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B cBs3u ¢ pacmupennem 064acTy IpYMeHeHM: B HAyYHBIX ICCAeAOBaHMAX BBICOKODHEPIeTMIecKIX
VMITyAbCHBIX YCTaHOBOK (MMITy/AbCHBIE YCKOPUTEAM — HaHOCEKYHAHBIN AMarlasoH BO3AeMCTBIS,
TepMOsAepHble peaKTOPhl — MUKPOCEKYHAHBIN AMalla30H BO3AENCTBIS, MMIIYAbCHBIE siAepHbIe peakKTOPHI —
MMUAAVCEKYHAHBI AMaIla3oOH BO3JENCTBUA, (PeMTOCeKyHAHbIe Ja3ephl) TpeOyeTcs 3HaHMe IIOBeAeHII
KOHAEHCUPOBAHHEIX Cpej B DKCTPEMAaAbHBIX YCAOBUAX, ITOCKOABKY MOIITHOCTHBIE BO3MOKHOCTM TaKUX
YCTaHOBOK HaIIPMYIO CBA3aHBI CO CTOMKOCTBIO D1€MEHTOB U Y340B, BXOAAIINX B MIX COCTaB.

CaeaoBaTeabHO, SIBASETCS aKTyaAbHBIM MCCAeJ0BaHIe KMHETUIeCKUX pelaKCalliOHHBIX IIPOIIeccoB,
MPOTEKAIOIIMX B HepaBHOBECHBIX KOHAEHCHMPOBAHHBIX Cpejax Pa3AMYHON HIpPUPOABI U TeOMeTpuu, u
yCTaHOB/AEHMe BpPeMeHHON TpaHMIIBI COXpaHeHMsI (PYHKIIMOHAABHBIX CBOVICTB KOHCTPYKLIMIOHHBIX
MaTepnaAoB IIPY pa3sAUIHBIX BUAaX BEICOKOMHTEHCUBHOTO BHEIITHETO BO3AE€ICTBUSL.

Pabora mocssillleHa aHAaAM3y AaHHBIX IIO0 aMIIAUTYAHO-BPeMEHHBIM 3aKOHOMEPHOCTAM IIpollecca
AVHaMMYIEeCKOTO paspyILIeHMs] TBePABIX TeA MPU Pa3AMYHBIX BUAAX BBICOKOMHTEHCHBHOIO BO3AEMCTBUS B
Auaria3oHax HepaBHOBeCHBIX coctosHmit f ~ 10%° ¢ m t ~ 10° - 3-10%° ¢ u ycTaHOBAEHMIO OOIIMX
3aKOHOMEPHOCTeI IT0BeAeHIsI HelCCAe0BaHHBIX MaTep1aloB B DKCTPeMaAbHBIX YCAOBIIX.

CoraacHO AuTepaTypHBHIM JaHHBIM CyIIeCTByeT AMHaMMYeCKUII AMalla3oH J0ATOBEYHOCTU
t ~ 10 - 3-10-° ¢, kBasucraTyeckast BeTsb A0AroBedyHocTu ¢t ~ 107 - 10 ¢ n Tak HaspiBaeMas HepexoAHas
obaacty t ~ 108 - 10%° c. Adas AMHaAMMYECKOM U KBa3UCTaTUYeCKON BeTBeil 40ATOBEYHOCTH CYIIIeCTBYeT
OOIINMPHEIN DKCIIepUMeHTaAbHBIN MaTepyaal 1 paspaboTaHbl ajeKBaTHEIE MoAean paspymienns. [Ipuposa
AOATOBEYHOCTH B AMHAMIYECKOM I KBa3JICTaTMIECKOM Jlalla3OHax MMeeT pasHyIo PU3MIeCKYIO IPUPOAY
[1, 2].

M3BecTHO, 4TO OCHOBHBIE IIPOIIECCH], JeXKalllyie B OCHOBe peaKlUM TBEPAOrO Tela Ha BHeIIHUe
BO3A€VICTBMS B AMHAMIYECKOM AMalla30He J0ATOBEYHOCTH, SIBASIOTCS HeAuHeHbIMN [1, 3, 4].

IIpeanioao>XuM, 9TO paBHOBecHe B CICTeMe YCTaHaBAMBAETCA 3a BPeM:I tpsn. DTO BpeMs olpeieaseT
IpaHUIly MeXKAY KBa3MCTaTMUeCKUMMM U AVMHAMMYEeCKMMH IpoleccaMy. B MoMeHT BpemeHu to M3MeHUM
napameTpsl cucremsl (V, p, T), uTo IpuBejeT K OOMeHy DHeprueil Me>XXAy BHeIlIHell cpeAoil M CUCTeMOIL.
OOMeH MOXKeT MPOUCXOAUTh MeAAEHHO, 3a BpeMeHa of = t - fo >> tpwen (KBa3dMcCTaTUIECKNE ITPOIIECCHI) UAN
ObICTpO 3a BpeMeHa Ot = t - to <t (AMHaAMMYECKUe IIpollecchl). B mepBoM caydae, mpu cooOleHUN
cucreMe OEa: cucreMa ycrieBaeT IPUATH B COCTOsSHME TepMOAMHaMMUYECKOIO PaBHOBECH:; IO BCeMy
o0beMy ycCTaHaBAMBAIOTCA HocTostHHBIe 3HaveHus (p, T, P). B xsasucrartuueckmx mporjeccax 3Ha4eHIs
IapaMeTpOB He 3aBUCIT OT KOOPAMHATEL ¥ (HO COXPaHsETCsA 3aBMCHMOCTb OT BpeMeHMH, T.K. CyIIIecTBYeT
peaakcanys). 3aBUCHMMOCTU HapaMeTpos p(t), T(t) MOTYT OBITH POU3BOABHBIMH, CAa00 3aBUCIIINMU OT
spemenn: (1/p - dp/dt << 1/ tpaw; 1/T - dT/dt << 1/ tpasn). Bce rpaguentsl pasusl Hya10: dp/dr=dT/dr=dP/dr=0.
DTO O3HayaeT, YTO B KBa3MCTaTUMYECKMX ITpoIjeccax He BO3HMKaeT IPOIIeCcOB IepeHoca; 0OMeH SHepTueil
IIPOMCXOAUT TOABKO C BHEIIHEN CpeAol, KOTOpasi MHULMUPYET IIPOLIeCCH B CIICTeMe; OOMeH DHepruen
MeXAY JacTsIMU CUCTeMBI OTCYTCTBYeT. Kaxkabiil 51eMeHT OV (paKTUIeckn M30AMPOBaH OT OCTaABHBIX OV,
cucTeMa pacliajaeTcsl Ha OTAe/AbHbIe 51€MeHTH], He B3alIMOAEIICTBYIOIIe APYT C APYTOM.

Ecanm mpomecc oOMeHa C BHeIIHeN CpeAOil IIpoTeKaeT OBICTPO, TO TIpasMeHTaMM U UX
IIPOU3BOAHBIMU HeAb3sl IIpeHeOpedb. ['pasueHTsl BeAyT K BO3HMKHOBEHUIO ITOTOKOB DHEPINH, VIMITYAbCa,
T.e. K TIIporjeccaM oOOMeHa MeXJy DaeMeHTaMu OJVi, cHucTeMa IlepecrtaeT OBITh HabOpoM
HEeB3aIMOJEVICTBYIOIIUX DAeMEeHTOB O Vi, OHa CTaHOBUTCSI €AVHBIM IeABIM. DAeMeHT OJVii BANUAET Ha
DBOAIOIIMIO OCTAaAbHBIX OVi. CTereHb B3aMMOAEIICTBIUS 3aBIUCUT HE TOABKO OT cOCTOsHUs OVi(t), HO 1 OT
cocrostHus oVi(t), t7 < t, Tak Kak mHpopManus ot 6Vii K 6Vi pacpoCTpaHsAeTCsl ¢ KOHEYHOI CKOPOCTBIO.
BcaeacTsue ®TOrO cCrucreMa CTaHOBUTCS WMHEPLVIOHHON, MOSBASIOTCA 9(PQEKTH, OTCYyTCTBOBABILINE B
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CTaTMYeCKMX IIporeccax. Peakmusi cucTeMbl oOIpeAeAseTcsl BO3ZHUKAIOIIUMMU CTEEeHSIMU CBODOABI,
HarpuMep, KackagoM AVCCUIIaTUBHBIX CTPYKTYP, KOTOPbIe OTCYTCTBOBAAM B KBa3MCTaTMYECKMX ITPpOoLieccax.
Ha puc. 1 npuBeaeHsl BpeMeHHbIe 3aBICUMOCTU AOATOBEUHOCTU ¢ OT KpUTUYECKOTO JaBAeHus P npu

HEKOTOPBIX peXMMaX Harpy>XeHIs B KBaslCTaTMMYECKOM Alalla3OHe JA0ATOBEYHOCTU

- BO3JeliCTBUE
pacTATMBaIOMINX HaIIpsIKeHUI];

B AMHaMMN4YECKOM AnaliasoHe AJA0ATOBEYHOCTU! -

YAapHO-BOAHOBOE
Harpy>keHue 1 BO3AelCTBIe PeAsSTUBUCTCKUX DAEKTPOHHBIX ITy4uKoB [1, 2].
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Pucynox 1. BpemeHHbIe 3aBYICIMOCTU 40ATOBEYHOCTY MeTaAA0B OT KPUTUYECKOTO AaBAeHIs,

HNPUBOAAIIETO K pa3pylIeHNIO, B KBa3MCTaTUIECKOM U B AMHaAMMUYECKOM /JMalla3oHax
A0ATOBEUHOCTH (f B ceKyHAax) Ati = At2; APoun> APxs [1-5]
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JaHHbIe IO BO3AEVICTBMIO PaCTATMBAIOIIMX HaAIpPSKeHUI B3ATH M3 [2], IpU y4apHO-BOAHOBOM
Harpy>keHum — [5], o Bo3AeICTBUIO peAATUBUCTCKMX 5AEKTPOHHBIX ITy4KoB — [1, 3, 4].

IIpu nsMeHeHMU BpeMeHM Ha ABa MOpsigKa B KBa3MCTaTUMUECKOM JUarla3oHe AOATOBEUHOCTU Atr U
AVHaMM4yecKoM auamnazoHe Af2 (Ati = Af, cMm. puc. 1) M3MeHeHMsI IO AaBA€HMIO B AMHAMMUYECKOM
AUanasoHe AOATOBEYHOCTU IIPEBOCXOASAT M3MEHeHMUs IO AaBACHMIO B KBa3MCTaTMYECKOM Auaria3oHe
aoaroseqHoctu ot 10 g0 100 pas. Ilpmumna — pazanmume xapakrepa M MeXaHHU3Ma pa3pylleHus B ABYX
paccMaTpMBaeMBIX AMaria3oHax.

Ilpm MaabIX CTemeHs X OTKJAOHEHMs OT paBHOBECHsl IIPOLlecChl peaakcaliuy OIpeAeAdroTcs
KMHeTUYeCKMMI MeXaHM3MaMM, KOTOpble ONMChIBAIOTCs allllapaToOM KAacCU4eCcKO KMHETUKIA.

B ¢usnuxe paspymenns B Ka3MCTaTMIeCKOM AMalla3OHe JOATOBEYHOCTM, BpeMs: A0 pas3pyIleHus
ompeJeAsieTcs BpeMeHeM 0Opa3oBaHNs KPUTHUIECKOl (PpAYKTyaruu, HallpuMep, DSHEPIUH, IPUBOAAIIeN K
paspyIIeHnIO YaCcTH Me>KaTOMHBIX CBsI3el.

JaHHBIe TIO JOATOBEYHOCTM B KBa3MCTaTMYEeCKOM AMalla3oHe JOATOBEYHOCTM OIVCHIBAeTCs
BBIpa>kKeHeM
u—yo
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MpUAOXKEeHHOe HallpsiKeHne, k — mocrosinHasa boabsiimana, T — Temniepatypa MaTepuada [2].

Ilpn OoaBmIMX CTeIeHSAX OTKAOHEHMS OT COCTOSIHM: paBHOBECHs pedakcalysl OIlpeAeAseTcs
nponeccaMy, He TPUCYIIMMM HayaAbHBIM (KBa3MCTAl[MOHAPHBIM), a BO3HUKAIOIIUMU HOBBIMU
peaakcallIOHHBIMU mpolieccamMy, MMeIOIMU MepapXmIeckyio MacIITabHO-BpeMeHHYIO
COTIOAUYMHEHHOCTb. SIBAeHNe AMHaMIYeCKOTO paspylIeHUs OTHOCUTCS K TaKOMy TUITy peAdaKCallMOHHBIX
npoueccos [1, 3, 4].

K uccaeaosannio BpeMeHHBIX 3aKOHOMEPHOCTEN Ipollecca AMHaMMYECKOIO pa3pyIlIeHNs TBePAbIX
Te1 HpUMEHEH MeTOJ yAapHO-BOAHOBOTO Harpy>kKeHMU:d, peaau3yeMOro C MCIO/Ab30BaHMEM MarHUTHO-
MMITyABCHOTO criocoba t ~ 10° ¢ [6, 7] u mpu BO3AECTBUIU UMITYyAbCOB PEAATUBUCTCKUX HA€KTPOHHBIX
IIy4KOB — Pe>KUM MMITyAbCHOTO OOBeMHOTO pa3orpesa (Tera0Boii yaap) (¢t ~ 10-¢- 3-10%c).

PesyabTaThl nccaegoBaHms IIpoliecca AMHAMUYECKOTO Pa3pyIleHUs TBepAbIX Tel HeMeTaAAMdecKo
IPUPOABI C UCIIOAb30BaHIEM MarHUTHO-MMITYABCHOTO CIIOCO0a Harpy>KeHus IT0Ka3aadl, 9TO IIPU yAapHO-
BOAHOBOM Harpy>kKeHuu oOpaslioB BCAEACTBUE OTpa’keHMUs BOAH CXKaTusd OT CBODOAHOJN ITOBEPXHOCTU
BO3HMKAIOT BOAHBI paspeskeHUs, KOTOpble IPUBOAAT K OTKOABHOMY paspylleHuio oOpasua. ITpuuem
3aBMCHMOCTh OTKOABHOM IIPOYHOCTU OT AAUTEABHOCTY MMITyAbCa HaIPy>KeHMs uMeeT Bu/, [6, 7]

[24

o
=4t @
o, p

IAe oy — 3HaYeHUs OTKOABHOM IpodHOCTHM, Tp — AAUTEABHOCTb MMIIyAbCa Harpy>KeHus, 1, Oc —
XapakTepucTuku marepmasa, As — xosdpdunuent, & ~V2. Meroanka onpeseaeHmst T, (Bpems

BO3JEMCTBM — BpeMs A0 Hadala IIpollecca pa3pylleHls) 10 paspyIIeHHMIO MaTrepuada MMITYAbCHBIM
BO34eJCTBIeM IIOPOTOBOI aMIIAUTYAbI IIpUBeJeHa B [6, 7].

JaHHBIe II0 BpeMeHHON 3aBUCHMMOCTM IIpollecca AMHAMUYECKOTO paspyIleHMsl AAs  Bcex
1ICCAeA0BaHHBIX MaTepuaslos, IIpeicTaBAeHHble B KoopAnHaTax lg (op/ov) n 1g (Ip/n) 0AM3KM K eAMHO
Kpusoi (cM. puc. 2) [6, 7].
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PucyHOK 2. 3aBUCMMOCTD pa3pylIaioNIMX IIOPOrOBBIX HATPY30K OT 4AUTEABHOCTY UMITyAbCa
TBEpPABIX TeA IIPY Pa3HBIX CIIocobax AMHaMIYeCKIX Harpy>KeHui1 [6, 7]

Takum o0OpasoM, pesyabTaThl MCCA€A0BaHMIL, IIpUBEJeHHbIe Ha puc. 2 TIOKa3bIBalOT, dYTO
IpUBeJeHHble MaTepuaabl HpPOsABASIOT YHMBepCaAbHble IIPUM3HAKM B SABA€HUM AVHAMUYECKOTO
paspylIeHns B MUKPOCEKYHAHOM AMaria3oHe HepaBHOBECHBIX COCTOSHUIA [6, 7].

PesyapraThl McCA€AOBaHMII IO yAapHOMY Harpy>KeHMIO oOpasLioB ¢ MakpogedeKTaMM B BUAe
TpelMH II0Ka3aAly, YTO IpOIlecC pa3pylleHMs Ha MaKpOypOBHe MMeeT IIOPOTOBBIN XapaKTep, a AAMHa

npopocmeit Tperuust L, (P) 3aBucut ot aMIauTyAsl 1 AAUTEABHOCTY Harpy>KaloI[ero UMItyAbca [6-8]

(cM. puc. 3).

PucyHOK 3. 3aBUCMMOCTH AAVHBI IIPOPOCIIIelt TPEITUHBI OT aMILAUTYABl OAMHOYHOTO MMIIyAbCa
Harpy3ku Ipu AAUTeABHOCTU Harpy>keHus: 1 — ussectHsk, 4,4 c; 2 — mpamop, 3,6 ¢;
3 — rab0poamnabas, 3,6 ¢; 4 — mecuanux, 3,6 c; 5 — rpanut, 3,6 ¢; 6 — HOAVMEPHBINI
koMnosut — 3 ¢; IIMMA: 7 -2 ¢; 8 -4 ¢; 9 - 8,6 c [6-8]. IIpuBesens! popma umnyabca I
u cxeMa Harpy>xeHnwt 11
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IMpu P >Rr 3aBMCHMOCTb AAMHBI IIPOPOCIIeN TPeIIMHbl OT aMMAUTYAbl UMIIyAbCa AaBAEHU
oIpejeAeHHO AAUTEABHOCTU MeeT BIA, [6, 8]

dL (P
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/JlaHHble, TpUBeAeHHble Ha puc. 2-3, NOKa3bIBAIOT Ha IIpOsiBA€HIEe YHUBEPCAAbHBIX HPU3HAKOB
peAaxkcallMOHHBIX AVMHaMMYeCKMX IIPOLIeCcoB, IIPOTeKalOlIMX B SIBA€HUM AMHaMI4YeCKOIO paspylleHls B
MMKPOCEKYHAHOM Alaria3oHe HePaBHOBECHBIX COCTOSHIIA.

PaccmoTpuM HaHO- U1 CyOHaHOCEKYHAHYIO 001acTyi HepPaBHOBECHBIX COCTOSHUI psida METaAA0B IpHU
BO3AEMICTBUI UMITYAbCOB PEASTUBMCTCKUX DAEKTPOHHBIX ITy4YKoB [1, 4,5].

Kak mpaBuao, peaakcainsi CMAbHOHEpaBHOBECHBIX COCTOSIHUII COIPOBOXKAAETCS AMHAMMUYECKUMU
AECTPYKTUBHBIMU ITPOLIECCaMIA.

JAvHaMM4decKne AecTpyKTUBHBIE IIPOIIecChl B KOHAEHCHPOBAaHHBIX Cpejax Ha pa3AMYHBIX MacIITabHO-
BpPEMEHHBIX YPOBHSX HOCAT KOOIIEpPaTMBHBIN Xapakrep. DTo 00yca0BAeHO (PpaKTaabHOV HIPUPOAON
aHcam0Aell AMCCUTIaTUBHBIX CTPYKTYp, BO3HMKAIOIIMX B pe3yAbTaTe BBICOKOMHTEHCUMBHOTO BHEIITHETO
BO3JEVICTBMS Ha KOHAEGHCHMPOBaHHYIO cCpedy, UX HepPKOASLMOHHBIMM CBOJMCTBaMM, IlepexoJaMmu
HEpaBHOBECHOJ CHCTEMBI C OJAHOTO MacIITaOHO-BpeMEHHOIO YPOBHSA Ha ApPYIOW, ITOAYMHSIONIVIXCS
KOHIIEHTPALIIOHHOMY KpUTEPHUIO, M TakXe TeM, 4YTO BePOSATHOCTh COCTOSIHMII CUCTEMBI He
IponopioHaabHa pakropy boaplimana.

/JaHHBIe IO BpeMeHHBIM 3aKOHOMEPHOCTSIM IIpoliecca AMHaMMYECKOTO paspylileHus (cM. puc. 4),
IpUBeAEHHblE B YHUBEPCAAbHBIX KOOpAMHaTax Oamsku K egmuoit Kpusoil. Ornomenue P/Tp(H+Ln)
SABASI€TCSI MHBAPMAHTOM II0 OTHOIIEHMIO K IIOpsAKOBOMY HOMEPY Z B IHEepUOAMYECKON CcucTeMe
(P —aaBaenne, npusojsdiee K paspymenuio, I' — napamerp I'pionaiideHa, p — IIAOTHOCTh MaTepuaAa,
H - suraasnust u Ln — Tenaora naasaedus) [1].
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Pucynox 4. BpemeHHas1 3aBCMMOCTD ITpoliecca 4MHaMU4IecKoro paspyienns [1]
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AaHHbIe, IIprBeA€HHbIE Ha puc. 4 OIIMICBIBAIOTCSI COOTHOIIIEeHMEeM

Ew(t) P/ Tp, y~3.8 aas Bcex mccAea0BaHHBIX MaTepnalos [1].

®QyHKIIMM CKOpOCTU IleHTpooOpaszosaHusA J(t) psida MccAeAOBaHHBIX MeTaAlO0B MMEIOT ITOAOOHBIN
BlJ, 9TO AaeT IIpaBo Ha moctpoeHne QyHKINNU J(t) B KoopanHaTax 7= t/ty, | = J(t) / Jmax(tp) Aa51 pa3aAMIHBIX
MeTaAA0B B IIMPOKMX AMaradoHax goaropeyHoctu t ~ 100 - 3-10° ¢, rae t — Bpems paspylleHus,
T — HOPMMPOBaHHOE BpeMs pas3pylleHus, | — HOPMUPOBaHHasl CKOPOCTb LIEHTPOOOpa3oBaHNs,
Jmax(ty) — MaKCMMaabHasA CKOPOCTD IIEHTpOooOpa3oBaHus (cM. puc. 5) [1].
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PucyHok 5. CKOpOCTb 11eHTpOoOOpa3oBaHIs Psija MeTaAA0B Pa3HOI TOAIIMHEI (A)
B KOOpAMHATax t/tp, J(t) / Jmx(tp), MapKepsl — DKCIIEpUMEHTaAbHbIE AaHHBIE [1]

JaHHble, IpUBeAeHHble Ha pUC. 5 IIOKa3BIBAIOT, UTO AOATOBEYHOCTh CKAAABIBAETCS U3 CTaAUM
OXMAaHMS TIOSBAEHMS LEeHTPOB paspyliieHus fox. (ctagms 1) m BpemeHu te Kaactepusauum (cragus 2)
KacKaJa IIeHTPOB pa3pyllleHNs], KOr4a BO3HUKAaeT CBA3HOCTDb B CHICTeMe IIeHTPOB pa3pyIlleHNs, I BO3SHUKaeT
IepKOASAIIVOHHBIN KaacTep [1], mpuueM fox >> t. B cmay »TOrO COOTHOIIEHMs OpejeleHne BpeMeHH fox.
AaeT OIIeHKy BpeMeHHOI TpaHMUIIBI COXpaHeHNs (PYHKUIMOHAABHBIX CBOMCTB MeTaAAOB, HaXOASIIIUXCA B
DKCTPEMAABHBIX YCAOBVSIX. YUUTHIBAs 9TO COOTHOIIEHME, MOKHO IIPeAIIOAOXUTh, 4YTO Ha CTaAuMu
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OXXIAaHNUA KAacTepa IeHTPOB pas3pyIleHNs IpUMeHNM (pOpMaau3M TeOpPUM BEPOATHOCTeN (IIpOIlecchl
BO3HMKHOBEHMSI 1IEHTPOB Pa3pyILLIEHNS He3aBUCYIMBI).

JaHHble, IpUBeJeHHbIe Ha PUC. 5, 445 pa3sAMIHBIX MEeTaAAOB B AMalla3OHe AOATOBeYHOCTHU t ~ 10° -

3-10"% aIlIIpOKCUMUPYIOTCS PYHKIIMEN BrAa
0,2 2.2
t
J ()~ Aexp| —-B| -|1-—| |, (4)
tp P
rae A, B — const.

IlepBbIit COMHOXNTeAb ONMCBHIBaET CKOPOCTh IIeHTpooOpa3oBaHMs Ha IIepBOI cTaguy, KOTAa
IIA0THOCTh IIEHTPOB paspyllleHMs Mada M OHM He B3aMOJENMCTBYIOT APYT C APYyTOM — ocaabAeHHas
9KCIIOHeHTa. BTopoii coMHOXX1UTeAb OMMChBaeT CKOPOCTh IJeHTpooOpa3osaHms B uHTepsade f ~ 0.9 tp 10 ty —
pexum c oboctpeHmeM. Bua ¢yskumm () mogobeH BMAY (PYHKIIUIL, ONUCHIBAIOIIUX PEXUMBI C
obocTpeHneM, AnOO IOBeAeHME CUCTeM BOAM3UM KPUTUIECKOV TOUku. Takum oOpasom, coraacHo (4),
3¢ PekTE caMoopraHu3anuu Kackala LeHTPOB pa3pyIIeHNs HOCSAT IIOPOTOBLIN XapaKTep.

CoraacHo BepaxkeHusM (1, 2, 4) 1 AaHHBIM, IpUBEAEHHBIM Ha pUC. 1-5, COOTHOIIIEHNST BpeMEHHBIX
3aBMCMMOCTEl IIPOYHOCTUM B KBA3UCTATUMIECKOM MW AVHAMUYIECKOM AUara3oHax AOATOBEYHOCTU
IPUHOUNNAABHO OTAMYAIOTCSI. B KBasmcraTdeckoM AMallasoHe JOATOBEYHOCTU 3aBUCHMOCTb BpeMeHU
paspyLIeHNsT OT aMIIAUTYABl IIPUAOKEHHON Harpy3Ky MMeeT DKCIIOHEHIIVaABHBIN BUA (CM. BBIpa’keHue
(1)), a B AMHaAMMYIECKOM AMalla3oHe J40ATOBEYHOCTH CTeIIeHHOM B (CM. BhIpakeHMe (2, 4)), YTO TOBOPUT O
BHYTpeHHell CKeIIAMHIOBOM (MacIlITaOHO-MHBapMaHTHOI) IpUpoJe Ipoliecca.

OcobenHocTs mporecca AMHaMIYECKOTO pa3pylIeHMsI B MUKPOCEKyHAHON 004acTU OIlpeAeAseTCs
TeM, YTO IPOLIeCC pa3pyIIeHNs MMeeT IIOPOTOBHII XapaKTep, aMIIANTYAa IOPOTOBBIX IMITYABCOB 3aBVICUT
OT AAUTEABHOCTM UMIIYAbCa, IIPUBOAAIIEIO K PaspylIeHMIO UM MMeeT MeCTO 3ajepykKkKa Hadada
paspyuienus [6, 7]. B HaHO- 1 cyOHaHOCeKyHAHOI 001acTi A0ATOBEYHOCTU MPOIeCC pa3pyIIeHUs TakxkKe
MMeeT IIOPOTOBEINI XapaKTep, M KpMUTHYeCKOe 3HadyeHMe aMIIAUTYABl AaBA€HNsA, MPUBOASIIIETO K
pa3pyIIeHnIo, 3aBUCUT OT AAUTeABHOCTU BO3AelicTau [1].

CoraacHo Teopum 1moaodms [9], ecan KoAmdecTBeHHEIE XapaKTePUCTUKM (PU3UMIECKUX ITPOIIeCCOB,
BBIpa’KeHHBIE B Oe3pa3MepHBIX IIEPEMEHHBIX PaBHbI, TO DTO TOBOPUT O PU3MIECKOM I10400MM ITOBEAEHNUI
cucreM. T.e., 21100ble KOAMIECTBEHHBIE COOTHOIIIEHLS, TIOAyUYeHHbIe /151 KOHKPETHOTO SIBA€HNsI, MOTYT OBITH
pacIpocTpaHeHEI Ha ApyTHe IT0A00HbIe SBAEHII, eCAN VX IIPeACTaBUTh B OTHOCUTEABHOI (Oe3pa3MepHOIN)
¢opme. PaBeHCTBO KOAMYIECTBEHHBIX XapaKTEPUCTHK, IIPeACTaBAEHHBIX B OTHOCUTEABHBIX BeANYMHAX,
SIBASIIOTCST TIOAOOHBIMU IIPU TIepexoe K aDCOAIOTHBIM BeANIHaM.

Cy1ecTByeT IIOHSTIE T€OMETPUYECKOTrO 0A00Ms, 1T0A00Ms 1oaelt ¢(x, y, z) (I10Ae TeMIlepaTypbl,
KOHIIeHTpalny, IToTeHIIaAa CpeAbl), KOrda X BeANIMHBI CBsI3aHBI COOTHOIIIEHUIEM

@ (x,y, Z)=c, px, Y, 2),
rae C, - MHOKNTEeAD IT0A001L.

Ot noHATHSA MOA00MS MO/A€ell MOXKHO HepelTH K HOHITUIO IT0A00MUs IIPOIecCcoB, eCAM B CXOJHBIE
MOMEHTHl BpeMeHN BBINIOAHsAeTcs ycaosue ¢ (x, Yy, z, t)= c, ox, Yy z t); x = cx
y=cy z=cz t'=ct c— K09(PPUINEHTHI IT0A00MA.

Bripackenmst (2, 4) m AaHHBle, NIpUBeAeHHBIe Ha puc. 2, 4-6, 061a4aiOT IpU3HAKaMM OCHOBHBIX
IT0AO0KEHNI Teopyu 1o400ms [9].

Cy1recTByeT HECKOABKO BMAOB paclpeleleHIs] BEpOSITHOCTENl BeAUYNMH, XapaKTepU3yIoline

pasanunsle (Qusndeckne mnpomneccsl. Hamboaee pacrpocTpaHeHHBIE — ®TO SKCIIOHEHIMAABHOE
2

pactipeaeaenue P(x) ~ e*x0 — (1), nopmaastoe (I'ayccoso) pacipeaeaenne P(x) ~ exp< — (x_—m) -(2)

207 '

crenieHHoe pacupejeaenne P(x) ~ x % —(3), rae xo, a- apaMeTphl pacipeAeAeHus], o - AUCHepCus, m —

MaTeMaTHuJeckoe OXXMJAaHue (CM. puc. 6).
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DKCIIOHeHIIMaAbBHOe paclipejeleHre OIMChIBaeT, HaIlpuMep, paclpejeleHrie MOJAeKyA rasa IIOo
sHeprusiM. HopMaabHOMY pacnpeAeAeHUIO MOAYMHAIOTCS BEANYMHBL, ITOAYYAIOIIVecs IIPU CAOKEHUU
60ABIIIOTO YIICAa He3aBYICHMBIX CAYJalfHBIX CAaraeMbIX.

IIpmmepoM cTemeHHOTO pacIipejeleHUs Ha puc. 6 sABASeTCA paclpejeleHne KackaloB IIeHTPOB
paspylIeHNsl B pa3AMYHBIX MeTalldaX, IOAOC CKOABXKEHUSA KPUCTAAAMYECKOV peIleTKN, IIPOAYKTOB

AVCIIEpTUPOBaHUS.

Pucynox 6. Pactipeaeaenne BeposTHOCTEN BeANYMH, XapaKTepU3yIOIiue
pasandHble GpU3NIECcKye ITPOIIeCCh

Pasnuiia Me>x4y HOpMaAbHBIM U CTEIIEHHBIM paclipejeeHreM HOCUT IPMHIIUIIMAABHBIA Xapakrep.
Ecam craTucTmka cyucTeMBbl ONMMCHIBAETCS HOPMAaAbHBIM paciipeiederueM, TO 99,7 % coOBITUII OTKAOHSITCS
OT cpeJHero 3HaueHUs He OoJee yeM Ha 30 (TaK Ha3blBaeMoOe IIPaBMAO TpeX CUTM), a BHe AMalla3oHa 50
HaXO0AsTCs Bcero Antib 106 cobprrnit. ITosToMy MOKHO mpeHeOpeds pesKuMI COOBITISIMY BHE MHTEpBala 3 0.

Ilpn cremeHHOM pacHpeJedeHNM IIAOTHOCTb BepOATHOCTM Ha “xBocTax” pacrpejeaeHus
CyIIecTBEHHO OO/bllle, YeM IIpM HOPMaAbHOM paclpeieleHNN UM PeAKMMU COOBITMAMU IpeHeOpedb
He/AB3s, HallpuMep, JacToTa f CTOAKHOBEHMII MeTEeOPUTOB C 3eMmael, Kak PyHKOUsA ux Amamerpa D
ITOAYMHSETCS CTelleHHOMY pacupegeaennio f{D) ~ D Ilpu yBeanueHun auamerpa Mereopura ¢ 1 merpa
40 100 MeTpoB yacTOTa CTOAKHOBEHN: C 3eMAell yMeHbIIlaeTcs C OAHOTO COOBITU B roJ 40 10+ coObITuit B
rog [10].

Pacripesesenne MeTeopuTOB IO pa3MepaM, KOTOpBle BO3HMKAIOT NMpu ¢pparMeHTarnym HeOeCHBIX

T€A, ITIOAUYNHAETCA CTeIIEHHOMY 3aKOHY, 3emas B AAaHHOM CAy4ae Urpaert poAab Iperpaanl.
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PaccmorpuM, Kak  Be4yT  IIAOTHOCTM — BePOATHOCTENl  BeAMYMH, paclpejedeHHBIX IO

B (x —m)’

DKCIIOHeHMaabHOMy P(x) ~ e+ — (1), HopmaasHomy P(x) ~ exp > —(2), u crenennomy
O

P(x) ~ x™* —(3) sakonaM, c pa3AMYHBIMY TTPEACTaBACHUSIMY AQHHBIX [IO OCSIM.

Ha puc. 6-8 mpusedeH TUNMYHBIN BN/ IIAOTHOCTY BEPOATHOCTY BEeANYVH, paclpeleleHHBIX B
COOTBETCTBUM C ODKCIIOHEHIIMAAbHBIM, HOPMaAbHBIM M CTeIIeHHBIM 3aKOHaMM C Ppa3ANdHBIMU
IpejcTaBAeHIAMHU JaHHBIX 1O ocsiM. Ha pue. 6 rpaduk 1 1mospoaser cpaBHUTh CKOPOCTh YMEHBIIeHs
II10THOCTU BEPOSATHOCTU AAA XBOCTOB pacnpegedeHuit. Ha puc. 7 rpadpuku B nmoayaorapudpmmaeckom
Macmrade IO OCH OpAUHAT, HOpMaabHOe (1) M ®KCIOHeHLMaAbHOe (2) paclipejeleHUe COOTBETCTBEHHO

MIPeACTaBASIOTCA B BUAe ITapab0Abl U IIPAMOIA.

Pucynoxk 7. PacripeseaeHne BeposITHOCTel BeAUYNH, XapaKTepU3yIOIiye
¢Jusmyeckne mporieccs! B HOAyA0rapudPMmUIecKoM MaciiTabe

Ha puc. 8 (aBoitHOIT A0TapmudMuUIecKNii MacITal) CTEIIEHHON 3aKOH pacipedeaeHus (3) MMeeT B,
OpPsIMOI, YTO TOBOPUT O CKELAMHIOBOM IIOBeA€HUM, T.e., OO OTCYTCTBUM BbIA€A€HHBIX AMHEMHBIX
MacIuTaboB.

Aas moctpoeHms rpaduKka HOPMAaAbBHOTO paclpejeleHNs MaTeMaTUdeckoe OXMJAHMe M U
Aucriepcus ¢ BbIOMpaAauch paBHbIMU eauHune, x € [0+10]; 2445 9KCIIOHEHIIMAABHOIO paclpejedeHus X €

[0+10].
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Ilpmposa cremeHHBIX 3aKOHOB pacIpejeleHNsl OIpejeAsieTCs B3alMOCBA3BIO peaaKCaIlOHHBIX
IIPOLIeCCOB Ha pa3AMYHBIX MacIITaOHO-BPEMEHHBIX YPOBHsX. BeposTHOCTL coObITHs P(X) OT BEAMYMHEI X
umeert BuA P(x) ~ x* Ha rpapuke B koopanHatax lg x, 1g P(x) GyaeTr aexKaTb Ha OAHON MPSIMON A4S BCEX
3HAYEHMII X.

3aBUCHMOCTb BpeMeHN pa3pyILIeHUs OT aMIIAUTYABI IIPUAOKEHHON Harpy3Ku IpU ABYX CIIocodax
MMITyABLCHOTO Harpy>KeHMs TBepABIX TeA pa3ANdYHONM IIPUPOABI MMeeT CTeIeHHOM BUA. DTO TOBOPUT O
CKeIAMHIOBON IpMpoJe IIpoljecca paspylleHus B MUKPOCEKYHAHOM - CyOHaHOCEKyHAHOM Jyarla3oHax

HepaBHOBECHBIX COCTOSTHUIA.

Pucynox 8. Pactipeseaenne BeposATHOCTEN BeANYMH, XapaKTepU3yIOIie

(dusmIeckue mporecce B ABOMHOM A0TapupMUIecKOM MacITade

BrrneusaosxeHHoe orpeaeAaseT BO3MO>KHOCTb ITPOTHO3MPOBaHMAT HEMCCA€AOBaHHBIX TBEPABIX T€A B

MMKPO-, HAaHO- 11 CyOHaHOCEeKYHAHOM Jlara3oHax HepaBHOBECHBIX COCTOSHMUIA.
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