp mommnoctd (@) ¥ ¢asosasd miockocts (6), mony-
9YEHHBIC HO PE3yNLTATaM V3MEPEsHii B THAPaBIMICCKOM JIOTKE:

1, 2 1 3 ~ NONOKEHNUE HIIANCA PACCEAHUS NPH YBCNHYEHUM NIPOACIDKHTENS-
HOCTH HaOMIONEHMH 32 CKOPOCTHIO M YPOBHEM, OTIOXEHHEIX 10 OCAM B Ye-
NOBHBIX EAMHALAX.
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1. Merononorus UCCeiOBAHHS PA3BUBAIOUINXCA CHCTEM

a) HM3KHX HacToTax). TOoncTele XBOCTHI
W .}W nﬁ WICHTHDUIHPYIOTCS, €CIH CHCTeMa OT-

L i ¥ xpeITa BAMAHMIO OKpYy)XeHMsS. B 3aBucH-
MOCTH OT CTEII€HH 3TOH OTKPBITOCTH (T. €.

- 3HaueHuit [) wumeem nubo ycroiunBoe

7
el 19
?) ‘. ///j//, CTAIIHOHAPHOE pacTpefesicHue (neiicTry-
tx s 7 eT 3akoH GonbIImX uHcen), mbo npobie-

6)

Cmysalisii 803apar Mbl, BIUIOTb JI0 pa3Bajiia €cJIH He camoi
. 8 UHTepsan ~ -

[ (%0 X0 dx) H3yqaeMoH npeaMeTHOH obnactu, TO yc-
< ¢ seponTocTon TOMYHBOH KapTHHBL ¢ (QYHKLIHOHWPOBa-
< Plxy)

P

HMA Y Hac B rosioBe. BBITb OTKPBHITBIM —
3HAYUT, OBITH KTBOPUECKUMY.

JiroGoit ¢parMeHT peaNbHOCTH AB-
nsetcd «TRop4yeckum». Ha puc. 1.32 npu-
BECHbl PE3YJIbTATHl HEMPEPHIBHOrO M3-
Puc. 1.33. Ipuvepst pexima nepe- MEPEHHA — CKopoctd M MIyOuHBl B
MEKAEMOCTH (@) M oToGpakenms, |2-METPOBOM THJIPABJIMYECKOM  JIOTKE
«3aCTaBASIOIIET0» TPASKTOPMIO BO3- ;1a0OpaTOPUH  BORHBIX  HCCIENOBaHHMII
;2221%??2) [ll:)?;]. «pacrarusarounity  pITMY. Huuero, ka3anoch Obl, «TBOpUE-

CKOTO» B HEM HET, HO CIIEKTP MOLIHOCTH
CTeneHHOH, a (a3oBasg TPaeKTOpHs HENPEPEIBHO paciuupser 061acTs CBOETO
CYLIIECTBOBAHUA [O MepE YBENHYCHHUS MPOJOIIKHUTENBHOCTH HaOMIOAeHHH.
DTO NPOUCXOOWT MOTOMY, YTO HHUKaKoH (parMeHT peaNbHOCTH MBI He
MoxeM (B OTIMYHE OT ero MOAE) 3adHKCHPOBATh COBEPIICHHO XKECTKO
(M30MPOBATH OT APYIHX NpeIMeTHBIX ofiacteif): To BapbHpyOT 060POTHI
HACOCa, NOJAIOMEro BOAy B MOTOK (W3-3a KOJeGaHWil HanmpssKeHHs B
CeTH), TO TSKEJBIM TIPYy30BHK INIPOENeT MO YAHLE M 3JaHHE 3aLPOXKHT
Wik 00a 3TH ABJEHHS MPOM30MIYT ONHOBPEMEHHO U T. A. Ecau 6wi npu-
Gopbl OblKH OUEHb YYBCTBHUTENBHBIMH, TO MOXHO «IIOCTABHTH 3ajlauy»
It JIOTKA GBITH PUKCATOPOM BCETO, YTO MPOHCXOMHUT B MUpe (XoTa Obi B
obnacti Mexanukn). JIOTOK — 3TO KYCOK TojlorpaMMbl MHpPO3JaHus 4 B
HEM, XOTH W CMYTHO, OTpaxaeTcs BCE, YTO COJEPXHKHTCA B TOJOrpamme
(ToyHee B JHHAMMYECKOMH roJIOrpamMMe — TONOpese).

Koneuno, Bce 370 aHEKAOTHYHO, HO B TIPHHLUIE TaK K €CThb, TlosTomy
METOAUKA HEAMHEHHOM MUHAMUKY NapajoKCabHa He TONBKO YAaCTHOCTAMH,
Tuma S, / max{xl,xz,..., xn}=const, HO M OOILIEHAyYHBIM CTPEMIICHHEM

3a()MKCHPOBaTh OOBEKT TIO3HAHHS ATTPAKTOPOM (IIyCTh Aaxe TNOGaIbHEIM).
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1.3. YacTirino HEGUHATHBI MexaHN3M TYpOYIMsauny

Hyxma Meronmonorus, kotopas ObI OIHCHIBANA 3BOMIOLMIO CAMOTO ATTPAK-
TOpa (€ro reOMeTPHIO ¥ PPaKTAIBHYIO Pa3MEPHOCTD).

K ¢nuxxep-ryMy NpHBOJHT IIEPEMEKAEMOCTh, KOTAA CIIOKOHHYIO
(«wiaMuHapHYyIO») a3y CyIIeCTBOBaHMSA CHCTEMBl CMEHSIOT XaOTHYECKHE
BeILleckH (puc. 1.33, @). 310 NpOUCXONUT, HANPUMED, KOTAA Y OTOOPasKeHHA
€CTh KaK «PaCTATHBAIOLIME» YYaCTKH ¢ IIPHTAHKCHHEM Ha GECKOHEYHOCTH,
TaK ¥ (CHKUMAIOIME», 3acTaBNAIONIME TPACKTOPHIO BO3BpAilaTHCHA B 3a-
JanHyio obnacte 0<x, <c (puc. 1.33, 6). Taxum IIpUMEpOM CITy>KUT OTO-

6paxxeHue

X, =X, +x. +emodl (1.27)

n+l

(mod 1 B maHHOM CiTy4ae «3acTAaBIAET) TPASKTOPHIO BO3BPAIIATHECA HA Pac-
TAruBaroUMi yyactox). Ha puc. 1.34 mnpeacraBlieH cHEKTp MOIXHOCTH
orobOpaxenus (1.27), ykassiBaiommii Ha pacXOX/JCHHE MPH HHU3KHUX YacTO-

T ~1/ #8
Tax: }%Sf 1/ f°.

Ecnu paccMarprBaeMyio CHTYAIHIO NEpEeBECTH HA A3bIK auddepes-
LMATBHEIX ypaBHeHHH (ma emre n00aBUTH anmuTHBHBIH IIyM), TO BMECTO
otobpaxerms (1.27) nonyunm ypagHeHue:

deldt=¢+ax® + g&(),

T 6 -5 4 loge +

1 1 1 3
<5 -4 ) -2 - lgf

Puc. 1.34.  Cpektp  MommHocTH QI8 OTOGpaeHMA
Xy =%, + X +€modl nprz=5/2[105):
1-8=0; 2-¢=0.
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1. MeToaonorus yUccaeiOBaHus Pa3BUBAIOMIMXCS CUCTEM

rae <€(0)> = 0, <E@EEN>=8(¢ —1t"); & — UHTGHCHBHOCTD IIyMa. DTOMY
CTOXaCTHYECKOMY ypaBHEeHHIO cooTBeTcTByeT ypasrHeHue PIIK ¢ xoaddm-

npeHTaMu cHoca U qubdysma: 4 = (g + ax’), B = & QuernaHoO, uTO MIpO-
JIOJKMTENIBHOCT JIAMUHAPHOM (a3st 3aBHCHT OT 4 U B, a KOHKpeTHee — OT

noToka BeposTHoctH G ma wumTepsae [0, c]: 1~G™', rrme
G=(ce+ax*)p—0,5g%3p/0x. A MOKeT u ObITh «HEPEMENKAEMOCTb» Ha

unTepBante (—<0, ) Il auHeHoro dopmupyiomero GuasTpa ¢ koahduu-
€HTaMU CHOCa U AU y3IH:

A=~(c -0,5G;)x = 0,5G; + N;
B=Gx* —2G,;x+Gy ?

Ecnu «o6HymuTs» BCE myMLi (Gz =0, G5 =0; G, =0), To npunem
K JvHaMupyeckod mojenn: p(x) —> &(x —x;), T. €. IPONOIKUTEILHOCTD
«raMuHapHOR (assl T~G ' —> .

ITpu wenynesorx mymax (G=A4Ap-0,50(Bp/0ox)#0, HO npH
G5 << ) HMEeT MECTO CTAIlOHAPHOE pacnpefienenue (6€CKOHEUHOCTE HE

ABNAETCA ODONACTHIO NPHTSDKEHMs); HMeeM TONBKO «JIaMUHADHYIO» ¢asy

(T. e. caygaitHetit iporiece Ge3 HapyIIeHUA NpeenabHOl Teopembl Uebrime-

Ba: lim(S, /max{x,, x,,..., x, })——) ). PacxoauMOCTh Ha HU3KHMX 4acTOTaX
n—>c0 n

BO3HHKaeT, ecnu noseiserca pacnpenencuuve p(t). CosgaTe e€ro MOXKeT
TOJIBKO Ta PeaIbHOCTb, KOTOpas ympaejpierca napaMerpamu G; u ¢ (B 4a-
CTHOCTH, Uit MOEenu (GOpMMPOBAHHUS MHOTOJIETHErO CTOKA — PEKUM HCIa-
PEHHS), HANpHMEP, KBa3HIIEPUOAHNICCKH CO3A8T CUTYaLuy, Korna G; — ¢

a) 6) 8)
I P P
R L\~-_ B
i
[9; 0

@

Puc. 1.35. PacnnacTeiBanue IIOTHOCTH BEPOSTHOCTH NP HEPEXO-
€ HeyCroM4YMBOCTH OT acuMmMmerpu# (a) k mucnepcnu (6) u
K HOpMe (8).
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1) BOHCaTECH B IIOMYMALMIO» CYIIECT- wiprmnas
BYIOIIMX IIa0IOHOB; 2) MOMOraTh JAOCTH- paina
-rath TpeOyembix uenelf B HOBOU mpex- « omsigan taiions »,

1.4. Camopeduiexcia 1poriecca no3HaHus

(puc. 1.35). Ecnu HeycTOHUHBOCTS OrpaHHumBaetTcs aucnepcueil D, To ecth
BO3MOXXHOCTh CO3[aTh COBMECTHOE pacupegenchHue p(Q, E); eciu e Heyc-
TOHYHB M [EPBHI MOMEHT 71, TO 3TO O3HAYAET, UTO ynpapJieHue GacceiiHom
HONHOCTBIO TepeacTCs NepeMeHHol £,

1.4. Camopednexcus nponecca HO3HAHHA

DpakranbHas JMarHOCTHKA SABIAETCS HAYabHEIM 3TafioM OCTPOEHHU
MaTeMaTHYECKOH MOJE/ Y HHTEPECYIOLIEro HAC ABJICHHS Wi oGbekTa. Cam
IPOUECC NO3HAHKA FOPasAo WHPE U HAYHHAETCA C «AeHCTBUAY, T. €. [Orpy-
MEHHA cybnexTa mosHanus (Hac ¢ Bamu) B HOBYIO mpeaMeTHYIO o6acTh.
s gocTwkeHs B HeH Kakux-nubo neneit MBI IbITaeMCa HAWTH FOTOBBIN
wabioH (puc. 1.36), Hanpumep Moaenb (JOPMUPOBAHHS CTOKA, M €CIH 3TO
HEe YHAeTCA, TO HAYMHAEM 3TY MOIENb
IIPHAYMBIBATE). 3TO «(IIPUIYMBIBAHHE)
3aKNOYacTCE B (JOPMHPOBAHHH YMO3PH-
TeNBHBIX TOHATHI, KOTOphiE MpOIycKa-
0T Mo uemd  oOpartHoH  cBA3M
(cm. puc. 1.36) ¢ uenpio noxaydesus Hyx-
Horo ma0noHa, KOTOpPBI  IOJDKEH:

& Teo », dedtenmyionee

& WD IN ORPYORCETteN

Yacnnemo

METHOM oGnacTu. SACATN HQ HETPONAR MO32a

310 — camas olbmas cxema, B KOTO-
poit Ha HelipoHax MO3ra Kak MaTepHaIb-
HOM HocuTene (TOMIOXKKE, yPOBHE anma-

4

paTypHoi»'I peanmaunn) «3anrucanHbl» IIpo- Cevarinuseckiii
rpaMMbl — MIAGIOHBI-ATTPakTOps!l (Ipo- e
rpaMMHBIH ypoBeHb). PasButue mabno-

HOB NPOHCXONUT B Mo3ry (Gonplie He- Mymaences waonos

rIe), KOTOphIH U npencraBnseT Ty ¢pak- C HOGbRUENNON
TaJIBHYIO CPERY, O KOTOPOi YyIOMHHANIOCH CACKTUGHGIR HETHOCTIO

B IpeAblyleM pasfene. Mosr MOXHO

paccMaTpHBaTh Kak HHQUHHTHYIO peas- Puc. 1.36. K nporteccy nosHaHus.
HOCTh C BBIJICJICHHBIMH B Heit npeamerT-
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1. MC’I‘OQOHOFI/IS[ UCCACAOBAHKS PA3BUBAIOIIIMX CA CHCTEM

HBEIMM O0GAACTAMH (OTAENBHBIMH MIaOIOHAMM WU UX POICTBEHHBIMH IPYII-
namu). [Ipu 5TOM Kaxaas npeamerHas o0JacTh HHOMHUTHA 110 OTHOIISHHIO
K ApyruM, HO BCe OHH CBS3aHBI Yepe3 YaCTH4HO MH(QHHHTHBIE IPAHHLB! U
CHHXPOHM3UPYIOTCS OJHHUM PHTMOBOJMTENEM ((TalaMOKOPTHKAIBHAIMY).
Ha snexrposuuedaiorpamme (O31) 3TO BUSyalIH3UpyeTCd B BHIE HepaB-
HOBECHOIO II[yMa C HANOMKESHHBIMH O.- PHTMAaMH.

Ecim maGnon (mabGnoHsl), BBUIENESHHbIH BO BTOPOM OJIOKe AT ;[oc-
TYDKEHHS YCTEHIHOCTH JelcTBuil «Tena», He cpabarbiBaeT, TO BO3HHKAET
3ajaya pacUIMpeHMs yiKe «abiioHHOH» mnpeaMetHod obnactu. HMmenno
paCIIUpEeHys, a He 3aMEeHBI COBEPIIEHHO APYToi (1I0C/IeHIOI0 HE IPOITYCTHT
cemaHTH4ecKui QuabTp). Takum obpazoM, eciy mabiIoOH OMMUCHIBAETCH M
(a30BbIMHM TIEPEMEHHBIMM, TO PacHIMpEeHHe — 5TO AOIMOJHEHHE HOBEIX (a-
30BEIX HEPEMEHHBIX, IIpHYeM NeHcTBOBaTh B OJIOKe «MyTareHes», MOYKHO
TONBKO YACTHYHO HMH(QUHHTHBEIMH MepeMeHHpIMM mabnoHa (kosdduiumen-
Tamu mMojesd). ITpH 53TOM BO3HHKAIOT TPH Npobiemsr: 1) MOXHO i popma-
nU30BaTh (pasyMeercs, HacTHYHO HHQUHHTHO) MpOIECC «MyTareHesay;
2) MIpatoT JIA KaKyio-HWOYIb posib CBOHCTBA (JPAKTAlbHOH Cpessl B Npo-
pecce «MyrareHesa», T. €. SMOLHMU cyObekTa (ero HHTeJUIEKTyaNbHas
SHEPrUs, — BeJb HOBble PAllOHATBHBIC CTPYKTYPHI TMOSBJAIOTCS IyTEM
BBUKHTaHHS MPPALMOHATBHOCTH, T. €. C UCIONH30BaHUEM HMEHHO 3MOUMiL);
3) eciM KIPAIOT, TO MOXKHO JH HMX KaKHM-THOO 06pa3oM HCIONB30BaTh
B hopMasM3aliK MPONEAYPhl IOTYy4YEHUs HOBOIO 3HAHHMA.

QopMann3yeM pacCMaTpHBAEMyIO 3ajlady.  BblIefeHHas HaMH
«wabroHHasy upeaMeTHas o6aacth (T. €. WAONOHL! B3 Broporo 6/10Ka, pe-
TEHJYIOIIHE HAa TO, yroObl OBITE MOJENBIC HEKOETrO SBJIEHHSA, C KOTOPHIM
CTONIKHYJIOCH TEJIO — IepBBIi 6JI0K) B3auMOASHCTBYeET ¢ ApyruMu nabnoHa-
MM (€CiM IpaHMIa MeXTy HUMH JaCTH4HO MH()HHUTHA) M 32BHCHT OT CO-
CTOSHHMSA MOATIOKKH (HEHPOHOB, Ha KOTOPBIX «3anucadb» mabnoust). Takum
06pasom, SHTPOMHS NpPEAMETHOR obnactu Gymer dS(f)=dS,,,., +dS

BHYTD BHELUH >
rae dS,m
BHYTPH MAaTepHanbHOrO HocuTend (HOANOKKH) MpeaMeTHol obmacTu
(dS 4y >0); dS — o6MeH BHTPONHH ¢ OKpyxeHHeM (apyrumu mabio-
HaMH), T. €, «HepeHOC HHPOPMALIMI» MEXTy KOHTAKTUPYIOIMMH NpeaAMET-
HeIME obacTvu (dS,... S 0). Ecim dS(t)> 0, To npepmernas o6nacts

— YBEHYEHUE SHTPONHH 3a CUCT H606paTI/IMI>IX pOoLECCOB

BHEUIH

KYTIOPAIOYHUBACTCA) 38 CYET pecypcoB (paKTanbHOM cpeani (HelposoB MO3-
ra).
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1.4, Camopediexcys nporecca mo3Hanus

BrinenenHas NepBOHAYAIBLHO npeAMeTHas 001acTh BCErAa YacTHYHO
OpraHyzoBana (MHaue 3T0 He MalnoH), HO eCiii OHA He NOMOraeT «Teiy» yc-
TICITHO AeHcTBOBATH (B YiKe €ro — «refa» — MPEeAMETHOH 061acTH), TO HAI0
€031aTh YCIOBHA UL OO/BIIEro YNOpARoYMBaHus (paciiupeHus, Gosee xecT-
KOii (hHKCaLMK U T. J1.) MabIOHOB 32 CHET «TOTIOmeHus (Co3matus) uadop-
MalliH B3 OKpy Kalomiei cpelbl (MacTIHHO HHYHUHUTHOIO OKPYXKeHHUA).

IlycTs mId ONpENENeHHOCTH KaKHBIi 10aGloH ONHMCHIBAETCHA OFHOM
bazoBoii nepemenHoi (aKTHRHOH KOMIIOHEHTOM) z; , a «abIoHHA"» Npel-
MeTHasg O0MacTh — CHCTEMOI H3 1 CBI3aHHEIX HENHHEHHSIX ypDAaBHEHHMIA, Ha-
npumMep cucTemoit Jiirena (oM. 1. 1.2). TakuM 06pasoM, BbIeeHHas U3 7
mabJ0HOE NpeAMEeTHas 001acTh ONHCHIBACTCS PEIICHHEM MHOTOMEPHOTO
ypasuerus PIIK, T. e. COBMECTHBIM pacripeneneHHeM IVIOTHOCTH BEpOSTHO-
cTH p(zl,zz, cwes Znfa)} t). B 5TOM cryyae 3HTPONHS onpefiensercs Bhipake-

HHCM:

S(t)z—jp(z,,zz, s z,,(,);t)lg2 (zl,zz, s 2y} t)dv,

rae dv=dzdz, ...dz,).

Jin ypasuenus ®IIK (ypasHenus nuddyseu) LiyM BEISBIBACT pac-
TUIACTHIBAHME ITUIOTHOCTH BEPOSTHOCTH  P(Zy,Z;, -y Z(); [), H YCIIOBME
dS(#) < 0 semonmareca He Oymer. Taxum obpasoM, ecnu Hucno azoBbIX
NEPeMEHHBIX z; B NpeAMeTHOH obmactu (T. e. B Mojeny) QHKCHPOBaHO
(z,) = z,), TO HUKakas (pakTaibHas Cpefia HE IOMOXKET YAYYHIUTH MO-

ACIb i HOMOIIH «TEIY».

Hcnomssyem mnonstue w3bbrrouHoctd [74] R—I—S(t)/S rae

Maxc 2

S ~log, Mt) (A — uHCcIO BO3MOMNHBIX COCTOSHMIT TpeAMETHON 06/1acTH
MaKe 2 p

B PaBHOBECHH: ?»(t)~2"(')), T. €. MaKCHMYM 3HTPONHH NOCTHTAeTCs, KOrJa

BCE COCTOAHS ANPHOPH PaBHOBEPOATHHI. JTO Jerko mokasath (cM. [74]) na

TIpUMepe CHUCTeMBI (MeTouHVKa urbOpMAiK), UMeIome A JHCKPETHEIX CO-

CTOAHUM, B KUKJOE M3 KOTOPEIX OHa MOKET NONACTh C AllPHOPHBEIMM BEpOST-
A

HoCTIMH P, Py, ..., Py, ..., P (TIPH YCIOBHY HOPMHMPOBKH Z{P‘ =1). Jing to-
i

ro uroOpl HaiTH YCNOBHA, NPH KOTOPHIX HH(DOPMAIHOHHAA SHTPOIHS
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1. MCTOQOJI()F v UCCICHOBAHNA DA3BHBAICIIUXCA CHCTEM

™=

P, log P, MakcuMaibHa, BOCTIONE3YEMCS METOAOM HEONPEHEICHHBIX MHO-

W
N

A
xutenelt Jlarpamka (o). Chopmupyem dyHkmmo F=-) (P, log P, —oP, )
=1

Torna w3 ycinosus ee skcrpemyma OF /0P, =— (log2 P +1- oc)z 0 cnenyer,
4710 log, P,=a~1 Vi, T. e. P =1/A. CnenosatensHo:

S, -—ﬁ: —1—10 —1—]—10 A
Makc A gZA g2 M

i=1 .

B repmuHax u30BITOYHOCTH OpraHd3alys BO3HHKaeT, Korga Gecro-
P4AOK BO3pacTacT MECUICHHEE, YEM AKTHBAMA HOBBIX KOMIIOHCHT (q)a3OBbIX
NepEeMEHHEIX), T. €. B Cityyae, ecnii OR /0t >0 .

Takum oGpazoM, HOBBIA IAGIOH — 9TO HE MPOCTO YBEHHUEHHE YUCIIA
($a30BbBIX MEPEeMEHHBIX, HO M UX BXOXICHHE B CTATHCTUYECKYIO COBOKYII-
Hocte pz,, ...,z,,), g10 ofbecrednBacTCs Kak pas HaIHYHEM B MO3CY LEH-
TPANbHOrO pUTMOBOAUTENA. CieHOBaTebHO, OPraHU3alysa BOSHUKAET TONb-

Ko Ha (oHe GecropsaKa ¥ Tonbko B mepexomsoM pexcume (A #0). B co-
CTOsHMH romeocrasa — OR/0t~0, B ciy4ae OR/dt>0 u npu R — 1 (xoraa

S{t)<<S

) YTPAU¥BAETCS CIIOCOGHOCTD K ajanTauwu, a npu OR/0t <0n
R — 0 HacTymaeT «cMepTby.

B tepmunax ypapnenus OIIK aro osnauaer cnemyromee. Ilpu duxcu-
POBaHHOMN Pa3MEpPHOCTH 3TOF0 YPaBHEHKA (2 UMEHHO TaK OHO H MOXET HC-
NONB30BATHCS, MO0 HYXHO 33/1aBaTh HAYWILHOE YCIOBHE, T. €. COBMECTHYIO

NOTHOCTH BEPOATHOCTH p(2,, ... 2, ; f,), HOPMHDOBAHHYIO Ha. CIMHULLY:
{.f plz,,.n2,3 15 }dv, =1) HuKakoro mpoliecca pa3BuTHA («CaMOOPraHu-
v

3aI(MK») OHO OIIMCHIBATH HE MOXET, HO MOZEIMPYET TOJBKO IUTABHBIE IpO-
peccsl aganraimuu ¢ R<1. Ecnu MHTEHCHBHOCTH 33/{aBaeMBIX IIYMOB MO~
CTENEHHO YBEJWYMBATh, TO HAYMHAECT TEPATHCH YCTOHHYMBOCTE MOMEHTOB
B COOTBETCTBHH C COOTHOIEHHEM ¢ =~ 0,5G; (3mech 7 — MOPAJOK HayalibHO-
I'c MOMEHTA), TIOKa pacripeeneHHe IUIOTHOCTH BEPOSTHOCTH HE «paccocer-
C» MO BCEMY 33JaHHOMY (ba3oBOMY NpPOCTPaHCTBY. DTo Oynaer o3HauarTh,
410 S(f) > S\ ¥ R > 0 («CMEPTEY CHOTEMBI).

Jlss Toro urobsl 3TOr0 M3Ge!aTh, UMEIOTCH [BE BO3MOMKHOCTH: 1) Nu-

60 uacTb Pa3’OBHIX TIGPEMEHHBIX, BXOAILIMX B PacnpefieieHHe p(z,, ..., Z, ),
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1.4. Camopednexcus npolecca no3uanvs

«YCBHIMTUTE» M 3aCTaBUTh MX «IIPOCHINAThCS», Korfaa Heobxomumo obecrie-
4UTh H3OBITOYHOCTD, T. €. OPFaHU3AIMIO LIAOIOHA WIS TIOCTPOSHHA paGoTo-
criocobrolt Mofeny (TP 5TOM YCJIOBHE HOPMUMPOBKH HE MeHseTcA); 2) ubo
(nipy mogxoge Kk MOMeHTY rubeny) BBOAMTh HOBBHIE NepeMeHHbie (He BXO-
JMBUIME W3HAYAILHO B pacripefeneuue p(z,...,z,)) ¥ TO-HOBOMY Iepe-
HOPMHUPOBBIBATh 3TO pacilpeleIeHue.

IlepBas BOSMOXHOCTh B HaY4HO-TEXHHYECKOH JIUTepaType onucaHa B
paGotax [74, 89] (cm. Taroxe [45]). Tlpeanonaraercs, YTo KaxKgas KOMITO-
HEeHTa z npefcrapiser coboli OCLIUIIATOp, «IjaBarolliuii» B GacceiiHe Ok-
PY’KaloIIero yMa:

7-2¢(l~4oz’ +8Bz" )z + iz =&(F), (1.28)

rae &(f) — crauuoHapHBIH CHyualiHbid MPOLIECC C HYNEBbIM CPEAHHM H

criekrpansHoil MowHocTeo N (B1/I'w). P. JI. CrparoHoBud mokasan [89],
YTO LIYM MOXET Kak BO3GY)KAATh CTISLUMID OCLMLIATOP, TakK M FaCUTh 3TO
so3Oy;xmenne. Eciu  mpogomxurensHocTh BO3OyxkieHus Gossiue npogon-
KUTENLHOCTH COAYKH, TO YHCIO BKIIOYEHHBIX OCLMILIATOPOB 72(f) BO3pac-

TaeT M UIyM NPaKTHIECKH YBEIHIHBAET H3OBITOUHOCTL cHCTeMsl. [IpH sTOM
ofliee 4YMCIO OCUM/UIITOPOB B CHCTEME OCTA€TCA  HEHW3MCHHBIM:

Mg =1y + 71, =CONSt, T 7;— YUCIIO CHOTYXIIMX» OCIMIIATOPOB. Takum

o6pa3oM, oMYA OCHHIUISTOPOB OIHUCHIBACTCS CUCTEMO:

dn/dt=kn, - kn;
dn /dt=kn-kn,,

rae ku k; — ckopocTH Bo3GYXCIEHHS W TalleHHs, 3aBUCALHE OT [IapaMeTpoB

ypaBHeHus (1.28) u MoinocTH myma N.
Okazajiocb, 4T0 B PaBHOBECHOM COCTOSHMM nm=pun, /(L+1),

ny =ny (u+1) (3neck p=~k/k ), T.€. n/n 3aBUCHT OT HHAMBHIYAILHEIX
CEJIEKTHBHBIX LEHHOCTEN B OT WX cooTHoitenus L. TakuM obpasom, ocHmi-
JISTOPBI ITHTAIOTCS 1UYMOMY, YBERMYHBas H3OBITOUHOCTh TP YC/IOBHH
dilnS(@)]< A/A. OprayusauMoHHOE Hayano (PUTMOBOAMTESNL) NPH ITOM
HAXOJUTCA B MO3TY.
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1. MeTo1010r 1S NCCAeIOBAHHS PAZBUBAIOIINXCS CUCTEM

OrnucaHHBIH MEXaHU3M HOPOKACHHSA U3OBITOYHOCTH He fIpeioaraer
NOSBIEHUS HOBHIX (hasOBBIX IEPEMEHHBIX (BCE YK€ M3BECTHO B CTAPTOBOI
TO3ULMH, KOIZAA 3aJaeTcd COBMECTHOE pacnpeneicHue p(z,....Zz,)).
B mpoilecce 3BOJIIOIMU OHO AeHCTBMTENBHO OyleT MeHSThes, HO He Oyner
€0 NEPeHOPMHUPOBKH (T. €. He OyHNeT HOSBIATECA HHYEro HOBOro). Tak u
OODKHO OBITh: TIpH  ycTOM4MBOH QukcauMm IpeaMeTHOl obnactu
n, =counst , oHa (cama u3 cebs) He MOXKET POJUTH HHYEro, YTO B Hel Obl yxke

He cofiepKasioch. B npoTusHOM ciy4ae Mbl MOFJIM OBl B paMKax OOBIYHOro
(He yacTHYHO HMH(GHHHTHOrO) MOoAeNHpoBaHHA (T. €. 6€3 HCIIONB30BaHUA
(pakTAIbHEIX CPEl) MPeNCcKa3bIBaTh HOBOBBEIEGHUS.

PaccMOTpUM BTOpYIO BO3MOMKHOCTB. JUIg H3GBITOYHOCTH HYy>KHO
«BOpacbiBaHHE» B (PUKCHPOBaHHYIO NPEAMETHYIO 00/1aCTh HOBBIX (ha30BBIX
nepeMeHHbIX. ECIN NpuiepKuBaThCs TPaAHLMOHHON MOZAEIU SBOJIIOIUY; TO
[OmKeH ObITh HEeKHil cTy4yaliHBId reHepaTop HOpoXaeHus (azoBbIX Mepe-
MEHHBIX (T. €. IPOLIECC MyTareHe3a, CO3JaloLIMi «I1071€ BO3MOXKHOCTE Al
otbopa HyxHO# (azoBoil nepeMeHoit), KOTOpBIe 3aTeM IIyTeM oTOopa ocTa-
101cs (WM HeT) B «cTapoii koMmanu». OJHAKO [PH TaKOM B3IJIAE HA CH-
TYaludio MOJHOCTBIO HCKJIOYAETCs HCTIONb30BAHUE CTapoi MOJEIH B IIPO-
necce GOPMHUPOBaHUA HOBOH, a 3HAYMT, — BCAKas BO3MOMKHOCTL LigJjieHa-
MPaBJIEHHOrO TIPOTHO3MPOBAaHMA MOSBICHHS HOBOro. B cooTBeTcTBHM Xe ¢
oblel KoHUenMed 4acTHYHO MH(QUHHUTHOrO MOJEIMPOBAHHA NOSBICHYE
HOBOTO CBA32HO C paspylleHueM cT1aporo. MaremMaTUuecKuil npuUsHaK 5TOro
paspylueHns — HeyCTOHYHBOCTE pellleHUs MOAENH (B HallleM Clly4ae — Heyc-
TOHYMBOCTH COBMECTHOTO pacmpefeneHus p(z,, ..,z,)). DTOT mpolecc
MOJXHO UarHOCTHPOBAThH, a 3HAYMT, IpeAcka3biBaTh. Ho raasHoe — B oTBeTE
HA BOMPOC: CBf3aHa N HOBas (asoBas NEPEMEHHas C HOTeped yCTOHYMBO-
cru? Hampa rumoresa 3aKkIF04aeTcs B TOM, 4TO — CBA3aHa. MMeHHO: TO uac-
THYHO MH(QUHUTHOE OKPYKEHHE, KOTOPOE Hepe3 LIyMSIUE IapaMeTphl MO-
JieNH BoI3bIBaeT HeycToHumBocth (¢ ~ 0,51G5 ) M NoposaeT MpeTeHIeHTOB

Ha HOBEIC (hasoBbie mepeMeHHble. Ciefyer cKka3aTh, YTO i MOMEHTOB C
CONBIINM # HEYCTOHYHMBOCTH CYIIECTBYET BCerja, HO Ioxa # OOJBIIOE,
R — 0 u cucrema >xecTko opranusosasa. [Ipu ysenuueHunm G MOMEHTHI
TEPAIOT YCTOHYHBOCTD M COBMECTHOE PaclpeNeieHUe IIEPECTaeT CYIUECTBO-
BaTh (TepSeTCs CTATUCTHYECKAs COBOKYHMHOCTH). OTO MOXHO HHTSPIpETH-
pOBaTh CIIEAYIOEM 00pa3oM.
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1.4. Camopednexcus nporiecca Ho3HaHus

Kpurepuit ycTofuuBOCTH BBHIBOJMTCS U3 JIMHEAPH30BAHHONU MOMEINH,
T. €. «Pa3BA3AHHON» IO MOMEHTaM (KaXIoe ypaBHEHHe IJid MOMEHTa pelua-
€TCs HE3aBHCHMO OT HPYTHX, HaulHad ¢ mepBoro). B Touxe Gudypkauuu
(oTepu  yCTOMUMBOCTH) KpuBast p(z), ...,z,) «TypOynmsupyercs» w it
CTaTUCTHYECKOTO OIMCAHHUs HaJ0 HCIONB30BaTh Bee (T. €. «GeckOHeuHoe»
YHCI0) MOMEHTHI (YPaBHECHUS [ HUX «3aBA32HED B HENTMHEHHYIO CUCTEMY:
peIUCHHEe KaXIOro 3aBHUCUT OT BCEX OCTaJbHBIX). TouHee, 5THX ypaBHeHWH
JOJDKHO OBITH CTOJIBKO, CKONBKO 2JIEMEHTOB (HEHpPOHOB) 3afle}iCTBOBAHO Ha
YpOBHE ammaparypHOll peanmsanuu (ypoBHe 3HamHuit) ais (GopMupoBaHus
mabI0HOB M3 BHIAENCHHOMN OpeqMeTHOM 001acTu.

Opranuzaiiiss — O3HayaeT «CTATHBAHME» PpaCIIaCTAaHHOM KpUBOM
2(zy5 - 2,,), 9TOOBI €€ MOXKHO OBITIO ONMHUCHIBATH HEOONMBIUMM HHCIIOM MO-
MEHTOB, H, KaK CieayeT U3 ONpeAblRYIIEro, 3T0 MOXKHO CaeiaTh, €CiN IIosd-
BATCH HOBHIe (ha30BbIe NEPEMEHHBIE, CKOPPENHUPOBAHHEIE CO CTAPLIMH
(cBoeoOpasHeIi 0OMEH HeNMHEHHOCTH Ha pacluupenue (a3oBoro npocTpaH-
cTBa B Toyke Oudypkanuu). ITocneanee 03HAYAeT, YTO OHU JOJLKHBI OBITH
MOXOXKMMH Ha cTapble, UMeTh OJMHAKOBYIO ¢ HHMH IPHUPOAY U XKHTh B OX-
HOM TEMIIOMHEpE.

Hrak, yToOp! NOABHIACHE HOBAs palHOHANbHA CTIPYKTypa, crapas
TolpkHA GBITH paspymieHa (CTaTh KHeAeecmoco0HOM» ) M OKa3aThCs Ha YPOB-
He armiapaTypHOi peanusanmu (T. . amonuit). Taxum o6pazomM, He B MOJIEb
Hajl0 BBOAUTE SMOUMH, 4 MOJENb TOMEIUaTh B 3MONUOHAIBHOE OKpYKEeHHe
({paxraneryio cpefy). Ilpu sToM ypoBHEM ammapaTypHOM peanu3alii He
003aTelIbHO SABAIOTCA HEHpPOHBI (9TO «KOHEUHBIH» MaTepHaNbHBIAH HOCH-
TeJb POrpaMMHbIX YPOBHe). 3TO Hano MOHMMATE Tak: Ha HelpoHax 3aru-
caHbl «cyioBa» (meMeHTapHble moHATHA). Ha mabnonax, npeacTaBIAiOmux
9TH 3NIEMEHTAPHBIC TOHATHA (KOPEACTABICHU»), KaK HAa MaTEPUaNbHOM HO-
cuTene nporpaMMupyrotcs Gonee obuue kareropuu-inaGnoHsl (Hanpumep,
¢urocodckue MOHITHA) U T. A, Maremaruyeckas MOZENs — 3TO AOBOJIBHO
BBICOKMI ypoBeHb abGcTpakimm (mabnoHsi-aTTpakTopei). Ee Heycroiium-
BOCTH HE O3HAYAET, YTO MBI OIycKaeMcs Ha ypoBeHb HelpoHOB. Myl omyc-
KaeMcs TOJIBKO Ha MpeIiIecTBYIONMiI ypoBeHb, Ha KOTOPOM L@pCTBYIOT
ma6IOHkl, OTBEYAIOIIHUE 33 PasMBbITYIO (H3HYECKYI0O KapTHHY MUpa H (aso-
BBle QIIOCO(CKHE YCTaHOBKM, CBOMCTBCHHbIE HaHHOMY CyObekTy (HocuTe-
Jo ¢pakTayipHOM cpebl Mosra). OT Toro, Kakas ¢ysHueckas KapTHHa MUpa
CIIOXMNACH Y HETO B rojiose (BKIOYas 6a3oBsie QPMIOCOPCKUE YCTAHOBKH),
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1. Meronoorus uceleRoBalua pa3BUBAIOIINXCA CHCTEM

OyneT 3aBHCETh BO3MOXKHOCTE (POPMUPOBAHMS HOBOW MOJENH B PacIHpEH-
HOM (a30BOM NPOCTPAHCTBRE. '

B naHHOM KOHTEKCTEC HAla KApTUHA TakoBa. TO, YTO HEBO3MOXHO
JUTA MOJENTH ¢ (PUKCHPOBAHHBIM YHCIIOM ()a30BBIX NEPEMEHHBIX, T. €. YCTOH-
YUBO pearupoBaTh Ha oOlpejeleHHb HaGop KoabUIMEHTOB (CTHMYN
BHEINHEH Cpelbl, pacCCMAaTPUBAEMBIH P HEYCTOWYMBOCTH KakK JIOTMYECKuil
abcypi), BOMOXHO 1718 paclIMpeHHOM MOIeNH, Koraa oAHu (a3oBsie nepe-
MEHHbIE «PacCMaTpPUBAIOTY IPYrye HapaBHe ¢ BHelnHe# cpenoil. Habop ko-
s¢gduinientoB, NpuBeqmel k abcypny, Bpofe Obl OCTalCs NPEXHUH, HO
B HOBOM cUTyauuH (TIpH HOBBIX (Pa30BBIX EPEMEHHBIX) OH YK€ U He Tpexk-
Huil. JTO BHECEHHE B CUCTEMY BHYTPEHHErO IPOTHRBOPEUHS, T. €. «UYBCTBAY
(aMou), OO YYBCTBO Beerja NPOTUBOPEYHBO. DTO CO3aHHe YCIOBUH Ui
OCMBICIICHUS BeCCMBICIIEHHOTO.

Jlns mposicHeHHs CHUTYalldM paccMOTpHM HpuMmep. ManieHbKuE Manb-
gk («dazoBag HmepeMEHHAs») HEOKUNAHHO OKa3pIBACTCS IEpell UydesloM
(«BHEWHUM CTUMYIOMY»). Byay4u He B cuiax JIOTMYECKH OCMBIC/INTh CHTYa-
o (Y HEro MOKa He HAKOIUIEHb! PalliOHANbHbIE, T. €. JIOTMYECKKe, [IOHATHS
06 3ToM oObexTe), oH myraercs («HeycroimmBocTs»). Ho BOT mosBisercs
mana («BTopas (asoBas epeMeHHas»), KOTOPBIA HUCKOJIBKO He 6ouTcs uy-
yena. Manpupk Taioke nepecraeT GOSThCA, HO HE 3a CHYET JIOTMYeCKOro oc-
MEICIeHHs dydena (3TO elile Y HEro BICPEIM), a 3a CHET IOJIOKHUTCIBHOH
sMonum (4ero GoATECs, pa3s mama He Soutes). Pacmmpennasd cucrema (Masb-
YHK W [1ara) OKasblBacTca «ycTodumBon» 3a cuer smouun. Ilocaennias mpo-
THBOpEYHBa, TaK KaK, ¢ OMHOH CTOPOHBI, Uy4e]o IS Maab4yiKa OCTaeTCs
HeOOBSICHUMBIM M BBI3BIBACT CTpax, HO C APYroH — €CIIM pearupoBaTh He
TOJIBKO Ha Yy4eNIo, HO U Ha Harty, To 60AThcs Bpoae OBl ¥ Hewero.

JoctaTouHo o01as OHTOJIOTUE, CBA3aHHA’A C MOJEJIGHBIM IMpPE/ICTaB-
JICHHEeM MHpa — 5TO Hepa3Bs3aHHas, OeckoHeuHas, 3alIyMIIeHHas CHCTeMa
HENMHEMHBIX YPaBHEHHI, KOTOpast CTOXaCTIYeCKH 0000LIeHa, a BeCh MUpP —
3TO COBMeCTHOe pacmpenenenue p(Z,f). Ilpm mepexoige k MOMeHTaM, Ha

GECKOHEYHOCTh, CBA3AHHYIO ¢ (DasOBEIMM NEPEMEHHBIMH, HAKIaJBIBacTCA
GecKOHEUHOE YHCII0O MOMEHTOB [UId Kaxaoil ¢has3oBoit mepeMeHHOH. SIcHo,
YTO IPH TAaKOH OHTONOrMM HHKAKOE PALMOHANBHOE TIO3HAHHE HEBO3MOMXKHO.
Takas OHTOJIOrMS BHICBEYMBAET HEKYIO TOJIOrpaMMy, THE BCE CBA3aHO CO
BCEM M NPETEpHEBAET /IMHAMUIECKUe M3MeHeHHs (TypOyneHTHBIH ronopes
[28]). Kaxxas «TouKa» TakoM Cpeibl COAEPXKUT HHGOPMALHMIO O BCeH cpele
(#ory JOCTaTOYHO COCPENOTOUNTHECS HA KOHYHMKE COOCTBEHHOrO HOCA, YTO-
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1.4. Camopeditexcus 1poriecca MO3HAHKA

651 cimuThes co Beelt Beenennoit). Ho yuenniit — He #or, OH omepHpyeT Ko-
HEYHBIM YHCJIOM PalMOHAIBHEIX TOHATHH, U O3TOMY, € TOYKM 3peHHs FHO-
CEeOJIOrHMH, TIEPROE, WTO OH JOJDKEH caenath — 3adukcupoBaTth (BEIHEINTD)
NPEAMETHYIO 00J1aCTh, KOTOPYIO XO4eT Hay4yHO ONMHUCHIBATH. A IS 3TOTO OH
JIOJDKEH 3aTPATUTh SHEPTHIO (B TOM YHCIIE SMOLMOHAIBHYIO), YTOOBI MpoBec-
TH YaCTHYHO MH(HMHUTHYIO rpaHWIly MEXIy BBIAENCHHON (UHWTHON mpen-
METHOH OONacTBIO M OCTANBHBIM MHGHHHTHEIM OKpykeHueM. [ToctpoeHue
moboit Moaem u ecth duKcamms aToit obnacry, T. e. «obpeszanue» ee 40 KO-
HEYHOM CHCTEMb] YpaBHEHHIA, Ha KOTOPYIO TeM He MeHee BIAeT OKPYKCHUE.
OTo BIMAHKE MBI YUUTEIBAcM GefIbIM IyMOM, KOTOPbiA BBOAUM B k03duum-
€HTBl H BHEUIHME BO3AcHCTBHA. TakiuM 06pa3oM, MBI NIOIy4aeM KOHEHHOMEep-
HOE COBMECTHOE pacnpefenenue p(z, ...z, ), GOPMaIH3alMsI paciulpeHys
KOTOpOTO (BKJIFOYEHHE HOBBIX Z, ) H €CTh NPEIMET JaHHOrO pa3felia.

Jloruka Takosa. HeyCTOﬁqHBOCTb CBiA3aHa C COOTHOLICHHEM MCEKLRY
HOPMOH ¢ W HMHTEHCUBHOCTHIO IIyMa (G, KOTOpBIA co3maercs MHQUHWT-
HEIM OKpyXeHHeM. O TOM, YeM HUMEHHO — HHGOPMALIMKM B MOIENH HeT, HO
€CTh caM KO3((HIMEHT ¢, KOTOpbI Halo KOXMBUTEY. Momens mis Hero
JoJDKHA OBITH TIOX02KA HA MOZAENE Hallel npeaAMeTHOM o6nacTh (B3auMogpeii-
CTBYIOT ApPYT © JIPYroM OJHOPOAHBIC BEIM: He MOXET TaHK «B3aUMOJEHCT-
BOBaTh» ¢ BonkoM). Takkm o6pa3oM Hajio IOMHCATh HeTMHEHHOe (HHaue
He OyZAeT B3aUMOJeHCTBHA CTapbiX U HOBOH (ha3OBBIX NMEPEMEHHBIX) YPaBHe-
HIi€, BpeMS penakcaliii B KOTOPOM JIOJKHO 3aBHCETH 0T cTaphix (0, ) daso-
BBIX TNICPEMEHHBIX, W €CJIH BO3HMKAET TCHAGHHMA K HEYCTOHUHBOCTH MO
MIIaJIEM MOMEHTaM, TO (IIOCTOSHHbINY KO3)(HMUMEHT JOIDKeH OXHBATh 32
CYeT TOrO, YTO €ro BPEMs peJlakcallii CTAHOBUTCS OXHOrO TIOPsAKa C TaKo-
BBIM JJTA CTaphix )a30BBIX NEPSMEHHEIX.

Hrax, B crapToBOi mosuHuuu MsI 3agaeM p(Q,, ...,0,; ¢), rhe pac-
TpeJieJICHHEeM IO NIEpEMEHHOM ¢ YNpaBJiSeT CBOE YpaBHEHHE, HO BIHATH Ha
COBBITHS OHO HAYMHAET, €CTH MPOHUCXOAHUT MOTePs YCTOHYUBOCTH 110 (hazo-
Boii nepemennolt Q, (1, = f(Q,)). Habmopas 3a O, (bpakraibHas quarto-
CTHKA) W MEPUOXUYECKH MPOBOJ NapameTpusanmio Mogmend (T. e. ¢ukca-
IMIO COOTHOWIEHHS ME&XRY C U G ), Mbl MOXEM «BKIIIOYATh» HOBYIO (pazo-
BYIO TIepeMeHHYI0 (c), He JOXumaich Touke OHdypkaiwm, T. €. IOTepH yc-
TOMYHBOCTH N0 BCeM MOMEHTaM (a TOJIBKO, HaIpuMep, Mo #t,, T. €. MIpH
BO3HHKHOBEHHH pe:XMMa caMOOpraHu3oBaHHOM KpuTH4HOCTH [47]). Mbi He
CMOXXEM CKasaTh HaBepHKA (UL 9TOTO HyXKHBI HaGmoenus, NesTeIbHOCT,
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1. MCTOQOHOFH;{ HCCNCHOBAHNMA PAIBUBAIOIIMXCA CHCTOM

3aTPATHL YHEPTHH), YTO CTOUT KOHKPETHO 3a OXKHUBASMBIM KO3(DGMHILMEHTOM,
HO CMENO MOXKeM Ha3BaTh ero HoBoit dasoBoi nepemernoit. IIpu sTom pas-
HoMepHOe (COOTBeTCTRYIOIee OenoMy IiryMy) pacripenecHue p{c) Hauu-
HAET MEHATECS, & IIyM CTAHOBHTCH IIBETHHIM (IPOMCXOAMT pacKpallilBaHHe
YaCTHYHO MH(PUHUTHOH TpaHHILBL WITH, JTy4lle, — MOJCTIH).

KakoBb1 osmkHbl OBITH CBOMCTBa (paxTanbHOH cpels! (T. €. Mo3ra
HJTH 9MOLMit), 4ToOBI OCYIIECTBUTh OJOOHOE packpawmBanue? Ha mepBeix
MECTax y 4YesloBeKa CToAT ciemylonme nmorpeGHoct [85]: 1) coxpanernue
cefs Kak GHOJIOrMYECKOro CYIeCTRa, T. €. YAOBJIETBOpeHHE NoTpebHoCTe# B
eJie, JMUibe, OPOJOIDKEHHH poJa U T. I.; 2) obecricueHue (pOrHO3UpoBa-
HH€E) YCIOBHIT [UIs TapaHTUPOBAHHOTO BBIMONHEHMS 1. |1 B Gmnkajiniem Gy-
ayineM (. 1 u 2 npucyny ¥ »KUBOTHEIM); 3) 3aHATHE IIPECTHIKHOrO MECTa B
COIMAIbHOM HepapXuH (YEM-TO (BBIAEIHTHCI»).

DTOT «IIPECTIHO) MOXKET HOCTHraThes [I0-Pa3sHOMY B 3aBUCHMOCTH OT
BO3pACTa, COLMATBHOTO OKPYKEHHUS U T. A. J1 MaTHagUATHICTHEro NOApo-
CTKA 3TO MOXET ObITh MATH KOJIEIl B YXE& U OCTPIDKEHHAS JeBas 4acTh rojo-
BEI, a Juis mpodeccopa — paspeilieHe KakoH-HUOY b 3a1a4y aKajeMUYecKo-
ro xapakrepa (tuma npo6aem Iunp6epra), 6€3 pelneHHs KOTOPOH 0aH Mo-
FYT CYACTJIMBO XKUTH U JajblIe.

IoTpe6HOCTS peIIeHHs 3a1ad, CBI3aHHBIX C IPOrHO30M BO3MOZKHOIO
pacmvipeHHs (a3oBOro MpPOCTPAaHCTBA HAIIMX NPECTABICHUM O MHpE, BO3-
HuKaet (B OCHOBHOM) c ofecnedyeHus BTOpOH NOMMHHUpYIOmeH norpeGHo-
cty. Ho HacTosieli SMOUMOHANBHOK BO3CYIMMOCTH, HEOOXORUMOM LT op-
FaHU3aUYH THOCEONIOTHYECKOTO EPEXOIHOTO POoLecca, MOXKHO AOCTUIHYTh
HpU peanu3alyM TOXBKO TpeThed MOMHHHpYomEH moTpeCHOCTH (T. €. Ha
YPOBHE «CamMOyTBepIKICHHUs Oe3eNbHIKaMu» ). Jleno B ToM, UTo porpaMm-
HbIC YPOBHH, Pealu3yOILye HepBble B NOTPEOHOCTH, 3aIMCaHbl HOYTH Ha
Helfponax, KOO KX YHOBJIETBOPEHHE 3TO HE BOIPOC THOCEONOIHH, 8 BOHPOC
oHTONIOTHH (KHTh WM He uTh). JlocTibkenue xe Tpersed morpebGHOCTH
BO3MO3KHO, KOIJja NepBbie JBE YAOBJIETBOPEHBL; IPOrpaMMbl 3TOrO YPOBHS
3amUcadbl Ha MabllOHaX, KOTOPHiE MOJKHO MEHSTH (SKCIEPUMESHTHPOBATH)
6e3 oraceHus 3a CBOIO XKH3Hb.

Jns mocTpoeHus pPAlHOHAIBHBIX KOHCTPYKLMH HyXHO BBIKHIaHHE
ueitponos. Ho pomken Goite 6yQepHbiit (11a6I0HHEIH) CIOH, TOBBIIAIOIMN
PasMeEpHOCTS Bioxkenus Mosra. MapectHo [73], uto ¢pakrambHas AUarHo-
CTHMKA YKashIBAET Ha YBeJMYEHHE PA3MEPHOCTH TIpH Hepexolie oT SGHOmorH-
geckOH AEATENBHOCTH (3MWISNTHICCKUH MPHIIANOK — OKOJNO 2, FIyGOKMi
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1.4. CamopedexcHs mporecca no3Nasms

COH — 4 + 4,3) k HHTeNMNeKTYanbHoH (d = 4,7). YacTo xoHeYHas pasMEpPHOCTh
Ha O0I yenoneka BooOle He WACHTUDHUIAPYESTCH.

TlepeHopMupoBKY pachpenenexus (BTOpas BOIMOXKHOCTh H30€XaTh
rubeny CUCTEMBbl, Ha KOTOPYIO YKasbIBAJIOCH BBILIE) MOXHO OIKCATEH B TEP-
MHHaX pefykuuH (Kosularica) BOJIHOBOTO TIAKeTa 0 aHAJOTHM ¢ KBAHTOBOM
mexanukoil [76). Teopema JIMyBunnsg co3faer HEPEOJOIUMYIO TIpoGaeMy:
pacrutbipaHye obacTi B $ha30BOM IpocTpaHcTBe (IIpU cOXpaHeHuHd obbema)
JenaeT KIaCCHYECKYI0 MEXaHMKY HelpelckasyeMoi B npuHuumne. Ho Bens
IETCPMHHICTUYECKAs 9BOJIFOLUA BOJIHOBOTO IlakeTa o ypaenenmio Ilpe-
JIAHTEpa Taroke MPMBOJMT K ero pacrnossasmo. [locnenHee npuocranasiu-
BaeTCs, KOIAA «IPOMU3BOMATCHA M3MEPEHILDY, NIPOHEAYpa, KOTOpas ¥ BHOCHT
BEPOSTHOCTH B KBAHTOBYIO TEOPHIO. DT JBE MPOUEAypHl (pacueTHas U Je-
TepMHMHHCTHYecKas no ypasreHuio Illpenunrepa, a takoke u3MepuTeabHas U
BEPOATHOCTHAs NP KoJUlarce) COBEPLICHHO pas/IM4HBI IO CBOeH mnpupoze:
repBas HenpepsiBHa, BTOpas paspsiBHasi. Ho o6e HeoOXoqMME! UI1 coracus
KBaHTOBOM MeXaHUKH ¢ HabmoxaTensHbIMU (haKTaMH.

B Hamewm cnyvae (npu nporsozupoBaHud no ypasuenuio OITK) mbl
«cTapTyeM» ¢ JeibTa-pyHKIHM (ToYHee — HEKOTOPOro «KOMOKOJIbYHKAY U3-
32 TIOTPEITHOCTEH M3MEPEHMsS B HA9JaIBHBIH MOMEHT BPEMEHU) B CTOPOHY
YCTOMYHBOTO «Pa3Ma3aHHOIO» PaclpeResieHH s, [TONOKEHHE KOTOPOro Orpe-
JleNeTCs 3HAUCHUAMH [IPOTHO3HBIX 32/1aBaEMbIX IIAPAMETPOB, BXOAAIIUX B
ypasHenue QITK. Ecnn ske mpoliece HEYCTONIMB O MOMEHTAM, TO MPOCTO
IPOUCXOMUT «paciiacThIBaHuey 1o (pasoBoMy NPOCTPaHCTBY. B moGom u3
3THX CiIy9aeB HACTyMaeT HeoGXoAuMOCTh GO B M3MEPHUTENBHON KOppeK-
TUPOBKE (WKOJIAIICe») MIIOTHOCTH BEPOATHOCTH, KOO B MEPEHOPMHPOBKE
3a cueT BBEACHHU HOBO# (a3opoil nepemeHHoii (puc. 1.37).

Ha pucynkax 1.36 n 1.3 geTepMUHECTHYIECKO SBOMIOLUH TTO YpaBHe-
o OIIK coorBercTByeT xoutyp OC;, Korma mpocto yToyHsercs «urab-
JIOH» WK BBIOMpaeTCs HOBBIHM H3 YHciIa UMEIOMMXCSA B 3arace, a «KOJUIAICH
(MM «penyKIsY) IpeanonaraeT sajelicTBoBaHHeM KoHTYp OC; ¥ Heanro-
puTMudeckuit myTs GopMHpOBaHUA HOBOH (azoBoit nepemennoi. Yem 6o-
JIee pa3BUBAIOIIAACS CHCTeMa (HampuMep, Mo3r), TeM 0ojiee OHa HeyCTonuu-
Ba ¥ TeM damle HpHOETaeT K «PEeAYKLHW», T. €. K paspblBaM Ipolecca Ha
puc. 1.37. YactuuHo madHHMTHOE MOAENMPOBAHHE MpeilIonaraeT obbeau-
HEHUe ABYX NpPOLEIYp — AIrOPHTMU3HPYEMOH IETEPMUHMCTUYECKON 5BO-
Jonun 1o ypasHeHuio OIIK 1 HealrOpHTMH3MPYEMOTO «KOJJIANCay pac-
IpeACIeHUs TUIOTHOCTY BEPOATHOCTH. [IprdeM BBIXOM M3 «KOJUTANCay Npef-
TI0JIATacT, 9TO pacIUMpeHHas MOAENb CHTyaluu JIHbo yxke copmupoBanach
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1. MeTonoIorHs HCCNeI0BAHNS PA3BHBAIONIMXCHA CHCTEM

(a Moxer ObITH UMENAch B MO3I'Y H3Ha4YalbHO — CBOCOOPA3HbIA HIeasinzM),
mubo (B ciydae, HanpUMep, o0pa3oBanus HOBOH MOMYISIMH) 3TOT BHIXO[
OCYILIECTBISeTC CIy4aiiHO, 4 3aKpeIleTcss 3a TeMH MYTaHTaMH, KOTOpbIe
BBDKMBAIOT (CBOeOOpasHBHi MaTepuanusM). BeoKMBaHUE yKas3plBaeT Ha TO,
YTO «pacIiMpeHHas MOZIE/]bY NpaBWIbHA, T. €. HHTEPOOIALMA HaJ TOYKOMH
KoJUlanca BBEINONHEHa OGOCHOBaHHO (C TOYKHM 3peHUs TpeGoBaHMi OKpy-
xarolneil uuGUHUTHON peansHOCTH).

CaM MeXaHW3M MHTEPHOANAN MEXIY PasHOpa3sMepHBIMH (a30BbIMH
NPOCTPAHCTBAMH OCTAETCS TBOPYECKUM (CITy4aiHBIM WK, 10 KpaHHEH Mepe,
HeanropurMuzupyemeim). Ho oco3HaHHe TOro, Ipu Kaxkux YCIIOBHSX MBI
BBIHY)KAEHEI 2aHMMATBCS 5TOM HMHTEpromInuel, yxe (XoTs Obl «4aCTHUHO
HHQUHUTHOY») TIOMOraeT HaXOAUTh PAllMOHAIBHBIC OPMEHTHPE! B Mppano-

HaJILHOM MHPE.

a)
l'

Puc. 1.37. Vameputenbuasi KOPPEKTHPOBKA B MOMEHT ¢4 TUIOTHOCTH BEpOATHOCTH (a, 6) u ¢¢

[EPEHOPMHPOBKA IPH HEYCTONIHBOCTH (8, 2).
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2. TwppaBnuKa v peyHas TypoyNneHTHOCTL
2.1. Ilapagokent peTHOl THAPABINKA W THAPOMEXAHAKH
PaccmoTpuM mapagokcsl (WM Tynmku) M3 06NacTd peuHol ruapas-

JUKA ¥ THApoMexaHMKM. CUCTeMa ypaBHeHUH OJHOMEPHOM TwipaBiHue-
ckoit naeamzauuy A AehOPMUPYEMBIX PYCENT UMEET BHL:

oh__Q 1230 2000

== A 2 2.1
o CIRFY gF o gF? ox S
aF 80
at + ax ql(x> ) ( )
oz OG
B—+-—= 1) 2.3
o o q,(x,1) (2.3)
G=f@dU,..) (2.4)

rne ip =—0z/0x — yKiioH fHa; b — rny6una; C — koadduuuent Wesn; g — ye-
KOpeHHne cBoDOIMHOro mafeHus; R — ruapasnuyeckuil paguyc; F — mwiomane
JKMBOro ceueHus; B — miMpHHa; z — oTMerka AHa; G — pacxoli HAaHOCOB
(o6BMHO OHHEIE HAHOCKE IPEBOCXOAAT B3BEWIEHHEE); d — HHMAMETP YACTHII;
U — cKOpOCTh TeueHHS; O — KO ODHIMEHT HEPABHOMEPHOCTH pacIipeaese-
HUSA CKOPOCTH 10 IIyOuHE; X — NPOAONbHAs KOOpAHHaTa; ¢ — Bpems. Coot-
HomeHnue (2.4) — 9To Ta WM MHAS IMOHpHYeckas GopMyia, HCIONB3yeMast
JU15 3AMBIKaHHUS CHCTEMBI YpaBHEHUIA.

C moMOmEI0 3TOH CHCTEMBI ypaBHEHMH pellaeTcs OrpoMHBIH Kpyr
BOMPOCOB, CBA3aHHBIX C FIPOTHO3AMU MABOAKOR M TIONOBOAM, Pa3MBIBAMH B
HIkHUX Obedax I'OC, CroHHO-HATOHHBIMK ABICHUAMH U T. 1. OJHAKO €CTh
B rHApaBiIMKe TNpPOONeMbl, KOTOPble [aHHON CcHCTeMe «He .10 3yGam»
(cMm. puc. 2.1):

1) obpaszoBanue B OHICTPOTOKAX (BOXOBOAR! C GONBINMM YKIOHOM [HA)
HEPHOJUNECKHX TIOBEPXHOCTHBIX BOJIH;
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. 2. 'unpapnuxa u peunas TypOyIeHTHOCTD

a) 2)  HHU3KOYACTOT-
HEblE (C IEPHOROM nOps.-

L/l Ka MHHYT) KoneGanus
CKOPOCTH B peKax U Ka-
Hajlax NpH HEU3MEHHbIX
IPaHUYHBIX YCIOBHSAX;

3) rpapnoobpa3zora-
£ HHe. SICHO, YTO He mec-
yaHoe HHO («caMo To
ceben) obpasyeT rpsubl.
Tlepromnueckue cocras-
JIIOINE JO/KHBI OBITH
B CAMOM TEYEHHH.

Iopoxkparor 1M
nopo6Hble  IepHOXUUe-
Puc. 2.1. K nepuonnyeckum 006pasoBaHHIM B NIOTOKAX: @)  cKue pellieHHs ypaBHe-

TIOBEPXHOCTHBIE BOMAEL B OLICTPOTOKAX; 6) HH3KOUACTOT- puo  Cen-BenaHa (mBa
Hble koneGanus ckopocTH (p. Teepua); 6) IPSAB! Ha JHE.

6)

1
f
1
i

MIEPBBIX YPaBHEHHs CHC-
TeMel  (2.1) — (2.4))?
OTHM  BONpOCOM  JONMO  3aHHMacH M3BECTHRIH  ruzaponor
H. A. KapreenuumBuny [39]. OH neITajics NOCTPOUTH 3aMKHYTHIE IUKIIbI Ha
thasoBo¥i IWOCKOCTH, OAHaKo rumepbonuueckas cucrema (2.1), (2.2) ux He
umeer (cm. puc. 2.2, 6). Oro ewe onnuH HeheHOMEHOMOTHUESCKHil TIapamoKCe
(«TYMHK»): «OHTONOIHA», MOCTPOeHHas Ha cucteme CeH-BeHaHa, He onu-
CBIBA€T CYLIHOCTD NMOJOOHBIX BOJIHOBBIX ABICHHH.

PaccmarprBaeMBIil HIDKe MapajlokC MMEET OTHOMICHHE HE TOJIBKO

12 1,6 20 24 U

Puc. 2.2. Pa30Bble NOPTPETH! HPH HAIMINH (@) K OTCYTCTBHH (6) 3aMKHYTBIX LIMKAOB,
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2.1. MapagoKchl peunol THAPABIMKY U THAPOMEXAHHUKH

K TMAPOJIOTHH, HO M BOOOIIE K HAyKe B LIEJIOM (METEOPOIOrHH, CaMOJIETO-
CTPOEHHIO U KO MHOTOMY APYIOMY). OTO — OTCYTICTBHE TYpPOYNEHTHBIX pe-
LICHUH ypaBHEeHUH runpomexanuky. CuTyalys 3akIro9aeTcs B CICAYIOMWEM.

Ecre crporo BeIBOAHMAas MOJENb T'MIPOMEXaHHKH: CHCTEMa YpaBHe-
it HaBpe—CTOKCa (KCTaTH, U3 Hee IOMyYaeTcs OCPEOHEHHEM IO KMBOMY
cedeHMIo U cucteMa Cen-BeHaHa):

B, ~VAS + D0z =—gradp + f(3,1), (2.5)
divb=0 (2.6)

(3mechb vV — k03¢ GHIHEHT BI3KOCTH; /;(35, f) -- BHELIHSS KCHIIA»).
Pemenue cuctemst (2.5), (2.6) (wanpumep, ans 6eckoHeUHO NIMHHOM

TPYOBI PaZiyCOM C € YCIOBHAMU NPHIKIIAHNS Ha CTEHKe) faeTcs hopmy.ioi
[Iyasefins, T. e. napaGomnoii (puc. 2.3):

v, =a(c® —r?), o Q.7

rie ¥ — KOOpAMHATa; @ = const. ;
OpHako 3TO pacmpefielende CrpaBe/UIHBO, [TOKA YUCIO PeliHonbiaca

‘MCHBIIC KPUTHYICCKOIO 3HAMICHWA Re,q,:

Re = Ud/v<Reg

(3necs d — muametp TpyOHI). VyVep

TTpu Gonpimx uyucnax Re TedeHue cra- 2 /
HOBHTCS TYpOYACHTHEIM K 3IIOPA NPUHHUMAET
Ipyro# Bupj, T.e. ypaBHesuss HaBbe—Ctokca - ~\2
BENYT B CTYITHK. 1

Taxum 00pa3oM, MOABITETCA BaKHEIH
HedeHOMEHONOrM4eCKUi MapaJoKe B KIACCH-~
teckol ruppoMexanuke. Ero cymuocTth Jie-
KUT 34 TNpefeNlaMH NpeAIMETHOH obnactH, ! 0 2eld
duxcupyemoit yparHenuaMu Haebe-CTOKCE, pyc 23, Pacnpencrenue copo-
TaK K4k OH BO3HHKAET IPHM TYPOYJNCHTHOM  cry npu namuuapsoM (/) # Typ-
peUMe TedeHMs, IAe ACHCTBHE 3aKoHa Tpe- OyneHrHoM (2) pexumax.
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2. I'mapasiuka y peusas TypOy IeHTHOCTE

HHA Fm =vd?0/8%? cTaBuUTCA HOX COMHEHHE.

HzMeHeHue 3MIOpB! IPOUCXOIUT, KOTAA TeIEHUe CTAaHOBUTCH Hepery-
JIAPHEIM, TYpPOYJNICHTHBIM. BBUId MpeANPHHATE] MIOTIBITKY YYECTh 3TH HEpery-
JISPHOCTH (WM TyNIBCALAM) M MO-APYroMy 3adiKCHpOBaTh IPEIMETHYIO
obaacth runpomexanuku. Ctandl pazdUBaTh CKOPOCTH H JaB/ICHHE Ha JBE
COCTABNIAIOIME: V=V +V"; p=p+p’ (puc. 2.4, a). OxHaxo Npu NOACTa-
HOBKe KX B ypaBHeHua Hasbe-CTOKCa BOZHHKAET Kak OB HOBas CHIIA:

VAV Ax = (0 + VA +v')/dx =0,58(0")* / dox

(mpu v=0). Ecinu 6b1 ypaBHeHns Hasse—Crokca ObUIE NHHEHHBIMH, TO
3Ta HOBasg COCTABIMIOIIAS He BO3HMKIA Ol (IpM  OCPENHCHHH:

O =0; () %0, puc. 2.4, 6, 6). Taxum 06pasom, y BekTOpa Y, omuchl
BAIOWIETO COCTOSIHHE IIOTOKA, IOSBJIAETICA €Ile OJHAa COCTaBJsomlas
Y =(9, p,(v)?), u cuctema (2.5), (2.6) cTaHOBHTCS He3aMKHYTOH. BosHu-
KaeT TYNHK He(EHOMEHOJIOrMYECKOro XapakTepa u npobneMa 3aMBIKAHUS:
(©)* = ().

W3 Tynuka nelTarotes BHIGpaThes clemyiomuM obpasoM. Bosnukaro-
1Ml IONOTHATEBHBIR WIEH HHTEPIPETHPYETCA KaK Ciia TpeHus £ . Ve-
TAHOBJIEHO, YTO B TYpOYJICHTHOM PEXKUME OHA MIPOIIOPLHOHANbHA KBaApaTy
ckopoctu:  Fp ~ko® . TI03TOMY CHTYaUMIO NEPEBOJIAT B IMIMPHYECKYIO
ILTOCKOCTB, T. €. TBITAIOTCSA HaliTd YHCHeHHBIe 3HadYeHus xoaddunuenta k
JAA pasHbIX KOHKPETHBIX CiIy4aeB (NPOQMIbL caMoNeTa, IIEPOXOBATOCTh

pyclauT. A.).
Hanpumep, ocpe/iHss 0 JKABOMY CEYeHHIO pycha cucteMy (2.5), (2.6)
¢ YHETOM ITYNbCALMOHHBIX COCTARJIAIOIINX, HOIY4al0T YPaBHEHHS OJHOMEp-

6) 8)
v o (o
_"JA,ZL%QU.A
t
Is
{ i

Puc. 2.4. PasbHeHMe CKOPOCTH Ha COCTABIIOMIME.

a)
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2.1, [lapanoxcet peqHOH rHAPABIHKH W THAPOMEXAHUKH

HOM THAPABINYECKOU HICATH3ALMH:

. en U oU .
8l g“a‘); = ar +U % + Frp N (2.7)
oh ,oU oh
P Y %oy, 2.8
ot Ox Ox (28)

rae io — yxioH jHa; U — ocpeneHHas 1o CeYeHHIO IPOIONbHAs CKOPOCTE; /i —
raybuna. Jlanee noaxmodator smnupuky (F, =gU 2/C?h; ma k03¢ du-

uuenta Illesn ucnonesyloT, Hanpumep, (opmyry Mamuara C=h"¢/n;
K03 }HULHEHT IePOXOBATOCTH 1 onpeAesstor no tabnuue M. @. Cpubao-
ro). Xots nmomoOHbIi MoAX0/1 He OGBACHIET MPHPOAY TYPOYNEHTHOCTH (OH 1
HE NPETEHAYET Ha 3TO), A MHOTHX NPAaKTHYECKMX CY4acs ero BIOJHE
JocTaToqHO. JIns MHOTHX, HO He [Uis BCeXx.

2.2. Pexa «apoxHT»: rpraooGpazosanne

YpaBHEHHs OJHOMEPHOU THpaBIHYeckoll Hieanu3alyn (B ee Kiac-
cHyecKkoM BHE cucTemsl CeH-Benana, Haripumep, (2.7), (2.8)), nepuoauve-
CKMX pelleHHH (HempephiBHBIX WM pa3speIBHBIX) He umetoT. H. A. Kapree-
NUIIBHIM TIpedmionaran [39], uro BO3MONKHO MOC/EAOBATENLHOCTE Habmo-
JlaeMBIX BOJTH €CTh [OC/IEA0BATEIBHOCTD CO CIYUAHHBIMH XapaKTePHCTHKAMH.
OpnHaxo umeercs oOLIMpPHBIA HAaTypHBIM Marepuan (TOMydeHHbIH pasHBIMH
aBTOPaMH B PA3IMYHBIX YCIOBHAX), YKa3bIBRIOIMH Ha SBHYIO IEPUOANYHOCTD
HU3KOYACTOTHEIX KOJe6GaHuii CKOPOCTH B TOUKAX JKMBOro ceyenus (1abn. 2.1),

Puc. 2.5. Busvanuzaiysg nepuoauyeckux o0pazoeanuii no aanueiM pabotet [411.
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2. Mnapasnuka u pednas TypOYIEeHTHOCTD,

Tabnuya 2.1

PeillebTaTbl BbISIBJICHHSI HU3KOYaCTOTHOH NEePpHOAUYHOCTH MO naﬁoparopnum H Ha~

TYPHBIM JAHHBIM

MecTo, BpeMs H3MEepPEHHA

TpuMepHas OUEHKa BBIACICHHO-
ro nepyiona koneGanuli, MuH

Amnnutyga  xonebadmii, %
CPENHEr0 3HAYECHMA CKOPOCTH
TEYCHAS

p. Teepua — runpocrrop Nel,

1959 1, 26 10
p. Yram — c. XOMmKHKEHT,

1959-1961 rr, 2 16
p. Crlpaapest — Kuuul Ax-

Jhkap, 19591961 . 15 40
p. Bap3o6 — wmun. [larau- 10 _
Ata, 1959-1961 rr.

p. Yioku 15 -
p. Ilonomers 20 8
p. Temsa — Carron-Koprenn,

13/IX 1973 1. % 16
Jlaboparopus JIrMM 20 6
(PITMY), 19802006 rr. >

JlaGoparopus BHHMI um. 35 17
B. E. Begenecra, 1980 r. ’

p. Oxkepsams — Becensrit 18 10
ITocenox, 26/V 1983 r.

py4. KpacHetit — . Jafimo- 20 3

e, 2004 1.

HIMeroTCd Taxoke MHOTOMMCIICHHbIC HaONIONEHHA 3a CTPYKTYpoOH ITo-
TOKa, KOTOphIE SBHO YKA3bIBAIOT HA HANMYUE MEpUOAHMECKUX 06pasopanuii
(puc. 2.5). VI3 storo pucyHka (4 pe3yNLTATOB HCCIIE/I0BAHHA APYTUX aBTO-
POB) BHIHO, YTO CTPYKTYPY NOTOKA MOXKHO PasOHTh Ha rMAPaBIHUYECKOe
AAPO (B XOTOPOM HEPEHOCHTCS OCHOBHAs Macca BOMBI) K IPHIOHHEIH CROH.
B 060MX CAy4yasX TEYCHME OIMCHIBACTCH OIMHAKOBHIM THIIOM YPaBHEHMH.
JIsa NPUAOHHOrO CIOs YPAaBHEHMS ONHOMEPHON HIPaBIHYECKOM uieannsa-

1w uMetot Bup [42]:

—(pg)'oP/ox=g U 18t + U/ g)dU I 8x + f,

2.9)

rne OP/0Ox — rpaiyeHT NaBieHus Ha BHeurHell rpanuue (oH nubo 3anaercs,
6O HAXOAWTCA M3 PelieHHs COOTBOTCTBYIOMICH 3a/jauM Haj CIIOEM); j —
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2.2. Peka «apoxcuT»: rpsiii0o6pazosanuc

muccunatuebll unen U? (C?8)=AU?/2g8 (3mech A — kodbdurment

TpeHus, & — romuuHa cyos). CoorHomenue (2.9) HeoOXOANMO JOMOJHUTE
YpaBHEHUEM Hepa3phIBHOCTH KHAKOH (a3bl

Oh{ 0t +0(UR) 3x=0 2.10)
Y TBEPHOH da3pl

Boz/0t+0G,/ox+3G, /dx=0, 2.11)

roe B — mupuna 3¢ dexTUBHOro AeHCTBUS rpajueHTa AaBienus (T. €, He
obs3arensHo, 9TOOHI OH NeHCTBOBA 110 BCEll LIMPUHE PyCclia B HANPABIEHHH
ocH 110ToKa); G, G, — pacxXolb! IOHHBIX ¥ B3BEIICHHBIX HAHOCOB.

Tak kax Ha rpaHuiie NPUIOHHOTO ciios OP / Ox =~ const , TO U3MEHEHHE
€TO TONIIKHEI IIPOUCXOXHT TONBKO 3a cyeT Aedopmaliuil (aHANOTUYHEIE JI0-
TYLIEHHS AENaIOTCs NPH HCCIEeAOBaHUH YcToltuuBoctH pycen [13, 221), . e.
MOXHO B ypaBHeHusx (2.10) u (2.11) samenuts # u z Ha 8. IIpu TakoM yn-
poiueHuH u3 cucteMsl (2.9) — (2.11) BugHo, yTo cHadana u3 (2.9) u (2.10)
MOJKHO Haiitu O 1 U, HH4€ero He 3Has O pacxoJax HaHOCOB, a 3ateM 0o (2.11)
o u3BecTHBIM O U U onpenenuts G U Gy, T. €. «OKHAKAs 3a[a4a» OTAENSET-
¢s1 oT «rBepnoit». Takum o6pasom, B JaHHOR HAeanu3anuy nedopMaiinsd IHa
€CTh «IIACCHBHOE» OTPAKCHHME COCTOSHHE ToToKa. Kak Haj cioem, Tak U B
HEM JIBIDKEHHE BOJBl HOXYHHACTCS CHCTEME runepGonnueckoro Tura (ubo
moznenu CeH-Benana, nu6o ypaBaeHusM (2.9), (2.10)).

HanoMHuM: cMBICT He(EHOMEHOJIOTHYECKOrO NapajoKca pedHo
THAPAB/IVIKA 3aKIIOYaeTCs B TOM, YTO B NOTOKax HabmioparoTest HU3KOYac-
TOTHBIE KOeOaHHA CpeliHeli N0 CeYeHHIO CKOPOCTH (@ Taxke BOJHBI Ha OBI-
CTPOTOKAX), KOTOPBIE HEBO3MOXKHO OOBICHUTE B paMKax Kjlaccuyeckoit ruz-
paBiIuky. M3 npeapinyitero usaokeHus npodaeMsl TypOYIeHTHOCTH MOXKHO
CHenaTh BHIBOA O TOM, YTO Haubonee «IIONO3PUTENBHBIM» YICHOM B ypaB-
HeHuu (2.7) aBnseTCA BRIPAKEHHE U1 CHIIBI Tperus: Fy, =~ kU?, roe k nu6o
const, mb0o yHKIHA OT IIyOHHBI U LIepoXxoBaTocTH. B moGom ciydae 3ta
CHJIA OKA3bIBACTCA 3aBHCAILEH TONBKO OT KOHKPETHBIX ((TeKyLIUX») 3Hate-
huii 4 u U n He BaXHO, KaK 3TH 3HadYeHUs ObUIH JOCTHTHYTHL (T. €. HE Y4H-
TBIBAETCA BIHSIHHE HA CONPOTHUBIICHKS NPENBICTOPUH ITPOLIECCa).
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2. Tuzapasiuxa ¥ peunas TYpOYJIeHTHOCTE

OnHaxo MOHO Nokaszats [42, 50], uto koadduLmenr cbnpomsneﬂm
A=g/C? 3aBucur or yckoperus (dU/dY) u wacroTsl (®): A = f(dU /dt,®)
(puc. 2.6). Yuet 310r0 00CTOATENECTBA IPHBOAUT K TOMY, YTO BMECTO KJIac-
cuyeckux yparHeHui Cen-Benana uMeeM pacuiMpeHHYO CHCTEMY:

L) ou  eén  U?

A-D—+U@GL-1D) —g—=A— - giy; 2.12
(y )at (y )6x g5 P (2.12)

?_11,4_;,2(1_;.(']?17:0; (2.13)

ot ox ox

Oh o\ g

ety § Gy I Y P 2.14

ot Ox ¢ +c2) k @19

rie y — koa(puiment (B obmem ciydae 3aBUCAU OT ®); T — Hapamerp
pestakcalliH. _
Ecmy =0, OA/0t=0, OA/0x=0 (r. e. A = const), TO NPHEXOHEM K
cucteme (2.7), (2.8). B cnyuae xe (2.12) — (2.14) npousonwo pacmvpeHve
¢azosoro npoctpancrra: (U, A) — (U, k, A). Jina onpeneneHHOro 3HadyeHus
® TVI ypaBHEHMI MeHsgeTcs (U3 TH-
nepbOIMYECKOro CTAHOBUTCH SILIHMN~
TUYCCKAM) ¥ BO3MOJKHO HOSBACHME
3aMKHYTHIX LMKIIOB Ha (pa30BOH IioC-
xocty (puc. 2.7). Jaxe ecau ocra-
BUTh TOABKO ypasHenums (2.12) wu
(2.13), o npu YA > 1 6yner wuMmerh
MECTO  B3auMOAEHUCTBHE MO THIY
«xummauk (U)  —  xeprBa  (h)»

(8U/oh>0, 6h/8U<0), a npu

A < 1 — KOHKYpPEHTHOE B3aMMOJIEHCT-
YP
Bue (puc. 2.7). Pexka «apoxuTy
Pric. 2.6. 3aBHCHMOCTE OTHOWEHUS Heyc-  (Cm. puc. 2.8). Hedenomenono-
TAHOBUBILCTOCH ;\'m:r M YCTaHOBHBIIETGCS quCCKI/Ii:I ﬂapalIOKC HpEOI(OJIeH 3a
1 ko3¢ dunmenToB ruapasmm- o
Ayer SHQUCHHH KODD e I cyYeT pacUIMpeHMs npeaMeTHol obac-
YECKUX CONPOTHBICHHH At/ Ayer OT Be3-
— 1uc (U, A) po (U, h, A), npudeM Tax

MerlAyer

L to 1 F ORI SO B | 1 L
0 02 04 06 08 L0 L2 4 6 {8 ‘T)

PasMEpPHEIX YaCTOTHl ® ¥ yckopeHms N .
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2.2. Pexa «IpOxuTy: rpaa006pazopayue

KAK BeJIUYHHA A OKa3anach CBA3aH- 9 & 6) h
HOMl ¢ «ucTOpHei» caMoM pekH \/
(A=f(@U/df)), 10 Temmsl mpo- O /T\
LIECCOB, NPOTEKAIOIIHX B IpeaMer-
HBIX, [IEPBOHAYAIBHO YaCTWUHO MH- U You v
urarHeLx, o6nactax (U, A) u (1)), N\ [ —
OKAa3alUCh COIIACOBAHHEIMH. Wc- -
nons3yeM 3TOT (akT HpH aHanuse t t
Tpo6IEMb! Typ6yIIeHTHOCTH. Puf. 2.7. UzoGpaxenue pewenuii wa daszo-
Boit miockocty (U, h) M BpeMEHHBIE pa3-
TypOyneHTHOCT BBI3BIBAETCS meptcn U = (i) upk y(@)A > 1 (a) w npu
TEM, YTO B IIOTOKE B LEAOM BOSHU-  4(p)) < | (5).
KalOT KBa3HIIEPHOJHYECKHE H3Me-
HEHHUS THAPABIMYECKHX XaPAKTEPHCTHK, JENAOILME 3III0PY CKOPOCTH Heyc-
ToHuMBOM No Momentam M Oonee BhIpoBHeHHOM (cm. 1. 2.3). Panmee
(cm. [42]) 6p1ra nomy4ena dopMyna s MEPHOAA STHX U3MEHEHHIM, HCXO/1R
u3 cucremsl Cen-Benana (ypasnenuii (2.12), (2.13) npu y = 0). Ecau npea-
TIOJIOXKMTE, YTO MHQOpMalg 06 ypoBHe (U er0 UIMEHCHHUAX (10 BPEMEHM M
KOOpAUMHATE) M3BECTHA M3 M3MEpeHuH, To cucrema (2.12), (2.13) ang duk-
CHPOBAHHOIO CTBOPA CBOAMICA K YPaBHEHWMIO PykkarTn, KoTopoe npeobpasy-
ercs K JuddepeHLINATBHOMY YPABHEHHIO BTOPOro NOPSIKA:

d*yldt* —R(t)y=0, (2.15)

rae R~ -i, )g2/C%h, a nepeMeHHas y CBA3aHa pAaoM npeobpasosa-
HUlL C© pacxoloM Bojbl (Wnm cpefHell mo ceyenuto ckopocth). Ipu Ry > 0
ypaBHeHHe (2.15) umeer «koiie-
OaTeNbHBIE» peHIeHUA C IepHo-
IOM '

nCh®*
gI—i,

KOTOPBIH XOPOLIO COTNACYETCHA € Puc, 2.8. [Ipumep B3aumHoH KOPpPETALHORHOL

IKCIIEPHUMEHTANIBHBIMY.  pE3YNIBTA- thyuxkumE ckopocTeil B PA3NMYHBIX TOYKAX K~

tamu (cm. [42]). BOrO CeveHus Ha p. TBepue; B 0o6paboTke naH-
HbIX HaOmonenuit yuactrosan acn. /I, [Hunos.

Tw (2.16)

0 20 40 60 80 100 ¢, Man
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2. Nunpaenuka ¥ peuHas TYpOYISHTHOCTE

INosenenne oTpULATENBHBIX 3HAUCHUR R 0O BACHACTCH 3aBUCHMOCTBIO
THAPABIIHYECKHX COIIPOTHUBIICHHUI OT YCKOPEHH:

M 1 _2,5+ao‘2/2ﬁ
Ay 1+0@°/4  1+0°/4

2.17)

roe ® U N — GespasmepHsie yacTora U yckopenue [42]. Tlpu yuere Beipa-
xenus (2.17) B ypapHeHnax CeH-BeHaHa MOSBIIOTCS JIBa HOBBIX Cllarae-
MbIX, PABHEIX MPUMEPHO (IPH MATBIX © ) ~yAydUldt 1 — (© 2/4)7\4/9,,U2/h.
C yyerom 3TOro OOCTOATENHCTBA BBIpaxkeHue AN R({) npuHAMaer BH

R()~—(@2 /4T —i, elic zh(yky“ ~1)*. Cnenosarensto, mepuon T Gy-
JeT OTIMYAThCA OT 3HAYEHM, NOACIATaHHOro 1o opmyre (2.16), Ha Benu-
quiy (YA, ~1)* (@? /4)** . Haubonee magexwupie sauurle (p. TBepua)

IO BBIABJIEHHIO nepropudanocte (cM. Tabn. 2.3.2 u3 paborer [50]) mokasel-
BAIOT, YTO MEPHOABI, paccuuTaHHble o Gopmyne (2.16), He oueHb CHIIBHO
OTJIMHAKOTCS OT SKCIIEPUMEHTAIBHBIX 3HAUCHUH.

Bozumkaer BOnmpoc: ec/id NepHOAHYECKUE PELIeH I CO3AaI0T 3aBUCH-
MOCTb CONPOTHBIICHHUH OT YCKOpEHHH, To nouemy dopmyna (2.16), xoropas
HOJTyyaeTcs TpH KJIACCHYECKOM 3aJaHHH CONPOTHUBJICHUN (NIpH HUTHOPHpPO-
BaHMH 3Haka niepen R(f)), AaeT mpaBwibHLI Hopsaaok Benuuud qs 77 U Bor
TYT HaM IIPHTOJUTCS MPHHIMII 3KBUBAICHTHOCTH CWI TSDKECTH M WHEPLMH.
Yuer BIMAHMSA YCKOPEHHA Ha CONPOTHUBICHHS NPHBOIUT K NMOSBICHHIO JIBYX
HOBEIX 4IE€HOB B JIMHAMHYECKOM ypaBHeHUM cuctembl CeH-Benana (uucto
WHEPLMOHHBIX 1O CBOeH Tipupore, T. €. «QuxTHBHBIX»). Be3 ux yuera Mel
HHUKOIIA OBl He MOyYHIH HYXKHBIH 3HaK y R(?). ITogrnenye sTux «cum» K-
BUB&ICHTHO W3MEHEHHIO CHJIBI TAMECTH, «CHAsALIEH» B YKIOHE. A TaKk Kak
nofKopeHHoe BblpaxkeHue B ¢opmyne (2.16) MOXHO 3amucath Tak:
I—iy =i, —Oh/0x — iy, TO noGaB/IEHNE HOBBIX ClaraeMbIX K iy, HMEIOLIEMY
pasHble 3HaKH, [Ieproia He MeHseT. KpoMe sToro, cooTBeTcTBHE (HOPMYIIBI
(2.16) HaTypHBIM JaHHBIM yKa3bIBAaeT Ha CYLIECTBOBaHNE CBOEOOpasHON HH-

BapuanTHoCTH: (Y(®)A . — 1)? ~ @* /4. «THAPOMEXaHHUECKYIO TEIEKKY»

TPACET C YacTOTOM, ONpefenseMol A K YCIOBUAMM Ha TPAaHULIAX PaCCMATPH-
BAEMOr0 y4acTKa PeKH, CO3AIOIMX FeOMETpHIO «pesoHaTopa» (—~ Oh/ox).
CreioBaresHO, KBA3HICPHOANHECKHe H3MeHeHUs «KoabdUIMeHTa CHOCay
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2.2. Pexa «apoxuty: rpanoobpazoBanue

B yYpaBHEHUM, ONHCBHIBAIOIIEM paclpeleNeHHe CKOPOCTH No IiyGuHe
(oM. m. 2.3), cosparoTcs MHQUHMTHOM (/1M PHAPOMEXaBHYECKOro IOJs) pe-
aABHOCTHIO (IHEPOXOBATOCTHIO M PEKUMOM PEYHOTO CTOKA).

«KBazunepuoAHYHOCTE» BO3HMKACT U3-32 TOrO, YTO PEabHO MBI HMe-
eM 3afady Ha cobcreenHble 3Hadenus (LIrypma—JIuyBuiia), ¥ nomyveHHBIH
[IEPHOJ{ COOTBETCTRYET HAaHMEHbBIIEMY COOCTBEHHOMY 3HaueHMio. Tak Kak
MBI HIMEEM JIEJI0 HE MPOCTO CO BPEMEHEM ! HIIH KOOpAUHATOH X, a ¢ MHBapu-
aHTOM p = t + x/Up, TO aHAJIOTHUHbIC PACCY:KACHHIA NPUBOMIT K POpMyie
Ut IPOCTpaHCTBeHHOTo nepuona (em. [38]):

=Ty
g '\'/I - iO ’

TIONyYaromeiicsa U3 ypaBHeHHS

dyldx® - k(x)y =0,
e y — MepeMeHHas, CBA3aHHas NpeoOpasoBaHUsMU CO CKOPOCTHIO, a k(x) <
< 0. Jins nro6oro KOHEYHOTO yJYacTKa pycia [UTuHo [ = [x,,.x,], Ha KOHIaX
KOTOpOro IMPUHHUMAETCH OTCYTCTBHE OTKJIOHEHHH OT KBa3MyCTaHOBHBLIETOCS

pexuma (3(xo) = y{xp) = 0), cylecTBYIOT HETPHBHANBHbIE petieHus (cobet-
BEHHBIE (PYHKI[HH):

. WA
y,(x)=a, sin 7 x
(3mech a, — aMIUTITYAa BOMHBL, # = 1, 2, ...) TIpH COGCTBEHHBIX 3HAYSHHAX

k=(g*1UC*h)(I -iy)=k, = (Z‘;) .

Ecim senwumua g2 / UOCZh MOCTOAHHA HA Y4yacTke AMHHON [, TO

KBaHTOMeXaHH4ecKuH anaior suepriu (I — jp) mpUHUMaeT NUCKpeTHbIE 3Ha-
YeHU:
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2. l'unpasnuka u pegnas TYpOYIEHTHOCTE

(opu n =0 1= i, 1. . HMEEM «PaBHOMEPHBIH» pexyM; B KBAHTOBOH Mexa-
HHKE 3TO 03Ha4YaeT OTCYTCTBHE YaCTHll, a Y Hac — OTCYTCTBHE HU3KOYACTOT-
HBIX TyJbCaliiif).

Ilo anmamorum ¢ KeaHTOBOH MexaHuko#dl (cm. [1, 66]) moxkuO
paccMaTpuBaTh pasNHUHBIE BAPUAHTHI M3MEHEHMS (IOTSHIMANa» .
Hamnpumep, B CJIydae NOTEHIHAIBHON SMbl (FOPH3OHTANBHEIN Y4acTOK
peku ¢ ip = 0 anuHo# /, KOTOPBIH HAYMHAETCA U 3aKAHYMBAETCH BOZODANOM,
puc. 2.9, @) umeeM RUCKPETHBINA HA60D y,(X), T. €. THIPOMEXaHUYecKoe Moje
(smropy u(h)) TpsAceT He mepHOAMYECKHI MpoLece, a «IWIa» C YaCTOKOIOM
3y6ses (cM. puc. 1.25, 6 B muanasone ot 107 no 10° pan/c).

JpyruMm mpocrefiiiM aHanoroM Mofened B KBaHTOBOH MeXaHHKe
CIYKHT NOTeHIMABHEIH Gapbep (puc. 2.9, 6):

k~1 mpu x <X,
k~I-iy 1mpu x> x.

Ecnu npu 7 > i (3Heprusa 6opine NOTEHLUHANBHOroO 6apsepa; Ha rHIpaBiId-
YECKOM A3BIKE — KOH(Y30p) «BOJHA» Y HACTHYHO OTPAKACTCA, YACTHUHO
NPOXOAMT B KOHQY30p, TO B ciydae I < iy (auddy30p), XOTS H HET NOJIHOTO
3anpeTa Ha NOSBJICHUE «BOJIHY» MPH X > Xo (HM3-32 «KBaHTOBOTO» >(iekxra),
HO 30HA MX IPOHHKHOBCHHUS OKAa3BIBAETCA SKCIIOHGHLHANBbHO Malioi. Bos-
MOKHO, YTO OMMICaHHbIC 3G QeKTsl HMEIOT OTHOLIEHHE B K Tpsgoobpasosa-
HHUIO, HO TIOKa 9Ta aHATOIHA B OCHOBHOM YMO3PUTE/bHA.

Takum 00pa3oM, Kak B f7pe MOTOKA, TaK ¥ B [IPUJOHHOM CIIOE pea-
JIM3YETC ONMHAKOBBIM MeXaHW3M aBToko.eGaHuil (aBTOBOMH) ¢ CYyIIECT-
BEHHO pasnuybbIMH mepuojamyd. Hama rumoresa saxiroyaercs B TOM,
YTO HMEHHO 3TH KONEeDaHHA [OPOXMAIOT ME30- U MUKPOQOPMEL
a) 6) Bocrions3yemcs
ypaBHEHHEM Hepa3phiB-
HOCTH TBepHOH ¢azsl
U1 €AMHUYHOH UIMpH-
Hbl [OTOKA, IIPUHAB
G; >> G; (310 HepaBeH-
CTBO  HOATBEPXKIAeTCH

3KCIIEPMMEHTAJLHBIMH
Puc. 2.9. Tmupo-kBaHTOBOMEXAHMHECKA® AHANOTWL d —  HAHHBIMH [15]):
MOTEHUMANhLHAS siMa; 6 — IOTEHINANBHEI 6aphep.
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2.2, Peka «1poxurTy: rpsaoobpasosanue

0z 0G _

i ——=0 (2.18)
o ox
rae G = Gy

Pacxojy OHHEIX HAHOCOB B OOIIEM C/IyYae OJDKEH COCTOATh M3 CHO-
coBoil (~4z) u muddysuonHoll (~—0,50(Bz)/0x) cOCTaBMAOMMUX, 2 COOT-

HomeHue (2.18) — MPOCTO ypaBHeHHe KOHBEKIMH—U(Py3HIL:

0z 8 d?
=—-—(4z) + 0,5 —(Bz), 2.19
ot 8x( %) 6x2( 2 @19

OTpaKAIOLEE 3aKOH COXPaHeHWs | zdx =const (eCNH Ha PaccMaTPHBAEMOM
X

Y4acTKe pycjia HeT MOCTYILTEHUE WIH N3BATHH TBEP/IOrO CTOKA).

IIpaxTiiecku Bce sMmupHyeckie GopMynsl st G UrHOPHPYIOT [ud-
Gy3HOHHYIO COCTaBISIOLLYIO, UTO NMPUBOIMT K CMHTY/ISPHO BO3MYIIEHHBIM
3apa4aM (umcno Ilexne Pe >> 1). Hanpumep, ucrions3yercs cliefyromas yi-
polUcHHa 3aBUCHUMOCTD [15]:

Gr0ATAU-U,), - (2.20)

rie d — oMaMeTp CPENHMX IO KPYHMHOCTH HaHOCOB; Uy ~ KpUTHYeCKas pas-
MBIBAIOIAs CKOPOCTh, 3HAUCHHE KOTOPOH MOKHO OHPEIENHTE [0 JIHHEHHOH
TeOpHH ycToiunBocTH noxa pycna [15, 20, 40] (HanomuuM, 9yto paccMar-
PUBAOTCS CAMHUYHBIE PACXOIB! HAHOCOB).

B ofmem ciyuae juis pacxona G (HanomHum: G =G,) crpaBeyivsa
3aBHCHUMOCTE [54): G = zdx/dlt, rne dx/dt — ckOpOCTh DepeMeIueHH s TPIMIEL.
Ilpumem:

di/dt =—co(x)+ N(1), (2:21)

rae @(x) — CKOpOCTh Havana JBWXKEHHS HAHOCOB {«pPa3sMBIBAIOILASY);
N(f) = a-U (3peck U — ckopocTb TevueHus BOMBI; B Halleil Micany3aluy OHa
3a/12€TCs KaK NMEPHOAMYECKOE PEIICHHE OKUIKO» 3anaun); ¢, a — Koadhu-
UMEHTE], 3aBMCAIIME OT FTMAPABIMYECKAX XapaKTePUCTHK MTOTOKA U TPYHTA.
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2. M'wipasnuxa ¥ peqnas TYPOYISHTHOCTE

ByzaeM cuHTarh, uto ¢=C +¢ , N=N+ ]V, rne ¢(t) u ]V(t) —cTa-

THCTHYECKUE CPERHEE, a ¢ U N — Genbie Koppenuposanusie mymsl. Torga
s koaddunpeHToB cHoca U fUddy3nK 1o aHanorny ¢ ypasaenuem OIIK
{XOTA B JAHHOM CJIyJae Mbl HMEeM [eN0 He C IUIOTHOCTHIO BEPOSTHOCTH, a
C BIIOJIHE «MATEPHUATHLHON» XapaKTEPUCTHKOM 2) CIIPABEUIMBEI BBIPAYKEHUS:

A(x, 1) = (=c(8) + M[S()]e(x) + 0,500 / 0x)[ G (x)];

B(x,0)=G;9*(x) - 2G_;0(x) + G,

rne G;,G i O — MHTEHCHBHOCTH M B33aUMHAS HHTEHCUBHOCTD HIYMOB.

Cunras 9(x)~ x 1 anmpokcuMupys (2.19) cuctemot ypapHenuit 1

TPEX «HAYaJbLHBIX MOMEHTOB» (peyb HAET HE O CTATHCTHUECKHX MOMEHTAX),
TOTydaeM:

dmy | dt =~ ~0,5G; )m; + N = 0,5G_z; 5
dm, | dt ==2(C — Gz )my +2Nmy =3G_zm; + Gy ; (2.22)
dm, | dt =~3(¢ ~1,5G; ymy +3(N ~2,5G 5 )m, +3G;m.

3Ta cHCTeMa YpaBHEHHMIi OIHMCHIBACT aCHMMETPUIHOE pacnpeneneHue ¢op-
MBI I'PSLABL

Kax m3secto [21] (cm. puc. 2.10), pudens u rpsaasl (3a UCKIOUEHH-
€M aHTHIIOH) MMEIOT OTPHLATeNbHYI0 acuMmeTpmo (C; < 0), uro GyzAer mpu
G.; > 0. Tlo nmeronmumes HaHHbIM [15] cTpyxrypa dopmyn s CKOPOCTH

mepeMetiennst rpsx  Takopa (Hampumep, dx/di=~(2+0,11U 2/U2)-
-U-U, -(Aﬁ +0,11U* /U?))), uro, Tak e Kak ¥ B yPOLIEHHOM BapHaH-

e (2.20), BBEEHME Kak MYJAbTHIUIMKATABHBIX (€ ), TAK M afAUTHBHEX (N )
urymoB B (2.21) (cBA3aHHBIX C «IHyMOBOI» aNMIPOKCUMALIMEH HE yudThIBac-
MBIX paHee WIEHOB B NOCICIHEM BHIPAKECHHH) NPHBOAUT K NOIOKUTEILHOH
xoppesis Mexay HamH (G >0, C; <0).
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2.2. Pexa «(poxkuty: rpanoobpasoBanue

Puc. 2.10. Pudenu (1, C; < 0), rpamst (2, C; < 0), crosure soansl (3, C; ~ 0), aHTHRIOHE!
4, C>0)[21).

3amaaumM B crucreMe (2.22) HOpMy BHELIHEro BO3AeHCTBUs (M3BECTHOE
pelueHue CKuaKol» 3amauu) B Buge: N =N, + bsin(w?), roe b — koaddu-

LMEeHT; ® — YacToTa (HallOMHUM, YTO HMEETCA B BULY CTATHCTHYECKAS, a He
BpeMeHHas HopMa). Ha puc. 2.11 noka3aHbl HEKOTOpPbIE BAPHAHTHI peleHHs
(2.22). B crydae ycroifuuBocTH 1o BeeM TpeM MoMentaM (G <0,67¢ ) w3

moboro HayanbHOTO COCTOSHUA (BHYTPH HUIM BHe LHKJIA Ha .pHC. 2.11, @)
n300pakalomad TOYKa NOMajaeT Ha NepHOAuYeckuii arrpakrop. Kaxas
rpana (WM pHdenb), CMEWAsACh BIPABO, MEHsET YHCIEHHbBIE SHAYEHHS CBO-
HX MOMEHTOB, KOTOpbIE OJJHAKO TAKOBBI, YTO HE BLIBOAAT (HOPMy rpsiisl 3a
pamxs acummerpraHOro (C; < 0) omHaMozansHOro «pactipegeseHusy (gpop-
mpI). HeycToliuuBocTE N0 TpeThEMy MOMEHTY BEJAET K BO3PACTaHMIO OTpPH-
1aTelbHOM acCHMMETpUH, OOPYINEHHIO i CMBIBY IPSIbL.

Jiia ycroituusoro pacnpeaenenus (puc. 2.11, a) 3Hauenus xoadpdu-
nueHToB Bapuamu C, 1 acumMerpunt C;, BBIUMCICHHBIE 1O MOMEHTAM, OT-
HEeCeHHBIM IIPUMEPHO K LCHTPY LMKIIA, paBHbl 2,83 u —1,53 cooTBeTCTREHHO
(uToGs! pacnpeniencHie ¢ MOTOOHHIMY 3HAYCHUSMHY NPHHAIIEKATO ceMeli-
¢TBY KpHMBBIX llupcoHa, HEOGXOAHUMO NPEBBHINEHHE SKCLHECCOM, KOTOPHIH
B JaHHOM IIPUMEpE He BHMUUCILICA, TaK KaK Mbl OrpaHHYMIMCh TPeMs MO-
MeHTamy, 3HaueHus 0,34). Ha camom mene B mpoiecce rpsaooGpasosarrs
xo3dppmments! C, 1 C; He3HAYUTENEHO KONEOTIOTCS OKONIO TIPUBENESHHBIX
3HAYCHWH, HMKOrJa MX He NPHHUMAasA, TaK KaK BCe TOYKH BHYTPH LMKIA —
OTTAJIKKBAIOMIHKE.
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2. Dunpaenuka y peynas TypOYIEHTHOCTS

a)

122

s s 15 a5a 88 253 axgy M, -IZCOD Rl -£600 S0 -4uish 2038 5 ol

Puc. 2.11. PasauyHsie BapHaHThl, H306paxatomue B hazoBoM npocrpanctse (g, 6) ¥ moc-
KoctH (6, 2) pemenns cuctemsl (2.22): a — YCTOHUUBOE 10 BCEM TPEM MOMEHTaM; 6 — Heyc-
TOWMHBOE 110 Mm3; € — JAByMepHas (YCTOMuuBAs) NPOCKLUMS HEycTORYuBOro (1o m;) pete-
HUs; 2 — HEYCTOHYHBAA [0 M3 ¥ YCTORYMBAA 110 m; ABYMEDHAs HPOCKLIUA.

Bompoc o croguux BomHax (Gy; ~0,C ~0) u -anTHponax
(G <0,C, >0) tpebyer msyqenus. Osu 06pasyioTcs B ClelMQHISCKAX

ycnoBuax (Gonblmue YKIIOHLI, GypHbIE TEUSHHs, MEpeMEIUeHHEe aHTHHIOH
OpoTHB TeueHus); npu U >> U, Bpsd M OOIyCTHMa JHHEHHAs anmpOKCH-
manust s o(x) B (2.21). CucteMa ypaBHeHUid Ui MOMEHTOB CTaHOBHUTICH
«HE Pa3BA3aHHOI»: He TOJBKO CTapIIie MOMEHTHl 3aBHCAT OT MIIaJIIHX KaK
B (2.22), Ho ¥ Miagmde ot crapumx. /U o6priBanus 6eckoHEUHOM cUCTe-
MBI HeOOXO0IUMO OT MOMEHTOR MePexXouTh K KyMyiaHTaM. Ho He ucxmove-
HO, YTO CHTYars 6oJiee IpOCTas: Beb U CTOSYHE BOIHBI, M aHTHIIOHB! TaK-
K€ OJHOMOJABHBL, KaK ¥ IPSbL, @ CICAOBATENRHO, HX (PopMa MOXKET ObITh
onucana Mcxofs u3 cemeiicrtsa kpuebix IIupcona. 310 3HauuT, uTO U B
JIAHHOM CJTyyae CHpPaBeIHEA alNpPOKCHMALIHI ((x) ~ X .
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2.3. CynHOCTh MEXaHV3Ma BOSHHKHOBCHUA U HOANCDKARUS TYPGYIEHTHOCTH

2.3. CymHOCTh MeXaHH3MA BO3HHKHOBEHHS H NoAJePKaHus
TypOyJIeHTHOCTH

IIpobnema TypOyneHTHOCTH MyCCHpYETCS B HAYKE C Pa3HBIX CTOPOH Yake
Gonee 100 ner. OpHako ocHOBHAs 3aJaua (OGBACHHTH MEXAHM3M BO3HMKHOBE-
HE M CaMOTIOZIep KaHus TypOyNeHTHEIX TeUeHNIA) IO CHX 110p He PelleHa.

HspbxeHepHbili, HauGonee BaxHu ¢ NMpakTHUeCKON TOUKM 3peHws,
TIOAXOM MBI yke 3aTPOHYJH. DTO Tak HassiBaeMas TIOyIMIHPUUYECcKas Teo-
pus TypOyneHTHOCTH, KorAa TypOyJeHTHbIe IyJAbCAIHH CBA3BIBAIOT 3MIIM-

pUYeCKMMH (opMyTIaMi ¢ OCPERHEHHBIM NONEM ckopocTei: U; ) = f(V).

Ha 3toM nmyTa pommiuce MHOTHE NpHKIAHBIE HAayKd, B TOM YHCIE M
pPeuHas ruApasiIHKa.

MBI paccMOTpHM eflie XBa HaNPaRACHUS, HauboNee A HaC BAXKHEIE,

1. MaremarHyeckye HCCAEN0BAHUA cBOlCTE ypaBHenuil Haspe—Cro-
KCa, ¢ UEJIbI0 OTBETHTE HA BONPOC: a CYLIECTBYET U BOOOILIE Y 3THX ypaB-
HeHMii pemneHus npu Oonpumx uucrax Re? Cpeay OTeUeCTBEHHEBIX
yJeHBIX HauOomslimii BKIAL B 5TO Hanpapienwe BHecna O. A, JlagsbxeH-
ckas [60, 61, 62, 63]. .

CyulecTROBaHHE peLIEHHS PAaBHOCWIHLHO ero orpaHmyeHHoctd (Gec-
KOHEUHBIX YHCeN «He CYIMECTBYeT»). JTOT (PaKT MOKHO JOKAa3aTh, HCIOJIb-
3ys anmpokcHMaumio ypasHeHuii HaBbe—~CTOKCa KOHEUHOI cHCTeMO# OOBIK-
HOBEHHBIX ypaBHeHHi. Crenys JIagpLkeHCKOH, HOCTyIaeM No-Apyromy.

W3 ypasnenmit Hasbe-CTokca MOXHO TNOJYYMTh Tak Ha3bIBaEMoOe
SHEPTreTUMECKOE PaBEHCTBO, OTpakatolee GaraHCc SHePruu:

0,5d || o) /dt +v{|S, = £(£.5). (2.23)
U3 (2.23) cnexyer HEpaBeHCTBO
d||S|/de+vaS < 71, (224)

rae A — coOCTBEHHOE 3HAUCHYE CTIEKTPANLHOM 3afaun.
Harerpupopanue (2.24) naer:

To@ <o) e+ 7t —e™™)/vA,
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2. Cunpapnuka U peynas TYpOYNIEeHTHOCTD

Uy

. e. lim | 5] <y =) [ £

Taxum ofpasoM, mobGoe pelleHHe, B KOHHE

KOHLOB, BTSTHBACTCS B lIAp ¥ HE YXOIWT OTTyIa
(puc. 2.12). IlpumeHenre TOTo e HEPreTHIecKo-
ro HEpaBeHCTBA K HOpMe ABYX OJIM3KUX pelneHHH
He Jlaet HyneBo# pamuyc (p, #0), T. €. HMeeT Me-
)y CTO HEeIUHCTBEHHOCTH. I'0BOPAT, 4TO TPAcKTOpUH

Puc. 2.12. «Brsrusamue» JIOKAIBHO pasberarorcs (HEycTOHYHMBOCTB), HO Ti10-
pemicEnd B map panuyca OajbHO ocraiorcss B Imape (YCTOHYMBOCTB). 3TO
Po- €CcTh MPH3HAKKM AaTTPaKTopa (HpeIIIoNOKHTEIBHO
TypOynenTHOro). Ha BOmpOC, KaK OH BO3HHKAET M
caMOIofiAepxKuBaeTcs (1. ©. KakoBa CYLUIHOCTh TypOy/IeHTHOCTH), YpaBHEHM
Hasre-Crokca He oTBeyaior. Ero xaycmopdopa pa3sMepHOCTb MaKOPHPYETCA
YHCIIOM P (T. . (aKTHYeCKH YUC/IOM Re, 3aBHCAILEM OT «BHELIHErO BO3/EH-
CTBHSD, BA3KOCTH M TEOMETPHU 00J1aCTH).
2. JIpyroe HampaBJICHHE — TEOPETHYECKOE M SMIHMPHUYECKOE UCCIIEN0-

;./— ';l
1.0]
0.8
My =
11 %
L1 & e
X P 2
0.6 2 P
o
(%)
- S
2
0.4 N
0’) " i l Y
2512512 512 8125

10° 10° 310"‘ 10° 10° 10Re
Puc. 2.13. O6nactn ycTOHYHBOCTH
W HEYCTOHUMBOCTH JaMHHAPHOTO
teuedus [Tyaseiins (o Hlmxtug-
ry)-
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BaHHE YCTOHYMBOCTH JIAMHHAPHBIX TEUCHHIA,
T. €. BBIACHEHUE, IPU KaKUX YCJIOBUSX BO3HU-
KaeT HEYCTOWYMBOCTE, TPaKTyeMas Kax Iepe-
X0l K TypOymeHTHOCTH. Jenaerci 3TO Tak.
Beperca «rpyGa» MMM mOrpaHUYHBLIA CIOH,
U KOTopeix u3 ypaBueHuii Harbe—CToKca
HaXOAMTCS CTAHOHAPHOE PeIlieHHe. 3aTeM 310
pellieHHe BO3ZMYINAeTCs IPH pasHBIX UMCIAX
Re ¥ yacToTe ® ¥ «CMOTPATY, 4TO ByHET Mpo-
UCXOAHNTH C BO3MYLHEHHIMH AV {(MX pOCT yKa-
36IBAET HAa HEYCTOHWMBOCTB). B pesynsraTe
TIOJTYYar0T U300pKEHUE, THNA NPECTaBIIEH-
HOoro Ha puc.2.13, xoTopoe, Kak HpaBHJIO,
nonTeepKaaeTca oxcrnepumentansHo. Heyc-
TOMYHMBOCTB TPAKTYETCS KA IIePexon K TypOy-
JISHTHOCTH.

Hono6Hblit monxon 4YacTHYHO OTBEHA-
€T Ha BOHPOC 0 IpHpoje TYpOyIEeHTHOCTH, HO
CONEPIKHT MHOTO CYOBEKTHBHBIX MOMEHTOB.
Hdeno B TOM, YTO HE MOZENb JaeT Koneba-



2.3. CymHOCTE MeXaHu3Ma BO3HUKHOBEHHS Y HOIICPAHUS TY Qa!HCHTHOCTH

Husg u3 obnacti (Re, ®), a X «HaBA3HIBAIOT»® TEUEHHIO H KCMOTDATY,
KaKk mnoBener ce0s pemeHue.

CymnocTs TypOyaeHTHOCTH JIKUT 3a IpefenaMi MOEH IaMHHAPHO-
ro TeYeHwus, B Jpyroit nmpeametHoit obiactu. U3 puc. 2.13 BunHo, yro 061acTh
HEyCTOHYMBOCTH (JOpMHpYeTCs He NaMUHAPHBIM podmieM (1oieM): HOTOK B
HEJIOM J0JDKEH MMeTh Gobiire uncia Re u onpeaeneHHsIi 1nana3oH 4acTor,
4T0GHI BOSHHIIA TYPOYIEHTHOCTE (M3MEHMICA NPOGHIIb CKOPOCTH).

BcnomuuM, yro B ¢UKCHPOBAaHHOH TIpeIMETHOM 0GIaCTH CYIMHOCTH
He HaOmonaeMa (OHa B «apyroi» npeaMerHoit o6mactr). Hoscuum: mpen-
MeTHas o67acTh — 3TO He MaTepHANbHBIA OOBEKT (TOYHEE — HE TOMBKO
MaTepHalbHEIH). «JIpyram npeaMerHas o0IacTh — 3TO HE Y4aCTOK JIyHHO#
HOBEPXHOCTH, KaK-TO BIMSOMMH HAa THIPOMEXaHHYECKOE IoJie.
MarepuanbHO OHa MOXET TOJHOCTHIO COBNANATH C MCXOAHOM MpeaMeTHOM
001acTbIO, HO BOT YTO MMEHHO (UKCHpYeTCS B MAaTepHATBHOM Teile — 3TO
ye Bonpoc apyroit. OMUH ¥ TOT ke YelOBEK ¢ Pa3HBIX TOUEK 3PEHMS MOKET
(bUKCHpPOBATHCA MO-Pa3sHOMY: ¢ TOYKH 3DPEHHSI HEHCHOHHOrO (JOHAa BaXeH
BO3DAcCT, a ¢ TOYKH 3peHHs aBHAKOMIIAHUH — ero Macca.

B namewm ciyuae B 3adpukcupoBaHHOM Mopeisio Haese—Crokca 1o-
ne u3 Apyro# («uHGUHUTHON», THAPABIMYECKON) PEAUTBHOCTH MOSBIAIOTCI
TNepHONIYEcKHe BO3NeHCTBHS, M NpH Gonbliix wicaax Re BI3KOCTS v mepe-
CTaeT KOHTIPONHMpPOBaThH («HepkarTe») TedeHuwe. [HWIOTe3a COCTOHT B
YTBEPKACHHM, YTO THApaBiMKa (LOTOK B  IENIOM)  YIIpaBiser
rapoMexaHukoi. «HApaBiMKa» — 3T0 He TONBKO IOTOK, HO M PE30HATOp
(pycno). MarepranbHelii 0ObeKT OHTONMOTMYECKH OAMH H TOT iKe, HO
THOCEOJIOTHYECKH (HKCHpyeTcs mo-pazHOMy. ['panmpa Mexmy ISTaMH
PasmA9HO 3adHKCHPOBAHHBIMY O0IACTAMH YaCTHYHO HHOHHUTHA (m-xal{e 6n1
He 6BLIO HUKAKOro B3aUMOAEHCTBH).

Curyamiio noacuser puc. 2.14. B posan «Teiia» MOXET BEICTYHATD Kak
NOTOK BOAbIL, ' NEPEMEMIAIOHIMNCA B pycie, SBASIOIUMCA JUIA  BOABI
«uHGHHUTHON peaTsHOCTEION (BHYTPEHHs S 3afada), TaK M «PEe3OHATopy
(nanpumep, camoneT MIH Kopalib), Haxo#sAmmiics B «MHGUHUTHON pe-
albHOCTH® BO3AYIOHOM WM BOAHOH cpensl (BHEIOHAA 3amaua obTeka-
Hust). st ipaBwiBHOM OLEHKH cHTyaupy (Mozenu Jsrkenus) Koutyp OC,
JOCTAaTOYEH, MOKA PEXHM JBWIKCHHA JIaMHHApHBIA M XBaTaeT MHQOpMa-

ma o v, vl =0, f. Ecim Teno okaspiBaeTcss B HEPaBHOBECHOH CHTyalMH
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2. Nunpaenuka ¥ peynas TYpOYIEHTHOCTD

Hndrmuumas peaibitocie (] —ig>> 0), TO BO3HHKACT 3aBH-
(epesananiopd) cumocts A= f(dU/dt), mensio-

Fero [iast THH THIPABIMYECKOH MOJeIH
(nomor eour) 4 Ha 4YacToTe  C FI/IHep6OJIPI‘—[eCKOF 0
] Ha oumrradeckuil, Tlossnswores
[~ Fk aBToKONeOanus (TOvHee aBTOBOM-
\  oo ] HbI). B 3aBHCHMOCTH OT YUC/ICHHBIX
O  lusve—C mosca 3HaueHUH ® ¥ Re ruppomexanuue-
CKoe fone TypOysm3yeTcs WM HeT.
Ecmu  mocmotpers  Ha
Tudpasaecran puc. 11’ To CTPOH Acpesa — 91O
oc, Mooes ! THAPABINYCCKHH YPOBCHB, a ILIOC-
(MoK ¢ Heaou) KOCTB, pacceKa}omax KpOHy, — |-
U = i, Wtcdl7elty) POMEXaHHYECKUH.

Puc. 2.14. Tloscuenne nponecca GOpMHpOBa- Beriu («ILBIpKI/I») TpAcyTed
HHS TypOYJIEHTHOTO petneHus (* — JaMiHapHbe (TypGynenTHOCTb) HE M3-3a TOrO,

WK TypOYJIEHTHbIE PELICHYS B 3aBHCUMOCTH 0T  YTO OJ[HA BETKa BIMAET Ha ApY-
o #uRe). Tyl (XOTA Kak-TO, KOHEUHO,

BJIHAET), @ U3-3a TOTO; YTO TpsACEeT-
cs aepeso B Henom. Ho 310 He CHHXPOHH3AINA, UL KOTOPOi HY»KHBI B3aHMO-
JeHCTBYIOLINE OCLIUIIATOPEI, 00Najatomue aBTOKO0NeGATEIbHOM IMHAMHKOM.
Benp «B ruapoaMHaMUYecKOl CHCTEME KOKIBIH JIEMEHT CHCTeMs! He 0fna-
JiaeT KakoH-To COOCTBEHHOH AUHAMHKOH, KOTOPYIO OH MOXKET ASMOHCTPUPO-
BaTh B OTCYTCTBHMH OCTaNBHBIX» [68], Kak 5TO MMeeT MecTO is ypaBHEHH
THNA peakiusi—audpysus,

Kak e Ha caMOM Jene «TpsACceTcs JepeBC B LIEIOM» W €CTh JIH Ha-
IAARHBI, a4 IIaBHOE JOCTYIHbIH IKCIEePUMEHTANBHONH MPOBEpKe, MHIAMKA~
TOP, XapaKTepH3yIoIHii cTeneHp pasBuTus TypOynentHoctd? He BbIsbIBaeT
COMHEHHS, N0 KpalHell Mepe, dakT BHIPABHHBAHUSA BIIFOPHI CKOPOCTH IIpH
TypOynesauuu (cM. puc. 2.3).

TloneiTaeMcs onucaTh BO3MOXHBIH MEXAHU3M BBIPABHHBAHUS BITIOPEL.
Vi3BecTHHI MOMBITKY KCCAEA0BATEH BIHMSHME NEPHOAUYECKOTO BHEILIHETO Te-
YeHHS Ha SIIOPY CKOPOCTH # B rorpaduydHoM cioe [104], moguuHsromerocs
YPaBHEHHIO

4{0.Re)

Qu_, o o (2.25)
ot Oz ot
npuueM u|, =0, u|,_,=U(x0)+U,(x)sinot .
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2.3. CYmHOCTE MEXAHH3MA BOSHUKHOBEHHS W IIOJIEPKAHNUS TypOy NeHTHOCTH

Jna ocimmmupyromeH cocTasIsIomeH MPOXOILHON CKOPOCTH MOy~
YEHO BBHIPasKCHHE!

u(x,z,t)=U, (x){sin ot — [exp(— Si) sin[(ot - ?ﬂ}
0 0

(3mecp d; =~/2v/®), U3 KOTOporo BHEHO cMeleHHe (a3 CKOPOCTH

u(x, z, ) OTHOCHTENLHO BHEIIHETO TCUSHHS. DTO CMEIICHHE 3aBHCHUT OT pac-
CTOSIHHA Z OT JHA.

B HameMm chydae «BHelmHee» TeueHHe U reHepupyerca [OTOKOM
B IIENOM, T. €. THAPABIMICCKON MOJENBIO.

O606mum ypaBHeHue (2.25):

ou du 0w 8U :
— O V—=— 226
ot &z &zt B (2:26)

6_\) —a-u~=0. 2.27
oz ox

Ecmu newxeHHe «paBHOMepHOe», 10 Ou/Ox=0, u u3 ypasmenus (2.27)
cnegyert, uro dv/0z =0, T. e. V=1, =const. B TepMuHax (Hanpumep) Teo-
PHUU NIOTPaHMYHOTO CJIOA 3TO COOTBETCIBYET BAYBY (U, >0 ) Win oTcackBa-
HHIO (U, <0). B nHameM cimydae (Ou/0x#0) dv/0dz=-0u/dx; MOXHO

cenarh OoUeHKy L =—[(0u/0x)dz ~(0U/ 6x)i1d ~Vp + 0 (31€CH «mymonaﬂ»

COCTaBJIAIOMAs U CBA3BIBACTCA C MONEKYIIAPHOM Juddy3ueii).
3amMeTuM Tarke, 4T0 moacraHoskod u. =u#+U yparmeHue (2.26)

ceoauTcd K  OmHOpogHOMY (TaKk Kak Ou, /Ot=0u/ot+0oU/ o,
Ou,/0z=0ul/oz, 8%u/ 02 =0*u. | 62° ). Ecnu 8U / 8t = const , To 310 GBI

03HaYano, YT0 CHTYaIHs HAXOAWTCI B YCJIOBMSIX CIPaBETHBOCTH nipeobpa-
sopanuil I'anunes. B npotuBHOM ke cirydae cucrema oTcyera (Vi jydme —
THIpOMeXaHWYeckoe MoJe) TpAceTcs Kak aauTHBHO (3a cuer oU /ot ), Tak
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2. unpaBnuka ¥ peuHas TypOyIeHTHOCTE

U MyJBTHIUIMKATUBHO (3a cuer v~ (6U/ ax)-}—z' ). CoorHomenue (2.26)
nproGpeTaeT ciienyronyii BUx:

ou. Ou, %u,
==Uy ——+V-——r—, 2.28
ot ’ &z Az (2:28)

Beipaxxenue (2.28) ectpb ypaBuenue OIIK:

gu_,.__a(Au*)Jrlaz(Bu*)

ot oh 2 o’

(eCJ'II/I U pacCMaTprBaTh KaK aHAJIOr IUIOTHOCTH BEPOATHOCTH pacnperesie- .

HUA IepeMeHHOMH, yice ¢$azoBol, z — miy6uss!l /1) ¢ xoathduumenTaMy cHoca
A = vy u pudpoysuu B = 2v. Ilpu U /0t=0, v, =0 npoduns ckopocru
HANIOMHHAET «I'ayCCOBCKOE» paclipefielleRne, COOTRETCTRYIOUIES JIaMHHAp-
HOMY peXumy Ha puc. 2.3.

CroxacTHyeckoe ypaBHEHUe IA /1 MOJKHO 3amicaTh TaK:

dhidt=(h+ W)k + By + By,

T. €. TIyOMHA (JUTH YPOBEHb) M3MEHSETCH 32 CHET COCTaBIIIOMIEH Ly HpU

HepAaBHOBECHOM PEXUME U 3a CUET BapHaLd{ CONIPOTHBIeHHH (pu A >0 —
«sanpyna» — rmybuHa yBemuumsaercs). Torma xosghduuueHTs! cHoca M
mutdysun OyayT UMeTh BUL:

A=(h+0,5G-)h—0,5G=_ + 0,
A Avg
_ 2
B=Gyh* ~2Gy; h+ G, .

Jlamunapseiii podune ckopocTh OyneT npH A=0, GXBO =0, Gy, =2v,

T. €. €CIH UMEET MECTO TONBKO MOJEeKyIapHas auddysus.
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2.3, CymHOCTh MEXaHN3Ma BOSHUKHOBEHHS ¥ OAASDKAHUS TYPOYIEHTHOCTH

BeipaBHiBaHUe 3MIOpE! Ha pUC. 2.3 NPOUCXOONUT C YBENMUSHHEM OT-

pHHaTeIbHBIX 3HAUCHAH 3kcnecca. Ha unteppanax Bpemens, koraa A <0,

HO Gi ~ A, nporecc GOpMUPOBAHKS SMIOPEE HEYCTONYMB IO BCEM MIIH Yac-

TH CTaplIHX MOMEHTOB, T. €. HaXONHUTCA B PEXUME «CAMOOPTAHH3OBAHHOM
KPUTHYIHOCTHY» C BBITEKaoIel OTCIORa IepeMeXaeMoCTbio, (paKTaibHO-
CTBIO M «pa3Ma3bIBAHMEM) SIFOPHI 110 SAPY TypOysieHTHOro 10TOKA.,

Ha puc. 2.15 npefcTaBies ORMH U3 XapaKTePHBIX Pe3ybTaToB YHCICH-
HOTO HMHTErpHpoBaHMs cucTeMnl (2.12), (2.13), (2.14) (monpobree cm. [501),

TIOSACHSFOUIMHA K NEPROAUIHOCTD A s A HEHYJICBYIO MTHTCHCUBHOCTE Gz .

H3 paccMOTPEHHOrO MEXaHU3MA CIICAYET, YTO CYLIECTBYIOT (BHAMMO,
O4YCHB HerOJIOJDKPITeIIbHBIe) TNICPHOABI yCTOﬁ‘lIf]BOFO pacripeieneHuA CKO-
pocté («ILTOTHOCTH BEPOATHOCTHY») MO INIyOHHE, KOTOPHIE CMEHSIOTCA €ro
paspyuieHveM (YaCTHYHO MM N0 BCEM MOMEHTAM) — «JIepeBO TPACETCHY.
Ecnn 310 CooTHECTH € M3BeCTHOM rHmoTe3ol Jleps [50], To AeHcTBHTENBHO

a)

6)

1

(5 3
50
a0
15200

40

6)
! ——
Lt ~‘.'~\ g m——-—
i
frowt \\ ' ' p!
B :
v
18000} & ] : LALogh
rw — ! !
Te— e [
T ——
. —
o] — s
Q\\ "
2o \\\ o tmuis W
T ——— 12
120017 T — BT
s1300] T T
L R R T B R U T 75 1 7 ]

Puc. 2.15. XapakTepHsiit pe3yJIsTaT YHCICHHOTO HHTErpupoBaHus cucremst (2.12), (2.13), (2.14).
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2. Mnjipapauka  pevHas TypOyACHTHOCTD

JIaMHHAPHbIE pEHIeHHs paspyIIaroTes (MoKeT GHITh, TONBKO MO YaCTH MO-
MEHTOB) M BMecTo 3axoHa HeroToHa wieH TpeHus Gyner seipaxartses dop-

Mynoi c’?z[(G;.h2 _2Gi~ h+Gso Yu.}/ Oh? | yunTeBAIOIEN B3aUMOKEHCT-
M oG
BUE MOJIEKYIAPHOrO M MOJUIpHOrO obmeHa G% #0, NpUBOAIIEIO K
v

acuMMeTpuH 1opsl. [Ipu G;‘~ — 0 Bermuuunna G;‘h2 » BUTUMO, H €CTh TOT
Bo

«KMHEeMaTHYeCKuH Ko3(DGULMEHT Kaxcyluelicd BS3KOCTH», ONpeRelisieMblil
nio JI. pasamo dopmynoii 12 | du /dz| (3mech | — «IiHa MyTH YiepeMelH-
BaHU»). B unene Tpenus, cooTBeTCTRYIOMEMY 3aKkoHy HbloTona, conpsoke-
HBI ABE IpeIMETHBIE 00MacTH, OTIPSIENSIOIME pa3Hbie YPOBHYU HEpapXuu:
ruipomMexanuyeckoe none U Gonee riryGoxuil («dyHmaMeHTaNBHBLHY) ypo-
BE€Hb, CBA3AHHBIHN C 3alaHNEM BA3KOCTH B 3aBUCHMOCTH OT NpHHATOH Mope-
J B3auMogeiicTBus Mexay coboil Morexyn. B Hawem xe ciyyae noGasns-
eTcs elle U TpeThs, TWAPaBIMYecKas, NpeagMeTHas o0iacTh, yBOAAIIAs CH-
TYaIMIO Aaneko OT «(pyHZAMEHTAILHOTO» YPOBHI, Ha KOTOpoM elle ObLia
HajIekKa HAa KaKHe-TO «CTpOrue» pesysbTatsl. He MeHee pamukanpHbie H3-
MEHEHUA NpeTeprieBacT " KOHBEKTHBHBIH qjeH

—O[(A + O’SG{ YA~ O,SG{~ + Vg Ju. / Oh, xOTOpBIH GYHET COOTBETCTBOBATH
)

TNIAMAHAPHOMY TPOdUIO STIOPH! TOIBKO NpU A=0, G{ =0, G;~ =0.
)

Boime npuBesieHs! pe3yabtarsl JlagpnkeHCKoi o BTArueanuy iroboro
peienyst 3anauu (2.5), (2.6) B wap ¢ paguycoM p, = lim [[u(#)||. B namem
{=30 .

cityvae NMOJOOHBIE pacCy JIeHUsS NPUBENYT K TOMY, 4TO «wuap» s u(f) Oy-
JIET «apiate» (M. puc. 2.15, 2), pudeM 3Ha4eHHEM Py YIIPaBiseT rHapaB-
qka (1. e. cucteMma (2.12), (2.13), (2.14)), mensatowas ceoeolpasHyo Kpu-
Bu3Hy (hazoBoro npocrpanctea. HepaBHoBecHOCTB ({ # iy) «OyauT» CIsiIyro
(a30ByIO0 EPEMEHHYIO (?L #0), 1 Bea «xomnanua» (U, A, L) Tpsacer aniopy.
HepaBeHctBy (2.24) (Takue xe COOTHOWIEHHA MOXHO MONYYHTD VIS
(2.25) nau (2.26)) cOOTBETCTBYET «HOTEHUMaNbHas (QYHKLMA» U HOPMbI

Io]: 7 ~ VAL S Bl ~1f DN (puc. 2.16).
«JlposkaHue» pexu He CTONBKO Pa3MBIBAET IOTCHUMAN O KPUTHYE-
CKOTO COCTOSHMS «KOpPbITa», CKOJNBKO AENAET €ro YIpPaBiseMbIM MOTOKOM
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2.3. CYHIHOCTE MEXAHW3MA BOHUKHOBEUMS U NIOARCPIKAHUA LYQGYJTCHT HOCTH

Il

PP U I .

e L‘___".__..__ .

Puc. 2.16. TTorennpnansras dyHkuus (/) npu QHKCHPOBaHHOM HOPME 1 €€ «PasMBbIBAHIE)
TIPH «OPOKAHHMD PEKH B HENoM (2).

B LenoM. 3HaueHHe p, B KAXIbli MOMEHT BPEMEHH «CBO®» (LIap «Ibl-
IUMT»), 8 KOPHITO» He [aeT Mpoueccy 3adUKCHPOBATHCA HA KOHKPETHOM
sHageHmH || O]
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3. 'mapoMeTpUsi HeYCTaHOBUBILUXCH PEUHbLIX MTOTOKORB

3.1. anaMAyeckas MoJIeb «IeTIAH»

KpoMe raccuueckoro puMeHeHH MO J7ia pelieH s Pa3IuYHbIX
KpaeBbIX 3afay, KOTa WX IIOCTOSHHbIE WIH NepeMEHHbIe TapaMeTphl H3BECT-
HbI 3apanee, CyLIeCTByeT 00NacTh UCTIONB30BaHMA Mojeneil B Tak HasblBae-
MOM peajlbHOM BpeMeHH, Korna HHdopMals o mapaMeTpax MoJeld H BHEll-
HUX BO3JEHCTBHSX MOCTYITAET C H3MEPHTEIbHBIX IPUOOPOB HeroCpeJCTBEHHO
TIpH pellieHHH YpaBHeHus. BO3MOXKHOCTh M3MEPATh T€ WIH UHBIE XapaKIepH-
CTHIKK H3yYacMbIX TMIPOJOTHYECKUX IIPOLIECCOB YacTO ITIO3BOJIAET CYLIECT-
BEHHO YIIPOCTHTH MaTeMaTHIECKyIo MozieNb. OOpaTiMCs K THAPOMETPHH.

Jlna yueTa peyHOro CTOKa IHPOKO MCIONB3YIOTCH MOJEIH pacxoja,
OCHOBaHHbIE Ha cBsi3H () = f{H), Hanpimep B BUAe nonuHoma Q = ap + a1 +
+ @M + ... OnHaKo 5Ta CBA3b MOKET 6bITH 1 Heo HO3HAUHOM. [locnenHee
MOXHO YCTaHOBHUTB, ONMpasch Ha CHCTeMy ypapHeHuii CeH-Benana. Omna
JOBONBHO MOMHO OMACHIBAET B OAHOMEPHOH IHAPaBIMYECcKO HIeanu3aliuy
JBIOKEHHE HEyCTAHOBHMBIIErOCs MOTOKA B pyciie. B pesynbrare ee pemieHus
naxogat ¢yuxumu Q = fix, ) 1 H = f(x,¢) npy U3BECTHBIX HAYAIBHBIX X
rpaHuuHbIx. yeaosdax. OnHako B THAPOMETPHU MMEIOT AENO ¢ KOHKPETHEI-
MU 3aKPEIUICHHBIMH CTBOpPAMH (T. €. KOOPAHHATa X GUKCHPOBAHHAL, X = Xo)
H OpETIoNaraioT, 910 MopdoMeTpHUuecKHe XapaKTepuCTHKY cTBopa (B, F, R
W 1p.) ¥ X071 ypoBHs Bo BpemeHH H = ff) nerko m3meputs. Eciu npearnosno-
KWTh, YTO /11 (UKCHPOBAHHOIO CTBOpPA ¢ KOOPIMHATOH Xo M3 M3MEPEHMH
usBecTHH! 3aBucumoctn C = flH) u [ = ft), To nogctaBuB (Y4UTHIBas ypaB-
HeHHe HEePaspHIBHOCTH) MpPOU3BOAHYyl0 O0Q/0x=-0F /0t B AnHaMM4ecKoe

VpaBHEHNE, €ro MOXKHO 3alicath B BUAE OOBIKHOBEHHOTO JuddepeHiIaib-
HOTO ypaBHeH#us (ypaBHeHus PUKkaTu):

dQ/dt = f,(xg,1)Q% + f,(x0, )@ + £3(x4,1), (3.1

rae f,(xy,t)=—g (C’RF), f,(xy,t)=(20/F)oF /ot, f;(x,,t)=gIF .
PemuTs ero ~ 3HAYNT HaWTH Ul (PUKCHPOBAHHOIO CTBOpPA 3aBHUCHU-
mocts Q = f{#) (ruaporpad) npu U3BECTHBIX HAYAJILHOM PacXofe BOMBI, KO-

shduimentax fi(xo, £) ¥ folxo, £) u cBoSogHoM dneHe fi(xo, #). Tax Kak
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3.1. lvaamMuveckas MOAEND KIETIN)

F=fH), C=fH) uR=fH), To npu u3Mepesnsx 3Havemisx H u I umeem
QO=f(H,0H /0x,0H/0r), tak xax 0H /ox=-1, a 6H /0t onpenensercs
dysKupeit H(f) ipy HeNpepsIBHOM MM JHCKPETHOM, HO JOCTRTOYHO YaCTOM
msmepeHuy H. TaxuMm o6pa3oM, eciid NPU PaBHOMEPHOM PEKAME 3aBHCH-
mocte Q = f{H) onHosHayHa ¥ ompegensercs dopmynoit lilesu, To npu
IUIaBHO M3MEHAIOINEMCd NIBIKCHMH OHA ONpeIe/aeTcs HeJIMHeHHBIM Hud-
(epeHIMATEHEIM YPaBHEHHEM NIEPBOTO NOPSA/KA € MEPEMEHHBIMU KO3y~
LMEHTaMH, KOTOpOe, IO CYIIECTBY, ABIACTCA YPAaBHEHHEM IIeTyIcoOpa3zHOM
3apucuMocTd O = fAH). MoxHo nokasats, 9to B Gonee obHieM ciiydae He-
IJIABHOM3MEHSAIOWErOCA  JBIDKEHHS  MMEET  MEeCTO  33aBHCHMOCTD
Q= f(H,0H |dx,0H /0t,0°H /0x*,0° H 0%, ...) , T. €. pacxox BOMSI 3a-
BHCHT HE TONBKO OT YPOBHS M YKIIOHa, HO M OT KPMBH3HBI cBOGOHOI Ho-
BEPXHOCTH, 4TO, OJHAKO, SABJSETCS U THAPOMETPHH DPEIIKMM CIydaeM.
(Cnenyer oOpaTHTh BHUMaHHe Ha TO, YTO XOTH TPAJMLMOHHO B [HAPOMET-
PHH CYHTAIOT, YTO PACXOJ BOABI OTIPE/IENAETCA YPOBHEM, HO HA CaMOM fieNie
cuTyalus oOpaTHas.)

Boobie Bonpoc o 3asucuMoctd @ = AH) (wiu U = f(h)) nocrous
riryGokoro o6cyxieHus. YHCTO YMO3PHTeIBHO MOXXHO HAPHCOBAaTh «Kap-
THHKY» (puc. 3.1, @), B KOTOPOH 3aj0XeHa BO3MOXKHOCTH ‘MHOTHX THIIOB
IBWKeHuH, BKMoUas OpicTpoTokH M cemd. OAHAaKO camoe YAHBUTENBHOE,
YTO NPAaKTUYECKH BCE MONTBEPXKAAETCS JIMOO HATYPHBIMH JAHHEIMHE, JHGO
YHC/ICHHBIMH pacuyeTaMy M0 MMAPABINYECKOM MOAENIH ¢ HECKONBKO paciiu-
PEHHBIM COCTaBOM (pasoBEIX HepeMeHHEIX (pHc. 3.1, 6, 6, 2). -

Tlosyyennoe ypasrenue «netau» (3.1) MOKHO PEHIMTH YHCIICHHBIMU
MeTofamu (Hanpumep, Pyrre-Kyrra), B 4acTHOCTH M B pealibHOM MaciuTabe
speMeru. Tak Kak W3MepwTenbHas wn(opMamus o6 ypoBHE M YKIOHE
HCTIONIB3YETCS Ha KaKZOM luare BBIYHMCICHHA, TO €CTECTBeHHO MOIEib
Ha3BaTh pPacyYeTHO-U3MepuTesibHOM. (BO3HHKAIONME TIPU TakoM MOAXOZe
npobaeMsl oapoGHO ommcaHs! B paGote [42].)

OxcniepuMenTtansHble AaHHbie (cM. [32]) mo3BOAAIOT BBIICHWTH BO3-
MOXHOCTH Moze (3.1), mpHBeAEHHOH K BHAY:

dU 1dt=M(xy, 00U + NOtou DU + P(0,8), — (32)

e M=(,—I)/h~gKC*R), N(a./ F)oF/dt, P=gl.
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3. FMEOMEI Py HEYCTEGHOBHUBUIMXCA DEYHLIX TOTOKOB

. h
6y U 2)
ol 2.0
1.9 1.9
18 ’—\\ —\ 1.8
)7 L7
\\w
L6 V-6
1.5 LI
[ 163 JLIN ) BWEOME W ¢ [ Z:5 0 8 N A EL L T T L SO U

Puc. 3.1. YmospurensHad (@) u pacuersslie (6, 2) 3asucuMmoct U = f{k), nomnyyen-
HEBIE MPH Pa3AUYHbIX BAPHAHTAX FMApPABNIHIecKUX pacgeros [SO] (Ha puc. 6 nokasa-
Ha BpEMEHHAT Pa3BepTKa, B KAKOH-TO CTENCHM MMHTHDYIOLWIAS CENEBOH MOTOK; eif
COOTBETCTBYET PHC. 2):

1 — KBa3HPaBHOMEPHEIH pexuM, 2 — HEYCTaHOBHBILCECS ABHXKeHuE, 3 — GRICTPOTOK,
4 — cenenono6HOE ABIDKEHHE.

Ilpu pacuerax mo (3.2) U3MEHAIOCH BBHIpAXXEHHE I 3aKOHa COMpO-
ueiennus. C ygeroM 3aBucuMocTd koadipurmenra Illesn ve Tonbko ot riy-

Ounebl (kak B Klaccudeckux (opMysiaX THAPABIHKH), HO W OT YCKOpEHHd,
BBIpa)KEeHHE A7 P umeno BUL:

P=gI{l+2y[(h/ UYL/ UYAU |8t ~ (ot F)OF 1 8t — (iy — )]}

B ciydae y = 0 umeeM ypaBHEHHe, CIIPABEIMBOE [IPH 3aJaHHU 3aKO-
Ha CONpOTHBICHHI B OOBIYHOM Buie. B pacuyerax metomoM PyHre—Kyrtra
3HAYEHHA CKOPOCTH, BXOAsue B P, Opaluch ¢ NpeaplAyIiero BpeMeHHOTO
ciod. Ha pue. 3.2 pan nmpumep, MOKa3BIBAIOINMIT BIUSHHUE HAa PE3yILTAThI
pacueToB 3HAYCHHWI 33/7aBaEMBIX NapaMeTpoOB, BXOAJINHX B MOZEb.
B 6oIBIIMHCTBE CITy4aeB pesyIbTaThl yIy4iaioTcs npy y # 0.
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3.1. Jiunamudaeckas MOAEAE (IIETANY

Jlo cux mop, paccMarpuBas MOZENb
«HETN», MBI CTAPATUCh HE BHIXOMHTEH 32
paMKU COOCTBEHHO TH/POMETPHH W IbITa-
JMCh Pe3yNbTaTsl OGOCHOBHIBATH BKCIIEPU-
MeHTaIbHBIMH BanHbMH. Hipke sta Mopens
Oynmer paccMOTpeHa B HECKOJBKO Gonee IuH-
POKOM acIieKTe, 9eM HHCTO FHIpOMeTpHYe-
ckuit. IlpuBieuenme SKCIEPHMEHTAILHBIX
JaHHBIX Oymer mMers Mecto, HO GyAyT M
YMO3PUTEINBHEIC pACCYKICHHS,

3ameruM, uyto JHOGas MareMaTHYe-
CKasi MOJENTh ABIISACTCS PallHOHANM3HPOBAH-

U we
10~

4 & 12 6 raan

Puc. 3.2. 3asucumocts U = f{¥) upu
PA3HBIX 3HAUCHUAX MapamMeTpoB
(p. Tsepua, ctBOD 1):

1 — no aanHbM M3MEpenUt; 2 — v = 40,
a=1,i=0,1.05%0:;3-y=0,a=1,

HOH NpoeKUMel «Kycka» HppanuoHanbHol H=0.1%c4-y=0,0=1,i=03%.
(nng sac) peansHOcTH. B ciryuae cucremsi

Cen-Benana Mpl onepupyeM aByMs nepeMenHsiMu (Un A, anm Q u F) upu A
(wm C), NATEpIPeTHPYEMOM KaK 2aaBaeMBIN IapamMeTp WK NepeMeHHasd,

HO %ecTKo cBs3anHas ¢ i: C=h"®/n (anpumep). Slcro, gro peansHOCTh
CNOXHEE, HO i1 MHOIMX CITy4aeB ABYX MEPEMEHHBIX OKasblBaeTcs H0CTa-
Toyno. Ho u 3Ty («2-thasHyro») peallsHOCTE MOKHO YIIPOCTHTE, CIHPOCKTH-
POBaB ee Ha OJHOMEPHY!O. MBI 3TO K celany, NpeanoioxuB, gro i (wm F)
¥ €€ NIPOM3BOZAHLIC U3BECTHEI N3 M3MepeHmil. KoHewHo, MHOTHE YepTsI I'uf-
PaBIHMYECKOrO MpOHecca NMPHU TaKOM OrpyONeHHH TepsroTcs, HO MHOrHe —
coxpaHsmotcs. OfHOMepHad npoeKiyma Gomee MPocTast B M3YYSHHH, TOITOMY
HMeeT cMBiCT ofpamatbkes K Hell. B wactHoCTH, B paGoTe [11] oHa ucnons-
30BaJIach IPH BBLBICHUH PONHM HEIMHEHHOCTH B YCTOMYMBOCTH Pa3sHOCTHOM
CXeMbI AJ1A pemieHus cucteMbl Cen-BenaHa. »

B namieM ciyuae BaXHBI IOCHCHCTBUS BREJCHHA B PHAPABIHKY MO-
JuGhHUHPOBAHHOTO 3aKOHA TPCHMS, YUMTHIBAIONUIETO BIHSIHUE HA CONPOTHR-
JIeHUs. BEMMYUHEI ¥ 3HaKa yckopewws. Ilpamem A, =A . —ydU/dt, npu-

YyeM pa3MEpHBIA IapaMeTp Y B o0LIEeM CTydae MOXKET 3aBHCETh OT YacTOTHI
®, ckopoctH U U rity6Gussl 4. IlogcTaBuB 5T0 BRIpaKeHHE B ypaBHeHHe Puk-
KaTH, 3allCaHHOE 711 CKOPOCTH, MOMYYHM ero MOJIeNGHBIH aHaNor:

au __ kU’ aUu P

2 + 2 + rr2y
a  (1-y'U) (1-yU9H (-y'U9

(3.3)

e Ay = Ay /B, Y'=y/h.
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3. TuipoMeTpHs HEYCTAHOBMBINUXCS PEYHBIX NOTOKOB

Hnsa uucnendoro pemenus (3.3) Bocnonbsyemcs Meropom PyH-
re-Kyrra. Eciii 3Hauenue y Takoso, €ro y'U 2 <1, To UMeeM YCTOHUHMBOE

pemenue (puc. 3.3, @). Omnaxo mpu y'U 2 x1 curyanms MenseTcs KOOpJiH-
HAJIBHO: MPOLECC W3 HAYANBHOTO COCTOSHMA CTPEMMTHCA K CKODOCTH, HPH
xotopoit Y'U? ~1, Ho caMo 3HaueHHe 3TOH ckopoctH (U = «,;’WW) Heyc-
Toityuso (puc. 3.3, 6).

Curyanps tpebyer ocMmrlicnernud. Ilpu YU? ~1 MBI UMeeM Manbli

«mapaMeTp» FpH MpoM3BOAHOM. B clydae npeacrasiieH#ss MOJEIH ypaBHe-
HueM (3.3) B 3HAMEHATENIX PaBOH 9aCTH MOXKET OKa3aThCs HyJIEBOE 3Haue-
yue (a «Ha HyJIb OeTUTh HeNMb3A»). OJHAKO B JAHHOM cllydae 5TO He PHKCH-
posanHEli mapametp («0»), Tak xax OH caM 3aBHCHUT OT cKopocTH. Ilpu uuc-
nenHoM peanmsauuy Momenu (3.3) MBI HMeeM JeNo He C «HyIAMH», a
¢ «MAIVHHGIMA HYJISIMI», TIPHUeM TPOXOIKUTENBHOCTD JEHCTBHS TaKOTo
HyJIA KOPpENUpyercs ¢ BLIOPAHHBIM IIATOM 4YHCJICHHOTO pelleHNs (MHTer-
puposanns) Af. BozHukaer cBoeoOpasHas YMCIeHHAs BA3KOCTL. ECIH B Ka-

KOH-60 MOMEHT BpeMmeny Benuumna (1 —y'U?) 61u3ka K Hymo, TO npo-
HCXOJUT CKauok peruenus (puc. 3.3, 6) BBEpX MM BHU3, HO Ha CIEAYIOLUEM
ware umeer Mecto 1—y'U? #0, U UpOLECC YCTOMYMBO BO3BPALAETCA B

HeycToiuuBoe nonoxxenve 1~y U 2,
Jlng HeycroliunBocTH Tpebyercs «HeckumMaeMocThy» (eM. o. 1.2), 1. e.

dU/dU =0 (3nech U =dU/dt). YeroitumBocTs GyAeT HpH OTpHLATENH-
HOCTH 5TOM BesuuHEl. Jing ypaBaenus (3.3) uveeM:

a) 6)

Puc. 3.3. YcroitanBoe (a) ¥ TOKanbHO HEycToMauBoe (6) pemieHus ypapHeHus (3.3).
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3.1, AuHampdeckas MOJENb CIETIHY

dU (MUl +aU+P2y'U -2M, U+a
—_— +
dau (1~y'U?)? 1-y'U?

(34

Ecma y' —> 0, TO CHTYamHIO TIOMHOCTBIO ONPEAEHTET WHCHUTENb BTOPOil
npobn B cooTHOomeRnH (3.4), T. €. IPH AOCTATOYHOM («OGEIMHOM») K03 du-
LueHTe TPeHmA Ay, (rakoM, uro 2\ U<a) mpomecc ycroiums
(cm.puc. 3.3, a). B cnyyae J0CTaTouyHo OONBLIOIO 3HA4YSHHMA Y' IIpH

Y'U? =1 cuTyanmo onpeaenseT WHCHHTEb TEPBO JPOGH COOTHONMIEHHS
(3.4). Ins neycroitanBocTH HEOGXONMMO, YTo6H! BesmunHa P (mponopriuo-
HanbHas (i—0Oh/0x)) 6ruia Gonsme Al T2, 1. e. Tpebyercs HepaBHOBEC-

' HOCTP (HakayvKa IHEPTHH).

Ecnu. mo peanmsanuy, NpeacTaBieHHod Ha puc. 3.3, 6, HOCTPOMTSH
ncespodazosoe npocrpascTeo U(E), Ut + 1), U(t + 21), ..., T0 DpakTanpHas
pasmepHocTe Gymer 1,52. Pacxonampiics Ha HH3KHX YacTOT4X CHEKTp
(puc. 3.4, a) ykaskIBaeT Ha TO, YTO MBI HMeeM Aeo ¢ duiukkep-mymoM. Ero
HOPOXIAIOT BBEIOPOCH!, TIPHUYEM M, —> COnSt TIpH £ —> 0 (HEYCTOHUHBOCTH
IO IUCTIEpCHH, TOJICTEIH XBOCT, pHC. 3.4, 4, 6). :

ay

10 1140102

220 Ub?

Puc. 3.4. Cnexrp (a), asmlcoppensxunoimaﬂ Gyuxups (6), 3aBUCUMOCTE
my =f{?) (6) ¥ TOACTOXBOCTOE PACNIPEACICHUE OTHOCTH BEPOSTHOCTH
p(U) (2), BEIHCIEHHSIE N0 PeATH3aLMH, IPeACTAaBICHHOH Ha puc. 3.3, 6.
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3. TuapoMerpus HEYCTAHOBMBINMXCS PEYUHBIX IOTOKOB

B nonoce veycroituusocty (npu (1 — y' U) = 0) cucrema craHOBHTCS

HPaKTHYECKH Oe3pIHEPLUHOHHON: BpeMs pelakcaluy CTPEMHUTCS K Hymo. D1y
HEYCTOHYMBOCTD MOXKHO MHTEPIIPETHPOBATh KaK «OTKPLITOCTEY (IIOBbILIEH-
HYK0 YyBCTBHTENIBHOCTb) IIpolecca «UHMUHUTHOM peaybHOCTH», WIIH
yMeHBIHEHHE CTENICHH H30IMPOBAHHOCTH M3ydaeMoi cucteMsl. [lpu y' =0

ypaBHeHHe PuKkary SBISETCs THAPOMETPHUCCKH TPyOBIM: MexIy HpU4M-
HOM (M3MEpPECHHBIMH THIPABIXYSCKUMY BENHMMHAMY, BXOISIMMH B YpaB-
HEHUE, a TaKXkKe HAYILHBIME YCJIOBHEM) H CHSICTBHEM (PacXo/OM WIH CKO-
POCTBIO) CYIECTBYET XOPOIHAA COraCOBAHHOCTS (TIOJIe3HaA C TOUKM 3PeHH
HPOMETpYH), KoTopas Tepsiercs B monoce 1 — ¢/ UP ~ 0 mpu 7' #0. B mo-

Clle[HEM Clly4ae caMa HEYCTOHYMBOCTE MOXKCT WHTEpPIIPCTHPOBATHCS Kak
OpUYKHA, a TaK KaK OHA SBHO He BUzHA, TO uHorza [101] roBopsr, uto co-
GeiTHE (CITeICTBHE) POM3OIIUIO ciy4aitHo. OJHaK0O MOXKHO JIM 3Ty ciyd4aii-
HOCTh WHTEPIPETUPOBATh B TEPMHHAX CTATHCTUYECKHX 3aKOHOMEPHOCTEH,
GazupyIomuXcs Ha npenensHoii reopeme HeOplmepa H 3aKkoHe GONBIINX Y-
cen? Cyns no puc. 3.4, 6 MMeeT MECTO PaCXOAUMOCTE [0 71, @ 3HAYHUT, H O
CTapHIUM MOMEHTAaM.

a)
h

ras]

oM oo ow owm o ws owe {[J B 18 Iy % iF l}

Puc. 3.5. 30HBI HEYCTOWYMBOCTU MPH (GHKCHPOBAHHBIX (@ U 6) U KpasMopo-
KEeHHBIXY (6 M 2) IapamMerpax MOJENH.
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3.1. lunamuieckas MOAENb KOCTIN»

Tlpu ¢ukcuposannsix 3HaweHusX y', A, P u a u3 (3.4) cuenyer,

9T0 HEYCTOHIHBOCTL OYyJET JOKANBHBIM CBOMCTBOM, T. €. IIPOMCXOIHTE B
OKPEeCTHOCTH (DMKCHPOBAHHOTO 3HauYeHMs ckopoctd. IIpu cunycomaamsroM
u3MeHeHuH P ckopocTh §yneT MEHATRECSA TAKKe 110 CHHYCOMIE, HO HEyCTOM-
YHBOCTBIO OYHAYT OXBa4YeHHI TOIBKO (bmccnposaﬂﬂme Y4acCTKH 3aBUCHMOCTH
U= f{h) (puc. 3.5, a u 6). Ecmu xe v', A, P ¥ a «pasMOPO3NTH», T. €.

CB3aTh C PEANBHHIMH TEKYHIMMH XapaKTepHCTHKaMH motoka y'(w,h,U),
N> a(F,dF [dt,...), To cuTyaums u3menuTbea (puc. 3.5, 6 u 2). Ipuvem

B cwiy Gombhrei OTKPBITOCTH MOIENH «MUpY» (IapaMeTphl «4yBCTBYIOTY
FHAPABIHYECKYIO CHTYAIHIO), K 5TUM KoeGauuaM Gosiee IpUMEHUMO MOH-
THE «CTaTHCTHHYECKAs 3aKOHOMEPHOCTE» ~— CIIydaiHbIHl HecTanuoHapHBIMH
nponecc Ha puc. 3.5, 2 NpH MeeHHOM (IO CPaBHEHHMIO ¢ KOJeORHHIMM)
BHCUIHEM BO3OCHICTBHH.

Pucynok 3.5, 6 moaTeepxaaercsa HaTypHBIMH JaHHBME 110 p. Teepue:
Ha BCEX CTa0IIM3BPOBAHHEIX CTYHEHBKaX (PHC. 3.6, d) NPOHECCH MOXOXKH
Ha CIydYaiiHbIe C BBIIENIEMBIM CTATHCTHISCKM 3HAUMMBIM IIEPHOAOM KOJjIe-
Gauwif (puc. 3.6, 6, Tabn. 3.1), yro He oTBepraer npuCyTCTBHE M k-
Kep-UIyMa (IPOCTO IPOUCKONNT €70 HATOKEHHE).

yer?

Tabnuya 3.1
Pe3ynbTaThl BHIACNEHAS] HUIKOYACTOTHOH HePHOJMTHOCTH 110 H3MEPEHHSIM
Ha p. Trepne B 1959 r. .

. AMnnuryna xoneGanuit
5 Hcpno; Konefa- :é < cxop(::rrym, % cpejHero
E HHH, MAH § g :gf . 3IAAYEHUA CKOPOCTH
f= O A
Bpems usme- 8‘5 , I2E 2] L sm -
Jlata PEHUT, ¥ MEH ig_ §§§ ?éﬁ. §§§* € ggég 5%
ge| Eeg| 2 ge |~ | EgE& g3
2 |ef8es | SiE| | 3EEF | Bf
S/VIIL 2206006 3 16,4 26 92,2 0,15 3,6 9,8
22 06006 5 16,4 28 92,2 0,15 5,4 11,4
7/VIIT 304-504 3 25,8 32 86,1 0,11 5.4 10,8
304-504 5 25,8 28 82,6 0,11 3,6 8,9
8/VII | 12341434 3 224 28 92,2 0,06 3,6 7.3
12341424 5 22,4 28 92,7 0,06 6,7 13,0
9/VIIL 242-442 3 298 28 87,0 0,04 52 144
302-502 5 29,6 26 92,4 0,04 47 10,6
2136-2336 3 29,2 24 85,0 0,09 5,0 15,2
2136-23 36 5 29,2 26 82,6 0,09 39 10,4
10/VIII 710-910 3 16,6 24 92,5 0,17 44 11,1
7186-910 5 16,6 24 92,5 0,17 3,7 10,1
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3. ['uapoMerpyst HeYCTAHOBUBIIMXCS PEUHBIX TIOTOKOB

(mponomkenye Tab. 3.1)

- TlepHon koneGa- i AmnnnTyn'c‘l) Koneéamim
= - = 2 cKkopocTH, Yo cpeaHero
E = ’ g 8w 3Ha4SHUS CKOPOCTH
g8 B2f | 2
Bpemsmme- | S €| | o, T8 1° 0 o & o =3
Hara peHus, u MuH | S E_ “g’_’é E g § § g aE‘ - g é § %‘ g:( §
e8| 38% S 5 %o ~ ] o g
2 Egal 28 B 2g E58a EE
g |8ES| g8 | 032 g25¢ £g
2002-2202 3 19,8 32 88,6 0,21 34 72
2002-2202 5 19,8 28 88,6 0,21 5,6 14,8
11/VID 1 13001500 3 18,7 30 90,2 0.25 4,6 94
1300-1500 5 18,7 24 92,3 0,25 3,6 10,3
2115-2315 3 19,6 26 85,8 0,23 3,6 1.8
2115-2315 5 19,6 30 834 0,23 37 9.4
12/VHI | 1234-1434 3 178 30 88,6 0,29 4,0 72
12341434 5 17,8 26 76,4 0,29 39 9,8
13/VIIT | 1420-1620 3 17,8 24 92,2 0,18 3,7 8,4
1420-1620 5 178 22 92,2 0,18 3,1 10,1
14/VIII 152-352 3 27,5 32 71,0 0,11 3,7 11,0
152-352 5 27,5 28 85,4 0,11 338 13,9
934-1134 3 26,4 32 74,2 0,12 34 9.4
934-1134 5 26,4 28 71,0 0,12 5,0 13,6
15/VIIL | 1834-2034 3 45,0 28 92,2 0,02 5,0 14,6
1834-2034 5 45,0 26 922 0,02 39 13,5
17/V1II 204-404 3 32,0 Hesp- | 0,04 12,9
JACJIEH
316-516 5 32,0 0,04 14,0
a) 4 -‘lrl:/g
99
70
50
30
=t T T T T T T
SVIL 6 7 8 9 10 V12 13 14 1S 16 1Vl
5) Uale
0,66 i
0,62 AM\%‘W
3‘0 60 90 { vun

Puc. 3.6. I'padux nomyckos Ha p. Teepue (a) u cxépocrb, M3MEPECHHast
Ha BepTuxany Ne 3 B ruapocreope Ne 1 8/VIIT 1959 r. ¢ 12 4 34 Muu mo
14 9 34 MuH 10 ¥ TOCKE CKOAB3SILEro OCpenHeHus (6).
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3.2. CroxacTuyeckas MOJENL KT

3.2. CtoxacTHuecKasi MOACNL JIETJIn»

JBioxenue BOIOBI B pycltaX pek (Kaxk YCTAHOBHBIIGECH, TaK M He-
YCTaHOBHBINGECH) 4HaCTO ITPOMCXOOUT B YCIOBHAX, KOTODBIE CHCTEMOM
Cen-Benana ne yuursiBaroTcsa (medopMamuu, 3apacTaHue, JEJOBbIE ABIC-
Hus). KpoMe 3Toro, camo ¥CHojIp30BaHHE ypaBHEHHS PUKKaTH B rHAPOMET-
PHYECKHX Le/IAX TIPEATIONAraeT BBEACHHE B HETO M3MEPUTENIbHOM HHpOpMa-
LIUH, YTO HE MOMKET OBITb CACITAHO TOYHO; MPUHEM JIIOIPEIHOCTH MOIYT KOp-
PENMpOBaThCA C YIOMAHYTHIMH Bbilie MpeneOperaemsiMu ¢daxropamu. Ilo-
ClleJHHE, HAIPHMED, YCIIOKHAIOT POMEPHI, BEI3HIBAs JONOIHUTENBHYIO He-
onpefeneHHoCTh B KoadduuuenTax ypaBnenus Puxkatu. Taxum oGpasom,
K Pa3sMBITOCTH CHUTYallH¥ 33 CHYeT «ApeGeskaHHa» Mporecca u3-3a HeyCTOM-
guBOCTY IpH ¥ # 0 mobapiseTcs HEOMPEACIIeRHOCTh, CBA3aHHAs CO CIrydaii-

HBIMH TIOrPEIUHOCTAMH M3MEPEHHH ¥ C HIHOPHPOBAHHEM YIIOMAHYTHIX BbI-
we pusHuecKux GpaKTopoB. '
ITocneyioBaTenbHE yueT MOCHeHUX TpeOyeT paclIMPeHns CHCTEME
Cen-BenaHa I1yTeM BBCACHMS JOTIONHUTENBHBIX (ha30BBIX NEPEMEHHbIX, OT-
PRKAIOIMX U3MEHEHHE TOJIIMHE! JIb/a, CTENIeHH 3apacTaHs U Aedopmaruu
pycia. ITostoMy B caMoM obmeM ciiyuae croxactudeckoe 0606iienue npu-
BOAMT K MHOTOMepHOMY ypapheruto ®IIK iy coBMeCTHON IUIOTHOCTH Be-
POSATHOCTH Kak pacxofa BOABI (CKOPOCTH), TaK ¥ OCTANbHBIX (a30BbIX mepe-
MEHHBIX. 370, B CBOIO Ouepenp, TpeOyeT 3HAHUS AHHAMAYECKHMX MoJeneh
JUI HUX, IPHYEM C TOYKH 3PSHUA TUAPOMETPHH 3TH Mozei (TaK ke Kak
ypaBHeHue PHKKaTH) NODKHBI OBITH € COCPENOTOYEHHBIMH TMapamMeTpaMH.
Ecnu xe 3afaqy paccMarpuBath 6osiee Y3KO M CTaBHUTE LIEJIBIO OlpeeeHHe
TONBKO OHOTO Pacxona BoAB! (MAK IUIOTHOCTU €ro BEPOSTHOCTH), TO MHO-
FOMEPHOE paclpeneiicHHe MPOeKTUPYETCsA Ha OHOMEpPHOE, a (a3oBbie Ie-
PEMEHHBIC CTAHOBATCA (TEHEBHIMH» WM KOCBEHHO VUHTHIBAIOTCH 4epes
JOCTYTIHBIE HM3MEPEHHIO (OlieHKe) Napamerpbl. Tem CaMbIM OTKPBIBAETCA
BO3MOXKHOCTh YAaCTHYHO NPOCIEAUTH MX KA4eCTBEHHOE BAMAHHE Ha JHHA-
MUKy pacxoJoB (CKOpOCTeif). .
Hampumep, B npakTadeckoii THAPOMETPUM MPH yueTe CTOKA IHPOKO
HCTIONB3YIOT METOJ HePEXOIHBIX KOG PHuMenTOB Koy B Kypp. Tl0 haxTirde-
CKH H3MEPEHHBIM PacXoiaM HpH cBOOOAHOM pycite O, U (HanmpuMep) jiefo-
BOM TIOKPOBE (yyny ONMPEENSIOT ko3¢ dumuenT Koy = Oun/Oee (cOOTBETCT-
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3. 'wyipoMeTprsT HEYCTaHOBHMBIUMXCS PEUHBIX IOTOKOB

BeHHO Kup = Qup/QOcs) ¥ CTPOAT XPOHONOTHYECKHE FPaUKy Ul MEPEXOA-
HBIX KO3QGULUHEHTOB Koy (W1H Kypp), pic. 3.7.

Exennennsie pacXomsl Oy (WM (s,p) HAXOMAT, YMHOXAS 3HAYEHUS
Ocs» CHATHIE ¢ KpHBOH O = f{H) 115 cBoOOAHOro pyciia pH TOM e YPOBHE,
B2 Ky (Kapp). B 060ux ciyuanx nepexonubie ko3¢ $uLUIEHTE MEHBIIE €1~
HHUILBI, YTO PABHOCKJIBHO YMEHBIUECHWIO IPOIMYCKHOH CIOCOGHOCTH pycia,
YUMTHIBAeMO} B ypaBHeHuH Puxkata koadduumentom A . . IT0 03Havaer,

4TO Hekas «MHGMMHATHAS PeasbHOCTH» (OIpeAeNsomas IpoLecesl nenoob-
Pa3OBaHMA M 3apacTaHMs) YacTHUHO yurcHa B Mogeaw Cen-Bewana (crana

«4acTA4HO MHUHHATHONY ) IAPAMETPOM A . U «CXuMaeT» $asoBblil 06beM

(omHoMepupiii) Gonpume, dem 0e3  yuera K (Kip): Tak  Kak

&S
5% t=7{7) E=A(T)
5 0 AT (RAYV
Xy
3 3 13
So-20 n{\,a[\ wv\)l\{ V\ﬂ(
Hgypess o MY
“ -
08 [ L Koo 177
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Puc. 3.7. IlpuMep XpOHONOrHIECKHX FPadUKOB, HCIONLE3YEMBIX B METOAE NEPEXOAHBIX
3uMuux koahdunuentos [10].
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3.2, CroxacTuyeckas MONSHE KIICTau

A.ym 8y < A‘ym‘ (3mne) (aganoru4Ho A yor (e8) < A.yc.r (sap))> TO
[ iV Ay apy | > divA, | (3ameTnm, wrO divdU /dU ~divA4). 3ro o3Havaer,

YTO NpOLECC U3MEHEHHS pacXoja (CKOPOCTH) CTAHOBHTCA Gosee yCToium-
BEIM (boiee «3aneMIUPOBaHHEIMY).

3anuiem ypasnenue (3.3) B suue dU/df =o(U). B xaxaoMm u3 cia-
raembix npasoit yactn @(U) umeercs Bemwavna (1—y'U?), kotopas moxny-
YeHa B MPEIONOXeHHH A . =A . —YdU/dl, 4TO ABNSETCH YHPOMIEHHBIM
BApUAHTOM 3aBHCHMOCTH, rpadUyecKy [peCTaBIeHHOM Ha puc. 2.6. Yurem

3T0 06CTOATeNBCTBO Koo duienTom c=¢ +¢ (3mech ¢ =1, a ¢ — Genptit
11yM), a BIIMAHNE HEYITEHHEIX IIPH BEIBOACE cHcTeMb! Cen-BerHaHa ¢akTopos

~ GerbIM IIYMOM C HyJIEBEIM MATEMATHYECKUM OXUaasueM I .
Takum 06pasom, ypaererue (3.3) mpuHuMaeT Bu:

dU 1dt=E +3)p(U) + N (3.5)
(taxas 3amHECE He COBceM KoppekTHa, cM. [52]), npuuem xomyckaetcst Kop-

PeIAIM My IETHIUTAKATHBHLIX (€ ) M asumTuBHEX (N ) LIyMOB.
Ypasnenne ®IIK, coorBercraytomee (3.5), Oyuer: ;

PUY__ 9 0 2
rae A:EQ(U)+%%(]—)[G5¢(U)+GEN],

B=G:0*(U)+2G;6(U)+Gj

(3mecs Gy, Gy, G — MHTEHCHBHOCTH M B3aUMHbIE MHTCHCHBHOCTH HIy-

MOB). MOXHO TOBOPHTE O CHOCOGHOCTH YT HeCIIOCOGHOCTH UH(DHHMTHON
peanpHoCcTH (NpH Y #0) cxxumars QazoBsli 06neM (OAHOMEPHEYA B ciiyyae

(3.6)) wnu o cuHrynApHOCTH (Tak Kak BeposTHo Pe =AU, /B — =, ocoben-
HO mpu Y#(0 M3-32 MCKYCCTBEHHOIO XapaKrepa BBEJEHHA aiQMTHBHOIO
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3. FPI,I(DOMCTQI/IFI HCYCTAHOBHBINUXCA PEUHLIX IOTOKOB

uryma; 30ech U, — XapaKTepHOE 3HaYeHMe CKOPOCTM), HO TaBHBIH (axr
COCTOMT B TOM, YTO Ha ’KaproHe KJacCHYecKoH MareMaTHKy ypaBHenue (3.6)
npu 1 -y'U? =0 peurennii ne umeer.

JetictButensro, ypasaenne ®ITK onpenensdeT HenpepbiBHBIH (ud-

(hy3HOHHBI) MapKOBCKHI TIPOLIECC, YCIIOBHEM UETO SBJIASTCS COOTHOLICHHUE
Jlunpebepra:

lim — [ p(y+Ay;t+ At/ y,;0)dAy =0,
A0 At |AJ;‘|‘>E

U3 KOTOPOTO ClIeyeT KOHEYHOCTE kKoaduieHToB cHoca u auddy3uu. [pu
Y'U? =1 xo3()HIHEEHT CHOCA MMEET CHHFYJIAPHOCTH IO repeMenHoi U u

CTAQHOBUTCS HEOTPaHMYICHHBIM, YTO HeJOIIycTHMO. OQHAKO B PEalbHOCTH
npd YUCieHHol peanmsatmy Mojend OIIK Mer umeeM peno He ¢ gudde-
pEeHLMAIBHBIM YPaBHEHHEM, a ¢ KOHEYHO-Pa3HOCTHOM anpOKCHMAIHEH.
KoHeyHOCTh INAaroB WHTETPUPOBAHUS He JaeT 3TOM CHHIYISPHOCTH CTATh
onpefiengiomeli, TaK Kax IpH OYEPENHOM LIare MHTErPHPOBAHNS Mbl BHOBb
OKa36IBAEMCS B YCITOBHSX, KOT/[a BBIIIOJIHAETCS OCHOBHOE CBOMCTBO KPacBBIX
3ajflauy A% ypaBHeHMil napabonuyeckoro Tuna — JeTepPMUHHPOBAHHOCTD
(reopema enmucTBeHHocTH). MHTerpmpopanue ypasuenus (3.6) I0JDKHO
JIaTh pacTipelelicHue, IpeCTaB/IcHHoe Ha puc. 3.8,

I3 5TOro pycyHKa BHAHO, UTO TipH y'U” =1 KpHBas IIOTHOCTH BEPO-
SATHOCTH MMEET IIPOBaJ», KOTOPHIH OTCYTCTBYET Ipy ¥ =0 WIM OYSHb Mal

(B 9TOM CIlyyae MMeeM OJHOMOIAJIBHOE aCUMMETPHUHOE PACTIPE/eICHHE).
Ero mpoucXoxieHue HarJIAgHO MOXHO OOBACHHTH, ONMHMpPasch Ha IOH-
THE MOTEeHMAaNA.

Ypasrenue (3.3) MOXKHO 3aIHcarh Tak:

dU /dt=(U)=-0V 19U,

rue V — noteHmman. OH onpeaensercs HHTerpanom

2

h ol alU
_ AU = dU —
I(P( )d I(l‘- U? ) J‘(1—-'\/U ) (g(l YU)
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3.2, CroxacTHyecKas MOJIENE «IETIHY

Tpumem 7' =1 (3T0 HECYIECTBEHHO) ¥ BEIIIONHHAM UHTETPUPOBAHME
B TIPEABLTYIIEM BBIPDKEHUM:

'1+Ui)—»l n|l— P 1+U

i
V=->A U+~ —Inj-—. 3.
yor (U + U?l|- 5 nll-U 3.7

2.1U'

Myctb a = 0. T'paduxu $yrxumii y = 1/(1 — U?) (3namenatens B noasiHTe-
FpaBHEIX BhIpaxeHUsX) u y = 0,5 In|(1+U)/(1-U)| mokaszaust Ha puc. 3.8, 6.
MOHO NPEACTaBHTh, KaK, MIPUMEPHO, BEITIIAIWT MOTEHUHAN, IOPOKACHHEIH

mozenbio (3.3) mpu v’ # 0. Tpu nepexone y'U? Yyepes eAUHALY CllaracMmele
B O(U) mensmior 3HaK, T. ¢. U B (3.7) BX0nuT ¢0 3HaxoM «—» npe Y'U% >1 u

co 3HaKoM «+» npu Y'U? <1 (cM. TOUeHHSBIe THHAK Ha puc. 3.8, 6). Ucxons

U3 NOTEHIMana, MPEeACTaBAeHHOro Ha puc. 3.8, 6, pachpeneneHye TOTHO-
CTH BEPOATHOCTH NMPHUMET BHJ, KAYECTBEHHO COBMAJAIOUIMI C TAKOBHIM Ha
puc. 3.8, a. HeHyneBas BepOATHOCTh «IIPOCKAKYBAHHAN qepe3 TOUKY U=1
CO3/13eTCH, MO-BUANMOMY, YHCIEHHO BS3KOCTHIO.

a) ‘;s/_/\/\-’k
Il-\

Puc. 3.8. Bo3sMoxHbil BAPHAHT pELLEHHA ypaBHEHHS (3.6) Iipy HyNeBOH HHTCHCUBHOCTH
BHCLHUX ¥ B3aMMHbIX MYMOB (COOTBETCTBYET BPEMEHHOM pa3BepTKe M MIOTHOCTH BEPO-
sTiOCTH U3 1. 3.1) () 1 rpaduxe dynxuuii y = 1(1 — U?) (nysxrup), y = 0,5 Inj(1+U)/(1-
— U)| (cinowsas muews) u y =+ U (o) (6). '
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3. 'unpoMeTpus HEYCTAHOBHBHIHXCS PEYHBIX [TOTOKOB

Teneps BepHEMCS K IMAPOMETPUYECKHM TIpy0oOi CHUTyaluu, KOrja
y=0 (umu y=#0, HO undopMalys O UIEHAX, COAepKamMX v, Gepercs
C TIpeIBIAYIIero BPEMEHHOI'0 CIIOs, T. €. CYMTAETCA U3BECTHOM ¢ «TOYKH 3pe-
Hua T depeHHanbHOrO ypaBHeHua»). BosbMeM MoJenb pacxofa BOMBI
B Buje ypapuenns (3.1)

Kak BuzHo wu3 pacmmudpoBku GopMyn mis  kod(hGUIHCHTOB
fi, /o 1 CBODODHOTO uieHa f5, pacXol B paMKaX IPHHSTOH HAeanu3a-
LM TOJNHOCTBIO OMNpe/eNAeIcs yPOBHEM H €ro MpPOU3BOJHBIMH O
BpEeMEHH W KoopiwiHate (IpY HM3BECTHOH MOpQOMETpHH CTBOpa C KOOp-
JHHATOH X = Xg).

Croxactruueckoe obobmenue ypaBHeHus (3.1) npHUBOAMT K MOAENH
OIIK (3.6) ¢ Gosice MPOCTHIMA BEIPAKSHUSIMH g K03 dUIHEHTOB CHOCa B
muddysuu (Tak kak y' = 0). [JpoBan Ha KpuBO# IUIOTHOCTH BEPOATHOCTH

UcHe3aeT, 1 MBI IMeeM OTHOMOJAJIBHYIO aCHMMETPHYHYIO KPUBYIO, XOTA U
He 00s3aTeNBHO NpHUHATeKAIYIO ceMelicTBy KpuBBIX Ilupcona. H3-3a He-
nudeiiHocTr ypagaenus (3.1) anmpokcumanms momenu OIIK cucremol
ypaBHeHHH M1 MOMEHTOB MpHUBEAET K GECKOHEYHOMY HX 4YHCIY, HpHUeM
MJIaJIIHe MOMEHTEI OKaXYTCS 3aBUCHMBIMM OT crapuiuX. C TOUKM 3peHMsA
THAPOMETPHH HAM HAJIO 3HATH PACXOJ ¥ €TI0 MOTPeINHOCTS, /A YETo J0CTa-
Touno uH(popMauy 0 3—4-X MOMEHTAX, HHTEPIPETUPYEMBIX YHCTO METpO-
JIOTHYECKH, T. €. CBA3HIBAs MX IPOHUCXOXKACHHE C HOrPEIHOCTAMH onpene-

nenws fi, 5 . f. Tosromy mmeapusyem (3.1): 0% = Q0 (H) + 20, (H)g + q°
(3necs Qo(H) — 3HaUeHHe pacxozia, COOTBETCTBYIOIEE OMHO3HAYHON KPHBOH
Q = f(H)), npudeM B OTHOINEHHH OTKIIOHEHHS g pacxoja oT Jy CYHTaeM, YTO
KBaJIpaTOM g* MoxHO mpenebpeus, a dg/dt>>dQ, /dt . Torna ypasxenue

(3.1) npumer Bux;
dgl/dt=—cq+N, (3.8)

e —c=£,20, + f; N=£,0 + /20 + f5-

Teneph MBI OKa3BIBaEMCS B paMKax JIMHEHHOro (OpMHpYIOIIEro
duwnstpa (c=c+¢,N=N+N), ammpokcumanys ypasHerus OIIK mns
KOTOPOTO CHCTEMO# 13 4-X YpaBHEHHH 1711 MOMEHTOB MMEET BHI:
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3.2. CroxacTuyeckas MOJAeNb KHCTIN»

dm, | dt =—(C - 0,5G;)m; + N - 0,5G ;

dm, | dt =—2A¢ — Gy )m, + 2Nmy ~3Gzm, +G;

dmy [ dt ==3(C ~ 1,5G; Ymy +3Nm, —7,5G_;m, +3Gymy;

dm, | dt =—4(C - 2Gz)m, +4Nmy —4-3,5G om, +6Ggm,.  (3.9)

B nasHOM cilyyae CTATHCTHUECKas HEOIIPEIENIEHHOCTh pe3yanTaTa
ONpeNeNeHNs PacXOfa ¢ BEI3HIBACTCS MOFPEHIHOCTAMHY, TOPOXKAAIOLIAMHE TO
WX MHO¢ PACHIPEACHEHHe IUIOTHOCTH BEPOSTHOCTH, allpOKCHMHpPOBAaHHOE
4-1 momentamu. B metpomoruu (cM. [92]) ecTs Takoe noHaTHe, Kak (yHk-
nus OpeodpasoBaHKA, CBA3BIBAIOIIAN HETIOCPENCTBEHHO H3MEHSAEMYIO BeJTH-
YHHY X 1 HHTEPECYIOMYIO Hac y depe3 CBOHCTBa npeobpazosaress («apubo-
pa») S: y = Sx. CeoiicTea npeobpasosatesns (HyBCTBHTENLHOCTL S) TOUHO He
H3BECTHA, TIOITOMY BBOAMTCS OTHOCHTENbHASA NOTPEIHOCTD ¥, & C YIETOM

HOTPEIIHOCTH H3MepeHHt X (A,) IoilydaeM peaibHYO GyHKUHIO npeobpa-
sopamud  y=S(1tyg)(x14y), comepxauryro MymTﬁHHKaTHBHLXe
(£y5S) v apmurueHeie (+ A,) morpemHocTd. Ee muTepsan .geonpe,zienen-
HoctH d =2A, +2y,x (cm. puc. 3.9) mcnonbzyercs mnd pranOBaHna
TOYHOCTH CPEJICTB H3MEPEHHH C MOMOLIBIO QopMyNBl Y(x)=A,/x +¥g,

T. €. B 3TOM CiTydac JOCTaTOYHO YKa3aTh [Ba IOCTOAHHBIX ITapaMeTpa: Hopor
HYyBCTBHTCJIbHOCTH AO H ITOrpeIHOCTE YYBCTBUTENBHOCTH Y i’

a) 6)

y /Ty

Puc. 3.9, Tlonoca neonpenenennocteif (a) u crpemaeHue pelreHus cucremst (3.9) k ye-
ToiMBOMy coctosumo npk B =G5 /¢ < 0,5 (6).
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3. I'napoMeTpys HEYCTAHOBUBIINXCS PEYHBIX NOTOKOB

Ecmu Takyro METOIMKY NPHMEHHUTH K CTAIIOHAPHOMY BapHaHTy MO-
nem (3.8), o monyuum g=(/c)N, rae g~ y,1/c~S, N~x. Onuako
B HamleM CJIydae CHTYALHA TOpasno CHOMHES, 4eM B PACCMOTPEHHOM KJjlac-
CHUYEeCKOM METPOJIOTHYECKOM BapHaHTe. Bo-liepBBIX, Y Hac mpoiecc AuHa-
MIYECKMA KaK B OTHOINEHWM caMOH (yHKIMH mpeoOpa3zoBanus (3TO He ail-
reOpanyeckoe BelpaxxeHue, a AuddepeHLNAIBHOE YpaBHEHHE), TAK H B OT-
HOLIEHUH «4yBCTBUTENLHOCTHY (1/¢) M «u3MepseMoit Benmuuunasi» N. Bo-
BTOpPBIX, IOTPEOIHOCTH COZEp)KAaT cCiydaifHele COCTaBsOlMe, IIPUIeM
MYJIBTUILUTIKATHBHEIE TIOIPEIHOCTH CKOPPENMPOBAaHHEI € aUMTHBHBIMY,
TaK Kak 06e onpe/iesioTcs U3MEPEHKAMH YPOBHS BOIBL.

Hcnonwzosanue cucteMt (3.9) M03BOJIET OLEHUBATH PACXOIBI BOIBI
B CTATHCTUYECKOM CMBICITE, IIPHYEM NOCHIENOBATENHHO JeNas 3Ty HpOUeny-
py Bce Oonee «M30IOpeHHOIM» (HaroMHmM, 4To cucteMa (3.9) «pasBsazaHay
M0 MOMEHTaM: MNIANINE HE 3aBUCAT OT CTAPHIMX).

Ecny mpouecce CTALIOHAPHBIA H 3 JOCTATOYHO Maj, TO M3 moboro
HaYATBHOTO COCTOSHEA (711, My, ™3, My)|,.,, B OONACTH IIPATDHKEHUS PeXKUM

CTPEMUTCA K TOYEUHOMY arrpakropy (puc. 3.9, 6). Ecnu orpaHduThECS MEp-
BHIM YPaBHEHHEM, TO MIMEEM OLEHKY pacxoja I0 HOpMe; eCiid — JBYMs
YPaBHEHUAMH, TO HMMEEM BO3MOXKHOCTH OUIEHMBATH CJOydaliHBIA IIpOLECC
B HOpMa/JIFHOM TMPHOMDKEHHM; NOCHEAYIOMME YPaBHEHHS NAIOT BO3ZMOXN-
HOCTB OIICHMBATh aCHMMETPHIO H SKCIECC.

Tlpn -2 MOMEHTBHl TEpSIOT YCTOHIMBOCTH (IIOCIEHOBATSIBHO OT

crapumx K- MiaqumM). Harmsaso 570, MOXHO IPOMIUIIOCTPUPOBATH A
Cliydas CHHYCOMJANBHOrO M3MEHEHHS YKIOHA M ypoBHs Bomel. Ha

@) 6)

Mz

312

Puc. 3.10. Hpouece, ycroifdupbiii 010 NMEPBEIM IBYM MOMEHTaM (@) M HeyCTOHYMBBHIHA 10
TpeTheMy MOMEHTY (6).
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3.2, CroxacTH9eckas MOAEIb KIIETHM»

puc. 3.10, a npeacTapicHa AByMepHas IPOEKIUA Ha IWIOCKOCTE (my, ;) pe-
menns cucrems! (3.9). Ilapamerpsl G, ¥ ¢ nopoGpasl Tak, 4robel B ABY-
MepHOM NpuGkeHuH (10 (PasoBHIMH MEPEMEHHBIMH MMEIOTCS B BHAY 7,)
TIPOLIECs M3MEHEHHS PacXoza ObUI METPOIOIHUYECKH YCTOMHUMB (CYHIECTBYeT
«METPOJOTMYECKUE aTTPAKTOP», €CITH TaK MOXXHO BBIPA3MTHCA): K IIpelesib-
HOMY LHMKJTY [PHTATIBAIOTCS TPAEKTOPHH KaK M3HYTpH, Tak U cHapyxu. OJ-
HAKO Y)Ke TpeTHHM MOMEHT IpH TEX JkKe 3HaueHHWiX ¢ H Gy HEyCTOMUHB
(ctpemurTcs K 6ecKoHEUHOCTH), puc. 3.10, 6.
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4. MHOroneTHUM peyHoM CTOK

4.1. Typ6yam3auns reorpaayecKiX 3aKOHOMEPHOCTEH

B mamHOM kHure eCTh NPeTeH3UA Ha HAYYHYIO HOBH3HY (BBIIBIICHHE HO-
BOl 3akoHOMepHocTH). Ho yiofoe HOBOe 3HaHHE MOABISETCH, KOTAA CTapoe
OKa3BIBACTCA HEAEECNOCOOHBIM, KOTIa BOSHUKAKOT TYITHKY Wik, 6071ee BHICOKO-
napHo, - NapagoKCh. BOT MBI 1 HauHeM ¢ 06CYKAEHHS HEKOTOPHIX TYIMKOB.

Xopouio U3BECTHO, YTO BCE BHJIBI MHOTOJIETHETO PEHHOro cToka (ro-
JOBOTO, MUHHMA&JIEHOTO M MaKCUMAJIBHOTO) OIHCHIBAOTCS aCHMMETPHYHbI-
MM OJHOMOJATLHEIMH KPUBBIMH IUIOTHOCTH BeposTHocTH (puc. 4.1, a), yk-
NaNBIBAIOIHAMUCS B ceMelicTBO KpuUBBIX IInpcoHa, sBafolneecs perieHHeM
ypaBHEHUS

_  Q-a
A0 by +5,0+5,0° 0 @D

TZi€ p — IWIOTHOCTH BEPOATHOCTH Pacxofia BoAp! O (MOXy/s Ui CIIOA CTOKA);
a, by, by, by — K03DHUIHEHTHL,
Ha npakTHKe CUMTaeTcs HOCTATOYHBIM AINPOKCHMHPOBATL KPHUBYIO

p(Q) TpeMst HAYANBHEIMA MOMEHTaMHU 1, = ?Q” p(Q)dQ (n=1, 2, 3). Ka-

JKABIM M3 3THMX MOMEHTOB HMEET ONpEJENIeHHBH reoMeTpuYecKuii
& CMBICII, noxasaHH_mﬁ Ha
p puc.4.1,a; 1 B COBOKYI-
HOCTH OHH, € JOCTaTou-

HOH i NPaKTHKH HOMHO-

2 TOH, XapaKTepH3yiOT OJIHO-
I MOJAIBHYIO KPHBYIO.
Q 0 Tem He Menee pe-

aJIbHO SMIMUPUICCKHE KpU-

Puc. 4.1. canM3dpoBannas (g) ¥ peansHble (6 U ¢
Mz p (a) p ( ) BbIC 4aCTO HE COOTBCTCT-

paclpeieNeHns TUIOTHOCTH BEPOATHOCTH (HayanbHbIC v
MOMEHTH! 7, M m; XapaKTepU3yIOT JiuHekHsle pasmepsl, BYIOT nogobHolt  Maeanu-
TIOKa3aHHEIE HA PUCYHKE, HO PasyMeeTcs HE COOTBETCT-  3ALIHH. T'ucrorpaMMel
BYIOT HM): O0BIYHO  MHOTOMOAATBLHEI
] ~ 5KCTIOHEHUHANBHAL; 2 — CTENeHHa. (prc. 4.1, 6), a «XBOCTED
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4.1. TypGynmsanus reorpaduyeckux 3axonoMepHoCTeR

pachpefieNieHHii MEHAIOTCA He N0 SKCIIOHEHTE P} x
(p~ exp(~Q2)Q—> 0), a IO CTEereHHOMY 3aKOHY
-0

(p~const/Q™® p0 mpu a < 0.5 1),

puc. 4.1, 8. Onnako 0ba 3t 00CTOATEALCTEA HA

TPAKTUKS UTHOPHPYIOT, COBLIAsACH HA (KOPOTKHE

pAIBl HaGmoxeHHID). Q
s Toro urobBl pazobparbes, CTOMT Jid kT

Kakas-Tubo reHeTHdecKkas NpHYMHA 32 BTOpoi

MoOJIO#, HyxkHa Mozems (HOPMHPOBaHMS CTOKA. pOBGHE pedHOTO CTOKA €

Ypasuenue Ihipcona (4.1), k COXANEHAIO, TAKO-  ocpenorouentmmu napamer-

BOH He ABNJCTCA: 3TO NPOCTO ONHOMOZANbHAA pamu (4.2).

FeOMeTpHYeCcKas AanlpOKCHMAalus  SMIHpuYe-

CKMX pacrmpefienienuii, NOMyueHHbIX o6paboTkol HaTypuerx pspoe. Koag-

durieHts! a, by, by, by 3aBHCAT OT MOMEHTOB paclpeleNeHys, HO HUKAKO#

CBA3M C nuHaMMKOH (OpMHpOBaHHA CTOK2, ¢ (HU3HKO-CTATHCTHYECKUMH

cBoiicTBaMy GacceifHOR U BHEUTHUMH BO3AEHCTBIAMY Ha HUX HE JatOT.
OnHako MOXHO IONYYHTh M IeHETHYECKYIO MOZeNb POpMHpOBaHUS

CTOK4, NAFOINYIO PELICHHE B BHIE KPUBBIX IIOTHOCTH BEPOATHOCTH, SBOTHO-

IHOHHPYIOHINX BO BPEMEHH:

Puc. 4.2. K moxenn dopmn-

d 1 X

O__ 1o X 4.2)

dt kt T
rae k — xo3hduIMeHT CTOKa; T — BpeMs PelaKcalmu peuHoro -Gacceiina
(puc. 4.2). Beens Gensle wymet 1/ kt=c=c+¢, X/t=N=N+N (c nn-
TencuBHOCTAMH G, Gy, Gy), MONyYaeM CTOXaCTHYECKYIO MOJENb Nu-
HeHHOro (GopMHpYIOLero QHILTPa, NPeobpasyronero ciyyaifHbli OPOLEce
0CaIkoB B MApKOBCKYIO MOC/IGHOBATENbHOCTh PACXOMOB B 3aMBIKAIOEM
crBope Oacceiina.

Oroll MOZENM CTATHCTHYCCKM SKBUBAJICHTHO ypaBueHue @okke-
pa—TInaaxa—Kommoropoga (®I1K):

»_ 8 il
o= 3P 0S5 D), 43)
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4. MuorojeTHuil peqHoli cTok

KOTOPOE OIMCHIBACT 3BOIONHUIO KPH-
BOW MIOTHOCTH BEPOSTHOCTH 33 CUET
xo3pduumenror cHoca (4) u nuddy-
3uu (B) (puc. 4.3).

. B cranuonapHoM ciydae mo-
¢ nems OIIK npeBpamacrcd B ypaBHe-
Puc. 4.3. Venopmas wunocTpauua aeiicr- HHE IIupcona (4.1), Ho ero ko3ddH-
Bus koa(duumenton cHoca (4) M auddy- IHUEHTH yKe ABHBIM 00pa3oM CBs-
3un (B). 3HIBAIOTCA C TIEHETHYECKUMH (ak-
TopamMd  (opMHpOBaHHA  CTOKa:

a=(Gy + AN)I(2¢ +G3); b, =-G; (2c+Gz); b =G /(2c +Gz);
by =—G; /(2c + G;) . Ypasterue OIIK BrIOHE MOXHO CYMTaTh OHTOJIOTH-

el (6asHCHOM MOJENBIO) COBPEMEHHOH IHAPOAOrHH (IPUMEPHO, KaK 3aKOH
Owma B anextporexuuke win Gopmyay Hlesu B peunolf rungpasnuke). Ota
MOJIENb TIPH YKa3aHHOH B3aUMOCBS3M Mexay ee Koah¢duuMeHTaMu 1 CBOM-
crBamr bacceifHa (Kak M BHEIIHMX BO3ICHCTBHI) MO3BOJAET DELIHTL JBE
KIIOYEBBIC [H/IPOTIOrMUECKHE MPOGAEMEL: 1) OLEHHUTE MHIPONOTHIECKHE T10-
CNIEJICTBHS M3MEHECHMS KIIMMAaTa; 2) OLEHUTh BIMAHMC aHTPOIOreHHBIX Ha-
rpy30K Ha BojHbIH pexxuM Gaccefinos. M XoTd ABYXMOZAIBHBIX pacripeze-
JieHHil OHa He OTMCHIBAeT (A1 3T0ro GOPMUpYIOUIHH PUILTP JOJLKEH GHITh
HeJIMHEHBBIM), HO 33TO MOXET OOBACHUTEH IOABICHHE TOJCTHIX XBOCTOB H
HEYCTOMYHMBOCTH MOMEHTOB. .

O10 o6BiACHEeHHE 3aKIIOYaeTca B CiaejyiolieM. 3afaHHe ILIOTHOCTH
BEPOATHOCTH  PABHOCHILHO 33/IaHHIO OMNPENEJICHHOTO “KCIA MOMEHTOB:
p(Q) ~ my, my, ms, ... N3BecTHa mpollenypa, HO3BOJSFOMIAA annpoxchnpo-
parb ypaeHeHne OIIK cucremMol ypaBHEHHH A/11 MOMEHTOB:

dm, ! dt =(—c +0,5nG;)m,, +... (n=1,2,3,4) 4.4)

(ipuBeseHsl TONBKO Te WISHBl NPaBOH YacTH, KOTOPHIE HEOOXOMMMBI Afis
BBISICHEHHS YCIOBHUI YCTOWIMBOCTH).
W3 cucremst (4.4) Bugmo, wro mpu ¢ <0,5#G; mnpomsBonHas

dmy/dt> 0, T. e. m, ~ 0. 310 ¥ ecTh (GOpMaNbHEIH NPU3HAK HEYCTOHIHBO-
cti. Eciu oGosnauute B=G;/c, TO HEYyCTOHYMBOCTH Ui MOMEHTA

n-ro TOPAMKA m, BO3HUKaeT upd B>2m (m—-PB>23,m-p>1,

120



4.1. TypGynnzauns reorpadiueckux 3akoHOMepHOCTEHR

my ~ B>2). Coextp 3TOro Kpurepus
IVCKPETEH M CTryIUaeTci B CTOPOHY
CTapIMX MOMEHTOB (puc. 4.4).

Takum obpasom, uHem crapiie
MOMEHT, TeM MeHblIas OTHOCHTENbHas
vHTeHCHMBHOCTE mryma G TpeGyercs

Aang ero HeycrodunBoctd. Ilo crapmum
MOMEHTaM pPeYHOH CTOK HPaKTHYECKH
BCErfa HEYCTOHYUB. A THIPONOTH BHI-
HY>KACHBI CTPOMTH paCHpeleNieHns ¢
HCIIONIb30BAaHHEM BTOPOFO M TPETHETO

L T S S S SR

Puc. 4.4. CrymeHue QHCKPETHOrO
CHEKTpa 3HAYCHUH MapamMerpa Heyc-

ToiunBoctn B=Gy /€ Tpn yRe-

JIMMEHHU TIOpAZIKA MOMCHTA n.

MOMEHTOB (T. €. YaCTO 3aBEIOMO HEyCTOMYHBhIE pacnpenenenns). B atom u
3aKIIIO¥ACTCA TApPafXOKCANIBHOCTh CHTYAlMH. OTO U eCTh HE(EHOMEHONOrH-
YECKHMIL; T. €. CyIMHOCTHBIMN, Mapafgoke («Tymk»). CrnexoBaTeNbHO, THAPOIO-
F¥ CYIIHOCTh Nponecca (OPMHpPOBaHHA CTOKZ He 3HAIOT (TO4HEEe 3HAIOT
TONBKO IS OTAENBHBIX BHIOB CTOKA M [UIf TeX MPUPOAHBLIX 30H, THE €ro
ONMCaHHUE B paMKaX CYIIECTBYIOLIEH OHTONIOTHU YCTOHYUBO).

BusyanpHo HeyCTOHUHMBOCTE MOXHO IPEACTABUTh CIEXYIOWMM obpa-
3oM (puc. 4.5). Chavana (eciii OTPaHHIHTECE TOJBKO TPEMS MOMEHTAMH U
paccyxaaTh MeTadOpHYECcKH) CHCTEMa HIET Haubollee KyIrobHoe» I cebs

Q) 6)
P s i P

8)

________

!

Puc. 4.5. Busyanuzauus NOHATUA HEYCTORYMBOCTH 0 MOMEHTaM TPEThC-
ro (a), Broporo (6) u nepsoro (g) HOPAAKOB. BHU3Y [OKA3AHBI BO3MON-
HblE BPEMEHHBIC Pa3BEPTKHU IIPY MEPBOHAYAIBHBIX (i7,) ¥ M3MEHEHHBIX
(m,') MOMeHTax pasHOro mopsnka. Ilpasas rpaHHLa passepTkH, NOKA3aH-
Hast Ha pHC. 4.5, 6, YCIOBHa; NP HEYCTONYHUBOCTH ¢ He CyLIeCTBYeT (0
«COOTBETCTBHU» M1, IMHECHHEIM pasMepaM cm. TIOANCE K puc. 4.1).
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4. MHOroseTHUi PEYHOM CTOK

(MopansHOE) 3HaueHUe (ha30Boit nepeMeHHOH (puc. 4.5, a), 3aTeM pacmups-
€T AManasoH CBOWX «HHTepecos» (puc. 4.5, 6) B, HAKOHEL, KYXORHT B NIOKC-
Kax CYacThs B ApYroi Mup» (puc. 4.5, 8).

He Hajo nyMath, 9TO HeyCTOMYHBOCTD — 3TO HeKas 9K30THKa Ha doue
yeroiiurBo# KapTHHE! HOpMHUpOBaHUs pedHoro croka. Hamu nonyuess! kap-
THI 30H HEYCTOWYMBOCTH 1O MEPBBIM TPEM MOMEHTaM JJIs FOJOBOTO, MUHM-
MAaJIbHOrO ¥ MAKCHMaIBHOro cToka (puc. 4.6).

B TaGn. 4.1 npencraBieHa undopmMalia o MaciiraGe paccMarprBae-
Moit npoGieMsl. M3 Hee BHIHO, YTO BBHIABJCHHBIH MAapafiokc — He Hrpa
«BONIEHOTO BOOGPAKEHHA»: 32 HEYMEHHEM YCTOHYHBO ONHCHIBATH NPOLIECC
tdhopMupoBanus CTOKA ~ PEANBHBIE HABOXHEHMS, Pa3pyLICHHS MOCTOB, THI-
POSKONIOTHUSCKUEe KATaCTPOQHL.

Tabnuya 4.1

Tepputopus CHI (8 %), Ha KoTopoli Hab.r0aaeTCs HEYCTOHYMBOCTL PRCYETHBIX THA-
POOTHUECKHX XAPAKTEPHCTHK

PacueTHble rHAPONOrMHECKHE XaPAKTEPHCTHKU CTOKA

BUA pEYHOIO CTOKA koodpduuuent
HOPMa
BapHaiyy ACUMMETPUH
T'onowoit 12% 38 51
MunpMansHe ser- - o *
HE-OCEHHUI 3.7 81 93

Ha ETP B 30ny HeycroiunBocta 1o 3 Momentam nomanaer 40 %
MagcuManbHbIH teppuropuu (cM. puc.4.6, a). Tipumepro Ha 60 % Teppuropuu B < 0

CTOK BECEHHETO (uero He MOxeT OHITH 110 (Gu3HuecKoMy cMBicy) KOO » < O (Jiora-
TIONOBONbLSA pudM oTpHHATENBHBIX YHCE] He cymectyer). Curyauus Tpebyer
OCMBIC/IEHHS.
MakcumaneHpiit . P E

[HaBOXOYHBIN

* Onenxa npu B2 1,8 (B — 2).
*#* Pacuern BuinosiHerb 1o ETP i Yxpanne.

**% Hz-3a mapix kod(pdHHEHTOB aBTOKOPPENSHUH DAAB MAKCMMALHOTO IMaBo-
JOYHOTO CTOKA GJIM3KY K CllydaiiHOMY Giy:AaHUIO. XOTA M BBIENSIOTCA OTACIbHBIC PETHO~
Hbl, [03BONAIONIAE OLCHHTH CTENIEHh YCTOMYMBOCTH MOMEHTOB, B LEJOM KapTHHA O4EHb
nectpas ¥ TpebyeT NaNbHEeHIEro H3yYeHH .
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4.1. TypOynuzanus reorpadudeckux 3akoHOMepHOCTEH

a) ' 6) 6)

Puc. 4.6. HeycroituuBocTh rofoBoro croka Ha teppuropuu CHI™ (a), MuHuMansHo-
O JISTHE-0CEHHET0 ¥ MAKCHMAJIEHOI'O CTOKA BECEHHEro nonosoAss ua ETP (6, 6):
1-B>2/3; 2-$>1; 3-PB=1,8 (A ronoBoro croxa).

T'eorpadudeckue 3aKOHOMEPHOCTM OOBIYHO BHIPAKAIOT IyTEM ILO-
CTPOGHHS KapT pacHpe/eleHHs TeX FIH WHBIX IPUPONHBIX XapaKTePUCTHK,
B YACTHOCTH, TaKMX BEPOATHOCTHEIX NApaMeTPOR MHOTONCTHEro0 pPedHOro
CTOKa, KaK HOpMa MOZYJiA CTOKa, KO3((PHULIHEHTH! BAPHAIMH U aCHMMETPHY.
Onuako HEOOGXOAUMOMY M JOCTATOYHOMY YCJIOBHMIO OCTPOSHHS KapT H30-
nuHuH (KaXA0H TOUKe TePPUTOPHH JO/DKHO OTBEYATH OHO M TOMBKO OJHO
3HAYEHHME PACCMATPHBACMOHN XAPaKTEPUCTHKH) CTATUCTHYECKHE MOMEHTEHI
THIPOJIOTHYECKUX PAJOB MOTYT M HE YJOBJICTBOPATE (Ha 9TO, B YAaCTHOCTH,
ykasan H. A. Kapreemuusumu B penensau k Monorpaduu [2]). Ha nawm
B3IJISA, CHTYalHIO B KaKOH-TO CTeNeHH CIiacaeT MpeJCTaBACHHE MOJYJIS
croka gopmynoit g = qe@(F) (puc. 4.7). Oyukupa @(F) oTpaxkaeT BIHAHUE
a30HANBHEIX M DONU3CHAIBHEIX (axTopoB (opmupoBaHus crToka. Ecim
«NpHBA3aTBCA» K ruaporpadudeckoit cxeMe Gaccefina, To JeiCTBHTENbHO
0pY CIMAHUN JBYX PeK (GYHKIMA Q(F) TepHUT pasphis, HCKIIOUAIOIIKMIL reo-
rpaduyecKyio HHTepPNoNAIMio croka. Ho B TakoM Cilydae o «IIone pedHoro
CTOKa» Hajo 3a0BITh (@ 3a0IIHO M O TOM, 4TO TMAPOJIOTUS CYINM — paslen
reorpadpuu) M THIPOIOTHYECKHE
3a7iady CTaBWTH Ha rpaje peuHoit  _;
CMCTEMBI, B KOTOpbIA Tpamc- %[« i
(bopMupyeTca Tofe OcanKos (XO0T4, e
iy MOOOHYIO JIOTHKY .

PacCy;KICHMA, TO M OCajKy He !

obpasyiorT «mofs»). B B Fr?
3aBHCHMOCTS, npeacTag- Puc. 4.7. 3aBHCHMOCTE MOAYINSL CTOKA qzor

NeHHas Ha puc. 4.7, nerko mop- ~ Uomam BogocGopa F (F,,, < 1000 kM” —

a30HANBHOE, Foygy > 50 000 kM? ~ nonuso-
TBEPXKACTCS TEOPETHHYECKH (IO HANEHOE 3HAYCHUS MIOIANEIT). )
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4. MuoroserHuil peqHoM CTOK

TOUKH Frnon). Tak Kak B jI000M cliydac HeOOXOINMMO BBIMTH Ha CeMeEiCTBO
pacipenenenuii [lupcoHa, To BO3BMEM B KAYECTBE «IHHAMMYECKON OCHOBBIY
NAHEeHHBIH TPOCTpaHCTREHHbIH hopMupyommi Guisrp

dq/dF =—~(/kF,)q+ X /F,,, (4.5)

it

rae Fu — «UMHEPLUMOHHBNI» IapaMeTp «IIPOCTPAHCTBEHHOHM penaxkcaukHy,
7. €. IIOIMagp Bogocbopa, Ha KoTopoii Oaccelil HauyHaeT aJeKBaTHO pearu-
poBaTh Ha BHEIIHHE BO3MEHCTBUA (T NIePecTaloT IMPOSBAATECS A30HANbHEIE
dakTops! GOpMUPOBAHUSA CTOKA).

BEBITOTHEM CTAHAAPTHYIO NPOUEKYPY CTOXacTHYECKOro o6oOIeHHs.
Beegem obosnauemws: 1/kF,, =c=c¢+c¢, X/F,=N=N+N, rue
¢, N — Maroxwujanns, a ¢ U N — «IpocTpaHCTBEHHBIE» Oenble myMBl ¢
unTeHCUBHOCTIME G, G, G- B 9TOM ciydae cripaBe/uIMBO «IIpOCTpaH-

creeHHOe» ypasHeHue OITK

2

PaF) _ ai (A(q, F)p(g, F)) + 0,5 6;2 (Blg, F)p(g, F)),
q o%q

oF

KOTOpOE aIIpOKCAMHpYeTest cicTeMoil N GepeHLHaNbHEIX yPaBHEHHH Ans
HAYABHBIX MOMEHTOB

dm,, | dF =nM[Aq"*1+0,5n(n —1)M[Bq"].

B 4acTHOCTH, CIIpaBe/UIMBO YpaBHEHWE A MaTOXKWIAHHMA MOMAYJs CTOKa
m=q:

dq ! dF =(-c +0,5G;)q = 0,5G; + N . (4.6)
Peinenue ypasueHus (4.6) mMeeT BUA:

B — ioson  N—05G; G050
g(F)=g,e 0’506>+—————E_OSGiN-(1~e< GODEY - @47)
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4.1. TypOynuzauns reorpaduueckux 3akOHOMepHOCTE!H

H3 dopmynsl (4.7) u puc. 4.7 cregyer, uro npu mwiowaasx F,, =

Fenp (= Fion) «TIepexonsbiey» NPOLIECCH NPaKTHHECKH 3aTyXaloT U HOpMa
MOIyJsl CTOKA OMPEIENAETCA HE a30HATBHBIMM (aKTopaMH (Koropsie ¢op-
MUEDYIOT (Ha4aibHOE» YCNOBUE ¢,), 2 30HANBHLIMU (B OCHOBHOM HOPMOH

OCaJKOB U KO3 (HLIHEHTAMH CTOKA):
7=(N -0,5G;)/¢ -0,5G;). (4.8)

Tonsko npu HopmansHoM pacmpepenennu (G; =0, Gz =0) Ml
NPHXOAUM K OOBIIHO MCTIONBE3YeMOM B THAPONOTHH (OPMYyNe IS BEIYKCIE-

nust ko3dbduumenta croxa: k=g /X (3aece X — HOPMa MOJLY/IS OCAKOR).
Peruenus, analoru4HbIe COOTHOMEHHIO (4.7), MOXKHO IMONYYHTh H JJ1
CTapHIMX MOMEHTOB. PemyKIIMOHHBIE KPHBEIE €CTh, IO CYIIECTBY, rpaduye-
ckee n3obpakenna nofobueix pemenuil. Ha puc. 4.8 nokasaxsl nopoGHee
3aBHCHMOCTH [UIA [EPBBIX TPeX HAYalbHBIX MOMEHTOB H COOTBETCTBYIOLIMX
uM pacdeTHHIX xapakteprcTrk (C, 1 C;). OTH SMITHPHYECKHE 3aBUCHMOCTH
NoCTpOeHBl N0 MaTepuaiam pabotsi [80] Ha m, neKm)
ocHoBe HabmiomeHumit Ha 5 595 rumpocTsopax
CCCP. Onn cooTBeTCIBYIOT M3jlaraeMoi Teo-
PHH ¥ MOFYT, B MaCTHOCTH, CIIY’KUThb JJId Ofi- A —
peneneHus pelpe3eHTaTUBHOM 10IazH.
Hackonpko 11016 MHBOTONETHEro CToKa 'lzz\
ycroiiyuso? Ilone B COBpEMCHHOM HOHMMa- 50 :

HEH — 9T0 ([0 OIpeielICHHIO) pacHpeieeH e

[0 IUIOMIANU TPEeX HAYaNbHBIX MOMEHTOB, W3 1500
KOTOPBIX CNIE/lyfOT PacYEeTHBIE XapaKTEPHCTH- ‘o)
k. Cyna mo puc. 4.8, B ocpeqHEHHOM CMBIC/e

30HaJIBHOE noJie Gollee MK MEHee YCTOHYHEO,

XOTS HOMNHOH «PaBHOBECHOCTH» MO KO3((H- 035

[MeHTaM BapMaUMM M AaCHMMETPHH HET:

oC,/0F #0, 9C,/0F #0. Haubonee yc-

TOWuYMBA HOpMa CTOKA (IIPM MOCTPOEHMH ee

KAPT NBITAIOTCA YBA3BIBATH BOJHEIE GAJIAHCEL,

X0T4 # 3T0, cyas mo Qopmyne (4.8), mii T 2735 456 7 510

ACHMMETPHYHBIX pacnpe;lenenuﬁ He Bcerga Puc. 4.8. PeaykuuoHmnsie 3aBu-
CHMOCTH,

f
f

[
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4. MuorozneTHuii pe4yHoi cToKk

Y/aeTcs HpYU KOCBEHHBIX METOAX ONPEACICHHS UCTIAPEHM).

Teneps 06 ycroluuBocTH noNEH BO BpeMmeHH. Jlit e OLEHKH HaMy
UCIIOJB30BAJICA MapaMeTp [3, HOMy4alomuHAcs U3 KOPPEeIILIHOHHON QyHKIMM
K, sistomeiics peurenyieM ypasnenus ®OIK B ciiydae, €ciiM OHO OCHOBAHO
Ha JHeliHoM ¢opmupylomem ¢unbTpe, K(Af)=Dexp(-o.- Af), rAe
D=G;/2(c -G;), a=c ~0,5G; . JiorapudhMupys HOPMHMPOBAHHYO KOp-
pessinmonHyio dyHkimo r = K/D, nomyyaeM w1 B=G; /¢ ciaenyiomyo
bopmyny: B=2kInr+2.

Paccmotpum noppobHo ee ¢m3mdeckuii cMpicn. BooOme aeiicTBue
MyJBTHIUTMKATUBHOrO IIyMa B YpaBHEHMAX JIJid MOMEHTOB NOBBINAET JH-
HAMHYHOCTH CHCTEMBI (YMCHBIIAET: MHEPLHOHHOCTD, 3a11ac YCTONYHBOCTH,
BpeMs aBTOKoppessiuuy). Eciu BpeMs penakcalie T He paBHO OOHOMY T'OAY,
To dopMyny Ui 3 Haxo 3amuckBare Tak: f=2k(lnr,, )t/ At + 2. Cam daxr

noliydeHusa nofo0HOH 3aBHCHMOCTH U3 3KCIIOHEHNMANBHON aBTOKOppens-
1HOHHOM GYHKIWHK YKa3blBaeT Ha OIPaHHYCHMI O €¢ NPUMEHMMOCTH: HC-
KAIOYUAIOTCS OTPUIATENbHBIC KO3(GUIMEHTH aBTOKOppeNAliMd U BooOGlIe
mo0bIe CTATUCTHYECKH 3HAYMMbIe aBTOKOPPETALMOHHEE (YHKUMHM, KpoMe
SKCIOHEHTEI, T. €. pe4Ys uaeT 00 UCCeNOBAHUU YCTOHIMBOCTH TOJIBKO HpO-
CTBIX MApPKOBCKHMX HpoiueccoB. OCIMUIIIMOHHBIE XBOCTH! Y aBTOKOpPpeSii-
UHOHHOM (DYHKUMH MOryT OBITH M CTATHCTHYECKM 3HAYMMBIMY, JIMIE Obl
OHH He TIOPOXIAIUCh caMuM GaccelfHoM (HanpuMep, CO31aBalUCh BHEIUHH-
MH BO3AEHCTBHAME). 3HAYCHHE T MOXKET OBITH M HECKONBKO JIET. JTO NPOCTO
03HAYaeT, YTO MapKOBCKMMHE OyZyT mpoliecchl H3MEHeHHs He TOJOBBIX pac-
XOJIOB BOZbI, @ OCPEAHEHHBIX 3a T JIET (HanpuMep, Psji ABYJIECTHHX Pacxo-
noB). llpuusTHe A1 Beex 6acceHOB T = 1 rom MOMeT Jarth 3aHKEHHE CTe-
IeHV YCTOMYMBOCTH, KaK 3TO, HO-BHIMMOMY, HPOH30ILIO AJIA cepepa 3a-
nagHo-Cubupckoil pasuuns! [49] (cM. puc. 4.6, ). Bnusaue Ha B snagenuit
a) 6) ko3¢ duLneHTOR Ccroka H
fs?. By aBTOKOPpEALHH, a TaKke
1 1 BPEMEHH pEaKCALMH, WII-
mocTpupyer puc. 4.9.
Jns MHOrmx psnoB
X MHHUMAaNGHOTO M MAaKCH-

0,5 r ¢ 05 lr yanpmoro croka 7, <0,

Puc. 4.9. Bauguue T u kHa §:
a—k=05, I-1=1, 2-1=2 6-t=1, I-k= 4UTO CTAaBHT BOMPOC O MOA-

=01, 2-k=08. XoUsier monenu ux Qop-
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4.1. TypGOynuzauus reorpauHecKnx 3aKOHOMEPHOCTEN

MHPOBaHM B TEX PErHOHAX, TI[e OJKCIOHCHLMANbHAd AaNIpPOKCH-
MaLHd HapylIaeTcs.

OMIUpUHMECKAM HNOATBEPKACHHEM IIH OmpoBepxkeHueM (Mpasia,
KOCBEHHBIM) pe3y/IbTATOB IO YCTOHYMBOCTM MOMEHTOB MOTIYT CIIy>KHTh
JaHHBEIE aHATM3a CTALHMOHAPHOCTH (OAHOPOIHOCTH) MHOTOJIETHHX Kolleba-
Hu# croxa [80]. Tlpumenenue kputepues Crplomenra (cpenuee), Oumepa
(mucnepcus) -u KonmoropoBa—CuMupHoBa ((yHKLHS pacnpelencHus wWid
ko3GGUIHEHT acCHMMETPHH — IIpH Npeobpa3oBaHUK HCxOAHOM mHbOpMa-
umH) K aHamusy 519 pagos croka pek CCCP npuseno (sa 5 %-m yporHe
3HAYUMOCTH) K CJIGIYIOWHMM pe3y/abTataM (SBHO HEOHHOPOJHEIE, H3-3a
BJIMSHHS XO3HCTBEHHOMN JEATEIBHOCTH, PAABI HE PACCMATPHBAJTHCE).

B 3aBrcumocTH OT pervioHa HEORHOPONHBIMH OKasatuch oT 0 % ps-
nos (Kapenus, Cepepo-3anan ETP, 3anaguas Cubups, Jleno-Unpurupexuit
Hanpnuii Bocrok) no 8-13 % (benopycensd, 3anagnas Yxkpauna, Hentpams-
noil m IOxubili Kaszaxcran, Cpennsis Asus), Ha Kamuartke 510 umcrno
aoxogut a0 33 %.

ConocTaBUB 3TH AAHHbBIE C PACTIPEJeNIeHHEM 30H HEeyCTOWYHBOCTH
puc. 4.6, @, MOXHO 3aMETHTE UX KOPPETMPOBAHHOCTD (38 HCKIIOYEHHEM 3a-
naaHoil Cubupy, cutyaiua 1o xoropoii odcyxmanach seite). OHAKO Mac-
mTabbl MPoGaeMBl OTIHYAIOTC B PAsbl €CJIM U3 KapThbl Ha puc. 4.6, a (naxe
nocae orbpackiBaHus peruosa 3anagHoi CubHpH) CelyeT, uTo HeyCTOi-
YHBOCTh MOMEHTOB MMeeT MecTo Ha 30-40 % TeppuropuH,.To O JaHHBIM

pabots! [80] dbyHKIMM pacrpefieaeHHs HEOOHOPOAHBIMH OKa3bIBAOTCH HE'

Gonee weM B 10 % ciyuaes (a ecau paccMaTpUBaTh HEOAHOPOAHOCTH IIO
JHUCTIEPCHH MITH TOJIBKO [10 CPEAHEMY, TO U TOTO MEHBILE).

Koneuno, mogo6HOe HPAMOE CpABHEHHME HE COBCEM KOPPEKTHO:
1. TeopeTudeckas HEYCTOHUHBOCTS MOMEHTOB, J@Xe ecw Kpurepuit 3 noacu-
TBIBAETCA MO (haKTHYECKUM JaHHBIM, 1 HEOTHOPOIHOCTD AMITHPHYECKHUX PAMIOB
BHOMMO HE OFHO M TO JKe, XOTSl GE3YC/IOBHO TECHO CBA3aHBl APYT C IPYIOM;
2. Pacuets! B He OBLIH CTATMCTHHECKMMM OLCHKAMH, TO3TOMY FOBOPHUTE O Ka-
KOM-TH0O JIOBEPUTENEHOM HHTEpBale He HPHUXOAMTCS (OLEHKH e HEeOMHOPOA-
HOCTH PANOB NpoBefeHbl Ha 5 %-M ypoBHE 3HauHMocTH). M TeM He menee (akT
HAJIMLO: CYWIECTBYIOT PETHOHBI C «TYpOYNH3HPOBAHHOMN) (yHKIHEH TUIOTHOCTH
BEPOSTHOCTH C PacIUIACTaHHOH (BMAMMO, MHOrOMOA@IBHOM) BEpLIMHOM, YTO
BBIBOAMT NOJOCHEIE pacnpesiesieH s 3a Kitace KprBbIX IIupcoHa.

Bosnukator Bonpocki: 1. Beerna nu 6acceiinb (cTox) B 3THX peruo-
HAX HaxoAATCs B TAKOM TYPOYTH3MPOBaHHOM PEXHME WM OHH NEPUOAHYC-
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4. Muoroaernuii pegHol cTok

CKH BO3BpAINAIOTCA B YCToiuHBOE OAHOpoAHOE cocTosHue? 2. «KTo» Hecer
OTBETCTBEHHOCTh 32 HEYCTOHYMBOCTE: (hu3mKa GOPMHUPOBAHHS CTOKA Ha ca~
MoM Daccelite («CaMOOPraHH3aI¥sA» ) WIH CHTYaluel YIPaBIsiOT YaCTHYHO
AHQUHUTHBIE (IO oTHOmMeHMo k Gacceliny) mpenMerHele obmactn? 3. Ecin
CHTyal¥sd HEyCTOHuMBA Jake B BEPOATHOCTHOM CMBICIIE, TO YTO IIOHHMATh
oz reorpaduecKoii 3aKOHOMEPHOCTHIO, YTO CICAYeT KapTHPOBaTh?
PaccMoTpuM mOBefieHHME TEPBHIX HAYaJbHBIX MOMEHTOB B PaMKax
TpexmoMeHTHOH anmnpokcumatmi Mogenn @IIK, cooTeeTcTRYyIOINEH MHHEH-

HoMY, pHIBTPY:

dmy [ dt =~ —0,5G)m; + N —0,5G . ;
dm, | dt =-2(C — Gy )my, +2Nmy —3G_zmy +Gy;
dmy | dt =-3(¢ ~1,5G; )my + 3N —2,5G;)m, +3G ym,.

HeycrodumBOCTh 3aBHCHT OT COOTHOMICHMS Mexay ¢ u G . Copa-
HIMBaeTCA, OTKY/Ja MoABAseTCH WX BapeupoBanme? IlapaMerp ¢ yuuTEIBaeT
cpenHue (B CTATUCTHYECKOM CMBICIE, 4 He 0043aTellbHO BO BPEMEHHOM) I1o-
Tepu Ha ucIapeHue (C ) ¥ ero BapHanuy (HanpuMep, BHYTPHTOJOBbIE Kole-
Gapus 33 CUYeT TeMIepaTypsl), UHTepHpeTHpyeMble kak GeNmsli mIyM ¢ uH-
tencuBHOCThIO G;. Ho TeMmmepaTypHble M3MEHEHHS OINPENEIIOTCA B OC-
HOBHOM ITIOOANBHEIMH IIPONECCaMH (BKTIONas B3aUMOACHCTBHE aTMocdeph
¥ OKeaHa), a He JIOKAIBHBIMH COCTOSHHEM KOHKpeTHOro GaccefiHa (X0Td H
3To oKasbiBaer sausHue). [TosTomMy OyaeM cauTarh, 9T0 ¢ UCIBITHIBAET AOM-
TOBpEMEHHEIE TIEPHOIUYECKHE M3MEHEHN, a G; — NocTosAHHas. Moo pac-
CY:KIaTh M IO-HPYroMy: ¢ — MOCToAHHadA, a G; — MeHderca. [marHoe, 4TO
CYINECTBYIOT IPOMEXYTKHM BPEMEHH (310 MOTYT ObITh M CTONETHH), KOTAa
G, << ¢ , HO MOTYT ObITh ¥ TaKie HHTEPBAJILI, Ha KOTOPLIX ¢ ~ Gz . Torma

HMeeM CHTYanmio, m300paseHHyro Ha puc. 4.10. Ha narepsane (¢, — 1) pexum
CTOKA IaMHHAPHBI (B CMBIC/E: OFHOMOIAILHEIA ¢ YCTOHYMBBHIMH Ha4ab-
HEIMM MOMEHTAMHM B paMKaXx cemeiicrea kpuBbiX ITipcona), a Ha uHTepBaie
(ts — ;) IposB/IAETCH TEHAEHIMA K HEYCTONYHBOCTH, HanpHMep, TONBKO IO
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4.1. TypOymmzauus reorpagyueckux 3aKOHOMEPHOCTE

TPETHEMY HITH €HIE M [10 BTOPOMY MOMEHTY (1 ne ofsizaresibHO 110 MaTeMaTH-
YECKOMY O’KHJIAHHIO, CM. pHC. 4.10), T. e. perxuM cToKa «TypOynusyercay.

OTBETCTBEHHOCTS 3a 3TY TypOyNM3aLMIO HeceT He I[OLCTHUIANOINAs
NOBEPXHOCTh, 4 HM3MEHYHBOCTh BCEM KIIMMATHYECKOH CHCTEMBI: 3TO OHa
(ctBon nepesa Ha puc. 1.1) Tpicer Berku (GacceiiHsr), IPOTHIKAOIIME pa-
HMOHAIM3UPOBAHHYIO IIOCKOCTS. BonocOophl e HUKAaKoH caMOCTOATENE-
HO# aBTOKO/1e0ATENbHOM aKTHBHOCTH HE HMCIOT (XOTA H HEe HCKIIIOYEHO, UTO
HexoTopele GacceliHpl ¢ GONBINMMH BOJOCOOPHBIMH IUTOMAJAMH U MMEIOT
COOCTBCHHBIM pelepTyap MOBEJEHWUS CM. MPAaBBIl KOHEll PelyKUMOHHOM
KpHBO# B 06J1aCTH MOJI30HANBHOCTH Ha pHC. 4.7).

Yro e B TAKOM CiIyyae KapTupoBaTs? EC/u peys MIET 0 HECKOIBKUX
JeCATUIICTHAX, Ha MPOTHKCHUY KOTOPBIX PEXUM CTOKA B CTATHCTHYECKOM
CMBIC/IC Ha OTIPEIC/IEHHOM ypOBHE 3HaYMMOCTH OAHOPOACH (CTALMOHAPEH),
TO KapTUPOBaTh HAJO TO, YTO KAPTHPYeTCH U celyac (IepBhIe TPH MOMEHTA).
Ecmu xe paccMarpusaTthk Gonee JAJTUTEABHBIC IICPHOABIL, TO KapTHPOBATh HAlIO
XapaKTePUCTHKH TOH CTAaTUCTHYECKH YCTOHYMBOHN Cpefbl, BapHalllK KOTO-
POi BBI3BIBAIOT HEYCTOHIUBOCTS CTOKA. 3TO MOTYT ObiTh, HANIPEMED, Xapax-
TEPHCTUKH BBIOPOCOB THIIA TPOJOIDKUTENBHOCTH M 4acTOTHI HPeORIBAHHUA
KIMMaTHYECKO# CHCTEMBI (BUIMMO, TEMIIEPATYPHOrO PEXHMA) B pexuMe
¢ = G;.Ecnu xe BCTATh Ha TOUYKY 3pEHHS «OPHLMANBHON» HAYKHM («KHOT-

CKHX COTJIALIEHHA» U T. M.), TO KapTUPOBaTh BpoZe Obl H HEUEro: COLUalib-
Has cpefia YIpaB/IseT IWINMATHIECKOM CHCTeMOH, BEIROAA (VK BBOJA) €€ U3
PaBHOBECHOTO COCTOSHWUA. AJIbTEPHATHBHAA JKe TOUKA 3PEHUs, H3TIOXKeHHasL
B pabore [72], y 0deHs «OOHAHA» JUIT METEOPOJIOTOB ¥ OKEAHOJIOTOR, a U
BooOWe Juis 3[paBoOro CMBICHA:

peuHble OaccefHbI, 3aHUMAIOIUHE /7| 2 |
TOJIBKO 4acTh CyIIH (HaJo HCKINO-
YUTH ITyCTBHIHY, ITONSpHbIE 001aCTH
H T. I1.), KOTOpas caMa-TO 3aHMMAeT
TONBKO TPETh MOBEPXHOCTH 3EMHO- 40l 4
ro 1apa, OKasbBaercs MEnaroT 5

|
«rnobaneHylo rorony». He 1o .4t » J/\

S0t

sl

e et

«Cenpke wmamnka»: Bce-Taku 94 % . \// \
runpocepsl mpuxomures Ha Mu-  osh R e Y P

5 e 44w 6 1z 800 1000 t
POBOIt OKeaH, a IOYBEHHOM Byard — 2"
Ha HECKOJIBKO ITOPSIKOE MEHbIIE,

Puc. 4.10. X «rypbynusanuu» peMHOro croka.
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4. MHoroseTHail peYHOH CTOK

MOXXHO MpPeVIOKWTS HAIVIAAHBIA MEXaHHYEeCKHi aHalor CHTYaLuH,
OpPUBOAANIEH K  HEYCTOMYHBOCTH  BEPOATHOCTHBIX  paciipelescHuUit
(puc. 4.11). 13 emroctu () mapuky («ocaxu») HONAAIOT HAa HOBEPXHOCTh
«bBacceiitay (2) ¥ B 3aBHCHMOCTH OT YTJIa HAKIOHA (MMUTHPYIOIIEro Ko3d-
(UIHEHT cToKa) IIacTHHKA (3) NPOUCXOAUT pasfielcHHe «OCaAKOBY Ha CTO~
KOBy:O (DOHajarolnylo B «Bojoem» (4)) M HCHApHTENbHYIO (YXOIAUIyIo B
oTBepcTHE) cocTapimouue. [loTepn Ha mcHapeHHe 3aBHCAT OT mapameTpa
¢ =1/kt, BIugONEro Ha pazMepsl HCIApUTENbHOH mpeaMeTHOH o6nacTw
(5) # caMoro 3aBHCALIEr0 OT HHEPIMOHHBIX CBOHCTB OacceifHa T, KOTOpBIE
HUMHTHEPYIOTCS B OCHOBHOM Maccoil (FUIH JKeCTKOCThIO) minacTHHE! (3). B ye-
TAHOBMBIIEMCS PEXKHMe (KOJIMYECTBO IIAPUKOB, TIOCTYNAIOLMX B «OacCeHH»
B €MHHILy BPEMEHH, HE MEHAETCS; PARIYC OKPYKHOCTH (J) — IIOCTOSHHBIIH)
napameTp T He urpaer poim (JeiicTByer anrebpamueckoe 6anaHCOBOE COOT-
Houmenne: kX =0). Ecnu ke OKPYXHOCTh CHeNaTh HEpPOBHOM, KaK Ha
puc. 4.11, 6 (BBecTH «Genblif OIymM»), TO O MEPE yBENMYEHMA CKOPOCTH €e
BpaIeHAs 32 CHUeT HMHEpHUM IUIACTHHBH (3) IIOSBUTCS CHCTEMaTHYECKOe
YMEHBIICHHE €€ YITIa HAaK/IOHa, T. €. YBEIMYeHHe NHHAMHUUecKoro kosddu-
LUMEHTA CTOKA (T. €. QUHAMMYHOCTH IpoHecca), 4TO M MPUBEACT X MOTepr

a)

Puc. 4.11, Mexanuseckan HHTEPIPETALHA RHHAMAYECKOTO (@) H CTOXaCTHYecKoro (6)
PEKHMOB PEHHOTO CTOKA.
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4.1. TypGyausaims reorpadHeckinx 3aKoHOMEpHOCTEH

YCTOHYMBOCTH MOMCHTOB PacHpeefiCHHU.

TosBneHue anauTUBHOro mMymMa N MOXHO MMHTHPOBATH BAPEMPOBa-
HHEM [OJa4H [MapHKOB U3 eMKOCTH (I), a B3aMMHAasd WHTCHCHBHOCTH Gzﬁ

TOABATCA aBTOMATHYCCKH: [IPH MONOKMTENBHON (uykryaun N (yBenuue-
HHM YHCJa IAPHKOB) ITONACTh B OTBEPCTHE GYIET COKHEES, YEM B «BOHOEM»
(4), T. €. KO3 PULIHEHT CTOKa yBEITHIUTCA ( Gzﬁ <0, Cy > 0 — o6piuHas cu-

Tyauus ansg teppuropun 6uiBiiero CCCP). Ecnu e «apipka» Wit ucnape-
nua Gonbluas, TO yBEnWueHUe OCaAKOB MOXKET NONUTH Ha yBEIUYCHHE UcTia-
peHus, T. . yMeHblueHHe Koadduimenta croka (G5 < 0, C; < 0 — Takas

CHUTYaLWs TaKXe HMEET MECTO; HalpuMep, N0 JaHHeIM pabotel [35] mu3 137
HCCNICAOBAHHBIX PEK 3eMHOrO 1apa 14 % uMeroT OTpHIATENBHY aCHMMET-
puio). OxpykHocTh (6) MMuTHpyeT neiicTeue Goee «MeNICHHOU» npen-
MeTHOH obnactu (HanpuMep, npoliecchl nepebpoca KINMAaTHYECKOH CHCTe-
MEI U3 OJHOr0 YCTOHYMBOIO COCTOSRUA ¢ rtobanbHoll Temneparypoit = 14 °C
B Apyroe ¢ — 7 °C ¢ nepuonom 10*-10° ner).

SIcHo, YTO TMpPY HANMYHH WEpapXuyl TPeAMETHBIX obnacTe maMuHap-
HBIE NePHO/ABI OYAYT CMEHATECA TYPOYICHTHBIMY B peyKUME rUKKep-1uyMa:
BCEria MOMKHO OKHIATb HACTYIUICHHS eme Gonee nauTenbHoil naMHHapHOM
thasml.

4.2. Paciiupenue ¢a30Boro mpocTpancTBa MoAe M
(hOpMHEPOBAHNS PEIHOI'O CTOKA

HeycroifunBocte mpouecca ¢oOpMHpOBAaHHS CTOKa, OIMHCBIBAEMOrO
OHOMEPHBIM pacripeneneHuem p((), CTAaBUT 3aiaqy MO NPUBJICYEHUIO J10-
TIOTHUTENBHEIX (Da3OBBIX NMEpeMEHHBIX, PaclIHpeHHIo (ha30BOrO MPOCTPaH-
cTBa. B peunom OacceliHe MOTYT ieHCTBOBATD Pa3IU4HbIE THUIIBI B3aUMOJIEH~
CTBUA MexNy (pa3oBbIMM nepeMeHHsIMU. IIpH roxoBOM OCpeflHEHUH ypaB-

HeHWe BojHoro Oananca umeer Bug X =Q + E + AU , 1. e. ocralorcs TpH

B3aMMOJICHCTBYIOIIMX IIEpEeMEHHBIX, [ipuyeM pacxon Q u ucnapenue E xoH-
KYpUpPYIOT 3a pecypc X, a u3MeHeHHe 3amiacoB Biiard B mouse AU (omHo
MOXKET BXONHUTH B YpaBHEHUE OaaHca U ¢ IUIOCOM, i ¢ MHHYCOM) BEJIET Ce-
651 Gostee «IKIOTHUECKUY.
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4. MuoronerHuli pedHo# CTOK

T'upponorn MHTEpeCYIOTCa B OCHOBHOM pacxojoM BoAbl. CroxacTu-
gecKH 00000Ian THHAMUIECKYIO MOJIENb

dQ/qt =11 ky1))0+ X Iy, 4.9)

npuxonuM k ypaeHeHuto OITK u cemelicTBy kpuBbix [Tupcona (ero crauuo-
HapHoMy pemenH0). Ho ananormuHoe ypaBHEHHE MOXKHO 3alMCATh M JJIA
HCTIApCHHS

dE!qt =—(U bzt )Q+ X /g, (4.10)

e k; =E/X — koahdULMEHT HCTIapeHus; T, — BPeMs pellaKcallik ucma-
purenbHOM emroctr GaccefiHa. Croxactuyecku 0000uias 3To ypaBHEHHE,
npuxomum K ypasrenmio OIK wis p(E) ¢ xosddunpentamu cHoca 1 ud-
bys3mm:

4y =5 —0,5G; )E - 0,5G, 5, + Npg;
By =Gy E' ~2G, 5 E+Gy,

rne G,

Ka 9TO0 YMO3PHTEILHOE Hpe/NoIoKeHie) Ko3hhHIHEHTY aCHMMETPHA A
pacupenencens p(E). ‘
Hoxa G,, <<c¢; " ¢y >> G,Q , 00e mpeMeTHBIe 06J1aCTH (CTOKOBaA U

Vg Gonnine (BHAAMO) HYJA, YTO TPUBOJUT K OTPHUIATEIIHLHOMY (T10-

HCTIapyTe/bHAas) MOIYT PaCCMAaTPHBAThCA HE3aBHCHMO JPYT OT JpyTa, HO B
CITydae OTCYTCTBHS CTAIMOHAPHBIX PACTIPENEICHHH HX HaJI0 PaCCMaTpPHUBATH
coBMeCTHO. YumthiBad, ut0 ko =Q/NQ+E+AU), ky=ENQ+E+AU),

ypasuenus (4.9) u (4.10) MOXHO 3aIHCaTh TaK:

dQ/dt=—(Q+E+AU)/ 1y +X/1p; 4.11)

dE/dt=—~Q+E+AUY 15 + X /1. (4.12)
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4.2, Pacum| YCHUE g}aBOBOI'O NPOCTPAHCTBA MOIEIN QOQMHQOBEHI/M PEYHOro CTOKa
Beenem B (4.11) u (4.12) mymsr:

dQ/dt =—Cp +E,XQ+E +AU)+ Ny + Ny ; (4.13)
dE/dt=—~(c; + Sy NQ+E+AU)+ N, + N,. (4.14).

Koaddmumenramu ¢, =cp +Cy M ¢z =Cg +C; YIHTHIBAIOTCA Ba-
pHaumH T, M T, & TAKKe HEYYTEHHOTO (BHO) BIMAHUA APYruX GaKTopoBs
($OpMHPOBaHHA CTOKA, XOTS B IIEPBOM NPHOMMKCHHH MOXHO JOITYCTHTE,
IO Ty Ty~ 1, Copmcp~ 1. Benmmuamu ﬁo uN £ YUHTBIBAIOTCS Bapua-
UM BHEIHUX Bosnencmnn (B mepBoM NPUOAWKEHUH, BUAHMO, MOXHO JO-
TIYCTHTE! N ~N R G~ ~Gy ) KOTOPEIC KOPPETHPYIOTCH C Co uc, (ue

TOJIBKO M3-32 TOr0, YTO B HWX BXOJAT NMapaMeTphl 1, U T E)‘

bornee coxHas cUTyauma ¢ TpeTbei (Ppa3oBoil mepeMeHHON — u3MeHe-
HHEM 3anacoB Bompl B nouse AU . Ora BenuuMHa 3HaKONEpEeMEHHas, NpH-

YeM 3HaK OMpenciieTcs CyMMoM X- Q- E . Ecnu nmocrynawomue B Oac-
ceifH pecypcst (X ) 6onbimue (X >Q—-E), 10 AU <0; B IPOTUBHOM CITy-
yae AU <0 . ITosToMy nouBo-rpyHThl GacceiiHa UrpatoT poiib CBoeoOpa3HOi

peneiinoii cnengimeil cucTembl, paboTsi KOTOPOH MOXKHO OIMCATh YpaBHEHH-
eM:

d(AU)/ dt =—(c +2)sgn(AU)+ N+ N, 4.15)

rae sgn(AU) — snakoBas ¢yHxima (+1 mpu AU> 0, -1 mpu AU < 0),
a N=X-0-E.

Ilomo6ueie (110 CTPYKTYpe) CTOXaCTHHECKHUE MOAEH UCIIONB3YIOTCA B
TEOPHH aBTOMATHUECKOro perymupopanui. OHY JOCTaTOYHO HOAPOGHO H3y-
yamice B. C. IlyradueBsiM, ero coTpyaHuKaMu 4 yuenukamu. [lapamerp ¢
THAPOJIOTHYECKH MOXHO MHTEPHPETHPOBATh KaK CKOPOCTh HACHIIIeHHs (Win
BOROOT/A4H) NOYBO-TPYHTOB pedHoro GacceiiHa. BusyanesHo xapakrep He-
MMHEWHOCTH WIIOCTpUpyeT puc. 4.12, a, a pacnpeneneHue MIOTHOCTH Be-
postHocTH (tipu N =0) — puc. 4.12, 6 (acuMMETpUs IOPOKNASTCI KOppe-
nsumedt agauTueHoro N U mapaMeTpuHeckoro ¢ IIymoB).
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4. MuoronetHuit peuHolt CTOK

a) o S— o)

—_—lE+e 0l AU

Puc. 4.12. Xapaxrep HenuueHHOCTH (¢) ¥ pacHpeneNcHys MIOTHOCTH BEPOATHOCTH (6)
ans mogenu (4.15).

B cmyuae G,y =0 momy4asoTcs JOCTATOYHO NMPOCTHIE (POPMYIbL U

MaTeMaTHIeCKOTO OXUAAHHA m,; M AucuepcEd D,; B ycraHOBHBIIEMCH
pexume:

myy =(G, +Gp)N (c* -N?), (4.16)
Dy =(G, +Gy)' (@ + N*)/2(c* - N?). (4.17)

U3 dopmyn (4.16) u (4.17) BuzHO, uTo: 1) 3HAK W3MEHEHMS Blaro3a-
nacoB ompezensercs 3HakoM N(f) (HopMa CTaTHCTHYeCKas); 2) eClH Cko-
pocTts Hacblienus Mana (N(f)>T ), To Kak 110 JUCTIEPCHH, TaK H [0 Mare-
MAaTHYECKOMY OXXHIAHHIO B H3MEHCHUY BJIAro3anacoB YCTAHOBHBINUIACS pe-
KHM OTCYTCTBYeT; 3) u3 dopmynsi (4.16) crexyert, 9410 MEXKITy U3MCHCHHEM
BOJHOCTH M BJAro3amacoB cBS3h He opHo3HadgHat. Koadduuuenr
(G, +Gy)c> —~ N*) pasen emummue Tonpko, ecnu G, +Gy=c¢’ -N2.
HuoTtkyna He ciiefyer, 9TO 3T0 PaBEHCTBO JOJDKHO BBHIIOJHATECA Ha IJTH-
TeNHHBIX VHTEPBAaX BpeMeHH, Bo3MOXXHO 3THM MOXHO OOBSCHATH CTpaH-
HOe moBklleHue siiarozamacos ga ETP (oTmeuennoe cotpynunkamu ITH)
TIpH OTCYTCTBHH TPEHIOB ocaikoB (B pabote [72] BO3MOXHOCTE HONOGHBIX
SBHEHHM CBA3BIBACTCA C HEMMHEHHOCTBIO 3aBHCHMOCTH TeNNO(H3MHECKUX
CBOMCTR CYILIH OT €€ BIIAKHOCTH).

Cucreme ypaerenuii (4.13), (4.14) 1 (4.15) cTaTicTIreckH SKBHBANIGHTHO
ypasrerue OIIK ana copmecTHoit motaocTH BepostHOCTH (0, E, AU §):

n . n az By
P __3o4p) 1 0 Bp) @19
at =1 an 2 i,j=1 aQ, aQJ
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4.2. Pacinyupenne {haBOBOFO NPOCTPAHCTBA MOJCAH QQOQMHQOBB.HPDI PEYHOIO CTOKA

roe O =Q; Q,=E; Qy =AU . Koahduumeutst cHoca 4, u nuddysuu B,
ofipepensiores GopMynamu;

Ay =29 —0,5G;, @+ E+AUY=0,5G, . +N;

Ap ==(2; —0,5G,, (O +E +AU) - o,sc;?,;_, N; +N:

Ay =~Cpy sgn(AV) + HAV)G,y sgn(AV) - Gy 1+ N;
By =G, 0" ~2G 5,0+ Gy

By =Gy B ~2G,, 5, O+ Gy

B,y =G, 2G5 sgn(AU)Y + Gy;

BQE = BQAU = By =0.

Ans vero mMpl BBOAMAY HOBBIC dasoskle mepeMenubie: £ v AU? Ytobel
JMKBUAMPOBATE TONCTHIH «XBOCT» (T. €. HEYCTOHYHMBOCTH IO AUCIICPCUH) Y
pacnipenenenus p(Q) . CnenosatensHo, Mbl NODKHBI YGeNUTLCA, UTO pac-

npenenenue p(Q, E, AU, ) uMmeeT TOHKHIE (HO TpEXMEPHBIHM) «XBOCTY (1IN
xo1a 681, uto p(Q, E; {) — ToHkuit jBymepHsif). Jlng 3T0ro Hamo moka-
34Tk, UTO B PACIUIMPEHHON CHCTeMe TIPOLIECC H3MEHEHHs PacXojla YCTOHYHMB
IO «QUCIIEPCUI».

Curauana mpoBefeM YMO3PUTEILHEIE PACCYKACHUA Ha YMCTO KayecT-
BeHHOM ypoBHe. Ha puc. 4.13 npepcrasnen mpuMep ABYMEPHOH MPOSKUHU
dynxumn p(Q, E, AU, 1) (o redepanuy psioB ucnapenus cu. mwke). Ilpu
MIHOPHMPOBAHHH (B BHOM BHJE) WCHApeHMs MbI (aKTHYECKU HPOSKTHPYEM
asymeproe nosie (Q, E) Ha ock pacxomoB. IIpu aToM NPOHCXOIUT CMELleHHE
TO4eKk; «XBOCT» pacnpejeneHus p(Q) «mopHumaercs». [lepexon x mmocko-
cty (Q, E) pasMasbiBaeT TOUKH O Hell, 1 uMeeM JIBYMEpHOE pacripeieneHme
20O, E) ¢ «omymeHHbIM» (HO yKe JBYMEPHBIM) XBOCTOM, T. €. YCTOHYH-
BOCTb 1O AMCriepcHH (a3OBBIX MEPEMEHHBIX. DTO O3HAYACT CKUMACMOCTB
YaCTUMHO HWH(QWHHUTHOH Cpelsl Ui MHOFOMEPHOTO  paclpeieseHus:

div A= 2.04,/8Q, <0 (B cnyuae omHOM nepemeHHol Q) = MOXEM HUMETh
0A10Q 20, uTO ¥ TIPUBOAHUT K HEYCTOHYMBOCTH).
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4. MHoronerHuit pedHol CTOK

a) 6) 6)

20, o, ¢ T

Puc. 4.13. [IsyMepHOe pacnpeReneHue IOTHOCTH BepostHocTH p(Q, E) (a), ero asymep-
Hast (6) 1 OXHOMEpHas (8) NPOCKIMK (CTPENKAMH Ra PUC, 6 YCIOBHO IIOK23aHO TIPOSKTH-
POBalKe SMIUPHYECKUX TOUEK ¢ KoopauHaTtamu (O, £) Ha 0Ch PACXOZOB; PHC. 8 — 310
pesynprar cratucTHIeckoli 06paboTku paga Oy, Oy, ..., On)-
Hcxond U3 IpeACTABICHHEIX BILE BRIpaXKeHHIt g K0a¢hGHIMeHTOB
UMeeM

304,100, =—(cy ~0,5G,)) ~ (€5 ~0,5G,; )~ e8(AU)

(8 xosdrumente A,,; MBI NPOMTHOPHPOBATH IAPaMETPHUCCKHI MIyM).
Jina ynpomenns adasM3a OTPaHHIUMCH ABYMS (ha3sOBBIMM IEPEMEHHBIMH

(@u E) u Oymem cuurats, 9I0: Cp=Cg; Gy, =G, . Torna

> 04, /8Q; =-2(c - 0,5G, ) . C Touxu 3peHHs BHIA KPHUTEpUs MOTEPH YCTOH-
YHBOCTH HUYEro He M3MeHwIock: =G, /c=2. Hou ¢, u G, yxe npyrue
[0 CPABHEHMIO C TAKOBBIMH B MOJIENH ONHOMEPHOro JNuHEHHOro (uibTpa.
JoCTHrHyTh 3HadeHuiA B = 2 yKe 3HAYMTENBbHO TpyAuee. J[eHCTBHTENBHO,
[IPAKTUYECKH YVCIICHHbIE 3HAYCHUS KPHUTEPUS Mbl HAXONWIHM MO HOPMHpO-
BaHHOH aBTOKOPPENALMOHHOH GbyHKUIH r =exp(-¢ +0,5G, )At ;
B=2kInr+2 (rak xax r <1, To HepBOE ciaraeMoe MpaBoH 4acTH Bceraa

orpunarensHoe U § < 2). Paciupus $a3osoe pocTpaHCTBO, MBI YMEHBIIH-
TH T, T. €. YBEJHWwIH k 1 yMeusumnd {3 (Ho 310 yxKe npyroe [3 o cpasHe-
HHIO ¢ ONHOMEpHLIM ciiydaeM). IIpy 5ToM caM XapakTep 5KCIOHEHTHI OCTa-
eTcs TeM e (aBTOKOPPENsIHOHHAS (PYHKIWA HAXOXUTCA [0 PeajTbHOMY psi-
Iy Habmogeuuii u He cogepxuT HH C, HA G,; OHa HMeeT BHI
7 =exp(—aAz), 3T0 Mbl caMH (KOHEYHO, HE MBI, B NPIMOM CMBICIE ITOr0
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4.2. Pacmgpeﬂue gbasonoro NpPOCTPAHCTBA MOACIH QOQMHEOBaHIdZ PEYHOrO CTOKA

ClOB4, & HCHOAb3yeMas MOJENb) CBA3BIBAEM TEOPETHYECKYIO (YHKIHIO
r=exp(-¢ +0,5G,)At ¢ skcepaMeHTaNbHOM, cunTas, uro o =c — 0,5G;),
TaK KaK CKOPOCTS ee Cllajia 3aBUCHT He oT 3, a or pasHocTH — (¢ — 0,5G: ), a
B mer HaxoauM obpaTHEIM NepecyeToM. Ilpeanonoxum ¢ =4 (k = 0,25), a
G, =6. Torma ¢ —0,5G; = 1. YToOBI Ty ke €QUHHMLY NONyUMTh NpH & =1,
Hago urobsl G, — 0, 1.€. B — 0.

Ilpu annpokcumaumyi ypasHenus DK misx p(Q, E;¢) cucremoit
YPaBHEHHH U4 MOMEHTOB MOYKHO MOJNYYHTh ypaBHEHHE NS NUCTIEPCHH
pacxoma Bomel dD,/dt=-2(c-0,5G,)Dy + f (mgy, mg, D, kpp)  (3mech
Mg, Mg — MATEMATHIECKUS OXBMAHNS; Kyp — KOPPENSLMOHHbBIA MOMEHT),
npUYeM, TaK e Kak H B ogHoMepHoM ciydae (p(()), HeycToHuuBoCcTs Oy-
zet npu G, —> ¢, BO JOCTHYE TOTO YK€ CIIONKHEE: H C — «HE TO», H ypaB-
HeHue 1 Do «3aBs3aHOY B CHCTEMY HX NATH ypasHenuit (kg = ky, ). Ha-
IJIAJHO MOJo6HYIO cHTyammio B obIIEeM chydae MOKHO MpPEeJCTaBHTh, Kak
noxaszaHo Ha puc. 4.14.

Cmbich 06beIMHEHNS B TOM, YTo 06Bbe/IMHeHHas (CTOKOBAsS M UCHAPH-
TebHad) NpeAMeTHad o6acTh MCIBITHIBACT MEHBUIC BIHSHUS «MHQHUHUT-

HOM peaNbHOCTH», YeM Kax/Jad U3 HUX B OTHeNbHOCTH (OHM 0be cramu du-
HHMTHBIM 1pOM MHOroMepHoi monens). Eciu Obf kpoMe Hux HHYEro He Gui-

a) ot - 6)
3
E Gy, Gga
N

. co MG Gﬁ‘-
- ' ¥ § o
Gy gt > @ 0y Gy v >

- ~. . PR sl ol T
t i - 4 -

-~ >V~.a.’ (~ )‘ .

-’

-~ - 3

T - - ™ . ——-— ~
- -

Puc. 4.14. MynbTHIVIMKaTHBHO Pa3OMKHYTHIE (@) M 3aMKHYTBIC [0 PACXOAY M MCHAPEHUIO
(6) npeamersie obnacru (M — ckopocTs pocra GHOMACCH, TLYHKTHPOM MOKA3aHbi HEH3-
BECTHBIE, HO MOTEHLMANLHO BO3MOXHBIC NPEAMETHBIE 06JacTy C TeHeBBIMU (HazoBbIMU
IIEDCMEHHBIMH).

137




4, MuoroJeTHui peyHol crox

10, TO CHCTEMa CTalla Obl MOJIHOCTHIO MyJbTHILTUKATHBHC 3aMKHYTOMH, U MBI
nepenuy 651 K HOPMAJILHOMY JIByMEPHOMY pacripesieneHuio p(Q, E) (cum-
METPUYHOMY KONOKOJIBUMKY)), 3aBEIJOMO JINKBUAHPOBAB TOJICTHIH XBOCT.
BooGme Hamo 3aMeTHTh, ¥TO KPUTEpHil yCToHUMBOCTH, KaK ISl Ofl-
HOMEpHOTO, TaK ¥ JJIsi MHOTOMEPHOTO Cliyyas, TIOIy4aioT Ha OCHOBE METOla
(pyukumn) JismyHoBa, pa3pabOTaHHOTO IS ACTEPMUHHPOBAHHBIX CHCTEM
6y3 ciyualinelx BosneHicrBuil. CucreMa ypaBHeHuH mns MOMeHTOB ¢op-
MAaJIbHO HMEHHO TaKOBOH M fABNAeTCA (TaK ke Kak H ypaHeHue OITK: xors
OHO ONKCHIBAECT BEPOATHOCTHBIC PACIPERC/ICHHS, HHYETO CIy4aliHOro B HEM
HET — 3T0 JETCPMUHHCTHYECKOe ypaBHeHue Konsekuuu—auddysum). Ilo-
9TOMY YCTOHUMBOCTB ompeneniercs He abCTpaKkTHRIMH CiIydalHBIMH 10yMa-
Mu, a B nenaom kodbduumenramu (¢—0,5G, ) (ux 3naxamu). ITostomy u
BO3HHKAET HeKast HeOIPEAeNCHHOCTE: H3-3a TOro, YTo (HalpuMep) & U3MCHA-
eTcs B [Ba pasa BOBce He ciefyer, uto ¥ G, Oyner H3MeHsThes B [Ba pasa.
Kaxyio mob3y MOMXeT JIaTh NEpexoX K ABYMEPHLIM pacipe/ielIeHHAM
Ha NpaKTHKe (HapHMep, B CTPOUTENHHOM INIPOSKTHPOBAHHH NPH HaszHaue-
HUM MAKCHMAJBHOrO pacXosia 3agaHHOH obecnesennoctd QOre,)? Ecnu B
paMkax JiuMelinoro dopmupyiomero ¢mibrpa pacxon (e «Opancsa» mpu
bukcHUpoBaHHSIX 3HaueHHIX T, G, U G,y (xoTOphbie jaeT psj Habmoxe-

Hui, €ClM OH CTALMOHAPHBI), TO TEmepk BHIGOp pacxoja HyKHOH obecte-
YEeHHOCTH CTAaHOBHTCA «npobneMoit» (cM. puc. 4.13, 6). Coberrua 1 %-it
o6ecmedeHHOCTH IPOMCXOAT Ha HEKOH HM3ONHHMM, a4 max Oy, COOTBETCT-

BYeT MpOeKIWH Ha ock ( kpaiineli npasoit Touxu m3omuuud (Q, E)y. Hpu
YCTOMYHBOCTH IBYMEPHOTO pachpelelIeH s 3Ta BeJIMUWHA ABJAETCA ORHO-
3HAYHOM, a 3HAYMT, HOpMUpYeMolt xapakrepuctukoi. (TIpy ToncToM xBOCTE
i pacipeneneHns p(Q) NPOUCXOIWIO HapyllleHHe NpejiefbHOH TeopeMbl
S,/ max{xl, Xqs s xn}z const , CUTyaIyisl IOBHCaJIa B BO3AYXE U HOPMHPO-
BaTh IPOEKTHBIH pacxoy| GBUIO HENb34.)

Bce a1d pacCyIeHHS HOCAT TNMOKA THIOTETHYeCKHH (YMO3pHTENb-
HEiii) xapakrep. [Uis Toro 4yToObl OHH CTANH TEOPETHUECKHMHU (T. €. NOIyc-
KAIOIMMHU B IIPUHIIHIIE 3KCHEPHMEHTATLHYIO IPOBEPKY), HeoOXonumo Hali-
TH BO3MOKHOCTh NPAaKTHUECKH CTPOUTH ABYMepHBIe pacmpenenerus p(Q, £)
II0 JaHHBIM HaTYpHBIX HaGopenuil. Ho nepen 5THM Heo6X0UMMO OTBETHTH
€lle Ha OJIWH BOIPOC: TIOMEMY MMEHHO ucrapenue (a He GMoMacca WM Xa-
PaKTepUCTHKA TNOJCTHIAIOMEH ITOBEPXHOCTH  BOZOCOOpOB, HAaNpUMep)
JIOJDKHO PACCMATPHBATHCS KaK OCHOBHOH KOHKYPEHT pacXomy?
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42, PaCH.IEQCHPKC Q%OBOFO NPOCTPAHCTBA MOUCIAH QOQMH[}OB&HKH PEYHOro CTOKa

JUta otBera Ha 3TOT BO-
npoc  HaMM  (COBMECTHO C
E. B. l'afizykoBoii) Oputa oOle-
HEHa Pa3MepHOCTH IMPOCTPAHCT-
Ba BJIOXKEHHS U1l MHOTOJIETHETO
FOIOBOTO CTOKA ETP
(puc. 4.15). Oxazanocs, yYro
JAEHCTBHTENBHO ANd YCTOMYHBO-
ro onucaHus (HOPMHPOBAHUA
CTOKa JOCTaTo4HO 2-3 (hazoBbix
nepeMeHHbIx (x0Ts ObLIM CTBO-
pbl, HX HEMHOTO, Ha KOTOPBIX
pa3sMepHOCTE MPOCTPAHCTBA
BIOXKeHUs Gomnbiue).

Kakag e mnepemeHHas
«boperca» ¢ pacxomoM 3a Bbl-
nasmue ocagku  («pecype»)?

IToxa BPCMEHHBIC HHTCPBaIIbl, Ha KOTOPBIX PAaCCMATPUBACTCS IPOLIECC, MAJIBL

Puc. 4.15. Pacnipenenenme pasMEpHOCTH 1Ipo- |
CTPaHCTBA BAOKEHUS [ rofoBoro croka ga ETP. \

2

(Mecan, rof), 3THX KOHKYPCHTOB MOXKeT OBITH Heckoibko. ORHAKO TIpw fe-
pexXoixe K MHOTONETHMM HOpMaM CTATUCTHYECKH 3HAYMMOE BJIMAHWE HA
thpaxranbHyrO pa3MepPHOCTh OKA3BIBAET TO/IBKO MCMapeHHe (a TaloKe TeMIlte-

paTypa Bo3ayxa) (puc. 4.16). XapakTepHCTHKH HOACTHIAIOLIEH IOBEPXHO-
CTH BJMAHHA HE OKA3BIBAIOT. OTOT PE3YJBTAT HE ABIAETCS HEOMMIAAHHO-
CTBIO, TaK KaK B FHJPONIOTHH XOPOINO W3BECTHO, YTO ypaBHEHHE BOHHOTO
Gananca /711 MHOTONIETHHX HOPM MMeeT BUL: X = E + 0 . OnmHako ucnape-
HMe (TaK e Kak ¥ pacxofi) OT rofa k rogy Oyaer Mewsithes, o0pasys (yeroi-

a)

LX] . . .
o @ see €0 s om e oo

FoTWwT—w P Y

PRIMEPHOCTD N{rBA
anosenns

e soe %W sMmIsse W e Ao

@ a nN W s oaoe

IS

w

N

DpaKranLHaR PAIUBIHOCT

3

20 49 &0 80 100
anecennoct, %

Puc. 4.16. Buusuue Ha (hpakTanbHbIE PasMEPHOCTH 3AIECEHHOCTH (aHANOrMYHO 3a60/104CH-
HOCTH, 03¢pHOCTH) (@) 1 McnapeHus (aHANOTWIHO TeMieparype Bo3xyxa) (6) (mo ETP).

ase s6e ss¢ 800 &s0
Mcnapenns. ma
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4. MHoroneTsuit pedrol cTox

ent 000600500 YUBYIO WIH HEYCTOHYHBYIO)
/ 7/ CTATHCTUYECKYIO  COBOKYII-
’ /7 /7/ - Hocts. Ha wHTEpBanax spe-
i W MCHH, Ha KOTOPBIX YMECTHO
P27 ’ P
0 e ynorpebaTe  KIEMaTHue-
- /
o 200 B CKYIO TEPMHHOJIOTHIO (He-
Sy s T—— .
@] T ' CKOJIGKO [JAECATIIICTHH), Ba-
RS TS0 s W W w25 0 1° pranpK CTOKAa H HMCIApeHHs

CO3JarOTCH 3a CYCT 0CaaKoB,
Puc. 4.17. I'paduk 1ns pacyeTa rof0BOrO MCIIAPEHMS TEMIIEpaTypbl, 32MaCOB BIIArH
(Mm/rox) mo cpemuerogoBsiM Temmeparype (7°C) u B [IOYBO-TPYHTAX.
BIZXHOCTY BO3NyXa (e M6ap). Kak monysurs MHoO-

rojieTHuil psAx rOHOBBIX HC-
napenunit? [IpsaMsle u3MepeHus 3TOH THAPOMETEOPONIOrHYECKOR XapaKTepu-
CIMKH He NPOH3BOAATCH (3a MCKIIOUCHHMEM SITH30AHYCCKHMX HabGmoaexwuit
WM CHCTEMaTHYSCKHX H3MEPCHHM Ha SKCIIepHMEHTAIBHEIX BOJOCOOpaXx,
HampuMmep Ha Teppuropnu Baipalickoil nabopatopun). OIHaKO CyIIECTBY-
I0T 3MOMpHYEcKHe (OpMyNbl, CBA3BIBAIOIHE HCIApEHHE C TeMEIepaTy-
poit u BraxHocThio. EcTh pexomenpamvm (cM. [55]), mone3ysck KoTo-
pBIMH MOKHO CreHepHpOBaTh AN FONOBBIX HcHapeHuil. B uacTHOCTH,
ApeAIaraeTcs ONpeNeNaTh HCHapeHye Io TeMIIEPAType H BIAXHOCTH BO3-
Jyxa, U3MEpAeMEBIX Ha CYINECTBYIOMEeH CeTH METeOpONIOrHYECKUX CTaHLuiA
(cM. puc. 4.17).
B 2THX peKOMEHTalHAX €CTh «TEMHEIE IISTHA», HO Ha CeroAHIIHUI
JEHD 9T0, BHIMMO, eJUHCTBEHHBIH CIOCOO MONyweHus MyCTh M HE COBCEM
HHCTPYMEHTAIBHBIX, 4 TONBKO PACUCTHO-HHCTPYMCHTAIBHBIX, SMITHPHUCCKIX
pimoB ucnapenus. Vcnonb3oBanue NOJOOHBIX PEKOMCHAALMH Ha TIPAKIUKE
I0KAa3bIBAET, YTO 32 HeGOMBUIAM HCKTIOHeHHeM (=~ 10 %) nony4arorcsa JOBOIb-
HO DpasononoGHbIe 1ubpsl 6anadcop (MpumMep NpuBeaeH B 1a671. 4.2).

B ofmeM cirysae, Korja HeoOXOZMMO W3y4yaTh M MPOTHO3MpPOBAaTh
3BOJIOLHIO (HOPMHPOBAHMS CTOKA Ha JOOBIX BPEMEHHBIX HHTEPBANAX, HAJO
yMeTh CTPOMTH dMImpudeckue «exukm p(Cy, Oy, ..., O, ...). Ilpu ocpen-
HEHHH TAKOr0 MHOIOMEPHOrO CIIy4aiiHOro mpouecca no $ha3oBuM nepeMeH-
HBbIM, OKA3HIBAIOIMMM BJMSHUC Ha HMHTEPBaNAX BPEMEHH MHOIO MCEHBIIHX
CKIIAMATHUECKOTO HHTEPBANiay, IPUXOMUM K ABYMEPHOMY PaCHpEHCICHHIO
(0, E), npumep KOTOPOTro npencTarieH Ha puc. 4.18 (pan Henaperuit renepu-
POBAJICA M0 M3JIOXCHHOH BhIIe MeTomuKe). [losy4denne nopobHbX pacnpere-
JICHUM aKTyaJbHO Kak Ul MakCHMAaTbHOFO CTOKA (KOTOpBiii HMCTIOJE3yeTcs B
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4.2 Pacivpenue $a3oBoro npoctpancTsa Moaeny GOpMUPOBAHUS DEYHOrO CTOKA

CTPOMTEIIbHOM ITPOEKTUPOBAHNHM), TaK
Y Uil MMHHAMAJIBHOIO CTOKa (SBIISIO-
IIErocs JIMMHTHAPYIOWMM Ui MHOTHX
BOJ03aBHCUMBIX OTpacieil SKOHOMHKH
H 5KOJIOTHH).

CnemaeM ogHo 3aMevaHue. Jns
9ero HCHOIB3YIOTCS CTATUCTHYECKHE
Meromel? s ynpomreHHs ONMCaHUs
(a 3HauuT, U ynpaBneHHs) MpoOHEcca:
BMECTO TOro, 4TOOBI OTCIIEKHBATH
KblH HHIMBUAYATIBHBIA PACXON (B pyc. 4.18. I'crorpavma aByMepHOro
pally MX HECKOJBKO HECATKOB), MH-  pacnpencrenus p(Q, E), p. Cyxona ~
GOpMalMI0 0 HHX «CBEPTHIBAIOT» B I ToThma, F'=34 800 xa’.
BEPOATHOCTHOM  paclpefelieHul U
ONEPHPYIOT TOJIHKO HECKONBKAMH YHcHaMH (MoMeHTaMu). Tlpu HeycToifuu-
BOCTH N0N0GHAA CBEPTKA (TONBKO OJHHX pacxofoB) He cpabathiBaer. Ilepe-
XOZis K AByMepHOMY pacnpenencuuio p(Q, £) u Haxescs Ha ero ycroiiuu-
BOCTH, MbI (haKTHIECKH OJJHOBPEMEHHO «CBEPTHIBAGMY» HH(OPMALMIO C JABYX
CMEXHBIX IIPeIMETHEIX o0OnacTei (CTOKOBO# U HcraputeibHoi). TeM caMbiM
MBI 3aMEHAEM HEHTpanu3M KOHKYDPEHTHBIM THIIOM B3aUMOZEHCTBHA HMCIa-
peHus U pacxona. CHuTyanus cTaHoBuTCcA Goree PUHUTHOM M CTATHCTHYECKH
ympasngemoif. Ho camu ynpaBisronue Bo3feHCTBUS HOCAT yKe Apyroi ka-
YECTBEHHBIA XapakTep — 3TO BEPOATHOCTHBIE MOMEHTHI YK€ ABYMEPHBIX
pacrpenencHu.

IosTopum, uro yder BTopoi (a3oBoii nepeMEHHOM He HOPMaIM3yeT
pachpeneneHue. OTO IPOUCXOANT IS JIUHEHHBIX MOJIENel, eClly HTHOPHpPO-
BaTh BIUWAHHE APYTHX (CKPHITHIX) IEPEMEHHBIX, CO3IAIOLUMX MYIbTHILUTHKA-
THBHBIC HIyMBI, KOPPEJHMpYIOIIMECS ¢ IIyMaMHl ocaixoB. B obmem cirydae
HEN30€KHO NOABNICHHE ACHMMETPHH 1, BO3MOXKHO, MHOIOMOIAIBHOCTH.

O6paTtuMca K cHCTeMe MOIYJIAUMOHHBIX Mogenei (oM. m. 1.2), pac-
CMOTPEB TOJIBKO pacxol (J M HHTEHCUBHOCTE UcnapeHus £

p-90__©+50 of
dt w, W,
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4. MuoroaerHuil peYHOH CToK

_dE__(Q+EF EX
Cdt Wy Wy

(3nece Wy u Wi — KOHCTAHTEI).

Tabnuya 4.2

TonoBbie Bojubie Ganancet (Cynocrs — Iorap, Fy,. =5 180 km?)*

Cr. 0ay6 Cpeasee ucna-
To, Caott croka, Temme] Brana CT. ‘gﬂﬂinoﬁ H Ocaman, | Hepaska,
8 MM t fgfy i Mﬁom’ m%%qu, e MM
MM

1951 142 5,7 8,2 472 483 —131
1952 100 5,2 8,1 480 696 116
1953 130 5,1 8,5 515 515 —130
1954 84,0 5,2 8,7 541 577 -48
1955 78,5 5,5 8,0 454 487 -46
1956 121 3,8 7,9 476 673 76
1957 136 6,1 8,7 513 612 -37
1958 186 5,3 8,4 489 650 -25
1959 104 5,7 8,1 446 465 -85
1960 108 6,2 8,4 472 474 -106
1961 71,2 6,3 8,6 476 474 =73
1962 150 5,8 8,6 503 700 47
1976 83,4 4,5 7,6 421 588 84
1977 84,0 5,5 8,6 497 653 ° 72
1979 139 5,6 8,1 446 643 48
1980 183 4,9 82 487 781 111
1982 155 6,3 8,5 472 569 ~58
1983 149 7,0 8,8 480 556 -73
1984 90,7 5,7 8,4 469 613 53
1985 145 4,1 8,3 502 675 28
1986 139 5,8 8,4 474 617 4

* Tamuua cocTaBiieHa acnMpaHToM kadeapsl Tuapodmsuxu M rumponporsosos PITMY
®. J1. ConoBbeBbIM.
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4.2. PacmupeHue (pazoBoro npocrpancrsa Moo GOpMUPOBAHMS PEYHOI0 CTOKA

Puc. 4.19. BudyprauHOHHEE AHArPaMMbI IPY PA3IAYHBIX COOTHOWICHHSX MEXKAY €MKO-
CTAMH HpEAMETHBIX obnacreli: a) Oy >> Ey; 6) £y >> Qy; 6) Eo = Oy,

azoBEle  TMEepeMeHHBle  TOPMO3AT  pOCT  ApYT  Jpyra
(0Q/E=-0/W, <0, OE/100 = —E/W; <0),T. . MMeeT MeCTO KOH~

KyPEHTHBI THUII B3aUMOAEHCTBMA.
Iepeiinem k cucteme 0TOOparkeHUIL:

Oin =—(Q; +ENQ/ Oy + X0,/ Qy + Qs
E,, =—Q, +E)E,/E, + XE,/ Ey +E,.

Budyprauponnsie mapamerpst ((X —~E;)/Qy u (X - E,) ca-
MH 3aBUCST OT TeKYHMX 3HaueHHH (a3oBEIX Inepemennsix. Haubo-
Jie€ XapaKTepHeie pEIMEHWA STOH CHCTeMBI OTOOpakenuil npeacTaBlie-
HH Ha puc. 4.19.

Kak sugno w3 puc. 4.19,8, |
OpPY OAWHAKOBBIX CEJIEKTHMBHEIX WUEH- ,,
HOCTAX (EMKOCTSX UpeaMeTrHmiXx 00-
Jlactelf) ONHOMONANLHBIE paclpejene- -
Hust BoOOINE MOrYT MCYE3HYTS.

Taxum oOpasoM, mnpuBledcHHE =
UCTIApUTENbHON TpeaMeTHOM oOnacTu
MOJKET JaTh He TOJBKO HOpMaiu3a-
U{I0 [JBYMEDHBIX DPachpenesiesuii, HO py. 420, dasossii AOPTpET TpH yac-
H CaMBIC 3K30THYCCKHC  CHTYAaLMM TtuuHOM NMHcapH3alMu ABYMEPHOH Mo-
TADA TOMMMOJaNbHOCTH (puc. 4.19,6) memu.

E

[K] 18 3 17 [X] [
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4. MuoroneTHuit peuHoit cTok

HITH JBYXMOIAIEHOrO
asrokoseOarenpHoro  pe-
KHMa, BOBHUKAIONIETO

OpH YaCcTUYHOH  JIMHeapH-
3aIMM  MONENIM M3 JBYX
YpaBHEeHHH (HanpuwMep,
NHHEeapH3a UM ypaBHe-
HUS [0S MCTapUTENLHON
npegMeTHOR obtac-
Puc. 4.21. Tloreumpar (a) u coorserctByiomas eMy TH: E, =—(Q, +E,)}/1; +
[IOTHOCTL BeposTHOCTH (6). X /TE +E,; A= 1)

(cm. puc. 4.20).

[locTeneHHO mpolece BRIPOXIASTCA B JBYMEPHYIO JIE€NbTa-(QyHKLIHIO
(O, E)y = Q- Qo E —Eg). Beencnue BHEIUHNX aJUIMTHBHBIX — [ITyMOB
Jenaer ee pasMbiTol (puc. 4.21).

CrarucTika TaKMX MHOIOMOJAMbHBIX MHOTOMEPHBIX pacTipenerieHHiH
TpeOyer OrpoMHBIX psnoB HaOmoneHuH. Ecim ux GpaTs Ha BOOPYKEHHE
(w1 onpeneneHns pacXoa 3aaHHOA 0DecrieueHHOCTH), TO, BHAMMO, HAlo
paboTaTh TONBKO C «XBOCTAMH», KOTOPBIE XapaKTepU3yeT MHUCIEPCHI.

4.3. OnTHMANBHAS CeTh THAPOJOTHICCKUX NOCTOB
B YCJAOBHAX pacHIapsomerocs $¢a3oBoro MpocTpascTea

Hmwxe [enaeTcs NOMBITKA HPEACTABUTH MPOGISMY ONTHMM3ALUM
OCaZIKkOMEPHON M CTOKOBOW CETH B paMKaX €IHHOTO METOHOJIOTHYECKOro
NOAXO/A, OCHOBAHHOIO HA KOHLISTHH YaCTHYHO MHGMHHTHBHOTO MOJE/H-
posanus. CeTb IOCTOB — 5TO CBOEOOPa3HbIE (IITHOHEDY, IHIOTHOCThL U MECTa
PACIIONIOKEHUS. KOTOPHIX AMKTYIOTCH He aOCTPAKTHBIM JKEJNaHHeM 3HaThb
«Bce» 00 0OBEKTe, a TaK Ha3hBaeMOW NMpeaMeTHOH 061acThio, KOTOpas Bhi-
JenseT B MHQUHATHBHON IHIPOMETEOpPOIIOrTIeckoil cpeme Habop ocMbic-
JIEHHBIX PALOHATH3HPOBAHHBIX IPECTARICHUH (MOENb), IMEFOIHX NpaK-
THYECKOoe IIpUMEHEHHE.

B kadecTsBe Taxkoil MOAENH WUCHONL30BaHO ypasHeHHe Dokke-
pa-Tlnanxa—Konamoroposa, KOTOpOe OIMCEIBACT (POPMHPOBAHHE PEUHOTO
CTOKA W COIEPKUT B KaueCTBe «BX0Ja» METEOPONOTHHMECKHE M aH-
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4.3. OnTuManeHad cerb THIPONOCTOB B PACHIMPAIONIEMCS gb%OBOM NPOCTPAHCTRE

TPONIOrE€HHEIE YHPaBIMIOUMe BO3AeHcTBrsS Ha BogocGopsr. Omupasch Ha 3Ty
MoZeNb, yAAJIOCh TOMy4uTh Gonee obiye (UeM CymecTBYIOLIHME B HACTOS-
UICe BPeMs) KPUTEPHHM ONTHMaNbHON peXKUMHOM CeTH M HAMETHUTH IyTH
JanbHEHINEH 3BOMIOLHH METOJOJOIHH ONTHMU3AIUH.

CyMMmapHEle 3aTpatsl Z Ha COfIepyKaHHMe OCAIKOMEPHOM H CTOKOBOH CeTH
CKJIAZBIBAIOTCS W3 3aTPaT Ha COOEp/KaHue IIOCTOB HabmoNeHuii ¢ ¥ YOBITKOB
HapOMHOTO X035HCTBA OT He3HAHHMs THApPOMETeOpoNioruyeckoii cutyarwmu L [17].

TlpumeM ¢ = cooVoe + CoxlVer, THE No , Nor — INIOTHOCTE OCaIKOMEPHOM
¥ CTOKOROM CETU COOTBETCTBEHHO (T. €. KOJHYECTBO IYHKTOB HaOrOAEHUH
Ha 33JJaHHOM BOAOCGOpE IUIOMWANBIO F); Cops Cor — CTOMMOCTE COREPIKAHMA
KKAOTO ITyHKTa. 3HaHUE THIpOMETEOPONIOFHYECKOi CHTYalHK GyIeM ome-
HUBATh [NOTHOCTHIO BeposTHOCTH p(O(F)). Toraa nerounocts uubopMaiun
0 BEPOATHOCTHBIX XaPaKTePHCTHKAX OJOBOro CTOKa ompejensercs: 1) pac-
xX0xIeHNEM GaKTHIECKHX Py (TEOPETHYECKHX) H SOMIUPHUYESCKHX p, GyHxumii
pacrnpenencHusd, OUSHUBASMbBIM JIOKANLHON WIIM HBTerpaibHON METPUKON Ha
vHtepsaie I yier nabmozenuil (Tvna xpurepuer cornacus Konmoroposa
v ITupcona) pr(py, ps), ¥ 2) yOuiaromeii GyHKIell 4icia CTOKOBBIX HO-
CTOB, HaOMOACHMAMHE Ha KOTOPBIX . amnpokcumupyercs (axriueckoe mone

peusoro croka fy_(P(Pg, P>))- AHATIOTHYHEIE OLEHKH IPUMEM H U TOJ0-
BBIX CYMM OCafkoB. Torzia SKOHOMHUECKHE TIOTEPH, CBA3AHHLIE ¢ HEJOCTa~
TOYHOM IUIOTHOCTBIO THIPOMETEOPONIONWYECKHX IIOCTOB, MOXKHO 3a7aTh
crenyoweit anetiHol dynxumelt: L = ag fillVe) + 0o fo(Noo) + b.

Beenmem orpaHuyeHus Ha 3aTpaThl, CBA3AHHBIE C COAEPKAHHEM MOCTOB
CoxlVer + CocNoe = R*. Torma BBIrOZA OT COAEpIKaHHs CETH ONHCHIBACTCA Clle-
Iyromeit ueresol dyHxiveH (arpasmKnanom):

G(N on N, oc» ?\') = ac'r[fi(o) “‘fi(N cr)] + aoc[ﬁ(o) “ﬁ(N oc)] -
= CerlVer = CoclNoe — MCerlVer + CoolVoo — R*),

TAC WICHB! B KBAZPATHBIX CKOOKaX ONKCHIBAIOT YMECHBUICHHE NOTEPH 110 Me~
P€ YIUIOTHEHHA CETH. )

IpupaBauBas K HymO 4acTHEe npou3BoaHbie ot G(N,, Ny, A ), mo-
Jy4aeM CHCTeMy anrebpandeckix YpaBHeHHi:

= O /ON o —Cor — A, =03
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4. Muoronetauit peuHoit crox

=84 Of5 /BN oo — Cog —ACo, =0;
CCTNCT +cocNoc _R* =0,

PeLIMB KOTOPYIO, MOKHO HaWTH ONTHMAJbHOE YHCIIO OCaJKOMEPHBIX M CTO-
KOBBIX IIOCTOB. PrCyHOK 4.22 HUTIOCTPUDYET H3NaraeMyio CHTYauHio.
Meuoxurens Jlarpamka A nOKa3spIBaeT CKOPOCTh U3MEHEHHS ONTHMAaNbHOro
3HaYeHHs eneBoit QyHkuymu G (6e3 moclelHero c/laraeMoro) npu H3MeHe-
HHH OrPaHUYEHHUS W HA3BIBACTCSA TEHEBOH LIEHOM.

Bonee pasyMHBIM npesCTaBAeTCA UCIIOIB30BATh OTPAHUYEHUS B BUAC
HEPABEHCTBA CorNer + CoclNoe < R* (unaye Mbi «3aCTABASEMY TPATUTh AEHBIH).
Torma nas npuzaHus ApoLeaype pellienud CTaH apTHOPO BHIA, B YKa3aHHOe
HEpaBEHCTBO BBOMAT TAK Ha3blBaeMEle M30BITOYHBIE NEpeMeHHbIE [65], mpe-
Bpallaloliie €ro B PaBEHCTBO.

Hnsa onpenenenns onTHManbHBIX 3BayeHUH N, N, Heobxoanmo
SHATB Cer, Cocy U, doc U R, J1> fo. 310 TpebyeT AeTanbHOrO 3HAKOMCTBA C 3KO-
HOMHKO} OTITUMHU3HPYEMO# TEPPHUTOPUM H MCTIONb3yeMOH METOIMKOMN THJ-
POMETEOPOIOTHYECKHX H3MepeHuit U pacueto. KoadHUHEHTH g B doe
3aBHCAT OT XapaKTepa HCMONb30BAHMA JAHHEIX TI0 CTOKY W OCaikawm, a s
3TOro HEeOOXOAMMO 3HAHME MATeMaTHYECKOro BHMIa ITPOU3BOACTBEHHBIX
Gbyukupit [44], B KOTOpble BXOAWT NPUPOIHEIA pECype, HallpUMEp B BuIe
obecrieyeHHOro 3HAa4YeHHs pacxoja
Boasl. [ToaToMy npaxTHyeckas peanu-
321K SKOHOMMUECKOro MOAX01a Tpe-
OyeT 3HaHMA YYBCTBHTEJIBHOCTH IpO-
U3BOJICTBEHHBIX (YHKIMI oTpacieit
IKOHOMHKH, UMEIOMIMX OTHOILEHHUE K
ONTUMHU3HPYEMBIM  BoxocOopaM, K
[OTPEIIHOCTAM  THAPOMETEOPONOrH-
yeckoH HHQOpMALIMK, BKIIOUas Mpo-
rHO3Hyl0. CHemOBaTENbHO, IIPHXO-

Puc. 4.22. OnTumMuzalis Tujipome-
TEOPONOrHIECKOH ceTu: JUTCA [IOKA OrpaHHYHBATHCA HUCTO

Np — OITTUMANBHOE YKCIO TIOCTOB NMPH He- THPO-METEOPONIOrHYECKHM  TOKXO-
CYHIECTBEHHOCTH Hilt H3GBITOYHOCTH Orpa-

muuenns; U= aq [fi(0) — AH(N)] — yMens- JOM, 3ajaBad Tp66yemylo TOYHOCTB,

BICHHC [OTEPb TIpH  YBERMUEHWH MUCHA UCXOMS U3 KOTOpOﬁ HaXOAHWTL ONTH-
fOCTOB.
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4.3. OnTUManeHas ceTh MMIPONOCTOR B paclumpsroniemcs Ga3oBOM NPOCTPAHCTRE

Maneiyto ceTh. Ho paxe B Tako cutyanmu BosHHKaeT paj Borpocos. Ha-
npUMep, 4YTo Takoe «bakThHIeckoe» pacnpeleneHue p(Q(F)), K KOTOpoMy
Hano CTPeMUTHCH, OPTaHU3Ys ONTHMAIBHYIO CETh TOCTOB?

HanHyro 3afayy MOXHO JeTAITH3HPOBATH, HE TOJILKO PACCMOTPER B
Ka4yecTBe «HoTpebuteneii» BHIACIAEMBIX CPeACTB R* ceTh MOCTOB JUIS Ha-
OmofeHus 3a JKHOKHM CTOKOM, HO M DACLIMPHB COCTaR HaGMIOmEHHI
(¥3MepeHye MyTHOCTH, pacXofia AOHHBIX U B3BEUICHHBIX HAHOCOB H T. IL).
Torna NpHOPUTETHI B Pacrpele/leHHH PECypCOB MOKHO HANWTH, HCTIONB30-
BaB IMHAMWYECKOE MPOrpaMMHpPOBaHE (C TOMOIIBIO MHOTrOMIAroBoi 1po-
UeNypsl NpUHATHA pemieHus). B moboM ciyuae TpeOyercs Npusazka
K KOHKPETHBIM MOTpebuTeNsIM THAPONOrHyecKkoi uHbopManuu. 3agada
ONTHMU3ALMK KTOHET» B MOTpeduTendx (nenesbix (GYHKUUSIX, KOTOPBIX
MoxeT Obth cothu: TyT M I'OC, M CcTpouTenbHOE NMpPOEKTHPOBAHHE, U
BOAHBIH TPAHCHOPT M MHOroe apyroe). OnHako Mo Mepe pa3BuTHi 06Lie-
CTBa OCO3HAKOTCA OOWIEroCyAapCTBEHHBIE 3a/ia4d, KOrga BONPOC O
«BOOHOCTHU» Ba>XCH CaM 10 cebe: uTo B MPUHHUIIE TPOUCXOIUUT C TUAPOJIO-
THYECKHM DPeXHMOM, KaK MEHAETCS HoJie pevHoro .croka. Ha stom
JTane pasBuTUA OOIIeCTBAa NOSBIACTCA «aKaleMudeckas» 3anada ob
ONTUMaNBHON ceTH HabMIONeHUH /11 OTCNEKMBAHUA W3MEHCHU XapaKre-
puctuk nong. OOmue MpeAnoChUIKM pelIeHHA 3TOH 3aJaYd COCTOAT
B ClIENYIOLLEM.

O6mue npeanOCHUIKH TOSAB/EHHS CYIHECTBYIOINMX KpHTEepHeB
ONTHMAJILHOM THApPOJOrHYecKoii ceTH. B Hacrosimee BpeMs cyWECTBY-
10T pU3HaHHBle kak B Poccum, Tak M 3a pyGexoM KpuTepus, HO3BO-
JSIOIIKE ONTHMANGHBEIM 00Pa3oM ONpeleNaTh HHCIO PEXUMHBIX TOCTOR
s HaOrofileHMA 3a peuHBIM CTOKOM. B uMX OCHOBe JeXHT uieo-
JIOrus  ONTHMM3aLMM  METeOpONOruYeckoid  cetd,  paspaboTaHHas
O. A. IpoznoBeiM—A. A. IlleneneBckum [25, 26], ycoBepiueHCTBOBaHHAA
JI. C. Tanpuaem—P. JI. Karagom [17] w agantuporadHas K rupposoruu
H. ®@. Kapaceeim [37].

Ee cyrs sawmouaercs B cnepyiowem. OCHOBHOE Ha3HaueHue pe-
KHUMHBIX NOCTOB — HaONIOJCHHE 3a MHOrOJIETHMM CTOKOM pex Y, Xa-
PaKTepu3yeMbiM TOJOBOH HOPMOH 1 W TEPBHIMH HAYILHBIMIA MOMEH-
Tamu. PaccmarpuBaerca cnemywoomas (GyHKOWA «IIONA» PEYHOro CTOKA:
Y =¥E C, grad ¥, ®{]), 6), rie & — och B HalpaBleHHH IpafileHTa CTOKa
{puc. 4.23, a); grad ¥ — rpaguenr ctoka; C,— ko3¢ HULMEHT BapHaLuy roao-
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4. MuoroacTHY# peyHO# Crox

BOro croka; r(/) — HOpMHpOBaHHas KOPpEIILHOHHas (YHKLMS CTOKa;
| — paccrosiHHe MeEXKy IeHTpaMy GacceiHOB; G — OTHOCHTENBHAS CIy-
yalHas IOrpellHOCTs OUPENENeHUs rOJOBOrO CTOKA TIO TMIAPOMETpH-
YECKUM JaHHBIM.

TomoBolt CTOK MOXKHO paccMaTpHBaTh Kak TIPOCTPAHCTBEHHYIO peaii-
3aUHE0 CTydaifHOH (yHKIMY ¢ KOHEYHBIM MaTeMaTHYeCKUM OXHAAHHEM, Ha
KOTOpPOE HAJIOXEHB! ciy4aiinble oTknoHeHus: Y(E) = m(&) + AE), rne m(&) ~
Heciydalinas (QyHKIUs MaTeMaTHYSCKOrO OKMAAHUs (HOpMBI) cToka; AE) —
ciayvaitHas QyHKLMS, XapaKTepU3yIOmasd HECHHXPOHHOCTh HM3MEHeHHH CTo-
Ka JUIs pasfM4HBIX PeKk 3a OZHH U Te ke ropasl (puc. 4.23, 6). Jleym cocrtas-
JSIONIMM CTOKA COOTBETCTBYIOT [JBA KPUTEPUS PA3MEIUCHUS CETH.

I'paxuenTneplii kpurepnii. Ilpupainenue HOPMBI CTOKA MO KOOPHAN-
Hate & parHo AY(E) = (dm(E)/dE)AE = AE grad Y. Heobxomumo, 4Tobsl H3-
MEHEHHe HOPMBI CTOKA, ONPeASNeHHOM Ul LIeHTPOB ABYyX OacceiiHOB, Mpe-
BBILAIO B 2 pasa CPeNHEKBAIPATHUECKYIO NOIPEITHOCTh pacuera 3TOro M3-
MEHEHHA, OTPeAEITEMYIO 10 JaHHBIM H3MepeHHs Ha ABYX CMEKHBIX OIOp-

nbix moctax: AY(l)=1I grad ¥ >20,, =22 6, ¥,,, rae 6,=C, /N -

op?
HOrPEIHOCTE ONPERENCHHs HOPMBI CTOKa; N — HMCNO JIeT HabMoAeHMI;
Y, — cpemHsaq Ha ydacTke paadmycom !/ Hopma croka. [lostoMy paccrosHue
MesKy HeHTpamMy 6acceifHOB, 3aMBIKAGMBIX ONIOPHBIMU PEKMMHBIME TIOCTa-

MH, JOJDKHO GBITh Cremyronmm: /., 2 (2,82 og/grad ¥) ¥, .

TakuM 06pazoM, MHHUM&IBHOE PacCTOSHHE MEXIY CTOKOBBIMH ITO-
cTaMu onpejensercd Gusuko-reorpadHuecKUMH YCJIOBHSMH, 32aBaEMEIMH
napamerpamu grad Y u Y, , ¥ NOrPEMIHOCTEIO Gy - Yto6sl onpeneuTh pac-

YETHYIO HJIOWANb, NTPUXOJAIYIHOCS] Ha OOUH CTOKOBBIM MOCT, HCTIOJIB3YEM

n

& g
Puc. 4.23. Peunoii 6acceitn (@) 1 nse cocraBisnolne (6) croka ¢ storo Gacceitna.
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4.3. OnTuManbHas ceTh IMAPONOCTOR B pacumpsromemMcy Ga30B0M IPOCTPaHCTRE

3MIIIpUIECKHe COOTHOILEHH:: L =2«/f ., 1=05 L, rpe L — pnnna pexu;

F — mnomane Gacceiina; ! — paccrosHue Mexny LEHTPaMH CMEXHEIX Gac-
ceiigop. C yyeToM 3THX 3aBHCHMOCTEH MONYYaeM OKOHYATENLHYIO Pacuer-
Hy1o (GopMyly IS IDafHEHTHOTO KPMTepHs (MHHHMAILHO [OMYyCTHMOMH
TIVIOIaAH, HpUXoagIeHcs Ha OJIHH CTOKOBBIH HOCT):

Frpan 2[ 8 o, /(grad Y ) 2] ch2. Pacrionarath peKHMHBIE IIOCTHI Halne,

yeM TpebyeT 3TOT KPHTePHit, DKOHOMHYECKH HELenecoo6pasHo.

Koppensumnonnbiii kpurepnii. IIpyn pacyerax croka mupoko He-
TIONB3YETC METOHN THAPONOTHYECKOH aHAJNOTHH, KOrJNa pPEeXHM BOIHOIO
00beKTa, ISl KOTOPOro HET /IaHHBIX CHCTEMATHYECKUX HAOMOAEHHH 3a CTO-
KOM BOJIBI, M3YHA€TCH C HOMOIIBIC PEKH-aHANOra. JT0 BO3MOXKHO, €CJIH pe-
XKUMBI 000HMX OOBEKTOB B3aMMOCBS3aHbBI, YTO GBHIBAET y HE CIAMILKOM yOa-
TCHHLIX APYT OT Apyra peuHmIxX Oaceetinos. Ilo Mepe ysenudueHns momau
cMexcHBIX GaccefiHOB CBA3bL XapaKTEPHCTHK CTOKa, Orpenessiemas ciiydaji-
HOW cocTaBnsmomedt f(§), craHoBuTCs BCe Gojiee HEORHO3HAuHOM. J{na
O/IM3KO pacTIONOXKEHHBIX 0aCCEHHOB PEK HMEET MECTO HONIOKUTEIEHAS KOp-
pensums CTOKa, ¥ HOpMHPOBAHHAA KOppenguonHas GpyHKuA MOXeT OrITh
annpoKCHMHPOBaHa JIHHEHHOW 3aBucumMocteio r({)=1-al, rne a=1/1;
Ly =1 600 xM ~ panryc KOppeIALyH, T. €. PACCTOSHHE, NPU KOTOPOM PyHK-
st #(J) nepexoMT yepes HoJlb.

B pabote [17] mpencrapneH BBIBOJ pa3iHMHBIX BapHanTOB (opmyi
LIl CPEeNHEKBAAPaTUUECKOW NOTrPEMHOCTH MHTEPHONALMY THAPOMETEOpO-
noruteckoit BemunHbl £ EZ = f (02], Mpss Rugs Zpp), FIC O 7 — CPepiHe-

KBaJpaTudecKas MOTPEMIHOCTE MHTSPIONALMI HOPMBI f , BEC KOTOpOH He-

BEJIMK, & JUIA H3OTPOIHLIX nojei Gi; =0; m, - KOBapHalUMA BENUIMHEI

S(mpye =my = c*); Mpg — KOBapHauyis norpewHoctedl Habmopenud; z,; —
B3aHMHAas KOBapHaUHA BEAM4MHEI f 1 norpeHocteit Habmonernuil. Cunras,
qT0  zpr =0 VAL, np =0 (3a wcimodenweM ciyuwas AE=0, xorna

ny = A— CpeHsA KBaApATHYeCKast OrPeIHOCT HAOMOAeH!H BENUYUHE /),
dopmyny sms E’ WMOKHO KOHKPETH3HDOBATH C/IELYIOLIMM obpazom:
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4. Muoronerauif peynoit crox

E*=am a t bAL —2cm aeg T 65, re 0 — HHIeKC TOUKH, B KOTOPOt IIPOU3-
BOJMTCS HHTEPIOALAA.

Yacro 31y $opMysy HCHONB3YIOT B 0€3pasMEpPHOM BHJIE I MEpBI
OMMOKY HHTEPHONALMH £ = ap e +bn(2, —2cpp, +1, THe uzm/c2 -

HOPMHPOBOYHEIH KO3 (UIMEHT; 1o = A/c? - Mepa OIHOKH HaOJIFOJEHMUH.

Ilpn nuseiiHOM uHTEpHONANAH (@ 5TO ObIBAET MPAKTHYSCKH BCETHA I10
OTHOIIEHUIO K HAaGMIOAEGHHBIM JIJAaHHBIM; TaKk Ha3biBaeMasi ONTHMAanibHAS UH-
TEPHOISILHS TAKoKe THHeHHa: pedb HAeT 06 onTHMaNBHOM, B cmbiciie MHK,

BbIOOpe K03 GHLIHEHTOB B opMyne And g2) umeem:
3 A 1 1
g =——2p[--éj+-2.p(A§)+5ng. (4.19)

Iepexons k OOBIMHEIM IS THAPONOTHHM O0O3HAuYeHMAM (L =7) U
HOPMEpYS BBIpaXKeHHe JuTs B2, enst KakIoe CliaraeMoe Ha HOPMY FOTIOBOFO
CTOKa, NpUXO[MM K BhipakeHwto Kapacera [37] min oTHocurenbHOM Io-
rPeHOCTH HHTESPIOILHH:

2 3 2 1 Cv 1 2
c,, =~C," =2C r } — |+—=r,(}+=-07%.
“T v (2) 2 T2

IorpenHOCTE HHTEPIIOJAMH CTOKAa MEXAY TyHKTaMH H3MEPCHHH 3a-
BHCUT OT TECHOTHI KOPPEIATHBHBIX CBS3€H, MaKCHMAJbHA NPH MHTEPIIONs-
MM Ha CepelvHy MEeXAY NMyHKTaMH HabMONeHHH U ¢ Y4eTOM BBIPaKEHHA
ana (/) ompenensercs gopmynoit [37]: 60,,2 =0,5(Cvzal +002). Ilonaras,
YTO TOYHOCTH MHTEPIOIALMH He GONbINe TOYHOCTH M3MEPEHHS CTOKa (T. €.
Gou 250 ) ronydaem KpUTEpHAITBHOE COOTHOIIICHHE

2 2 2
oy, 20,5(C, al +0,7).

B COOTBETCTBHH ¢ HHM [ONYCTHMOE IO YCIOBHAM KOPPEJUILHH pac-

CTOSHHE MEXHAy UeHTpaMH 0acCefiHOB MOIDKHO OBITh  CHEHYIOLHM:

lKOpp

HOIUSHMM BEepXHAA IpaHMIa pacueTHoOH minomanu Gaccefina, kosTpoNHpye-

SG’OZ /(anz). C yueToM NpPHBEAEHHHIX BHIIIE 3MOHPHYECKHUX COOT-
MO PEXXBMHBIM ITOCTOM, JIOJDKHA BBITH ClIeLy OUIei: Feopp < 604 /(asz4) .
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4.3. OnruManibHas ceth TUAPONOCTOB B DACIIUPSOUIEMCH Qasoaoxw IPOCTPAHCTBE

Kpome nByx paccMoTper-
HBIX KPHTEpHEB, OOYCJIOBNICHHBIX
npencrasnenueM Gynxuun ¥ (£)

B BHAC IleTepMI/IHI/IpOBaHHOﬁ n

cllyyaiHOM COCTABJISIOLINX,
HMeeTcs elwle OOuH Kputepuil,
ONpeACAOLHIH pa3MelieHue

CeTH [OCTOB.
Kpurepnii  penpesenta-  p,. 454 ¢ noscrenmo xputepus pe-F

THBHOCTH. PEYnOH CTOK 3aBUCHT  ppesewrarusocry.

OT KJIMMATHYECKUX (PaxTOpOB H

MOJTYMHEH 30HATbHBIM 33KOHOMEPHOCTAM. Tak KaKk MPOCTPAaHCTBEHHAA H3-
MEHYUBOCTB CTOKA MMEET BEPOSTHOCTHBIH XapaKTep, TO €ro 30HaIbHbie 3Ha-
YEHHS MOXKHO OTHOCHTE JMLIb K OacceifHam onpeneneHHoH (penpeseHTta-
THBHOH) rumomamm Fpey,. o mepe ymenbillenns nnomany Gaccelina Bee

Gornbiee 3HauSHHE MPUOGPETAIOT OKANBHBIE (a30HANBHbIC) GakTopsl (Tay-
f1Ha 3PO3UOHHOIO Bpe3a pycen M CTENeHb JPEHUPOBAHHUS NON3EMHEIX BOJ,
HaJIMYMe KapcTa M T. I1.), KOTOPBIE CO3NAI0T BAPUALIAK CTOKA OTHOCHTENBHO
30HAIBHBIX XapakTepuCTHK. Takum o6pasoM, MOABIAETCS TPETHH KpuTepuii
ONITUMATIEHOTO Pa3MEIEHHs THAPOIOTHYeCKOM ceTu — Kpurepuii penpeseH-
TaTHBHOCTHU. ITI01ans, npuxoasiasca Ha OJUH CTOKOBBI IOCT, HE AOJDKHA
6bITb OueHb Masiol, unaye wHbOpMaLms, noxy4aeMas ¢ Hero, Gymer oTpa-
XaTh He oOlie 30HAIbHBIC 3aKOHOMEPHOCTH CTOKA, 4 MECTHBIE OCOGEHHO-
CTH, T. €. He OyZIeT penpe3eHTaTUBHOM.

Tlo pesynsTaTam HaGMIOACHHMH Ha CTOKOBEIX CTAHLMSAX ONPEEIIeHbI npe-

HEIBHO Manble Iiowany 6accefHoB F., . 30HanbHas HOpMa CTOKA He 3aBH-

CHT OT pasmepor Gacceiitia, eCcii ero miomas, Gosiie Foenp (puc. 4.24). Tax,
no ganupiM K. T1. BockpeceHcKoro, i IeCHOM 30HBI a3HaTCKOH TeppHTO-
puu Gpisuzero CCCP Fioy ~ 500 kM, a s crenHoi — 1 500 kM’
Onpenenenne ONTHMANBHOTO YHCAA CTOKOBBIX HOCTOB € MOMO-
b0 KPHTEPHEB H C YYCTOM peajbHON IYCTOTBI DPEYHBIX CHCTEM
HA OcHOBe 3aKona Xoprona. OrrumaneHas Iwowags F,., NpHXOAd-
Iiascd HAa OAMH pPEKHMMHBIH NOCT, JOMKHA HAXOXUTCH B JManasoHe
Foenp < Frpan < Fonr < Fyop - ECIM JaHHOE COOTHOLIEHHE MEXIY KpHTEpHS-
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4, MuoroieTHuH PEYHON CTOK

MH HapymeHo, To KapaceB peKOMeHIYET MCHOIB30BATH CIEMYIOHHE CO-
OTHOIIEHHS:

Dy nipy Fepp < Frop < Frpan MPHHHMAETCS Fiop < Fopr < Fipons

2) mpu Feop» Frpan <F

penp HasHauaeM [,

penp <F onr -

OO0mee 4yKMcIO PEKUMHBIX CTOKOBBIX MOCTOB B pevyHOM Oacceii-
He mnomWanklo F MOXKHO onpedenuis mo dQopmyne Ny, =F/F .
(cm. puc. 4.23, a).

Hapymenue npuBeneHHOH BHIIIe LIEMOYKM HEPAREHCTB (WTO IIPOMC-
XOIWT NOBOJIBHO ¥aCTO) PUBOAUT K TOMY, UTO CETh IOCTOB He OyaeT onTh-
MajIbHOM MPH 331aHHOM YPOBHe MOTpelrHocTH G. IIpocTo mpu ero Hapyme-
Hum (HOo Tpu cobmonenuu B Mobom ciyyae HepaBeHCTBA Fion, < Fory)

160 BBIYHCIEHHE HOPMBI CTOKa, nubo MHTepnonsims OyayT IpoBo-
JAThC ¢ OONBIIMMHM IIOTPEIIHOCTAMH  (MX 3HAYEHMS MOJKHO OMpPEXEIIHTE
OoOpaTHEIM  FEpecYeTOM  KPUTEPHAJIBHBIX COOTHOIEHuH). CuHryanuio
nposcrsieT puc. 4.25.

Benuuuna Ny, 1acT HOHOBYIO OLICHKY YHCNIA TIOCTOB, KOTOPHIE 3aMbl-
KaloT OPUTOKW C ONTHMAJIBHOM IUIONManpio Bofocbopa Foyy. HHeso mocToB
Ha Gosiee KPYMHBIX [IPUTOKaX MOKHO ONpPENeHTE, UCHO/b30BaB 3aKoH Xop-

s
ToHa: Nyop= D.7°", DA€ Ay — NO-

i=nyet+l
Fi0’ wof PAZIOK IPHTOKA, UMEIOIHX Fop ; § —
" TOPANOK pEYHON CHCTeMBI, » — Ou-

‘mp

dbypxanmoaHoe orHomenue (# =~ 3).
TakyM 00paszoM, YHCIEHHOCTH OIOp-
4 HBIX PEXHMHBIX IOCTOB  Oyner

5 Fre N, =Ny + N yon)» tiiE % ~ KO3G-

(GUUMEHT, YIUTHIBAIOINME CETH TIOCTOB
i X Face  ya manbix pekax (x ~1,15+1,30). Yro
Kacaercs TPaH3MTHHIX Y4YaCTKOB peK,
T0 110 DaBHbM paboTei [37], maxe ec-
JM AOMYCTMTHL LOFPELIHOCTL OTpere-
JEHHs [PUpalleHHa CTOKa BABOE

enp (03 005 007 i

Puc. 4.25. IlocnepcTBrd HAPYHICHHS
Fom, p- Tloaxamensas Tynrycka.
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4.3. OntrManbhas CeTh FUAPOIIOCTOB B paciuupsionieMes (1a30B0M IPOCTPAHCTEE

6ompIIyI0, YeM TIOrPEHIHOCTh ONpEJIeNICH!s HOPMbL, TO HeOGXomuMO BGonee
yeM JBYKPATHOE YBEIHM4EHIe PAacXOfia Ha TPAH3UTHOM YYACTKE, YTO IpaK-
THYECKM upKOTAa He OniBaer. Ilo3TOMy 1MOCTHI Ha TaKuX y4acTKax MOTYT
HMETb CIICLM(HIECKOe HpeIHa3HauYeHHE (YIeT SKCTPEMATBHBIX PACXO/OB,
YUET TBEPOTO CTOKA U T. [.) M HX MOXHO YYeCTh, yBEJIMIUE HUKHEE 3HAYC-
Hyie koahduimenTa x.

Kpurzka cymecrayiomeli MeToIHKH U MOCTAHOBKA 3a1ayn. Tpu-
JUATh JIET PACCMOTPEHHBIE KPUTEPHUH HE MOABEPraAIMChH COMHEHHIO Y LUHPO-
KO HCIIONB30BANMCH B Pasiu4HBIX crpanax. OAHAKO MOXKHO CHeNaTh P
3aMevaHuii B ux aapec. Hampumep, eciu moss3oBatses Gpopmystoit aas mo-
rpemwtHoctH 6=C,, / VN, 10 noxydaercs, 4to ¢ — Qapu N —» 0, yero
GBITE He MOJKET, XOTs OBf U3-32 HEH30EKHBIX MHCTPYMEHTAIBHEIX ¥ METOMIH-
geckux morpemHocted. Ha camom nene cnenoeano Onr ucnosns3sosars Gop-
MyJTy CAefyJOmero BUa: G- =G} +G,, I G — NOrPEIHOCTb H3-32 Or-
PaHHYEHHOCTH pANa HaOmionmeHui; G,— cilyvaiinas IOTPEeHIHOCTH THAPO-
METPHYECKOTO yYeTa rofosoro croka. OpHako, yuuTeisas, 4ro N He Ipe-

BOCXOAOHUT HECKOJIBKHX ACCATKOB JICT, MOXHO CHHTATh O 2N >>G i , IIpAYCM

B nepBoM npubmbkenuy oy =C, / JN = =025/-/25=0,05, xax TIPUHATO
B pabore Kapacesa [37], X0T9 37O 3HaueHHe TMOTPELIHOCTH MOKET OBITh
u 6ombiae [38].

Hanee, B Koppe/aHOHHOM (Kak H B I'PaZiMEHTHOM) KPHUTEPHH BEJH-
upna C, ABHO XapaKTepusyeT BpeMeHHylo uamenunsocth C). Ho y Hac
B KAYECTRE HE3aBHCUMOI NEpeMEHHOH BRICTYITaeT KOOPJUMHATA HA OCH B Ha-
TIPaBNCHUK TPajiMeHTa CTOKa & MK, B caMoM ofineM ciiyyae, Iiolmans Bo-
nocBopa F, KOHTpOMUpYeMOro CTOKOBBIM moctoM. Takum 06pasoM, peus
JO/DKHA HATH 00 M3MEHYMBOCTH O TEPPHTOPHUH, XapaKTepusyeMoi koad-
dumwentom CS wmu CL .

Kax u3BectHo [35], sproaudeckas THIOTE3a [yl PEUHOrO CToka {(Kpu-
Bas pacHpEHENeHUs TOAOROIO CTOKA, NMONy4YeHHas 110 MaTepHaliaM MHOTO-
neTHUX HaboAeHNH i TTPOM3BOJILHO B3ATOH PEKM, N0/DKHA COBMANATH C
KpHBOH pacmpeiefieHus CTOKa 3a 000l Npou3BOIBHO B3ATHIH TOX )i CO-
BOKYITHOCTH BCE€X PEK, PacHoOJIOKEHHBIX Ha JaHHOU TEPPUTOPUH) HE BBITION-

Hsercd. OpHako B OTHOmeEHHH Kodduumenta Bapuauuu C, W3BECTHO

(cm. [80], puc. 2.16, 6, cTp. 126), uro 8C, /OF =0 (3mech C, —~ ocpenten-
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4. MuoroneTHuil peMHol CTOK

HBIif 110 TpyINie MyHKTOB HaOMIOACHUH 3a CTOKOM, 3aMBIKAIOIIUX GacceiiHbl
pek onpenesieHHOM Ipaauy wioianeH, Ko QUIMEeHT BapUaliy FOJOBOTO
croka) B HHTepBae miomazedt or 500 g0 25000 km’, npuuem

C71f=0,34+0,36 IpH G = 0,19 + 0,26. Taxum 06pa3oM, NPeRANOCHUTKH

«KBA3HMPPrOAMMHOCTEY 10 Koddrmupenty apuanuu Bpofe OB MMeroTes (BO
BCAKOM CITyHae, CYLIIECTRYeT [alla3oH IUIOINazeH, B KOTOPOM, BO3MOMHO, BbI-
TONHSETCS €CITH HE PABEHCTBO, TO IIPONOPLMOHATEHOCTE BeuuuH C, U Cf ).
To-HacTosileMy OLEHMTh CYLIHOCTh pacCMaTpPUBAEMBIX KPUTEPHEB,
00671aCTh MPUMEHNUMOCTH, MPEUMYLIECTBA U HEXOCTATKH MOXHO, €CIH Bbl-
BeCTH MX U3 Gosiee oOLIMX NpeACTaBlieHHH O fiponecce GOPMUPOBAHHUA CTO-
Ka, T.€. PpAaCIIMpUTh H3y4aeMylo TpeaMeTHyio obnmacte  [47].
B ¢uxcuposaHHOM JaHHBIMH = KpHTCPHSMH TNpeAMETHOH  obmactn

(dml(é;)/ d& =0, r(&l, &y )= & — & )=r{l)) ux cymmocts nenabmonaema

B npuHiHne. Takum 06pa3zoM, HEKE OMUCHIBACTCS THOCCONOTHICCKHH T1epe-
XOAHKBIM TIpolece (€CIH MONB30BaThCs TEPMHHONOTHEN «HacTHIHO HHGU-
HHMTHOI'O MOZE/IMPOBaHKA») 3aMeHbl IpeAMETHBIX obOmacteil. [Iponecc mo-
CTPOCHHUS TEOPHHM ONTHMAIBHOM CeTH OyHeT 3axmovarhCs B COBMELICHHH
(EMEHOIOMMYECKOr0 OIIMCAHHS M He(eMEHOOrHIECKOro OOBACHEHHA, KO-
TOpPOE caMo (ecnd OHO BepHO) PaHO WM IO3JHO OyAeT JMIb SBICHHEM
(dhemenonoryeit) ¢ Toukn 3peHus Gonee raybokoit Monenu hopMHpoOBaHHS
peuHOro CToKa.

HpocTpaHcTBeHHAR CTOXACTHYECKAs Mojaeib (opMHpOBaHHS
croxa. [Tpu m060M 1oaXone K MONYYEHHIO KPUTEPHER ONITUMATHEHOM CeTH
UCTIONB3YIOTCA TIPSICTABIEHHS O TOM, YTO BRXKHO, @ MTO HET B PACCMATpPH-
BaeMoM Iporecce (HOpMUPOBaHMA CTOKA, T. €. €ro Mofelns. B paccMorpeH-
HoM BBIe moxxoze KapaceBa MOZiesb B MIPSAMOM CMEBICTIE TOTO CIOBa, KAk
Hekoe Qu(pdepeHIHAEHOEe YpaBHEHHE (WIM CHCTEMa YpaBHEHMH), OIHCHI-
paronee GH3HUECKYIO 3aKOHOMEPHOCTh (CYMHOCTD) CTOKa, HE HCIIOJB30Ba-
JIOCB, HO OFIpeNe/IeHHEIe ero CACACTBRS (peeHnA) B Buae QyHKuu m(é.j) H

r(£) (sBrenue) GbUT MONOXKEHE! B OCHOBY KPHTEDHEB.

TonyuwM KpUTEpUH ONTHMAIBHOH CETH MCXOMA U3 MaTeMaTHYECKOH
Mogenu GOpMHpOBaHHs CTOKa. B xauecTBe MCXORHOM (HMHAMM4ECKOH) Mo-
nesin npuMem AuddepeHnmanLHOoe ypaBHEHAS
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4.3. OnryMansHas ceTh CHAPONCCTOB B PACIIHPSIOIEMCS $a3oBOM NPOCTPAHCTRE
av/de=—(/k) Y +X/L, (4.20)

rae ¥ — Monynb croka; k — xosddmimenT croka; L — napamerp «mpoctpan-
CTBEHHOMH peJlaKcalli», T. €. TOIO PacCTOSHKA, Ha KOTopoM Gacceitn HauunHa-
€T aJIcKBaTHO PearHpOBaTh Ha BHEIIHEE BO3/CHCTBHE (HE NPOSBISIOTCA a30-
HanbHEIE GakTops! GOPMHUPOBAHKA CTOKA WM, B CITYYae M3MEPUTENBHON HH-
TepIpeTaluy MOJIENH, CTIIAKUBACTCS BIIHAHUE IIOrpeIHOCTel H3MepeHHil).
Ecmu BBectn ofosznavenvs /kL=c=c+7;X/L=N+N (3necs
¢, N — wmaroxupanus; ¢, N — Gensle myMbl C WHTEHCHBHOCTAMH

Gy, G, Gy ), To ipuaeM K cTaHnapTHoMy ypaeHenuto ®IIK mna p(Y, £).

Ypapuenus Jjisi MOMEHTOB pacnpele/IeHUs WIOTHOCTH BEPOSTHO-
€TH H COOTBETCTBYIOIINE HM IPajueHTHbIe KpuTepny. YpasHeune OITK
annpokcuMHpyeM cucteMol nuddepeHINanbHBIX YPaBHEHHH AN HAYasb-
HBIX MOMEHTOB:

dm,, | dE=nM[AY"]+0,50(n —1) M[BY" 2], “4.21)

rae M — cuMBon MateMaTu9eckoro oxunanus, = 1, 2, 3... OrpaHuumMBILHKCH

‘ TpeMs MOMEHTaM¥, IMPUXOIUM K OOBIYHEIM pacue€THbLIM I'MAPONOrHICCKUM Xa-

paKTepHcTHKaM (HopMe, Ko (UIMeHTaM BapHaiK 1 aCHMMETPHE).
Ipyu 72 = 1 nony4nM ypapHeHHe A MATOXKUAAHHA MOTY/A CTOKA

dmy | de=(~c+0,5 G,) m ~05 Gy +N.  (4.22)

Tipene6peras B3aUMHON MHTEHCHBHOCTBIO MYMOB (G, ~0) 1 yuu-
ThIBAS ~ HeCHy4aliHBlif  xapakrep  BemMuuHBl L,  moJydaem
L dm | dE~ (—-é+0,5 Ga) m+X (3mecs ¢=1/k). i oqHOPORHBIX yc-
nosuit ~cmy =X. HeoNHOPOAHOCTb BO3HHKAET M3-3a IIYMOB T, CBSI3aH-

HBIX KaK € €CTECTBEHHBIMH M3MCHEHUAMM Koa(duumenta croxa, TaKk u
C NOTPEIIHOCTAMHE H3MepeHus X U m;.

CeTh TIOCTOB JODKHA 00ECTIEUHTEh HIEHTHOHMKAIMIO ApaMeTpOB MO-
Jemu (4.22) 110 m3MepeHHBIM 3HaYeHusM m; u dmy/d& | TlosTomy, Hatipumep,

HE06X0AMMO BHITIOTHERNE HepaBeHcTBa Ly dimy /dE 20,5 G,m win
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4. Muoronernuit peuroli CTOk

L >20,5G; m,/grad m,, (4.23)

rae grad my =dmy /dE.

CpaBHYBast 5TO HEPaBEHCTBO C FpajMeHTHEIM kpuTepueM Kapacepa,
BHMM, YTO AN KX COBmajeHus Heobxomumo, utobnl 0,5 G, ~2,82 o,
1. ¢. npu © = 0,05 umeem G, ~0,3. Ilpu x = 0,3 Takas UHTEHCUBHOCTD Iy~

Ma Hoposxzaer npumepro 10 Y%-if unTepBan HeoHpeneneHHOCTH, 9 BhIXO-
Jia M3 KOTOpOoro Heobxomumo cobmonenue HepaseHcTBa (4.23). OGo6mas
9TO HEPABEHCTRO [ MOMEHTa TI060TO MOPSIIKA, TOTyqaeM:

L,2nGym, [2gradm, .

COOTHOUIEHUST MEXAY YHCIeHHbIMK 3Hauemmsmu L, (n=1, 2, 3, ...)

MOT'YT, [I0-BUIIMOMY, BapbHPOBATHCA B 3aBUCHMOCTH OT XapaKTepa CiTy4yaiHoro

monst (puc. 4.26). _
BpriosiHuM  WUNOCTPATHMBHBIC  PacyeTsi MO peaibHEIM — BOAO-

c6opam, cuuras, uro 0,5 G, ~2,82 oy, T. €. npu oy =0,05 Benmyuna

0,5 G, Oyner npumepro pasra 0,15. Ficnonesyem U3BECTHEIE B CTATHCTUKE

dopMynBl: Uy =my —mlz, Wy =my —3mym +2m), C,= \jﬁ; Imy,

C,=n,/ 1'% (3mech 1, — LEHTpalbHbIi MOMENT n-To nopaaka). C ux no-

MOLIBIO JOCTATOYHO MPOCTO BBIMMCISIOTCA BTOPO# (71, =mia, - rue

a=1 +C’v2) K TpeTHi

a) 6) 6) (my =mb, rae

¥ H Y

i 3 b=C,C? +3(1+C2)-2)

thﬁy"’h "’M/'\;/"\ﬂ ;/7%/1 ) A 4 j MOMEHTHI, HeoOXomuMEele
L g HER VA I AP

L LAY L T ans noacuera L, u Ls. Kax

t g E BuaHo n3 Tabin. 4.3, B

Puc. 4.26. BapuaHTsl COOTHOMICHHH MEXIY pacuer- GommutcTse Cirytiace
HbIMH THAPOIOrHYECKHMY XapaKTEPUCTHKAMH: TpajHCHTHPIC ~ KpUTEPHU
@) dmild # 0, dDIdE = 0, dCJdt, + 0; 6) dm/dE, =0,  PA3NHHAIOTCA, HO HE OYeHb

dDIdg, + 0, dCJdE, + 0, 6) dmi/de, = 0, dDIdE = 0, cunbHO. B Taﬁn‘ 43 rpagy-
dCdt, #0.

=
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4.3. OnTuMaibHas CeTh THAPOIIOCTOB B paclmpsmomemcs $Ha3oBoM OpOCTPanHCTBe

€HTHEIC KpuTepuu o603HaueHH Kak Fy; (epexox OT MuHeHHbIX pa3MepoB K

NJIOINaAHEIM BEITONHEH 1IO YKa3aHHBIM BBIILIC SMIHIPHYeCKAM dhopMyiam).
BriBoa KOPpENSINMOHHOTO KPUTEPHH U3 CTOXACTHYECKOH MOE/H.
Bosmukaer Bompoc O KOPpENAMOHHOM KpHTEPHH, KOTOPHIl Bpome Okl He
CHIEHyeT M3 CHCTEMB! YpaBHEHHMIT 1 MOMeHTOB. OfiHako 310 He Tak. Caenaem
BBIBOJ 3TOT'O KPUTEPHs M3 CTOXaCTHUECKOH Moenu OpMHUPOBAHUS CTOKA.

Tabnuya 4.3

[ipuGanmenHas OUEHKA YHCICHHBIX 3HaUeHHH KPHTEpYeB ONITUMAaNbHOM

IMApOJIOrHYecKoif ceTH

Pexa, runpo- VicxomHele XapakTepHCTHKH X m&;t;e'm o
No JIOTHYECKAA 7 m EpHCB, -
3 30ma e o2 n/(c.l‘(’ ) Cy " | Freap) Foi | Foa | Foy | Frop
HonxameH- i 6 0,25 | 38,2 | 255
1 Has Tynry- 241 8 0,20 | 66,6 { 573 [ 0,51 90 [97,51103 160
CKa, fecHas 10 0,15 | 102,2 | 1060
Jlon 5 0,3 273 ] 159
2 N > 378 2 0,7 7,6 19,8 | 1,5 §7,82]13,9{6,23|1,58
crenxas 05 | 06 |034] 026
3ananuas ol 180 03 | 109 | 1270
3 JBuna, 03 70 650
ecHan 6 03 39 274 0,5 144,3141,1141,915,72
TOxuE1t 4 0,3 17,4 | 81,2
4 Byr, 46,2 2 0,6 54 16,6
crenmas 02 | 10 | 008 |o032| 1P| 16(227213) 10
Bypes, 16 | 0251 271 | 4833
5 TOpHO- 67,4 10 0,3 109 | 1270 _
Heckas ° s o4 | 2 |175 4,654,6413,76| 4,1

Ha 3anagHoi JIpuHsl, B KoTopsix § =2,5.

Ilpumenanue. 3HaueHHs HOPMBI MOAYJNIS CTOKA CHSATHI C KapT B BepxHed, cpexueil u
HmxHell vacTax Gaccedtros. Tlpu nogcuere C, 3Hadenne § = C/C, 6pa
DMCH PaBHBIMH 2, 32 UCIUIOUEHUEM CPEIHEH M HwxHeH yacreli Gacceii

Ilo  ompenenenuto

KOPpeNsLMOHHAs

yHKLs
K, €)y=M[Y 0(é)Y 0 (&1, rae Y'=Y-m,. Torma pubbepeHuMaTbHOE

ypaBuenne s K(E, &') Gyner 0K (&, &')/0E=M[Y 0(&) Y°(&")], rae Be-

3TO
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4. MuoroaeThyil peuHoi CTOK

nnupny Y O(Q)EdYO/ dé MOXHO ONPENETUTb, WCIONb3OBAB YPAaBHEHUS

(4.20) u (4.22). [Ins ogqHOpOIHBIX, B OTHOMIEHHH KOPPEILUAOHHON (yHK-
IHH, YCIOBUH (OPMUPOBAHNS CTOKA MOy YHM:

dK(AE)/ d(AE)=~ (¢ -0,5 G;) K(AE); K(at=0)=D,

rae AE =§&'-£, D— pucniepeus.
Pemenue 3Toro nuHeiHOro ypaBHEHUA MIMEET ClENYIOIMII BUA:

K(A)=Dexp (-2 +0,5 G, ) AL.

HCI’[OHLS)’CM HHHeﬁHYKO alnnpoKCUMAIIUIO S3KCHOHCHTDI
exp (-c+05 G, ) AE=1-[c~05 G, ) A, Toraa K(Ag)=

=D-D ( c-05 Gz,) AE wm, ¢ yyetoM cooTHoLIeHH D = Cfmi2 ,
K(AE)=C2m? - C2mi( ¢~ 0,5 G, ) AE.

PasniesmuB Kakjioe M3 ciaraeMblX Ha KBajgpaT HOpPMbI MOAyJNld CTOKa,

noyuuM G° — Gf,,am = —Cfal , Te a=¢-0,5 G,, /=Af. Ecin cunrars,

YTO JOMyCTUMAS MIOTEPS KOPPENSiiH He MPESBOCXOUT MOTPELHOCTh H3Me-
PEHUS CTOKA, T. €. Olg — O %Gy, TO PACCTOSHHE MEXIY TIyHKTAMM Ha-

6o ieHui IOMKHO YAOBIETBOPSATH HEPABEHCTBY / < 002 /(Cv2 a), 1. . Ipu-
XOJMM K BBIPAKEHUIO, 0 (GopMe MIEHTUYHOMY KODPPEISLUOHHOMY KpyTe-
puto (npaMep pacderoB cM. B Tabu. 4.3).

Kpurepuii penpeseHTATHBHOCTH KaK HNapaMeTpP peJaKCanuy
B MOJEJIHN pevHoro ¢roxa. OCTaeTcs HEBBIACHEHHBIM (C TOUKM 3pPEHus Ma-
TEMATHYECKOTO MOJCIMPOBaHMU) CMBICI KPUTEpUs pPelpe3eHTaTUBHOCTU.
CricTeMa ypaBHEHHI MEpBOro HOpsAxa Uil HavalbHbIX MOMeHTOB (4.21)
SIBIIAETCS TAHEHAOH, IpHIeM PeMIeHHE KOKIOT0 NOC/IeAYIOMEro 3aBHCHT OT
npeasLxyiero (Ho He HaoGoport). [Tapametp L, BXOASWKI B JHHAMWIECKYEO
moJtenb (4.20) ¥ IPHCYTCTBYIONMA B YPaBHEHHAX A1 MOMEHTOB, Olpese-
JA€T 30HY HEONHOPOMHOCTH CTOKA, CBA3aHHYIO C BIMSHHEM a30HANBHBIX
GdakTopoB,  yUMTHIBaGMBIX ~ KpPacBbIM  («HAUAaNBHBEIM»)  YCIOBHEM
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4.3. QuTuManEHas CeTh THAPONOCTOR B pacluvpsromeMcs $asoBoM poCTpanHCTRe

mn(§=0)=m2 (m=1, 2, ...). Ero cMslci Takoii xe, Kak y NOCTOAHHOM
BPEMEHH B OOBIYHBIX JHHAMHYECKHX CHCTEMAX, YMCHCHHOS 3HAYEHME KOTO-~
poit onpegensgercs (YCIOBHO) BpEMEHEM JOCTHXKEHUA BEIXOAHBIM CHIHAJIOM
(e nanteM cnyuae ¥) 3Hauenms, paBHoro 67 % 0T ycTaHOBHBINErocsa (OmHO-
POJHOTO, B HAIlIEM CJIyuac) 3HaYeHuU.

Pewenne, HarpyMep, YpaBHeHHS I IEPBOTO HAYajibHOIO MOMEHTA
MMeeT BUL:

~{ z-0, N-05G -\ z-0,
ml(é;):mloe ( e-03 Ga)g+—-——~——ﬂ(l~e (f > Gv) §)= (4.24)

rAe ¢ =1/kL ompenenser HHTEHCHBHOCTL H3MEHEHH 3KCHOHEHTEL Ha pac-
cTosHMH &=L nepexoxHble IPOHECCH MPAKTHYECKH 3aMHpPAIOT M HOPMa
CTOKA OIPEeAAETCA HE a30HAIBHBIMH (axTopaMu (KOTOpbie (OPMHMpYIOT
m{’ ), @ 30HANBHBIMH (B OCHOBHOM HOPMO# 0CaAKOR).

PenxykiuoHHsle KPHBEIE, NPEACTaBICHHBIE Ha pHC. 4.8, ecTs rpadgmuue-
ckoe H300paKkeHHe MOROOHBIX pemenuit, OHM COOTBETCTBYIOT M3JaraeMoi
TEOPHH M MOTYT CIYKHTb Ji IKCICPHMEHTANbLHOrO ONpenesieHus perpe-
3€HTaTHBHOTO paccTosHMs (WM 1wiomany). Eciu oxono 3asrcumocteit mpo-
BECTH MHTepBaibl Heonpenenennocty (CKO mid storo mpueenenst B pabote
[801), To «rouxm» meperuba mas my, my, Mz TPEBPAINAIOTCH B PA3MBIThIH
JMaras3oH, [Ae JIEXaT 3HauYeHHA Fpe, (500 — 5 000 KM2). Pasymeercs, ato
OCpesHEHHAA KapTHHA N0 BCeil TepPHUTOpPHH, KOTOPast MOJKET BapPhUPOBATHCA
JUIsl OTAEABLHBIX THIPOJIOrHYeckux 30H. Hano HMeTs B BHAy, YTO MONHOM
PERYKLMH 10 MATOXHIAHWIO HET (KaK M N0 CTapLIMM HaYalbHbBIM MOMEH-
TaM), XOT4, HanpuMep, Ha 3aBucHMOCTH C, = f(F) HMeeTcs IPaKTHYECKH
IoNHas pefyKuyst B JuanazoHe romazgei ot 750 xo 25 000 KM Orcyrer-
BHE TIONHOH PeNyKLUH CBA3aHO, NO-BHANMOMY, C HEIMHEHHLIM XapakTepoM
(opmupoBaHus CTOKa M OyHeT 00CY KIATECA HIDKE.

CBa3b ONTEMHA3aNAK CTOKOBOH B ocaakoMepHoil ceTH. B cooteet-
CTBHMH ¢ pelieHHeM (4.24), Ha nOCTaTOYHO GOJNAIUOM PACCTOSHHUH & BIIHAHM-

eM m? » DOPMHPYIOITHM IIPOCTPAHCTBEHHYIO a30HAIBHYI0 HEOTHOPOAHOCTh
CTOKa, MOXHO IIpeHeGpeub. Bynem (nioka) npeneOperaTh Takxe B3aUMHON
HHTEHCHBHOCTBIO IyMOB G5 . Torna pemense (4.24) npumer npoctoit By
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4. MuorojieTHuit peyHoR CTOK

ny (§)= N (&)/( z~0,5 ;). CunraeM, 4To H3MEHEHHE HOPMBI CTOKa Ompe-
JernsieTcs HoJeM OCaJIKOB. Torna MO3KHO 3aMHCATh
Amy =k AN /(1-0,5G, /¢), rne AN =AX ; k — xoapuument croka. 3to
BhIpaKEHHE MOKHO 3aIHcarh TaK

Vi Iy =k Viy Iy [(1-05G, f¢) (4.25)
wim Iy, =k (Vg /9,,.) Iy [(1~05G, /2), (4.26)

e Vi, V,, —IPaIMenTsl HOPMbI OCAKOB M CTOKa; [, , Iy — paccTosHue

MEXAY CTOKOBBIMH ¥ OCAZAKOMEPHBIMH ITOCTaMU.
ITo aHasoruu ¢ r HleOHOFPIquKOﬁ CEThIO MOXKHO BBECTH I'pagHECHTHbBIC

KPUTEPHHU I/ OCATKOMEPHOH ceTH l)g 224/ 209Ny, Vi, tre o9 =C,/~n
(3meck C, — kod()UIMEHT BapHALMK TOXOBBIX CYMM OCAIKOB; # — MHCIIO
YICHOB B PSAY OCAJKOB MM, €CNIH TPUHHMATH 3PrOAHYECKYIO THIIOTE3Y,
YUCIIO YHKTOB Habmonexui).

KoppenanuoHHsIil KpUTEepUH, TaK e Kak M I CTOKOBOM CeTH, MOX-
HO BBIMUCIIATH, Onupaick Ha GopMmyny Hposnosa—lllenenesckoro (4.19),
CUMTAs KOPPEIAMMOHHYI0 (YHKIMEO TONOBBIX CYMM OCaJKOB JIMHEHHOI,
) g% ~n?), rae 7, — paMyc KOppensuMu TOJOBHIX CYMM OCAIIKOB;
£ — JomycTaMas Mepa ommOKd HHTePIOJINNN, 1| — Mepa omubku uaMepe-

maa. FEciu  cuurate  £=7m, TO IgY <rn®. Takum  ofpasom,

282 ¢ NIV5; <" <7M>. 310 HepaBEeHCTBO MOXKET M HE BBIIOTHATHCH.

Torga Hamo HOCTYOHTH KaK ¥ B CIy4ae CTOKOBOIL CeTH.

Jng 0cafikOMEpHO#M CeTH MOXKHO HaliTM M aHAlOr KPUTEpHs perpe-
3edTatMBHOCTH. HMeeTcs B BULY PeNpPe3eHTaTHBHOCTh JaHHBIX 0CaJKOMEp-
HEIX HaOMIOAEHHH IO OTHOLUGHUIO K OKPY’KAalOMEH TEPPUTOPHH, OLICHUBAE-
Mas TOYHOCTBEO 3KcTpanoyiduud [33]. B cooTBeTcTBUM ¢ JaHHOH paboToii,
HOTPEIHOCTE, ¢ KOTOPO#t JIOKaJIbHBIE JaHHEIE HA KOHKPETHOH CTaHIUM Xa-
PAKTEPU3YIOT CPENHIOI0 HA OKpPYXKA:olieH Teppuropuy miomansio F mo-
TPEIIHOCTD PpeNpe3eHTaTHBHOCTH, onpenensercs dopmysoit

E(F ) = c«\/£2 (F )+ n2 , TIe O — CPE[HEKBAAPATHHECKOE OTKIIOHEHHWE CyM-
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MBI OCaIKOB; 82(F ) — Mepa omuGKy NpeCTABNIEHMs CPENHHX N0 MIOLAAU
F 0CajiKOB JTOKATBHBIMH JAHHBIMH, 1°— Mepa OLIMOKH u3MepeHus. Benu-

qHHa 82 (F ) OIIPpEACHACTCA 3aBUCHUMOCTBIO:

2

52(F)=—6-17 70, 0)—%; [ fGe, ») axay]|

TOe X, ¥ - NPOCTPaHCTBEHHBIC KoopiuHarey, f - none ocankos. Ecmu
KODPeJALMOHHYI0  (YHKIMIO  OCagKOB  ONMCBHIBATH  3KCIIOHEHTOMN
r{)=exp (~e/ly), tae 1, — panuyc koppensuun, TO ANA OTHOCHTEIbHON
NOrPeHOCTH penpe3eHTaTHBHOCTH HONyIuM
e(F)=C,/(0,23VF) /1)) +n? , tne e(F)=E(F)/N; C,=cIN, N -
CPEIHAS CyMMa OCaKOB. '

Hcnonp3oBas 3Ty (GOPMYILY, MOXKHO HAlTH pellPe3eHTATHBHYIO ILIO-
a1k, IPHXOMAMIYIOCA Ha OJJHH OCAIKOMEp, HCXOMS M3 JKelaeMol morpeni-
HOCTH  3KCTPAHOALMH  OCajgKOB HA  OKPYXKAIOUYI0 TEPPUTOPHIO
Foenp = (ez - Cfnz)zlg / (Cf (0,23)2). Ifo  pmaumemm  pabGoret  [17]
{em. [17], 1abn. 2.14, c1p. 77), npu nepuole CyMMUPOBaHHs, PABHOMY CE€30-
"y, naa ueHrpa ETP umeem: N =362 MM, 6=92 MM, /; =290 xm,

n2 =0,02. ITycTb sxenaemast OTPEIIHOCTE SKCTPaNoNALMY cocTasiser 7 %.
Torma o npusezerHoH GOPMYIE DOTYUUM Fpeqp = 5,5 THIC. KM '

Bansaane menmmelinocTH mpomeccos (opmupoBARAA CTOKZ HA
KpHTepHi ONTHMANLHOCTH. YpapHEeHue (JOPMUPOBAHHSA CTOKA MOMKHO 32-
NHCaTh, MCHO/E30BaB B KAYeCTBe HE3aBHCHMON NepeMeHHOH BoxocOOpHYIO
miomans F:

FodY(F)/dF =-Y(F)/ k+ X (F), 4.27)

rae Fo — napamMeTp “UHEpUHOHHOCTH, T. €. IJIOIAAb, Ha KOTOPOl NepecTaeT
CKasbiBaTECAd JeiicTBHE asoHambHBIX ¢akropos. Ecim OF;/8Y =0 wu

0k/dY =0, TO craHAapTHAasA HPOUELYPa CTOXACTHYECKOro o6obmeH s Upr
OOBIYHBIX MPEITIONOKEHHAX ¢ XapakTepe MIYMOB (OHW JOJDKHBL 6LITE «6e-
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4. MuoronetHuii pe4yHo#t cTok

JbIMH») TNPUBOJUT K YPaBHEHHUIO
OIIK i NOTHOCTH BEPOSTHOCTH
p(Y , F ) Jna  craunoHapHBIX
(t.e. B HalleM cny4yae —
penpe3eHTaTMBHbIX) ycaoBui
(dY/dF =0) €ro pelieHue
[IPUBOAUT K CEMEHCTBY OJHOMO-
7 i JanmbHeIX  KpuBBRIX  IImpcona,
Puc. 4.27. Bosvoxuas spemenuas pas- ~ KOTOPBRIC 1 ONHKCBEIBAIOT 3aKOHBI
BEpTKa THAPONOTMYECKOro Mpolecca HpH pacnpeneyicHuss BHE 3aBHCUMOCTH
JIBYXMOZAITBHOM PACIIPE/ICNCHHH. OT IJIOWIan BOZ{OC60pa.

Onnako B ofueM ciy4ae
cutyammss MoxeT ObiTh cnoxHelt. I'maponornueckmit moTeHnman V(Y)
(dY /dF =-0V/3Y) wmoxuo  npexcraButh  psgom  Teknopa [45]

V(Y ): Zc(k)Y ¥ . Totenuman Bosmywmaercs 1u60 BHEwIHHMHY FUAPOMETEO-
k

POJIOTHYECKUMH BO3AEHCTBUAMM (HalpHUMep, ocajikamy), 1ubo BHYTpPEHHU-
MU, OaccefiHOBBIMEH (DAKTOpPAMH, YIMTBHIBACMBIMH DPETaKCaMOHHBIM Mapa-
metpoM Fp U koaddurienToM croka k. B 3aBHcHMOCTH OT 4ucia yAepXu-

BaeMbIX WIEHOB B DAy M COOTHOIMEHHsS MEXAY KO3(pPUIVEeHTaMH c®
MOHO TIOJIYMHTE pasHoOOpazHEle KPHBBIE PacnpeeNieHis IIOTHOCTH BEpO-
aTtHocTH. ECH B KauecTBe HE3aBHCHMOH MepeMeHHOH B3iTh BpeMA f, TO
MOJKHO TIOKa3aTh Pa3BepTKY Iipoliecca B Clly4ae ABYXMOJAJIBHOTO paclpene-
nenus (puc. 4.27). ITogo6Boe Henuuelinoe BneHue nepebpoca (cMeHa pe-
KHUMOB pacXofoB 0e3 BUOUMOro U3MEHEHHS OCaJKOB M TEMIIEPATYpPhI) Ha-
6aroRaercs, Hanpumep, Ha pekax CeepHoro Kazaxcrana. Kak orpasurcs Ha
ONTUMANIBHOM THIPONIOTHYECKON CETH NONOOHOe «LIM30(hpEeHHUEcKoe» II0-
senenne Bogocbopos? Beop HopMa croka, KO3 (UIMEHT BapHallud M KOp-
PeTSLMOHHAS (YHKIMS, BXOMALIME B KpHTCPHH, NPEACTABJICHE! 306Ch B ABYX
sxzemruapax (Gonee noapobHo 06 9ToM seneHuH oM. [42], ctp. 134 —136).

Cyzs no OTCYTCTBHIO IOMHOH pelyKUMH Y BCEX HAuaAbHBIX MOMEH-
ToB (cM. puc. 4.8), mpouecc dopMUpoBaHKa CTOKA Beerza HenuHeiHsbiH. Ho
ecid jaxke orpaHH4uThes oOprHBIM ypaBHenueM PIIK, nonyueHHBIM Ha
OCHOBE JIMHEWHOM AUHAMHYECKONH MOMEIH, Ha BEPOATHOCTHOM YpOBHE 3¢-
(heKThI HEJIMHEHHOCTH BCE PABHO HMEIOT MECTO.
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B nayxe u TexHuke xopomo uspecteH shbexr gerexrupoBanus. Ero
CYTb NOACHseT puc. 4.28. Mz-3a Hamuums «BBIIPAMHUTEND (HEIHHEHHOTO
anemeHTa R(i)) curHan Ha BBIXOJE MOMYYaeT MOCTOSHHYIO COCTABISAIONIYIO
Uy, XOT4 Ha BXOJe NMOCTOSHHON cocTapisowei He 610, HMMeer MecTo Ha-

pYlIEHHE CHMMETPHMM: CHMMETPHYHOE BO3feHcTBUE Mpeobpasyercs B He-
CHMMETPHUHYIO peakipio cuctembl. IlomoOHbii  3ddexr noseasercs
M3-33 HEJIMHEHHOro MapaMeTpa cucTeMsl R(7), U3MEHSIOINEro CBOM CBOMCTBA

¢ 4aCTOTOM rapMOHMUESCKOTO BO3AEHCTBU.
B cnyuae croxactuyeckoit cuctemsl (peyroro Gaccefina) ponb cosna-
ZeHuA yacToT OyneT urpate KOppessamus Gy MEXLy NapaMeTpU4eCKAMH

(&) v apurueHeivd (N ) uymamu, npu 3TOM cama CTOXacTHYECKAs CHCTe-
Ma MoxeT ObITh W NuHeliHol. Hamnuue acuMMeTpuu B rHAPONOTHYECKMX
pamax (npuuem Oonbiuedi, uem B pAjax roJoBbIX CYMM OCAJIKOB:
C{° <0,25 [102], C{" =0,6-0,7, puc. 4.8) noxTsepknaeT monoOHbIH -
dexT. IIpu sTOM TepseT BesAkui cMbICh NMPUHUMATE KO3QUIMENT CTOKA KaK
KOHCTAHTY; OH HPOcTo 00A3aH HCHBITHIBATS ClIy4YaiiHeie Koaebanus, onpeze-
JeHHBIM 00pa3zoM CBA3aHHble ¢ KoneDaHWIMH BOHOMoAauM. VIMeHHO 3Ta
CBA3b, BEIMUMHY KOTOpo# XapakTepusyeT G,y , ¥ IOPOKAAET aCHMMETPHY-

HOCTH PaclpeneseHus (T. €. CMEUEHHe B PAJax CTOKA — HECOBRMAJEHUE MO-
JanBHOTO M CPEIHEro 3Hauenuii, puc. 4.29). buiTylomee cpefu THAPONOroB
4 METEOPONOrOB MHEHHE O TOM, YTO KIOJIOXKUTEJIbHAA aCUMMETPUS THAPO-
METEOPOIOTHYECKHX XapaKTEPUCTHK OOBACHIETCS BIUSHUEM HEDKHErO Ipe-
Jeja Ha BHJ SMITHPHYECKUX

KpuBBIX olecrniedeHHocTei a) 6)

(80, 102}, no-pumumMoMmy,
omuboyno. Eciu acummer- i U=iR
PHIO TIOPOXKAOT TIPEAEIBl, _ﬂ—-— -
TO 4TO MOPOMIAET OTPHIA- {[ \ U/\
TEIPHYH0 aCHMMETPHIO Y | 4
kpuBbIx [TupcoHa 3-ro Turna, e=Esin of —
a TaKkKe aCHMMETpHIo 000oUX
3HaKoB y Kpupoil Ilupcomna

R()

|

4-ro THma, He UMEIOWEH tr =0
Nnpeaeyios HU CJICBa, HU Puc. 4.28. IMoscHenne aexra ACTEKTHPOBAHUS:
crnipaga? @ — BMEKTPHUECKan CXEMa, COAepKailas HeanHeHHBIH

INEMEHT; & — BXOAHOH H BIXOAHOW CUTHAIBL.
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4. MyoronerHuit peaHolt crok

Kax Beawko 310 He-

]P Ocadru(X) | pewion | Crox(v)  |PH- NUHENHOE CMemeHHe M Ka-
acoei KOBO €ro BIIUSHWE HA KpH-

p 5 Tepuu ONTUMANTBHOCTH?

€025 (=~06:07 Pa3sHOCTb MEXEY MOJajb-

HBIM M CPEHUM 3HAUCHUEM
Puc. 4.29. K nossnenmio cMemenus (cm) B pacnpe-  3aBucur [43, 83] oTr otHO-
nenennu p(F). UIEHWS [EHTPAIBHBIX MO-
MEHTOB i3 /2[5, a BEJIMUH-

Ha G,y B NEPBOM NPHOTMKEHHH MOMKET OBITh BbipaseHa COOTHOUICHHEM
G,y = T3 /21, . B COOTBETCTBUM C PEIICHHEM 1A YPABHEHHA HOPMbI CTO-

ka (4.24) nocje 3aBeplleHMs TPOCTPAHCTBEHHOH penakcanuy (yxoma oT
asomanpHoctn) motywum  my(E)= N —0,5 G,y /(€-0,5 Gy). Benuuuna

0,5G,y cocrapnder B cpearem 10-15 % or N H, Tak kak HET pelyKIHH HU

no C, uuno C., asngercd QpyHKuuei win F ). [IpoucxoxkaeHue 3Toro
v s

«CMELLEHHMS» HMEET KOPHH B (JU3MKE CaMOoro Mmpouecca POPMEPOBAHMS CTO-
Ka. 3HaK ero onpenensercs 3HakoM Kod(HIMeHTa aCHMMETPHM M NIPU 10~
TIOXKHATEILHOM €r0 3HaYeHHH OH OTpHuaTenbHbld. Bee 310 npuBoAuT K Mo-
SIBNCHHIO AOMOJIHUTEIBHBIX CllaracMbIX kak B gopmyne (4.23), Tak u B dop-
Mmyite (4.25), a 3HaYUT, ¥ K U3MEHEHHMIO TpaIieHTHOTO Kputepys. Hanpumep,
dopmyna (4.23) npumer BUI:

L 20,5G,m/grad m; +0,5G,y/grad m (4.28)

(y BTOpOTO CaragMoro 3Hax «t», Tak KaK fIpH IIOIOXKHUTEILHON aCuMMETPUY,
YTO XapaKTepHO /11 GonbLIHHCTEA PATOB, Koppemsiua G,y OTpULATENbHA).

OnuroJorust ONTHMANLHON PEKHMHOM ceTH, ee MAPAROKCHI H nep-
CNEKTHBA IBOTIONHH. Cyuecmsyiowas ORmMoL02Usl U HEBOIMOICHOCTb HA-
VUHO OBOCHOGUHH020 NPOZHOUPOBAHUS HPUHYUNUANLHEIX €¢ USMEHeHUU.
Bosiee 30 mer kputepuu ONTHMATbHON pEXUMHOM CETU HE MOJBEPrajHch
KPATHYECKOMY aHAJIM3Y W TEOPETHYECKOMY OGOCHOBAHHIO, YTO 3aTPyAHAIO
OCO3HABATH MPEACHTbl WX NPUMEHMMOCTH, NPEHUMYLIECTBA M HEJOCTATKH.
BmecTte ¢ TeM OHM IIMPOKO MCIIONB3YIOTCA B HaleH cTpaHe M 3a pyOexoM,
YTO rOBOPHT 06 HMX MCKIFOUMTENbHON IpaxkTH4YeckoH 3HaumMocTd, B aToil
paboTe BIIEpPBBIE TEOPETUUECKH NONYUYeHb! KPHTEPHH ONTUMAaNbHOM CETH U3
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obmieit croxacTrieckoli Monenn GOpMHUPOBaHHA CTOKA, M3 KOTOPHIX (Kak
4aCTHBIH Ciry4ait) cnexyror kputepuu Kapacesa. 310 NO3BOJIET YCTPAHHUTD
HEKOTOPHIE UX HEAOCTATKH H KOHKPETH3HPOBATh T€ YCIOBHS (HOPMHPOBaHHS
CTOKa, IPH KOTOPBIX OHU CIIPABEIIHBEL.

Hayv'nas ontonorms onTuMmanbHO# pexxMMHOU cetu (T. €. yHHBep-
CaJIbHBIE NPEICTABJIEHHA O TOM , YTO ¥ KaK Haj0 ONTHMH3UPOBATh) Gasupy-
€TCA Ha BBIACHECHUH B GECKOHEUHO CHOXHBIX THAPONOrMUECcKUX MPoNeccax
Heko# KoHedHOMH npexmeTHOH obnacty, 1. €. ¢dukcanym Goyee MeHee pa-
OUOHATBHO OOOCHOBaHHHIX M HMEIONIMX MPaKTHYECKOEe HpUMEHEHHE
NpeAcTaBlennil o mpouecce GopmupoBaHni croka. Boimenennas Kapace-
BBIM [Ipe/IMETHAs o0OJIacTh XapaKTepH3yeTIcsd [ojleM MOAYJS [OJOBOTO
CTOKa H ¢uxcupyercs CHIEYIOIHM JOIMyIEHNeM:
dmy (&_,)/ d&+#0; r(c‘;] &2 ) = r(’él - §2). Ilomo6Hast ¢uKkcanus JOCTATOYHO
pasyMHa M yxogur kopHamu Kk paGore O. A. Jlpoznora 1936 r. {24], nocss-
IMEHHOH ONTUMHU3ALHH METEOPOIOrHIECKOH CETH.

Spomonua noaobHo#H (kak 1 mobo# Apyroit) OHTONOrME BO3MOXKHA,
eciu: 1) uMeeT MecTo MCeBAOMH(MOPMALHOHHEIN B3PBIB, T.€. B paMKax (HK-
cupoBaHHOW NpeaMeTHOH 06NacTH NPOUCKONWT Pa3MHOMKEHHWE PaliMOHANIb-
HBIX CTIPYKTYp, HE OYeHb pa3jIHUalONHXCS IO IIIyOMHHOMY CMBICHY;
2) NpennpUHSTEl ASHCTBHA (3aTPaThl SHEPrHY M MaTEPHANBHBIX PECYPCOB),
MOXKET OBITh HE CBS3aHHBIE C JAHHOM NPOGJIEMATHKOM, HO NO3BOJISIO-
I{¢ pacIIUPHTh MpedbIYINyI0 npenMeTHyto oOnactb. O6e atu npeamo-
CHUIKH HAIHLIO.

Iocne paboter J{po3noBa ObUI0 MHOTO HyOIUKAHMI HO ONTHMHA3ALHH
METEOPOJIOTHUECKON ¥ T'HAPOIOrHYecKoil ceTH. BONBIIMHCTBO U3 HUX BHO-
CHITH 3JTEMEHTbH! HOBH3HBI, 0COOCHHO B 3TOM OTHOIIEHMH BhIAENseTcsa pabora
Kapacera [37], norpeGoBapinas BHECTH B METOAUKY THEPOIOIHYECKYIO CIie-
nuduKy, HO B MX ocHoBe Jnexana dopmyna Iposnosa-Lllenenesckoro. Ilo-
9TOMY ZSHCTBHTENHEHO MOKHO CKa2aTh, YTO FIO IMYOHHHOMY CMBICIY, 34510~
xeHHoMy elite JIpo3noBBIM (caMiM (hakTOM (UKCHPOBAHHS ONpeNeNeHHOM
npeaMeTHOH 0611acTH), paboTEl He CHIIBHO OTIIHYAIOTCS APYT OT Apyra.

C 1oBOEHHEIX BpeMeH OBUIH CHENaHbl OTPOMHBIE 3aTpaThl DHEPIHH
(1 B mpsAMOM, M B JYIEPEHOCHOM CMBICIIC), CBSI3aHHBIE C DPACHIMPEHHEM
CHAPOMETEOPONIOTHYECKOH ceTH U 0000IeHneM pe3ynbTaToB HaOMONeHHH
Ha Heil (KapThl M3OJMHHI{ PacUeTHBIX THAPOJOIHYECKHX XapakTepPHCTHK
pa3NHUIHBIX BHUIOB pEYHOro CTOKa ¥ T. A.). CTanma HIMPOKO BHEAPATHCH
cToXacTHyueckas Mozeiab (POPMHPOBaHHA PpEeYHOr0 CTOKA Ha OCHOBE
ypasrenus ®IIK [42]. '
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4. MHoroaeTHuil peuHON CTOK

Kpome storo, cyniecTByiomas A0 CHX IOp OHTONOTHS ONTHMH3alMH
Obla He B COCTOSHHH OOBSCHUTD CYIIHOCTh CBOMX KPHTEPHEB, OCTABAACH B
paMKax HCIIOIb3yeMBIX B Hell CMBICTIOB (Tak ke Kak Kbl M3 Hac, Jaxke
TIPH XOPOLIO pa3BUTOI camopedUIeKCHH, CBOKO CYIIHOCTH HE 3HACT: HYXeH
B3MJIAZ CO CTOPOHBI, C PACLIHPEHHOM peaMeTHOH obnacty).

Bce 910 BMecTe B3sTOe (BKIIOYAS H HMEIOLLYIO MecTO KpUTHKY [1077)
C/IENai0 CYNIECTBYIOILYI) OHTOJIOTHIO HEYCTOHYMBOM M BBIHYJHUNIO €€ 3BO-
JIIOUMOHUPOBaTh. OHaKO BO3HHKAET BOTIPOC: & HA CKOJIBKO yCTOHUMBA pac-
LWIHPEHHAas OHTOJIOTHA ONTHMM3alUM, MpPEACTaBjcHHas B JaHHOH pabote?
MosxHo N1 yxe ceffuac npejacKazaTh JaibHeHIIHe [MyTH ee 3BONIIOLUH?

ATnpHOpH CIIefyeT cKasaTh, YTO CAeNaTh HAy4HO 06OCHOBAaHHBIH Mpo-
IHO3 TIOSIBJIEHUS «IIO-HACTOAIIEMY» HOBOH OHTOJIOTMH ONTHMH3ALMH HEJb-
3. PacuidpeHde OHTONOrMM BO3MOXHO TONBKO 32 CHET MpsAMOro medcTBHA
(3atpaTsl 3HEPruy), a He 3a CYET CYLIECTBYIOLIEro 3HAHUA (T. €. paHOHA/b-
HBIX CTPYKTYp, TIPHCYIIMX CYILECTBYIOIUCH OHTOJIOTHU: BEAh CO BPEMEHEM
OHHM TepPAOT YCTOHUYMBOCTb, HOpOAas nceBgoMH(opMmaimio). A Tak Kak
NEATeNEHOCTh, B OTAHUYME OT COCTOAHUSA, OMUCATh CTAHAAPTHBIM 00pazoM
HEBO3MOXHO (€€ MOXKHO TOJBLKO BOCIIPOM3BECTH), TO OTCIOJA CIAEAYET U He-
BO3MOMKHOCTb HAYYHOTO NPOTHO3a IMOABJIEHHS HETO-TO HOBOro (yraJsIBaTh
MoHO). OfHaKo Ha HAuya bHOM 3Tarle BOSHUKHOBEHHMS HOBOM OHTONOTUM
OMpeneNeHHbIe BOIMOKHOCTH 110 NPEJCKa3aHHIO €€ IUIaBHOH JBOMIOUMH B
pamMKax afanTaiMoOHHOro MexaHnsma paszsutui [44] eme umerorcs. Pacemor-
PHUM 3Ty SBOJOLMIO (B TOM YHCIIC H B CBA3H ¢ PaCIIMPEHHEM NPOCTPAHCTBEH-
HEIX ¥ BPEMEHHBIX MacIITaboB FHAPOMETEOPOIOTMHECKUX SBJICHMIA).

Brusnue yemoiiuugocmu 6epoAmMHOCIMHOZ0 NPOYECCA POPMUPOBAHUL
cmoxa Ha naomrocme cemu. BBIBOA kputepueB Ha ocHose moaenu PIIK
OpuBes, B YaCTHOCTH, K (opMyJie Ans rpafueHTHOrO Kpurepus (4.28). Us
Hee BH/HO, YTO HAPACTaHWe UHTEHCHBHOCTH ltyMa (G, NPUBOAWT K yBENH-
YEHHIO PACCTOSHUA MeXIy CMExHBIMM NocTamu. [IpoBeneHHBIE HCCnenoBa-
uus [45] nokasany, 4ro mapameTpoM 3 =G, /¢ onpenendeTca ycToh4u-

BOCTh MOMEHTOB paclpefeNieHus IVIOTHOCTH BEPOATHOCTH PacXodOB BOMBL
TlosTOMy, YeM MEHee YCTOMYMB BEPOATHOCTHBIH mpouecc GOpMHUPOBAHHSA
CTOKa, TeM GOJIbIIE JODKHO OBITh PACCTOSHME MEXIY NMOCTaMU, YTOOHI yiIo-
BUTH IPajUEHTH Marokupanus monyns. Ha puc. 4.30, a nokasaHs: 30HBI
notepu ycroduusocTd [44]. B HuX ceTh MocToB (IO TPaIMEHTHOMY KpHUTE-
pmio) nomkHa Gbits pexxe. MHTepecto, uto 30Ha HauGoubInell HeyCTOHIHBO-
cTu coBnanaet ¢ 6eccrounoit o6macteio (puc. 4.30, 6) TeppHTOpHY ObIBLIETO
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CCCP ([35], cmp. 33,
puc.4).  Tlo-sunumomy,
3TO CBS3aHO C YHCIICHHBI-
MU 3HaUYCHHAMH KO3(du-
LMEHTOB CTOKA M WX Ba-
puanusMu B 370l 00iac-
4. Hajo tonbko uMers B
BUJY, YTO MHTCHCUBHOCTD
myma G, B ¢Qopmyne
(4.26) v B BBRIpaXEHNUY 1%
napaMmerpa [3, HCIONB30-
BaHHOM TIpH IOCTPOEHHH
kaptel Ha puc. 4.30, a,
COBMNANAIOT JHIIb B CIHY-
Hae, eCinm  CIpaBeajiviBa
FUIOTE3a  SPrOAMYHOCTU
(unu ee KBa3WaHaANOrH) B
oTHOWEHHH G,y .

Ymenvuenve ponu
2UOPONO2UYECKUX  aCHeK-
mo6 & Oedicmgyrowel oH-
mono2uy npu YeeruueHuu
eodocbopnoii  nrowadu.
TlocMotpum, xak u3me-
HUTCS TIpeMeTHas 06~
jJacth (M OHTOJIOTHA OIf-
THMH3aLMM) TOpU  yBe/H-
YeHUU BoziocGopHOU
mromaad. Cyas  mo
puc. 4.8 (ma u no orpom-

a)

Puc. 4.30. HeycroitunsocTe THIPONOTAYECKOrO
pexuMa Ha rteppuropud CHIT no xpurepuio
B = G /& (@) n Geccrounsie obaacti CCCP (6):
1)B>23, 2)p>1, 3)B=18 (npu cospeMeHHOM
KnuMare), 4) TCHACHUMM K H3MCHEHHIO 30H HEYC-
TOHYMBOTO PA3sBUTHA N0 KIMMATHYECKOMY CLEHAPHIO
Ha 2020 r. (rnoGanbHoe MOBBBLICHHE TEMAEPATYPLI
Ha 2°C).

HOMY NPaKTUYECKOMY OMNBITY THAPOIONMHECKMX pactieToB), NPH yBelude-
HHM BOZOCOOpHOH mnowany pacyetHsie napamerpel (m;, C,, C,) He BbI-

XOJIST 32 MpEJesnbl, MPY KOTOPBIX CnpaBeiuBo ceMelicrBo [Tupcona, a 3Ha-
uut, — ypapHenue OIIK, duxcupymolee obcyxpaemMylo NpeaMeTHyIo 06-
nacTe. Bee Tpu mapamerpa, npasia, yMeHbMIAIOTCS, HO ¥ 5TO HE IPOTHBOpE-
YUT 3ApABOMY CMBICITY: [0 Mepe YBeluueHus Nuomand Bce Gonee addek-
THBHO NMPOHCXORHUT YCPEAHEHHE CITy4alHbIX 1poLieccoB, B npenene uamo or
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4. MuoroneTnuit peuno#f cToX

peuHbix GaccelfHOB MEPEXOAHTH K BOIOCOOPHBIM [WIOWANAM Mopeit WiH
oxeaHoB. IIp# 3ToM HeobxomuMo MUGO paccMaTpHBAThH MHOFOMEPHOE YPaB-
Henue OIIK ans «monymsiun GacceiiHOBY, HOPMUPYIOIIYX CTOK B OKeaH,
6o B KaYeCTBE BBIXOJHOM NepeMEHHON paccMaTpyBaTh CyMMAapHEIA CTOK ¢
faccelHOB. OTa «mOomynisisy Oymer XOBOJIBHO phIXias U Kaxmeid GacceitH
Oyner Bectu ceGa Haromobue JleHiGHuLeBcKOH MOHaBI, X0Ta cnabas Koppe-
JIAIMA HIyMOB OyneT 3a cueT rIo0aibHBIX KINMaTHueckux axropos. [Ipo-
CYMMUPOBAB K€ CTOK IIo BceM OacceliHaM, MOAOHIEM K MOZEIU CYyMMapHOTO
CTOKa ¢ TIOBSPXHOCTH CYLIHM B OKeaH ¢ HOpMOH m; = 3,1 n/(c kM) (xo3ddu-
LIHCHTH] BapHalliy ¥ aCUMMETPHH, TO-BHAUMOMY, OUYCHb HE3HAUUTEIIBHBIE).
C TOYKH 3peHus ONTHMH3ALHY 3TH JBA Cly4as (MOAENb KTIOTTYISIHMI»
¥ MOJEIIE CYMMapHOTO CTOKa) HE MMEIOT 3HAYEHH, TaK KaKk Kaxxnsti us 6ac-
CeHHOB yX<e TIPOOITTHMU3UPOBAH, & 3HAYMT, MPOONTHMHU3HPOBaHA BCS IUIO-
Iagb CYIIH, ¢ KOTOPOii oCyllecTBIseTCA CTOK. ['uaposoryyeckas crenudu-
Ka npouecca («cupsmas» B napamerpax G, ¥ G,y ) NpH TaKHAX MIOIAAIX

npaktudeckn yxe Ttepierca: G,y — 0(a smaumr, C; — 0), sapuanuu
(Takxke He3HAYHTENBHBIE) CO3JAIOTCA KauMaTudeckuM wymMoM Gy, a my—

HOpMOi#i OCaaKOB.

Iorepsa rupponorudeckoil cneuduxy GopMUPOBaHUs CTOKA OCYyIle-
CTBIISICTCH YK€ C TUIOINaAcH TIopAnKa Fpem. [lapanoxcaizHocTh cHTyanuu
3aK/IOYAETCH B TOM, YTO ONEPHPYS HPH INOCTPOSHUH ONTHMAILHOM ceTw
TONBKO TpeMs MOMEHTaMH U TpeHeOperas 4eTBEpPTHIM MOMEHTOM (3TO
o0blyHasd B TUAPOJOrMEH TIIpaKTMKa), MBI CUMTaeM TeM CaMbIM, 49TO
Gy <<+ Gy . B 10 xe Bpems G,y # 0(unHaue 681 C; =0), T. €. apdexr
JIETEKTHPOBAHHS €CTh, HO CO3ACTCs OH He BHYTpeHHel (rupponorudeckoit)
aKTHBHOCTRLIO GacceliHa, a KIMMaTHYeCKuM IMyMoM. Bomoc6ops! ¢ mioma-
meio F 2 Fpo, NOBONBHO MACCHBHBIM 0GpasoM TpaHCHOPMHPYIOT OCAfKH B

crok. Cyms no dopmysne (4.26), IWIOTHOCTE CTOKOBOM CETH NPaKTHIECKH
MOJTHOCTBIO OTPENesercs INIOTHOCTBIO CETH OcafkoMepoB, BosHukaer jo-
BOJIBHO HETPHATHBLH LIS THAPOJIOTOB BOTIPOC: a HyKHa JIM BOOOIIE III0THAS
PeXUMHAS CTOKOBasA CETh NPU HANIMMUK CETH OCaJIKOMEPOB?

Bsaumocenze pacuemubix 2uOPOROZUIECKUX XAPAKMEPUCMUK ¢ betbl-
MU WYMAMYU Y MEMEOPOROSUYECKUMY CIPYKINYPAMU CUHORMULECKO20 MAC-
wmaba. Ha rpaduxe C,=f(F) (puc. 4.8) mmeercs ofnmacts

F 25000 kM’ e 8C, /oF ~0. Ilpu Gonpmmx muomansx 2C,/0F <0.
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4.3. OurumanpHas ceth UAPOIIOCTOB B PACHIHDAIOWIEMCSH ﬂ_)azoaom [IpOCTPaHCTRE

O6rpsacHenne mopobuHoit crpykrypbt dyuxumn C,(F) MoxkeT Obth cre-

pyrompm. Iloka mnomans Bogoc6opa, 3aMEIKAEMOTO CTOKOBBIM TOCTOM, ji€-
JHT B YKa3aHHBIX npenenax, peaykuuu C, He HaGmogaercs. 3To MOXKET
OBITH CBA3aHO C OXHOPOAHOCTHIO (Mo C,) BHEWHWX BO3mEMCTBHMM (mons
ocaikoB). JleHCTBUTENBHO, CyAs O HMerowumMcs Mmarepuanam {3, 17, 30,
102], HaubONBIINM NIPOCTPAHCTBEHHBIM CTPYKTYPHBIM 0Gpa3oBaHHeM ITOro
NOJIA SABJIAETCS MaKpOMacmTa6Has (cHHONTHYECKAs) CHCTEMA C XapakTep-
HEIM pasmepom ropsmka 10° km? (i Bbime). Ilpudem sapo sroro o6pasosa-
HHS IMeeT PafdyC KOPPeIsLiH nopsu:u(a 100-200 xm [17], uro B cpeariem 1
AaeT ruTomany mopsaka 25 000 kw’. TIps Tako# CTENeHM MOKPHITHA Teppu-
TOpHM BOAOCOGOPEI OONBINNX IUTOMIAZNEH OCPENHAIOT LIYMBI M PENYLHPYIOT
ko3 unuenT Bapruanuy.

MoskeT BO3HHKHYTB CIACOYIOWHH Bonpoc. XapakTepHOe BpeMs JKH3HI
CTPYKTYP CHHOHTHYECKOTO Macmira®a (LMKJIOHOB, HApPHMEP) HECKOIBKO
CyTOK. A y Hac peus rier o koddduuueHTe Bapuauny rogoeroro croka. Ho
JIENO B TOM, YTO B COOTBETCTBUH ¢ Mozenbio DITK xoabdumuenr papuanuu
nopoxaercs GebIMU IMyMamMM (HanpuMep, A HOPMATbHOrO pacripegene-

Hua C, = ND/ my = (\/6];75—)/ my [43]), T. e. cimy4alfREIM NpONIECCOM C HY-

TIEBLIM PadMyCOM KOpPpeAUUH (a MPaKTHYeCKH — MHOTO MEHBIIHM Bpeme-
HeM peNlaKkcalluil peqHoro OacceifHa paBHBIM IIPHMEPHO OLHOMY IOXY).
HMeHHO 5TOMy YC/IOBHIO M YIOBACTBOPAET XapaKTepHOE BpeMs JKU3HHU CH-
HomTuyeckux obpaszopanmii. Takum ofpasoM, u mwiaro (0C, /0F ~0) na
rpaguxe C(F) MOPOXIEHO HE IHAPOIOrHUECKUMH, & METEOPONOTHYECKHMHE
0cobEHHOCTIMIL

Yeenuuenue ponu 2udponozudeckux acnexmos ¢ 360MOYUOHUPYIOUe
OHmoNO2UY NpU YMeHbiueHuu 6000c6opnoil naowadu. Paspuie meoicdy pe-
QIbHBIM COCMOSHUEM 2UOPONO2UYECKUX ODBEKMO8 U UCHOALIYEMbIMU 30K0-
Hamu (modensmuy), onucwigarowumy ux @yuxyuonuposanue. Teneps mo-
CMOTpUM, 4TO npoucxonuT npu F (wmn &) — 0. B unrepsane mnomaneit or
F = Fy 00 Fyopp AEHCTBYIOT TaK Ha3bIBAEMble IGPEXOIHBIE MPOLIECCH (TOY-
Hee WX Hallo Ha3BaTh MPOCTPAHCTBEHHO-PETAKCAIIHOHHBIMH, €CIIH B KayecT-
BE€ HE3aBHCHMOM NepemMEHHOM BRICTYIAET HE BpeMs, a ruromanp). [lapagoxk-
CaJbHOCTh CUTYAHUH 3aKUE0YAETCA B TOM, UTO MBI KHaBS3bIBaEM» BogocGopy
3akoH (Mogens DIIK), mo KoTopoMy HOJLKHBI MEHSTHCA MOMEHTH paclpe-
LEMeHKs UIOTHOCTH BepOATHOCTH. KpaeBrie ycnoBus (HauanbHbe MOMEHTH
B «TouKe» Fy) 3amaroTes HezaBucUMO oT ypaBHeHus DIIK. K gemy ato npu-
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4. Muorosernuit peynol cToK

BOZMT PaCCMOTPHM Ha IpHMEpe pPelieHUus YPAaBHEHHS I NepBOro MOMEHTa
(MaTOXHARHNSA).

[peanonoxuM, 4ro Ha BOZOCOOpe IWIOMANBIO Fjy IIPOUCXOAAT HEKHE
(«a3oHanpHBIE») MPOIECcChl (POPMHUPOBAHHA CTOKA, MPHUBOILUINE STOT BOHO-

c6op B cocTosrme my(Fy)= m? , dmy/dF ] R= m]() =0. IlogcTaBuB B petue-

Hue (4.24) 3HadcHue m{), TOJLYUIUM «IIePeXOAHOH nponeccey, n300pakeHHbIH

Ha puc. 4,31, rne m{) (FO) = (—-E +0,5 Ga,) m{) # m? =0 (171 NpOCTOTHE NpH

nozcuete 7y (Fy)cumraem, uto N =0, G,y =0). Takum ofpazom, «Ha-

YANBHOE» COCTOSHHE M MOMNENBI0 MPOCTO MIHODHPYETCH, W DeanbHbIM

«IepexOoHBbIi IMpoleccy, MOKa3aHHBIH LITpUXOoBOH aunuel Ha puc. 4.31,
3aMeHgeTCs 3KkcroneHToH. ClleqoBaTebHO, TIpH MOCTaHOBKe 3a1ayu o dop-
MupoBaHuH $yRkH p (¥, F) MBI JOIKHEL 3a/aBaTh ypasueHue OIIK, Ha-
YaJibHbIe MOMERTHl HpH Fjp, a Tawke MOMYAIHBO NOCTYJIHMPOBATH yCIO-
BHe CKauka AN IIPOU3BOJHBIX OT MOMEHTOB.

J10 HensOexxHad TIATA 3a TO, YTO MBI IBITAEMCS B HOBYIO (A1 MOZe-
Jn OIIK B TOM Buzle, Kak OHA NpPEACTaBlieHa), ele He PAalOHAIM3HPOBAH-
HYI0, TIpeaMeTHYI0 obnacTs (00NacTh a30HAIBHBIX MPOLECCOB (HOPMHPOBA-
HHs$ CTOKA) BBIHTH cO cTapbiM (yxe OcBOCHHEBIM) 3axoHoM. [loatomy, omrru-
MHU3MpPYS CETh CTOKOBBIX NTOCTOB, NOCTYNAKOT BIIOJNHE ONaropasyMHo, BeIOU-
m pas Fom™> Foeqp . T€M caMbIM HTHOPH-
m; PYFOTCS HECTBIKOBKH MEXAY COCTOS-
HHAMH BOXocOOpOB (m? ,m? ) ¥ 3ako-
HAaMH, KOTOPBIM HoJuuHAeTCS (hopMU-
poBaHMe  CTOka Ha  Oojpmiux
F TEPPHUTOPHSX.

Yrobbl paclipuTs OHTONOTHIO
ONTUMHM3AUMK Ha obnacte F < Fpey,
F HeoDX0MMa  JIeSTENIFHOCTD, 3aTpata

JHepruM (MpoBEicHME IKCIIEPUMEH-

TANBHBIX  HCCACHAOBaHUH, PHIThE WIYyp-

¢oB, uneHTAQUKALWIA a30HAIBHBIX
Puc. 4.31. K WLNOCTPALIMH «HECTHI- Mojieneit | T. 1), XOTs H CeHac yxe
KOBKHY» MLy COCTOSHHAMH BofocGo- ~ MHOTO CACHAHO B 3TOM HAIPABJICHHH.
POB U 3aKOHaMH (POPMUPORAHHS CTOKA. IlpyveM ueM MEHBIIE ONTHMH3MpYe-
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4.3. OnTuManbHas CETh rEAPONOCTOR B pacupsionieMcs hasoBoM IPOCTPANCTREE

Mas nomans, TeM Golee YHHKaIeH Hpoliece GOpMHPOBAHHS CTOKA Ha Heii
(bunocodcxas KaTeropus «eIMHUYHOEY NPHOOpPeTaeT GONBINKMI BEC), H TeM
Gonpinee YMCI0 HAY4HBIX NOHATHI (puocodckas kateropus «obmee») Ha-
JI0 BBOJHTB B PaCCMOTPEHHE, YTOOBI COCTARUTE MaTeMaTHUECKYIO MOJENb U
Ha ee OCHOBE pa3paboTaTs KPHTEPUE ONITHMAIEHOrO Pa3sMEIEHHs CETH.

Ocobennocmu onmumusayuu 6 20pHux paiionax. TTonsITky nocTpouTs
PEAYKLMOHHBIE 3aBHCUMOCTH MOJYJIS TOMOBOrO CTOKAa OT IUIOINAHM TOPHBIX
BOJAOCOOPCR OKA3BIBAIOTCS, KaK TIPABWIO, Ge3yCIeIHBIMH. B CBA3H C 5THM
BOSHHKAET BOMPOC O KPHTIEPHH pENpe3eHTaTUBHOCTH. CrielManbHbie HCCITe0-
BaHMA HA 3Ty TEMY C TOUKM 3PEHUS 3aay ONTUMH3ALVH ABTOPY HEH3BECTHB,
BO OnpeJielIeHHbIe cOOOpaKeH s 00IIEero XapakTepa BhICKA3aTh MOXHO.

JU14 TOpHBIX paifoHOB HPOCIICKHMBAIOTCS XOPOMIME CBA3U MOJYJNIS O~
JIOBOI'O CTOKa CO cpefiHelt BeicoToH BomocGopor. Ecim o6patutscs K ypas-
HeHH1o (4.27), To BNUAHEE BHICOTHI MECTHOCTH /2 MOXHO YYECTb, CUMTAd, YTO
Fy=fh). llpuueM 1o $puzniecKoMy CMBICITY 3Ta 3aBHCHMOCTE MOXET GBITh
TaKo#: Fy = Fuen, /(ah+ 1), rae a — koapduument. Toraa mns PaBHHHHEIX

pex (mpu £—0) Fo = F,op,, @ © YBeTUYeHAEM BBICOTE BofocOopa Fo—0,

T. €. BOOCOOpPH! CTAHOBATCH «MaJIOUHEPLIMOHHBIMEY H, KaKk roBOpUTCs, «0Oe3
JIMIIHUX CJIOBY» COPachiBalOT BBRINABINKE OCAIKH K 3aMBIKAIOIIEMY CTBOpPY. B
3TOM ciydae pemeHue Tuna (4.24) npu mobeix miomansx Oymer
my(F)=(N(F)-0,5 G,3)/(€-0,5 G;), T. . HOpMa MORYNIA CTOKA ONpe-
JienseTcd B OCHOBHOM HOPMOIf 0CafiKoB. A Tak Kak ¢ BBICOTON KOMHYECTBO
OCaIKOB, KaK IPaBHIIO, YBEIHUMBACTCH, TO PACTET H MOAY/b croka. Ilo maw-
HEIM paborsl [78] (tabn. 6, cTp. 149 ~ 172), 13 116 ropHbix paliOHOB H MOJ-
palioHOB TOJBKO B IHATH C/Iy4yasX HaOMI0#anoch YMEHBUIEHHEe HOPMBI MO-
AyNs ¢ BBICOTOM, XOTA U 3TO CBA3AHO C OCaKAMH.

Takum o6pa3oM, xpuTepuii penpeseHTaTHBHOCTH B TOPHBIX YCIIOBH-
X TepseT CBOM CMBIiCH (IOJMydyaeTrcs, YTrOo BCe TOpHBIE GacceifHpl
«penpe3eHTaTUBHEDY ).

Ces3b 3000%U ONMUMU3AYUL CEMU C 6ONPOCAMU YNPAGREHUs 2UOPORO-
2uneckumu npoyeccamy. JIo CUX TOP MBI PACCMATPHBAIY KPUTEPUM ONITH~
MalBHOM CeTH, Tak CKa3arh, B YHCTOM BUfe 0e3 BCAKOM CBA3M C mpaktwye-
CKHMM MCIIONB30BaHKEM pevHoro croka. Ho rumpomereoponoruyeckas ceTh
co3/[aBaniach HE pajy MpPasfAHOro JIOOONBITCTRA; HECKATH KUHTEPECHOY, KAk
BBILJIIMT HOJIE PEYHOTO CTOKa M OCaAKOB. YUeCTh MpaKTHYeCKHH MHTepec
TNpH Pa3MEINCHHH CeTH MOXKHO, €CIIH BBECTY 3TOT CaMbBIH «UHTEpECY B MO-
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4. Muoroaersuii PEYHOH CTOK

Jens GopMHpOBaHUA CTOKA B BHAC yNpaBisiowuiero sosaeHcreus ¢. Ipome
BCETO 3TO MOXKHO TPOMJLTIOCTPHPOBATE Ha TIpUMepe ypaBHeHus (4.22):

dmlldg=(—é((p)+0,5 G@N) m1~0,5 GZ’N +N'..."(P.

B pomu ¢ MOxer BHICTYNaTh, HATIPUMED, M3BATHE CTOKA HAa OpoLUe-
HHe, BoAONnoTpeGneHre u 1. A, IIpHyeM BBeCTH () MOKHO w0 B BUAE aliH-
THBHOI J00aBKy, THOO MyABTUIUIMKATHBHO Uepe3 napaMerp T (Hanpumep,
H3MeHeHHe Kod(dHIMeHTa CTOKa HoJ AelicTBHEM aHTPOMOreHHBIX (paKTo-
pos). Torga, HarpuMep, NPH UIBATHHA CTOKA HO IJIMHE Peku (Kak 3TO mpoxc-
xoxut B Gacceiitie AMynapbv) popmyna (4.28) npumert Buz;

L; 20,5 Gymy/grad my +0,5 Gy /grad m; —o/grad m ,

T. €. Ha PeyKUHUOHHOH KpHBOli b0 rMogBigeTcs IOKANBHAS BOPOHKA B 00-
JIACTH M3BITHA, K00 yBEIMUMBASTCS HAKIOH KpuBOi k ocu F (wH &) u no
IPaJHEHTHOMY KPHTEPHIO CETh IOCTOB J0JLKHA OBITh Gonee rycroil. B aroi
(opMmyne [Ba MEpBEIX ClAragMplX ONPEHENSIOT €CTECTBEHHEBIA (BH3UKO-
reorpaduteckuif npouecc GOpMHPOBAHHA CTOKA, a MOCIEAHEEe — aHTPONO-
FeHHBI haKTop.

Boo61ie OHTOIOrHS ONTUMH3AIMH onpenesercs ¢ukcanuei npen-
MeTHOH 0GJIacTH, T.e. MOJENBIO — CTEMEHBI0 OCMBICJIEHHOCTH TH/POMETEO-
posoruueckol cutyauus. ITpakrHdeckas noTpeGHOCTH (YNpaBiecHKE) CTOUT
Ha nepBoM MecTe (puc. 4.32).

Bce Tpu 610Ka (M COOTBETCTBYIOLIME HM IpYIIHbl FHAPOMETEOPOJIOTH-
YeCcKUX 3a[a4: OLEHKA COCTOSHMSA, IPOrHO3 M ynpaBiieHue) o6pa3yioT Aoc-

Oenxa
Vnpacaerue COCHIOARUS
® Vi)~
W
~m) e m? .

Tipoznoz
plrey~

~ T My

Puc. 4.32. Munponoruyueckas ynpasnsemas CHCTeEMA.
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4.3. OuTnMalbaas ceth MHAPONOCTOR B pacuipaiomeMcs Q%OB()M NPOCTPAHCTRE

TATOYHO 3aMKHYTYIO CHCTeMy. Ilo3ToMy XapakTep MpefoIaraemMoro
YIpaBIeH!s ONpPEACNIET BEIGOP NPOTHOCTHYECKOH MOJETH CTOKa, KOTOpas
JMKTYeT, 4TO M Kak Oy/eT OLCHHBATHECS Ha [TOBEPXHOCTH BozocGopa (T. e.
MIOTHOCTE CETH, COCTaB M METOLMKY MMAPOMETpUYecKkuX pabor). Koneuno,
MOXHO 000pBaTh UeNouKy Mexay Gnokamu «OuennBanney u «IIpornos» u,
TaK CKa3aTh, OLeHUBATE «Boobme». Ho ato «BoobLIe» ToKe omupaercs Ha
KaKve-TO MOJENbHBIE, He 0o0s3aTeNhbHO B MaTemaTideckoi ¢opme, npe-
CTaBJICHUS O CTOKE ¥ ero NMPaKTHYeCKOM Honomb3oBaHuu. M6o «oueHkay —
3TO OJ{HA U3 CTYNEHEH Npouecca NO3HAHNA: OT KHBOTO co3epLiaHus (OLeHKa)
K abCTPaKTHOMY MBIIITECHHIIO (MOAEJb M IIPOTHO3 HA €6 OCHOBE) H OT HETO
K TIPaKTHKE (T. €. YIPABICHUIO).

Bee paccyxieHus, BBINOJHEHHble B faHHO# paboTe B OTHOWIEHHH
rOAOBOTO CTOKA, OKAa3hIBAIOTCA CNPABEIMBBIMH (C COOTBETCTBYIOLIHMH
KOPPEKTHBAMH) IJ1 MMHHMAJIBHOIO H MaKCHMAIBHOTO CTOKa, HopMHpOBa-
HHe KOTOPBIX TaKske onuckBaeTCsa moaensio DIIK.

Buaune wa cers pacmupsiionrerocs ¢a3oBoro npocTpaHCTBa,
Yro ke paneie? Belue Obila noay4yeHa ¢opMyna s KOPPENSIMOHHOIO

xpurepust L, = o) (Cla), rae a=¢ —0,5G; . YMHOXHMB U pasnelHB 3Ha-
MeHaTeis Ha T, nonydum L, = o A(CC,(1-0,58)), T. €. umeeM dopmysy
IJ1s y4yeTa MpSMOTO BIUAHMS B Ha BEPXHIOK TPaHHLY ONTHMAIIEHOrO pac-
CTOSIHUS MEKTY [OCTaMH.

Ipu $ — 2 nomyuaercs, uto L — 0. Y0 5T0 03HaYaeT NpakTuyecku?
IIpu B = 2 NPOMCXOMMT IOTEPS YCTOMYMBOCTH IO BCEM HAYAIBHBIM MOMEH-
TaMm paclpenesieHus TIOTHOCTH BeposaTHOcTH. [IpenmertHas obnacts mon
HaszBaHueM «peuHoif GacceitH» nepectaer ¢ukcupoBatecs moaensio OITK
NpH JMUHEHHOM AMHAMHUHECKOM sApe. A pa3 HET QUKCHPOBAHHON npeamer-
Holi ofnacTy (T. €. OHa pacruTBIBaeTCA Ha Bech Mup, L — ), TO HHKaKoe
pauyoHanbHOE MO3HAHKME (B paMKaX OJHOMOJANBHOTO OTHCAaHMA PEYHOTo
CTOKa) HEBO3MOIKHO.

OnHako MOXHO paccyxarth H no-apyromy. Ctpeminenue L x Gecko-
HEYHOCTH O3HAYaeT, YTO NPY NMOTepe YCTOHYMBOCTH MOMEHTOB (B TOUKe OH-
(ypKaIii) BO3HMKAOT NANBHHE MPOCTPAHCTBCHHBIE Koppendiuy. ILtor-
HOCTh BEPOSTHOCTH CYINEGCTBYET (TaK KAaK MBI MMEEM MENO C JHHEHHBIM
ypaBrenveM @ITK, mis xoToporo Joka3aHbl TEOPEMBI CYINECTBOBAHHA H
€[MHCTBEHHOCTH pelieHus) u Gonee TOro B culy napabonnueckux CBONWCTB
CaMoll MOJi€iH, — MPONCXOAMT ee CIVIaKMBAHHE, paccachiBaHHE IO Mpo-
cTpancIBy. Pacmpenenenne craHoBaTcs Goree paBHOMEPHBIMH M MHQOP-
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4. Muoroneruuit peyHoif CTOK

Malpsd C OJHOTO [IOCTA OMMCHIBACT THAPOJIOTHYECKYIO CHTYaLlHIO B -
noM (Bespe «xaocy).

3Ta HeYCTOMMKHBOCTH CTABMT 3aauy HO 00OOGIMIEHHIO KPHUTEPHEB OIl-
THUMAJBHOCTH MyTeM pacliupeHus (azoBOro MPOCTPaHCTBa, T. €. y4yera Ha-
psIy © pacxozaMu eile ABYX (a30BbIX NEPEMEHHBIX: ucnapeHua E u u3mMe-
HEHM4 3araca BOJEI B I04BO-rpyHTax AU .

B npunumne mMoxens GopMHpOBaHKS CTOKA B BHIE ypaBHeHHs (4.18)
octaercs B cuie. OnHaKo, yuuThIBag, YTO B JaHHOM CJlyqac CEThb IIOCTOB
JIOIDKHA OTCHEKHBATh H3MEHUMBOCTD PACTIpeiesieHUst IUIOTHOCTH BEPOSTHO-
¢TH (a3oBBIX NePEMEHHBIX O IUIOMIa/H, Hajlo f 3aMeHHuTh Ha F (ecrecTBeH-
HO, YTO [PH 3TOM HU3MEHMTCS CMBIC]I HHTEHCHBHOCTH IIYMOB, BXOASIIMX B
ypasHenue OIIK w1 p(Q, E, AU, ) (Ipr 3TOM B KaueCTBE apryMeHTOB pa-
3YMHO HCHONB30BaTh MOLYNH). JIOTHUHO, KaK M B NpPEABIAYHIHX CIIy4asx,
repeidTH OT MHOTOMEPHOH MIIOTHOCTH BEPOATHOCTH K YPABHEHHUAM IS MO-
MeHTOB. OIHAKO, B CHJIY HEIMHEHHOCTH JUHAMHUYECKOTO YPAaBHEHHS UIA
AU , cucrema ypaBHEHMI AJ11 MOMEHTOB He IOJUICHKHT Pa3BA3Ke, Tak Kak B
3TOM CHCTeMe MIIaAIuKe MOMEHTH! OyIyT 3aBHCeTh OT CTapuiMX, a Jyisl OT-
OpachiBaHMS TMOCNEIHHX OCHOBaHUH HeT. B 3TOH cHTyailuy BO3MOXKHBI [Ba
BapHAHTA BHIXOJA W3 TYHuKa: GO NEPEeXosl K yPaBHEHUAM il KyMY/AAH-
TOB, IMGO NPUMEHEHHE CTATHCTHYECKOH JIMHEPU3alHH 3HAKOBOH (yHKIHH.
TTomoOHsle TpoLEnypsl U3BECTHB yxe Oosiee ToiyBeka (CM., HAIpPHMED,
[81]) u npuBoAAT ypaBHeHus THMa (4.15) k cneayromeMy BUIY:

d(AU)Y/ dF = (G +EX@, + WMAU)° + N + N), (4.29)

e TapaMeTpb! CTATHCTHYECKOH JIMHEpH3aUMU ¢y M L NpPeACTaBIsAIOTCH
tdhopmysaMu

2

m 2 L
2D
Qo=@ 2|, pme TN
\I/—-AHU 21Dy
1 2
(3nece D(x)=—=fe 2dz ~ dynuxuus Kpammra), (AU)° — LEHTPHUpO-
Vo

BAHHOE 3HAaUEHHE BXOMHOTO BO3AEICTRIA Ha HEJIMHEHHEI S1eMeHT.
B aroM ciyvae xo3bduHenTs cHoca M UG QY3HM IS IEpeMeHHOM
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4.3. OnTuMansHas cerb THAPONOCTOB B PaciiMpsioieMcs (Ia20B0M [POCTPAKCTRE

AU B ypasaesuu (4.18) H3MEHAIOTCA ¥ IPUHMMAFOT CIIEAYIOUIMH BUL:

Ayy =€ =0,54G)g — (¢ — 0,5uG; XAU)® —0,5uG . + N, (4.30)

By =Gz(9, + MAU)’)Y - 2G5 (00 + AU) ) + G (4.31)

HurepecHo obparuts BHHMaHue Ha cnexyiowuit gakr. Ecniu N cuurars
M3BECTHOM ¥ 3aNMCATh YPABHEHNE /11 MATEMaTHYECKOTO OXKUMAHHUS 11,

dmyy | dF =~ = 0,51G;)pq (myy, Doy )~ 050Gg + N (4.32)

(npuMeHeHMe onepaTopa MaTeMaTHYECKOro oxuaanus x (4.30) mis nonyue-

Hus (4.32) muxsunupyert uten ¢ (AU’ ), 1o m,,, = £(D,,) , 4ero e Grisa-
€T B «HACTOSLIMX» JMHEHHBIX CHCTEMAX.

Kak 651 Tam HM OBLIO, 3Ta JUHEPH3ALHs HO3BONLET ANIIPOKCHMHPO-
Bathb (4.18) (samomumm, uto ceifyac Mbl UMeeM BBuny p(Q, E, AU, F)) xo-
HEYHOM cHCTeMOH ypaBHEHHWH Hisl MOMeHTOB (BKJIFOYAs KOPPEIAHHUOHHBIC)
(a30BBIX NEPEMEHHBIX TPEXMEPHOTO MapKOBCKOTO Mpoliecca (TOUHeE YK —
«HOJIAY). DTC OTKPHIBACT BO3MOMKHOCTE HONYUYHTh IPaJMCHTHRE U KOPpeIs-
LUOHHBIE KPUTEPHH IO KAKAOM U3 NMEPEeMEHHbIX M OUEHUTE TUIOTHOCTE CETH
COBMECTHHIX HaOJIOAeHHE 3a pacxojoM, HMcrnapeHHeM (HO TeMneparype u
BJIAXKHOCTH) M M3MEHeHHeM 3allacoB BOABI B MOYBO-IpyHTax, obecnedu-

BAIOLIMX YCTOHYMBOE CTATUCTHUECKOE onvcaHde hyHkuuu p(Q, E, AU, F) B

pamKax KOPPeALUMOHHOTO NPHOMKEHUS. XOTS UMeeT CMbIC/ HalOMHHTb,
YTO BCS 3TA 3aTed MPEANPUHATA [ TapaRTHPOBAHHOTO HOMYUSHHS TONBKO
pacxosa 3ajaHHOH 00ecIIeYeHHOCTH B YCJIOBHAX, KOTHa OMHOMEPHOE OIica-
HUE HEYCTOH4HBO (pacnpesesieHue uMeeT ToNCThiii xsocT). Habmonenus 3a
HcHapeHHeM ¥ M3MEHEHHEM 3allacoB BOBI B MOUBO-TPYHTAX B JAHHOM KO-
TEKCTe HOCAT «KOPBICTHBIAY Xapaxrtep, obecrieunsas yCTOHYMBOCTh («TOH-
KOCTB») J{BYX~ HITH TPEXMEPHOIO XBOCTA. XOTS HE HCKITIOUEHO, HTO CYLIECT-
BYIOT (M/IM NOSIBATCS) NPOU3BOACTBEHHEIC (yHKIMH, Tpebyloiue xapakTe-
PHCTHKH MCMApEHHS HIIH 3aI1acoB BOIbL.

Msi ve OyaeM BHIMUCKHIBAT ABHBIC (GOPMYIIB! A1 KpUTepHeB (Teneph
3TO YK€ «HET0 TEXHUKH», XOT1 U TPYJOEMKOE), HO Ha OCHOBHOM MOMEHTE
ocTaHoBuMCs. OH 3aKJIF0UaeTc BCE B TeX ke 3HaueHusX ¢ U Gy (UX usmMe-
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4. MuorojerHuil peuHo¥ CTOK

HEHHMAX [PHY PacIMpeHuH (a30B0ro MpoCcTPaHcTBa). MOXKHO /H, HATIpUMED,
OZHO3HAYHO CKA3aTh, YTO MPOM3OHAET ¢ INIOTHOCTHIO HAOIIONATECHBHOM ce-
TH, €CJIH CXXAMaeMOCTh Cpefibl, GOpMHUpPYIOMEH MHOTOMEPHOE pacIpeliene-
aue p(Q, E, AU, F) yenuuutca?

Bossmem, HanpuMep, MareMaTH4YeCKOe OxuIaHue pacxona. Ero mud-
(bepeHIMaNBHOe ypaBHEeHue MMeeT BUA (3amacamMu AU mpenebperaem):

dmy | dF =~ ~0,5G; )my, — (¢ ~ 0,5G; )m; —0,5G + N . (4.33)

OrrruManbHas CeTh NOCTOB I PAaCHIMPEHHOTO (a30BOrO IIPOCTpaH-
CTBA JOJUKHA oBecreduTh MHOrO Hero (KpuTepHeB Habupaercd © JecATOK),
HO B I000M ciiyuae rIowanpb Jo/mKHA OBITh TakoH, 9ro0bl rpaMeHT HOPMbI
CTOKa Ha Heil Obl1 He MeHsure norpeuHocted. o ananoruu ¢ dopmysnoi
rPANHEHTHOTO KPUTEPHS B OAHOMEPHOM (paz0BOM NpOCTpAHCTBE B JAHHOM
cllyyae HMeeM

Fdmy [dF 2G(my + mg),

Froa 2G;(my +mg)/ grad mg,

rae F,, =F; gradmy =dmg /dF ,a Gy pasyMeerca oTnudaercd of G; B
¢dopmyie (4.33); c aHanoruunoli CHTyampeil Mbl YoKe BCTPEHalIUCh.
C opHoli cTopoHEl, JanHoe Gy JI0JUKHO OHITE MeHblne, 4eM Gy B Oft-

HOMEDHOM ¢jiydae, HO ¢ JpPYroil — B CHTYauMio «BMELIMBAETCS» HOpMa
ycrnapeHss., AHATOTMYHAS HEONPERENEHHOCTh (BO3MOXHO, Kaxylascs)
cymiecTBYeT M i Apyrux MomentoB. Hanpumep, B auddepeHumansHoe
YPaBHEHME JUIl KOPPENSLMOHHOrO MoMeHTa K,p BOHAYT aucnepcuu ¢a-

30BbIX nepemernbix O u E, Ho ero cnag (K, = f(AF) ) Gyner onpenensrs-
s kosdhpuumenToM — (¢ —0,5G;). U onare BeTaer Ta ke mpobiema:
yMEHBLICHAe C YBENMYHBACT CXHMMAeMOCTh, HO B KaKkOH HpONOpLUM
ymensmaerca Gy ?

VMO3PHTENBHO PAcCyAUB, MOKHO IPHATH K BRIBOJY, UTO YCIIOKHEHHE
KOHTPOJIMPYEMOH CEThIO IIOCTOB CHTyauHH (Bce-Taku TPW (asoBHIE Niepe-
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4.3. OnrumansHas cerb I'MAPONIOCTOB B PACIHUPAIOMEMCS gzazoaoM APOCTPAHCTBE

MEHHBIE, B3aHMOAEHCTBYIOINUE APYT ¢ ApyroM) tpebyer Gonee TIATEIBHO
OTCNEKUBATE THIPOMETEOPONOTHHECKHMH PeXKUM M YIUIOTHATH CeTh Habmio-
neHuil. B mo6oM ciydae ruponorudeckas CeTh OCTOB JAOKHA ONTHMH3H-
POBaTHCA COBMECTHO C METEOPOJIOrHUECKO.

CrenaeM HECKOIBKO 3aME4aHUH 10 MOBOAY ONTUMM3ALUH CETH «BO-
o0mme». YacTo MOXKHO CIIBIIATE 3aMEYaHHe: CETh OBCEMECTHO COKPAWAIOT
(B cBA3M C OTCYTCTBHEM (HMHAHCHPOBAaHHS Ha ee COAepsKaHHe, a BBl — OITH-
musanys...). Tosapuimy ruaponorn! ONTHMH3HPOBaTE — He 0043aTe/IBHO
yBennuuBaTh TWIOTHOCTh cern. OHa Moxker M cokpamatecs. Her nexer?
VmeHpiiali HOPMaruBHYIO «TOYHOCTE» Y4eTa CTOKA M IOJ, HOBYIO Lu(py
IDyMaii, Tie u 49to coxkpamarsk. Ho B mobom ciyyae aing 3TOro Hy>XKHEI KpH-
TEpHH (T. €. GOPMYJIBI, @ He TYMaHHTapHEIE PACCyKICHHS).

Eine opHa rpynma perviyk, KOTophie pa3galores Ha CeMuHapax [io on-
TUMH3ALMHI: «ITO BBl ynepiHchk B Kapacesa, ecTs MHOrO TIOAXOMOB K ONTH-
Muzauwn». K onruMusanuy Moxer OBITh U €CTh ApyTHe MOAXOABL, HO K O
TUMH3AIMH PEXUMHOR TUIPONOrHIECKOH CeT ecTh TONbKo moxxon Kapa-
ceBa: 3TO OH (OIMpasich Ha MeTOAMKY Hpo3[oBa) CTal pacCMaTPUBATD KOJIe
PevYHOro €TOKa M Ui OLIEHKHU ero (Tojs) XapaKTepHCTUK BBEN KPHUTEPHM.
B naHHOM pa3sjienie pa3BUBACTCS UMEHHO 5TOT IIOJISBOH MOAXO0J (XOTS MOX-
HO OrpaHMYUTBCA KOHKPETHBIM BOJOCOOPOM — IpeJioskeHHbIe MOJEH ONH-
CBIBAIOT CTOK MMEHHO ¢ BOJI0cO0pOB). MexxayHapOIHbie PEKOMEHIAIMH (B
pamkax OOH) — npocto MomkeITKa OrpaHUYMTECA KPUTEpPHEeM pernpeseHTa-
THUBHOCTH. A BOOOUIE-TO KPHUTCPHU ONTHMH3ALMM CBA3aHBI C LIEJICBBIM Ha-
3HAYCHUEM CETH: Ky KaXXJOH LIeJIH CBOU KPHTEPHUY.
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5. MporHo3 rupponornueckux KkaracTpodg

5.1. O606mene MOHATHA 03€Pa U €ro BKIYeHEe B MOZENH
dbopmuposanus peunoro croxa. Iloaarne
THIPEJOrHYecKoll KatacTpodsl

ToueMy B pa3pelie 0 NporHo3e karactpod Mel odpairaemMcs K o3epam
(Bomoemam)? C LeNpI0 NOKa3aTh, 4TO, C OXHOM CTOPOHBI, BETHYMHA H3MEHE-
nus 3anaca AU (Hapsmy, KOHEYHO, ¢ ocajxaMH) (hakTHUSCKH ONpeHeNnseT
X0Z Mpolecca yBenruueHusn pacxoma Q (T. e. «karactpody»), a ¢ Apyroit —
CBOiiCTBa eMKOCTH i AU HuueM (WM Majlo 4eM), He OTIMYAKTCS OT
CBOMCTB OOBIKHOBEHHOTO BOJOEMa (pasyMeeTCs, €ClM MOCHSAHUM HHTepe-
COBAThCSA NPOCTC KaK MPOTOYHON eMKOCTBIo). Bemp Hacelmiamomasics eM-
KOCTb €, €CJIM Ha Hee HOCMOTPETh HIMpe, HUYeM HE OTIIMYACTCH 0T 6MKOCTH
Booema (IIOYBO-TPYHTHl — 3TO BOJOEM, 3aNOJHEHHBIH «rpa3pion). Ho ypo-
BEHb BOJIOEMA, KOTOPLIH oGpasyercs 3a cueT M30hITKa 0CaaKoB (TasHHI CHe-
ra WM 3aTOPOB), OTPAHMYMBACTCS TOJBKO BOAOPA3eIbHOM nuHUel Gacceli-
Ha, T. €. B OOBIYHON CUTyalMH HENOCTIDKUM. B 5TOM CMBIce THAPOJOTHYE-
cKolt karacTpodsl HeT (bacceifH B 03epo He mpeBpamaercs), Ho «GbITOBasDH
KatacTpoga ecTb: Ha YYacTKe
paznena, Ha KOTOPOM IPOHCXO-
JIT pas3ivB BOJBL, MOTYT 3aTom-
JISTBCA HACEJEHHBIC HYHKTHI.
TTostomy, cBazas AU ¢ oTmer-

Bud cuepxy

KO¥ MOBEPXHOCTH 3€MIIM, MOXK-
HO peajpHO OLCHUBATH OXH-
JaeMblii MaciiTa® HaBOJXHEHUIA.
Iosromy Omnkaiiuell Haei
uenplo OyAer NpoBeACHHC Ma-

panneneifl MCXIOY MOACIAIMU BO-
Puc. 5.1. CimsHue peyHOro CTOKa C 30HOM aspa- [0EMOB M IIOYBO-IPyHTOB (oba

wid (@) W NOpeBpalieHuE IABYX MOCHEAHUX
B «IICEBAOBOROEM» (6) 3a cder mubo pocra CO- obmexTa paccMaTpuBalOTCs KaK

nporuBIeHuit B I/C 2 (Hanpumep, 3arop), o 3a AKKYMYJIHPYIOIIe CMKOCTH,

CueT YBONMUCHMA TIOCTYIICHHd ocankos X ma PHC. 5.1). Hocmorpum, xakue
BOAOCOOD ¥ MOBBIIEHUS PACXOAR BoAbI BI/c 1. MOJMEJH BOMOEMOB (03€p) HMe-
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3.1, TlougTre 03epa u rHAPONIOruIecKol KaTacTpods!

FOTCA Ha CETOJHAWHNI JCHD U KaK OHM COOTHOCSTCS B Mogesmu mig AU.

He 6ynem TpaTuth c0Ba 0 BaXKHOCTH o3ep. Ceifdac OHUM HAC MHTEpe-
CYIOT C TOUKH 3PEHMA aKKyMYJIMpyrome cocoOHOCTH U e MOJEHMPOBa-
nus ypasHeHueM DIIK. JhoGoit BomoeM npH moGOM Cephe3HOM BapHaHTe
€er'o U3yueHus ABIACTCA HEJIMHEHHON chcTeMolt. Pa3aMepHOCTS IpocTpancTBa
BJIOKEHKA A HUX — 2-3 (cM. Tabn. 1.2). Ho cymectByromuii MaTeMaTHye-
CKHH anmapaT MapkOBCKHX CIyHaiHBIX MPOUECCOB MORTAIKHBACT K UX H3y-
YEHHIO B paMKaXx JHUHEHOH uueanusauum.

HauGonee mocnenoBaTenbHO U 0GCTOATENEHO MOJENH O3€p HCCHER0-
Banuch corpyauukamu MBII PAH [71, 72]. B 3aBHCHMOCTH OT Xapakrepa
annpokcuMaluM noreHuuana U B ypaBHenuH Juit yposHs H o3epa
dH/dt=—-0U/0H +¢& (3nmech € — cnyuaiinas QyHKIMA) HOTyUaoTCH JTHG0
MOJZIeNb IMHeiHOro GuIbTpa, NPHUBOAIMAL K OHOMOIAIBHEIM pacTipeserie-
HUSM C YPOBHEM THIOTCHHS, COOTBETCTRYIOILMM fMe TIOTEHLHANa, TG0 Mo-
Jeny, NpUBOAAIMeE K Oonee SK30THUECKUM IBYMOJANBHEIM paciipeeieHu-
aM. CHavana ObUIa B3ATa HAa BOOPY>KEHHE ONHOMONATBHAS MOJENb, OXHAKO
nocnie ckaupana ¢ nepedpockoit croxa B8 Kacnuit (ypoBeHs NOCHENHEro Bo-
NpeKH TPOrHo3aM CTasl NOBBIIATECA) pa3pasunachk 6ypst HEroJOBaHHMA, IIOM-
BUIUCH M300MUUMTEenH BCeX MacTedl. Cpejt HUX OKa3ANKCh U Te, KTO Npef-
ckasa) 310 camoe nosslureHue. Ho Ha kakoif ocHoBe? Ha ocHoBe «xodeii-
HOH Tyllu»: MpocTo yraganu. Takas jke CTeNeHb MpaBRONOAOOHOCTH H Y
JBYXMOJANBHBIX (HENUHEHHbIX M0 THHAMHKE, HO HE Y0 CTATHCTHKE) MOAE-
el MOXKHO TIPEACTABUTD, Kakas MpONOIHKUTENFHOCT Piia HAGIONeHMi 38
YpPOBHEM 03epa JOJDKHA OBITh, YTOOB! JeIaTh CTATUCTHYECKH HAIEKHBIC BB~
BOJB! O 3HAYHMMOCTH BTOPOH MOJibl. OHAKO APYTHX NPeINOKeHUH 0 Xapak-
TEPE BEPOSTHOCTHHIX pACTpefeNieHHH ypoBHS HeT: nubo omma, JIGO ABe
MOJpI (fiBa YCTOMMHBEIX M OHO HEYCTOMYHBOE MOJIOMKEHHE PABHOBECHUS).
CyIeCTBYIOT 03epa, YPOBEHHBIH PeskiM KOTOPBIX MOXKHO UCIIONB30BATH JUTA
3alATHl Kak TOMH, TaK U IPYroi Moaesu.

Ecnu Tenepp o6paTHTECA K IIOYBO-IPYHTAM, TO OJHOMOJATHHAS MO-
nens yxe ecth (cM. (4.15)). MOXHO CpaBHHTENBHO JIETKO CAENaTh ee JABYX-
mMojaneHoi. s 3Toro 3aMeHnM HeluHeHHOCTh B ypaBHeHuu (4.15) Ha ruc-
TEPE3UCHYIO:

dAUY dt = +2) fAU)+ N + N, (5.1)
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5. Iporygo3 runpoNoruIeckux kartacTpod

AU ~a), AU>0
e f(aU) =AU =@, AU>0
sgn(AU +a), AU<0

(cm. puc. 5.2, a).

Vpasuenue OIIK, cratucruvecky skpuBanentHoe (5.1), B crauwmo-
HApHOM CJIy4ae, ¢ Y4eToM TOr0, YTO IUIOTHOCTE M HOTOK BEPOATHOCTH 00-
pamaercs Ha GECKOHEYHOCTH B HYJb, OyneT:

dp(AU) 1 (dB(AU)

pd(AU) ~ B(AU)\ d(AU) _ZA(AU))‘ (5:2)

OGumit uHTEerpat yparHeHus (5. 2) uMeeT BUI:

1 [dB(AU)
BAUY_d(AL)

p(AU)=k-exp{—f )—QA(AU)}, (5.3)

rgc HOpMprIOI.HIfIf;I MHOXHTENs £ HaxXOoNAT K3 YCJIOBUA HOPMHPOBKU

-1
k= { [ p(AU)d(AU)] :

Pemenne (5.3) MOXKHO NpeacTaBUTH B BUie (cM. paboty [5], B koTO-
poit paccMOTpeHa IIOX0Xas 3a/Ja9a [JI5 aBTOMATHYeCKOH CHCTEMEI, BO3GyX-
JaeMOM HIMPOKOTOIOCHBIM LI1YMOM):

exp(-—2cAU/Gy) mpu AU >a,
- p(AU)~40,5ch(-2cAU/Gy) mpu |AU|<a,
exp(-2cAU/Gy) mpu AU <-a,

(puc. 5.2, 6).
Bricora noTeHnHansHoro 6apsepa (puc. 5.2, 6) onpenensercs cKopo-

CTBIO HACBINICHHS MOYBO-TPYHTOB € , HHTEHCHBHOCTBIO aJAMTUBHOTO IIyMa
Gy ¥ NapaMeTpoM @, XapaKTepu3yOIUM IIMPHHY MCTEPEe3UCHON MeTIH.
Eciu B TpencTaBieHHsle GOPMyYIBL SBHO BBECTH IOCTOSHHYIO BDEMEHH T,
XapaKTePU3YIOMyIo GhICTpOAEiicTBHE IOYBO-TPYHTOBOM HpenMerHOi 06-
JIaCTH, TO €6 YMEHBLICHHE CY’KaeT PACPeEIeH e IIOTHOCTH BEPOSTHOCTH.
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5.1. Hongrre 03epa U rUAPONOTHYECKOM KaracTpodEl

E+2) i £
i
1
E

'] a

{E+ 1) JL

0 & AU a0 4 AU

Puc. 5.2. 'ncrepesucHan HEMMHEHHOCTD (a), TUIOTHOCTH BEPOSTHOCTH (6) M mOTeHImMAN (6).

TIpu # 0 BO3HHKAET aCUMMETPHS paCIIpelencHus, anpd a =0 1 HXO-
pu Gy TpHd paclip CRHY p

AEM K  ONHOMOJANBHOMY  PAacHpefeNeHHI0  p ~ exp(—ZC‘JAU[/ Gy),
cM. puc. 4.12.)

Koneuno, B cilyqae MOYBO-TPYHTOB MEXaHH3M NOPOXICHUS JBYXMO-
JajbHOCTY OTJIMYAeTCS OT TakOBOro mif, Hampumep, Kacrmiickoro mops
(TaM OH CBA3BIBAETCS B CONEHOCTHIO H QUBHKOHN HCHAapEeHHts, a TYT — HABA3aH
Mogensio (5.1)). Tem He MeHee, HapsRy ¢ NTHHEHHBIMU MonessiMu 1nd O U E
W HenuHeHHBIMM BapuanTaMu Mopesneit ans AU, mmeem ypasuerne OIIK
IJIS TPEXMEPHOH IUIOTHOCTY BEPOATHOCTH, ¢ IIOMOMBIO KOTOPOro MOMKHO
IPOBOAUTH BEPOSTHOCTHOE IPOrHO3UPOBAHHE.

Hagpaiite pasbepemcs, 4TO Takoe BepPOSTHOCTHEIN NPOTHO3 1O YpaBHe-
auo OIIK. CrnyualiHbii mponece — 370 My9OK TPASKTOPHI CO CTyICHHEM B
obyacty MopansHOro (MOJATBHBIX) 3HaueHuH. Iipruem on Moxer pacmn-
PATBCH, CYIKATHCS, UMETE TPEHARL U 1. &, (puc. 5.3). Oraenpuble peanusanmn
B KAKHE-TO MOMEHThI BPEMEHH MOIYT MMeTh OUYeHb Gonbiuue (WM OYEHD
MaJIeHEKME) 3HatUeHYs Pacxofia, HO €M IMyHOK npencTaeiser coboi yeroi-
YHBYIO CTATHCTHYECKYIO COBOKYIHOCTb, TO IUIOTHOCTH BEPOATHOCTH MOROG-
HBIX. OTKJIOHEHHMIi II0 SKCHOHEeHTe CTPEMHTCS K HyJTIO npu CTPEMJICHHH pac-
xopa X 6eCKOHeUHOCTH.

IIpornos no ypasnenmo OIIK — 310 mepexon ot pacnpemeneHus
P(Oity) x pacripeneneHuro p(Q;f) (Hanpumep) IpH H3BECTHHIX BHEIHUX
BozficHCTRBMAX, KO3(HMUMEHTAX M MHTEHCHBHOCTSX IyMoB. Tak Xak
p(Q;t,) — 3710 MpOCTO CiIyHaliHOe YKCIO, B3ATOE B MOMEHT #; (T. €. 3TO yKa-

33HME JHAaia30Ha PacXOHoB M BEPOATHOCTH IOSBJICHUSA T€X MM HHBIX €ro
3HAUCHUH), TO BEpOATHOCTHEIH IPOTHO3 A7 MAPKOBCKOTO CIIy9aiHOro Ipo-
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S. HQOI'H(B T OJIOTHYCCKUX KAaTACTPO

a) 04

74 e Q

Puc. 5.3. Cnyuaiinsiit npouece («1y4ok TpackTopHii» (a)), a Takke ycToituuskie (0, 6, 2) U
HEYCTOMYMBOE 110 JIHCTIEPCHAM CeYEHHs «ITyuka» (J).

uecca — 3TO MONYYEHHE CIyJaftHOro 4HMcna Ha MHTepBaie 3aljaroBpeMeH-
HocTH npordo3a. Ho 310 MoxxHO jenats, ecam Ha JAaHHOM HHTEpBaje IIpo-
FHO3MpyeMas CHCTeMA He NOTepsAeT CTATHCTHYECKOH YCTOHUMBOCTH (€CHHU He
HapyLieHa TpesielibHas TeopeMa HeGriuena).

A ecnm ycroiftumBocTh Hapymaerca? IDIOXo, HO He CMepTENBHO.
CMoTpsa no KakuM MomeHTaM. Ecnm, Hanpumep, no Tpetsemy (B > 0,67), To
MBI TepseM BO3MOXHOCTH OLCHHMBATL MPOTHO3HOE paclpelesicHHE
p(QO;t+Ar) (3mecy Ar— mATepBan 3adnaroBpeMeHHOCTH) Gormee WeM IO

ABYM MOMEHTaM, T. €. MOXKEM IIPE/ICKa3hIBATH CHTYALHIO TONBKO B PaMKax
HOPMAIBHOTO OTpyGJIeHHS mpouecca (TEPSIOTCA HIOAHCHI, HO IVIABHBIC Xa-
PAKTEPUCTHKK IyYKa BCE-TaK¥ NPOTHO3MPYIOTCA). OTY CUTYALMIO MOMKHO
HA3BaTh «KaTacTpodoii o TperbeMy MOMeHTY». IIporHo3 Bo3MOMKeEH, eCiu
«3aBHITE» O TPETheM MOMEHTE U HeHCTBOBATh Kak HH B 4eM He GbIBajIo, ore-
pUpys TOJIBKO ABYMH HAYaJIbHHIMM MOMEHTAMM. AHATOTMYHO MOXKHO IOBO-
puTh O «katactpode mo mucnepcur». HeyctoiumrocTs ¥ 1o MateMaTdde-
CKOMY OXHIAHHIO MOKHO MHTepIIPETHPOBATh KaK (KaTacTpody OAHOMEP-
HOT'O PacIpesc/ICHI.
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5.1. TlouATHe 03epa ¥ IMAPONOrMUCCKON KaTacTpods!

Mgl npfTacMes IpUOATh CJIOBY «KaracTpoda» y3Kui M KOHKPETHBH
CMBICH, YTOOBI HAYHHTHCS C STHMH KaTacTpodamu paboTaTh ¥ «OOXOMHTEY
ux. Ecnu xe 310 coBo ynoTpebnaTh B paMkax «OsITOBOrO» Kaprosa, To
CUTyallysl CTAHOBHTCS AABYCMBICaeHHOH. Hanpumep, MoxHO, pelras 3aauy o
BEIOpOCaX, HaXoAuTh (M Jake MPOrHO3UPOBATH) XAPAKTEPUCTHKH MOCTE]-
HMX A/l PacXOfOB OYEHb MalleHpkux obecmeuendocreit. Ho osmavaer nu
3TO, YTO MBI «pacCUMTHIBAEM M Iporsosupyem karactpodsi»? Her. Cam
dakT cnocoGHOCTH PelIuTh HONOOHYIO 3a5ady FOBOPHT O TOM, YTO MBI HMe-
€M JIEJI0 CO CTATHCTHHUECKH YCTOHHHBEIM IporeccoM (HaXOMUMCS B paMKax
«TEOpHH HOPMAJIbHBIX aBapuii» [47, 67, 93]) u Hukakol karactpods! (B u3-
JIOXEHHOM HaMH TIOHHMAHHM 3TOTO cloBa) Her. A OpitoBas karactpoda
(MOCT CMBIJIO) MOKET M NPOM30HTH (HO 3TO CTATHCTHYESCKH IpelCKa3yeMas,
BMeHHOo «OBITOBas KaTacTpodar, a He KaracTpoda B cMBICHe IPEACKA3yeMO-
ro Bet6poca pacxozia BOJBI P TOJCTHIX XBOCTAX).

Hrak, MpI oxasaych B YCIOBHSX HacTosmiel katactpodm: 3 — 2.
CrarnrcTrycckuii (TOUReE BEPOATHOCTHEIN) MPOrHO3 TakOi KaracTpodnl (B
CMBICTIC 3HaYeHHi1 pacxoia) HEeBO3MOKEH, HO MOKHO OLEHHUTh YCIIOBHS, IIPH
KOTODBIX OHa MOXeT npousoiitu. Hy a MoxxHO nM Boe-Taku OueHHTH camu
pacxopl? MOXHO, €l paciMpiTh (ra30Bo€ MPOCTPAHCTBO MOAEIH H IPO-
BOZAWTH TIPOTHO3B! yXKe «ABYMEpHoOro ciyudaknoro uucnay p(Q, E;t + At),
T.€. yOpaB TOJCTHIH XBOCT Yy OAHOMEPHOrO pactpefeneHus, CHCNaB ero
IBYMEPHBIM, HO TOHKIM.

Curtyanms MOXKET TIOBTOPHTBCA: HEYCTOHYMBOCTH (karacTpoda) ABY-
MEPHOTO pachpe/ielieHus [0 OTAENbHBIM MOMEHTaM; MOTOM «HACTOAIIAs
KaTacTpoday BCEro ABYMEPHOIO pachipelerieHus M CHOBa pacliupedHe ¢a-
3oBoro npoctpanctea p(Q, E, AU;t + Af) . ITosToMy MOXKHO cienats Takol,

HECKOJIBKO TapafOoKCabHBIN BBIBOA: FHAPONOrHUcckue (M MoOble IpyrHe)
KaTacTpopl MPOrHOBHPOBATE MOXHO, €CIIH HCHONB3yeMas i [pOrHo3a
MoZeNib He «pacCMaTpPHBAeT» NPOLECC Kak KaTacTpodHUECKHi, T. €. ecnu
OHa «paccMaTpyBaeT» CIyualHble HHCIA, C KOTOPHIMH HMeEeT JAeilo, KaK
«9aCTHUHO MHUHUTHEIEN (T. €. KaK cocOOHbIE K PacivpeHuto cBoelH pas-
MEPHOCTH 0 pa3sMEPHOCTH IPOCTPAHCTBA BJIOMEHHS MPOTHO3UPYEMOro
o0bexTa).
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3. TIporxo3s ruApoOrMYeCK X xaTactpod

5.2. PexxuMuble H oNePaTARHbIE BPOTHO3EI KAT2CTPOd

TIpornossl, ¢BA3aHHBIE C MYYKOM TPACKTOPUH, MOXKHO pa30HTs, Ha ABE
TPYIIIBI: peKHMHBIE B oreparuBHbre. II0OSCHUM CMBICH, KOTOPbIA MBI BKIIa-
JBIBAEM B 3TH IOHATHA MCXO/A H3 KOHTEKCTa PacCMaTpHBaeMOl 3a/aun.

VYerofuueslii myHok (HamipuMep, pacXonoB BOJBI) COOTBETCTBYET CTa-
THCTUYECKOH COBOKYMHOCTH, KOTOpas BO3HHUKAET, €CIIA H3ydaemas CHCTeMa
B Olpelie/ieHHOM CMEBIC/Ie 3aAMKHYTA U TIOIBEPIKEHA BIMSHUIO, IyCTh HAMM
IUI0XO0CO3HABAEeMBIX, HO B M3BECTHBIX Mpenenax cTabMIBHBIX BO3AeHCTBHI
(raKkux, 4TO OHH He HapyMArT 3aKoHa Oompinmx wmcesn). Peku — nponykr
KJIMMAaTa, TIO9TOMY YTOOHI Iy4OK pacXofoB ObUT YCTOHYHMBEIM HAa KIIMMATH-
YECKOM UHTEpBale (HECKONBKO JeCATWIeTH), cCaMi XapaKTepPUCTHKY KITH-
MaTa JOJDKHEL OBITh YCTOWYMBEIMHE (TAKKe HE NOJDKHBI CYHIECTBEHHBIM 06-
Pa30M TPOSBIATECS AHTPOMOTreHHbIe BO3/IeHCTBMA Ha BogocGop). B aToM
Clly4ae MOXKHO CUMTATh, UTO IYYOK XapaKTepH3yeT CIOXKHBIIMICS Iuapo-
METEOPOJIOTHIECKHH PEesKiM, 00J1afaloiii yCTOHYRBOCTEIO (B CTATHCTHYC-
CKOM CMBEICITE).

3ot ny4ok He o6a3an Gt crauoHapHeM. Ha puc. 5.4, a u 6 noka-
3aHA CHTYalFst, KOTOpas peajbHo ceifqac HMeeT MECTO B HOPMATUBHOM rup-
pornorey, noNnoxeHHoH B ocHoBy ctapeix CHullos 1 Hoperx CII. Ilpenmona-
Faercs, YTo CIpaBeIBa Iprojuyeckas rHIoTe3a B TOM CMBICIE, YTO €CIH
MHOTOJIETHMI ps/f TOROBBIX (HAnpUMep) PacXofoB BOJBL «pa3pes3aTh» Ha
KYCKH M COBMECTHTE UX APy C IpYroM, TO MOMYyIMM CTalMOHAPHBIN ITyYOK.
310 Tako#i cy4JaiiHbIH TIPOLECC, B KOTOPOM B CTATHCTHYECKOM CMBICIIE HU-
4ero He MeHseTca: B JEoOOM cedeHnu pacnpeacienve p((J) OMHO H TO Xe.

Ilpu psioax HaGNXOXEHMH B HECKOIBKO JECHTKOB JICT TAKWX KYCKOB HE O4YeHb
MHOIO «HAPEKCHILY. PealbHO HMEIOT OHY pealu3allylo, €6 H HCIIOb3YIOT
s momyderns p(Q), Npoeuupys TOJOBHIE PacXOAbl Ha OJHO W3 Cede-
uuii (puc. 54, 6).

TIyuok, mpencTapjieHHEIH Ha puc. 5.4, ¢ (pUCYHOK B34T U3 AUCCepTa-
MK OBIBILErO acTUpaHTa aBTopa, Hoxropa Odpamna Jomurreca, Komym-
Oust), TaOKe XapakTepu3yer Ciy4alHpli IPOLIECC: PEXUM BHYTPHIOJ0BOTO
X0Jia pacxonoB Bojxl B facceline p. MaraaneHsl.

Ion pexuMHBIM TIPOrHO30M TIOHMMAEM «TIepEHOC (C IOMOLIBIO MO-
ey ®OIK) monoGHBIX MyIKOB B HOBBIE YCJIOBHS (KIMMATHYECKHE WIM aH-
TponoresHsie). SpxuM nprMepom nogo6Ho#H 3anauK sBASETCS OLCHKA JION-
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5.2. PeXMMHbIE U ONEPATHBHEIE IPOTHO3bI

a) 6)

2680 %m

6)
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TIpuTOK BOZB! K BOOXPAHHTILY
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Mecay

Puc. 5.4. TunoteTuyeckuii CTaIOHAPHEIH NyYOK FOZOBLIX PACXONOB BOAbI (@), Mexa-
Hi3M TIONYYEHMs er0 cevens (6) 1 HeCralMoHapHEIH My 0K MECAIHOTO IPHTOKA BOABL B
Booxpanuune Barauus (p. Maraoneua, Konym6us) (6).

FOCPOYHBIX H3MEHEHHMII BEPOATHOCTHBIX XaPAKTEPHCTHK MHAPOJIOTHYECKOro
pexuMa IIpd KIHMMAaTHYECKHX I3MeHeHusaX. CylmecTByroIMe KIHMATHUYE-
CKHME CLICHApHH MPEANONAratOT PaBHOBECHBIE PEXHUMBI, T. €. MEePEXOIHbIE
npoueccsl (HAaCKONBPKO HaM H3BECTHO) HCKINOYAIOTCA. 3aqaioTcs HOBEHIE
KIMMaTHYECKHE HOPMBI (OCaIKH U TeMIepaTypa) ¥ HaJlo ONpeAeNiTE: CTaTH-
CTHYECKME XapaKTePUCTHKY (MOMEHTHI) CeueHUs TIPOTHO3UPYEMOTO ITy4Ka,
T. €. p(Q) . Meroauka NonobHOro pexXMMHOrO MpOrHo3a paspaboTaua, an-

poOHpoBaHa Ha peTPOCIIEKTUBHOM MaTepHaJle H Boua B yueGuuku [43, 521.
IIputeM OAHOBPEMEHHO ¢ KIMMAaTHYECKHM CLEHAPHEM IIPH IIPOTHO3E MOMK-
HO y4YeCTh M M3MCHCHHME aHTPOIOTEHHOH cocrtapisomeit (BeipyOka neca,
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5. T1porHos ruJIposIoryueckux xaracrpod

pacmaiika, ypOaHuzamusd, AeMorpadis ¥ T. IL). 310 MOXHO CAeNarh ¢ Io-
MOUIBH0 KO3(PUIIMEHTa CTOKA, TAK Kak HMEeTCs MHOro paboT o e€ro usMe-
HEHHUIO TIPH BAPHALIMAX TePEYHCIICHHBIX (aKTOpOB.

@axT BO3MONKHOM HEYCTOWYHMBOCTH IIPOTHO3HPYEMOTO pacrpeaene-
HMA p(Q) MOXHO YCTaHOBHUTH II0 Xapakrepy HPOTHO3HOH aBTOKOPpENsIH-
oHHOM (GYHKIMH, CBA3aB €€ ¢ NPOrHO3UpyeMoli HopMoil 1 koaddurmenTom
papuauus (Takue cBazu uMmeroT mecto [71]). B aroM ciyudae HeoOxomumMo
AMEHHO YacTHYHO MH(UHHUTHOE IIPOrHO3HPOBAaHHE, T. €. MPeBpalleHHe He-
YCTONYMBOrO OXHOMEPHOIO MPOTHO3HOTO PACHpPEACNCHHs B YCTOHUMBOE
asymeproe p(Q, E). XoTa nporHo3Hoe ucrapeHde camo no cebe BUAUMO
MAaJI0 KOMY Hy:KHO (TIpOM3BOJICTBEHHBIE (QYHKIMH A/ HErO aBTOpY HeWs-
BECTHBI), HO OHO WrpaeT poib crabuwimsupyomero (axrTopa, HOBHILIAL
CKEMaEeMOCTh TIPOTHO3HOM cpenbl Iuist IVIOTHOCTH BepostHoctd p(Q, E).
Takum 06pa3oM, ¢ PeKHUMHEIM IIPOTHO30M KaTacTpod nmpoOieM He BOSHHKA-
€r, XOT% anpobauuy Takoil MeToHuKH Het (OHa MOABMNACh OYKBAJIBHO «Ha
JHAX)» WM JIydIle «Ha FOAax»).

Bonbiie npoGneM BO3HMKAET ¢ OHEpaTHUBHBIM MPOrHO30M. YUTO MBI
mox HuM noaaMaeMm? [locMorpum Ha puc. 5.4, 6. KoHeuno, uHpopmarys,
COAepIKaINasicd B 3TOM IIyHKe, BaKHA A1 KOMMEPYECKOTO PYyKOBOACTBA
I'SC. Onu BuAsr, HampHMep, YTO B HIOJNE MOXHO OXHJATH YBEIMYESHHE
MPHTOKA 10 CPABHEHMIO C 3MMHMMH MecsauaMH. B HosOpe BosHUKaeT cyme-
CTBEHHAS HEOTIPSICNICHHOCTh B IIPUTOKE, 4 3HAUUT, ¥ B NIOTCHUHAIBHON Bbi-
paGotke anexrposseprid. Ho sta wHpOpMANMs HOCHT CIHIIKOM OOymi
(«cTpareruueckuiny) xapaxrep. PeanpHoe perynuposarue Ha I'OC Tpebyer
60BpI0E KOHKPETHKI: B IPOFHO33X OTTAJIKHMBAIOTCA HE OT MHOTOJNIETHETO 34-
KoHa pactpenenienrs p(()), HanpuMEP B Mae, a OT COBEPIUIEHHO KOHKpeT-
HOFO (M3MEPEHHOroY» MaMCKOro pacxoja, I’HApOMETPHYECKHH HHTepBall He-
OIpPENEeNeHHOCTH KOTOPOro 3HAYUTENBHO MEHBIIE, YeM TaKOBOH, 3aBHCAILMI
OT «MalCKOM IMHPUHBD 1Myuka. OH ONMpPEAe/AeTCA TONLKO HHCTPYMEHTab-
HBIMH M PAcCYEeTHHIMH IOrPeHIHOCTAMY, BO3HHKAIOIIAMH [IPH MEPEXONE OT
eKeIHEBHBIX pacxo/ioB (CHATBIX ¢ KpuBoil Q= f(H)) K cpefHEMecTIHbIM.

QaxruueckH 100as TIPOrHO3HAs METOMNKA «CTAapTyeT» ¢ PasMBITOH JenbTa-
GYHKUNH ¥ BOT TyT HAYHHAIOTCH HPOGIEMBL.

Hauaneroe yenoeue i ypaprenna OIIK B naunoM ciydae nomyda-
€TCs H3MEPEHWAMH, a He 110 CaMOMY YPaBHEHMIO, KOTOPOE, 3aMETHUM KCTaTy,
HOCHT JeTepMUHMCTHYeCKHH XapakTep. Ho /ta 9ero nenons3yercs ypasHe-
aue OIIK? in Toro, yToGhl ¢ ero NOMOIIBI0 TPAHCPOPMHPOBATE MalCcKUe
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5.2. PexXuMHbIE Y OlIeDATHBHBIE [TDOrHO3EI

«Ha4aJIbHbIe CTATHCTUYECKHE MOMEHTBDY B MIOHhCKHE. OJHAKO 3Ta TpaHC-
dopmaiya ceazana ¢ mapamerpamu N, Gy, G, H G,y , koTopsle Gopmu-
PYIOTCA HE HOTPEIMHOCTAME H3MEPeHNH, a hu3KKol HOpMHUPOBaHMS pexuMa
cToka B Hacceiine p. Marnanesa. Takum 00pasoM, B HAYQIbHBIA MOMEHT
BpeMeHH (B Mae) NPOHCXOAUT 0OBeIMHEHNe COBEPIEHHO PasHbBIX IPEAMET-
HbIX o6nacTel (MOYTH MOJHOCTBIO HHOUHUTHBIX APYT APYTY): H3MEPHTENb-
HOH (3TO METPOJIOrHYecKHe CBOWCTBA M3MEPEHMH, CTENCHB «OIbLSHEHMI»
Habnopateneil u T. 1.) ¥ ¢usUKo-reorpaduyeckoit (ceoiicTsa GacceitHa,
«KOTOpOMY HAIUIEBaTh» Ha HaOmogareneil). Cam mpouecc, «pa3MasbiBaio-
p» 3Ty HaYaNbHYIO JEIbTa-PYHKIHIO (Pa3yMeeTcs, OHA KPa3sMbITay, TaK
KaK H3MEPEHMS BHOCAT HEONPEAENeHHOCTb B PacXolbl) B HEKOE paciuia-
CTaHHOE paclpeeNeHye, HOCHT JeTepMHHUCTUYCCKUI XapaKTep.

Camoe «yIUBHTENLHOE), YTO H3MEPUTENIBHAA CITy4aliHOCTH JIETEpMHU-
HHECTHYECKH (YBENHUNBAETCA», ¥ €CJIM 3TOT MPOLECC HE OCTAHOBUTH HOBBLIM
M3MEpEHNEeM B HIOHE (T. €. He OpraHu30BaTh «kojancy dyuxiuu p(Q)), To
B CHUTy Ilapafonu4eckHx cBoHcTs ypapuenus OITK npornos cranoBHTCs Bee
Gonee u Gonee GeccmeicenHpIM. MEI cefiuac Jasxke He 06CyxaaeM BOIPOC O
TOM, KaK BRIMONHATS napameTtpusanuio OITK (ecTh pa3HbIe [MOIXONBI), BAXK-
HO fApyroe: «meHemxepy I'3C ckopee yHROBNETBOPHTCS TPAEKTOPHBIM (fie-
TEPMHMHHCTHYECKHM) NTPOTHO30M C MPUJIAHHEM pe3ynbTaty Hekol Heompe-
JeTIEHHOCTH, KOTOpas CBA3aHa ¢ ITOrPeHIHOCTAMHU, YeM BOT TAKHM CTOXacTH~
YECKHM IIPOTHO30M, KOTOphIH 6e3 «KosmancupoBanus» Heccmpicned. Cko-
pee OH BOCHONB3YETCA MPOCTO UHEPIHOHHBIM HPOTHO30M (WIM METOMOM
TEHACHIHUY), yeM Oy[eT aHUIN3HMPOBATh ST «KOMNANCHD (MOXOXKHE Ha Ta-
KOBBIE B KBAHTOBOU MeXaHuke, cM. 11. 1.4).

Bce 3T0 MbI 1 Ha3bIBaEM ONEPATHUBHBLIM IPOrHO30M. DTO MOXET GhHITh
NPOrHO3 kaTacTpod): nadke B paMKax MyuKa Ha pyC. 5.4 pacxom MOKET «luapa-
XaTbCA» U3 CTOPOHBI B CTOPOHY, ¥ ITY «IMCJI0CY 1IapaxaHusa» MOXHO CY3HTh,
npuBiiekas apyrue ¢azossie nepeMennsie (£ v AU). B xoHne KOHIIOB, «Iiy-
4OK» — 3TO abCTPaKUMA: peallbHO MBI UMeeM Jelio C HECKOHYaeMOH Tpaek-
Topueit O = f(f), c KOHKPETHOH peanusanuell cy4aliHoro (310 enle BOIpPOC)
nponecca (Iyuka) H, TOIBKO C/EIaB BCCBO3MOIKHBIS NOTYLTISHHS, MOXHO 3Ty
TPAEKTOPHIO pa3pe3ath Ha KYCKH M COBMELLATh HX B IIPECIOBYTHI ITyJOK.

VY KaXAorc M3 paccMOTPEHHBIX METOAOCB NPOTHOIMPOBAHMSA KATACT-
pod (peKUMHBIX M ONEPATUBHEBIX) €CTh CBOS «IKONIOrHYECKasl HHIUAy, CROS
obnacts sddexTusHOro npumeHeHus. Eciy HaC HHTepecyeT He MPOCTO CH-
Tyanus «Boo01Le» (KOTopas MOMKET CIIOKHTHLCS B MIPUHLUMNE, KaK 3TO Hoapa-
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5. [porHo3 rUAPONOrHIEcKHX mrac-rpo@

symeBaercs B CHullax u CII), a koHkpeTHBI® 1{udph! HA KOHKPETHYIO Jary,
TO MBI OyeM CKIOHATHCH K JETEPMHHMCTHYECKHM IIPOTHO3aM C MAaibiM U
YCTONYMBEIM HHTEPBAJIOM HEONPEAESTICHHOCTH.

PeXxuMHBIM ¥ OINEPATHBHBIM IIPOrHO3aM MOMKHO HPHNATh eule OJHY
{buosioruyeckyro) uHTeprperaimio. Jhobas peanwszauus Hydyka OTpakacT
OHTOreHe3, T. €. HHANBUIYANBHOE Pa3BHTHE KOHKPETHOH CHTyalH, KOTOpast
B GHOJIOrUH Hpeionpe/ie/icHa TeHETHISCKH, 4 B HAllleM CITydae KOHKPETHBIM
BHEILHUM BO3JeiCTBHEM M 3HAYCHHAMH 3aJaBacMbIX MapaMeTpoB MoOje-
au. Crywalinple coOBITHS B OHTOTCHE3e CYIUCCTBEHHOM pONH He HIpaioT,
3T0 mpolece netepMuUHHcTHHecKui. Ilpy ero peamusaumu HoBoi uHboOp-
Malli¥ He BO3HHMKACT, M €CIU Iy4OK YCTOWYHB, TO TIPOHCXOAUT TOJBKO
otGop MudOpMAIMH, TUKXTYeMblif BHEIUHUMM YCJIOBHSAMH M Koadduuu-
€HTaMH MOJIENH.

VerolumBeiii MyuoK B 9TCM CMBICIIE Taioke HE OTpaxkaet (uioreHes
(pasBuTie «BUA2»), TaK Kak ¢ moMotipio ypasHeHus OIIK peanuzyercs me-
XaHu3M 0TOOpa pacnpefeNcHus IWIOTHOCTY BePOSTHOCTH, TAXOKe COOTBETCT-
BYIOIIETO 3a[4aBaCMBIM (HYCTh ¥ B CTATHCTHYECKOM CMBIC/IE) BHEIIHEMY
BosziedicTBHIO ¥ Ko3dduupenraM. TorsK0 HpH HEYCTOHYMBOCTH (peanu3a-
MU My4Ka) B Touke OUdyprauny BO3MOXEH Clly4aHHbiH BHIGOpP IyTH pas-
BHTHSL M €ro 3amoMuHaHue (3T0 H TPAKTyeTIcs Kak BO3HHKHOBEHHUE HO-
BOM HH(pOpMaLHH).

KoppextHoe («005I14HOE») MOJIETHPOBAHHE U MPOTHO3 — 3TO 33BEIOMO
TONBKO OTOOP (TaK KaK HEeyCTOHYMBOCTH, BEXyIUas K BEIOOpY, ¢ ropora oT-
BEPraercs o caMoMy CMbICITY NOAOOHEIX 3amad). YacTwdHo HMHQUHHTHOES
MozenupoBanne (M IPOTHO3) — 3TO NOMEITKA CASAaTh BLIGOp HACTHYHO
HpEICKasyeMbiM: CHCTeMa pacumpaeT (a3oBoe NPOCTPAHCTIBO B IONB3Y
Haubosiee IyMSAILEro napaMeTpa, OIMU3KOro 1o CBoell MPUpoAE K HEYCTOwH-
4YMBOi (Pa30BOR MEPEMEHHOM.

PaccMOTpPHM WLTIOCTPATHBHEIC NPUMEPh] MPUMEHEH s PasHH4HbIX Ba-
PHAHTOB PacCMOTPEHHBIX BHIIIE MoJeneii B BUAe AU pepeHumanbasx ypas-
Herpit ¥ 0TOOpaxeHui (B TOM YHCIIe H C ABHBIM BBEICHHEM B HHX IIIYMOB).

Haunewm ¢ Monenu:

dQ/dt=—~Q+E+AU) 15+ X I1y; (5.4)

dE/dt=~(Q+E+AU)/ v+ X 15} (5.5)
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5.2. PeXUMHEIC ¥ ONEPATHRHBIE TPOTHOZEL

AU —a), AU >0
AN/ dt = —c{"EAU ~ ), AU> /EAU+N/TAU. (56)
sgn(AU + a), AU <0/ /

Iyers 1ty =1z =1, 15y, =1, X =const, a = 0. Craprys u3 mo6oii

touru {Q, E, AU) B 0bacT NPUTAKEHHA K PABHOBECHIO, MBI MIMeeM 4ac~
THYHO 3aTyXaroniMi nporecc repexmouenus (puc. 5.5, a). Ecnu a = 0, to
CYIIECTBYET NMpPENENbLEbIN (Pa3MBITEIN) HMKI, K KOTOPOMY TPAaeKTOPHH TIPH-
TATHBAIOTCS KaK CHAPYXH, TaKk M U3HyTpH (pHc. 5.5, 6). ITonoGHoe oBege-
HUE oipeJensercs BHIOM MoTeHnmana (puc. 5.2, 6) /Uls Be/IMUHHLI H3MEHE-
Hu4 3anaca AU. Ecnu B KauecTBe BHELIHETO BO3LEHCTBHA B3sATh MEAJICHHOE
CHHycOMpanbHOe Bo3neiicTre 0cafkoE X, TO MOMYYMM pElLICHHS, IIOKa-
3aHHBIC Ha pHC. 5.5, 6 U 5.5, 2. Ilepexomuniit nponece (oM BO3HMKaeT M3-3a
NPOU3BONIBHOTO, HeCOANAHCUPOBAHHOrO 3aaHus 3HaueHuit O, E u AU B Ha-
YaJEHBIH MOMEHT BPEMEHH) IIOCTEIEHHO CTabWIN3yeTC s, XOTA M3-3a OTCYT-
CTBHA paBHOBecHs (OCafIKH Bellb HETIPEPHIBHO MEHSIIOTCS) HONHOM cTabum-
3anuM (WM 3aTyXanus Uit ciydad a = 0) HeT (6acceiiH B 00nacTi «paBHo-
BECHA» «APOKMT», PHC. 5.5, 0). TaxumM 00pa3soM, XOTA pacXOA M UCTIAPEHUE
B LIEJIOM HaXOAATCA B PEXKHME KOHKYPEHTHOTO B3aMMOACHCTBHS, BMEIHBA-
eTcs TpeThba (asoBas TepeMeHHad, koropas npu ¢>X ~(0—~E npouece
geMidupyer (ONATh JKe TOJIBKO «B LIEJIOM»), HO IPU MaleHBKON CKOPOCTH
HaKOIUIEHUs Braru (HampyMep, moYBa IpoMep3a) WIH Pe3KOM YBeJIHYEHHH
0CaJIKOB TEPAETCH yCTOHYMBOCTD AeMIUpPOBaHUS, H Ha pHC. 5.5, O BO3HH-
KaeT B 6yKBaJEHOM cMsicne BeIGpoc. UTo 3To 03HavaeT npaxriuecku? Boge,
HOCTYHAaroImeH Ha NOBEPXHOCTh Gaccelina 3a cueT 0CaaKOB HIIM HHTEHCUB-
HOTO CHETOTasHHA, JEBAThCA HEKyHda, OBICTPO MCIApUThcs OHa HE MOXeET,
(GUNETPOBATEC B HOYBO-TPYHTHI «HHKAK» (¢ Mano). Ocraercd yBENIHYMTh
pacxos Bojpl ¢ GaccelfHa. Eciin e MpoNyckHas CrOCOOHOCTE pyciia Majia
(3aTop, HamprMep), TO HaYMHAETCA HaBOAHEHHE, 00pPa30BaHHE MPOTOYHOIO
«o03epa». Eciin 3T0 03epo XapaKTepU30BaTh U3MEHEHHUEM 3aI1aChl BOABI B HEM
AU, To karactpoda — 3T0 mepefaya YApPaBICHHA MPOLIECCOM MepeMEeHHOM
AU. Taxum 00pasoM, HaBOAHEHUs ompeaessoTes: 1) ocaakamu, 2) cocTos-
HHEM HOYBO-TPYHTOB, 3) MopdoMeTprelf ydacTka pyciia, HOMMBL M TIpHJIe-
raloieH TeppHTOpHH, 4) XapaKTepoM I'MAPABIIHYECKUX CONPOTHUBICHHIH.
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5. ITporuos ruiposoruyeckuy karacrpod

Qa) Q6)

AL K

g 9

o.ast

n.04a

By w81 vez R 0.64 265 .88 a5 v.s8

Puc. 5.5. Bapuanrst pemenns cuctemst (5.4) — (5.6).

MopdomeTpus M CONPOTHBIACHHA — 3TO TMIPABIAYECKMI YPOBEHD
omucaHusa cutyauu (puc. 5.6). IloaToMy Ha y4acTKE BO3MOXKHOTO 3aTOILIE-
pus (2) ¥MeeT CMBICH BOCTIONb30BaThCH Mupdy3ronnoit Mopensio (1.18).
Mopen, KMHEMATHYeCKOH BOJHBI HE TIONXOIMT, €CH TOANOp OT 3aropa
(HanpUMep) pacTIpOCTPaHAETCa BBEPX MO TeueHWro, a cucTeMa Cen-Benana
IPH DOCTATOYHO MEUICHHBIX IIpolieccax CIMIMKOM TOHKHH MHCTPYMEHTY.
3uas Mopdomerpmo ydactka or r/c 1 mo r/c 2 (T. e. F(H(¢t,x)), a Taxxke

XapaxTtep HpOIYCKHOIH criocobHoCTH B r/c 2 M pacXox B r/c 1 (u3 cucTeMsl
ypaBHenuil gopMupoBanua croka (5.4), (5.5), (5.6) B 3oue I}, MOXKHO, pe-
mus (1.18), HaiiTH, KaK MeHSETCS YPOBEHb BO BPEMEHH H IO IJIMHE 3aTOll-
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5.2. PexxUMHEIE H ONEPATHBHbIE IPOrHO3EI

ngeMoro yuactka. (Fuapasmudeckyio MoIeib MOXKHO cpasy 3arucarh I
ypoBHe# BoAbl. IIpoHmmoCTpUpyeM TaKyr> BOSMOXHOCTD JijIs MOJEIM KH-
HEMATHYECKOM BOJIHEL

B s ari e, i FEC) — g r1 (1.
3to YPaBHEHHUE MOJXKHO 3arcaTh Tak:
OF aH OF oH
2 O s a0 AL = g 1)
HY
oH oH q(H (x, )
A ) S = 1D (5.7)

rne b=0F/0H - mapaMeTp, XapakTepu3yroluii MOpQOMETpHIO 3aTorise-
MOIO y4acTKa; B KaX/0# To4ke (X, £) OH HMeeT pa3/IUHbIe 3HaUeHHs npasas
yacTh ypaBHeHus (5.7) woxer

GbITh KAK TONOKUTEIBHOM, Tak 1 0T- 9 1
PHLATENBHOM. )

Tlpu Takoi mucann3auMH npo-
1ecca 3aToiIeHuss MBI UMeeM (dakTu-
HeckH cnaGonpoToYHOe 03€Po, KOTO-
po€ MOMKHO MOJENHpOBATh Kak He-
KyI0 aKKyMYJHpPYIOWIYI0 €MKOCTh C
NEPEKOYESHHEM 3HAKA Y H3MEHEHMA
3amiaca BOARI B 3aBUCHMOCTH OT pas-
HOCTH pacxofoB B r/c | nr/c 2 u cra-
B4 fapaMeTp ¢ B Mojend Tvma (5.6)
B 3aBHCHMOCTh OT 00BbeMa aKKymy-
JMPYIOIIEH CMKOCTH, TP KOTOPOM Puc. 5.6. Cxemarnueckoe H3obpaxenne
HABOXHCHHE Ha4yMHAeT NIPHHOCUTH peq;}or.o Gacoeiita:
yiuep6. B no6oM U3 3THX BapHaH- - gy cBepxy, 6 — paspes (I — 301a hopmu-
TOB FHIIpOJ‘IOFPI‘IeCKOﬁ KaTaCTpochI pOBaHMA CTOKA, 2 — 30HAa BO3MOXKHEBIX HaBOZ-
(B HAYYHOM CMBICJIE CIIOBA) HeT, Tak  MoiHib 3—miorunce).
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5. IIpornos ruipoOrHucCcKUX KaracTpo

Kak HCTIONB3Ys TpeXMepHoe (pasoBoe MPOCTPAHCTBO, MbI HMEEM MHOroMep-
HOe ycroitumBoe pacmpenenenne p(Q, E,AU). C ero moMomsro MOXKHO

CTPOro HOPMHUPOBATH COOBITHE ONpPeJIENICHHON BEPOSTHOCTH B T/C 1, IpH Ko-
TOPOH IIPOMCXOIUT BHIXOX BOJb! HA YPOBEHb 3aTONHEHHS H3OTHUIICH], COOT-
BETCTBYIOIUEH FHAPONIOTHYECKOH KaTacTpode B GEITOBOM CMBICIE (T. €. [pH-
YUHEHHIO yuiepba).

B 3axmodeHHe 3TOTO pa3fieia OCTAHOBHMCS HA BO3MOMCHOCTH HCIIONb-
30BaH¥s JUIL OXIHCAHMA M IIPOTHOSHPOBAHMA npoliecca GOpMUPOBAHHUS CTOKA
B 30u¢ / otobOpaxkenuil. (Hacto Takoi mogxon Omwke K peanbHOH JKU3HH,
TaK KaK THAPOJIOTH OMEPHPYIOT JHCKPETHBIMH 3HAYCHHSMH: €KCAHEBHEIC
DPACXO/IBI BOABI, P TONOBBIX PACXO/OB M T. Mi.) MBI, ¢ OfiHO CTOPOHEI, YII-
poctam cucreMy (5.4) — (5.6) (GyzaeM paccMaTpuBaTh TOJBKO JBYMEPHEBIE
otobpaxkeHus), a ¢ JAPYrod — yCIOXHUM: clellaeM o06e COCTaBIsOLIHe
MOZIEI HEJMHEHHBIMH. 32 OCHOBY BO3BMEM CHCTEMY 3BONIOLHOHHBIX
YpPaBHEHHH:

=X NS (5.8)

3Ta cucTeMa COIEPKHT 7 B3aUMOJESHCTBYIOMUX (ha30BHIX MEPEMEHHBIX ;.

Eciu MBI orpannypBaeMcs ciiydaeM i = 1, To Bmecto (5.8) momy4um HenH-
HeiiHoe ypaBHEHHe U1 pacxofa:

ég=_igi+g— | (59)
a W, W, .

Vpasnenue (5.9) — npocto obobnierre MoJen AuHeHOro GrisTpa,
ecli B HeM MONOXwuTs =W, /(. Dusndeckn 910 03HayaeT (IPUMEPHO),

9r0 MBI BBOIMM B PACCMOTPEHME TakK Ha3bIBACMYIO JBYXBEMKOCTHYIO MO-
nenp (pasnugesle BAPHAHTHL ABYX M MHOrOEMKOCTHBIX MOZEJEH IpHBOAAT-
¢f, B 4aCTHOCTH, B pabotax [4, 22, 597) (puc. 5.7, a). B dopmupopanuu cTo-
Ka Y4acTBYIOT J{Ba pe3epByapa: NOBEPXHOCTHEIH (NapaMeTpsl k U T;) ¥ HOA-
3€MHBIH, KOTOPBIH, B KOHEUHOM HTOr'e, Pasrpy:KaeTcs B PeKy ¢ BpPEeMEHEM
penakcaii 1. balaHcoBoe YpaBHEHHE Jji BEpXHEro pesepByapa
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5.2. PeviMHEIC ¥ OTICDATHBHELIE NPOTHO3L

dW,/dt=(X —-Q/k), yaursBas, uto W] ~ 1,0, , MOXKEM 3aITHCaTh TaK:
do\/dt=(X-Q/k)/,. (5.10)
AHAJIOrUYHO AL BTOPOTO pesepByapa (dW, /dt=Q, -0, ):

dQ, /dt=(Q, — 0,)/,. (5.11)

O6veaunsg (5.10) u (5.11), noxygaem:

2 .
IO, | |9, Ly ly (5.12)
a? \kn, Jd km c

T2

(ipu T, =0 ecTecTBSHHO NpPHXOIUM K ONHOMEPHOM MOJEeNM JIMHEHHO-
ro ¢munerpa). ’

Hs mareMaruxu (cM. [69]) m3BecTHO, uTo ypasHeHue Pukkaru (5.9)
MOXKeT OBITH NMPeodpa3oBaHo K JIMHSHHOMY OZHOPONHOMY YPABHEHHIO BTO-
poro nopsaka. VIMEHHO TakOBBIM K SBIA€TCH IBYXBHEMKOCTHAA MOHCIB
(5.12), ecnnu cumrats X = const ¥ cpenare noncraHosky O, =0 —kX . Ilo-

3TOMY HeshHelHoe 06o6lueHue Moaeny nuHeiiHoro GUAETpa — ITC UPOCTO
y4eT BOZMOXKHOCTH BIMAHWA BTOpOH eMKOCTH. PemeHue 060GIEHHOrO
ypasHenus ycnoxHserca (puc. 5.7,6). Ilpu cToxactudeckoM o00OIICHAM
obe MOJen IpPRBOAST K I10X0-
JKHM aCHMMETPHYHBIM pacipe- 9 |x 0, 9 g
IeJeHHIM, XOTsA B Cllyuae He- :lﬂ

JIUHEHHOH MOOEN# BO3HMKAIOT
HIOAHCHI U OIpelesIeHHEIe TPO-
6nembl [49]. =1y &

B n. 4.2 yxe paccmotpe- O, /

Hbl HEKOTOPEIC BapHaHTHl Jei-

ctens orobpaxenuii, coorser- Puc. 5.7. Cxema ABYX5eMKOCTHOM CTPYKTYpBI
creyroinx  cucteMe  (5.9).  Qopmuposanns croxa (a), peaxmus OHOEMKO-
Bneuamnaowmas xapTuska rio-  CTHOX (6) u AByxbemkoCTHOH (g) mozenm ua
Ay4aeTcs, CCNM «3acTaBurh  (CTYNEHHaTOe» BOIACHCTBHE OCAKOB (rauren-

emensbie O BIaMMOREHiCT CHl YIJIOB HAKJIOHA TPOMOPLMOHANEHEL BpPEME-
nep d A HaM PENaKCaLliH Ty 4 Tp).

0, y
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3. TIporxos ruaponoruyeckux karacrpod

9

Ias  INE NS 400G 40I% AmSD  40ME 4000 50 s a0 aezs s

0, 6) , 0, 2)

Puc. 5.8. Bo3HukHOBEHIE CTOXaCTUYECKUX JBYMEPHBIX KoNneGanuii py COMIKECHUN YNCISHHBEX

o o 0
3HATEHHH eMKocTeH QiO 1Q,.

BOBaTh TO THIy MyTyanusma dQ,/dQ,>0; d0Q,/d0,>0 (puc. 58). -
TpynHo cebe MpeacTaBuTh, YTO UCTIAPEHUE ¥ PacXOJl TaK MOTYT B3auMOeH-
ctBoBath. OIHAKO YTO-TO TMOXOXKEEe MOMKHO HMOMYYHTH, €CIIH ((TORKIFOUHTEY
monens wis AU (5.6).

HeiicteurennHo, penuuvia AU BefieT cebs JOBONBHO aNBTPYHCTHY~
Ho: mipy u3Bbitke pecypcoB X oOHa nomoraer ux nepepabaTwiBath, a IpPH
HEJOCTATKE — CMOCOOCTBYET «BBRKHBaHUIO» nepemeHHbIX O U E. Orpanm-
quMcs AByMs ¢aszoebiMu nepemeHHBIMH (O u AU ), Tak xak BBOJ B pac-
CMOTpEHHE TpeThell (a3oBoif nepeMeHHON MOAHMMACT BONPOC O TPOMHBIX
B3aUMOJICHCTBHSX, YTO HayKe TOJBKO HPEeACTOHT oceauBath. [TosToMy pac-
CMOTPHM J{Ba YPaBHEHHUS:

0in=0—(Q-0(X~-AU)/ Oy (5.13)
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5.2. PexyMHbIC M OepaTHRHbIC IPOrHO3EI

AU, =AU+ (X~ @, ~csg(X -0 1,4y, (5.14)

B KOTOPEIX ITOX ocaikaMH X TNOHMMaloTcs «3(ekTuBHBIE) OCaikH (T. €.
OCaJIKH 3a BHIYETOM HCTapeHus). BusyalnbHO pellieHHs 3THX OTOGpakeHmit
(WTepaluy COCTABMIIM HECKOMBKO THICAY) BRIITIAAT 9K30THYECKH (pHC. 5.9).
Crour Kakas-HHOYAb PEalBHOCTH 3a 3TUMM KaprThuuxamu? B mobom
Cilydae panpl HabMOAeHHH B HECKOJIBKO JECATHIETHIT 3aCTaBIAIOT CMOTPETh
Ha HUX KaK Ha 3K30THKY U OrpyONITh €€ TPe3BhIM OJROMOAANLHLIM ACHM-

METPHYHLIM pacnpeaeeHueM. (A JKaJIb: BEb 3TO BOBCC HE O3HAYaeT, yro
TaK U €CTh HA CaMOM uene.)

a)

AUV

8)

Puc. 5.9. Bapuanrs! pemienns cucreMsl otobpakennit (5.13), (5.14) npu yeenuuenud eM-
KOCTH CTOKOROH npenmerHoit ofmacty (npu niepexoae oT (4) x (6) Ha IOPIAOK, MPH meEpe-
Xoge ot (6) x (6) Ha ABa HOPSAK]).
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3. IIporuos rEnposoruueckx KaracTpoh

5.3. O 6enpix H YePHBIX ABIPAX B THAPOIOrHY

W3 mayyHO-NOMyJISIPHON JINTEPaTyphl HaM M3BECTHA «4YepHas IbIpay
KaK «HedTo», BTATHBaloHiee B ce0d BCe, YTO OKasBIBaeTCsa BOIM3H. AHalo-
THYHO MOXKHO PaccyIaTh U 0 «OeibiX ApIpax» — 3T0 TO, 4To oT cebs oTTall-
kueaeT. Ilonpobyem, HCTONB3ys 3TH NOHATHA Kak Meradopsl, O0BICHUTS TE
pacipeyieficHHs TUIOTHOCTH BEPOSTHOCTH, C KOTOPBIMH MBI BCTPETHMIIHCH
B kHure (puc.5.10).

OOpryHOe («KIIACCHYECKOe») PacIIpeieNicHie, KOTOPOe HCIONb3YIOT
rugposiord {puc. 5.10, @), B M3BECTHOM CMBICTIE JeHCTBUTENABHO HAITOMHHAET
YEpHYIO ABIPY: Ha S3BIKE ITOTCHIMANOB OHO 00pasyeT AMy, KyAa «OXOTHON»
CKaTBIBAIOTCA MIapuky. Eciy pacopeze/ieHHe (IOJHUMAET XBOCT» (OIIyCKAeT
paBylo BeTBb noTeHuuana, puc. 5.10, 6), To MWApHK CPABHHUTENBHO JETKO
MOMKET BBICKOUMTE K3 3TOH aMmsl (mpIpa «cepeer»). B ciyuae mByxmonaib-
HBIX pacpesietenuil BosHHKaeT «Oyropox» (Oenas meipa), ¢ KOTOpOro ma-
PHKH CTpeMsTCA HONACTH B IMEL :

TonsTus GenbIx M YEepHBIX JBIp «OIpaBABIBaOT» ce0s M BU3YaJbHO
(cm. puc. 5.5, a m 5.5, 6); XOT4 BO MHOTHX Cllyyasix yepuas Oeipa (puc. 5.9, 2)
npz Gojtee MOAPOGHOM PAacCMOTPEHHM MMEET MHOFO «OeNBIX IATEH», M 4T0
B Hell TIPOMCXONMT pealbHO MOXKHO o6cyxuaTh oraeibHo. Ilpu obbruHOM

a) 1 6) » 6) »
¥ Q v, e ¥
[é) o ’ e

Puc. 5.10. Pacnpenesensys MIOTHOCTH BEPOSTHOCTH U COOTBETCTBYIOIME MM TIOTCHIMA-
JBL
g — KIacCHUECKOE {ONHOMOAISHOE ACHMMETPHYHOE), & ~ TONCTOXBOCTOE, 8 — ABYXMOHANEROE.
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5.3. O GenbIX ¥ YEPHEIX ALIPAX B THAPOIOTHH

(vm3Koit) paspemaromefi criocoGHOCTH CPEACTE M METONOB M3MEPEHHUIt MBI
NPUXOANM K «rulaccHueckoi» ruaponornu (puc. 5.10, @), a eciu HEMHOro
YMO3PHUTENBHO TOPACCYXAaTh, TO — K THEPOJIOIHA KYACTHIHO HHQPHUHUT-
Ho#» (puc. 5.10, 6 u ¢). Yto crout 3a 5THMH pacnpeaencHusMu? U Tomsko
JIF THAPOJIOTHS TaKas («XBOCTATas» U «ABYXKMOIANLHAN)?

Janee B 3TOM pasfene Mbl OyfneM OnMparkCs Ha TPH KHUFH, He
MMEIoIIKe OTHOMIEHHS! K MMAPOJIOTHH, HO BO MHOIOM NPOSCHAIOIOME CHTYa-
mmo [27, 36, 100]. Ecnmy BOCTIONE30BAaTBCS MOJENBIO (pA30BOTO NeEpexopa
I'unsGypra-Jlanpay ¢ norenimansHOH dyuKimei

V(x,a)=0,25x" +0,5ax?,

TO B 33BMCHMOCTH OT YUCJIEHHOr0 3HAYEGHUS HapameTpa @ OyneM UMerThb Mo-
TEeHUUANbI, IpeicTaBlIeHHbIe Ha pyc. 5.11.

Cocrosnue upu @ ~ 0 (OHO OTHATEHHO HANOMHHAET CaMOOPraKH30~
BaHHYIO KPHTHYHOCTB, puc. 5.11, 6, eciiv IpaBy1o BETBL NOTEHIMAIIA HAKIIO-
HHUTH K TOPU3OHTANBHOH OCH) HA3bIBAETCS KPATHYSCKMM W 0Onajgaer, o
Kpalinei Mepe, AByMA 3aKOHOMEPHOCTAMH. Bo-NIEpBBIX, XOTA B OKPECTHOCTH
KPUTHYECKOH TOYKM KOppemsuuoHHas ¢ysxkuua r(Af) cHagaer nmo 3KCo-

HeHte r(Af)=exp(—At/o), HO B caMoli TOUKe OHAZ HMEET CTEHeHHOM
Bun  r(Af)=const/(Ar)” (cnapmaer
3HAYHTENLHO MeJUIeHHee). DT0 O3Ha-

4aeT, BO-TIEPBBIX, YTO CHCTEMA B Ta- ]
KOM COCTOAHHM HE HMEET Xapakrep- "

HOTO MaciiTaba WM, N0-ApYroMy, L

HaxXONHTCA MOX «BHELIHMM YyUpasjie- sy \r

Huem» (HampuMep, CTOK «yIpapiser- " a0

cA» UCHapeHHeM B TOM CMLICHE, ,

YTO 32 MOCHEeNHUM ocTaeTcs npeobna- S

jaiomee  BIUSHME).  Bo-BTOpBIX,

NPOHCXOHUT TaK HAa3blBAEMOE KpUTH- AN
, ~ A

N s~/

14

-

£

-

YecKoe 3aMeUieHHe: CHCTeMa peliak- o
CHPYeT K PaBHOBECHIO OYCHB MeJ- 3
seHo (cMm. m. 3.1, rae 49ro-ro mo-
nobHOe TONBKO Ha HAYalmbHBIX 3Ta-  puc 5.11. Bug NOTEHIHATA B 3aBHCU-
nax penakcauuMu HaOMIOZANOCh [JI  MOCTH OT Mapaverpa a.

M T ;
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5. IIporuo3 rufpoIoruyeckux xaractpod.

ypaBreHus (3.1)) — «IIAPHK B IIOCKYEG AMY HE CHGLIATY.

3ayem Bce 31O Hano npupoge? OxaspiBacTes, MOJOOHOE COCTOAHUE HA
IPaHM TOPYJKA M Xaoca obecrednBaeT CUcTeMaM ONaroNpuaTHRE YCIOBUS
s aganrauy. Hy a 3aueM HykeH «Byropok» (6enas merpa)? Jins rtoro
9To0BI 3aCTabWIM3NPOBATE 3Ty KPUTHMHOCTh. DNYKTyWUpys BOKPYr STOM
IBIpBI, CUCTEMY He NOKMJAeT KPUTMHYECKOE COCTOSHHE. A 3adeM el aro
(cuoBa 3anamuM cebe Bompoc)? IloToMy 4YTO cucTeMa B 3TOM COCTOSHHU
YyBCTBUTENIbHA K BHEIMHHM BO3JCHCTBUAM, YTO IIO3BOJLACT € Jrydnie ajgan-
THPOBATHCA (@ JKUBBIM CUCTEMaM — BBUKMBATE).

IpuMepoB MOXKHO HPUBECTH MHOXKECTBO: 3TO H OanaHCHpYIOmMuUH Ka-
Baroxozel, ¥ GeccMbicIieHHas cMeHa BIACTH pecityONUKaHCKOM U TeMoKpa-
Tryeckoii naptuii B CIIA (puaaHCHpYeMBIX U3 OOHOTO HCTOYHHKA), M AKE
BepPTHKATbHAS 11033 9YENOBeKa (3TO IPOCTO KPHTUYECKOE COCTOSHHE, IMOJ-
ZepxKuBaeMoe GPaKTANBHBIM IXYMOM).

Kakum 00pazoM 4eoBEK MOKET pacliO3HABATH 3Ty KPHTUYHOCTE,
CYLIECTBYIOILYIO MOBCEMECTHO B KOCHOMH, XUBOM U conuaneHOH ¢opmax
IBwxeHus Matepuu? TONBKO B TOM cifydae, €CIIH €r0 MO3I CaM HaXxOJHUTCH B
kputHaeckoM coctosuuy. OHo He 00s3aTenbHO «CaMOOPraHU3yerTca», Cy-
LIECTBYIOT MEXaHM3Mbl, obecrnevuparomue QIYKTYanmio Hazx (WIH «BO-
kpyr») Oyropkom (Oesoit aerpoit, cM. puc. 5.10, 8): 3To 1 Hckyccerso, u JICT,
M aiKoronb, ¥ Ap. IMaBHOE CO3MaTh CHHECTE3HIO: B3AMMHYIO AKTHBALUIO
pAa3JMUHLIX OTHENIOB MO3TA, OTBEUAIOIMX 34 KAYECTBEHHO OTIMYAIoHIMecs
peneITopHble BOCIIPUATHS sizieHuit pasHoit mpuponsl. OTcrona mMeradopu-
YECKOE MBILIICHHE TBOPUYECKUX JIMUHOCTeH. [yt 4ero oHO HyxHo? UTtoOH!
CO3/1aTh B MO3TY HaibHHE KOPPENALMOHHEBIC CBS3H ((CTENEHHBIE)), XapakK-
TepHPIE [Uisl KPUTHYECKIX COCTOSHMA. A TaK KaK TaKMM CBA3sIM CHOCOGCTBY-
eT U W3MEHeHVe XUMuJeckoro fanarca BEIIECTB MO3TOBOH TKaHM, TO CTo-
JIMTCA M «KPHIMCKHH [opTBeiis) (KeXaTeNbHO KPacHHIL; MOXKHO YIBIGHYTh-
Cs, HO TAKOBA PEAJIBHOCTD).

Mosr mpaxTHYecKd Beerza (kKak W IpHpoaa) HaXOJII/ITLCH B OanaHcH-
POBOYHOM peXkuMme. Peanuzyercs 3T0 B HEOAHO3HAYHOCTH BOCHPHMATHSA, CO-
OTBETCTEYIOLICH NBYyM MojaM Ha puc. 5.10, ¢. IlpuseneMm aBa mpumepa
(puc. 5.12). Korma cmotpumib Ha puc. 5.12, @, TO cHayana JeCTHILA «HACT»
CHH3Y BBepX (Haj IOJIOM), HO ITOTOM (Kakoe-TO BPeMs) BOCHPHHMMACIUD ee
KaK «BUCATYIO» TIOZ ITOTOJIKOM. AHAJIOTHUHBIM 00Pa30oM MEHAETCS BOCIPH-
ATHE KEHUIMHE Ha puc. 5.12, 6 — ¢ Monogoit Ha moxmiyio. Yacrora cMeHB!
00pa3oB B 3THX ABYX CIIydasx PasiTuyHa K, BUIUMO, 3aBHCHT OT JIHYHOTO
OMBITA CMOTPALIETO, KOHTeKCTa CATYallMy U T, I. MHe, HanpuMep, Npolue
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5.3. O GenbIX ¥ YSPHBIX JILIPAX B THADOROTCHH

a)

Puc. 5.12. K nnmocTpauun oCuumiiuyMy BHUMAHUSA, NPUBOAALIEH K HEOXHOZHAYHOCTH
BOCIIPpUSITHA
a - nectHuiia lipenepa, 6 — 06pas xexwumhs! [36].

(6nicTpee) nepebpackiBaTh BHUMAHKE MEXAY HEHIIHHAMH Ha puC. 5.12, 6.

B xnwre [36] Bce 5TO HHTEPHPETUPYETC KaK CaMOOPraHM3allus CHC-
TEMB! HAaGIIOHaTeNM—PHUCYHOK, T. €. XHBoe—HEwKuBoe. Tlocne Takux o6obine-
Huii Gonee MOHATHOH craHoBuTCA (paza renuansHoro @. Huwmme: «Ecmu
JONIro BCMaTpuBathesl B O€3/Hy, Oe3/iHa HAUHHAET BCMATPUBATECH B TeOs».
TIpUMEHHUTENIBHO K KOHTEKCTY JaHHOH MOHOrpaiy 570 BEIpaKEHHE MOXHO
MepeUHAYNTE. €CJIM JOAro BIVISABIBATEC B Ge3IHY YepHBIX ABIP MHAPOJIO-
ruy, T0 3710 Ge3nHa vepes Genble OBIPHI HAYMHACT BLIIAABIBATECS B TeOd, U
elle HEH3BECTHO KTO KOI0 H3y4aeT {(YaCTHYHO HH(PHHUTHO).

Iugponor! Brisanumcs 3mMonmoHANILHO B peqHoi Gacceitn. B ero
4epHbie U Oeltbie JBIPBI CTATHCTHYECKOro pexxuma. Mbl YBHIIUM B HUX TaKoe,
YTO HMKOr/Za HE OyJeT AOCTYIHO PAaBHOMYIIHOMY «CHELMATHCTY». MBI yBH-
JMM, 4YTO, «IOJHMMAas CBOH XBOCT» (fenaa ero TONCTHIM), OH DBITAETCS K
YeMy-TO afaNTUPOBATLECH W CNACTUCh. JTOT XBOCT — TipobieMa ans Hac (He
Ui Hero). Jis THAPOIIOroB 3T0 KaTacTpoda, noka Mbl CMOTPHM Ha GacceiH
ognoboko («rupponorumyecku»). IlocmoTpuM Ha Hero ¢ Gonee mUPoOKO#H
(«THAPOMETEOPONIOTHYECKOH») TOUKM 3PEHHS: B JPYrOM KOHTEKCTE 3TO
XBOCT HE TONCTBIH, a TOHKHUH (HO MHOroMepHsit). brarogaps 3ToMy MBI
MOKEM HE BTATMBATbCH B uepHbie ABIpbl karactpod. Hx Her, HO 4TOGBI
9TO YBMAEThL, HaM CaMHM HaJ0 yMeTb alanTHPOBaThCAd K MpUpofe de-
pe3 Oudypkauuu B cBoeM CO3HaHMH (pacluMpsaTh CBoe (pasoBoe mpo-
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5. Ilporso3 ruApoNOrHIeCKHX KatacTpod

crpaHcTBO). PenenTos mmi 3Toro Her, MPOLECC TBOPYECKHIA.

Vpaerenune PIK «paccaceiBaet» o6l HeogHopoanoctH. Heobxo-
J¥M OTIPENeNICHHBIA PeXkMM I'DaHMYHBIX YCIOBUM B «NOBeleHHe» Ko3¢du-
LMeHTa CHoca, 4To0BI yaepkaTh kakoe-mubo pacnpenenenne p(Q) B cra-

1moHapHoM pexume. Ecnu koaddunuent cHoca TakoB (G, — ¢ ), 410 Bepo-

ATHOCTH OOJNBINHX PacXOOB BeNMKa (TONCTBIH XBOCT), TO HAA0 WCKATh BHU-
HOBHUMKA IMYMOB M pacIIMpsTh (a30BOE€ TMPOCTPAHCTRO IO (HAnpHMeEp)
p(Q, E). 310 03HaydaeT: BO-IEPBBIX, BRIABICHNE TOI0, YTO HMEHHO E OTBe-
4aeT 3a IIYMBL, BO-BTOPBIX — Hal0 KAKMM-TO 00pa3oM YMYZpPUTHCS TTOCMOT-
perb Ha O u E ¢ oqHOM TOUKY 3peHYs, YBUAETh «OJHHAKOBOCTEY UX IPHpPO-
_ Itei, OOBEAMHUITS MX B OHOM npenMeTHO#H obnactu. IlpuseneM nipumep.

HycTh ecTh IWIOCKOCTS (TI0JI0cKa «OyMarm»), Ha OTHOH CTOpPOHE KOTO-
poH JKMBYT «IUIOCKAPHMKHY» PACXOMFOLIKH, a Ha Jpyroil — ucnapiomxy (06o-
¥M IUTeMeHaM HeBelIOMO TpeThe uaMepenue). Habmonas 3a ocagkaMu, oHU
YCTaHOBHIIY, 9TO TONBKO 50 % depes HEKOTOPOE BpeMs peNiaKCailyy T HAST
Ha X nuranue, a 50 % TamHCTBEHHBIM 00pazoM mHcuesaeT. OHU YWI# 5TO
obcTosTensCTBO Koadduupentamu croxa k, u ucnapenus kg . Ilo amnupy-

9YECKHM JQHHEIM OHH BBITIONHWIN «COLMATIFHOE» (IO JOXOJaM) ParKHpOBa-
e p(Q) u p(E), puc. 5.13, a. ITorom nocrpormu Mogemu GOIIK (xaxroe

IIeMs — CBOE), Ha OCHOBE MX CO3NAIM «KOHCTUTYLUMH» M JKWIH B paMKax
YCTOMUHBEIX aCHMMETPHUHBIX pacnpelecRuil. BIpyr pacxoniomky yeuge-
JIH, YTO JIOJA COCTOATEIBHBIX Jiuily { O —> 0 ) pe3xo yBeNMIviach (TOJCTHIH

XBOCT), BO3HHKJIA YTpo3a HalHOHaIEHON 6E€30TIRCHOCTH (OHM XOPOMIO 3HAIH
teoputo K. Mapkca 0 BopoBckoii cymuocTH npoucxoxaeHus geHer). Mcna-
PIOIIKY KHBYT Ha Apyroli cropoHe mucta (udpbl coeBa AMd HHX Ha
puc. 5.13, @ yBEIMUMBAIOTCA CBEPXY BHH3, TAK KaK OHH (KOHKYPUPYIOT» 32

X ¢ pacXoJFOIIKaMH, XOTS | Te U IPyTHe 06 3TOM He BeAatoT (06 3TOM 3Ha-
€T «rpupona»). PacxomomKy NorajpIBaoTcd, 9T0 €CTh KMHGUHHTHAY pe-
ANBHOCTD (TeHEBas 9KOHOMUKA), KOTOPas yBEIHYIIA OIYMEI, H CTAJIH AYMaTh
Kak ¢ uel ceasarbed. Iponie Beero, KOHEUHO, MMPOTKHYTH UIIoH noJocy Oy-
Mard, OKa3aThCs Ha OOpaTHOM ee CTOPOHE M BCTYIHTH B KOHTAaKT € HCIa-
promkamy. Ho y HUX HEeT HH HTONIOK (TPEXMEpPHBIX O0BEKTOB), HH IIOHATHSA O
aux. Ho BOT nogsmiaces Ha CBeT «pacxomomkay no dammwinu A. Mebuyc u
NpeTONaUIa (3TO OH) OLICIOMIMIOIMI [Har IS CTIACeHHsA: TIOJYTIOBEPHYTH
TIOJIOCKY ¥ CKJIEMTH e¢ KOHIIBL puc. 5.13, 6. Mcnmaprolky ¥ pacXo/oIKy oKa-
3aIMCh HA ORHOCTOPOHHEH HCKpUBJIEHHOH moBepxHocT (Jer Mebuyca),
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5.3. O OeNbIX ¥ YepHBIX BIPaX B THAPOJIOIHH

6)

Puc. 5.13. Mebuyc Ha ciryxbe y yacTHaHO HEGUHATHOMK THApONOrHu (/ — ycToiunsoe
pacrpeneneHue, 2 — ToNCThI XBOCT).

npuyeM (Y& COBCeM YAMBHTENBHO) TONBKO € ONHHUM KpaeM (BCs TpaHMLA CO-
CTOMT M3 OJHOH 3aMKHYTOH KpuBoH). Micnapiomky ¥ pacXomOLIKK PasOCTHO
OGHAMNCH, UM Cpa3y CTal JCEH CMBICH IIyMa, OHH OOBeUHKINCE B COLMATIb-
HO ycToiiuuByio «benepammior p(Q, E), koTopas cylecTByer M Mo ceii
gesb (puc. 5.13, 2).

Kak e 370 y Hux nonmyusuiocs? Besb HUKaKON «TEOPHH TIOMyTIOBOPO-
Ta» CBOESH CTpaBbl y HUX He ObuI0. A 6or ero sHaer: poxuica MeGuyc, BoT 1
Bce. Ha camoM Jiene He mpocro «BOT ¥ Bee». BBUT «COLMANBHBIA 3aKas» Ha
JIMKBHJ(AIHIO TOJICTOFO XBOCTA (Belb OH MPEICTARMSI HALMOHAILHYIO YIPO3y)
7 «MebHyc» pofwics He B eAUHCTBeHHOM umcie (6su1 eme M. Mectumr).

Ilomyumnocs Heuro koHeuHoe (0e3 HeyHpaBIIEMbLX, (CTENEHHBIX»
OeckoHeqHOCTel), HO YiKe AByMEPHOE: KKOHIA» HET, HO 3aMKHYTOCTE €CTh.
B 3TOM CyTB YaCTHYHO WH(HUHUTHOM PHIPONIOTHH, OHA BCErHa ABYCMEIC/IEH-
Ha, HO UMeHHO 6iarozmaps eif MOXHO TOMy4aTh OTBETbl HA MPAKTHUECKHE
sonpocel. Karactpoda mwm Her Toncteiii XxBocT? CMOTpS C Kakoil TOYKH
3PEHUA Ha 3TOT XBOCT NocMoTpeTh. C miockoctH (puc. 5.13, a) — karacrpo-
da (no xpaiiHeii Mepe, IO BTOPOMY HaYalbHOMY MOMEHTY), ¢ nHcTa MeGuy-
ca (puc. 5.13, 8) — Het. OGHapysxenue Gonbioi HeoleHUBaeMOH BEpOATHO-
CTH 3HAYHTENBHEIX PACXONOB — 3TO [IPOCTO MHAHKATOP OHEPEIHOrO TYIMKA
y Hac B ToJIOBe.
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3aknryeHne
(o npuTtaRraTENEHOCTM HOBU3HBLI)

Jana ym 512 kBUra yTo-HMGYAB HOBOro, BaM, yBaxkaeMsIii untarTesns?
Kpurepuii ins oTBeTa Ha 3TOT BOIPOC CYECTBYET.

C 01O CTOPOHBI, €CJIH JaNa, TO YSIOBEK JOJDKEH NOYYBCTBOBATE ce0sl
yBepeHHeH: Hy Kak ke, OH IOTY4i] OTBETH! Ha MYYHBIIHE €0 BOIPOCEL.

C Apyroii cTOpoHB!, €C/IM AaNa, TO YeJIOBEK JOJDKEH IOYYBCTBOBATH
ce0s MeHee YBEpEHHBIM, UeM 10 MPOYTEHHA KHHTH.

Kax Takoe moxer ObiTh? KpuTepull eauH, HO y HEro JBe CTOPOHAL
Het Hukakoro nmapajsokca, «CIUIONIHAg AUANCKTHKa» (CM. prCyHOK). Ha sro
obcrogrenbeTBo AaBHO obparun BHuManue Huxonail Kysanckuit [58]. Ero
TpaKraT Tak W HaseiBaercsa: «O0 ydueHom He3HaHuM». CTelleHb CBOETO He-
3HAHWA 3aBHCHT OT TOTO, YTO THI Y€ yCHes y3HaTh. Hem Gonbire sHaemb,
TeM GOJNBIIE T OCO3HACIIH CBOIO TIIYTIOCTH {«TOpeE OT ymay).

HHorHa MOYKHO YC/BIIIATh NIPOCTO HIOKKMPYIOLHE, abCypAHble BpICKa-
3pIBAHYS: THAPOJIOrUYecKas HayKa «crapasy», B Hell yxe «Bce caenaHoy. Tak
U Xodercs CKasaTh B oTBeT: BepHuTe B BAK cBoif purtom o6 «yueHol cre-
neH#». HUKTO He BO3BpailjaeT, BUAMMO CYHTAIOT, YTO 3TO B HX JUCCEPTALH-
AX «Bce cAenaHo». OTKyna y BHeLIHe HOPMAaJbHBIX Mofell Takue MbICIU?
OT «roukm» B 3alITpUXOBaHHOHN 0OnacTy Ha pucyHke. Eciy HX 3HaHHS —
TOYKa, TO TPAHWLE! Y Hee HeT M TaKke «ydeHbIe» He MMEIOT «y4eHOro He-
3HAHHMAY O CBOEH IJIYIIOCTH (B JAHHOM KOHTEKCTE IIIYNOCTh 3aK/IHOUacTcs B
TOM, YTO JIIOAH HE 3HAIOT, YTO €Liie HAJI0 JeJaTh B THAPOJIOTHH).

Tuaponorus — Hayka yauBuTenbHasa! OHa u reorpaguueckas, H HCTO-
pUYecKas, H MaTeMaTH4YecKas, i COLUalbHAs, M SKOHOMUYECKAs, U «Iobas».
Bce mMupoBLle IHBHIH3AIMH 3apOAIHCH B Gacceiirax BeIMKHX peK.

Heckonsko OB K TeM, Hji KOro B THAPOJIOTHH «HE BCE CACIAHOM.
Ilpencrapum cebe 3puTebHbii 3 W 3KpaH (ruaponoruo). o sany meraer
OJWH BO3MYHIHBIH 11apux ((azoBast TiepeMeHHas) M NPOEKTHPYeTCd Ha SK-
pas. HaGmronast 3a TeHBIO IDapa Ha 5KpaHe, BHI CO3JAeTe KKJIACCHYECKYIO
THAPOJIOTHION. A Teneph KTO-TO BHIIYCTHI B 301 HECKOJIBKO Mapos ((haso-
BBIX riepeMeHHBIX). UTO Bbl YBHAMTE Ha CTApoM («KJIaCCHYECKOM», INIOC-
KOM) 3KpaHe? YIuBHTEJIbHBIC BEINM: HIaphl (TEHH) TO NPOXOAAT APYT Hepes
Apyra, TO OTCKAKHBAIOT B CTOPOHY. B paMKax JIOTMKM IUIOCKOTO KpaHa d
NpoeKiMii Ha Hero (a NMobas HayKa M3y4daeT He DEallbHBIE «IIapbD», a HX
NPOEKLMH, T. €. TOHITHA O LIapax) HOBhC ABJCHHA He MOHATh. Hano mepe-
XOIMTH OT ILIOCKOro 3KpaHa (CTuis) K 00 seMHOMY («rosiorpamme»). YimeH-
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3aKovYeHre

HO 9TO ¥ IBITAeTCs CAeAaTh YACTHIHO HHOHHWTHAS THAPOIOr)s.

B 4eM 3akmouaeTcss OCHOBHOM CTHMyN 3aHUMarhCs ei0? B HoBuzHe.
3JTO Cc10BO, HA MOH B3ITIAJ, ABIAETCS KIIIOUYEBBIM B JKH3HH JIHO00F0 YEIOBeKa,
CTpaHbl, IHBUIH3ALIUH.

Toyemy BoxIM apUKAHCKHX IUIEMEH 3a CTeKIsSHHbIe GYCHHKM OTAa-
BAJIM CBOMX COILIEMEHHMKOB B pabcTBo ~ paboroprosuam He Hajgo Gbuio op-
raHHM30BbIBaTh «OTJIOBA» paboB, MX HMPUBOMYUTH TONNAMH K MOPCKHMM IIOPTaM
(beper CionoBoii Koctn) camn BoXxay i 00MeHA: Ye/0BeK — CTEKITAIKA.
TloroMy 4TO HBeTHO#H CTCKIIAHHEIN IAPHK (@ eme ¢ ABIPKOIi) YT0-TO HOBOE,
HEBHJI@HHOE Jiocesie. JTO BhI3biBaeT SMOLMH. KakoB MexaHusM ux cozmanmii?

A modeMy MyXbSl U3MEHAIOT XeHaM, a dKeHbl Myxbam? [lpavem non-
YaC ¢ «NapTHepaMu», KOTOPHIE B NOAMETKA HE TONTCH 3aKOHHBIM CYNpyram,

A nouemy Bech Janaz nmomeimnancs Ha HousHe [31]: HoBbIe 3penuiia
(moxonpl «pa3Biekarenei’» He MOYT HM B KAaKOE CpaBHEHHME C JOXONAaMH
HOPMaJIbHBIX JIOAEH, AaXKe CaMbIX TAJIAHTIMBBIX, NPHHOCAIINX PEATBHYIO
TIOB3y O6MmMECTBY); HOBas OBITOBAs TEXHUKA; JII00as CeHcall, Jaxe OTKpO-
BEHHO MIWOTCKAs, BEI3hIBACT HETIOAAEABHEIA HHTEPEC. _

LlenTp ynoBONBCTBHA HE B peLienTopax, a B Moary. Ces3ano 3To yjo-
BOJIGCTBHE C CHHXpOHHM3anuell Gonpworo umcna HelipoHos. B Hacrosimee
BPEMS YCTAHOBJIICHO, 4YTO «HPH BOCHIPHATHH IOBTOPSIOIUXCA NPOLECCOB
BOBJICUECHO 3HAYMTEIBHO MeHbIe HEHpOHOB, YEM NPH BOCHPHATHH HOBH3-
HBI» [27]. Hy Xopolo, HOBH3HA BEI3BIBaeT 0oiee NONOKHUTENLHEIE SMOLUH,
A onu-To0 3adeM? OHU BBIBO-

JST MO3T B KPUTHYECKOE CO- a) &)
CTOsIHKE, KOTOpoe obecrieu- o e uaet
BaeT aJIalTallliO 4YejoBeKa K
HempencKasyeMbM  cOOBbITH-
M. 3TO MpocTo crocod BHI-

)

JKYBAHWS, * TOTOBHOCTb shaess
Nel», Korma mnpoCTpaHCT-
BEHHas KOpPPE/ALHOHHAS

¢$yHxums HeHPOHOB «cHajgaeT
HE II0 OSKCIIOHCHUMAJIbHOMY  Pucynox. Uem Gonboie Mpl 3HaeM (3alUTPUXOBaH-
3aKOHy» (eclim Takas Mera-  Had o6nacth), TeM 6onblie YaCTHIHO UHQHHUTHAYL
dopa yMecTHa Ans Mo3ra). rpaHulEa MEXAy 3HaHMEM H aGCOMIOTHBIM HE3Ha~
Huem. He3uanue — 370 JIUHHUS, BCE YTO CHAPYXH —

YacTH9HO ~ MHOUHHT-  (yepspectno uton (MHQUHUTHAS  DEANLHOCTH).

Has THAPONOI'HA BBIBOAWT H&  VueHOe He3HAHME — 3TO 3HAHWE O CBOEM HE3HAHMK

dpakTaibHyIO TPAaHMI MeK-  [98], OHO BCSTAA MACTHYHO MAQUHHMTHO W mpex-
CTaBJIEHHO B MOZIENAX KO3 PULHEHTAMH.

203




3akmoveHue

Iy NO3HaHHBIM H HEIO3HAHHBIM (CM. PHCYHOK) M MO/JICPXUBAET MEXaHH3M
pocnpusaTia HOBY3HBEL. OHa co3jaHa MHCTHHKTOM camocoxpaHenus. Ilpen-
craBuM ce0e Ha MUHYTOUKY, WTO K 3TO#l rpaHuiie Hac mojsena Ovl caMa
K¥3Hb, co3pena Opl OCTpas MpaKTHUECKas HEOOXOmUMOCTh (YaCTHHHO OHA,
KOHEYHO, YK€ CO3peNa) OTBeqaTh Ha T€ BOIPOCHI, KOTOPhIE OOCYKOATHCE B
kuure. Kak 6601 OBl yiuened u GecrioMomieH B TaKOM CHTYallMH THAPOJOT,
CUMTAIONIMI, YTO «BCE YiKe cHellaHo». IlepeapasHuB 3Toro abCTpakTHOrO
«COELHANMCTAY, MOJKHO OTBeTHTh: «Hay4dHas rupponorus euse v He Haud-
HAJIAChy.
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IIPUNOXEHUA

1. Meroauxa 10ArocpoyHOro NPOruo3a (CeHapHoH ONEHKH)
MHOTOMEPHBIX BEPOSTHOCTHBIX pacnpenenetuii (moBepXHOCTEIH)
Np¥ H3MEHEHHH KANMATA

B rupponorus Hapsany ¢ SMIMPUYECKHMH KPHBBIMH IUIOTHOCTH BEpPO-
STHOCTH {(MITH FHCTOFpaMMaMHM) H OGECNedeHHOCTH CTapaloTes HCHONB30-
BaTb MX AHAIMTHYECKHUE armpoKcuManuH, C NpakTHYECKOH TOUKM 3peHus
5TO BaXKHO IPH 3KCTPANONIALIMH B 30HY OONBINHX HIH Maibix 06ecnedento-
cTel And Ha3HaueHMs (HAlpUMep) NMPOEKTHHIX 3HauYeHuH pacxona. ITpuuem
Jaxe B paMKax (PUKCHPOBAHHOTO THIIA AHAIMTHYECKOH (TEOpeTHUYECKOM)
KpHUBoO#i cylnecTByeT «BONTaHKa» MX XBOCTOB B 3aBUCHMOCTH OT 33{aBAEMBIX
nmapamMeTpoB, HaupuMep cootHomeHus Mexay C, u Cs (pue. [L.1).

AHanuTU4YeCKHe 3aBUCHMOCTH npeacTaBjICHbl B OCHOBHOM HEKOTO-
peiMu THnaMu ceMelictra kpuBeiX K. Iupcosa, seisiomerocs peuieHuem
ypasnenus dp(Q)/dQ= f(a, by, by, b,,0)p(Q), rae f ~ 3anaBaemMas QyHK-
LM napameTpos a4, by,

b,,b,, noeHTAQHIMPYEMBIX it maa T [
o o ; |
no ¢akTHyeckoll Kpueoi cofbge : 1
IUIOTHOCTH  BEPOSTHOCTH ., i ] |
p(Q) wunu ee MOMEHTaM. h i
123 L

Tozxe ymamoch 5TUM napa-
MeTpaM NpHAAaTE THAPOJIO-
TU4ecKuit (dbu3uko- )
CTATHCTHYECKUH)  CMBIC,
CBA3aB UX ¢ IyMamuy,
BHEIHUMH BO3JCHCTBUIMH
U CBOWCTBaMHM HOACTA-
naromei MOBEPXHOCTH
(cm. 1. 4.1). Bro obcros-
TEeJIbCTBO, B CBOIO OYepenp, ;
OTKPbLIO BO3MOXHOCTB TIPO- S R A R R R R T
THO3HPOBATh BapuaLHy
kpuBoH p(Q) npu H3MeHe-

af

Puc. I1.1. Bauanvie Ha xpusbie 06ECIEUEHHOCTH COOT-
uowenus C/C, (p. Mocksa, a. [lasanuuo):
HHH KJIHUMaTa W aHTpono- [)Cs=2C, 2)C,=3C, 3) Ci=6C.,, 4) HabAOAEHHDIC BENu-

FeHHBIX BO3JlEHCTBUH Ha THHBI[86].
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HpunoxeHus

BomocGopEL. BkpaTie 31a Meromuka CBORHTCI Kk CIISAYIOINEMY.
bnaropaps ToMy, uTo ypapHeHHe [IMpcoHa sBiseTcs CIEACTBUEM pac-
CMOTpeHuA Tporecca GOPMUPOBAHUS CTOKA KAK CTALMOHAPHOTO H JIMHEHHO-
ro (cam [Tupcosn 6put Hajiek OT TUAPOIOTHH), BOIMOXKHA €TI0 aHIPOKCHMAIIHS
KOHEYHBIM (3 wid 4) urcnoM irebpandeckuxX YPaBHeHHH Ui HAYQJIBHBIX
MOMEHTOB, IpHYEM «pa3BA3aHHBIX). MJIaNIIHE He 3aBHCAT OT CTapiluX
(cM., Hanpumep, (3.9)). o 3akapTHpOBaHHEIM MOMEHTaM (OHH IOTYYAOTCS
u3 kapr CHulla qna g, C, u CJ/C,) peniaetcs oOpatHas 3ana4a (Haxoasres

a,by, b, b, ), a 3aTeM 10 KWINMATHYECKOMY CLICHAPHIO 3a7a€TC HOBas HOpMa

ocagKoB (TeMrepaTyphl H, BO3MOXHO, APYTHX XapPAKTEPHCTHK), BXOAIIIAS B
TIapaMeTphl MOREIH, H pelllaeTCs YiKe MMpAMas 3a4a4a; HaXOAAT NPOTHO3HbIE
3HAYEHHS MOMEHTOB, a [0 HUM W niporuosusie g, C, u CJ/C,.

Hanoxenue (QakTHYeCKMX ¥ NMPOFHO3HBIX KApT pacueTHHIX THAPOJIO-
[HYECKHX XApPaKTePUCTUK IIO3BOJAET BBIABHTH BO3MOMKHEIC AHOMAIHH,
BKJIIOUAs apaMeTphl BeIGpocor (puc. I1.2).

HUcrionp3oBanue Mopenu uHeitHOro unsrpa ¢ ko3dPuIeHToM cTo-
Ka JXacT BO3MOXKHOCTh YYeCTh BIHAHHE HA NOCISAHHUN K&K METEOpONIOTHYE-
cxkux Qakropo (X, T °C) (cm. pabotst H. A. Barposa, M. H. byxnsixo,
K. 51. BunnnkoBa [8, 9, 13], pe3yssTaTsl KOTOPHIX MOMHO CPaBHUTECIHHO
«6e3bone3HeHHOY afjanTHpPoBaTh K Haurelf Monenu [43, 52]), Tak U cBOMHCTB
NOACTHAAOIEH MOBEPXHOCTH (pacllallika, 3ale€CeHHOCTh, 3a00I04eHHOCTh,
pemorpabus, ypbaHuszauus ¥ Jp.), Tak KaK CYIECTBYIOT MHOIOYHCJICHHbIE
paboThI O UX BIIMAHUIO Ha KO3(QHUIHEHT CTOKA (B YaCTHOCTH, YHHKAILHEIC
uccaenosanua b. C. Ycrioxanura [96]).

Onxaxo nofoGHOe yMpoLeHHOoe ONMcaHue CToka (OHO, KOHE4HO, Ofl-
PaBIAHO BCeil HCTOPHEH THAPONOTHYECKUX PacueToB) MOPOAMIIO B Mpobe-
MBI, @ MMEHHO — BO3MOXHOCTh HEYCTOHYHBOCTH, O KOTOPOI MHOTO pa3 yro-
MHHAI0Ch B MoHorpaduu. I1o6opoTh ee MOKHO TONBKO, pacIMpuB (a3oBoe
TPOCTPAHCTBO ¥ Tepe/is K MHOTOMEPHEIM pacipeleNeHHsM. B craTucTuke
W3BECTHB! IOMBLITKH MCIONL30BAHWS MHOTOMEPHEBIX pacrperneneHuii (kak
NpaBuIIO, B HOpMaTEHOM npubmpkennu [70, 87]). Ham ke, koHeuHo, BaKHO
COXpaHUTh ACHMMETPHIO. JTO BO3MOXHO CHEIATh C MOMOIIBIC TaK Hasbl-
BaeMbIX «pacmpeneneHuit tHoa A» [87]. OT HOPMAIBHBIX NMOBEPXHOCTEH
(puc. 113, @) OHM OTIMYAIOTCS TEM, YTO YUHTHIBAIOT TPETHH M YETBEPTHIM
MOMeHTBL. HIcronb3yst muorowieHs! UeObllieBa—OpMHuTa, YAa€TCS YYUTHI-
BaTh ACHMMETPHIO M 3KCLECC, HO HAM BaXKHO CBA3aTh ITH CTATHCTHYECKHE
XAPAKTEPHUCTHK C IeHe3HCOM (OPMHPOBAHHS PacIIMPEHHOTO HPOCTPAHCTRA
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1. MBTOQHK& JOITOCPOYHOro MPOrHO3a MHOTOMEPHEIX paciipee/ieHui

a)

i

6) 12 24 48 108 156 180 168
T <

52

40

0 7 8 96 ws__ 120 i3

UZ] - pations: c ovpuuerensurmn 1(1y DX - pasions: nepecnxaotmx pex

’

Puc. I1.2. Tipumep xapT anoManuii (OTIN4MI POTHO3HLIX OT CYLIECTBYIOMMX) K03 g~

¢uumenTos Bapuauuy (a) i 4acTOTH! BEIGPOCOB (6) 32 ypoBeHs 80 %-it 0GecnedeHHo-
CTH JIETHE-OCEHHET0 CTOKa Ha TeppUTOpHE POCCHR I/ OXHOTO U3 CLIEHapUCE H3MCHE-
HHd kmuMara Ha 2100 r. (mocrpoenst acripantkoii M. I'poMogoi).

H [10Ka3aTh NMPEEeMCTBEHHOCTh C ypaBHeHHeM [IupcoHa (¢ ydetom packpsl-
THS GU3HYECKOTO CMBICHA ero K03 (uimenToB). 3aueM Ham 3TO HYKHO?

Jna To# e uenH, Iii KOTOPOoi HCTIONIbIYIOTCS aHATUTHYECKUe pac-
npeJeneHust B ONHOMEPHOM Cliyyae, a HIMEHHO I7is SKCTParnoMAuHK MHOTO-
MEPHOTo XBOcTa B 00J1acTh MaibIx obecnedenyocreit (puc 1.3, 6).

Homyuuts nogobroe 06obmenne ypasrenns [lupcona na MHoromep-
HBIH Cifyyaif MOXKHO ciiefyromuM o6pasoM. B caMoM obiem cirydae ypas-
Henne OITK moxHo 3amucars Tak [34]:

3G, 1)1 01 =—FLAG, ) p(E, 0] + 05SpVY BG 0p(R, 01, (L)
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Tpunoxenus

a)

Puc. I1.3. HopmanbHas nOBEpXHOCTh (@) M 3KCTPANONATHS MHOTOMEPHOTO XBOCTA B 30HY
Maneix obecriedeHHoCTeH (6).

rile X — BEKTOp, XapaKTepH3yIOUIHil (pazoBbie IepeMEHHbIe HCXOIHOM CHC-
; IITPHX U Sp 03HAYAFOT oIepa-

Tembl THHAMMYecKux Mopenelt; V =0/ %]

LM TPAHCTIOHHPOBAHUSA ¥ B3ATHS CIIEIA.
Coornomenvie (I1.1) sgBnsieTcd  ypaBHeHMEM  Hepa3pLIBHOCTH

(Sp(x,0)/ 0t = ~divII(%,7)) MOTOKA BEPOATHOCTH
G, ) = A, D) p(F,1) ~ 0,58ivB(%, 1) p(%,1) , KOTOPBHA A CTALMOHAPHOTO
pacnipenenerus (Op(%,t)/ 0t =0) ABndeTcs BENUUHHOH MOCTOSHHOM, a y4H-
TBIBAA, YTO Ha TpaHuuax p(io,?)=0 — Hymesol (Ha rpanuuax). Hexons us
3TOrO, MOJIyYaEM HCKOMOE YpaBHCHHE: '

VB, 0 pG, 0] - 246G, ) p(%,6) =0. (I1.2)

(B ormvure 0T OZHOMEPHOTO PAcHpEmENeHHs, /IA KOTOPOro CrpaBe/UIMBO
ypaeHenue [IMpcoHa, B MHOTOMEPHOM CIydae BO3MOKHBI BUXPEBBIE JBHIKE-
H¥S B IOTOKe BeposTHOCTH. TJoaToMy cooTrowenue (11.2) cnpasemmso npu
CYILECTBOBAHMH CKAIAPHOTO MO 115 HoTeHmana ¥ (x).)

TlonoGHEIMH YpaBHEHHSIMY B YACTHBIX IPOM3BOAHBIX HEPBOTO NOPSA-
K& OMNMCHIBAIOTCS BCCBO3MOMKHEIE TTOBEPXHOCTH, OHM NMpPHMEHSIOTCS B Kiac-
CHYecKOl MeXaHHKe U onTHke (CM., Harpumep, [98]). Fix cnenmduka B KOH-
TeKCTE OIUCAHWUA BEPOSTHOCTHBIX PACIIPEHCNCHUM B TOM, UTO OHM ABJf-
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1. Meronuka JOJrQCcpOYHOro NPorHo3a MHOrOMEPHLIX PaciipesieneHui

OTCA IHHEHHBIMH:
3 a, (F)Op(F)/ &, + b(¥)p(¥)=0. (IL3)
j=1

Konkpernsppyem 5TO ypaBHEHHE IS Cily4as ABYX T[IEPEMEHHBIX
(0, E). Bynem paccMaTpuBaTh JBYMEPHBINA BApHaHT JHHAMHYECKOH CHC-
TeMBl. OH 6yneT MakCHMAIBHO YIpOIREH, HO HPHUGIIDKEH K ONHOMEPHOMH
Mozen# GopmupyIomero punnsTpa:

dQ/dt=—(cy +HNQ+E)+ N+ N,;

dE/dt =~z +: O+ E)+ N+ N,,.

(Ipuyem ¢,, ¢ u NQ, N; cuuraem BsauMHO HesaBycHMBIMH GeNBIMU
mymamiL, & <, NQ u T;, N; — xoppeiuposaHHbIMIL)

Jns sTolt cucTeMBl MMeeM crieayiompe KosbdHIuMeHTH CHOCA U
muddysum

Ay =~(6g —0,5G5, X@ + E)~05G, 5 +N;
A =5 ~0,5G; XQ+ E)-05G, ; +N

2 .
Bog =Gz, Q" + Gy B” +2G, OF ~2G, 3 0-2G, 5 E+Gy ;
Bg =Gy, 52 +Ggy Q" +2G5 OE-2G, 5 0~2G, & E+Gy 3

Tostomy ypasuenue (I1.2) npuHuMaeT BHA
2
2.0(B;p)/ 0%, —24,p~24;p=0
i=]
WM
popB, 180 + B,0p/0Q + pOBy | OF + B;0p/ OE — 24, p ~2 A, p=0.

209




[praoxkenus

INocnenree coOTHOEHHE MOXKHO TIpeAcTaBHTh B Gopme (I1.3), rae

> a,(x)ap 8, = By, 0p! 90+ B, 0p 1 3E ;

=l

5(x)= 0By, 100+ 8By, 10E ~2.dg —qdy .

B ypasnenuu (I1.3) nomxssl GBITE H3BECTHBI (3a/1aHb!) BOCEMb Iapa-
METpOB (CQ’GEQ’GX/Q’GEQKIO; Cps Gy ’GﬁE’GEEﬁE)’ NpUYeM ¢y U Cp
GNHM3KH K eHHHLE (eclid HeT TPEH/IOB, HAPUMED 3a CUET HAKOILIEHHS HWIH
pasrpy3ku BoA B mouso-rpyntax). Ilpemnomaraetca, uto G;,< ¢p

Gz <Cp (uHaye U ABYMEPHBIH XBOCT HAYMHACT TOJCTETS).

Tak >xe Kax ¥ B OJHOMEPHOM Ciy4ae, IpoLeAypa NporHo3a pa3buBaer-
cq Ha aBa arana: 1. Iapamerpuzaums momenn (I1.3) (oOparnas 3amaua): 1o
H3BeCTHOM moBepxuocTH p((, £) (aByMepHOM rycTOrpaMMe), COOTBETICT-
ByloLlelf cTaGWIN3upOBaHHOMY KInMary (rpumepHo o 1980 r.), m m3BecT-
HOM HopMe ocagkoB N HaxoIuM 4HC/ICHHBIE 3HAYCHUA BOCBMH MEPEUHCI/ICH-
HBIX BhIOE APaMETPOB Ha CETKE, C pasMEPaMH, JUKTYEMBIMU paspeliatoriei
CrocoGHOCTH reorpaguUecKoil KapTel, 10 KOTOpOi HAEHTH(HULIMPYIOTCS OIS
CTOKA M MCrapeHus. 2. 3aJanue IPOrHo3HOH HOPMB! OCaJKOB (M3 KIMMaTHYe-
CKOrO CHEHApHT), a TajoKe, BO3MOXHO, HOBBIX 3HAYEHHUH APYryvX rapamerpoB
(ecym nogesrcs paboThl, CBA3BIBAIOIINE HX € KIMMAaTHIECKMMU WIH aHTPOIIO-
reHHBIMH (akTopaMy, KaK 5T0 MMEET MecTo B OTHoLIeHmH KodhdumuenTta
CTOKA B OJHOMEPHOM CiTydae) H pelleHHe IpAMOH 3a0a4H, T. €. HaXOKACHHE
nporHo3xoi nosepxuoctd p(Q, E) no ypasnenmro (I1.3).

OGBIYHBIM 1TyTeM IapaMeTpH3aluy B ONHOMEPHOM Ciydae GBUIO Mc-
MONB30BAHWE CHCTEMBI YPaBHEHHH A1 MOMEHTOB, aIpOKCHMHPYIOLIMX
ypaBHeHue ITupcona. Taxol myTe He HCKMIOUAETCA M B JaHHOM Clly4ae, Of-
HAKO IPEACTABIAETCA, 4To Gonee 3hdekTHRHEI CIIOCO6 MOXKET 3aKIIOYaTh-
¢4 B HAXOXACHUH NIapaMeTPOB ONITHMH3AIMEH YW HPAMBIM PELICHHEM CHC-
TeMbl YpaBHEHHH, Hodydarompxcs npuMeHeHueM x MopenH (I1.3) merona
HauMeHbIuuK KBaxpaToB. Tak kak 3HadeHus p(Q, £) u Op/ox (X=(Q, E))

OTIPEAICTIAOTCH He TOUHO (M PAABI KOPOTKHE, H HCIIApEHHe HE H3MepAeTca
HEIOCPEIACTBEHHO, @ BEIUUCIACTCE KOCBEHHBIM ITyTeM), To paseHcrso (I1.3)
B PEeabHOCTH CTPOrO BRIIOJIHATHCA He OyaeT:
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1, MeToanka NoArocpovHOro IpOrHo3a MHOrOMEPHLIX PacTpeNeeHul

@ = éamap(x)/ax,- +B(%)p(%) 0.

BriGepeM MHHAMU3HPYeMBIii KPHTEpHil HCXOIS M3 MPHUBIEYEHUI K
HAXOXIEHHIO MUHMMHA3HPYEMOH TorpemHocT ¢ Beero paja Habmoaenui
Ha unTepsane T:

L(cg,Gry, ) = jcpfdt

Ha ncxomsie napamerpst ¢, »Gzp - MOXHO HANOXUTH OFPAHAYEHNS
(THIIa TeX, KOTOPbI® XOJDKHE! BRINOIHATECS s JIMHEHHOTO ¢$opmupyromero
¢wistpa — GGy >G~ TaK KaK KBagpaT B3aUMHOM HWHTEHCHBHOCTH He

MOXkeT ObITh GoJblIe NPOU3BENCHNA HHTCHCHBHOCTEH): F w(Co: Gy, ) =0,

rAe m — 4YHCJIO JONOJHMTCIBHRIX Ol‘paHPI'-IeHPlH, HaJIOXKCHHBIX Ha UCKOMbIC
napaMeTphl. CrienoBaTensHo, pelieHde 3a0aYi CBOOHTCS K HCCIEHOBaHHIO
Ha 3xcTpeMyM dynkumy Jlarpamxa;

(g, G reea b)) = LG, Gy, )+ 21, Cos Grg, ),

rae A o HOCTOAHHBIC MHOXUTCIHH.

W3 Heo6X0aMMOro yCIIoBII MAHIMYMa

b T oo oF
=@ —Ldt+r, —=0
oz, {‘a i

(3mech HCKOMBIE TapaMeTPEI TepeoGO3HAYEHE! Yepes z; ) NOJyYaeM CHCTEMY
anreGpandeckux YpaBHEHMI OTHOCHTENEHO XOOhGMIMEHTOB 2, M Ay, pe-

mas KoTopyo (Hanpumep, metoxom Kpamepa, Xota atot Meros — npobiem-
Hb1H) BHIIONHAAEM NEPBBIA ITal (MaPaMETPU3AUMIO) IPOrHOZHOM NPOHeSy sl
(uHTerpaj, eCTECTBEHHO, 3aMEHsEM CyMMOH IO YHCIy JieT HaGmonenuii).
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Hprrexerus

Tomo6Hbiit (TpadapeTHslil) METON ONKCaH MOAPOGHO NPUMEHHTENBHO K 3a-
Jave mACHTH(PHKAHM NPOITyCKHOM criocobnocTU pycna [42, 43, 521, npu-
yeM B yueOHuke [43, 52] packpsiTa ero MareMarnyeckas HOJOIUIEKA C HC-
NMoJib30BaHKeM (YHKIFIOHANEHOTO aHAIH3A.

IlpobnemMs! (XOTZ ¥ MPeOJOIHMMBIE) MOTYT BO3HMKHYTH INPH PEIICHHH
noJtyyatomeficss cucTeMsl anrebpaudeckux ypaBHeHHH (HarpuMep, ee Iioxas
obycaoeieHHocTh). IToaToMy He MCKTIOYEHO, 9TO NMPAMOM YHCICHHBIH MeTox
ONTHMH3AIHH TAKKE MOXKET TIPUBECTH K YCIIEXY, XOTS U TYT BO3HHMKAOT IIPo-
Griempl, CBA3aHHBIC ¢ GONBIIEM YHCIIOM OITUMM3HPYEMBIX ITAPAMETPOB.

Eme omsuM yTeM Nporsos3a IBYMEpHOM mnosepxHocTH p(Q, E)

B CTydae HeyCTOMYHBOCTH OZHOMEPHOIO pacnpegeinenus p(()) , BOIMOXHO,

MOXeT CIIy)XHTHb ciexytormii. Kakas MOTHBaLMs SKCTpanoiHpoBaTh B 00-
1acTh MaNbIX obeciieueHHOCTeH (MITHM NPOrHO3HAPOBATh) ABYMEPHLIE paciipe-
nenensa? UtoGrl HaliTH 3HaYeHHS pacxofa 3afaHHOM obecrieueHHOCTEH
(ucniapeHue ¢ TOUKH 3pEHUS HPOM3BOJACTBEHHBIX (YHKIMI moka Bpoje He
HyxH0). CrielOBaTeNbHO, MOXHO HOIGITATBCA CBECTH CHTYallMio K OIHO-
MepHoMY (Ho He Ge3ycoBHOMY) pacnpeneneHHIo. Boinennm Ha puc. 4.13, a
JIMHHIO, COOTBETCTBYIOIIYIO HamMeHbIeMy rpamueHtry Op/0Q (ee mpoek-

s XOPOIHO MpocnexHeaercs Ha puc. 4.13, 6). Oto v we ycnoHas p(Q/ E)
o He GesycioBHas p({)) KpuBas paclpeieieHuda. BeposTHee Beero, oHa co-

OTBETCTBYET «IPAMOH OPTOTOHambHOH CpefHEH KBaJpaTHHECKOH perpec-
cum» [56). B ommuue ot GesyclnoBHOro pacnpeseneHys (KOTOPBIM MOb3Y-
rorca ragponory B pamkax CII) y mopo6roro pacnipeneneus xgocT Gonee
IPIKAT K OCH PAacXOXOB. DTO PacpeeNiCHHE MOXHO AHAIMTHYECKH TIpen-
CTaBUTH KaKoH-T1H00 #3 OOBIYHO MCIIOIb3YEeMbIX YCTOHUMBLIX anmpOKCHMA-
1Ml SMIMPHYECKHX paclipeeneHui (HanpuMep, kpusod [lupcona Tpetsero
THIA) M IPOTHO3B! (KaK M 3KCTPAHOALMIO) BEIOJNHATE MMEHHO IO HEH.
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2. Iloaemy B KHHTE He YHOTPEOAAETCH CJI0BO «CHHEPreTHK
(0TBeT Ha ycTHBIC 3aMeAHHA IR, XPOCMOTPEBIIAX PYKONHRCH)

MogHoe B HeNaBHEM MPOULIOM CIIOBO «KMGEPHETHKAY ceiiyac 3aMe-
HeHO (B CMBIC/IE TIOMYJIAPHOCTH) CJIOBOM «CHHEpreTHKay». 1101 HUM romMu-
HAIOT B OCHOBHOM NPOLECCH CaMOOPraHU3aii: TO BUXPH B NOTOKE «CaMO-
OPTaHu3YOTCS» B «BAJBLED, TO «CAMOPTaHH3YIOTCA» COLIHANBHBIE CTPYK-
TYpEL B 00IIeCTBE U T. A. Bce 970 — MpolLiecehl JBIKEHHUSA, IOHUMAeMble B
JOHATEKTHYECKOM CMBICHTE (Kak HM3MeHEHue, pa3surue). KoHewHo, Bpax AM
KTO-TO Ha Hebecax yKasplBaeT OaH/e HYIUKOB, KaKk OPraHM30BaTE PHUHAHCO-
BYIO TIMPaMUAY WK TPOBECTH (IPHUBATH3ALUIO» C TOMOIIBIO «BAYYEPOBY.
Ho He MeHee miyno nymark, 4TO IPyINa MPOXORHMIICB «CaMOOPIaHHU30Ba-
J1acky, YyT0OE! OrpaluTh cTpasy. BepHee yixk, ee OpraHusoBanH Iy 3ToH He-
ma mpyrue. BenomemM Apucrorens (eM. [16]): «Bcee, yro aBmkercs, Mpuso-
IHTCA B JBIDKEHHE ApYruMam.» KTo WM yTo 3TH «IpyTHE», KOTaa peds HAeT
0 «HEKHBOH» NPHUPOJE, THAPOJIOTHH, B 4acTHOCTH? Eciii oTBETHT IIHPOKO
W HE COBCEM ONPEIECHHO, TO — OKPYXKaIoLlas cpefa, ee ceoiicTea. [a u ca-
MH COLIMABHBIE CTPYKTYDHI (THII, MEHTAJIUTET, S3BIK U T, 11.) OPraHU30BaHE:
reorpaduei.

TToyemy k cuHepreTHKe (TpoleccaM MOABIEHHS HOBOTO) TAKOMK UHTe-
pec B I'epmanun u Poccun u npakthuecku Hukakoro — B CIIA? Hossnenne
HOBOTO — 3TO CYAHOB/IEHNE, BOSHUKHOBEHKE HEUTO (OHO) CpeiHero poja. B
aHIIAACKOM A36IKE (B OTJIMYHE OT PYCCKOTO M HEMELKOro) GONBIIHHCTBO
HMEH CyILECTBUTENIBHBIX HE MMeeT rpaMMaTHyecKoli KaTeropum poga (Bce
3aMeHAeTCH MecTonMeHHeM it). [lopsanok clIoB B aHMIMICKOM IPe/IIOKEHUH
JKECTKO TpPEONpPEAETeH. 3T0 He pyCCKHH A3BIK € €ro CBOOOIHBIM YepeRoBa-
HYEM CJIOB B NIPEATIOKEHNY, pasHooOpasueM cy((hHKCOB H IPHCTABOK, SMO-
LUOHATHHO OKpaIMBAIOINX peyb. OTCIOAa FHOKOCTh MBIILTCHHA Y HEMIIEB
u pycckux (I, @. ®. TI'erens kak-To ckazan: «MeHS HENb3S W3IOXKHATH HH
KpaTko, Hd MOIYNAPHO, HU mo-dpaHiy3ckm»). Kackan oTTeHkoB cMsbicha,
KOTZI2 YK€ U He «HeT», Ho elle He «Ha». [lo mHenuio B. B. I'anaskuna [16]
pycckuli A3bIK (M HeMeukuil) BoobLIe SBJISETCA IeHepaTopOM MHOTOMEpHORH
JIOTHKH, OTpaKaloIel ero JHHAMHYEeCKHil XapakTep, GopMupymommii B ue-
JIOBEKe CKIIOHHOCTH K aHAM3Y NPOLECCOB ¥ CHCTEMHOMY MBIUICHHUIO, HyJK~
HOMY {191 BELKWRaHUS B reorpaduaeckoii cpeae Poceym. Ho Mexxny Hemriamu
H PYCCKHMM €CTh M CYNIECTBEHHOE Pa3/duMe; €C/H ¥ HHX MpeBapyeT pa-
LMOHaIbHOe (uHMTHOE sapo (oGcranoBKa mpucnocabimBaercs mon cebs —
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Tpanoxenus

romeu y H. A. I'oxvaposa), To y Hac faBUT HHOUHHTHOE OKPY)KeHMe (TpH-
cnocabueaeM cebs 0] 00CTOATENHCTBA — «OOIIOMOBILIAHAY ).

HemMugl u pycckue oueHs Giusku reHernuecku (cum. [143, ctp. 182), Ho
ropasfo BaXKHee YepThl, XapaKTepH3yIole 0cOOCHHOCTH XapakTepa H ypo-
BeHb HHTEIUTeKTa (TIoceHee Hacexyercs, cM. TaM xke). Oba Mupoouryme-
HUA — HeJIHHeHHBle, C APKO BBIPAXCHHBIM HHTEphelicoM GHHUTHOrO H UH-
¢bunHTHOrO. ByNbBrapusupysa CHTyauuio, npuBoauM npumep. Ilycre amepu-
KaHeLl, HEMeI U PYCCKHH >KHMBYT B HEKOH «Cpeliey, ONMCHIBACMON CUCTEMOM
ypaBHeHH# m1a MomeHTOB THnA (3.9). «HenprATROCTH» paspymwiH cTap-
IIHe HAYaIbHBIE MOMEHTEI, OCTaJIOCh OJHO YPaBHEHUE A1 MATEMaTHUYECKO-
ro OKUIAHHUS C NEPHOJHICCKAM BHELITHUM BO3JCHCTBHEM:

dmy | dt =~ —~0,5G)m, —0.5G; +(a+bsin(@r)).  (IL4)

Ho «cpena» (x1umaTHYecKas WIHM HOJUTHYECKasA) NPOJODKAeT NaBHTH Ha
Beuuny =G, /c M OHa CIpeMMTCH K JBYM, CO3/aBas yCJAOBHs [UIA He-
YCTOHYHBOCTH 10 HOpME.

AMepHKaHLBI B paMKaX CBOEro «IHHEHHOro MbIIUIeHUD» OyayT Bee-
MH CHJIaMH CTapaThCs YMEHBINHTH 3HaueHns B (HanpuMep, IpSMbIMH 60M-
GesxkaMu «cpelibl»). [l HUX BaskHO J0GUTHCS YCTOHYHBOCTH CBOETO CyLIe-
CTBOBAHMA (HAXONUTECA B YHOOHOH NOTCHUHANBHOH AME SKOHOMMYECKOTO
komopra, pazyMeeTcd, 3a UyKOH CHeT, pacnpoCTpaHsis 1O MUPY 3elcHbie
(anTHkH, He obeclievenHbIe TOBapHOH Maccoit).

HeMIpl ¥ pycckuie HaBEpHAKa HAUHYT HHTEPECOBATHCA MPHUPOOH Na-
pamerpa 3 (HampuUMep, CMBICIOM ¢ ), YBEJWUYEHHE KOTOPOTO HECeT Hecya-
cThe (PYCCKHME B 3TOM HecuacThe GyMyT MBITaThCA YBUWAETH JAKE CHACTEHE).
OHM W3yuaT CBOMCTBA YacTHYHO MH(UHUTHOH rpanuIbl Mexay coboll 1 ok-
pyxatole npo6rieMHON cpefolf H NMOCTPOST MONEIb HIA HHTEPPEHCHOro
riapameTpa ¢ :

dec /dt =—c + ay(a, + asm;) +(a, + ascos(wr)) {IL5)

(HanoMHUM, 9TO ¢ ABNAETCS KOHCTAHTOM TONBKO AJI CTALMOHAPHLIX CITy-
yaliHeIx IponeccoB). Pacuupus ¢azoBoe NPOCTPaHCTBO ¢ 72y Ao (7,C ), OHH
CTanM CMOTPETh Ha MHP HeTWHEHHO: B yparneHuH (I1.4) nogBuiica wWicH, yun-
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2. Houemy B KHyire He yroTpefisercs ClI0BQ «CHHEPIETHKAY

THIBAIOILHI B3auMonaeicTBHEE CMm . (BeAb ¢ Temeps He MPOCTO KOIPPHIE-

eHT, a (azoBas nepemen-
Had, KUBYIIasd B ONHOM
TEMMOMHPE € HAYAJIbHBIMEA
MOMEHTAMH 771;).
Ornuune Hemues
OT PYCCKHX B TOM, YTO
OHM aKTHBHO HA4YHYT HC-
NONB30BaTh WiEH a,m,

(maBuTH Ha cpeny), uTO-
6b1  3acTabMIM3UpOBATDH
nuxn (puc. IL4, a). Pyc-
ck#e ke OyIyT macCHBHO
(HO ¢ nmonrMaHHeM) Ha-
6ioparh 3a pacIUHMpIIO-
IWKMes  TIpoTyGepaHuem,
pa3BEABIBAIOMIUM  (HH-
(QMHMTHYIO» peanbHOCTH
(puc. 114, 6). Ero Tpaek-
TOPHd, NpHOMIDKAACE K
3HAYECHHIO ¢=0,5G;,
(OTTaJIKHBaeTCH» OT (n-
HUTHOTO Spa U YXOHWT B
TyMaHHYIO Aamb. A pyc-
ckue OyIDyT IIOKOpHO
JKAaTh €¢ BO3BpAiICHHUA
(X8Kk TOKOpPHO JjaBaiu
ce0s HACHIIOBATh TaTapo-
MOHIOJIaM M JAaT Cce-
4ac — «peopMaTopamy).

Ha nomomp mpu-
XOIMT pYCCKMH  A3BIK.
«TeMHbIH, HEOpPraHuso-
BaHHbI, AJIOTUYHBIHA
A3BIK. IPUBOAUT K TOMY,
YTO WHTEINIEKT PYCCKOTO
9THOCA TIONApH3yerca. B
ofliecTBe  CTAHOBHTCS

4
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Puc. T1.4. Hemenkoe 3axphbitoe (a), pyccxoe OTKpuIToE (6)
H pyCCKOE 3aKphIToe, (HO PacLIMpEHHOE) (§) B3auMoxeli-
CTBHE C HHPUHUTHOH PCasbEHOCTHIO.
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Tpunoxenus

MHOTO [ypaKkoB, HO B MHOrO YMHBIX. becropanoyunsiii U XaoTu4HBIH, TPYA-
HBIH M 3THMOJOTMYECKH HEHPO3PaHbIi, OH BHOCHT TaKyIO € HEOpraHmuzo-
BAHHOCTG M B Mbittenue. C Apyrod CTOPOHBL, THIUCHHBIH JXeCTKHX mabno-
HOB, OH He HABS3BIBAET CBOMX IHAOJIOHOB U HA MHTEJUIEKTYIbHYIO ACHTENb-
HOCTB, YTO 00ecHe HBACT IHPOTY H HECTAHAPTHOCTH MbIuUICHHD [12].

Bmecto TOro 4to0BI CHMMETPUYHO COINPOTUBJIATBCA HACWIHEM Ha
HaCWIMe MHQUHUTHOTO OKPY)KCHHS, PYCCKHE «PAaCKpYTHNN» (BPEMS  MHO-
ro ~ «oboMOBIIHHaY ) npHpoxy mapamerpa G; B (I1.4) u ycTaHoBUIM, YTO
3TO He MPOCTO MOJOXKHUTENbHAS KOHCTaHTa, a ee cymMma G} C nepHoAdde-
cKxoi (yHKIHel, ONHCHBacMas ypaBHEHEEM:

dGy / dt =Gy + agcos(a, ) sin(agt) . (IL6)

B nansreiimem BRIACHIIOCH, 4TO JOCTATOYHO MPaBWILHO 334aTh YHC-
TICHHBIE 3HAYEHHS [TAPAMETPOB g, d7, A W 63 BCAKOro HacKHIisg Hax ¢ (kaK
y HEMIEB) MOXKHO CBOIO CTPAHY «3aKpbITh», IIPHUEM PEIEpTYap MBIOKCHHSA
(«Ku3HH») Oyner 3HaYHUTENILHO COREPIKATEEHEH, YEM TIPOCTO IBYMEDPHEIH
HeMeliKuit UnK1, Kak Ha puc. I14, a. D10 OyneT coBcem Apyras 3axXBaThl-
saromas xu3He (puc. 114, 6), a «HeMelxull NOPAZOK» — NPOCTO THIOCKAS
ppoexius pu G4 =G, =const .

OnHaxo, HU B OHOM U3 TPEX BapHaHTOR HET HUKAKOI CaMOOpraHmsa-
e B IuHeHHOM (aMEepPHKAaHCKOM) Cllydae €€ HeT NPOCTO MO ONpeJcTCHHI0
(HyxHa HeJIHHEHHOCTB), a B PYCCKOM M HEMELKOM — BCEM YIIPaBideT HHpH-
HHUTHAS PeaIbHOCTh, YaCTHUHO HCC/ICJOBaHHAS HEMIAMH H PYCCKMMH U y49-

teunan B Moaes (I1.5) napamerpamu g; (i = 1, 5). (Pycckue nonwin famsuie
M Y4IH €IIe JOTIONHUTEIIbHbIE CBOHCTRA, IPEACTABICHHBIE K03 QHLMEH-
TAMH» ds, 07, Gs.) TaKk 9T0 «CHHEPreTUKOH» (IIPH TaKOM CTHIE pacCyxie-
HHI{) TYT K HE naxHeT.

KoneuHo, nocrpoenHas mMofenb BppkHBanux (I1.4), (I1.5) mameka or
COBEpUICHCTBA. Be/b BeNH4YMHA ¢ BXOAMT U B YPABHEHUSA [UIS My, M3 U My,
[103TOMY PasyMHO CBA3aTh CKOPOCTB €€ M3MEHEHUs dc /df W cOo CTapHIMK
MOMEHTAMH, KOTOPBIe MOTYT CIYKHTh B KAYECTBE NIPEAMKTOPOB BO3MOIKHO-
ro pazsana (hMHATHOTO AApa, TaK KaK OHU TEPSAIOT yCTOHYMBOCTH paHbHIe,
ueM my (py MeHbIed HHTEHCHBHOCTH LIIyMa). A eIe JIy4lie BBECTH B MO-
Ienb AN ¢ TIPOM3BOAHYIO OT CTApLIEro MOMEHTa (CHTHaJl OT IIPOM3BOAHOM
1o BpeMeHH (HOpMUpYETCA paHble OCHOBHOTO CHUTHANIA OT m; H JaeT BO3-
MOXHOCTD YBEIHYMTH 3a0/1aroBpeMeHHOCTh POrHO3a).
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Y3 peuenaun U. ®. Kapacesa®

«... Hacrosmas moHorpadus B ONpeRENEHHOM CMBIC/IE IOABOIUT
wtor Goslee ueM AeCATWIETHUM TIONBITKAM aBTOpa cOpPMHpPOBaTh Onpese-
JICHHYIO HapaJHrmy, ¢ MOMOLILI0 KOTOPOH MOXHO OOBSCHHTH 3apOXKAeHUE
HOBOTO. Y3ke B €ro NepBbIX MOHOrpadUaX Ha 3TY TEMY SCHO MPOCITEKHBACT-
€St MBICJTb O HEBO3MOXHOCTH IIOJTHOM (hopManusanui nofo6HBIX TBOPYECKIX
npoueccos. Otciona ofpalleHue K penHraosHoi ¢miocodun (B nepsyio
ouepens — HpEeBHe-HHAMHCKOM) H oueHb cBoeoOpasHblii (Meradhopryeckmii)
CTHNb MBULIECHHS. MHOXECTBO KaBBIYEK, JIBYCMBICIEHHOCTD T€KCTA, CKPbI-
Tas (& ropoif ¥ ABHAS) MPOHHS HAJ PaccMaTpHBaeMoli mpoGnemoit (1, B mep-
BYIO o4depenb, Hafx camum coboif). Het GoA3HN B 4eM-TO OIMHOUTECS; fadxe
CKJIAIBIBAETCA BIICHATIIEHHE, UTO 2BTOP COZHATENHHO MBITAETCA «OWMOaTh-
CA», MOJYAJIMBO TI0farasl, 4To IO-HACTOSAIEMY HOBOE — 9TO OTKAOHEHHE OT
HOpMBI («omubKan, ¢ 0bimenpuHATof TOYKH 3PEHHs).

Bcee 3HarOT, YTO «Ha HyJIb JelTUTh Henb3s». A KoBaneHko «He 3HaeT»
¥ JEJIUT, OTKPbIBas CBOeoOpasHblli MEXaHN3M OTTANIKUBAKHUS, NEHCTBYOILHE
JOKaNBbHO (TIpU OTpedeNeHHBIX 3HAUSHHAX [apaMeTpoB), a riobanbHuie
cBolicTBa MozeneH (kak INpaBmio, napabonu4HOCTh) He Aai0T OECKOHEYHO-
CTH NPUTACHBATH PEUICHMS. EciM BHHMATEeNHLHO BUMTBLIBATECA B PELICH3M-
pYeMBIif TEKCT, TO MOYTH BE3JE NPOMCXOMUT 3TO JeJICHHE Ha Hyiab (Haupu-
Mep, nenenue Ha 1 —yU? npu yU? = 1 naer «nynb»). Ho stoT «0» cBOeoG-
pasHBlif: 3TO «APOXKAHUE» OKOAO HyJs. Jaxe 8 MOJENH MHOTOJIETHErO CTOKA
€CTh JTO «(TYJIHHE» BOKPYr HYJS 3a CUeT PeJIeHHOro MepexsoYeHus —
csgn(AU). Ha «craTuuHplily Hyab ASMCTBUTENBHO [EHTh HENb3d, 4 Ha
«IMHAMHYECKHH» — MOMKHO.

HauBHo mymath, 4TO BCE TO HOBOE, YTO IOJIYYEHO B JAHHOM KHMTE,
«POAUNOCHY MMEHHO CelYac: ¥ 3aKOH THHPABRIMMECKHX COTIPOTHBIECHHMH B
HEyCTaHOBUBLIEMCS PExUMe, H HU3KOYACTOTHBIE KONebaHNs B pekax, 1 rps-
nooOpa3zoBaHue, ¥ 3aKOHOMEPHOCTH BO3HMKHOBEHMA TYpOYJACHTHOCTH, H
PAO IpYruX NOJNIOXKEHHH B PasiMHUHBIX BapHAHTaX PacCMAaTPHBAJIMCh ABTO-
pom H panbie. Ho B penleH3upyemMoit XHHre BCE 3TO CKOHLEHTPHPOBAHO, a

" Boigiepkka 13 peuensun mybimkyercs no nHuuyaruse PHO PITMY ¢ cornacus peueHseHTa. Pepakun-
OMHBIH OTAEN CYMTACT, YTO YBKACMDIM NPOPECCOP NOAMETHN KIOHMEBHIC MOMEHTEI, CBA3AHHLIE C LIHMK-
nom MoHorpatmii B. B. Kosasienko. CTaHOBHTCS IOHATHEIM NOABACKHE HOBOrO HANPaBACHWS B Hayke,
KOTOPOE HUYETO W HUKOTO HE OTBEPLacT, HO XKUBET B GynymieM, KyAa SIIC WITH U HATH. ..
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U3 penensuy Y. @. Kapacesa

[71aBHOE H3TIOKEHO B OZHOM cTHiIe. [Yia tex, KTo He 3HakoM ¢ paboTamu aB-
TOpa, CO3/AaeTCs BIEYATICHHE KaKOr0-TQ HACTOANIEro HMpPOpPhiBa B MMAPOIO-
ruu. ITpophiB KOHEUHO €CTh, HO OH NTyGOKO 3aKOHOMEPEH U 3pet JaBHO,

CaMpIM Jy4YUIIHM [OATBEPKAEHHEM HORH3HBI pe3yNbTaToB KOBaneHKO
SIBIISETCSA €CTECTBEHHAS IOCTAHOBKA COBEPLUSHHO HOBBIX 3a/{ay, KOTOPHIE He
Moryi ObITh OCTaBiieHbl O3 pelleH s Npeab Ay X, [lokasarenes B 3TOM
CMBIC/I® pa3ieN 10 OMTUMHU3ALMH CETH: BBIPHCOBBIBACTCS 1eNIad IporpaMma
JAeHcTBUi 0 OOBEIHHEHMIO METEOPOJIOTMYECKHX H I'MAPOJIOrHYecKHX Ha-
GozeHuit (00e CeTH CBA3AHBI U UX HeNb3d PA3heAUHSTB). ..

. HasBaHHe KHUTH CYKaeT pacKphelBaeMylo B Heil temy. Benp peus

HAET O NajbHEeHIIeM Pa3BUTHH NHANCKTHYECKOH JIOTHKY, YBEIUYCHHH «pas-
petatoneit cmocobHOCTH» €€ KaTerophif M MIUTIOCTPaIUil X «IpoOHBHOM
Moli», Yero CTOMT OfiHa TIOAMHCH K PUCYBKY B 3aKFOUYCHHH: «...YUCHOE
HE3HaHWe ... MPEeNCTaBIeHO B MORensx koddduupeHtamMu», OfXHUM npen-
JIOKEHHEM («MEeXIy HesioM») coefMHeHa Muctuka Huxkonmas Kyzanckoro ¢
noTpeGHOCTAMU HHDKEHEPHOro MozenuposaHus. I'uaponorus mias asTopa —
HPOCTO TIOJIHTOH, Ha KOTOPOM OH Da3sBHBAET CBOS MHMpPoBO33peHHe (13 107
HCTOYHHKOB JINTEPATYpHl 67 He UMEIOT HEMOCPEACTBEHHOIO OTHOINCHHSA K
THIPOJIOTHH). .. »

3ameuaHue aBTOpa Ha CHOCKY K peuensun . ®. Kapacesa, cge-
nanxyio PUO PITMY .

He moHATHO, KaK MOXET MOABHTBLCS YTO-TO HOBOE, KOTopoe KHHHYEro
HHMKOrQ He OTBEPracT» ! NMpH 3TOM KHUBET B GyiyIeM.. .

Jlns toro yToGBl KMETh TIPaBO KHTH B OYIYIEM, HANO BEDKUTD B Ha-
CTOSIIEM, T. €. C KEM-TO COLJIAINATECS, C KEM-TO HeT. Pelars KakHe-To Te-
Ky1iue npooieMsl.

Pasee «TONCTHIA XBOCT» — 3TO Npobiiema 3apTpamHaa? OHa yxe cei-
Yac BECHT «JOMOKJIOBBIM MEYOM» HaJ NpakThdeckoil ruaponorucit. HMnu
npo6iaeMa TypBynesTHocTH. UTo, 10 e MOABICHWS HaM elie «MATH U HA-
Tu»? Jla oHa nosiBUiIachk Gonee cta Jer Hasal. A rpaael? MHorue necaruie-
THA MYCCHPYETCS BOIIPOC O CMBIC/IE ¥ MEXaHU3ME WX NosBiaeHus. M yxe co-
BCeM He K ByAylueMy OTHOCSTCS THAPOIOrHYeckHe katactpodni, OHK ceii-
yac co3aloT mpodyieMbl — 3AINABAIOTCA Nensle ropofa. Tak ¥ro (Ha MOH
B3IJIS) HaM M «UATW» HEKyAa. Mel MPHLUUTH B TYNMHK (HHYEro TOJKOM HE
MOXeM OOBACHUTE M MPEACKA3aTh) M HAZI0 U3 HETO BHIOUPATHCS.
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