NLL/
MUHUCTEPCTBO HAYKU U BBICIIIEI'O OBPA3OBAHUS
POCCUIICKOI ®EJIEPALIMU

OEJNEPAJIBHOE 'OCYJAPCTBEHHOE BIO//KETHOE
OBPA3OBATEJIbHOE YUYPEKTEHUE BBICHIEI'O OBPA3OBAHMUS
«IOHCKOU TOCYAAPCTBEHHBIU TEXHUYECKNUU YHUBEPCUTET»
arrTy)

CDaKyJIBTeT ((MaIHI/IHOCTpOI/ITCJ'IBHBIC TCXHOJIOTHUH U 060py):[013aHHe»

Kadenpa «duznueckoe u NpUKIaIHOE MATEPUATIOBEICHHUE)

HEPABHOBECHBIE ITPOLIECCBHI 1 ®A30BbIE ITEPEXO/IbI

KoHcniekT nexuui

Yacts 1: «TepMmoanHaMuyeckas Teopusi HEOOPaTHUMBIX IIPOIECCOB»

PocrtoB-Ha-/lony
2018



COIJE PAKAHHE

ITPHHATEIE OOOZHATEHET ...ttt et ere e e e re e et et s ae e s e et e e e e s aan e s e
BETREEIRIES ©on iy a0 s i S e o e S S o S R S L R S L SR

I'naea 1. /IHHeiHAS HEPABHOBECHAA TEPMOTHHAMHBEA .. ......oooiiiiniiinnnaaeinnnnn.

1. COCHOBIETE DDCHCEABIIEEIRIE .0 v s o sinmssmn s s o i s 5w s S s i dory

L2, SIRHCHEN TEPEHIONA oot i s s i e o kS A e i v i e i B e S e S e i e

1.3. TlocTyaaTel THHeHHOH HEPABHOBECHOH TEPMOIHHAMEEH .. .....ovveinaneannnannnnns

1.4. CranmHoHapHBIE HEPABHOBECHEIEC COCTOMHHA ..vuvruvrnnnnnninnnnunnnnsnssassernnnnnns

I'raea 2. HelaHeHHAS TepMOJHHAMHAKA (CHCTEMAa BIAJH OT PABHOBECHHA) ..........

2.1. CaMOOpraHH3aIHT B HEPABHOBECHBIX CHCTEMAX ...ouitin i iaeeianiainaiaaecaeaaaas

2.2, XapaKTepHCTHEA CAMOOPTAHHSVEOITHECA CHCTEM ..vvvunrinrsernnnnnnnnnieraarsamnnians

15

15



[IpuaATEIE 0003HAUSCHHA

A —pabota

D — koaduinent anddy3nn

F - cuna

J — moTok

] — INIOTHOCTH TOKa

L — nnuHa, KHHeTHYeCKHH Ko3pdHIHEHT
M. m - macca

N — KOTHYeCTBO JacTHII

11 — KOHIEHTpaLlHA 9acTHI

P - nasnenne

P - HMITV.IBC

R - conporuBicHHE

S - 3HTPOIHA

S - mIomans

t — BpemA

T - Temmeparypa

V — 00BEM

V — CKOPOCTh

{1'} - CpeIHAA CKOPOCTh TEITOBOTO IBHAECHHE

W - sHeprusa

I — ToK. HHpOpPMALTHA

X — KOOpIHHATHAA 0Ch. TEPMOIHHAMHIECKAA CHIIA

() - CTAaTHCTHYECKHH BEC COCTOAHHA CHCTEMBI

J. - CpeHAA IIHHA CBOOOIHOrO Ipodera MOIEKY I ras3a
G - MIPOH3BOJICTBO SHTPOIHH

N - ko3¢ QHIHEHT BHYTPEHHET0 TPEeHHA (BA3KOCTE)

¥ - KO3(hPHITHEHT TEILTONPOBOIHOCTH

Il - MOIAPHAA Macca

p - IUIOTHOCTH BEIeCTBA. VIEIbHOE CONPOTHRISHHE

OnopHBIe 3HAHHA: SHEPrHi, TeMiepaTypa. padoTa. Hadala TepPMOIHHAMHKH. SHTPOIHA. CTATHCTHUECKHIT
BEC COCTOAHHA CHCTeMBL. MAaKPOCHCTEMaA, VCpeIHEHHBIE XapaKTePHCTHKH MaKpOCHCTeMBI — A7THHA
cB0OOHOTO Npodera H TeMIIOBad CKOPOCTh MOIEKYT: JHD(Y3HA. IPOLECCH B HASAaThHOM ra3e. YpaBHEHHE
COCTOAHHA HASATHHOTO ra3a: TPagHeHT BEIHUYHHBL CHIA. MOMEHT CHIIEL.




Breaerne

Mer #HBEM B CI0#AHOM HEPABHOBSCHOM MHPe HEYCTOHYHBOCTH H HeoOpPATHMOCTH, HEMHHEHHOCTH H
0OpaTHLIX CBAICH. 3BOMONHH H KaTacTpod. Xaoca H CIOAHEHINX CaMOOPTAHHIVIOMHXCS cTPVETYD. Jliobas
MAKpPOCHCTEMA BEJET Cce0d KAk pPaBHOBECHAf /IIIIE B HEKOTOPELX ONpeJeTfHHEIN, XapakTepHEIX T4 Hed
VCIOBHAX. 10TJ1a OHA OJHOYHAYHO PEATHPYET Ha He COHNHOM CHIEHOE BOIMVINEHHE EBOIBPANAAChE B
HCcXogHOoe cocTogHHe. [IpH 3T0M cOCTAaRIAROIIHE e OOBEKTEl B3aHMOIeHCTEVIOT JHINE Ha OMHIEMNX
PAacCTORHHAX, H 114 o€ ONHCAHHA IPHMEHHMA MOJeT: HICIHPOBAHHOH CHCTEMEL TepMOIHHAMHUECKOS
PABHOEBECHE KOTOPOH — MAKCHMATBHEIH Xa0C.

IIpu VvOATeHHH OT PABHOBECHA CHCTEMA MOMKET CTATE HEYCTOHTHBOH, NPHIEM &8 BOIBPAT K HATATEHOMY
COCTOSHINO HeoOA3aTeneH. B HeKOTOpEIH MOMEHT, B TaK HassBaeMoH Touke SmdvprALNN (pasBeTBICHHS)
ef NoBeJeHHE CTAHOBHTCHA HEOTHOIHATHEDM, HHMTOEHO M0 BO3deACTEHE HIBHE MOMET CTATE IPHIHHOH
BEIOPAHHOTO €10 JATEHEHMIEro MVTH PAZRHTHA. TaKAR CHCTEMA OTEPEITA. OHA IOCTOAHHD 00MEHHBASTCH C
OEpPVAAIMEeH cpenoH sHepraeH, IHTPOIHEH H BeIIeCTEOM.

B 3anéKHx OT paBHOBECHA COCTOSHHAX BOZHHEANT 3(pEKTEl COTIACOBAHHA O0OBEKTOR, JAKe 3HATHTEIEHD
VIATEHHEL IPVT OT IPYTa B OPOCTPAHCTEE H BO BPEMEHH. JTO XAPAKTePHO LT THO0H MAKPOCHCTEMEI —
MOIEKy L, OHOMOTHYECKHY KISTOK, HelipOHOB, AHBOTHRIX, MoJeH H T.0. B pe3visTaTe cOrIacoBaHHOIO
NoEeIeHA 00BEKTOR IPOHCKOIAT IPoNecesl VIOPATOICHHA, BOIHHEHOBEHHA H3 Xa0Ca JOBOIBHO CI0EHEIX
CTPYETYP.

CHcTeMaMH, JTATEKHME 0T PABHOBECHA, ARIMKTCH TATAKTHER, B KOTOPEIX HIET NOCTORHHEIH O0MEH
BEIIECTECM MEEIY 3BE3IaMH H MeABEITHEIMHE 00maKaMH. B Hegpax 3831 HOVT MOIIHEIE TePMOATEPHEIR
NpoNeccEl H TPOMATHEN BRITeIeHHEM 3HepIHH. B HeATPOHHEIX 3BE£31aX BOIHHEAST VIOPAIOUEHHOS
COCTOAHHE BEMIECTBA, NomobHOe cBepxTekyIecTH. B ConHewHOH cHcTeMe 3a CI€T HeCTAOHOHAPHEIX
nponeccok Ha ColHIle HATYIaeMEIH HM IIOTOK 3HEPTHH He NocToAHeH. [IpH ero Koie0aHHAX COMTHETHRIH
EeTep (IOTOK 3apA&FHHEIX TACTHII) MOKET VIAPHO BO3IeHCTBOBATE HA MATHHTHOE IIOJIE IUTAHET H. KAk
PEeIVIBTAT. - Ha Iponecck B aTMociepe. Bee Teuenns B Hefl, CBA3aHHEIE C KOHBEKIHe . CIOXHEI H
SYBCTEHTEILHEL JAKEe K CIA0EDM BHeITHHM BoanMyIIeH. HeycToRUHBOCTH HAOMIIOMAKOTCH B [IIA3Me, B
KHMHEECKHY PEAKTOPAX, B MEXAHNIeCKHY, THIPOIHHAMHIECKIX OIpoleccay. YUET obnacTeH YeTORIHEBOCTH
H HX XAPAETePHCTHE HeoOX0OHM A COBPEMEEHOH TEXHOIOTHH H CTPOHTEIECTEA, 19 OPraHHIATHE
[IPOHIBOOCTEA.

CnemopaTensHO, H3YIEHHE HEPABHOBECHEIX CHCTEM HeoOxommo. MM 3aHHMasTCa HOBAA 0DIACTE HAVEH,
KOTOPYE) HR3EBAIOT H CHHEPIeTHEOH. H TEOPHEH THCCHIIATHEHER CTPVETYD. MEI HaUHEM OIHCAHHE
OTEPEITOH MaKPOCHCTEMEL C HEOOQIEIIHY 66 BOIMYINEHHH.

I'zaea 1. /InHeiiEAA HepABHOEECHAA TePMOINHAMIEA

1.1. OcHOBHEIE OpeICTAEIEHIA

Hrak HepAEHOBECHAR TEPMOIHHAMHEA — 3T0 TEOPHA HEODPATHMEDL IPOIECCOE B OTKPEITEDY CHCTEMAN.
PasHosecHAA TePMOTHHAMHER HIVIAST MAKPOCHCTEME] TOMBKO B COCTOSHHH PABHOBECHR H J38T o0mHe
3EAROHOMEPHOCTH €70 VCTAHORIEHHS. HANPARTEHHE HeoOpaTHMOIO NpoNecca H IpHEIHIHATEHYIO
BOZMOEHOCTE €T0 TPOTEKANHE B TaHHEX YomoBHsx OHA 3aKmoveHa B cooTHomennn Inbddca:
dW =T-ds—a4.
KOTOpoe 00LEIHHAET B cede ef Nepeoe H ETOPOE HATATA:

A =dW+d4 m a‘s=$.

3aece W — BEYTpEeHHAR IHEPIHA raza, | — ero TeMIepaTypa. s — SHTPOIHA,
A — pabota raza. Q) — moay49eHEHOE HM H3BHE Tewio (OvEea d COOTBETCTBYET MATOMY HIMEHEHHIO BE/IHNTHHEL
& - MaTOH MOPITHH).

3TH (OpPMYIEl HE COTEPAAT BPEMEHH, MOITOMY HE IMO3BOIAIOT NOMYIHTE HHQOPMAITHID O CEOPOCTH
nponecca. HepaBHOBeCHEIH NpoIecc OINHCBEBAETCH JHINL HEPABSHCTBOM o5 > (. OSHAYAIOmMEM, TTO
SHTPOMHE HiOMHPOBAHHON CHCTEME] HE MOEET YORIBATE.

Ec/m BEECTH MOHATHE CKOPOCTH BOZHHEHOBEHHSA SHTPOMHH (28 «IIpOHIBOACTEAY )
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TO BTOPOE HAYAT0 PABHOBECHOH TepMOTHHAMHEH 2alHINETCA B BHOe o = 0.

TepMoIHHAMHEA HEPABHOBECHEIX IPOLECCOR IOIBONAET HCKATE OTESTE] HAa TAKHE BONPOCH, KAk
- KAKOBEI HCTOUHHEH BOZHEHEHOBEHHA JHTPOIHH E H3IOTHPOBAHHOR CHCTEME,
- KAKOBA HX MOIIHOCTE,
-  YI0 [OPOHCXOOHT B OTKPHITOH CHCTeMe, cIoocoDHOH oO0MeHHBATECA BeIISCTEOM H 3SHEpIHEH ¢

OKpYEatomeH cpenoii

B 1mHeiiHOA CBOCH 9acTH 0HA HIYIaeT IPONeccH B CHCTEMAX. HE CIHIIKOM JATEKHX OT PaBHOBECHBIX, B
ef OCHOBE JI€#AT HeCEQMBKO mocTyaarce. [Ipexne. HeM HX 00CYAIATE, PACCMOTPHM B KAUecTBe IPHMepa
OIHCAHHE HeODPATHMELIX MPOLIECCOB. HMEIONTHY 0DITee HAIBAHHE «IRIEHHA HEPeHOCa.

1.2. Ap1eHnd mepeHOCa

Ecms MakpoCcHCTeMY BEIBECTH H3 COCTORHHA PAEHOBECHA, CO3TAR B HeH IpagHeHT KakoH-THOO
OIMHCEIBAIOIIEH ee BemHTHEE & ( grads = ir—b ). TO HAYHVTCH HeoOPATHMEIE [IPOIECCE! BOIBPATA CHCTEMEL
e
K HIUATEHOMY COCTOSHHI. Bo3HHEHeT NoToK J. NponoplHOHATEHEI 3TOMY IDATHEHTY H HAIPARIeHHEL
IPOTHE HETO:
J=—B-gradé.
KospdrumerTt nponopiHoHATEHOCTH B BEMHCIAETCA € YHeTOM MHKDOCKONHYECKHX MpOIECCOE,
BOCCTAHABHBAKIIHY DABHOBECHE, - CTONKHOBEHHH MHEPOYAcTHL. PaccMOTpHM ABIeHHA IepeHOCa B
PazpekeHHOM raze.
Jdndupvina Ecoe B raze co3daH rpagHeHT KOHITEHTPAITHH MOMeEYT grad n, To BOIHMEAET MOTOK
gacTHI Jy | OnpeenseMEli o dopiyIe
_dN
S, -dt’
rae dN — KOIHYeCTBO HACTHI, NEPEXOIANTHEX 33 HHTEPBAT BpeMeHH di €Wepe3l MOMEpedHVEO ILIOMIAIKY
miomamse S, . [IpH HeDOIBINIX rPATHEHTAX KOHIEHTPAIHE NI COPABENIHEA 3KCIIEPHMEHTATEHAR GopMyIa

®uka: Jy=-D gradn. roe D — kosbduunent middyam Monekyae! raza opH cEoeM XaoTHIECKOM
IBHEEHHH CTAIEHBAIOTCE OPVT ¢ OPYTOM H €O CTEHEAMH COCYE3, H BCH MAKPOCHCTEMA CTPEMHTCH K
HaHOOISE BEEPOSTHOMY COCTOSHERD — PAEHOMEPHOMY PAcIIpeIe/Ie D 1.
cn dn  on
Ilyete grad n = - —. a — =—=0. [na eemmcieEns D npeacTaEHM cebe CHTVAHIO BOTHIH
&x gy &
BOOOpaEKaeMOH IITOCKOH IOBEPXHOCTHE 5, . NepPHeHIHKYIAPHOH ocH X
(Ha pHc.1 oHa H3o0pakeHa NPepPRBHCTOH MHHHEH).

a) =}
LGN Ny
.

grad, n
—

Nl =
-
*

Puc.1



BvaeM cHUHMTaTeE, 9TO MOCTETHHE CTONEHOBEHHA MOISKYIB! MPETEPOEBAlOT HA PacCTOSHHH A (cpemHid
IUTHHA cBODOIHOrD mpodera) oT mwiomankH. 3a epems  di gepes Hee caesa mpoiiger dN. MoJekyI, a cIpaBa

1 1
dd.: 4N, =E”1 -d¥ dV_ =En3 -d¥,
roe dV = {v}-a’a‘-&' | - ODBEM Tra3a, MOMEKYIE KOTOPOTO VCIEHT 33 EpeMA dt mofitH Jo mromams. OH
OTpPaHHYEH IUIOCKOH MIOBEPXHOCTEI) S H PACCTOAHHEM. IIPOXOMHMEIM MOJEKVIAMH 33 Bpem: dt co cpemHeH
CKOPOCTBIO XA0THIECKOTO TEIUIOBOTO JRHAKCHHA (V).
MHOEHTETE % VIHTBIBAET, IT0 H3 INECTH PABHOTIPABHEIX HANDABIEHHH CKOPOCTH (*v,.fv, fv.) Hac
HHTEpECYeT TONBKD OJHO.
1 gl
Torga dN, = En! {m:* -5, -dt B dN_= E}rg im} -5, -dr.
B pezynsTaTe 3a BpeMaA df Hepes IIOWATKY NPOHAET KOTHYECTBO MOTEKYIT
dN =dN.—dN. =%{1-‘} 8, il —ng)
_ : cn
PazsocTe (my—n,) BEIpa3uM Yepe3 IPATHEHT KOHIEHTpaImi:  (m —n, ) =- E-dx__
T 3HAK «MHHYCY» COOTBETCTEYET VORIEAHHIO KOHIIEHTPAITHH ¢ PACCTOAHHEM.
d
Ecmiza dx npumate 20, 10 (my—my) =—TH-22= —2A4-gradn =
&
1
AN =—= 47 -{v::--gmn'n -5, -dt.
dN I,
3

A {m} - gradn

IToTok 9acTHIT Ty = . o —
Rl L,

H koappumment aadpdy:an D= %ﬁ - {‘L}

& , g% g T o) fF
AK OH FABHCHT OT aAlE B Id3d: B by By =
g P Cc-T \ my
JEaTHT, Dwi
P Jmy(C—T)

YeM CHIBHEE Pa3peikeH a3 (MeHBIIE €ro JaBIHHE), TeM Jere MOJIeKy.IaM JBHTaThCA H BRIIIE 3HAUCHHE
D. Koraa A cTadeT paBHOH NIHPHHEE COCYIA. €€ 3HAYCHHE NePecTAHeT HIMEHNTRCHE C YMEHBIIEHHEM
JARTEHHA, H Toraa kodddmmenT quddyInu rasa OyJeT onpeleIaTscd TOMLKO 10 TEMIIEPATYPOi.

Ecrmn obe 9acTH ypaBHeHHA PHEA YMHOAHM H3 MAcCy OJHOH MONEKYIEL ). IOMYIHM BEIPAKEHHE 1714
noroka Maccel:  J,, =—-D-gradp. 1me po=n-m, - IIOTHOCTE raza. Macca BemecTea.
NEPEHOCHMOTO 33 BpeMa At Yepes MOBEpPXHOCTE IUIOIMATEID S, . paBHA

AM =-D-gradp- 5, -At.

3axoH qH(GYIHH B OMHOMEPHOM BAPHAHTE CIIPABEITHE 114 HIEATLHEIX [A308 H pacTBOpoB (3agada 1.

TMEKITHOHHEL OIEIT 1).

TennonpoeoaHocTe. EcoH B raze co3gad rpagHeHT Temuepatypsl, grad T, B HEM Bo3HHKAST HOTOK
TEeILTOBOH >HeprHE Ty -

_dw
S, -dt

ITpu webompmmx 3HaveHasx grad T copaBemEa SECHEpHMEHTATRHAR GopMyia $yvphe
Jy=—y-gradT . rZe y- ko3}HOHEHT TeILI0OPOBOIHOCTH raza.

w

BerHCTHM ¥ TAKHM e CIOCco00M, KAk H koadumEenT mddyamm D.
ITycTs 'ﬂﬁr——ﬁ a E—E—ﬂ (Puc.2)
s AT T B & =



KoaupgecTBo NepexolqImuX 9epes IIOMATKY S5, Modekyal N. =N.. NDOCKOIBEY HX KOHIEHTPAITHA
i
OIHHAKOEA B0 BCEM cocvae. Ho Temnorad smeprud, neperocHMad dN gacTHmams, paBHa 4 = ;kf -dN,

rae BeTHIHHA 1 OmpeIe/IAcTCA THCIOM CT emeHeH CEOOOIRI MOTCKY IR, a4 TEMIICPATY RS T zaBHCHT OT
EOOPOIHHATEL X.

. _— :
Creea depes MIOMAIEY MOTEKVIEl DePEHOCAT IHEPIHED dW,_ = ?.i'r]’] -dN

acnopaea dW_=—kT,-dN. KoiHdecTBO 9acTHIO. DOIXOJAMIHY K ITONIATKE 33 Bpema dt.

L
2
dN = %h‘ -{v} -8, -dt.

Temmeparvpel T; # T2 COOTBETCTIEVEOT PACCTOSHHED A OT ILTOMATEH. OOmIHH TeIIOBOH IIOTOK,
NpOHHZBEBAIIHA e, W =W. - W_  pagern:

1 v
W = -{vl}-%k[fﬁ ~T,) 5, -dt
T i
Brpazan (T1 - T2) wepes grad T : L-T N dx = —gradl -2A
i i
Toraa dW = —En - A-{v} -%i‘ -gradT -5, -dt H TEIIOBOH MOTOK

Fo = —%n-i-{v}-%k-gradf

. 1 . i
CrnegomaTeasHo, y=—-n-Ai- {m) -—k.
3 2
e ;
Ko3ddHuHeHT TEIIONPOBOIHOCTH H3MEPAeTCE B —— B cHcTeMe CIHL
Mm-c-K
Fak 0H 33BHCHT OT DapaMeTpoR raza’
T P | T
DVHKIHAME TeMIepaTy Pel ABIAH0TCA A~ H~— H (m} ==
C+T T \ my
a TAaKAe BEIHYHHA 1. B mpenenax HEH3MEHHOTO ef 3HaUeHHT
T 1
Fon_———= R Fmry : OT DAaBICHHA Y HE IaBHCHI.
Cr -+ T 4 mﬂ

IMockoTsky Ko3QHIHERT TEIIONPOBOTHOCTH 2aBHCHT OT TEMIIEPATYPEL, VpaBHeHHe DVpEE CIpaBe IMHEO
mume g1g Maaerx grad T. Kpoue Toro. yaéT zaBucHMocTH  p(T7) npH pacuéTe Jw HeCKONBKO HIMEHAET BHI

VpAaBHeHHT TelIonporeInocTH: Jp =—grad(37T)
H [IPH THHEEHHOM H3MeHEHHH TeMIIePATY PRI Ia3a ¢ paccTogEHeM T(1)
_hhi—rh

| et

Ty

TOe Y1 H Ij COOTBEICTBYIOT TeMmepaType 11, a ¥z H Iz - TeMmeparype To.



Y paBHEHHE TENIONPOBOIHOCTH CIPABEITHEBO A TA308, KHIKoCTel H TBEPIEIX Ten (3aga=a 5.
MeKITHOHHEIR ONBIT 2. JadopaTopHas padoTa 1).

BeEvIpeHHee TpeHHEe. ECIH B raze JBHAETCH CO CHOPOCTIRD V kakofi-THGO O0OBEKT, OH VBIASKAST 33
COOOH VIAPAHITHECH O eT0 IOBSPXHOCTE MOTEKVIIEL Fa3a, NepeJaBad HM TacTh CEOSr0 HMIVABCA (To e
[IPOHCXOIHT NPH NPOTEKAHHHE Ia3a, HANPHMED, B Tpyoe). XaoTHUECKHE CTOMKHOESHHT MOTEKY T IPHBOIAT K
EOIHHEKHOBSHHK) IPAJHeHTA CKOPOCTH HX HAallpaBlIeHHOTO OBHAeHHA gradV, mepneHIHEVIAPHOO CHOPOCTH

V (Puc.3)

3
-,
e

Prc 3
dp
B pezvIETaTe BOIHHKAST IOTOK HMIVIECA Jp ¢ =
°§ -dt
IIpu Hedonemux gradV COpaEelTHEA IKCOEPHMEETATEHAS dopuyaa HeoToHA
J,=-n- gradV . rae 7 - ko3pPHOHEHT BHVTPEHHET0 TPeHNA (BEAIKOCTE) raza,

OH BEIMHCIASTCA AHATOTHIHO v H D.
IIycte gradV = —ﬂ . a ﬂ= il
: o gy &
IPOXOIHT OIHHAKOBOE KOMHYecTEO HacTHI, T.e. dN. =dN.=dN. CropocTs HX HAIPaETEHHOIO TEHACHHA
V pazmmunaa. (Ecan Ha pec.2 Ha OCH OPIHHAT OTIOKHTE IHATEHHA CKOPOCTH V EMecToT MM, PHCVHKOM,
MOAHO BOCIIONB30BATRECA IPH PACTETE T1)).
Humyase, MepeHOCHMEIR MOTekyIaMH cieBa, dp.=pg1dN. . paeer

dp, =mulﬁ-é-n-<v}-5ﬁ-dﬁ_

=0. Cnpaga H cIeEa Tepes WIOWATKY S5, 3a Bpema dt

e pg H My - HMIOVIRC H MACCA OTHOH MOTISKVIIEL 3 OepeHOCHMEIH cpaBa —
1
dp_ =mglV, - -H-{l’:."- S, -dt.
6
Cropocts Viu Vi, COOTBETCTEVIOT PaccTOAHHIO A OT MIOIIAIKH. Pe3vIETHPVIOMHA NepeHOCHMENR

HMITVIBC dp = %-}r-(vﬁ-mﬂ -(F—F,)-§, -dt.

v
Bripazan  (Vi— V) 1epes grad V: V-V = e 24 =—gradV -24.
1
Toraa dp =— : -1- l:v} -A-my-gradV -5 -df HIDOTOK HMIVIBCA

1
Ty = —E-n-{v}-;{ -y - gradV
Kosdduunent BHVIpeHHETO TPeHHA (BA3KOCTE) PAREH:

1 1
7= : A {1} -M-mMy HIH, BEIPAACHHEIHA 9epe3 ILIOTHOCTE rasa p: = . -A {v} o

H-c

2
M

Fak 0H 33BHCHT 0T mapaMcTpOB raza’

[
i T i 11 <1’>~ | T Tq.'T-m{.

ma—— i [— . moaToMy 7~
2 B P \my (C+T)-P

OH H3IMePARTICA B B cHeTene CH.



Temtopas CEOPOCTE MOTEKY T {V}' THATHTEIEHO BEIIIE K?JHI—LPDCKDITH"IECKDI&}} CEOPOCTH WV

HAIPARTEHHOTO JBIAEHHA, C KOTOPOH a3 IBHASTCE KAk eJHHOE UeToe (HIH B HEM NepeMeImnasTcs
IOCTOPOHHHHA 00BeKT), oM. Puc 3. CKOpOCTE XA0THISCKOTO TEIIOBOTO JEHACHHA MOTEEYT MOEET OBITE
HApaBIeHA OPOHIBOJIBHO, MOJIEKY/Ia MOKET BEIIETETE H3 CJI0A, JBHAVINETOCA MeIIeHHO, B CI0H, TeKYIIHA
OBRICTpee. H HaoOopoT. HCIETAR CTOMKHOBEHHA B COCEIHEM CI0€, 0HA HIMeHIeT CEOK CKOPOCTh Tak, STOOE
CTaTE HEOTIHIHMOH. THOO 3aMeIMACTCA, THOO VCKOPAETCA. IepeIaBad MoleKyIaM CI0d PAsHHOY B
HMIOyIscax. CyMMapHEIH HMITYIBC, NepeHecEHHEIH MOIeKYIAMHE H3 OOHOIO 104 B ApVICH B e JHHHIY

dp
BpeMEHH. CO3TaET CHIY TpeHHA Fp Memay ciosvH. Tak kak cHma  F = s 0 F,=J,-5,., HHa
” L
EIHHHNY LI0IIATH NOBEPXHOCTH JeHCTEYET CHIA
F,, =—1-gradV

VpaBHeHHE 174 BHVIPEHHETO TPeHHA (BAIKOCTH) HCIOMB3VETCA IPH ONHCAHHHE TA20B H MHOTHX
#ugrocTed. (3azaum 2. 3, 4, TeKUHOHHENL ONEIT 3, TadopaTopHad padoTa 2).

1.3. HocTyaaTel IHHEHHON HePABHOBECHOH TepMoIAHAMEKE

1-f moCTVIAT - OPHEORD J0KAJILHOT0 PABHOBECHA. PAcCMOTpeHHEEE ABTCHHA IepeHOCA THIHMHEL 1714
HEePABHOBECHOH cHCTeMElL B 00RIHHEIX MOTOKAX Ta3a H AHIKOCTH NIOTHOCTE, TEMIEPATVPa H
THIPOIHHAMHYECKAS CKOPOCTE He IOCTOSHHEEL OHH MeHAITCE 0T TOUEH K Touke. HX rpagHesTH OPHBOIAT K
BETHYMEHNK PeIaKCaTHOHHEY IPOHecCcoR, CTPEMAINNECT ERPOBHATE HEQTHOPOIHOC TH CPETIEL, - BOIHHEART
noToxH. B o0men cIviae OHH BEIZBIEAKTCA 0000 MEBHEBIME TePMOITHAMBIeCKEME CHIAMM.

[TpHHIIHD TOKATRHOTD PABHOBECHA QOPMVIHPVETCH CASIVIOITHM 0Gpa3on:

Ecam oponecchl, HAPYVIIAKIIAEe PABHOEECHEe, MeHee HETeHCHABHEL, 9eM GopMEPYHINNE eT0, TO
HabIwIaeTcH paBHOEBecHe B PHM9eckl (ecKOHE9HO MAaI0M 00bEMe JaHHON CHCTEMEL.

B 3ToM cAVIae HEPAEHOBECHYIO CHCTEMY MOKHO OMHCEIBATE TEMH e (VHEITHAME COCTOSHHA, IT0 H
paBHOBecHVID. Toraa a4 Hed COpaBed/IHEC ETOPOS HATAID TEPMOIHHAMHEEH B GopMe cooTHomeHH: [ HOGCA.
Bo3MOEHOCTE €70 OPHMEHSHHT 1714 733 OTPaHHETHEAKT I83 VCI0BHT.

1) cHOpOCTE BHEMIHETO BOZIEHCTEHA Ve JOMAHA ORITE MATOH MO CPARHEHHED CO CEOPOCTRED

PEIAKCAIHOHHOTO OPONECCa Vp, BOCCTAHABIHBAKINETO PABHOBECHE (OTHOLIEHHE fTB IOJDEHO OBITE << 1);
F
2) Bpend HAOMHOISHHS t TOLAHC 3HAMHTEIRHO IPEBRINATE XapakTEPHOE BPeMd T MIeMEHTAPHOTO
PENAKCAITHOHHOTO MPOIecca: t==1.

PelakcallHoHHEHE IPOUEce B Tale — TEIIOROS XA0THISCKOS TRIECHEE eT0 MoTeky I IIpn 0ORMHE
VCIOBHAX BPEMA VCTAHOBICHHA MAKCBEIIOBCKOTD PAcOpeIeTeHR MOTeKyI 00 CROPOCTANM IOPEILA
CpedHETO EpeMeHH CBOOOIHOTO Ipooera, T.e. T~ 10" ¢. Tomsko o4eHB HHTEHCHBHEIH MIPOUECT MOEET
KOHEVPHPOEATE C MEXaHHIMOM CTOIKHOBSHHH MOTekyI. B 3eMHEIX VCIOBHAX TAKHE IPOIEccHl NPoHCKOIIT
IpPH PacIpoCTPAHSHEH CHIBHEIX VIAPHEIX BOTH HIH OPH BOIIeHCTEHH MOITHOTO TAIEPHOTO HITVIeHHA B
KOCMHHSCKHX VCIOBHAX I'ad CHIRHO PAIPeAeH, cpelHes EpeMA CEOOOIHOIO IPOOera ero Moleky I BeIHED, H
MIO3TOMY HAPVIIHTE €70 PABHOEECHE CIIOCOOHO H He CIHIIEOM HHTeHCHEHOE BO3NeHCTEHE.

Takun 00pazon, IPHHITHI T0KATEHOTO PABHOBECHS OTPAHHYHEART KIACC CHCTEM, TOCTVIIHE
TepMOTHHAMHEYECKOMY Pacdéry.

2-fl IOCTVIAT - TEPMOIOHAMO9eC KA VPABHEHNA IBEMAeHNA. { 0T TACHD 3ECTIEPHMEHTATEHEIM
JAHHEIM, I714 MHOTHX HeQOPATHMEIX ABIeHHH E ITHPOKOM JTHANAI0HE VOIOEHH NOTOEKH J IHHeHHO CBAIAHEL
€ TepMOIHHAMHYECKHMHE cHTaMH X, T.e. J=LX raoe L — kuHeTHUeckHH Ko3dHIHEHT, OnpeaendeMEli
apaMeTpaMH COCTOSHHS (TEMIEpaTypa, JABTEHHE, COCTAR H T.1.), HO He 3aBHCHmHEd or Ju X

IMpuueps! — 3akoHe] Duka, Dypee 1 HeoToHEa, 00 KOTOPEDM TepMOTHHAMETECKHE CHITEL ONIPe TeI:TCE
IPATHEHTAMH KOHUEHTPALIHH MOXSKY I, TEMIEPATYPEl H CKOPOCTH HAIPABICHHOTO ABHACHHS (4BTeHHA
nepesoca). J1d XHMHYSCKOH PeakIHH MOTOKOM OKAIBIBASTCA €€ CEOPOCTE V. a TepMOIHHAMHYECKOH CHIOH
— XHMHYECKOE CPOIACTEC A (CIOCOOHOCTE TAHHEIX BENIECTE K XHMHYSCKOMY BlauMomeficTeHio): V=LA

FECIEPHMEHTATEHO JOKA3aHA CIPABSITHEOCTE THHEHHEIX COOTHOIEHHH NPH ONHCAHEHE TH(dVIHE B
TEMIONPORGTIHOCTH B TOCTATOTHO IMHPOKONM THATIAZOHE TapaMeTpoE. K OIMH=ueckin peakiinan oHl
TIPHMEHHMEL THINE B 0U€HE V3E0H 00TACTH BOTHIH COCTOSHNA XHMHETSCKOTO PABHOBECHA.

TepMoIHHAMEEA IOIPA3Te12eT HeoOPAaTHMELS IPOUSCCE HA TPH IPYOOEL



- CKATAPHBIE (XHMHIECEAT PEAKITHA ),
- BeKTOpHBIE (1udd V3N TeNTONPOEOIHOCTE).
- TeH3OpHBIE (BHVIpeHHS: TPEHHE).

B peanpHEIX cHCTeMaxX NOJOOHEIE OPAMEIE MPOIECCH CONPOBOATANTCA H TaK HA3BIBAaeMBIMH
mepekpécTERIME. Hanpmep, MOTOK MIEKTPHIECKOTO 3apAIa B WIEKTPHUSCKOM MOJIe MEPEHOCHT H
KHHETHIECKYE JHEPTHIO. H MAcCy JBHAVIDHXCA HacTHI (I.€. BOIHHKAKT H IIOTOK Ten1a H auddvzna) B 10
e Bpems THQQYIN 3apAASHHEEIX ACTHI CO3TaET H NOTOK 3IEKTPHISCKOTO 3apaIa.

TepMoIuHAMO9eCKHe VPABHEHHA JBILKeHHAA MAKPOCHCTEME] 3AMHCEIBAOTCL TAK:

|
Fow P B Xy i (1)
Ja
- vpaeEenHe OHcarepa. (1,3=1.234 . . m)
Npuanun Kopn copegenser, kakue Oponeccsl MOTYT BIHATE IPVT Ha OPYTa:
1718 H30TPONHBIX CHCTEM (CBOHCTEA KOTOPEIX IO BCEM HANPABIEHHAM OIHHAKOBE) NOTOKH H
TePMOINHAMAYECKHE CHEI H2 PAHBIX TPYIN He MOTYT OBITE CBA23AHEI IPYT € IPYIOM.
3TO OIHATAET, ITO, HANPHMED, CEATAPHAA TEPMOIHHAMHISCKAR CHIA HE MO&ET ERIIBATE BEKTOPHOTO
IOTOKA, H HAaoBopoT.
Ecnu EHHeTHIeCcKNe KO3 HIHEHTE] 3JABHCAT OT TEPMOIHHAMETIECKHY CHII, TO METOIE THHEAHOH
TepMOOHHAMHKH HE NPHTOIHE 1714 OIHCAHHA Npollecca.
Bre NOTOKH NPOHIBOIAT SHTPOIHIO, IPOHIBOICTEC 3HTPOIHH 33 CIET HeoOPATHMEIX IPOIIECCOB
OpeIcTABIAI0T B BHIE PABEHCTBA

KOTOpOE MO3BOILET CEA3ATE MOTOKH H TePMOIHHAMHYIESCKHE CHIEL (T.C.) B JTAHHEIX VCAOBHAX.

EcnH ¢ VIETOM CHeTHHEHE KOHKPETHOH MAKPOCHCTEMEI IOTOKH H T.C. BEIOPAHE MIPAaBHIBHO, TO VCIOBHA
(1) 1 (2) zoxxHL BRIMOTHATECE. OHH NOZB0ISOT ONPeIeTHTE 3EOTIONHE BCeX TOKATLHEIX
TePMOIHHAMHYECKHY DAPAMETPOR COCTOSHNS MAKPOCHC TEMEL

MeTogomM aHaTHIA pasMEepHOCTEH MOAHO BRIBECTH Qopuvian 118 X ®H L B 1o0oM mpouecce.

[o]=IOx/(c K1), TE o =ds/(dtV),
s=k Inl, 3Ha9HT, SHTPONHA HMEET PAasMePHOCTE NocTofHHOH Bonemana, [s] = T#/K.

PaccnoTpHn B KEaUecTEE IPHMEPA OOTOR Temaa, Jy .

[o onpegeneHEHK OOTOK TEIVIOECH 3HEPTHH PABSH JHEPIHHE, NPoXoIfmeH depes ¢ THEHIHVID
OTEPEIHVE ITIOMATEY S| 33 e JHHHIOY EPeMEHH, MO3TOMY

I L
Bl pim e

ataxsax [o]=[ulXe), 10 —2% A€ (v] e [x]--1
c-K-m M K-m
K 1
Bripazan X7 gepes gradT: [gde] ra MO3TOMY X —grmﬂ'-?
M
Torza g=—Jy -gma"f-%

3Had 3KCIepHMEHTATRHVIO popryvay Pypee ana rennonpopogHocTH Jy =—«& - gradl  (x -
r03QQUIHEHT TEMIONPOBOTHOCTH), MOAHO BEITHCIHTE L

il
JT=—rc-gma’T=Ier=—Lﬂ--gde-F H L =xT?.

PaccuoTpey ODOTOK 3apAda (3MeKTPHYeCcKIR TOK) E TPOBOIHHEE.
JECIepHMEHTATRHAS hopMyIa 1714 II0THOCTH TOKA:

F=i Tde P - VISTLHOS CONPOTHEISHHE MATEPHATA,
el



E — HanpA#éHHOCTE IMEKTPHIECKOT0 04 B TOH TOUKE, Ie paccMaTpuBaey j. B 1o xe epens E cBA3aHa ¢
PAsHOCTEIO MOTEHIHANOE d¢@ CIeIvIomeH dopMyIoi:

d 1
. —grade . moatoMmMy j=——- grade.
dr Fel
_ ) 1
Obosmam j=J, . Torzamorok zapgza J, =-—- gradeg .
d. K A
Ilo ompeneneHHIO IOTOK 3apAda  J, = ... H [J q] ... i
dt-§, c-M M
Hxe A Lo
ITosToMy ol=|X. /. ]|, Te —_—— =X | — H TOoTrOa X |=———
¥ [ ] l q] [ rzl Kol [ g] o [ q] T

B To e BpeMA M0 3KCTIEPHMEHTATEHOMY 2akoHY Ikovaa-TleEma OpH IpPOTEKAaHHH [0 NPOBOIHHEY
ToKa I B HEM 33 BpeMd t BRIIeNfeTCA TEIUIOBAL 2Heprud W, eClIH K HeMY NpPHIOAEHO HanpsxeHne U:
r A-B-¢ B
W=IUt, te. Jw=A-Bc, omym |X,|-—— e
c-K-m-4 K-m

BoasT (B) - €IHHHDA HIMEPEHHA PAazHOCTH NOTEHITHAIOE, {ﬁu;t}] =5

B _[de do 1
—=|—}, =D —=-—grad@,  NO3TOMY X, =—gradep-—
M | dr dr Froag Z : 4 T
1
Omnpegemmn Lg: Jo=LgXy: J;=- —gradg
e
1 1 1
IIpupaBHASH: —-gradg =L, —-gradp = L,=—T
P T o

[MoTox TeNNa NepeHOCHT YACTHITEL, T.€. OOHOBPEMEHHO £CThH IOTOKH H TeIIa M JacTHIL. A eclH 3TH
YACTHOE] 3APAASHEL TO €IIé H MOTOK 3apaga. T.e. gradT cosmaér motoxm  Jw. Jw, Jg.

B
VpaeHenne OHcarepa B o0Ined BHIe: J; = EL;,- -X; . rme 1.7=1234 m

-

A ecliH ecTh TPaTHeHTEHIH T. H ¢ Hq, 0 Jy=Ly Xy+Ly X, +Ly-X;.
-Jrﬁ' =Lﬂ.'H"XT +.E.i'rqu- +.E.|a.:\; 'XN. ..I‘\.' =LW 'Xn'jl' +£’§IFF_'XT +Lg_-.;-X_¢.

3-fH DocTVIAT - OPHHOND CHMMeTPHH KHHETHYECKHX KodddpunueHToR
(coorHOmenne OHcarepa):
[Tpn cOOTBETCTEVIOMEM BEHIOOPE MOTOKOE H TEPMOIHHAMHYIECKHX CHT B THHeHHEIX ypaBHeHHAX OHcarepa
EPEeEPECTHEIE KHHETHIECKHE KO3 HIIHEHTE pABHEL,
Li=L; npH i=j (T.e. He MO&eT ORITE Li=1L;).
Ecnn Ha motok J; Bamaer X, To Tak %e BuEAeT X; Ha Jj (ToT &e xapakTep).
3HaA 3aKOHOMEPHOCTH OJHOIC IOTOKA, MOKHO NPeICKA3aTE XApaKkTep IpVIoro.

JIuHefiHAT TEPMOTHHAMHEA HEOOPATHMEIX TIPOIECcCOR HMeeT YHHBEPCATRHEIR XapakTep — B
OIpedcIfHHEIX Ipede/lax OHA IPHMEHHMA 714 AHATHIA MH00H MoIeKyIApHOH cHCTeMEl. OrpaHHIeHHE —
EHHEeTHIeCKHe Ko3hOHITHEHTE He TOT&HE 3ABHCETH 0T TEPMOIHHAMHIECKHY CHII, JeHCTBVIOIIHY B
CHCTEME.

IlpusMepsl CEAZAHHALIX (HepeRPECTHRIX) D0TOKOB
PaccruoTpeM cBAIAHHEIE HOTOKH Telaa Jw H 3apAza J; , cosgaBaenEle TPAJHECHTAMH TeMIICPATVPE H
[OTeHIHATA B IPOBOIHHEE:
Fomln e He vl Xy | Jy=J=Ly-Xp+L,-X,
Henoas3veM IOy I€HHEIE BRIPAKEHHA 101 T.C..
gradT gradg _ gradT grade
i 2 _-E-wq i = i _L*.TW : 2 _L'?'E .
T T T T




CormacHoO COOTHOMEHHAM B3aHMHOCTH OHcarepa, Lo, = Lyg. Onpexenmy 3ToT KoddduirnenT.
IIveTs OpOBOJHAK He 3aMKHYT. TOK IIo HeMy He npoTekaeT. 1= 0 (IBa IpoTHBOMOTOEA
KOMIEHCHPVIOT Zpyvr apyra). Toroa =Tl X+ L - X =0,
radl ad
oniyna Ty Xpedgd o we BTt .y SR
¥ i T
gradg Lo
gradl F-Ly

Ecmon TPadHEHTEL Ta ¢ HMEHT OIHO HalPAaBJICHHE B IIPOBOIHHES, TO JCBAA 9aCTh 3TCI0 BRPDARCHHE

Pazmenus TpagHeHT DOTEHITHATA HA TPATHEHT TeMIEPATVDEL

PABHA BeTHTHHS | —— | . 0Ounage paEHA HVTO, CI&I0BATENLHO,
i ar )-I il

rpaJHEEeHT TEMIEPATYPHI CO3TAET B He3AMKHEYTOM OPOBOTHHKE TPAJHEHET DOTeHOHATIA, B HEM

BOZHOKAET 3 TeKTPHIeCK0e MoIe. 3TO SEICHES HasEBawT ddderTonm Jeedera, a BeIuTIHHEY

Col AP

TEPMOIIAPE IIPH HIMEPEHHH €K TEMIICPAaTVPRL KaKOoTO-THOO TeTa.

Er = - TEPMO3TeKTPOIBILEY e ¢TI0 (T33c¢). 3To ABRIeHHe HAOTHIASTCH, HAIpHMep, B

TTockoasky Lw = l-i’", 0 &= Lq“ £ = Lw EP
o Ir-r iy T i
ITO NO3BCIAeT BEMMHCIATE KHHeTHIeCKHe K03 HIHeHTE Mo H3MepeHHOMY 3HATEHHIO T30
1 3
Lpy=—-8&r-T"

Ecmm NpOoBCIHHE 3AMEKHEM. B HEM BOIHHEHET TOK. BI:IPESHM IMOTOKH TEIUIA H 3apaida TICPes
AECHEPHMEHTAIBHO HIMEDACMEIE BETHYHHEL-

Lyw=A-T, Ly=—T. L,=

pe=—-r-T°

4 2

o o
1

CneaoatensHo, J, =-A-gradl —— & -T-grade.

[paIneHT MOTEHIHANA HMEeT JBA HCTOYHHEA — BHEIIHEee II07IE H TPATHEHT TeMuepaTvpel (3ddext
3eebexa). [[ycTE BHeNIHEro MOIA HeT. [OTIa 1714 HE3AMKHYTOIO IPOBOIHHEA  gradg = —gp - gradl .

[O3TOMY
1 1

[JH.L_,:] =—A-gradT +—-z—:§ -T-gradT = —(A——-Eﬁ-?}-gmd?’ .
4 o P

x 4 A i
BemuuuHa (A-—-&-T)=4,, ONHCEHEBAcT TeNIONPOBOIHOCTE B CHCTEME CBA3AHHBIX MEEIY COOOH
el

3IeKTpHYIecKOrC TOKA H TeILIOBOTO IIOTOKA.
3aMEHEM MpOEBOIHHE, He BETHOHNAT BHEIIHETO IOIA, — DOTEUET TOK (HOTOK 3apaia):

1 : 1. I 1 1 1
j=——-¢& T -gradT - ———-T-gradp-— = ——- g - gradl ——- gradg
o r~ p e B P

o

Ho gradp=—&;-gradlT . mostouy j=——-& -gradT .
Jo,
[Iprio#HE:N K 3aMEEVTOMY IPOEOIHHEY BHEIIHEE 3IeKTPHYeCcKoe MoIe HaNpaacfHHoCTE E =- grade.
3amHme BEIPAAEHHT 1714 MOTOKOE TeIUIa H 3apaIa:
1 2 1
Jh=—ﬂ,-graa’T+;-£r-T-E; j=—;-£‘?-g?'arﬂ"+;-.€.

JInHefiHAA TePMOIHHAMHEA HEQOPATHMEIX IIPOOECCOB HMeeT YHHBEPCATBHEIH XapakTep — B
OIpeIeISHHEN IpeIeIax OHa IPHMEHHMA TA AHATHIA TH00H MOIeKyISpHOH CHCTEMEL



14. CranmoHEApHEIE HEPABHOEECHBIE COCTOAHEH

HepaeHOBECHOE COCTOSHHE CHCTEMEI MOAET OBITE CTANHOHAPHBIM, &€ MApaMeTpPRl B 3TOM CIVIAS He
3ABOCAT OT BEpeMeHH. YCIOBHE VCTAHOBISHHA TAaKOTO COCTORHHA — HEHIMEHHOE BO BPEeMEHH EBHeIIHes
BO3IEHCTRHE.

IlpHnepsl:

— AHBOH OPraHH?IM CAMOCTOATENEHO PErVIHPYET BHVIPEHHHE NPOLeccEl;

— OONBIIHHCTEO pPEAKIHA XHMHYUECKHX TEXHOIOTHH NpPOBOIHTCE B CTAUHOHAPHEIN VCIOBHAX. HIBHE
MOCTVIAKT PEATeHTRL, A4 IPOIVETEL PEakITHH HIBTSKANOTCA BEOBHE, £CTH KOHIEHTPAIHH IPOMEAY TOTHERIX
COETHHEHHI He MeHAWTCH C0 EpeMeHeM, COCTORHNE BCefl CHCTeME] CTAHOHAPHO,

— B HBIPHHAX [EpPEHOCA MMOTOKH CTATHOHAPHEBI, €CTH NOCTOAHHEI TIPATHEHTR TeMIOepaTvpE
(TennonpoBOIHOCTE)., KOHIEHTPAUHH wacTHO (MRddvIHE). CKOPOCTH HANpAaBISHHOTO JBHAKCHHA
(eEyTpenHe TpeHHE).

Tak Kak B HEpaBHOBECHOH CHCTeMe HNOTOKH H TepMOIHHAMHYECKHE CHIEI HE€ PaBHBEI HYMO, T0 HIET
[IpolecC BOSHHKHOBEHHA 3HTPONHH. O = EJ,X_, = 0.

]

OIHOBpeMEHHO MPOHCXOIHT BEIOPOC 3HTPONHH BEO BHEIIHIOK CPely (CUHTAeTCd, UTO CHCTEMA IIPH 3TOM
OOTVIAeT OTPHUATENBHYIY JHIPONHK («HETIHTPONHIOR). 3TOT NpPOUEce KOMISHCHPVET BHYTpEeHHES
NpPOH3BOICTEC IHTPONHHE. EciH H2 BHeImMHeH Cpenmel CHCTEMA MOIVIAST 3HTPONHH MEHEBINe, Uel BEIEQOIHT
HAPVAEY, TO CUHTAKT, 9T0 B HEE IOCTVIIAET IOTOK HETIHTPOIHH.

Teopema IlpurosxmHa: E CTAODNOHAPHOM HEPABHOBECHOM COCTOHHIOH CHCTEMEI HPOH3IBOICTEO
3HTPOONOH MOHEHMATBHO.

IlyveTs B cHCTeMe JeHCTBVIOT JB€ TePMOIHHAMHTECKHE CHIEL, X H Xo:

o=JX +T1X,

B COCTOAHHH PABHOBECHA IHTPONHA MAKCHMATBHA, MOTOKH H TEPMOIHHAMHTECKHE CHIB PABHE HY O,
o= 0. B HepaBHOBECHOM CTALHOHAPHOM COCTOAHHH NpH (HECHPOBAaHHOH T.c. X; [OTOK. CBS3aHHEIH C
OpVro# T.c., X> . 00pallacTCA B HOMME, IO3TOMY

o=JX =o.-

TeopenMa 0 MHHHMYME IPOHIBOICTEA IHTPONHH OTPAEAST BHVIPEHHIOK VCTOHYHEOCTE HEPABHOBECHEIX
cucteM. EcnH 33maHHEIE TPAHHYHEIE VCIOBHA HE [O3BOMAIOT CHCTEME IOCTHYE TEPMOIHHAMHUECKOTO
PABHOBECHS, KOTIa OHA HE CO3TAST 3HTPONHH, CHCTEMA CTPEMHTCE K COCTOAHHK ¢ MHHHMATEHEIM &8
OpOH3IBOACTEOM.

Teopeua [IpHro&HHa IPHMEHHMA K MH000H (HIHYeCKOH CHCTEME, HE3ABHCHMO OT ef mpHpodsl. OaEako
HEQOXOOHMO, YTOOE OBLTH MOCTOAHHE! EHHETHYECKHe Ko3QQHUHeHTEI 3Ha49HT, OHAa COPABEITHBA NpH
MAJEX ITPATHEHTAX TEPMOTHEAMHIECKHEX IapaMeTpoB.

CrapmoHapHOE HEVCTOHTHBOE COCTOSHHE — EKEPATEMH MHT B EHIHH CHCTeMEL [lpmaep —
EPEOXTAXIEHHEIH Oap E KaMepe DBHIbCOHA IId HAOMOZEHHA CIE€J0B 3IapAACHHBIX YacIHO. B
CTAIHOHAPHOM VCTOHYHBOM COCTOSHHH CHCTEMA MOEET HAXOIHTBCE ITHTEIbHOE BpeMA (TeOpeTHUECKH
OECKOHEeTHO). 3TO MO3BONAET HCIONB30BaTh €€ Kak padodes Temo.

Mpueoun Te-Mlatease-BpavEa (VCTORMHBOCTE CTAUHOHAPHEIX COCTOAHHI):

BHENTHEE BO3ITelicTENE, BEIBOIAMEE CHCTEMY H3 COCTOAHOH ¢ MHHOMAJIBHBIM OPOH3IBOICTEOM
3HTPONOH. CTAMY.IHPVET B Hell OpONecchl. CTPEMAMNEcH 0C1a0HTE Pe3VIBTaTHI 3TOM0 BO3IeACTERA.
IMaTenMaTHIeCKH VCIORHE VCTOHYHEOCTH 3aMHCHEBANT B BHIE HEPABSHCTRA:

d—g <0. (3)

dt
OHo 03HAYaeT, 4YT0 EBHYVTPEHHHOE HePABHOBEeCHEIe NpONecchl BCerda JelicTEVHT B HANOPABIeHOO,
CHIDEAWOIEM MOPOHIBOICTEO SHTpommm. ITo3ToMy CHCTéeMa, HAXOJAMAACHA B COCTOSHHO
MHHEMAIBHEIM OIPONIE0ICTEOM IHTPONNN, HE MOZEET CAMOOPON3E0TEHO BRIATH 03 HETO.

Vemoese (3) moKazmIBaeT. B KaKOM HANPABICHHH pPa3BHBACTCA (H3IMYecKad CHCTEMA. ITO — KpPHTepHil
IBOTHOOHE CHCTEMEL

B mo00M CTAUHOHAPDHOM COCTOSHHH OHIHYECKHe NapaMeTpr! QUIVETVEpYIOT. Ecam myvTyvamms
(BOHHKIIEe OTETOHEHHE) C TeUeHHEM BPEeMEHH CAMONPOHIBONBHO VMEHBIIASTCH, COCTOAHHE CHCTEMEI
vcrofiuueo. ECTH OHA He BRIIEPEHEBAST GIVETVAUHE, 3 HAUHHASTCH HAPACTAHHE HX AMIDTHTVIEL, CHCTEMA
CIOOHTAHHO BREIXOOHT H3 HCXOJHOTO COCTOSHHA.



PaccuoTpHM HECKOIBKO IPHMEPOB CHCTEM B CTAIHOHAPHOM HEPAaBHOBECHOM COCTOAHHH.

HpepEIEHEIE CHCTEMEL.

HomycTHM, JBa COCVAA C Ta30M B PABHOBECHOM COCTOAHHH COSTHHEHEl KaOHTIAPoM, IOPHCTOH CTeHKOH
HTH NpOHHOAeMoH MemoOpaHoH (puc.4.)). IIapaMeTprl cOCTOAHHA E COCVIAX PAazMHUHEL EcMH KamHmTiip
HOCTaTOYHO TOHKHI, Tak 9T0 COoZEpAaladcd B HEM MAacca BEIIECTBAa Majla IO CPAaBHEHHIO C MAacCcoH BCETO
rasa, To Ha TpaHHIE MEXKIY COCYIAMH HaO0ZaeIcd CKAYK000pasHOoe HIMEHEHHE MapaMeTpoB. Takyio
CHCTEMY HA3EIBAKT NPEPHIEHOH, HIH BEEHTHIBRHOH.

)

2/ T.1 T2 = T1

i
ooz

SENNNAN\

Puc.4

3Ta MOIeNE ONHCHIEAET CAMEIE PAVIHIHEIE OOBEKTHl — IUIEHOYUHEIE OHOTOTHYECKHE CHCTEMEL C
MeMOpPaHAMH, THIPOIHHAMHYECKHE IIOTOEKH ¢ (HIsTpamHeH H T.0. ECIH peTakcaOHOHHEIE IPOLECCED
BEIPABHHBAHHA TeMIOEPATVPE, IABTEHHA H KOHISHTPAIIHH KOMIOHEHT BHVIPH EAEIOTO HI COCVIOR
OPOTEKAXOT OBICTpes, €WeM O0MEH 3HeprHel H BEeINecTBOM MeETV HHMH, MOXKHO HCOONLI0BATH METOIE
TePMOTHHAMHEEH HEOOPATHMEIX IPOLECCOE.

Ecom TeMmepaTvpa raza B COCYVIAX OTIHYAETCH HA BenHIHHEY AT, a mapmenne — Ha AP, To B BHX HOET
0DMEH 3HEprHeH M YacTHIAMH, T.€. BOIHHKAKT NOTOKH 9acTHO Jy B 3Heprun Jy MM COOTBETCTEVIOT
OODOIISHHEIE TepMOIHHAMEIeCKHe cHIE Xy H Xy B paccMaTpHBacMoM OIBITE MOEHO IPHHATE, 9T0 Xy ~
AP u AT. 3adurcepyvenr AT (T.e. OvIeM Noadep&AHEBATh NOCTOAHHEIM IHATEHHE PAsHOCTH TEMIEpaTyp) H
OvaeM HaOmIATh 33 O0BEIHHEHHOH cHcTenmoil. (CHA9ana MOABATCA MOTOKH 3HEPrHH H MaccH (9acTHI).
Hapamy ¢ npsuveideE 3bdektamm — d¢uaeTpanmef (mOTOK Macchl H3I-3a PaiHOCTH JABJICHHA) H
TEIUIONPOEOTHOCTEE) BOZMOAHEI IePekpecTHElE 3 ekTE — NepeHoc MACCH H3-3a PAZHOCTH JABTSHHE.

P
Iotok wactun  Jy=-D gradn. KoHOeHTpauHAn = —;

=£—n‘-£._ IO3TOMY Tu=- 2 grm:lP“—ﬂ grad T.
kT T kT T
Kaxoe 3HaveHHe TeMOepaTyVPE HCIONB3I0BATE B 3ToH Gopuyie npH seraucaeHEEs Jy 7 Ecan AT
HEBEIHKC, TO OVISM CHHTATE, 9T0 T = <1
D AP i Dn AT
k<T> Ar <T> Ar
Bo3EHKIH JBa NpPOTHBONOTOKA, T.€. IOTOK MACCHE! BEIEIBACT NPOTHBOJABICHHE, NMPENATCIBVIOIIEE
MepeTeKaHHI0 MAcchl (mepexomy Monekva). HakoHen. ¢ TedeHHeM BpeMeHH VCTAHABIHBAeTCHE TaKoH
CTAUHOHAPHEIA peXHM. NpH KOTOPOM IIOTOK HACTHI HpekpamaeTci coBceM (Jy = 0). IToTok 3Heprum
ocTaéIcd, Tak KAk OH NOJIePHEHBACICE NOCTOAHHOH pPasHOCTBID TeMNepaTyvp. DBOIHHEAST THOHYHOS
CTAallHOHAPHOE, HC HE PABHOBECHOE COCTOAHHE: B JBVX COOOINAMOINHXCA COCYIAX. COSJHHEHHEIX TOHKHM
KaNH/IIApoM H HaXOJAIIHXCA [IPH PasHBEIX TEMIIEPATypPax, YCTAHABIHBAKTCH PasHEle JaBlIcHHEA. HHTepecHO
TO, IT0 B CTADHOHAPHOM COCTOAHEN NHOTOK, ONpPeJeTAeMblil HedyHKCHPOBAHHOIN CHI0MH. pABEH HYIHO (B

TEe. An

Iu= . IOe Ar ecTh pacCTOAHHE MEEIV COCYIaMH

TAHHOM CJOVHae TakoH T.C. ABISETCA PAIHOCTE JABIeHHHE H mostoMy Jv = 0). Onpegemmm 3TV
YCTAHOBHBIOVEXCA Pa3HOCTE Z[HB.‘-IEHHf!Z
A
D D-n (P)
— . AP = AT, AP=-L.AT.

kT (1)

Mo#HO caelaTs DOZ00HVIO OPEePEEHVEO CHCTEMY 09¢HE > ekTHOH: HCIONE30BaTh AHIKHE IeIHi B
CBepXTeRydenM cocToAHHHE. Ero HarpeBaHHe NPHEOIHT K INOBRIMICHHIO JaBneHHd. CoegHHAEM JBa COCYIA C
reTHeM KaOHLIAPANMH, HAIpHMep, C TOMOIIEK THIPOCKONHYIeCckod BaTel. HawHHAeM HaIrpeBaTs TellHH B
OIHOM H3 COCYIOE, OCBEIIad CIENHATLHO HACEIIAHHEIA B Hero nopomok (puc.3). [ennil nepeTekaeT cCHHIV B
HATPEBASMEIH 0OBEM, 3AKAHTHEANINHICE VIKOH TPpyOKoH, H HauHHAeT QoHTAHHPORATE (PoaTaH — 3ddherT).
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HenpepblBHEIE CHCTEMBL.

HenpepsIBHEIE CHCTEMEL — 3T0 CHCTEMEL OAPAMETPE KOTOPEIX MEHAHTCH HENPEPEIEHEIM 00PazoM 0T
TOYKH K TOUEEe. THOHIHEIM IPHMEPOM CIVAEHT CMeCch TA30B ¢ TPATHEHTOM KOHIEHTPAIHH H TEMIEPATVPEL
[IpeacTaeHM cede cocva (pHc.6), HANOIHEHHEH 0IHOPOOHOH OHHApHOH CMeChI0 (IBA PAsTHTHEIX Iaa).

T

T Pac.6

EciH TeMmepaTypa vV BepXHel rpagnansl T BellIe, 9eM ¥ HEAHeH Ti, To TepuoarddyIHg B
OONBIIHHCTEE CIVMALE OIPHEOIHT K TOMY, IT0 CBEPXY OKAIEBIBASTCA HIOBITOK TeTEHX MOTEKVIL, 4 CHHIV, V
XONMOZHOH TPAHHLEL - TEAETEX. (B HEKOTOPEIX cMecss HabnpIaeTcd o0paTHad KapTHHA).

Bo3HHEKIIAL Pa3sHOCTE KOHIEHTPAUHH BEIZBIBAET OORMHYVE0 KOHUSHTPAUHOHHYD TG VIHD, B KOTOpoH
MOTOK YacTHI HAIPaBIeH NPOTHE TEPMOIHGVIHOHEOTO IOTOKA. B CTAIHOHAPHEIX VCIOBHAX OHH
KOMIEHCHPVIOT IPVT APVTa, 00PasveTcd CTATHOHAPHEIH IPaIHeHT KoHIeHTpanHs. Ecos $HECHpPOBATE
IPATHEHT TEMOEPATVPH, TO IOTOK, ONpeIendeMbli ApVToH T.C., PABEH HVIIO (B JaHHOM CTyIae
o VIHOHHELA IOTOK).

JB1eHAEe TepMoZHGPYIME [IHPOKO HCIOIEIVETCA 1714 Pa3deleHAA H30ToNoB. Ecan cocya ¢ OHHapHOI
CMECBI0, H300PaKEHHBIH Ha PHC.6, IOCTAEIEH BEEPTHEATLHO (pHC.7), TO B JONOTHEHHE K CaMoIHDGVIHE
EO3HHEANT NPOOecCh KOHBeETHEHOTO IEPeHOCA: Ta3 V ropatdeH CTeHEH. PacIHpAichk, VMEHBIIAET CEO
[I0THOCTE H MOTHHMASTCH BESPX, A XOMOIHEIH a3 BOMHIH IPVToH CTeHEH ONVCKASTCH EHHI.

Puac.7
Taxuu 00pazoM, B Pe3VIETATE TepMOoTH(PVIHNE TeTKHe MOTEKYVIE MOABOIITCE K TopAIel CTeHKe, a
KOHBEKIHA «VHOCHT» HX BBepX. C TAHEIBIMH MOTEKVIAMH CHTVALHA 00PaTHAR — KOHBEKTHBHEIH IIOTOK
ONVCKaeT HX BHH3. B mponecce mepeMeIIHBAHHA ra3a MOCTENeHHO IPOHCXOIHT H TepMomuddvama. [Tostony
pazgeneHHe TeTKOH H TERET0H KOMIOHEHT OKA3EBACTCA BO MHOTO pas 3bdekTHEBHEe, TeM B 9HCTO
TepMogHGdVIHOHHOM NepeHOCE.

I'naea 2. HennHeliEAA TepMoIHHAMEERA (CHCTeMa BEJaIH 0T pABHOBECHA).



2.1. CaM00OpTraHHIAONA B HEPABHOBECHBIX CHCTEMAX

PaccMoTpHM OpHEMEPE IPHPOIHEN, eCTECTBEHHEEX CAMOOPTAHHIVIOMTHXCE CTPYETYD-
1. IvpivieHTHOE Te9eHOE KMTKOCTH. Taza. [IpH TepMoIHHAMEYECKOM PAEHOBECHH CHCTEMA
HAXOMHTCA B IOKOE (CKOPOCTE ABHKEHHY AHIKOCTH PaBHA HYJI,
oy prc.8.a). Ecmm cHCeTeMa 3aMEHYTA, €F IHTPOMHA MAKCHMATEHA.
Hapvnmng pagHOBECHE, CO3IAR, HAPHMED, TPATHEHT TABTeHHE. JHHIKOCTE HATHET IePeMeIaTECH B
CTOPOHY MEHBIIHX JaBIeHHH. [IpH HeOOIBIIX CKOPOCTAY TeHeHHE FHIKOCTH NOTOK BEIJIATHT CIOKOHHEDM,
IUTABHEIM — «IaMHHapHEDLD (Prc 8.6).
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Puc 8

Aumrocts NEPCMEIACTCA KAk DRI CITOAMEH, [IaPALTEIEHBIMHE HAIIPDABICHHEY TETICHHA. B stom CIIVHaE IMOTORH
H TEPMOIHHAMHTCCEHE CHIIEL CBAZAHEL TTHHEHHBIME COOTHOIICHHAMH, 4 MPOHIBOICTEC 3HTPOIIHHA B
CTAMHCHAPHOM COCTOAHHH MHHHMATEHD.



Kax ToTsKO CHOPOCTE MPEEEICHT HEKOTOPOS EPHTHIECKOS IHAYCHHE, TAMHHAPHOE Te9eHHAS CTAHOBHTCH
HeYCTOHYHEBEIM, BOIHHEAT CTAMHOHAPHEIE KOTe0aHHa CHOPOCTH TeueHHT. B TOTOKe DOSEIATCA
IABHXPEHHA - HETOTEA BUXPEH, BPANIanIIHYCE TONePeMeHHo TO B OIHY, TO B IPVIVED CTOPOHY («BHXpeBas
DOpo&EEan ). 3To — mepead GHQVpEauHA (BEIOOP HOBOIO IIVTH PAZBHTHA, OepecTpolka cHcTeMel). [IpH eméd
00’ TpImefi CKOPOCTH 3TOT BHI JBHACHHA, BOIHHEAST 00Mee CI0AKHOES IBHACHHE ¢ JBYMA XapaKTepHEIMH
JACTOTaMH (BTopag OmdypEamHg). 3aTeM 3T0 JEMACHHE TAKEES CTAHOBHTCH HEVCTOHIHEEIM, TOABIASTCE
HepPeTVIZPHAT KaDTHHA — TVPOVICHTHEIH NOTOK, VCTAHABTHEASTCA «IHHAMBETeCKHA xaocy. Mewmy
OTIeIBHEIMH 0OMaCTAME NOTOEA VCTAHABITHBAKOTCA CBA3H. B 3TOM COCTOAHNE CHCTEMA CHIBHES OTEIOHEHA
OT PABRHOBECHA, HeOOXOIHMO VAES VIHTHEATE HeTHHeHHOCTE, BEIZBAHHYIO Pe3K0 BOIPOCIIHME
IHCCHIATHEHEIMH MpoUeccaMH (paccesHHe 3HepruH). Teopema [IPHTOAHHA 0 MEHHMYME IPOHIBOICTEA
IHTPONHHE NePecTaéT BEIMOTHATECH. TaKHM 00paz0on, TVPOVISHTHEIH NOTOK IPeICTARISET NPHMED
CTAITHOHAPHOHR CHCTEMEI ¢ IPOHIB0ICTRBOM 3HTPOIHHE, OOMBITHM MEHEMYMA. TaKVI0 KAPTHHY MOKHO
HAOMHOIATE Ha EOIE 33 OBEICTPO JEHAVINHMCA KAaTepoM, B CIPYVETVPE 0DIAKOE, TOHHMEIX BETPOM HAJ
ropoJoM.

bomsman 9acTe BoeneHHOH 3amolHeHa cpefofi. HAXOIAMEHACA B COCTOAHHH TVPOVICHTHOTC IBHACHHA.

VHHBepCATEHOS CEOHCTBO eCTeCTESHHEIN TeUsHHHE — HX HIMEHYHBOCTE — SBISETCH  CIeICTEHEM
HeVCTOHTHROCTH IBHKCHHA HHIKOCTH (Iaa). HX COCTARIAIOIEH.
1. BuozpeEBle  CIPYKIVPEL Buxps ABIAKTCE HAHOOAEE PACHPOCTPAaHEHHEIM  EHIOM

CAMOOPTAHHIVIOITHYCA cHeTeM. OHH 00pazvEICE IPH TVPOVISHTHOM JBHAEHHH I3za H EHHIKOCTH.
PaccMoTpHM ABA TpHMEDPA.

Kocvmgeckme emHxpH. CorTacHC COBpPEeMeHHEIM MpeIcTAaBIeHHAM EBellecTBe BeedeHHoH npu eé
PACIIHPEeHHH CaMONPOH3IBONEHO CHOpMHEPOBATOCH B BHIOE OTPOMHEIX TA30BRIX CTVINEHHH, «OnHHOBY. OHH
BO3IHHKATH He HI0JIHPOBAHHO IpVT OT OPVIA, MHOTHE H3 HHX COeTHHATHCE CEOHMH KPAagMH, 00pa3vi BMecTe
CIOEHYVID CHCTEMY CIYIIEHHH H MIVCTOT, 0TIATEHHO HAMOMHHAIONIYVIO METHHEIE COTEL

Ha rpadnnax H BHVTPH «OIHHOBY HEHI08KHO POATATHCE BHNPH OPH HX OTIeIeHHHE 0T 00IIeTo BRIECTRA
pacmupaiomefica Beenemnofi. 3 EEX ¢OopMHPOBATHCE CBEpPXCKOIUIEHHS IVTEM HX JIpoOIeHHT Ha
pasIHIHEIE 00 MACCe H PasMepaM QparMeHTEL

OT1aeneHEIe TACTH MNPEEPANATHCE CO BpPeMEHeM E TATakTHEH, COXpAHAAL EpalleHHe CEQETQ BEeNIeCTBA.
Tag, Hama [aTakTHEA OPHHATIEEHT K KIACCY COHPATBHEIX (Puc.9), TyMaHHOCTE AHIPOMEIEI — TOXE
COHpPATSHARE TATAKTHEA. XapakTepHad UepIa [TOIOOHEIX OOP330BAHHHE — OBICTPOE BpalleHHE HX
UeHTPATEHOH HacTH — JHCEA. Cauele MOTOTRIE H ApEHe 3BEITE OUepPUHBANT B JHCKE IIHPOKHE IVIH,
KOTOPEIE OTXOIAT OT UeHTPA FATAKTHEH, NOI00HD BeTEAM CIIHPATH.

Pyiae Mepcea
ranakTH-eCckad opluTa

COnHEMHON CHCTEmME

Hanpaene H4s
BRaLLSHMA

T KOpPOTALMOHHE 8

chvpaneHele oL ||I Fi 30HA
pyrapa MananTen
Pyiae CTheneya
n 10Kk
Puc 9

Buxpeeble peméTkE. B mepeof nonoeHHe XN BekEa OBLIH OTKPBEITEL JBa CXOJHEIX ABICHHA —
CBEPITeRY9eCTh AHIKOTO TelHA, oXlaiIéHHore HHEe 2.2 K, H CBepIOpoBOIHMOCTE HeKOTOPRIX
METATI0E MPH HHIKHX TeMOSPaTVPax — B BeIIECTBE IONTHOCTBID HCHUE3AaeT COMPOTHEICHHE ¥ICKTPHIECKOMY




Toky. O0a HEISHHA — PEIVIRTAT KOLIeKTHBHOIO (KOOHEPATHEHOID) NOBeJeHHA MHOKpOdacTHO —
MOTEEVT TeTHd, 3MEKTPOHOE METANLTA. JTO ToAe 3D ekT caMoopraHHIaluH.

Ecnn meodvio AHIKOCTE BPAIIATE ¢ OOJBINOH CKOPOCTRID BMECTE C COCVIOM, B HeH oOpa3vVIOTCA BHXPH
IIpH oCTAaHOBEE cOCYIZa JBHKEHHE AHIKOCTH [pPEKpallacTcA. NOCTEeNeHHO 3aryxad. Ho cBepxiexydax
AHIKOCTE HE NpeKpallaeT BpallcHHA, H BHXPH HE HCIE3a0T. AHAIOTHIHO BEIET Ce0H CBEPXIPOBOIAINEE
BEIIECTED (POTs AHIKOCTH B HEM HIPAKT CEOOOIHEIE B IPeIeIax MeTalIa 3AeKTPOHEL).

HezaTvxalomes BHXpeBOe JIBHACHHe CBepXIekyHeH H CBepXOpoBoddmeH HHIKOCTeH o00JagaeT
VIHBHTETRHEIM CBoficTBoM. HezaBHcHMO 0T coco0a 3aKpyIHBAHHA E Hel 00pasveTcd OONBIIOS KOTHIECTED
OOHHAKOBBIX BHXpeH, B3aHEMOICHCIBHE MeAIY KOTOPEIMH BEICTPAHBAaeT HX B [IPaBHIBHVED
UEPHCTALTHYECKVID PeMETEY». TaK Kak [OIPH KPYTOBOM JBHEKEHHH 3JeKTPOHOB BO3HHEAST MATHHTHOE IOJE.
TO CEEPXOPOBOIAINHE BHXPH 00IaTak0T MATHHTHEIM MOMEHTOM.

Hepeaxo BHXpeRad PelIETKA NpeIcTaRIAeT COOO0K KPHCTANLI, a4 HHOTIA cROHCTEA cpelEl He IOIBOISIOT
EHXpPAM BEICTPAHBATECA MPABHIBHEIM 00pasoM. B BEHCOKOTEMIEPAaTyPHEIX CECPXNPOBOIHHEAX BHXpPEBAaX
PEMETKA IPH HarpeBaAHHH MOKET ILIABHIBCHA H 00PAa30BLIEATh BHKPEBVED AHIKOCTE.

CornacHo COBPEMeHHEIM MPeICcT3aBISHEHAM E  HelTPOHHEIX 3BE30AX  BeIISCTBO HAXOIJHICE B
CBEPXTEKVHEM COCTOAHHH C MOTYUHMH BHXPAMH.

KoHEReKTHEHEIS A49elkA (A4efikn Besapa). Ecnu clof HHILOCTH NOJOTPEBATE CHH2Y, TO OpPH MaTol
Pa3HOCTH TEMIIEPATYP BEpXHEH H HEEHeEH e moBepxHocTeH, AT, TemmoBad 3HeprHi NEpeHOCHICH CHH3IY
BBEpPX C MOOMOIOBH MEXAHH3IMA TEIIONPOBOTHOCTH, T.e. 33 C98T CTOOKHOBEHHZ MOISKYI IOpH HX
XA0THYECKOM TBHKEHHH.

[Ipu goctHaennn AT kpuTHYeckoro sHaseHns  (Puc.10) s3ToT MexanH3M Ve
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HE COPARTAETICA C MEepeHoCOM OOIBIIOre KOMHYECTEA TeIlTd, HAYHHASTCH KOHBEKITHA HHIKOCTH. Oodes
HATPETEIS HILEHHE CA0H HHIKOCTH PACIIHPANTCA, CTAHOBATCA Tertde D0Mee XOI0IHEIN BEPXHIDD, BCIIIEIBAROT
HABEPX, TaM OXTAFIAKTICA H CHOBA ONYCKAIOTCA H T.0. B #HHIKOCTH BOHHKAKT A1eiKH, AHATOTHTHEIES
[HMETHHEIM COTaM. - BEPTHEAIBHO PACHOMOKEHHBEE BIVIOTHVE) IPYVT K APVIV WMIECTHIPAaHHHKH (f9efKH
Bemapa, Puc.11). JEH&eHHe HHIEOCTH CTAOHTHIHPVETCHS €€ BAKOCTLIO, T.K. CHIEl TPEHHH HANPABIeHED
OpOTHE Hero. A HIKOCTE MOTHHMASTCA BHYVIPH 4efiKd BIOIL e OCH, pacTeKaeTod N0 BepXHEeMY OCHOBAHHIO,
ONVCEASTCA IO OOKOBEIM IPAHAM H COOHPAeTCH II0 HEEHEMY OCHOBAHHEY K €T0 CEPEIHHE H CHOBA BEEDX.
BozEAKAeT INHAMAYECKAA YIOPAIOYeHEAA CTPYVETYPA.

B)

Prc.11
Takoll MeXaHHIM I03BEQILET NEPEHOCHTE OOMBINOE KOMHIECTBO TEIUIOBOH IHEPIHH, T.K. 00ECOEMHBAET
OONBIIVEY CEOPOCTE MOISEKVIaM HHIKOCTH OJaroJapi CTPOTOH pPervIHpoBKE BCTPEHHEIX HOOTOKOE. Ilo
CPAaBHEHHID C HeMOJIBHAHOH EHIKOCTHRI CO CI300HEOIHOPOIHEIM pacOpeleIeHHeM NapaMeTpoBR f4eiiu



ABMAKTICA 00 BBICOKOOPTAHHIOBAHHOH CTPYKTIVPO, BOIHHEAKIOEH B PeIviIBIATE KOIIeKTHBEHOTO
IBECHEA MOTEKYI E EHIKOCTH. [[OCKONBEY CHCTeMa OOMEHHBAEICH CO CpeJoH TemiIoM H B
CTATHOHAPHEIX VCIOBHSX MOTyHaeT (IpH TeummepaType T; ) Takoe &e KOMHISCTEO TEllTa, CEOTBED H OTIAET
{mpg T, < T; ). TO OKazmBaeTcd, UIC OHA BHIOPACcHEBAeT B CPEIV KOIHYECTBO JHTPONHH, pPaBHOE
As = .9 < 0. HHBMEH cTOBaMH, BHYTPeHHIS CIPYETVPA, CAMOOPTAaHHIAHS, TOAIePAHBASTCE 33 CUET
L I

OTIOMeHHS OTPHUATETEHOH 3HTPONHE (HEr3HTPOIIHH).

Auefivu Benapa Kak OB B MHHHATIOPE BOCTIIPOHIBOIAT VOIOBHL, HEQOXOIHMELS 19 CVINECTEQBANHA
#H3IHH Ha 3enme. A HIHE — 3T0 VOOPAIOYUEeHHAS CTPVETYpa. OHA CTATA BOIMOAHOH THINE O1aroIaps
HETIHTPOMHE COMHETHOTO HITVICHHE, KOTOPOH OHA OIHTASTCH. JHEPIHA COTHETHOTO HITVICHHA IOCTVIAET

Ha 3eMTIO H2 BEICOKOTEMIEepPATyPHOTO HCTOUHHEA (Ha moBepxHocTH Comrna T = 6000K ). a vxoauT B

KOCMHYECKOe OPOCTPAHCTEO IPH HH3KOH Temmepatype (Ha noeepxHocTH Jenumm Tr = 300 K). Ecam
OpeInoIoEHTE, OT0 3HEPriud Ha Jenlle He HAaKAllIHEASTCH, A IOYTH BCA OTPadaeTcd, TO NOTOK 3HTPOOHH 0T
Coanna Ha 3eMTo MeHBIIE IOTOKA YHTPONHHE 0T 3€MTH B KOCMENeCkoe IpocTpaHceTEo. HabnmogaeTcs
MIOTHAA AHATOTHE C TEIUIOBEIM DATAHCOM B gueluax bexapa.

Taxuu oOpazon, 3eMad DOTVIaeT BEICOKOKAUECTECHEVIO 3HeprHio oT ConEna (Tak Ha3IBAIOT 3HEPrHIO.
IOTVEEHHVEO [IPH MAl0oM MOTOKE HTPOIHHE) NePepadaTEIBAeT €€, 9T0 COMPOBOATACTCH POCTOM IHTPOIHH, H
BEIOPACHIEAET B OEPVEAKIOEe [IPOCIPAHCTEO BMECTe ¢ HapadoTaHHOH asHTpomueii. Hwmewmo 3to
ODOCTOATENRCTRO OOSCTISTHEBACT A HIHEIEATEILHOCTE Ha 3ee.

[MocToAHCTED HETIHTIPONHHHOTO PAUHOHA 3eMIH E 0DOIPHMEIE HHTEPBATRl EpPeMEHH, IIO-BHIHMOMY.
Ie#HWT B OcHOBe OTEpRITOro B M Beprancrmd 3aKoHA COXpaHeHHA OHOMACCEH HA Jeme.

I'parIHOZEAL CTPVETVPA MOJOOHEX A49cek o0opazyvercd Ha ConHne. OHA COCTABIAET KOHEEETHEHVID 30HY
E BHIe c{epHUSCKOTO C7A08 TOMIDHHOH - 10° ®, KOTOpEIHE MOZBOMAST BEIHOCHTE 3HEPTHIO,

BEICEOOOATANMIVIOCE OPH TepMOAIePHEI PEAETHAX B HegpaX CoIHDOA, K €ro IOBepRHOCTH.

2. CpepipeméTEa Dop B MeTa/Lie. [IpH HEOpepEIEHOM OOIVISHHH MeTaTIa DOTOKOM TaCcTHI BEICOKOH

IHEPTHH ATOMEI B HEM MOTVT CMECTHTERCA H3 VITO0E KPHCTATLTHEE-

CKOH PEIISTEH H OKAa3aTbCHd B MEKIOVIIHH. 10rJa BOIHHEAET Iapa KBAa3sHYACTHO (Kak OBl 9acTHO) — caM
MeEV3eI5HEIH aToM H CBOCOIHEIH VIen, Tak HadkBacMai BaKaHcHA. OHH MOTYVT HIH peEOMOHHHPOBATH
(CoeTMHHTRCH) HIH ARHTATECA [0 EPHCTATTY. ATOMEL, IBHTASCE ORICTPee, MOTVT OPHCOSTHHATRCA K IPVIHM
JedexTan!, BEIXOOHTE HA IOBEPXHOCTE, 4 BAKAHCHH MOTYVT OOBEIHHATECA, 00pPa3vE IOPH — «IaCTHIIEL
ITVCTOTEDR.

[IpocTpaHCIBeEHOS pacOpelcTIcHHe BAKAHCHOHHEBIX IOp OOBIMHO CIVHIaHHO, OJOH3KO E PABHOMEPHOMY.
OmHaKCe OpPH ONpeIedSHHBEIX VCIOBHAX MOEET O0pPa30BAThCA KAK OBl EPHCTATIHIECKAR pPEemETEA OOp C
TAKHMH EEe EPHCTATTOrpadHISCKHME OCIMHE H CHMMEeTPHeH, Kak H V PemETKH CaMoro KPHCTATIA.

Takad CTPVETIVPA HAIEIBAETCH CBEPIPeMETKON mOp. FTO — OTKPEITAR CHCTEMA. HCTOUHHEOM 3HEPTHH
I He€ ABIAETICH BHEIMHee o0ayvieHHe. Ilponece €€ MOCTPOSHAS MOEHO IPEICTABHTD CASIVIOMEM 00Pa30M.
IIo mMepe pOCTa KOIHYECTBA BaKaHCHH 00pa3veTCd HX «IepeCHIOSHHEIH PacTBORY, HAUHHASTCH MpPOLECe
EOHIEHCAIHH — BOIHHEANT IIOopH. BakaHCHH IDpHCOSIHHAKTCH K IOpaM, VEEIHUYHEAdZ HX pazMeprl. IloTox
BAKAHCHI HA IOPEI KAk OVITO VPABHOBEIIHEAST HX 00PAaZ0BAHHE B 00BEME.

[MpH VECTHYSHHH HHTEHCHBHOCTH OOTVISHHE POCT THCTA BAKAHCHE JOTHEH KEOMICHCHPOBATRCA POCTOM
HX TOTOEA HA Hopsl [IOTOE BAKAHCHE ONPEIelfeTCd INIOINATBK HOBEPXHOCTH MOP H HX PACHOI0ESHHEM.
OH CTAHOBHTCA MAKCHMAIBHEIM IPH YHOpAZodeHHE mop. HalnmzaeTcs mpaMad aHATIOTHA ¢ S9eHKAMH
berapa.

4. AnIkAe KEPHCTALIBL. TaE HAIEIBAKT HHIKOCTE ¢ ONOTHUSCKHMH CBOHCTEBAMH, AHATOTHYHEBIME

CBOHACTBAM KPHCTATIA. FTO — OPTAHHYECKOS BRITECTEO, MONTEEY IR KOTO-

POro 0OJAA0T., KAK PABHIO, BEITAHVTOH QopMOH, OpPHEHTALHA HX ocell ONpedenfeT BCe HHTEPECYIOIIHE
HaC CBOHCTEA AHIKOCTH.

IIpH NIABTCHHH KPHCTANTIA 3TOTO BEIDECTEA OOPasVeICE AHIKOCTE, B KOTOPOH onpeIeTéHHEEM OOpason
OpPHEHTHPOEBAHEl OCH BCEeX MOTekVI. XapakTep HX OpHEHTAIIHH MO&eT OBITE PasIHYIHEIM (eCTh HeMaTHEH,
CMEETHKH H XOTSCTEPHEH), MO3TOMY H CBOHCTEA HeCKOTBLEC OTAHTATcs. Ho ogHO 00BeIHHAET HX —
KOUIEKTHEHO: (KOONEPATHEHOE) MNOBEIEHHE MOISKYI CO3ZafT ONTHYECKVH) OChH — HaOpaBIeHHE
HaHOOIBIeH CHEOPOCTH MPOXCAISHHA CEETA Hepe3 EKHIKOCTh. [akafd VIOOPAJOUSHHOCTD MOISKYI
(camMoopraEmsames) HaGMHOIaeTCS B HEKOTOPOM IHAMAIOHE TeMIOEpaTyvp. JalbHeHllee HarpeBaHHE EKHIKOTO
EPHCTATIIA IPeEPallacT ero B 0ORUHYIO AHIKOCTE.




Auarse KPHCTALIEI TEKVHH, NPHHHMAKT GOPMY COCYIA, B KOTOPHIH [IOMENIEHEI, HO OOPAzyIOIDHE HX
MOJIEKVIEl VIOPAEIOHUEeHE B MPOCTpPaHCTEe. B HEKOTOPEIN EPHCTATIAX MOTEKyIa HMeeT QopMy IHCKa, eé
OCBH) CUHTASTCE HOPMAE K €70 NOBePXHOCTH. TaKHe BeIIecTEA HAIEIEAKTCT JHCKOTHEAME.

HemaTHKE HEMEOT HAHOOIEE NPOCTVIO CTPYETYPY: B3aHMOIeHCTEHE MOISKY OPHEHTHPYET HX TaK, 9I0
OCH € OKAIBIBAKTCA [IOYTH MAPATICTBHEIMH, XOTH IBHACHHE H DACTIONOAEHHES TACTHI XA0THIHO (pHC.12).
IomexyIl COBEPIIAOT OPHEHTADHOHHEIE KOJIE0aHHA, AMIUIHTYIA HX 3IAaBHCHT 0T TeMIEpaTypE H
VEETHTHBASTCA IPH OPHOMIDKESHNHE TOUKH (a30B0T0 Nepexoaa B 0OBUHYE) AHIKOCTE. [JHCKOTHKH IO CEOHM
CBOHCTBAM IOZOOHE! HeMaTHEAM (cn. prc.12.8).

i

Puc.12

J1% XapakTepHCTHKH OPHEHTAUHOHHOTO NOPAIKA BEOIHICAE EBEKTOp eIHHWIHOH ImaHEl (opT) L.
HAEIBAEMEIH dupexmopoM, KOTOPRIH VEAIRIBAeT NPeHMVINeCTECHHOE HaNpaBleHHe ocel mMonekvia. CTemneHs
VIOPAZOYSHHOCTH XApPaKTepPHIVETCA NapaMeTPOoM NOPAIKa S:

5= % {{cuszaf)— %},

rae & - VIOd Me& TV HAPAaBIeHHIMH THpekTopa L H ocell € MOTekyTI, KBaJpaT KOCHHYCA & YCpeIHseTcs
mo epenend. [Tapadetp S MoEeT mpHHEMATE 3HATeHHT 0T 0 70 1: moaHoMY OpHeHTATHOHHOMY TOPAIRY
cooTBeTcTBVET S = 1 (Kak Ha puc.13). nepexony B HIOTPONHVEY EHIKOCTE — 5 = 0.

—
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Puc.13

(JORMHO HEMATHE COCTOHT H2 OTISIBHEIX «TOMEHOEY - 0OIACTEH, 00IaJAI0IIHY THPeKTOPOM
OnpeIeIedHore HanpaeTersad. MesTy co0oH OHH He CBA2AHEl H OPHEHTHPOBAHE] XaoTHUYeCkH. OIHAKO IPH
TIDATETEHOM IPHTOTORTICHHHE 00pAslia MOKHO NOTVIHTE 70 0JHOJoMeHHEIM. Toraa #HIKHA KPHCTALT
obIagaeT «ONTHISCKOH OCBIOM - HAallpaBIcHHeM HaHOoIbmeH (3 B HeKOTOPEIX MATEPHAIAX HaHMeHBIIeH)

CKOPOCTH MPOXOAIEHHS CBETOROTO Tvaa. IT10- L.

MaTepHATIs ¢ ONTHIECKOH OCBI0 MOTVT VIPABIATE CECTOBEIMH IVIAMH, H3MEHAA HX HHTCHCHBHOCTE,
LOEBET, HApaBIcHHE. 3apaHee Helb34 CKa3alk, Kak OVIET OPHEHTHPOEAHA ONTHIECKAA OCh B JAHHOM
KPHCTALIE, BCE €€ HANIPABJICHHA 3HCPIETHIECKH PABHOINIPABHEI B HeopraHATIeckoH cpege. byder mm oHa
OPHeHTHPOBAHHA OJHHAKORO BO BCeX TOYUKAX CpefdEl. 33aBHCHT OT MHOTHX VCIOBHH, K KOTOPEIM OTHOCHICA H
BHEIIHHe TPAaHHIE], H HATHYHe OpHMeced, H pazTHIHEIe BO3IeHCTBHA Ha HHIKHH KpHCTaN1. CoocodHOCTE
EHIKHX KPHCTALIOE K CaMOOPTAHHIAIEE B IPHTYVITHEEIE MAKPOCKOTHIeCKHE CTPVETVPE I0T
BO3Tefic TEHEM BHeIMHHX (QAKTOPOE OTEPHEIBAET GOTaTeHmIEe BOIMOKHOCTH AN HX IPHMEHEHHA.

J18 FHIEHE EPHCTATIOE XapakTepHO JOBOABHO CHABHOS H3MEHEHHE HANPABICHHA ONTHISCKOH OCH B
mpocTpadcTEe. Hepeaxo HaOMOIa0TCA TedeKTE OPHEHTAHH, B OKPECTHOCTH KOTOPEIX HIMEHEHHE
ERIpa&eHo HaHdonee pezko. Ha pHe. 14 SpEHMH TOUEAMH H300paKeHE THIHIHEIE TedekTel Crtomuere
THHHH NOKA3EEAKT JOKATEHYVI OPHEHTAHK ONTHIECKOH OCH B ITOCKOCTH PHCYHEA, 0OPasyIOMVED IBE3IY.
IMockoNBEY CIOH FHIKOCTH HMEET H TPEThE H3MEpeHHe (MepneHTHEVIIPHO IIOCKOCTH PHCVHEA), TOUKH
ABNAKTCA IPOSKIHAMHE IeeKTOB-THHHE Ha JAHHEVI IVIOCKOCTE. TaKHe THHeHHEE OPHEHTAUHOHHEIS
JedieKTH HAIEIBAKOT JUCKINHAYUAMY, HIH HATAME. OHH XOpOIIo BHIHE N0 MHEDOCKOIOM.
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Puc.14

Fax # BcAkHe JedieKTH, HHTH 3HePIeTHIeCKH HEBRITOIHE A CKOIIIEHHA MOJISEKVI: B IEHIPE 3B€38]
COCeTHHEe MOISKVIE JOMEHE] Pe3K0 HIMeHHTE CEOID opHeHTauH. O IHE HX KOHNE] JOTKHE COSTHHHTECA, 4
MPOTHEOMOIMEHEIE — CHIBHO PA30HTHCE. FTO HECOBMECTHMO © OATAHCOM CHI OPHTAECHHA H OTTATEHEAHHA,
OaroJapA KOTOPOMY H CYIIECTBYeT AHIKHA KpHCTALI. Ilo3ToMy MOMEKyIE B HEHTPE 3BE30E] BOCOIIE
HHEAK HE OPHEHTHPVIOTCH, HHTE KAE OB «PACIUIAEIAEICEY B OOBTIHVED HHIKOCTE. Ha0agHTECq 0T HETEH
MEMIAT NOCTOPOHEHE IPHYIHHEL. HHTH MOTYVT 33EPelHTECA Ha IPHMECHEX TEePIEN JACTHIIAY, BHEITHHY
MOBePXHOCTIX, MOTYVT 2aleNHTECE OPVT 33 JpVra, 00paloBak ceThk H VIepAHEad IpyvT Jpyvra. HekoTopele
HHTH 09eHb npodHe (puc.14, a 2 §); ecaH v HeMaTHKA €CTE BOIMOKHOCTE BHTOIKHYTE HETE-Te(hekT,
HAOPHMED TeHUeHHeM, TO IPOHCXOINT TAK HASEBAEMOE BEITEKAHNE HHTH B TPeTee H3mepeHne. Ha puc. 14 8 1
I H300pa#eHEl VCTOHIHBEES «3Be3a5y. OOOIee IPABII0 CBOIHTCE K CTIeIVIOMENMY  €CIH HAPABIcHHA
COCeTHHX ONTHUSCKHY oceH NapadileItHEl, 38373 HeVCTOHYHEA, eCIH AHTHIAPALISIEHEL - VCTOHUHEA.

CMeRTHRE OpeIcTaBIAH0T co00H Kak Ol HA0OP MOHOCIORE, B KAXI0M H3 KOTOPEX BECE MOIeKV Ik
OPHEHTHPOEAHEI 0IHHAKOBO H CEOOOTHD NEPeMEeNTanTCA BI0ME HETO, HO TAK, IT0 MeHTPEl HX MACC
HAX0IATCA Ha OOHOH H ToH &€ INIOCKOCTH. JTH Tak HA3EBAEMEIE CMEKTHIECKHE IITOCKOCTH PACIOI0AEHE
HA OIHHAKOROM PACCTOAHHH JIPYVT OT OPVIa, IPHMEPHC PABHOM TTHHE MOIeKVIsl. Bee cIoH HMEWT 0JHO H
TO € HaOpaBIeHHe THpeKTopa (cu. pHe.15). KoTopoe MOMET 3aBHCETh OT BHEITHHX VCIOBHI (HanpHMep,
TEKTPHUECKOTO TONA, KaK Ha pHc.15,6). g onHcaHHA CMEKTHEOE HCIOMBEIVIOT IapaMeTp MOpAIKa S, Kak B
I718 HeMATHEOB.
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Puc.15

OOmuM 3718 BeeX CMEKTHECE SBIASTCA CIA00e BIAHMOIeHCTEHE MEATY MOMSKVIAMH,
NPHHATISAAMHME PA3HEIM cIean. [To3ToMy CIIOH TeTKO CKOIR2ET OTHOCHTEIRHO OpYVT Ipvra. Trepice
BEIIECTEC IPH IIABICHHHE CTAHOBHTCH CMEKTHEOM, 33TEeM IPH TaNsHeHNIeNM HATPERAHHH IPOHCKOIHT
Iepexol B HeMaTHIeCKVIo a3y H TONBKO IpH GoNee BEICOKOH TeMmepaTvpe o0pasyeTcd H30TPONMHAR
#HIK0CTE. (HekoTopele CMEKTHEH MHHVIOT HEMATHIECKYIO dazy).

XoaecTepOKH HMEHT G0I6e CI0KHVIO CTPVETVPY. JIOKATBHO OHA TaKad &€, KaK H V HEMATHEA (B
ManoM o0seMe). OTIHYHE OPOABIAETCA Ha GOIBIIOM IO CPABHEHHIO ¢ MOTEKVISPHEIMH PaiMepanH
paccTosuun. Momeryvasl odpazyvioT coapats (puc.16). E& ock HAIREBAKT I0MeCTePHYLCKOT 0CRI0.
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HanpaeaeHHe THPeKTOPA He OCTAETCA HEHIMEHHEIM N0 €70 00BeMY Ja&e I11 I0MEHHOID 00paz1Ial OH
NepHeHIHEVIIPSH OCH COHPATH H EPAIIASTCE BOKDYVT Hee. VIOl DOBOPOTA ¢ ITHHeHHO 3ABHCHT OT
PAccTOAHHA Z BIOIE XONMecTepHueckell ocH:

2r
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PaccToAHHE p BIONE OCH COHPATH, HA KOTOPOM IHPEKTOp NOBOPAYHBASTCA HA 360° . maspieaetTcs ee
marod. [IpH DOBEIMEHNH TeMIePATVPE COHPATE 3AKPVIHBASTCA, € AT VMeHbImAeTCA. KAk Ipasuio, ol
MHHHMAJEH Ha BepXHeH TeMIepaTVPHOH IPAHHIE CYINECTEOBAHHA X0IeCTepHUeCKOH $asel H MaKCHMATEH
BOTH2ZH TEMIEPATVPEI NePeXoaa B KPHCTATIHIeCKYH0 hazy. (CYIIecIBYIOT BemecTea ¢ 00paTHOH
3ABHCHMOCTEED p 0T T).

TunHIHEIE 2HATCHHA MIAra XolecTepHIeckol CIHPATH — NOPAIKa JTHH BOMH BHIHMOTO CBeTa, MO3TOMY
TeMOePaTVPHEIE HIMEHEHHA IATA IPHBOIAT K CAIBHOH 3ABACAMOCTH 0T TEMIEPATYPLI ONTH9ECKET
CBOMCTE EHIKOTC KPHCTALTA - XOAeCTEPHES.

B HHIOKATOpe YACOB, KAMBKVIATOPOE, 3IIEKIPOHHEIN [epeBOTUHEOE, B EHHIKOEDHCTALIHISCKOM
I0CKOM TeTeBHIMOHHOM 3KpaHe OPOHCXOIHT OJHH H TOT Ae OCHOBHOH Ipollecc! JOBOIBHO cladoe
IIEKTPHUECKOS [OJe CO3T3ET 2aMeTHHIH BPANATeNLHEIH MOMEHT, NepeopHeHTHPVIOIHE ONTHUECKYVH OCh
FAHIKOCTH. B pe3viabTaTe MeHNTCHE €€ ONTHYECKHE CBOHCTBA. bmaromaps BAIKOVOPVIHM CBOHCTBAM
AHIKOTO KPHCTALIA €0 HCNOAEIVET I714 3ANoOMOHAHAA BHQOpPMATTH.

CroficTEaMH #HIKHX EPHCTALIOB 00IaJal0T B AHHBOM OpPraHHIME OHOIOTHYUECKHe MeMOpAHBI, CIHHA.
#emdb. 11X az0BLle TpPEBpalleHHT MOTVI CIVEHTE NpPHIHHOR 3a0onesanud. CIOEHEE DpOUECCEL
MBIMEYHBIY COKPAMEHORA M TepeIaTH HEPEHBIX HOMOVIBCOB TAKEEe HMEHOT MHOTO OOITHY HepT
[IOBEICHHEN HHIKHK KPHCTALI0E.

5.ABTOBOAHEI. JT0 - BOMEEL, PACOPOCTPAHAKIITHECT B AKTARHOI cpele.

Bcé MEOMoOOpazHe CYIISCTEVIOMHY Cpel MOAHO PA3TeIHTE Ha JBS O0IRIIHE TPVIINE — KOHCEPEATHEHEIS
H AaKTHEHEI®. AKTHBHAS Cpeda B Ka:kIol cBoel ToUke CONSPEHT 3alac 3Heprom. [IpocTeHmHHE OpHMEp —
BOTHA TOPeHNS, T.&. IEHASHHE OTHEHHOTO (POHTA BO BPeMf TeCcHOTO MO&Apa. JHeprHd 3amaceHa B
Ka#I0M ToprHdeM OO0BeKTe Ha IYVTH orHd. Emé npmiep — 0eT OlaMeHH Oo OHKG(OpPIOERY IHYVPY, JHEPrHi
3aIACEHA E eT0 NOPOXOBOH HAYHHEES. ABTOBOIHA — CAMOODPTAHNIVIOMIHIICH OPONeCe.

Ha 3HauUHTeILHEIE PAcCTOSHHS ABTOBONHEI PAcIpOCTPaHATCA KAk OBl Mo 3cTadeTe: CHTHAT 3aHOBO
BOCTIPOHIBOIHTCA B KAKTIOH TOYKe cpedsl. JHepIrHA Cpell He COXPAHASTCE, 3 PACKOIVeTCd HA NoIIepaaHne
aeToBonHsl. I[o3TOMY BOTHA HE OTPAKAETCH OT IPErPaIil, He HHTepgepHpyeT ¢ IPVIoi BOTHOH: IBe
ABTOBOJIHEL CTATKHBAACE, VHEHYTOMKAKT IPYT IPYVra, Tak Kak 3a GpoHTOM Gervimedl BOIHEI OCTAéTCH
«BELICKEHHASY 30HA, B KOTOPOH Ccpela VAe Mepelria HI COCTOSHHA ¢ BRICOKOH 3HeprHeH B COCTOHHHE C
um3kofl sHepruefi. JIndpaxnona (oTHOAHNE TPeOdATCTBHE) IN4 ABTORONH XapakTepHa. Kak M I 0ORIMHEIX
EOTH (BOTH B KOHCEPEATHEHOH cpede).

Hantoaee HHTepeCHA ABETOBOIHA B CPeIe, BOCCTAHABIHEAKNINEH CBOIl 3HEPreTH9eCKE 3amac IocIe eé
npedera. B ged ABTOROIHA MOZET PACOIPOCTPAHATECE CKOIBKDQ VIOIHO Pa3, Tak KaK KA IRIH 3TeMeHT Cpelrl
BOZEPAINACTCH HAa VPOBSHE ¢ BEICOKOH 3HeprHeH BCIASACTEHE MeLISHHEIX NPOHECCOB BOCCTAHOBICHHA —
HAKAYKH 3HEPTHA.

Jna IeMOHCTPAUHH ABTOBOMIHE] MOEHO BOCIOTBIOBATECE TOPEIEOH CHEUHATBHOH KOHCTPVEIHH. B
MeTALTHIECKOM JHCTE IPOCEePIeHEl OTBEPCTHT HA OMHIKOM PACCTOAHHH JIPVT 0T IpYvra. B HHX BCTaBIeHH
MIOJOCH ac0ecTa, KOHOH KOTOPHIX ONVIOSHEl B BAHHY € [VCTEIM Macaom. Cau mo cede acOecT He TOPHT, HO
[IPONIHTAHHEIA MACTIOM OH CTAHOBHTCH Ve QHTHIEM, €ro MOEHO NoT#eds. CKOPOCTE TOPEHHA MAcCIa HA
actecTe BRI CKOPOCTH MOCTYVIUIEHHA €T0 H3I BaHHE, NO3TOMY GHTHIB cKOopo racHeT. Korzma 3a cuér
TuddVIHNE OH CHOBA IPONHTEIEASTCA MacToM, €T0 BHOBR MOEHO HoT&edus. Takmy obpazon, PHTHTIO
CBOHCTBEHHEl TpPH COCTOAHHA. rOpeHHe; may3a, KOIJa 3acacElBacTCA [Opidee; IOTOBHOCTER BHOEBR
BCOEIXHVTE.

Ecnu GuTHIH coeOHHENTE (Puc.17) H moT#eqs OOHE H3 HHX, TO OT HETO IATOPHTCE COCETHHE.




[Teperld $HTHIE BCKOpE MOTACHET (KOTJAa BEITOPHT HA HEM MAaclo), HO K 3TOMY BpeMeHH Io QHTHIIM
vAe node&xHT QpoHT miaMeHH (BonHA ropeHnf). II0BTOPHO NOTAHTATe QHTHIR MOAKHO HIBHE, a MOAHO
3AMKHVTE THHHK DHTHIEH. HampHMep, B Konbno. OTOHE HAYHET BPAIIATECH [0 HEMY.

hMo#HO OTBEpPCTHAMH B METATHYSCKOM THCTE HI00PAIUTE MHOOVID 3aMEBICTIOBATYE) THHHK) — OTOHB
nooe®HT no Hed. EcaH (UTHIH 3amoiHAT IUIOCKOCTE, TO HA Hed IpH ONpelelfHHEIX QOpMax coeIHHEHHS
(pHTHIEH CTAHET BpallaThCd OTHEHHEIH BHXPE HIIH IOOETVT KPVIOBLIE BOMHEL

[To ¢opue aBTOBOMHEI Pa3gendioT Ha HeTEIPE THNA. KOHUEHTPHYECKHEe, CIHPATbHBIE, T9€HCTEIE BOTHEL
(Hampumep, suefikn BeHapa) H IpOCTPaHCTESHHEIE BHXPH.

BiauuoneficTEHE ABTOROTH XaPAKTePHIVETCH TPEMA OCHOBHEIMH CBOHCTBAMHE!

1) cvimecTEVIOT IB3 pekHMA PabOTEl HCTOYHHKOE BOTH — MIVINHI H ABTOK0IedaTeIBHBIN, H BOIMO&EH
MEPEX0T 0T OTHOTO K IPVIOMY:

2) Me&IV HCTOUHHEAMH BO3HHEAET KOHKVDEHOHS 33 IPOCTPAHCTEO. B KOTOPOM DACIPOCTPAHAKTCHE
HCIOVCKaeMBI€ HMH ABTOBOJIHEI, OOEBMHO IIOOSETAKT HAHOOAEE OBICTPEIE HCTOYHHEH. OCTAABHEIE
WTACHVTY,

1) mMeeTCd BOIMOAHOCTE VOPABISHHA YACTOTOM H3TYUeHHE ABTOTEHEePaTOPOE:

HIMEHEHHEM CKOPOCTH PacXoda 3HEPION B OENH EBOI0OVAICHHA HIH CKOPOCTH BOCCTAHOB/IeHHOA
JHEPrEE Tepe: [eNs TopMo#eHHA B onHcanHoll ropedke Takoe VIPABIEHHE MOEHCO O0eCIedHTE,
HaIPHMEpP, HIMEHAA BAIKOCTHR MACTA, MOJABAR NEPHOIHYECKH HA (HTHNE PACTEOPHTETE HIH HIMEHAR
ceueHHe (HTHIL, NepeiHMad eTo.

I8 TeXHHUeCKOH pealH3aliHH Ve TPHMEHATE TAKHE CPEIil, B KOTOPRIX B HENEX VIPABTEHHA
TACTOTOH NpoUecca MOAHO HCIOIEIOBATE NISKTPHYSCKHE HIIH CBETOBEIE CHTHAEL

J1g H3TOTOBICHHA aKTHEHEIX Cpel XOPOIIH EHIKHE KPHCTALIEL

[pumep OHOMOTHYECKOH AKTHBHOH cCpedel C  EBOCCTAHOBISHHEM —  HePBHOE  BOJOKHO.
PacnpocTpaHAIIHIACE 0 HeMY HMITYVILC, HeCVINHA HEGOPMALIHID, OpeIcTABIIeT co00H aBTOBOIHY. 3T0 —
SACKTPOXHMETECEAR BOTHA OEPEX0Ia MEETV JBVMA COCTONHHAMHE. [MOKOH, KOTIA PAa3HOCTE NOTEHITHATIOE HA
MenMOpaHe Beauka (mpmyepro + 0.08 B), ¥ aKTHEHOIO COCTOSHHA — BO30VAEICHHA, KOTIa OHA Mana (okomo +
004 B) Ilpu pacOopocTPaHEHHH HEPBHOTO HMIVIBCA B Ka&NOH ToUKe BOo30VIHMOH MeMOpaHED
BEICBODOATAETCH 3HEPIHA. HCXOMHO 3alacéHHAd B BHAf HEPABHOBECHEIX KOHITEHTPAITHE HOHOB KATHA H
HATPHA IO 00e CTOPOHEl MeMOpPaHEL

PacopocTpadEeHHe AETOBOTHEI CONPOBOEIAST Mepelady ODHQOPMAOND B MOV, COKpaMIeHNe
CepIedHOH MBIMNEI, HAYATERHEIE 3Tanel MopdoreHesa v HEKOTOPHX NOPOCTeHOTHY OPTaHHIMOE,
AKTHEADNK KaTATHIATOPOR B XHMHYECKHN PEAKIHAN H T.0.

6. HitvdeHHe Jazepa. B akTHEHOH 20He Tazepa mold JeHCTBHEM 3HEPTHH HAKAYEH AKTHEHEIS 3TOMEL

epeXoddaT B BO20VAEISHHOS COCTOAHNE H HATHHAKT HIIVIATh

H20EITOYHVE 3HeprHw. Kaxoeifi artod JeficTByeT EaKk MHEPOCKONHYECKAd AHTSHHA, HCOVCKAX

[OCTIEA0BATENBHOCTE (UVT) CBETOBHX BOIH. [IpH MaTHX MOIDHOCTAX HAKavKH aTOMBl H3TVIAKT HEIABHCHMO

IpVT OT IPYTA, XaoTH4HO. Jlazep padoTaeT, KAk OORMMHAR TaMma. Ho npe onpenenéHHOM, HOPOTOEOM

3HAYEHAH MOIDHOCTH HAKAYKH BCE ATOMEl HATHHAKT HITVIATE B OJHHAKOBOH daze. HCOyCKaeTcs OJHH

TATAHTCKOI WYVT Ja3€pHOr0 NWITVIeHNA (HAOMOIAESTCd CAMOOPraHHIAHA B aTOMHOE cpele).

HHTeHCHBHOCTE BEIXOZSINETO Tvia (T.€. MOIDHOCTE HITVHUEHHA) pe3ko BozpacTaeT. Puc.ll ommcmiBaeT H

CHIVALIHIO B Maiepe.

7. SBOIWONAA YHCIeHHOCTH :KHBOTHBIX — XNMIHOKOE 0 KePTE (CaMOOPTAHHIVIOMAACE EpPEeMEH

Ha' 4 cTIpvETvpa). Korza Ha H20MHPOBAHHOM IPOCTPAHCTEE

(mampuMep, HA OCTPOBE) CTAHOBHTCE CAHINKOM MHOIO XHINHHEOE, AEPTBE HHTEHCHBHO VHHITOXKAIOTCE. ITO

BEIBIEAET HEXBATEY [HINH 111 XHITHHKOE, CHHEASTCH HX THCISHHOCTE. 10OrIA VEETHIHBASTCHA MIOMVIANHA

AHEpIB. ¥ CTOHYHBEIM OKA3IEIBASTCA PEAHM KOIE0AHHH ¢ OoIpeleléHHEIM HepHoTZowM. Ha prc.ll romedaHHAM

COOTBETCTIEVET TOHKA «H3T0May» OPAMOIl, Mepexola THHeHHOH JacTH KPHECH K HeTHHeHHOH.

[MogotHa® MoIens (MOZen: «XHITHHE — HEpPTBan), HA3mEasMad mpomeccoM Jlotkm — BoabTeppa.
OIHCEIBAET He TOIBKC KOAeOAHHA HNOOVIIAHEH, HO H He2aTVXAKIDHe KoleCaHHA KOHIOEHTPAIHH PEeareHIOR B
XHMHYIeCKHX CHcTeMax (peakmusg JKadoTHHcKoro — bemoycosa).

8 «Xmwmpdeckme dackl» (Peaknua FadoTHHcEOoTO-DelovcoBa). 3FTo XHMHYECKAT OKHCIHTETBHAR

PEAKITHA KOMeDaTeIRHOTro THHA. B nponecce peakiHe oKHCIeHNA




BELIEIHeTCH HETAOATOP, TOPMOIAMHE 8 HA HEKOTOPOS BPEMA, KOTIA HCIOIRI0BAHA THING HeOOIbIIAE T0TE
PEareHTOE (OEHCIHTEIY HTH BOCCTAHOBHTEIA).

Pone MAafTHHEA HIPaeT BEeMecTEO MNepeMeHHOH BANTeHTHOCTH — HIHAYATBHO 3T0 O mepmii. OH
OKAa3HBAeTCH TO B OKHCIASHHOH, TO B BOCCTAHOBACHHOH dopue. B xopomo mepeMemHBacMOH cpede B
HEeKQTOPOH OO0IACTH HATATHHEIX KOHIEHTPAUHH pPeareHTCOE HAOMHOIAKTCE HE3ATVIAKWMNe KoledaHOA —
NEPHOIHYECKHE H3MEHeHHA OKPACKH PACTBOpa OT KPacHOH (H30BITOK TPEXBATEHTHOIO LEpHH) 0 CHHEH
(mpeobnananue ero deThpéxsanenTHOR dopMer). Ha puc 1l xomedadman COOTBETCTEVET TOYKA «HIT0MAaxn
OpAMoii, Mepexola THHeHHOH 9acTH KPHBOH K HeTHHeHHOH.

Ilepuog xone0aHHE DESTA 3ABHCHT OT KOHUSHTPAUHE PeareHIOE, er0 BO3MOMHEIS 3HAaYeHHA - 0T 2 go 100
cexyHEI. IlpomomawTcd OHH OKQOIO Haca. TAE KAk CHCTeMAa 3aMEHYVTA, KOIeDAHHA CO BpeMeHeM
npekpamawTcs. [IpH oOHHY H TeX #e VCOIOBHAX KOIeDAHHA NMOTHOCTBK BOCIPOHIBOIATCH IO AMIIIHTVIE,
thopme_ wacToTe.

Ecmu peakitnd HIST B IIHHHOH BepPTHEATRHOH TpVOKEe, TO BOIHHEAKT FOPHIOHTATRHEIE CI0H DAIHOTO
UEETA, COOTBETCTEVIOIIHE YepeIVIOMIHMCA 00IacTAM BEICOKHY KOHITEHTPAUHE UepHA pa3Hod BATeHTHOCTH.

KomedaTensHeIe XHEMHTECKHES PEAKITHH BXOTAT B KIACC ABTOBOTHOBRIX IPOIIECCOR.

2.2, XapakTepHCcTHKE CAaMOOPTaHE3VIOIINICH CIHCTeM

IMoporoeslil SApaKTED CAMOOPraHO3AODHN. | eopuAa KaTacTpod. BoHEHEHOBSHHS IHCCHIATHEHREIX
CIPYVETVP (TaK Ha3blBaKTCH CaMOIPOHIBOIRHO 00pa3VIOINHECE CTPVETVDEI) HOCHT [IOPOTOBRIH XapakTep.
3TO CEX23HO ¢ HEYCTOHYHBOCTRIO CHCTEMEL T MATEMATHYECKOH TOYKH 3PEHHA HEVCTONIHROCTE B
MOPOTrOERIA XAPAKTEP CAMOOPraHHIANHE CRAIAHE] C HEIHHeHHOCTEI VPABHEHN N OMHCEIRAROITHY
[IOBeIeHHe CHCTEMEI IPH OOMBINHX OTEI0HEHHAX 0T PABHOBecHE. (14 THHeHHEIX VPABHEHHH CVIIECTBYET
JHIIE OJHO CTAHOHAPHOE COCTOAHHE, AN HEMHHEHHEIX — HECKOIBKO, (H3HYECKHH CMEICT HMEHT TOTBKO T
H3 HEX, KOTOPEIE VCTOHTHEE [I0 OTHOIIEHHIO K QuIvETvamuaM. Takms oGpazoM, HOpOroBslil xapaKTep
CAMOOPraHHIANNE CEA3IAH ¢ HEPEX0I0M O3 0JHOTO VCTONYNEOTO CTAIHOHAPHOIO COCTOAHNA B IPVIOE.
FoHewHOE COCTOAHEES MOEET HMETE OMIee BEICOEVIO CTEIEHE VIOPAIOUSHHOCTH, TAK KK MAKPOCHCTéMEbl
00IaJAKT OTPOMHBIME CTPYETYPHBIME PEIEPEAMI.

TloTeps cHCTeMOH VCTOHIHBOCTH HaskBaceTcd kaTacTpodoi. Boree Toumo, Katactpoda — 310
CKAYK000pA3HOe H3MeHeHIe COCTOAHAA CHCTEME] E BHIE €¢ BHEIANHOIC OTEETA HA MIABHOE H3MeHeHHe
BHEIIHHEX VCI0BHHE. PaccuoTpHEM THIIHIHRIE IpHMep.

Hponeccsl B XEMETecKOM peakTope. CorTacHO 33K0HY APPeHHVCA CROPOCTE XHMHHIECKOH peaknn
HENPEPEIBHO H IITABHO MEHAeTCA ¢ TeMmepaTypoi (prc.18,a). OgHako IpH HEKOTOPEIX VCIOBHAX
NPOHCXOIHT BOCTIIAMEHEHHE PEATeHTOE, BIPEE, T.8. XHMHYeCKAS PeakITHd MO&eT ORITE HeYCTOHIHBOH.
KaKOBEI VCIOBHA IPOTEKAHHA IK30TEPMHICCKOH PEAKIHH, IPOHCXOIANICH ¢ BELIECIeHHEEM TEIIIaT

CoORITHE B PEAKTOPE ONPeIeIqd0TCd He TOIBKO TENIOBEIeTeEHEM, HO H VCIOBHAME 0TEQIA TEMIa,
KEOTOPEIE, B CBOK OFMepeIh, 3aBHCAT 0T PA3HOCTH TEMIEPATVP PeAEOHOHHOH CMECH H OEPVAAKINEH cpe IRl
AT . I'padEteckH 3aBHCHMOCTE CKOPOCTH OTBOJA TEMTA Qury OT TEMISPAaTYPH B peakTope T H200pakeHa Ha
puc.18.6 B Buze npavof. C Hefl coBMeImeHa kpHBas TemnoBsgeneHns Qp(T). PaccMOTpHM TOUKH HX
nepecedenns A B v C (Bnepenie Takoil aHATH? EPHEEIX BEIIOTHHT B KOHIE JBATUATEIX TOJOE HAIIETO BEKa
H H.CeneHoB. BIOCIeICTEEH akaleMHE, dayvpeaT HobenekckoH OpeMHH, 0CHOBATedb TEOPHH TEILIOROIO
E3pEIBA, TEOPHH LENHLIX PEaklHil, CO3IaTellb 0TEIeCTREHHOH IKOIEl KHMHIeCKOH (PHIHKH).
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B Toukax mepecedeH s pasHHIIa MEATY CKOPOCTAMHE NPHTOKA H OTBOJA TEIUIa PABHA HYIEO, H IOITOMY B
PeaKTOpe VCTAHARTHBACTCH PEANM, KOTIa TeMIIepaTypa OCTaeTCH HEHIMEHHOMH. a CHCTeMa HaXOIHTCH B
CTAUHOHAPHOM COCTORHHH. ITOT «HYJEBOH» BAPHAHT COCTOAHHA PEakTopa 09eHb BakeH. Bo-mepBeIX, B
TAKOM PeKHME PabOTAlOT COBPEMEHHEIE MOITHEIE PEAKTOPE! HENPEPLIBHOIO AeHCTBHA. Bo-BTOPRIX,
CTALTHOHAPHLE PeAENM MOKET OBITh VCTOMHBEM. BRIgBHTEL HEVCTONMHBOCTE NOMOTAST AMTOPHTM
CemeHOBa.

Kax cnegyer 3 puc.18.6, Toukn nepecedenns KpHBHX Qg(T) H Qon(T) OriBaroT 18VX THIOB. TouEa A
COOTBETCTBVET TAKOMY COCTOSHHEO, KOTIA VBETHYEHHS TeMIEepaTyVPsl NPHEBOINT K MPeBRIIISHHIO
TEIUI00TBOIA HAJ TEIVIOBELISICHHEM. 3TO HeH30CAHO CHIAALT TEMISPATVPY B PEAKTOpe, T.€. BOIBpalaeT
CHCTeMY B CTAUHOHAPHOE cocToRHHe A Fomm 3avenne T cHHIANOCE, NPeoOIalaeT TEILIOBELITEEHHE,
TEMIIEPATVDA MOBEHIIACTCH, IOKA HE JOCTHITHET FHAYUCHHA Ta. CHcTeMa SBHO OpOABTIACT }'ﬂﬂﬁ‘]ﬂﬂﬁm B
Touke A, CoctosHHe C B 3T0M OTHOLMISHHH HISHTHYHO COCTOAHHED A,

Coctogane B Takoft cnocodHOCTEIO He 001agaeT. Manefitmee 0TEI0HEHHS VBOIHT CHCTEMY elle Jamsire
oT paBHoBecHS. [IpH NOBRINEHHH TEMNEPATYPE! TEMIOBEASTCHHE MPeodIaaeT Hal TeMI00TBOIOM; e
CHHAEHHE BRIILIBACT ellle Oonnmee oxaasaenne B coctoaunn B me codnwaaerca npuummn Je-Illatense —
bpavHa: cHCTeMa HE NPOTHBOICHCTBYET OTKIOHEHHIO €€ 0T «HVICBOTO BapHAHTan.

Taxig 06pazoM. COOTHOMEHHE CKOPOCTE TeMTOBRIISIEHHA | TEIUIO0TBOIA MOTVT JaTs OTBET Ha
BONPOC 00 VCTOMIHBOCTH CTAHOHAPHOTO COCTOSHNA. [Jogeny e NpH MIABHOH 3aBHCHMOCTH CKOPOCTH
PEAKIHE OT TEMIEPATVPEI BOIMOKHO BHe3aMHOE BocnaaMeHeHHeT HeveTofMHBOCTE COCTOSHNS B o3HaTaeT,
4YTO CHCTEMA CTPEMHTICH BEIATH H3 Her0 H Nepeilth B cocTofsHEHe A HaH C. Ho 370 Heab34 HAIBaTE
BHE3AMHBIM MOBCICHHCM Ha @GHE‘ CHIOKOHHBIX }'C.TDEHﬁ_ W3arHaTen CHCTCMY B COCTOAHHC B He 1aK-1O
NpOCTO — OHA VIOPHO 3TOMYV CONMPOTHRIAETCA. Tak B HeM e JeaoT

ITveTe peakTop padoTaeT B peannMe A Hausén NIaBHO VBEIHIHBATE TEMIEPATVPY OKPYEAROMmeH
cpenrl. Tak KAk NPH 3TOM PAIHOCTE TeMnepaTyp AT VMeHBIASTCA, TO IIPH TOH e TEMNEPATYPE B PEAKTOpe
TEMI0OTBOI CTAaHOBHTCH MeHee dpderTHrHbIM, npayad Qoe(T) cMemaerca sopaso mapatliensHo canoi
cede. Toukn A 11 B cOamaa0TCa H. HakoHeW, CIHBaKTCE B Touke KacaHnd Qore(T) 1 Qa(T). Kak BiaHO Ha
pHC.19. 310 cOCTOAHHE KpafHe HEVCTOMIHEO: MPH CTA60M MOBEIIIEHHHE TeMIEPATVPH B PEaKTOpe TOYKA
KACAHHS HCUE3aeT, 3 PEAHM PeakTOPa CKAYK000PaIHO, BHEIANHO NepeXxoIHT B cocTogHle C. Tenmepatvpa
PEArcHTOR PE3K0 NOBRITACTCH. 3IT0 H ecTh BOCIIaMeHeHHE, BIpPEIB.
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Touka xacanng KpHBRX Qp(T) B Qore(T) ecTs Touka Sndyvpramnn. ITpr Manefimen HIMEHEHHH
VCIOBHI B CHCTEME OHA HIH PacmagaeTcs Ha 18¢ (A u B) unu HedeiaeT BoBce. B MaTeMaTHEe mepexon
CHCTeMEl H3 TOUKH OHQVPRAUHH B cocTosHHe C Ha3MBawT KaTacTpodoil. . Budyvprauns sceraa BegeT WIH K
POEICHHE) HOBBIX CTATHOHAPHEIX COCTOSHHE, HTH K HX HCUSIHOBSHHID, «C MEDPTH» PLAKTOPA.

l{onnepamnnue ONOBETeHNE 3EMEHTOE THCCHMATOBHBIX CTPVETYVP. VeI0BHA, BRIIBIBAROIIHE
HEPABHOBECHEIH $a30BENl Nepexo, BRIHVAIANT CHCTEMY K KO/UTEKTHEHOMY XapakTepy MHEpPONpPOLECCos B
Hefi. B peavastate dopuupyvercs cTpvETVpa. Hitke Totsn $azoBoro nepexoaa aHepriug CHCTEMA
pacmpedeneHa CTVIAMHEDM 0OPAOM MEATY &€ ATeMEHTAME, HANpPHMep, MOTeKyIaMu. 3a Touko# dazosoro
nepexoaa OHa MPOSBIfeTCH, Mo KpafiHedl Mepe TaCTHYHO, KAK IHEPrHS KOUTeKTHEA (KaK, CKakeM, IHeprus
MAKPOCKOMHYECKOT0 PEryILpHOro JBHACHHA B sueiikax Benapa). Ilpn IE[J‘\IG.IE[HBZ‘-!H‘EC&CIM PABHOBECHH
BEPOATHOCTE TOTO, 9T0 MAKPOCKONHYSCKOE KOMHISCTEO MOMSKV (~ 10° ) CHOHTAHHO OPraHH3VEICE B
PeTVIApHSIR MOTOK. MPeHEOPEAHMO MaTa. CHCTeMa MO&ET 00PA30BEIBATE YIIOPAIOUCHHEIE
BEICOKOKOOMEPAaTHBHEIE CTPVETVPE! TOMBKO BCASICTEHE TOTO, MTO BHOIIHHE OTPAHHYSHNS (TeMIepaTVPHEL
TPATHEHT, MOMe HITVICHHR) VISP AHBAIOT €€ BIATH OT paBHOBecHA. B modonM cTyvdae NPH 3ToM NPOABIAEICE
HOBHIA NPHHIEDN YIOPAZ0YeHHA, HE NPHBOJIANIHA K Xa0THYECKOMY COCTOSHHIO CHCTEMEL

Ha MAOHOHHEIE XADAKTEPHCTHER CHCTEM. JAJ€KNX 0T pPAEHOBECHH. C}mﬂmem{rm POIE B
aHATH3€¢ CHCTEM, JATCKHX OT PaBHOBECHA, HIPAaT IBA B3aHMOCBA3AHHEIX MOHATHA: JHTPONNA H
pEGopManus. IHTPONHL B HEKOTOPOM CMBICTE VIIPABAAET CTPVETVPOHR OTKPEITON cHCTeMEL Ecan
EHVIDSeHHHEE OPHPOCT 3HTPONHE DaBeH & OTTOKY. BOIHHEAST TeEVIIee DAaBHOBeCHe - CTPVETVDA




COXpaHAeTCA. B caMo0OpraHH3VIOIDHACA CHCTEMAX HTPONHA YOREaeT. MokHO cKazaTh, IT0 IHATEHHE
JHTPOONN C.IVEAT Mepoil opraEd3adul cHcTeMEel [Ipanol pacteT ee 114 KOHKPETHEIX CHCTEM JaeT
OIEHEY CTETIeHH OpTaHHIOBAHHOCTH. HanpuMep, 3HaTeHHS SHTPOIHE 0KAIEIBACTCH MEHBITHM I18
TVPOYISHTHOIO TeUeHHA, e LT JaMHHIAPHOIO.

C DoMOIOBK IHTPOIHH 3aTAKTCA H IPOCTEE KPHTEPHH HAIIPABICHEA NPOTEKAHHA IPOOECCOB.
HarmaoHelH OpHEMEp — JedeHHe KIeTOK, PACCMATPHEASMEIX Kak OTKPEITEE CHCTeMEL. FIeTKY AHBOTD
OpPTaHH3MA MOAHO IPHHEATE 33 cdepy pazuyveoM R IIpoHIBOICTED SHTPONHHE BEYTPH Hee NPONOPUHOHATEHD
00BEMY, OTTOK — INIOINATH MOBEPXHOCTH, IPHPOCT 3HTPOIHE PABSH HX pazHOCTH. [IpH HeKOTOpOM IHATEHHH
pazaEvca By IpoHIBOICTEO 3HTPONHH VPABHOBEIIHEAETCE ee oTTokoM, Ag=0. Torma oraxercs, uto npE R
=FRpH As™ 0, TaKk KaKk TPOHIBOIACTEO 3HTPOMHH NPONOPIHOHATEHO R’ aorrok—R.C POCTOM pazMepoR
EJIETKH 3a Opedensl Ry pacTeT HTPONHA, 4 3JHATHT, H OECIOpAIOK. KIeTka NOTHOHET, €C/IH He pa3deIHTICA Ha
IBE YaCTH. 00BEM [IPH JeIeHHH HE MEHASTCH, a IUI0INATh NOBEPXHOCTH YBEIHTHEAETCA, I03TOMY IHTPONHA
yMeEbmaeTcH, As<),

B HekoTOpoM CMEICTE H cTAPEHNE OPrAHNIMA MOFHO PACCMATPHEATE KA IPOUECe HAKON TeHNSA
H30BITOYHOH 3HTPOOHH. AKTHEHEIH 00Pas HHIHH, 3aKATHBAHHE, 0T, PAsTPV3IKH, 10 CVIOEeCIEY, SEISHTCA
MEPAMHE, HAIPABTEHHRIMHE HA VMEHEBNIEHHE 3HTPONHEH B opragu:Me. HiieHHO B 3TOM CMEICTE OHH
3ANCPEHBANT CTAPEHHE.

BepoATHOCTHOS ONpeIe/eHHe IHTPOMHHE OMHCHEaeTC dopuyoi bonpunana:
s=k-In0Q , roe k — moctosanan BorruMana; () - cTATHCTHYECKHH Bec JAHHOTO COCTOSHHA, CBE3AHHELIR C
€r0 BEPOATHOCTRED.

CHISHOHEPABHOBECHEIE CHCTEMEL OMHCHEBAKTCA eIIe OJHOH XapakTepHCTHEOH — aHdgopManmei J: J
=logsN, rae N — EOTHYECTED PABHORSPOATHEIX COORITHI, H3 KOTOPRIX OIPOHIBOINTCE BEIOOD. Ecmnm Takmx
coOBITHE 383, To J = log,2 = 1 6uT. Hanpmdep, npH opocaEnl MoHeTH J = 1 6uT. CoORITHAME SBISIOTCE eT0
PEIVABTATEl — «OPETH HIH «peIlEay, KARI0e H2 HHX 001aTaeT BepodTHocTe W = Y. Ecnu opocats
HIPATBHEIA KVOHE, TO KOAHYECTEC PABHOBEPOATHEIX coOmITHE N = 6, mostony HEpopManng

J=log.,6 = 2.6 our.

Cromeko HEQOpMATHE J COepEHT MAaKPOCHCTEMA — HISATLHEIE a3 B OJHOM H3 CEOHX COCTOSHHHA?
[IycTe B coCYae comep&aTcd MecTh MOIEEVT raza. B Hanbomes BepoSTHOM €0 COCTOSHHH B 00eHX
NOI0BHHAX COCYVIA HAXOOHTCA O TPH JacTHUH. COOTEETCIBVIOIIHE CTATHCTHUECKHH Bec 02 =20 |

= Lo N

-3
IHAYeHHE 3HTpomHH S=K-In0=18-10 -k BepoATHOCTE TAKOIO COCTOAHHA W= T—ﬂ

—
]

, 4 CYVMMa

S0=2"=64.
i
Hudopuamus J=log, N :taxkaxk N =1 (H copaea H cIeBa 00 TPH MOTeKYIEL 0e3Pa3THIHO KAKHX, -
20
OOHO COOBITHE C BEPOATHOCTRID W= E ). o JT=logy 1 =0, gurakol mEGOPMANNN CHCTeMa B

PABHOBECHH HE HECET.

Taxuu odpazonM, onpeneTeHHs HEDOPMAITHE H 3HTPONHH CORNAnarT. Ho Mesay HEMH HMeeTcd He
TOMBEO BHEITHES CXOICTBO, HO H HENOCPEICTBEHHAL CBA2h. JHTPONNS HBIHETCH Mepoi
OHPpOPMATHEHOCTH ONHCAHNA CHCTEMBL el MeHBIIE SHTPONHE, TeM GONBINe HEDOPMATIHE OHO
cogepauT. Hadopyanso 00 HI0IHPOEAHHOR CHCTEME HMETE NPHEIHENHAIRHO HEBOIMOMKHC, Tak Kak
H3MEPHTEIBHEIH IPHOOD ABIAETCA JacTh BHEIDHETO MHpa. B 3ToM cuMEICTe mEQOpMAITE —
EAPAKTEPHCTHRA OTKPBITRIX cHCTeM. (18 HHX BTOPOH 3aK0H TEPMOIHHAMHEH J0TECH 3aIHCEBATECH B
OO0OINEHHOM BHIE:

Als—J)=0.

[Mponecc moavVIeHHT HHGOPMAITENE TOBRINAST IHTPomiEo. Kpome Toro, Kaknad H3MepHTeIsHAS
OpoleIVpa CBEIAHA H ¢ OIpeIelEHEEIME JHEPreTHIECKHME 3aTpaTaMe. B cHcTenMe. 1a18K0H 0T PABHOBECHS,
JAEE MATOE BO?]E‘ﬁETBHE MOEET IIPHBECTH K PAa3BHTHRD HE‘}'CTDfI‘IH.BGCIE‘ﬁ H HEGﬁPEIHMGI\f}' HIMeHeHHID 28
cocTogHHA. CIeI0BaTeNbHO, B CHIBHOHEPABHOBECHOH CHCTEM: HeBO3MOAHE HCISPORIBAIIIHE HIMEePeHHA,
MOTHOCTRED ONpPEIeIAIORe e€ cocToAHEe. [ToaToMy HeOOXOIHMO HE TOMBEC NOI00paTh HAHIVEIIIHE CIIOCO0
OOpPAcOTEH Pe3VILTATOR HAOMEICHHA, HO H BHIOPATE. KAKHE H3MepPeHHA ClIeIveT IPOBOIHTE. d CanMy
HIMEPHTEIBHVIO IPOUeIyPy PacCMaTPHBATE KAk KAHAT Nepelatdd H 00patoTER HEQOPMAITHE.



KomugecTBO HEGQOPMAIHH B TAKOi NpoUeIype PABHO H3IMEHEHHK 3HTPONHH COCTOSHHA (- As ),
BOIHHEIMEMY B PRIVIBETATE HiMepeHHH. Ha 3T0H OCHOBE PeImaeTcd 33aIatua NoI00pa Handodes MoIXoIAmero
HHCTPVMEHTA I8 TAHHOH COBOKVIIHOCTH HAOTIOIAEMEIX 00B€ETOE. CUVTIEB MpoOIeMEl HIMEPEHHRE 14
CHCTeM, TATEKHX OT PAEHOEECHS, COCTOHT B CTPATETHH IPHHATHE PEIIeHHH.

Kaxoga pons usdopMaIHH 114 canoi cHcTeMel”? B clo#HOH HeMHHEHHOR CHCTEME, TATEK0H 0T
PABHOBECHE, CYINECTEEHHVED POTE HIPAKT 00paTHBIE CBAZH. FaK HEOTBENMIeMEIR WIEMEHT B Hell
COOepEATCE KHOSPHETHIECKHE, HH(POPMATHOHHEEIE XAPAKTEPHCTHEN BOIMOEHOCTH BOCOPHATHA
HHDOPMADHH, e€ 3ANOMOHAHEA (YpaHeHHNA) H BLIZA9H OPH B3AMMOIEHCTEHH ¢ IPVIHMH CHCTEMAME.

Moxviaenne HEEGOPMAUHE H €€ 3aM0OMHHAHEE — MPOLECCH NPHHIHIHATRHO HeoOpaTHMEIE, OHH
NPOHCKOIAT OPH HeVCTOHYHBEIN HCXOTHEIX COCTOAHHAY CHCTeMEL HepaBHOMEpPHOCTE OIPONEeCcca
3ANOMHEHAHESE MOEET IPHBOIHTE K BOIHHKHOBSHHI) SRISHHH, MOTC00HEN KHHETHIECKOMY
(mepaBHOBecHOMY) dazoBoMY mepexoay. B 3ToM cayHas Manoe KOTHIECTEC HHPOPMAIHH BEIZEIBAET
IHATHTEIEHEIE MAKPOCKONHIeCKHEe COORITHA.

Pone nHEGOpMaIHE 1718 OHOTOTHIECKHX CHCTEM XOPOLIO HIBECTHA: OHA VIPABIAeT 00pazoBaHHEM
#HBOTO 00BEKTA H IPOoOeccaMHu B HEM. JHA NpeanoaaraeT ERIOOP OJHOTO HIH HECKOTBKHY BAPHAHTOE H3
MHOTHX BOIMOEHBEIX THOO D01 JeHcTEHEM EHENIHHY CHII, THOO CIOHTAHHO B Pe3VIRTaTe HEVCTOHIHBOCTH
COCTOAHHA CanMoH cHCTeMEl B nocnemHeM clIyiae HOBad HEQOpPMAIHT POEIASTCE BHE3AIHO, CKATKOM.

B mens nocneIoBaTeIBHEIX OHGVPKAUHE CHCTEMA Ka&IREH pas JelaeT CIviIadHH, HO HeoOpaTHMEL
BrIOOp. JamsHeHmHe COOBITHA — CIEICTEHA BEIOOpa B NpounioM. HacnedcTeeEHAas HHpoOpMaOooa
OPraHUIMOR, COITABARMIAACK B XOJ€ 3BOMIOIHH, 3aMHCAHA B BHIE NOCTEI0BATEIRHOCTH OCHOBAHHEE B
MOJEEVIAX HVEIEHHOBEIX KHCI0T H SPAHATCHA B AIpax KaeTok. Komudecteo EEGopManHE, KoTopoe
COTEPEHRT AUEOH OPTAHHIM, ONpeIeTReTCE CTEIIEHB) €I0 VIOPAIoMeHHOCTH. HaneHeHENe YIpaBIA0mET
[IapaMeTPoB. T.€. XHMH3MA OKPYAAKIMed cpeasl B MOMEHTH OHGVPEADHIL, MO&eT BO3IeHCTBOBATE Ha
thopMEpPOBAHHE 3aPOIEINA, HCKAKAR €70 pazBHTHe. OcolVI0 ONACHOCTE NPEACTABIAIT BEIISCTBA, AKTHBHO
EMHAHITHE Ha OHOXHMHYECKHE IPOIeccE OpH Mopdoresese (Mopdorenes — BOIHHEHOBSHHE TEaHEH H
OPTraHoE B IPONECce 3MOPHOHATEHOTO PAZBHTHA OPTAHNIMA).

OaHako 1714 3BOMIOLHE CVIDECTECHHO HE TONBKO KOIHIECTEO HEGOPMAIHH, CoOTepAaIeicd B OPTaHH3Me,
HO H €€ KA9eCTBO. HeHHOCTh. OHA MO&ET ORITh NOTOEHTEIBHOH, OTPHIATENRHOIH (Je3uadopMaTHd) B
HYJIeBOH (IvOIHPOBaHHE, TOBTOPEL, NOCTVILICHHE COOOIIEHHEH, He BOCIPHEHMAEMEIX CHCTeMOiH). Hu
OPTAaHH3M B IET0M, HH KI€TEA HE BHOCAT 3HEPreTHYeCKOH IIIATH 3a HeHHOCTE HHQOPMAITHH, OITATHBASTC A
TOTBED 8 KOMHYecTREO. A 33 HETO PAacXodsl ViEE IPOHIBEISHE Ha DONee PAHHEY CTATHAY 0HOIOTHYEECKOR
3BOHOITHH.

B mopdoreHese B mepBEIe IEPHOIE! PA3BHTHA 3ap0IBIIIA KISTKH VHHESPCATBHEL OHH COXPAHAIT
CIIOCOOHOCTE MPEEPATHIBCE B THOOVIO TEaHE. Ho HA Oolee MO3THENM 3TATNe H: KIETOK ONpPeIelIfHHOTO BHIA
MOTVT PA3BHEATECA TOJBKO TAKHE e KIeTKH, IpoUece HIET H30HPATeIbHO, HHGOPMAITHE CTAHOBHICA
HezaMeHHMoH. OIHOBpEMEHHO ¢ BO3PacTAHHEM NEHHOCTH HEQOPMALHH B X0 3BOMIOIHHE IOBEIIASTCS
H30HPaTeIRHOCTE NOMVIcHHT HEQOPMAIHE CaMol OHOCHCTEMOH.

2.3, CoHepreTHKa

Hayuennen o0IIHX 2aK0HOMEPHOCTEH IPOLECCOR CAMOOPTAHHIAINE B CHCTEMAX PANHIHOR IPHPOIE
3AHHMASTCE HOBAT HAVEA, HasBaHHAE | MakeHOM CHHePreTHKOM. 3TC CI0BO 03HATAST KOONepaTHRHOE,
KOIIeKTHBHOe JeficTBHe. CaMOOPraHH3alHA H XaoC — MOPAIOK H OeCIOPAIOK — OCHOBHEIE CTPYVKTYVPHEIE
XAPAKTePHCTHEH MaTepHH. IIpOTHEOOOPCTEVIOMIHI XapakTep TeHICHIHI K NOPAIKY H OeCIOPAIKY XOpPOIIo
H3BECTeH. JBOMIONHA AHEOH H HeEHEOH IPHPOIE! — 3T0 IpOUeccH OPTAHHIAIHH H J830PTAHHIANHE
MaTepHH. fBneHHs OHQVPKAIHHE, CAMOOPTAHHIAOHH H 3BONKIHE CIPVETVP CBOHCTBEHHE! IPHPOIE B UET0M.
OHH CTaIH NpeIMeToM HIVIEHHS B XHMHH, OHOXHMHH, OHOTOTHH, ¢H3HKe, counoaoras. MeToas aHamH3a
CIPVETYP. CHOCOOBI MAaTEMAaTHIECKOTO OIIHCAHHA TAKHE e, KAK B HeMHHEHHEX DH3IH9eCKHX CHCTEMAX:
MEXAHHTECKHY, THIPOIHHAMEIECKHX, 3TeKTpHIecEns. (19 KOHKPeTHEIX 00BeKTOR HCCIeT0BAHHE MEeHIeTCH
JHIE HHTEPIPETAHA IapaMeTPOR COCTOAHHA, 3ABHCANIHX OT KOOPIHHAT H BpeMeHH. B XmuMHH — 3T0. Kak
PABHTI0. KOHICHTPAIHA PEAaTcHIOE, B OHOTOTHE — GHOMACCA HIH THCIO OPTAHH3IMOE JaHHOTO BHIA, B
OHOXHMHH — KOHISHTPAIHA H COCTORHHEA MOIEEVI, 3HATeHHEA MeMOPaHHOTO 3IeKTPHISCKOTO NOTEHIHATIA.
YV paBHeHHH, ONMHCHEIITHE OPOCTVEY SEOTOTHIECKVED CHCTEMY, COBNATANT ¢ VPAaBHCHHAME THHAMHICCKOR
METEOPOIOTHH.



B xadecTBe KOHKPETHOIO IPHMEPA HCIOIEI0BAHHS MeTOO0E CHHEPIreTHEH B 0JIACTH COITHOTOTHH MOAHO
IIPHBECTH NOILITEY paspadoren [ Xaxkenou MomeTH GopMHEPOBAHES 00MECTEEHHOTO MEEHHA, B KOTOPOil
COTEPENTCH PEIKHHA NePeXo] MEATY PAVITIHEME COCTOAHHAME. B 3TN MOJeIa CYIIeCTEEHEVID POTh
HIPaOT HEYCTOHTHBOCTH H 0DPAaTHEIE CBAZH, TO3TOMY IIPH HX OIHCAHAH MOZHO HCIIOMBI0BATE
HHQOPMALHOHHEN IOTXOT.

OTEpeTofl cHCTeMOH ABIAETCHA CaMa HayvKa. [Ipollecc mosHAHHA OKPYAAMIETO MHPA OMHCEEBAETCA
METOIAME TEOPHH CHCTEM, JATEKIX OT paBHoBecHd. Havka — oTKpEITAA THGOPMAIHOHEEAA CHCTEMA,
CBA33aHHAA C BHEIIHHM MHPOM. OTKVIA MOCTYIAET MOTOK HHGOPMAITHH. ‘3T0 — COBOKYIHOCTE 3HAHHI,
NPHBEIEHHEIX B CHCTEMY, Ie (DaKTHl H 33KOHEI CEA3aHEl MEATY co00H ONpeaeIéHHEIMH COOTHOIMEHHAMH H
B2aHMHO 00VCIOBTHEAIOT IpyT Ipyra. CHCTEMA HAVIHEN CTPVETYD. HAVIHEIX IOHATHE B CBOEM eIHHCTEE
HAIRIBAETCA HapaIarmofi. C TOTKH 3peHHd TeOpPHH OTEPEITEX CHCTEM MapPaTHTMAa — 3T0 VCTOHTHEOE
COCTOAHHE TEKVINETD DABHOBECHA.

B yCI0BHAX HOPMATEHOTO PAIBHTHA NapATHIMA PAIPEIIACT BOIHHEAIOITHE AT THEHH,
paccormacoBaEnd. Ho HacTymaeT mepHOI KEOTZa CTapas MapagHrMa He MOKeT VCBOHTE HOBEIH
HAKOIIHBITHACA JKCIIEPHMeHTANRHEIR MaTepHal. [lepexon k HoBoH, Doflee BRICOKOH MAPATHIME — 3TC He
oDoramenne CTapoH, 3TO BCETTA IEPEOCMEICTEHEE OCHOB TEOPHH, H3IMeHeHHE HAVIHOH KAPTHHEI MHpPA.

Taras KopeHHAR CMEHA BeIyITHX [peacTARTCHHA HAIRBACTCA HavIHOI PeB0INOHel. 3T0 CRBOSrD poJa
KHHETHRECKHH (az0BEIH Nepexo K HOBOH CHCTeME NOHATHH. B cTapof NapamurMe co BCeMH e
OTEIOHEHHAMHE, QIVETVAIHAME B VCTAHOBHBIHXCH IOHATHAX BCE Hallle MOABTAKTCE HOBEIE (EPETHIECKHES
THIIOTE25]l. BOZHHKAKOT CBAIH THIIA OMHOBPEMEHHOCTH H HEFABHCHMOCTH OTHHY H TEX #e HAVIHEDN OTEPEITHH
PAIHEIMH TPYIIIAMHE HCCIeI0BaTeTel. B pesyIbTaTe IpOHCXOIHT HAVIHAS peBomoimd. (e oBaTeanHo,
PAIEHTHE HAVIHOTO 3HAHNA — £HHEIE TPONece CAMOOPTAHMIANNH, MPOXOIANTIE epe? PAT VCTOHTHERY, BCE
BPEMA VCIOKHAIOMIHKCH COCTOAHRHA — MapaTHri.

Hapyirerne oTKpEITOCTH CHCTEMEL, IIPEKPAIIeHHE MOCTYILIEHHA HOBOH HHGOPMAIHH IPHEOIHT K
MHCCHIIAITHH (pacceAHHI0) 3HAHHH H, KaK Pe3VITAT, K HCEAKSHHOMY OTPAXKEHHIO BHEIIHETO MHpA.

B gacTosmee BpeMA B IOHAHHH OKPYEAIONETO MHpA IPOH3ONLTH BAKHEIE COBHIH. MOABHICA HOBRIH
EI[IAT HA Opo0aeny B3aHMOIEcTENA H B3aHMOCEA3eH B IPHPOOE H 00IIECTEE, HA CIPYEIVPY
NPOCTPAHCTEA-BPEMEHH. HA 3BOMFOIIGO H PA3EHTHE, HA BOIMOAHOCTH Mo3HaHHA. MEI CVINECTBVEM B
HEQOPATHMOM, HETIPeACKazyeMoM Mupe. 18 cHCTeM, JATEEHY 0T PABHOBECHA, MOD0E MPeICcKazaHHe HMeeT
BEPOATHOCTHEIH XapakTep. [[pH NOBENNEHHH CTENEHH HEPAEHOBECHOCTH B OTEDRITEIX CHCTEMAX BOZHHEANT
KOPPETAIHE, BE3aHMOCEBAIH MEATY OTIEIEHEMH IPOIeccaMH, BOIMOKHOCTH YVIIPARTEHHA, BIaHMONeHCTRHA
TIPH MATEX 3ATPATAX SHEPTHH, KHOSPHEeTHIECKAS 00paTHAT CEAIG.

Boum3H cocTOAHHA PABHOBECHA MATEPHA HMEET MHOIO ODIIEX 9epT. ¥ Ja/IAACE OT HET'O. CHCTEMa HIET B
CTOPOHY CHEHDHIECKOr0, YHHEATBHOTO, BOHHEAKT PasHooGpasHele CTPYETYPEL [IpH HAMHYHE LenoTRH
HeVCTOHYHBOCTEH THCI0 My TelH K pasTHHMHED COCTOAHHAM Pe3K0 BO3pacTaeT. Brbop MyTH JansHeHIIer o
PAIEHTHA CTVIacH, HO CHCTEMA €I0 3aloMHEHAeT. B 3T0oM cMEICTE MEO0H BHI pacTeHHH H #HBOTHELL,
CYIOECTEVEOIEX HEIHE, VHHEAIeH. [lake B TeX e YCIOEHAXN PazBHTHA IPHPOIA HE NOBTOPHIA O ce0A
HMEHHD B TAKOM BHIE.

ITpH cmadoM OTIIOHEHHH 0T PAEHOBECHA B 2aMEHVTOH CHCTEME 3BONEONHS PAHO HIH [I03THO OIPHBOIHT
CHCTEMY K KOHETHOMY COCTOSHIFO. B OTKPEITEIX CHCTEMAX IPH IHAMHTEIEHOM OTEIOHEHHH 0T PABHOBECHS
CHTYAlHA MeHAeTcH. [[0BRIIAs CTENeHs HEPABHOBSCHOCTH BHEIIHNX VCIOBHH (HAIIpHMEp, TPaTHeHT
TEMIIEPATVP. HHTEHCHBHOCTE OOV IEHHA), MOEHO IOMYIHTE LIENONKY YIOPAI09eHHEX CTPVETVP C
NOCTENEHHEDNM YMEHBIIEHHEM IHTPOIMHE, 0THAKO B KOHIIE KOHIOE HACTYIIHT JHHAMHYECKHH Xaoc (KaK IIpH
TypOVIEHTHOM JBHACHHH HHIKOCTH). EC/H cTeneHs HepaBHOBECHOCTH BHEINHAX VCIOBHE MOQIePAHBAETCA
IPHMEPHO MOCTOAHHOH (KaK, HAIIPHMED, Ha MOBEPXHOCTH 3€MIH). TO IHTPOMHA [IOCTENEHHO YMEHBIIASTCA,
CTPYETYDPa VCIOEHAETCH. 00pasyioTca BeE DoMlee YVIIOPANOUEeHHEIE CHCTEMEL B TAKHX VCIOBHAX BAKHEIM
MPH3IHAKOM HCTHHHOTO IPOIIecca Pa3BHTHY AEIAETCH €T0 HeoTPAHN9eHHOC T, T.€. OTCYICTEHE QHHATEHOTO
COCTOAHHA. B KOTOPOe CHCTEMA MOTIa OBl IPHHATH 33 KOHeYHEIH HHTEePRAT BpeMeHH. Tak, Npomecchl
OHOTOTHHECKOT HIH ODIMECTREHHOTO PAIBHTHA He HMEH0T KOHETHOID COCTOAHNA. PaiBHTHe CEA3AHO ©
VTV OIeHHeM HepaEHOBECHOCTH, A 3HAWHT, ¢ VCOREPIIEHCTROBAHNEM CTPVETYPEL OOHAKO IPH 3TOM PacTéT
KOIHYIECTEC H [TYDHHA HEYCTOHIHEOCTEH, BEPOATHOCTE OHQYPEALINH, CIeJ0BaTelbHO, BOSHHEAET
HeoOX0IHMOCTE B HOBBIX CBAIAX, KOPPEJIANHAX, COBMECTHOM IEHCTEHH BCEX ICMEHTOB PasBHBAOMICHCH
CHCTEMEL



(cHOBHLIE BbI BOOLI

1. B zarpeIToll cHCTeME OIPOUECCHl HAVT ¢ IOI0EHTSIBHEIM IPOHIEOICTBOM IHTPONHE, IHATCHHES
IHTPOIHH PACTET:
ds .
o= =0, 5 — max
dt
ITpu paBHOBecHHE o =0, s=max.
2. B oTKpBITOH CcHCTEME IPOHIEOICTEO 3HIPONHH CEIATEIBASTCH H3 €€ BEIPA0OTEH,
Cogm- H OTTOKA EO BHEITHIOW CPEY. gy -
g=0

SR * O o
3. Ilpu BeOOTBIIOM OTEICOHEHHH 0T PABHOEECHS IOTONKH THHEHHO CEBAAHE C TEPMOIHHAMITE CEHME
CHIAMH.
4. TloToK MOIeKyd raza onpelendeTcd IPATHEHTOM HX KOHIEHTPAITHH!
Ju=-Dgradn (auddyus)
5. B eguHHUY BpeMeHH Hepe’ NONepeTHVIO INTOMATEY MICIIATEXD S IPpoX0IHT BeIIECTBO MACCOHR
M=-D-gradp-S, .
rie O - INIOTHOCTE BeMIeCTEA.
6. IloTok TemTOBOH YHEPrHH ONpeleldeTcd IPATHEHTOM TEMIEPAaTYPBL:
Jg =—y-gradT (TenmompoBOIHOCTE)

7. B eIuHHDY BpeMeHH Uepes NONEPeIHVIO ILIOMATKY IOINATE0 S MPOXOJHT 3HEprHA
T 5 T i
W =—y-gradN-S .
8. TloTok HMOVIBCA B ra3e ONpegeIdeTcA IPATHEHTOM CKOPOCTH HAPABICHHOTO ABHACHHA €I0
MOTEEVII:
J, =-n-gradv (BEVIpeHHee TpeHHE)

9. CHna TpeHHS, IeACTBYIOMAT MEETY CTOSME raza (EHIKOCTH) B IOTOKE:

F,,=-1-gradV-§, .

rie 5 — nomomaie NOBCPEHOCTH CONIPHEOCHOBCHHA.

10. TIpHEUHN T0KATEHOTC PABHOBECHA. eC/IH NpPOLEeCcCEl, BOIMVIOAKITHE PABHOBECHE, MEHEE
HHTEHCHBHEL 9eM (OpMHEpPVIONIHE €70, TO MOAHO TOBOPHTE O PABHOBECHH B DHIHYECKH GeCKOHETHO
MaIoM 00BEMeE.

11. TepuogHHAMHNMECKHS VPABHEHHS IBHACHHA

m
Ea ZL{,- -X;  (vpasmemma Oncarepa).
=l
rae J—motor, X — TepuogHHAaMETUecKHe cHIEL, L — KHHeTHUecKHe Ko dHIHEH-
TEI. YPABHEHHA CIPABE ITHEE IPH MATEN OTEIOHEHHAY 0T PABHOBECHE.

12 Tlpuaoun KropH:  IO8 HI0TPONHEXN CHCTEM DOTOKH H TEPMOTHHAMHIECKHE CHIIEL
H3 PA3HEIX TPVIII HE MOTVT OHTE CEA3AHEI IPVT C IPVIOM (IPOUeccE pa3deNndoT
IO TPVINAM — CKATIPHEIE, BEKTOPHEIS, TEHIOPHEIE).

13. CooTHOmeEeHHA BlaHMHOCTH OHCarepa: OpH COOTBETCIBVEOIIEM BEIOOPE IOTOKOE H
TepMOIHHAMEYSCKHY CHI B THHeHHEIX VpaBHeHHSE (JHCaTepa NepekpECTHEIE KHHETHIECKHE
K03 HITHEHTE PABHEL

L;=L;, 1 #
(IPHHEIHI CHMMETPHH KHHeTHIeCKHX KoxpdHIHEHTOR).
14 TIpoH3IBOICTED 3HTPOIHH 233 CUET HeOOPATHMBIX MIPOHECcCOR:

m
o= X,
i=1
15. B cTAOHOHAPHOM COCTOSHHH XaPaKTEPHCTHEN CHCTEMEl HIOCTOSHHE B0 BDEMeHN. HO 0HA IOTVIAeT
H3BHE HeT3HTPONHIKO (OTPHIATEIEHVID IHTPONHID):

L S - O 0



16.

17.

18.
19.

20.

R
fa—y

[ I ]
Ll [

Teopenma [IpHToadHA 0 MEHHMYME IPOHIBQICTEA SHTPOMHE. B CTAONHOHAPHOM COCTOAHHH

MIPOHIEOICTEO IHTPOMIHNE MHHIMATEHO.

TTpusmmn Jle-ITlatense — Bpavea (VCTORTHBOCTE CTAIMOHAPHEDE COCTORHMIL) BHEIMHE:

EO3NEACTEHE, BEIEOIAMISE CHCTEMY H3 COCTOSHHEA ¢ MHHFMATRHEDM TPOHZBOICTEOM IHTPOIHH,

CTHMYIHpPYET B Hel NpolleccEl, cTpeMATHecd ocIadHTE pelyILTATE] 3TOT0 BO3aeHCTRHA.

IIpH cEIEHOM VIAaJIeHHH CHCTEMEI OT PABHOBECHA ef [IoBeJeHHE HellpeICKa3yeMo. HeoTHOIHATHO.
IIpH BOHHEHOBSHHH KOPPEIAIHE B IPOCTPAHCTES H BO BPEMEHH MEATY JTeMeHTaME

CHIBHOHEPABHOBECHOH CHCTEME] BOSMOAHO 0DPa30BaHNE CaMOOPrAHHIYVIOMEXCH (THCCHIIATHBHELL)

CTPYETYP.

X apaKTepHCTHEH CAMOOPTAHHIVIOITHXNCA CHCTEM:

- MOPOTORLT XapaKTep CAaMOOPraHHIaHe,

- KDOTIEPATHRHOE [IOBETIEHHE &8 3IEMEHTOR,

-HATHIHE HEQOPMAITHOHHEIX XAPAKTepHCTHE: HHEQopMamsH J=loz N

H 3HTPOMHEH § =k -InQ)
. BropoH 3aK0H TepMOIHHAMHEEH B 0000MEHHOM BHIE CIIPABSTHE T8 OTEPEITEDL CHCTEM:
Als—J)z0

. Iponecc moyieHHA HHGOPMAITHH O CHCTEME TIOBBINAET €€ SHTPOIHIO.

. HedopMamHa. cogep&amaicd B CHCTEME, VIPABIAET 00PaZ0BAHHEM THCCHIATHEHOHR CTPVETVPEL H
poIeccanH B Hel.

. CHHepreTHKA — HAVEA, HIVYIA0IIAL O0IIHE 2aK0HOMEPHOCTH OPOIeCCOB CAMOOPTAHHIAMNH B
CHCTEMAX PATHTHOH MPHPOIEL

. budypranna — paiBeTEICHHE BOIMOAHOTO IIVTH JATEHEAINETO PASBHTHA CHCTEME], OHA BRIDHpAET
€70 0T AeHCTEHEM JAEE MATOT0 BOIMYIIEHHT.

. Katactpoda — BHezanHOe H3MeHEHHS COCTOAHHA HEPAEHOBECHOH CHCTEMEL
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