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3epHeHune dra30BOro NpocTpaHcTBa

ba30B0€ MPOCTPAHCTBO 3€PHUTCS
Ha sg4eiiku «obbeMomy AS)

o [Ipeamnonoxkum, MBI 3adUKCHPOBAJIM HAYAJIbHOE COCTOSTHUE
cucreMbl Xo ¢ abcosroTHOM TouHOCTBIO. Torga PDF pasna

w(X) = §(X — Xo)
H@ nusmatimecs IHMPONUIO Maxo2o CoOCMOAHUA

e Beesem 3eprenne (a30BOro mpocTpaHCTBa: HEKYIO TOYHOCTb,
¢ KOTOpOil MbI dpukcupyem cocrosinne X. Torma maxkcuMaaIbHO
JIOKAJIN30BAHHOE COCTOsSTHUE 3aJiaercs 0-1mopobHoit PDE':

1/AQ, X«B sueiike»
w(X) =

0, X «BHe sgueiiku»
e Ero sHTpOnuUs, MUHUMAIbHAS U3 JIOIMyCTUMBIX, PABHA
dX 1
Smin = —k | —In— =kInAQ
i AQ T AQ
AQ

e CaBUHEM HAYAJIO OTCUETA SHTPOMUU, YTOOBI Smin — 0:

S = —k/’wx InwxdX — Smin = —k‘/wx In(wx AQ)dX = —k {In (wAQ))



HeonpepenerHHocTtb leiizeHbepra

-
Hesb3st abcosirorHO TOYHO O/THOBPEMEHHO 3a.(bI/IKCI/IpOBaTb

SHaAYCHUA BCEX KAaHOHUYICCKHUX II€pEeMEHHBIX X
L

e KsanroBasi HeonipeaesieHHOCTD LeiizeHbepra JukTyeT
MMHHUMAJILHOE 3€PHEHUE JIJIsi CUCTEMbBI TOUE€YHBIX JACTHIL:

3N —34
AQ=h"",tme h=6.6-10 JI>x-c — mocrosinnas Ilmanka.

o e B kBaHTOBO# (pusuKe YaCTUILI HEPA3IUMIMMbBI, UX II€PECTa-
HOBKa He jobaBjaeT Oecropsigka. B wrTore, 4ucjao pasjaudHbIX
MUKPOCOCTOSIHUI B 001acTH ) MOXKET OBbITH OLEHEHO, KaK

LY

1 dX
- NI h3N

Wa

Q

L[] CKOppeKTpreM OIIpeJIeJIEHN A SHTPOIIMU B COOTBETCTBUU C 3TUMU 3aME€YaHUAMM:

S=klnWg — > |S= fk:/wx In (wxh3NN!) dX = —k <ln (wh3NN!)>

KBa3UKJIACCUIECKOE
npubIMKeHne

muoXKuTeabL N! rmossoJsier KOPPEKTHO
BBIYUC/IATH 3aBUCUMOCTD SHTPOIIUU OT YHCJIa YaCTHUI]



DHTpONUA uaeasbHOro rasa

[s = <—I~cln (wh3NN!) >}

e [Ipocro raz B cocy;xe obbeMoM V| 6e3 mOTeHIMAaIbHON SHEPTHUN:

N 2
~Z H ( 2‘p1kT> = hw=-Z- ; 2|TI:le‘7T
o Cpenunii norapm(bM W BBIYUCJIAETCS JIEMEHTAPHO:
(—klnw) =k(InZ + 1.5N)
e Hopmuposounsrii k-1 Z = V' X HOPMEPOBOUHBIH K-T «rayccoss:

Z = VN (2rmkT)*N/?

e CobepeM Bce BMecCTe:

Ms1 nostyunin 3HaKOMyI0 GOPMYJIy [IJIsi SHTPOIINH,

S =kN (§lnT—|—an—lnN> + Nso
2 HO C JIOTIOJIHUTEIbHBIM YYETOM 3aBUCUMOCTU OT [N

N



«O0ObscHeHne» napapgokca [nbbca

(S=kN(@15WT+InV —InN)+ Nso|

TenonzommpoBaHHbIi COCYy/1 pa3/iesieH Ha JIBE YacCTH.
B kaxkoit qacTun HaxoauTcs OOUH M TOT K€ ras, IpuieM

kounenrpauu N1 /Vi = N /Va = n. Ileperopoixy youpaor.
Uamenurcs jin sauTpOonus?

L)

:
532

1) obbeM KaxK ol HOPLUE BO3PACTET, & 3HATUT

AS1 = kN:iIn 1-|—E u ASs = kN> In ].-l—E
\% Va

ki
{.’. .

HO, KAK Mb, 3BHAEM, IO HENDPABUANDHO

2) Beraucaum sarponmu kaxmoi moprmu 10O, a satem Beeit cucremsr ITOCJIE
Sl = k‘Nl (15lnT - lnn) + N180
So = kN> (1.5lnT —In TL) + Nosg

Siy2 = k(N1 + N2) (1.5InT —Inn) + (N1 + Na)so = S1 + Sa

[ Ypa, MbI IIOCTPOMJIX dHTPOIINIO CO CBOICTBOM AJOJUTUBHOCTU
R

HO HacCToOdIlue HpO6J'IeMbI HaYMHAKTCA C OIIpeeJIEeHUEeM <«PAa3JIMYUMOCTU» I'a30B




DHTponus mbbca n ypaBHeHne JlnyBunns

[HyCTb HAYaJIbHOE COCTOSIHME CHCTEMBbI U3BECTHO abCOJIIOTHO TO“IHO]

pa3BUTHE CUCTE€MBbI aGCOIIOTHO MPELCKA3yeMo:
w(X,t=0)=6X—Xo) = wX,t)=0X— X))
rue X, (t) — pemtenue yp-it lamubrona ¢ vad. yer. X, (0) = Xo

3ToT paKkT HoJIee YeM OYEBU/ICH,
HO u ypasHenue JInysuiisa dw/dt = 0 gaér TOT XXe pe3ysbTar




DHTponus mbbca n ypaBHeHne JlnyBunns

[IyCTh HAYAJIbHOE COCTOSIHUE CUCTEMBI PABHOBEPOSITHO BBIOHMPAETCSI
u3 Habopa W abCoMIOTHO TOYHO M3BECTHBIX COCTOSHUMN

T

HavaJIbHasd HeoIIpeaeJIeHHOCTb COXpaHdAeTCd:

KaXK/JIbIl «BAPUAHT» PA3BUBAETCS AOCOJIIOTHO MPEICKA3yEeMO,
B Jit0OO# MOMEHT BPEMEHU CHUCTEMa PABHOBEPOSITHO
HaxomuTcst B W pasauvwHblr COCTOSHUSX

surponus S = kln W He yBenmyuBaercs co BpeMeHEM




DHTponus mbbca n ypaBHeHne JlnyBunns

[HyCTI: HavaJIbHOE COCTOdAHHE CUCTEMbI PaBHOBEPOATHO PACIIPE/IEJIEHO B obnactu € ]

3aHATBHIN PA30BLIA 06bEM COXPAHSIETCSI:

1/Vol[Q], X € Q

nagasbHad w(X,t =0) = {O X¢0

9TU 3HAYEHUsI COXPAHSIOTCS BJOJb TPAGKTOPHUil B (ha30BOM IIPOCTPAHCTBE,
obuactb §2 nedopmupyercs, Ho He pacrer! S = k1n Vol[Q)] = const




DHTponus mbbca n ypaBHeHne JlnyBunns

[HyCTI) HavaJIbHOE COCTOdAHHE CUCTEMbI PaBHOBEPOATHO PACIIPE/IEJIEHO B obnactu € }

MHUKPOKaHOHMNYECKOe pacIiipeaejieHue
TO>Ke He CMO2KeT YyCTaHOBUTbLCA

€CJIM CHUCTEMa PABHOBEPOSITHO 3aHUMAJIa
TOJIBKO “aCMb COCTOsSHUM ¢ sHeprueit Fo,

OHa HE CMOXKET 3aHSITh GCe TAKHME COCTOSTHUSI

1/Vol[Q], X € Q

0, X ¢Q

nagasbHad w(X,t =0) = {

9TU 3HAYEHUsI COXPAHSIOTCS BJOJb TPAGKTOPHUil B (ha30BOM IIPOCTPAHCTBE,
obuactb §2 nedopmupyercs, Ho He pacrer! S = k1n Vol[Q)] = const




DHTponus mbbca n ypaBHeHne JlnyBunns

[a BO3pacTaeT JIM dHTPOIINA BOO6HI6?]

e Durponust 'ub6ea S = —k (Inw) = —k/(w Inw) dX, upocro Beranciaum dS/dt:
~——

=f(w)

/f dX - _ / f < 50 ) dX, 3/ieck He Haxo nuddepennuposars no X (t)

TOJIBKO IO sSIBHOMY t!

dS

N
e 113 ypaBuenus JIumyBuiist % = 0 noJstygaeMm (68—:}) = Z (88:)”1 . gzi — S;UZ . gz;i)

Z OH ow oA *ZN: of oM _ Of OH
<9pZ dq; Oqi Op: _¢:1

op: O0qi Oq: (9p1

af oM / /°° af ]o oH
P , , dX = [ d{X\piz, Q1 ——dp1s ——dgi =0
e PaccMmoTpuM, HampuMep Op1s Do {X\piz, 1z} Opie D1 90 ¢

— 00
~————
=0
\ [noxox{e, 9TO HeT!]
3




«Hepoctm>xunmbli> Mmakcumym

SBAJAYA: najitn w(X ), yIOBIETBOPSIONLYIO YCIOBUIO HOpMUPOBKH (1) = 1,

[IPM M3BECTHBIX 3HAYEHUAX CpefHeil BHyTpenneii sueprun (H) = U
u M.6. Apyrux GIUIyKTyHPYIOIUX BHYTPEHHUX IIapaMeTpPOB <An> = A,,

MaKCUMU3UPYIOLLyIo suTponuio I'nbbca S = —k (Inw)

Meron Jlarpam:xka ¢ muoxkurenamu —ka, —kBo, —kBn

]-':fk/wlndefka (/defl)fk:Bo (/deXfU)kaBn (/w[\ndeAn)

OF

Inw(X) = —(1+a)—BoH(X Zﬁn n(

= w(X)NeXp( BoH(X Z/Bn n( >

{ KaHOHWYECKHE pacrpeesenus ['mb6ca MaKCUMUBUPYIOT SHTPOIIMIO }
}

HO KaK >Ke OHUn ,E[OCTPII‘aIOTCSI?
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McTuHHbIE N crna>keHHble pacnpeaejieHns

. —

HavaJIbHOE PACIIPEIe/ICHIEe WCTUHHOE CIUIa>KeHHOe
(Jrokasm30BaHHOE) KOHEYHOE PAaCIpeJie/ieHHe  KOHEUHOE PaclpeesieHne
(«pasmoTannoe» ) («pasmaszanuoe» )

e DHazoBbIit 00bEM HE PACTET, HO «Pa3MATBIBAETCS» Ha BCe (Ppa30BO€ MPOCTPAHCTBO
® C YUEeTOM CIVIaKWBAHUSsI, BCE IMOXOXKE Ha «PACILIBIBAHME» HAYAJBHOTO PaCIpeaeeHus

® Wycr (X) # Wermanc (X ), HO Bce cpeiHUe 3HAUEHUS, IOCIUTAHHDBIE [10 STUM PaCIPEIeICHUIM,
C BBICOKOIT TOYHOCTBHIO COBIIQIYT

® Wernan (X) GyJIET COBMAIATH CO CTAIIMOHAPHBIM PENICHUEM ypaBHEHUs JIMyBUILIS.
Pacnpenenenne ['u66ca, B 9T0M CMBIC/IE, YCTAHOBATCS, & SHTPOINST — YBEJIMIATCsI!




